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Summary and recommendations
 

Two methods for processing mesquite (Prosopis species) pods were evaluated
 

using pods from several species and populations. In the first process
 

(Mexico) toasting, pin milling and sieving the milled pods produced an
 

attractive flour with attributes similar to carob flour. The mesquite flour
 

contains about 19% protein, 54% sugar, 6% fat and 21% dietary fiber. This
 

product has been incorporated into commercial food products in mexico. A more
 

complicated second process (USDA, Chile) which produced four mill fractions
 

was also evaluated. Each of these fractions has unique compositions and
 

industrial potential.
 

The overall conclusion is that pods from some Prosopis species offer
 

potential for food utilization in developed and underdeveloped countries.
 

When other characteristics of these species are considered such as their
 

fast-growing nature, the ability to arrest desertification, environmental
 

tolerance, and forage and firewood production, it becomes obvious that more
 

serious attention should be devoted to Prosopis for Third World development.
 

Recommendation:
 

Mesquite flour as produced in Mexico is simply made, and is an attractive
 

product with many positive attributes. To complete the developmental process,
 

it is recommended that the economics of the process as developed in Mexico be
 

evaluated to confirm its apparent low cost. Product acceptance in Mexico
 

should be encouraged through official channels and by public relations
 

activities. A portable milling system should be constructed and used to
 

produce flour throughout Mexico to encourage acceptance. Similar systems
 

could be established in other appropriate countries, for example Africa, the
 

Caribbean and other South American countries. Promotional techniques used in
 

Mexico should be applied in other countries.
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The construction of a portable milling unit to separate pods into their
 

four subfractions should be considered for small-scale use in developing
 

countries. Blueprints for large-scale conversion of pods into the four
 

subfractions are available now, and should be made available to interested
 

parties.
 

1. Objectives and Approaches
 

The objectives of this study were to evaluate Prosopis species leguminous
 

trees as an agricultural crop. Seeds, pods and foliage from different
 

Prosopis species were investigated in collaborating LDC's and the USA.
 

Chemical and physical properties of Prosopis protein, lipids, gums and mill
 

fractions were studied to evaluate their nutritional and functional
 

properties. Food and animal performance characteristics were assessed.
 

Technology to separate the pods into useful mill fractions was developed and
 

applications of those mill fractions in food products examined. Food products
 

were organoleptically evaluated and those preferred by a taste panel were used
 

as demonstration products for potential wholesalers in LDC's.
 

Because of LDC equipment limitations, two processing technologies were
 

evaluated. In Mexico, the whole pods were finely milled and two mill
 

fractions separated. In Chile, the pods were coarsely milled and four mill
 

fractions separated.
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2. MEXICO
 

2.1 Project, personnel, facilities
 

Mexico was selected as a target country because of its abundance of
 

mesquite and its historical pattern of consumption and production of mesquite
 

products. The principal collaborator, Dr. Francisco R. Del Valle is a PhD
 

graduate of MIT. Del Valle led the project to manufacture soy-oats infant
 

formula in Mexico which earned the 1983 Food Technology Industrial Achievement
 

Award. This award is presented annually by the Institute of Food
 

Technologists to honor those organizations developing an outstanding food
 

process or product which represerts a significant advance ;n the application
 

of food technology (Merinelstein, 1983). Del Vaile is president of Fundacion
 

de Investigaciones en Ciencias Alimentarias y Nutricion (FICAN) and teaches at
 

the Uni/ersidad de Chihuahua, as does his associate, Enrique Marco B.,
 

Professor of Chemistry. Both Del Valle and Marco have an ongoing favorable
 

working relationship with Delicias Food Products, known as PADSA, and the
 

PADSA general manager, Mario Vega P. which permits access to the Delicia-


PADSA factory and processing equipment. PADSA personnel helped manufacture
 

the mesquite products and participated in their evaluation and exposure to
 

wholesalers.
 

The Delicias factory is about 60 miles south of Chihuahua. The processing
 

line consists of a shaker to clean seeds, a gas fired oven for drying and
 

toasting, a Brady Model 206 extruder, an Alpine pin mill (Model A400CW), and
 

ancillary bagging and storage facilities. A simple kitchen laboratory is also
 

available. Additional support analytical chemical laboratory facilities are
 

available at the University in Chihuahua. Students from the Uriversity
 

participated in several phases of this study.
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2.2 Research approach
 

Because researchers in Chihuahua did not have access to a disk mill,
 

initial experiments were performed to utilize the processing facilities in
 

Delicias. Attempts to extrude mesquite pods using the Brady extruder were
 

unsuccessful. The experimental procedure consisted of initially feeding soy
 

beans to the extruder, then gradually adding increasing amounts of mesquite
 

pods. Product was extruded until 50-70% mesquite pods were prese:It.. Then,
 

because of the high fiber content of the mesquite, the product became too dry
 

and the extruder jafflmed. Several processing conditions were tested with the
 

same inevitable consequences. These results were consistent with experiments
 

at the USDA using a Wenger laboratory extruder, so this approach was abandoned.
 

As part of the experiments utilizing the extruder, it was found that the
 

Alpine mill could successfully mill mesquite pods. Further experiments
 

demonstrated that oven dried pods milled better and produced a superior
 

tasting product. An insect feeding bioassay demonstrated the optimum toasting
 

conditions for nutritional availability were at 125 0C for 20 or 40 minutes.
 

Taste panels preferred toasting for 40 minutes.
 

Laboratory experiments indicated an improved product could be produced by
 

removing the larger fiber particles from the pin milled flour. Consequently,
 

the factory shaker, normally used to clean soy beans was modified by the
 

addition of 45 and 100 mesh screens and the product screened. This resulted
 

in two products; large fibrous particles that would not pass through the 100
 

mesh screen, and a fine flour that did go through the screen. The 45 mesh
 

screen helped prevent the 100 mesh screen from becoming overloaaed. The fine
 

(100 mesh) flour, produced after toasting at 1250 C for 40 minutes, became the
 

product used in food applications.
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2.3 Accomplishments
 

A significant result from the studies in Mexico was the demonstration that
 

the bitter aftertaste component present in mesquite pods is eliminated by
 

toasting. Almost all Prosopis pods are 
bitter to some degree, but even the
 

most bitter were completely de-bittered by toasting. 
 The chemical component
 

that causes 
pod bitterness and the apparently related aftertaste has not been
 

identified. 
 It was 
cur opinion that pod bitterness was a most important
 

impediment to pod utilization. Obviously, bitter pods do not taste good, pods
 

that are not bitter and have no aftertaste can be used as 
food adjuncts.
 

The mesquite flour contains about 19% 
protein, 54% sugar, 6% fat and 21% 

dietary fiber. The protein is high in lysine and limiting in methionine and 

cystine. 

Several 
food products were prepared with the mesquite flour. 
 A food
 

manufacturing plant in Chihuahua City marketed a confection called Mazapan.
 

These were 
prepared by mixing 29% ground peanuts, 10% mesquite flour, 60%
 

powdered sugar and 1% salt. 
 The mixture was 
pressed into a cylindrically
 

shaped disk, wrapped and sold for 10 peso each (1986). 
 These mazapans were
 

well 
liked and apparently a successful product. Unfortunately, the
 

manufacturing company went bankrupt in late 1986 due to the Mexican inflation
 

crisis. A mesquite beverage base has also been tested. 
 The powdery base was
 

prepared with 69% 
sugar, 12% mesquite flour, 18% soy flour, salt and flavoring
 

and used by mixing 1-2 tablespoons with milk or water in 
an 8 oz glass.
 

Alternately, the toasted flour could be used 
as a beverage mix by itself or as
 

a chocolate extender or replacement. The flour resembles carob flour in taste
 

and appearance, but with its 
own unique character. It appears to have all the
 

uses 
of carob, better in some cases, less so in others. For example, it makes
 

4 
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an attractive hot beverage by itself, but is not complementary to yogurt. It
 

is an excellent chocolate replacement or extender. Ecopomics would seem to
 

favor this as the first commercial use of the flour.
 

Tn the last months of the project, large quantities of me quite flour were
 

produced and distributed with an informational handout to natural food stores
 

in northern Mexico. Responses were very favorable, indicating the likely
 

presence of a viable market.
 

3. 	CHILE
 

3.1 	 Project, personnel, facilities
 

The principal investigator in Chile, Srta. Maria Elena Torres and her
 

parent organizaton Institute de Investigaciones Tecnologicas (INTEC) are well
 

known to the USDA. In 1984, Srta Torres was awarded a National Academy of
 

Science grant to study nitrogen fixation in Prosopis. She had demonstrated
 

rapport with Dr. Orlando Balboa and his group at Universidad de Catolica de
 

Chile who were studying propagation in Prosopis. During 1984, a
 

PNUD(UNDP)/FAO program tor development of semi-arid areas in Chile was
 

initiated, which included further developmental work on Prosopis. She was
 

also well known within the research community in Chile and interacted well
 

with CORFO, CONAF, and Fundacion Chile.
 

The INTEC facility in Santiago had all the equipment needed for complete
 

pod fractionation; a Rietz mill, Bauer disk mill and screening devices. They
 

also had access to study trees near Santiago at Chincolco (about 150 km north
 

of Santiago) and Peldehue (about 50 km North of Santiago) as well as trees in
 

Pampa del Tamarugo (habit, 1981, 1985/.
 

Prosopis chilensis study trees near Santiago were taxonomically identified
 

and their pods analyzed to detect compositional variations. A composite
 



7
 

collection of pods from many trees was used for the industrial process, which
 

was 	also analyzed for compositional variations. These composites are referred
 

to 	as P. chilensis and P. tamaruqo, although it is understood that all trees
 

in 	the composite sampling have not been critically identified.
 

3.2 Research approach
 

Since INTEC had the required equipment and facilities, they processed the
 

pods using the procedure developed at USDA by Meyer et al (1987) (see Section
 

4.3). Prosopis pods were collected near Santiago and analyzed yearly for
 

compositional variations. Large amounts of tamarugo pods from Pampa del
 

Tamarugo were also processed and the fractions evaluated. Whole pod chemical
 

composition, fraction composition and utilization of the fractions were
 

studied. A companion investigation of nodulation of the study trees was
 

unsuccessful.
 

3.3 	 Accomplishments
 

Analyses of pods from two Prosopis species grown in several locations in
 

two consecutive years indicate little yearly compositional variations within
 

species. This is in general agreement with other reports (De Lumen et al,
 

1986).
 

Nutritional evaluation by a rat feed experiment demonstrated the presence
 

of a heat labile component(s) in P. chilensis pods. Toasting increased the
 

PER from 0.03 to 0.87, compared to a high fiber casein control of 2.83.
 

Uncooked tamarugo pods had a PER of 0.45 and exhibited toxicity. Algarrobo
 

and tamarugo seeds had PER's of 1.27 and 1.47 respectively. Enzymatic in
 

vitro digestibility assays gave similar results. Antinutrients such as
 

cyanide, trypsin inhibitor, hemagglutinins, and urease activity were examined
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and for:nd to be present in levels less than what would appear to be
 

responsible for the low nutritional value. No other antinutrients were
 

detected. It seems 
likely that the poor nutritional performance is due in
 

part to the high levels of fiber in the pods. The mesocarp flour from P.
 

tainaruqo was toxic to rats and should be investigated further. It was
 

concluded that when using whole pods of P. chilensis and P. tamarugo as 
animal
 

ieed, the ration should be supplemented with other fodder.
 

A galactomannan gum was extracted from P. chilensis seed by dry milling or
 

aqueous extraction followed by oven or spray drying. The spray dried
 

preparation had a viscosity of only about 1/3 that of guar gum; 
the oven dried
 

gum was even lo':er. [Analyses of this gum by the USDA laboratory indicated
 

the presence of large amounts of free monos--charides. indicating preparative
 

contamination.] No mucilage gum was found in the P. tamaruqo seeds.
 

Several food products using P. chilensis and P. tamarugo were formulated
 

and evaluated. 
 Dietary bread, cookies, and Chilean donuts called 'Berlines'
 

were prepared in the laboratory and on an industrial scale using 5 kg dough.
 

Doughs were evaluated with the farinograph and the final product judged by
 

taste panels. It was found that bread and Berlines containing 10% P.
 

chilensis flour were acceptable. Prosopis tamaruqo was not acceptable above
 

5% substitution. All Prosopis products except the fried Berlines and products
 

made from seeds were judged by INTEC personnel to be too bitter and to have
 

too much of an aftertaste to be commercially useful.
 

Since P. chilensis pods contain as much as 50% sugar, utilization of the
 

pods for alcohol production was investigated. It was found that a
 

Saccharomyces cerevisiae yeast strain (Intec No. 131) adapted to produce
 

ethanol at high sugar concentrations, yielded 92% of the theoretical yield of
 

ethanol and consumed 97% of the total sugar.
 



4. 	USDA contributions
 

4.1 Collaboration with Mexico
 

The USDA supported the Mexican effort by actively participating in
 

experimental design and recommending process modifications, providing many
 

chemical analyses and all bioassays. Amino acid composition and proximate
 

analyses were routinely performed on samples the Mexican researchers
 

supplied. Bioassays using rats and red flour beetle larvae were performed to
 

assist in the nutritional evaluation. All English language manuscripts were
 

rewritten by USDA personnel before submission to journals.
 

4.2 Collaboration witn Chile
 

Collaboration with Chile consisted of some proximate analyses, all amino
 

acid analyses and all rat bioassays. Some chemical and computer supplies were
 

provided. USDA actively participated in experimental design and
 

interpretation of results, although experiments were frequently modified by
 

the Chilean researchers. The principal investigator in Chile was ill during
 

several months of this study. She anticipates publication of these results in
 

the near future.
 

4.3 	 Accomplishments
 

The USDA collaborators developed a milling and separation process that
 

produces four fractions with potential for different applications. The first
 

fraction (50%) is a flour containing up to 60% sucrose, the second fraction
 

(20%) a high fiber material, the third fraction (15%) principally a
 

galactomannan gum, and the fourth fraction a high-protein flour (15%). These
 

fractions were evaluated in numerous food applications, which included
 

organoleptic appraisal by consumer panels. The economics of this process were
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calculated for small and large scale cases in Mexico. A plant layout was
 

designed and costed by Buehler.
 

Individual fractions show potential for use in snackfoods, baked products,
 

sweetener (sirup) production, and as a substitute for guar gum.
 

Several chick-feeding experiments were carried out by personnel at the
 

University of California, Davis. Their results showed that diets containing
 

up 	to 20% whole pods from Prosopis chilensis, P. velutina, P. pubescens and P.
 

tamarugo were satisfactory in promoting chick performance.
 

The 	forage quality of leaves from six Prosopis species was assessed. Four
 

were satisfactory, but two showed toxicity (to mice). Further studies are
 

needed to fully assess the suitability of leaves from Prosopis for ruminants.
 

4.4 	 USDA public relations
 

The Public Relations specialists at the USDA, WRRC, facility initiated
 

press coverage for the project by preparing informational releases for
 

distribution to US news services. This resulted in numerous articles 
in
 

magazines and newspapers as well as radio interviews, some of which are listed
 

(Appjndix III.b). This has resulted in considerable domestic interest in the
 

process, witn several Texas companies discussing commercialization. Molokai
 

Ranch in Hawaii has also indicated a commercial interest. As of this date
 

however, there is no known large scale commercial production of mesquite pod
 

products.
 



5. Publication List
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Del Valle, F. R., Marco, E., Becker, R., Saunders, R. M. Preparation of a
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12 

5.3 Publication List. USDA
 

Meyer, D. Processing, utilization and economics of MESQUITE pods as a raw
 
material for the food industry. Swiss Fed. Inst. Technol. Zurich Ph.D.
 
Desertation ETH 7688. 1984. (Work conducted at USDA Grantee Institution).
 

Becker, R., Sayre, R. N. and Saunders, R. M. Semiarid crops as protein
 
resources. J. Am. Oil Chem. Soc. 61:931-938. 1984.
 

Becker, R., Saunders, R. M. and Meyer, D. Farming the desert - Prosopis
 
species (mesquite) pods as a food crop. LIFE Newsletter. 17(I):2. 1984.,
 

Irving, D. W. and Becker, R. Seed structure and composition of potential new
 
crops. Food Microstructure. 4:43-53. 1985.
 

Saunders, R. M., Becker, R., Meyer, D Dcl Valle, F. R., Belestin, E. M.,
 
Torres, M. E. Identification of commercial milling techniques to produce high
 
sugar, high fiber-, high protein, and high galactomannan gum fractions from
 
Prosopis pods. Symposium of Tree Planting in Semi-Arid Areas. April 29-May
 
3, 1985. Texas A&I University, Kingsville, Texas. (Abstract)
 

Becker, R., Meyer, D., Torres, M. E., Del Valle, F. R., Marco, L. B.,
 
Saunders, R. M. Development of Prosopis species Leguminous trees as an
 
agricultural crop. in Arid Lands: Today and Tomorrow. October 20-25, 1985.
 
Tucson, AZ. (Abstract)
 

Becker, R., Meyer, D., Torres, M. E., Del Valle, F. R., Marco, E. B.,
 
Saunders, R. M. Development of Prosopis species Leguminous trees as an
 
agricultural crop. In Arid Lands: Today and Tomorrow. P'oc. Intn'l. Res.
 
Develop. Conf. October 20-25, 1985. Tucson, AZ. Whitehead, D. W.,
 
Hutchenson, C. F., Timmermann, D. N., Barady, R. G. (eds.) (Accepted Feb 1986)
 

Irving, D. W. and Becker, R. Microstructure and composition of potential new
 
arid crops. In Arid Lands: Today and Tomorrow. October 20-25, 1985. Tucson,
 
AZ. (Abstract)
 

Irving, D. W. and Becker, R. Microstructure and composition of potential new
 
arid crops. In Arid Lands: Today and Tomorrow. Proc. Intn'l Res. Develop.
 
Conf. October 20-25, 1985. Tucson, AZ. Whitehead, D. W., Hutchenson, C. F.,
 
Timmermann, D. N., Barady, R. G. eds. (Accepted Feb. 1986).
 

De Lumen, B. 0., Becker, R. and Reyes, P. S. Legumes and a cereal with high
 
methionine/cyteine contents. J. Agric. Food Chem. 34:361-364. 1986.
 

Saunders, R. A1., Becker, R., Meyer, D., Del Valle, F. R., Belestin, E. M.,
 
Torres, M. E. Identification of commercial milling techniques to produce high
 
sugar, high fiber, high protein, and high galactomannan gum fractions from
 
Prosopis pods. For. Ecol. Manage. 16:169-180. 1986.
 

Meyer, D., Becker, R., Gumbmann, M. R., Iohra, P., Neukom, H., Saunders, R.
 
M. Processing, composition, nutritional evaluation, and utilization of
 
mesquite (Proso is spp.) pods as a raw material for the food industry. J. Ag.
 
Food Chem. 34:914-99. 1986.
 



13 

Lyon, C. K., Gumbmann, M. R., Becker, R. Value of mesquite leaves as forage.
 
J. Sci. Food Ag,'ic. 1987. (Accepted July, 1987)
 

Saunders, R. M., and Becker, R. Development of Prosopis Species Leguminous
 
Trees as an Agricultural Crop. Intern. Symp. New Crops for Food and
 
Industry. Southampton, England. 1987. (Accepted)
 



14 

6. References
 

Mermelstein, NH. 1983. Soy-Oats Infant Formula Helps Fight Malnutrition in
 
Mexico. Food Technol. August. pp 64-72.
 

Habit, MA. 1981. Prosopis tamarugo: Fodder tree for arid zones. FAO Plant
 
Production and Protection Paper 25. FAO, Rome. llOp.
 

Habit, MA. 1985. The current state of knowledge on Prosopis tamarugo. FAO.
 
464 p.
 



APPENDIX
 

I. Mexico 

I.a. 
I.b.1 

I.b.2 

I.b.3 

Contract 
Crops for production in marginal growing areas in Mexico. 
First Progress Report. 
Crops for production in marginal growing areas in Mexico. 
Second Progress Report. 
Development and evaluation of products containing lightly and 
highly toasted mesquite pod (Prosopis spp.) flours. 
Final Report 

I.c Publications 



APPENDIX
 

II. Chile
 

II.a.l Contract
 
II.a.2 	 Background of the Technological Research Institute
 

INTEC-Chile-1981
 
II.b.l First Rejort-Maria Elena Torres-May/October 1986
 
II.b.2 	 First Annual Report: Crops for production in marginal growing areas
 

in Chile (13 pages- no date)
 
II.b.3 Proximate Analysis of 1985 Prosopis spp samples (recd. 11-14-85)
 
II.b.4 	 Enzymatic evaluation of Prosopis spp fraction in vitro digestibility
 

(recd. i1-14-85)
 
I.b.5 	Informe de advance I: Formulacion de productos con Algarrobo y
 

Tamarugo-Marso 1986
 
II.b.6 	 Informe de advance II: Evaluation sensorial productos de
 

Algarrobo-Julio 1986
 
Part 1: Evaluation sensorial Pan Amasado
 
Part 2: Evaluation sensorial Berlines
 

II.b.7 	 Informe de advance III: Evaluacion sensorial productos de
 
Algarrobo-Agosto 1986
 

II.b.8. 	Summary of activities during 1986: Crops for production
 
in marginal growing areas in Chile- March 1987
 

II.b.9 	 Final Report: Crops for production in marginal growing areas
 
in Chile- May 1987
 

II.c. Publications- none
 

\ 



APPENDIX 

III. USDA 

Ii.a Publications 



III.b. News Releases:
 

1. 	Mesquite: The next health food? BUSINESS WEEK Science & Technology. June
 
16, 1986.
 

2. 	Washington UPI. Sagebrush gains value. Houston Chronicle. Pg. 4,
 
Section 5. June 15, 1986.
 

3. 	Hillgren, S. (UPI). New process converts mesquite tree pods into food.
 
News in agriculture, Washington UPI. 07:26. May 26, 1986.
 

4. 	Becker, R. and Del Valle, F. R. New Products from Mesquite Pods.
 
BIOPROCESSING TECHNOLOGY 8(8):7. August 1986.
 

5. 	A nutritious, high-energy flour can be made from mesquite bean pods.
 
Quarterly Report of Selected Research Projects, USDA. April 1, to June
 
30, 	1986.
 

6. 	New process converts mesquite into nutritious foods. Scientific Research
 
News, USDA..
 

7. 	Mesquite pods into nutritious foods. Agricultural Research AGNOTES USDA.
 

35(l):5. January 1987.
 

8. 	Becker, R. A profitable pest. AMARANTH TODAY 3(l):4. Winter 1987.
 

9. 	Research Progress in 1986. A Report of the Agricultural Research
 
Service. Pg 38. May 1987.
 



APPENDIX 
I: MEXICO
 



UNITED sT.TES DEPARTMENT OF AGRICULTURE TYPE CF RESEARCH AGREEMENTRESEARCH AGREEMENT COOPERATIVE AGREEMENT
_ _,_,_,_ - SPECIFIC 
AGREEMENT NO.AGENCY TYPE OF ACTIONia ae and address) 58-91 H2'-4'-00010 New
 

AGRICULTURAL RESEARCH SERVICE 
 PERIOD OF.AGREEMENT
PACIFI, BASIN AREA 
 6-1-84
800 Buchanan St. t " thru 6-1-87 

FEOERALOULIGATION
Albany, CA 94710 CHANGE IN FEDERALOULIGATI(31.00 

PERFORMING_____________._-VOnoaddress) 0+-$ N 
_CRISPERFORMING ORGANIZATION ,(N'meand odr,,,j NO. AUTHORITY 7 USC 2912,5390-20521 -025A 3 7FUNDACION de INVESTIGACIONES en CIENCIAS Finc O CoOALIMENiTARIAS Y NUTRICION, A. C.. ISTRIBUTIONApartado Postal 
1545, Sucursal C. o,
4015390010 
 $31,000
 

Chihuahua, Chih., 
Mexico 
 ADVANCE PAYMENT - $13,0
PRINCIPAL INVESTIGATOR (name an. addreusi 


FINANCE 
OPFICE (Compieteatna 
ddress
Dr. Francisco P. del 
Valle 
 Chief, Accounting Services Branch
Principal Investigator USDA-ARS-FMD
 
(Same address as above) 
 P. 0. Box 53325
 

New Orleans, LA 701153
 
TITLE OF PROJECT 


AUTHORIZED 
 DEPARTMENTAL 
 OFFICER'S DSIGNATED
 

REPRESENTATIVE
Crops for production in marilinal (Vameand adadtuaj
 

growing area in texico 
Dr. R. Saunders and R. Becker (alternate)

USDA-ARS-Pacific Basin Area
 
Western Regional Research Center
800 Buchanan St., Albany, CA 
 94710
 

This Agreement includes the following: BASIS FOR AW ARD
 
Statement of Work; or
 
Project Summary;or 

Proposal; and
 
General Provisions-
 7 CF R 3015, Part U (by reference)
 

[ Special Provisions
 

S -Lubmit 

' Technical Reports 
 Authorized Departmental Officer's


[) Fiscal Reports, 
 to: Designated Representative
Otr(specifyp: EXIBIT "A" - Scope of Work 

FOR THE UNITED STATES DEPARTMENT OF AGRICULTUREAUTHRIZD DPARTMENTAL OFFICE, 

NM
 

. .;Assoc T. J. CDARKiat e Derut ,,.. : tr't :in i 
 JU 1 1984 
_____--__________Administrative 

Management, U:, 
FOR THE PERFORMING(Slgnorurv ORGANIZATION 

SI G1AT U RE 
of person authorized by the governing body of the Perforimnirorranuzation to incur conftr tuaJ obligations.)TYPED NAME AND TITLE 

I,-/" ,z/ 
 ,Francisco 
 P. del Valle
 
President
 

TYPED NAME AND TITLE 

DATE 

Form ARS-451 (9/i3) CONTRACTORS COMPLETE CERTIFICATIONS ON REV. . 

Page 1 of 4
 



SPECIFIC
 
C/A No. 58-91H2-4-OoOlO
 

WHEREAS, the United States Department of Agriculture, Agricultural Research

Service, hereinafter referred to as 
ARS, and Fundacion de Investigaciones en
Ciencias Alimentarias y Nutricion, A. C. (FICAN), hereinafter referred to 
as
the Cooperator, desire to enter into this cooperative agreement for the research
 
investigations set forth herein; and
 

WHEREAS, there is a need to 
assess potential 
of crops in Mexico which are tolerant
 
of drought, salininty, and temperature stress; and
 

WHEREAS, the parties desire to investigate the food and feed potential of
leguminous trees which are indigenous to marginal 
areas of known stress; and
 

WHEREAS, evaluation will 
include seed and pod yield and conversion to food and/or
feed subfractions through conventional 
or innovative processing sequences;
nutritional 
evaluation of plant parts by chemical factors; and incorporation and
performance of seed fractions in food syst2ms; and
 

WHEREAS, data generated will 
be related to economic justification of developing

specific plants, and will 
be used to assist breeders in selection of tolerant
 
plants; and
 

WHEREAS, it is the intention of the parties to this cooperative agreement that
such research investigations shall 
be for their mutual benefit and for the benefit

of the people of the United States and other countries; and
 
NOW, THEREFORE, for and in consideration of the promises and mutual covenants
 
herein contained, the parties hereto do mutually agree with each other as 
follows:
 

A. The Cooperator Aqrees:
 

1. The Cooperator will conduct research studies on the tasks listed below
 as detailed in the "Scope of Work" outlined in EXHIBIT "A" attached
 
hereto and made a part hereof:
 

a. Pod collection and selection from analysis.
 

b. Milling and subfractionation of pods.
 

c. 
Analysis of pod subfractions.
 

d. Food, feed, and industrial 
evaluation of pods, pod subfractions, and
 
foliage.
 

e. Preliminary economic evaluation of Prosopis.
 

2. To provide the necessary personnel 
to conduct the research investigations,

travel of the Cooperator's employees engaged in the project, and furnish
the necessary facilities, equipment, and supplies as mutually agreed upon.
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3. To maintain current records of the investigations and provide semi-annual
 
reports (4 copies) of the progress of the work to the Authorized

Departmental Officer's Designated Representative (ADODR), including 
a
final report (5 copies) setting forth in detail all 
work accomplished and
results obtained. 
 Upon receipt of these reports, copies will be sent to
 
the following by the ADODR, Dr. R. Saunders or Dr. R. Becker:
 

Quarterly Letter Reports: 
 Area Director
 
Western Region Deputy Administrator
 
National Program Staff
 

Final Report: 
 Area Director
 
National Agricultural Library
Western Region Deputy Administrator
 
National Program Staff
 

B. 	The Agricultural Research Service Agrees:
 

1. 	To provide the services of an ARS Representative to maintain close liaison
with the Cooperator through frequent visits and other means to review and
evaluate the research progress and to assist in the planning and coordin
ation of the research to he undertaken.
 

2. 
To provide the necessary personnel to provide technical know-how on Prosopis
pod processing technology, and define exact protocol 
to determine objZectives

listed tinder paragraph 4 of the Scope of Work.
 

3. 	a. 
To assist in defraying the cost of the project by reimbursing the
Cooperator for salaries travel of the Cooperator's employees engaged
in the project, expendahle supplies and materials, including supplies
and 	 materials, in an amount not to exceed S31,000 during the 	period of
this cooperative agreement. 
 Indirect or overhead costs shall 
not 	be
 
reimbursed by ARS.
 

b. 	S13,000 ADVANCE PAYMENT will 
be issued by ARS Finance Office upon

receipt of an executed copy of this cooperative agreement. 
 At.the
time of each quarterly fiscal claim submitted to the ADODR, the
Cooperator will 
he paid for actual expenses incurred and the initial
 
advance will 
remain at $13,noo. However, liquidation of the advance
payment must take place before the ending date of this cooperative
 
agreement.
 

C. 	It is Mutually Understood and Agreed:
 

1. 	Payment by ARS to the Cooperator will be made on a quarterly basis, for

expenditures for each previous quarter as 
listed in on properly executed
invoices 
or vouchers to be prepared by the Cooperator and submitted to the
ADODR for approval and submission to the ARS Finance Office.
 

2. 	Items for which reimbursemert will 
be claimed by the Cooperator shall not
include capital improvement, non-expendable property, nor travelfor-A " 
employees. 
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3. 	Results of the research outlined herein may he published jointly by the

Cooperator and ARS, or by either of these institutions separately, but
manuscripts prepared for publication by either shall 
he submitted to the
 
other party for suggestions and approval prior to publication. In the
event of disagreement, either party may puhlish results dn 
its own re
sponsibility, giving proper acknowledgment of cooperation.
 

4. 	 Results paterted by one party are to be made known to the other party and 
that the patenting party will give the other party a paid-.up, royalty-free,

world wide license to use the patent for government purposes.
 

5. 	This cooperative agreement may be amended or terminated upon 60 calendar
 
60 days notice in writing. Participation by ARS as cited in paragraphs

B.1 	and B.2 herein shall 
be subject to passage by the Congress of the

United States of an appropriation of funds, from which expenditures may

legally be made.
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"A"EXHIBIT 
SCOPE OF WORK
 

1. 	SUMMARY
 

This Agreement formally attests to a cooperative research venture between
 
Fundacion de Investigaciones en Ciencias Alimentarias y Nutricion, A. C.
 
(FICAN), Chihuahua, Chih., Mexico, hereinafter called the Cooperator, and
 
ARS. The research objectives and plan of work are described herein.
 

Studies in Mexico, which will be financed by ARS, through funding originating

from the Agency for International Development, Washington D.C., USA, will
 
focus 
on a detailed examination of whole pods and pods subfractions of Mexican

Prosopis species as a food, feed, and industrial resource. Technology will be
 
developed to utilize the whole pods and/or rapidly separate the pods into

subfractions with anticipated specific end uses. 
 Prcperties of milled pods

and pod subfractions will be monitored by chemical, biochemical, and functional
 
techniques. Studies will 
include animal feeding. rhe work will be interfaced

with Prnsopis development work being carried out at 
the 	ARS facility, Western

Regional Research Center (WRRC). 

Project Duration: 3.years 

Funds to the Cooperator: U.S. 131, 000.(10 

Principal Investigators: Mexico, Cooperator: 

USDA-ARS-WRRC: R. M. Saunders, ADODR 
Robert Becker, ADODR 

Dr. Francisco R. del 
Enrique Marco Belesti

Valle 
n 

2. PROJECT OBJECTIVE 

Define parameters required to exploit components of Prosopis species as food,
 
feed, and industrial resources.
 

a. 	Define pod composition and relate to environmental factors.
 

b. 	Establish food, feed, and industrial potential of Prosopis pods and
 
subfractionated pods.
 

3. BACKGROUND: PROSOPIS IN MEXICO 

For severdl years workers in Mexico have been engaged in work relative to 
development of Prosonis. 
 In 1983, a chemical and nutritional study on food

mesquite beans "(Prosopis .iuliflora) was published by del Valle, in which it
 
was concluded that mesquite beans could be combined with cereals, legumes or

mixtures of both to probably yield products of good nutritive value. In
 
June, 1983, Dr. del Valle initiated discussions for collaborative Prosopis

utilization research with ARS which led to a USDA visit to Chihuahua, Mexico
 
in February 1984, and subsequently to this agreement.
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4. W1ORK PLAN 

a. Pod collection.
 
b. Selection of pods for analysis.
 
c. Milling and subfractionation of pods.

d. Analysis of pod subfractions.
 
e. 	Food, feed, and industrial evaluation of pods, pod subfractions, and 

fol i age. 
f. Preliminary economic evaluation of Prosopis.
 

4.a and 4.h - Pod collection and selection for analysis
 

Pod composition is known to vary widely due to poorly understood factors. 
 To

document this variation and efine the potential compositional range of a
 
composite pod collection, five specific trees will 
be selected and tagged for
 a continuing study. Three selection will 
he based on pod taste and yield. A
 tree producing large amounts of sweet pods, 
a tree with sour pods, and three
 
trees with typical yielding and tasting pods will be selected for the yield
and pod composition study. If trees yielding sweet and sour pods cannot be

obtained, 5 typical trees, seletected at 
random, or possibly from different
 
elevations above sea 
level would be used. Pods which subsequently are shown
 
to possess desirable economic value can thus be related to specific trees,

which could become the germplasm for future development. Investigations in
 
1985 and 1986 would be expected to be carried out on 
pods from thos trees

showing the most promise after examination in 1984. Other pods will 
be

collected from random trees, combined and mixed to form a composite lot which
will be used for experimentsd requiring large samples, such as 
processing and
product formulations. Some preliminary studies will be performed on pods

supplied by the ARS ADODR.
 

4.3 - Milling and subfractionation of pods 

Milling characteristics of whole pods will 
be studied using existing mills and
the mill products evaluated by standard screen analysis. 
 The fractions from

the milling procedure(s) judged best will 
be further analyzed for proximate

composition. Milled pods 
or pod subfractions will be combined with other food
products to achieve optimum nutritional benefits, extruded, milled, and
 
evaluated as a food or food ingredient. Alternately, if whole pods are
difficult to grind, they will 
be mixed with other food components and tests

performed to determine if the mixture is easier to grind.
 

The ADODR will supply the Cooperator with at least 50 lbs. 
of Prosopis pods to

permit 	preliminary evaluation of existing mills. 
 If these mils are-judged

unsatisfactory, immediate efforts will 
be focused on obtaining a usable mill,

purchased from funds allocated to Mexico. 
 This evaluation of milling equipment

will he the first research task.
 

4.4 - Analysis of pod subfractions 

Whole pods or separated subfrctions, and foliage which would be a crude fraction

separable from collected pods during their initial cleaning, will 
be analyzed for
nutrient content (portein, lipid, 	ash, fiber, sugars and moisture) using standard
methods. A specific analysis for seed gum would he carried out on 
appropriate

fractions. In vitro enzymatic digestion of Prosopis fractions will be carried out
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to predict their potential digestibility for monogastric and ruminant animals.

The ADODR will supply methods for seed gum analysis and in vitro engymatic

digestion. Certain protein fractions would be 
sent to tFT ATiTYO-forl amino acid
 
analyses.
 

4.5 - Food, feed, and industrial evaluation of pods, pod sbfractions, and foliage
 

Based upon data generated in 4.4, 
a limited number of amino acid analysis and rat

feeding experiments will be subcontracted by the Cooperator, to be carried out at
Instituto Nacional de La Nutricion in Mexico City. These will be PER, NPU and if

possible toxicity studies, 
 if requested by ARS, the Cooperator will be responsible

for ensuring that large quantities of pods are provided to the ADODR for chick and
pig feeding to be carried out in the liSA, shipping costs to be paid from funds
 
provided to the Cooperator.
 

The Cooperator will carry out 
studies to separate the galactonannan gum from the
 
Prosoois seed coat, using procedures recommended by the ADODR, and will compare the
 gum pnysical and chemical properties with those of guar gum. Such properties will
include gelation and viscosity; the ADODR will supply a standard guar gum for 
comparison purposes.
 

Pods and pod subfractions will 
be tested as adjuncts ii)foods deemed appropriate

for new and traditional Mexican and U. S. consideration. This will necessitate
 
measurement of physicochemical attributes as 
commonly employed in food scieirce to

predict potential food characteristics, such as farinograph, amylograph, etc. 
as
 
appropriate. The studies would include statistically correct consumer testing/

organoleptic appraisal 
in Mexico. Consumer acceptance of recommended products

would be carried out 
in standard hedonic ,tastetests, by comparison of the
 
Prosopis modified food with a nonmodified control, and by general reaction to new

Prosopis-based foods. 
 At least 8 Prosopis containing products will be evaluated.

These products will be evaluated by proximate analysis, microbial analysis, large

scale acceptance tests, and nutritional attributes. 
 The best of these products

would be evaluated with large scale market trials,
 

4.6 - Preliminary economic evaluation of Prosopis
 

To attract commercial interest in the production and processing of Prosopis species

it is essential to demonstrate favorable economics. 
A preliminary determination
will be made hy the Cooperator of the value of the various fractions that are
 
developed from the whole pods and the pod suhfractions, and foliage. This will 
be
 
done after work on pod subfraction, chemical analysis, and commercial products for
which the various Prosopis materials can he substituted. The prices of these
 
commercial products will LTe 
 used to provide guides as 
to the value of the Prosopis

fractions which are their potential substitute. The prices will be verified,

discounted or increased depending on evaluations made by potential users who will
have been provided product samples from the project. A written preliminary
 
economic evaluation will 
he part of the final report.
 

5. - COLLABORATIVE ARRANrGEMENTS 

The Cooperator is encouraged to interact with others around the world engaged in 
Prosopis development, especially INTEC, Chile and P. Felker, USA. 
Cooperation

with ARS will be maintained throughout the life of the project, which may include 
assignments of the Cooperator's staff at the ARS research facilities in USA. 
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6. BUDGET 

The funds to be provided to the Cooperator by ARS (original source, Agency for
International Development, USA) and their proposed distribution on an annual
 
basis is outlined in Table 1.
 

Table 1. Cooperator staff effort and budqet summary (U.S. dollars)3
 

1984 1985 1986 

Principal Investigator 3m ($1,500) 3m ($1,500) 3m ($1,500) 
Fernando R. del Valle 

Project Scientist 

Enrique Marco Belestin 
12m ($4,500) 12m ($4,500) 12m ($4,500) 

Sal aries S6,000 $6,000 $6,000 

Travel b $2,000 $2,000 

Material, Supplies $3,000 $2,000 

Animal Feeding $2,000 .,0 -

Totals: 
 $13,000 $12,000 $6,000
 

Overall Total: $31,000
 

a Funds will be placed with the Cooperator by ARS. Funds can be interchanged within
 
categories at the discretion of the Cooperator, but with prior written approval by
the ADODR. Funds can be r.trried over from year to year. The first year funds
 can be expected June 1984, subject to signing of this cooperative agreement, and

final approval of ARS Administration.
 

b Travel 
in Mexico is limited to pod collection. Travel 
to USA may be combined with
 
attendance at meetings of recognized scientific societies with prior written
 
approval by the ADODR.
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7. TIMEFRAME
 

The proposed timeframe in months is illustrated below:
 

Proj;ect Initiation 

4 1 16 20 28 3 

M'ill Evaluation 

r-osopis Collection
 

Milling and Subfraction
 

Analysis and Formulation
 

Animal Fe-edT 

Food Development
 

Economics Data Dissemination 

8. REPORTS
 

A concise written report will he supplied to the ADODR by the Cooperator on a

semiannual basis during the life of the project. 
 Presentation of research
results at meetings or in publications is permitted. dJoint authorship between
the Cooperator and ARS and/or other Mexican Investigators is encouraged, but
 
not essential.
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DEA'CLOPMENT AND EVALUATION OF PRODUCTS
 
CONTAINING LIGHTLY AND HIGHLY TOASTED
 
MESQUITE POD (Pros.is spp.) FLOURS
 

Final report submitted to USDA - ARS, by

Fundaci6n de Investigaciones en Ciencias Alimentaris
 
y Nutrici6n, A. C., Apartado Postal 1545, Sucursal C,
 
Chihuahua, Chih., Mexico 
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b I nd.-d (W r i rig L Iendb i) _ : 20 rn I 1I1: -nd 12 y _ug--',.

It n - ch:c,] te rn 
 I I s -.'Err th l ,-.1-E I. L Ac.',z: b:-21 -0, -'Tit I FC1 ' 1, T1,, c f f C C0 te: I : arpJiP I ion wD 

s irri 1.: e I u e.st.ld b rfl i.ij t .:hi hI t s,=t. d t ,zur with in t nt
ccl ~ ~ r:~i~ t~ ,1 .~' ~ . ~ '1~-1~',j.- t~h: ; ; , 1, di Lby n; :ir ],5 S '-.. ; :1 '. n], 5 g s eKc:b:c %7-:.rr . ]"-' nii 

V'- *.._: . Tb:. ie ;u11tj n b E ' ' :.-: ' 'c-re c'"],, vtc'd as to c,.',f le t la,,:,r 

l.3. ' t.:- .,.d flc,,. 

TI ittIi t ir -. ny rn 
' 'd ',nt es ,:, ,i .]ii i:,e '_ rcp ] ,,. .
qji t. .:, I ..be i'>e] Ty 2., Icti- -
1hvc,: E-r.r j.ih:V.-ntn w ith n: .- rI.i. ,.,hi,_h ,

b '..:'.q p d i, .'_: c.:,, r.,-ir,:.t . .:, d' pF, i rr:i l y .:,.4 ,':id d|T1bc Ld I, ~t £., t I h ~ , Liiv~- rc fEIh._, 

F., wi+h ' t'- _ri nt h2 pr,:d.:! h ,.h i ] Igh in r',,tei' '.Irt 

,:,tlIIc., r nt irisd .'rru,.'m . , ] . p.,r An'.ei s i
c Thi l. 
. . .1c.. . . ~ i I i4 . _ ':, jne~cq~ :it ' rc:di t. I n x ii i t cur Iivith ,er'_.-_,
 

,r ....-. I . IT.',t .
, ,. . -i its .... , .,..- , c ,:. . "1 2 1".1- 1r 
P -."t ". ,-r : "4: i :1
 
S . ' .,: 1. ' - . q.j 


L1 ' i':. ', :L i..r , -,s "C it, IL4, e pod f ].* r 

"Fi ".- J i ' J-.'> ; Il , . ] c J'.-! . .. " . I ,.,

rc"-A]
i' -nP ". ...- ,.
r: '' -]:. ; 1: ,.. ,, c.2 'f.. .. 

.
 .
 .Y . I 

" ". . : f,: " q _ , ,•.I..--- ,I I:ic 1. 



i: j*I,"~ .-! . .|,.. . 

:,i 41 d v- :rEdid prcd:,J: i, c,:,ni-i ,iin rrics ruite pod f cur %..ere 
,-.- ri'zd, - C l-eC-l .it h tho,-se ,:,f th ~ vir.duct~s without f.hICOMP -,:rn -_-:r 

f , 

i h' 1( h,,u,5's cf rj A-it ic.n e ist inc in Chiliu.-h'.- City,
 
Ms>i,,:,, '. r-ii :,ut , t i n9 i,, d t ,:-rniine their willinG'_ss
,, cd a t t emr t,:.
 
buy -d -:c) i l,-: ii t'ly ,,n.ted :cfite .p,-d,r: flour as a n t-,rj i-:-!o--,
(pr. in ria nd I i bc ) f,: tifi ev. II- c,:u-sti:r,naire presEnt' d in T - l,- 2
 

~ J i i~ J t'i e C'1- i TIit Y.iV:' 1.1.F 1it
1 1.,~.rc 
a t ct:- mc I: , at.-: ,-,.mi.~ the t :l ' uc- a ': gi',',c f ri..... r 

n.:tri. t ional propcrties of the I ,- (Tb311 c: 

i r,:.r ~rrth2 hig hly t--, t _t,_ t -u , itz uc' .smxtnC-Ia ,: a,:,c ir
 
i! :.'f c -t,_fc. n ,h:c 1 "." ,. b-'.,c. wh i ':h is cr C!lt Iy bc'iii
 

,,d!--- t:.,d t.:. s. nt. ici c. c s, DeI ici . ,od ! F ',d.: A lI ir E I iia 
.
I:jhih, hJ , ( n - , ". .....- . ib1is ,-rJ.nMe!: icc a I rl-!I "T , 'ns _ 

-
i tu- i,,. the c,-12.'L .- . T,. t in, t ',_p ,:,DUCt f:,tru .3t ion (T ab lE
I b ) h iag h lIy - ' , <. ,i2,,': %( ; .- dth , t, 1 ,'.: I/ 7 .,.,t , r-. 


L-_. .. .... l.:r D It i: y ,Er:t. pi J , t , 2l I i ,' di 's 
. j :- r i, ,: '_.:cl.d in t, c . ,v.: I :I 1- (7 n ..1:,_r t . 

in -in.? r:i] :, ci d i-! ' Ii 11:':, t I by a,F'. d L: . ,',c, 5-.p rEcn 
uTr -inJ P : ]. 

RE~:tuLT$ AHD DI C ILION 

,L:) c'.-,I ,:,pn :n t and EE'rEor v a I ui t. i - '1.1 pr o'di, - dez..- 1,p-', 
.ij 1 ' ight1y tca.. 2 rzjicz '. 1!,:..:,,_'d :rv - t, F,:d 

la , , p : r! ri.: ,n :','2 - i :'ga_ : , , : i r, ,, i, -i 
_
J-... i .1 ;: '_ .: ,'J K, U - p.-_h,: : t h.h.,c dfl r e ri-.rt c.-, v 

1 4 . , _. ... i.i 1 114 1 7 1 5 -, iE I t . _ 
ci ,:,:" .:.-;:TI. -.,11 -- c th: dat.> ,7" "v'.,' i, c_ U ' pli'er_, o n 

T- 1 1 

I1i ' :1.: .. ..- : si. i 1 ica )y d Ii Iee it r,r ,e ,:.ll (p (. 01c:ier . 
V' .... .. .. 'k -t(.cc"'t ,- t i2V . e h,- .:e p ,rd V,i itI ,.,, 

: 41.,,,... .'4I. . ] i ,*t:-" I . . . . -! . . .t,-, ... --.I''-'%e; .F''.,. ; ".' l*,f_. , ,-. -E. 

~ ~ i c ~ ' :.:r ~~ ~ ~ ~~~~~~.L: 1,61,..~r- ;~ ' j 'c,-. ._ ..o-. : o r 

* :,''" !,I l" -'' ~' " L •~.-c . .. .C, ' c ---- 1 .", , :1 

Jj ~p -
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P,:h:\:.. ,:ii : I to I.h.qt ,:b'-vv~id with th tt ib,_,h "O'v,:... 

AL' aii-d by th , t.t L bt-,,-rj- (.,:,'z trid '' base 'f resse2d ph-.Ii',ut 

b,-t ,-r/"'.- sq'. i . I:'d f M c..csii" , :c,c =ly 6.3, . In this c.ase, Io ,:ver, 
tIF' S r '.' ir .. .' !'1 --. sT:,) to that of the.1 ,: as,. I. Tid 	 equal 
p : v,4: L t r r v'+j. ,',! I:"mi-s 	 - i c : - f "'nr 11 
A ..-' ,,,' , . hi- I.-- : t ave , -,.'., . 1.' f.'] j,-%'', t.j
 
- s i3ned t,: pin:,] .7) and ,atr,:,r-) c :.-,d with rn,-2-quit:I=-,-d 1 ,,.'?
I.: S 1 1] ' t1 -,E. i "E3 a ,-1? wet-I 
1.-, ,og',&~ 'E; ~ , 71 , -..'ith p ],:,uvI .~ ~ tIi'.and Y,'a11 D t' ,2~r~* 

.. : 2~~Y .2 ! 	 ,,,:IIres_ t I I . --:, I'C ::rf2t, 
~ L3.:-rd,::' rc".:i ::.;,- dct If 11:11j1)c' '.5.,:-) e tlI=-r~ l:;: ~ 

)Ii,..-i ij t Iit- Dt ,, i ut e - , p :,d!: t. ,cEb -3ini ig t-, iu!1C:o r"1 

: 	 . b:,tl' " :: :,r , 	 ''Vr'e be ,-r..ge b..'s'j.s (-R .:,:o ) e .and s I .., y 
,r- .:_ 
 L7.j t t c r;J -'"l,.v E-7 1. 


thrE C, = 7.E f 13I 'd b) pi , 'le (s c ov-e 6.). In this r -Z-t
-.. tL1e" -ta1 


: ', : --it, cd / s?-1 i r , .- ' s.-',. 1] :, 1. 

~ I i ,t ; :t y : E " 

- ,- 9'F L ' 1 I 1 ".i -hc !(.!ui.l0E,,rI:T ' d 1,,1t:*~;ifig I y ' Ein F.t~3 i f.11 "
 

t]-tr j L) , 	 I W; lg all I.:.;.":: 
t1:i i L.rr c f h , t h -- 1~ c' 1 t " ' , C,I- i
 

L.,.:,vwest SC',r-es were :bt ai ned by the "h':'t': 1-it
L. 	 v -... 7 -nd I1s,' by II' .'ji t..p:,d/, IA 1 it,. .c .nd " (4.4!. 

:1' - mP:---. c ,_'o L:_ 	with - _i te pc-d f I :.u, (,::at rrv-al .I Yd ,I a!rIF 
.- F i'* - ;). It is ,_ tI::t, .s1 1-','j, ,lI F;co-1., izts 

-2 P' d L, ,t 1 7 ttl.7s.2 1 p ,d.Pc,t rulj te well (as ncted p e'vi,c, E.,It1y-, I 
- c- d I t i,. 1 h i gh AcceIsptance" and "1" .: r -21i Tic r,-- "Civeral I 


it '_ i' on" s,:rc.. , i h-2y f : T'rd sh oI boo, ,
th- bj:'n ,::,JO o-: ,:k-: 

7.. i:, t 'F . ,;'' v1 ,_'.t dif ieir cit f I,- th= t of-)!.: 

tI.e previo,..'E t-rt: t trir b'ttc As i n the ,:,nse c:'f the Ilat ter, hi hEsc t
 
' -. L I e.'.S. i YTI Led t t , - I c,' -,a - b;.2ver ag b :1e (7.:'? . -1d
,: I 


t!..2 p -- i r,,, :e. 1I_,t b.t 	 ,n.:r:i[,i t,-. .. t :!.dyd 	 7. K)). It:wv'2v 
I.llP ,i I_-.: 'r *,.:. "C,I h 	 ,,c'JI"h. -. :i U-c-h,: i .. ' t pod bh t ... : 

. ; 'c ,E f- d:c cs'cc:d with roesqui ie pod t co,r (,tt . ,., r:.and 

' Dj L.) iIh f wl i .h E - ee ,: 'F lr-' - ',,,Ler-t h v. 
,.,,,-'h htd ,F. i - ,,- '7 E r ,-.:-E]I i: :lc-,,la te b , .. Iy to -:,se ,-, the 

in t h.- c -i ,f ' c , " ':3 'I 
 -- f - I r --e i,",;,", "amZ' ,Q'a r ,' 
, .', l.' : !.:: ii ";, ,- :.: ': "F . -v," L,,',,. 5.t s :,'res were thos.e f, 

C - ) , : -1-' q.; I 1 . ! v .C; . _" P J I .c'.n
 

t -. I t 	 '" "., " b,--hI-av,-: J:....
 
4 
 .	 . ] 1 ji pI ;r.?, -C',-r '..... s, ,re_. si19,idJ- in 

1.1'.. 	 ,: . , . lb 01 C _ ' . - b4, - .h.j1: 	 , Ir),(,.1 ci . b _ 
. ... .. .... .. h D- I .IL! .b 

q 4 1 

Ls. -.-z., c " " I 	 h : 4 9 . - , 

- ,t 	 t i;
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. e I- ::A.4:'; it ri ht be i--1cia l-d th,-t this F r,:d :t -: iyr,-d . 

a..,-," .rid cn 3" r-esb,- t,.en the "r .. "A .- c-., is pr',b.ib] . besit '.p l ined by 
,rit inq th- p-.:n, : 2 w,'.r I. Icpr-L;.-t!) ,..]] r > t2 , onsci-yk '":Lr'; C, 


diff E-n:- b,-te.,T-n bcch z':_t: ibu s.
 

2.. - , I,- ., I ,h . -I , that .sith 1 iste tttIcn c t:in:_d: 
high- t a."s g ,_- -,hs:i .] quatit, - t , : d,s: 12.:::. -,.'Is 

:,:- r.,-d t-,r'1, . ,- i._ 1,-11,_i . _. . : i (.," = :.4n -, =T ;l i 

-. j A'-' 7 d::a 

".Ft,- t v c'I .- l ;:. 

h ul~YIlh:,',: ,,' h t cl u, t t: , n ,3:l 
-. 

, E,, And n:,' ,-t c. %.Ds h1 
. rE d1 1 =ij L ins ', . T-he ,Z-s_t,. , rcp ! .ts ,.:. 

,:,: ,s~s.. (i ; , t e p_,tec to,most at tt-ib' t,--s} 4h "-,,, a e 
' i .. ', 1• . c " tll uli..,e pod f ou' 

F _sr s 4 t :-Iby p-anc Iis ts f,:'v Iil.iy, the7 ab ,v:vb:-st pi -< ,

thE, t thh:' r, ite pord f I c,!.:rnd L -. rr7--lih,:C f1a.,,.:: ,:1 

p ,sc_.nt ihus, basres, -tr,>.s.E I'.:' L,:,th bev'v.--r,- as -,-e1 : a 
f'r d'iJUt s.,(pdn,:le, ,--t'Ii.'l a,:i C ,ICCt w siaI , c.nI Lk:Eded ...thi 
r,•'H-I t,'.- F,cd f ],',,1- , V'..;-'S t'~2 42,2, V' l e,_t " ,. It -] i be ' t1..,f;':1 h.a 
 '.,,:h
 

,4.,jE ml,'.l, 1 lIed. 

i; b a1 S I I.: 

t 1- 1 3.":! ,l1 ! 'f.f- i; the -:' ses ,:.i bcth 


,"jt' P.3 . 11 ov i I: AIj .: -,s.t pr-c,:l!-: ,: ' , 
"h, rchata" and v,,g.,vt) ,sr
 

p:i T',. rc ( .e. , i1-1SU,f I i'CiE'1t "Li ,dy", in th , -. s:, thle 
.
'l,.:.lrt, .' " 1±-
 i it ,v: , , .h : t mess tu,p:),!d tIlur, by it els , d' 

-; , . icI 1- i 4 .. n it = blended rith ,-,thot
I .:; ,1 ,:,,s s,-, h ,:. L.s,:, dI='sc ib .. d iv th- pi- v'i,:us p.a .n aph, it 

,hEnhC:E -tid ct.hrcwiec irnro''e thea lavov -If te:: re uI Itir 
FD Esid :. 

":' ".r UIc'P't,:,is ci the Ihiyhtly t,.:-.-kc>d r '.-.'-i e r-'d,fi cis,] 

,-.: 5l,-ld..-.,-.Pl ii pa:;.l is ,.nIC::r,:et l I~i:, 4,!,,. ,",-, , : . K:'- i ,f; s ::' ] 

, : rJ . ..... f 1. '.' IC F-'sA k. '. ',, 2! h.: ,= :-. - " C,lZ, ! 21 . .!: .:,'1, t . ,2 

.... bl'sn '2lB2.t.. -q . 'l ji
" -
,r:'' :1: * -;, c' I _ d ... n -*l *2=" .. .... 

....d......'',in tt' ' bl-nds22! ! ',:,. iI, fl-,,I It . 

4
-'.. I jl .... ., : ~ I',1 t,I - ;,: . i te p-:I fl1:,jv :r,:I
'1 1.: iiy u'sed ,:_S a ,c: ', s ',-ndr in blends ,--:ritaining -:is -I., 

S: ti - i t, 

m A I ! m .. . i ei ' i 
"'-:: J':; c:f =tF, . I 1 2h' -2 t'E£I.-i : :i.k t,: '.v; I.:: i~ .. ,-,.' thb'- L-'.ct 4i 

p:p..r,_i ' v.......... .:. 2", .A, ,::'.:,!,, nd ii I I'':l.: tl,' i 4.,.--t_d ,:'i',:,' 

F Dsi ss a di st int 21- ::: 1ts--lil :e .,, . 

- ;-. :.Jt 1,tl : AA 2 :!.'..i ,:I:, * ,. --. . _. ,::, i. 

.. , ... . .. . 

. .. . . . . . .+: . ,. . .. ". ; l , ;, - " t . .. : . . ., . 2, t 7: :f, - , ' - ', ' -. 

http:pr',b.ib
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I .. 
. .. ,i1 -Ev. . i ,r ,:,f P rod-' 

t c~ t zj I I
 

i .....: t isi;-ve],.F :1c! ' i I i- j ' l-i t 1'/ 

Pt*,, in and f.ib.rI- Ccbnt -P,1:1t , pt . .iI Fnd ,'i thcut Rddc d rne:.q, it e 
FI-'d t],C!U - t PC,It d in "_l . in 11 ,:: eE , tIl fi b .- Cl-,nt,:nt,1
. -. : :r cr,-n:cd ','ithL, h i.:t:nrni w.Ir th l: . M,1,.Mc:t .F i rling

it.t C .T Er;-., ,,,1cI.:' ,b I ,n i h 4 1- ",- -d bES,,',

.'_ , -. , " -, .-,I . -.. .... 0,.. . ' .. :'r'e cf 'JllE-4t (:3 . 1 W \ C0 7 . . 

6nd .,h . : f I- I . , -.. i+:-1rE_'z , _ I h T':-

-:'_e .r~.d d - ,err:. b,'i I ,; I .

.rig r....- 1 2'7..-. ,fi Il _ c . 

bE ~ .'.J I t i J ~ i CIr t i'y' J. 11b i . in : ,. 1 r . - -, : i- wt h , i 1 o , , :. .." . nd -, ] -d 
,
, ,' I ):Im:il ,-z. :1 i.. 4,_1 L ' IZ.,:- 1i)~r " 1. ' 1 'r ' 'J IE1 '"s; ((.'-'. \' 3 ' . i l:tI• 


ci " '. irdi : 4lia I zp :,d tt :,-=i'e - e't. fh--i:E L ijt. l " wo uld I
 
C f,' '/ ,1WIIdi,,=7 Liah :f
v _i]::I: c,: nt "ji 1,- -lit tip. - dit.. . 

." C IiIr 

d'' f e11 . , i lflfI-:jE ,-d I i to th'- rJifri errm l: -:I,.J ,c mdf I _ t 1c , , . i n p I=tiin 1:&:,fntent TiTbIE 6).
 
A t F 1
I t 1 1.1 .i " ', - .: ,. . '- h C ' ,. ::'1 .: A ,-;, J' .1~11-W ic t fncii. 


I r.,,L. .. -I,..EruiteF.-iiJI b t' t .t . p.
L , . I r 1 .7, Ti ' _ d F.Jd .C, P r,- :-, 

t..I it- pi
1 f'I]) 17 Ct t-e j III --.rTt itc 1nT 

"r .d. t' p7

I .T 

t. I L.- I it s ,d t c.ut 
b 

r,_q'i t.- cd ,.-,lci, ,- i:,:-cd. in "IE]-. 7 (UL..- .'"D, ,ll s), f:r',:th, thE
<1l~1t ,h; .,, aig1Ill1l; Iid1- h to:ns ted- Il,:,,Jr-s ',',u l-J .:c, t .pF 'rfrt,, i . 21)'l ...U,. ..S p ,:7F 
1 , t*.$ p t- p,1:,uind 1. L.L-II 7 sIio w_-- that cnr-i:'hrn.rtt A'it h k tI
 

r,,I .f c 
 : z ri _-t th. ,,st Cf rn:os.t pI-c;dJcts (bevcI .g 

-
1 l i ...) - 'L :'' ;. p i, A? i, e p cc f I iI d b2-:" b" Jf 
TOr,,.,IF I ,,Cz::,:, #!ot po ta,::d v.oin r-i='_ (eV .4: ,vsc l/:.g € ... 9/!:g<.1 
!-TI il,? I , 5.w?&t_: 2e tiut b,,:'b t t .., .ld b;- .Ppve, i--11 mr,Irc-,
,'" C,:l,'i'..-t!,:,m :'.'zc!,=-nc.d - p':'d+, ,1 j .1/1:9 v' 1 i':r'1£ k 1,. .'.--. +i...:-' 

rcE.. it 
].,Z ," 

but 1:---'. . ,: Il ?E--::K .. p -:..f I C.,_',r p,,, c-i,:,,. i,ts 


ri" -4.:.
. . ...."'- ; : :1..J,.' is '"','..c.jI p .'ll1'nc E h 
- tH ~i * .1 U)If I E t:: I '. ':. ~ -I n 

it1 .d,:Iu '::1, z . I. i .h. ". tcC, f 
1' . ;I '"i*.' ':' l -n 4, ) . " :. ! i .v; in, !UtJ i;.:h-u .. i::I ). It J S z,,i.J"ri.:l 

>,':r'" a t -,:tit hk' P.ind d. bL: d . . ' :u it t. i r,t l rt? 1,n't1 f , i:. '.cu; A 'v'1). in: !.: i ). '.1,I 1I m
.;'ii I n,-,., s-'r
 

I I p rdI 
,:rj Ir '7.. d. t I:, t c 

A &C, yIt 4 T1_I 
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•enud h. ,ily t e: el m-_q.;.j P -!2 ,.i  1 W1, . i ly, toasted flou, 
- ] - - J1 t, I w:. . 
.,ffirmative replies in U' 
will b c,L f..r-d to industri, 

-. f ni;.. 
w-" , 
users 

j ,in in CI ihuahua City 
WO',N th,. h:.?vily t:-ied 
of cc:.,a a n 'tender 

which .av: 
fl ,ur 

for this 
pr cdu:t 

Con::er -in uts,e of the highly W s cd flour as a C,3303 :E crK[JI " ii toe" 
chco ate beveg.e bese :,, n,. f c,: t,ur ed by Prodc-: ts Al i m.2 t i cics 

MY]icWia, preliminry, results indicate that up to .a50". subsiitut ion 
of cocoe with the highly tc:.ctcd ti1,ur is Fcs ible. If th ae .. s.]t, 
:_re ',,r il i , ii: . ,,..:ld immedi.-t _ly st ' t using th . l.'.! erco,;p:n >' 

Irdc I ccoa*entensri in thG m,£nn:Puve a tFSS 
 ci 

!- i,'i 2- , .r A , 1.- S,]d in rr.any p .,is cf Io-n'ics., n:!':,:ii.;; M2 ofth,: F:: . 1 ChJQU ., !intcrr u,,, Guadalajara i:' M-I ,. City. In 
this way, t s.dthe hiCh) .- mesquite p dI lui ',. 21 be distribuL d, 
a, part -f a prod'.-, t, t,- m-ary parts ct Me'gi,_o. 



,7:1 1ll1W';r:Y A W! , .1 L : O : 

Fr-,m the fireg:,i y t is evident t7t there arE multiplr
 
d v .,d p i : :
Cat i 01) s t 1,r bot h, t h e Ii Lh t 1 y -and highl ,
 

t -ast,-d rnci.-sq-i t p:,d I ,'.i .
 

A pp1Ii, t i,T, 0 - :ht 1y ted r arcfor th 1.i t,, 1 vIs,1 I -.1 3 
.rn' !,-rly - fiL,ev f ortifier -nd Ihf]a,':r n,:,r.

Ai. a f ib'c 11ot ifier, it ha been secn that it is p:,ssible 
t,-, d:jr] ,: :. , and in some case_, even tripliate t f f i,
c,7.rtErt o-,f a Pi.inpv,:dI ,', !his is highly d sir ,hi , gi.'-.rl 
the v lu;- f ediet-3 y n rcni :,v--o ,n I,-r.1 h]- th .ndfiL,,-= t 

p ', - l .ifi r)g -7 nu 1 - ,:If r_ ' bI.?- '.,G CDn'Ji t i I~l . This T ibr
 
f ,r i, f icat i on u t iIi z i n9 mE _ku it,- pod ' ha s ni:ui b::Yl'-,
 
-adv t-2_-(D,- s the fibr i f c.und in a fi rz Iy pulver izd
 
f -rrn , i,-hi., i s e a i i pr 4 ccd ! nn cI:, n ddi I f,--- re n t ypes
.e 

flf 	 d pr--,du:t s ; 2) n :, i.b -u E.Iouijh turei o " te' is
 
.. ppa rnt in th,-- fort if ie d pi-od.cts such as is perc:eived
 
when such produicts as ,.fheat bran, for eX,.-rnp I re U. ii zed)

-nd :-3) 1 rt it i,:ati t'id or with rnecC-it3 1l ow,- it r ,t cas s
 

ealace flavor of the ermi _ed prod.cts. 

.a ]:'.,:, ,r;h:T._ , li-hltl, tD:st.ed ni,-.-tit Ic'd I low
 
f,: tizC,rs in a r;ri Tin,:-r c]i t..: rB it; i.e,, a pl-ae s.it
 
t,: -t(:.'d ru,-. t-1 ,/ f]a,. r is Lt3jri d. Ibis flavor, as E.;

oell, e 11h- 1;--.r4 Di ] itC s-ch pr du._ts as
 
t,,--b,c. , pin,:].: bu-t tEr candy, oatmeal and
 

crea-m of t.cz.t
 

Ac- a ! 1', &i t1,' iti ,, t , m,- :,;. ii pod flour a : i I. -pl -I 
both f U' t 1 , -- : nvi c,*'w: I ,, i1,h f ber rnd f].-: r e nh an,_'sm ntn 

2 rn 1 CI 1S1c:.i 

I _Jr Lifj - iI cf t t I r] i g ' y ,d r. _r:t:1. in I : ,. io 

pvcCii 4 n orm I a I f 

C;[ 	 ,,, t :it - '2 4]le,.z .t : ,- prriet. 

c t ,st-3g!s' d i lcur hB sa two clerly important pnt'rntiAl 
C-)p :. :r' S1 Sa Coc: a and also - s a c o,f fe ex terder 
P:t 	 of t h. ?-. app i cat, is, alt hough the fo r Ier (i.e., cCcoa

I':r, . )v1.n n 'ro a n I u,:,,_,d j I1t n. FrI #,:vtI t h ,e i t ,- ; i 
f.,. t, p I J t 

http:tD:st.ed
http:gi.'-.rl
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A ,'-robZ ,v if ,i t1. t i )LlU t ri -:
:- j ord n,.t t ii .j,:n I s s o 
hc'i t, *:,i,,: ' I ':l-l.I ,.i rr ,,ij.,, t, l ,,.':c ,,r'_ih-ve bE-:, found. 

n,,t Fd i .d!i 
typc cI rfi:*'- ite tl:,ul -:lvc 
And, as F o1:.'1 iii t 21 r,.:r uf a: tu1 e cf b,-,t h 

F,,:, Id hi :dy bc un at PrcduCtosAlirncrticioe Lie] iri. :, S. A. de. i:. V. in f'e.] xi,,
Al I . -;, :,I ,n .' 

i . hI -F:'rtbh:- this nrct., and inc :p ,i ec\'e Ihnolc cn gy),fcr 
' Itiiz-a t Tr.,, tS.quods S .will be:,,.m:: ;tend:zd to:,:thi 
L1.1 ' ny- ..'uvId iv c i t . ;,': 

l ,U!, ES I-CHS F C!R F URI HER REr':,F ,iF : 

It i- V l 'z1vcd th:I tI ,- c -_,vr outwc,I - vJiPd dUY' ing thc d'urat ic,r 
: thi E i --'-_:-)ch gra.-nt ,,_ou]d be cpnt .m']y coit inued by 
. rriLy o-Jt I Io-, cs aic-rch actJ.vitics. " ti' , .-jn 

E -: Ic11T ,-f .i m, 1' 1v,-unit I ,r the indus trial rn. uf a,- tur 
C- I J'.~.- rp~ zj~ p -,jbVTis1cr unl1i is: visualized 

-S a sir0 17.cF - . -tp~Eplant, c,-nri. i ir, of a ,:ast;at,
mill ,:J 
 ri -. IIIi i p - It vI -. :]d 1 . y" inc::;- ,siv--
Ild I J,,b 2c-,:ni1y ,ct up in -an, :zation , f a de', lc-

S 1 -2. pI :1 rh._,dul-_r plant) could .ils,: b? 

t'.i ],:'.' . ...... l2'~i ~ -y~,'ny p : ~ n *n 

.' , ji t v ih',i n I c1: 'vc i ion of riisq:.i tc"1 r) t m" pod 
fI ."" .. " iT.c roc:sq,:i t, pod f lours ccntain a lavga 
.n cr,t al r v, fibc-, it is felt th-:nt l' ofdicat-
..,:,- ? ,:v ",:2 IIc i i n.: ro.. '.', ?Ivd v ':-. t iii.o o nui,:1 

ci i:,- t -t nutr! t :c fit,it-,: ii ,:I:uin;I .'.- ,I 
F.Tid 

Vc PorE _,. lb,2 I orm.Tvr ji Id f bc t it. ,:,pciE.it. 

c.i L ,:d ,--I,:.] s, ,io I I'.,1 a t dccr:_e E ir 9ly,2l-]E ic 
t.., b -? 

:, 4 4' I , 1 c t-hes littI: 
c- RC Tiig 

I. -' I*i. 
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TABLE 1: 	INGREDIENT FORMULAS OF CHOCOLATE AND
 
STRAWBERRY BEVERAGE BASES, UTILIZED FOR
 
ENRICHMENT WITH LIGHTLY TOASTED M ESQUITE
 
POD FLOUR
 

INGREDIENT 


Sugar (sucrose) 


Soy flour (full-fat) 


Powdered oats (rolled, cooked) 


Tricalcium phosphate 


Salt (sodium chloride) 


Vitamin and mineral mix 


tificial strawberry flavor 


Cocoa 


Artificial chocolate flavor 


Cinnamon flavor 


Red coloring 


Brown coloring 


C'ream flavor 


STRAWBERRY CHOCOLATE 
BEVERAGE BEVERAGE 
BASE BASE 

61.098% 57.360% 

18.865 18.865 

15,435 15.435 

1.750 1.750 

0.400 0.550 

0.112 0.112 

1.800 -

4.725 

1.000 

-- 01180 

0.0400 -

-- 0,0200 

0.500 -



TABLE .: I !ES! . IR- Q! LT _ M 
.",UF,.,EY OF HOUI.I:-E:, OF NUI F!I.lO. 
IN !']U_'.H'_A CrIi ", X "" 

3) Do,,'YOU L 1 I:E 1 I S- F C T'-' 

V)" D'.. YO THI!: TIHT THIS-: PRO'DUCT WOUlD Q: L.'L 
AC:.:EPIED P Y YOUR .!.UF':-IO1 -'1_F? 

To EWD Y T HI:: OC :Y 'Y !!! B:Y'OU F -T-'R-

!-" ':44) IHE "1 Ml'. ! . :"I: 1 VNI THE F'F: !CLI".I !, 

WOU EWH.iV.T DO' YO'iU! TIIIHI: I.K!._ L A S:-IITTAPLEF. -'IC"F& r 



1 API E ?: IIFO':IIAT ION .'El 0! MESO!I!TE F'O 
FLO,UR 0'E ! r0NER'; 'F II5I.U4E.. OF 
NIUT RI TION IN CHI II.IAHUA CI 1Y, 
MEX I CO, ACOOMPFAN'YI NG .!lIE.:Ti ON! IA 1 RE 
GIVEN ON TA:LE 2 

1NI RODUCI: 1ON 

An industrial process that permits e,:ploi-ti:,n of mrsq'ite
 
pods (Fr,:,s,:pis spp.), by their conversi:n into a fine flour 
has been d'elopcd.
 

Th s p--.cc.- has t,:-c-n Y'evel,:,ped anrd evaluated jo:intly by 
FncIa,_in de InvestiQ.cionr,- U3en.:i-s -im,.--, yenr Al nr e-

Nw.'.ricinn.r, A. C., Unlited S:tates Departme nt o:f Agricultur~e,
 

snd F'r,:ducI,- os Al iment ii,,s Dc :j s, S. A. e C. Y. 'F,;- -, 

,AP.:A. is c,y'nt. n, ,ufacturin- the me..q,-ite p:,d flour ir' 
a-n ind,:stria! scale-.
 

CHF!-1 W AN.L V I -; 

MI"o - . .................................... E:
 
Fr:tein................................ 19.1
 
Fnt .....................................6.3.
 
Ash ......... .......................... 4 .
 
Fit'at (Acid D,-ter ,rt . . ,-," 
Ci b:h> d .at:ss (by dilievence) ......... 15.4%
 

TiOTAL. 100.0%
 

P'.'1F ,! I I '"!('.L ,r,'A.NTI:S;:E; 

Mc.quit.: p:d f lo:ur posscsses a number of imp:rtant
 
nur,_t Ji .val Wd'..ntagcs.
 

11 It iW a t,',sl]y na.,,n l produi:t, with its co'mp]:te 

c,::ntent of naturrally o:c:crurring ,.i .ir and miin-i.l-s. 
2. it hs a. f ;lhij.h protein content (1'9.1%i.), wh~i:h
 
:l:sely ,r it.es., of l:egumes . . beans
,:,:; that comm:,n such w: 
garban -,-. etc
 

:Y It . I,i., c ntent of dietary .l-cr, c:i:in .1iting o 
both ,:.'b], .:*r.,_J is,:':l)e twpes. Its soluble fiber estlts 
fW 2 uum,. iilar to guar cum . A tIn"br of rcent 
i .w. -' ts indicate that both types of titer p.-, 
-; 1 , '.].s in sus .l*ining health, including lo,.,:riiig of 
blood ,:: l.:]t.:tr,: level].,., reduced in,:id--n e of c.ner .n: 

. ... . ' - I. , . • ,R T, '.' .
 



I) l h c-.:.r, c nt ,:f natr a) si si s In this resp ,:t
 
rlP:- ',,1 1Jh,,.j, rn . , : ,, id2r .d t., b,:
 

svcE t - ver, .i Lh tha £.o -i h-] I1fh!.:n pr p .ti:s ,:,f 

) IT, sri I :f thc fact th-At mesquite pod fl:,ur is a
 
healthful and t.asty product, it is r.av t h I-eas quite
 
r p' 11s ve.
 

DCOHt.':T!FI U .F:'TF ME;''_ tIITE F'OCr , FL IUR 

l squit tE pcd has .and Ed zsef l:ur in-any ".'-_i , inl.:d! ny: 

k :at-. f orninI I , d s-, r ,.t :. i t r a Ti h .:: -,'i .]i. 

2' It -: dit.. .I rses easily) in h--t cr cold milk, foriing 
rP, ntly ].-n'IoIrc-d .sltd-liLe prvdu,_ts.

2) Meiquite pod f lo.Iur 
 ma' be added to. s:w,EA breads, Ccc:ies 
,.nd ,th-Er Lb :e y pr:d,ucts in t,:,t. .] cir parti .l subst itutio'n 
of sugar. The resulting products are also, fortified v.'i th 
r, t - -:l m Esqui t I: f iber. 
41) It mB,, b-. i :'p, rat ed ini., peanut butter and other 
s ini 1 -1 r : TId i - . 

I t - h _, --1-11.d t Loth h .,t .r :I.,] , 
:,_ rI :1, ,:t..P;fn ,f hl'. 1_, ' -lri f e :es, tc. 

i)~~~~~~~~~It 1; J.~'.. :dti'-be'~~ r s.f :h2 ori-c d-. t

' r,:: ~ :,: i,: Ji._ i.ed cn fr-!.1its such a s melon:rs,
 

,S;:,i..F:Y 

iI: ' F yDtjn t,:, inc,:rp.,r-:te riE - into y'our-, jt- pod f 1 our 
di Et. -e-d-s b in rcmnuf ctuv;=d from a native Mexican raw 
rnteriol,a nc :.jijte po'd f IOur posse:ses e;:ce1lent nut riti onal 
FT .:.-- t-'i Iich ":ld undcubt edI y contribut e to yonur bet ter
 
h: :.1 th.
 



'i :; YABLE 4r AEGE~VALUES WT TNADD 
VfAtI dNS flF~ SCR4 SIND , 

~ PANELISTS TO TH EbDIFFE RENT SENSORY'P
SAT7.TRIBUTESFOR4 HE -DIFFjR&NT,PRDJG.TS,---7---

ODUCT AROMAf~j FLV CLRGENERAL' ~VERALLO 

- ~<'' IPRESSION ACCEPTANCEi~gL 

iOCOLATE 6.7 + 1,-6 7.63' + 1 2P~ 1.'21 6.9 +~ .9 >7;.1 +1. 

iRAWU8ERRY E,'3 + 2.0 6. 3: + 1.2, 7 0 ±A1.4 -. 8+ 6. + 1.4
WVERAGE 

IRCHAT~A ~ 4.8 + 1.1 4. E 1 '. 7 . . 
4.7 + 1 '4 B+ 1. . -


NO LE.b 4.8 +1.7262 604 2-0 6 
. 

IESSED 5.1 + 2.5 7.0 ±1.3 7.0 + 1' 4 , .. . . 

,SQU I TE/66. - " 

UITE~ 3 .4 ±62. 2-.0 ~4.44'24" 5.6+ .8 ,S 2. 
,T T ER: 

' ' 7 " 

,ERM 4OF ., 56 ± 1.-..~.~~5.9 + 1.7 5. +' 1 '.5F '7 . 1.+'277'2 
A.. T~2'727.'4~4777!'>7 2E 

TM'EFAL5. 657+A.5' ±2.0 6.1 + 1.6 '68 + ' 7I'.5+ 
 '' 1OKED~ WITH .''T2~J.'~'F ~.2+'.2
 

I772N"2+"'2.27 1.9'A R 3.6 + 6.0 + 1. . . 5.4 + 1.4 .4 
''RF77'F2.' 7"''4' .'T'2~ '. 

,HQUITE4:-477:.,227 27 ~ 4~"' 2~~ 4 
7SU I T '- i> ' ' 7 4 "''>P 7 2:4 ','',' 424 . 

ochatl is4a bevrae pepre from 7rauric di'spersed:,i 'e whc'i
s'etee an cinnamon flavored;,the, produIct ,reportedf.here was 'en

cewit~h mesquite flour, as men1 tion'ed in the 't't-'' 
'le is toaste'd corn flour' mixed with sugar;- theproduct' repooted ' heretas _enriche d:'w.'th 'mesquIte f16u r as,men tioned,- in the" text. 

http:I772N"2+"'2.27


TABLE 5: RESULTS OF ANALYSIS OF VARIANCE
 
CALCULATIONS PERFORMED ON THE
 
DATA OF TABLE 4
 

SENSORY 
 GENERAL OVERALL
 
ATTRIBUTE 
 AROMA FLAVOR COLOR IMPRESSION ACCEPTANCE
 

a + + ++ + ++
 F-VALUE 3.57+++ 12.22... 8.O8 + 7.96 9.22+
 

aDegrees of freedom for numerator 
= 8; degrees of freedom for denominator
 
= 180
 

++Significant at p4 0.01 level. 



PRODUCT 


BEVERAGE BASE WITHOUt MESQUITE 


BEVERAGE BASE WITH MESQUITE 


RICE "HORCHATA" (DRY BASIS) 
MESQUITE "HORCHATA" (DRY BASIS) 

PINOLE WITHOUT MESQUITE 

PINOLE WITH MESQUITE 


PEANUT BUTTER CANDY WITHOUT 

MESQUITE
 

PEANU[ BUTTER CANDY WITH 

MESQUITE
 

ANUT BUTTER, SWEETENED 


MESQUITE POD BUTTER, SWEETENED 


CREAM OF WHEAT WITHOUT MESQUITE 

(DRY BASIS)
 
CREAM OF WHEAT WITH MESQUITE 

(DRY BASIS)
 

ROLLED OATS WITHOUT MESQUITE 

(DRY BASIS)
 
ROLLED OATS WITH MESQUITE 

(DRY BASIS)
 

YOGURT WITHOUT MESQUITE 


YOGURT WITH MESQUITE 


PERCENT PERCENT
 
PROTEIN FIBER
 

17.5 3.0
 

16.6 8.0
 

4.3 4.9 
7.1 15.2
 

3.8 0.8 
4.2 3.4
 

12.0 1.2 

10,3 3.7
 

7.8 0.8
 

2.3 5.0
 

14.0 3.0
 

13.8 7.0
 

12.0 10.0
 

12.2 12.9
 

3.5 0.0
 

3.7 0.6 

TABLE 6: 
PROTEIN AND FIBER CONTENTS OF PRODUCTS
 
WITH AND WITHOUT ADDED MESQUIIE POD FLOUR
 



PRODUCT PRICE, U.S.$
 

BEVJERAGE BASE WITHOUT MESQUITE 


BEVERAGE BASE WITH MESQUITE 


RICE "HORCHATA" (DRY BASIS) 


MESQUITE "HORCHATA (DRY BASIS) 


PINOLE WITHOUT MESQUITE 


PINOLE WITH MESQUITE 


PEANUT BUTTER CANDY WITHOUT 

MESQUITE
 

rEANUT BUTTER CANDY WITH 

MESQUITE
 

PEANUT BUTTER, SWEETENED 


MESQUITE POD BUTTER, SWEETENED 


CREAM OF WHEAT WITHOUT MESQUITE 

(DRY BASIS)
 

CREAM OF WHEAT WITH MESQUITE 

(DRY BASIS)
 

ROLLED OATS WITHOUT MESQUITE 

(DRY BASIS)
 

ROLLED OATS WITH MESQUITE 

(DRY 8A31S)
 

YOGURT WITHOUT MESQUITE 


YOGURT WITH MESQUITE 


1.01/KG 

0.94/KG
 

0;29/KG
 

0.43/KG
 

0.37/KG
 

0.39/KG
 

0.11/25-GRAM PORTION
 

0.10/25-GRAM PORTION
 

3.31/KG
 

1.68/KG
 

1.15/KG
 

1.07/KG
 

O.94/KG
 

0.90/KG
 

1.11/L
 

1.1O/L 

TABLE 7: COST ESTIMATES FOR PRODUCTS WITH
 
AND WITHOUT ADDED MESQUITE POD FLOUR
 



TALE 8: 	RESULTS OF SURVEY CONDUCTED AMONG 10
 
HOUSES OF NUTRITION IN CHIHUAHUA CITY
 
MEXICO, UTILIZING QUESTIONNAIRE IN TABLE 2
 

i) DO YOU ',rE THIS PRODUCT?
 

Yes, 80%
 
No , 20%
 

Additional comments given in reply to this question:
 

a) I like it because of its agreeable flavor, 10%
 
b) I like it because it is a natural product, 20%
 
c) I like it because of its nutritive properties, 30%
 

2) DO YOU THINK THAT THIS PRODUCT WOULD BE WELL ACCEPTED
 
BY YOUR CUSTOMERS?
 

Yes, 80%
 
Maybe, 20%
 
No, 0%
 

Additional comments given in reply to this question:
 

a) The product is easily utilized, 10%
 

3) WOULD 	YOU BUY THIS PRODUCT?
 

Yes, 70%
 
Yes if it is liked by-my family, 10%
 
Yes if it is flavored, I0%
 
No, 10%
 

4) WHEN WOULD YOU BEGIN BUYING THE PRODUCT?
 

As soon as it is available, 80%
 
If it is sold in peanut marzipans, 10%
 
No reply to this question, 10%
 

5) WHAT DO YOU THINK WOULD BE A SUITABLE PRICE FOR THE
 
PRODUCT?
 

1000 pesos per kilo (calculated price, 890 pesos per kilo) 30%
 
Do not know 10%
 
No reply to this question, 30%
 
A reasonable price, 10%
 
560 pesos per kilo, 10%
 
400 pesos per kilo, 10%
 

ADDITIONAL COMMENTS
 

a) Should be sold in combination with chocolate and other products;
 
I also like it alone.
 

b) Everybody in the store liked the flavor.
 
It is a good product; also, it is a Mexican product with
 c 



c 

TABLE 8 (CONTINUED)
 

ADDITIONAL COMMENTS (CONTINUED)
 

excellent nutritive properties.
 
d Ideal for use with malnourished persons.

e When taken alone, it 
leaves a slightly unpleasant after-taste;


however, this after-taste is not perceived when mixed with other
 
products.


f) 	 The manufacturer should give e.xtensive information on uses 
for the product.

g) Should prepare a brochure with extensive nutritional and
 
applications information.
 

h) It is a good nutritious product which should be marketed as
 
soon as possible; its 
high fiber content would be very beneficial
 
to persons with diabetes, constipation and colitis.
 



CROPS FOR PRODUCTION IN MARGINAL GROWING 

AREAS IN MEXICO 
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ABSTRACT
 

Mesquite pods were ground in an Alpine pin mill either raw,
extruded or toasted; in blends with soybeans and oat groats, they
were extruded and also ground in the Alpine mill, in all cases,

1 - 4 times. Fraction of fines (-100 mesh material) increased

with number of passes through the mill and also by blending with

other materials; processing of raw and extruded 100% mesquite gave
similar results, but toasting obtained fewer fines than the other
 
two processes. Protein concentration was highest in the fines,
increasing, in that fraction with blending with other materials, but
being unaffected by number of passes through the mill. 
Acid deter
gent fiber was lowest in the fines, decreasing, in that fraction,
by blending with other materials, but being unaffected by number of
 
passes through the mill. Recovery of total protein was highest in
the fines; 
in that fraction, protein recovery was approximately equal
for raw and extruded mesquite, but was lowest for the toasted product; generally, protein recovery in the fines tended to increase
 
with number of passes through the mill. A mesquite protein concentrate, containing twice as much protein as whole mesquite pods, may
be prepared by grinding followed by separation of fines. All pro
ducts were found to be contaminated with mesophilic aerobes, coli
form organisms and yeasts and molds, to an intermediate degree.
 



INTRODUCT ION 

Fundaci6n de Investigaciones en Cienci'as Alimentarias y Nutri

ci6n, A. C., has entered into a research contract with the U. S. Agri

cultural Research Service, Pacific Basin Area, to study the possibility
 

of utilizing pods from Prosopis species, found in Mexico, as a food
 

and feed source.
 

This report covers work performed from imiti'ation of the con

tract, June 1, 1984, through October 31, 
1984.
 

MATERIALS AND METHODS
 

The work was divided into three oarts.
 

1) Pod collection. A total of 150 kilo~rams of pods was collected
 

from mesquite trees in the 
area within and adjoining Chihuahua, Me

xico. Only mature pcds were collected. Collection was carried ou,
 

between June 15 and August 15, with most material being obtained du

ring the month of July. Before June 15 pods were too green; after Au

gust 15 pods began to rot due to excessive rainfall. Most pods were
 

picked from trees; however, those of acceptable quality were also col

lected from the ground.
 

Five trees were marked and pods therefrom collected and iden

tified as follows: one tree bearing sweet tasting pods; 
one tree
 

bearing sour tasting pods; 
and three trees bearing typical yielding
 

and tasting pods.
 

2) Tests with pods supplied by Mr. Robert Becker. Approximately 50
 

pounds of pods were shipped to Chihuahua by Mr. Robert Becker. These
 

were processed as follows.
 

a) Grinding of raw pods in an Alpine pin mill. 
Raw pods were
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passed 1, 2, 3 and 4 times through an Alpine pin mill with both 
discs rotating, and resulting groundthe samples were subjected to 
a screen analysis 11tilizing U.S. Standard sieves. 
Raw pods were
 
also passed one time through the same mill with one 6f both discs
 
rotating and the other disc stationary, and the resulting ground
 
materials were also subjected to a screen analysis utilizing U.S.
 
Standard sieves. 
 Purposes of the latter tests were: 
1) break whole
 
pods down to 
a size suitable for feeding into the Brady extruder; and
 
2) evaluate the possibility of separating seeds 
(including seed coats)
 

from pericarp. 

b) Extrusion of pods in a Brady extruder, followed by grinding in
 
an Alpine pin mill. 
Pods which had been broken down to a smaller size
 
by passing 
one time trhough the Alpine mill with the door disc rotating
 
were cooked in the Brady extruder (60 sec at 
310 0F) and the resulting
 
material passed 1, 2, arid times3 4 through the Alpine mill with both 
discs rotating. 
 The ground samples were subjected to a screen analy
sis utilizing U.S. Standard sieves. 
 The purpose of these tests was
 
to determine if extrusion affected grinding of pods inthe the Alpine 

mill.
 

c) Extrusion of mesquite with other products, followed by grinding

in the Alpine mill. The following blends of mesquite pods 
(broken

down in size by passing one time through the Alpine mill with the door
 
disc rotating and the other stationary) with other materials were pre
pared and extruded 
(Brady extruder, 60 
sec at 3100 F),. 1) 50% 
mes
quite/50% cracked soybeans; 2) 50% mesquite/50% polished oat groats;

3) 33 1/3% inesquite/33 1/3% cracked soybeans/33 1/3% polished oat
 
groats. 
 The extruded products were passed 1, 2, 3 and 4 times t-ough
 
the Alpine mill with both discs rotating, and the resulting materials
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subjected to a screen analysis utilizing U.S. Standard sieves.
 
Again, the purpose of this work was to determine if grinding of
 
mesquite pods would be affected by extruding blends of these with
 

other materials. 

d) Toasting of mesquite pods, followed by grinding in the Alpine
 
mill. Raw mesquite pods were toasted 20 min at 310 0 F, under a bu
tane flame, utilizing a rotary toaster. 
The toasted product was pas
sed 1, 2, 3 and 4 times through the Alpine mill with both disc. ro
tating, and the resulting material was subjected to a screen analy
sis. 
 This work was carried out to determine if grinding of mesquite
 

pods would be affected by toasting.
 

3) Tests withpods collected in Chihuahua. Pods collected in Chi
huahua were processed in the same manner as those supplied by Mr.
 
Becker, i.e. a) grinding of raw pods in the Alpine mill; b) extrusion
 
of pods in a Brady extruder, followed by grinding in the Alpine mill;
 
c) extrusion of pods with 
other products, followed by grinding in the 
Alpine mill; 
and d) toasting of pods, again followed by grinding.
 

In addition to determining screen analyses of the ground products,
 
proximate chemical analyses of the +45, 
+100 and -100 sieve samples 
were obtained for the following materials: 1) raw pods passed 1 and 
4 times through the Alpine mill; 2) extruded pods passed 1 and 4 times
 
through the mill: 3) 50/50 mesquite/soybean blend, extruded and passed
 
1 and 4 times through the mill; 4) 50/50 mesquite/oat blend, extruded
 
and passed 1 and 4 times through the mill; and 5) toasted mesquite
 
pods passed 1 and 4 times through the Alpine mill. 
This work was
 
done in order to determine if screening would enrich protein and de

crease concentration of crude fiber. 

Microbiological analyses of the following materials 
(total plate,
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coliform and yeast and mold countsj 
were determined: 1) raw pods;
 
2) extruded pods; 31 
extruded 50/50 blend of mesquite with soybeans;
 

and 4) extruded 50/50 blend of mesquite with oat groats. 
 This was
 
done in order to obtain a measure of the degree of contamination of
 
the raw mesquite pods, and also to determine if blending with other
 
materials and extrusion lowered contamination, as much by destruction
 
of microorganisms by heat 
(applied in the extruder), as by blending
 
with other, presumably less contaminated materials.
 

RESULTS AND DISCUSSION 

1) Pod collection. No trouble was experienced at timeany during
 
pod collection. were
Pods placed in polypropylene fiber bags and
 
stored at room 
 temperature. In order to avoid insect infestation
 
the storage room is 
 being fumigated with malathion once per month. 
2) Tests withpods SuPplied by Mr. Robert Becker. 
 Table 1 reports
 
results of the grinding tests carried out with ra: mesquite. The
 

Alpine mill with either disc rotating and the other stationary pro
duced essentially the same results, although the door disc pro
bably yielded more whole material. 
 Visual inspection of both of
 
these ground products (i.e., produced with one disc stationary and
 
the other rotating) revealed 
 that fairly good separation of seeds 
from pericarp was possible, although some grinding of the former oc
curred; generally, more whole seeds were obtained with the door disc
 

rotating and the other stationary.
 

The mill worked much better at pulverizing 
 the raw pods when 
both discs were rotating and, as shown in Table 1, 4 passes through 
the mill obtained considerably more fines than 1 pass under these 

condi tions.
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b) Extrusion of pods in a Brady extruder, followed by grinding in
 

the Alpine mill. Difficulty was experienced in passing whole raw
 

mesquite pods through the Brady extruder, due to their geometrical
 

configuration. However, after the pods had been passed one time
 

through the Alpine mill with the door disc rotating and the other
 

stationary, extrusion was easily accomplished.
 

Results of the grinding tests carried out with the 
extruded 

material are reported in Table 2. Comparison of the screen analy

sis of 
 this material passed one time through the Alpine mill
 

(Table 2) with that of raw mesquite, also passed one time through
 

the mill 
(Table 1) shows that the former yielded more coarse frac

tion, but apprrximately the same amount of fines as the latter.
 

IL appears, therefore, that extrusion makes grinding of mesquite
 

more difficult. 
A possible explanation for this observation is that
 

gum, released from seeds during extrusion, acted as an agglutinant 

thus hindering grinding, or making grinding more difficult.
 

c) Extrusion of mesquite with other products, followed by grinding
 

in the Alpine mill. 
Results of these tests are reported in Tables
 

3 and 4. Comparison of the data in Table 3, for the extruded blends,
 

with that in Table 2, for extruded 100% mesquite, shows that all of
 

the former possessed more fines 
(-100 mesh fraction) than the latter.
 

This is reasonable, since soybeans and oats are definitely easier
 

to grind than mesquite. Interestingly, Table 3 shows that 
while
 

the 50/50 blends of mesquite with soybeans and oats gave essentially
 

the same results, the ternary mesquite/soybeans/oats blend produced
 

fewer fines. No explanation for this observation is.apparent at 
this
 

time. 
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Table 4 shows that the 50/50 mesquite/soybean blend was 

nearly completely pulverized after passing 4 times through the Al

pine mill, stnce its content of fines approached 90%, compared with 

78% for the matera'al passed one time through the mill.
 

d) Toasting of mesquite pods, followed by grinding in the Alpine
 

mill. No prob).em was experienced in toasting the pods. As is usual

ly the ca.e witt othe_-r materials, flavor of mesquite was improved
 

by toasting, whicL. brought out pleasant nutty notes. 

Table 5 shows that, contrary to what was found in the cases of
 

raw and extruded mesquite, as well as extruded blends of mesquite 

with other products, rssing 4 times through the Alpine mill caused
 

no change in screen analysis. This effect could have been due
 

to hardening of mesquite seed gum by toasting, which prevented size
 

reduction.
 

3) Tests with pods collected in Chihuahua. a) Grinding tests.
 

Results of grinding tests with raw pods are reported in Table 6.
 

Comparison of these data with those for U.S. mesquite, reported in
 

Table 1, show interesting differences and similarities. For one
 

thing, grinding with one disc rotating and the other stationary pro

duced fewer coarse material and more fines with Chihuahua than with
 

U.S. mesquite; this was especially true when grinding with the body
 

disc, which gave nearly four times more fines with Chihuahua than with
 

U.S . mesquite. When grinding was carried out with both discs rota

ting, however, more fines were obtained with U.S. mesquite, the lat

ter effect being especially notable after four passes through the
 

mill.
 

Comparison of Tables 2 and 7 show that grinding of extruded
 

100% mesquite gave essentially the same results for Chihuahua as
 

for U. S. mesquite.
 

http:prob).em
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When extruded blends of mesquite with other materials were
 

ground in the Alpine mill with both discs rotating, Chihuahua mes

quite appeared to be harder to grind than U.S. mesquite, since it
 

gave 	fewer fines. This effect was especially apparent in Tables 4
 

and 9 (grinding of 50/50 mesquite/soybean blends): passing four times
 

through the mill obtained 88% fines with U.S. mesquite, but only
 

66% fines with Chihuahua mesquite.
 

When the toasted samples were ground, on the other hand, no
 

appreciable difference was detectable between Chihuahua and U.S.
 

pods 	(Tables 5 and 10, respectively).
 

Summarizing, no consistent differences between Chihuahua and
 

U.S. mesquite were apparent. This probably means that, as far as
 

grinding of raw, extruded and toasted materials in the Alpine mill
 

is concerned, no real difference probably existed between Chihuahua
 

and U.S. mesquite. One important observation, however, was made
 

when both materials were extruded: Chihuahua mesquite was considerably 

harder to extrude than U.S. mesquite. This difference was probably 

due to the higher gum content of the former with respect to the lat

ter, since Chihuahua mesquite formed a compact mass inside the ex

truder which, in a given moment, cuased the extruder to "plug up". 

This 	 effect, of course, could also have been due to the higher moistur( 

content of Chihuahua mesquite, since the extruded sample, having been 

recently collected, was fresher than the U.S. sample, which was se

veral months old. However, it is the feeling of all persons who par

ticipated in the extrusion tests, that the problem of extrusion of
 

Chihuahua mesquite was due to 
its high gum, and not its high moisture
 

content. 



b) Proximate chemical analyses. Tables 11 through 15 present re

sults of the proximate chemical analyses carried out on the dif

ferent sieve fractions for the different mesquite samples. Study

ing the tables, the following trends become evident.
 

1) Protein was most concentrated in the fines C-100 mesh fraction)
 

in all cases, with average concentration for the 100% mesquite sam

ples being of the order of 25%. Considering that whole mesquite con

tains roughly 13% protein, this means that grinding and separation
 

of fines doubles protein concentration, and may therefore be con

sidered to be an inexpensive and simple process for obtaining a mes

quite protein concentrate. In fact, Del Valle et al. (1983) obtained, 

by a considerably more complex procedure, a mesquite protein concen

trate with approximately the same protein concentration. 

2) In some cases, the +100 mesh fraction had more protein than the 

+45 rnesyfraction, while in other cases it did not. 

3) Ether extract showed no clear trend,s; in some cases the fines 

(-100 mesh fraction) contained more of this substance, while in
 

others, ether extract was more concentrated in the coarse material
 

(+45 mesh fraction).
 

4) Acid detergent fiber, on the/other hand, was always minimum in
 

the fines (-100 mesh fraction), and tended to be maximum in the coarsf
 

material (+45 mesh fraction). 

5) In all cases, the sum of cellulose and lignin approximately equal

led acid detergent fiber.
 

6) Generally, cellulose and lignin followed the same trend as
 

acid detergent fiber; i.e., both tended to be minimum in the fines
 

and maximum in the coarse material.
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7) In all cases, passing a sample four times through the mill
 
did not appreciably Increase protein content, nor appreciably
 
decrease acid detergent fiber in the different fractions.
 
8) The raw and extruded 100% mesquite samples, passed one and four
 
times through the mill, showed no appreciable difference in proxi
mate chemical analysis. Interestingly, however, the toasted 100%
 
mesquite sample exhibited lower protein content than the other two.
 
These results indicate that, if concentration of protein by grind
ing and separation of fines were desired, no advantage would be
 
gained by extruding before grinding. Toasting, on the other hand,
 
would be unfavorable results. 
Raw mesquite would, therefore, be
 
the most suitable raw material for this process; 
it would also be
 
the least expensive.
 

9) Blending of mesquite with soybeans gave the highest protein and
 
lowest acid detergent fiber contents of all samples.
 
10) Blending of mesquite with oat groats gave approximately equal
 
protein content, but lower fiber content than 100% mesquite.
 
c) Protein recovery among the different sieve fractions, for different
 
products. The percentage recovery of total protein among the dif
ferent sieve fractions, for the different mesquite products is repor
ted in Table 16. 
 The following observations may be made.
 
1) The maximum amount of protein recovered occurred, in all 
cases
 
except one 
(toasted mesquite, passed one time through the mill), 
in
 
the fines 
(-100 mesh fraction).
 

2) Grinding of any given product 4 times usually increased protein
 

recovery in the fines, with respect to grinding 1 time.
 
3) Protein recovery, in the fines, was apprQximately the same for 
the raw and extruded samples passed one time through the mill; 
however,
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in samples passed four times through the mill, protein recovery 

in the fines was much higher for the extruded product. 
4) The toasted mesquite product exhibited considerably lower pro
tein recovery, in the fines, than the other two 100% ,mesquite pro

ducts (raw and extruded), when passed one time through the mill;
 

however, this re-overy was considerably increased after passing
 

four times through the mill. 

5) The extruded 50/50 mesquite/soybean product exhibited very
 

high protein recoveries, in the fines, after one pass through the
 

mill; this rcovery, however, 
was not inci_,ased by passing four
 

times through the mill.
 

6) The extruded 50/50 mesquite/oat groats and 1/3 mesquite/l/3 soy

beans/l/3 oat groats samples both exhibited very high protein re

coveries in the fines.
 

7) Highest protein recoveries, in the fi'nes, 
were obtained in the
 

following samples: a) exturded 1/3 mesquite, 1/3 soybeans, 1/3 oat
 
groats, passed one time through the mill 
(83.61% recovery); b) ex
truded 100% mesluite, passed 4 times through the mill 
(80.37% reco

very); c) extruded 50% mesquite, 50% oat groats, passed one time
 

through the mill (76.87% recovery); d) extruded 50% mesquite, 50%
 

soybeans, passed one time through the mill 
(73.77% recovery).
 

8) These results verify the fact that grinding, followed by separa

tion of fines, would be an inexpensive and simple procedure for pro

ducing a mesquite protein concentrate, with excellent protein re

covery. Incidentally, protein recoveries obtained by this procedure
 

exceed by much those obtained by Del Valle et al. 
(1981) in prepa
ration of mesquite protein concentrate by a complex che%.ical tech

nique, involving isoelectric leaching.
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d) Results of microbiological determinations. Resul4- of these
 

tests are summarized i-n Table 17. Again, some important observa

tions may be made. 

1) All samples exhibited relatively low total plate counts.
 

2) Coliform counts, however, were high in the raw, extruded and
 

toasted samples, with the exception of the 50/50 mesquite/oat
 

groats extruded product. 

3) Passing of raw mesquite through the extruder did not appreciably
 

lower its total and coliform counts; however, a small decrease in
 

the yeast and mold count was apparently obtained.
 

4) Yeast and mold counts of the different samples were neither too
 

high nor too low; they were intermediate.
 

5) Dilution of mesquite with soybeans and oat groats, followed by
 

extrusion did not apparently lower any one of the microbiological
 

indices. 

6) The above results indicate that contamination probably occurred
 

after blending, extrusion and grinding, or at least simultaneously
 

with these operations.
 

7) Interestingly, although the 50/50 mesquite/oat groats sample ex

hibited minimum contamination, the 1/3 mes~uite, 1/3 soybeans, 1/3
 

oat groats sample was as contaminated as the others.
 

8) Summarizing, although the mesquite samples were contaminated to
 

a medium extent (neither too high nor too low), it is believed that
 

any product designed for human consumption should definitely be less
 

contaminated, so that means 
should be sought for lowering contamina

tion of any products developed utilizing mesquite, either alone or in
 

blends with soybeans and oat groats.
 

9) A study, designed to detect the source or sources of containination
 

should be carried out.
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SUMMARY AND CONCLUSIONS 

1) Mesquite may be extruded, either alone or in blends with soy

beans and oat groats.
 

2) Mesquite, either alone or in combination with soybeans and oat
 

groats is easily ground in an Alpine pin mill with both discs
 

rotating.
 

3) Passing any sample through the mill four times generally increases
 

fines and decreases coarse material.
 

4) Protein concentration of any sample is generally highest in the
 

fines and tends to be lowest in the coarse material.
 

5) Acid detergent fiber, cellulose and lignin contents of any sample
 

tend to be lowest in the fines and highest in the coarse material. 

6) Protein recovery of any sample tends to be highest in the fines;
 

it is increased by passing more times through the mill.
 

7) The process of grinding, followed by separation of fines, appears
 

to be a simple and inexpensive procedure for obtention of a mes

quite protein concentrate which contains tiwce as much protein as
 

whole mesquite pods.
 

8) Although protein concentration of fines is approximately equal
 

when utilizing raw or extruded 100% mesquite, utilization of the
 

former obtains higher protein recovery in the fines. On the other
 

hand, toasted mesquite gives minimum protein concentration and mi

nimum protein recovery in the fines, for equivalent processing con

ditions.
 

9) Blending of mesquite with other materials (soybeans and oat groats)
 

generally increases protein concentration and protein recovery in
 

the fines, and decreases acid detergent fiber concentration in the
 

same fraction.
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10) Most mesquite products studied in this work were contaminated 

with coliforms- and yeasts and molds. 
Although contamination
 

with these organisms was not too high (total plate count was
 

also not too high), means for reducing these contaminations
 

should be sought before developing products, containing mes

quite, for human consumption. 
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MESH NUMBER P E R C E N T M A T E R I A L 
DOOR DISS BODY DISS BOTH DISCS ROTATING
ROTATING ROTATING 1 PASS 4 PASSES 

+ 45 88.1 74.9 23.9 14.6 

+ 60 4.8 
 11.3 
 14.9
 

+ 80 2.4 6.0 11.6 

+100 1.2 1.9 7.1 12.5a
 

-100 
 3.5 
 5.9 
 42.5 
 72.9
 

a In 
this case, the +100 mesh fraction also contained the +60 
and +80
 

bfractions.

Passed one time through the mill.
 

TABLE 1: SCREEN ANALYSES OF RAW U.S. MESQUITE GROUND 
IN AN ALPINE PIN MILL UNDER DIFFERENT 
COND ITIONS 



COMPONENT, PERCENT MATERIAL 
PERCENT ONE PASS 

+ 45 42.1 

+ 60 3.0 

+ 80 3.9 

+100 
 2.2
 

-100 48.8 

TABLE 2: SCREEN ANALYSIS OF EXTRUDED U.S. MESQUITE 
(BRADY EXTRUDER, 1 PASS, 60 SEC AT 300°F)
IN AN ALP INE P IN MILL, BOTH DISCS ROTAT ING 



MESH PERCENT MATERIAL 
NUMBER 50% SOYBEANS 50% OAT GROATS 33 1/3% SOYBEANS 

50% MESQU iTE 50% MESQUITE 33 1/3% OAT GROATS 

+ 45 16.1 17.8 

+100 6.2 6.7 

-100 77.7 75.5 

33 1/3% MESQUITE
 

30.3
 

9.6
 

60.1
 

TABLE 3: SCREEN ANALYSES OF EXTRUDED U.S. MESQUITE
 
WITH OTHER MATERIALS (BRADY EXTRUDER, 1 
PASS, 60 SEC AT 300OF) IN AN ALPINE PIN 
MILL, ONE PASS, BOTH DISCS ROTATING 



MESH PERCENT MATERIAL 
NUMBER 
 ONE PASS 
 FOUR PASSES
 

+ 45 	 13.8 4.5
 

+100 
 8.4 
 7.1
 

-100 
 77.6 
 88.4
 

TABLE 4: 	SCREEN ANALYSES OF AN EXTRUDED 50/50 U.S. 
MESQUITE/SOYBEAN BLEND, GROUND IN AN AL-
PINE PIN 	MILL WITH BOTH DISCS ROTATING 



MESH NUMBER P E R C E N T M A T E R I A L 
ONE PASS FOUR PASSES 

+ 45 24.3 23.9 

+100 
 8.6 
 10.2
 

-100 67.1 65.9 

TABLE 5: SCREEN ANALYSES OF TOASTED (20 MIN AT 310 0 F)
U. S. MESQUITE, GROUND IN AN ALPINE PIN MILL 
WITH BOTH DISCS ROTATING 



MEBSH DOOR PERCENT MATERIALNUMBER DOOR DIS BODY DISSROTATING 	 BOTH DISCS ROTATINGROTATING .1 PASS 4 PASSES 

+ 45 72.9 45.4 42.9 45.6 

+ 60 4.5 13.9 4.2 

+ 80 3.2 11.5 13.3 

+100 1.5 3.8 3.2 8.6 a 

-100 
 17.9 
 25.9 
 36.4 
 45.8
 

aIn this case, the +100 mesh fraction also contained the +60 and +80
bfractions.
 
-Passed time throughone 	 the mill. 

TABLE 6: 	 SCREEN ANALYSES OF RAW CHIHUAHUA MESQUITE
GROUND IN AN ALPINE PIN MILL UNDER DIF-
FERENT CONDITIONS 



MESH NUMBER 
 P E R C E N T M A T E R I A 
ONE PASS FOUR PASSES
 

+ 45 36.3 
 20.8 

+ 60 5.5
 

+ 80 1.9
 

+100 
 4.6 
 6 . 8 a 

-100 
 51.7 
 73.2
 

aIn this case, the +100 mesh fraction also contained the +60 and +80
fractions. 

TABLE 7: SCREEN ANALYSES OF EXTRUDED CHIHUAHUA MESQUITE

(BRADY EXTRUDER, 1 PASS, 60 SEC AT 300 0 F)FOLLOSED BY GRINDING IN AN ALPINE PIN MILL,

ONE PASS, BOTH DISCS ROTATING 



ME SH 
NUMBER 

P E 
50% SOYBEANS 
50% MESQUITE 

R 

+ 45 23.5 

+100 15.2 

-100 61.3 

C E N T M A T 
50% OAT GROATS 

50% MESQUITE 


23.6 


8.5 


67.9 


TABLE 8: SCREEN ANALYSES OF EXTRUDED 
WITH OTHER MATERIALS (BRADY 

V R I A L 
33 1/3% SOYBEANS
 
33 1/3% OAT GROATS
 
33 1/3% MESQUITE
 

15.7
 

11.1
 

73.7
 

CHIHUAHUA MESQUITE 
EXTRUDER, 1 PASS,

60 SEC AT 300 F) IN AN ALPINE PIN MILL, ONE 
PASS, BOTH DISCS ROTATING 



MESH PERCENT MATERIAL 
NUMBER ONE PASS FOUR PASSES 

4 45 23.5 20.5 

+100 15.2 12.9 

-100 61.3 66.5 

TABLE 9: SCREEN ANALYSES OF AN EXTRUDED 50/50 
CHIHUAHUA MESQUITE/SOYBEAN BLEND, 
GROUND IN AN ALPINE PIN MILL WITH 
BOTH DISCS ROTATING 



MESH NUMBER P E R C E N T M A T E R I A L 
ONE PASS FOUR PASSES 

+ 45 
 27.1 
 17.8
 

+100 7.9 5.8 

-100 
 65.0 
 76.4
 

TABLE 10: SCREEN ANALYSES OF TOASTED (20 MIN AT 310 0 F)
CHIHUAHUA MESQUITE, GROUND IN AN ALPINE PIN 
MILL WITH BOTH DISCS ROTATING 



COMPONENT, 
PERCENT 
 ONE PASS 
 FOUR PASSES
 

+45 +100 -100 +45 +100 -100
 

MOISTURE 6.02 6.93 6.90 4.27 5.98 6.84
 

PROTEIN 9.93 14.41 23.68 8.06 10.69 17.24
 

ETHER 4.12 5.57 7.38 
 5.80 5.36 5.34
 
EX TRAC T 

ACID DE'. 47.1 36.20 26.81 
 52.77 23.14 13.19
 

FIBER
 

CELLULOSE 37.82 30.37 
 20.88 
 44.48 19.55 10.34
 

LIGNIN 9.10 6.10 5.96 8.39 3.67 2s67
 

TABLE 11: PROX34ATE CHEMICAL ANALYSES OF DIFFERENT 
SIEVE FRACTIONS OF RAW CHIHUAHUA MESQJITE
PASSED ONE AND FOUR TIMES THROUGH THE 
ALPINE PIN MILL WITH BOTH DISCS ROTATING 



COMPONENT, 
PERCENT +45 

ONE PASS 
+100 -100 

FOUR PASSES 
+45 +100 -i0o 

MOISTURE 

PROTEIN 

ETHER 

EXTRACT 

5.75 

13.63 

10.12 

6.23 

7.99 

4.28 

6.13 

24.96 

7.81 

6.10 

17.20 

11.56 

5.57 

13.07 

9.13 

5.87 

24.91 

11.44 

ACID DET. 

F IBER 

36.89 24.03 12.81 31.63 28.93 12.72 

CELLULOSE 

LIGNIN 

29.56 

7.36 

31.00 

4.11 

9.79 

2.92 

27.40 

5.01 

25.11 

4.98 

10.01 

2.70 

TABLE 12: PROXIMATE CHEMICAL ANALYSES OF DIFFERENT 
SIEVE FRACTIONS OF EXTRUDED 100% CHIHUAHUAMESQUITE PASSED ONE AND FOUR TIMES THROUGH
THE ALPINE PIN MILL WITH BOTH DISCS ROTA-
TING 



COMPONENT, ONE PASS FOUR PASSES 
PERCENT +45 +100 -100 +45 +100 -100 

MOISTURE 4.06 4.48 4.71 5.80 5.40 5.39
 

PROTEIN 20.38 14.62 32.13 24.66 23.43 29.25
 

ETHER 18.37 6.10 5.88 16.10 6.71 7.20
 
EX TRACT 

ACID DET. 23.78 27.28 8.22 16.29 18.66 10.40 
FIBER 

CELLULOSE 19.48 22.94 6.48 13.34 14.14 7.76
 

LIGNIN 4.08 5.00 1.51 2.94 4.41 2.55
 

TABLE 13: PROXIMATE CHEMICAL ANALYSES OF DIFFERENT SIEVE 
FRACTIONS OF EXTRUDED 50/50 CHIHUAHUA MESQUITE/
 
SOYBEANS, PASSED ONE AND FOUR TIMES THROUGH THE
 
ALPINE PIN MILL WITH BOTH DISCS ROTATING 



COMPONENT, ONE PASSa ONE PASSb
 
PERCENT 
 +45 +100 --00 +45 +100 
 -100
 

MOISTURE 
 4.43 4.91 
 4.95 5.10 5.50 5.72
 

PROTEIN 
 13.88 15.89 22.63 14.34 15.03 26.67
 

ETHER 10.10 10.15 10.38 
 9.93 9.16 10.52
 
EXTRACT
 

ACID DET. 32.09 20.36 
 9.10 38.72 18.19 8.14
 
FIBER
 

CELLULOSE 26.41 15.14 
 6.56 32.42 14.02 6.38
 

LIGNIN 
 5.64 5.27 
 2.44 6.50 3.87 1.93
 

a50/50 extruded mesquite/oat groats blend.
1/3 mesquite/i/3 soybeans/i/3 oat groats extruded blend.
 

TABLE 14: PROXIMATE CHEMICAL ANALYSES OF DIFFERENT SIEVE
 
FRACTIONS OF DIFFERENT EXTRUDED BLENDS, PASSED

ONE TIME THROUGH THE ALPINE MILL WITH BOTH
 
DISCS ROTATING 



COMPONENT, 
 ONE PASS 
 FOUR PASSES
 
PERCENT +45 +100 -100 
 +45 +100 -100 

MOISTURE 5.35 5.33 
 6.13 6.65 5.18 5.52
 

PROTEIN 
 7.68 6.32 19.13 11.35 7.55 18.12
 

ETHER 3.01 3.60 5.85 
 6.89 6.78 5.99
 
EXTRACT
 

ACID DET. 53.20 38.45 17.33 
 49.19 50.72 20.13
 

FIBER
 

CELLULOSE 42.39 
 30.04 13.19 
 39.51 41.77 16.30
 

LIGNIN 10.83 8.29 4.09 
 9.66 8.20 3.81
 

TABLE 15: PROXIMATE CHEMICAL ANALYSES OF EIFFERENT SIEVE 
FRACTIONS OF TOASTED CHIHUAHUA MESQUITE, PASSED 
ONE AND FOUR TIMES THROUGH THE ALPINE PIN MILL 
WITH BOTH DISCS ROTATING 



TABLE 16: 	 DISTRIBUTION OF TOTAL PROTEIN AMONG DIFFERENT 

SIEVE FRACTIONS, FOR DIFFERENT MESQUITE PRO-

DUCTS 

PRODUCTa 	 PERCENT OF TOTAL PROTEIN IN FRACTION 

-100+45 	 +100 


RAW MESQUITE, 
1 PASS 

26.83 18.81 54.35 

RAW MESQUITE, 
4 PASSES 

30.81 7.15 62.02 

EXTRUDED 
1 PASS 

MESQUITE, 18.01 34.93 47.04 

EXTRUDED 
4 PASSES 

MESQUITE, 15.74 3.88 80.37 

EXTRUDED 50/50 
MESQUITE/SOYBEANS, 
1 PASS 

16.90 8.31 73.77 

EXTRUDED 50/50 
MESQUITE/SOYBEANS, 
4 PASSES 

18.35 10.97 70.67 

EXTRUDED 50/50 
MESQUITE/OAT GROATS. 
1 PASS 

16.36 6.75 76.87 

EXTRUDED 1/3 MESQUITE/ 
1/3 SOYBEANS/l/3 OAT 
GROATS, 1 PASS 

9.28 7.10 83.61 

TOASTED MESQUITE, 54.43 13.05 32.51 
1 PASS 

68.53TOASTED MESQUITE, 9.94 	 21.51 
4 PASSES
 

scs
a	Passed one and four times through the Alpine pin mill, both d i 


rotating.
 



ORGANISMb S A M P L Ea 
A B C D E F 

PRESUMPTIVE 
 200 500 0 40 500 500

COL IFORMS
 

CONFIRMED 
 200 90 0 40 
 90 200
 
COL IFORMS
 

FECAL 
 4 7 0 0 0
COLIFORMS 

TOTAL COUNT 8.1 x 104 7.0 x 10 4 1.0 x 102 1.1 x 103 3.9 x 103 7.5 x 10 

YEASTS AND 8, x 103 1.7 x 103 1.0 x 102 2.4 x 103 3.6 x 103 
4.3 x 10

MOLDS
 

-Key to samples: A = raw mesquite, passed one time through mill, both discs;B = extruded mesquite, passed one time through mill, both discs; C = extruded50/50 mesquite/soybean blend, passed one time through mill, both discs; 
D =
extruded 50/50 mesquite/oat groats blend, passed one time through mill, bothdiscs; E = exturded 1/3 mesquite/l/3 soybeans/l/3 oat groats blend, passed
6
 ne time through mill, both discs; F = 
toasted mesquite, passed one time through
 
bmill, both discs.
All results reported as count per gram sample.
 

TABLE 17: MICROBIOLOGICAL ANALYSES OF DIFFERENT 
MESQUITE PRODUCTS 

I 
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ABSTRACT
 

This report covers worked carried out from November 1, 1984 through

June 30, 1985. 
 A scientific paper entitled "Production of a mesquite (Prosopis sp.) protein concentrate by a low-cost process" was

presented at the 1985 Annual Convention of the Institute of Food
Technologists in Atlanta, Ga, based on experimental results obtained
 
in the first report. Concerning experimental work, four processes

were 
studied a.tempting to obtain a batterssquite pod protein con
centrate. 
 Extrusion was not considered in any process because se
rious difficulties were encountered in the first part of the work

in attempting to extrude Chihuahua mesquite. 
All processes studied
involved grinding in the Alpine pin mill, followed by screening. The

optimum one was found to be as follows: toasting of 
raw pods, followed

by passing one time through the Alpine mill with both discs rotating,

followed by screening through 45 and 100 mesh sieves; 
a mesquite pod
protein concentrate, consisting of the -100 mesh fines, 
was obtained

with an 88% protein recovery. This process was considered to be of

relatively low cost, Grinding with 
new pins in the Alpine mill increased yield of fines and also 
protein recovery in the fines, but
had no 
effect on fines protein content. 3elatively low protein contents obtained in this work were probably due to 
insect infestation.
 
In vitro digestibility 6f 
coarse (+45) and intermediate (+100) fractions were rather low, of the order of 35 
- 55%; this parameter was
higher in the +100 mesh fractions. Two nutritious low-cost food pro
ducts for humans were developed and preliminarily evaluated: 
a mesquite/soy/peanut butter pressed candy, called "mazapan" in Spanish,

and a flavored, sweetened, poLdered base for preparation of "horchata"

beverages. Typical portions of these products would supply 3 - 4 grams

of protein, 110 - 160 calories, and C.5 
- O.8 grams of fiber. Both
 
were prepared utilizing the mesquite protein concentrate from the
 
optimum process, and both had good acceptance.
 



INTRODUCTION
 

This is 
the second report pertaining to the research con

tract entitled "Crops for Production in Marginal Growing Areas
 

in Mexico", signed by Fundacion de Investigaciones en 
Ciencias
 

Alimentarias y Nutricidn, A. C. and the U. S. Agricultural Re

search Service, Pacific Basin area.
 

The report covers work performed between November 1, 1984
 

through June 30, 1985.
 

MATERIALS AND METHODS
 

The work was divided into four parts. 

i) Presentation of results obtained in the first reporat the 

Institute of Food Technoloosts' Meetilnin Atlenta, GA. 
 A paper
 

entitled "Preparation of a mesquits pod 
(oa2is ) protein con

centrcte" by F. R. Del Valle, E. Marco, R. Becker and R. Saunders
 

was 
presented at the 45th Annual Convention of the Institute of
 

Food Technologists in Atlanta, GA, 
on Tuesday, June 11 at 
1:30
 

P.M. in the tecnnical session on 
"Proteins." Presentation of the
 

paper required carrying out of 
a numoer of preliminary activities,
 

including preparation of short and extendad summaries for review
 

by the congress Scientific Program Committee and preparation of
 

art work for slides, as well as 
of the slides themselves. 
 The 

paper was submitted in Novemoer, 1984 and was accepted for presen

tation in February, 1985; it was presented at the convention Dy 

E. Marco. 

Preparation of the manuscript of 
a scientific research paper
 

with Lne 
same title and authors as that presenued at the IFT Meet

ing, is nearly complete. It will 
ue suomitted for consideration
 

for puolication in "Jouriial 
of Food Science."
 

C)' 
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2) Further studies on -preparation of a mesQuite pod protein concentratE
 

In the work covered by the first report, it was found that a mes

quite pod protein concentrate could be prepared by extruding pods, fol

lowed by passing 4 times through the Alpine pin mill,' followed finally
 

by screening in a U.S. Std. 100-mesh sieve. 
 The concentrate, consis

ting of the fines, contained approximately 25% protein, with an 80%
 

protein recovery.
 

The purpose of the second part of the work 
was to attempt to veri

fy the above results, and also to evaluate other alternative procesLjs
 

for production of the concentrate.
 

Altogether, 4 processes were studied, as 
summarized in Figs. I
 

through A. It should be noted that all work was 
carried out with
 

Chihuahua mesquite, collected June - August, 1984, stored at 
roof
 

temperature, and fumigated periodically in order to avoid insect in.

festation.
 

It should also be noted that in the work covered by the first re

port, considerable difficulty was experienced in passing Chihuahua mes

quite through the Brady extruder; the latter tended to plug up so that
 

it was necessary to disassemble it a number of times in order to 
remove
 

sihering material. Interestingly, no such difficulty was encountered
 

when extruding California mesquite. The problem with Chihuahua nes

quite was believed to be due to is 
high seed gum content. For this
 

reason, extrusion was not considered in any of the processes studied.
 

PROCESS I (verification of the 
process utilized in preparing the pro

tein concentrate in the first report, except that the extrusion step
 

was omitted for 
reasons noted above; Fig. 1): Raw mesquite pods were
 

passed one time through the Alpine pin mill with the door disc rota

ting, after which the resulting material was ground 4 times in the same
 

mill with both discs rotating. The ground material was screened in a
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U. S. Std. 100-mesh sieve. 
 Yields as well as proximate chermical
 

analyses (moisture, ash, ether extract, 
crude protein# acid deter

gent fiber, lignin, cellulose and silica) of both fines (-100 mesh)
 

and coarse (+100 mesh) materials were determined. 
Protein recoveries
 

in both materials were calculated by carrying out materials balances,
 

based on 
results of sieve and proximate analyses. Analytical proce

dures employed were as 
follows: ADAC (1980) for moisture, ash, ether
 

extract and crude protein; GoeriRg and Van Soest (1975) for acid dn

tergent fiber, lignin, cel]ulose and silica. All analyses were run in
 

triplicate.
 

PROCESS 2 (Fig. 2): Raw mesquite pods were passed one time through
 

the Alpine mill with the door disc rotating, after which they 
were
 

ground one 
time in the same mill with both discs rotating. The ground
 

material was screened in a U.S. Std. 45 mesh sieve. 
The resulting
 

coarse material (+45 mesh) was saved; 
the fines, however were further
 

screened in 
a U.S. Std. 100 mesh sieve. Products resulting from the
 

second screening were denominated as 
follows: +100 mesh, "intermediate
 

fraction"; 
-100 mesh, "fines." 
 As before, yields, proximate chemical
 

analyses and protein recoveries in all three fraction? 
(i.e., coarse
 

and intermediate materials and 
fines) were determined by previously
 

described methods.
 

The purpose of this run was to separate the oversize material
 

(as distinguished from fines) into two 
fractions (+45 mesh and +100 

mesh) in order to determine if any difference in in vitro digestibility
 

existed between these fractions (please see Part 3, below).
 

PROCESS 3 (Fig. 3): Raw mesquite pods were fed directly to TJhe Alpine
 

mill with both discs rotating, after which the ground material was
 

screened utilizing a U.S. Std. 45 mesh sieve. 
 The resulting coarse
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material (+45 mesh) as well as that passing through the screen were
 

processed in exactly the same manner as corresponding materials ob

tained in Process 2.
 

The purpose of this run was to determine if the preliminary
 

grinding step, utilizing the Alpine mill with the door disc rotating,
 

was necessary or cauld be omitted.
 

PROCESS 4 (Fig. 1): Raw mesquite pods were toasted (1550 C, 20 min)
 

utilizing the toaster described in the first report (Del Valle and
 

Marco, 1984). The toasted product was ground one time in the Alpine
 

mill with both discs rotating, after Uiich the ground material was
 

screened utilizing a U.S. Std. 45 mesh sieve. The resulting Liver

size (+45 mesh) and undersize (-45 mesh) materials were again proces

sed in exactly the same manner as corresponding materials obtained in
 

Process 2.
 

The purpose of this run was to determine if toasting would pro

duce a mesquite pod protein concentrate of good quality (protein con

tent and protein recovery).
 

3) Evaluation of mesquite pod coarse and intermediate materials as
 

possible rumminant feeds. As noted previously, coarse and inter

mediate materials (+45.,mesh and +100 mesh, respectively) were obtained
 

from mesquite pods in all four processes studied in Part 2. The sui

tability of these materials as components of rumminant feeds was eva

luated by :carrying out in vitro digestibility determinations on all
 

samples, according to the method of Tilley and Terry (1963).
 

4) Preliminary development of low-cost nutritingk h,,man fnnrl prnvnl,,rt 

utilizinq mesquite, d protein concentrate. The mesquite pod protein 

concentrate of bast quality, obtained from the processes studied in 

Part 2, was utilized in the preliminary development of two low-cost 
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nutritious foods for humans: 
a) a sweetened, cinnamon-flavored pow

dered beverage base, nd b) a sweetened mesquite-peanut butter pressed
 

candy (called Umazapsn" in Spanish).
 

Two additional runs were carried out 
as follows. 1) The com

plete proximate chemical analysis of whole 
raw mesquite pods was de

termined, utilizing previously described. This as done in order to
 

establish a basis for comparing corresponding analytical data for
 

coarse, intermediate and fines fractions obtained in Processes I - 4.
 

2) Since protein contents of all fines fractions (-100 mesh) from
 

Processes 1 -4 were low as compared with values obtained in the first
 

report, an explanation for this difference was 
sought. It was believed
 

that one possible 
cause might be the degree of wearing of the Alpine
 

mill pins. As a result, Process 1 was repeated utilizing new pins,
 

and the resulting coarse and fines fractions analyzed 
as previously
 

described, except 
that in vitro digestibility of the 
coarse fraction
 

wa; not determined.
 

RESJL.TS AND DISCUSSION
 

1) Presentation of results obtained in the first report at the
 

Institute of Fond TechnoloQists' MeetinQ in Atlanta, CA.
 

Figs. 5 and 6 present copies of the listings in the Congress
 

booklet, showing the Technical Session in which the paper was pre

sented, and also the abstract of the paper.
 

Approximately 20 - 25 
persons attended the presantatio
 

including Dr. Daniel Meyer. 
A number of persons expressed interest
 

in the work and requested further information.
 

2) Further studies 
on preparation of a mesquite protein concentrate.
 

In most processes studied (2 - 4) all materials were passed only
 

one time through the Alpine mill,0 
and not four times as was done in
 

http:RESJL.TS
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first report, for cost reasons: each pass through the mill costs
 

approximately 0.08 U.S. cents per pound, and a minimum cost process
 

was desirqd. Only in Process 1, which was intended to duplicate
 

and verify results obtained in the first report, was the material
 

passed 4 times through the mill. Also, materials were not extru

ded in any process for reasons noted previously (see "Materials and
 

Methods" section).
 

Comparing yields of fines, a number of interesting observa

tions may be made from Tables I - 4.
 

1) As might have been expected, Process I (Table 1), with four
 

passes through the mill, gave the maximum yield (75.4%). If this
 

figure is compared with the corresponding one from the first report
 

(45.8%, Table 6), it may be seen that a considerable increase in
 

yield was obtained in the second report. This was probably due to
 

the fact that in the first report mesquite pods were still quite fresh
 

and henca more moist than in the second report. Indeed, typical mois

ture content3 were of the order of 5 - 7% in the first report (Tables
 

11 - 15), and of the order of 2 - 4% in the second report (Tables
 

4 - 8).
 

2) Yields of fines were approximately equal in Processes 2 and
 

3, showing that the preliminary pass through the Alpine mill with
 

one disc rotating was ineffective in increasing yields. Again, com

paring corresponding yield values 
from the first report (36.4%, Table 6 

and second report (41 - 42%, Tables 2 and 3), it may be seen that 

greater values were obtained in the second report, due to the greater 

dryness of the pods.
 

3) Interestingly, however, yields of fines of toasted mesquite pods
 

were quite similar in both reports (65.0%, Table 10, first 
report, and
 

69.0%, Table 4, second report). This was probably due to the fact
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that the process of toasting dried the 
pods in both cases, facilita

ting their grinding.
 

4) Summarizing, it may be concluded that, 
from the point of view
 

of obtai ,Ing maximum yield of fines at minimum cost (one pass through
 

the mili), Process 4 was optimum.
 

Considering now proximate chemical analyses (Tables 5  8),
 

again a number of interesting observations may be made.
 

i) Protein contents of all fractions in the second report were
 

considerably lower than corresponding values in the first report.
 

It was believed that this could have been due to 
two factors:
 

a) Degree of wearing of the mill pins: older, more 
blunt pins should
 

be expected to give less pulverization of pods, with lesser separa

tion of protein, than new pins; b) insect infestation: pods utilized
 

in the first report had not been attacked by insects, while those
 

utilized in the second report had been infested, despite efforts at
 

preventing this by fumigation; infested pods should be expected to
 

possess lower protein contents than fresh pods, since it is known
 

that insects consume especially this component. In order to test
 

hypothesis a), mesquite pods from the second report 
were ground in
 

the Alpine mill according to Process 1, except that the material
 

was passed through the mill only once, 
with both discs rotating, and
 

the mill was equipped with new pins. 
 Table lb shows that protein
 

content of 
the fines was not increased by utilization of new pins.
 

As a result, hypothesis a) was d.sproved, leaving hypothesis b) as
 

the only plausible explanation.
 

2) Tables 4 - 8 show that protein contents of the fines were not
 

much different for the different processes studied, being of the 
or

der of 13.5 - 14;5%. Unfortunately, Table 13 shows that the latter
 

values were not much greater than that for whole pods, which was 
11.2%.
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These results are in 
striking contrast with those obtained in the
 

first report, in which protein content of 
the fines was nearly doubled
 

with respect to that of 
whole pods. The explanation for these results
 

could lie in the insect infestation hypothesis.
 

3) In all cases, protein content 
increased with increasing fraction
 

mesh numbter. 
 The same results were obtained in the 
first report.
 

4) Concerning acid detergent fiber and fiber components, values
 

obtained in 
the second report were somewhat higher than those obtained
 

in the first report. This was probably due to the fact that, since
 

protein contents were decreased in the second report, fiber and fiber
 

components were praportionately increased. 
As in the 
case of the first
 

report, all of 
these parameters decreased with increasing fraction mesh
 

number. 

5) Interestingly, ether extract values 
were 
lower in the second re

port, as compared with the first report. 
 A possible explanation for
 

this observation could be that, 
due to their long storage period, ex

tensive lipid peroxidation as well as 
fatty acid polymerization had
 

occurred in samples utilized in the second report. 
 Both changes would
 

result in 
reduced ether extract. As was 
the case in the first report,
 

ether extract increased with increasing fraction mesh number in the
 

second report.
 

6) In all cases (Tables 6 - 8), 
ash content decreased and subsequentl
 

increased with increasing fraction mesh numbe:, 
with minimum values cor

responding to 
the +100 mesh samples. An explanation for this observa

tion is not apparent at this time.
 

With regard to protein recoveriec in the fines (Tables 8 - ii),
 

it may be seen that minimum values corresponded to Processes 2 and 3,
 

while the maximum value 
was that of Process 4. It 
appears, therefore
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that, under similar conditions, grinding in the Alpine mill 4 times
 

with both discs rotating resulted in considerably greater recover
 

than grinding one time; this same effect was noted in the first re

port. Also, pregrinding in the mill with the door disc rotating also
 

produced 
a small increase in protein recovery, as is apparent by com

paring Tables 10 and 11. Interestingly, however, grinding toasted
 

mesquite pods 
once with both discs rotating obtained a considerably
 

higher recovery (88%, Table 12) than grinding raw pods four imes
 

under the same conditions 
(Table 8). It appears, therefore, that
 

Process 4, utilizing toasted pods, was optimum in 
this respect.
 

As noted previously, whole 
raw mesquite pods posse3sed 11.2%
 

protein (Table 13). 
 This value was somewhat lower than that obtained
 

by Del Valle et al. (1983) in previous work (1983). Acid detergent
 

fiber and cellulose were also lower in this 
work, and liynin was
 

approximately the same as 
in the previous one.
 

Tables 2, 3 and 14 
show that using new pins in the Alpine mill
 

did appreciably increase yield of fines 
(from approximately 42% to
 

56%), with respect to using older, more blunt pins. 
 On the other
 

hand, Tables 6, 7 and 15 show that fines protein content was not
 

appreciably affected by the type of 
pins utilized. Protein recovery
 

in the fines was somewhat increased by use of new pins (Tables 10, 11
 

and 16), reflecting the increased yield of 
fines previously notad.
 

Summarizing, of all processes studied in this, 
as w-il as in
 

the first work, the optimum one 
appears to be Process 4 (toasting,
 

Fig. 4), for the following reasons: 1) extrusion, which caused many
 

problems, was not employed; 2) pregrinding in the Alpine mill with
 

the door disc rotating was not required; 3) only one pass through the
 

mill with both discs rotating was required; 4) yield of fines was ade

quate (approximately 70%); 5) protein content 
of the fines was high
 



-10

(14.33%) and fiber content low (16.25%); 6) protein recovery in the
 

fines was very high (88.2%); and 7) the process was simple and inex

pensive to carry out.
 

3) Evaluation of mesquite pod coarse and intermediate fractions as
 

possible rumminant feeds. Tables 17 - 20 present results of in vitro
 

digestibility determinations carried out on the coarse (+45 mesh) and
 

intermediate (+100 mesh) fractions of the different processes studied.
 

The following observations may be made regarding these data.
 

1) Digestibilities were generally low, varying from approximately
 

30% to approximately 57%. Corresponding values for good forages
 

usually vary from 70 to 90% (Mugerwa and Swabye, 1974). Interes

tingly, however, Cervantes (1984) obtained digestibility values of
 

57 - 59% for fresh amaranth forage.
 

2) In all cases, digestibility increased with increasing fraction
 

mesh number.
 

3) Most fract:,ons did not differ much in digestibility, with
 

average values being of the order of 35 - 40%.
 

4) Maximum values were obtained with fractions from Process 3.
 

This is interesting, since Processes 2 and 3 were essentially the
 

same, except that in Process 2 raw pods were pro-ground in the Al

pine mill with the door disc rotating, while in Process 3 this step
 

was omitted.
 

5) Digestibility values ootained in Process 4, which appears to
 

be the optimum from protein yield and recovery points of view, were
 

average.
 

6) It may be concluded that oversize fractions from utilization
 

of mesquite pods by the processes herein described, would not be
 

extraordinarily good rumminant feeds; on the other hand, they would
 

probably represent by products of acceptable quality for this purpose.
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4) Preliminary development of low-cost nutritious human food products
 

utilizing a mesquite pod protein concentrate. As noted previously,
 

the prototypes of two products were developed, utilizing mesquite
 

pod protein concentrate (the fines, -100 mesh, from Process 4):
 

1) a mesquite/soy/peanut butter pressed candy, called Wmazapan"
 

in Spanish; and 2) a powdered, flavored, sweetened basee for pre

paration of an "horchata" type beverage. Both types of products
 

are very popular in Mexico.
 

It might be noted that the "mazapgn" was prepared at Productos
 

Alimenticios DYN, S. A. de C. V. in Chihuahua City, while the "hor

chata" base was prepared at Productos Alimenticios Delicias, S. A.
 

de C. V. in Delicias.
 

Tables 21 and 23 present the ingredient formulas for the above
 

products, while Tables 22 and 24 give nutritional avaluation data
 

for the same products.
 

Informal organoleptic evaluations of the products by personnel
 

from each plant revealed that both were of good quality and good
 

acceptance. In both products the flavor of toasted mesquite was
 

considered to be an asset.
 

It might be added that in calculating the ingredient formulas
 

given in Tables 20 and 23, the protein, sucrose and fiber contents
 

of the mesquite component were considered. In this way the mesquite
 

pod protein concentrate contributed protein, sucrose and fiber in
 

the final products.
 

Tables 22 and 24 reveal that typical portions of both products
 

would supply approximately 3 - 4 grams of protein and 110 and 160
 

calories, respectively. Thus, both products would contribute to
 

improving the protein-calorie nutrition of persons utilizing them.
 

The high sucrose content of both products might appear to be a dis
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advantage; however, it is this sweetness which makes both products
 

attraztive to all age grcups, especially Lhildren.
 

It might be noted that the reconstituted "horchatn" beverage
 

(Table 24) contains 1.4% protein. This is equivalent to 40% the
 

protein content of milk. The beverage, however, io considerably
 

cheaper and more appealing than milk due to its sueqtness and
 

cinnamon flavor. The "horchata" beverage, therefore would be un
 

inexpensive and at -tive form for supplying protein nutriti.on
 

to low income groups.
 

An addition.l advantage of utilizing mesquite protein con

centrate in the preparation of both products would be its fiber
 

content. Besides supplying protein and calories, both products
 

would also sUpply much needed dietary fiber.
 

SUGGESTED NEW RESEARCH
 

i) 	Evalustion of the insect infestation hypcthesis as the cause
 

of the low protein vAlues obtained in tie second report.
 

The protein content of new mesquite pods---currently being
 

collected--would be determined. The same pods would also be
 

utilized in Process 4. and the protein contenets of all frac

tions would also be determined. If higher values than those
 

ubtained in this report were found, the insect infestation
 

hypothesis would have beaon verified.
 

2) 	Verification of Process 4 as being the optimum one for preparation
 

of a mesquite pod protein concentrate. Process 4 as described in
 

tnis report would be repeated, with the purpose of verifying
 

yields, proximate analyses and protein recoverius in the different
 

fractions (coarse, intermediate and fines), obtained in this report,
 

3) 	Determination of the protein quality of mesquite pods and mes

quite pod protein concentrate. Once Process 4 had been verified
 

http:nutriti.on
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as 
being the optimum one, the Protein Efficiency Ratio (P.E.R.)
 

and Net Protein Utilization (N.P.U.) 
of whole pods as well as of
 

mesquite pod protein concentrate would be determined.
 

4) Determination of in vivo digestibility of coarse 
and intermediate
 

fractions from Process 4. 
 The in vitro digestibility of these
 

fractions wsB 
 3termined in this report. Lnvvo determinations, 

utiJizing goats 
as test aninials, would be 
carried out at 
Facultad
 

de Zootecnia of Universidad Auto'ooma de Chihuahua in Chihuahua
 

City. The same determination could also be 
carried out with whole
 

mesquite pods.
 

5) Development and evaluation of nutritious low-cost products for
 

humans utilizing mesquite pod protein 
concentrate. The products
 

whose prototypes were developed in this report would be 
further
 

studied and perfected, with the purpose of assuring maximum nu

tritional quality at 
minimum cost. 
 Formal sensory evaluation
 

tests would be carried out. 
 The Protein Efficiency Ratio (P.E.R.)
 

and Net Protein Utilization (N.P.U.) the products would also be
of 


determined.
 

6) Determination of yields of typical 
trees. A3 noted in the first
 

report, five mesquite trees were marked siace last year. 
 This
 

trees bear sweet pods, sour pods and typically tasting pods. 
 The
 

total yields of these trees 
will be determined this year.
 

7) New mesquite pod collection. Mesquite pods from the current harvest
 

are being collected. It is hoped that 
200 kilos will be obtained.
 

If it is 
found that insect infestation 
was the cause of the low
 

protein contents obtained in this report, other means 
for preserving
 

the pods, other than storage at room temperature with periodic fumi

gation, uould have 
to be found.
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RAW MESQUITE PODS
 

4 
PASS ONCE THROUGH ALPINE MILL
 
WITH DOOR DISC ROTATING
 

PASS FOUR TIMES THROUGH ALPINE
 
MILL WITH BOTH DISCS ROTATING
 

I 
SCREEN THROUGH 100 MESH SIEVE
 

COARSE MATERIAL FINES
 
+100 MESH 
 -100 MESH
 

FIG. 1: FLOW DIAGRAM FOR PROCESS I
 



RAW MESQUITE PODS
 

PASS ONCEiTHROUGH ALPINE MILL
 
WITH DOOR DISC ROTATING
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 FINES
 
MATERIAL 
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&100 MESH
 

FIG. 2: FLOW DIAGRAM FOR PROCESS 2
 



RAW MESQUITE PODS
 

PASS ONCE THROUGH ALPINE MILL
 
WITH BOTH DISCS ROTATING
 

SCREEN THROUGH 45 MESH SIEVE
 

COARSE MATERIAL MATERIAL PASSING THROUGH SIEVE
 

+45 MESH 
 -45 MESH
 

SCREEN THROUGH 100 MESH SIEVE
 

INTERMEDIATE 
 FINES
 
MATERIAL 
 -100 MESH
 
+100 MESH
 

FIG. 3: FLOW DIAGRAM FOR PROCESS 3
 



RAW MESQUITE PODS
 

TOAST 20 MIN AT 155 0 C
 
IN DIRECT FLAME TOASTER
 

PASS ONCE THROUGH ALPINE MILL
 
WITH BOTH DISCS ROTATING
 

SCREEN T ROUGH 45 MESH SIEVE
 

COARSE MATERIAL MATERIAL PASSING THROUGH SIEVE
 
+45 MESH 
 -45 MESH
 

SCREEN THROUGH 100 MESH SIEVE
 

INTERMEDIATE MATERIAL 
 FINES
 
+100 MESH 
 -100 MESH
 

FIG. 4: FLOW DIAGRAM FOR PROCESS 4
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New dairy product from ultrefitered whole miak-
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Valle. E.MARCO, R.Becker & R.Saunders, FICAN, 
Mexico MexicoDESSO 

Inhibition of chymosin and the coagulation ofpars-
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Tryptophan oxidation catalyzed by lightIng lipid-M.K. Krogull. J.D. Kanner & 0. FEN-NEMA, U.of Wisconsin-Madison 

Structure function relationships as they affect 

FIQ. 6 

foaming of soy proteins-

sells, Cornell U.-Ithacaratio n of ca 
Interaction of carbonyl 
Thermodynamic and coni 
O'NEILL & J.E. Kinsella, C 
Factors Influencing develc 

beef 0nuscle--W.1 
FORTH, Utah State U.Active site determinatior
probe analysis Of heat 4 

GILBERT & S. Tanaka, Ru 
Effects Of Postmortem I 
muscle structure and me 

Lee, U. of California-I 
Comparative studies on a

d from thin filament of 

Proportion of collagen tyr 
muse-M.C. HUNT & 
U. 
Investigations into the rc 

reoluton of rigorMaortas 
D.A. ZoANIS, S. Matoba 1 
ifornia-Davis 

SESSION 36 0 ROO 

3e 
3:05 

3:20 

3:35 

3:50 

4:05 

4:20 

435 

(335) 

(336) 

(337) 

(338) 

(339) 

(340) 

(341) 

Technical Session: Nutrie 

Chairmen: 

130 
1:3 	 5 ( 

(342 

15) (4)
1W:(3 
:5i0(4) 

2:05 	 (344) 

2:20 	 (3451 

2:35 	 (345) 

of Foods 

CM. WEAVER, Purdue U.FRONING, U. of N~bra 

Introductory Remarksntroducto arks 
Developmentg35 of an acce 
sassing &.reduced sodi 

& D.H. Kleyn, Rut 
Rlto 	si fs eiiy quality and fat 

.RaonhisAno f 
sin-Stoutsin ou c 

fght-inducedchanges liAizo n t at U. 

Ahoor, Arizona State U. 
Effect of further procssii
tention of thiamin and r 
deboned chicken-C.YWAthens 

i)tamin C loss in vegeta 

foodservlc cycle-B.L. 
78 

http:chicken-C.YW


a of fiber In treatment of diseas-J.W. ANDERS.ON, Medical 
vice, Veterans Administration Medical Center, Jniv. of Ken-
cy, Lexington, KY 40511 
ay fiber intake offers many health advantages. Fiber-deficient diets
* been linked to the high prevaence of diabetes, hypertension, obes 
wert disease and colon cancer. ! igh fiber diets are useful for reatingtes, hyperlipidemia, hypertension or obesity. They lower insulin re-
sments of diabetics and lower blood pressure. Low energy dense
Is from high-fiber foods promote weight loss and maintenance. Sol-
-fiber rich foodh such as oat and legume products can lower Sarum 
uuerol by 20% High fiber foods not only reduce the risks for many
tnon diseases but can also help to reverse these conditions. 

grate research findings, consumer attitudes, and regulatory 
ilWons for ne marketing strategies for dietary fiber-H.D, 
RT, The Quaker Oats Company, 617 W. Main St., Barrington,
0010 
ralationship between diet and health (with special emphasis on di-
Vfiber), that is based on scientific research and advocated by health 
ssionals, science writers and food editors, is now being exploitedhe private sector to meet the real andor perceived needs of he 

tumer. The direct use of nutrition/health information derived from 
ce presents new approaches to marketing that will create new op-

inities as well as identify responsi;i!rie for the academic, industrial 
regulatory communities. This presentation will examine the relation-
of the current state of knowledge concerning dietary fiber, consumer 
ides, and regulatory positions in presenting the implications of in-
rling nutritional issues into marketing strategies. 

arm ultrafiltration of milk-A national study--.R. ZALL, 
t. of Food Science, Cornell Univ., Stocking Hall, Ithaca, NY 
a -• 
pr ,involves the installation and operation of an ultrafiltration 
m t... a large dairy farm in California where about 800 cows ared twice daily. Retentate was transported to different cheese facto-
vhere four separate varieties of cheese were made Permeate was 

n the farm and used in an experimental program to supplement

I feeds Key objectives were: to determine whether or 
not a fully
nted membrane plant can be successfully integrated into the milk 
ting system on a day to day basis; to determine if commercially

table cheese can be made from ultra-filtered milk; to determine 

added worth to the farmer; and economics of the process. 


6m;-"eats for sanitary construction and maintenance of ul-Itration equipment for dairy processing-R.G. SEMERAD, 
A-AMS, Dairy Grading Section, Dairy Grading & Standard-
)n Branch, Washington. DC 20250 

brane systems for dairy use must be designed for sanitary process-horo)gh cleaning, and effective sanitization. Criteria for sanitary 
n are outlined and discussed. Progress with development of 3A 
lards for membrane equipment is reviewed. USDA experience with 
cion of dairy membrane systems is summarized 

cheese making procedures utilizing utrafiftration--F.V. 
KOWSKI, Dept. of Food Science, Cornell Univ., Ithaca, NY3 

Ia making by ultrafiltration (IUF)utilizing highly concentrated milk 
stes originated i Franze during 1969 through a concept called MMV.then use of ulldfillred milk retentates for cheese making has 


steecdly and assumed new forms such as 
low concentrated reten-
.CR) methodology. Advantages of using ultrafiltration for cheese 
g include attainment of higher yield.. .mproved efficiency, contin-
roduction, new cheeses and better quality and nutrition of prod-
quipment firms have designed and installed large turn-key molecular 
Ition membrane plants in Europe and the United States, A revo. 

luton in the manufacture of important cheeses is underway, and its char
actar and ratificationt. are discussed 

New dairy products from ultrafiltered whole milk--C.A. ERN-326 
STROM. Dept. of Nutrition & Food Sciences, Utah State Univ. 

UMC 87, Logan, UT 84322
 
Ultrafilralion of whole milk for cheese making may inrase yields due
 
to imprc ved recovery of fat and protein in curd. Whether it does depends
 
on the anount of syneresis during curd making following ultrafiltration. 
Ultrafiltrition (5x) followed by fermentation and evaporation (36% mois
ture) increased yields by 18% (no syneresis). Curd from uttrafiered milk
 
(2x) that is set and cooked in the trzditional way has no yield advantage
(excess syneresis) Heating retenate (60% moisture) to 83'C for 30 min
results in a smooth curd that does not expel whey, gives maximum yield
 
and has good keeping quality. 

Review of equipment capabilities for ultrafiltration of milk---327 
B.S. HORTON, Horton International, Inc., 238 Main St., Cam
bridge, MA 02142
 
The evolution of ultrafiltration equipment for processing milk since 1967
 
is reviewed with respect to the 
 interest in manufacturing cheese and 
other dairy products with membrane processes. The designs in the U.S.

resulting from early attempts 
to meet sanitary construction and even 3-

A standards are compared to 
those which have emerged since closed
 
CIP systems became a reality, Performance of equipment on whole and

skim milk are presented to show the influence of membrane 
 materials
and design The fact thet widely differing designs are functioning com
mercially on milk suggests that costs play as 
important role as technical
 
features.
 

Legal concerns related to ultrafiltration and cheese standards--.-328G.M. BURDITI, Burditt, Bowles & Radzius, Ltd., 135 South LaSalle 
St., Chicago, IL 60603
 
Food standards are often criticized as hindrances to the use of new pro
cedures made possible by advances in technology To the detriment of
 
consumers, food standards can impose a ceiling on nutrhon and quality.

and prevent the utilization of improved manufacturing techniques. But

cheese standards do not labor under this handicap. The atterate make

procedure clause which appears in many cheese standards was designed

to facilitate the utilization of modern techniques, such as ultrafiltration,

developed by dairy scientists for the benefit of consumers, dairy farmers
 

and cheese producers. 

Preparation of a mesquite (Prosopis up.) pod protein concen--329 
trte by a low-cost process-FR. Del Valle, E. MARCO, R. Becker 
& R. Saunders, FICAN, Apartado Postal 1545, Sucural C, Chi
huahua, Chih., Mexico
 
Mesquite pods were ground in at Alpine mill raw, extruded (alone and 
a

50/u0 soybean blend or toasted. The resulting products were separated

into coarenterediatedfie 
 rctin, protein ner con
into coarse, intermediate and fines fractions, end protein and fiber con
tents determined. Protein concentration and recovery were maximum,
and fiber content minimum, in the fines. A protein concentrate, contain-Ing 25% protein and 12% fiber, with 80% protein recovery was prepared
by extrusion, followed by grinding and separation of fines. Protein content was rpised to 32%, and fiber content lowered to 8% in the soybean 
blend, with approx. equal protein recovery. 

Inhibition of chymosin Endthe coagulation of parF-asein m--330
Slies by anions-NA. BRINGE & J.E. Kinsella, Dept. of Food
Science, Cornell Univ., Ithaca, NY 14853 
The independent effect of anion type on coagulation was determined by
monitoring light transmission after adding 40 mM calcium Salt to partially
hydrolyzed casein micelles The release of mcJropptide by chymosin 
was quantified using fluorescamine. Chymosin ctivity and the coagu-

FIG. 7 163 
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MESH NO. 	 PERCENT MATERIAL
 

+100 24.6
 

-100 75.4
 

TABLE 1: 	YIELDS OF COARSE MATERIAL AND
 
FINES IN PROCESS 1
 



MESH NO. PERCENT MATERIAL 

+ 45 37.6 

+100 20.8 

-100 41.6 (,* i,-

TABLE 2: YIELDS OF COARSE, INTERMEDIATE 
AND FINES FRACTIONS IN PROCESS 2 



MESH NO. PERCENT MATERIAL 

+ 45 40.5 

+100 16.9 

-100 42.6 

TABLE 3: YIELDS OF COARSE, INTERMEDIATE 
AND FINES FRACTIONS IN PROCESS 3 



MESH NO. PERCENT MATERIAL 

+ 45 22.0 

+100 8.9 

-100 69.1 

TABLE 4: YIELDS OF COARSE, INTERMEDIATE 
AND FINES FRACTIONS IN PROCESS 4 



COMONENT, 
PERCENT +100 MESH -100 MESH 

MOISTURE 3.60 4.06 

PROTEIN 11.30 12.50 

ETHER EXTRACT 1.83 3.45 

ASH 3.58 4.64 

ACID DETERGENT 47.17 26.61 
F7BER 

CELLULOSE 37.97 16.79 

LIGNIN 11.75 5.11 

TABLE 5: PROXIMATE CHEMICAL ANALYSES OF 
THE DIFFERENT FRACTIONS FOR 
PROCESS 1 



COMPONENT,
PERCENT +45 MESH +100 MESH -100 MESH 

MOISTURE 3.72 3.60 3.62 

PROTEIN 6.00 6.') 14.40 

ETHER EXTRACT 1.42 1.65 4.45 

ASH 4.11 3.02 4.52 

ACID DETERGENT 59.74 43.73 16.69 
FIBER 

CELLULOSE 48.34 ' 33,,31 13.34, 

LIGNIN 13.291 11.56 4.79 

TABLE 6: PROXIMATE CHEMICAL ANALYSES OF 
THE DIFFERENT FRACTIONS FOR 
PROCESS 2 



COMPONENT, 
PERCENT +4b MESH +100 MESH -100 MESH 

MOISTURE 3.42 4.31 3.23 

PROTEIN 8.50 9.43 13.99 

ETHER EXTRACT 1.98 2.16 5.50 

ASH 4.82 3.72 5.06 

ACID DETERGENT 37.38 35.06 14.24 
FIBER 

CELLULOSE 30.27 27.54 10.44 

LIGNIN 10.40 7.19 4.33 

TABLE 7: PROXIMATE CHEMICAL ANALYSES OF 
THE DIFFERENI FRACTIONS FOR 
PROCESS 3 



COMPONENT, 
PERCENT +45 MESH +100 MESH -100 MESH 

MOISTURE 2.70 3.33 3.06 

PROTEIN 3.65 b.89 14.33 

ETHER EXTRACT 1.44 1.55 2.37 

ASH 4.05 2.64v4. 

ACID DETERGENT 64,46 46,31 16.25 
FIBER 

CELLULOSE 52.42 38.11 10.77 

LIGNIN 13.31 12.13 4.16 

TABLE 8: PROXIMATE CHEMICAL ANALYSES OF 
THE DIFFERENT FRACTIONS FOR 
PROCESS 4 



MESH NO. PERCENT OF TOTAL PROTEIN 

+100 22.8 

-100 77.2 

TABLE 9: DISTRIBUTION OF TOTAL PROTEIN AMONG 
THE DIFFERENT MESH FRACTIONS FOR 
PROCESS I 



MESH NO. PERCENT OF TOTAL PROTEIN 

+ 45 23,3 

+100 14.9 

-100 61.8 

TABLE 10: DISTRIBUTION OF TOTAL PROTEIN AMONG 
THE DIFFERENT MESH FRACTIONS FOR 
PROCESS 2 



MESH NO. PERCENT OF TOTAL PROTEIN 

+ 45 31.3 

+100 14.5 

-100 54.2 

TABLE 11: DISTRIBUTION OF TOTAL PROTEIN AMONG 
THE DIFFERENT MESH FRACTIONS FOR 
PROCESS 3 



MESH NO. PERCENT OF TOTAL PROTEIN 

+45 7, 1 -,, ^> 

+.IOO 4 7 ?'v, 7 

-100 8%2 6'D: 

TABLE 12: DISTRIBUTION OF TOTAL PROTEIN AMONG 
THE DIFFERENT MESH FRACTIONS FOR 
PROCESS 4 



COMPONENT 


MOISTURE 


PROTEIN 


ETHER EXTRACT 


ASH 


ACID DETERGENT 

FIBER
 

CELLULOSE 


LIGNIN 


PERCENT
 

4.90
 

11.20
 

1.68
 

4.60
 

28,61
 

20.13
 

9.05
 

TABLE 13: 	PROXIMATE CHEMICAL ANALYSIS
 
FOR WHOLE CHIHUAHUA MESQUITE
 
PODS
 



COMPONENT PERCENT MATERIAL 

+100 MESH 44.0 

-100 MESH 56.0 

TABLE 14: YIELDS OF COARSE AND FINES FRACTIONS 
FOR MESQUITE PODS, PROCESS 1, GROUND 
WITH NEW PINS IN ALPINE MILL 



COMPONENT, PERCENT +100 MESH -100 MESH 

MOISTURE 1.43 2.13 

PROTEIN 9.05 13.62 

ETHER EXTRACT 1.80 1.99 

ASH 3.58 4.57 

ACID DETERGENT 38.78 23.44 
FIBER 

CELLULOSE 29.41 16,53 

LIGNIN 9.37 6.91 

TABLE 15: PROXIMATE CHEMICAL ANALYSES OF DIFFERENT 
SIEVE FRACTIONS FOR MESQUITE PODS, PRO-
CESS 1, GROUND WITH NEW PINS IN ALPINE 
MILL 



-100 

MESH NO. 
 PERCENT OF TOTAL PROTEIN
 

+100 34.3
 

65.7
 

TABLE 16: 	DI5TRIBUTION OF TOTAL PROTEIN AMONG DIFFERENT
 
SIEVE FRACTIONS FOR RAU MESQUITE PODS, PROCESS
 
1, GROUND WITH NEW PINS IN ALPINE MILL
 



SAMPLE 
 IN VITRO DIGESTIBILITY
 
DRY MATTER 
 ORGANIC MATTER
 

+100 MESH 38.42% 
 36.83
 

TABLE 17: 
IN VITRO DIGESTIBILITY OF COARSE
 
MATERIAL FROM PROCESS I
 



SAMPLE IN VITRO DIGESTIBILITY 
DRY MAMTT ORGANIC MATTER 

+ 45 MESH 35.02% 32.65% 

+100 MESH 46.81% 44.43% 

TABLE 18: IN VITRO DIGESTIBILITIES OF MEDIUM AND 
COARSE FRACTIONS FROM PROCESS 2. 



SAMPLE IN VITRO DIGEST'IBILITY 
DRY MATTER URGANIC MATTER 

+ 45 MESH 44.03% 43.56% 

+100 MESH 55.69% 52.77% 

TABLE 19: IN VITRO DIGESTIBILITIES OF MlEDIUM AND 
COARSE FRACTIONS FROM PROCESS 3 



SAMPLE IN VITRO DIGESTIBILITY 
DRY MATTER ORGANIC MATTER 

+45 MESH 28,96% 27.71% 

+100 MESH 39,45% 38.87% 

TABLE 20: IN VITRO DIGESTIBILITIES OF MEDIUM AND 
COARSE FRACTIONS FROM PROCESS 4 



INGREDIENT 	 PARTS
 

GROUND PEANUTS OR PEANUT BUTTER 29
 

MESQUITE PROTEIN CONCENTRATE,
 
PROCESS 4 10
 

POWDERED SUCROSE 60
 

SALT
 

TABLE 21: 	INGREDIENT FORMULA FOR MESQUITE-

PEANUT BUTTER PRESSED CANDY
 
("MAZAPAN")
 



COMPONENT' 


PROTEIN 


FAT 


SUCROSE 


OTHER CARBOHYDRATES 


FIBER 


WEIGHT PER UNIT, GRAMS 


GRAMS PROTEIN PER UNIT 


GRAMS FAT PER UNIT 


GRAMS SUCROSE PER UNIT 


GRAMS OTHER CARBOHYDRATES PER UNIT 


GRAMS FIBER PER UNIT 


TOTALCALORIES PER UNIT 


PERCENT
 

11
 

16
 

60
 

7 

2
 

25
 

3
 

4 

15
 

2
 

0.5
 

108
 

TABLE 22: CALCULATED PROXIMATE ANALYSIS AND OTHER NLJTRI-

TIONAL DATA FOR MESQUITE-PEANUT BUTTER CANDIES
 



INGREDIENT 
 PARTS
 

MESQUITE PROTEIN CONCENTRATE, 	 12.00
 
PROCEF5 4
 

FULL-FAT SOY FLOUR 
 18.00
 

SUCROSE 
 68.65
 

SALT 
 1.00
 

CINNAMON FLAVOR, POWDERED, 	 0.35
 
ARTIFICIAL
 

METHOD OF PREPARATION: 	DISPERSE TJO TABLESPOONFULS (40 GRAMS)
 
IN ONE GLASS OF WATER (250 ML) AND BLEND
 

TABLE 23: 	INGREDIENT FORMULA FOR POWDERED MESQUITE-

SOYA FLAVORED AND SWEETENED BEVERAGE BASE
 



COMPONENT, 
 POWDERED 
 DISPERSED IN 
WATER
PERCENT 
 BLEND 
 AS INDICATED IN
 

TABLE 23
 

PROTEIN 
 8.6 
 1.4
 

FAT 
 4.7 
 0.8
 

SUCROSE 
 70.9 
 11.5
 

OTHER CARBOHYDRATES 
 8.4 
 1.4
 

FIBER 
 2.0 
 0.3
 

GRAMS NUTRIENT PER GLASSFUL OF 
BEVERAGE:
 

PROTEIN 
 3.5
 

FAT 
 1.9
 

SUCROSE 
 27.5
 

OTHER CARBOHYDRATES 
 4.3
 

FIBER 
 0.,9
 

CALORIES 
 158
 

TABLE 24: 
CALCULATED PROXIMATE COMPOSITION FOR POWDERED
 
MESQUITE-SOY BEVERAGE BLEND AND BEVERAGE, AND
 
OTHER NUTRITIONAL INFORMATION
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RESuMEN
 

Se obtuvo la com.)oalin brutF' de 1R v'4ra de~ Mezquite (Prnqr3-A9
2paet pericarplo, eamlilla y co.nzcrilla) ast como is comp,8cLn-

Proximail de catj' una-de 1e3 fratcciones* Tambifin me obtuvieron

loB contenidoe de ascrrose V *zuicares 
reductcures de le yamns anter& ast cn~ic d~c la ? acci..n denorninadis Opericcrplo"s En lo refe-ente a Ics prctla~s de le vaine enterb, me obtuvo el perfil.do sm1nr4tcidi's esanziles, lE curve do 8olubilid~d coma funct6n
del pli, la 'z~n dr- F-ficiencle Prntelce (P.EeA-) y lo UtilizclnNets do Proteinas (N4F.*U.). nuncqu'- se elabnraron corncontral~osy
sislarlo proteini.coe par o~tocdoe quimicos conocicios me encuntr6 quo omboa proceson erE-n muy cornlicadlav y resulterfen coroa en Isprficticae Consecuentementeg se scudL6 a mk~odoe flalcos poire cancentrar Is protalno V disminuir In fibra crude de Is yamse ente-7
 
e 
Ln este respecto, ae etudria~rn 4 wigtodcu: 1) 33olientde d1recta de le~ vaine enters, con ern-if pt!trerior; 2) extrusi~n dvla veins, con mollende V eerrlldos,pcoteriorem; 3) ye quo hubaprcblem'a psr 
 extruir Is voina entere, s Iritont extruirlsa n
combineri~n con srys, ani prv'rnrci~n doe 1:1; Is rnezclm extrulda


fue moid V cer -Iida; V t) totse-o d~e lo vciinz, meguildo doa molien
dn y cr'rnido. Lri todos3 los cesoe se obtuvieron frqccV~ner de +4;g.0100 y -100 Alnls as! coroa los rendirmdenton v onVliis Proxima

lea de caEIZ fi-zeccin. -ae encantr6 quaz en tos los cesoo, el c;;n
tenido d~e prrotolen umentn.ba, y Tl contenido 
 de fibre dieminuIETal ouTmfnter is f'inure de l) f'racc16n; la fracc16n de malle -100 ere un producto pulverizadv do muy but'n esrectog El procesa quoobtuvo le mayor concentraci~n de protein;2s myrd-iu nd
fibre$ ad!coma mayonr recuperaci15n de Prot nas, con respecto a18 vcinel entere srn los fino. fue 91 do tnbtedo, molido y cernido.Se elaboraron dos praducton nutritivae do bajo costo utilizando
al concentredo proteinica del iuz-,uite elaoraydo por tostedo: iiimazoptn de cacahuate/Mezjuite/soye y una bass an polva, andulzmde y enborizada Amcon cenels, pere Is prrrp~ irrCI~n do harchcita.
bas prociuctas tuVIeron muy buene acrepteci~ns not~ndose quo al ra
bor de nezrquite tostndo mejoabe Is celidodo En mnhbus prriductos
Ins ocriraii del mezquite contribuy6 a ou duizura total, Los frac 
clne doe mall. +45 y +100 reflolaron valores Intermnedics de di-7gP9tibil1d7d in vityn pore rumientem. 
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IA81TRACT
 

The gross composition of mesquite pods (Prosople *ppat pericarp,

needs end need envelopes) was obtaired, as ws the proxiate

compositinn of epch frection. The sucrose and reducing sugar
contents of whole pods end perLcarp iere also determined, Con
cerning whole mesquite proteins, the following were determined:
 
essential smino acid profile, solubility curve as n function of
 
pH, Protein EfrficiencV Ratio (P.e.R°) 
 end G~et Protein Utilization
N.PsUo), Althoug'. a protein concntrate end isolate were prepared
utili ing established chemicol methods, it was found that both
 
procedures would be costly end hence impractiael. Consequently,

physic:jl methods were sought for concentrating protein and decrees
 
Ing orude fiber content of whole pods* In this respect, 4 methods 
were studied: 1) direct grinding of uhole pods, followed by screen
 
Ing; 2) extrusinn of uhole pods, folloued by grinding and screening;
3) since many problems ere experienced when attempting to extrude 
mesquite pods, extrusion uas accomplished by blending mesnuite 
with soybeens (1:1 w/w); the extruded blend was subsequently ground
and screened; and 1) toasting pods, followed by grinding end screen
ing. 
 In all casps, +45, +100 end -100 m,sh fractions were obtain-7 
ed, as were yield and prnximate composition of ench fraction. It 
was found that in all cese, protein content increased and fiber 
content degresed, ell with increesing degree of fineness; th' -1n0 
mesh fractinns were finely powdered products of excellent spperence
The process uich resulted in maximum concpntretion of proteins,
meximm decrease in fiber content, end maximum protein recovery
consisted of toasting, followed by grinding md screening. Two low 
cost nutritious products were pre:iored utilizing the toasted we@
quite protein concenirste: a peanut/soybsen/monouita Omzspmng
(powdered, compacted candy) and a powdpred, sweetened, cinnammon 
flavored base for preparation of Ohorchata" bevaregem. Both products

had very good mcceptsnce, ond it was noted thnt in bnth cases the 
toested mesquitm flavor contributed to overall quality, In both 
products, the sucrose from mesquitp contributed to total swetnesse
The +45 end +100 mesh fractions reflected intermadibte in vitro 
digestibility vLluas for rumminants. 



UTILIZ',%CVj DE LI VAIN. bt MLZU1TE ( ProOJ *"P ) r, LA 

,L1M:'NT"(CIrN HUM -N.A. 

1rJT:bIDU:CION 

El mezquite (Prosopleapp) ma une plants leguminose quo me encuen

tre en muchem de le, zones ,rides yv eiIridaa del planets. Inclu
yendo leo freme *ubtrapicolee del Norte y Zudmtrirco, rfrica y
 

Osjae (bun~ue estee plant s Be encucntran en todos lo tipos de sue 

la, predominan sin em'ergo en eco-istemas 6ridos que reciben me 

nou de 8 cm. de precipituci6n pluviel par ano. Tumbign se encuen 
tran en psatizalea y vBlles de lo 
 rtos (Allen V Allen, 1981). 
Coma es el ceso con otraB leguminoses lee plantse del mezquite po

seen refces qua contlenen ndulos con bacterite que rijan el nltr6 

gcne, y ei frutu de le plante ee dS en farma de vcinao. Fendimien

tos tipicos de les vaina verfen aproximaiemente de 31-a 40 Kg. 

par He. en el cseo de lea plantas silveetres (Ludwig Y Uhitford, 

1931) (M.cDanel, 1982) haste eproximademente 3DD g. par He. en
 

greas con pobleci6n dense de mezquite (Harden at. el., 1981).
 

;e conocen varico usom elLmenticlos de ls vainas del mezquite. En 

nuestro pofe se elobore un dulce denorinedo Omezquitemal" a base 

de hvrine de mezquite prenseda; loe nWbs tamblen ecostumbren chu
per lee vinas de mezy!.-te, Coma consecuencle de au alto contenido 

de ezcur, lae valnes del mezqutte me utilizen en 1 preparacin
 

de diverses bebidn fermentedes (vinos y vervezas de mezqulte y
 

tambifin un producto destilado denomindo "mezc-l" ) V no ferments
des ("mezqultatole") en Mxico V Centroamfirice, En &l Duroeste de 

Estedos Unidos Iou Indlos Pima molfan lea vainas pare producir una 
herin denominede "plnole , que se utilizabe en Is eleborecl~n de 

un pan nutritivo. 



Las vaines del rnIezite, deade luego tri,,bI~5 se3 utilizen corio frrax

.le pre~r los run1:-xiteB3 (Pl~n V - leno I'fl)e 

Cij;i u'!CP:"j SBir OC L;. V..xrI 
1a vwi~rm dPI mzijuit1' con! IstI de dons comnrnten btsicos: el "peri

ci~r:-inw que incluye al "epicerinj" a cublert, externe y es un mate-


r1F.l dule y puir-os~, rue se adhiere a 1Lus amri11lD; V liq sE'nilles. 
Lst-"q ~i~nrsciniftBpn de elmp'ndras, aue contienrvn lai mr2-irr perte 

die 1Ire prntelnes .j Inn qrrisas, V rque son penue~ias duras V die super'
firit Ile; y Ing efisclriiles, que? r~ctjtjren a Jas alrmendras V qui, 

son ciurcs V fibrosas.
 

_n io r-'f'rente o 18 proporci~n die ce~dE! frr-ccl~n 
en Is w-ins total
 

dji mpz_'jtv, lIn Tn'ile I muestr- aut? el pericirpio constituye el 55%1
 

Jos sciiilinL P1 14", y lai cE7,vr.1l 2R.'I tndio ci Is vaina total (Del 

Por otra rirte lies riqures I e 4 w.Lc2trn1s uwinas c!1trems del mez 

quitQ9", v - l." ent.-rac) con cr-scirills, lr-s ot'rrllas ebierte 

nmoctrmiIng em1rlfrres drietrnis dle Ins mrcerillas y lea almo'ndrva so 

I',respi'ativ~.m ntee 

Lr. Table 2 rires'.ntc- la comnposicl~n qufmic'. Eelas vwlni- enteran 251 

corn dr~lun dtitns frrwcinnu!: ptjricf-r'ir., cc..iiay Elrlpnd~ras 

V)-t.n pif HP~ visf, qiu!'ica loo c~lrw'1dr::3 ir'rien is mir, Od'cuacdus 

r-tirr c'!rlnumo humarno Vr rjur- r-F~r,4-n crlto contnid, de orntefnvs (37')) 

ybiijo conrnid.- du ' lIbrz: (n'); rin mnb:-go tidr3 a su beje propor

Wi'f v~n-.-.c lo v jn y Lt.!Cult2d dc ecr,:r :Vnt dc In iris-in3, lea 

vlmnn- rn' ar'1ri t8.m crims 

http:cE7,vr.1l


3 go 

El perici~rpin, su,1quc pre5ente en bum-no p rnore16n y es~ de f&cil se. 

paraci~no t,rn:Af-n tenrra valor limite-2-' cHbido a zu bcojo contenido 

do proteis~t (iO,% ') y eltr~contenir, de fibre (200a) Le cocrille 

pr~IcticamTentLe no tpndr~f vte1or daei& a fu b~jiL prororci6ng dificul. 

ted de moparnni~n, bojo contr-nidn protk'cn y alto cont.-,nido deo fibre. 

As v conaluye nut., le~vr'Ir rntproi e'rfu in Snice opci~n vieble po. 

WTo .17A> ptert consuYa humeino. 

Le Table 2 miuuatra rnue los obrbohidrastos ann el conatituyrente princi 

pal de todao les frcine exceptutrndo les alinondres; timbi~n, las 

vainas enteres y todus lati fvcclnnos1 lncluyenda las alm~ndrz:, mues 

treri bojo contenido do Oraens. En as-#' aspecto lea uwlinas de mezqLd 

te so seean a has lerjum1'nosa cormunes cuyO cofltvriido de gross va

ria de I a 4%(Flsck, 1971)o 

Con le~ excei!16n de lnn almeniren, todars lee atres tracchnesaest.co 

ma lee~ vains enterfie muestran muV Pltnq contenidas d? fibre, del or 

den del 20 al 30XA, vrzlores que exce'den a los del uLIVBCD de trigo, 

qua contiene del 10.1l 12% de eeta sutncis (Baker ate a1,, 1979, 

3aunders Hustalag 197q)9 Este alto contenido die fibre Bi.n embargo 

no excluys al uso die In vainp del mvzquite pare consuao humano; par 

al contrnrio, se Babe qua currido se utiliza en niveles ashouedoe Is 

fibra dietttice e:orte diverarns efecton bengficne (1-n~nimal 1979). 

Ant &a vaina del rezqultv so puede uti:1zer en cambinaciin can mate 

ries prim-as de b-,Jo contoi-ndo de f'ibrf5, tole3 coma ccreriles, legumL 

noees comunrs, etc.; on estiv ceso iB'emns de sartar proteins y car

bohidreao Is v,!Ina del meztoulte teinbi~n sportaria fibre dietfiticae 

Le Table 2 muestru que 1e aecarose v los ezdcereu reductores conati 
tuyen al 517% a m69 de los corb~hidrtns tntalma de )a veins del me.L 

nuite y el pericerpio, y nue 69te 61tirno contione m5s szkcLires reduc 



tores quo la v5.aro comiplete. La emarosai es el corrn,,onente m~s Isbur,. 

dantc?, In~ fjue explicu In Nocrte dulzurn de ]a vaine 
erin1equite. Es 

to altz cncn4.-. dc sEErrua Cur'nt;:rfa In utilidcid del mezquite 

ea'i fori-,ulaci'n de alimrnt-n nutritlvos V do bajn costo del tipo 

dulce, ti 1es curio buticIan, atols V dulc'.es. En estns cesoa, ademfis 

de~ Duplir -r?tr'!fln5. y fibrc39 PI mez~u~tR trurTbifn spnrt:'rf sacz'o.

5F, lo run r- P-cut1 rf en el chhirro de endulcorenten rxteazjso
 

A319 In v21nL- de' rncz-,L:te re p'erfile comio unzi buenz fuenwte de calo

rias. 

La ?igurc 5 murnstraJ In curva de solubilldrd de prctef! purs In vsjL 

nrir ertera del mezr~uite (OelVeile et elo, 1973) e incluye la curve 

corres;),ndlente para le pr'stcfnm'de soyc coma c=mprvscl6n (Smith y 

Circl2* lq18). Cnb-' rntor cup hrts 61tims es pr~scticamente id~ntica 

a las dri la's lrguminoses comunee taleo ct-mD frijoles V chicharos 
(ujolff 11q77; Hangj ate al., 17970)o Ll punto laor'l6ctrica de It! protef 

nom di me-r7ultr P'nvproxm!im r-, dr pH 4.5 lo qui' tambik~ es el cao 

para la protvin de *aye. Aunque la farm:, general de "abs curvur, so 

seinejunte, Ia s',lubilided en el purito looelfictx'ico es cmucho mayor p1
 

ru el mezquite; por iitro ledo aissolubilidad rsr los extremos dea pH
 

en mucho merlor pare el mez-uttes Este comportamieita del mirul to,
 

tan distintoa l dea Iss leguminno~s camunc'a, oa embargo es 99mejante
 

el de? c~~.l !urinoacrn siivpstreo, pcr eiermple Phosvrolus ua 

qua so en-u-ntrai en la India (Hang Y.D~e. Stenkkrique, 1'*.I1. Heckler, 

L.R. 1173l)o 

LUtr2-I.jN NUN1':IIJ-.'.L 

El contenido dea Inhibidor do tripuine dia In veins entere de meznulte 

me lie repartado en 1,4.U*IeT. (unidaerls de Inhibidor de tripalfna) 

par miligramo, bone aca, Liener (1979) eB tin valor surnrimente bojo 

LI 

http:LUtr2-I.jN
http:dulc'.es


paz cuaPiui,'r el1i-nto. fIn p-rarl..nc el cant-nido del Lnhibidor
 

de tripgIlne pare fri.!*1 cruifn er TO'
el dc eo%,'. de a in Uoi.T. par
 

miligr-io (Rackis, 1974).
 

La T~blrj 3 -u-;'-.rr. P1 :-a-frrin de n-'--r is orvte~ne
n de 18
 

vairw rP:'1rmez:,V'trP entPra~ P '.nc;1uy9 Ing f-:-toP F!' 2LH 1'_'W73) 
 re. 

Cn~d~vr Drr- nllns v a'Ault.- s en cn'- yrcin. Lon emlvv-nSidoe 11 

!i- !,rcinze L' I I-An c-.3 !,-u.1 a l, dTI -2tr~n per- nlios, ror
 

otrr -art!? el r'.rrn Hec;rnnn1-iun9 jr, 17~ pr-itcfne dr] rm-ezruitc2 
 ex

cE'rii6 P'1 ratr6n rrcnn~e-ndj n !)~. elult*s en '.?d7: Ins coms
 

Ls rmbla 4 r)rwpnlta los veloreq rp 3rtc o rc, le
., R02z-n dE. 6fi1cien
 

ci-- ri(.~ ~ Utlizv'c1An R'rtF. rp rcit-fnao ~ U)in

ciuyrir vvl1-frr cnrr,-nnW neF r.:*2 . I. L;C !;-IvmCco -r. telne de 

pe. le~r'-tc!nF Ce mvrzu 4 te e.-, al~ii.1 r .' rtedori r les lemi 

tc ij, -.Fr- In -r-t-In.- &1 :nva Lolf V ZowJ'n 1 1571) Los vaIo

del.u.rc~y pera IE-pro-.rin- dF' fcz-'uit;- ftjerr'n e~el 5(4

y 1 74,. d-' In~. v..1nrr rpnrrt-; bnih puru I:-cas'Inz.
 

5j: h.)r, r I.....r-th Un nn-tntr'-d V un ni!1vo -rcteffnico tCt' le v-Ana 

d2mvz-,j'i.e f?,ltro urj11.~rnr~tn rpt-Cv!ns U:,,uijtfl ertb1r'rzit!-'F (rhe 

et, a'!., 1" V 1"?7) c-r' if0ri~r-: rscrites pnr D'el V-lle et. 

1 '.~r3) Ln ; r9i :it)7fli=3 --, mur'strm -n ie sb~la 5. -je 

2UVtiE8tmu-: tv- '.-fnic r'u-11C6r1 Tronrtotr;> r!pi. , ci cont'?rido 

pjru cmiccin vii: otro elir.ca 1- -O! 1t1cfo Irsla'io 

nrcts~~~~~~fr; r-~~~~ nicn 'n e .A:it111c E ri7 pXtt 

http:u-;'-.rr
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El rtndimlento del concentrado tue tipico pse esta clome d& pro. 

ductoo (Waloi 1977). Sin imbargo I rendimiento del uislado tu 

mumemente bcjo. 

So concluy6 que, dads Is dificulted de aelborar tento al concen

trado como .1 isladol y qua Is concentroci~n do protetnes no rue 

muy slevmds, Is oleboreci6n industrial de amtoo producto ersImim 

pricticm.
 

PR1-CEAM-7T: DE LA Vi-INA DE MKZ UITE PUJR MCLIEN~DA i IRECTA Y CER-

NIDO 

V. qu* me encontr6 que Is concentraci~n de proteines y disminuoi6n 

de fibres de Is vain. del mezquite par mtodoo qulmicos no ere prc 

tics, as recurrl6 a prccesos ftsicoo Incluyando mallende, extruJs16n. 

tostdo y cernido. 

El primer proceno qua se astud16 fue al de molienda V cernido (DIi 

Valle at* ole, 1983)e Con vote fin me quebr6 el mozquite pesindolo 

par un molino de pernos olumente con el disco de Is puerte girandoe 

El producto resultant@ tue molido en el Pisme welino con ambo die 

cos girmdo heciAndolo pamsr una y cuatro veces. El materiel mll 

do tue cernido par malias +45 y +100, obtenigndose loo porcentujom 

y los onglisie proximelee (ADAC, 1970) correspondientes. 

Los resultedoe obtenidos me muestren en lea Tables 6 V 7. Le Tibia 

6 mu, stra que Is prororcion de tines (malls -1Ml) eumentS ligeramen 

te al numenter al nemero de pasedes per el molino; tambfin muestra 

qua este incremento ov debI6 a un decrenento correspondlente in Is 

fraccoin de molls +100. Par otro ledo, lu propori~n de tine. ob

tenide par e.te prnceao se consider5 bajae 

Le Table 7 uestre.claremente qua In concentraci6n de protefnem mu

ment y I. concentrcin de fibre disminuy8, ambos lIumnter I@ 
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F'or ntro ladrl le concntreL45n de nrotenoa~ no fue tvrEctftdu por el 

numnr r~ --or PI iolino, rpero rpxri Jon finos la concentra

cV!n de f ")rz sT rlf5mlnuyn c1 cum-ntoir e2. ntmrn~~deoB:b!5 pcr el 

molinn, 

Lie -.vli ruc, cO:nIdtn r lo- bjns r-rdimi-r'oo dp Iinng oiteni

dmi mnr mnlr-n-.7 tirrctr &c Ir vainn rtp mpzruit, Pt' or'cso no 

sp flr---,rEax.- ficuFWTh pf'r7 ebarer un concpn*-rir'r, Tirntr.nico de 

ije intent6 extr-Ar Ig3 voin- del mrzrjuitn "iola por Lm rxtrumor de 

mr~rc,t -rdriV 9 d'-"q'u~ de~ hitheris quunbrgio DOr26-ntials pnr P.1 molino 

dp ptornr-s 4 ninc c!'rn el disc~o p:Jertai girz:ndo. 5in t'mb :rgjr) no rue 

poslblq hicvr 5to, y;i que P~1 extruq'or SR~ 'EOffrr~l" dc' maunor2 que 

fuer, cc-',7:rim desL-marln para linmniarloo Se ores que enltr prable 

mg fue d-bidit al crntenldi exccoivo tie 'nr7 die IF,vans. 

bi) Mezq'ijite con soya.
 

Ya quue fii2 im2Duible extrUir el, TBzquitp' 961o, se Lnt,!"'t6 extruir
 

Is u.2ine dr') n'r"'ziLtita quz-'bruda dr' le ,moncre Indicade arnteriormen-. 

te en cumbinoci~n con soya en prn-porri~n do 1:1. En es'e caso se, 

loir6 IsI extru'ln con &xito (150 0 Cg 611 aeg.)o El producto extruf 

do rue mG]lido une y cuatrn v'-c s Fn el m-lino de pernos 'Ipine y 

el pr~iducto molido resultnn'.e f'ue ccrnidn en fnalla +45 V +100. 
So obtuviernn Ins pronorcinnea y Joe an~iliois proximales (A50Cp 

1970) de 1os direreritee fracci',nes. 



Los reuultedos obtenidom Be uestran an Jos Tables 8 i 9. 

Le Table 8 indica qua ofn utilizando site procedimiento no hubo Mu

ficlent. produccifn de finom (mallo -100), ya qua l valor m~ximo,
 

obtenido con cuatro psaedes por el molino, ue molmente do 66,5%9 

Los dema dato (proporcl6n, contenido de protpineo, contelido do 

fibres, etc.) mostreron Is mieme verinoi6n con @I nmesro do pesudea 

po al malino que Is qua fue obeervede an al caso de Is ioliends di 

recta do lee veins@ del mezquite ois. Coma as do Puponerea. los
 

conteidos do proteines do todas lee frcclones fueron mayoreas qua 

lou velor,. corrempondientes pare uI wezquite solo debido a Is pri

mencie de In gmya, euyo contenldo protdico ea prociablemente mayor 

que al del mezquite. 

So concluy6 qua ete proceso funciona, paro que 1 necesided de aria 

dir moya I* restarts vblor, Va quP In mete ms I obtanci6n de un
 

ooncentrado protflco de mezquite puro.
 

PRLCEs5MIENTO DE LA VAIIN DEL MZ.4UZIE P0 TD0TADL 

Se ietudIS un proceso m*As intentando obtaner un conoentrado protof 

mico con buen rendimiento do finos y buena recupersci~n do prote

no@. El proceo eatudlodo a continusei6n fue *l do tostado. Lee 

condiciones do toatedo fueran las eiguientent llama directs, 1550g. 

20 min.o Nuavamente, al producto toutado fu pamado un y cuetro 

voces por al maline do pernoe Alpine, obtnigndoge le proporclunes 

y lo an~lisis bromatolgicon (AO;.C 1970) de lam diferentes 7rr~cio 

nes. Los resultadom obtenidao me presenten en lee Tabis 10 y 11 

La Table 10 muetre qua @l procPeo de toitedo y moliandi co 4 pass 

dam por al molino obtuvo un rendimipnto muy alto de finas (malls 

-10): 76.4%. Eite valor excedi6 conslderablemente a lam volores 

corrempondientes obtenidog an los otros procosos aetudiedog,
 



Le Table 11 Muestre que e~l contenido de Prateiruic de los fino. obtp. 

nidos par el proceso de tn-tad, seguido par molionds@ fue del ol'dun 

del 18 al 19. 

tJuevemenfte las fracciones se compartrrn dle Ins 
uisme mnzr Va via

tv en los cadne mmVerlaresenoi lo rrpferente a Is verisci~n de rendi. 
mientn, contpnida de protpfnes, contenido de tibres, entc*, con grodi 

de f'inurB (ndmcern de malii) V n~mRro de penedas par &I molino. 
So concluV6 que el proceso de tostedio, meguido por molirnnde y corni
do meriea l mfis adectuedo pare Is obtmnc16n dip un coricentrado pratuf.. 
nico de mezrquite, con bawrn randimiento do tinom y buenie recup!arocln 

do p1rotpinafl an loI8 wims Do hechog an calcul6 que parai el pyocsrn 
so de tostea con cur'tro moliendno y curnido, 1s recupereci~n de 1.
 
protpina total an los tinom turn cost. d9l 70%.
 

RLSUM.E(N DE Tf)DOI PRUC':SOMO ESETUDiDOS Y F.LECCIN DEL KJOfR 

So hen hutudiedo los siguientes pirocesos pnre concentrmr lee protel

nas del uieztquite V disiminuir e1 contenldo do fibre: 

1) Concentrada protetnico par proceso qufmioo. 

2) Aisl~dn proteinito par proceso oulmlcas 

3) Concent-ado pratFinico par molienda directs de Is veins do morqui 

to v cerido. 

8)Concentmedo protefnico par axtrusi~n de Is vains de mezqulitq. 

5)Concentrado protainico par ex'trusi~n de la voine do sezruito on 

enmbineci~r con proporo16nsovs an do 101, sequido por moltovnde if 

cEprrida. 

6) Topteda do Ia voina del meznuite mrn~p~dn par moliends V cprnido* 

Como sp inciic6 9ntPrinrmpntF1 PI pror-pso quo obtione .1 ma'yor rpndi

miento de finoo con In mayor recuperaci~n de proteinas anmal No. 6. 
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DEG~f:rFtt LC DE F fDItCTrL; NUT.77TItJ(J UTI IZA0rV' wii~.DE '[Z.-,uITC (Cr, 

LE:NT,:'-L ( ICR Di'TTOLTLI 'ICV) EL ~ T-DC. - ILjrNrv. YV N~ 

Se desarrollaro, 
dos Pr durtor, utilizendn el concentrado proteinica,
 

del mezquite:
 

a) Unas b-3se en polvo endulziida 
con sabor a canela para lo prepor~ic rin 

de ':-.rchata; y 

b) Un on,-zar6n de nmezq~ite/cacahuate/soys 

Le! t~hlnx 
 12 y 13 rerortan ditoe nutricioales pare log dos productoe
 

dnsnrroll:-i-Ic. Cobe nctar que Linhas prziductoo fuercn elF;boradol3 en
 

pl:2mtz33 inau -triajlr, 
 loc lizado.9 en el eztacio i.~cChihuahua.
 

LEP rfurtu3ren v--luaciones organol~pticas informales 
 ve loe productas
 

par ml grupo do~ Io:- lnvestj-z-orea 
 y par E-1 pe s..ria de an rI:-ritzm. 

En ambas c~5sa se encontr6 que la c.lid'd rrg-.nrolptica era muy tiueri
 

y la Ecrp1ta'c6n rnuy 
tilt-3. F*n los doo prodwusto so considEr6 clue el s
 
bor del mpz~uite tostpra me'jurtsba el producto.
 

Cabe not3r nue en el C6ICUlD de lag f6rmulas die las Ingredi2ntc.t -Zto
 

manrn en cItrrntn los conteridor do proteins. sicarosa y fibre drpl
1 con

certrec proteinico del mezquite. 
 bie esta mar' ra eute produrta enoz.
 

t6 r;roteli--a, eacaros' y fibra a 
 los prductos f'inales. 

Lai tdhlJ-S 12 y 13 mupstran que las porciones t~picas de m;)oa produc 

toe suplirian eproximadamente 3 a 4 rjra-os de proteins V 110 y 1i-P Ca 

lorlasi respectivimrente. iAo19 wnhos productom majorirlan le nutrici6n
 

de rrotPInas-calcr~as de las pi.: 
onas que las cansumieran. El uito 

Cunt,nidu de s~carmi~ pocirfa tiparecer coma uria donve'ntuja; sin emT,:!

go li, iulzura 
es la que hace a aniboa productoo etractiva a todas lie
 

tdadan, especialrnentn a los nhos,
 

IEhbe notar que Is horchete reconatitulde '.Table 13) contiene 1.4 
 ude
 

protednas. 4!7ui' t''IdEctu e;4Liv31 al dP I-rttlIcO de 1H leche, 

La horchata sin embrgo corfea prcciablemrentu m!I- bijrcte V r As utrac
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tive que Ia lechat debidn a su dulzure y asbor a cariela y mszquite
 

toqtaidoe Lgta bebide, entnces, represpnterfe una forms buoto V 
agradable de eparter protelne V cielnrfes a ]os grupom de beaor RP 

curson econ6micas.
 

Une ventoje adicional de Is utillzaci~n del concentrado proteinicn
 

de mezquite P11 Is preopracl5n de onboe producto, serfs mu conteni

doa de f1bra, AIdem5a de oporttir prntelnes y cplorfar, Ins dos pro

cuctos sportarlan Mirs dietfitica, tan 1m~art-'ntP V tan nece'serisp 

V 'LOR NLIrRITIVO DE LAS[ FRP'ZCION~ES CC!.ISAS DC LA'WJ;XA DE POZ.UITC 

rA.' RLWIAN!TES 

En Ins procesoo Pstudisdos porn In elehora~i~n del concerltrada pro
 

teiniro de ,nczvquite par mallende dirpete V cernido, 
 aef coma par
 

tostado, maliendsi y cernido, enlemtis de obtener Ins Finos o concen

trecin protefrnica (mnll. -100) tnmbignr 
 me abtuvipron fraccinnes in

te-mediss (ma~ls +100) y gruebas (malls +45).
 

11 rpoducta ull1redo perzi el consumo humwano fueron finos (wells 

-.100)9 Los productos intermpdlos V grumoos (malls +1M0 y +45 rem

Pectivurn-nte), min emborgo, nn tendrfen utilided pare humanos. Con 

secuentempnte, of, f'turI6 Is rosibilidc1 de aprovectsr estas pro

ductos Pn formule-ianes pare rumlentes deterinanndo mu digestibi

lided in vitro utilizendo el m~tor~a de Tilley V Terry (1963). 
Ln Toble 14 presents Ins resultedas obtenidos, Se puerde noter 

aprnximsd-~mentp dpl 3n al 57%. Ln rieneral, se considers cue ian 

bup'n valor de digpetibilidad porp frirrr'jes es del ordmn dEl 70)al 

9n% (Oigertie y O3wsbye, 1q74)* f-or ntro lrda, se observe turnhifin 

q:ue Is digpnftifillidad eurr'nt6 al sumnnr el n~irern c mals, cden

do jup les frecionas grueseB fuerin menne dinieribles que Is ft. 

lcs freccicne inte-mnclirin ik
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Se concluV6 que tunto Ins fracclons grues~rs coma lap fine obteni

das par Ica procesns anteriarmente des-rItr,no serian *xtrrjordin..
 

riamortte bues coma comprinentes de re~i-ines p~r rumientes. For
 

ratro ladal sin embsirgo, Ioa valores no son ton baja. como pare ex

cluir su unn ppra e~ts oplicaci6n. En generel, me pienes que con
 

un precio 5decun 'n enb'is productas rprobablemente t-Lndriato Mercado
 

cno comnonente'3 de r!cl.cines pae rumiantes.
 

R..SUMKr- Y C074CLu5Ir1NES
 

Se he *ncontrsdo qiua ie proteino de In veins de *ezquite posee un
 

velor nutr.tiu, (r.c.Ro) que @a sromajente al die la Ioejuninosesa co

muncoe Lst~g Pru. .Al3 se encuentre m~s concentrais an Is uelmendra 

de Is veinB. Sin wriburgo result:vria im'rrctico -eparar Is vains en~ 

eug diferent-'e f-.'sccinnes par lo cqul Is maners wise recomend-)ble de 

utilizar ia vains es en formbi entera. UPar otro lefto, le proteina 

do le ur-ine dol wiezquite as much'o m~s soluble en el punto Isoelfc

trico V muchn menon soluble en loa extremos de pH que Is protefna 

de sa yV tres lrnguminosms camunes. 

Loa nterior elimin.2. el mP.Iada quimico como mediao pern le prepers-

Win de concentrado V uieledo proteinico, dejando Ioa procesov me

c~nlccis coma miedian parR logrer unri concentrEciWn de ]Evs vroteines 

y un:. dlivnnucinln del canten~do de fibre* 

De Iou mktodas mec~inicom estudiadas, el que obtuvo mpJores re-folta 

dos (nnyor rendimironto de finas V munyar recuperect~n de prntpin89 

en loin fi.non) fue el de tontedoo serjuicda par wmiiuiria (molino do 

Pernos) y crrnicta. Ln frecuirin malle -100 se obtlene en mete cIa 

con tin 76%. de rcendimlento y sproxim'dimente 7LI- do recuperiecln de 

1s proteins tntal de I" yamsa entern Cote anm&l proceso recommn,

dnble pvira au industrielizsci~n. Se hen preperedo dos productos 
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nutritivos V de bnjo c0ito ut11izendo oetti fraccl6n,
 

Par otra lado 109 productmv. 1nt.-medico (ma1ia +100) y grueeo (m.
 

Ila 445) abtrnl-3os par el proceno antcrior podiaw 
 toner spliceci~n 
como com-ioricntes die rzacinrnes do ellmenrtoa bencesdoe pare rumian

tes con un precia erecusdo, dodoi ou di i~tibilidad In vitri no uy
 

altoi.
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TA3LA 1 

CO'OSICLON DE LA VAI""A DE :.SQAUTE 

Componen-te Fo3-centae a 

Tericarpio 58. 

Ca~carilia 28.1 

sernallas 13.9 

Tarnaho de la rnuestra 10 rarnos; variabilidad-4 



TABLA 2
 

ANALISIS ROXIMAL, CO:,TONENTES FIBROSOS Y CONTENIDO DE 
AZUCAR DE LA VAINA DE !,2SQUITE Y SUS FRACCIONES, BASE SECA 

a 

Comnonente Vaina Fericar-oio Cascarilla Semillas
 

Bumedad 	 9.0 10.1 
 5.4 8.3
 
Iateria seca 91.0 89.9 
 94.6 91.7
 
Proteina cruda, 14.7 10.5 11.3 37.2
 
Grasa 3.2 2.7 1.8 6.3 
Cenizas 5.5 6.4 4.2 7.6 
Fibra cruda 21.3 20.4 31.6 8.5 
Carbohidratos, 46.3 49.9 45.7 32.1 
por diferencia 

Fibra acido 34.9 27.8 37.5 13.6 
detcrgente 
Lignina 8.3 8.2 8.3 4.2 
Celulosa 26.6 19.6 29.2 	 9.4 

Azucares b 1.7 6.5 
reductores
 
Sacarosab 21.3 21.3 

a Taman.o de la muestra rara todas las determ-inaciones exepto
 
azucares reductores: 1.5-2.0 Fr.;variabilidad para las mis
mas determinaciones, + 2%. 

b 	 Talra'o de la muestra para determinaciones de azucares: 5 gr. 
variabilidad, + 6%. 



TA3LA 3
 

CO:,POSICION DE LOS AINOACIDOS DE LA PROTEINA RE MESQUITE 

Aminoacido Mesquite a ' b  FAO/7,rHO Recomenaacidn 
NiTio s Adultos 

Ac. Aspartico 11.20 - -

Treonina 3.33 4.0 1.4
 
Serina 5.32 - -

Ac. C31utamico 15.10
 
Prolina 7.43 -

Glicina 4.62 -

Alanina 4.21 -

Cisteina 1.54 - -

Valina 4.99 5.0 2.0
 
oletionina 1.26 - -

Isoleucina 3.77 4.0 2.0
 
Leucina 7.48 7.0 2.8
 
Tirosina 2.81 - -

Fenilalanina 3.95 -

Ristidina 2.44 1.4 -

Lisina 5.01 5.5 2.4
 
Arginina 7.37 - 

a Conterdo de aminocido expresado en gramos por 16 gr. de 

nitrogeno.
 
b Tama-io de la muestra, 2 gr.; variabilidad ± 2%
 



TABLA 4
 

CALIDAD NUTRICIONAL DE LA PROTEINA DE IESQUITE 

P.E a,bb P. R 	 iiUdP. 	 N.P.U.Yroteina E.Rr Corregiado 

I,'esquite 1.48+9.19 1.4 39.6+.8 
entero 
Caseina 2.76+0.23 2.5 56.7--5.3 

a Resutados reportados con su desviaci6n estandar.
 
b 	P.E._. raz6n de eficiencia T-roteica que es ig-ual a! peso 

ranado dividido por el peso de proteina con.vu-mida (Osborn 
et. 2l., 1919).
 

c 	 I.E.R. corregido ajustado al P.E.R. de la ca-eina de 2.5 
d 	N.P.U. Utilizaci6n Neta de la Froteina que es igual al 

nitrogeno retenido dividido entre el nitrorcno inrerido 
segdn el metodo de 3ender y Miller (1953). 

http:2.76+0.23
http:1.48+9.19


T 3LA 5 

PREPARACION& DEL CONCENTY.UDO PROTEINICO Y AISLADO DE LA 
VAINA DE MESQUITE 

Parametroa Concentrado Aislado
 

Rendimiento con 48% 10%
 
respecto a la vaina b
 
de mesquite, base seca
 

Contenido de proteina
 
base seca 27% 38%
 

Rendimiento con 88% 26%
 
respecto a la proteina 
de la vaina de mesquite
 
base seca
 

Tamaio de la muestra, 50 Er.; variabilidad + 10 
b endimiento igual al peso del concentrado seco o al aislado 

dividido por el peso de las vainas secas, multiplicaao por
 
100.
 

c Rendimiento igual al conternido proteico en graemos en el 

concentrado o aislado dividido por el contenido de pro
teina de la vaina en gramos, multiplicado por 100.
 

V 



PORCENTAJE 

Producto 

TABLA 6 

DEL PESO TOTAL 

Una Pasadaa 

+45 +100 

EN LAS 

-100 

FRACCIONES CERNIDAS 

Cuatro _Pasadas a 

+45 +100 -100 

Vaina Entera 49.2 20.7 36.4 45.6. 8.6 45.8 

a A travs del molino Alpine 



TPBLA 7 

ANALISIS PROXIMAL DE.-LAS DIFERENTES FRACCIONES DE LA VAINA 
DE MESQUITE PASADAS UNA Y CUATRO VECES POR EL ],OLINO ALPINE 
CON Ag,!BOS DISCOS ROTANDO 

Componente Una Pasada Cuatro _asadas
 
en porcentaje 
 +45 +100 -100 +45 +100 -100 

Humedad 6.02 6.93 6.90 
 4.27 5.98 6.84
 

Proteina 9.93 14.41 23.68 8.06 10.69 17.24
 

Extracto 4.12 5.57 7.38 5.80 5.36 5.34
 
-tereo
 

Fibra acido 47.10 36.20 26.81 52.77 23.14 13.19
 

detergente
 

Celulosa 
 37.82 30.37 20.88 44.48 19.55 10.34
 

Lignina 9.10 
 6.10 5.96 8.39 3.67 2.67
 



TABLA 8 

ORCENTAJE DEL PESO TOTAL EN LAS F-TC IOTTES CER1,IDAS 

Producto Una Fasaaa 
+45 +100 -100 

a aCuatro Pasdas 
+45 +100 -100 

I esquite/Soyab 

1:1 Extniido 

23.5 15.2 61.3 20.5 12.9 66.5 

b 

A trave's 

Extrasor 

del molino Alpine 

3rady, 60 seg. a 150 0C 



TABLA 9 

ANALISIS ThOX!IMAL DE LAS DIFEFEN]TES FRAC(IONES DE 1,:ESnrUITE/SOYA 
EXTPUILO (1:1) FASADAS URA Y CUATRO VECES POR EL MOLINO ALFINE 
CON A130S DISCOS ROTA1[DO 

Componente Una Pasaaa Cuatro Pasadaz
 
en porcentaje +45 +100 -100 +45 +100 -100
 

Hunedad 4.06 4.48 4.71 5.80 5.40 5.39 

Proteina 20.38 14.62 32.13 24.66 23.43 29.25 

Extracto 18.37 6.10 5.88 16.10 6.71 7.20 
Etereo 

Fibra acido 23.78 27.28 8.22 16.29 18.66 10.40 

detergente 

Celulosa 19.48 22.94 6.48 13.34 14.14 7.76 

Lignina 4.08 5.00 1.51 2.94 4.41 2c,55
 



TABLA 10
 

PORC.,TAJE DEL PESO TOTAL EN LAS FAC"IO ES CERNIDAS 

Producto Una Pasadaa Cuatro Pasadasa
 
+45 +100 -100 
 +45 +100 -100
 

Tostado 27.1 7.9 65.0 
 17.8 5.8 76.4
 

a 
A trav's del molino Aloine
 

b 
Usando un tostador rotatorio, 20 min. a 3.55 0 C 



TABLA 11 

AFALISIS PROXI, AL DE LAS DIFERENTES FRACCIONES DE ]ESQUITE 
TOSTADO PASADAS UNA Y CUATRO VECES POR EL J]'OLINO ALPITE CON 
A,KOS DISCOS ROTANDO 

Componente Una Pasaaa Cuatro Fasadas
 
en porcentaje +45 +100 -100 145 +100 -100
 

Haueded 5.35 5.33 6.13 6.65 5.18 5.52 

Proteina 7.68 6.32 19.13 11.35 7.55 18.12
 

Extracto 3.01 3..60 5.B5 6.89 6.78 5.99 
Etereo 

Fibra aciao 53.20 38.45 17.33 49.19 50.72 20.13 
detergente 

Celulosa 42.39 30.04 13.19 39.51 41.77 16.30
 

Lignina 10.83 8.29 4.09 9.66 8.20 3.81
 



TABLA 12
 

COYb.OSICION P]ROXI ,4.LDE U'A BASE EN POLVO ENDULZADA CON 
SABOR A CAI'ELA (HORCHATA) Y OTRA INTM1Ri1ON NITRICIONAL 

Componente Base en
 
en porcentaje Polvo
 

Proteina 
 8.6
 

Grasa 
 4.7
 

Sacarosa 70.9 

Otros Carbohidratos 8.4 

Fibra 
 2.0
 

Gramos de nutriente por vaso de bebida
 

Froteina 
 3.5
 

Grasa 
 1.9
 

Sacarosa 
 27.5
 

Otros Carbohidratos 4.3 

Fibra 
 o.8
 

Ca:lorias 
 158
 



TABLA 13
 

ANALISIS PROXIAL Y OTRA INFORMvACION NUTRICICTAL DE UN 
Y-AZAFAY' DE ME.SQUITE/CACAHUATE/SOYA 

Componente Porcentaje 

Proteina 
 11
 

Grasa 
 16
 

Sacarosa 60 

Otros farbohidratos 
 7 

Fibra 
 2
 

reso por unidad, Eramos 25
 

Gramos de proteina por ur.idad 3
 

Gramos de grasa por unidad 4 

Gramos de sacarosa por unidad 15
 

Gramos de otros carbohidratos 2
 
por uniiad 

Gramos de fibra por unidad 0.5 

Total de calorias por unidad 108 



TABLA 14 

DIGESTIBILIDAD in vitro DE LAS FFLCCIOS I1FTEPr:DIA Y
 
GRUESA DE LA VAINA DE 'PESQUITE CRUDA Y TOSTADA, *,IOLIDA
 
Y CERIIDA
 

Tuestra No. de Talla ].'ateria Seca :'ateria Org'anica 

?VoidoDico 

Diracto y +45 44.08 43.56 

Cernido +190 55.69 52.77 

Tctado
 
1,:olido y +45 25.96 27.71 
Cernido +100 3.45 -3S 87 

V 



Preparation of a Mesquite (Prosopis spp.) Pod
Enhanced Protein Reduced Fiber Fraction
 
F. R. DEL VALLE, E. MARCO, R. BECKER, and R. M.SAUNDERS 

ABSTRACTRau. extruded (alone and a 50/50 blend with soybeans) or toasted
mesquite (Prosopi spp. pods were passed I and 4 times through anAlpine pin mill, and the iesultng ground products separated into dif-
fereni sieve fractions. Protein concentration and recovery were max-imum, and fiber content minimum, in the fines.• € errunin tw Maximum proteinconcentration and recover)- were

rus, tastd pds gvehighr im~gin rcovry,
obtained in both extrusion runs; ofthe remaining two runs, toasted pods gave higher protein recovery,
b~ji lower protein concentration in the fines, than raw pods. 

I"TRODUCTION 

WIRODCTIONtheMESQUITE (Prosopis spp.) is a leguminous plant which grows,wild in many desert and semi-desert areas of the world (Allenand Allen, 1981). It bears fruit in the form of pods, whichknown to contain approximately 13% 
am 

protein, 21% mono- anddisaccharides (mostly sucrose), and also 19% crude fiber (DelValle et at, 1983). Whole pod protein was limiting in sulfuramino acids and threonine, and borderline in lysine with re-
spect to the FAO,'WHO (1973) pattern for children (Becker.1984), and possessed a corrected PER of 1.4 (Del Valle et al.,1983). wMich isappr.imately equal to that for common leg-umes (FAO, 1970;. Mesquite pods were almost devoid c.typ-sin inhibitor (1.4 TIU/mg; Del Valle et al., 1983).


Since mesquite trees 
grow abundantly in many developingcountries in Asia, Africa, and Latin America, their pods couldpossibly bcome a good, low-cost food for inhabitants of thesecountries. However, some inexpensive means for concertyrat-ing protein and decreasing fiber content of pods would have 
to be found. 

The purpose of this work was to develop a low-cost processfor producing a mesquite fraction containing higher protein andlower fiber content than whole pods. 

MATERIALS & METHODS 

MESQUTTE (Prosopis spp.) pods were collected in the rea withinand adjoining Chihuahua City, Mexico, and stored in polyethylenebags in a shaded area at room temperature f'5-30C) until used.A protein-rich low-fiber mesquite fraction was prepared by grinding
pods. pretrmated as dercribed 
 below, followed by separation of theground mrterials into sieve fractions U.S. Sid. Mesh Nos. +45 (ooare);+ 100 (intermediate); and - 100 (fines). Yields of the different frac-tions were determined by screen
utilizing screens of the same 

analyses of the ground materials,

mesh numbers (45 and 100). according
to AOAC (1970) procedures. Protein (AOAC, 1970) and acid deter-
gent fiber (Goering and Van Soest, 
 1975) contents of wble podswere determined. All determinations were caried out i triplicate.Pror to grinding. the pods were treated as follows: (1)Raw pods

(no treatment); (2) pods passed once through a Brady low-cost extru"der(0150"C 60 sec; manufactured by the Brady Extrider Corp" 23535Telo Ave.. Torrance, CA 90505); (3) pods toasted at 155"C for 20min (toaster described below); and (4) blend of mesquite pods and 

Authors Del Valle end M 7ore with Fundacidn de Investiga.
ioners enCienciesAfti n~ts y Nurricid A., 
 artdo Postal
1545, SucursalC,Chihuahua, Chih., Mexico.Authors Becker on&'Saunders are with USDA, ARS, Western Regional Research Cen-

er 0BuchananStre Berkeley,Caifonia9470. 

cracked dehulled soybeans (50:50). passed one time through the Brad)extruder (50C. 60 sec).
Thi toaster consisted of a perforated rotating drum equipped withtwo rows of equally spaced (2in. or 5.1 cm) butane gas burners placed5.1 cn) from the drum surface. Each row contained 14the distce between rows was 5. bu andcm.Burner diameter w an'9 

(38 in). Perforations on the surface of the drum were uniformh spacedon a 2.5 cm(a. in) qar(i in) sqluane pattern; eache n perforation was 0.50.5eace oat wer cm (3.'16cm
in) in diam. The drum pcewas 40.6 cm (16 in.) in dian and 69.9 cm(27.5 in) long; its rotation speed was 26 rpm. Temperature inside the
drum, neasured with a thermocouple placed in the muddle of the drumaxis, was adjusted to the desired value by varying gas flow rate into 

burn Pteliminm) tests indicated that 10 kg mesqwte pods loadedinto the d 'r
permitted good circulation of solids, and, hence, goodheat transfer from hot gases to solids.
Pods were ground by passing I or 4 times through an Alpine pinmill (ModelA40X)A, Alpine Aneican Corporation, 5Michigai Drive.To determine protein yields, distribution of total protein among thedifferent sieve fractions was calcu ased upon weight yield of agiven fraction (from screen anal ; and protein concentration in that

fraction. 
Data were statistically ay. d in two ways: (1)the significanceof the overall effect of independent variables on dependent variableswas determined by application

(Spiegel, 
of Analysis of Variance techniques1975); and (2) individual mean values were compared bymeans of t-tests (Spiegel, 1975).The anticipated cost of whole raw mesquite pods aslafed. Costs of other common well as of theplotein-ennched product consideredfoods available in Mexico (e.g..

to be the optimumbortillas, beans, etc.) were calcuwere corn.obtained and expressed as relative costswith mspect to costs of the two mesquite products previously men
tioned. 

RESULTS & DISCUSSION 

THE PROTEIN and acid de.ergent fiber contents of whoie
mesquite pods were 14.2% and 34.4%, respectively. Theseresults are in agreement with those obtained by Del Valle etal. (1983).

Results of the scrn analyses performed on the different 
retsfte an ales pearepreteiaed and ground samples, 

on aesif as well asof variance calculation performed results of analysison the same data, are reported in Table I. Yields of the different mesh fractionssignificantly different from each other (p 
were 

< 0.01). Type ofprocess significantly affected yield of fines (p < 0.05).the withtoasted and extruded samples producing the maximumamount, and the untreated sample producing the minimumamount of this fraction. Passing a given sample four timesthrough the mill significantly increased (p < 0.05) its yield of 
fines.qC iderable diffirc was eo ted in passing 00%
mesqite trough the Br,-'extruder; due, possibly, to the gum
and sugar contents of the pods, the extruder tended to "plug
up". On the other hand, no such difficulty was experienced

with the mesquite/soybean blend.
Application of l-tests to increase in yield of fines obtainedbetween I and 4 passes through the mill revealed that thesample which exhibited theMiied maximum increase was the100% product (21.5%, p ex< 0.01), followed by thetoasted mn raw samples, for which increases in yield were11.4% (p < 0.01) and 9.4% (p < 0.01), respectively. The 
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MESQUITE POD FIBER FRACTION... 
Tablo I-Screen analyses of mesquite Products ofter grinding in an alpine pin mill 

Percent of total weight in sieve fraction'.=Type of process +45 
One pas through mill 

+100 Four passes through millUntreted (Raw) -100 +45 +.100 
Extruded, 42.9 20.7 36.4 45.646.3 0.612.8Toasteda 51.727.1 6.6Extruded 5050 7.9 65.0 

20.8 
17.8 5.8mesqurtersoybean blend' 23.5 15.2 61.3 20.5 12.9Results of analysis of variance. significant main effectsType of process'Number of passes through mill' 

Mesh size ' 

USStandard Mesh Number.
'Resvuts inthis wort reported as means of throe determinationsBrady extruder. one pi. c sacof t OrC.

Rotary drum toaster, 20 min at 155*C. 

* Srgmficant at p < 0.05 level

fSignificant atp < 0 01 level.
 

minimum increase in yield of fines occurred with the extrudedblend (5.2%). which was also significant (p < 0.01).Protein and acid detergent fiber contents of the sieve frac-tions for the different processes are shown in Tables 2 and 3,respectively. For both parameters, type of process and meshnumber were significant at the p < 0.01 level, while number
of passes through the mill was not significant. Protein wasmost concentrated in the fines, with average concentrations forthe 100% mesquite samples being about 25%, and that of themesquite/soybean blend exceeding 32%. Acid detergent fiber,on the other hand, was minimum in the fines, with valuesvarying from approyimately 13% to 17% in most samples. Inthe case of the extruded and toasted products, protein waslowest in the + 100 mesh fraction. The toasted sample exhib-ited the lowest protein content of all 100% mesquite products,while blends of mesquite with soybeans exhibited the highestprotein and lowest fiber of all samples, as expected. Concern-ing the latter (mesquite/soybean blends), Table 3 shows thatthe sieve fiaction containing the maximum amount of fiberwas the intermediate, or + 100 mesh, material.Percent distribution of total protein among the different sievefractions, as well as corresponding results of analysis of var-iance calculations are shown inTable 4. Whereas type of process
was not significant, number of oa 
 ses through the mill and
mesh number were both significant at the p < 0. 10 and p <
0.01 levels, respectively. The maximum amount of protein wasalways recovered in the fines, and protein recovery in thisfraction was significantly increased by increasing the numberof passes through the mill (p < 0.10). The highest recoveryin the fines after 1 and 4 passes through the mill correspondedlo the extruded 50/50 mesquite/soybean blend (73.8% and70.7%, respectively) and the extruded !00% mesquite product(47.0% and 80.4%, respectively). Th highest increases inrecovery. resulting from increasing the number of passes through 

Table 2-Protein content of mesqute productsafter grinding in 

Type of procssUntreated (Raw) 

ToEsted' 
ETruded5 

mesquite, soybean blend' 

Type of process' 

Mesh size'
 
SUS Standard Mth Number
 

the rill from I to 4, were exhibiAd by the toasted and l(X, Tmesquite extruded product'i (36.0% and 33.4%, respectivel:..p < 0.01), whereas raw .mcuite exhibited only a small, butsignificant, increase under the same conditions (7.6%, p <0.01). Protein recovery in the fines Untas not significantly (p > Exr0.10) affected in the extruded 50/50 rmesquite/soybean blend Exirby increasing the number of passes through the mill from I to4.
Extrus-nn ot 100% mesquite gave maximum protein con-

m 

centration and protein recovery in the fines. 
Nun

As noted previ-ously, however, considerable difficulty was Me$ 
extruding 100% mesquite, 

experienced in u.Sso this process would probably not 6Re!be a practical option. Of the remaining two processes utilizing100% mesquite, . Braraw pids gave higher protein concentration, *Rotbut lower protein recovery, in the frmes than toasted pods. The ITSiI Rorprocess utilizing extruded 50150 mesquite/soybeans gave ex-cellect protein concentration and protein recovery in the fines. 
1,s9 

This proc !ss would be ideal for applications involving extension or fortification of mesquite with soybeans,It might be noted that fibemore sophisticated procedures forutilization of mesquite pods than those described in this work 
nun 

have been developed; these include separation of seeds and 
C 

other fractions from whole pods (Mayer, 1984). Due to their 
wh( 

high cost, however, these procedures would probably not be 
in r 
sensuitable for use in developing countries. ing 
butSI
 

SUMMARY & CONCLUSIONS

IF MESQUITE PODS are ground, either raw or after differentpretreatments, and the ground material is separated into +45. 

the 
+ 100 and prof- 100 mesh fractions, protein is concentrated andfiber reduced in the fines (- tire100 mesh) with respet' to theother fractions. Although yield of fines and protein iecovery 

obu 
in the fines were appreciably increased, neither protein nor 

onig 
sinc 

an alpine pin mill and screening to different mesh fractions 
One pass through mill Percent protein in sieve fractionc.t 

+45to 100 - 10014.4 +4523.7 8.1 

13.6 8.0 25.0 17.27.7 6.3 19.1 11.420.4 14.6 32.1 24.7 

Results of analysis of variance: significant main effectw 

"Results on this work reported at, means of three determination.
Brady etruder one pass, 60 secat 150-C.
 

- Rotary drum toaster. 20 mmat iSS*C
* Number of Pases through the mill not significant i p < 0.10 level.
'Significant I p < 0.01 level 
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Four pasos through mill 

+100 
10.7 

13.1 
7.6 

23.4 

-100 
45.8 Unt 
73.2 Exit 
76.4 Toa 

Exti 
66.5 rr 

Typ
Me!U 

RO, 

Bra 
Ro 

* Nu 

t i 

bei 
fini 

conflex 
-100 
17.2 VOl\ 

24.9 
18.1 simi 

29.3 derx 



Table 3-Acid dete gent fiber content of mesquite products after grinding in an alpine pin mill and screening to different mesh fractions 

Percent acid deterrent fiber in sieve fraction*i 
One pass through mill Four passes through mill 

Type of process +45 + 1DO -100 +45 + 1DO -100 

Untreated (Raw) 
Eerruded' 

47.1 
36.9 

36.2 
24.0 

26.8 
12.8 

52.8 
31.6 

23.1 
28.9 

13.2 
127 

ToastedO 53.2 36.5 17.3 49.2 50.7 201 
Extruded 5050 

mesquite soybean blend' 23,8 27.3 8.2 16.3 18.7 104 

Results of analysis of variance. significant main effects, 

Type of process' 
Mesh size' 
*u.S Standard Mesh Number 
t Reuftj inthis work reported as means of three elerm instions 
'Brad ortrude, one pas 60 s in 150'C 
ARois ' drum toaster. 20 min at 155C. 
* Number of passes through mil not significant at p < 0.10 level 
',sgnifmcs.nt at p < 0.01 level. 

Table 4--Distribution of total protein in sieve fractions for mesquite products, after grinding in alpine pin mill and screening to different mesh fractions 
Percent of total protein in sieve fractiono .b 

One pass through mill Four passes through mill 
Type of process +45 + 100 -100 +45 +100 -100 

Untreated (Raw) 2-J.8 18.2 54.4 30.8 7.2 62.0 
Extruded, 18.0 34.9 47.0 15.7 3.9 80.4 
Toastedd 54.4 13.1 32.5 9.9 21.5 68.5 
Extruded 50'50 

m,,quntesoybcan blend" 16.9 8.3 73.8 18.4 11.0 70.7 

Results of analysis of variance: significant main effectse 
Number of passes through mill' 
Mesh numberg 

aU.S Standard Mosh Number 
6Resuits in this work reported as meani of thr. diterrmiWlons 
9Brady aIsruOc, on# pass. 60 amat So'C 
dRotary drum loaster, 20 mn @t155'C 
*Type of prccess not significant - p > 0 10 
'Signifcant at p < 0 10 level 
CSignilfcanl at p < 0.01 level 

fiber in the fines were appreciably changed by in rt:;.-.,i : 
number of passes through the mill from I ,.AOf the different pretrearments studied, extrusion, either of 

whole pods or of pods in a 50'50 blend with soybeans, resulted 
in maximum protein concentration and recovery in the fines; 
serious difficulties, however, were ercounteied when extrud-
ing 100ch pods. Toasted pods gave greater protein recovery,
but lower protein concentration in the fines than did raw pods. 

The process most suitable for industrial exploitation appears 
to be that which utilizes 100% raw pods passed one time through 
the mill, for the following masons: (j) the fines contain high 
protein and low fiber, approximately 24% and 27%, respec-
tively; (2) a i.asonably good protein recovery in the fines is 
obtained, approximately 55% of the total protein found in the 
original whole pods; (3) processing costs would be minimum. 
since no pmtreatment, and only one pass through the mill would 
be requiied; (4) raw material cost would be minimum, since 
blending with soybeans would not be requiredp(5) since the 
finished product (the fines or - 100 mesh fraction) would only 
contain mesquite, and not soybeans, it would reflect maximum 
flexibility in applications; and (6) the process would not in
volve extrusion. 

Given the abundance and low cost of mesquite pods and the 
simplicity of the recommended process, there appear to be 
excellent possibilities for the utilization of this previously un-
derexploited raw material in developing countries. 
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ABSTRACT
 

Mesquite pods (Prosopis spp) from two species of mesquite trees were
 

industrially processed by toasting, grinding and screening to produce three
 

fractions (large, intermediate and fine). The fine (-100 mesh) flour was
 

enriched in protein and reduced in fiber compared to the other fractions and
 

the starting material. Of the processing conditions studied, toasting at
 

1250C for 40 minutes was found to result in a maximum yield of fines and
 

maximum protein availability (measured by red flour beetle larva growth). The
 

final product was a fine (-100 mesh) cream colored low cost flour with many
 

potential applications in the food industry.
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INTRODUCTION
 

Efforts aimed at obtaining enhanced protein, reduced fiber fractions from
 

mesquite (Prosopis spp) pods have been reported in previous papers (Del 
Valle
 

et al., 1986, 1987). The optimum process found (Del Valle et al., 
16917)"
 

involved grinding toasted mesquite pods in 
an Alpine mill and screening the
 

resulting flour through 45 and 100 mesh screens. 
 The fraction passing through
 

the 100 mesh screen (-100 mesh) was enhanced in protein and reduced in fiber
 

with respect to whole pods as well as the other fractions. Screening of pod
 

fractions in both of the above publications, however, was carried out
 

utilizing laboratory screens. Also, only one type of mesquite, that obtained
 

in the area adjoining Chihuahua City, Mexico, was utilized.
 

The studies reported here were designed to optimize the processing
 

conditions and equipment to produce the maximum quantity of the protein
 

enriched, reduced fiber fraction of optimal protein quality. 
In addition,
 

processing characteristics of two different species of mesquite pods were
 

compared; those obtained from the area near Chihuahua City, Mexico, and those
 

obtained from the area near Irapuato, 6uanajuato, Mexico. Species from the
 

Irapuato area were investigated because this area produces large amounts of
 

pods which could serve as 
raw material for future industrial exploitation of
 

mesquite.
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MATERIALS AND METHODS
 

Pod collections in the Chihuahua City area were from Prosopis glandulosa
 

trees and in the Irapuato area from P. juliflora. The whole mesquite pods of
 

both species were processed by toasting followed by milling in an *Alpine Pin
 

Mill operated with both discs rotating. The milled material was sieved
 

through an industrial screen equipped with U.S. Standard 45 and 100 mesh
 

sieves so that three fractions were obtained: oversized (retained on the 45
 

mesh screen); intermediate (passing through the 45 mesh screen but retained on
 

the 100 mesh screen); and fines (passing through the 100 mesh screen).
 

The toaster and pin mill used inthis work have been described elsewhere
 

(Del Valle et al., 1986). The industrial screen was a grain cleaner (scalper)
 

(Harper and Del Valle, 1987) to which the 45 and 100 mesh screens were
 

adapted. Toasting temperature-time conditions studied were: 100"C for 40 or
 

80 minutes, 1250C for 20 or 40 minutes, and 1500C for 10 minutes.
 

In each industrial screening run, total weight of material fed to the
 

screen and weights of the three resulting fractions were determined. The
 

fractions were analyzed for particle size by laboratory screen analyses (+45,
 

+100, -100 mesh) and for proximate chemical analyses (moisture, ash, fat,
 

protein, and acid detergent fiber) using ADAC (1970) methods. All
 

determinations were run in triplicate and reported as means. 
The fines
 

fractions resulting from the industrial screening runs were analyzed for
 

protein quality utilizing red flour beetle (Tribollum castaneum) larvae
 

according to the method of Vohra et al. (1978).
 

All results were statistically analyzed utilizing Analysis of Varience and
 

Student's t-Test techniques (Spiegel, 1975).
 

*Reference to a company and/or product named by the Department is only for
 
purposes of information and does not imply approval or recommendation of tne
 
product to the exclusion of others which may also be suitable.
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RESULTS AND DISCUSSION
 

The proximate chemical compositions of the pods from Chihuahua and
 

Irapuato are shown in Table 1. The Irapuato pods contained significantly more
 

ash and acid detergent fiber (p<O.05, t test) than Chihuahua pods. Fat and
 

protein contents were not significantly different (t test). The pod moisture
 

content is affected by ambient humidities, so these "ifferences are not
 

critical. These results are consistent with analyses of pods from similar
 

Prosopis species (Becker and Grosjean, 1980; Meyer et al, 1986).
 

The yields and compositions of the different process fractions are shown
 

in Tables 2 and 3. The higher toasting temperatures tested resulted in
 

generally higher yields of -100 mesh material, the desired product, and
 

correspondingly lower yields of +45 and +100 mesh material. 
 The material lost
 

during processing was 
primarily from the +45 and +100 mesh fractions. Minor
 

equipment modifications are expected to reduce this amount in future runs.
 

Laboratory screen analyses of the industrially produced fraction
 

demonstrated that the process successfully produced a fine fraction with only
 

small amounts of larger pieces. The +45 and +100 mesh fractions contained
 

some -100 mesh material which could probably be recovered. Toasting at 125°C
 

for 40 minutes or 1500C for 10 minutes gave both the highest yield of -100
 

mesh material and fewer large (+45 and +100) comtaminanti; in the fine fraction.
 

Toasting at 125 0C for 40 minutes resulted in fines with higher levels of
 

protein, ash and fat and lower ADF. 
 Lower toasting temperatures (1000C for 40
 

or 80 minutes) resulted in higher protein levels but reduced yields.
 

Comparison of the pods from Chihuahua and Irapuato showed little
 

difference in yield (Tables 2 and 3). Processing the Irapuato pods resulted
 

in less net loss, due to improvements and experience with the process.
 

\'V2
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As with the pods from Chihuahua, toasting the pods from Irapuato at lower
 

temperatures resulted in higher protein levels but lower yields. Toasting at
 

1500C for 10 minutes gave high protein and high yield but created off flavors.
 

Growth of red flour beetle larvae Indicated that toasting at 1250C for 40
 

minutes optimized protein availability (Table 4). This assay has been found
 

to be a good measure of protein quality, especially when similar products are
 

being compared (Vohra, et al. 1978).
 

Organoleptic evaluation by a taste panel (data not shown) indicated a
 

strong panel preference for the sample toasted at 125°C for 40 minutes.
 

Because of the agreement between the panel and the insect assay, the preferred
 

toasting conditions were Judged to be 125"C for 40 minutes.
 

The above observations support the following conclusions: Prosopis species
 

pods from different sources and of different varieties can be successfully
 

processed on an industrial scale by toasting at 1250C for 40 minutes, pin
 

milling with both discs rotating, and sieving through 45 and 100 mesh
 

screens. Three fractions are produced; the fibrous material is concentrated
 

in the +45 and +100 mesh fractions; the fine (-100 mesh) fractinn is high in
 

protein and minerals, contains reduced amounts of fiber, has optimum protein
 

availability, and is preferred by a taste panel. This process appears to be
 

highly economical and produces a flour with many possible applications in the
 

food industry.
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Table 1: 	 Proximate chemical analyses of whole Chihuahua and
 
Irapuato mesquite pods.
 

Proximate Chihuahua Irapuato

Analyses, % Mesquite 
 Mesquite
 

Pods Pods
 

Moisture* 
 0.79 	 4.12
 

Ash** 
 3.0 	 4.09
 

Fat*** 
 1.63 	 1.84
 

Protein*** 
 11.33 10.76
 
(N x 6.25)
 

Acid Detergent Fiber** 28.30 
 30.95
 

*Differences between the two mesquite types significant at
 
P<0.0l level (t test).
 

**Differences between the two mesquite types significant at
 
P<0.05 level (t test)
 

***No significant differences between the two types of mesquite
 
(t -test).
 



Table 2. Characteristics of fractions derived from pods harvested near Chihuahua City, Mexico
 

oasting 
 Yield Net Screen Analysesa Proximate Composition (%)
 
Conditions +45 
 +100 -100 Loss +45 +100 -100 H20 Proteinb Ash Fat ADFc
 

100°C/40 min. 23.5 - - 7.9 92.5 0.4 6.7 2.9 9.1 4.1 2.1 49.1
 

24.1 - 59.7 36.1 3.9 3.3 9.5 3.9 2.4 37.3 

- - 45.0 2.0 7.2 90.7 4.3 15.2 4.3 4.0 23.2 

100°C/80 min. 42.0  - 6.7 90.9 1.5 7.2 3.5 9.6 4.1 2.8 43.6 

- 12.3 - 40.4 54.5 4.8 3.9 9.8 3.5 3.0 36.7 

- - 39.0 3.7 9.0 87.2 3.5 15.6 4.0 4.3 21.2 

125°C/20 min 19.0 - - 17.4 57.2 2.0 38.7 1.5 9.6 4.0 2.6 44.4 

- 13.6 - 54.3 29.5 15.4 2.7 7.4 3.7 2.6 47.2 

- - 50.0 2.0 6.7 90.3 3.1 14.5 4.0 3.4 29.2 

125 0C/40 min. 19.4 - - 7.3 69.7 1.7 27.6 3.0 10.4 
 3.7 2.4 48.9 

- 19.4 - 57.9 29.1 12.6 3.7 9.2 3.5 3.9 48.9 

- - 53.9 0.9 3.2 95.7 3.8 19.1 4.4 6.3 21.0 

1500 C/10 min. 16.1 - - 16.2 67.7 1.9 29.7 3.8 11.9 3.8 3.9 46.2 

- 14.0 - 79.0 9.8 11.0 2.6 13.6 4.3 3.8 33.0 

- - 53.7 3.0 4.1 93.3 6.0 13.8 3.6 4.6 24.9 

a. U.S. Standard Mesh, Laboratory Analyses
 

b. N X 6.25
 

C. Acid Detergent '-Iber
 



Table 3. Characteristics of fractions derived from pods harvested near Irapuato, Mexico
 

Toasting 
 Yield Net Screen Analysesa Proximate Composition (%)
Conditions 
 +45 +100 -100 Loss +45 +100 -100 H20 Proteinb Ash Fat ADFc
 

100°C/40 min. 18.7 - - 3.3 95.1 0.2 4.7 2.6 6.2 2.0 1.5 50.4
 

- 31.6 - 62.6 35.6 1.8 2.8 8.7 3.3 1.5 33.5 

- - 46.9 10.1 22.9 67.3 3.6 15.2 4.3 2.4 23.6 

100°C/80 min. 26.2 -  10.4 89.5 1.4 9.1 3.3 7.7 2.7 1.5 51.8 

- 32.4 - 48.5 50.6 1.2 4.0 8.3 3.0 1.8 39.0 

- - 31.8 6.6 28.0 66.1 4.8 14.0 4.0 2.9 25.5 

125 0 C/20 min. 12.5 - - 6.2 86.7 0.2 13.1 1.7 7.4 2.0 0.8 54.0 

- 31.3 - So.5 30.3 11.2 3.1 8.0 3.5 1.9 40.5 

- - 50.0 2.3 6.3 91.2 3.3 10.7 4.0 2.6 24.2
 

125 0C/40 min. 12.9 - - 2.9 88.7 0.4 10.9 2.0 6.5 2.2 0.9 55.6 

- 29.6 - 68.6 19.7 11.7 3.4 7.1 3.1 1.9 46.2 

- - 55.1 4.1 7.3 88.6 3.6 11.6 4.3 2.4 28.4 

150°C/10 min. 8.8 - - 8.8 90.3 0.3 9.4 2.8 5.9 2.3 1.6 57.4 

- 24.0 - 71.7 14.2 14.1 3.9 12.4 3.5 2.9 35..9 

- - 58.4 4.9 7.1 88.0 2.9 14.4 1.9 1.4 20.3 

a. U.S. Standard Mesh, Laboratory Analyses 

b. N X 6.25
 

C. Acid Detergent Fiber
 



Table 4. Protein quality of different Chihuahua mesquite samples, determined
 
by weight gain of Red Flour Beetle (Tribolium castaneum) larvae
 

Toasting Weight Gain 
 Mean Weight Gain Per
 
Conditions Per Larva, 
 Larva + Std. Deviation
 

mgb,c
 

CONTROL SAMPLE, 2.90
 
Whole wheat floura 3.05 2.96 ± 0.6
 

2.93
 

1.21
 
1000C/40 min* 1.21 1.18 ± 0.12
 

1.01
 

1.24 
IDO°C/80 min.* 1.24 1.24 ± 0.01
 

1.25
 

1.34
 
125 0C/20 min.** 1.25 1.24 ± 0.05
 

1.18
 

1.18
 
125 0C/40 min.** 1.58 1.71 ± 0.13
 

1 .67
 

1.12
 
150°C/10 min.*** 0.90 0.97 ± 0.11 

0.86
 

1500C/20 min.*** 
1.38
 
1.19 1.31 ± 0.09
 
1.36
 

aControl sample according to method of Vohra et al. (1978).
 

bRed flour beetle (Tribolium castaneum), according to method of Vohra
 
et al. (197B).
 

CF-value between type of process (5/12 degrees of freedom) - 14.99,
 
significant, p<O.01 level.
 

*Difference in weight gain due to change in toasting time at 1000C not
 
significant (t test).
 

**Difference in weight gain due to change in toasting time at 125C
 
significant at p<0.05 level (t test).
 

***Difference in weight gain due to change in toasting time at 1500C
 
significant at p<0.01 level (t test).
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SPECIFIC
 
C/A 	No. 58-91H2-4-0ooo5
 

WHEREAS, the United States Department of Agriculture, Aqricultural 
Research
Service, hereinafter referred to as 
ARS, and Instituto de Investigaciones
Tecnologicas (INTEC), hereinafter referred to as 
the Cooperator, desire to enter
into this cooperative agreement for the research investigations set forth herein;

and
 

WHEREAS, there is a need to assess potential of crops in Chile which are tolerant

of drought, salininty, and temperature stress; and
 

WHEREAS, ARS is interested in mesquite, a native U.S. 
Prosopis species, for reasons
of its drought tolerance, its yiel 
 nf pods (sugar and" protein) and biomass (wood);

and
 

WHEREAS, the parties desire to investigate the food and feed potential 
of
leguminous trees which are 
indigenous to marginal 
areas of known stress; and
 

WHEREAS, evaluation will 
include seed and pod yield and conversion to food and/or
feed suhfractions through conventional 
or innovative processing sequences;
nutritional evaluation of plant parts by chemical 
factors; and incorporation and
performance of seed fractions in food systems; and
 

WHEREAS, data generated will 
be related to economic justification of developing
specific plants, and will 
be used to assist breeders in selection of tolerant
 
plants; and
 

WHEREAS, it is the intention of the parties to this cooperative agreement that
such research investigations shall 
be for their mutual benefit and for the benefit
of the people of the United States and other countries; and
 

NOW, THEREFORE, for and in consideration of the promises and mutual 
covenants
herein contained, the parties hereto do mutually agree with each other as follows:
 

A. 	The Cooperator Agrees:
 

1. 	The Cooperator will conduct research studies on the tasks listed below
as detailed in the 
"Scope of Work" outlined in EXHIBIT "A" attached
 
hereto and made a part hereof:
 

a. 	Pod collection.
 

b. 	Selection of pods for" analysis.
 

c. Subfractionation of pods, 

d. Analysis of pod subfractions. 

e. Food, feed, and industrial evaluation of pods, pod subfractions, and 
foliage. 

f. Preliminary economic evaluation for Prosopis. 
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SPECIFIC
 
C/A No. 58-9lH2-4-000o5
 

2. 
To provide the necessary personnel to conduct the research investigations,

travel of the Cooperator's employees engaged in the project, and furnish
the 	necessary facilities, equipment, and supplies as mutually agreed upon.
 

3. 
To maintain current records of the investigations and provide scmi-annuel
 
reports (4 copies) of the progress ol the work to the Authorized
 
Dlepartmental Officer's Designated Representative (ADODR), including a
final report (5 copies) setting forth in detail all 
work accomplished and
results obtained. 
 Upon receipt of these reports, copies will be sent to

the following by the ADOR, Dr. R. Saunders or Dr. R. Becker:
 

Quarterly Letter Reports: 
 Area Director
 
Western Region Deputy Administrator 
National Program Staff
 

Final Report: 
 Area Director
 
National Agricultural Library 
Western Region Deputy Administrator
 
National Program Staff
 

B. 	The Agricultural Research Service Aqrees:
 

1. 	To provide the services of an ARS Representative to maintain close liaison

with the Cooperator through frequent visits and other meanE to review and

evaluate the research progress and to assist in the planning and coordin
ation of the research to be undertaken.
 

2. 	To 
provide the necessary personnel to provide technical know-how on Prosopis
pod processing technology, and define exact protocol to determine objectives

listed under paragraph 4 of the Scope of Work.
 

3. 
To conduct the following experiments during the period of performance:
 

a. 	Determine salt tolerance of Chilean Prosopis species.
 

h. 	Provide conclusive evidence that Prosopis species can or cannot utilize
 
moisture in the air through leaf absorption and transfer to the root
system (contrary to normal plant physiology). 

c. 
Obtain N-fixing rhizobia from Chilean Principal Investigator for
ongoing work at the ARS Western Regional Research Center (WRRC)
 
concerning N-fixation in Prosopis.
 

d. 	Carry out controlled chick, 
and possibly sheep feeding experiments in
 
cooperation with the University of California, Davis, California.
Prosopis pod fractions will he prepared at WRRC from donated Chilean
 
material. 

e. 	Carry out tests 
on Prosopis galactomannan gum as a mud for oilwell
 
drilling.
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SPECIFIC 
C/A No. 5P-9lH2-4-00(05 

4. 	a. 
To assist in defraying the cost of the project by reimbursing the
Cooperator for salaries (which includes 30% fringe benefits 
on salaries),
travel of the Cooperator's employees engaged in the project, expendable
supplies and materials, including supplies and materials, in 
an amount
not to exceed $35,300 during the peri .d of this cooDerative agreement.

Indirect or overhead costs sh,: ll 
not 	be reimbursed by'ARS.
 

b. 	$15,600 ADVANCE PAYMENT will 
be issued by ARS Finance Office upon
receipt of an executed copy of this cooperative agreerment. 
 At the
time of each quarterly fiscal claim submitted to the ADODR, the
Cooperator will 
be paid for actual expenses incurred and the initial
advance will 
remain at $15,600. However, liquidation of the advance
payment must take place before the ending date of this cooperative

agreement.
 

C. 	It is Mutually Understood and Agreed:
 

1. Paym.nt ',y ARS to the Cooperator will be made on a quarterly basis, for
expenditures for each pr-vious quarter as listed in
on properly executed
invoices or vouchers to ,;,prepared by the Cooperator and submitted to the
AFDODR for approval and submission to the ARS Finance Office.
 

2. 	Items for which reimbursement will he claimed by the Cooperator 
shall not
include capital improvement, non-expendable property, nor travel-Af-"
 
employees.
 

3. 	Results of the research outlined herein may be published jointly by the
Cooperator and ARS, or by either of these institutions separately, but
manuscripts prepared for publication by either shall be submitted to the
other party for suggestions and approval prior to publication. In the
event of disagreement, either party may publish results on its 
own 	responsibility, giving proper acknowledgment of cooperation.
 

4. 	Results patented by one party are to be made known to the other party and
that the patenting party will 
give the other party a paid-up, royalty-free,
world wide license to use the patent for government purposes.
 

5. This cooperative agreement may be amended or terminated upon 60 calendar
60 days notice in writing. Participation by ARS as cited in paragraphs
B.1 	thru B.3 hErein shall 
be subject to passage by the Congress of the
United States of an appropriation of funds, from which expenditures may

legally be made.
 

Page 4 of 4
 



EXHITIB "A" C/A No. 58-91H2-4-00005 

SCOPE OF WORK
 

1. SUMMARY
 

This Agreement formally attests to a cooperative .esearch venture
 
between INTEC, Chile, and WRRC-USDA, USA. The research objectives
 
and plan of work are described herein.
 

Studies in Chile, which will be financed by WRRC-USDA through funding

originating from the Agency fot International Development, Washington,
 
D.C., USA, will focus on a detailed examination of Chilean Prosopis
 
species as a food, feed, and industrial resource. Seeds, pods, and
 
foliage from different Prosopis species will be investigated.
 
Technology will be developed to rapidly separate the pods into sub
fractions with anticipated specific end uses. Properties of pod

subfractiohs will be monitored by chemical, biochemical, and functional 
techniques. Studies will include animal feeding. The work will be 
interfaced with Prosopi7 development work being carried out by CONAF 
(PNUD/FAO Grant), the Univ. Catolica de Chile (NAS/USA Grant), and 
INTEC ( NAS/USA Grant), and with work at WRRC-USDA. CORFO and Fundacion 
Chile will be kept apprised of research progress. Fundacion-Chile 
will provide input into economic assessment of any processes or products

recommended as being exploitable from Prosopis species.
 

Project Duration: 3 Years
 

Funds to INTEC: U.S.$ 35,300
 

Principal Investigators:
 

Chile, INTEC: Maria Elena Torres
 

USA, WRRC-USDA: Robert Becker
 



2. 	PROJECT OBJECTIVE
 

Define parameters required to exploit components of Prosopis species
 

as food, feed, and industrial resources.
 

1. 	Define pod composition and relate to environmental factors
 

2. 	Establish food, feed, and industrial potential of Prosopis
 

pods and subfractionated pods.
 

3. 	BACKGROUND: PROSOPIS IN CHILE
 

For several years Chile has been engaged in work relative to development
 

of Prosopis, principally P. tamarugo and P. chilensis. Considerable data
 

are available from CORFO concerning this work. Recently, grants have been
 

made by the National Academy of Sciences, USA, to INTEC concerning nitrogen
 

fixation in Prosopis, and to Univ. Catolica de Chile concerning propagation
 

in Prosopis. During 1984, a PNUD(UNDP)/FAO program for development of
 

semi-arid areas in Chile will be initiated; this work includes further
 

In order to develop this crop, it is
development research on Prosopis. 


essential that the final product (tree, foliage, pod, etc) has an economic
 

utility. The aforementioned projucts do not addiess this critical element.
 

The project herein is designed to provide the means whereby the Prosopis
 

"product(s)" can be assessed for utilization potential. This information
 

will be made available to CORFO and CONAF in Chile, and to other institutions
 

around the world interested in Prosopis development.
 

4. 	WORK PLAN 

1. 	Pod collection
 

2. 	Selection of pods for analysis
 

3. 	Subfractionation of pods
 

4. 	Analysis of pod subfractions
 

5. 	Food, feed, and industrial evaluation of pods, pod subfractions,
 

and foliage.
 
6. 	Preliminary economic evaluation of Prosopis
 

4.1 	and 4.2. Pod collection and selection for analysis
 

A variety of pods collected from P. tamarugo and P. chilensis will be
 

provided to INTEC by CORFO (L. Zelada) or CONAF (B. Husch and R. Romero),
 

and 	the Univ. Catolica de Chile (0. Balboa and M. Jordon). In addition,
 

INTEC is encouraged to find other sources of Chilean pods if they appear
 

to have potential. Since there is a wide variation in pod characteristics,
 

the 	pods selected for further study will represent such diversity, but
 

should be limited in number (but at least five) to avoid overtaxing research
 

facilities. It is essential that pods should be derived from known tagged
 

trees, and if possible with defined or determinable ecological parameters.
 

Furthermore it would be benefivial if pods could be obtained from those
 

trees which are under investigation for nitrogen fixation and propagation
 

in.other research projects. Pods which subsequently are shown to possess
 

desirable economic value can thus be related to specific trees, which would
 

then become the germplasm for future development. Investigations in 1985
 

and 1986 would be expected to be carried out on pods from those same trees
 

showing the most promise after examination in 1984.
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4.3. 	 Subfractionation of pods
 

With advisory input from WRRC-USDA, selected pods would be separated

(milled) into seeds, endocarp amd exocarp subfractions. The seeds would
 
be further fractionated into seed coat (including gum) and cotyledon.
 
The other fractions may be further milled into flours.
 

4.4. 	 Analysis of pod subfractions
 

Whole 	pods or separated subfractions, and foliage which would be.a crude
 
fraction separable from collected pods during their initial cleaning,

will be analyzed for nutrient content (protein, lipid, ash, fiber, sugars

and moisture) using standard methods to be supplied by WRRC-USDA. A

specific analysis for gum would be carried out using a method to be supplied

by WRRC-USDA. In vitro enzymatic digestion of these Prosopis fractions

will be carried out to predict their potential digestibility for monogastric

and ruminant anirals, using procedures to be supplied by WRRC-USDA.
 
Certain protein fractions would be sent to WRRC-USDA for amino a.id analyzes.
 

4.5. 	 Food, feed, and industrial evaluation of pods, pod subfractions. aid
 
foliage.
 

Based 	upon data generated in 4.4, 
a limited number of rat feeding experiments

will be subcontracted by INTEC, to be carried out in Chile. 
These 	will be
 
PER measurements. 
if requested by WRRC-USDA, INTEC will be responsible for

ensuring that CONAF or CORFO provides large quantities of pods to WRR -DA

for chick and pig feeding to be carried out in the USA. CORFO (L. 
 Zel a)

has indicated that there wculd be no charge for such pods, although shipping

costs 	may have to be paid from funds provided to INTEC.
 

In addition, CONAF and CORFO expect to carry out further sheep feeding trials
 
at Pampa del Tamarugo. 
Data from these studies will be made available to

this project. 
WRRC-USDA and INTEC will advise on processing of pods prior

to such sheep feeding trials. It is expected that no charge would be made
 
to INTEC funds concerning these animal trials.
 

in addition, if INTEC believes that further animal feeding trials could be
contracted with other institutions in Chile at an acceptable cost, they arc

encouraged to do so. 
 Prior to such trials, WRRC-USDA should be contacted
 
for design input.
 

Pods and pod subfractions will be tested as adjuncts in foods deemed

appropriate for new and traditional Chilean and U.S. consideration. This

will necessitate measurement of physicochemical attributes as commonly

employed in food science to predict potential food characteristics, such as

farinograph, amylograph, etc, incorporation of the materials into foods

(anticipated to be mainly baked bread type foods). 
 CORFO has suggested that

such food product tests may also include fishmeal and/or dried milk products

indigenous to the Pampa Del Tamarugo region; INTEC is encouraged to act on

this suggestion. 
The studies would include statistically correct consumer
 
testing/organoleptic appraisal in the 
INTEC 	facility. In the final year, it
would be advantageous if similar testing could be carried out with the local
 
Pampa Del Tamarugo population. Consumer acceptance of recommended products

would be carried out in standard hedonic taste tests, by comparison of the
 
Prosopis modified food with a nonmodified control, and by general reaction to
 
new Prosopis-based foods.
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INTEC will carry out studies to separate the galactomannan gum from
 
the Prosoois seed coat, using procedures recommended by WRRC-USDA, and
 
will compare the gum physical and chemical properties with those of guar
 
gum. Such properties will include gelation and viscosity; WRRC-USDA will
 
supply a standard guar gum for comparison purposes.
 

INTEC will carry out fermentation studies on selected pod subfractions to
 
test their value as a substrate for ethanol (energy) production.
 

INTEC will supply WRRC-USDA pod subfractions to be tested for toxic
 
antinutrients. 
The procedures used by WRRC-USDA will be subEequently

provided to INTEC so that their facility could become skilled in this
 
assay in foods and feeds.
 

4.6. Preliminary economic evaluation of Prosopis
 

To attract c-mmercial interest in the production and processing of
 
Prosopis spei:-es it is essential to demonstrate favorable economics.
 
A preliminary determination will be made by INTEC with input irom
 
Fundacion-Chileon the valie of the various fractions that are developed

from the pod pericarp and seeds, and foliage. This will be done after
 
work ,npod subfractionation, chemical analysis, ana food and feed
 
evaluations have progressed sufficiently to identify potential

commercial pioducts for which the various Prosopis materials can be
 
substituted. The priceE of these commercial products will be used to
 
provide guides as to the 
ialue of the Prosopis fractions which are their
 
potential substitute. 
The prices will be verified, discounted or
 
increased depending cn evaluations made by potential users who will have
 
been provided product samples from the project.
 

INTEC must hold meetins with Furidacion-Chile at frequent intervals during

the life of the project to fully apprise them of developments, but
 
especially to solicit their early input into the economic assessment of
 
Prosopis; this has been agreed to by A. Wylie and F. Sanchez of Fundacion-

Chile.
 

5. COLLABORATIVE ARRANGEMENTS
 

It is essential that INTEC collaborate with other Chilean investigators re

Prosopis, including CONAF, CORFO, Univ. Catolica de Chile and(section 4.1)
Fundacion-Chile (section 4.6). INTEC is also encouraged to interact with
others around the world engaged in Prosopis development, and especially
P. Felker, USA. Cooperation with WRRC-USDA will be maintained throughout
the life of the project, which will include assignments of INTEC staff at 
the WRRC-USDA research facility in USA.
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1986 

The funds to be provided to INTEC by WRRC-USDA (original source, Agency

for International Development, USA) and their proposed distribution on
 
an annual basis is outlined in Table 1.
 

Table 1. INTEC staff effort and budget summary (U.S. dollars)a
 

1984 1985 


principal investigator '.5m ($1,500) 1.5m ($1,500) l.5m ($1,500)
 
(Maria Elena Torres)

Graduate technician 1 12m ($2,400) 12m ($2,400) 
 12m ($2,400)

Graduate technician 2 6m ($1,200) 6m ($1,200) 6m ($1,200)
 

Salaries $5,100 $5,100 
 $3,900
 

INTEC overhead, 30% $1,500 $1,500 $1,200
 

Travelb $4,000 $4,000 -


Material, supplies $3,000 
 $2,000
 

Animal feeding $2,000 $2,000
 

Totals: $15,600 
 $14,600 $5,100
 

Overall total: $35,300
 

a Funds will be placed at INTEC by WRRC-USDA. Funds can be interchanged
 
within catagories at the discretion of INTEC, but with prior written
 
approval of WRRC-USDA. Funds can be carried over from year to year, and
 
will be provided at the beginning of eac'> work year. The first year funds
 
could be expected April-May 1984, subject to signing of this Agreement,
 
and final approval of USDA Administration.
 

b Travel to USA, and travel in Chile limited to pod collection form tagged
 
trees, and attendance at the 1984 International Prosopis Meeting, Chile.
 
Travel to USA may be combined with attendance at the National Academy of
 
Sciences' meetings for NAS funded researchers.
 

7. TIMEFRAME
 

The proposed timeframe in months is illustrated below:
 

Project initiation
 
S f ! i I 

0 4 8 12 
 16 20 24 28 32 36
 

Prosopis collection
 

subfractionation
 

analysis
 

animal feeding
 

food development 



8. REPORTS
 

A concise written report should be supplied to WRRC-USDA by INTEC on a
 
semiannual basis during thn life of the project. Presentation of research
 
results at meetings or in p.blications is permitted. Joint authorship
 
between INTEC and WRRC-USrA ar id/or other Chilean investigators is encouraged,
 
but not essential.
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BACKGROUND OF THE TECHNOLOGICAL RESEARCH INSTITUTE (INTEC-CHILE)
 

INTEC-CHILE is a non profit institute of industrial research,
 

created as a Committee of the Chilean Development Corporation (CORFO)
 

at the end of 1968.
 

INTEC-CHILES'S objetive is to support industry, public and pri
 
vate productive enterprises, and CORFO, in every aspect related to the
 
process of technological creation, innovation, adaptation or substitu
 
tion, by means of technical information, technology transfer and expe
rimental development, at its own laboratories and pilot plants.
 

INTEC-CHILE has been organized as an Applied Research Institute,
 

whose orientation and evaluation of operations is controlled by a Board
 
of Directors, for which members are nominated by the Executive Vicepre
 

sident of CORFO.
 

The Board appoints an Executive Director to manage the research
 
and development activities and who is responsible for the general admi
 

nistration of the institution.
 

The action of INTEC-CHILE is fundamentally geared to satisfy
 
the requirements of technological research and development of the pro
 
ductive sector of the economy, especially those of privately owned in

dustry and state productive enterprises. From these sectors the Ins
titute obtains an important fraction of its financing, by means of r
 
& d contracts that are treated on a confidential basis.
 

JYVEC-CHILE
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In addition, INTEC has been also wurking for the State, mainly
 
for the Chilean Development Corporation (CORFO) and for Regional
 
Governments analizing local natural 
resources and experimenting in
 
different ways to utilize them.
 

Since 1968, INTEC-CHILE has represented a truly national solution
 
to the problems of improving production processes, making use of natu
ral local 
resources and optimizing the utilization.of available labor
 
force, through an adequate selection and optimal use of appropiate tech
 
nology.
 

A. Type of activities carried out by INTEC-CHILE
 

To comply with its objectives of technologically assisting the
 
Chilean entrepreneural sector, INTEC-CHILE performs the following tasks:
 

-
 Provide information on technical alternatives required by in
dustrial development.
 

-
 Carry out studies on searching, evaluation and selection of
 
technologies.
 

- Serve as a link between world technology producers and owners,
 
and potential clients of Chilean indrstry, by means of an adequate
 
transfer and tecnology broker service.
 

-
 Provide adaptation of technology to local conditions, conduc
ting an performing the necessary studies.
 

INTEC- CIIILE
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- Carry out research to obtain new products and develop new 
processes, improve existing ones and facilitate innovation,,according 
to demand of private companies or 9overnme:t. 

-
 License products and processes develuped internally at
 

INTEC-CHILE.
 

- Market studies and technical and/or economic feasibility
 
studies of new activities or expansion of existing ones, related to
 

research and development work contracted.
 

-
 Render technical services that lead to technology applica
tions, such as analysis services, trouble shooting, startup and tuning
 

of industrial processes.
 

- Pilot technology - intensive production.
 

- Active participation in interdisciplinary groups, with en
gineering firms, universities or other research organizations, either
 
in joint ventures or as subcontractor, in studies to implement techno
logy application and make possible the innovation processes.
 

- INTEC-CHiLE'S field of action covers all geographical regions
 
of the country, and the Institute is capable and well-staffed for ope
rating abroad, under request. Our organization is preferentially ser
ving the needs of the food, chemical, metallurgical, mining, energy,
 
metal-mechanical and electrical industries. 
 INTEC'S involvement also
 
includes some agricultural activities.
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B. Human Resources
 

Permanent Personnel
 

Doctors of Science 


Masters of Science 


Engineers of differents
 
expertises (6 years of
 
study) 


Business Administrators 


Chemists 


B.S. Engineers (4 years
 
of studies) 


Other University Gra
duates 


Librarians 


Technicians 


Skilled workers and
 
operators 


Administratives and
 
services 


T 0 T A L 


3
 

3
 

27
 

I
 

8
 

7
 

2
 

3
 

15
 

10
 

27
 

106
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C. Organization of INTEC-CHILE
 

INTEC-CHILE comprises several division, namely:
 

- INFORMATION DIVISION
 

It answers specific enquires coming from the industry, local
 

or foreign organizations and privates. A library with about 9,000 books
 

and 150 periodicals is available. The division is also part of the
 

Lockheed Information Network (Palo Alto, California), through a satelli

te connection.
 

- METALLURGY AND CHEMICAL INDUSTRIES
 

The division &11s with the Chilean Mining Industry and Chemi
cal Industry. Its main involvement is in the field of set-up and con

trol of processes in general.
 

- FOOD INDUSTRIES, AGRO-INDUSTRIES AND INDUSTRIAL MICROBIOLOGY
 

It offers services on development, formulation and analysis
 

of foodstuffs, technology transfer, process development applied to
 
Agroindustry and Food Industry. Its field of work also includes some
 

agricultural activities.
 

- DIVISION OF PROJECTS AND ALLIED'INDUSTRIES
 

Its main objectives are the development of particular projects
 
in the fields of mechanical design, industrial refrigeration, energy,
 

electronics, process optimization and automation, environment pollution
 

and metal products.
 

INTEC-CIII.E 
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- TECHNO-ECONOMICS STUDIES
 

This division provides a supporting service to the activi
ties of the Institute as well as serving the requirements of the in
dustry in the technoeconomical field, particularly feasibility and
 

market studies and assistance in selection/purchase of technologies.
 

D. Material Resources
 

INIEC-CHILE is located in th Municipality of Las Condes, San
tiago, Chile, 06500 Santa Maria Avenue. This location, about 15 kms,
 
from downtown Santiago, has easy access, the general site having been
 

selected subsequently for the establishment of other similar research
 
and development organizations, and also bus)iness companies. INTEC-


CHILE owns a lot covering 90.000 m2. The buildings all recently cons
tructed and in excellent shape, totalize 9.600 m2., with the following
 

aproximate distribution:
 

Offices and laboratories 4.600 m2 
Pilot Plants 4.000 m2 

Machinery rooms and workshop 300 m2 

Warehouses 700 m2 

The following is a list of the laboratories, pilot plant, and
 

other existing installations:
 

a. Laboratories
 

- Electronics (circuit and systems development, electromedi

cine, professional electronics).
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- Control and instrumentation Systems
 

- Metallography
 

- Minerals microscopy
 

- Thermal treatment
 

- Powder metallurgy (obtention of metallic powder by diverse
 
methods, powder characterization)
 

-
 Chemical analysis (organic and inorganic)
 

-
 Instrumental chemical analysis (infrc'ed spectrophotometry,
 
UV, visible, atomic absorption; gas chromatographs, thermo
balance, differential calorimeter, porosity meter, etc).
 

- Extractive metallurgy
 

- Coal technology
 

- Mineral reducibility
 

- Foundry
 

- Biochemistry
 

- Food analysis
 

- Food technology
 

- Sensorial evaluation
 

- Experimental kitchen
 

- Bacteriological analysis
 

b. Pilot Plants
 

- Extractive metallurgy (mineral dressing, mineral concetra

tion, solvent extraction)
 

INTEC - CHILE 
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- Coal technology 

- Obtention of metallic powder (atomization, electrolysis, 

reduction) 

- Foundry 

- Chemical reactors 

- Solid and liquid food technology (milling, sifting, mixing, 

extrusion, dehydration, roasting, centrifugation, homogeniza
tion, pasteurization, evaporation, freezing, etc.) 

c. Workshops 

- Printed circuits assembly workshop 

- Mechanical workshop 

- Electrical workshop 

- Electronics workshop 

- Carpenters' shop 

d. Machine Rooms 

- Boilers (1.500 kg/hour) 

- Compressors (150 lb/in2) 

e. Additional Services 

There is adequate infraestructure for INTEC'S needs in technical 
drawing, photography, reproduction and printing. 

INTEC-CIHILE 
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E. 	 SUMARY OF PROJECTS CARRIED OUT BY INTEC-CHILE
 

Listed below are some of the most important projects,carried
 
out by INTEC-CHILE. 
Some of the titles of the list correspond to more
 
than one individual study.
 

1. 	 Precooking of cereals and legumes by extrusion.
 

2. 	 Development of foodstuffs to be used as 
cold school meals.
 

3. 	 Experimental development and feasibility study of producing
 
texturized vegetable protein by extrusion.
 

4. 	 Feasibility study of utilization Chilean rose hip.
 

5. 
 Production of essential oils and oleoresins at laboratory and
 
pilot 	plant level.
 

6. 	 Development of products and processes for obtaining milk subs
titutes. 
 License 	to a local company and a international orga
nization.
 

7. 	 Utilization of lupine as a replacer for soybean.
 

8. 	 Alternatives of red meat supply for the city of Iquique (located
 

in the north of Chile).
 

9. 	 Development of products from "chahar" (small fruit grown wild
 
in northern Chile).
 

10. 	 Sun drying of grapes and other fruits.
 

11. 
 Fresh water fish farming and processing in Chile (salm6n, trout).
 

INTEC - CII ILE 
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12. 	 Design, construction and start up of fruit fumigation chambers
 
using methil bromide (several projects for private companies).
 

13. 	 International course of food extrusion.
 

14. 	 Utilization of oat.
 

15. 	 Production of goat cheese.
 

16. 	 Use of agricultural and forestry wastes.
 

17. 	 Development of fish protein concentrates.
 

18. 	 Milk substitutes to be used as feedstuffs.
 

19. 	 Development of minced meats of animal origin and products de

rived from it.
 

20. 	 Processing and preservation of avocado Fruit.
 

21. 	 Drying and dehydration of vegetables, fruits and spices.
 

22. 	 Efficiency improvement of rhiiobium in white and red clover.
 

23. 	 Alternatives of apple processing.
 

24. 	 Texturization of vegetable protein other than soybean
 

25. 	 Experimental production of pasta enriched with legume.
 

26. 	 Development of a soluble coffee substitute.
 

27. 	 Hydrolysis of wheat flour at low moisture level.
 

28. 	 Design, construction and start up of fruit cold stores (several
 

projects, private industry and government).
 

29. 	 Feasibility study of shellfish processing planL (several projects,
 

private companies)
 

30. 	 Determination of the impact on the environment of a copper refi

ning plant.
 

INTEC -	 CIIILE 
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31. 	 Set up of a data file on environmental pollution.
 

32. 	 Characterization and quantification of chemical and biological
 

contaminants.
 

33. 	 Precooling - fumigation systems for export fruit.
 

34. 	 Picking and processing of chilean filbert.
 

35. 	 Post-harvesting handling of fresh vegetables..
 

36. 	 Production of ethanol from sugar beet; feasibility study.
 

37. 	 Effect of rhizobium on the development of prosopis species
 

(Prosopis tamarugo and prosopis chilensis)
 

38. 	 Nitrogen fixation related to mineral nutrition and salinity
 

in P-rosopis tamarugo and Prosopis chilensis.
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Milling and Separation of Prosopis pods Components
 

Mature pods of Prosopis chilensi. were collected from beath trees
 

from two populations: 
 Chincolco (about 150 Km north of Santiago), and
 
Peldehue (about 50 Km north of Santiago). Pods were collected from three
 

separate trees, and also 300 Kg were gathered from different trees.
 

The pods were dried to about 4% H20 in a hot air dryer. The pods
 

were broken and then milled with disk 8504 (Mill:
 
with a gap of 4 mm, 4.5 mm, and 3.8 mm. 
The Table 1 shows the different
 

yields with the different gap of the disks, and the four fractions obtained.
 

Pods of Prosopis tamarugo were collected from beneath trees of Pompa del
 

Tamarugal.
 

The pods were processed the same way as Prosopis chilensis, three
 
fractions were obtained. 
With 100 kg of pods were gotten the following:
 

9.5 Kg of seeds, 13 Kg of flour, and 71 Kg of endocarp.
 



Table 1. MILLING CONDITIONS FOR PROSOPIS CHILENSIS AND YIELDS OF THE FRACTION
 

PROCEDENCIA 

DISC GAP 
ABERTURA 
DISCO 

INITIAL
TOTAL WEIGHT 
PESO TOTAL 
INICIAL 

SEEDS 
SEMILLA 

ENDOCARP 
ENDOCARPIO 

MIXTURE 
CASCARICLA 

FLOUR 
HARINA 

FINAL WEIGHT 
PESO TOTAL 

LOST (%) 
PERDIA 

FINAL 
US - 1 4,5 mm 500 g 58 g 129.0 g 176.2 g 74.0 g 437.2 g 12.6% 
Chincolco 90 11.6% 25.8% 35.2% 14.8% 
3 Peldehue 3.8 m 500 g 41.0 g 68.4 g 241.9 g 65.0 g 416.3 g 16.7% 

63 8.2% 13.7% 48.4% 13.0% 
5 Peldehue 4.5 mm 500 g 58.1 g 99.4 q 203.4 g 45.5 g 406.4 g 18.7% 

90 11.6% 19.92% 40.7% 9.1% 

Pull Various trees 4.0 mm 500 g 79.8 g 71.4 g 231.7 g 72.4 g 455.3 g 8.4% 
Peldehue 75 16.0% 14.3% 46.3% 14.5% 

Pooled Chincolco 58 kg 8 kg 13 kg 18 kg 19 kg 

13.8% 22.4% 31% 32.8% 



The proximate composition of Prosopis pods are shown in Table 2.
 

The enzymatic evaluation of digestibility of the different fractions
 

obtained are now being assayed.
 

Work for the next period. 

-
Continuing the "invitro" digestibility of the different fractions
 

obtained by the milling of the Prosopis pods.
 

- Separation of the seed-coat and cotyledons.
 

- Obtain gum. Analysis and evaluation of the quality of the gum.
 

- Rat feeding assays (PER).
 



Table 2. PROXIMATE COMPOSITION OF PROSOPIS PODS (1)
 

FRACTION 
FRACCION 

TOTAL 
SOLIDS 
SOLIDOS 
TOTALES 

ASH 
CENIZAS 
% 

PROTEINS 
PROTEINAS 
(N x 6, 25) 

FAT 
EXTRACTO 
ETEREO % 

FIBER 
FIBRA 
% 

NNE 
E.N.N. 
% 

P. CHILENSIS 

Semilla pooled 

Seed pooled
Semilla US 1 Ch 
Seed US 1 Ch 
Semilla 3P 
Seed 3P 
Semilla 5P 
Seed 5P 

92,62 

90,76 

92,17 

93,14 

3,50 

3,28 

3,53 

3,45 

30,75 

29,06 

33,95 

30,93 

2,30 

2,02 

2,26 

2,63 

'7,91 

8,33 

7,37 

6,85 

55,54 

57,31 

52,82 

56,14 

Endocarpio #5 
poried 
Endocarpio #5
US 1 Ch 
Endocarpio #5 
3P 

Endocarpio #5
5P 

#20 pooled 
#20 USI Ch 
#20 3P 
#20 5P 

Harina #40 pooled 
Flour #40 pooled
Harina #40 US 1 Ch 
Flour #40 US 1 Ch 
Harina #40 3P 
Flour #40 3P 
Harina #40 5P 
Flour #40 5P 

95,36 

93,86 

95,71 

95,52 

96,22 
93,50 
96,27 
96,76 

95,97 

93,54 

96,89 

96,32 

1,93 

2,43 

1,83 

2,63 

2,92 
2,97 
3,23 
3,16 

3,24 

3,12 

3,79 

3,48 

6,49 

8,23 

6,28 

9,23 

6,89 
7,05 
9,82 
6,60 

7,64 

8,60 

10,60 

7,30 

0,88 

0,54 

0,53 

1,12 

1,64 
0,48 
0,92 
1,18 

2,73 

0,59 

0,91 

1,21 

41,07 

27,52 

52,31 

37,05 

11,50 
9,45 

13,11 
9,06 

3,86 

7,62 

3,62 

4,92 

49,63 

61,28 

39,05 

49,97 

77,05 
80,05 
72,92 
80,00 

82,53 

80,07 

81,08 

83,09 

P. TAMARUGO 

Semilla Ti PT 
Seed T1 PT 
Semilla T2 PT 
Seed TI PT 

91,73 

91,96 

3,85 

3,82 

31,20 

31,15 

2,80 

2,50 

10,96 

11,26 

51,19 

51,27 

Fibra T1 PT 

Endoc. T1 PT
Fibra T2 PT 
Endoc.T2 PT 

89,81 

89,29 

4,24 

3,89 

7,36 

8,16 

0,24 

0,53 

39,65 

37,24 

48,51 

50,18 

Harinilla T1 PT 
Flour Ti PT 
Harinilla T2 PT 
Flour T2 PT 

88,52 

88,36 

6,27 

6,09 

J.7;,50 

17,37 

0,95 

1,14 

19,16 

19,05 

56,12 

56,35 

(1) AS DRIED WEIGHT 



Table 3. ENZYMATIC DIGESTIBILITY OF PROSOPIS CHILENSIS AND P. TAMARUGO FRACTIONS
 

DIGESTION WITH PEPSIN, TRIPSIN, 
 DIGESTION WITH PEPSIN, TRIPSIN,

AND CELLULASE 
 CELLULASE AND PRONASE
 

TSAE TSAE REFERENCE TSAE 
 TSAE REFERENCE
SAMPLE WITH E 
 NO E CELL WITH E NO E 
 CELL
 

1 38.92 25.10 13.82 39.70 24.04 15.66
 

2 72.2 66.11 
 6.09 74.06 67.46 6.60
 

3 80.89  - 84.18 82.43 1.75
 

5 71.08 67.34 3.74 
 72.96 68.35 
 4.61
 

7 84.22 57.59 26.63 
 87.96 59.52 
 28.44
 

8 32.02  - 33.92 30.56 
 3.36
 

9 85.54 58.22 27.32 
 87.04 54.71 32.33
 

10 30.61 20.04 10.57 32.15 17.75 14.40
 

SAMPLES
 

1. P. chilensis, tree No 3, Peldehue ENDOC.
 

2. P. chilensis, tree No 3, Peldehue, MIXTURE.
 

3. P. chilensis, tree No 3, Peldehue, FLOUR.
 

4. P. chilensis, pooled, ENDOCARP.
 

5. P. chilensis, pooled, MIXTURE
 

6. P. chilensis, pooled, FLOUR
 

7. P. chilensis, pooled, SEED
 

8. P. Tamarugo, FLOUR.
 

9. P. Tamarugo, SEED.
 

10. P. Tamarugo, ENDOCARP.
 

C-.- lt 



Table 4. ENZYMATIC DIGESTIBILITY (NITROGEN ANALYSIS) OF THE
 
DIGESTED FRACTIONS OF P. CHILENSIS AND P. TAMARUGO
 

NITROGEN NiTROGEN 

SAMPLES 
 TOTAL FRACTION INSOLUBLE 


1 0.96 0.36 


2 1.51 0.48 


3 1.64 0.34 


4 0.99 0.35 


5 1.06 0.38 


6
 

7 4.56 0.71 


8 2.78 0.69 


9 4.58 0.67 


10 1.31 0.42 


SAMPLES
 

I. P. chilensis, tree No 3, Peldehue ENDOC.
 

2. P. chilensis, tree No 3, Peldehue, MIXTURE.
 

3. P. chilensis, tree No 3, Peldehue, FLOUR.
 

4. P. chilensis, pooled, ENDOCARP.
 

5. P. chilensis, pooled, MIXTURE
 

6. P. chilensis, pooled, FLOUR
 

7. P. chilensis, pooled, SEED
 

8. P. Tamarugo, FLOUR.
 

9. P. Tamarugo, SEED.
 

10. P. Tamarugo, ENDOCARP.
 

NITROGEN 
BLANK TOTAL SOLIDS % 

0.51 95.71 

0.75 96.27 

0.55 96.89 

0.62 95.36 

0.61 96.22 

2.56 92.62 

0.88 88.36 

2.40 91.96 

0.51 89.22 
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CROPS FOR PRODUCTION IN MARGINAL GROWING AREAS IN CHILE
 

The objective of this project is to define parameters required to exploit com

ponents of Prosopis species, principally P. tomorugo and P. chilensis,
 

as food, feed and industrial resources.
 

Pod Collection
 

Mature pods of Prosopis chilensis were collearted beneath the trees out of
 

two populations: Chincolco (about 150 km north of Santiago), and Peldehue
 

(about 50 km north of Santiago).
 

Pods were collected from three different trees, 300 additional kg were also
 

gathered from other trees.
 

Pods of P. tomarugo were collected from beneath the trees of the Pampa del
 

Tomorugol.
 

Separation of fractions
 

The pods of P. chilensis were dried to about 4% water in a hot air dryer,
 

broken and then milled with a Bauer disc Mill (148 - C 8), using disk
 

Nr 8504.
 

The gaps setting were 3,8; 4,0 and 4,5 m. Table 1 shows the yields of the
 

four fractions obtained, as a function of gap setting.
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TABLE 1. MILLING CONDITIONS FOR PROSOPIS CHILENSIS AND YIELDS OF THE FRACTIONS
 

ORIGIN 

PROCEDENCIA 

DISC GAP 
ABERTURA 
DISCO 

INITIAL 
TOTAL WEIGHT SEED 
PESO TOTAL SEMILLA 
INICIAL 

ENDOCARP 
ENDOCARPIO 

MIXTURE 
CASCARILLA 

FLOUR 
HARINA 

FINAL WEIGHT LOS S(%) 
PESO TOTAL PERDIDA 
FINAL 

z 

US - 1 

Chincolco 

3 Peldehue 

5 Peldehue 

4.5 mm 

90 

3.8 mm 

63 

4.5 mm 

500g 

-

500g 

-

500 g 

58 g 

11.6% 

41.0 g 

8.2% 

58.1 g 

129.0 g 

25.8% 

68.4 g 

13,7% 

99.4 g 

176.2 g 

35.2% 

2A1.9 g 

48.4% 

203.4 g 

74.0 g 

14,8% 

65.0 g 

13.0% 

45.5 g 

437.2 g 

-

416.3 g 

-

406.4 g 

12,6 % 

_ 

16.7 % 

_ 

18.7 % 
0 90 - 11.6 % 19.92% 40.7% 9.1% -

o 

rm 

Pooled (various
trees) 

Peldehue 

4 .Omm 

75 
500 g 

-
79.8 

16.06 % 

71.4 g 

14.3 % 

231.7 g 

46.3 % 

72.4 g 

14.5 % 

455.3 g 

-

8.4 % 

Poo'ed Chincolco - 58 kg 8 kg 13 kg 18 kg 19 kg -

13,8% 22.4% 31.0% 32.8% 

- I 
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The fractions obtained by the milling process of the P. chilensis ore the
 

following:
 

- Seeds
 

- Endocorp
 

- Mesocorp (Flour)
 

- Exocorp and mesocarp (mixture)
 

The process for P- tomoruao was the some as with P. chilensis, three frac
tions were obtained. The yields with 100 kg of pods was the following:
 

9,5 kg of seeds, 13 kg of exocarp and mesocorp (flour) and 71 kg of exocorp
 

(fiber).
 

Chemical Composition of the pods
 

The proximate composition of P. tomarugo whole pods from different popula

tions,and foliage are shown in Table 2 and the different fractions from
 
P. chilensis and . tamarugo ore shown in Table 3. Standard methods (AOAC)
 

supplied by WRRC - USDA were used. 

The analysis were performed from representative samples. About 20 different
 

trees for the pooled samplez, and one s-ecial from each population.
 

(Chincolco and Peldehue were gathered).
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TABLE 2. PROXIMATE COMPOSITION OF PROSOPIS TAMARUGO PODS AND FOLIAGE (1)
 
(PERCENTAGE)
 

POPULATION 
TOTAL 
SOLIDS 
SOLIDOS 
TOTALES 

ASH 
CENI-
ZAS 

PROTEINS 
PROTEI-
NAS 

FAT 
EXTRACTO 
ETEREO 

FIBER 
FIBRA 

NNE 
ENN 

Bellovisto(pods) 95.8 4.15 7.36 - - -

Pintodos(pods) 97.5 5.51 9.24 - - -

Pillalla(pods) 93.8 4.01 11.16 - - -

Pillallo(folioge) 95.6 18.06 9.14 - - -

(1) As dried weight
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TABLE 3. PROXIMATE COMPOSITION OF PROSOPIS TAMARUGO AND PROSOPIS CHILENSIS FRACTIONS (1
 

FRACTION 

FRACCION 

TOTAL 
SOLIDS 
SOLIDOS 
TOTALES 

ASH 
CENIZAS 

% 

PROTEINS 
PROTEINAS 
(N x 6,25) 

FAT 
EXTRACTO 
ETEREO % 

FIBER 
FIBRA 
1 

NNE 
E.N.N. 
% 

P. CHILENSIS 
ALGARROBO 

Semillo (vorios) 

Seed pooled 
Semillo US 1Ch 

Seed US I Ch 
Semillo 3P 

Seed 3P 
Semillo 5P 

Seed 5P 

92,62 

90,76 

92,17 

93,14 

3,50 

3,28 

3,53 

3,45 

30,75 

29,06 

33,95 

30,93 

2,30 

2,02 

2,26 

2,63 

7,91 

8,33 

7,37 

6,85 

55,54 

57,31 

58,82 

56,14 

Endocorpio # 5 
pooled 

Endocorpio # 5 
US 1 Ch 

Endocorpio # 5 
3P 

Endocorpio W 5 
5P 

95,36 

93,86 

95,71 

95,52 

1,93 

2,43 

1,83 

2,63 

6,49 

8,23 

6,28 

9,23 

0,88 

0,54 

0,53 

1,12 

41,07 

27,52 

52,31 

37,05 

49,63 

61,28 

39,05 

49,97 
# 20 pooled 
# 20 USI Ch 
# 20 3P 
# 20 5P 

96,22 
93,50 
96,27 
96,76 

2,92 
2,97 
3,23 
3,16 

6,69 
7,05 
9,82 
6,60 

1,64 
0,48 
0,92 
1,18 

11,50 
9,45 
13,11 
9,06 

77,05 
80,05 
72,92 
80,00 

Horino # 40(vorios) 

Flour # 40 pooled 
Harino # 40 US 1 Ch 

Flour * 40 US I Ch 
Harino # 40 3P 

Flour # 40 3P 
Harino # 40 5P 

Flour # 40 5P 

95,97 

93,54 

96.89 

96,32 

3,24 

3,12 

3,79 

.3,48 

7,64 

8,60 

10,60 

7,30 

2,73 

0,59 

0,91 

1,21 

3,86 

7,62 

3,62 

4,92 

82,53 

80,07 

81,08 

83,09 

P. rAMARUGO 

Semillo T1 PT 

Seed TI PT 
Semillo T2 PT 

Seed T 2 PT 

91,73 

91,96 

3,85 

3,82 

31,20 

31,15 

2,80 

2,50 

10,96 

11,26 

51,19 

51,27 

Fibro T1 PT 

Endoc. T1 PT 
Fibro T2 PT 

Endoc. T2 PT 

89,81 

89,29 

4,24 

3,89 

7,36 

8,16 

0,24 

0,53 

39,65 

37,-24 

48,51 

50,18 

Horinillo Ti PT 

Flour TI PT 
Horinillo T2 PT 
Flour T2 PT 
MU AS DRIED WEIGH1 

88,52 

88,36 

6,27 

6,09 

17,50 

17,37 

INTEC- UHILE 
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1,14 

19,16 

19,05 

56,12 

56,35 
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Digestibility of the Pod Fraction~s
 

The availability of proteins in the pod fractions obtained by milling
 

P. tomorugo and P. chilensis will be established by rat feeding trials,
 

but in vitro methods for evaluating the protein digestibility were per
 

formed because of their rapidity; this will permit to predict the poten

tial as feed for those different fractions.
 

The methodology used was the pepsin-trypsin system described by Sounders
 

et al (J. Nutr. 103 (4) 530-535 (1973). This method measures total diges

tible nitrogen rather than solubilized amino acids as other methods.
 

The results for the digestibility assays are shown in Table 4.
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TABLE 4. ENZYMATIC DIGESTIBILITY OF PROSOPIS CHILENSIS AND
 
P.TAMARUGO FRACTIONS
 

DIGESTION WITH PEPSIN, TRIPSIN DIGESTION WITH PEPSIN, TRIPSIN 
AND CELLULASE CELLULASE AN PRONASE 

TSAE TSAE REFERENCE TSAE TSAE REFERENCE 
WITH E NO E CELL WITH F NO E CELL 

1 38.92 25.10 13.82 39.70 24.04 15.66 

2 72.2 66.11 6.09 74.06 67.46 6.60 

3 80.89 80.19 0.70 84.18 82.43 1.75 

4 (*) ...... 

5 71.08 67.34 3.74 72.96 68.35 4.61 

6 80.34 79.93 0.41 83.23 80.63 2.60 

7 84.22 57.59 26.63 87.96 59.52 28.44 

8 34.41 33.26 1.15 33.92 30.56 3.36 

9 85.54 58.22 27.32 87.04 54.71 32.33 

10 30.61 20.04 10.57 32.15 17.75 14.40 

() Sample 4 under analysis 

1. P. chilensis, tree NO 3, Peldehue ENDOC.
 

2. P. chilensis, tree NO 3, Peldehue, MIXTURE
 

3. P. chilensis, tree NO 3, Peldehue, FLOUR
 

4. P. chilensis, pooled, ENDOCARP
 

5. P. chilensis, pooled, MIXTURE
 

6. P. chilensis, pooled, FLOUR
 

7. P. chilensis, pooled, SEED
 

B. P. tamarugo, FLOUR
 

9. P. Tamarugo, SEED
 

10. P. Tomarugo, ENDOCARP
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Gum extraction from Prosopis chilensis seed
 

The seeds of the Prosopis have a seed coot without a nutritional value,
 

but beneath this lies directly a fraction that could be of considerable
 

economical value; this port probably a goloctomonnon could hove different
 

industrial uses as a gum.
 

Dry Milling
 

The separation of the endosferm-splits from the cotyledon was not possi

ble with the Bauer mill; for this reason the quality of the gum as a
 

thickening agent was first measured by just milling the whole seed. Two
 

ways of mlllng were tried.
 

a. The wohole seed was milled in an A. H. Thomas laboratory mill, Model
 

ED-5. The powder was closified into the size 4 40 mesh.
 

A 1% suspension of the powder was prepared by agitation during two
 

hours,at room temperature.
 

The apparent viscosity was measured with a Brookfield Sychro-Lectric
 

Viscometer, model RUF, spindle # 3 (Figure 1). Temperature was slowly
 

raised from 2 5 Q C to 80Q C at a rote of 1Q C/min. During all the
 

heating period, apporente viscosity was djnami olly measured. After
 

reaching 80 C, the solution was cooled down naturally, and apparent vis

cosity was also recorded through 252C. Results are shown in Figure 1.
 

b. Another alternate way of milling was 
tried, by using a Jenke laborato

ry mill (Jenke and Kunkel K.G., Byp A-10), obtaining a powder size
 

4 40 mesh, after which the procedure was similar to (a).
 

The results are shown in Figure NQ 1.
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FIGURE NO 1
 

APPARENT VISCOSITY OF PROSOPIS CHTLENSIS GUM.
 
EXTRACTiON BY MILLING IN A THOMAS LABORATORY MILL AND A J.K. 
MILL
 

(1% SUSPENSION)
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For the purpose of comparing the behaviour of P. chilensis gum with other
 
known gum, the viscosity of a 1% solution of guor gum (prepared in 0 si
milor way to P. chilensis) was measured at 250 C, after heating to 80O 


and with further cooling to 259 C. Results are shown in Table NQ 5.
 

TABLE NQ 5 APPARENT VISCOSITY OF P. CHILENSIS GUM AND GUAR GUM
 
AS A FUNCTION OF TEMPERATURE
 

T Guor gum P.chilensis gum 
Apparent viscosity Apparent viscosity 

(S C) (cps) (cps) 

25 3.075 
 20
 

80 1.955 
 550
 

25 5.300 
 1.550
 

Wet process
 

As an alternative to the dry milling, this process was studied in order
 

to obtain a pure gum fraction.
 

The whole seeds were broken into pieces in a mill, then soaked in water,
 
at room temperature during 24 hours, The gum fraction swells up and all
 
the fractions (germ, endosperm with the gum, and the seed coat) were se

porated by passing through a pulping machine.
 

After the separation process the gum fraction was dried by two ways:
 

- In an oven at 452 C, durint 24 hours
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- In a spray drier; this operation was carried out in a pilot plant
 
size spray drier (Niro Atomizer), with on inlet air temperature of
 
1302 C, and an outlet air temperature of 802 C.
 

The characteristics of the gums obtained by oven drying and spray drying,
 
were assessed by measuring the apparent viscosity of a 1% solution fit
 
different temperatures. Results ore shown in Figure 2. 
Wkere it can
 
be seen that the viscosity behaviour of spray dried gum is different
 
compared to the oven dried one; 
ther former exhibits a much higher appa
rent 
viscosity at 25Q C, indicating that oven dried gum has suffered an
 
irreversible structure breakdown.
 

On the other hand, on 
heating both gum solutions, some degree of break
down can also be observed in the spray dried products after two heatings
 

to 802 C and further cooling to 259 C.
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FIG U R FN1 
 2
 

APPARENT VISCOSITY OF PROSOPIS CHILENSIS GUM.(IS SUSPENSION)
 
a. Dried by oven ( 45' C)
 
b. Dried by spray
a 
 drier
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Gum extraction from P. tamarugo
 

Whole seeds of P. tomorugo were treated as above, but the procedure foiled
 

for this species, since it does not produce gum.
 

Work fot the nex period
 

All the assays already performed with samples from 1984 will be repea

ted with the material harvested during this year.
 

The toxic and antinutrients characteristics will be assayed in the ma

terial, and at the same time fermentation studies are being carried out
 

in the fraction with the higher sugar content.
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PROXIMATE ANALYSIS OF 1985 PROSOPIS spp SAMPLES 

SAMPLE MOISTURE(%) PROTEIN(%Nx6,2L") FAT
M% 

FIBER ASH
% 

N.N.E. 
M%% 

P. CHILENSIS 

SEED 3P 9,27 33,80 2,97 7,41 3,35 52,47 

SEED 5P 9,33 40,42 3,04 7,62 3,29 45,63 

L-' SEED POOLED P 7,54 32,93 3,54 6,44 3,40 53,69 

ENDOCARPS # 5 

3P 6,54 6,39 1,21 35,05 2,43 54,92 

5P 6,04 6,15 1,10 32,96 2,41 57,38 

POOLED P 6,22 9,68 0,99 33,48 2,21 53,64 

FINES #20 

3P 6,95 13,11 1,51 9,80 3,23 72,35 

5P 7,22 13,99 1,97 9,85 3,02 71,17 

POOLED P 6,12 8,24 0,97 11,45 2,32 77,02 

FLOUR # 40 

3P 6,85 9,21 1,11 7,62 3,14 78,92 

5P 6,39 8,40 1,37 11,02 3,04 76,17 

POOLED P 5,65 9,09 1,02 8,91 2,40 78,58 

v WHOLE POD 8,07 9,81 1,34 9,64 2,67 76,54 

P. TAMARUGO 

SEED 7,01 32,04 3,95 21,35 3,54 39,12 

FIBER 9,35 9,87 0,49 42,08 4,16 43,40 

FLOUR 9,48 16,35 2,77 10,72 6,20 63,96 

/WHOLE POD 10,19 11,30 0,99 31,85 4,42 51,44 

INTEC - CHILE
 



ANTINUTRIENTS IN PROSOPIS spp.
 

PODS AND FRACTIONS
 

PROSOPIS CHILENSIS
 

SAMPLE TRYPSIN HEMAGGLUTININ
INHIBITOR() 


WHOLE POD 2,3 NEGATIVE 


SEED 4,9 NEGATIVE 


ENDOCARP 1,4 
 NEGATIVE 


FLOUR 3,6 NEGATIVE 


FIBER 
 1,3 NEGATIVE 


PROSOPIS TAMARUGO
 

WHOLE POD 1,4 NEGATIVE 


SEED 1,2 NEGATIVE 


FLOUR 1,1 NEGATIVE 


FIBER 
 16,2 NEGATIVE 


(1) mg trypsin inhibited/mg sample
 

(2) AOCS Method - UPH
 

Prosopis chilensis Peldehue gives ureose +
 

UREASE
(2) 


0 


0-0,02
 

0-0,03
 

0-0,02
 

0-0,2
 

0,02 


0,08-0,10
 

0
 

0
 

HCN

(mg/lOg)
 

0,04
 

0,11
 

INTEC - CHILE 
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UREASE (Method : AOCS-Ba 9 -58 - Third Edition) 

SAMPLES U.P.H. 

I1 - Algarrobo Penidehue # 3 seed 0 

# 2 - Algarrobo Peldehue endocorp 0 

# 3 - Algarrobo Peldehue flour 0 

# 4 - Algarrobo Peldehue fiber 0,02 

# 5 - Algarrobo FIN Peldehue seed 002 

# 6 - Algarrobo NN Peldehue endocarp 0,03 

# 7 - Algarrobo NN Peldehue flour 0,02 

# 8 - Algorrobo NN Peldehue fiber 0,02 

# 9 - Tamarugo seed 0,08 - 0,10 

# 10 - Tamarugo flour 0 

# 11 - Tamarugo endocarp 0 

# 12 - Tamarugo whole pod 0,02 

# 13 - Algarrobo Peldehue # 5 seed 0,02 

# 14 - Algarrobo Peldehue endocarp 0 

# 15 - Algarrobo Peldehue # 5 flour 0 

# 16 - Algarrobo Peldehue # 5 fiber 0,03 

# 18 - Algarrobo whole pod NN 0 

beans (ground) 0 

INTEC- CHILE
 



ENZYMATIC EVALUATION OF PROSOPIS spp FRACTIONS
 

SAMFLES 


MESQUITE FRACTIONS
 

Seed 3P 


Endocarp 3P 


Fiber (#20) 3P 


Flour (#40) 3P 


Seed Pooled P 


Endocorp Pooled P 


Fiber Pooled P (# 20) 


Flour Pooled (0 40) 


TAMARIJGO
 

Seed 


Endocarp 


Fiber 


Whole Pod 


IN VITRO DIGESTIBILITY
 

DIGESTIBILITY (%)
 
1984 
 1985
 

-- 80,20
 

62,00 80,48
 

68,79 72,44
 

79,29 71,88
 

84,35 83,49
 

64,42 69,68
 

63,64 66,67
 

74,59 71,03
 

85,34 85,19
 

68,00 65,82
 

75,24 70,23
 

-- 61,33
 

INTEC -CHILE 



INFORME DE AVANCE 

FORMULACION DE PRODUCTOS CON ALGARROBO 

Y TAMARUGO 

Santiago, Marzo de 1986.-
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TRABAJO REALIZADO PROYECTO N91376
 

L I. 
Ensayo preliminar de mezclas ccnpuestn- por endocarpio de olgorrobo +
 
horina de trigo + aqua
 

% de sustitucibn
 

5% Ligaz6n f6cil, 
buen color aroma y orasado,homog6neo, no
 
queda residuo.
 

8% BLen color, leve aLmento de pecosidad, sin residua, buena
 
ligaz6n, buen aroma
 

10% Buena apariencia, leve problemi de ligaz6n, pequeo residuo,
 
mayor trabajo mEc6rico, buen aroma
 

15% Buena aparienc.3, aumento pecosidad, mayor dificultad de
 
amosado, m6s trabajo mec6nico, pequeios residuos, aroma le
vemente herb6ceo.
 

20% Aporiencia m6s 
oscura, pero agradable; mcs inestable, re
siduos se incruston en 
la moso que se van soltando, dificil
 
arrasado, aroma herb6ceo leve
 

Resultados
 

A medida que se aumenta el % de sustitucibn se detecta:
 

1. Aumento de la ccrteza y disminucibn de la miga
 

2. Corci6n dificultosa y prolongada
 

3. Aumento de duizor
 

4. Menor volumen
 

5. Aroma a carome1o (leve)
 

6. Apariencia similar oan centeno
 

- A 10% de sustitucibn se d-tecta claramente el gusto dulce.
 

- Hay un sabor posterior I-.b6ceo a partir del 
15% de sustitucibn.
 

INTEC.- CHILE 

/
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11. 	 Ensayo prelirninar de mezclas compuestos par: harinillo + harina de 
trigo - agua C~r..-C.> 	 _ 

'A de sustitucibr 

5~r Amasado ccmpacto y continuo, existe cierta cantidad de pccOs 
absorbe menos aoua que al trabajar con endoscorpio. 

10% Aurento de pecas, pequeia dificultad er arasado, se liga 
f6cilmente, buen aroma 

15% Buena ligoz6n, mcsa blanda, buen manejo, mayor proporcibn 
de pecas 

20% Buen acoplamiento, f6cil mcnejo de lo mcsa, buena apariencia, 
color oscuro y presencia de pecas.
 

Resultados
 

- Mejor mcnejo de la mcsa que al utilizar endoscarpio.
 

- M6s intensidad de sabor "herb6ceo"
 

- menos volumen
 

- Menos intensidad de dulzor
 

III. Determinacibn de Ia calidad del producto
 

a. Se utiliz6 ei farin6arafo para detarminar el rendimiento probable
 
de pan que puede dar una harina midiendo lo absorcibn de agua, asi
 
coo el ocondicionamiento de la masa y lo resistencia que presento
 
0 SLI fermentacibn.
 

Variables
 

Absorcibn 


Desarrollo > 


Decaimiento <, 


Valor W > 


b. Color
 

c. Humedod
 

mejor colidad
 

mejor colidad
 

mejor calidad
 

mejor calidad
 

IN1 EC (:HIl. 
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A continuacibn se 
detallan los valores obtenidos en 
las mezclas orolizodas:
 

Harinilla Algarrobo 
 Endoscorpio Algarrobc

% sustjtucbri % sustjtucjbn
 

An6lisis 
 10% 15% 
 20% 10% 
 15% 20%
 
% Absorcion 
 55,3 55,4 55,4 67,8 68,3 68,2
 
Desarrollo 
 2' 2'30" 2' 6' 5' 
 13'30"
 
Decaimiento 
 90 100 160 120 
 110 	 40
 
W 
 44 42 
 48 57 
 54 86
 
Color 
 12,2 14,3 
 17,4 13,6 
 15,9 	 Fuera
 

escola

% Humedad 
 12,7 	 12,5 
 12,1 12,35 
 12,2 	 11,65
 

Resultados
 

Fueron positivos hay aumento de
un 
 la fuerza 	de la harina al 
aumentar el
% de sustitucibn de algorrobo en 
particular al utilizar el 
endoscarpio.
 

El color 
es m6s alto que el normal y lo cantidad de pecas 
va en aumento
 
en relacibn 
a mayor sustitucibn.
 

El ccmportamiento de 
la masa es mejorado con 
el % de algarrobo en la mez
cia.
 

Una harina normal 
registra valores de absorcibn de 58-60%, uno 
humedod de
 
141 y un color que va entre 5,4 a 6,8
 

El comportamiento de arasado es 
buena, sin problemas mayores de hcmogeni
zacibn, despu~s de 
un amasodo continua.
 

Su apariencio, textura y aroma son 
satisfactorios 
despu6s de Ia coccibn.
 

iNTIEC C IL L 
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IV. 	Ensoyos productos de ponificacibn (tipo casero)
 

Mezcla base
 

100 	partes harinas (con diferentes % sustitucibn)
 
3 portes rr,,Lecu vegelul
 
2 partes sal
 
4 partes azOcor
 
3 portes levadura
 

59 portes aqua
 

Mezclo con olgarrobo 	 Mezcla con tarnarugo
 

5% - Buen color caf& clara - Buena apariencia oscura 
- Corteza buena - Corteza dura 
- Buen comportamiento - Buen volumen 
- Sin residuo - Calidad sensorial buena 
- Calidad sensorial buena 

8% 	 - Buen color caf6 clara - Buena apariencia oscura
 
- Corteza buena 
 - Corteza dura
 
- Miga blando 
 - Buen volumen
 
- Cajidad sensorial buena - Levemente herb6ceo (final)
 

10% 	- Buen color - pecos - Buena apariencia, oscura
 
- Esponjoso, suave 
 - Corteza dura
 
- Buena cortezo 
 - Sin residuo
 
- Se noto dulce leve) - Leve dejo herb6ceo final
 

15% 	- Buen color - Apariencia pan centeno
 
- Cortezo dorodo - cof6 
 - Corteza duro 
- Se percibe dulce leve - Buen color nmiga
 

acaromelado - Esponjoso. Color muy oscuro
 
- Dejo herb6ceo final 
 - Olor, sabor herb6ceo leve, moderado
 

20% 	-
Buen color corteza dorada - Apariencia desagrodable. Oscuro
 
- Dulce acaramelado -
Corteza dura
 
- Leve dejo herb6ceo - Dificil coccibn
 

- Olor y sabor interso. Herb6ceo 

Resu]tados
 

La sustitucibn m6xima en algarrobo est6 en 
un 	10% y en tamarugo 5%.
 

INr 1C C* LLC 
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Lcs caracteristicas de panificacibn son m6s alentadoras paro lo mezcla con 
olgorrobo. En tamarugo predomina el sabor herb6ceo penetrante tanto en 
aroma como en sabor desarrollado en forma posterior a la degustaci6n, lo 
aporiencia se ve objetada par el desarrollo de la tonalidad caf& oscura y 
pecas. 

V. Ensoyo galleterfa (lipo casero) 

Con fraccibn de algarrobo. 

a. Harinillo 

b. Endoscarpio 

F6rmula base 

I00 g horina (sustItucibn par fraccibn a u 

112 ml agua 
9 g manteca 

2 9 goano guar o de algarrobo 

b) 

Resultado 

Con endoscarpio: una sustitucibn del 10% dib un sabor agradable,pero leve 
aroma herb6ceo, crujiente. Se detecta el dulzor. 

Con harinilla: la apariencia es m6s oscura, leve aroma herb6ceo, crocante 

La adicibn de goma de alor',: Present6 mejor resultodo. La textura es 
crocante comparada con ls gailetas preparados con goma guar. 

m6s 

Hay que rn -, en niveles de sustitucibn 

ciones do algarrobo. 

inferiores al 10% en ambas froc-

VI. Ensayo Productos Pasteleria: elaboracibn de berlines 

F6rmula base 

100 g harina (sustitucibn endoscarpio de algarrobo o harinillo) 

30 a az6car 
30 g margarino 

2,5 g sal 
2,5 g levadura 
0,5 ml Panetone (soborizante) 

2 ml solucibn 1% de tartrozina 
115 ml do agua 

IhJCi. C i-tLi 

I. 

,] 
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Resultodos
 

Fueron olentodores, se puede trabojor con sustitucibn de 10 a 15' de endos
corpio y menvs de 10/ de horinilla (leve dejo herb6ceo posterior).
 

EL producto tiene bueno oporiencia, sin problemos de amasodo, buena eludo
cibn con 15% se debilito un poco, sobor agrodoble, se detecto m6s dulce
 
el producto elaborado con endoscorpio, texturo bueno.
 



-- 

ENZYMATIC EVALUATION OF PROSOPIS spp FRACTIONS
 

SAPLES 


MESQUITE FRACTIONS
 

Seed 3P 


Endocarp 3P 


Fiber (120) 3P 


Flour (440) 3P 


Seed Pooled P 


Endocarp Pooled P 


Fiber Pooled P (# 20) 


Flour Pooled (# 40) 


TAMARUGO
 

Seed 


Endocarp 


Fiber 


Whole Pod 


IN VITRO DIGESTIBILITY
 

DIGESTIBILITY (%)
 
1984 
 1985
 

80,20
 

62,00 80,48
 

68,79 
 72,44
 

79,29 
 71,88
 

84,35 
 83,49
 

64,42 
 69,68
 

63,64 
 66,67
 

74,59 
 71,03
 

85,34 85,19
 

68,00 
 65,82
 

75,24 
 70,23
 

-- 61,33
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ANTINUTRIENTS IN PROSOPTS spp.
 

PODS AND FRACTIONS
 

PROSOPIS CHILENSIS
 

TRYPSIN

INHIBiTOR(1) 
 UREASE 

(2) 
HCN 

(mg/1009) 

0 0,04 

0-0,02 

0-0,03 

0-0,02 

0-0,2 

0,02 0,11 

0,08-0,10 

0 

0 

WHOLE POD 2,3 

SEED 4,9 

ENDOCARP 1,4 

FLOUR 3,6 

FIBER 1,3 

WHOLE POD 1,4 

SEED 1,2 

FLOUR 1,1 

FIBER 16,2 

HEMAGGLUTININ 


NEGArIVE 


NEGATIVE 


NEGATIVE 


NEGATIVE 


NEGATIVE 


PROSOPIS TAMARUGO
 

NEGATIVE 


NEGATIVE 


NEGATIVE 


NEGATIVE 


(1) mg trypsin inhibited/mg sample
 

(2) 	AOCS Method - UPH
 

Prosopis chilensis Peldehue gives urease +
 

INTEC - CHILE 



UREASE(Method : AOCS-B 9 -58 - Third Edition) 

SAMPLES U.P.H. 

# 1 - Aigarrobo Penidehue # 3 seed 0 

# 2 - Algarrobo Peldehue endocarp 0 

# 3 - Algarrobo Peldehoe flour 0 

# 4 - Algorrobo Peldehue fiber 0,02 

W 5 - Algarrobo NN Peldehue seed 0,02 

W 6 - Algarrobo NN Peldehje endocarp 0,03 

# 7 - Algarrobo NN Peldehue flour 0,02 

# 8 - Algarrobo NN Peldehue fiber 0,02 

# 9 - Tomorugo seed 0,08 - 0,10 

# 10 - Tomorugo flour 0 

# 11 - Tomorugo endocorp 0 

# 12 - Tamorugo whole pod 0,02 

# 13 - Algarrobo Peldehue # 5 seed 0,02 

# 14 - Algarrobo Peldehue endocrp 0 

I 15 - Algarrobo Peldehue I 5 flour 0 

# 16 - Algarrobo Peldehue # 5 fiber 0,03 

# 18 - Algorrobo whole pod NN 0 

beans (around) 0 

INTEC - CHILE 



GLUSIDOS CIANOGENICOS
 

MUESTRA NA 
 mg HCN % g muestra
 

(bose seco)
 

1 - Algarrobo Peldehue , 6rbol 3, semilla ND. 

2 - Algarrobo Peldehue, 6rbol 3 endocarpio 6,18 

3 - Algarrobo Peldehue, 6rbol 3, harinillo 4 75 

4 - Algorrobo Peldehue, 6rbol 3, fibra 8,32 

5 - Algo'rrobo Peldehue, NA, semilla 2,39 

6 - Alaarrobo Peldehue, NN, endocarpio 0,28 

7 - Algarrobo Peldehue, NN, harinilla 1,46 

8 - Algarrobo Peldehue, NN, fibra 1,91 

9 - lamorugo, semilla 2,93 

10- lanarugo horinilla 5,68 

11 Tamarugo, corte2a (endocorpio) 2,61 

12 - aarugo, fruto completo 5,38 

13- Algarrobo, Peldehue, arb6! NP 5, semilla ND 

- Aloarrobo Peldehue, 6rbol N - 5, endocarpio 4,14 

15 - Algarrcbo Peldehue, 6rbol Ng 5 horinilla 4,73 

16 - Algarrobo Peldehue, 6rbol NP 5, fibra 5,78 

17 -.----

I8 - Algarrobo Peldehue, NN, fruto completo 
 5,22
 

P) ND = No se determin6 por no contor con suficiente muestra 

Mt do
 

Hydrocyunic Acid in Beams - litrinmetric Method - Acid Titration Method. 
AOAC. (26.150). Fourteenth Edition, 1984 

INTIl DWL. 



Fundaiento del m6todo 

Los qlucbsidos son hidrolizados medionte remojo en oguo y posterior destilacibn,

el HCN desprendido es otropodo en AqN03 ocidificolo con HN03, el Pp formodo es 
filtrado o trov~s de un qooch y lueqo el exceso de AgN03 es titulodo con
 
NH4SCN usondo olumbre f6rrica como indicodor.
 

Sontiogo, Marzo de 1986.-


INI E : C it 
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I NFORME 

EVALUACION SENSORIAL
 

PRODUC1OS DE ALGARRORO
 

Santiago, Julio de 1986.-
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INFORME DE AVANCE I I 

EVALUACION SENSORIAL DE PRODUCTOS ELABORADOS CON ALGARROBO
 

1. 	ANIECEDENTES
 

El objetivo do este estudio fue el 
do determinor el comportamiento de
 
el endoscarpio de algarrobo. en. Jo. sustitucibn de
•' 	 Ia harino de trigo

.4 ' en 	Ia elaborocibn de pan amasodo 
on 'forma industrial, las pruebas se
 
reaizaron en una omasandera de Santiago bajo Ia 
 supervisibn de
 

INTEC/CHILE.
 

So 	trabajo 
en los pruebas do ovauacin sensorial con 24 juocs do
 

INTEC/CHILE de ombos sexos.
 

2. 	ELABORACION DEL PRODUCTO
 

Se emple6 Io 
froccibn de endoscarpio con Io. mismas especificaciones
 

que el utilizado en Ia elaboracibn de borlin.
 

Se 	utiliz6 una f6rmula base. 
 Ver Ap6ndice, Cuadro NQ 1.
 

Los tratomientos ensoyados fueron los siguientes:
 

A. 	Muestro control vs sustitucibn del 10% de 
harina par endoscorpio
 

sin mejorador.
 

B. 
 Muestra control vs sustitucibn del 8% do harino por endoscarpio
 

sin 	mejorador
 

C. 	Muostro control vs sustitucibn del 10% 
de harino par endoscarpio
 

con mejorodor
 

INTFC -- CHILE 
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D. 	Muestro control vs sustitucibn del 8% de harina por endoscarpit
 

con mejorador
 

Todos los tratornientos se realizaron siguiendo un control riguroso 

del proceso. Ver Ap6ndice. Cuadro Ng 3. 

3. 	EVALUACION SENSORIAL
 

Se reolizaron las siguientes pruebas:
 

- Pruebo de comparocibn en pores dirigida a Preferencia del producto 

- Prueba de Escalo Hed6nica de cinco intervalos para determinor el 

nivel de agrado de los muestras 

- Sistemo de closificocib do cinco puntos (Buena a Moul) pora dutermi

nor el nivel de colidod del par, 

Con el objeto de completar Ia informocibn cuantitativa se coracteriz6
 

el producto en sus factores m6s relevantes.
 

3.1. An6lisis Estudf!tico)
 

-eSe emplearon tablas estadisticas especificas y an6lisis de X2. 

4. 	PRESENTACION DE RESULTAD,)O
 

A continuaci6n se presentan tablas con los valores obtenidos.
 

INTEC CHILE 



PRUEBAS REALIZADAS 


COMPARACION PARES
 

- Juicios a favor 

(Preferencia)
 

SIGNIFICACION ESTADISTICA
 

- Calculada 


- Tabulada 


CALIDAD DE LA MUESTRA
 

Escala I - 5 


GRADO DE CALIDAD 


N[IVEL DE AGRADO %
 

- Agrada mucho 

- Agrado 

- Me es indiferente 

- Me desagrada 

- Me desagrada mucho 

CARACTERIZACION 

CALIDAD SENSORIAL GENERAL 
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EVALUACION SENSORIAL PAN AMASADO
 

TRATAMIENTO A
 

MUESTRAS
 

CONTROL ESTUDIO
 

23 1
 

18,375 0,1% 0,1%
 

0,1%
 

4,6 3,2
 

Satisfactoria Aceptoble
Buena A__ptobe
 

33,3 0
 

58,3 37,5
 

8,3 25,0
 

0 37,5
 

0 0
 

Buena apariencia Aporiencia pan
 
Sabor tpico centeno
 

agradable Sabor extraio,
 
Textura blanda levemente dulz6n
 
esponjosa, suave presencia de gru

mos
 

IN rE(* CHILE 
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EVALUACION SENSORIAL PAN AMASADO
 

TRATAMIENTO : B
 

MUESTRA
 

CONTROL 
 ESTUDIO
PRUEBAS REALIZADAS 


COMPARACION PARES
 

- Juicios a favor 21 3
 

(Preferencia)
 

SIGNIFICACION ESTADISTICA
 

12,041 0,1% 0,1%
- Calculado 


0,1%
- Tabulado 


CALIDAD DE LA MUESTRA
 

4,2 3,0
Escalo 1 - 5 


GRADO DE CALDAD 
 Satisfactoria Aceptable
 

NIVEL DE AGRADO % 

- Aqrndo mucho 20,8 8,3 

- Agrada 62,5 25,0 

- Me es indiferente 12,5 20,8 

- Me desagrada 4,1 37,5 

- Me desagrada mucho 0 8,3 

CARACTERIZACION 	 Buena apariencia Apariencia simi-


CALIDAD SENSORIAL GENERAL 	 sabor tipico, lor pan centeno
 

agradable sabor no es ti-


Buena texturo pio, se desa

suave, esponjosa rrcplla subor pos

terior herb6ceo,
 
bcido. Buena
 
texturo
 

INTEC CHILE 
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EVALUACION SENSORIAL PAN AMASADO
 

TRATAMIENTO C
 

MUESTRA
 

PRUEBAS REALIZADAS 


COMPARACION PARES
 

Juicics a favor 

(Preferencia)
 

SIGNIFICACION ESTADISTICA
 

- Calculada 


Tbuludoi 


CALIDAD DE LA MUESIRA
 

Eucala I - 5 


_RADO DE CALIDAD 


JIVEL DE AGRADO %
 

Agrada mucho 


Agrada 


Me es indiferente 


Me debograda 


Me desagrada mucho 


CARAC~I ]ZAC1ION
 
1CALIADENSORIAL GEBuena
CALIDAD SENSORIAL GENERAL 


CONTROL 


19 


7,041 1% 


1% 

4,3 


Satisfactcoria 


37,5 


41,6 


16,6 


4,1 


apariencia
Sabor agradable 


tipico 

Textura crujiente 


esponjoso, blanda, 

homog6nea, suave 


ESTUDIO
 

5
 

1%
 

3,6
 

Aceptable

Sotisfactoria
 

4,1 

45,8
 

29,1
 

12,5
 

8,3
 

Apariencia simiar al pan cen

teno
 
Sabor ]eve dejo
 
amargo, extraico
 

Textura esponjo.a
 

INTEC CHILE 



- 6--

EVALUACION SENSORIAL PAN AMASADO 

TRATAMIENTO D 

MUESTRA 

PRUEBAS REALIZADAS CONTROL ESTUDIO 

COMPARACI ON PARES 

- Juicios a favor 19 4 

(Prefurencia) 

SIGrNIFICACION ESTADISTICA 

- Calculada 1,521 1% 1% 

- Tabulada 0,5% 0,5% 

CALIDA) DE LA MUESTRA 

Escala I - 5 4,3 3,6 
Aceptnbl e 

GRADO DE CALIDAD Satisiactoria Satisfuctorio 

NIVEL DE AGRADO % 

- Agrada mucho 34,8 13,0 

- Agrada 56,5 39,1 

- Me es indiferente 4,3 30,4 

- Me desagrada 4,3 17,4 

- Me desagrada mucho 

CARACTERIZACION Buen color Color oscurc, 

CALIDAD SENSORIAL GENERAL Sabr ogroda l Similaro pan 

Textura blanda centeno 

Sobor agrodable 
se detecto buen 

nivel de sol. 
Textura se noto 
mucho la fibro 

6spero 

INTEC CHILE 
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COJCLUS IONES 

I. 	 Se prefiere el pan sin reemplazo de ]a harina de trigo por el
 

endoscarpio de algarrobo. Los diferencias son estodisticamente
 

significativas para los niveles de 8 y 10% de sustitucibn.
 

2. 	Es necesorio adicionor mejorador de pan para obtener una calidad
 

panadera superior.
 

3. 	 La calidad sensorial del pan con niveles de 8% a 10 % 6C
 

endoscarpio de algarrobo m6s mejorador so define do aceptable a
 

satisfactoria.
 

4. 	El rechazo sensorial del pan fabricado con un 8 a 10% de endoscarpio
 

m6s mejorador es bojo, no supera al 20%.
 

OBSERVACIONES
 

Con el prop6sito de Ilegor a definir el nivel m6s aconsejoble de
 

sustitucibn y poder determinar si tenemos diferencias menores, so
 

har6 una formulacibn con un 5% de reemplazo de harina de trigo por
 

endoscarpio.
 

INI EC - CHILE 
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CUADRO NQ 2 

CONTROL DE PROCESO 

EXPER]ENCIA NQ FECHA _ 

HORA INICIO: HORA TERMINO: 

INGREDIENTES grs 

Hor i nc-

Margarina 

Levadura 

Mej orador 

Sol 

Agua 

Endcoscarpio 

Hai-inill 

l~lnp() arna5ado 10 minutos 

Tiempo fermentacibn 95 minutos 

Temperaturo horno 300 C 

Tiempo coccibn 7 minutos 

NO panes 

OBSERVAC1 ONES 

IN1 FC Ctliln 
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CUADRO 14 1
 

FORMULA BASE
 

Harina 
 2000 grms
 

Margorino 
 66,6 grms
 

Levodura 
 16,0 grins
 

Mejorador 
 66,6 grms
 

Sol 
 22,5 grins
 

Agua 
 1600 cc
 

Endoscorpio
 

Horinil0
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INFORME
 

EVALUACION SENSORIAL
 

PROuUCTOS DE ALGARROBO
 

Santiago, Julio de 1986.-
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INFORME DE AVANCE
 

EVALUACION SENSORIAL DE PRODUCTOS ELABORADOS CON ALGARROBO
 

1. Antecedentes
 

El objetivc do ete estudio fue el complementar los onsoyos realizados
 

en forma artesanal del a6o 
1985 en los cuales so vislumbr6 con
 

buenas perspectivas la utilizacibn de endoscarpio y harinilAu de
 

atgarrobo como extensor de la harina de 
trigo tanto en productos do
 

panificacibn como de reposteria.
 

La elaboracibn de los productos se 
hizo a escala industrial, en una
 

omasandera do Santiago bajo la supervisibn de INTEC/CHILE durante
 

todo el proceso. Se eligib en la linea de reposterfa el berlin por
 

ser de consumo masivo y de un precio conveniente a la poblaci6n.
 

Las pruebas do evaluacibn sensorial so realizaron utilizando 24
 

iueces do INTEC/CHILE de ambos sexos.
 

2. Elaboracibn do Productos
 

Se utiliz6 algarrobo de la cosecha del ago, separando las dos
 

fracciones endoscarpio y harinilla, para cumplir con una buena
 

especificacibn en cuanto al 
 tamato do particula, so emple6 el
 

molino RIZT y se pas6 par maia # 40.
 

Se le hizo el control microbiolbgic, a ]a materia prima. Ver Ap6ndice
 

Cuadro 14 1 y NQ 2. (Producto terminodo).
 

INTEC • CHILE 
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2.2. Eloborocibn de Berlin
 

Se utiliz6 uno f6rmulo base, Ap6ndice Cuodro NQ 3.
 

Los tratomientos ensoyados fueron los siguientes:
 

A. 	 Muestra Control vs Sustitucibn 10% de harina por endosccrpio
 

sin mejorodor, sin esencia y sin colorante
 

B. 	Muestra Control vs Sustitucibn 10% de harina por endoscorpio,
 

sin mejorador, con esencia, con color.
 

C. 	Muestro Control vs Sustitucibn 10% de horina por endoscarpio
 

sin mejorodor, con color con esencia Givoudan.
 

D. 	 Muestro Control vs Sustitucibn 10% de harino por endoscorpio
 

con mejorodor, con color con esencia de voinillo
 

E. 	Muestra Control vs Sustitucibn 10% do harina por endoscarpio
 

con mejorador con color y con esencia Givaudan.
 

F. 	 Muestro Control vs Sustitucibn 8% de harina por endoscarpio,
 

sin mejorador con esencia y corn color.
 

G. 	 Muestra Control vs Sustitucibn 8% do harina por endoscorpio,
 

con mejorador con color y con esencia.
 

H. 	Muestro Control vs Sustitucibn 8% do la harina por endoscarpio
 

sin mejorador, con color y con esencia Givaudon
 

1. 	Muestro Control vs Sustitucibn 8% de harina por endoscarpio con
 

mejorador con color y con esencio Givoudan.
 

INi'rC .- CIIILE 
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Todos los tratamientos se realizaron 3iguiendo un control riguroso
 

del proceso. Ap6ndice Cuadro N9 4.
 

2.3. Evaluacibn Sensorial
 

Se 	utilizaron las siguientes pruebas:
 

- Pruebo do Comparacibn en Pares para determinar lo preferencia 

de las muestras. 

- Prueba de Escola Hedbnica de cinco intervalos para determinar 

el nivel do agrado de las muestras. 

- Sistemas de closificacibn de cinco puntos (Buena a Mala) pare 

determinar el nivel de colidad de las muestras 

Con el prop6sito de complementar Ia informacibn cuantitativo, so
 

caracteriz6 el producto en sus factores m6s sobresalientes.
 

2.4. An6lisis Estadlstico 

Se emplearon tablas estodisticaE especificas y on6lisis de t 2 

3. 	Presentocibn do Resultodos
 

A continuacibn se presenton tablas con los valores obtenidos.
 

INTE( .-. C IILE 
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EVALUACION SENSORIAL BERLINES
 

TRATAMIENTO : A
 

PRUEBAS REALIZADAS 


COMPARACION PARES
 

- Juicios a favor
 
(Preferencia) 


SIGNIFICACION ESTADISTICA
 

- Calculada 


- Tobulada 


CALIDAD DE LA MUESTRA
 

Escola 1 - 5 


GRADO DE CALIDAD 


NIVEL DE AGRADO %
 

- Agrada mucho 


- Agrada 


- Me es indiferente 


- Me desagrada 


- Me desagrada mucho 


CARACTERIZACION
 
CALIDAD SENSORIAL. GENERAL 


Muestras
 

COtTROL ESTUDIO
 

20 4
 

9,375 1% 1%
 

0,5% 0,5%
 

4,0 3,1
 

Satisfactoria Aceptable
 

29,2 4,1
 

54,1 37,5
 

4.1 8,3
 

12,5 50,0
 

0 0
 

Buena apariencia Falta color
 
color y tamaio masa tona
sabor agradable lidad oscu
blanda, suave ra, falta
 

sabor tipi
co, deso
rollo sabor
 
posterior,
 
herb6ceo
 

INIEC CHILE 
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EVALUACION SENSORIAL BERLINES
 

TRATAMIENTO B
 

Mues tro
 
PRUEBAS REALIZA kS CONTROL ESIUDIO
 

COMPAPACI ON PARES
 

- Juicios a favor 22 2
 
(Preferencia)
 

SIGNIFICACION ESTADISTICA 

- Calculado 15,041 0,1% 0,1% 

- Tabulada 0,1% 

CALIDAD DE LA MUESTRA
 

Escala 1 - 5 4,2 	 3,6
 

GRADO DE CALIDAD Satisfoctoria 	 Aceptabie
 
Satisfactoria
 

NIVEL DE AGRADO %
 

- Agrado mucho 	 20,8 8,3
 

- Agrada 66,6 	 37,5
 

- Me es indiferente 8,3 	 41,6
 

- Me desagroda 	 4,1 8,3
 

- Me desagrada mucho 0 	 4,1
 

CARAC1ERI7ACION
 
(ALIDAD SENSORIAl. GENERAL 	 Buena apuriencia Color oscurco 

ccolor tama~o sabor predo-
Buen sabor mina gusto 
Textura suave harina inte

esponjosa 	 gral, leve
 

Textura 6s
pera
 

INIEC CHILE 



- 6 -


EVALUACION SENSORIAL rERLINES
 

TRATAMIENTO C
 

Muestras
 

PRUEBAS REALIZADAS CONTROL ESTUDJO
 

COMPARAC1ON PARES
 

- Juicios a favor 16 8
 
(Preferencia)
 

SIGC4IFICACION ESFADISTICA 

- Calculada 2,041 N.S. N.S. 

- labulada N.S. 

CALIDAD DE LA MUESTRA
 

Escala 1 - 5 4,6 4,0
 

GRADO DE CALIDAD 	 Satisfactoria Satisfactoria
 
Buena
 

IJIVEL DE AGRADO %
 

- Agrada mucho 33,3 20,8
 

- Agrada 58,3 45,8
 

- Me es indiferente 4,1 20,8
 

- Me desagrada 4,1 12,5
 

- Me desagrada mucho 0 0
 

CARAClERIZACION Buena apariencia Color oscuro con
 
CALIDAD SENSORIAL GENERAL Mejor sabor pintus.0liferen
 

Agradable te volumen
 

Texturo esponjosa 	 Buen sabor
 

Textura m6s se
 
ca, 6spera, ma
 
so m6s apreta
do
 

N.S. no significativas las diferencias
 

. C 1 
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EVALUACION SENSORIAL BERLINES
 

TRATAMIENTO D
 

Muestras
 

PRUEBAS REALIZADAS CONTROL 
 ESTUDIO
 

COMAPARACION PARES 

- Juicios a favor 14 9
 
(Preferencia)
 

;IGNIFICACION ESTADISTICA 

- Calculada 0,695 N.S. N.S. 

- Tabulada N.S. 

CALIDAD DE LA MUESTRA
 

Escala 1 - 5 4,1 3,7
 

GRADO DE CALIDAD Satisfactoria Aceptable

Satisfactoria
 

rIIVEL DE AGRADO %
 

- Agrada mucho 17,4 
 8,7
 

- Agrada 
 47,8 60,8
 

- Me es indiferente 
 30,4 21,7
 

- Me desagrada 4,3 8,7
 

- Mu desagrada mucho 0 0
 

CARACTERIZACION Buena apariencia Color de Ia ma 
CALIDAD SENSORIAL GENERAL Sabor agradable sa m6s oscuro

tfpicc Buen sabor, so
 
iexturc espon- broso, mejor
 
josa dulzur
 

Textura: se di
 

suelve con fa
cilidad
 

N.S. no significativa las diferencias
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EVALUACION SENSORIAL BERLINES
 

TRATAMIENTO E 

Muestras
 

'PRUEBAS REALIZADAS 


COMPARACION PARES
 

I Juicios a favor 

(Preferencia)
 

SIGNIFICACION ESTADISTICA 

- Calculada 

rabulada 

ALIDAD DE LA MUESTRA
 

_scala 1 - 5 


3RADO DE CALIDAD 
.. _Buena 


N]VEL DE AGRADO %
 

Agrada mucho 


A-irada 


Me es indiferente 


Me desagrada 


t.e desagrada mucho 


.ARACTERIZACION 

:ALIDAD SENSORIAL GENERAL 


CONTROL 


19 


3,703 N.S. 


N.S.
 

4,6 


Satisfactoria 


45,8 


54,1 


0 


0 


0 


Buena aporiencio 

Buen sabor, ogra-


dable, tradicional 

Texture esponjoso 


H.S. no significativa las diferencios
 

ESTUDJO
 

8
 

N.S.
 

3,9
 

Satisfactoria
 
Aceptable
 

29,1
 

45,8
 

12,5
 

12,5
 

0
 

Apariencia de
teriorada, ha

rina gruesa
 
Sabor tipico
 

Texture espon
osa
 

INTFC (!II 
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EVALUACION SENSORIAL BERLINES
 

PRUEBAS REALIZADAS 


COMPARACION PARES
 

- Juicios a favor 

(Preferencia)
 

SIGNIFICACION ESTADISTICA
 

- Calculada 


- Tabulada 

CALIDAD DE LA MUESTRA
 

Escala I - 5 

GRADO DE CALIDAD 


NIVEL DE AGRADO %
 

- Agrada mucho 


- Agrada 


- Me es indiferente 

- Me desagrada 

- Me desagroda mucho 


CARACTERIZACION 

CALIDAD SENSORIAL GENERAL 


N.S. = no significativas las 

TRATAMIENTO F
 

CONTROL 


17 


1,333 N.S. 


N.S.
 

4,4 


Satisfactoria 


29,1 


62.5 


8,3 


0 


0 


Buen color y 

tama o 


Sabor tfpico 

Textura suave 

esponjosa 


diferencias 

Muestra
 

ESTUDIO
 

10
 

N.S.
 

3,8
 

Satisfoctoria
 

Aceptable
 

20,8
 

45.8
 

12,5
 

20,8
 

0
 

Color m6s oscu
 
ro. Sabor agro
 

dable, buen
 
dulzor
 

Textura: monos
 

esponjosa y
 
menos suave
 

INTEC -CHILE 
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EVALUACION SENSORIAL BERLINES
 

TRATAMIENTO G
 

Muestras
 

PRUEBAS REALIZADAS 
 CONTROL 
 ESTUDIO
 

COMPARACION PARES
 

- Juicios a favor 
 21 
 4
 
(Preferencia)
 

SIGNIFICACION ESTADISTICA
 

- Calculada 
 10.240 1% 
 1%
 
- Tabulada 
 0,1% 0,1%
 

CALIDAD DE LA MUESTRA
 

Escula 1 - 5 
 4,5 3,5
 

GRADO DE CALIDAD 
 Satisfactoria Aceptable
 

NIVEL DE AGRADO %
 

- Agrada mucho 
 36 
 8
 

- Agrada 
 60 
 48
 

- Me es indiferente 
 4 
 28
 

- Me desagrada 
 0 
 16
 
- Me desagrada mucho 
 0 
 0
 

CARACIERIZAC ION
CARCIAD SEON 
 Buena apariencia
CALIDAD SENSORIAL GENERAL Buena aparienbuen color, tania- cia, mas m6s
 

Flo, sabor agra- oscura
 
dable 
 Sabor bueno,
 
Textura buena, ogradable,
 
suave, esponjosa buen dulzor
 

Textura espon
josa
 

INTEC CHILE 
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EVALUACION SENSORIAL BERLINES
 

TRATAMIENTO : H
 

Muestras
 

ESTUDIO
PRUEBAS REALIZADAS 	 CONTROL 


COMPARACION PARES
 

- Juicios a favor 20 5 

(Preferencia) 

SIGNIFICACION ESTADISTICA
 

- Calculada 7,840 1% I%
 

- labulada 1% 1%
 

CALIDAD DE LA MUESTRA
 

Escala 1 - 5 4,5 	 3,6
 

Sati sfactoria

Aetale
Satisfactoria
GRADO DE CALIDAD 	 Aceptable
 

N]VEL DE AGRADO % 

- Agrada mucho 50,0 8,3 

- Agrada 37,5 58,3 

- Me es indiferente 8,3 20,8 

- Me desagrada 4,1 12,5 

- Me desagrada mucho 0 0 

CARACTERIZACION Buena apariencia Color m6s
 

CALIDAD SENSORIAL GENERAL buen color oscuro
 

Sabor agradable Sabor agrada

tspico ble, lim6n
 
Textura buena rico, buen
 

esponjosa dulzor, buen
 
aroma
 

INTEC -. CHILE 
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EVALUACION SENSORIAL BERLINES
 

TRATAMIENTO : I 

Muestras 

1PRUEBAS REALIZADAS CONTROL ESTUDIO
 

COMPARAC ION PARES 

- Juicios a favor 15 10 

(Preferencia) 

SIGNIFICACIOH ESTADISTICA
 

- Calculada 0,640 N.S. N.S.
 

- Tabulada N.S.
 

CALIDAD DE LA MUESTRA
 

Escala I - 5 4,2 4,0
 

GRADO DE CALIDAD Satisfactoria Satisfactoria
 

IJIVEL DE AGRADO %
 

- Agrada mucho 25,0 33,3
 

- Agruda 5n,3 41,6
 

- Mee es indiferente 16,6 25,0
 

- Me desagrado 0 0
 

- Me desagrada mucho 0 0
 

CARACTERI ZACl1ON
CALIDAD SENSORIAL ,ENERAL Buena apariencia 
Sabor agradable 

Color m6s as
curo. 

tipico Sahor agrada
lextura esponjosa ble, lim6n 
suave, blanda buen dulzor y 

aroma 

Textura blanda 
esponjoso alga 
m6s 6spera 

N.S. = no significativa las diferencias 

INTEC CHILE 
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4. 	Conclusiones
 

1. 	Los resultados obtenidos son altamente satisfactorios. Es factible
 

utilizar endoscarpio de algarrobo coma sustituto de la harino de
 

trigo en proporciones que van entre un 8 y 10% en la fabricacibn do
 

berlines.
 

2. 	Se logr6 in producto de similares caracteristicas o la muestra
 

control 100% harina de trigo, tanto en su calidad sensorial coma en
 

el nivel do aceptabilidad, siempre que se utilice mejorador coloran

to y esencia en - .:)ricacibn.
 

3. 	La adicibn del mejorador es fundamental para obtener un producto
 

similar al control. Las f6rmulas que no Ilevaban dicho aditivo,
 

sus diferencias son estadisticamente significativos.
 

4. 	Para obtener un buen sistema de coccibn del berlin es necesario
 

utilizar 180Q C y 3 minutos par lado, se dora la superficie y se
 

cuece par dentro.
 

5. 	 (|l;ervacionos 

- Par razones obvias como es el evitar todo tipo de enmascaromiento 

del sabor se trabujo con berlin sin rellena. 

- El tipo de maso eel berlin es muy fr6gil, pero so pudo trabajar sin 

problemas, su ocoplamiento es mediono, requiere de un poco m6s de 

trabajo. 

INTEC - CHILE 
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CUADRO Ng I 

ANALISIS MICROBIOLOGICO
 

Iuestra Harina de Algarrobo 

RESULTADOS
 
MUESTRA
 

3 x 103
 
Recuento de g6rmenes viables/g 


Coliformes, 14BP/g 93
 

Coliformes fecales s.d.(1)
 

S. aureus 	 s.d.
 

Salmonella 	 s.d. 
1 x 103 

Hongos y levduras/g 


t') s.d. = sin desarrollo
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CUADRO NQ 2 

ANALISJS MICROBIOLOGICO 

MAuestra Berlin,s 

RESULTADOS 

Berlin de Berlin 
Algarrobo Control 

Recuento total de pfemenes 
viables/gr 20 50 
Hongos y levaduras/gr 20 70 
Coliformes NMP/gr s.d.(1) s.d. 
Coliformes fecales NMP.g s.d. s.d. 
S. oureus/gr s.d. s.d. 
Salmonella/25 g s.d. s.d. 

(1) s.d. = sin desorrollo 

INTEC CHILE 



CUADRO NQ 3
 

FORMULA BASE BERLIN
 

Horina 1000 gr 

Levadura 60 gr 

Mejorador S-500 LEFERSA 46 gr 

Az6car 150 gr 

Margarino 150 gr 

Iluevo 2 unidades 

Sal 10 gr 

Vainilla "La Habanera" 16 cc 

Amarillo Vegetal Michalson 10% p/p 8 cc 

Esencia 79460 Givaudan 2,5 cc 

Agua 400 cc 

INI EC CHIL.E 



CUADRO HP 4 

CONTROL DE PROCESO
 

EXPERIENCIA N9 __FECttA _ 

HORA ]INICIO: HORA TERMINO:
 

IIJGREDIEN1ES
 

grs. c.c. 

Horina 

Levadura
 

Mej orodor 

Az6ccr
 

Morgarino
 

Huevos
 

So
 

Vainilla
 

Amarillo Veb.
 

Esencia 79460
 

11orinillo u endoscarpio
 

Otros (H20)
 

liempo amosodo
 

1iempo ovillado_ 

Tiempo fermentocibn
 

lemperotura aceite
 

liempo coccibn
 

N? berlines:
 

OBSERVACIOHES
 

INTEC CILE 



INFORME
 

EVALUACION SENSORIAL PRODUCTOS DE ALGARROBO
 

Santiago, Agosto de 1986.-
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INFORME DE AVANCE III
 

EVALUACION SENSORIAL DE PRODUCTOS ELABORADOS CON ALGARROBO
 

1. ANTECEDENTES
 

El objetivo de este 
estudio fue el de determinar el comportamiento de
 

la froccibn de olgarrobo denorrinada harinillo, en 1a SUStitLbibn de la
 

harira de trigo en Ia elaboracibn de berlines en forma industrial, las
 

pruebas se reolizaron en una amasanderia de Santiago bajo la supervisibn
 

de INUEC/CHILE.
 

Se trabajb en las pruebas de evaluacibn sensorial con 24 jueces de
 

IN1EC/CHILE de ambos sexes.
 

2. ELABORACION DEL PRODUCTO
 

Se utijljz6 la fraccibn (harinilla) con las especificociones dadas en
 

el primer informe de avance, ajust6ndose a Io misma f6rmulo tipo y ol
 

control riguroso de todo el proceso de fabricac.*bn.
 

De acuerdo a los resultados obtenidos empleando endoscorplo de algarrnbo
 

en la fabricacibn de berlin, el n6mero de ensayus se disminuy6 realiz6n

dose 	los siguientes:
 

A. 	 Muestra control vs sustitucibn de 8% de harina per harinilla, cor
 

,i jorudor, coilor y esencic de vainila.
 

B. M , estra control vs sustitucibn del 10% de harina por hariniJla con 

mejorador, con color y esencia de vainilla.
 

INTEC 	 - CHILE 'A'
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C. 	Muestra control vs sustitucibn del 10% de harina par harinilla con
 

,,eorador, con color y con esencia Givaudan.
 

3. 	EVALUACION SENSORIAL
 

Se 	reaJizaron las siguientes pruebas:
 

- Pruuba de comparacibn en pares dirigida a Preferencia del producto. 

- Prueba de Escala Hed6nica de cinco intervalos para determinar el 

nivel de agrado de las muestras. 

- SjLtueio de clasificacibn de cinco puntos (Buena a Mala) para determi

nar el nivel de calidad del berlin. 

Con el objeto de complementar la inforinacibn cuantitativa se caracteriz6
 

el producto en sus factores m6s relevantes.
 

3.1. 	 An6lisis estadfstico
 

2
 
Se emplearon tablas estodisticas especificas y an6lisis del
 

4. 	PRESENTACION DE RESULTADOS
 

A cortinuacibn se presentan tablas con los valores obtenidos.
 

INTEC - CHILE 
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EVALUACION SENSORIAL DE BERLIN
 

TRATAMIENTO : A
 

ruebas reolizadas 
 Control 


Comparoci6n Pores 

(Juicins a favor,Preferenciu)
 

Signifjcacibn estadistica
 

- Colculada 
 0,640 x N.S. 


- Tabulado 
 N.S. 


Calidod de la muestra . 4,5 

Escola (I - 5) 

Grodc) o" colidad Satisfactoria 

Nivel de ogrado % 

Agroda mucho 34,8 


Agrudu 
 60,8 


Me e indiferente 4,3 


Me desograda 
 0 


Me desagrada mucho 
 0 

Caracterizacibn Calidad 
 Buena apariencia 


Sensorial General 
 Agrodable sabor 

Tipico
J:: 
 Textura esponjosa 


suave 


-no
N.S. significativas las difer'encias. 

Estudio
 

10
 

N.S.
 

N.S.
 

3,8
 

Satisfactoria
 

Aceptable
 

34,7
 

30,4 

26,1
 

8,7
 

0 

Buen sabr,
 

aroma agradable
 
Textura crujien
te, le falta un
 

poco de espon
josidod
 

INTEC - CHILE . 



- 4 -


EVALUACION SENSORIAL DE BERLIN
 

TRATAMIENTO : B
 

Pruebos reolizados Control 1 	Estudi" 

,Comparci6n Pores 16
 

(Juicios a favor preferencia):
 

:Significacibn estodlstica
 

* Calculada 2,782 N.S. N.S.
 

Tabulada N.S. N.S.
 

Calidad de la muestra
 

Esculu (1-5) 4,3 	 3,6
 

Grado de calidad Satisfactoria 	 Aceptable
 
Satisfactoria
 

Nivel de agrado %
 

Agrada mucho 26,1 18,2
 

Agroda 	 59, 1 36,3
 

Me et indiferente 9,I 31,8 

" Me desagrada 4,5 13,6 

" Me desagrada mucho 0 	 0
 

Caracterizaci6n Calidad Buena apariencia I Color adecuado 
Buen sabor, agra-
ble, texturu blanda 

Sabor agradable 
buen dulzor, 

esponjosa leve dejo amar

gO onsterior, 

"exturu blondu 
ccrujiente, ai

gt) seca, leve 
spereza final 

N.S. Io signi f jcotivos lus di fermi ciu! 

I.. T 
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EVALUACION SENSORIAL DE BERLIN
 

TRATAMIENTO C
 

ruebos realizodas 
 Control 


Comporacibn en pares
 

(Juicios o favor Preferencia) I 16 


Significocibn estadlstica
 

Colculda 
 0,592 N.S. 


Tahulado N.S. 


Calidod de la muestra
 

Escalo (1-5) 
 4,5 


Grodon,. colidod 
 Satisfactoria 


Nivel de agrado %
 

Agrada mucho 
 29,1 


.Agrori 62,5 


*Me es indiferente 
 8,3 


" Me dusagrada 
 0 


" Me desagrado mucho 
 0 


Coracterizacibn Colidad 
 Buena aparienca 


Sensoriol General 
 Sabor agradable
Textura esponjosai 


blanda 


N.S. na significativas las diferencias 

INIFC CHilE 

Estudio
 

11
 

N.S.
 

N.S.
 

3,9
 

Satisfactoria
 

Aceptoble
 

33,3
 

33,3
 

20,8
 

12,5
 

0
 

Color adecuado
 

perum6s oscuro

Sabor agradoblh'
 
a lim6n, m6s
 

rico, arom6tica
 

leve dejo amor 
go posterior. :
 
(extura crujien
 
te blanda, algd
 
fibrosa
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CONCLUSI ONES
 

I. 	Los resultados obtenidos son oltomente satisfactorios. Es posible
 

utilizar horinillo de olgarrobo coma sustituto de ]o horino de
 

trigo en proporciones que von entre 
un 8 	y un 10% en Ia fabricocibn
 

de berlines. 
 Los diferencios entre los trotomientos en Preferencia
 

no fueron estodisticamente satisfc-trrr4.os.
 

2. 	 Se logr6 un producto de caracterfsticas muy parecidas al control
 

IOUT; horinc 
de trigo tonto en su colidad sensorial coma en el
 

nivel de oceptabilidod, utilizando colorante y esencia 
en su
 

fobricoclbn.
 

3. 	El producto experimenta un realce de sus caracterfsticas sensoriales
 

al empleor la esencia Givaudon # 79460.
 

4. 	 Se observ6 un mejor 
volumen en el producto comparado con las
 

muestros eloboradas con endoscarpio de algerrobo.
 

INTEC CHILE 
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CROPS FOR PRQDUC.Jt4 IN MARGINAL GROWING AREAS 11_CHILE
 

SUIIAR" OF ACTIVITIES DURING 1986 

In troduc t ion 

INTEC-CHILE has a research 
contract with the U.S. Agricultural Research
 
Service, Pacific Basin Area, since May 1984.
 

This 	sumnary of activities covers 
the period March througih December 1987.
 

The aim ot this project is to define parameters required to exploit

components of Prosopis species pods, 
as food, feed, and industrial
 
r esources.
 

Activities during 1986
 

1. 	 Pod Collection
 

Pods of 
 P. 	 tamarugo were collected from trees 
 of the Pampa del
 
Tamarugal.
 

Pods of P. chilensis were 
collected out of only one population this
 
year: Peldehue. Chincolco's trees did not produce fruits this 
season.
 
About 50 kg of pods were harvested this year. Some of the fruits were
 
damaged.
 

2. 	 Separation of fractions
 

The pods of P. chilensis. and P. taniarugo were 
 separated as the
 
described conditions in the First Annual Report.
 

With 	this process were 
obtained the following fractions:
 

Prosopis chilensis •
 

-	 Seeds 
-	 Endocarp
 
-	 Mesocarp (Flour) / 
-	 Exocarp and Mesocarp (fiber, mixture) 

Prosopis tamaruqo
 

- Seeds
 
-
 Exocarp and mesocarp (flour)
 
- Exocarp (fiber)
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3. 	 Proximate analysis
 

The proximate analysis for the pods harvested during the 
1986 season
 
were performed.
 

4. 	 Diqestibility ssay
 

The protein digestibility by an enzimatic methodology was used for
 
assaying some of the frac'*on pods. 
 This was a repetition of various
 
sample5 collected during the season 1986.
 

5. 	 Fermentation trials
 

Two 	fractions of P. chilensis: were treated 
as substrate for
 
fermenting with yeast, in order an
to obtain alcoholic beverage.
 

The 
 results showed that alcoholic fermentation is possible by

utilizing the mesocarp (flour) and exocarp plus mesocarp fractions.
 

6. 	 Products formulation with 
two 	different fractions of Prosopis pods
 

P. 	chilensas and P. tamarugo were 
used for formulating some products
 
as bread (dietary fiber bread), cookies, and a special type of
 
chilean doughnuts, called "berlines".
 

Tht, fractions used for sustitution of flour are: endocarp (P.

chilensis), mesocarp (P. chilensis) and exocarp (fiber) and exocarp
 
plus mesocarp (flour) of P. tamaruqo
 

The 	 levels of sustitution for this fractions, 
 in the mixture wheat
 
flour, water and additives, is around 8 to 10% for P. chilensis and
 
about :i%for P. tamaruqo
 

From the laboratory level this was afterwards, performed at 
 an
 
industrial level. 
 Some of the products got a good acceptance level,

with a sensory evaluation panel. This was specially truth for the
 
products formulated with P. chilensis fractions.
 

A microbiological analysis for the raw 
fractions and for the +inal
 
products was also performed.
 

December, IY86.-
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CROPS FOR PRODUCTION IN MARGINAL GROWING AREAS IN CHILE
 

1. 	OBJECTIVES
 

The objective of this project is 
to 	define parameters required 
to
 
exploit componentsof Prosopis species, principally P. tamorugo and
 
P. 	chilensis as 
food, feed and industrial resources.
 

In order to get this goal the following toskswere accomplished:
 

- Pod collection. 

- Pod chemical composition. 

- Subfractionation of pods ond establishing food and feed potential 

of those fractions. 

- Proximate composition of the fractions. 

- Industrial uses of pods, other thn feed and 
food, as extroctaon of
 

gums.
 

This study Is part of a collaborative project with the Agriculture
 
Research Service (WRRC) of the United States Department of Agricultu

re.
 

2. 	INTRODUCTION
 

About one 
third of the land area of the earth are arid and semi-arid
 
regions, 
in Chile this kind of climates comprises about 40% of the
 

whole country.
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Prosopis trees are also used as 
timber and fuel.
 

3. 	EXPERIMENTAL WORK
 

In order to get 
the 	main objective 
of this study many tasks were
 
accomplished; which will 
be 	described separately 
in the following
 

chapters.
 

3.1. Pod Collection
 

As described inCilethereare5 identified species of Prosopis,
 
with very different type of 
pods, regarding the morphological
 

and chemical composition 
 the fruits.
 

This study have been restricted 
to Prosopis tomarugo (tamarugo)
 
and Prosopis chilensis (algarrobo).
 

The 	pods used in 
the whole study were collected during three
 
different seasons 1984, 
1985 and 1986 from different regions.
 

Pods of P. tomarugo we n-harvsted from 
trees of the Pampa del
 
Tomor,gal, 
at the Refresco farm, popertyoftheNational Forestry
 
Corporation (CONAF), during the month of April. 
 In 1984, 300
 
kg were gathered from different trees, plus 
5 kg from three
 
different identified trees. During 
the 	seasons of 1985 
and
 
1986 pods were harvestedonly from the 
three identified trees,
 
in order to perform the composition analysis of the fruits.
 

Mature pods of P. chilensis were collected beneath the 
trees
 
out of two populations: Chincolco (about 
150 km north of
 
Santiago), and Peldehue (about 50 km north of Santiago).
 

INTEC - CHILE 
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The seeds consist of: 
the seed coat (brown color), the endos
perm, 
Just beneath the seed coat, and the cotyledon with the
 

germplosm.
 

The Prosopis seedsare very hard and generally small.
 

The pericarp of the Prosopis pod is different,varying accordin
gly with the species, it i; composed of three layers:
 

- the exocarp, the outar layer, it is light brown or yelow 

- the mesocarp, the medium layer, it is soft and the thickness 

depending of the species. 

- the endocorp, the inner laye-, it is enveloping the seed,
 

it is very hard and fibrous.
 

Separation process
 

The pods of Prosopis were previously aoled, to about 4%
 
moisture in a hot 
air dryer at 702C for at least 6 hours.
 
This operation can not be avoided, because 
the pods can not
 
go through the milling process with less than 4% moisture.
 

The dried pods ore inmediately broken with a Rietz mill 
into
 
2-4 cm pieces in order to facilitate the separating process,
 
then milled in 
a vertical disc mill with corrugated discs; a
 

Bauer disc mill (Model 148, size 8, disc 8504).
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TABLE 1. 
MILLING CONDITIONS FOR PROSOPIS CHILENSIS AND YIELDS OF THE FRACTIONS
 

ORIGIN DISC GAP 
IN ITIAL -
TOTAL WEIGHT SEED ENDOCARP MIXTURE FLOUR FINAL WEIGHT LOSS (%) 

z 
m 

0 

0Pooled 

1-Chincolco 

J-Peldehue 

5-Peldehue 

(various 
trees)
Peldehue 

Pooled Chincolco 

4.5 mm 

90 

3.8 mm 

63 

4.5 mm 

90 

4 .Omm 
75 

-

500g 

-

500g 

-

500 g 

-

500 g 
-

58 kg 

58 g 

11.6% 

41.0 g 

8.2% 

58.1 g 

11.6 % 

79.8 
16.06 % 

8 kg 

138% 

129.0 g 

25.8% 

68.4 g 

13.7% 

99.4 g 

19.92% 

71.4 g
14.3 % 

13 kg 

22.4% 

176.2 g 

35.2% 

241.9 g 

48.4% 

203.4 g 

40.7% 

231.7 g
46.3 % 

18 kg 

31.0% 

g 

14,8% 

65.0 g 

13.0% 

45.5 g 

9.1% 

72.4 g14.5 % 

19 kg 

32.8% 

437.2 g 

-

416.3 g 

-

406.4 g 

-

455.3 g-

-

12,6 % 

16.7 % 

18.7 %187 

8.4 % 
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FIGURE 1 

SEPARATION OF SUB-FRACTIONS OF P. CHILENSIS PODS
 

DISINTEGRATION
 
Mill
 

MILLING
 
Bauer disc mill
 

I
 r SEPARATION 

PuIper 

I-MIXTURE+FLOJR+SEED ENDOCARP1 25
 

SEPARATION
 

MESOCARP FLOUR 
 SEED + MIXTURE 
(#40) 9-32% 

iNSEPARATION
AIR CLASSIFIER 
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With the process Just described seeds are 
separated from
 
the other subfroctions. 
 About 80% of the 
 seeds are obtained
 
without breaking 
the seed coat, in this 
way, those can be
 
used for reforestation.
 

3.3. Chemical Composition of the Pods and Sub-fractions
 

The proximate composition 
of P. tomorugo and 
P chilensis
 
whole pods from different populations, and foliage 
obtained
 
by the separation process were analyzed by standard methods
 
(AOAC), the results ore shown In Table 2 and 3.
 

The analysis were performed from 
representative 
samples.
 
About 20 different trees 
for the pooled samples, and one
 
special tree from each 
population were 
gathered (Chincolco,
 
Peldehue, Bellovisto, Pintodos, and Pillalla).
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TABLE 3
 

PROXIMATE COMPOSITION OF PROSOPIS CHILENSIS PODS
 

AND FOLIAGE (PERCENTAGE) (1) 

1984 

POPULATION TOTAL
SOLIDS 

ASH PROiEIhS FAT FIBER SUGARS 

Peldehue (foliage) 91,7 9,7 13,1 1,3 19,0 -

Peldehue (rods) 3 92,6 2,6 9,8 1,6 9,4 -

Peldehue (pods) 5 93,8 2,4 11,1 1,7 13,0 -

Average 93,2 2,5 10,5 1,65 11,2 -

1985 

Peld-hue (foliage) 90,9 8,5 12,9 1,4 18,5 -

Peldehue (pods) 3 93,5 2,8 10,2 1,3 9,5 31,4 

Peldehue (pods) 5 91,9 2,9 10,6 1,5 10,5 32,7 

Average 92,7 2,85 10,4 1,4 10,0 32,1 

1986 

Peldehue (pods) 3 90,8 1,9 9,5 1,4 9,7 30,5 

Peldehue (pods) 5 93,1 2,3 10,5 1,7 10,1 33,1 

Average 91,9 2,2 10,05 1,55 9,9 31,8 

(1)as dried veight 

INTEC - CHILE
 



- 15 -

TABLE 4
 
FROXIMATE VM:'OITION CF PROSPIS 
TAIJ0 AND PRSCpIS aHIL IS (1) 

(PERWAIIII) 
P. &HILEMIS 1984 

FRA7OL 
ASH PROTEINS FAT FIBER
 

SEE)
 

Chincolco pooled 
 92,6 3,5

OCincolco 1 90,8 

30,8 2,3 7,9 55,5 
Peldehue 3 

3,3 29,1 2,0 8,3 57,392,2 3,5Peldehue 5 33,9 2,3 7,4 58,893,1 3,4 30,9Avrage 2,6 6,9 56,192,2 3,4 31, 2,3 7,5 569 

Chincolco pooled 95,4 1,9 6,5OCincolco 1 0,9 41,0 49,693,9 2,4 8,2Peldehue 3 0,5 27,5 61,395,7 1,8Peldehue 5 6,3 0,5 52,3 39,095,5 2,6 9,2 1,1Average 37,0 49,995,1 2, 2 7,6 0,75 39,5 50,0MIXTLRE(#20) 
Chincolco pooled 
 96,2 2,9
Chincolco 1 6,9 1,6 11,5 77,193,5 2,9Peldehue 3 7,1 0,5 9,5 80,196,3 3,2 9,8Peldehue 5 0,9 13,1 72,996,8 3,2 6,6 1,2 9,1 80,0Average 957 3,05 76 1,05 10,8 76FLCLR(40) 
Q'incolco pooled 
 95,9 3,2 
 7,6 2,7
Chincolco 1 3,8 82,593,5 3,1Peldehue 3 8,6 0,6 7,6 80,096,8
Peldehue 5 

3,7 10,6 0,9 3,6 81,096,3 3,4
Average 7,3 1,2 4,9 83,095,6 3,35 8,5 1,35 5,0 81,6 

P. TA AARkxJ
 

Bellovista Seed TI 91,7 3,8BellovstoSeed T2 31,2 2,8 10,9 51,191,9 3,8 
 31,1 2,5
Average 11,2 51,2
91,8 

51,1Bel lvisto Exoc. TI 89,8 4,2

Bellovisto Exoc. 89,2 
7,3 0,2 39,6 48,5T2 
 3,
Average 1 0,5 37,2 50,189,5 4,0I8,4 7,7 0.5 49,3Beliovista Flour TI 88,5 6,2


Bellavista Flour T2 88,3 
17,5 0,9 19,1 56,1
 

Average 1 19,0 56,3
ig.. 
 88,4 6,1 17,4 1,0 19,05 56,2
(1)Eas dried 
 E 
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The tables 4 and 5 present the chemical composition of the
 
fractions as obtained by the separation process, regarding
 
thei7 potential uses, for algarrobo and tomorugo pods.
 

The sub-fractionsof P. clilensis obtained are: 
seed, endocorp,
 
mixture of flour that passes through mesh # 20 
(mesocarp + 
exocarp) and flour that posse!; through mesh # 40. 

The seed of P. chilensis is composed of the seed coot, 
a
 
very thin fibrous layer of brown color; the endosperm a
 
transparent layer that 
covers the seed coot, and the cotyledons
 

plus the germ, very soft and yellow.
 

The principal constituent of the seed ore protein 
x29-40%)
 
from the cotyledons and the germ, fiber (6.4 - 8.3%) from
 

the seed coat, and carbohydrate from the endosperm (not
 
analyzed quantitatively), which Is a polysoccharide, a goloc-.
 
tomonnon type, that acts as thickening agent (similar to
 

locust bean).
 

The results of the analysis shows that the composition cf
 
the seed does vary significantly in the proteins content
 
from different trees, 
even during the some harvesting season
 

(32.9 - 40.4%, year 1985). 
 The fat content shows differences
 
between the seasons and 2.3
1984 1985, and 3.25% (average)
 

respectively.
 

Fiber and ash 
content do not present large variation from
 

season to season.
 

INTEC- CHILE 



- 19 -

The average protein content of seeds are 33.9% and 31.6% for
 

P. chilensis and P. tamarugo, its averoge amin0acid composi

tion are shown in Table 6 and 7. Those vere analyzed with a
 

Durram aminoacid analyzer, Model D-500, at the Western
 

Regional Research Laboratory (WRRC) of the USDA, in Berkeley.
 

TABLE 6
 

AMINO ACID COMPOSITION OF P. CHILENSIS SEEDS (1984)
 

AMINO ACID GRAMS PER 100 gof seeds 

Aspartic acid 3.123 
Threonine 0.966 
Serine 1.713 
Glutamic acid 6.845 
Praline 1.996 
Glycine 2.050 
Alanine 1.471 
Cysteine 0.446 
Voline 1.532 
Methionine 0.494 
Isoleucine 1.127 
Leucine 2.273 
Tyrosine 0.927 
Phenylolanine 1.436 
Hystidine 0.942 
Lysine 1.664 
Arginine 4.640 

mg per gram
nitrogen 


498
 
154 

273
 

1.091
 
318
 
327
 
235
 
71
 

244 

79 

180 

362 

148
 
229 

150
 
265 

740
 

Provisional
score(FAO)
 

mg/g N
 

250
 

310
 
220(MET+CYS)
 
250
 
440
 

380(PHE+TYR)
 

340
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This demonstrates 
that Prosopis protein from 
se.eds has a
 
nutritive value similar to other common legumes.
 

Other resenrchers 
checked different 
fractions as cotyledons

und germs and whole seeds, in P. velutin- and P. juliflora,
 
respectively. 
 They found the same 
type of amino acids present
 
in the seed from P. chilensis and P. tamarugo.
 

The analysis of different types 
of fiber were performed, for
 
the various sub-fractions 
of P. chilensis and 
P. tmorugo,
 
at the Western Regional Research Laboratory (WRRC) of the
 
USDA, in Berkely. The results are shown in Table B.
 

TABLE 8
 

TYPES OF FIBER OF FRACTIONS OF P. CHILENSIS (1984)
 

(PERCENTAGE)
 

FIBER 
 SEED MIXTURE FLOUR
 

(#20) (# 40) 
 ENDOCARP
 
Crude fiber 
 5,3 10,0 
 2,6 33,0
 
Neutral detergent

fiber 
 22,0 36,6 20,6 
 14,2
 
Acid detergent fiber 
 8,7 30,7 15,2 
 11,7
 
Lignin 
 2,5 6,7 
 5,2 3,4
 
Gellulose 
 6,2 23,9 10,0 
 8,1
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3.4.1. Feeding experiments
 

The protein efficiency ratio 
(PER) was deter-mned using AOAC 
methods, with diets containing 10% protein, as indicated on
 
Table 10, two samples were lower than 10% 
in protein. Diats
 
were fed ad libitum to groups cf Five, 
21 day old -iale spro
gue-Dowley rats. 
 Digestibility oF 
the diet and apparent
 
nitrogen digestibility 
were determined (data not 
available
 
yet). The PER were determined at the WRRC from USDA.
 

TABLE 10
 

WEIGHT GAIN AND PER IN RAT5 FED P. CHILENSIS AND
 
P. TAARUGO (1)
 

DIET (2) 
 WEIGHT GAIN 
 PER
 

1. Soybean/cottonseed 
 107 cB 
 2.57 cC
 
2. Toasted P.chilensir
 

flour 
 28 fgEF 
 0.87 fF
3. P. chilensis seed 
 37 fE 
 1.27eE
4. P. chilensis 7od 
 1 hG 
 0.03 hH
5. P. tamarugo seed 
 63 eD 
 1.46 eE

6. P. tomarugo flour 
 -
7. P. tomarugo Fad 
 19 gF 
 0.45 gG

8. ANRC casein, high


fiber (3) 
 144 aA 
 2.83abABC
 
9. ANCR casein, normal
 

fibe,-
 123 bB 
 3.02aA
 
(1) Means with no letter in common are significantly different
 

(P Z 0,03, lower case, PZ 0.01 upper case)
(2) flAets ccntalned 10% protein, except diet 4, 8,9%
(3) Non nutritive fiber (alphacel) was increasedto equal fiber
 
of diet # 7; 28.2%.
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All fractions resulting of the milling 
operation (pooled
 
samples and from tree,
one 
 Peldehue population) from 1984
 
and 1985 harvesting seasons, and the whole pods were analyzed
 
with this 'in vitro" digestibility onzymatic assays. The results
 
for the d-termination ore shown in Table 1.
 

TA2.E 11
 

ENZYMATIC DIGESTIBILITY OF P. CHILENSIS AND P. TAMARUGO
 
WHOLE PODS AND FRACTIONS
 

SAMPLES 
 DIGESTIBILITY %
 
1984 


1985
 

PROSOPIS CHILENSIS
 
Peldehue population (pooled)
 
Whole pods 
 N.a. (1) 63.8
Seed 
 84,4 
 83,5
Endoca-p 
 64.4

Mixture (#20) 69.7
 

63.6 

Flour (# 40) 66.7
 

70.6 
 71.0
 
Peldehue pop. tree # 3
 
Seed 
 N.o. 
 80.2
Endocarp 
 62.0 

Mixture (20) 70.5
 

68.8

Flour (N 40) 72.4
 

69.3 
 71.9
 

PROSOPIS TAMARUGO
 

Whole pods 
 N.o. 
 61.3
Seed 
 85.3 
 85.2
Flour 
 75.2 
 70.2
 
Exocorp 
 63.0 
 65.8
 
(1) N.a. = not analyzed
 

Considering the 
values obtained, the whole 
pods present a
 
low digestibility even 
lower than the more fibrous fractions
 
as the endocarp.
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Trypsin inhibition was determined using a substrate of BAPA 
(Benzoyl - DL Arginine-p-nitroanilide hydrochloride), and
 
bovine trypsine. (Method of Kakode et 
al, Cereal Chem. 51,
 

376 (1974).
 

The following tables show the vaYlues obtained in the determi
nation of the antinutrients factors above mentioned.
 

TABLE 12
 

CYANOGENICS GLUCOSIDES IN PROSOPIS spp. 
PODS AND FRACTIONS
 

HCN mg/100 g sample (dried weight)
 

PROSOPIS CHILENSIS
 

1985 1986 
Sonrples Peldehue Pelcehue 3 Peldehue 5 Peldehue 9 

pooled 

Whole pod 
Seed 
Endocarp 
Flour 
Mixture 

5,2 
2,4 
0,3 
1,4 
1,9 

N.A. (1) 
LA. 

-
4,7 
-

3,2 
N.A. 

4,1 
4,7 
5,8 

2,1 
1,3 
0,9 
1,3 
0,6 

PROSOPIS TAMARUGO (Bellavista)
 

1985 
 1986
 

Whole pod 
 5,4 1,6

Seed 
 2,9 1,5
 
Exocarp 
 2,6 O,8
Flour 5,7 2,9 
(1) N.A. = not analyzed 

The results Indicate a great variation between samples from
 

different trees and harvesting soasons.
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All the fractions and 
the whole pods of 
P. chilensis 
and P.
 
tomorugo exhibit the presence of antitryptic factor.
 

Table 14 
shows the values obtained for the urease determinations.
 

TABLA 14
 

INDEX OF UREASE ACTIVITY IN PROSOPIS spp. 
PODS AND FRACTIONS (1)
 

PROSOPIS CHILENSIS
 

Smple 
 SEED BWCW FL.OU MIXTURE *LE PODPeldehue pooled 
 0,02 0,03 0,02 
 0,02Peldehue 3 00 0 0 
 0,02 
 _Peldehue 5 
 0,02 0 0 
 0,03 
 0 
PRSGPIS T/ 4ARLM 0,09 0 0 
 0,02 

(1) The determination is based on the difference between thepH of the test and the pH of the blank.
 

Urease and 
trypsin inhibitor 
 ore enzymes 
usually present 
in
soybean; based In 
the presence of 
the ontitrypsin in
factor
the fractions 
and whole pod of 
Prosopis, 
urease 
was also
 
determined in those samples.
 

The values obtained with 
raw soybean 
ore about the 
ranges
1.7.5 
- 1.90 
 , and with treated coocked soybean the pH differen
ce 
is about 0.2 units; accordingly with these results 
we could
conclude 
that the Prosopis samples 
analyzed 
did not 
contain
 
ureose in amounts considered to be toxic.
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industry in order to fortificate and balance the amino acid composi
tion of other foods.
 

The seeds could 
be used 
also for reforestation 
and for feeding
 
purposes.
 

The endosperm of 
some Prosopis pods 
contains a polysoaccharide, 
a

galactomonnon, which could be used as a thickening agent. P. tamoru
go do not have this carbohydrate, P. chilensis does.
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FIGURE N9 1 

APPARENT VISCOSITY OF PROSOPIS CHILENSIS GUM.
 
EXTRACTION BY MILLING 
IN A THOMAS LABORATORY MILL AND A J.K. MILL
 

2000-
I 

(1 SUSPENSION) 

III 
I 
II I 

I 
1500- I 

I 

II 
Thomas Mil 

0-~1000- I II I 
t. 

>,-I 
I 

0 
I..-I 
I II 

I 

U, 
I 

>500- I I 

II I ~JkI , 1 Mill 
I I 

-j I_________I...
 

25*C 50C 80C 50 C 25"CHold Heating J Cooling Hold 



- 35 

- In a spray drier; this operation was carried out iA a pilot plant

size spray drier (Niro Atomizer), with on 
inlet air temperature of
 
1309 C, and an outlet air temperature of 8OQ C.
 

The characteristics of the gums obtained by oven drying and spray drying,

were assessed by measuring the apparent viscosity of a 1% solution at
 
different temperatures. Results are shown in Figure 2. Where it 
can
 
be seen 
that the viscosity behaviour of spray dried gum Is different
 
compared to the 
oven dried one; 
ther former exhibits a much higher appa
rent 
viscosity at 259 C, indicating that oven dried gum has suffered on
 
irreversible structure breakdown.
 

On the other hand, on heating both gum solutions, some degree of break
down can also be observed in the spray dried products after two heatings
 
to 80 C and further cooling to 252 C.
 

The process of thr 
gum extraction at 
the pilot plant level, wnrking with
 
some kilograms of seeds, 
at different temperatures of extraction give 
a
 
yield in mucilage of? 
15% at room temperature and 24% at 50QC.
 

As a comparison, the 
mucilage fraction accounts 
in overage 30% of 
the
 
seed.
 

Other methods of extraction of gum were 
assoyedi 
as olcoli and/or acid
 
treatment, but they proved to be unconvenient for an industrial or semi-in
dustrial process.
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3.6.2. 
 Food products formulcited with different fractions of Prosopis pods
 

3.6.2.1. Fractions utilized
 

P. chilensis and P. tamarugo 
fractions obtained 
by the separation
 
and milling operation were 
utilized for formulating some food
 
products, as 
bread (dietary bread), cookies, and a special type of
 
chilean doughnuts, called aberlines*.
 

The fractions lock starch and gluten so 
the application are restric
ted to the sustitution of the wheat 
tlour, in a low percentage of
 
the various formulated products.
 

The fractions 
ore employed thinking to obtain 
a type of dietetic
 
product, because of the high fiber content of the raw material.
 

The fractions obtained 
from P. chlilensis 
and utilized 
in baked
 
products are:
 

- Endocorp (14 
- 25% of pods)
 

- Mescocorp flour 
(30% of pods)
 
- Mixture (31-48% of pod) is 
a mixture of flour, broken seeds and
 
endocarp.
 

P. tamarugo fractions:
 

- Exocarp (70% of pods)
 

- Flour (13% of pods)
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TABLE 16
 

LEVEL OF SUSTITUTION OF PROSOPIS FLOURS IN WHEAT BAKED PRODUCTS
 

Fraction 
 Sustitution( 
 (%)

P. chilensis 
 Endocorp 


10 - 15
 
Flour 


10

Mixture 


8
 

P. tomarugo 
 Exocorp 
 <5
 
Flour 


5
 
(1) Maximum percentage of Prosopis flour added 
to wheat flour,
which no unpleasant or at
reduced baking quality occurs.
 

The results 
show that 
tamorugo flours 
from exocorp 
omd mesocarp
(flour) do not produce acceptable products, 
due to an unpleasant
bitter after taste; and a hard crust formed. Algarrobo flours
replace wheat flour to a level of 10 
con
 

to 
15%, obtaining good quality
products; 
being 
the better fractions 
flour 
and endocarp. 
 The
fraction named 'mixture' is good only to on 8% sustitution.
 

The quality of the baking capacity of the wheat flour with different
percentage 
of sustitution of 
the endocarp and 
the flour from P.
chilensis were measured in 
a phorinogroph. 
 The results ore shown
 
in Table 17.
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levels of Prosopis fractions. The 
final products were evaluated
 
by a sensory panel, 
and determined the sustitution percentage at
 
which the Prosopis fraction 
was detectable, and level
the 
 of
 
rejection.
 

This preliminary work was performed at the laboratory level.
 

a. Bread
 

Basic recipe:
 

100 parts flour 
(wheat flour with different sustitution % of
 

Prosopis fractions)
 

3 parts shortening
 

2 parts salt
 

4 parts sugar
 

3 parts yeast
 

59 parts H20
 

Results
 

The maximun suititution level 
were the 
some as shown in Table 16,
 
10-15% and 10%, respectively for endocarp and flour of P. chilensis
 
were the better results. 
P. tomrugo did show bad baking characte
ristics. The absorption was worse 
than normal, 
the crumb firmness
 
was 
too high, the color too 
dark and a bitter after taste with
 
more tl'an 5% of sustitution level was developped.
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TABLE 18 

FORMULATION OF BERLINES AND BREAD 

PRODUCTS BERLINES BREAD 

Flour 

Sugar 

Shortening 

Improver S-500 Lefersa 

Yeast 

Egg 

1000 g 

150 g 

150 g 

46 g 

60 g 

2 units 

1000 g 

-

34 g 

34 g 

8 g 

-

Salt 

Vanilla 

l0 g 

16 cc -

11 g 

Coulour (Vegetal Yellow) 8 cc -

Flavoring 79460, Givoudon 

Water 

2,5 cc 

400 cc 

-

1600 cc 

A microbiological 
control of the raw material was analyzed, the
 

values obtained are shown In Table 
19.
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Berlines can be prepared with wheat 
flour containing up to
 

10% of endocorp and flour of P. c;Illensis pods. This product
 

was accepted regarding oll organoleptical characteristics,
 

but without statistical significance.
 

Berlines did not present off-flavor, nor bitter aftertaste
 

with the 10% of sustitution for both fractions (endocarp and
 

flour).
 

The utilization of the 
dough improver is necessary for 

getting a product similar to the control (formulated with 

100% wheat flour plus dough improver). The formulation 

without this additive showed a high re je.ction with statisti

cal significance.
 

In order to get a good final product,the frying process have
 

to be done at 1B0C to 2002C and 3 minutes frying each side.
 

Bread can be prepared with wheat flour containing up to 10% 

of endocarp and flour of P. chilensis pods. Tha formulations 

need to be added with dough improver in order to get a good product. 

Bread with 10% of endocorp sustitution had a 20% of rejection.
 

Bread with 10% of flour sustitution was accepted regarding
 

the organoleptical criterios, but without statistical signi i

cance.
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Extraction with different 
particle size (20 and 
40 mesh),
 
various shaking conditions (100, 200 and 250 rpm), 
different
 
temperatures (20, 30, 60Q C, boilirg water), and 
time of
 
treatment (30 minutes, I and 2 hourr.) 
did not present great
 
differences in t- extracted content oF sugar.
 

Extraction of 
sugar with different levels of 
solid content
 
(10, 20, 25 and 30% relation solid: liquid) did not present
 
differences 
ir the amount of extracted sugar, at 
 room
 
temperature. The percentage of the 
sugar extraction Is
 
about the 96.3% of the total 
content of sugar present in th'
 
different fractions.
 

Fermentation assays
 

The microorganism used is a Soccharomyces cerevisioe, a special
 
strain (Intec NQ 131) adopted to produce ethanol at high concentra
tions cif sugar. This yeast 
was obtained from an 
Industrial
 
alcohol production, employing molasses from sugar beets as subs

trate.
 

The yeast ismaintained In a molt extract agar. 
 The basal media
 
for adaptation of the 
S. cerevisiae to high concentration 
of
 
sugar was performed in the following media:
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The results showed that with 15% 
of sugar in the substrate, with
 
the leaching 
(a) process or directly, without any extraction
 
procedure (b). the yield in alcohol production is the about 92%
 
of the theoretical yield, and with the 97% 
of the total content
 

of sugar consumed.
 

INTEC - CHILE 



- 51 -

The seeds con be used into animal diets, because they do hove high protein
content und lower fleer content than the other fractions.
 

P. chilensis 
seeds contains 
a mucilage 
in the endosperm, 
which
polysacharide is n
a galactomannan with good viscosity characteristics.
fraction was This
zeparoted by 
c wet 
process, producing 
a yield of 
15% ond
24% by the extraction at 
room 
temperature, and 509C, respectively.
type of gum can This
be used in the oil-well drilling, food and pet-food and
also for 
pharmaceutical 
applications 
if the mucilage 
can be purified
 
properly.
 

Hemagglutinin 
were 
not detected In 
any of 
the samples, 
urease 
was
Only found in very low percentages In 
some of the samples from. 
P. chilensis, but is 
was not detected in whole pods.
 

The high uease content was present in seeds of P. tamarugo (0,09 units).
 

Cyonogenetic glucosides 
and ontitryptic 
factor 
were present 
in all tht
fractions and whole pods of P. chilensis and P. tamarugo 
(0.3 - 0.5 mgHCN/100 g sample and 0.8 
-
6.1 Trypsin inhibited units/mg samples).
 

All the figures of toxic 
substances 
in the analyzed froctions 
ore low,
compared with the values found In other forroges commonly consumed.
 

The fractions obtained through 
the separation process 
described for
chilensis: P.
flour, endocorp and mixture, permit 
to formulate
products cs doughnuts, bread, and cookies. 
some food
 

The fractions 
ore employed
with wheat flour in different sustitutIons levels (8
- 10%).
 

The tamorugo fractions do not result 
in acceptable products, because 
of
 
the bitter aftertaste.
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1. INTRODUCTION
 

1.0. Overview
 

MESQUITE (Prosopis spp.) is a leguminous plant that occurs all
 
around the world in arid and semi-arid zones. The plant grows
 
wild, requires very little water and is capabable to fix
 
nitrogen.
 

Depending on the specie, as well as the specific climatic
 
situation, MESQUITE develops as a small brush or as a tree of
 
a height of several meters.
 

MESQUITE produces an annual crop of pods which fall to the
 
ground when ripe. The pods were an important staple food
 
for former cultures in North- and South-America as well as in
 
Asia. The pods were usually ground in mortars and the flour
 
processed into several different products, such as flatbreads
 
or fermented drinks.
 

In modern times the importance of MESQUITE as a food or feed
 
became nil, due to several reasons:
 
a) MESQUITE is a weed that -if not controled- can infest
 
grassland in semiarid regions.
 
b) MESQUITE pods have a very complex and tough morphological
 
structure; no attempts have ever been made to develop a milling
 
and separation process for the pods.
 
c) MESQUITE pods as an agricultural crop could never match the
 
purely economical critefias of a modern crop.
 

Only in the last couple of decades man has begun to look at
 
plants (and animals) as part of a complete ecological system
 
where a "weed" suddenly becomes an important factor in the
 
system.
 

When chemical studies revealed that MESQUITE pods contain a
 
very high amount of sucrose as well as high-protein and
 
galactomannan-rich seeds, some researchers started to consider
 
its use as a food crop again. The increasing under-supply of
 
food in lesser developed countries in arid zones also led to
 
incresed efforts to the establishment of local crops.
 

Therefore, this work concentrated on the development of a
 
milling and separation process for MESQUITE pods, and on its
 
utilization as a food raw-material. It has been the intention
 
to come up with a immediately realizable model for MESQUITE
 
processing and utilzation along with the consideration of the
 
economical aspects.
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1.1. Botany of MESQUITE
 

1.1.1. Taxonomy, patterns of variation
 

Among the legumes, 
 the genus Prosopis (common name: 
MESQUITE)
belongs to 
 the subfamily of Mimosideae. There 44
are known
species, but only one still 
 exists in tropical Africa, where
MESQUITE possibly 
originated. 
From there,the ancestors 
of
pvesent day Prosopis may have migrated to east and west during
tLe continental 
drift 
at the 
 end of the Mesozoic or the
beginings of tertiary times (1).
 

To identify the correct Prosopis species in the field can be an
extremely difficult 
 task, even for someone who thinks he knows
MESQUITE, since Prosopis plants 
 can be 
 small shrubs or short
trunked trees but 
can even develop into 20 m 
tall trees,
depending on all
the species and/or 
the availability of 
water (2).
 

There are 
not only differences in size 
or shape of the 
 tree;
even more astounding 
 may be the differences of 
the pods. They
may be 2 cm long curled pods with 
 the characteristic 
 name
"screwbean" (P.pubescens) 
or up to 13 cm long brown pods
P.chilensis, which might almost be confused with the fruit of 
of
a
carob tree (Ceratonia siliqua).
 

The thorns are 
yet another variation. Some 
 species have nasty
long thorns which led 
to proposals to use MESQUITE as 
a natural
barbed wire 
 fence 
 around military installations. The 
 thorns
have even caused viscious infections 
 (3). However, there are
also species which produce no thcrns at all.
 

On top of all this variability, Prosopis 
 crossbreads 
among
species, and is
it therefore 
 often almost impossible

determine with which 

to
 
specie one is dealing.
 

1.1.2. 
Adaptation to environmeltal conditions
 

MESQUITE covers 35 million hectares in the United States alone,
and is found all 
 around the world in arid and semi-arid zones
 
(Figure 1).
 

Harsh conditions like 
extreme tomperature, drought, poor soil
quality and wind in arid 
and semi-arid zones pose 
 severe
constraints 
 on the growth 
 of a plant. To overcome these
problems, MESQUITE possesses special features in 
the morphology
and physiology of its roots, conducting system and leaves.
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Figure 1: Worldwide distribution of Prosopis species (14)
 

#30
 

20"6. 

The potential water 
 reservoir 
 available 
 to MESQUITE is
compared large
to other 
desert shrubs. 
 The trees develop
different two
rooting system. Tab roots which 
use ground water
there is any) (if
have been reported to reach 80
is also a 

m deep (4). There
lateral rooting system, which can 
extend to 20 
m from
 

the tree (5).
 

Some species can even 

leaves and 

absorb moisture (dew) through their
translocate it 
to the roots (6). 
On the other hand
the water losses are minimized by 
 tne ability of Prosopis spp.
to 
fold their leaflets together at midday (7).
 
Some Prosopis species have 
been found to perform crassulacean
acid metabolism (CAM), where 
 the plant closes its stomata
during the day to prevent moisture loss and 
 fixes nitrogen at
night (60). In addition, Prosopis is capable to 
 absorb water
with high matrix forces and to carry on photosynthesis at
 
held 

xylem water potentials of less 
than -40 bars (8). 
The reported
figures for water use efficiency differ
matter (9) from 250 water/kg dry
to 19 700 kg water/kg dry matter 
(10).
points out the The range
enormous 
genetic potential 
 that exists in
MESQUITE.
 

MESQUITE also has 
 the ability to tolerate highly
conditions. Certain species can grow 
saline
 

through a
several feet (11), salt crust of
and others tolerate a pH value of 9.5-10.0
and a soluble 
 salt content of 0.54-1.0 % which is 
even better
than Acacia arabica (12).
 

> )\ 
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It has been shown that Prosopis spp. are capable to fix
 
nitrogen and are therefore able to grow even in nitrogen-free
 
soil (13).
 

Not surprisingly, MESQUITE prefers hot temperatures. Optimum
 
shoot growth occurs at 296C (15), whereas most species do not
 
survive frost at -5.6*C (13).
 

1.1.3. Pods
 

As mu2h as the appearance of the tree from different species
 
varies, as astounding is the diversity in size and shape of the
 
pods.
 

To demonstrate the range of the differences, four species shall
 
be looked at more closely (Figure 2):
 

P.velutina: 	 The pods are about 10-15 cm long, slightly bent
 
and of a light brown to yellow colour.
 

P.chilensis: 	Pods are up to 20 cm long, quite fleshy and light
 
to dark brown. They resemble the pods of the carob
 
tree.
 

P.tamarugo : Length of the pods about 3-5 cm, slightly brown
 
color.
 

P.pubescens: 	Twisted pods, about 5 cm long pod. Their common
 
name "screwbean" is descriptive of the bean, which
 
is screw shaped.
 

Inspite of these obvious differences, all the pods have certain
 
identical characteristics as well. They are indehiscent and
 
have a similar botanical structure (pericarp/seed; see chapter
 
2.2.)
 

1.1.4. Fruit 	growth and dispersal
 

MESQUITE trees usually start to carry pods at the age of three
 
to five years and reach a maximal production from year eight to
 
fifteen (16).
 

Figures 3-6 show the pod-development from flower to the ripe
 
pod of Prosopis velutina. The pictures were taken in the
 
Imperial Valley in Southern California.
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Like all members of the Leguminosae, species of MESQUITE

produce their seeds in pods, though unlike many 
 other legumes,

the MESQUITE pods do not split open at maturity (indehiscent).
 

In nature the seeds would never 
 be able to germinate lying on

the dry ground. The reproduction cycle requires either

mechanical scarification or the involvement of animals. The

pods are avidly eaten by coyotes, rabbits, sheep and other
 
mammals, which seem to like 
 it because of its sweetness.

Examination 
of scats of wild animals and feces of domesticated
 
cows and goats reveal that up to 91 
% of the seeds pass through

the digestive tract of these animals unharmed (20).
 

This system serves multiple functions in that the seeds are

dispersed away 
 from the parent tree (which avoids competition

of new plants for the limited water in arid regions); the
digestive fluid kills the internal seed parasites and partially

hydrolyses the seed coat. Excreted 
 with the moist and mineral

rich manure, the seeds are then 
 in a ideal fertilizer. Under
 
these conditions, seeds can then germinate after only six hours
 
at 34 C (17,18).
 

It could be shown 
(19), that this natural system provides a

much higher germination rate 
 than any other mechanical or
 
chemical treatment of the seeds.
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Figure 2: Pods of different MESQUITE species
 

T)
 

Figures 3-6: The development of t4ESQTITE pods from the flower 
.
tc the rip c 
__i-__ods
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1.2. MESQUITE in the ecosystem
 

1.2.1. From weed to blessing
 

The image of MESQUITE varies widely: from a profit robbing
 
nuisance to a valuable asset to mankind, depending upon who is
 
asked, and where it grows.
 

In the United States, especially in Texas, where MESQUITE
 
grows on an estimated 22.7 million hectares (20), most ranchers
 
desire to eliminate it from their rangeland because it competes
 
strongly with desirable forage. Nevertheless the atttmpts to
 
get rid of MESQUITE have not been very successful. P1 methods
 
i.e. fire, herbicides orbulldozing destroy most of the desired
 
vegetation as well, and since MESQUITE seems to be one of the
 
toughest of all plants, it is the first that reoccurs. As a
 
result, the surface coverage of MESQUITE increased dramatically
 
in the last two centuries (21).
 

In other countries of the world, MESQUITE was and still is, a
 
highly welcome plant. Therefore, plantations have been
 
established (Saudi-Arabia,Chile) for the following different
 
reasons:
 
-Trees stabilize sand dunes, stop desertification and provide
 
shade
 
-The pods are 'ised as feed for animals and the wood can be
 
utilized by people in such regions as iumber
 

A typical example of the bias effects of MESQUITE has been
 
reported from India. A row of MESQUITE had been planted along a
 
jowar plantation. It was observed, that the growth of the field
 
crop was reduced along the MESQUITE belt, but its function as a
 
shelter belt against wind and sand increased the crop on the
 
whole orchard by a factor of 1.5 to 2 . Thus MESQUITE is now
 
recommended as shelter belt on farms (22).
 

Figure 7 illustrates the general role of MESQUITE in the
 
ecosystem, which is one that would fit almost exactly the
 
requirements of a plant to be used in a concept of "Three
 
dimensional forestry" (23). The following chapters explain
 
certain aspects in more details.
 

1.2.2. Feed for animals
 

Many properties of Prosopis fruits and characteristics of their
 
production make them an important resource for numerous
 
animals. The pods being predictable, abundant, nontoxic, and
 
highly nutritious, naturally attract numerous herbivores, many
 
of which destroy the seeds, but the only invertebrates known to
 
use the pods as a food source are insects.
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Insects that feed on Prosopis can be divided into two groups,

those that feed from the 
outside and those that feed 
inside the
 
fruits (24). Mozena obtusa 
(the hemipteran leaf footed bug) is
 
one of the most abundant external fruit feeders in North
 
America (25). 
Its damage to the honey MESQUITE in Texas was
 
estimated at 
50% of the potential fruit production (26).
 

Long-horn beet'.s of the genus Lophopoeum are known to develop

inside the po . in Argentina and to consume all of 
 the seeds
 
within the pods Nhile developing. The 
same damage to MESQUITE

pods is done by members of the bruchid family, which 
are by far
 
the most numerous and best known insects that 
use Pro is pods
 
as a food resource (27).
 

Many wild and domesticated mammals, birds and reptiles are also
 
known to feed on MESQUITE leaves 
and pods. The following list
 
is not ment to be complete:
 

Desert cavy, leaf eared mice, 
 hare, jackrabbit, coyote, deer,
 
armadillo, fox, goat, sheep, cow
 

For many of these animals, MESQUITE pods can 
be a big part of
 
their diet. 
It has been reported that jackrabbits can get more
 
than 50% of their calories from them (28).
 

The elimination of MESQUITE can even be 
responsible for the
 
abundance of animals in certain aeras, as 
it was observed for
 
scaled squails in New Mexico (29).
 

Today, many farmers in Central and South America as well as in
 
the Far East use MESQUITE pods in feed mixtures for their

livestock. Results of 
feeding studies showed that up to 20% of
 
the feed can be substituted economically with MESQUITE pods

with no deleterious effect 
on growth of calves (30).
 

Even in Hawaii, the pods from Prosopis pallida (Kiawe) were of
 
great value prior to the development of inexpensive bulk bin
 
containers for trans-pacific shipment of feedstuff. The pods
 
were often the only available feed during the dry season for
 
dairy cows, cattle horses, donkeys, pigs and chicken (31).
 

The MESQU7TE 
tree itself is perhaps even more important than
 
tne pods. Through 
 its shade and shelter which it provides for
 
animals in desert
the and arid zones, the tree is a basic
 
condition to actually establish 
 some livestock.
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Figure 7: The role of MESQUITE in the ecosystem
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1.2.3. The role of MESQUITE in ancient and modern cultures
 

A great deal of information is available about the use of 
MESQUITE by ancient cultures in North and Central America. 

The Sonoran Desert which stretches from Southern Arizona to 
North Western Mexico might be one of the location where
 
MESQUITE played an extremely important role. MESQUITE may have
 
been the second most important staple food to Indians like the
 
Hohokam, who occupied Southern Arizona from about 300 B.C. to
 
1450 A.C.(32), the Pimas (33), the Mescalero-Apaches and the
 
Seris.
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The Seris had names 
 for eight stages of growth of the rruit,
from the youngest to the fallen, rotting pod. 
In the second
youngest stage the 
pods were tied into small bundles and cooked
with meat. Mature but still 
green pods were mashed in a bedrock
 
mortar and cooked in clay pots 
(34). The most commonly utilized

form of the fruit was the 
 dry fallen pods, which have the
 
highest carbohydrate content.
 

A single man could gather about 80 
 kilo of pods in a day. Most
often the pods were 
first toasted, by lighting a fire 
 on

cleared ground, removing the charcoal and putting the pods on
the hot ground. At the same time the pods were 
sprinkled with
sand that had been heated by fites. The women 
then pounded the
pods in mortars with pestels (often made 
 from MESQUITE wood).
After the pods were mashed, the flour which is actually only
the exo- and mesocarp of the pods, 
was separated from the
unbroken endocarp, 
which still contained the seeds. The Seris
placed the flour in 
a large basket, mixed with
it water,
kneated th,. dough and formed round, 5 to 10 
cm thick cakes.
They 
 then dried the cakes immediately in the sun, so 
that they

could be stored for weeks (35).
 

Some tribes pounded the endocarp hulls 
 until the seeds got
free. The seeds were then separated and pounded to a fine flour
 to which water was 
added and the mixture drunk. Sometimes the
different flour/water mixes 
were allowed 
to ferment for several
 
days before they were consumed (36).
 

Father Barzana reported about 
 the use of P iLgaroba by South-
American Indians 
(37) :" ... they also prepared a very strong
alcoholic beverage from the pods 
and there were never as many
querrels and casualties as during the 
 MESQUITE harvesting

season."
 

MESQUITE had also 
 been extensively used 
 for a wide range of
medicinal purposes (3
q). The gum exudate helped curing
eyeinfections and 
 sc throat (39). A tea prepared from young
MESQUITE roots 
 ser .gainst diarrhea (40), whereas a liquid

prepared from the ba) 
 as used as a laxative (41).
 

Moreover, the MESQUITE wood served as 
fuel, as raw material 

many "household" gadgets and building material and 

for
 
the Hohokam
people of Snaketown cremated 
their dead on MESQUITE wood pyres
 

(42).
 

From all this examples 
it becomes clear, that MESQUITE was not
at all a weed for ancient cultures but a necessity for their
 
daily live.
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Currently, MESQUITE is of no more positive economical value or
 
cultural importance in the United States. Todays people that
 
inhabit the growing region of MESQUITE have no need for local
 
food production (USA only) or produce cash-crops that require a
 
tremendous input of irrigation and fertilizer (Imperial Valley,
 
California).
 

There are attempts to use MESQUITE wood as lumber since the
 
wood is of enormous hardness and can be compared to ironwood or
 
white oak. Very appealin g furniture and tile floors were
 
manufactercd in cmal! quantities (43).
 

Trees are also chopped for fuel and some charcoal production.
 

All -he current attempts in using MESQUITE are geared towards a
 
utilization of the wood of existing trees which would be
 
chopped anyhow, whereas the utilization of pods as an annual
 
crop has hardly seriously been looked at.
 

Peter Felker, a researcher and outspoken advocate for MESQUITE,
 
suggests to establish MESQUITE for biomass production, but the
 
current "surplus" of traditional fuels does not favour such
 
attempts. In the future the story might be different again.
 

In Mexico, MESQUITE charcoal is produced in considerable
 
quantities. This charcoal is mainly exported to the United
 
States where it is used in first class restaurants for
 
barbecue. The charcoal is about three times more expensive than
 
regular type but has a gourmet image due to its
 
characteristics, like hot temperature and special flavor (44).
 

Pods can also be purchased from dealers in Mexico who buy them
 
from people that collect the pods for a small income. The pods
 
are used in feedstuff mixtures. It is said that some people or
 
even tribes still prepare some food from the pods. This is
 
certainly the case for a region in India, where the custom of
 
eating P.cineraria pods seems to be the major factor in the
 
prevention of protein malnutrition. These people chew the ripe
 
pods and discard the seed (45). By this way of eating the I-°s,
 
the high protein content of the seeds is waisted.
 

In South America (especially in Argentina and Chile) the wood
 
is also used as fuel and for tilefloors, and a sirup is
 
produced from the pods as beverage. In Hawaii pods and leaves
 
are harvested from P.pallida for livestock.
 

Today, MESQUITE is worldwide a under-utilized plant because of
 
its "weed"image, the lack of processing techniques and
 
application of the pods.
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1.3. Objectives of this work
 

It has been outlined in the preceeding chapters that a
 
considerable amount of MESQUITE is growing wild in the United
 
States and other countries around the world. The pods of these
 
trees 
are hardly used as feedstuff and practically not at all
 
for human consumption.
 

A look at 
the growing regions of MESQUITE reveals the following

situation:
 
-Most of these regions do not permit an economically

justifiable cultivation with a traditional crop due to their
 
geographical isolation and lack of water.
 
-Many of th-se countries (with the exception of the United
 
States) can iot produce sufficient amounts of food for their
 
rapidly growing population and have to import big amounts of
 
cereals and legume flour.
 
-Most of these regions lack infrastructural developement.

-On millions nf hectares in these countries, no plants are
 
grown, even though MESQUITE would withstand the harsh
 
conditions.
 

The single most important reason why MESQUITE pods are
 
currently not being used for human consumption is that no
 
modern technology has been developed to process the pods to a
 
usable raw material.
 

The problem starts with the morphologically very complex

structure of the pods with 
 soft and extreme hard layers as
 
described in Chapter 1.1.4.
 

By just running the pods through a hammermill a product of
 
unspecific morphological and functional characteristics is
 
obtained, which is only usable as feedstuff for ruminants.
 

The requirements for a raw material that serves 
as a basis for
 
more or less sophisticated foodproducts 
are more specific:

The product has to have 
a uniform mesh size, texture, color and
 
odor. It has to have 
a known composition with desirable
 
functional characteristics, such as:
 
A cereal flour (starch/gluten: structure giving)
 
A soy concentrate (protein: emulsifier, foam)

Guar gum (Galactomannan: thickening and stabilizing agent)
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These requirements were already valid for the Indians. They had
 
a basic but efficent technology to separate the exo- and
 
mesocarp from the seeds (Chapt.- 1.2.3.). Their ideas and
 
methods were the starting point for the process that will be
 
described here. Some suggestions dbout milling MESQUITE-pods

have been published in 1969 (46) and 1979 (47), but were
 
directed towards obtaining seeds for refore,L.tion purposes.

Therefore only very small quantities were p---.cessea.
 

Several authors studied the composition of the pods or some of
 
its morhphologicaI fractions (48;49;50;51;52;53;54;55;107) but
 
its applications in food products have never seriously been
 
investiqated, even though no toxic components have been found
 
(56), except of very small amount of cyanide in some species
 
(106).
 

It is the purpo;e of this study to fill the:.e i. 6tyure
illustrates the problems and possibilities that surround the 
potential utili.ation of MESQUITE pods as a food source, and 
serves as the franework and self-imposed task sheet for this 
work. 

The verbal interpretation of Figure 8 leads to the following
 
formulat ion:
 

IT IS THE OBJECTIVE TO OUTLINE HOW MESQUITE PODS
 
CAN BE HARVESTED, MILLED AND INCORPORATED INTO
 
FOODSTUFF.
 

THE PROJECT HAS TO RESPECT THE SPECIAL CLIMATIC,
 
GEOGRAPHICAL AND SOCIAL CIRCUMSTANCES OF THE ARID
 
AND SEMI-ARID GROWING AREAS, AND HAS TO BE
 
ECONOMICALLY FEASIBLE.
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Figure 8: Problems and possibilities surrounding the
 
utilization of MESQUITE pods
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2. EXPERIMENTAL PART AND RESULTS
 

2.1. Methods and materials
 

2.1.1. General analytical methods
 

The following list 
covers only standard chemical methods that
 
are frequently 
 used for routine analyses. Methods that are
 
specific for zertain experiments are mentioned in the according
 
chapters:
 

Sucrose:
 
AOAC Methods, 13th Ed. 
1980, Method # 31.027-31.028
 

Glucose:
 
AOAC Methods, 13th Ed. 1980, Method # 31.032
 

Protein (N):

AOAC Methods, 13th Ed. 
1980, Method # 7.021-7.024
 

Moisture:
 
AOAC Methods, 13th U., 1980, Method # 14.002-14.003
 

Crude Fiber:
 
AOAC Methods, 13th Ed. 
1980, Method # 7.061-7.065
 
Other Finers:
 
Forage Fiber, Agric.Handbook #379; Agric.Res.Service
 
USDA 1970
 

Fat:
 
AOAC Methods, 13th Ed. 
1980, Method # 7.055-7.056
 

Ash:
 
AOAC Methods, 13th Ed. 1980, Method # 7.009
 

Metals:
 
AOAC Methods, 13th Ed. 
1980, Method # 3.006-3.058
 

Carbon / Hydrogen:

AOAC Methods, 13th Ed. 
1980, Method # 47.009-47.012
 

Phosporus:
 
Biochem.J. ; 34B; 858 (1940)
 

Sulfur:
 
J.Food Sci. 44 ,p.1772, (1979)
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2.1.2. Specification of pods
 

As described in Chapter 1.1.1., there are 44 known species of
 
MESQUITE which produce pods with considerable morphological
 
variations.
 

For practical reasons the following udies have been
 
restricted to one type of MESQUITE, unless otherwise
 
mentioned. This one type is not necessarely one species, but
 
rather pods that are morphologically similar. They are
 
basically P.velutina, P.glandulosa and its hybrids. This type
 
of pods represents the overwhelming amount of MESQUITE found in
 
the United States and Central. America. The pods that have been
 
used for this work have been collected by the author in the
 
Imperial Valley in Southern California and in the Yuma area in
 
South-Western Arizona. The pods were gathered in July and
 
August 1982 and 1983 under approximately 20 different wild
 
growing trees with racks (Figure 9), stored in guny-bags and
 
brought to the laboratory in Albany,CA where they were kept in
 
freezers at minus 206C until used for the experiments. Some
 
tests have been performed with pods from Chile (referred to
 
as such in the text).
 

Figure 9: Pod collecting in Southern California
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2.2. Pod structure and 
terminology
 

The overall goal of processing the pods 
 has been outlined in
Chapter 1.3.2.:
 

To produce morphologicaly and functionaly homogenous fractions.
 

A milling 
and separation process would evidentially have
based on to be
the general physiological structures of 
the
therefore necessary pod. It is
to describe 
the pod from this point of

view:
 
The pod basically consists of the 
 PERICARP which contains the
 
SEEDS (Figure 10).
 

The PERICARP itself has three different layers:
 

-The EXO-CARP, or outer 
layer is approx. I mm thin, relatively

soft and of a yellow color.
-The MESO-CARP, 
 lying just beneath the exocarp 
 is about 2-4
mm thick 
and rather soft.
-The ENDO-CARP (which is often 
thought to be
who see a the seed by people
pod for the 
first time) is 
a very hard and 
fibrous
 

This hull can hardly be opened

by hand.
 

The small 


layer, enclosing the seed. 


SEEDS inside the endocarp hull 
 again are extremely

hard and are 
composed of:
 

-The brown, very thin SEED COAT.-The ENDOSPERM which lies directly beneath the 
seedcoat

-The COTYLEDON and a tiny GERM.
 

Table 
1 gives the terminolgy of the four fractions according to
their origin. These names 

description 

have been created to simplify the
and will be 
used from here on 
 through 
 the whole
study where applicable.
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Figure 10: 
Pod structure
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Table 1: Terminology of fractions 

Botanical origin 

Pericarp: 

TERM USED 

IN THIS WORK 

EXO- and MESOCARP 

ENDOCARP 

(outer pericarp) 

(inner pericarp) 

FRACTION A 

FRACTION B 

Seed: 

ENDOSPERM with 
adhering SEED COAT 

(seed splits) FRACTION C 

COTYLEDON 
with 

GERM 
========---------= = = = = = = = = = ------------- == == 

FRACTION D 

== == = 
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2.3. Millinq and separation process
 

In order to develop a milling and separation process the whole
 
array of different type of mills had to be tested for MESQUITE
 
pods, but only the combination of machinery which will be
 
described, finally provided satisfying results.
 

It became clear during the evaluation procedure, that there is
 
a need for unbroken seeds for reforestation purposes and the
 
process therefore would not only have to produce raw material
 
for further applications, but would also have to deliver
 
unbroken seeds as an intermediate product. Also the unbroken
 
seeds would be much easier to separate from the remaining
 
pericarp material.
 

In order to be able to determine the effect and efficency of
 
different mills and separators that were to be used, some
 
helpful standard numbers of the pods had to be determined. For
 
this purpose, the pods were dried for 10 hours at 50*C, run
 
through a laboratory disc-mill without breaking any seeds;
 
still unopened endocarp hulls were openend with pliers.
 
Fractions A, B and unbroken seeds were then manually carefully
 
separated.
 

This preliminary investigation revealed the average size of
 
product fractions as shown in Table 2. Table 3 shows standard
 
figures of MESQUITE pods that had to be determined in order to
 
evaluate and to control the milling process. Numbers in
 
parentheses are the extremes that were found in this study.
 

Table 2: Percentages of pod fractions
 

Whole pod 100.00 %
 
Fraction A (Exo-mesocarp) 53.0 % (49.0 -57.0%)
 
Fraction B (Endocarp ) : 22.0 % (19.0 -24.0%)
 
Seeds 25.0 % (18.0 -27.0%)
 

Table 3: Standard figures for process control (averages)
 

Weight of 100 pods 
Number of pods / kg pods : 

300.0 g 
333 

(155.0 -480.0g) 
(645 -210 

Seeds per pod 
Weight of 100 seeds or 
Number of seeds/kg seeds 

: 12 
4.0 g 

2'j000 

( 7 - 15 
( 3.5 - 4.3 
(23200 -28300 
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2.3.1. Process description
 

2.3.1.1. Drying
 

The MESQUITE pods reach a minimal moisture content by the time

they mature and fall to the ground. Once they drop, they

equilibrate with ambient moisture conditions, usually remaining

quite dry in the desert unless rained upon. When transported to
 
the more humid San Francisco Bay Area, they rapidly absorb
 
ambient moisture. Therefore, the pods were either stored frozen
 
or in a low humididty 
room. Special dry storage conditions were

required for broken or milled pods because the mesocarp is very

hygroscopic and would 
rapidly absorb moisture.
 

The natural moisture of the ripe pods, which has been

determined to vary from 8 to 14%, 
make it impossible to run the
 
pods through any milling process at all; the machinery cloggs

up almost immediately. It is therefore mandatory to dry the
 
pods prior to any further processing. 

Drying curves were drtermined with approximately 5 kg pods of
three different varieLies, which were laid as a 3 cm high
layer on trays, and diod in a tunneldrier(Taylor) at 70*C with 
an air velocity of 250 m/min (Figure 11) 

Figure 11: Drying of pods in a tunnel-drier 

-|.#,I 1 
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The pods were weighed several times during the drying process

and after 21 hours 
 the remaining moisture was determined. The

actual moisture at all intermediate drying times was then
 
calculated.
 

The drying curves of the pods are shown in Figures 12 and 13.
 

Temperatures above 75"C have resulted in partial burning or at

least browning of the pods. Bellow 65"C the drying times 
are
 
increasing rapidly.
 

Figure 12: Drying curve of Prosopis velutina (70C)
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Figure 13: Drying curve of P.chilensis and P. tamarugo (700C)
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2.3.1.2. Breaking
 

In order to ensure a proper 
 feed of pods to the subsequent
milling operation (2.3.1.3.), the pods have 
to be broken into
smaller pieces, about 3-4 cm 

whereas whole pods 

long. These pieces are straight,

are 
 slightly bowd. It is important, that
this first breaking does not release seeds 
since they would
otherwise be broken in the 
 next step. Also no fine material
should be produced in this step, since the dust formed disturbs
feeding 
 to the mill. All these conditions can generally
fullfilled with a slow turning 

be
 
disintagrator.


(Rietz Disintegrator; speed 500 rpm; Figure 14).
 



-30-


Figure 14: Breaking
 

Figure 15: Milling
 

m~ 
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2.3.1.3. Milling
 

This is with no doubt the most critical step of the milling and
separation process of 
 the pods. Many attempts with a large

variety of mills produced unspecific mixtures of different pod
fractions (Table 4).
 

Table 4: Milling characteristics of two unsuccessful mills
 

Equipment Conditions 
 Result
 

Corrugated v4,riable speeds 
 75% of endocarp hulls
 
roller-mill and gaps 
 not opened; release
 

of broken seeds
 
--..--------------------------------------------------------

Hammermill 
 500-2500 rpm 
 Seeds are broken into
 

small pieces
 

It became obvious, that only a 
disc-mill could eventually do
the expected 
job. Horizontal discmills, highspeed discmills

and sqtaretoothed discs were 
however not suitable. Eventually a

vertical dicsmill with corrugated Ijscs at relatively low speed

proved successful in producing a maximal amount of released but

unbroken seeds as well 
as a proper separation of endocarphulls

from mesocarp (Figure 15).
 

Besides speed and the right type of disc it is even more

critical to find fhe proper gap between the discs. It has to be
just a little smaller than the endocarp hulls, but slightly

larger than the thickness of the seeds. This gap has to 
 be

adjusted depending on the average thickness of 
 the pods before
 a new different batch is milled. This can be done with a

handful or pods and visually checking 
 the output. In the mill,
the exo- and mesocarp is cut off the endocarp hulls, which

themselves are not pouderized since they are much harder than

Fraction A. The hulls are torn apart along 
the two sides, and
 
the seeds released. The seeds are scarified, but most of them
(min. 85%) not broken, since they are smaller than the gap

between the discs and the centrifugal force which spins the
 
seeds to the frame is insufficient to break them.
 

In a first suggestion for a milling process (61), 
the same

machine was used but at a higher speed. Under these 
conditions

the seeds are broken by crashing them to the frame, but the

subsequent separation proved to be 
too unspecific.
 

Specification, Milling
 

Equipment : Bauer mill 148 (horizontal disc mill), Size 8

Disc : 8114 Gap-setting: 40 Speed : 3450 rpm
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2.3.1.4. Separation A
 

The milling by means of a horizontal discmiLl resulted in a
 
mixture of pod fractions (Fraction A and B as well as complete

seeds) 
 , which now has to be separated. At this 
stage this can be done by , unit #-hat allows separation
according to mesh size only, with three outlets.
 

This was carried out by a vibrating screen sifter with two
 
different screens. The milled pods are fed on top of 1
screen 

which retains Fraction B i.e.the endocarp hulls. The seeds 
and
 
Fraction A pass this screen. The seeds along with some

pericarp fragments are retained on 
screen 2, whereas Fraction A 
passes and is collected at the bottom. The steady vibration of
the apparatus ensures a proper functioning and automaticaliy

ejects the material from the screen which can 
 be collected
 
externally.
 

It is important that this separation step is performed 
immediately after the milling, since Fraction A is subject to
lumping due to its hygroscopicity. If this happens, separation
is not possibl3 anymore. Working in dry environment (dry room)
eliminates these restrictions. Fraction A also has to be stored 
properly after separation, whereas Fraction B and the seeds 
pose no such problems. 

The quantitative flow corresponds to the actual distribution of 
the fractions of the processed pod if the milling has been 
carried c it properly. 

Visual cnecking of the fractions for unopened endocarp hulls or
excessive broken seed material in Fraction A would at this
 
stage inform of necessa ry ad j ustment (gap, speed) at the 
mi ling level . For anal ytica.l I purposes, Fraction B could be 
rerun through the mill if too many hul Is were still unopened. 

This processing step r*.]eases the two pure Fractions A and B 
which need no further separation except a size reduction for 
their specific application. The seeds along with pericarp

fragments go to the next separation step (Separation B).
 

Specification, Separation A
 

Equipement Sweco, Screen-separator
 
Screen 1 4.8 mm round holes
 
Screen 2 	 1.0 mm square holes
 

Pods with extreme seed size might require other
 
sieves,which are easily exchangable in this unit.
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2.3.1.5. Seed cleaning
 

The seeds along with some pericarp fragments are retained by
sieve #2 in the preceeding step. The pericarp fragments account

for 20-50 % of this fraction, depending on 
a proper adjustment

of the mill (see chapter 2.3.1.3.). The retained material

consists of endocarp fragments and exocarp pieces that 
come

from the 
tips of the pods. This material has to he regarded as
 
"dirt" and must be separated from the seeds.
 

The seeds are smaller aod heavier than the 
pericarp fragments.

Therefore, a cyclone (Mc Gill, 
Houston TX, Laboratory aspirator

66-17721) 
with adjustable airspeed effectively separates the
 
two fractions. The clean seeds 
 pass the vertical tube and can
be collected; the pericarp fragments are carried away in the

airstream and can be discharged or added to Fraction B, since a
visual check makes clear, that most 
of this material is part of

endocarp hulls. 
 To prove this observation, an analysis of the

pericarp fragments was performed: Fat and protein of the pure
fraction as well as of the 
pericarp fragments were determined
 
(Table 5).
 

Table 5: Composition of 
pericarp fragments versus clean
 
fractions
 

Fat/ Protein Fraction A Fraction B 
 Pericarp
 
(pure) 
 (pure) fragments
 

Protein 8.9 6.3 
 6.9
 
( N x 6.25)
 

Fat 
 2.7 
 .2 1.7
 

The calculated composition 
 of the pericarp fragments reveals
that one can expect it to be 70-75 % Fraction B and 20-25 %
 
Fraction A.
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2.3.1.6. Seed splitting
 

The cleaned seeds represent an end product if used for
 
reforestation, or can be further processed by splitting into
 
endosperm and cotyledon if their utilization for food-purposes
 
is anticipated.
 

Two pieces of equipment have proven to be succesful for
 
seed splitting. Both will be described here and basically

perform the same function: The seeds are fed to a cyclone mill
 
(Udy-cyclone mill with steel impeller and rough abrasive frame
 
2000 rpm; Figure 16) or to a graintester (Strong-scott 17810;
 
Figure 17) in which they are thrown to the frame of the unit.
 
The speed and force of the crash causes the seeds to break into
 
three parts; two endosperm splits (=seed coat with endosperm,
 
Fraction C) and the cotyledon with the tiny germ (Fraction D).
 

If the process works properly with the graintester, it is the
 
one to choose because of its simplicity. The seeds are run in
 
the unit for about 30 seconds (the endpoint can be determined
 
accustically). This unit does not allow adjustments

(rotor,frame or speed) and therefore some seeds just break
 
without Leing splitted, and come out as small pieces or even a
 
fine powder. Table 6 gives the result of a poor splitting
 
experiment with a large percentage of fine material.
 

Table 6: Example of poor seed splitting
 

Seed input : 120.0 g 100.0 % 
Unbroken seeds : A 2.8 % 
Splits (C) : 48.3 g 40.0 % 
Cotyledon (D) : 26.6 g 22.0 % 
Fine material 48.0 g 40.0 % 

As will be shown, the seeds consist of approx. 55 % of Fraction
 
C and 45 % of Fraction D. Table 6 therefore indicates that the
 
fine material contains a substantial amount of Fraction D. This
 
was confirmed by a comparison of the protein content of the
 
fine material with Fraction D:
 

Fine material = 36.4% Protein
 
Fraction D = 54.0% Protein
 
Fraction C = 4.0% Protein
 

Fraction D accordingly accounted for 70 % of the fine material.
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If the unspecifically broken seeds or 
the fine material are in
 
excess of 25% of the input, it is recomended to use a cyclone

mill instead of the graintester. The cyclone mill allows
 
changing of the rotor size, form, material), the frame (coarse
 
or fine surface), speed and air flow. In addition, the top of
 
the unit is made from clear plexiglas which allows to observe
 
exactly what happens with the help of a stroboscope.
 

The seeds are run through the unit for 90 seconds, then the
 
small sieve in 
 front of the outlet is removed to allow the
 
splitted seeds 
to fall in the collector. The disadvantage of

this unit is that it requires more attention and fine tuning

from the operator.
 

An average of 85 % of the 
seeds can be recovered as splitted

seeds with 15% of the input being collected as fine material
 
which consists of 70% Fractioi D and 30% Fraction C (see
 
above).
 

2.3.1.7. Separation B
 

The purpose of this step is 
to separate the endosperm splits

(Fraction C) from cotyledon
the (Fraction D). The process is
 
the same whether the graintester or the Udy-cyclone-mill is
 
used in the preceeding step.
 

The inevitable fine material 
that forms during splitting of the
 
seeds is first of all 
removed by running the material through a
 
10 mesh sieve. Fractions C and D can 
then be separated by air
 
classification. Theoretically any 
 air classifier such as the
 
cyclon that is used in separation A (2.3.1.4.) could be used,

but a unit that allows good finetuning is prefered, since the
 
size/weight differences 
 of the two fractions are not as
 
pronounced as in separation A.
 

A simple clear plexiglass tube with the necessary collecting

devices and an adjustable airflow performs a completely

satisfying seperation. Fraction C is collected at the top and
 
Fraction D stays at the bottom of the tube.
 

The average distribution of the two fractions is 
55 % Fraction
 
C (endosperm splits) and 
45 % Fraction D (cotyledon),
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Figure 16: 	Seed splitting
 
with a cyclone-mill
 

Figure 17: Seed splitting with a graintester
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2.3.1.8. Fine-milling
 

Each fraction that is obtained by the described process has
 
its relatively uniform mesh-size at this stage, and necds only
 
to be reduced in size depending on what further application is
 
intended.
 

Fraction A: 	The flour has already a partical size of <1mm,
 
which corresponds to <20 mesh. All proposed
 
applications except sucrose-extraction (2.5.2.1.)
 
require a size reduction to at least <60 mesh.
 
This can be 	achieved by milling the flour with a
 
Wiley-mill, using a 60 mesh oulet-screen.
 
Bigger quantities were produced with a disc-mill
 
(Alpina, Augsburg 160 Z).
 

Size reduction of the other fractions will be discussed along

with their specific application (2.5.2.), since no standard
 
procedures are applicable.
 

2.3.2. Flow 	sheet and process yield
 

Figure 18 shows the flow sheet for the complete milling and
 
separation process, whereas Figure 19 illustrates the yield of
 
each fraction obtained through this process.
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Figure 18: 
Flow sheet for the milling and separation process
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Figure 19: Process yield of the milling and separation
 
process
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2.4. 
Chemical composition of the pods
 

2.4.1. 
Detailed analysis of the fractions
 

Work by Becker (49), Figuereido (50)
concentrated on 
and Del Valle (58)
the chemical cormposition of either the whole
pod or differentiated only 
between seeds
following chapters study 
and pericarp. The
the fractions as obtained by
described milling arid the
separation process with 
 regard to their
possible application.
 

The results present a rep-esentative sample of all pods which
were used 
 and analyzed uring 
 the time of this study.
are based on They
a rounded average of samples of 25 different trees
(P.velutj-na type), 
as well as extremes.
 

It was not attempted to investigate the minor compounds, but
each chaptpr will menLion other interesting substances found by
other researchers 
(if applicable).
 

2.4.1.1. Fraction A
 

Tables 7-11 
show the overall chemical composition of Fraction A
(exo-and mesocarp) as well as the 
 analysis of 
 individual
components (all results on a moisture-free basis).
 

Table 7: Chemical composition of Fraction A
 

Compound 

Average 
 Extremes
 

== == = 
== = = =
= = 
 = = = 
 = = 
= 
 = = = == = - =-== = 
 = 
 = 
 = 
 = 
 = 
 = = 
 = 
 = 


Total sugars 48.0 

= =
 

25 58

Protein (N x 6,25) 9.5 
 6 ; 11
 

Crd 
2.0 0.8 ; 4
 

Crude Fiber 

16.0 
 10 ; 23
 

Ash 

4.5 
 3.7 ; 4.9==========--------------------------------------

========= -

It is 
 not surprising that almost all the sweetness of the pod
is caused by 
 the very high sugar content of
Nevertheless, its Fraction A.
percentage

is unique 

(close to half of the drymatter)
for a leguminous plant, 
 only carob pods being
comparable.
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Sugars:
 

A considerable 
 sweetness 
 is the dominant organoleptic
impression when tasting the 
flour of Fraction A. 
The question
was, whether sucros 
would 
 be the only compound, or whether
other sugars would 
 also be detectable in 
 large quantities.
Samples that 
 were analyzed 
 by HPLC for sucrose/ glucose/
fructose resulted in 
a respective content 
 of 92 % / 3 % / 5 %
(Figure 
20). Therefore, 
 the ratio of 
sucrose versus reducing
sugars is approximately 9:1 
.
 

Figure 20: HPLC-analysis of a water extract of Fraction A
 

Solvent 
 : Aldonitrilacetat:H20 
= 80:20
Flow : 2.0ml /min 
 Refractiveindex : 
 8x
Column : 
Water Associate Carbohydrate Column
Printer : Atten. 8x; 
10 my AUFS Reference : Conrad (101)
 

25 ul Extract 
 10 ul Standard
 
fraction A 
 Sucrosesolution
 

Sugar components found by other researchers:

Malhotra (55) reports ellagic acid 4
-0-rutinoside, 
 to be
present in pods of P. 
juliflora.

Becker (49) 
found small amounts of raffinose and inositol 
in
the pericarp of P.velutina.

Shalaby 
 (59) reports traces 
 of rhamnose, galactose and
glucuronic acid in the pericarp of P.stephaniana.
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Protein:
 

The protein content of Fraction A is relatively high (close to
 
10%). In an attempt to determine its quality, the amino acid
 
composition was investigated (Table 8).
 

Table 8: Amino acid composition of Fraction A
 

Analyzed with a Durram amino acid analyzer, Model D-500 (110)
 

Amino acid Grams per 100g mg per gram Provisional
 
of Fraction A nitrogen score (FAO)
 

mg/g N (102)
 

ASPARTIC ACID 2.026 866
 
THREONINE 0.461 197 250
 
SERINE 0.553 236
 
GLUTAMIC ACID 1.784 762
 
PROLINE 1.126 481
 
GLYCINE 0.615 263
 
ALANINE 0.561 240
 
CYSTEINE 0.193 83
 
VALINE 0.699 299 310
 
METHIONINE 0.125 54 (MET+CYS) 220
 
ISOLEUCINE 0.387 165 250
 
LEUCINE 0.933 399 440
 
TYROSINE 0.377 161
 
PHENYLALANINE 0.385 165 (PHE+TYR) 380
 
HYSTIDINE 0.317 135
 
LYSINE 0.506 216 340
 
ARGININE 0.975 533
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Fatty acids:
 

The small amount of fat (<3%) would definitely not justify to
 
use this fraction 
 as a source for oil. For reasons of

completeness however, the fat which had 
 been extracted with
 
hexan from Fraction A had been analyzed by GLC for its fatty
 
acid composition (Table 9).
 

Some technologically important characteristics are discussed in
 
chapter 2.5.2.1.
 

Table 9: Fatty acid composition of Fraction A
 

Conditions:
 
Carriergas . N2 , pressure 4 bar, flow 30ml/min
Detector . FID, H2 1.86 bar, Air 1.8 bar 
Oven temp. . 175*C isotherm Attenuation : 5 

Fatty acid Retention time Area 
 Percentage
 

Myristic acid 
 1.47 1.1362 1.1

Palmitic acid 2.55 
 14.2899 13.7
 
Stearic acid 
 4.52 4.8313 4.6

Oleic acid 
 5.24 25.5500 24.5
 
Linoleic acid 6.65 
 48.6912 46.7
 
Linolenic acid 8.94 
 4.8374 4.6
 

Fat components found by other researchers:
 
Figuereido (50) found beta-sitosterin in the ether extract of
 
the pericarp of P.juliflora.
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Fiber:
 

Several different types of fibers of Fraction A were
 
determined, in order to receive a most complete overview over
 
this compound (Table 10).
 

Table 10: Types of fiber of Fraction A
 

Type of fiber % of Fraction A
 

a) Dietary fiber 35.3
 

b) Crude fiber 16.0
 

c) Neutral detergent fiber 23.1
 
Standard deviation 0..
 

d) Acid detergent fiber :.7
 
Standard deviation 1.0 

e) Lignin 5.7 
Standard deviation 0.8 

f) Cellulose 14.6 
Standard deviation 1.0 

a-b, respecively c-f, were determined on different batches
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2.4.1.2. Fraction B
 

The endocarp hulls (Fraction B), which make up an average of 2025 % of the pod, appear to be the least interesting part of the
MESQUITE-pod. They 
 are extremely 
 hard and fibrous.
Nevertheless, they deserve 
a closer look at 
 their chemical
 
constituents (Table 11)
 

In an attempt to 
 obtain a better quality of Fraction B, the
endocarphulls were milled in 
a pin-mill and separated into two
fractions wAth a 
cut at 40 mesh. This separates quantitatively

1:1. Differences in their composition are 
listed 4n Tables 12
 
and 13.
 

Table 11: Chemical composition of Fraction B
 
(on moisture-free basis)
 

Compound 
 Average Extremes Fraction B
 
% of Fraction B >40mesh 440mesh
 

Total sugars 6.0 
 3; 11
 

Protein (N x 6,25) 6.5 4; 
 9 4.3 15.5
 

.-----------------------------------------------------------
Fat 
 1.3 0.8; 1.8
 

.-----------------------------------------------------------
Crude Fiber 45.0 39; 55 
 51.5 25.3
 
....-----------------------------------------------------------

Ash 
 3.5 3.3; 3.9 3.0 
 3.5
 

=======------------------------------------------ ========== -

Sugars:
 

The sugars found in Fraction B are most likely to be residues
 
of Fraction A, since its percentage varies quiet widely.
 

Samples that were analyzed for sucrose and reducing sugars

respectively, showed 97.5% 
sucrose versus 2.5% reducing sugars.
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Protein:
 

The protein content of Fraction B averages around 6 % and is
 
therefore considerably lower than in Fraction A . Its amino
 
acid composition is shown in Table 12 (the analytical
 
conditions are the same as shown in Table 8)
 

Table 12: Amino acid composition of Fraction B
 

Amino acid 	 Grams per 100g mg per gram Provisional
 
of Fraction A nitrogen score (FAO)
 

mg/g N (102)
 

ASPARTIC ACID 1.897 	 666
 
THREONINE 0.541 190 	 250
 
SERINE 0.808 	 -14
 
GLUTAMIC ACID 2.929 	 i9
 
PRJLINE 0.997 	 350
 
GLYCINE 0.856 	 301
 
ALANINE 0.710 	 249
 
CYSTEINE 0.259 	 91
 
VALINE 0.769 	 270 
 310
 
METHIONINE 0.054 19 MET+CYS 220
 
ISOLEUCINE 0.590 207 
 250
 
LEUCINE 1.186 416 440
 
TYROSINE 0.497 175
 
PHENYLALANINE 0.664 233 PHE+TYR 380
 
HYSTIDINE 0.465 163
 
LYSINE 0.812 285 340
 
ARGININE 1.516 533
 

It is apparent, that the amino acid composition of Fraction B
 
is very similar to the one of Fraction A, or even slightly
 
more valuable, except for aspartic acid, proline and especially
 
methionine, for which the percentage in FractioD B is
 
significantely below Fraction A and only about 15% of the FAO
score.
 

*2it
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Fiber:
 

For the analysis of the fiber content of Fraction B (Table 13),

the same methods were used as for Fraction A. It is evident
 
that this fraction has a very high fiber content.
 

Table 13: Types of fiber of Fraction B
 

Fiber 
 % of Fraction B
 
Fraction B ,40mesh 440mesh
 

a) Dietary fiber 
 61.6  -

b) Crude fiber 45.0 51.5 25.3
 

c) Neutral detergent fiber 69.0 
 85.0 52.9
 
Standard deviation 3.5 
 2.3 4.8
 

d) Acid detergent fiber 53.7 69.5 37.8
 
Standard deviation 2.8 2.4 3.2
 

e) Lignin 
 9.8 11.3 8.2
 
Standard deviation 0.8 
 0.6 1.1
 

f) Cellulose 41.0 54.8 27.2
 
Standard deviation 2.2 1.6 
 2.7
 

a-b, respectively c-f, were determined on different batches
 

2.4.1.3. Fraction C
 

Fraction C in its form after the milling and separation process

consists of two different morphological parts, namely the seed
 
coat and the endosperm; the combination is called endosperm

split. 
 The seed coat is a very thin, brown and fibrous layer,

which adheres to the transparent endosperm.
 

A complete separation 
of the seed coat from the endosperm can
 
only be achieved manually. The endosperm split has to be
 
soaked in water and can 
then be peeled off carefully.
 

Analysis of these two parts 
 reveals differences in their
composition. These 
 results as well as the composition of the
 
complete Fraction C is shown in Table 14.
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Table 14: Composition of Fraction C
 

Compound 
 Fraction C Seed coat Endosperm
 

H20 6.0
 
Protein (Nx6.25) 4.0 6.2 
 3.1
 
Crude Fiber 
 7.6 18.1 0.6
 
Fat 0.0 
 0.0 0.0
 
Gum content (by diff.) 82.5 75.7 
 96.3
 

The most interesting constituent of Fraction C as far as its
 
commercial utilization is concerned, is the carbohydrate
 
fraction of the endosperm.
 

GLC-analysis ",eals that it consists predominantly of a
 
galactomannan , polysaccharide similiar to locust bean and
 
guar gum. Galactomannans form highly viscous solutions at low
 
concentrations. This interesting characteristic is 
 well known.
 
Galactomannans are therefore used extensively for thir',ening
 
purpo:tes (61;62;63;64).
 

The carbohydrate of MESQUITE Fraction C contains also traces of
 
other sugars. Table 15 shows their quantitativ distribution.
 

Table 15: GLC-analysis of the hydrolysate of MESQUITE endosperm
 

Monosaccharide Retention time 
 Concentration (%)
 

Rhamnose 
 99 
 0.225
 
Fucose 123 
 0.100
 
Arabinose 139 
 4.182
 
Xylose 156 
 1.957
 
Xylit 177 
 0.222
 
Mannose 221 
 56.470
 
Glucose 248 
 0.596
 
Galactose 
 269 36.440
 
........ ----------------------
 ================
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According to Table 15, 
the mannose : galactose ratio is 1:1.6,
which is similar 
to guar gum. This ratio is important for some
 
of the functional properties 
 of the galactomannan (Chapter
 
2.5.2.3.).
 

It is known from other galalctomarnans that thiz ratio can vary

widely among different species, place of origin 
or even

seasonly (61). As 
 an example, for Prosopis juliflora, a
 mannose : galactose ratio of 1:4.2 
 has been reported (108).

Another variable is the actual amount of 
 galactomannan in

Fraction C. This will be discussed in Chapter 2.4.2.
 

In chapter 2.5.2.3., methods are described how the purity of
Fraction C can be increased. Purity 
means a higher percentage

of endosoerm or a reduction of the 
seed coat.
 

2.4.1.4. Fraction D
 

The cotyledons 
 and the tiny germ make up Fraction D, which is

yellow and of a relatively soft structure.
 

The germ itself is so small to
that it is almost impossible
visually or physically separate it 
from the cotyledons. The

whole Fraction consist basically of protein and fat, 
as shown
 
in Table 16.
 

Table 16: Chemical composition of Fraction D
 

Compound 
 Average 
 Extremes
 

Moisture 
 4.5 
 2.0 ; 6.0
 

Protein (N x 6,25) 
 61.0 
 56.0 ; 63.0
 

Fat 
 8.0 
 5.0 ; 11.0 

Crude Fiber 
 4.0 
 3.0 ; 6.0
 

Ash 
 4.7 
 4.1 ;
---------------- 5.1
 == === 
== == = == ==.. . .. .. .
 



-50-


Protein:
 

The amino acid composition of Fraction D is shown in Table 17.
 

Table 17: Amino acid composition of Fraction D
 

Amino acid Grams per 100g mg per gram Provisional
 
of Fraction D nitrogen score (FAO)
 

mg/g N (102)
 

ASPARTIC ACID 4.583 505
 
THREONINE 1.321 146 250
 
SERINE 2.291 253
 
GLUTAMIC ACID 11.214 1.236
 
PROLINE 4.093 445
 
GLYCINE 2.508 276
 
ALANINE 2.290 252
 
CYSTEINE 0.961 106
 
VALINE 2.198 242 310
 
METHIONINE 0.550 61 MET+CYS 
 220
 
ISOLEUCINE 1.777 196 250
 
LEUCINE 4.148 457 
 440
 
TYROSINE 1.500 165
 
PHENYLALANINE 2.134 235 
 PHE+TYR 380
 
HYSTIDINE 1.696 187
 
LYSINE 2.292 253 340
 
ARGTNINE 7.552 832
 

.......--------------------------------------------------------


Components in the seeds reported by other researchers:
 
Beri et al. (65) reports 3.92 % starch in the defatted seeds of
 
Prosopis cineraria.
 
Bhardwaj et al. (52 and 53) found some polyphenulics in the
 
seeds of Prosopis spicigera: gallic acid, patuletin, luteolin,
 
patulitrin, rutin, prosogerin E and D.
 
Pant et al. (54) reports two polystyrenes in the seeds of
 
Prosopis juliflora.
 
Chellamuthu et al. (67) reports a percentage of 17.25 ! fat in
 
Prosopis juliflora seeds with a saponification value of 179.1
 
mg, iodine number of 69.75 and acid value of 8.55 .
 
Figueiredo (50) checked seeds of Prosopis juliflora for free
 
amino acids and found arginin, glutamic acid,leucin and alanin.
 
He found two major proteins with molecular weights of 77 000
 
and 96 500.
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2.4.2. 	Chemical variation in the main constituents of different
 
pods
 

It is 	 known, that pods from the same 
species but different
 
trees vary widely in their apparent sweetness. This had been
 
observed by simply chewing the pods. It therefore seemed to be
 
interesting to determine, whether the compositional differences
 
are limited only to the 
sucrose content or if they are found in
 
other dominant constituents as well. For that purpose, pods
 
from 16 different trees were collected at random, milled and
 
separated as described 
 in Chapter 2.3.. The fractions obtained
 
were then analyzed chemically (Table 18).
 

Table 18? Compositional variation, Fraction A
 

Pod # Total Sugars Protein Fat Crude Fiber
 
Sucrose +Glucose Nx 6.25
 

FN 1 45.6 10.4 2.2 12.6
 
FN 2 54.2 9.9 1.6 11.6
 
FN 5 43.2 
 8.4 1.7 14.2
 
FN 12m 43.4 9.1 1.8 19.3
 
FN 15 50.2 	 7.7 2.8 14.6 
FN 15/30 47.0 8.9 2.25 13.2 
FN 16 39.9 7.4 1.3 14.9 
FN 17 41.9 10.2 1.7 16.5
 
FN 23 52.3 5.7 1.6 13.0
 
12 A 48.2 9.1 1.6 12.9
 
12 B 	 46.2 8.9 2.7 10.1
 
12/8 50.0 2.1
7.1 	 14.3 
3/38 49.6 	 7.7 1.3 
 13.6
 
18/19m 56.4 	 7.8 
 1.4 11.1
 
X 39.0 8.7 2.9 16.3 
X 2 46.8 9.0 1.7 17.0
 

Average 47.1 	 8.6 1.92 
 14.1
 

Standard
deviation 4.9 1.5 0.5 2.4
 

=10.4% =17.4% =26.0% =17.0%
 

The analysis shows that the composition does not only vary in
 
the total sugar content, but even more significantly in the
 
other constituents of Fraction A.
 
Nevertheless, the sugars are the absolute dominant ingredients

of this fraction, accounting for almost half of it.
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Fraction B consists mainly of crude fiber. The other
 
components however vary more significantly (Table 19).
 

Table 19: Compositional variation, Fraction B
 

Pod # Total Sugars Protein Fat Crude Fiber
 
Sucrose + Glucose N* 6.25
 

FN 1 
 9.4 5.0 
 1.4 46.2
FN 2 10.6 6.9 1.0 45.6
FN 5 4.4 4.3 1.3 54.8FN 12m 
 4.3 9.1 
 1.7 40.4

FN 15 6.5 5.7 1.4 41.6

EN 15/30 8.8 
 6.5 
 1.8 41.4

FN 16 
 5.7 5.9 1.2 45.7
PN 17 7.6 6.8 1.1 48.8
FN 23 5.3 4.6 0.8 51.7
12 A 7.3 5.7 
 1.2 41.1

12 B 
 5.7 6.3 
 1.1 46.6
12/8 5.9 
 4.9 
 1.0 47.1
 
3/38 11.0 
 7.5 
 1.1 39.4
18/19m 5.8 6.9 0.9 46.2
 
X 7.0 5.8 
 1.2 44.0 
X 2 4.2 6.1 1.7 39.0 
------.------------------------------------------------------


Average 6.8 
 6.2 
 1.3 45.0
 
t...--------------------------------------------------------


Standard 
deviation 
 2.2 
 1.2 0.45 4.5
 

=32.4% 
 19.4% =34.6% =10.0%
 

As already mentioned 
 in Chapter 2.4.1.3, the interesting

question regarding the compositional variation of Fraction C is

its ratio of galactose : mannose. 
 Table 20 shows the results.
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Table 20: Compositional variation, Fraction C
 

Pod# Mannose:Galactose Pod# Mannose: Galactose
 

FN 2 1.14 FN 23 1.22
 
FN 5 1.22 12 A 1.40
 
FN 12m 1.99 12 B 1.43
 
FN 15 1.26 12/8 1.:4
 
FN 15/30 1.14 3/30 1.31
 
FN 16 1.38 18/19w, 1.36
 
FN 17 1.37 X 1.04
 
X-2 1.52
 

Average 
 1.314
 
....-----------------------------------------------------------


Standard
deviation 
 0.228
 

It can bee seen that the yalactomannan composition of all
 
samples is within a relatively narrow range, even though the
 
deviation within each sample was above satisfaction, probably

due to impurities. The result satisfies insofar as the
 
variation i's to small to cause measurable functional
 
differences.
 

The ratio of Fraction C to Fracticn D of a seed is also of
 
imporLance. A small seed with a high percentage of Fraction C
 
could eventually give a higher yield of galactomannan than a
 
large 3eed which consists primarily of Fraction D.
 

The ratio was determined by splitting the seeds with the
 
graintester (see chapter 2.3.1.6.), sieving out the fine
 
material that is being produced, and weighing the two
 
fractions. The protein content of the fine material was
 
analyzed and compared to the protein content of the pure

Fraction C and D respectivly. This allowed to determine the
 
percentage of each Fraction lost in this fine material, and led
 
to the correcoion factor in determing the ratio of Fraction C
 
to D (Table 21).
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Example for the determination of correction factor:
 

Composition of fine material= 75% Fraction D + 25% Fraction C
 
% fine material = 40%
 

Fraction C = 2.95g
 
Fraction D = 2.61g 
 Fine material = 3.71g 

Effective C = 2.95g + 0.25 x 3.71g = 3.88g 
Effective D = 2.61g + 0.75 x 3.71g = 5.39g
 

Uncorrected ratio of C:D = 2.95 
. 2.61 = 1.13 
Corrected ratio of C:D = 3.88 . 5.39 = 0.72 
Correction factor = 0.62 

The results of this study with the correction factor are shown
 
in Table 21
 

Table 21: Compositional variation, Ratio of Fration C:D
 

Pod # C:D Pod# C:D 

FN 1 0.71 FN 23 1.10 
FN 2 1.12 12 A 0.50 
FN 5 0.71 12 B 0.69 
FN 12m 0.36 12-8 0.69 
FN 15 0.71 3-38 0.74 
FN 15/30 
FN 16 

0.60 
0.66 

18/19m 0.80 
0.74 

FN 17 1.00 2 0.60 

Average 0.75 
.------------------------------------------------------

.-------------------------------------------------------
Standard
deviation 0.18 

The averaga ratio of Fraction C:D translateb into a
 
morphological seed composition of 43% endosperm splits an" 
57%
 
cotyledons.
 

t

j)
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In contrast to Fractions A and B (Tables 18,19), Fraction D
 
does not show a significant variations in the amounts of its
 
main constituents. Protein, which accounts for more than half
 
of this fractions, is found in very similiar percentages in all
 
pods analyzed, whereas the fat content deviates to a somewhat
 
greater extend (Table 22).
 

Table 22: Compositional variation, Fraction D
 

Pod # Protein Fat 
(N * 6.25) 

FN 1 56.1 9.6
 
FN 2 52.0 9.4 
FN 5 60.4 7.6 
FN 12m 56.3 8.0
 
FN 15 56.9 7.5
 
FN 15/30 56.2 9.0 
FN 16 57.7 7.7
 
FN 17 57.1 7.2
 
FN 23 59.2 7.5
 
12 A 56.3 6.2 
12 B 55.6 8.0 
12/8 55.6 9.3 
3/38 59.1 7.0
 
18/19m 60.7 7.3 
X 57.9 7.4 
X 2 56.6 6.9 

Average 57.1 7.85
 

Standard- 2.1 1.0
 
deviation =3.7 % =12.7 %
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2.5. Uses and applications of pod fractions
 

2.5.1. Objectives
 

The overall objective concerning the 
use of the MESQUITE-pods

is to find The optimal application for each fraction in or 
 as
 
a food proauct.
 

"Optimal" 
 is defined as the application which takes maximal
advantage of the functional characteristics, leaves 
 a minimal
amount of unusable residue and 
 provides the highest economical
 
value.
 

The following applications fulfill these criterias to 
 varying
degreos. Such applications are nevertheless described with
regard to 
 the use of MESQUITE in lesser developed countries,
where the most important criteria is 
to produce foodstuff for
 
survival.
 

Some products might also be unfamiliar to the reader since they
are specific to certain 
 areaq where MESQUITE grows or had
traditionally been 
 consumed. All applications are based on
fractions as received by the 
the
 

milling and separation processes

de3cribed in Chapter 2.3.
 

2.5.2. Applications of the various fractions
 

2.5.2.1. Fraction A
 

Fraction A is quantitatively the most important fraction, since

it representp almost 
 60% of the whole pod. The chemical
analysises in 
Chapter 2.4.2.1. revealed, that sucrose is the

major compound of flour
the (45%), followed by fiber and
protein. Therefore, the 
use of Fraction A as a raw material for
sucrose extraction is the first and most obvious application.
 

The use of 
 Fraction A in composite-flours for cereal-based
products will also be 
 described. However, its major
disadvantage, i.e. 
 the complete lack of starch or 
a structure
bulding protein, such as gluten, will 
be shown to restrict this
type of application to either 
low percentage of incorporation

of Fraction A, or to 
 products where structure is not the
 
dominant characteristic.
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2.5.2.1.1. Sucrose extraction
 

In many areas where MESQUITE grows wild, such as the Imperial
valley in Southern California or Hawaai, sugarcane or
 
sugarbeets are grown and processed nearby.
 

MESQUITE compares favorable to the two traditional sucrose
sources on "as is" sucrose-percentage (sugarbeet 10-15%;
 
sugarcane 14-26%; MESQUITE 30-50%).
 

The following list provides some thoughts 
why or why not,

MESQUITE could be an interesting alternative to the traditional
 
sugar crops.
 

Advantages:
 

-Sugarbeet processing starts in october, so MESQUITE would fit
 
in off season of sugar production.
 

-Sucrose plants show currently low profitability, partly

because of the short season.
 
-Sucrose is the main compound of MESQUITE Fraction A.
 
-Infrastructure already available.
 

Disadvantages:
 

-High soluble protein and mineral content of MESQUITE Fraction
 
A interferes with the crystallisation and purification of
 
sucrose.
 
-Existing surplus of sucrose in many countries except Mexico
 
which has to import 300 000 tons of sugar in 1984 (103).

-Extremely high energy and water input.
 

Conclusions:
 

MESQUITE Fraction A should be processed using the already

existing machinery and process steps of a conventional sugar
plant. No major changes should be required, the product should
 
not compete head-on with regular sugar, but be sold as a
"special'" MESQUITE sugar.
 

Another possibility would be to stop the process before
 
crystallization, or 
 to invert some of the sucrose in order to
 
produce a liquid sweetener or syrup, such as a maple syrup.
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Therefore, the following experiments were based on the known

methods of sucrose extraction as known from 
 sugar beet
processing, without attempting to produce a high purity sucrose
 
identical to a conventional sugar.
 

a) Preparation of small batches of sucrose syrup for
 

analytical purposes
 

- Give 20g MESQUITE-Fraction A to 200mi H20
 

- Heat solution to 806C for up to 20 min
 

-
Filter solution through cheesecloth
 

- Run filtrate through roundfilter
 

- Heat filtrate to 800C, add 2% CaO then keep at 
the
 
temperature for 20-25 min
 

- Cool filtrate to 25°C
 

- Centrifuge for 20 min at 12 
000 rpm
 

- Decant supernatant , set aside the sediment for analysis
 

- Inject C02 to supernatant for 5 minutes
 

- Second centrifugation for 20 minutes at 
12 000 rpm
 

- Add 2 % activated charcoal and stir solution for 5 minutes
 

- Centrifugation for 20 min at 12 000 rpm
 

- Decant supernatant and concentrate 
in evaporator
 
to 12.5 % sucrose (refractive index= 1.3515 )
 

- Analyze supernatant by HPLC to determine sugar purity
 
(see Chapter 2.4.2.)
 

Samples were 
 kept at 80'C for different lenght of times in

order to determine the necessary extraction time (Figure 21).
Heating for 20 minutes at 80*C proved 
to be sufficient to
extract around 70% of the theoretically available sugar.
 

Protein (N x 6.25)in the extract was also determined; the ratio
of sucrose:protein in the extract varied from 7.2 after 10
minutes extraction, to 8.2 after 20 minutes extraction.
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Figure 21: Extraction curve 
for sucrose from Fraction A at 800C
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b) Procedure to obtain pilot plant scale batches of
 
sucrose 2yrup
 

The procedure follows basically the same system 
as described
 
for small batches, but more data could be collected on a larger

scale. The method is based on the industrial procedure for
 
sugar beet processing (68), except for the first few steps that
 
are not necessary for MESQUITE and for the final
 
crystallization. Attention was 
given to minimize the amount of
 
water and energy to be used (Figure 22).
 

25 
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Figure 22: Sucrose extraction process for MESQUITE Fraction A
 

MESQUITE Fraction A 500 g
 

Add 500 ml distilled H20
 

Heat for 20 min at 800C
 

Filter through cheesecloth
 

Filtrate 01, 580g 
 Residue 01, 420g
 

Add 500 ml distilled H20
 
Heat 20 min / 800C
 
Filter (cheese cloth)
 

Filtrate02, 700g Residue 02, 210g
 

Filtrate 03, 1280g
 

Centrifuge (12 000 rpm / 20 min)
 

Supernatant 04, lSg 
 Precipitate 04, 115g
 

Heat to 75 C
 
Add 25g Ca(OH)2 (in 50ml H20)
 
Inject C02 during 15 min
 
Filter solution while still warm, then let cool
 
Centrifuge (12 000 rpm/20 min)
 

Syrup 11509 Precipitate 05, 30g


I Concentrate in evaporator 
Syrup concentratu 400g, with min. 50% 
sucrose
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The intermediate and end products of the process described in
 
Figure 22 were analyzed in order to determine the accuracy and
 
efficency of the system. The raw material that was used had
 
relatively low percentage of sucrose of 42%.
 

Table 23 shows the results. The values also correspond to the
 
preceeding page. Figures 23-25 show the extraction at different
 
stages as well as intermediate products of the extraction
 
process.
 

Table 23: 	Chemical analysis of intermediate and end products
 
of the sucrose-extraction from MESQUITE Fraction A
 

Product Sucrose Protein 
g % of % % of % 
(*) product yield product 

MESQUITE 500 42 10 

Fraction A 

1.Extraction 

Filtrate 01 580 21 58 4.2 49 
Residue 01 420 21 42 6.1 51 

2.Extraction 
(of residue 01) 

Filtrate 02 700 7.4 25 1.5 21 
Residue 02 210 12.2 12 6.9 29 

Filtrate 03 1280 13.6 83 2.7 70 
(=F 01+02) 

1.Centrifugation 
(of filtrate 03) 

Super
natent 04 1150 13.5 74 1.8 32 
Pre 
cipitate 04 115 12.1 6.5 12.0 28 

2.Centrifugation 
(of supernatent 04) 

SYRUP 1145 13.1 71 1.2 28 
Pre
cipitate 05 30 13.0 2 7.0 4 

(*) added 	water included
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It is certainly no surprise, that the pilot plant scale process

does not achieve the same extraction rate as the one in the
 
laboratory experiment. Nevertheless, 70% of all available
 
sucrose can be found in the end product after a two step

extraction and multiple purification procedures, which
 
effectively separate most of the protein, but also reduce the

yield of sucrose slightly. The figures could certainly be
 
improved by enforced stirring of the 
 flour in the solution, or
 
by an increase in the amount of extraction liquid, which in
 
turn would increase costs significantly.
 

Table 24 illustrates the output of usuable product. The table
 
also shows the mineral content of the syrup, which 
serves as a
 
quality standard in the sugar industry.
 

Table 24: input / output of sucrose extraction 

Sucrose Protein Crude Zn Mg Fe Cu 
 Ca Na
 
g g fiber,g ppm g/1OOg
 

Input:
 
500g MESQUITE
 
Fraction A 210 50 90
 
.....----------------------------------------------------------

Output: 
400 ml MESQUITE 
Syrup 150 14 0 17 4 20 2 0.4 0.1 

160g usuable 
Residue 26 14 85 

The numbers do not necessarily add up to 100% due to material
 
losses and percentages of compounds which are precipitated

through centrifugation, and do not present reusable material.
 

The syrup represents a good tasting end product, which can be
 
ccmpared to a maple syrup even though its aroma is more
 
pronounced. It could be 
used as a raw material for softdrinks
 
such as rootbeer, pancake syrup or as a general purpose liquid
 
sweetener.
 

Crystallization is possible, however in this study could not be
 
carried out due to unavailability of equipement.
 

The residue represents a fibrous by-product with hardly any

value except for feeding purposes.
 

,/. 
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Fermentation:
 

The syrup might also serve as a raw material for alcoholic
 
beverages after fermentation. A small experiment has been
 
performed to invs:tLgate this possibility:
 

-1 g Saccharomyces cerevisiae was given to 200 ml MESQUITE
 
syrup with 14.2 'Brix (pH value 5.3) and fermented at 25*C.
 
After 48 hours no more C02-proCuction could be observed and
 
the p11value had reached 6.5
 

-The solution was centrifuged during 20 min at 10 000 rpm, the
 
supernatant still measured 6.5Brix.
 

-Evaporation under vacuum resulted in 50 ml destillate with
 
9.1 % alcohol (v/v) or 7.3 % (w/v) (was determined with an
 
ebulliometer; boiling point : 92.90C).
 

-An additional Ig of yeast was added and the fermentation
 
continued for 24 hours. 2.2 % alcohol (v/v) could again be
 
recovered. Therefore, with an input of 28.4 g sucrose, which
 
would theoretically result in 14.2 g alcohol, and an actual
 
yield of 6.95 g, the efficency of the fermentation was 49%.
 

The low yield is probabely due to sub-optical fermentation
 

condititions.
 

The obtained destillat had a very pleasant taste.
 

For the production of alcohol,it might bemore reasonable to
 
ferment the completeFraction A, rather than to extract the
 
sugars, since the residue of the extraction does not represent
 
a valuable material.
 

Some research has been published on the successful fermentation
 
of whole MESQUITE pods to alcohol for energy production (69).
 
This however represent a completely different approach in the
 
utilization of MESQUITE pods. Nevertheless, it might be an
 
interesting possibility in a mixed-use concept.
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Figure 23: Sucrose extraction: Figure 24: Sucrose extraction: 
first stacge C02.-n~ektion 

'I'
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2.5.2.1.2. Composite flours
 

The use of legumes in composite flours is not new. Soy flour,
 
pea flour and other similar raw materials have been suggested
 
as a partial substitute for cereal flours. Some mixtures are
 
currently used, whereas others have never found wide
 
acceptance.
 

In order to justify the use of MESQUITE Fraction A in products
 
such as bread, its baking qualities would have to bring some
 
advantages over a product without MESQUITE or at least provide
 
a special taste. In lesser developed countries (LDC) with
 
under-supply of food, the situation is different. It would
 
already be promising to find ways to incorporate MESQUITE at
 
levels where the taste of a product would be acceptable.
 
Incorporation in existing products would not require major

changes at production level. A nutritional improvment of
 
already existing products through addition of MESQUITE would
 
definitely be helpfull in establishing its use.
 

Therefore, the application )f MESQUITE Fraction A in composite

flours has to be concentrat Fd on the following possibilties,
 
where each end product has tu fulfill different criterias:
 

US market:
 

-Use in regular American leavened bread.
 
-Use in other cereal-based products such as drum dried
 
flakes, crackers, biscuits and deep-fried snacks.
 

LDC market:
 

-Use in unleavened breads, which are produced in most lesser
 
developed countries (chapati).
 

-Use in other cereal-based and widely used products such as
 
corn tortillas.
 

This chapter discusses the possibilities and limits of the use
 
of MESQUITE Fraction A, with emphasis on the feasability rather
 
than on recipe optimization.
 

2.5.2.1.2.1. Leavened Bread
 

The procedure to investigate a possible incorporation of
 
MESQUITE Fraction A in regular leavened bread was as follows:
 

Breads were prepared according to standard recipes with
 
different percentages of MESQUITE Fraction A. An internal panel
 
tasted the products and determined the level at which the
 
incorporation of Mesquite Fraction A was detectable, and the
 
level at which the bread is judged negatively due to its taste.
 



-----------------------------------------------------

-67-


Judged for taste only (not for volume nor color) an addition
 
above 
10% MESQUITE Fraction A could be detected, but was still
 
acceptable.
 

However, at concentrations above 25% the taste of the 
 bread
 
became increasingly adstringent 
 and was no longer

acceptable. 
Therefore, the dough and baking characteristics of
 
breads were investigated with additions of 10% 
to 25% MESQUITE

Fraction A (some results also 
 refer to breads with higher

percentages)
 

The major variable in 
 the recipes besides the flour itself, is
 
sucrose, since MESQUITE Fraction A already consist of roughly

40% sucrose. Therefore, with the CONTROL containing 4 parts
 
sucrose (based on 100 parts flour), 
 a bread with 12 parts

MESQUITE Fraction requires
A no additional sucrose. At all
 
other levels, 
the recipes were adjusted accordingly.
 

The percentage of wat(
r is also depending on the amount of
 
MESQUITE Fraction since water
A, the holding capacity of
 
MESQUITE Fraction 
A is very low. In order to obtain a dough

similar to one without MESQUITE, added water has to be reduced
 
by 0.5% for each percent of MESQUITE (example: 10% MESQUITE 
95% H20). Breads were also prepared using MESQUITE syrup (see

Chapter 2.5.2.1.1.) 
 instead of the complete MESQUITE Fracion
 
A, and using no additional sucrose.
 

Composition of 
leavend bread with MESQUITE Fraction A:
 

100 parts Flour (100%- 75% whole wheat Peavey; 0% - 25%
 
MESQUITE Fraction A)
 

3 parts Shortening (Crisco)
 
2 parts NaC2
 
4 parts Sucrose ( - correction)
 
3 parts Yeast
 

59 parts H20 (- correction
 

Procedure: -Add ingredients to water
 
-Mix for 5 minutes in laboratory-mixer
 
-Fermentation: 105 minutes at 
290C / 90% rh
 
-1st punch, fold dough
 
-Fermentation 20 minutes
 
-2nd punch, roll dough and make 2 loafes
 
-Fermentation 55 minutes
 
-Baking 25 minutes / 2200C
 

The following results show data collected from doughs with
 
different percentages of MESQUITE Fraction A.
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Dough developement (Figure 29): Due to the lack of starch and
 
gluten in MESQUITE Fraction A, the dough deveiopment suffers
 
with increasing percentage of MESQUITE. The dough development

takes a relatively long time and the strength is reduced,

but it does not come to a radical breakdown.
 

The addition of 1% guar gum (or eventually MESQUITE gum)

distinctly improves the dough characteristics. The dough

improvement by the gum is also visible in the mixer. 9ough

without gum is very difficult to handle in comparison to one
 
with 1% gum. Figure 25 shows the farinograms of doughs with 50%
 
MESQUITE Fraction A with and without guar--gum. Locust bean gum

and methyl cellulose do not lead to the same improvement.
 

iure 2g: Farinogram of a dough with 50% MESQUITE Fraction A
 

a) without gum b) with 1% guar gum


!1 1 
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Table 25 shows additional dough and baking characteristics of
 
breads with MESQUITE compared with the CONTROL sample.

Tabulated are proof height 
of the loaves after fermentation,
 
loaf volume, loaf weight and crumb firmness.
 

Breads 
 were also prepared using MESQUITE Fraction B, the
 
fibrous endocarphulls milled 
 to a 40mesh size (see Chapter
 
2.5.2.2.), and MESQUITE syrup (2.5.2.1.1.) instead of Fraction
 
A. The recipe and preparation was the same as described for
 
Fraction A.
 

Table 25: 	Characteristics of breads with MESQUITE
 

Bread 	 Proof height Loaf volume Loar weight Crumb ** 
(in 1/16 inch) cm3 * jrams firmness 

.---------------------------------------------------------


CONTROL 15 
 680 123.5 335
 

10% MESQUITE- 21.5 675 123.5 
 370
 
Fraction A
 

10% MESQUITE- 15 
 640 123.3 410
 
syrup
 

25% MESQUITE- 20.5 500 126 
 483
 
Fraction B
 

* determined with rapseeds
 
**determined with Bloom gelometer
 

The bread containing 10% MESQUITE Fraction A developed the
 
biggest proof 
 height but resultet in an almost identical loaf
 
volume and weight after baking. The crumb firmness after 24
 
hours however was slightly increased. Nevertheless, at this
 
level of 	 substitution with MESQUITE Fraction A, 
a good tasting

bread 
can be produced with no major negative baking properties.
 

Incorporation of 10% MESQUITE syrup turned out 
 to be not quite
 
as successful. Loaf volume was almost 10% reduced, along with
 
an increased crumb firmness. The taste was satisfactory.
 

A bread containing 25% MESQUITE Fraction B showed a clearly
 
reduced loaf volume and increased crumb firmness. The bread was
 
much darker than the CONTROL and the fiber was responsible for
 
a sandy texture. However, it has to be 
 taken in ecnsideration
 
that the comparision should be made with a bread much higher in
 
fiber than CONTROL.
 

The actual appearance of the breads is shown in Figure 2(.
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2.5.2.1.2.2. Chapatis and crackers
 

The incorporation 
of MESQUITE Fraction A 
 in leavened bread
proved to be possible, but not
did provide any special
advantages which would justify its use 
in regular bread, except
in cases of undersupply of traditional flours.
 

Because of the limitations in leavened breads,it appeared to be
more promising to investigate the possiblilty of using MESQUITE
Fraction A in 
 unleavened 
 cereal products such as crackers or
chapatis, which 
 is the daily bread in most tropical countries.
Volume and short time freshness 
 are less crucial criterias for
these products, and the taste expectations are not as specific.
This widens the posible applications of MESQUITE Fraction A.
 

At the same time, the production of a cracker which 
 could be
marketed as a "MESQUITE cracker", would not have to try to copy
an existing 
product. The requirement for a cracker
attributes as crunchy, not 
are such


subject to breaking in the package
aad resistance to oxidation. 
 Also, the taste should not be to

articulated.
 

The experiment conducted 
 to study the use 
 of MESQUITE
Fraction A allowed basically the same procedure as 
for bread:
 

A standard recipe and procedure for crackers (or chapatis)
adapted to incorporate 
MESQUITE Fraction 
was
 

A at different
 
percentages.
 

The dough composition is the 
same for both products, and

found to 

was
 
be optimal as follows:
 

Composition of doughs for chapatis and crackers:
 

100 g Wheat
 
100 g MESQUITE Fraction A
 
112 ml Water
 

9 g Shortening
 
2 g Guar gum
 

Procedure: -Dissolve guar gum in water
 
-Mix the flours and the shortening
 
-Add mix to water
 
-Mix in a pin-mixer for 5 minutes and for 
 an

additional 
10 minutes in a fork-mixer
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Crackers:
 

Roll dough in 3 mm thick sheet; cut dough in pieces (6x3 cm).
 
At this stage three different methods are possible, where each
 
produces a different type of cracker:
 

1) Bake for 15 minutes at 180"C .
 
2) Bake for 30 seconds on each side on gridle
 
3) Deep fry in vegetable oil, 20 seconds each side at 2001C.
 

Chapatis:
 

They can even be produced using only the composite flour and
 
water (this is the way they are actually made in most lesser
 
developed countries). The addition of shortening and gum
 
however provides a smoother texture which is similar to
 
chapatis sold as specialities in Californian Supermarkets.
 

The dough is rolled in 3-5 mm thick sheets and cut to round
 
pieces of 20 cm diam:ter (40g), which are baked on a gridle for
 
1 minute on each side.
 

Results:
 

Crackers:
 

Method 1) and 2) produce a visually si-ilor product (Figure
 
27). The texture is indeed very crunchy. Jaking on the gridle
 
however is th- better procedure since the slight off-flavor,
 
which is detectable in the oven-baked cracker, is completly
 
eliminated.
 

Mehod 3) provides even crunchicr products similar to a
 
"fortune-cookie" or chip-. No off-flavor was registered. This
 
product is not very stable due to the high oil content.
 
Guar-gum (for dough structure and flavor masking , and
 
shortening for texure), are extremly important additives in all
 
described recipes. Additien of salt as it is usually done in
 
crackers, does lead to an undesirable taste combination.
 

Chapatis:
 

An absolutely satisfying product is obtained. No disadvantages
 
over the MESQUITE free product or off-flavors were detected.
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Figure 26: Breads with MESQUITE Fraction A (product in the 
center is the CONTROL sample) 

1%xFSO u/r 

Figure 27: 
Crackers with MESQUiTE Fraction A
 

-BAKED
 

K ."- :ee)50%l .WHEAT 
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Amino acid composition of a composite flour cracker:
 

Table 26 shows the amino acid composition of crackers, based on

50% wheat / 50% MESQUITE Fraction A.
 

For comparison the amino acid composition of a pure, untreated
MESQUITE 	Fraction A listed
is as 
 well. All numbers are
expressed 	as 
gram per 	100 gram of sample.
 

Table 26: 	Amino acid composition of crackers with 50% MESQUITE
 
Fraction A
 

Amino acid 
 50% Wheat+ 50% MESQUITE MESQUITE Fraction A
 
(g/100 g sample) 
 (g/100 g sample)
 

ASPARTIC ACID 
 1.147 
 2.026
THREONINE 
 0.403 
 0.461
SERINE 
 0.650 
 0.553
GLUTAMIC ACID 
 3.827 
 1.784
PROLINE 
 1.501 
 1.126
GLYCINE 
 0.581 
 0.615
ALANINE 
 0.482 
 0.561
CYSTEINE 
 0.261 
 0.193
VALINE 
 0.655 
 0.699
METHIONINE 
 0.226 
 0.125
ISOLEUCINE 
 0.485 
 0.387
TEUCINE 
 0.995 
 0.933
TYROSINE 
 0.442 
 0.377
PHENYLALANINE 
 0.620 
 0.385
HYSTIDINE 
 0.345 
 0.317
LYSINE 
 0.398 
 0.506
ARGININE 
 0.764 
 0.975
 

Comparison with 
 the amino acid composition of a standard wheat
shows, that a 50/50 product has a better balance than either of
the two flours alone. This comes 
as no surprise since it has
been known from studies with other composite flours, that
leguminous flour balances cereal flours in their overall amino
acid composition. Chapter 2.5.2.1.2.2. supports these results
by feeding studies with a MESQUITE Fraction A / wheat product.
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2.5.2.1.2.3. Flakes
 

Drum dried flakes based on cereal or composite flours are
 
widely used in the U.S. and also exported to lesser developed
 
countries.
 

The technology is quite simple and the end products relatively
 

stable and offer broad applications.
 

The intentions of the following experiments were:
 

-To find the limits of incorporation of MESQUITE Fraction A in
 
an acceptable product.
 
-To compare the nutritional value of MESQUITE Fraction A /
 
wheat product versus a wheat only product.
 
-To develop a product with a long shelf-life.
 

In a first attempt, flakes were produced with MESQUITE
 
Fraction A and o her flours but no other ingredients. The
 
amount of MESQUITE Fraction A was varied, but not the drying
 
parameters. The composite flour was either complemented with
 
whole wheat flour (Peavy), Cassava or in one case MESQUITE
 
Fraction D (MESQUITE cotyledon, see chapter 2.4.2.4.). The
 
flakes were used for feeding studies to determine their
 
nutritional qualities. They were also subjected to standard
 
quality measurements.
 

In a second experiment, the quality of flakes with a given
 
percentage of MESQUITE was optimized by addition of some
 
ingredients and optimization of the operating variables.
 

Flakes :ith Jifferent levels of MESQUITE Fraction A:
 

Procedure:
 

-Mill MESQUITE Fraction A through a Wiley-mill using a 1 mm
 
screen.
 

-Prepare composite flours with MESQUITE Fraction A
 
incorporated at levels from 0-100% .
 

-Add the flour to water (200C) and mix in a laboratory mixer at
 
medium speed for 5 minutes.
 
-Feed slurry on a double drum drier; gap 0.75mm ; speed 0.8 rpm
 
-Allow flakes to cool at ambient temperatur, then run through
 
the Wiley-mill with a 5 mm screen and take samples for further
 
investigations.
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Characterisation of flakes:
 

The follwing tests were 
performed (where applicable):
 

Sheeting:
 
Visual description (0= worst; 
10= best)
 

Flake firmness:
 
Flakes are given in 
 a 300 ml aluminium can 
(6.5 cm diameter;
9.5 cm long); the can 
is placed in an Instron apparatus and the
5.5 cm diameter compression-cell is driven 
 four times 1.2 cm
deep in sample (speed 12.5cm/min). The resistance is measured
with a multiplication factor of 50x; The last drive 
was the
 
measured value.
 

Specific volume:

Flakes were 
 fil' d in a 500mi cylinder and the weight recorded
 
as ml/100 g.
 

Viscosity:

60 g flakes and 440 ml H20 were given in 
an Amylograph bowl.
Temperature procedure: 10 minutes at 250C (value A), 
heated to
85 C and - oled back to 250C (value B). The difference between
A and B 
i a measure for the degree of cold water swelling and
gelatinization during 
 drum irying respectivly. The absolute
value is relative to the percentage of 
starch in the product.

(All values in Brabender units = BU)
 

Chemical analysis:

Composition of the flakes 
(i.e. carbohydrates, sugar, protein,

fat, fiber)
 

Feeding tests

Flakes with different 
 levels of MESQUITE were fed to 
male
Sprague-Dawley 
 rars ( initial age: 21 days, initial weight:
54g, 5 rats per 
group) for 28 days. The following data were
collected:
 

-Final body weight;
 
-Total feed consumption;

-Protein efficency ratio, PER = weight gain / protein
intake 

-Digestibility of total diet 
= (feed intake- fecal 
weight)/ (feed intake x 100)

-Digestibilty of total nitrogen 
 = (N intake- fecal 
N)! (N intake x100) 



-76-


Results
 

Functional properties (Interpretation of Table 27)
 

The specific volume 
(also shown in Figure 29) reaches a maximum
when 25% MESQUITE Fraction 
 A is incorporated, higher

percentages causc 
a slight reduction. 
100 % MESQUITE Fraction A
gives the lowest value which can 
be increased with the addition
 
of gum. The combination with cassava 
 flour shows similar
 
results as with wheat flour.
 

The 
 reduction of the starch containing composite flour 
 causes
 
a decrease of 
 the absolute viscosity. The percentage of cold
water viscosity is significantly higher 
with MESQUITE. The

incorporation of MESQUITE Fraction 
A evidentially reduces the
need for extensive pre-gelatinization. A surprising exception

occurs when MESQUITE Fraction D is incorporated: the percent;.ge

of cold water viscosity is even 
below the value of a 100% wh :at
flake. It suggests that MESQUITE :he
Fraction D retards 

gelatinization during drum dryirg.
 

The resistance of the flakes against 
 breaking (strength) shows
values that correspond with their specific volume: Higher

specific volume (or 
 lower density), causes reduced flake
 
firmness.
 

The water activity i"alue is slightly reduced 
with increased
 
percentage of MESQUITE Fraction A, 
but the moisture content of

the flakes 
is also lower with higher percentages of MESQUITE.
The fact that the moisture content is lower 
with MESQUITE,

suggests a reduced water holding 
 capacity which 
 has been
 
observed in other experiments as well.
 

The most critical factor in 
the production of drum-dried flakes

with MESQUITE 
 is their sheeting-performance. 
Under

described production parameters, a mixture of 50% 

the
 
wheat / 50%
MESQUITE Fraction A produced an 
excellent film (Figure 28). 
It
 was practically impossible 
 to obtain an accept' le film with
100% MESQUITE only. Addition of 
 guar gum improvea the sheeting


dramatically. Ad'ustement of process parameter would 
certainly

allow to improve the 
sheeting characteristics of 
 the other
mixtures as well; the here 
 described results have only

comparative character.
 

In summary: It could be seen 
 that the quantitative

incorporation of 
 MESQUITE Fraction A as well 
as Fraction D in
composite flours is 
almost unlimited from the 
 technological
 
point of view.
 

The taste of all samples was very pleasant. The increase 
of
MESQUITE Fraction A 
 leads to a stronger flavor, but 
no after
taste or off-flavor could be detected.
 

http:percent;.ge


5 
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Figure 28: Production of drum dried flakes with 50% MESQUITE
 

Fraction A and 50% wheat
 

Figure 29: Specific volume of different drum dried flakes
 
(numbers see Table 27)
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Table 27: Drum dried flakes: Functional properties (methods see page 75)
 

Composition 


100% Wheat 


75% Wheat
 
25% MESQUITE A 


50% Wheat
 
50% MESQUITE A 


25% Wheat
 

75% MESQUITE A 


100% MESQUITE A 


100% MESQUITE A 

(+1.5% Guar)
 

40% Wheat
 
20% Cassava
 
20% MESQUITE A 

20% MESQUITE D
 

75% Cassava
 
25% MESQUITE A 


Specific Viscosity Flake- aw 


volume A/B Ax100:B firmness 

(ccm/100g) (BU) 


303 1360/3;30 42.5% 43 0.5 


330 1 00/1560 77.0% 30 0.48 


280 380/ 520 73.1% 62 0.45 


230 65/ 85 76.5% 67 0.38 


160 unmeasurable 


200 unmeasurable 69 0.42 


304 430/1080 39.8% 20 0.55 


310 2000/2700 74.1% 18 0.62 


Sheeting Sample# 

quality in 
Fig.29 

2 1 

5 2 

10 3 

5 4 

0 5 

7 6 

5 7 

5 8 

=---------------------------------------------------------------
Flour:H20 = 40:60, Gap: 0.75 mm, Speed: 0.8 rpm Productionrate: 10-12kg/h 
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Chemical Analysis (Interpretation of Table 28)
 

As can be expected,the chemical composition of the flakes
 
represents basically the 
 arithmetic sum of the combination of
 
the composite flour.
 

The protein content of the flakes is reduced with increased
 
percentage of MESQUITE Fraction A, since MESQUITE has a 
lower

protein content 
 to start with. This however is partially

compensated by its improved amino acid balance (Table 26). 
The

flakes with 20% MESQUITE Fraction D have over 20% 
more protein

and a improved amino acid balance than 
the product made out of

wheat only. Flakes with cassava contain very little 
 protein,

since cassava itself 
 is almost protein fre. Addition of
 
MESQUITE Fraction A or D would 
 therefore be a positive

improvement for the cassava flour.
 

The percentage of fat is almost on the 
same level in all the
 
flakes.
 

As could be expected, the most significant changes in the

chemical composition of the investigated flakes are found in
 
their fiber content and the amount 
of sugars; both

ingredients are 
 found at much higher levels with increased
 
MESQUITE incorporation.
 

Feeding studies (Interpretation of Table 29)
 

Three types of flakes were used for feeding studies, along with
 
a control sample containing casein:
 

1) 100% Wheat
 
2) 50% Wheat / 50% MESQUITE Fraction A
 
3) 40% Wheat / 20% Cassava / 20% MESQUITE A / 20% MESQUITE D
 

The results showed, that the products 1) and 2) were overall

identical. No statistically signifcant differences were
 
measurable, except for digestab- ity of 2), which is lower for

the whole diet as well as fo: -.trogen. Since this did not
 
cause a lower PER, the protein-q,. ty of the flakes containing

50% MESQUITE Fraction A must be better, due to an 
 improved

amino acid balance.
 

Flakes 3) showed better values than the two other flakes in all
 
measured value. The PER as an example, is 50% higher. Since

the digestibility 
is even lower than 1) and 2), the protein

quality must again be significantly better. The improvement is
 
definitly caused by the high-protein MESQUITE Fraction D.
 

This study also proves that MESQUITE shows no toxicity over the
 
investigated period.
 



Table 28: Drum dried flakes: Chemical analysis
 

Composition H20 Protein(I) Fat Fiber(2) 
 Sugar(3) Carboh.(4)
 

100% Wheat 7.8 13.9 0.9 3.3
0.3 73.4
 

75% Wheat
 
25% MESQUITE A 5.5 12.7 1.1 3.0 
 14.5 76.7
 

50% Wheat
 
50% MESQUITE A 3.3 12.1 
 1.0 5.4 23.4 79.6
 

25% Wheat
 
75% MESQUITE A 2.1 10.6 1.1 
 9.7 35.2 82.2
 

100% MESQUITE A 
 5.0 9.8 1.6 9.9 41.1 79.6
 

40% Wheat
 
20% Cassava
 
20% MESQUITE A
 
20% MESQUITE D 7.4 16.1 
 2.0 4.3 13.3 70.5
 

75% Cassava
 
25% MESQUITE A 
 10.0 3.2 1.0 3.7 11.5 81.8
 

(1) N * 6.25 (2) Crude fiber (3) Sucrose and glucose (4) By difference
 



Table 29: Drum dried flakeL.: Feeding studies
 

Composition Final body Total feed 
 PER % digestibility

of feed weight,g consumpt.,g actual adjusted 
 diet nitrogen
 

Casein 174 
 349 3.43 2.5 93.3 92.3
 
CONTROL 
 +-7 +-20 -. 06
 

100% Wheat 79 
 215 1.13 0.82 91.4 87.8
+-3(a) +-10(b) +-.04(c)
 

50% Wheat 74 
 186 1.06 0.77 84.7 75.2
 
50% MESQUITE A +-4(a) 
 +-14(b) +-.05(c)
 

40% Wheat
 
20% Cassava
 
20% MESQUITE A 100 
 278 1.64 1.2 83.9 71.4
 
20% MESQUITE D +-2 +-5 
 +-.04
 

Mean +- S.E. Duncan's Multiple Range Test: 
Means with a commom letter are
 
not significantly different for p '.05
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Optimization of flakes with a given percentage of MESQUITE
 
Fraction A
 

After it could be shown that drum dried flakes can be produced
 
at any level of MESQUITE incorporation, an attempt was made to
 
optimize the flake quality at a given MESQUITE percentage by
 
changing process parameters, or addition of specific
 
ingredients.
 

The choosen product was based cn 70% wheat and 30% MESQUITE
 
Fraction A. A slurry with no addit.s served as CONTROL.
 

Experiments discussed in the p:eceeding chapter and performed
 
with raw materiali othr. than MESQUITE (72;73;74;75) suggested
 
the use of guar gum (known to reduce cooking time (76)) and
 
shortening for the functional improvement of the flakes.
 

Sucrose and NaCI are added for organoleptical reasons. In
 
addition, the slurry would be pregelatinized.
 

The goal of the optimization was to obtain flakes with
 
excellent sheeting characteristics, maximal strenght against
 
breaking, and crispness.
 

The "ideal" flake at a given amount of MESQUITE percentage was
 
therefore obtained as follows:
 

Composition: 65 parts unbleached Wheat flour
 
35 parts MESQUITE Fraction A
 

100 parts flour
 

+ 8 " Sucrose 
+ 5 " Shortening (veget.) 
I 2 " NaCl 
+ 1 " Guar gum 

+200 parts water
 

Procedure: -Prepare dry mix; dissolve guar in water
 
-Add dry mix to water; mix for 5 minutes in lab
 
mixer.
 
-Pregelatinize slurry by heating for 4 minutes at
 
85*C in steamkettle.
 
-Feed slurry on drum drier; Drum gap = 0.16 mm
 
Time on drum= 1'55" (=0.52 rpm);
 
Temperatuzeon drum surface = 145*C (71)
 
-Let flakes cool at room temperatur for 15
 
minutes; standardize flake size by running through
 
Wyley-mill with 5 mm screen.
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The characteristics of this "ideal" flake are described as
 
follows:
 

Chemical composition: 	 80% total carbohydrates;
 
20% sucrose;
 
12.5% protein;
 
2% fat;
 
3.5% crude fiber;
 
3.5% ash;
 
2% moisture
 

Specific volume : 300 ccm/100 g

Breaking -c3% (*)
 

(*) Standard procedure as described on page 75, but sifting
 
through 10 mesh= % breakage
 

Oxidation stability of drum dried flakes
 

Samples of the flakes were studied for their stability against

oxidation or rancidity, in order to get some ideas about their
 
shelf life. A sample of plain MESQUITE Fraction A which had
 
been stored for 6 month at room temperature(unprotected from
 
light =Ao) was also checked. The amount of oxidation was
 
measured with the GLC as hexanal in the headspace above the
 
flakes, known as the hexanal-value. This has been proven

to be a 	good indicator for rancididty (70;71).
 

Method: 	100 g of flakes were filled in gas tight jars and
 
stored for 16 weeks at COC, protected from light.

Another batch was stored for the same period of time at
 
room temperature and not protected from light. After
 
termination of the storage time, 5 g sample were given

in 250 ml jars, 2 ml standard solution and 100 ml
 
boiling water are added; the jar is immediately closed
 
with a triple layer of aluminum foil; the sample is
 
shaked for 45 seconds and then Icc headspace-gas is
 
drawn.
 

Standard 1 : 25 ul isobutyl methylketone,
 
25 ul heptanone in 11 H20
 

Standard 2 : 2-Heptanon
 
GC column : J+W fused silica capillary column;
 

OV-351, 0.25IDx15M
 
Carrier gas : He, flow rate 6cc/min
 
Flame : H2 , 32 psig
 
Injection temp. : 260"C splitless injection, Icc
 
Oven max. temp. : 4000C
 
Columnpressure : 5 psig (0.33kg/cm2)
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The results, shown in Table 30 and Figures 30-31, are quite
 
impressive. The hexanal Nalue decreases parallel to the
 
increased amount of M'27QUITE Fraction A. This could be caused 
by the presence of an ; ti-oxidative compound in MESQUITE, 
since untreated MESQUITE Fraction A also shows a very low 
value. A more likely explanation,could a correlatio, with the 
moisture content, which -.s lower with higher percentages of 
MESQUITE (Table 28). This would also explain the high value of 
the flakes with MESQUITE Fraction D even though this product is 
certainly more subject to oxidation due tc its high fat 
content. Storage at higher temperature results in an expected 
higher oxidation. 

Table 30: Oxidation stability of drum dried flakes
 

HEXANAL--VALUE
 
Sample stored at stored at Sample#
 

380C roomtemp.
 

100% Wheat 24.7 21.4 I
 

75% Wheat
 
25% MESQUITE Fraction A - 4.3 2 

50% Wheat 3.0 3.0 3
 

50% MESQUITE Fraction N
 

100% MESQUITE Fraction A 0.0 2.5 4
 

40% Wheat; 20% Cassava 15.3 12.5 5
 
20% MESQUITE Fraction A
 
20% MESQUITE Fraction D
 

75% Cassava
 
25% MESQUTTE Fraction A 0.9 1.3 6
 

MESQUITE Fraction A (Ao) 1.6 7
 

Sample # refers to Pigures 30 and 31
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Figure 30: 	Hexana] value cf different flakes , stored at 380C
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Figure 31: 	Hexanal value of different flakes, stored at
 
roomtemperature
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2.5.2.1.2.4. Corn tortilla chips with MESQUITE Fraction A
 

Corn is the most important staple food in most lesser
developed countries in arid and semi-arid zones. Corn is milled

and processed to a called
product "Masa", which serves as a
rawmaterial for either unleavend flatbreads or deep-fried ccrn
chips.
 

The corn chips have also become a best-seller in the snack-food
 
market the 
 United States, mainly in the southern States and
 
California.
 

Therefore, 
 a corn tortilla chip with MESQUITE FractionA might

well be a most promising application for MESQUITE in the U.S.
 
as well as in LDC's. In addition, preliminary tests with

wheat/MESQUITE composite-flours showed, that deep-frying

destroys the slightly bitter after-taste of some MESQUITE pods

most efficently.
 

There are many dif erenc procedures for the production of such
 
corn chips, but this experiment is based on the most commonly

used method which allows their production for private

consumption as well as in an industrial scale.
 

Composition:
 

Standard corn chip: '00 parts processed corn flour (MASA)
 
2 parts NaCl
 

100 parts H20
 

MESQUITE chi : -Replace percentages of corn with MESQUITE
 
Fraction A.
 
-Reduce water by 5 parts for each 10 parts
 
of MESQUITE Fraction A.
 

Procedure: -Prepare dry mix
 
-Add warm water (50°C)
 
-Mix for 5 minutes in lab-mixer
 
-Roll dough between two pergament-papers

into 1.5 mm thick sheets; cut sheets in 2
 
cm x 5 cm pieces and punch holes in each
 
piece with a fork
 
-Immerse pieces in 210 "C oil 
(partially
 
hydrogenated soybean oil, Crisco) and deep
fry for 25 seconds on each side.
 

Different time/temperature combinations of deep-frying were

tested, in the range of 
1800C to 2200C for oil temperature and
 
10 to 35 seconds deep-frying on each side.
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A taste panel evaluated the products prepared under
 
different conditions and determined the best combinations of
 
flours and preparation parameters.
 

It was found, that samples deep-fried below 2006C or/and for
 
less than 20 seconds were chewy (worse with higher MESQUITE
 
percentage); samples deep-fried above 210"Cor/and longer than
 
30 seconds were overcooked (worse with higher MESQUITE
 
percentage). In both cases higher temperature/shorter time were
 
better than lower temperature/long time.
 

Generally, increased MESQUITE percentages lead to a narrower
 
range and slightly higher temperatur/time combinations for
 
good chips.
 

Taste panel:
 

MESQUITE/corn tortilla chips with two different percentages of
 
MESQUITE Fraction A ;uere produced and used for a taste panel
 
investigation. The intention was to determine whether such a
 
chip would be accepted by people who are already consumers of
 
regular corn-chips or whether they would even prefer a
 
MESQUITE/corn tortilla chips over a plain corn tortilla chip.
 
Therefore, the MESQUITE-percentage was kept below the
 
theoretically possible level to make sure that corn was still
 
the main ingredient.
 

Products: 	1) Tortilla-chips made from 100% corn, based on the
 
recipe described on the previous page.
 

2) 90% corn +10% MESQUITE Fraction A
 
3) 80% corn +20% MESQUITE Fraction A
 

Panel : 29 voluntary adults; all were trained and experienced
 
taste panelists;
 

Test : 	The panelists did not know what type of product
 
would have to be consumed; tests were perforned
 
between 10am and 11:30am;
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Questionaire:
 

Part 1:
 

a) Do you consider yourself a lover of Mexican food ? 
Y / N
 

b) Do you eat Corn-tortilJa Chips ? Y,More than once a month;
 
N,Less than once a month;
 

c) Please try these samples of Tortilla-chips and give them
 
scores: (1=lowesu; 10=highest)
 

Sample 1 Sample 2 Sample 3
Color
 

Texture
 
Odor
 
Taste
 

Pe-t 2:
 

(The following question and samples were given to the judges

only after having turned in part 1)
 

d) This is a corn-tortilla Chips which contains MESQUITE!

Please give scores! (1=lowest; 10=highest)
 

Sccre
 
Color
 
Textire
 
Odor
 
Taste
 

e) What do you like best about the product? ................
 

f) What don't you like about the product ? ............
 

g) Do you detect an off-flavor ? 
 Y / N
 
If yes, describe it !
 

Objectives of each question:
 

Questions 
a) and b): To determine whether difference in
judgement are 
based on the basic eating habits of consumer; one
Y is refered to 
as "EATER" , two N is refered to as "Non EATER"

in the resulting charts.
 
Question c): Actual score of product.
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Question d): The 
product in part 2 was exactly the same as #2 
in part 1 for the first 15 judges, and the same as #3 for the 
other 14 judges (in the resulting charts refered to as
REPETITIVE SAMPLE) , but the judges were 
unaware of this fact.
 
The intention was to determine whether 
a subjective change in

judgement occurs,knowing that the product contains anunfamiliar
 
ingredient. A higher 
score would favor identification of a
 
MESQUITE chips as such, instead of 
 undeclared' incorporation
 
in a corn chips.
 
Questions e) and f): Additional information for possible
 
improvements of the product.
 
Questions g) and h): Since off-flavor occurs in some pods,

this question served 
to verify a possible but not dominant off
flavor.
 

Results:
 

PART 1
 

Scores of each criteria (see Fi".re 32)
 

The product containing 10% MESQUITE Fraction A obtaiiied the
 
highest score for each criteria, followed by the product with
 
20% MESQUITE Fraction 
 A (withouit separating between
 
"EATERS / Non EATERS".
 

Total score (see Figure 33)
 

Presents the sum of 
 the scores for all criterias of each
 
product. The ranking is more significant (pO.001).
 

Total score according to "EATERS/NonEATERS" (see Figure 34)
 

Shows the results from Figure 32, but aczording to eating

habits of the panelists. It reveals, thet -.ople who do not eat
 
regular corn-chips orefer a chips 
 witn increased MESQUITE
 
Fraction A.
 

PART 2
 

Score of repetitive simoles (see Figures 35-37)
 

Judges prefer the product once they know the ingredient in both
 
percentages and for all criterias. The least obvious change
 
occurs 
 for color, since this characteristic is most unlikely

subject 
to the attitude versus the ingredient.
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List of statistical significance:
 
Numbers "1,2,3" refer to product specfications on page 87;
 
NS = not significant; significance evaluated with standard F
test.
 

Color "1;2;3; pe0.005" "2;2rep; NS " "3;3rep; NS 
Texture "1;2;3; p40.05 " "2;2rep; NS I "3;3rep; NS 
Odor "1;2;3; NS " "2;2rep; NS " "3;3rep; NS 
Taste "1;2;3; NS " "2;2rep; NS "3;3rep; NS 

Sum of score "1;2;3; p40.001" "2;2rep; NS " "3;3rep;p40.05 

Response to single questions:
 

What do you like best about the product ? 	 TASTE :32%
 
COLOR :25%
 
TEXTURE:25%
 
ODOR :10%
 

What don't you like about the product ? 	 TASTE :14%
 
COLOR :0
 
TEXTURE:27%
 
ODOR :0
 

Is there a off-flavor ? YES: 27% NO: 70%
 
If yes, describe it ! sweet 2x; astringent 3x;
 

single mentionings: chinese food,
 
garlic, oily, nutty
 

burned, cinnamon
 

Summary:
 

-Corn tortilla chips which contain up to 20% MESQUITE Fraction
 
A, are judged as being better than pure corn tortilla chips
 
for all organoleptical criterias, with statistical significanc
 
when summarized to a overall score.
 

-10% MESQUITE Fraction A is prefered over 20% MESQUITE Fraction
 
A by people who regularely consume pure corn chips, whereas
 
people who usually do not eat pure corn chips prefer the
 
highest percentage of MESQUITE incorporation.
 

-The MESQUITE/corn chips obtains a even higher score for all
 
criterierias when the consumer is aware of the use of MESQUITE
 
Fraction A.
 

-There is no off-flavor detected in MESQUITE/corn chips, as
 
long as the question is not suggestifely asked . Even then,
 
only a fourth of the judges respond with yes, but give widelly
 
varying descriptions.
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Figure 32: Taste panel; scores of each criteria
 

8 .............................................................
............................................................................
 

.............................................................................................
4-0 7 .5 ..........................................

-D 7..5 ............ ......... ................................................................................ 

.5............
65 ............. M ................... ..................................
 

5 ................. .............. ........... ...........
 

4 .5 .....................
 
0 

13 
2 

.......... 
-

... 

8 2.5 ....... ..... 

CUML1MUh QXM UTE C"flRDMU WttTWE M_ W Wa WTE 

1M4%Corn +10'Z Mesquite +20% Mesquite 

Figure 33: Taste panel; total score
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Figure 34: Taste panel; scores according to "EATERS/NON EATERS"
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Figure 35: Taste panel; repetitive sample #2 (10% MESQUITE)
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Figure 36: 	Taste panel; repetitive sample #3 (20% MESQUITE)
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2.5.2.2. FRACTION B
 

Fraction B (or endocarp hull) represents quantitativly 20-25%
 
of the whole MESQUITE pod.
 

The chemical analysis in Chapter 2.4.2.2. has realed, that
 
this fraction does not offer very interesting prospects as far
 
as its use for human consumption is concerned.
 

This is due first of all to the very tough and fiberous
 
structure of the endocarp which would require extensive milling

and/or some heat treatment in order to be usable as a 
raw material of any kind 

Secondly, the nutritional value of the whole Fraction B is 
quite low, since fiber is its main compound (45%; Chapter
 
2.4.2.2.)
 

Nevertheless, if food or feedstuff in its ultimate extent shall
 
be produced, it might still be feasible to separate the
 
endocarp into two fractions (BI >40mesh; B2 440mesh), since
 
B2 with its better nutritional value and finer texture might be
 
used as a bland "filling" compound in bakery and other
 
products. Its characteristic as al almost flavor- and odorless
 
high fiber flour might justify such a separation.
 

A swiss chocolate company replaced defatted soyprotein with
 
flour from MESQUITE Fraction B and found percentages up to 3%
 
in the chocolate-mass acceptable. However, one has to be aware,
 
that such an application would put MESQUITE Fraction B into a
 
very competitive, low price market.
 

Therefore, with one of the basic goals of this work in mind, 
an
 
economically realistic utilization of MESQUITE pods,

alternatives which go beyond food- and feedstuff application
 
had to be considered for Fraction B.
 

The simplest but nevertheless not useless application could be
 
to plow the endocarp hulls back into the soil before a planting
 
season, as it is most often done with residual crop materials
 
(78). This organic material is an important soil conditioner
 
because it improves the air- and water: holding capacity of the
 
soil and reduces wind and water erosion, which is a most urgent
 
problem in MESQUITE-growing areas.
 

Another alternative would be to sell Fraction B for combustion
 
to individuals, since such regions often obtain more than 40%
 
of their energy needs through biomass (in comparison: worldwide
 
only 14%) (78). However, since the milling and separation
 
process of MESQUITE pods requires energy input itself, it would
 
appear as a logical conclusion to utilize Fraction B as a
 
energy resource in the processing of the pods.
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Therefore, the characteristics of Fraction B for energy
 
purposes and the options for its thermal conversion had to be
 
studied at this stage.
 

A list of energy requirements during the milling and separation
 
process revealed, that hot air, electricity and steam would be
 
necessary along the line ( Chapter 3.3.).
 

Several possible ways of energy-production from biomass have
 
been studied in the last ten years, such as fluid bed
 
combustion (79) or fermentation to ethanol (80;81). Most of
 
these options require an extensive know-how and sophisticated

process-control. Direct combustion on the other hand is the
 
simplest and cheapest thermal conversion to produce hot air,
 
which in the case of MESQUITE processing is needed for drying
 
of the pods.
 

MESQUITE Fraction B as the raw material for combustion has to
 
be compared with the most commenly used biomass source,
 
firewood and crop residues (sugar-cane bagasse (83) or wheat
 
straw). The product which has been chosen to serve for
 
comparison is sawdust, whose characteristics have been studied
 
extensivly by severeal authors (84).
 

Combustion-characteristics of MESQUITE Fraction B:
 

The most crucial factor determining the value of biomass for
 
combustion is its moisture-content since drying as the first
 
stage of burning is a highly endothermic reaction. Fraction B
 
has a moisture content (after -he milling and separation

process) of only 4-6%. This is 
a value which is far better than
 
most comparable products (Table 31).
 

Another important factor is the density of a product that
 
should serve for comoustion, since volume is quite a costfactor
 
in the handling of such materials. MESQUITE Fraction B has a
 
density of 0.4g/cmn. This is value comparable to sawdust. The
 
density could be increased by a densification process (84), but
 
would hardly pay off since the material does not have to be
 
stored or transported in the proposed system. Another way of
 
densification can be achieved by chopping the endocarp hulls
 
with a pin-mill into two Fractions (B1>40 m ish; B2<4O mesh),

which primarely serves other purposes (separation into two
 
nutritionaly different fractions; see above).The
 
characteristics of Fraction B for combustion purposes are
 
therefore being studied in two physical stages:
 

a) As obtained during the milling and separation process

(opened endocarp hulls, but not futher reduced in size)


b) Further reduction in size and separation into the above
 
described two fractions ( 40)mesh; 40mesh)
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Burning value:
 

The burning value stands for the actual energy which is being

released by a given material through combustion and is
 
therefore the most important number besides burning residues.
 
The figures shown in Table 31 (Method ASTM d3286).
 

Table 31: Burning value of MESQUITE Fraction B
 

Material Burning value Burning value
 
(as is) (dry weight) 
BTJ/kg BTU/kg KJ/kg 

Fraction D, c'cmiplete 15277 16082 16999
 
Fraction BI , >.-0 mesh 15675 16500 17441 
Fraction 62, 4.G mesh 16101 16949 17916
 

For comparison:
 
Sawdust (80) 16414 18238 19300
 
Sugarcane bagasse 8300 16600 17563
 
Rice straw 10480 13100 13860
 
Average of cereal
 
crop residues (81) 13090 15400 16300
 

Chemical composition; residues
 

The chemical quality of a raw material for combustion is not
 
only of importance regarding pollution but also because the
 
efficency and the operating-costs are affected by residues.
 

Nitrogen and sulfur are two of the compounds which are
 
respon3ible for possible pollution which is generated upon
 
combustion. Sulfur, phosphorus and ash are to be as low as
 
possible since they also negatively affect the thermal
 
conversion process.
 

In addition, the distribution of C,H, and 0 is of importance
 
for the energy efficiency of the process (81).
 

The figures evaluated for MESQUITE Fraction B are listed in
 
Table 32.
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Table 32: 	Chemical composition of MESQUITE Fraction B for
 
combustion purposes
 

Material 	 %C %H %0 % P
% S 	 % Ash
 

Fraction B, complete 
 44 6.5 	 44 none 0.13 3.25
 
Fraction BI, >40mesh 44 6.3 46 none 0.05 
 3.0
 
Fraction B2, 40mesh 45 6.6 
 42 none 0.23 3.5
 

For comparison:
 
Dry sawdust (80) 50 6.4 42 0.06 - 0.86
 

Additional chemical information of importance for 
 the
 
combustion process is available in Chapter 2.4.2.2.
 

In conclusion it can be said, that MESQUITE Fraction B, whether
 
used on a "as is" basis or densified, provides a very good
 
source for direct combustion 
or other thermal conversion
 
processes. The quality matches dried sawdust easily and 
 is
 
superior to most all other crop residues.
 

For an application of this information see Chapter 3.3.3.
 

.1t 
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2.5.2.3. FRACTION C
 

2.5.2.3.1. Gum preparation
 

Fraction C represents the two endosperm splits of the seeds,
 
which are obtained by the milling and sepa:ation process.
 

It 	has been found, that these splits consist of approximately
 
40% seed coat and 60% endosperm. The seed coats have no
 
functional or nutritional value, whereas the endosperm
 
(containing the galactomannan) could be of considerable
 
economical value. However, the seoaration of the endosperm from
 
the seed coat is the main obstacLe for a utilization of L .e
 
galactomannan. For analytical purposes this can be done Ly
 
soaking the endosperm splits in water, pealing off the seed
 
coat and drying the endosperm under vacuum. The endosperm
 
splits contain accordingly 65% pure gal.actomannan on the
 
average, with a range of 55-75%. For all subsequent studies,
 
65% gum in FractionC is regarded as 100% yield of gum.
 

Since all impurities in the galactomannan such as remaining
 
seed coat material negatively affect its functional propercies
 
as a thickening agent and subsequentally its economical value,
 

several methods Vere evaluated to separate seed coat
 
from the endosperm:
 

a) 	Wet process: The splits are allowed to soak in water for
 
various times at different temperatures, the endosperm can
 
then be separated from the seed coat in a juice mixer.
 

b) 	Dry milling: The splits are dehulled in a Udy-cyclon mill
 
with a tubber rotor and an abrassive surface.
 

c) 	Combination of a) and b): The splits are first dehulled,
 
ground into a fine powder, which is then soaked in water, to
 
disolve the gum, separated by centrifugation and the
 
supernatent gum freeze-dried.
 

d) 	Enzymes : The splits are soaked in solutions of pectinase
 
or/and cellulase to hydrolize the seed coat.
 

e) 	Liquid Nitrogen :The splits are soaked in H20 for one hour
 
and then frozen in liquid N2, to break the endosperm off the
 
seed coat (86).
 

Of all the described methods only a) and b) were promising
 
enough for further investigation, whereas the other
 
procedures failed completely or resulted in a degradation of
 
the gum.
 

Method a) and b) were therefore improved with tie following
 
results.
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A) Wet process
 

When endosperm splits are soaked in water, the galactomannan

swells up considerably. The seed coat itself absorbs little
 
water only and the endosperm can be pealed off the seed coat
 
quiet easily. The optimnal swelling of the gum was measured as
 
follows:
 

-2g of Fraction C are given in flat weighing boats ( 8 cm wide;

2 cm deep) with twenty 1 mm wide holes in the bottom.
 
-Three such dishes are placed into beakers, which are filled
 
with distilled H20 at different temperatures ( 23 "C; 35'C;
 
70 OC), so that the weighing boats are completely filled with
 
water.
 
-The samples are stired for 20 seconds every 3 minutes and are
 
weigned every 15 minutes (after the water is drLpped off and
 
the weighing boats are dried with absorbing paper to eliminate
 
surface water.
 
-The weight difference of the samples is equivalent to the
 
absorbed water.
 

Figure 38 shows tne results . It can be seen, that higher water
 
temperatures Lncrease the speed of absorption, and that a
 
immersion time of 240 minutes is aedequate for all
 
temperatures.
 

Figure 38:; Water uptake of Fraction C at different temperatures
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The weight of the sample soaked at 10C increased its weight
 
dramatically after 200 minutes. The sample swells up so
 
much, that surface water can not be removed anymore.
 

Once that 240 minutes were proven to be sufficient to allow
 
maximal water absorbtion (and subsequentially easiest removal
 
of the endosperm from the seed coat) a second experiment with
 
the same setup was performed to determine the yield of
 
galactomannan:
 

-The endosperm splits are allowed to absorb water for 240
 
minutes, as described for "water uptake".
 
-The splits are removed from the weighing boats, and the
 
remaining water in the beakers is freeze-dried to determine
 
lost galactomannan (L).
 

-The splits are given in a Omni-mixer, where the endosperm
 
can be removed from the seed coat.
 
-The mixture is filtered (FILTRATE= Gl); the preceding step
 
is repeated with the material retained by the filter and some
 
added water, and this mixture again filtered (FILTRATE= G 2)
 
-Both filtrats are separat-ely freeze-dried and weighed.
 
-The seed coats retained by the filter are dried and weighed as
 
well.
 

Table 33 shows thit a soaking temperatur of 700C provides the
 
highest yield of pure gum and requires only one mixing step.

Thanks to the low viscosity at this temperatur, handling is
 
also simplified.
 

Analysis of the such prepared gum showed for all temperatures
 
the following impurities: protein e4 % crude fiber 4 1 %
 

Nevertheless, this procedure involves many steps and requires
 
considerable amounts of water and would therefore be a very
 
expensive method, justified only if the resulting gum would
 
have outstanding functional properties.
 



-101-


Table 33: 	Yield of galactomannan obtained by a wet
 
process at different soaking temperatures
 

Quantities in g Soaking tenperature
 
230C 35*C 700C
 

Gum lost in bath (L) 0.05 0.1 0.14
 
Gum yield in 1. mix (GI) 0.61 0.51 1.05
 
Gum yield in 2. mix (G2) 0.45 0.5 0.18
 

Gum recovered (L + GI + G2) 1.11 1.11 1.37
 
Seed coat 0.36 0.48 0.33
 

Total material 1.47 1.59 1.70
 
recovered 73 % 79 % 85 %
 

ACTUAL GALACTOMANNAN YEALD:
 

1.23 
IN % OF INPUT 
G 1 + G 2 	- L 1.06 1.01 


78 % 75 % 91%
 

Sample size: 2 g Fraction C containing 1.3 g galactomannan
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B) Dry milling:
 

As an alternative to the wet process, dry milling was studied
 
to produce a relatively pure galactomannan.
 

-The endosperm splits are first of all run through a UDY
cyclone mill 
 (equiped with a rubber rotor and an ahrassive
 
surface, at 2200 rpm for 30 seconds). This produces soie fine
 
material (F), which originates primarely from the seec coat,
 
as well as partially dehulled splits (D). These two fra'tions
 
can easily 	be separated in a air-classifier.
 

-The splits (D) are again run through the same mill but this
 
time with a stainless rotor at 3000 rpm for 20 seconds, which
 
results in a fine ground gum powder, that can be classified
 
into the sizes G2 <140 mesh and G3 >140mesh.
 

Table 34 shows the composition of the produced gum and its
 
residual fraction:
 

Table 34: 	 Analysis of endosperm split fractions obtained
 
by dry milling
 

Fraction Quantity H20 Crude fiber Protein
 
in %
 

Input:
 
Splits,untreated 100 7.0 6.1 4.3
 

Output:
 
Splits, dehulled (D) 90 5.0 5.3 3.5
 
Hullmaterial (F) 
 10 5.0 10.6 13.7
 

(D) milled
 
G2 <140 mesh 45 5.0 5.3 3.2
 
G3 ,140 mesh 45 5.0 5.5 
 3.8
 

The fractions F, G2 and G3 were further analyzed in order to
 
evaluate the sucess of the purification of the gum fraction (G)

and accordingingly the purity of the galactomannan (Table 35).
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Table 35: 	Ultimate analysis of endospcorm split fractions after
 

purification through dry milling
 

FRACTION Protein Crude Ash Insoluble* Galacto

in % fiber mannan
 

G2 <140 mesh 3.2 5.3 1.15 30.0 64.0
 

G3 >140 mesh 3.8 5.5 1.2 45.0 43.0
 

*Insoluble/ soluble determined by centrifugation of a 5%
 

solution at 12'000 rpm and freeze drying of the supernatant and
 

drying the insoluble material respectively.
 

SUMMARY:
 

The wet and dry process resulted in the following three
 
different grades of gums, with which the viscosity studies in
 
Chapter 2.5.2.3.2. were performed.
 

GRADE 1 : Prepared by wet process Galactomannan-conc. 85-95 %
 
GRADE 2 : Drymilled, 4140 mesh Galactomannan-conc. 55-65 %
 
GRADE 3 : Drymilled, >140 mesh Galactomannan-conc. 40-55 %
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Trace elements and minerals as 
indicators for gum purity
 

The two grades of gum obtained by dry milling as 
well as the
remaining hull material (page 102) 
were analyzed for minerals
 
and trace elements.
 

It has been found, that 
some minerals and trace elements are
primarily 
 found in either one of 
the two grades
material. This suggests that 
or the hull
 

these elements are 
primarily
associated with either the galactomannan or 
the seed coat.. The
quantity of these compounds is much easier 
 to determine than
the amount of galactomannan. Therefore minerals and / or trace
elements could serve 
well as 
inCicators for qum purity.Results
of this investigation are 
shown in Table 36 and Figure 39.
 

Table 36: Distribution of 
trace elements and minerals in
 
Fraction C ( in ppm ) 

Element G2 
e-140 mesh 

G3 

>140 mesh 

Hull material 

Iron 
Manganese 
Zinc 
Copper 
Nickel 
Cobalt 

21.4 
11.4 
32.7 
17.8 
23.2 
1.7 

55.5 
12.9 
57.8 

107.8 
63.3 
7.2 

314.7 
25.4 

147.0 
181.2 

3.0 
11.4 

Calcium 
Magnesium 
Potassium 
Sodium 

2210 
531 

3125 
200 

2310 
567 

2745 
860 

3530 
1310 
5510 
1390 

.... 

== = == --= == 

The result shows, that all elements except nickel decrease with
higher gum content. 
 In order to support these figures, minerals and trace elements o 
 a pure MESQUITE galactomannan and of
a sample of pure seed coats were determined as well. The 
result
(Table 37; Figures 39-41) 
indicate, that the corelation is true

for the following elements only:
 

Manganese, calcium, magnesium
 

All 
the other elements occur in 
some cases linear as far as the
three products in Table 
36,but the comparison with 
 pure seed
coat or gum does not held up a 
theory of a corelation with gum

purity.
 

\ , 
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Table 37: Elements corelating with gum purity in Fraction C
 

FRACTION % Galactomannan Manganese Magnesium Calcium
 

ppm ppm ppm
 

Pure seed coat 0-5 26.5 1310 6057 
Hull material (F) 2-8 25.4 1276 3530 
G3 >140m 45 12.9 567 2310 
G2 <140m 60 11.4 531 2210
 
Pure gum 90 
 6.0 457 1607
 

Figure 39: Corelation between MAGNESIUM
 
and galactomannan content
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Figure 40: 	Corelation between .Ai4GANFSE
 
and galactomannan content
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Figure 41 : 	Cc. relation between CALCIUM
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2.5.2.3.2. Viscosity studies on the galactomannan
 

Galactomannan gums are used in industries 
such as oil-well
 
drilling, pharmaceuticals, food and pet-food (61;86). The gum

that is chosen for a given application depends on two crucial
 
criterias: Functional characteristics and price
 

This chapter deals with the functional characteristics, whereas
 
cost and price of the MESQUITE galactomannan will be discussed
 
in Chapter 3.4.
 

The functional properties of a gum, which consist only of
 
galactomannan are mainly determined by its mannose:galactose
ratio and are quiet predictable once this ratio is known. When
 
used together with another hydrokolloid such as xanthan, the
 
molecular structure plays an important role as well (87).
 

The mannose:galactose-ratio of the MESQUITE galactomannan in
 
Fraction C has been found to be around 1.6 : 1 (see 2.4.2.3.),

which is quite close to guar gum or leucaena gum (88). This
 
would therefore justify comparison of one or both of the gums

with MESQUITE. The determination of the molecular structure
 
would definitly go beyond the scope of this work, but the
 
similarities (discussed in the following) of the functional
 
properties between guar- and MESQUITE gum would suggest

similarities in their molecular stucture as well.
 

The viscosity studies were performed with GRADE 2 MESQUITE
 
galactomannan (prepared through drymilling; G2<140mesh).
 

Preliminary tests 
 showed, that the viscosity of a 1%-solution
 
of GRADE 1 (1.1g/100 ml= Ig pure galactomannan) did not differ
 
from a 1%-solution GRADE 2 (1.65g/100 ml= Ig pure

galactomannan. The concentration 
 is always given as absolute
 
galactomannan concentration, by using 1.65 as multiplier to
 
determine the amount of dry matter in solution.
 
(Example: The viscosity of a 0.5% gum solutioni is based on
 
1.65 x 0.5 g = 0,825 g Grade 2)
 

The solutions were prepared by adding 5ml methanol/ g gum to a
 
given amount of dry MESQUITE gum and pouring this dispersion in
 
distilled H20 at 250C. The samples were mixed for 2 min at
 
speed 8 with a Polytron high-speed mixer. The viscosity was
 
then determined using a Brookfield viscometer (model RTV).
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Increase in coldwater-viscosity versus time
 

For the use in products which do not undergo a heating process,
 
coldwater-solubility ind subsequent coldwater-viscosity are of
 
importance. The behavLor of MESQUITE galactomannan is shown in
 
Figure 42.
 

Figure 42: Increase in coldwater-viscosity versus time
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Viscosity at diffcrent temperatures
 

Heating a MESQUITE gum solution reduces the viscosity and
 
increases again upon cooling to a maximum value which is about
 
30% higher than at the same temperature when the solution has
 
not been preheated. MESQUITE gum is therefore not completly

coldwater soluble.
 

The temperature stability can be determined by reheating a
 
solution and 
 checking the viscosity along the temperature
 
increase (Figure 43).
 

Figure 43: Temperature stability of solubilized MESQUITE gum
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Viscosity at different concentrations
 

Galactomannan gums are commenly used in foods in
 
concentrations of ai,.und 1%. Figure 44 shows the viscosity of
 
the MESQUITE galactomannan in concentrations from 0.1-1.0%.
 
It can be seen, that the viscosity increases exponentially.
 

Figure 44: 	Viscosity of solubilized MESQUITE gum at different
 
concentrations
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2.5.2.3.3. 	Interaction of MESQUITE galactomannan with
 
xanthan gum
 

The synergistic reaction of xanthan with galactomannan gums and
 
other hydrocolloids is widely used in the food and petfood

industry. This interaction has been called "usefu]
a 

incompatibility" (89). The "iechanism 
has been 	 extensively

studied in 	the last few 
 years and it is believed to be caused
 
by some kind of physical association of the molecules of the
 
two gums (90). A drastic viscosity increase is observed by

combinations of the two hydroco]loids with lower percentages of
 
total gum. The combination with xanthan gum results in 
 a more
 
temperature stable end product. It 
 is therefore important for
 
the market value of a galactomannan that it shows this
 
interaction with an other hydrocolloid,
 

qptimal ratio of MESQUITE gum to xanthan
 

The maximum interaction occurs at different ratios of
 
galactomannan to xanthan, depending on the source and structure
 
of the galactomannan. Table 38 shows the viscosity of different
 
ratios of MESQUITE/xanthan at 1% total concentration. 
 Samples

were prepared by dry-blending the two gums, wetting with
 
0.5ml ethanol and heating to 75"C. The viscosity was measured
 
during heating and again at 250C.
 

Table 38: Vis'cosity at different NESQUITE:xanthan-ratios
 

(in cps; total concentration 1%)
 

Brookfield 	Viscometer; Spindle #3, 20 rpm)
 

Temperature 	 MESQUITE Xanthan
 
9:1 3:1 1:1 1:3
 

25*C (unheated) 750 800 
 1100 	 1450
 

75C 2500 2300 1900 1500
 
60C 3300 3100 2700 1700
 
500C 3750 3350 3100 1750
 
406C 	 4300 
 4000 3400 1800
 
356C 5500 4500 3600 1850
 
30*C 6050 4800 4300 1900
 
28*C 	 6500 5450 4600 
 1950
 
25°C 	 7050 5900 5700 1950
 

The highest viscosity can be achieved by adding 10% xanthan
 
gum to the MESQUITE galactomannan; it reaches a value more
 
than ewice as high of the MESQUITE-only sample. Intensity of
 
the interaction diminishes with higher percentages of xanthan.
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The viscosity of different hydrocolloid mixtures dt 250C (after
 
heating) as well as the compar-ile viscosities of the single
 
gums are illustrated in Figure 45.
 

Figure 45: Viscosity of MESQUITE/xanthan combinations (at 25*C)
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The temperature stability of the best combination (9:1) is
 
shown in Figure 46: The strength of the interaction is reduced
 
with increased temperature.
 

Figur 46: Temperature stability of MESQUITE/xanthan (9:1)
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2.5.2.4. Fraction D
 

Fraction D is 
made up of the cotyledons and the germ of

MESQUITE seed and represents 12-15% of 

the
 
the whole, dried pod
(Chapter 2.2.). Its main 
 constituents are protein (61 
 %) and
 

fat (8 %).
 

Many protein products from leguminous seeds as well 
as from
other sources, are usec, in the 
fooc' industry for two different
 
reasons :
 

-fortification and balancing of the amino acid composition

-functional properties (e.g. foaming; 
stabilizer)
 

The wmino acid composition of Fraction D as 
shown in Chapter
2.4.2.4., reveals 
that the protein of this fraction is typical
for a leguminous seed, which would basically 
qualify it for
 
fortification purposes.
 

The significantly 
 improved protein efficency ratio (PER) 
 of
flakes containing 20% Fraction (Chapter 2
D .5. 2 .1.2.2.),would

be an other argument for the utilization of the MESQUITE

Fraction D 
 for such purposes. However, 
 this protein has no
clear nutritional advantages 
 over any other leguminous

seed protein 
such as soy or peas protein. It is therefore

questionable wether Fraction P 
 could compete as a protein for

fortification purposes since the 
 obtainable quantity 
 is far
beyond the quantity of already widely 
 used proteins. The only

exception is certainly 
 the utilization 
of Fraction D in the
local market on 
 LDC's, where hardly any other protein material
 
can be obtained.
 

Therefore, the following experiments concentrate on 
 the study

of the functional properties of Fraction D, which would give
the MESQUITE protein the necessary competitive edge along with

the resulting wider price autonomie, provided that 
it showed
 
some unique characteristics.
 

The 
most desirable functional properties of a protein in the

food industry are emulsification, 
fat and water absorption,
texture modification, color 
control and whipping properties

(91;92;93;94;95).
 

Preparation of a protei,concentrate from MESQUITE Fraction D
 

--Mill Fraction D in a Willey-mill through the 30 mesh 
 screen
 
-Extract fat with hexan 
during six hours
 
-Filter extract through Millipore 0.5) filter
 
-Evaporate hexane
 
-Dry protein-residue in vacuum oven at 
40*C during one hour
-Reduce size of protein concentrate in a ball mill 460mesh
to 
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Yield: 	 100g Fraction D results in 91 g protein concentrate
 
and 9 g oil.
 

Protein 	content of concentrate: 63.1% (N x 6.25)
 

All the following experiments were done with this protein
 
concentrate.
 

Protein 	solubility (93;96)
 

-0.3g of Fraction D protein concentrate are given to 30 ml tap
 
water in centrifuge tubes
 
-pH-value is adjusted to different levels with HC1 or NaOH
 
-The samples are stirred with magnetic stirrers for 60 min.
 
-Centrifugation of samples at 5000 rpm for 40 min. at 25*C
 
-The supernatant is decanted and analyzed for nitrogen
 
-The precipitate is dried in a vacuum-oven for 12 hours at
 
600C and weighed
 

The percentage of soluble protein was determined as % soluble
 
nitrogen of total nitrogen.
 

The results are shown in Figure 47, along with the protein
 
solubilty of soy protein for comparison. It can be seen, that
 
the protein concentrate of MESQUJITE Fraction D has a rather low
 
solubility. Almost complete precipitation occurs between pH
value 4 and 5.
 

Figure 47: Protein solubilty of MESQUITE Fraction D
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Leat deraturation
 

Solutions were prepared confaining 1% Fraction D protein and
 
were heated to 556C and 70"C r(.apectively. After centrifugation

the supernatents 
were analyzed for nitrogen. As a reference,
 
two samples were not heated.
 

The differences in percentages of soluble protein (N x 6.25)
 
were found to be insignificant:
 

Unhuated= 15.7%; 55'C= 17.0%; 70*C= 17.6%
 

Whipping properties: Foam expansion, foam stabilty (93;97;98)
 

Foam expansion and foam stabilty of MESQUITE Fraction D protein

concentrate was studied as a single ingredient 
as well as
 
compared and combined with skim milk.
 

Samples:
 

A: Skim milk only (Carnation nonfat, instant dry milk)

B: MESQUITE Fraction D protein concentrate
 
C: 50% skim milk + 50% 
MESQUITE Fraction D protein concentrate
 

Procedure: -Dissolve samples in water to give a 4% protein
 
concentration jy mixing with a Polytron at
 
speed 7 for 5 mln.
 
-Shake samples horizontaly for exactly 60 sec. 
-Measure volume = FOAM EXPANSION 
-Allow samplEs to stand and measure volume again 
after 60 min. = FOAM STABILITY 
-Repeat 5 times 

The results (Figure 48) show that the MESQUITE product has good

foam expansion and an even better foam stabilty. Combination
 
with skim milk seem to cause a synergistic reaction that causes
 
a better foam stability than either product alone.
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Figure 48: Foam expansion and -stability of MESQUITE Fraction D
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Emulsifyin properties (91:93;98;104;105)
 

The emulsion-capacity measures 
 the ability of a product to
 
emulsify a solution of water and oil as percei.tage of the wholr.
 
solution.
 

In the following experiment MESQUITE Fraction D protein
concentrate is being compared to a soy-bean concentrate (Archer

Daniels, Bakers Nutrisoy -ith 52% Protein) and to skim milk.
 

Procedure: -Add protein concentrate to distilled water to
 
produce a 4% total protein concentration
 

-Add vegetable oil, equal to the amount of water
 
-Give oil-soluble stain to the emulsion, mix with
 
a Polytron high-speed mixe at speed 7 for 1 min
 
-Divide the sample in glass centrifugal tubes
 
(25 ml each) and centrifuge 10 min at 3500 rpm.
-Read "height of emulsisfied layer x100 : height
of whole layer" (in the center of tube) = 
Emulsion-capacity 

'2.
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The emulsion-stability is determined by measuring the amount of
 
water released from the emulsion following centrifugation using
 
the samples of above experiment . The value is expressed as:
 
Total ml water in emulsion - water released x1OO : total water
 
in emulsion = Emulsion-stability
 

The results (Figure 49) indicate that the MESQUITE products 
compares favourably with the control products in both 
experiments 

Figure 49: Emulsion capacity and -stability of MESQUITE
 
Fraction D
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Emulsion viscosity
 

The viscosity of an emulsion prepared with Fraction D (or soy

bean flour for comparison) was determined at a protein
 
concentration of 5% 
in water.
 

Procedure: 
 -Dissolve protein concentrate in tab water
 
to give a 5% protein concentration
 

-Slowly add hydrogenated soybean oil while
 
the solution is permanently mixed with a
 
magnetic stirrer
 
-Before each viscosity measurement (with

Brookfield viscometer; spindle #3 at
 
20rpm) the solution has to be mixed 
with
 
the Polytron mixer at speed 6 for 1min.
 

The results are shown in Figure 
50 and reveal very little
 
difference 	between soy and MESQUITE Fraction D.
 

Figure 50: 	Emulsion viscosity of MESQUITE Fraction D and
 
soybean flour 
 (5% protein)
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2.5.2.5. Storage and shelf-life of MESQUITE pods
 

When storage and shelf-life are to be discussed, one has to
 

distinguish between unprocessed whole pods on one side and the
 

single fractions on the other side.
 

*rhe whole pods survive long periods of exposure to the elements
 

when they fall from the tree. They are nevertheless subject to
 

infestation by a serie of insects, which usually starts
 

already on the tree, and to rain which however occurs very
 
rarely during MESQUITE season in arid zones.
 

As long as the MESQUITE pods are being piocessed close to the 

growing-areas and therefore remain in the same climatic region, 

storage of unprocessed pods poses no problems (again with the 

exceptioi.f ii,L.t Jamaue dfc ran. 

The situation is different as soon as either the pods are
 
relocated into areas with different climats (humidity), or the
 

pods are processed into their fractions.
 

Humidity then becomes the major storage and shelf-life problem.
 
This was evident during the time of this work. The whole pods
 

were collected in the Southern Californian Desert but processed
 
and stored in the relatively humid San Francisco Bay Area.
 

It is well known that almost all chemical, enzymatic and
 
microbiolugial reactions that negatively affect food products
 
occur more intensly at high relative humidity or moisture
 
contents (99).
 

Along with the absolutely mandatory moisture level neccesary
 
for milling the pods (see Chapter 2.3.), it is highly advisable
 
to dry the pods immediately before or after relotcating the pods
 

to humid areas, and to keep them stored in dry places. Insect
 

damage however occurs even when the pods are dried and an
 

additional fumigation (e.g. Phosphin) is therefore neccessary.
 
in their
Freezing is only recomme ided when pods are stored 


original state for analytical purposes and to avoid insect
 
damage and mold without fumigation.
 

The same problems are valid and even more important when the
 

pods are milled and fractioned. Fraction A, due to its high
 

sucrose content, is most sensitive to high relative humidity.
 

Improper storage leads immediately to the formation of clumps
 

and at higher humidities even to mold growth.
 

Fraction B is subject to sinilar effects but is less
 
problematic as the fraction is not milled into a powder.
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To obtain more information about 
 storage condtitions, the
sorption isotherms of Fraction A 
anJ B were determined, and

shown in Figure 51.
 

Regarding oxidation it was found, that Fraction A flour is
almost not subject to oxidation or development of rancididity.
The hexanal value 
 (70;71; also Chapter 2.5.2.1.2.3.) has been
determined on two samples:
 
Al = stored in glass jar at 
roomtemperatur for 8 month 
A2 = stored in glass jar,dark at 386C for 4 month 

The hexanal value was found to be 1.6 for Al and 9.2 for A2. 
Fraction C has almostan unlimited shelf-life. 
No loss in
viscosity 
 could be found during a storage period of two years.
 

Fraction D shows surprisingly good stabiltiy even against
oxidation which 
one might to
expect be critical due to the
relatively high oil 
content. No organoleptical changes could be
detected 
 during storage in glassjars for 6 month. This
however understandable considerinig 
is
 

the rather low iodine number
 
of the oil, 95.6 (50).
 

Figure 51: 
 Sorption isotherms of MESQUITE Fraction A and B
 
at 25*C
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3. PROPOSAL FOR A MESQUITE PROCESSING PLANT
 

3.1. Objectives
 

The preceding chapters answered 
the question whether and how
MESQUITE pods can be 
processed into one 
or more raw materials
for the food industry and studied possible applications of the
different fractions. Therefore, the 
 technological and chemical
 
problems have in 
prirciple been solved.
 

This chapter goes one step further: it presents a project for a
small MESQUITE processing plant wit h a capacity of 1000 kg pods
per hour. The objective is 
 to provide the potential
enterpreneur with detailed information on 
the plant lay-out and
the type of machinery to be purchased 
(*). 

In addition, the 
 chapter presents information concerning the
 necessary financial investment and approximate operating 
costs
of such 
 a plant. The figures consider 
 only the processing
aspects including pod purchase, but 
no distribution, management
or other non-technical 
areas. This is a model only, based on
ce.tain assumptions that might 
vary considerably depending on
factors such as 
location or size of the processing facility.
 

3.2. Process dtscriptlon
 

The prucessing capacity of the proposed plant is assumed to be1000 kg of pods per hour. It is basically a scaled up versionof the process described in chapter 2.3.1. 
and in several
 cases the same but machinery of a larger scale is 
used.

chapter contains a great deal 

This
 
of technical information which
was developed in voluntary 
 cooperation 
with Buehler-Miag
(Minneapolis, Minn.) (*). 
 For better understanding, the
following process description should be 
 read along with the
 

plant lay-out (Figure 52).
 

The equipment specifications 
 are 
 listed in chapter 3.4., and
are not necessary for the 
understanding of 
the process, but for
readers 
 seriously interested in such 
 a plant. The logical
conclusion 
, a budget and the economics, are discussed 
 in the
last two paragraphs of chapter 3
 

..---------------------------------------------------------

* It is 
a policy of the U.S.D.A. to 
state, that mentioning of a
 
manufacturer is 
not an endorsement and 
 that other brands might
 
also be used.
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Section 0: Product delivery
 

The pods are delivered in trucks to the plant and contain the
 
original moisture content of about 6% with a pod density of
 
140 kg/ m3. The pods are discharged in a product bin located
 
outside the actual building. They are stored until conveyed by
 
a cleated belt conveyer to the drier.
 

Section 1: Drying
 

The drying tunnel which will also be located outside the
 
building, holds two containers, each with a holding-capacity of
 
ma:ximal 1300 kg pods. With a drying time of 2 hours at 55°C,
 
and one container changed every hour, this results in a
 
sufficent product flow to the next section. The containers,
 
designed with a sliding bottom, are rolled above the
 
horizontal part of the belt conveyor and discharge the pods on
 
it.
 

Section 2: Milling
 

The pods are conveyed to a crusher that reduces the pods to a
 
length of about 3 cm, and pass through a suction conveying line
 
to the stone mill. The mill is equipped with corrugated discs
 
by which the seeds are released from the pericarp along with
 
the two other pericarp-fractions.
 

Section 3: Separation, seed cleaning and seed splitting
 

An other suction conveying line transports the outlet from the
 
stone mill to the grain separator, where the seeds are
 
separated from Fraction A and B by means of aspiration and a
 
cyclone. Fraction A and B (along with pericarp fragments
 
separated from the seeds in the cyclone) are sucked to the
 
intermediate storage bins, whereas the seeds pass to the strato
huller.
 

The seeds are splitted into Fraction C and D in the strato
huller and are separated in a second compartment of the grain
 
separator. The two seed fractions C and D are then transported
 
to intermediate storage bins as well.
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Section 4: Fine-milling
 

The four fractions of the MESQUITE pod are now stored in their
 
respective bins from 
 where they can be milled individually in
 
the grinder to a desired mesh size, or in case 
of Fraction B
 
directly conveyed to the bagging section. The flour from the

grinder 
 passes a screener from where material in the desired
 
mesh size goes to 
 the product storage bin, whereas material
 
above the correct size returns to the grinder.
 

Section 5: Material storage and packaging
 

The milled fractions are temporarly stor-d in finished product

bins, until they are bagged in the packaging section.
 

Options:
 

-If the pods are not be delivered free from stones or heavy

mudballs, a destoner would be necessary in Section 2
 

-Depending on the delivery system of the finished products, the
 
capacity of section 5 might have to be changed significantly.
 

3.3. Plant-layout and equipment list
 

Table 39 lists al! the equipment which is shown in the plant

lay-out (Figure 52) and serves as a legend. The quantity of
 
each equipment relates to the processing capacity of 1000 kg/h.
 



------------------------------------------------------------------------

Table 39: Equipment list for a MESQUITE-processing plant
 

Item Quant. Equipment Item Quant. Equipment
 

1.01 1 Drying Tunnel 1.02 lot Heating Equipment
 
1.03 2 Containers for 1.01 1.04 1 Belt Conveyor
 
1.05 1 Belt Conveyor
 
....-----------------------------------------------------------------------
2.01 1 Inlet Hopper 2.02 1 Single Roll Crusher
 
2.03 1 Outlet Hopper for 2.02 2.04 1 Conveying Line
 
2.05 lot Spouting 2.06 1 Stone Mill
 
2.07 1 Outlet Hopper
 
.......----------------------------------------------------------------------
3.01 2 Suction Conveying Line 3.02 lot Spouting

3.03 1 Grain Separator 3.04 lot Spouting
 
3.05 2 Aspiration for 3.03 3.06 1 Strato Huller
 
3.07 1 Hopper 3.08 1 Screw Conveyor
 
....-----------------------------------------------------------------------
4.01 4 
 Hopper 4.02 4 Screw Conveyors
 
4.03 lot Spouting 4.04 1 Grinder
 
4.05 1 Outlet Hopper 4.06 1 Conveying Line
 
4.07 lot Spouting 4.08 1 Screener
 
4.09 lot Spouting 4.10 Hopper

4.11 1 Srew Conveyor 4.12 jot Spouting
 
4.13 lot Spouting
 
......-----------------------------------------------------------------------
5.01 1 Suction Conveying Line 5.02 lot Material Distributer
 
5.03 
 1 Finished Product Bin 5.04 3 Finished Product Bin
 
5.05 4 Screw Conveyors 5.06 lot Spouting

5.07 1 Inlet Hopper 5.08 1 Autom. Net Weigher
 
5.09 1 Belt Conveyor 5.10 1 Bag Closer
 
5.11 1 Reel-Type Suspension
 

6.01 lot Ductwork 6.02 i High Pressure Fan
 
6.03 1 Filter 6.04 1 Hopper
 
6.05 
 1 Airlock Package 6.06 1 Exhaust Fan
 



Figure 52: Plant lay-out for a MESQUITE processing plant with a
 
capacity of 1000 kg /hour
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3.4. Equipment and engineering specific.:ations
 

3.4.1. Milling and separation
 

SECTION 0: PRODUCT DELIVERY
 

0.1 Storage-bin
 

Capacity: 64 000 kg; 4.75 m dia, 6.4 m high. Allows product
 
storage for about one week
 

SECTION 1: DRYING
 

1.01 Drying tunnel
 

Approximatly 3 m wide, 2.4 m high, and 4 m long ; located
 
outside the actual plant. Brick construction, with doors on
 
both ends for quick loading and unloading the raw material.
 
Holding capacity 19 m3 of beans (=2700 kg).
 

1.02 Heating and air circulating equipment
 

Containing the necessary electrical heating coils, fans for air
 
circulation and exhaust for the drying tunnel.
 

1.03 Containers for drying oven
 

Approximatly 1.2 m wide, 2.1 m high and 3.6 m long. Each of the
 
two containers holds maximal 1250 kg. Containers equipped with
 
three 15 cm dia. steel V-grooved casters and six 20 cm dia.
 
plain casters. Including 20 m (2x10 m) track bolted in two rows
 
inside the drying tunnel for guiding the the containers. With
 
sliding bottom for dried beans.
 

1.04 Belt Conveyor
 

A) For discharging the containers.
 
Conveying Capacity: 0.11 m3/min.
 
Arrangement: 7.8 m horizontal with 30* inclined by
 

a discharge height of 2.1 m
 
Conveying Belt: 60 cm wide with 10 cm cleat heigth
 
Overall Width: 75 cm
 

Complete with motor, drive, supporting legs. Including 10.8 m
 
track, bolted to the floor on one side of the horizontal belt
 
for guiding the containers.
 



-127-


B) For loading the containers.
 

bolted on the floor under the discharge of the belt for guiding
 

Conveying Capacity: 
Arrangement: 

0.34 m3/min 
3 m horizontal with 30* inclined by 
a discharge height of 2.7 m 

Same secifications as Item #1.04. Including 10.8 m track, 

the containers.
 

SECTION 2: MILLING
 

2.01 Inlet Hopper
 

Bolted to the inlet of the single roll crusher.
 
10 Ga. HRS construction.
 

2.02 Single Roll Crusher, Model MBP
 

In all metal construc tion with spiked discs on the cast 
 iron
 
crushing roll. Including automatic safety release, V-belt
 
drive, and 5 HP motor. Without concrete support.
 

2.03 Outlet Hopper for Crusher
 

10 Ga. HRS construction with 
 flange to match the crusher, and
 
an outlet stub to match spouting to the destoner.
 

2.04 Suction Conveying Line
 

Including the necessary pick-up shoe, straight tubing, elbows,

couplings, sightglasses, cyclone, air regulator 
 and airlock.

Mounted on an airlock bench, including motor and gear reducer.
 

2.05 Spouting from Cyclone to Stone Mill
 

Including the necessary straight spouting, elbows, transitions,
 
sightglasses and couplings.
 

2.06 Stone Mill, Model, MJSG-67C
 

Cast iron construction with 2 
metal grinding discs, including

product inlet spout with vibratory feeder, feeder control unit,

and inlet magnet, Model MMUA-20. Complete with V-belt 
drive,

guard and 20 HP motor. Without concrete support.
 

2.07 Outlet Hopper for Stone Mill
 

10 Ga. HRS constrction, with flange to match the stone 
 mill,

and an outlet stub to match the pick-up shoe.
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OPTION:
 

Dry Destoner, Model MTSB-50
 

Frame and support in steel., housing in polyester, with safety

windows, built-in distributing frame, hardened stell wire deck.
 
Including a booster fan with drive and 3 HP motor.
 

SECTION 3: SEPARATION, SEED CLEANING AND SEED SPLITTING
 

3.01 Suction Conveying Line
 

Same specifications as Item #2.04
 

3.02 Spouting from Cyclone to Separator and Bins
 

Same specifications a.s Item #2.04
 

3.03 Grain Separator, Model MTMA-15100 DS
 

Double sieve compartments with two separating stages. All steel
 
construction with two sieve layers, rubber ball cleaners, two
 
aspiration channels on the product outlets, including V-belt
 
drive, and 1.5 HP motor on the separator and a 0.16 HP motor on
 
the aspiraton channels.
 

3.04 Spouting for MTMA-15100 DS
 

Same specification as for item 2.05
 

3.05 Aspiration Airduct and Cyclone
 

For the MTMA-15100DS Separator, including the necessary machine
 
transitions, elbows and ducting.
 

3.06 Strato-Huller, Type DMHB-51
 

All metal construction 
support legs. With 10HP 

with inlet 
motor for 

glass, conocal hopper, 
the rotating disc and 

moveable baffle ring. 

3.07 Hopper 

Same specifications as Item 4.10 

3.08 Screw Conveyor 

Same specifications as Item 4.11 
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SECTION 4: FINE-MILLING
 

4.01 Hopper
 

Capacity: 2 m3 each

10 Ga.HRS construction w;ith one 
level indicator, and outlet

flange 
to match the srew conveyor.
 

4.02 Screw Conveyor
 

15 cm dia. 
 x 1.2 m long. Complete with variable frequency
 
drives.
 

4.03 Spouting
 

From the screw conveyors to the pulverizer. Same specifications
 
as Item 2.05.
 

4.04 Grinder, Model Sturtevant #00 Swing Sledge Mill
 

Including cast iron frame with manganese steel liners, complete
with dive and motor. Excluding any concrete foundation.
 

4.05 Outlet Hopper for Grinder
 

10 Ga. HRS construction, with flange to 
 match the grinder, and
 
an outlet stub to match 
the pick-up shoe.
 

4.06 Suction Conveying Line
 

Same specification as Item 2.04
 

4.07 Spouting to Rotex Screener
 

Same specifications as Item 2.05
 

4.08 Rotex Screener, Model 201
 

Single screen machine iJn all metal construction, complet", with
aluminum cop cover 
and sieve frames, and stainless steel
bottom, ground smooth but not polished. Tncluding V-belt drive,
motor bracket, 1.5 HP motor and three spare 
screens.
 

4.09 Spoutin
 

From outlet screener to hoppar above screw conveyor.
 
Same specifications as Item 2.05.
 

r'&i
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4.10 Hopper
 

Capacity: 1 m3
 
In 10 Ga. HRS constructiorn, with one high level indicator, and
 
outlet flange to match the screw conveyor.
 

4.11 Screw Conveyor
 

0.15 m dia x 1.2 m long, ccinplete with drive and motor.
 

4.12 Spouting
 

Same specifications as Item 2.05.
 
Including one manually operated diverter valve.
 

4.13 Spouting
 

From Rotex screener to pick-up shoe.
 
Same specifications as Item 2.05.
 

SECTION 5: MATERIAL STORAGE AND PACKAGING
 

5.01 Suction Conveying Line
 

Text as per Item 2.04
 

5.02 Material Distribution Components
 

Including one 3-way flow diverter and one 2-way flow diverter,
 
both 0.1m O.D., pneumatically operated. Including the necessary
 
spouting, elbows, and clamps to spout to the finished product
 
bins.
 

5.03 Finished Product Bins
 

Capacity: 3 m3
 
In 10 Ga. HRS construction, including one high levei indicator
 
one low level indicator, one bin vibrator, and outlet flange to
 
match the screw feeder.
 

5.04 Finished Product Bin
 

Capacity: 2 m3 each
 
Text same as Item 2.05.
 

5.05 Screw Conveyors
 

0.15 m dia. x 1.2 m long, complete with variable frequency
 
drives.
 

f')1
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5.06 Spouting
 

Froin screw conveyor to inlet hopper of weigher.

Same specifications as Item 2.05
 

5.07 Inlet Hopper
 

Located above the weigher, 10 Ga. HRS construction.
 

5.08 Edtbauer-Duplex Automatic Net Weigher, Model 4E
 

5.09 Belt Conveyor
 

2.55m long, located under the weigher.
 

5.10 Fishbein Portable Bag Closer, Modei "E+"
 

5.11 Reel-Type Suspension, Model 1550
 

SECTION 6: ASPIRATION SYSTEM
 

6.01 General Exhaust Ducting
 

Ducting from the equipment to th- dust filter, from the
 
cyclones to the high pressure fan to the filter, and from the
 
filter to the exhaust fan. Including machine transitions,
 
straight ducting, elbows, flanges and gaskets.
 

6.02 High Pressure Fan, Aerovent Model 475-150 Series 14
 

For a capacity of 35 m3 per minute. Complete with direct drive
 
arrangment #4, vibration isolators, flanged outlet, access
 
door, inlet damper and 10HP, 3600 RPM motor.
 

6.03 Dust Filter, Model RPDC-81/8
 

Filter area 90 m2. Air 
 to clcth ratio of 7.1:1. Complete with
 
12 Ga. reinforced air plenum, housing ,compressed air header
 
assemly, solid state timer, inspection port, access door
 
internal grid, and flange to match the outlet hopper.
 

6.04 Outlet Hopper for Dust Filter
 

12 Ga. HRS construction, with 
dirty air inlet in the housing

with an internal baffle for bag protection. Including support

legs, and .tlet flange to match the airlock.
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6.05 Airlock package, Model MPSX-27
 

Cast iron construction, with mild steel fabricated rotor,
 
sidemount motor base, and 3/4 HP right angle gearmotor.
 

6.06 General Exhaust Fan, Aerovent Model MH-800 BW
 

For a capacity of 650 m3/min. Complete with V-belt drive,
 
guavd, langed outlet, access door, base with vibration
 
isolators and a 25 HP, 1800 RPM motor
 

SECTION 7: INSTALLATION MATERIAL AND STRUCTURAL SUPPORT
 

7.01 Installation Material
 

7.02 Structural Support
 

Approximatly 8 m long x 8 m wide and 4 m high to be used as a
 
mezzanine floor, consisting of steel construction with hand
 
rails, floor grating, and structural stairway.
 

SECTION 8: ELECTRICAL EQUIPMENT, PANEL, MOTOR CONTROL CENTER
 

Consisting of a NEMA-12 control panel with motor running

lights, hand/off/auto selector switches, mctor starters, alarm
 
System, necessary interlocking, transformeg (control circuit
 
IMNCC), and all field connections to terminal strip on the sub
panel.
 

SECTION 9: CRATING, FR EIGHT & INSTALLATION OF EQUIPMENT
 

9.01 Installation of Electrical Equipment and Wiring
 

9.02 Installation of Mechanical Equipment
 

9.03 Crating and Freight Charges
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SECTION 10: COMBUSTION SYSTEM FOR FRACTION B
 

Ni-Burner Incinerator to produce hot air to be used as
 
alternative in Item 1.01 to dry MESQUITE pods.

Complete with all controls.
 

SECTION 11: ELECTRICAL ENERGY SOURCE
 

200 HP Diesel Generator to deliver electricity to all motors.
 

SECTION 12: VARIAS
 

12.01 Engineering and Start-up Services
 

12.02 Operating Supplies (Spare parts,Lubricants)
 

12.03 Pressurized Air Connecting Pipes and Fittings
 

12.04 Concrete Support for Heavy Motors and Machines
 

q'-CTION 13: BUILDINGS
 

Site preparation, buildings, manlifts, sanitary installation,
 
t.ater piping, boiler, air conditioning, offices including

furnitures, laboratory including equipment and chemicals.
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3.4.2. Energy reauirements and supply
 

Several motors along the processing line require various amount
 
of electricity. Their specific requirements are listed in Table
 
40.
 

Since a MESQUITE proce.ising plant would be set up in rather
 
undeveloped areas, possxbly with now electrical hook-up, it
 
might be necessary to produce the electricity through a diesel
generator.
 

Such a diesel-generator should be able to run app jx. 10 hours
 
a dey, and be set up that it requires the least possible
 
maintenance. The motors in the processing line could be
 
switched on in serie. For that purpose an Ingeneering-company
 
(Stamm, Aarbon-CH) recommends a 190 Hp generator. Such a
 
generator (US$ 25000.-, including all controls) has under given

conditions a life expectancy of 6000 hours and requires a
 
revision every 100-300 hours. It requires approx. 351 diesel
 
fuel oil / hour.
 

A substantial amount of hot air necessary for drying the pods
 
could be obtained through combustion of Fraction B in a Ni-

Burner Incinerator (more information available through W.K.
 
Nider, Allied Engineering & Production Corp. 4221 Blanding
 
Ave., Alameda CA 94501 USA). Such a unit could burn 200 kg
 
Fraction B per hour which would release approximatly 560 000
 
kcal per hour.
 

Table 40: Energy requirements for a MESQUITE processing plant
 

Item Quantity Hp-requirements
 

Belt Conveyor 3 1 Hp each = 3 Hp
 
Screw Conveyor 10 1 Hp each = 10 Hp
 
Single Roll Crusher 1 5 Hp = 5 Hp
 
Stone Mill 1 20 Hp = 20 Hp
 
Destoner 1 3 Hp = 3 Hp
 
Grain Separator 1 ? Hp = 2 Hp
 
Strato Huller 1 10 Hp = 10 Hp
 
Grinder 1 10 Hp = 10 Hp
 
Screener I 2 Hp = 2 Hp
 
Bag Closei 1 1 Hp = 1 Hp
 
High pressure Fan 3 10 Hp each = 30 Hp
 
Airlock Packaae 1 1 Hp = 1 Hp
 
Exhaust Fan 1 25 Hp = 25 Hp 

Total known electricity requirement 122 Hp
 

Necessary spare capacity approx. 50-70 Hp 
OMMENDED...........E..SU..PL........ 1 90... TOTAL.....RE ... - . Hp

TOTAL RECOMMENDED POWERSUPPLY 150-190 Hp 

http:OMMENDED...........E..SU..PL
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3.5. Budget
 

3.5.1. 	Investment for the set-up of a MESQUITE
 
orocessing plant with a capacity of 1000 kg/hour
 

The cost estimates for a MESQUITE processing plant are based on
 
the equipment specified in Chapter 3.4. The figures are based
 
on information obtained by Buehler-Miag as far as sections 1-9
 
and 12 are concerned, whereas prices of section 10 were
 
estimated by Allied Engineering. Sections 11 and 13 are based
 
on either average prices for similar equipment or comparable
 
plants. Especially the figures in Section 13 are to be taken as
 
very variable, since location (e.g. Mexico or USA) could cause
 
substantial differences.
 

The prices in Table 41 were quoted in November 183 and are
 
understood to be F.O.B. jobsite, California. All prices are for
 
budget estimate purposes only.
 

Land purchase is included in the budget estimate as a pro
 
memoriam expense only. Land in arid zones is of practicaly no
 
cash-value and accounts for an absolute minor expense only.
 

Table 41: Budget estimates 

Land purchase US$ 1000.00 
Section 0 Product delivery US$ 9000.00 
Section 1 Drying US$ 61000.00 
Section 2 Milling US$ 25500.00 
Section 3 Separation,Seed cleaning ... US$ 57500.00 
Section 4 Fine milling US$ 57000.00 
Section 5 Material storage & packaging US$ 54000.00 
Section 6 Aspiration system US$ 38000.00 
Section 7 Structural support US$ 29500.00 
Section 8 Eiectricr,1 equipment US$ 41500.OU 
Section 9 
9.01/9.02 Installatin of equipment US$ 222000.00 
9.03 

Section 10 
Crating & fre:ght charges 
Combustio; system 

US$ 
US$ 

17500.00 
45000.00 

Section 11 Electrical energy source US$ 25000.00 
Section 12 
12.01 Engineering and start-up services US$ 50000.00 
12.02 Operating supplies US$ 45000.00 
12.02/12.04 Pipes /Concrete support US$ 3800.00 

Section 13 Buildings (700m3 * US$ 150.-) US$ 105000.00 

TOTAL INITAL INVESTMENT FOR PLANT SET-UP: US$ 887300.00
 

http:887300.00
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This budget estimate does NOT include:
 
-any warehousing or insurance cost after equipment has been
 
delivered,
 
-any heavy sundry erection tools such as cranes, etc.
 
-any truck for moving the containers,
 
-workshop machinery, tools,
 
-laboratory equipment, chemicals,etc.
 
-office furniture and equiphment,
 
-any federal, state, local or other taxes,
 
-any safety features features unless specified,

-in other words, any it-.ms or materials not specifically
 
mentioned herein
 

3.6. Economics
 

A) Production costs based on plant location in Mexico
 

For this model the plant would be set up in:
 
Matehuala, Mexico, State of San Luis Potosi
 

This location has been chosen because MESQUITE grows

extensively in this area. 
The pods have traditionally been
 
collected by rural inhabitdnts for whom this income was of
 
social eonomic importance. They have either sold the pods to
 
ranchers and feed dealers or -.sed 
it themselves as a cheap

substitution up 
 to 50% in feed formulas. This situation is
 
described in 
 a report by the Instituto Mexicano de Resoursos
 
Naturales Renovables (100) and presents probably the 
 only

information about semi-commercial MESQUITE gathering. However,

the figures have to be taken cautiously,since this report has
 
been written in 1970 and very few newer 
 information is
 
currently available.
 

The City of Mateliuala is the principal center for storage of
 
MESQUITE pods and it was confirmed that in 1965 some 8000 tons
 
were gathered there, along with 4000 tons 
in the rest of the
 
state. The average price was 
350 Pesos or 28 US$ per ton (1965:
 
12.5 Pesos = 1US$).
 

According to personal correspondance, MESQUITE pods could be
 
bought in Mexico in 1980 from commercial dealers for 87 US$ per
 
ton.
 

It is therefore assumed for this model, that up to 10 000 tons
 
per season of MESQUITE pods could be purchased at a price of 90
 
US$ in the area of Matehuala.
 

/
I, 



------------------------------------------------------------
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The operating costs are based on a normal product supply and
 
processing situation over an entire season. A season would
 
cover a processing period of three month with six working days

(8 hours/day) per week. This results in 576 processing hours or
 
576 tons of processed MESQUITE pods per season.
 

1. Capital cost:
 

The total investment cost (Table 41) is capitalized with 10%
 
and the annual depreciation of the plant set at 10 %.
 

Investment capitalized US$ 90000.-/year
 
Depriciation 
 US$ 90000.-/year
 

2. Rawmaterial:
 

Undried clean pods,

delivered to the plant 
 US$ 90.-/ton
 

3. Personnel
 

8 untrained farmworkers (per worker) US$ 250.-/month

1 Plant mechanic US$ 1000.-/month

I Supervisor/ Administrator US$ 2500.-/month
 

4. Energy
 

Diesel 280 1/ day (11= US$ 0.15 
;1984) US$ 42.-/day
 

5. Maintenance 

2% of initial investment annualy US$ 18000.00/year
 

All items are calculated per season and per ton in Table 42a.
 

Table 42a: Production costs per season or per ton of MESQUITE
 

pods, based on 576 tons per season
 

Item US$ per season US$ per ton
 

Capital 90000.00 156.25
 
Depriciation 90000.00 
 156.25
 
Raw material 51840.00 
 90.00
 
Personnel 
 16500.00 29.10
 
Energy 3024.00 5.25
 
Maintenance 
 18000.00 31.25
 
...------------------------------------------------------------

TOTAL 
 269364.00 467.64
 

US$ 0.47 / kg

==
 

http:269364.00
http:18000.00
http:16500.00
http:51840.00
http:90000.00
http:90000.00
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If the season could be extended to an all year operation, the
 
price per ton would decrease significantly; the only change in
 
the plant set-up would be to use bigger storage bins along with
 
fumigation 	of the pods. This would cause an increase in the
 
budget at Section 0 by approx. US$ 10000.00 . Also the annual
 
depriciation should be increased to 15%, and the maintenance
 
would be 4% annually of the initial investment.
 

On the other hand, the processing-capacity would increase to
 
about 2300 tons per year. Such an operation would result in the
 
following cost structure (Table 42b):
 

Table 42b: 	Production costs per year and per ton of MESQUITE
 
pods, based on all year operation (2300 tons / year)
 

Item 	 US$ per year US$ per ton
 

Capital 90000.00 39.10
 
Depriciation 135000.00 
 58.70
 
Raw material 207000.09 90.00
 
Personnel 45000.00 
 19.53
 
Energy 12100.00 5.25
 
Maintenance 36000.00 15.65
 
---------------------.------------------------------------------

TOTAL 525100.00 228.30
 

US$ 0.23/kg
 

The above calculated operating-costs do not include:
 
-Insurances
 
-Taxes
 
-Chemicals
 
-In other words any items not. specifically mentioned herein.
 

B) Production costs based on plant location in the USA
 

If a MESQUITE processing plant would be set up in the USA, the
 
situation would be somewhat different:
 

Currently MESQUITE pods can not be purchased on the market,
 
since its utilization as feed has either not yet been
 
recognized, or the cost would be prohibitive compared to other
 
often subsidized feed.
 

The situation could certainly change immediately if a market
 
would be created by the demand of a potential processor.
 

http:525100.00
http:36000.00
http:12100.00
http:45000.00
http:207000.09
http:135000.00
http:90000.00
http:10000.00
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As another possibilty, it has been suggested by Feiker (80) to
 
cultivate MESQUITE for ethanol production. Such a utilization,
 
even though very promissing, has not yet been established since
 
an oil-shortage does not seem likely at the moment.
 
Nevertheless, Felker showed, that MESQUIT', could be produced in
 
orchards for US$ 46.00 per ton (with insecticide application)
 
or for US$ 25.00 per ton only, if insect resistent varieties
 
could be used.
 

A processing p]ant in the USA would basically require the same
 
budget for an initial set-up, whereas the production costs
 
would be higher (Table 43).
 

The major changes in production costs would be caused by higher
 
salary for the personnel:
 

Untrained farmwurkers US$ 720.00 I month / person 
Plant mechanic US$ 1500.00 / month 
Supervisor US$ 2500.00 / month 

Fuel cost would be US$ 0.25 /1
 

As a major disadvantage,it would seem unlikely to be able to
 
run the plant all year from the beginning, since the pod
production would not be sufficent for at least the first five
 
years until the trees would produce enough pods. An ideal
 
situation would to set up a MESQUITE processing plant within an
 
other food/feed-plant. Infrastructurc and personnel could be
 
used from the existing plant. This would even be a opportunity
 
for industries such as sugarbeet processors to run their plant
 
during off-season of their product.
 

Table 43: 	 Production cost per ton of MESQUITE pods, based on a
 
seasonal operation (576 tons) ; location USA
 

item US$ per season US$ per ton 

Capital 90000.00 156.25 
Depriciation 90000.00 156.25 
Raw material 26496.00 46.00 
Personnel 29280.00 50.83 
Energy 5040.00 8.75 
Maintenance 18000.00 31.25 
................................................................... 

TOTAL 258816.00 449.33 

US$ 0.45/kg
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Actual cost of final product
 

It is assumed that Fraction B would be burned for energy
 
purpose. Therefore, the price per kilo processed MESQUITE

(Tables 40-43) needs to be divided by the yield of the three
 
remaining fractions, where a loss of 5% of the input is also
 
included. The costs would increase to the figures shown in
 
Table 44 (the value of Fraction B is in the reduction of energy
 
costs).
 

Table 44: 	Comparison of the production costs of each Fraction
 
of processed MESQUITE in US$ ,including a loss of 5%
 
of the input
 

A) Seasonal operation; location Mexico
 

Production costs: 47.00 US$ per 100kg
 

True output: 	Fraction A 50kg= 31.50 100kg= 63.00
 
Fraction C 12kg= 7.56 100kg= 63.00
 
Fraction D 12kg= 7.56 100kg= 63.00
 
Fraction B no value no value
 

......---------------------------------------------------------


Total 
 74kg= 47.00 100kg= 63.00
 

B) Year-round operation; location Mexico
 

Production costs: 23.00 US$ per 100kg
 

True output: 	Fraction A 50kg= 15.55 100kg= 31.10
 
Fraction C 12kg= 3.75 100kg= 31.10
 
Fraction D 12kg= 3.75 100kg= 31.10
 
Fraction B no value 
 no value
 

.---------------------------------------------------------

Total 	 74kg= 23.00 
 100kg= 31.10
 

The costs for location in the USA (US$ 45.00) results in
 
practically the same figure as for seasonal operation in
 
Mexico.
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4. CONCLUSIONS
 

The goal of this work has been to develop a processing system
 
for MESQUITE pods, 
 in order to achieve maximal utilization of
 
the pod as a raw material for the food industry, and to
 
evaluate the characteristics of the pod material.
 

Already a first superficial study of the pod structure
 
revealed, that the pods would have to be fractionated according
 
to their morphological structure. Otherwise it would not be
 
possible to obtain homogenous raw materials.
 

The milling and separation process developed in this
 
studyresulted in four fractions which turned out to be 
not only

morphologically 
different, but also show chemically and
 
functionally different properties.
 

The process uses mostly existing machinery (crusher, stone mill
 
and several different classifiers)and represents a relatively
 
easy processing system.
 

Comparison of the proximate analysis of more than a dozen pods

from different trees revealed that their composition varies
 
less than their visual differences might suggest. However, it
 
would be possible to select or breed pods that are high in a
 
desired compound (cross-breeding would limit the success).
 

The four fractions offer completely different applications:
 

The major part of the pod, Fraction A (55% of the pod),
 
represents a legume-flour with a unusually high sucrose 
content
 
of up to 60 %. Its uses range from a raw material for sucrose
 
extraction, composite flour in baked cereal to
products 

drum dried flakes and tortilla chips.
 

Even though the flour itself is of no extraordinary nutritional
 
value, feeding studies revealed that a combination with cereal
 
based products leads to a desirable improvement of the amino
 
acid composition of such products. The incorporation of
 
MESQUITE Fraction A causes no significant reduction of the PER,
 
even at a reduced digestibilty.
 

Taste panels with a snack product (corn tortilla chips with
 
MESQUITE Fraction A) revealed preference of the product over a
 
corn-only standard in all criterias, i.e. taste, color,
 
structure and odor.
 

Nevertheless, applications or incorporations of Fraction A are
 
limited by its specific flavor and the lack of a structure
maintaining compound.
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Use of Fraction A as raw material for sucrose-extraction showed
 
no problems, but would currently not be the most profitable
 
utilization.
 

Fraction B (2J% of the pod) must be regarded as the least
 
valuable pa::t of the pod. The fibrous endocarp hulls do not
 
appear to ba a promising raw material for the food-industry,

except as a possible source for fiber in dietary products.

Nevertheleiss, it -epresents a very good material for combustion
 
with a burning 'alue of 17000 KJ/kg (comparable to sawdust) and
 
low percentage of remaining minerals. Taking advantage of the
 
publicity of MESQUITE wood for barbecuein the US (44) and the
 
success of fire-logs for private housholds, it might be very

interesting to utilize Fraction B in such logs. The Fraction
 
could also serve as an 
 energy source to provide a substantial
 
amount of the necessary hot air through combustion, to dry

MESQUITE pods before the milling and separation process.
 

The endosperm splits of the seed, designated as Fration C (15%

of the whole pod), contain about 65% galactomannan with a
 
composition that is almost identical to 
 guar gum

(mannose:galactose= 1.6:1) , a widely used hydrocolloid in the
 
food- and other industries. Therefore, it was no surprise to
 
find that the viscosity, temperature stability and
 
characteristics in the intera.ction of MESQUITE gum

solutions with xanthan were all practically identical to guar.

A paper reporting a mannose:galactose-ration of 4.2:1 in a
 
South American Prosopis juliflora (which would be very similar
 
to locust been gum) offers even greater possibilities (108
 

However, it was not possible to find ways to obtain a high

purity gum by a method that would allow projection to a
 
profitable larger scale process, due to the extremely though

adhesionof the seed coat to the endosperm. In that connection,
 
it could be shown that certain minerals (magnesium, manganese

and malcium) are associated with the endosperm and are useful
 
in the determination of the gum purity.
 

The relatively low grade gum obtained in this work 
 would limit
 
applications of the MESQUITE galactomannan to products where a
 
colorless grade is not required.
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The cotyledons, Fraction D (15% of the pod), represent a
 
protein concentrate with nutritional qualities similar to
 
soybean protein. It is limited in sulfur amino acids. Its
 
functional properties qualify it as alteriiative to proteins
 
such as soy or skim milk,especially for solutions where
 
improved foam stabilty and emulsion capacity are desired.
 

Based on the wide array of possible application of the
 
different fractions, a project has been defined for a
 
small MESQUITE processing plant with a capacity of 1000 kg pods
 
per hour. Again, existing equipment that could be purchased

from different manufacturers can be used.
 

A budget estimate showed that appitximatrly US$ 900000.00 would
 
be required to set up the whole pltnt. Tne estimated production
 
cost,including the capitalizatLon of the investment, would
 
result in product prices ranging from Uj$ 0.30 - US$ 0.65 per
 
kilo processed MESQUITE. deienling on location of the plant and
 
whether processing .ould be seasonal or all year round .
 

A comparison of the prices for each fraction with its most
 
likely competitor on the market is shown in Table 45.
 

"production cost high for MESQUITE"
 

The possible margin (including tranlsport, storage, profit, 
calculation errors) is also listed. Te margin range is 
calculated as: 
Minimum margin= "low price competitor" minus 

Maximum margin= "high price competitor" minus
 
"production cost 
low for MESQUITE"
 

A minus (-) sign before the figure in the "minimum /maximum
 
margin" column of Table 45indicates, that the MESQUITE product
 
would have to be sold at a loss, whereas a plus (+) sign means
 
that a profit could be made.
 

Ij 

http:900000.00
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Table 45: 	Prices for MESQUITE products compared with products
 
similar in application range
 

Product Price per kg in US$ 
at production cost 

low high 

Fraction A 0.31 0.62 

Whole wheat flour 

Minimum / ma i.um margin 
0.50 

-0.12 to 

0.70 

+ 0.39 

Carob powder 

Minimum I maximum -targin 
0.20 

-0.11 to 

0.30 

- 0.32 

Corn 

Minimum / maximum margin 
0.30 

-0.32 to 

0.35 

+ 0.04 

Refined sugar 
Minimum / maximum margin 

0.40 
-0.22 to 

0.50 
+ 0.19 

.......--------------------------------------------------------


Fraction C 
 0.31 	 0.62
 

Guar gum 	 0.70 
 1.40
 
minimal foodgrade/petfoodgrade
 

Minimum / maximum margin +0.08 to + 1.09
 
.......--------------------------------------------------------


Fraction D 
 0.31 	 0.62
 

Soy Protein concentrate (60%) 1.00 
 1.20
 
Minimum / maximum margin +0.38 to + 0.89
 

Skim milk 
 1.40 1.60
 
Minimum / maximum margin +1.29 to + 0.78
 

Prices of competing products are current 1984 world market
 
prices.
 

The overall comparison of the prices of the different fractions
 
with possible competing products reveals, that MESQUITE
 
Fraction A would hardly be profitable or allow only a rather
 
small margin.
 

Fraction C and D however offer a very good profit so that this
 
two fractions could even pay for eventual losses on Fraction A.
 

~j 
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It would certainly be very shortsighted to measure the success
of the utilization of MESQUITE-pods in its potential return of
 
investment only.
 

All other positive effect of a cultivation of MESQUITE trees
have 
 also to be taken into account (Figure 7, Chapter 1.2.2.),

even though their cash value is difficult to determine:

-Keeping back desertification 
trough the function of soil
 
stabilizing and wind-braking;

-Proving shade to raise animals;

-Employment in rural areas;

-Local production 
of food, which is often not possible in such
 
regions;
 

Considering all these aspects, it becomes clear that MESQUIY
offers the unique chance to achieve all 
the above mentioned

goals along with the establishment 
 of a crop that can be
profitable even without subsidizing through governments.
 

In adC 
 , MESQUITE could become avery important food cropin the Light against hunger in countries in arid and semi arid 
zones. 
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5. SUMMARY
 

MESQUITE is a leguminous plant that grows wild in arid and semi
 
arid areas around the world. Depending on the specie, it occurs
 
as a shrub or tree and requires no fertilizer or watering.
 

MESQUITE produces indehiscent pods with a most complicated

morphology. They were used by ancient cultures as a staple
 
food, whereas in current times only consumation as a syrup in
 
Southamerica is reported. A commercial utilization of MESQUITE
 
has never been studied seriously. This is first of all due to
 
the lack of a processing technique and the image of MESQUITE as
 
a weed.
 

This work covers the following aspects of a commercial 
utilization cf the pods: 

1) A milling and separation process that results in four 
fractions with the potential for different applications. The
 
fractions are:
 
Fraction A: A flour with up to 60% sucrose
 
Fraction B: A high fiber residual fraction
 
Fraction C: A galactomannan gum
 
Fraction D: A high protein flour
 

2) The possible applications of the fraction as a raw material
 
for the food industry (baking; snackfood; sweetener; gum;
 
protein concentrate) including taste panels and feeding
 
studies.
 

3) A comparison of the composition of different pods
 

4) A project for a small MESQUITE processing plant with a plant
 
lay-out, detailed listing of the necessary equipment, budget
 
and calculation of the production costs.
 

The results show that MESQUITE pods offer an interesting crop
 
for industrialized countries whith wide application in the
 
food industry, as well as a potential food crop in lesser
 
developed countries that are short on basic foodstuff.
 

The study could eventually serve as a manual how to set up a
 
MESQUITE processing plant and how to utilize the products. At
 
the same time it represents as an investigation on the
 
composition and possible utilization of a desert plant in its
 
ecological context.
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5. 	Zusammenfassung
 

Aufarbeitung, Einsatzmoeglichkeiten und Wirtschaftlichkeit
 
von MESQUITE Schoten
 

als Rohmaterial fuer die Lebensmittel-Industrie
 
=
 

MESQUITE (sprich: MESCIIT) ist ein Leguminosen-Gewaechs,

welches in Trockengebieten auf der ganzen Welt zu finden ist.
 
Allein in den USA belegt MESQUITE rund 35 Millionen Hektaren.
 
Je nach Species ist die Erscheinungsform von MESQUITE ein
 
Strauch oder ein Baum von bis zu 8 Metern Hoehe.
 

MESQUITE produziert Schoten mit einer sehr komplizierten

Morphology. Obwohl die Schoten in frueheren 
 Zeiten als
 
Grundnahrungsmittel genutzt wurden, ist heutzutage nur noch die
 
Verwendung der Schote in Suedamerjka, als Rohmaterial fuer
 
einen Syrup bekannt. Bis anhin hat es sowohl an einer
 
Technologie zur Aufarbeitung der Schoten als auch am Wissen
 
ueber funktionelle Eigenschaften der Inhaltsstoffe gefehlt. So
 
war man bisher allgemein der Ansicht, dass es sich bei MESQUITE
 
nur um ein nutzloses Unkraut handle.
 

Die vorliegende Arbeit befasst sich mit den folgenden Aspekten
 
einer kommerziellen Nutzung der Schoten:
 

1) 	Beschreibung eines Verarbeitungs-Prozess, welcher in vier
 
Fraktions-Produkten resultiert, die unterschiedliche Einsatz
moeglichkeiten offerieren. Die Fraktionen sind:
 
Fraktion A: Ein Mehl mit einem Saccharosegehalt von 60%
 
Fraktion B: Eine Fraktion mit sehr hohem Rohfasergehalt
 
Fraktion C: Ein Galactomannan-Gummi
 
Fraktion D: Ein Proteinkonzentrat
 

2) 	Einsatzmoeglichkeiten der 
 Fraktionen als Rohmaterial in der
 
Lebensmittr,lindustrie (Backwaren, Snacks, Verdickungs
mittel, Proteinkonzentrate), einschliesslich Degustations
studien und Fuetterungsversuchen mit den entsprechenden
 
Produkten.
 

3) 	 Vergleich der Zusammensetztung verschiedener Schoten.
 

4) 	 Projekt fuer einen kleinen kommerziellen Verarbeitungs
betrieb mit einer Verarbcitungskapazitaet von 1000 kg pro
 
Stunde, einschliesslich Plaenen, Auflistung der
 
notwendigen Maschinen, sowie der
Budgets Berechnung 

Produktionskosten.
 

\V 



-148-


Die Ergebnisse zeigen, dass MESQUITE eine hoechst interessante
 
Nutzpflanze darstellt und dass die Schoten breitgefaecherte
 
Einsatzmoeglichkeiten in der Lebensmittelindustrie offerieren.
 

Kosten-vergleiche erlauben die Schlussfolgerung, dass der Anbau
 
und die Aufarbeitung von MESQUITE profitabel sein kann.
 

Ebenso koennte MESQUITE eine wichtige Rolle im oekologischen
 
System von Trockengebieten spielen und eine wichtige Nahrungs
grundiage in Hungergebieten darstellen.
 

Die vorliegende Arbeit ist so gestaltet, dass sie als Grundlage
 
dienen koennte, wie ein MESQUITE Verarbeitungs-betrieb
 
aufgebaut, und die Fraktionen verwertet werden koennten.
 
Gleichzeitig kann die Arbeit als eine Studio ueber die
 
Zusammensetzung und Verwertungs-moeglichkeitcn einer Wusten
pflanze gelesen werden.
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J.Semiarid Legume Crops as Protein Resources 

R.BECKER, R.N. SAYRE and R M. SAUNDERS, Wes trn Regional Research Center, 
Agricultural Researchi Service, USDA, BO Buchanan Street, Albany. CA 94710 

ABSTRACT 


Worldwide population presures and iccompanyin increasd 

demands on Aattr supplies and tillable land has forced a reev&Jua 

tion of traditions.! agricultural techniques and crops nderused 

sarusid lands art becoming candidates for crop production that 

uics Kreisitolcran" plants, Deert lerumre trees and shrubs e g.. 
species of Nosop. Usiuma. Aca'w. Guoffpote and ODlpry.. fix 
nitrolen and could be surces of wced protein, forage or biuomaus 
Seeds from desri legume perennials have ahegh potentia. as protein 
producerm 

INTRODUCTION 

The United States iscurrently facing the problem of over. 
production of food, its main export commodity, and 
efforts to enhance agricultural production by cilivauun of 
desert lands might appear Wlogical. However, long-term 
national objectives ard international considerations com-
bine to dictate that a high priority, intensive research effort 
be directed toward the goals of water and soil conservation 
as exemplified by minimum irrigation farming and develop-
ment of crops and technologies to farm our arid and aemi-
and lands. 

TodaN. ca. 1/3 of the earth's land mass is desert. com. 
Worldwide. 20% of the land ispared with ca. 12% in 1882 

generaU) considered arid and 13% semiarid (Table 11 0.21 
defined by relating ava:!.when arid zones or dry lands are 

able precipitation to potential evapotransporation t3. 4 .51 

These desert lands represent a diversity of soils and climates 
and are a home for a variet. of cultures (b) 

Ca. 8% of US land is an~d and 22% 4emiarid Three per. 
cent of North American land is arid -,nd 1I% semiarid The 
Americas (North, Central rnd Souh) have ca 14% of the 

world population. but 16% dry land Of these countries. 
Mexico probably has the worn p oblem with 4t% of its 

land dry and a population of ca. 70 million Central America 
isgenerally topical. but South America also ha5 large 
deser areas. 

Africa is 69% arid or semiarid. Egypt is essentially all 
Algeria. Tuni',a.desert, except for land along the Nile 

Niger and Ethiopia also have a severt lack of agricult 'al 

land. 
To make a bad situation worse, deserts &re expanding In 

the Sudan, the desert is advancing at a ratc of 5 km per 
year, in the Sahel I00.000 ha per year are lost, worldA ide. 

JADCS. vol 61. no 5 Ma 196. 
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5 mi ]on hectares per y'ea. (or 0 35% of the world's arable 

lands) are estimated to hare become desert because of 
mn s mismanagement (6). Between 100,000-250.000 
people are bclie c To have died of starvation in the Sahcian 
region alone betvween 1960 and 1974, and the toll would 
ha'e been higher if $200 million had not been spent on 
emergenc% relief du::ng th.! period 

The .Middle East is 68% arid and 16% semiarid. and sup-
ports 3% of the world's population on land ranging from 
the h' perr id Sahara Deser: regions to the semiarid areas 
in Turke 

Asia has less dr',an., b.,t is burdened b% 56, of the 
V.ori5 popu.a:.on ramka:! i C'ina. India and Pakistan 

Mos! countries with arge amounts of drylands are food 
importers The L'S is an exception in that it exports ca 40% 
of tne food it produces. but productivity of ke crops is 
beg:nn:ng to peak or flatten out Export dernand is ex. 
pected tc continue. especiall because food production 
must double in the next 40 years to meet population 
projections 

V\c should, therefore be Interested in develop;ng these 
drvland res\nes. both domestic and international One of 
the best ways to star, is by finding plants natire to the 
desert ai is that might have commercial potential 

DRYLAND AGRICULTURE 

Agricultural practices appropriate for fertile land often 
bring disaster %hen applied to marginal land Plowing the 
natura! grasslands of the Great Plains of the United States 

TABLE I 
Percent~qe of D,'l~ndi inSelected 

Countres ad Theer Popuhnons' 

%6ord 
Arid Semiarid Population- 1981Counrt 
00 %fold(% 

The 4rnevizas 4 2 12 13 9 

tniteJ Sutes 8 22 5 1 

Boli.,a 2107 157 O025
0.13Chii 

1.6me-Cho 26 20 

6 0.40Peru 1 

04385 2010 06.9!Alger:aa 8 

Eg:.T: 100 0 095 
20 50 071Ethiopia

Kcn1% 20 55 038 
\ige: 70 2525 O063535 30 0 12Sou 06Si..~"-Aricac 

15 0 14Tunisia 75 

%liiile List 68 16 3 0 
Iran 7.2 32 087 

74 15 030Iraq 
6 0 OJordan 93 

Saudi Arabia 98 2 021 
Turke> 0 18 0'.11 
Vesnen (N&S) 81 14 0.17 

Ass 12 14 58 2 

China 13 10 22 3 

India 4 17 15 5 

Soct Lnion 9 11 5.9 


16 032Australia 49 

Europe 0.1 2 15.5 

World 20 13 

aBasd on total world land mas of 52.OO 000 square miles, which 
does not include Antartica (96%of tota land mau) 
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during the 1930's and me "virgin lands" of south-cen:ra 
Russia in the 1950's, Ahe,, combined Aith natural droug-:s 
produced conditions vrtuallk guaranteeing sesere %kn, 
erosion The resulting serious soil losses were controllab:t 
only by rees:ablishing the grass cover (7) 

Even today, land-use patterns developed in the sixtec;"n 
century, and culturall perpetuated by peasants iiv:ng clost 
to the absolute margin of survival, have severcl. deg.adec: 
plant resources in mans countries, from the upland sern, 
and areas of Chile (8) to the Sahel area bordering th.t 
Sahara Desert (9) and the Rajasthan Desert of lnd~a 1Io, 

For example. the Indian desert, by far the most, -op_ 
lous of the world's deserts, has a population of 48 persons 
pet sq km (0.19,'acre or 124/sq mi) and recei es 10C, 
500 mm annual rainfall Demand for local trees and shrut: 
as fue increaied from 1 64 million t in 1951 to oer 3 m:. 
lion t in 1971 as the result of a population increase fro
9 4-15.5 million during the same period Based on th~s th. 
na'ive plant population is expected to last for oni\ ano:h,: • 

6 decades (10). In addition to using the plants for fuer, . 
inhabitants eat the pods and seeds, funher handIcapp;n.: 
natural regeneration. 

Cultural and religious factors are also important Ye.-, 
ago, to protect grasslands and forests. Rajput princrs 
decreed that all desert villages would set aside an "orar 

(protected forest) and a "gochar" (grazing land) Serio.. 
punishments were prescribed for using an ax in the oar.
and only deadwood could be collected for fuel In certa.
orthodox Indian areas, the orans are still honored and t', 
forests are surviving whereas adjacent areas have been 

stripped To protect hill flora, half the hill was also de,'.. 
cated to the deity "Jogmaya." Today. the welforestei 
Jogrnava side can be found with the other half absolute., 

barren and denuded (11) Without these practices. the a!-. 
would undoubted]y be in much worse condition 

losses occurs in soils 
1A 40-fold increase in nitrate 

nuded of forest vegetation (12). Potassium losses are I5
greater, calcium and magnesium are 4-fold and sod..-. 

is2-fold greater than from unstripped soil. To erode 8 inches 
of untilled topsoil in midwest America is estimated to take 
2234 yr. When subjected to noncontour tillage, the s2a-.e 
B in. of soil would be lost in only 37 years (13), with sir-,. 
lar losses expected for Africa'r lands (14) Because of 

similar ongoing erosion processes, desert lands are char.c
reristically low in organic matter (0.5-0.8%) and ferti)-'N. 
m sahlc oane, usualN lack moisture storage capacity (15). 

Desert lands also can have extrenie temperatures. rang rig 

from below freezing to over 50 C High temperatures. c. "r. 
bined with commonly occurring winds and low humid:-..s. 
often are severely dehydrating Some plant species 'e 

esevolved a crassulacear acid metabolism (CA-M ) that enaY 
heat of the daN and rerJ~estomata to close during the 


water transpiration losses.
 
The solar intensirv of the desert can be a mixed bles: "
 

It enables high photosynthesis rates and multiple crops. nut 

can combine with other environmental factors to mi-ce 
plant stress It can also reduce human activity unless t,cr 
ances arc developed. 

Water quantity and qualit) are usually the lirr. ;n.t 
factors in most arid zones, Precipitation can range fror- no 

rainfall for 7 years in the Atacama Desert of Chile to -er 
400 mm annually in some semiarid zones. 

For agricultural purposes, water quality is determineJ b% 

salt content. In general, water with less than 600 mg'L iotla 
dissolved wlids may be used to irrigate almost any crop 
Water with 1,000-1.500 mg sah/L is widely used on a! but 
the most salt sensitive crops if leaching and drainage are ide

with 1.000-2,000 mFquate. If frequently irrigated, water 
used for crops of moderate tolerance. %atesalt/L can be 
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SEMIARID LEGUME CROPS 

with 3.000-5.000 mg salt/L will produce high yields only LEGUME TREE SEEDS AS NEW CROPS 
from high]% tolerant crops. The most common salt tolerant 
crops can withstand about 12,000 mg saltIL, although Desert legume trees are particularly well suited to meet the 
celgrass (Zosrera spp) produces an edible graim and large stringent requirements of dryland agricukure. In a recent 
amounts of biomass in full sea water (16). (Seawater has a revini (21), they were described as the ideal crop for r'
total salt content of ca. 35.000 mg/L.) The relative concen- ducing capital and energy expenditures in these spec:Jl 
trations of sodium to calcium and magnesium, and the environments These woody dicotyledonous trees ot shrubs 
anion concentration (chloride or sulfate) may also be from the family Legummosae (order Rosales) comrist 
important Additionai factors xc plant age, soil typi' and most of the subfamily Mimosuideac and some of th-. sub. 
irrigation methods (17) family Caesalpinoideae. Most species examined ncdd'ittc 

The accumulation of salts in the soil is one of the and fix r.;rogen (22) with reported rates bctwecn 200 and 
problems accompanying irrigation of agricultural land In 580 kg N na'yr (23,24). The soil under leguminous tc-es 
man\ desert areas, evaporation exceeds precipitation by up has been shown to have levels of nitrogen and organic 
to 1500 mm (0 in.i per y'ear and is the major factor re- matter several times higher than surrounding soils i25-2, 
sponsiblc for the salt buildup in the soil (18). A second or soils under nonleguminous trees (27). Lecurn trees 
problem occurs v '. good water percolates through saline require minimal tillage and their subsurface roots retard 
soils as irrigation runoff This runoff water is often high in erosion (21). 
leached salt (up ti 3,000 ppm solids) and must be coliected Seed compositions of some commonlk used dr%land 
a'.! remo\ed to pre cnt soil salinization and contamination legume trees are 3hown in Table II Seed protein content 
of los salt groundwater supplies (18). ranges from 17% in a Glcdnisla species to 37% in Le&c,:., 

The amount of sahine soil in arid and semiarid areas lanceolaic, with mo;t being 20-30% "I .- amino acid chemi
worldwide %%as estimated in 1977 by Ponnamperuma (19) cal score of 38 for Desert Ironwood seed protein is less than 
at 381 milion ha. although estmatcs vary and some of this the score of 47 for dry bean! The scores of 77 and ob for 
land may not be suitable for agriculture for reas ns other Prosopis seed protein are h gher than that found ir soy
than salint\ Others 120) estimate that 1/3 of the world's beans (29), which is shown for comparison Fat contene in 
irrigated land (47 million ha) is affected by salt. So.; toe seeds ranged from ca 2,o in several species, as hig! as 
salinization can be a direct cause of creating deserts anc 404, :-( ianar. which will be described later. 
contributes to the decreasing produtiv\it\ of farmL- i ,:o, from dryland or minimum irrigation culti~ation 
\A.'ridwide Sahnit is the most important problem in inr practices are highly variab. o the calculated ValuL. used in 
gation agriculture and combating it is among the most the tables are, in many cast :.. arbitrary (Table i1). The cor
costly problems facing the farmer (18). 	 relation between protein content of legume tree seeds and 

Productivit\ decreases of existing farmlan. associated yield is not known. A negative relationship has been shown 
\&ith salinity canL, combated by introducing salt tolerant between protein and methionine content of field beans, and 
lines of conventi . rops or the introduction of other salt raising soil phosphorus may increase protein content i 30). 
tolerant plants vki an equi, aient. or better, economic but little i known of the effects on the nutritional \alue of 
value. 	 these proteins. 

TABL- II 

Drland Legume Iree Seeds 

Plant name 	 Composition (%) FAO Yield. kg'ha 
protein 

Common Botanical Ref. Fat Protein chemical Lipid Protein 
bcorc 

Mesquite 	 P osopicglianddiosa 34 1 6 22 - 40 550 
P vrfutina 34 5.7 29 30 142 725 

Algarrobco P cbilroWli, a 9.2 31 77 
Tamarug0 P, famarugo a 3.o 27 47 - 675 
Serewbean% P pubrscens a - 36 66 - 792 
Leu~aena 	 Leucaena lcurocepbala 26 10 28
 

L lanceola;c 16 7 37
 
Acacia 	 Acacia monihformis 20 - (5511
 

A lnicularfornzs 20 - (381"
 
A .- p - 21
 

Honec locust Glirtsia trucantbos a 1 9 17
 
Africar Paris,. 20 161h
clapprrtoniana 	 

locust P 	 roxburgbii 20 - 41)h
Djenkol htbecellobium Joba:um 20 - (16 b 

P sonorar 2o - (44);1 
Dhaincha Sesbania spp 16 2 9 31 
Carol, Ceraog&a u1!1qua 49 2 8 20 
Ironwood Olneya tesota 52 35 31(26) 27 577 512 
Chanar Geof/roea decorticani 51 49 29 66 
Palo verde Cercidium micropbylluni a 8.3 25 - 33 10(0
Blue p v. C flondum a 72 26 
Mexican p.v. Parkinionwt aculeata 16 3.8 21 

Beans Pbasrolus vulgans, US. 1982 1.6 22 47 25 348 
Soybeans Glycine max, World. 179 i8 34 62 805 934 

US. 1979 955 15(04 

aBrcker. Sayre, and Saunders. unpublished observations 
bcomposition of trichloroacetic acid precipitablc fractions from seed embryos (2(i) "? 

JAOCS vol 61. no 5 0.%, 95
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PROSOPIS 

Forty-four Prosopis species are known, occurring in North 
and South America. Africa and eastern Asia (31 . Examples 
of useful species have been found that fix nitrogen, are 
frost hardy, tolerate extreme heat and survive in some of 
the hottest and dryest of the earth's deserts (31). One of 
the highest C0 2 -fzxation rates known for trees (30 mg 
CO 2 i dm, fhr) was observed on a Prosopis species in Death 
Valley, California (32). Prosopis trees are thought to have 
CAM, enabling them to close their stomata during the day 
and fix CO 2 at night 

Prosopis trees produce indehiscent pods that are palat-
able to humans and animals (31). Pods of many species, 
e.g., Prosopis glandielosa, P velutina and P. chizns:s, are 
rich in sugar, containing 13-4 1% total sugar in the pericarp, 
of which over 90% is sucrose (33) (Table Ili). Most of the 
pod protein occurs in the seed, which is 15-25% of the pod. 
The cotyledon, where the seed protein is corcentrated, 
constitutes 7.9-14% of seed weght, the remainder being 
seed coat and endospLrm mucilage material (33,34). Amino 
acid analysis of protein from these seed samples in each 
case demonstrated that the sulfur amino acids methionine 
and cysteine were limiting when compared with the FAO 
standard. The protein content of the trichloroacetate 
(TCA) precipitable fraction of seed embryos ranges from 
56-60% in Prosopis species and 16-58% in other tree legume 
seeds (21) (Table II) 

The protein efficiency ratio (PER) was determined to be 
0 71 and 0.61 for uncooked and cooked P. velutina pods, 
0.69 and 0.63 for the uncooked and cooked seeds and 0.32 
for the pericarp, similar to other common legumes. P. 
pubescens pods had a PER of -0.32, which was depressed 
to -1.35 by autoclaving, indicating it is not a desirable feed. 
For both species, lowering of the PER after cooking was 
probably caused by increased solubilization and accom-
panying increased water absorption and bulking effects of 
the seed gum when i eated. A similar effect was observed 
when P velurina pods were fed to poultry; the metaboliz-
able energy droppedi from 1.65 to 0.70 after heating (35). 

Pods from mesquite trees have traditionally been used 
by desert dwelling cultures worldwide for animal feed, and 

TABLE III 

Proximate Composition of Prosopis Fruita 

Acession Species Part analyzed 
Number 

in processed form for food products. Established food tech
nology principles have been recently applied to pod pro
cessing in attempts to create modern nutritious products 
from what until now has been an underusd food source 
(36). 

The pods were dry milled and separated into 4 fractions 
exo-mesocarp (58%), endocarp (26%), seed coat plus gum 
(6%) and seed cotyledon (5%). The exo-mesocarp frac
tion was rich in sugar and contained most of the typical 
mesquite taste components; it may be useful as .afermenta
tion substrate or as a flavor and sweetening ingredient in 
food products. The endocarp fraction was high in fiber 
content. The seed coat and mucilage fraction contained 
large amounts of a galactomannan gum, with properties 
similar and in some applications superior to guar gum. The 
seed cotyledon fraction was richest in protein and con
tained most of the seed lipids. This fraction had a charac
teristic legume nutlike flavor and aroma, and can probably 
be used in typical legume applications. 

Prosopis pods and seeds are known to contain varying 
quantities of antinutrients, e.g., tannins and related pheno
lics, trypsin inhibitors and cyanogenic compounds (33). 
Kinds and amouits of these compounds may vary with 
species, accession and perhaps agronomic factors, but so 
far have not been found to present unsurmountable diffi
culties. 

In South America, the predominant Prosopis species 
are tamarugo (P. tamarugo) and algarrobc (P. chil':sis) 
Tamarugo is being used in an attempt to reclaim parts of 
the Chilean Atacama desert. Most areas there are generally 
denuded of all plant life except for shrubs that are low in 
palatability to goats or useless as firewood. The botanical 
desolation increases in direct proportion to nearness to vil
lages 18). In a recent forestation project involving 10,875 ha 
(37), tamarugo seedlings were planted in 40-50 cm deep 
holes cut in the salt crust and irrigated until the roots 
reached groundwater, which is often only 2-10 m below the 
soil surface. The mature trees were pruned to permit live
stock access and the agro-forest maintained as a fodder 
source for goats, sheep and some cattle. 

Groundwater under the forested areas is less salty than 
under adjacent barren areas. The forest is thought to lower 

H2O Protein (%) Fiber 
(%I N X 6.25 (%) 

Trees grown on experimental plots 

F0001 
F0020 
F0025 
F0032 

P. glandulosa 
P velugana 
P veh,-.na 
P. velutnna 

Whole pod 
Whole pod 
Whole pod 
Whole pod 

2.2 
1.6 
2.1 
2.6 

14 
11 
14 
17 

20 
30 
19 
24 

Mature wild or ornamentai trees 

B0060 
B0201 

P. velutna 
P. velutna 

Whole pod 
Whole pod 

4.3 
4.2 

12 
22 

31 
23 

B0078 
B0078 
80078 

P. velutma 
P velurina 
P. velutna 

Whole pod 
Periczrp 
Seeds 

2.2 
6 0 
2.4 

22 
7 

29 

23 
23 

7 

B0024 
B0024 
B0024 

P. glandulosa 
P. glandulosa 
P glandulosa 

Whole pod 
Pericarp 
Seeds 

7.5 
8.5 
7.1 

11 
7 

31 

22 
2 7 

' 

F0377 
F0372 

P glandulosa 
P gandulosa 

Pericarp 
Pericarp 

8.1 
8.3 

8 
5 

30 
23 

B0219 
90219 

P. pubescens 
P. pubescens 

Whole pod 
Seeds 

5.9 
7.4 

11 
26 

17 
-

Fmror reference 36. 

JAOCS, vol 61, no 5 (May 1984) 

Ash Sugar 
(%) (%) 

3.4 34 
4.4 13 
3.1 28 
4.4 19 

4.1 19 
3.4 28 

4.8 22 
5.5 32 
3.8 4 

3.3 26 
3.4 32 
3.4 4 

- 13 
- 41 

3.8 25 
- -
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the groundwater level, thus reducing surface evaporation 
and its salt-concentrating effects. The forested salt flats and 

soils have a lower mean annual evaporation rate (309 m3 /ha) 

than the unforested areas (1590 m3 /ha). Under conditions 

of high humidity, tamarugo reportedly absorbs water 

its foliar system, deposits it in the microrhizo-through 
sphere and reabsorbs it as water (37). 

in the extreme westcrn parts of the Indiar desert (200mm 
rainfall), village fuel is supplied b\ miscellaneousannual 

shrubs, including Khejri (Prosopis cincaria), which has a 

density of only 1-5 trees/ha (10) For religious reasons, the 

Khejri trees are not usually cut down, but are only lopped 

during midwinter to provide branches for fuel and air-dried 

leaves for livestock feed These trees are thought to be slow 
lopping sogroing. or more likel) stunted by the yearl' 

are only 8-10 m hig.h The usualthat 100-year-old trees 
meager seed productio: is often consumed by the popu-

lation 
In the US, mesquite (P rclutina,P. glandulosa) is found 

in ca. 90 million acres of the Southwest (50 million of 

in Texas) Here, it is generally considered anwhich arc 
that might otherwiseinvasive pest that captures moisture 

sustain grasses Mesquite is not currentl\ used in the US; 

however, it is a strong candidate for biomass culture. 
as a fuel source, en-Piosopi. forests have been proposed 

a fuelabling the production of a million BTU's of energy at 


cost of S1.50, compared with S3 for natural gas and $6 for 


crude oil (38). 


LEUCAENA 

name given to Lcucaena luco-Leucaena is the common 
as well as other vaneties may have localcepha/a, but it 

ornames, e.g., ipil-ipil, lamtoro, yaje, kao kaole tan-tan.
 

Fifty-onc species of leucacna have been reported, but only 

ca. "10of these are valid, the remaining being7 synonymsh 

resulting from a confused taxonomy. The most commonly 

exploited species is Leucaena Ikucocepbala, although other 

species may have value throughout the tropics 9. 
Leucaena is commonly grown in the tropics or sub-

tropics to provide windbreaks, firebreaks, shade, ornamen-
tation and as a food and forage crop, but it is not grown in 
the US. It grows be.t in areas of high rainfall (600-1700 mm 

even in areas with long.
annually), but also grows well 

It survives in its native Mexico habitats 
severe r seasons. no
in Yucat'an and Guerrero (west-central Mexico, where 

rain may fall for 8" months a year), and in cooler parts of 
the Sonoran desert, and is the dominant vegetation on 
Honolulu's Diamond Head, where only 250 mm (10 in.) of 
rain falls annually The vArieties range from short bushy 
typ.s of 5 m height (Hawaiian), tall plants to 15 m (Peru-
vian), to treelike plants with heights to 20 m (Salvadoran) 
(40). 

Leucaena's drought tolerance, hardiness and nitrogen-
to make it a promising candidate for 

fixing ability combine 
throughout the dryand meat supplies arcincreasing milk of foliage it produces

large quantitiestropics. Thc 
highi) palatable, digestible and nutritious to beef and dairy 
cattle, wter buffalo, sheep and goats. The seeds have been 

used as a source of galactomannan gum and as pig and 
chicken feed (41,42). 

2-6% of theLeucaena leaves and seeds contain from 
amino acid minosine, with up to 10% in the growing points 
(40). WNh-- ingested by nonruminants (monogastric ani-
mals), ,cally horses, it may cause depilation, growth 

cause areduction and general ill health. In poultry, it may 
reduction of egg production. When more than half of the 
diet is leucaena and the diet is continued for more than 

6 months, cattle may experience general ill health with loss 

of tail and rump hairs, excessive salivation and poo! growth 
These effects are probably caused by malfunctioning the

roids (goiters) because of rumen bacterial n.n-,formation of 
(DHP), an acknoslmimosine to 3,4.dihydroxypyridine 

edged goitrogen. Goiter in cattle can be detected at earhl 

stages and the effects reversed by removal from lcucaena 

pastures Mimosine has no known effects on the meat or 

milk of rumirants that can be detrimenta; to man (40). 

although leucaena-fed dairy cattle produce off-flavored 

milk (removable by pasteurization), poultry shows reduced 

egg production and pigs experience fetal resorption. re

duced birth weights and teratogeny (41,42) 

ACACIA 

Acacia species are another underexploited dryland legumi

nous tree (43-45) Their main value is as a forage pian. in
 

areas with a prolonged dr) season, although the v ood and
 
AcaLia species
pods have uses similar to other legume trees 

many of the otheTpossess the attributes common to 

the) fix nitroger
leguminous trees previously described: 

and heat harJ. , the foliage is a valuable fodderare drought 

for all types of livestock and the trees produce palatible
 

usually
pods (135 kg pods/tree in the Sudan). The trees are 


found in riparian communities, although man\ are the
 
more areas instances.
dominant species in arid In many 


ac-cia trees stand isolated in otherwise treeless arid environ

ments or are the last surviving woody plant to form stands
 

on sandy soil adjoining the desert.
 
worse characteristics of
Acacias also have manv of the 


legume trees; they often are thorny and invasive because
 
the seeds are spread by


the' propagate from suckers and 


animals. They often form impenetrable thickets and pio

neer the invasion of grasslands b\ brush and other forms of
 

some species can be extremely dif
thickets. Eradication of 
ficult, so introduction should be carefully considered (44). 

CAROB 

Carob (Ceratonia spp. subfamily Caesalpiniodeae) is one of
 
the oldest known cultivated plants. Noted for its drought
 
resistance, it has contributed for centuries to the economy
 
of the Mediterranian basin and may well be suitable for
 
cultivation in the dry subtropics elsewhere. The pharaohsare supon it, the seeds and sweet pulpfed their cattle 

eaten b. John the 
posedly the locust and wild hone 


Baptist in the wilderness (henc he name St. Johns Bread)
 

and Wellington used it rc sustain his horses during the
 
campaign against Napolkon in Portugal and Spain. The tree
 
is used for fodder and for its wood, but the main product is
 
the carob pod (46), which contains more sugar than sugar
 
beet or sugar cane. The pod is often used as a chocolate
 
substitute and the seeds roasted and substituted for coffee
 
The seeds contain about 21% protein but are usual!. only
 

The ground whole pod is about 7%about 10% of the pods. 1-2% fat with a compara
protein, 30% sugar, 9% fiber, and 

tively low energy value of 180 calories/10 0 gm (4o). 

CHANAR 

Chanar (Geoffrora decorticans, subfamily Papilonoldear)
 
grows in the South American deserts of Chile and Argentina
 

trees 5-7 m high (47). The tree fixes nitrogen
as shrubs or 

and tolerates saline water (2,000 mg/L). It produces plum
sized fruit used locally as a beverage and for fermentation.
 
The fruit pericarp contains 48% sugar, most of which is
 

5%of the fruit, issucrose. The fruit seed, which is only ca. 
29% protein and nearly 49% fat. The limiting amino acids 
in the seed protein are Ivsine and the sulfur amino acids 

The seed protein has a FAO chemical score of 65. which is %k/ 
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in the range of groundnuts, 63 ; millet. b3; polished rice, 67. ANNUAL LEGUMES 
The oil is rich in oleic and linoleic unsaturated fatty acids 
and smells and tastes like F .anut oil. 

Whole chanar fruit has a negative PER (-3.97), indicat-
ing the presence of an antinutrient, probably hemagglutinin, 
although small amounts of cyanogenic compounds were 
found and the high fiber content may also contribute, 

If species could be found with a higher seed-to-pod ratio 
to enhance exploitation of the tat and protein, and the 
plant's invasiveness could be controlled, chanar might hzve 
potential as a new crop (47). 

DESERT iRONWOOD 

Many plants throughout the world with verN hard, dense 
wOLd are c.1ted ironwood. In North America, the name 
Deser lronwjod has been given to Oine.1a t,'sota, a legumi
nous tree common to Lhe Sonoran and Coloradan deserts. 
Desert Ironwood trees are often found in dispersed stands 
with Piosopis. Cercidin and .triplex species, although it 
will tolerate more arid conditions than Prosopis species. 
0/,'a trees annually p,-oduce single-seeded pods that, on 
maturing, fall to the ground and split open to release the 
seed, which is eagerly eaten by local inhabitants (desert-
dwelling Indians and wild animals). These seeds are 17-21% 
protein, 33.30'o lipid and have a pleasant nutty taste after 
cooking. Unfortunately, the seeds contain as much as 50o 
canavanine (a structural analog of arginine), which is a 
potent antinutrient and could hinder protein exploitation. 
The lipid is rich in palmitic, stearic, oleic and linoleic acid 
and tastes much like peanut oil. Workers have collected 
8 kg seeds from I tree. 'f trees were planted on 7 x 7 m 
plots and similar yields were obtained, a yield of 571 kg/ha 
lipid and 424 kg/ha protein could be expected without 
fertilizing and with minimum tillage (48). 

OTHER TREE LEGUMES 

A number of other tropical legumes are sufficiently drought 
tolerant to be considered for semiarid dryland agriculture 
(44) Honeylocust (G/editsia species) produces pods with 
up to 40% sugar in reported yields of 230 kg pods/tree/yr 
after the 4th or 5th yr, but little is known of its perform-
ance under stress conditions. Little is known of African 
Locust (Parkia spp) and the Djenkol bean (Pitbecillobium 
spp) and their drought hardiness, but they may also merit 
further research. Ses ani species are tropical leguminous 
trees common in Asia, India and Australia and should be 
tested in dr-land areas (43). 

Palo Verde (Cercidium and Parkin~onium species) are 
also found in the desert and ha.,!, h:"torically been used as 
food and feed by desert dwellers. Some of these beans are 
quite tasty. especially when han-ested green and blanched. 
Their occurrence in some of the more inhospitable areas of 
the desert and their significant seed protein content sug-
gests that they may be exploitable as arid land protein 
resources (21). 

TABLE IV 

DryLsnd Pulses 

Plant name 

Common Botanica] 

Tepary Pbaseolusacunifolius 
Bambara groundnut Voand.eta subter-rnca 
Lablab Lablab purpureus 
Mararna Tylosema esculentum 
Guar Cyamopsrs tetragonoloba 

JACS, vol 61, no. 5 (May 1984) 

Desert annual legumes have a potential for development as 
a protein resource that is equal to or greater than legume 
trees, Annual legumes are easy to plant, they usually pro
duce a crop in a short time, need little fertilization because 
they fix nitrogen and may be drought hardy and disease 
and insect resistant. The beans are usually high in protein., 
with amounts generally equal to or greater than the protein 
found in common commercial beans. Typical of most 
legume seeds, the protein is low in the sulfur amino acids 
and would be expected to contain heat-labile antinutrients 

(try'psin inhibitors and hemagglutinins) The beans listed in 
Table IV all have a history of being consumed by local 
inhabitants and all are normally prepared for consumption 
in mucn the same wa), usual'y by boiling 

TEPARY BEANS 

Tepary beans (Pbaseols acuiiohus) are ideally suited for 
the desert, as documented in a recent review (49). They 
require more moisture to germinate and flower than other 
desert ephemerals, but beyond that they grow and produce 
fruit rapidly (60-90 days) with little water, sometimes 
permitting 2 crops They thrive in arid and semiarid desert 
regions, withstanding heat and low humidity, to produce 
edible dry beans in climates often too arid for even the 
hardiest pinto bean. 

Native to North America, wild species have been found 
from Guatemala to central Arizona and from sea level to a 
1650 m summit and on an extremely arid, volcanic scoria 
slope The most useful variety, the broad-leaved P latiflhus. 
is commonly found climbing into the overstory in shady 
shrub thickets on floodplain alluvia. The narrow-leaved 
variety, P. renufolius, prefers grassy slopes or woodland 
openings and vines on the ground or twines on grasses or 
forbs. 

Wild teparies reportedly produce 20 kg'ha seed under 
natural conditions. Domestic white teparies produced 
2,020 kg/ha in irrigated fields in the Sonoran desert and 
4,633 kg/ha seed with minimal irrigation from areas near 
Fresno, California, where the climate is less extreme. They 
equal or iurpass the average Arizona bean yield of 560 kg'ha 
in wet years and produce some beans in dry years when 
other crops completely fail. The pods explosively dehisce 
when dr-,- so harvesting is usually during the morning. 
before the dew is dried, 

Teparies may also have potential as a forage crop. They 
are better at evading drought (because of their short life 
cycle) and tolerating drought than P.ascoht.ugarzs 
species. 

The protein content of tepary seed ranges from 22.25% 
(a high of 39%) with the sulfur amino acids as a limiting 
factor. Fat ranges from ca. 1-2% and large quantities of 
carbohydrate (65%) are present (49). 

Around the turn of the century, agronomists in the arid 
southwestern US were promoting teparies for dryland 

Percentage Yield. kg/ha 

Fat Protein Fat Protein 

1.5 24 24 400 
9 20 202 450 
1.4 25 56 1000 

36 34 - -
4 32 40 320 



937 

SEMIARID LEGUME CROPS 

farming, and by 1915 a tepary boom had begun. Tepary 
cultivation on marginally productive land in Arizona, New 
Mexico and California was initiated, and by 1918 expanded 
onto 41,000 ha. In the marketplace, they were cheaper 
than other dry beans. They were also smzller and less 
attractive than the navy or pinto bean, had a stronger 
flavor and were reportedly more flatulent. The), could not 
gain acceptance in restaurants and soon the bottom fell out 
of the market. Gasoline-powered pumps were introduced 
and groundwater irrigation became popular at the same 
time. D,-yland farms were irrigated and converted to many 
of the cash crops seen today: alfalfa, vegetables, small 
grains and fruits. Indians began working for wages and 
abandoned their traditional agricultur,J fields and their 
barter and gift economy was replaced by a cash economy. 
Soon, only the unemployed Indians farmed tcparies. Agri-
cultural techniques of the era made tepazy fields susceptible 
to severe wind erosion, and the 1930's dust bowl made 
farmers wary. Today teparies are grown only by a few 
farmers for marketing on trading posts and reservations, 
usually biinging prices better than pinto beans because of 
their scarcity. 

BAMBARA NUT 

The National Academy of Sciences has suggested several 
African legume annuals that may be useful in desert areas 
(44). The bambara groundnut (Vigna subierranea, sub-
famiIN Papilionoidea) is little known in areas outside its 
native Africa. Named for the Bambara district near Tom-
bouctou (Timbuktu) in the southern edge of the Sahara 
Desert the plant grows from Senegal to Kenya and from 
the Sihara to South Afric, and is one of Africa's most 
popular pulses. It tolerates harsh conditions and variable 
rainfall better than peanuts, corn or sorghum and, as a 
Rb::obiurn symbiont, does well in poor soils. 

It grows much like the peanut; the plant being either 
or just beneath the soilerect or prostrate with pods on 

1-2 round seeds (ca. 1.5 cm
surfa;c- The pods contain 

very hard when mature or dried. Thediameter), which are 
seeds arc usually harvested while soft and sweet, mature 
seeds being too hard to be eaten unless roasted or boiled 
Bambara groundnut seeds contain 14-24% protein, 6-7% fat 
(not a good oilseed) and ca. 60%starch, making them use-
ful as a nutritious flour for baking. The protein reportedly 
is richer in the sulfur amino acids than other grain legumes. 
They do not seem to be grown in the US. 

LABLAB BEANS 

Lablab beans (Lablab purpureus) are generally thought of 
as a tropical plant; however, the) reportedly will tolerate 
semiarid climates with annual rainfall of 200-400 mm. The 
plant is used as forage and hay for cattle, sheep, goats and 
pigs; the leaves and flowers can be cooked and eaten as a 
vegetable; the sprouts are tasty; the pods are used as a table 

seed have the usual legume seedvegetable and the dried 
uses (cooked or processed for tofu or tempeb). The seeds 
contain ca. 25% protein, 2-3% fat and consideral'le starch 
(44) but reportedly hydrate poorly and contain significant 
amounts of heat-labile trypsin inhibitor. The plant has a 
long taproot, which contributes to the drought hardiness of 
established plants. 

MARAMA BEAN 

Another underdeveloped leguminous African plant is. the 
Marama bean (Tylosema esculentum, subfamily Caesal-
pinioideae) (44). It grows uncultivated in the Kalahari and 
neighboring sandy areas of southem Africa and is a dietary 

staple in many of the native cultures. The low-lying vines 
produce pods containing 1-6 seeds, which are normally 
roasted before eating and taste much like roasted ashec 
nuts; Africans also boil them whole or grind them as a 
flour. The plant also produces an underground tuber which 
is also edible. 

Not much is known about yield as the plant has not 
been cultivated Analysis of the dry seed indicates ca 30% 
protein and 36-43% oil (soybean has 34% protein and 18% 
oil). Marama protein is reportedly high in lysine (5%) and 
limiting in methionine (0.7%). 

GUAR 

Guar is one crop that has been successfully introduced in 
many arid areas in the US and is beginning to establish a 
place For itself in the market (50). Introduced from India in 
1903, Guar (Cyatnopis rtragonoloba) was recognized as a 
source of an industrial gum, animal feed and for its protein. 
World production is now conce:-trated in India, Pakistan 
and or the plain of Texas and southwestern Oklahoma. In 
rie US, 12,000-80,000 ha have been planted (20,000 ha in 
1978-1979), yielding 437-896 kg/ha seed. Even so, almost 
43,000 mt were imported in 1977, the price often being 
inver.cly tied to production conditions on the Indian sub
continent. 

The seed conthins 50% endosperm and yields 40% gum. 
The protein content of guar seed ranges from 27-37% with 
rs. 4% fat also present. The seed protein is low in methio
nine, traces of hydrocyanic acid were present in mature 
seed and trypsin inhibitor but no hemagglutinin activity has 
been observed. 

RESEARCH NEEDED 
The plants described here are obviously only a sampling of 
potentially useful new protein sources. As more interest 
is focused on these topics, other useful plants will un

doubtedly be identified and additional mechanisms for 
their exploitation developed. 

Some of these plants are already items of international 

commerce. Leucaena fodder is a well-developed industry in 
the tropics. Carob is established in the Mediterranean area 
and guar in parts of Asia and North America. Lablab beans 
are grown as a tropical crop. 

In the VS, of the plants mentioned, only guar has be
come commercially competitive as a semiarid crop. Other 
plants, e.g., jojoba, are being actively marketed and appear 
to have a commercial future. 

As mentioned, Tepary beans tried and failed to become 
an established crop. Circumstances have changed since then, 
so they may now be another good candidate for exploita
tion. The other plants have an even longer and more diffi
cult path to acceptance in the LIS market. 

on identifying andMost current work has been focused 
growing new stress-tolerant plants. Future research should 
also include a critical evaluation of the potential commer
cial usefulness of the plants. Man) of the plants being 
investigated are wild species whose quality coula perhaps 
be significantly improved by breeding, but these breeding 
studies should be aimed at a compromise of best stress 
tolerance and best product characteristirs. Even though 
grown on previously unproductive land, the productswil 
still have to compete in the marketplace with established 
crops of known characteristics. 

If a specific stress-tolerant crop does not have a single 
commercial characteristic of sufficient high quality to make 
the crop economically competitive, multiple products 
should be considered. For _xample, mesquite trees could be 
used for forage, biomass and erosion control while being 
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grown with little water or ferti- .r. The pods could be 

collected arid milled into fractions rich in protein, sugar and 
fracthse and
collectedand m.d ono f ih ip tesum 

galactomannan gum. None of these attributes may eco-

nomica]'y justif. growing the trees by itself, but collec-
new crop attractive. The sameti\v:lv they may make a 

tc the other plants being con-argument could be applied 
are thought to be stresssid.-red. Unfortunately, plants that 

not prove to be so. Also, the plant may toler-tolerant may 
expense of yield or productate 	 the stresses but ar the 

a low yield in 	a hostile environ-quality. If one argues that 

ment is better than nothing, then Lhe range of accepted 

conditions must be def'ned. and sucl, a range woulo prob-

ably differ for each plant and in each agronomic situation. 
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Farming the Desert--Prosopis Species 

(Mesquite) Pods As A Food Crop 

Those faced with the problem of 
raising food on land with low fertility 

or limited water supplies should con-

sider desert legume trees as a multi-use 

crop. There are many useful legume 
trees, but Prosopis species (commonly 
called mesquite in North America and 
algarrobo in South America) seem to
 
offer characteristics ideally suited for 

extreme environments. Typically, 

Prosopis species will grow in some of 

the hottest, driest, and nost barren 

places on earth. In many countries, the 

tree is already commonly used as fuel 

wood and fodder, and as an agent to 

control desertification. New research 

has focused on the pods as a food or 
feed resource. 


Some Prosopis trees are prolific pod 
producers (10,000 kg/ha). These pods 

may contain as much as 40 percent sugar 

(measured by weight). The sugar is
 
localized in the pod pericarp and is 

almost exclusively sucrose. About 15-25 
percent of the pod is comprised of seed, 
where most of the 11-17 percent pod 

protein is stored. About 5 percent of 

the pod weight is a galactomannan gum 

which occurs exclusively as a seed 

mucilage. 


The pod can be readily milled into 
four discrete fractions: (1)a sugar-

rich exo-mesocarp fraction; (2) an 
endocarp hull fiber-rich fraction; (3) a 

protein-rich seed cotyledon fraction; 

and (4) a seed coat-seed gum fraction.
 

The sugar-rich fraction is the
 
sweetest and contains most of the other 

taste components as well. As such, it
 
may be a useful ingredient in baking.
 
It can also be used as a sweetening and 

flavoring ingredient in other food
 
products, as a source of sucrose, and in 

the production of ethanol by fermenta-

tion. The fiber-rich fraction, on the 

other hand, contains little sugar or 
protein and appears to have limited food 
use. 

The seed cotyledon is usually 56-60 

percent protein with small amounts of 

fat, trace amounts of starch, and less
 
than 5 percent free sugars (alpha
galactosides, sucrose, and monosac
charides). The sulfur amino acids of the 
cotyledon protein are invariably nutri
tionally limiting. The protein produces
 
a flavor and aroma both nut-like and
 
legume-like. Thus, the pod may have uses
 
in baked products, as a foaming agent,
 
and as an ingredient in pet foods.
 

Large quantities of gun can be
 
separated from the gum-seed coat
 
fraction. This gum is a high molecular
 
weight galactomannan and compares
 
favorably with guar gum. The galactose:
 
mannose ratio of Prosopis gLn is 1:1.6;
 
guar has a ratio of 1:2. Prosopis gum
 
has a slightly higher viscosity than
 
guar gum, has similar temperature/ 
viscosity characteristics, and forms
 
superior xanthan gels. Thus, Prosopis
 
gum has the potential for use as a guar 
replacement in many feed or food
 
applications.
 

These four fractions have unique
 
individual uses that combine to offer a 
variety of new alternatives for exploi
tation. For additional information 
on this research, write: Robert Becker, 
Daniel Myer, or Robin M. Saunders, 
Department of Agriculture, 800 Buchanan 
Street, Berkeley, CA, 94710, U.S.A. 

Robert Becker 
Daniel Myer
 
Robin M. Saunders 
Cereals Research Unit
 
U.S. Department of Agriculture
 

FROM AROUND THE WORLD........
 

Postharvest Documentation Service
 

Information on harvesting, storage,
 
processing, marketing, and postharvest
 
losses of cereal grains and legumes is
 
available free-of-charge from Kansas 
State University's Postharvest Docu
mentation Service (PHDS). The PHDS 
collection-available to anyone in a 
developing country eligible for U.S.
 
foreign assistance-is computerized, and 
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Abstract 


1popis, Olneya, and Amaranthus have poten-

tial economic value as food or feed crops for 

arid/semi-arid regions. Mature seeds of these 

genera were examined using scanning electron and 

fluorescence microscopy to define anatomy and 

localize storage structures in cells. Protein 

bodies, some nontaining phytin inclusions, were 

localized in the embryos of five Prosopis species. 

Prosopis chilensis was the only one of the five 

Prosopis examined which contained starch. In all 

Prosopis, endosperm was attached to the inner 

layer of the seed coat, was thickest in the 

center of the seed, and gradually decreased in 

thickness toward the periphery. Olneya tesota 

contained numerous protein and 'ipid storage 

bodies throughout the cotyledons. The cotyledons 

also contained small starch granules. The thin 

leguminous seed coat had a small quantity of endo-

sperm attached to the inner surface. Amaranthus 

cruentus and A. edulis contained abundant starch 

located in the perisperm, a storage structure 

encircled by the embryo. Protein bodies, some 

with phytin inclusions, were located in the A. 

cruentus embryo. These results provide informa-

tion for development of processing methods of 

these seeds for use in foods. 
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Final manuscript received April 22, 1985. 

Direct inquiries to D.W. Irving. 

Telephone number: (415) 486-3120. 


Keywords: Seed anatomy, histochemistry, 
scanning
 

electron microscopy, fluorescence, Olneya, 

Prosopis, mesquite, Amaranthus
 

Introduction
 

Several arid or semiarid plants are candi
dates for development as resources for food or
 
feed particularly for cultivation and uti.ization
 
in Third World countries. Agricultural practices
 
in these countries are often primitive in terms
 
of irrigation and farming equipment, therefore,
 
planto :squiring minimum tillage and irrigation
 
re of primary inportance.
 

Prosopis species are tree legumes native to
 
the Scuthwvitars deeerta of the United Stetes,
 
He:dlco, and South America. Prosopis has been
 
utilized in the past by Native North Americans as
 
a source of food, fuel, shelter, weapons, and
 
tools (Felger 1977). The seed is high in protein
 
and contains a galactomannan gum and may, there
fore, be of economic value as a food or feed
 
(Felker 1979; Becker and Grosjean 1980; Becker
 
1982).
 

Olneya tesota, also a leguminous tree native
 
to the Southwestern deserts of the United States,
 
has been used as a food (Becker 1983). Abundant
 
oil and high protein content in the seed and the
 
ability of the tree to grow under extreme high
 
temperatures make 0. tesota a particularly valu
able crop for desert regions.
 

Amaranthus, as an alternate food crop, has
 
been of renewed interest for several years.
 
Studies have included feeding and incorporation
 
into foods (Betachart et al 1981), composition
 
(Becker et al 1981), breeding (Hauptli and Jain
 
1977), and seed morphology (Irving et al 1981).
 
A comprehensive review (Saunders and Becker 1984)
 
and history (Sauer 1950) have also been reported.
 

This study deals with anatomy, histocheiAis
try, scanning electron microscopy, and composi
tion of Prosopis alba, P. tamarugo, P.
 
chilensis, P. pubescens, P. velutina, Olneya
tesota, Amaranthus cruentus and A. edults seeds. 

Materials and Methods
 

Prosopis alba Grisebach, P. pubescens
 
Bentham, and Olneya tesota Cray (Munz and Keck
 
1975) pods and seeds were collected in Southern
 
California in July, 1983 and 1984. P. velutina
 
Wooton pods were collected in Tucson, Arizona in
 
1977. Prosopls tmarugo Philippi and P. 
chilensis emend. burkart were supplied by Mr.
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Luis Zelada Gonzales of CORFO, Chile. The podr 

were harvested in 1982 from trees growing on a 

plantation In Northern Chile. Prosopis taxa are 

described in Leakey and Last (1980) and in 

Simpson (1977). 


Amaranthus cruentus seed was harvested in 

Mexico in 1976 by Rodale Press, Inc., Emmaus, PA. 


All seeds and pods were stored below 4"C. 

LightMicroscojy 


Prouopis and Olneya tesota seeds were 

dissected and cut into approximately lmm3 in fix-

ative. Tissues were fixed in a mixture of 3% 

glutaraldehyde, 1.5% acrolein, and 1.5% formalde-

hyde (Mollenhauer and Totten 1971) in 0.05 M 

NaH2 PO4 /Na2HPO 4 pH 6.8-7.2 for 3-4 hr at 21'C. 

Tissues were rinsed in buffer and dehydrated in 

an ethanol-butanol graded series (Jensen 1962; 

Irving 1984) ayd infiltrated and embedded in 

glycol methacrylate (GHA) (JB-4 medium, Poly-

sciences, Warrington, PA) (Feder and O'Brien 

1968). 


Awaranthus cruencus seeds were fixed in 6% 

glutaraldehyde in 0.05 H ;aH 2PO4 /Na2HP04 buffer 

pH 6.8 for 3-4 d at 4C. Tissues were rinsed 

briefly in phosphate buffer and dehydrated in 

methoxyethanol, ethanol, propanol and n-butanol. 

Samples were then infiltrated and embedded In cGA 

(Feder and O'Brien 1968; Irving 1983). 


Embedded samples were sectioned 2-4 pm 

thick on a Sorvall HA-2 ultramicrotome with glass 

knives. Unstained sections were observed using 

polarizing, Hoffman (differential interference 

contrast), or fluorescence optics. Fluorescence 

or brightfield conditionc were used to observe 

stained sections. 


Carbohydrates with vicinal hydroxyl groups 

were visualized by treating GHA sections with 

periodste-Schiff's (PAS). Sections were treated 

15 win in a saturated solution of dinitrophenyl-

hydrazine (Feder and O'Brien 1968) in 15% acetic 

acid to block fixative-indL:ed aldehydes. 

Tissue sections were then treated with periodic 

acid for 15 min and stained in Schiff's reagent 

for either 2 min (Fulcher and Wong 1980) for 

fluorescence or 15 min for bright field work. 

Slides were washed in running tap water for 20 

to 10 min following each step. Sections were 

ob.erved using fluoreacence microscopy at 500-

550 nm excitation wavelength or using standard 

brightfield conditions. 


Sections were treated with a few drops of 

iodine potassium iodide (IKI) (Jensen 1962), 

covered with a cover glass and observed using 

standard brightfield or Hoffman optics to deter
mine presence of starch. 


Cell walls were detected by treating sec-

tions 1-2 min in aqueous 0.01% calcofluor or 

congo red (Yiu et al 1982) and washing briefly 

under running water. Sections were air-dried and 

mounted in Immersion oil. Calcofluor-stained 

sections were viewed using fluorescence optics 

with an excitation wavelength of 330-380 nm. 

Congo red-stained sections were observed using 

500-550 nu excitation wavelength, 


Protein was localized by staining sections 

1-2 min in 0.01% acid fuchsin in 12 acetic acid 

(Fulcher and Wong 1980), washing briefly in water 

and observing at 100-550 am excitation wavelength 

in the fluorescence microscope. Other sections 


were stained for protein with mercuric bromo
phenol blue (Mazia et al 1953) for 2 hr, washed
 
briefly in water, dried, and mounted in Aquamount
 
(Lerner Laboratories, New 1aven, CT). Mercuric
 
bromophenol blue-stained sections were viewed
 
using standard brightfield or Hoffman optic..
 

Globoid inclusions, which contain phytate
 
and minerals (Ca, P, Mg), were identified by
 
staining sections in aqueous 0.01% acriflavine
 
HCl (Yiu et al 1982; Fulcher and Wong 1982)
 
adjusted to pH 5.0-5.5 with 0.1 M Na2HPO4.
 
Sections were viewed and photographed using
 
fluorescence microscopy at 500-550 am excitation
 
wavelength. Acrifla-uine HC1 was also used to
 
differentiate A. cruentus seed coat layers.
 
Sections were examined at 385-425 nm excitation
 
wavelength.
 

Lipids were localized in 0. tesota fresh
 
hand-sections and GHA uections by staining in
 
0.01% altueus nile blue A (Fulcher and Wong
 
1980). Sections were rinsed, air-dried, and
 
mounted in Aquamount or water. Sections were
 
examined using fluorescence microacopy at 450
490 nm excitation wavelength.
 

Fluorescence work was recorded on 35 mm
 
Kodak Plus-X pan film using a Nikon Fluophot
 
fluorescence microscope with a 230W mercury bulb
 
and filter combinations as described above. Nile
 
lue A work was recorded on panatomic-X filJm
 

using a Leitz Orthoplan fluorescence microscope
 
with a 10OW Mercury bulb and 450-490 nm excita
tion wavelength. Brightfield work was recorded
 
on either 4X5 Tri-X or 35mm Kodak panatomic-X
 
film using a Nikon Fluophot microszope and stand
ard brightfield or Hoffman optice.
 

Amaranthus edulis seeds vere fixed in 10%
 
neutral buffered forualin and embedded In
 
paraffin (Jensen 1962). Paraffin blocks were
 
sectianed on an American Optical Model 820
 
rotary wicrotome. Deparaffinized sections were
 
stained in Mayer's hematoxylin 20 min, washed
 
in running uater 20 nin, and counterstained in
 
eosin 2 min (Berlyn and Miksche 1976). Paraffin
 
szctions were used to obtain a flat cross
 
section of a large area; glycol methacrylate
 
sections from whole, embedded sampleg tend to
 
wrinkle.
 
Scanning Elcctron MIcroscopy-SEM
 

Prosopis cotiledons were sectioned into
 
approximately lmm and fixed in 2% glutaralde
hyde in 0.05 M NaH2 PO4 /Na2HPO4 pH 7.2 at 0-4*C
 
for 18 hr. Samples were rinsed in buffer and
 
post-fixed in 1% 0s04 in water at 25" C for 2
 
hr. Amaranthus cruentus seeds were fixed using
 
the above procedure excopt they were not cut up
 
prior to fixation.
 

Prosopi seed coat/endosperm samples were
 
cut into le pieces and fixed in 2.5% glutar
aldehyde in 0.1 M NaH2PO4 /Na2 HPO4 and 0.2 M MaC1
 
pH 6.9 at 0-4" C for 18 hr. Sodium chloride was
 
added to prevent excessive seellIng of the hygre
scopic endosperm tissue.
 

Olney& tesota cotyledons were cut up in
 
fixative and fixed in 32 ilutaraldehyd- in 0.05
 
M NaH2 PO4 /Na2HPO4 pH 6.8 at 0-4" C for 18 hr.
 
Cotyledon pieces were rinsed twice and post-fixed
 
In buffered 1% 0s04 at 25" C for 3 hr.
 

All SEM samples were rinsed in phosphate
 
buffer and dehydrated in an ethanol-graded series.
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Seed Structure of New Crops
 

Specimens were ethanol-cryofractured (Humphreys 


et al 1974) and critical point dried in a Poleron 


E3000 Critical Point Dryer. Tissues were mounted 


on aluminum specimen stubs with carbon graphite 


and sputter-coated with gold in an IS1 PS-2 


Coating Unit. Prosopis and A. cruentus samples 


were photographed in an ISI Super I scanning elec-


tron microscope with a universal stage. Viewing 


conditions were approximately 20kV and 300 tilt. 


Olneyr tesota samples were photographed in a 


Philips 505 SEM (15kV, 30* tilt) or an ISI SS40 

SEM (lOkV, 30* tilt). All images were recorded 

on Kodak Tri-X pan 4x5 film. 


Data in Tables 1 and 2 were obtained by AOAC 


methods (1975). 


Results 


Prosopis (Legumitosee-!1moso'deae) 

Seed slri and shape of the five Prosopis. 


species studied differed, however cotyledon 

anatowy was similar. Cotyledons of all species 

had 2-3 rows of palisade parenchyma on the 

adaxial side beneath the epidermis rw previously 

found in P. velutina (Irving 1984). Y s 

chilensis wasthe o'nly Prosopis member which 

contained stacch (Fig. la), albeit few, very 

small granlcs. Presence of starch was deter-

mined by IKI, PAS (Fig. la), and with polarizing 

optics. Cotyledon parenchyma cells were filled 

with protein bodies which were identified histo-


chemically by staining with acid fuchsin or 

mercuric bromophenol b)ue (not shown). 


Two types of protein bodies were evident; 

those without inclusions (Fig. ib) and those 


with globoid inclusions (Fig. lb-e) which were 

detectable in sections stained with acriflavine 

HCl. Protein bodies containing globoids were 

localized in the pro-mesophyll cells (Fig. id) 

of cotyledons of all Prosopis studied. A 

gradation of protein body types was evident 

within a single cotyledon in cost Prosopis taxa. 

Protein bodies with the most abundant and 

largest globoids were centrally located in the 

pro-mesophyll (Fig. ld); decreasing in size and 


number in the outer regions. Prosopis pubescens 


contained globold inclusions located more 

extensively throughout all cells in the cotyle-


dons (Fig. 1c). Prosopis chilensis contained 

few globoids in the subepidermal layers (Fig. 


lb). Prosopis velutiva, P. tamarugo, and P. alba 

contained globoids only in the center of the 


cotyledons. 

Abaxial epidermal cells contained non-


proteinaceous bodies in all Prosopis studiea. 

Abaxial epidermal cells in P. chilensis and P. 

pubescens contained deposits considered to be 

globoids since they stained with acriflavine HCl 


(Fig. lb,c); globoids were not found in epidermal 

cells of the other three Prosopis taxa. 


In scanning electron micrographs, globoids 


appearfd as nolid structures with smooth surfaces 

(Fig. 1.) embedded in protein bodies. Protein 

bodies in cross section were smooth with no appar-


ent structural features. The matrix between 

protein bodies was mesh-like and irregular with 

small indentations and large holes. 


The seed coat, which provided rigid support 

end protection for the intact embryo, was similar 


in all Prosopis studied. A pleurogram, an oval
 

line on the seed coat surface open Pt the hilar
 

(root) end (Corner 1951; Bragg 1982; Irving
 

1984), was evident on Prosopis. The internal
 

seed coat structure exhibited a cuticle. pali

sade sclereids, and osteosclereids on either
 

side of sclerified parenchyma (Fig. If). Vari

ation in seed coat atructure was found in the
 

thickness of the separate layers particularly
 

the sclerified parenchyma layer. Endosperm was
 

firmly attached to the interior surface of the
 

seed coat (Fig. lf).
 
Endosperm was thickest in the center of th.
 

seed and gradually dezreased in thickness
 
towards peripheral margins. Zndosperm cells
 

evidenced thick wal's (Fig. lf) which expanded
 
rapidly upon hydration. It was note6 that most
 

of the swelling of the seed in early strges of
 
Imbibition occurredin the endosperm. Upon
 

svelling, produ..:on of a viscous and sticky
 
:u'u resulted. The walls, which are believed to
 

be the source of the gum when hydrated, stain
 
intensely with calcofluor (not shown) and congo
 
red (Fig. 1g). During sample preparation of
 
seed coat/endosperm tissues for SEH, NaCI was
 
added to the fixative to reduce the amount of
 
swelling of endosperm. Thus, endosperm tissue
 
in Fig. If shows little swelling of cell walls.
 
Sodium chloride was not added to the fixative
 
during preparation of OMA embedded tissues,
 
therefore, swelling and solubilization of cell
 

wall components in the endosperr,was apparent
 
(Fig. 1g). An eudosperm cell wall component,
 
not solubilized during sample preparation was
 
observed (Fig. 1g).
 
Olneya tesota (Leguninosae-Papilioniodeae)
 

Olneya tesota seed was dark, reddish brown
 
in color and nearly spherical in shape. The
 
typical leguminous seed coat was a thin struc
ture with endosperm firmly attached to the sub

epidermal layer. Endosperm was typically one
 
cell thick. Interior to the endosperm were two
 
large, fleshy cotyledons.
 

Cotyledon tissue blocks were embedded in
 
GMA using standard techniques including dehydra
tion with lipid solvents (ethanol and butanol).
 

However, lipide were preserved in the central
 
portion of the GHA blocks. GMA (Fig. 2a) and
 

hand-cut (not shown) sections compared favorably
 
when stained with nile blue A and vicwed at
 

450-490 nm etcitation wavelength. Lipid bodies
 
surrounded much larger protein bodies of varying
 

shape; and sizes; protein bodies were evident
 
following staining with mercuric bromophenol
 
blue (Fig. 2b). Cell walls in GMA sections of
 

the cotyledons stained Intensely following
 
treatment with calcofluor (not shown) or congo
 
red (Fig. 2c).
 

Cotyledon tinsues were fixed in glutaralde
hyde (GA) and post-fixed in 004 but because of
 

the poor penetration of Os0 into tissues duri7iC
 

preparation for SEH, lipid was ethanol-extracted
 
out of the central portion of tissue blo-ks
 
during dehydration. It was therefore pcssible
 
to compare 0s04 -fixed tissues (GA + Ws0, !Ig.
 
2d,e) with those which were not (GA - 010s4
 
(Fig. 2f) In the same block. Lipid bodies
 

appeared to fill most of the space between pro

tein bodies (Fig. 2d,e). In some cases, protein
 

45
 



D. W. Irving and R. Becker
 

bodies were pulled away from surrounding tissues 

during specimen preparation leaving large inden-

tations lined with lipid bodiec (Fig. 2d,e).

Intact protein bodies exhibited small pits in 

their surfaces (Fig. 2d,e). 
 These pits resulted 

from lipid bodies which were pulled away from the 

protein body surface during fracturing. A retic-

ulated appearance of the interior of protein

bodies was evident in cross section (Fig. 2e).

Protein body inclusions were not evident in CHA 

sections or in tissues prerared for SEM. 


GA - 0s04 tissue prepred for SEM exhlited 

a reticulated cytoplasmic satrix with smal. 

indentations attributed t, the removal of lipid

bodies (Fig. 2f). 
 Protei, bodies were detect-

able beneath this mesh. 
 Ovoid-shapcd starch 

granules were evident at 
the periphery of coty-

ledon cells (Fig. 2f). 
 Starch granules were not 

discernible in GA + 0804 material but a small 

number were Identifiable in GMA sections which 

had been stained with IKI 
(Fig. 2g) and viewed in 

the light microscope. 

Amaranthus cruentus (Amaranthaceae) 


Amaranthus cruentus seed is borne in a 

single-seeded frult called a utricle (Munz and 

Keck, 1975) (Fig. 3a). The lenticular seed is 

approximately imm in diameter and has an embryo

which completely encircles the 
perisperm in one 

plane (Fig. 3a,b). Endosperm comprises a small 

portion of the wature seed at the tips of
cotyledons and radicle (Fig. 3b). 
 Seed coat 

tissue surroundirig the perisperm is firmly

attached and s' earo as a single, crushed layer.

Two cell laye~s are evident in the seed coat
surrounding the embryo (Fig. 3c). 


Embryo cells were filled with protein bodies 

as demonstrated by acid fuchsin (Fig. 3d) or 

mercuric bromophenol blue (not shown) staining of 

GMA sections. £C'll protein bodies were local-

ized in endosperm cells (Fig. 3e). 
 Two types of
protein body were discerned in both the embryo

(Fig. 3d) and endosperm (Fig. 3e); those with 

globold inclusions (not shown for endosperm) and 

those without inclusions. Protein bodies with 

globoids were much more prevalent in the embryo

than in tho endosperm. 
Globoids were identified 

by staining with acriflavine HCl and viewing at

500-550 nm excietlon wavelength in the fluores-

cence microscupe (not shown). 


Much of the p otein in the perisperm of 

the A. cruentus seed was localized in a single

peripheral cell layer (Fig. 3e,f). 
 Protein 

bodies were not evident in the perisperm using

either light or ecanninZ electron microscopy

(Irving et al 1981). 
 Starch granules in the 

peripheral layer appeared to be about one-third 

the size of those in the central portion (Fig.

?g), which were 1-3 pn in diameter. Scanning

electron micrographs of the peris'erm revealed 

closely packed, polyhedral starch granules

(Fig. 3h). 


Discussion 


Minor differences were detected in seed 

anatomy of Prosopis. Four Prosopis taxa (P.

alba, P. pui'Fcens, P. tamargo, and P. velutina)

lacked starch In the embryo as was reported for 

. glandulosa (Allen et al 1982) an, P. velutina 


(Irving 1984). 
 Prosopis chilenuis exhibited few
 
small starch granules in the pro-mesophyll of
 
the cotyl- 4 ons (Fig. la). Protein bodies were
 
located tiaoughout the embryo including much of
 
the provascular system in all Prosopis taxa
 
studied and constituted the major portion of
 
protein reserves in the need.
 

Prosopis velutina and P. glandulosa con
taned approximately 32% protein (Table 1).

Milling of P. velutina pods by Meyer et al
 
(1982) yielded two seed fractions: endosperm

splits (seed coat + er'osperm) and cotyledon

(embryo). The endosperm splits fraction con
tained 8% prorein while the cotyledon fraction
 
contained 56% protein. 
This is in agreement wit
histochemical findings that the major storage
 
organ for protein was the embryo, specifically in
 
the cotyledons in the form of protein bodies.
 

Two types of protein bodies were identified
 
in Prosopis cotyledons; those without inclusions
 
and those with globoid inclusions. Globoids were
 
located in the pro-mesophyll of all Prosopis and,

in most cases, a 3radation in size and number was
 
noted as was reported for P. glandulosa (A].*en et
 
al 1982). rosopis pubescens contained globolds

in virtually all parenchyma cells although there
 
were few in protein bodies of the palisade

parenchyma. 
Globoids were localized in abaxial
 
epidermal cells of both P. chilensis and P.
 
pubescens.
 

Globoids 
are rich in phytin, a cationic salt 
of myoinositol hexaphosphoric acid and contain
 

Figs. 1-3. Symbols: C, cotyledons; CW, cell 
wall; E, endosperm; G, globoids; L, lipid bodies;
Os, osteosclerelds; P, perisperm; Pa, palisade;
PB, protein body; R, radicle (root); S, starch
 
granules; Sc, 
seed cost; SP, aclerified parenchyma
 
U, utricle.
 
Fig. I (facing page Prosopia. a. P. chilensis
 
glycol methacrylate section stained with
 
periodate-Schiff's to denote carbohydrates using

standard brightfield optics. 
 Note starch gran
ules. Bar 
- 25 n. b. Aaxial side of
 
cotyledon of P. chilensi, 
at 500-550 nm excite
tion wavelength stained with acriflavine HCl 
to

localize phytin globoids. Bar - 50 M. c. P.
 
pubescens cotyledon abaxial side stained with
 
acriflavine HCl and viewed under fluorescence at
 
500-550 nm excitation. 
Bar - 50 gm. d. P. 
chilensis section of the central portion of 
a
 
cotyledon stained with acriflavine HCl (500-550

nm). Globoids 
are the small, bright structures;
 
protein bodies are gray. 
Bar - 15 p a. e. P. 
velutina scanning electron micrograph of part of 
a cotyledon cell showing protein bodies, two of 
which are fractured and contain globoids. 
Bar - 5 pM. f. P. velutina scanning electron 
micrograph of a cross-eErn of a seed coat with 
a bit of endosperm attached. Bar - 50 ym. 
g. Fluorescence micrograph of P. tamrugo endo
sperm stained with congo red and visualized at
500-550 m excitation. 
 Note the cell wall vhich

has been partially solubilized. The unsolu.4il
ized portion is that which stains most intensely

next to the cell interior. Tht faint (da:ker)

part of the cell wall has been partially or com
pletely solubilized. Bar - 1O0 as.
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TAL 

Proximate. and PhYtic Acid Content
 

Crude
ZN Proteint Zpt Ziber lash 

P. wlutlna Wa ut_ a5.13 32.06 5.68 7.12 3.83 

P.|lendulosaC 5.08 31.75 4.32 6.99 3.42 

. testab 4.91 30.69* 35.00 4.79 3.50 

A cruentuac 3.00 18.75 7.71 3.44 2.80 

"hen corrected for canevanine, protein ranges 17-211
 
tCalculated N x 6.25 

ShIllimoles per 100 , calculated from phophorus determinations.
 

Data from Becker and Croajean (19800), Decker et al (1981c), andDecker (1983b) 

mineral (Ca, P, Mg) stor&ge reserves (Lott and 

Buttrose 1977; Lott 1980). Phytic acid has been 

quantified chemically in P. velutina and P.
 
glandulosa (Table 1). 
 Values 
for other Prosopis

taxa have not been determined, however it is 
expected that phytic acid values for P. pubescens
and perhaps P. chilensis will be higher. 

The second fraction obtained by milling P. 
velutina seeds, endosperm splits, contained 60% 

galactomannan gum, all of which was located in 

the endosperm. Endosperm accounts for roughly

50-60% by weight of the seed coat-endosperm frac-

tion, indicating that virtually all of the endo-

sperm Is composed of galactomannan. Congo red or 

calcofluor, which stain most cell walls, both had 

a strong affinity for the endosperm cell walls 

suggesting the possibility of quantification of 

galactomannan in sections of-Prosopis endosperm.

Mucilage from Proopi endosperm was only partly

soluble in cold water and achieved maximum 

viscosity after colubilization by heating to 90C 

and cooling to 25' C (Meyer et al 1982). 
 The 

seed coat made up the remaining 40-50% of the 

endosperm splits fraction. 


Seed coat structure was similar in all 

P! •pis
studied and was similar to P. landulosa 

(iijgi 182; Meyer et 
al 1971) and P. 
pallida

(Bragg 1982). Variations in seed coat anatomy
between species were determined to ba primarily

differences in thicknesses of the sclerified 

parenchyma and palisade layers. 


Olneya tesota seed contained 33-39% lipid

(Table 1) (Becker 1983), considerably higher than 

soybean (18%). The fatty acid profile (Table 2)

indicated that the oil is rich in oleic, stearic, 

palmitic, and linoleic acids and compared with 

peanut oil In flavor (Becker 1983). Lipid 

reserves were visualized in scanning electron and 

light micrographs as distinct deposits in the 

cotyledons. 
Phytin was not detected In chemical 

analyses of 0. tesots seed (Table 1) nor were 

phytin globoids evident histochemically in the 

protein bodies. 


Sectioned protein bodies of 0. resota 
revealed a reticulated, mesh-like structure in 
scanning electron microsraphs. In contrast, 
protein bodies of P. velutina evidenced a solid 
structure with or ithoutgloboids. The mesh-
like appearance of protein body internal struc-
ture could be attributed either to extraction 

TABLE 2 

Phyt tm 
Acida 

2.47 Nyristic 
F tty meld -- -- -

14:0 
tots fatt7 Acid 

0.177 

2.90 Palmitic 16:0 14.87 

- Stearic 18:0 17.70 

2.20 Sle 18:1 41.95 
Linolgic 18:2 12.04 

Linolenic 
 18:3 3.54
 

Arechidic 20:0 0.531 

senenic 
 22:2 4.43
 

Unknov0 
 - 0.177 
Lianoceric 24:0 4.60 

during sample preparation or to partial digestion

of the body. Protein bodies have been reported
 
to contain hydrolytic enzymes (Yatsu and Jacks
 
1968) and Rost (1972) noted all stages of protein

body di3estion in dormant caryopsee of Sttaria
 
lutescens. Protein bodies were the mafor storage
 
site in the 0. tesota seed for protein. 

Protein content of 0. tesota seed was found 
to range 26-32% (Table lTbut a substantial pro
portion of the protein (35%) was determined to be 
canavanine, an arginine analog and a potent
growth inhibitor in animals. ethionine + cys
tine are the first limiting amino acids as was
 
found in Prosopis and other legumes. In addi
tion, a number of other amino acids are signifi
cantly limiting in the 0. tesota seed. 
Olneya
 
tesota seed cotyledons contained few starch 
granules as was determined histochemically.
 
These finding agree with Becker (1983) who
 
quantified 1.09% starch in the 0. tesota 
seed.
 

Three members of the sixty species of the
 
genus Amaranthus have been grown as grain
 

F Olneya tenota. (facing page) a. Fluores
cence view of a section stained with nile blue A
 
to denote lipids visualized using fluorescence at
 
450-490 na. excitation. Lipids are the small,
 
bright spots. Bar - 25 pm. b. Brightfield
 
microscope section of a mercuric bromophenol
 
blue-stained section showing protein bodies. 
Bar
 
- 50 m. c. Congo red-stained section showing

cell walls viewed at 500-550 nm excitation. Bar
 
- 50 pm. d. Scanning electron micrograph of
 
cotyledon cells showing lipid bodies, protein

bodies and cell wall@. 
Bar - 10 go. a. Scan
ning electron micrograph of otyledon showing the
 
interior of severcrl protein bodies. Bar v 20 pm.

f. Ethanol-extracted (GA-O0 4 ) scanning electron
 
micrograph showing protein bodice covered by

matrix material containing mill holes where
 
lipids were before extraction. Notice the few
 
starch granules. lar 
- 20 pm. S. Iodine
 
potassium iodide stained section of cotyledon

cells viewed with Hoffman optics showing starch
 
granules. Bar - 50 Wn.
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Fig. 3. (facing page) Amaranthus. a. A. 

cruentus seeds and fruits photographed through a 

dissecting microscope. Bar - 2 mm. b. A. edulis 

cross section of a seed stained with hematoxylin 

and eosin to show relationships of tissues. 

Bar - 250 pm. c. A. cruentus seed coat sec-

tion adjacent to the embryo stained with acri-

flavine HC1 and viewed at :',5-425nm excitation. 

Bar - 25 pm. d. Fluorescence view of the 

radicle of A. cruentus stained with acid fuchsin 

(500-550 nm excitation) showing bright protein 

bodies and dark (unstained) globold inclusions. 

Bar - 25 pm. e. A. cruentus section of per-

sperm and endosperm stained with acid fuchsin and 

viewed at 500-550 nm excitation. Note the small 

protein bodies in the endosperm. Protein in the 

perisperm occurs as brightly stained material 

between darker (unstained) material which are 

starch granules. Bar - 50 pm. f. Fluorescence 

micrograph of the -uter peripheral layer of thke 

perisperm (brightest area) at the top of the 

micrograph of A. cruentus and the layer interior 

of that stained with acid fuchain (500-550 nm 

excitation). Protein is the brightly stained 

material. Cell walls are also stained. Bar 
25 ia. g. Perisperm outer layers viewed at 

500-550 nm excitation. Similar view to 3f but 

stained witi periodate-Schiff's to denote carbo-

hydrates. Notice small starch granules at top of 
micrograph. Layers below are densely-packed 
starch granules. Bar - 25 M. h. Scanning 
electron micrograph of a few adjoining cells of 
the perisperm. Notice the small polyhedral 
starch granules. Bar - 15 pm. 

crops. A. caudatus (which includes A. caudatus 

cv edulis sometimes known as A. edulis) is
 
grown in the Andean highlands and is toasted, 

popped, milled into flour, or made into gruel. 

Amaranthus cruentus, used for grain (light 

seeds) and as a vegetable or ornamental (dark 

seeds), is grown in Mexico and Guatemala. 

Amaranthus hypochrondriacus is the most robust 

and highest yielding of the grain types of 

Amaranthus and is cultivated in India and 

Central America (National Research Council 

1984). All have been found to be high in pro-

tein which was stored in the A. cruentus seed 

in two forms; as matrix material in the pern-

sperm or as protein bodies with or without 

globolds in the embryo and endosperm. 


Globold inclusions containing phytic acid 

were localized throughout the A. cruentus 

embryo. Compositional data (Table 1) agree 

with the presence of phytic acid. 


Evaluation of protein quality in Amaranthus 

indicated that the first limiting amino acid 

was leucine (Betachart et al 1981; National 

Research Council 1984) and unlike cereals 

(wheat, corn, rice) was high in lysine (Downton 

1973). Amaranthus seed, therefore, would be a 

good complement to corn, wheat or rice 

(National Research Council 1984). 


Much of the protein in A. cruentus was 

located in the embryo and the outer peripheral 

layer of the perisperm. Milling studies 

followed by chemical analyses agree with these 

findings. Protein content of whole A. cruentua 


seed was determined to be 18.75%. The bran/
 
germ fraction (seed coat + embryo) in milled A.
 
cruentus seed contained 42% protein and the
 
perisperm fraction contained 7.7% protein
 
(Betachart et al 1981). Othnr nutrients of the
 
seed were also found to be more concentrated in
 
the outer layers. Fat was found to be 7.7%
 
(Table 1) in the whole seed and 19-20% in the
 
bran/germ fraction. Fatty acid composition of
 
the oil was 70% oleic + linoleic, 20% stearic,
 
and 1% linolenic (National Research Council
 
1984), therefore, the bran/germ fraction has
 
potential value as an oil source. Although the
 
embryo is high in fat, oil droplets were not
 
detectable in the SEN (Irving et al 1981). Fat
 
was determined to be 2.3% in the perisperm
 
fraction (Betschart et al 1981).
 

The per-'sperm fraction was composed mostly
 
of starch and had only 7% amylose in A. hypo
chrondriacus (Becker et al 1981) and amylose
 
was not datected in A. paniculatus (Hodi and
 
Kulkarni 1976). Amaranthus leucosperma was
 
also found to have "waxy" (high amylopectin)
 
starch (Wolf et al 1950). Amaranthus seed was
 
found to contain about 62% starch (Becker et al
 
1981). "Waxy" starch, particularly where the
 
granules are minute as in Amaranthus (1-3 V m
 
in diam.) could have commercial applications
 
both in food and industrial products.
 

Reference to a company and/or product named by
 
the Department is only for purposes of informa
tion and does not imply approval or recommer.
dation of the product to the exclusion of
 
others which may also by suitable.
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Discussion with Reviewers
 

L.H. Bragg: Why do some protein bodies within
 

the same cotyledon have inclusions whereas others
 

are without these inclusions? Do you think this
 

absence is a result of chance sectioning or frac

turing of the protein body?
 

Authors: I assume you mean "protein bodies with

in the same cell"? As I stated in the paper,
 

globoids are more abundant in the promesophyll
 

of the cotyledons of Prosopis. Why this is the
 

case is not certain. Chance sectioning would
 

necessarily eliminate some of the globoids in a
 

protein body in a single section as would the
 

removal of globoids during sectioning due to the
 

hardness of globoids compared to surrounding
 

tissues. in this study, many sections,
 

including serial sections from several seeds
 

were stained and observed, therefore this
 

chance sectioning" problem was eliminated.
 

L.H. Bragg: re the "large holes" in the des

cribed mesh-like matrix between the protein
 

bodies which are shown in Figure le real or are
 

they artifacts due to preparatory techniques?
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kuthors: All fixed samples showed this charac- tion of this seed?
 
teristic. Dry samples observed in the SEN did
 
not exhibit this feature suggesting the charac- Authors: Since these seeds are collected from
 
teristic appears as a result of hydration. We trees growing under natural conditions (i.e., not
 
used this micrograph primarily to demonstrate experimental), it is impossible to determine the
 
fractured protein bodies and the globoid exact degree of maturation of these teeds. The
 
Inclusions. protein bodies in 0. tesota are very different
 

than any I have looked at previously. Staining
 
L.H. Bragg: Why do you anticipate that phytic intensity of protein bodies in sections stained
 
acid values for P. pubescens and P. chilensis for protein varies a great deal suggesting
 
will be higher than those of Prosopis velutina partial digestion (autolysis) and/or solubility
 
and P. glandulosa? within the protein body. The interior of the
 

protein bodies, exhibited by SEM, is reticulated
 
Authors: We expect the values for P. pubescens alao ouggesting solubility or digestion.
 
and P. chilensis to b. higher than the others
 
primarily because they appeared to be more
 
abundant and sometimes larger in these species
 
than the other Prosopis taxa. We did not look
 
at P. glandulosa.
 

J.N.A. Lott: The globoids in the epidermal
 
cells of P. pubescens in figure lc are vary
 
large and numerous compared to those of other
 
seeds. Are all the cotyledon epidermal cells
 
of this species like this?
 

Authors: Not all epidermal cells contain large
 
globoids as shown here, but globoids are numerous
 
tn nost epidermal cells especially those on the
 
. axial side. The large size may have resulted
 
feom agglutination of several globoids prior to
 
or during specimen preparation; however, P.
 
pubescens was the only member which exhibited
 
this characteristic. P. chilensis did contain
 
globoids in epidermal cells but these were much
 
smaller and less numerous than P. pubescens.
 

J.N.A. Lott: Do you have any Information on the
 
solubility properties of the storage proteins in
 
the species you studied?
 

Authors: Sorry, no we do not. Solubility prop
erties of the proteins is one of the questions
 
on the agenda.
 

K. Saio: You mentioned that the three crops are
 
valuable as resources for foods. Will you please
 
explain the traditional and potential uses of
 
these in modern technologies?
 

Authors: Many of the traditional uses of these
 
crops are also appropriate for modern technolo
gies. For example, early desert settlers
 
collected and ground Prosopis pods. The pericarp
 
flour was used as a sweetener or as a fermenta
tion substrate and the ground seeds as a protein
 
source. Today, potential uses would also include
 
utilization of the seed mucilage (endosperm) as a
 
guar gum substitute. Olneya seeds have a pleas
ant bean taste but have not yet been commercially
 
exploited. Amaranthus is a rediscovered cereal
 
grain which is gaining wide acceptance in the
 
U.S. health food industry.
 

K. Saio: In Fig. 2 variable size of protein
 
bodies are distributed in a cell. I observed in
 
soybean that the size of mature protein bodies
 
becomes rather equal as the seeds riach matura
tion. Do you know the exact degr.e of matura

53
 



In Arid Lands: Today and Tomorrow. Proc. Int'l. Res. Develop.
Conf. Octobe,- 2o-25, 1985. Tucson, AZ. Whitehead, D.W.,

Hutchenson, C.F., Timmerman, D.N., Barady, R.G. (eds.)
 

DEVELOPMENT OF EP!S_15 SPECIES LEGUMINOUS TREES AS AN
 

AGRICULTURAL CROP
 

Robert Becker (1), Daniel Meyer (1), Maria Elena Torres (2),
 

Francisco R. Del Valle (3), Enrique Marco 
(3), and Robin M.
 

Saunders (1)
 

(1) 'ARRC, USDA, Albany, CA 94710
 

(2) INTEC, Santiago, CHILE
 

(3) FICAN, Chihuahua, MEXICO
 

ABSTRACT
 

An international effort is being focused on means to
 

exploit Prosois pcds as a food/feed resource. 
Pod
 

proc.esSing methods have been developed to produce fractions
 

rich in protein, galactomannan gum, sugar, fiber, or 

protein-sugar. The sugar rich fraction is useful in bakery 

goods, may be drum dried, or used as a fermnintative substrate 

for ethanol production. 
The protein fraction has nutritional
 

qualities and food applications similar to soy protein. The 

ieed mucilage is a galactomannan cith properties similar to 

guar gum. A high protvir.-high sugar flour can be meparated
 

from milled Prosopis pods and used in refined food
 

applications. The pods may also be coa-sely milled, mixed
 

with other grains, and extruded. 

Products prepared containing FE2ogsi. fractions as
 

Major ingredients are breads, chapatis, chips, crackers, 

syrup.= jellies, beverages, granola bars, emulsifiers, and 

xanthan-gum mixtures. 

All processes and products are being subjected to
 



chemical, nutritional, and economic analyses to determine
 

their suitability for 4urther development.
 

INTRODUCTION
 

There are 44 known species of rosopis leguminous
 

trees, many of which occur in some of the hottest and driest 

deserts of the Americas, Afric.a, and Asia (1). Because they 

a & cf Len one of the few edible plants in the environment, 

Proso20is pods are widely consumed by wildlife and have been 

an important food resource of desert dwelling cultures 

throughout hiztory (2,3). More recently, the mature pods 

have been used as livestock and poultry feed in Hawaii and 

occasionally as food in India and South America (4, P. 

Felker, personal communication 1982). Traditional food uses 

have typically involved minimal preparation, usually 

consisting of grinding the pods to a flour for use in 

unleavened breads, in gruels, or as a fermentative substrate. 

The compositional and nutritional attributes of the pods have 

been documented (5,6). 

Since we were aware of these early uies, we bEicame 

interested in developing applications using techniques of 

modern food processing appropriate for small and commercial
 

scale industries. We therefore established an international
 

collaborative project between workers in the US, Mexico, and
 

Chile which will be reported upon here. 



METHODS
 

Two different procedures have been developed for
 

processing mesquite pods. In one process, the pods are disk
 

milled, the resulting material sieved into pericarp flour,
 

exocarp flour, and seed, and the seeds separated into gum and
 

protein cotyledon fractions. The second process involves pin
 

milling the whole pods to a flour and sieving out coarse,
 

fibrous material. The pin milled pods were also mixed with
 

soybean or polished oat groats, extrusion cooked, and milled 

to a fine flour.
 

Disk Milled Pods 

The disk mill process is shown in figure 1. Before 

milling, the pods are dried in a tunnel dryer at 70 C to
 

less than 4% moisture. Without drying, the pods are too
 

flexible and do not mill well. The dried pods are broken 

using a Rietz mill into 2-5 cm pieces to facilitate handling,
 

then milled in a Bauer Disk Mill (Model 148, size 8 disc 

8114) with the gap distance set to release the seeds from
 

their endocarp hull. 
 The milled flour is passed through a
 

S1ECO vibrating screen sieve where the fibrous endocarp seed
 

envelopes are removed and the seeds are separated from the
 

pericarp flour. 
The seeds are then further milled, either
 

with a Udy cyclone mill or a Strong-Scott grain tester, ai,4
 

the cotyledon protein separated from the seed gum and seed
 

coat by sieving. Endocarp seed gum can be separated from seed
 

coat by hydration, followed by treatment with low heatj
 

abrasive milling, and sieving.
 



Fin Milled Pods
 

Whole mesquite pods were pin milled with and without
 

toasting, with one or both mill faces turning, and with one
 

to four passes through the mill. An Alpine pin mill was used
 

in all cases. This mill could be operated with one or both
 

disks rotating to provide increasingly fine flour. Multiple
 

passes of mesquite pods through the pin mill with both disks 

rotating produced a fine textured flour, 73% of which passed 

a 100 mesh screen. When the pods were dried before milling,
 

67% of the flour pa.sed through the 100 mesh screen after 

just one pass through the pin mill. Since each pass through
 

the mill increased energy and handling costs, ard the yield
 

of fine flour was not substantially improved by repeated
 

milling, it was decided that the best combination of product
 

yield and process economics would be to dry the pods, pin 

mill with only one pass through the mill, and sieve (fig. 2). 

In a related process, mesquite pods were pin milled with
 

only one disk rotating and the resulting coarse flour mixed
 

with an equal amount of either cracked soybean, polished oat
 

groats, or a mixture of soybeans and oat groats. The
 

mixtures were cooked in a Brady extruder at 155 C and pin
 

milled under varing conditions. Again, one pass of the
 

mixture through the mill gave almost as much 100 mesh flour
 

as four passes and required less handling and energy.
 

Attempts to cook and extrude coarse mesquite flour by itself
 

were generally unsuccessful.
 



DISCUSSION
 

Disk Milled Pods 

The compositions of the four fractions produced by disk
 

milling are shown in table 1. Fraction A is pod exo-mesocarp
 

material and contains most of the pod sugar and flavor
 

components. 
 Analysis has shown the sugar component to be
 

over 90% sucrose. Fraction B is comprised of the endocarp
 

seed envelopes, w.hich are primarily fibrous material.
 

Fraction C contains endosperm splits (the seed coat and seed
 

gum material), and fraction D is the seed cotyledon, which is 

rich in protein and contains most of the seed fats.
 

Of these four fractions, fraction A is useful in the
 

widest variety of applications (table 2). Its high sugar
 

content makes fraction A an excellent source of mesquite
 

syrup, although the ash and protein content prohibit sucrose
 

crystallization. 
The sugar can also be fermented to make a
 

pleasant tasting beverage or for ethanol production.
 

Fraction A is produced as a fine flour. 
The flour can
 

be used in unleavened breads or wheat breads, where it has no
 

effect on loaf volume when replacing 10% of the wheat flour,
 

although it does provide attractive taste components. The
 

mesquite flour, which lacks gluten and starch, can be mixed
 

up to 50% with wheat flour to make chapatis or be drum dried
 

into flakes. When mixed 30% with 
corn and deep fried, it
 

makes an excellent tortilla chip which was preferred by a
 

taste panel over a 100% corn chip.
 



Fraction B, the endocarp seed envelope, is primarily
 

fiber and has little food value. Tests have shown it has
 

excellent heat capacity (16999 KJ/kg) and can be burned to
 

produce energy at a level comparable to sugarcane bagasse
 

(17563 KJ/kg) (7). It has been proposed that this material
 

be used for initial pod drying when processing mesquite (7).
 

Fraction C, which is present at about 25% of 
the seed
 

weight, consists of the endosperm gum (60%) and seed coat
 

(40%) (endosperm splits), 
and may have the greatest economic
 

value of all fractions. 
The seed gum in this fraction is a
 

galactomannan with a composition similar to guar gum.
 

Mesquite gum forms highly viscous solutions at low
 

concentrations, has viscosity characteristics comparable to 

guar gum (figure 3), and when mixed with 0.3% xanthan gum has
 

viscosity superior to a comparable guar-xanthan mixture 

(figure 4). The seed coat in fraction C does not appear to
 

have any nutritional or functional value. 

Fraction D, the seed cotyledon, contains typical
 

leguminous protein. Its amino acid profile is deficient in
 

threonine and the sulfur amino acids and has an amino acid
 

score of 
55 when compared with the FAD standard (8). It
 

forms an emulsion more stable than a comparable level of
 

soybean protein, has typical bean taste and food
 

applications, and presumably would have an economic value
 

comparable to soybean protein (7).
 



Based on the above laboratory and pilot plant
 

observations, a large scale mesquite processing faclity has
 

been designed and the necessary financial investment and
 

operating costs computed (7). 
The plant would have a capacity
 

of 1000 Ig/hr with processing costs estimated to be $o.47/kg
 

for a thrCoughput of 576 MT/season, decreasing to $0.23/1,g 
at
 

2,300 MT/season in Mexico (1984 prices). 

This technology. although developed with Prosopis
 

velutina and P gljandulosa pods, is applicable with only 

minor modification to other Pro&2pis species such as P.
 

chilensis and P. tamarugo 
Becker, personal observation).
 

Pin Milled Pods
 

The composition of the fractions produced by pin milling
 

and sieving are shown in table 3. 
The fine material (-100
 

mesh), which is enriched in protein (65.5%) and contains less
 

ADF, cellulose, and lignin, was used as ingredient in two
an 


prototype food products, a candy and a beverage.
 

Mesquite flour/ground peanut pressed candy was prepared
 

in a small factory in Chihuahua City, Mexico. These candies
 

had a distinctive mesquite taste component and a high protein
 

and high energy content (Table 4). The candies, which sell
 

for 30 pesos (about $0.09 at 1985 prices), have been well
 

received in local test markets (Del Valle, 1985, personal 

communication). 



The beverage base, a mesquite flour/soy flour "horchata" 

type, was prepared in a factory in Delicias, Me'xico. The 

base can be mixed with either water or milk, and in each case 

makes an attractive high protein, high energy beverage (Table 

5). When mixed with water it contains 40% of the protein of 

milk, yet is consicerably cheaper and more appealing than 

milk, due to its sweetness and cinnamon flavor. Consumer
 

tests and product economic studies are incomplete, but
 

e'xperienced food manufacturing personnel have indicated the
 

flavor of toasted mesquite pods is a definite asset (Del
 

Valle, personal communication). The contribution of the
 

dietary fiber in mesquite is an additional advantage to both
 

products.
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Table 1. Proximate composition of Prosois vtlutina. pod
 
subfractions after disc millinga
 

Subfraction Protein Fat Carbohydrate Fiber Ash 
(N x f.25) 

Fraction A 9.5 
 2.0 48.0 16.0 4.5
 

Fraction B 6.5 1.3 
 6.0 45.0 3.5
 

Fraction C 4.0 0.0 
 87.7 8.0 n.a
 

Fraction D 64.0 8.0 n.a 4.0 
 4.7
 

a. From Saunders et al (9).
 

n.a - not available
 



Table 
2. Uses of fraction A (eaocarp) flour in food systemsa
 

Tests 
 Observation/ 
 Conclusion
 
Conditions
 

Syrup extraction High sucrose syrup 
 Use as sweetener,
 
easily recovered, flavoring agent
 
mesquite taste
 

Fermentation 
 Alcohol produced Liquor or energy
 

Composite flours
 
Leavened bread 
 Loaf character 
 Could displace
 

acceptable up to of
10% flour in
 
10% incorporation specialty breads
 

Chapatis & crackers 	 5C% fraction A Acceptable
 
plus wheat flour products, flavor
 

Flakes 
 50% fraction A Acceptable
 
p!us wheat flour flakes, flavor
 

35% fraction A Optimized
 
plus wheat flour sheeting, strength,
 

and crispness,
 
good ouidative
 
stability
 

Tortilla chips 
 20% fraction A Taste panels
 
plus corn flour ranked chip
 

superior to 100%
 
corn chip
 

a. For details see Meyer (7).
 



----------------------------------------------------------

-----------------------------------------------------------

-----------------------------------------------------------

Table 3. Proximate composition of whole Prosoi|
 
pods and subfractions prepared by pin milling
 

Whole Coarse Fine 
Component Pods Flour Flour 

+ 100 mesh - 100 mesh 

Moisture 4.9 
 1.4 2.1 

Protein 11.2 9.1 13.6
 

Fat 1.7 
 1.8 2.0
 

Ash 4.6 3.6 
 4.6
 

1
ADF 28.6 38.8 23.4
 

Cellulose 20.1 29.4 
 16.5
 

Lignin 9.1 
 9.4 6.9
 

Yield 
 44.0 56.0
 

Percent of
 
total protein --- 34.3 65.7
 

In vitro digestibility
 

Dry matter 38.4
 

Organic matter ---
 36.8
 

I ADFm Acid detergent fiber
 



----------------------------------------------------

----------------------------------------------------

---------------------------------------------------

-----------------------------------------------

Table 4. Proximate and nutritional composition of mesquite 

flour-peanut butter candies. 

Ingredient Percent
 

Mesquite flour 10 

Ground peanuts 29 

Powdered sucrose 60 

Salt I 

Percent Grams per serving (a)
 

Protein 11 3 

Fat 16 4 

Sucrose 60 15 

Other carbohydrates 7 2 

Fiber 2 0.5 

Calories 108 

(a). One serving is one 25 gm bar. 



----------------------------------------------------

-------------------------------------------------------

-------------------------------------------------

----------------------------------------------------

Table 5. Proximate and nutritional composition of mesquite
 

flour-soybean beverages.
 

Ingredient Percent
 

Mesquite f]our- 12 

Full fat soy tlour 16 

Sucrose 68.65 

Sal', 1 

Cinnamon flavor 0.35 

Percent Grams per serving (a)
 

Protein 


Fat 


Sucrose 

Other carbohydrates 


Fiber 

Calories 


8.6 3.5 

4.7 1.9
 

70.9 27.5 

8.4 4.3
 

2.0 0.8 

158
 

(a). One serving is two tablespoons (40 gm) in one glass 

water (250 ml). 



Figure 1. Flowsheet for disc milling and separation of 
Pros02is velutina pods 

DRYING 
Tunnel Dryer 

BREAK I NG 
Rietz Disintegrator 

MILLING 
Bauer Disc Mill

F 
SEPARAT ION 

SWECO Vibrating Sifter 

FRACTION A 
Mesocarp Flour 

50-55% 

FRACTION B 
Endocarp hulls 

15-20% 

Seed and Pericarp
Fragments 

I_ ! 
SEED CLEANING 

McGill1 Aspirator 
Seeds_ 
20-25%1 

SEED SPLITTING 
Udy Cyclone MillI 

SEPARATION 
Air Classifier 

FRACTION D 
Seed Cotyledon 

10-15% 

FRACTION C 
Seed Coat and Endosperm 

10-15% 



Figure 2. Flowsheet for pin milling and separation of
 
E22sis velutina pods 

Raw Mesquite Pods 

TOAST 
20 Minutes at 155 C 

MILLING 
Alpine Pin Mill 

SEPARATI ON 
SWECO Vibrating Sifter 

COA1RSE FLOUR 1 
FINE FLOUR 1 

+ 10 Mesh -100 Mesh 

l t I 



Figure 3. 	Viscosity of gum from mesquite (Prosooii - utinaa)
 

seed (solid line) compared with guar gum (dotted line)
 

with both at 0.5% concentration.
 

Figure 4. 	Effects of heating and cooling on a 
mesquite (Po.i.p.jp
 

velutinj) seed gum-xanthan misture (solid line)
 

compared with a guar gum-xanthan mixture (dotted line)
 

with both 	at 0.3% concentration.
 

http:Po.i.p.jp
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In Arid Lands: Today and Tomorrow. Proc. Int'l. Res. Develop.
 
Conf. October 20-25, 1985. Tucson, AZ. Whitehead, D.W.,
 
Hut-henson, C.F., Timmerman, D.N., 
Barady, R.G. (eds.) (abstract)
 

Iicrostructure and Composit.on of seeds of Potential Now Arid Crops
 

D. W. Irving and R. Becker
 

USDA, VRRC, Berkeley, CA 94710
 

Olneya tesota, Frosopis, end Amaranthus have potential economic value as 
a
 
food or feed crops for arid/semi-arid regions. Mature seeds of these genera 
were examined using scanning electron and fluorescence microscopy to define 
anatomy and localize storage structures in cells. 0. tesota contained 
numerous protein and lipid storage bodies throughout the cotyledons. The 
typical leguminous seed coat was a thin structure which had a small quantity 
of endosperm attached 
to the inner surface. Protein bodies, some containing
 
phytin inclusions, were localized in the embryos of four prosopis species. 
F.
 
chilensis was the only one of the 
four Prosopis examined which contained 
starch. All Prosopis evidenced a pleurogram on the seed coat ben,.ath which 
much of the endosperm was located. A. cruentus contained abundant starch 
located in the perisperm, a storage structure encircled by the embryo.
Protein bodies, come with phytin inclusions, were located in the &. cruentus 
embryo. These results have provided valuable information for development of 
processing methods of these seeds for use in foods.
 

{/K/
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Legumes and a Cereal with High Methionine/Cysteine Contents 
Benito 0. de Lumen, Robert Becker, and Pilar S. Reyes 

The amino acid and chemical composition of seeds from three lesser known legume species and an Africancereal with high Met + Cys contents is presented. Mesquite (Prosopisspp.): 41% protein, 2.5% Met+ C... Djenkol bean (Pithecellobium lobotum): immature seeds, 32% protein, 2.8% Met + Cys; maturesecd. 16% protein, 3.9% Met + Cys. Tamarind seeds (Tamarindu. indica): 18% protein, 3.5% Met+ Cys. Acha (Digitariaexilis): 8% protein, 7.3% Met + Cys. Threonine is the first limiting aminoacid for mesquite and tamarind while leucine is for Djenkol bean. The overall chemical scores are asfollows: mesquite, 55; Djenkol bean, (immature) 31, (mature) 38; tamarind, 80. Tamarind seed proteinhas a very favorable amino acid balance and deserves further study. These legumes can not onlycomplement cereals but supplement egumes with lower Met + Cys contents as well. The exceptionallyhigh Met + Cys content of the cereal Acha makes it an excellent complement to legumes. 

INTRODUCTION 
Legumes, as prot, i -rich crops, are becoming increas-ingly important sources of plant proteins for human foodqnd animal feed. In 1972-1974, legumes contributed 7%.) the total protein supply worldwide (Hoshiai. 1980).With the ability to fix nitrogen from the atmosphere and a much higher efficiency to produce protein per unit land area than animals, legumes hold a promise of meetingprotein needs of an increasing world population. However,

legume proteins are of lower quality than animal protein
due to the limiting amounts of Met .+-Cys, poor d;gesti-
bility, and the presence of antinutritional factors.The low levels of Met + Cys are usually corrected bysupplementation with methionine, as in animal feed, orcomplementation with cereals, as practiced by various
human populations. However, there are good reasons forimproving the amino acid balance of legumes without re-sorting to these practices. Addition of methjonine tofoodstuffs may result in off-flavors caused by bacterial
degradation and release of volatile sulfides (Damico, 1975;
Bookwalter et al., 1975). Certain populations consume

edible roots such as cassava and other starchy foods such 
as plantain as their chief carbrhydrate sources instead of

cereal (Bressani, 1973). 
 Due to the very low protein con-
tent and a deficient amino acid profile of these starchy
foods, which are not complementary with legumes, suchpopulation groups can benefit from legumes with improved 
amino acid balance.Our objective in this study was to identify lsser known
legumes and other plant seeds with high Met + Cys con-tents. Traditional plant breeding mchniques have so farfailed to improve the amino, . ce of legumes andother plant foods. Thus, ti. . u continuing need to 

Department of Nutritional Sciences, University ofCalifornia. Berkeley, Berkeley, California 94720 (B.O.d.L,P.S.R.). and Western Regional Research Laboratory,
USDA. Albany, California 94710 (FLB.). 

0021-8561/86/1434.0361IO1.5010 

identify legumes with relatively high Met + Cys to provide
the genetic base for traditional plant breeding methods orthe genes for the rapidly developing tools of genetic engineering. On the molecular level, the genes coding for the(Met + Cys)-rich proteins can be studied with the toolsof molecular biology with the aim of enhancing the binsynthesis of such proteins. In our search, we include acereal of reported high Met + Cys content. We present,in this paper, the araino acid and chemical composition
of some lesser known legumes and an African cereal with 
high Met + Cys. 

MATERIALS AND METHODS
Legumes and Cereal Samples. Prosopis velutina,

Prosqpisalba, andProsopispubescens seeds were collected
by one of us from mature trees in the Sonoran Desert ofSouthern California while Prosopis chilensis, Prosopis
tomarugo, and Prosopisstrombulifera seeds came from
mature trees in the Atacama Desert near Pica, Chile.Sample code numbers indicate the field number of the tree
and year of collection. Seeds of tamarind (Tomarindus
indica) were from the Philippines, seeds of Djenkol bean(Pithecellobiumlobaturm) from Indonesia, and seeds of the
African cereal Acha (Digitaria exilis) from Senegal. The
seed coats of Djenkol bean and tamarind were removed
before grinding the cotyledon to 80-mesh size. Seeds ofProsopisspp. and Acha were ground whole to 80 mesh in 
an Udy Mill,Proximate Analysis. All proximate analyses werecarried out according to AOAC methods (AOAC, 1980).

Amino Acid Analysis. Ether-extracted milled samples
were heated in 6 N HCI under vacuum for 24 h at 110 *C.After filtering, the HCI was removed by evaporation and 
the amino acid composition of the acid hydrolysates determined with a Durrum amino acid analyzer, Model D500, by the modified Spackman et al. (1958) ion-exchange
method. Cysteine and methionine were determined separately as cysteic acid and methionine sulfone after per-

C 1986 American Chemical Society 



362 J. Agric. Fo-,'1 COmn., Vol. 34, No. 2, 1986 

Table 1. Chemical Compoultion of Some Tropical Legume Seeds
and Dagitaria exijiar 

moiAtur,, protein,& (at, ash. carbo. 
% % % % hydlate. %

Prosopis tamarugo 9.6 44.8 6.5 3.5 45.2Proaopiu chilenis 10.0 39.6 4.7 3.5 52.2
Prosopisvelutine 

FN 182 10.0 46.1 6.5 3.9 43.5FN 1-83 9.1 46.9 5.9 .6 43.6FN 1.84 9.4 41.4 6.3 3.5 48.8 
P. velutirwFN 12-82 8.0 4A.5. 4.5 3.8 47.2FN 12-83 8.4 43.6 5.9 3.8 46.7FN 12.84 8.7 44.0 5.2 3.8 47.0P. & .eluti. .

FN 2584 .3 .3 5.6 3.6 46.5 
FN 24.83 4 1. 6.1 3.6 .3 
FN 24.84 8.4 45.0 4.1 3.6 47.3Prasopispubescens 10.0 26.2 4.1 3.1 66.6Prvaopi, strombuli/era 8.2 30.0 5.2 3.7 61.1

PDithec'Jibiumlobatum 
,D re.kolbean)
immature 63.8 32.2 1.1 3.2 63.5 
mature 29.4Tamarindus indica 15.8 1.4 21.7 81.19.7 17.7 9.6 2.6 70.1(Tamarind) 

Dipiariaexilis' (Ache) 10.9 &2 3.0 1.7 87.1 
"Averase of duplicate analysji; results reported on moisture-free ha-sia.'Protein - 6.25 x Kjeldakd nitrocen. 'Carbohydrat. by difference. 

formic acid oxidation as in Moore (19G3). Results are averages of duplicate determinations except as indicated,On samples where the analysis was repeated, the resultsvaried by no more than 0.1 g/100 g of protein for, at most,three of the amino acids determined, 

RESULTS 
The chemical composition of the legumes we studied areshown in Table 1. The 13 accessions of Prosopishad a 

mean protein content of 41.3 * 6.0%. Eleven of the sam-
ples ranged from 39.6 to 46.8% protein, which is somewhat

higher than the values reported by Becker and Grosjean
(1980) for P. velutina (32.8%) and Prosopisglandulosa

(34.2%) but near values from del Valle et a. (1983) for

Prosopisjulifora (37%) and Zalfaghari and Harden (1985)
for P. glandulosa 139.3%). The two lowest protein values
of 26.2 and 30.0% are in P. strombulifera and P. pubes-

cerns, both section Strombocarpae, series Strombocarpae

(Birkart, 1976), suggesting the six other species in this

series may also have relatively low protein contents.


Much of the carbohydrate content of the seeds has been
shown to be mucilage (Becker and Grosjean, 1980). The
carbohydrate data in Table I and viscozity measurements

of heated seed flour solutions (data not shown) indicate
P. strombulifera and P. pubescens meds contain moremucilage 	than seeds from other series,


The fat content ranged from 4.1 to 6.5% and ash from

3.1 to 3.9% in the hrosopis species. There was surprisinglylittle variation in the composition of the seed from aspecific tree over the 3-year period studied. 


The immature seeds of Djenkol bean have twice the
protein content (32%) of the mature seed (16%). 
 How-ever, on a fresh basis, the two types of seeds, both con-
aumed in lndonesia, have the same amount of protein. Theprotein content of the mature Djenkol bean is similar tothat reported by Felker and Bandurski (1977). Tamarind
seed, with the bulls excluded, has a protein content of
about 18%, very close to a previous analysis (FAO, 1970).
Interestingly, tamarind has a relatively high oil contentof 10%. We included Ache, a tropical African cereal, in 
our studies because it has been reported to have a very high 

Oe Lumen et al, 

Met content (FAO, 1970). Its protein content of 8% is
typical of cereals. 

The amino acid composition of the legumes is given inTable II, and the calculated chemical score for each of theessential amino acids is presented in Table III. The average Met + Cys content of Prosopisis 2.5%, giving it achemical score of 71% for the sulfur amino acids. Thisscore is very similar to soybean and winged bean andhigher than cowpea, chickpea, dry bean, and broad bean,all of which have Met + Cys as the first limiting amino 
acids. It is worth noting that the Met + Cys content ofProsopis is on the high side of the range of values forlegumes (Table It) and higher than most legumes. Thefrst limiting amino acid of Prosopis,however, is threonine(mean content 2.2%, chemical score 55), giving it an overall 
chemical score lower than soybean and winged bean andsimilar to dry bean.

Both samples of Djenkol bean have unusually high Cyscontent, alhough the Met content is low, the sum of thetwo sulfur aino cids gives them a high chemical score(80, 111) for these amino acids. However, Djenkol beanis seriously limiting in the rest of the essential amino acids. 
Djenkolic acid, a dimer analogue of Cys that is not metabolized like Cys is very high in Djenkol bean (2.2% ofthe seed) and imparts a strong sulfury odor (Armstrong 
and Du Vigneaud, 1947; Sastrapradja, 1984). The unusually large amount of Cys probably serves as a pool of
Djenkulic acid precursor.

Tamarind seed has a very good balance of essential
amino acids. Except for the first limiting amino acidthreonine (chemical score 80) and valine (chemical score98), all the essential amino acids are as high or higher thanthe FAO reference protein. Its favorable chemical score 
of 80 is higher than other legumes. The content of sulfuramino acids of 3.5%, equally divided between Met andCys, is unusually high for legumes while its high lysinecontent, similar to that of soybean and winged bean, is
expected for legumes.

We confirmed that Ach has a high Met content (4.8%) 
and a very high Met + Cys content of 7.3% (FAO, 1970).Like other cereals, it is complementary to legumes with 
low Met content. 

DISCUSSION 
The objective of this study was to identify lesser known


legumes and other plant seeds with relatively high Met +
Cys contents. Our data on Prosopis, Djenkol bean, and

tamarind demonstrate the wide range of Met + Cys in
legumes. 
 On the basis of their Met + Cys contents,
Djenkol bean and tamarind are high :n their chemical score
(80 and higher). Prosopis seeds are in the low 70s, putting

them in the same group as soybean and winged bean,
which are still higher than other legumes such as cowpea,
chickpea, dry bean, and broad bean with chemical scores

in the low 60s and below. However, ince the first limiting

amino acid of Prosopia seed is threonine, its overall
chemical rcore of 55 p-tts it below cowpea and chickpea.

Our data demonstrate hat sulfur amino acids are not
always the first limiting amino acids in legumes. Threonine is first limiting in Prosopisand tamarind, which bothbelong to the subfamily Mimosaceae. Djenkol bean, al
though high in Cys Is seriously limiting in leucine andisoleucine and the rest of the essential amino acids. In thesearch for high Met + Cys legumes, it is therefore important to analyze the complete amino acid composition
to determine imbalances in essential amino acids.

Tamarind seeds deserve further studies because of theirvery favorable amino acid composition. Unfortunately,
tamarin 4 -Peds are not eaten in Asia, as far as we know, 



T able I . A r mindAcid Com position or Some T ropical Legum es (i/ 01O of P rotein) and Di xi:a cXzriMr js 
recd Asp Thr Ser Glu tPro _Gly Als--- .e...% N Cy, V1),tle LeProsopia tamoruge ...79 Vl y Phe7.7 2.2 he e U - ~Met His Lys Ar3.9 17.0 Tyr PeHs Cys sample'Prospis chilensis 4.8 4.9 3.5 1.1 Ls Ag 6 +1.0 C00KProsopis velutino 82 8.0 2.5 3.7 1.1 27 v ofo4.4 17.5 5.1 5.2 5.5 23.7 1.1 3.9 1.2 5 2 41 . 2.9 5.8 . .29FN 1-82 . . 2.42.47.5 4.21!1.882 2.: 3.73.7 2.42.4 4.2 11.84.1 18.0 5.4 2.32.3 0.940.944.4 3.9 1.6FN 1-83" 3.9 1.084 7.8 3.0 6.72.3 4.2 18.4 5.6 4.6 4.2 1.4 2.6 3.6 2.8 3.74.1 1.0 3.0 6.6 2.5. 11.8 2.6FN 1-846 1.2980 7.4 2.1 4.1 17.2 5.2FN 12-82 4.6 3.7 1.5 3.7 1.1P'rosopis velutina 82 8.3 2.1 4.0 

2.9 63 2.3 3.4 2.7 3.7PN 12-83' 17.6 5.4 4.7 3.7 11.8 2.6 1.0784 8.2 2.2 1.5 3.8 0.64.2 18.1 2.9 2.35.7 4.9 6.3 2.6 3.5 2.8 3.83.9 1.7 4.0 1.0 3.5 2.7 3.7 12. 2.4 1.143.1 6.7 26 11.0 2.1FN 12-84 3.5 2.8 4.083 11.99.1 2.2 4.2 18.0 5.5 2.7 1.18Prosopis erlutin2.. 5.1 3.8 1.6 3.8 1.0FN 25-84. 3.0 6.483 7.8 2.3 2.5 3.4 
mean 4.2 18.2 5.6 4.9 3.9 1.6 2.7 3.8 11.44.0 1.1 2.63.1 6.6 2.6 1.1283 8.0 2.2 4.1 17.9 5.5 

3.6 2.6 4.0 12.2 2.7 1.204.7 3.9 1.6Fro sopisotba 3.9 1.0 3.0:SD 6.5 2.5 3.5 2.7 3.81 0.6 0.1 11.8 2.50.1 0.4 0.2 1.17FN 24.83' 0.2 0.2 0.1 . 2. 3.FN 24-841 86 7.8 2.4 4.4 18.5 6.0 5.0 
0.1 0.2 0.1 0.2 2. , 1 .8 .5.781 7.6 2.2 4.1 4.1 1.8 4.1 1.1 3.3 7.0 0.1 0.1 0.1 0.1Pro:opisJp)bsceru 16.7 5.7 2.5 3.6 0.4 0.278 9.2 4.6 3.8 1.7 3.8 2.7 4.2 12.2 2.9 1.232.4 3.6 19.0 1.1 3.8 6.4 0-645.5 S.1 3.9 2.4 3.41.2 5.1 2.5 3.8['tecellebium lob tum4. 2.0 3.1 11.7 2.8Prosopisstrombalifera 2.6 4.0 2.7 0.59

(Dienkol Bean) 74 8.6 2.1 
6.1 

53 12.7 2.23.6 14.5 4.5 4.6 1.023.6 1.0 3.5Immature 2.0 2.5 5.0 27 5361 2.1 3.3 27 225.9 21 2.2 4.11.6 3.0 33 21 41 11.0mature 5.0 12.8 1.5 1.7 !10 2.02006 0.6753 2.5 2.84.6 2.9 0.3 1.3Tamorindus indica 2.3 5.5 5.5 2.2 0.9(Tamarind) 88 12.3 2.0 2.7 3.4 2.3 0.5 30 4.1 2.5 2.93.2 5.6 1.6 2.816.9 4.6 5.3 5.0 2.7 2. 3.2 0.581.7 4.9 3.4 3.2Disitariaezilig' 1.8 5.0 8.52. 4.6. 2.7 3.9
78 5.1.2 3 4 3 22.(ich,) 7.2 3.9 2.3 7.6 . 15.0 18.8 6.4 3.8 7.2 3.58.4 2.5 5.5 ,4.8 3.8 9.8 3.1legumes (general)' 5.2 2.3 .12.5- 4.7 7 

- 3.8- 0.5- .6
5.0 - - 3.2- 1.0- 5. 42.1 7.8 . 5.19.9 

. 
320.9"Tryptophan was not analyzed in our samples. 

10.9 3.8 11.4-
Protein =(1973). 'Dry-weight basis. 

6.25 x Kjeldahl nitrogen. 6Single determination. rTropical cereal from Senegal. "Range or values from Bressani 

.

0) 
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Table Ill. Chemical Scores of Ebaential Amino Acids of Some Legumes 

amino acid limiting amino acidlegume Thr Val Mei + Cyb lie Leu TyrPrusopia ,pp.b Phe + Lyt filst second55 76 71 75 90 105 71 Thr Met + Cy%, LybDjvnkol bean (Pihecellebium lobaoum)immature 
 40 36 8() 32 31mature 65 45 Leu lie48 46 
 Ill 40Tamarind (Tamerindus indica) 38 88 58 Leu le 
soybe.ia' (Glycine max) 

80 98 100 125 121 161 138 Thr Val96 97 74 114 110 133 117winged bean' (Piophocarpusletragunoiubus) 107 99 Met + Cyh Thr, Val 
peanut' (Arachis hypogaea) 79 122 128 148 147 Met + Cys Val65 84 68 84 91cowpta' ('igna ;pp.) 146 65 Lys, Thr Met + Cys90 91 64 96 100chickpea' (Cicer arie,'inum) 128 126 Met + Cys Thr,Val94 92 63 111dry bean' (Whasealw.qulgari) 106 142 126 Met + Cys Val99 93broad bean' ('icia faba) 

54 105 108 127 132 Met + Cys Val84 89 44 100 101 124 119 Met + Cys Thr"Calculated according to the provisional amino acid scoring pattern (FAO/WHO, 1973).
loweit score for any of the egsential amino acids. The overall chemical score for the legume ib the
5Calculated from the average amino acid values of 13 Prosopisaccessions listed in TableII. 'Newell and Hymcwitz, 1979. 'FAO, 1970.
 
olthough the pulp, which is sour--sweet, is widely used for 
 plement to legumes. Also, they can be used as a geneticsnacks. Our analysis is the first complete amino acid data base to improve the protein quality of other plant foodsreported and differs from an incomplete analysis reportedpreviously (FAO, 1970). through traditional plant breeding or molecular biologyHowever, more samples need to techniques, as it is expected that the high Metbe analyzed. Its protein content of 18% is in the low range + Cys
contents of these crops are due to (Met + Cys)-rich pro.
for 6ltjnes but still high for plant foods. The protein yield teins.per pod can be high, however, since the seeds are big and ACKNOWLEDGMENT


make up as much as 50% of the pods. Amino acid analysis A eKNhWnEDGMet
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+ Cys content. Again, Acha should be a very Lood carn. 
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ABSTRACT 

Saunders, R.M., Becker, R., Meyer, D., Del Valle, F.R., Marco, E. and Torres, M.E., 1986. Iden
tification of commercial milling techniques to produce high sugar, high fiber, high protein, and 
high galactomannan gum fractions from Prosopispods. For.Ecol. Manage.,16:169-180. 

Prosopis velutina pods were milled into exo-masocarp (55%), endocarp (25%), endosperm
'splits' (10%) and cotyledon (10%) fractions. These fractions had as their m:jor components,
respectively, sucrose (30-40%), fiber (35-45%), galactomannan (50-70%), and protein (56-63%).
Each fraction showed potential for specific end uses in food systems. Similar results wore obtained 
on Chilean species P. chilensisand P. tarnarugo.The processes described have been used as a 

-model for proposing a commercial process for quantities up to 1000 kg h of pods. Pin-milling
followed by particle size fractionation of raw, oasted, or extruded P. velutinapods yielded flours 
with compositions suiteble for bakd foods. 

INTRODUCTION 

Numerous Prosopisspecies are known, occurring in the Americas, Africa and 
Asia (Simpson, 1977). Species have been documented that fix nitrogen, tol
eraTe extremes of temperature, and survive in the driest of earth's deserts 
(Simpson, 1977). One of the highest C0 2-fixation rates recorded for trees was 
on Prosopis(Mooney et al., 1977). Prosopispods &-econsumed widely by wild 
animals but have found only limited use in domesticated feed situations (Meyer,
1984). For example, jackrabbits reportedly can obtain more than 50% of their 
calories from Prosopis (Vorhies and Taylor, 1933). Talpada et al. (1982) showed 
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TABLE I 

Proximate composition of whole Prosopispodso 

Species Accession H20 Protein Fiber Ash Sugar 
number (%) (Nx6.25) (%) (%)

(%) 

Trees grown on experimental plots 
P.glandulosa F0001 2.2 14 20 3.4 34 
P.velutino F0020 1.6 11 30 4.4 13 
P. velutina F0025 14 3.12.1 19 28 
P. velutina P0032 2.6 17 24 4.4 19
 

Mature wild or ornam:ental trees
 
P. velutina B0060 4.3 12 31 4.1 19 
P. velutina B0201 4.2 12 23 3.4 28 
P. velutina B0078 2.2 12 23 4.8 22 
P.gLandulosa B0024 7.5 11 22 3.3 26 
P.pubescens B0219 5.9 11 17 3.8 25 

'Samples with accession numbers with F prefix were supplied courtesy of P. Felker, Texas A& I 
University, Kingsville, TX nd correspond to accesions described by Felker et al., 1984. 

that up to 20% of a calf ration could be replaced satisfactorily by P. julifwora
pods, and Eggler (1947) has described their use in Hawaii for feeding of cattle, 
donkeys, pigs and chickens. 

As a food, Prosopispods have been an important resource for Indian cultures 
during past centuries (Nabhan et al., 1979; Felger, 1977; Felger and Moser,
1971), but only in rare situations in India (Gupta et al., 1974), and Argentina 
and Chile (Felker, pers. commun., 1982; Meyer, 1984), do pods find food use 
today. 

In any venture to establish Prosopisas a viable species, for whatever purpose,
economics predicate that maximum utilization of the crop is essential. The 
specie. will be domestically cultivated only if the person or persons responsible 
for cultivation derive a positive economic return. One cannot rely on govern
ment subsidies indefinitely. It can be reasonably anticipated that economic 
return from Prosopisspecies development would be enhanced if the annual pod 
crop was efficiently utilized. This implies feeding to domesticated livestock, or 
even better yet, using the pods or a fraction of the pods as a food resource. With 
this premise in mind, technology has been developed for amall and commercial 
scale industry to convert Prosopispods into fractions with unique composi
tions and potential food uses. 

Numerous publications attest to the favorable nutritive composition of Pro
sopispods, examples of which are listed in Table 1.Although exhaustive studies 
have not been carried out, results to date suggest that Prosopispods, in general,
do not contain toxic compounds (Del Valle et al., 1983; Meyer, 1984) however 
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Fig. 1. Flowshett for mifling and eparation 6f Prosopispods. 

some species such as P. kuntzei may have pods which are too hard for con
sumption by most animals (P. Felker, pers. commun., 1982). 

METHODS 

A scheme developed for milling and separation ofProsopispods into subfrac
tions is summarized in Fig. 1.Because of the high sugar content, the pods must 
be dried to about 5% moisture before milling. The pods are then broken into 
2-5 cm pieces using a Rietz Disintegrator, at slow speed to avoid releasing 
seeds. A Beuer disk mill (Model 148, size 8, disc 8114, gap-setting 40, speed 
3450 rpm) proved to be the optimum system for milling the pod pieces into 
subfractions A plus B plus seeds (Fig. 1). A vibrating screen sifter (Sweco, top 
screen, 4.8 mm round holes; bottom screen, 1.0 mm square holes) Kparated 
the milled mixture. The endocarp hulls (fraction B, Fig. 1) were retained on 
the top screen, while the seeds, plus fraction A, and some pericarp fragments 
passed through. The seeds and pericarp fragments were retained by the lower 
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TABLE 2 

Process yield and composition of Prosipia velutina pod subfracticns after miling 

Fraction And process Protein Fat Carbohydrate Fiber Ash 
yield (Nx6.25) (M) (%) (%) (%) 

(%) 

A (exo-mebocarp) 9.5 (6-11)l 2.0 (0.8-4) 48 (25-58)" 16(10-23) 4.5 (3.7-4.q) 
50-55% 

B (endo.aip) 6.5 (4-9) 1.3 (0.8-1.8) 6 (3-11)b 45(39-56) 3.5 (3.3-3.9) 
15-20% 

C (endosperm splits) 4 (na.) 0 87.7 (n.A.)' 8 (n.A.) ns. 
10-15% 

D (cotyledon) 64 (59-66) 8(5-11) na. 4(3-6) 4.7 (4-5) 
10-15% 

°Lower/upper range of results. 
'Mono- and disaccharides. 
'Galactomannan gum. 
n.a.: not available. 

screen, whereas fraction A passed through the screen. The seeds were cleaned 
from pericarp fragments by separation in a cyclone (McGill Laboratory aspi
rator, 66-17721). Cleaned seeds at this stage have been scarified by the mill, 
and since this is essential for a high germination rate (> 90%), are thus well 
suited for planting in forestry programs. 

Seed splitting was accomplished in a Udy cyclone mill (steel impeller, rough 
abrasive frame, 2000 rpm), or in a graintester (Strong-Scott, 17810). The 
milled seeds split into two fractions, the outer seedcoat/endosperm fraction C 
(endosperm splits) and the inner cotyledon fraction D. The economically 
important seed mucilage occurs in the endosperm and is later separated from 
the testa. About 15% of the seed-splitting product is an inseparable fines miy
ture of fractions C (endosperm splits) and D (cotyledon), which is actually 
added to fraction B, whereas 85% of the seeds is converted to fractions C and 
D which are easily separable by air classification. 

RESULTS AND DISCUSSION 

The process yield, average composition, and range in analysis, where avail
able, of the milling fractions are listed in Table 2. The wide range in composi
tion reflects the extreme diversity in pod morphology encountered with 
Prosopis. 

FractionA 

This floury fraction has a particle size of less than 1 mm, and further reduc
tion in particle size can be obtained by milling on conventional mills. The 
dominant component of this fraction consists of simple sugars, which have 
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TABLE 3 

Tests, observations and conclusions on use of Pros'voisexomesocarp (fraction A ) in food systems 

Tests 	 Observation/conditions Coik0. ,ron 

Sucrose extraction Sugar syrup easily Poten,;ial use as 
recovered sweetuer
 

Fermentation Alcohol produced Liquor or energy
 
Composite flours
 
Leavened bread 	 Loaf character Could displace 10%
 

acceptance up to 10% of flour in U.S.
 
incorporation bread types
 

Chapatis and crackers 50% Fraction A plus Acceptable products 
wheat flour 

Flakes 50% Fraction A plus Acceptable flakes 
wheat flour 
35%Fraction A plus Optimized sheeting, 
wheat flour strength, and crispness 

Good oxidative stability 
Tortilla Chips 20% Fraction A plus Taste panels ranked 

corn chip superior to 100% 
corn chip 

'Complete details are described by Meyer (1984). 

been identified as sucrose (92%), glucose (3%) and fructose (5%) (Meyer, 
1984). Elsewhere, Malhotra and Misra (1981) reported an ellagic acid glyco
side in P. juliflora,Becker and Grosjean (1980) found traces of raffinose and 
inositol in P. glandulosaand P. velutina, and Shalaby et al. (1976) reported 
traces of rhamnose, galactose, and glucuronic acid in P. stephaniana. 

Thorough tests (TablE 3) have been conducted on use of fraction A as a 
partial substitute for wheat flour in cereal-based products. Because of the 
absence of gluten and starch, fraction A finds use only where structural integ
rity of the product is not an essential characteristic. Its distinctive taste makes 
it an interesting component for use in sweetening and in certain baked products. 

FractionB 

Chemical analysis indicates that this material would not find use as human 
food. It could find use as a low-quality cattle food, or alternatively as a com
bustion source. Its burning value, on a dry weight basis, was found to be 16,999 
kJ kg- (Meyer, 1984), which compares favorably with an average value of 

-16,300 kJ kg-' (dry basis) for cereal crop residues, or 13,860 kJ kg ' (dry 
basis) for sugarcane bagasse. Possibly in a Prosopisprocessing plant, burning 
this material would provide energy for initial pod drying. 

(;C
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Fig. 2. Viscosity of ProsopLs velutinagalactomannan (0.5%), and comparison with guar gum. 

FractionC 

Examination of the endosperm splits revealed approximately 40% seed coat 
and 60% endosperm. It is unlikely that the seed coats have any functional or 
nutritional value, but the endosperm, which contains galactomannan gum, could 
be of considerable economic value. Galactomannan was separable from the 
splits by an aqueous process, producing gum of 85-95% purity, yield 60%. 

In situations where lower purity (40-65%) would be acceptable, dry milling
separation can be employed (Meyer, 1984). Galactomannan gums are used in 
industries as widely diverse as oil-well drilling, pharmaceuticals, food, and pet
food (WListler and BeMiller, 1959). The gum chosen for a given application 
depends on two criteria: functional characteristics and price. The functional 
quality of purified Prosopisgalactomannan is very close to that of guar galac
tomannan, the most common of these gums (Fig. 2). In water, the galacto
mannan causes excellent viscosity increases, and displays thermal stabilities, 
either alone or in a mixture with xanthan, analogous to those displayed by guar 
and guar-xanthan (Meyer et al., 1982). These characteristics indicate the eco
nomic value, and utility of Prosopisgum should be similar to those of guar gum. 

FractionD 

This fraction comprises the cotyledons and germ of the Prosopisseed. Its 
main constituents are protein and fat, and, by virtue of the amino acid com
position of its protein, it would be expected to find food use where protein 
content and quality need to be enhanced. Mesquite seed protein has a sulfur 
amino acid content (Met and Cys) similar to soy protein, but a lower threo
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TABLE 4 

Equipment list for a Prozopisprocessing plant 

Itema Quantity Equipment Item Quantity Equipment 

1.01 1 Drying tunnel 1.02 lot Heating equipment 
1.03 2 Containers for 1.01 1.04 1 Belt conveyor 
1.05 1 Belt conveyor 

2.01 1 Inlet hopper 2.02 1 SinglE roll crusher 
2.03 1 Outlet hopper for 2.02 2.04 1 Conveying line 
2.05 lot Spouting 2.06 I Stone mill 
2.07 1 Outlet hopper 

3.01 2 Suction conveying line 3.02 lot Spouting 
3.03 1 Grain separator 3.04 lot Spouting 
3.05 2 Aspirator for 3.03 3.06 1 Strato huller 

3.07 1 Hopper 3.08 1 Screw conveyor 

4.01 4 Hopper 4.02 4 Screw conveyors 
4.03 lot Spouting 4.04 1 Grinder 
4.05 1 Outlet hopper 4.06 1 Conveying line 
4.07 lot Spouting 4.08 1 Screener 

4.09 lot Spouting 4.10 1 Hopper 
4.11 1 Screw conveyor 4.12 lot Spouting 
4.13 lot Spouting 

5.01 1 Suction conveying line 5.02 lot Matenal distributor 
5.03 1 Finished product bin 5.04 3 Finished product bin 
5.05 4 Screw conveyors 5.06 lot Spouting 
5.07 1 Inlet hopper 5.08 1 Autom. net weigher 

5.09 1 Belt conveyor 5.10 1 Bag closer 
5.11 1 Reel-type suspension 

6.01 lot Ductwork 6.02 1 High presure fan 

6.03 1 Filter 6.04 1 Hopper 
6.05 1 Airlock package 6.06 1 Exhaust fan 

,Item numbers refer to Fig. 3. 

nine level. After defatting, Prosopisfraction D displayed functional character

istics little different from soy protein concentrate (Meyer, 1984). These 

characteristics included protein solubility, whipping properties, and emulsi
fying properties. Such properties indicate a value and utility for Prosopisfrac

tion D comparable to soy protein concentrate. 
Based on the observations above, a design has been developed for a com

mercial plant capable of processing 1000 kg h-' of pods. The plant require

ments and layout are summarized in Table 4 and Fig. 3. An economic analysis 
of costs associated with such a processing plant, and the production costs that 
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TABLE 5 

Yield and protein content of fractions derived by pin-milling and fractionation of Prosopisvelu
tinapods 

Process %Yield and (protein content) of fractions 

45 mesh 100 mesh > 100 mesh 

Raw Prosop:s 
Ipas 
4 passes 

42.9 
45.6 

20.7 
8.6 

36.4 (22.9) 
45.8 

Extruded Prosopis 
I pass 
4 passes 

36.3 
20.8 

12.0 (7.2) 
6.8 

51.7 (23.5) 
73.2 

Toasted Prosopis
I pass 
4 passes 

27.1 
17.8 

7.9 
5.8 

65.0 (17.2) 
76.4 

would be anticipated for fractions A, B, C, and D, is available (Meyer, 1984).
Processing costs per metric ton of Prosopisvelutina pods were estimated in 
1984 to be 47 1 per kg at a throughput of 576 t per season, decreasing to 23 t 
per kg at a throughput of 2,300 t per season in Mexico. 

With only minor modifications, the technology described above for Prosopis
velutina has been successfully extended to similar proessing of P. chilensis 
and P. tamarugo.This is of critical importance, since Prosopispods from dif
ferent species differ considerably in size, shape and chemical composition, which 
would be expected to radically affect processing performance.

In addition to the process described above, an alternative scheme for con
version of Prosopispods into nutritious subfractions has been developed. Whole 
Prosopisvelutinapods were ground in an Alpine pin-mill (1-4 times), either 
raw, or after being toasted or extruded. The fires (smaller than 100 mesh)
fraction increased with the number of passes through the mill. Protein concen
tration was higher in the fines, while fiber was lower. The composition of the 
fines fraction is indicative of their use in food systems. Preliminary results are 
summarized in Tables 5 and 6. 

Other modifications of these basic processes are possible. For example, a 
hammer mill might replace the pin mill if it is thorough enough to break the
seeds so they do not pass through the alimentary system without digestion.
Also, the digestibility of feed mixtures is often improved by heat treatments, 
so various methods of toasting or extrusion could be chosen. 

CONCLUSIONS 

The above data demonstrate the feasibility of processing Prosopispods into 
economically valuable subfractions. The process scheme that produces four 
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TABLE 6 

Composition of fines ( > 100 mesh) fraction from pin-milling and fractionation of Prosopisvelu
tins pods, 

Process Moisture Protein Fat Fiber'
(%) M% (%) (%) 

Raw Prosopis 6.8 17.2 5.3 13.2 
Extruded Prosopis 5.9 24.9 11.4 12.7 
Toasted Prosopis 5.5 18.1 6.0 20.1 

'Four passes through mill. 
bAcid-detergent fiber. 

subfractions offers the widest range of products based on technology suitable 
for small businesses or developing countries. A complete plant layout to pro
cess 1000 kg pods per hour has been described for this process. The most eco
nomically important product of this fractionation would probably be the seed 
gum fraction, although all pod fractions would undoubtedly need to contribute 
to the economic success of the process. 

The second process scheme utilizes simplified technology but does not pro
mote isolation of the seed gum. This process would be expected to produce a 
smaller variety of products at lower costs. 

Both processing schemes described here provide a range of products which 
can be derived from Prosopispods. Alteration of treatment conditions would 
be expected to provide an even greater range of compositions and potential 
uses. 
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Processing, Composition, Nutritional Evaluation, and Utilization of 
Mesquite (Prosopisspp.) Pods as a Raw Material for the Food Industry' 

Daniel Meyer, Robert Becker,* M. R. Gumbmann, Pysn Vohra, H. Neukom, and Robin M. Saunders 

Mesquite pods (Prosopijsspp.) were milled in a Bauer disc mill and mechanically separated into four 
fractions. Fraction A, the exo mesocarp powder, contained most of the pod sugar and flavor components. 
It was useful as a starting material for sugar syrup and as an ingredient in breads, crackers, and chapatis. 
Fraction B, the endocarp bulls, was comprised mainly of fiber, with little food value. The seed mu
cilage/seed coat was separated as fraction C. Gum from this fraction has a galactose to mannose ratio 
and food applications similar to guar gum. The protein-rich seed cotyledon was separated as fraction 
D and "ound to have uses typical of bean protein. This protein is nutritionally limiting in tyrosine and 
methionine/cysteine. The PER of uncooked pods and seeds was found to be 0.71 and 0.69, respectively. 
Both pods and seeds had reduced PER's and metabolizable energy values from chick feeding studies 
after cooking, probably due to the seed gum. 

INTRODUCTION Table I. Proximate Composition of P. volutina Pods and 
Pod Fractions (%)
 

There nre 44 Prosopisapp. of leguminous plants that typ total protein crude
 
occur worldwide in arid and semiarid zones. Prosopisspp. sample rec,' % sugars (N x 6.25) fat fiber arh 

grow wild, require little water, fix nitrogen, and depending whole pods 100 22 12 2.5 22 3.5 
on species and growing conditions occur as trees or shrubs. fraction A 63 48.0 9.5 2.0 16.0 4.5 

The plants produce large amounts of indehlscent pods that fracon B 15 6.0 6.5 1.3 45.0 3.5 
many former cultures utilized as an important food staple. fraction C 13 87.7 0.0 0.0 8.0 na 
Pod yields of 10000 kg/ha have been projected from need coat 40 na 0.0 na n na 
cultivat d trees in an established orchard (Felker, 1979). endosperm gum 60 na 0.0 0.0 nM na 
Prosopiabiology has been reviewed by Simpaon (1977) and fraction D 15 na 61.0 8.0 4.0 4.7 

its ecol)gy by Felker (1979). "Percent recovery from fraction C. bna - not available. 

Use of Prosopispods as a modern food source has been 'Typical recovery. 
suggested by several recent chemical and nutritional 
studies (Becker and Groajean, 1980; Del Valle et al., 1983; Table I. Amino Acid Composition of Fractions A, B, and D 
Zolfaghari and Harden, 1985). The whole pod is 11-17% (mg/g of N)' 
protein and 13-34% sugar, with the protein being con- FAD 
centrated in the seed (26-37% of he soed) and the sugar, provisional 
which is mainly sucrose, reoiding in the pod pericarp. The amino acid fraction A fraction B fraction D score 
seed also contains a galactomRmnnn gum similar to guar aspartic acid 866 666 505 
gum. We therefore became interes'fed in methods to ioate threonine 197 190 146 250 
these pod components and to determine their nutritional teine 236 294 253 
characteristics and possible uses in food products. glutamic acid 762 1029 1236 

proline 481 350 445 
glycine 263 301 276EXPERIMENTAL SECTION alanine 240 249 252 

Processing and Frp.ctionation. Mature Prosopisve. cysteie 83 91 106 
lutinapods were collected from beneath trees in the Salton valine 299 270 242 310 

methionine 54 19 611 220 
Sea area of California, transported to the laboratory, and isoleucine 165 207 196 250 
stored frozen until processeed by the scheme shown in leucine 399 416 437 440 
Figure 1. Before milling, the pods weiu air-dried overnight tyrouine 161 175 165 
on trays in a Taylor tunnel dryor at 70 0C with an air phenylalanine 165 233 2351 380 
velocity of 250 m/min. Pod rehydration was rapid, de- histidine 135 163 187 
pending on ambient relative humidity, so milling and lysine 216 285 253 340 

arginine 3 533 832
separations were performed in a dry room (8% RH). The 
dried pods were then broken into 1-3-cm-long pieces by "Tryptophan not datermined. bMet + Cyq. t Phe + Tyr. 
one pass through a chopper mill such as a Rietz disinte
grator operated at 500 rpm. Table II. Dietary Fiber Composition of Fractions A and B 

The broken pods were milled in a Bauer disc mill, size (%)
 
fiber fraction A fraction B
 

Department of Food Science, Swim Federal Institute of dietary 35.3 61.6 
Technology Zurich, CH-8092 Zurich, Switzerland (D.M., crude 16.0 45.0 
H.N.), U.S. Department of Agriculture, Agricultural Re- neutral detergent 23.3 69.0 
march Service, Western Regional Research Center, Albany, su dev 0.7 3.; 
California 94710 (RB., M.RG., KM.S.), and Department acid detergent 24.7 53.7 
of Avian Sciences, University of California, Davis, Cali- ai dev 1.0 2.8 

oPin 5.7 9.8 
fornia 95616 W.V.). std dev 0.8 0.8 

'A portion of this work was performed as part of the elluloe 14.6 41.0 
requirement for the Ph.D. degree of D.M. std dev 1.0 2.2 

0021-581/83/1434-0914501.50/0 C 1986 American CheoraI Society 
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LUzation of Mquae Pods 

Tf.ble IV. Characteristics of Meaqu1w Fract!on B 

burning value, BT'1U/kgmaterial as is dry-wt basis 
fraction B 15 277 16082fraction B1, >40 mesh 15675 16600fraction B2, <40 mesh 16101 16949sawdurt 16414 18238 
sugar cane bagase 8300 16600rice straw 10480 13100cereal crop residues 13090 15400 
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Figure 1. Flowahwt for milling separation of Propis pods. 
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Figure 2. Drying curve of P. w~lutinw podi at 70 "C. 

8, using #8114 disks and operated at a speed of 3450 rpm.The disk gap was adjusted, depending on the pod Aize ofeach lot, so that the endocarp hulls were opened but theseeds were not broken. 
The milled pods were immediately fractionated on acontinuous Sweco vibrating separator equipped with anupper screen of 4.-am-round holei and a lower screen of 

J. AV*- Food Cem., VoL. 34, No. 5. 196 315 

%C %H %0 %S % P % ash 
44 6.5 44 0 0.13 3.344 6.3 46 0 0.05 3.045 6.6 42 0 0.23 3.550 6.4 42 0.06 0.86 

Table V. Carbohydrate Composition of P. elutinaEndosperm Mucilage, Fraction C (Ratio .56 Mann/Gal)

monosaccharide 
 concn, % monaccharide conch, % 

rhamose 0.23 gluo.e 0.59
arabincee 4.18 galactose 36.24xylose LW unknown 0.32
 
imannose 56.47
 

10-nx-square holes. The endocarp hulls (fraction B) were

retained by the upper screen, the teeds along with some
pericarp material were retained by the lower screen, and
 
all fine material (fraction A) passed through the tcreens.Fraction A was used as produced.


The seed pericarp material from the lower screen was
 
further weparated with 
a McGill laboratory aspirator,
Model 6C, with adjustable air flows, to produce a seed
 
fraction and a pericarp fraction. The pericarp fragments
were combined with the endocarp huls in fraction B.
Either a Udy cyclone mill or &Strong-Scott grain tester
 

used to separate the seed into two fractions (the seedcotyledon and the seed endoeperm). These devices func
tion by th-owing the seeds into the unit's framc, causing

them to break into endosperm splits (seed coat with endosperm; fraction C) and cotyibdon and germ (&.ction D).

These fractions were separated by multiple passes through
the McGill aspirator or by using an air classifier.
 

Composition. The chemical compositions of the pods
and pod fractions were determined by AOAC (1975) procedures. Sucrose and monosaccharides were determined
 
-%	Waters HPLC tuing a Waters carbohydrate column. 

sugars were isocratically eluted with 80:20 acetonitrile-water and quantified with a refractive index de.
 atector (Conrad, 1976). 
 Amino acids were determined withDurum amino acid analyzer as in Spacknian et al. (1958),

with the eulfur amino acids determined after perchloric

oxidation a in Moore (1963). Dietary fiber content was
determined as in Saunders et al. (1973). 
 The energy of
combustion of fraction B was determined by calorimetry

(AAC, 1975). Mucilage carbohydrate composition was
 
determined after hydrolysis with trifluoroacetic acid by
gas chromatography of the trimethylsilyl esters ail in 
Becker and Groejean (1980). Peak identification andquantification were based on comparison of retention timesand peak areas with those of known standards. Fatty acids
 
were determined as their methyl esters with a Hewlett-
Packard Model 5830A gas chromatograph using a 0.25 mm
X 30 mm glass capillary column operated isothermally at


*C. with helium as the carriergas and rid detection
 

(Becker and Grosjean, 1980).Nutrition. The protein efficiency ratio (PER) was",etermined by a 28-day rat feeding study using AOAC 
(1975) methods with diets containing 10% protein. Thesamples were ground to 20 mesh, autoclaved for the indicated times at 120 *C, and lyophilized. Pericarp aud seedsamples were mechaniclly separsted and treated as above.The pericarp sample corresponds to combined fractions
A and B; the seed sample was comprised of whole seedsbefore separation into fractions C and D. Proopispubeacen. and Olneya tesota,other desert legume trees, were ..	 , .9 
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Table VII. Fatty Acid Composition of Frictlou D 
fatty acid concn, % 

myristic acid (C 14-0) 1.1 
palmitic acid (C 16:0) 13.7 
stearic acid (C 18:0) 4.6 
olic acid (C 1&") 24.5 
linoleic acid (C 18:2) 46.7 
inolenic acid (C 18:3) 4.6 

Teble VILI. Protein Effi.iency Ratio (PER) and 
Digestibility of Pods and Seeds frem DesertPlnts 

adjusted %digestibility6 

sample PERO diet nitrogen 

P. velutina 
pods, uncooked 0.71 66 

. pods, autochved 
5 =in 0.63 64 57 
10 min 0.61 65 55 
20 min 0.55 45 44 

. seeds, uncooked 0.69 86 64 
ep ' seeds, autoclave 10 min 0.63 8 58 

to Lo-r 0; W M vM6pericmp,uncook-d 0.32 63 49 

4 P pubeCcens 
r screwbeans 

W-te f!o ! j tC!0 oo*CDC)- pods,uncookad -0.32 44 19 ..---------- -6---------------- .. - C pods, autoclaved 10 rin -1.35 40 4 

0. tesota 
desert ironwood~~ t- . ~ 6e~e ~: e.t CIA: se-ods, uncooked 0.15 89 81 
seeds, autoclaved 10 min 0.46 85 74 

'PER (protein efficiency ratio) - weight gain/protein intake. 
"qoIt-. MIW 'Digestibility: diet - (hfd intake - fe weight)/feed intake x 

-...- - 100. - 100.. - . ,_ .-. e C.) Nitrogen - (N intake fecal N)/N intake x Pooled 
0o data, from 7th through 14th toot days. 

Table IX. Metabolizable Energy Values aAd Body Weights
Ci- teo q RV:!C--. m t . , of ChickensFedWholePods 

metabolizable energy, 
fedstuff kcal/g 

9i 0 " tI:-Ii Cl M-,0-- co P. velutino pods
2-:aigCi c uncooked, 20% ofdiet 1.65

cooked, 20% of diet 0.70 
corn 3.40Aoat 2.66 

,- -: 1: ,! , .4 alflfa imealq a? q Qo r: 0! & C-O a C v 1.41 
- whtat bran 1.19 

I foedstuff av body wt, g 

control 400 

.uncooked,- - 20% of diet 360 
unoooked, 40% of Ojet 260 
,utocived. 20% of diet 335 

"Itoto ' ~o Ritqqq "C ?autoclaved, 40% of diet 348 

included for comparison. All diets were compared to an 
SCMANRC casein diet containing appropriateiy adjuated 

al04w-e < I-; Leal -V to-. imounts of fiber and corrected to a PER of 2.50. 
.2 - , , ,,The chick feeding experimente were performed with A 

velutina pods ground to 20 mesh, autoclaved 10 min at 120 
C, and substituted into chick diets (Vohra et ., 1982).

SLiterature values for other common feedstuffs are shown 
C4 10 . 01 comparison (Schible, 1970). The metabolizable energy. ,-for 

41. U1._r:_.EA. co-0"0 ,4 (ME) of a feed wa calculated as the gross energy of the 

feed Ioa the amount lost in the excreta. 
* Products. Mesquite syrup was prepared by suspending 

20 g of fraction A in 200 mL of water, heating to 80 *C for 
20 min, and filtering through cheesecloth and then through 
S and S #602 filter paper. The filtrate was heated to 80 
"C, calcum oxide added to 2% level, the resltant mixture 
held at 80 "C for 25 min, cooled to 25 OC, and centrifuged 
for 20 min at 12 000 rpm, and the supernatant decanted. 

Iv
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Table X. CoMpostin of Brd and Crackers UsingFoTa-2qulte ractio fa 
Bread 'Several 

100 parts whole wheat Peavey flour 4 part.uarwith 0-25% mesuit fraction A2parts NaCI (ur mesquite =rup) 
2 partore ing 3parts yeasti part, water

procedure: add ingredients to water, mix 5 rin, ferment 105 minat 20 "Cd)0% RH); 1st punch, fold dough, ferment 2 ran2nd punch, roll dough and make two loaves, ferment 5 ramin;bake 25 mm at 220 -C 
Chapitah and Crackers 

10g of wheat flour 9reforestation
100 gof wesat112 mL of water fra g of hortening2mucilage, 

procedure: dissolve gum in water, mix flours and shortening, anduntil 3 nun thick, cut shape* as des ired; bake 16 an1* "or bake 30 t/side oa griddle or deep fry in vegetable oil 

add to water; pin-mix 5min and fork-mix 10 min; roll dough 

each side at 200 0C 20 

Gaseous carbon dioxide was bubbled through thenatant for 5 mi, super-the solution was centrifuged for 20 minat 1200W rpm, and the supernaat was made 2% in ac-
tivated charcoal with stirring for 5 min. After centrifuging,the decanted supernatant was concentrated in a rotaryevaporator to 12.5% sucrose (refractive index 1.3515).Tortilla chips were made from 100 parts of processedcorn flour (Mass), 2 parts of salt, and 100 parts of water,Corn flour was replaced with various percentages ofmesquite fraction A, while water was reduced by 5 parts 

for each 10 partsforofoffractionf acton A.ach l~ p rta . Warm waterW rm w ter (50(50 *C)0 C)waswas
added to the dry mix and the dough mixed for 5 mnn androlled into l.5-mm-thick sheets. The sheets of dough werecut into 2 cm X 5 cm pieces and pierced with a fork andthe pieces deep fried 25 s on each side in partially hy-drogenated soy oil (Crisco) at 210 OC.Chapatis were prepared with equal amounts of wholewheat flour and fraction A. Water, shortening, and gumwerebaked on a griddle for 1 min on each side.

added for smoother texture, and the mixture was 
Dru odij flakes were prepared with mesquite fractionDrumMedflaesere repredwit mesuit huionA, which had been milled to pass a I-mm ccreen. Themesquite fraction A was combined with oqtA amounts of
whole wheat flour, mixed 5 min with enough water or
dilute mesquite syrup to form a thick slurry, and drum
dried. 
 The drum dryer was operated at a drum temper-ature of 145 C at 20 peig ofstream pressure, gap of 0.016in., and drum speed of 0.52 rpm. Rancidity of the drum-dried samples was measured as the hexanal value byheadspace determination on san; les stored in the darkat 38 *C for 16 weeks (Fritsch, 1977).

RESULTS AND DISCUSSION 

Drying, Milling, and Separation.separation proe The millin'T andshown in Figure 1 was designed to yield 

wn, Vol. 34, No.5. 198 
Rietz disintegrator to faclitate feeding into the Bauer millother types Of mills were tested before selection 
of the Bauer disc mill. A corregated roller mill opened lessthan half of the endocarp hulls and tended to break theseeds- Hammer mills and pin mills invariably broke mostof the seeds into small pieces. These mills may be usefuto mill pods into a homogeneous mixture but could probably not be used in applications where whole seeds aredesired. The Bauer disc mill has the advantage of producing up to 85% of the seeds intact, allowing easy sep.aration. It also acarifies the seeds, which promote3 re

hydration and ge.'mination, a significant advantageapplications. Additionally, the intact aeeds
in 

can be easily milled to produce seed cotyledon and aeedboth economically important fractions. 
The milled podi from the disk mill were readily separated by the SWECO vibrating sifter. The screenschosenbut Prosopis taa 

worked well for P. veiutina and Prosopis chilensis pods,oadP u e scrensb hosequrtamarugo and P. pubescen,somewhat smaller screens. pods require
During milling the fractions were inspected for unopened endocarp hulls or excessive 

broken seed material, indicating the need for mill ad
justment (disk gap, speed). Fractions A and B were usefulas obtained from the separator, but these fractions can be 
fiymletosaerptceszenamstnyilfreasily milled to smaller particle size in almost any mill forThe seed fraction 

contains from 
from the SWECO vibrating sifterato 20% pericarp fragments, depending onthe mill adjustment, which can be separated with almost any air cwifier.

After the pericarp material was removed, the seeds wereer mile wiScott grain tooter. terihewas reyoved, millseedstwerenext milled with either the U dy cycloneThe Udy mill is mill or Strong.maore efficient but
Scor rat r te Urui.s d i e efnint btore oprtrattenton and fine tunig than theStrong-Scott milL Both mills Produced some fine materialconsisted of 45% by weight fraction C (seed coat and en

that is primarily cotyledon fragments. Seeds typicallydosie d 5% fration (seed cotddosperm n and 55%Thfraction (seed cotyledon).toons is shown in Table. The recovery and compoitonothmilfainsviedependingonteqaiyfof the mill fractions vri.ed, deery on the quality of 
the starting material and mill adjustments, but these figurea are considered representativa.powder (fraction A) was the preponderant fraction fromThe exo mesocarpthe pod and contained most of the pod sugar with lesser
amounts of fiber and protein. Analysis by HPLC shows
the sugar is 92% sucrose, 8% glucose, and 5% fructose
(data not shown). Fraction A is the sweetest fraction(Table 1)and also contains most of the flavor components.

The protein in fraction A Is limiting in the sulfur aminoacids methionine and cysteine (Table 11). Considerableamounts of dietary fiber are Present in fraction A (Tablein). 
Fraction B is primarily fibrous material (Tables I-V) 

with a caloric content near that of sugar cane begasse. Itsprotein composition is similar to that in fraction A in thatfractions with optimum economic value (mesocarp flour, 
the sulfur amino acids are nutritionally limiting, followed
gum, seed cotyledon) while removing less valuable com- by threonine (Table i).
ponents (fiber). A critical step in this process is drying 

Fraction Ci made up of seed coat and endoperm gum.
the pods. 
 If the pods contain more than about 4% 
Before milling the whole seeds comprise 20-25% of themoisture, they become flexible and the pod sugar becomes 
pod (Figure 1).
sticky (hygroscpic) which makes milling impossible with 

About 85% of the seeds is recovered in
the milling process. When the recovered seeds are milled,most mills, 42% is fraction C and 56% fraction D. Fraction C iscomprised of about 40% seed coat and 60% gum. 
The drying curve of typical P. velutinc 

Thein Figure 2. pods is shownDrying temperatures above 75 0 C r3sulted 
seed gum is a galactomanm gum with an average mannose to galactose ratio of 1.34 * 0.22 (Tables V and VI: 

in severe browning of the pods with little improvement indrying time; temperatures below 65 SC required much Meyer et al. (1985)).longer drying times. The dried pods were broken in the 
Fraction D is seed cotyledon and seed germ. It containslarge "mounts of protein, most of the seed fat, small 
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Table XI. Characteristics of Promopl Flours in Cereal Products 
opt amt of adced

product mesquite flour, % remarks 
bread, wheat flour + fractior. A 10 sweet, favorable color 

bread, wheat flour + mesquite syrup 10 satisfactory tastebread, wheat flour + fractioa B 16 neutral 
crackers + fraction A 5 neutral
chapitas + fraction A s0 good taste, good appearancetortillas + fraction A 20 better than pure corn chipsdrum-dried wheat flour + fraction A 50 better taste and oxidn stability 

than wheat flour alone 

Meyer et al. 

effects of inc amts 
over 25% f-action A hay taste, astringent 

compct loaf, coarse 
too dark 
too coarse, gritty 
off-flavor 
poor texture 
poor texture 
poor &hosting,browning 

rzaounts of fiber, and ash similar to the other fractionm. 
This protein is nutritionally limiting in threonine followed 
by cysteine and methionine (Table I). Fraction D contains 
about 4.5% frp sugars (data not shown). The fat (8%)
is made of linoleic, oleic, and palmitic acids and small 
amounts of other fatty acids (Table VII).

The milling process (Figure 1) was tested on pod samples
from 16 different trees (Table VI). Fraction A was in-
variably richest in sugars, fraction B richest in fiber,
fraction C in gum, and fraction D in protein and oil. The 
uniform quality of the gum was demonstrated by tLe
generally constant mannose to galactose ratio. Variations 
in the yield of gum are shown by the ratio of % C:% D. 
These data demonstrate that the milling and separation 
procss will produce fractions of predictable compotition
and that gum compositional variations between trees are 
not extreme. 

Nutrition. The whole pods were fed to rats to deter-
mine the PER (Table VIII). Uncooked pods had a PER 
of 0.71, and autoclaving the ground pods for 20 min re-
duced the PER to 0.55. This reduction in PER is possibly
due to increased solubilization and accompanying in-
creased water absorption and bulking effects of the heated
seed mucilage and its subsequent interference in digest-on.
These heated extracts were found to be free of trypsin
inhibitor, hemagglutinins, and cyanogenic compounds
(data not shown). Similar galactomannan gums are 
thought to interfere with nitrogen retention in poultry by
reducing the food to feces transit time (V1chra et al., 1979).

Related effects were observed in the chick studies, where 
cooking decreased the ME from 1.65 to 0.70 (Table IX).

The uncooked P. velutina pod flour ME is less than that 

of the traditional cereal grains such as corn and oats but 

more &an the ME of high-fiber commodities such as wheat 

bran. The weight gain of the chicks fed cooked Prosopis

flour was also reduced, which when considered with the

ME and PER data indicates that whole pods should not 

be cooked before use as a feed. This does not hold for pod

fractions free of seed mucilage, which should be cooked.


Uses and Applicatione of Pod Fractions. The me-

socarp flour (Fraction A) is the preponderant fraction from 

the pods. Chemical analysis revealed that sucrose is the

major component, followed by fiber and protein, so use of

fraction A 
as a raw material for sucrose recovery is an 
obvious application. 

Unfortunately, the high soluble protein and mineral 
contents of mesquite fraction A would interfere with the 
crystallization and purification of sucrose, so it was decided
not to compete directly with refined sugar but to prepare 
a "special" mesquite sugar or syrup such as a maple syrup.

The syrup preparation procedure described in the Ex-
perimental Section waE used on 500-g lots of fraction A,
with an initial sucrose concentration of 42%, to produce 
a syrup containing 13% sucrose and 1.2% protein with a 
71% yield of extracted sucrose. The syrup contained 17 
ppm Zn, 4 ppm Mg, 20 ppm Fe, 2 ppm Cu, 0.4% Ca, and 
0.1% Na. Pilot plant lots were concentrated to over 60% 
sucrose. 

The mesquite syrup had an attractive taste, comparable
to maple syrup, but a more pronounced aroma. It could 
likely be used as an ingredient for soft drinks, as a pancake 
syrup, or as a general-purpose liquid sweetener. 

The precipitates and filtrates from syrup production are 
fibrous byproducts that may be useful for animal feed. 

Fraction A, mesquite syrup, and fraction B were also
tested as bakery ingredients using the recipes shown in 
Table X with subtitution of various percentages of rues

iYa Cttictions for wheat flour or sugar. Characteristics 
of mesquite breads are ahown in Table XI. A tzste panel
of untrained judges found that substitution of 10% mes
quite flour A could be detected but was still acceptable.
At concentrztions of 25% fraction A and above, the bread
tasted astringent and the texture was too coarse. Inter
mediate levels of fraction A received mixed scores (data 
not shown). 

Incorporation of 10% mesquite syrup reduced bread kci
volume and increased crumb firness while mabitaining 
a satisfactory taste. 

Use of fraction A in crackers was not very successful. 
Oven baking and griddle baking resulted in products with 
a similar appearance, but both had an undesirable off-taste.
Deep frying gave a crunchier product with no off-flavor,
but the crackers were not very stable due to the high oil 
content. The chapatis had a very acceptable taste, texture,
and appearance and were undoubtedly the beat products
made from the fractions. Amino acid analysis demon
strated that the 50% wheat-50% mesquite fraction A
blend had a better balance then either individual product 
(data not shown).

A variety of cooking conditions for tortillas using fraction 
A were examined. Samples deep fried below 200 *C for 
less than 20 a were chewy (worse with higher fraction A
concentratiocs); those deep fried above 210 0C for longer
than 30 s were overcooked (worse with higher fraction A
concentration). In both cases higher temperature/shorter 
time gave a better product than lower temperature/longer 
time.
 

A taste panel of 29 adults tested two tortilla recipes of

10:90 and 2080 mesquite fraction A to corn flour (data not 
shown). Chips containing 20% mesquite fraction A were 
judged as better than pure corn chips in all organoleptic
categories (color, texture, aroma, taste). Judges who reg
ularly consumed corn chips proferred the higher level of
 
mesquite incorporation. Mesquite corn chips scored even 
higher in all categories when the judges were aware mes
quite was in the chips.

Drum-dried flakes based on cereal or composite flours 
are widely used in the U.S. as food ingredients. Drum
dried flakes can be produced at any level of mesquite
fraction A incorporation up to about 50% fraction A.50% 
wheat flour. A dilute mesquite syrup may replace the 
water. Samples containing mesquite fractions had 4-62% 
lower hexanal values than a 100% wheat control. The 
oxidation stability and overall good taste and appearance 
of the mesquite containing flakes make them another at
tractive mesquite based product. 
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Breads containing 25% mesquite fraction B (milled Becker, R.; Sayre, R N.; Saunders, R. M. J. Am. Oil Chem. Soc.

endocarp hulls) had reduced loaf volume and increased 1984, 61(5), 931-938.crumb firmness. The bread was much darker than the Conrad, E. C.; Palmer, J. K. Food Technol. 1976, 30(10), 84.control and had a sandy texture due to the high fiber Del Valle, F. R; Esc.bedo, M.; Muno, M. J.; Ortega, R.; Boluges,content. Fraction B may have some use as a dietary fiber H. J. Food Sci. 1983, 48, 914-91!r.but its high BTU value (Table IV) probably gives it morevalue as fuel. Felker, P.; Bandurski, R. S. Econ. Bot. 1979, 33(2), 172-184.I the mesquite processing plant designed Fritsch, C. W.; Gale, J. A. J. Am. Oil Chem. Soc. 1977, 54, 225.by Meyer (.1984), it is incinerated to supply the hot air Meyer, D. Processing Utilization and Economics of Mesquitebyeyer 1984),itisincinerteddy te p tos b e pPodsrequired to dy the pods before processing. as a Raw Materialfor the FoodIndustry,Swiss FederalInstitute of Technology Zurich. Zurich, 1984; Disa. ETH 7688.
The seed gum is the most valuable component in frac- Moore, S. J. Biol. Chem. 1963, 238, 235.tion C. Its galactoee to mannose ratio and viscosity (data Saunders, R. M.; Connor, M. A.; Booth, .k N.; Bickoff, E. M.;not shown) are close to those of guar gum so it has ap- Kohler, G.0. J. Nutr. 1973, 103(4), 530-535.

plications and a commercial value similar to guar, i.e. as Schaible, P. J. Poultry: Feeds and Nutrition;Avi: Westport,a food thickening agent or for use in oil-drilling operations. CT, 1970; p 198.
The seed coat in fraction C could be burned as a heat Simpson, B. B., Ed. Mesquite-ItsBiology in Two Desert Ecosource. 1977.
 

Fraction D has the typical beaney, nutlike taste of other 

systems; Dowden, Hutchinson apd Ross: Stroudsberg, PA, 

Spackiman, D. H.; Stein, W. HL;Moore, S. Anal. Chem. 1958,30(7),legumes and would be expected to have similar food and 1190.

feed uses. The protein has a lower solubility than soy 
 V bra, P.; Chami, D. B.; Oyawoye, E. 0. PoultrySci. 1982,61(4),
protein, good foam expaneion, foam stability, and emul- "s66-769.
ai' ing ' .3perties (Meyer, 1984). Vohra, P.; Shariff, G.; Kratzer, F. H. Nutr. R!p. Int. 1979, 19(4), 

Registry No. C (14:0), 544-63-8; C (16.1)), 57-10-3; C (16:0), .; 1985,18(3), 186-189. 
57-11-4; C (18:1), 112-80-1; C (18:2), 60-33-3; C (18:3), 46.3-40-1;
lignin, 9005-53-2; cellulose, 9004-34-6; L-rbhAmnose, 3615-41-6;
arabinose, 147-81-9; D-xyloee, 58-86-6; D- annoe, 3458-28-4; Received for ieview December , 1985. Accepted May 19, 1986.-glucose, 50-997; r-galactose, 59-234. Presented in part at the Mesquite Utilization Symposium, Lub-
LITERATURE CITED bock, TX, Oct 198Z and A-id Land Conference, Tucson, AZ, Oct1985. Reference to a company and/or product named by theAssociation of Official Analytical Chemists Official Methods of Department is only for purpoes of information and doe@ net implyAnalysis, 12th ed.; AOAC: Washington, DC, 1975. approval or recommendation of the product to the exclusion ofBecker, R.; Grosjean, 0. K. J. Agric. Food Chem. 1980,28,22-25. others that may also be suitable. 
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Summary. The nutritive value of six species or cultivars of mesquite
 

(Prosopis) was investigated: alba, articulata, chilensis, nigra, velutina and
 

'Ruby*. Chemical analyses indicated that all of these are suitable sources of
 

forage. However, in vitro digestibilities are negatively correlated with the
 

content of phenolic compounds. Species (alba and chilensis) with high
 

concentrations of phenolics are significantly less digestible than other
 

species with lower phenolics content. Toxicity of the phenolic components of
 

P. chilensis leaves was observed in feeding studies with weanling mice.
 

(9.
 



1. Introduction
 

Mesquite trees and shrubs, various species of Prosopis, are vigorous, drought
 

and heat tolerant plants that are able to survive and even thrive in many arid
 

parts of the world. In some of these regions mesquite leaves and pods are
 

principal sources of forage during dry seasons.1-3 Species of mesquite that
 

have been reported to be useful sources of forage for cattle, sheep, goats and
 

camels include: Prosopis juliflora in India,4 '5 P. glandulosa in the
 

U.S.A.,1 
P. specigera D. (syn. P. cineraria L.) in India, 5 .7 P. tamarugo
 

81
in Chile, P. chilensis in South America and India1 
and P. pallida in
 
1
 

Australia.
 

Detailed studies have been made of the nutritive value of mesquite seed
 

pods for man arid livestock. 3 0 
Less is known about the value of mesquite
 

leaves. This is a report of a stujdy of the nutritive.value of leaves from six
 

species or cultivars of mesquite.
 

2. Materials and Methods
 

2.1. Mesquite leaves.
 

Fresh mesquite leaves were collected from trees planted by P. Felker at the
 

Imperial Valley Conservation Research Center, U.S.D.A., Brawley, California.
 

These leaves were transported on ice for 2 days before being freeze-dried.
 

Leaves from the following Prosopis species were included: alba, articulata,
 

chilerisis, nigra, (an accession from Thermal, California, 
- field code "Ruby") 

arid velutina. 

2.2. Analyses.
 

Proximate analyses were carried out by ADAC methods. 
 Fiber and fiber
 

component analyses were based on the procedures of Goering and Van Soest.12
 

Hydrolysis for amino acid analyses was 
done in vacuo for 22 h at 110 0 C with 6N
 

HCl. 13  A separate hydrolysis was done, after performic acid oxidation, for
 

7 
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cystine and methionine. Phenolic compounds were determined in 80% methanol
 

extracts of dried leaves using the Folin-Ciocalteu reagent without added
 

cupric ion. 14 This method is not specific for tannins but yields 
a measure
 

of total phenolic compounds. Results were expressed as tannic acid
 

equivalents.
 

2.3. Enzymatic digestibility
 

Simulated digestibility by ruminants was determined by the total solubles
 

after enzyme (TSAE) treatment of Guggolz et al. 15 using Onozuka cellulase SS
 

(Yakult Biochemicals Co., Nishinomiya City, Japan) and the protease Pronase
 

(Cal Biochem., La Jolla, Calif.). An additional digestion of each sample was
 

performed without cellulase, but with buffer and Pronase to determine the
 

amount of material solubilized by non-cellulase components. The difference in
 

dry matter disappearance obtained with and without cellulase (enzyme-digested
 

carbohydrate, EDC) is a measure of the amount of material solubilized by
 

carbohydrate-splitting enzymes.
16
 

2.4. Feeding study
 

Freeze-dried P. chilensis leaves were used either before or after autoclaving
 

(20 min at 115C with 40% water, then freeze-drying) or extraction with
 

methanol in a Soxhlet extractor. Part of the dried methanol extract (28% of
 

leaf) was partitioned between ether and water in a separatory funnel 
to yield,
 

when dried, a water dispersible fraction (85% of dry methanol extract) and an
 

ether soluble fraction (15% of dry methanol extract).
 

Mesquite leaf meals and extracts were fed to weanling mice in two tests
 

for up to 14 days. The composition of the diet was: protein from mesquite and
 

casein as indicated, 8% corn oil, 5% added water, 3% cellulose, 2% complete
 

vitamin mixture,17 5% AIN mineral mixture, 20% glucose, and cornstarch
 

to make 100%.
 

http:enzymes.16


In the first feeding test, diets contained 10% protein from either leaf
 

meal or casein. 
lo the casein diets were added amounts of leaf extracts that
 

had been obtained from the weight of leaf meal used in the leaf meal diets.
 

In a second test, diets contained 10% protein from casein plus either 2.5 or
 

5.0% protein From leaf meal. 
 lhe mice were weighed each day since change in
 

body weight is a sensitive criterion for detecting toxicity in short term
 
19
 

rodent assays.
 

3. Results and Discussion
 

Analyses of mesquite leaves were compared with those of alfalfa (Medicago
 

sativa L.), a principal cultivated forage crop in temperate climates (Table
 

1). The mesquite leaves, in general, contained less protein and more fiber 

than alfalfa but, based on these analyses, appear to be suitible sources of
 

forage.
 

The essential amino acid content of leaves from the six species of
 

mesquite leaves is listed in Table 2. In general, the content of these amino
 

acids is similar to that of alfalfa. 
Amino acid content of leaf proteins has
 

been reported to be similar regardless of source.20 With two exceptions, P.
 

alba and P. chilensis, the mesquite leaves contain amounts of lysine arid the
 

sulfur-amino acids comparable to those in alfalfa. 
It is not known whether
 

the lower content of sulfur amino acids in P. alba and P. chilensis is
 

intrinsic 
or is caused by losses during processing, possibly by the high
 

phenolic content of these two species (see below). 
 There was a small
 

deficiency of isoleucine and valine in the mesquite leaves. 
 The specific
 

amino acid content is riot particularly important if the leaves are to be used
 

as browse for ruminant animals but is important if the leaves are to be fed to
 

poultry or swine.
 

http:source.20


The enzymatic digestibilities and phenolics (as tannic acid equivalents)
 

content of the mesquite leaves are listed in Table 3. Here the mesquite
 

leaves are quite different from alfalfa,- containing 2.5 to 6.5 times as much
 

phenolics as alfalfa. The enzymatic digestibilities are negatively correlated
 

with phenolic content. The digestibility with cellulase pl-us protease (TSAE)
 

is only 22-26% in the leaves with high phenolics content but is 39-47% in
 

leaves containing less phenolics. 
 .1,shi et al. have also reported low 'in
 

vitro dry mater digestibilities of leaves of P. cine.-area caused by high
 

tannin contents. 
 Negative values were obtained for digestibility by cellulase
 

alone (EDC) of leaves from *,he two species with the highest phenolics
 

content. This seems to indicate that some of the added enzyme is bound by
 

phenolic compounds in the sample and increases the weight of the residue after
 

digestion. This was borne out by increased nitrogen contents in the residues
 

in these two cases.
 

Mice fed diets with high proportions of mesquite leaf did not grow well
 

and feed consumption generally reflected weight gain. 
 In the first feeding
 

test (Table 4), the mice could not survive on diets in which leaf meal was the
 

sole source of protein. The test was therefore terminated after four days.
 

The presence of toxic components, poor palatability and possible poor
 

nutritive value may have contributed to this poor performance. On feeding
 

diets containing casein plus extracts of mesquite leaf, the entire extract and
 

the water soluble fraction were found to be equally toxic and brought about
 

marked weight loss (Table 4). This toxicity is probably due to the high
 

concentration of phenolic compounds which are extracted from the leaf and
 

conceotrated in the water soluble fraction. 
The diet containing the ether
 

soluble fraction was able to support growth almost as well 
as the.casein
 



control although some growth inhibition due to minor toxicity was evident on
 

day 	4.
 

Weight gains obtained on feeding 10% protein from casein and either 5 or
 

2.5% protein from leaf meals are shown in Table 5. The dried and autoclaved
 

leaf 	meals were clearly toxic, causing severe weight loss at the 5% protein
 

level. There was some evidence, at four days with 2.5% leaf protein, that
 

autoclaving had reduced the toxicity slightly. 
This indicates the possible
 

presence of a heat labile toxin, such as a trypsin inhibitor, in the leaf.
 

The 	extracted meal was considerably less toxic but still 
inhibited growth when
 

fed at the 5% protein level. 
 It can be seen 
in lable 4 that the extracted
 

meal is still not free of phenolic compounds.
 

4. Conclusions.
 

Although mesquite leaves are an 
important source of forage for ruminant
 

animals in 
some arid parts of the world, their usefulness may be limited by
 

their relatively high content of phenolic compounds and other toxic
 

components. 
Species with lower contents of phenolics were found to be more
 

digestible by in vitro enzymatic studies. 
 In vivo studies with weanling mice
 

confirmed the toxicity of 
leaf extracts with high concentrations of phenolic
 

compounds, but did not give information about digestibility since the mice
 

could not survive on dried mesquite leaf as 
a sole source of protein. Feeding
 

studies with other and more mature animals might be more helpful.
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Table 1. Comparison of mesquite and alfalfa leaf compositions a
 

Analysis Prosopis spp. or cv. Alfalfa 
(% dry basis) alba articulata chilensis Ria (Ruby) velutina (Lucerne) 

N 2.59 3.08 2.93 2.94 3.25 3.23 3.66 
Crude protein 16.2 19.3 18.3 18.4 20.3 20.2 22.9 
Crude fiber 25.5 2.5.3 25.1 20.3 20.2 27.0 20.8 
Fat 6.8 11.0 6.5 11.8 8.5 10.3 10.0 
Ash 6.6 5.6 4.5 4.0 3.4 5.5 3.3 

Neutral detergent fiber 39.0 37.2 37.5 43.3 32.6 41.8 33.9 
Acid detergent fiber 35.5 28.9 28.8 31.7 27.8 33.1 28.6 
Lignin (KMnO4) 7.8 7.6 6.2 4.5 6.1 7.8 7.2 
Cellulose 26.6 19.8 22.0 26.2 20.2 24.5 20.0 
Hemicelluloseb 3.5 8.4 8.7 11.6 4.8 8.7 5.3 

a Mesquite and alfalfa leaves were freeze-dried. 
b Estimated =neutral detergent fiber-acid detegent fiber. 



Table 2. Amino acid content of mesquite leaves
 

Amino acid Prosopis spp. or cv. Alfalfaa 

(g/16g N) alba articulata chilensis nigra (Ruby) Xelutina (Lucerne) 

Arginine 5.04 5.29 4.61 4.55 4.99 4.35 5.04 

Histidine 2.04 2.17 1.95 1.95 2.03 1.87 2.31 

Isoleucine 3.60 3.97 3.52 3.79 4.06 3.48 5.05 

Leucine 6..87 8.01 6.87 6.97 7.79 6.59 7.66 

Lysine 5.62 6.07 5.67 5.82 6.00 5.49 6.11 

Methionine 0.81 1.82 0.72 1.45 1.72 1.60 1.79 

Methionine + cystine 2.20 3.37 1.98 2.89 3.33 3.27 3.06 

Phenylalanine 4.94 5.27 4.82 5.05 5.07 4.60 5.24 

Threonine 3.57 4.18 3.62 3.65 4.29 3.44 4.66 

Valine 4.69 5.28 4.70 4.78 5.36 4.60 6.11 

a Freeze-dried alfalfa 21 



c 

Table 3. Enzymatic digestibility and phenolic content of mesquite
 

leavesa
 

Prosopis 


spp. or cv. 


chilensis 


alba 


nigra 


velutina 


articulata 


(Ruby) 


alfalfa (Lucerne) 


a Dry basis.
 

Tannic
 

TSAEb EDCc 
 acid equiv.
 

22.3 -4.2 21.9
 

25.b -2.5 17.j
 

39.2 3.0 8.2
 

43.1 
 6.1 10.6
 

45.8 11.5 
 12.2
 

47.0 6.3 
 14.0
 

58.2 24.2 
 3.4
 

b TSAE = total solubles after enzyme (cellulose + protease)
 

treatment.
 

EDC = enzyme-digested carbohydrate.
 



Table 4. Weight gain of mice fed mesquite leaf as the sole source of protein
 

or mesquite leaf extracts with casein.
 

Test material Weight gain a Relative phenolics
 

Day 2 Day 4 content of diet
 

N (grams) N (grams) 

Leaf mealb 

dried 6 -3.5D __c 1.00 

autoclaved 6 -2.3C 3 -3.7D d 0.91 

extracted 6 -2.3C 2 -4 .ODe 0.17 

Methanol extract
f 

entire extract 6 -1.5B 6 -2.5C 0.60
 

water soluble fraction 6 -1.,6 6 -2.5C g 0.67
 

ether soluble fraction 6 1.5A 
 6 2.3B 0.004
 

Casein control 
 6 1.7A 6 3.5A 0.00
 

standard error 
 + 0.2 + 0.3 

a Means with no letter in common are significantly different (P<0.05)
 

(Duncan's multiple range test).22 Initial body weight 11.3 + 0.1g 

(S.E.). N - number of mice per group. 

b Diets contained 10% protein from leaf meal (N X 6.25). 

C Found 5 dead and 1 moribund on day 3. 

d Found 1 dead on day 3 and 2 on day 4.
 

e Found 2 dead on day 3 and 2 on day 4.
 

f Diets contained 10% protein from casein (N X 6.25).
 

g Found 1 moribund on day 4.
 

http:test).22


Table 5. Weight gain of mice fed mesquite leaf meal in diets containing
 

10% protein from c8ieif,.
 

Test material Weight gain (grams)a
 

Day 4 Day 14
 
5%b
5%b 2.5% b 2.5% b
 

Leaf meal
 

dried -2.8Cc 0.3B __d 7.3B
 

autoclaved -2.3C 2.BAc _d 8.6Bc
 

extracted O.BB 3.OA 8.3B ll.3A
 

Casein control 3.3A 12.7A 

standard error + 0.3 + 0.5 
a 

Means within a given time with no letter in common are significantly
 

different (P<0.0l) (Duncan's multiple range test). 22 Initial body weight
 

10.5 ± 0.2g (S.E.). Number of mice per group was 6 unless otherwise noted.
 

b Diets contained 5% and 2.5% protein from leaf meal (N X 6.25) in addition
 

to 10% protein (N X 6.25) from casein.
 

c Found 1 dead on day 4, n = 5.
 

d Animals terminated on day 4.
 

http:test).22


DITED BY SANA SIWOLOP In late May a team of researchers testing a substance called 
"atrial natriuretic peptide" or ANP, announced findings that 

IT TAKES PICTURES
WITHOUT ACAMERA 

I,*apan's Fuji Photo 
.LFilm Co. has an an-
swer for all those times 

... when you've thought, "I1'> -00 should have brought my 
1.. camera." It's a film 

package that takes pic-tures all by itself. 

What it is, in fact, is a 
throwaway 1l0-mm camera in a paperboard box not much 
bigger than a regular film cartridge. But when it goes on sale 
in Japan on July 1, Fuji will peddle it as film with a built-in 
lens and shutter. The price? About $8, or slightly more than 
twice the cost of a 24-exposure cartridge of 110 fim. It's called 
Fujicolor Utsurun-desu.In English: "I takes pictures." When 
it's done doing so, you return the box intact for processing.

The gadget will not replace a top-of-the-line camera. The 
plastic lens and shutter are preset for brightly lit outdoor 
scenes, so photos taken under a heavy overcast probably won't 
be satisfactory. Still, Fuji expects to sell a million rolls in the 
first year, largely at resoAs, sports events, and street festivals 
regularly held in big Japanese cities. And it hopes that busi-
resses will buy the product for premiums and that parents will 
give them to children for school field trips. Despite some 
English language on the box, Fuji says it has no immediate 
plans to offer the product in the U.S. 

*HE OZONE LAYER ISSHRINKING 
FASTER THAN EXPECTED 

hen chlorofluorocarbons (CFCs) were banned as aerosol 
W propellants in 1978, scientists believed the depletion of 
protective ozone from the upper atmosphere would be slowed. 
The ozone filters out most of the sun's deadly ultraviolet 
radiation. Even a 1% loss could damage crops and cause 15,000 
new cases of skin cancer annually in the U.S. 

But new satellite data collected by the National Aeronautics 
& Space Administration suggest that the ozone layer is shr k-
ing more quickly than estimated. The data show that ove t 
past five years it has declined by approximately 2.5A an 
amount scientists predicted would take 40 years. They blame 
the damage on the continued use of CFCs as refrigerants and 
industrial solvents and in the making of plastic foam. In 1984 
more than 1 billion lb. of CF-the largest amount since 1977-
were emitted worldwide. 

The data are already creating a stir in Washington. A Sen-
ate environmental subcommittee has scheduled hearings. And 
the findings may influence the Environmental Protectibn 
Agency, which is under court order to decide by next May if 
further controls are needed. 

TREATING HIGH BLOOD PRESSURE
WITHOUT THE SIDE EFFECTS 

ffore than a quarter of all Americans suffer from some 
M form of hypertension, or high blood pressure. Diuretics 
and a low-salt diet now fight Lhe fluid retention that character-
izes the condition. But they often cause the loss of vital 
potassium that can result in weakness, respiratory distress, or 
even stroke if not watched carefully. 

SCIENCE &TECHNOLOGY 

may lead to a superior antihypertensive medication. ANP, 
which is produced by the heart, signals body cells to retain or 
secrete fluid. In early trials, California Biotechnology Inc., ofMountain View, Calif., found that injections of genetically 

engineered ANP showed potent diuretic powers and lowered 
blood pressure without sapping a patient's potassium. The 
substance may also prove useful in treating congestive heart 
failure, kidney failure, and cirrhosis. 

Licensed to Wyeth Laboratories, the product-to be called 
Auriculin-is row entering widespread human testing. Al
though several major companies, including Monsanto Co., arestudying ANP, CalBio is the first to test it on humans. 

MAGNETIC RESONANCE
FOR HOSPITALS ON A BUDGET 
fn the early 1980s magnetic reso- -
I nance imaging (MRI) was hailed as N )
 
an important medical breakthrough.

Unlike X-rays, MIti let doctors look ' ''
 

with "inprecedented clarity at the 1
 
body's internal organs. But MRI sys
tems are still limited to major medi
cal centers and well-funded stand
alone clinics. That's because they I 
cost upward of 11 million and require special structures to 
contain their powerful magnetic fields. 

However, hundreds of smaller community hospitals may be 
able to acquire 'ru technology now that Resonex Inc., of 
Sunnyvale, Calif., nas developed a lower-cost unit. Instead of 
the huge superconducting magnets now used, the i. -w ma
chine-called the Rx-4000--relies on an electromagnet. The 
Rx4000's iron core shields against che strong electromagnetic
field generated by the magnet, sr the system doesn't have to 
be sheathed in 100 tons of L-on or housed in a remote, location. 
In fact, it's small nough to fit into the same size room-about 
900 sq. ft.-that' )uld be needed to hold a large, conventional 
X-ray machine. The company says reduced installation and 
operating costs allow the system to turn out images for about 
$400, half the cost of competing machines. 

i
'MESQUITE: THE NEXTHEALTH FOOD? 

labituds of trendy restaurants 
"already are familiar with the F;
 

pungent taste of mesquite--at many

such establishments it is de rigueur J_/A
 
for grills. But are we ready for mes- /
 
quite tortilla chips and crackers? 

Researchers at the Agriculture
 
Dept. contend that the desert plant's
 
seed pods are rich in protein. Since it
 
grows where food staples such as
 
wheat, corn, or rice can't, scientists are promoting mesquite
 
as a valuable food source that can be grown in areas with
 
poor soil. Taking a cue from desert dwellers who harvest the
Wwild bean pods, they've developed an automated process for 
producing an inexpensiv. flour that is as nutritious as wheat. 
The flour tastes "great-a little sweet and strong," reports , 
Robert Becker, an Agriculture Dept. chemist. In tests, con- t 
sumers preferred crackers and tortilla chips made from a 
mixture of mesquite and wheat flourn.: to those made with 
wheat alone. 
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JSagebrush gains value
 
WVASIf1NGTON uLWl11-- What vow-

buiv ever imaginvd sagebrusfh in tihe 
American West was worth anything'., 

And a cowbuY in West Texas would 
have Ihought a lirvson ullered from 
heat stroke in the midday sun if lie had 
told h1n that a pest. llieivs.quile tree. 
coud produce a SwetT,-raIs;tng. fugli. 
protein lour to makel, tortila chips 
taste better. 

But scientists have found wild plants 
roi the American WeNt have b.'neits 

no ,on would ha'v dreamed. 
Settlhrs and ranchers abust.d luw-ly. 

ing wild ishrubs and vit.wed ihem as 
nuisances to he eliminated whenever 
possible. They were ; rong. 

Maligned wild shrubs Lhat cover 4hiU 
million aires of the Wt. are an impiir-
Laill par of Ihe l'eg l 's ielisyvstyse 

Fur the past I I * ,ars. Fures St-rvice 
researchers have workd it develop sr-
perior shl'il.h.s to imlloivlt rangi anrd 
wildlife habitats and i reluhra1.e 
eroided lands. 

The Shrub Sciences L.aboratory in 
Pruv, . Ulah. is Iht o only lab in Ie, 
world d,voed enlirtly 1u shrub re-.
search. . . 

Geelicisis.. t-hemists. phy'silgi"t-
botanists. wldhh, biologists and PlaiI 
pathologists are contributing to lhe elf ' -nesquit, gun is better than guar gumfort to~give abused shrubs tfi resp ,vt hat American food proce..ors rimpur 
they deserve as proteclors oif.4oil. we to use as a natural thickener in icte 
lands and wildlife in the West. A r'reim. salad dressings, puddings and 

The lab is gaining support frni 
stale. lederal and universil resear l 
LIS. 

Durant McArthur, fhe Forest S,vire 
project leader a.signed to the tahiahab. • 

said public atte.ntion lirst focused on a 
necd Lu - the 195Us.manage shrubs in 
when urban devlopment destroyed
shrublands and forced ildlife that de
pended on their into popularxd areas. 

"Since hwn. the impurtant rule of 
wrIdland shrubs in Western 'cusysieis 
lIas slowly gained recoginition." he said. 

The mes lUite trek, has sullered fronm 
the samne bad reputation as wild 
shrubs. Found on inillhuns of acre., it 
forms dudise. thorny tlhick ts and 
('ruwils out grases needed to ed cat
tLl. I C.uL down. it simply grow.s back. 

Me.quite puds have leen ground by 
hand into Huur and lerilicifLild Lu pru. 
du'e a berlhkv drink or aidded tu cattlie 
feed. 

Ihi reven yeairs. m'.,quite has been in 
detariId as huel Lu grill lu.d at trendy 
A lerian rev.-tauraiLs. 

But AgicR'lulLure Departint r. 
se alh ruN intre mesquite Iree lha\, 
alki d.v,,loped a SIMrple. alumated 
fproedure Lo convert dried iuesqule 
pods into flour and gum that can be 
u,-d as a naLural thik.Lvning adiJIuLve 1i. 

Robert Bcker. a ehii rth1i 
Agriculture Li-partrnent's.Western lie

,.seur'h (enter in Albany. Calif.. said 

Lhr foods. 
n taste teslts. crackers and tortilla 

fhips cunaining sweet 1equilt, llour 

Ivere preferred to those rm1ade with con-j 
onlnal llhinir alone. 



2 upi 05-26-86 07:26 ped
 

-27-

News in agriculture.., by Sonja Rillgren, U-P-I farm editor in
 

Washington.
 

Animal scientists say 19th century range wars were unnecessary...
 
from drop in land income not
government economists say farm bust came 


farming income... and new process converts mesquite tree pods into fo d.
 

Now... a look at today's top news on the farm front.
 

come
Animal scientists studying behavior of cattle and sheep have 


to an amazing conclusion that America's 19th century range wars pitting
 

cattle ranchers against sheep farmers were unnecessary.
 
People... nug animals... were adversaries.
 
Agriculture Department scientists working at Las Cruces, New
 

Mexico, have shown cattle and sheep exist well side by side on the sv=n
 

range. They are developing a thesis that cattle can be useful protectors
 
sheep.
 
Normally, when sheep and cattle graze together... they ignore one
 

another.
 
But scientists Clarence Hulet and Dean Anderson have found cattle
 

and sheep behave differently if they are introduced when lambs are very
 

young. Animal bonds become strongest when 45-year-old lambs are penned
 

with yearling heifers for 30 days. After that, they intermingle.
 

Hulet... an animal physiologist... says lambs form a social bond
 

with cattle and develop an impelling need to be close to them as they
 

move about on the open range. Scientists believe they can take advantage
 

of cattle's butting and kicking of strange dogs and coyotes to protect
 

lambs from predators.
 
Hulet says the scientists lost nearly half their sheep to coyotes
 

the first year they had them alone on the range. Losses dropped to
 

around five percent with expensive electrical fences and guard logs.
 

Rulet says he hopes the bond between sheep and cattle can lower losses
 

even more without fences.
 
The animals coexist well on the same range because cattle eat
 

mainly grasses while sheep prefer broadleafed plants and leaves from
 

some small shrubs.
 
The ideas are not new. A classic study in the 1950s and 1960s found
 

cattle, sheep, goats and deer exist well together on the same range.
 

MORE MORE
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Scientists say the mesquite tree... a range pest now used to grill
 

food at trendy restaurants.., produces bean pods that can be turned into
 
nu-rient-rich foods.
 

Pods '.iarvested by hand from wild plants are used on a limited
 
basis... to produce a beer-like drink or as an additive to cattle feed.
 
But the Agriculture Department has developed a simple procedure to
 
convert dried mesquite pods into a high-protein flour and a gum that can
 
be used as a natural thickening agent in food.
 

A scientist says the gum is better than gua. gum that Ameri,o-n food
 
processors import to use as a natural thickener in foods.
 

A food-processing plant in Mexico is using the method to produce a
 
sweet, high-energy snack food. In taste tests, crackers and tortillo
 
chips containing mesquite flour were preferred to those made with
 
conventional flour.
 

The mesquitp infests Millions of acres in the American Southwest.
 
Its advantage over other crops is that it flourishes where most other
 
plants fail... it grows fast... and does not NOT need irrigation or
 
fertilizer.
 
-27-
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a Researchers at University of Gottingen are developing adhesive- oased on lignin fromsulfite liquor and phenoloxidase produced by white rot fungi. Use uf phenoloxidase has
advantages of enzyme thermostability up to 70
0C and storage at room temperature more
than one month without loss of activity. Phenoloxidase can be produced within four days

at quantities up to 100 units/mL.


Room-temperature adhesive can be produced by mixing phenoloxidase containing culture
fluid with dry lignin. Because binder is very viscous, lignin must be milled before
mixing and spraying procedure performed at 50uC. Particle boards joined with ligninphenoloxidase binder reached 75% of standard versal tensile strength, so researcher is
trying ways to increase strength.

Details: 
 Annegret Haars, Institute of Forest Botany, Univ. of Gottingen, Busgenweg
2, D-3400 Gottingen, Fed. Rep. of Germany. Phone: 
 05 51-39 34 82.
 

New Products from Mesquite Pods: 
 Mesquite, a shrub native to the southwestern United
States and Mexico, may be a source of more than just woody biomass. U.S. Department of
Agriculture aims at finding ways to use each component of mesquite pods: 
 mesocarp,
endocarp hulls, and seeds. 
 They have already developed two products -- from the mesocarp they've made a sweet flour containing up to 60% sugar +hat could be used in food or
fermented, and from the seed 
a gum that could compete a J thickener in $135,000/yr
guar gum market. Scientsts are still 
looking for ways to use endocarp hull, a fibrous
component, and cotyledon, which is limiting in sulfur-containing amino acids as most
 
legumes are.
 

InMexico, mesquite pods are already being used in food, 
so getting approval for use
in foods in the United States isnot likely to be a problem. Mexican product is
mazapan, a peanut-based confection inwhich ground mesquite pods (with fibers removed)
can displace 10% 
to 15% of the peanut content.

The main problem in growing mesquite comnercially in developed countries such as the
United States isthat labor isexpensive. To mechanize process for harvest, farmers
would have to prune plants so that machines could pick the pods. However, if good harvesting methods were developed, mesquite cultivation could enable lands too arid for
growth of more conventional crops to become productive.

Details: 
 Robert Becker, Research Chemist, U.S. Dept. of Agriculture, Western Regional Research Center, 800 Buchanan St., Albany, CA 94706. 
 Phone: 415-486-3623. Or:
Francisco R. Delvalle, Foundacion de Estudios Alimentarios y Nutricionales, A.C., Apartado Postal 1545 Sucursal C., Chihauhau, Chihauhau, Mexico.
 

SHORT NOTES 
Japanese Comnaies: C. Ito Metals and Materials has completed demonstration plant that
can 
process 3 tons/day of bean curd waste to generate methane. System consists of
pulverizer and fermentation tank that uses anaerobic bacteria at high temperature.
Details: 
 C. Ito Metals and Materials Co., Ltd., 4, Nihonbashi-Honcho 2-chome, Chuo-ku,
Tokyu, Japan. Phone: 03-639-4111. Meidensha Electric Mfg. has developed a 
system to
produce heat and electrical power out of methane gas from fermented pig manure. 
 Company has already supplied the system to eight different clients. Details: Meidensha
Electric Mfg., 2-1-17, Osaki, Shinagawaku, Tokyo 141, Japan. 
 Phone: 03-492-1111.
 

Fiber YieldEnhancement: Israeli researchers have foup,' way to increase plant fiber
content by 50% to 100% and alter length and thic, ness of fibers by addition of three
plant hormones. Studies were done using Kenaf, a 
plant cultivated for fiber used in
the paper industry. New process is patented in Israel, the United States, and other
countries. Details: Dr. R. Aloni, Tel Aviv Univ., Ramat Aviv, 69 978 Tel Aviv,

Israel. Phone: 03-420-111.
 

Pulping Process Control: Researcher from Yan Research has come up with a 
theory that
describes the kinetics of lignin degradation. Overall approach emphasizes changes in
molecular weight distribution as the most important information at all 
stages of delignification. 
Work will result in computer software for use in routine process control
and in research. Details: Johnson F. Yan, Yan Research, P.O. Box 4115, Federal Way, WA
98063-4115. Phone: 206-952-4460.
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Quarterly Report of selected Research Projects
USDA Agricultural Research Service, April I to June 30, 1986 

adapted to southern parts of Ca'ifornia, 

Arizona, and Texas. 

Germplasm Introduction and Evaluation 

Lab, Beltsville, MD 

Robert E. Perdue, Jr., (301) 344-2431 


Lowering U.S. need to import rapeseed oil

is a possible benefit from two new varie-

ties of crambe. 
BelAnn and BelEnzian 

crambe could produce two crops per season 

on 22,000 acres. The new crop, being

further tested in an ARS pilot project in 

Iowa, could replace imported rapeseed as 

the source of erucic acid for plastics,

nylon, and high-temperature lubricants, 

Germplasm Quality and Evaluation Lab,

Beltsville, MD 

T. Austin Campbell, (301) 344-2720 


Fresh fruits and vegetables shipped in a 

new and improved refrigerated van will 

stay crisp and fresh longer. Because the 

van--known as the Advanced Design Perish-

ables Trailer--provides far better air 

circulation than conventional refrigera-

ted vans, produce should arrive at its 

destination no more than 4 to 80 warmer 

than when it left, according to ARS 

marketing specialists. Its exclusive 

design features allow better circulation 

underneath the load and provide more 

uniform chilling of the sides. 
The van

has been extensively tested using long-

distance shipments of lettuce, melons, 

grapes, oranges, and other fresh fruits 

and vegetables, 

European Marketing Research Center 

Rotterdam, The Netherlands 

Tom Hinsch, 011-31-10-765-535 


Puff-drying of mushrooms could solve two 

problems of the processed foods industry,

Besides saving 40% of the energy required

in conventional food-drying systems, this 

process allows the mushrooms to be stored 

indefinitely. Extended storage would 

allow growers to retain part of their 

crop to extend sales. Uncooked, the 

mushrooms can be eaten as a tasty, nutri-

tious, low-calorie snack; cooked in 

boiling water they retain their flavor 

and texture. Mushrooms processed this 

way are tasty and inexpensive to produce. 

Puff-drying is also an alternative to 

canning, where solids, vitamins, and 


amino acids are lost, and to freeze
drying which is vtry expensive.
 
Eastern Research Center, Philadelphia,
 
PA
 
John Sullivan/Michael Kozempel, (215)
 
233-6588
 

Lawn furniture coverings, tents, tarpau
lins, and other outdoor and industrial
 
fabrics can be improved by combining
 
cotton with high-tenacity artificial
 
fibers, such as glass and Kevlar. The
 
blended fabrics are lighter, stronger,
 
more durable to weathering, and more
 
flame-resistant than standard all-cotton
 
fabrics.
 
Southern Research Center, New Orleans
 
George F. Ruppenicker, (504) 589-7023
 

Matching the right weave with the right

finish can make for stronger outdoor
 
cotton fabrics, such as tents and awn
ings. All-cotton fabrics, finished with
 
a flame-retardant treatment, can be made
 
more durable and tear-resistant with
 
advanced "open" weaves--like those found
 
in baskets. Previously, tightly-woven
 
cotton could not stand up to a large
 
amount of chemical finish.
 
Southern Research Center, New Orleans
 
Robert J. Harper, Jr., (504) 589-7029
 

A nutritious, high-energy flour can be
 
made from mesquite bean pods, using a new
 
process developed by ARS scientists. By
 
using standard food-processing tech
niques, dried pods of mesquite, a prolif
ic range pest, are converted into high
protein, sweet-tasting flour and a gum
 
that can be used as a natural thickening

additive. Scientists found mesquite gum
 
to be better than the guar gum U.S.
 
processors import to thicken ice cream,

salad dressings, puddings, and other
 
foods. 
Taste tests proved crackers and
 
tortilla chips made with mesquite flour
 
preferable to those made only with con
ventional 'lours. 
 Scientists in Chile
 
and Mexico cooperated in the mesquite pod

research, which was partially funded by

the Agency for International Development.

A firm in Chihuahua, Mexico, is using the
 
process to produce various food items.
 
Western Research Center, Albany, CA
 
Robert Becker, (415) 486-3623
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NEW PROCESS C0ERS MESQUITE PODS IWTO NUTRITIOUS FOODS 

WASHI1GTON--Mesquite trees--a range pest now used to grill steaks at trendy
 

American restaurants--produce bean pods that a new process can turn into
 

nutrient-rich foods.
 

"Even though mesquite has been used as a food source for hundreds of yedrs,
 

the bean pods are currently harv. ted from wild plants only on a very limited
 

basis," said Dr. Robert Becker, a U.S. Department of Agriculture chemist.
 

He said that because harvesting is done onli 
by hand, the process would
 

probably be economical only in Mexico, South America and other dry regions where
 

nutritious food sources are needed.
 

A simple, automated procedure, developed by Becker and colleagues, of
 

USDA's Agricultural Research Service, converts the dried mesquite pods into a
 

high-protein, sweet-tasting flour and a aum that can be used as a natural
 

thickening additive in foods. Standard food-processing equipment can be used.
 

A food-processing plant in Chihuahua City, Mexico, is now using the method
 

to produce a soft, sweet, high-energy snack food from compressed mesquite 

flour.
 

Previously, whole mesquite pods have been ground by hand into flour, 

fermented to produce a beerlike drink, or added to cattle feed.
 

Of the more than 40 species of mesquite in the world, most have pods that 
could be processed into food, Becker said. 
Depending on the species, pods can 

range in length from 1-1/2 to 10 inches, while the plants can range in size from 

shrubs to tr6es.
 

In the American southwest, mesquite infests millions of acres. 
In some
 
places the plant forms dense, thorny thickets and crowds out grasses that are
 

needed to feed cattle. 
If cut down, the plant simply grows back again.
 

-more



Mesquite Pods for Food - 2
 

Certain varieties of mesquite could be grown in orchards in other countries
 

that have climate and soil suited to the plant, Becker said.
 

Mesquite has several advantages over other crops that world food experts
 

have suggested for dry areas: It flourishes in places where most other plants
 

fail, it grows fast, and--once established--it does not need irrigation or
 

fertilizer.
 

Becker said analyses --t the agency's Western Research Center, Albany,
 

Calif., showed that the natural gum in mesquite pods is better than the guar gum
 

U.S. food processors now import to use as a natural thickener in ice cream,
 

salad dressings, puddings and other foods.
 

In taste tests, crackers and tortilla chips containing some mesquite flour
 

were preferred to those made with conventional flours alone.
 

Scientists in Chile and Mexico cooperated in the mesquite pod research,
 

which was funded in part by the Agency for International Development.
 

CONTACT: 
 Dr. Robert Becker, chemist, Western Research Center, Agricultural

Research Service, USDA, Albany, Calif. 94710. 
 Telephone: (415) 486
3623.
 

(written by Marcia Wood, Albany, Calif.)
 

NOTE TO EDITOR: Black and white 8 x 10 glossy photos are available on request

from Anita Rogers, Photography Planning Unit, Rm. 306, Bldg. 005, BARC-West,

Beltsville, Md. 20805. Telephone: (301) 344-3357.
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Mesquite 
Pods Into
Nutritious 

Foods 


Mesquite trees-a range pest
sometimes used to charcoal-grill
steaks at trendy American 
restaurants-produce bean pods that 
a new process can turn into nutrient-
rich foods. 

"Even though mesquite bas 
Lexen used as a food source for 
hundreds of years, the bean pods are 
cur-endy harvested from wild plants
only on a very limited basis," says
Robert Becker, a USDA Agricultural
Research Service chemist at Albany, 
CA. 

A simple, automated procedure, 
developed by Becker and colleagues,
converts the dried mesquite pods 
into a high-protein, sweet-tasting 
flour and a gum that can be used as 

a natural thickening additive in 
foods. Standard food-processing 
equipment can be used. 

For flour, whole pods are 
ground with a disk mill, which 
produces a mixture of seeds and 
flour. The mixture is then sifted to 
separate the two components. 

It's the seeds that contain 2he 
gum-a thin, white film that lines 
the inside of the haid, brown seed 
coat. To extract gum, seeds are split 
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 and soaked in an alkali solution. The 
solution, after being neutralized, is 
sprayed through a I'ne-mist nozzle 
into a heated chamber, where it 
dries as a fine powder of edible 
gun.This spray-drying is the same 
process that converts freshpowdered. nilk into 

Analyses at the ARS WesternResearch Center, Albany, CA, 

showed that the n;:!ura! gum in 
mesquite pods is better than the guar 
gum U.S. food processors now im-
port to usecream, as a natural thickener insalad dressings, pd-
dines, and other foods. 

A food-processing plant in Chi-huahua City, Mexico, is now using
Becker's method-with minor 
modifications-to produce a sweet, 
high-energy snack food from coin-
pressed mesquite flour,

Currently, pods are picked by 
hand, limiting mesquite's use as a 
crop to countries where labor costs 
are lower than in the United States. 

In the American Southwest,
mesquite infests millions of acres. In 
some places it forms dense, thorny
thickets and crowds out grasses that 
are needed to feed cattle. 

Scientists in Chile and Mexico 
cooperated with Becker in the 
mesquite pod research, which was 
funded in part by the U.S. Interna-
tional Development Cooperation
Agency.-By Marcia Wood, ARS. 

Robert Becker is at the US.DA-
ARS Western Research Center, 800 
Buchanan St., Alba:y, CA 94710. w 

Carbon Dioxide 
Makes Heat 
Therapy 


Work 
Scientists can now propagate 


healthy blueberry and raspberry

plants from virus-infected stock by
treating it with heat and carbon 
dioxide. 

"We grow plants at 100 0F 
Fahrenheit, which makes them de-
velop faster than the virus can 
spread," says ARS plant pathologist 
Richard H. Converse. "Then, we 

No. 1 

take cuttings of the new growth
less than an inch long-and raise 
them into full-sized, virus-free 
plants." 

But in this race to oatdistance 
the virus, some plant species are not 
able to take the heat. Some evendie. 

"Chemical reactions double forevery 14'F rise in temperature," 
Converse says. "So, if you try to 
grow a plant at 1000F that was 
originally growing at 86'F, it will 
double its r:spiration rate. Thedanger is that the plant growing at 

the higher temperature could soon 
exhaust its stored food reserves
much like a runner who runs too 
hard and tires." 

Adding carbon dioxide increases 
the rate of photosynthesis in plants, 
which increases the plant's food 
reserves.
 

Converse's findings on blueber
ries and raspberries are based on 
earlier research Australian scientists 
did on grapes.

The Australians had discovered 
that they could successfully grow
plants in grow, chambers at con
tinuously high temperatures if the 
slight amount of carbon dioxide nor
mally present in the air (about 350 
ppm) was increased to 1,200 ppm.

"What carbon dioxide does," 
says Converse, "is to make the heat 
treatment safe. It allows some plants 
to grow at temperatures they would 
otherwise not survive and allows 
other plants to grow for longer peri
ods at 100 0F."
 

One problem with the process,
 
says Converse, isthat the longer
 
plants are exposed to heat the great
er 
the mutation rate. So, resulting 
clones should be closely examined 
for trueness to horticultural type.-
By Howard Sherman, ARS. 

Richard H. Converse is at the 
USDA.ARS Horticultural Crops.
Research Laboratory, 3420 South
west Orchard St., Corvallis, OR 
97330. 

IA technical paper covering this
subject, by R.H. Converse and R.A. 
George, will appear in .'arlv 1987 in 
volume 71 ofthe journal Plant Dis
ease.J a 
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ALBANY, Cal/i.-Mesquite trees, 
a range pest used mainly to grill
steaks at trendy American restau-
rants, produce bean pods that can 
be turned into a variety of tasty,
nutritious foods, says a USDA 
scientist. 

"Even though mesqite hasbeen used as a food source for
hundreds of years, the bean pods 

are currently harvested from wild 
plants only on a very limited 
basis," says Dr. Robert Becker, a 
research chemist at USDA's West-
ern Regional Research Center. 

Using standard food-process-
ing equipment, Becker and some 
of his colleagues have developed 
a simple, automated procedure
for converting dried mesa jite
pods Into a sweet, high-protein
flour. The flour makes a tasty 
substitute for cocoa In brownies 
and other baked goods, and can 
be usei as an "extender" in tea,
coffee and hot chocolate. It also 
scored higher than conventional 
flours in USDA taste tests with 
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contertedly at a mesquite pod, this Hereford cow doesn't seem tothat the trees infest millions of acres of American fangela,,d. Depend
ing on the species, pods can range In length Irom 111 to 10 in~hes (inset),and plants can range In size from shrubs to trees. 

crackers and tortilla chips.
As an added bonus, the pods

contain a natural gum that Becker 
says is superior to the guar gum
American food processors import 
as a thickener for ice cream, salad 
dressings, puddings and other 
foods. 

Here To Stay-Literally 
Of the more than 40 species

of mesquite in the world, Becker 
says almost all produce edible 
pods. But their value has been 
largely overlooked for good 
reason: Mesquite is considered a 
pest in the United States. It in-
fests millions of acres of range-
land in the Southwest, often form-

%ing dense thickets that crowd 
grasses needed for cattle grazing.

In fact, when cut down by 
ranchers, the trees often grow
right back. 

But that kind of persistence
just may be an advantage, be-
cause once it's established, mes-
quite grows quickly and needs no 

fertilizer or irrigation. Certain spe
cies can even be grown in or
chards where the climate and soil 
are suilable. "It's like citrus," 
says Becker, explaining that mes
quite won't tolerate hard freezes. 

Since mesquite currently must 
be harvested by hand, Becker 
says the new processing methodmay only be of immediate interest 
to countries In severe need of 
nutritious new food sources. A 
Mexican firm is now using the 
technique to produce a soft, 
sweet, high-energy snack food 
from compressed mesquite flour. 

But does that rule out large
scale use by American food com
panies? "Not at all," he says. "It's 
Just that we have not developed 
the orchards enough to get in 
there with mechanical har
vesters." 

With a little pruning and the 
right equipment (Becker suggests 
an almond picker), "I think it cer
tainly could be mechanically har
vested," he says. 
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IV.b Mazapan Containing Mesquite Flour
 



IV.c Beverages Containing Mesquite
 


