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EXECUTIVE SUMMARY 

AID/Managua cabled a request from Dr. Gonzalo Pertz, of the Ministry of 
Industry, for a 6-day visit to Nicaragua by Dr. Marion Fields, Department of 
Food Science and N.Jtrition, Lhiversity of Missouri (Columbia). The request 
was for 2 days of Dr. Fields I time to conduct a seminar on food plant 
sanitation for managers and employees of dairy and meat industries. Also 4 
days were to be spent teaching techniques for microbiological analysis of 
foods, especially baby products, to laboratory staff. . ' 

Dr. Fields went to Managua on November 30, 1981, presented a seminar on 
December 3 and 4, and conducted a class from December 9 to 12, 1981. 

The seminar was very satisfactorily presented to 46 participants from diverse 
interests in the processing industries. Emphasis was placed on sanitation in 
various aspects, such as insect and rodent control, water supply and 
chlorination, and waste treatment and disposal. Because of the diverse 
interests of the many participants, it is believed that there will be maximum 
dissemination of the information presented. 

All material taken as visual aids to Nicaragua for use in the seminar was left 
with Dr. Pertz. He will make use of it in future seminars. 

Upon completion of the seminar, each participant was given a certificate of 
attendance. 

The laboratory workshop employed 4 microbiological cultures that were taken to 
Nicaragua with the permission of the Ministry of Health. The students 
analyzed sorghum for niacin and obtained highly satisfactory results. 

It is believed that the cultures and methodologies that were employed give the 
laboratory personnel the tools by which any food, includtng baby food, can be 
assayed for several important vitamins and amino acids. Also, the techniques 
employed in the analyses are reasonable from a cost/benefit ratio. 

It is believed that the time spent by Dr. Fields in Managua was very 
pro ducti ve. 
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I. Introduction 

The USAID Mission in Managua, Nicaragua received a request for assistance from 
Dr. Marion Fields, Department of Food Science and Nutrition, Lhiversity of 
Missouri, Columbia, Missouri in some aspects of food technology in Nicaragua. 
n was initiated by Dr. Gonzalo Pertz, the Director of the Ui.boratorio de 
Tecnologia de Alimentos (LABAL), (Laboratory of Food Technology) in the 
MinisteriQ de Industria (Ministry of Industry.) In part, the request 
specified that Dr. Fields was to 'travel to Nicaragua to conduct a two-day 
seminar on food plant sanitation for managers and employees of dairy and meat 
industries. Also, four days were to be spent teaching laboratory techniques 
for microbiological analyses of foods, especially baby products. 

In response to the request, Dr. Fields arrived in Managua on November 3D, 
1981. A seminar was held in the Camara de Industrias de Nicaragua (Chamber of 
Industries of Nicaragua) on December 3 and 4, 1981, and a class on laboratory 
analyses was taught on December 9 to 12, 1981. 

II. Seminar 

A meeting was held with Dr. Pertz and some of his staff on November 30 and 
December 1 to plan an agenda for the seminar. A copy is attached as Appendix 
A. The program was arranged to focus on the following: 

1. A sanitation program 
2. Rodent control 
3. Insect control 
4. Sanitary significance of microorganisms 
5. Water supply 
6. Cleaning food plants 
7. Chlorination of water 
8. Construction and maintenance of building and equipment 
9. waste treatment and disposal 

When the seminar was presented, Dr. Pertz translated into Spanish, when 
necessary. The Nicaraguan 'participants represented various institutes wi thin 
the country, as shown in Tables 1 and 2. Because of the great diversity of 
interests at the seminar, it is believed that there will be maximum 
dissemination and use of the information. 

Because of the varied nature of the audience, an attempt was made to use 
practical examples from different industries. Also, examples were given from 
previous public health experiences. The audience was surveyed by Dr. Pertz on 
both days and he found that the audience like-d the practical material being 
presented. Apparently the participants benefitted from both days of the 
program. 
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TABLE 1. Participants in Seminar by Type of Organization. 

Organization Number of Participants 

Ministry of Health 5 
Ministry of Industries 1 
Ministry of Internal Trade 1 
Ministry of Agricultural Development 1 
Nicaraguan Center for Technical Information 1 
Nicaraguan Institute for Fisheries 3 
National Uliversity of Nicaragua 1 
Chamber of Industry of Nicaragua 1 
Animal Science Department, Central American Uliversity 1 

Total 15 

Canning Industry 
Dairy Industry 
Pepsi Cola 
Coca Cola 
Oils and Fat Industries 
Meat Packing Industry 
Baking Industry 
Cereal Industry 
Frozen Vegetable Industry 
Pickle and Sauce Industry 
Ice Making Plant 

Laboratorio de Tecnologia de Alimentos 

GRAND TOTAL 

3 

2 
4 
1 
1 
1 
1 
3 
2 
1 
1 
2 

Total 19 

12 
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TABLE 2. Food Plant Sanitation Seminar Participants 

Lecturer: Dr. Marion L. Fields 
Department of Food Science and Nutrition 
College of Agriculture 
University of Missouri (Columbia) 

Organizer: Laboratorio de Tecnologia de Alimentos (LABAL) 
Ministerio de Industria de Nicaragua 

Participants: 

Silvio Alonzo G. 
Department of Quality Control 
Industria Frutera del Gran Lago 
(Tomato Processing Industry) 

Katya Benavides G. 
Central Laboratory 
Ministry of Health 

Ligia Blandon P. 
Department of Quality Control 
ESKIMO S.A. 
(Dairy Industry) 

Sergio Bravo 
Head, Microbiology Laboratory 
Central Laboratory 
Ministry of Health 

Ramon Antonio Cornavaca E. 
Department of Quality Control 
Embotelladora Nacional S.A. 
(Pepsi Cola Bottling Plant) 

Carlos Cuarezma P. 
La Selecta 
Production Department 
(Dairy Industry) 

Gema Doris Chacon 
Ministry of Industry 
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Julio Cesar Lopez 
Applied Research Division 
LABAL 

Humberto Lopez 
Panificadora Industrial del Pueblo 
Department of Production 
(Baking Industry) 

Jamyleth L. de Martinez 
Applied Research Division 
LABAL 

Mariano Maradiaga 
Industries AMDLOMCA 
Quality Control Department 
(Frozen vegetables) 

Mariel Medal de Fajardo 
Food Analyst 
Central Laboratory 
Ministry of Health 

Marino Antonion Membrono 
Hielera Polar 
Production Department 
(Ice making plant) 

Denis J. N3vas Vega 
Food Industry Section 
Nicaraguan Centre for Technical Information 

Juan Ignacio Ct:ana 
'Panaderia Leon Dorado 
Supervisor 
(Baking industry) 

. Maria Nieves Perez 
Hielera Polar 

I Production Department 
(Ice making plant) 

Ernestina Prado de 'Zuniga 
Food Analyst 
Central Laboratory 
Ministry of Health 

Maria Eugenia Espinoza O. 
Department of Quality Control 
Nicaraguan Institute for Fisheries 
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Velva Espinoza F. 
Analytical Services Division 
LPBAL 

Leonor Garcia D. 
Lecturer 
Department of Food Technology 
National University of Nicara~ua 

Juan Jose Gollan 
Applied Research Division 
LPBAL 

Carlos Jose Gomez R. 
Department of Quality Control 
Nicaraguan Institute for Fisheries 

Marcos Antonio Gomez Ch. 
Industrias EI Caracol 
Production Department 
(Pickle and Sauces Manufacturer) 

Daly Gutierrez 
Lecturer 
Centralamerican University 
A~imal Sciences Department 

Alvaro Hernandez 
Information Center 
LPBAL 

Roberto Herrera 
Applied Research Division 
LABAL 

Oscar Lanzas D. 
Chamber of Industry of Nicaragua 

Reynaldo Lazo 
Applied Research Division 
LABAL 

Oscar Leon V. 
Head, Stored Products Section 
Ministry of Agricultural Development 

Jacinto Prado Reyes 
Grasas y Aceites S.A. 
Refining Department 
(Oils and Fats Industry) 
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Fernando Quezada 
Productos CARNIC 
Production Department 
(Slaughter house) 

Juan Alberto Ramos A. 
Panificadora Industrial del Pueblo 
Production Department 
(Baking industry) 

Emilia Reyna 
Nicaraguan Institute for Fisheries 
Quality Control Department . 

Amalia Rivera R. 
Head, Chemistry Laboratory 
Central Laboratory 
Ministry of Health 

Efrain Rodriguez A. 
ESKIMO S.A. 
Production Department 
(Dairy industry) 

Danilo Rodriguez G. 
Embotelladora MILCA 
Production Department 
(Coca Cola Bottling Plant) 

Danilo Ruiz J. 
Quality Control Department 
Ministry of Internal Trade 

Mario Ruiz S. 
Analytical Services Division 
LABAL 

Anselmo Ruiz S. 
Industria Frutera del Gran Lago 
Quality Control Department 
(Tomato processing industry) 

Ivan Saavedra Dolmus 
La 80mpleta 
Quality Control Department 
(Dairy industry) 

Sergi Salazar V. 
Analytical Services Division 
LABAL 
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Maria Eugenia Salgado . 
Applied Research Division 
LABAL 

Leonor Sevilla D. 
Industrias El Caracol 
Head, Quality Control Departmen~ 
(Cereal industry) 

Hernan Balbuena M. 
Applied Research Division 
LJlBAL 

The success of the seminar would not have been pos~ible without the excellent 
assistance of Director Pertz. He not only provides sound technical assistance 
to Nicaraguan industry but also is involved in the training of various 
personnel from ministries wi thin the Nicaraguan government. He is a valuable 
national asset. 

In order to maximize the use of time and money for the seminar and to make the 
material useful in the future, all the material used in the seminar along with 
the additional material on rodent and insect control were left with Director 
Pertz. It is antiCipated that LABAL will make special use of this material 
for holding future seminars and/or as a basis for information to be translated 
into Spanish and published in the bulletin of LABAL. 

Mr. Armando Gonzalez, USAID, Ilmerican Embassy, Managua attended a portion of 
the seminar. Also in attendance was a Cuban advisor for the Nicaraguan 
Institute for Fisheries. 

A photograph of one of the seminar sessions is attached as Figure 2. 

When the seminar was completed, each Nicaraguan participant was presented a 
Certificate of Attendance. (See Appendix B.) 

Following the seminar, there were requests for additional information which 
will be provided to the people requesting via LABAL. For example, Ilmalia 
Rivera, Head, Chemistry Laboratory, Central Laboratory, Ministry of Health, 
requested information on detecting rodent hair in foods; also if there are 
tolerances on chemical sUbstances used to fumigate foods. Anselmo Ruiz 
requested information on detergent washing of tomatoes and finally Dr. Enrique 
Guerrero of the Ministry of Industry requested information on producing citric 
acid from molasses. Attempts will be made to fulfill these requests. 

The seminar and the scientific work at the laboratory are examples of 
continued cooperation between the Laboratorio de Tecnologia de Alimentos and 
the Department of Food Science and Nutrition at the University of Missouri, 
Columbia. This cooperation started with Dr. Fields' visit in January 1981 to 
the Laboratorio de Tecnologia de Alimentos. 
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III. Laboratory Workshop 

In order ,to conduct the workshop, it was necessary to have the following 
bacterial and protozoan cultures: 

1. Pedicoccus cerevisiae ATCC 8042 (lysine and methionine analyses) , 
2. Lactobacillus plantarum ATCC 8014 (niacin and tryptophan 'analyses) 
3. Lactobacillus casei ATCC 7469 (riboflavin analsis) 
4. Lactobacillus fermenti ATCC 9338 (thiamin analysis) 

To get them to Nicaragua safely' and on time for the workshop, AIO/Washington 
made arrangments with the Nicaraguan I;mbassy in that city for Dr. Fields to 
carry the cultures to Managua., See Appendices C, 0, and'E for correspondence 
on the subject. 

Upon arrival in Managua the cultures were placed in the care of Reynaldo 
Arroliga, bacteriologist for LABAL. 

The University of Missouri supplied the cultures. Each would have cost about 
$30-35 if purchased from the American Type Culture Collection. 

After the cultures were transferred and checked for growth, all bacterial 
cultures were placed under refrigerator storage until needed in analyses: 
Lactobacillus plantarum, a bacterial culture used to assay for niacin, was 
grown in preparation for an analysis of sorghum grain for niacin. Dr. Fields 
acted as an advisor to the participants durihg the! analyses. ,They were 
started on' Wednesday and completed on, Saturday. The shape of the standard 
curve was good and the amount of the assay was 39 mg of niacin per 100 g of 
grain. From a table of the composition of foods, it was observed that a'value 
of 40 mg was listed. This was considered an excellent beginning using' a new 
technique. 

It now appears that the cultures and methodologies give LJlBAL tools by which 
any food such as baby food can be assayed for thiamin, riboflavin, niacin, 
lysirie, tryptophan, and methionine. Adequate vitamins and amino acids are 
necessary for good health in all ages of life but especially for babies in 
their formative years. 

The application of more techniques on food quality is another example of the 
foresighted nature of LABAL's planning. The techniques employed in these 
analyses are reasonable from a cost/benefit ratio. 

All details of analytical procedures and assay media are shown in Appendix F. 
Two photos of the workshop in action are shown in Figures 3 and 4. 
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MINrsTERIO DE INDUSTRIA 

APPENDIX A 
GOBiERNO 

DE 
RECONSTRUCCION IIAClOIIAl 

'~-~Con~t.ar Rcli~~ A 

1---'----

SEMINARIO SOBRE HIGIENE Y SANITACION EN LA INDUSTRIA DE ALIMENTOS 

Oranizado por: LABORATORIO DE TECNOLOGIA DE ALUIENTOS (LABAL). 

Expositor: Dr. Marion Fields. 

Jueves 3 de Dici'embre de 1981: 

b.OO - 9.00 

9.00 -10.15 

10.15-10.30 

10.30-12.00 

2.00·- 3.00 

3.0U - 3.15 

3.15 - 5.00 

Registro 

Organizacion de un Programa de Sanitacion. 

Cafe. 

Contro~ de Roedores. 

Control de lnsectos. 

Cafe 

Microorganismos Significantes. 

Viernes 4 de Diciembre de 1981: 

9.00' - 10.15 

10.15-10.30 

10.30-12.00 

1. 00 3.00 

3.00 - 3.13 

3.15 - 5.00 

Suministro de Agua 

Cafe 

Limpieza y Clorinacion 

Diseno de equipo y edificios 

Cafe 

Hanejo de desperdicios y desechos. 

Financiado por: AGENCIA INTERNACIONAL PARA EL DESARROLLO (AID) 

CAMARA DE INDUSTRTAS DE NICARAGUA (CADIN) 

LABORATORIO DE TECNOLOGIA DE ALlMENTOS(LABAL) 
HINISTERIO DE INDUSTRIA. 

Costo por Par.t:icipante: Totalmente gratuito. 
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til MlnlstorJo do IndUStrl~ :s MANAGUA, NICARAGtTA '" 

. -
. El LABORATORIO DE TECNOlOGIA DE ALiMENTOS 

DIRECCION TECNOLOGICA 

MINISTERIO DE INDUSTRIA 

Hace Constar que: 

ha participado en el 

SEMINARIa saBRE HIGIENE Y SANITACIaN EN LA INDUSTRIA DE ALIMENTOS 

Impartido en Managua, del __ -=3:.--._al. __ 4.:...-__ de Diciembre 

4 de Diciembre de 1981.-

de. 1981 

DE TECNOLDGIA DE 

In (Uu Mil : ~L~Lu_ 
COORDINADC>DEL EVENTO 
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APPENDIX C 

UNITED STATES INTERNATIONAL DEVELOPMENT COOPERATION AGENCY 

,-,-,,__ AGENCY FOR I~TERNATIONAL OEVf;LOPMENT _ .' ,,' 
'- ~:-:':::' : WASHINGTON. D.C. 20!523 .- . ..:;. '. ~ 

. .:z..:::.;;,: . - __ A, ;'" ........ :.-. ~- ,- . :,~~.-~:~. 
i . : .·~ti~~ J-.~. . .? <~:~. . . ~ . ~-.!, 
-_.' :;--:,,':-.' .. ,- October l3, 1981 ~'-:; - . • -i.- ~ ., .. ~ .. 
_:,,,.' . -:;. ',:?:?:'~~ + ':'JP 
•••• :'.:.,:~~ .;", ~ - " • "l-... ;:.--. .... ,~. " _~,_·_ .... :.".:t ..•. ' ':=i<'I': _"'~-;:;_' ,,~:.·t.'; "i\.;,~:,:t::~ : . ~k:;~:?':· . 

Gloria Tunnerman 
Counsel -
Embassy· of Nicaragua 
l627 New Rampshi1:e Avenue. U.W. 
Washington. D.C. 20009 

': . 
Dear:Hs. Tunnercan: 
. _. ...... , 

~ . 
. -." . 

At the request of Dr.' ,Gouzalo Pertz. the~Director of the Food 
Laboratory of the Mjnistry of Illdustry.: Dr. -Marion. Fields of the 
University of Missouri will be visiting Nicaragua on. a short-tera 
assignment to assist- tha Ministry of Illdustry in techniques for :_ :>, " 
microbiological analYlilis of foods, especially baby products. , '. 

: - . 
In order to assist- this- work. Dr. Fields will be halld-carrying 
five: lactobacillus and one protozoan. live cultures to Nicaragua 
earl.y:in November. These cultures are not pathogenic and, wil.l'not, 
cause human disease. 

We therefore request a letter from the Embassy of Nicaragua 
authorizing admittan.ce .. of -these resesrch materisls. An early 
response would be appreciated, so that the authorization can. be 
sent _to .Dr. Fields prior to her departure in early November-. 

Thank you for your assistance. 

cc: R. Skiles, PIP 
M. Fields, Univ o'f Missouri 

'-;jY=S. 
RObe(t: J!. MorriS, Ph.D. ~ R.D •. 
Food Loss Specialist 
Agricultural Product~on. Division 
Office· of Agriculture 
Bureau for Science'and Tecbn,ology 
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APPENDIX E 
£MBAJADA, QE: NICARAOUA 

WASHINGTO", D. C • 
~ . 

" ~ . . . 
. .... " 

.' ,-- ' 

. NOV1embre 16, 1911 
I, 

",'" 
" , 

';. L 

Robert F. Morris, Ph.1), R.D. 
FOOd Loss Specialist 
Agricultural Product.i.on 1)1'11'. .. 
Offi!;)tl of A9r1culturB -_ , 

.. 

" -

'. -
,::--,'... . 

. ' , 
'; . 

.!.: .• 
: ,'" 

:;-

' .. 

Bur~u fO%'_Sci,~t;a .. ," ~~cMolP9.L_. _____ ... _ . __ . ____ ,:_ .. ~ __ :" .. , ."" , ,s .• ~ 
Rm. U3-- SAl8 . ", 
MIme!: !'CIt IN'l" 1. l)S'i'lW)PMENT 
,Washinqton.D.C~ 20523 

. . '. ......~ 

; -; ,;:" -: .. -,' : 

". '<::':';:';;';: '. Heme. recibido au nota del: 13 de octubre 
de 198~,informando~oa del pr6xtmo ~1aje del Dr. Marion Pi.lds, 
de lao Uzuversidad de Missouri, quien llevu4 cons1.;o baeterias 
no pat09&Ucas hi eausantes de enfemedades de acuerdo a 8Oli­
e1tud,del.1)i:ector del Laboratorio de Alimentos del M1n1sterio 

, ,de ~uatria, Dr. Gon:aalo hrt:. 

como Do1:ar4 seg11A eopia adjunta de 't.BLU 
recib1do .1 16 noviembre de 1981 e1 Kinister10 de~Salud (MINSA) 
autor1:a 1a introducci6n' de estaa baeterias con 1a salvedad 
que una 1O'es eft Nicaragua ~sta8 sean pre.entadas a1 labOrator1o 
Central de Biqiene de dicho MiD1ster10 para efectuar"lQs res-
pective. anAl1sis. - ' 

.... . 

Sin mas a que referirme ha90 propicia la 
oeasi6~ para reiterarle nuestros mas aineeros aaludo$. _ 

, 

! 

oc:; Luis M. Pere%, MlliEX 
Mario Pe Franco, Embajada 

adj ~ eopia de TELEX 

.... , ' 

14 " -, :" ,- ~. 
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APF£NDIX F 

METHODS FOR MEASURING PRO'TEIN QUALITY AND AMINO ACIDS 

1. Moisture Determination 

Determine moisture of the material (AO'AC, 14.004, 1965.) In a cooled, weighed 
dish·(with cover) previously heated to 13oPC+30 C, accurately weigh about 
2 g of a well mixed sample. Uncover sample and dry dish, cover and heat 
contents 1 hour in oven prov~ded with an opening for ventilation and 
maintained at 1300C+30 C (with oven at 1300C.) Cover dish still in 
oven, transfer to desiccator and weigh soon after reaching room temperature. 
Residue is total solids and loss in weight as moistu,e. 

Calculations 

1) Weight of sample plus weight of dish before heating 

weight of dish 
weight of sample before heating 

2) Weight of sample plus weight of dish after heating 

weight of dish 
weight o~ sample after heating 

3) Weight of sample before heating 

_ weight of sample after heating 
weight of water loss 

4) Weight of water loss 

----------~---------

Weight of sample before heating 

X 100 = % moisture on wet basis 

Moisture content of the sample is necessary so that the amount of N can be 
adjusted to the same amount in all samples before the RNV test is made. The 
growth of the protozoan will then reflect the amino acid balance rather than 
the amount of protein present. 

2. Micrp-K.jeldahl Method for Determining Nitrogen 
(AOAC, 9th edition, 1960, page 643.) 

I. Reagents 
1) Sulfuric acid - Sp. gr. 1.84, Nitrogen free. 
2) Mercuric Oxide, Nitrogen free. 
3) Potassium sulfate, Nitrogen free. 
4) Sodium hydroxide-sodium thiosulfate solution. Dissolve 60 g 

NaOH and 5 g Na2S20:;5 H20 to 100 ml of 50% NaOH 
solution. 

5) Boric Acid solution-saturated solution. 
6) Indicator solution-a) methyl red-methylene blue. Mix 2 parts of 

0.2% alcoholic methylene red with 1 part 0'.2% alcoholic blue 
solution or mix 1 part 0.2% alcoholic methylene red solution 
with 5 parts 0'.2% alcoholic bromocresol green solution. 
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7. Hydrochloric Acid. 0.02 N To standardize acid, accurately weigh 
enough standard Na2B407.H20 (Sodium Borate) to titrate 
about 40 ml (0.15 g) and transfer to 300 ml flask. Swirl gently 
until samples dissolve. Add 4 drops of 'Methylene red and 
titrate with solution that is being standardized to equivalence 
point as indicated by the reference solution. 

g Na2Br407.10 H20 X 1000 
Normality = _' ___ ~ _________ _ 

ml acid X 190.72 

I I. Apparatus 
1) Digestion rack. Use rack with either gas or electric heaters 

which will supply enough heat to 30 ml flask to cause 15 ml 
H20 at 250 C to come to a rolling boil /in not less than 2 or 
more than 3 minutes. 

2) Distillation apparatus. Use one-piece. 
3) Digestion flasks-use 30 ml regular Kjeldahl flasks. 

III. Determination 
1) Weigh sample requiring 3-10 ml 0.01 or 0.02 N HCL and transfer 

to 30 ml digestion flask. Weight should not be greater than 
65 mg dry organic matter. 

2) Use charging tube for dry solids to add sample to digestion 
flask. 

3) Add 1.0 ~ 0.1 g K2S04, 40 ~ 10 HgO, and 2.0 ~ 0.1 ml 
H2S04' If sample weight is greater than 15 mg, add 0.1 ml 
H2so4 for each 10 mg dry organic matter greater than 15 mg. 

4) If boiling time for digestion rack heaters is 2-2.5 minutes, 
digest for 1 hour after all water is distilled and acid comes to 
a true boil. If heating time is 2.5 - 3.0 minutes, digest 1.5 
hour. , 

5) Cool, add 'minimum quantity of water to dissolve solids, cool, 
place a thin film of vaseline on rim of flask. 

6) Transfer digest and boiling chips to distillation apparatus and 
rinse flask 5 to 6 times with 1-2 ml portions of water. 

7} Place 125 ml Erlenmeyer flask containing 5 ml saturated boric 
acid (H3B03) solution and 2-4 drops indicator under 
condenser with tip extending below surface of solution. 

8) Add 8-10 ml NaOH-Na2S203 solution to still. 
9) Collect about 15,ml distillate, and dilute to about 50 mI. 
10) Titrate to gray end point or first appearance of violet. 
11) Make determination and calculate % N. 

12-) (ml HCL - ml blank) X normality of HCL X 14.008 X 100 
%N = ________________ ~ ______________________ _ 

mg sample 
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IV. Calculation Explanation 
ml HCL X N HCl = mEq HCl, which is equivalent to mEq NH3' 
The mEq NH3 is equivalent, to mM NH3' The NH3 here represents 
the N value that we are concerned with. Therefore, mM N X 14.008 
mg/mM = mg N, and mg N/mg sample = %N in the sample. 

2. Assay Procedure for Determining Relative Nutritive Value of Proteins 
The procedure used in this assay follows that of Stott and Smith 
(1963, B~it. J. Nutr. 17:227.) 
12 The test material is ground in a Wiley Mill through a I-mm 

screen and mixed well. A sample is weighed precisely so that 
the nitrogen content is 15 mg N and transferred to a 100-ml 
beaker. Extract 3X with diethyl ether at room temperature and 
once with denatured ethyl alcohol and finally extract with 
either to remove the residual alcohol. Air dry at room 
temperature. Casein is not extracted. Add 30 ml of water so 
that the pH can be adjusted to 8.2. After adjusting the pH 
bring bolume to 40 ml. By adding 40 ml to the 15 mg, N 4 ml 
will contain 3 mg/4 mI. 

2) Stock solutions A, B, C, and D-a11 100 times stronger in the 
final medium are prepared as shown in Table 3. Solution E, 
which is 5X stronger than the assay is prepared and adjusted to 
pH 8.2. 

3) Into each of a series of screw-capped tubes pipet (a) 2 ml of 
Solution E (b) 4 ml of the test suspension (c) 2 ml of distilled 
water. Autoclave tubes at 1210C for 10 minutes. 

4) Autoclave at 1210C for 10 minutes stock Solution A (Table 3) 
diluted lOX and a solution of 15% glucose (w/v). The glucose 
concentration is lOX stronger than the final medium. 

5) Add,l ml of diluted Solution A and 1 ml of the glucose to each 
tube after cooling. 

6) Use three replicate tubes per sample. 
7) Add three drops of a 3-day broth culture of T. pyriformis W to 

each tube. Incubate at 250C for 4 days. The screw caps are 
left loose during this period and the tubes inclined at 150 to 
the horizontal to provide sufficient aeration for rapid growth 
of T. pyriformis W. 

8) One- ml of the I. pyriformis W culture solution used as the 
inoculum is added to 1 ml of the preserving fluid (90 ml water, 
20 ml 36% w/v formaldehyde and 10 ml stock solution D.) This is 
done at the time of inoculation of the tubes of the test 
material. The log count of the inoculum is used in the formula 
to calculate % RNV. , 

9) After 4 days of incubation, the test culture and the casein 
(control culture) are shaken for about 30 seconds on a 
Vortex-Genie test tube shaker. One ml of the culture are 
transferred to screw-capped culture tubes containing I ml of the 
preserving fluid. 

10) The protozoa are counted in a double-cell lumecyte hemocytometer 
(Propper Mfg. Co., Inc.). The larger squares (each containing 
16 small squares) are 1 mm by 1 mm. The mean number (one can 
count the 8 large squares as shown in Figure 1) per tube. Since 
there are 3 replicate tubes per sample, at total of 24 square 
mffi2 are counted is determined. 
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11) The mean number of protozoa are multiplied by 2 (dilution factor 
due to the addition of 1 ml of the sample in 1 ml of the 
preserving fluid) and by 104 protozoans/mI. 

12) Review of Calculations 

a) Production of Inoculum 
Ten mls of Tetrahymena broth (5 g proteose-peptone, 5 g 
tryptone, 0.2 g dipotassium phosphate brought to 1 Liter 
with pH adjusted to 7.2; cotton-plugged culture tubes with 
5.0 ml per tube) are used; incubate three days at room 
temperature. 

Always check the inoculum for bacterial contamination! It 
cannot be used if contaminated! 

b) Inoculum Count 
One ml of protozoan culture is added to 1 ml of preserving 
fluid to give 1:2 dilution. 

c) Inoculation of Tubes for Treatment 
Three drops are used as the inoculum in a volume of 10 ml 
of casein and test protein. 

d) Slide Factor and Dilution Factor 
Size of square counted 1 mm X 1 mm X 0.1 mm = 0.1 mm3. 
1 ml = 1000 mm3 = .001 mm3 
.001 X 0.1 = 0.0001 Dr 104 
The mean count is multiplied by 2 (dilution factor) and 
times 104 (slide factor.) 

e) Count of Tetrahymena after Incubation for 3 Days at Room 
Temperature 
Three drops (measured by plastic 1 ml-pippitt divided into 
0.1 units) were measured and found to be 0.1 mI. 
The 0.1 ml is diluted ten fold when put into 10 mls of 
media. This gives a dilution factor of 0.1 in 10 ml or 
0.01 or 102• 

f) 2X Factors Drops Out 

g) 

The factor for the inoculum count and for the treatment 
count was derived from a 1:2 dilution was 2, but since both 
have the same factor one can drop out this factor for both 
the inoculum count and treatment count. 

Factors for -
Inoculum count (mean per square mm X 104.) 
Test protein count mean per square mm X 104 X 102. The 
102 factor (0.1 ml of inoculum in 10 ml media.) 
Example: Mean count for inoculum was 8 prot,ozoans per 
square mm. 
8 X 104 = 80,000 protozoans 
Mean count for treatment was 10 protozoan per square mm. 
10 X 104 X 102 = 10,000,000 
Casein 15 X 104 X 102 = 15,000,000 
%RNV 
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RNV% = Lo (count 
Log count 

= Log (10,000,000) - log (80,000) 
Log (15,000,000) - log (80,000) 

= 7.0000 - 4.90309 2.09691 
______ ----:= X 100 = 92% 

7.17609 - 4.90309 2.27300 
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Table 3 

Composition of stock solutions and solution E 

Stock solution A (100 times final· strength) 

Calcium pantothenate 

Nicotinamide 

Pyridoxine hydrochloride 

Pyridoxal hydrochloride 

Pyridoxamine hydrochloride 

Riboflavin 

Folic acid 

Thiamine hydrochloride 

Inositol 

Choline chloride 

p-Aminobenzoic acid 

Biotin 

DL-a-lipoic acid 

Stock solution B (100 times final strength) 

MgS04 • 7H20 

Fe(NH4 )Z(S04)2 • 6HZO 

MnC1
2 

• 4H
Z

O 

ZnC12 

Stock solution C (100 times final strength) 

CaC1
2 

2E20 

21 

(mg/200 ml) 

12.5 

12.5 

125.0 

12.5 

12.5 

12.5 

1.25 

125.0 

12.5 

125.0 

12.5 

1.25 

0.4 

(g/200 ml) 

2.8 

1.25 

0.025 

0.0025 

(mg/200 ml) 

600 

60 
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stock solution D (100 times final strength) 

KH2P04 

H2HP04 

solution E (5 times final strength) 

(g/200 ml) 

3.5 

3.5 

(The appropriate weights of the components list~d 

below are dissolved in approximately 10 ml distilled 

water, 1 ml stock solutions B, C, D added and the 

whole made up to 20 ml) 

Guanylic acid (sodium salt) 

Adenosine-2' (3')-phosphoric acid monohydrate 

cytidylic acid 

Uracil 

22 

mg/20 ml 

solution E 

15 

10 

12.5 
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B.eto~ n.:.ttroooa 
Sodll.l", Acecat. 
Ammcnll.\t!ll CbJolld. 
DL-Alulln. -
L-ArcWn. Ibc!tcchll)rid. 
Baclo ~ A.panam. -
I,AapUtta A.d4 
)..-Cystin. 
L-Gll.1tun1c All.id 
G1)'etn. 
.LoHi.Itldil:w H)'dxoc:lwnl4e 
DL-PhHlylalal!lM 
L-ProU;a. 
Dr,.s.~ -
DL-ThAoo~ 

DL-Tl7Pto~ 
L-bfil .... 
Or..,.ValliW 
L-Ly"'-
DL-........ 

Bacto-Methlonine Assay Medium 

'" '" '. ... 
O.UI ~ 

0.1 c. 
u. 
U. 
I.' & .... 

I.IU .. 
U. .... 
.~ . 
0.1 .. 10=. .... 
U. 
". ... . 

DL-Jo,O~"'- • 
Ad.nw.SuUat. 
Gu..mw HJ'dtCN:hloride 
Umell I 

x...""". 
Th1amlM H,.drocltl,nlde 
Pl'ddoxbw HydrochJorl(!. 
Pyddox.mb!.. Hyclroeh1orid. 
Pyridoxal Hydrochlorid. 
c.lclum l'aIl&Qlh.",,,, 
lUbo&vl:t 
Nkotlzllc Add.­
~A~o~ok:A~ 
BloUD 
Fcllt:AdIl '-
Monopota..du:Q PbO$Ph&\a 
DI;><:>ta...akm:t. Pb_pb.te 
Mlcwao,am SI.IU.", 
Fertoua Stalfat. ......... """"~ Sod!um Chlodde-.. :.' 

'. 0-' II 
20 me 
20 me 
20mI:-

-' 20 mI:-
1m. • m. 

'OOlllC& 
tOo J3CC 

1 JDC· 
1m. • m. 

200 mc:& 
,~q 

#, 20 mc:c 
lH 
1.2 II -
0 •• 
20 mC 
40 mil 

• 21 nc 
.: -,.:.. . 

Bactn • Methionine Ass:J..y Medium prepared according to the formula given by Steel, Sauberlich, Reynolds 

and Baumann;-b ~. complete dehydrated mediwn for the assay of DL-M~thionine. It Is fr~ f~m 
Methionine but contains all the other growth factors and aminQ acids necessaI)' for the growth of 
PediocoCCt4S c~isia ATCC 8042. The addition of DL-Mcthionine in specifted increasing concentra· 
tions give$. a growth response by P.. cerevlsift 8042 ·which. may be measured acidimetrically. or 
turbidimetrically. 

"', 
The following protedwe is recommended for fr.., use of Bacto - Methionine Assay Mediwn: 

Stock cultures of the test arganism. P. ceMVuiat 81)4.2 are prepared by st~b. inoculation of Bacto -
Lactoba!;;illi Agar AOAC or Bacto· Micro Assay Culture Agar. After 2448 hours incubation at 35-37 C, 
the tubes .are stored in the refrigerat(lr. Transplants are made at monthly intervals in trlpUcat~. 

Inoculum for assay is prepared. by $ubcult~~g"i~om a st~k'cuitutc t~ 10 ml Bacto· Lactobacilli Broth 
AOAC or B~cto _ Micro Inoculum Broth. Aftet 16-24 bouts incubation at 35-37 C, the celts are centrifuged 
under aseptic conditions and the supernatant liquid decanted. Th~ cells are resuspended in 10 ml sterile 
0.8S% NaCI solution. The cell suspension Is then diluted 1:20 with. sterile 0 ... 85% NaCL On~ drop of this 
latter suspension is used to inoculate each of thft assay tubes (10 ml). - . 

It is essential that a standard curve be const~~tcd each time an assay is run, since conditions of ~utoclaving. - \ 
temperature of incubation, etc •• which influence the stand:ud curve readings. caMot be duplicated exactly 
from time to time. A standard curve is obtained by using Dr.-Methionine at Ievels of 0.0, 6, 12, 18. 
24. 3D, 36,48 and 60 meg per assay tube: (10 ~l). 

The concentrations. of Methionine required for the preparotion of the standard curve may be prepared by' I 
dissolYing 1.2 g DL-Methionine in 1000 ml distilled water. This is. the stock solution (1200 meg per ml). 
Dilute the stock solution by adding 1 ml t099 mt distill~d water. Use 0.0. 0.5, 1~ 1.5,2, 2.5, 3. 4 and 5 
m1 p~r tube. nte stock solution. Is prepared fresh dally." _ 

Bacto • Methionht~ As;'y Medium may be used for both turliidiroetdc '3.fld acidimetric analyses. Turbidi­
metric readings should be made after 16·20 hOUIS incubation at 35·37 C. ACldunetric determinations are 
made after 72 hours incubation. The most effective .assay range, using Bacto • Methionine Assay Medium. 
has be~n found to be b!!tween 6 and 48 mcg DL·:Meth1onin~. 
To rehydrate-the"medium; suspend 10.5 g in 100 m1 disttll~d water and heat to boiling for 2·3 minutes.. 
The slight precipitate which forms shauld be evenly dmdbutcd by shaking. Five (5) rnl af the medium is 
added to each tube in the preparation or the tubes for the standard curve and to each tube containing 
material undcr assay. For the <lssay. each tube must contain 5 rol of rehydrated medium, increasing amount!;. 
of the s.tandard or the unknown andsurficient distilled water to giv~ a total volume of 10 ml peftube. The': 
tube; are autoclaved for 10 minutes at 15 Ibs pressure (l21 C). Oversterihzation of th~ medium will 
give unsatisfactory results. 

Final reaction of .th~ medium will be pH 6.8 ± 0.2 at 25 C. 

One hundred g of Bacto • Methionine Assay M~dium will make 1.9 Jiters of fiiul mediu":l' 

PACKAGING 

0423·15·2" 

·Store ::It 2 • 8-C. 

100 g 
REreRENCE 
I J. Biol.Chem •• 171:S3). J94,., 

BEST AVAilABLE DOCUMENT 
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lSA\:fO - LYSINE ASSAY MEDIUM ,Code0422 

BactD .. D .. x~ 
Sodium. Autato 
Ammordum Cblorido 
DL-AJantu,. 

50e 
40e 
Oc 

nz..?t.thfotiin. 
Adenine Sulfate 
Gunn1ne Hydrochloride 

.. ' 

lr-Aqinia.e HydrOChlOride 
Ilacto"'AJpazasin. 
L-Aspantc Acid 
L-C'ystiD. •• Dileo 
L-GlUbmic Add 
GIyc!D. .-

0.' , 
0.'84 I: 

0.& &: 
0 .. e 
0.1 &: .... 
0.2 &: 

Vracll -
Xanthin. 

0 .. " 
20m, 
10 In, 
~o m. 
JO m, 

1 m. ."'. '00 mea 
. 'OQ lne,C • 

I".Hbt!ci1rt. H,4rochlorid. 
DWheEQ'laJa.n1n .. 
L-PJ"oli.a. 

O.12.c a: 
0 .. " 
D.2 .. 
0.1. "., , 
'0 m_ 

TMamfne HydrocJt1orldet 
F)'J'ldoxln. HydrochlDrld. 
I"Yridoxamlne Hydrochloride 
Pyridoxal Hydrochlorid. 
CalcIum Pantolhena" 
RiboflAvin 
Nlcotin!e Acid 
P"'AmlnobalUoIc Add 

- .1 m. 
1_ 
'm. 

:.. ... 
DlrSezfft. 
DI.-TIuoonrn. 
DL--nyptophan. 
[,..Tyrosine 
Dt.-Valin. 
DL-Leucin. 
DL-lsoleu~ 

'.2 " O.S, 
O.S, 
0.5 J: 

Biotin . 
FoUcAcld 
&fonopotoilsslwrl Pho.sphate 
DlPotasahlm Phosphate 
)1ar;nuium Sultat.e 
FerrousSulfat. 
Manpne5O'SLllfate> 
Sodium Chloride 

toO mCI . ...... 
'Ome. ... " 

1.2 " . .. " 
20 m:l 
40_ ,D-

. . . I • 

BacIa - Lysine Assay Medium peed d' ' 
Baumann' is a kt d h r par a~cor 109 to the formula given by Steel, Sauberlich, Reynolds and 
all the olh com

th
P f:e e ydrated mecjium for the assay of L-Lysine. It is free from Ly~ine but contains 

er grow actors and amino acids n t; ni . 1 f 
8042 The dd'r ILL' .' . eqessary , or, e growt I a Fed/ococc". cerevisiae ATCC 
b P.' ,", I Ion a " ysme In speCIfied increasing concentrations gives a linear growth response 

' y • cerevlSlae 8~2~ whIch may be '!'easured acidimetrically 'or turbidimotrically. , • 

The follOWing procedure is ;ecommended for the Ose 'Of Bacto ~ i;sine Assa; Medium:' 

Stock cultures of the test 0"' p. ' , ' 
Lact b 'W A AO C r~antsm., ce'e1llSlae 8042. are prepared by stab inoculation of Bacto -

o aCI 1 gar , A or B~cto - Micro Assay Culture Agar. After 24-"48 hours incubation at 35-37 C 
the tubes are ~tored In the re.fngerator. :rransplants are made at monthly intervals i~ triplicate, ' 

Inoculum for 'assay is prepared by subculturing from a stock culture to 10 ml Dacto - Lactobacilli Broth 
A9AC or Bacta - ~1icro Inoculum Broth_ After 16-24 hours incubation at 35·37 C, the ceUs are centrifuged 
under aseptic conditions and the supernatant liquid decanted. TIle celrsuspension Is then diluted I~O with 
sterile 0.85% NaCL One drop of this latter suspension is used to inoculate each of the ~ssay tubes (10 ml). 

It is essential that a standard curve be constructed each time an assay is run, since conditions of autocl.vmg, 
temperature of incubation, etc., which influence the standa!d curve readings, cannot be duplicated exactly 
from time to time. A standard curve is obtained by using L-Lysine at levels of 0.0, 30, '60, 90, 120; 

'150, 180, 240· and 30t) mcg per assay tube (J 0 mt) • 
. ' ~ . . .. 

" 
The concentration of Lysine required for the preparation of the standard curve may be prepared by 
dissolving 6.0 g of L-Lysine in 1000 m1 distilled water. This is the stock solution (6000 mcg,per ml). 
Dilute the stock solution by adding I ml tq99 ml distilled water. Use 0.0,0.5, 1,1.5-.2, 2.s,3,4 and 5 
ml per tube. The stock solution is prepared fresh daily. 

Bacto • Lysine Assay Medium may be used for both turbidimetric and acidimetric analyses. Turbidimetric 
leadi"!'.s should be made after 16·20 hours incubation at 35-37 C. Acidimetric determinations are made 
after 72 hours incubation. The most effective assay range, using Bacto - Lysine Assay Medium, has been 
found to be bet~een 30 mcg and 240 mcg of L-Lysine. 

To rehydrate the medium, suspend 10.5 gin 100 ml distilled water and heat to boiling for 2-3 minutes. 
T!le slight preCipitate which forms should be evenly distributed by'shaking, Five (5) ml of the medium is 
added to each tube in the preparation of the tubes for the standard curve and to each tube containing 
material under assay. For the assay. each tube must contain 5 ml of rehydrated medium. increasing amounts 
of the standard or the unknown and sufficient distilled water to give a total volume of 10 ml per tube. 
The tubes are autoelaved yor 10 minutes at IS Ib$ pressure (121 C). Oversterilization of the medium will 
give unsatisfactory results. 

Final reaction of the medium. will be pH 6.8:!: 0,2 at 25 C. 

One hundred g of Bacto - Lysine Assay Medium will make 1.9 liters of final medium. 
, ~ -

. " 

," 
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BACTO - TRYPTOPHAN ASSAY MEDIUM Code 0327 

" .: Baclo .. Vitamin FR_ CasamIno Acid. 12 II . RlbofJavfQ (OO.ftsec 
Bact.o-DnlrO.. . 40. 'p-AmlnobenzolcAcld' . 200me& 
SodIum Acetak 20 & Niacin .:...;~~: 200 IDc& 
!,Cystine 0.2 • 810& .H.;'~;:: • .s mq 
Ad.nine Sulfate 20 mil Dlpolassium Pbospha\e .. _.: "'~:'::'51 S 
GUanlrl. Hydmchlorid. 20 ma Monopo&uslum PhoJipha" I • 
Umen . !"''''.'' \' ,: -20 ms Ma&!MdumSuUate " .. : I .. & 
ThIamine Hydrochloride 200 me, Sodium Chloride .. " ... . 20 m& 
Calcium P.ntothenaw ~OO mea: Ferrous Sulfate : _.: 20 ml 

. P7rlcIoxIn. Hydtoehlorld. . 400 taU Maoaan&sll Sulfat.e . .:.~ .' 20 ta. 
o .... __ ••• _... • __ • • _"'......" _ •• ___ • 

BactD\~tophan Assay Medium is a cO!Dplete' dehyilrated m.edium for'the assayofL-Tryptophan or . 
. DL-T~~pban. It is free from 1)yptophan but l'ontains all the other factors' nccessary. for .t~e ~owth . 
of LaC!?i1.a'l.iIlus p7antarum ATCC 8014 •. The addition!of Tryptophan in certain concentrations gives a . 
Iinear_~~ response by L. plant tuUm which may··be measured'acldimetrically' or turbidimetrically_ 
Bacto ~;!.ryptophan Assay Medium. is prepared according to the formula described by Greene and 
Black~ '-'~.:li::'- . . . 

':::?::;~~~:; . '. ~ . .- . 
The .following procedure is recommended for the assay of Tryptophan using the dehydrated medium: 

-:,:.:.. -
-. '. - ... ;,:~.=.,.,. 

Stock cultures of L. plantarum ATCC 8014 are prepared by stab inoculation of Bacto - LactObacilli 
. Agar AOAC or Bacto - Micro Assay Cuiture Agar. Following incubation at.35 - 37 C for 24 - 48 hours, 
.. the tuoes are stored in the Jefrigerator. Transplants are. made ·at. monthly intervals. rnQculum foi 
assay is prepaied by subculturing from a stock culture 'of L"."plantaTUm ATCC 8014 jnto a tube containing 
10 ml of Baclo - Lactobacilli Broth AOAC or Bacto - Micro Inoculum Broth. After 24 hours incubation 
at 35 -.37 C, the cel.!s are' cenirlfuged 'I1l\dtir' aseptic' conditions and the 'supernataj1fliquid decantell; 
.The cells are resuspended in 10 ml sterile 0.85% NaCI. The cell suspimsion is then diluted'I:100 'with 
.sterile 0.~5% NaCI. One drop of this latter suspension is then used to inoculate each of the assay tubes • . . : ::.~ -., . . . - . . . . - . 

It is ~Ssential that· a standard curve be constructed each time an assay is run, since ·~ndition. of 
autoelaving. temperature of incubation, etc., which influence the standard curve Ieadings. cannot be 
duplicated exactly from time to time. A standard curve is obtained by using 1.-Tryptophan at levels 
of O.~. 2. 4, -6, 8,.10 and 12 mcg per assay tube (LO.ml). DL·Tryp.tophan·may be used at levels of 
0.0.4 •. 8. 12. 16. 20 and 24 meg. . 

.< 

The co!1centrations of Tryptophan required for the 'preparation of the standard curve may be prepared 
by dissolving 0.1 g. of L-Tryptophan (0.2 g DL-Tryptophan) in 1000 ml of distilled water giving a 

. stock solution of 100. meg of L-Tryptophan per ml. 'Dilute ·thi ... stock solution by 'adding 4 nil to 
96 mI distilled water. Use 0.0. 0.5. 1. 1.5. 2. 3 and S mI per tube. This stock solution Js prepared 
fresh daily. . 

; . 
, . - . -

. Following inoculation. tubes are incubated at 35 • 37 C for 72 hours for the acidimetrlc assay and 
16 - 20 hours.£Or ·the turbidimetric' assay. . '. . 

To rehydrate the medium, suspend 7.5 gin 100 ml distilled water and heat to boiling for 2 - 3 minute. •• 
The slight precipitate which forms should be eveuly distributed by shaking. Five (5) ml of the medium' 
is added to each tube in the preparatbn of the tubes for the standard curve and to each tube containing 
material under .assay. For the assay. each tube must contain 5 mI of rehydrated medium, increasing 
amounts of the standard or the unknown and sufficient distilled water to give a total volume of 10 ml 
per tube. The tubes are sterilized by autoclaving for 10 minutes at IS lbs pressure (121 C).Oversteriliza­
tion of the medium will give unsatisfactory results. 

Final reaction of the medium wilr be pH 6.8±0.2 at 25 C. 

One hundred g of Bacto - Trypt~phan. AS!!ay tiedium will make 2.6 liters of final medium. 

PACKAGING 
0327·)5·9* 

·Store at 2 • 8 C. 

100 g 
.. \; 

REFERENCE 
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11. Jones, F. 1978. Cockroaches. UMC Guide. University of 
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