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ANNUAL REPORT

Evaluation of Low-cost Extrusion Cookers for Use in LDC's

1,0 INTRODUCTION

1.1 Background

Lack of a well balanced and nutritious diet is a problem that
exists in many parts of the world. The use of legumes in combination
with cereal grains has been one method of supplementing diets. It is
necessary to cook the legumes in order to denature their naturally
occurring antigrowth factors and enzymes. These cooked combinations can
be used as food fortifiers, weaning foods, new food items, etc.

The USDA1 initially evaluated the possibility of using low-cost
extrusion cookers (LEC's) as a means of cooking cereal/legume combina-
tions for supplementing the diets of LDC's (less developed countries).
The extruder cookers that are in consideration for use in LDC's have
been developed in the United States primarily for preparing feed rations
for livestock and specifically to cook soybeans. In order to understand
the operating possibilities of these extruders, USDA contracted the
Agricultural and Chemical Engineering and Food Science and Nutrition
Departments at Colorado State lniversity to study these extruders and
determine their operating parameters and charactcrintice and their
utility in producing nutritious foods. This report reprcaents the

second annual report summarizing the results of the testing, evaluation

lP. R. Crowley, "Evaluation of a Low-cost Extrusion Cooker for use
in Less Developed Countries.' Report to TA/N, AID, Washington, D. C.,
1973,



and demonatration program on LEC's and a related roaating technology.

The first annual report, published in April 1977, is available chrough

Csu.

In order for extrusion cookers to be effectively applied to the

food and nutrition problems of the LDC's, they must have the following

characteristics.

l.

3.

4,

3.

6.

7.

Low cost - processing system cost less than $82,700/metric
ton/hr capacity. To achieve these conts the extruder needs to
cost less than $22,000/metric ton/hr capacity,

Moderate production rate - Production rate ranging between 225
and 900 kg/hr.

Simple operation - Requires little sophisticated technical
capability to operate.

Minimal auxiliary equipment - To the greatest possible extent
the syatem should not require auxiliary botlers, dryers or
pre- or post-procesnuy conditioning equipment that will {ncrease
coat and can lead to production contamination,

Versatile - Procesn should handle a wide varfety of cereala {n
combination with protefn-ric’s lepuses or ol seedn,
Mafintenance - Syst-m should be eantly rmaintained and should
utilire locally avatlable parts and equipment to the greateat
rosaible extent.

Sanftary - Fquipment must be cleanable and suitable for human

food producta.

Work han been under wav at Colorado State Univernity aince October

1974 to evaluate low-cost extruaion cookera, To date, the folloving

extruders have been examined extensively!



1,

2,

Brady Crop Cooker
Koehring Farm Division

P, 0, Box 1279

Appleton, Wiaconein 54911

Insta-Pro Extruder (#500)
Triple "F," Inc.
Urbandale, towa 50322

These two extrusion machines meet the criteria listed above., A

mulcifaceted testing, cvaluation and operational program has been under-

taken to determine their operating paramcters and the extent that they

can be used to extrude cereal gratns with or without the presence of oil

seed or legumes to produce nutritioun food for LDC's.

1.2 Objectives

The objectives of the teating and evaluation program at CSU are as

follovs:

1,

J,
4,

3.
6,

Set up a tenst facility to determine the capabilities pnd
1imttations of L¥C's.

Evaluate the nutritional and physical characteristica of
extruded raterials,

Develop nutritionsl specifications of nev products,

Provide techntcal backstop; ing for extinting test programes and
nthers (nterested In extrusioen.

Adsfat in the applicatton and feplesentation of LEC technclogy.

Yvaluate alternate lovw-coat technologlea auch an roasting,

2,0 KXTRUDYD FRODUCTS FVALUATION

2,1 Cottonseed Nlends

Cottonmead protein ta the second largest plant protein nource,

after aoybeans, 1lte relative availability in nmany 10C'a maken 1t a



veluable commodity for food fortification, or to use as a protein source
in conjunction with cereals. The presence of a toxic compound, gossy-
pol, has made c~ctonseed protein utilization difficult for many years.
Although gossypol-free cottonseed varieties have been developed, produc-
tion of thes: varietice has been rather low, largely due to findings
that oil coutent in co’.tonseed increases with gossypol., The economic
importance of cottonseed 0il means glandless cottonseed production has
been only in the background. In the past few years, howcver, some _
processing methods have been found to be effective in binding gossypol
to below-toxic levels.

Two LEC's, the Brady #206 Crop Cooker and Insta-Pro Model 500
extruder, have been very effective in deactivating trypsin inhibitor and
heama gluteas in soybeans. Following the success in this aspect and
production of high quality CSB-like blends, these machines have been
evaluated with the following objectives for ccttonseed blends.

1, Determine the LEC's capability in processing cottonseed/

cereal blends to make nutritious blended foods.

2. Determine the ingredient composition and the processing

required to make CSB-1like blends using cottonseed,

3. Determine the effect of processing on the deactivation of

gossypol.

2,1.1 Design o. Experiments for Operational Variables
The experimental work usmed to define operating parameters of
extrusion equipment and products included the following variables.
Operational Variablee--
1. Processing temperature

2. Cone/race clearance or steam lock combinations



Formulation Variables--

1. Cottonseed: glandless cottonseed; glanded cottonseed

2. Cereals: whole corn; whole sorghum

The effects of these independent variables on:

1. Power/energy input

2. Product characteristics - physical characteristics: viscosity,
consistency, WAI, WSI, bulk density, NSI, storage properties;
nutritional properties: goesypol deactivation, proximate

analysis and PER.

2 1.2 Operating Variables and Formulations

Four combinations and three blends of each combination were selected
for extrusion. Each blend was processed at three extrusion temperatures
where possible. The selection of these blends was based on proximate
analysis of the raw material and the intended goal of providing 15-20%
protein in the extruded products. Processing temperatures were selected
based on previous experience with the machines.

Operational data are summarized in Table 1. Mixtures of 307 and
202 glandless or glanded cottonseed with corn extruded easiiy through
both extruders. No water addition was required for the Brady Crop
Cooker. Up to 6.6% water was added to maintain a temperature of 138°C
with 80% corn and 202 glandless cottonseed on the Insta-Pro extruder.
The extrusion of 40X glandless or glanded cottonseed/corn mixtures,
however, was possible at 150°C for glandless and 160°C for glanded
cottonseed mixtures. High back pressures resnlted when the 60/40 corn/
glandless cottonseed blend was extruded at 160°C and with the 60/40

corn/glanded cottonseed blend at 170°C. No definite reason can be



Table 1. Extrusion conditions for cottonseed (glanded and glandless) blends with corn or sorghum.

Feed Orifice Water Power Specific

auger clearance added Throughput Processing consumption energy

Sample description Extruder setting om 2 (WB) kg/hr temp., °C kW kWh/kg
60X corn /40X glandless cottonseed Brady 2.0 1.42 0 216 152 20.6 0.095
702 corn  /30% glandless cottonseed Brady 2.0 1.42 0 292 150 28.5 0.097
702 corn /301 glandless cottonseed Brady 2.0 1.27 0 294 163 32.8 0.112
70% corn /302 glandless cottonseed Brady 2.0 1.02 0 312 171 38.7 0.124
80X cormn /202 glandless cottonseed Brady 2.0 2.03 0 258 151 25.9 0.100
802 cora /20X glandless cottonseed Brady 2.0 1.52 0 246 160 27.8 0.113
80X corn /202 glandless cottonseed Brady 2.0 1.78 0 252 171 32.6 0.129
60 corn /402 glanded cottonseed Brady 2.0 1.52 0 228 149 19.4 0.085
2 corn /402 glanded cottonseed Brady 2.0 1.27 0 234 163 25.3 0.108
702 corn /302 glanded cottonseed Brady 2.0 1.52 0 300 149 27.5 0.092
70% corn /30X glanded cottonseed Brady 2.0 1.08 0 288 163 31.7 0.110
702 corn /302 glanded cottonseed Brady 2.0 1.02 0 270 169 32.4 0.120
802 corn /202 glanded cottonseed Brady 2.0 1.52 0 288 151 28.1 0.098
80% corn  /20Z glanded cottonseed Brady 2.0 1.52 0 276 163 31.6 0.114
B8CY corm  /20% glaanded cottonseed Brady 2.0 1.40 0 270 171 35.7 0.132
603 sorghum/402 glandless cottonseed Brady 2.0 0.57 0 243 149 21.6 0.089"
€02 sorghu=/407 glandless cottonseed Brady 2.0 0.56 0 234 161 22.7 0.097
2 scrghun/40% glandless cottonseed Brady 2.0 0.36 0 252 170 28.6 0.113
70% sorghu=/30% glandless cottonseed Brady 2.0 0.95 0 255 148 24.0 0.094
70% sorghum/32% glandless cottonseed Brady 2.0 0.76 0 252 163 27.5 0.109
70% sorghu=/30% glandless cottonseed Brady 2.0 0.44 0 244 170 28.7 0.118
2 sorghu=/20% glandless cottonseed Brady 2.0 1.02 0 234 148 22.4 0.096
801 sorghuz/20T glandless cottonseed Brady 2.0 0.76 0 240 163 28.5 0.119
80% sorghu=/202 glardless cottonseed Brady 2.0 0.51 3.5 276 17 36.2 0.131
60% scrghu=/407 glanded cotionseed Brady 2.0 1.02 0 240 149 23.6 0.098
601 scrghu=/40% glarnded cottonseed Brady 2.0 0.64 0 240 163 25.3 0.105
602 sorghu=/40% glazded cottonseed Brady 2.0 0.51 0 243 170 26.9 0.111
702 sorzhun/30% glanded cottonseed Brady 2.0 1.02 0 255 149 25.8 0.101
702 sorghun/30% glaczded cottonseed Brady 2.0 0.61 0 242 163 27.2 0.113
70% sorghun/30% glaaded cottonseed Brady 2.0 1.27 0.5 294 171 35.9 0.125
802 sorghu=/20% glanded cottonseed Brady 2.0 1.02 0 243 149 26.3 0.108
803 scrghum/20T glanded cottonseed Brady 2.0 0.085 0 240 163 29.3 0.122
862 sorghum/20%7 glanded cottonseed Brady 2.0 0.68 3.8 255 171 33.0 0.130

—9—



Table 1. Extrusion conditions for cottonseed (gianded and glandless) blends with corn or sorghum (continued).

Die Water Power Specific

Stean size added Throughput Processing consumption energy

Sample descripticn Extruder locks o Z (WB) kg/hr temp., °C kW kWh/kg
602 corn /402 glendless cottonseed Insta-Pro 10- 8-5 8 0 168 135 9.05 0.054
602 corn /402 glandless cottcnseed Insta~Pro 16- 8-5 8 0 192 147 11.2 0.058
703 comn /30X glandless cottonseed Insta~Pro 10- 8-5 8 0.8 150 138 10.2 0.058
702 corn /302 glandless cottonseed Insta-Pro 10- 8-5 8 0 144 149 11.3 0.079
2 corn /202 glarndless cottonseed Insta-Pro 10-10-8-8 5% 6.6 162 138 11.6 0.072
802 corm /202 glacdless cottonseed Insta-Pro 10-10-8-8 i 4.2 150 151 15.6 0.104
602 corn  /%0% glanded cottonseed Insta-Pro 10~ 8-5 8 0 198 138 13.0 0.066
602 corm /403 glanded cottonseed Insta-Pro 10- 8-5 8 0 168 149 11.1 0.066
702 com /302 glanded cottomseed Insta-Pro 10- 8-5 8 0 174 138 11.2 0.064
702 comn /302 glanded cottonseed Insta-Pro 10- 8-5 8 0 162 143 14.4 0.088
80X corm /202 glanded cottonseed Insta-Pro 10-10-8-8 5% 4.7 174 141 13.7 0.079
802 corn /20T glanded cottonseed Insta-Pro 10-10-8-8 5% 3.8 144 146 13.7 0.095
602 sorghus/402 glandless cottonseed Insta-Pro 10- 8-5 8 0 168 141 8.0 0.048
602 scrghux/402 glandless cottonseed Insta-Pro 10- 8-5 8 0 162 146 11.2 0.069
702 sorghu=/302 glandless cottonseed Insta-Pro 10- 8-5 8 0 168 141 8.9 0.053
702 scrghum=/301 glandless cottonseed Insta-Pro 10- 8-5 8 0 168 149 11.2 0.067
802 sorghu=/2C2 glandless cottonseed Insta-Pro 10-10-8-8 5% 1.5 198 13¢ 14.7 0.074
802 sorghum=/202 glazdless cottonseed Insta-Pro 10-10-8-8 5% 0 -— — -—— —
602 sorghu=/402 glanded cottonseed Insta-Pro 10~ 8-5 8 0 192 138 12.1 0.063
602 scrghum/40% glanded coctonseed Insta-Pro 10- 8-5 8 0 174 149 13.1 0.076
702 scrghu=/302 glanded cottonseed Insta-Pro 10- 8-5 8 0 174 138 12.6 0.073
702 scrghum=/3C0X glanded cottonseed Insta-Pro 10- 8-5 8 0 168 147 13.2 0.079
802 sorghux/20% glanded cottonseed Insta-Pro 10-10-8-8 5% 5.6 192 141 14.8 0.077
802 sorgtum/20Z glanded cottonseed Insta-Pro 10-10-8-8 S* 5.0 180 149 14.8 0.082

I
Multiple orifice (6) die, each orifice having a 5 mm diameter.



determined for this anomaly, but the low feed rates employed could be a
probable cause,

Sorghum blends extruded easily through the range of temperatures.
However, 3.5% to 3.8% water was added to the 80/20 mixtures for the
171°C processing temperature on the Brady with both glandless and glanded
cottonseed blends. For the 171°C processing temperature, 0,5Z water was
added to the 70/30 sorghum/glanded cottonseed blend. Up to 5% water was
required to maintain the required temperatures in the Insta-Pro.

No specific differences between operational characteristics of
glanded cottonseed blends and glandless cottonseed blends were observed.
It appears that gossypol content in glanded cottonseed does not affect
the extruder operation with cottonseed blends and cereals.

The 20% and 30X cottonseed blends were well expanded. Guinding the
output of the extruders through a Fitz hammer mill showed that the
extrudates could be easily ground using U.S. screen No. 20 (0.85 mm
nominal sieve opening) without serious clogging of the screen. Grinding
of 40% cottonseed blends, however, was difficult even when U.S. screen
No. 10 (2 mm nominal sieve opening) was used. The screens were co
coniistently clogged due to the high cil content.

For both glanded and glandless cottonseed mixtures, specific
energies measured ranged from 0,085 to 0.13 kWh/kg with the Brady Crop
Cooker and 0.05 to 0.08 kWh/kg with the Inata-Pro extruder. The water
addition to the Insta-Pro extruder which reduced the extrusion tempera-
ture contributed to the lower specific energy inputs. Further, the
design of these extruders achieved sufficient processing at much lower
temperatureas than with the Brady Crop Cooker. With both extrudera,

specific energy increased with higher procesaing temperature. A



slight increase in specific energy with decrease in cottonseed or
increase in cereal composition was noticeable.

Reaching an equilibrium processing temperature was easier and
faster with the Brady Crop Cooker. Thir was possibly due to the opera-
tional controls on the machine that allowed adjustments during opera-
tion, The controlling factor is the cone-race clearance. The Insta-
Pro, however, achieves processing temperatures by controlling the feed
rates, moisture content and steam lock configuration. Both of these are
more difficult to vary independently and it takes longer to equilibrate
at the required temperatures. Further observations showed that 701 corn
and 302 glandless cottonseed can easily be processed on both extruders
through the entire range of temperatures, 150-170°C. However, 70/30
sorghum/cottonseed mixtures may require extensive water addition at
temperatures above 170°C. At temperatures to 160°C, 80/20 cereal/
cottonseed mixtures are easily extruded, but higher energy inputs are
required at 170°C and extensive water addition may be needed. Although
the 60/40 mixtures can be extruded at 150°C and 160°C, these blends
caused problems at 170°C in sume cases,' where reductions in feed rate
were required. With the exception of sorghum/glanded cottonseed, these
mixtures could only be processed at 170°C.

The Insta-Pro extruder showed easy operation at temperatures
between 135°C and 150°C. Achievement of temperatures above this range
was cumbersome and time consuming and often difficult to maintain, In
the case of the higher oi1l content mixtures, the maintaining of 150°C

may even be more difficult,
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2.1.3 Functional Properties

An extensive series of experiments was carried out on cereal/
cottonseed mixtures extruded on both the Brady and Insta-Pro extruders.
Corn, sorghum and wheat wars used in combination with both glanded and
glandless dehulled cottonseeds. The functional properties and gossypol
levels are summarized in Tables 2-8.

The effects of extrusion, using a Brady extruder, on gossypol
levels in full-fat cottonseed flour and several cottonseed/cereal blends
are listed in Table 2. Extrusion reduced free gossypol 70X in cotton-
seed flour, but the final level of 0.209X 1s still considerably higher
than the maximum of 0.06X specified by the PAG for human food use, The
free gossypol levels of the corn or sorghum blends with glanded cotton-
seed were all below 0.06X. However, since cottonseed represents only
30X of the uixture, the free gossypol level should be below 0.02X in
thasse blends. It is known that iron salts are able to bind free gossy-
pol. It is possible that addition of an iron salt, in equimolar amounts
with gossypol, prior to extrusion will result in acceptable levels of
free gosaypol in the extruded product. This will be examined in a
subsequent experiment.

In Table 3}, proximate analysis data, nitrogen solubility index
(NSI), free gossypol and water ubsorption data are listed for an exten~
siva series of cereal blends with glanded or glandless cottonseed., An
advantage cottonseed has over soy is the increased fat content in the
blend. For exsmple, mixtures of rottonseed with corn (70/30) contain
13X fat compared to about 8% in a similar blend made with moy.

Free gossypol levels in these particular blends were penerally at

or below 0.02X. The NSI's for the blends ranged from 6-9X and did not



Table 2. Free and total gossypol content of cottonseed and cottonseed
blends extruded on the Brady extruder.

Totall Free2
FEN Gossypol Gossypol
Code # Description 4 4
2-15-13 Glanded cottonseed, extruded, 138°C 0.831 0.209
2-15-14 Glanded cottonsced, not extruded 0.863 0.653
2-15-15 Glandless cottonseed, not extruded 0.088 0.032
2-13- 1 70X corn /302 glanded cottonseed 0.258 0.053
141°C
2-13- 2 70X corn /30X glanded cottonseed 0.264 0.034
160°C
2-13- 3 70X corn /30X glanded cottonseed 0.262 0.024
169°C
2-13- 4 70X sorghum/30X glandless cottonseed 0.005 0.004
169°C
2=13- 5 70X sorghum/30X glandless cottonseed 0.003 0.003
163°C
2-13- 6 70X sorghum/30X glandless cottonseed 0.0013 0.0073
142°C

1Anulyzed according to AOCS Official Method BaB8-55 (corrected 1964,
reapproved 1973).

zAnlly:cd according to AOCS Official Method Ba7-58 (revised 1968,
reapproved 1973).

3Herc, total goasypol was determined to be less than free gossypol,
which indicates that, due to the spectrophotometer's slight drift
from zero abaorbance during readings and the very, very small amounts
of gosaypol present, these amounts should be designated as '"negligible."
These readings would seem to be slightly out of the range of the
spectrophotometer, and should perhaps be defined as "less than 0,01%."



Table 3. Cereal/Cottonseed samples extruded on the Brady extruder.

FSX Extrusion z - 2 Tetal Z Water X Free 2 Hater
Code ¢ Description temp., °C Moisture Fat Nitrogen Sol. N NSI Gossypol Absorption
2-33-12 602 comn /402 glandless cottonseed 152 3J.68 18.08 3.5
2-33-11 602 corn /402 glandless cottonseed 152 3.69 17.82 3.46
2-33-18 602 corn /402 giandless cot:ionseed 152 3.54 17.34 3.07
2-33-1) 702 corn /30T glandless cottcnseed 150 4.03
2-33-21 702 corn /302 glandless cottcnseed 150 4,19
2-33-17 702 comm /302 glandless cottonseed 150 3.98
2-33-14 702 corm /302 glandless cot:ionseed 163 3.80 14.26 3.19
2-33-15 702 comn /302 glandless cottonsced 16} 1.7 14.20 3.20
2-33-20 702 corn /)02 glandless cottonseed 163 4.11 13.40 2.86
2-33-19 702 comn /30% glandless cottonseed 170 3.11
2-33-10 702 corm /302 glandless cottonseed 170 2.99
2-3)-16 702 corn /302 glandless cottonserd 170 3.06
2-33- 9 2 corn /20T glandless cottonseed 159 4,24 11.24 2.68
2-33- & 801 corm /202 glandless cottonseed 159 3.96 10.85 2.59
2-33- 6 802 corn /20T glandless cottonseed 159 3.96 9.31 2.33
2-33- 2 802 corn /202 glandless cottorseed 150 4.34
2-33- 5 802 corm /20T glandless cuttonsecd 150 4.29
2-33- 1 802 corm /20X glandless cottonseed 150 h.5%&

2-33- 8 802 corn /202 glandless cottonseed 17 3.37

2-33- 1 802 corn /202 glandless cottonseed 171 3.61

2-33- 3 802 corn /20X glsndless cottonseed 171 3.21

2-35-10 602 corn /40X glanded cottonseed 149 3.68 3.51 0.31 8.83

2-35%- ) 60X corm /402 glanded cottonseed 149 3.94 3.3 0.28 8.38 168
2-3% 7 602 corn /401 glanded cottonseed 149 3.35 3.04 0.18 5.92

2-3% S 60% corn /40 glanded cottonseed 163 3.03 16.10 3.63 0.0239

2-35%-17 602 corn /402 glsnded cottonseed 163 3.38 15.82 3.30 0.0217 264
2-35-24 602 corn /402 glanded cottonseed 163 2,85 15.18 3.1 0.0180

2-35-21 702 corn /301 glasnded cottonseed 149 3.55 2.99 0.24 8.03

2-35- & 70% corn /30X glanded cottonseed 149 4.05 2.81 0.23 8.19

2-35- 6 70X coerm /302 glanded cottonseed 149 3.66 2.53 0.22 8.70

2-35%-22 702 corn /30X glanded coitonseed 163 3.58 12.98 3.09 0.20 6.47 0.0175 293
2-35-16 702 corn /302 glanded cottonseed 163 3.78 12.95 2.89 0.17 5.88 0.0162 291
2-535-13 702 corn /302 glanded cottonsesd 163 3.58 12.26 2.67 0.20 7.49 0.0133 229

2-2 -2} 702 corn /302X glended cottouseed 169 3.20 3.38 0.23 6.80 0.0186
2-35- 2 702 corn /302 glanded cottonseed 169 3.70 2.93 0.20 6.83 0.0160 254
2-35- 8 702 corn /302 glanded cottonseed 169 3.19 2.88 0.19 6.60 0.0143 ’
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Table ). Cereal/Cottonseed samples extruded on the Brady extruder (continued).

FSK Fxtrusion 4 2 2 Total Z Water =~ Free 2 Water
Code # Description temp., °C Moisture Fat Nitrogen Sol. W NS1 Gossypol Absorption
2-35-12 80% com /202 glanded cottonseed 171 3.21 0.0086
2-35-19 802 corn /202 glanded cottonseed 171 3.45 0.0071
2-35-11 802 corn /20X glanded cottonseed 171 3. 14 0.0087
2-35-14 802 corn /202 glanded cottonseed 160 3.91 9.83 2.73 v.0115
2-35- 9 80X corn /202 glanded cottonseed 160 3.72 9.06 2,45 0.0093 297
2-35- 1 802 corn /202 glanded cottoncecd 160 3.54 8.63 2.27 6.0071
2-35-18 80X cormn /207 glanded cottonseed 150 4.06 2.40 0.17 7.08
2-35-15 802 corn /20X glanded cottonsced 150 4,15 2,30 0.20 8.70
2-35-20 802 cormn /20X glanded cottonseed 150 J.64 2.27 0.17 7.49
2-31-35 602 wheat /40X glandless cottonseed 149 4.26 17.12 4.52
2-31-19 2 vheat /40X glandless zottonseed 149 3.15 17.07 4.21
2-31-18 60% wheat /40X glandless cottonseed 149 2,81 15.75 4.11
2-31- 7 702 wheat /30X glandless cottonseed 152 2.52
2-31- 8 702 wheat /JINX glandless cottonseed 152 3.55
2-31- 9 702 wheat /302 glandless cottonseed 152 3.59
2-31- 6 702 wheat /30X glandless cottonseed 159 3.51 12.79 .74
2-31- 5 702 wheat /30X glandless cottonseed 159 3.22 12.90 3.76
2-31- & 702 wheat /302 glandless cottonseed 159 3.18 12, ¢ 3.67
2-31-13 602 sorghum/40X glandless cottonseed 160 2.1% 17.29 3.3
2-31-34 602 sorghus/402 glandless cottonseed 160 3.66 17.71 3.61

. 602 nsorghum/40Z glandless cottonseed 160
2-31-10 60T surghum/402 glandless cottonseed 170 2.36
2-31-11 60Z sorghum/402 glandless cottonseed 170 1.83
2-31-12 602 sorghum/402 glandless cottonseed 170 2.4)
2-31- 2 602 sorghum/402 glandless cottonseed 149 2.53
2-31- 3 602 sorghum/40% glandless cottonseed 149 2.63
2-31- 1 €02 sorghum/40% glandless cottonseed 149 2.79
2-31-33 702 sorghuz/302 glandless cottonseed 148 3.81
2-31-30 702 sorghun/302 glandless cottouseed 148 3.93
2-31-29 702 sorghurm/30% glandless cottonseed 148 3.18
2-31-32 702 sorghum/30% glandless cottonseed 163 3.23 14.28 2.95
2-31-25 702 sorghum/30X glandless cottonseed 163 2.84 13.74 2.83
2-31-26 70% sorghum/30Z% glandless cottonseed 163 2.35 13.08 2.83
2-31-31 702 sorglum/302 glandless cottonseed 171 3.08
2-31-28 702 sorghim/302 glandless cottonseed 171 2.33
2-31-27 702 sorghum/302 glandless cottonseed 171 2.31
2-31-14 80X sorghum/20 glandless cottonseed 149 3.49
2-31-21 802 sorghum/202 glandless cottonseed 149 3.82
2-31-15 802 sorghum/20X glandless cottonseed 149 .n
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Table ). Cereal/Cottonseed samples extruded on the Brady extruder (continued).

TSN Extrusion 4 p4 % Total 2 Water % Free % Water
Code # Description tewp., °C Moisture Fat Nitrogen Sol. N NSI Gossypol Absorption
2-31-17 B0 sorghum/202 glandless cottenseed 160 3.13 12.139 2.63
2-31-18 807 sorghum/202 glandless cottonseed 160 3.42 11.10 2.52
2-31-20 802 sorghum/20X glandless cottonseed 160 2,76 10.69 2.48
2-31-23 80X sorghum/202 glandless cottonseed 170 3.12
2-31-22 8§02 sorghum/20% glandless cottoaseed 170 3.31
2-31-24 BOXI sorghum/201 glandless cottonseed 170 2.96
2-47- 1 602 sorghum/402 glanded cottonseed Raw 5.85
2-47-10 60T sorghum/402 glanded cottonseed 149 3.70
2-47-25 602 scrghum/40% glanded cottonseed 149 2.99 144
2-47-29 602 sorghum/402 glanded cottonszed 149 2.74
2-47-14 €602 sorghum/402 glanded cottonseed 163 3.65 16,00 3.32 0.31 9.34 0.0210
2-47-23 602 sorghum/40% glanded cottonseed 163 2.95 15.89 3.17 0.26 8.20 0.0223 164
2-47-15 601 sorghum/402 glanded cottonseed 163 3.70 14.63 3.16 0.25 7.91 0.0188
2-47- 5 602 sorghum/402 glanded cottonseed 171 3.83
2-47-24 602 scorghum/40% glanded ccttonseed 171 2.52 216
2-47- 9 €02 sorghum/402 glanded cottonseed 171 3.40
2-47- & 707 sorghua/30% glanded cottonseed Raw 7.50
2-47-22 702 sorghum/30X glanded cottonseed 149 2.68 3.03 0.27 8.91 0.0177
2-47-17 702 sorghum/302 glanded cottonseed 149 4.18 2.76 0.24 8.70 0.0174 138
2-47-13 702 sorghum/30X glanded cottonseed 149 4.62 2.75 0.22 8.00 0.0164
2-47-18 702 sorghuam/30% glanded cottonseed 163 3.717 12.84 2.85 0.23 8.07 0.0120 205
247~ & 702 scrghum/302 glanded cottooseed 163 3.70 12.26 2.90 0.23 7.93 0.0119 210
2-L7- 8 702 sorghum/30X glanded cottonseed 163 3.85 11.62 2,69 0.18 6.69 0.0085 166
2-47- 2 80T sorghum/202 glanded co-tonseed Raw 7.25
2-47-21 802 sorghum=/202 glanded cottonseed 149 3.66
2-47-12 802 scrghu=/201 glanded cottonseed 149 3.79 193
2-47- 13 802 sorghuz=/202 glanded cottonseed 149 4.52
2-47-26 802 scrghu=/20% glanded cottonseed 163 3.38 10.66 2.55 0.16 6.27 0.0102
2-47-28 802 sorghum/20I gianded cottonseed 163 3.28 10.13 2.49 0.17 6.83 0.0096 215
2-47- 7 B0 scrghum/20X glanded cottonseed 163 4,01 10.11 2.62 0.15 6.20 0.0079
2-47-16 B0 sorghum/202 glanded cottomseed 171 4,51
2-47-18 802 scrghuzs/202 glanded cottenseed 171 3.57 279
2-47-30 B0 sorghum/202 glanded cottonseed 171 4.04
2-47-20 702 sorghum/302 glaanded cottonseed 171 3.14 2.96 0.25 8.45 0.0139
2-47-11 702 scrghun/30% glanded cottonseed 171 3.84 2,77 0.20 7.22 0.0117 236
2-47-27 702 sorghu=/302 glanded cottonseed 271 2.45 2.76 0.20 7.25 0.0108

® Rot enocugh sample delivered to mix with vitamin and mineral premix.
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Table 8. Cooked viscosities of cereal/cottenseed samples extruded on the Insta-Pro extruder.

Spindle Spindle Spindle Spindle
FSN Extrusion Centi- No., - Centi- No. - Centi- ¥o. -~ Centi- o, - Bostwick

Code # Sample description teap., °C poise rpm peise pm poise pm poise rpa value
2-61-8 60% corm /40% glandless cottonseed 135 2,607 4-20 1,459 4-50 15.3
2-61-6 60 corn /402 glandless cottonseed 147 1,700 4-20 1,043 4-50 18.6
2-61-5 70% comm /30% glandless cottonseed 138 2,583 4-20 1,581 4-50 14.0
2-61-9 703 corm /30X glandless cottonseed 149 1,563 4-20 935 4-50 17.7
2-57-4 802 comm /20% glandless cottonsced 138 220 4-20 172 4-50 230 3-20 180 3-50
2-69-4 60 corm /401 glanded cottonseed 138 887 4-20 557 4-50 21.3
2-69-5 60X corn /40% glanded cottonseed 149 1,313 4-20 777 4-50 18.4
2-69-2 70% corn /30X glanded cottonseed 138 2,207 4-20 1,396 4-50 17.4
2-65-8 70% cora /302 glanded cottonseed 143 1,710 4-20 1,023 4-50 18.3
2-57-3 802 comm /202 glanded cottonseed 140 530 4-20 384 4-50 590 3-20 420 3-50
2-57-6 B0 corm /20X glanded cottonseed 146 870 4-20 600 4-50 955 3-20 634 3-50
2-57-1 802X corn /20X glanded cottonseed 152 460 &-20 344 4-50 510 3-20 368 3-50
2-61-1 602 sorghum/40% glandless cottonseed 140 1,527 4-20 896 4=-50 18.3
2-61-3  £€0% sorghtum/40% glandless cottonseed 146 1,670 4-20 987 4-50 17.0
2-61-4  60% sorghu=/40Z glandless cottonseed*® 146 1,840 4-20 1,017 4-50 16.9
2-61-7 70% sorghu=n/3027 glandless cottonseed 140 1,100 4-20 763 4-50 23.4
2-61-2 702 sorghua/30% glandless cottoaseed 149 2,670 4-20 1,537 4-50 14.4
2-57-5 B80% sorghu=/20Z glandless cottonseed 135 2,780 4-20 1,656 4-50 2,795 3-20 1,604 3-50
2-69-7 602 sorghum/40% glanded cottonseed 138 2,133 4-20 1,216 4-50 16.9
2-69-6 602 sorghu=/40% glanded cottonseed 149 2,053 4-20 1,137 4-50 17.0
2-69-3 702 sorghum/302% glanded cottonseed 138 4,190 4-20 2,292 4-50 12.6
2-69~-1 702 sorghum/302 glanded cottonseed 147 3,420 4-20 2,028 4-50 13.5
2-57-7 BOX sorghum/20% glanded cottonseed 140 870 4-20 556 4-50 625 3-20 552 =50
2-57-2  BCX sorghum/202 glanded cottonseed 149 730 4-20 480 4-50 750 3-20 482 3-50

* Sieve size = 0.79.
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show any discernible pattern. Although these values were low, repre-
senti:; considerable denaturation of protein, it should be remembered

that the samples were essentially cooked. Water absorption values

ranged from 130 to 300%. Although considerable variation was encountered,
water absorption wae reduced as expected by a higher level nf cottonseed
flour in the blend. Also, sorghum appeared to give lower water absorp-
tion values than did corn at similar levels in the blends. This is
consistent with the uncooked viscosity data to be discussed, and indi-
cates that corn and sorghum starches have different functional properties,
at least following extrusion.

Uncooked and cooked viscosity data for these same blends are
summarized in Tables 4 and 5, respectively. All viscosity data were
obtained using a Brookfield viscosimeter. Previously, it was reported
that the uncooked viscosity of corn/soy blend (CSB) was quite high. A
potential problem may exist when it is mixed cold. Based on present
knowledge, our recommendation for using CSB as a gruel is to boil the
mixture at least two minutes. This much boiling, if not more, is desir-
abie from a sanitation standpoint and reduces the viscosity of the
mixture. Nevertheless, it would be desirable to produce blended foods
on the extruder with lower uncooked viscosities than is the case for
extruded CSB.

As shown in Table 4, uncooked viscosities for corn blends with
either glandless or glanded cottonseed were quite high. Generally,
viscosity was lower with more cottonseed in the blend. Glanded cotton~-
seed blends gave higher uncooked viacoeitics than did blends from
glandless cottonseced. Increasing the temperature from 149° to 163°C

increased the uncooked viscosity of glanded cottonseced blends. The most
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interesting observation, however, is that sorghum blends with glanded
cottonseed resulted in considerably lower uncooked viscosity values than
was the case for similarly processed blends with corn. This observation
was consistent with the water absorption data previously mentioned. If
this proves to be the case also for sorghum/soy blends, it may prove to
be possible to produce a weaning food with a satisfactory uncooked
viscosity from a mixture of soy with sorghum and corn. However, it is
also possible that the sorghum is less gelatinized and the question is
currently under investigation.

The cooked viscosity data listed in Table 5 show no important
trends and in all cases the cooked viscosity values were in an acceptable
range.

The corresponding data for cottonseed/cereal blends made on the
Insta-Pro are shown in Tables 6, 7 and 8. However, in addition to the
Brookfield viscosity data as reported for the Brady samples, Bostwick
values are listed.

The NSI's, free gossypol and water absorption data listed in
Table 6 for the Insta-Pro are comparable to values obtained for the
Brady. Operating temperatures on the Insta-Pro ranged from 138-149°C,
compared to Brady operating temperatures of 149-171°C.

Uncooked and cooked viscosity data for samples extruded on thc
Insta-Pro are summarized in Tahles 7 and 8. Uncooked viscosities were
generally higher with corn than with sorghum, and with glanded rather
than glandless cottonseed. Mixtures of sorghum with glandless cotton-
seed gave very low uncooked viscosities, regardless of whether the blend
was 80/20 or 60/40. Corn/glandless cottonseed blend (70/30) extruded at

149°C had a lower viscosity than was the case for a similar blend
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extruded at a similar temperature on the Brady. If the temperature on
the Insta-Pro was further reduced to 138°C, the resulting gruel became
very thin indicating inadequate cooking. The cornm or sorghum blends
with glandless cottonseed showing very low uncooked viscosities typi-
cally increased in viscosity when cooked. Since the cooked samples,
vhen evaluated, actually contained more water than did the uncooked, it
indicates that these samples were probably not adequately cooked during

the extrusion process.

2.1.4 Nutritional Properties

Several rat growth studies were carried out in which the effects of
extrusion on the protein quality of full-fat cottonseed flour and cot-
tonseed blends have been evaluated. In these studies the AOAC method
for measuring PER's was used with minor modifications. In additionm,
protein retention efficiencies (PRE's) were calculated from two week
growth data. PRE's were mathematically similar to NPU's and as such
took into account protein used for maintenance as well as growth. 1In
assessing the relative nutritive values of a series of protein sources,
PRE is a better measure than is PER. However, the PER is a more sensitive
measure especially to the nutritional effects of .ieat processing.
Therefore, PER values will be discussed in this section.

The results of the first experiment are summarirzed in Table 9. 1In
this study all of the samples had been extruded on the Brady at the
temperatures shown in the table.

Glandless cottonseed flour was of excellent quality and had a PER
equal to casein. As is well known, gossypol in glanded cottonseed flour

i4 toxic to rats, and rats fed this flour lost weight and several died.
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However, extruding the glanded cottonseed at approximately 138°C resulted
in a corrected PER of 1.89 + 0.07. For comparison, dehulled soy extruded
on the Brady at this temperature gave a corrected PER of 1.98 + 0.06 in
the same experiment. The PER for the extruded glanded cottonseed is
surprisingly high in view of the fact that: 1) only 70X of the free
gossypol was bound, and 2) presumably the free gossypol that was bound
rendered equimolar amounts of lys.ne unavailable. However, as will be
discussed below, it has been confirmed that this was high protein quality
for extruded glanded cottonseed in the second rat feeding astudy (Table 10).

PER's for corn/glanded cottonseed and sorghum/glandlecs cottonseed
blends at two temperatures are also listed in Table Y. Whole corn/
glanded cottonseed (70/30) extruded at 171°C gave a corrected PER of
1.52 + 0.09, much below the 2.4-2.5 values obtained for similar corn/soy
blends. When the extrusion temperature was dropped to 138°C, the PER
significantly increased to 1.90 + 0,04, still much below corn/soy blends.
The corrected PER's for the sorghum/glandless cottonseed blends were
1.75 + 0.04 and 1.87 + 0.06 and were not significantly affected by
temperature in the range atudied.

A second rat feeding expcriment was conducted in which extruded
cottonseed flours and cottonseed blends were processed on both the Brady
and the Insta-Pro extruders. The data are presented in Table 10.

The results for the Brady were generally consistent with the results
of the firast cxperiment. In the repeat cxperiment, glanded cotton-
seed extruded on the Brady at 139°C had a corrected PER of 1.97 + 0.04,
which was similar to PER's obtained for extruded full-fat moy flour.
Glanded cottonseed cxtruded on the Insta-Pro at 140°C gave a cor-

racted PER of 1.80 + 0.08. Extruding glandless cottonsced reduced



Table 10.

Results of rat growth experiment 2 (4 weeks growth).

Extruder & Weight Corrected
. 1 2 PRE>
Code ¢ Description Temp., °C gain, g PER PER

2-39-19 100X glandless cottonseed Raw 124.2:6.5 2.88+0,08 2.50+£0.07 60.2+1.3

2-39-20 1002 glandless cottonseed Brady 116.025.6 2.74+0.07 2.38+0.06 59.640.9
132

2-39-16 100X glanded cottonseed Brady 9€.5:2.7 2,26%0.05 1.97+0.04 49.6+1.2
139

2-39- 9 100X glanded cottonseed Insta-Pro 73.2+3.7 2.07+0.09 1.80+0.08 47.9+1.5
140

2-41-1 702 corm/ Brady 50.4+3.8 1.73+0.09 1.51+0.08 46.622.4
30X glanded cottonseed 171

2-41~- 2 70X corm/ 4 Brady 94.9%4.8 2.54+0.07 2.21+0.0€ 57.1+1.1
302 glanded cottonseed 171

2-41- 3 70% corn/ Brady 70.9%4.4 2.12+40.05 1.84+0.04 49.1+0.8
307 glanded cottonseed 139

2-41- 8 70X sorghun/ Brady 65.423.4 1.98+0.08 1.72+0.07 48.4%2.0
30Z glandless cottonseed 174

2-41- 5 702 corn/ Insta-Pro 93.6+5.8 2.55+0,08 2,22+0.07 55.8+1.9
30X glanded cottonseed 149

2-41- 4 702 sorghun/ Insta-Pro 65.5+5.6 2.01+0.10 1.75+0.09 45.,2+1.8
302 glanded cottonseed 138

2-41- 7 707 sorghu=/ Insta-Pro 83.2+3.8 2.38+0.08 2.07+0.07 54.8+0.9
30X glandless cottonseed 149

-— ANRC Casein (3 groups) 111.4%4.2 2.88+0.09 2.50 60.3+1.7

LMean + standard deviation.

2Corrected to casein = 2.50.

3Based on 2 weeks growth.
40.51 IMH was added to mixture.
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the TER from 2.50 + 0.07 to 2.38 + 0.06. Although this difference was
not significant, a slight reduction in protein quality was not sur-
prising because of the known effects of heat processing on lysine
availability.

PER's for blends extruded on the Insta-Pro were comparable to those
obtained for blends extruded at similar temperatures on the Brady.

Whole corn/glanded cottonseed extruded on the Insta-Pro at 149°C gave

an excellent corrected PER of 2.22 + 0.07. For comparison purposes, a
similar blend extruded at 171°C on the Brady gave a corrected PER of

1.51 + 0.08. This low PER for corn/glanded cottonseed extruded at 171°¢c
was predicted to be most likely caused by a lysine deficiency. Therefore,
the exact sample which gave the PER of 1.51 was also fed with the addi-
tion of 0.5% L-lysine monohydrochloride. In this case the corrected PER
increased significantly to 2.21 + 0,06, confirming the hypothesis.

The data obtained in these experiments, combined with the literature
on cottonseed, suggest the following tentative conclusions. Cereal
blends made with low-gossypol cottonseed are of good to excellent nutri-
tional value. Although glandless cottonseed was used in our experiments,
degossypolized cottonseed, such as produced by the cyclone process,
undoubtedly would also be satisfactory. Depending on the extrusion
temperature, such blends might respond to lysine fortification. Cotton-
sced has a real advantage over soy in blended foods because of its
additional oil. Although glandless cottonseed does not require heat
processing as does soy, the cereal blends undoubtedly benefit in terms
of digestibility and acceptability by the extrusion. From a cost and

proccuysing standpoint, it may not be desirable to extrude the blend, but
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rather to extrude only the cereal, perhaps with 52 cottonseed to provide
a small amount of oil to aid in extrusion. However, this point has not
yet been investigated.

Extrusion has real merit in making blends of cereals with glanded
cottonseed. It would appear desirable to add an iron salt and lysine
prior to extrusion to assist in gossypol inactivation, but this point
requires more investigation. Extrusion of glanded cottonseed does not
at this point rosult in a satisfactory full-fat cottonseed flour based
on the safety of the product, because free gossypol levels are too high.
It may well be that adding an iron salt prior to extrusion would produce
a satisfactory product.

It would appear that more work is necessary and desirable to
explore the full potential and assure the safety of cottonseed foods

processed on a low-cost extrusion cooker.

2,2 TSP

Effort has been made to investigate the potential of using LEC's to
produce texturized soy protein (TSP). Mr. Ronald Flier and Mr. Wayne
Moore of Ralston~Purina visited on April 11, 1977, for consultation on
production of TSP. Discussions were held on:

1. Ingredient requirements

2, Operational and operating conditions

3. Product evaluation

4. Mechanicai changes to LEC's.

A 50% protein, defatted soybean meal with PDI of 25-50% was
recommended for extrusion. The meal should be in the form of grits or
unground flekes. Tempering of the flakes was recommended to 2B8-35%

moisture which would help feeding problems.
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Product evaluation will consist of standard tests as recommended by
Ralston. These include:

1. Bulk density - standard of 0.32 3/:

2, Particle size - coarse: -3 +10 mesh

medium: ~-10 +20 mesh
fine : -20 mesh
3. Moisture
4. Fiber structure test - a test using low concentrations of TSP
in water, followed by screening
5. Hydration test - industrial standard is 2.5/1,0 for hydrated
to original product. |

Mr. Flier and Mr. Moore spent two days at CSU, July 21-22, 1977, to
help begin the study of TSP extrusion on the Brady and Insta-Pro extruders.

The extrusion laboratory was set up to accommodate preprocessing
requirements to extrude TSP. Defatted soybean grits (50 PDI or higher)
were available for the extrusion test. The defatted soy grits (DSG)
were adjusted to various moisture levels, steamed to 71°C, and then
extruded. The formula used was: 100% DSG, 0.1% sulfur, 25-302 mois-
ture, and steam. Sulfur was added initially as an extrusion aid but
should not be considered for processes manufacturing human food.

The DSC was tried on both extrudere with few modifications. Notes

of the runs are given below.

2,2,1 Brady

Several runs were made on the Brady in an attempt to extrude TSP,
Several factors were explored:

1. Moisture

2. Sulfur content
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3. Extrus on screw speed

4, Feed r.’es.

Observatious made during the run indicated that the major problem
with the Brady was feeding. The Brady was tried with the standard
feeder supplied, however, a feed transition plug occurred due to the
high moisture condition of the feed. The original feed hopper was
removed and replaced by a gravity hopper fed with an Eriez magnetic
feeder, which enabled continuous feeding with some external prodding of
the hopper to clear blockages. Keeping the moisture content constant
was critical to uniform feeding and texturization.

Best results were obtained with the following conditions:

Preprocessing--100 parts DSG (50 PDI)
30 parts vater
0.1 parts sulfur
steam to 82°C
Operating Conditions (approx.)=--rotor speed, 450 rpm
feed rate, 272 kg/hr
cone opening, less than
one turn open

Results indicated a textured product could be produced with difficulty,
which was judged to be acceptable but not optimal. Flakes of textured
soy were made which resembled a slightly puffed and fibrous chip. It
was felt that the Brady had limited capability {in produciny, TSP due to
the feeding problem and the screw design. Changes in both these areas

would be beneficial in manufacturing TSP, and further study will clarify

the machine operating conditions required.

2.2,2 1Insta-Pro
A number of runs were made on the Inata-Pro eoxtruder explorinp

several variables:
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1. Screw speed
2. Sise of steam lc:cke
3. Orifice size
4., Moisture
5. Sulfur content
6. Feed rates.
In general the Insta-Pro seems well adapted to manufacturing TSP,
It was noted that in all runs, it was very critical to maintain a posi-
tive and consistent feed rate for texturization. Runs made indicated
that the Insta-Pro had high shear rates which made temperature control
difficult but control was achieved by changing to the large single
orifice (12.7 mm) and small steam lock. The Eriez feeder was used in
place of the vibratory feeder to make feeding more consistent.
In general, TSP production was best achieved with the following
conditiona:
Preprocessing--100 parts D56
30 parts water
0.1 parts sulfur
ateam to 82°C
Operating Conditions (approx.)--Steam locks, 10P, 10P, 10P
(smallest locks)
Orifice, single 12.7 mm dia.
Screw speed, 350 rpm
Feed rate, 227 kg/hr
The product manufactured was a rope of approximately 2.5 cm in
diameter, highly expanded and fibroun. Structure within the rope aeemed
quite developed and was judged to be a highly acceptable product. lLow
feed rates would cause the extruder to surge and atup the production of

the textured rope. Higher feed rates were found beat for continuous

production of TSP.



The TSP tests in general were not concluaive in determining the
utility of either LEC machine. However, the initial experience has
given a basis for further research In the area where work will emphasirze
the Insta-Pro extruder. Testes will be run to {nvestigate the specific

operacing conditions required for ateady texturization of defatted aoy.

2.3 Chickpeas

2,3.1 Processing

Chickpeas (parbanzo beans) were used in conjunction with cereals in
a LEC test. Dr. Shah, Mintstry of Health, Paktutan, had expressed an
interest in combining chickpeas with varfous cercaln at approximately a
50X level.

Teats run on the Brady (ndicated that the chickpeal/rercal combinations
can be extruded aucceasfully without any preconditionting of {ngredients,
Due to the lover ofl content, the combinaticns extruded rore Yike high
ceresl/lov aoybean combinations.

Chickpeas were cozmbined with wvheat, corn, aorghum and rice,
Physical extruder operaticns {ndicated that the wheat/chickpea and rice/
chickpea combinations did not extrude cantly due to the lover ot}

contenta of the combinations compared Lo the vorn or norghum mixturen.

2.,3.2 Nutrittonal lvaluation

Cereal/chickpea/nonfat dry mtlk (RFDM) blendo were made with the
Reneral forzula of cereal, 44%; chickpean, 44%; NFIM, 10X; and vitamine
and vinerals, 2. The four cercaln uned vere corn, vheat, asorghum and
rice, as dencribed {n Section 7.3.1,

Data shoving the pronizate analyncs and nitrogen aolubility {ndexea

(NS1's) for theac samplen are premcnted fn Table 1), These sanples are
!



Table 11. Prcximate analysis and NSI's for chickpea blends.
FSN Moisture Fat Nitrogen Proteinl Ash Fiber 2
Code # Sample 4 4 4 4 4 4 NSI
2-63-4 44 corn, 44Z chickpea, 5.97 3.27 2.70 16.88 4.42 1.28 34.07
107 NFDM, 2% V&M

2-63-5 447 wheat, 44X chickpea, 4.88 3.50 3.40 21.25 4.24 1.51 27.65
10T NFDM, 2T V&M

2-63-6 44% sorghum, 44% chickpea, 5.06 3.20 2,62 16.38 4.15 1.58 30.92
10% NFDM, 2% V&M

2-63-7 442 rice, 44% chickpes, 5.50 2.19 2.57 16.06 4.20 0.43 35.02
102 NFOM, 2 V&M

l(N x 6.25).

zﬁitrogen solubility index.

-zc-
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all quite low in fat. Except for wheat, they all contain somewhat less
protein than CSB (70/30), 16% versus about 18% for CSB. However, the
blend with wheat contained over 21% protein. NSI's for the blends were
mite high, ranging from 28 to 35%Z. This compares to NSI's of around
8-9% for CSB and indicates a lesser amount of protein denaturation
occurred.

Both '"uncooked" and "cooked'" viscosity data for these samples are
presented in Table 12. The uncooked viscosities for the corn, sorghum
and rice blends are quite high, giving Bostwick values of zero or near
zero, The uncooked viscosity of the wheat blend was moderate, giving a
Bostwick value of 8.4. The four cereal blends, in descending order of
uncooked viscosities, were corn > sorghum > rice > wheat. Cooked vis-
cosities for all blends were much lower than was the case for uncooked
viscosities, giving Bostwick values of 13 to 24. Interestingly, when
the cooked viscosities were ranked in descending order, reverse order
was seen, that is, wheat showed the highest cooked viscosity and corn
the lowest.

The rat growth evaluation of three of these blends and two blended
foods from Sri Lanka is summarized in Table 13. Chickpea/NFDM blends
with wheat, sorghum or rice all gave corrected PER's equal to or greater
than that of  asein. The corrected PER for the blend with rice, 2.94
+ 0.09, actually was significantly higher than casein. The reason for
this is not understood at this time and it is sufficient to conclude
that all three blends have a protein quality at least as good as casein.
The production line sample of Thriposha gave a corrected PER equal to
casein. A corn/soy blend (80/20) extruded in Sri Lanka gave an acceptable

corrected PER of 2.23 + 0.04, which 18 a good PER for a 80/20 blend.



Table 12. Viscosity data for chickpea blends.

Spindle Spindle
FSN Centi- No. - Centi- No. - Bostwick
Code # Sample description poise pm poise rpm value

Uncooked Viscosity

2-63-4 442 corn, 44X chickpea, 71,200 7-20 43,040 7-50 0
102 NFDM, 2% V&M

2-63-5 44% wheat, 44% chickpea, 5,920 7-20 4,000 7-50 8.4
10Z NFDM, 2% V&M

2-63-6 44% sorghun, 44% chickpea, 50,860 7-20 28,208 7-50 0
10% NFDM, 2% V&M

2-63-7 442 rice, 44X chickpea, 34,260 7-20 22,768 7-50 0.5

102 NFDM, 2Z V&M

Cooked Viscosity

2-63-4 44% corn, 447 chickpea, 692 3-20 427 3-50 24.0
10X NFDM, 2% &M

2-63-5 447 vheat, 44% chickpea, 4,018 3-22 >2,000 3-50 13.0
10Z NFDM, 2Z V&M

2-63-6 447 sorghum, 44Z chickpea, 710 3-20 476 3-50 21.8
102 NFDM, 2Z V&M

2-63-7 442 rice, 447 chickpea, 903 3-20 601 3-50 22.2

10Z KFDM, 2% V&M

e~



Table 13. Rat growth evaluation of chickpea bleuds and Thriposha.
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Weight Ccrrected

FSN Code Sample gain, g PER PER
2-75- 8 44% wheat, 44% chickpea,

10% NFDM, 2% V&M 141.7+2.9 3.01+0.05 2.50+0.04
2-75- 9 44% gorghum, 44X chickpea,

10% NFDM, 2% V&M 156.246.7 3.1240.05 2.59+0.04
2-75-10 44% rice, 44% chickpea,

10%Z NFDM, 2% V& M 167.846.4 3.5440.11 2.9440.09
2-75-11 Thriposha (80% ICSM,

16% corn, 4% soy) 139.6+5.6 3.05+0.03 2.5340.03
2-75-12 80% corn, 20% soy

extsuded in Sri Lanka,

154°C 126.9+4.6 2.09+0.05 2.2340.04

1Hean + standard deviation.

2Corrected relative to casein = 2,50,

2.4 Preclinical Evaluation of CSB

A preclinical evaluation of three samples of CSB that were made at

Colorado State University on a Brady Crop Cooker was performed.

same samples have been submitted to Dr. George Graham's laboratory for

clinical evaluation.

The samples are identified in the report as follows:

2-39-14 Degermed corn and dehulled soy (70/30), extruded at 163°C.

2-39-15 Whole corn and whole soy (70/30), extruded at 163°C.

2-39-17 Whole corn and dehulled soy (70/30), extruded at 163°C.


http:3.01+0.10
http:2.23+0.04
http:2.09+0.05
http:2.53+0.03
http:3.05+0.03
http:2.94+0.09
http:3.54+0.11
http:2.59+0.04
http:3.12+0.05
http:2.50+0.04
http:3.01+0.05
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Following extrusion, all samples were ground in a Fitz mill and
fortified with a 0.1% vitamin and antioxidant premix and 2.72 mineral
premix according to AID specifications for Title II CSB. The vitamins

and minerals were added in a stainless steel Falcon blender.

2.4,1 Methods

Proximate analysis and particle size determination was carried out
using AACC standard procedures. The amount of antitrypsin activity was
determined by the standard AOCS method and rrotein efficiency ratios
were obtained using the AOAC method, except that corn oil was substi-
tuted for cottonseed oil. Viscosity measurements for cooked and uncooked
material were made using the procedure described in the specifications
for Title II CSB. Besides obtaining Bostwick values, a Brookfield
viscosimeter was also used to obtain more precise data.

The microbiological analysis was conducted by Dr. Jack Avens in the
Department of Animal Sciences, and experimental details are to be found
in his report, which is summarized here. Ten separate samples of each
blend were taken for microbiological analysis. Using standard micro-
biological procedures, levels of coliforms, E. coli, staphylococci,

salmonella and total aerobic plate count were determined.

2.4,2 Results

Proximate analysis data are listed in Table 14. Title II speci-
fications for protein and fat were met by all blends. The whole corn
and soy products slightly exceeded the fiber specification which was
2.0%. Particle size measurements, listed in Table 15, were quite variable,
Soth for Krause CSB and our materials. In general, all three blends are

similar in particle size to Title II (i.e., Krause) CSB.



Table l4. Proximate analysis.

2
FSN Code Sample Moisture Fat Nitrogen Protein1 Ash Fiber Carbohydrate”
Description 4 4 4 4 4 Z y4

2-39-14 Degermed corn/

dehulled soy (70/30)

163°c, Brady 2.82 6.75 2.72 17.00 4.25 0.8 68.38
2-39-15 Whole corn/

whole soy (70/30)

163°C, Brady 3.58 8.63 2.84 17.75 5.07 2.3 62.67
2-39-17 Whole corn/

dehulled soy (70/30)

163°Cc, Brady 3.27 9.22 2.97 18.56 5.09 1.9 61.96

l(N x 6.25)

2(By diff.)

-tc—



Table 15. Particle size distribution.

Run % Retained on Z through
Sample and Description # #10 Sieve #20 Sieve #30 Sieve #60 Sieve #60 Sieve
Krause corn/soy blend 1 0.5 58.0 38.5 1.4
2 0.5 93.4 4.8 0.0
3 1.0 94.8 1.6 0.2
4 0.7 45.3 .3 0.3
5 0.4 42.0 4.2 0.4
2-39-14 Degermed 1 0.0 91.6 8.1 0.1
corn/dehulled soy (70/30) 3 0.2 89.4 10.3 0.1
163°C, Brady 4 0.4 57.1 9.5 0.0
5 0.3 57.6 6.6 0.0
2-39-15 Whole corn/ 1 0.0 57.2 41.3 1.2
whole soy (70/30) 165°C 3 0.1 66.0 33.6 0.2
Brady
2-39-17 Whole corn/ 1 0.1 12.7 0.1
dehulled soy (70/30) 3 0.2 19.9 0.1

163°c, Brady

-BE-
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Data on nitrogen solubility, water absorption, urease and anti-
trypsin activity are listed in Table 16, As previously reported, CSB
produced on the Brady has low NSI's but higher water absorption values
than Title II CSB. The urease and antitrypsin data demonstrate that
heat treatment has been ample to inactivate antinutritional factors to
a high degree. The viscosity data given in Table 17 are consistent with
the water absorption data. Also, the Brady extruded blends have higher
uncooked viscosities than does Title II CSB, but lower cooked viscosity.
All products meet the Title III specifications for CSB, whether cooked
or uncoocked. To use the product most satisfactorily, it will be desirable
to boil it for 2-3 minutes, in order to prevent the product from being
too thick to be satisfactorily consuwed by young children, and to

eliminate contaminaticn from the water used for reconstitution.

Table 16. Physical and chemical properties,

Trypsin
Water Inhibitor
FSN Code Sample 1 Absorption Urease Loss
f Description NSI 4 Activity 4
2-39-14 Degermed corn/
dehulled soy (70/30)
163°C, Brady 4,8 34.9 0.02 84.7
2-39-15 Whole corn/
whole soy (70/30)
163°C, Brady 6.7 32.0 0.01 76.9
2-39-17 Whole corn/
dehulled soy (70/30)
163°C, Brady 6.4 33.9 0.02 91.7

lﬂltrogen Solubility Index



Table 17. Viscosity studies of corn/soy samples extruded on the Brady extruder.

Spindle Spindle
FSK Sample No. - No. - Bostwick
Code # description Centipoise rpm Centipoise rpm valuve

Uncooked Viscosity

2-39-14 70% degermed corn/ 3,280 7-20 6,720 7-50 3.3
30X dehulled soy

2-39-15 70X whole corn/ 8,000 7-20 5,840 7-50 6.3
30X wvhole soy

2-39-17 702 vhole corn/ 9,400 7-20 7,600 7-50 7.2
30X dehulled soy

Cooked Viscosity

2-39-14 70% degermed corn/ 3,350 3-20 >2,000 3-50 13.3
30X dehulled soy 2,820 4-50
2-39-15 70X whole corn/ 1,935 3-20 1,220 3-50 16.7

30X vhole soy

2-39-17 702 whole corn/ 3,045 3-20 1,698 3-50 14.3
30X dehulled soy

*
All samples were extruded at 163°C.

-o?-
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The results of the rat growth evaluation are presented in Table 18,
As previously reported, CSB (70/30) made on the Brady, whether from
whole or degermed corn, and whole or dehulled soy has a PER approx-
imately equal to that of casein. In this particular study, all three
samples gave PER's higher than reference casein. The PER for whole
corn/dehulled soy, 2.91, was significantly higher than the 2.5 for
casein. The higher PER in this study may be more related to palata-
bility for the rat of this sample, rather than protein quality. It is
sufficient to consider that in the rat, all three samples being submitted
had PER's at least as good as casein.

A summary of the microbiological analysis is presented in Table 19.
All three samples were devoid of detectable levels of E. coli, coagulase
positive staphylococci and salmonella. Levels of coliforms and the
aerobic plate counts were well below acceptable limits. The only micro-
biological standard listed for Title II CSB is a limit of 50,000 organ-
isms per gram for the standard plate count. The data listed in Table 19
show that, based on the means for 10 subsamples, none of the three CSB

samples exceceded 1,000 organisms per gram,

2.4.3 Conclusion

The preclinical evaluation of the three CSB samples studied
indicated that all were safe and suitable for feeding to young children.
The only significant question relates to the crude fiber level in the
whole corn/whole soy product which, as expected, was high. Clinical
tests are currently in progress which should help define the fiber
levels that can safely be consumed by infants and young children. For

older children, the fiber levels in whole corn/whole soy CSB would



Table 18. Rat growth evaluation of CSB samples.

PER

Corrected
PER1

Weight gain (g)

129.9 + 6.4°

3.02 + 0.06

2.63 + 0.05

Sample No. Description
2-39-14 Degermed corn/dehulled soy
(70/30) 163°C, Brady
2-39-15 Whole corn/whole soy
(70/30) 163°c, Brady
2-39-17 Whole corn/dehulled soy
(70/30) 163°c, Brady

ANRC casein

137.5 + 5.6

150.1 + 3.6

111.4 + 4.2

3.04 + 0.08

3.34 + 0.06

2.88 + 0.09

2.46 + 0.07

2.91 + 0.05

2.50

Corrected relative to casein = 2,50

eran + standard error

—z "-



Table 19. Microbiological analysis of CSB samples

Organisms/gram
Coagulase Aerobic
Positive Plate
Sample No. Description Coliforms E. coli Staphylococci Salmonella Count
2-39-14 Degermed corn/dehulled soy 1 1 1
(70/30) 163°C, Brady 8 - - - 380
2-39-15 Whole corn/ghole soy 1 1 1 1
(70/30) 163 C, Brady - - - — 300
2-39-17 Whole corn/dehulled soy 1 1 1
(70/30) 163°C, Brady 230 - — — 960
1Rone detected by the "most probable number" method.

-E"-
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likely not pose a problem per se although effects on mineral availability

could be significant, depending on the level of consumption.

2.4.4 Storage Studies

The storage conditions utilized for the CSB storage study were!

1, 29°C at 40X relative humidity

2, 31°C at 50X relative humidity

3. 48°C at 60X relative humidity

4, TFrozen storage which served as a control.

Samples of corn/soy blend extruded at 163°C were subjected to the above
conditions for three months with a flavor profile analysis being per-
formed initially and then at monthly intervals. The samples were pack-
aged in either 4 mil polyethylene or 2 mil polyethylene/Kraft paper.
Preliminary studies hed indicated that 2 mil packaging may present a
problem due to free-fat leakage, cspecially at high (>38°C) storage
temperatures. This observation was not apparent when 4 mi) thick
polyethylene packaging material was utilized.

The flavor prof‘le panel consisted of three individuals well versed
in the technique. Gruels (11,75%) were prepared and served hot to the
panel. Overall aroma and flavor intensities were obtaifaec using a four-
point scale [)( = threshold; 1 = slight; 2 = moderate; 3 = strong]. In
addition, individual aroma and flavor sensations, along with their
intensities using the same scale as deascribed above, werc recorded.

The products had initially been processed to include the normal
vitamin, mineral and antioxidant mixtures, and perhaps the key obser-
vation in these storage studies is the fact that no signs of rancidity

were detected in any product/packaging material/storage condition
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evaluated. Also, storage conditions and time did not alter overall
aroma and flavor intensities. They were in the slight to moderate
range. The major aroma notes were toaated at a level of 1, and starch
at 1 with green at )(. Their intenaities also did not change during the
study.

In the casa of flavor, a sweet sensation was fourd to decrease with
time from an original level of 1 to )(. Other notes that did not change
include cooked/toasted at a level of 1 and bitter at a level of )(. The
sanples remain {n storage and it 18 planned to evaluace their condition
at the end of & uwix-month period.

Thus, these data would indicate that extruded corn/woy fortified
vith vitamin/mineral premix containing antioxt{dants cen be ntored under
conditions approaching 49°C and 60X relarive humidity for perfods up to
three months without any detectable differences occurring in the aroma
and flavor properties of these producta. 4ince no apparent change han
been detected in three mot.~hs, 1t would appear that little change can be

anticipated at the end of aix montha,

2.5 Full-fat %oy Flour

2.5.1 Nutrittonal Fropertien

Samples of full-fat acy fleur extruded on efther the Brady or
Insta~-Pro extruder undey varying ¢cnd{ttona lave heen evaluated for
grose composftion and protein nutritfonal value, Froximate analysis vas
carried out by astandard AACC cethoda. In the came uf fat, diethyl ether
vas used In a Coldfiech extractor with an extraction time of €-H hours,
Urease vaa determined using AACC rethod 2290 and antitrypetn activity

ueing AOCSH tentative zethod Ball-75. Protein efficlency ratlons wvere
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carried out using essentially the AOAC method with minor modifications
and a 28-day growth period.

Prximate analysis data for the extruded and raw soy samples are
listed in Table 20. A lower fat value in raw dehulled beans is almost
certainly a result of incomplete extraction under the conditions used.
Extrusion makes the fat considerably more extractable. It appears that
an extraction time longer than 6-8 hours with diethyl ether is needed to
completely extract the fat from raw soybeans.

Data illustrating the effect of extrusion on urease and antitrypsin
activity in raw and extruded soy are presented in Table 21. Both the
Brady and the Insta-Pro extruders were effective in reducing antitrypsin
activity at least 55X and in essentially eliminating urease activicy.

At an operating temperature of 139°C, the Brady reduced antitrypsin
activity 55% and 702 for dehulled and whole soybeans, respectively., In
the case of the Insta-Pro at 143-146°C, antitrypsin activity was reduced
86% and 812 for dehulled and whole soybeans, rerjectively. At this
point, it is not known whether the greater destruction of antitrypsin
activity is related to the slightly higher operating temperature or to a
difference in the configuration of the extruder.

Protein efficiency ratios (PER's) for full-fat soy flour extruded
on both the Brady and Insta-Pro extruders are shown in Table 22. There
were no significant differences among the PER's for full-fat soy flour
processad from whole or dehulled soybeans using either extruder, All
correctad PER's ware at least 2.0, confirming the high protein nutri-
tional value for full-fat soy flour extruded on either the Brady or

Insta-Pro extruders.



Table 20.

Proximate analysis for extruded and raw soy samples.

FSKR Moisture Fat Nitrogen Protein Ash
Code # Sample description z z Z z y 4
2- 9-15 Raw whole soy 7.1 23.7 5.59 34.9 4.6
2-39- Whole soy, Brady, 139°C 3.6 22.7 5.95 37.2 _—
2-39- 4 Whole soy, Insta-Pro, 143°C 3.0 22.6 5.74 35.9 -—
2- 9-16 Raw dehulled soy 6.3 19.7 5.88 36.8 4.6
2-39- 2 Dehulled soy, Brady, 139°C 3.4 24.6 6.13 38.3 -—
2-39- 1 Dehulled soy, Insta-Pro, 146°C 2.8 23.6 5.67 35.4 —

-LQ’-



Table 21.
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Effect of extrusion on antitrypsin and urease activity.l

Trypsin inhibitor

Activity

FSN % Inhibitor Urease
Code # Sample description TIU, 8 destroyed activity
2- 9-15 Raw whole soy 74,750 -- 1.92
2-39- 6 Whole soy, Brady, 139°C 22,675 69.7 0.03
2-39- 4 Whole soy, Insta-Pro, 143°C 14,000 81.3 0.09
2- 9-16 Raw dehulled soy 80,000 - 1.97
2-39~ 2 Dehulled soy, Brady, 139°C 36,200 54.7 0.00
2-39- 1 Dehulled soy, Insta-Pro, 146°C 11,200 86.0 0.02

1

Table 22.

All data are reported on an "as-is'" basis.

PER's for extruded full-fat soy flours.

Rat growth evaluation

FSN Weight gain Cotrecied
Code # Sample description g PER
2-39-6 Whole soy, Brady, 139°C 89.6 2.04
2-39-4 Whole soy, Insta-Pro, 143°C 103.4 £ 5.4 2.24 t 0,05
2-39-2 Dehulled soy, Brady, 139°C 100.8 2.15
2-39-1 Dehulled soy, Insta-Pro, 146°C 114.8 £ 6.2 2.25 ¢ 0,08
1

PER's corrected to standard value of 2.50 for ANRC casein.
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In one earlier rat feeding experiment it appeared that an extrusion
temperature of 138°C was marginal in terms of inactivating antitrypsin
activity in soybeans. Therefore, another experiment was carried out in
which dehulled soybeans were extruded on the Brady at 138°, 143° and
149°C. Trypsin inhibition data are presented in Table 23. The results
demonstrated that an extrusion temperature of at least 138°C gave a
maximum PER and destruction of antitrypsin activity which were not
further increased by higher extrusion temperatures. In a future experi-
ment, the effect of extrusion temperatures lower than 138°C will be
studied in order to better understand the re ationship between temperature
afd the protein quality of extruded full-fat soy flour. In an earlier
experiment, as shown in Table 24, increasing the moisture content during
extrusion appeared to significantly increase the destruction of anti-

trypsin activity. In the next experiment, temperature and moisture

Table 23. Effect of extrusion temperature on nutritional value of
dehulled soy.l

Lipoxogenase Trypsin inhibitor?

FSN FExtrusion activity, Correc&ed
Code temp., °C U/mg TIU/mg % Destruction PER
2-81- 9 Not 4706 85.8 - 1.2410.18

extruded
2-81-10 138 <1 23.0 73.2 2,17:0.07
2-81-11 143 <1 33.5 60.9 2,1410,03
2-81-12 149 <1 26,3 69.4 2,2010.06

1Samples were extruded on the Brady extruder.
2Linear regreasion equation used to obtain values,

3Corrected relative to casein = 2,50,


http:2.20�0.06
http:2.14�0.03
http:2.17�0.07
http:1.24�0.18

Table 24. Effect of moisture level on the inactivation of antitrypsin activity and urease.

% Trypsin

FSKR Temperature Whole Dehulled Retained Water No. of inhibitor Urease Moisture
Code # °C soy soy steaml added pas3ses destroyed activity 4
2-51- 9 139 x x 1 46.5 0.07 4,06
2-51- & 139 x 1 30.6 0.09 4.72
2-51- 5 138 x x 1.5 1 33.7 0.12 4,52
2-51- 7 138 x x 3.0 1 53.7 0.13 5.18
2-51- 8 143 x x 2 66.1 0.07 1.55
2-51- 2 143 x x 3 74.7 0.12 1.17
2-51-1 149 x x 57.9 0.09 3.00
2-51- 3 154 x x 81.2 0.23 3.02
2-51-12 156 x x 79.0 0.02 2.80
2-51-10 145 x x 39.1 0.06 2.73
2-51- 6 138 x x 1.5 47.6 0.13 3.62
2-51-11 139 x x 3.0 67.8 0.03 4.00
1

Stean captured with product at the die.
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content will both be varied and antitrypsin activity and PER measured in

the resulting products.

2.5.2 Baking Properties

Full-fat soy flour was made from dehulled soybeans processed on a
Brady extruder at 138-140°C and ground using a pin will, The flour was
incorporated into bread at 5%, 10% and 15% levels and compared to Nutrisoy
220 at the 5% level.

Bread formulation and the results are shown in Table 25. Average
particle size of the pin-milled, full-fat soy flour was very similar to
that of the commercial product Nutrisoy 220 and quite satisfactory for
bread baking. The pin-milled sample, however, contained small black
specks which had been found previously in other samples. These black
specks were apparent only in the dough. They were not noticeable in the
breads.

Breads were baked without using any improvers such as CSL or SSL.
The experimental sample performed as well as the commercial Nutrisoy 220
at the 5% replacement level.

Bread volumes did not change when replacing up to 15% of the wheat
flour with full-fat soy. The crust color and crumb color of the breads
were slightly darker and the grain slightly more open at the highest
level, which is expected. Normally, the level of usage of full-fat soy
will not exceed 12% of the wheat flour/soy blend.

The flavor of all breads was quite satisfactory.

The pin-milled, full-fat soy product wasn quite satisfactory and
equal to the commercial Nutrisoy 220 in bread baking performance. The
black specks in the product, however, might be objectionable to the

baker.
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Table 25. CEffects of pin milled full-fat soy flour added to bread.
Formulation:
Ingredient 2 Grams Procedure
Flour blend 100.0 250.0 Mix to cptimum
Water -1 -1 Ferment 1 1/2 hours
Yeast 2.5 6.2 Divide - 200 g (2 loaves)
Yeast food 0.5 1.25 Round ~ rest 10 min.
Salt 2.0 5.0 Mold
Sugar 6.0 15.0 Proof to height
NFDM (control only) 4,0 10.0 Bake 18 min. at 218°C.
Shortening 3.0 1.5
Potassium bromate - 10 ppm
Hixin, Proof
Absorption time time
Dough Blend composition 4 min. min,
1 Vheat flour control 12 4 1/2 L)
2 951 wheat flour/ 76 41/2 51
52 Nutrisoy 220
k) 952 vheat flour/ 76 41/2 sl
5% AE pin milled soy flour
4 90% wheat flour/ 18 4 1/2 51
10% AE pin milled soy flour
4 85% wheat flour/ 80 41/2 47
15X AE pin millad soy flour
Braad Scorux3
Specific volume Crust color Symmetry Bresak Crumb color
Dough ce ¢)) (&) (6) (10)
1 3.97 ? 7 6 9
2 3.92 6 ? (] 8
3 4,18 6 ? 6 8
[ 4,06 5 ? 6 7
5 3.90 5 ? S ?
Flavor Crain Texture Volume Total acore
Dough (19%) (20) (20) (15) (100)
1 14 17 19 10 89
2 14 15 17 10 83
3 14 15 19 11 86
4 14 1% 18 11 8)
S 14 1] 17 10 8

ls-o Absorptior %, balow.

National Manufacturing Co. mixer waa used.
Numbers in parentheses under each bread characteriatic indicata maximum

nusber of points.
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2.6 Rice Bran

Stabilization of rice bran has important significance in the rice
industry. Rice bran has a large percentage of oil (about 14%) which can
be recovered with oil presses or solvent extraction. A significant
problem exists since the relationship between the oil press capacity and
the bran available for this process do not match. Rice is generally
milled on a seasonal basis at high rates. This milling produces large
quantities of rice bran which surpass the throughput capacities of the
presses., Consequently, the rice bran must be stored.

Currently, the oils in the rice bran must be recovered quickly
after milling to prevent rancidity from the lipases present in the raw
bran. This biological problem can be reduced and sometimes eliminated
through heat treatment, which heat deactivates the enzyme system,
rendering the rice bran stable. Heating to 135°C appears sufficient.

LEC's lend themselves to the stabilization of rice bran since they
are a high temperature/short time process. The particular application
envisioned would involve the installation of an LEC in a rice mill which
would heat process the bran prior to storage. Thus, the rice bran would
be stabilized and could be stored until the oil could be extracted. If
mills were present, one portable LEC could be moved from mill to mill on
a three- or four-day rotation to stabilize the bran which was available.

Several countries have shown interest in using the LEC to heat
process rice bran:

1, Pakistan

2. The Philippines

3. Guyana,.



-54-

Presently, Pakistan is initiating tests to study the effects of LEC
extrusion on rice bran. Their objective is to identify the proper
operating conditions and determine the feasibility of using an LEC in a
rice mill for heat treatment of the bran after it is removed from the
rice as discussed above.

In the Philippines there is also interest in stabilizing rice bran,
should the opportunity be present. However, this is secondary to their
major objective of making a weaning food. During the training session
in the Phiilippines, rice bran was extruded (see Section 5.2.1.2) at
several temperatures. Samples brought back to CSU are presently in
storage studies to determine the long-range stability of the product.

Guyana 18 also considering the use of rice bran for warming up and
shutting down their LEC extruder due to a short supply of soybeans.
Initial attempts during the training session indicated that the extruder
could be satisfactorily warmed up with rice bran. Problems with tran-
sition plugs resulted due to the high moisture and/or long storage of

the bran.

3.0 EQUIPMENT EVALUATION

During 1977, evaluations were made of some basic LEC plant components
for their durability and suitability as continuous-use items. A major
mechanical evaluation was made of the Brady 206 extruder. As an exten-
sion of this evaluation, a survey was made of the major processing and
handling equipment manufacturers to determine typical operating and
maintenance characteristics of various functional equipment types.

In this section, a description is also given of a (chulling labora-

tory installed at CSU which utilizes a Sturtevant scourer-aspirator
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with cyclone for separation of fines and hulls. This machine is the
type that has been recommended for installation in the new plants

located in Costa Rica and Sri Lanka.

3.1 Brady

3.1.1 Mechanical Evaluation

The mechanical evaluation of the Brady Crop Cooker has been complete
by Dr. James L. Smith, Department of Agricultural and Chemical Engi-
neering, Colorado State University. The objectives were:

1. To evaluate the mechanical components of the Brady extruder
with respect to duty rating and longevity (time before major
overhaul and replacement of parts).

2. To recommend minor alterations to the Brady that would increase
the duty rating and longevity of the equipment.

The Brady extruder was initially designed for intermittent duty
under farmstead conditions. Areas which limit continuous duty appli-
cations are:

1. Hydraulic system

2. Bearing housing weldment lubrication

3. Drive train components.

Minor modifications to alleviate these limitations will require
little additional cost and should increase the longevity of the equip-
ment to at least 10,000 hours., Ten thousand houra represent 1,5 years
of continuous, 24-hour operation or 4.5 years of B-hour shift operation,
It is expected thit after this period, maintenance conafsting of replace-
mant of the barrel and bearings and rotor weldments would be required.

The cost of these replacement parts would be approximately §$1,000, which



~56-

is nominal per operating hour. Such replacement of machine operating
components after extensive operation is a normal maintenance procedure

on processing equipment.
3.1.2 Suggested Field Modifications

3.1.2.1 Hydraulic System. The hydraulic system was found to be

adequate for intermittent duty. Improvement of the hydraulic system
could be made by upgrading components such as pumps, motors, and valving
with continuous duty components. An alternative would be to remove all
hydraulic components by replacing the current feeder with an open-hopper
system directly above the screw feed port. A design of this type will
be utilized in the naw Sri Lanka installation.

Currently, one modification has been to place a valve into the
hydraulic system of the Brady that will reverse the direction of the
feed injector auger. This was installed to assist in unplugging the
auger when necessary. The device has been tested and works very well.
Disassembly of the injector syetem no longer seems necessary except for
the most difficult jamming of the barrel inlet. The valve itself was
installed with the control directly under the cone adjustment handle
which has proved convenient. The valve is a standard hydraulic direc-
tional control valve of the open center design with 9,5-mm pipe fittings.
A Teledyne Republic Model 8052B-3/8 1PT-H52 would be ideal, however, a
similar substitute was used at CSU. The valve should be rated for 140
kg/cmz and have a detented rather than spring loaded control so the
valve may be left in the reverse or forward position. Three 90-cm,

9.5-sm hydraulic hoses with pipe thread ends and swivels were also
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required for the modification which were purchased for less than $100

(Fig. 1).

2.1,2.2 Bearing Housing Weldment Lubrication. Although the

bearing housing weldment i1s of a continuous duty design, lubrication
while the e:truder 1s running is quite difficult. A design which could
utilize an automatic lubrication system would solve a majority of the
bearing problems stemming from lubrication difficulties.

The bearing housing was designed so the lubrication point does not
permit adequate application to the front bearing (which is subjected to
heat during extrusion). For this reason, an additional grease passage
was drilled into the housing so that adequate lubrication could be

provided to the bearing. The modification is shown in Figure 2,

3.1.2,3 Drive Train Components. Drive train components have bren

primarily designed for farm duty operation. Power transmission through
the drive train of the extruler presently involves high torque loadings.
Although the components were designed for the continuous load, our
experience in Sri Lanka indicates universal bearing failure after 1,500
hours of operation due to shock loadings. It is felt that the easiest
way to overcome problems with the drive train would be to drive the
extruder with belts. The belt drive coupled with a gear reduction at
the extruder would reduce the high torques transmitted through the
present drive train. In addition, some safety override protection would

exist with belt slippage at high loads.

3.1.2.4 Further Modifications. 1In addition to the aforementioned

modifications, the following list describes some further minor modificantions
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vhereby the life and reliability of the Brady could be significantly
improved.

1. Hardening of Screw Flights - In order for the extruder screw
to have a 1,500-2,00¢ hour life as stated earlier, it was decided that a
severe abrasion-mod:rate iupact hardness would be necessary (Re 58 or
higher). Tests in Sri Lanka, extruding CSB-type products, indicated
that a rotor rebuilt with a Rc hard-surface welding rod lasted several
thousand hours.

2, Elimination of All 1/2-inch Bolts - The present design utilizes
1/2-1inch, Grade 5 machine bolts to attach the cone to the rotor. These
bolts have adequate ctrength: however, they physically resemble 13 mm
bolts and accidental use of a 13-mm bolt would damage the threads in the
rotor. The problem can be remedied by increasing the bolt size to 9/16~
inch, a size which does not have a metric equivalent.

3. Replace Tcmperature Mcasuring Device and Add a Temperature
Sensor in the Screw Feed Section to Detect Impending Plugging - A
capillary type temperature probe and gauge is furnished with the Brady.
There are several problems associated with this gauge.

a. The gauge does not have capability to read above 163°C,
b. The sensitivity of the gauge is low and considerable lag
time occurs between sdjustment of the extruder and

changes in the gauje reading.
Ce Accuracy 1is low.

A surface type thermometer has been used to overcome some of the
problems mentioned above. Although this sensor has sufficient accuracy,
foreign material lodges in the senmor coiles with time, causing erroneous

readings.
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Two solutions can be considered:

1. Thermocouples

2, A more durable thermometer.

A standard bimetallic thermometer would be an improvement, however,
the location of the sensor on the barrel is critical. If not placed
properly, the temperatures would be read incorrectly.

A copper-constantan thermocouple with sensing device could be
installed at minimal cost. High sensitivity and accuracy would be
possible, thus reducing operational problems.

The temperature sensor should be retained in the feed section of
the screw. Location of a temperature sensor in this region allows
detection of impending plugging and permits stopping the flow of input
material or the extruder before it becomes plugged. The sensor could be
connected to an alarm system to alert the uperator and/or directly to
the controls on the power source to automatically stop operation. A
standard bimetallic thermometer would be suitable for the detector

system sensor.

3.1.3 Parameters Affecting the Performance of the Brady

Mr. Jaime F. Sahagun recently completed the requirements for his
Master's degree. His thesis work was involved in evaluating the Brady
Crop Cooker with respect to several extrusion parameters:

1, Rotational speed of screw

2, Screw geometry

3. Throughput.

The effects of these parameters on extrusion performance were

examined through measurement of selected dependent variables:
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1. Energy (torque, speed)

2. Throughput

3. Temperature of extrusion

4, Temperature distribution along the barrel

5. Output product charscteristics

6. Residence time.

A mixture of 70% whole corn and 30% whole soybean was used through-
out the experiment and the evaluation. Raw inaradients were ground in
the Modern Mill to a +40 mesh. Sections 3.1.3.1 through 3.1.3.3 contain

the resultas of the research.

3.1.3.1 Temperature Profiles. Thermocouples attached to the

extruder barrel surface at selected lengths were used to record the
temperatures along the barrel. Temperature profil. chauges were neas-
ured under varying extrusion conditions. Figures 3 and 4 represent
typical temperatur. profiles for the extruder when running at 600 and
1,000 rpm for outlet product teuperatures of 149, 163 and 171°C. The
increased rpm's of the screw caused higher temperaiures at the feed
section of the extruder, which indicates an increase in the extruder's
energy requirements. In general, the first 60 cm of the barrel from the
feed input showed a profile 20°C higher for the 1,000 rpm runs than for
the 600 rpm runs. This increase was due to higher shear and mechanical
forces in the feed region which occurred because of greater backfilling
of the screw at 1,000 rpm. Once the material entered the leoat 20 cm of
the extruder, the profiles were essentially equivalent.

Examination of Figures ] and 4 indicate that the product was

exposed to relatively high temperatures for only a short barrel length
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Figure 3. Temperature profile along the barrel for three final
temperature settings (N=600 rpm, h=6 kg/min, original
screw).
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Pigure 4, Temperature profile along the barrel for three final

temperature settings (N=1000 rpm, th=7 kg/min, original
screw).
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and that variations in temperatures at the orifice had only negligible
influence on the temperatures in the first 60 cm of the extruder barrel.

The rapid decrease in temperatures measured in the last 7 cm of the
barrzl length can be attributed to heat transfer from the product to the
large steel mass of the cone at the output (acting as a large heat
sink). The cone was cooled because the extruded product lost tempera-
ture rapidly once it left the annulus around the cone and its pressure
becume ambient.

Effects on the temperature profile due to changes in throughput can
be found in Figure 5. In all instances, the temperatures at each point
along the barrel were higher for the lower feed rates. Since residence
time was increased at lower feed rates and the energy input per unit

length was roughly constant, higher product temperatures at the feed end

o
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FPigure 5. Temperature distribution along the barrel an a function of
mass flow rate (N=1000 rpm, T=163°C, original acrew).
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should be expected. High temperatures at the feed inlet of the barrel
could cause sticking of material and plugging in this region. Feed

rates below 5 kg per minute are, therefore, not recommended for continuous
operation.

A series of rotor weldment configurations were evaluated (Fig. 6).
Beater bars [welded ridges placed across extrusion screw (flights)] were
added or deleted selectively to determine the effects of their numbers
and locations on extrusion. Typical temperature profiles for the
various screw configurations are showr. in Figure 7.

For the five screw configurations used, the following conclusions
can be made:

1. The number of beater bars along the screw is not as critical
and does not affect the operational performance of the extru-
der as much as their placement and distribution. Bars placed
closer to the discharge end (die) were found to exert higher
influence on energy requirements than bars placed further down
the screw.

2. Temperature distribution along the barrel can be somewhat
controlled by accurate placement of beater bars.

3. Consistency tests for all extruded samples indicated that
different screw configurations gave products with different
ccneistency characteristica., Higher consistencies (meaning
higher degree of satarch gelatinization) were obtained from
screw configurationa having increasing number of bars, and
also having bars placed further down the screw (away from the

die).
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Figure 7, Effects of screw geometry on temperature distributions
along the bharrel (T=171°C, m=5.5 kg/min, N=600 rpm).

4, Puff indices and bulk densities were not found to be markedly
affected from the different screw configurations used. How-
ever, greater variations were observed in the total bulk
density test than in the puff index test. Temperature of
extrusion was once again found to be a major variable affecting

expaneion of the extruded pleces.

3.1.3.2 Fnergy Input to Extruder. Power measurements were made

using the BLH torque sensor and Servo-Tek generator for rpm. Thus,
specific energy could be determined.

Enargy was meaaured for the following extrusion variables:
1. Product temperature

2, Screv speed
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3. Throughput

4, Screw configuration.

Fnergy measurements for different feed rates at different temperatures
indicated that the energy increased approximately 12X when extrusion
temperature increased from 149° to 163°C and from 163° to 171°C. Eiergy
increases were fouad to be linearly proportional to feed rates, as would
be expected, assuming a constant heat capacity for extrusion feed
materials.

Specific energies were found nearly independent of rotor speeds at
constant temperature. Slight increases in energy were found when the
rotor speed was higher than 1,000 rpm due to higher shear and mechanical
forces leading to increased starchy component modification. The rela-
tionship between specific energy and 1iotor speed at constant temperature
and feced rate is shown in Figure 8.

Figure 9 indicates the specific encrgy of each of the four rotor
configurations that wure tested. Fach configuration affected energy
r quirements differently. Higher specific enerpy demands were consis-
tently required with increased number of beater bara closer to the
discharge end of the ucrew (configuraticn 1, 2 and 3 were higher than
the original wscrevw). With barn lnocated in helix turns close to the
discharge end, the increaded powes vequirements made extruder vperation
extremely nensirive to adjuntrenta. Thereforve, une of nuch configura-
tions is not recommended for all but hipgh mointure or high oil content
ingredienta.

Minimun specific energy demands wore attained when using screw

configuration 4, where bars measuring half of the length of the
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conventional bar size wvere located at opposite sides of the screw

channel, allowing for batter mixing while reducing the back flow in the

channel,

J.1.3.3 TProduct Characteristice. Tests werc performed on the

extruded products to detsrmine hov the functional properties were
affected by oxtrusion parameter variations. HReaults indicated that
temperature and rotor geometry have a greater {influence on product

characterfsatice than do rotor speed and feed rate.
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Damaged starch tests were performed on the extruded products.
Results are shown in Figure 10. Cleavage of starch molecules (as
measured by concentration of reducing sugars) was higher when the
temperature was increased. Rotor geometry was found to be a major
parameter affecting modifications to the starch molecules. The addition
of more beater bars to the screw increased the shear stress and energy
input, resulting in a greater number of damaged starclh molecules. Using
the original screw as a reference, percentage increases in starch damage

were tabulated below.

X increase in

Temperature glucose concentration
Rotor configuration °C (starch damage)
Original 163 0
1 163 -29
2 163 46
3 163 30

The negative value for screw configuration 1 can only be attributed
to unobserved variations in the ingredient formulation used in the run.

Consistency tests on the extruded products are shown in Figure 11.
In all instances, lower processing temperatures result in higher consis-
tometer readings. Changes in rotor configuratioa altered consistometer
values as would be expected. As more shear force was applied to the
product with increased beater bars ncar the discharge end of the ncrew,
the product had a higher “iscosity and a smaller consistometer patty
diameter. Totentislly, changes in the number and location of the beater
bars on the screw could allow the operator to control the viscosity of

ths resulting cooxed product.
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In summary, the tests on beater bar locations on the screw of the
Brady extruder showed that their location near the discharge end greatly
affected the product by increasing energy input. Feed rate and screw
rotational speed were also {mportant parameters, Based on these studies,
it is now poasible to better recommend optimal operating conditions and

screw configurations to achieve the desired results from the extruder,

3.2 Capabilities and lLimitations

3.2,1 Brady Fxtruder. Through the extensive testing and

evaluation program, the capabilities and limitations of the Brady
extruder have been determined on a varfety of products. A summary of

these findingas {a given below.

Cere.l/01i1 Sced or Legume Mixtures--

Suitable cereals teatedzz Corn (flint and dent), rice, wheat and
sorghum,

Suitable oill seceds tcntcdzz Soy, cottonseed (glanded and gland-
leaa), seceoame and coconut.

Legumes tcltedzz Chickpean and mung bheana,

Ingredient requirementn: All fongredfents eust be clean and free
from foreign debrts and atonen, Dehulling fs not necennary
from an extruder operating peropective, but (o necesaary to
reduce fiber coucentration in weaning food formulations,

Pormulation requirements: Any formulatton mixture which containe a

Ty E .

minizuem of %% fat but no core than 7257 fat fa sultable for

2C4pnb111(teu of the Brady extruder to auccennfully extrude other
ingredientn not tested {8 currently unknowvn,
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extrusion. Mixtures of less than 5% fat have been demonstrated
and cen b used, however, the amount of wéar and stress on the
parts is accelerated.

Pregrinding requirements: ! ~grinding of ingredients to =20 +50
mesh is essential to accomplish a uniformly well cooked
product.

Water addition: Water can be added directly to dry ingredients in
the injector auger of the Brady extrud.r. Ingredient mixtures
with only 5% fat require 3-5% water addition. Nr water
addition is required for formulations having more than 10X fat
but {t increases the destruction of antinutritional factors in
the blend and reduces product shrinkage because of moisture
losses. The maximum moisture level of feed ingredients is .O0X
or feeding problems will arise.

Extrusion temperatures: The range of suitable extrusion temperatures
varies between 154-171°C. On most blends, the most desirable
range is 154-165°C to minimize uncooked viscosities of fin-
ished product.

Product Jrying: No extra product drying is required under the
range of conditions listed above to achieve a stable product,
assuming initial grain moistures do not exceed 14%. Cooling
1s required to <70°C for proper grinding of extruded product.

Product shape: The Brad, extruder cannot produce uniformly shaped
pleces of cooked or expanded product because its die consists
of a. annular ring which cannot be precisely centered. The
typical product is irregular shaped, flat flakes mixed with

40-30X fine material.,
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Production rate: Production rate should be limited to 340-450
kg/hr. Operation of the extrucer is not particularly sen-
sitive to speed of rotation of the screw between 540 and 1,000
rpm. For operation between 540-600 rpm, 75 kW of power should
not be exceeded to prevent excessive torque from being trans-
mitted. Screw speeds lower than 540 rpm should not be attempted
because of :xcessive torques required.

Machine design: The current design of the injector auger, drive
shaft with universal joints, hydraulic crives on injector
auger and take-away conveyor, and rotor bearing weldment limit
the mechanical reliability of the extruder. Minor mechanical
alterations can eliminate these design deficiencies for opera-~
tion as a continuous duty extruder, With proper modification,
operation for 10,000 hours between major overhauls can be
accomplished.

Machine operation: Proper operation and temperature build-up and
control are achieved when a cone with a sharp leading edge und
well defined beater bars (screw channel restrictions) exist,
Replacement of cone or rebuilding of ncrew components must be
done vhen these components become worn., Normal time interval
varies with product and ranges from 250 to 2,000 hcurs of
opsration, provided the raw materfala are free from stones and
dire,

Product characterietics! PFxtruded product characteristica can be
varied by control of extrusion temperature, wvater addition and

0il level in formulations within the limits described sbove,



=76~

The Brady extruder can produce a well cooked product charac-
teristic of dry extrusion processing. Under these conditioms,
the starch is partly gelatinized and at high temperatures
partially dextrinized. Uncooked viscosities tend to be high.
Inactivation of growth inhibitors and antinutritional factors
has been found to be very good, producing products with excel-
lent food and protein value. Water absorption index of a well
cooked mixture is normally >200% and nitrogen solubility index
will vary between 10-25X%.

Vitamin/mineral addition: All vitamin and mineral mixtures must be
blended into ground, extruded mixtures after extrusion if they
are to have long shelf life stability. Extrusion in the Brady
extruder seriously alters the productive coating on vitamine
which are ecaeily oxidized, making them unstable in atorage.

Nutritional cheracteristice: The Brady extruder is capable of
producing a highly nutritious product for consumption as human
food. Typical corrected PER'as are 2.5, NSI's of about 10X and

water absorption index (WAl) about 250X,

Whole 0i)1 Seeds--

Sufitable 0i] seeds tested: Soy

Pregrinding requirements: Claaned soy need not be preground before
extrusfon. It is recommended, however, that it be ground to
=20 +50 mesh to {mprove uniformity and reduce energy require-
ments for extrusion.

Water addition: None required but 1-)X {a deeirable to enhance
destruction of antigrowth and entinutritionsl factors, Water

may be added directly to ground beans in feed hopper.
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Dehulling: Not required but desirable.

Product drying: No additional product drying is required beyond
the moisture naturally lost following extrusion, as part of
the cooling process.

Extrusion temperature: Minimum extrusion discharge temperature of
138°C is required. Higher extrusion temperatures of about
143°C are very desirable and result in greater reduction of
antinutritional factors,

Production: Maximum production rate is 340 kg/hr at 540 rpm and
450 kg/hr at 1,000 rpm.

Machine design: The current design of the injector auger, drive
shaft with universal joints, hydraulic drives on injection
auger and take-away conveyor, and rotor bearing weldment limit
the mechanical reliability of the extruder. Minor mechanical
alterations can eliminate these design deficiencles for opera-
tion as an autonomous duty extruder, With proper modifica-
tion, operation for 10,000 hours between major overhauls can
be accomplished,

Machi{ne operation: Proper operation and temperature build-up and
control are achieved when a cone with a sharp leacing edge and
wvell defined beater barn (acrew channe) resntrictionn) exiot.
Replacement of cone or rebuilding of ncrew componentn must be
done when thene components become worn. Normal time Interval
varies with product and ranges from 250 to 2,000 hourns of
operation, provided the raw materials are free from atones

aund dire.



-78~

Extruded product: Extruded product resembles coarse, olly saw dust
in appearance. A large quantity of surface 0il means that the
product can only be reduced to flour mesh with a pin mill
having counter-rotating milling members. Product milled in
this manner is suitabla for fortification of bread or other
baked products.

Nutritional characteristics: The Brady extruder is capable of
producing a highly nutritious product suitable for consumption
as human food. Typical PER's are 2.0, NSI's of about 10X and

WAI of 150Z.

3.2,2 Insta-Pro Extruder. Less teating and evaluation has been

performed on the Insta-Pro 500 extruder. This condition has arisen
because with the current screw, high cereal formulations have been
difficult to process on a continuous basis. A nev altered set of acrevs
are being supplied by Triple "F" and these may extensively alter the

extrusion of high cereal blends.

Cereal/0i]l Seed or Legume Mixtures--
Suitable cereals lellcdjt Corn (flint and dent), rice, vheat and
sorghum.
Suitable 01l secds tcltode Soy and cottunseed (glanded and
glandless).
Ingredient requirements: All ingredientes wust be cleen and free

from foreign debris and stones. Dehulling ia not necessary

JCnpnbilltl-o of the Inata-Pro extruder to auccessfully extrude
other ingredients not tested im currently unknown,
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from an extruder operating perspective, but is necessary to
reduce fiber concentration in weaning food formulations.

Formulation requirements: Any formulation which contains a minimum
of 10%Z fat but not more than 207 is suitable for extrusion,

Pregrinding requirements: Pregrinding of ingredients to -20 +50
mesh is essential Lo accomplish a uniformly well cooked
product. The size of ingredients should be towards the larger
mesh size to eliminate extrusion problems which are antociated
with feeding.

Water addition: Water 18 added directly through an {njector
inserted into the thermometer well {n the barrel section
nearest the feed port. Ingredient mixtures with less than 10X
fat require 5-15% water additfon to keep the extrusion tem=
perature down and prevent burning {n the barrel.

Feed addition: All feed materials are fed uning the side-mounted
volumetric feeder with a varfable upeed control, A ,ear
hopper with a vibrating feeder (s kept filled with whole soy
to add {f overheating of the extruder occurn,

Extrumsfon temperaturcs:  Extrunfon temperaturen over 150°C typtcally
result {n burning the product. Becaune of lower extrunfon
temparaturen, the uncooked visconftien ¢ ° the extruded product
are lover. Extruded producta appear to be more unfformly
cooked on the lonnta-I'ro than on the Brady at lower extrusion
temperaturen,

Product drying: When preater than 9% of wvater o added, aome
product drying may be requited alnce the extiusfon tempoara=

tures -re lover and lean mointure in lost {n cooling,
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Product shape: The Inata-Pro is designed so a single orifice or
multiple-hole die can be used. Variable shape die inserts are
possible. A variable speed face cutter allows the pleces to
be cut at varying lengths.

Production rate: Production rate on the Insta-Pro is limited to a
maximum of 300 kg/hr. Rotational speed of the screw is 540
rpm.

Machine operation: No defin.tive testing has been done to determine
machine longevity. Replaceable wear conponents consisting of
steam locke and wear rinps should reduce maintenance costs,
For high cercal formulations, the smallest set of nteam locks
should be incorporated.

Product characteristics: Extruded product characterisntics can be
varied by control of extrunion temperature, stearm lock con-
figuration, water addition aad oil level in formulations
within the linftes deacribed ahove. The Inata-Pro extruder can
produce a well cooked product characterfatic of dry extrusion
processing. Under these conditfona, the atarch is partly
gelatinized and at high temperatures partfally dextrintzed,
Uncooked viscositien tend to be high, Insctivation of growth
inhibitors and antinutritfonal factors has heen found to be
very good, producinp preducts with excellent food and protetn
valua. Water absorption index of a well rooked rmixture 18
normally »i00% and nitrogen solubllity index will vary betveen
10-251,

Vitanin/mineral addition: All vitamin and nineral msixtures must be

blended fnto ground, extruded mixtures after extruaion if they
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are to have long shelf life stability., Extrusion in the
Insta-Pro extruder seriously alters the productive coating on
vitamins which are easily oxidized, making them unstable in

storage.

Whole 0il Seeds--

Suitable o1l seeds tested: Soy and cottonseed,

Pregrinding requirements: Cleaned soy need not be preground before
extrusion. It (s recommended, however, that ft be ground to
=20 +50 mesh to faprove unifoim{ty and reduce energy require-
ments for extrusion,

Water additfon: None required but 1-3X {a deafrable to enhance
destruction of antigrowth and antinutriticnal factors. Water
may be added directly to ground beans i{n feed hopper.

Dehulling: Not required but desirable.

Product drying: No additional product drying fa required beyond
the mofature naturally lost following extrusion, as part of
the cooling process.

Pxtrusion temperature: Minimun extrusion discharge temperature of
138°C 1e required. Higher extrucion temperatures of about
143°C are very denirable and result in greater reduction of
antinutritional factors,.

Producticri: Maximun production rate is 200 kg/hr,

Machine operatton: 7To achieve proper temperature distribution and
butld-up, steam locka JOF-10-8 should he uaed for whole soy,
The second largest steam lock (8) should be uaed at Lhe

discharge.
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3.3 Survey of LEC System Components

In actual use, the Brady Crop Cooker has clearly demonstrated its
capability to produce the kind and quality of produc*s desired., How-
ever, several questions have been raised concerning its sutsability and
adaptability for continuous operation.

The Brady is one component of a materials handling and processing
system. Reliability and maintenance requirements ¢f the Brady must
therefore be considered in view of simflar criteria for other components
which are also commonly used in th: system. To secure needed data, a
survey was conducted of manufacturers and suppliers of various compo=
nents. Information on the useful life, maintenance and repalr ccsts
wvere obtained.

Obviously, any machine can have infinite lifec if prevenrive and
required maintenance are performed vhen needed, and the ceste are
economically and/or legally justified. A classic example of this
situation is the commercial airliner. In a wore practical sense, how~-
ever, repairs, maintenance, ectc., cust be considered in terma of conta,
expected aconozic life and timelinecas required for functional perform=-
ance of the machine. In other words, the costs of maintaining an opera-
tions]l machine must be consfdered in terms of {tm cost per unit ocutput
or kg of product produced, the value added to the product, and the cost
of not having the process availeble for certsin time perioda. Data
contained in thia survey can be used to eatimate oporating and naintenance
coate for extrudare and related equipment.

Prom ths maintensnce point of viev, durability and rellabiltty
and/or the life of the machine are conajdered In three categories. They

are!
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1. Routine or preventive maintenance - This normally includes
lubrication and minor acjustments to compensate for wear. It
1s usually done by the machine operator every few hours.

2. Minor overhaul - This includes cleaning, replacement of
expendable parts and adjustments for wear. This is usually
done by the machine operator or a mechanic at 1,000 to 2,000
hour intervals.

3., Major overhaul - This includes complete disasmembly and
replecement of major ccuponents including bens tygn. it ie
usually performed by a skilled mechanic at 10,000 hour or
greater intervale.

Most engineers consider routine maintencuce the most critical of
the above three categories. It is normally perfcrmued by a peraon having
limited skills, and who may, due to boredom or for other reasons, not
perform required tasks unless closely nupervised. Therefore, any
machine modification that can be made to reduce routine maintenance is
usually cost effective.

Ths durability of a machine must aluso be considered in tervs of {te
{ntended purpose and the uner community. This particular point explains
the present design and maintenance schedule for the Brady cooker. For
exsnple, the Brady vas deaigned for use on an Azerican farm. In thins
application, the Brady would be operated by an individual wvho waa very
femiliar vith mechinery and extremely conscioua of the need for routine
maintenance. Further, the operator would alao be the wner in moat
situationa. Another featurs in this regard, i{a that the Brady wruld

seldom be run for more than a fev hours, i.e., three or four, nince this
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1s actual time available between the farmer's meals. Routine maintenance
would be performed each time the machine was operated.

The Brady cooker, as with any machine, can be made to have an
{nfinite life. The important point, however, is to consider the spe-
cific application for the machine, and determine a reasonsble time
interval for specific maintenance or minor modifications that can be
made to reduce mainteaance. The following data contain information from
a survey of ancillary equipment compatible for use in LEC aystems and
provide a basie for determining reasonable maintenance schedules and
modifications for the Brady extruder.

Manufacturers and users were surveyed to deterrine reasonable
estinmates of eoquipment relifability and maintenance costs., The survey
included all components that are or could be used in a LEC systen.
Components included {n the survey vere:

1. Bucket elevators

2. Screv conveyore

). Belt conveyors

&, TFeesdors

5. Vibratory screens

6. Decordicators

7. Extruders

8, HNilling machines

9. Dust collectors

10, dlendars.

Selection of manufacturere and usera vas bdased on the types of
equipment coneidered. Taphastls vas placed on wanufacturers vho produce

continuous duty type squipment, but ths survey included a brosd spectrus
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of equipment quality. Manufacturers and users selected were asked to
respond to the following queations based on 24-hour, continuous operation
of their equipment.

1, What i8 the expected useful life of the equipment?

2, What time period will the machine operate before a major

overhaul is required?

3. What would be the cost of a major overhaul as a percentage of

capital cost?

4, VWhat are the annual maintenance costs as a part of capital

costs?

All responses were carefully examined to ensure that reasonable
values wers obtained from the analysis. The following guidelines were
used:

1. Any response of "infinite" was discarded based on experience.

2. Extremely low responses were discarded based on experience.

3. Avarage values vere veighted more heavily to reflect a group

of similar responeesn.

Avarage ressulta of the survey arec ahown {n Table 26 along with the
range of responsss. The large varilation reflected in the range of
responses vaas expected due to the sanple sclected.

Fxpsrience with and/or projections from LKEC ayasteza in current use
are conpared with average survey values in Table 27, 1In most caaes, the
LEC equipment is near the average value, and falls within the range of
values given in Table 26. The major exception s the low-cost Brady
extruder Hodel 2160,

Reasonable ma'ntensnce for ume of the Nrady Crop Cooker to procems

food productes in developing countries vam deteimined to be as fnllowet



Table 6. Scrrey summary of masufacturers contacted regarding equipzent durability.

Normal 11!2 Tize for major Cost of major Aanual maint.
expeczancy , cverhaul, overhaul, X cost, %
Nuzmber vIs. ¥rSs. capital invest. :apital costs
of 3 3N wC. wWt. Wt.
Tguime=t {lem Tesponses Mi{n. Max. Ave. Min. Max. Ave. Min. Max. Ave. Min. Max. Ave.
Tocke: elevalors 3 20 @ 2 5 8 5 15 35 30 2 10 5
Screw cToYeySTs 8 5 25 10 5 25 10 20 50 50 5 16 10
Belt cooveyYors 7 i0 25 10 1 4 2 20 80 40 1 25 5
Feelers
a. vidratery 2 15 @ 15 3 15 10 NR NR 10 5 5 5
Y. Screw 3 18 a 30 2 10 10 10 10 20 1 10 10
Tidratory sireens
(grat= cleaszers) 5 8 57 15 5 10 5 20 100 30 5 10 5
Deccrdicazors 3 15 30 20 5 5 5 15 50 15 2.5 20 10
Ixcruders 7 10 (0] 10 1 2 1 10 33 25 5 100 40
wiilicg
3. Pi= 3 20 50 40 2 50 5 10 50 15 3 5 10
5. Ezmmer 5 10 50 15 1 10 5 4 40 20 5 10 16
Dust collectors
{puising bag
f{lters) 3 15 20 15 15 20 15 100 100 100+ 1 S 2
Xlexders
{horizcootal
tazich zixer) & 20 30 20 20 30 20 60 100 100 2 5 5
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Table 27. Comparison of LEC system with manufacturers' estimate.

Normal 1if Tize for major Cost of major Annual maint.
expectancy , verhaul, overhaul, 2 cost, %
vrSs. __ __NTs. - capital invest. capital costs
Equipment {tex Survey rLep**t Survey LEP Survey LEP** Survey LEP**
Bucker elevarors 20 25 5 8 30 30 5 5
Screw conveyors 10 5 10 5 50 50 10 5
3el: convevors 10 10 2 2 %0 50 5 5
feeders
a. Vibratory 15 15 10 15 10 10 S S
5. Screvw B _t) 40 10 10 20 20 10 10
Vidbratory screens 15 20 5 5 30 25 5 S
Decoréicators 20 15 5 5 15 15 10 2.5
Exzrulers 10 5 1 1 25 33 40 60
¥illirg
a. Pi= 40 40 5 2 15 10 5 3
Y. Ezmmer 15 10 b 10 20 40 10 10
>:8t colilector
{pulsizg Sag) 15 15 15 15 100 100 2 2
3lezder
{(Norizoztal
Yazzh zixer) 20 25 20 25 100 70 S 5

*
ee Mour Zontinuous operaltlica

L 4]
LEP = Iow—cost extirusicn plant
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1. Routine maintenancs - Routine maintenance should be eliminated
or reduced. Automatic lubrication should be provided, if
possible.

2. Minor overhaul - Minor overhaul should be limited to thorough
cleaning, tightening of all bolts and clamping devices and
possibly resurfacing of wear surfaces such as the screw, This
maintenance should be accomplished at intervals of 1,500 to
2,000 hours.

3. Major overhaul - Major overhaul should be accomplished at
intervals of approximately 10,000 hours. The machine should
be completely disasscmbled; major components, such as the
screw, cone and bearings, should be replaced if required.

Tl.a LEC, Brady Model 2160, compares more favorably with industrial
models based on actual annual costs per metric ton of capacity. These
ara shown in Table 28 along with values obtained from the survey. Both
extruder types have similar annual maintenance costa, but the LEC has a
much lower initial cost. It must be noted, however, that the percentage
of down time ard the cost of down time is not included in the analysis.
Increased down time would increase maintenance costs per ton of output.
On the basis of the available information and survey data, it can be
concluded that the LEC is more appropriate than the industrial type,
because of its lower capital investment requirements and smaller capac-
ity, for the proposed uses to manufacture low-cost nutritious foods in
developing countries. Minor modifications of the LEC should result in

additional cost savings and further increase its reliabili:y,
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Table 28. Comparison of the Brady extruder and an industrial extruder

Extruder
Criteria Low-cost Industrial

Initial cost (USS$) 10,000 80,000
Capacity (metric tons/hr) 0.45 1.4
Life (years) 5 10
Major overhaul period (years) 1.3 2
Approximate cost of overhaul (US$) 1,125 14,000
Approximate annual maintenance (US$) 2,400 3,000
Approximate maintenance cost over

10 years (USS$) 32,600 100,000
Approximate average yearly cost (US$) 3,260 10,000
Approximate average yearly cost (US$/metric

ton capacity) 7,200 7,275

3.4 Dehulling Laboratory

3.4.1 Description

Colorado State Univermity staff ﬁembera have designed and installed
a dehulling laboratory as a part of the LEC experimental facility at the
Agricultural Engineering Research Center/CSU., The equipment will aid
CSU in the design and specification of low-cost dehulling equipment for
LEC processing systems. The iaburatory is designed to remove and sepa-
rate hulls from seed endosperm of most of the raw grains that are used

in LEC systems.
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The general design of the system involves two types of components!
hull removal devices and devices for separating hulls from the remainder
of seeds. Two types of hull removal devices are in the laboratory:

1) a cracking mill for use with soybeans and other seeds in which hulls
are removed when the seed 18 cracked, and 2) an abrasive impact mill
which works well in removing tightly attached geed coats from round
gseeds. The separation device being used is a pneumatic classification
system. The separation efficiencies that can be achieved with this
system will be sufficient for low-cost processing systems.

The system 1is designed to accept raw material in batch or from the
proportioner mill in the present extrusion laboratory. The raw material
will be placed in either of the hull removal devices and will be dropped
directly into the pneumatic classifier. Turther classification systems
could be installed after the pneumatic system to achieve higher separation
efficiencies.

Work with flaking mills to loosen the seed coat of soybeans,
followed by separation with a gravity table, has worked very well. Such
a system has been supplied as a part of the equipment for the NMC plant

in Tanzania.

3.4,2 Sturtevant

Tests with corn and soybeans have been run with the Sturtevant
scourer—aspirator to determine dehulling efficiencies. The Sturtevant
utilizes an abrasive impact to detach the hull from the seed followed by
a pneumatic separation of the hull and meat. A flow diagram of the

system tested is shown in Figure 12.
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Figure 12. Flow diagram of Sturtevant scourer-aspirator system.

The preliminary results from the tests are shown in Table 29. It
can be seen that there was a substantial reduction in fiber content in
the soybeans, although the corn dehulling +as more difficult. This may
be due to the very dry corn available at CSU and the particular oper-
ating conditions of the machine for the preliminary tests. Some pre-
liminary work was performed where small amounts of water were added to
the corn before dehulling, and the method appears promising. Continued

work on methods of operation will be performed with this machine.



Table 29. Bvaluation of dehulled samples made on Sturtevant scourer-aspirator.

Ptoteinl

Hoistutez

Seed Throughput Component Nitrogen Fiber
type (kg/=in) Component €9 (%) (2) (%) (2)
Soybean 10.2 dehulled beans £8.20 5.58 34.9 6.72 5.63

hulls> 9.05 1.99 12.4 9.35 32.0
£lour” 2.75 5.49 34.3 6.74 8.95
Soybean 19.2 dehulled beans 87.50 5.5 34.4 6.77 5.44
hulls® 6.90 3.49 21.8 8.34 22.2
flour” 5.60 5.25 32.8 7.47 8.7
Corn 13.6 dehulled corn 82.4 1.6 10.0 11.24 1.65
hulls> 3.7 Z.15 13.4 9.23 10.5
£lour” 13.2 1.59 9.94 10.69 2.61
Corn 10.2 dehulled corn 80.4 1.85 11.6 10.52 4.01°
hulls® 3.9 1.84 11.5 9.86 9.60
£lour” 15.7 1.48 9.25 10.89 2.11
Soybean vbole 100 5.22 32.6 7.14 8.09
Corn whole 100 1.53 9.56 11.15 1.65
l! x 6.25
zwe: basis
3

Above TS #18

‘Belov s f18
5

Laboratory error
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4,0 DEMONSTRATION SITES

4,1 Sri Lanka

4,1.1 FEvaluation of Existing Sri Lanka Plant

An evaluation team consisting of E. E. Kuphal, R. E, Gaylord and
A. A. Ackels spent approximately two weeks in iri Lanka evaluating the
LEC installation there. The objectives of the evaluation team were to
examine the LEC installation at Kundesale and determine:

1. Is the existing system suitable for the manufacture of blended

foods in LDC'a?

2. Has the Sri Lanka {nstallation adequately demonatrated the

suitability of the system?

3, 1f either of these above have not been attained, what changes

or additfonal work would be required?

The evaluation team presented their findings and conclusions in an
oral presentation in Fort Collins on March 28, 1977. 1In summary, the
team felt that the LEC was suitable for the manufacture of nutritious
foods, but that further refinement of the aystem would be required to
demonstrate itm abilities. The syatem's productive capability has
ateadily risen over the life of the tnstallation, giving rise to an
attainable production effficiency of >702. TProduction efficliency 1in
defined as the actual production of the ayntem over time, divided by the
production at nominal operating rate over the same time. Theae refinements
{nclude the ume of continuous duty feedera, conveyors, otc., better sup-
ply and control of spare parts, more adequate tratning of plant and

operating personnel, and use of conaistent productivity formulationa.
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The presentation suggested work should be continued to improve the
performance of the system. The work would involve investigations of
grain tempering to reduce extruaion power; preheating of raw materials;
work on granulation; mechanical refinements, development of preventive
maintenance, management procedures for system, training procedures, etc.

The evaluation team suggested that ine elaborate quality control
programs implemented in Sri lLanka were excessive., They suggested more

reliance on taste and visual {nspections.

4,1.2 Status of Kundesale Operations

Production at the Kundesale plant is at the highest efficiency
since the start-up. Effficiency data cannot be determined at the present
time due to a logistic problem which haa prevented 15 hours per day
operation on a continuous basfa. This condition has arisen due to the
{navailability of transportation which {a tied up with governmental
work. Consequently, production has been limited to a maximum of 450
bags (3 truck loads) atockpile. Creater amountsa of product could be
atockpiled, hovever, the limit {8 being enforced to lower the posaibilicy
of contanmination or {nfestation.

Although precise figures were not available, production efficiency
vas estimated to be greater than 70X when the plant was in operation.
The major cause of down time was mainly due to the I'TO shaft universals,
There ia an adequate supply of mpare parts available to minimize the
down time caused by univeraal joint faflures. Causcs of univerwsal joint
failure have been outlined {n previous reporta, hovever, one cause haa
been overlooked. The plant does not have adequste tools to replace the
universals, therofore, some of the faflures could poaaibly result from

fncorrect assembly of partas,
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There is some concern about the sanitation of equipment at the
plant. Inspection of equipment indicated that, in general, the plant
was clean. However, leaning was not as thorough as {t should have
been. Some areas and surfaces were not cleaned as frequently as
required, thus resulting in a build-up. An effort was made to point out
these areas and instructions in proper cleaning procedures were given to
the operators.

Management at the plant has changed slightly {n structure.

Mr. Alahakoon is managing material acquisition and transport, and the
hiring of plant operatora. Supervision of the plant is handled by CARE-
employed personnel at the plant. These employees include an engineer/
mechanic for each shift and one quality control technician. This arrange-
ment appearn to be working satisfactovily and is believed to be part of

the reason that the plant {a operating more cfficiently.

4.1.3 Pany for Nev P'lant

CARE/Sri Lanka %an mnade a decisfion to relocate and expand their

present facility. Reanons for this change are an follows.

1, Tranasportation of f{intsh.J goodn from Kundesale to Colombo {s
bacoming Increaningly difficult,

2, Preaently, the Xundenale nite {n removed from industrial arcan
and Colombo f{a a location where npare partns and machinery
capabilitien are more likely to be available.

¥), The move will allow cloaer nupervinion by CARE,

4, The nev plant will consolidate all of the neparate operations
that presently exfst, thus reducing the logiaticas of material

movement and management,
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The decision to relocate was made approximately one ycar ago.
Initially, an attempt to find an existing building was made. A struc-
ture was located that could be used, howcver, the past history revealed
it was used for storage of pesticides. Both Dr. Lachmann and Mr. Tribelhorn
were unable to obtain definitive information pertaining to decontamina-
tion procedures., Manufacturers and regulatory agencies who were con-
tacted strongly recommended that this building not be used for the new
plant because there was no 100% decontamination procedure. CARE/Sri
Lanka was informed and the building was deleted from their plans. A
decision was then made to acquire land and erect a new building which
would be suitable for a LEC processing plant.

Mr. Justin R. Jackson visited CS5U, May 31-June 3, 1977, for
purposes of:

1. Briefing CSU and USDA on the intentions of CARE/Sri Lanka with
respect to the new plant proposal and the goals which are
desired.

2. Finalizing a possible time schedule for the various phases of
the plant installation.

3, Determining preliminary specifications for the new plant based
on the necds of the Thriposha progranm.

4, Finalizing arrangements on financing of the new plant and
equipment.

Through extenaive discussions, 1t waes decided to build a temporary
building to house the LEC nystem until a larger and more comprehensive
building could be built which would include room for future expansion.
This temporary building would serve an a storage building for raw

{nyredienta once the actual process building was completed.



The plant will consist of two Brady Crop Cookers as well as
auxiliary equipment to match the flow rate of the Bradys. In additionm,
both cleaning and dehulling equipment will be included in this plant.
Financing will be made possible by both USDA and CARE. The total plant
will be part of a cicoperative effort among USDA, CSU, CARE/New York and
CARE/Sri Lanka.

From June to December, efforts were made to finalize the plant
design and locate the building site. Due to the distance betweer CSU
and CARE/SL and the need for urgent communication, a trip to Sri Lanka
was made by Ron Tribelhorn from December 5-14, 1977. The following
subjects were discussed during the visit:

1. Responsibilities of each group involved with dcsign in Sri

Lanka

2. Engineer and assistant assigned by CARE/SL

3. Site selection

4, Building construction

5. Building layout and clearance requirements

6. Equipment speciflcations

7. Machine layout, supporting structures and electrical layout

8. Equipment costs and budgets

9, Timing of plant

10. ﬁachinery to be moved from the Kundesale LEC location
11. Plant operations at Kundesale.

Subjects pertinent to the plant design are covered below. Additional
information on the subject can be found in Mr. Tribelhorn's trip 1
entitled "Planning Trip, Phase II, New Plant - Sri Lanka," dated

December 28, 1977.



4.1.3.1 Site Selection. CARE/SL had investigated potential sites

for the new plant near Colombo since the June meeting at CSU. A total

of 30 sites were screened using the following criteria:

1,
2,

3.

Location
Accessibility to railroads and major highways

Site configuration.

A site had been selected at the start of this trip; however,

purchase of the land had not been completed, as it was pending approval

by the Government of Sri Lanka.

The site selected is located outside of the Kandanna region

approximately 16 km from Colombo. A specific description of the site is

given in Figure 13.

1,

2.

3.

4,

S5

6.

7.

The land borders the railroad for approximately 137 m.

The site fronts on the Negombo Road ‘newly constructed airport
road).

The area appears appropriate for industrial application as
other factories are presently located there.

The site is relatively level, thus reducing the amount of
excavation.

The site has reasonably straight boundaries, although the plan
view shape is irregular.

The size of the site is approximately 2.4 ha--enough for
future expansion.

The site is inland from the sea approximately 3.2 km and not

susceptible to flood conditions.

4.1.3.2 Project Briefs. A summary of the current and future plans

vhich were discussed during Tribelhorn's trip is given below:
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Figure 13. Site plan for the Thriposha plant near Colombo.
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1,

2.
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The new building will have a 18 m width (clear) span and a 91 m
length. (The length was subsequently increased to 100 m,)
Lavatories, locker rooms, lunch rooms, and kitchenette will be
located in a separate building.

Location on the site will facilitate future expansion with
either bulk storage or gunny storage.

Eventually, the total Thriposha program will be centralized at

this aite.

4.1.3.3 Plant Design. A meeting between CARE/SL and the architect

was held during this visit. Ideas were exchanged so that capabilities

and materials of construction in Sri Lanka could be determined. FPlant

flow was dingrammed to familiarize the new CARE personnel with the LEC

processing system required for Sri Lanka. The plant flow {s shown in

Figure 14,

Space requirements for processing, ravw material storage, and

finished product storage were examined. Figures for material atorage

are given in Table 30. The original recommendations by CS5U had adequate

area for storage until 1980, thun leaving time for planning the next

phase of expansion. Corunidering n 18-m npan restriction, and the area

required for procensing and storage, it wan deternined that the buflding

would have to be a minimum of 91 m {n length for adequate atorage,

The current layout for the buflding (18 m x 100 m) 1is shown in

Figure 15.

l.
2,
3.

Featurens of thiu deaign include:
Maximum cronn ventilation of the procenning arca,
Rooma requiring air conditfoning are located on outnide vallse,
Material flows in one direction through the plant (100 m

length).
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Table 30.

Storage space requirements.

Raw materialsl

Local product3

Thriposha
(local product

Metric Metric Metric and ICSM) Total
Year tons sq. m. tons 8q. m. tons sq. m. sq. m. sq. m.
1978 1,700 1,130 460 310 300 380 690 1,820
1979 2,540 1,700 460 310 330 420 730 2,430
1980 3,390 2,260 460 310 370 470 780 3,040
1981 4,240 2,830 460 310 400 510 820 3,650
1982 4,550 3,390 400 270 400 510 780 4,170
1983 5,940 3,960 340 220 400 510 730 4,690
1984 6,790 4,520 260 170 400 510 690 5,210
Note: One year's requirement of master bags = 75 sq. m.

One month's requirement of plastic bags = 9.3 sq. m.

1One year's requirement of cornm and 6 month's requirement of soy =
One month's requirement = 0.7 sq. m./metric ton.

Two month's requirement = 1.3 sq. m./metric tonm.

0.7 sq. m./metric ton.

-%01-
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5.
6.

7.
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Raw materials can be received by rail and/or truck.

Finished products can be shipped by truck and/or rail,
Construction will allow fumigation.

Walls will be fiush with columns, creating a smooth internal

surface.

The plant design, based on a 18 m x 100 m space, would have the

following room areas:

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

11.

Cleaning - 66 m2

Raw material and ICSM storage - 735 m2
Dehulling - 66 m2

Processing - 735 m2

Shop - 33 m2

Quality control - 16 m2
Vitamin/mineral storage - 19 m2
Office - 26 m’

Package storage - 16 mz

Packaging - 236 m>

Final product storage - 498 mz

4,1.3.4 Equipnent Specifications. Equipment for the new procesaing

plant was also reviewed during Tribelhorn's December visit. A specifi-

cation 1ist (prepared between June and August) was correapondingly

checked and found to be adequate for the processing cquipment, however,

gome items were overlooked which normally do not pertain to a plant with

an existing structure.

A new set of equipment apecifications was written for this plant

and can be found in Tribelhorn's trip report dated December 28, 1977.
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Note: the specification list includes several items required which did
not appear on the original list. Items added to the original list
include:

1. Aspiration system for cleaning scalper

2, Surge tanks

3. Single deck separator

4, Infestation destroyer

5. Plastic containers

6. Surge tanks (Miratender) for finished product

7. Additional tools

8. Exhaust fans

9, Air conditioning system

10, Air compressor.
A 91-m belt was included in the revisced list, but was subsequently

dsleted because of the excessive purchase cost.

4.1.3.5 Machine Layout, Support Structures, Flectrical. The

approximate equipment location and corresponding support atructures and
electrical requirements were developed. However, dve to a time limica-
tion and lack of proper drafting equipment, it was decided that these
diagrams could be done at CSU and returned promptly to CARE.

It wan agreed that there would be one main electrical distribution
point with three sub-pancla in the following areas:

1, Procesaing (excluding Bradys)

2. Dehulling

3, Cleaning.

Due to the large electrical requirament of the Brsdys, the main

distribution board and Brady disconnects would be on the same board as
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near to the Bradys as possible. Electrical conduits will be laid into
the floor when it is constructed. The exact locations will be required.
Flexible conduit from the floor to the machine will be used to compensate

for any errora in location.

4.1.3,6 Equipment from Kundesale. Originally, CARE/SL intended to

move all equipment from Kundeeale to Colombo. However, some items
(Cablevey, bulk tanks, etc.) could be sold to Mr. Alahakoon 1f he shows
an interest. At the time of the visit to Kundesale, Mr. Alahakoon
expressed an interest in purchasing the Cablevey. No decision has been

made on the sale of any items at the Kundesale plant.

4,1,4 Status of New Plant

As of mid-April, 1978, ell equipment has been purchased except a
few nuxiliary i{tems that require input by manufacturers. Figure 16
shows a tentative time table for the new plant. It appears that the
plant will start up in September or October of 1978,

Presently, CSU {s modifying the two Bradys as listed below:

1. The existing feed mechanism conaisting of the feed hopper and
injector auger will be removed. A vibratory feeder and new
cowling will take the place of the hopper.

2. The hydraulic circuit will be disconnected asince the injector
suger vill not be uned.

3. Surge tanks will be mounted above the Bradya to provide a
constant feed source to the vibratory feeders.

The above modifications will be completed by approximately July 1, 1978,

at vhich time they will be dfuassembled and shipped to Sri Lanka.
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Figure 16. Tentative time table for Sri Lanka plant.
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4,2 Costa Rica

In 1976 CARE received an Operational Program Grant (OPG) from AID
to improve the nutritional status of primary school age childrea and
pregnant and lactating women in low income groups thrdugh production of
a corn/soy blend (CSB) and full-fat soy flour (FFSF). The production of
CSB and FFSF will be used in fecding programs in place of PL 480 Title II
commodities which are being phased out of Costa Rican supplementary
feeding programs. USDA has been collaborating with CARE on this program
since its inception and has provided the design of the manufacturing
plant and other technical assistance through a cooperative effort with
CSU for CARE to produce CSB and FFSF using a CARE-purchased Brady Crop
Cooker. In addition, CARE requested USDA's assistance in providing a
granular bed roaster for consideration as an alternative method for
manufacture of FFSF. USDA is interested in demonstrating the use of the
roaster for manufacture of FFSF and comparing the performance of the
roaster system with the performance of the Brady Crop Cooker/Alpine

system through parallel operations of the two systems.

4.,2.1 Objectives

To formalize the installation of a soy processing plant in Costa
Rica, Harper and Wilson spent the week of February 13-18, 1977, in Costa
Rica meeting with officials of CARE/Costa Rica, AID/Costa Rica and GOCR.
The objectives of the visit were to:

1. Coordinate arrangements for the soy processing plant con-

struction, installation and operation.
2. Determine bidding and selection procedures for a qualified

private sector manager of the soy processing facility.
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3. Review equipment requirements for plant and initiate plant

design.

After viewing all alternatives, it was determined that it would be
best if the soy processing plant was constructed on a site owned by the
GOCR under the direction of CARE/Costa Rica. The operations of the
plant would be contrcoted to a private sector food processor. Prequali-
fication specifications were written and the prequalifying process was
initiated in April, 1977.

The following operating conditions wera determined to define design
capacities:

1. CSB portion of plant

a. 16 hour production day
b. 5 day production week
c. 40 week production year
d. 455 kg/hr production rate
e. 702 production efficiency
2. Full-fat soy flour portion of plant
a. 16 hour production day
b. 5 day production week
c. 10 week production year
d. 455 kg/hr production rate
e. 75% production efficiency

Based on these conditions, it was decided that the plant would
consist of an extrusion line and a granular bed roaster line to meet the
following objectives:

1. Produce 908,000 kg of CSB-like product during a 40-week

production year.

2. Produce 272,400 kg of full-fat soy flour during a 10-wveek

production year, either by extrusion heat treatment or by a

granular bed roaster heat treatment.
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3., Provide storage for 4 days' production capacity of raw grains
and finished products.
4, Provide storage capacity for one year's supply of vitamin and
mineral premix.
5. Provide facilities for packaging of final product into 22.7-kg
bags.
The plant was designed to use the same 1ine with alternate equipment
for the production of full-fat soy flour. These process lines consist
of: 1) a granular bed roaster and hammer mill, and 2) a Brady extrusion

cooker and pin mill.

4.2.2 Specifications - Building and Equipment

Ing. Juan Antonio Piedra, CARE/Costa Rica, spent the last two weeks
of May at CSU actively participating in the determination of the plant
equipment specifications and becoming familiar with the operation of the
equipment. At the end of his stay, all of the equipment with the
exception of the air relief system for the final grinders had been
specified. After that, competitive bids from three or more manufac-
turers on each item were obtained where appropriate. Certain pieces of
equipmant such as the Alpine Mill and the Sturtevant scourer-aspirator
were spocified as sola2 source.

The equipment list compiled for the plant in Costa Rica is given in
Table 31. A detailed list of specifications for each item of equipment
was prepared and provided to CARE for aid in purchasing. A list of
recommended manufacturers was included with the specifications. This
detailed list of specifications is available upon request to the Depart=~

ment of Agricultural and Chemical Engineering at CSU.
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Table 31, Equipment components for Costa Rican

plant.

Item

Manufacturer/Model No.

Grain Cleaning and Dehulling Equipment:

Grain cleaner
Destoner
Scourer-aspirator
Blower

Scalper

1 - 15 metric ton galvanized steel storage

bin

1 - 19 metric ton galvanized steel storage

bin

1 - 10.6 metric ton galvanized steel
storage bin

Processing Equipment:

Agitated sand bed roaster and associated
cooler

Proportioner mill
Extruder

Drum-type cooler (large)
Hammer mill

Pin mill

Dust collection system

Blending and Packaging Equipment:

2 - 500 kg surge tanks with slide valves
Paddle blender
Beam scale

Sewing machine

Conveying Equipment and Miscellaneous:

Screw conveyors

17 m bucket elevator
Cleated belt conveyor
Water application system
Screw conveyor motors
Spare parts and tools

Lab equipment for quality comtrol

Ferrell-Ross/No. 27
Oliver/Model 2448A
Sturtevant/No. 3
American Fan
Seedburo/Super Speed

Baughman-Oster
Baughman-Oster

Baughman-Oster

Food Processes, Inc.

Modern Mill/Model 400
Koehring/Brady 2160
Dorsey-McComb

Prater /Model G6HFS
Alpine/Contraplex A400CW
Johnson-March/Model PCSB

Locally constructed
Marion/Model 2030
Toledn/Model 4181
Doboy/Model E-3

Baughman-Oster
Baughman-Oster
Burrows/No, 500-12-15
Various manufacturers
Baughman-Oater
Various manufacturers

Various manufacturers
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Building requirements for the plant in Costa Rica recommended the

following features and services:

1,
2,
3.
4.
5.
6.
7.

10.

11.

12,

13.

14,

Reinforced concrete floors.

Roof and wall support through reinforced concrete columns.
Masonry walls.

Wooden truss roof support system or equivalent.

Corrugated asbestos or metal roof.

Roof sealed to side walls.

Roof vents screened and a simple means of sealing provided for
furigation of building.

Ceiling heights of at least 4.6 m in the roaster room and the
extrusion processing room.

A roaster r.om constructed with fireproof materials and
provided with an exhaust hood and fan to cover the roaster.
Ventilation fans provide. in the raw materials cleaning arca,
the extrusion area and the packaging area.

All ceilings and walls painted with a light colored non-porous
glossy paint.

Screened louvered windows provided on all outside walls except
offices and packaging area where gluss windows should be
provided.

All louvered windows provided with a simple means of sealing
to aid plant fumigation.

Lighting provided throughout the plant with the following

specifications.
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a. Overall processing equipment - 755 lux

b. Shop, packaging area, quality control laboratory and
offices - 1075 lux

c. Other areas - 215 lux.

15, Potable water at a pressure of 2.8 kg/cm2 provided to the
vostrooms, packaging area, quality control laboratory and the
extruder.

16. Floor drains provided in the reatrooms, packaging area and in
the quality control laboratory.

17. Washing facilities provided in the restrooms.

18, Electrical power equal to 150 KVA available at the electrical
entrance to the building.

19, Propane or LP gas provided to the roaster room.

A plant layout was developed which involved the conatruction of a
mezzanine for offices and quality control facilities cocbined with the
elimination of some of the interior walls. The deaign factlitated the
control of workers by providing an observation deck on the mezzanine,
The entive processing areca will be viaible from the deck.

Figure 17 shows the design proposed by CSU -4 accepted by CARE/
Costa Rica. The partitions within the processing area «rve to separate

rav material and processed prc "ict as for sanitution purpor

4,2.3 Method of "lant Oneration

The Costa Rican food processing plant is unique t{n that {t vas
designed to produce tvo types of producta - C5B and FFS¥., Yurthermore,
the plant was set up to compare the performance of the hrady extruder/

Alpine mil)l system with the roaster/hammer mill syaten in the production
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of FFSF. Another distinguishing feature of the Costa Rican plant is the
inclusion of a bag filter type dust collection system. This system
provides negative pressure on the downstream gside of the milling equipment
and relieves it of the production of fine particles.

A block diagram illustrating the flow of material through the plant
is shown in Figure 18.

The grain cleaning operation is the same for both processing
systems. The raw, uncleaned grain is dumped into the destoner to remove
dirt and stones from the grain and then conveyed to a screening scalper
to remove the remaining chaff from the whole grain.

For storage of the cleaned grain, the extruder system includes an
impact dehuller with an aspirator and cyclone to remove the hulls and
grain fines. The hulls and grain fines are fed back into the stream of
dehulled grain and dropped onto a scalper for separation of the hulls.
The hulls are bagged and sold to livestock fecders. The clean, dehulied
corn or soybeans are then conveyed via a bucket elevator to bulk storage
bins cutside the building. The roaster system differs in that clean,
whole soybeans are conveyed directly to a bulk storage bin via the
bucket elevator without dehulling.

The processing of CSB and FFSF by the two systems is discussed in
the following paragraphs.

When the extruder system is used for the production nf CSB, clean,
dehulled corn and soybeans are conveyed to the proportioner mill which
mixes the two materials by a preset proportion and grinds the mixture to
approximately 40 mesh. The mixture is fed into the extruder with
approximately 3% water by weight from a flow control valve and extruded

at a temperature of 154-163°C. The extruded CSB chips are then carried
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via a belt conveyor to a large rotary drum cooler with counter-current
air flow. The cooled chips are dropped into a hammer mill for grinding
to approximately 50-70 mesh and conveyed to a surge tank over a batch-
type blender. The ground CSB is blended with additional vitamins and
minerals and then conveyed to another surge tank over the bagging opera-
tion. The CSB is bagged in 25 kg polyethylene-lined paper bags with the
liner heat-sealed and the paper bag sewn shut.

The extruder system is also used for producing FFSF by exchanging
the large hammer mill with a pin mill capable of grinding the extruded
soy meal. In this process, only clean, dehulled soybeans are ground in
the proportioner mill prior to extrusion. The ground soy is then
extruded with no water added at 140°C and conveyed via the belt conveyor
to the drum cooler. By changing a valve in the outlet hopper of the
cooler, the extruded FFS is conveyed to a pin mill for grinding to =100
mesh. The FFSF then is conveyed via U-trough conveyors to the packaging
area where it is bagged similar to the CSB. In each process involving
final product milling, a dust collection system 1s included on the
downstream side of the mill to provide suction and aid in the removal of
very finely ground materials.

The roaster system is used for producing FFSF. In this process the
clean, whole soybeans are cunveyed into the input hopper of the roaster
vhere they are fed at a controlled rate into the roaster. The roasted
soybeans exit the opposite end of the roaster and are dropped into a
small rotary drum cooler. The cooled soybeans next are conveyed to the
impact dehuller with aspirator, cyclone and scalper for dehulling and
separation of hulls from the fines. The fines are put back into the

stream of dehulled, roasted soybeans. The roasted soybeans are then
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conveyed via the belt conveyor (which is shared between the two systems)
to the large drum cooler and then dropped into the hammer mill for final
grinding. The mesh size in this process is approximately -80 mesh w'‘ch
is slightly larger than in the extruded process. After grinding, the

FFSF is conveyed via U-trough conveyors to the packaging area for

bagging.

4.2.4 Coats

Table 32 contains prices of equipment purchased for Costa Rica.
The item number corresponds to the number used in the Equipment Speci-
fications list prepared at CSU. In addition to the equipment listed
below, an FPI granular bed roaster and a Prater G6HFS hammer mill were
purchased through CSU with AID funds at prices of $20,000 a.d $3,515,
respectively. These additional purchases increased the total expenditures
for equipment to approximately $120,700.

The initial building design was estimated to cost $75,000 which was
deemed inappropriate for a LEC system. Modifications were made to
reduce construction costs, such as the elimination of some of the interior
walls, but this reduction was expected to be offset by the addition of
the mezzanine. New cost estimates were received which resulted in a
cost of less than $20,000 for the building. In light of this new cost
estimate, it was decided that the initial amount of $75,000 was based on
some misinterpretations of the building specifications by the architects
and construction agents.

The mezzanine design was accepted by all parties and conatruction

began in early August. The bullding was completed in about 10 weeks.
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Table 32. Equipment costs for Costa Rican plant.

Item Cost

Grain Cleaning and Dehulling Equipment:
Grain cleaner $ 2,150
Destoner 3,056
Scourer/aspirator 5,986
Blower 480
Scalper 549
1 - 15 metric ton galvanized steel storage bin 983
1 - 19 metric ton galvanized steel storage bin 1,079
1 - 10.6 metric ton galvanized steel storage bin 824
Processing Equipment:
Agitated sand bed roaster and associated cooler 25,000
Proportioner mill 3,009
Extruder 3,900
Drum-type cooler (large) 7,474
Hammer mill 3,487
Pin mill 28,871
Dust collection system 10,500
74.6 k¥ motor 3,146
Blending and Packaging Equipment:
Paddle blender 7,535
Beam scale 33
Sewing machine 715
Conveying Equipment and Miscellaneous:
Screw conveyors 1,330
17 m bucket eievator 2,831
Cleated belt conveyor 1,896
Water application equipment 167
Magnets 687
Screw conveyor motors 1,221
10 cm downspouts and flexible tubing 230
10 cm and 15 cm directional control valves 165
Bag holder 86
Tools 500
Lab equipment for quality control 1,000

SUBTOTAL $119,188
Spare parts (12X) 14,303
Electrical estimate 3,700

TOTAL COSTS

$137,191
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4.2.5 Bidding Procedures for the Plant Manager

A variety of alternatives for the location of the plant and the
selection of a manufacturer with prior food processing expericnce were
considered by CARE and AID/CR. Initial plans to locate the plant on the
grounds or in a building of a manufacturer selected by a bidding procedure
vere rejected by AID/CR and the GOCR Ministry of Health because:

1., Plant equipment is to revert to the COCR at thc end of three
years, and having it located in a private company would make
such a consequence difficult.

2. Specifying and soliciting bida for such an arrangement would
be difficult or at the very minimum cumbersome. 1t was
believed going this route would serioualy delay the project.

3. Reversing an incorrect selection of participating firm would
be difficult to rectify.

As an alternative, it was suggested that the plant be constructed on
available government land. Funds appeared to exist in the project to
cove- this contingency and time was sufficient to assure plant
construction.

Under the above arrangement, a bidding procedure to select a
qualified manager with food processing experience was discussed, After
discussing the options with AID/CR officials, it was deemed best to
replace a typical bidding procedure with a prequalification step. Such
a procedure called for all interested parties to prequalify themselves
as to their capabilities, personnel, financial status, costs, etc. From
the list of potentlal candidates, the top two or three selected were
brought in for interviews and negotiations. A contract agreement nego-

tiated with the most qualified firm was signed without further bidding.
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The above prequalification approach appeared desirable for the
following reasons:

1. Firms were selected on the basis of prestated criteria.

2. Only qualified firms were seriously considered.

3., Prequalification was open to all potential candidates.

4. The prequalification procedure was acceptable to both AID and

GOCR officials.

The prequalification proposal forms were put into required format
by a lawyer from the GOCR Ministry of Health and 20 days were required
for responses.

It was anticipated that qualified firms would respond to such a
management contract offer for the following reasons:

1. Management reimbursed on a direct cost basis.,

2. Management fue would be negotiated.

3. Private firms would have a very low risk opportunity to become

involved withk a new technology.
Using the above technique, a contract was consummated with Ing. Delbert
Clark of Pro-Nutre in Costa Rica in June, 1977, to provide operating
personnel and manage thz plant. He has participated in reviewing plant

plans and preparing for plant production.

4.2.6 Status Report

The plant start-up date has been postponed, due primarily to delays
caused by the shipping strike and a delay in procuring the dust collec-
tion system and some miscellaneous spare parts. Original plans for a
440 volt, 74.6 kW clectric motor to drive the extruder had to be changed

after delivery had been taken, As a result, the motor will be replaced
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with a 220 volt motor from the United States. The probable date for

plant start-up and training of personnel will be July 1, 1978.

4.3 Tanzania

The second LEC production facility has been designed and constructed
in Dar es Jalaam, Tanzania. The plant will be operated by the National
Milling Corporation (NMC) with quality control and marketing assistance
from the Tanzania Food and Nutrition Center (TFNC) . Plant management
and operating personnel are currently being selected by NMC and the
plant will start into production during May, 1978. The plant will
produce an extruded weaning food composed of 70% dehulled, degermed
maize and 30% dehulled soybean, fortified with vitamins and minerals,
and will be ground to a fineness of approximately -40 +60 mesh. The
weaning food will be packaged into 2-kg bags for distribution by the

Ministry of Health and into 1l-kg bags for commercial marketing.

4,3,1 Objectives

The objectives for the weaning food pleat established in Tanzania

are listed below.

1. To produce a CSB-type product at low cost for supplementary
feeding programs aimed at malnourished children and for a
1imited distribution to the commercial market.

2. To produce approximately 700 metric tons of weaning food the
first year and up to 1,800 metric tomns by the third year of
operation.

3. To support the Tanzanian government's efforts to become self-

reliant in food production, thereby conserving its foreign
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exchange and becoming independent of United States PL 480

Title II donation programs.

4,3.2 Specifications - Building and Equipment

The site selected by NMC for the Tanzanian weaning food plant is on
plot 74/2 Pugu Road in Dar es Salaam, The site included an existing
building which had been used as a oil mill. The total floor area avail-
able for the LEC facility measures 36.5 m x 11 m and has an open ceiling
with the bottom of the roof trusses 5.8 m from the floor. The proc-
essing rocm measures 16.4 m x 9 m. The floor plan for the plant is
shown in Figure 19.

The site is near the headquartera of NMC, and a maize mill is also
on the plot. The maize mill will supply the maize grits needed by the
plant.

The equipment that was purchased and installed in the plant is
1isted in Table 33 with the associated expenditures. In addition, three
components were constructed at the Agricultural Engineering Research
Center at CSU and shipped to Tanzania. These components include a
dispensing hopper, a micro-ingredient feeder for the Modern Mill and a
cyclone separator for the aspirator of the dehulling system. The dis-
pensing hopper incorporates a simple sliding cylinder to dispense mate-~
rial from the hopper to the bag-filling chute. The cylinder is adjust-~
able in height so different sized packages and different product
densities can be accommodated.

The modification of the Modern Mill to add the micro-ingredient
feeder for the vitamin and mineral mix was designed and constructed at

CSU. However, at a later time it was decided that the usec of a batch
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Table 33. Equipment purchased for Tanzanian plant.

Component Manufacturer/Description Expenditure

Cracking mill Davis/Model 10 x 10 $ 1,230.00

Gravity table with Oliver/Model {50 2,235,02
aspirating feeder

Bucket elevator Universal/Model C2 2,505.90

Paddle blender Marion/Model 2030 6,838.00

Incline belt conveyor Versa Ferguson/Model 600-R 1,356.00

Bulk tanks Read /Model BF10 2,341.25

Model BS18

Proportioncr mill Modern Mill/Model 400 5,053.20
and parts

Extruder and parts Brady/Model 2160 10,919.01

Water application Fisher Porter/Hoke/Watts 200.00
equipment

Conveyor Modern Mill/15 cm x 6 m 540.85

Cooler Dorsey McComb/Cooler 6,840,00

Final grinder with Prater/G6HGSI 4,589.00
alr relief system

exhaust fans (2) 436.64

Electrical distribution Square D/Misc. 2,360.09
control and protection
equipment

Heat sealers (2) and parts Allied Automation/Sergeant 312 583.00

Prater parts Prater - Modern Mill 345.28

Motors Baldor 256.00

Welding rod Ranite C 62.60

Belts 86.64

Filters 35.10

Packaging scales (2) Accu-Weigh/Model M-410 168.00

Laboratory equipment 902,88

TOTAL

$49,884.46
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blender for post-extrusion addition of vitamins and minerals was more
feasible. This was decided because of increased vitamin degradation in

storage following the heat treatment.

4,3.3 Method of Plant Operation

The important aspects of the Tanzanian plant which differ from the
original Sri Lanka installation include: 1) a soybean dehulling systen,
2) a bucket elevator for loading bins, 3) an electric-powercd extruder,
4) a Prater-designed air relief system on the Prater final grinder, and
5) the elevation of the Modern Mill, eliminating a vertical auger.

A block diagram which illustrates the flow of material through the
plant is shown in Figure 20. The cleaning and dehulling part of the
plant was designed on the basis of arrangements with the National
Milling Corporation to provide clean, whole soybeans and dehulled,
degermed maize grits.

The soybeans are poured into the roller-type cracking mill which
loosens the hulls. They are then conveyed to a gravity table for sepa-
ration of the hulls, after which the dehulled soybeans enter the input
hopper to the bucket elevator. The elevator lifts the beans and dis-
charges them by gravity to a bulk atorage bin. The maize grits are
poured directly into the input hopper of the bucket clevator and are
similarly conveyed to another bulk storage bin.

During extrusion, the maize grite and dehulled, degermed soybeans
are fed by screw conveyors to the proportioner mill where the ingedients
are coarsely ground and combined in the appropriate mixture. The raw
maize/soy mixture is then conveyed horizontally to the extruder where it

is combined with a small continuous strcam of water (approximately
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30 1/hr). Extrusion will be performed at 154-163°C. The extruded chips
arc dropped onto a cleatad belt conveyor and carried to the rotating
drum-type cooler. The cooler operates with forced-air flowing in a
counter-current direction with the extruded chips. The cooled chips are
then dropped by gravity into the hammer mill for final grinding.

An air relief system creates a low pressure cordition on the outlet
of the hammer mill which helps to move ground material into a U~trough
conveyor located below the mill. The ground product is carried to an
inclined scren conveyor which transports the product to a surge tank
above the paddle blender. Through a method of periodic batch blending,
the ground product 1s mixcd with vitamins and minerals for fortification
and conveyed to the surge tank above the volumetric packager. Plant
personnel manually fill polyethylene bags using the volumetric packager,
check the net weights on a scale, and then seal the bags using an

electrical heat sealer.

4.3.4 Budget and Costs Incurred

The breakdown of funds budgeted for the weaning food project is
given in Table 34. As listed in Table 33 in Section 4.3.2, the costs
incurred thus far for equipment purchases have totaled approxiuately

$50,000. Shipping costs thus far have totaled approximately $15,000.

4.3.5 Status of Plant Development

During the last week of April, 1978, Mr. Ron Tribelhorn and
Mr. David Cummings wont to Tanzania to begin equipment debugging, per-
sonnel trairing and plant start-up. At that time, the two-month supply
of vitamin and mineral mixes provided by USAID/W had been received in

Dar es Selaam. Also, the additional ancillary equipment vhich was
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Table 34. Funds budgeted for the Tanzanian weaning food project.

Purpose Agency Amount
Equipment and installation USAID $50,000 U.S.
Building preparation NMC 150,000 Schillings
($19,200 U.S.)
Manufacturing and operating funds NMC 4,500,000 Schillings
($577,000 U.S.)
Funds for purchase of product - TFNC 3,500,000 Schillings
TFNC has first right of refusal (488,700 U.S.)

on product

ordered late was scheduled to arrive by the end of April. These
ancillary items include the following:

1. Paddle blender and associated scale

2, Cleated belt conveyor

3. Exhaust fan

4, Electric heat sealers (2)

5. Bucket elevator pulleys

6. V-belts

7. Hydraulic reversing valve parts for the Brady

8. Miscellaneous Square D electrical parts.

The work on the plant building was virtually complete by the end of
April, and all on-site equipment had been installed. The necessary
tables and containers had been made and the offices were remodeled. The
National Milling Covporation had sel:cted the following personnel as of

April 3, 1978:
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1. Plant Supervisor, in charge of daily operations.

2. Initial Production Supervisor, in charge of coordinating
production start-up and providing production requirements,
such as packaging materials, delivery schedules, etc.

3. Four equipment operators and technicians.

At the .ime of this writing a permanent Production Supervisor had not
been chosen, but NMC was in the process of interviewing candidates for
the position.

After his arrival in Tanzania at the end of April, Mr. Tribelhorn
reported that most of the equipment items were ready to operate. Some
of the equipment was to be started and debugged the first week of May.
It 18 currently anticipated that debugging of the equipment and training
of personnel will continue through the third week of May. The plant is
then expected to start into producilon and produce at approximately 702
capacity by the end of May.

The following specific production goals have been established for
the veaning food plant:

First year - 635 to 725 metric tons

Second year - 910 to 1,090 metric tons

Third year - 1,820 metric tons
The increases in production will develop as plant personnel become more
proficient at equipment operation, and with the addition of a second
work shift as market and material supply conditions permit.

The methods of maintaining product quality up to required food
standards will be covered during the training period led by Tribelhorn
and Cumminge. During regular operation, the staff of TFNC will continue

to provide quality control assistance.
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The laboratories which could te used for quality control at the

plant are listed below with the type of analysis done at the lab.

Laboratory Location Analysis
TFNC Dar es Salaam Proximate
NMC Dar es Salaam Prcximate and QC for NMC
Government Chem. Lab Dar es Salaam Proximate, some pesticides
Morogoro Amino Acid

University Faculty of Medicine Dar es Salaam Microbiological + toxins

Central Vet. lab Dar es Salaam Microbiological + toxins

Some quality control standards for cereal baby foods have been adopted
by TFNC as well as other food production standards. Dr. Aleck Mosha of
TFNC will be in contact with NMC to assure these standards will be met

by the new weaning food plant.

4.4 Full-fat Soy Flour Plant - Chihuahua, Mexico

In May 1977, members of CIATECH visited Colorado State University to
examine our work on LEC's for the production of full-fat soy flour (FFSF).
Initial interest in LEC processing by the CIATECH resulted from a visit
to Pro-Nutre in Alajuela, Costa Rica. The technical staff of CIATECH
(Dr. Francisco del Valle, Ing. Armando Comacho and Ing. Hector Acosta)
spent two days in Fort Collins reviewing their plans for the production
of FFSF, examining preliminary plant layouts and equipment selection,
providing information on the operation of the Brady extruder and making
samples of extruded soy for their evaluation in Mexico. Using the infor-
mation provided in this short visit, reports from the Colorado State
University LEC project and information gathered from local sources, the

technical staff of CIATECH have designed, installed and started a
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FFSF processing plant in Delicias, Chihuahua, which was inaugurated
by the President of the Republic of Mexico, José Lopez Portillo, on
April 1, 1978, Judson Harper from CSU attended the inauguration.

CIATECH, a technical group in the state of Chihuahua, is providing
technical assistance and development in the area of improved food proces-
sing and utilization for the State. Their funding comes from the state
of Chihuahua, CONACYT (Mexican NSF) and through contracts with private
industry. One of their initial projects has been the design and construc-
tion of the FFSF plant and to work with local industry in the utilization

of the product in a variety of food product applications,

4.4,1 FFSF Plant Design

The extrusion processing plant for soy was designed under contract
to an agricultural cooperative in Delicias, Chihuahua. l1rivate capital
amounting to $300,000 was raised by this group; 51% from the members of
the cooperative (80) and 49% private outside capital. CIATECH signed a
contract to design, specify and procure equipment, and to oversee instal-
lation and start-up of the soy flour factory. The design capacity of
the plant is 3.6 metric tons per day or approximately 910 metric tons
per year on a one-shift basis. The output of the plant is slated for
commercial sales and CIATECH will receive a small percentage on sales as
continuing support of their activities. To enhance commercial sales,
CIATECH has been actively working on product applications with a wide

variety of local industries. These applications will be discussed later.

4.4.2 Processing Plant
The process layout for the plant is shown in Figure 21. The

product flow is conventional with first cleaning of the soy by the
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scalper, followed by cracking in a double roll mill and then aspirating
the hulls away from the meats in a ladder aspirctor. The cracked,
dehulled meats are fed into a small surge tank above the Brady, Model
2160, equipped with a right-angle drive. After extrusion, the product
passes through a cooler/tumbler (locally manufactured) with a counter-
current flow of air. The corled extruded product ("AO-SOOC) is next
ground in a counter-rotating pin mill relieved by a bag filter dust
collector. The ground product is conveyed to a product storage hopper
and packaged into a variety of sizes. The small polyethylene packages
are placed on a belt which passes them through a semi-automatic heat
sealer.

The process was in the initial stages of shake-down and start-up.
All components of the process through the cooler were working satis~
factorily. About 500 kg of extruded product had been ground in the pin
mill and the initial product was too coarsne. Thus, testing and adjust-
ment of the mill will be continued.

The plant equipment, installation and engineering cost $150,000.
Raw soybeans cost 22-26 cents per kg and the finished product's sale
price 1is anticipated to be 48-55 cents per kg. Initial sales of 365
metric tons per year have been made and this will be expanded through a
variety of food product applications. Details on the plant design are
given in a trip report by Harper. Also, papers have been written for

Food Engineering International and Front Lines.
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4,4.3 Food Products

Dr. del Valle has been actively engaged in the development of a

wide variety of food applications to develop a demand for commercial

sales.

1.

2,

4.

5.
6.

7.

These include:

Substitution of FFSF for egg solids in sweet breads (pan
dulce)--This application allows total substitution and elimi-
nation of eggs in the sweet bread formulation at about 15% the
cost of raw eggs.

Fortification of bread--Addition to bread and buns at the 10Z
level.

Pasta--Soy fortification of vermicelli at approximately the
10Z level.

Ice cream--An ice cream formula having no milk solids which
consists of FFSF, coconut oil, sugar, stabilizer (CMC), flavor
and water. This product is frozen in bulk or as popsicles.
Cookies~-Soy fortified cookies.

Beverages--A soy-based beverage flavored with chocolate,
strawberry or vanilla. The product consists of FFSF (6.5%),
sugar (2.5%), coconut oil (3%2), flavor and water. The mixture
will be homogenized and pasteurized. It is anticipated that
it will be packaged and sold in liquid form. CIATECH has
purchased equipment to establish a processing and packaging
plant in Chihuahua during the next two or three months.
Candies and sweets--A caramel nugget candy containing sugar,
soy and flavor. The material is boiled to produce the nugget-

type candy or spread.
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8. Snacks--A granola type snack of oats, raisines and FFSF which
is toasted in an oven.

9., Tortilla flour—Fortified tortilla flour which can be used in
the conventional manner.

10. Sausage--Sausages produced with S0% of the protein coming from
FPSF are juicy and have no detectable soy flavor.

All of the products were very palatable and prescnted a substantial

array of product ideas for the prcmotion of commercial sales of the

FFSF. Retail sales of the flour were uncertain, but also anticipated.

4.4.4 Evaluation of Mexican Soy Sample

A sample of full-fat soy flour extruded in Mexico on a Brady
extruder was evaluated for proximate analysis and physical properties.
The data are listed in Table 35. The particle size distribution of the
ground product is too large, and adjustments are being made to the
Alpine mill to correct the problem.,

The data are generally consistent with other samples of full-fat
soy flour extruded on the Brady at CSU and at INCAP. It is not possible
to estimate how much antitrypsin activity was destroyed during extrusion
since ve did not have raw soybeans available for analysis. The level of
antitrypsin activity in the flour following extrusion was somewhat
higher than what we have found at CSU but was quite comparable to levels

in full-fat soy flour extruded at INCAP in Guatemala.

5.0 TESTING SITES

5.1 Guatemala Workshop

INCAP held a 1 1/2 day workshop on LEC's. The workshop was sttended

by approximately 50 participants. A demonstration of the Brady was held
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Table 35. Evaluation of Mexican full-fat soy sample (dehulled, extruded).

Sample # 2-9-13
Fat, % 22,2
Moisture, % 3.64
Nitrogen, % 5.54
Protein, 2 3.6
Ash, % 5.44
Fiber, % 2.85
Viscosity (Pa-s) 1.76%
0.227°
NSI 20.2
Water absorption, % 125
Trypsin inhibitor c 44,000
activity (TIU/g)
Density (g/cc) 0.938
Particle size
distribution:
on 30 sieve, % 31.8
on ##40 sieve, % 28.1
on 60 sieve, % 36.0
on #80 sieve, % 4.0
on Pan, % 0.0

.Uncooked viscosity on Brookfield viscosimeter at 50 rpm, spindle 6.
bCooked viscosity on Brookfield vincosimeter at 50 rpm, spindle #5.

cTryplin inhibitor activity is reported as TIU/g since there 1s no

rav sample for comparison to compute % destruction.

dSioving was done by hand.
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where mixtures of soy/rice and corn/rice/soy/gondul were extruded.
Precooked corn/soy flour was also formed into pasta and samples of
soups, drinks and tortillas were made available.

Interest was expressed by the participants and a good exchange of
ideas and information was made.

Harper presented information on worldwide applications of LEC tech-
nology as well as cost information. Copies of the LEC Workshop Proceedings
(LEC Report 1) and the Annual Report (LEC Report 2) were distributed.

The results of laboratory tests made by CSU and INCAP on soy samples
which had been exchanged, were discussed. Results from both laboratories
were similar. The Guatemalan soybeans behave differently giving lower
fat and trypsin inhibitor values until after extrusion. PER values
appear similar. Despite some yet unexplained chemical results, the data
indicate that the Brady is doing a satisfactory job at thermally
deactivating antinutritional factors in soybeans.

The Brady was examined after extensive use at INCAP. The rotor
weldment was showing signs of wear, the beater bars were badly eroded,
and the cone and cup needed replacing. Requirements and procedures for
these changes were discussed and INCAP is planning to initiate preventive
maintenance steps.

It appears that the drive shaft may be slightly bent on the Brady
screw. Partial correction may be possible by cup centering techniques.
INCAP also intends to order a new rotor weldment.

Harper also spent time with Dr. Molina and representatives of agri-
cultural cooperatives who are interested in agro-industrial development,

specifically, concerning application of LEC's to the manufacture of:
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1, (CsB

2. Soup bases

3. Snack items
4, Drink bases

5. Precooked corn tortilla flour.

5.2 Philippines

Between May 5-23, 1977, a training program vas conducted at the
Batek Center of the Philippines, Philippine Women's University, which is
located 30 lm south of Manila in Dasmarifas, Cavite.

Initially, the facility was inspected to determine the best
location to install the equipment as it had only been uncrated. After a
proper location was determined, installation of equipment was made. The
following items were required before the machine was operational.

1. Engine and drive assembly were located.

2. Extruder was attached to drive.

3. Feeding hopper was constructed.

4, Water hook-up was made.

5. Fuels, lubricants, etc., were obtained.

6. Battery filled and charged.

Due to the location of the facility and the distance to stores,

approximately one week was required to complete the installation.

5.2." Tr.iniﬂs
The training program was altered to accommodate as many recommen=

dations from the various evaluation teams as possible.
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The program was given in the following sequence:

1. Classroom lecture

2, Machine experience

3. Post-extrusion training.

A classroom lecture was given to the trainees to initiate the
technology transfer. Extensive information was given regarding the
following areas:

1. History of LEC project

2, History of the Brady

3. Principle of operation of the Brady

4, Warm-up procedures

5. Operational procedures

6. Shut-down procedures

7. Indicators of proper functioning during operation--sight,

smell, etc.

8. Determining the test and extrusion parameters.

The training associated with operating the machine began with
disassembly of the Brady. Important parts were designated and thelr
importance to the extrusion process was explained. The trainees were
alloved to reassemble the machine under close sujervisicn with special
attention given to the proper sequence of assembly and the correct
torque for bolts holding critlcal parts.

Maintenance was discussed with the trainees. Parts that should be
greased frequently were discussed. Maintenance of the diesel engine was
also noted.

In an effort to acquaint the trainees with designing a test program,

a portable blackboard was made available to plan and record cach day's
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run, temperatures, and water additiona priur to extrusion. The trainees
were asked to plan the different runs followed by a discussion on the
reasons for temperature selection, water additions, and any other opera-
tional logistica, Pitfalls foreseen and posaible corrective actions
that could be initiated were indicated prior to starting the run,

Following extrusion, discussions were held on problems that
occurred during the period of cperation. Traineed vere asked to respond
to the problems they felt thev had encountered and how they would solve
them if they should occur in the future.

Training was given on the possible ways of determining the degree
of cooking. Discussed was the use of taste tests and consistometer
tests. A consistometer test on J0/30 cornf/soy cooked at different
temperatures was deronstrated to show the effectn of temperature on

viscosity and thus the degree of ceoking.

5.2.1.1 Materials for Tenting. Alwo located in the Dasmaridas
area is a farm cooperative headed by Hev. John Heran for the Union
Theological Seminary. The cooperative has a feed milling operation used
for preparation of animal fecd, Becaune nome interest wan shown (n the
Brady by the cooperative, the tnftial problem of obtatning cereala wan
overcome. The cooperative agreed to loan cereals and other products to
the univeratty for the trafning progras. Matertalns that wete extruded
would then be returned to the cooperative for feeding thelr animals,

ltemns nsed during the training propguras tneluded tlece bran, a
special feed mixture, corn, nurghum and coybeana, lome of the materiala

vere ground in a hameer mfll ovned by the seminary as the Natek Center
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did not have the capacity to grind enough material for the training

session.

5.2.1,2 Training Combinations. Although the soybeans were old,

they did serve the purposes of warm-up and shut down, etc. A mixture of
70% corn/30% soybeans was used for initial extrusion and polishing the
extruder internal surface.

Rice Bran--The rice bran loaned by the theological seminary was
extruded in the Brady. The bran was one of three grades (fine) available
in the Philippines. It was fresh and approximately 60-80 mesh size.

Three grades of rice bran are available according to particle size:

1. Grade Coarse - This material is a combination of rice bran and
hulls or waste from the rice milling.

2, GCrade Medium - This matcrial has a large percentage of rice
bran and a small percentage of hulls.

3. Grade Fine - 100 rice bran with no huils present. Mesh size
ranges from 60-80 mesh. Generally this product is most
frequently usel in the Philippines.

A test matrix of four temperatures and two moisture additions was
designed. Temperatures of 138°C, 149°C, 160°C and 171°C were selected
to give a range of test points. In addition, moisture additions of zero
and approximately 1% were used.

Results indicated that the rice bran could be extruded with relative
ease., Throughput rates were approximatelv 295 kg/hr at all temperatures.
Because of the large oil content in the rice bran, the cone had to be
tightened down to maintain and/or increase the temperature. A tempera-

ture of 171°C could not be attained as tl - cone clearance was too close,
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and a feed transition plug resulted. A second attempt produced similar
results.

Water addition of 1% was used, however, the maximum temperature
reached was only 149°C. Attempts to reach higher temperatures with
moisture again resulted in feed transition plugs.

Examination of the screw after extrusion of the rice bran indicated
that it was highly polished. These observations indicate that rice bran
is quite abrasive and might mean rapid screw wear with extensive extru-
sion. Only expanded testing would indicate the extent of screw wear
with time.

The extruded rice bran took the form of ch‘ps approximately 6 mm in
diameter. Samples were kept for analysis to be conducted at CSU. These
tests will determine the effect of heat treatment on the rice bran and
the resulting stabilization of the oil.

Special Formula--A special formula used by Rev. Beran on his

research farm was tested on the Brady. The formula consisted of:

30% corn 3% meat and bone

30% rice bran 1% limestone

20% copia 7% corn germ

6% soybean meal (44% protein) vitamins

3% figh meal (65% protein) minerals
antibiotic

This formula was designed to have 7.5% oil content and to be used fo. an
animal feed. The formula extruded quite easily and reacted similarly to
a 70% corn/30% soybean combination.

The purpose of using tte Brady on this formula was not to cook the
mixture, but to form the product into a pellet. The Brady was not

capable of pellet forming without some type of heat treatment.
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Corn/Coconut/Mung Bean--A mixture of 70% corn/20% dessicated

coconut /10X mung bean was blended together and extruded to familiarize
the trainees with some of the ingredients they will be working with
during the test period.

The formula extruded easily at 160°C with and without water. Chips
formed were well cooked with a pleasant aroma and taste. The coconut
was the most dominant flavor characteristic of the mixture.

Other materials were extruded such as 1002 cereals, etc., to
complete the training.

During training, no problems occurred other than a bearing failure
in the gear reduction unit of the Caterpillar engine. The failure 1is
most likely due to a factory defective bearing and lubrication problems.
Bearing replacements were found in Manila. An upper gear could not be
found, therefore, it was taken to a machine shop where one end was built
up and machined to fit the bearing. Replacement parts are currently

being ordered and shipped.

5.2,2 Demonstration

On Friday, May 20, 1977, a lecture/demonstration was held to
acquaint various groups in the Philippines with the LEC technology.
Approximately 50 people attended the demonstration. Due to the involve~
ment with the program it was impossible to meet all of the people who
were thera. Therefore, the groups represented compared to those invited
could not be discerned. In talking with one group, Leslie Food Corpora-
tion, the interest was mainly centered around snack food items. Their
chief concern was in the form of the output from the Brady and how it

might be improved.
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feading programs are being carried on in the Philippines, however,
it was impossible to determine if those programs were represented by any
organization at the demonstration. Interest generated was quite posi-
tive and any individual who was interested in the Brady was to contact

Dr. Pablo.

5.3 Guyana - Technical Assistance Visit

5.3.1 Background

During March 1978, the Guyana Pharmaceutical Corporation (GPC) in
Georgetown, Guyana, obtained a Brady 206 extruder and electric motor to
begin experimental operations to determine potential products for dis-
tribution in Guyana. The GPC is interested primarily in manufacturing a
weaning food for distribution to malnourished children and an instant
pea soup using indigenous black-eyed peas for commercial marketing.

During April, Joe Kellerby and Ron Tribelhorn visited Guyana to
provide some initial technical assistance to officials of GPC. The
chief objectives of the visit were to assist the staff of GPC in operat-
ing the extruder on various materials and to discuss preliminary

specifications for the proposed weaning food plant.

5.3.2 Training of GPC Personnel on Brady Operation

The procedure to acquaint the GPC personnel with the mechanics of
the extruder and to train them in its operation was performed in the
sequence listed below.

1, The flow of material through the extruder was bricfly explained.

2. The extruder was disassembled, and the function of each

component was described.



3.

4.

5,

6.

7.

8.

9.

10.
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The GPC personnel reassembled the extruder.

The ancillary equipment was set up and the raw materials were
prepared for extrusion through a cooperative effort by GPC and
CSU personnel.

Product cut-off knives were installed on the outlet of the
extruder.

Proper operation of the Brady on various materials was
described, including warm-up and shut down procedures.

The extruder was warmed up and operated on whole soybeans,
followed by 100% ground rice bran, showing the method of
operation to the GPC personnel.

The GPC food technologist, Mr, Vic Oditt, was given control of
the machine and assisted in operating it on rice bran.
Operation of the extruder on 702 corn/30% soy was performed by
Mr. Oditt with assistance from Tribelhorn and Kellerby.

Mr. Oditt was assisted in operating the extruder on other
formulations as electricity became available. (The city of
Georgetown experienced numerous blackouts during the week due
to power plant failures.) Other GPC personnel were also
instructed in the Brady operation throughout the week, and

they assisted by collecting and bagging the extruded products.

The following formulations of raw materials werc prepared and

extruded during the training period:

1.
2,
3.
4,

100% whole soy
100% rice bran
70X corn/30X soy
70% rice/30% soy
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5. 100X corn

6. 100X rice

7. 1002 black-eyed peas (BEP)

8. 70% corn/30% BEP

9. 80% BEP/10X corn/10% rice

10. 50 parts corn/10 parts rice/7 parts soy oil to be blended
following extrusion with 20 parts skim milk/8 parts sugar.

Mixtures 9 and 10 were prepared as initial trial formulations for the

instant pea soup and infant weaning food which GPC plans to produce.

5.3.3 Proposed GPC Plant Development
GPC has several objectives for the establishment of a production
facility. These objectives are listed below.
1. Manufacture of a weaning food, formulated and developed by
GPC.
2. Manufacture of a pea soup-type product which would be sold
commercially for various consumer uses.
3. Manufacture of a breakfast-type cereal for commercial sales.
4, Production of a variety of products.
a. weanirg food - 455 metric tons/yr
b. pea soup - dependent on sale and acceptability
c. breakfast cereal - unknown.
S. Production of these components using two independent processing
lines.
GPC has identified two phases for reaching their ultimate objective--

a weaning food plant. The essentials of these phases include:
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Phase 1 - The erection and implementation of a pea soup production
line that would also be used to manufacture and test
various formulations of weaning foods.

Phase 2 - Selection of a weaning food formulation and design,
installation and start-up of a separate production line
for the manufacture of a weaning food.

GPC has secured essential pileces of equipment that will assist in

the implementation of the initial phase. These items include:

1. Brady cooker with 74.6 kW electric motor

2. Hammer mill with 22.4 kW motor

3, Paddle blender with 50 kg capacity

4, TFitz mill comminuter with 5.6 kW motor.

These items would be incorporated with other esgsential pileces of equipment
into a production line capable of manufacturing the pea soup product.
Trial weaning food formulations would be manufactured with this line and
sent out for acceptability tests in order to select the two best formulas.

The two formulas would be remanufactured on a larger scale for
purposes of acceptability, test marketing (or public acceptability) and
nutritional analysis. It is expected that this stage would require an
outside consultant to assist in the final formula selection.

It is anticipated that phase 2 of the project which deals with
plant design and equipment selection may begin after the proposal for
funding is approved by USAID/W. This would permit some plant design to
proceed prior to selection of the final formula.

A compact time table has been set up by GPC. Essentially, the goal
is to have the weaning food plant in operation by the rmiddle of Novem-

ber. Although possible, GPC wao briefed on the recent problems that CSU
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has experienced in the logistics of equipment purchase and shipment for

Costa Rica, Tanzania and Sri Lanka.

5.3.4 Plant Design Discussion

Ideas were exchanged on plant design to gain a better insight into
both GPC and CSU by both parties. CSU discussed the plant layouts for
Costa Rica, Tanzania and Sri Lanka, describing the constraints and steps
that led to the final designs. Equipment specifications for Costa Rica
were reviewed briefly and left as reference material for GPC.

GPC discussed their ideas for a production plant. Some important
design considerations for this plant were given.

1. The plant should use a minimum amount of floor space.

2. The minimum number of conveyors should be uscd.

3. Multilevel design to utilize gravity was believed to be a

means of reducing the number of onveyors and floor space.

GPC would like to use pneumatic systems for vertical conveying
between levels in the proposed plant. Several points were discussed
concerning the relative merits of pneumatic and screw conveyors.

The GPC presently has 445 sq m of building space available for a
production facility. This space 1is approximately 25 m by 18 m, con-
structed of concrete block, with a clear span roof 6 m high at the walls
and 9 m at the center. In addition, the floor area might be doubled if

necessary by occupying an adjacent room in the same building.

5.3.5 Product Packaging Discussion
A discussion was held to determine GPC's ideas for packaging the
final product. Their original idea to use automatic packaging has been

abandoned due to the high capital cost. Packaging lines in use or
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planned for use in other LDC's were discussed; GPC concurred that a
labor-intensive type of line would work for their operation.

Packaging materials are not readily available in Guyana. GPC is
presently considering two package types:

1. Polyethylene - printed single color

2. Polypropylene with cellophane laminate for printing.
GPC would prefer a two- or three-color printed bag. The major problem
they have is printing the polyethylene bags which apparently require
pretreatment (required for bag to accept the ink). The polypropylene/
cellophane laminate is a possible choice, but preliminary study has
indicated it may be too expensive.

GPC was also concerned that product oils might permeate the bags.
CSU has requested the staff of USDA/W tn assist in providing packaging

advice to GPC to help solve the problem.

6.0 GRANULAR BED ROASTER EVALUATION

6.1 Roaster Designs

Colorado State Univecsity has evaluated several roasters for heat
treating soybeans during the past year. These roasters have all used a
heated agitated granular bed of sand or salt which co-mixed with the
soybeans to accomplish the roaating.

One type of roaster tested was designed with a granular bed heated
in a separate heating chamber, conveyed into a contacting chamber where
beans and granular bed mixed, followed by a separation and recirculation
of the granular bed. In this case, heat transfer occurs between the

heated granules of salt or sand and the cold besns when the two materials
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are mixed. Also, the beans are never exposed to direct flames.
Typically, these roasters have the following characteristics:

1. A constant quantity of granular bed material exists in the
machine which means that the recirculation rate of the bed is
constant.

2. Residence time of the beans in the bed is generally fixed by
the rotational speed of the contacting chamber which is
equipped with an internal helix.

3. Bean throughput is variable, however, as throughput is
increased, the volumetric ratio of sand to beans is reduced
which can change roast uniformity detrimentally.

4., Temperatures of granular bed can be changed by simple burner
control.

One roaster of the type studied at CSU is the heat sand parboiler
designed by IRRI, Los Banos, Philippines. The design is shown in
Figure 22. Another roaster using a separate chamber for heating the
granular bed and then mixing the hot granular “ed with the soybeans is
the Model 1, Food Processes, Inc. (FPI), Saginaw, Michigan. In this
machine, the granular bed is heated through direct contact vith com-
bustion gases, then mixed with the soybeans.

Operational characteristice of the roasters with the granular bed
heated separately are as follows:

1. The granular bed is heated through contact wvith a steel plate
which is directly heated with propane burners underneath or by
direct contact with combustion gases.

2. A single drum with an internal helix is used as the contact

chamber between the agitated bed and beans., In the case of



CX=AUST PORT

'y PRE-nEATING CYLINDER
N caamn POCKET
v, 8 ASBESTOS CLOTW
DOUSLE WALL FELO AUGER ) & ~OBSLRVATION WADD
SAND SLOOP ¢

SAND SWEEPER
SLANTEO POCKET
CooLMmG ORUM

<

=-ps1-

[};\— o Q \ \ \’/
ETLLTS

T
\:L'.m
[ iy =% s — O

J&Z@ ]| St C

SCHEMATIC DRANING OF THE CONTINUOUS FLOW HE ATED-SAND DRYING AND PARBOILING MACHINE

LPG
CrimDER

0004 € 000 00D¢!

&‘?I

Figure 22. Heated sand parboiler designed by Dr. Amir U. Khan for the International Rice Research
Institute, Los Banos, Philippines.



3.

5.

6.

=155~

the IRRI roaster, fins are attached to the outside diameter of
the drum which drag the granular bed over the heated plate,
conveying it in an opposite direction to the helix in the
contacter.

The heated bed granules enter the contact chamber through
small scoops near the inlet end. A screw conveyor 1ifts the
granular bed from the heating to the contacting chamber on the
FPI Model 1 rnaster.

The last third of the contacting chamber is screen which
serves as a separator of granular bed and beans.

Throughput is approximately 135 kg/hr for the IRRI roaster and
910 kg/hr for the FPI Model 1 roaster.

The FPI Model 1 has improved thermal efficiency because the
heat transfer area is the surface area of the particles in the
granular bed while the IRRI roaster has a heat transfer sur-
face area limited to the metal pan separating the burner from

the heating bed.

A second type of roaster which has been evaluated, is a direct

contact type roaster. Here a horizontal cylinder fixed with internal

11fting flights is used to mix and convey beans and the granular bed

simultaneously. In this roaster, both the granular bed and co-mingled

beans cascade through hot air in the same chamber. Such a design

improves mixing and thermal efficiency, but reduces residence time

control.

Typically, direct contact type roasters have the following

characteristics:
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1. The quantity of granular bed material in the roaster can be
varied, therefore, a constant heated granule-to-bean ratio can
he achieved with different roasting rates.

2. Residence time of contact may be varied by changing the slope
of the roaster and rotational speed of heat/contacting drum.

3. Temperature can be regulated by changing burn.r controls.

Figure 23 shows a direct contact type roaster that will be demon-

strated in Costa Rica and which has been extensively tested at CSU. The
roaster is manufactured by Food Processes, Inc., and is designated as
Versatile-100. The roaster body is .ade using two concentric drums.
Between the outside drum and inner drum 18 a helix which is used to
convey the granular bed "S" back to the input end of the roaster. The
bed is then scooped up to the inner drum where it comes in contact with
the beans. The bean/bed mixture is then convered by lifting flights to
the output end, and cascades through hot air from a burner firing
directly down the center of the drum. Air is moved through the cascade
of sand and beaus by a discharge blower and heated using a liquid pro-
pane burner located at the bean discharge end of the drum. The mixture
is screened, with the sand falling through the screen, for recirculation
while the beans exit the chamber over the top of the sacreen.

The granular bed, in the case of the direct contact roaster, is not

the total heat transfer medium for the beans, but increascs the rate of
heat exchange to the beans, improves residence time control and ecnhances

therma. efficiency of the roaster.,
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6.2 Evaluation of Roasters Where Granular Bed is Heated Separately

from Contacting Process

Samples of who'e raw soybeans were roasted in Model 1, Food
Processes, Inc., agitated bed roaster. Roasting was done at tempera-
tures ranging from 175-230°C with residence times ranging from 15-24
seconds.

The results of these trials are very encouraging. The dry roaster
technology, where a granular bed 1is employed to give a uniform tempera-
ture and heat treatment, appears to offer substantial processing advan-
tages. It has a simple design, yet gives products with good functional
and nutritional characteristics. Its major mechanical drawback 1is the
use of a screw conveyor to recirculate the heated granular bed.

Table 36 shows the couditions of the roasting study. At the low
zosnting rates, the temperature drop in the agitated granular salt bed
was quite low (~16.7°C). Subsequent roasting studies at higher rates
(910 kg/hr) show a substantinl temperature drop acroes the contact bed.
This temperature drop can be reduced through the use of sand rather than
salt because the heat capacity of sand 1is higher than salt.

Table 37 shows the results of the proximate analysis. Little
differunce betwaen samples is noted, as expected. Values for woisture,
fst, nitrogen, ash and fiber are aimilar to those reported in the
literature. Approximately 3X moisture was lost from the samples during
the roasting process.

The chemica. and physical properties of the roasted moy asamples are
shown in Table 38. Theme data would {ndicate that the functionality of
the protein decreased [ss measured by water-holding capacity, viscosity

(uncooked and cooked) and NSI] as the temperature increased and a



Table 36. Data from 5 x 5 temperature/residence time study for agitated sand bed roaster.*

Sprocket Estimated Soybean Salt

size Angular Salt inlet salt outlet Soybean residence recirculiation
Test (nu=ber rotation temperature temp. drop throughput time rate

point of teeth) (rpm) °c) (°c) (kg/hr) (sec) (kg/hr)

1% 35 17.8 178 16.7 189 15.2 2073
2 3: 17.8 202 16.1 183 15.2 2073
3 35 17.8 215 15.0 166 15.2 2073
42a 35 17.8 235 17.2 198 15.2 2073
5 35 17.8 246 16.7 192 15.2 2073
6 &2 14.9 175 17.2 202 18.1 1978
7 42 14.9 203 17.2 204 18.1 1978
8 42 14.9 217 17.2 202 18.1 1978
9 42 14.9 231 16.7 195 18.1 1978
10 42 14.9 245 16.1 186 18.1 1978
1 48 13.0 181 16.7 192 20.8 2142
12 48 13.0 206 16.1 184 20.8 2142
13a% 48 13.0 219 15.6 169 20.8 2142
14 48 13.0 233 15.6 169 20.8 2142
15 48 13.0 247 15.0 172 20.8 2142
16 54 11.6 174 17.8 209 23.3 2122
1742 54 11.6 203 16.7 196 23.3 2122
18 54 11.6 218 16.7 196 23.3 2122
19 54 11.6 231 17.2 197 23.3 2122
20 54 11.6 245 16.7 192 23.3 2122
212 % 60 10.5 176 17.2 200 25.8 2068
22 60 10.5 198 17.2 201 25.8 2068
23 60 10.5 214 16.7 195 25.8 2068
24 % 60 10.5 226 16.7 192 25.8 2068
25 60 10.5 237 20.0 255 25.8 2068

* FPI, Model 1 roaster was used where salt was heated in a separate chamber from the
contacting/roasting device.
**Sa=ples used in chenical, physical and nutritional property analysis.
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Table 37. Proximate analysis of roasted soy samples - as is basis.l

2 Carbohydrate,
Saxple Moisture Fat Nitrogen Protein Ash Fiber by difference
Code number Description (%) ) 2) (%) (%) (%) (%)
2-15-7 Dehulled soy - 175°C 6.2 19.1 5.77 36.1 4.2 2.5 31.9
15 sec.
2-15-8 Dehulled soy - 175°C 5.5 20.3 5.85 36.6 4.1 2.5 31.0
24 sec.
2-15-9 Dehulled soy - 205°C 5.2 20.7 5.80 36.3 4.2 2.5 31.1
22 sec.
2-15-10 Dehulled soy - 220°C 4.8 20.8 5.86 36.6 4.3 2.5 31.0
20 sec.
2-15-11 Dehulled soy - 230°C 5.1 20.8 5.79 36.2 4.3 2.5 31.1
15 sec.
2-15-12 Dehulled soy - 230°C 3.9 21.2 6.00 37.5 4.3 2.5 30.6
24 sec.
2-15-27 Whole soy - 205°C 5.3 18.9 5.46 34.1 4.5 5.1 32.1
22 sec.

1??1, Model 1 roaster was used where salt was heated in a separate chamber from the

contacting/roasting device.

25 x 6.25.

3Fibet deternination done for sample 2-15-10; used for other dehulled soy samples.

=091~



Table 38. Chemical and physical properties of roasted soy samples - as is basis.1

Water- Urease Water-
holding activity Viscositz Viscosigy Total soluble
2 Moisture capacity (increase uncooked cooked nitrogen nitrogen 6
Szmaple Code Z) (Z) in pH) (CPS) (CPS) (z) (%) NSI1
18-175 HF 4.70 240 1.83 4400 —_— 5.88 2.80 47.6
HM 5.36 229 2.01 1000 25 5.78 2.41 41.7
BC 5.82 243 1.96 334 15 5.72 1.99 34.8
18-175 DF 4.49 254 2.00 3800 30 6.02 3.42 56.8
DM 4.97 220 1.99 1000 20 5.85 2.73 46.7
DC 5.43 237 1.98 734 15 6.09 2.16 35.5
22-220 HF 3.91 184 0.27 1066 80 5.83 0.93 16.0
HM 4.27 217 0.32 v. low 45 5.79 0.94 16.2
HC 4.58 214 0.35 66 5 5.70 0.58 10.2
22-220 DF 5.45 193 1.08 400 75 5.78 1.23 21.3
DM 4.20 195 0.36 v. low 115 5.98 1.07 17.9
DC 4.61 204 0.28 v. low 15 6.06 0.74 12.2
254-245 HF 3.14 177 0.07 66 - 6.00 0.70 11.7
HM 3.13 178 -0.02 v. low 25 6.08 0.56 9.21
HC 3.14 215 -0.02 134 10 6.04 0.41 6.79
24-245 DF 2.81 177 -0.02 66 155 6.33 0.56 8.85
DM 3.45 182 0.21 400 6 6.23 0.91 14.6
DC 3.03 218 -0.2 v. low v. low 6.33 0.42 6.64
Rav whole soy 7.05 273 1.92 1667 25 5.59 3.42 61.2
Rav dehulled roy 6.32 283 1.97 1067 18 5.88 3.38 57.5

lFPI, Model 1 roaster was used where sealt was heated in a separate chamber from
the contacting/roasting

ZFirst number is residence
D = dehulled; H = hulled;

3

ASpindle Yo. = 7; rpm = 20.
Spindle No. = 3; rpm = 20.
Nitrogen solubility index.

5
6

device.

F = fine; M = medium; C = coarse.

time in seconds; second number is roasting temperature in °C.

-191-
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coarser grind was used. Dehulling tended to increase functionality
s)ightly. Using the criteria for properly heat processed full-fat soy
flour of a urease value <0.50 and NSI >10, samples heat processed at
205-220°C for approximately 20-25 seconds appear suitable.

At the bottom of Table 38, the values of the functional properties
for raw soy are shown where the protein has received no heat treatment.
These data can be used as a standard of comparison to see how the
functional properties of the soy change with heat trecatment.

Table 39 gives the effect of heat treatment of trypsin inhibitor
(TIU) levels. The dry granular bed roasting process was very effective
at denaturing the trypsin inhibitor activity. All samples at 205°C or
above showed 75% or more TIU destroyed, which is very satisfactory.
Higher temperatures rcsulted in greater destruction of trypsin inhibitor
activity.

The results of rat growth experiments are shown in Table 40,
Excellent results were obtained for all samples roasted at 205°C for
approximately 20 seconds or at higher temperatures. The maximum PER of
2.3 was found for soybcans roasted at 230°C for 15 seconds. Excessive
heat treatment can reduce the functionality of the protein and should be
discouraged. For this reason, roasting temperaturcs in exceas of 220°C
appear unwarranted.

These data clearly show that the dry roasting process is an effective
means of hcat treating legumes. It is intereating to compare the TIU
results {n Table 39 with the PER's, There appearn to be a definite
correlation with greater trypain inhibitor destruction and higher PER's,

as would normally be expected.
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Table 39. Roasted soy samples - trypsin inhibitor activity.l

Residence Roasting
time temperature % Inhibitor
Sample (sec) (°c) TIU/gram destroyed
Raw whole soy 59,050
Raw dehulled soy 75,500
with hulls 18 175 35,000 40.7
dehulled 18 175 40,500 46.4
with hulls 22 220 3,250 94.5
dehulled 22 220 14,150 81.3
with hulls 24 245 1,000 98.3
dehulled 24 245 2,075 97.3
dehulled 15 175 48,500 35.8
dehulled 24 175 40,250 46.7
dehulled 22 205 19,000 74.8
dehulled 20 220 9,250 87.7
dehulled 15 230 7,150 90.5
dehulled 24 230 9,600 87.3
with hulls 22 205 28,250 52,2
Fxtruded dehulled 138 36,450 51.8

ISanpleu ware defatted and passed through a 100 mesh aieve.
Extraction was maximized with a one-hour extraction period for
the rav samples and a three-hour extraction period for the roaotad
samples.

The procedure and calculations are desc ibed in AOCS
Tentative Mathod Ba 12-75.

FPI, Model 1 roaster was used where salt was heated in a
separate chamber from the contacting/roasting device.



Table 40. Results of rat growth experiment & (4 weeks growth) on roasted sanples.l

Saxple Weight gain Correctedz

code number Description () PER PER P‘RE3
2-15=-7 Soy roasted 175°C, 15 sec, dehulled 59.8 + 3.8 2.11 ¢+ 0.09 1.67 * 0.07 s1,1 £ 1.7
2-15-8 Soy roasted 175°C, 24 sec, dehulled 66.0 * 5.9 2.05 *+ 0.16 1.62 * 0.13 49,3 * 3.3
2-15-9 Soy ccasted 205°C, 22 sec, dehulled 102.6 * 4.2 2.79 + 0.04 2.20 = 0.03 61.8 * 1.2
2-15-10 Soy roasted 220°C, 20 sec, dehulled 113.1 * 4.6 2.75 + 0.06 2.17 *+ 0.05 60.0 * 2.5
2-15-11 Soy roasted 230°C, 15 sec, dehulled 108.4 * 3.3 2.93 + 0.04 2.31 + 0.03 65.9 * 1.5
2-15-12 Soy roaszed 230°C, 24 sec, dehulled 104.4 * 4.7 2.67 + 0.06 2.11 + 0.05 60.8 + 1.6
2-15-12a Scy roasted 205°C, 22 sec, vhole 106.6 * 5.5 2.53 + 0.04 2.00 * 0.03 58.0 + 1.8
2-15-16 Dehulled soy - Raw s4.1 + 4.3 1.88 + 0.07 1.49 + 0.06 44.1 = 2.7
2-15-16 Dehulled soy extruded 138°C 103.4 *+ 5.2 2.50 + 0.07 1.98 + 0.06 56.1 * 1.1

l?PI. Model ! reasted was used vhere salt was heated in a separate chamber from the

contacting/rcasting device.
ZCcrtec:ed to casein = 2.50.
3Bcsed oca 2 weeks growth.

-%91-
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The roasted soy samples were used to supplement white bread. All
six products designated by a ** in Table 36 performed very satisfac-
torily even at the 10% level of addition. The bread formula used 1is
shown in Table 41.

Farinograph results on the bread doughs are shown in Table 42.
Generally, as the amount of soy in the blend increased, Farinograph
absorption increased and dough development time decreased. The mixing
tolerance index (difference in Brabrnder units from top of curve at peak
to top of curve measured five minutes after peak) dicd not change. All
blends showed good mixing properties with the addition of soy product.

Baking trials using the full-fat soy in white bread showed that it
could be substituted for white flour up to 10% with no resulting loaf-
depressing effect when SSL was used.

In summary, the studiea showed that a very desirable full-fat soy
flour could be produced by first dry-roasting the soybeans and then
grinding. As the roasting temperature incrcased, the functional prop-
erties of the full-fat soy flour were reduced. Grinding to -100 mesh
improved the functional properties. Optimal roanting conditiona appeared
to be 205-220°C for 20 seconds, At this condition, the reaulring prod-
uct had a water-holding capacity of about 200X, a urcase value of 0.3, a
nitrogen solubility index of 18X and a corrected PER of 2,2. Such a
product would be suitable for incorporation into Title 11 commoditics

currently manufactured in the United Staten,

6.3 Pvaluation of Koasters where Cranular NBed and Products are Hoated

Ig‘.th.r in a Single Chamber

The roaster for the Costa Rican inatallation, FPl, Versatile-100,

has been tested at CSU to determine the mechanical characteriaticns of
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Table 41, Baking formulation for bread fortified with roasted soy productn.1

Ingredient Percent Grams
Flour? 100 500
Yeast 2.5 12,5
Yeast food 0.5 2.5
Salt 2.0 10
Sugar 4.0 20
Shortening (Crisco) 3.0 15
Emplex (SSL) 0.5 2.5
Hycob’n 0.3 1.5
Water
Method
Used Hobart N-50 mixer.

Mixed 10 minutes - 1 min. on low (speed 1) and 9 min. on speed 2.

Fermented dough 1 1/2 hours at 80°F (27°C).

Divided dough into 3 loaves (22C g/loaf).

Rounded and let rest 10 minutes.

Molded into loaves and placed in greased pup-loaf pans.

Proofed to height (1" above pan) at 100°F (38°C).

Baked at 425°F (220°C) for 18 minutes.

Removed from pans snd let cool on rack.

Sample Bread flour, g Soy product, g Water, ml3
Control 500 - 350
-15-1  (5%) 475 25 350

(10X) 450 50 360

2-15-2  (5X%) 47% 25 355
(10X) 430 30 363

2-15-3  (5Y%) 475 25 353
(10X) 430 30 365

2-15-4  (5%) 475 25 358
(10X) 4350 50 363

2-15-5  (5%) 475 25 335
(10X) 450 50 375

2-15-6  (5%) 415 25 165
(10%) 473 50 5111

llvl. Model 1 roaster was used vhere salt vas heated in a separate
chesaber from the contacting/roasting device.
flae the sectios of the table below,

]lnclodcl 10 nl tbroa (potessiun bromate).
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Table 42. Farinograph results - breads fortified with roasted soy products.1

Dough Mix tolerance
Absorption development time indef

Sample (%) (min) (BU)
2-15-1 (5%) 68.0 6.0 20
(10%) 69.5 5.5 20

(10%) 70.5 5.5 25

2-15-3 (5%) 68.3 6.5 20
(10%) 70.5 6.5 30

2=15-4 (5%) 67.6 6.5 25
(10%) 70.0 6.0 25

2-15-5 (5%) 68.8 6.0 30
(10%) 72,0 5.5 30

2-15-6  (5%) 71.9 7.0 20
(102) 73.9 7.0 20

Control 68.0 7.0 Jo

IFPI. Model 1 roanter wan used where salt was heated in a separate

chamber from the contacting/roasting device.

2BU = Brabender unite,
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operation. These tests included studies of the uniformity of soybean
movement based on the following variables: rotational speed of drum,
roaster incline, total sand loading and sand recycling rate. In addi-
tion, the energy balance of the roaster system was determined using the
ambient and exhaust temperatures, the change in sand temperature, the
change in bean temperature, propane gas consumption and amperage for
each test. The results of these tests nare given in the next section.

Chemical, physical and nutritinonal analyses of the roasted soybeans
have been conducted to finalize the evaluation of the roaster for the
purpose of specifying the best operating conditions. When specifying
these conditions, an attempt was made to match the optimum product
quality with the mont cfficient mechanical operation.

During the evaluation tests of the roaster, it was poasaible to
recognize and correct some mechanical deficiencies which existed in the
original drive mechanism. These modifications should aignificantly
improve the life of the roaster in continuous op:ration. This "hands-
on" experience 'ias contributed greatly toward the preparation of the
operation and training manuals for the Coata Rican plant.

A summary of the roaster mechanical characteriatics {s given in
Table 43. A total of four roaster inclines, five rotational speeds, and
four sand loading rates were investigated to determine the effects on
average bean rcsidence time and sand recycling rate. Table 4] presents
selected variables and resulta that were investigated, Other variables
investigated Included 1.56 cm/m incline, 22.]1 rpm and 24.6 trpn apeedn,
end 1339 kg sand loading.

Several observations wvere made based upon data presented in Table 4)

and on visual analyses of the roaster operation,
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Table 43. Versatile-100 direct contact roaster mechanical variables,

Sand Loading Speed Incline Bean Residence Time Sand Recycling Rate

(kg) (rpm) (cm/m) (min:sec) (kg/hr)
0 17.4 3.13 2:51 0
4.69 2:00 0

6.25 1.07 0

0 27.3 3.13 2:27 0
4.69 1:40 0

6.25 1:18 0

90 17.4 3.13 4:24 1,188
4.69 2:59 1,494

6.25 2:16 2,064

90 19.7 3.13 4:30 1,068
4,69 2:47 1,368

6.25 2:18 1,854

90 27.3 3.13 4:09 1,260
4.69 2:36 1,860

6.25 2:03 2,232

180 17.4 3.13 3:52 2,310
4,69 2:41 3,006

6.25 2:13 3,088

180 19.7 3.13 3:40 2,448
4.69 2:32 3,438

6.25 1:56 3,906

180 27.3 3.13 3:38 2,580
4.69 2:21 3,978

6.25 1:52 4,128
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Effects of the sand loading into the roaster:

b.

C.

As the sand loading was increased, the residence time of
the beans was more narrowly distributed, creating a
condition more closely related as "plug flow."

The bean residence time was increased approximately 1
minute between corresponding tests with varying sand
loadings. There was little noticeable difference in bean
residence times when sand loadings between 90 and 180 kg
were used,

Sand spillage into the roaster outlet was noticeably
greater with the 180 kg loading than with the 90 kg
loading. This was attributed to a doubling of the sand

recycling rate.

Effects of the roaster rotational speed:

b.

C.

Increases of roaster speed from 17.4 rpm to 27.3 rpm at a
constant incline had negligible effects on bean reasidence
time.

Increases of roaster speed by 50X generally caused
increases of the sand recycling rate by at least 10X%,
Increasen of roaster specd from 17.4 rpm to 27.3 rpm
produced urdesirable mechanical effecta--asuch an large
applitude vibrations in the machine and projected shorter

roller beraring life.

Bffects of the roaster incline:

An increase in roaster incline of 100X produced a 50%
decreane In bLean renfdence time for given values of speed

and sand loading.
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b, For a sand loading of 90 kg, increases in incline of 50X
and 100X produced increases in the sand recycling rate of
25% and 701, respectively. For a sand loading of 180 kg,
the corresponding increases in the sand recycling rate
were approximately 40% and 60X,

A decision was made, bauved upon these observations, to fix the
speed of the roaster at 17.4 rpm prior to the next phase of testing and
for continuous operation in Costa Rica. Operation of the roaster at the
lowest epeed assured the longest operating life and the minimum operating
costs without noticeably atfecting ita performance. The next phase of
testing involved roasting soybeans under controlled conditions for the
determination of the roaster energy balance and changes {n produrt
characteristics.

A summary of the average roasting conditions is given in Table 44,
The following variables were measured for each test: ambient dry-bulbd
and wer-bulb temperatures, exhauat dry-bulb and wet-bulb temperatures,
bean inlet and outlet (cooking) temperatures, exhvant air flow rate, and
propane consumption. Theae variables were depe~tent on the bean feed
rate and the propane input regulator, which were both fixed.

A computer progranm was developed to process the data and to
calculate the energy balance and the efftciency of the nyntem, The
efficiency of the roaster wans defined as the heat energy taken up by the
beans and rmotsture evaporated divided by the heat energy provided by
combust fon of the propane. Fl{ficlenclen vere d4fficult to deternine
because propane consusption could not he accurately meanured. The
percentages shown in Tahle &4 represent averages of neveral widely

scattered valucse.


http:exhtu.it

Table 44. Ave:r ze soybean roasting

conditions

Bean Beaz Ambient Exhtaust
feed cook. g Nu=ber Azbient relative Exhaust relative Propane
rate ze=perature of tezperature humidity temperature humidity consunption Frficiency
(xg/kz) (°c) tests (°c) (¢4) (°c) ) (kg/hr) (¢4
625 120 6 11 76.8 98 5.1 7.6 51
135 5 11 73.9 114 5.3 8.8 49
150 6 12 70.1 118 5.0 9.3 52
865 120 6 12 78.7 72 13.1 8.. 58
135 7 11 83.3 81 15.7 12.3 51
150 5 12 78.2 89 11.1 11.4 57

-tL1-



~173-

The bean cooking temperature was controlled by adjustment of the
propane flow and pressure using the propane regulator system, As the
cooking temperature was raised, the propane consumption gradually
increased.

The average efficiency for the 865 kg/hr feed rate was higher than
that for the 625 kg/hr feed rate which indicated that more of the pro-
pane energy was going directly into roasting the soybeans. This result
was confirmed by the fact that the exhaust temperatures were lower and
the relative humidities were “igher In the case of the 865 kg/hr feed
rate. Based upon thesc results, it appears that the roaster should be

operated at 850-900 kg/hr bean feccd rate for maximum efficiency.

6.4 FEvaluation of Roaster Samples

The following determinations were made on the approximately 50
sapples involved: antitrypsin activity available lysine, water absorp-
tion, viscosity, nitrogen solubility fndex, particle size distribution
and color. In addition, on a smaller subset of nine samples, protein
quality evaluation, baking and flavor ntudien were conducted,

Trypsin inhibitor, available lynine, water abnorption, viscosity,
NSI and PER data are preacnted in Table 45, Generally apeaking, lover
offectivencss of heat treatment wan asnociated with a lower destruction
of antitrypsin activity along with increanen in vinconity and nolu-
bility. Changen in water absorption were conniderably lean than were
the changes in uncooked vinconity an related to heat treatment. An
messured by antitrypsin activity and PER, a minimum temperature of 121°C
vas satisfactory in the presence of 90-kg nand Joading and reaidenco

time cf 4.4 minutes., 1In this case, B6X of tho antitrypsin activity was



Table 45. Pvaluation of roasted and extruded soy saaples.l
Availadble
2 Trypsin Uncooked Weight

FSS Sazple 2 {inhibitor I Water viscosity gain Corrected
Code # description destroyed absorption (centipoise) NSI (g) PER
2-71- 6 140- 90.8-600-4.4-3.0 97.9 5.68 168 200 5.21

2-71- & 118- §0.8-600-5.4-3.0 98.2 5.75 178 272 5.98

2-71- 2 118- §0.B-645-4.4-3.0 86.3 N.A. 160 288 6.28

2-71- 8 121~ 90.9-645-4.4-3.0 80.7 5.32 170 208 0.89

2-71- 5 138- 90.8-600-2.9-4.4 98.9 6.11 180 224 5.83

2-71- 3 107- 90.8-625-2.9-4.4 76.8 6.20 176 840 7.66

2-71- 7 127~ 90.8-575-2.9-4.4 95.9 6.05 169 608 4.63

2-77-21 121- 90.8-875-4.4-3.0 100.0 7.12 190 80 11.95

2-77-23 127- 90.8-875-4.4-3.0 94.5 5.91 190 36 6.97

2-77-26  135- 90.8-850-4.4-3.0 98.0 6.51 198 60 7.02 105.1%#7.8 1.93%0.07
2-77-20  140- 90.8-850-2.9-%.4 81.6 6.75 195 40 7.40 99.7+7.8 1.94+0.11
2-77-1} 129~ 90.B-860-2.9-.4 95.5 5.20 193 60 8.56 117.123.5 2.1120.04
2-77-1 121- 90.8-875-2.9-%.4% 86.2 6.13 234 144 21.63  119.745.1 2.25%0.04
2-77- 2 124-181.6-8€0-2.9-3.9 84.7 5.88 235 132 17.23

2-77-16 135-181.6-550-2.9-3.9 97.7 5.00 195 80 9.63 120.8%5.6 2.15%0.04
2-77- 3 146-181.6-850-2.¢-3.9 100.0 6.56 218 48 7.1%

2-77- 7 135-181.6-850-%.4-2.7 90.4 6.14 218 60 9.74 119.5+5.0 2.09+0.05
2-77-18  149-181.6-850-4.4-2.7 "2.6 5.94 191 56 8.26

2-77-19 124-181.6-850-%4.4-2.7 73.9 7.01 219 160 26.12

2-77-10 121-1B1.6-625-4.4-2.7 73.6 6.65 219 144 26.07

2-77-15 127-181.6-635-4.4-2, 93.9 6.16 198 56 13.14

2-77-14  146-181.6-625-%4.4- 92.56 6.95 206 40 10.88

2-77- &  149-1B1.6-625-2.9- 100.0 5.91 211 64 7.22

2-77- % 135-181.6-625-2.9-3. 83.6 6.58 219 68 13.71

2-77-24  124-1B1.6-625-2.9- 73.8 7.09 214 476 36.56

2-79- 2 163- 0 -$£25-2.9- 96.8 6.21 188 128 7.21

2-77- 6 143- 0 -625-2.9- 92.4 5.67 213 52 9.35

2-77-25 1l1E- 0 -635-2.9- 38.7 6.40 229 4504 50.60

2-77- 6 135- 0 -860-2.9- 88.7 6.76 205 480 15.68 123.0%4.1 2.18%20.05
2-77-13 122- O -860-2.9- 50.1 7.35 220 720 43.40

2-77-17 14%- 0 -B860-2.9- 95.8 6.96 188 40 9.14

~HL1-
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Table £5. Pvaluation of roasted and extruded soy sazples (contiuued).l
Available
%~ Trypsin 1ysine3 Uncooked Weight
FSS Saz=ple inhibitor (g/100 g % Water viscosity4 gain Corrected
Code # descriptica” destroved protein) absorption (centipoise) NSI (g) PER
2-77-22 135- 0 -8€0-4.4-2.0 91.8 7.81 213 128 22.20 122.7+4.3 2.1720.03
2-77-12 149- 0 -835-%.5-2.0 88.0 5.12 200 60 10.42
2-77- 8 121- 0 -860-%.4-2.C 28.4 6.49 230 2088 54.77
2-77-32 121 50.8-850-%.4-3.0 78.2 6.69 216 632 28.27
2-85- 6 121- G0.B-850-%. L 3.0 €0.1 6.46 256 612 32.79
2-85- 3 1&3- 90.8-880-1.4-3.0 95.3 5.01 235 184 17.08
2-85- 5 135~ $0.8-635-4.4-3.0 85.3 5.50 225 164 12.97
2-85- 8  143- 90.8-625-%1.4-3.0 100.0 6.31 235 108 9.24
2-85- 7 24- §0.8-625-4.4-2.0 69.3 5.54 238 680 32.03
2-85-10 149- §0.8-525-2.9-4.4% §5%.6 5.77 195 224 8.51
2-77-33 133~ §0.8-625-2.9-%.4 B2.1 5.96 189 112 11.22  116.3%3.9  2.20%0.05
2-77-31 127- $0.8-625-2.9-4.4 78.4 6.33 203 200 16.75
2-85- 69 127- 90.8-625-2.9-4.4 98.8 5.64 225 256 19.97
2-85- &4 135- 0O ~-625-%.4-2.0 75.8 6.82 230 252 21.49
2-85-1 156- 0 -625-4.4-2.0 93.5 6.37 233 116 10.11
2-85- 2 121- 0 —$£25-.4-2.0 95.8 5.70 225 200 17.23
2-77-30 143- 60.8-625-4.4-3.0 38.9 N.A. 228 116 9.32
2-77-29 124~ §0.8-625-4.4-3.0 78.6 7.08 224 728 27.04
2-81-1C Extruded dehulled sov, 64.4 6.36 120.7+5.6 2.17+0.07
138°C
2-81-11 =Extruded dehulled soy, 55.0 6.68 106.6%5.6 2.14%0.03
143°C
2-81-12 Extruded dehullec sov, 67.8 6.55 120.5+3.5 2.20%0.06
149°C
2-81- 9 Rav soy, dehulled - 6.69 51.0+7.9 1.24+0.18

1Sa:-.ples rcaszed cn FPl, Versatile-100 roaster where sand, mixed with
, gases iz a single
;Bea“ cutlet temperature,
Sz=ples were defatred and ground to 200
Viscosity zeasurezents vere =ade czn a Brook{

chazber.

retaiced cn a 80 mesh screen vere evaluated.

*c-Sand loadizg (kg)-Bean throughput (kg/hr)
=esh for analysis.

N.A.

- no sazmp

soybeans, was heated with combustion

-GL1-

-Roaster slope (cm/m)-Average residence time (min)
le available for analysis.
jeld viscosiceter using a #5 spindle at 50 rpm. The samples
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destrnyed and the corrected PER was 2,25, which 1s quite good for soy.
However, reduction of the sand load to zero pounds along with a decrease
in residence time to 2.8 minutes resulted in a considerable decrease in
destruction of antitrypsin activity and large increase in nitrogen
solubility. Raieing the tempcirature to 135°C, however, resulted in an
89% reduction in antitrypsin activity and a correcied PER of 2.18, even
in the abeence of sand and a decrease in residence time to 2.8 minutes,
This probably represents close to a minimum amount of effective heat
treatment to make full-fat soy flour in this process. Although the data
showed sand was not absolutely essentlal in the heat treatment, the sand
provided more operating latitude for the equipment and reduced the
residence time variability for the product to pass through the roaster.
Both of these results are beneficial and are sufficient reason to use
the sand as heat transfer medium,

Fxamining the PER's for the nine samples separately, corrected
PER's ranged from 1.93 to 2.25. Although the outlying values may
approach statistical significance, it would not appear likely that any
of these small differenceas are of practical aignificance and none appear
related to roasting conditions,

Available lyaine as a percentage of protein ranged from approxi-
mately 5 to 7.8. Out of the 50 samples, only wmix gave available lysines
in excess of 7%. These higher values might be questioned on the banin
that they reprcsent more lynine than has been determined by column
chromatography. Although one might expect an inverne relationahip
between percent trypsin inhibitor destroyed and available lynine, there

arc many limitations to avsilable lysine data as determined by the TNP
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method, and it will probably be necessary to determine lysine availa-
bility in the rat in order to make certain that full-fat soy flour
produced by the roasting process 18 a good supplement to cereal grain.
Particle size data are presented in lable 46. Because of the
amcunt of fat in the sample, sieving the samples was extremely difficult
and, in fact, had to be done by hand, rather than on a mechanical
shaker. Although there were fairly large differences observed in par-
ticle size distribution, because of the difficulties in aieving, 1t is
questionable that these were of practical importance at the time. The
major function of evaluating the particle size distribution was to

obtain a uniform sample which was used for the viscosity determinations.

Table 46. Particle size distribution for roanted unmplcn.l

Z on “oon % on % on % on % in

FSN Code 120 Steve #30 SH{eve #40 Stleve N60 Steve 180 Si{eve Pan
Samplen nieved on mechanleal shaky

2=71-10 21,1 26,1 -- 19.5 1.73 9.1
2=-711-16 19.9 25.9 -- W85 0.4 1.7
2=-71-12 13.7 22.9 -- 5%.6 0.5 1.7
2=-71-15 15.4 26,2 - 3 4 7.7 9.9
2-71-14 19.3 24.) - 46,4 6,7 1.1
2=71-13 14.2 26.9 .- W8, 2 1.2 6,)
2=71-11 16.2 26,5 - 52,6 0.4 1,62

fiamplen sfeved by hand

2-77-21 - 1.2 h,0 16.1 20, P 26,2
2-771-23 == 5.9 bah 43,1 3.4 1.4
2=71-26 - 14.0 20,0 44,0 13.0 5.0
2=77=20 - 3.0 5.0 32,2 22.0 12,0
2=71=11 -- 3.1 1.0 3.6 10,7 41.0
2=17- 1 - 1.1 13.7 70.0 1.¢ 1.2
2-77- 2 n- 1.1 14,4 67.3 92,9 2.0
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Table 46. Particle size distribution for yrvasted samples (continued).1

X on X on X on % on % on X on
FSN Code #20 Sieve #30 Sieve 140 Sleve #60 Sieve 780 Sfeve Pan
2-77-16 - 1.0 12.0 57.6 1.8 15.9
2-77- 1 - 1.2 14,2 606.8 12.1 1.7
2-771- 1 - 2.4 10,5 13.5 20,1 20.1
2-77-1b - 0.1 4,1 36.3 23.0 28.1
2-77-19 - 0.2 7.8 36,8 16.8 32.0
2-77-10 - 2.2 15.6 1.1 17.8 16.1
2-77-15 - 1.0 7.8 4.0 in,0 14.7
2-717-14 - 0.2 8.2 38.5 38.2 9.2
2-717- 4 - 2.2 17.4 45.5 22.4 .0
2-771- 5 - 2.0 12,7 56.5 13.0 9,2
2-717-24 - 1.9 5.9 58.0 22.0 2.8
2-79- 2 - 5.0 46.0 46.0 2.0 1.0
2-7171- 6 - 0.4 12.5 71.9 4.8 5.2
2-77-25 - 2.0 3.0 43,0 24.0 19.0
2-17- 9 - 4.2 9.0 11,0 18.2 8.2
2-71-13 - 0.9 5.5 1,5 8.0 14,0
2-11-17 - 0.3 1.1 15.6 18.0 35.5
2-77-22 - 1.0 d.2 37.0 25%.) 24,0
2-77-12 -- 0.1 2.5 2.1 21.3 16.9
2-77- 8 - 0.9 11.5 7.8 2.0 11,0
2-77-32 - 8,0 12.0 60,0 10.0 4.0
2-85- O - 12.0 23,0 45.0 11.0 5,0
2-85- 1 - 13.0 24.0 49,0 11.0 1.0
2-85- % -- 1.0 27.0 4.0 a.0 4.0
2-85- 8 - 5.0 21,0 %1.0 16,0 5.0
2-17-30 - 2.0 27.0 46,0 19,0 6.0
2-H5- 7 - 10.0 19.0 5.0 11.0 5.0
2~171-29 bl 1.0 18.0 5,0 18.0 6.0
2-85-10 - 1.0 315%.0 91,0 7.0 20
2-717-33 - 8.0 6L 0 70,0 4,0 1.0
2=71-11 - 12.0 23.0 .0 14.0 1.0
2-H5- 0 - 7.0 17.0 56.0 13.0 6.0
2-t5- 4 -- 8.0 20,0 46,0 14.1) 3.0
J-8%- 1 - 1%,0 11.0 ho, 0 11.0 4.0
=85~ 2 - 6.0 1R, 0 "Wy 6 H,0 4,0

e S

lSumc sample wan lont In the sleven and Into the alt, so the percentagen tor a
tnfttial nample size wan 100 gua,  Lamplea
wore roaated on FPL, Versatile=100 roaster vheteo sand, mixed with soybeans,
vas heated with combustton gases in a alngle chamber,

given naaple may not total 100X,
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Data on the color measurement of roaated soy samples are presented
in Table 47. These data were obtained using a Hunter Color Difference
Meter. Differences in total lightness ascribed to processing conditions
were quite minimal, with all samples as light au, 1f not lighter than,
raw ground soybeans. Differences in hue were alao quite minimal as
related from a color atandpoint,

A flavor profile analysis of the nine roasted soy samples evaluated
{n the rat ntudy ts presented in Tabtle 4B.  Samples with the overall
highest arcua intensities were 2-77-20, 2-77-16 and 2-77-9 or samples
voasted above 135°C.  The highent overall flavor intens.'y wat atgo-
clated with sample 2-77-9. Burnt arowa and {lavor notes were detected
in aample 2-77-26, Al samples, with the pounible exception of 2-77-26
were qulte acceptable to the tratned prnel.  Thin particular nample vas
roasted at 135°C with a wand loading of 90 kg, « throughput of 850
kg/hr, a nlope of 4.4 cm/m and a renfdence time of 1.0 minuten,  Although
theae conditfonn appear to be well within the range of acceptable
roasting couditions, thir particular nample pave the lowent corrected
PER of 1.93 and alao a 98 reduction of antftrypain activity. It vould
appear that the heat treatnent actually recefved by this particalar
ganple was {n excens of that which veuld e conatdered dentrable from
oither a nutr{tivnal or a flavor standpoint, although the ditferences
are of borderline statintical sfgnificance. Apparently the nample
represcuted aome anomaloun veault rather than the expected propertics
for that procesming condition. Unly a reteat could confirm thin
hypothenia,

A baking study vae carried out uaing the full-tat soy flours that

were evaluated in the protetn quality evaluation. Roasted F¥8Y wvamples


http:nrott.11
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Table 47. (olor measurement of roasted soy aamples.

FSN Code L2 u3 : b&

2-77- 1 78.9 -2.0 22.0
2-77- 1 77.8 -1.7 19.2
2-77- 9 78.4 -2.3 19.4
2-77-11 76.6 -1.6 19.0
2-77-16 77.8 -1.8 19.0
2-77-20 75.5 -1.6 19.1
2-77-22 79.3 -2.9 19.9
2-77-26 76.3 -1.2 19,4
2-77-13 19.7 -1.7 20.7
2-81- 9° 77.5 -2.1 21.6

The above samples were usred {n the rat study for PER.

2-77- 8 81.3 -3.0 21.8
2=-11- 19 79.6 -1.6 20.9
2-77-10 80.7 -2.6 21.3
2-77-11 17.1 -0.5 20.3
2-17-12 77.8 -0.% 20.9
2-77--11 81.2 =2.0 21.7
2-71-14 18.6 -1.2 21.2
2=77-15 79.5 -1.6 21.0
2-7171-17 76.8 -0.3 20.7
2-77-18 76,4 =0.2 20,9
2=77-19 80.0 2.7 21.3
2=-711-21 19.1 -1.6 20.9
2-771-2) 6.8 =0.4 20.8
2-71-24 81.6 -2.9 21.8
2=71-25% #1.8 -2.8 21.9
2=17-31 80,5 -2.0 20.1
2-771- 32 82.6 -3.0 20.1
2'77')1 79.9 "los 1909
2-85- 1 1.2 =1.5 19.4
2-85- 2 19.7 =1.7 19.0
2-8%- 1 80.2 2.1 19.5
2-85- 4 81.1 -2,2 19.5
2-85- 95 80.) -1.8 19.2
2-85%- 6 82.) -2.8 19.%
2-845- 1 L)) =2.6 19.2
2-85- A §0.0 -1.% 19.%
2-85%-10 18,6 =0.9 19.9
}

famples werte roanted on FEI, Versatile-100 roanter where sand, atxed vith
2 aoybeatin, wan heated with combuat ion gaaca 3o a aingle chasber,

{, = total {ightnean, 100 = whita, 0 = blark,

a = the more negative, the mote green,

b ® the larger the humher, the move yellow,

Rav noy aample,
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Table 48. Flavor Profile analyuis of roasted soy ﬁnmplcs.1

T ] e ————_—

FSN Code Aromd Intensity Flavor Intcnsity
2-771-20 1+ 1
1+ toasted 1 sweet
Y( Breen
Y( astringent
) doy
Y( bitter
2=-77-11 ) (+ 1
1 toaated ) (+ sweet
1 roasted
Y( starchy
Y( hitter
2=77-16 1+ ) (+
1 toasted 1 mweet
X a0y Y( toasted
Y( ntarchy
Y( hitter
2=77= 1 1 ) (+
) (+ soy 1 sweet
) (+ toasted YO toanted
YO auy
Y( bhitter
2=71-3) | ) (+
1 green Y(+ nweet
1 toawsted Y (4 toanted
)( a0y ) oy
YO bitter
2=77=-22 | ) (+
Y(# toanted Y (4 st
Y(  =moy YO toanted
Y( wstarchy 1 watarchy
Y( bitter
2=77- 9 1+ 1+
1 groen 1+ nweet
)Y( 8oy 1 starchy
Y( toanted Y( toanted

1 bitter
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Table 48. Flavor profile analysis of roasted soy samples (continued).1

FSN Code Aroma Intensity Flavor Intensity
2=-77-26 1 1
1 burnt 1+ sweet
Y( toasted 1 toasted
)( soy Y( burnt
Y( bitter
2=717= 17 1 1
1+ toasted Y( saweet
Y( 8oy Y( toasted
Y( starchy Y( bitter
- e

Sazples were roasted on FPI, Versat 11e=100 roaster where sand, mixed with
gsoybeann, wan heated with combustion gases in a single chamber.

1 = slight
1+ = nlight to mederate
Y( = deteocted at threshold

vere baked into a bread at a 121 level (142 based on flour weight). The
resulte are presented in Table 49 for the dough and Table 30 for the
bread scores. The roaster aamplen vere compared to a fresh commercial
saaple of full-fat nmoy flour referred to as Nutrtmoy 220. Compared to
the commercial aample, all roaater nazplen performed rather wvell, Only
three of the sazmples produced breads of lower volume than the Nutrisoy
220. A slightly lowver volume as compared to the co ol van expected at
a 121 oubstitution level. Fxcept for the bread volume there were 10
differences in erternal bread characteriatice. The longer prcofl time
due to soy substitution vas expected. The higher total ncore of the
control wvas due catnly to a slightly higher volume and a lighter crumd

color. Total acores of sl) aoy bresads ranged from 80 to H3, Indicating



Tadle 49. Evaluatica of douzh using FFSF produced by roasting process.l

Absorption Mi{xing gine Dough Prooi Time
Docgh Tlend Composlzion x) =i{n."* Tenperature,oc min.

1 wheas flour TLTINY 72 4 28 32

*

o

]
4

Nerri-soyd (122) 76 3 3/4 28 33
3 whear flcur (E81) < 2-77-207(12%) 76 3 3/4 28 34
Saur (E31) e I-77-26 (123) 76 3 3/4 29 35
7-22 (123) 76 3 3/4 28 39
6 Vieat ficur (85%) - 2-T7-16 (122) 76 3 3/4 29 40
Iy - I-T7-11 (12%) 76 3 3/4 28 41
8 wheat flour (RFIY -+ 1-77-33 (122) 76 3 3/4 29 37
9 wheat flcur (81) - 2-77- 7 (12%) 76 3 3/4 29 39

10 whear flour (FELY - 2-T77- 1 (123) 76 3 3/4 29 42

+

13 wheat flour (IEX) 2-T7- 9 (122) 76 3 3/4 29 42

-£8t-

—

“Samples were Toasted <n TR, versatile-100 roaster where sard, mixed with soybeans, was heated with
comibusticn pases in 3 single chazbder.

-2facturine Cozpary zixer.
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Table 50. Bread Scores’ using FFSF produced by roasting Pt0cess.z

Speciftc Crust Cru=b Total Bread
Volume Coler Sy Ty Sreak Color flavor Grain Texture Volume Score Color
Dough (<) (%) () (6) W10) (15) (20) (20) (15) (100) (AE)
1 ~.40 7 : 6 10 14 18 18 13 93 24.1
2 4.08 6 7 6 8 14 16 17 11 85 29.4
3 .14 6 6 6 5 14 16 17 11 81 36.3
4 3.91 6 6 6 S 14 16 17 10 80 36.5
5 £.03 6 6 6 7 14 17 18 11 85 29.3 .
6 4.19 6 6 6 7 14 16 18 11 84 31.1 %E
7 £.37 6 7 6 6 14 15 17 12 83 31.9
8 £.02 6 7 6 7 14 13 16 11 80 29.1
9 4.3 6 7 6 6 14 15 16 12 82 31.4
10 4.28 6 7 6 & 14 15 16 12 84 29.7
11 L.82 6 7 6 8 14 14 16 13 84 30.5
3

¥imbers in parentheses under each bread characteristic indicate maxiounm points.
b

“Cammles were roasied cn FPI, Versatile-100 reoaster where sand, czixed with so beans, was heated with
[ 4
comdusticn gases in a single chazdber.

N ¥

A ) 4
3 SE e J{L)T + (fa)T + (8B)T ;L = §4.65; a = 0.6; b = 0.1 (Hunter Color System).
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that breads of satisfactory quality can be produced with moat of the
full-fat soy flours without the use of improvers such as SSL. Crumb
colors were darker due to the use of soy, as expected. Wowever, some of
the samples produced a darker crumb than others as indicated by the
crumb color scores and the total crumb color differences. Products
2-77-20, 2-77-26, 2-17-11 and 2-77-1 (roasting temperature <135°C) pro-
duced breads with darker crumb color i{n comparison with the commercial
full-fat soy sample. It may be significant that tuae first two of these
samples gave the lowest PER's and had the strongest flavors, indicating
higher heat treatment. The PER's of the latter two samples were over
2.1, although they did, in fact, repredent the next two PER's, but they
are consistent with the changes in the bread scores. ln summary, all of
the samples produce! a pleasant bread flavor with samples 2-77-16 and

2-77-22 appearing to perform best overall.

6.4.1 Roaster Operating Parameters

Based on the e¢xtensive testing on the roaster, it is concluded that
a FFSF can be produced using the low-coat rossting techrology. Althuugh
no single net of roanting conditions can conclunively be claanified an
optimal, becaunc of =some scatter {n the data, the following conditions
are recommended for ruanting whole noybeann 1oy the production of FFSF

using the Veraatile-100 roanter.

Bean ex{t tenperature 129°C
Internal nand loading 90 kg
Feed rate 910 kp/hr
Slope 3.9 em/m

Under such condit!ens, a FFPSF product should result having the folloving

chavacteoristice!
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Trypsin inhibitor destroyed >80%

Available lysine > 5 g/100 g protein
Water absorprion 200%

Uncooked viscosity 80 cps

NSI 12-202

PER 2.1-2.2

The roasted, dehulled FFSF can be ground in a hamme- mill to approximately
70 mesh with 20X being ~80 mesh. A high quality hammer mill with inter-
nal air classification would further reduce particle sizes. Bread baked
with FFSF samples ground to the above specification were judged equiva-
lent to bread baked with a commercial FFSF. Pin milling of the roasted
vhole soybeans would reduce particle size to -100 mesh and should result

in greater functionality of the protein supplement.

6.4.2 Cookability of Roasted Navy and Pinto Beans

In an experiment, 50 grams of each sample, roasted in the FPI,
Versatile-100, were placed in 100 ml of water at room temperature and
permitted to soak for two and five hours. At the end of each respective
time period, 10 beans were removed and smashed with a fork. The ease of
crushing was subjectively rated on a 10-point scale with 1 being very
hard and difficult to 10 being soft and easy. The other part of the
experiment involved putting 50 grams of each sample into 100 ml of water
and simmering in a beaker covered with a watch glass for 1 hour. After
cooking, 10 beans from cach treatment were removed and evaluated as
described above. The data obtained in this experiment are summarized in
Table 51. In cold water, there were considerable differences in hard-

ness as related to processing conditions, with samples 2-79-19 and



Table 51. Cookability <f roasted navy and pinto beans1

FSN Code Sample Description 2-hour Soak 5-hour Soak 1-hour Simmer
2-79- > pinto, 113°C, 4.4 minutes 52 72 82
2-79-18 navy, 74°C, 4.4 minutes 1 3 5
2-79-19 navy, 135°C, 4.4 minutes 7 8 8
2-79-16 pinto, 107°C, 4.4 minutes 2 5 5
2-79- 9 pinto, 129°C, 4.4 minutes 5 6 8
2-79-20 navy, 113°C, 4.4 minutes 2 4 5
2-79- 1 navy, raw whole 1 2 5
navy, raw 1 1 2
pinto, raw 1 2 3

1Sanples were roasted on FPI, Versatile-100 roaster where sand, mixed with soybeans, was heated with
combustion gases in a single chamber.

210 = soft and easy to smash; 1 = hard and difficult to smash.

-L81-
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2-79-5 being the most effectively cooked beans by this method. Consid-
ering these limited tests, precooking of pinto beans at ~120°C exit
temperature for 4.4 minutes and navy beans at ~135°C exit temperature
for 4.4 minutes appears to be about optimal. The cookability of the two
samples again proved to be the most satisfactory, although all beans
were considerably more cookable than were the raw navy or raw pinto

beans.

The roasting process looks like an interesting approach to making

an instant or quick cook bean.

6.5 Storage Studies

Storage studies were undertaken on hammer milled, roasted (143°C)
full-fat soy. The storage conditions utilized were:

1. 29°C at 40X relative humidity

2, 31°C at 50% relative humidity

3, 48°C at 60X relative humidity

4, Frozen storage which served as a control.
Roasted whole soy was stored at the above conditions for thres months
with a flavor profile analysis being performed initially and then at
monthly intervals. The samples were packaged in either 4 mil poly-
ethylene or 2 mil polyethylene/Kraft paper. Preliminary studies had
indicated that 2 mil packaging may present a problem due to free-fat
leakage, especially at high (>38°C) storage temperatures with full-fat
products. This observation was not apparent when 4 mil thick poly-
ethylene packaging material was utilized.

Another potential problem that cannot be effectively evaluated

under simulated storage conditions is the potential effect of weight
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during storage. If product is stacked, the material near the bottom may
display more of a tendency to leak fat through the packaging material.

The flavor profile panel consisted of three individuals well versed
in the technique. Gruels (11.752) were prepared and served hot to the
panel. Overall aroma and flavor intensities were obtained using a four-
polnt scale [)( = threshold; 1 = alight; 2 = moderate; 3 = strong). In
rddition, individual aroma and flavor sensations, along with their
intensities using the same scale as described above, were recorded.

The key observation in these storage studies is the fact that no
signs of rancidity were detected in any product/packaging material/
storage condition evaluated. Also, storage conditions and time did not
alter overall aroma and flavor intensities. They were in the slight to
moderate range. The major aroma notes were toasted at a level of 1, and
starch at 1 with green at )(. Their intensities also did not change
during the study.

In the case of flavor, a sweet sensation was found to decrease with
time from an original level of 1 to )(. Other notes that did not change
include cooked/toasted at a level of 1 and bitter at a level of )(. The
samples remain in storage and it is planned to evaluate their condition
at the end of six months of storage.

Thus, these data would indicate that roasted soy can be stored
under conditions approaching 49°C and 60% relative humidity for periods
up to three months without any detectable differences occurring in the
aroma and flavor properties of these products. Since no apparent change
has been detected in three months, it would appear that little change

can be anticipated at the end of six months.
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No sensory differences were noted as influenced by packaging,
although ths 4 mil polyethylene would be preferred over the 2 mil/Kraft
paper system due to the potential free-fat leakage problem associated

with the latter material.

7.0 VITAMIN AND MINERAL SUPPLIERS

A list of vitamin and/or mineral supplements suppliers and prices
(as of 10-15-77), where available, are given. The list is representa-
tive of suppliers but may not include all potential suppliers. Naming
suppliers does not imply endorsement by CSU, USDA/ERS or AID. Prices
are subject to change, and price quotations are required prior to

ordering.

7.1

7.2

Vitamins Only

American Roche International Inc.

555 Madison Avenue

New York, NY 10022

Phone: (212) 752-5550
Attention: Mr. David Fetrillo

Vitex-American

1016 Trenton Avenue

St. Louis, Missouri 63132
Phone: (314) 426-2611
Attention: Mr. Jay Thaman

Minerals Only

Roland Industries, Inc.

2280 Chaffee Drive

St. Louis, Missouri 63141
Phone: (314) 567-3800
Attention: Mr. Charles Becker

Stauffer Chemical Company
Westport, Connecticut 06880
Phone: (203) 222-4054

Cable Code: STAUFCHEM
Attention: Mr. John Rush

Price: $9.90/kg

Delivery: approximately
4~6 weeks after receipt
of order - FOB

Price: $10.30/kg
Delivery: 10-12 days
FOB -~ St. Louis, MO
Linden, NJ
Fresno, CA

Price: 50.80/kg
Delivery: Immediate
FOB - Factory,
St. Louis, MO
(Export packaging)

Price: $0.63/kg (in bags)
Delivery: Immediate
FOB ~ Chicsgo Heights, IL
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M. D. Canterbury Price: §0.64/kg in
P. O, Box 88 24.5-kg paper bags
Grayslake, Illinois 60030 Delivery: Immeiiate
Phone: (312) 223-4281 POB - Chicago area
Attention: Mr. Canterbury Observation: Overseas

shipments must be
packaged in light
drums--not psper bags
to avoid product loss

7.3 Vitamins and Minerals

Thompson-Haywvard Chemical Company Price: Vitamins - 510.35/kg
2 East Madison Minerals - $ 0.68/kg
Waukegan, Illinois 60085 Delivery: One week

Phone: (312) 623-1600 FOB - Waukegan, IL

Attention: Dr. John Burbeck
With the exception of American Roche International, most of the
companies can deliver the product within two weeks after receipt of the

order.

8.0 SUMMARY

The past three years of project work have resulted in a considerable
amount of data and experience with the LEC technology. This information
has been used to determine the capabilities and limitationa of two
LEC's. The original tests as outlined in the firat Annual Report (LEC-2)
vere expanded to include some of the ingredients which are avatlable in
LDC's. Such ingredients as cottonseed, chickpea, rice bran, mung bean
and coconut have been tented successfully and increascd the scope of the
LEC's capabilities.

Products which have been extruded and nutritionally tested have
proved suitable for weaning foods or other focd usen., As a part of the
overall testing, and to further expand the CSB teat file, preclinical
tests are being conducted to aesure the suitability of thess products

for their intended use ae a weaning food or nutritious food supplement.
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To further define limitations of the LEC ccncept, mechanical
evaluations on the processing have been conducted. These evaluations
have proved helpful in changing and improving the LEC for production.

Demonstration sites in Guatemala, India, Indonesia, Costa Rica and
East Africa have been conducting progrzss to determine applications for
LEC's in LDC's. The Philippines, Cuyana and Thailand have started
testing programs. In each case, formulations have been developcd using
local ingredients. Problems associated with limitations of the LEC have
been minimal, making their application to a variety of situations very
promising.

Processing plants vhich are centered around the LEC technology have
shown that the LEC is suitable for continuous production, provided an
adequate supply of spare parte are available, the operators are compe-
tent in operation of the equipment (usually attained through training),
and a good maintensnce program is established, Sri Lanka, Bolivie,
Tanzania and Chihuahua, Mexicc, are presently operating complete processing
l1ines baesed on the LEC technology.

Conaultants and evsluatores have heen asked to evaluate the LEC
concept, LEC program and LEC plants. These evaluations have concluded
that the LEC technology is a viable and appropriate intermediate tech-
nology. Recommendations for minor changes or additions to the present
equipment and systems should further refine the technology that f{s
suitable for IDC's. HRecoemmendations given by the evaluators have been
used in deeign of nev .EC aystema. Tanzania, Comta Hica and an expan=
sion plant for S5ri lanka have beneffted from thene recommendationa. It
is felt that each demonatration aystem {» {mproved becaume of the expe~
rience gained and the evaluation efforts thet have occurred. The latest

state of the art is susmarized in this, the second Annual Report,
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