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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 Lheir 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'a 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 University to study these extruders and
 

determine their operating parameters and chardcteristics and their
 

utility in producing nutritious foods. This report represents the
 

second annual report summarizing the results of the testing, evaluation
 

IP. R. Crowley, "Evaluation of a Low-cost Vxtruuion Cooker for use
 

in Less Developed Countries." Report to TA/N, AID, Washington, D. C.,
 
1973.
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and demonstration program on LEC's and a related roasting technology. 

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

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. 

1. 	 Low cost - processing ntiystem cost leas than $82,700/metric 

ton/hr capacity. To achieve thene cotits the extruder needs to 

cost letis than $22,000/metric ton/hr capacity. 

2. 	 Moderate production rate - Production rate ranging between 225 

and 900 kg/hr. 

3. 	 Simple operatton - Requires little sophisticated technical 

capability to operate. 

4. 	 Minimal auxiliary equipment - To the greatest pounible extent 

the system should not require auxiliary boilers, dryers or 

pre- or pout-process conditioning equipment that will Increase 

cost and can lead to production cont aination. 

5. 	 Versatile - Procesu eshould handl it wide variety of cereals In 

combination with protein- ric'i Irgumen or oil nerdn. 

6. 	 Maintenance - S;yst -m should be ennily rAintained and should 

utilize locally available parts and equilptent to the greatost 

ponsible extent. 

7. 	 Sanitary - Pq,|uipment must be cleanablo and suitable for human 

food productu. 

Work has been tinder wav at Colorado State University sInce October 

1974 to evaluate low-cosnt extrusion cookers. To dat,, the follovinX 

extrudero have been examinad extenaively: 
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1. 	 Brady Crop Cooker
 
Koshring Farm Division
 
P. 0. Box 1279
 
Appleton, Wisconsin 54911
 

2. 	 Intea-Pro Extruder (0500) 
Triple "F." Inc. 
Urbandale, towa 50322
 

Theme two extrusion machines meet the criteria liated above. A 

multifaceted testing, evaluation and operational program has been under

taken to determine their operating pardnetera and the extent that they 

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

seed or legumes to produce nutritioun food for [DC'n. 

1.2 	 Objecteves 

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

follows:
 

1. 	 Set up a teat facility to determine the capabilities and
 

limitatlons of I.C's.
 

2. 	 Evaluate the viutritional and physical c*laracterietics of 

extruded ".teriain.
 

3. 	 Develop ut r it iu al speci1icat lone of nw prodtcto. 

4. 	 Provide trchnical backatolq !tip for rxlatiig teat p,,'ogrfma and 

nthere lntc tratrd in rx! toun 1;n. 

5, 	 Asst In tthe applicattIno and ImplementatIon of ltC tochnclogy. 

6. 	 I'valuste alternate lyw-coit technololea such an roasting. 

2.0 r.ItUDYD I.POT( MALt'A71O 

2.1 	 Cottoneed ?1lendo 

Cottonseed protein In the seccod larliest plant protein source, 

4(ter soybeans. Its relative availability i many IC'o makea it a 



-4

valuable 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 rcctonseed protein utilization difficult for many years.
 

Although gossypol-free cottonseed varieties have been developed, produc

tion 	of these varietics has been rather low, largely due to findings
 

that oil co:itet.t in cottonseed increases with gossypol. The economic
 

importance of cottonseed oil means glandless cottonseed production has
 

been only in the background. In the past few years, however, 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 glutens 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'i capability in processing cottonseed/
 

cereal blends to make nutritious blended foods.
 

2. 	 Determine the ingredient composition and the processing
 

required to make CSB-like 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 used to define operating parameters of
 

extrusion equipment and products included the following variables.
 

Operational Variables-

1. 	 Processing temperature
 

2. 	 Cons/race clearance or steam lock combinations
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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: gossypol 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 suunarized in Table 1. Mixtures of 30% and
 

20% glandless or glanded cottonseed with corn extruded essiiy 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 20% glandless cottonseed on the Insta-Pro extruder.
 

The extrusion of 40% glandless or glanded cottonseed/corn mixtures,
 

however, was possible at 150*C for glandless and 160*C for glanded
 

cottonseed mixtures. High back pressures resulted 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 glandleas) blends with corn or sorghum. 

Feed Orifice Water Power Specific 

Sample description Extruder 
auger 
setting 

clearance 
M 

added 
(WB) 

Throughput 
kg/hr 

Processing 
temp.. OC 

consumption 
kW 

energy 
kwh/kg 

60% corn /40Z glandless cottonseed 

70% corn /30Z glandless cottonseed 
70% corn /30% glandless cottonseed 

70: corn /30Z glandless cottonseed 

80% corn /20Z glandless cottonseed 

80% corn /20t glandless cottonseed 

80 corn /20Z glandless cottonseed 

60% corn /40% glanded cottonseed 

60: corn /40% glanded cottonseed 

70% corn /30% glanded cottonseed 

70% corn /30% glanded cottonseed 

70% corn /301 glanded cottonseed 

80% corn /201 glanded cottonseed 

80t corn /20% glanded cottonseed 

80% corn /20% glanded cottonseed 

60: sorghum/40t glandless cottonseed 

6O sorghu=/40% glandless cottonseed 

60t scrghu=/40% glandless cottonseed 

70Z sorghum/30t glandless cottonseed 

70: sorghL/30: glandless cottonseed 

70t sorgh,/30Z glandless cottonseed 

80% sorghu=/20t glandless cottonseed 

80% sorghuz/20% glandless cottonseed 

80t sorghu=/20t glandless cottonseed 

60' scrgh,-/40t glanded cotLonseed 

60: scrghu=/40t glanded cottonseed 
60t sorghu=/40t glanded cottonseed 

70% sorghu./30C glAnded cottonseed 

70: sorg,'/30t glanded cottonseed 

70t sorghui=/30t glanded cottonseed 

80t sorghur/20t glanded cottonseed 
Br: snrghb=/20C glanded cottonseed 

80% sorghum/20t glanded cottonseed 

Brady 
Brady 

Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 
Brady 

2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

1.42 
1.42 
1.27 
1.02 
2.03 
1.52 
1.78 
1.52 
1.27 
1.52 
1.08 
1.02 
1.52 
1.52 
1.40 
0.57 
0.56 
0.36 
0.95 
0.76 
0.44 
1.02 
0.76 
0.51 
1.02 
0.64 
0.51 
1.02 
0.61 
1.27 
1.02 
0.085 
0.68 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3.5 
0 
0 
0 
0 
0 
0.5 
0 
0 
3.8 

216 
292 

294 
312 
258 
246 
252 
228 
234 
300 
288 
270 
288 
276 
270 
243 
234 
252 
255 
252 
244 
234 
240 
276 
240 
240 
243 
255 
242 
294 
243 
240 
255 

152 
150 

163 
171 
151 
160 
171 
149 
163 
149 
163 
169 
151 
163 
171 
149 
161 
170 
14B 
163 
170 
148 
163 
171 
149 
163 
170 
149 
163 
171 
149 
163 
171 

20.6 
28.5 
32.8 
38.7 
25.9 
27.8 
32.6 
19.4 
25.3 
27.5 
31.7 
32.4 
28.1 
31.6 
35.7 
21.6 
22.7 
28.6 
24.0 
27.5 
28.7 
22.4 
28.5 
36.2 
23.6 
25.3 
26.9 
25.8 
27.2 
35.9 
26.3 
29.3 
33.0 

0.095 
0.097 
0.112 
0.124 
0.100 
0.113 
0.129 
0.085 
0.108 
0.092 
0.110 
0.120 
0.098 
0.114 
0.132 
0.089 
0.097 
0.113 
0.094 
0.109 
0.118 
0.096 
0.119 
0.131 
0.098 
0.105 
0.111 
0.101 
0.113 
0.125 
0.108 
0.122 
0.130 



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

Die Water Power Specific
 
Steam size added Throughput Processing consumption energy 

Sample description Extruder locks Mm % (WB) kg/hr temp., "C kW kWh/kg 

60% corn /40% glandless cottonseed Insta-Pro 10- 8-5 8 0 168 135 9.05 0.054 
60% corn /40% glandless cottonseed Insta-Pro 10- 8-5 8 0 192 147 11.2 0.058 
70: corn /30Z glandless cottonseed Insta-Pro 10- 8-5 8 0.8 150 138 10.2 0.058 

70% corn /30% glandless cottonseed Insta-Pro 10- 8-5 8 0 144 149 11.3 0.079 

80: corn 120% glandless cottonseed Insta-Pro 10-10-8-8 5* 6.6 162 138 11.6 0.072 
90% corn /20: glandless cottonseed Insta-Pro 10-10-8-8 !# 4.2 150 151 15.6 0.104 

60: corn /'0* &landed cottonseed Insta-Pro 10- 8-5 8 0 198 138 13.0 0.066 

60' corn /40Z glanded cottonseed Insta-Pro 10- 8-5 8 0 168 149 11.1 0.066 
70: corn /301 glanded cottonseed Insta-Pro 10- 8-5 8 0 174 138 11.2 0.064
 

70? corn /30; glanded cottonseed Insta-Pro 10- 8-5 8 0 162 
 143 14.4 0.088 

80'. corn /20% glanded cottonseed Insta-Pro 10-10-8-8 5* 4.7 174 141 13.7 0.079 

s0: corn /20: glanded cottonseed Insta-Pro 10-10-8-8 5* 3.8 144 146 13.7 0.095 
60% sorghz=/40 glandless cottonseed Insta-Pro 10- 8-5 8 0 168 141 8.0 0.048 
60'. sorgl=z/40Z glandless cottonseed Inats-Pro 10- 8-5 8 0 162 146 11.2 0.069 

70Z sorghu=/30. glandless cottonseed Insta-Pro 10- 8-5 8 0 168 141 8.9 0.053 
70% scrghum/30Z glandless cottonseed Insta-Pro 10- 8-5 8 0 168 149 11.2 0.067 
80% sorgh--/201 glandless cottonseed Insts-Pro 10-10-8-8 5* 1.5 198 13! 14.7 0.074 

80: sorgh,,=/20Z glandless cottonseed Insta-Pro 10-10-8-8 5* 0 ---.. 

60: sorghuz/40' glanded cottonseed Insts-Pro 10- 8-5 8 0 192 138 12.1 0.063 
60. seorghuml40t glanded cottonseed Insta-Pro 10- 8-5 8 0 174 149 13.1 0.076 

70: sergh m/30% glanded cottonseed Insta-Pro 10- 8-5 8 0 174 138 12.6 0.073 
70" serglu=/30Z glanded cottonseed Insts-Pro 10- 8-5 8 0 168 147 13.2 0.079 

80% sorglu=/20Z glanded cottonseed Insta-Pro 10-10-8-8 5* 5.6 192 141 14.8 0.077 
80': sorgh=u 202 glanded cottonseed lasts-Pro 10-10-8-8 5* 5.0 180 149 14.8 0.082 

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



-8

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 171C processing temperature, 0.5% water was
 

added to the 70/30 sorghum/glarided 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 30% cottonseed blends were well expanded. G:inding 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
 

conaistently clogged due to the high oil 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 Innta-Pro extruder. The water 

addition to the Insta-Pro extruder which reduced the extrusion tempera

ture contributed to the lower specific enerSy Inputs. Further, the 

design of these extruders achieved sufficient processing at much lower 

temperatures than with the Brady Crop Cooker. With both extrudern, 

specific energy increased with higher processing temperature. A
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slight increase in specific energy with decrease in cottonseed or
 

increase in cereal composition was noticeable.
 

Reaching an equilibrium processing Lemperature was easier and
 

faster with the Brady Crop Cooker. Thin 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 70% corr
 

and 30% 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 1700C 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 some 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 oll 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 [nate-Pro extruders.
 

Corn, sorghum and wheat were used in combination with both glanled 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 70% in cotton

seed flour, but the final level of 0.209% is still considerably higher
 

than the maximum of 0.06% specified by the PAG for human food use. The
 

free gossypol levels of the corn or sorghum blends with glanded cotton

seed ware all below 0.06%. 1lowever, since cottonseed represents only 

30% of the mixture, the free gossypol level should be below 0.02% in 

these 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 mounts 

with gossypol, prior to extrusion will result in acceptable levels of 

free gossypol 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

sive series of cereal blends with glanded or glandless cottonseed. An
 

advantage cottonseed has over soy is the increased fat content in the
 

blend. For example, mixtures of rottonseed with corn (70/30) contain
 

132 fat compared to about 8% In a similar blend made with soy.
 

Free gossypol levels in these particular blends were generally st
 

or below 0.022. The N15's for the blends ranged from 6-92 and did not
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Table 2. Free and total gossypol content of cottonseed and cottonseed
 
blends extruded on the Brady extruder.
 

FEN 
Code 0 Description 

2-15-13 Glanded cottonseed, extruded, 138°C 

2-15-14 Glanded cottonseed, not extruded 

2-15-15 Glandless cottonseed, not extruded 

2-13- 1 70% corn /30% glanded cottonseed 
1410C 

2-13- 2 70% corn /30% glanded cottonseed 
i600C 

2-13- 3 70% corn /30% glanded cottonseed 
1690C 

2-13- 4 70% sorghum/30% glandless cottonseed 
169"C 

2-13- 5 70% sorghum/30% glandless cottonseed 
163"C 

2-13- 6 70% sorghum/30% glandless cottonseed 

142*C 

Totall 
Gossypol 

% 

Free 2 

Gossypol 
% 

0.831 

0.863 

0.088 

0.258 

0.209 

0.653 

0.032 

0.053 

0.264 0.034 

0.262 0.024 

0.005 0.004 

0.003 0.003 

0.0013 0.0073 

1Analyzed according to AOCS Official Method Ba8-55 (corrected 1964,
 
reapproved 1973).
 

2Analyzed according to AOCS Official Method Ba7-58 (revised 1968,
 
reapproved 1973).
 

3Here, total gossypol was determined to be less than free gossypol,
 
which indicates that, due to the spectrophotometer's slight drift
 
from zero absorbance during readings and the very, very small amounts
 
of gossypol present, these amounts should be designated as "negligible."
 
Theme 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. 

FSs 
Code I Description 

Extrusion 
temp.. C Moisture Fat 

Z Total 
Nitrogen 

? Water 
Sol. N KS 

? Free 
Cossypol 

Z Water 
Absorption 

2-33-12 
2-33-11 
2-33-18 
2-33-13 
2-33-21 
2-33-17 
2-33-14 
2-33-15 
2-33-20 
2-33-19 
2-33-10 
2-33-16 
2-33- 9 
2-33- 4 

62-33-2-33- 2 
2-33- 5 
2-33- 7 
2-33- 7 
2-33- 1 
2-33- 3 

60% corn 
60? corn 
60: corn 
70% corn 
70% corn 
70% corn 
70% corn 
70% corn 
70? corn 
70% corn 
70' corn 
70i corn 
80: corn 
80% corn 
80%80% corncorn 
80? corn 
80? corn 
80? corn 
o: corn 
80% corn 

/401 glandless cottonseed 
/40% glandless cottonseed 
/4,0 glandleis cottonseed 
/301 glandless cottcnseed 
/30% glandless cottcnseed 
/30% glandless cottonseed 
/30% glandless cottonseed 
/30? glandless cottonseed 
/302 glandless cottonseed 
/30% glandless cottonseed 
/30% glandless cottonseed 
/30? glandless cottonserd 
/20% glandless cottonseed 
/20% glandless cottonseed 
/20? cottonseed/201 glandlessglandless cottosd 
/20? glandless cottonseed 
/20? glandless cottonseed 
/20X glandless cottonseed 
/20? glandless cottonseed 
/20? glandless cottonseed 

152 
152 
152 
150 
150 
150 
163 
163 
163 
170 
170 
170 
159 
159 
159150 
150 
150 
171 
171 
171 

3.68 
3.69 
3.54 
4.03 
4.19 
3.98 
3.80 
3.73 
,.11 
3.31 
2.99 
3.06 
4.24 
3.96 
3.964.34 
4.29 
4.24 
3.37 
3.61 
3.21 

18.08 
17.82 
17.34 

14.26 
14.20 
13.40 

11.24 
10.85 
9.31 

3.5fi 
3.46 
3.07 

3.19 
3.20 
2.86 

2.68 
2.59 
2.33 

2-35-10 
2-35- 3 
2-35- 7 
2-35- 5 
2-35-17 
2-35-24 
2-35-21 
2-35- 4 
2-35- 6 
2-35-22 
2-35-16 
2-35-13 
2-2 23 

2-35- 2 
2-35- 3 

60% corn 
60? corn 
60? corn 
60* corn 
60% corn 
60? corn 
70? corn 
70% corn 
70% corn 
70% corn 
70? corn 
70? corn 
70? corn 

70? corn 
70' corn 

/40? &lmded cottonseed 
/40% &landed cottonseed 
/A0?Zglanded cottonseed 
/40? Blended cottonseed 
/40? glanded cottonseed 
/40% glanded cottonseed 
/30% g1anded cottonseed 
/30? glanded cottonseed 
/30% glanded cottonseed 
/30% glanded cottonseed 
/30% glanded cottonseed 
/30% &landed cottonseed 
/30% Blended cottonseed 

/30? glanded cottonseed 
/30% glanded cottonseed 

149 
149 
149 
163 
163 
163 
149 
149 
149 
163 
163 
163 
169 

169 
169 

3.68 
3.94 
3.35 
3.03 
3.38 
2.85 
3.55 
4.05 
3.66 
3.58 
3.78 
3.58 
3.20 

3.70 
3.19 

16.10 
15.82 
15.18 

12.98 
12.95 
12.26 

3.51 
3.34 
3.04 
3.63 
3.30 
3.11 
2.99 
2.81 
2.53 
3.09 
2.89 
2.67 
3.38 

2.93 
2.88 

0.31 
0.28 
0.18 

0.24 
0.23 
0.22 
0.20 
0.17 
0.20 
0.23 

0.20 
0.19 

8.83 
8.38 
5.92 

8.03 
8.19 
8.70 
6.47 
5.88 
7.49 
6.80 

6.83 
6.60 

0.0239 
0.0217 
0.0180 

0.0175 
0.0162 
0.0133 
0.0186 
0.0160 
0.0143 

168 

264 

293 
291 
229 

251 



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

FSN Extrusion 7 2 2 Total 2 Water t Free 2 Water 

Code 0 Description temp., *C Moisture Fat Nitrogen Sol. N NSI (ossypol Absorption 

2-35-12 
2-35-19 
2-35-11 
2-35-14 
2-35- 9 
2-35- 1 
2-35-18 
2-35-15 
2-35-20 
2-31-35 
2-31-19 

80% corn 
80' corn 
80% corn 
80% corn 
80% corn 
80% corn 
80% corn 
802 corn 
80 corn 
60Z wheat 
60' wheat 

/202 glanded cottonseed 
/20% glanded cottonseed 
/201 glanded cottonseed 
/20% glanded cottonseed 
/20% glanded cottonseed 
/202 glanded cottonseed 
/207 glanded cottonseed 
/201 glanded cottonseed 
/201 Slanded cottonseed 
/40% glandless cottonseed 
/40% glandless =ottnseed 

171 
171 
171 
160 
160 
160 
150 
150 
150 
i-19 
149 

3.21 
3.45 
3.14 
3.91 
3.72 
3.54 
4.06 
4.15 
3.64 
4.26 
3.15 

9.83 
9.06 
8.63 

17.12 
17.07 

2.73 
2.45 
2.27 
2.40 
2.30 
2.27 
4.52 
4.21 

0.17 
0.20 
0.17 

7.08 
8.70 
7.49 

0.0086 
0.0071 
0.0087 
J.0115 
0.0093 
0.0071 

297 

2-31-16 60: wheat /402 glandless cottonseed 149 2.81 15.75 4.11 

2-31- 7 70% wheat /30% glandless cottonseed 152 2.52 
2-31- 8 70% wheat /02 glandless cottonseed 152 3.55 
2-31- 9 
2-31- 6 
2-31- 5 
2-31- 4 
2-31-13 
2-31-34 

702 wheat /30% glandless cottonseed 
70% wheat /302 glandless cottonseed 
702 wheat /301 glandless cottonseed 
70% whsat /30% glandless cottonseed 
60% sorghum/40% glaneless cottonseed 
60Z sorghuu/4O2 glandless cottonseed 

152 
159 
159 
159 
160 
160 

3.59 
3.51 
3.22 
3.18 
2.1 
3.66 

12.79 
12.90 
12.. 
17.29 
17.71 

3.7 
3.76 
3.67 
3.34 
3.61 

a 60% iorghum/40 glandless cottonseed 160 
2-31-10 60% s rghum/401 glandless cottonseed 170 2.36 
2-31-11 602 sorghus/40% glandless cottonseed 170 1.83 
2-31-12 60% sorghu/40 glandless cottonseed 170 2.43 
2-31- 2 602 sorghum/4Ol glandless cottonseed 149 2.53 
2-31- 3 
2-31- 1 
2-31-33 
2-31-30 

60% sorghum/40% glandless cottonseed 
60Z sorghum/4Ol glandless cottonseed 
70% sorghum/30% glandless cottonseed 
70% sorghua/30Z glandless cottonseed 

149 
149 
148 
148 

2.63 
2.79 
3.81 
3.93 

2-31-29 
2-31-32 

702 sorghum/30% glandless cottonseed 
702 sorghum/30% glandless cottonseed 

148 
163 

3.18 
3.23 14.28 2.95 

2-31-25 
2-31-26 

70% sorghum/30% glandless cottonseed 
70% sorghum/30% glandless cottonseed 

163 
163 

2.84 
2.35 

13.74 
13.08 

2.83 
2.83 

2-31-31 702 sorgtA.m/30% glandless cottonseed 171 3.08 
2-31-28 
2-31-27 

70Z sorgh,&,/30% glandless cottonseed 
702 sorlthu'/302 glandless cottonseed 

171 
171 

2.33 
2.31 

2-31-14 80Z sorghua/202 glandless cottonseed 149 3.49 
2-31-21 
2-31-15 

80% sorghu/20% glandless cottonseed 
802 sorghum!202 glandless cottonseed 

149 
149 

3.82 
3.71 



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

rSN Extrusion % t % Total 1 Water Z Free 2 Water 

Code * Description temp., *C Moisture Fat Nitrogen Sol. N WISI Gossypol Absorption 

2-31-17 801 sorghu1/20t glandless cottonseed 160 3.13 12.19 2.63 
2-31-18 80: sorghum/20% glandless cottonseed 160 3.42 11.10 2.52 
2-31-20 80% sorghun/20% glandless cottonseed 160 2.76 10.69 2.48 
2-31-23 80% sorghum/202 glandless cottonseed 170 3.12 
2-31-22 80% sorghum/20% glandless cottoaseed 170 3.31 
2-31-24 801 sorghuu/20% glandless cottonseed 170 2.96 
2-47- 1 60: sorgbum/40% glanded cottonseed R1ev 5.85 
2-47-10 601 sorghlm/402 glanded cottonseed 149 3.70 
2-47-25 601 serghum/40% glanded cottonseed 149 2.99 144 
2-47-29 601 sorghum/40% glanded cottonseed 149 2.74 
2-47-14 60% sorghj//0l glanded cottonseed 163 3.65 16.00 3.32 0.31 9.34 0.0210 
2-47-23 601 sorghum/40Z glanded cottonseed 163 2.95 15.89 3.17 0.26 8.20 0.0223 164 
2-47-15 60% sorghum/40% glanded cottonseed 163 3.70 14.63 3.16 0.25 7.91 0.0188 
2-47- 5 601 sorghu=/40l glanded cottonseed 171 3.83 
2-47-24 601 sorghum/40Z glanded cottonseed 171 2.52 216 
2-47- 9 60% sorghua/40% glanded cottonseed 171 3.40 
2-47- 6 70: sorghum/30% glanded cottonseed Raw 7.50 
2-47-22 701 sorghum/30Z glanded cottonseed 149 2.68 3.03 0.27 8.91 0.0177 
2-47-17 701 sorghum/30: glanded cottonseed 49 4.18 2.76 0.24 8.70 0.0174 138 
2-47-13 701 sorghum/30% glanded cottonseed 149 4.62 2.75 0.22 8.00 0.0164 
2-47-19 701 sorghum/30% glanded cottonseed 163 3.77 12.84 2.85 0.23 8.07 0.0120 205 
2-47- 4 701 sorgh !/30Zglanded cottooseed 163 3.70 12.26 2.90 0.23 7.93 0.0119 210 
2-4-7- 8 70: sorghum/30% glanded cottonseed 163 3.85 11.62 2.69 0.18 6.69 0.0085 166 
2-47- 2 80% sorghum/20% glanded cottonseed Raw 7.25 
2-47-21 801 sorghum/20Z glanded cottonseed 149 3.66 
2-47-12 80' scrghu=/20Z glanded cottonseed 149 3.79 193 
2-47- 3 80 sorghu--/20% glanded cottonseed 149 4.52 
2-47-26 80: scrguim/20% glanded cottonseed 163 3.38 10.66 2.55 0.16 6.27 0.0102 
2-47-28 801 sorgbum/20% gaended cottonseed 163 3.28 10.13 2.49 0.17 6.83 0.0096 215 
2-47- 7 80% scrghin/20% glanded cottonseed 163 4.01 10.11 2.42 0.15 6.20 0.0079 
2-47-16 80t sorghu=/20Z glanded cottonseed 171 4.51 
2-47-19 801 sorghum/20% glanded cottonseed 171 3.57 279 
2-47-30 80' sorghum/20% glanded cottonseed 171 4.04 
2-47-20 70% sorguz/30% glanded cottonseed 171 3.14 2.96 0.25 8.45 0.0139 
2-47-11 70t scrghum/301 glanded cottonseed 171 3.84 2.77 0.20 7.22 0.0117 236 
2-47-27 70. sorgh=m/30Z glanded cottonseed '71 2.45 2.76 0.20 7.25 0.0108 

* No enough sample delivered to six with vitamin and mineral preix. 
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Table 8. Cooked viscosities of cereal/cottonseed samples extruded on the Iasts-Pro extruder. 

FrSN Extrusion Centi-
Spindle 

No. - Centl-
Spindle 

No. - Centi-
Spindle 

No. - Centi-
Spindle 

No. - Bostwick 
Code # Sample description temp., 'C poise rpm poise rpm poise rpm poise rpm value 

2-61-8 
2-61-6 
2-61-5 
2-61-9 
2-57-4 
2-69-4 
2-69-5 
2-69-2 
2-69-8 
2-57-3 
2-57-6 
2-57-1 

60% corn 
60t corn 
70% corn 
70Z corn 
80Z corn 
60% corn 
60% corn 
70% corn 
70t corn 
80Z corn 
80t corn 
80% corn 

/40Z glandless cottonseed 
/40% glandless cottonseed 
/30Z glandless cottonseed 
/30% glandless cottonseed 
/20' glandless cottonseed 
/40: glanded cottonseed 
/401 glanded cottonseed 
/30% glanded cottonseed 
/30Z glanded cottonseed 
/20% glanded cottonseed 
/20% glanded cottonseed 
/20 glanded cottonseed 

135 
147 
138 
149 
138 
138 
149 
138 
143 
140 
146 
152 

2,607 
1,700 
2,583 
1,563 

220 
887 

1,313 
2,207 
1,710 

530 
870 
460 

4-20 
4-20 
4-20 
4-20 
4-20 
4-20 
4-20 
4-20 
4-20 
4-20 
4-20 
4-20 

1,459 
1,043 
1,581 
935 
172 
557 
777 

1,396 
1,023 

384 
600 
344 

4-50 
4-50 
4-50 
4-50 
4-50 
4-50 
4-50 
4-50 
4-50 
4-50 
4-50 
4-50 

230 

590 
955 
510 

3-20 

3-20 
3-20 
3-20 

180 

420 
634 
368 

3-50 

3-50 
3-50 
3-50 

15.3 
18.6 
14.0 
17.7 

21.3 
18.4 
17.4 
18.3 

2-61-1 
2-61-3 
2-61-4 
2-61-7 
2-61-2 
2-57-5 
2-69-7 
2-69-6 
2-69-3 
2-69-1 
2-57-7 
2-57-2 

60%.sorgh=/40t glandless cottonseed 
60t sorgbum/40% glandless cottonseed 
60Z sorghun/40% glandless cottonseed* 
70t sorght=/301 glandless cottonseed 
70t sorghum/302 glandless cottonseed 
80t sorgh=/20%glandless cottonseed 
60X scrght.,/40% glanded cottonseed 
60t sorghum/402 glanded cottonseed 
70% sorghu=/30: glanded cottonseed 
70t sorghum/30% glanded cottonseed 
80'%sorghum/20% glanded cottonseed 
80 sorgh=/20%glanded cottonseed 

140 
146 
146 
140 
149 
135 
138 
149 
138 
147 
140 
149 

1,527 
1,670 
1,840 
1,100 
2,670 
2,780 
2,133 
2,053 
4,190 
3,420 

870 
730 

4-20 
4-20 
4-20 
4-20 
4-z0 
4-20 
4-20 
4-20 
4-20 
4-20 
4-20 
4-20 

896 
987 

1,017 
763 

1,537 
1,656 
1,216 
1,137 
2,292 
2,028 

556 
480 

4-50 
4-50 
4-50 
4-50 
4-50 
4-50 
4-50 
4-50 
4-50 
4-50 
4-50 
4-50 

2,795 

625 
750 

3-20 

3-20 
3-20 

1,604 

552 
482 

3-50 

J-50 
3-50 

18.3 
17.0 
16.9 
23.4 
14.4 

16.9 
17.0 
12.6 
13.5 

* Sieve size - 0.79. 
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show any discernible pattern. Although these values were low, repre

senti:j 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 was reduced as expected by a higher 3evel 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, itwas 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

abi 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 viscosities than did blends from
 

glandless cottonseed. Increasing the temperature from 149* to 163*C
 

increased the uncooked viscosity of glanded cottonseed 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 138-149eC,
 

compared to Brady operating temperatures of 149-171*C.
 

Uncooked and cooked viscosity data for samples extruded on the
 

Insta-Pro are summarized in Tables 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 mnsta-Pro was further reduced to 138"C, the resulting gruel became 

very thin indicating inadequate cooking. Thu corn or sorghum blends 

with glandless cottonseed showing vary low uncooked viocosities typi

cally increased inviscosity when cooked. Since the cooked samples, 

when evaluated, actually contained more water than did th: 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 flnur and cot

tonseed blends have been evaluated. In these studies the AOAC method
 

for measuring PER's was used with minor modifications. In addition,
 

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. In
 

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 14eat processing.
 

Therefore, PER values will be discussed in this section.
 

The results of the first experiment are summarized in Table 9. In
 

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
 

id toxic to rats, and rats fed this flour lost weight and several died.
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However, extruding the h1anded cottonseed at approximately 138C 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
 

surprising!- high in view of the fact that: 1) only 70% of the free
 

gossypol was bound, and 2) presumably the free gossypol that was bound
 

rendered equimolar amounts of lysine 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 study (Table 10).
 

PER's for corn/glanded cottonseed and sorghum/glandlees cottonseed
 

blends at two temperatures are also listed in Table 9. 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 studied.
 

A second rat feeding expriment was conducted in which extruded 

cottonseed flours and cottonseed blends were processed on both the Brady 

and the Insta-Pro extruders. Ile data are presented in Table 10. 

The results for the Brady were generally consistent with the results 

of the first experiment. In the repeat experiment, glanded cotton

seed extruded on the Brady at 139C had a corrected PER of 1.97 + 0.04, 

which was similar to PER's obtained for extruded full-fat noy flour. 

Glanded cottonseed extruded on the Insta-Pro at 140"C gave a cor

rected PER of 1.80 + 0.08. Extruding glandless cottonseed reduced
 



Table 10. Results of rat growth experiment 2 (4 weeks 

Extruder & 
Code I Description Temp., 'C 

2-39-19 100: glandless cottonsepd Raw 

2-39-20 100% glandless cottonseed Brady 

132 

2-39-16 100 glanded cottonseed Brady 

139 

2-39- 9 1001 glanded cottonseed Insta-Pro 

140 

2-41- 1 702 corn/ Brady 
30% glanded cottonseed 171 

2-41- 2 70% corn/ Brady 
30% glanded cottonseed4 171 

2-41- 3 70% corn/ Brady 
30% glanded cottonseed 139 

2-41- 8 70% sorghu=! Brady 
30% glandless cottonseed 174 

2-41- 5 70% corn/ Insta-Pro 
30% glanded cottonseed 149 

2-41- 4 70% sorghum/ Insta-Pro 
30% glanded cottonseed 138 

2-41- 7 70% sorghu=/ Insta-Pro 
30% glandless cottonseed 149 

- AN'RC Casein (3 groups) 

growth). 

Weight
gain, gl 

124.2±6.5 

116.0±5.6 


9C.5±2.7 


73.2±3.7 


50.4±3.8 


94.9±4.8 


70.9±4.4 


65.4±3.4 


93.6±5.8 


65.5±5.6 


83.2±3.8 


111.4±4.2 


PER 

2.88±0.08 

2.74±0.07 


2.Lb±0.05 


2.07±0.09 


1.73±0.09 


2.54±0.07 


2.12±0.05 


1.98±0.08 


2.55±0.08 


2.01±0.10 


2.38±0.08 


2.88±0.09 


Corrected 
PER2 PRE3 

2.50±0.07 

2.38±0.06 

60.2±1.3 

59.6±0.9 

1.97±0.04 49.6±1.2 

1.80±0.08 47.9±1.5 

1.51±0.08 46.6±2.4 

2.21±0.0( 

1.84±0.04 

57.1±1.1 

49.1±0.8 

1.72±0.07 48.4±2.0 

2.22±0.07 55.8±1.9 

1.75±0.09 45.2±1.8 

2.07±0.07 54.8±0.9 

2.50 60.3±1.7 

'Mean + standard deviation. 3Based on 2 weeks growth. 
2Corrected to casein - 2.50. 40.5% LMH was added to mixture.
 

http:2.88�0.09
http:2.38�0.08
http:2.01�0.10
http:2.55�0.08
http:1.98�0.08
http:2.12�0.05
http:2.54�0.07
http:1.73�0.09
http:2.07�0.09
http:2.Lb�0.05
http:2.74�0.07
http:2.88�0.08
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the "M 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

seed 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 coat and
 

proccusing standpoint, it may not be desirable to extrude the blend, but
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rather to extrude only the cereal, perhaps with 5% 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 rsult 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. Mechanical 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 flakes. Tempering of the flakes was recomnended to 28-35%
 

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 -/,c 

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

medium: -10 +20 mesh
 

fine : -20 mcsh
 

3. 	 Moisture 

Fiber structure test - a test using low concentrations of TSP4. 


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
 

100% DSG, 0.1% sulfur, 25-30% moisextruded. The formula used was: 


ture, and steam. Sulfur was added initially as an extrusion aid but
 

should not be considered for processes manufacturing human food.
 

The DSG was tried on both extruders 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. 	 Extris on screw speed
 

4. 	 Feed rt "es. 

Observatiois 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 soine 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--l00 parts DSG (50 PDI)
 
30 parts water
 
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 anti fibrous chip. It 

was felt that the Brady had limited capability in producini, 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 Insta-Pro 

A number of runs were made on the Insta-Pro extruder exploring
 

several variables:
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1. Screw speed
 

2. Size of stem lc:ks
 

3. Orifice size
 

4. Hoisture
 

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 beat achieved with the following
 

conditions:
 

Preprocessing--lO0 parts DSG
 
30 parts water
 
0.1 parts sulfur
 

steam to 82"C
 

Operating Conditions (approx.)--Steam locks, lOP, lOP, lop
 
(smallest locks)
 

Orifice, single 12.7 mm die.
 
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 fibrous. Structure within the rope seemed 

quite developed and was judged to be a highly acceptable product. Low 

feed rates would cause the extruder to surge and atop the production of 

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

production of TSP.
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The TSP tests In general were not conclusive in determining the 

utility of either LEC machine. However, the initial experience has 

given a basis for further research In tlh, area where work will emphasize 

the Insta-Pro extruder. Teata will be run to investigate the specific 

operating conditions required for steady texturizatlon of detatted aoy. 

2.3 	Chickpeas
 

2.3.1 Processing
 

Chickpeas (garbanzo beans) were used in conjunction with cereals in 

a LEC test. Dr. Shah, Ministry of Health, Pakitan, had expressed an 

interest in combining chickpeas with varioutzn c-rvalm nt approxirately a 

50% 	level.
 

Teats run on the firady ind ictctd thet t hc Lhit r'a/vIterval cothinat tons 

can be extruded aucrenotully without any prtcozditloning of tngrrdlenta. 

Due to the lover oil contit , the cot rxt rudt-d ror- t1e highmint Itloib i 

cereal/low soybean cobinatlonn. 

Chickpeas were co-l ltrd with whent, ,vorti.ntorghsm ,and rIe,. 

Physical extruder operat iots 1tIit!cnt d that the wheat/thhld, and rice/ 

chickpea ,cobinatiozns didt not extrude really dur to the 1,vcrr oil 

contents of the cOmlbitatlonti gmpared to tlhe corn or norFhum mixtures. 

2.3.2 	 Nutritional Ivalutr on 

Cereal/chlckpea/ionfat dry ttilU (hi'tJ) blenda wvre nads with the 

general for=ula ot creal, 44%; chilckpna4, t.,X; 1iM, 10%; and v'taftn" 

and aineral*, 1"•. Ihe tiour cerealn uned vere corn, wheat, narghum and 

rice, an described In s':ct Sn .1.1. 

Dhata 	 s1hoviIItln e ptX Atet a ialynon and nitroge nolutlility tindsXVe 

( 1'o) for toese a12lea are presented In Table 11. TIeme aai, lea 4rp 



Table 11. Prcximate analysis and NSI's for chickpea blends. 

FSN 
CodeD Sample 

Moisture 
% 

Fat 
Z 

Nitrogen 
Z 

ProteinI Ash 
Z 

Fiber 
Z NSI2 

2-63-4 44% corn, 44% chickpea, 
10% NTFDM, 2% V&M 

5.97 3.27 2.70 16.88 4.42 1.28 34.07 

2-63-5 

2-63-6 

44% wheat, 44% chickpea, 
10% NTM, 2t V&M 

44^ sorghum, 44% chickpea, 
10% NhFM, 2% V&M 

4.88 

5.06 

3.50 

3.20 

3.40 

2.62 

21.25 

16.38 

4.24 

4.15 

1.51 

1.58 

27.65 

30.92 

2-63-7 44' rice, 44% chickpea, 
10% , 2% V&M. 

5.50 2.19 2.57 16.06 4.20 0.43 35.02 

I(N x 6.25). 

2Nitrogen solubility index. 



-33

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
 

-0%ite high, ranging from 28 to 35%. 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
 

visco~i±tes, 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 is a good PER for a 80/20 blend.
 



Table 12. 


FSN 
Code # 


2-63-4 


2-63-5 


2-63-6 


2-63-7 


2-63-4 


2-63-5 


2-63-6 


2-63-7 


Viscosity data for chickpea blends.
 

Centi-

Sample description poise 


44Z corn, 44% chickpea, 71,200 

10% NFD, 2% V&M
 

44% wheat, 44% chickpea, 5,920 

10% NFDI(, 2% V&M
 

44% sorghu=, 44% chickpea, 50,860 

10% NFDM, 2% V&M
 

44% rice, 44% chickpea, 34,260 

10% NFDM, 2% V&M
 

44% corn, 44% chickpea, 692 

10% NF(, 2% "&M
 

44% wheat, 44% chickpea, 4,018 

10% NFDM, 2% V&M
 

4% sorghum, 44% chickpea, 710 

10% NDM, 2% V&M
 

44% rice, 44% chickpea, 903 

10% KNtlM, 2% V&M
 

Spindle 

No. 
rpm 


7-20 


7-20 


7-20 


7-20 


3-20 


3-22 


3-20 


3-20 


Spindle
 
Centi- No. 
poise rpm 


Uncooked Viscosity
 

43,040 7-50 


4,000 7-50 


28,208 7-50 


22,768 7-50 


Cooked Viscosity
 

427 3-50 


>2,000 3-50 


476 3-50 


601 3-50 


Bostvick
 
value
 

0
 

8.4
 

0
 

0.5
 

24.0
 

13.0
 

21.8
 

22.2
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Table 13. Rat growth evaluation of chickpea bleds and Thriposha.
 

Weight 1 CorrecTed
 

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% sorghum, 44% chickpea,
 
10% NFDM, 2% V&M 156.2+6.7 3.12+0.05 2.59+0.04
 

2-75-10 44% rice, 44% chickpea,
 
10% NFDM, 2% V& M 167.8+6.4 3.54+0.11 2.94+0.09
 

2-75-11 Thriposha (80% ICSM,
 
16% corn, 4% soy) 139.6+5.6 3.05+0.03 2.53+0.03
 

2-75-12 80% corn, 20% soy
 
extsuded in Sri Lanka,
 
154 C 126.9+4.6 2.09+0.05 2.23+0.04
 

2-75-13 ANRC casein 119.6+5.6 3.01+0.10 2.50
 

1Mean + 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. The
 

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 2.7% 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 blonds. 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,
 

both for Krause CSB and our materials. In general, all three blends are
 

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



Table 14. Proximate analysis. 

FSN Code 
# 

Sample 
Description 

Moisture Fat Nitrogen 

% 

Protein I 

% 

Ash Fiber 

% 

Carbohydrate2 

% 

2-39-14 Degermed corn/ 
dehulled soy (70/30) 
163C, Brady 2.82 6.75 2.72 17.00 4.25 0.8 68.38 

2-39-15 Whole corn/ 
whole soy (70/30) 
163C, Brady 3.58 8.63 2.84 17.75 5.07 2.3 62.67 

2-39-17 Whole corn/ 
dehulled soy (70/30) 
1630 C, Brady 3.27 9.22 2.97 18.56 5.09 1.9 61.96 

I(N x 6.25) 

2 (By diff.) 



Table 15. Particle size distribution.
 

Run 

Sample and Description 1 


Krause corn/soy blend 	 1 

2 

3 

4 

5 


2-39-14 Degermed 1 

cornldehulled soy (70/30) 3 

163°C, Brady 4 


5 


2-39-15 Whole corn/ 1 

vbole soy (70/30) 1650C 3 

Brady
 

2-39-17 Whole corn/ 1 

dehulled soy (70/30) 3 

163°C, Brady
 

#10 Sieve 


0.5 

0.5 

1.0 

0.7 

0.4 


0.0 

0.2 

0.4 

0.3 


0.0 

0.1 


0.1 

0.2 


Z Retained on 

#20 Sieve #30 Sieve 


--	 58.0 
93.4 


- 94.8 

51.4 45.3 

53.5 42.0 


- 91.6 
- 89.4 

33.1 57.1 

41.4 57.6 


- 57.2 
- 66.0 

- 87.2 
- 79.8 

#60 Sieve 


38.5 

4.8 

1.6 

z..3 

4.2 


8.1 

10.3 

9.5 

6.6 


41.3 

33.6 


12.7 

19.9 


Z through
 
#60 Sieve
 

1.4
 
0.0
 
0.2
 
0.3
 
0.4
 

0.1
 
0.1
 
0.0
 
0.0
 

1.2
 
0.2
 

0.1
 
0.1
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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 uncooked. 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 consumed by young children, and to
 

eliminate contamination from the wateT used for reconstitution.
 

Table 16. Physical and chemical properties,
 

Trypsin

Water Inhibitor
 

FSN Code Sample 1 Absorption Urease Loss
 
0 Description NSI % Activity %
 

2-39-14 	 Degermed corn/
 
dehulled soy (7A/30)
 
163 0C, 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)
 
1630 C, Brady 6.4 33.9 0.02 91.7
 

'Nitrogen Solubility Index
 



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

Spindle Spindle 

FSN Sample , No. - No. - Bostwick 

Code I description Centipoise rpm Centipoise rpm value 

Uncooked Viscosity
 

2-39-14 	 702 degermed corn/ 3,280 7-20 6,720 7-50 3.3
 
302 dehulled soy
 

2-39-15 	 702 whole corn/ 8,000 7-20 5,840 7-50 6.3
 
302 whole soy
 

2-39-17 70% whole corn/ 9,400 7-20 7,600 7-50 7.2 

302 dehulled soy 
Cooked Viscosity 

2-39-14 	 702 degermed corn/ 3,350 3-20 >2,000 3-50 13.3 
302 dehulled soy 2,820 4-50 

2-39-15 	 702 whole corn/ 1,935 3-20 1,220 3-50 16.7
 
302 whole soy
 

2-39-17 	 70% whole corn/ 3,045 3-20 1,698 3-50 14.3
 
302 dehulled soy
 

All samples 	were extruded at 163"C. 
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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 exceeded 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. 

Sample No. Description Weight gain (g) PER 

Corrected 
PER1 

2-39-14 

2-39-15 

Degermed corn/dehulled soy 
(70/30) 1630C, Brady 

Whole corn/whole soy 
(70/30) 1630C, Brady 

129.9 + 6.42 

137.5 + 5.6 

3.02 + 0.06 

3.04 + 0.08 

2.63 + 0.05 

2.46 + 0.07 

2-39-17 Whole corn/dehulled soy 
(70/30) 1630 C, Brady 

ANRC casein 

150.1 + 3.6 

111.4 + 4.2 

3.34 + 0.06 

2.88 + 0.09 

2.91 + 0.05 

2.50 

lCorrected relative to casein 

2Mean + standard error 

2.50 



Table 19. Microbiological analysis of CSB samples 

Sample No. Description Coliforms E. coli 

Organisms/gram 
Coagulase
Positive 

Staphylococci Salmonella 

Aerobic 
Plate 

Count 

2-39-14 Degermed corn/dehulled soy 
(70/30) 1630 C, Brady 8 

1 
1.1. 

1 1 
380 

2-39-15 Whole corn/whole soy 
(70/30) 1630 C, Brady 1 1 1 1 300 

2-39-17 Whole corn/dehulled soy 
(70/30) 163 0C, Brady 230 -

1 
-
1 1 

- 960 

lNone detected by the "most probable number" method. 
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likely not pose a problm per me 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. 	 29C at 40% relative humidity
 

2. 	 31C at 50% relative humidity
 

3. 	 48"C at 60% relative humidity
 

4. 	 Frozen 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 had indicated that 2 mil packaging may present a
 

problem due to free-fat leakage, especially at high (>38*C) storage
 

temperatures. This observation was not apparent when 4 ml) thick
 

polyethylene packaging material wai utilized.
 

The flavor prof'le panel consisted of three indivieuils well versed
 

in the technique. Cruels (11.75%) were prepared and served hot to the
 

panel. Overall aroma and flavor intensities were obtataec 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 described above, were recorded.
 

The products had initially been processed to include the normal
 

vitamin, mineral and antioxidant mixtures, and perhaps the key obser

vation in theme 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 toasted at a level of 1. and starch 

at 1 with green at )(. Their intensities also did not change during the
 

study.
 

Tn the can" of flavor, a aweet sensation wau 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 I and bitter at a level of )(. The 

samples remain in storage and it is planned to evaluate their condition 

at the end of a six-month period. 

Thus, these data would indicate that extruded corn/tioy fortified 

with vitamin/mineral premix containing ant loxidants con be itored under 

conditions approaching 49"C and 60% relative humidity for periods up to 

three months without any detectable diffrrencen occurring in the aroma 

and flavor properties of these products. .Sincv no apparent change has 

been detected In three rmoi.hs, It would appear that little change can be 

anticipated at the end of nix months. 

2.5 Full-fat S;oy Flour 

2.5.1 Nutritional Properties
 

Samples of full-fat soy flour extruded on either the brady or 

Insta-Pro extruder under vatying c',nditlos have been evaluated for 

gross composition and protein nutritional value. Proxiftatc analysla was 

carried out by standard AACC Inhe ue dicthylmethoda. thc of fat. ether 

was used In a 60o1df INCh extractOr With an Xtra(.t IA) t I-r Of ( -H h(K1 . 

Urease was deternined using AACC rtethodi *'I(0 anl ainttiryjin. activity 

ulng AOCI tentative saeth d hi1a2-75. Protein afficlenry tat bon woe 
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carried out using essentially the AOAC method with minor modifications
 

and a 28-day growth period.
 

P'jAimate 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-Pto extruders were effective in reducing antitrypsin
 

activity at least 55% and in essentially eliminating urease activity.
 

At an operating temperature of 139*C, the Brady reduced antitrypsin
 

activity 55% and 70% for dehulled and whole soybeanf, respectively. In
 

the case of the Insta-Pro at 143-146*C, antitrypsin activity was reduced
 

86% and 31% for dehilled and whole soybeans, re-?ectively. At this
 

point, it .snot 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
 

processed from whole or dehulled soybeans using either extruder. All
 

corrected PER's were at least 2.0, confirming the high protein nutri

tional value for full-fat soy flour extruded on either the Brady or
 

Inste-Pro extruders.
 



Table 20. 


FSN 
Code # 

2- 9-15 


2-39- : 


2-39- 4 


2- 9-16 


2-39- 2 


2-39- 1 


Proximate analysis for extruded and raw 6oy samples.
 

Moisture Fat 

Sample description % 2 


Raw whole soy 7.1 23.7 


Whole soy, Brady, 139*C 3.6 22.7 


Whole soy, Insta-Pro, 143C 3.0 22.6 


Raw dehulled soy 6.3 19.7 


Dehulled soy, Brady, 139"C 3.4 24.6 


Dehulled soy, Insta-Pro, 146*C 2.8 23.6 


Nitrogen 
% 

5.59 


5.95 


5.74 


5.88 


6.13 


5.67 


Protein Ash
 
% 2
 

34.9 4.6
 

37.2 

35.9 

36.8 4.6
 

38.3 

35.4
 



-48-


Effect of extrusion on antitrypsin and urease 
activity.1
 

Table 21. 


Trypsin inhibitor
 
Activity
 

FSN % Inhibitor Urease 

Code 0 Sample description TIU, g 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, 139C 36,200 54.7 0.00 

2-39- 1 Dehulled Boy, Insta-Pro, 146C 11,200 86.0 0.02 

1All data are reported on an "as-is" basis.
 

Table 22. PER's for extruded full-fat soy flours.
 

Rat growth evaluation
 

Weight gain Corrected
FSN 

g PERCode # Sample description 


2-39-6 Whole soy, Brady, 139"C 89.6 2.04
 

2-39-4 Whole soy, Insta-Pro, 143C 103.4 ± 5.4 2.24 ± 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
 

1PER'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 1380, 1430 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
 

afid 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.1
 

Lipoxogenase Trypsin inhibitor
2
 

FSN Extrusion activity, Correcied
 
Code # temp., OC U/mg TIU/mg % Destruction PER
 

2-81- 9 Not 4706 85.8 1.24±0.18
 

extruded
 

2-81-10 138 <1 23.0 73.2 2.17±0.07
 

2-81-11 143 <1 33.5 60.9 2.14±0.03
 

2-81-12 149 <1 26.3 69.4 2.20±0.06
 

1Samples were extruded on the Brady extruder. 
2Linear regression equation used to obtain values.
 
3Corrected 	relative to canein 
- 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 

FSN Temperature Whole 
Code 9C soy 


2-51- 9 139 x 

2-51- 4 139 x 


2-51- 5 138 x 

2-51- 7 138 x 


2-51- 8 143 x 


2-51- 2 143 x 

2-51- 1 149 x 

2-51- 3 154 x 

2-51-12 156 

2-51-10 145 

2-51- 6 138 

2-51-11 139 

1Steam captured with product 

level on the inactivation of antitrypsin activity and 

Z Trypsin 

Water No. of inhibitorDehulled Retained 
1 
soy steam added pasaes destroyed 


x 1 46.5 

1 30.6 

x 1.5 1 33.7 

x 3.0 1 53.7 

x 2 66.1 


x 3 74.7 

x 57.9 


81.2
x 

x x 79.0 

x K 39.1 

K x 1.5 47.6 

K x 3.0 67.8 

at the die. 

urease. 

Urease 
activity 


0.07 

0.09 


0.12 


0.1.3 

0.07 


0.12 

0.09 

0.23 


0.02 


0.06 

0.13 

0.03 

Moisture 
Z 

4.06 

4.72 

4.52 

5.18 

1.55 

1.17 

3.00 
3.02 

-.10 

! 

2.80 

2.73 

3.62 

4.00 
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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
 

The flour was
Brady extruder at 138-140°C and ground using a pin will. 


incorporated into bread at 5%, 10% and 15% levels and compared to Nutrisoy
 

220 at the 5% level.
 

Average
Bread formulation and the results are shown in Table 25. 


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
 

They were not noticeable in the
specks were apparent only in the dough. 


breads.
 

Breads were baked without using any improvers such as CSL or SSL.
 

the commercial Nutrisoy 220
The experimental sample performed as well as 


at the 5% replacement level.
 

Bread volumes did not change when replacing up to 15% of the wheat
 

The crust color and crumb color of the breads
flour with full-fat soy. 


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/boy blend.
 

The flavor of all breads was quite satisfactory.
 

quite satisfactory and
The pin-milled, full-fat soy product wan 


the commercial Nutrisoy 220 in bread baking performance. The

equal to 


black specks in the product, however, might be objectionable to the
 

baker.
 



------------------------------------
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Table 25. Effects of pin milled full-fat soy flour added to bread.
 

Formulation:
 

Ingredient % Grams Procedure
 

Flour blend 100.0 250.0 Mix to rptimum
 
Water ..1 ..- Ferment 1 1/2 hours
 
Yeast 2.5 6.25 Divide - 200 g (2 loaves)
 

Yeast food 0.5 1.25 Round - rest 10 min.
 
Salt 2.0 5.0 Hold
 
Sugar 	 6.0 15.0 Proof to height
 
NFDM (control only) 4.0 10.0 Bake 18 min. at 218"C. 

Shortening 3.0 7.5 
Potassium bromate -- 10 ppm 

Mixint Proof
 
Absorption time time
 

Dough Blend composition % min. min.
 

1 Wheat flour control 72 4 1/2 51
 

2 95% wheat flour/ 76 4 1/2 51
 

5% Nutrisoy 220
 

3 95% wheat flour/ 76 4 1/2 51
 

5% AE pin milled soy flour
 

4 	 90% wheat flour/ 78 4 1/2 51
 
10% AE pin milled soy flour
 

85% wheat flour/ 80 4 1/2 47
 
15% AE pin milled soy flour
 

3
 

Bread Scores:
 

Specific volume Crust color Symmetry Break Crumb color 

Dough cc (7) (7) (6) (10) 

1 3.97 7 7 6 9 
2 3.92 6 7 6 8 
3 4.18 6 7 6 6 
4 4.06 5 7 6 7 
5 3.90 5 7 5 7 

Flavor Grain Texture Volume Total score
 

Dough (15) (20) (20) (15) (100)
 

1 14 17 19 10 89
 
2 14 15 17 10 83
 
3 14 15 19 11 86
 
4 14 15 l8 11 83
 

5 14 13 17 10 78
 

ISse Absorptior %, below.
2
National Manufacturing Co. mixer was used.
3
Numbers in parentheses under each bread characteristic Indicate maximum
 
number 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 14Z) 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.
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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 Plitlippines, 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 is also considering the use of rice bran for warming up and
 

shutting down their LEC extruder due to a short supply of noybeans.
 

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 Cehulllng 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 hours represent 1.5 years
 

of continuous, 24-hour operation or 4.5 years of 8-hour shift operation.
 

It is expected that after thin period, maintenance consisting of replace

ment of the barrel and bearings and rotor weldments would be required.
 

The cost of these replacement parts would be approximately $1,000, which
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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 new 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 system 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-ur 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/cm 2 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-m 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).
 

:.1.2.2 Bearing Housing Weldment Lubrication. Although the
 

bearing housing weldment is of a continuous duty design, lubrication
 

while the e;:truder is 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 bpen
 

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 belL 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. In addition to the aforementioned
 

modifications, the following list describes some further minor modifications
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reliability of the Brady could be significantly
whereby the life and 

improved. 

In order for the extruder screw
1. Hardening of Screw Flights 

to have a 1,500-2,00(i hour life as stated earlier, it was decided 
that a 

severe abrasion-modtrate ipact hardness would be necessary (Rc 58 or 

Tests in Sri Lanka, extruding CSB-type products, indicated
higher). 


that a rotor rebuilt with a Rc hard-surface welding rod lasted several
 

thousand hours.
 

- The present design utilizes
2. Elimination of All 1/2-inch Bolts 


These
1/2-inch, Grade 5 machine bolts to attach the cone to the rotor. 


bolts have adequate atrength: however, they physically resemble 13 
mm
 

a 13-m bolt would damage the threads in the
bolts and accidental use of 


The problem can be remedied by increasing the bolt size to 9/16rotor. 


inch, a size which does not have a metric equivalent.
 

3. Replace Temperature Measuring 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 adjustment of the extruder and 

changes in the gauge reading.
 

c. Accuracy is low.
 

A surface type thermometer has been used to overcome some of the
 

Although this sensor has sufficient accuracy,
problem mentioned above. 


sensor coils with time, causing erroneous
foreign material lodges in the 


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 oensitivity 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 operator 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 charcteristics
 

6. Residence time.
 

A mixture of 70% whole corn and 30% whole soybean was used through

out the experiment and the evaluation. Raw iriredients were ground in
 

the Modern Mill to a +40 mesh. Sections 3.1.3.1 through 3.1.3.3 contain
 

the results 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 profilL. chaniges were Lieas

ured under varying extrusion conditions. Figures 3 and 4 represent
 

typical temperaturt. profiles for the extruder when running at 600 and
 

1,000 rpm for o,,tlet product temperatures of 149, 163 and 171"C. The
 

increased rpm's of the screw caused higher temperhLures at tht 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 20C 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 ls3t 20 cm of
 

the extruder, the profiles were seetially equivalent.
 

Examination of Figures 3 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, t-6 kg/mn, original
 
screw).
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Figure 4. 	Temperature profile along the barrel for three final
 
temperature settings (N-1000 rpm, h-7 kg/mn, original
 
acrew).
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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
 

barrl 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
 

became ambient.
 

Effects on the temperature profile due to changes in throughput cal
 

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
 

175- kg / rain 

150 68.5 
. e7.0 

S125 - 0 

a-0.

E 50-8.8m 

25 Die Feed Hopper-s 

01 2 3 4 5 6 7 8 9 

Thermocouple No. 

Figure 5. 	Temperature distribution along the barrel An a function of
 
mass flow rate (N-1O00 rpm, T-1630 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 show 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 discharLe 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
 

consistency characteristics. Higher consistencies (meaning
 

higher degree of starch gelatinization) were obtained from
 

screw configurations having increasing number of barn, 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 barrel (T-1710 C, i-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 ?uff index test. Temperature of
 

extrusion was once again found to be a major variable affecting
 

expansion of the extruded pieceq.
 

3.1.3.2 Energy Input to Extruder. Power measurements were made
 

using the BLA torque sensor and Servo-Tek generator for rpm. Thus,
 

specific energy could be determined.
 

Energy was measured for the following extrusion variables:
 

1. 	 Product temperature
 

2. Screw 	speed
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3. Throughput
 

4. Screw configuration.
 

Energy measurements for different feed rates at different temperatures
 

indicated that the energy increased approximately 12% when extrusion
 

to 171°C. Etergy
temperature increased from 1490 to 163C and from 163* 


increases were found 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 btarchy component modification. The rela

tionship between specific energy and iotor speed at constant tcmprnture
 

and feed rate is shown in Figure 8.
 

Figure 9 indicates the specific energy of each of the four rotor
 

configurations that wore tested. Each configuration affected energy
 

r quirements differently. Higher specific energy demands were consis

tently required with increased number of beater barn clos.er to the
 

discharge end of the ucrew (configuration 1, 2 and 3 were higher than
 

the
the original screw). With barn located in helix turns clone toi 

discharge end, the increecik pwo." reqilremnto made extruder ,peration 

extremely sensitive to ndjuntre.,ntu. 1herrfoe, une of siuch configura-

Ior all buit high moi lturv or high oil contenttions t not recommended 


Ingredients.
 

Minimum specific onorgy demands were attained when using scrow
 

the longth of the
configuration 4, where bars measuring half of 
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Figure 8. Specific energy as a function of rotor speed (T=1490C,
 
original screw).
 

conventional bar size were located at opposite sides of the screw
 

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

channel.
 

3.1.3.3 Product Characteristics. Tests were performed on the
 

extruded products to determine hou the functional properties were
 

affected by extrusion parameter variations. Results indicated that
 

temperature and rotor geometry have a greater Influence on product
 

characteristics than do rotor speed aitd 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 starch molecules. Using
 

the original screw as a reference, percentage increases in starch damage
 

were tabulated below.
 

% increase in
 
Temperature glucose concentration
 

Rotor configuration 6C (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 near the discharge end of the screw,
 

the product had a higher ,fscosity and a smaller consistometer patty
 

diameter. rotentially, changes in the number and location of the beater
 

bars on the screw could allow the operator to control the viscosity of
 

the resulting cooked product.
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Figure 10. Variations on the reducing sugar concentration of
 
products extruded with different screw configurations.
 

171 X Configuration: 
0 Original Screw 

*~ 	 KI
 
62 

o 	 0 3
 
163 x 04
 

0 

E 
14 9K 

AtII 	 I I I 

15 16 17 18 19 20 21 22 
Patty Diameter (cm) 

Figure 11.Coninntometer toot ranulta for fivo .ecrew conf!igurations
 
and three temperaturva of extrunion.
 



-73-

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 important parameters. Based on these studies.
 

it is now possible to better recommend optimal operating conditions and
 

screw configurations to achieve the desired results from the extruder.
 

3.2 Capabilities and Limitations
 

3.2.1 Brady lxtruder. Through the extensive testing and
 

evaluation program, the capabilities and limitations of the Brady
 

extruder have been determined on a variety of products. A summary of
 

these findings is given below.
 

Cere..l/Oil Seed or Legume Mixtures--


Suitable cereals tested 2: Corn (flint and dent), rice, wheat and
 

norghum. 

Suitable oil seeds tested 2: Soy, cottonseed (glanded and gland

less), sera.me and coconut.
 

Logumes tested : Chickpeas and ru-ing beans. 

Ingredient requirments: All ingredients tmust be clean and free 

from foreign dehris and atones. Drhulling in not necessary 

from an extruder operating perspective, but in necessary to 

reduce fiber concent rat Ion It%weAnlng ftod formulat tona . 

Formulation requirements: Any torrulattt . ixture whichctitstaina a 

ninimum of 'i tat but no rnre than '.' tnt In suitable for 

2 C pabilitia of the brady extruter to ouccenafully extrude othor 
Ingredients not teted i currently unknown, 
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extrusion. Mixtures of lsss than 5% fat have been demonstrated
 

and can bt used, however, the amount of wear and stress on the
 

parts is accelerated.
 

Pregrinding requirements: I -grinding of ingredients to -20 +50
 

mesh is essential to accomplish a uniformly vell cooked
 

product.
 

Water can be added directly to dry ingredients in
Water addition: 

the injector auger of the Brady extrud..;r. Ingredient mixtures 

with only 5% fat require 3-5% water addition. Nm water
 

addition in required for formulation@ having more than 10% fat
 

but it increases the destruction of antinutritional factors in
 

the blend and reduces product shrinkage because of moisture
 

The maximum moisture level of feed ingredients is 0%
losses. 


or feeding problems will arise.
 

The range of suitable extrusion temperatures
Extrusion temperatures: 


On most blends, the most desirable
varies between 154-171C. 


range is 154-16C to minimize uncooked viscosities of fin

ished product.
 

Product irying: No extra product drying is required under the
 

range of conditions listed above to achieve a stable proditct,
 

assuming initial grain moistures do not exceed 14%. Cooling
 

Is required to <70OC foi proper grinding of extruded product.
 

The Brad) extruder cannot produce uniformly shaped
Product shape: 


pieces of cooked or expanded product because its die consists
 

of a,, annular ring which cannot be precisely centered. The
 

typical product i irregular shaped, flat flakes mixed with
 

40-50% fine material.
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Production rate: Production rate should be limited to 340-450 

kg/hr. Operation of the extruer 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 Grives 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 when these components become worn. Normal time interval
 

varies with product and ranges from 250 to 2,000 hrurs of
 

operation, provided the raw materials are free from stones and
 

dirt.
 

Product characteristics: Fxtruded product characteristics can be
 

varied by control of extrusion temperature, water addition and
 

oil level in formulations within the limits described above.
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The Brady extruder can produce a well cooked product charac

teristic of dry extrusion processing. Under these conditions,
 

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, produzing 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 10-25%.
 

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 vitamins
 

which are easily oxidized, making them unstable in storage.
 

Nutritional characteristics: The Brady extruder is capable of
 

producing a highly nutritious product for consumption as human
 

food. Typical corrected PER'. are 2.5, NST's of about lO and
 

water absorption index (WAI) about 250%.
 

'WholeOil Seeds--


Suitable oil seeds tested: Soy
 

Pregrinding requirments: Cleaned soy need not be preground before
 

extrusion. It is recounended, however, that Itbe ground to
 

-20 +50 mesh to Improve uniformity and reduce energy require

mnts for extrusion.
 

Wster addition: None required but 1-3% to desirable to enhance
 

destruction of sntlgrowth and antinutritional 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 ,4eldment limit
 

the mechanical reliability of the extruder. Minor mechanical
 

alterations can eliminate these design deficiencies for opera

tion as an autonomous duty extruder. With proper modifica

tion, 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 leaning edge and 

well defined beater barn (screw channel restrictions) exist. 

Replacement of cone or rebuilding of ricrew componrntn must be 

done when these componentu become worn. Normal timelntval 

varies with product and rangen from 250 to 2,000 hours of 

operation, provided the raw mtorlaln are free from atono 

and dirt. 
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Extruded product: Extruded product resembles coarse, oily saw dust
 

in appearance. A large quantity of surface oil 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 suitable 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 10% and
 

WAI of 150%.
 

Less testing and evaluation has been
3.2.2 Ihete-Pro Extruder. 


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 new altered set of screws
 

are being supplied by Triple "F" and these may extensively alter the
 

extrusion of high cereal blends.
 

Cereal/Oil Seed or Legume Mixtures--


Suitable cereals tested 3: Corn (flint and dent), rice, wheat and
 

sorghum.
 

Suitable oil seeds tested Soy and cottunseed (glanded and
 

glandless).
 

Ingredient requirementsz All Ingredients must be clean and free
 

from foreign debris and stones. Dohulling Is not necessary
 

3Capabilities of the Inste-Pro extruder to successfully extrude
 

other ingredients not tested is 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% fat but not more than 207 is suitable for extrusion.
 

Pregrinding requirements: Pregrlnding of ingredients to -20 +50
 

mesh is essential to accomplish a uniformly well cooked
 

product. The size of ingredients should be towards the larger
 

mesh size to eliminate extrusion problems which are anvociated
 

with feeding.
 

Water addition: Water Is added directly through an injector 

inserted into the thermometer well In the barrel section 

nearest the feed port. Ingredient mixturen with lesj than 10% 

fat require 5-15% water addition to keep the extxunion tem

perature down and prevent burning in the barrel. 

Feed addition: All feed intiterialn tire fed us log the side-mounted 

volumetric feeder with a variable tpeed control. A .en r 

hopper with a vibrttly, feeder in kept filled with whole soy 

to add If overheating of the extruder occurts. 

EFxtrunion tempi'rnturen: Extrut.lon temperaturen over l O*(* typically 

result in burning the product. litc-atie of lower extrtiuioi 

teapernture, the tuncookcd vitconitilei ' the i-xttuded product 

are lover. IAtruded prodtuctti a lesr to be rMire uniformly 

cooked on the lintn-Iro thAn oni tiehIrady nt lovw r extrusion 

t rapo rat tren. 

Product dryinF: When prenter than ')% of water is added , Como 

product drying t-.ny be rvqui trd antiws the u rmorIoextlimloit 


turs ira lower and Iona trlnture ii leat Iii ,g, iny.
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Product shape: The Insta-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 pieces to
 

be cut at varying lengths.
 

Production rate: Production rate on the Ineta-Pro io limited to a
 

maximum of 300 kg/hr. Rotational speed of the screw is 540
 

rpm.
 

Machin operation: Vo definitive testing has been done to determine
 

machine longevity. Replaceable wear components consisting of
 

steam locks and wear rings should reduce maintenance costs.
 

For high cereal formulation", the mmallent net of steam locks
 

should be incorporated.
 

Product characteristics: Extruded product characteristics can be
 

varied by control of extrunion temperature, steam lock con

figuration, water addition and oil level in formulations
 

within the limits described above. The Insta-Pro extruder can 

produce a well cooked product characteristic of dry extrusion 

processing. Under theme conditions, the Ut4rch i partly 

gelatinlied and at high temperaturea partially dextrin'zed. 

Uncooked vlsco, ttlen tend to be high. Inactlvation of growth 

Inhibitors and anttnutritlonal factors has been (ound to be 

very good, producinp products vith excpllvnt tcorod and ptutoln 

value. Water absorption ind x Of a well rooked OixturC Is 

normally 12001 and nitrcngon solubility Index will vary between 

10-252. 

Vitamin/mineral addition: All vitamin and mineral mixtures must be 

blended into #round, extruded mixtures after vxtrupion it thay 
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are to have long shelf life stability. Extrusion in the
 

Inta-Pro extruder seriously alters the productive coating on
 

vitamins which are easily oxidized, making them unstable in
 

storage.
 

Whole Oil Seeds--


Suitable oil seeds tested: Soy and cottonseed.
 

Pregrinding requirements: Cleaned soy need not be preground before
 

extrusion. It to recomnended, however, that it be ground to
 

-20 +50 mesh to iprove unifoinity and reduce energy require

ments for extrusion.
 

Water addition: None required but -3A ta desirable to enhance
 

destruction of antigrovth and antinutriticnal factors. Water
 

may be added directly to ground beans in feed hopper.
 

Dehulling: Not required but desirable. 

Product drying: No additional product drying I required beyond 

the moisture naturally lost following extruulon, as part of 

the cooling process. 

rxtrusion temperature: Minimun extruaion discharge temperature of 

138C t required. Higher oxtrurion temperatures of about 

143C are very dstrable and result in greater reduction of 

ant inutrit ional factors. 

Production: Maxn= production rate is 200 hg/hr. 

Machine optat ion: To achieve proper temperature distribution and 

build-up, *tea b-ks ahoold he for wholec I0V-10- usnd soy. 

The second largest *team lock (6) should be used at the
 

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 products desired. How

ever, several questions have been raised concerning its sau'tbility and
 

adaptability for continuous operation. 

The Brady Is one component of a materials handling and processing 

system. Reliability and maintenance requirements of the Brady must 

therefore be considered in view of similar criteria for other components 

which are also commonly used in thi system. To secure needed data, a 

survey was conducted of manufacturers and suppliers of various compo

nents. Information on the useful life, maintenance and repair ccats 

were obtained. 

Obviously, any machine can have infinite life if prc-venrive and 

arerequired maintenance are performed when needed, and the costs 

economically and/or legally justified. A classic example of this 

situation is the commercial airliner. In a more practical sense, how

ever, repair*, maintenance, etc., must be considered in term. of costa, 

expected economic life and timeliness required for functional perform

ance of the machine. In other words, the costs of maintaininK an opera

tional machine must be considered in terus of its cost per unit output 

cost
or kg of product produced, the value added to the product, and the 

of not having the process available for certain time parioda. Data 

operating and maintenancecontained in this survey can be used to estimate 

costs for extruders and related equipment. 

Vrom the maintenance point of view. durability and reliability 

and/or the life of the machine are considered In three categories, They 

arel 
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1. 	 Routine or preventive maintenance - This normally includes 

lubrication and minor aijuatments to compensate for wear. It 

is usually done by the machine operator every few hours. 

2, Minor overhaul - This Includes cleaning, replacement of 

expendable parts and adjustments for wear. Thin is usually
 

done by the machine operator or a mechanic at 1,000 to 2,000
 

hour intervals.
 

3. Major overhaul - This includes cocplete diuanembly and 

replacement of major romponento including bf;,n . it is 

usually perfo ed by a skilled mechanic at 10,000 hour or 

greater intervals. 

Most engineers consider routine maintrnao- the mont critical of
 

the above three categories. It is normally perfor'ed by a person having
 

limited skills, and who may, dlue to boredom or for other rennons, not
 

perform required tasks unless closely nupervised. Therefore, any
 

machine modification that can be ic
n, to reduce routine maintenance is 

usually cost effective. 

The durability of a machine must alao be considered In terrr' of its 

intended purpose and the user community. This particular point explains 

the present design and mai tenance schedule for the Brady cooker. For 

xample, the Brady vas designed for use on an A.erican farm. In this 

application, the Brady would be operated by an inlvidual who wan very 

familiar with machinery and extremely conscious of the need for routine 

maintenance. Further, the operator vould also be the owner in most 

situations. Another feature in this regard, is that the Brady would 

seldom be run for more than a few hours, i.e., three or four, since this 
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=eale. Routine maintenanceis actual time available between the farmer's 


would be performed each time the machine was operated.
 

The Brady cooker, as with any machine, can be made to have an 

infinite life. The important point, however, Is to consider the spe

cific application for the machine, and determine a reasonable 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 systems and
 

provide a basis for determining reasonable maintenance schedule. and
 

modifications for the Brady extruder.
 

Manufacturers and users were surveyed to datervIne reasonable
 

estimates of equipment reliability and maintenance costs. The survey 

included all cooponents that are or could be used in a LKC system.
 

Components included In the survey were:
 

1. Bucket elevators 

2. Screw conveyors 

3. Belt conveyors 

4. Tosders
 

S. Vibratory screens 

G. Docordicatore
 

7. Extruders
 

6. Milling machines
 

9. Lbust collectors
 

10. 	 Slenders. 

Selection of manufacturers and users was based on the types of 

equlpsont considered. raphasta was plac*d on manufacturers "ho produce 

continuous duty type equipment, but the survey included a brod opectrus 
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of equipment quality. Manufacturers and users selected were asked to
 

respond to the following questions based on 24-hour, continuous operation
 

of their equipment.
 

1. 	 What is 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. 	 What are the annual maintenance costs as a part of capital
 

costs?
 

All responses were carefully examined to ensure that reasonable
 

values were obtained from the analysis. The following guidelines were
 

used:
 

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

2. 	 Extrenely low responses were discarded based on experience.
 

3. 	 Average values were weighted more heavily to reflect a group
 

of similar responses.
 

Average results of the survey are shown in Table 26 along with the
 

raule of responses. The large variation reflected In the range of
 

responses was expected due to the sample selected.
 

Yxperience with and/or projections frriv !YC systems in current use 

are compared with average survey values In Table 27. In most canea, the 

LZC equipment is near the average value, and falla within the range of 

values Liven in Table 26. The major except Ion in the low-cost brady 

extruder Hodol 2160.
 

Keasonable mA'ntenanco for uie of the frady Cros Cookcr to procoes
 

food products in developing countries wan detevalnti to be as frllowsi
 



Table 6. Surwty sumary of manufacturers contacted regarding equipment durability.
 

Nc-.al lifeS Tie for major Cost of major Annual maint. 
exeec:ancV , cverhaul, overhaul, t cost, Z 

of 
rrs. v-r yrs. 

W t. 
capital invest. 

Wt. 
:apital costs 

Wt. 

: res;'nses Mcn. .a. Ave. Min. 'tax. Ave. Min. Max. Ave. Min. Max. Ave. 

S3Qkette vra:crs 3 20 (D 20 5 8 5 15 35 30 2 10 5 

Scrce 7.: ars 8 5 25 10 5 25 10 20 50 50 5 16 10 

3el, cz=ryors 7 10 25 10 1 4 2 20 80 40 1 25 5 

Fee-ers 

a. V'..ratory 2 15 (D 15 3 15 10 NR NR 10 5 5 5 

b. 5--.t 3 18 a 30 2 10 10 10 10 20 1 10 10 

Tlbratc.7.screens 
(&Ira= cleAers) 5 8 53 15 5 10 5 20 100 30 5 10 5 

-*ccrdicators 3 15 30 20 5 5 5 15 50 15 2.5 20 10 

E:r-ers 7 10 OD 10 1 2 1 10 33 25 5 100 40 

a. Pin 3 20 50 40 2 50 5 10 50 15 3 5 10 

b. 5 1j=ner10 50 15 1 10 5 4 40 20 5 10 16 

%s: collectors 
(i~a~i bag 

filters) 3 15 20 15 15 20 15 100 100 100+ 1 5 2 

31e" e s 

bac- mixer) 4 20 30 20 20 30 20 60 100 100 2 5 5 

24 haur continuous operation 



Table 27. Coparisoa of LEC systen with manufacturers' estimate. 

Nor--al lifT 
expectancy , 

Equipe nt Iten Survey LE 

Bucket elevators 20 25 


Screw cc=vevors 10 5 

Belt co-evors 10 10 

Feeder s 

a. 'ibratory 15 15 


b. Screw 30 40 

Vibratory screens 15 20 

Necor!czators 20 15 


Extruders 10 5 


.Millirs 

a. ?I= 40 40 

b. E r 15 10 


(7!.si=4 bag) 15 15 

3:ecr4ecr 

,-A:tch Mixer) 20 25 

~e..r
z:.nzusOperation
 

LE2 - :..r-:s: extr,,sIcn plant 

Tize for rajor 

overhaul, 


vrs.
yrs. 

Survey LEP 

5 8 


10 5 

2 2 

10 15 


10 10 

5 5 

5 5 


1 1 


5 2 


$ 10 


is 15 

20 25 


Cost of major 

overhaul, % 


capital invest. 

Survey LEP* 

30 30 


50 50 

",0 50 

10 10 


20 20 

30 25 

15 15 


25 33 


15 10 


20 40 


100 100 


100 70 


Annual maint.
 
cost, %
 

capital costs
 
Survey LEP 

5 5
 

10 5 

5 5 

5 5
 

10 10
 
5 5 

10 2.5
 

40 60
 

5 3
 

10 10
 

2 2
 

5 5
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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
 

as the screw. This

possibly resurfacing of wear surfaces such 


maintenance should be accomplishee at intervals of 1,500 to
 

2,000 hours.
 

Major overhaul should be accomplished at
3. 	 Major overhaul -


The machine should
intervals of approximately 10,000 hours. 


be completely disassembled; major components, such as 
the
 

screw, cone and bearings, should be replaced if required.
 

The LEC, Brady Model 2160, compares more favorably with 
industrial
 

models based on actual annual costs per metric ton of capacity. 
These
 

are shown in Table 28 along with values obtained from the 
survey. Both
 

extruder types have similar annual maintenance costs. 
but the LEC has a
 

It must be noted, however, that the percentage
much lower initial cost. 


of down time ard the cost of down time in not included in the analysis.
 

Increased down time would increase maintenance costs per 
ton of output.
 

can be
 
On the basis of the available information and survey data, it 


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
 
Low-cost Industrial
Criteria 


10,000 80,000
Initial cost (US$) 


0.45 	 1.4
Capacity (metric tons/hr) 


5 10
Life (years) 


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
 
32,600 100,000
10 years (US$) 


3,260 10,000
Approximate average yearly cost (US$) 


Approximate average yearly cost (US$/metric
 
7,200 7,275
ton capacity) 


3.4 	Dehullina Laboratory
 

3.4.1 	 Description
 

Colorado State University staff members 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 spec4fIration of low-cost dehulling equipment for
 

LEC processing systems. The iuauwratory is designed to remove and sepa

rate hulls from seed andosperm 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
 

Two types of hull removal devices are in the 
laboratory:
 

of seeds. 


a cracking mill for use with soybeans 
and other seeds in which hulls
 

1) 


are removed when the seed is cracked, 
and 2) an abrasive impact mill
 

which works well in removing tightly 
attached seed coats from round
 

a pneumatic classification
 
The separation device being used 

is 

seeds. 


The separation efficiencies that 
can be achieved with this
 

system. 


system will be sufficient for low-cost 
processing systems.
 

The system is designed to accept raw 
material in batch or from the
 

The raw material
 
proportioner mill in the present 

extrusion laboratory. 


will be placed in either of the hull removal devices and will 
be dropped
 

directly into the pneumatic classifier. 
rurther 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,
 

Such
 
followed by separation with a gravity 

table, has worked very well. 


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
 

The Sturtevant
 
scourer-aspirator to determine dehulling 

efficiencies. 


utilizes an abrasive impact to detach 
the hull from the seed followed by
 

A flow diagram of the
 
a pneumatic separation of the hull 

and meat. 


system tested is shown in Figure 
12.
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raw whole
 
grain
 

-aircyclone
 
hulls, separator
 

scourer
aspirator
 

hulls,
 
US #18 flour hulls
 

sieve
 

flourpan 
p, T .J.. L,(overs) 

meats
 
(dehulled beans)
 

Figure 12. Flow diagram of Sturtevant scourer-aspirator system.
 

It
The preliminary results from the tests are shown in Table 29. 


can be seen that there was a substantial reduction in fiber content in
 

the soybeans, although the corn dehulling das 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. Evaluation of dehulled samples made on Sturtevant scourer-aspirator. 

Seed 
type 

Throughput 
(kg/mn) Component 

Component 
(Z) 

Nitrogen 
() 

Protein 
(Z) 

Moisture 2 

(Z) 
Fiber 

(Z) 

Soybean 10.2 dehulled beans 

hulls3 

88.20 

9.05 

5.58 

1.99 

34.9 

12.4 

6.72 

9.35 

5.63 

32.0 

flour4 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 

hulls3 6.90 3.49 21.8 8.34 22.2 

flour4 5.60 5.25 32.8 7.47 8.7 

Corn 13.6 debulled corn 82.4 1.6 10.0 11.24 1.65 

hulls3 3.7 1.15 13.4 9.23 10.5 

flour4 13.2 1.59 9.94 10.69 2.61 

Corn 10.2 dehulled corn 80.4 1.85 11.6 10.52 4.015 

bulls3 3.9 1.84 11.5 9.86 9.60 

flour 4 15.7 1.48 9.25 10.89 2.11 

Soybean Vhole 100 5.22 32.6 7.14 8.09 

Corn vhole 100 1.53 9.56 11.15 1.65 

19 x 6.25 
2Wet basis 
3 Above VS #18 
4Below LS #18 
5 Laboratory error 
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4.0 	DEMONSTRATION SITES
 

4.1 	 Sri Lanka
 

4.1.1 	 Evaluation 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 SJri Lanka evaluating the
 

LEC installation there. The objectives of the evaluation team were to
 

examine the LEC installation at Kundeaale and determine:
 

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

foods in LDC's? 

2. 	 Has the Sri Lanka installation adequately demonstrated the
 

suitability of the system?
 

3. 	 If either of these above have not been attained, what changes
 

or additional work would be required?
 

The evaluation team presented their findings and conclusions in an
 

Collins on March 28. 1977. In summary, the
oral presentation in Fort 

team felt that the 1EC was suitable for the manufacture of nutritious 

foods, but that further refinement of the system would be required to 

The system'n productive capability hasdemonstrate Its abilities. 

steadily risen over the life of the installation, giving rise to an 

attainable production efficiency of >70%. Production efficiency is 

defined as the actual production of the system over time, divided by the 

the name time. These refinementsproduction at nominal operating rate over 

Include the use of continuous duty federa, convoyorm, etc., better sup

adequate training of Plant andply and control of spare parts, more 


operating personnel, and use of consistent productivity formulations.
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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 extrumion power; preheating of raw materials;
 

work on granulaton; mechanical refinements, development of preventive
 

maintenance, management procedures for system, training procedures, etc. 

The evaluation team suggested that ee elaborate quality control 

programs implemented in Sri Lanka were excessive. They suggested more 

reliance on taste and visual inspections. 

4.1.2 	 Status of Kundesale Operations
 

the Kundesale plant is at the highest efficiency
Production at 


the present
since the start-up. Efficiency data cannot be determined at 

time due to a logistic problem which has prevented 15 hours per day 

operation on a continuous basis. This condition has arisen due to the 

inavailability of transportation which is tied up with governmental 

work. Consequently, production has been limited to a maximum of 450 

bags (3 truck loads) stockpile. Greater amounts of product could be 

is being enforced to lower the possibility
stockpiled, however, the limit 


of contamination or Infestation.
 

Although precise figures were not available, production efficiency
 

the plant was in operation.vas estimated to be greater than 	 70% when 

mainly due to the iTO shaft universals.The major cause of down time was 

There is an adequate supply of spare parts available to minimize the 

darn time caused by universal joint failures. Causes of universal joint 

failure have been outlined in previous reports, h(vwever, one cause has 

been overlooked. The plant doe not have adequate tools to replace the 

failures could possibly result fromuniversals, therefore, soma of the 


incorrect sassably of parts.
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There In 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 it should haive 

been. Some areas and tiurfaces were not cleaned as frequently as 

required, thus rebulting in a build-up. An effort 4as made to point out
 

these 	areas and instructions in proper cleaning procedures were given to
 

the operators. 

Management at the plant has changed slightly in structure. 

Mr. Alahakoon is managing material acquisition and transport, and the 

hiring of plant operators. Supervision of the plant In handled by CARE

employed personnel at the plant. These employees include an engineer/ 

mechanic for each shift and one quality control technician. Thin arrange

ment appears to be working natinfactoelly and is believed to be part of 

the reason that the plant in operating more efficiently. 

4.1.3 Plans for New Plant 

CARE/Sri Lanka !han made a decision to relocate and expand their 

present facility. Rasons for thin change are an follows. 

1. 	 Transportation of finishJ goods from Kundesale to Colombo i 

becoming increasingly difficult. 

2. 	 Presently, the Yundeatle site Is removed from industrial areas 

and Colombo In a location where spare parts and machinery 

capabilities tre more likely to be available. 

t3. 	 The move will allow closer supervinion by CARl. 

4. 	 The nev plant will consolidate all of the separate operations 

that presently exist, thus reducing the logistics of material
 

movement and management.
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The decision to relocate was made approximately one ycar ago.
 

find an existing building was made. A struc-

Initially, an attempt to 


located that could be used, however, the past history revealed
 ture was 


Both Dr. Lachmann and Mr. Tribelhorn
 was 	used for storage of resticides.
it 


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
 

CARE/Sri
100% 	decontamination procedure.
plant because there was no 


informed and the building was deleted from their plans. A
 
Lanka was 


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 CSU, May 31-June 3, 1977, 
for
 

purposes of:
 

the intentions of CARE/Sri Lanka with
 1. 	 Briefing CSU and USDA on 


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.
 

Determining preliminary specifications for 
the new plant based
 

3. 


on the needs of the Thriposha program.
 

4. Finalizing arrangements on financing of the new plant 
and
 

equipment.
 

was decided to build a temporary
Through extensive discussions, it 


system until a larger and more comprehensive
building to house the I.EC 


building could be built which would Include room for 
future expansion.
 

This temporary building would serve an a storage 
building for raw
 

Injredients once the actual process building was 
completed.
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The 	plant will consist of two Brady Crop Cookers as well as
 

auxiliary equipment to match the flow rate of the Bradys. In addition,
 

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 c~operative 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 between 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:
 

I. 	 Responsibilities of each group involved with design 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 specifications
 

7. 	 Machine layout, supporting structures and electrical layout
 

8. 	 Equipment costs and budgets
 

9. 	 Timing of plant
 

10. 	 Machinery 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 i
 

entitled "Planning Trip, Phase II, New Plant - Sri Lanka," dated
 

December 28, 1977.
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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. 	 Location
 

2. 	 Accessibility to railroads and major highways
 

3. 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
 

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


given in Figure 13.
 

The land borders the railroad for approximately 137 m.
1. 


The 	site fronts on the Negombo Road 'newly constructed airport
2. 


road).
 

The area appears appropriate for industrial application as
3. 


other 	factories are presently located there.
 

4. 	 The site is relativel" level, thus reducing the amount of
 

excavation.
 

5. 	 The site has reasonably straight boundaries, although the plan
 

view shape is irregular.
 

6. 	 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
7. 


susceptible to flood conditions.
 

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

which were discussed during Tribelhorn's trip is given below:
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1. 	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


2. 


located in a separate building.
 

3. 	 Location on the site will facilitate future expansion with
 

either bulk storage or gunny storage.
 

Eventually, the total Thriposha program will be centralized at
 4. 


this 	site.
 

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


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


Plant
 
and materials of construction in Sri Lanka could be 

determined. 


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

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


Figure 14.
 

Space requirements for processing, raw material storage, and
 

Figures for material storage
were 	examined.
finished product storage 


by (CUhad adequate
The original recommendationsare given in Table 30. 

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

area 
phase of expansion. Corsidering a 18-n ,pan retrict ion. and the 

the buildingwal deternlned that

required for processing and storage, It 

a minimum of 91 m In length for adequate storage.
would 	have to be 

m.x 	100 i) i hown in
The current layout for the bu ilding (l8 


Figure 15. Featorea of thi design include:
 

the arva.
1. 	 Maximum croti ventilation of proc.saing 

located on outaide walls. 
Rooms requiring air conditloning are2. 

In through the plant (100 m 
3. 	Material flown one direct ion 


length).
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CI ty 

~It £l II 

C.
 

(flow darom continued
 
on Palo 1(12) 

Figure 14. IFIOW diagram Of new plaan in Sri IAnkh. 
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(Flow diegram continued on page 103)
 

FIgure 14. flow diagras of new plant in Sri Lanka. 
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of now plant in Sri Lanka (concluded).
Figure 14. Flow diagram 



Table 30. Storage space requirements.
 

Local product 3 ThriposhaRaw materials1 	 ICSM2 

(local product
 
and ICSM) Total

Metric 	 Metric Metric 
sq. m. sq. m.
tons sq. m. tons sq. m.
Year tons sq. m. 


1,820
300 380 	 690

1978 1,700 1,130 460 310 


730 2,430

1979 2,540 1,700 460 310 330 	 420 


3,040370 470 	 780
1980 3,390 2,260 460 310 

3,650 1
1981 4,240 2,830 460 310 400 510 	 820 


780 4,170

1982 4,550 3,390 400 270 400 510 


4,690

1983 5,940 3,960 340 220 400 	 510 730 


510 690 5,210

1984 6,790 4,520 260 170 400 


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 corn and 6 month's requirement of soy - 0.7 sq. m./metric ton.
 
2One month's requirement - 0.7 sq. m./metric ton.
 

3Two month's requirement - 1.3 sq. m./metric ton.
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4. 	 Raw materials can be received by rail and/or truck.
 

5. 	 Finished products can be shipped by truck and/or rail.
 

6. 	 Construction will allow fumigation.
 

7. 	Walls will be flush 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. 	 Cleaning - 66 m2
 
22
 

- 735 m2
 
2. 	 Raw material and ICSM storage 


66 m

3. 	 Dehulling 

- 735 m
4. 	 Processing 


5. 	Shop - 33 m
 

- 16 m2
 
6. 	 Quality control 


2
 - 19 o

7. 	 Vitamin/mineral storage 


- 26 	 m28. 	 Office 22 

- 16 m2
9. 	 Package storage 


- 236 m2
10. 	 Packaging 


- 498 m2
Final product storage
11. 


4.1.3.4 Equipinent Specifications. Equipment for the new processing
 

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

cation list (prepared between June and August) was correspondingly
 

checked and found to be adequate for the procesning equipment, however,
 

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

an existing structure.
 

A new set of equipment specifications wan 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 (Kiratender) for finished product
 

7. Additional tools
 

8. Exhaust fans
 

9. Air conditioning system
 

10. Air compressor.
 

A 91-m belt was included in the revised list, but was subsequently
 

deleted because of the excessive purchase cost.
 

4.1.3.5 Machine Layout. Support Structures, Electrical. The
 

approximate equipment location and corresponding support structures and
 

electrical requirements were developed. However, dte to a time limita

tion and lack of proper drafting equipment, it was decided that these
 

diagrams could be done at CSU and returned promptly to CARE.
 

It waa agreed that there would be one main electrical distribution
 

point with three sub-panels in the following areas:
 

1. Processing (excluding Dradys)
 

2. Dehulling
 

3. Cleaning.
 

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

distribution board and Brady disconnects would be on the same board as
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near to the Brady& an 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 errors in location.
 

4.1.3.6 Equipment from Kundesale. Originally, CArE/SL intended to
 

move all equipment from Kundesale to Colombo. However, some items
 

(Cablevey, bulk tanks, etc.) could be sold to Mr. Alahakoon if 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, all equipment has been purchased except a
 

few 	nuxiliary items 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 ts modifying the two Bradys as listed below:
 

1. The existing feed mechanism consisting 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 since the injector
 

auger will not be used.
 

3. 	 Surge tanks will be mounted above the Bradyn to provide a
 

constant feed source to the vibratory feeders.
 

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

at which time they will be diuamseabled and shipped to Sri IAnka.
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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 children and
 

pregnant and lactating women in low income groups through production of
 

The production of
 a corn/soy blend (CSB) and full-fat soy flour (FFSF). 


CSB and FFSF will be used in feeding programs in place of PL 480 Title II
 

comnodities 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
 

In addition, CARE requested USDA's assistance in providing a
Cooker. 


granular bed roaster for consideration as an alternative method for
 

USDA is interested in demonstrating the use of the
manufacture of FFSF. 


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 contrvcted to a private sector food processor. Prequali

fication specifications were written and the prequalifying process was
 

initiated in April, 1977.
 

The following operating conditions were 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. 	 70% 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-week
 

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 line with alternate equipment
 

These process lines consist
for the production of full-fat soy flour. 


1) a granular bed roaster and hammer mill, and 2) a Brady extrusion
of: 


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
 

At the end of his stay, all of the equipment with the
equipment. 


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
 

the Alpine Mill and the Sturtevant scourer-aspirator
equipment such as 


were spocified as sole 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:
 

Ferrell-Ross/No. 27
Grain cleaner 


Oliver/Model 2448A
Destoner 


Sturtevant/No. 3
Scourer-aspirator 


American Fan
Blower 


Seedburo/Super Speed
Scalper 


1 - 15 metric ton galvanized steel storage Baughman-Oster
 
bin
 

1 - 19 metric ton galvanized steel storage Baughman-Oster
 

bin
 

1 - 10.6 metric ton galvanized steel Baughman-Oster
 

storage bin
 

Processing Equipment:
 

Agitated sand bed roaster and associated Food Processes, Inc.
 

cooler
 

Modern Mill/Model 400
Proportioner mill 


Koehring/Brady 2160
Extruder 


Dorsey-McComb
Drum-type cooler (large) 


Prater/Model G6HFS
Hammer mill 


Pin mill Alpine/Contraplex A400CW
 

Johnson-March/Model PCSB
Dust collection system 


Blending and Packaging Equipment:
 

500 kg surge tanks with slide valves Locally constructed
2 -


Paddle blender Marion/Model 2030
 

Beam scale Toledo/Model 4181
 

Sewing machine Doboy/Model E-3
 

Conveying Equipment and Miscellaneous: I
 

Baughman-Oster
Screw conveyors 


17 m bucket elevator Baughman-Oster
 

Cleated belt conveyor Burrows/No. 500-12-15
 

Various manufacturers
Water application system 


Baughman-Oster
Screw conveyor motors 


Various manufacturers
Spare parts and tools 


Various manufacturers
Lab equipment for quality control 
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Building requirements for the plant in Costa Rica recomended the
 

following features and services:
 

1. 	 Reinforced concrete floors.
 

2. 	 Roof and wall support through reinforced concrete columns.
 

3. 	 Masonry walls.
 

4. 	 Wooden truss roof support system or equivalent.
 

5. 	 Corrugated asbestos or metal roof.
 

6. 	 Roof sealed to side walls.
 

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

fumigation of building.
 

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

extrusion processing room.
 

9. 	 A roaster r~om constructed with fireproof materials and
 

the roaster.
provided with an exhaust hood and fan to cover 


10. 	 Ventilation fans provide- in the raw materials cleaning arc&,
 

the extrusion area and the packaging area.
 

All ceilings and walls painted with a light colored non-porous
11. 


glossy 	paint.
 

12. 	 Screened louvered windows provided on all outside walls except
 

offices and packaging area wher! glits windows should be
 

provided.
 

13. 	 All louvered windows provided with a simple means of sealing
 

to aid plant fumigation.
 

14. 	 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/cm
2 provided to the
 

Lostrooms, packaging area. quality control laboratory and the
 

extruder.
 

16. 	 Floor drains provided in the rentrooms, packaging area and in
 

the quality control laboratory.
 

17. 	 Washing facilities provided in the restrooms.
 

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


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 combined with the
 

elimination of some of the interior walls. The design facilitated the
 

control of workers by providing an observation deck on the mezzanine.
 

The entire processing area will be visible from the deck.
 

Figure 17 shows the design proposed by CSU --l accepted by CARE/
 

Costa Rica. The partitions within the processing area ,rve to separate
 

raw material and processed prc'ict at for sanitation purpor
 

4.2.3 	Method of Iant Oneration
 

The Costa Rican food processing plant in unique In that It was
 

- CSh and I'TSV. ).rtherore,
designed to produce two types of products 

the plant was set up to coMpAre the performance of the brady vetrudor/ 

Alpine mill system with the roastrr/hanmmr nill syntem inthe production 





-117

of FPSF. 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 side 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
 

The hulls and grain fines are fed back into the stream of
grain fines. 

dehulled grain and dropped onto a scalper for separation of the hulls. 

The hulls are bagged and sold to livestock feeders. The clean, dehulied 

corn or soybeans are then conveyed via a bucket elevator to bulk storage 

bins outside 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. 

two systems is discussed inThe processing of CSB and FFSF by the 

the following paragraphs. 

When the extruder system is used for the production of 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 

The mixture is fed into the extruder withapproximately 40 mesh. 


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 140C 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 is 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 conveyed into the input hopper of the roaster
 

where they ure 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
 

The mesh size in this process is approximately -80 mesh w''ch
grinding. 


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 	Costs
 

Table 32 contains prices of equipment purchased for Costa Rica.
 

The item number corresponds to the number used in the Equipment Speci-


In addition to the equipment listed
fications list prepared at CSU. 


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,
 

These additional purchases increased the total expenditures
respectively. 


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
 

the elimination of some of the interior
reduce construction costs, such as 


walls, but this reduction was expected to be offset by the addition of
 

a
the mezzanine. New cost estimates were received which resulted in 


cost of less than $20,000 for the building. In light of this new cost
 

was decided that the initial amount of $75,000 was based on
estimate, it 


some misinterpretations of the building specifications by the architects
 

and construction agents.
 

The mezzanine design was accepted by all parties and construction
 

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

Item 


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 

74.6 kV motor 


Blending and Packaging Equipment:
 

Paddle blender 

Beam scale 

Sewing machine 

Conveying Equipment and Miscellaneous:
 

Screw conveyors 

17 m bucket elevator 

Cleated belt conveyor 

Water application equipment 

Magnets 

Screw conveyor motors 

10 cm downspouts and flexible tubing 

10 cm and 15 cm directional control valves 

Bag holder 

Tools 

Lab equipment for quality control 


SUBTOTAL 


Spare parts (12%) 

Electrical estimate 


TOTAL COSTS 


Cost
 

$ 2,150 
3,056
 
5,986
 
480
 
549
 
983
 

1,079
 
824
 

25,000
 
3,009
 
3,900
 
7,474
 
3,487
 

28,871
 
10,500
 
3,146
 

7,535
 
331
 
715
 

1,330
 
2,831
 
1,896
 

167
 
687
 

1,221
 
230
 
165
 
86
 

500 
1,000
 

$119,188
 

14,303
 
3,700
 

$137,191
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4.2.5 Bidding Procedures for the Plant Manager
 

the plant and the

A variety of alternatives for the location of 


selection of a manufacturer with prior food processing 
experience were
 

Initial plans to locate the plant on the
 considered by CARE and AID/CR. 


grounds or in a building of a manufacturer selected by 
a bidding procedure
 

were 	rejected by AID/CR and the GOCR Ministry of Health 
because:
 

1. 	 Plant equipment is to revert to the GOCR at the end of 
three
 

years, and having it located in a private company would 
make
 

such a consequence difficult.
 

Specifying and soliciting bids for such an arrangement 
would


2. 


the very minimum cumbersome. It was
be difficult or at 


believed going this route would seriously delay the project.
 

Reversing an incorrect selection of participating firm would
3. 


be difficult to rectify.
 

was suggested that the plant be constructed on
 As an alternative, it 


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
 

After
 
qualified manager with food processing experience was discussed. 


was deemed best to
 discussing the options with AID/CR officials, it 


Such
 
replace a typical bidding procedure with a prequalification 

step. 


a procedure called for all interested parties to prequalify themselves
 

From
 
as to their capabilities, personnel, financial status, costs, 

etc. 


three nelected were
the list of potentlal candidates, the top two or 


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
 

follovtno reasons:
 

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


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 fete would be negotiated.
 

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


involved with a new technology.
 

Using the above technicue, a contract was consummated with Ing. Delbert
 

Clark of Pro-Nutre in Costa Rica in June, 1977, to provide operating
 

personnel and manage the 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 electric motor to drive the extruder had to be changed
 

As a result, the motor will be replaced
after delivery had been taken. 
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with a 22G 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 lalaam, Tanzania. The plant will be operated by the National
 

Milling Corporation (NMC) with quality control and marketing 
assistance
 

Plant management
from the Tanzania Food and Nutrition Center (TFNC). 


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,
 

The

and will be ground to a fineness of approximately -40 +60 

mesh. 


weaning food will be packaged into 2-kg bags for distribution 
by the
 

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

4.3.1 Objectives 

The objectives for the weaning food plLat established in Tanzania
 

are listed below.
 

To produce a CSB-type product at low cost for supplementary
1. 


feeding programs aimed at malnourished children and for a
 

limited distribution to the commercial market.
 

2. To produce approximately 700 metric tons of weaning food the
 

first year and up to 1,800 metric tons by the third year of
 

operation.
 

To support the Tanzanian government's efforts to become self3. 


reliant in food production, thereby conserving its foreign
 



-125

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
 

The total floor area availbuilding which had been used as a oil mill. 


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 headquarters of NHC, 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
 

listed 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 use of a batch
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Table 33. Equipment purchased for Tanzanian plant.
 

Component 


Cracking mill 


Gravity table with 

aspirating feeder
 

Bucket elevator 


Paddle blender 


Incline belt conveyor 


Bulk tanks 


Proportioncr mill 

and parts
 

Extruder and parts 


Water application 

equipment
 

Conveyor 


Cooler 


Final grinder with 

air relief system
 

4c.haust fans (2) 


Electrical distribution 

control and protection
 
equipment
 

Heat sealers (2)and parts 


Prater parts 


Motors 


Welding rod 


Belts 


Filters 


Packaging scales (2) 


Laboratory equipment 


TOTAL 


Manufacturer/Description Expenditure
 

Davis/Model 10 x 10 $ 1,230.00
 

Oliver/Model #50 2,235.02
 

Universal/Model C2 2,505.90
 

Marion/Model 2030 6,838.00
 

Versa Ferguson/Model 600-R 1,356.00
 

Read/Model BF1O 2,341.25
 
Model BS18
 

Modern Mill/Model 400 5,053.20
 

Brady/Model 2160 10,919.01
 

Fisher Porter/Hoke/Watts 200.00
 

Modern Mill/15 cm x 6 m 540.85
 

Dorsey McComb/Cooler 6,840.00
 

Prater/G6HGSI 4,589.00
 

436.64
 

Square D/Misc. 2,360.09
 

Allied Automation/Sergeant 312 583.00
 

Prater - Modern Mill 345.28
 

Baldor 256.00
 

Ranite C 62.60
 

86.64
 

35.10
 

Accu-Weigh/Model M-410 168.00
 

902.88
 

$49,884.46
 

http:49,884.46
http:2,360.09
http:4,589.00
http:6,840.00
http:10,919.01
http:5,053.20
http:2,341.25
http:1,356.00
http:6,838.00
http:2,505.90
http:2,235.02
http:1,230.00
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blender for post-extrusion addition of vitamins and minerals was more
 

This was decided because of increased vitamin degradation in
feasible. 


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 syste.,
 

2) a bucket elevator for loading bins, 3) an electric-powered extruder,
 

the Prater final grinder, and
4) a Prater-designed air relief system on 


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 storage bin. The maize grits are
 

poured directly into the input hopper of the bucket elevator and are
 

similarly conveyed to another bulk storage bin.
 

During extrusion, the maize grits 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 stream of water (approximately
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30 l/hr). Extrusion will be performed at 154-163"C. The extruded chips
 

are dropped onto a cleated belt conveyor and carried to the rotating
 

The cooler operates with forced-air flowing in a
drum-type cooler. 


The cooled chips are
counter-current direction with the extruded chips. 


then dropped by gravity into the hammer mill for final grinding.
 

An air relief system crentea a low pressure condition on the outlet
 

of the hammer mill which helps to move ground material into a U-trough
 

The ground product is carried to an
 conveyor located below the mill. 


inclined screu conveyor which transports the product to a surge tank
 

above the paddle blender. Through a method of periodic batch blending,
 

the ground product is mixod 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
 

An listed in Table 33 in Section 4.3.2, the costs
given in Table 34. 


incurred thus far for equipment purchases have totaled approximately
 

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


4.3.5 	Status of Plrnt Development
 

During the last week of April, 1978, Mr. Ron Tribelhorn and
 

Mr. David Cummings wont to Tanzania to begin equipment debugging, per

sonnel training 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 so Salaam. Also, the additional ancillary equipment which was
 



-131-


Table 34. Funds budgeted for the Tanzanian weaning food project.
 

Amount
Purpose Agency 


Equipment and installation USAID $50,000 U.S.
 

NMC 150,000 Schillings
Building preparation 

($19,200 U.S.)
 

Manufacturing and operating funds NMC 4,500,000 Schillings
 
($577,000 U.S.)
 

3,500,000 Schillings
Funds for purchase of product - TFNC 


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 Corporation had selocted 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 is 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 producLion and produce at approximately 70%
 

capacity by the end of May.
 

The following specific production goals have been established for
 

the weaning 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 Cumnings. During rejular operation. the staff of TFNC will continue
 

to provide quality control assistance. 
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The laboratories which could be 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 Proximate 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
 

The technical staff of CIATECH
to Pro-Nutre in Alajuela, Costa Rica. 


(Dr. 	Frnncisco 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, Josg Lopez 
Portillo, on
 

Judson Harper from CSU attended the inauguration.
April 1, 1978. 


CIATECH, a technical group in the state of Chihuahua, 
is providing
 

technical assistance and development in the area of 
improved food proces-


Their funding comes from the state
 
sing and utilization for the State. 


of Chihuahua, CONACYT (Mexican NSF) and through contracts 
with private
 

One of their initial projects has been the design and 
construc

industry. 


tion of the FFSF plant and to work with local industry 
in the utilization
 

a variety of food product applications.
of the product in 


4.4.1 FFSF Plant Design
 

The extrusion processing plant for soy was designed 
under contract
 

irivate capital

to an agricultural cooperative in Delicias, Chihuahua. 


amounting to $300,000 was raised by this group; 
51% from the members of
 

CIATECH signed a
 
the cooperative (80) and 49% private outside capital. 


contract to design, specify and procure equipment, and 
to oversee instal-


The design capacity of
 
lation and start-up of the soy flour factory. 


the plant is 3.6 metric tons per day or approximately 910 metric 
tons
 

The output of the plant is slated for
 
per year on a one-shift basis. 


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


product flow is conventional with first cleaning 
of the soy by the
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Raw SoyI 
Grain Dump 

L Storage Bin 

Scalper (Hulls, Sticks) 

Two-roll Cracking Mill 1
 

AF,2lator lne u-ce-- (Hulls) 

Extruder
 

S Air Cooler
 

(Counter flow)
 

Bog Sealer 

Packaged FFSF
 
(1,2,5, 50 kg bags)
 

71pure 21. Full-fat soy processing line at Productos Alimenticios
 

Deliciss, SA.
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scalper, followed by cracking in a double roll mill and 
then aspirating
 

a ladder aspirator. The cracked,

the hulls away from the meats in 


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-


The corled extruded product (~40-500C) is next
 
current flow of air. 


ground in a counter-rotating pin mill relieved 
by a bag filter dust
 

The ground product is conveyed to a product storage 
hopper


collector. 


The small polyethylene packages
and packaged into a variety of sizes. 


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
 

Thus, testing and adjust
mill and the initial product was too coarne. 


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
 

Initial sales of 365
 
price is anticipated to be 48-55 cents per 

kg. 


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
 

Also, papers have been written for
 given in a trip report by Harper. 


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. These include:
 

1. 	 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.
 

2. 	 Fortification of bread--Addition to bread and buns at the 10%
 

level.
 

3. 	 Pasta--Soy fortification of vermicelli at approximately the
 

10% level.
 

4. 	 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.
 

5. 	 Cookies--Soy fortified cookies.
 

6. 	 Beverages--A soy-based beverage flavored with chocolate,
 

strawberry or vanilla. The product consists of FFSF (6.5%),
 

sugar (2.5%), coconut oil (3%), 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.
 

7. 	 Candies and sweets--A caramel nugget candy contnining 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, raisins 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 50% of the protein coming from
 

FFSF are juicy and have no detectable soy flavor.
 

All of the products were very palatable and presrnted a substantial
 

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

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


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 particle size distribution of the
The data are listed in Table 35. 


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
 

INCAP. It is not possible
soy flour extruded on the Brady at CSU and at 


to estimate how much antitrypsin activity was destroyed during 
extrusion
 

since we 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
 

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


5.0 TESTING SITES
 

5.1 Guatmala Workshop 

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

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

Sample # 

Fat, % 

Moisture, % 

Nitrogen, % 

Protein, % 

Ash, % 

Fiber, % 

Viscosity (Pa-s) 

NSI 

Water absorption, % 


Trypsin inhibitor 

activity (TIU/g)c
 

Density (g/cc) 


Particle size d
 
distribution:
 

on #30 sieve, % 


on #40 sieve, % 


on #60 sieve, % 


on #80 sieve, % 


on Pan, 2 


2-9-13
 

22.2
 

3.64
 

5.54
 

34.6
 

5.44
 

2.85
 

1.76a 

b
0.227 

20.2
 

125
 

44,000
 

0.938
 

31.8
 

28.1
 

36.0
 

4.0
 

0.0
 

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

CTrypsin inhibitor activity is reported as TIU/g since there is 
no 
raw sample for comparison to compute % destruction. 

dsieving 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
 

Partial correction may be possible by cup centering techniques.
screw. 


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 applicatLion of LEC's to the manufacture of:
 



-141

1. 	 CSB 

2. 	 Soup bases
 

3. 	 Snack itms 

4. 	 Drink bases 

5. 	 Precooked corn tortilla flour.
 

5.2 	 Philippines 

Between Hay 5-23, 1977, a training program was conducted at the 

Batek Center of the Philippines, Philippine Women's University, which is 

located 30 km south of Manila in Dasmariidas, 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.' Training
 

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
 

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


smell, etc.
 

8. 	 Determining the test and extrusion parameters.
 

The training associated with operating the machine began with
 

Important parts were designated and their
disassembly of the Brady. 


The trainees were
importance to the extrusion process was explained. 


allowed to reassemble the machine under close supervisien with special
 

attention given to the proper sequence of assembly and te correct
 

torque for bolts holding criticnl parts.
 

Parts that should be
Maintenance was discussed with the trainees. 


greased frequently were discussed. Maintenance of the diesel engine was
 

also noted.
 

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

a portable blackboard was made available to pln and record each day's
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The trainees
run, temperatures, and water additions priur to extrusion. 

were asked to plan the different runs followed by a discussion on the 

other operareasons for temperature selection, water additions, and any 

corrective actionstional logistics. Pit fallt foreseen and possible 

the run.that could be initiated were indicated prior to start lug 

Following extrusion, discusslions were held on problems that 

occurred during the period of operation. Traineva were asked to respond 

to the prolema they felt they had encountered and how they would solve 

them if they should occur in the fututo 

the possible ways of determining the degreeTraining wos given on 

use of ta te tests ahd consalstometerof cooking. Discussed was the 

corn/boy cooked at differenttests. A consintometer tent on 70/30 

of tem-perature on 
temperatures was denonstrated to tihow the ieffects 

viscosity and thus the degree of croklng. 

for 1entIn.t. Aliso located In the lhasmarlisas5.2.1.1 Materiln 

area is a farm cooperat v- headed ly Ivv. .luhn hlran for the Union 

Theological .t-mlniary. The cooperativt" han a (ivil rililig operation used 

for preparat ion of animal feed. lit-c'tar sno e ititrir-t van rihown lit the 

ul obtalrltil cri-in was
Brady by the cooierittlvir, the Intlial roblrn 

a bl itIhr r ,duct b toagrred Ini rrel overcome. Ihe- coperat Ivi to lto 


that wri-c extruded
trninng plrogan. Mater linthe un1,.'crnity for the 


would then he rettirni t,, the cooprratlvi- for leri-lltV thrlr anlr ailn.
 

aItems uned during the tralnink prgzam Included tice lraul, 

corn, uorghum arid Loylrslltl. .ut- of thr MAterlalsspecial feed ixture, 

(lned by the OVm1nary an the hatvk Center 
were ground In a hammer mill 
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did not have the capacity to grind enough material for the training
 

sesslon.
 

5.2.1.2 	Training Combinations. Although the soybeans were old,
 

A mixture of
they did serve the purposes of warm-up and shut down, etc. 


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
 

The bran was one of three grades (fine) available
extruded in the Brady. 


in the Philippines. It was fresh and approximately 60-80 mesh size.
 

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

Grade Coarse - This material is a combination of rice bran and
1. 


hulls or waste from the rice milling.
 

This material has a large percentage of rice
2. 	 Grade Medium 

bran and a small percentage of hulls.
 

- 100% rice bran with no huils present. Mesh size
3. 	 Grade Fine 


ranges from 60-80 mesh. Generally this product is most
 

frequently useJ in the Philippines.
 

A test matrix of fout temperatures and two moisture additions was
 

designed. Temperatures of 138"C, 149*C, 160C and 171*C were selected
 

to give a range of teat points. In addition, moisture additions of 
zero
 

and approximately 1% were uaed.
 

Results indicated that the rice bran could be extruded with relative
 

Throughput rates were approximatelv 295 kg/hr at all temperatures.
ease. 


in the rice bran, the cone had to be
Because of the large oil content 


tightened down to maintain and/or increase the temperature. A tempera

ture of 171C could not be attained am tl- :one clearance was too close,
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A second attempt produced similar
and a feed transition plug resulted. 


results.
 

was used, however, the maximum temperature
Water addition of 1% 


Attempts to reach higher temperatures with
reached was only 1490C. 


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
 

Samples were kept for analysis to be conducted at CSU. These
diameter. 


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
 

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


30% corn 	 3% meat and bone
 
1% limestone
30% rice bran 

7% corn germ
20% copia 


6% soybean meal (44% protein) vitamins
 

3% fish meal (65% protein) minerals
 
antibiotic
 

an
This formula was designed to have 7.5% oil content and to be used fc. 


The formula extruded quite easily and reacted similarly to
animal feed. 


a 70% corn/30% soybean combination.
 

The purpose of using tle Brady on this formula was not to cook the
 

The Brady was not
mixture, but to form the product into a pellet. 


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

bean was blended together and extruded to familiarize
 coconut/lOX mung 

the trainees with some of the ingredients they will 
be working with 

during the test period.
 

and without water. Chips
The 	 formula extruded easily at 160°C with 

The 	coconut
 
formed were well cooked with a pleasant aroma and 

taste. 


was the most dominant flavor characteristic of the 
mixture.
 

100% cereals, etc., to
 Other materials were extruded such as 


complete the training.
 

than a bearing failure

During training, no problems occurred other 

in the gear reduction unit of the Caterpillar engine. 
The failure is
 

most likely due to a factory defective bearing and 
lubrication problems.
 

An upper gear could not be
 Bearing replacements were found in Manila. 


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
 

Therefore, the groups represented compared to those 
invited
 

were there. 


In talking with one group, Leslie Food Corporacould not be discerned. 


Their
 
tion, the interest was mainly centered around snack 

food items. 

the output from the Brady and how it chief concern was in the form of 

might be improved.
 



-147-


Feoding 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-


The 	GPC is interested primarily in manufacturing a
tribution in Guyana. 


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
 

The
provide some initial technical assistance to officials of GPC. 


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.
 

The flow of material through the extruder was briefly explained.
1. 


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

component was described.
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3. 	The GPC personnel reassembled the extruder.
 

4. 	The ancillary equipment was set up and the raw materials were 

prepared for extrusion through a cooperative effort by GPC and 

CSU personnel. 

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

extruder.
 

6. 	Proper operation of the Brady on various materials was
 

described, including warm-up and shut down procedures.
 

7. 	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.
 

8. 	The GPC food technologist, Mr. Vic Oditt, was given control of
 

the machine and assisted in operating it on rice bran.
 

9. 	Operation of the extruder on 70% corn/30% soy was performed by
 

Mr. Oditt with assistance from Tribelhorn and Kellerby.
 

10. 	 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 plnnt 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 were prepared and 

extruded during the training period: 

1. 	100% whole soy 

2. 	100% rice bran
 

3. 	70% corn/30% soy 

4. 	70% rice/30% soy
 



-149

5. 	 100% corn
 

6. 	 100% rice
 

7. 	 100% black-eyed peas (BEP)
 

8. 	 70% corn/30% BEP
 

9. 	 80% BEP/10% 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. 	 weaning food - 455 metric tons/yr
 

b. 	 pea soup - dependent on sale and acceptability
 

c. 	breakfast cereal - unknown.
 

5. 	 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.
 

Selection of a weaning food formulation and design,
Phase 2 

a separate production line
installation and start-up of 


for the manufacture of a weaning food.
 

GPC has secured essential pieces of equipment that will assist in
 

These items include:
the implementation of the initial phase. 


1. Brady cooker with 74.6 kW electric motor
 

2. Hammer mill with 22.4 kW mo:or
 

3. Paddle blender with 50 kg capacity
 

4. Fitz mill comnninuter with 5.6 kW motor.
 

These items would be incorporated with other essential pieces 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
 

This would permit some plant design to
funding is approved by USAID/W. 


proceed prior to selection of the final formula.
 

Essentially, the goal
A compact time table has been set up by GPC. 


is to have the weaning food plant in operation by the middle of Novem

ber. Although possible, GPC waa 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 used.
 

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 is approximately 25 m by 18 m, con

m high at the walls
structed of concrete block, with a clear span roof 6 


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
 

uwe or
abandoned due to the high capital cost. Packaging lines in 
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a

planned for use in other LDC's were discussed; GPC concurred that 


labor-intenslve type of line would work for their operation.
 

GPC is

Packaging materials are not readily available in Guyana. 


presently considering two package types:
 

1. Polyethylene - printed single color
 

2. 	 Polypropylene with cellophane laminate for printing.
 

The major problem
GPC would prefer a two- or three-color printed bag. 


they have is printing the polyethylene bags which apparently 
require
 

The polypropylene/
pretreatment (required for bag to accept the ink). 


a possible choice, but preliminary study has
 cellophane laminate is 

indicated it may be too expensive. 

GPC was also concerned that product oils might permeate the 
bags. 

assist in providing packagingCSU has requested the staff of USDA/W to 

advice to GPC to help solve the problem.
 

GRANULAR BED ROASTER EVALUATION
6.0 


6.1 Roaster Designs 

Colorado State University has evaluated several roasters for 
heat
 

These roasters have all used a
 treating soybeans during the past year. 


heated agitated granular bed of sand or salt which co-mixed 
with the
 

soybeans to accomplish the roasting.
 

One type of roaster tested was designed with a granular 
bed heated
 

a separate heating chamber, conveyed into a contacting chamber where
 In 


beans and granular bed mixed, followed by a separation and 
recirculation
 

In this case, heat transfer occurs between the
of the granular bed. 


or sand and the cold beans when the two materials
heated granules of salt 
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are mixed. Also, the beans are never exposed to direct flames.
 

Typically, theme 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 rutational 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 bed with the soybeans is 

the Model 1, Food Processes, Inc. (FPI), Saginaw, Michigan. In this
 

machine, the granular bed is heated through direct contact with com

bustion gases, then mixed with the soybeans.
 

Operational characteristics of the roasters with the granular bed
 

heated separately are as follows:
 

1. The granular bed in heated through contact with 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
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the IRRI roaster, fins are attached to the outside d.ameter of
 

the drum which drag the granular bed over the heated plate,
 

conveying it in an opposite direction to the helix in the
 

contacter.
 

3. 	 The heated bed granules enter the contact chamber through
 

A screw conveyor lifts the
small scoops near the inlet end. 


granular bed from the heating to the contacting chamber on the
 

FP1 Model 1 roaster.
 

4. 	 The last third of the contacting chamber is screen which
 

serves as a separator of granular bed and beans.
 

5. 	 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
6. 


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
 

lifting flights is used to mix and convey beans and the granular 
bed
 

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


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
 

The roaster body is zde using two concentric drums.
Versatile-100. 


Between the outside drum and inner drum is a helix which is used to
 

convey the granular bed "S" back to the input end of the roaster. The
 

comes in contact with
bed 	is then scooped up to the inner drum where it 


the beans. The bean/bed mixture is then conveyed by lifting flights to
 

the output end, and cascades through hot air from a burner firing
 

Air is moved through the cascade
directly down thn center of the drum. 


of sand and beatis 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 screen.
 

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

the total heat transfer medium for the beans, but increases the rate of
 

heat exchange to the beans, Improves residence time control and enhances
 

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

from Contacting Process
 

Samples of whole raw soybeans were roasted in Model 1, Food
 

Roasting was done at tempera-
Processes, Inc., agitated bed roaster. 


tures ranging from 175-230C with residence times ranging from 15-24
 

seconds.
 

The results of these trials are very encouraging. The dry roaster
 

technology, where a granular bed is employed to give a uniform tempera

ture and heat treatment, appears to offer substantial processing advan-


It has a simple design, yet gives products with good functional
tages. 


and nutritional characteristics. Its major mechanical drawback is the
 

use of a screw conveyor to recirculate the heated granular bed.
 

At the low
Table 36 shows the coiditions of the roasting study. 


:oating rates, the temperature drop in the agitated granular salt bed
 

was quite low (-16.7C). Subsequent roasting studies at higher rates
 

(-910 kg/hr) show a substantinl temperature drop across the contact bed.
 

This temperature drop can be reduced through the use of sand rather than
 

salt because the heat capacity of oand is higher than salt.
 

Table 37 shows the results of the proximate analysis. Little
 

expected. Values for moisture,
differeance between samples is noted, as 


fat, nitrogen, ash and fiber are iimilar to those reported in the
 

lost from the samples during
literature. Approximately 3% moisture was 


the roasting process.
 

The cheuical and physical properties of the roasted soy samples are
 

These data would indicate that the functionality of
shown in Table 38. 


the protein decreased (as measured by water-holding capacity, viscosity
 

as the temperature increased and a
(uncooked and cooked) and Nal) 




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

Estimated 	 Soybean Salt

Sprocket 


salt outlet Soybean residence recirculation
size Angular Salt inlet 

rate
 

Test (nuziber rotation temperature temp. drop throughput time 

(C) 	 (C) (kg/hr) (sec) (kg/hr)


point of teeth) (rpm) 


2073
1** 35 17.8 178 16.7 189 15.2 

183 15.2 2073
 

2 3! 17.8 202 16.1 

15.2 	 2073
215 15.0 166
3 35 17.8 


198 15.2 2073
4** 35 17.8 235 17.2 

192 15.2 2073
16.7
5 35 17.8 246 


6 42 14.9 175 
 17.2 	 202 18.1 1978
 
204 18.1 1978


7 42 14.9 203 17.2 

202 18.1 1978


8 42 14.9 217 17.2 

195 18.1 1978 	 1
 

9 42 14.9 231 16.7 

1978 	 LA 

10 42 14.9 245 16.1 186 18.1 


11 48 13.0 181 16.7 192 20.8 2142
 
20.8 	 2142


12 48 13.0 	 206 16.1 184 

169 20.8 2142


13** 48 13.0 219 15.6 


14 48 13.0 233 15.6 169 20.8 2142
 
2142


15 48 13.0 247 15.0 172 20.8 


16 54 11.6 174 17.8 209 23.3 2122
 
196 23.3 2122


17** 54 11.6 	 203 16.7 

196 23.3 2122


18 54 11.6 218 16.7 


19 54 11.6 231 17.2 197 23.3 2122
 

20 54 11.6 245 16.7 192 23.3 2122
 
2068
176 17.2 200 25.8
21** 60 10.5 


25.8 	 2068

22 60 10.5 	 198 17.2 201 


195 25.8 2068

23 60 10.5 	 214 16.7 


226 16.7 192 25.8 2068
24** 60 10.5 

25 60 10.5 237 20.0 255 25.8 2068
 

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

**Saples used 	in cheical, physical and nutritional property analysis.
 



Table 37. Proximate analysis of roasted soy samples - as is basis. 

3 Carbohydrate,
2 

Protein Ash Fiber by difference
Moisture Fat Nitrogen
Sample 


(M) C%) (M) MX) )
Code number Description (M) (M) 


4.2 2.5 31.9
5.77 36.1
2-15-7 Dehulled soy - 175*C 6.2 19.1 


15 sec.
 

4.1 2.5 31.0
5.85 36.6
2-15-8 Dehulled soy - 175*C 5.5 20.3 


24 sec.
 

4.2 2.5 31.1
5.80 36.3
2-15-9 Dehulled soy - 205"C 5.2 20.7 


22 sec.
 

4.3 2.5

2-15-10 Dehulled soy - 220"C 4.8 20.8 5.86 36.6 31.0
 

20 sec.
 

2.5 31.1

2-15-11 Dehulled soy - 230"C 5.1 20.8 5.79 36.2 4.3 


15 sec.
 

37.5 4.3 2.5 30.6
 
2-15-12 Debulled soy - 230"C 3.9 21.2 6.00 


24 sec.
 

34.1 4.5 5.1 32.1

2-15-27 Whole soy - 205"C 5.3 18.9 5.46 


22 sec.
 

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

contacting/roasting device.
 

2x 6.25.
 
3Fiber determination done for sample 2-15-10; used for other dehulled soy samples.
 



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

Water- Urease Water

holding activity ViscositX Viscosigy Total soluble 

2
Sazple Code 3 Moisture(Z) 

capacity(Z) 
(increase
in pH) 

uncooked(CPS) 
cooked(CPS) 

nitrogen(M) 
nitrogen(Z) 

6
NSI 

18-175 HF 
HM 

4.70 
5.36 

240 
229 

1.83 
2.01 

4400 
1000 

-
25 

5.88 
5.78 

2.80 
2.41 

47.6 
41.7 

EC 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 
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 

24-245 EF 3.14 177 0.07 66 - 6.00 0.70 11.7 

HK 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 

Raw whole soy 7.05 273 1.92 1667 25 5.59 3.42 61.2 

Raw dehulled soy 6.32 283 1.97 1067 18 5.88 3.38 57.5 

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

2 irst nuber is residence time in seconds; second number is roasting temperature in SC. 
3D = dehulled; H  hulled; F = fine; M - medium; C  coarse. 

4Spindle No. - 7; rpm  20. 
5Spindle No. - 3; rpm  20. 
6Nitrogen solubility index. 
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Dehulling tended to increase iunctionality
coarser grind was used. 


Using the criteria for properly heat processed full-fat soy
sJightly. 


a urease value <0.50 and NSI >10, samples heat processed at
flour of 


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.
 

Theme data can be used as a standard of comparison to see how the
 

functional properties of the soy change with heat treatment.
 

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
 

or more TIU destroyed, which is very satisfactory.
above showed 75% 


Higher temperatures resulted in greater destruction of ttypsin inhibitor
 

activity.
 

The results of rat growth experiments are shown in Table 40.
 

205C for
Excellent results were obtained for all samples roasted at 


The maximum PER of
approximately 20 seconds or at higher temperatures. 


230*C for 15 seconds. Excessive
2.3 was found for soybeans roasted at 


heat treatment can reduce the functionality of the protein and should be
 

excess of 220"C
discouraged. For thib reason, roasting temperatures in 


appear unwarranted.
 

These data clearly show that the dry roasting process is an effective
 

means of heat treating legumes. It is interesting to compare the TIU
 

There appears to be a definite
results in Table 39 with the PER's. 


correlation with greater trypuin inhibitor destruction and higher PER's,
 

as would normally be expected.
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Table 39. Roasted soy samples - trypsin inhibitor activity.1 

Residence Roasting
 
time temperature % Inhibitor
 

Sample (sec) (C) TIU/gram destroyed
 

59,050
Raw whole soy 


75,500
Raw debulled soy 


35,000 40.7
with hulls 18 	 175 


175 46.4
dehulled 18 	 40,500 


with hulls 22 	 220 3,250 94.5
 

220 81.3
dehulled 22 	 14,150 


with hulls 24 	 245 1,000 98.3
 

245 97.3
dehulled 24 	 2,075 


dehulled 15 	 175 48,500 35.8
 

175 46.7
dehulled 24 	 40,250 


205 19,000 74.8
dehulled 22 


220 87.7
dehulled 20 9,250 


230 7,150 90.5
dehulled 15 


230 87.3
dehulled 24 9,600 


with hulls 22 205 28,250 52.2
 

Fxtruded dehu2led 	 138 36,450 51.8
 

ISampleas were defatted and passed through a 100 mesh sieve.
 

Extraction was maximized with a one-hour extraction period for
 
the raw samples and a three-hour extraction period for the roasted
 
samples.
 

The procedure and calculations are des( Ibed in AOCS
 
Tentative Method B1 12-75.
 

a
YPI, Model 1 roaster was used where salt was heated it 


separate chamber from the contacting/roasting device.
 



Table 40. 
roasted samples.1(4 weeks growth) on 

of rat growth experiment 4Results 

Sazple 

code nuber 


2-15-7 

2-15-8 

2-15-9 


2-15-10 


2-15-11 


2-15-12 


2-15-12a 


2-15-16 

2-15-16 


Description 


Soy roasted 175"C, 15 sec, dehulled 


Soy roasted 175"C, 24 sec, dehulled 


Soy roasted 205.C, 22 sec, dehulled 


Soy roasted 220.C, 20 sec, dehulled 


Soy roasted 230C, 15 sec, dehulled 


Soy roasted 230"C, 24 sec, dehulled 


Soy roasted 205.C, 22 sec, whole 


Dehulled soy - Raw 

Dehulled soy extruded 138*C 


Weight gain Corrected 2
 

PER PRE3 
(g) PER 


1.67 ± 0.07 51.1 ± 1.759.8 ± 3.8 2.11 ± 0.09 

2.05 ± 0.16 1.62 ± 0.13 49.3 ± 3.3
66.0 ± 5.9 

2.20 ± 0.03 61.8 ± 1.22.79 ± 0.04
102.6 ± 4.2 


60.0 ± 2.5
113.1 ± 4.6 2.75 ± 0.06 2.17 ± 0.05 


2.31 ± 0.03 65.9 ± 1.5
108.4 ± 3.3 2.93 ± 0.04 

2.67 ± 0.06 2.11 ± 0.05 60.8 ± 1.6104.4 ± 4.7 

106.6 ± 5.5 2.53 ± 0.04 2.00 ± 0.03 58.0 ± 1.8 

1.49 ± 0.06 44.1 ± 2.754.1 ± 4.3 1.88 ± 0.07 

0.06 58.1 ± 1.1103.4 ± 5.2 2.50 ± 0.07 1.98 ± 

I, .aodel ! roasted was used where salt was heated 
in a separate chamber from the
 

coatacting/rcasting device. 
2 Corrected to casein - 2.50. 

3Based on 2 weeks growth. 
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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 is
 

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 Brabfnder units from top of curve at peak
 

to top of curve measured five minutes after peak) die 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 studies 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 increased, the functional prop-


Grinding to -100 mesh
erties of the full-fat soy flour were reduced. 


improved the functional properties. Optimal roasting conditions appeared
 

to be 205-220C for 20 seconds. At this condition, the resulting prod

a
uct had a water-holding capacity of about 200%, a urease value of 0.3, 


nitrogen solubility Index of 18% and a corrected PER of 2.2. Such a
 

product would be suitable for incorporation Into Title II commodities
 

currently manufoctured it the United Staten.
 

Granular ned and Products are Heated
6.3 	Evaluation of Roasters where 


Together in a Single Clamber
 

The roaster for the Costa Rican Iintallation, FIP1, Versatile-100, 

has been tested at CSU to determine the mechanical characteristics of 
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Table 41. Baking formulation for bread 	
fortified with roasted soy products.

1
 

Grams
Percent
Ingredient 


100 	 500
Flour 2 


12.5
2.5
Yeast 

2.5
0.5
Yeast food 


2.0 	 10
Salt 

20
4.0
Sugar 


3.0 	 15
Shortening (Crisco) 

2.5
0.5
Emplex (SSL) 

1.5
0.3
Mycobjn 


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 (l" above pan) at 100"F (38"C).
 

Baked at 425"F (220"C) for 18 minutes.
 
Removed from pans and let cool on rack.
 

Soy product, g Water, ml3
 
Bread flour, g
Sample 


--	 350500 


350
 
Control 


-15-1 (5%) 475 	 25 

50 	 360
(10%) 450 


25 355
2-15-2 (52) 475 

(10) 	 450 50 365
 

25 355
2-15-3 (52) 	 475 

50 	 365
(102) 	 450 


355
2-15-4 (52) 475 	 25 

365
(102) 	 450 50 


25 355
2-15-5 (5%) 475 

50 	 375
(102) 450 


2-15-6 (5%) 475 	 25 365
 
50 	 380
(10%) 475 


1VP1, Model 1 roaster van used where salt was heated in a separate
 

2 chsamber frot the contacting/roasting device.
 

of the table beleyw.
3See the sectioi 

Includes 10 ml 'BrO 3 (potassium brosate).
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breads fortified with roasted soy products.1
-Table 42. Farinograph results 


Dough Mix tolerance
 
Absorption development time inde
 

Sample () (min) (BU)
 

2-15-1 (5%) 68.0 6.0 20
 

(10%) 69.5 5.5 20
 

7.0 20
2-15-2 (5%) 69.3 


(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
 

(10%) 73.9 7.0 20
 

7.0 30
Control 68.0 


1FPI, Model I roanter va used where salt was heated In a separate
 

chamber from the contacting/roasting device.
 
2BU - Brabender units.
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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 nre given in the next section.
 

Chemical, physical and nutritional 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 efficient mechanical operation.
 

During the evaluation teats of the roaster, it was possible to
 

recognize and correct some mechanical deficiencies which existed in the
 

original drive mechanism. These modifications should significantly
 

improve the life of the roaster in continuous op-rntion. This "hands

on" experience has contributed greatly toward the preparation of the
 

operation and traininp manuals for the Costa Rican plant.
 

A summary of the roaster mechanical characteristics iu 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 residence time and sand recycling rate. Table 43 presents
 

selected variables and results that were investigated. Other variables
 

investigated included 1.56 cm/m incline, 22.1 rpm and 24.6 rpm speeds, 

and 135 kS sand loading.
 

Several observations wero made based upon data presented in Table 43
 

and on visual analyses of the roaster operation.
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Table 43. Versatile-l00 direct contact roaster mechanical variables.
 

Sand Loading 
(kg) 

Speed 
(rpm) 

Incline 
(cm/m) 

Bean Residence Time 
(min:sec) 

Sand Recycling Rate 
(kg/hr) 

0 17.4 3.13 
4.69 
6.25 

2:51 
2:00 
1.07 

0 
0 
0 

0 27.3 3.13 
4.69 
6.25 

2:27 
1:40 
1:18 

0 
0 
0 

90 17.4 3.13 
4.69 
6.25 

4:24 
2:59 
2:16 

1,188 
1,494 
2,064 

90 19.7 3.13 
4.69 
6.25 

4:30 
2:47 
2:18 

1,068 
1,368 
1,854 

90 27.3 3.13 
4.69 
6.25 

4:09 
2:36 
2:03 

1,260 
1,860 
2,232 

180 17.4 3.13 
4.69 
6.25 

3:52 
2:41 
2:13 

2,310 
3,006 
3,C88 

180 19.7 3.13 
4.69 
6.25 

3:40 
2:32 
1:56 

2,448 
3,438 
3,906 

180 27.3 3.13 
4.69 
6.25 

3:38 
2:21 
1:52 

2,580 
3,978 
4,128 
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1. 	Effects of the sand loading into the roaster:
 

a. 	 As the sand loading was increased, the residence time of
 

the beans was more narrowly distributed, creating a
 

condition mire closely related as "plug flow."
 

b. 	 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.
 

c. 


2. 	 Effects of the roaster rotational speed:
 

a. 	 Increases of roaster speed from 17.4 rpm to 27.3 rpm at a
 

constant incline had negligible effects on bean residence
 

time.
 

b. 	 Increases of roaster speed by 50% generally caused
 

increases of the sand recycling rate by at leart 10%.
 

C. 	 Increases of roafster speed from 17.4 rpm to 27.3 rpm
 

produced undesirable mechanical effectm--such an large
 

amplitude vibrations in the machine and projected shorter
 

roller bearing life.
 

3. 	 Effects of the roaster incline:
 

a. 	 An increase in roanter incline of 100% produced a 50% 

decrease In bean renidence 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 50%
 

and 100% produced increases in the sand recycling rate of
 

25% and 70%, respectively. For a sand loading of 180 kg,
 

the corresponding increases in the sand recycling rate
 

were 	approximately 40% and 60%.
 

A decision was made, based 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 lHci. Operation of the roaster at the
 

lowest speed assured the longest operating life and the minimum operating
 

costs without noticeably atfecting its performance. The next phase of
 

testing involved roasting soybeans under controlled conditions for the
 

determination of the roaster energy balance and changes in produrt
 

characteristics.
 

A summary of the average roasting conditions is given In Table 44.
 

The 	following variables were measured for each test: ambient dry-bulb
 

and wet-bulb temperatures, exhaust dry-bulb and wet-bulb temperatures, 

bean 	 inlet and outlet (cooking) termperatturo-, exhtu.it air flow rate, and 

propane consumption. These variables were dept",lent on the bean feed 

rate and the propanc input regulator, which were both fixed. 

A coputer program was developed to procean the data and to 

calculate the energy balancr and the rffIclen(y of the yaterM. The 

efficiency of the roaster was defined a* the heat tnergy taken up by the 

beans and moisture evaporated divided by the heat eniergy provided by 

combustion of the propane. Vlflciencien were difficult to determine 
because propane coliauMpt iti (stjid not h)e accurately eatfired. The 

percentages ahovn in Table 44 ropredent averages of several widely 

scattered values.
 

http:exhtu.it


Table 44. Ake: ge soybean roasting conditions 

sean Bean Abient Exh~ust 

feed 
rate 
(kg/hr) 

cock.-g 
:e erature 

(C) 

N-ber 
of 

tests 

A=bient 
te=perature 

(C) 

relative 
humidity 

(Z) 

Exhaust 
temperature 

(0C) 

relative 
huidity 

(Z) 

Propane 
consumption 

(kg/hr) 
Efficiency 

(Z) 

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 
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The bean cooking temperature was controlled by adjustmtent of the
 

propane flow and pressure using the propane regulator system. As the
 

raised, the propane consumption gradually
cooking temperature was 


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
 

confirmed by the fact that the exhaust tempeintures were lower and
was 

in tht. case of the 865 kg/hr feed
the relative humidities were ilgher 

rate. Based upon these results, it appears that the roaster should be
 

operated at 850-900 kg/hr bean feed rate for maximum efficiency.
 

6.4 	 Evaluation of Roaster Samples
 

The following determinations were made on the approximately 50
 

samples involved: antitrypsin activity available lysine, water absorp

tion, viscosity, nitrogen solubility index, particle size distribution
 

nine samples, protein
and color. In addition, on a smaller subsiet of 

,tudilei were conducted.quality evaluation, baking and flavor 


Trypoin inhibitor, available lynine, water absorption, viscosity,
 

NS1 and PER data are presented in Table 45. Generally speaking, lower
 

a lower destruction
effectiveness of heat treatment wan antoicated with 


with 	 increnes in vinconity and noluof antitrypsin activity along 


in water nasorption were conslderably lesn than were
bility. Changes 

the changes in uncooked viscosity an related to heat treatment. An 

measured by antitrypain activity and 117.u, A minimutm temperature of 121C 

annd loading and residencewas satisfactory in the presence of 90-kg 

time cf 4.4 minutes. In this came, 86% of the antitrypain activity was 



soy samples.Iextrudedof roasted andEvaluationTable 45. 

AvailabIe 
t Trypsin lysine 	 Uncooked 4eight 

% Water viscosity4 	 gain Corrected
 
FS Sa=ple 2 inhibitor (g/100 g 


protein) absorption (centipoise) NSI (g) PER
 
Code f description destroyed 


5.31
168 200
97.9 5.68
2-71- 6 140- 90.8-600-4.4-3.0 

272 5.98
98.2 5.75 	 178


2-71- 4 118- 90.8-600-4.4-3.0 

288 6.28
160
86.3 N.A.
2-71- 2 118- 90.8-645-4.4-3.0 

208 0.89
170
80.7 	 5.32 


180 224
2-71- 8 121- 90.9-645-4.4-3.0 
 5.83
 
2-71- 5 138- 90.8-600-2.9-4.4 98.9 6.11 


840 7.66
 
2-71- 3 107- 90.8-625-2.9-4.4 76.8 6.20 176 

4.63
 
2-71- 7 127- 90.8-575-2.9-4.4 
 95.9 6.05 169 608 


80 11.95
190
100.0 7.12
2-77-21 121- 90.8-875-4.4-3.0 
 6.97
190 	 36
94.5 5.91
2-77-23 127- 90.8-875-4.4-3.0 

60 7.02 105.1±7.8 1.93±0.07
198


2-77-26 135- 90.8-850-4.4-3.0 98.0 6.51 

7.40 99.7±7.8 1.94±0.11
40
81.6 6.75 	 195


2-77-20 140- 90.8-860-2.9-i:.4 

60 8.56 117.1±3.5 2.11±0.04 " 

2-77-11 129- 90.8-860-2.9-4.4 94.5 5.20 193 

21.93 119.7±5.1 2.25±0.04 I 

86.2 6.13 234 144 

2-77- 1 121- 90.8-875-2.9-4.4 


132 17.23
235
84.7 5.88
2-77- 2 124-181.6-860-2.9-3.9 

80 9.63 120.8±5.6 2.15±0.04


97.7 5.00 	 195
2-77-16 135-181.6-550-2.9-3.9 
 48 7.14
 
2-77- 3 146-181.6-850-2. -3.9 100.0 6.56 218 	

60 9.74 119.5±5.0 2.09±0.05
90.4 6.14 	 218
2-77- 7 135-181.6-850-4.4-2.7 


56 8.26
191
'2.6 5.94
2-77-18 149-181.6-850-4.4-2.7 

160 26.12
73.9 7.01 	 219


2-77-19 124-181.6-850-4.4-2.7 

144 26.07
219
73.6 6.65
2-77-10 121-181.6-625-4.4-2.7 
 13.14
93.9 6.16 198 	 56 


2-77-15 127-181.6-635-4.4-2.7 

40 10.88
206
92.6 6.95
2-77-14 146-181.6-625-.4-2.7 

64 7.22
100.0 5.91 211


2-77- 4 149-181.6-625-2.9-3.9 
68 13.71
219
83.6 6.58
2-77- 5 135-181.6-625-2.9-3.9 


476 36.56
73.8 7.09 	 214
2-77-24 124-181.6-625-2.9-3.9 

7.21
6.21 188 128


2-79- 2 163- 0 -625-2.9-2.8 96.8 

52 9.35
213
2-77- 6 143- 0 -625-2.9-2.8 92.4 5.67 

4504 50.60
2-77-25 IIE- 0 -635-2.9-2.8 38.7 6.40 229 

480 15.68 123.0-4.1 2.18±0.05
 
2-77- 9 135- 0 -860-2.9-2.8 88.7 6.76 205 


720 43.40
 
2-77-13 122- 0 -860-2.9-2.8 50.1 7.35 220 


40 9.14
2-77-17 149- 0 -860-2.9-2.8 95.8 6.96 188 

http:2.18�0.05
http:2.09�0.05
http:2.15�0.04
http:2.25�0.04
http:2.11�0.04
http:1.94�0.11
http:1.93�0.07


Evaluat'on of roasted and extruded soy sa=ples (continued).-Table 5. 

Available
 
Uncooked4 Weight


Z Trypsin lysine3 

gain Corrected
% Water viscosity
inhibitor (g/100 g
YS S=mle (g) PERabsorption (centipoise) NSI 


code # descripticn destroyed protein) 

22.20 122.7±4.3 2.17±0.03
213 128 

2-77-22 135- 0 -S60-4.4-2.0 91.8 7.81 


60 10.42
 
2-77-12 149- 0 -835-4.4-2.0 88.0 5.12 200 


230 2088 54.77
 
2-77- 8 121- 0 -860-4.4-2.0 25.4 6.49 


632 28.27
216
78.2 6.69
2-77-32 121 90.8-850-4.4-3.0 
 612 32.79
256
60.1 6.46
2-85- 6 121- 90.8-850-4.4-3.0 17.08
235 184
95.3 5.01
2-85- 3 143- 90.8-880-4.4-3.0 
 164 12.97
 
2-85- 5 135- 90.8-635-4.4-3.0 85.3 5.50 225 


108 9.24
100.0 6.31 235

2-85- 8 141- 90.5-625-4.4-3.0 
 32.03
238 680
69.3 5.54
2-85- 7 124- 90.8-625-'.4-3.0 
 8.51
99.6 5.77 195 224 

2-85-10 149- 90.8-52-5-2.9-4.4 
 112 11.22 116.3±3.9 2.20±0.05
189

2-77-33 135- 90.8-615-2.9-4.4 82.1 5.96 


200 16.75
78.4 6.33 203

2-77-31 127- 90.8-625-2.9-4.L 
 19.97
225 256
98.8 5.64
2-85- 9 127- 90.8-625-?.9-4.4 
 252 21.49
 
2-85- 4 135- 0 -625-4.4-2.0 75.8 6.82 230 


116 10.11
93.5 6.37 233

2-85- 1 149- 0 -625--'.4-2.0 
 17.23
225 200 


1!- 0 -625-4.4-2.0 95.8 5.70
2-85- 2 
 116 9.32
228
98.9 N.A.
2-77-30 143- 90.8-625-4.4-3.0 
 27.04
224 728
78.6 7.08
2-77-29 124- 90.8-625-4.4-3.0 

120.7±5.6 2.17±0.07


64.4 6.36
2-81-10 Extruded dehulled soy, 

138"C
 106.6±5.6 2.14±0.03


55.0 6.68
2-81-11 Extruded dehulled soy, 

143C
 120.5±3.5 2.20±0.066.552-81-12 Extruded dehulled soy, 67.8 1.4.1 
!49"C510-. 


51.0±7.9 1.24±0.18
 
- 6.692-81- 9 Raw soy, dehulled 


1Sa=p.es roasted on F1l, Versat!!e-100 roaster where sand, mixed with soybeans, was 
heated with combustion 

gases in a single cm--ber. 
C-Sand loading (kg)-Bean throughput (kg/hr)-Roaster slope (cm/m)-Average 

residence time (min)
 
'ea= cutlet te=perature,

35a=ples were defatted and ground to 200 =esh for analysis. N.A. - no sample available for analysis.
 

samples
 
were made cn a Brookfield viscosimeter using a #5 spindle at 50 rpm. The 

Viscosity measureme-ts 
retaized on a 60 =esh screen were evaluated.
 

http:1Sa=p.es
http:1.24�0.18
http:2.20�0.06
http:2.14�0.03
http:2.17�0.07
http:2.20�0.05
http:2.17�0.03
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destroyed and the corrected PER was 2.25, which is quite good for soy.
 

However, reduction of the saad 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. Raising the temperature to 135*C, however, resulted in an
 

2.18, even
89% reduction in antitrypsin activity and a correcLed PER of 


in the absence of sand and a decrease in residence time to 2.8 minutes.
 

a minimum amount of effective heat
This probably represents close to 


Although the data
treatment to make full-fat soy flour in this process. 


showed sand was not absolutely essential in the heat treatment, the sand
 

provided more operating latitude for the equipment and reduced the
 

to pass through the roaster.
residence time variability for the product 


Both of these results are beneficial and are sufficient reason to use
 

the sand as heat transfer medium.
 

Examining 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 differences are of practical significance and none appear
 

related to roasting conditions.
 

Available lysine an a percentage of protein ranged from approxi-


Out of the 50 samples, only six gave available lysines
mately 5 to 7.8. 


in excess of 7%. These higher values might be questioned on the basis
 

that they represent more lynine than lan been determined by column
 

an inverse relationship
chromatographi. Although one might expect 

between percent trypsin inhibitor destroyed and available lynine, there 

are many limitations to available lysine data as determined by the TNP
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method, and it will probably be necessary to determine lyane availa

bility in the rat in order to make certain that full-fat soy flour
 

a good supplement 	to cereal grain.
produced by the roasting process is 


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

sieving, It is

ticle size distribution, because of the difficultien in 


the time. The

quebtionable that 	these were of practical importance nt 


evaluating the particle size dintribution was
major function of 
to
 

obtain a uniform sample which was used for the viscosity determinations.
 

Table 46. Particle size distribution for ronnttd snmplet.. 

on I nol 7 onX oil Ol 
130 Si eve' 040 .;Ivt" 00() Sieve FO0 Sieve' Plan

FSN Code #20 S ieve 

S..mpInln tieved ont rmt;cha t l Oink.," 

"" 39.5 1.73 9.14
2-71-10 21.1 20.3 

48.,5 0.4 1.7
2-71-16 1'.9 ?5.9 --

2-71-12 13.7 22.9 -- 5S.6 0.5 1.7 

.4 7.726.2 --2-71-15 15.4 
-- 46.4 6.7 1.12-71-14 19.3 24,3 


4H.2 1.2 0.126.9 --2-71-13 14.2 
-- 52.6 0.4 1.,6226.5
2-71-11 16.2 


sieved1lvsOU by. 1141d 

6.?
 
--	 1.2 #'.0 36.1 20.P

2-77-21 

5.9 4.i 43.1 31.H 7." 

2-77-23 --

2-77-26 -- 14.0 20.0 44.0 li.0 1,.f 

32.2 22.0 Q.0'
3.5 5.02-77-20 -" 
7.0 31.6 10,l7 41.0 

--	 3.12-77-11 
1.1 13.7 70.0 7.2 1.22-77- 1 -" 

14.4 67.3 9,9 i.02-77- 2 --	 1.1 
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Table 	46, Particle size distribution for roasted 
samples (continued).,
 

% ol on on o on % on 

I40 Sieve #60 Sieve #80 Siteve PanFSN Code #20 Sieve #30 Sieve 


--	 1.0 12.0 57.0 1.8 15.92-77-16 

14.2 0(.8 12.1 1.7
2-77- 3 	 -- 1.2 

20.1
10.5 13.5 26.1
2-77- 7 	 -- 2.4 
0.1 4.1 36.3 23.0 28.1
2-77-lb 	 --

0.2 7.8 36,8 16.8 32.0
2-77-19 	 --

2-77-10 	 -- 2.2 15.6 1.1 17.8 16.3 

1.0 7.8 41.0 30.0 14.7

2-77-15 	 --

-- 0.2 8.2 38.5 38.2 9.22-77-14 

--	 2.2 17.4 45.5 22.4 6.0

2-77- 4 
-- 2.0 12.7 56.S 13.0 9.22-77-	 5 


22.0 ?.8
2-77-24 	 -- 3.9 5.9 ",8.0 
1.0
5.0 46.0 16.0 2.0
2-79- 2 	 --

0.4 12.5 71.9 4.8 5.2
2-77- 6 	 --

2.0 1.0 .3.0 24.0 19.02-77-25 	 --

4.2 9.0 33.0 38.2 8.2
2-77- 9 	 --

0.5 5.5 34.!t 38.0 14.02-'7-13 	 --
".0 18.0 35.5

2-77-17 	 -- 0.3 3.1 
37.0 25.3 24.02-77-22 	 -- 1.0 8.2 

2.5 12.1 21 .3 16.9 
--	 0.12-77-12 


11.5 17.8 32.0 11.0
2-77- 8 	 -- 0.9 
4.0
8.0 12.0 60.0 10.0
2-77-32 	 --

23.0 45.0 11.0 5,0

2-85- , 	 -- 12.0 

13.0 24.0 45.(0 11.0 3.0
2-85- 3 	 --

2-85- 5 	 -- /.0 27.0 56.0 8 .) 4.0 

--	 5.0 21.0 Sl.0 16. 5.0
2-85- 8 

-" 2.0 27.0 46.0 15.0 6.02-77-30 
j4.0 11.0 5.02-85- 7 -- 10.0 19.0 
'4.0 1H.( 6.02-77-29 	 "" 1.0 18.0 

2-85-10 -- 1.0 31,.0 51.0 7.0 2.0 

2-77-3I 	 -- 8.0 0,-.0 20.0 4,0 1 . 
23.0 H.0 114,. 7.02-77-11 	 "" 12.0 


7.0 17.0 56.0 11. 6.02-8' 9 	 "" 
-- 8.0 20.0 46.0o 14.') 1.()?-tIh-	 4 

I "" 118,-1.0 11.0 5V4. () I1.4) 4.0 

- " --	 1o,.l) I.1) 	 ,.0 

tih| 	it, tjt r levi Iitt, alli , : .gets atlhr h, 	ptr ,'vi fori.'ome utijmple wa tiu 


il,ll ,ll VWIn 100 gri:. S;AmIra
tlt fnral
giveit 	 nnaplo tay not toltl 100%. 
s.tor, whet , ,' l, mixed Willi soy|irnnis,V'ts at 0( 


W0 heIated With romblhiti-t gaier; in a "I 1 igihbr.
 
wort riiatvd oi 'l'I , i lo-1O0 
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Data on the color measurement of roasted soy samples are presented
 

These data were obtained using a Hunter Color Difference
in Table 47. 


Meter. Differences in total lightness ascribed to processing conditions
 

if not lighter than,
were quite 	minimal, with all samples as light ar, 

raw ground 	soybeans. Differences in hue were also quite minimal as 

related from a color ntundpoint. 

roasted soy 	namples evaluatedA flavor profile analysis of the nine 

48. Samples with the overallin the rat titudy is pretsented in Talle 

or sampleshighest arm-A ntenuitien were 2-77-20, 2-77-1) amnd 2-77-9 

The higherm t overall fl vor Intens.*V wati 116R ooaseted above 13')"C. 


and flavor nrott.11 wert- detected
clatel with 	stimpl l 2-77-9. Burnt aona 

in sample 2-77-2, ALl tmimplen, with the po-nible exception of 2-77-2t 

were quite 	accptable to the trained panel. 1hit, ptirt Itular sample was 

I "C with a tiand loading of 90 kg. it throught ut of 850roasted at 

kg/hr, a nlope of 4.1 mln/m and i rrnidencre tline of $.0 mlimtrn. Although 

rnngr of Ac( ptablethese totmitionn alqprar to be well within the 

gnv'e the hoe- t correctedroasting conditiona, thit. partictilar tarplle 


It would
PER of 1.93 and alao a WlIX reducttion of ant ittnynm activity. 

by thi a part I o lArappear that the heat treiatlt all tain I rect-tvc d 

samplc wan tit rxcenU if that which wtul,! ,ir conn idrred drntrabile from 

or ,i flavor stammd1 loin, * Ilhmigh the diferencebeither a 	 mitritital 

v. Alpia 	 itlv tle namplradr of border I I le at 1in t t nl aigni 1 n, 


rti(reprcavtm t -A, acme allom uIotint il t rathri I han t ho ripe~ t vl 1,ro ep 


for that pro(, anlnK 4nt diltioti. tuly a re.t at rould cenfitrm thin
 

hypothuls. 

A likini study was rarried out uning the full-fat soy flouro that 

ware ovalunt#d In thi protein quality evaluation. Posatod 1I9F i.smploa 

http:nrott.11


-180-


Table 47. (olor measurement 
of roasted soy samples..
 

L
FSN Code 
a
 

22.0
-2.0
78.9
2-77- 1 

19.2
-1.7
77.8
2-77- 7 

19.4
-2.3
78.4
2-77- 9 

19.0
-1.6
76.6
2-77-11 

19.0
-1.8
77.8
2-77-16, 

19.1
-1.6
75.5
2-77-20 

19.9
-2.9
79.3
2-77-22 

19.4
-1.2
76.3
2-77-26 

20.7
-1.7
79.7
2-77-33 


95 -2.1 21.6
77.5
2-81-


The ahove samples were used In the rat study for PER.
 

21.8
-3.0
81.3
2-77- 8 

20.9
-1.6
9 79.6
2-77-

21.3
-2.6
80.7
2-77-10 

20.3
-0.5
77.1
2-77-11 

20.9
-0.5
77.8
2-77-12 

21.7
-2.6
81.2
2-77-13 

21.2
-1.2
78.6
2-77-14 


2-77-15 
 79.5 -1.6 21.0
 
20.7
-0.5
76.8
2-77-17 

20.9
-0.2
76.4
2-77-18 

21.3
-2.7
80.6
2-77-19 

20.9
-1.6
79.1
2-77-21 

208
-0.4
76.8
2-77-23 

21.8
-2.9
81.6
2-77-24 

21.9
5 -2.8
81.8
2-77-.
 
20.1
-2.0
80.5
2-77-31 

20.1
-3.0
82.6
2-77-12 

19.9
-1.5
79.9
2-77-33 


19.4
-1.5
77.2
2-85- 1 

19.0
-1.7
79.7
2-85- 2 
19.5
-2.1
80.2
2-85- 3 


2-85- 4 81.1 -2.2 19.5
 
19.2
-1.8
80.3
2-85- 5 
19.5
2-85- 6 82.3 -2.8 
19.2
-2.A
2-8'. 7 81.7 

-1.5 19.1)
2-85-8 80.0 
-0.9 19.9
2-85-10 74.6 

I;S~mp~lea ute riaatvd .,i F'I, Voraattlo-100 ro)antor hero 8onnd, slolod with 

a mi4ll4 K| thasb er.9I4he iI!€4e.1 4och|t iou n Ra nca 
n l0yI)r Itin. , a3l to a IIp li i as.ea.1O - whltP. 0 - tl at' 


e o r yac w.
 
t ,ie.( hoet net l mose4( 

Raw Ooy 4tp 
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Table 48. Flavor Profile 	analytils otf 


FSN Code 	 Aroma Intenity 


2-77-20 	 1+ 

1+ toasted 


2-77-11 	 ) 

1 toasted 

2-77-16 	 1+ 
I toasted 


)( soy 

2-77- 1 1 
) (+ soy
)(+ toasted 

2-77-33 	 1 
g
areen 

I tonated 

)( Ooy 

2-77-22 
 W( to,,12ted 
) f(i)y 
)( starchy 

1+ 

I grovn 


2-77- 9 


) ( soy 
)( toniatod 

roasted soy ftinmples.1
 

Flavor Intcnstty
 

1 
1 sweet 

) ( green 
)( astringent 
)( Hoy 
)( hitter 

1 

)(+ sweet 
I roaated 

)( starchy 
) ( iter 

I sweet 
)( to ited 
) ( starchy
) ( hit ter 

)(+

I ... t

)( t.,4tI-d 
) ( :,,,. 

)( hitttr
 

) ( I t+we',, 
)( t(,4It td 

)( "Y 
lt
) ( h I 

)

)(4 uwl

)( Iast .d
 
I atarchy 

)( hitter
 

1+ 
1+ "Weit
 
1 sitrchy 
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1
 

Table 48. Flavor profile analysis of roasted 
soy samples (continued).


Flavor Intensity
FSN Code 	 Aroma Intensity 


1 	 1
2-77-26 

1+ sweet
1 burnt 

)( toasted 1 toasted 

)( soy 	 )( burnt 
)( bitter 

1
1
2-77- 7 

1+ toasted )( sweet 

)( soy )( toasted 
)( bitter)( st.rchy 

ISamples were roasted o,, iI,. Vursattle-lO0 roastcr where sand, mixed with 

soybeans, wnn. he-ted with combustion gasecs In a single chamber. 

1 - tl lght
 
1+ - tilight to co,,tiratte
 
) " d- tr'crt d at thrvuhold
 

were baked into a bread at a 12% level (142 based on flour weight). The
 

for the
 
results are presented In Table 49 for the dough and Table 50 


The reenter naplen were compared to a fresh commercial
broad arores. 


sample of full-fat noy flour referred to an Nutrinoy 220. Compared to
 

aemples performed rather well. Only

the commercial sample. all roanter 

three of the samples proxhuced breads of lower volume than the $utriaoy
 

volume as to co ol expected

220. A slightly lower compared the wan at 

there were 1o 
a 12% .ubatitutton level. Vxcept for the bread volume 

bread (haracteriatIcm. The longer proof time 
differences in erternal 


acore of the

due to soy subatItution was expected. The hiKher total 


a lighter crumb
to a ullghtly higher volume andconltrol was due mainly 

to 15, Indlcatingcolor. Total scores of all soy breads ranged from 10 



1 
Table 49. Evaluarion of dcou?h using FFSF produced by roasting 

process.
 

Absorption Mixing Ti=e Dough Proof Time
 
() 	 n 2Tetperature, C mn. 

- Cei:i 


1 m ca: ..- 72 4 28 32 

3 33 
2 ,. f: r. - '&:ri-soy (12:) 76 	 3 3/4 28 

3 3/4 28 34
3 -- r :-77-20 12) 76 


29 35
4 :?.c.-: ( 2-77-6'b (12:) 76 3 314 

5 " :. . 5: 2-77-22 (12) 76 3 314 28 39 

6 V!ca: :cr( ) - 2-77-1 (12) 76 3 314 29 40 

7 c..: *- 2-77-11 (12:) 76 3 314 28 41 

3 3/4 29 37
8 ,-e:2 .-- 77-33 (12%) 76 


29 39

9 !,c: - 12-77- 7 (12%) 76 	 3 3/4 

-7- 1 (124) 76 

29 42 

10 . , - 2.-e: 	 3 3/4 29 42 

11 ". , -. . - - 9 (12 ) 76 	 3 3/4 

5n,'es vcrc 	:zas:c: c= -:., ersatile-1O0 roaster where sarA, mixed with soybeans, was heated with
 

;ascs in a single cha.ber.
 

-. au.-- . Ccpary mixer. 

L2,15N zCc.
 



I using FFSF produced by roasting process.2
Table 50. Bread scores
 

Specific 
Yo.e 

CrIst 
C. SC'otrv Break 

Cr-=b 
Color Flavor Grain Texture Volume 

Total 
Score 

Bread3 
Color3 

(cc) (7) (7) (6) 10) (15) (20) (20) (15) (100) (AE) 

4.0 7 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 5 14 16 17 10 80 36.5 

44.03 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 j 

7 4.37 6 7 6 6 14 15 17 12 83 31.9 

8 4.02 6 7 6 7 14 13 16 11 80 29.1 

9 4.30 6 7 6 6 14 15 16 12 82 31.4 

10 4.28 6 7 6 8 14 15 16 12 84 29.7 

11 4.42 6 7 6 8 14 14 16 13 84 30.5 

lynhers in ;arentheses under each bread characteristic indicate maxim=u points. 

zSz-les Uvre roasted Cn FI. Versatile-1O0 roaster where sand, mixed with soybeans, was heated with 

zc'~stin gases in a single cha=ber. 

3 ,) ! 
E- *'(:L)- - (-*a)- - (-'b)- ; L  94.65; a  0.6; b  0.1 (Hunter Color System). 
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that bread@ of satisfactory quality can be produced with most of the 

of improvers such as SSI.. Crumbfull-fat soy flours without the use 


as expected. However, some of
colors were daiker due to the use of soy, 


indicated by the
the sample. produced a darker crumb than others as 


crumb color scores and the total crumb color differences. Products
 

2-77-7 (roasting temperature <135"C) pro2-77-20, 2-77-26, 2-77-11 and 

duced breads with darker crumb color in comparison with the commercial 

full-fat soy sample. It may be significant that tae first two of these 

sample@ 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, repretient the next two PER'n1, but they 

are consistent with the changes in the bread scores. In summary, all of 

the samples produce" a pleasant tread flavor with samples 2-77-16 and 

2-77-22 appearing to perform best overall. 

6.4.1 Roaster Operating Parametern
 

it Is concluded thatBased on the extennive tenting on the roaster, 

a FFSF can be produced using the lc-cost roasting tech-ology. Although 

of roast lug conditions can conclunively be clannifted an no single aet 

In the data. the following conditionsoptimal, becaut of nryme scatter 

for runnting whole hoybeAnn tor the production of 'FSFare recommended 


using the Vereatilt-lO0 roaster.
 

Bean exit t-rperaturr 1296C
 

90 lg
Internal sand loading 


reed rate 910 kg/hr
 

3.9 cm/m
Slope 


product should result having the following
Under such condirions, a 7Y5 

characterstics i 
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Trypsin Inhibitor destroyed >802 

Available lysine > 5 g/100 g protein 

Water absorprion 200% 

Uncooked viscosity 80 cps 

NSI 12-20% 

PER 2.1-2.2 

The roasted, dehulled FFSF can be ground in a hamme- mill to approximately
 

70 mesh with 20% being -80 mesh. A high quality hammer mill with inter-


Bread baked
nal air classification would further reduce particle sizes. 


with FFSF samples ground to the above specification were judged equiva

lent to bread baked with a commercial FFSF. Pin milling of the roasted
 

whole 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 experiaent, 50 grams of each sample, roasted in the FPI,
 

Versatile-l00, were placed in 100 ml of water at room temperature and
 

At the end of each respective
permitted to soak for two and five hours. 


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 wnter
 

and 	simmering in a beaker covered with a watch glass for 1 hour. After
 

cooking, 10 beans from each 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 smples 2-79-19 and
 



Table 51. Cookability of roasted navy and pinto beans
1
 

FSN Code Sample Description 2-hour Soak 5-hour Soak 1-hour Simmer
 

2-79- , pinto, 113 0C, 4.4 minutes 52 72 82 

2-79-18 navy, 740C, 4.4 minutes 1 3 5 

2-79-19 navy, 1350 C, 4.4 minutes 7 8 8 

2-79-16 pinto, 1070C, 4.4 minutes 2 5 5 

2-79- 9 pinto, 1290C, 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 

1Samples 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. 
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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 -120OC 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 40% relative humidity
 

2. 31"C at 50% relative humidity
 

3. 48C at 60% relative humidity
 

4. Frozen storage which served as a control.
 

Roasted whole soy was stored at the above conditions for three 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 (11.75%) were prepared and served hot to the 

panel. Overall aroma and flavor intensities were obtained using a four

point scale )( - threshold; 1 - slight; 2 - moderate; 3 - strong]. In 

eddition, 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 the 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
 

The list is representa(as of 10-15-77), where available, are given. 


tive of suppliers but may not include all potential suppliers. Naming
 

Prices
suppliers does not imply endorsement by 	CSU, USDA/ERS or AID. 


are subject to change, and price quotations are required prior to
 

ordering.
 

7.1 Vitamins Only
 

American Roche International Inc. 	 Price: $9.90/kg
 
Delivery: approximately
555 Madison Avenue 


4-6 weeks after receipt
New York, NY 10022 

Phone: (212) 752-5550 of order - FOB
 

Attention: Mr. David Fetrillo
 

Price: $10.30/kg
Vitex-American 

1016 Trenton Avenue Delivery: 10-12 days
 

FOB - St. Louis, MO
St. Louis, Missouri 63132 

Phone: (314) 426-2611 Linden, NJ
 

Fresno, CA
Attention: Mr. Jay Thaman 


7.2 Minerals Only
 

Price: $0.80/kg
Roland Industries, Inc. 

2280 Chaffee Drive Delivery: Immediate
 

63141 FOB - Factory,
St. Louis, Missouri 
Phone: (314) 567-3800 St. Louis, MO 

(Export packaging)Attention: Mr. Charles Backer 


Price: $0.63/kg (in bags)
Stauffer Chemical Company 

Westport, Connecticut 06880 	 Delivery: Immediate
 

FOB - Chicago Ileights, IL
Phons: (203) 222-4054 

Cable Code: STAUFCHEI
 
Attention: Mr. John Rush
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M. D. Canterbury 	 Price: $0.64/k& in
 
P. 0. Box 88 24.5-kg paper bags
 
Grayslake, Illinois 60030 Delivery: Immeiiate
 
Phone: (312) 223-4281 FOB - Chicago area
 
Attention: 	 Mr. Canterbury Observation: Overseas 

shipments must be 
packaged in light 
drums--not paper bags 
to avoid product loss 

7.3 Vitamins and Minerals 

Thompson-Hayward Chemical Company 
2 East Madison 
Waukegan, Illinois 60085 
Phone: (312) 623-1600 
Attention: Dr. John Burbeck 

Price: 

Delivery: 
FOB 

Vitamins 
Minerals 

One week 
- Waukegan, IL 

- $10.35/kg 
- $ 0.68/kg 

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 SUMARY 

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 limitations of two
 

LEC's. The original tests as outlined in the first Annual Report (i.VC-2)
 

were expanded to include some of the ingredients which are available in
 

LDC's. Such ingredients as cottonseed, chickpea, rice bran, mung bean
 

and coconut have been tested successfully and increased the scope of thk
 

LEC's capabilities.
 

Products which have been extruded and nutritionally tested have
 

proved suitable for weaning foods or other focd uses. As a part of the
 

overall testing, and to further expand the CSR test file, preclinical
 

tests are being conducted to assure the suitability of these products
 

for their intended use as a weaning food or isutritious 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, Costs Rice and
 

East Africa have been conducting progr.As to determine applications for
 

LEC's in LDC's. The Philippines, Guyana and Thailand have started
 

testing programs. In each case, formulations have been de,/eloped 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 which are centered around the LEC technology have
 

shown that the LEC is suitable for continuous production, provided an
 

adequate supply of spare parts are available, the operators are compe

tent in operation of the equipment (usually attained through training),
 

and a good maintenance program is established. Sri Lanka, bolivia,
 

Tanzania and Chihuahua, Kexice, are presently operating complete processing
 

lines based on the LEC technology.
 

Consultants and evaluators have been asked to evaluate the LEC 

concept, LEC program and LEC plants. These evaluations have concluded 

that the LEC technology t 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 is 

suitable for LDC's. Recommndatlons given by the evaluators have been 

used in design of nov &.VC systems. Taniania, Costa Rica and an expan

sion plant for Sri LAnka have benefited from thene recoimendatl(Ms. It 

is felt that each demonstration system is improved because of the expe

rince gained and the evaluation efforts that have occurred. The latest 

state of the art is summarised in this, the srcond Annual Ieport. 

http:progr.As

