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INTRODUCTION

The efficient development of animal industry requires, among other
things, knowledge of the chemical composition and nutritive value of
feedstuffs utilized in the preparation of mixed feeds. Such knowledge
becomes even more important when it is recognized that the composi-
tion of such diets varies according to the needs of the animal to meet
satisfactorily specific functions, such as growth, production, mainte-
nance, and reproduction.

In Central America such diets are, in many cases, not easily balanced,
because of the lack of sufficient kinds of feedstuffs containing adequate
levels of essential nutrients. Besides the limited number of feedstuffs
and their low availability, present problems with most of them include
a lack of uniformity in raw materials, which introduces significant vari-
ations in composition as well as improper processing, resulting in prod-
ucts of low nutritional value. Furthermore, most products are not de-
fined or classified, which makes possible their adulteration,

Knowledge of the effect of processing on the nutritive value of feed-
stuffs is very limited in Central America. It appears that the main con-
cern is to find and make available various kinds of fecdstuffs manufac-
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tured through primitive processing techniques in most cases. There are
several reasons for this:

® The area is generally underdevcloped.

o With a few exceptions, processing industries are just beginning to
appcar.

® [ntensive animal production is rather new in the area.

® There is a general lack of knowledge concerning the effect of pro-
cessing on the concentration and availability of nutrients.

This report summarizes some of the research findings carried out by
the Division of Food and Agricultural Sciences of the Institute of Nu-
trition of Central America and Panama (INCAP). Some of the work has
been carried out at the laboratory level; however, research has also been
done with industries, particularly those processing cottonseed. While
this work has been in progress, it has been found that interest in pro-
ducing good-quality feedstuffs is constantly increasing.

VARIATION IN CHEMICAL COMPOSITION
OF PROCESSED FEEDSTUFFS

Interest in feedstuffs is relatively new in Central America. Those in-
terested have used as a reference the well-known feed-composition
values of Morrison’s book (Morrison, 1959). However, production was
often very poor. To remedy the situation, work was started on a survey
of feedstuffs in Central America. Samples were collected and attempts
were made to define the conditions under which they were produced.
The samples were analyzed for their proximate chemical composition,
and, in some cases, analysis included amino acid content, mineral and
vitamin concentration, and biological assays for protein quaiity and
nutritive value in general (Braham et al., 1969; Bressani et al., 1968a;
Elias and Bressani, 1970; Gémez Brenes and Bressani, 1970; Zaghi and
Bressani, 1969).

Products from Vegetable Origin

Oilseed Meals Among oil-containing seeds, the one that is most avail-
able in Central Amecrica is cottonsced (Bressani et al., 1968b). Sesame
is processed to a limited extent (Zaghi and Bressani, 1969). Other oil-
bearing sceds processed include the fruit of the African palm, corozo
nuts, and copra (De la Fuente et ¢l., 1971). Because of the problems
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encountered in the production of cottonsced and the increasing demand
for fats and oils, other oil-containing secds are beginning to be exploited.
For example, peanuts will be processed in 1972, although peanut meal
is still not available in the area.

In most cases, oilseed processors in Central America pay little atten-
tion to nutritive value, particularly with respect to protein. They are
concerned only with oil extraction. Processing plants include hydraulic
pressing, prepress solvent, and solvent procedures (Bressani ef al., 1968a).
Because of this, the quality of the material available is variable. Table 1
summarizes chemical results on 128 cottonseed meal samples from Cen-
tral America and on 7 for sesame meal (Bressani et al., 1968a; Zaghi and
Bressani, 1969). The results on cottonseed meal reveal significant dif-
ferences in oil content, differences that can be traced to poor extraction
procedures, to method of extraction, or to the addition of soap stocks
to the extracted seed.

Crude fiber and total protein content are variable. Both depend on
the amount of hulls left with the kernel before processing and on the
amounts added back to the meal. Free gossypol is highly variable. The
low values, correlating well with low available lysine content and low
nitrogen solubility, suggest that the meal was produced by screw-pressing
operations, while samples with a high free-gossypol level suggest a ma-
terial coming from a solvent-extraction plant. Variability in chemical
composition is also evident in sesame meal.

From these data it can be concluded that very little attention is given
to nutritive qualily, that processing conditions are, in general, not well

TABLE 1 Variation in Composition of Oilseed Meals in Central America (%)?

Cottonseed Meal Sesame-0il Meal

Component Minimum Maximum Minimum Maximum
Dry matter 89.0 93.7 90.4 96.6
Crude fat 2.5 9.1 0.6 13.2
Crude fiber 4.2 14.2 5.2 7.0
Crude protein 35.8 51.3 38.0 45.1
Ash 6.1 7.7 9.5 13.2
Free gossypol 0.036 0.126 - -
Total gossypol 0.76 1.22 - -
Available lysine

g/16gN 2.4 4.1 - i
N solubility 39.5 83.2 - -~
Number of samples 128 7

dBressani et al. (1968a).
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controlled, mainly beeause of the use of old cquipment, and that there
is a need to standardize the product. This problem is now being worked
oul by agencies of the various governments.

Cereal Grain By-Products The problem with cereal grain by-products
is similar to that with oilseed meals. Table 2 summarizes data for corn
gluten and for two rice by-products (Elias and Bressani, 1970). 1n the
casc of corn gluten, the variability is not as great, probably because the
number of processing plants is rather small.

It can be seen, however, that starch extraction carried out by wet-
milling is very inefficient. The rice by-products show a relatively high
variability in chemical composition. This variability has been traced to
the operating conditions used and to the machinery employed. In many
instances, the machinery is rather old; therefore, definition or classifica-
tion of products is very poor. For example, rice bran-samples with a high
fat content suggest a material containing rice polishings and germ.

The variability in chemical composition of whcat by-products is lower
than in other cercal grains (Table 3). The wheat-milling industry is well
advanced in technology and in new machinery, which help significantly
in standardizing the chemical quality of the by-products. Furthermore,
the wheat processed in most countries, with the exception of Guatemala,
is from the United States or Canada, with the result that by-products
have lower variability in chemical constituents.

Products of Animal Origin

The variation in chemical composition found in cereal grain by-products
and in oilseed meals is also evident in the composition of some animal
by-products (Gémez Brenes and Bressani, 1970). Table 4 summarizes

TABLE 2 Variation in Composition of Cereal Grain By-Products in
Central America (%)”?

Corn Gluten Rice Polishings Rice Bran
Component Minimum  Maximum  Minimum  Maximum  Minimum Maximum
Dry matter 84.3 91.2 86.7 90.1 85.1 89.0
Crude fat 4.9 10.2 7.7 20.3 3.8 19.3
Crude fiber 1.2 3.9 3.6 11.9 3.7 24.9
Crude protein  13.6 19.8 8.6 14.2 6.8 14.2
Ash 0.6 24 6.5 9.6 5.6 124

9Elias and Bressani (1970).
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TABLE 3 Variation in Chemical Composition of Cereal Grain By-Products in
Central America (%)?

Wheat Middlings Wheat Bran
Component Minimum Maximum Minimum Maximum
Dry matter 86.3 88.0 85.0 81.5
Crude fat 3.6 7.1 4.0 6.4
Crude fiber 34 9.4 6.0 12.6
Crude protein 14.8 21.6 13.2 20.8
Ash 2.3 4.5 34 6.6

@Elias and Bressani (1970).

the proximate composition of three products. Meat meal, for example,
shows a very high variation in protein and ash content, which suggests
not only poor processing in terms of raw materials but also lack of a
clear definition of the composition standards of this type of product.
Blood meal on the other hand is less variable, probably because of the
physical characteristics of the material before processing.

Fish meal is produced in three or four places in Central America.
Panama is the main supplier. The variation in composition is rather
high, as indicated by the maximum and minimum values for fat, pro-
tein, and ash. The low values probably represent adulterated samples
because of the high cost of this feedstuff in Central America.

The information presented suggests a significant lack of uniformity
in the feedstuffs available in Central America, a situation that is chang-
ing because of a better understanding by the consumer of the reasons
why such feedstuffs should have a constant composition and because
of the competition among producers of such feedstuffs. Although only

TABLE 4 Variation in Chemical Composition of By-Products of
Animal Origin (%)?

Meat Meal Blood Mecal Fish Meal

Component Minimum Maximum  Minimum Maximum  Minimum Maximum
Dry matter 90.4 93.7 86.8 92.6 78.0 94.5
Crude fat 9.8 13.2 0.1 0.8 03 12.5
Crude protein  36.3 60.1 72.6 81.4 294 66.7

Ash 7.0 35.1 24 5.1 9.3 54.6
Number of

samples 5 7 9

Gomez Brenes and Bressani (1970).
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TABLE 5 Partial Chemical Composition and Protein Quality of Mcat Mecal and
Blood Mcal from Central America

Composition Protcin Quality
Average Protein Available

Crude  Crude Weight Efficiency Lysine
Samiple Fat (%) Protein (%) Ash (%) Gain? ()  Ratio (/16 g N)
Meat meal (10133) 13.6 39.6 25.0 22 0.96 3.55
Meat meal (10134) 10.9 35.2 43.7 13 0.58 2,79
Blood meal 0.6 85.1 2.3 -8 - 1.70
Cascin - - - 117 2.75 -

dAverage initial weight, 42 g.

major chemical components were discussed, the variability shown serves
to indicate what can be expected in the minor components, such as cal-
cium, phosphorus, amino acids, and vitamins.

Some of these materials have been fed to rats as the only source of
protein to learn of their protein quality. Table 5 summarizes the results
of two samples of meat meal and one of blood meal. The table shows
partial chemical composition, weight gained by the animals in 28 days,
protein®efficiency ratio, and available lysine values.

The protein quality of the two meat-meal samples is rather low, and
the values are different from each other, as corroborated by the low
levels of available lysine. The blood-meal sample contained a high level
of available lysine in the protein although this is rather poor in nutritive
quality, since the animals lost weight. This was expected since it is
known that blood-meal protein is deficient in isoleucine. The data indi-
cate that the quality of such feedstuffs is poor. As indicated before, the
low quality of these feedstuffs could be due to poor-quality raw mate-
rials improperly selected as well as to poor processing. On the other
hand, the high available lysine in blood meal suggests care in the prepa-
ration of the material.

Results on fish meal are presented in Table 6. The level of fat in the
samples ranged from 3.4 to 10.5 percent. A wide variation was also
found in ash content, and protein content ranged from 56.8 to 62.5
percent. Two fish protein concentrate samples were used as controls.
The protein efficiency ratio values showed a wide variation (not neces-
sarily because of available lysine, which was relatively constant) among
the fish-meal samples.

In summary, much of the variation found in feedstuff samples in
Central America is due to the poor quality of raw materials, which are
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'TABLE 6 Partial Chemical Composition and Protein Quality of Fish Meal
from Central America

Composition Protein Quality

Sample Average Protein Available
INCAP Crude Crude Weight LEfficiency  Lysine
Number Fat (%) Protein (%) Ash (%) GainZ?(g)  Ratio (g/16 g N)
10138 9.5 58.8 19.0 87 2.18 6.71
10139 10.5 58.4 21.3 107 2.47 6.45
10140 34 56.8 25.3 127 2.58 6.32
10141 5.5 62.5 13.3 116 2.67 6.36
Fish protein

concentrate 0.6 85.0 10.4 154 3.13 7.70
Fish protein

concentrate 0.6 91.1 4,7 152 3.23 7.06
Casein - ~ - 69 2.82 —

@ Average initial weight, 42 g.

inefficiently selected, and poor processing is probably affecting nutri-
tive quality in some cases.

PROCESSING OF COTTONSEED

As indicated previously, cottonseed is the most important source of
protein in Central America. Because of its high availability and-the need
to develop a high-protein food for people, efforts were made to modify
processing operation that could yield a cottonseed flour acceptable for
human consumption. This was achieved in 1959, and today about 1.5
million 1b of cottonseed flour are used for the preparation of Incaparina
(Bressani et al., 1966). The modifications introduced for the production
of a high-grade cottonseed flour are now also used to produce a cotton-
seed meal that has applications in poultry and swine dicts.

Results from a relatively large number of studies carried out in five
oil mills in Central Amecrica confirmed that temperature of processing
was extremely important in contrdlling the protein quality of cotton-
seed through a significant decrease in available lysine (Bressani and
Elias, 1968). Some rcpresentative results are shown in Table 7. The
values are average results of two runs. The samples werc obtained after
the processing stages indicated. The results demonstrated that fat con-
tent decreases at the screw-pressing stage, as expected, causing changes
in other components. Gossypol changes, however, occur at the drying
stage where temperatures increase as high as 260 °F (126.6 °C). Avail-
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TABLE 7 Changes in Chemical Composition of Cottonseed during Processing
by Screw-Pressing?

Crude Gossypol Available

Stage in Fat IFiber Nitrogen Free Total Lysinc
Processing . (%) (%) (%) (%) (%) (g/16 g N)
Seed - 31.8 8.5 4.60 1.12 1.36 3.29
Cooking 93 31.2 7.9 4.63 1.05 1.32 3.20
Drying 93-127 336 7.1 4.89 0.29 1.23 2.86
Conditioning 115-138 37.1 6.7 4.69 0.22 1.16 2.61

After expeller <138 6.4 10.7 6°36 0.047 1.47 2.38

Meal - 6.4 10.7 6.36 0.047 1.47 2.38

@Bressani and Elias (1968).

able lysine also decreases. Conditioning of the seed before pressing does
not alter free gossypol, but decreases lysine content further. A further
decrease takes place in both lysine and free gossypol when the oil is
being extracted from the seed during pressing. At this point, tempera-
tures also increase to relatively high levels.

These studies indicated that the moisture content of the seed being
processed had an effect on free gossypol and lysine. The results are
shown in Table 8. The treatment differences between the two studies
are related to moisture in the material during drying and conditioning
and to the temperature of the specific processing step. In both studies,
free gossypol and lysine decreased in the final product; however, the
decrease was higher in the material produced in Study II. The results
show that the composition of the materials in both studies is similar
up to the drying stage. During drying, howcver, in Study I, temperature
was increased from 200 to 260 °F (93.5 to 126.6 °C), with a moisture
drop from 10.3 to 5.9 percent. In Study II, temperature was decreased
from 230 to 200 °F (110 to 93.5 °C), while moisture decreased from
9.4 to 3.4 percent. The processing conditions used in Study II were
capable of inducing higher decreases in free gossypol as compared with
the processing conditions applied in Study I. Conditioning of the seed
in Study I was carried out at a temperature of 240 °F (115 °C), with
4.1 percent moisture, while in Study II this operation was carried out
at a temperature of 280 °F (138 °C), with 2.9 percent moisture. The
different treatment caused no change in frec gossypol and lysine con-
tent in Study I, but it caused a significant decrease in these two sub-
stances in Study I1. Finally, expclling decreased the levels of free gossy-
pol and of lysine further, but less in Study I than in Study 1I. From
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TABLE 8 Changes in Free Gossypol and Available Lysine of Cottonseed in Relation to Moisture and Temperature during

Screw-Pressing?

Study Study II

Free Available Free Available

Gossypol Lysine Gossypol Lysine
Processing Step °C & H,0 (%) (%) g/16 g N) °C H,0 (%) (%) (/16 g N)
Seed - 8.7 1.12 3.29 - 8.7 1.12 3.29
Cooking 93 10.3 1.02 3.41 93 %.4 1.08 2.99
Drying 93-127 10.3-5.9 0.40 2.94 110-93 9.4-3.4 0.17 2.80
Conditioning 115 4.1 0.36 3.04 138 2.9 0.09 2,61
Expeller <138 4.8 0.05 2.60 <138 4.2 0.04 2.16

9Bressani and Elias (1968).
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these studics, it was concluded that the moisture of the material going
through the presses is very important in controlling available lysine and
free gossypol content in the final product,

This finding was studied further with prepress solvent procedures
that are less damaging to the organic components of cottonsecd. The
results are shown in Figure 1, in which moisture level in the crushed
seeds at the screw-press levcl is related to free gossypol, e-amino lysine,

18 1
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FIGURE 1 Relationship between percentage of moisture in cottonseed at expeller level and
free gossypol, available lysine, and wsidual oil content.
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and fat content. The data indicate that when moisture in the crushed
seed is around 9 percent, it lcads to the production of a cottonseed
meal with acceptable levels of free gossypol, high available lysine, and
high nitrogen solubility. Even though oil content is high, solvent cxtrac-
tion decreascs the values to about 1.5 percent.

The changes in chemical composition, nutritive value, and disap-
pearance of toxicity of cottonsced processed by prepress solvent are
shown in Table 9. Changes in fat and protein content begin to occur
only at the oil-expelling operation level as previously shown. The same
takes place with respect to gossypol. Available lysine does not change.
The animals lost weight when the level of free gossypol was above 0.97
percent, but mortality of the young rats started to decrease from the
moment the seed was cooked.

Differences in protein quality between the three processes commonly
used in Central American oil-extraction plants are summarized in Table
10. This table shows the concentration of other chemical components
together with the growth performance of rats fed the three types of cot-
tonseed meal and their protein efficiency ratio (Elias et al., 1969).

The data show that prepress solvent processes yield cottonseed meals
with free gossypol levels as low as those resulting from screw-pressing,
with the difference that the protein is of higher quality, as indicated by
the higher available lysine value and the biological results with rats.
Even though solvent-extracted meals have a higher lysine content, the
higher levels of free gossypol obviously affect the utilization of the pro-
tein, as indicated by the lower weight gain and protein efficiency ratio
in comparison with the prepress solvent meals.

From these and other studies it was found that protein quality was
highly correlated with lysine and N solubility, but not with free gossy-
pol. On the other hand, weight gain was negatively correlated with total
gossypol as well as with residual oil in the meal (Braham ef al.,, 1965).

The prepress solvent meal has been fed to broilers, layers, and swine,
with acceptable results, particularly if supplemented with synthetic or
natural lysine. Cottonseed meals produced even under the conditions
indicated are deficient in lysine for most animal species (Elias and Bres-
sani, 1971). This amino acid is deficient in native cottonsecd protein,
and processing increases the deficiency by binding the amino acid with
gossypol and sugars.

Representative results for chicks are shown in Table 11. Growth of
the chicks increased with increasing levels of cottonseed meal in the
diet, which was the only source of protein. This increasc was observed
up to the 56 percent level, Higher levels in the dict decreasced final
weight. Addition of lysine was cffcctive only at the 40 and 48 percent
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TABLE 9 Changes in Some Chemical Components and in Protein Quality of Cottonseed Processed by a Modified Prepress
Solvent-Extraction Method?

Available Average Protein
Gossypol Lysinc Weight Efficiency

Processing Stage Fat (%) Protein (%) Free (%) Total (%) (g/16 g N) Gain? Ratio Mortality (%)
Kernel 31.8 31.9 1.10 1.11 3.14 - - 100.0
Cooking 33.9 33.3 1.10 1.19 3.19 -12 - 83.3
Drying 339 32.1 1.02 1.14 3.19 -13 - 83.3
Conditioning 35.6 33.0 0.97 1.11 3.07 -13 - 47.2
Expeller 8.6 42.0 0.058 0.73 3.31 +82 1.99 0

Solvent 2.0 46.0 0.057 0.74 3.12 +81 1.91 0

Flour 2.4 49.3 0.066 0.85 5.33 +89 1.93 0

@Bressani and Elias (1968).
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TABLE 10 Protein Quality of Cottonseed Meals Produced by Three Different
Industrial Processes?

Gossypol Average Protein
Type of Frce Total E-NH; Lysine Soluble N Weight Efficiency
Processing (%) (%) (g/16 g N) (%) Gain?(g) Ratio
Screw press 0.051 0.99 2.78 39 62 1.47
Prepress solvent 0.051 0.90 3.33 71 105 1.96
Solvent 0.131 0.98 3.75 74 85 1.79
Casein - - - - 112 2.86

%Ehas et al. (1969).
bDuration of test: 28 days (rats).

cottonseed levels in the diet. These results indicate, therefore, that
properly processed cottonseed can be used in feeding broilers with
good results, and a better performance is obtained if lysine is added.
Representative results on the use of prepress solvent-extracted cot-
tonseed meal fed to young swine are shown in Table 12. The level of
free gossypol was increased from 0 to 0.08 percent, and all diets also
contained 1 percent calcium hydroxide and 0.1 percent ferrous sulfate,
which in other studies were found effective in detoxifying cottonseed
meals (Bressani et al., 1964; Jarquin et al.,, 1966, 1968). The results ip-
dicate a poorer performance on cottonseed than on soybean meal.
However, these results are not necessarily due to gossypol level; they
may be due to a deficiency of lysine in cottonseed-meal diets. There
is a slight tendency for a lower performance as the level of free gossypol
increases in the diet, but no mortality was found in the study. Similar

TABLE 11 Growth of Baby Chicks Fed Various Levels of Prepress Solvent-
Extracted Cottonseed Meal with and without Lysine

With Lysine

Without Lysine Average

Cottonsced-Meal Avcrage Final Final

Level in Diet Wcighta'b (&) Lysine Added (%5) Weighta'b ()
40 372 0.42 517

48 473 0.51 535

56 568 0.58 563

64 535 0.68 567

T2 525 0.76 516

80 472 0.84 423

2 Average initial weight, 63 g.
DAt 5 weeks.
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TABLE 12 Performance of Swine Fed Prepress Solvent-Extracted Cottonsced

Free-Gossypol Average Average

Level in Dict Initial Weight Weight Gain? Feed
Protein Source (%) (kg) (kp) Efficiency
Soybean meal 0 9.5 326 2.25
Cottonsced meal? 0.02 9.6 29.1 263
Cottonsced meal 0.05 9.6 24.7 2.69
Cottonsced meal 0.08 9.8 25.2 2.68

AAfter 10 wecks.
bLevel of cottonseed meal, 42 percent.

results have been obtained in other experiments, and swine weighing
65 kg have been produced on prepress solvent-extracted cottonsced
meal in about 20 weeks (Jarquin et al., 1968).

This type of cottonseed meal further processed to eliminate fiber has
been used in the feeding of 3-day-old Holstein calves. Representative re-
sults are shown in Table 13. In this example, the milk replacer formula-
tions contained from 12 to 20 percent prepress solvent-extracted cotton-
seed flour.

The control group was fed a commercial milk replacer and a second
group received a formula based on soybean flour. The results obtained
after 44 days showed similar performance from all formulations sub-
mitted to test. In further studies, levels up to 40 percent cottonseed
flour have been used. However, the response obtained is not as high as
that shown in Table 13, unless lysine is added.

Prepress solvent-extracted cottonseed flours have been used for about
10 yr in high-protein foods for children, with good results.

TABLE 13 Growth of 3-Day-Old Male Holstein Calves Fed Various Milk
Replacers Based on Vegetable Proteins

Level of Average Average

Cottonseed Flour Initial Weight Final Weight® Weight Gain
Milk Replacer (%) (kg) (kg) (kg/day)
ASL 12 39.97 62.91 0.52
SL 0 39.20 58.59 0.44
AL 20 40.14 62.70 0.51
Control? 0 36.81 55.44 0.42

2Commercial milk replacer.
baq days.
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EFFECT ON THE NUTRITIONAL QUALITY
OF VARIOUS PRODUCTS

Poultry Manure

The countries of Central America have a shortage of sources of nitrogen,
and, because of the relatively large amounts of poultry manure avail-
able, interest has developed in the utilization of this source in animal
feeding. Various processing plants are in operation in which dehydration
of poultry manure is carried out with heated air. In order to help in the
diversification of uses of this material, studies are being conducted to
test the quality of this waste in ruminant feeding.

Table 14 describes the chiemical composition of samples from the
same poultry farm. One sample was processed at the laboratory and one
was processed industrially. The difference between the two samples is
indicated by the lower protein content of the industrially processed
sample. Not only were there differences in composition but the material
collected for dehydration in the industrial process was obtained disre-
garding the designated use to be made of it when dried (Figure 2). The
industrial sample was incorporated into a feed for ruminants at levels
ranging from 8 to 24 percent. The results of the study arc summarized
in Table 15. It can be seen that the animals did not refuse to consume
such a feed cven with 24 percent poultry manure in it. The quality of
the material, however, was rather poor, since weight gain decreased as
the level of manure increased in the feed offered to the animals. These
results, as well as those showing the chemical composition, indicate
poor processing conditions, which started with the improper selection
of the material to be processed. There is no doubt that materials such
as these have a potential as feedstuffs, although they must be properly
processed if they are to be used. However, those interested understand
little about the effects of high temperatures on nutritive quality or are
under the impression that processing will upgrade the quality of the
processed material. What is really needed is the dissemination of knowl-

TABLE 14 Chemical Composition of Poultry Manure (%)

Component Laboratory Processed Industrially Processed
Dry matter 87.9 87.9
Crude fat 1.2 2.0
Crude fiber 10.6 11.0
Crude protein 21.4 13.2

Ash 31.8 38.0
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FIGURE 2 Materials found in industrially dehydrated pouliry manure.

edge on the significance and implications of proper versus improper
processing.

Leaf Meals

Similar results have been obtained in the dehydration of leaf meals. The
equipment used is the dehydrator developed for alfalfa but not for trop-
ical forages high in protein. An example is shown in Table 16 for ramie
dehydrated at the laboratory scale and ramie dehydrated by a heated

air dehydrator (Figure 3).

TABLE 15 Weight Changes of Holstein Calves Fed Diets
Containing Processed Poultry Manure

‘ Average Average
Poultry Manure Initial Weight  Weight Gain?  Feed Intake
(% of Diet) (Ib) (Ib) (Ib/Animal)
0 217.8 105.4 5614
8 216.0 89.2 545.2
16 215.8 65.3 467.8
24 215.0 62.3 493.2

agix weeks.
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last 3 yr to use them as feedstuffs for ruminant feeding (Bressani
et al., in press; Bressani et al,, 1972; Jarquin et al., in press). The
composition of coffee pulp, the more abundant of the two by-products
from coffec, is shown in Table 17. In various experiments conducted
with various animal species, including rats, it became cvident that coffee
pulp contains some undesirable components that cause lower weight
gains than those achieved by control groups fed diets free of coffee pulp.
In attcmpts to eliminate such factors or to decrease their effect, fresh
pulp containing 65 percent moisture was ensiled. After 4 months it
was dehydrated and fed to young steers in a mixed fecd. The results of
one study are shown in Table 18. They indicate that ensiling decrcased
the quality of the pulp. The animals ate less feed, resulting in lower
weight gain in 12 weeks. Studies are under way to characterize the re-
sponsible factors, and processes are being developed to eliminate them.
Coffee bran, the second by-product of coffee processing (Figure 4),
is a fcedstuff containing about 72 percent crude fiber, This material is
well tolerated by ruminants up to fevels of 40 percent of the feed. Re-
cently, it has been subjected to pelleting with good results, as shown by
the pellets in Figure 4. Studies are under way to learn if the pelleting
process improves the utilization of this material by ruminants.

Legume Grains

In recent years interest has developed in utilizing some species of le-
guminous seeds in feeds. Table 19 summarizes some of the work car-
ried out with Cajanus indicus (Braham et al., 1965). The seed, not al-
ways used for human consumption, was cooked in water at 16-Ib
pressure for various periods of time, then dried and ground. The various
flours were then added to a basal diet and fed to groups of rats for a 28-
day period. The results shown in the table indicale that the seed is rela-
tively nontoxic when fed raw. It is well known that leguminous seeds
contain trypsin inhibitors and hemagglutinin compounds that to a large

TABLE 17 Chemicat Composition of Coffee Pulp (%)

Component Fresh and Dried Fresh, Ensiled, and Dried
Dry matter 85.8 934
Crude fat 2.4 3.2
Crude fiber 24.0 21.0
Crude protein 11.7 10.1

Ash 5.9 8.3
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TABLE 18 Effect of Anacrobic Fermentation on the Nutritive Value of
Coffee Pulp Fed to Holstein Calves

Average Average Average
Coffee Pulp Type of Initial Weight Weight Gain? Feed Consumed
in Diet Coffee Pulp ~ (kg) (kg) (kg)
None - 143.9 115.1 911.4
30 dried 144 .4 90.4 774.5
30 ensiled 144.5 78.6 718.2

2Twelve weeks.

extent are heat labile. In the present case, cooking for 30 min improved
the quality of the material, but prolonged cooking time decreased
weight gain and protein efficiency ratio. Studies have indicated that
this is due to a decrease in lysine (Bressani et al.,, 1963). The addition
of lysine, methionine, and tryptophan significantly increased the qual-
ity of the material.

Another seed studied is Enterolobium cyclocarpum. The seed with-
out hulls contains, on a dry-weight basis, between 33 and 41 percent
crude protein. It is highly toxic and allergenic when fed raw.

The cooked seed was fed to young rats or chicks (Bressani et al.,
1966). Representative results for chicks are shown in Table 20. In one
phase of the test, it replaced the protein from soybeans in the basal
diet; in the other, it replaced the protein from cottonseed. The results
show that its quality is not as good as that of the sources it replaced;
the chicks lost weight as its amount was increased in the diet. As with
most leguminous seeds, the results were attributed to a relatively large
deficiency in sulfur-containing amino acids in the protein.
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TABLE 19 Effect of Cooking Time on the Protein
Quality of Cajanus indicus®

Average
Weight Gain (g)

Protein

Efficiency Ratio

Cooking Time (min)

0 11
10 41
20 40
30 44
40 35
60 38
Casein 121
C. indicus + L-lys
+ DL-met + DL-try 140

0.46
1.37
1.52
1.39
1.34
0.94
2.80

2.83

2Braham et al. (1965).

Corn-Soybean Mixtures
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Studies have also been conducted to develop a system for using soy-
beans in feeding swine. Since soybean meal is a costly protein concen-
trate and not available, the approach being developed consists of using
whole soybeans. Previous results indicated that mixtures of corn and
soybean flour proteins in a protein ratio of 2:3 had the highest protein
quality. On this basis, corn and whole soybeans mixed in various pro-
portions were cooked by the traditional lime-cooking process (Figure
5) used for tortilla manufacture. The process requires 1 hr of cooking in

TABLE 20 Effect of Replacing Soybean or Cottonseed Meal by Enterolobium
cyclocarpum on Chick Growth?

Soybean Cottonsecd E. cyclocarpum Average Feed
Meal (%) Meal (%2 (%) Weight Gain®? (g) Efficiency
15.00 19.00 - 422 1.78
14.25 19.00 742 397 1.86
9.50 19.00 14.84 415 1.83
4.75 19.00 22.26 281 1.96
— 19.00 29.70 198 2.11
19.00 14.25 7.42 464 1.76
19.00 9.50 14.84 420 1.58
19.00 4.75 22.26 334 1.54
19.00 - 29.70 204 1.62

9Bressani et al.(1966).

b8 days.
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Whole corn + whole soybean

water

0.1% Ca(OH)2

Cooking at 96°C , 1 hr
¥ Cooking to room T

cooked mixture

Water washing

\2 v
Washings Cocked-soybean
Corn hulls Mixture

soybean hulls
dehydrated

Dried corn-soybean mixture

Incap 72-2

FIGURE 5 Processing scheme for processing whole corn-whole soybean mixtures.

the ptesence of 0.1 percent calcium hydroxide. The corn-soybean mix-
tures produced were then dried and fed to young rats. The results are
shown in Table 21. The data indicate that all corn-soybean mixtures
had a high protein quality. The mixture in the 2:3 ratio was the best;
it was similar to a mixture of corn and soybean flour. This system -will
now be applied to swine, from weaning to market weight. Studies have
been conducted on cooking time and on the level of lime needed. This
process was able to destroy trypsin-inhibitor factors in soybean, and
the presence of corn during cooking decreased losses of solids. Soybean
proteins are highly soluble in alkaline conditions, which could explain
the large loss observed when soybeans were processed by themselves.

Fungi-Infected Corn

It is well recognized that in developing countries, significant losses of
food crops take place becausc of poor processing and storage after
harvest. In a survey conducted in Guatemala, it was found that corn
used mainly for human consumption was highly contaminated with
about 20 species of fungi (Figure 6). Infection ranged from 0.02 per-
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TABLE 21 Effect of Lime Cooking of Mixtures of Corn and Soybean on the
Protein Quality of the Mixture

Protein Distribution
in Diet (%)

Weight of
Components (g)

Soybean Corn

7 Soybean

Corn

Yield (%)

Avcrage

Weight Gain (g)

Protein
Efficiency
Ratio

0 100
50 50
60 40
70 30

100 0
60 40
Casein -

0 100
21 19
28 72
39 61

100 0
38 58

80.0
81.1
80.0
72.0
62."7

12
81
81
99
101
80

0.69
2.08
2.54
2.37
2.03
2.48
2.87

FIGURE 6 Ears of corn infected with Fusarium moniliforme,
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cent with Aspergillus candidus to 43.8 percent with Penicillum species.
Furthermore, it was found that about 2.5 percent of the samples were
infected with Aspergillus flavus. Corn infected with a variety of fungi
when fed to growing chickens resulted in poor growth and relatively
high mortality.

Studies were conducted to learn wwhether lime cooking could elimi-
nate the toxic compounds in corn infected with Aspergillus flavus.
Yellow corn was inoculated with A. flavus and incubated for 30 days.
A second sample was sterilized twice at a temperature of 125 °C and
16 1b pressure. Both samples were then cooked in limewater; the
process commonly used to prepare tortillas was followed. After drying,
the material was ground and added to a 10 percent casein basal diet in
the amount of 80 percent of the diet. These diets were then fed to
groups of weanling rats for a 6-week period. The results are shown in
Table 22. The weight gains of the rats fed the sterilized corn and of
those fed the lime-cooked corn prepared from it were essentially the
same. The infected corn caused a high mortality, and the one surviving
rat gained 24 g in the 6 weeks the study lasted. Finally, the rats fed the
A. flavus infected corn, which had been subjected to lime cooking, in-
duced a slightly lower growth when compared with its control, with no
mortality. The feed intake and feed efficiency correlated with weight
gain. The results were interpreted to mean that lime cooking reduced
to a very large extent the aflatoxins produced by A. flavus, and it was
concluded that the process could be used to decrease losses of corn
infected with toxin-producing fungi (Martinez et al., 1970a,b).

Industrial Milk By-Products

There are industries in Central America with sufficient knowledge to
process materials labile to excessive heat. In relation to work carried
out at INCAP on the development of milk replacers for calf feeding,
it appeared advisable to use by-products of the milk industry in the
formula to reduce the cost of the milk replacer. Two products were
uscd—one called Solilac 65-35-15, made from skim milk, cheese whey,
and butter whey, and one called Solilac 70-30, made from skim milk
and cheese whey. The materials were blended in the liquid form and
then dehydrated by spray-drying techniques. These two materials and
skim milk powder, processed by the same technology, were included
in a milk-replacer formulation in an amount of 40 percent of the diet.
The other protecin componcnts were soybean and cottonsced flour.
The calves consumed 177 g of replacer per liter of water per day at
the rate of 4 liters the first week and 6 liters the remaining 6 weeks.
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TABLE 22 Effect of Lime Cooking on the Nutritive Value of Aspergillus
flavus-Infected Corn?

Average Feed Fced
Corn Sample Weight Gainb (g) Intake(g) Efficiency Mortality (%)
Sterilized 228 719 3.2 0
A. flavus-infected 24°€ 211 8.8 87.5
Lime cooked from sterilized 221 708 3.2 0
Lime cooked from
A. flavus-infected 186 651 3.5 0

T

Martinez et al. (1970a).
bAfter six weeks.
CThe weight gain of one rat that survived.

Records were kept of the frequency and intensity of diarrheas and of
feed intake and weight changes.

Table 23 summarizes the results. The threc by-products had a similar
protein content, although the two Solilac samples had a higher available
lysine value, which was expected because of the protein of whey by-
products. The three formulations did not differ in lysine values and in-
duced a similar weight gain. None of the animals developed diarrhea,
and general appearance of the calves at the end of the study was good.

CONCLUSION

The results presented indicate that some knowledge is available in Cen-
tral America on the effects of processing on nutritive value; as the de-
mand for feeds increases, their quality is expected to increase also. The
The major problem with respect to the quality of some feeds is the lack
of appropriate equipment, the uncontrolled processing conditions under
which they are made and the inadequate attention paid to the raw mate-

TABLE 23 Growth of 3-Day-Old Holstein Calves Fed a Milk Replacer Containing
Three Types of Milk By-Products

Milk Protein Available Lysine (g/16 g N) Average Weight Calves (kg)
By-Product (%) By-Product Replacer Initial Gain? Gain (%)
Skim milk  31.6 5.68 5.44 38.7 28.8 74.4
Solilac

65-35-15 274 7.05 5.28 45.2 325 71.9
Solilac

70-30 31.1 7.53 5.23 41.5 31.5 75.9

242 days.
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