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Abstract. Mixtures of 70:30 and 87:13 of corn and beans with or without vitamins,
minerals, limiting amino acids and calories were fed to 5-week-old pigs to determine
performance and efficiency of utilization. After 12 weeks it was shown that increasing
the ratio from 87:13 to 70:30 (corn:beans) was a desirable measure as was the
simultaneous supplementation with the other nutrients; individual groups of nutrients
resulted in partial improvement in animal performance. None of the diets used was
capable of inducing growth similar to the control groups fed a corn:soya diet. Results
confirm the importance of total nutrients to obtain increased efficiency of protein
utilization; furthermore, diets, such as the corn:bean diets studied, need to be improved
in relation to both quality and quantity of protein.

Introduction

Corn and beans constitute the basic foods in the Latin American diet,
especially among the Central American populations [S]. This circumstance
has promoted an interest in learning about their nutritional properties indi-
vidually as well as in combined form [4, 6]. Likewise, much interest has
developed in determining the optimum nutritional ratio of consumption
between the two foods. This ratio has been established as 2.6:1, which
corresponds to a diet constituted by 72 parts corn and 28 parts beans [5].

Comparing these data with actual intakes, a marked imbalance is observed
which may be particularly critical in relation to the nutrition of children who,
as is well known, constitute the most vulnerable population group [9].
Populations of Guatemala, El Salvador and Honduras consume, on the
average, ratios of 7.3, 7.1 and 7.2, respectively, which correspond to an
approximate intake of 87 parts corn and 13 parts beans.

It may be stated that, in general, when the rate of consumption of a
mixture of corn and beans is closer to the optimum portion previously
indicated, the implications will be favorable to the nutritional state of the
populations which obtain a high percentage of their nutrients from these two
foods. The mixtures, however, even in the optimum proportions, have a low
caloric density and a low protein concentration [1]. Such disadvantages
could be obviated through an increased intake, which would provide the
necessary calories and protein level to maintain an adequate nutritional status
within the individual. In this respect, Arroyave [2] reported that four
children, between the ages of 1 and 3 yrs., fed a corn:bean diet, in a 70:30
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ratio by weight, were able to meet their nrotein and calorie needs. Each of
the diet constituents supplied 50% of the total protein. It must be kept in
mind that these results were obtained in a metabolic ward under completely
controlled conditions. On the other hand, Murillo et al. [10] working with
dogs, pointed out that such diets were too bulky for the weight and size of
the animals. The dogs were unable to fulfill their nutritional needs, since their
intakes were limited by their gastric capacity.

The present study had, as the main objective, to determine whether
mixtures 70:30 and 87:13 of corn and beans were capable of satisfying the
nutritional needs of growing pigs. It was also considered of interest to study
the influence of different groups of nutrients on the efficiency of utilization
and the consumption of such diets. Growing pigs were used as the
experimental animals because of their gastric capacity and digestive
performance.

Materials and Methods

Commercial precooked black beans and white corn flour were used to
formulate the mixtures. The flours were mixed in proportions of 87:13 and
70:30 corn:beans, respectively. Six treatments were designed from each:
mixture by adding no nutrients to the mixtures, and by adding groups of
nutrients to be studied, which were: a) vitamin mixture, 0.5% ; b) mineral
mixture?, 3% [11]; c) cottonseed oil, 3.5%, as a calorie source; d) L-lysine
HC(l, 0.3%; methionine, 0.3%; and tryptophan, 0.1%, and, for the complete

treatment, all of the above nutrients to each of the two mixtures in the
‘appropriate concentration. A control diet was prepared, based on corn (65%)
and soybean meal (25%), which was adequate for fulfilling the nutritional
requirements of the animals. Total protein content of the original mixtures as
well as those utilized in each treatment was determined (Association of
Official Agricultural Chemists [3]). The 87:13 and 70:30 corn: bean
mixtures contained 9.4 and 12.0% protein, respectively, while the control
diet contained 18.0% protein.

Five-week-old Landrace pigs were used. The animals were previously
vaccinated, deparasited and fed a basal diet of soybean and corn for a week.
Four animals were then assigned per treatment, 2 male and 2 female, taking
care that the total initial weight between groups was not different by moze
than 1 kg. The animals were housed in individual pens with cement floors.
Each pen was provided with individual feed and drinking troughs. Water as
well as the experimental rations were given ad libitum during the 12 weeks of
the experiment. During this period, weight and feed intake data were
obtained weekly in order to determine any weight or consumption changes,
and also to calculate feed efficiency at the end of the study.

The results obtained were statistically analyzed to establish the effects and
interactions considered useful for the final interpretation of the data [7, 11].
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Results

The average weight gain per animal during the 12-week experimental period
is shown in Table 1..It can be observed that the highest weight gains were
observed for the control diet (54.9kg). The difference in weight was
statistically different between the control and the other experimental groups.
The complete diets with mixtures 87:13 and 70:30 resulted in increases of 35
and 37 kg, respectively, which are also statistically higher than those obtained
with diets lacking any individual group of nutrients. Even when the
treatments derived from the mixture 70:30 do not show statistical
differences, when compared to those derived from the 87:13 mixture, the
general tendency is for higher values to be present, It can also be observed
that in both mixtures performance, with respect to weight gain, is similar.
The lowest value was obtained in both cases with the diet lacking all
the groups of nutrients; this value was 2.4 kg for the 87:13 and 109
kg for the 70:30. In general terms, the better response to addition of
individual groups of nutrients was obtained when only minerals were added.
For the 70:30 mixture, only a weight gain of 17.9 kg was observed and for
the 87:13 mixture, a weight gain of 14.6 kg, the latter value was slightly
lower than the gain (14.8 kg) obtained when amino acids were added to the
87:13 mixture.

The addition of calories resulted in a very low response with the 87:13
mixture (6.0 kg), while with the 70:30 mixture a weight increase of 8.6 kg
was observed which is inferior to that obtained with the 70:30 mixture diet
without the addition of any nutrient (10.9 kg). The diet supplemented with
amino acids was miore effective in the case of the 87:13 mixture, with a
weight gain of 14.75 kg, while with the 70:30 mixture, the increase in weight
was 13.63 kg.

The average consumption per animal during the experimental period is
shown in Table 2. The results are similar to those observed for weight gain
(to which consumption is related). The consumption of the control diet of

Table I, Average weight gains of experimental pigs fed corn and bean diets in 87:13 and
70:30 ratios, under different treatments

Dietary kg/12 weeks ke/12 weeks
treatment 87:13 70:30

————— 2.35+£1.6% (d) 10.88 + 1.9*% (¢, d)
Amino acids** 1475t 1.2 (c,d) 136319 (c, d)
Vitamins 85019 (c,d) 1588+1.8 (c,d)
Minerals 14.63+6.9 (c,d) 1788+ 5.8 (c¢)
Calories 60023 (c,d) 863136 (c,d)
Complete diet 35.00 £t 4.7 (b) 37.00 £ 6.5 (b)
Control 54.88 £ 3.6 (a)

Different letters indicate statistically significant difference (P < 0.05)

*
”Standard error
Lysine, methionine and tryptophan
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Table 2. Average teed intakes of pigs fed a carn:bean mixture in 87:1 3 and 70:20 raiios,
under different treatments

Dietary ke 12 weeks ke/ 12 weeks
treatment B7:13 70:30

47.73 £ 3.7* (0 6375 0 20 ()
Amino acids** 784824 (0 73.33+ 2.3 ()
Vitamins 6498 + 3.3 (©) 78.30 + 2.7 ()
Mincrals R1Y3296 (b,o) ROLIR + 7.0 (h, ©)
Calories 54.50 09 () 6083+ 30 ()
Complete diot 118,42+ 5.5 (b) 117.45 + 8.0 (M)
Control 157.75 2 2.1 ()

.Diﬁ‘urent letters indicate statistically signiticant differences (P < 0.05)
. Standard error
*Lysine, methionine and tryptophan

157.8 kg is statistically higher when compared to the intakes induced by cach
one of the treatments derived trom both mixtures. The complete diets, i.e.,
those containing all nutrients, resulted in higher intakes when compared to
the rest of the trecatments, 118.4 kg and 117.5 kg for the 87:13 and 70:30
mixtures, respectively. With this exception, in both mixtures the addition of
minerals resulted in the highest intakes, with values of 83.9 kg and 86.8 kg for
the 87:13 and 70:30 mixtures, respectively. With the diets supplemented
with amino acids, the conswmption of the 87:13 mixture was 78.5 kg and for
the 70:30 mixture, 733 kg. The addition of vitamins resulted in a
consumption of 783 kg and 64.9kg for the 70:30 and 87:13 mixtures,
respectively. As for calorics. the consumption was also higher for the 70:20
mixtures with 60.5 kg, against 54.5 kg induced by the 87:13 mixture to
which calories were added. The statistical analysis of the results relating
weight gain and feed consumption did not show significant differences duc to
sex.
Table 3 shows the daily weight gains observed for the different dicts and
their levels of adequacy, as compared to the control diet’. The most adequate
gains were for the complete diets derived from the two mixtures. However,
these only represented 64% and 68% of the weight gains obtained with the
control diet, The weight gain for the 87:13 mixture without any additive was
only 4% of the gains observed for the control diet, while for the 70:30 mixture
alone, it is only 18%.

Table 4 shows the feed efticiency of the diets. With the exception ot the
dict based an the 70:30 mixture supplemented with amino acids, the 70:30
mixture diets had improved feed efficiency values for all treatiments when
compared to the diets in which corn and beans were fed in an 87:13 ratio.
The largest difference between treatments for the two mixtures was obscrved
between those diets lacking any of the complementary nutrients, with values
of 20.3 for the 87:13 mixture and 5.9 for the 70:30 mixture. The smallest
difforencos were observed between mixtwros for the diets which wero
supplemented with amino acids and with the complete diets (all nutrients
added).
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Table 3. Daily adequacy of weight gains in young pigs fed corn and beans mixtures in
87:13 and 70:30 ratios, under different treatments

Dietary 87:13 70:30
treatment Weight gain Adequacy Weight gain Adequacy
kg/day %* kg/day %*

—————— 0.027 4 0.119 18
Amino acids** 0.175 27 0.162 25
Vitamins 0.101 16 0.188 29
Minerals 0.174 27 0.212 33
Calories 0.071 11 0.102 16
Complete diet 0.416 64 0.440 68
Control 0.652 100 0.652 100

¥ Weight gain experimental diet
Adequacy = - - x 100
Weight gain control diet

='""Lysine, methionine and tryptophan

Table S5 shows the intake levels of amino acids provided by each of the
diets and their adequacy. These values were calculated from the average daily
consumption of the two complete mixtures, and for the diets to which
amino acids were added, from the amounts supplied by supplementation with
lysine, methionine and tryptophan. Analytical amino acid values of the
ingredients were determined in our laboratories, while the daily needs
(requirements) were obtained from NRC tables.?

Mixture 87:13 shows an adequacy of 84% for lysine, 86% for isoleucine,
and 73% for threonine. On the other hand, the 70:30 mixture shows an
adequacy slightly low only for threonine (92%). It can also be observed that
the leucine:isoleucine and leucine:valine ratios (even though better in the
70:30 mixture) were high when compared to the ratio in which these amino
acids should be found, according to the requirements of the young pig. For
example, it was found that in the case of the control diet, the ratios of
leucine:valine and leucine:isoleucine were 1.8 in both cases.

Table 4. Feed conversion* values from young pigs fed corn and bean mixtures subjected
to different treatments**

Dietary Feed efficiency
treatment

87:13 70:30
______ 20.3 5.9
Amino acids*** 5.3 54
Vitamins 7.7 5.0
Minerals 5.7 4.9
Calories 9.1 6.9
Complete diet 3.4 3.2
Control 2.9

Feed consumption

*Feed efficiency = Weinht v
eight gain

***During a 12-week period
=|“"L}.rsine, methionine and tryptophan



150

Table 5. Content and adequacy of the intakes of amino acids from corn and beans
mixture

Amino acids Daily 87:13 70:30- Control
27;3; Intake  Adequacy Intake Adequacy Intake Adequacy
glday % g/day % g/day %
Arginine 2.8 5.2 186 76 271 12.5 446
Histidine 2.5 2.6 104 3.4 136 4.8 192
Isoleucine 7.0 6.0 86 84 120 10.8 154
Leucine 8.4 14.2 169 16.9. 201 20.4 243
Lysine 9.8 8.2 84 11.4 116 10.8 110
Methionine
+ Cystine 7.0 7.2 103 8.5 121 6.6 94
Phenylalanine
+ Tyrosine 7.0 11.8 169 14.2 203 19.2 274
Threonine 6.3 4.6 73 5.8 92 3.3 132
Tryptophan 1.8 2.0 111 2.5 139 24 133
Valine 6.0 6.4 91 8.8 126 11.0 157
Leucine:
Isoleucine 1.2 2.4 2.2 1.8
Leucine:Valine 1.2 2.0 1.9 1.8

Discussion

The results obtained show the inability of the mixture of corn and beans
studied to fulfill the nutritional requirements of the animals. In spite of the
stimulation of intake levels of the mixtures induced by the presence of
complementary nutrients, the intakes were not enough to provide the
nutrients required for a growth similar to that obtained with the control diet.
Possibly, the gastric capacity is not the only limiting factor, since the animals
fed the control diet consumed 33% more feed than those fed the 87:13 and
70:30 (corn:beans) mixtures.

Disregarding the gastric capacity as a possible limiting factor, the low
consumption could be attributed to a change in the mechanism which
controls appetite, probably due to the deficiency in quality and quantity
in the mixtures. The results suggest, however, that the quality of the
protein is the most important factor. When the intakes of the two
mixtures without any added nutrients are compared, the animals fed
the 70:30 mixture consumed 34% more than those fed the 87:13 mixture.
However, when both mixtures were supplemented with amino acids, the
animals fed the 87:13 mixture surpassed by 7% the consumption of the
animals fed the 70:30 mixture. This effect can only be attributed to the
improvement in the quality of the protein, since it is the only comparative
variable. When the two original mixtures were supplemented with different
groups of nutrients (other than amino acids), the consumption of the animals
was always higher for the 70:30 mixture. However, when the two mixtures
with all nutrients included were offered and duly supplemented with amino
acids, the intake of the 87:13 mixture was again 0.8% higher than that
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obtained with the 70:30 mixture. These results corroborate the decisive
influence of protein quality on the consumption of the mixtures and,
therefore, on the mechanism controlling appetite.

When the consumption of the complete mixtures is compared with that of
the control diet, differences due to quantity and quality of protein are also
observed, since the control samples contain 18% protein against 9.4% supplied
by the 87:13 mixture and 12% by the 70:30 mixture. As for quality, the 87:13
mixture showed lysine, isoleucine, and threonine deficiencics. The 70:30
mixture was deficient in threonine. This aspect becomes more significant if
one takes into account the low digestibility of the mixtures. On the other
hand, the leucine:valine and leucine:isolcucine ratios, even though better in
the 70:30 mixture, are still very high for both mixtures. Although these
differences are important, protein digestibility probably also plays a
significant role, due to the low digestihility of beans [5]. Together, these
considerations can explain the refusal of the animals to eat higher amounts of
this type of food.

It has been suggested that populations subsisting on diets based on corn
and beans could derive from these foods the protein as well as the calorics
necessary to maintain an adequate nutritional state, if they would increase
their intake. If so. then the availability of these foods would be the most
critical factor. Taking into account that rations are given ad libitum, that is
without limitation as far as availability or time effects are concerned, this
point may be questioned and should be studied in detail. On the other hand,
the results presented confirm the imporfance of total nutrients in the diet, in
relation to protein utilization and the need of complementary nutrients when
the quality of the protein is improved through supplementation of the
deficient amino acid. The addition of calories in an isolated form does not
lead to the improvement expected in the utilization of the mixtures. Also, on
this point, it would seem that the quality and quantity of protein plays an
important role, since the animals to which the 87:13 mixture was
administered, with ounly calories added, gained 6.0 kg against 8.6 kg obtained
with the 70:30 mixture. The best response, however, was due to the
interaction of amino acids, vitamins and minerals, which promoted the best
utilization of the protein and calories supplied by the mixtures.

It is worthwhile to point out the relative importance of minerals over the
other groups of nutrients, when the 70:30 mixture, which supplied a higher
quantity and quality of protein, was offered. Also, the results with the 87:13
mixture, when minerals alone were added, were comparable to those obtained
when protein quality was improved by addition of amino acids, and were
definitely higher than those obtained by the addition of only vitamins and
calories.

Therefore, the results presented indicate that an increase in bean consump-
tion that will raise the ratio of consumption of beans and corn to the nu-
tritionally optimal ratio is a desirable measure, as is the supplementation with
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the deficient amino acids in the mixtures, and the siinultaneous correction of
the deficiencies in minerals and vitamins. However, actions which are intended
to fultill this purpose will have an incomplete impact in the solution of the
nutritional problem, since. as was demonstrated, diets which fulfill these
requircnients are unable to supply the caloric or protein requirements
nceessary for the normal growth of the animal. Therefore, policies and
programs which include basic grains, which are frequenl in our media, are
scarcely effective in improving the nutritional status ol the population. Only
programs whose approach is to furnish a balanced food system would be able
to fulfill this purpose.

Summary

The present study was performed ta determine whether 70:30 and 87:13
mixtures of corn and comimon heans, respectively, were capable of satisfying
the mutritional needs of 5-week-ald pigs fed ad libitum. 1t was also considered
of interest to study the influence of different groups of nutrients such as
vitamins, mincrals, limiting amino acids and calories, added individually or
together, on growth performance and efficiency of feed utilization and diet
consumption.

After a 12-week experimental period it was found, from individual animal
measurements, that an increase in bean intake that will raise the ratio of
consumption from 13:87 to 30:70 (beans:corn), the latter ration considered
optimun, is a desirable measure, as is the simultaneous supplementation with
the limiting amino acids. vitamins, mincrals and calories. Addition of
individual groups of nutiients resulted in partial improvement in animal
performance and dict utilization,

Even when fully supplemented with all nutrients, neither of the two
mixtures was capable of inducing a growth performance equal to that
obtained with the control corn:soya diet. The results confirm the importance
of total nutrients in the diet to obtain increased efficiency of protein
utilization. Furthermore, it would appear that, for carn and beans dicts to be
effective, they need ta be improved in terms of both quality and quantity of
protein.
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Notes

I. Vitamin D,: 0.375%; vitamin A: 1.200%; vitamin B,,: 0.440%; ‘D-calcium
pantothenate: 0.800%; niacin: 1.500%; riboflavine: 0.316%; starch: 95.369%.

2. Calcium: 24%; phosphorus: 12%; salt: 18%; jodinc: 0.009%; iran: 0.2%:; copper:
0.01%:; cobalt: 0.01%;: mangancee: 0.006%; zinc: 0.01%.

3. National Academy ol Sciences (1968) Nutrient requirements of swine, 6th
¢d. National Academy of Sciences--National Rescarch Cowncil, Washington, D.C.
{P'ublication 1599).
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