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Biological trials with rats were done to learn whether INCAP Vegetable Mixture 9, skim 
milk, and a mixture of equal weights of both could be satisfactory supplements in the 
diet of the average rural child in two towns in Guatemala. Both foods and the mix- 
ture of the two increased weight gain of the rats and the feed and protein efficiency 
of the rural diets. The supplementary effects were more marked for skim milk, the mixture 
of the two, and Vegetable Mixture 9 in this order. The poorer the quality of the average 
rural diet, the greater the effect of the supplement. The effect of the supplements on 
blood, bone, and liver composition was also studied with the best of the average rural 
diets. The supplements were not very different in affecting organ composition and all 
resulted in changes from the basal diet, more marked for the skim milk, the mixture of 
skim milk plus Mixture 9, and Mixture 9, in that order. The lower supplementary values of 
Mixture 9 as compared to skim milk were ascribed to the relative deficiency of lysine, 
the lower digestibility of Mixture 9, and the deficiency of lysine in the diets. None 
of the supplements reduced the intake of the average rural diet. 

HE results of dietary surveys in the T Central American area have indi- 
cated low intake of good quality protein 
in the rural populations ( 7 7 ) .  Of 
particular importance is the quality of 
the protein consumed by the child 
population, the group most susceptible 
to dietary deficiencies. The diets of 
children in Guatemala are deficient in 
both quality and quantity ( 7 3 ) .  The 
protein consumed is derived mainly 
from corn and beans, ivith small and 
sporadic intakes of animal protein ( 7 3 ) .  
INCAP Vegetable Mixtur9e [29% corn 
flour, 297, sorghum: 38% cottonseed 
flour, 37, torula yeast, and 1% CaCOa; to 
100gramsofthemixture4500 I.U. ofvita- 
min A (dry vitamin A acetate, 500,000 
U.S.P. units per gram. Hoffmann- 
La Roche, Inc., Nutley: N. J.) are added] 
was developed to supplement the diets 
of the rural population (8). Biological 
tests with chicks (5), rats (7> 9). dogs and 
swine (6)> and children (20) shoived that 
Vegetable Mixture 9 was of high nutri- 
tive value, comparable to milk, partic- 
ularly a t  high levels of protein intake. 
It was, therefore, of interest to study the 
supplementary value of its protein to the 
protein of the average child's diet in t\vo 
towns in Guatemala. 

Materials and Methods 

Dietary surveys gave the amounts of 
food consumed per child per day in t\vo 
rural towns in Guatemala: Santa 
Maria Cauqu6 and Santa Catarina 
Barahona. The selection of fcods, the 
quantities consumed, and the proximate 

ana1)sis of the air-dried diets are shown 
in Table I. 

Food composites were made by homog- 
enizing all foods in a \faring Blendor 
and dehydrating by hot air at 75" C 
in a tray dryer. The dried samples 
were then ground to about 40-mesh and 
subsamples Irere obtained for chemical 
analysis and determination of amino acid 
con tent. 

The biological tests in rats consisted in 
feeding the dried diets ad libitum and 
giving a daily supplement of 1,  2. 3. and 
4 grams of L-egetable Mixture 9. skim 
milk. and a 50 SO mixture by Iveight of 
both. \Vhen the combination of skim 

Table 1. Mean Daily Food Con- 
sumption of Guatemalan Indian 
Preschool Children (Grams per 
Head) in Terms of Edible Portion 

Sonfa Santgr 
Cotarino Mario 

47 3 
3 4 
9 14 

10 20 Legumes 

Fruits 31 17 
Tubers 3 4 
Cereals(& 119 178 

Lard 1 1 
Coffee 5 3 

Moisture, g. 70 4 . 8  7 , 6  
Ether extract. g. yc 4.0  4.8 

Protein (E X 6.25), 
g. 52 ~. 1 1 . 7  1 1 . 6  

.Ash. g. , c  3 . 0  3 .0  
a Calculated on dry-weight basis. 

Food Barahona Cauque' 
Liquid milk 

3% 
Fresh vegetables 41 33 

Sugars 23 34 

Proximate Analysis 

Crude fiber, g. % 2 . 5  2 . 7  

milk and Vegetable Mixture 9 proteins 
\{-as studied. the composition of the basal 
diet was: 4.0% mineral mixture (75), 
5.0yo cottonseed oil, l.07c cod liver 
oil, 90% cornstarch. and 5 ml. of a 
vitamin solution (79). Skim milk and 
Vegetable Mixture 9 replaced part of 
the cornstarch to give the protein levels 
shoivn in Table 11. 

\Yeanling rats of the \Yistar strain 
from the INCAP colony were used. 
In each experiment the animals were 
distributed by weight and sex, three 
males and three females per group, 
having the same initial weight. They 
ivere placed in individual wire cages 
\vith raised screen bottoms. Weight 
gains and food intakes Jvere measured 
every 7 days for the duration of the 28- 
day experimental period. One experi- 
ment \vas carried out for 8 weeks. 
\I-ater \vas available at all times. 

At the end of the %week experiment, 
using the diet of Santa Catarina Bara- 
hona, the animals \\.ere decapitated and 
blood and certain organs were obtained 
for chemical analysis. Kitrogen de- 
terminations Irere carried out by the 
Kjeldahl method. fat by ethyl ether 
extraction. and ash in an oven at  GOO0 C. 
Calcium content of the ash was de- 
termined by the AOA4C method (3) ,  
and phosphorus \vas determined by the 
method of Lolvry and L6pez (77). 
The bones irere treated and analyzed as 
described by Braham et al. ( 3 ) .  The 
serum \vas analyzed for total protein 
by the method of Lo\vry and Hunter 
( 7 6 )  and albumin by the method of 
Lo\\.n et ul. ( 7 8 ) .  Serum urea was 
determined by the method of Gentzkow 
and Mosen (74) and cholesterol by the 
method of Xbell et  al .  ( 7 ) .  Hemoglobin 
\vas determined bl- Cannan method (70). 
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Table II. Combination of Vegetable Mixture 9 and Skim Milk Proteins at Two levels of Dietary Protein in Rats 
l o w  Protein High Protein 

Protein Distribution Amount o f  Protein Weight Protein Weight 
in Diet, %- Food in Diet, % in diet, gain,a in die!, gain,c 

V M 9  Skim milk V M 9  Skim milk % gtams FE PER % grams F E  PER 

100 0 37 .0  0 11 .49  61 5 . 6  1 . 5 7  19.55 152 3 . 0  1 .71  
80 20 29 .0  6 . 1  1 1 . 9 7  80 4 . 4  1 .90  18 .93  163 2 . 8  1 .88  
60 40 22 .0  1 2 . 1  11 .16  103 3 . 8  2 . 3 5  18.91 162 2 . 7  1 .95  
40 60 1 5 . 0  1 8 . 2  11 .74  112 3 . 5  2 , 4 5  19 .63  160 2 . 6  1 . 9 9  
20 80 8 . 0  24 .2  11 .50  112 3 . 4  2 . 5 6  18 .94  155 2 . 5  2 .08  
0 100 0 3 0 . 3  11 .95  110 3 . 2  2 .64  18 ,19  147 2 . 6  2.10 

a .\Yerage initial weight, 43 grams. 
* Amounts of Vegete.ble Mixture 9 and skim milk twice amounts shown for first experiment. 
c Average initial wei:;ht, 52 grams. 
VM9 = Vegetable hlixture 9 ;  FE = feed efficiency; PER = protein efficiency ratio. 

Table Ill. Supplementary Value of INCAP Vegetable Mixture 9 and of Skim Milk, Alone and Combined, in Child's 
Average Diet 

Supple- 
ment, 

Grams/ 
Day 

None 
1 
2 
3 
4 

Vegetable Mixture 9 
~~ 

Weight Basol 
gain," f3od 
grams intake FE PER 

14 406 1 4 . 7  0 .58  
38 4.26 6 . 7  1 . 1 2  
51 221 5 . 4  1 .25  
70 4,35 4 . 5  1 . 4 0  
82 245 4 . 3  1 . 4 0  

Skim Mi lk 
Weight Basal 
gain," food 
grams intake FE 

Santa Maria Cauqu6 

53 262 5 . 4  
68 25 7 4 . 6  
82 266 4 . 2  
88 250 4 . 0  

. . .  , . .  . . .  

5 0 / 5 0  V M 9  f Skim Mi lk 
~ 

Weight Basal 
goin,a food 

PER grams intake FE PER 

, . .  . . .  . . .  . . .  . . .  
1 . 3 9  46 226 5 , 5  1 . 3 5  
1 . 5 2  63 231 4 . 5  1 .50  
1 . 5 5  82 247 4 . 0  1 . 6 0  
1 .52  104 255 3 . 5  1 . 7 5  

Santa Catarina Barahona 
None 62 2'34 5 . 4  1 .61  . . .  . . .  , . .  . . .  . . .  . . .  . . .  , . .  

1 72 307 4 . 6  1 . 6 8  87 312 3 . 9  2 . 0 0  86 310 3 . 9  1 . 9 9  
2 81 4:91 4 . 3  1 . 6 7  113 324 3 . 3  2 . 1 6  109 319 3 . 4  2 .11  
3 9' 310 4 0  1 67 138 350 3 1  2 21 129 32- 3 2  2 15 
4 105 2 85 3 7  1 67 157 355 2 9  2 22 132 305 3 1  2 03 

c~ .\\erage initial weisht for all groups. 
b Value in feed efficiency blocks. 

Santa Maria Cauqu6, 52 grams; Santa Catarina Barahona. 53 grams 
Total food consumed weight gain. 

Results 
Table I1 sho\vs the results of two 

experiments designed to determine the 
optimum combination of the proteins of 
L'egetable Mixture '9 and skim milk. 
At the low level of protein in the diet, 
the replacement of vegetable protein by 
skim milk improved feed utilization and 
protein efficiency ratio. Only small in- 
crements in protein i:fficiency Lvere ob- 
tained over that of di'zts containing 607, 
of the protein from 'I'egetable Mixture 
9 and 407, from skim milk. Average 
Iveight gain of the rats also reached 
maximum values ivhen the nvo food 
proteins were combined in these pro- 
portions. z4t the higher level of dietary 
protein, maximum yveight gains \\ere 
observed when the protein of the diet 
consisted of 807, derived from Vegetable 
Mixture 9 and 20%;) from skim milk. 
Protein efficiency r a t b  (PER), hoFvever. 
improved as the amount of skim milk 
increased. Here also only small incre- 
ments in PER Jvere noted over that of 
diets containing 60% of the protein from 
the vegetable mixture and 40% from 
skim milk. 

.l'able I11 presents the values obtained 
ivhen Vegetable Mixture 9> skim milk, 
and a 50 50 mixture of the two proteins 
Lvere used to supplcment the average 
diet of school children of Santa Maria 
Cauqut  and Santa Catarina Barahona. 

Table IV. Growth of Rats Fed Average Santa Catarina Barahona Diet 
Alone or Supplemented with 5 Grams Daily of Vegetable Mixture 9, Skim 

Milk, or Both 

~- 4-Week Dato 6 -Week Data 
Control Control 

intoke, gain," intake, goin, 
Treatment grams grams FE PER grams grams FE PER 

diet Weight diet Weight 

Control 250 52 4 . 8  1 . 8 0  621 116 5 . 3  1 .62  + skim milk 318 137 2 . 9  2 . 3 5  762 228 4 . 1  1 .68  + 50/50 mixture 
skimmilk + VM9 302 137 3 . 0  2 . 1 0  722 221 4 3 1 . 5 3  + VM9 277 109 3 . 5  1 74 664 194 4 . 6  1 40 

(1 .\\wage initial weight, 44 grams. 

The daily addition of the vegetable mix- 
ture to the diet of Santa Maria Cauqut 
significantly improved Lveight gain, feed 
efficiency? and protein efficiency ratio. 
Optimum PER \vas observed \\-hen the 
supplement \vas 3 grams daily. Supple- 
mentation with skim milk also signifi- 
cantly improved \\.eight gain and feed 
and protein efficient)-. In this case, 
however. 1 gram daily of skim milk 
produced a PER similar to that obtained 
with 3 grams daily of the vegetable 
protein. The mixture of the vegetable 
protein and skim milk also improved 
!\.eight gain and feed and protein ef- 
ficiency significantly. In this case: 
larger amounts of the supplement 
caused greater increases in PER and 1 to 

2 grams daily had the same effect as 1 
gram of skim milk or 3 grams daily of the 
vegetable protein. In all cases, the 
addition of the supplements increased the 
basal diet intake. 

\\'hen the same supplements were used 
with the average diet of school children 
of Santa Catarina Barahona: ISCAP 
L'egetabie Mixture 9 caused only small 
increases in PER. although \veight gains 
\\'ere significantly increased by supple- 
menting \\-ith 2. 3.  and 4 grams daily. 
Supplementation ivith skim milk signif- 
icantly improved \\eight gain and feed 
and protein efficiency ratio. 'The 
addition of only 1 gram of skim milk 
daily improved PER more than 4 grams 
of the vegetable mixture. Daily sup- 
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plementation with 1 gram of the skim 
milk-vegetable protein mixture im- 
proved weight gain and feed and protein 
efficiency ratio as much as 1 gram of 
skim milk. 4 s  Fvith the previous experi- 
ment, the supplements increased the 
consumption of the basal diet. 

Table IV sho\vs the results of another 
experiment in \vhich 5 grams daily of 
the three protein supplements were 
added to the diet from Santa Catarina 
Barahona. \\'eight gain and feed and 
protein efficiency values are shoivn for 
4- and 8-week experimental periods. 
Both skim milk alone and the combina- 
tion of skim milk and the vegetable 
protein improved PER. ,411 three sup- 
plements increased weight gain of the 
rats. As expected: larger differences in 
PER were noted at 4 than at 8 weeks. 

Table V s h o w  the values of some 
blood constituents of the rats included in 
the foregoing experiment. -411 supple- 
ments increased total serum protein, 
globulin: and serum urea nitrogen. 
Albumin content was increased by the 
vegetable mixture alone and combined 
with skim milk. Hemoglobin concen- 
tration increased Lvith either supplement, 
while cholesterol content decreased with 
the addition of any of the supplements. 
The results in Table VI show the average 
weights of liver, spleen, kidney, heart, 
and carcass expressed as percentage of 
body weight of the animals fed the dif- 
ferent supplements. Kidney, heart, and 

spleen weights were significantly dif- 
ferent between treatments. 

Table VI1 shows the composition of 
the long bone of the rats. The moisture 
content of the bones from rats fed the 
skim milk supplement was significantly 
different from the other values. The 
differences in fat, ash, and protein were 
also significant betLveen treatments. 
The amount of calcium and phosphorus 
in the bones \vas increased by supple- 
mentation with skim milk or the mix- 
ture of skim milk and Vegetable Mix- 
ture 9, the differences being statistically 
significant. Also shoxz-n in Table VI1 is 
the moisture, fat, and protein content of 
the livers of the animals fed the diet and 
the diet plus the supplements. The 
moisture content of the liver of the 
animals fed Vegetable Mixture 9 as the 
supplement was lower and significantly 
different from the other values. The 
fat content was higher in the control, 
but the differences were not significant 
between the control and any of the sup- 
plements or between supplements. Pro- 
tein concentration in the liver was 
statistically different between treatments. 
Higher values were observed \vhen the 
supplement was skim milk. 

Discussion 
Previous studies have demonstrated 

that the protein value of INCAP Vege- 
table Mixture 9, when fed at low protein 
levels, is not so good as that of milk 

Table V. 
Ca ta rina 

Group 
No. 

1 
2 
3 

4 

Blood Serum Analysis of 8-Week-Old Rats Fed Average Santa 
Barahona Diet, Alone or Supplemented with Vegetable Mixture 9, 

Skim Milk, or Both 
Hemo- Choles- 

Protein, Albumin, Globulin, A / G  Urea N, globin terol, 
Treatment % % % Ratio Mg. % % M g .  % 

Control 5 . 4 3  3 .31  2 .18  1.5.3 16 .7  1 3 . 4  101 .2  
Skim milk 6 .43  3 .14  3.29 0 .96  1 7 . 5  1 4 . 6  82 .4  
Skim milk 6 .57  3 .38  3 .20  1 .06  1 9 . 6  14 .6  88 .9  

VM9 6 .20  3 .42  2 .78  1 .24  20 .2  14 .6  87 .7  
+ VM9 

Table VI. Organ and Carcass Weight of 8-Week-Old Rats Fed Average 
Santa Catarina Barahona Diet Alone and Supplemented with Vegetable 

Mixture 9, Skim Milk, or Both 
Group 70 of Body Weight 

liver Kidney Heart Spleen Carcass No. Treatment 

1 Control 5 .60  1 .68"  0 .85h  1.08b 8 2 . 2  
2 Milk 4.37  1 .17  0 .64  0 .69  81 .9  
3 Milk + VM9 4 .19  1 .11  0 . 6 3  0 .57  8 2 . 4  
4 VM9 4.76 1 .21  0 . 4 8  0 . 6 3  82 .8  

a Difference between groups significant at 0.05 level. 
Difference between groups significant at 0.01 l e \d .  

because of a lower protein digestibility 
(20) and a relative deficiency of lysine 
(7). At high level of dietary protein, the 
nutritive value of the mixture is compa- 
rable to that of milk protein. These 
findings explain the results obtained 
when the proteins of skim milk and of 
Vegetable Mixture 9 lvere combined. 
A s  milk protein replaced Vegetable 
Mixture 9 protein, more lysine was 
available to the animals, resulting in 
improvements in gain in weight and 
PER. The lysine deficiency in the 
vegetable protein is more evident at the 
lower protein level, as seen from the 
results obtained at the tivo levels of 
protein in the diet. In any event, the 
best combinations of the two proteins 
lie between 607 ,  of the protein from 
Vegetable Mixture 9 and 40% from milk 
and 207, from the vegetable protein and 
80% from milk at the lower level of 
protein fed. 

Studies (72) on the chemical composi- 
tion, amino acid content, and protein 
value of the average rural child's diet 
have shown that both Santa Catarina 
Barahona and Santa Maria Cauqut 
diets contain around 11 % protein on the 
dry weight basis and that lysine is the 
first limiting amino acid; the diet from 
Santa Maria CauquC is the more de- 
ficient of the tivo. The diets contain 
3.8 and 3.3 grams of protein from animal 
origin per day, respectively. The 
improvement in the weight gain of the 
rats and in the PER upon supplementa- 
tion, particularly ivith the skim milk 
and skim milk-vegetable protein supple- 
ment, is due to better protein quality as 
well as a higher intake of protein from 
the supplement. This can be observed 
from the PER values, Lvhich increase to a 
maximum value and remain constant or 
decrease slightly with higher amounts of 
the supplement, an effect similar to the 
decrease in PER Lvith increasing levels 
of d ie taq  protein (3). That the protein 
quality of the Santa Catarina Barahona 
diet is better than that of the Santa 
Maria CauquC diet is shown by the basal 
PER values as well as the improvement 
in PER upon supplementation, which is 
large for all supplements in the case of 
the diet with the lower basal PER. It is 
evident that the nutritive value of the 
protein from the vegetable mixture is 
about that of the protein derived 
from skim milk. 

The results of this study also point 
to an important factor related to the 

Table VII. Chemical Composition of long Bones and liver of 8-Week-Old Rats Fed Average Santa Catarina Bara- 
hona Diet Alone or Supplemented with Vegetable Mixture 9, Skim Milk, or Both 

Bone 

Group 

Liver, 

- % Fresh Tissue 
Ether 

No. Treatment Moisture extract Ash Protein Calcium phorus Moisture extract Protein 

1 Control 41 .4  3 .7  31.7 22 .7  29 .6  16 .2  67.90 5 .42  33.46 
2 Milk 34 .4  1 . 6  30 .4  1 9 . 4  44 .7  22 .6  67.57 3.79 42.53 
3 Milk + VAM9 36.1  1 . 7  30 .6  1 9 . 3  42 .0  20 .4  66.01 3 .84  41.63 
4 VM9 41.8  4 . 9  30.2 20 .4  31 .3  13 .5  65 17 3 .61  40.09 
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development of vegetable protein mix- 
tures for supplementing human diets. 
These mixtures usually consist of 
combinations of a high protein source 
and a cereal grain, as is the case with 
Vegetable Mixture 9. They are to be 
used to supplement rural diets rich in 
protein-poor cereal grains. Therefore, 
the vegetable mixture should consist of 
the optimum protein combination of the 
cereal protein and the protein-rich 
component to give the highest nutritive 
value that can be obtained. Otherwise, 
the effect on the rural cereal diet \<ill not 
be as efficient as expected. 

Although the supplementary effect of 
kegetable hfixture 9 was not as high as 
expected, it cannot be concluded that it 
would not be of value Lvhen diets, such as 
the ones used in this study, are con- 
sumed by children. ‘The rat is a faster 
growing organism th,an the human and 
consequently has a higher lysine re- 
quirement. 

All supplements (except in the Santa 
Catarina Barahona diet) did not reduce 
food intake. a further indication of the 
improvement in quality of the supple- 
mented diets. A dkidvantage of vege- 
table protein mixturrs is their bulk and 
loiv digestibility. 

The supplements. besides improving 
\\,eights gain and PER, also improved 

Isolation of 4’-0-Methylcoumestrol from 

analyzed and increased the \<eight of 
some of the organs studied. The bone 
composition data, however, suggest that 
calcium is not as effectively utilized in 
these mixtures as the calcium from skim 
milk; this could be due, to some extent, 
to the phytin content of the vegetable 
products, and could explain, to a certain 
degree, the lower PER values obtained 
bvith the mixture as compared to those 
obtained with skim milk. 
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N E W  ALFALFA COMPOUND I D E N T I F I E D  

Alfalfa Western Regional Research 
Laboratory, Albany, Calif. 

The coumestan 4’-O-methylcoumestroI was tentatively identified by thin-layer chro- 
matography (TLC) and comparison of its benzyloxybenzofuran derivative with authentic 
2-(2’-metlioxy-4’-benzyloxyphenyl)-6-methoxybenzofuran. Comparison of the iso- 
lated product with authentic 4’-O-methylcoumestroI confirmed the assigned structure. 

N A RECEST PAPER (2),  the isolation I of 13 phenolic compounds from 
alfalfa was reported. T ~ v o  of these 
(compounds I and 11) were obtained as 
an inseparable mixture. That  the tivo 
compounds were clos~ly related coume- 
stam was suggested by the similar ultra- 
violet spectrum of the mixture to that 
of coumrstrol ( 7 ) .  Chromatography 
established that neither compound was 
coumestrol (2). Formation of tlvo new 
compounds upon acetylation or methyla- 
tion of the mixture suggested the presence 
of hydroxyl groups on both compounds. 
Compound I was subsequently identified 
through degradative and proton mag- 
netic resonance (PMR) studies as 7- 

hydroxy- 11,12-methylenedioxycoumestan 
and assigned the trivial name medicagol 
(J ) .  TLC comparison of the mixture 
of medicagol and compound I1 \zith 7-  
and 4’-O-meth) lcoumestrol suggested 
that compound I1 was 4’-O-methyl- 
coumestrol (Table I ) .  

The definite locatior. of the hydrox>l 
group on compound I1 was established 
by the preparation of the benzyloxy- 
benzofuran derivatives of the mixture of 
medicagol and compound 11. These 
were prepared by the systematic deg- 
radation of their benzyloxy derivatives 
through methylative ring opening, 
hydrolysis, and decarboxylation to their 
benzyloxybenzofuran derivatives. The 

benzofurans \rere then separated by 
fractional crystallization. Elemental 
analyses of the benzyloxybenzofuran 
derivative of compound I1 substantiated 
that the compound from ivhich it was 
derived \vas a monomethoxy derivative 
of coumestrol. Comparison with 
authentic 2 - (2’  - methoxy - 4’ - benzyl- 
oxyphenyl) - 6 - methoxybenzofuran 
confirmed its identity. 

Natural 4’-O-methylcoumestrol was 
obtained by treatment of the mixture of 
compound I1 and medicagol with 86% 
sulfuric acid. Under the conditions 
employed, medicagol was completely 
converted to 7,11~12-trihydroxycoume- 
stan, Lvhile 4 ’-0-methylcoumestrol re- 
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