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The evaluation of the Processed Basic Blend (PBB) sub

mitted to AID by International Milling was unduly prolonged
 

because of our ignorance of its constituents and the assumption
 

that methionine was its first-limiting amino acid, based on
 

the amino acid composition of the product submitted to us.
 

When we failed to demonstrate a supplementary effect of methio

nine and we assumed that because the product was wheat-based,
 

lysine was probably first-limiting, we then attempted to
 

measure the supplementary effect of this amino acid, again
 

without success.
 

This product was described to us as "wheat-based", formu

lated from selected mill streams from the milling of wheat.
 

It is identified as having a much higher lysine content than
 

white flour but whether this was achieved only by the selection
 

of wheat fractions or by the addition of a source of lysine
 

as well, is not clear. Its gross analysis on an "as is basis"
 

was moisture 4.5%, ash 2.95%, fiber 0.7%, fat 5.55%, protein
 

(N x 6.25) 20.02% (21.2% on a dry basis), and carbohydrate 

(by difference) 66.9%. The protein efficiency ratio (PER) 

for a batch of this product (not necessarily the one we used) 

was reported to have been 2.3 (casein 2.5) in rats and 1.9 

(casein 2.5) in chicks. The net protein utilization (NPU) was 

reported to have been 41.0% (casein 50.3%) in rats and 44.2% 

(casein 45.7%) in chicks. Apparent nitrogen digestibility in
 

rats was reported as 86.0% (casein 88.1%); when corrected for
 

a nitrogen-free diet this was 93.9% (casein 95.4%); and when
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corrected for a 4% protein diet this was reported to be 95.4%
 

(casein 96.6%) in rats. Corresponding values for soy bean meal
 

are reported to have been 80.3%, 88.9%, and 90.4%.
 

In both the comparative and prolonged studies included in
 

this report enough sucrose and cottonseed oil were added to
 

the diet to make fat and carbohydrate supply approximately 50%
 

each of the non-protein calories. A complete vitamin and
 

mineral mix was added daily in all studies. Protein and
 

calorie intakes were recalculated daily on the basis of body
 

weight.
 

RESULTS
 

Table I summarizes the results obtained in comparative
 

studies carried outin five convalescent malnourished infants.
 

The first of these, #236 received casein, PBB, casein, PBB
 

plus 0.2% DL-methionine, and finally casein during consecutive
 

dietary periods at isocaloric and isonitrogenous levels,
 

recalculated daily. 
For the two periods on PBB apparent absorp

tion of nitrogen averaged 76% of intake, while for the three
 

casein periods it averaged 85% of intake. App-rent retention
 

of nitrogen from PBB was identical, whether methionine was
 

added or not. It averaged 16.5% of intake as against 31% of
 

intake for casein. Changes in stool weight were probably not
 

related to the diet. Changes in rate of weight gain were not
 

significant. During the second PBB period, that with supple

mentaiy methionine, serum albumin fell to the lower limits of
 

our normal range. 
 During the final casein period it recovered
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to above 4.0 grams/100 ml.
 

In the second infant, #265 as well as in the remaining 

three infants, there was no casein period between the two PBB 

periods. Apparent nitrogen absorption in this infant averaged 

72% of intake as against 83.5% from casein. Apparent retention 

of nitrogen was slightly higher when methionine was added but 

the difference was probably due to the significantly better 

nitrogen absorption during this period. The average for the 

two periods was 14.5% of intake as against 34% of intake from 

casein. As in the first child, the differences in stool weight 

were probably not due to the diet but also as in the first
 

infant stool weight probably influenced stool nitrogen and
 

may have influenced rate of weight gain. There was again a
 

significant fall in serum albumin during the second PBB period.
 

In the third infant apparent absorption of nitrogen was
 

78.5% of intake from PBB and 88% of intake from casein. Apparent
 

nitrogen retention was 29% of intake from PBB and 46% of intake
 

from casein, with no apparent effect of methionine supplementa

tion. Stool weights were slightly but suggestively higher on
 

the PBB diets but rates of weight gain and changes in serum
 

albumin were not different.
 

In the fourth infant lysine was added instead of methio

nine. Apparent absorption of nitrogen was 84.5% of intake
 

from PBB and 94% of intake from casein. Apparent retention of
 

nitrogen was 30.5% of intake from PBB and 43% of intake from
 

casein, with no.discernable effect of the lysine. Stool weights
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were very low on all diets although slightly higher for PBB.
 

Rates of weight gain were slightly higher on PBB but these
 

differences are not significant. There was again a slight
 

further fall in serum albumin during the PBB diets with some
 

recovery during the final casein period.
 

In the fifth infont, #293, also receiving supplementary
 

lysine, apparent absorption of nitrogen was 72.5% of intake
 

from PBB and 86% 
of intake from casein. Apparent retention
 

of nitrogen was 29 and 57.5% of intake, respectively. There
 

was no significant difference in stool weights or rates of
 

weight gain. The fall in serum albumin during the first PBB
 

period was not corrected during the second but recovered
 

completely during the final casein period.
 

All five of these studies were carried out at critical
 

protein to calorie ratios, with protein providing approximately
 

6.7% of calories in all of them. 
At these critical levels
 

differences in biological value are accentuated. Apparent
 

retentions of nitrogen from PBB, whether enriched with methio

nine or with lysine, or with neither one, were roughly 50 to
 

65% of those from casein. Much of this difference can un

doubtedly be attributed to the consistently lower nitrogen
 

absorptions. As pointed out in other studies this last is
 

an extremely important factor. 
Thus, white wheat flour, be

cause of its excellent digestibility, results in nitrogen
 

retentions in the human infant well beyond those which might
 

be expected on the basis of amino acid composition and per

formance in rats. Wheat fractions which add to the protein
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and lysine content of a particular flour are relatively poorly
 

digested and thus the performance in the human infant does not
 

match that to be expected from amino acid composition and
 

behavior in rats or chicks. Failure to show a supplementary
 

effect of methionine, and particularly of lysine, suggests
 

that amino acid baiance was markedly improved by using these
 

fractions.
 

Table II summarizes the results of prolonged feeding
 

(56 days) of PBB as the only source of protein in the diet of
 

a convalescent malnourished female infant. In this case
 

PBB was provided at levels such that 8.0% of calories in the
 

diet came from protein. The protein and calorie contents of
 

the diet were reduced in parallel to control excessive rates
 

of weight gain as the infant proceeded with her accelerated
 

recovery. During 1.8 months on these diets she gained 2.9
 

months in height age and 5.5 months in weight age indicating
 

that the dietary protein was perfectly adequate to support
 

an accelerated rate of weight gain. Although serum albumin
 

had fallen slightly at the end of the study it was still within
 

our normal range. This fall probably reflects the accelerated
 

rate of weight gain more than any dietary deficiency. This
 

study certainly indicates that at a protein level such as that
 

used, which is still quite modest, the deficiencies demonstrated
 

in the comparative studies can be totally compensated for.
 



Table III summarizes the fasting plasma free amino acid
 

levels of the five infants in the comparative study (Table I)
 

and the one receiving PBB for almost two months 
(Table II).
 

In each instance the plasma sample was obtained at the end of
 

the respective diet periods indicated. For the infant with
 

prolonged feeding of PBB the samples were obtained at the end
 

of the particular protein and calorie intakes listed. 
For the
 

essential amino acid level (EAA) the eight usual essential
 

amino acids are included along with tyrosine and cystine.
 

The values for total amino acids are quite characteristic
 

of those obtained with other diets at similar levels of protein
 

intake. The value for the essential amino acids and for the
 

molar ratio of these (EAA/TAA) are all in the range found for
 

other vegetable protein mixtures. They are consistently be

low those found on modified milk or casein diets. 
 For these
 

last diets the average EAA value is 0.7 VM/ml and the EAA/TAA
 

ratio averages 0.3. The molar ratio of methionine to essential
 

amino acids (Met/EAA) for the unsupplemented diets averaged
 

0.036 with a range of 0.026 to 0.050. This is almost identical
 

to that found on milk, casein, or mixed vegetable protein
 

diets. 
 In two of the three infants receiving supplementary
 

methionine this ratio increased from 0.026 to 0.046 and from
 

0.034 to 0.048. In the third one it did not change, being
 

0.050 and 0.051. The three values for the infants receiving
 

supplementary methionine are all at the high end of the range
 

for unsupplemented diets and are higher than our usual value
 

for diets known not to be deficient in methionine. This
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would suggest that the methionine supplementation represented
 

an excess.
 

In almost all of the plasma samples the lysine/EAA ratio
 

was higher than that found with unsupplemented white wheat
 

flour and comparable to the values obtained when this same
 

flour was supplemented with lysine. In the two cases receiving
 

supplementary lysine there was a slight but suggestive eleva

tion in the lysine/EAA ratio. All the values found would
 

suggest that lysine was not significantly limiting in these
 

diets.
 

In summary, we feel that this is a potentially very use

ful product, probably well balanced in its amino acid composi

tion. Its utilization is limited primarily by digestibility.
 

This requires providing at least 8.0% of calories as protein
 

in the diet of children receiving this as their main source of
 

protein. It would probably be safer to approximate 10% of
 

calories as protein.
 



Table. I 
Processed Basic Blend from wheat fractions as 
the sole source of protein in the diet
of normal or convalescent malnourished infants.


of the product 
Comparisons with casein (C)alone (PBB), enriched with DL-methionine (PBB+M), or

enriched with L-lysine-HCL (PBB+L). 

D a i 1 y 
Protein 

Source gfkg 

D i e 
Kcal 
/kg 

t 
No. of 
Days 

On 
days 

Nitrogen Balances 
mg/kg % of Intake 

Int. Ret. Abs. Ret. 

Stool 
wt. 
g/day 

Body 
wt. A 
g/kg/d 

Ser. Alb. 
final 

g/lOOml 

C 
PBB 
C 

PBB+M 
C 

1.8 
1.8 
1.8 
1.8 
1.8 

110 
110 
110 
110 
110 

#236M: 

6 
9 
9 

15 
9 

Hospital day 276: 

1-6 288 
4-9 288 
4-9 288 
4-15 288 
4-9 288 

10.8 months, 73.8 cm., 

74 88 26 
49 81 17 
77 80 27 
48 71 16 

il 87 39 

8.7 kg. 

70 
69 

199 
181 
67 

3.6 
3.2 
2.6 
2.4 
3.0 

3.82 
3.88 
3.85 
3.54 
4.22 

C 
PBB+M 
PBB 
C 

2.5 
2.5 
2.5 
2.5 

150 
150 
150 
150 

#265M: Hospital day 34: 

12 7-12 400 
9 4-9 400 
9 4-9 400 
9 4-9 400 

12 months, 62 cm., 5.64 kg. 

120 81 30 70 
72 75 18 96 
44 69 11 144 

151 86 38 93 

6.5 
8.8 
2.9 
7.0 

3.64 
3.62 
3.31 
3.64 

#270M: Hospital day 134: 8.7 months, 64 cm., 6.21 kg. 
C 

PBB 
PBB+M4 

C 

2.5 
2.5 
2.5 
2.5 

150 
150 
150 
150 

9 
9 
9 
9 

4-9 
4-9 
4-9 
4-9 

400 
400 
395 
381 

183 
116 
115 
176 

90 
78 
79 
86 

46 
29 
29 
46 

31 
102 
84 
70 

9.3 
7.2 
6.0 
4.4 

3.49 
3.53 
3.55 
3.51 

#283M: Hospital day 80: 8.1 months, 60 cm., 5.03 kg. 
C 

PBB 
PBB+L 

C 

2.5 
2.5 
2.5 
2.5 

150 
150 
150 
150 

9 
9 
9 
9 

4-9 
4-9 
4-9 
4-9 

400 
400 
400 
400 

176 
114 
128 
167 

93 
84 
85 
95 

44 
29 
32 
42 

20 
35 
38 
10 

6.9 
10.1 
8.0 
7.0 

3.34 
3.32 
3.17 
3.46 



Table I (Continued) 

D a i 1 y
Protein 

Source g/kg 

D i e t 
Kcal 
/kg 

No. of 
Days 

On 
days 

Nitrogen Balances 
mg/kg % of Intake 

Int. Ret. Abs. Ret. 

Stool 
wt. 

g/day 

Body 
wt. A 
g/kg/d 

Ser. Alb. 
final 

g/looml 

#293M: Hospital day 43: 4.7 months, 58.2 cm., 4.29 kg. 
C 

PBB 
PBB+L 

C 

3.0 
3.0 
3.0 
3.0 

175 
175 
175 
175 

9 
9 
9 
9 

4-9 
4-9 
4-9 
4-9 

480 
480 
480 
480 

287 
137 
143 
262 

88 
74 
71 
84 

60 
28 
30 
55 

57 
80 
89 

123 

11.3 
9.0 

11.0 
6.9 

3.54 
3.27 
3.37 
4.17 



Table II
 

Prolonged feeding of PBB as the sole source of protein
 
in the diet of a convalescent malnourished
 

female infant.
 

D i e t Progress in Ser. Alb.
Initial Ages* D a i 1 y 

in Months Protein Kcal No. of Months final
 

HA WA g/100ml
CA HA WA Source g/kg /kg Days CA 


34 1.2 0.2 2.2 3.91
12.5 9.3 3.6 Milk Protein 


9.5 5.8 PBB 3.0 150 ?5 3.81
13.7 


" 2.5 125 21 3.86
 

" 2.0 100 10 1.8 2.9 5.5 3.67
 

* CA = chronologic age, HA = height age, WA = weight age. 



Table III
 

Fasting plasma free amino acids at the end of dietary periods 
with PBB as the only source of protein, with or without 

added methionine (M) or lysine (L). 

D a i 1 y D i e t Fasting Plasma Amino Acids 
Case Protein Kcal IM/ml Molar Ratios 

# Source g/kg /kg TAA* EAA** EAA/TAA Met/EAA Lys/EAA 

236 	 PBB 1.8 110 1.797 0.496 0.276 0.034 0.149 
PBB+M 1.8 110 1.805 0.518 0.287 0.048 0.172 

265 	 PBB+M 2.5 150 1.589 0.468 0.294 0.051 0.132 
PBB 2.5 150 1.832 0.475 0.259 0.050 0.139
 

270 	 PBB 2.5 150 2.069 0.581 0.281 0.026 0.141
 
PBB+M 2.5 150 1.985 0.587 0.296 0.046 0.121
 

283 	 PBB 2.5 150 2.114 0.624 0.295 0.037 0.157
 
PBB+L 2.5 150 2.020 0.568 0.281 0.028 0.185
 

293 	 PBB 3.0 175 2.441 0.543 0.222 0.039 0.136
 
PBB+L 3.0 175 2.412 0.479 0.198 0.038 0.161
 

328 	 PBB 3.0 150 2.538 0.715 0.282 0.029 0.204
 
PBB 2.0 100 3.233 0.944 0.292 0.039 0.242
 


