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Quality in Infants

and Children

II1. Prolonged Feeding of Cottonseed Flour"?

GEORGE G. GRAHAM,? M.D.,, ENRIQUE MORALES,* M.D., GLADYS ACEVEDO,® M.D,
Juan M. BAERTL,® ».D., AND ANGEL CORDANO,? M.D.’

E RECENTLY \."PORTED comparative met-

abolic studies in which cottonsced
flour (CSF) served as the only source of
protein in the diet of convalescent mal-
nourished infants and children (1). Cot-
tonsced flour from glandless cottonseed
(CF-26) appeared to have the highest bio-
logical value, with azectropic solvent-ex-
tracted flours (CF-21/27) approximating its
value closely and a CSF prepared by heat
processing and  screw-press - extraction
(CF-22) having a distinctly lower value.
Although rates of weight gain and changes
in scrum albumin levels were reported, it
was made clear that in such short-term
stuclies they were not reliable indicators
of protein quality and that only the ap-
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parent nitrogen retentions were of sig-
nificance.

This communication covers our experi-
ence with prolonged feeding of the same
CSI's as the only source of dietary protein
to some of the same, and a few additional,
infants and children. The duration of the
diet periods was such that rates of weight
gain, increments in height (recumbent
length), and changes in serum albumin
levels could be considered indicators of
dictary protein adequacy. We have used
the progress in “height age” and “weight
age” for each child as a measure of the
adequacy of growth. Fieviously mal-
nourished infants who are well advanced
in their recovery gain weight easily (2)
but lag in their lincar growth (3).

METHODS

The source and characteristics of the CSF's
used, the composition of the diets, the ration:.le
for the dictary levels of protein and calories,
and the composition of the vitamin and mineral
mixtures have been reported (1). In contrast to
the previous studies carried out under strict
control in a metabolic unit, those being re.
ported now were carried out in a more liberal
convalescent unit where physical activity was
unrestricted and the environmental temperature
and humidity were not controlled, Except in
those cases in which it is so stated, consumption
of the diet was consistently complete or nearly
so, but occasional spillage or vomitus was not
measured. Height and weight ages are those to
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TABLE 1
Progress in height and weight ages and changes in serum albumin levels of infants and children

consuming as their only source of protein a cottonseed flour

Graham et al.

Initial ages in months keal Progress in months S"‘é’;‘,ggl’,:?'i"'
Case number Protein, g/kg
and sex per duy ' ~
CA | HA | wa e k. | Protein | CA HA | WA Final

038, M 16.7 1 7.5 11.0 1.5 125 4.8 } 2.8 1.5 5.5]-0.23}3.70

0538, M 20,0 9.5 I4.5 1.5 100 6.0 | 2.0 2.0 3.5 0.36 | 3.63

058, M 220 11.5] 18.0 3.0 100 12.0 l 0.7 0.5 1.5 0.02 ! 3.65

033, F 1o 7.0 ’ 10.0 2.0 125 6.4 ! 2.0 1.5 1.5 0.50 | 4.52

033, F 13.0] 851 11.5 5.0 125 16.0 ’ 2.0 1.0 { ~1.5{ -0.76 | 3.76¢

09, F 13.5] 80 9.0 2.0 125 ¢ 6.4 ; 23 | 3.0 3.0/ 0.04]3.80

039, F 1581 11.0 12,0 5.0 125 , 16.0 | 1.7 0.5 2.0 0.73 | 4.53

061, M 11.0! 5.5 ' 8.0 2.0 125 ' 6.4 © 1.0 0.7 0.2 0.71 , 4.29

043, F 23.0'125:21.0° 2.0 100 8.0 | 2.0 1.0 1.0 | -0.15 " 3.58

031, M 36.5 ' 19.5 ' 20.0 2.0 100 8.0 | 1.0 0.5 3.5 -0.24, 4.2

!

Mean 18.3110.1 | 13.5 ! 2.6 115 9.0 ' 1.8 1.2 2.0 0.10 " 3.97
5o ' 07 | 0.8 | 20| 048!0.38
SEM J 02 | 03| 06! 015 l 0.12

Cottonseed flour, CF-22, made by heat processing and screw press extraction. Duration of dict periods

is indicated by the change in chronnlogic age.

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

¢ Anorexia and incomplete consumption of diet.

which the actual measurements correspond on
the 50th percentile of a wellknown United
States standard (4). Jt a pa-ticular child, reha-
bilitated on a generous milk-based diet, does
not gain in height at the rate of this standard,
it is generally the result of a lesser genetic po-
tential or one that hus been impaired Ly the
previous malnutrition (5).

The mean duration of «xclusive CSF-protein
feeding in the 14 childien was 4.4 months (1.5~
8.6 months), but the mean dwation of the 25
periods reported was 2.4 months because some
children 1eccived the same CS¥ at two or more
different levels or reciived two different CSF's
consccutively,

RESULTS

Tables - summarize the experience
with the three ditferent tvpes of CSF. Al-
though the mean ages of the children were
similar, those receiving CF-22 were further
along in their recovery and those receiving
CF-26 were the least advanced. The mean
durations of the diet periods for CF-21/27

(3.0 months) and for CF-26 (2.9 months)
were longer than for CF-22 (1.8 months),
The mean calorie intakes (in calories per
kilogram body weight per day) were very
similar for the three CSF's, but the mean
protein intake for CF-22 was higher, and
as a result, so was the percentage of dietary
protein calories. The slightly higher pro-
tein and calorie intukes of those receiving
CF-26, when compared  with CF-21,27,
were primarily a function of their less-
advanced recovery.

In all three groups the gains in height
age were less than would have been ex.
pected during the time elapsed, but as
already indicated, this is characteristic of
these severely malnourished mestizo chil-
dren. The mean monthly gtin in height
age on CF-22 was 0.7 month; on CF-21,27
it was 0.77 month, and on CF-% it was
0.86 month. Although suggestive, the dif-
ferences are not statistically significant.
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TABLE 11
Progress in height and weight ages and changes in serum albumin levels when azeotropic
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solvent-extracted flours, CF-21 or CF-27, were the source of protein

Initial ages in mouths keal Progress in months 5"“"‘13‘;!’“'1'“"'
Case number Protein, g/kg g/itom
and sex per Jay -
CA | HA | WA PerkE | pecbn | CA | HA | wa a | Final
058, M 136 4.5] 8.0 1.5 125 4.8 3.1 3.0 3.0 | —0.49 | 3.93
095, F 80| 45| 1.5 2.0 160 5.0 1.7 1.8 4.0 [ —0.98 | 3.86
095, F 9.71 6.3 5.5 2.0 125 6.4 4.2 3.2 7.8 1.00 | 4.86
063, M 36.0 14.0| 9.0 1.6 108 6.0 1.7 0.6 20 | —-0.65| 3.90
061, M 8.0{ 3.5 2.5 2.1 131 6.4 3.0 2.0 5.5 | —0.37 | 3.58
051, M 320 17.5112.5 2.0 100 8.0 4.1 4.0 7.5 | ~0.57 | 4.50
056, M 33.01 13.0112.5 2.0 100 8.0 4.9 1.5 9.0 | —0.57 | 4.50
043, F 19.0( 8.5} 15.5 2.0 80 10.0 2.3 2.5 3.5 | -0.12 | 4.00
013, F 21,3 11.0119.0 2.0 100 8.0 2.0 2.0 2.0 ! -0.27 | 3.73
Mecan 2.1 9.2 9.6 1.9 114 6.7 3.0 2.3 4.9 | ~0.34 | 4.10
sD 1.2 1.0 2.6 0.56 | 0.42
SEM 0.4 0.3 0.9 0.191 0.14

HA = hcight age, WA = weight age, CA = chronologic age.
@ Anorexia and incompletc consumption of dict.

Progress in height and weight ages and changes in serim albumin levels when
glandless cottonseed, CI-26, was the so

TABLE 11

urce of protein

a flour from

Case number
and sex

120, M
123, M
125, M
125, M
130, M
135, M

Mecan
sD
SEM

CA

23.0
5.5
7.3

10.4

28.5

33.0

18.0

Initia} ages in months keal Progre s in manths s":/";,:,“"l“'l'“i“
Protein, g/kg
- per day - i I - 7

HA | WA o5 | prcken | CA ) | Final
—— | ! -_.—.__:___..._
13.5 | 10.0 2.0 125 6.4 4.0 f 3.5 ' 3.0 —1.31 | 3.55
3.5 2.0 2.5 135 7.4 3.6 l 3.0 i 4.3 0.09 4.15
1.5 2.0 2.7 150 «+ 7.2 3.1 | 2.5 ' 4.5 -0.52  3.10
4.0 6.5 2.5 97 10.3 3.0 1 2.0 ’ 5.N 0.12 | 3.92
13.0 | 10.0 2.0 100 8.0 | 1.5 ' 2.2 ’J 4.5 | =0.71 | 3.57
17.0 14.0 2.0 100 8.0 1.9 l 1.0 1+ 3.0 0.26 . 4.34
88| 7.4| 23 N8 | 7.8 | 2.0 | 2.4 | 41 | -035 3.0
1.0 09 ' 09 0.61 ' 0.32

0.4 I 0.4 ; 0.4 ] 0.25, 0.1

HA = height age, WA = weight age, CA = chronologic age.,
¢ Anorcxia and incomplete consumption of dict.

Gains in weight age for the three groups
exceeded the advances in chronologic age,
again a characeristic of recovering mal-
nourished children on adequate diets. The
mean monthly gain in weight age on

CF-22 was 1.15

months, on CF.21 27 it

was 1.64 months, and on CI-26 it was 1.46
months,
statistically significant, although that be-

tween

Cr-22

None of

and

CF-21,97

these difterences was

wis  most
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suggestive. On the basis of their more ad-
vanced stage of recovery and similar calorie
intakes per unit of body weight, the chil-
dren receiving CF-22 should have gained
more weight (2). The fact that they did not,
despite higher protein intakes, is indica-
tive of a lower biological value of the die-
tary protein,

Changes in serum albumin levels, al-
though quite variable, were generally mod-
est, and the final levels achieved were not
significantly different. On CF-22, with a
higher percentage of protein calories and
less weight gain, serum albumin values
were generally more stable than on the
other CSI”s, which supported higher rates
of weight gain despite lower protein in-
takes.

Percutancous liver biopsies were carried
out in three of these infants after pro-
longed CSF feeding and were in each case
normal to light microscopy. This was the
casc in 720 and 723 after 119 and 107 days,
respectively, on CI-2G, and in 058 alter
287 days on CSF as the sole source of die-
tary protein, 91 on CF-2]1 and 193 on
CF-22.

In three children, 123, 125, and 135, a
pellagroid dermatitis developed after being
on CF-26 for a number of weeks. This
did not affect growth and was shown to be
unrelated to niacin or tryptophan intakes.
Preliminary  obscrvations now  suggest
that it was due to the abserce of zinc in the
mineral mixture.

DISCUSSION

Most of the children in this study re-
ceived one of three CSF's at critical die-
tary protein levels, well below those pro-
posed for actual use of each flour (1). The
fact that serum albumin usually remained
at satisfactory levels, even in the case of
the CSEF of lowest biological value, is
probably due to the lower rate of weight
gain, as has been documented previously
(5). It scems most likely that this was

Graham et al.

achieverdd by fat deposition and an in-
crease in the specific dynamic action of
the diet (6). Our previous studies, and ob-
servations in these children, give no in-
dication of increascd stool losses, which
might explain the apparent loss of energy.
Although difterences were not statisti-
cally significant, the superior rates of
lincar growth and weight gain on CF-26,
-21, and -27, despite lower protein intakes
and less advanced state of nutritional re-
covery of the subjects, are confirmatory of
the higher biological value found by the
nitrogen-balance technique in the same, or
similar, infants and children. These studies
also confirm the suggestion that at ade-
quate levels of intake properly processed
cottonsced flours can serve as the main or
only source of dietary protein for rapidly
growing infants and children. This has
also been demonstrated with INCAP mix-
ture 9, which depends almost exclusively
on CSF for its protein (7). The final levels
of serum albumin were generally lower
than those characteristic of similar chil-
dren on milk diets, but only slightly so.

SUMMARY

Prolonged fecding trials confirm the im-
pression gained from metabolic studies
that properly processed cottonseed flours,
at adequate levels, can scrve as the main
or only source of protein for rapidly grow-
ing infants and children.
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