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the heat-press extracted CSF, 12% protein calories. 
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the origin of CSF and the manner of its processing have important effects on the
nutritive value of its protein. 
They suggest that at appropriate levels, a properly
processed CSF can be the main or only source of protein inthe diets of infants and
children. 
Prolonged feeding trials are necessary to confirm or deny these observations.
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Dietary Protein Quality in Infants 
and Children 

II. Metabolic Studies with Cottonseed Flour, 

C;.ORGF G. GRAHAM, M.m., 4 ENIRIQUE [ORALES, M.D.,' GLA)YS ACEVEDO, s.I., 5
 

JUAN MX1. 2.I).,6 ANGEL CORDANO, N.I). 0
BAERTL, AND 

A VARET:v of IlilConventjonal protein and "total" gossvpol and the itii niln 
sources is already in use or under level of Ibiologically available l\sine (2). 

considIeration for the prevention of real- Cottonseed llour has been prepared by 
nutrition. Potentially, one of the most phvsiual, chemical, or ,oillhitied processing 
abundant and least cxpensive ;. cotton- of "glandet" seeds Iwith ali indesi rA)h 
seed flour (CSF). Cottonseed mi1e.e corn- high gossypol content anid, more r,,entlh, 
monly used in, animal feeding have rela- trout "glanidles.," s(. The )iesenIt report 
tively high comtcilts of gossypol, a pigment covers our restilhs wit i a ritiinber of such 
which ,hielates the free epsiloi-ailino lours ill tile diet of conva lesmenu Inal
groups of lysine, reducing availabilit nourished infants.its t 
for protein synthesis (1). A variety of In the evallition of p otei s being con
methods is used to reduce the "free" sidered for humn consill)lion, llansell 
gossypol of CSF forthuman consumption; and W\aterlow (3) stress the importance ,ti 
the Protein Advisory Group of the Inter- making comparisons with inilk protein at 
national Agencies has set tip guidelines levels that are low enoug, 1 it) aieliate 
for its quality and elaboration, specifying differences in (lialilN, suggesting .) g po
the miaxi mum tolerable levels of ,free-' tein and 10)-I:0 kcal kg hod Wt per day. 

Ill such diets, ploteill teplsctills 1.i-i.0% 

IFrotn: Grace )epartment of Rteset.;11h, Blilish Of total calories. Ill a Sill )S( illtill (-I t lltllent 
American Il1ospi tl , I'ia Per and )epartments of (1), the Pan ,A niricati Ilea1h (H)ig.ii/ation 
Pediatrics, Bahtilote Cily Ilospitals and Johns and the Ilstiltlte of NUiritiuti ( entral 
I-opkis U uikrsity School of N, edicine. A merica and P ana ma sllg esi i v' ii ng at 

2Supporlitd by National Inslitol es oif IlealAh 
Grants AM-0-1635, AM-09137, td AM-09980, b two levels of 2.0 andl 1.0 g proteil kg per 
Research Contract csd-1-13:3 'om the Agency for day. At the first level, assunmilng a caloric 
Internacinal )e%,elonii cii, (T. S. 1)elpa itontco (If intake of 100 kca l/kg per day, piotein
State, and h%a grant from UNICEF. calories repieselt 8% of' lie total, the 

fCorrespoo dence anti reprint reqesis Io: Dm. llillillllllll percnlagacolltl acceplcd 
George G. (G;rlam, 615 N. Wolfe Sireel, hiatniore. 
Marylan l21205. for artificial infant feedilig. Ill hInaii 

Director of Research, British American Ilosliital; breasi nilk, protein of the highest qtualit, 
Associate Chief Pediatrician, Baltimore City' llospi. yields sliglIy more than 71' of calories. 
tals: Assmociale Professor of Pediatrics, School of At tile lower level suggested, -1%/ of calo-
Medicine; am Professor ,,f IIloman Notriition, ries, aill proweills are, iladeqlit otr tile 
School of It ygiene an d Itblic Ilealti, J ohns I 111111 growth of litlllan infats. 
Ilopkiis l'iihersity. 6 Research Staff, British Ancr-i 
ican lospital. "Assistant )irector of lesearch, hi 190, Fenk (5) reported restIts in a 
hri ish Acrican Itospital. Salln iniber of chiIdren wilh a (ohinner
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cially available CSF. Absorptions and re-
tentions of nitrogen (N), as well as rates of 
weight gain, were consistently inferior to 
those from milk. A flour from the same 
source, identified as CF-22, was used in 
Some of our studies. 

Scriinishaw et al. (6) imade a clinical 
evaluation in children of their vegelable 
Mixture 1, (ontaining 38% CSF. This pro
vided 8014 of the protein in the mixture, 

de rest moining from corn or a mixture of 
cuiil .iul sorghum. At levels of protein Ill-
lake of 2 or more g/kg per day, no signifi-
(ant tlillerences were observed ill the 
aiounts of N retained fron milk or frot 
this inixttire. At lower levels, retentions 
fron milk were consistently superior. Ab-
sorption of N from the vegetable tnix lurC 
was inferior at all levels. The ages of the 
subjects and their calorie intakes were not 

reported, but if these were similar to those 
their sttidy, they probably were 

between I and 5 yecars of age and received 
between ! any 5 ofperkask ay. reheie 
app~itoxiiuately 10() ktal/kg per' tay. 1lThs, 
on 2 g proteini.kg per day, they would have 
received 8% of their calories as protein. 

Snydernian et al. (7) used CSF as the 

source of protein in the diet of four pre-
mature infants. Despite high protein in-
takes, the rates of weight gain were sub-
normal. Digestibility, biological value, 
and net protein titlization were consist-
ently inferior to those of human or cow's 
milk, although comparable to those of 
ivost of the other vegetable proteins tested. 

et al. 

A recent report from India (8) described 
generally poor results in the initial dietary 
treatment of patients with kwashiorkor 
when the main source of protein, at very 
generous levels, was a CSF with a total 
gossypol content of 1%. When a solvent
extracted CSF was used, the results were 
considerably superior. 

MATERIALS 

The sources of protein in the diets that are 
the basis of this report arc identified as follows: 

Al: A well-known modifited cow's milk infant 
formula (Similac with iron). Cottonseed oil and 
calle sugar were added when it was desired to 
raise the calorie content, maintaining the sane 
proportion of fat to carbohydrate as iin the orig
inal product. 

C: A cascin product widely used in infant 
feetling (Casec). 

CF-21: Cottons~eed flour preplred at the 
Southern Regional Research Laboratory of the 

Department of Agriculture by amotropic solvent 
extraction (9). -lowet et al. (10) and Bressani 
ct al. (11) carried out animal studies with this 
material, while Baries et al. (12) also used 
another batch. CF-. 2, madc by the same process. 
its characteristics, as well as those of the other 

CSF's, are given in Table i. 
CF-22: A toiniercially available flour (Pro. 

flo) made by heat processing anid screw-press ex
traction. 

CF-26: "Glaindless CSF claborated at the 
Cottonseed Prodtuts Research Laboratory, 
Texas Engineering Experiment Station, Texas 
A & M University, by hexane extraction of Cali-

TABLE I 

Characteristics of the cottonseed flours used 

Protein content, 
7 

Available 
'lysine,&I(ag N: 

_Gossypol, 

Total Free 

PERReferences 
(casein 3.0) References 

CF-21 
CF-2 

59.3 
511.9 

4.38 
3.69 

0.17 
0.92 

0.02 
0.03 

2.36-2.61 
1.64-1.94 

9-12 
10, 12 

CF-26 60 4.18 
CF-27 i60 4.22 
CF-332 49.3 

PER = protein efficiency ratio. See 

<0.02 
0.13 
0.114 

<0.01 
0.02 
0.03 

2.37 
2.37 

2.0-2.22 12, 13 

text for definition of CF's. 

http:proteini.kg
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fornia glandless cottonseed and identified as 
CPRL-27195. 

CF-27: A different batcl of CSF made by the 
same acetone-hexane-water extraction as CF-21. 

C1-332: Cottonseed flour produced at the 

Agrarian University of Peru by a combination 
of wet cooking and hexane extraction (13). 
Barnes et al. (12) found its nutritive value for 

rats and pigs to be similar to that of CF-22 
RCF-22: A mixture of rice flour and CF-22, 

with the latter contributing approximately 75% 
of the protein. 

METiiODS 

The protocol for these studies followed rather 
closely the reconmiendat ions of Hansen andl 

Waierlow (3). The level of protein in the diet, 

however, was almost invariably higher, as we 
tried to establish lot each child the approximalte 

Those patients who do not have nanifesta
tions of kwashiorkor and are classified as having 

imarasmits are usually younger and present 
different problems. Initially, a ill contrast to 
those with kwashiorkor, the% retain nitrogen 

(N) poorly, at times for many weeks. Their 
calorie intake must be made quite high befoic 
satisfactory N retentions of approximatelv I1111 
zng/kg per day, and weight gain as tiefincd 
above, are manifest. If caloric intake is in
creased too rapidli, l tly develop hypoal hnl

minenilia and sodiul retention. Satisfactory 
"growth" usn th1y requires 125-175 ktal aid 2.0 

-3.0 g of milk protcein, kg pcm dat, with .I
10.0% protein calories, 11lost t0ltiOllV\" . 

hi the initia lmilk dits and ill allstliust'

titILdiets wC tale nc inliaillt aii ll a )potiont 

of not )proteincalorit's as ill ti I ilicd ,"' 

milk or ill lltiilatl breastt milk. .13,:; hom lat 
and 417% from carlmohydr at. I his is atto ln

iininilun ailllOttlit milk protein whlidl sip- 1)lislled Iy the adioil oI (ottotltset-d oil andof 
ported "lnriaI"growth, while they suggested a 

level just above "maiifitenailCe" requirelents. 

.Xcutely ill. severely llalioulished itifanits 

suffering frotn diarrhea and other complicatiotns 
are admitted to the Pediattric Service of the 

British Amteri(ti Hospital for treatnlent atd 
study. Once their acitlle problels are brought 
utder control. tley are transferred to the Metai-
holic Ultit 1tocontintue their nutritionatl re-

habilitation. hi most cases, ,1 is the initi~l 

source of protein. 
If the nmnifestations of kwashiorkor are 

present, the total calorie intake is usually !-.e)t 
low (14) until edema is lost and sertin ;tbnlin 
ap)prolles oii hnrmal level ill.of ,Ig/100 At 
this point, sotlie 31)days after admission, tile 

(;tie sugar ill a ppropriaate loitili. All (hithIci 

receive tile saltlc %italtill and ttliit'ltil ittiixttll 

used by Snydermtln ct ill. (15) ill thttir stttlit's. 

One thoustisad fi%' utndtld ntlits of itttit A.
 
of vitatini antd 25 ing of
.100 oits 1). aiitmit C
 

11e gietih (hil' ill o1e itllixitre. \ stp;t'd lli\

lure )roitles d;il tlt' ftlolwiig: tlhi;tiijit'. 0.38
 
tug: rilolljivii. 2.0 tug: nitotinttmidt,. O.S Iulg
 
(;akitijj l)iItllt'tiitmc, 3.5 tg: prlio\iilt. (.67
 
rg: iltositol, 18(1.(1 tng, pitra-aillillbttt/iit atid, 
(.5 ilig: folic t id. 1.15 ig; cholit, (lmit'. 
147.0 ng: biotitn, (1.03 itlg; ati c;itlt(.Iiitio, 

0(015 ilg. They rceve I g kg per tlaitol
 
itineral mixture with the followiti. tompoi 

tion: NAAC, 17.t15"2%: M0gSO.711 ), 12.851", 
Calil'O, , 23.,453' :Il CO, , -10.9!17'; M-I1.
 

calorie intake is gradually increased unltil ati 2.65,%; lerric (itaite, 2.111 'I": (.itst ), "lI.(). 
;accelerated rtate of weight gail, usually 3-5 
g/kg per day, is established. The proteitn intake 
is kept tear tile ilinimlu that will suplport this 

rate of growth :ti maintatin sertum alltntin 

ibove 4 g/100 filI. Occasionally, aid partictilarly 

when a stubborn or unsuspected infection is 
present, the rate of initial recovery will be 
consideral)ly slower, with periodic setbacks. 
Depending oi tile age of tile patient and tiie 

severity of the growth deficit, the total calorie 
intake required is 1,etween 100 and 151 kcal/ 

kg per day, protein intake betwen 2.0 and 2.5 
g/kg per day, and the percentage of protein 
calories betweeti 6.4 and 8.0%, most conmonly 
6.4 or 6.7%. 

0.3-t7%; MtSO, .O, (I.l5liF;: KI, .1111': tttd 
Nal:. (.028%. Appropriate tmottis i Ni tid 
K were added to make their intaks t mItst t 

2.0 and 3.3 ltl-q /kg per da\. aV;tler imtakc was 

also kept. costant for el]i li Itetot i 101iltt 
125 ftil/ kg per day. 

Ali appropriate proteitn and talorit' ilit;ake 
froinmodified milk wts established as it andi(mtd 
albove before (ouipit risonls with otte or liie of 

tile test proteins were madet at is(itllol . iso
tnitrogenotis lesels. In sotie (htildret,.b'(;uulse ol 

presnmed lactose intoleratt-, it was mcttssamr 
to make comilptrisons with .t (asciit-iottolmst-ed 
oil-sucrose llixtutrc inlsteald of titotlified tows 
milk. By (on1lparing tile restIts with tilit, itst 
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proteins to those with milk protein at levels 
that were close enough to the tiilinum re-
iuiremeuts lor eaich child, we then hoped to 
Ilme Ior cadh protein a fairly accurate measure-
meet of rclitive %;tle.If these same comparisons 
had hc'ett made at Inore generous levels of pro-
eiltli jtikc. dilreties il quality wouhl have 

beent ohs itIcd. l1 titade at very low levels of pro
teit ittake, where iilk protein does ot p-

port mintial itdites of protein adequacy, differ-
etices ill quality would have beeu considerably 
exlaggerated. making it dillicult to (leterillnlte the 
I'vel at whici tw test protein should be used 
for consiste tly salisfactory supl)ort of growth. 

Il this type of sttly, the apparent N reten-
lions ae b lal the Iloost reliable index of rela-
Iie prolein q talil . The nitrogen Contents of 
the total diet, nline. anid stool were eterillined 
by' Ic illi(l-lc-lah l lliod. etight to be 
were tewpor .lii nobut IlloLst ct he Contstruted to be 
sinilat1 at it-all doting such short dietary 

lelioi s. ( )il bltiY o( idsi(illS, despie inferior N 
retlllioi. a hihl gaiited as nilllh or inlore 

,weighloil Ilt test lotitl. This tll only itetil 
all liltl ;ilihc (ialtitt il the body Cottpsitio 
with ex csic. fill dlepositiotn aiid little ilcrease 
itt leall tttliss, ot woise still, rettlliol of 
soliutiliii l witer. Whii Slitd diets are llro-
lontd and the ceviteild late of weight gaill Coll-

llilli i( hi is w l-te seetl it tie present studies 
assiit ilntioltalit proportionus ald are usually 
assoriated witliall ilncrease iti liver fat. The 

studis ofl Iliol;ts and Comltis (Pi) support our 

Colteilliott that srtil aillill is ti aciate 
rtlhe(liji of ihte hodl (onliprsitioln itt sttul ciih-
ciutlsltalit .s. Fottilately, whei CSF is tie source 
of ditIaty lrtoii. aind N retettiott is rela-
ively poor. it is IntC.i(Olil it( ai i "thei'd 

the re of w'eiglht ail to de(rease ;1ttd for the 
seorttlt ailt itIii t Itinih at tOrtl ith :e\'ls...At 
this poiitii hi ttr experietn e whihl hinltein. 
howeri iig Ihit- tat lie iititai-l' ile nua initaliting 

the sali protein intake will usually result in 

renewed appelite and growlti, tttt1it as in tile 
expehilitttitl aninial who red(tes his intake of 
a low mtweitt ot i"hbalanced diet. 

liSttLTS 

Table It and Fig. I stmnliarize time re-
stills obtaitned in seven coilvalescent nmal-
nourished infants with two of the "de-

et al. 

gossypolized" CSF's, CF-22 and CF-21, and 
modified cow's milk or cascin. The CSF's 
were each given for 6-10 days, almost 
always for 9, and the milk product given 
before and after each CSF period, usually 
for 6 days. This short period was con
sitered adequale to correct Ill\. deficits 

acuired during the limited time of feed

ing a possibly inadequate protein. Differ
ences in the rates of weight gain often did 
not reflect the more marked difierences in 
apparet N retention anid are of little sig
nificance. Little change is to he expected 
in seruml proteins during such studies an(, 
with sonic exceptions, this was usutally the 

i the table, after thle case i itnllher all 

sex of each subject, we have indicated the 
a ill centimeters,age il mnontlIs, the height 

aind the weight ill kilograms at tIhe begii
ilg of each stutdy, when all of the chil

dretI were making i satisfactory recover% 
oil milk diets. hit penlhes,s after tIle 
Iteigi hts and weighlts ale tile ages i Illonl r s 
to which these ineasurtenttts cotrrtespoil 
oil the 50th percentile of tihe s.iart-
Meredith Boston Growth (Cuttrves, giving 

sotie indica tion of the degree of tundleruti

ttttttit. After the soire of Jrolein on 
each line, we have listed the protein intake 

lil gralms per kilogran body weight per 

lat the calorie iitake in kilocalories per 
kilograiit per day, the percentage of calories 
as ptotein, the ittratiotn in days, of the iiet 
period, the days of that perod dturing 
which N balances were estimated, the N 
intake in milligratms per kilogram per day, 
the ap)arent N absorption as a percentage 
of intake (not dheteritnitied itt fenales whose 

stool and urine were not separated), the 

apparent N retention as i percentage of 
ititake aid in milligrams per kilogram etr 
day, the change in body weight in grains 

per kilograin bo)y weight per day, the 
change in seriii albunlin in grains per 100 
i1n1, and finally, its level It the end of the 
diet period. 

In six of tile seven cases, apparent ab
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TABLE I
 

Nitrogen balances and changes in body weight and serwm albumin in infants receiving
 
cottonseed flour or milk proteins in consecutive diets
 

Diet Nitrogen balances 
Scrum 

ofttCIanges albumin 
inVt g'30o miSubject 	 In t gProtein + koikl/kg No 	 S iudy 'ly o 

g/kg per dayh os ia 	 34erdys _ d3a0
It!eAbi Ret Change 	 Final 

043F;hospitalday279;agc,16 A!, 2.0 100, 8t.0 4. 3-5 320 59 I-51 :1.4 -0.22 3.57b 
months; 66.3 cmt (7 CF . , 2.0 100, 1.0 9 1-9 306 53 17 2. 5 -0.02 3.55 

months); 8.11 kg (13 .1, 2.0 100, T9! 6 1-6 320 811 ', 2. 8 0.00 1.6-1 
months)a CF-21, 2.0 (10, 8.0 9 1-93 320, 67 21 4.5 0. 03 3.67 

Jf, 2.0 10), 8.0 9 1-6 291 814 2 3 I 0.-1 .12 

051 M;hospitaldaY 108;age,30 .f, 2.0 125, 6.4 23 111-22 120 12116'1 10 3. 0 0.20 4.ft) 

months; 75.5 cm (12 Ci,-22, 2.0 125, 6.4 9 1-9 :32) -l 6.1 13 3. -0 '2 .1.2-1 

months); 11.74 kq (8 CF.-22, 2.0 100, 1.0 6 1-6 .123) 315 67 II -0.11 431.5 

months) 	 'if, 2.0 100, (1.33 6 I-4i 120 5-I 70 17 3.1 30 10 4. 11 
CF-21, 2.0 100, 1.0 9 1-9 320 73 7o 23 2. 1 3.12 4.57 
,if, 2.0 100, 8.(0 20 I 9 12 71) 20 1.3 0.51 5.307t6i.5 


056M; hospital dai 59;age, 31 .M!, 2.0 125, 6.4 32 24-:12 120 5' 77 I11 .3.9 0.I1 -1.4'1 

months; 75.0 lm (12 C1-22, 2.0 1o, 1.3 9 1-11 120 48 7.5 1.5 0.2 0.0: 1.'s2 

months); 8.511 kg (it !if, 2.0 i Iu)3, 8.0 Ii 1-6120 66 8118 21 .1.7 o.2-1 -. 76 

months) CF-21, 2.0 11)0, 11.0 9 I1-t 12o 31 83 II 1.2 -- 3. i -1. V, 

.if, 2.3) 100, 1.1)6 -6 60 19 1.'9 01.101320 117 	 5.1)7 

OMNI; hIospital da 46; age, 12 11, 2.5 150, 6.7 '9 .- ( 100 '7 72 2- '9.31 0.3)1 .1.12 

months; 61.11cm (4 CF-22, 2.5 150, I. 7 93 I 1 .100 74 67 111 ,')1 0.12 .t.5.1 

1 .7 1- ).21 

ntmths) CF-21, 2.5 15o), 6.7 3 l-') .t300 120 71 3(3 It.1 -13 ;2 ..47 

.1!, 2.5 j 15U, o.7 7 I6 t 11.52 112 :311 1..0 -3 Ii .I.17 

061M; hospital dar 16; age, 5 M, 2.5 153, 6.7 34 29 -3-1 03 1300 , :3 .t 

months) ; 5.93 kg (:1 	 .t!, 2.5 1.530, 1i -13)3120 803)3 9..11 .I.7' 

11 i1;I.291 

months; 5..6 cm (I CF-21, 2.5 150, 6.7 '1 1 ') -10031I.! 77 It 7.2 1121 .511 

month); 3.22 kg (cew- .i, 2.5 1533,6.7 C6 I-, -100 1.17 711 .17 it 133 41.211 

born) CF-22., 2.5 15), 6.7 10 1I-1 -IOU3'391730 2.5 7.4 03 ]0 .. 103 
.I, 2.5 150, 6.7 12 I 1 1011162 I .10 110 .11 1-, 1'W 

Ou3M ;hoipital da) 30;age, 35 3!, 2.0 125, ).-1 12 11--12 1211 71. 511 21 I 'li I W1 -t12-1 

months; 76.5 cm 13 CF-21, 2.0 125, t,..1 0I 2-o 121 71 71, 22 li1 Ij -- 1 'I 

months); 7.25 kg (6 C, 2.33 125, 6.4 6) 1-, 1112 113 :12 --0.- 110-1 1 021233 

.121371 71 2.1 - 3 • 113(w ;(11alonths) 	 CF-22, 2.0 125, li.-1 6 I 1, 

C, 2.0 125, 6.-I 1. I--6, 1211'11 I 4 28 .1.11 032' 1.25 
3I3.1.5
 

.3, 2.0 125, 13i-1 1 1-6 123 I1 71 211 25 13 1 - -.5 

064I.,\;ho.spthalda.t 25;age, '11 .11, 2.1)0125, li.l 16 Ii 1 123112 0,7 Vt 1.13) .3331161 

months; 73.0 col (II CF-21, 2.0 125, 6.4 93 I 11 330'3:. 711 17 1.") - 3l)k 	 ,15 
-1.79months); 7.01)kr (6, .1, 2.0 125, 6.-1 ' I '3 12 ll'W 7.3 21, 4.33 2 

Ittonths) CF-22, 2.0 123, 6.-I 93 I -9 3203 61 703 MII - 3, 11 .36 

Ili .1203 .2 2'3 3.77 13m3, 2.0 125, 36.- I 'Ii .l.1 -.

lit = intake, Ret = retention, Abs = absorption. Sev te'. fot- definition (4 fI/1-21, C"-22, .If, alid (.'. 

Case number and sex, day of nleasuritllent, age, height, andtwviht. Volloc' ill p l'etil'-scs ,If( the a es 

to which these mteasurements correspond on the 5fIth percentile of the Sto.'rt-Meredith litoton Growth 

Curves. , Urinary infection inder treatment. I 1Intestinal mal, s,' ptio). 
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CF 22 CF 21 CF 27 CF 26 mean for CF-22 was 18, with a range of100 11-25%, and the mcan for CF-21 was 22.6, 

witha range of 11-3,1% of intake. 
. / 0Forstatistical analysis, we expressed the 
"/ N rtetions during each CSF period as a 

Sercentage of those during thi milk pro
0 ...
 

4040O- ,, ~> 

20- 

0 l 2 27 1 
M 22 M m 21m 27 U U 26 

Ii: . (. aphical suitiimary of N balances with 
Ci2l 2ilcin (.[) ait aottoseeli sIms (Cl;-21
.i..22. .I..2,.uad (:1.27) as the soIle 5our11 of 

,ivlai% p,,ll ini u l;i tscnit laIilollished ill-
ills and (hicdivi. Slipljld alcas ,orrvslioll to 

sloul N. (llss.halchc.d atas it)urine N. and clear 
aeasl o,appaltc-l Is I('lenliollsas a i)ct('tllilgc o 
ilakc. I"iC.-22 and J..21. milk-locin e,-,ds 
lvCldcd and illhowcd lt (SI.diet piods. FI 

it OIh'ic1he (:SI.. 


SIrt iois of N from (F-22, ' -21, and 
ilik pr,,(ill were available for (1,,upar-i-
son. lii all of them, N a)sorption frot 
(J1.22 was inferior to thait fron CF-21 or 
inilk. It averaged 70% of intake xvi th a 
r;ge of 67-75% . Nitrogen albsorption 

ioin CI,-21 averaged 78%. with a1range of 
76-31''. Taking tle milk period between 
Ihe two CFS's. with an average of 79% 
mId a range of 70-88%, the llbsorptioni of 
\. he,, (,muire, with (:1-21, was sup-
pi'liolin hree (ascs and inferior in three. 
Ill ilis lype of stlyN, ire o((asionlally l-

,(ii ,n r r,lat i\zl poor absorpt ions from 
mik ji,,,%il~lx the esult oflill ell Orary 
it,I),c i l lc alice. Ill nost ]lolg-terll 

,Itd ic1, awabsorptions l, liloified 
(,I%s llilk ale ,onsistenllv higher, aver-
Ap!ing o,Ild 8,5(%. 

Ilt six of ilhc seven cases, tle apl)p;trent 
ttclltion of N from milk was higher than 
11n,1 cither CSF. Again, taking the milk 

IPeri,,l I'e,.seen tle IWo CSF's, lie mean 
pere(Cl;ge lofretention from ,1 or C was 
27, witI ia range of 17-37% of intake. The 

131 jlein ilmntediately andperiods preceding

following it, hoping in this way to eliil) to Chilli 

n,ate variations whichilmight have been (file 
to Changes in physiologic state or advaic
ing state of recovery. Expressed in this 

fashion, N retetion from CF-22 was 
67.4 ---3.9% and from CF-21, 81.5 - 9.1% 
of' that fromt iilk protein ill the same sulb
jeers. Using Student's I test, thie difference 

betweei CF-22 aid I milk was signifi ('ail 

(P < 0.01), that betweei CF-21 anid milk 
apl1oachcd signiili(clce (1 < 0.1), and 
tl IIt between CF-22 and (1.-21 was Iot 
significant (P > 0.1, < 0.2). The mean rate 

ca
pilolollohwcI liteC.27, milkl C.,dl tii :f..2,of weight gain for ,11 was 3.1; for CF-22, 

3.5; and for CF-21, 5.5 g kg per day. Be
caise of the unicliability of this measure 
inshort-teril studies, no statistical analysis 
""S done.
 
When we consider tie changes in serum 

allbumin, there was an apparet advantage 
to l over CF-21 and to this over C-22. 
For Al, the mean change was +0.1, for 
C1-21 it was -. 006, and for (:1-22, 
-0.16 g/100 il. These lend support to 
(lie iimpressioll tlha t the suplerior weight 
gailis on CSF were probalbly due to .i com-
Iitiatioll of lat deposition and waer retln
,ioi. 

Table Ill and Fig. I stiltnarize the re
stilts in four children receiving CI1-27 and 
31 as the sources of proteii. The ,ir,1t1
stll(es, however, were quite dilferent. 
All four had been receiving CF-27 as the 
sole source of dietary protein for periods 
of from 71 to 178 days, when this was 
changed to milk. The last three had been 
receiving the CSF front thes time of admis
sion. Asstiming, as is unloubl)tedly trie, 

that (:SF protein is inferior in quality, a 
change to milk l)rotein would be expected 
to result in a temporarily exaggerated rate 
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TABLE IIl 

Nitrogen balances and changes in body weight and sertini albumin in infants rcceiving
 
"degossypolized" cottonseed flour and modified cow's milk as the source of ditt;iry protcin
 

in consecutive periods
 

Diet Nitrogen balances 

Protein + 
g/kg per day 

kcal/kg-4-
protein 

No. 

. 
Studyproten 
(lays 

. .changes 
i mg/kg/iday ";of lnt 

m/- dg,ofper 

dyInt Ret - Abs Ret 

in wt,nw, 

kgday 
r 

'trurn album in, 
e ((sinml
gI)m 

--
(hangc Final 

(00SF; ho.pitaliln/o 229; age, 14 months; 68.5cm (8months); 10.011 kg (13 ionths)a 
C1-27 2.(1 100, 0.0 Ii 1-6 302 71 23 :1.. II.0.10 .*. 
,t( 2.0 100, 01.0 ' Ill I-6 2119 137 47 1.A -W 10 4. st1 
I IOM ; hopital day, 29; age, III months; 66.6 ct (6 months); 5.42 kg (3 months) 

C1-27 3.0 15t), 11.0 ; 43 1-21 4110 811 70 I1 
35-43 480 71 67 15 2.7 -0.l' ' 7 

.t[ 3.0 150, 11.0 141 1-8 472 149 72 :12 5.1 (I1ll 4.11 

120M; hosWpital dar /6; age, 21 months; 72.9 cm (11months); 11.29 kg (11mioths) 

CF-?? 2.10 125, 6.4 1) 1-9 312 75 72 24 0.2 0.15 V11 
.f 2.0 125, 6.4 41 1-5, 111-20 :120 108 74 , :14 l.0 0.45 .1.1i,, 

126M ; hospital day 133; age, 24 months; 70.0 cm (11months j;7.75 kg ii months 

C1"-27 :3.0 10l0, 12.0 46 311--4i 4111) 1:12 71 - 27 0.4 1.01 4)117 
.11 3.0 1(m), 12.0 Iti :-II 481 128 112 26 l -11.5.1 .. 1.1 

Int intake, Ret = retention, Abs = absorption. See text for definition of CF-27 and .11. 
" Case nsimber and sex, day of itteastireiment, age, height, and weight. Values in parenth eses are the 

ages to which these meastretents correspond on tlts 5th percentile of the Stuart-Nlerdith Ilostll 
Growth Curves. b Persist'nt respiratory (ifection. 

of N retention (17) anid this was the case in 
all but one child, 126, who had been re-
ceiving 12% of his calorie intake from 
CF-27 protein at the time the comparisons 
were madle. Ill the other three, retentions 
from Al exceeded those fron CF-27 by a 
good deal more than would have been ex-
pected on the basis of the previotls compar-
isons between Al and CF-21, which is es-
sentially the snmlc prodict as CF-27. In 
ditnee of the four cases, N absorptions from 
CF-27 and Al were measttred. Ihiose front 
CF-27 were slightly inferior to those from 
CF-21. 1le (illerences were not impressive, 
however, and in two of the three subjects, 
the absorptions were almost identical to 
those from milk, suggesting that the v'aria-
tions were due to the physiologic state of 
time individual. 

hle mean rpercentage of N retention 
from CF-27 in the four subjects Was 22.8, 
with a range of 17-27%, while the mean 
for Al was 3.1.8, with a range of 26-17%. 

A limited ev;tluationl was matlc of a CSI. 
(C!'-332) produced in Pert Iron) a low 
gossypol v';riety of (ottollseei I)V (onibi(ned 
cooking and hexall extr atiton. Results are 
summnarized in Table Iv. 

In case 070, the absirplil of N fromthis 
iIrodUttI was iIferioi to thal niom milk: the 
retention was iini ofnot;ahb .rior. Raics 
weight gain were of a similar iamguittude, 
but as intlicaitedt preiotsly., they cnnot be 
interpreted as s)ynonNmiotis with growth. 
In case 081, absorption ant relentioi of 

N front CF-332 were again inferior to those 
from milk and the rates of weight gain 
were again similar. In this infant, an addi
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TABLE IV 
Nitrogen balances and changes in body weight and scrun albumin in infants receiving a 

locally produced couonseed flour and modified cow's milk or a rice-cottonseed flour 
mixture as the source of dietary protein 

Diet Nitrogen balances 
• - . ... . ' .. .. - n. .. .. .
 • Changes i 

Protein 4- i kcalikg +- o Study, '; of Int in wt, g/kgI 
g kg per day I", protein of' days 

No. t mg/kgday 	 per day 

das Int Ret Abs Ret 

(179M; hospital d 27; age,o , 1:3 oionths; 69.7 cii (11 inoniths); 6.59 kg (5 months)', 

.1 2.0 125, 6.4 
C(-3322.0 125, 6.4 
variable intake 

.If 2.0 100, 1.01 

01t4M ; hospital day 47; age, 7 

M 2.5 150, 6.7 
(T,-33. 2.5 150, 6.7 
I;F-222.5 150, 6.7 

189 84-119 
318 1-20 
21 
19 11-1 

months; 63.7 cm 

i 9 1-9 
19 2-19 
15 -:1 

eiimlohel, I ofial tt-ill digest it poorly 
dilt lelilil illadeij'll ;tiotlll.l of N. 
The limittl rsults with (1,-32 

not tmilike 
firiling tilu 
al. (12). 

Table v 
stilts iin five 
(1-2t, tle 

those obtained wi th (I-22, (oil-
similarities lotlid by a-ies ct 

aild Fig. I stllilliarie the r-c 
tlihhdici who recciveth 1l alld 

flom from "gla I less- cottoll. 
seed, as tlie sotrce of piolci I. Again tile 

ir(llmst'alicts were dill ercit from those 
under which C1,-21 and (1"-22 wvere evalu-
ated. this tille favoring the CSI., as it in-
vali.'ldb followet Itec il Ilk-protein period. 
Ill suthI oil)parisons, a "carry-over" eflect 

320 115 114 36 :i.'1 
320 62 72 

, 

320 75 84 

14 tiolnths); 5. 75 kg 

' 	 399 129 75 
,400 68 64 
'100 121 74 

Int intake, Ret retntion, .\bs = absorption. See text for definition of.i/, (CF-332, and RC!.-22. 
O(i:se nunber am sex, day of it easiremi'tent, age, height, and weight. Valties in parentheses are tie ages 
to which these Iii asurvillents eorrespond oi the 50th percentile of the Stuart-Meredith Boston Growth 
( :m -'es. ' I ife't Itl present. 

tional (ollipa'isolI was iiade with a liix-
IlIre of rite lIotil ant CF-22. The results 
willI Ills last iixture were similar to thOSe 
wili milk, l)nt distl y sutperior to those 
wilh -332. 'his is ill (0111-ast with tie 
poor results reported by Frenk (5) for a 
similr (oliinalion ol rice anti CSF. WVe 
often leitcotlltel- lialked \ariations illthe 
tligt'slionI and t ili/alitl oh rice by infantls 
Even when pro;hogctl cooking of r-:e isasgint71relatively 

and tile assumed good physiologic state of 
Ile subjects might give deceivingly good 
restlits ,or the test-protei I period. This is 
hot necessarily so, as shown h file relt
iitilN pool- restilIs wi dl (,1,-C_32, e n when 

it followed milk protein. 

Apparlent absorption of N flrom CF-26 in 
Ihese live (hihren averaged 80% of intake, 
as aga7ist 7.1% 

poor 
siblv the restilt 

at least two of 

Serum albumin,g/100I
m l 

Change Final 

0.59 3.94 
19 3.. -0.01 :1.93 

-2.4 0.03 3.961 
23 2.1 0.701 4.6fi 

(1: itionths) 

12 5.3 0.25: 4.04 
17 6.1 -0. 10 3.94 
30 3.2 0.34 4.28 

from milk l~roteiI. The
fo mlpren.Tevaletl frott iilk was pos
of lactose intolerance in 

hle Chldrenm, 10o weie stib. 
seq tieltly showi to absorb N itich more 
el et li'cl 'roill casrill-(tlloliset I oil-sti- a 
crose liet. Neveitlicless, the \altics hor CF
26 are very satisfacory, being the same or a 
little better than those from (!-21 and 
superior to hiosC front CF-22, C-27, and 
C!-,332. 

The appalrent retention of N fIrom UI-26 
in these five children averaged 29.,1% of 
inlake as against 27.1% fIrom Al. Consid
eling the fact that three of tile colparisonlis 
were iiade at levels of 6.-1% or 6.7% pro

http:mlpren.Te
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TABLE V 
Nitrogen balances and changes in body weight and serum albuinin in infants receiving

modified cow's milk and "glandless" cottonseed flour as the source of dietary protein in 
consecutive periods 

Diet Nitrogen balances 
... 

P otei n + k l/kg 4 .i N o . m g / k g p e r day 
g od + of tuA/g le (lay capoti days i daUys -

I prti r Int Ret 

120M; hospital da) 95; age, 21 tionths; 72.9 cm (II months); 11.31 kg (81,jonths)" 
.1, 2.0 125, 6.4 41 36-11 296 87 1l 21 3.0
C1,'-26, 2.0 125, 6.4 14 2-13 309 112 12 36 .9 

123M ; hospital day' 21; age, 4 months; 60.9 cit 13 itonths}; 4.810 kg (2 imonths) 
.m[, 2.5 150, 6.7 
CF-26, 2.5 , 150, 6.7 

125PM; hnspital da) 102; age, 

.If, 3.0 
C..26, 3.0 

13M; ho ptal da) 


'if, 2.0 

CF-26, 2.10 


,!, 2.0 

135N; hospital dat-

m, 2.0 
CF:-26, 2.1) 

150, 11.0 
150, 8.0 

127; age, 

100, 11.0 
100, 8.0 

100, 8.0 

1I-6 399 121 fill 30 1.0t 
40 l-U1- 3119 14 73 , 23 5.0 

7 itonths; 56.0 ctn (I nonth); 4.5l kg I onoth) 

13 11-13 
21 i 1-2, 13-18 

26) 'tonths; 73.0 ctn 

49 44-49 
46 1-91 

38-16 
16 1--6 

135; age, 32 inonths; 78.11 cm 

125, 6.4 16 4-16 
125, 6.4 22 1-9 

. . . .Serum albumin.Change , g '101ml 
; o f nt in wt , g/k g 

per day 
Abs Ret ' 

' 1101 1608 3 7 1.2 
467 152 112 32 8.11 

(11 tion thsi; 8.38 kg (11itonths) 

320 54 74 
320 4.0 86 
320 71) 75 
:320 68 7 

115 inonths); 1.810 kg 0l1 

320 77 60 

17 2.2 
211 
22 2.11 
21 2.9 

months) 

24 4.8 
320 1 01 781 31 .5. 

"... 
Changeh Final 

11.45 4 8, 
-. II 4.75 

- 0. 119) -t,0' 
1.06 4. 121 

(1.21 4 12 
-0.4 3.111 

-1.32 4.t28 

-0.71 3.57 
0.7:1 4. ill 

- 0.11) .1.08 
-012 -. 0116 

=lnt intake, Ret = retention, Abs absorption. See text for definition of.1! and CF-26. C.tsenmiber and sex, day of iteasurettlent, age, height, ad weight. Values in parentheses are the ages towhich these wasurenients correspond on the 50th percentile of the Stuart-Meredith Boston Growth 
Curves. b Pellagra-like dhr-inatitis. 

tein calories, they (10 suggest a relatively 
high biological \ale, at least in terms of 
measurable N retention. In tne case, 130, 
a furtlier comparison with Al was inade at 
the end of the 16-day CF-26 period. 
Whereas in the initial comparison, a.)-
sorption and retention from CF-2o were 
higher tlan from Al, ill the liial coil)lari-
son there was little or 11o dillerence. 

The I-aes of weight gain on the Al diets 
were generally superior to ihose on CF-26, 
and in two of the children, 125 and 130, 
serum albuimins fell below -1.0 g/100 mlii, 
to 3.83 and 3.,7 g/100 Iil, after 21 and 16 
days on CF-26, respectively. Two of the 

others, 123 adi( 15, developed skin clanges 
suggestive of niild pellagra on tile CF-26 
diet. Ili the first one, it was discovered thiat 
a vitamin mixtire latking Iiauii and 
pyritloxine had been inadverteitly stibsti
ttited, btil ill tie setotl out-, tihe tstal mix
ture had been given all atlong. This tioes 
have a low niacin (t)lltellt, hIlt sulbsettlent 
experience has shownI hat file eliohg of 
these skin lesions is col)lex anti that Ihey 
canilot be )reente( by athtlinistering 10 
Ing of niacin daily. They develop almost 
as ratlily on caseill diets wheun the pro(ein
to-calorie ratio is as low as init was these 
CF-26 diels. 
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DISCUSSION 

Metabolic studies in convalescent tral-
nouiished infants and children have been 
used to evaluate a number of cottonseed 
flours as the only source of dietary protein, 
Iliese stuldiCs were carried out at levels of 
total calorie and protein intake that were 
close to the uininnim necessary for ac-
celerated weight gail and maintenance of 
normal serimi albunin ill each child when 
cow's milk was the source of protein. Rates 
of weight gain proved to be aln unreliable 
indicator of dietary protein quality, 
Changes in serunt albllmin, however, were 
generally indica tive of the rates of N re-
tention, which corresponded fairly well 
to the IPLR determinations ill rats. 

A/votropic solvent-extracted CSF (CF-21 
and(3i-27) proved to be distinctly superior 
Ito a tom l l cat d essmerci ei a screw- ])r. ex-

Irarled CSF (( (i.l-8rAl-22)..\t protein'
tlories, ('!-22 was inlferior tomilk proteii 

ill almost all lhildrt'l. while CF-21 and 
(1.27 more closelk ap roximated itsap-

pitenlt biolog (al value. Bec(ause there were 
dillereltces, howeer, it secms alvisable 
litha it these two (CS's;lie to be ulsed ill 
the diets inlants all (hildrel, tile dietoh an 
shoild 
supply 10; or more oh calories as 

protein. In tlte (:tasc of (J-22. a level of
12'; is iolNlil adkiible. 

The C(.S l '2) produmd ill Perti, 
will free atnd total gosspol (otitells simi-
lar to those of (,1-_2, had;i aimappareit 

tention as well as rates of weight gain were 
practically indistinguishable friom those for 
modified cow's milk in the same children. 
Nevertheless, a slight but definite decline 
of serulm albumin levels in two of five 
ciildren would argue for the use of this 
source of protein ill the (iets of infants 
and snall children at levels of at le-st 8 
and preferably 10% of calories as potein. 

Although metabolic studies of this type 
serve as a fairly reliable indicator of rela
tihe protein quality, they must be comple
lented by prolonged feeding trials before 

categorical reconnendations can be made 
for mass feeding of clildren. These later 
studies call bring out signs of toxicity or 
ilntolerance as well as ellects of amino acid 
ilbalamce tlhat ale not atpparellt during 

cel) ls of observat in 

Nitrogen-balame slilnlies ill tol-niescell 
malnotrisled inlats ati d chtihheni have 
been ts(tl to leter'mille tile aplarelt bio

logical valie of the proleil ill a Ilutnlber of 
(ottlonsed flours. A "gl;itdless" CSF 
proved to aJpproxiMllte liost loselN tile 
valite of milk protein. Cottillsectd flour 
preparel by a/eotropic solvent extraction 

Was ext ill ap)arelt quality antd a (SF
prepatred by heat processing atld screw-press 
extranctiolt gave tilepoorest re slths. (ColtOll
seed lour prepatred ill Petl by comlbining 
wet (ookitig atnd hexalie (Xtili(Iioll of a 

biological valt ill (hildrei whihIt was ats relatively low goss pl variety was no 
low or owt thatn ithat oifthe (3-22, again 
confirming dtle plteitl eflu ieln( rali0 de-
terllitliont ill rals. 

A..lthough (otl nrisots wl'c not imade 
in tIe sante stltjelS, ".. (0t 01t-landless-
seed flom. (.-2,, hatd anltapparent biologi-
cal valute ill hildreii, as measured by tile 
N-btlanmt i( liniqwc, whit itmore neamly ilp-

Ibe1ttl 1hai this last prodtct. Ilie "gland
less" (SI", if ttsed as 
Solll(e o proteii ill 
and chillrell, should 
(:alories is ]roleill. 

time lill Mt only 
tile diets of inlfants 
provide 8-10% of 

For the solvent-ex
tialled (:S. a tmitilnn of 10%( protein 
calories seems indicated and lotr the heal
ptess exlractedl (CSF, 12% protein calories. 

proxiltaled that of milk plotein tham thatlm hese resilts itidicate that both tile originof als of, the othel (FS's tested. This of (SF and tile illalIller of its processing
dilletce had not bee n predicted by the have inmportant ellects oti the ntttritive 
animnl sltildies. At crili(al levels of intake valute of its protein. They suggest that at
(i.l-.7 i), rate of N albsorlption and re- appropriate levels, a properly processed 
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CSF can be the main or only source of seCd protein itt protwitt-calorie malnutrition. 
protein in the diets of infants and children. Ant. /.Clin. Nutr. 21: 212. 1968. 

trials are necessary to 9. KIStINAMOi E.l AND IL. . Vx. A titmcProlonged feeding 
confirm or deny these observations. siIvcit-cxtraction pocess for cottonseed. Cereal 
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