
United States ~artment of the Interior, J. A. lrug. Secretar,r 
11ah and Wildlife SerTice. Albert M. Daf. Director 

Washinton 25, D. c. 

Fi.hery Leaflet 296 

A WE'l'OOD FUR EVALUATION OF THE 
NUTBITIVI VllUE OF A PROTEIN 

A Comparisor. of Broiled and Pan-tried 
Striped Bas. Fillets 

~ Hugo I. Nilson, Fhermacologilt, 

July 1948 

William A. Martinek and Dorot~ B. Darling, formerly Chemi.ts, 
Branch of ColUllerc1al liaberies 

Contents 

Page 
In\roduction •••••••••••.••....•••.•••..•.................•.•......••• 8. . . . . . 1 
lEperlmental Method. &D.d Data............................................... 4 

r.eclilll Studi ••••••••••••••••••••••••••••••••••••••••••••••••••••• 0 • • • • • • 4 
C~c ••• AD.al,............................................................. 9 

J)t.cu. •• l on. • • • • • • • • • • • . . . . • • . • • . • • • . • • . . . • • . . • . • • • . • • • . • • • • • • • • • • • • • • • . . • • •• II 
ta..aAr'1 an.d CODclu81ona..................................................... 14 
Ll terature C1 'ed. •••••••••••..••••••.••••••••••••••••••••••••••••••••.•••.••• 15 

I ITliOWCTIOlf 

Dietitians and nutrltionl,t. bave more recently shown con.iderable interest 
1n the effect of cooking on the nutrltlTe Talue of variou. foods. Almoat all of 
the ear17 assSTs of nutrient elementl in foods wa. limited to raw foods. Tbi, 
work is Taluable in order to determine the expected Tarlability 1n the amounts 
of nutrient elements in the raw product, but doel not permit the evaluation of a 
serving portion in term. of the recommended dai17 allowance. of the varlou. nutri
snt elements. More emphasi. ehould now be placed on determination. of the 
DutritiTe Talues of the foods a •• erved. 

Marks and 5ilson (1946) reported that baking, broiling, boiling, or simmer-
1nc had no adTer.e effect on the nutritive T9.1ue of the 8rotein of cod. Martinek 
and Goldbeck (1947) reported that baking at 3750 and 50C F. hRd no differentlal 
effect on the nutritive value of the protein of croaker fillet.. The method. of 
cooking whlch were cho •• n for the •• studies did not requlre the addition 01 &nJ 
other products, except a light brushing of oil on the baked or broiled fish. 



So far no re8ulte have been reported for pan-fried (Iauteed) fiah although 
pan-frying is the usual method of preparation. This method, however. require. 
that the serTing portion be coated witb a cereal or a mixture of cereal. and 
binders, and be cooked in a pan containing a small amount of toreign tat. From 
the experl~ental standpolnt, the number of uncon~rollable Tariablea of compo.i
tion is increased, but none which 1. probably of great aignificance. 

Since the nutritive value of the protein in foodstufts cannot be determined 
with any degree of accuracy by chemical &DalY8ea, re.ort must u.ually be had to 
experimental feeding of animals. A widely used method is that proamlgated by 
O.borne, Mendel and Ferry (1919). Th1. method recommend. that weanling rat. be 
fed ad libitum a basal diet free from protein, but otherwise nutritionally 
complete. To this diet il usually added the equivalent of ten percent of protein 
in the form of the dried foodstuff to be te.ted. The biological value of the 
protein for growth 11 calculated as the ratio of gram. gain In liveweight to the 
grams of protein ingested during the te.t period. 

Oue objection to thi. method i. that differences in gain. in liveweight .., 
not be due solely to differencea in the quantity and quality ot protein. Neither 
i, any correction u.ually made for dlfferences in intake of calories. Also, the 
vitamin content of the diet ordinarily used may not permit maximum growth in 
respect to protein intake. It 18 apparently not yet poss1ble to for~ulate a basal 
diet containlng all es.ential accea.ory growth tactor. except through the inclu
sion of 80me nitrogen-containing concentrate. This is particularly true in the 
assay of food. containing a fairly high level of protein and a low concentration 
of vi taminl. 

The critlclsms are valid. It is po.sible to minlmize the effect of Tarl&
ble food Intake b,y 11w1tlng dally the food intake of a pair of rata to that 
quantity which one meaber of the pair consume. voluntari11. Thi. method is t1ae, 
consuming to carry out, and is of no advantage unless both animal. of a pair 
have a high degree of similarity genetlcally. and unless either animal hal about 
an equal chance of determining the dai11 food intake. Another method inyolYe. 
evaluation b,y statlatical methods of the effect of varlable food intake (Crampton 
and Hopkins, 1934). Tbi. method seemingly offers good possibilities, at lea.t 
under certain circumatancea, f9r the estab11ahment of the aignificance ot dit
ferences between group. when gain in livew~ight is used as the criterion of the 
quality of protein. Unpubliahed data from our laboratory Indicate that the 
atat1etlcal correction of group data 1s not feasible unl ••• the animala are al
lotted to the various groupe with about equal dl.tribution of 11tter mate. and 
sex, and unless the diet8 are rea80nably .imilar in respect to quantity of pro
tein consumed (Nilson and Martinek, 1945, and Marks and Nilson, 1946). The 
degree of permisslble variability of these factor. bas not been .8tabli.hed. 

It is admitted that a true index of the nutritive quality of a aingle pro
tein cannot be established when one or more vitamin concentrates containing 
protein are used to insure maximum growth within the limitation 1mpoaed ~ the 
intake of test protein. Actually, the balanc~ng or IUpplementary value of the 
test protein 1s determined. The eetabli.hment of thia index i8 valuable from 
the standpOint of every day nutrition because it permits evaluation of the nu
tritive quality of a protein In respect to the dally diet. on the assumption 
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that the protein available in the average diet is equal 1n balancing value to 
that of the protein of the vitamin concentrates used in the exper1mental diet. 
!.bil requirement should be fulfilled if the daily diet contain~ a raasonable 
amount of animal. protein. 

A potentially serious objection to a'8ays depending on ctatistlc8 of growth 
is that the gain in liveweight of one group of animals may represent a different 
nutritive inveltment than the gain in 11veweigbt of a second group of animals. 
In one case more protein may be stored. and le88 may be used for energy . Fa.t 
and water ~ be stored in different proportions. Ordinarily. this c0~tingency 
is guarded against by careful allotment of animals. by keeping as small as pos
aible the variations in the nutritive values of the diet and by conduct ing the 
experiments over a fairly short span of the active growth period. 

Another tundamental method for the determination ot the nutritive value of 
a protein i8 that proposed b7 Witchell (1924 and 1943}. It has the advantage 
of being of abort duration ao that the nutritive balance of the basal diet 1s 
of little importance. Thi. method i8 baaed on mea8ur~ment of the output of ni
trogen in the urine and fecea during a three or more ~ period When the rat Ii 
fed either a nitrogen free diet. or one containing a small amount of a very high 
qual1ty of protein which 1. conaidered to be completely digested and utilized. 
During the aecond collection period which takes place wi thin a few days of the 
firat. the ratl are fed a quantity of te.t protein equiTalent to the nitrogen 
contained in the urlne during the firat period. A third collection period i, 
.iml1ar to the fir8t, and the data obtained ~ be combined wlth that obtained 
dur1ng the firat period to determine an aVersce value. Adult male rate are 
usu.all, uled. 10 the index eatablt.hed ie the biological 'Y'a.lue for maintenance. 

The biological 'Y'alue il expressed by the formula: 100 time. the ratio of 
food nitrogen miau. (fecal nitrogen during protein feeding per~od minul f8cal 
nitrogen during baeal feeding period) minue (urlnarr nitrogen during protein 
feeding period minus urinar7 nitrogen during b.lal feeding period) divided by 
food nitrogen minu. (fecal nitrogen during protein feeding period minus fecal 
nitrogen during ba8M feeding period). The maximumbiological value equal. 100. 

The method il fundament all, sound. but it i. difficult to carry out latie
factoril,. The rat. often do not consume enough ba.al diet to maintain weight. 
10 they have to be discarded. Sometimes & lmall quantity of a 'Y'ery high-quality 
protein mu.t be incorporated in the baaal diet to make it more palatable and 
thus in.ure .atl.factor,y consumption. It i, al.o difficult in many In_tancel 
to ..... ure &Ccurate~ the protein intake even though the protein teet aample 
i. inoorporated in a au&ar and agar gel. Piec.e often drop througb the Icreen 
floor and cannot be accurately 'eparated from the fecee or urine .ample.. The 
urine lample. are realonabl, .atisfacto!7 although there i_ an unknown decompo
.ition 10 •• in the usual method of collection. Blood and semen are often 
contaminant •• and lome urine i8 ab80rbed b.y the fecee and 1001. hAlr over whieh 
it il .pl11~d. The feees .ampl •• are le ••• ati.factory. line. they are alwaye 
contMinated by comparatively large qwmUU •• of hair which ~he ani~al hae Iwal-· 
lowed in cleanl1Jlg U •• lf. The fec •• collected during the prot.in feeding period 
are 11kely to be hard in texture and diffioult to grind. A180 a large Dumber 
of XJeldahl determination. muet b. mad •• 
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The method is very useful in .pite of the enumerated limitation8 and the 
seemingly unreasonable values whicb are too often obtained. It i. true. of 
course, that such value. are alao gotten ooca810nally for individual rat8 
during growth te.t.. Both method8 permit e.aluation of only the crude protein 
in the sample. No separation can be made ot the effect of the true protein and 
the nonprotein nitrogenou8 matter. Thil limitation i. of mtnor i~ortance in 
respect to molt fishery product. u.ed tor human consumption, ainee nearly all 
ot the nitrogen is in the protein. 

The object of the tollowing reported experimentl was to determine the nu
tri U-.e n;,lue of the proteins ot broiled and pan-fried .triped ba.8 fillet. by 
use of the modified Osborne, et al method preTioully employed in thi. laboratory. 
Thie method differs trom the original in that the te.t protein i. fed daily in 
equal amounts to indi.ldual rat. and in such quantity that there i. a relatl.e17 
constant ratio between the intake of the protein supplement ted .eparately, and 
the basal diet consumed when offered ad libitum. A .tatistical method using 
multiple regressions is employed to adJu.t or estimate the gain in li.eWeight 
for theoretically ~ual intake of calorie. and other variable factor. based on 
the data for all animal. (Snedecar, 1940, see table 3). The stati.tical .ignlf
icance of difference. between groups or sub-group. can then be determined. 

IXPD(IMENTAL METHODS AND DATA 

Feeding Studies. - 1reeh 8triped bass (Baccus esxatilla) were purchaaed at the 
local market and filleted with akin. left on. Half ot the fillet. were brushed 
lightly wlt~ cottonseed oil and placed in a preheated broiler at a moderate heat 
(3500 to 3750 F.). Broiling was completed in about 20 minutes when the fl1let. 
were brown on both aides after being turned. The remaining half of the fillet. 
were dipped in water, and covered lightly with cornmeal and were pan-tried 1n a 
small quantity of cottoneeed oil. Each of the two lota of cooked fillet. were 
then ground t~ice through an electric food chopper, and formed into block •• 
These were wrapped in moieture-.aporproof cellophane, quick frozen, and stored 
at a low temperature until u.ed. The proximate analyaee of sample. ueed indicate 
that there was no important difference in the protein content of the broiled and 
fried fillets. There was about a five percent greater fat content in the broiled 
fillete with about a corresponding decrease in moiature content (Table 1). 

'fen al billo rate. weighing 49 to 55 grams each were allotted to each of the 
two teat groups. The rats were housed individually if! wire screen cages fitted 
with ~ire ecreen floors. An environmental temperature of about 800 F. was 
mal.tained. Water and the basal diet "er~ available at all tiJr.es. Tbe experi
ment la8t~d eight weaks. 

The basal diet coneisted of corn starch, 80; lard, 10; cod liver oil, 2; 
aalt mixture NOe 2, U. S. P. XI, 4; wheat embr.yo, 2; dried brewer's yea.t, 1.5; 
and liver extract, Lilly. 0.5 parts b.1 weight. This diet contained 1.6 percent 
protein. During the first and second weekI each rat received an equivalent 
of 0.60 gram of supplementary protein each day. This was increased to 0.85 gram 
during the third, fourth. and tifth weeks, and 1.20 grams during the remainder 
of the experimental period. It will be noted tha·t according to the data in 
Table 1. the pan-fried fillets bad a higher caloric value than the broiled fl1-
lets . This was not corrected for in the food int~~e data since calculations 
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Table 1. Proximate analYle. of .ample. used. 

Percent bZ 'e1gat 
Dry Protein Ether Winera1 matter 

Sample ot tillet )latter (NX6.25) eXtract (alh) 

Lot ls 
Raw 23.80 20.9 ::1 1.32 1.38 
Broiled 32.10 24.50 5.93 1.52 
Pan-tried 40.40 24.05 10. 70 1.46 

Lot 2: 
Brolled 30.98 23.88 6.21 1.49 
Pan-fried 37.36 22.79 10.88 1.30 
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showed that several pairs of rata, conluming wi thin a gram or 10 of equal quan
tities of tbe two types of fillet. and baaal diet. bad calculated calort. intake. 
which differsd only by about three percent during the eight week period. 

The data in Table 2 show that the mean gain in liTeweight was 120.3 gram. 
for those fed broiled fillets and 114.6 gram! for those ted fried fillets. 
The difference was only 5.1 gram.. When an adjustment was made in the 1r'88!1 
gain in I1v8weight to correct for differences in food coneumption, namely 56.20 
grams protein and 459.5 grams food versus 56.34 grams protein and 433.0 gram. 
food reBp~ct1velY" the e8timated weight differed by only a fraction of a gram 
from the actual weight for each group (Table 2 and 3). Tbe mean e1'ror of eati
sate bet_ean actual and eltimated gains in liTe.eight of 0.5 gram (-0.3 • 0.2 
gram} when divided by the standard error of mean difference ~f 4.92 ind1cate. 
a non-significant difter~ce. In other words. the protein ot broiled and pan
fried fillet. is of eq\uLl nutritive value. 

If the index recommended by O.borne. et _1 for the nutr1t1Te value of 
protein i8 used. the rats fed broiled .trip;d~a.s increased in liveweight 2.14 
grams (atandard error, 0.1040 gram) per gram of protein consumed and thOle fed 
the fried filL gained 2.03 grams (standard error, 0.0643 gram) (Table 2). !he 
difference between the two meane 18 not statistically signifIcant accord1ng to 
the ~0nventional "t" test. Sisdlarly, there 1, not a statistically eigniticant 
dlffel'ence between groups for the indexes of efficiency commonly used in farm
animal feeding experiments, namely, weight of food consumed per unit gain in 
liveweight. When the data of individual rats were used it wa. found that thOle 
fed the orciled fillets required 3.891 grams (standard error, 0.1902 gram) and 
those fed fried fillets needed 3.798 grams (standard error, 0.1002 gram) of air 
dried food per gram gain in liveweight. These findings confirm the conclusion 
arrived at earlier that there was no differenc~ in the effect of the two cooking 
methode on the nutritive value of the protein. 

Incidentally_ Darliag (1946) found that a gro\1.p of tour rats fed a d1et 
similar to that used in the experiment reported herei., but with roaet beet .s 
the protein being tested increased 115.3 grams 1. 11veweight ov~r an eight week 
peried. The proteiD consumption W8S 55.32 grama. and the food intake was 406.0 
gram.. These data are not very different tro~ thoae reported tor the rata fed 
.trtr:~d bau. It may be conclUded from a compari.on of data from the two exper1-
memt~ ttAt ~he nutritive value of the protein of striped bass fillets wr.ich have 
been broiled or pan-fr-led 1s about equal in nutrit1v~ vk1ue tc that of beef. 

From tbe standpoiat of experl~ental JI'letLods. leveral int~re.ting questions 
r~mBi~~d to be answered. When th~ rnts were d!vic~ into sub-groups according 
to pex and type of fiab fed. it waa DOt pJ881tle to increase materially the 
values of the correlation coefficient. betw~en the protei .. intake cr the total 
food intake. and tbe gain in 11ve~eight. It W8 •• therefore. thought advisable 
to pr~sent th~ data for individual rate (Table 2). These data ahow that the ac
teal ga158 1n 1i.ew~lght ranged from 98 to 154 gram. for those f8d broiled 1'11-
le~(I and from Hi+ to 147 gru8 for tooae fed fried fillet.. 'rhe reap(.ctiv6 

~1St,1I18ted galr.s in liv~weight, baaed on the data for the t"o groups &e a 8 i ll&le 
unit, ranged from 109 to 130 grams for the ra.t. fe~ brollfld fUleta and 1(4 te, 
126 grame for the rate fed the fried tilleta. Only three rata out of the 20 
atww&d 8 dlffHrence in exc@I' of 15 gr~~ between actual and estimated gains. 
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Table 2: Data on tbe gain 1n l1Yen1ght aD4 tood 1ntake tor groupe, and tor lndiy1dua1 rata ted broiled or pan-tried f!l~ete of 
etrlped baea tor an e1ght week peri od. 

Die' Protein 10 gelD ip IlYO·1,hS Total roo4 Galn 1n 11vewe1ght Food 1nteke p&r grl1lll 
!luaber prote1n Eer ~ Erote1n Intake ~aio 10 11~ewelg~ 

4eBipt1on diet lUI actual eat1Mtell 1ntake !I ot rats 1ntake actual 8et1.llleted eetual Mt1m~ted y 
IUld rat DUIIlbar oon_ell 

percent gru. grBIIIII gree grams grams greme grame 
lor groupe ted: 
Broiled tUlete 10 12.2 120,3 120.6 56.20 459.15 2.14 2.15 3.82 3.81 
Fried nUet. 10 13.0 114.6 la.~ 156.34 ~.O 2.03 2.03 3 . '18 3.79 
a.erall I18IUl 12.6 U7.5 56.27 446.3 2.09 3.80 

Indlyldual rats ted: 
BroUed tUlets 

lIal.e.: 

5V 11.67 133 126.3 56.61 485 2.35 2.23 3.65 3.84 
12 11.86 136 12-l.3 56.46 476 2.41 2.20 3.50 3.83 
a 11.97 154 123.2 56.3R 471 2.73 2.19 3.06 3 .82 
19 11.69 136 126.1 56.59 J484 2.40 2.23 3.56 3 .84 

4 u-i2 140 12!1.0 !lUI 479 2.iS 2.21 3.42 3.83 

7 1 12.31 123 119.8 56.14 456 2.19 2.13 3.71 3.81 

lemu .. : 

9 1 11.29 99 130.6 56.91 504 1.74 2.29 5.09 3.86 

1 12.80 109 115.4 5~.82 436 1.95 2.07 4.00 3.78 
11 12.43 104 li8.7 56.06 451 1.86 2.12 4.M 3.80 

2 12-13 16' m.2 M. 94 444 1.91 2.10 4.1!! 3.70 

3 13.15 98 112.4 55.62 423 1.76 2.02 4.32 3.76 
16 13.54 111 109.3 55.39 409 2.00 1.97 3.68 3.74 

2 13 + 105 liO.9 55.51 tit 1.81 2.60 3.96 S.75 

Fried·tlUet. 
l481ee: 

18 1 U.77 147 126.3 57.18 486 2.57 2.21 3.31 3 .85 

6 1 12.80 113 116.2 ~.46 441 2.00 2.06 3.90 3.80 

10 1 13.150 1015 110 • .5 116.04 4115 1.87 1.97 3.95 3.76 

raul .. : 

8 12.80 104 116.2 56.46 441 1.84 2.06 4.24 3.80 
13 12.27 116 121.1 116.81 463 2.04 2.13 3.99 3.82 
20 12.00 114 123.8 57.00 4711 2.00 2.17 4.17 3.84 

3 12-i3 III 120.4 56.76 460 l.96 2.12 4.14 3.82 

2 13.28 112 112.1 56.17 423 1.99 2.00 3.78 3.77 
4 14.36 116 104.0 155.59 387 2.09 1.87 3.34 3.72 

15 14.04 107 106.3 55.75 S97 1.92 1.91 3.71 3.73 
17 13.89 112 107.4 55.83 402 2.01 1.92 3.59 3.74 

4 13 + 112 107.4 M.84 ~02 2.01 1.92 3.89 3.74 

Y Bual dlat lnt aka, plull dry .. tter ot f111h 1ncree.ed by 15 peroent. Th1a was done to approl[1Nts air dry equlnlent ot basal d18t. 

!I McCl"ding to Sned.oor, 1940. 

!I Sub -group. are coded troll tb. 1D41Y14ual rata *1011 oonllWUd d1st. contaln1ng 1 ••• tllen 12, 12 to 13, end mare tban 13 peroent 
protein ln till diet. 
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Table 3: Calculatione of 8ums of 8qu~re. and product8, ~d correlation 
coefficients of data for group. pr •• ented in Table 1. 

Protein Food (Min in 
intake intake 1h .. e1pt 

n = 20 ~ X T 
2 

Sum. 1.125.3 8,~5 2,349 
Meana 56.27 46.3 117.5 

S>1.. s~ 12, S\ 1: 63.331.2 502,489.9 132.233.1 

Correction term 6~1'1~.00~ 502116~.1~ 1~.166.~ 

sxi, eX1 x2' 1X1Y 16.195 324.77 66.61 

Va~. V<axi l 2 4.0243 597.7643 276.5648 (8~). etc. 

12 1 0.5433 0.2408 r , ry 

SX, SX Y 4.004,845. 0 1.053.207.0 
Correction term 3.982,781. 25 1.048.241.25 

2 sX2' u2Y 22,(6).75 4,965.75 

V~x~. \H, 2 
('1' ) 148.5387 10,208.1291 

ry2 0.4865 

sl- 280,613.0 
Correction term 2Z~189o·0~ 

8y2 4.722.95 

\f? 68.7237 

ay 15.7663 

The regre8sion 
1\ 

equation i8 T • 45.39 - 0.570411 ... 0.2335~ 

R equals 0.2374 
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TWo of these were male rats which each gained 21 grams more than &n estimate 
of food consumption would warrant. One of these males was allot ted t o each of 
the two groups. The third rat, a female fed the broiled fil1ete . €,;'eJ .. u,:,,), 0v .. 1S 
about 3/4 aa DlUch aa would be eXpected from the food consUJ:lption. Thl.. i t "l.t, 

consumed comparatively large amounts of bassI diet during each week cf t he ex
periment. Apparently, the basal diet was not utilized very efficien'l., lyo 

The data indicate that the basal diet was consumed in relation t" t he in
take of protein aupplement. The percent protein in the diet as C; !H~(:F .· ;' -::. (e.lr
dried baeie) ranged from 11.~9 .. to 13.54 for the rats fed bro iled f n ; .. I?', e, and 
from 11.17 to 14.36 for the rats fed fried fillets. The males as (\ 8:'31leral 
rule consumed more basal diet than the females, but the increased Am;,,11J:! t cannot 
account for the differences in gain in liveweight. The extra gain ma.:9 :t'ather 
be due to a more efficient utilization of protein for growth by most mc .. L 38 and 
to a greater need of protein by the females for certain physiological f1xnctions. 
Gain in liveweight under these experimental condition. was limited pr incipally 
by protein intake. and to a very eecondary extent by intake of basal diet ~v~n 
t r,cugh the latter wal offered ~ libitum. 

Carcass Analylee. - In the introduction of this paper it was stated t hat a 
potentially serioue objection 0'1 the growth method for determi nation 0'1 the 
nutritive quality of a protein i. that the ~n in liveweight of one group of 
an1mals may represent a different nutritive inveltment than that of another 
group of an1mals. In other words, the various groupe which are being compared 
~ have a sign1f1cantl1 d1tferent store of protein, fat. mineral mAtter~ or 
water. In order to det.rmine what happened in the herein reported .xperlment. 
four pr.-.zperlmental rata and eix poat-.xperimental rat. from eacb of the two 
groupe were killed, and the contente of the gaetro-intestinal tract were removed 
by pree.ure etripping. 1h. carea.ee. were frozen pending analyses9 1~e frozen 
carca •••• were chopped lengthwi8e, and the halt carcass was ground through a 
meat chopper. Attar th. ground _plea were thoroughly mixed, .ample8 of ap
propriate .ize were an~vled by atandard methods to determine the content of 
aOieture. crude protein, ether .xtract. and mineral matter. The other half ot 
the carcae. was re.erved tor check analyses. live check analyses for protein 
and eix tor moisture were made by another chemi.t and gave reasonably good agreJ
ment with the original results. 

The data in Table 4 on proximate analyses expressed in percent by weight 
do not indicate any outstanding dU'ference8 between individuals of the two 
groups. 

The data in Table 5 al80 show no outstanding differences between the two 
groups. Statistically non-significant differences were tound between group 
mean. for the empty carcals weight and the store of protein. ether extract and 
mineral matter. There wae, however. a statl.tic8ll~ significantly great~r 
storage of protein b.f the male rats fed tbe broiled fillet. than by the famale •• 
Thh lex difference waa not apparent for the rats fed the fr1 ed fillete. Why 
this happened cannot be ascertained from these .tudies. The correlation co
efficient. between the intake and .torage of the designated nutrient ware 
es.ent1al17 non-significant. For protein. the coefficients were 0.3740 and 
0.3939. for .ther extract, -0.2829 and -0.1956. and for mineral matter 0.4120 
and 0.5935. respectively. for t~e animals fed t~e broiled and the fried fillets. 
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Table 4: Proximate analyses of the empty carca8se8. 

Diet designation Percent by weight 
and rat number Sex Moiature Protein Ether Mineral 

(NX6.25) extract matter 

Pre-experimental: 
2.3 14 70.8 15.3 B.9 

w 68.5 16.0 10.5 2.9 ., 12.1 18.8 5.6 3·0 ., 11.5 13.3 1.1 3.8 

After eight weeka: 
Broiled filleta 

5 M 64.3 11.2 13.8 2.1 
14 w 61.9 17.4 15.3 3.6 
19 M 61.1 17·9 16.5 3.2 

1 F 62.4 17.3 16.0 2.9 
3 

., 62.4 17.8 15.4 2., 
9 F 64.B 18.0 11.7 3. 

Pan-fried fil1ete 

6 W 65.6 IB.5 10.1 3.4 
10 M 61.4 1B·3 8.9 3.2 
2 ., 59·8 20.1 14.1 3.4 
8 ., 61.2 18.5 15.1 3.1 

15 F 62.~ 11.6 15.2 3.0 
17 F 64. 17.4 13.4 2.8 
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The differences bet,'een groups in mean protein and total food intake 
were not statistically significant. The rats fed the broiled fillets, ho.ev~r, 
had a meaD intake of mineral matter of 21.8 grams as compared with 19.6 grams 
for those f~d fried fillets. The difference was statistically significant. 
The ratios of intake to Itor~e of mineral matter tend to reflect this dif
ference. 

The approximate ratios of intake to storage show that about 37 percent 
ot the crude protein was stored. The range was from 30 to 47 percent. This 
indicatea tbat a good deal of the protein was utilized for physiological pur
pose. not a.lociated with permanent tiasue structure or a8 a source of energy. 
Recalculation ot the data for Itorage of fat (ether extract). indicates that 
about 11 percent of the total caloric intake wal etored as fat. The range was 
roughly from 5 to 12 percent. About 17 percent of the total caloric intake 
wal atored a. combined protein and fat. The range was from 10 to 18 percent. 

All rat. reacted within reaeonably close limit. in reepect to atorage of 
protein. This waa probably because protein was the limiting nutrient in the 
diet. Nine of the twelve rats stored about an equal proportion of the caloriea 
consumed. Fe~le number 9 and male. number 6 and 10 stored less fat in the body 
which means that the1 were more wasteful in using calorie. tor phys10logical 
purpose •• 

DISCUSSION 

The two groups of rats fed the brOiled and the pan-fried (saute~d) striped 
bael fillets grew at a very alml1ar rate when fed equal quant1tie. of tte test 
protein. According to unpublished data from our laboratory, the gain in live
weight was onl;y about one-bal.f that of the rats which had been fed for an equal 
length ot time on a control ~iet which contained about twice as much protein 
of high nutritiTe quality and which was otherwise balanced for e8sential nutri
tive elemente. Inherent genetic capactt1 for growth was probably the only 
limiting tactor in tti8 instance,atnce environmental factors were about optimum. 

In the feeding experiments to determine the nutritive value of the proteine 
ot broiled and pan-fried etriped baas fillete, the factors that limited growth 
were the quantity of available protein, the que~ity of the protein, and the 
quantit;y of total food intake as representing qualitatively sufficient calories, 
vitamins, and mineral elemente to permit maxi~ growth. 

Quantit7 of protein in thi8 instance was the primary factor limiting 
«rowth. It was the fixed variable in the diet, limiting not only growth but 
a180 the coneumption of the baaal diet which wae offered ad lib1tum. Further
more, the quantity of test protein available to the animal was limited pbyeical
l;y b.f the quantity fed and eaten, and by the quantity digested by the animal. 
The phyeical quant!ty wal limited to about 50 grams per rat during the eight 
week period and waa all consumed. The quantity digested was not determined. 

l} 



Previous studi~t b,y Lanham and Lemon (1938) and Hillon and Martlnek (1946) 
had thown ttat the apparent digettIbl1Ity of the protein of eomewhat eimilar 
diete containing fish protein was about 90 percent. It aeeme improbable that 
there was any lignif1cant difference in the digestibility of tlle proteine o! 
the broiled and the fried fillete since the rate receiving the different forml 
grew at an equal rate during the eight week period. 

The quality of protein as aff~cting gain in liveweight wae not an l~or
tant variable in thie ItUdy. The nutritive quality of the teat proteine must 
have been equal ainee the mean estimated gaine in liveweight were 10 similar 
to the actual gain for both groups. 

The quantity of tot&! food intake varied 10mewhAt, but waa a minor factor 
in caueing differences in gain in liveweight. Thie i. eo becaute the amount of 
basal diet eaten .a. limited within quite narrow limit. by t~e amount of the 
protein conlumed. The maximum range In percent protein in t~e diet con.umed 
(air-dried ba.l.) was 11.29 to 14.36. Ju.t what factors conditioned the 
conlumptlon of basal diet cannot be determlned from the.e .tudiel, bat caloric 
need was probably more important than differential vitamin or mineral element 
requirement.. Hine of twelve rat. utilised calorie. within rather narrow 11mitl 
in storage of fat. Female nuaber 9, one of the exceptione, mu.t have utilised 
the baeal diet very inefficiently (Tablet 2 and 5). Just wbr malea number 6 
and 10 8tored only from 1/3 to 1/2 the quantlty of fat .tored by the other malee 
cannot be determined from the data. The econo~ of calorie u.e muet have fol
lowed some rather definite phyeL:oglcal pattern when .0 large a proportion 
of the animals reacted alike. 

The correlation coefficienta for the effect of varlable proteln intake 
(minor variations were determined entirely b.Y differential intake of the basal 
diet) on the gain in liveweight ls not etatiltically .ignificant, but that for· 
the effect of the total food intake on the gaIn In liveweight ie .tatistically 
significant (Table 3). Theae findlngs are In accord with data previouely in
terpreted. The effect of the quantIty of test protein fed ~ be meaaured only 
by the feeding cf multiple level.. This was not necet.ary aince the quantity 
fed was le88 than that permitting maximum growth but it was aufflclent to 
maintain satisfactory health. There i8 no evidence that the maximum growth 
permitted by genetiC capacity was reached. 

The quantity of protein stored in the body varied within narrow limits 
when eXpressed at percent by weight of empty carcass or as a ratio of the protein 
intake . These findings further indicate that the quantity of proteln limlted 
growth and that the two teet ,roteins were of equal nutritive value. 

The evldence from both the feeding studies and the carcas. analYsea In
dicatee in general. that the etatletically non-algnifiC&At difference. between 
the groups of rate ted the broiled and the fried etriped ba •• tillet. were due 
to the inherent phy8iological r~lponse of the rata to the diet. rather than that 
there wa. 80 much variability in re~onBe of individual rat. that &D1 poei'i •• 
d1fference due to diet was impo.B~ble to detect. The coefficient of variation 
in percent for mean group gains in liveweight was 15.7 for the rats fed the 



Table 5: Storage of 80me of the food element. in the bodies of individual r.t. during the 
eight week feeding test with striped bass. 

Diet designation 
and 

Jmpty 11 Storage 
Approximate ratio of 

lntake to .tor8~e 
Sex Liveweight carcass Protein It her Mineral Remainder by 

matter substraction 
Protein Food Mineral 

rat number weight (NX6.25) extrac' Protein Ether matter 
extr~ct Mineral 

gram. 

Pre-experimental: 
M 

§a M 
F 51 
F 51 

:Broiled: 

5 M 184 
14 M 205 
19 M 189 
1 F 162 
3 F 153 
9 F 148 

P~-hi~: 

gr8JU 

51 
52 
47 
47 

178 
197 
179 
158 
149 
143 

gram. grams grams 

In carea •• 
7.9C 4.63 1.46 
8.16 5.36 1.48 
8.84 2.6) 1.41 
8.60 3.34 1.94 

grams 

37.0 
37.0 
34.1 
34.1 

In K~n in_ ~mpty care ••• weight 
22.96 19.81 3.41 82.8 
26.62 25.39 5.09 90.3 
24.06 24.59 4.27 75.1 
18.14 22.11 2.80 65.2 
17.16 19.72 2.51 58.9 
17.42 13.86 3. 25 63.3 

2.5 
2.1 
2.4 
3.1 
3.2 
3.3 

24.5 
18.6 
19·7 
19.7 
21.5 
36•4 

6 W 162 155 21.26 11.99 3.92 70.7 2.7 36.~ 
10 M 155 150 19.95 8.70 3.43 69.8 2.8 47.7 

2 F 166 161 24.14 19.53 3.69 63.9 2.3 21.7 
8 F 154 150 19.25 19.72 3.00 61.9 2.9 22.4 

15 F 156 150 18.08 19.93 2.89 63.9 3.1 19.9 
17 F 163 158 18.g2 18.18 2.74 71.3 3.9 22.1 

matter 

~ 1/ The ventral surface of the rat wae opened carefully to prevent 10e. of blood, and the gastrointestinal 
~.~-.. -l .. '.' cut 100s at esophagus and snUB. The tract was emptied by being squeezed b~t~een fingers. 
~ 

{ . .-. 
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broiled fillets and 10.6 for those fed the fried fillet.. The coefficients 
indicate that the variability in gain in livewe1ght was within satiefactor,v 
limits. 

No attempt ie made to devi.e or assign ~v numerical index to represent 
the nutritive value of the protein. A. stated before. the uutritive value of 
a lingle protein was not measured, but rather the balancing or .upplementar7 
value of the test protein in the diet. Furthermore, there are rather serioul 
objections to tho assignment of numerical values to express the nutritive value 
of a protein. The biolog1cal value as an index of nutritive qualit7 1. con
fused by many with the percent digeatibilit~ of the protein or protein-conta1n
i~g f"od. The grams gain 1n liveweight per gram of protein con.umed a. an 
inr\ex 1. appreciated 1n a comparat1ve w8¥ only by the person who 1. acquainted 
w1 th experimental work w1th ani~a. J.ny numerical value i. likely to be 
mi.interpreted alao a. to the degree of precl.lon attained. It .eems. there
fore. to be the better practice to make only non-numerical comparilons. 

SUMMARY AND CONCLUSIONS 

A met.hod bas been proposed which w1ll permi t evaluation of the uutr1 t1 ve 
value of a protein by means of a modified O.borne and Wendel growth method. 
It requires that approximatelT equal quantit1es of te.t or comparison proteine 
be consumed by all animal, durill8 the experimental period. The ctuantity of 
protein to be fed i8 limited to that which w111 not permit a normal growth 
rate but will permit good health. The basal dlet conal.ting of sourcea of c~
ories. vitamins and minerals i8 allowed ~ 11bitum. 

Istlmated gains in liveweight for individual animal, are calculated by 
means of multiple regression to ellminate the effect. of the more important 
variables 8uch a8 differential sex allotment. caloric intake. etc. The coapar- . 
atlve nutrltiTe Talu8s of two or more proteins are determined from +'he dlfferences 
1n e8timated group gaina in weight. 

In thi8 .tudy it wae found that the proteine of broile~ and pan-fried 
(8aute~ ) striped baes fillets poesees equal nutritive quality 1n reapect to 
balanclng or supplemental value. 

About 37 percent of the protein intake waa found to be stored in the body 
of the rat during the eight-week period. Nine of 12 rats atored a mean of 11 
percent of the total caloric intake as fat. Th~ .tored about 11 percent of 
the total caloric intake as combined fat and protein. 
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