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NUTRITIVE VALUE FOR GROWTH OF SOME FISH PROTEINS 

By H. W. Nilson,~~ W. A. Martinek,~~ and 8. Jacobs~} 
ABSTRACT 

F80ding studies .ere conducted wi th growing rats to determine 
the ~pp:oximate nutritive value of proteins extracted with acetone 
from the edible flesh of 17 S1Jecias of fish. No statistically sig
nificant differences were found in the gain in weight of groups of 
rats fed the various pro teins. I t is concluded that all uroteins 
tested are of good nutri tive quality, especially so far a~ balanc
ing the average diet is concerned. The proteins tested Vlere also 
f ound to be well digested, 

INTRODUCTION 
Comparatively few studies have been conducte d to determine the nutritive 

value of proteins derived from fishery sources. Lanham end Lemon (1938) reviewed 
the literature a nd found that, in general, earlier investigators had rated pro
teins from fishery sources about equal to that of beef. Lanham and Lemon also 
reported experimental work on f ee ding stUdies with growing rats, using protein 
obtained by extraction with acetone of the edible flesh of certain fishery prod
'-lctS. The proteins could be classified into the following groups based on com
parative gain in live weight estimate d from equal protein intaKe. If the protein 
of oysters is arbitrarily rated 100; the proteins of pilchard, red snapper, shrimp , I 
and Boston mackerel rated about gO; those of shad, cod, croaker, and coho salllion 
rated about 80; and t hat of beef rated 63. These co~parative values indicate 
that the proteins of the several fishery products are of somewhat higher quality 
than beef, 

Another index for determining the comparative nutritive value of proteins 
depends on assaying the metabolic use of the proteins, instead of neasuring the 
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:i light, dry meal which could be stored indefinitely in sealed Mason jars. The 
~ rude protein content varied from 86 to 97 percent, as reported in Table 1. 

Table 1 - Source and. Crude Protein Content of the Acetone Extracted Fish Flesh 
Source Crude Protein Source Crude pro~)n 

of Protein (N x 6.2')) of Protein (N x 6.2')' 
Percent Percent 

3eef round •...••••••••••••••••• 91.28 Salmon ~ Con tinu.ed) I 
30nito (Sarda chiliensis) ••••.• 93.19 Coho O. !dsutch) ••••••••••• 94. ,44 
::atfish (Ictaturus punctatus) •• 85.50 Pink (0. gorbuscha) ••••••.•• 95.28 
fa! i but (lfippogla;sus hippoglossus) 88.94 Sockeye (0. nerka) •••••. : ••• 93.13 
!erring: Squ.eteague (Cynoscion regalis). 87 .. 81 

Lake (Leucichthys arte(U) •••• 87.68 Trout, lake (Cnsti \QJIer nama;ycusn ) 93.31 
Sea (Clupea harengus) •••••••• 86.01 Tuna: 

Miet (MugU species) ••••••.•. 90.87 Albacore (Germo alalunga) ••• 95.75 
3alrnori: Bluefin (Thyrmus thynnus) ••• 94.50 
I Chinook (Oncorhynchus tscha.1'>j'tsdla.) 93.38 Skipjack (Katsuwonus pelamis) 96.50 

Chum (0. ke~Y ............... I 95.35 Yellowfin (Nlotbunnus ma.cr-opW-US) 96.63 

I Lanham and Lemon (1938) showed that the protein of acetone extracted haddock 
flesh had approximately the same nutritive value as unextracted flesh that was 
~ried on a steam bath, and the apparent digestibility was similar. The rats fed 
~he treated protein grew about as well as rats from the same colony in other ex
~erirnents, which were fed a similar basal diet ad libi tum, but were fed cooked 
I -
rish in a separate feed cup daily in such quantity that the total protein intakes 
~ver the experimental period were equal. There is no reason for believing that 
~he nutritive value of the extracted proteins usedwas significantly altered either 
~y extraction or prolonged storage. 

I The diets consisted of enough acetone extracted fi sh flesh to provide 9 parts 
rrude protein; lard, 8; cod liver oil, 2; salt mixture U.S.P. XI, l'Jo. 2, 4; dried 
Irewer's yeast, 2; wheat em"oryo, 1; liver extract ~ Lilly), 0.5; and corn starch 
'rio make 100 parts by weight. These diets were made up at not more than bi-weekly 
.ntervals, and stored in a refrigerator. 

The rats were allotted at an initial live weight of 49 to 57 g., into gr oups 
f from 10 to 22 animals, using "Doth sexes. The animals were not all allotted 

It the same tDue, but in each series, a number of rats adequate to furnish con
frol data were fed the diet containing beef protein. All rats were individually 
loused in wire scre~n cages fitted on wire ~esh floors. The temperature of the 
~ OOill was maintained at 800 F. They were supplied with food and water ad libitum, 
~nd weekly ,records were taken on live weight and food consumption. --

EXPERIMENTAL DATA 

The . data in. Table 2 ( see P. 4) show that the average gain in live weight for 
~ll groups of males equaled 163 g., and for all females, the average was 130 g. 
['he mean gain for the 18 groups, including both sexes, was 144 g. The coefficients 
f variability for sub -group and group weights (Table 3, see P. 4) are within 
~xpected limits for this type of experiment, and the higher values can be explained 
oy the very poor, or very exceptional, growth of a few individuals, 

At first glance, the data would seem to indicate that practically all of 
he rats fed the proteins from fishery products gained more weight than those 
ed the protein from beef round. This is not true, however, when recognitiqn 

Ls given to the effect of variation in food intake ( see Tables 4 and 5, P. 5). Food 
intake was used rather than protein intake to adjust gain in weight. The two com-

• 
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ponents are found ill eXt1ctly the swn6 ratio in all d iets, U 

tity of food intake variea more than the uantlty of prote 
likely that variations in guin in weis tore uc to ality r 

Table 2 - Mean and Estimated Gain 
Con t.aln in 

Source 
of Protein Wales r ... &les 

Beef rounJ. ••••.••..••.• 12 10 
Bon1. to ••••••••••••••••• 4 6 
Catf'ish •••••••••••••••• 4 6 
Hal i bu t .....•...•.•..•. 4 6 
Herril'l8: 

Lam ." ...•.•......... 
Sea •..••••••.•....... 

Mullet •••.•..•......•.• 
Sal:Don: 

Olinook •.•.•••...•.•• 
Cllum •.•••.....•.•.••• 
Coho •.•••.......•••.. 
Pink •.....•...•...... 
Sockeye ••••...•.•.•.. 

Sque tea.g-ue ••••••••••••• 
Trou t, lake •••••••••••• 
Tuna: 

Albacore .•.•.•....... 
Bluef1.n •••••••.•.•••• 
Skipjack ••••......... 
Yellowf'in •••••.•••••• 

7 
6 
4 

6 
4 
5 
4 
4 
4 
4 

3 
4 
4 
4 

4 

~ 
9 
6 
7 
6 
6 
6 
6 

~ 
6 
6 

Mean 

152.7 
183. 7 
183.5 

7. 5 
1 .3 
135.8 
174.5 
170.5 
133.3 
177.0 

1 2.7 
163. 2 
151 .3 

H9.3 
141' . 0 
1 0.3 
142. 
1 .6 

39.9 
J . 5 

13 . 2 
142.2 
1 . 
L10.~ 
1 • 

differences 1n prote n atter elim nati . h e fect of aria on in 1 d nta .. 
The stt1tistic&.l analyses S 0 clearly t et tnere "89 0 difference in e respo .se 
of the two sexes to the experimental variables. 

Table 3 - Stat1.6t1.cal Analysi6 of Mean Gain in e1 ht of Rat. fo the 1 Week pp-ri~ ~s 
Recorded in Table 1 

Source Coefficient of var i ation So rce Coefficient of variation 
of Protein /-.Bles Females GrOUp of Protein Males r e::13.l e s Grout! 

Percent Percent Percent Fl!lrcent Percent Percent 
Beef roUDd. ........ 23 16 21 Sal on (Coot.) 
Boni t o ••••.......• 18 7 ~ Coho •••••••...•• 27 24 
Catfish ••••••••••• 15 ~ Pink ••.•.•.•••.• 10 13 6 
Halibut ••••••••••• 11 15 13 Sockeye . ........ 10 8 16 
Herring: 

3'J1J 
Squeteague ........ 10 17 16 

Ia.ke •••••.•. .•.• 17 ~ Trout, leJg, ....... 24 10 2'S 
Sea •••..•....•.• 13 6 Tuna: 

Mu.llet ••••.•....•. 18 13 26 AI. bacore ........ 37J} 16 ~ 
Salmon! Bluefin ••••..... 17 14 18 

Chinook •••.....• 21 ~ {§ Skipjack •••••••• 25 22 22 
Ollllll •••....••••• 14 16 Y.11owfin ••••••• 11 ~ _ --'!} __ 

!JOne male grew very well, and two females grew poorly. 3. if Three ~les grew very well. 
ljODIIJ female grew very poorly. MOne male grew very poorly. 

The standard error of' difference between acijusted mean group gains in weight 
equals 28.96 g., and a difference to equal the 5 pe rcent level of significance 
for 180 degrees of freedom is 57.1 g. (Table 5) . It will be noted ini'able 2 that 
the greatest difference in original data for mean gain in weight for groups 1s 
43.2 g. (164.7 - 121.5 g.), and for estimated mean gain in weight it is 29.7 g. 
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163.2 - 133.5 g. ). fhis means that all of toe proteins st d.ied nno abo t h 
aIlle nutritive value in these feeding tests. 

Table 4 - Mean Food Intake of Rats Fed for a lO-'lfeek Peri od with Diets Containine 
~ Percent of Protein from Fishery Products 

Source Mean Food Intake Source M.ell.ll Food In ~ 
f Protein Males Females Group of Protein -l'.a.le 5 Fe~~ ~roun 

Grams r.rams Grams Gra.'U.S rr ams -r,rnms 
~8f round. ••••••••••••• E)Z).6 bi2.b 621.5 Sal mon (Con t. ) I 
oni to •.•••••••••••••.• 721.3 731.0 771.1 CAJho •••••••••••••••••• 631.4 697 . 8 641.0 
~a.tf ish. •••••••••••••••• 766.5 6l:J8. 2 671.5 Pink •.••••••••..•••... 739'

A 
673 .0 7 3.2 

~ i but ••.•••.••••....• 633.0 672.0 656.4 Soc~ye . . . . . . . . . . . . . . . 701 . (1)1 . 671.~ 
~rring; Sque teague .............. 601. '1 ('22.0 61'1 . 

Lake · ................ 665.3 569.8 630.5 Trout, la.l<B . ............ 79'1 . I) 704.2 740.7 
Sea •••••••••••••....• 739.3 600.8 683.9 '!\ma: 

~le t ••••••••••••••••• 741.3 626.7 672.5 Albacore .............. ~04.7 7(..4.0 746.2 
almon: Bluef in •.•.•••.....•.. 15.0 7S2.7 777 . (.. 

Cb.inook ••••••.•.•.••• 660.2 612.0 631.3 Skipjack ••••••••.••••. 719. 8 769.3 7'j3.5 
Chum · ................ 775.5 706.8 734.3 Yellowfin ••••••••••••• 731. S 6~8.3 6qo. 6 

Me811 •••.••• 70').7 b70. '1 bb7. h 

The data in Table 6 on grams gain in live Neight per grar~ of pro';;eiD cm -
umed, particularly for group means, show about the SaY.,e iebree of variati . .m fill :1 

Table '5 - Analysis of Variance for Food Intake and Gain in Weight 
Sou'ce of V U'iati ..,n 

Grou'Ps Sex Residue 
egree of freedom 17 1 100 
u.m of squaresl 

Gain in weight 19,755 44,999 74,845 
Food intake 498J~Q22 45.A7Q 1 '112 11:r> 

1roduct of gain in weight and food intalm 103,Ob3 45 2}"< 3"7 ,02') 
~jUsted sums of squares 200, 3~. 5b 0.72 129 , 't~,. dl 

justed mean squares 1l,736.15 0.72 4,610.7') 
ljusted standard deviation loB. '564 0.&9 h7.<301 

bZ'~i tandard error of difference = V xff": 28.96 grams 

ifference in group mean gain in weight to equal 5 percent level : 57.1 grams 
argest difference in original data : 43.2 " 

[.arRest difference in estimated data a 19.7 " 
ote: tkI thod of Titus and Hammond, 1935. 

~rend as do the data on adjus ted gain in Vieignt !:i.5 reporttld Ll Table 2 . T"e ra.~" 
red the protein prepared f rom sea herrillg a pparent ly made tne r.;ost efflc e ," ULl 

Tabl:e 6 - Total Protein Required for Gain in WeiEht 

Source Gain Per Gram Protein Source Galc Per Gra.'ll Protein 
~f Protein Males l'emales Group of Protein ,hles Femal es r;r'ru:' 

Grams Grams Grams Gr~s Gra::ls r,r3!llS 

2.14 1.91 2.04 Salmon (Cont.) I --
~ef round •••••••.• 

ni to •••••••.••••• 2.25 1.90 2.04 Coho ............... 2.10 .87 1.97 
tfi sb. •••••••••••• 2.~ 1.88 2.10 Pink •.•••••••••••• 2.33 l.~ 2.03 

aalibut •••••••••• •• 2. '" 1.98 2.09 Sockeye •..•••••••. 2.39 1. 0 2.1 
fierring: Squetea.gue ........... 2.17 1.79 l. 

Lake · ............ 2.24 1. °3 2.13 Trout, laAa ......... 2.17 L7~ 1. 1 
Sea. •.•••••••••.•• 2.43 2.14 2.31 Tuna.: 

~let ••••••••••.•• 2.42 1. 93 2.13 Albacore ........... 2.06 l. 7 :? 
Salmon: 1 ef in ............. 2.23 1. 2. 

Chinook •.•••••.•• 2.19 1.77 1. 4 Stti.PJ C~ ........... 2.07 'M :?:Q2 Cllum ••••••••••••• 2.28 1. cq 2.10 y", 11 01rl' in . ........ 2.2J 1. 
Mean ••• 2 .. 2.1 i 1. ;'1 2.')5 
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in weight of the series. Three of the male rats gr ew ve r y well , ana the fenale 
ruts made consistent and uniformly high gains in li ve weight . 

The apparent digestibility of the total protein in the diet ~~s detenuined 
by collecting feces during one week of the experimental period for rats sele ct ed 
at random (Table 7). Paper towels were spread under the cages and the feces we re 
collected every day or two duril~ the interval of the fourth to tenth week on e A
periment, and there was no evidence that the apparent digestioility varied ~i th 

age of rat. 

Table 7 - The Apparent Digestibility of Total Protein for Individual Rats During a 
1 Week Period 

Source APPARENT DIGESTIBILITY I N PERcrNT 
at Protein Individual rats Mean 
Beef round ••••.••..••••• 90.2, 86.1, 86.7,gO.5, W.l, 93 . 2, t1J~4, -W.5, -W.7, W.) ~. 5 
Boni to •••••••••.•.•..••• 89.9, 89.4 89.7 
Catfish •••...•.•••.••••• 91.0, 87.8, 93.3, 90.3 90.6 
Halibut ................. 87.4, 86.5, 89.7,90.6 88.6 
Herring: 

Lake •••••••.•.••..•.•• 91.1,96.5,97.8,98.0,97.4 96. 2 
Sea ••••••••••••••••••• 89.0, 91.6, 88.2, 89.4 89.6 

Mullet ...... ............ 88.7, 87.8, 88.3, 86.1 87 .7 
Salmon! 

Ol.inook •..••...•...... 
Olum •••••••••••••.•••• 
Coho •••••••••••••••••• 
Pink •••••••.•••.•••..• 
Sockeye •••.••••••••••• 

Squeteague •••.•••••••••• 
Trout. lake ••••••••••••• 
Tuna: 

Albacore •••••••.•••••• 
Bluefin ••••••••••••••• 
Skipjack •••••••••••••• 
Yellowfin ••••••••••••• 

89.4, 90.9, 92.5, 92.4 
88.4. 89.2, 88.4 
90.8, 89.1, 90.7 
89.2, 85.2. 90.7 
87.6, 87.3, 91.3 
92.0, 92.3, 90.4 
88.7, 90.9, 87.9, 89.6, 90.9 

89.5, 90.5, 90.2, 89.9 
89. 0, 90.7 
88.7. 87. 1, 89.3 
90.1, 91 .5, 90.4 

Mean • • • ••••• • 

91 .3 
88.7 
90. 2 
88.4 
88.7 
91 .6 
89.6 

90.0 
89.9 
88.4 
90 '} 

139.9 

Very little variation in apparent dieestitlility is noted. The highest mean 
value is 7 peroent, and the lowest value is only 2.4 percent under a "nean" ap
parent digestibility value for all groups. All of the proteins were Well digested . 

DISCUSSION 

The experimental data indicate ,that the 18 proteins fed were about equall y 
valuable in promoting growth at the 9 percent level in the diet. Lanham and Lemon 
(1938), on the other hand, found a difference in the nutr itive value of the pr o
teins which they fed at the same level, and concluded that t hose of f ishery prod
ucts were superior to that of beef round by 1.3 to 1.6 times. It will be not ed 
that the rats used in their tests didnot grow as well as t hose used in thi s s tudy . 
The 12 rats of their control group fed beef, gained an ave r age of 95.2 g. during 
the lO-week periodas compared wi th 22 rats of the present serie s gaining an average 
of 129.7 g. Eleven rats fed protein from coho salmon gained 104.4 g . compared 
with 12 rats gaining an average of 128;7 g. in this study. 

There are several possible explana tions for these diff er ences. First, the 
rats used in the earlier investigation wer e housed i n a buildi ng t hat did not have 
very efficient control of temperature, and they may have been chil led or too warm 
at times. An environmental temperature of 800 F. was mainta i ne d during the test 
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period for the experiments reported herein, Secondly, the vitamin supplementation 
consisting of a commercial vitamin concentrate from milk, and an alcoholic extract 
of wheat embryo may not have been as comple te in quantity or quality as the com
bination used in this instance, Also, the basal diet used previously contained 
0,68 percent protein as compared with 1,2 percent protein in the latter series of 
experiments, 

It is unlikely that the protein from the small quantity of liver extract, 
wheat embryo, and yeast in the diet would be responsible for the non-s'ignificant 
differences in gain in weight found in these data, There are appreciable but not 
statistically significant differences between groups which can most logically be 
attributed to varying quali ty of the fishery proteins, Tnese differences may have 
been greater if the diet contained no supplementary protein. The supplementary 
proteins undoubtedly exert some balancing effect, but probably no more than that 
furnished by the protein of the average American diet, The data do show that the 
pro~eins of the fishery products tested are at least eqfial to beef in nutritive 
value. 

SUMMARY 

1, The proteins from 17 species of fish which were tested were found to be 
about equal in nut ritive value when included in a diet containing some supplementary 
protein, 

2, The nutritive value of theBe proteins was found to be about equal to that 
of the protein of beef. 

3, The proteins Vlere well digested, having an apparent digestibility of about 
90 percent, 
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