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NUTRITIVE VALUE FOR GROWTH OF SOME FISH PROTEINS

By H. W. Nilson,** W, A. Martinek,** and B. Jacobs*

ABSTRACT

Feeding studies were conducted with growing rats to determine
the gpproximate nutritive value of proteins extracted with acetone
from the edible flesh of 17 species of fish. WNo statistically sig-
nificant differences were found in the gain in weight of groups of
rats fed the various proteins., It is concluded that all proteins
tested are of good nutritive quality, especially so far as balanc-
ing the average diet is concerned. The proteins tested were also
found to be well digested.

INTRODUCTION

Comparatively few studies have been conducted to determine the nutritive
value of proteins derived from fishery sources, Lanham and Lemon (1938) reviewed
the literature and 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 feeding studies with growing rats, using protein
obtained by extraction with acetone of the edible flesh of certain fishery prod-
ucts., The proteins could be classified into the following groups based on com-
parative gain in live weight estimated from equal protein intake, If the protein
of oysters is arbitrarily rated 100; the proteins of pilchard, red snapper, shrimp,
and Boston mackerel rated about 30; those of shad, cod, croaker, and coho salmon
rated about 80; and that of beef rated 63, These comparative 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 measuring the
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growth of enimals fed & limited quantity of protein, This index nf m :

is designated "biologicel value" of a protein, It is determined by fee: ,
male rats (biological value for maintenance)on & protein free diet and det L1

excretion of protein in urine and feces, Ihe test protein is then fed in llll e
quantity and the excretion is determined, The index of biological value is
culated from the formula: food nitrogen intake minus (fecal nitrogen when protel
was fed minus fecal nitrogen when protein free diet was fed) mious (urinary nitro-
gen when protein was fed minus urinary nitrogen when protein free diet was fed)
divided by food nitrogen intake minus (urinary anitrogen when protein was fed mir
urinary nitrogen when protein free diet was fed), The answer is multiplied by 100
to give comparative values having 100 as the value of the highest quality protein,

Lanham, Lee, and Nilson (194L0) reported that the biological wvalue of
protein from aunilarly prepared flesh of Dungeness, king, and blue crabs, rar :
from £8,9 to 78,7, while that of beef round equaled 70.2, They concluded thﬁ
the data showed the blological value of the protein of crab meat equals or is
slightly superior tc that of beef round, The corrected digestibility values of
the proteins were found to range from 85.6 to 93,3 percent on a scale in which 100
percent equals perfect digestion, These data indicate very satisfactory digesti-
bility, Unpublished preliminary dsta from this laborstory show that the biological
value of the protein prepared by acetone extraction of oysters is about 95,4,
These data apparently confirm the feeding studies with rats as to the very good
nutritive value of oysters, .

In some respects, it would have veen very desirable to gather more data on
the biological value of proteins from other fishery products, but the many chemical
anelyses required did not permit doiag this type of assay with the starf avail-
able, It was decided, therefore, to conduct further feeding tests with growing
rats to determine the comparstive nutritive value of the proteins previously pre-
pared for amino acid studies reported by Pottinger and Baldwin (1939). These
proteins were also of the same series as those used in the ret feeding experi-
ments reported by Lanham and Lemon (1938).

There was a second consideration which dictated choice of experimental meth-
od; namely, less concern wus felt for determining the "true" nutritive values of
these proteins, than to get aun estimate of probeble "balancing"” values in the
diet, The diet fed to the rats contained 9,0 percent protein derived from fish
flesh, and 1,2 percent from supplementary sources such as liver extract, dried
yeast, wheat germ, and corn starch, The supplementary proteins amounted to about
12 percent of the total protein content, .

These tests were begun after the war started in order to have available on
request, data on the comparative nutritive value of fish proteins, The data have
bpeen reported to interested government agencies, but have not been previously
published,

EXPERIMENTAL METHODS

The proteins used in these studies were prepared by covering the ground edible
flesh with acetone,and permitting it to remain in this solvent for about 10 hours,
This procedure wes repeated three times, The resulting residue was reground, and
continuously extracted with fresh acetone for 14 hours in an -mm Mi&lﬁ(
by Lemon, Griffiths, and Stansby (193¢), The solid material was : ‘
bath in open air to vaporize the acetone, It was then ground in a ﬁm-ul
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i 1ight, dry meal which could be stored indefinitely in sealed ﬁason 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 Protein
of Protein (N x 6.25) of Protein (N x 6.25)
" Percent Percent
L T R R R DR 91.28 Salmon EContinued)z
onito (Sarda chiliensis) ...... 93.19 Coho (0, Kisutch) geveeeeunes 9%4..
atfish (Ictaturus punctatus) . 85.50 Pink (0, gorbuscha) ee.e..... 952
lalibut (Hippoglossus hippoglossus 88.94 Sockeye (0, nerka) v.....:... 93.13
lerring: Squeteague (Cynoscion regalis). 87.81
Lakse (Leucichthys artedi) .... 87.68 Trout, lake (Crastivomer namaycush ) 93.31
Sea (Clupea harengus) ........ 86.01 Tuna;
fallet (Mugil species) ......... 90.87 Albacore (Germo alalunga) ... 9575
>almon: Bluefin (’I’hy'zmus thynnus) ... 94.50
Chinook (Oncorhynchus tschawytscha) 93,38 Skipjack (Katsuwonus pelamis) 96.50
ﬁmum (OA ke@) 900000 eb a0 0 e l 95'35 Yeuowﬁr(l‘boﬂm.rmus m‘!ﬂs) 96.63

Lanham and Lermon (1938) showed that the protein of acetone extracted haddock
‘lesh had approximately the same nutritive value as unextracted flesh that was
iried 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-
eriments, which were fed a similar basal diet ad libitum, but were fed cooked
'ish 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.

The diets consisted of enough acetone extracted fish flesh to provide 9 parts
'rude protein; lard, 8; cod liver oil, 2; salt mixture U.S.P, XI, No, 2, 4; dried
yrewer's yeast, 2; wheat emoryo, 1; liver extract [Lilly), 0.5; and corn starch
;0 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 groups
)f from 10 to 22 animals, using both sexes, The animals were not all allotted
1t the same time, but in each series, a number of rats adequate to furnish con-
;rol data were fed the diet containing beef protein, All rats were individually
loused in wire screen cages fitted on wire mesh floors, The temperature of the
oom was maintained at 80° ¥, They were supplied with food and water ad libitum,
ind weekly .records were taken on live weight and food consumption,

EXPERIMENTAL DATA

The data in Table 2 (see p. L) show that the average gain in live weight for
111 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
syxpected 1imits for this type of experiment, and the higher values can be explained
)y the very poor, or very exceptional, growth of a few individuals,

At first glance, the data would seem to indicate that practically all of
the rats fed the proteins from fishery products gained more weight than those
fed the protein from beef round, This is not true, however, when recognition
is 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 in exactly the same ratio in all diets, but the absolute qu‘nﬂ
tity of food intake varied more than the quantity of protoin inteke, It is more
likely that variations in gain in welght are due to quality rather than qunntuy

Table 2 - Mean and Estimated Gain in Weight of Rats Fed for a 10-Weak Period with Diets
Contain ggi?arcont of Protein from Fishery Produots

Source jﬂ\mber Mean gain in weight |Estimated nan gain for graq
of Protein Maleg| Females | Males|Females|Group |on basis of equal food intake
Grams| Grams |Grams ans
Beef round ..oeeeeseeess | 12 10 3| 12,8 |18 13.2
BoniE0 Ve o.e 0t s adheitind 1L A0 6 166,0| 141.7 |151.4 141.5
OIARERRT o o d D dbp IS 4 6 190, 8| 117.3 |146.7 150,7
Halibutk ss osaposinassibnvy 4 6 144.2| 136.2 |139.4 147.1
Herring:
R i 7 4 152,71 113.5 [136.5 152,7
888 o0 vssasnkas s Ertes b g 183,7] 130.3 |162,3 163.2
Mlet L R R 4 1 '5 123.5 147.5 151.3
Sal mon:
Chinook ooavennssoaser] O 9 1@7).5 110,3 |15.2 139.3
ChOm 5 ssepssvapansany 8 6 180.3| 142.7 |157.7 144,0
CON0" S s dn s LA NS oo Ns 5 7 135.8| 123.6 [128.7 140.3
PAnIiys o bl Hhwnes Bawed 4 6 174.5| 127.0 |146.0 1421
SockBY® .eecersensenss 4 6 170.5| 130.7 |146.6 150.6
Sque teague ceesssssanaes 4 6 133.3| 113.7 12, 139.9
Troub, 18%0 ,eecassrseve i A 6 177.04 126.7 |146. 133.5
Tuna:
AL DECOYE "o i sa s nale e sl 3 7 132.0 154.0 [152.8 138,2
iy oL A e A 4 & 186,0| 150,5 |144.7 142,2
BIpdach \Siiscaserant ]l B 6 154.3| 149.3 [151.3 134.8
EALIOWIID 5 isasxesnann 4 6 164.8] 129.5 [143.6 140.5
Mean 162.8] 130.1 |144.5 144.5

differences in proteins after eliminating the effect of variations in food intake,
The statistical analyses show clearly that there was no difference in the response
of the two sexes to the experimental variables,

Table 3 - Statistical Analysis of Mean Gain in Weight of Rats for the 10-Week Perind as
Recorded in Table 1

Source Coefficient of variation Source Coefficient of variation
of Protein Males | Females | Group ||of Protein Males | Females| Group
Percent | Percent | Percent Percent | Percent| Percent
Beof round e..esses 2% 15 21 Salson (Cont.)
Bonfo, qawah deensss 1 7 15 CORO ooine e tn vrnn s 2]
Cabfish snvesssrese| 15 20 30/ || Pink .uveveieeens| 10 ! %
Halibub Sicasasescs| 2B 15 13 Socknye seeeeee.s| 10 16
Herring: Squeteagus ,.......| 10 17 16
v W R B 322/ | 5., ||Trout, laks .......| 24 10 %
O Rk O R 6 23/ | Tuna:
1L 75 R T A S 18 13 % Albacore ,.eeevee 32/ 16 20
Salmoni m“fin Srssennnn 17 14 18
Bainooks; ot i ereis 21 20 Vs Skipjack ...ssveal 5 22 22
COUl o dens Wy aia's 14 16 19 JoLIowlIn voossnnls (0T Ikt p.9)
1/One male grew very well, and two females grew poorly. 3]_1'nree males grew very well,
yOm female grew very poorly, A/Ono male grew very poorly,

The standard error of difference between adjusted mean group gains in weight
equals 28,96 g., and a difference to equal the 5 percent level of significance
for 180 degrees of freedom is 57,1 g, (Table 5), It will be noted in Table 2 that
the greatest difference in original data for mean gain in weight for groups is
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.). This means that all of the proteins studied had about the
same nutritive value in these feeding tests,

Table 4 - Mean Food Intake of Rats Fed for a 10-Week Period with Diets Cont.a.ining
Percent of Protein from Fishery Products

G

- Source Mean Food Intake Source Mean Food Intake

f Protein Males|Females|Group |lof Protein -Males |Femalas|Group
Grams| Grams |Grams Grams | Grams |Grams

*’f round Cessvecsernse 6”.6 622 6 621.5 Salmon (cont.)3
30mito oiveesssrncencass| 723 731 0 1727.1 | Coho sieseeesscenscesss | 631.4| 697.8 |641,0
htfi¢ LR R RN RN 766 5 8 2 671.5 Pink L L 739. 67900 7(73!:’
BIEbUL oiceeeenseacss.s| 633.0] 672.0 |656.4 || Socksye ....eoevese.... | 701.8| 651.2 |671.4
lerring: : Sque teagus secsevsesssss. | BOL.5] 622,0 [613,8
Lake seoeeseesossonnss| 665.3] 569.8 1630.5 [|Trout, lake cievuessesess | 795.5| 704.2 [740.7
se\a 00 sessessensres e 739-3 600¢8 683.9 Tuna:
MIot Sevssssssetsnnsen 741-3 6%.7 67205 Albacore Srsnssssnranes 04.7 7“4.0 746.?
salmon: Bluefin CsBanssensnntasn 15.0 7C’27 777.C
Chinook esssacstannacns 66092 6 0 63103 SK'lpjﬂCk Seesrssnsnsnnse 7808 7'7q q 7c‘3oc’
Qm.m Ssesessesssrne e 775-5 7 8 734-3 YQllonin Ssesesentansn 73]-.q 6]33 @006
Mean .....ss | 709.7] 670,5 |687.6

12,
06,

The data in Table 6 on grams gain in live weight per gram of protein con-
sumed, particularly for group means, show about the same degree of variation and

Table 2 - Ana.l;sis of Variance for Food Intake and Gain in Weight

Source of Variation
Groups Sex Residue
Jegree of freedom 17 1 1%
sum of squares:
Gain in weight 29,755 44,999 74,845
_Food intake 498,072 45,4791,512,420
roduct of gain in weight and food intake 103,063 45,238] 377,825
m;ted sums of squares 200,364, 56 0.72 | 7©29,935.81
djusted mean squares 11,786.15 | 0,72 4,610.75
ldjusted standard deviation 108,564] 0,849 67,903

6 -
Standard error of difference = éig x VZ= 28,96 grams
)Jifference in group mean gain in weight to equal 5 percent level

.argest difference in original data =
argest différence in estimated data =
lote: Metnhod of Titus and Hammond, 1935,

irend as do the data on adjusted gain in weight as reported in Teble 2, The rats

fed the protein prepared from sea herring apparently made tne most efficient gain
L Table 6 = Total Protein Required for Gmn in Weight
Source Gain Per Gram Protein Source Gain Per Gram Protein
of Protein Males | Females | Group ||of Protein Males | Females | Group
Grams Grams Grams Grams Grans Grams
Beef round cieveeeee| 2.14 1.91 2.04 ||Salmon (Cont,)s:
%mto LR R R R RN RN RN 205 1.% 2‘04 %ho LR I ) 2010 1.37 1007
BIRELAl yonesnvnsisn] 2 1,88 AU Pink o sensannssanns ] 2atd 1.8 2,03
aalibut Sressenssnr e 2. 1-98 2003 SOCk'B}’O Crnstnstann 2-39 1.0 ?olﬁ-ll
!eringz squetow DR 2-17 1-7.d 1.94
I‘m IR R R R R E RN 2.m 1.93 2.13 Trout‘ lm L 2I17 1‘7; 1.(:]
Sea DR L 2.43 2.14 2'31 Tuna:
BRESE: uooiebovsinonn b 242 1.93 2,13 [| Albacore ...ecee...| 2.06 1.97 | 2.00
Salmon: BLasPIT 5 o5 vicsan St 1 w22 3o 2,07
BRIBG0K ooacsnanss ). 220 Yoy 1,98 Skpiadk . .edeepse]  2.07 1.9 | 1,9
Chum Sresentsnrane 2-28 1.q7 2,10 Yellowfin esss0ense 2.20 1,@ 2,00
d Mean ,,. 2.24 1,91 2.09
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in weight of the series, Three of the male rats grew very well, and the fenale
rats made consistent and uniformly high gains in live weight,

The apparent digestibility of the total protein in the diet was determuined
by collecting feces during one week of the experimental period for rats selected
at random (Table 7)., Paper towels were spread under the cages and the feces were
collected every day or two during the interval of the fourth to tenth week on ex-
periment, and there was no evidence that the apparent digestibility varied with

age of rat,

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

1 Week Period

Source
of Protein

APPARENT DIGESTIBILITY IN PERCENT

Baaf om0 i haae .
Bond'$0 .:.eisess
Catfisgh ¢oie. i Uhe einn Sle
Balibnt! o iiaisias s s )
Herring:

LIRS o Lieiniare & dlaiale o5 a0

Sea- S0ssBscvssesas v
MalI8 L | ol evits
Salmon:

Chinoolk s diviesens

m\m LA LR A R R R R A N

Coho S0 00000000000
Pin-k LU B B N N N ]
SOCKBY®' |, qeneisenesnsnis
Squeteague esessesessssas

.
-

RRBH
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Very little variation in apparent digestioility 1s noted, The highest mean
value is 7 percent, and the lowest value is only 2,4 percent under a "mean" 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 equally
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 nutritive value of the pro-
teins which they fed at the same level, and concluded that those of fishery prod-
ucts were superior to that of beef round by 1.3 to 1,6 times, It will be noted
that the rats used in their tests didnot grow as well as those used in ‘'this study.
The 12 rats of their control group fed beef, gained an average of 95,2 g, during
the 10-week periodas compared with 22 rats of the present series 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 explanations for these differences., First, the
rats used in the earlier investigation were housed in a building that did not have
very efficient control of temperature, and they may have been chilled or too warm
at times, An environmental temperature of 80° ¥, was maintained 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 complete in gquantity 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 /g
wheat embryo, and yeast in the diet would be responsible for the non-significant
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 quality of the fishery proteins, These 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
proteins of the fishery products tested are at least equal to beef in nutritive
value,

SUMMARY

1., The proteins from 17 species of fish which were tested were found to be
about equal in nutritive value when included in & diet containing some supplementary
protein, ;

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

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