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A Comparison of Hawaiian Tuna Meal
and Other Protein Supplements
for Raising Broilers

Ernest Ross

INTRODUCTION

The literature concerning the use of fish meal in broiler rations, both as
a protein supplement and as a source of unidentified growth factors, is
extensive. Sullivan et al. (1960) reported the activity of unidentified
growth factors in a wide variety of fishery by-products, including tuna meal.
Ross (1961) compared the growth rate of broiler chicks receiving graded
levels of three types of tuna meal. Satisfactory growth was obtained with all
three products when included in the ration up to the 10-percent level.

The procedure for the production of Hawaiian tuna meal has recently
undergone changes due to the diversion of some of the by-product material
into pet food. A major effect of these changes has been to lower the crude
protein content of the tuna meal from 60 to approximately 55 percent.

In view of these changes, it seemed desirable to reevaluate the new tuna
meal along with meat and bone meal and Peruvian fish meal. These three
constitute the major animal proteins commonly used in local poultry rations.
The experiments reported here were designed to compare different levels
of these products as single supplements as well as in various combinations
in broiler rations.
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MATERIALS AND METHOD

Three 9-week experiments were carried out using commercial crossbred
broiler chicks. In each experiment the day-old chicks were housed in elec-
trically heated, thermostatically controlled battery brooders. At 3 weeks of
age the chicks were vaccinated for fowl pox and transferred to unheated
grower batteries. The chicks were again transferred at 6 weeks of age to
wire-floor developer pens, where they remained until the experiments
ended at 9 weeks of age.

Triplicate groups containing five male and five female chicks each were
randomly assigned to each treatment in experiments 1 and 2. In the third
experiment the number of chicks was increased and the sexes segregated
in order to provide more precise information on feed efficiency. In this
experiment triplicate groups containing 10 male chicks and triplicate groups
containing 10 female chicks were assigned to each treatment.

The tuna meal used in these studies was the commercial product which
contained 54 to 55 percent of protein. The flow chart shown in figure 1
depicts the manufacturing process by which Hawaiian tuna meal is pro-
duced. The major change in the previous procedure (Ross, 1961) is the
shift of some of the dark meat from by-products manufacture to pet food
and an increase in the amount of fish solubles going into the tuna meal. The
product tested contained an average of about 15 percent of fish solubles
on a dry weight basis.

The meat and bone meal tested was from a mainland source and was
guaranteed to contain a minimum of 50 percent crude protein. The Peru-
vian fish meal was guaranteed to contain a minimum of 65 percent protein.
These protein values were used as the basis for calculating isonitrogenous
rations.

In all cases, the protein supplements under test were added as a per-
centage of the total ration, rather than as a specific quantity of protein. All
rations were calculated to contain 21 percent protein, the necessary adjust-
ment in protein level being made with the milo and soybean meal com-
ponents. Vitamins and micro-minerals known to be deficient or marginal
were adjusted to meet or exceed National Research Council requirements
through the use of a micro-ingredient mix. To minimize variations between
rations, all the constant ingredients (about 80 to 90 percent of the rations)
were premixed and aliquots taken for further mixing with the protein
supplements. Thus all diets were essentially isocaloric.

Group body weights were taken at the start of the experiment and
individual body weights at 9 weeks. Feed consumption, mortality and
incidence of perosis were recorded. All data were subjected to the analysis
of variance (Snedecor, 1956). Duncan’s (1955) multiple range test was
used to further locate treatment effects.
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RESULTS AND DISCUSSION

Experiment 1

The rations used in this experiment are shown in table 1. In addition
to the all-vegetable-protein control ration, the experimental rations con-
tained 2.5, 5, or 10 percent of tuna meal, mainland meat meal, or Peruvian
fish meal. Calcium and phosphorus levels were adjusted, depending on
level of supplement in the rations, with defluorinated phosphate.

Male Body Weight. There were no statistically significant differences in
the 9-week body weights of the groups receiving 2.5 percent of the protein
supplements. However, the data in table 2 show that the group which
received 2.5 percent of Peruvian fish meal weighed approximately 0.3 pound
less than the groups fed the corresponding level of meat or tuna meal and
the control.

The mean body weight of the group which received 5 percent of meat
meal was approximately 0.25 pound less than the mean weight of the other
treatment groups at that level. This difference, however, was not statistically
significant.

When 10 percent of the supplements was fed, the mean body weight of
chicks receiving tuna meal was significantly less than the mean weight of
the group receiving 10 percent of Peruvian fish meal. Meat meal gave an
intermediate result. The 10 percent tuna group was also the only treatment
significantly poorer than the unsupplemented control group.

These results are contrary to those obtained in an earlier study (Ross,
1961) when significant growth depression did not occur until the level of
tuna products in the ration was 15 or 20 percent.

Female Body Weight. There was no significant difference in female body
weight between supplements or between the levels fed. In general, there
was little difference in female body weight between the treatments. How-
ever, the growth of the females receiving 2.5 percent of Peruvian fish meal
followed the same general trend as that of the males, averaging about 0.25
pound less than the other groups. Female chicks receiving 10 percent of
tuna meal did not show the growth depression that was apparent in the
males.

Feed Efficiency. There were no significant differences in feed efficiency
among the treatment groups within each level of supplementation. When
2.5 percent of the supplement was fed, the efficiency of the Peruvian fish
meal group was lower than that of those receiving the other supplements.
In general, each supplement tended to improve feed efficiency with increas-
ing concentration, the increase being most marked with Peruvian fish meal.

Mortality. There were no significant differences in mortality between
supplements or between levels of supplements, and no trends were apparent.
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The distribution of mortality shown in table 2 indicates a random effect
not related to treatments.

Incidence of Perosis. The observed differences in perosis were not statis-
tically significant, although there appeared to be a greater incidence of
perotic birds in the 5- and 10-percent tuna groups.

Production Efficiency. Production efficiency (PE) is measure of over-
all performance, since it equates body weight and feed efficiency. The
greater the body weight and the more efficient the feed conversion the
higher the PE index. The PE index of the groups that received 2.5 and
5 percent of tuna meal was equal to or higher than that of the groups that
received meat or Peruvian fish meal. At the 10-percent level of supplemen-
tation, however, the PE index of the group receiving the tuna meal was
lower than that of the groups receiving the other supplements, and also
lower than that of the groups receiving the lower levels of tuna meal.

Experiment 2

The plan for experiment 2 was developed in view of the fact that it is
common practice among feed manufacturers to use combinaticns of two or
more sources of animal protein. Various combinations of tuna meal, Peru-
vian fish, and meat meal were used in the experimental broiler rations. These
rations are shown in table 3.

Rations 11 to 16 contained 2.5 percent of Peruvian fish meal in com-
bination with 2.5 or 5 percent of tuna or meat meal. These rations were
also compared with rations 17 and 18, which contained 2.5 and 5 percent,
respectively, of tuna meal as the sole animal protein supplement.

Male Body Weight. There was a general trend toward increased body
weights with increased levels of animal protein supplements although none
of the observed differences were statistically significant (table 4). The mean
body weights of the groups that received 2.5 percent of tuna or meat meal
and 2.5 percent of Peruvian fish meal in their ration were greater than for
those that received only 2.5 percent of Peruvian fish meal. When 5 percent
of tuna or meat meal was included in the ration a further increase in body
weight was noted.

The body weights of the groups that received 2.5 or 5 percent of tuna
meal without additional supplementation with Peruvian fish meal were
greater than those of the other treatments This indicates that, as far as
effect on male body weight is concerned, tuna meal is as effective as com-
binations of meat meal and Peruvian fish meal.

The performance of the group receiving only 2.5 percent of Peruvian fish
meal in the ration was comparable to that of the same treatment in experi-
ment 1. It is difficult to explain why the groups that received 2.5 percent
of Peruvian fish meal failed to equal the performance of the groups that



HAWAII AGRICULTURAL EXPERIMENT STATION

10

Bw 60’0 Yeqoo pue 3w gg() ‘surpor 3w g'() ‘w0ddod “Fuwr ¢l Oulz “Fw Qe ‘Uoir “Sw gL ‘Ossuefuew fFur 2'9g
“L'H'd “8w gz “9jnslq wnipos suolpeusw Fuw ()] ‘OpHO[YD Suroyd Iw (O ‘uperu 3w ¢'g ‘proe omweyojued-p “Iw g
‘WAB[JOqU Sowr ¢'g T WIWENA T €0 H WWeNA “N'D'T 00§ °d UWWENA “N'T 0SLT V UrerA 391p jo punod 1od parpddng,

00'T STl = = — 00'T 00T (el areydsoyd pojeuronjo(y
- e 0s'C 00°¢ = 09'G & - (urezord 20g) [EoW JBON
- - 0S¢ 0s'G 0S'C 0S'G 0S'e 0S¢ (urojord %G9) uerAIR ‘[BAW YSI
00's 08’3 0S'e - 00's - 0S'G = (ujoxd %Hg) [BOW BuUN],
6% Sc'8 QLT SP'T S8°0 1o 4 ey SL'L (umej01d 23%) [eew. uraqiog
SO'T = Se'e <0t <9t vl 0L'T 0S80 punoid  ‘ofN
0088 0088 00'88 00'88 00'88 0088 00'88 0088 Xrue1d
0 suruone W~y
CZ'0 XIW JUSIPaIZUI-0IDT\
7o ES
) 01 aeydsoyd pejeutonfya(y
:ozm.u e §o (s (urejord %0z) PpoIeIPAYSp ‘BI[RJV
%88 PoIMIRsuod pue paxiwaid sem Suoner ps (el gpp) PossEONeD
My 7 oo RL. LT UOHAL 5e S Sc'81 (ujord  94pF) [EOW uUBaqLOS
S've punois ‘o[
9€ punoid ‘uiop

8T LT 91 Gl 4! el 148 LE

WAGNAN NOLLVY SN

JySrom Aq juddrad ‘g juswrradxe ul pasn suoner jo uonisodwo)) ‘g ATAV],



11

ured /pas g
00T X 3y3@m Apoq 93BI19AY — ADUSIIJS UORONPOI],
‘UBIW 9y} JO IOLID pIBpUBIS,
"JUSILHIp ApuedyIusis jou ore jduosiadns owes 9y} Fulesq UUWIN[OD AU UT SON[BA,

L9 el’9 €¢ ef'€ 29 c0"  oql¥'C VA 10" eST'E 80" 9TV [E9W Euny, ©
€'c el’9 e( 0ST €0 29¥'C 89°¢ S0 e61°€ 90" e9T'¥% [eolX ‘eunfy, 'y
€9 eV’ Ll €¢ el9 191 10 e8C'C L9 G0 e€TC 80" e0I'¥ [eow jeow ¢'g +

[eow BUN} GQ'F +
[BdW ysH uelAnNIdg C'G

COMPARISON OF TUNA MEAL AND PROTEIN SUPPLEMENTS

0 e0 €¢ €€ 8<T LO0®  qe¥b€'C 69¢ 10" ePCE SO e€T¥ [eow jeswr ¢ +
[eSW ySIJ UBIANIO C'F
8'¢ e0'0T 0 e( 8GT €0 oqelE'C yvL'e 60" e¥€C C0° VIV [Bow eum} ¢ +
[BeW YSIj UBIANIS Q'F
8¢ eS’L LE el€ 2s1 €0"  2q0¥'C S9°¢ LO" e¥3E€ 90" eSO¥ [eoul Jedwr ¢'g +
[eoW ysIj uBlATIS Q'
€L eL'TT ¥e eL9 291 10" oqlI¥'C oLe  E€I° 8€¢ II' elO¥ [eowr BUM} GG +
[eoW YSIj UBIATIS] C'F
€'e e€'ET 0 e0 (44! €0’ 28Y'G I8¢ LO" eIT'€ T0° e06'C [eoW YSI UBIANIS] G'F
as % Hs % cAd ‘'S  NIVO X  HS oFwed JH'S BN (LNHIOYHHAd )
JleicicE g7 LHOTAM AdOM LNHNHTIANS

SISO¥Ad  ALUIV.LYOW NIZLOMA TYWINY

% JuowLIadxd ‘[eowWl YSy UBIANISJ PUE ‘}BoWl ‘BUN} JO SUOL}BUIGUIOD
Pue S[9AJ] SNOLIEA DIJ: SYOIYD IJI0I] PIIGSSOId JO SIsoxrdd pue ‘AJ[epiowr ‘AU Pad) ‘JYSIomM £poq YIam-g UBIJ\ ‘P ITdV],



12 HAWAII AGRICULTURAL EXPERIMENT STATION

received 2.5 percent of tuna or meat meal, or at least equaled that of the
control group in experiment 1, which did not receive any animal protein
supplements.

Female Body Weight. The mean body weights of the females did not
appear to follow any particular trend and none of the differences were
significant. However, the group receiving 2.5 percent of Peruvian fish meal
followed the same pattern as in experiment 1 and again had the lowest
body weights of any of the treatment groups.

Feed Efficiency. The efficiency of feed utilization of the control group,
which received 2.5 percent of Peruvian fish meal, was again the lowest of
any of the treatment groups. Feed efficiency improved with the addition of
2.5 percent of meat or tuna meal to the ration and showed a further
improvement when_the level of the supplements was increased to 5 percent.
The most efficient utilization of feed was obtained when 2.5 percent of each
of the three protein supplements was included in the ration. The groups
that received 2.5 and 5 percent of tuna meal as single supplements were
slightly less efficient than the groups that received the same supplements
in combination with 2.5 percent of Peruvian fish meal.

Mortality and Perosis. The mortality rate was slightly lower and the
incidence of perosis somewhat higher in experiment 2 than in experiment 1.
No consistent trends in either mortality or perosis were apparent. Although
the incidence of perosis in the groups receiving 2.5 and 5 percent of tuna
meal plus Peruvian fish meal was fairly high, it was low in the groups receiv-
ing only 2.5 or 5 percent of tuna meal.

Production Efficiency. The production efficiency (PE) index (table 4)
effectively summarizes this experiment. There was little or no difference
between the performance of the groups receiving either 2.5 or 5 percent of
tuna or meat meal in combination with Peruvian fish meal, although the
index was greater at the 5- than at the 2.5-percent level of supplementation.
The PE indices for the groups fed 2.5 or 5 percent of tuna meal as the sole
protein supplement were not greatly different from each other or from those
receiving the combination of Peruvian fish meal with 2.5 percent of tuna or
meat meal. The treatment with the highest PE value was the one in which
2.5 percent each of Peruvian fish, tuna meal, and meat meal was fed. The
factor contributing most to this high PE value was the superior feed effi-
ciency of this group.

Experiment 3

In experiment 1 various levels of tuna meal were compared with com-
parable levels of Peruvian fish meal and meat meal. In experiment 2 tuna
meal was compared with meat meal at two levels of supplementation in
rations containing 2.5 percent of Peruvian fish meal. In experiment 3 all
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combinations of the three protein supplements were compared at the 2.5-
and 5-percent levels. Table 5 shows the composition of the experimental
diets and the experimental plan. All rations contained a total of 7.5 percent
of crude animal protein in combinations of two or three of the supplements.
Males and females were segregated in triplicate pens of 10 each per
treatment.

Males. There were no statistically significant differences in male body
weight, feed efficiency, mortality, or incidence of perosis (table 6). How-
ever, when the data were rearranged as shown in table 8 certain consistent
trends became apparent. The average body weights of the treatment groups
fed 5 percent of tuna meal were greater than those of the groups fed 5 per-
cent of the other protein supplements. In addition, when the rations of
the groups fed 5 percent of either Peruvian fish or meat meal also con-
tained 2.5 percent of tuna meal, the body weights were greater than those
of the groups fed 2.5 percent of either of the other supplements. The same
general trend was true for feed efficiency.

There was no consistent trend with respect to mortality or incidence of
perosis.

Females. The growth and other pertinent data for the female groups
are summarized in table 7. The same general trend observed with the males -
may also be seen with the females in table 8. While there was some varia-
tion in feed conversion, the only deviation from the trend was in the treat-
ment group receiving 5 percent of meat meal and 2.5 percent of tuna meal.
In these cases, more feed was required per unit of gain.

The incidence of perosis was generally less in the females than in the
males although the differences were not significant and there did not
appear to be any trend.

For some unaccountable reason the mortality in the female group re-
ceiving 5 percent of Peruvian fish meal and 2.5 percent of tuna meal was
significantly higher than in the other groups. It is difficult to understand the
reason for this inasmuch as the groups receiving other combinations of these
supplements had very low mortality rates.

In both sexes, the groups fed tuna meal in combination with Peruvian
fish meal were slightly heavier than the groups fed the other combinations.
The body weight of the groups that received the meat meal and Peruvian
fish meal combinations was generally lowest, with the tuna meal and meat
meal group being somewhat intermediate in value (table 8).
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TasLE 8. Summary' of body weight and feed conversion data grouped according
to major supplement

5% TUNA MEAL 5% PERUVIAN FISH MEAL 5% MEAT MEAL
2.5 P. Fish 2.5 Meat 2.5 Tuna 2.5 Meat 2.5 Tuna 2.5 P.Fish

Male Body Wt., Lb.
4.65 4.52 4.56 4.53 4.52 4.48

Mean 4.59 4.55 4.50
Male Feed/Gain
2.20 2.16 2.16 2.20 2.18 2.23
Mean 2.18 2.18 221
Female Body Wt., Lb.
3.58 3.59 3.66 3.48 3.49 3.44
Mean 3.59 3.57 3.47
Female Feed/Gain
2.13 211 1.98 2.12 222 2.12
Mean 2.12 2.05 2.17
'Data from tables 6 and 7.
SUMMARY

Three 9-week broiler experiments were conducted in which tuna
meal, meat and bone meal, and Peruvian fish meal were compared as single
supplements, as well as in various combinations. Commercial crossbred
broiler chicks housed in wire-floor batteries were used in all experiments.
Growth, feed efficiency, mortality, and incidence of perosis were used as
criteria in evaluating the different supplements or combinations of supple-
ments.

In most cases, the observed differences were not statistically significant.
However, there were some general trends. When used as the sole source of
animal protein in the ration 2.5 percent of tuna meal was equal to 2.5 per-
cent of meat and bone meal and superior to 2.5 percent of Peruvian fish
meal. At the 5-percent level, tuna meal was equal to Peruvian fish meal and
superior to meat and bone meal. Ten percent of tuna meal was inferior
to comparable levels of the other supplements.

In combination with 2.5 percent of Peruvian fish meal, 2.5 and 5 percent
of tuna meal and meat and bone meal were approximately equal in nutri-
tional value, with somewhat better results at the higher level of supple-
mentation. The growth rate of the chicks receiving 2.5 or 5 percent of tuna
meal alone was as good as those receiving 5 percent of either tuna or meat
meal in combination with 2.5 percent of Peruvian fish meal although feed
efficiency was not as good. The combination of 2.5 percent of all of the
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supplements resulted in the best efficiency in one but not the other experi-
ment.

No significant differences in body weight, feed efficiency, mortality, or
perosis were observed when all combinations of the three supplements were
compared using 2.5 percent of one supplement and 5 percent of another. In
general, however, there was a tendency toward improved performance when
the combinations included 2.5 or 5 percent tuna meal.

From the results of these three experiments, it is concluded that 55 per-
cent protein tuna meal is nutritionally equivalent to Peruvian fish meal and
50 percent protein meat meal when fed up to 5 percent in broiler rations.
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