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'11
HE by-products of slaughter houses and of the fishing industry 

form very important ingredients in poultry rations. Not only is the 
protein supplement an expensive item, but it is extremely important 
in its influence on growth anc1 reproduction, and may thus hol<l the 
balance between success and failure. 

Most of the abattoirs in larger centres manufacture meat meal. 
In addition the fishing industry places various products on the 
market. Protein supplements from plant sources are not used as 
extensivel:v for poultry as those from animals. 

As yet nothing has been done to determine whether any marked 
differences exist between these South African products, which of 
them are most suitable, and if there is any way in which the quality 
of the products can be improved. One naturally expects that the 
materials used for protein supplements will differ widely, coming 
as they do from different sources , and the manufacturing processes 
bei ng by no means uniform. 

The literature on the biological value of proteins is enormous 
and it is not intended to give an extensive review, hut rather to 
select a few articles with a <lirect bearing on the subject. 

Hoagland and Snider (1926) reported poor grnwtb on dried hlood 
and serum protein, as compared with muscle protein . Ox palates, 
hog snouts, and pork cracklings also contained insufficient proteins 
for normal growth. In general, connective tissue seemed to be defi
cient in certain amino acids. Mitchell, Beadles and Kruger (1927) 
confirmed the st a tern en t that connective tissue seemed to be 
defini tel:v inferior as far as the amino acid make-up was concerned. 

Plimmer, Rosedal, Raymond and Lowndes (1934) reported on 
the relative values of various proteins, judged by the growth of 
chicks from 15-25 weeks of age. 
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THE GllO\YTH-PLW)IOTil\G Q"CALITILS O_F l'llOTLI~ COl\ CENTllATES .FOR 

CHICl(ENS. 

In a series of e.xperiments, Prange, Hauge, and Garick (Hl27, 
19:28a, 1928b, 192Sc) testell the efficacy of rn1·ious protern supple
ments. One sample of meat meal \Yas found to be definitely lacking 
in trypiophane, and cornmercial meat and bone scraps from different 
rnauufadurers did not give t h e sarne rates of growth when fed at 
the same inotein level \Yith mineral Yariations ec1ualized . Taukage 
gaYe very poor g1mdh with high mortality . 

Titus, Byerly, Ellis and :X estlPr (HJ :-Hi ) were of 1 he opinion that 
the materi al u sed in the manufa cture of good meat scraps ancl similar 
pro<lud.s was rela.tiYely more important th:1n th e te1npe1·atu1e aucl 
the tim e of prnc·essi ng , a s long as the t emperatm e cli<l not excee d 200 
degreeH F. or the iinw S hours. Highe1· ternpernturPs " ·ere not 
stn cl iell. 

\Vilgu,;, Norris a ud Hingrnse \ l 9:J:l) i·eport Pd 011 the ndative 
m erits of \·ariou s protein supplernents , and placecl thPrn in th e follo\\·
mg descemling order : - v:ic umn- and clnm1-driecl fi sh lll ea1 s, dried 
skim milk , domes tic s:irdine inea1 , flame clried " ·hite fi sh m eal , 
e:s:pellt>r prncess soybean oil nH•;il , A siatic sanlin e iueal, steain clriecl 
m e nhaclen meal , lllf'at scrap , flam e clriell mt·nh aclen ineal, hydraulic 
process soyhea n oil meal , whale meat , corn g lu t en , and hloocl. 'l'he 
vi tamin G complex in these stucl ies ''"a " of 1w acrount ;i;; the ration~ 
werP a 11 supplemented. 

Daniel an<l )fcCullum (19;Jl) emphasizecl the fact that general 
statements coul<l not he macle reg·arding the Yalnes of "·hite atlll 
nwnhaclen fish mealH, since the vaJues clepenclecl both on the raw 
nwteriab and the methods of processing. 

:Mayna nl , Heu cl er ancl ~l e ( 'a .Y (19T2), in bala nee PXJ lf' rirnPnt,; 
with rats funnel va cuurn dried \\·hite mPal to lw superim to steam 
clriecl menhad en meal , and t h e latter superior !o flam e clrit>rl men
haden meal a~ r egarcls g1mdl1 prnn10tion. The result s suggestecl 
that clifferenres in heat trea tment were at least partially responsible 
for th P nutritiYe differences found. 

Almqurnt, Stok,;tad aml Halbroo]; (1936 ) obtained th eir bes t 
result,; \\"ith vacuum chierl beef and \Yh:tl e meat Hwal; meat scravs 
and cra('klings \\·ere poorer anrl !h e tankages clec ideclly inferior. The 
autho rs suggested a fonnuln, based o n the analyses of inta ct pro1ein , 
p1otein cl ecompositiou product ,; , indigestibl e protein a ud hot \Yater 
soluble protein , for the rapid lnhoratory determination of the quality 
of in·otein in :\ r onimerria l r-onr·entrate. 

Boa R-Fi.xsen and .Jackson (HJ:32) mentioned thP fo ct that 
ca sPin ogen suffp rs :1 mar keel der 1 in P iu hiologirn l nil ue as the result 
of prolonged hPating a t 112° C. 

Chick , Boas-Fi:s:sen and Hutcbinson (193:)) gave further 
eviclenre regarding the heat injury of proteins . Heating caseinoge11 
at 150° C. for 66 hours decreasecl the biologi cal nluP from 66 to 
44 per rent. and also decreased the cligestibility from 93 to 73 per 
cent . ThP h10logie;al v:1lue of lactalhum en \Yas onb· slig·htly r edu ced 
b~· heating at 120° C. for 72 hours. hut the rlige stibilit~ ' was lowerecl 
from 96 to 69 iwr rent. 
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J. J. IlROKI\:HORST. 

Fairhanl\s and Mitchell (1935) also found a decrease in biological 
value of the be8t roller process milk po"·der due to preheating. 'fhis 
decrease is due to a partial destruction of cystine. If the tempera
ture is increase(] further until scorching results, a further decrease 
takes place. The soorched products are improYed by the adrlition 
of lysine. Digestibility is also impaired by scorching. 

Further evidence concerning the effect of heat on proteins was 
given by Greaves and Morgan (1934). Heating casein for 30 minutes 
at 140° C. produced a definite change in the lysine and hysti<line 
fraction of the protein, which iesulted in a measurable lowering of 
its nutritive value for rats. 

Morgan (1931) submitted cereal and casein proteins to toasting 
at approximately 150° C. for thirty minutes. In all cases a signifi 
cant decrease in biological value was found. 'l'he digestibility of 
the toasterl proteins was but little different from that of the raw, 
particularly when fed to older animals, and the inexplicable loss of 
N occurrerl chiefly in the urine, indicating that the change produced 
by the heat treatment lies probably in the assortment or availability 
of the amino acids absorbed. 

In a later article, ~forgan and Kern (1934) concluded that there 
appeared to be a heat injury to beef muscle protein, increasing in 
severity with the length of exposure anrl the height of the tempera
ture reached. 

Allerdyce, Henderson and Asmundson (1933) found that the 
results on four samples of Pilchard meals varied widely. The weight 
of the chicks at two weeks varied inversely with the fat content, but 
showed no relation to the protein and ash content. Putrefaction and 
high temperatures have a detrimental effect on the feeding values of 
fish rnealR, and this probably accounts for the differences ·which were 
found. 

From an analysis of fish meals, Ingvaldson (1929) conclurlec1 
that high temperatures (195° 0.) cau,;ed an increase in hurnin and 
volatile basic ~ anil a diminution in arginine N an(l cystine. The 
other constituents in the hydrolysates were unaffected. Since 
arginine and cystine are essential amino acids, and the amounts of 
these therefore help to determine the biological value,; of fish meals, 
heating to such high temperatures as 195° C. shoul(l be avoided in 
the preparation of these meals. 

:Yiaynard and Tunison (1932) prepared haddock waste ancl men
haden fish by both flame drying and vacuum drying, :md the four 
resulting prnducts were studied on iats by the N balance method. 
The protein of the vacumu-rlried haddock proved superior to that 
of the flame drierl product, in both digestibility and biological value. 
In the case of the menhaden products, a markerl superiority in 
digestibility was shown for vaeuum-drymg, but the differenr:e in 
biological value in favour of vacuum-drying was too small to be 
8tatistically significant . The big decrease in digestibility of men
haden products was explained by their high oil content, and the pffect 
of the oil on the proteins present. The authors concluded that both 
heat anrl the source of the material influence the nutritive Y::ilues of 
protein supplements. 



THE GllffWTH-PHO~lOTIXG QL'ALITIES Ol' P!WTEIC\ COX CEXTRATES 1''01{ 

Cl-IICJ\ENS. 

R ecord and Bethke (1933; concluded that the fi sh meals 
commonly available on the market Ya1·ied greatly in their nutritive 
Yalues. 'rhese differences in nutritive Yalue are probably clue to 
nriations in the biological Yalue;; of th e proteins, and in the Yitarnin 
G conten t of the meals a s aftedecl by tbe clifferent methods of manu-
fac ture. • 

In a later paper, Record , B ethk e and \Vilcler (1904) tested mne 
different samples of haddock and a :;ample of cod meat against meat 
seraps. Some sa mples wer e defi eien t in certain Yitamins, \Ybich 
aff ected gro'\\· lh and gaYe ri ;ie to leg paralysis . ·when th e sa mples 
'\\·er e supplen1 e nte1l with liYer ex trad or dried wh ey to supply ihe 
,-i tamin (J complex , t h e difference:; 1lisappeared. The prntr in Ya lu es 
of the cliftert->nt fi sh meal sa mp le;; were s imila r but both h ad doc k and 
cod meal were superior to meat scrnp s. 

ln balanet> experim ents with pigs, Sc:hnei cler (1932 ) r a nked fi sh 
meals in the fo llowing mder, ai:; r ega l'fls the digestibility of their 
proteim;: vanrnm-1'1riecl whit e fi sh meal , stea rn-<hied menhaden m eal , 
flam e-rlrie<l menhaden meal. In botb e:s.pe1·irnents, the fl. a rnt'-dri ed 
m e:1l \Ya S signifi cantly inferior to the Yac:uunHhiecl rn.eal. 

ExrERD!BKT:~ L . 

E xperiment I. 

Single Comb \\' hite LeghOl'n l'hi c: ks \Yere used as experimental 
a nimals. In E:xperiments I and II, the ehicks were taken from the 
pedigree ba skets and wingbancle<l , a nrl th e ehicks from ea<;h fema le 
" ·eTe then distributed to successiYe lot ,;, ,;o that no full brnth er s or 
si sters ''er e in the sa m e 101·, except in ca,;es \Yhere a h en gaYe more 
t han fh·e chicks. The chicks for Exper ime nt III -n·ere not pedigreed. 

After handing, a ll chicks were pla ced in an eledrically healed 
battery brooder, 'vh ere th ey stayed for three weeks . Th ey were tb en 
remoYecl to anothrr hattery without ai·1ificial h eat . ' ''eekly records 
of food ('on ;;nrnption and incliYidua l c: hiC"k weigh1R wen> krp t. The 
first experiment comprised five lo ts, e:wh lot getting their m eat m eal 
prntein supplement fro rn a differ ent :iOurce. Tbe anal:ysis of th e 
meat m eals arr g iYen in Table 1. 

T .rnLE I. 

Supplement. I :\l oisture. I 

I.'.' . ... ... .. ..... ... .. ' . ' ... .. ' . ' 6·9 
II. . . .... . .... . .. .... . .... .. ........ 4·l 

III . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 · 9 
IV . . . ....... . .. . ... . . .. . ... .. . .... . . 6·9 
v .... ' . . . . .. '.' ..... .... . ...... ' . ' . 4·7 
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Ash. 

30·8 
20·6 
19·9 
20 ·8 
27·5 

Ether 
Extmet. 

10·4 
20·8 
23·1 
11·2 
15·3 

Protein. 

46·9 
45·4 
47·4 
62· l 
45 · l 



J. :1. BRONKIIORS'L' . 

The basal ration comprise(] yello" · mealie meal, wheat bran, 
pollard and lucerne meal. T he maize meal content was altered to 
make up the required amount after the addition of the protei11 sup
plement. 'fable II giYes the actual rations fed, fiupplernent I being 
given to Lot I and so on. 'l'he analyses of the ration,.; are presented 
in 'fable III. 

'l'.-\JILE II. 

Food. Lot I. J Lot II. Lot IIl. Lot IV. I Lot V. 

Yellow 1uaize ...... . . . . .. . ... 49·0 48·0 .J.9·5 55·5 48·0 
Wheat bran .. . .... . . . . . . . . .. . I Ui·O 15·0 15 ·0 15·0 15 · 0 
Pollard . ..... .. . .. .. . . ....... 10·0 10 ·0 10·0 IO ·O JO·O 
Lucerne meal. . . .. ...... . . . .. 

I 
5 ·0 5 ·0 5·0 5·0 5·0 

Meat meal. . . .... . .. . . .. . . . . . 20 ·0 :21 ·0 19·5 13·5 21 ·0 
Oyster shel l. . . . . . .. .. .. . .... . I I ·O l ·O l ·O l ·O I ·O 
Salt ..... . .......... . ..... . .. 0 · .5 0 · 5 0·5 0·5 0·5 

----
I 100·5 100 .. 5 100·5 !00·5 100·5 

TA llLE III. 

I C.Ioisture. Ash. Ether Protein. Extract. 

Lot I . . ............... . . . . . . ...... . ... 9·2 9·6 4·9 19· l 
Lot II . ............................. . .. 8·5 7·3 7.9 19·0 
Lot III........ . ..... . .. . . .. . . . . .. . . . . . 8· 7 6 · 6 8·7 18 · 9 
Lot IV... . ........ . ........ . . .. 9·6 5 · 8 3·9 19· l 
Lot V . ... . .... . . .. . . . . ................ 8·7 U·O 6·6 19·5 

'Lu1LE lV. 

A1ietaye Weeldy ffe1 .ghts (in grams). 

Lot I. I Lot II. Lot III. I Lot IV . Lot V. 

Day old . ............ .. . ..... 41 · '5 42 · 0 4.1. 2 41·4 41·2 
1 week .... .. ... . . .... . ... .. . 55·2 56·6 57·6 .56·0 57·6 
2 weeks . .... . .. . . .. . . . . . .... 83·0 97 ·0 96·8 89·0 96·7 
3 weeks . . ....... . . . . .. . . . ... 124·5 150 · 3 150· l 134·0 149·4 
4 weeks .. . .... . ... . ... . ..... 182·3 :2 17·0 21.5. 0 J86·9 :ll7·2 
5 \veeks .. . ....... . . . . . . ... . . 246·4 291· 6 284·7 250·9 290·3 
6 weeks . . . .... . ... . . . . . .. ... 323·0 364· l 351 ·6 331 ·8 376·7 
7 weeks ........... . ... . ..... 388·8 428 ·4 409 · 7 391 ·4 453·9 
8 weeks Males .... . ...... . . . .. 509·5 ;)69 · 9 524·8 531·2 577·9 

Females . . ............ . .. 441 · l 4.54·5 443·1 431 ·2 48()·3 
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J. J. lllWNKHORST. 

'rAnLB VI. 

Health and Jlortality. 

Lot. 

I. . .. . . 
II. .. 

III. .. 
IV. 
v. 

.. 

. . 

.. .. 

No. of 
chicks 

started.* 

67 
62 
45 
64 
64 

Percentage Percentage 
Paralysis.t i :Mortality. )fort.ality. Paralysis. 

1 3 4·5 l ·5 
0 7 11·3 
1 1 2·2 2·2 
4 4 6·3 6·3 
2 3 4·7 3 · l 

* The first night t he chicks were in t he electrically heated battery, a fuse blew, 
resulting in h eavy mortality . The chicks that died due to chilling are not included in 
this column, and are treated as if they never started the experiment. This mortality 
accounts for the unequal numbers in the various groups. 

t Paralysis means t he paralysis of Norris (toes curled up and invariably turned 
inwards). 

T .rnr.:i,; VII. 

Differences 'Ill ,l[ ea11 Weig/it at Eight TF eel.:s. 

I I 
I )fales. 

I 
Females. 

Lots. 
I Diff. gnus. I I Dilf. grms. ! T. P . T. J>. 

1- 2 . . ... . ........ 60·4 3·50 <·01 13·4 ·79 > ·4 
1- 3 .... .... .. . .. . 15·3 ·81 > ·4 2·0 
1- 4 ....... . ...... 21·7 l ·29 >·2 9·9 ·60 
1- 5 .. . ..... . .... . 60·4 3 ·92 < ·01 45 ·2 2· 84 < ·01 
2-3 ...... . .... . . . 45·1 2·33 < ·05 11 ·4 ·62 > ·6 
2-4 .... . . ... .. ... 38·7 22·2 <·05 23·3 1·35 > ·l 
2- 5 ... .... ....... 8·0 ·44 > ·6 31·8 2·06 < ·05 
3-4 ......... . . . . . 6·4 ·34 >·7 11·9 ·66 ·5 
3-5 ... . . ......... i\3 · l 2·27 <·05 43·2 2·48 < ·02 
4-5 ............ . . 46·7 2·65 <·01 55 · 1 3·37 < ·01 

Table IV gives the average weekly weights of all chicks, and 
the average male and female weights at eight "\\eeks of age. These 
data are pre sen tecl graphically in Fig. l. 

Table V gives food consumption and growth data for the five 
lots, during the entire experimental period. The first column is the 
actual amount of food consurned , the second column , the amount of 
food required in grams to produce one gram of gain in live weight, 
and the third column, the gain in weight resulting from the iuges
tion of one grnm of protein. 

Tables VI ancl VII give the health and mortality records, and 
the differences hetween corresponding sexes, rr values and proba hi
lities, respectively. 

Table VIII gives the aver age weights of chicks and the standard 
errors of chicks at eight weeks of age. 
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TABLE VIII. 

1l!Mn 1Veir; h ts al)!/ Strl!ldm·d J.;rru1·s of Chicl>s at l~'i_qht 1Veeks 
of d_qe . 

No. No . 

Ji 

I 
Malc:s and 

I 
Lot . Males. F emales. of of Tota ls. 

l~e1nalcs. * 
nH1le~. fema les. 

I. ... 509 · 5 ±: 11·78 441 . l ± l l ' 42 474·2 ± 8-21 31 33 64 
II ... . 569·9 ±: 12 · 63 454 · 5 I J2 ·40 5 11 · l :r:: 8. 85 27 28 55 

III. . . . 624·8 ..±: 14 · 67 443 · 1 ± 13 · 39 480·2 = 9·93 20 24 44 
IV . . .. 631 ·2 ± 11·98 1 421·2 ~ 11 · 98 481 ' 1 -= 8 ·47 ;30 30 60 
v .... i577·9 -t: l. 2·87 486·3 ;: 11 ·09 525·3 ± 8·49 26 35 61 

I 

* S.l~. of u nweighted mean li ve weight of males and females. 

488 



J. J. JHWNKHORST . 

Discussion of Results.-'L'his first experunent compnsed four 
samples of meat aud bone meal, of ·which the analyses were very 
similar as r:egards pro tern; the other sample, Lot IV, was 0011sider
a bly higher. 

Samples II and III were from tile same source as refiected by 
the simihu· <ttih and the very high ether-extrad contents. Sample 1 
was rather high in its ash content, and this was refiected in the 
composition of the ration; sample V was very similar in this respect. 

The growth curves iu l''ig. 1 indicate the superior growth of lot 
V, lots I and 1 \- revealing much slower growth, and lots 11 and III 
more moderate growth. From au inspection of differences and 
probabilities in 'lable Vll, it can be seen that for the males, signifi
caut differences exist behYeen lot V and all other lots except I I , 
this lot in its turn being significantly superior to all others except V. 
The better growth of lot \T is also refiected in the females, there 
being significant differences between the females in lot V and all 
others including lot II. The superiority of the males of lot II is 
not duplicated by the females in this group. It would thus appear 
that lot V >vas outstanding as far as growth was concerned, with 
lots, 11, III, I and IV following in order. 

In interpreting the results on the basis of food consumption per 
gram gain, and gain per gram protein ingested (Table V), a some
what different p1ct ure is obtained. On this basis, lot IV appears 
to be best and lot I vvorst, "hile the rest are more or less similar. 

rrhe slight depression in the biological value of group v, which 
showed the best growth, when compared with group IV may be the 
result of the lovYer utilization due to the high food, and consequent 
protein, intake. 

'11his method of estimating the biological value is used by 
Osborne, Mendel and Ferry (1919). The explanat ion of the slow 
grmYth of lot IV is pr·obably to be fournl in the absence in the protein 
supplement of some growth promoting factor, not protein. 

Table VI gives the mortality figures and incidence of leg 
pai'alysis of nutritional origin. It will be noticed that the incidence 
of paralysis \\as highest in lot IV; a sub-clinical manifestation of 
this deficiency might thus have been the cause of the slo"·er growth, 
notwithstanding the higher biological value exhibited by this group 
as judged by the method of Osborne, Mendel and Ferry. 

On the basis of the evidence presented, it is concluded that 
significant differences exist among the protein supplements tested. 
These differences may be due to the materials which are used in the 
manufactur(_) of thes~ products, or they may be due to differences in 
the manufacturing processes. 'l'he similarity in biological value for 
growth as measured by the rnethod of Osborne, Mendel and Ferry, 
and marked differences in tota1 growth would suggest that the manu
faCturiug processes involving time and temperature of cooking, and 
temperature. aucl duration of the drying process, play a very nn-· 
portant part in the ultimate values of the fini sherl products. 

Ea:periment 11. 
The seC:Oncl experiment c~mprised ·one snrnple each 'of fish meal, 

crayfish meal, whale meal, pure meat meal, antl ment and hone meal. 
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The analyses of these feed s are given in Table IX and the whole 
rations in 'rable X. The basal ration was the sam e as in Experi
ment I. 

TABLE IX. 

A nalysis of Supv.Ze11oents. 

Supplement. 

I F ish meal. .. .... .. ... ... . .. ...... . 
II Crayfish meal. .. . .. . ...... . .. .... . 

III Wha.!c meal. .. . . ........ . . . .... .. . 
IV Pure meat meal. ................. . 
V Meat and bone meal. ...... . ... ... . 

Moisture. 

12·3 
6·9 

10·8 
7·2 
7·6 

'!'ABLE X. 

Feed . 

l'rotein supplement ... . ... . . . 
Yellow inaize meal. ... . ..... 
Wheat bra,11 . . . .. ..... .. .. . . . 

Wheat pollard ..... . . ........ 
Lucerne meal. . . . .... . .. . · . . 
Oyster shell ...... . . . .. . .. . .. 
Sa~ ......... .. ............. 
Bonemeal. ..... . . .. .... ..... 

Lot I. 

Fish 
meal. 

11· 5 
56·0 
15·0 
10·0 
5·0 
l ·O 

·5 
l ·0 

100·0 

Lot II. 

Crayfish 
mea l. 

23·0 
45·5 
15 ·0 
10 ·0 
5·0 
l ·O 

· 5 

100 ·0 

Ash. 

16 -9 
30·3 
11· 8 
16·8 
35·5 

E ther 
Ex tract . 

6·6 
4·8 

12·4 
5·8 
4 · l 

Lot III. Lot IV. 

Whale 
meal. 

11 ·0 
55·5 
15·0 
10·0 
5·0 
l ·O 

·5 
2·0 

100·0 

Meat 
meal. 

10·0 
57 ·5 
15·0 
10·0 
5·0 
l ·O 

· 5 
l·O 

100·0 

Protein. 

69·7 
40· 5 
72· l 
78·9 
53·3 

Lot V. 

Meat and 
bone meal. 

16·0 
52·5 
15 ·0 
10·0 
5·0 
l ·O 

· 5 

100·0 

Actual percentage protein.... 19·4 18·8 I 18 ·4 I 18·3 l.8·5 
-----==1--- - = ,---- - ----

TABLE XI. 
A 'L·erage Wee!Lly lifl eights. 

Lot I. Lot II. Lot III. Lot IV. Lot V. 

Day old . . .... . ............. 40·4 40 · 8 39·9 39·9 40·3 
1 week . .. .. . .... . . ......... 51 ·3 53 ·2 54·4 55·0 52·5 
2 weeks . . . ... . . . .... . . . .... 63 ·8 71 ·2 85·0 80·0 74·9 
3 weeks ..... .. . . .... . . . . . . . 80·5 97 ·4 126 ·9 114· l 100·7 
4 weeks . . . . . . . .. . . .. .. . .. .. 101 ·3 132·6 173·9 150·0 137·2 
5 weeks .... . .. . .. . .. . . . .... 128·5 180 · 7 228·5 194·0 184·0 
6 weeks .. .. . . . . .. . . . . . . . . . . 155·3 231 ·7 280 · 6 237 ·0 232 ·0 
7 weeks . . . . . .. . .. . .. . . . . . . . 191·6 293 ·1 345·0 294·6 296·7 
8 weeks_ . . .... . . . . ...... . . 242 ·4 :n8·2 420 · 8 365·7 376 · 9 

Males .......... . . . .. .... . ... 244· 1 382· l 453 ·3 385·6 404·2 
F emales . ...... .. . . . .. .. ... . 240·2 372·2 392·5 355 ·0 356·4 
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THE GHO\YTU-PHOMOTI~G QU ALITI ES or PROTEIN CO?\ CE:\'TRATES 1:'01{ 

CIIICKE~ S . 

TABLE XIII. 

Health anrl Mortality . 

Lot. 

I 

I 
:No. of 
Chicks. 

I Para] 'Sis . I lUortalitv. I P ercentage! P erccntagp 
) I · m or-ta !tty . paralys1 ~ . 

I. ......... . .... . .. . ... . 47 4 8·5 2· l 
II . ... . .... . ...... . . . . . . . 48 2 ;) 10 ·4 4·2 

III .. . . . ..... . .... . . . . ... . 4:j 5 2 4·4 ll ·I 
IV. 4,-, 8 2 4·4 17 · 8 
V. 45 4 1 2· 2 8 · !) 

'l'ABI.E XIV. 

Uifj eren ces m Ji ean TVeight at E ight W eel.- s uf Age. 

i\Ia !cs . F emales . 

Lots . - - - -

Difference I T. I'. Difference I T . P . 
[ in grams. in g-ra1ns. 

l - 2 ... . ........ . . 138·0 7 · 17 < ·Ol 132·1 6· 55 < ·01 
1- 3 . . ... . ..... . .. :W9·2 10 · 73 < ·OJ 152·3 7 · 63 < ·01 
l - 4 ....... . ...... 141·6 6· 68 < ·01 114·8 6 ·00 < ·01 
l - 5 ...... . . . . ... . 160·1 8· 10 < ·01 116·3 5 · 85 < ·01 
2- 3 .... . ....... . . 71 · 2 3·54 < ·01 20·2 l ·05 · 3 
2- 4 . . ........ . . . . 3·6 0· 16 > ·8 17·3 0·94 ·4 
2- 5 ........... . . . 22·1 1·10 ·3 15 · 8 0· 85 ·4 
3- 4 ......... . . ... 67·6 3 ·08 < ·01 :37·5 2 ·07 ·05 
:3- .5 . .... • ...... . . 49· l 2·38 ·05 36 ·0 1 ·96 slightly 

> ·05 
4-.~ ..... . . . ... .. . 18·5 0 · 83 ·4 1 · 5 0 ·08 > ·!) 

'l'.U1LE XV. 

Ma les and 
No. 

I Ko. I J,ot. :IIales . ]fomalcs . of of T ota ls. 
F emales . m ales . females . 

I 
I. ... 244· l ± 13· 142 240·2 ± 14·770 242·4 - 9 · 885 24 19 4;~ 

II . ... 382·1 ± 14·050 372 ·3 ± 13·726 377·1 ;; 9· 821 21 22 4:{ 
III .. . . 353 ·3 = 14 ·396 392·5 ± la·424 420· 8 ± 9·842 20 23 43 
IV . ... 385·7 + 16·623 365 · 0 ± ]2·167 365·7 ± 10·:3001 15 28 43 
v .. .. 404·2 ~ 14 · 770 356 · 5 ± .12·626 376·6 = 9·716 !!) 26 45 

'l'he average weekly weights and the mean "-eights of males a1Hl 
females are given in Table XI. A graphic representation of the 
growth of different groups is given in Fig . 2. 

Table XII gives the \Yeekly food consumptiou, efficacy of foo<l 
utilization, and the ga ius per unit of protein ingesterl. 
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The health a nd mortality reco n1 s are given i11 Table XIII, a 1Hl 
the clifferenL:es in mean 1rnight at eight week:; of age, together with 
'r va lu es and probabilities , are give n in Table X1'~. 

'l'h e mean weight,; and :s tandard erro r~ of urn l e ~ and fornrd es are 
g iven in Table XV . 

Di.scvssion of H es'ults. - liu attempt 1Tas nrnlle to stabilize the 
per ceubge protein at 19·0. ])ne to n1riat.ions i11 th e co rnpo,,.itio11 of 
the iugrerlieuis in t he basal r ai ion, lots III, I Y , ancl \ . fell rather 
below this figure, notwithstanrliug the fad that every precaut ion was 
taken in sampling. 

'L'he most strikin g fact emerging from tbP avernge weekly 
weights (Table X I ) and th e growth curves (Fig. :2) is t hP extn~mel.v 
poor gro1dh of chic ks on fi sh meal. 

Piq II. 
f xpeti.menc TI. Crowt'1 Cur ves . 

4-lf o 

l r1.,,h JV/ea/. 
}fOO 

IT Crayfi sh .1'7ea.l. 

?>bo lfI \Jhale .!1ea.t .!'lea/ 

3~0 
'Ii. J1ea.t /1eo./. 

V flea[ and l3one!'/eal . 
.280 ti( 

£ 

..Eifo 
2' 
(j 

~ 
2'00 "'--> 

._.: 

160 
~ 

-~ 

I /:, O 

'80 

/fO 

W eek:=. 

This slow growth was evicleut from the first \H!ek, but. <luring 
the last t n·o weeks thern was slightly better growth . Most of the 
chicks on t his diet feathered poorly , and were very mu ch given to 
ca nnibalistic habits. Table XIY illu strates further that th e fish 
meal group wa s signifi cantly poorer t han all the others. 
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TILE GRmYTH-l'lWMOTI:'IG QUALITIES 01, PlWTEIK COKCEKTRATES l:' OR 

CHICKENS. 

'l'he whale meat meal gave good growth for the eutire period. 
'l'he growth could not be considered quite normal, but this \Vas prob
ably due to very hot weather experienced during the time the chicks 
were in the experiment. The male::; on the whale meal supplement 
were significantly heaYier than those on crayfish meal , meat meal, 
and meat and bone meal , while the females showed no superiority 
over those in the crayfish meal group , and were only just signifi
cantly heavier than the female" on the t1rn different kinds of meat 
supplement. 

The gro"th of all chicks (male and female) on crayfish rneal , 
meat meal and meat and bone meal wa:; almost identical. 

Chicks which died during the first two clays of the e:s:perirnent 
\Ye1·e disregardecl ; this procedure aceounts for the difterenc;es in 
numbers shO\Yn in Table XIII. All group~ showed some degree of 
paralysis, those with the two meat meal supplements and whale meat 
meal being the worst in this respect. Only one case of paralysis was 
ob~ervecl among the ehicks on fish meal. 

The mortality "·as highest on the crayfish meal supplement. The 
chicks on the cravfish meal diet drank much more water than the 
others, and the clroppings were much softer, amounting in sOlllt' 

eases to a mild diarrhoea. This physiological disturbanee was prob
n bly due to the higher ss.lt content of the crayfish meal. 

'l'he poor growth of chicks on fi::;h meal could not be explained 
at this stage . The lack of some essential amino acid, or of some 
growth promoting factor of the B complex was suspected . vVith this 
in Yiew the next -experiment was planned. 

Experiment Ill. 

'l'his experimeut ·was designed to explain the poor results 
obtained with fish meal in the previous experiment. Lots I and II 
were used as controls, I containing fish meal alone and II meat and 
bone meal. In lot III, the fish meal was supplemented with 3 per 
cent. dried brewers' yeast. l£ the fish meal was deficient in a growth 
promoting factor of the B complex, the yeast ought to supply it , 
and thus improve growth. 

In lot IV, one half of the prntei n supplied by fish meal was 
replaced by the quivalent amount of protein from casein, the latter 
being low in cystine. 

In lot V, one half of the protein was replaced by peanut meal. 

To test any supplementary action between fish meal and meat 
meal, an extra lot VI was included, each supplying half the protein 
irnpplement. 
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Th e actual rations fed a re g1Yen 111 Table XYl. 

T ,U ILE XVI . 

Ration s. 

Lot I. J,ot II. Lot III. I Lot IV. I Lot V. Lot VI. 

'Vhoat b ran .. .. . .. l.'i·I) 15 ·0 15 ·0 15 ·0 
P ollard ...... 10· 0 JO·O 10· 0 10· 0 
Lucern e m ea l. .... :;. 0 :'HJ 5· 0 5·0 
Y cllow maize n1 eal. ,37. ,5 ,51.;; 5(i-:5 58· ii 
:Fish m<:.:al . ........ lU·O 8 ·0 5 ·0 
J\Ica t a nd bone mea l I 7 · U 
Casein ......... 4 ·0 
Peanu t m eal. .. ... 
B rewers ' yeast ... . 3 ·0 
Bonemea l. . . . ... .. J ·O H J I ·O 
L imestone flour. .. l·O ] · I) 1 ·I) l· O 
Salt . . .... ... . .... <5 .. ) . .) ·t> 
Per cent . Protein .. 18 ·4 18 ·0 17·8 17. ;) 

T ,\HLE XVII . 

A rp111.<;e TF eek l.IJ TF eiqh t". 

Lot I. I Lot II . Lot III. Lot 11-. 

Day o ld . .. . .. . . . . :i 5 '7 3 ;5 (i 36 3 3.5 ·5 
1 week ...... . . .. . 46 ·9 47·1 4() '!) 50 ·4 
2 ,,·eeks . .. . ...... 63 .,5 U!l·l 68·8 73· 8 
3 weeks . . . . .. . .. . 81·4 98· 7 97·!) 102·5 
4 weeks . . . .. .... . 106 ·5 130 9 132 ·0 139·0 
{) weeks ....•... . . 139· 6 173 9 190 ·3 188 ·9 
() weeks .. . . . · .. . . . 171 .7 :224 ·7 ·234· 5 :243 ·8 
7 weeks .... . . . . .. 21 8 6 :286·4 323·3 315·0 
8 weeks ........ . . 264·2 347 ·6 414 9 391 ·2 

--- - - - - -- - ---
Ma les ........... . . 271 ·9 372 · \J 409 ·(i 410 ·O 
1''ema lcs . . .. . ... . .. 2:59 ·8 324 4 425 ·5 371 .;~ 

TABLE XIX . 

H ealth an d Mortahty . 

Lot. 

I. ' '' ... . ..... '. ' .. ' . .. . 
II . . . .. . . . ... . . ... . .. ... . 

III . . .. . .. . . . .. . . ..... . . . . 
IV . . . . .. .. . . . . .. . .. .. . .. . 

V . ... . . . .. . . .. .. . . . .. .. . 
\'! . . .. . . . ..... . .. . . ... . . . 

~o . of 
chicks 

sta rt ed . 

'16 
36 
36 
36 
36 
37 

I P a ra ly sis . 

495 

2 
;; 

24 
11 

3 

::ll or t ali ty . 

7 
!) 

5 
;{ 

:i 
3 

15 ·0 H>· O 
10· 0 JO ·O 
5 ·0 5 ·0 

55 ·0 56 ·0 
5 ·0 ;5·0 

7 • ;j 

7· 5 

l ·O l ·O 
l · O l · O 

. ;_) · .3 
17-.~ 17· 3 

Lot Y. Lot VI. 

36·4 36 ·6 
47· 9 44·9 
66 ·7 62 ·6 
90 ·3 85 ·7 

1:20· 5 114· 6 
161 3 153 ·O 
208· 1 198' 1 
272 ·7 254 ·3 
345 ·5 313 ·8 

360· 3 332·0 
331 ·5 305 2 

Percentage! Percentage 
P a ralysis . :\l orta lity . 

I 

5 ·6 19·4 
.l:l·!l 2.5·0 

13 · 9 
66 ·7 8·3 
30 ·6 8 ·3 

8 · 1 8 · 1 
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T HE GHU\Y TH - PllO:'.lOTIKG Q17ALITIES OF l'lWTEI~ COKCESTRATES FOR 

CHICI~El\"S. 

'l' .rnLE XXL 

Jlean ff ei1;lit s and Sta 11dmd Errors of Chicks at b'iyht 1Veek, . 

I I Unweighted 
I 

No. No . 
Lot. Males . 

I 
Females. Males and 

I 
of of Total. 

I J''emales. Ma les . Females. 

l. ... 2710 ± 20 ·00 259 ·8 ± 17 ·32 265 8 ± 13 ·23 12 16 28 
11. ... 372 ·6 + 19 ·22 324·4 ± 18 ·52 348 5 ± 13 ·34 13 14 27 

III ... . 409 ·6 ± :20 ·89 425·i'i ± 15 ·90 41 7 6 ± 13·13 11 19 30 
IV . . .. 410·0 ± 16 ·81 3713 ± 17 ·32 390 ·7 ± 12 ·07 17 16 33 
v . . . . 360. 3 ± 17 . 32 331·5 ± 1()·81 345·9 ± 1:2·07 Hi 17 :33 

VI. ... 332 0 ± 17 ·89 305 0 ± 16 81 318·6 ± 12 27 Ui 17 32 

The weekly average live weights 0£ all chicks, and the average 
of male and female chicks at eight wee ks of age ar e presented in 
'rable XVIII. The growth curves are presented in Fig. 3. The 
total food consumption, the foo d requirement per uuit gain, ancl the 
gain per unit protein ingestecl , are presented in Table XVIII . 

?i-3. Ill . 
[xperiment IJl. Growth. Cwve.s. 

it'fO 

400 

!)bo 

3ZO 
U). 

Jao t 
<:S 
~ 

Alf O 
~ 

t'. 

.too ..., 
-C 

160 
.~ 

" ~ 
1.20 

io 

lfo 

'vleeY..s . . 

Table XIX gives the health and mortality records of chicks lll 
the different groups. 
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J. ;r. llRONKHOltST. 

The differenc:e::; in mean weight at eight weeks of age, together 
with Fisher's T values and approximate probabilities are presented 
in Table XX. 

Disc u.ssion.- The poor results " ·ith fish meal as a prntein supple· 
ment for the growth of chicks "·as duplicated in this experiment. 
The slightly better gnmth was probably due to the fa ct tbat this 
experiment took place during autumn and early winter. 

The most striking fact was t he enhanced grnwth of chicks on 
fish meal, supplemented with dried brewers' yeast (Lot III) . ·with 
casein as a supplement, the chicks grew very well for the first three 
'rneks, but then sho"·ed a declin e iu growth and a high inciclence of 
paralysis. The casein group showed better food utiliiation anc1 
greater gains per unit protein ingested. It would thus appet1r that 
t he addition of casein improved growth, by gupplying some factor 
essential for growth. The yea:;t supplem ent increasecl growth, but 
t he biological value acco rding to Osborne, .Mendel and Ferry 
remained nearly eight per cent. lower than where i.;asein wa s uliliied. 
The biological Yalue. of fish meal is thus lo"·er than that of fi:.;]i meal 
supplemented by casein. At the same t ime, fi sh meal appare11tly 
lacks at least two factors suppl i eel by dried brewers ' yeast. 'l'he first 
is a growth promoting factor also contained in casein, and the second 
i.s a fac:tor whi ch prevents paralysis. Casein i s also defi cient in this 
anti-paral ysis factor. 

The meat and hone meal used iu this experinrnnt also proved 
to be inferior to fish meal supplemented with yeast or casein, i .e. 
lots 3 anrl 4 gre\v signific;a ntly he tter th an lot 2. Thus meat and 
Done meal supplemented fi sh meal to som e extent, hut growth wa s 
signifi cn ntly p{lOrer than in group 2 ·whel'e all fhe animal protein 
was supplied by meat and hone mea l. 

The biological values obtained for lots II and YI are, .ho,vever, 
essentially the sam e. It " ·ould thus appe::ir that the meat anr1 bone 
meal used was al so deficient in this growth prornoti ng factor, as the 
quantity nsed to supplement the fish meal in lot VI did not supply 
enough for optimum growth. Anoth er explanation \1·otdd , of course, 
i1wolve a la ck in earh of the same essenti::il amino aci.ds; this seem s 
h ardly possible. 

P eanut meal supplemented fish meal to about the same extent 
.as meat meal. As in the case of lot III , hut not to so marked a 
11egree, there was a deficiency of the anti -paralysis factor. This 
complicates the interpretation as far as growth is concerned, as the 
paralysis interferes rather seriou sly with feeding, anrl the paralysis 
fartor itself might be growth promoting. 

SuMMAJiY. 

1. Rignificant differen ces in the growth promoting ability of 
meat meals wa s demonstrnter1. 

2. One sample of fi sh meal tested gave extremely poor growth. 

3. It was shown that fi sh meal lacks at least l\Yo factors: -a 
growth promoting fador and a fador which prevents paralysis. 
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THE GROWTH-PHOMOTIKG QUAL ITIES 01' PROTEIN CONCENTl{ATES FOl~ 

CHICKENS. 
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