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‘A BIOLOGICAL STUDY OF THE PROTEIN AND RIBOFLAVIN CONTENT
e OF BRITISH COLUMBIA FISHMEALS

INTRODUCTION

The profeineooﬁtent of the common graiﬁspis deficient
io'both;quaﬁtity‘and quality to’meet thefnﬁtritive require-
ments of growing~ehicks, laying birds, and breeding stock.
Hence, the protein contalned in the grain is generally supplef
,\Omentedvbyrthe addition orvprotein concentrates. These may beo

eof‘animaloerigin;JSuch‘as fishmeal, meat mea1 oi milk,prodqcts,
'Oor to eemofe limited extent of vegetable‘soufce, such as
’so?abeen,'lihseed or'cottonseed meals. The purpose of the

”Protein400neentrates ig twofold' first to increase the

”“iprotein content of the ration from the 10 127 ordinarily pro-

fkov1ded by the grains or grain by- produets to 18 20%; ,and
~»second to complete and to balance the amino a01d content of

"Vthe ratlon,

The establlshed practlce in feeding chicks has been,
‘untll recently, to\replace a certain amount of meat meal and
’fishmeal with dried skin milk in ordernto~derive the optimum

“growth response from the. ration. AsmundSOnrend,Biely, for

‘ example (3) freported that a combination of.dried skimmilk and

/Sa;mon,as;the,souroe of'proﬁeinOWas‘more effective than salmon

~‘alone, and at a total of 7;5&end'10% seemed to have a



‘supplementary effect upon ohe/ahother4 Furthermore, Biely and

Asmundson (5) also reported that when fishmeal constituted
7.5% of the'protein of the ration, the addition of more than

5%xekimmilk did not result in increased growth. At that time

the advantage of feeding milk in’addition to fishmeal was
supposed to be due‘to the;addition of certain amino acids
,found in the milk and not in the fish meal. It was thought
‘moreover, that the 51 1evel of milk provided all the extra
essential amino aeids.’ It seems more likely now, however, that

‘thié-extra>growth‘reSponse was due to the additional riboflavin

f§ W supplied at that level by the milk; and that the amount of
vitamin G provided by the dried skimmilk at the 5% level would

appeér to be adeqﬁate for optimum growth.

The type of fishmeal used by Biely and Asmundson (3, 5) in
their experiments was apparently congiderably lower in ribo-
flavin content ‘than dried skimmilk.’ More recently such

improvements have been made in the method of manufacture ag to

fallow fishmeals to retain a greater perpentage of their nutri-
tive value, It is known, mereover, that due to the constitu-
~tien'ofﬁfishme319,'and mnore partieularly to‘ﬁhe‘organe and
tisgues included in them, they may'vary‘considerably in
vitamin G contentn Since little information'Was available as
to the relative potencies of different fishmeals and by~
products of-the fishing_lndustry in British Golumbia, an
experiment was begun in the summer of 1940 to investigate the

value of these products. Accordingly, the first series



involved a test of the effects of,seme of these supplements on -
the rTate of growth~of‘cﬁicks to five weeks:of,age;; Later,a
iseccnd;sefies was undertaken to investigate the relative

‘,sﬁpplementafy*valuessof‘Synthetic7and natural riboflavin,

FISHMEALS

(a) Raw Materials

The increa51ng uge of fishmeals as & poultry and livestock
kfeedfhas been accompanied by.a growing recognition ofrthe
'value .of marine products as natural sources of protein of a
lvery‘highaqnalitybe There are, however, considerable varia-A;
,agions(in the ultimate’value_ofathe,product,;depending upon:
'iechewnature of the species of fish from Whicheit was_prepafed,
'fandiaISOkupoﬁ thefmethedkby‘which,it was manufactured, -Since

:che ad#ent and e;pansion of the knosledge of”vitasins i£>has— »
‘fseenisecpgaiieanthgt heat, light and oxidation mayfbear-a
Zcensiderable influence,ajon the.fiaal nﬁtritiye value of the
.ijroduct; '“‘,7 R : - - ' AR
The raw materials frem which fishmeals are manufactured
ifall into two distinet classifications, based upon the,f
.physiological characteristics of the ‘fish from which the pro-
dugt,qriginated (19). the,first class, the oily fishmeals,
‘finclades che‘majesity'ef those manufactured from fish (salmon,
pilchard, .tuna;imackerel, menhaden‘andyherring) which sto?e
the fat throughout the tissues. of the body and have com-

paratively small livers.,‘The,second class, the non-oily meals,



Lige
;nuarerprepared.fnom fish which have localized fat~depobs inythe‘
‘liver and other v1tal organs. ‘In‘thls class are cod"haddock,
pollock hake and cusk.’ This large variation in the oil
,content of the raw materials causes a corresponding varlation
in ths fishmeal product. Manning (31) published a bibliography
of the comparisons made between meals prepared from different

pecies of fish until that time, 1930.

‘In general; the fishmeals with high oil’contenbawill have
~nela£ively,1Oszrotein contenb, althcugh'bhere‘are azfew’
exceptions;tofthis statement. 'Howeven, the oil has a definite
vitamin\value wbich‘must be considered5 since it ente?s into
“the‘reducbion bhase;of manufacture.~‘ﬂAc00rd1ng to existing
’ pracbice;"~state Harrisonvet alv (19)'"thefdehydrated“residue
after” oil removal usually contains 5 to 15 percent fat

ldepending upon the raw material ugsed and the efflciency of: thef
- pillextraction process. From this }t’can~be{seen that in the

;feduction of the two types of waste,’different problems are
:ﬁinvolved.v Inuthe case of the nenoily waste there‘is~thevre=u
quirement of dehydration alone, and in the case of oily waste

there is the added problem of oil removal."<

~In.addition,to\the.lowerkprotelnfconbent; there’is another
fobjection to a;highkfat content in fishmeals ;?name1y, the -
:fact that they tend to become rancid through ox1dation and
deterloratlon upon standing.k Ewing (15) statee that it has
been the experience of technologists that in order for a

fishmeal to remain a stable commodity during storage and l
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'ihaadling,'it should not contain more than 6% fat or 6%
kmoisture. Excessive tercentages of either of these factors
:is liable to cause a rapid decomposition and deterioration of

 the nutritive value, as. well ag the danger of overheating.

: ~Aecording~to thekFeeding/Stuffs Act Of Canada, 1937, (16)
it is provided that fishmeal or any other product (except
fliver meal) of fish or fish waste be guaranteed on a label as
to;its minimumiamount of/crude'protein:,maximumuamount of
eruae;fat;,marimum amount‘of-crude fibrefifiiniexceSSkof~2%;
andomaximum amount of salt (NaCl)} Fish liver meals need'only
Show labeIS»guaranteeing the minimum.amounts of crude protein
‘and minimum and maximum amounts of. crude fat. By definition,
tfishmeal is "the clean, dried,iground residue, containing not
;‘more than 6’per cent of*oil,'from'undeoomPOSed whole;fish;
,and/Or'fiShdeuttings“ and.bily Fish Meal is "the elean,‘dried,
'jground residue, containing more than 6 per cent of oil, from k

,fundeeomposed whole fish and/or fish cuttings"

.. The fishmeals of the non-oily class are gererally
designated commercially as white-fish meals, while those of
the‘oily~classoare:known_by the,source'from which they were

prepared -- as Salmon meal, Alaska herring meal, etc,

(b) Methods of Manufacture

There are several methods employed in the preparation of

fishmeals, explained by Daniel and McCollum (12) as fOllOWB‘ :



"The Taw material should be clean and fresh if it is to
be utilized for stock feeding.' This ‘raw material is steam
’3cooked, pressed and dried, or in the case ‘of some fish meals
,low in oil, such as(white fish meals, the cooking and drying
.are carried out in one oPeration, thereby~omitting~the press—
'iing as a part of the process,‘ The methods of drylng afford

the greatest differences in the manufacturing process.' For"

;o‘fexample, drying may be accomplished in rotary dryers Which

’subject the meal to direct flame or to steam heat _or the'
product may be placed in stationary steam-jacketed dryers
quipped with a rotating shaft and blades for- stirring the ;@

Vmeal. This latter type may be a form permittlng evaporation -

”under vacuum.o

uin,general thefcost offvacuun drying is;greater.than .
,that of any. other process.‘ However, in those,cases~in uhich»
k'the pressing is eliminated ~the . vacfum-drying process is 1ess
costly, Furthermore, this latter 1= step reduction process has,
’fan additional advantage in that it eliminates the large loss of
protorns that~aretdiscarded in;the»press liquorsefrom the wet

- process."

All fishmeals contain a certain ameunt of waterésoluble
orotein which- w1ll form glue or glue like substances and have
ta tendency to cake onto any hot surface to form a hard, tough
iinsulating coating,f(The_fatty fishmeals;contain sufficient

oilﬂtonlnbricate,the,hot surface encountered in the proeess;of'
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ddeﬁydration;iand:to preVent sticking.' Moreover, most of the
;gluey materials are removed in the extraction of the o0il by
ecooking and pressing, .80 that there is little difficulty
‘;enconntered in drying flshmeals containing any appreciable
famount of oil., However, i raw non-oily waste is placed in a
rrotary‘hoteairfdryer,'euch as that mentioned above, it either
| ,cekee'on’the,eides orgscorchee‘and‘burns,'oreelse becomes cages
d;l1hardened,awhicnfprerents'Satisractory dehydratiényqiSimilar |
‘dt~difficulties With non-oily meals~are also encountered'in eteam~,
’jacket drying, and consequently the method generally adopted
":until 1935 was to eook the Waste, squeeze out the water-
fsoluble proteins,¢and dryfthe cooked residue., Harrieon,»‘
'“Andorson and Pottinger (l?)’“hoWerer, reported that "recentV
fstudies by the authorsj......’have demonstrated that raw Waste

~ean be dried without appreciable difficulty from 'caking' and

~ -~

'sticking' inksteam—gacketedfvacuum~dr1ers, if steam preseure

“;» - : 4

}"_and vacuum are controlled during the . progress of the drying
:operation,  These;studies ...,..;. suggest the first major
‘division’inathe prOblems of non-oily fishmealfmanufacture,‘

o:pamely,,the’relativermerit,offwettandrdry'proceseeepof~

k‘”,krednction,?k

{e) Proteinal

The advantages of knowing the protein value of a

Supplement are obvious. Both quality and quantity of protein

‘in a meal are important in securing proper nutrition. On the

other_hand!‘an:excess,of proteinklsvneither economical nor
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qwise, because protein is the most costly of feed elements.
and too high a level of it in the ration may have a

rdeleterious;effectfon,the animals to,whioh it is being fed,

: Thereierefseveral factors inflnencing~the value of A”
meal as a sonrce of'protein. Itkmust he‘remembered‘that
k~proteins are‘conplexfaggregations of some 23 amino’acidse
‘SOme‘of these*must'be natnrally nresent in the diet;Tothers‘
can~be synthesized from the original chemical constituentso
f-Digestion'involres the breakiné~doﬁn of these materialsyhy
the digestive agents of ‘the stomach, intestine and,accessory
:organs, into a form which can be’ absorbed and - distributed to
hthe~cells pf the“body.o The part of the food which cannot ‘be

agsimilated is discarded in the~feces; and the absorbed amino

i ‘acids whichfare»notfrequired‘for-replacement, grdwth or

storage are metabolized for energy and discarded in the urineo

The digestibility of proteins may be determined experimentally

f
|
|
I

'by taking 1nto account the difference between nitrogen intake
and the nitrogen 1oss ‘in the feces, after the latter has been
corrected for the nitrogen present as a result of metabolic
/breakdown. This is determinea by estimating the amount of

waste protein on a known non-nitrogenous diet.

Besides a knowledge of the digestibility of the product,
other information is of still greater importance. Even that'
portion of the meal which is digested and made available to
the body does not necessarily supply all the various ‘anineo

acids in exactly the proper proportions for oPtimum effects.



-9 -
It is apparent, then, that it is of vital importance to know
,just what amount of the digested material can be utilized in
anabolism and the life Processes. The efficiency With which
_ the digested protein supplies ‘the amino acids required for the
construction of body tissues gives a measure of the

“biological value" of the material.r

kThere afeiseveral metheds in’use for the determinetion of
protein quality. In most general use is the method of
measuring the amount‘Of\protein utilized by the animal -in -
metabolism;’by determihing»thé difference between thelamount'e
pf’nithgeneabserbed,and'the'nitrogen diecarded in the ﬁrine;d
| after theilatter has beenicerrected for,endogehous7ﬁfinary e
'nitregen.‘ This is estimated by determining the amount of

nitrogen discarded on a non-nitrogenous diet.

Means of determining protein quallty include Mitchell'
rat biological value method (32)' St% John and’ co-workers'n
biological value method, for avian nutrition (40); the :
nitrogen~balance methed~of Wilgus, Norrie‘andeeuser (44)*~the
growthfmethOdeef determination developed by Record Bethke and
"Wilderd(37)ihthe‘slaughter method of Ackerson, Blish and
MdsSehl (1);t£heA grose~pretein value" method in use at
Washington State College (22,38); andrmore"recently, a
chemical”method,‘deviSed“By Almquist~andrcoeworkers, Which 

gives a:”proteindquality index™ (2).



Slnce these series’were 1ntended to demonstrate the
frelative riboflavin potencies of the . supplemente, all
experimental rations had to be balanced to contain the.same
g;amount of protein, i.e., 207 (30 f The control ratiendin,each‘
. case contained 207 soyabean meal, and the experimental r5§ions_
k'were balanced by replacing a certain percentage of the control
‘ration concentrate with an equivalent amount of the teet
nateriale - L

The protein centent ofuthe supplements‘iS-reported ln the
‘tables of comp031tion as calculated by the nitrogen determina-e,
ition method, and converted to terms of "crude protein“ by the
afactor 6 25, since most of the protelns isolated from animal

;tlssue contalns about 167 nitrOgen (25).,

"Throughout thewtrrals, soyabean‘meal was~uSed’as‘the,
‘referenCe»source of protein,csinceﬁexperimental datavrenerted
by a numper of workersrnadtindicatedltnat treétmentvof~seyg-
Beans,;either bytheating with moistfheat or,bjeautoclavingg”
preducedma‘mealytnat‘hadugood'biolOgical Value and wastcapable
dof'maintaininéfnormal growth, ‘Reports‘ty‘ﬂayward,rSteenbock-
gga; Bohstedt 4(21); _confirmed the fact that, Wherea»s‘gthe ', com.r‘,'
fnercial meals?precessediat low temperatures?containednprotein'
'similar in value to that of the raw- bean, those prepared by
either the Expeller or the Hydraulic process at high
'temperatures contained proteln cf:twice the nutrltive value of
:the 1ow temperature meal., It«nill be noticedfthat‘this is in

~direct contraet Wlth the fishmeals, where the high processing



temperature.was eeriouslyvdetrimental to the nutritive value.
Hayward and Hafner (20) have published a most comprehensive
'report on the findings leading up to the establishment of ‘the
\reason for increased nutrit1Ve value of soyabean processed ;
,meal above that of the raw bean. (See also papers by Rese |
‘and Womack (39’46%) Heiman, Carver and Cook (22) found that
»chicks fed the higher levels of protein from casein and from
soyabean oil meal weighed essentially the same at the end of‘
their experimental periodo Prev1ous experiments conducted at
~this laboratory (36) using commercially prepared soyabean 0il
meals‘hadeconfirmed these reports, and had shown that when the
restjbf tpeeration,iS‘GOmplete‘in riboflavin and minerals,
.soyabean oil meal may be employed aS‘an*effectiveveupplementf

‘to grain in the chick ration.

(a) Vitamin G '

’ As early as 1933 it had been reéognized;hy Wilgus;
Ringrose and Norris (45) that the nutritive;value of‘the more
'common supplements used in poultry rations is connected not
only with the quality of the proteins contained in them, but
also w1th their vitamin G content. Accordingly, they devised
a mothod to evaluate these factors separately, similar to the
’one used in this present paper. Here, the series were con-
’ducted with @ view to evaluating the riboflavin potency of the
test materials by the dual eriteria of growth and the incidence

f "curled-toe“ paralysrs. The Cornell investigators made the

proper adjustments to keep the protein, fat and bone ash
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conetent 80 that'the'only difference in the experimentel
ration was caused by variatlons in the v1tamin G content of
the;matenia;s’under study. This method was further
vindieeted, because in the customary bilological method of
assay (Bourquinrend Sherman, 7>'5f this vitamin, growth is the
'only measure of estimating the potency. .It was therefore‘
deduced that ‘with protein centent balanced quantitatively |
and’other factors constant vitamin G was solely reeponsible
for gains in weight above the control. Incidence of curled-

toe para1y31s was observed as a further indicatlen of the

vitamin,potency‘ofithe~supplement.

SﬂThéie(are.et«ﬁresent sevenel!meenods of conducting
‘x&iﬁenin;Gfesseyst'fThe biolegicalfmethod’ef7BonTQuin,and'
Shenmani(7), essentially a rat growth method, was the one
firstyemployed. Anether'bielogical nethod in”common use was
devieed‘by inneetigators’at Cornell 534), ueing;tne’chick as-
tneﬁenpenimentalmnnit, rOther methede’ine1ude Jukesﬁ,"

biological assay of lactoflavin with chicks (26); the

measurement‘of‘the'degree of fluerescence given. by flevin in o

'vielet light (Supplee_et al., 42);‘photoelect:ic‘fluoreecence
eiméasurement'as»deveieped by Cohenﬁ(é ) and Euler (14) end
adaﬁte@ by Hand (18); the flueremetric method of Hodson and
Norr;s:(?}); and the mlcrobielegical method of Snell and
Stroné (41),’wh10h measures the influence*of'flavin on beth~’

),‘the cell growth and the acid productien of Lactobaoillus

casei 6 grown on a synthetic medium free of ribeflavin. ,Emmet




‘aod‘oo-ﬁofkefe (lé)'puolished a report on the progrese ot
fiboflavinlassay,'and made a comparison of these four,meﬁhods;
dlosefegreemept“Wesdfound,among them;; The averages of the' |
"pér eent.differenceé, including the sign, bepween the

‘biological and each. of the other three methods are «10 T

1 .A+5 3,,and =7 e 0 by the microbiological, the fluorometrle ‘and

’the Fluorayumethodsfrespectively.: In the second series of
eiperiments,peftef thekbacteriological method had proved to
,bejvaluable‘because'of‘the advantageyof fhe compeiatively
_’ehort;t;me;requlreduto conduct an assay, mic?obiological
;determinetions‘wereeearried;outdon the,samples_in order‘te
etﬁdy other supplementary effects, The first series was

conducted to evaluate the riboflavin potency of the carrierss

A modification of the method of Wilgus, Norrls and
pHeuser (44) ‘and Norris, Wilgus, Ringrose, Heiman and Heuser
’(34) was carried out. They compared4$he average gain over
ﬁcontrol of each ration with the gain over control of a standard
reference pork liver, and expressed the vitamin G carrier in o
/terms of the pork liver. On div1d1ng the folmer value by thel4
‘per cent of test material and multiplying by 100 the potency
'jwas determined in terms of pork liver - 100. As this productv
:was shown to contain 100 micrograms of flavin per gram, the
Cornell "Chick Unlt“ wasg demonstrated to be approximately equal
:‘to a microgram of-flavin¢ Sinee the(time their paper was |
‘wr;tten riboflavin has been synthesiied, and. the potenoy‘of a

:materiel_mey now_be;obtainedldireotly in'terme of




- study the riboflavin potencv'of the meals, Day-old Single-

" them of their store of riboflavin. At the. end of this time

=14 =

?ﬁicrograms of'riboflavin,~

Wilder, Bethke and Record (43) in determining the

- relative value of fishmeals under different methods of

Ml{preparation, discovered that certain of the procesgsses removed
?"some of the vitamin G complex“t and they also:emphasized the

rmportance of controlling the v1tam1n G content of the ration

nig the correct conclusions regarding the protein valuesg oz

/7v“the total nutritive effect of the product under investigation

are to be reached."'fThis principle~was followed in the
'presentfinvestigations, but here all factors, including -

protein, werse carefnllyyoalancedfand controlled in order~to

 Comb Whlte Leghorn chicks were placed on a riboflavin- S “ {,5

‘deficientudiet for a period of-a week to ten,daysvto deplete

dthey were divlded into balanced 1ots and fed the experimental
‘l

‘ration for five weeks‘ At the end of the experimental

"fperlod the average galns in Weight at the three reference;

' levels over the negatlve control were plotted against the
‘units of vitamln G (micrograms of‘riboflavin),per 100 grams
‘of»feed;*”From this curve the corresponding potency of test

materials Was determined from gain over control ,and cal-

‘culated from the graph in terms of micrograms of riboflavin. :

The riboflavin content of the basal ration, excluding

the protein supplement, was 63 micrograms per 100 grams; and

- of the soyabean meal (20%) was another 50 micrograms, as o j



determined in the second series by the method ef Snell and
igprgng:(4l).p Soyabean meal contained 2-3 micrograms, |
5skimmilk,.zq;‘lmperial Brand Fish Meal,~25; herring meel, 155
j'meeb‘mea1,;7,§§,and casein, B,microgrems per grame o
:fﬁorrisfen‘elol(34)'reporﬁed bheb ‘in order‘fOr chicks to
reach a maximum Weight at four weeks of age, they require

\ebout 325 units per 100 grams of feed at_six weeke, aboub

i f»3oo units' and at eight weeks, 290 units; In other words,

fffthere 1s a decreasing requirement for this vitamin with in-

’f;creasing age, and riboflavin is 1ndicated as being much more

h,"important for rapid growth than for maintenance. These seriee

‘were conducted over a period of five weeks, since at that

wtime the riboflavin requirements were beginning to drop off,

sp‘and incidence of avitaminosis as well ‘as’ differences in rate

'ﬁfof gain were becoming less evident. Culton and Bird of ‘the

,thniversity of Maryland (10) found that 3od‘micrograms of

&

fnscryetalline riboflaV1n added to 100 grams Of basal containing

bapproximately 175 micrograms per 100 grams was not sufficient
;ﬂto prevent the symptoms of ariboflavinosis.p It was concludedw

'that under certain conditions the riboflavin requirement of "

‘~,,fchrcksumay be‘higher,than”tne generallykaccepted_figures;/

(e ) Minerals
Marine products are good examples of protein materials

erSOciated with minerals. Fishmeals are generally known to be-

,rich in calcium and phosphorus (because of their bone content)

'f 'and also to have a . higher icdine content than most protein \
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‘~/foods;e Dan1e1 and McCollum state that Orr and Husband (35)
fpointed out that the calcium phosphorus ratio in flshmeale is
‘~imilarwto that ofvcow 8 oT soW‘S‘milk~ and furthermore,“that

LOnly comparatively small amounts of these products would be:

'7'enecessary to supply ‘an adequate quantity of the minerals in

‘question. Because the sea has small amounts of moet of. the‘

‘mineral elements dissolved in 1t, it is to be expected that

:‘{sea foods w1ll prove valuable sources of minerals in- addition
7to their other nutritional merits, ‘Iron; manganese,»potaeelum

“endﬂeodium are to be found-in all living tissue, ‘Newell and

"1McCollumf(33)‘60nduoted*afspectrOgraphic analysis=of;marine]

producte~andrre§orted‘ﬁhe presence~ofaall the eboveselemenﬁs.
‘Iodine is not determinable by this method, but was shown to be
r,present in,reletively large emounts,innfishmealo‘ Besides '
wthese, tracesiof aluninum ‘chremium; copper, lead, lithium,

ERY:

ol,manganese,)and strontium were. found in all of the meals, while

'r'traces,of fluorine, nickel fsilicon,“ellver »tin, titanium and

z1nc were present in some of the meals. These investigatorsf

o 1ncluded 1n their oaper a discu351on of the knewn importance to

7an1mal nutritlon of the less _common mlnerals reported abeve.

7Thefeffeet'of the fishmeel‘manufaCturingvprooess«on*‘
minerals is not so pronounced as the effect ‘on protelns or
vitamins, but it should be borne in mind that it is possiblef‘
to 1ose a certain percentage of the minerals through extrac-

tlon and solution in~ the water-soluble protein portion.'
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(£) Effects of Method of Manufacture

'As“early as‘1929'Ingvaldsenf(24) had reported that the

method of preparation‘greatlylaffected{the nutritive value of
“yfishmeals.’ Wilder,“Bethke and*Recordv(43) conducted a series

- ‘of experiments in which they made comparisons between fish=

\_‘meals prepared under different experimentally controlled

‘i,conditions,,and found that the proteins of- haddock meals pro-

lduced ‘by the vacuum—drying method were superior to those of i)
lthe flame=dried meals. The protein of Vacuum-dried meale was B
’slightly more digestible than thet of the steam~dried haddock
:xproducts.' Moreover, the ‘method of processing prev1ous to

drying profoundly affected the biological value of ‘the meal.;
,The absorbed nitrogen from wet- rendered meals was more

"efficiently utilized than that of the dry-rendered products.“

fHarriSon;'Anderson and{Pottinger‘(19) investigated the

77Ceffects of various methods of manufacture upon haddock meal
":aftypical non~oily fishmeal, and found;that flame-drying

:ndefinitely decreased the amount of fishmeal protein that the

"_animal‘could,absorb,‘ Rendering by elther wet or dry method
1,[did”nat afféctlthe»digestibility, which indicated that the

2 swater soluble and insoluble fractions ‘had proteins of similar

fdigestibility. Finally, the proteins of the ‘head and back

‘seemed to be equally digestible, Which seemed to indicate that

~temperature was the only factor involved 1n influencing the

‘ protein absorption during the;processvofrmanufacturea
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The biological value, however,'was found to‘be influenced
pp several factors. . The value for . the dry-~ process meals was <
decidedly inferior.to that for the wet-process meals, which

rindicates that the water-seluble proteins (which would be
i'removed in the 1atter process) are of.low-quality.i The head
’meal which was equally digestible as the meal'prepared from

- the backs, did. not have as high a biological value.~ Highf
drying temperatures were shown to be . detrimental to the quality
of the meal as well as to the digestibility, and’made it
apparentpthat flame-drying had a multiple detrimental effect,

;Vacuumédrying_had,nolparticular,advantage,over steam—drying.

Dry-process meals, however, proved to be a better source
e of vitamln G than the wet-process meals, and also the head
1pr0vedrto;be a better sonrcefof riboflavin thanfthe backbone,
which indicated that the water-soluble extractives removed;by
7[;£he*w¢£ process,“and‘the head‘proteins, Were~the'most potent
'Vfbérfiérs.d'in conciusion'they pointed ont that becanse‘proteins
are.generally ouiﬁe stable under normal drying'conditions,
“future 1mprovements in the method of manufaeture of fishmeals

1erw1ll be dependent upon metnods of increasing the vitamin G

'content of the producto

i

(e)- Uses of Fishmeals
Because of their excellent protein quality, high mineral
content and vitamin potency, fishmeals are of great value in

~poultry and swine feeding,‘and mnay be used in feeding beef

~catt1e,‘dairy cows and sheep, or to substitute for part @f the

e S S




=19 =
Z:;miik in‘raiSinéfdairY7ca1ves. ‘When»fishmeals'were first used
as supplements in the rations of poultry and 1ivestock there’

"iwere reports of taintlng of the meat milk and eggs,‘but

i investigators found no such difficulties from the feeding of

1: marlne products. It seemed 11ke1y that the - unstandardized
‘methods that were used in- the manufacture of fishmeals for
fertilizer before their great value for feeding was realized,

iwere largely responsible for the unfounded réeportss

 SERIES 1

(a) Tne“Experiment
Milk and mllk by products have been exten51vely used in ’y’

"poultry rations as a- souice of proteln of a high quality°

'ffMore recently milk has. also been recognized as a good source

;'of vitamin G. =1t is because of the latter, aS‘afmatter of
iact, that‘milkihasffound-almOSt universal use in poultry:V

‘feeding, andumore'particuiarlyfin'thg;chick,ratiOn,‘riboflavin

Tfibeing,intimately~concernedsin;the;process of growth, Since it

‘?iﬁaszkneWn thatlcarefully prepared fishmea1s~contéin‘protein
Siwhich has a biological value comparable to that of nilk,
wag undertaken to find out whether flshmeals could be utilized
ag: an equally good source of rlboflavin. This study~was“'
conducted in order to estimate>the~relat1ve»protein and

Vitamin efflclencles of varlous whole= ‘fish meals and residues

~and scraps from the canning 1ndustry.~
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(v) Materials ‘and Methods

For the‘purpose of these experiments a ration was
,compiled with a view to determinlng comparatlve values for
-the riboflavin content of various British Columbia fishmeals{
and fishmeal by products. The composition of the basal
.ration is g;venvin Table I. It will be seen that with tha
excaﬁﬁionalof the source of protein and the vitamin G cOnténtk

all the rations are identical,

The soyabean 011‘ﬁaal was a commercially prepared braad
of a rich brown colour and pleasant odour and taste, HThe;,k
reportedjanalysis (Table II) showed that it cohtained 44,1%
p’roté':in', 9o ’67% moisture; ‘5 ,17%'fat and 5, 757 ash. All other
-ingredlents were of a- standard type in common ‘use by the

\poultrymen in British Columbla.

a‘Thadfiahmeals of‘these series were high in their fat
contant,\éhiefly becaaae they were 1aboratory-prepared foid
Wlathe purpose of the ﬁast; This<was offset by an accompanying

1h1gh proteln value, and was taken into account in the
c'balanclng of the rationso The protein content of the products
in thesa~séries was exceedingly high, varying from 507 in the
case of the meal prepared from salmon heads to 787 in the
- whole;herr1ng meal, and averaging over 657 Itfwill be noted‘
aiaaifhat‘the'ash content of the fishmeals varied consider-
abiy;aﬁd%”waa consistently high. In the case of the meals
'prepared from salmon foa’tﬁe values were‘lower, becauae

there ‘was no bone present. Throughout the series, with'tha
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:exception~of.the\"heatftreatedfegg meal“,‘thelmeals uged were

~wpreparea*;£;vaéuo in a steam-jacketed dryer.

« Anal&sis of the supplementary ingredients appears in
{t;Table II,V,No figureS'were avallable for the P205 and GaO
‘5 :oontents. Manganous sulphate was added during the mixing
’i*rprocess, sufficient to ensure against the 1ncidence of |

”perosis. o

‘ The synthetic riboflavin, obtained’from‘Merch'and
\tCompany, Limited was incorporated in the ration at the 1evels
’:indicated. In order to secure distribution in the mash the

i,jriboflavin was mixed first w1th 5. pounds of feed this

::‘]thoroughly mixed and sifted with lO pounds, and so on~fer
'QincreaSIngly greater quantities.; The preparation of each lOO,‘l

‘ﬁipounds of mash required about half an hour of mixing. The

Rilvitamin A and D oil was incorporated with the basal.- |

“iJSufficient basal was prepared at ‘the beginning ot the

ﬁtiexperiment to 1ast throughout the triale

In order to keep reasonably constant all: factors~other
;than the vitamin G potency of the test materials, the fat,
4,fcontent and the mineral content of each of the test rations
1ywere calculated from the laboratory analyses, and then:r
fbalanced by adding to them Mazcla oil and bone mealo Table
III summarizes the composition of the experimental ratiens
'lper 100 pounds, 1ncluding the amounts of fat and ash added to

'”1equalize the rations w1thin each series. In each case the
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‘”ifprotein‘eontentcwas balanced tO'ZO%, and wheat added to make

 the:total up to 100 pounds. In this series the level of

'~[fpro£ein*refer§‘to the percentageiof.soyabean 0il meal

nfreplaced by an equivalent percentage of protein from a .

'fjifishmeal source, '

‘::jiIn;Experiment 1lﬁhe riboflevin wae,£ed~an‘trial’leveis
:‘;cf¢100i5200=and 300~micrograme'per'IOOegrams aefreference
5i;supplements to the control ration, but there was. found to be
ie;no statistical difference between the 200 and 300 microgram
i*alevels, (See Table VI)‘ It-was found preferable after~the‘.

'“,first experiment to obtain'greater~spreads betneen~the;gaine

’i7f1n Weight of the chicks on the reference rations, and . subse-;

:i;quently different levels were substituted for the second and
“fpggain_for the third assayj: Ev1dently the levelsffirst

77“eelected,were apprdeching*the_requirements ofrthe chicks'for

. riboflavin, and the lower levels of 75, 125, and 175 micro-

“[grams'pér 100 grams, and fimally 50, 100 and 150 micrograms,
:ﬁfwere ‘substituted to make differences in 8T0Wth due to ‘this

 “factor more obV1ous. 5

v"wi.ﬁaveeld‘Singie—Comb WhiﬁeiLeghOrn chicks;wereiebtained
eromaanfésﬁaﬁlished %ree&ér‘fromfhigh quelity steck knéwnltof
‘}have been fed on standard high-grade rations. The chicks
1were fed a depletion diet for a week or ten deys, and then
egraded on the ba51s of weight and selected so that the

igprimary average weights in each 1ot were comparable -

",85 5 grams. After being leg banded for identification, they
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ererefplaCed infseparate eompartments of standard‘battery-
brooders in- the Poultry Nutritlon Laboratory at the Unlversity

h;‘of Brltlsh Columbia.

‘The‘ehlcks were\weighed weekly,,beginnlng when they were

;J:selected for Weight, and at the end of each Week thereafter,
t"”":"’Weights were recorded for each individual bird according to
fthe 1dent1fy1ng leg-band. Observations were made at this

:time,;as well as several times durlng the week, for\any,signs

f‘;of avitaminosis or other abnormalitles, The batteryfbrooders

lh ,used in‘this experiment were~so‘constructed that it was-

‘;fimpossible to keep ‘a record of the feed consumptlon but 1n

"order to’ eneourage the max1mum intake the troughs were always

7kept full. ‘Lamoreux'and Schumaeherk(27)vreport a 100%

“{;increase 1n’ribof1avin in. the feces;When they‘arefheld at

k.Vroom temperature for 24 hours, and a 3007 increase When they

'hoare held for a: week. Care was there;ore taken o prevent

’7¢Qprophaey because of thls rapid synthesis of the Vitamin

”'f?foliéw1ngfdéfecati°n??

o Mortality was not a factor in elther series of:

/*Vjexperiments. ‘The few fatallties that did oceur were e to

;accidental causes (such as by 1njury),and were not related
With“any partleular.ration. :

2 ( ) Results

The results ef this series of three experlments are

~given in Tables IV and V.r In Table VI is reported a
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’freratisticalosummary of thofresultlebteined from'the’“tftest"e
yimetﬁod.‘ The terms S and Nkrefer to ﬁhe Significanoe:or

:‘r'non—significance of the dlfferences between the means as .

L

fgcaleulatedvby this metnod, 'accordlng to. the formulae

;;E(xl - %) ¥ foz'— x2)2

ni,* ny

“;;‘ | ﬁ17+1ﬂ2f4“2‘l‘°”’
N (nlffl)(nzf,l)f

degrees of freedom

Where‘nloand ny
flx - i)?,:~sum90f'squares

x ‘means

| jfoEXPERINENT 1

Since r1boflav1n is water~ soluble, the possibillty
”a;suggested 1tself that stickwater, afwaste product from the

ﬂ‘~manufacture of flshmeal by the Wet-process already dlscussed,

"r lmlght prove a good source of the vitamln.’ Stlckwater is’the

“i‘effluent remainlng when the oil has been separated from the
‘lliquid pressed from the cooked fish' and stlckwater meal is

Jia product manufactured by evaporation under vacuum by a

2 ;5patented process (: 28),
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SIn order to make conparisons between stlckwater meal and:j
other fish produets, two other meals were included, 'The

rfirst was a. meal prepared from the whole: fish the other, one

og?prepared from the waste of the edible portion. ;Herring meal

 llﬁas selected for the whole- flsh meal, since 1t iS‘eXtensively’
used~1n poultry feeding 1n Britlsh Columbla, ana salmon meal,
'also‘in‘common use, was chosea‘as the meel prepared:from‘ |

cannery trimmingsa

“In this experlment the chicks fed the 157 level of

:'salmon meal reached a weight of 389 grams, which represented

a gain of 159 grams over the chlcks on. the control ratlon,
;tf'and was comparable w1th the 200 and 300 unit levels. The fact
that very satisfactory growth Was obtained Would suggest that
dfthejproteln from thls source was of high blological value.
fThe fact that there Was a small incidence of av1tam1nosis
':7;even at the hlgher level however, Would suggest that this

s meal 1s ‘not sufficlently potent in vitamln G for normal

'functloning and preventlon of symptoms of deflclencyo

’ ‘ The~stiokwater meal of this series produced slightly
}inferior Weights at the 107 level but the chlcks showed nok’
;symptoms,of curled—toe paralysis, which Would indicate thatd i
h;while it 1s comparatively rich in rlboflavin,its proteln is
knot of partlcularly high biological Value.; Thls is in-
agreement Wlth Wilder,~Bethke and Record (43) ~who showed that
'rr5the water soluble constituents of fishmeals were or |

. exceptionally low biological value, although they~d1dynot_'
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‘fstudy stickwater meal as such, Likewise,‘Wilgus, Ringrosef
ffand Norrig (45) rep0rtedkthet tﬁe‘stickweter from fiShmealz
'fmanufacture, and the heads,v(See'Experiment,z) add
j~fmaterrally to the vitamin G potency.. Curtis, Hauge and

‘f‘KraYbill (ll) found a marked differencetin the~ualue'of the

"ﬁhot—water insoluble and gsoluble fractlons of tankages when

used as a proteln supplement to corn. The soluble~fractlons
‘:had no supplementary value to the proteins of ecorn, due to
‘deficiencles in tryptophane and cystlne. ,?Stlok" (which“ls
;the”product/resultlngffrom the concentration'Of thegliduors‘
obtalned in- the wet rendering of tankage products) is almost.’
jentlrely soluble in boiling Water._ This soluble fraction when
fed_to1rats as,a sole source’of protein, even at a lBﬁ level,,

‘;wessnot Sufficient for'maintenancee These flndlngs were

‘further corroborated by the findings of Harrlson, Anderson

‘"rfand Pottingerf(l9) dlscussed prev1ously, who‘found that water-

jysoluble protelnsmmre of low qnality,’and that dry process

"meals (contalnlng the water soluble proteins) were: a better

source of riboflavin than the. Wet process meals."“

~The third product under test 1n the first experiment -
fherrlng meal - produced much less signlflcant gains in weight
‘;and also a,60%~1ncldence of avitem1n031sueven Whenefed at the’

;lfﬂ;lé#elon

"EXPERIMENT 2

' The results of the first exnerlnent led to an enquiry

into the nutritlve value of another marlne by product
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"e:prepared'from“salmon'roe. It was decided‘to evaluate the

:efficlency of this meal and to determine whether there were
‘d}any changes‘in 1ts nutritlve value 1nduced by differences 1nk
ff the method of preparation.‘ It was decided at the same time
m‘~to carry outkassaysfto eceumelate more‘preciserdate ohpﬁhe

‘_ngtritive'velue‘or‘meels prepared'from selmohuheedsfgnd,,

viscera.

The resuTts of this second test are reported in Tables

‘;IV and V. There was’no statistlcal difference between the
%welght of the chicks on the correspondlng 1evels of the roe’
 7(meal under the dlfferent methods of heat treatment end
rjudging from the 8rowth stlmulus and 1ncidence of avitaminosis,’
neither d1d there appear "to be any difference 1n their
r1boflav1n contentof This is not in accordance w1th other
M’hiflndlngs reported earller in this paper, where high
,!temperatures were shown to be detriméntal to biologlcal value
~and even more deleterlous to rlboflavin content. ‘The cal-
d‘culated numbergof units of-rlboflav;n per»gram of feed was
*ﬁhe seme‘dn thek¢53e of thekheat—treeted reeemeal;"and‘of‘
“vlfthe rew'egg.i‘The‘meel appeered to be of,hrghdhutritive,;elue”
iﬁfdand fair vitamln G content ~and to be unaffected by heatlng ’

o to the temperatures involved in its preparationo

The chicks which were fed the meal prepared from the
”‘vsalmon heads dia not make very rapid gains in weight at

eiuher level fed, and also showed signs of'deflciencyeof
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EEiboflavin.y Harrison, Anderson and,Pottinger (19) reported
 that heads;did not“have-SO’high a'nutritivé value aS\ﬁhe
‘badkbbne; bpq that‘th¢y Wére’good sburces of riboflavin,
LikeWisefWiigus, Ringrose and Norris (45) reported fhatlﬁhe
igincihsioﬂ‘of heads added mapérially to the vitamin potency

of a meal, and Wilder, Bethke and Record,(@B) showéd that the
“wastés £E0m1£h6~édiblevportion were,higher in quality than
:the‘heaasﬂqr the ﬁails;’ The presenE~inEestigation did not
indicate that salmon-head meal was a good source of

riboflavin.

~in the case,df the salmon-gut meal, exééptionally fine
‘:wgighfs Wéré Qbﬁaiﬁed, even at thé‘7.5% level; Weigﬁts,Which
ﬁévéragéd 182 gramséébbve the‘controi;‘.Thenrate of érdwth,
‘1n conjunction w1th freedom from any av1bam1n051s,’
‘demonstrated the meal to have protein of high biological
value, and to contain even at the 7,2 levelaan adequate

- supply of riboflavin,

EXPERIMENT 3
i It next seemed of 1nterest, siE@e'theEmeal onm'sélmQE
Eigéera-had_proved to ?9 of‘such value, tOsrﬁnia third-
 expefimeﬁ£fto/studyfthe Eélétive effiéiendy‘of meals prepared
;ffém'the'visbera'of'vdrious species of salmon, It was

decided at the same time tofinclude\two levels of liver mealq_

In the preparation of salmon meal probably two-thirds ofyw

thg‘liver,remains‘with the head, since partcof the liver lies
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ffiﬁ*the‘secﬁion“whicn is cut off with the head.
" Weights of the chicks fed ths three viscera meals

1ndicate that these products are all exceptionally fine

;sourcesﬂof hlgh-quality,protein,Aand all gccd‘sources,of:

”fhriboflavin,

' The growth stimulus accorded by feeding liver meal was
'1ndisputably hlgher than that of any other product under
ftest. The 2. 57 level of 11ver meal was comparable with the,
f57 level of the: V1scera meals of this series' and the 57
ilevel contalned an adequate supply ot V1tamin G to prevent
kentlrely any~occurrence of paralysis.’ This hlgh value

'7obta1ned for llver meal is in accordance with the flndlngs of

lluuBillings et als (6), who later made microbiological assays of .

zsimilar meals, and also With those of Lunde of Norway (29),
‘”~vwho reported liver and ‘roe. to be especially rieh in ribo-,

&
;flaviue;‘

ar” pagsissten

Ag a result of the three experiments of Series 1 it has

‘e'fbeen shown that the flsh meals prepared in’ ordlnary

lJ;manufacturlng processes of the*cannlnv'lndustry*— namely;~the
'fherring and salmon meals ~ are not particularly good sources

eof riboflavin, although they seem to: contain protein of good

iy ibiological Valueo To be of value as supplements in the

”fpoultry ration they would have to be fortlfied with materials

“f ~r1ch in»vitaminfG. In- the case of the by products, however,




F'tﬁe results~suggestvthaf‘further commeréial use Should be

made of their valué'as vitamin-rich protein supplements, The

value‘of thq %iVer msal, in agreement with'the findings of
 .fotﬁef,invﬁstigatoré,:was‘particularly“hiéh iﬁ riboflavin, and
the Giscefa meals were also consisténtly riech in this féetor.
’::Thé ﬁWobméals‘pgepared frém,salmon‘roéyWere,only moderafely
valuable as a source of vitamin G, and the salmon head meal
was the lOWest'of £he series. More extensive usé could be
‘madé'of_fhé products rich‘ih riboflaVin,than is at present
1the caSe;“It éhould‘prové'of benefit to use them\éither as
 n.indepenﬁent‘Suppléments or ih conjunction with the ordinar&
t ,fiéhmeéis éuch_ééqthe héfring’or salmon meais./vBéCaUSe'of‘its
 f £igh ribofiévin~§ontent,‘£he,5tiCkwater mea1>éh6ﬁld prove of
vaiue Wheﬁ usedvtcwreplace'a;portion of other éupplements with

‘1ffé high'Biolqgical‘value.“

- Thesge studiés-indicaté tbaﬁ the ﬁualiﬁy of the fishmeéls
1q;ppodu§ed ;nlBritisﬁ Cplumbia;could’be énhancea id theilr
’;? vi£amin G content»By'improvemehts in the method of manufacturé
”,(Vacuumrdrying vs.’flame;drying) as weil as by the inciusién
  jf6f‘fiéhfresidueé~(1iver, #iscera, ioé!and stickwater) =
 7féenerally,diseardéd,;n theTfiéhing industry. The éo;cﬁlledV
f»"waste pfoducts" have a very high nutritive value which would
;  ﬁarrant’speciai-caréfbeing taken in ﬁhéir preparation;and‘ |

 incorporation into fishmeals,



TABLE I

Composition of Basal Ration

Fish 0il (lOOD, lOOOA) eb NS00 EDOB OGO DE 1.0

Sal.b O H ° O 8T L0 OO DRDO BT OO LD DO NP lao
Limestone ©9 22200 DeOHBOODOS 6D EIOL0e NS 1.5
Bone Flour‘ouooaoaes@eooaoe{asososodo 05

Midd1ings eseseccsosssessscsssscsssss 1050
Bran sssecssccosocsecscensassossssnse 1060
Grdund Oats ©2 0522800000000 050980800000 lO;O
Corn Meal ocsossoccssosssossssssessnss L0s0
Ground Wheat cessssssnoersvssescosssas 300

Soyabean Meal ocsssssoesssnsvessossase 20,0

100.0°

EManganese sulphate added, at the rate
of % pound per ton of feed,




TABLE II

Analysis of Ingredients

| Moisture

Fat

 Protein

Ash

2

o

Ca0

Salmon Meal
‘Herring Meal

| Stickwater Meal

| Heat-Treated Egg

| Raw Egg

| Head -

] cut

Chum- Visceéera

"kPink Viscersa e

| Sockeye Viscera

| Tiver Méalj

(

SdYébean7Oil‘Meal

8,91
4,21

3,10

_'9567

8476

7084

922,10

18420

11,60

20,40

20,60

7413

4

13,13

l4é76

4 175Q9; 

5017

60,75
78.67

67;40

60490

62,80 |

50,20

62,30

M;71625,

72924'

68,74

64,46 |

‘44610

5,80

12,15

356

3,52
iséozf“

7.87

7689

7.50
6490
5,45

5,75




Composition of Rations per Hundred Pounds

5TABLE III

- Soyabean | Supplement | Ash Added | Fat Added
~Level Meal . P T :

. Pounds Pounds Grams Grams

Salmon Meal 750 12,50 - 5.43 259 41,0
| 15,00 5,00 110,86 322 0

Herring Meal 7.50 | 12,50 4.20 202 108.0

15,00 | 5400 840 221 135.0

Stickwater Meal 5.00 | 15.00 3,27 129 540.,0

o b 10,00 | 10,00 654 63 | 298.0

| Heat-Treated Egg| 750 | 12.50 5047 120.0 205.2

i 7 . : 11025 8-75 ,8921 17804— 7206

Raw Bgg 7.50 | 12,50 5,30 121.7 378.6

| : 11,25, 875 7495 183.9 335.0

Head 7.50 | 12,50 6,63 0 4449
11.25 | 8.75 9495 0 o

| cut 7.50 |  12.50 5435 0 15745
11,25 | 8475 8,03 0 0

| Chum Tiscera 5,00 | 15,00 3,10 19.1 168,7

: 10,00 | 10,00 6.20 |~ 39,0 .| 140,56

Pink Viscera | 5,00 | 15,00 3,05 26.3 132,5

e © | 120.00 | 10.00 6.10 53,0 6840

| Seckeye Viscera 5,00 | 15,00 3,21 2969 98 o4
B e | 10.00 | 10.00 642 5949 0

| Liver Meal 2.50 | 17.50 1,71 23.1 | 121.6

5,00 | 15,00 5.4% 45.4 4940

The "Level" indicates the number of pounds (per 100 pounds) of
soyabean meal replaced by an equivalent amount of proitein from

-~ the source indicated.’




.. TABLE IV

‘ifE;perimeﬁtal'Dataf:

» “FAve.Wt, of | Number of Chicks | Goefficient |Gain inm Wi. |Units of |
| Level | Chicks at | Normal |Showing . | of |0Over Negative|Vitamin G | Average = |]
| 5 VWks, {Avit. Gs | Variability Control = |per Gram | ,

(Grams) '(GramS)“' Of;Feedf

| sammommear | 7s0 | sar.s | a8 |3 | wses | mgee | et |,
Y | 15,00 | 389.4 20 ¢ 2 I 1z.71 159.1 | 22,4 ETeR
| Herring Meal | 7.50 | 308.9 | 10 | 13 | 1a.94 | 98.6 1300 L ]
B ‘ - |15.00 324,0 9 12 6.29 | 93.7 1163 e !
| 14.23 | 101.8 | 33.6 |

| Stickwater Meal | 5,00 | 332.1 | 12 ,
Sy 1%.71 o 125.5 25,2

{ 10,00 355,8 {21 “29;4

[ o))

| Heat-Treatod Egg | 7.50 | 346.62 16
N | 11.25 382,05 19

= o

13,07 | 1l4.6 | 21.9 210 |
13,94 : 2 150.1 20,1 I 4

11.17 Cl24.5 | 2008 | ,qq
15.64 © 155.2 | 21.4

| Raw Beg | 7.50 | 356.33 | 15
fRan £ iR 3

o=

o

" | Head o 7.50 | | 323.33 15 |l c1e.89 ] 91.3 183 | 14
1o S © | Lle25 | 370.42 )19 o2 © 11,03 | 138.4 LS.l -

dews Lo | s13073 23 0 | 9.s8 L1817 | 3T | 37.4

’ 16089 ‘ 4'004‘ | ’ 42‘05 A 3902

'~?Chum-Viscera,‘ ~€5.00‘ ‘270e4‘ ' 13
o , 14,08 ‘ V73.§ 3660

10,00 303.6 | 20

14,86 o 45.2 | 485 4040

| §Plnk Viscera | 5,00 ; 275.2' : 15 k
fs | 17.50 . C6Le9 | 315

|10.00 291.9 2g

O\

,iﬁéckeye Viscera | 5.00 | 289.9 | 18 2 14093 2747 5843

|10.00 | 282.4 | 16 0 14,54 5204 | 583
| Liver Meax | 2.50 | 279.8 | 19 | 2  13.83 19,8 ‘Zzgfﬁfﬁj 0.3
et | 5400 | 306.5 | 22 | O - 17.50 o T6650 : |

§ j  3 , *Based on Normal Chicks'dnlYo;




TABLE. V

Average Weights of Controls

(Based on Normal Chieks,Only)

Wi, of Chioks

“Number of Chigks at‘

Over

, Gain in Wt.
- at 5 Weeks 5 Weeks Negative
; o Normal Showing - Control
(Grams) Avit., G | (Grams)_
Negatiﬁerdontrol Y23003 2 19 0
| Basal + 100v : 325.7 20 o 96,4
'";‘Basal‘; 200? 371;7 23 0 14104
Basal Qyzoqr 389 ,3 24 o 15940
Negative Control 232.0 2 19 0
| Basa1 + 757 308.4 ‘17 3 6.4
'pasal . 1257 350.3 23 0 118.3
| Basa1 + 175v 359.5 21 0 127.5
5‘ rNegative Cohtréi  236,0 6 12 0
:;;;Basal + 507 236.4 13 6 6.4
| Basa1 + 1007 256.6 19 3 28.6
\“;fBasaly%’lSQf 2951 20 0 5.1




Statistical Summary of Series 1

PABLE VI(a)

' Analysis of Significance of Differences

Control

2

Basal £ 100y

Basal + 200,

5.

Basal + 300y

4.

,5° Herring ‘705

6. Herring 15.0

Stickwater Meal 5,0

,7o

 &0 Sﬁickwater Meal lO'O

Te5

‘?}

Salmon

,lO;Salmon 15,0

1.

Control .

m H

w0

2

RO

w

wm!

a

e}

. Basal +

lOOr

f3“3§

Basal + 2007

jBasql

.l.

3007

‘5”‘33

‘Herring

 705

N

e

fHérrihgflS.Ol

,7°

Stidkwater‘Meal 5.0

8. i

Stickwater Meal 10.,0{

: 9‘

Salmon 7.5

uf'L@iSalmon715.O




TABLE VI{(b)

Statistical éumméry of Series 1

Analysis oijignificance;of,Differences

T5¢

Control

1.

‘Basal +f

: 2;o‘

-Ee:Basal + 125/ |

Basal + l75rvf

4y

5. H.T.Beg 7.50 |

|65 B.T. Egg 11.25

Te5

7. Raw Egg

8. Raw Egg 1;925“

9+ Head 7.5

(10, Head 11.25
Gut

Te5

11,

Control

241

B2

n

ezl

B

w

gl

v

Bagel +  T5w

Basal + 1257

Basal + 1757

S

H.T, Bgg 7.50

6.

HJT;‘Egg’ll.ES

Raw Egg 7.5

k RaW“Egg 1l025 

Hea’d . 7- 5

10,

Head 11,25

11,

Gut | 7g5f‘




TABLE VI(e)

Statistical Summary of Series 1

Qﬁﬁqalysis‘of Significance of Differences. -

~Control  ‘ 

 1'.

50vr

"Basal +

2.
3.

‘Basal 4 lOOr j

4. Basal + 150r
Ghum 540

5.
6.

Chum .10 oo

Pink 5.0

‘7.

5.0

e Sockeye

,205,

11. Liver

5.0

Control

L28y

©n
W
©»

110, Sockeye 10.0

0w

o]

112. Liver

W

. Basal + 50¢|

_ Basal + 1007

_Basal + 1507

o Chum 5,0

o Chum 10,0

. Pink 5.0 |

Pink 10.0.

s Sockeye 5.0

-Sockeye 10.0

Liver 2.5

e

Liver 5.0 - .




SERIES 2

'J(a) The Experiment

The first series,demonetrated that fishmeals which were
'tsuptlementedjwith sufficient vitamin G produced Satisfactory
5gr0wth and freedom from curled toe baralysis. This intro-
dduced the question of: the relative erficlency of vitamln G
~dobta1ned from various sources == whether there were any

M;idilference in the efficiency of riboflav1n ag found in
cfishmeals, in drled sk1mmilk or in the synthetic v1tamino
@Thls second serles was conducted in order to study the above .

"fproblem, and also to eetimate the amount of riboflav1n required
5to ebtain optimum growth and freedom from symptoms of |

~ar1boflavinos1s.

,‘2b)# Materlals and Methods ; ’

The materials and the methods em@loyed in this second
"aserios were essentlally the same as those used in-the flrSu
faerles. There wore, however, certaln mlnor dlfferences in
| dthe experimental procedure which»w1ll be dlscussed a8 thev

‘point in queStion‘arises.

In this seccnd‘series the amounts of ribcfla#in were
jknoWn'from micrObiological assaye‘ Tﬁe nurpose~of the'
cgvexperiments was not to determine the potency of varlous
Toicarrlers, as it was in the first series, but rather to study

the results when known optimal amounts of riboflavin were
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fadded to Various supplements,‘and to compare the vitamin

ﬁeffielency of different materials w1th synthetic rlboflavin.

*sTable;llfn“esch ease represents the analysis ofkthe

‘Miﬁgrédients’used in the ratiens of the»test; TablekII givés_
~ ithefebmpositidn ef:the basal‘ration; Table IIia‘reperts the
‘sebmpesition ef”eaéh”of the‘ratiens per,Bd poﬁna8~(énoﬁgh fer
the" experiment)' andéTable IIIb, for ready calculation, the
fcomposition of the rations in terms of per cent Table IV
\i}givesvthe;riboflavin content of each of the rations as
,iealculateé[fromfﬁicrObiologiéai determinatiersfmade for each
‘lef the'inérediehtsjlanasTableiY reports the’weekly weight |
fa#eragé$‘6f,the;chiaks on each of the rations, together with .
f:lthe*iﬁcidenéevof”avitaminosis.“ {

*31(Q)' Results
The results of this series ot experiments are reported
~for each experiment in Table Ve Observations and inter-

“fpretations are included with each\1ndiv1dual,tr1al.

'?EXPERIMENT 1

The first experiment wasg undertaken to investigate the
“effeets of addlng 225 micrograms of r1bof1av1n per 100 grams
f“ﬁof feed to various levels of dried skimmilk Imperial«Brand -
'l;Fish Meal herrlng meal meat meal and casein. Any improve-,‘
R ment in the rate of growth obtalned upon the addltion of these
‘supplements would therefore be dlrectly attrlbutable to the

iinfluerce of the_vitamin, and not to the nature of the pretein.




- 33 -

Gulton and Bird (10) had reported that the growth-

promoting properties of dried skimmilk were greater than could

~'be ascribed to its flavin content. The additlon of drled

';fresponse per unit of flav1n added than did the addition °f

tskimmilk to .a flavin= deficient diet resulted in greater growth

~;vcrystalline riboflavin. They also found‘thatfwith the

._experimental blrds they used 415 mlcrograms of rivoflavin. in

Jyﬁ;dried skimmilk or dried WheY aid nob prevent eurledatoe'

fparaly51s, and neithei did- 300 mierograme of erystalline

'ribOflavrn added to 175 micrograms of flavin per 100“grans of

“heﬂfeed. “Throughout Series 2; skimnilk was usedkae a reference

,;for other experimental materials, in order to determine
’~5whether these reported findings were reproduced under the

‘teohniques and experimental;procedures employed at this o

r,“‘iletoretory.f

In Experiment 1, the‘calculations were based on pounds of:
”supplement; and from this, the amount of protein was determined
‘vdwnich~wouldgreplaee an,equivalent~amount of'soyabeanf01l meal
eprOtein\from thejeontrolo That is, herring meal 67 in this
dfexperiment means 6 pounds of herring meal plus 10, 46 pounds of
esoyabean 011 meal per 100 pounds of total ration. This 1s'
:determined from the fact that the control ration,'containing

20 pounds of soyabean meal, supplied 8. 737 protein.; Since 67'Q

'"_;herring meal (697 protein) supplied 4. 161%, .an amount of

'soybean meal was required to supply the remaining 4, 5697, to

&elfmake the total of 8, 73% -- or in other words, 10 46 pounds of
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| soyabean oil meals

‘ Tﬁe reeults.of'the unfoftified rations are due entirely,
: tﬁéﬁ, to the growth stimulating propertles of the supplement.
fllﬁﬁ a level of 2% mitk (dried skimmilk) was not sufficient to
ji,prevent the occurrenee of curled toe paralysis' and. even at

the higher levels of 47 and 67 did not produce chicks entlrely

‘7‘free from signs of avitaminosis. At the last level, however,

ylk’the»growth results wereecon51derably better,.: The addition of
o 225:micrograms-of riboflaVinvﬁe the milk supplements did ﬁot
: Pre&UOé‘anYisignificant,gain over the uhfeftifiedflevel “which
kwould indicate that the milk in itself is sufficiently well

‘supplied W1th vitamin G to support good growtho
‘In‘fﬁe'case of the'Imperial Brahd'FiShrMeal likeﬁiSe, the
fw lower levels of 27 and 47 did not supply suffie1ent riboflaV1n

to prevent the characteristic symptoms of v1tamin G deflciency.

'l?lThe 67 level again produeed excellent growth but as in the

f]_case of the mllk the weights were not - slgniflcantly improved

by the addition of r1boflav1n.

y;

B The use of a combination of 27 Imperlal Brand Fish Meal

‘73‘w1th 27 milk produced very good growth results, which were not

;y influenced by‘additional riboflavin@ This confirmed the
lf“indicat;on that both these,products Werergood~sourcee of

Vit amin | G'o

“vItewillabe noticedkthat‘where riboflavinlwas present,in
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_‘suboptlmal quantltles, the symptoms of deficlency apparent in -
the third week cleared up by the fifth week, due to the

'odecreesinggregulrement for growthe

‘kAtethe:B%:levelg~herring meal was definitely inferior,
: rbot that this effect was due to its low vitamin G content and,

not to‘inferior protein gquality wes strikingly shOWn upon the

‘~addition ofa225omiorograms of riboflavin. An eddition'of~6%M
E;rOf:the product brought~aboutjan»improvementﬁin,ﬁhe~rateoof :
'gain,wWhiehyWas:likewise much.superior when the vitamin was

added.

'fThe'seme situation exieted in the case of the meat meal,

*ivwhere both levels were greatly improved by the addition of

r1boflav1n. The poorer Values of unfortifled levels of meat
:meal are to‘be expected from results obtalned by Robertson, ’
‘fCarver»and Cook (38)uf These 1nvest1gators reported uniformly o
':?Vhlgh values from fishmealso 'The average "gross Value" of
bherring fishmeals was 10k as compared with caseln, lOO
'pllchard meals were valued at 98 sardlne meals at 95, aod
k'fsalmOn at 86 £ There Was no:significant dlfference between‘the-
: dried sklmmllk and buttermilk. Both contalned protein of high
'quality, but had gross values which were 1ower than those of
"jthe fish meals.’ Meat meals were uniformly-poorer sources of
proteln,'averaging only 55 1n gross value.. This term, “gross
value“ is “a relative numerical express1on of the growth |
‘"response of‘chicks, obtained,wlth protein supplements When

*eddedlto afdiet_believed eOmplete‘in all respects except
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aQuality and Quantity of protein.” The ‘net gain per unit of‘

rysupplementary protein was compared W1th the net galn per unit

of supplementary protein from casein, arbitrarily ascribed

~the value of 100.

‘The values obtained with casein in this series were
:con51stently low even When supplemented ‘with r1boflav1n. A
Mcomparison of the Weights~obtained when ZO%rSOyabeanSmeal
(containing 2= 3 micrograms per gram, from bacteriological
:determination) was fed, with those WheanO% casein (B;mlcro-
‘grams)'was given;“snOWS tnat theVSOyabean meal prodnced |
chicks Weighing 366 381 and 409 grams when 75, 125 and 175
»micrograms respectively were added while the casein produced

-Significantly lighter chicks weighingnonly 330, 357 and 239

%‘,grams at the same levels.:

Casein was formerly employed as a standard in most
'd,exneriments when it Was des1red to evpluate the quality of .a

protein, because in spite of a low cystine content 1t was

“~:believed to be one of the most complete proteins,ﬁand could be

ontained‘in~a purifled form., However, ‘Branion et ale (8)
{Q_showed that casein obtained from various sources varies 1n
"qualitv and rlboflavin content. Moreover, in recent

inVestigations,nAlmQuista(') has suggested that it is better

s to?uSe a standard pilchard neal supplement aS~a criterion for:

‘growth comparisons, because the amino ac1d deficiencies of
mcasein for chicks in low-proteln experimentaldiets may causef

casein to be,a'variable, dependent upon the amino acid content




“Analysis of Ingredients

 TABLE I

Moistﬁre

Protein

Ash

" | Herring Meal

‘Q jSng Meal

'“-;f,Wheat ”

o |'Imperial Brand
I Fish ¥eal

’ﬂf3;Meat Méal

{BaSal‘ 

Skim Milk

| Casein

18;30"
10012 S

12.56

s

639

69435 |

43465

12,46

61.45 j 

48,65

' 134’85 :
‘~34,34’>

76,20 |

11¢75

5.53 |

1.73

é,}é ‘
ek
5.95
7,5?*

4062




- Composition of

Fish 0il (100D, 10004)

Salt coeesesoncosocosss
Limestone cceosoccvssscoe
Bone Floulr eescesssense
Middlings ecoessesesesvsces
Bran cecocésssssvsossvecns
Ground Oats seesessssone
Corn Meal'oo;e.eoaoaea.

Ground Wheat coscsooese

SOyabean Meal cescenoesns

TABLE

IT

Basgal Ration

990095‘4000000

#Manganese sulphate added, at the
of % pound per ton of feeds

° 1.0

® 1.5

[3 3600

100,0%

rate



o TABIR ITIa

Composi’cion of Ra*inons per I‘ii‘ty Pounds , “

e L

Supplement

Wheat 'bo Bal;ané&é‘. .

Casein + 1757’ Riboflann

o e ' ,Soyabean Fat Added Ash Adcled PER CENT PROTE‘.I‘Nr
- Per Cent Supplements {1 Meal R S Supplememnt From Supplement From Soyabean Meal
e Pounds | Pounds Gramgn e "G,,r,arns, , ~ Pomds. .
Control R 0 | 10.00 71,41 | 90,21 10,00 0 8,73
| 2. Soya-20% + 757 Riboflavin o | 10.00 71.4% 90,21 10.00 0 8,73
- 3. Soya 20% + 1257 Riboflavin]| 0} 10.00 P14l 90.2L | 10.00 0 8473
4, Soya 20% + 1757 Riboflavin| 0 | 10,00 | 7l.41 90,21 10,00 o 8,73
5, Soya 20% + 225 "Riboflawin/ O [ 10,00 | 71,41 *| 90,21 | 10,00 o 8,73
, M1k 2% 1,0 9,21 |  87.58 75,59 9,79 6868 8,0433
7, Milk 4% 2,0 - 8.453 105,56 | 61,20 9,57 1.3736 7.3564
Milk 6% 3.0 7,65 136,29 |7 45,97 9.35 2.0604 6.6696
 Milk 4% + 2257 Riboflavin 2.0 8,43 |- 105,56 | - 61.20 9.57 103736 97,3564
“Milk 6% + 2257 Riboflavin | 3.0 - 7465 136,29 45,97 9,35 2,0604 6.6696
Imperial Brand Fish Meal . ' : T f : o e
2% 1.0 8:59 46,70 96,64 10.41 1.2290 7,5010 -
" 4% 2.0 7,19 23,18 103:49 10,81 2,4580 6,272
. " 6% o 3.0 5,77 - 110.32 11.23 . 3,6870 5,043
. "™ 2% + 225 YRiboflavin 1.0 8,59 | 46,70 |  96.64 10,41 1,2290 - 7,5010
R/ 225rmboL1axzm 2.0 7.19 | . 23.18 105,49 10,81 ' 2.4580 60272
Herring > 1.5 7,62 66,83 | 70,08 10.88 2.0805 6.6495
7, Herring 67 : 3.0 5.23 17,94 | 0 11,77 4,1610 14,5690
. Herring 3% -+ 225v " 1.5 7,62 66.83 | 70,08 10.88 2,0805 646495
Herring 6% + 225v - " 3.0 5.25 17,94 0 11,77 4,1610 4,5690
o Meat 47 2,0 7,77 38,32 0 10,23 1,9460 67840
, Meat 8% - 4,0 . 5.54 6.73 0 10,46 3,8920 . 4.8380
Meat 4% + 226 ¥ Riboflavin 2,0 7,77 88,32 0 10,23 1.9460 6,7840 -
, Meat 8% + 225v Rivoflavin | 4.0 5.54 6,73 0 10,46 - 3,8920 © 4,8380
Imperial Brand Fish Meal | . | = " : ’ L R
1 2% + Miik 2% ~ 1,0 £ 10| 7.80 64,28 | 32,37 10,20 2,0158 . 6.7142
|25, Impemal Brand Fish Meal g
2%+ Milk 2% + 225v - BRI ‘ ~ o N
 Riboflavin 1.0 #L0| 7,80 64,28 | - 32,37 10,20 - 2,0158 6.7142
Casein + 75Y Riboflavin 5,73 | 0 288,81 221,19 14,27 8,73 0
Casein + 1257 Riboflavin 5.73 0 288,81 221,19 14.27 8,73 0.
5.73 0 © 288,81 | 221,19 14,27 8,73 0

Note :

Bacterlologlcal assay of supplements showed the following riboflavin L}_mtency.
Inperial Brand F:Lsh Meal 25/ 3 Herring 157 ; Meat 7—- Ys. Gasem 37,

Soyanean Meal R-37Y: Milk 20 v;




IIIb.

TABLE IIIb.

. Composition of Rations per 100 Pounds

Ty

Casein + 1757 Riboflavin

._11946f‘

SUPPLEMENT ~ PROTEIN
Lot Ration Supplement ‘Soyabean Meal
) -~ Pounds. . Pounds :
l.| Control 0 20
1 2. Soya 20% + 75v Riboflavin 0 20
3. | Soya 20% + 125Y¥ Riboflavin 0 20
4,| Soya 20% + 1757 Riboflavin 0 20
5| Soya 20% + 2257 Riboflavin 0 20
6. | Milk 2% - ¢ : 2.0 18.42
7o | Milk 4% 4.0 - 16,86
8. Milk 6% R 640 15,30
9.1 Milk 4% + 225 Riboflavin 4.0 16.86
| 10| Milk 6% + 225r Riboflavin 60 15,30
[ 11.| Imperial Brand Fish Meal 2% 2.0 17418
| 124} Imperial Brand Fish Meal 4% VA0 o 15,38
| 13.| Imperial Brand Fish Meal 6% , 6.0 L 11,54
~+ | 14.| Imp.Br.F.M, 2% + 2257 Riboflavin 2.0 17.18
] 154] ImpeBre.F.M, 47 + 2257 Riboflavinz 4,0 15,38
| 16.| Herring 3% 3.0 15,24
17.| Herring 6 6,0 10446
18, | Herring 37 + 2257 Riboflavin 13,0 15.24 .
Herring 6% + 225Y°Riboflavin 6.0 104,46 :
1 20.| Meat 4% e : 4,0 15454
| 21s| Meat 8% 840" 11.08
22.| Meat 4% + 225Y'R1boflav1n 4,0 15.54
23.| Meat 8% + 2257 Riboflavin 8.0 11,08
24,| Imp.BreFeM, 2% + Milk 2% . 2.0 + 2,0 15,60
25. Imp.Br.F M. 2% + Milk 2% + 225/ .
o Riboflavin . ; 2.0 + 2,0 15.60
"1 26. Caseln_+ 751'Rlooflav1n 11,46 0
| 27.| Casein + 125Y Riboflavin 11.46 -0

At



TABLE IV

Ribofi‘avin Con“cent. of Rations in v per 100 gm.

- Crystalline

Total

g S \ ?ROTEIN
“ Lot Rat;qn ~ Basal | Supplement’ Soyabean Meal Riboflavin
11, Control ; o | 63 0 50 0 113
2. Soya 20% + 75¥Riboflavin 63 0 50 75 188
. Soya 20% + 125% Riboflavin 63 | 0 ‘50 125 278
- 4, Soya 20% + 175%Riboflavin 6% | 0 50 175 - 268 -
B, Soya 20% + 225» Riboflavin | 63 0 50 225 338
| 6. M1k 24 Fe ‘ 83 40 46 0 149
| 7. Mtk 4% ) 63 80 42 0 185
B, Milk 6% ‘ 63 120 38 0 221
| 9. Wik 4% + 225% Riboflavin 63 80 42 225 410
| 10, M1k 6% + 2257 Riboflavin 63 120 38 225 446
| 11, Imperial Brand Fish Meal 2% | 63 B0 43 0 156
12, Imperial Brand Fish Meal 4% 63 100 36 0 199
| 13, Imperial Brand Fish Meal 6% 63 150 29 0 249
| 14. Imp,Br.F.M., 2% + 225y Ribalavin| 63 50 43 225 . 381
| 15, Imp.Br.F.M, 4% + 225y Riboflavin | 63 100 36 225 424
| 16, Herring 3% B | 63 45 3B 0 146
| 17, Herring 6% 63 90 26 0 179
|18. Herring 3% + 225¥ Rlboflavn.n 63 45 %8 225 371
| 29. Herrlng 6% + zzsr Riboflavin | 63 90 26 225 404
| 20. Meat 4:,0; 63 30 59 0 132
| 21, Meat 8% ‘ 63 7 60 28 0 151
1| 22. Meat 4% + 225y Riboflavin 65 | 30 39 225 357
| 25, Meat 8% + 225¥ Riboflavin 63 1 60 28 225 376
| 24, Tmp.Br.F L 27 + Milk 2% 63 50 + 40 39 0 192
"‘,25. Imp.Br,F.M, 2% + Milk 2% + RS | Dl , :
1 225¥ Riboflavin 63 BO + 40 . 39 225 417
26. Casein + 75rR1boflav1n 63 34 .75 172
27, Casein + 125y Riboflavin 65 34 125 R22
28, Cagein + 175y Riboflavin 63 34 175 - 272




FIRST WEEK

PER GENT PROTEIN FROX SUPPLEMENTS =T h : ‘ i EOURTH \HRK. ~ e T
: W:rn(m, icks Hormal Chicks [ Shaw o TRE (t; G ] Yarmal Chicks Showing TS Ke\rer Sh _ -
- _ < lems. } Nos ut. Mo ¢ ¢ peeral N x;,t. X No. : owmc, A'rit. G Narmal ChicLs
1. Conmtrol 1 s0.8 22 B ‘ ‘ ‘
2,  Soya 20% + -75% Rihofla\rm ) Lol sa.8 21
3, Soya 20%.+ 125 ¥ Rivoflavin -l 85,3 20
4. Soya 20% + 175¥ Riboflavin ’ 1 siser =1
5.. Soya 20% '+ 225% Ripoflavin . 1. 81s6 21
6o Milk 2% C 82,6 22
7. Milx 4% : | 8148 20
8, Milk 6% 85.5 21
.95 Milx 4% + 2257 Riboflavin - - . 82,0 22
10, Milk 6%+ 2257 Rivoflavin . ", | es.0 22
11, Imperial Brand Fish Meal 2% 83.5 21
12, ‘Tmperial Brand Fish Meal 4% . | s4.2 20
12;  Imperial Brand - Fish Meal ¢6/a : i - 84,2 22
14, Imperial Brand Pish leal 2% + 225% Riboflavin 1 BRyT 20
L ]/15, Imperial Brand Fish Meal 4%+ 225% Riboflavin | 83:8 21
16, . ‘Herring 3% . o |- 8849 18
17, Hérring 6% . L oezea 21
18, Herring 5% + 225% Riboflavin 8346 19
‘18, Herring 6% + 225 7 Riboflavin ; | osws 15
| 205 Meat 4%, : : 84.8 9%
21, Meat 8% et 82,7 21l
‘|22, Meat 4%+ 225 ¥ Rivoflavin - . ) 86,7 20.
23, Meat 8% + 2257 Ritoflavin g 874 .22
24, ' Tmperial Brand Fish Meal 2% + Mile 2% 79.9° L2k,
.25, - Imperial Brand Fish leal 2%+M.111c z%+ ?257 Elboflavin . 8L.1 22 .
|26, . ‘Casein 20%7% 7S RiboLflavim. . | 82.5 R Y
“27,.-Cagein ‘20% + 125 ¥ Rivoflavin =~ - - : | BB 18
28, cusem 204 +; 175 ¥Riboflavin ’ 84.7 21

Sie {0 accidont, ‘o valies




of the rest of the ration.

e}EXPERINENT 2

}u if A second experiment simllar in plan to the flrst,.was
’{undertaken in the summer of 1941 but this time the
“fsupplements were calculated 1n terms of per cent protein from
‘!the~var10ns test;materials, instead of per cent supplement,as o
;pnevieusiy; Here,kthen,‘67 herring meal 1ndlcates 67 protein
;obtained from 8 .64 pounds of herring meal, the balance of the
:protein to be made up from soyabean 011 meal. As before, the

iboflavin content was determlned by microblologlcal assay,

:and reported in Table Iv,

"The;results,rhewever,‘nere:npt at ell“in accordance with
ethosefthat~would,have been ‘expected, end5it‘nould seem that
; there had been a destruction of the r1boflav1n by some
;unexplalned means.’ It will be seen that “the addition of
;riboflavin had no improving effect éhere it did in
_Experlment'lgn Fortifised Imperial Brand Fish Meal, dried
]ekimmilk, and -meat meal were,not 31gniflcantly 1mproved;by'
fﬁh? additien eferibofla#in, above the unfortified; and the

~results of the other,teSt;materials cannot be interpreted,

'It‘is interesting to note the incidence of narelysisiin‘
etne 6% herrlng lot, but not in the 3%' also in the |
junfortlfied control and the two levels of meat mealo ’Howevef,'

':because‘of the seeming destruction of the.riboflav1n by some

‘means, it would not be wise to make any conjectures as to the



TABLE I

Analysis of Ingredients

Moisture | Fat | Protein| Ash | Py0g5 | Ca0

| Herring Meal , | 8.30 | 8.43] 69.35 | 11.75 | 4.96 | 4.12
Soyabean Meal 10412 | 5.00| 43465 | 5.53 | 0.84 | 0.40
| wheat | 12.56 |, 2.29| 12.46 | 1,73 | 041 | 0.15 |

“?Imperial Bfand Fish ' : ' , 1
Meal ; . 875 12,18 61l.45 | 6.32 2.717 0.33

| Meat Meal : . 64639 9005 | 486,65 | 29.%4 | 11,73 13533'kf
Basal | o11.88 | 3.52| 13.85 | 5095 | 0.51 | 1,58

| skimmwine | 4,44 | +0.05| 34.34 | 7.59 | 2.42 | 1.88 |




TABLE II

Composition of Basal Ration

Fish 0il1 (100D, 10004)

® 0 6 ¢ e 0t e 60 e 0 B

Salt @ 6 8 v B 062 28502 ¢ 6 T8 0O 9 OO0 8 Qe s D e oo B

Limestone 62 @ 8 e @ PO DGO O S O6D S P®LEODCO SO LY

Bone FlO'\lI‘ erweecceooeoouo.ecu;cceoao

Middlings @0 098 08 VG 69 6O 0GOS0 ¢ CEO OO T O

Bran G006 cesao0000e

Ground Qats

Corn Meal oecesenoc;

Greound Wheat

=

of

4

¢80 ¢ P9 e e O 5L SR S * DO D

¢ o 8 9 e e 9

: Soyabean Meal s o0e e 00

8 oe0eono0 &6 oo

e B S ¢ 0 G e 9 O B 6 e

o

® 5 6 & 8 00 60 & & @

e

L]

5 & P A ST B OB E¢ 690608 LG

@ o 9 8 0

e @ 0 6B

pound per ton of feed,

10,0
10,0
10,0
36,0

20,0

100,07

Maﬁganese sulphate added, at the rate



TABLE IIIa

Compqsitioh of Ratiaong per Fifty Pounds.

RN e B Supplementhoyabeanifat'Addedrﬁgh Added =
i Meal ‘ o .
Poundsg ‘Pounds Grams | - Grams
1, Control S 7 ' 0 ©10.00 56.75 | 127.574
2, Soya 8.73% + 225¥ Riboflavin 0 10,00 56,75 127.574
3. Basal + 3% Herring Meal | 2,16 6456 52,21 98,972
4, Basal + 3% Herring Meal + 2257 Riboflav1n ' ~ 2,16" 656 52.21 | 98.972
5, Basal + 6% Herring Meal e . 4.32 3013 4767 | 70,143
6. Basal + 6% Herring Meal + 2257 Rlboflav1n L 4,32 | 3,13 47 467 70.143
T Basalv l"j:‘7 Milk - . S 2,18 8,28 954,34 953794
" 8. Basal + liY Milk + 2257 Rlboflav1n . : 2,18 | 8.28 95.34 95.794
9, Basal # 3% Milk - ' . - , 4,36 6.56 133,94 | 64,014
10. Basal + 3% Milk + 225 Riboflavin : 4,36 C6.56 1%32.94 64.014
11, Basal + 3% Imperial Brand Fish Meal 2,44 64,56 0 144,772
12, Basal + 3% Imperial Brand Fish Meal + 225v R1bof1av1n" 2.44 , 6.56 0 144,772
13, Basal + 6% Imperial Brand Fish Meal - . 4.88 3,13 0 | 160,716
| 14, Basgl + 6% Imperial Brand Flsh Meal + 225r Rlboflavinf 4,88 3.13 (o ‘160,716, K
15. Basal + 3% Meat L 3.08 656 8,40 0
16, Basal + 3% Meat + 225¢ Rlboflav1n ~ o : 3,08 6,56 8,40 0
17. Basal + 6% Meat - : : 6016 3,13 0 0
18, Basal + 6% Meat + 2257 Riboflavin ' ‘ ol 6,16 313 0 o
19, Basal + 437% Imperial Brand Fish Meal 3.66 4,84 0 152,544
20, Basal + 4+%1 Imperial Brand Fish Meal * 225/ Riboflavin 3.66 4,84 0 152.544
21, Basal + 247 Milk 3,27 T.42 108,05 go,lzl
22, Basal + 2%% Milk + 2257 Riboflavin ' . 3.27 , 7~42 108,05 0.131

Note: Bacteriological Assay of Supplements showsd the .
following riboflavin potency: Soyabean Meal, 2-3v;
Herring, 157 ; Milk, 20Y 5 ImDe Brand Fish Meal,.

B 9

. 25 ; Meat, 7o5Y °

h
!



TABLE IIIb

!

- ‘Composition of Rations per Hundredquuﬁds*\

, ~  PROTEIN ,
K Supplement Supplement | - Soyabean Meal

k L _Pounds. | Pounds

l, Control . . ' ‘ ' 0 10400

5. Soyabean Meal 8 737 + 225{ Rlboflavln 0 10,00

3, Basal + 3% Herring Meal - o 4632 1%3.12

4, Basal + 37 Herring Meal + 225+ Riboflavin 4,32 13,12

5. Basal + 6% Herring Meal = - 8.64 ‘6.25

6o Basal + 6% Herring Meal + 225¥ Riboflavin 8,64 6.25

7. Basal + 1~% Milk : 4.%6 16,56

8+ Basal + % Milk + 2257 Riboflavin 436 16456

- 96 Basal + 3§g Milk ~ 2 8.72 13,12

| 10, Basal + . Milk + 225Y Riboflavin 8s72 13,12
1 11, Basal 4»37 Imperial Brand Fish Meal 4,88 1%.12
12, Basal + 3% Imperial Brand Fish Meal * 225{ RiboflaV1n 4.88 13.12
1%, Basal + 6% Imperial Brand Fisgh Meal - ; 9,76 6.25

- 14, Basal + 6% Imperial Brand Fish Meal + 2257 Rlboflav1n 9.76 6625

| 15, Basal + 3% Meat 6.16 13,12
| 16, Basal + 3% Meat + 225f Rlboflav1n 6,16 13,12
1 17+ Basal + 6% Meat 12,32 6.25
| 18, Basal + 6% Meat + 225r’Rlbof1av1n 12,32 6.25
19, Basal + 43% Imperial Brand Fish Meal Te32 9,68 -
20. Basal + 427 Imperial Brand Fish Meal + 225*’R1b0flavln 7.32 9,68
21, Basa1‘+‘2%% Milk , 6.54 14.84
22. Basal + 2%% Milk + 2257 Riboflavin 6.54 14.84




 TABLE IV

g Riboflavin Content of Rations in ¥ per Hundred Grams‘_

DU | ; | 1 Bagar | PRGThIN g
“Ration L .| Dasa ; Crystalline
L LT o : o Supplement :Soyabean Meal Riboflavin
“‘Control 63 0o 50
Soyabean Meal 8.73% + 225VR1boflav1n , ‘ 63 0 50 225
'+  Basal + 3% Herring Meal o oo 63 65 >3 SR
'+ Basal + 3% Herring Meal + 2257 Riboflavin RPREE 63 65 - 3% . (. . .225
- Basal + 6% Herring Meal . R 130 - o 16 s S
Basal + 6% Herring Meal + 2251R1boflav1n i L 63 ; 130' 16 s S22
3aga +;1%% Milk N 5 | 87 S a1 ,
14T Milk o+ 225{ Rlboflav1n - L 63 87 41 225
+ 3% Mile e , . ] 63 B 7 S 33 1 S
+ 3% Milk + 2257 Riboflavin S 63 174 33 : 225
+ %% Imperial Brand Fish Meal : ' 163 122 . 33 ;
+f3%,1mper1al Brand Fish Meal + 225Y Riboflavin | 63 122 S 3% ; 225
+ 6% Imperial Brand Fish Meal - . 63 244 : 16 S
+ 6% Imperial Brand Fish Meal + 225r Rlboflav1n ‘ 63 - 244 16 225
+ 3% Meat 63 46 ‘ 33 S
+ 3% Meat + 2257 Riboflav1n LR ‘ 63 . 46 . 33 2225
+ 6% Meat . - ; T , S| 63 92 , 16 i ‘
+ 6% Meat + 225v Riboflavin : 63 92 16 , 225
+,4%% Imperial Brand Fish Meal , ‘ 83 92 o . 12 o e
+ 4%% Imperial Brand Plsh Meal +- 225Y Rlboflav1n 63 . 92 12 T 225
+ o227 Milk 63 65 18 | :
+ 237 Milk + 2257 Riboflavin ; o b 63 0 65 18 225




“Surimary of Weights o

TABLE ¥ -

Angust, 1941

t Chicks in Vitamin G Experlment

- FIRST WEEK . SEGOND WEEK THIRD WEEK i FOURTH WEEE . e o
Yormal Chicks Normal Chicks Normal Chicks Normal Chicks‘ Chlcks With Avitaminosis G Normaléﬁgpkﬁéa,"
o Wi Nos Whs Noo.. Wi No. M, 0 Wy, Mos oo
18 10249 18 15648 18 232.9 11 217 .0 1
18 101.8 18 15748 18. . 212,0 . 18 0
19 107.5 19 183.0 19 : 249.4 1] 0
18 10447 18 16546 18 . 27402 18 : 0
18 109.1 18 17040 18 ; 25843 6 235,912
19 117487 19 194..7 19 30940« 19 0
19 109 .8 19 17647 19 - 264,819 0
19 107.8 19 A59.5 . 19T 125748 19 0 .
17 205,%. . 19 1643 17 242,211 0
19 111.6 19 17643 19 245,119 0
18 112.1 18 18742 18 286,2 18" Y
18 S 112.8 18 192.3 18 294,11 18 - 0
18 11543 18 19648 18 2444 18 0
18 11646 18 19745 18 303.1. 18 0
19 104 .4 19 16240 19 248,44 18 23040 3
19 ©11149 19 182,97 19 27941 19 o
.20 101.2 20 15842 20 235.1 17 22947 3
19 108%7 19 160.1 19 25546, 18 0
20 10341 20° 18047 - 20 292.% .20 T
19 10048.° 19 17047 190 7, ERE-L/ TR &) 0
20, 9337 - .20 15041 20 | o 234,120 0
11 95.1 37 149,57 17 A;J ‘ 226.5 17 0




-!reason why none oflthe_other_levele were affected, and no -

’vconolu51ons were drawn from th1s partlcular experiment,
V(Not con31dered in calculations )

‘EXPERIMENT 3

TA sllghtly different plan was dev1sed 1n the next
eiperlment. Because a certain amount of variation was found
1n Experlment l further work wag cont1nued on this progect
?Tﬂln order to test the various: supplements to determlne whether:
the synthetlo vitamin differed in avallabillty from the

‘rmcombined form.

Once again the rations Were all carefully balanced to
;;contaln the same amount of proteln. “As in the second
o experiment, 67 flshmeal indlcates 67 protein obtained from

,efishmeal.‘ Here,rhowever, the‘riboflav1n content was also

o

"etandardized todcontain,'in the fortified level, 368.5:14,1
d;units per‘lOO grams, This‘amounttwaﬁoknOwnofrOmoprevious"
,1nvestigation to be more than adequate for normal functionlng,
teso that any differences here could be attributed 1o differ=
' ences in avallabllity between the synthetic and naturally
 occurr1ng (comblned) forms, Prev1ously the riboflavin had .
eébeen added in considerable excess.; Here it was carefully
 icalculated and added in. amounts that made the vitamin G valueA
,?of‘each ration the same. The unfortifled ratlons would serve
:~at'the‘9ame‘time”as'a’fnrther 1ndlcation of the nutritive |

values of the supplementss



-39 -
‘The 4% dnied skimmilk nroduced, ag would have been
n ex§ected‘fron its riboflavinnvalue of 323 microgrems,‘Weights
~;siightly~superion to the weighte/of chicks receiving only 27
i:(218 mlcrograms) and did. not cause the small occurrence of
: av1taminosis encountered in the 1ower level. The_addition of

c,rlboflavin, however, equalized thenrates of gain-from the two

, levelso

The same situaﬁion was encountered in the case of the:
f‘fishmeal and the meat meal, where the 4% level Was either not
’c;signinlcantly different from the 27 level or was only very
‘ sllghtly‘snperlor to it. Again, when the synthetic riboflavin ,
]iwae added'to'all'the 1evels to make the total vitamin G value

E‘in,each eQuel, there was no dlfference between them,

The,milkf§roved to. be . superior focthe fishmeal and the
:imeat meal of this experiment becaue% of its riboflavin
econtent At the 2% and 47 1evels for each of these materlals,
‘the v1tam1n G content ‘was: B

VL1 weveesn... 218 and 323

Fishmeal +ee.:s 145 and 176

Meat meal s4e.0 132 and 152.

"The reason for this very hlgh v1tamin value, however, was, in

part 1ts low protein. content (34 34%) . At the 47 levels it

'7fwas necessary to add ll 6 pounds of sklmmllk 5e 7 pOunds of

fishmeal, and‘8.2 pqundS'of meatfmeal.



- TABLE T

Analysis of Ingredients

Moisture.

Fat

Protein

‘Ash

. Ffsh Meal
' quaneal

Wheat

C.F.C. Sp. Fish Meal |

3 Méat,Medl'

| Basal

| Skim Milk

8.30
10.12
12,56

3?75f‘

639
11.88

- Aedd

8.43

500

69035

43,65
12,46

61.45

48,65

13,85
34.34

11,75
5053
1073

6632

2934
5495

7459




TABLE II
Composition of Basal Ration

Fish 0il (100D, 1000A4) csesscoccosoonss 1.0

Salt .°°°k°°‘ OG0.0EGBO 3 ¢ 8.0 @ & 6 &6 0D & O 2 08 O leo
Limestons 26088605068 000060606600060600008 105.
Bone Flour ® % 0 Q;B ® 2 & 2 & 5 B0 PO S H O B0 OO O RIS B D 95

Middlings eeeocsoesesssosencosescssessso L0Oo0O
Bran cosescececoscocesossssssononsssno 1060
Ground Oats oooooo@caoeooco;oeobeo-eo; 10,0
Corn Meal .;o.ee.,....,,....».c..oa..o 10,0
Ground Wheat .seeescesccossssncoocssss 36,0

Soyabean Meal occeoaoeoeoeeoogfwe-onoa 20.0

100,0%

¥jlanganese sulphate added, at the rate
of % pound per ton of feed.



TABLE III

 Composition of Diéts‘

ASH WHEAT
TO BALANCE
SUPPLEMENT

~ PROTEIN |
Supplement Soyabesan
. Meal

FAT

Supplements

| _Pounds

Pounds |

~ Grams

 Grams

_ Pounds

. Soya 8.73%

8.73% + 65¥ Riboflavin

8473% + 1305 Riboflevin

'+ 160 Riboflavin

l%w;sofﬂRipoflavin 3
 ~‘f 60? Ribof1ajin‘
+ 215&2Ribbflavin ?
“f% 215XaRi56figvin
; f 17§X’Ribqflévin
‘;;f;lgfékRibof;avih

'+ 2307 Riboflavin

4+ 2307 Riboflavin

8.73% + 207 Riboflavin

 Meat 4% + 200 Riboflavin -

2,912
2.912

26912

29912"

50824'
5824

1,442

,‘  ‘1‘442

1.442
1.442°
2.883
2,883
4525
44325
2.055
2,055

2,055

2,055

4,110

4,110

10

10

10

10

76705

74705
7.705
79705;
5.415

54415

74705

7.705
74705

7,705

5,415

'5,415"
3,126

';3’126

11'5;415»  ‘

“7.765“:
. 7‘705: 
74705

7,705
50415

65.0712

65,0712

63;0712

65,0712

11642240

|116.2240

116.2240

I116;224ok
‘16705487
1167.5487

61.721%

6167213

61,7213

6147213
5815433
5845433
49,8492

4908492

32,4610

32,4610/

32,4610

32,4610 |

0

o

85.3974
85,3974
8543974

8553974
42,7668)
42;76683 |
42,7668)|
42.7668;;
0o )
0 ‘f
66.1478)
66.1478;  
66.1478)|
66,1478;?
46.8982)|
a4608982;'
2102245§ “

21.2245)]

0

kO

0
o

(¢

)
I
s
)|
e

) .
o)
)

94383
9;583
10;855

9476Q“. 
2.76b

94525

i;xﬁote: ‘Bacteriolegical“assay‘of

"Supplements shoﬁed the following riboflaviﬁ "

potency: Soyabean Meal, 2-3 v ; Milk, 20 v; Fish, 15 r; Neat 74y . .



- IITa.

. TABLE IIIa. .

Composition of Rations per 100 Pounds

SUPPLEMENT | PROTBIN
' Supplement |  Soyabean Meal

‘Lot Ration
‘ o ' _Pounds S Pounds

20
20
P B 20’
8 : N 20
; 2 5.824 Sl . 154410
- ba. Milk 2% T SRR e 56824 | 15,410
| 6. Milk 2% + 1607 Riboflavin 1  5.824 s 15,410
- 6a. Milk 2% + 160.r Riboflavin | - 5.824 15,410
4% - -
4
2
2

1, Soya 8.73% WL
2, Soya 8,73% + 65 v Riboflavin
%. Soya 8.,73% + 130v Riboflavin
4, Soya 8¢73% + 260 vRiboflavin
5. Milk S \ :

Te Milk 4 : 11.648 S 10,830
8s Milk 4% + 607 Riboflavin 11.648 ‘. 10,830 -

Fish 2% - sl 2,884 V. 15,410
 Fish 2% 2.884 ' 15,410
Fish 2% + 215r Riboflavin - 2.884 | . 15,410
Fish 2% + 215 rRiboflavin® 2,884 I8 15,410
Fish 4% , - 5.766 ] 10,830
~Pish 4% + 170 v Riboflavin 5,766 ] 10.830
Fish 6% - 7 - : 84650 3 6,252
Fish 6% + 125 r Riboflavin | 8,650 "~ 6,252

5 Shid

2

2

2

4

4

15 Meat 2% - . o4.1200 0 154410
15a, Meat 2% ' ; 4,110 ) . 15.410
16, Meat 2% + 2307 Riboflavin 4,110 ] 15,410
léa. Meat 2% + 230rRiboflavin = 4,110 | 15.410
17. Meat 4% - 8,220 , - 10.830-
18, Meat 4% + 200F Riboflavin 84220 o 10,830




TABLE IV

Rivoflavin Content of Rations in v per 100 gm.

[ Bot o Ration - Basal e - Crystalline ~Total

Supplement | Soyabean leal | Riboflavin

GO o 113
50 65 C17e
50 130 | 243

W73% 63
. Soya 8,73% + 65v Riboflavin| 63
Soya 8.,73% + 130y Riboflavin [ = 63
Soya 8.73% + 260w Riboflavin | 63 o | s0 ] 260 . | 373
Milk 2% - ; | 63 | 1165 | 8,5 | 0 | 218
Milk 2% SR 63 | 116.5 8.5 0 218
Milk 2% + 160y Riboflavin | 63 | 16,5 | 38,5 : 160 378
Milk 2% + 160% Rivoflavin 63 116.5 38,5 | 160 | 378
Wik 4% | 63| =233 | 27 |- o | 323
Milk 4% + 60y Riboflavin 63 253 27 1 60 1 ez
Fish 2% L 635 | 43 . 385 3 0 145
Fish 2% : 63 43 ' B85 | 0 145
. Fish 2% + 215y Riboflavin 63 45 3845 ! 215 - 360
2. Fish 2%-+ 2154 Riboflavin 63 43 . 8.5 | 215 , 360
Fish 4% L 163 | 86 ‘ -V A o0 o1
Fish 4% + 170+ Riboflavin 63 86 : 27 . 170 346
TFish 6% . o 83 |, 193 15 0. 27
Fish 6% + 125+ Riboflavin 63 | 193 S 15 ; 125 - 396
- Meat 2% o 63 B 5 |0 s
. Meat 2% S | 83 3 | B8.5 | o 132
WMeat 2% + 230 Riboflavin 63 3L © L .B8.5 i 230 362
. Meat 2% + 230y Riboflavin 63 | 3L | 38,5 | 230 o362
|17 Meat 4% T i , ; ;
184 Meat 4% + 200y Riboflavin | 63 | 62 | 27 - 200 | sB2

'Séy , 8

DO OO

63 62 27 R 0 , 152




TABIE V

October, 1941.

Sumnary of \Teighta cf Cbicks in Vitamin G E@eriment

e : AY, ST -BOURTH WEEK : S S FIF”HWEEK . 1
i SUPPLEMENTS - ‘Initial “Noi oi‘ & "Shqyr;lgg Ax:r‘:L,t'.(;-’ Norm’lychicks Never” Showing Avit Gl:Showing Avit, G Wormal Chicks - T Tever Showing Avit. G Shcwing Avit. }Iever AfTlicted “AfTLicted Recovered
e ChiCkB g : , . “Femal s .Average Malés Females  Averageé | Males = Females Average| ‘Males: Females Hales Temhles'
Wb, . NWe. [l s, No. Wb« No. T LW T, Tt Whe o Wbe o W Mo, . K Xo Nas
Soyu R 73,0 - 18648, 12 191,85 11 196.2 g 21844 < 253,0 = 237,3 |. 231.7. . 230.0 . 231.3
2.. -Soya 8. 73% + 65YHib0f1avi 232,2. .19 233.7 17 201.% 3 B08.0° '305.5 . 3045 # - )
B35 ‘Soya: 8,730+ 10y Rivoriavin 241.3 20 241.3 20 B o 285.6 308,56 - 297.1 < - 0
. Soya, 8,734 +mor Riboflavi 12¢9.0 22 249.0 - 22 - 0 335:0-. 200,0 - 8076 o = = o
Milk 2% “gfe.z 2L | 245,3 16 £ 0. B42,3  824,0  B3R1.( - - 9
Ik 2% | e54,8 7 254,2 15 - 0 349,38 - B01.6.  BR6.6 | - - 0
Hilk, 2% +° 1603’ Rihoflavin ‘gE9se Rl . 259.6 21 - 0 - 364.8 . 326,6 346.6 - = - By
Milk 2117 + lGOB’Ribofluvxn 258,56 20 258.6 20 - fo) 366.3 “335.1 35047 = - 20
iR A 259,17 2L . 259.1 21 ~ .o 378.9 - B14.8 . 348.4 = = 50
Mk 4%+ 507 Hihoflavm 2586 20 254.6 20 - 0 | s68.0. .@52.6 359.5 - = 0
- FiBH 2,0 202.7 % 2027 3 189.1 16 - i 2v9.5 - 268.0 2725 262.4 23.0 B
9a. Pish 2/9 : let.e 4 161.8 pt Yos.5 . 17 T l284.0  R66:7 . 263uB |- 248.7. 207,3 3
. Tigh 2,:7 + zxs{ RINGT1AviA 28%.4 - 23 283.4 23 . - 0 | acz.7 @vo.0 v 392.8 o = = D1
Flsh Z/o + 21"1 Riboflavin 270,53 . 20 290,73 20 - B 387,10 3880 . .371.6 - - 0
: 203.0 5 209,8 4 189.5 15 290,0 - 300.0 295.0 | 255.9 262.0 ::',4;
2741 AT 294,17 17 - 0 390.6. 349.1 . 368.6 | - n ‘5’
203.1 6 209.8 4 179.6 18 272.0 - -292.7 287:5 190.3 254.4 “
“|ee2:9 g0 | 261,8 19 SRR s B77.6  PATi4  362.5 - - g
200.3 - 12 195,0 9 189.2 9 2410 '278,5 .  274.3 [ '248.6." 1245.6 g
239,1 - 15 239,0 12 21240 4 28l,1 316,9  297.8 | 283.0 - o
254.7 . 22 254.7 22 = 0 3637 L B27.9 - B3LLY - %
Woat 4% : o 559.5° 22 ~~239.5 22 - ,g ggg-z gggg g‘i’;‘é - P
8.6 20 |- 78,8 - . 290 24B. - 0
Meat: 4% ¥ zoom:boflw ol 1. ;';9.5, PO 559;5 ;2 _ o 373.4  B19.0 | 8.7 = - <0




...: 40 =

k(d)’:Disoussion
g From the{three experiments carried ont‘in’Series 2 it‘has
“been shoanthat protein supplements fOrtified with riboflavin
are_eqnelly as good as*supplements naturally rich in this
Wfaetor;’

ﬂrJThe first experiment Was carried out‘by adding synthetio
r1boflav1n in- excess of the known requirements, supplementing
erone member of each pair of rations at a given Level With 225
units of r1boflav1n.' Here the protein values were given in
,‘terms of per ‘cent supplement. Regardless'of ‘the final results
on. ‘the unfortified rations, the chicks attained approximately
the same Weights upon the addition of an excess of the V1tem1n.
:Skimmilk inclnded in the test,waS~no more efficient in 1ts
-gromthestimulating propertiesktnen7otner~rations eQual in
'protein and supplemented with the synthetic riboflav1n,

~contrary to- results reported by some other 1nvest1gatorso

The second experiment was carried out by supplementing
;the rations With synthetic riboflav1n as in the previous one,

‘but here the protein values were calculated in terms of per

‘*vcent proteln for pase of comparison on a protein basiso There

'pwas some unexplained destruction of riboflav1n, however, which

rendered the results of this experiment beyond interpretationo

The third experiment was dev1sed 80 that one ration of-
keach pair of rations at a given level conteined a certain
definite amount -of r1boflav1n, 368+14,1 micrograns. In- other

words; insteadrof‘eddingp225 micrograms o each level,
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'irresnectlve of its orlginal v1tam1n content aniindependently
‘calculated quantlty was added to each 1nd1v1dual ratlon, The‘
'p:oteln,WaS'again calculated—ln terms of per cent protein from o
‘a givén eoufce. As a result of this experiment it was shown”
jthaf\v1tam1n G was equally avallable whether obtalned from
fnatural sources or from the synthetic product. -No*improvement‘
through the feedlng of . dried skimmllk wasg noted whlch con-
‘firmed the conclus1ons drawn from the results of Experlment L.
Moreover, 370 nicrograms per 100" grams of feed was more than ‘

adequate for normal growth and malntenance, and the minimum

requirements for satisfactory growth were 225 micrograms.

Observations and comments on theyindividual_Supplemente
| nsed in this series are 1ncluded with eeoh experiment, and
the results;summariZed in the tables, | |

o Fiénre”lerenresents the‘ﬁscatten~diagram" obtained By‘
nlottiné,from_the’deta of'Experinente 1 and 3; the Weightsfof‘
chicks in grams‘againstethe‘number of‘units~of ribOfiavin fed,
The mean of the chick weights~was calculated from 49 1ndepend-
ent varlables, as being 357, l4+56 42 (coefficlent of Varlabil-
1ty = 15 807 ; and the mean of the corresponding levels of |
riboflav;n ae 267.45;102;23 (coefficient‘of varlebility ;f
38,22%), | : e

-The corielation‘coefficient,gr, Was;calcnleted from the

‘equation:
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X .ay
This indicaﬁed a highly significant positive cdrrelatién
'beﬁween gain in weight and'mierograms of riboflavin fed,
;Wlth thls 1nformat10n, the regression coefficient wasg’ deﬁer-

mlned from the formula:

b

m sly-m §)ix - %) = 0.2673
VR TERE - 97
Cbgy = Sy - Pz - %) - 0.8776
~ o . ‘E(y ..?) B ;

For‘each increase_in~l’unitbr1boflav1n there is a correspond—
‘ing inereésa of‘ 26173 grams in weight and~conversely,feach
gram galn in Welght would requlre the addition of 0 8776 |
mwcrograms of r1boflav1ne The relatlon between the variables,

b yx, is represented bthhe regression line in the figure.

SUMMARY -
Two series of‘feeding experiments were conducted in
~ order to determine the nutritive value of British Columbia
‘-fishmeals in'chidkffeeding.
In the first serles, which consisted of threa

experlments involv1ng twenty-three lots of twentyatwo chicks

‘each, the nutritive value of eleven fishmeals and by-products

' of the fishing industry was determined: The herring and
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]'salmonoﬁegls'undér ihvestigationywerefpot rarticularly good

,sourées of riboflavin;;but COﬁtained protein of high quality.; 

| Liver meal Was particularly rlch in the vitamin G factor,

- the: three meals prepared from salmon viscera -being only
‘!:slrghtly:;essfso, ~Two samples of salmon roe'meals Were conly -
moderaﬁely good sources of riboflarin.o The meal prepared
ffrom salmon heads ‘had the lowest vitamln G potency of the
series, It was. suggested,*because of thelr high riboflav1n
1jeohtent that stlckwater meal and certain of the other
by-products under investigation should be utilized in the

- manufacture of fiéhmeaié.

e Serios‘a, olso oonsisting'of‘three~experiments, involved
‘sevehty-fourflotsoof twenfy?tWO ChiCkS‘eacho: It-WﬁS Shoﬁﬁ~as
a result of thls serles that synthetic rlboflavin was. equally
'as effecoive Ain promotwng growth as was the rlboflav;n from

%

~natura1 sources.

Contrary to previous practlce, it was’not,found necessary
to add drled skimmllk when fishmeals were supplemented W1th

~sufflclent;v;tam1n G.

It was found that 370 micrograms of rlboflaV1n per lOO
grams of feed Were adequate for 0pt1mal growth and for the'
preventionrof;curledftoe paralysig. ’The,mlnlmum r;boflavln:
'requirements’for satiSfaCtory‘growﬁh wors much lower - namely,

225 mierograms per 100 grams.
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