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ARSTRACT

Rations cortaining different levels of Tower'rapeseed
meal (RSM), with or without added 1ipotropic.factors, were
fed to Shaver Starcross 288 laylng hens to study the effects
on productive performance, liver c0mp05ltlon and the inci-
dence of haemorrhagic liver syndrome (HLS). A stndy was '
also conducted to determine the effect that feeding low-
carbohydrate dlets rmight have on llver composition and fat
reserves of hens at the end of their farst- laylng year. A
further expetlment was conducted to determlne whether the
effects noted w1th low-carbohydrate rations- were related to
restricted calbr1C'1ntake; The composition of the livers
was also determined. | |

The inclusion‘ofVS,'lOdor 15 percent Tower-ﬁsm in a
laying ration had no detrimental effects on rate of egg
: productlon nor was there a significant effect on level of
mortallty or 1nc1dence of HLS 1n laying hens. Blrds fed
Tower RSM had SLgnlfrcantly lower egg weights than those of
hens fed the contrpl rations but the differences were small.
Supplementation with'lipotropic factors resulted in“signi—
ficantly higher Haugh unit values thanvﬁere obtained in the -
unsnppiemented groups. Neither the addition;of Tower RSM.
nor the use of iipotropic factors had'any effect on the
viéual fat score or on moisture, fat or protein_content of
'the livers. Assessiné the fat‘content of the livers by

using a visua! score was found to account for a significant

amount of the variation of the actual liver fat content.
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The use of low-carbohydrate rations resulted in re-

duétion in rate of egg production. - Since‘pnl§ the group

fed'an egg.ratiOn consumed enough to meet their energy b
needs, the decreasé,in production in the o£ber groups
appeared to be related to the level of feed restriction

thét occurred.*RWhen the egg ration was fed'thgre Qas no

change in body weight or liver composition but when thé'

other low cargohydrate rations yere fed there was a decrease

in body weight and liver fat content and an increase in liver

g

protein. This suggests that a low-carbohydrate diet per se

does not cause weight loss unless accompanied by restriction

v

of caloric intake.
Feed restriction imposed by limiting daily feed allow-

S . . .
ances failed to show as severe effects -as were noted in the

]

-

'previous experiment in which low-carbohydrate rations were

fed. N%:aﬁﬁecté<3n~body weight or production rate were ob- ¢
served. .As feed restriction was increased a trend towa;d

lower -liver fat ‘levels was observed. /

— ¢
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A (jl:ggrdLW' ﬁnawwn as haemorrhagie liver syndrome (HILS)
- has cuused heavy losses in many f1licks of lay}nq chickens.,
A- ¢ name 1mplies, the disorier is characterized by the
occurrence of haemorrhages in the livers of affected birds.
Since the disorder may appear époradically and causes heavy
losses in severe ouﬁbreaks, information that may le%d Lo
better control and uhdefstanding of the condition would
be of great interest todthe poultry industry.

HLS 1s a very complex disorder. When the condition,
or one very similar to it, was first described, it was
called fatty 11Qer syndrome (FLS). It was later called
fatty liver haemorrhagic syndrome and haemorrhagic fatty
liver. ‘The different names that havelbeen used suggest that
- there may be some variability in symptoms ofAthe disorder.
When_the'livers of affecte:! birds are examined they are
usually pale yeliow.in color and friable and appear to con-
tain a hithlevel’of;fat. However, haemorrhages may alse -
occur in livers of low fat content. 3

Mortal + , from HLS is caused by a massive haemorrhage "
which resu -s rupture of the Glisson's capsule of the
liver and allows the blood to pour out intb the body cavity.
When the livers of other birds in affected flocks are
examined, there is evidence that non-fatal haemorrhages

have occurred. Haematomas may be seen on one or both lobes

of the liver and may vary greatly in size. Some are only
o

pin-point in size while others may be very large.
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feeding low-carbohyidrate diets or restricting foed intake

on the composition of livers of Iiying hons.,



1. fvmytlms

Baem rahagure Taver sondpor

. .. 3 v .
AY LI hens, oo -

dirtion very similar to 1t was fi1rs* rompsrted pov Conneh 1956 )
1 ’ I Y

who called 1t Aty hiver syndrome™ . The diasorder was

characterysed by ancreass D omertaly e usedsd . o massive hae -

el
{

morrhaJes in livers Sontaining ha b ‘levels of tat.

The external symproms seen 1o flocks @ which LS

vosurred conded 0 bhe general an nature . Flrocks sutlering
from 'tne condition viten had body weilghts greater than would
mormally pe anticinated for o thepr ade a~d stage of produc-

tion , sometimes LEING As much s 25-30 percent heavier

Couch, 19°6; Reedy, 1968, cited bv Couch, 1968 . Reedy

- I

(cited by Couch, 19t&; found that the. combs of af fectedd hens -

sometimes exhibited a scaliness or light dandruff and were .
pale and cool to the touch. Although hea® “y' in aijpearance,
birds in affected fldécks usually showed a decrease in rate

: +0 h AL

of egqg production. As-long as the hen continued to lay at

a high rate, mortality from FLS wdsylow {Couch, i9§é);‘ In
affected flocks, minor disturbances such as-weighing: the
o1irds sometimes were sufficient to trigger death. Irncidence
of the disorder tended to be higher during the qarﬁer months.

The 1internal symptoms seen on pPost-mortem examinations

included fatty livers and excessive deposits 6f abdominal

fat, with both *he intestinal Mmesentery and kidneys heavily»;f

!
/

coated with faf.V The livers were usually greatly enlarged, |
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light ycl]owish—bfown in colqr aﬁd had a friable consistency.

‘
Haemorrhages and haematomas, both recent and old, were
usually presént. Some were'large and others small and were
found on either one or both lobes of thé livgr. Some. of
the larger haematomas contributed to the unnaturally large
size of the liver (Couch, 1956; Wolford et al. , 1971) .
Microscopig sections of affected livers revealed fat infil-
tration of the pare . hyma &ells‘of the liver (Rindgr and
Sheppard, 1963; Reedy,/;968; cited by Couch, 1968). Blum
et al. (1973) attribuéed the cause of death to a massive
haemorrhage following the rupture of the Glissonfs'capsule
of the liver. It was suggested that the friable nature of
affected livers madé them very fragile and susceptible to
injury from‘the least stress or pressure.

Birds with FLS usually showed high lévels of fat iniéﬁe
liver.‘ Lipid levels ranging frpm 46 to 83 percent of the\
liver on a dry matter basis have been reported (Couch, 1956;
Nesheim et al., 1969). Tudor (1967) suggested that mortality
was d&e largely to circulatory étress catalyzed by excessiﬁe
fat'accuﬁulation. A study carried out by Wolford and Mu_rphy~
(1955) showed that livers having less than 4 grams of
lipid per " er or weighing less than 30 grams wet weight
did not de=velo; haemorrhages. This did r ' imply that 1lipid
level énd “ver size as éuch were the cau - of haemorrhaging

since not a. [ the hens with liver lipid values and weights

greater than those Specified developed haemorrhages.
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Tne occurrence of FLS doeS~not fdllow eny consistent
éattern. In some instances FLS_has occurred more frequently
in caged layers than in hensforiginating from,the same
p0pdlation kept in floor pens;ﬂin other instancesﬂ flocks
originating from the. ~same hatch and u51ng ldentlcal\¥eeding
and management technlques showed varying levels of the
dlsorder (Reedy, 1968; cited by Couch,.1968). In general,
it has been observed that heavier hené,tended to be more
prone’ to develop the disorder (Barton et 3l.,~1§66; Blun
et al., 1973). | '

The interrelationships between liver fat content and
incidence of FLS are n%F well defined. Thayer eg‘gl. (1973),
monitored the compositien of liver lipids from laYinc hens
and concluded that an elevated level-.of trlglycerldes (TG)
was respon51ble for the 1ncrease in total lipid concentra—
tion of the liver. During the first -4 weeks of lay there
‘was a drastic decrease in the palmitate and stearate fatty ’
acid concentrations accompanied by an equally drematic rise
involeate,and linoleate.fatty acid levels in the liver. fhe
phospholipid content had no significant effect'on the increase
in total 1lipid concentration. Pereentages oflcholesterol
and cholesteryl ester .in the dry liver shifted very little
relatlve to age or lipid concentration. The total llpid
concentration in the liver appeared to reach a peak when
the hens were 48 weeks old There was a distinct difference

in the percentage lncrease of TG concentration in the liver

between hens with livers having a total lipid concentration



above er below 25 percent; In hens with a total lapid
concehtration that exceeded 25 percent in the liver, the
percentage TG concentration showed a much greater increase
than those wlth lower 1ipid concentration. ‘It was suggested
that alteratlons in fatty acid blosynthe51s were the‘major

. Sources of increas ° llpld levels in fatty livers. ’ No corr-
elation was-found between egg production rate and liver fat.
level; thus, high levels of liver fat were not 1nd1cat1ve

of reduced.production in a flock.  Hens from appafently
healthy flocks showed a very wide range of liver fat content
but there was no ev1dence that hens pPOssessing nigh levels
of .liver fat were unhealthy. Nevertheless, it appeared that
"some of the hens with high levels of livervfat were. more "
susceptlble to death from llver haemorrhage |

) There is a‘natural 1ncrease in the fermatloh of fat in
the liver during the laying period so that it is difficult
to recognize ‘the stage at which the_fat level in, body
tissues is extreme and causing complications. For this
reason it has been suggested:that the name FLS may be inac-
curate. Nesheim and Ivy (1970) suggested that a more des-
criptive term for the condition might be "liver haemorrhage
syndrdme". ‘The term “fatty liver—haemorrhaglc syndrome" was
suggested by Wolford and Polln (1972) as belng a more
inclusive term to describe the condition. Blum EEv§l°'(1973)
first used the term "haemorrhagic liver syndrome" (HLS)

and this term was used by Olomu et al (1975) and Serrano

(1976) as belng the most approprlate for the condltlon 1nvolved



ii.- Factors affecting the incidence of HLS

>

The occurrence of HLS may be- affected by numerods
factors. These include nutrition oflthe flock, environ-
mental conditions and genetic variations.

Maﬁy nutritional factors have been implicated in the

occurrence of HLS. Of these, the effects of rapéseed meal

~

(RSM) on the iﬁcidence of the aisogder have receptly re-—
ceived considerable attention. Hall (1972) reporfed that
inclusion of RSM in the diét could result in the development
of HLS and suggested ﬁhat'the condition was caused by toxic
. |
factors in tﬁ% meal. It was posfulated that the ggctors
caused selective ante-mortem lysis of the reticular substance
whicﬂxev?ntually lessened the structural strength of'the‘
hepat;Z\tissue without intérfering with its vital functions.
It was also suggested that even a transitory rise in blood
pressure such as occurs when the hen prepares to lay én egg
.could resultyén a‘fatal haemorrhage. Sell et al. (1968)
could not find a speCific;cause for increased mortalify
from feeding dietary RSM but noted that the rate of -mortal-
ity was markedly increased if~lO_perceﬁt or mbre RSM was
_included in the ration fed. Although feed consumption and
feed conversion'efficiency (FCE) were not significantly
-affec£ed, there was a marked depression in-egg size.
Cardin'gg al. (1968) found no significant aiffergnces in
hén—day egg production but observed thatvmortaiiti rose
steadily whenvleveli.of RSM were raised above four percent

of the diet, reaching 52 percent mortality when a level'of/m\\\\\
T~ o
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16 percent RSM was used. Hypertrophy of the thy;oid alsd

-

became more pronounced at the higﬁgr level of RSM inciusion.

The use of RSM in layer rat;ons has been restricted
because inclusion of high ie&els of meal in‘the'rations~fed
has resulted in 1ncreased mortality and decreased productlve
-perfOLmance. As a conrequence, the maximum level of RSM
recomﬁended for laying rations has been fiQe percent
(Clandinin et al., 1976).

The adverse effects of RSM on egg production may be
related to the glucbsiholéfe conten; ofAthe méal or the
derivatives of same. Wheh the seed cells are érushed‘in
the presence of'adequate moisture the enzyme erosinase
hydrolyzes the glucoglnolates relea51ng isothiocyanates,

o

thlocyanates and’ nltrlles in varylng proportions (McGregor

and Downey, 1975). Smith and Campbell (1976) speculated

y

that the nltrlle hydrolytlc products: of prog?}trln, the

major gluc051nolate of the Napus varletleslgf RSM, ihfiuenced
the formatlon of the llver connective tlssue matrlx The
severe retlculoly81s 1nduced the occurrence of llver haé—»
.morrhage Nitrile compounds were present in all areas¥of

the digeétive tract of the hens after ingestion of RSM and
egg productioh was drastically depressed when SO’percent
of.a,high~glucosinoléﬁé RSM was included in the ration-: ‘Thé
depression ip egg'production WAS significantly less when an
equal le%el‘of?low—glubosinolate RSM was fed March et al.

(1975)' in studies on the use of RSM observed that most ~

+

mortallty from llver haemorrhage occurred 1n‘birds which had
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" of rapeseed was developed at the University of Manitoba

been fed rations containing RSM during the growing perio
and the laying period as well.
In 1974 -a new rapeseed cultivar called Tower was

-~

licenced for commercial production in Canada. This variety
anq featured a low—glgeosinolate content as well as a low
level of erucic acid ip the oil. The new variety contained
approximatelydlo percent as much glucosinolate as varieties
grown in Canada to that time (Stefansson and Kohdra, 1975) .
Initial experiments on the use of thelmeal‘derived-from the
new variety suggested that a level of at least 10 percent of
the meal may be incorporated in-chicken laying rations
without adverse effects on mortalkfy, egg productlon or

feed eff1c1ency (Clandlnln et al., 1976).

FLS was first noticed shortly after the energy-protein
ratio had been increased in layer rat@ons (Couch, 1956) ;
i . . Y

' 4

however, changes in the energy or protein.levels of the
dien;?ppeared to have little or no effect on liver fat
cont

l
holding the protein content constant caused an increase in

nt. 'IncreaSing the energy content of the diet while

cholesterol levels but when the energy Was held constant

and the protein was increased by one percent the serum

N

S~

cholesterol level was reduced. Apparently, fairly widev
oalorie;protein ratios in the diet were tolerated by ?
laying hens w1th no detrlmental effects on thelr egg pro—
ductlon.(Mlller et al., 1957; Price EE,ELJ' 1957).

Although the ability of -individual birds to'adjustvto



v

changes fn calorie—perein ratio varied, there did not
appear to be.any.cerrelation,between the ratio and liver
fat content (Hochreich-et 31.,.1957; Quisenberry et al.,
1967; Griffith et 32.,_1969; Ivy and Nesheim, 1973).

| The aﬁparent derangement offfat metabe;ism in hens
suffering from HLS indicated that there might be a deficiency
of specific nutrients in the diet. Welch and Couch (1955)
suggested that methidnine‘or methylating agents might be in
short supply in “the high-energy laylng ratlons thus affectlng
’the eff1c1ency of energy metabolism. - It was thén suggested
(Couch, 1956) that compounds involvqp in the transmethyl-
ation reactions in metabollsm mlght influence the accumula—
tlon of fat in the livers of laylng hens. On this basis, ,
a premix designed to help reduce the liven?&ipid ccntent |
consisting of choline, vitamin By, and vitamin E was
devised for addition to 1ay1ng rations. This combination
of v1tam1ns was referred to as an FLS pPremix or a: llpotroplc
premix. Inj}nltlal studles the premlx seemed to’ be bene-
:f1c1al but later trlels falled to sho;wfavourable responses
(WOlford and Murphy, 1972; Jensen et al. 1974)

Because of the lmportance of éhollne in transmethyl—

at.cn: several studies to assess the effects of chollne
Su. emantation on productlon mortallty and levels of fat
in ws of laylng hens were condUcted Neshelm et al.
(1v " ) =d the effect of dletary choline durlng the i

growir -~ 7 on requlrements durlng the laying perlod
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It was observed that chollne supplementatlon of purified

/

diets durlng the latter part of the grow1ng perlod gave

.rlse to lowermegg production and increased incidence of
fatty livers 1EXthe blrds were placed on a choline-free

dlet durlng the laylng period. 'Thus it appeared that the

response to choline supplementation during the laying

‘ period was affected hy the choline nutrition during the
growing period of the‘pullets. Prev1ously, Lucas et al.
(1946) and Ringrose and Davls (1946) had found that hens
féd an almost choline-free diet exhibited only marginal

reductions in egg production\and hatchability compared to

hen§ fed a diet containing added choline. More recent ’
‘ , A
'studigs have also indicated that choline supplementation’ '

of layiéé rations was not beneficial (NeSheim et al.
1971; Chah et al., 1575) Norvell and Nesheim (1969) con-
.~ ¢luded that hens possessed d metabolic mechanism for
choline synthesis sufficient to meet'their.requireﬁents..
Continuous feedlng ‘0of between 940 and 1800 mllllgrams of
supplemental chollne per kilogram of pract1¢al corn- soybean
dlets gave no significant differences in egg productlon,
hatchablllty, mortality or llver fat content (Bossard and
’Combs, l970) Other workers (Grlfflth et al., 1969),
however, found that ‘liver fat levels were reduced when
laylng ratlons were supplemented w1th choline and their -

flndlngs were supported by Couch and Gross1e (1970) and

Schexnailder and Griffith (1973),
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In addition to choline, vitamin E and vitamin B,,,

‘inositol was also shown to influence liver fat deposition

(Couch, 1968; Parker, 1968; cited by Couch, 1968; Bull,
1968; cited by Couch, 1968; Reed, 1968; cited by Couch,
£968). When 1n051tol was included in- laylng rations at a
level of 2 pounds per ton of feed (Couch, 1968) . along
with the FLS Premix containing chollne, vitamin E, vitamin
B2 and oxytetracycline, the fat content of the livers was
efféctively decreased. IA addition, comb pigmentation of
the hens was imprqvéd and egg production returned to normal
once the liver fat content was reduced. It WAS also obser-
véd that there wasvless variation in the fat content of the
livers-of 1aying hens when inositol was inéluded (Reegq,
1968; "cited by Couch, 1968). Jense . et al. (1970) found
that a combination of éholine chléride, inositol, vitamin

B2 and vitamin E significantly reduced liver weight, liver,

.fat and total liVér fat accumulation in hens fed a corn-

soybean meal (SBM) ration but nbt in those fed a wheat—pea

diet.
Observation: on the effects of inositol on livefvfat
ievels have not been consistent. Some studies have shown
that;the addition of inositol to léyer diets had»ho éigni—
ficant effects. on 1evels of liver fat (Bossérd and Combs,
1970; Nesheim ana Ivy, 1970), percent totai seruﬁ lipids
(Raglaﬁd et al., 1970; Pearce, 1972) and body and liver
weights (Leveille and Bray, 1970). The discrepancie$ noted

suggested that inositol was not universally effective in
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reducing the level of liver fat in laying hens. '

More Fecently, there has been a grOWing interest in

the possibility of using biotin as‘a lipotropic agent in
layiﬁg rations beeause of jits effectiveness in preventiqg
a fatty liver disorder of'bioilers known as fatty liver
and kidney syndrome (Blair and Whitehead, 1974; Payne et al., *

1974; Whitehead g&lgi., 1974a) . Experiments that have been

reported, however, have failed to show that biotin is

AN

effective in preVenting increases in liver fat (Schexnailder
and Griffith, 1973; Chah et al., 1975; Jensen et al., 1976).
or the occurreﬁce of HLS in,laying hens (Serrano, 1976).
The recommendéd level of biotin in layer ratioﬁs is O.lS‘mg
per kilogram of diet (NAS-NRC, 1971) but‘administrd£ioﬁ of .
a 25-fold excess of biotin to laylng hens had’ no adverse
.effect on llver weight or l er lipid content (Balnave, 1975)-.
The,lnc1dence of HLS may be influenced by the feedstuffs
‘used in laying raﬁions. In isocaloric diets the total “ver —
fat was greatest in %ene fed grain sorghum, cofn or trit-cale
and lowest ;n those fed barley, oats .or rye (Jensen gﬁ al.,
l976b). There were no differences in liver fat content
between groués fed wheat diets and those containing corn
oil er animel tallow in'isgéaloric dieti._ The dry’matter
and fat content of livers weredgreater in hens. fed corn diets
than in hens 3 1socalor1c wheat-based dlets (Jensen et al.,

1976b) . Liver weight was found to be dlrectly related ‘to

"llver fat content (Kim et al., 1976). .
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Inclusion Ol highblevvls of fat in laving rations has
been s}nJer to cause an dpparent Lh‘lr“]gtlntllt of- 1ipid metab-
ollism and incroased liver fat content (Naber, 1968; cited
by Ceuch, 196%8) . Changes such as elevated plasma choles-
terol (Weiss and Fisher, 1957; Frankvand'Waible, l960)
and .total plasma llpid (Weiss and Fisher, 1957), excess
deposits of body fat, as well as friable and fatty livers
have been reported when large amcints of ‘animal fat or
vegetable oll were included in hen diets (Weiss and Fisher,
1957; Donaldson and Gordon, 1960; Frank and Waible, 1960) .
Rapesced_qil.added to a~kation at-a level of eight‘percent
caused fatty livers but soybean o0il and sunflower oil at
the same level protected against accumulation of liver fat
(Bragg et al., 1973).

Liver fat accumulatlon may be affected by the level
of energy in the ratlon fed. Barton et‘al. (1966).observed tha
hens ﬁed'low—energy diets had lower liver fat levels than
those fed a control ration of higher energy content. Only
the low-energy diets (2360 kilocalories metabolizable energy
prer kqg) prevented FLS from developlng When the hens fed
the low-energy ration were placed on the control ration,
llver fat levels soon increased to the same level as those
fed only the control ration. |

Hardness of the wat@r used by hens may also affect
the 1nc1dence of HLS (Jensen et al., 1976a). Flocks from
areas with water supplies contdining hlgher levels of

mlnerals had a higher 1nc1dence of HLS.
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A

bEnvironmental factors have been implicated in the ,
occurrence of HLS. In commercial laying flocks, liver fat
values were found to be higher among caged birds than
among similar birds kept in floor pens and fed the same
diet (McDaniel et al., 1957; Barton et al., 1966). The
Observation that hens in cages gained morelweight than those
in floor pens suggested that a: deficiency in the caged layer
dlet&may have ex1sted Oor that the restricted movement of
hens in cages affected fat deposition in the birds (Price
fg& al., 1957). "Garlich et al. (1975) found highly signifi-
cant differences in liver lipid levels attributable to
-system of housing and strain of layers. Couch (1956) obser~
ved that higher temperatures appeared to result in stress
and increased liQér lipid content of laying birds. A
similar effect of temperature on liver_lipid levels was
observed by Griffith et al. (1969) and Schexnailder ang
Griffith (1973). It has also been reported tha't mortalit,
rates were higher during the warmer months of Summer
(Couch, 1956; Nesheim et al., 1969; Blum et al., 1973)

Genetic varlatlons within strains as well as between
strains seem to-influenée lipid biosynthesis, transport,
energy intake ‘and even the degree of liver haemorrhage.

‘The gréatest differences in liver fat content occurréd
between §trains (Nglson‘and Carlsén, 1976). Some strains
consisténtly had high liver 1lipid vdlues and others had low

liver 1#pid values regardless of the method of housing or

feeding that was employed. There wés also a wide range in
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liver fat values for individual hvn.s within each strain and
feeding regimen. Nesheim and Ivy (1970) reported that of

39 hen% that died from HLS, 11 were granddaughters of one
sire and six were from another. Older hens also seemed

more prone to HLS Rut ?t was unclear whether it was related
to the stage of eqq préduction or the natural increése 1n
formation of fat “yng the laying period (May and Stadelman,
1960) . — -

N

\E, Methods for estimating levels of liver fat

In éraer to try to avoid chemical determination of
liver 1lipid levels various methods of scoring have been
attempted. Jensen et al. (1970) reportéd that visually
scoring livers .for fat accumulation was inadequate as a

~

means of detecfing freatment differences. Cunningham and
Morrison (i976) observed, howevér, that liver color wgs a .,
good estimator of liver fat content (r = 0.81) but liver
firmness did not estimate liver fat content with much
accuracy (r = 0.39). They s ated that "neither liver color
nor liver firmness was a goou predictor of caréass lipid
cchtent even though almost all the de novo fatty acid syn-
thesis takes place in the liver of the chicken." Plasma
protein levels were not helpful in detecting a developing
fatty liver condition (Duke et al., 1968). It was only
dfter a fatty liver condition héd developed that changes

in plasma protein levels occurred.

C. Fatty liver and kidney syndrome (FLKS) in broiler chicks

FLKS is a disease of unknown aetiology which features
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Kidney and myocardium of young chickens. i an mortality .
usually occurs between the 18th and 24th day of aqge (Hemsley
1965; Blair <t al., 1969). The disease was first described

by Marthedal and Velling in 1958 (cited by Hemsley, 1965).
As in HLS of laying hens, chicks suffering f:om FLKS had
greatly increased levels of TG in the 1lipid content of

their liver and kidneys (Evans et éi., 1975) . Hepatic
lipogenesis was reduced but the mitochondrial functions were
impaired. Livers were pale and swollen, and haemorrhages
were SOmet;mes present. Plasma-free fatty acid conéen—
trations‘were invariably elevated and likely were a major

factor contributing to the development of fatty deposition,

especially in the extrahepatic tissues of the chick (Hemsley,
1965; Evans“gg al., 1975). It was observed that the major-

ity of liver cells were packed with small fat droplets.
Evans et al. (1975) suggested that the incidence of hyper-
lipaemia was probably owing to a reduced rate of lipid
'ciearance father than an increased rate of jlipoprotein
synthesis.

Although the exact cause of FLKS is not known mény
factors seem to influence t ncidence of the disorder.
There appears to be'a relationship between the incidence
of ,FLKS and environmental‘stress (Husbands and Laursen-
-Jones, 1969). COSZitiOnS such as weighing or disturbing

the birds, increased housing temperatures or withdrawal

of feed all seem to trigger an increase in mortality
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(Payne, 1975; Blair and Whitehead, 1976{. There also
appears to be a positive correlation between the incidence
of FLKS and protein content or eﬁergy—to—protein ratio of
the diet (Blair et 31 ., 1969; Whitehead and Blair,
1974). Increased mortality was observed in diets,xith a
high energy-protein ratio . A disorder of fat met#boligh
has been suggested (Blair et al., 1973) since diet;‘con—
taining higher levels of essential fgtty acids (EFA) showed
a reduced level of mortality (Husbands and Laursen-Jones,
1969).

Several workers (Blair and Whitehead, 1974; Payne et
al., 1974; Payne, 1975; Blair and Whitehead, 1976) have
shown that .supplementing chicken broiler rations with
biotin was an effective means of preventing the occurrence
of FLKS. It was suggested that different levels of biotin‘
(Blair and Whitehead, 1976) or fat (Blair et al., 1973) in
the grain sources for chickfdiefs might also account for

/ . ,
the varying‘incidence.of FLKS. Pelleting the diets appeared
to increase the incidence éf FLKS'suggesting ﬁhat one oOr
more nutrients present in bordefline quantities such as
biotin may have been destroyed or modified (Blair and
Wﬁitehead, 1974; Blair et al., 1973).

Since FLKS was not induced by féeding'biqtin—deficient
rations it was concluded that FLKS was a biotin-responsive
syndrome (Blair and Wﬁitéhead, 1974; ' Whiﬁehead -gE‘ al.,
1974). ‘Bannister (1976)  reported that depletion . “

of liver biotin is not the primary cause of FLKS because
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there was not a greater fedhction of glﬁboneogenic acﬁivities
of the liver in éhiéks fed a biotin-deficient diet.than in
those fed a FLKS-inducing diet. He concluded that "it is
clear that FLKS is guite distinct from a biotin deficiency
despite the fact that both respond to tge vitamiﬁ."

D. Effect of restricted carbohydrate supply on liver
composition A

Performancehéf poultry,may be affected by feeding
rati;ns of léw carbohydrate content or by resﬁricﬁing feed
intake. Allred and Roehrié (1970) reported that feediﬁg
"carbohydrate-free diets"™ to chickené deéreased glycolytic
and increased:'gluconeogenic enzyme activity'which;in turn,
increased the net productioﬁ of glucose by the iver.

The type of carbohydrape ﬁsed may also affect its
utilization by poultry (Renner, 1971). Hamilton and
Mitchell (1924)‘showeé that the chickeé-lacked the eﬁzymeA
lactase to break down lactose to glucose and galactose and
therefore lactose. was not utilized? Ingestion of lactose
seemed £0'increase water consumption and exéretion in birds
(Fox and Briggs, 1959). Ashcroft (1933) found that milk
products decreased the pH of thevcohtents of the/largeA
intestine of chickens."Diarrhea developed anabthe caecal
horns were distended to 2 or 3 times their normal éize.
Lactose, the major milk sugar, was not the so Zactor
causing the diarrﬁeé. The’soluble-éalts in‘whey seemed to

increase the tendency toward diarrhea (Fischer and 3utton,

< 1949).
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The use of diets of very high protein and fat content
effecﬁively restricts carbohydrate intake. Unrestricted
\ intake of low—-carbohydrate diets have been recommended as
\a,meansifor humans td lose weight (Atkins, 1972).
vRajagurﬁ'eE al. (1966) found that the protein content. of
the carcass on a dry matter basis increased and the ether
extractable compOnents‘decreased with an increase in
dietary pfotein levels. Allred and Roehrig (1970) suggested
that gluconeogenic processes deplete_the-available Supply,‘

of amino acids provided by the diet.

E. Effect of feed restriction on liver composition

The possibility, that incidcnce of HLS might be influ-.
enced'by feedﬁgestriction brograms has also been explored.
\Eeed restricsion significantly lowered,both liver lipid
percent and egg’prbduction (Couch,'l974). Withholding food
alﬁogether for a short period of time increased mortality

(Payne, 1975). Enzymes involved with- glucose 6—phosphate

(GéeP) metabollsm dlsplayed mult1~behav1oural act1v1t1es

oy

during nutritional deplet;on and restoration periods’
(Weber et al., i961).; fhe enzymes do not all simultan- )
eogsly change with changes in level of feed intake.. Avien'
hepatic carbohydrate—metabolizing enzymes behave in mﬁch
‘the same way as those of mammals under feed restrlctlon.
IBlood glucose levels in the chicken are almost double Ehbse
of mammals yet fasting did not'lnﬁluence the'totallbody

glucose mass in" the hens (Belo et al., 1976). .They cor-

cluded that there must be a sﬁbstantial recycling of glucose
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carbon in fasted chickens since glucose utilization in
the chicken is rapidy

Hepatic lipogenesis is greatly depressed in fasted
hens possibly because there is an insufficient level of
free CoA (Yeh and Leveille, i97l). There appeared to be
some protection'provided against the.stress of fasting if
the hens were on a high-fat, high-energy diet prior to
fasting‘(Anonymous,.l976). Restricted feeding followed by
a full feeding regimen did not increase tne incidence of
FLHS. Wolford and Polin (1972) found the incidence of FLHS
among their restricted hens to be nil when they were put
backxon full feed while the control group of hens fed free \J/‘
choice throughout the experiment had a mortality rate of

’

25 percent.

In contrast to the effects of feed restriction, exces-
sive feed intake as a result of force-feeding appears to
1nfluence the occurrence of liver haemorrhages. Wolford
and Polin (1974) noted that force- fed hens developed hepatic
haemorrhages Similar to those of .FLHS. The haemorrhagic
score and incidence of haemorrhages were directly related
to the total daily feed intake. Carbohydrates and llplds
were equally effective in 1nduc1ng FLHS Feedlng various
types of diets and sources of energy at levels that were
150 percent that of birds fed gd‘libitum induced FLHS
(Polin and Wolford,'l97§). They‘concluded that a "positive
energy balance" had been induced by force- feeding hens.

These findings did not correspond to those of Ivy and Nesheim
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" (1973) who noted tpat, although force-feeding caused marked

increases in liver size and fat content, no mortality from

liver haemorrhages occurred.

-~
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-EXPERIMENTS AT THE UNIVERSITY OF ALBERTA

Experiments were conducted to study:

Section I

Section II

Section III

19

. ™~
The effects of Tower rapgseed}meal and lipo-

tropic factors on productive pefformance
a?d occurrence of HLS in laying hens.

The effect of low-carbohydrate diets on the
composition of liyeré of laying hens.

The. effect of restricted feed intake on the.

composition of- livers of laying hens.

L
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- SECTION I
' ‘/_\ . .
The effects of Tower rapeseed meal.add lipotropic factors
. : . . \
on productive performance and occurrence of HLS in laying

hens.

Status of the problem

During ‘the past few years' several reports have indi- i
cated that the use of more than five- percent rapeseed meal
in layer rations resulted in higher levels of mortality
and ihcreased inc1denﬂe of H : There was also an indi-
cation that the deleterious. effects noted were related to.
the high glucosinolate content of the meals. With the
advent-of the new low—glucosinolate varieties, it seemed
desirable to determine whether the meals derived from the
new varieties could be used at higher levels than those
recommended Wlth the older high gluCOSinolate meals.
vConsequently an experiment was conducted to determineothe
' effect of varying levels of Tower rapeseed meal (See
ReView of Literature, page 9) on productive performance
and incidence of HLS in laying hens. ~Since the occurrence
of HLS has often been associated with'high levels of,liver
fat, treatments were included'to determine whether addition
of a number of lipotropic factors would have any effect on
incidence of HLS or on the composition of the livers of

laying birds
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Experimental

Four hundred and eigﬁty 42~week;old Shever Starcross
288 pullets were used ih ﬁhis experiment. . A factorial
. design involving: four levels of Tower RSM (0, 5, 10 and
15%) fed either with or without added lipotropic factors

)

.was used to derive the data. The-birds were Kept in cages
(2 birds per 30 x 40 cm cage), lenganded and divided intQ'
Ll6 éompérable groups oﬁjso bifdg each. TWO groups were
-placed -on each 6f the eight ration treatments.

The coméosition of the rations used is shown iﬁ'Table
1. The ratiqns were designéd to be isocaloric and isoni-
trogénqus.rwAll rations contained 2695 kilocaiories of
‘metabolizanle energy per kilograﬁ of ration and 15.9 percent
protein. Feed and water werevsupplied ad libituﬁ. Size
#3 insolgble grit was édded'?o all ratiohs’at ﬁhe one per-
cen£ leye;. The experiment wés terminatedléfter 32 weeks
on.Eest. | ‘
| Records were képt,on body weight, mortality, egg
prOduction,'feed‘céhsumption, egg weight, Haugh unit values
and egg specific graVity. .The birds were weighed-at the
beginning and end of the e#periment. Feed éonsumption'wasf
recorded for each 28fday period during the experiment.
Egg size was determined by Qeighing all eggs laid'by each
éfoﬁp on oné day eaéh week. Haugh unit vaiues.and specific

gravity were determined once a month on all eggs'laid on
B )

a given day.
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Artificial lighting was provided to give the birds 14
‘hours of iightvper day. Mortality was recorded on a daily
basis. Autopsies were performed at“the Provincial Veter-
1nary Laboratory on all hens that died during the experi-
ment.

At the conclusion of the experiment 12 birds'from each
treatment were randomly selected, fasted for 18 hours and
sacrlflced by cervical dlslocatlon The livers were then
examined and an estinate of tneir/fat content was made by .
va visual appraisal. The visual grades, ranging from'l to
5, were the same as those used by Serrano (1976) in which
scores of 1 and 2 represented livers containingdl2—l4 percent fat,
‘a score of 3 pertained to livers containing approximately
25 percent fat, and livers with scores of 4»and;5 usually
contained 45 percent or more of fat on-a dry matter basis.

After yispal scoring, the livers were removed, cleaned
of adhering fat and excess blood,vand‘Weighed. They were
‘then placed in ingividual plastic bags and frozen. The -
dry“matter contentvof tne livers was calculated by freeze-
- drying the livers for 72 nours to a constant_weight.
Freeze-dried livers were individually ground in.an_Ost;r
olender and stored at -20°C until they were analyzed for
protein and fat (Apoendix I).

The'data were snbjected to analysis of variance  and
significance of differences were evaluated by Duncan's
Multiple Range Test (Steele and 'orrie, 19§O) at the 0.05

level of probability. Details of the statistical analxses‘
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are-shown in Appendix II. An analysis of covariance test

was also run to determine the corrclation between visual

fat score and the actual chemical analysis of fat (Appendix 111).

B}

Results dnd D]SCU%SLOD'

A summary of the effects Qf’different levels of Tower
RSM and lipofropic factors in the rations fed on the per—;
formance of laying hens 1s given in Table_Z.

The level of nortality was notvsighificantly affected
by level.of "RSM. included in tﬁe rations or by thev
addition of lipotropic factors. HLS occurred in ?nly one
treetment and incidence was loﬁ’and érobablf”not related
to the ?evel of - RSM usedi This differed from an
echrlant conducted u51ng a high- gluc051nolate rapecseed
meal (Span) 1n whlch the 1nc1dence ‘of HLS was significantly
1ncreased when RSM was 1ncluded at levels of 10 and 15 percent
(Serrano, 1976) . Theladditlon of llcotroplc factors
appeared to have a slightly beneficial'effecﬁ on total
mortality but the differences observed were not significantly
different, . -

Egg production, bcthvgn a hen-housed and hen-day basis

\

was not affected by levels of Tower rapeseed.meal (5, 10 )

3
+
.

or 15%) 1ncluded in the ratlons as compared to. the control

groups. This dlffered from the results of Serrano (1976)
t/

in which 1nclu51on of 10 or 15 percent high- gluc051nolate

RSM (Span) resulted in a significant decrease in hen- housed'

production.

The addition of lipotropic factors to the rations fed
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In this experiment had no effect on level of vgyg producgion.
Production rates in the unsuppluﬁentcd and supplemented
groups were very similar.

Eifiéioncy of feed conversion was not atfected by Lhe
level of REM used 1in the rations or by the addition of
lipotropic factors. - The lack of effect on. feed conversion
mighf be expected since the rations were isocaloric and
egg prodgction rate was unaffected.

Egygs weights were significantly lower in ygroups fed.
RSM at all levels of inclusion.as compared to the control
group. There were, however, no differences in egg welght
betweeﬁ the groups fed 5, 10 or 15 percent RéM.

Statistical ahalyses indicated that the use of 5 or
10 percent Tower RSM in laying rations resulted in impro-
ved interior egg quality, %easured by Haugh unit values,
as compared to those receiving 15 percent RSM. -There was,
ho&ever, no difference between the control group and those
'receiving 15 pefcent RSM. There is no explanation for the
higher Haﬁgh unit values noFed when 5 or 10 percent RSM
was added to the ration. When the data were combined, the
addition of lipotropic factorsAresulted in a significaht
‘increase in Haugh unit values. (

Specific gravity of the eggs produced was not affected
by the treatments used. The values obtained were_remarkably
fconstant. |

Theré Was no ev. .ence of treatment effect on final body

weight of the birds. Average weight gains during the



Sexperimental pefiod ranged from 10 to 150 grams.

Téble 3 shows the composition of the hen livers from
each of the treatments used in the experiment. The livers
showed no-visual differences in fat content at the various
levels of RSM inclusion. The addition of lipotropic
factors had a vafying influence on visual scores but the
differences noted were not significant. Fresh liver
weights were not significantly different at any level of
Téwer RSM inclusion and supplementation with lipotropic
factors had no consistent influence on the liver welghts.
This was reflected in the data expressing liver weight as
grams per 100 grams of body weight in which no differences
between treatments were observed. The valueS‘thained
indicated that liver weight was approximately two percent
of bod§ weight’which is in close agreement with data from
a previous report (Serrano, 1976).

The dry matter, protein and fat content of the livers
were similar to t%e conﬁrols at all levels of Tower RSM
inclgsion and the addition of lipotropic factors had no
consistent»effect on these parameters. It also appeared
that addition of lipotropic factors had no effect on liver
composition.

The analysis of covafiance showing the relationship
between visual fat scores -and chemical;fat determinations
of the livers gave an r value of 0.58 -(Appéndix I11).
A value of this magnitude indicates that visual fat scores

account for a significant amount of the variation of the

ac. :al liver fat content.
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Summary R -
—t “ , .
Shaver Starcross 8§Lpullets, 42 weeks of age, were

fed rations containinngour levels (o0, 5, lO anc 15%) of a

.low gluc051nolate RSM (TOwer variety), either with or

without added lipotropic factors, for a period of 32 weeks.
The results ~btained indicated that:

1. The inciusion of 5, 10 or 15 percent Tower RSM in a
laying ration had no significant effect on level of mort-
ality or incidence) of HLS in laying hens. Additiontof
lipotropic factors appeared to reduce mortality slightly

but the differences were not significant. : »

2. No detrimental effects on rate of egg productlon,
calculated either on a hen-housed or a hen- -day basis, were
observed when Tower RSM was included in the ratlons at

levels up to 15 percent

3. Interior egg quality_from hens fed Tower RSM uas

,similar to that observed in the controls. The addltlon of
lipotropic factors resulted in 51gn1f1cantly hlgher Haugh
unit values than was observed in the unsupplemented groups.
4. Hens fed 5, 10 and 15 percent Tower RSM had 51gn1f1cantly
lowerexx;welghts than those of hens fed the control ratlon.
5. " Egg specific gravity, feed per dozen eggs and final

body weight were unaffected by 1nclu51on of RSM or llpotroplc

factors in the rations fed._
6. Inclusion of Tower RSM in laying rations had no effect
on the visual sc¢ore of llvers or ‘on their gbmp051tlon

7  Addition of llpotroplc factors had no consistent
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influence on visual liver scores or on the dry matter,
protein and fat contént of livéréu
ﬁ. Visual appraisal of the fat content of £hé livers.
accounted for a significant amount of the Qariation of

‘the actual liver fat content (r = 0.58).

.

-

g

. (.
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SECTION II /
The effect of low-carbohydrate diets on the composition ofl
livers of laying hens.

Status of the problem

Since the addition of lipotropic factorst*had no con-
sistent effect on visual liyer score or fat content of the
‘livers (Section I),lt would be desirable Lhat some other
method be devised to control fat deposition in the liver.
A recent book has advocated the use of very low carbohy-
drate diets as a means for humans to lose excess fat

(Atkins, 1972) It, therefore, seemed possible that the

N
use of low-carbohydrate diets might be useful in reducing
fat deposition in the body and liver of laying hens. Con-
sequently, an experlment was chducted to determine the -
effect that feeding‘low—carbohydrate diets would have.on
liver composition and fa£ reserves of hens at the end of

their first laylng year.

Experlmental “

-
N

One hundred and twentz\?haver Starcross 288 hens, 73 :
weeks of age and léying at a rate of about 60% were“randomly
selectéd,lleg—banded} weéighed and divided into six compar-
able grou@s of 20, birds each. The hens wefe'plaéed in
cages (2 birds per 30 x 40'cm éage)‘aﬁd given feed and
water ad libitum. |

The compdsition of the rations used is shown in.Table

4. The control ration (Ration 1) was calculated to contaln )

2680 kllocalorles of metabollzable energy per kllggram and

~ ' e N
! . \



36

. : ‘Bt gey Tlg UTWe3ITA (Bu g ‘UTORIN tbw ¢
‘®3vusylojueg umyored {bu € ‘urAeTjoqye f*n°1 TT ‘g UTUR3ITA {bw 00z ‘epyaoryd QUTTOUD %0S {NDY 00ZT
‘€@ utweyTA (°ny 0009 'V utwe3yp tuoyzea 30 BbY x8d myeaeT bumorToz By3 voﬂﬂmwwn xywoxd Uywwl A,

\ . *bu 0oz ¢ (uw

$Z9) OUW !{bu go1 ¢ (uz t8L) OUZ :uoT3wr jo By aad 8T8A9T Buimortoy ey PoT1ddne xywexd TvIOUTH,

, ‘BUOTIRI jJusumears rayjo eyz 30 3BU3 FTeY BT JUSIUOD XTwaxd UTWR®3ITA ®9Y3 puw

SUOTIRI I8Y30 8Y3 jJo 3eyy 3Tqnop 8T 3juajuod 3TeSs P9zZTpoT pur xtweid TeIsutw ay3 uoy3ex syyj ur,

i

S¥8°0 S¥8° 0 SP8° o Zzy' 0 S¥8°0 Sp8'0 . | exTwad ‘utwests
€20 €2°0 €2°0 90 €2°0 €20 IT®8 POZTPOT 3, xywaxd TexvuUTH

o« - s'0 - - $'0 $'0 (d 8570z ted ygrgy) e3wydsoyd umyoten
- 09 0'9 9p‘e 0°9 7 0°tL . . ®uo3sewyT punoip
- - - - 0°81 - (ure30ad %9°16) euywoxq

0§ 0°¢Le S°8T - : - - (ure30xd 4£ 0§ fo01F-uTURITA) uyesed

= - - 859°66 - - ’ (utejoad yz1) 6b6e PeY00)

- .- STV 69 - i - - (urejoxad s¢e) xepmod ATTW wyxg
0°sz STy 6¥ .= - — - - . (urezoad yz1) Keym perag

- - - Co- 0°92 0°s . (utejoxd 4g-gy) Twew uweqhog

0°¢ - - . - 0°9 0°T , . Teow bujxzey
sz6°¢s - - - st S°¢ (ure301d §55) Twew Twew

- - - - oz 0z Teou v3Tv3Te pajuipAysq
0'01 0°9 0°s - o' - - : v MOTTR} pPOZTTTqUls

- - - . - 0°g . Ketaeq. punols

- - - - - onm ~ s3wo punoxs
L. - - - ST6'EE  $76°69 (UTe303d %G'£T) 3BYM punozs

9 S 14 ~m 14 T

Juetpexbur

uummmr uoT3ey’

susy buyiey uouquOﬂunu.chcoEﬂuomxo #0 uor3Tsodwod ebejuesieg .v.oanaa



37

15.9 percent of crude proteinx Ration 2 was
similar to Ration i except that the protein content was
increased greatly by the addition of sonean meal and
promine' at the expense of the grains. A major portion of
the energy in the ration was still derived from carbohy-
drates in the'grain portion of the ration. This treatment
was included to a;séés the effeot that high protein might
haveoon\1iver.composi£ion and body fat reserves. A very

~ low carbohydrate diet (ﬁation 3) was devised by using
cooked eggs as the source of ‘energy and protein in  the
ration. Eggé were prepared by breakino’tne eggé into
aluminum trays (iO eggs per 9 x 18 x 6 cm deep container),
discarding the shells) and heating the egg contents in the
antoClaVe at 121°C fon 8 minutes. At the conclusion of
this cooking proceauré any moisture that had collected .in
thé traysrwas drained off and the eggs Wefe then blended'in
a "kitchen Aio" mixer. Minerals’ond vitamins were added'to
.'provide An "egg ration". ‘This ration was stored at 5°C and -

~~

Qas remixed every second day witn freshly cooked eggs to

reduce the possibility- of bacterial spoilagefm‘Each morning
any of the ration remaining in the feed troughs was re-
moved and the troughs wére tnorOughly washed, dried and
 filled with'fresh'feed. Because of‘the low'energy content -
of the/ggg ratlon (1555 kilocalories per kllogram and 11%
C P. )<1t. as asgﬁmed that. the hens would consume “approxi-
mately‘&g} o/és much S / the ration as- the controls. »In 

///,

Ration 4, 'sk&m:mrii powder, v1tam1n free casein and ‘stabil-
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ized animal fat were‘used to provide approximateiy the same
level of energy and protein as in Ration 2. It was assumed
that since almost all of the earbohydrate in skim milk |
'pewder is in the form of lactose and since hensilack the
enzyme lactase, the carbthdrate would not be,utiiized;
Thus the ration could be considered to be a low-carbohy-
drete ration for hens. Ration 5 was similar to Ration 4
except that dried Whey and casein were used in place of
skim milk powder.‘.since whey ' 'also contains lactose, it was
assumed that the energy in the ration used by the bird
would be derived from fat and'prdtein. Ratioh 6 wes simi-
lar in energy and protein content to Rations 2, 4 and 5
+(2850 kilocalories per kilogrem and 40% C.P.), but all of
the energy and protein was supplled by meat meal, herring
meal, drled whey, v1tam1n free casein and stablllzed tallow.
Thus, the ration was very low in carbohydrate content.

Records were kept on mortality; egqg production and
feed consumption. The hens were:weighed'after\Z and 4

4

weeks on test. The experiment was terminated after 4 weeks
oﬁ Fest.
At the conclu51on of the experlment 10 hens from each
-treatment were sacrlflced by cerv1cal dislocation and their
J//llvers were visually scored for fat content and- haematomas,
- -Each liﬁer was removed, weighed, placed in a plastic bag
and stored at;—20°C until analyzed for moisture, protein
end fat (Appendix I). o give an indication of body fatness,

the'abdominal'fat pads from each bird were removed and

o
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weighed. A record was kept of the weights of the ovary and
oviduct from each bird.
Duncan's Multiple Range Test was used to evaluate .
' between-treatment differences in the experimental data.
The analyses of variahce were evaluated at the 0.05 level

of probablllty (Appendlx IV)

Results and Discussion

The effects of the treatments on egg production, feed.
consumption, body weight, liver weight, visual fat score
of the liver and liVer composition are summarized in Table
5. Values shown are those obtalned at the. conclus1on of
_the 4—week treatment period. ’

The hens fed the low—carbohydrate diets - (Rations 3-6)
had a significantly lower rate of egqg production.than those
-fed the control ration (Ration 1) or the high—protein,‘
"high-carbohydrate ration (Ratlonlﬁ) The reduction in
production rate was ev1dent WLthln 4 days from the start’
of "the’ experlment This reductlon was less pronounced in
the group fed the egg ratlon (Ratlon 3).

Feed consumptlon,was affected by the ratlonsvused.
Hens fed the cooked egg ration consumed almost twice as
much feed as the birds fed the control ratlon thus having
essentlally the same calorlc intake. The hens fed the
ration contalnlng sklm milk powder consumed approx1mately'
three- quarters as much feed as the controls while those
fed dried whey and vitamin-free casein (Ration 5) or

animal products with dried whey and vitamin—freevcasein
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(Ration 6) consumed-less than half as much feed as the
controls. Because of the :educed feed intake, caloric
consumption on these "low-carbohydrate" rations was greatly
restricted. No explanation for failure of the birds to
consume enough to meet their energy requirements is evi-
dent; however, the birds fed these,low—carbohydrate rations
“devélOPed profuse diarrhea. This may have had an effect
on feed conéumption;
The treatments used had variable effects on changes
vin body weight during thevéxperiment. The hens fed the
control ratidn and the high~protein ration increased
slightly in body weight and the groupafedvthe egg ration
‘maintaiﬁéd rélatively stable body weight. ~Hens fed the
other low—carbohydrate rations (Rations 4-6) showed éigni—'
‘ficqnt losses in body weight. The magnitude‘of weighf
.lossvwas closely associated .with the level of feed intake.
The weight of the abdoﬁ?nal.fat pads appeared to bé
closely related to changes that occurred in body weight.
Hens fed thé control ration, the high—brotein ration ?hd
" the egg ration had large fat pads wh&le those on the other
low—carbohydrate rations had significantly smaller abdominal
fat pads; |
The combined weights of the o?ary and oviduct appeared
to be directly';elatéd to the levels of prodﬁction of eachvv
treatment and aécounted for part of thé weight reduction
‘thét occurred in the groupﬁéﬁed low—carbohydrate rations.

The loss was greatest in the groups showing the largest
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body weiéht loss (Rations 5 ana,6)1'

Fresh liver weights weﬂe/éeduced‘in hens fed the low-
‘carbohydrate rations (Rations 4, 5 and'6) but liver weighte
~of birds fed the egg ration were not reduced. When cal-
culated in relation ﬁo body size, there were no signifi-
cant differences iﬂ liver Size between treatments. ‘

Visual fat scores of the livers indicated that the
level of:liver fat was redﬁced in three of the low-carbo-
hydrate treatments (Ration 4, 5 and é) as compared to the
controls. The seores en the livers of the hens fed the
egg ration were similar.to those of the controls. No
e&idence of haemetomas in either the controls or treat-
ment groups was ebserved,

The compositiéh-of the livers was affected by the
treatments used. Groups fed'Raeions 4, .5 and 6 contained
a higher level of protein .and a lower level of fat than
was observed in the other treatments. It is intereeting'tb
note thatAthe hens fed the egg fation'(Retion 3) had
livef fat levels similar to those fed the control ration.
Sum..ar ' ‘ ' : o

Shaver Stafcross 288 hens, 73 weeks of age, were fed
rations of very low carbohydrate content to determine tee
influence thet sucH treatments would have on production
rate, body weigh£, liver compositien and.body-fat reserves.
The experiment was terminated after 28 days on treatment.

The results obtained indicated:
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Feeding rations of low—carbohydratevcontent caused a
reduction in rate of egg production.
of ﬁhe groups fed low—carbohydrate“rations, only those
on the egg ration consumed eﬁough feedftq meet their
energy needs. Birds fed the other low-carbohydrate
rations reducéd their daily caloric intaké. This re;
sulted in markéd losses iﬂybody wéight and reduced
size of'the abdominalkfat pads as compared to the other

treatments.

Fresh liver weights were significantly reduced when

low-carbohydrate rations were fed. When liver welights
were expressed on the‘ﬁasis of body weight, no signi-
ficant differences were observed.

The level of fat in ine livérs of hens fed the egg
ratién waé similar to ®hat in‘the hens given the control
and high-protein rations. Liver fat levels in the hens,
fed the other low—cé}bohydrate rations was markedly re-
duced. Visual fat scores of the livers were closely

correlated with their actual fat content.
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SECTION III
The effect of restricted feed intake on the composition of
livers of laying hens.

Status of the problem

The previous experiment (Section,II) faiied to deline-~
ate the reason for the reduced lipid content of the livers
of hens fed rations of low carbohydrate content. It app-
eared that tbe reductions that occurred may have been
related to level of feed intake rather than the carbohydrate
content of the ration. It therefore seemed desirable}to
determine the influence that oaloric restriction might have
on the amount of fat present in the liver, Consequently,
an experiment was conduoted to determine the effect of
yarious levels of feed restriction on the fat content of
the liver of mature laylng hens that had completed their

flrst laying year.

Experimental

Six -+ four Shaver Starcross 288 1aying hens, 80 weeks
‘ of age, itnat had finished their first year of production in
Playing batteries were randobiy se}ected, ieg—banded, weighed
and divided into eight‘comparable groups. The. birds were
placed in floor pens 1;42 meters x 4.27 meters in siyze and
a period of §. days was allowed before begin..ing the experi-
ment to permlt the birds to become accustomed to the change
from batterles to floor pens. ?
At the end of the‘S—day acclimatization period, two

groups were placed on each of the four treatments. The
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treatments used involved feeding the hens in each group
either 60, 70, 80 or 90 grams of laying ma (Table 1,
Ration 1) per bird per day. One-half of the daily allot-
ment was given at 7:30 a.m. and the rest at 1 p.m. each
day. Because'of an error that occurred in feeding, actual
feed consumption values in three of the groups was slightly
higher than specified. The actual amount of feed consumed
is given in Table 6. Twice-daily feeding was used to
ensure that all hens had an equai opportunity to consume
their share of the daily feed allotment and to try to
reduce the influence of "peck order" on feed consumption.
The experiment was terminéﬁed after 4 weeks on treatment.

Eggs were collected four times daily so that hens 6n
the more restricted feediﬁg regimes would not havé an H>ppor-
tunity to eat the eggs that had been laid and so that floor
eggs would not become buried in the litter. ‘A daily record
was kept on egg production.

Throughout the experimeﬁt water was supplied ad libitum.
Artificial lighting was provided for 14 hours per day but
natural light.also entered through the windqys of the
guilding. This extended average day leﬁgth éecause the
trial was conduéted in July.

All hens were weighed after 2 Qeeks on treatment and
at the conclusion of the experiment. A record was kept of
egg production and mortality during the experiment.

At the‘conélusion of the experiment six hens from each

replicate were sacrificed by —cervical dislocation and their
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livers were examined and visually scored. The livers were
stored and analyzed in the same manner as was used in
Section I; ’ BN

Duncan's Mhltiple Range Test was applied to the liver
composition daté at the 0.05 level of probabiliﬁy as an
evaluation of the analyses of variance and significance of

differences. Details are shown in Appendix V.

Results and Discussion

The effect of feed restriction on egg production, body
weight, liver weight and liver composition is summarized
in’ Table 6. Since there were unequal numbers in‘ﬁhe rep-
licates due to mortality during the acclimatization period
the body weight, liver Weights and liver composition data
includessonly the values from éix birds in each replicate.

No signifiéant differences in rate of egg production
were caused by two different levels of feed restrictionD
‘imposed. This may reflect the fact that the body weight
of the hens was‘high and egg production had already declined
to a low‘level_when the‘experiment commenced.

rﬁestrictionbof féed intake had no effect‘on final body
weight but resulted in a significant increase in loss of
body weiéht. The fact that the hens in éll tréatmehts,
inqluding those’being fed as much as théy-would consume
(Treaﬁment l), lost weight during the 4-week experimental
period may have been responsible'for the jailure to observe

a difference in final body weight. It is also possible that

the hens were not fully acclimatized to feeding and management
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in the floor pens and as a result reduced feed intake.

Differences between treatments in fresh liver weights
were observed, and when calculated as'a‘bercgntage of tal
body weight, livers from the control group were signifiéently
larger. This contrasted the previous experiment whg;e birds
on thelmost restricted caloric intake did not haVe signifi-
;antly'lower liver weights.

Appraisal of fat content by_means of visual fat scores
indicated that fat content decreased as level of feed intake
aecreased. Birds on the most restricted caloric intake
(Treatment 4) had lower liver fat scofes tﬁan the controls.
The fat scofes were slightly higher for the controls in
this experiment than they were in the;previous experiment.'
This'may have been because older birds, producing at a

'IOWer raﬁe, were used in this experiment. No héematomas
were seen in any of tﬁe‘livers examined.

Although visual fat sco:es on the livers indicated
£hat caloric restriction resulted in lower fat levels,: _
chemical determinations failed to show a significant .de-
crease in at content in the restricted groups. - The pro-
tein content of the livers of all of the restricted groups
was increésed above that noted on the control fation. No
differences in dry.matéer“éontent of thevlivers were 6bsvaed.'

The failure of restriction oﬁ feed intake to affect liver

)

fat levels does not-help to explain the influence of low~ -
carbohydrate rations on liver composition obtained in the

previous experiment. Further work with larger groups of
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hens and more severe feed restriction might help to clarify
the contrlbutlon that reduced caloric intake may have had
on dlfferences Wthh occurred in hens fed the low- carbo—

hydrate diets (Section II).
-

Summarz ~_

Shaver Starcross 288 pulleps, 80'weeks of age, at the
end of their first year of ébg production were supplied a
commercial-type laying ration at levels of 60, 70, 80 and
90 grams per bir  per day; the highest level was equivalent
to uﬁ@éstricted feed intake. 'The experiment was continued
for 28 days. ﬂﬁt the end of the trial, liuers from each
treatment were examined‘and their compoSition was determined.
The results indicated:
1. Varying levels of feed intake had no effect on final
body weight in this experiment; however, liver size
was smaller from blrds in the restrlcted treatments and
body welght ~loss during the trial was 81gn1f1cant1y
greater in the more severely restricted groups
2. Visual liver scores 1nd1cated that as feed intake levels
were reduced the fat content of the 11vers declined.
3. The levels of feed restriction used showed no signi~

ficant difference on the deposition of fat in the livers

of laying hens.
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| " GENERAL DISCUSSION

The lack of effect of varying levels of RSM in the
ratiop fed on mortality, production rate and feed effici-
ency and the very low incidence of HLS iq these experiments
suggests that a level of 15 percent Tower RSM may be safely
used in 1aying rations. This reenforces the genef;l rec-
ommendation of Clandinin et al. (1976) that Tower RSM may
be used at levels up to 10 peréent of laying rations.

The obseryation that liver composition was not‘affected

Aby’levél of Tower RSM~agrees with the findings of 0lomu
(1974) and Serrano'(l976) who reported that the inclusion
of differen; levels of Span RSM did not cause any increase
in siie’of‘the liver or any increase ih‘fat deposition.
The general lack of effect of varidus levels of RSM on'fat
content of.the liver even when a high incidence of HLS was
observed (Olomu, 1974; Serrano, %9765 suggests that the
disérder,associated wiéh RSM inclusion ip'laying rations
is probably different than the fétty iiver syndrome des-
cribed by Couth(1956)¥ -

The ;ack ofkeffect of lipotropic factors in reducing
1iver<fat content is in agreement with preVioué'studies
(Wolford and Murphy, 19727 Jenmsen et al., 1974; Serrano,
1976).. Since liver fat levels were;hot affected by in-
clusion of RSM ih”this experimént, it can probably be
assumgd that no deficiengy’ofvlipot;opic fachfs was'preseht

in the unsuppleme..ted rations.
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The use of 1ow—carbohydrate rations‘as a means to
reduce liver fat content gave variable results. Three of
the rations fed gaye reduced weight of abdooinal fat pads
and lower liver fat levels; however, hens fed the egg
ration had abdominal fat pads and liver fat levels compar-
able to those fed the high—carbohydrate'rations. The
differences may be attributed to differences in energy
intake. Hens fed the egg rations'increased feed intake
sufficiently to meet their energy needs whereas the birds
fed the other low—carbohydrate diets greatly reduced cal-
oric intake. Thls led to a 51gn1f1cant reductlon in welght
of abdomlnal fat pads and fat content of the livers. The
above observatlons suggest that feeding low—carbohydrate
diets to chickens w1ll not cause reduced body tissue stores
of fat prov1ded they consume enough to meet their: dally
caloric needs. This 1is atvvarlance with the suggestlon of
Atkins (1972) that humans on low-carbohydrate diets can
consume as ‘much as they wish and will continue to'lose
weight. This work would suggest that it is necessary
with chickens that caloric intake be reduced if weight
lOSS is to be achieved on low- carbohydrate rations and lends
support to the opinion of the Amerlcan Medical Association
COuncii of‘Foods and Nutrition (1974) that weight loss
among humans consuming low—carbohydrate diets was due»to
reduced caloric intake.

The lack of effect of feed restriction in'louer;ng

liver lipid content and egg production contradicts the
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findings of Couch (1974). The lack of decline in'egg
production among hens on restricted caloric intake could
be attributed to the stage of egg production of the hens.

The hens were almost out of production when the‘experimenf'

v

- started. Since hens in all treatments lost weight over the

experimental period, liver lipid levels were probably
altered at all levels of caloric intake so that a decrease
in the most restricted groups was not significantly dif-

ferent than those being fed ad libitum.
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APPENDIX I
grogedure‘fgr_analysis of liYEEE
Hens were fasted overnight before being selected for

v1sual appraisal and surgical removal of the liver samples

In order that blood present in haematomas would not unduly
affect the liver analyses damaged tissue was removed from:

the livers. Livers were then stored at ~-20°C until they

were analyzed.

| At the‘time of analysis, the livers were freeze- drled

to a constant weight and percentage dry matter was ‘calculated.
Constant weight was aﬁtalnEd after approx1mately 72 hours

in the freeze-drier.

The freeze-dried livere were individually ground in a
micro analytical mill. ‘For’fat determination, samples were
"digested with 6N HC1 'in a Gold- FlSCh reflux apparatus for
an hour in 600 ml beakers. A ratio of 50 ml HCl per 0.80
gram of llver sample was used for the dlgestlon The
dlgesta was flltered through a No. 42 Whatman filter paper
11.5 cm in diameter and the flasks were thoroughlyfrlnsed'
with hot dlstllled water. The filter paper was washed free
of ac1d with hot distilled water and then left to air dry.
All samples were dlgested in dupllcate The small 1nd1v1dual
llver welghts dictated that this technique be employed
'rather than the allquot method used prev1ously by Olomu
(1974) and . Serrano (1976) who pooled their samples. The
\re51due lefk on the filter paper was extracted for 12 hours

f'W1tH petroleum ether (30 -60°C. B.P.) and fat content was

‘-
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calculated using the A.0.A.C. method (1965).
For protein'determination duplicate samples (0.20—0.25 g)
of each freeze-dried liver were weighed and transferred to

800>ml Kjeldahl flasks. Protein was determined by A.O.A.C.

methods (1965) .

A~
s
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APPENDIX III
Analysis of covariance for percent fat adjusted for visual

score - source, degrees of freedom (df) and mean squares -
lipotropic experiment

Mean Squares

Liver fat

L2 K Squrce1 » vdf - $
L | 1 218.5
P o 3 20.0
LP : 3 223.3
Cov._ar'iété2 ) ' 4200.6
Residual3 | 87 -. . 102.8

1L—lipotropic level; P-rapeseed meal levels.
2Adjustmeht of liver fat for visual score.

3Chickens within lipotropic and rapeseed
meal levels (C/LP). ;
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