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REGULATION OF AVIAN GASTRIC FUNCTION: RECENT FINDINGS 

G.E. Duke and S.B o Chaplin 

Department of Veterinary Biology, College of Veterinary Medicine
 
University of Minnesota, St. Paul, Minnesota 55108
 

and my colleagues have studied digestive function in turkeys and chickens 
for the last 20 years and we have previously summarized our findings in 
Agricultur al Experiment Stat ion r epor t s (Duke, 1987 ; Duke an d Dz i uk , 1984) and 
elsewhere (Duke, 1982; 1983 ; 1986a; 1986b ; 1987). The purpose of this pa per 
i s to update previous reports. 

A maj or foc us of our research has been to describe (eg. Duke et al . , 1972; 
1975: Dziuk and Duke, 1972) gastroduodena l contractile activity (i.e., 
motil ity) and then to de t ermine how i t is regulated (e.g., Duke and Evanson, 
1972 ; 1976; Duke et al., 1976 ; 1979) . We have also studied gastric secretion 
(Du ke and Bedbur y, 1985; Mosher and DUke , 1985). Bot h gastric motility and 
secretion ar e regulated by hormonal as well as neural means. The hormone 
avian pancreatic polypepti de (aP P) was fo und t o depress both gastric motility 
and secre tion in chickens (Duke et al. , 1985). I n humans and dogs pancreatic 
polypept i de (PP) does not a f fe c t gastric f unc t i on . The upper portion of the 
gut of f owl is , however , quite different from that of mammals, in that it has 
a crop for storage of food and a gi zzar d for grinding food. So , differences 
i n r egul a t i on bet ween mamma l s an d fowl are not too surpris ing. To pursue th is 
ap par ent phyl ogen e t ic di f f er en ce f ur t her we decided to determine the influence 
of aPP on gastric secretion and moti lity in Red-tailed hawks which, while they 
do have a crop, t he ir gi zzard i s mor e comparable to the mammalian (non­
rumi nant) stomach. Als o, hawks , humans and dogs eat discret e meals , whereas 
poultr y tend to be conti nuous feeder s . We found that aPP had no significant 
a f f ect on gastric f unction in hawks (Duke et a l . , 1987a ) . Thus , the 
phys iologica l role of PP ap pears to be more r el at ed to feeding habits and t o 
gas t r i c function than to t axonomic relationships. 

As i nd icated above, PP has no eff ect on gas tric function in mammal s. The 
pri nc ipal effect in mammals ap pear s to be t o s uppr ess pancreatic and biliary 
s ecr et ion . To f ur t her examine r elat i ve dif f er en ces in regUlation of diges t ive 
pr oce sses between mamma ls and bi rds , we under took t o investigat e the ef f ect of 
aPP on t hese s ecret ions i n SCWL hens (Duke et a l . , 1987b). The he ns were 
s urgi call y prepared wi t h can nulae for collecting s ec r e t i ons f r om the cyst ic 
duct and t he duct dr aining t he ve nt r al pancreat i c lobe, and f or infusi ng the 
jugular vei n with aP P or saline. An i nfu s ion r a te whi ch produced a plasma 
level of 15 ng of aPP/ml of plasma was us ed. A comparison of values obtained 
dur i ng saline i nfus ion to those ob t a ined dur i ng aPP inf us i on indicated that 
pancreatic and bi l i ary secretory volumes and pancreatic total protein 
concentration were signi f icantly de pressed by aPP (Ta ble 1), whi l e the pH of 
pancrea t ic and b i l iary s ecre t i ons was not s igni f i cant l y a f f ec t ed . 
Thus , the role of aPP in r egulation of pancreat i c and bil i ar y secretion 
ap pear s to be simi l ar i n birds and mammals , however , unl ike g i zzard function, 
pancreat ic and bil iary f unctions also a ppear to be simi l ar be t ween mammals and 
birds. 

In the s t udi es descr i bed above , aPP was inf us ed in t ravas cular l y (i.v.). It is 
a lso possi bl e to admi nis t er dr ugs or hormones t hrough an i mpl an t ed cannul a 
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into a cerebral ventricle (i.e., intracerebro-ventricular or ICV). In the 
former situation one tests "peripheral" responses to a hormone vs. "central" 
responses in the latter situation. Since aPP is found centrally in brain 
tissue and peripherally in pancreatic and intestinal tissue as well as in the 
blood, it is important to understand how it might regulate digestive processes 
centrally as well as peripherally . Dr. Mike Denbow from the Poul t ry Science 
Department at Virginia Polytechnic Institute, an expert in ICV administration 
of hormones, joined us for these studies and food intake as well as gastric 
function were studied. Centrally administered aPP was found to increase 
feeding but to have virtually no effect on gastric secretion and moti l ity 
(Denbow et al ., 1987). Thus, aPP does act centrally but its central and 
peripheral influences seem functionally inconsistent, i.e., why does this one 
hormone increase feeding when administered centrally , but decrease digestive 
function after peripheral administration? Obviously more study is needed. 

Typically, gastrointestinal (GI) hormones are released post~prandially. Some 
are released by the act of eating , some by the presence of food in the 
stomach, some by the presence of food in the intestine , etc. These hormones 
both stimulate and inhibit digestive processes. The presence of food in the 
intestine releases aPP. 

To gain some insight into the role of some of the other GI hormones in birds, 
we studied the effects of three common ones, cholecystokinin, s ecret in, and 
vasoactive intestinal peptide on pancreatic and biliary secretion (Duke et 
al., 1987c). Infusion (i.v.) of these hormones following a control infusion 
of saline indicated that they were primarily stimulatory (Table 2). Thus , 
since aPP was shown to be inhibitory, its apparent physiological role is to 
oppose or modulate the actions of other , stimulatory GI hormones. These three 
hormones did not affect the plasma concentration of aPP (Duke e t al . , 1986). 

As indicated above, regulation may occur vi a neural or hormonal means . 
Regulation of GI motility may also be myogenic (i.e., arising from the muscle 
layers in the GI tract). In the mammalian GI tract an ongoing electrical 
activity can be recorded from the muscle layers which is called the 
"pacesetter potential". This arises from specialized cells called the 
"interstitial cells of cajal" . We could not record this activity in the 
stomach of turkeys and, although we could record it from the duodenum, i t did 
not appear to be "setting the pace" of duodenal contractions (Duke et a l. , 
1972). We have hypothesized that the complex gastroduodenal contract ion cycle 
of fowl is neurogen ic, i.e ., it arises from and is coordinated by the 
myenteric neurons (nerves lying between the longitudinal and circular muscle 
layers in the GI tract) . We have recently begun studies to test this 
hypothesis. 

In addition to the myenteric, or intrinsic nerves, the GI tract is also served 
by extrinsic nerves from the spinal cord and the base of the brai n . Thes e 
extrinsic nerves may both innervate GI muscles and connect with the myent er i c 
nerves. As a first step i n study of the influence of the myenteric nerves, we 
sought to determine the influence, if any, of the extrinsic nerves on 
initiation or coord ination of the gastroduodenal contract ion cycle . The vagus 
and two gastric branch es of the sympathetic nerve were sectioned at the level 
of the glandular stomach. This denervation had no effect on the initiation of 
contractions , fre quen cy of contractions (Table 3) , nor on coordination of t he 
gastroduodenal cycle (Chapl in and Duke, 1988 ) . Thus , although the vagus and 
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Ambi e nt t emperature a nd r elat i ve humidi t y dat a 

Hou r ly t emp e rat u r e and r elative humidity d a t a for 
r e p r e sen tative winter months were i nputte d and s tored i n a d at a 
f i l e. The f i le c ontai ne d b ot h b e l ow n o r ma l a n d nor ma l t e mperature 
data. The be l ow n o r ma l t empe r atur e data u s e d r anged between - 2 7 
and - 5 C with a ten day av e r a ge o f -1 7 C . The normal t e mp e rat u r e 
d a t a ranged f r om - 24 t o 1 C with an average o f -1 0 C . 

So l u tion p r oced u re 

Equ a ti on s (1 ) - (9 ) p rovide a s yste m o f three inde pendent 
equat i ons with f i ve pos s ible unknowns; ins i de t e mperatu r e , i ns i de 
r elat i ve h umid i t y, vent i l a t ion rat e , supp l e me n t a ry heat and litter 
moisture content . To ob t a i n so l ut i ons t h e v e nt i l a t ion system 
l imits i n Tab l e 1 a n d t ypica l v e ntilat ion c ontro l s tra tegi e s we r e 
use d . 

An i t e r a t i v e so l u t i on procedu re wa s u s e d e ach t i me s t e p to 
s o lve the s y stem of e quat i ons . Solut ions found we r e compared to 
t he ventilat i on sys t e m limi t s . A so l ution wa s a c c ep t e d i f it fell 
wi t h in the venti lation s ystem l i mi t s and t h e ma nage me n t str a tegy 
guid e l i n e s . On c e t he resu l ts we re a c c epted, the n e xt t ime s t e p wa s 
b e gun b y upd a t i n g the temp e r a ture and product ion i npu t s . 

RESULTS AND DI SCUSSION 

Th e pur pos e of t hi s mode l was t o de scri b e v ent i l a tion of 
t urkey grower b arns including t he moi s t ure mov e me n t i nto and out of 
t he l i t t er . Th e fact o r s c on sider e d for thi s rep ort we re t h e l i t t e r 
mo i stur e diffus ion coeff icient, bird a g e and out sid e temp e r a t ure. 
Th e end po i n t s con s i de red fo r c ompari on s were; the l itt e r mo i sture 
con t e nt 1 . 0 cm below t he sur f ace , i nside t e mper ature a nd r e l a t i ve 
humidit y , s upple mentar y h e at needed and the av e r age vent i l a t ion 
r a t e . 

Li t t er mo i s tu r e d iff u s i on 

Prelimin a r y resu l t s obt a ined d u r i n g deve l opmen t of t h e lit t er 
moistu r e c on t e n t sub routine h a d i ndi c a ted t h a t t he diffus i vi t y 
v a l u e had an s i gn i f i c a n t i mp a c t on the nom i n a l l i t ter moistu r e 
cont ent. High d i f f u s i v i t i es (eas i er moisture t r ansfer) produced 
lowe r nomi nal litt er moist u re c ont e nts whi l e low d i f f u sivities 
res u lte d in h i gh e r l i t t er moi s tur e c ontent s . F i gure 1 shows t he 
litt er moi stu r e c on t e nt a t 1 . 0 cm b elow t h e sur f a ce ver s u s time 
using a d i f f us ivit y o f 1.7 x 1 0- 5 cm2 /s and b elow no rmal amb i e nt 
t emper a t u r e d a ta . The l i t t er moisture c ontent ranged f r om 15 to 
16 . 3 p e r cen t we t bas i s . Us ing a diffu siv i t y of 3 . 0 x 1 0-5 cm2 / s 
produc ed lit ter moi sture con t e n t s betwee n 10 and 12. 5 p e rcent wet 

2/ sbasis. Re sult s ob t a i n e d u s i ng a d i f f usivit y of 4 .0 x 1 0- 6 cm
resulted i n l itter mo i s t ure c on t e nt s a round 36 p e r cent wet bas is. 

Figure 1 a lso shows t h e ins i de r e lativ e h umidi t y v ersus time . 
The litter moi s tur e con t e n t p a r allele d t h e ins i d e r ela t i v e humidity 
very c l os e l y a f t e r cond i t i ons h a d s t abi l ized from ini tia l values. 
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Th e l itte r moi s t u r e conte nt max i mums a n d minimums lagged b e h ind the 
relative humidi t y maximums a nd min i mums b y ab out 2- 4 ho u r s . 

Th e a ve rag e v e n t i l a tion rat e , in s ide temp e r a ture and s upp l e ­
mentary h e at we re s i mi l ar f o r a l l t h r e e d i f f u s ivity va l u e s . Th e 
below normal ou t s i d e t emp e r a ture da t a kep t t h e venti lation r a t e a nd 
i n s i d e temperatu r e a t t he minimum va l u e s allowed. Th e s upp l e men­
t a ry hea t summe d to a round 45 GJ over t he ten da y p eriod ana lyz ed . 

Bi rd a ge 

Bird a ge a ffected the sens i b l e h e at, moi s ture produ ct ion a n d 
allowable i n side temp eratur e s u s ed as i npu t s to the mode l . 
Figure 1 s h owe d t he r esu l ts u s ing 14 we ek o l d t oms . F i gure 2 shows 
the litter moisture conte nt and i nside re l ative hum i dity re s u l ts 
obtained for 18 week o ld t o ms using t he below normal a mbient 
temp e rat ure da ta . Figure 2 s h ows t h e p aralle l ing b e t ween t he 
l it te r mo i s t u r e c onte n t a n d i n s i d e re l a tive humidity seen 
p reviously. Aft e r a n i n i t i a l c o n t i n i ous i n c r e a s e in l itt er 
moistur e c ontent , i t fluctua t es b etween 16.5 and 17 . 5 percent wet 
bas is . Th e slightly h ighe r lit t e r mo i sture c ontent ob t a i n e d with 
the older b irds was c onf o un de d wi t h t he cha ng e in a llowa b l e ins i de 
temperature s for t h e olde r b irds . Th is i s a commo n p ractic e in 
Minne sota in t he wi n t er because t he lower i n s i de tempera t ure s aves' 
energy and increase s the inside relativ e humi d ity whi c h r e duc e s the 
dust l evel in the b a r n . 

As expected, t h e ventilation r a t e wa s h i gher and the s upple ­
me n tar y heat n e e ded wa s lowe r f or the older birds . Th e 14 we e k old 
b ird s us e d the mi n imum vent ila t i o n r ate ] 2 . 7 m3 / s, c ontinuously

3/swhile the rat e ranged from 2 .7 t o 5 . 5 m I s a n d averag ed 3.6 m
for the 18 week o l d b irds. The 1 4 we e k o ld b i r ds req u i r e d 45 . 7 GJ 
of s up p l e mental heat while t h e 18 we ek old b i r d s u s e d 0 .8 5 GJ. 
Again t h i s effe ct wa s confounded with t he change i n al l owa b l e 
i n s ide temp e rat u r e . 

Amb ient t e mperat ure 

Re s ults u sing the norma l Januar y temp e r a ture dat a produ ced 
e xpec t e d i n c r e a s e s in the i ns ide temp e r a t u r e a nd vent i l a t i on rate 
and a dec r e ase in the s upp l e me n t a r y hea t fo r b ot h t h e 1 4 and 18 
we e k old b i rds . Th e norma l t e mp e r a tur e 1 4 week o l d b i r d s had a n 
i nside t e mper a t u re of 21 C whe r e as t he c o l d weathe r d a ta 
es sentially d id not d eviate f r om the min i mum in s ide t e mp e r a t u r e o f 
18 . 5 C . Th e vent i lat i o n r a t e d u r i n g t h e no rma l t e mp e r a tu r e 
a v e raged 3 .0 m3/ s , re a c h i n g as h i gh a s 4 . 4 m3 / s, where a s t he c o l d 

3/stemperature da t a r e qu i red t h e mi n i mum v ent i lat i on r a te o f 2 .8 m
continuous ly . Energ y u s e d u r i ng the no rma l tempe r ature d a ta wa s 
18 . 6 GJ, a lmost 60% l es s than t h e 45 . 7 GJ u sed du r ing t h e co l d 
tempe rature analy s i s . 

The 1 8 week o l d b i rds a l s o r e quired mo r e vent i lat i o n , 
avera j ing 4 . 9 m3 / s du ring t h e no r mal J a nua r y c omp a r e d t o the 
3.6 m I s a ve r age d dur i ng t h e b elow n o r ma l a na l y s i s . No supp le­
me n t a l e n ergy wa s n e e de d usin g t he norma l t e mp e r a t u r e data . 

Th e amb ient temp e r a t u re affe c t s on t h e l i t t er mo ist ure c o nt e n t 
were d i f fe r e nt for t he t wo b i r d a ge s . The 1 4 we e k o ld b irds had a 
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litter moist u r e content increase of 0 .3 percent we t basis between 
the col d a nd n o r ma l Jan uary temperature data. The 18 week old 
b ird s had a decrea s e o f 0 . 6 p e r c e n t we t b a s is. The s e results occur 
in p a r t becaus e of t h e effects that i n side temperature and relative 
humidity h a d on the equ ilibrium moist u re content a t the l itter 
surface . Th e se r e s u l t s i n d ica t e c omp l ex interactions exist between 
we ather, b i r d a g e , ven t i l ati on and t he litter moi sture content . 

I n i t ia l l it te r moisture c ontent 

The select i on o f t h e i n itial litter mo i sture c on t e n t had a 
signi f icant imp a c t on the re s u lts over a l i mi t e d number of d a y s . 
Select ing an initial moisture content f a r f r om the nominal value 
resulted in a s t e ady increase o r d e crease i n the moi sture content 
unt il it r eached t h e nominal value. This c an b e s e e n i n Figure 2 
du r i n g the f i r s t 4 0 h o u r s of a naly s i s . The duration of the 
i ncr ease or d e c r eas e d epe n ds on t he dif f usivity and d eviation from 
t h e n ominal value . 

The init ial moi sture content values used for these results 
we r e below a nd within 2% of the average litter moisture content 
v a l u e s so that i t s t abi l ized within 48 hours. 

CONCLUS ION 

A turkey v ent i lation model wa s developed u sing s ensible heat 
a nd mo i s t u r e b a l a n c es to estimat e i n s i d e t e mp e r ature, relative 
hum i dity , litter moi s tur e content , vent ilat ion r ate and supplemen­
t ary h e at . Th e mois t u r e b alance i n cludes a f i nit e element method 
s ubr ou t i n e to describe moisture movement i n t o and out of t h e 
l i t te r . Th e model u ses s t o r e d h ou r l y a mbi ent temperature and 
relative humid ity d ata a nd weekly a d j u s t ed turkey production data 
a s i nput s . It acc omodates var i ou s v ent ilation syste ms and manage­
me nt schemes . Re s ults from the model i ndi cat e d that t he litte r 
mo i sture diffu s ivity was a v ery important parameter affecting the 
n ominal litter moi s t u r e c ontent . The l i t t e r moisture content 
p a r a l leled the i n s i d e relat ive humi d i ty. Fa ctors t h a t affect the 
i nsid e relat ive hum idity in turn will aff e ct the l itter moisture 
c ont e n t . Bi r d a g e and ambient t emp e r a ture h a d a greater impact on 
t h e v ent i lation r a te a nd suppleme nt a l h e a t n e eded than on t h e 
l itter moist u r e c onten t . Ba s ic researc h to dete r min e the 
approp r i at e d i f f u s i v i t ies and equ i l ibrium r ela tionship i s needed . 

TABLE OF SYMBOL S 

C = l i t t e r moi s t ure content (p e r c e n t wet b a s i s ) 

Dab mo i s t u r e diff u sion c oe f f i cie n t f or tur key litter (c m2 / s ) 

h · 1 = inside ai r entha lpy (kJ/kg DA) 

h o = outside air enthalp y (k J / k g DA) 

= t urning po int ent ha lpy of t h e a i r , e v alul ated at theh t p 
outs i d e humidity rat io a nd t h e i ns i de t e mp e ratur e 
(kJ/kg DA) 

Me e qu i l i b r u i m mo i sture cont ent (p e rce n t d r y b a s is ) 
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M moisture generation (kg/s)g 
Mv moisture removed by ventilation air (kg/s) 

heat loss through walls, roof, doors, etc. (kJ/s)qb 
sensible heat produced by the animals (kJ/s)qs 
supplementary heat (kJ/s)qsuP 

qv sensible heat used to heat the ventilation air (kJ/s) 

(m3/s)Q ventilation rate 
t time (s ) 
t+.1t = time at end of the current time step (s) 
T ·1 

i n s i d e ai r t emp e rat u re (C) 

TO out side ai r tempera t ure (C) 

UA h e at l o s s f a cto r de t e rm ined from t h e b ui ldi n g s i t uat ion 
(k W/C ) 

U i n s i d e air spec i f i c v olume (m3 / k g DA) 

V b u i l d i ng air volume (m3) 

VI l itter v o l ume (m3) 

w·1 
inside a i r h umidity r at io (k g / k g DA) 

wo out side a i r humidi t y rat i o (kg / kg DA) 

X d istance (e m) 

p litter density (kg / m3 ) 
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Ta b l e 1. Mode l i npu t s a nd limi t s. 

Bird age (week s) 

14	 18 

Bi rd we i g h t (k g 7 .2 10 .4 
Sen s i ble h e a t p r oduction (W/b i r d) 33 .3 48.6 
Mo i stu r e p r odu c t i o n (g / h r - b ird ) 1 2 . 3 17.9 
Sp i l l e d wate r and fe c e s moisture (g /s ) 1 9 .0 19 .0 
I n s i de temperat u re r a nge (C) 1 8 . 5- 21 15-18 
Numb er o f b i r d s 5000 5000 
Min i mum v e n t i l at i on r at e (m3 /s) 2 .8 2.8 
UA (W/ C) 1125 1125 

(m3/s )Max imum venti l ation rate 47 .2 47.2 
Maximum s upplementary h e a t (kW ) 117 117 
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NUTRITION , ENVIRONME NT, AND CARCASS QU AL ITY IN TURKEYS 

P. E. Wai bel , E. M. Oj u, J. C. Hal vor son 
A. S. Csal l any , S. L. Nol l , and M. E. El Hal awani 

Departme nt s of An ima l Scie nce and Food Science 
and Nut r it i on, Univers i t y of Minnesot a 

There are vary in g aspects t o carc ass qual i t y , includi ng propor t i ons of fa t 
and prote in , wei ght s of body component s , f at t y aci ds and ot her nut ri ent com­
posi t i on, st abi l i t y, f lavor , and t ext ure . These add up t o nutr i t i onal val ue 
and consumer accepta bil i ty . 

What are th e control l i ng fa ct or s f or th ese charact er i sti cs? Surely the 
great est immediat e and al t er able f act or i s nutr i t ion. The most import ant long 
r ange f act or i s genet i cs . Physi cal enviro nme nt and bi rd health are i nfl uen­
t i a1• 

Not t oo long ago car cass qual i t y was re adi ly associat ed with th e II lack of 
f i nishll problem i n roast er-fryer t ur keys ma r ket ed at an ear ly age and about 10 
pounds l ive wei gh t . Now, with the wh ole l ar ge bi rd, turkeys have t oo much abdo ­
mi nal f at . These are import ant consi derat i ons when mar keti ng the whol e bi rd. 

With fu r t her processi ng, pr imary i nt erest i s i n t ur key par t s . St r ai ns wi th 
more whi te meat are valued. The t ypes of f at t y aci ds l ai d down and car cass sta­
bil i t y wi l l be ever more impo rtant . 

There i s al so t he need t o produce tu r key meat with t he greates t eff i ci ency 
of cal ori e and ot her nut r i ent use . It i s very i nef f i ci ent t o produ ce birds wi t h 
excessi ve carcass fat . So even t hough on ly th e breast, t hi gh, or wi ng may be 
used, a bird wi t h unwant ed fa t i s l oo ked upon with di sf avor . 

The Mi nnesot a tu r key nu t r i t ion and management resear ch program has over 
the years pu r sued ma ny exper iment al obj ecti ves wi t h limi t ed pers onnel . There 
has not been the physi cal time or cooper at ive rel at ionshi ps t o do f urt her car­
cass st udi es. The bi rd i s weighed at mar ket time and sent to t he processi ng 
pl ant wi t h all i t s val uable info rmati on hi d un der i t s f eather s . 

There are th ree are as, however , wher e we have been able re cent ly t o do 
f urt her carcass st udi es, and t hese wi l l be summar i zed herei n. Th ey are: (1) 
i nfl uence of compensat ory growt h on car cass changes ; (2) i nflu ence of t ypes of 
diet s and envi ronment s on car cass composi t io n; and (3) i nflue nce of t ype s of f at 
and l evel s of suppleme nt al vit ami n E on car cass stabi l i t y and vi t ami n E liver 
st or age. 

I . INFLUENCE OF COMPENSATORY GROWTH ON CARCASS COMPOSITION 

The object of the st udy was t o det ermi ne growt h and body composi t ion reco­
very and infl uence on f eed eff ic iency i n Nicholas t urkeys f ol lowing protein 
rest r i ct i on dur i ng 0-6 weeks of age . Th e restri cti on sele ct ed was t o redu ce 
prot ei n so th at t he lysi ne level wa s 66%of cont rol (per diet met abol i zable 
energy) . Beginning at 43 days of age al l turkeys were fe d the same diet s. Wi th 
toms , di et s were modif i ed at 4 week i nter val s ; wi t h hens , af t er 8 weeks of age, 
die t s we re modif ied at 3 week int erval s. Animal fa t level was 2% until 8 weeks 
of age , 4% i n th e 3rd and 4th 
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periods, and 6% i n t he 5th and 6t h per i ods , res pect i vely . Tom and hen 
t urkeys were hel d t o 24 and 20 weeks of age , and se lected dat a are depicted 
graphi call y in figu res 1 and 2, respecti vely . 

The res ul t s were s imi lar f or to ms and hens, so will be descr ibed 
t ogeth er . Growth cur ves ar e shown i n t he lI all graph. Foll owin g mar ked 
growth depression wi t h th e low prot ei n di ets , t urkeys di d not begin 
catchi ng up unt i l conside ra bly after 6 weeks of age . However , compensat ion 
di d occur , so that by t he end of the st udi es th e rest r icted groups caught 
up wi t h the contro l s . 

Shown in t he II bll graphs are breast weights expressed as a per cent age 
of body weight . As wi t h body wei ght s , bre ast we i ght s caught up 
(st at i sti call y ) by t he end of t he st udy . 

Shown i n t he II CII graphs are t he body f at we i ght s on a per cent age 
basi s . Duri ng re str ict io n the low prot ein bi rds were f at t er, i n keepi ng 
wi t h expect ed calor i e/ prot ei n effects on carcass f at . However , when 
retur ned to the contro l di et t hese di f f ere nces di sappeare d qui ckly . Ther e 
was no ef fe ct of ear ly re st r ict i on on fu t ure fa t deposit i on. The dramati c 
i ncrease after 8 weeks of age was s imi l ar in bot h treatments, suggest ing 
th at the number of adipocytes was un af fect ed by the level of prot ei n 
rest r i cti on here i n. 

Shown in the II dll graphs i s carcass prot ein . The ear ly di fferences 
( lower car cass protein with rest r i ct ed di et protein ) di sappeared wi t h t ime. 

The feed eff ic ie ncy diffe re nces i n t hi s st udy were i nt ere st i ng. For 
cont rol and rest r i ct ed t rea t me nts, ma les at 24 weeks of age had fee d/ gai ns 
of 3.1 2 and 2.95 , and females at 20 week s of age had f eed/ gai ns of 3.08 and 
2.97, each respect ively . 

I I . INFLUENCE OF DIET AND ENVIRONMENT ON CARCASS COMPOSITION 

A comprehensi ve st udy has been conducte d on t he i nflu ence of 
env ironment and diet on body wei ght and carc ass char act er istics of Nichola s 
tom tu r keys on treatment f r om 4 t o 20 weeks of age . Ot her det ai l s of th is 
st udy were presented by No l l et al . (1987) . 

The env ironme nt s we re progr ammed i nto the 4 rooms of t he Envi ronment 
BUi ld i ng at t he Rosemount Turkey Research Uni t . Th ree rooms re ceived 
i nte rmittent (1/ , as abbrevi at ed i n Fi gure 3) lighting (2L: 4D 4X dail y) . 
One room was kept at 7 C, one at 21 C, and the t hi rd room cycle d (/ C) i n 
t emperat ure (2 hour s at 7 C; 4 hou r s at 21 C 4X dail y) in con j ucti on wi t h 
t he intermittent schedule indi cated. Th e f ou rth room had cycling (/C) 
tempera tu res , as t he 3rd room, but l i ghti ng wa s conti nuou s (C/ ) (18L:6D 
dail y). 

There we re 16 pens i n each room. Four di et s were f ed, wi th 4 pens per 
diet . In each 4 pen group, t wo pens were st ocked at hi gh densi t y (. 21 sq. 
m./bird ) and t wo pens at low densi t y ( . 45 sq. m. / bird) . The diet s incl uded 
a control cor n-s oybean meal ser i es wi t h 1%added f at (di et s were modified 
at 4 week i nt er val s) . A second t reat ment was t he ident i cal diet , bu t i n 
pel leted fo rm. A t hi rd t reat ment i nclu ded 2, 4, 6, and 8% added f at duri ng 
t he 2nd t hrough 5th per iods . The fo urth t reatment i ncluded 20, 35, 50 , 
and 65% bar ley f ed dur i ng th e 2nd t hr ou gh 5t h peri ods . Fat and barl ey were 
added so as to keep cr it l cal nut r ient :energy ra t ios const ant . 
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Ma i n ef f ect body we ights are presented i n Figure 3A. Gai ns were 
bet te r and poorer at 7 and 21 C, respectivel y , compared to cycl i ng 
temperat ures . Regardi ng t he t ypes of die t s, pel let s and f at re sul t ed in 
super ior gai ns , while bi rds fed bar l ey were simi l ar to th ose f ed corn. 
Birds at low populati on density were heavi er t han birds at hi gh densi t y. 
There were no s ig ni f i cant interactions among envi ronme nt , di et , and 
densi t y. 

Abdominal fa t pad data are pre sent ed in th e same manner as body wei ght 
dat a in Figure 3B. The associati on of body weight wi t h f at pad we i ght i s 
str i ki ng . Except i ons to t his rel at i onshi p are (1) t hat pel lets did not 
affect f at pad weight very mu ch al t hough t hey had re sulted i n a s i zable 
body weight gai n res ponse; and (2 ), t hat di et bar ley resul t ed in 
si gni f i cant ly depressed percent age abdomi na l fat pad wei ght . 

The protei n and f at composi tions as a percent age of dry mat t er f or t he 
four envi ronment s (mai n ef fe cts ) are shown i n Fig. 4A . Tur keys i n the 
warm envi ronment had great er carc ass prot ei n and l esser carc ass f at le vel s 
tha n turkeys i n t he cool environment. 

Figure 4B shows tha t barl ey support ed the depositi on of greater 
prot ei n and lower fat l evel s i n carc asses . These ef fe cts we re f ol l owed in 
order by the cor n-soy contro l, corn-s oy pe11eted, and hi gh fa t di et s . When 
f at was hi gh er , prote i n was lower , as expected on a dry mat t er basi s . 

There were no si gnif icant (p <.05 ) i nteract ions among envi ronment , 
diet, and densi t y i n any of the abo ve-menti oned measur ement s . 

Carc ass moisture (%) also showed mai n ef fe ct di f f erences wit h no 
si gnifi cant i nte ra ct ions . Where car cass %f at level s i n fi gu res 4A and 4B 
were hi gher, t here was gener all y reduced car cass moi sture. Thi s i s 
expect ed as fat i s a maj or component whic h di spl aces ot her components , the 
great est of wh i ch i s car cass moi st ure. 

III . I NFL UENCE OF DIET FAT TYPE AND VITAMIN LEV ELS ON CARCASS STABILITY 
AND HEPATIC VITAMIN E 

With more turkeys bei ng mar keted as fresh produ ct, i n processed or 
pre-cooked f orms , th e st abi l ity of carc ass meat has taken on re newed 
importance. Tur key i s known to have rel ative ly poor natural st abi l i t y 
(Mecchi et a1. , 1956). Suppleme nt al vit ami n E dela yed th e onset of 
ra nci di t y and prot ected agai nst "warmed over" ra ncidity in coo ked meats as 
me asure d by the t hiobarbituric aci d t est (Marusi ch et a1., 1975). 

Re thwi 11 et a1 . (1983) report ed that hi gh vi t ami n E exer ted a great 
ef fect in retarding oxi dat i ve rancidy i n carc asses and tha t t he ef f ect was 
modifi able by dietary fat . Four die t ser ies were fed: 1) control , 
corn-soy , no added f at (C); 2) corn - soy with 8%hydrolyzed 
animal -vegetab le f at (AV); 3) corn -soy wi t h 8%soybean oi l (SO) ; and 4) 
corn- soy wi t h 8%anima l f at (A) . 

The TBA dat a in the Ret hwi11 study are shown in Tab le 1. The TBA 
ana lyses were for (non-f rozen) t ur keys store d i n a ref r iger at or f or 3 
weeks . The 10 IU/ kg supplementa l le vel of vi t amin E is of part i cular 
i nt erest as it i s clo se t o usual vi t ami n E supplementation in practi ce; 
here, TBA values we re hi gher with AV and A and lower with C and SO. Meat 
having 3.0 and 2.6 TBA val ues with AV and A, res pect i vely, wa s consi dered 
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to be qui t e ox i di zed. The 10 IU vit amin E/ kg l evel did not protect agai nst 
ranc i di ty development nearl y as wel l as did t he 300 IU/ kg l evel . 

The pos i t i ve rel ati onshi p between di et vi t ami n E and hepati c st or age 
of vitami n E i s apparent . Of parti cul ar i nterest agai n i s t he eff ect wi th 
the approximate usual level of 10 IU vi t ami n E per kg di et . Hepat ic E wa s 
relat ive hi gh wi t h t he corn-soy diet ser i es. It was i nt ermedi at e wi th SO 
or A; however, i t was l ow wi th AV. 

Ana lytical dat a provi ded in Rethwill et al e (1983) showed th at t he AV 
f at used cont ai ne d 55%f ree f at ty acid s and on ly 12% l inole i c acid , whil e 
the anima l f at probab ly cont ain ed poultry fa t as i ndi cat ed by it s lino leic 
acid conte nt of 10%. These analytical val ues are important as the AV and A 
f at s used i n t he present work were not judged t o be t ypi cal of what i s 
usually f ed i n pract i ce. They were , however , obt ai ned from local tu rkey 
farmers as descr ibed. 

The corre la t i on bet ween musc le TBA values and hepat i c vitami n E le vels 
was - .942, and was highly signif icant. The depressi ng ef fe ct of hyd rolyzed 
anima l-vegetable fa t on hepatic vit ami n E stora ge i s not ewor t hy i n view of 
t he greater use of th i s fat product i n cur re nt product i on of t urkeys. 
Further st udy i s necessary t o det ermi ne t he i nflue nce of varyi ng f at 
sources and level s on th e requi reme nt for vitami n E and ot her possi ble 
ant iox ida nt component s. 
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