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INTRODUCTION

In the U .S ., producers lo se  approximately $200 per s tee r  or h e i fe r  due to  the production o f 
excess fa t ,  and $30 per animal due to  the inadequate production o f  marbling or other meat 
<3ual i t y  problems (Smith, 1992; Lorenzen e t  a l ., 1993). Whereas USDA y ie ld  grade has remained 
e s s e n t ia lly  unchanged over the la s t  20 years, there has been a su bstan tia l reduction  in  beef 
carcass q u a lity  during the same period . The decrease in  marbling may be explained, a t le a s t  i n 
part, by more c a t t le  being fed  as ca lves rather than the more t ra d it io n a l y ea r lin g - fe ed in g . 
However, there is  l i t t l e  agreement in  the l i t e r a tu r e  concerning the impact o f  feed ing ca lves 
versus y ea r lin gs  on the depos ition  o f marbling, p a r t ic u la r ly  a t the c e l lu la r  le v e l .  Therefore» 
the o b je c t iv e  o f  th is  study was to  in v es t ig a te  the e f fe c t s  o f time on feed  and age on the 
gen e tic  programming o f subcutaneous and intramuscular (marbling) ad ipocyte p r o l i fe r a t io n  and 
metabolism.

MATERIALS AND METHODS

Two groups o f Brangus s tee rs  created  by nuclear transp lan ta tion  c lon ing  were used in  these 
experiments. The f i r s t  group (n = 8) was c a l f -  or y e a r lin g - fe d  to  a constant age endpoint 
(Exp. 1 ). The second group (n = 10) was c a l f -  or y e a r lin g - fe d  to  a constant l i v e  weight 
endpoint (Exp. 2 ).

Experiment 1. S teers were assigned randomly a t weaning (8 mo o f age) to  c a l f -  or y e a r lin g 
feed ing  (n = 4 per trea tm en t). The c a l f - f e d  s tee rs  (CF) were s ta rted  on a high energy 
fin ish in g  d ie t  immediately a f t e r  weaning, and the y e a r lin g - fe d  (YF) s tee rs  were allowed to 
graze bermuda grass pasture fo r  123 d b e fo re  s ta r t in g  the feed ing  period . Both treatment 
groups were fed  to  an age constant endpoint o f  16 mo, se lec ted  to  a llow  s u ff ic ie n t  time fo r  th® 
YF s tee rs  to  spend approxim ately 120 d on pasture fo llow ed  by approxim ately 100 d on feed . Th® 
CF and YF s tee rs  in  Exp. 1 were fed  fo r  217 and 93 d, r e s p e c t iv e ly .

Experiment 2. The s teers  fo r  th is  phase (n = 10) were assigned randomly at weaning (e igh t 
months o f age) to  the CF or YF treatments (n = 5 per trea tm en t). The CF steers  were p laced on 
feed  at weaning, w h ile the YF s tee rs  were a llowed to  graze n a tive  cen tra l Texas pasture and(or) 
short oats fo r  120 d be fo re  beginning the feed ing period  (same d ie ts  as Exp. 1 ). Both 
treatment groups were fed  to  a constant l i v e  weight endpoint o f  approxim ately 530 kg. Actual 
time on feed  fo r  the CF and YF s teers  in  Exp. 2 was 224 and 182 d, r e s p e c t iv e ly . Thus, YF 
s teers  in  Exp. 2 were approxim ately 80 d o ld er than CF s teers  a t slaugh ter.

At the end o f the feed ing period , a l l  s tee rs  were processed a t the Rosenthal Meat Science and 
Technology Center at Texas A&M U n ive rs ity . Immediately a ft e r  exsanguination, the 2nd to  6th 
lumbar reg ion  o f the lo in  was removed; from th is , o v e r ly in g  subcutaneous ( s . c . )  and 
intramuscular ( i .m .) adipose tissu es were d issected  and used fo r  the measurement o f 
lip ogen es is , DNA synthesis, and c e l lu la r i t y .  L ipogenesis was measured as [ 1 -14C ]acetate  
incorpora tion  in to  t o ta l l ip id s  during a 2-h incubation in  v i t r o .  DNA synthesis was measured 
as the incorpora tion  o f [m ethyl-3H]thymidine in to  DNA during the la s t  24 h o f a 36-h explant 
cu ltu re. Adipocyte c e l lu la r i t y  was measured by and urea l ib e ra t io n  o f osmium-fixed adipocytes- 
A l l  procedures are described in  d e ta i l  by May e t  a l . (1994)

RESULTS

Experiment 1. Intramuscular fa t  has been recogn ized  as a la te r-d eve lop in g  fa t  depot, and c a l f '  
fed  c a t t le  have been thought not to  have s u ff ic ie n t  m aturity fo r  a cce lera ted  marbling 
depos ition . When slaughtered at the same age (Exp. 1 ), CF carcasses had higher (P < .05) 
marbling scores than d id  the YF carcasses (Table 1 ), due to  d if fe re n ce s  in  fatness and tim e-on ' 
feed . In s p ite  o f the d if fe re n c e  in  fa tness, s .c . and i.m . adipocyte c e l l  diameter and number 
o f ad ipocytes/100 mg adipose t issu e  ( i . e . ,  c e l l  d en sis ty ) were the same in  CF and YF s teers . 
This in d ica tes  that age o f  the s teers  was more important in  determ ining adipocyte s iz e  and 
density  than o v e ra ll carcass fa tness.

As is  ty p ic a l in  beef c a t t le  (May e t  a l ., 1994), lip o gen es is  in  v i t r o  was g rea te r  in  s .c . than 
in  i.m . adipose tissu e (Table 1 ). Although CF s tee rs  had more s .c . and i.m . carcass fa t  when 
ra ised  to  a constant age, l ip id  synthesis in  v i t r o  was not g rea te r  (P > .05) in  s .c . and i.m . 
adipose tissu es  from CF s teers  than in  adipose tissu es from YF s te e rs . There was s ign ica n tly  
more [ 3H]thymidine incorporated in to  DNA in  the YF s tee rs , suggesting g rea te r  ra tes o f 
ad ipocyte p r o l i fe r a t io n  (May e t  a l ., 1994) . However, DNA synthesis was high in  both CF and YF 
s tee rs , in d ica tin g  that both groups were a c t iv e ly  adding new c e l ls  to  both th e ir  s .c . and i.m . 
depots.
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aSle I- Carcass and biochem ical ch a ra c te r is t ic s  o f subcutaneous and intramuscniar 
dlP°se tissu es from c a l f - f e d  and y e a r lin g - fe d  steers  (Exps. 1 and 2 combined)

Constant age
Y ea r lin g - fed

'cutaneous 
^justed fa t  th ickness, mm 

^ipocytes/100 mg, (x lO '* 5) 
®an adipocyte diam eter, (tm 
ipogenesis, nmol/105 c e l ls  
°n9ase, pmol/mg p ro te in  

®saturase, pmol/mg p ro te in  
j- N] thymidine, dpm/105 c e l ls

ttamuscular
ar b l ing score 

^eH s/loo mg, (x 10~5)
®an diameter, |im 

^Pogenesis, nmol/105 c e l ls  
°ngase, pmol/mg p ro te in  

■3Saturase, pmol/mg p ro te in  
N] thymidine, dpm/105 c e l ls

dMeans w ith in  the same row lack ing a common superscrip t d i f f e r
e3r*nined.

2 . Adjusted fa t  thickness and marbling score d id  not d i f f e r  *nd *F
^ e r s  when ra ised  to a constant weight (Table 1) . H ow ever :b .c . and P° te e rs  This is
^ H e r ,  and there were more adipocytes/100 mg adipose tissu e  : «  c Jan n YF st ̂ ¿ fle 
p a t e n t  w ith the younger age o f the CF s tee rs . By the time o f s l ^ h t e r , t n e  aaip s 
i ^ e s  from the s teers  in  Exp. 2 exh ib ited  very  low ra tes o f ^ P ^ e n e s is  and t H] thymi
S c^ p ora tion  in to  DNA, in d ica tin g  that these tissu es were appr ng term inal Stage ^
heir P h ys io lo g ica l m aturity. This was e s p e c ia lly  true in  the o ld er, YF s tee rs .

?he a c t iv i t ie s  o f the fa t t y  ac id  elongase and desaturase enzyme systems were measured in  Expt.
(' a® these ty p ic a l ly  in d ica te  o v e ra ll ra tes  o f lip ogen es is  and/or adipocyte d i f fe r e n t ia  
<St- John e t  ^1 , 1991; Cameron e t  a l ., 1994). Elongase a c t iv i t y  tended to  be higher in 
rf^ose  tissu es  from YF s tee rs  (Table 1) . However, consisten t w ith  the le s se rJ XP0- f  
{ .H] thymidine incorpora tion  in to  DNA, desaturase a c t iv i t y  was h igher in  s .c . and i.m . adipos 

SsUes from CF s tee rs .

I n c l u s io n s

C ta presented in  th is  study in d ica te  that animal age at feed ing  is  more important than feed ing 
C 9il«en in  determ ining s p e c if ic  measurements o f a d ip o s ity  such as mean adipocyte diameter or 
> o=ytes/l00 mg ap p ose  t issu e . However, fo r  o v e ra ll fa tness (both in  s .c .  a n d « : - -  
adlPose tissu es ) d ie ta ry  in fluences had a g rea te r  e f f e c t  than age o f anim al. From a p ra c t ic a l

rEf Er

l̂ point, th e re fo re , production p ractite t» ra rra cs endooint.
;ed ly a l t e r  carcass composition i f  the animals are ra ised  to  a consisten t carcass endp
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