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EVALUATION OF DIETARY PROTBIN SEQUENCES FOR
GROWING-FINISHING PIGS
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RINGKASAN

Empat-puluh ekor babi  kacukan te lah digunakan untuk mengkaj i  kesan rangkaian paras pl r te in
ke atas keber javaan dan s i fat-s i fat  karkas.  Rangkaian paras protein adalah (r  2 protein untuk t iap-t iap fasa
I '  I I  d a n  l l l ) :  ( a )  l 6 - 1 6 - 1 . 1 .  ( b )  l 6 - 1 6 - 1 2 .  ( c )  l 6 - 1 1 - 1 1 .  ( d )  l 6 - 1 . 1 - 1 2 .  ( e )  1 6 - 1 2 - l t .  ( f )  l 6 - 1 6 / t . t b e r s c l a n g - s e l i
se t i ap  m inggu  (g )  16 -16 /12  be rse lang -se l i  se t r ap  m inggu  dan  (h )  l 6 -11 / l l  be r se lanu -se l i  se t i ap  m inggu .
Dalam fasa I .  semua babi  d iber i  protein pada paras l6. i .  Ba_ei  fasa I I .  penqambi lan makanan babi  y.ang
mener ima par is protein l6 ' i  adalah lcbih rcndah (P/  0.( )5)  tetapi  kecekapan pengubahan makanan
ada lah  l eb i h  ba i k  (PL { )  t ) l )  j i ka  d i band ingkan  dengan  bah i  yane  mendapa r  pa ras  p ro re i n  l . l  dan  l l l i .
Walau bagaimanapun. pertambahan berat  f rat lan t idak dipengaruhi  dcnsan nyata oleh pcrbezaan paras
p ro t c i n .  Rangka ian  pa ras  p ro te i n  t i dak  mcnun jukkan  pc rbczaan  vang  n \a ta  t e rhadap  pe r t an tbahan  he ra t
Lradan. pengambi lan ntakanan dan kccekapan pcntul ' rahan makanan bagi  kcscluruhlrn kajran.  I lcrmula
da r i  be ra t  badan  30  kg .  bab i - bab i  vans  mcne r i n ra  pa ras  p ro te i n  van !  be rse lans , se l i  d i  an ta ra  16_ l6 i , l + ' ;  .
16 -16 l12 ' i  se r t 116 -1 '+ i  l l ' ;  t i dakmenghas i l kanpe rbezaanvanghe rkcsan te rhadapkcbe r j ayaanmcreka .
Akan tctapi .  d:r lam fasa I I .  pengambi lan makanan adalah lebih t inggi  (p i  { ) .05) ba-ui  h]h i -bahi  Vang
mener ima paras protein vang bcrselane-sel i  d i  antara 16-11l12( i  .

Si tat-s i tat  karkas t idak c l ipengaruhi  dcnqan nvata oleh ranskaian p&ras protein.  Di  antara babi_
babi  r ,ang ntendapat parts protein vane bersclanq-sel i .  purata ketebalan lemak baqi  babi_habi  I .ang
mene r i n ra  pa ras  p ro te i n  vane  be rsc l an -g - sc l j  c l i  an ra ra  l 6  l 1 i l 21  ;  ada lah  l cb i h  n i p i s  ( p , ,  0 . { ) 5 )  j i ka
d iband ingkan  dengan  bab i - bab i  vans  n r cnc r i n ru  pa ras  p ro t c i n  be rsc l ang -se l i  t i i  an ru ra  l 6  l h  l - + , ; .
semcntara s i fat-s i fat  karkas la in t idak dipcnsuruhi .

NTRODUCTION

The continuing increases in the cost of protein-rich feedstuff fbr which our countrv
depends on imports has called fbr serious redefinit ion of protein requirements for domestrc
animals.  Rel iance on overseas nutr i t ional  recommendat ions can somet imes resul t  in  nutnents
wastage as these requirements are based on animals under different husbandry methods as
compared to our local animals. The importance of genetic factors in relation to protein
requirement  had ear l ier  been demonstrated by At- lee et  at . ,  (197 l )  and KoRNF.c jAy.  THO\1AS
and CARTER (1973).  DRvev and MORGAN (  1969) a lso suggesred the possib i l i tv  of  a genot) ,pe-
protein interaction that accounts for the dift 'erent responses of pigs to certain levels of dietary
prote in.

Earlier work on the effect of dietary protein on pigs had shown that from 35 kg to
marketable body weight, protein levels of 18, 15 and l27c produced no significant differences in
their performance (PHUAH and HUTAGALUNG. 1977).Thepurpose of the following experiment
was to phase feed and evaluate the effect of various protein level sequences on the performance
and carcass traits of local crossbred pigs.

'Prcsent  addrcss:  Yew Lcc F-eedmi l l  Scln.  Bhd..  petal ing Jaya,  Selangor
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MATERIALS ANDMETHODS

Forty local crossbred pigs averaging 23.(X) kg in body weight u'ere used in a randomized

complete block experiment to evaluate the effect of different protein sequences. The protein

sequenceswereass igneda t randomwi th ineachb lockas fo l l ows :  (1 )16  l 6 -1 ,1 t (2 )16 -16 -12 ,
(3 )  16 -14 -14  (4 )  16 -14 -12  (5 )  16 -12 -12 ;  (6 )  16 -16 /1 ,1  ro ta ted  week l v  ( l )  16 -16112

rotated weekly and (8)  16-14112 rotated weekly (percent  prote in for  phases I  through I I I .

respectively). Changes in protein level were made according to the following schedule: phase I
- i n i t i a l w e i g h t t o 3 0 k g ; p h a s e l l - 3 0 t o 5 0 k g ; p h a s e I I I  5 0 t o m a r k e t . I n p h a s e l . a l l p i g s w e r e
given 16c/c protein diets. All diets were formulated to provide 3,300 kcal DE/kg (Tahle I ).

TABLE 1. COMPOSITION OF EXPERIN,IENTAL DIETS

Dietary prote in ( '1  )

1.1 l 21 6

Ingredients, 7o

Corn  (CP ,8 .0ca )

Soybean meal (CP, 4.1-c? )
Wheat middlings (CP, lTct )
Wheat  meal  (CP. 12 ' i  )
Rice-bran (CP. 10c? )

Cassava root  meal  (CP, 1 . -5 ' ;  )

F ishmeal  (CP. 50. ;  )

M i l k  powder  (CP ,33c i  )
Molasses

Sal t

Limestone

Vi tamin-mineral  premix l

Antibiotics2

Calculated analysis

Crude protein. %

Digestible energy, kcal/g

L-lysine, %
DL-methionine (plus cyst ine),  ! i

30.00
12..50
7.00
,5 . (X)

23. -50
9.60
7 . ( X  )
L00
3 .  ( X )

0.-50
0.50
0.30
0. l t )

26. (X)

9.(X)
9.fi)
5 .00

t3 .50
1 6 .  l 0
6 .  ( X )

1 . ( X )
3 .  (X)

0. -50
0.-50
0.30
0 . 1 0

22.(X)
5 . 2 0

1  1 . ( X )
5 .  (X)

23. -50
22. 90
5 .  ( X )

1 . ( X )
3 . (X)
0. -50
0. -50
0 . 3 0
0 . 1 0

Total l (n .0 100.0 l (x ) .0

16.03
3.35
0.89
0.4-5

1,1.09
3 . 3 3
0.75
0 . 4 1

r 2 . 0 5
-) . -),/.
0 . 6 1
0 . 3 1

jSuper-Vi t  (Custom mi-x:  Suppl ied by 'Vinning Chemical  Lanboratorv Co..  Kuala Lumpur.
'Neomix-25 contain ing 55 g Neontvcin sulphate per kg.

Pigs were housed individually in concrete floored pens equipped with feed troughs and

water-drinkers. Feeding was done iwice daily. For each feeding sufficient feed was provided to

enable the pigs to continue eating ad l ibitum. Pig weights and feed consumption were

determined biweekly. All pigs were slaughtered at the end of a l2-week feeding period. The

carcasses were weighed before being chil led overnight at 5oC. Chil led carcass weight, carcass

length, backfat thickness and l. dorsi area at 4th rib and 5th lumbar regions were measured.

Dressing percentage was calculated. The variance technique was used in the statistical analysrs.
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RESULTS AND DISCUSSION

Means fbr average daily gain. feed intake and f'eed/gain of pigs given different protein
sequences are shown in Tuble 2. From 30 to 50 kg l iveweight (Phase II). pigs fed16l,L protein
diets consumed less (P/_0.05)  but  ut i l ized feecl  more ef f ic ient lv  (PL0.01)compared to those
receiv ing 1,1 and l2r . i  prote in d iets .  Among those on the 14 and 12 ' ' i  prote in d iets .  there was no
significant dif ' fbrence in dail l intake and feed conr.'ersion efficicncv.

TABLE 2 .  PERFORMANCIT .  OF  GROWING-F IN ISHING P IGS
trED ON DIFFEREN-f  PROTEIN SEQUENCES

Pr t l t e i n  scqucnce  s  ( ' l  )
Dic tarr

1 6 -  1 6  n  1 6 -

var iables

l -1 -  l -+  16 -  1 ,1 -  12l 6 -  l 6 -  1 . 1 l A _  t l _  I  )

To 50 kg. Liveweight:

A r s .  r l a i l r  g a i n l .  k u .

Avg.  dai l l -  in takc l .  kg.

Fccd/gain3

Overall:

A r .q .  t l l r i l r  r : l , i n l .  k r : .

A r g .  d a i l v  i n t a k c l .  k s .
. I

l - u - c 'C l / I l t t f l '

Prote in sequences of
had no s igni f icant  e l tect  on
and N{t - . , ror .  (196i  ) .  CiRr-
r cp ( ) r t cd  l i t t l e  c l i l l c re  nce  i r r

0..5.1
l .6 .1 i r

3 0.1it

0. -5-5

l . 7 3 a . h

t . l - 5 a . b

0.. \0
l . s l
.1 .61

0. -s5
i . 9 8 c

3 .60c

0.5-5

I  . 9 7
t i s

0 .51

1 .8 -1b .c

.1. -i.1c

0.5- l

I  .  E-5b.c
L ^

- l . J q ' ' ' '

0 . 5 I
I .9-+
. l  S ( t

0 . 5 0
l . E 6
3 7 1

0 -51

l . f i g

.1.6 i

l \ t t t  s i r : n i f i can t
l-S i cn i i i can t  a t  I ' r  ( | . 0 , i

' l s i i l n i l i can t  l i t  P '  ( i . 01

l i ' b ' c 1  , 1 g g r r t k r n { t h e s a n r c r ( ) \ \ b c a r i n g t l i l f e r e n l : u p c r s c r i p t s , r r e r i g n i l i c r r n t l r t l i l t c r c r r t i t l ( l ' t ) { } \ )

l 6  l 6  l + .  l 6  l 6  l l .  1 6  -  i - +  l l .  l 6  1 . 1  l l  a n c l  1 6  -  1 : -  1 2 ' ;
t h c  d a i l r  g a i n .  t c c t l  i n t l r k c  a r r t l  f c e d . g u i r r .  F - i r r l i c r .  A L  \ . \ \ .  H ' r t s r t t
[ : l  t : \  t , /  t l . .  ( 1 9 6 - 1  ) .  I ) t l t  . \ l l  a l r ( l  ] l t  I  r r ;  r t  t  \ ( ;  ( l L ) r l u . h )  a l s t r
g r o w t h  r e s p o n \ c  v u h c t r  p r u s  u c r c  t c t i  i t i g l t  l r n t l  l t r r r  p r o t r i r t  r c g i r t r c s .

( i ompar i son  o f  t hc -  l vs inc  and  mc th i ( )n inc  r cc lu i re rncn t  ( \  R . (  .  i 97 .1  )  i r i t h  ca l cu la ted
d ie ta rv  l vs ine  l r nd  n re th ion ine  re rca i s  t hu t  n re th ion ine  (p lus  c \ \ t t nc1  i s  i im i t i n -u  i n  t he  l l ' i
p ro te in  d ie t .  H r l nc ' uc r .  t h i s  de f i c i e r r c r  d i d  no t  uc l re  r sc l v  u f f ec t  t hc  pc r t ( )nnancc  o l  t hc  p i cs .  Th rs
ind i ca tes  t ha t  rnc th ion ine  p lL rs  cvs t i ne  r cc lu i r cn rcn t  f o r  t hc  k r ca i  - { r o * i ng - i i n i sh ing  p i t s  i s  l < tuc r
than  the  N .R . ( ' .  ( 1971  ) r cc r ' r t . t tme  nda t i on .  ( ) t tR  ( l 9 l . l ) a l s ( )  p ( ) \ t u l l l t c r l  t ha t  t he  n rc th ion ine  p lus
c rs t i ne  requ i r c rnen t  i s  k tuc r  t han  the  N  I t . ( ' .  ( l ( ) 11 )  r cqu i r c rnc r r r  r l l  0  . 1  l ' l  f i r r  p i u , r  i n  t hc
60  -  i (X )  kg  b t l dv$e  i sh t  r ange .  ( ' r r l cu la t cc l  l v s i nc  l e r c l  o f  t hc  16 .  l - l  unc l  l l ' l  p ro t c i n  r , l i e  t s  uc re
0 .S9 .  ( ) . 7 .5  anc l  ( ) . 61 ' . .  r cspcc t i ve l r .  show ing  tha l  c r cn  t hc  l t l ucs t  d i c tan  p ro t c i n  l r as  a l r cad l
ac l cqua tc  i n  l l s i ne  t i r r  { r t t $ i ns - f i n i sh ine  p igs  (N .R . ( ' .  l t ) 7 .11  t l i r : hc r  d i c tan  i t s i r r c  t han  thc
rect lmme ndcd requi rcme nt  d id not  rcsul t  in  hct tcr  gr( )u th rc \p()nsc w as in  lgrecntcnt  w i th  thosc
reportec l  car l ier  (Nl . . r t ;n t  r t t  n .  St t t ' t t l . t . . r  and Rr r  rot . t )s .  l9 f - .  l :  \1 t . , .u t t , .  i ) r  KI , t . ( ) \ \  and
( i n a x ' r .  1 9 6 6 :  \ \ ' r t t t - s r R o \ t l r n d L u ; . r r , .  1 9 7 - 1  a n i l P r J r . \ i i u n d H r  r . \ ( ; . \ r _ t r r ; .  l 9 7 r b ) .

_n_



Rota t i ona l  f ' eed ing  w i th  comb ina t i on  o f  16 -16111 . i .  16 -16 l l 2 '  1 .  and  16 -11112 ' i

prote in d iets  on a wecklv basis  beeinning at  30 kg l i r , 'ew'e ight  d id not  s igni f icant l r ,  in f lucnce the

performance of  p igs (Tuble J1.  Horvever .  between 30 50 kg l ivcweight ,  p igs g iven d iets  u ' i th

16-  l1 l12 '  i  c l ie tan prote in consumed nrorc (  Pl  t ) .0-5 )  feed than those g iven d iets  rv i th  l6  -  16/  l ' l

a n d l 6 - 1 6  l 2 ' i p r o t e i n l e v e l s . T h i s s h r x v s t h a t t b r e a r l l ' g r o u ' t h ( P h a s c l l ) d i e t a r v - p r t t t e i n l e v c l
belou '  1;1 ' ' l  is  probablv inadequate for  opt imal  -qrowth.

TAB l - t r  l .  t rFFECI -OF  PROTEIN  SFQLIENCES ON C  ARCASS TRAITS

Pro tc in  scquences  ( t  i  )

P re -s laugh tc r  u  t .  l .  kg .

D r e s s i n g  ( u a r r n  c u r c a s s ) 1 .  ' l

D ress ing  ( ch i l l cd  ca rcass ) l  .  ' ,

Avg .  back fa t  t h i ckness l .  cn r .

L. t lrtrsa 
"4",,.. 

c,., 'r l

a t  - l th  r ibr

at  -5th lunr l - rar l

Ca rcass  l cng th .  cn r .

I N o t : i q r r i l i i , ' u n t .

P r o t e  i n  ( ' 1  )

To 50 kg. l iveweight:

A r  r : .  da i l r  g l i n l '  kS '

Avg .  da i l v  i n takc ' .  kg .

Feed/gain l

Overall:

A rg .  c l r r i l l  g r r i n l .  k l .

Avg.  dai l1 ,  in take3,  kg.

Feed/gain2

Tota l  prote in in take.  kg

Prote in/ -qain,  kg.

Dietar" ' r . 'ar iables

1 6  1 6  l - +  1 6 -  1 6 -  l l  1 6  l +  1 - l  l h -  l - +  l l  1 6 -  l l  l l

71 .10

11.Je

7 5 .  1 1

1 . 7 3

l + . 6 9
19.  00

70. ( ) ( )

7-1.30

16.66

/  + .  + - l

1 . 7 5

1 .1 .09

ts .  7 l

69 .60

70."10

77. 8r )

7 5 . ( X )

1.9- l

7 1 . ( ) ( )

7-\ .6| i

7t .9.r

l . 6 s

73.3(  )

75 .9-5

73.1  I

l .  s l

1 6  -  l 6  l l

0.63

1 . 7 2 4

2 . 1 3

0. -s6

I  .  89a 'b

3  .3u

2 3 . 8 1

0. -51

l l . - i 7
17. 9-s

7 1 . 3 0

[ ) i c t u n  i  a r i a h l c s l

l 6  l 6 r ' l l

0 . 5 9

1 . 6  I  i t

2 . 1 2

0 . 5 0

1 .7ga

3 . 5 6

20.93

0.50

l 6  t 1 l t 2

0 .  5 9

1 . 9 3 b

3 . 2 1

0. -s7

1 . 9 7 b

3.;16

2 1 . 5 1 ,

0.4-5

l  - t .  t+  l  l .7e
t6 .7 . i  16 .19

6 9 .  l 0  7 0 .  l 0

TABLE .1.  PERF'ORMANCE OF GROWINCJ-FINISF{INCJ PICIS FED ON ROT,, \TED

DIE'f  A RY PROTEIN I- tr \ 'F-I-S

l _ .
lThe dict r ry pr() tc in lL ' \e ls were rotatecl  on uccklv basrs.
-No t  s i gn i f i can t .

; 'S igni f icant  at  PL 0.0-5
a'DValues along the sane ro\ \ 'bear ing di f lerent  supcrscr ipts are s igni f icant ly  d i f ferent  at  (PL 0.05)
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Means of carcass data are summarized in Tables -l and,5. Dressing percentage, backfat
tlt ickrtess, l. dor.si area and carcass length were not significantly different between pigs given
di f ferent  d ietary prote in sequences.

TABLE.5 .  EFFECT OF ROTATED D IETARY PROTEIN  LEVELS IN  D IETS

ON C]ARCASS TRAITS

Pro te in  ( '  1  )

P rc -s laugh tc r  w  t .  l .  kg .

[ ) rcss ing (u,arm curcass) l  .  '  ;

D rcss ing  ( ch i l l ec j  ca rcass l l .  ' ;

i \ r  g .  backfut  th icknessl  .  cm.

L. dt t r.s i are,,r. c,.,.r.1

at  - l th  r ib l
. l

i - l t  - ' 1 t h  l umb i r r '

C-arcass length l  .  crn.

l \ i o t  s i q n i l i c l t r r t .
t _-S ig r t i t i can t  

u t  I ' ,  0  05 .
: t . h . r ,

\  l i l u C \  i l l ( r n : - l  i l l L  \ J n t c r o u  b c l r r i n g  t l i t l c r c n t  s u f c r s c r i p t \  i t r c  \ r . g n i l i e i l l l t l \  d i t t c r c n l  l t t  (  l )  O  | s  )

r6  l 6 /  t . 1

19 .20

7.s.69

7+. I -l

1 .93 "

l l . 9 l

18.66

7 1  . 1 0

Dietarv r ,ar iahlcs

l 6  r 6 / l l

73 .8(  )

7 6 . 1 8

7t .81
- l  r  r l l . b

l l .l.s

19. -s6

6 9 . 8 1

t6-  11112

7,1.90

16.52

73 .68
r  n b , c

1 1.6.5

2 t  .19

72.10

With the except ion of  average backfat  th ickncss.  rotat ional  fccdingl  of  rat ions u i th
c l i f f 'e  rent  prote in levc ls  d id not  resul t  in  anl  s igni f icant  d i f fcrencc in  the carcass rnr i ts  r ' l -uhte 51.
Backfat ,  however.  was th inner  (P/-0.0-5)  in  carcasses of  p igsgi lcn l6-  l l l l2 ' ;  c l ic tarv prote in
than those f rom pies e ivcn 16-  16l l f  i  d ietary prote in (Tabte -51.  Ear l ier  erper iment  us ing the
same type of  crossbred animals,  d ietary prote in levels  a lso fa i led to produce s igni f icant
c l i f fcrences in  carcass t ra i ts  (PutJAH and HLrT'A( ;AL.L,NCi .  1917a.b) .  KoRNT,GA\.  TI IoN{AS and
C,q.RreR (1973) found no d i f ference in backlat  th ickness and dressing percent  between p igs fed
var ious prote in sequences.  uhi lc  other  workers l ike Cr,cysoN e/  c1. ,  (1962).  GRr, . t rLEy e/  4/ . ,
(1964) and Luctas et  u l . .  ( l  971)  found nodi f ferences in  carc: - rss nruscl ing.

The resul ts  obta incd supported the hvpothesis  of  DRvEv and N' loRc,qN (  1969 )  rhat  there rs
a genotype-prote in in teract ion that  in f luence the per formancc of  p igs in  response to d ietary
prote in levels .  Resul ts  repor ted showed that  p igs used in th is  s tud1, ,  general lv  lack the genet ic
potential to fully uti l ize high-protein diets for body weight gain. These results also show that
opt imal  per fbrmance (wi th in the genet ic  potent ia l )  can a lso be obta ined on lower prote in level
scquence as long as the essent ia l  nutr ients such as lys ine and methionine-p lus-cyst ine are
adequate.  Simi lar ly ,  rotat ing d ietary prote in level  on a week- to-week basis  does not  af fect
growth so far as the lowest protein levels invcllved are adequate in essential nutrients.

SUMMARY

Forty crossbred pigs were usccl  to evaluate the ef fect  of  var ious protein level  sequences on
pertbrmance and carcass t ra i ts .  Protc in level  scquences were ( '2 protein,  respect ively for  phases I ,  I I  and
I I I ) :  ( a )  l 6  1 6 - 1 1 .  ( b )  l 6  l 6 - 1 2 .  ( c )  l 6  t , t - 1 4 .  ( d )  l 6 - t . t  1 2 ,  ( e )  t 6 - 1 2  1 2 ,  ( f )  1 6 - 1 6 / 1 1
a l t e rna t cd  week l y ,  ( g )  16 -16 l12  a l t e rna ted  week l y  and  (h )  l 6 -  1 ,1 /12  a l t e rna ted  week l v .  I n  phase  I .  a l l
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p rqs \ \ ' c r cg r \ cn  1611  p r ( ) t c i nd i c t .  [ ) u r i ngphasc  I I .  p i gs fed  l f r ' i  p ro te i nc l i e t consun red less (P /  0 .05 )bu t
u t i l i zed  l ecc l  r no rc  e  l f i c i e  n t l r  (P r  0 .01 )  t han  t hosc  rece i r i nq  1 -1  and  l l ' ;  p ro t c i t l  r l i c t s .  Houc rc r .  wc iqh t
qa in  uas  no t  a i t c c ted  h r  r l r r i l r t i on  i n  t l i c t a r r  p ro te i n  l e re l .  

' l ' h roughou t  
t hc  cn t i r c  t r i l l .  a r c rage  da i l r  ga i n .

f c cd  i n t akc  and  f cec l  c f i i c i cnc r  \ \ c r c  no t : r l f c c t cd  b r  t he  r : r r i ous  p ro t c i l r  \ c i l u cnces .  l hc r c  uus  n t r
s i qn i f i c l t n t  t l i t t c renccs  i n  pc r t i r r n rancc  o t  p i qs  on  r ( ) t l r t i ( ) na l  l c cd ing  r v i t h  co r r r b i n l r t i on  o t  l 6  l ( r , 1 -1 ' ; .
l 6  l 6 i ' l l ' l  a n d  l 6  l - 1 , ' 1 3 ' .  p r o t e i n  d i e t s  o n  * c c k l r  b a s i :  b c g i n n i n g  a t  - i 0  k s  l i r c * c i s h t .  t l o * c r c r .  i n
ph l r sc  I [ .  d i c t s * i t h  p ro t c i n  l c r c l  r o t i r t i n ! :  bc t r r cen  1 -1  and  l ] ' ,  co r r su r r r e t i  n ro r c  ( [ )  0  ( ] 5 )  l c cd  t ha l l  t h .
ot  hcr  cor. r rh i  nat ions.

(  l t r c l t s s  t r i t i t s  \ \ c I e  no t  s i gn i f i can t l r  r l i l l c r cn t  u r r r r ng  p i { s  f cd  t he  vu r i o t r s  p ro t c i n  l c r c l  s cqucne ! ' \
An t ( ) n -g  t hc  p i gs  on  p ro t c i n  l c r c l  r o t l r t i on .  i r \ r r i r r e  buck t l r l  u i r s  t h rnnc r  (P r  ( ) . 05 )  i n  ca r casscs  o t  p i gs  t e  d
t l t c  l 6  l - 1 i l l ' i  d i c t n r r  p ro t c i n  c ( ) l n l ) l r t ed  t o  t hose  l n rn r  p i r r s  l c c l  t l r c co r r r b i n l r t i on  o t  1 ( r  l h i l l ' r  p ro t c rn :
$ hereas othcr c ' i t rcass t r i l i ts  \ \  erc r r t r t  l t fectcd.
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