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Productivity, carcass quality and meat quality of pigs fed slaughterhouse residuum.

OSHIDA, T. and SAKATA, R.
:>chool of Veterinary Medicine, Azabu University, Sagamihara, Kanagawa 229, Japan 

Summary
The effects of fermented slaughterhouse residuum (FSR) on the meat production of fattening pigs were investi
gated. FSR was prepared from fresh slaughterhouse residuum (SR) by fermentation under aerobic conditions. 
in Experiment I, it was mixed with formula feed in 20 to 80 portions by weight to fatten pigs (trial group,
° head); the other group was fed only formula feed (control, 5 head). In Experiment II, blood meal was 
added to the SR in an amount such that the resulting mixture would be 5% blood meal. This mixture, follow
ing fermentation, was mixed with formula feed in a 20 to 80% proportion and given to the trial group. Pro
ductivity of the trial group was essentially the same as that of pigs fed formula feed in each experiment.
*he health and nutritional conditions during the fattening period were normal. Hardly any undesirable 
effects of FSR and blood meal feed on carcasses, meat and processing quality could be observed, compared to 
lhe control.

JnJ-roduction
hR contains rice straw and formula feed as the main ingredients, and blood, digestive juice, intestinal 
«sues, meat, feather and skin. These constituents may be processed in such a way as to become a source of 
eed for pigs. In Japan, 19,288,000 head of pigs and 1,494,000 head of cattle were slaughtered in 1984, 
nccording to a statistical report (1985). From their remains, about 58,800 tons of residuum were burned or 
utilized as compost. We have already conducted on investigation on the possibility of converting residuum 
>nto pig feed by fermentation under aerobic conditions (Oshida et al., 1985b). In the present research, a 
study was made of the productivity and carcass and meat quality of fattening pigs fed formula feed to which 
ad been added FSR and blood meal to determine if such a formula would serve properly as pig feed.

feerials and Methods
t_i_on_ of_FSR: SR was obtained from a local meat corporation.

*nree fermentation tanks (base: 50 x 50 cm, height: 100 cm) were 
S?T up for the aerobic treatment (Oshida et al., 1985b). While dry 
air was being supplied from the bottom, fresh raw SR was placed in 

tank without being mixed or cutting back the residuum content.
“'le introducing various amounts of air into the SR at rates 

ranging from 0 — 15 L/min, the fermentation process temperature was 
^jjrefully observed to determine the most suitable volume of air for 
he process. The number of bacteria was examined before and after 
®rraentation. Coliform bacilli, Salmonella and viable bacteria 
Were incubated with desoxycholate agar, DHL agar and heart infusion 
8gar, respectively (Fujita et al., 1977), followed by counting the

T a b l e  1 M e t h o d  f o r  f a t t e n i n g  t e s t s

E x p e r i m e n t  1 E x p e r i m e n t  11

T r i a l C o n t r o l T r i a l C o n t r o l

H e a d  n u m b e r 5 S

F e e d « )  FSR 20* 0 2 0 * * 0

F o r m u l a * * * 80 1 0 0 8 0 100

T e s t i n g  p e r i o d ( d a y s )  

S l a u g h t e r  age<clays)

• O n l y  f e r m e n t e d  s l a u g h t e r h o u s e  r e s i d u u m  (FSR) 

"* 5%  b l o o d  m e a l  w a s  a d d e d  to s l a u g h t e r h o u s e  

r e s i d u u m  f o l l o w e d  b y  f e r m e n t a t i o n  ( B L - F S R )  

* • * T r a d e  n a m e : N i s s h i n  H i g h  Q u a l i

U p 6r °T each. The SR chemical composition was also inves- 
j^xated before and after fermentation.

ta 1_anima, lsj Two experiments were carried out using 
mataT*°nal crossing piglets. When each pig weighed approxi- 
1 e'y 100~ 110 kg, the animals were slaughtered. Data for

T a b l e  2 G e n e r a l  c o m p o s i t i o n  o f  e x p e r i m e n t a l  f e e d ( D M % )

aad number,
in Table 1-

feed, testing period and slaughter age are pre- 
The feed composition used in each experi-

E x p e r i m e n t  I 

T r i a l  C o n t r o l

E x p e r i m e n t  Ii 

T r ial C o n t r o l  .

C r u d e  p r o t e i n  1 A . 0 1 3 . 3 1 6 . 3  15.1

C r u d e  fat u . 6 3.5 A . 6 3.6
C r u d e  f i b e r  q . s 3.8 A . 2 3.7

C r u d e  a s h  q. 9 M . G 5 . 1  R . 9

N i t r o g e n  f r e e  e x t r a c t  7 1 . 9 7 A . 8 6 9 . 8  7 2 . 7

T a b l e 3 F o r m u l a t i o n  of p i c k l e  for loin roll

A d d i t i v e s P e r c e n t  iof p i c k l e

Sa l t 7 . 0

S u g a r q.o
C o l o r  d e v e l o p i n g  a g e n t * 0 . 3

C h e m i c a l  s e a s o n i n g o.q
S p i c e 0 . 7

P h o s p h a t e 0 . 6

’ T r a d e  n a m e : S y o s e i ( 7 % N a N O !, 1 0 % K N O , , 8 3 %  N a C l )

ixn' is given in Table 2.
fj.-§-r_Lmen̂ t_Ten piglets (about 56 kg) were divided into 2
5 f|Ups( one sroup given feed 20% FSR by weight (trial group, 
lhe6ad and The other, only formula feed (control, 5 head).

Pa!atability of the FSR was found acceptable by the pigs 
(0sh-wben The amount of FSR in the feed was 60% by weight 
(2o,'da et al.,1985b). The percentage of FSR in the feed as 
tat- was det-erm‘ned on the basis of FSR yield during fermen- 
pr ’°n and feeding test data on “ liquid fermented feed 
l9jjS\red Trom pig excreta and urine (Oshida et al., 19,80 and 
of During the feeding test, blood was collected from each
Slob -P*es eacb week and analyzed for total protein, albumin/ 
h e m QU * *n ’ glucose, total-cholesterol, red blood cell count,
Tran °.b *n ’ hematocrit, serum iron, glutamic oxaloacetic 
b]^»inase, alkaline phosphatase, lactate dehydrogenase and 
in th Urea n*tr°sen. The left side of each carcass was used 
PoSt e Performance tests to determine carcass quality. A sample of loin meat (M.longissimus thoracis, 24 hr 
c0J Or:Tem) was analyzed for determination of physicochemical characteristics such as pH, color and chemical 
Usi °sition of the meat. The chemical composition and processing quality of the meat were investigated 

8 a cooked cured loin roll. Sensory evaluation was also performed according to the method of Scheffe.
Exjperi_men_t _D_: In this experiment, the by-product, blood 
meal, was examined for utilization as pig feed. Blood meal 
was added to and mixed with SR in an amount such that it 
would be 5% the latter. The mixture thus obtained was fer
mented. Eight piglets (about 60.5 kg) were divided into 2 
groups, and feeding was conducted by the same method as that 
in Experiment I. Following the feeding period, meat produc- 
production was determined.
Pre^axaiLpiL^LLQiiLXQjl: M. longissimus thoracis (24 hr 
postmortem) was cured with pikle for 2 weeks (Table 3), 
smoked for 5 hr and cooked at an internal temperature of 
bST: or above.

Jabí
e k P r o d u c t i v i t y  o f  p i g s  g i v e n  F S R  a n d  B L - F S R  f e e d

E x p e r i m e n t  I E x p e r i m e n t  II

T r i a l C o n t r o l T r ial C o n t r o l

tial b o d y  w e i g h t ( k g ) 5 6 . 2 56 . 1 6 0 . 7 6 0 . 6

lal b o d y  w e i g h t ( k g ) 1 0 3 . 8 1 0 3 . 0 1 1 1 . 8 1 0 9 . 8

ly w e i g h t  g a i n ( g / d a y ) 727 7 q q 7 1 9 6 9 A

:b c o n v e r s i o n 3 . 5 2 3 . 6 3 A. 17 3 . 8 2

e f f i c i e n c y 0 . 2 8 0 . 2 8 0 . 2 A 0 . 2 6
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T a b l e  5

E x p e r i m e n t  I

3

Results and Discussion 
S_uj_tab i? _?§ra_tiprT _voJ ̂ 
ume^ The fermentation - 
of SR proceeded suc
cessfully on adjusting 
the aeration volume to 
0.1 L/min/kg SR. This - 
volume was determined 
on the b a s i s  of 
changes in temperature 
of SR and bacterial 
growth occuring within 
it. The number of 
Coliform bacilli and 
Salmonella decreased 
by fermentation due to 
the self-heating of 
growing thermophiles 
(data not shown).
ProducUv_i_ty_: The data 
for productive per
formance in Experi
ments 1 and n are 
shown in Table 4.
Feed consumption by the trial group was similar to that of the con
trol group,as evident from body weight increase in both experiments. 
In Experiment 1, the daily weight gain and feed conversion ratio in 
the trial group were 727 g and 3.52, respectively. These values 
for the control group were 744 g and 3.63, thus indicating the pro
ductivity of the two groups to be essentially the same. Similar 
results were obtained in Experiment ¡1.
BJ ood_ cpnsXHujjllS.; Changes in certain blood constituents of Experi
ments 1 and II are shown in Table 5. The blood and serum constitu
ents of the trial and control groups did not change during either 
experiment, and was essentially the same for both groups. All the 
pigs in both experiments were in good health according to clinical 
observation and blood test results.
Car.cass_qu.a_l it y_: Macrofindings showed the carcasses of all the ex
perimental pigs to be normal; their quality is presented in the 
Table 6 and within the normal range in all cases. There were no

C h a n g e s  In b o d y  w e i g h t  a n d  b l o o d  c o n s t i t u e n t s  w i t h  h e a l t h  
a n d  n u t r i t i o n a l  c o n d i t i o n s  of  p i g s  d u r i n g  e x p e r i m e n t

E x p e r i m e n t  II

10

B o d y  w e i g h t ( k g )  

T P c g / d l  )

A / G

G l u ( m g / d l >  

T - c h o l < m g / d l ) 

R B C C x l O V m m * )

H b ( g / d l )

Ht ( % )

Fe(/xg/dl )

G O K K a r m e n  u n i t )  

G P K K a r m e n  u n i t )  

ALPCKlng-Armstrong unit) 

L D H ( W r 5 b l e w s k i  u n i t )  

B U N ( m g / d l  )

56.2 :56.1 70.4 ;75.3 83.7 87.0 103.8 103.0 60.7 60.6 75.9 75.2 92.3 90.7 111.8 109.8

6.5 6.9 6.9 7.2 6.9 7.2 6.8 6.9 6.4 6.6 6.9 6.5 6.7 6.M 7.1 6.6

1.37 1.27 1.61 1.97 1.30 1.67 1.67 1.47 1.61 1.62 1.33 1.30 1.67 1.90 1.50 1.50

111 103 81 83 80 87 93 83 % 78 84 85 83 71 83 83

109 113 9M 111 102 108 108 125 121 12M 105 108 117 100 109 92

788 739 816 812 830 818 823 765 877 762 M60 559 603 665 669 663

14.7 13.9 14.8 15.2 15.6 15.4 15.8 15.0 14.5 14,0 13.9 13.3 14.3 13.8 14.1 13.4

M2.7 41.0 42.6 44.0 44.2 43.8 44.0 41.2 44.5 MM.9 44.3 42.5 41.9 M2.M 41.6 39.1

183 188 133 156 188. 171 135 141 185 148 146 129 215 197 235 192

35.9 M2.Û 39.3 27.7 36.8 2M.M 35.1 32.6 19.M 21.1 27.4 15.3 19.0 16.9 22.5 13.0

27.7 29.6 18.6 18.5 23.0 14.4 33.9 30.8 20.1 19.5 20.9 17.7 25.4 19.6 26.3 18.1

15.2 13.5 12.8 13.4 11.0 8.7 11.5 9.9 11.7 12.8 13.1 13.6 11.1 12.1 8.4 9.0

349 401 560 MM9 306 360 338 332 458 504 913 587 601 398 789 706

1M.3 13.1 9.2 12.0 12.7 13.5 13.9 13,8 1M.6 13.0 12.8 13.5 16.8 14.1 17.2 15.4

' T r i a l  g r o u p  ** C o n t r o l  g r o u p

T a b l e 6 C a r c a s s  d u a l i t y  o f  e x p e r i m e n t a l

îrnepiE x p e r i m e n t

T r i a l  C o n t r o l

F i n a l  b o d y  w e i g h t ( k g )  

C a r c a s s  w e i g h t ( k g )  

D r e s s i n g  p e r c e n t « )  

C a r c a s s  l e n g t h ( c m ) *  

L o i n  l e n g t h ( c m ) ”

E y e  m u s c l e  a e r e a ( c m ’) 

H a m  t r a i t s « )

B a c k  fat t h i c k n e s s ( c m )

’ F i r s t  c e r v i c a l - p u b l I s

1 0 3 . 8 1 0 3 . 0 1 1 1 . 8

6 8 . 0 6 9 . 9 72 . 4

6 5 . 4 6 7 . 7 6 4 . 7

9 7 . 2 9 7 . 0 94 . 8

7 0 . 7 7 1 . 9 73 . 8

18 . 6 1 7 . 5 26 . 3

2 8 . 7 2 8 . 5 3 2 . 2

2 . 3 2.5 3.4_

; ** F i r s t  lib-■last 1'

T a b l e  7 P h y s i c o c h e m i cal c h a r a c t e r i s t i c s  of m e at 

E x p e r i m e n t  1 E x p e r i m e n t  II

T r i a l C o n t r o l T r i a l C o n t r o

V i s u a l  c o l o r  s c o r e ’ 3 . 2 3 . 2 2 . 8 2 . 8

H u n t e r  v a l u e  L 4 8 . 8 M 6 . 6 4 2 . 2 4 1 . 5

a 1 7 . 8 1 8 . 8 1 9 . 2 1 9 . 2

b 10 . 6 9 . 9 9 . 9 1 0 . 0

b / a 0 . 6 0 0 . 5 3 0 . 5 2 0 . 5 2

T o t a l  h e m e  p i g m e n t s ” 5 . 9 1 6 . 8 2 6 . 0 6 6 . 3 3

pH 5 . 5 1 5 . 5 2 5 . 5 8 5 . 5 3

M o i s t u r e « ) 7 1 . 7 7 2 . 4 7 2 . 9 7 3 . 6

C r u d e  p r o t e i n « ) 17 . 1 17 . 3 19 . 9 1 9 . 3

C r u d e  f a t « ) 4 . 3 4 . 5 3.3 2 . 4

C r u d e  a s h « ) 1.2 1.2 l.M 1 . 2

M e l t i n g  p o i n t  of  fat

(°C> B a c k 3 5 . 4 3 4 1 9 3 1 . 6 3 1 . 8

A b d o m i n a l 4 3 . 6 M 3 . M 4 4 . 2 4 3 . 6

' E v a l u a t e d  a g a i n s t  P o r k  C o l o r  S t a n d a r d  of  J a p a n  

( N a k a i  et  al, 1975)

* D e t e r m i n e d  by  the m e t h o d  of O k a y a m a  a n d  M a y a t a  

( 1 9 7 9 ) ,  u n i t ; / i m o l e s / 1 0 0 g  m e a t

significant differences between trial and control groups 
the two experiments, all carcasses being basically the sa» j 
Phys i_coxh_em ijçaJ_c_ha_ra_çle_ri.s_LUs_of _tJie_mea_tj The v 's" f 
color score based on the Pork Color Standard of J a p a n , Hun 
value and total heme content did not differ significantly 
either group for both experiments. The Hunter 1. value an 
heme content, however, seemed to be affected by FSR fee°' 
The results are shown in Table 7 which also indicates t e ^ e 
chemical composition of loin meat for both experiments.  ̂
chemical composition of the meat in both groups was sim1 
all values being in the normal range.

of the processProcessjn^_guaj_i_ty_of_the_meat_: The results 
■ ■' " cooked cured loin roll are shown . ̂

no significant differences 
two groups but were detected ¡n s

grai‘

ing quality analysis of 
Table 8. In Experiment 
color were evident in the two groups 
the color forming ratio between the trial and control

Experiment 11 . However, the pinkish color characteri-
quality in all samples ex8'f

l n
of meat products was of passing 
ined. The chemical composition of the meat product was 
affected by the FSR or the blood meal.
Sensory eva]ua_Uon: The number of panels in Experiments
and II was 52
and 30, re
spectively.
The panels 
consisted of

all girl students between 18 and 20 years of age. The loin 
meat, after being grilled in a microwave oven, as well as the 
loin rolls of trial and control groups were compared for color, 
odor, tenderness, flavor and given total point evaluations.
No significant differences could be found between the two 
groups in either experiment (data not shown).

no

roi'
T a b l e 8 P r o c e s s i n g  q u a l i t y  of c o o k e d  c u r e d  l o t n _

Experiment^
ntrol

E x p e r i m e n t  1

The livestock industry showed endeavor as much as 
alleviate the present problem of food shortage at 
cute world population expansion. For the past 10 
has been engaged in attempts at developing sources

possible to 
a time of a- 
years, Japan 
of live

stock feed from materials not directly fit for human consump
tion, such as slaughterhouse waste and vegetable residuum. 
Waste production per year in Japan from pig slaughter is esti-

Trial C o n t r o l Trial

PH 5 . 6 9 5. 8 7 6 . 0 2

R e s i d u a l  N O l ( p p m ) * 12.5 13.4 15 . 8

M o i s t u r e « ) 7 0 . 7 7 1 . 7 7 0 . 0

C r u d e  p r o t e i n « ) 18 . 6 19 . 2 17 . 6

C r u d e  f a t « ) 4.3 2.8 2 . 6

H u n t e r  v a l u e  L 60 . 1 58 . 1 5 7 . 5

a 1 3 . 0 1 4 . 0 1 4 . 7

b 7 . 9 7.5 6 . 9

b / a 0 . 6 1 0 . 5 6 0 . 4 7

C o l o r  f o r m i n g  r a t i o « ) * * 7 4 . 2 7 3 . 8 6 0 . 4

' D e t e r m i n e d  b y  the m e t h o d  of M i r n a  a n d  S c h ü t z  (I9 '’2.,

' D e t e r m i n e d  by  the m e t h o d  o f  S a k a t a  a n d  N a g a t a
(198*’
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*ated as follows: 76,000 tons of blood, 46,000 tons of bone and 28,680 tons of residuum. Slaughterhouse 
«siduum has high fat content (Oshida et al., 1985a), and the blood meal is rich in protein (flutio et al , 
^84). It is thus considered that these materials could be used as sources of feed. The safety aspects’of 
ch materials should be given carefully consideration,especially in view of the possible presence of patho- 

senic microorganism and eggs of parasites. Particular care should be taken to insure that blood meal is not 
«‘ted infectious disease or hypoproteinemia. In the present research, a decrease in Coliform bacilli 
a Salmonella by self-heating during fermentation was confirmed. Health and nutritional conditions were 
own to be normal by blood checks and macrofindings on pig carcasses. The quality of the pork from a trial 

f:8 was found quite comparable to that of a pig given conventional formula feed. The present data thus con- 
r"i that slaughterhouse residuum adequately qualifies as a usable source of pig feed.

experiments’ the authors intend to investigate the effects of greater concentrations of blood meal 
the presence of various amounts of bone containing marrow in SR on the meat productivity of pigs.
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