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Abstrak

Dua percubaan ayam pedaging dan satu percubaan i t ik Pekin tctah
di jalankan untuk meneli t i  ni lai  pemakanan tepung kul i t  bi j i  koko (KBK)
bagi ayam dan i t ik. Di dalam semua percubaan ini,  KBK digunakan pada
aras 5, 10, 15 dan 20Vo dalam makanan pemula dan penamat untuk kedua-
dua spesies ayam-it ik. Keputusan daripada ketiga-t iga percubaan ini
menunjukkan bahawa pengambilan makanan dan penambahan berat badan
berkurang apabila aras KBK dinaikkan. Peratus kematian ayam dan i t ik
meningkat dengan peningkatan aras KBK dalam gizi.  Pada aras 207o KBK di
dalam makanan, peratus kematian ayam pedaging dan i t ik masing-masing
meningkat kepada 70Vo dan 83.77o. Kematian ini disebabkan oleh
kewujudan 7.997o teobromin di dalam KBK yang menyebabkan kerosakan
lapisan usus besar spesies-spesies berkenaan. Ayam yang diberi  makanan
yang mengandungi KBK hanya pada tempoh penamat menunjukkan kadar
kematian dan kesan penindihan pengambilan makanan yang berkurangan
dan kenaikan berat badan yang lebih baik daripada ayam yang diberi
makanan pemula dan penamat yang mengandungi KBK. Memproses KBK
dengan autoklaf t idak mengubahkan kesan racun terhadap pembesaran
ayam/it ik.

Abstract

Two tr ials with broi lers and one with Pekin ducks were carr ied out to study
the feeding value of cocoa bean shel l  (CBS) for growing chicken and duck. In
al l  the tr ials, CBS was included at 5, 10, 15 and20o/c of the diets either in the
finisher diet alone or in both the starter and f inisher diets. Results from the
three tr ials showed a general trend of decrease in feed consumption and body
weight gain with increase of dietary CBS levels. Per cent mortal i ty increased
with the increased inclusion of CBS. Atthe20% dietary CBS level, the per
cent mortality were 70Vo and 83.7Vo for chicken and duck, respectively. The
mortal i ty was due to the presence of 7.99o/o of theobromine in CBS which
caused intestinal lesion in the distal part of the digestive tract. I t  was also
observed that mortality and adverse effect were less serious if the feeding of
CBS-based diets were started only at f inishing period. Autoclaving CBS did
not change its toxic effect on bird growth.
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Introduction
Cocoa has become the third largest
plantation crop in Malaysia. The process
of seed extraction gives rise to several by-
products which include cocoa pod, cocoa
bean shel l  (CBS) and o i lcake.  Cocoa pod
is low in protein and high in fibre and
hence it is only suitable for ruminant
feeding. However, CBS is high in protein
and low in fibre and it could be considered
as non-ruminant diets. Reports in using
these by-products in non-ruminant feeds
are meagre. A few workers had attempted
to feed cocoa pod to swine and poultry
(Adenyanju et al., 1975, 19771' Oyelaja et
al., 7970; Adenyanju and Ilori 1979).
Hutagalung and Chang (1978) reported
that CBS could be included in layer diets
up to 20Vc with satisfactory egg
production and egg weight. Beyond this
level egg production was delayed and
reduced.

In view of the rapid expansion of
cocoa plantation in Malaysia. research to
further stimulate the interest of dsing
cocoa by-products in animal feeds is
envisaged. A study was therefore
conducted to explore the possibil i ty of
using CBS as a protein source in broiler
and Pekin duck diets.

Materials and methods
Cocoq bean shell (CBS)
The chemical composition of CBS is
shown in Table 1. In this table. the
proximate analysis was conducted
according to the procedure of  A.O.A.C.
(1980) and the metabolizable energy
(ME) was determrned using the total
collection method. The level of
theobromine (3.  7-Dimethylxanth ine)  was
measured based on the method described
by Gerr i tsma and Koers (1953).  Two
broi ler  ch icken t r ia ls  and one Pekin duck
feeding trial with dietary inclusion of
cocoa bean shell were carried out
successively.

? i 0

Table 1. Chemical composit ion of cocoa bean

she l l *

Const i tuent Composition

Dry matter  (%)

Crude protein (%)

Crude fibre (o/o)

Ether extract  (7o)

Ash  (%)

Calcium (c/o)

Phosphorus (o/c)

Lysine (%)

Methionine -1-  cyst ine (7o)
ME (kcal /kg)

Theobrominc (? l )

99.9
1 7 . 5
1 5 .  I
6 . 4
8 . 6
0 . l 5
0 3 7
0.85
0 . 3 1

l 9 l 0
1 . 9 9

*CBS purchased f rom a local  suppl ier

Broiler Trial I
In the first broiler trial, nine dietary
treatments were alloted to 540 day-old
Hybro broiler chicks in a completely
randomised design.  F ive isoni t rogenous
and isocaloric diets with the levels of CBS
at 0.5.  10.  15 and 20c/c were formulated
during both the starter (Table 2) and
finisher periods (Table 3), respectively.
The crude protein and ME levels for the
starter and finisher diets were 23o/o - 3 000
kcal /kg t rnd 18c/c.3 000 kcal /kg,
respectively. The four additional dietary
t reatments wi th the non-CBS contro l  d iet
in the starting period followed with
different graded levels of CBS in the
finishing period were compared with
those groups having CBS-based diets
throughout the 8-week experimental
period in which 4 weeks were for starting
and 4 weeks for f inishing.

Three-tier boxes comprising 6
compartments each were used for the
trial. Each compartment with a floor area
of  0.91 m x 0.91 m was used as a repl icate
of  the t reatment .  Each t reatment
comprised 12 replicates (2 boxes). Five
birds were allocated to each replicate.

Dur ing the f i rs t  2  weeks,  ch icks were
brooded in the enclosed compartment
with electric bulb to provide a warm
environment. Feed and water were
provided ad l ib.
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Table 2.  Broi ler  star ter  d iet  contain ins di f ferent  levels of  cocoa bean shel l

Ingredient  (%) Composition

Cocoa bean shell
Maize
Broken rice
Soybean meal
Fish meal
Palm oi l
Dicalcium phosphate

Vi tamin-mineral  premix
Limestone powder
DL-methionine
Sal t

Crude protein (%)
ME, (kcal/kg)
Lysine (7o)

Methionine + cystine (c/c)

Calc ium (%)
Phosphorus (%)

U
35.30
20.00
31 .80
8.00
2.10
0.60
0.30
0 . 8 1
0 .  1 9
0.30

5.00
32.00
1 8 . 2 0
30.70
u.0t)
3.8t)
0.7i)
0.30
0.80
0 .21
0.30

l -s.00
30.40
1 5 . 0 0
29.50
8.00
4.10
0.90
0.30
0.67
0.23
0.30

20.00
2 5 .  1 0
15.00
28.50
fJ.00
5.90
1 . 0 0
0.30
0.64
0.26
0.30

33.00
27.80
{,t.00
8.70
1 . 0 0
0.30
0.60
0.30
0.30

I 00.00

23.0
3 000

1 . 4 2
0.93
I  .00
0.70

100.00

23.0
3 000

1 .39
0.93
1 . 0 0
0.70

I 00. (x)

23.0
3 000

| .37
0.93
1 .00
0.70

100.00 100.00
23.0 23.0

3 000 3 000
1 .36  1 .17
0.93 0.93
1 .00  1 .00
0.70 0.70

Table 3. Broi ler f inisher diets containins dif ferent levels of cocoa bcan shel l

Ingredient (o/c) Composi t ion

Cocoa bean shell
Maize
Rice bran
Soybean meal
Fish meal
Palm oi l
Dicalc ium phosphate
Vi tamin-mineral  premix
Limestonc powder
L-Lysine
DL-methionine

Sal t

Crude protein (%)
ME (kcal/kg)
Lysine (%)
Methionine + cyst ine (%)

Calc ium (%)
Phosphorus (7o)

0 .  1 0
6 2 . 1 0
6.90

24.70
2.00
l 00
1 . 2 0
0.30
I  .40

5.00
65.  10

23.20
2.20
I  .00
1.6t)
0.30
l . l l
0 .06
0 . 1 3
0.30

10.00
63.1 0

17 .30
5 .80
1 .00
l . l 6
0.30
0.80
0.0-5
0 . 1 9
0.30

15.00
59.80

1  3 .20
8.00
I  .50
I  .00
0.30
0.6-5
0.05
0.20
0.30

20.00
51.70

12.10
8.00
2.60
1 . 0 0
0.30
0.70
0.07
0.23
0.30

0 . 1 0
0.30

100.00

1 8 . 0
3 000

1 . 0 0
0.72
1 . 0 0
0.70

100.00

1 8 . 0
3 000

1 . 0 1
0.17
l.0t)
0 .70

100.00

1 8 . 0
3 000

1 . 0 0
0.7'7
1 . 0 0
0.70

100.00 100.00

1 8 . 0  1 8 . 0
3 000 3 000

1 . 0 0  1 . 0 1
0.77  0 .77
I .00 1 .00
0.70 0.70

Variables including weekly body
weight gain, feed intake, feed efficiency
and daily mortality were measured.

Broiler Triel II
In Trial II, experimental diets with 0, 5,
10, 15 and 20% CBS similar to Trial I
were used. Two additional diets
containins l0ok and20Vo autoclaved CBS

were compared with unautoclaved CBS
diet. The autoclaving procedure for the
CBS was done by using an autoclave with
steam pressure of I kg/cm2 at 126 'C for
t h. The management practices and data
recordins were similar to Trial I.

260



Cocoa bean shel l  nutr i t ive value

Table 4.  Duck star ter  d iets wi th d i f ferent  levels of  cocoa bean shel l

Ingredient  (7a) Composi t ion

Cocoa bean shel l

Brokcn r icc

Soybean nreal

Fish meal

Palm oi l

Dicalc ium phosphate

Limestone powder

Vi tamin-mineral  premix

L-Lysine
DL-methionine
Sal t

Crude protein (7r,)

ME (kcal /kg)

Lysinc (%)

Methionine + cyst ine (%)

Calc ium (%)

Phosphorus (%)

0
63.50
21 .90
10.00
1 .00
1 . 8 0
r .00
0.3i)

s.00
60.20
20.4{)
10 .00
1 . 1 0
1 . 1 0
r .08
0.30

0.22
0.30

10.00
s5.50
19.20
lL).00
1 . 9 0
1 . 6 0
0.96
0.30

0.24
0.30

1-5 .00
-51 .06
11 .9(l
10 .00
2.6( '
1 . 7 0
0.85
0.3i)
0 .03
0.26
0.30

20.00
,16.91
16.50
10.00
3.00
1 .80
0.79
0.30
t).06
0.28
0.30

0.20
0.30

i00.00

20.0
2 718

1 . 2 4
tl. u0
1 . 1 0
1 . 0 0

100.00

20.0
2 751'l

I  .20
0 .80
1 . 1 0
l . 0 0

100.00
20.0

2 750
i .zo
0.80
1 .00
r).90

1 00.00
20.0

2 750
1 .20
0.80
l . l 0
0 .90

100.00

20.0
2 721

1 . 2 0
0.80
1.00
0.9t)

Table 5. Duck f inisher diets with dif ferent levcls of cocoa bean shel l

Ingredient  ( t " r  ) Composl t ion

Cocoa bean shell

Brokcn r icc

Soybcan meal

Fish meal

Palm oi l

Dicalc ium phosphate

Limestone powder

Vi tamin-mineral  premix

DL-methionine
Sal t

Crude protein (%)

ME (kcal /kg)

Lysine (%)

Methionine + cyst ine (7o)

Calcium (o/c)

Phosphorus (%)

0
75.00
13.90
7.60
0.70
1 .87
0 . 2 1
0.30
0 .  1 2
0.30

5.00
7 1 . ( x )
1 2 .  1 0
8.00
r  .30
1 . 7 0
0 . 1 6
0.30
0 .  1 4
0.3t)

10.00
66.30
10.90
8,00
2 . 1 0
1 .95

0.30
0 .  l 5
0.30

15.00
6 1 . 2 3
1 0 . 5 0
7.40
3. .10
2.00

20.0t)
54.92
12.10
5 .  r 0
4.44
2.30
0.08
0.3t)
0 .20
0.30

0.30
0 .  i 7
0.3t)

1 00.00

1 6 . 0
2 fl50

0 .93
0.58
1 . 0 0
0.85

1 00.00

1 6 . 0
2 U50

0 . 9 1
0.58
0.95
0.80

1 00.00

1 6 . 0
2 850

0.89
0.58
0.97
0.8i)

l (x ) .00  100.00

1 6 . 0  1 6 . 0
2 t350 2 85t)

0 .86  0 .82
0.58  0 .58
0.98  0 .95
0.85  0 .80

Pekin duck trial
In Pekin duck trial, CBS in graded levels

at  0,5,  10,  15,  207o were inc luded in the

isocaloric and isonitrogenous starter and

finisher diets (Table 4 and Table 5). The

ducklings were brooded and reared in the

same type of boxes as in broiler Trial I.

The durations of the trial were 3 weeks
.tarting and 5 weeks finishing. Twelve

replicates were given to each dietary
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treatment. Each compartment constituted

a replicate. Four ducklings were allocated

to each replicate hence a total of 240 day-

old ducklings were used in this trial. The

variables recorded were feed intake, body

weight  gain.  feed ef f ic iency.  carcass
quality and daily mortality.

A t  t he  end  o f  each  t r i a l ,  da ta  we re

compiled and subjected to statistical

analvsis for the analvsis of variance and



the means were compared using Duncan
mul t ip le range test  (Steel  and Torr ie
1960).

Results and discussion
The resuf ts of Trial I are shown in Table 6.
Mortality increased with increasing levels
of  CBS rn the d iet .  At  5qo level  of  CBS
inclus ion,  there was no morta l i ty .
However,  the morta l i ty  increased to 15%
aI 10c/o CBS inclusion and at 20Vc level.
the morta l i ty  rate reachedl0%. Death
was probably due to the toxicity of
theobromine in CBS. Necropsy revealed
the in f lammat ion of  the in test inal  l in ing
inc luding the duodenum, je junum and
i leum up to the funct ion of  caecum. In
ser ious cases,  the in test inal  l in ing
sloughed off and was excreted together
with the faeces, which rendered high
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morta l i ty  of  the b i rds.  When the CBS
diets were g iven only dur ing the f in ish ing
per iod,  the morta l i tv  was lower at  2()%
inclus ion level  compared wi th that  whcn
CBS was added to both the star ter  and
f in isher  d iets .  I t  was probably due to the
more res is tance of  the in test inai  wal l  o f
older chickens against the toxic effect of
theobromine.  Since the in test inal  l in ing
was destroyed.  the feed intake and body
weight gain were badly affected due to the
poor nutr ient  absorpt ion.  As a resul t ,  the
feed/gain rat io  general ly  deter iorated.
The surviving birds rvere observed making
hungry noises for want of food when they
were approached.

The results of Trial II are in Table 7.
This study confirmed the adverse effect of
CBS in bro i ler  d iets .  The feed intake and
body weight  gain were re lat ive ly  reduced

Table 6. Prel iminary tr ial  on the effects of cocoa bean shel l  (CBS) inclusion in diets on thc
oerformance of broi ler chickens

CBS lcvci
( n ' ,  )

Typc of
feed

Feec l  i n t akc
(g )

Bodv rvcight
ga in  ( g )

Fecd l

ga in
Mortal i ty  (c i )

t ,

_5
1 ( )
1.5
20
5

l 0
l 5
20

SF-
SF
SF
SF
SF
F '
t-

F
F

-r 117.8b
.l  tX)9.5c
2 667.2d
1 2 . 1 3 . 6 c
I 0u9.9e
3 .130.0b
3 392.4b
2 968.9c
3 839.5a

1 7 . 1 3 . 9 a
I 7.18. la
I  178.8c

972.2d
7 l  I  .9c

l .166.1b
I  4 -31 .7b
1 2 7 { J . 5 c
I 172.2c

l . 9 U c
l . 7 3 d
7.271)
1 .29e
I .63d
1.3-5 tr
2 .37b
2 . 3 1 b
3. -l0a

1 . 6

I 5 . 0
i  5 . 0
70.0
U

1 0 . 0
2 2 0
:15 0

-CBS 
in star ter  and f in isher d ic is

**CBS 
in f in isher d icts onlv

Values wi th d i f fcrcnt  let ters in thc same column denote s isni f icant  d i f ferencc at  57c level

Table 7.  Performance of  broi lers fed dicts rv i th cocoa bcan shcl l  in  Tr ia l  I I

CBS  l cvc l
('x,)

' l 'otal 
feed

intakc (g)
Total  weight
gain (g)

Mor ta l i t v  ( ' i  )
Feedr
ga in

(,
5

l 0
l 5
20
1 0  A -
2 0 4

4 067.7a
3 660.6b
3 2 1-5.2c
2 '/69.2d

2 785.  ld
3  160.8c
2 797.5d

| 771.0a
1.193. .+b
I 264.0c

932.7e
791 .4t

|  1 3 7 . 8 d
778.21

2.30d 0 .02
2.17d 8 .30
2. -56cd 11  .70
2.9ftb 31 .60
3.60a 56.00
2.79bc 25.00
-3.65a 45.00

*A Autoclaved sample
Values wi th d i f ferent  let ters in the same column di f fer  s isni f icant lv  at  5?f  lcvel

_o -
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5
1 0
l 5
20
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Table 8. Effects of dictary cocoa bean shel l  on

the performance of Pekin ducks (0-3 wecks)

CBS level  Total  feed Total  weight  Fced/

(%) intake (g)  gain (g)  gain

943.4a
83't.8b
594.5c
413.6c
286.9e

Valucs with different letters in the same column
diffcr significantly at -5% level

Table 9. Effccts of dietary cocoa bean shel l  on

the performance of Pekin ducks (0-8 weeks)

CBS level  Total  fced Total  weight  Feed/

(%) intake (g)  gain (g)  gain

Table 9. The adverse effect of CBS
inclusion is also evident in this trial.

Percentage of mortality rate of Pekin
ducks by week is as in Table 10. There was
no serious effect at 5olo CBS inclusion.
However, mortality percentage increased
to26 .3 ,73 .6  and  83 .7% a t  10 ,  15  and20Vo
levels of inclusion, respectively. Relative
to mortality f igures in trials I and II. i t
appears that theobromine toxicity affects
ducks more seriously than chickens.
Judging from the mortality percentage of
ducks by week, the incidence were spread
over the 8-week period, suggesting that
age of ducks does not contribute towards
to lerance to CBS tox ic i ty .

In conclusion. it was obvious that
cocoa bean shell which contained about
27c theobromine was toxic to broiler
chicks and ducks even at 57o dietary level
of  inc lus ion.  The destruct ion of  in test inal
l inings caused adverse effect on feed
intake and body weight  garn,  which
eventually led to high mortality of the
bi rds.  Ducks seemed to be more sensi t ive
to theobromine tox ic i tv  than chickens.  To
obta in good and ef f ic ient  growth
performance of  bro i lers and duckl ings.  i t
is  suggested that  cocoa bean shel l  should
not be used as a feed insredient for
growing birds.
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| 410.4a
1  4 l  l . 9 a

994.6b
704.1c
s67.0d

. -513a

.70a

.73a

.73a

.05b

0
5

.10

1 5
20

7 238.7a
7 1 0 4 . 5 a
6 687.7ab
6 070.6b
3 242.5c

2 438.7a
2 396.3a
2 1 0 3 . 0 b
I 632.2c
1 0 0 2 . 5 d

2.97b
2.97b
3 . 1 8 b
1 .  / O : l

3.32b

Values rv i th d i f ferent  let ters in thc same column

di f fcr  s igni f icant ly  at  5% level

as the CBS level  increased.  At  10% CBS,
the body weight gain was only 1 264.0 g as
compared to 1771.0 g in  non-CBS contro l
group. At 15% and 20c/c CBS levels. the
body weight  gains were less than I  kg.  The
feed:gain ratios increased as the levels of
CBS increased. The mortality reached
56oh at20% CBS level .  Autoc lav ing the
CBS was not effective in alleviating the
depressant effect of feed intake and body
weight  gain.  However.  i t  seemed to
slightly reduce the mortality rate.

The results of Pekin duck trial on
CBS-based diets are in Table 8 and

Table 10. Effects of dietary cocoa bean shel l  on thc

mortal i ty of Pckin ducks by week

Cocoa bean
s h e l l  ( % )

Mortal i t ,v  (%) by weck

Total

0
5

l 0
l 5
20

0 . 0  2 . 0
0 .0  0 . t )
5 . 8  1 . 1

1 2 . 3  ' 1 . I
26.5 .1. I

2 . 0  0 . 0  1 . 1
2 . 0  0 . 0  2 . 0
8 .2  ( ) .0  26 .3

22.5  '1 . I  73 .6
12.3 20.1 83.7

() . ()
0 . 0
8 . 2

30.6
20.4
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the theobromine content of the cocoa
bean shel l  sample.
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