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Insect species of stored cocoa beans in Peninsular Malaysia
(Spes ies  serangga perosak  b i j i  koko  da lam peny impanan d i  Semenan jung
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Abstrak

Spcsics serangga perosak daripada bi j i  koko dari estet dan pembeli  koko

tetah ditentukan. Berdasarkan bi langan scrangga yang belum dan sudah

dcwasa, spesies utama yang dikenalpasti  ialah Tribol ium castaneum

(He rbst.),  Oryzaephilus mercator (Fauvcl),  Lasioderma serr icorne (Fabr.)

dan Corcyra cephalonica (Stainton). Komposisi spesies dan kcl impahan

relat i f  spesies utama adalah sama untuk ladang dan pembeli  koko. Bi langan

purata serangga dewasa untuk setiap bcg scberat 62.5 kg adalah masing-

mas ing  0 .7 '1  dan 3 .51  un tuk  ladang dan pcmbel i  koko.  Corak  taburan

serangga dewasa mcnunjukkan bahawa populasi scrangga dalam sctiap beg

adalah terlalu beragregat. Infestasi sisa dan infestasi si lang mungkin

berpunca daripada scrangga peringkat belum dewasa vang selalunya sukar

dikesan semasa pemeriksaan awal. Bcrdasarkan andaian ini,  disarankan

supa)'a semua bi j i  koko yang hendak dicksport.  perlu difumigasi terlcbih

dahulu. tanpa mcngambil kira bi langan scrangga dcwasa.

Abstract

The insect species in cocoa beans rvcre determincd for both estatc and buver

bcans. The major species. based on adult and immature numbers, wcrc

Tribctlium castaneum, Or1'zaephilus mercotor, Lasioderma serricorne and

Corc.vra cephalonica. The species composit ion and the rclat ive abundance of

the major species wcre similar for the estate and buyer beans. Thc mean

number of adults per sack of 62.-5 kg nett was 0.74 and 3.51. for estate and

buyer beans. respcctively. Thc dispersion pattcrn of adults in thc s:rcks was

highly aggregated fbr both estate and buyer beans. I t  n'as suggested that thc

immature stages of insects. which are not easi lv detected during prcl iminary

inspection. could be a sourcc of residual and cross-infestat ion during

shipment. Based on this. i t  was suggested that al l  cocoa bcans for export bc

fumigated, regardlcss of adult inscct numbers.

Introduction low prices. To maintain the reputation of

Insect infestation affects the quality of Malaysian beans in the international

cocoa beans during storage. Poor quality market, since October 1984 preshipment

beans, resulting from infestations, usually inspection is carried out by the Federal

affect the grade and consequently incur Agricultural and Marketing Authority
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Insccts of  stored cocoa beans

(FAMA) on beans for  export  to  cer t i fy
thei r  qual i ty ,  before the export  permi t  is
issued.  Based on FAMA's records.
rejection of beans due to high insect
numbers (> 10 insccts per  sack of  62.-5 kg
nc t t )  du r i ng  p re l im ina rv  i nspec t i on
(Othman 1986) was consistent ly  h igh
compared to other factors such as
mo is tu re  con ten t .  was te  and  p ( ) ( ) r
packaging (Sivapragasam 1987).  For
example.  in  1986,  re ject ion of  samples
due to high insect numbers was about
28% based on tota l  quant i ty  graded in
Peninsular  Malaysia.  Beans re jected as a
result of insect infestations have to be
fumigated thereby incurring additional
costs to the exporter.

Despi te the importance of  insect
in festat ion on qual i ty .  there is  a general
lack of  in format ion on the insect  species
and thei r  re lat ive abundance in cocoa
beans during storage in this country.
Although the presence of some insect
species was conf i rmed in ear l ier  s tudies
(Yunus and Ho 19701 Conwav 1971).
these studies lacked quant i ta t ive data on
the relative abundance of the various
species.  Thrs study examines the var ious
species of insect pests and their relative
abundance in cocoa beans obtained from
the estates and l icensed cocoa bean
buyers.

Materials and methods
Sources of cocoa bean samples
Cocoa bean samples were obtained from
the two FAMA grading centres at Port
Kelang.  Selangor,  and at  Johore Bahru,
Johore. These centres grade more than
95Vo oti the total beans graded in
Peninsular  Malaysia.  Most  (> 817o) of  the
beans sent to Port Kelang are estate beans
whereas those sent to Johore Bahru are
from licensed buyers cum exporters ()
t l. i7o) whose major source of beans come
from smal lholders.  A tota l  o f  8 l  and 124
cocoa bean samples, were obtained from
Port  Kelang and Johore Bharu,
respectively, for a period extending from
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June 1986 to September 1987.  Each
samplc was made up of  the tota l  res idue,
which consists  of  main lv  dusts,  debr is .
insects and broken beans.  obta ined f rom
l6 bags s ieved dur ing pre l iminary
inspect ion of  the cocoa beans.  Samples
wcrc obta ined monthly  and the number of
samples for  each month depended on the
availabil itv of cocoa beans for grading.

Processing and examinqtion of samples for
insects
The cocoa bean samples,  mean weight  of
ca 162 g and ranging from 60 g to 27lt g,
were kept  in  sealed polythene bags and
brought  to the laboratory at  MARDI,
Hi l i r  Perak.  The samples were s ieved
manual lv  us ing a 10- in mesh rectangular
s ieve.  and then inspected for  l iv ing and
dead adul t  and immature insects.  Based
on pre l iminary studies.  i t  was found that
th is  method of  examinat ion was gcneral ly '
b iased towards obta in ing beet le numbers
and excluded adul t  moths.  But .  s ince the
major i ty  of  the insects obta ined were
beetle species, the sieving method was
considered sufficient for determining thc
re lat ive abundance of  the var ious species.
The ident i f icat ion of  the species was done
by compar ing wi th inscct  specimens in the
taxonomv uni t .  Centra l  Research
Laborator ies,  MARDI.  and by the staf f  o f
the C.A.B.  Internat ional  Inst i tu te of
Entomology (CIE).

Number of insects per sack and
determinqtion of re sidual infe station
The number of  insect  species per  sack was
obta ined by recording in  s i tu  the insect
numbers during grading of beans. The
tota l  number of  sacks sampled were ,5 l6
and 519 fbr  estate and buyers,
respectively.

An understanding on the dispersion
of  insects between the sacks is  important
as i t  in f luences,  among others.  the
sampl ing programme, e.g.  determin ing
the number of  samples to be taken wi th a
f ixed degree of  prec is ion,  and the manner



in  which sacks are sc lcctcd for  inspcct ion.
T 'he d ispers ion of  insects per  sack was
dcscr ibed using the negat ive b inomial
distribution which is characterisecl by two
parameters.  the mean and the exponent  f t ,
( the measure of  d ispers ion) .  

- l 'he 
smal ler

the value of  k  the greater  the extent  of
aggregat ion.  rvhereas a large value (about

8)  ind icatcs that  thc d is t r ibut ion is
v i r tual ly  random (Southwood 1978).  The
value of  k  was der ived based on the th i rd
method usin-u equat ion 1 (Southwood
1978).  T 'he i terat ion was done using a
computer programme

N  l n  ( l  +  x k )  - : [ A x ( A  +  x ) l  -  ( ] .  I

where A, : sum tlf observed frequencies
of  sampl ing uni ts  conta in ing more than z
indiv iduals,  N :  to ta l  number of  samplcs
and x is  sample mean.  k  values for
equat ion 1 were est imated us ing equat ion
2 ( f i rs t  method) (Southwood 1978):

k  :  , 2 1 5 1  -  x . . . .  . . . .  . . .  2
where x and Sr are the sanrple m€i l r l  ond
var iance.  respect ive lv ,

fo e luc idate the re lat ive abundance
of  moth populat ion.  and to determine the
source of  res idual  insect  populat ion,  some
of  the samples werc kept ,  a f ter  removing
al l  adul ts  f rom each sample.  and observed
at  subsequent  dates for  adul t  emergcnce.
Each sample,  weighing ca 2(X) e.  was kept

Table 1. Rclative frcqucncv of adult insects in
collected from FAMA grading ccntcrs

A.  S i vap ragasam

i n  a  bo t t l e  (  l 6  cm x  7 .0  cm x  5 .5  cm d iam.  )
sealed at  the top by a f i l ter  papcr  d isc her ld
in posi t ion wi th paraf f in  wax.  The bot t les
were examined at  weeklv in tervals  and
anv adul t  insects present  was removecl
before reseal ing the sample.  At  the end o l
the per iod.  i .c .  when no adul ts  emergecl
l i r r  one weck.  the tota l  number of  insects
per  sample was determined.

Results
The re lat ive f requcncy of  adul ts  per
sample in  both locat ions is  shown in Tehle
/ .  

- l -he 
insects obta ined were most lv

beet les wi th two important  species of
moths.  The major  bcet le  specics.  basecl
on relative numbers. were Triboliwn
(astaneunt, Or,- zaephilus mercator, an{)
Lasioderma seruicorne. These species
comprised ca 889i and JJC/c of the total
numbers obta ined in Port  Kelang and
Johore Bahru.  respect ive lv .  

- l 'he 
r ice moth

(-rtrcyra cephalonit 'a was obtained in
alnrost all sanrplcs. with Ephestia cautella
obta ined in onlv  one of  the samples.  In
Table I. the numbers of C. cephalonica
was re lat ive ly  low,  i f  based on adul t
numbers,  probably due to poor  recovery
of  moths dur ing sampl ing of  the bags.
l{clwever. the importance of this moth
* 'as impl ic i t  f rom resul ts  of  s tudies to
delermine the sources of  res idual

cocoa bcan samples

Insect  species
Relat ive f requencv of  adul t  insccts (11 )

Port  Kclang . lohore Bahru Both locat ions

7'ribolium castaneum
O r v z ae p h il us mer( lto r

Lcts ioderma se r r it o rne
Cttrpophilus dintidiatus
Necrobin rufipes
C r y- ptolestis ferrugine us
Lo p hocate rus p tts il I us
(-orcyra cephalonica
()thers + unknown*

.1:1.95
2.0.76
2 1 . 9 8
3 3 9
0 . 7 1
0 . 7 1
0.36
0 .  l 8
6 .92

+8.(X)
27.02

t .  t +

3 . 2 7
2.35
0 . 5 1
0.00
0.20

l 6. tt9

15.75
22.39
16.7-s
3 . 3 6
l . l ; +
0 .67
0.26
0.90
9.17

*Include mostly (ca 9-591 ) larvae <'tf C. cephalctnica and T. tasnneum in bolh
focat ions.  Other specics rccordcd included adui ts of  : l f tas l  ents adv,ena,  Si lvanus
sp. castaneus. T!-phae ster(orea (spl). Thaneroclerus buquet, Alphitobius

lueviqutus, Morutntorium destru(tor ancl Ephestia (Cudra) cautella.
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Insects of  stored coct la beans

populations (Table 2). Based on location
(Table 1) ,  for  the major  beet le species,
there was only slight difference in
numbers although their status remained
general ly  unchanged,  wi th the except ion
of L. serricorne. The number of
Carpophilus dimidiatus was quite similar
in  both locat ions,  but  re lat ive ly  h igher
numbers of Necrobia rufipes was found in
the Johore Bahru samples compared to

those from Port Kelang.
The number of samples with f.

'castaneum dominated both samPle
locations with 8,17c and 6U% of the
samples conta in ing th is  insect .  This  was
followed by O. mercaror with 67ch and
28c/c'. L. serricorne 36Lh andJ.26c/c and
C. dimidiatus with 23c/o and 72c/c
respect ive ly .  The number of  samples wi th

C. cephaLonica was 10c/c and 5Vo,
respectively, suggesting that the majority
of this insect was found in a few samples,
unfike T. castaneum.

Table 2. Asscssment of insccts in bags, after
adults were removed during thc previous
sampling period

'lhe 
relative frequency of insects

between sources is given in Table -1. The
major insect species were L castaneum,
O. mercator and L. serricorne, for both
estates and buyers.  However.  the
population numbers of T. castaneum and
O. mercator were much higher for buyer
samples compared t ( )  e \ tate.  the except ion
being L. serricorne.

Figure 1 shows the distribution of
adul t  insects per  sack (62.5 kg)  for  estate
and smal lholder  sources.  

- fhe 
mean

number of insects per sack was 0.7t1 +

1.99 and 3.-51 + ,1. ,10 for  estate and buyer
beans,  respect ive ly .  In  addi t ion,  the
number of  sacks wi th no in fcstat ion was
relat ive l l ,  much h igher  in  estate than in
buyer beans. The dispersion pattern ttf
adul ts  per  sack.  as descr ibed by the
exponent  (k)  of  the negat ive b inomial
d is t r ibut ion.  was 0.1.1 and 0.-521.  f t t r  estate
and buver  beans,  respect ive ly .

-l 'he 
results of studies on residual

infestation are shown in TabLe 2. The high
residual infestation was obvictus in the
case of C. cephalonica, T. castqneum, O.
mercator and L. serricorne.

Insect  species
Number of  insects
(mean + S.  D.)*  Discussion

Corc,-ra cephaktnica
Tribolium castaneum

Oryzaephilus mercator

Lasioderma serricorne

C arpo p hiLus d imid iatus

Necrobia rufipes

*Mean of  5 repl icatcs

Table 3. Rclat ive frequcncy of adult insects in cocoa bcan

samples col lected from estatcs and buyers

Inscct  species
Relat ive f requency of  adul t  insects (% )

Estates (N-66) B u l e r :  ( N : 5 t t 1

The major coleopterous insect pests
recorded in this study are also common
stored product pests of other commodities
in s torage (Yunus and Ho 1978).
However, this study provided the first
record of O. mercator and L. serricorne as
a pest of cocoa beans in Malaysia, This

70.00  +  90 .27
2 l .80  +  113. ,17
26.(X) + 42.6' l
25 . : t0  +  23 .61
0.:10 + 0.55
0.40  +  0 .55

Tribolium castaneu,n

O r,v z ae p hil us me rc ato r

Lasioderma serricorne

Necrobia rufipes

C arpop hilus dimi diatus

C 11, pto lestis fe rrugine us

Lophocaterus pusillus

Corcyra cephaktnica
C)thcrs + unknown

13.12
20.00
24.16
0.68
3 . 7 2
0.6.1
0 .36
0 . r 6
7 . 1 6

62.41
2-s.80
3.93
1 . 7 2
0.98
0.913
0.25
0.2s
3.69
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Pcrccntagc of  sacks
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0 1  2  3  4  5  6  7  8  9  l0  11  1516-2021-25

No. of adults per sack

Figure L The percentage of sack containing cocoa beans with different number oJ' adult insect
population inside them
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Inscct  of  stored ct tcoa hcans

study a lso suggested thc inrpor tance of  C.
cepholoni(o as a pest of cocoa bcans. r"is a
vis. the cocoa moth. E. t 'autella. This
c t ru ld  he  due  l o  {hc  c . reu tc r  e ( )mpc l i t i v c
r rb i l i t r  h r  ( .  t  c l t ha l t t r r l cn  i n  u l r rn t c r
regicrns compared u'ith E. <'autellu
(Al lo tey and Kumar 198-5) .  

- l 'he 
n i tu l id .

Carpophilus dimidiatus is usually
associated wi th damp areas or  in  beans
which are wet  and have h igh moisturc
content  and the refc l re present  when beans
are stored under wct  condi t ions for  a long
period. 

-I 'he 
copra beetle. I ' lecrohia

rufipe.s was relativel, '- higher in the Johore
Bahru samples because in th is  region a
numbcr of  major  buvers stored beans
togcther  wi th copra.  

- I 'h is  
might  havc

resul ted in  cross- infestat ions.  I t  has a lso
bcen recorded to at tack cocoa bcans
(Levcr  1969) a l though the l . i t ter  mav not
bc  t he  p re f ' e r red  h r ) \ t .

Although T. clstuneurn and O.
tner(u lor  preponderate in  the sanrples.
based on sever i tv  o l 'damage on cocoa
beans both L. .serric'orne and C.
cephalonir:a are relativelv important: the
former two species are usual lv  sur facc
fccders compared with L. serricorne trnd
C. ccphalonlca which cause both
quant i ta t ive and qual i ta t ive loss of  the
beans.  Consequent ly .  L.  serr icorne in
Nigeria (Riley l9-57) and C. r 'ephubnit 'u in
Ghana (Al lo tey and Kumar l9E-5)  havc
been considered very 'ser ious pests of
cocoa beans in s torage.

There was not much difference in
species composi t ion between estate and
buyer beans.  However,  there was
numer ical  d i f ference in the number of
insects.  wi th estate beans having low
populat ion of  insects than buyer  beans.
-l 'his 

could have arisen due to the
re lat ive ly  bet ter  contro l  measures,  such as
regular fogging of storage areas with
insect ic ides.  advocated in  the estates
compared with that of buvers who
general lv  do not  advocate to such
measures,  except  for  some i r regular
c leaning of  s tores.  even under re lat ive lv

u6

poorer  s torage condi t ions.  
- l 'hc 

numbcr c l f
insects per  sack was therefore h igher  ( .1.5
t imes)  in  buyer  beans than those in cstatc
beans .

' I 'hc 
d ispers ion pat tern o1 adul ts  in

sacks f rom both sources was h ighly
aggregatcd.  suggest ing that  rnost  of  the
insects were found in a fcw sacks.  This
f inding might  have an impl icat ion on the
current  inspcct ion pract icc of  FAMA
wherebv onl l '  l6  sacks are selected
randomly f rom a usual  consignment  of  160
sacks for  pre l iminary '  inspect ion of  insccts.
In anv casc.  th is  aspect  should be
invest isatcc l  fur ther  in  future.

-I 'he 
reasons for the relatively lower ft

va lue lor  the estate beans than that  o l  thc
buver beans are not  known al though the
usc of  var ious contro l  measures in  thc
former could resul t  in  most  of  the sacks
wi thout  anv insects ins ide thcm.

The observat ions on res idual
in festat ions suggested that  the adul ts
appear ing dur ing the subsequent  sampl ing
of the beans developed from the
immatures which were not  detected in  the
car l icr  sampl inqs.  

' l 'h is  
might  har .c  an

important  impl icat ion wi th regard tcr
grading of  beans whereby current ly  onl r '
the adults in a sample are counted during
prel iminary inspect ion of  cocoa beans.
More important ,  the undetected
immatures could cause cross- infestat ions
of  sh ipments or  bui ld-up to a level
conducive to re ject ion bv importers at  the
port  of  entrv .  especia l lv  whcn adequate
contro l  measures are not  carr ied out
dur ing { rc ight  on board.  Residual
in festat ion in  the shipholds mav become a
source of infestation to fresh beans in the
import ing country.  This  has been wel l
documented by Monro and' I 'hompson
(1929).  One way to overcome th is
problem in the future is to fumigate all
beans,  i r respect ive of  the number of
insects present ,  before the issuance of  the
export  permi t .  This  would natura l lv  avoid
unnecessarv problems in decid ing whether
a consignmcnt  should be fumigated.



part icu lar ly  in  cer ta in cases when insect
populat ion in  cach of  the l6  sacks do not
ercecd 10 per  sack,  but  bascd on thei r
tota l  numbers in  l6  sacks could resul t  in
ser ious damage to the beans dur ing i re ight
or  incur  re ject ion at  the por t  of  entrv .

Current l l ' .  on lv  a few insect  species
are considered ser ious enough to cause
damagc to cocoa beans. 

-I-his 
might be due

to the re lat ive lv  low moisture content  of
t he  beans  (<  8qZ)  wh i ch  m igh t  no t  be
clpt imal  for  the development  of  many
potent ia l  pests.  and the shor t  s toragc
pe r i od  (<  I  mon th ) .  O the r  t h i ngs  bcen
equa l .  i nsec ts  usua l l v  t h r i ve  we l l  a t  ca
l -5 'Z  mo is tu rc  con tcn t  (Anon .  198 -1 ) .  Bu t ,
wi th the potent ia l  increase in acrcage of
cocoa p lanted in  Malavsia and the
ant ic ipated longer s torage per iods.  the
in \ec t  comp lc r  and  thc i r  scvc r i t y  ma)
increase.  This is  par t icu lar lv  t ruc for  the
tropics which usual lv  prov ide a conc ' luc ive
envi ronment  for  dcvclc lpment  of  most
insects.  Fur ther  s tudies on the ecologv of
the insect  pests and the condi t ions under
which thev thr ive should be cont inued t<r
counter  anv unnecessarv problems
resul t ing I rc lm insect  in festat ic ln on cocoa
beans.
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