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A B S T R A K 

Kajian mengenai kesan empat teknik fermentasi yang sedang diamalkan di Malaysia ke atas jenis dan amoun 
pirazina yang dikeluarkan dan penumbesaran Bacillus sp. dalam biji koko telah dijalankan. Biji yang baru 
dipetik telah difermen dengan menggunakan kotak kayu cetek (0.32m dalam), sederhana (0.61m), dalam (0.9m) 
selama 6 hari dan dibalikkan tiap 48 jam untuk fermentasi cetek dan sederhana, dan tiap 24 jam untuk 
fermentasi dalam. Biji yang melalui simpanan buah 10 harijuga difermen dalam kotak cetek selama 5 hari dan 
dibalikkan pada jam ke 48. Sampel telah ditentukan pH nib, asid tertitrat, indek fermentasi dan pirazina. 
Bilangan bakteria Bacillus sp. telah diperiksa dan dikenalpasti. 

Jenis dan amoun pirazina yang dikesan berbeza mengikut teknik yang dijalankan. Sampel simpanan buah 
mengandungi 2, 3, 5, 6-tetramethilpirazina (19.8ug/100g) serta kepekatan yang paling tinggi bagi 2, 3, 5-
trimethilpirazina (23.0ug/100g), 2, 5-dimenthilpirazina (154.8ug/100g) dan jumlah pirazina (177.6ug/100g). 
Sampel yang difermen dalam kotak cetek dan sederhana mengandungi 2, 3, 5-trimenthilpirazina dan 2, 5-
dimithilpirazina; sampel kotak dalam mengandungi cuma 2, 5-dimehilpirazina. Bacillus sp. meningkat bersama 
dengan 2, 3-dimenthilpirazina, 2, 3, 5-trimethilpirazina dan jumlah pirazina bila tempuh fermentasi meningkat, 
dengan korelasi (r2) 0.90. Bacil lus sp. yang dipencilkan telah dikenalpasti sebagai B. Subtil is dan B. 
megater ium. 2, 5-dimethilpirazina terdapat dalam koko yang difermen di Malaysia. 

A B S T R A C T 

A study on the effect offour fermentation techniques currently practised in Malaysia on the types and amount of 
pyrazines produced and the growth o/Bacillus sp. in cocoa beans was carried out. Freshly harvested beans were 
fermented using wooden shallow (032m in depth), medium (0.61m), deep (0.90m) boxes for 6 d and turned every 48 
h for the shallow and medium fermentations, and every 24 h for the deep fermentation; beans that had undergone 
10 d pod storage were also fermented in shallow box for 5 d and turned on 48th hour. Samples were determined for nib 
pH, titratable acidity, fermentation index and pyrazines. Number of Bacillus sp. bacteria were monitored and 
identified. 

The type and amount of pyrazines detected varied with the techniques employed. Pod-stored samples contained 
2,3,5,6-tetramethylpyrazine (19.8ug/100g) and the highest concentration of 2,3,5-trimethylpyrazine (23.0ug/ 
lOOg), 2,5-dimethylpyrazine (154.8ug/100g) and total pyrazine (177.6ug/100g). Samples fermented in shallow 
and medium box fermentations contained 2,3,5-trimethylpyrazine and 2,5- dimethylpyrazines; those of the deep box 
contained only 2,5-dimethylpyrazine. Bac i l lus sp. increased along with 2,3-dimethylpyrazine, 2,3,5-
trimethylpyrazine and total pyrazine as fermentation period increased, with a correlation (r2) of0.90. The isolated 
Bacillus sp. were identified as B. subtilis and B. megater ium. 2,5-dimethylpyrazine was present in all samples; 
the component could be common in cocoa fermented in Malaysia. 

I N T R O D U C T I O N 

The fermentat ion technique is one o f the most 
impor tan t factors i n de te rmin ing the quality o f 
cured cocoa beans (Theobroma cacao L . ) . Previous 

studies have shown that shallow box (32 cm i n 
depth) fermentat ion produces a low acidity and 
stronger chocolate flavoured cocoa than deeper 
box fermentat ion (60-90cm in dep th) . Most Ma-
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laysian smallholders use shallow boxes; however, 
most estate operators st i l l use deep boxes be­
cause they have to handle a large quanti ty o f 
beans especially d u r i n g peak harvest. The deep 
box fermentat ion wou ld produce acidic beans 
(Jinap and Dimick 1990a). Pod storage for 9-
12d followed by shallow box fermentat ion is cur-
rendy the recommended technique i n Malaysia 
because i t has been shown to produce beans wi th 
acidity and chocolate flavour similar to those o f 
West African beans (Biehl et al 1989; Duncan et 
al 1989). 

M e t h y l pyraz ines are a m o n g the mos t 
impor tan t flavour compounds i n cocoa. I n the 
presence o f heat, such as roas t ing , they are 
p r o d u c e d t h r o u g h M a i l l a r d r eac t ions i .e . 
between sugars and a m i n o acids or peptides 
(Jinap and Dimick 1990b). Pyrazines could also 
be p roduced d u r i n g fermenta t ion; Bacillus sp. 
have been repor ted to produce many organic 
compounds such as acetic and lactic acids, 2, 3 
b u t a n e d i o l a n d t e t r ame thy lpy raz ine d u r i n g 
fermentat ion o f sake, tapai and cocoa (Schwan 
et al 1986). Hruby et al (1977) have shown that 
B. subtilis, B. pumilis, B. megatarium and B. cereus 
had strong proteolyt ic activity . B. subtilis was 
found to produce acetoin and ammonia i n h igh 
concentra t ion which cou ld lead to the forma­
t ion o f tetramethylpyrazine i n cocoa fermented 
in Brazil and Tr in idad (Zak et al 1972). There 
have been reports so far on quant i f ica t ion o f 
pyrazines produced d u r i n g cocoa fermentat ion 
in Malaysia. 

This paper describes findings on the types 
and amount o f methyl pyrazines produced dur­
i n g the cocoa f e r m e n t a t i o n us ing fou r tech­
niques that are currendy practised i n Malaysia. 
The growth o f Bacillus sp was also moni to red . 

M A T E R I A L S A N D M E T H O D S 

Cocoa Samples 
Commercially mature (tinge o f yellow on the pod) 
cocoa f ru i t s o f m i x e d h y b r i d variet ies were 
obtained f rom Jempul , Negeri Sembilan. The 
pods were harves ted i n the a f t e r n o o n a n d 
transported the next m o r n i n g to the University, 
a jou rney which took about two hours. A l though 
fruits for pod storage treatment were obtained 
10 d before al l fe rmenta t ion treatments were 
carr ied out , the physical characteristics o f the 
freshly harvested fruits and beans d u r i n g these 
periods were the same. The study was conducted 

twice i.e. i n October and November 1992 at the 
University o f Agricul ture , Malaysia. 

Fermentation Technique 

For pod-storage fermenta t ion , about 800 pods 
were placed i n rattan baskets (about 100 pods / 
basket) upon arrival at the University. The pods 
were stored under shade wi th good vent i la t ion 
for 10 d, after which the pods were split open 
using the back o f knives wi thou t damaging the 
beans. T h e placenta c o n t a i n i n g 30-40 beans 
(with pu lp attached) were removed f rom the pod 
and the beans were separated by hand. Black or 
infested beans were removed. The healthy beans 
were fermented i n wooden shallow 0.42 x 0.42 x 
0.32m boxes arranged i n tiers and covered wi th 
clean gunny sacks to min imize heat loss and to 
avoid contaminat ion f rom insects, etc. The box 
design was as described by Shamsuddin et al 
(1978). O n the t h i r d day, the beans were f i l led 
using a shovel. The fermentat ion was terminated 
on the fif th day. 

For o ther f e rmenta t ion studies, the pods 
were split immediately upon arrival and treated 
as above. Beans were f i l led i n three wooden boxes 
o f 0.42 x 0.42m and depth o f 0.32m (shallow), 
0 .61m ( m e d i u m ) a n d 0 . 9 0 m ( d e e p ) a n d 
formented for six days. The shallow and m e d i u m 
fermentations were turned every 48 h and every 
24 h i n the case o f deep fermentat ion. 

Sampling 

Samples (total o f 1500g) were taken f rom five 
locations at the top, middle and bo t tom layers o f 
the cocoa mass, every 24 h . T h e samples were 
coned and quartered to obtain two representa­
tive samples o f about 100 and 500g to be used 
for microbiological and chemical analyses respec­
tively. Samples for chemical analyses were sealed 
in plastic bags and kept i n the deep freezer (-40°C). 
Microbiological analyses were carried out on the 
same day o f sampling. A l l analyses were carried 
out in triplicate. 

Microbiological Analysis 

Plate Count - Samples (20g) were homogenized 
using a stomacher i n sterile peptone solution 
(180 m L ) . Series o f d i lu t ion up to 10* was car­
r ied out. Each d i l u t i on (0.1 m L ) was spread i n 
pe t r i dishes con ta in ing N u t r i e n t Agar solut ion 
(15 m L , Bacto). The petr i dishes were incubated 
at 37°C for 24-48 hrs. 
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Bacillus sp. - The isolated colonies were tested 
u s i n g G r a m S ta in a n d E n d o s p o r e tests 
(Buchanan and Gibbons 1975). Morphology o f 
the b a c t e r i a was obse rved u n d e r a l i g h t 
microscope using o i l immersion. Gram positive 
and rod-shaped bacteria were selected. Charac­
ter izat ion o f Bacillus sp was car r ied ou t using 
catalase, s tarch hydrolysis , Voges Proskaeur, 
glucose, citrate, 7% sodium chloride and mot i l i ty 
tests as descr ibed i n Buchanan and Gibbons 
(1975) . 

Chemical Analysis 

Sample preparation - Bean samples were deshelled 
using knives and forceps to produce two sets o f 
n i b samples o f 250g each. Each sample was 
ground wi th solid carbon dioxide using a Braun 
blender (3 m i n ) before use for the determina­
tion o f titratable acidity, p H and pyrazines. 

Determination of pH and titratable acidity - Ground 
samples (20g) were used for p H and titratable 
acidity de te rmina t ions f o l l o w i n g the methods 
described b y j i n a p and Dimick (1990a). 

Determination of Fermentation Index - Fermentation 
index was determined using the modif ied method 
o f Gour ieva and Tserevinov (1979) . G r o u n d 
samples (0 .5g ) were h o m o g e n i z e d i n 
m e t h a n o l : h y d r o c h l o r i c a c i d (97:3, 50 m L ) 
solution. The mix ture was kept at 8"C for 16-18 h 
be fo re i t was f i l t e r e d ( W h a t m a n # 4 ) . T h e 
supernatant was read at A 460 and A 530 using a 
Hi tachi U-1100 spectrophotometer. 

Extraction and determination of pyrazines - Ground 
samples (200g) were heated wi th disti l led water 
(200 m L ) at 9 0 ° C f o r one h us ing L i c k e n s 
Nickerson's Simultaneous Dist i l lat ion Extract ion 
Apparatus. The votiles were trapped i n pentane 
(30 m L , 55°C) and concentrated (5 m L ) using 
ni t rogen gas (Reineccius et al. 1 9 7 2 | 

Methyl pyrazine was quant i f ied using Gas 
Chromatograph (Shimadzu GC-14A) equipped 
with a flame ionizat ion detector and injector. The 
capi l la ry c o l u m n used was 50m x 0 .25mm x 
0.25um Silicone OV-101 (Hewlett Packard). The 
temperature o f co lumn oven was 60''C, wi th rates 
of 3°C/min u n t i l 120°C (20 m i n ) whereas that o f 
the injector was 180°C and detector was 250 oC. 
Six standard pyrazine solutions i.e. 2- methyl pyra­
zine, 2,3-dimethylpyrazine, 2,5-dimethylpyrazine, 
2,6-dimethylpyrazine, 2,3,5 trimethylpyrazine and 
2,3,5,6-te t ram ethyl pyrazine were used for reten­

t i on t ime de te rmina t ion ; pyrazine was used as 
an internal standard. 

Statistical Analysis 

T h e data were analysed using General L inear 
Mode l and the difference was measured using 
Least Significant Difference at 5% level. 

R E S U L T S AND D I S C U S S I O N 

The p H , titratable acidity and fermentat ion i n ­
dex o f the di f ferent techniques are shown i n 
Table 1. I t was observed that as the depth o f the 

TABLE 1 
Means of final pH , titratable acidity and 

fermentation index values of fermented beans 

Fermentation 
Technique' 

pH Titratable 
Acidity 
(meq NaOH/g) 

Fermentation 
Index 

PS + Shallow 5.15a 0.098" 1.19' 

Shallow 4.97h ().124;t L I T 

Medium 4.88' 0.121-' 1.09 

Deep 4.72d 0.133' 0.991 

Means values having a common letter within the 
same column are not significantly different (p>0.05) 
'PS = pod storage 
shallow • 0.30cm in depth 
medium = 0.60cm in depth 
deep = 0.90cm in depth 

pH \AIUES 
7 I ~~~~~~~~~—I 

3.6 1 1 1 1 1 1 J 

0 2 4 4 8 72 9 6 120 144 
FERMENTATION P E R I O D (HRS) 

Fig. 1: Changes in cotyledon pH in different techniques of 
fermentation 

cocoa mass increased the p H significantly de­
creased; samples f r o m deep fermenta t ion had 
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the lowest m i n i m u m p H o f 4.05 compared to 4.62 
for pod-stored fermentat ion samples (Fig. 1). The 
p H d u r i n g fermentat ion determines the rate o f 
enzyme activity responsible for the p roduc t ion 
o f flavour precursors; most o f these enzymes have 
p H opt ima o f 4.5-5.5 (Biehl et al. 1989). There­
fore, i t could be postulated that the pod-stored 
samples w o u l d have h igher concentrat ions o f 
flavour precursors compared to the other fermen­
tation techniques carried out i n the study. The 
titratable acidity followed the same t rend as the 
p H (Table 1). The final p H and TA ranged from 
4.72-5.15 and 0.098-0.133 m e q N a O H / l O O g , 
respectively (Table 1) . The pod-stored samples 
had the most preferred p H (5.15) followed by 
shallow fermentat ion ( p H 5.01); samples f rom 
med ium ( p H 4.88) and deep ( p H 4.72) fermen­
tations could be classified as acidic beans (Jinap 
and Dimick 1990a). 

T h e f e r m e n t a t i o n i n d e x inc reased 
gradually to values between 0.99 to 1.19 which 
i n d i c a t e d tha t a l l o f the techniques s tud ied 
produced well fermented beans. However, the 
value for pod-stored fermentat ion (1.19) fell i n 
the o p t i m u m range for good flavoured beans 
i.e. 1.10-1.30 (Shamsuddin and D i m i c k 1983). 
T h e a n a e r o b i c e n v i r o n m e n t i n deep fer­
men ta t i on w o u l d i n h i b i t or delay po lypheno l 
oxidase enzyme; therefore the colour d i d not 
change as fast as i t d i d i n beans i n shal low 
f e r m e n t a t i o n . Samples f r o m p o d - s t o r e d 
f e r m e n t a t i o n were f o u n d to be f u l l y 
fermented (FI > 1) on day 3 whereas those from 
shallow, med ium and deep fermentations, day 4, 
5 and 6 respectively (Fig. 2). 

Bacillus sp. were f o u n d to increase 
significantly (p<0.05) i n all samples (Figs. 3, 4, 

FERMENTATION INDEX 

5, 6). The rate o f increase was more pronounced 
after day 4 in deep fermentat ion and after day 3 
in all the other fermentations. The findings were 
i n agreement w i t h those o f Roelofsen (1958) 
who found that Bacillus sp. were dominan t on 
the t h i r d day; however, Ostovar and Keeney 
(1973) found them to be dominan t after 120 h 
i n deep b o x f e r m e n t a t i o n c a r r i e d o u t i n 
T r i n i d a d . Bacillus sp g row be t t e r i n ae rob ic 
conditions, wi th a temperature o f 30-50''C, and 
p H > 4.0 (Schwan et al. 1986). This explains the 
higher growth rate i n pod-stored fermentat ion 

LOG B A C I L L U S SP 

Fig. 3: Pyrazine content and B a c i l l u s sp. in pod storage 
fermentation 

P Y R A Z I N E C O N T E N T <UQ/1008> LOG B A C I L L U S SP 

4 8 72 9 6 
FERMENTATION P E R I O D (HRS) 

Iig.2: Changes in fermentation index in different techniques 
of fermentation 

Fig. 4: Pyrazine content and B a c i l l u s sp. in shallow box 
fermentation 

f o l l o w e d by sha l low, m e d i u m a n d deep 
fermentations. The pod-stored samples had a 
lower amount o f pulp; the environment was more 
aerobic and therefore more suitable for growth 
o f Bacillus sp. Two colonies were found to give 
positive responses to gram stain test and were 
rod- shaped. Biochemical tests indica ted that 
t he c o l o n i e s were Bacillus subtilis a n d B. 
megaterium. These species have been shown to 
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PYRAZINE CONTENT (ug/100g) LOG BACILLUS SP 

FERMENTATION PERIOO (HRS) 

Fig. 5: Pyrazine content and Bacillus sp. in medium box 
fermentation 

PYRAZINE CONTENT (ug/IOOg) LOO BACILLUS SP 

ô — 1 1 1 1 1 1 10 
0 2 4 4 8 72 9 6 120 144 

FERMENTATION PERIOD (HRS) 

Fig. 6: Pyrazine content and Bacillus sp. in deep box 
fermentation 

play an impor tan t role i n the proteolytic activity 
w h i c h p r o d u c e s a m i n o a c i d a n d p e p t i d e s 
responsible for chocolate flavour in cocoa beans 
(Barille et al 1971; Hruby et al. 1977) 

The study detected three methyl pyrazines 
i.e. 2,5-dimethyl-pyrazine, 2,3,5-trimethylpyrazine 
and 2,3,5,6-tetramethylpyrazine As the per iod o f 
f e r m e n t a t i o n increased, the a m o u n t o f each 
pyrazine also increased (Figs. 3> 4, 5, 6) Acetoin , 
2 ,3-butanedio l a n d pyruva ldehyde p r o d u c e d 
f rom sugar breakdown d u r i n g cocoa fermenta­
t ion reacted wi th amino acid, a hydrolysis product 
o f p ro te in d u r i n g the anaerobic phase o f fermen­
tat ion, to produce methyl pyrazine (Reineccius 
et al. 1972). 

A t the e n d o f the f e r m e n t a t i o n p e r i o d , 
samples f r o m p o d - s t o r e d f e r m e n t a t i o n 
con ta ined the highest concen t r a t i on o f to ta l 

pyrazine (177 .6ug/100g) fo l lowed by shallow 
(155.0ug/100g), med ium (140.2ug/100g) (Figs. 
3, 4, 5.) Samples f r o m deep f e r m e n t a t i o n 
contain a low concentra t ion (48.8ug/100g) o f 
2,5-dimethyl- pyrazine (Fig. 6); those o f shallow 
a n d m e d i u m fe rmen ta t i ons c o n t a i n e d a sig­
nificantly (p < 0.05) higher concentrat ion o f 2,5-
d i m e t h y l p y r a z i n e (132.6 and 124 .4ug /100g) 
and 2,3,5-trimethylpyrazine (22.4 and 15.4ug/ 
lOOg), respectively (Figs. 2 and 3). Pod-stored 
samples contain the highest concentrat ion o f 2,5-
d i m e t h y l p y r a z i n e ( 1 5 4 . 8 u g / 1 0 0 g ) ; 2 ,3,5,6-
tetramethylpyrazine which were no t f o u n d i n 
other samples but was detected at 19.8ug/100g. 
However, the concen- t ra t ion o f 2,3,5-trimethyl­
pyrazine ( 2 3 . 0 u g / 1 0 0 g ) present i n the p o d -
stored samples was n o t s ignif icant ly d i f fe ren t 
(p>0.5) f rom those o f the other samples. 2,3,5,6-
tetra-methylpyrazine and 2,3,5-trimethylpyrazine 
detected by Zak et al. (1972) i n cocoa fermented 
i n Tr in idad and Brazil . O u r study has found that 
2,5-dimethylpyrazine was also present i n higher 
c o n c e n t r a t i o n t h a n those i n the o t h e r two 
pyrazines found f rom all fermentations. The type 
and amoun t o f pyrazines i n cocoa depend o n 
the source o f the beans and type o f fermentations 
employed (Koehler and Ode l l 1970). Therefore, 
i t is poss ib le t h a t 2 , 5 - d i m e t h y l p y r a z i n e is 
c o m m o n i n unroasted Malaysian cocoa beans, 
regardless o f the f e r m e n t a t i o n t e c h n i q u e s 
employed; the findings also suggest that Bacillus 
sp. i n Malaysian cocoa beans c o u l d p roduce 
intermediates leading to the fo rmat ion o f 2,5-
p a d i m e t h y l p y r a z i n e i n a d d i t i o n to t r i m -
etylpyrazine and tetrametyl- pyrazine, as reported 
by Zak et al (1972). 

The concentra t ion o f methyl pyrazines i n 
unroasted beans may be o f practical importance 
to chocolate manufacturers i n that i t could be 
used as an index o f the degree o f fermentat ion 
and the potent ial quality o f the beans p r io r to 
roasting (Zak et al. 1972). Pod-stored fermenta­
tion has been shown to produce cocoa beans wi th 
low acidity and strong-flavoured fermented co­
coa beans (Biehl et al. 1982; Duncan et al 1989). 
O u r study confirms that pod-stored fermentat ion 
is effective i n p roduc ing beans wi th lower acidity 
and attains complete and fermenta t ion earlier 
when compared wi th o ther fermenta t ion tech­
niques ; a n d as the f e r m e n t a t i o n mass gets 
d e e p e r a n d t he f i n a l a c i d i t y o f the beans 
increases, the lower is the fermentat ion index. 
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O u r study also f o u n d tha t w h i l e pod-s tored 
samples c o n t a i n 2 ,3 ,5 ,6- te t ramethylpyraz ine 
other samples d i d not; a significandy (p<0.05) 
h ighe r concen t ra t ion o f 2,5-dimethylpyrazine 
was also found i n the pod-stored samples com­
pared to other fermentat ion techniques carried 
out; therefore i t is possible that these compo­
nents c o u l d be used as ind ica to rs fo r g o o d 
quality cured cocoa beans. 

As the amount o f methyl pyrazine increased, 
the log number of Bacillus sp. also increased; this 
suggests the posssibility o f involvement o f Bacil­
lus sp. i n the pyrazines format ion d u r i n g cocoa 
fermentat ion i n Malaysia (Figs. 3, 4, 5, 6). Zak et 
al. (1972) reported similar findings i n Brazilian 
a n d T r i n i d a d beans. O u r s tudy f o u n d a 
corrrelat ion ( r 2 ) o f 0.90 between Bacillus sp. and 
2,5-dimethylpyrazine, 2,3,5-trimethylpyrazine and 
total pyrazine, respectively. Studies i n the inocu­
lation o f Bacillus sp i n cocoa mass under controlled 
conditions would be necessary to understand the 
role o f Bacillus sp. i n the format ion o f pyrazine 
i n Malaysian cocoa beans. I t is well known that 
B. subtilis and other microorganisms are able to 
produce large amounts o f acetoin and ammonia 
which are the precursors o f methyl pyrazine as 
proposed by Kosuge annd Kamiya (1969). Con­
version o f these intermediates to methyl pyrazines 
could be enzymatically or thermally induced (Zak 
et al. 1972). The temperature o f the cocoa mass 
which could go up to 50-55°C, could play an im­
portant role i n pyrazines product ion . 
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