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Although oospores as the sexual  reproduct ion  have been 
:onsidered as the important resting spore, the stage where 
genetic recombinat ion  occurs and t h e  primary source of  
inocutum in the field, but l i t t le  i n fo rma t i on  is  reported about 
the influence o f  some factors which stirnula~e the  format ion, 
germinat ion  and the pathogenicie of the i r  progenies. Thus 
it i s  an important precedent for research in P capsici especial ty 
on black pepper. 
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One of t h t  Impor tant  problems in  t radi t ional  Nata de Coco (Nnta) rermentntion i s  product ion inconsistency 
due la strain or genetic var iabi l i ty  rtfltrting mixed microbial cornmunitits involved in  ?hi8 proceaa. This research 
waa aimed a t  examinr the populat ion dynmmics o f  t h t  b ~ c t e r i a l  community d u r i n g  the f t rmenta t ion  prortasts. 
Samples w t r e  collected da i ly  for s i x  days  from f t rmen ta t i on  media der ived from "good" and "bad" N a l a  
lermentation. We compared t h t  l tvels  of bacteriml diversity through ampl i f ied 16s-r RNA (ARDRA). DNA was 
extracted direct ly from the fermentation media and 16s-rRNA gene was nmplif ied rmploying Universal Bacterial 
Primtrg.  Thr arnplicons were r loned i n l o  pGEM-T Easy vector. and restrirt ion enzymes H o e l l l  and Rsal were used 
t o  generalr ARDRA p r o f i l t ~ .  ARDRA phy lo t ypc~  o f  DNA crlracted from the fermentation medium obtained from 
di f rerent Nata qual i t ies were rompared.  Phylotype profi les demonstrated unique bacter ia l  community p r o f i l t s  
far  different conditions o f  Nata quality, which could be developed I 8  a parnmcter to monitor Nata quality dur ing  
fermentation. In this research we found that the dynamic3 o f  the bacrerial population involved in  Nala Irrmenfation 
were n crucial  factor fo r  d r te rmin ing l rad i t lona l  K a l a  quality. 
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Traditional Nata fe rmenta t ion  process is  no! yet fully 
s tud ied nor comprehended a t  the mo lecu la r  level, a l though 

the process has enough reason to be explored. Randazzo el 
al, (20021, have s tud ied community ac t i v i t y  and the dynam- 
i cs  of bac te r i um p o p u l a t i o n s  during cheese production. 
Ampe et a/. (200 1 ), also studied the "Sour Cassava" ferrnen. 

tat ion process and they found that the dynamics o f  microor- 
ganisms was sequent ia l ly  changed during the fermentat ion 

process. We consider that if w e  studied the dynamics of the  

microbial population, we could have better unders tand ing 

on the r o l e  o fm ic roo rgan i sms  in the fermenta t ion  processes 
so that we can systemat ical ly establish a consistent Nata 
starter cul ture.  

Popu la t ion  dynamics need t o  be s tud ied through com- 
munity analysis because it represents an excellent approach 
to comprehend ing the func t i on  and structure of a comrnu- 
nity. This analysis gives the oppomnity to i den t i f y  domi- 
nant and unique strains in a con t ro l l ed  environment ( M a r s h  

er ~ 1 . 2 0 0 0 ) .  Giraffa and N e v i a n i  200 1, repor ted that  the f i rst  

step to comprehend these concepts in food m i c r o b i o l o g y  is  
t o  analyze microbiologica1 pro t i les  and comn lun i t y  structures 
and dynamics; and also their functions in a l te r ing  t he  env i-  

ronment and biologic conditions in food. 
The chal lenge i s  the d i f i c u l t y  in c u l t i v a t i n g  a l l  m ic roo r -  

ganisms from food on laboratory s tandard  med ia  s ince most 
microorganisms from nature are not yet culturable. (Giraffa 
and Nev ian i  200 1). Ampe e l  al. (1 999), have compared the 
standard microbiological techniques, and technique that do 
not depend on cu l t i va ted  processes, to examine microbial 

populat ions.  They found that  the cul ture- independent tech-  

nique is the most suitable to dep ic t  popu la t i on  dynamics. 
Weisburg ctal. 1991, found that amplification o f t h e  165- 

r R N A  gene, cloning and sequencing it represents one of [he 
impor tant  methods to identify microorgan isms d i rec t ly  from 
nature (culture-independent). This technique i s  essential in 
s tudy ing  the dynamics of t h e  microbial popu la t ion  in Nata 
fermentation due to the ext reme pH of media v i a  the acid . 
cu l t i va t i on  cond i t i ons  (pH 2-3). Our previous invest igat ions 

indicated that n o t  al l  ofthe bacter ia  i nvo l ved  in Nata fermen- 

ta t ion  c o u l d  be cul tured. This research aims to  study the 
d ivers i ty  and dynamics of the bacter ia l  popu la t i on  during 
t rad i t iona l  N n t a  de Coco fermentat ion. 

MATERIALS AND METHODS 

Nata med ia  so lu t ion  from the fermentat ion processes w i t h  

the Bad and Good outcomest  were sampled at days 5,6,7,8, 
9, and 1 1 for ARDRA. Nata media solution was categor ized 

as "Good" if i t  y i e l ded  Nata with a thick and smooth texture. 

In contrast, a Nata media so lu t ion  was categor ized as "Bad" 
if i t  yielded Nata w i t h  t he  hard texture that had bubbles o f  
gas trapped in it. 

One o f  the A. xylinrrm co l l ec t i on  St ra in  1B- I was marked 
by molecular marker t o  become A xylinum Srrain IB- 1Nal-R. 
This was used to analyse g r o w t h  ofA,  xylinum and the ro les  

o f  other bacter ia in  fermentation media. Samples o f  media 
a n d  strains of A. xylinurn used in this study were col lected 

from a Nata de Coco company in Jakarta. 
Growth A n a l y s i s  Acerobacrer ql inum Strain IB- I ,  which 

:Present address, Un~vcrsitas Pattimura, .laIan Ir. M. Pulu hena, i s  i n i t i a l l y  sensi t ive t o  na l i d i x i c  acid, was screened for spon- 
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taneous nal id ix ic- resistant mutans by cu l t i va t ing  i t  repeat- 

edly at media suplemented w i t h  that ant ib io t ic .  A. xyiinztm 



Strain IB-INal-R, which is resistant to nalidixic acid, was 
subsequently grown in media without antibiotic supplemen- 
tation as control ( Meds), the medium with the addition nali- 
dixic acid 20 pg ml-' (Nal), and the heat-treated medium by 
boiling at 10 min (Blc) to eliminate most vegetative bacterial 
cells. Bacteria populations grown in different treatments were 
examined on the first, fifth and tenth days of cultivation. 
Media used for the growth were as described previously 
(Seurnahu 2005). 

DNA Isolation. The isolation of DNA from samples was 
conducted as reported previously by Ampe et al. ( 1  999). 

Amplification and Cloning of the 16s-rRNAGene. Am- 
plification of the 16s-rRNA gene was conducted employing 
63f: 5'-CAggCCTAACACATgCAAgTC-3' and 1387r: 5'- 
gCggWgTgTACAAggC-3' for the Bacteria Domain group 
(Marchesi el at. 1998). 16s-rRna amplicons were purified 
employing Wizard SV Gel and the PCR Clean-Up System. 
The purified DNA's were ligated into pGEM-T Easy vector 
(Promega, Madison, W1, USA) and transformed into Escheri- 
chia coli DFI5a. Transformants were selected on Luria Agar 
media (LA)+Arnpicilin ( 100 pg m") supplemented with X-gal 
(40 pg ml-I). 16s-r-RNA gene in recombination plasmid l i-  
brary (collection of 16s-rRNA genes in pGEM-T vector) were 
amplified again using M 13F and M 13R primer (Moffett el a/. 
2000) to obtain individual 16s-rRNA genes. This step would 
ensure that the amplified I 6s-rRN A genes were from recom bi- 
nation plasmidsand not from the bacterial host 16s-rRNA gene. 

Amplified Ribosomal DNA Restriction Analysis 
(ARDRA). The 16s-rRNA gene, amplified from recombina- 
tion plasmids, was digested with restriction enzymes RsaI or 
HaeI11, to yield a specific pattern representative of the exist- 
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percentage of specific patterns calculated an each day of 
fermentation and was depicted as a population dynamic curve. 

RESULT 

Growth ofA. xylir~um in the Presence of Microbial 
Community. Refering to the obtained data, we made a cell 
growth histogram depicting the growth profiles ofA. xyfinum 
Strain IB-I Nal-R in fermentation media with different treat- 
ments (Fig 1). Fig 1 indicates that fermentation media with a 
blanching treatment (Blc) did not enhance the growth of 
Strain IB-1Nal-R compared to that of the control medium 
(Nata fermentation medium without any treatment). In the 
fermentation medium with nalidixic supplementation, the 
growth of IB- I Nal-R became very depressed. Although the 
population did increase, the sum of the cell count was not as 
high as that in the control medium or blanching treatment. 
This result suggested that the pre-existing bacterial popula- 
tion in the media were essential for successful Nata fermen- 
tation and migt have positive or synergistic effect to the 
growth of Strain IS- I -Nal-R. 

ARDRA Reveals Bacterial Profiles During Nata Fer- 
mentation. Results of ARDRA analysis showed the exist- 
ence of at least twenty two different bacterial group during 
Nata fermentation (Fig2). Each ARDRA profile found in Nata 
fermentation was calculated as a percentage to the total pro- 
files every day starting from the fifth day up until eleventh 
day. Five profiles were considered to be unique because 
their presence could only be found over certain specific days 
of fermentation (Fig 3). Unique ARDRA profiles include pro- 
file 1 to 5. Profile 6 to 22 was not de~icted in a growth curve v 

ing bacteria and designatid as profile 1, Profile 2, etc. The because we found them only on ceAain days and they did 

Fig I Awtobacter @inurn IB-INal-R growth in fermentation Media with different treatments (Med - media without treatment, Blc=heated 
media, Nel = media with nalidixic acid supplementation 20pg/ml, the number following Ihe name o f  the media indicates the day o f  fermenra- 
tion). The numbers following each treatment indicated the days of Nata fermentation (0.5 and 10 days). 

I I I I I I I I I 
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not show significant percentage numbers of the total po, 
Iation (data is not presented at lhis article). 

QSeriesl 

A. xdinum with antibiotic resistance marker was e 
ployed, in  the laboratory scale, to examine the influence 
some media treatment on the growth of A. x,v/irzum dur  
Nata fermentation. Three kinds of media were used, i.e. n 
dia without treatment, media with blanching for 10 minu 
to eliminate as many as possible contaminants in the mec 
and media with nalidixic acid supplementation (20 pg ml-'' 
suppress the growth of other bacteria sensitive to this ar 
biotic. The growth of contaminants was expected to be a 
pressed to give enable to A, xylinum to 'outcompete' a 
yield pellicle of good Nata gel. Strain TI- I was marked for I 
purpose of cell estimation when they were =-grown on n 
dia with nalidixic acid supplementation. We assumed tha 
Strain IB- 1Nal-R could be maintained as dominant popu 
tion, this isolate will grow fast and produce excellent N; 
gel. 

The results showed that Nata which was produce duri 
the fermentation process, when the natural contaminat poy 
lation was suppresed with either a blanching treatment or 
nalidixic acid supplementation, was inferior in quality co 
pared to that of the control media. Therefore, the presen 
of foreign bacteria at the control media might have a synl 
gistic effect and stimulate rapid growth of the A,  xylinl 
population. In traditional Nata fermentation, media prepa 
tion was often conducted under sterile conditions. Ho 

Treatment and days of cultivation 

3.75~+05~.00~+05~1.06~+1)5~1.43~+10~1.1~~+t04.516~09 2.03F.AIO 

Fig 2 A R U M  profile o f  HnelII and RsaI from Bacteria grot 
above every column show individual rccornbinant 16s-rRNA genl 

~.83~+091919~~)9 

0 0 
5 6 7 8 9 11  

Days 
Fig 3 Growth Pattern curve of 5 dominant ARDRA profiles. a 

profilc 2, ( A 1 profile 3, (+ ) profile 4. ( +) proiilc 5 



rcentage of specific patterns calculated on each day of 
menlation and was depicted as a population dynamic curve. 

RESULT 

Growth ofA. xylinum in the Presence of Microbial 
~mmunity.  Refering to the obtained data, we made a cell 
owth histogram depicting the growth profiles ofA. xylinum 
rain IB-INal-R in fermentation media with different treat- 
cnts [Fig 1). Fig I indicates that fernenlation media with a 
anching treatment (Blc) did not enhance the growth of 
rain IB-I Nal-R compared to that of the control medium 
Jata fermentation medium without any treatment). In the 
rmentation medium with natidixic supplementation, the 
nowth of lB-INal-R became very depressed. Although the 
3pulation did increase, the sum of the cell count was not as 
gh as that in the control medium or blanching treatment. 
his result suggested lhat the pre-existing bacterial popula- 
on in the media were essential for successful Nata fermen- 
.tion and migt have positive or synergistic effect to the 
*owth of Strain iB- 1 -Nal-R. 

ARDRA Reveals Bacterial Profiles During Nata Fer- 
lentstion. Results of ARDRA anatysis showed the exist- 
Ice of at least twenty two different bacterial group during 
ata fermentation (Fig2). Each ARDRAprofile found in Nata 
:mentation was calculated as a percentage to the total pro- 
les every day starting from the fifth day up until eleventh 
ay. Five profiles were considered to be unique because 
~eir presence could only be found over certain specific days 
f ferrnentation (Fig 3). Unique ARDRA prof les include pro- 
le 1 to 5 .  Profile 6 to 22 was not depicted in a growh curve 
ecause we found them only on certain days and they did 

th different treatments (Med = rncdia without trtamcnt. Blc=heated 
ler follow in^ lht name of thc rncdia indicates the day of fcrrnenta- 
rmentation (0 5 and 10 days). 
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not show significant percentage numbers of the total popu- 
lation (data is not presented at this article). 

DISCUSSION 

A. nylinum with an t ib~d ic  resistance marker was em- 
ployed, in the laboratory scalu, to examine the influence of 
some media treatment on the growth (11.4, xylinmn during 
Nata fermentation. Three kinds of media were used, i.e. me- 
dia withnut treatment, media with blanching for 10 minutes 
to eliminate as many as posable contaminants in the rncdia. 
and media with nalidixic acid siipplernentation (20 pg ml ' )  to 
suppress the growth of other bacteria sensitive to this anti- 
biotic. The gr!)wth of contaminants was expected to he sup- 
pressed to give enable lo A. .rylinum to 'outcompete' and 
yield pelhcle of good Nata gel. Str5n ID-1 was marked for the 
purpose of cell estimation when they were re-grown on me- 
dia with nalidixic acid supplementation. We assumed that ~f 
Slrain I8 - I Nal-R could be maintained as dominant popula- 
tion, this isolate will grow fast and produce excellent Nata 
gel. 

The results showed thal Nata which was produce during 
the fermentation prncess, when the natural contarninat popu- 
lation was suppresed with eirher a blanching trearment or by 
nalidixic acid supple~nentaiiun, was inferior In quality corn- 
pared to that of thc control media. Therefore, the prccencr 
of foreign bacteria at the control inedia might have a syner- 
gistic effect and stimulate rapid growth of the A. .rylinum 
population. In traditional Nata fermentation, med~a prepara- 
tion was often conducted under slerile condlt~ons. How- 
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ever, the fermrntation did not always fail or result in 'Bad 
Nata'. T h s  might explain w,hy the pree~isting bacteria in the 
media preparation and also d u r i n g  the fermentation process, 
could enhancz Nata production and might possibly show 
exhibit symbiosis or cxcrete essential factors required for 
cellulose biosynlliesis. 

I n  this study we define 'Good Nata' fermentation as one 
which will genrrak a thick ( 1.5-1, em), homogenous cellulose 
gel with high transparency; while 'Bad Nata' fermentation 
will generate frothy. thin (frequen~ly less than 0.5 cm), soft 
with white or opaque color Nata gel after 8 days of fermenta- 
tion (Seumahu 2005). 

In this study. ARDRA was cmployed to better under- 
stand the bacterial ctlmrnuniry involved in the production of 
'Bad' and 'Good Nata'. This analysis jli based on direct ex- 
traction of total DNA trclnl both cultured and uncultured 
bacteria. Specific hacter~al sirdins in the Bacteria Domain 
could be identified by their specific profiles generated from 
the electrophoregranls of 1 6S gene d~gested with restrichon 
enzymes HaeIII or RsuI. 

Results of the ARDRA indicated that in a traditional Nata 
fermentat~nn process, A. xylinurn represented seeding dur- 
ing a process which could also have  rymbiosis, or associa- 
tion with other bac~ena present, In either cocunut water or 
coconut milk that might generate a mutual effect in 'Good 
Nata' production or an antagonistic effect in 'Bad Nata' pro- 
duction, 

Bacterial growth pattern shown in Fig 3, indicated a sharp 
flucluation for profile 2 . 3 .4 ,  or 5 during the course offer-  
menta~ion. [n fernentalion generating the 'Bad Nata' , this 

Fig 2 ARDRA profile nf H ~ c l l l  and Ksal from Bdcleria group which emerged during Nata fermentation (a=HaeIII; b=RsaI) (thc numbers 
above every column show individual recnrnbinant 16s-rRNA gcnes analysed, various type of bacterial profiles bl = molecular marker s ix ) .  

5 6 7 8 9 I I 5 6 7 8 Y 11 
Days D ~ y s  

Flg 3 h w t h  Pattern c u p s  of 5 dominanl ARDRA profilcs. a. Profilea trtlm Bad, and h Food Kata fermentation< ( 0 ) profil I ,  ( - 0 ) 
profile 2, 1 A J profile 3. I -2- ) profile 3. ( + ) pnlfrle 5 



growth profile was very erratic, while at fermentation with a 
good outcome, this type of profile was less erratic and tended 
to stabilize over time. Profile I did not show any difference 
of their population dynamics either in the 'Bad' or 'Good 
Nata' production. Profile 2 in 'Bad' fermentation tends to 
show fluctuation while in good fermentation it tends to sta- 
bilize with a low percentage of variability. On the other hand, 
profile 4 in both 'Good' and 'Bad' fermentation did not show 
the existence of different population dynamics. 

This fermentation process showed the existence of 
unique profiles, i.e, profile 3 and 5 from the Bacteria Domain. 
Profile 3 showed rather sharp difference between 'Bad' and 
'Good' Nata in a fermentation resulling in 'Bad Nata', this 
profile tend to fluctuate and rise in the final fermentation 
process. On the other hand, in fermentation with the 'Good 
Nata' the existence of this profile tended to be minimal or 
was not visible. Profile 5 on fifth day of the fermentation 
process for the 'bad' result showed the highest percentage 
(70%), while on the same day this profile showed only 25% 
in a fermentation process until yielded the 'Good Nata'. In a 
fermentation process with the 'bad' result, this pattern was 
not detected on subsequent day, while for the fermentation 
process with a 'good' result, this pattern was still detectable 
in spite of its low amount (5%) on eleventh day. We con- 
clude that community unique profiles represent one of the 
key factor which in this study can be considered essential 
indicators for 'Bad' or 'Good' Nata fermentation. This analy- 
sis could be more dramatic if the sampling had not been 
limited to begin from day 5 where cellulose pellicles start to 
emerge. 

Another unique matter is the amount of 'other' profiles 
present in  relative small numbers and the flat spreading dur- 
ing the fermentation process with the 'good' result as com- 
pared to fermentation process y ielding the 'bad' result (data 
not presented). A possible explanation for the existence of 
different types of bacteria at different steps represent a sym- 
biosis process, where a different set of bacteria are required 
at different steps of fermentation to provide essential nutri- 
ents to A. xylinum for its cellulose biosynthesis. The pres- 
ence of these bacteria could supply otherwise deficient, but 
essential, nutrients which are important for the growth of A. 
.y l in~rm for 'Good Nata' production. This result also indi- 
cates that traditional Nata fermentation, which tends to be 
semi-aseptic, might be required to provide some beneficial 
bacterial inocula for 'Good Nata' production (Fig 1 .) since A. 
xylinum grew better in medium without antibiotic supple- 
mentation or having blanching treatment. 

Microbiol  lndones 

Other factors which might have an effect to bacterium 
population dynamics is the change of pH of the fermenta- 
t ion medium during the process. At the start offermentation, 
the pH of the media is 3.9. This value droped over time until 
it reached approximately pH 2.0 at the end of the fermenta- 
tion. This might have effect on the complexity ofthe bacte- 
rial community profiles. 

This research was supported by Research Center for Mi- 
crobial Divetsity, Faculty of Mathematics and Natural Sci- 
ences, Bogor Agricultural University, Bogor, and PTNiramas 
Utama in Jakarta. This Research is part of CAS Thesis. 
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Screening of Proteolytic Enzy 
and Their I 
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Prolr=sr of two Slreptomyces sp. strain were 
surrounding the colony in nutrient agar media COI 

two  Isolates SLW 8-1 and 451-3 were charactrrizc~ 
roataining skim milk or chicken feather (1%). The 01 
whereas that of the keratinase was at pH 6.5 and 
a t  p H  7.5 and 50 ' C  whereas the keratinase was a t  

Key words: Streptomyces sp., prolease, keratinase 

Froteases are one of the important enzymes for indusi 
The sale of proteases constitutes around 60% o f  the tc 
sales of industrial enzymes (Adinarayana et al. 2003) m 
around 500 tons of protease enzyme are produced evl 
year to fulfill demand coming from industries (Crueger 2 

Crueger 1 984). 
Many species of bacteria are h o w  in relation to th 

ability to produce protease. such as Bacillus subti, 
Escherickia coli ,  Clostridium bgermentans,  a 
Streptomyces sp. (Bockle era/. 1995; Rao et al. 1998; Petin 
et ai. 1999b; Adinarayana e( al. 2003; Enggel et al. 200 
Besides protease, Streptomyces sp. is also able to prod1 
keratinase, the enzyme that degrades keratin (Letournei 
et ai. 1 998; Bressolier et d. 1999; Moreira ei al. 200 1 ). Ken 
is abundant in the nature. I t  is usually found in feather, h 
nail, and horn (Ignatova el al. 1999). The presence of mr 
cystein bridges or disulfide bonds, hydrogen bonds, r 
hydrophobic interactions in keratin structure make t 
substrate very stable, rigid, and it can hardly be degra! 
by common proteolytic enzymes (Lin rt al. 1992; Bockll 
al. 1995; Bressolier el al. 1999). 

The test on keratinolytic activity is usually conduc 
by using flour made from chicken feathers. Lintang (20 
stated that the amino acid content in chicken feather flou 
very similar to the amino acids contained in keratin, e g. 
amount of the amino acid serine, arginine, and pm!i 
Keratin in chicken feathers contains some nutrients, wh 
are 8 1 % crude protein, 7% cr~ide fat, 1% crude fiber, 0.3 
calcium, and 0.55% phosphorus. The high nutrient cont 
in chicken fea~hers suggest this is a good feeding substan 
The constraints faced in using chicken feathers for feet 
the difficulty in digesting the feathers because keratin is 
water soluble. A treatment which is usually applied to m: 
the feathers more easily digestable is to use high press 
and high temperature. This treatment, however, need 
very large amount of energy and causes a loss o f  a la 
amount of its amino acid contents (lgnatova et 01. 1999: 
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