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General lntroduction

Fermented fish products in Asia

Fermentation is normally defined as the transformation oforganic substances into simpler

compounds by the action of enzymes or microorganisms.l) Fermentation of high protein food

such as milk, soy bean, fish and meat involves the hydrolysis or breakdown ofprotein into free

amino acids and peptides. In the most cases, the process of fermentation is carried out by

microorganisms, and the extenl proteolysis is a function oftype ofmicroorganism employed and

the aging time. The characteristic taste and odor of fermented products usually depends upon the

degree of proteolysis together with lipolysis and/ or carbohyd.ate fermentation. Salt is normally

used to suppress the gro\*'th of undesimble microorganisms: hence spoilage by undesirable

microorganisms is prcvented. Fermentation is practiced as a mean of preserving and or altering

the flavor of fish products morc in the Orient tha. Europe or North and South America.2) In

Southeast Asia, fermentation is still the most corninon method of fish preservation, although

modern technologies such as chilling or iieezing have been introduced.

There are three categories of fish fermentation according to the fermenting agents.l) l)

Traditional products fermented mainly by the action of endogenous enzyme in the presence of

salt; the products of this category are. for example. fish sauce and fish paste. 2) Another

traditional products, fermented by combi.ed effects of both endogenous and microbial enzymes

supplemented as a starter in addition to salt; thes€ products are mam-chao (Cambodia), pla-ra

(Thailand) and rrasrrri (Japan) etc. 3) Non-traditional products. prcduced by an accelerated

process either by added enzymes or by chemical hydrolysis e.g., silage fish and soluble fish.



Subba Rao (1967)a)also classified fermented fish products on the basis ofthe consistency

of product into 3 types:

l. Products in which the fish retain much of their original form or in which large chunks

are preserved and may be dried or partially dried, e.g. trey pratma (Cambodia), p/a-ra (Thailand),

and 6aro (Philippines).

2. Produos in which the fish are reduced to pasle e.E , ptohok a\d, kapi (Cambodia), bagoong

(Philippines), *api (Thaland), 6elacra, (Malaysia).

3. Products in which the fish ar€ degaded into liquid, e.g. fish sauce.

Fermented fish products were traditionally made fiom small pelagic fishes both marine

and fresh water species. The major genera of fish used for fish sauce is not only Sro,leprozJ, but

also smafler Scorzrer, Ristrelliger, Clupeoides, Crossocleiluss and Cirrlizzs.5) Beddows et al.

(1979)6) reported that the most predominant species used were Sroleprofiis. l/as.refl was reported

to be the best raw material for fish sauce production in Thailand because of its high fat content

giving good flavor and aroma.57) Freshwater fishes have been generally used especially Jullin's

mudding carp or Cithinus juttieni, while Van Veen (1965)8) reported that the products made

from freshwater fish yielded inferior flavor and aroma. Chotiyamwong and Chuapoehuk ( 1988)e)

.eported that the products made from l/dpia nil-olicq Linnae6 took at least 20 months unti I the

end products were obtained. Thus, the products are made from various type of fishes, but the

best fish sauc€ is believed to be anchovy sauce.l0)

Nowadays, there arc many vaieties of fermented fish products available in Southeast

Asia. These includes liquid products such as fish sauce kno*n as loert lrey in Cambodia'

nanpla inThailrlnd, hudu in Malaysia, ba*asang in lndonesia patis in Philippines, zozc-marz in

Vietnam,l.z-l, in Chi M" shotlsuru aIrd ishiru in lapan' ar,d ieothlk in Korea The paste products



such as fish and shrimp pastes are kno\*il as prahok a,l,d kapi in Carnbodia. pladek a/,d, *opi in

Thailand and Laos, ,gacha and ngapi in Myanfiar, belacan and terasi in Indonesia and Malaysia.

Production process offish sauce in Cambodia

Fish sauce is an imponant fermented fish product in some parts of the world and

panicularly. well-known in Southeasl Asia. lt is a hydrolyzed product of fish protein basically

consisting of water, salt and soluble nitrogen compounds. Fish sauce normally has been used as

a condiment in Soulheast Asia where rice is staple food. Fish sauce is important for Philippino,

Thai, Cambodian and Vietnamese. as Japanese and Chinese mainly use soy sauce as a seamning.

Fish sauce alone can provide 7.5% ofthe daily nitrogen intake.rlFish sauce is also an important

source of calcium in areas or countries where intake of this mineral from food stuff is

insu flicient. I r)

Many investigatorsl2 ll) described many methods for fish sauce production. Many of fish

sauces ofThailand and Cambodia are still manufactured bv the traditional method.

In the traditional method. fresh. small and non-€viscerated fish were mixed with solar

marine salt at varying ratios, i.e., f.om 3 (fish): I (salt) by weight depending on the freshness of

the fish. The salt and fish mixture was put in a wooden tank or an earthen jar. Nowadays,

concrete containerc covered with bamboo trays are also used for fish sauce production. Afrer

,illing the air space with brine, the containers were kept undisturbed under the sun for a period

ofone year from 6 months or even longer without stirring. In some cases, the mixtures are left

on a slightly sloping floor for a period up to I week to let the slime drain out and the mixture



partially dry up before il was placed in the fermentation tank.

The liquid obtained at this period yielded a slightly ammoniac flavor, with distinctively

meaty and cheesy aroma. Certain concentmtion ofbrine is added to make up for the liquid lost

during the draining period. Floating fish are prevented by weighting it down with bricks or hard

timber placed on top of a bamboo screen. At the end of the fermentation period, the first fish

extract constituting a special grade fish sauce is pumped or poured out. The filtrate is further

aged under the sun for a period of one to three months, during this stage salt crystallized out.

The residues which are filtered are leached twice or three times with brine to give the lower

quality sauce.

They were usually blended with various amount ofprimary extract, coloring mafter, and

finally bonled. Three leaching steps are usually possible, and, finally, the residue is boiled to

get the brine which is kept for later produclion. The fish bone was sold for its phosphate value to

fertilizer producers. The flow diagram for traditional fish sauce production was shown in Fig.l.
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The blood pickle is allowed to flow out slowly over two week interval and then is poured

back over the fish until the liquid becomes clear. After that, the liquid is transferred m the new

tank, which is regarded as for the "first grade". Fresh brine (20-25 "Bd) is added to the residue in

the tank or vat and the mixture is fermented for 2-4 months. The liquid dra*n offis second grade

fish sauce. The residue mass is normally used as fenilizer.

Production processes of fish paste .nd shrimp paste ir C.mbodia

Fermented fish pastes arc common feirnented products other than fish sauce. Fish pastes

are used mainly as a flavoring agent or in condiment preparations. Moreover, almost all South

and Southeast Asian countries prepare this product to preserve lor future consumption. As an

example of fermented fish pastes production, ngari is ur ethnic fermented fish product of

Manipur, lndia. It's made from funtius sophore. The fish is rubbed with salt at 5:l ratio and

dried for 3-4 days, then pressed tighdy in an eanhen pot, sealed tightly, and fermented foLH

months.la)

Shrimp paste, generally is made fiom small salted shrimps, prepared by mixing with l0-

l57o ofsalt, or even higher to get a be$er product. The mixture is dried on stmw mats to rcduce

the water content to about 50/o, then minced or pounded into paste, and allowed to ferment for 7

days. At the end of fermentation, the mixture is broken and sun dried for 5-8 h, then minced

again and formed into blocks or balls, and further fermented for about I month. This process can

be repeated s€veral times if needed.



General properties offermented fish products

Physicalproperties

Fish sauce (Fig. 2A) is a clear brown liquid with a salty meaty and cheesy taste with

distinct sensory characteristic. The specific gravity is around 1.2 and the pH was in the ranges of

5.0-6.5. Salt concentration is not less than 207o (w/w).r5)

Fish paste (Fig. 28) is known as a femented fish paste with unique taste and flavor, grey

to brown in color, made from tiny fish manually pounded into a mush with l5-207o salt before

being pres€rved and fermented.

Shrimp paste (Fig. 2C) is fermented shrimp. dark brown and purple. lt has a distinct taste

and strong arcma. It is made from small salted shrimp. then dried and grounded into fine paste,

and is allowed to be fermented for 2 days. Then, it is processed inlo ball shape in the presence of

| 0-20yo of salt before fermentation for several months.

A. Fish sauce B. Fish paste C. Shrimp paste

Fig.2 Tradilional fermenred fish producls.
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One example of chemical properties fiom seven countries of Southeast and East Asian

fish sauce are shown in Table L Total nitrogen ranges fiom 0.35-2.59 d 100 ml. Such a big

difference in the nirogen content of fish sauce could be seen, it might be due to diverse use of

raw materials and fermentation process of each country. Total nitrogen content (Total-N) and

recovery ratio (N-recovery) were very low in fish sauce made in Myanmar and Laos.r6rAbe et al.

(1999) reported that these we.e poor4uality fish sauces.l?)Conversely, total nitrogen was

highest in fish sauce made in Vietnam followed by those of Japan and Thailand. Fish sauce is

rich in amino acids contents, as shown in Table 2. The high concent-ation oflysine in fish sauce

is b€lieved to be importanl as it could compensate for lysine deficiency in rice in people's lives.

Table I Nitrogen and NaCl compositions offermented fish sauce

Fish sauce NaCI(プ 100 ml Total N`(プ 100 ml) N (%
Thailand (n=10)
Vietnam (n= 20)
Myanmar (n= 7)
t aos (n= 2)
China (n= 2)
South Korca (n= 9)
Japan (n= I l)
Mean + S.D (n= 6l)

21.4 ! l .2c
20.2 r l. tb'
22.t +t.q
15.7 + t.9d
22.0+ 1.t'b
22.2,t 1.5'
t8.o + 4.5d

20.5 +2.8

1 68■ 024 64.3 r 5.5'
61.6 + 13.2M
45.6 + 9.8'
42.5 + 6.6',

57.8+ n]*
6t.2 a 5.O.b

70.4 + 9.9'
61.8 a l2.E

2.59 + 0.51'
0.97 ! 0.75'd
0.35 r 0.08b'
t.49 r 0.44d
L27 !0.20',
l.80 I o.3tb
| .79 r 0.77

Mem vJus h● esamecdttn Ⅲ
“
dfFcre“ supesch口はcs眠

“"1:懇11躙fよ顎∬囲1)ni Valucs are expぃ
釧 inノ llXl ml for NaC1 2Tota nitrogen(TotalⅢ T),3ヽ



Table 2 Amino acid contents offermented fish sauce

Quality(mノ |∞ mり
Amino acid Undigesled' Digested' F15h nesh'

Taurine
Aspatic acid
Tkeonine
Seine
Clutamic acid
Clycine
Alanine
valine
Metheonine
Isoleusine
L€usine
Tl,rosine
Phenylalanine
Histidine
Lysine
Arginine
Citrulline

167

1601

819
683
1448

552
1194

469
331

372

434
99
519
707
1767

4

1300

211

2009

873

861

3280
11141

1272

974

335

379
431

63
541

649
1982

34

894

1800

834

924
2704
816
1136

928
432

800

1472

656
752

576

1692

1120

rBefore preparaion. rafter fe.mentation (fish sauc€), 
rmixturE of extract (fish sauce) and fish paste. Saisilhi et

al. (194).rr)

Table 3 Bacterial species isolated from fermented fish products in other Asian countries

Species found in Myanmar fermented
Sp€cies found in Thai fermented fish products

lsh

ShHmp pastc Fish sauce Shrinp paste Fish paste Fish sauce
Staphylocttccus sp.

Bacilltt sp.

MXr()c$cts sp.

Arachniasp.

Bacillus sp.

Bacillus sp.

Clostridi m
perfringens
Tetragenococcus

Staplrytococctlssp.

Tetragenococcus
halophilus
Bacillw sp.

Staphylococcw sp-

Tetrogenoarcw
sp.

Bacilhts sp,

Micrococcts sp.

Staphylococctts sp.

Fish fermentstion technology in Myanma, a.d Thailand in Fish lernentation techholoS,: L;4. tL. Steinkaus. K.
H., AIE Reilly, P. J. Eds.; Unilcd Na.ions University prcss: Tokyo, Japan. t993.rr)

,



Microbisl properties

Table 3 shows one report of detailed information on bacterial species isolated from

fermeoted fish products in Asian count es except for Cambodia. Microflora plays an important

role in the production of fermented fish. A high salt concentration of fermented fish sauce

enables only halophilic and halotolerant bacteria to grow. The presence ofmicroflora during fish

fermentation enhances the degradation of fish proteins and develops flavor and aroma. The

change ofmicroflora during fermentation ofthe Southeast Asian fish sauce can be classified into

proteolltic enz),ine-p.oducing bacteria and flavor and aroma-producing bacteria.reio)

In purpose of this study, I made the first detailed analyses on the chemical and microbial

composition ofthe traditional Cambodian fermented fish products, praho*. kopi. and loeuk lrey

to obtain a thorough scientific understanding ofthem. The data obtained in this study shed light

on the fundamental signature of nol only Cambodian but also whole Asian fermented fish

products. benefiting the future improvement of manufaciurirg process including microbial

control and quality stabilizing.

The thesis consists offour chapters;

Chemical compositions in Cambodian traditional fermented fish products

Volatile compounds in Cambodian traditional fermented fish products

Microbial composition in Cambodian traditional fermented fish products using cultu.e-

dependent method

Pyrosequeocing analysis ofmicroflora in Cambodian traditional fermented fish products'

１
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CHAPTER I

Chemical Compositiotrs itr Cambodian TBditiooll Fermented Fish Products

l.l Introduction

Cambodia has an extensive network of waterways. and fieshwater fish comprise a major

portion of the diet of most Cambodians. pafiicularly in many products that are fermented and

preserved. Daily fresh fish carches in the Mekong River, Bassac River. and the vast Tonld Sap

supply more than 507o ofthe protein intake for people living in Cambodia. Freshwater fish are

most commonly used for fermented foods, such as fish paste (pralrot) and fish sauce (roerl rro,),

whereas marine products arc also process€d as shrimp pasie (*api) and fish sauce (loea* re.;r,).2r)

Prahok is the reprcsentative fermented and salted fish in Cambodia. known for its unique

taste and flavor. This product is gray to brown in color and is made by pounding Aeshwater fish

(Channostriata or other tiny fishes) along l5G-200 g kg-tof salt before being preserved and

fermented.:2) Toeuk tey is a clear brown fish sauce ploduced by naturally fermenting small

fieshwater or marine fishes. This is mixed with salt at a ratio of 3: I (fish:salt) and stored for

several months up to a vear. The liquid supematant is then kept for more than three months,

followed by seveml rounds of filtration before it is used or bottled. -Kapi is a dark brown to

purple-colored shrimp paste with distinct taste and strong aroma.:lllt is made from small. salted

plankronic shrimps that are sun dried for 2 days. These d.ied shrimps are then $ound into a fine

paste. allowed to ferment for two davs. and processed into balls before fermenting for several

mote weeks. Prahok. kapi, a^d toeuk trey arcwidely used as seasonings and foods in Cambodia.

lt



Studies on fermented fish products have attracted considerable attention due to an

increasing demand for desirable biological functions and probiotic effects derived from the

chemical constituents and microorganisms contained in these products. One report exhaustively

described the oligopeptide composilion of vietnamese fish sa\ce nuoc morn.ltt Our and another

group investigated volatile compounds in fish sauce in detail.2als)Several recent studies

demonstrated varying antioxidant activities and phaseiependent changes in the chemical

composition during the maturation of fermented fish products.2628) However, there is still

insufficient knowledge to understand the complete nature of fermented fish products. as most

studies only used limited chemical analyses2e-lr ) or microbial analyses that only provided viable

counts on s€lective medium plates without phylogenetic identification.12'15)

ln this study, we obtained the first detailed analyses of the chemical composition of the

traditional Cambodian fermented fish ptodrats, prahok, kapi, and toeuk ,/el to acquire a

thorough scientific understanding of these products. The contribution of these chemical

compositions to fermentation and maturation were discussed. including organic acids and amino

acids. We particularly focused on acetic acid and lactic acid as indicators of the microbial

fermentation. The data obtained in this study shed light on the fundamental signature ofnot only

Cambodian but also whole Asian fermented fish products, benefiting the future improvement of

manufacturing process including microbial control and quality slabilizing.

l2



1.2 Materials and !lethods

1.2.1 Samples used for analyses

A total of 13 samples of Cambodian traditional fish fermented products, prahok, kapi,

and toeuk trey. were obtained from different plants and factories in Cambodia. These samples

were directly procurcd from each factory at room temp€rature, packed into plastic containers and

maintained at 4 oC until analyzed. Chemical analyses were immediately performed after the

samples were brought to the laboratory (within several days). Fermentation periods, sampling

location, and other information are provided in Table l.l. The fint samples of each fermented

food (indicated as PE. KE. and TE) were those collected during the early fermentation stage of

less than one month. Ohers samples (indicated as PFr, PF2, KFr, KF2. and TF|-TF6) were the

final products that were ready fo. consumption and were obtained fiom different companies with

fermentation p€riods of more than one month.

1.2,2 Prorimrte rnslyses

Solid samples (plahok. kapi. ali.d toeuL tey TE) were ground prior to the particular

analyses, while the liquid samples (toeuk trcy TFr+) were directly used. The proximare

compositions of these fish products were determined based on an official anal).tical method

esrablished in Japan.r6'salinity was determined by the Mohr method and pH was determined

with a pH mete. (Sartorius. Goettingen. Germany). A Baume hydrometer was used to determine

specific gravity ofthe liquid samples (roeat ney TF15).

l-l



Table l.l Cambodian traditional fish fermented products analyzed in this study

Sampling locarion'

(f€menred fish p6re)

(fermarted shrimp past.)

20 days

5 days
Final producl

Kompong Thom province

Kompongsom province

3 mOn“         PF2 _驚 Ⅲ Ropprol嘔 …____

PE

KE
XFr

TF,
TFz
T[r
Tf4
TFr
T[6

lr,r!!prqdlrq .... ...........(f;-,..- 59!! \9.r,c.plgr!,!!e
toeul trcy 2-3 months TE Phnom P€nh city

Pure smde 6 monihs

Final producl
Final product
Final producl

Phnom Penh city
Phnom Penh city
Phnom Penh city

Keb province

Prdro* was made from f.eshwaier fishes, *rpi was madc ftom s.{ plankonic shrimps, tre,,* fel TE. TF,. TF:, and
TF. w€rc made fiorn frEshwater fish6, and ,ffl]l rre_v TFr, TF . Bnd TF6 were made from seawater fish€s.
hE, KE, and TE, €arly f€rmeniation stage sarnples, in which wholtfish or shnnp were prc-ferme €d in lhe
prcs€nce oflow sall concent alion (44-140 g kg'. se€ Table 1.2)i PFr. PF:. KFr. KF:. and TF,i, final products
obtain€d llom different €ompani€s with long-t€rm f€rmentation periods (more than 6 month), which are ready to be

'Geogaphical localions al which the indicaled ferment€d foods were produced.

1.2.3 Amino scid and organic acid contents

One gnm of prahok and *zpi was suspended in 20 ml distilled water, the solid body was

disrupted using homogenizer, and the mixture was centrifuged to obtain the supematant. For

toeuft trey. the liquid was diluted up to 400-fold using distilled water before analysis. Amino

acids contained in these supematants were analyzed wi$ a model L-8000 amino acid analyzer

equipped with an ion exchange 12622 SC column (4.6 x 60 mm) (Hitachi, Tokyo, Japan). The

eluted amino acids were detected and quantified by a post-column ninhydrin labeling method.rT)

Organic acids (lactic acid, acetic acid. citric acid, malic acid. formic acid, p)T oglutamic

acid. succinic acid, and propionic acid) were analyzed using a Dionex ion chromatography

system, ICS-1500 with lon Pac ICE-AS6 column (9 ' 250 mm) (Dionex, Sunnyvale' CA' USA)'

It



These compounds were detected and quantified by measuring the conductivity in the eluted

fiactions.

1.3 Results

l.J.l Proximate compositions ofCambodian traditiotrsl fermented fish products

Table 1.2 summarizes the proximate compositions of three CamMian traditional

fermented fish products. The moisture contents of prahot and lapi were 503-594 g kgr and

460-510 g kg l. respectively, and those of loeuk tey wnged from 630 to 723 g kg-r. except for

the early fermentation stage sample (240 g kg't , toeuk treyTEl.

Ash contents vaded at around 200 g kg-' (195-235 gkg-t for prahot and 162-240 g kg-t

for tapi), while the range was slightly higher ln toeuk trey (210-262 E kg-r). All fermented

products had crude fat contents no more than I 1.7 g kgt Gapi KE} but the early fermentation

stage samples ofy'rarok PE autd t@uk trey TE had exuemely higher values ( l5l and 234 g kg-l,

respectively). Salt concentrations ranged from 170 to 270 g kg-r for final p.oducts (prarot pFl.

PFz, kapi KF ' KF2, and toeu*. lrey -lF {). whereas three early stage samples had low

concentrations; 44 g kg-t,prahoh?E,73 gkg't for kapi KE and roeuk ,:eyTE (140 gkg't).

l5



Prohok and Toeu* truy had acidic

whercas klrpi had a slightly alkaline pH

I.I6 l.I9 for liquid toeuk trey samples.

pH values of 6.3(H.60 and 5.2M.80, respectively,

ranging from 7.40 to 1.90. The specific gravity was

1.3.2 Amino acid and organic acid contents

The amino acid and organic acid compositions of prahok. kapi. and toeuk trcy are

summarized in Table | .3. The predominant amino acids in praroi were glutamic acid ( I .49-2.93

g kg-r), alanine (1.75-2.9 E kg-r), valine (1.23-1.83 g kgrl, leucine (2.2'l 3.40 e kg't), and,

lysine (1.13-3.67 g kgr) (Table I.3). Interestingly, in t4pi, the aspangine and leucine contents

were highly product dependent (asparagine, ND-3.54 g kgr; leucine, NM.62 g kg-'). The

lysine concentration was high in all iapi products (4.53-14.40 g kg'r). Aspartic acid. tlreonine,

glycine, alanine. valine, isoleucine, and leucine were detected in all roeu,t rr€1, samples, but other

amino acids were occasionally absent.

ln ten out ofthirteen samples, the organic acid detected at the highest concentration was

nceti. acidt 2.29-7.24 gkg-l in praho*,6.61 26.60 g kgt in kapi, and L9O l I.30 g kg ' in ,oeri

,re)l. However, in a few samples, the highest concentmtions were found for either lactic acid

(tapi KF1, 6.83 g kg-r), pyroglutamic acid (knpi KF1, 16.10 g kgr), or propionic acid (toeuk trey

TF2.2.72gkg-').Lacticacidconcentrationswere0.3g-l.l4gkgrforprahok,3.78 12.90 gkgt

fot kapi, and 0.70 3.55 g kg'l for toeu* t/el; thus, considerable amounts of lactic acid were

detected. Succinic acid was generally found at concentrations of 0.30-1.26 gkgt in prahok'

2.50-7.96 g kg-l in kopi. 
^nd 

0.42 3,21 gkg't it toeuk tey. Malic acid and formic acid were



Table 1.2 Proximate compositions ofCambodian traditional fermented fish products

PE PFl   PF=  Mean i SD KFl   KFl  Mcan i SDKE

Moisture (s kg ) 5,4    560 552 ■ 46503

195

151

334

“640

206    235     2!2■  2]

17    107     55 ± 84

249    243     277■  49

170    180     131 ± 76

630   660  643■  015

488    460    510       486± 25

162    240    240       214■ 45

l1 7     32     50      66 ±45
343    262    213       273■ 66

73    210    200       161± 76

780   740    790     77± 027

Ash(g kg・ )

Crude Fat(8k8)

Protcln(g kg・ )

salt aヽ acl)(g kg・ )

pH

わαた
'7‐
(iSh Sallec)

TF.TE TFI TF、 TF` TF、 T. Mean i SD

Moisturc (s ksr)
Ash (s ksr)
Crude fat (g kg:r )

Totrl niEoaen (8 k8 L)

salt (NaCl) (s ksr)
pH

Sp€.ific gravity

240 123

210 256

234 0.6

23.0 t5.6

t40 210

6.t0 5.10

-o l.t8

6“

233

5,

169

250

600

116

6● 37026307o3 615=169
235± 19

36± 87

20± 54
231 土12

583± 053

118± 001

262     230     220     236

1 3       1 8       42      3 1

13 :      180     269     262

250     230     240     240

520     590    590    570

1:9    113    119   117

'each value indicales mean ofst l€asi thrc€ m€asur€ment-

commonly fOund in Lη ,(0 31 1136 and 0 7諄2 46 g kgJ,respcct市 dy),but in″αあたthcsc werc

only dctcctcd in samplc PFl(0 15 and 043 g k」 1,rCSpcctivcly)Malic acid was nOt dctcctcd in

ゎg“た″り,ahhough fol"Hc acid was dctcctcd in the eany prclces● ng stage←χ
"″
′″ッTE,073g

kgJ)CLHC acid was not dctcctcd in any samplcs of′渤 た η々
'and 
α ″々″

`ン



Table 1.3 Amino acid and organic acid contents ofCambodian raditional fermented fish

products

Alnin0 8Cid Or

organic acid

(8k8・ソ
PFl PF・ K「 KF Mean i SD

Thr
Ser
AspNH,
GIU
GluNH,
Glv

cvs
M€t
Ile
L€u
Tlr
Phe
Trp
Lvs
His
Arg

Citiic acid
Malic acid
Formic .cid
t ctic acid

broglutanic acid

Suc.inic scid
Propionic acid

0.91 Lll
0.66 t.03
0.40 1.02
0.30 NDb
1.49 2.52
0.54 N'I)
0.15 0.61
t.78 2_06

1.23 r.16
0.08 0.23
0.42 t.02
t.07 0.96
2_81 3.40
o.Et t.0l
0.81 0.87
0.34 0.32
t.l3 l.t 3

o_41 0.19
0.34 0.12
0.t4 0.39
ND ND
0:5
043
039
087
229
059
061

305    474
109   290
083    1"
3 54   ND
739   495
760   406
966   377
712    588
704   334
057   051
489    1 73
753   326
ND   5 98
701    340
615   321
381    1 23

1440   453
259   094
218   113
626    197
ND   ND
036   031
246   078
1290   683
495    394
2660   661
796   316
063   038

492   424 ■103
316   238 ±1 13
269   183 ±094
094   149 ■183
249   494 ■24,
532   566 ±179
396   580 ■335
586   629 ■0'2
404   481 ±197
040   049 ±009
213   292 ±172
358   47, ■238
662   420 ■365
3:1  451± 2!7
351   429 ■162
136   214 ■145
652   849 ■523
1 11   155 ■091
1 17   149 ±060
1フ6   333 ±254
ND     ND
O,1   032 ±003
1 l1   145 ■090
378   783 ■462
1610   831 ■672
6フ0  1330 ■l15
250   454 ■298
053   051 ■012

ＮＤ
ＮＤ
中
¨
輌
‐２６
輌

084
121

107
ND
293
ND
087
264
183
00'
122
133
227
100
098
0“
367
026
005
044
ND
ND
ND
075
053
724
030
332

102± 025
096± 028
083■ 037
010土 O17
231± 074
018■ 031
062± 026
216■ 0“
147± 031
013± 009
089± 042
112± 019
28,■ 057
094± 012
089± 009
037± 007
264± 130
030■ 015
017圭 015
032■ 016
ND
005± 009
014± 025
076± 038
061± 023
451± 252
0'2± 049
163± 147

'each valu€ indicates mean ofat l€asl threc me&surmeflt.

\ID. nor detected

PF KI



Table 1.3 Amino acid and organic acid contents of CamMian traditional fermented fish

products (Continue)
Il,dur /rel (fish ssuce)Amino acid or

organic acid

(g kgl)°
TF TF= TF、 TF, TF、 TF Vean , SD

Thr
Ser
AspNH:
Glu
Gl'rNH:
Glv

cvs
Mel
lle
tau
Tlr
Phe
Trp
Lvs
His
A.s

Organic acid
Citric acid
Malic acid

lactic acid

Plroglutamic acid

Succinic scid
Propionic acid

158
073
NDb
063
ND
021
259
319
1050
131

ND
375
156
120
012
008
ND
ND
ND
ND

ND
ND
073
100
035
357
ND
ND

101
050
ND
ND
l“
ND
064
152
105
ND
044
112
191
NID

ND
ND
166
ND
ND
ND

ND
ND
ND
389
165
1130
321
204

396
187
:10
ND
632
ND
301
688
456
057
1 86

371
520
125
138
ND
616
052
024
ND

ND
ND
ND
070
035

258
101
052
ND
726
ND
202
482
328
060
197
284
421
114
167
ND
452
073
ND
ND

ND
ND
ND
165

071

838
626
294
ND
1200
ND
638
1120
796
068
328
463
,40
116
451
214
1320
179
ND
302

496■ 368
313± 285
1 57± 173
009± 024
733■ 527
003± 008
373± 228
723± 436
619■ 341
065■ 038
213■ 153
370士 144
437± 197
104■ 046
247± 223
057± 095
7,9■ 610
103■ 0"
003■ 009
117± 154

ND
ND
010± 028
234士 120

146± 100
532■ 300
149■ 109
131± 088

ｍ
ｍ
Ｎ。
３２５
２４９
⑩
砂
嘲

８

８

４

３

１

７

４

１

０

∞
４８
７２

１

０

２

1070    647
755    4∞
4,2     172
ND   N0
1430    1010
ND   ND
673    4,3
1340    ,66
943    661
073    064
408    329
568    417
694    5,9
137    114
5,8    406
17,   ND
1610    1150
264     157
ND   ND
341    175

ND   ND
ND   ND
ND   ND
282    355
274    194
410    599
151     180
103     133

'ca.h valuc indicates mean ofat least three measurEmen!.

bND, not detected

1 41)iscussion

During manufacture. Cambodian fetmented fish products go through primary processing

phases, refened to as early fermentation stage (samples PE, KE. and TE). During these phases.

fishes were incubated in the presence of relatively low concentrations of salt (44. 73. and 140 g

kg-r. respectively. Table 1.2). and pre-maturated prior to the main fermentation. which is



performed in the presence of higher concentmtions of sodium chloride (170-180 g kg-' for

prahok,2OCF2!Ogklrfotkapi,a,230270gkr'tfottdrJuktrey).Toeuk,eyTEwasalr,early

stage sample before extracting liquid fish sauce; thus, it had a markedly low moisture content

(240 g kg-r) (Tabfe 1.2). At this stage, the fish materials in pra,ok alld loeuk trey contained the

entire gut, which was removed later.

High crude fat contents were found, possibly due to these manufacturing procedures (l5l

g kg't for prahok PE and 234 g k9' for toeu* fiey TE). In contmst, because of the removal of

guts, the final prodncts of pruhok and toeuk trey had considerably low fat contents ( 1.7- 10.7 g

kg'l for proho*, urd 0,G5.5 g kg'' for toeuk trey). Accotdingly, two fish pastes produced in other

colunlJies. lona ilish in lndi6 and adjuevon in Cole d'lvoire that are fermented using whole fish

bodies, including the guts, have high fat contents (94 g and 123 g kg'r. respectively).r8r0)

Interestingly, more than halfofthe samples (ten out ofthirteen samples) contained acetic

acid as the predominant organic acid (Table 1.3). The other three samples (izpi KFr and KFr.

toeuk trey TFx) contained lactic acid, plroglutamic acid, and propionic acid as the predominant

constituents, although these products also had considerable amounts of acetic acid (Table 1.3).

The presence of these organic acids could be attributable to the presence of many gram-positive

rods and cocci identified in all three fermented foods, as described later (Fig. 3.5, chapter lll).

Howeve., the basis of preservation effects was probably primarily due to a high salt

concentration and not due to the bacteriocidal effect ofthe organic acids. as these acids cannot be

sulficiently protonated to diffuse across the plasma membrane ofbacterial cells within the mildly

acidic and alkaline pH ranges observed for prahok. kapi, .'rd toeuk trey \pH values >6; Table



1.2).1r)The salt concentmtions of CamMian fermented fish prcducts (170-270 g kgr) were

comparable to tie sah-cured fish sauces in other Asian countries (160-230 g kg ';.'71

Free amino acids a.e substances naturally present in food and they determine the taste.

flavor and quality of various foodstuffs.42-4s) ln toeuk trey. especially in TFa. TF5 and TF6 high

concentralions of aspartic acid and glutamic acid might contribute to umami tasie. and alanine

and lysine might be related to swe€tness and bittemess, respectively.s) Also in praholc ud kapi,

these four amino acids were detect at high concentrations, excepting aspartic acid in prahok.

High level of leucine. which is also bitter iaste. was commonly found in prahok and hapi . These

compounds have been revealed to be taste-determining amino acids in ltalian fish sauce and

Asian fish sauces. produced by autolysis and microbial action during fermentation.azi?{e) Raw

materials and salt content may also determine the composition ofabove substances. Other reports

described thal the total essential amino acids in fish sauce ranged between 42.36 and 46.65

mg/ml, which suggested that fish sauce will contribute significanrly to the supply of essential

amino acids such as valine, isoleucine, phenylalanine and lysine in the diet.$)



CHAPTER II

Volatile Compounds in Cambodian Traditional Fermented Fish Products

2-1 Introduction

Based on the studies described chapter I on chemical compositions, we obtained the first

detailed results ofthe proximate composition! organic acids and amino acids in the Cambodian

traditional fermen&d fish ptodoc16. prahok, kapi. a\d toeu* trey.

Recently. Nattida (2012)45) reported that glutamic acid is the most abundant amino acid

both in total amino acids of plaro and free amino ?aids of prahok, two femented fish pastes.

These suggest that preferred typical t ste of these fermented fish products are also related to

umami substance as same as in nampla and budu, frsh guce.stl Praho,t had $eater content of

calcium and phosphorus than fresh fish since ofdecomposition process of fish bone and another

structures by microorganisms during fermentation process.2?'52'54) 1t was reponed that the protein

hydrolysis of shrimp paste tapi is mediated by microbial or indigenous proteases.isl

Consequently, sho( chain peptides and free amino acids sre released, resulting in the formation

of typical flavor and taste.z3) lt should be note that glutamic acid was also determined to be the

most abundant amino acid in fzpi, in both total amino acids and free arnino acids.a5)These

compounds are a good source of flavor, together with natural antioxidants. which provide health

benefits.56) Giri et al. (2010)57)reported that enzymes present in fish together with some

halotolerant and halophilic microorganisms induce the hydrolysis ofthe fish proteins and then



produces free amino acids, peptides and ammonia, supporting the above reports for formation of

variety of volaiile flavor compounds.

Many researches have been studied for volatile compounds in fish sauce from different

countries by using different methods and sample preparations.2t-t8tl'But so far. no detailed

rcseanch have been done scientifically for Cambodian traditional fermented foods. Particularly.

there is no information on volatile compounds of fermented foods studied in this thesis, prdrot.

*opi md toeuk rre),. This chapter aims to idendry the volatile compounds of Cambodian

traditional fermented fish products by using Gas Chromatography-Mass spectrometry (GC-MS).

2.2 Materials and Methods

2.2.1 Sample information

A total of 12 samples used in this chapter are summarized in chapter I, (Table l.l).

Excluding sample TE, which is not used in this studied.

Toeuk treyTFl is pure grade which was first extract after 2-3 months fermentation. TF2,6

is final products. TFr-r are fish sauces made from mix ofsmall fieshwater fish and TFa,6 is made

from sea fish.



2.2.2 Volatile compounds aDslyses

The identification of volatile compound frofi plahoh, *api and toetk tey was cafiied out

by modified merhods of Michihata er al. (2002) and Shimoda et al. (1996).'?56r)A 5 ml or 5 g of

sample was us€d, then I00 pl of 50 ppm cyclohexanol was added as the intemal standard.

Thereafter, it was placed into glass vessel at 45 'C and purged with a flow rate of 50 my min of

N2 gas, passed through the vessel for 5 min. The volatile compounds were inlroduced and

trapped in a TENAX TA column (20/35 mesh, 100 mg) (Gestel tnc.) 60 mm x 4 mm i.d. for 60

min. Then dry N2 was passed through the TENAX TA column for 5 min to remove water

adsorylion. The column was placed in a heating block of the thermal desorption unit, TDU

(Gestel lnc.), and heated to 230 "C volatilization. which were then cryofocused at -120'C and

injected into the gas chromatography (GC) column. The gas chromatography mass spectrometry

(GC-MS) system was used for identification of the volatile compounds was GC-MS

C8790A/5375C (Agilent Technologies Inc.); gas chromatography column. DB-Wa,\ 60m x 0.25

mm x 0.25 um (Length x Diameter x film) (Agilen0, with split ratio of 10. The column was kept

at 40'C, and held at 40'C for l0 min, then heated up to 230 oC at a progam rate of4 nC/ min

and held at 230 oC for l2 min. The values of identified volatile compounds were calculated liom

the peak area by refening to .etention time of each compound; it was carried out in relation to

the intemal standard corresponding to 0.5 ppm. Results were means oftriplicate samples.

24



R.l.nirontlltr.(Diu)

Fig. 2.1 CC-MS chromatogram of toeuk trey TF \

Chmmatogram ofvolatile compounds identified for toeuk ftey oblatned by Gas Chromatogmphy system.
The numbels correspond to the compounds indicated in Table 2.I

2.3 Results

Table 2.1 showed the results of volatile compounds identified for six ,o€rt rrel, samples

from the GC-MS analyses. A total of 39 volatile compounds were detected. They included

various acids. alcohols. aldehydes, ketones, nitrogen-containing, sulfurrontaining. and other

compounds. The conc€ntration of each compound was determined by comparing the peak area

with an intemal standard. cyclohexanol.



In the group of acid compounds, butanoic acid was identified as major acid in all toeuk

/rey samples. Meanwhile. 4-methylpentanoic acid, 2-methylpropanoic acid and acetic acid were

frequently detected in toeuk trey safiples. Propanoic acid was detected in all ,o€ut /rel samples.

Other acids were frequently detected, product dependent.

Large amount of butanoic acid and 2-methylbutanoic acid were detected in prahok PF 1

(Table 2.1). Interestingly. acid contents of ftapi KE, KFr and KFz were quite minor. As for

alcohols. l-butanol 3-me1h),1 was largely detected in prahok PFl Besides that. 2-propanol was

predominantly found in PE, whereas other samples werc found to be lower level. Notably, a

large content of aldehydes and esters werc detected only in PE, although butanal, propanal, 2-

methylbutanal. 3-methylbutanal and benzaldehyde were slightly found in KFr and KF:.

Only 2-butanone was detected in all prahok 
^nd,tapi 

samples. 2-heptanone was found

only in ,t pi samples. A large amount ofnitrogens were detected in almost all samples ofprarot

and kapi, excepting prarot PE. Meanwhile, sulfurs containing N,Niimethylmethanamine was

detected in PE and KE, and thiobismethane was slightly found in KE and KFr. Dimethyl

disulfide and trisulfidedemethyl wer€ detected in KFr and KFz.



Table 2.1 Volarile compounds idemified in treul rre],

Pで,1
N。1 TF: T, TF′TI.TF

″    3091
●6    332
2,   3,98
2,   3542
32   3646
,3   3651
,5   381:
36   3958
,7   4053

0.2lr4ll2

2}t !4120

I t7 r4 0a2

002r{q)r
0 t0r4 0t2

I\'D

I\'D

002$qt]

ND

ND

ND
ND

02311216
04'■0411

06al"1
23[● 10
ND
ND
19''ハ 883

067X151]
ND

ND
om“ 1

0:3Ю 10
ND

ND
ND
ND
ND
lαコ ¨

00,■0018
ND
oo8m m
013■003,
03-破 6
ND

ND
02∝016
014■0051
ND
ND
ND
01¨ 014

ND
04'■0223
00“ 013

07711“
o6941,8
o,4■O o69

S17ul“
ND
244g 133
019H1027
lS■00m
01,● 0!0

ND
00"Ю 017
ND

10"187
06‐ α
"05"Ю α,

219Ю 32]
1 `m258
ND
ND
Ol"1∞
ND

1,ヽ 10,
11年
“
198

03,Ю O,S
l¨ 451
ND
ND
ND
Ol,Ю O,0
ND

03,0084
064コ 138
021■0,0
1 ,4Ю 461

ND
ND
0844249
0'6■0231
ND

7   1565 2,4h●●yl pR_
8    16m  2‐ Buロロ。1
10  1% 卜Pr_o(2魏 満

":1    2039  2‐ hmo]

12   21 Ю   l‐ B●珈山ЮI
13    21 81   ]‐ Pcn en 3-● 1

14   2357   1‐ Bul― 1 3‐●●]
15   299  3‐ Buttm‐ ―o13m●●yl
20   2992  C"10L錮 ol
24   3207  ]‐H… d 2価 yl
28   3472  12‐ RЮ

… “

iol

31  ,5,  FhnOl,イ 2-F"せ Ю,)
34    ,786   ]‐Pronoヽ 3く mぬvithi。 )
38   43“   P‐ 1

39   45 46  Ben/4爬 n■価md

007X010    ND    00田 Ю∞ 2
00匈 ∝

“

    ND     ND
01-025  01● nO“  O17110[0
ND     ND     ND

011Ю ∞ ,    ND
004g∞ 2    ND
ND  01lЮ  04

ND      ND
]¨ ¨   1卿 m
ND    004K 016
ND    00,ゆ αЮ
ND      ND
00"01:     ND
Ol'Ю ∞ ,     ND
ND       ND

ND     ND
ND      ND
021● 011  0 34gl嘔
ND      ND
Iい lXXl lmm
ND      00,■ 0047
ND       ND
ND      ND
O回 0∝   00'm034
017g1010   027■ O o34
ND       ND

ND      ND    1000,91
0“と0 077  0 14Xli50   149Ю  12,
ND     ND    Ol● H1020

Ｄ

Ｄ

Ｄ

Ｄ

Ｎ

Ｎ

Ｎ

Ｎ

1    763
4    1088
S    l1 0●

19   2,S3
23    31,1
25    3328
3]   ,,SS

2   771
,    1037
6    13,8

16   2563
1,    2,m
18    2,82
21    30]1

ND      ND
ND      ND
ND      ND
ND       ND

O09H1075    ND      ND      ND
008Ю 011    048■ o047   025■ 0055   024■ 0128
01,■0011    058■ 0052   01'■ n035   01S■00,1
ND    0041 α2    ND    01カ 0054
ND       ND      ND       ND
ND       ND    0691 183    ND
ND      ND      ND      ND

Ｄ

Ｄ

Ｄ

Ｄ

Ｎ

Ｎ

Ｎ

Ｎ

ND    00,Ю  a12
009● JЮ2  01¨ 014
010■0∞4   00SЮ  O%
ND      ND

ofvolatile compounds arc cxpressed ln part per minim lppm)
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rable 2.2 volalile compoundside ifisi in prahok ,Itd k pi

P● Itk

oヽ
PE Pl PF= KJ:

44 31“
50    3,15
53    ,395
,4     ,538
55    3646
,6    364●
,7    39ヌ
6,    Si 16
65    5,71

1l  H 80
12    11 84
16   1615
18   16"
23    1914
24    212,
26    2178
,0    23,1
,2    2489
33    2498
,6    2719
,8    28“
,9    2821
45    30"
47    ,20●
58    4215
59    4389
ω     4638
61    453,

62    4948

51    ,,17

4    ,10
,     9,9
9     1086
,0   1104

14   1381

21     1847
22    1896
2S    216S
28    266
3S    2695
41    29,
52     332,

15   1417
17   16“
19    1679

29    2288

,1    2388

“

    5577

1,   1265

Prq.erc -d, 2.rEihyl

Pannoic xid, +rErnyl

2,l.Butrn diol [R{R'. R')]

Butlerc *ll! r.thyl cal6
But &rc rd. .rhyl 6Er

P6t!b'c *d, +mdnyl-.

Butrm. &'d boryl 6r..
1,2-B.n4..drornoiylrc aid,
om (2.d'rlExyl) 6l.t

]3と !%]
1 ,,Ю ,31

0741 169
1224■1802

017』 ∞0
123■ 1628
009■Ю075
ND
ND

ND
2銀 4']
ND
ND
O`OЮ t44
20嘘 314
2鯉 ,5,
ND
049J1646
0,7● Om
04● 11,
1 5703,6
109■ 1ワ 12

08,Ю 283
ND
ND
Ot●O αX
ND
04匈 ∞6

ND

ND

ND
H■ 1586
lq}2,86
ゆ

131Ю 694

43誡 7“
049■0,81
045■0034
0,∞ 218
,19● ,85
06,■0'0
04,Ю ∞

`

023■0("8
006±0057
636■7,41

052■018S

03●0,17

ND

O●4● 7,7

15ユ 198

541● ,
87●810
33960,386
039g1484
,,71,868,
17'■ 14ω
,78■ 5693
ND

ND
ND
ND
ND
l[¨
"426″  183

80,■6720
12]0■ 10089
ND
19■ 1“4
ND
ND
09'■0771

51は 4tO
ND
ND
ND
ND
238■ 2179

211,318

ND

ND
ND
ND
ND

ND

ND
‐

ND
ND
ND
l概 124,
ND

ND
ND
ND

ND

ND

2鈍 ,184

ND

N.Et

ND
ND

ND
ND
ND

o 05ao 0t2
o oao 020
0 r8]0 r05
0 4E+{ 20E

ND

ND
ND

0 06d{l0t2
ND
ND

ND

ND

ND
ND
ND
ND

ND

ND
ND
ND
ND
ND

ND
ND
ND

ND

ND

0 2t1{ 0t6

N'D

0●lX O,1
ND
ND
01コ 09
ND
030■Ю240

020Ю 10`
ND
ND

ND
ND
Ot卿 呻
013m04,
01¨ 034
ND
042■0135
1御 161
ND
,‐

ND
ND
ND
ND
008Ю 022
0 05gl∞

`0091014
ND
ND

ND

ND

ND
ND
ND
ND

ND

ND
ND
ND
ND
ND
ND
ND

ND
m
ND

D

ND

D

0,0■008,
ND
ND
ND
ND
ND
054u l"
O S4g1186
ND
ND
ND
ND
ND
ND
ND
ND
05。`0312
ND
ND

ND

O,0±OO“

01∞ 109
004401'
023■ЮO"
028』 087

ND

0041010
ND
ND
ND
ND
ND
ND
ND
ND
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Table 2 2(Continued)
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2.![ Discussion

Several reports showed specific acid cornpounds dominantly contained in fish sauces.

Among them, acetic acid was the most abundant acid in Malaysian fish sar.rce (Budr)s) and Thai

fish satce (nampla\.62) which might contribute to vinegar-like pungent aromas of fish sauce as

reported by Mohamed et al. (2012).56)On the other hand, 2-methylpropanoic acid and 2,2-

dimethylpropanoic acid were found to be abundant in Taiwanese and Philippine fish sauce

Qntis\,6!t and 3-methylbutanoic acid was the mosl abundant acid in Japanese fish sauce

(shotsunl).25'62t Some of these reports correspond to our results that all toeuk /re), samples

conlained ac€tic acid and 2-methylopropanoic acids (Table 2.1). ln roex,t rey, the most

rcpresentative volatile compound was found to be butanoic acid. Butanoic acid was also

identified as one ofthe major scids in palis, although the production process is greatly different

(pari.t is treated by distillation under reduced pressurel.6l e)Butanoic acid was thus implicated in

the characteristic of lo euk lrcy a@ma and |avor .

A large number ofnormal and branched alcohols were detected in toeuk trey (Table2.l).

The fong straight chain alcohol. such as l-pentanol, might slightly contributed to arona of toeuk

rre), referring to the lower threshold values of this acid.s6) Moreover, bmnched chain alcohols

such as l-propanol 2-methyl, l-penlen-3-ol and l -butanol 3-methyl were detected as significant

flavor contributor toward toeuk trey.2a25 
ut'Aldehyde and ketone compounds, 2-methylbutanal,

3-methylbutanal, and 2-bugnone, were detected in all loeuk tey s,lfiples. These were similar to

aldehydes and ketones found in other fish sauce by the same technique.62)



Aldehydes were possibly derived from the lipid oxidation during fermentation in the

ripening period, and branched shon-chain aldehydes or aromatic aldehydes might have b€en

generated from the amino acid metabolism.25 566'l These aldehydes were generally considered to

cause un-pleasarrt oxidation flavor in foods.255e)and their odor threshold value are low.6r)

However, Mohamed et al. (2012)56) reported that such aldehydes are very important aroma for

fish sauce. therefore aldehydes content might be important characteislic in toeuk lrey odot.

Ketones a.e responsible for the cheesy note in fish odor,l5566)but it is unclear whether

these compounds had i mpacr on oeuk tey flavor because oftheir high threshold value.r5)

Small amount of nitrogen-containing pryazine and its derivatives were also found in TFr,

TF5 and TF6. Pyazine could be responsible for the bumt and sweet odor.5e's)and have been

characterized as unique flavor and aroma associated with the roasling and toasting of numerous

foods.s6 
65) 

Sanceda et al. (1986)6'z) reponed that p),razine is cause of the flagxant smell of fish

s.ruc€, and afso in the toeuk trey seems to affect the arcma. Single sulfur-containing compound,

dimethyldisulfide. was detected in toeut trey ^tF,, utd TF6. This compound normally originates

fiom the raw fish or forms during the fermentation process,$5?)and is especially the un-pleasant

odor.25 
se) Noteworthy, TF1 had large number of volatile compounds due to the process of

fermentation, possibly by the degradation of fish material at relatively low salt concentration

(Table 1.2). From the above considerdtion. the smell of /oert rrey includes numerous aroma

components, but among which butanoic acid mainly contributes to exude peculiar smells.



As discussed above for fish sauce, a lot of volatile compounds found in prahok ard kopi

might cootribute to distinctive aroma and flavor of the products. Among the components

contained in these two type of foods, esters were essentially absent in praho* PFl and PF:, and

all lrpi samples, excepting 1,2-benzenedicarboxylic acid, mono (2-ethylhexyl) esrer (Table 2.3).

It is interesting to speculate that microb€s inhabiting fermentation medium consumed thes€ esters

du.ing maturation prccess of prahok, althou'gh the compounds could be produced by

esterification of alcohol with carboxylic acid that are also formed by microbial and enzymatic

decomposition of lipids.e d 6e)

Similar to esters. it is notewo(hy that prarot PE included varieties ofaldehydes. Hence,

these ester and aldehyde compounds exude peculiar smells ofPE. which was different from other

samples, PFI and PF2. This is because PE was prepared from tiny fresh water fish with low salt

concentration (4.5olo) and fermented for short period (20 days) as a primary processing sample,

probably affecting the release ofmetabolite compounds in fermentation medium as compared to

maturated products. (opi is relatively rich in sulfur-containing compounds, representing the

specific flavor ofthe products that were clearly difTercnt from fish made pruhoh utd toeuk trey.

l:



(1:ヽ PIliR I‖

Microbial Composition in Cambodian Traditional Fermented Fish Products using

culture-dependent method

3,1 Introduction

Fermentation is one of the method used to produce and preserve foods and has been

practiced for many years in many part ofthe world. It provides ways to pres€rve food products,

enhance nutritive value, destroy undesirable factom, improve appearance and taste ofthe foods.

ln fermentation, raw materials are converted into products through activities of

endogenous enzymes or microorganisms (bacteris, yeasts, and molds). Various microorganisms

are involved in common food fermentalion processes. ln pa(icular. lactic acid bacteria (LAB) in

food are a typ€ ofbio-pres€rvation system. Accordingly. LAB are able to control pathogenic and

spoilage microorganisms through production of peroxidases, organic acids, bacteriocins, and so

on.

Besides, fementation offish producs. in itself. will not do much in preserving them, as i1

will degrade fish muscle proteins into smaller peptides and amino acids that are nutrients for

microorganisms. Therefore. fermentalion is often combined with the addition ofsalt or drying to

reduce water activiry and eliminate proteolyic and putrerying microorganisms. The process can

be panial and last for seveml hours to seveml weeks. such as in fermentation of fish foods in
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Asian countries, or extensive and last for several months such as in fish paste and fish sauce

preparation.

Although, there are many t,?es of fermented fish producls in Asia and around the world,

it is continues to use up to now. Panicularly, fermented fish products in Cambodia are still the

main pan ofCambodian culture since these arc intimately entwined with the life of local people.

The fermentation processes employed in the production ofthese indigenous products often rely

entircly on natu.al microflora ofthe l"aw material and the surrounding environment.

The procedures are handed down from one genemtion to the next as a village-a( process.

The traditional fermentalion food industfies are commonly home-based and highly reliant on

indigenous matedals without the benefit of using commercial starter cultures; microbial

assemblages are unique and highly variable per product and per region. Moreover, studies on

fermented fish products have attracted considerable anention due to an incrcasing demand for

desirable biological functions and probiotic effects derived from the chemical constituents and

microorganisms contained in these prcducts-

In this chapter, we oblained the first detailed analyses ofthe microbial composition ofthe

traditional Cambodian fermented fish products, pruhok, kopi. and toeuk trey to acquire a

thorough scie.tific understanding of these products. Isolated microbes were taxonomically

classified by using l65 ribosomal RNA gene (rDNA)-dependent phylogenetic analysis.



3 2 Matcrials

3.2.1 Samples used for analyses

The samples used in this chapter are summarized in chapter | (Table l.l).

3.2.2 Microhial atralyses

3.2.J Physiologicxl and morphological characteristics

A 0.5 g sample that was stored in refrigerator was homogenized with 4.5 ml of saline

containing 8.5 g kg'' NaCl. Ten-fold dilutions ofhomogenates (100 pl) were spread on tryptone

soy agar (TSA: Oxoid, Basingstoke. UK). Gifu anaerobic medium (OAM) agar (Nissui. Tokyo,

Japan), de Man, Rogosa, and Sharpe (MRS) agar (Oxoid, Basingstoke. UK). and potato dextrose

agar (PDA: Nissui, Tokyo, Japan) containing 0.1 g kg-' chloramphenicol. To detect halophilic or

halotolerant bacteria. agar plates containing IOO g kgrNacl were used. TSA and PDA plates

were aerobically incubated at 30'C for 2-7 days, and MRS and GAM agar plates were

anaerobically incubated at 30 t using an Anaero Pack system (Mitsubishi Gas Chemical, Tokyo,

Japan) for 5 7 days. Viable counts (colony-forming units;cfu) were determined s€parately based

on colony colors and shapes. Representative colonies (up to 4 isolates from each group) were

evaluated for their morphological properties, including Cram staining (Fig 3.1), catalase test, and

spore formation.To)



The l8l strains which isolated were stneaked twice (Fig. 3.lB), and single colony was

picked up for making 5 ml liquid culture, then making freeze stocks containing l5-20 % glycerol

to be stored at -80 oC.

A. Bacterial strain cultured B. lsolated bacteria

fig.3.l Isolation and gram staining ofbacterial cells

C. Microscope image of microorganisms

Fig. 3.1 Isolation and gram staining ofbacterial cells (continued)

lsolated fiom TSA. Ioerf trel

7
l'



3,2.,1 Sequence arlalyses of l65 ribosomsl RNA geDe

The slock cultures of l8l strains were inoculated into the media corresponding to that

used in isolation. Genomic DNA was extracted using a Wizard Genomic DNA Extraction Kit

(Promega, Fitchburg, Wl, USA), entirc 165 rDNA regions werc amplified using ExTaq DNA

polymerase (Takara Bio. Shiga, Japan) and the oligonucleotides 7F (5' AGACTTTGATYMTGG

CTCAG-3') and l5l0R (5'-ACCGYTACCTTGTTACGACTT-3') as the primer pair (Fig. 3.2).7')

Amplified fragments were purified with a QlAquick PCR Purification Kit (Qiagen, Venlo,

Netherlands) and then dircctly sequenced using a BigDye Terminator v3.l Cycle Sequencing Kit

(Applied Biosystems, Carlsbad, CA, USA) (Fig. 3.3). Polymerase chain reaction was performed

with 25 cycles ofdenaturation at 96oC for 20 s, an.ealing at 50 oC for 20 s. and extension at 72

"C for I min 30 s. At least 600 bp covering plural hyper-variabl€ regions were analyzed to

determine closely-related genus. within the range of >9770 sequence identity. The resulting

sequences were compared with known sequences using the basic local alignment search tool

(BLAST): (http://u.rw.ncbi.nlm.nih. gov)

Taxonomic classifications were confirmed iiom both the morphological and 165 rDNA

sequence data. The sums ofthe assigned genera were calculated for resp€ctive media plates. and

average values were obtained from multiple experiments at least three times_ w1len the counts

for specific genera differed between the media plates. the data from the plates with the maximum

counts were regarded as the final values. The total cell counts from the different fermented food

samples were determined by summing the final counts obtained for each genus.
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Fig.3.2 l65 ribosomal DNA amplification with PCR

A. Sequencing reaction B. 96-micro plate for
genetic analyzer

C. Sequencing apparatus
(Cenetic analyzer)

D lmagc ofscqucncc analysis

!.L.^t\ e ,*' " 1,* -- *

.A: iC=t+!a):#r'^'4e*l+/-4;

Fig. 1.3 Prcparations ofsequence reaction and analysis fortheir species identification
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3 3 1tcsu11、

The data for the colony counts arc shown in Table 3.2. and microbiota at genus level

found in each product are shown in Fig. 3.4. Among the fermented food samples, the bacteria

were primarily gram-positive cocci or rods. Total cell counts were calculated by summing the

counts for the respective identified genera; 105-10?cfu g't fot praho*, and l0J-108 cfu g-r for

tzpi, and l0r-106 cfu g-t for toeut trey. ln pmicular, halophilic and halotolera bacterial genera.

Slaplrylococcus and Telragenococcus, werc fiequently identified id fahot a[td, kopi. By

gouping the cell counts from colony molphologies. these bacteria were estimated to be at lO5-

106 cfl g-t in prahok md l0a-108 cfu ga in kopi. Clostridiunr w8s also detected as one of the

major species in praio*, as observed for l-month-fermentedprarrot PFr (10? cfu g l). This genus

was also commonly fornd in *.api 
^t 

105-l07cfu g-1, but in toeuk trey only the early fermentation

stage sample (TE) contained C/osrid,/r, (lOacfu g r).

Interesringly, the normally non-halotolerant lactic acid ba.teria Laclobacillus utd

Terisel/a were found in izpi KFr aod KF:. resp€ctively. Aerobic spore-forming bacilli (Bacil,lrr,

Virgibacillus. Holobacillus. wrd Lysinibacillus) were occasionally found at ld-105 cfu g'r in

prahok and kapi. ln fish etJce toeuk rro,, the primary isolates were spore-forming bacilli

(Bacillus. Virgibacillus. Lentibacillus. L:/sinibacilll/s, urd Clostridiuml and other cocci

(Staphylo.occus. Micrococcus. and Kocuria\. Gmm-negative bacteia (ps.vchrohacter) were

minor constituent detected only in prahok PF I and toeut tey TF6. Viable counts of fungi on the

PDA plates were relatively low as compared with the bacterial counts, a maximum of lO2cfu g-l

was detected in prolzo k P\ (Rhodotorula) and pF2 (Candida) (see dau of pDA, Table 3.2).
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Table 3.1 Colony counts of m icroorganisms isolated from Cambodian traditional fermented fish

PFl       PF2       KE      KF KF=

halotolerant

昼ヽ

CAM

TSA

PDA

nKln‐ h」 otolerant

MRS

GAM

TSA

PDA

421

51●

444

0

60'

633

691

0

383

741

593

200

628

649

658

0

391

610

572

200

760

765

842

0

270

756

806

0

517

541

547

0

0

518

523

0

381

5'7

536

0

410

521

S10

0

0

417

379

0

Media
π
““
lЙO(Fish sauce)

TE    TF,    TF,    TF]   TF`    TF,    TF.
haloOlmnt

MRS

GAM

TSA

PDA

non‐ halotolcrant

MRS

CAM

TSA

PDA

0

0

330

0

0

0

308

0

0

0

248

0

270

0

0

0

0

0

248

0

0

0

0

0

0

0

460

0

0

0

230

0

0

0

260

0

0

O

200

0

0

0

0

0

0

419

300

0

0

O

336

0

0

606

304

0
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J.,l Disrussion

Many bacte.ial isolates ftom Cambodian fermented fish products were from non-LAB

genera Staphylococcus, Bocillus, and Closlridiun, and others (Fig. 3.4) ln particular,

Clostridium would be expected to have a degradative role when considering the strong

proteolltic enzymes reported for this genus.72) Fermentation of pruhok, kapi and loeuk trey are

conducted without air ventilation by stining or shaking, before enough anaerobic condition for

the growth of obligate anaerobic ('lostridi&n could be achieved inside the fermentation barrels

or tanks. Spore formation abilhy of this genus might also assist the survival in the presence of

high concentration of sodium chloride. However, biological characteristics ol Closllidiutt

detected in the products should be carefully analyzed in the future studies, since some species

belonging to this genus are regarded as pathogenic bacteria.

Slaphylococcus and Micrococcus also have proteolltic and lipol)'tic activities that are

necessary for fermentation, as noted by Yuen et al. (2009)ra)who fouii,d thal Slapltylococcus was

pres€nt throughout the fermentation process of ,,./dr. a Malaysian fish sauce. Indian fermented

sun-dried fish ,gari contained Bocillus, Staplrylococcus, and Micrococcus as the main genera

observed with counts of approximately 106 cells.ll)Itoh et al. (1993)?l)thoroughly examined

microflora changes during the fermentation ofold patis (fish sauce) ftom Philippines, and found

that Bacil/rs species (8. coagians, B. megateriutt, and B. Jrbrilit) played a Primary role during

the early fermentation stage, while other Micrococcus and Staphylococcus species (,ll

colpogenes. M- earians. S. epidernidis, and S. saprophyicus) thrived at later stages. Other

studies described isolating the non-LAB genera fiom fish sauces made liom anchovy and Pacific



whiting.Ta-?7) These microorganisms might be rclated ro the formation ofvolatile compounds or

oligopeptide as reported previously.2}25'ar) through the degradation of fish-containing materials.

It is also interesting to speculate that these bacleria might suppress groMh ofother putrefactive

microbes in prahok, kapi. and loeu* r/e),. as $am-negative bacteria including coliforms were

rarely detected in our samples (Fig. 3.5). Thus, the considerable amounts ofacetic acid found in

prahok and kapi could possibly have been produced by these bactetia. ln partic]ular, Clostridium

could be a candidate to produce acetic acid. as some member ofthis genus are regarded as strong

producers of this acid.al)Also bacterial species that belong to Tetragenococcus arc known to be

major lactic acid producers in high-salt-containing fermented foods. such as fish sauce and soy

vluce.

Next study should address whether the suppressive effect on the groMh of gram-negative

bacteria is present or not in the gram-positive constituents isolated in this study. It is noteworthy

that, even in the same type offood. the microbial compositions varied depending on the products.

Some genera were commonly found, whereas others were occasionally absent; thus, these

microbiotas were unstable (Fig. 3.4). The production procedures for Cambodian fermented fish

products do not include sta er inoculation. Therefore, the microbial compositions could readily

be affected by bacteria originally pres€nt in the mw materials. Many investigators have isolated

LAB such 8s Telragenococcus Aom Grmented lish products for use as $afiers to process

fermented foods.lr'5r-5r-?0-30-34) lf the salt-tolerant Terragetococcus strains isolated in this study

could be used as starters, the quality of prahoh. kapi. urd toeuk lrcy could be controlled or

further improved by stabilizing the chemical and microbiota compositions by enriching for



beneficial bacteria. This could resull in optimal processing methodologies, high preservation

efficiencies, avoiding ofcontamination risks, and providing health benefits 10 the consumers.

Although many aspects rcmain to be elucidated, the insights on Cambodian fermented

fish products acquired in this chapter will help to both establish basic scientific krowledge of

these producs and aid in the future development oftheir manufacturing.



(｀HAPTER IV

P.vrosequencing Analysis of Microflora in Cambodier Traditional

Fermented Fish Products

,l.l Introduction

The chapter III showed the detailed analyses of the microbial composition of the

traditional Cambodian fermented fish products, prahok, kapi, and toeuk trcy. The 165 ribosomal

RNA geneiependent phylogenetic analysis indicsted that gram-positive cocci and rods, such as

Bocillus, Clostidium, Staphylococctrs al;d Te,ragenococcut were the major microbial

populations. The other bacterial genera such as Psychrobacter, Virgibocillut. Lysinibacillus,

Kocu a, Micrococcus, Lentibacillus, alrd Jeotgalicoccus were occasionally found at 102-105

cfir/g and low numbers of fingi Rhodotorula ard Cazdida were also seen (s€e Chapter lll; Fig.

3.5). High sodium chloride concentrations deteaed in these products (l?O-270I kg-r) could be

responsible for inhibition of the Srowth of gram-negative putrefactive microorganisms (see

chapter l). As described in the Discussion section of chapter III. the non-LAB genera such as

Bacillus. Sraphylococcus, and Micrococcus have be€n frequently identified in femrented fish

products by other researchers,6 70)which was similarly observed in this study.

ln the result of chapter lll, microbiota revealed was mainly comprised of living

microorganisms. Morcover. many studies were reponed primarily focusing on culture{ependent

approaches in order to obtain an understanding of microbial communities in fermenting



fbod.5l 54 ?0 85-88) During the last decade. a few scientific papers have described the micmbial

diversity of fermented food investigated through the application of culture-indep€ndent

methods,3e_lm) The culture-independent methods can identiry the whole microorganisms

including living and non-living organisms, even the microbes difficult to cultivate. In this

chapter, to get more details of miqobial population and its change i. Cambodian traditional

fermented fish products during fermentation process, we employed the pyrosequencing

melhodology, which includes direct DNA extraclion from food samples.

{,2 }laterials and methods

4.2.1 Samples used

Prohok was prepued by Ms. Chuon Chanseiha (Takeo, Cambodia) by using freshwater

fish Chama triata. Fishes were scaled, excrement and gut inside ofthe fishes were removed, and

then they were washed thoroughly in clean water. Fishes werc soaked for ovemight, dried for a

day, mixed with l0% of sah, let fermented for five to seven days, and then liquid was drained.

Afterward, salt was added in the ratio of 15-20% (w/v). Fermentation was carried out for five

months at ambient temperature. The sample were taken at every month after the stan of

fermentalion and kept at -20 oC. Moreover, seven types of toeuk trey samples were directly

obtained from different plants and factories in target provinces of Cambodia. These samples

were brought directly to Japan and kept at -20 'C for DNA exkaction. The specific of products,

codes and company names ale listed in Table 4.1. Toeuk lrey samples used in this chapter are

summarized in chaper I, table l. l.
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4.2,2 DNA extrrctiotr lrom pruhok rnal loeuk trEl

One gram/l ml of each sample was suspended in l0 ml of l0lo sodium chloride aqueous

solution, and total DNA was extracted from 400 ul ofthese susp€nded samples using Ez-Extract

for DNA (AMR Inc., Gifu, Japan) and Fast Pure DNA kit (Takara Bio Inc., Otsu, Japan). The

extracted DNA was used as template for pyrosequencing or quantitative real-Iime PCR analyses.

4.2.3 P-vrosequetrcing

Pyrosequencing was targeted to the valiable regions ofVl and V2 in bacterial l65 rDNA,

since thes€ regions are reported to be useful for the classification of the Lactic acid bacteria

(LAB) genera and species.8ee2 
el)

The primers used for PCR-amplificaion werc F8 (5'-AGAGTTTGATCATGGCTCAG-3'

forward) and R357 (5'-CTCCTGCCTYCCGTA-3', ievers€)t their S'<nds were flanked by

specific adaptors (5CGTATCCCCTCCCTCGCGCCATCAG-3' [forward] and 5'-CTATGCGC

CTTGCCAGCCCCCTCAG-3' [reverse]) that is applicable to the pyosequencing equipment

used, the Cenome Sequencer FLX System (Roche). Between the adaptor and primer sequences.

short tag sequences (ACAGT. ACCTA. AGACG. AGCAT. AGTGA) were inserted to allow

rcads from diflerent fermentation perids ofpra,lol to be soned in the same run (FPr, FP:. FPt,

FPa and FP5, respectively).

For toeuk trey, short tag sequences (CACGT, CATAG, CGATA. TCCAG, TGCTA.

TACTG. CTATC) were similarly insened to allow reads fiom different tlpes of samples to be

17



soned in same run (TE, TFr, TF:, TFr. TFr, TF5. and TF6, respectively). The reaction was

performed using PrimeSTAR CXL DNA polymerase (Takara) and MightyAmp DNA

polymemse Ver.2 (Takara) with 30 cycles of denaturation (94"C. 30 sec), annealing (55"C, 30

sec) and extension (68'C. I min). The amplified fragments were then used in pyrosequencing

analysis.

1.2.,1 165 rDNA-bssed taxonomical and statistical analysis ofsequerce reads

Analyses of sequence reads were performed manually by using Ribosomal Database

Project (RDP) Cl.ssifier (http://rdp.cme.msu.edu/classifier/classifierjsp). Reads obtained in the

FASTA fo.mat were assigned to the genus levels with an 80o% confidence threshold.86) For

species determination. the Basic Local Alignment Search Tool (BLAST) was used. Calculation

of Shannon-Wiener index was carried out using the Fastcroupll progmm.el-r0r) The reads shorter

than 300 bp were excluded.



4,2.5 Real-time quartitative PCR

Real-time quantitative PCR assays (qPCR) were performed to determine the total

bacterial population. The DNA samples prepared lor pyrosequencing as above were reused as

qPCR templates. The l65 rDNA V3-V4 regions were amplified using 331-f(5'-TCCTACGGCA

GCCACCAGT-3') and 797-r (5'-CCACTACCAGGGTATCTAATCCTGTT-3') as forward and

reverse primers, respectively.3e.e2'er) (5'-FAM-cGTATTAccGcGGcTGCTGGCAC-TAMRA-

3') was used as a TaqMan probe. The reaction mixtures were prepared using TaqMan Gene

Expression Master Mix (Applied Biosysterns. Foster City. CA. USA). and .un on a SteponePlus

Real-Time PCR System (Applied Biosystems) according to manufacturer's instructions.

Table 4.1 Cambodian traditional fish fermented products analyzed in this chapter

Product codeb Sampling location'

(fermented fish pasre)
2mo hs
3mo hs

5 monrhs

FP'
FP:
FP:

2-3 monlhs
Pure gmde 6 months
Final product
FiDal product
Final producl
Find product

Phnom Penh cn)

TE
TFr
TF:
TFr
TF.
TFr
TFo

P/drol was made from freshwder fish (chanru triatal nd all toeuk tre), (TE. TF rj) were summarized in chapter I.
Final

Table l.l.
bFP,. FP,. FP,. FPo and FP.. samplE in each month of ferm€nbtion process.

"ceogaphical locations at which the indicaicd fermented foods werc produced.

4,



4.3 Results

,1.3.1 Chrnge of microbiotr compositior duriDg fermentltion ofprdro*

We conducted the pyrosequencing analysis of 165 rDNA Vl-V2 regions amplified from

Cambodian fermented fish products p/aroi (FP1, FPr, FP1, FPr, and FP5) and toer* r.e/ (TE, TFr,

TFr, TFr, TFr, TFs, and TFs).

Change of microbiota in each sample of yahok. which was sampled at different iimes

during fermentation process, was shown in Table 4.2. A broad vaiety of gene.a liom twenty five

to sixty eight was identified for respective samples by using RDP classifier. The result was

observed that eighty genem were found in total. and 76 genera represented less than 5% ofthe

total populalion (Table 4.2). Noteworthy. number of reads with bootstrapping threshold values of

<80o% were cut off by RDP analysis (see materials and methods). The number of reads cut off

did not exceed 23olo of the total reads number in each sample, excepting sample FPr in which

unclassified reads represented significant population ( 1,251 reads, 39%). Three reads in FPz were

classified as bglonging to archaea or chloroplasts. ln the sample at the first month of

fermentation process FPr (one month fermented), the microbiota was occupied by the genus

Clostridium (l,647 reads, relative population 84.5%), and olher genus minor was detected (301

reads, relative population 15.5%). However, in the sample at the second and third months of

fermentation process (FPr and FP:), Halanaercbiun became the most abundant genus (16,095-

19,581 reads. 52.5-6l.6yo). and Closttidium was changed to sub{ominated genus (8,769-6,604

reads), relative population was decreased to 28.6 and 20.8% during these fermentation periods.

respectively. Thereafter. at the fourth and fifth months (FPr and FP5) offermentation process,
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Halanaerobium was decreased dramatically (2.486 and 510 rcads. 24.4 and 14.270, respectively),

while the relative population of Closttidium dramatically increased from 20.8 to 57.0-5l.lolo and

stabilized at the maturity of fermentation process. The halophilic LAB Teltagenococcu,

reprcsented up to 7.9%. ln addition, to determine the diversity ofbacterial population. Shannon-

Wiener index ofeach prarot sample was assessed using Fastcroup II program (Table 4.3). The

Shannon-Wiener index was ranged from 3.58 to 4.92. lt was higher compared to narezushi

(Japanese fermented fish with rice), Cobolabis saira- narezushi urd oyu-norezushi which were

reported by Koyanagi et al. (201l) and Matsui et al. (2010) (Table 4.3;.eaer Taken togethel

these resulb indicated that Closlridium urd Halanaerobium play the leading rcle in prahok

fermentation, and suppress the growth of other bacteria. Putrefactive LAB Vagococcus

contaminated throughout the fermentation process, but its population was decreased at the

endpoint of fermentation no more than 1.5% at total reads (57 reads. s€e Table 4.2).

4.3.2 Comparison of microbiota compocitiotr between the simples ol loeuk trc!'

The loeuk trey microbiota was revealed by pyrosequencing ualysis. Toeu* trey was

sampled at different compa.y/factory. which was produced by different procedure. The results

arc shown in Table 4.2 continued. Vfiiety of genera was detected in each roert rrqy (184 genus

in tot l). At the early stage of toeut trey fefinentation process TE. the microbiota was dominated

by the genus Closridium (relative popularion 44.3o/o) and sub{ominated by Escheichia/

Shigella (39o/o). Howeye\ Closridium ud Escherichia/Shigel,la were decreas€d in the final

product (7 and I9%. see Fig.4.2), respectively.
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Noteworthy, Tetragenococcus was detected in toeuk lrey fiade from f.esh water fish (TE,

TFl, TF2 and TFr). lt's seemed to b€ increased during fermentation from 4 to 160% of relative

population regarding the same company samples (TE, TF1, and TFz were produced by the same

company. Table 4.1). In addilion. different company's final product TFl had larger popularion.

On the other hand, Ila lanaerobium was a majot sryies in toeuk ttey made iiom marine fish (TFa,

TFs and TFo).

4.3.3 Quantitative real-time PCR analysis of l63 rDNA contain ed i pruhok nlnd loeu* trc!

To estimate the approximate total bacterial population at each stage fot prahok

fermentation and for toeuk rrey samples, the rcal-time quantitative PCR (qPCR) assay of 165

rDNA was taken in this srudy (Fig.4.3 and 4.4). The relarive bacterial population contained in

prahok was increased during first th.ee months and then after decreased to the end-point of

fermentation (Fig. 4.3). At every stage of prahoh fetnentation, the significant amount of

Clostridium was contained (Fig. 4.3). Paniculatly, Halanaerobiun apyared in large amounts in

pralrot at the second (FP, and third (FP, months and then after drastically decreased at the end-

point of fermentation process (FP5) (Fig. 4.3). The final products of toeuk trcy (TFl, TF., TF4,

TFs and TFo) contained lower amount of bacterial population when compared to early

fe.mentation stage sample TE (Fig. 4.4). Toeuk trey TFa, TF5 and TF6 showed the significant

existing ralio of Haloanaerobium.
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Table 4.2 Sequence read statistics of praho* and toeuk trey sa,I].ples and their phylogenetic
classification by RDP classifier
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Table 4.2 (Continued)
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Table 4.3 Sequence reads statistics for each prarol sample and compaison wilh narezushi

Sample
Reads shoner

Tolal reads than ioo bp Reads analyzed
Shannon-

FP2                  29,121           '32          28,339            433
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Table 4.4 Sequence reads statistics lbr each roeuk trer safiple

Rcads shorler

than 300 bp
R€ads

TE
TF I

TF.
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T,

TF、

TF.
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,1.4 Discussion

ln the present study, precious information have been obtained in detail of microbial

composirion insights into Cambodian traditional fermefted fish prod]ucts, prahot ar,d toeuk trey.

The pyosequencing analysis r€vealed changes in bacterial population during fermentation of

praholc, as well as for distinctive ,o€!t /re1,/ products. Pyrosequencing is thus useful in

identirying bacterial groups having small populatioos as compared to classical methods as shown

in chapter lll and other report shown by Koyanagi et al. (2013).8e)

In our study, we classified 8O genera for praho,t and 184 genera for loeuk trcy (Table 4.2).

Particularly. the results of bacterial composition analysis demonstrated that genus

Halanaerobium had in large population in praio,t FPr (3 months fermentation) (Fig. 4.1 and Fig.

4.3). This genus decreased at the end-point prahok fermentation. Toeuk ffey TFa, TF5 and TFt"

which were produced from marine fish (Table I .1, chapter l), contained large number of genus

Halanoerobiun (Fig 4.2). Halanaerobiurn te known as obligately anaerobic halophiles capable

of fermenting monosaccharides. amino acids, and glycerol, and also capable of producing

but),rate, acetate, propionate, H2. and CO2 as the primarily fermentation products.ro2)Other study

showed thal Halanaerobium were clearly associated with the metabolism of glucose, glycerol,

and trimethylamine N-oxide (TMAO) and the production of acetate, butyrate, trimethylamine

(TMA) and dimethylamine (DMA).ro'? r0) Although. Timm and Jorgensen (2002)r0a) reported

that butyrate, acetate, TMA. and DMA caused off-flavors and taste changes at high

concentrations, and their abs€nce in the production of saeu-ieot (Korean fermented salted

seafood with 20-25% of salt) was very importanl in view of saeu-ieot qtality. Recently, Jung et
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al. (2013)3r) showed that the members of gefi)s Halanaetobium a;ppeared as one of dominant

populations after 49 days (1.5 months) of fermentation and evenrually they predominated in the

saeu-jeot fiictobial community after 66 days (2 mouths), and then decreased to minor

populations again as the fermentation progrcssed. This information is consistent with our result

th?f. Halanaercbium increased at 3 months and therqfter drastically reduced its population (Fig.

4.3).

Jung et al. (2013)s) also r€poned that Halanaerobium produced acetate. butyrate, and

methylamines within only 15-49 days of fermentation and when the temperature was between 20

and 25 'C. At more than 25 oC. the production ability was decreased. Based on this result. they

suggested that, to produce good quality of saeu-jeot, fermentation should be stopped within 15-

49 days and below 20'C. In more rccent study, Lee et al. (2014)105)described that the genus

Halanaerobium predominated during the saeu-jeot maturalion slage. which was in accordance

with previous results of Jung et al. (2013).s)They reported lhat Halanaerobium ..nd theit

metabolic products could be potential indicators to determine abnormal fermentation or spoilage

of saeu-jeot because these species are primarily responsible for the production of ac€tate,

but),rate. and methylamines.

However, our results suggested that large numbers of Halanaerobium presented in

prdho* FP! aj|d in toeuk trcy TF a. TF 5 and TF6 might not be related to those problematic effects

mentioned before. since Cambodian traditional fermented fish products were taken for more than

3 months of fermentation; such long maturating p€riod could omit the undesirable effects of

Halanaerobium which inhabits in middle stage (2-3 months). Actually, the smell and taste of



prahok and toeuk trey is not good in the middle stage, but it gladually becomes better in the late

stage. In addition, prarok and toeuk trey werc produced under condition of higher temperatures

more than 25 "C. Hence, the ability of Halanaerobium to produce acetaE, butyrate,

trimethylamine and dimethylamine could be not so high under such condition. Based on the

above discussion, we suggesi that the metabolites causing undesirable tastes and flavor had been

decreas€d after middle stage, and only the desirable compounds such as amino acids including

umami taste werc remaining in the final pmducts (Chapter I and Nattidq 2012).as)

The genera other than Halanaerohium. Clostridium Ntd Acinetobacler did not count large

populalion (less than 20o/o), indicating that these three genera are possible candidate for

fermentation of the products. One harmful bacteti^l generu Esche chia./Shigella werc detected dt

high population in TE and TFr (not maturated samples), but they d.opped to lower population in

the final product TFr (Fig. 4.2). High salt concentrations of these products might prevent such

bacteria.
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CHARPTERヽ

Conclusion

In this study. we obtained the first detailed insights into the chemical and micmbial

properties of the Cambodian traditional fermented fish products prafio,t. kapi, and toeuh lrcy.

Acetic acid was the most common organic acid with highesr concentration in 10/13 samples,

and lactic acid was also found at high concentrations.

As for volatile compounds. various acids. alcohols. aldeh.vdes, ketones. nitrogen-

containing, sulfur{ontaining, and others compounds were detected. Butanoic acid was

identified as major acid in toeuk tey samples. indicating its contributio. to specific flavor. Final

ptodttcts of pruhok and tapi contained less amounts of ester compounds, and tapi was relatively

rich in sulfur-containing compounds.

Culture{epend€nt microbiota analysis revealed that gram-positive cocci or rods were

main constituents of Cambodian fermented fish products. Among them. Bacillus, Clostidium,

and Staplrylococcus were frequently identified at up to IOE cfly'g. Halotolerant and halophilic

lactic acid bacteria Tetragenococcus were prcsent as another major genus in prahok md kopi.

Other bacterial genem such as Psychrobocter, Virgibocillus. Lysinibacillus, Kocuria,

Micrococcrs, l,entibacillus. and Jeotgalicoccus were occasionally found at 102-l05cli/g. Based

on this and previous studies, it is suggested tha[ Closttidium and Staphylococcus are mainly

related to the production of acetic acid in Cambodian fermented fish producs. These
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micrcorganisms might play an important role in the pres€rvation and maturation of the

fermented fish products. lt is also noteworthy that gBm-negative rods were minor in all type of

foods. indicating the presence ofsuppressive effects toward these putrefactive bacleria.

To investigate microbiota more in detail, we conducted the pyrosequencing analysis of

l65 rDNA V l-V2 regions amplified from Cambodian fish fermented ptoducs pruhok and toeuk

,rel Twenty-five to 68 genera and 35 to 107 genera were identified by using RDP classifier

ftom praho* and toeut rrel, respectively. The results revealed that the most dominant species in

the bacterial f'lora of prahok was Clostridium and Halanoerobium. Tetragenococcus was

dete.l.ed in toeuk trey fiade from fiesh water fish, it seemed to be increased during fermentation

process. Closridium and Escherichia/Shigel,la were inversely decreased in the final product.

Halanaerobium was a major species in loelt ,reJr' made fiom sea fish. The data were also

analyzed by combining with the qPCR results, revealing that bacterial population ofproio,t was

increased during the fermentation pr@ess of three months, and then decreased. For toeuk trey,

the 6 months fermented sample and final products were lower in bacterial population than lst

stage fermentation.

Taken together, the data acquired from this research is very impofiant and useful for

Cambodian peoples'dietary life. Moreover. this research provided information on the

fundamental signatures of not only Cambodian but also the entirety of Asian fermented fish

products, benefitting the manufacturing processes, including microbial control and quality

stabilization.
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