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Continuous rapid fermentation of fish sauce by using
column type reactor packed immobilized cells

Agro-livestock proeducts analysis division, Health research section

S. J. KIM, J. H. Les, K. 5, Cha, J. H. Park, C. ¥. Lim

Abstract

Thie study was designed to continuous rapid fermentation of fish sauce by using column
type reactor which packed immobilized cells of lactic acid bacteria and yeasts.

The following results are obtained.

1. One kind of kctic acid bacteria and two kind of yeasts from conventional fermented
solution were isolated, identified and designed as Pedfecoccus halophilus R—22, Sac-
charomyces rouxii BR—60, and Candida etchelisfi H—50 which produced the highest le-
vels of lactic acid, cthylalcohel and 4= ehtylguaiacol.

2 Silica gel and sodium alginate(l © 5) were selected to immobilized matrices of lachc
acid bacteria and yeast cells ameng matrices. When the column type reactor packed
each immobilized cells of P. halophiles R—22, 5 roni R—60 and C. elchellsid H=50



were performed (o fermentation for fish sauce of Srdine, the optimal conditions for
fermentation was found the pH of 5.2, temperature of 30°C, 10% NaCl concentration
and 002 & 06vwm in aeration ratio of air and nitrogen.

3. Each immobilized cells of P. halophdlus R—22. 5. rovxid R—60 and C. efchellsin H—50
packed the each column type reactor was produced 0.75% lactic acid, 25% ethylaloo- _
hol and 18n9/¢ 4— ethylguaiacol during 96 hours under the optimal conditions,

4, When immohilized P. halophilus B—22 by column type reactor was performed conti-
nuously fermentation, lactic acid was produced 0.62~064% during 25 days and then
decreased gradually after 30 days. S romxdi R—80 was produced the 21~25% ethy-
laleohol constantly for 35 days and also C, etchellsii H—50 was produced 14~ 16mg/E
4— ethylguaiacol for 35 days and then this products were decreased graduslly after
fermentation of 40 daye

5. Final products of fish savce contained 1,721.6m3% total nitrogen, LEB41mg% amino
—nitrogen, 0.75% lactic acid, 2.7% ethylabeohol and 18.20/¢ 4— ethylguaiacol.

6. Organcleptic test of final products showed that acceptance taste was worse, but accep-
tance flavor was better than that of compared commercial soy sauce.

In conclusion. these results indicated that fermentstion of Gsh sauce by using column

type reactor which packed immobilized cells is possible to production for only two wecks
for rapid fermentation and it is stable to fermentation untill 50 days.
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Table 1. Conditions of GLC for lactic acid

Coluwmn s 105 Polyethylene Glyeal G000,
f—80 mesh Terephthalic acid
Jmn > 5m glasa

Oven temperature : 160

Injector temperaturs . | [

Carrier gas ¢ Ny(50mé/min.)

Detector . FID
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# 2] smith¥s] 2£petn @7 £ 2)44 228 colony® 221 Foll oM 30T 63

HuloFg g 01mlE HEse] WTHM 7897 TRAER SEch HEE HEEH
glcta #gEE FFEe Addts 30md FEpEealsad FAM aiAF 120med 2 R
g3 o 7|ef VufordE 2mdd FLebal 30T M 78U GEAN membrane flter(D.A45
)R kg F S22 EE ARsted s 440 P Be TFE dUsiaan, dEe
F2E ARy Su=(o)2td 10%, glucose 5%, yeast extract 0.5%, agar 15%, pH 5.5)
A 307e 5—6U7 WH ¥ Lodderst Kreger—ven Rijel g™ wel FHRC
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¥ Gas— Chromatographye 2248 S48 32 W5 B35 2A2¥ cydobexanold AHS-#Hgick
(Table 2).

Table 2. Conditions of GLC for alcoho! analysis

Column - 30% sorbitol 60~80 mesh shimalite
3m X 6m stainless steel

Carrier gas I N:A22 5mé/min.)

Oven temperature L12¢

Injector temperature » g5t

Detector : FID
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guaiscols] YAEHe| 7HF $49 FFE YEsden), HEG FRE AP g0
T 10%, glucose 5%, yeast extract 05%, agar 15%, pH 55)904 30°Cel S~6YTT o gk
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Table 3. Conditions of GLC for 4— ethylguaiacol

Column : Quadrex 007 BOMDED Fused silica
capillary column (0258 X 25:)

Column packing materfal * PEG 20M

Injector temperature : 200T

Initial temperature I RO
Final temperature T 200t
Carrier gas + He
Dretector : FI1Iy
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Table 4. Material composition for preparation of fish sauce by sardine

Sardine paste 10009

Kaoji I

Salt 150g

Water G

Complex enzyme 2,000 59 -
3. @9l aEE
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(1) Colloidal silica—@314k4hct EHE F¥ & =4
Colloidal silica(Snowtex 40 pacticle size 9~13nm, 40% Si0, Nisan Kagaku Co)® SN
~HCIZ pH 7~8°] HEF 2ABY 3% YA42 §49& 73] colloidal silica &5
s EH =,
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12

Fig. 1 Schematic diagram of the column type reactor
1. reactor packed immobilized cells of P halophilus R—22
2. reactor packed immobilized cells of 5 rouxii R—60
3. reactor packed immohbilized cells of C. elcheflsg H—50
4. water jacket, 5. ceramic filter, 6. peristalic pump
7. Koji hydrolyzate stock vessel, 8 air, 9 N; pgas
10, air filter, 11. harvest tank. 12 pump, 13. warm water pool, 14. gas outlet
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Hematocytometer{Superior, made in Germanyl= EAa}Hch

3) =T

ozt wids] Pepde 12498 S5PA adE TN 5EA BAY5H - A5 ¥
o 3% BRolch, 17 ¢ o § vjamrh) B HFA BARANYUEE c1EHH2H, du| e
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taste) 2 & R, FAE FMEY lEE(total Navor acceptance), Ttahdl Afl(zoy sauce), B
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Fig. 2 Questiondire for sensory evaluation of fizsh sauce
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Tahle 5. Morphological characteristics of strain R—22

Characteristics R—22 P. halophilus JCM 5888 .
st 10~24 10~25
Gram + +
Shape spherical spherical
Surface gmooth smooth
Spore not formed not formed

Table 6. Physicological properties of strain R—22

Characteristics R—-22 P halopkilus JCM 5888
Growth at 350 + +
40t - =
50 = -
Arabinose + +
Ribose + I
Mylose = s
Rhamnose - -
Laciose —
Maltose -+ +
Sucrose = +
Dextrin + —
Soluble starch = -
Glycerol + s
Manmitol = -
Sorbitol - -

Production of catalase - —
Hydrolysis of arginine - —
Vitamin reguirement
Riboflavin - =
Pyridoxal o . -
Folic acid - -




REsEd 75 R—222 Yejag] E42 pram PR X F7e 2—3seld
spore® BAE goim vl FAY S1E colonyoldich. B=iE YAE P halophilus
JCM 58889 wlatsl W@l R—22% sucroset W& Repier] depul FollM pyridoxald
AT gt asidlE P halophilus JCM 58887 V=@ kol glen] B8 catalases
AasE gstn s FaA @ oMl Aads bel Faidd IF R-28

Pediorocrus halophites R—228}5 WP
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Table 70} 82 AJeayd] o A 92§ AFHe $58 TF R—60% ¥4
#7] 5180 Saccharompces yowecii [FO 18728 BE@FTE sle) 92 AYT Aot

Table 7. Morphological and cultural characteristics of strain R—60

Characleristics R—&0 Saccharomyees rouxii IFO 1872
Shape oval oval
Cell size(¥) T7.0—86 7.5~9.0
Ascospore round round
Apcus 2—4 14
Koji agar plate creamy creamy
Malt zgar plate grayish white prayish white

Table 8. Physicological properties of strain R—60

Properties R—&0 Saccharomyces youxsi [FO 1872
Fermentation
Glucose -+ 4+
Galactose - i
Sucrose - -
Maltoss v w
Lactose + -
Ralinoze | +
Assimilation
Glucose + -+
Galactose w -+

Maltose + +

— 13



Sucrose + +
ENO, - =
Vitamin reguirements
Thimmine . —
Riboflavin = -
Pyridoxine - =
Choline = =
Micobinic acid — —
Pantothenic acid + i
Biodine + +
v 3 very weak reaction W s wealk reaction

TF R—609 PHGHY FYL Saccharomyees rousii IFO 18729 Ems] Byl 42
2o EHRIYoR visste, HXs| V| e VI AFEAS FE e kji T
malt BU R4 dfFsiale o FeANGeee A v F¥elsl

JeEl3m g HdcME, YEvHdy ESFFS viad Eq malktoses} e
Ael7t slat, ASHEHE galactosed] ] FETT ve Ashgee] fapgor, v 8
THHE 5 nindi IFO 18728 TSI J

of FiF& TS H¥H T3 R—60% Saccharomyces rousii R—602.2 FHEAG,

3). 4—ethylguaiacol 2| MM=20| 235 JFo| ME 3 B5

ATl met el Y 4— ethyiguaiscois] 44 s®o] 54 33 H—50a] g it=]
H dat3 BYE TEATY Condida eichellsii [FO 122091 w]m¥ FIHE Table 95 104
el gl

Table 9. Morphological characteristics of strain H—50

Characteristics H—50 Candida etchelleri TFO 1220
Shape globose glohose

Cell size() 2~3 B~4

Ascospore vonnd round

Ascus 1~4 . 1~3

Color greyish white greyish white
Surface smiooth amoath

Edge entire entire




Table 10. Physicological properties of strain H—50

Propecties H—50 Candida elehellsld RO 1220

Ferrmentation
Glucose i +
Galactoss - -
Sucroze &
Maltose + +
Lictose +

Azsimilation
ralactose + +
Sucrose - -
Maltose + +
Lactoge — -
Ratfinose - -
Soluble starch = -
Xylose = —
Arabinose + —
Ribose = v
Glyeeral +
Ervthritol - —
Mannitol v v
Succinic acid + v
citric acid +

KNC, - +*

' Splotting of arbatin -

+ + Somtimes straing give a positive or negative reaction
v very weak reaction

Bz Fa H-508 298 FHo|wa MEs 3rRs 2—axe|flen nid el
of Sjul g ey eA] EEL smoothlRlch, ole HEe ERTR Condida etchellsii
[FO 120954 H]EsiEe o Yethales s st

sE A2 S48 Be HaSYMAT palactose, sucrose TE TE waEtA] gl
Candida stchellsii TPO 12298+ ¥]5# Agejglos], Aade AojMe Condida eichellsii
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acid®) FAEeds F3 H-502 ot AEeta Candida etchellsii [FO 1220w 346k &
ik,

o]4e] Ee Mol FF H—502 Cendida efchellsii H—5022 WHHHCL

2. Fojz|e] YEtME
AZE @7 fthe TUE Holedd Yvh-d¥2 Table 113 Rt

Table 11. Chemical composition, nitrogen compounds, volatile basic nitrogen (VBN) of
chopped whole sardine

Moisture(%} + 761
Crude Lipid(%) 5.8
Glucide( %) 0.34
Ash(%) 15
Total— Nitrogen(ng % } 18028
Free aming acid—MNisg%) 1827
pH 6.0
VBN{mg %) 16

Aol FHNE orEF 43 FE& 761%, ATE 58%, 2D AL (s olHen,
FALE 1L8026mg R, FaEloto|iH Fie 182.7mg % o] %
pHE 60, 84 @4t 6% e §2 Polois Hee 39 Jdog feds

3. Hoj2l2| EalYe| 88

#olel& vp§ S complex enzyme 2,000{specific activity, 206X 10° Unit/Mg)s 05%
A7beia IN S9sh ERY gaos pHE 0= =W F 5200 A 843 Fheiaf 2
cigsia epte]A] 243t 71E A F oFete) A ANVEL AAE O L& AT
2] S}EY3%E Tahle 125 Frh
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Table 12. Chemical composition of sardine hydrolyzate prepared from chopped whole sar-

dine
Raw whole sardine Hydrolyzate by C.E. 2,000
Moisture( % ) TE1 TEA
Crude lipid(%) 58 02
Glucide({%) 0.34 28
Total—MN(ng %} 18026 1763.1
Free amino acid—N(sg%) 1827 1600.7
rH &0 5.4

CE. 2000 ; Complex enzyme 2000 obtained from Pacific Co.

Aejz] ol £5% 2139 complex enzyme 20004 H7ldsl E4d 8] AR S vas 2
] itat g destden) AE Pola] vl s 5E%Cl vlEhe AtBede] 02
EE HL FHE A4LE EAE = ojass APE Ay qRed.

Sg]il ool @irl Esdawda] 16007mE R E2 AL G et 28
of ojofhegio] o] fElE oz fdEc o AV | Foroe] Ads) vt FY
o] %ict.
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Zgluol 2|5 ofZkEe| YE

AL E A4 gpdos J4HE 470 ARE o5 BEHASA olF H5H U W
opall Q- olzbale) kg Wie] ol8eielS o] 44, LTE Y 4—ethylguaincol® A
fisje] ZaAks o

Fig. 3& o7te] dae £+ 2% P halophilus R—22, 5 rouxii R—60 % C. elchell-
si H-505 E0wdsiel sieEe 2dde] ATa0] f4bg 44, ¢33 2 4—ethyl
gumicacols] Ao of ¥ S FMelo,

o712 & 06417 ot S AAEE o 92 068%, BAEE 125% 2]l 4—ethylguaia-
col EX sz Yuido s 24503 FuR bzt G gMe W= v FEE G4
moolije} 34 # 4—ethylguaiacols 25 G4Te] Wigo|dc) &k 4347 /3
ik Bwe] ¥rld @ dahgads i @Roz grisks 3lo] Aselzsta dka.
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Fig. 4, Effects of temperature for lermentation of lactic acid,
ethylalcohol and 4—ethylguaiacol(4— EG) during fermentation for 72hr.
P halophilys R—22, lactic acid : 2— 2, cell number ; @ —
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Fish sauce 27 4.6 B.E trace 181 26.3 132 trace
Soy sauce™ 23 26 6.2 18 10.3 7.0 22 trace
1) percentage

2) . Soy sauce(super grade) obtained from market
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