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Genetic Breeding of Yeast Strain for Flavor Improvement

of Korean Traditional Fermented Soybean Paste

Yoo J. Y., Koo Y. J., Park J. H.,, Kwoon D. J.,, Han N. S.
Korea Food Research Insititute, San 46-1, Baekhyun-Dong, Bundang, Seongnam, 463-420, Korea

Abstract

Doenjang(Korean traditional fermented soybean paste) is an important fermented food traditionally prepared on house-

hold scale in Korea. However, it is gradually disappeared due to the massive influx of commercial products in the market.

But the commercial product has two problems in commercialization. One is it’s weak flavor and aroma, the other is gas

production in container on the market. To improve of the weak flavor, we introduced mutation process of

Zygosaccharomyces rouxii, a ripening yeast, with ethylmethanesulfonate and selected the trifluoroleucine resistant mutants

that were possibly released from the inhibition of @-isopropyl malate synthase. Among the 152 mutants, we selected 5 mu-

tants which produced flavor-related compounds such as iso-amyl alcohol and iso-amyl acetate at higher level. To solve 2nd

problem, we tried to screen natual preservatives instead of potassium sorbate, a chemical preservative. Potassium sorbate

is used in commercial products to retard gas production by yeasts. The preservative is not a consumers’ preferrable chemi-

cal as a food additive. We tried to substitute it with alcohol and organic acids. Shelf-life was extended by those materials.
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Table 2. The ratio of preservatives mixed in Doenjang (Unit ; g, W/W %)

507

Sample No.

Ratio

1 Doenjang(Control ; not mixed with preservatives, salt : 8%)

Doenjang

O 00 3 O O &= W ™

10 Doenjang

Doenjang :
Doenjang :
Doenjang :

Doenjang :

Doenjang :
Doenjang .

Doenjang :

EtOH*=3880 : 120(97 : 3)

Succinic acid=3900 : 100(97.5 : 2.5)

EtOH : S. A*=3840:120 : 40(96 : 3 :1)
Lactic acid=3940 : 60(98.5 : 1.5)

cEtOH : L. A°=3840:120: 40(96:3:1)
Potassium sorbate=3996 : 4(99.9 : 0.1)
Mustard seed=3960 : 40(99 : 1)

Mustard o0il=3974.5 : 25.5(700ppm/kg added)
: G. S. E*=3980 : 20(500ppm/kg added)

Note)® : EtOH : Ethyl alcohol,
S. A : Succinic acid,
L. A : Lactic acid
G. S. E : Grapefruit seed extract

Table 3. Composition of PDA medium

Potato, infusion from 20¢g
Bacto Dextrose 2g
Bacto Agar 15¢g
Nacl 10g
Dist. Water 100m¢
pH 35+0.1

Table 4. Composition of PDA medium

Bacto Tryptone 20g
Bacto Yeast Extract 0.25¢g
Bacto Dextrpse 0.1g
Nacl 10g
Bacto Agar 15¢g
Dist. Water 100m¢
pH 6-7

o
=

2) Ao AR BHD A £49 24
7h) D] Az 9 Ag g uy

(% 2)9} Zo] =AZ 72+ H2T-5 80gH TS A
sty 20°C 2 30°C §h27)o] BoalA dA7)7}

HE AgE AHste] AL Hs 2 oAES FHE =
Akstdct.

W) AREe 4 st

AN A5 Wyl msict. F, 1,000mle] ¥]
ojAdl 2 715 A¢ A IF H9AE 3] 9
dAe 29 9% ¢ 2452 pHe pH meter
£ o83t SAs. ¥, A2 ¥ FFe] & (R
3)9] wiAE o]83k] 30°C 7)ol wjFsiuA 54
a3l

3) o) 4 S SdolF A

7}) TFL(5, 5, 5,-Trifluoro-DL-lysine) WA #+F
o =5

e W o2 sod. F, Z. rownii K-1& (£
5)¢] YEPD uj#] 5mle]] HFste] 30°CollA] 147+ A
gufekS g F 3,000rpmell 4] 57 WAlEe]ste] A
£ RS F dds SmlE 33 A& F0.1M QlAk k4
A (pH 8.0)o] E=3l¢r}. o37]o)| Ethylmethanelsulfo-
nate (o)} EMSz} Q=3 E 0.15mlE #H7}stx 30°C
o 1217 w5t Eof. o] A7jeh 2 e
Afe A7 F F2E5E 33 e F (R 6)F 2 A
elu) 2ol = E3}o] 30°C g2 7)ol wfefARIct. Adeuf]
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o4 283 colonyE TFL WA @32 34t

Table 5. Composition of YEPD medium

Polypeptone 2g
Yeast Extract lg
Glucose 2g
Nacl 10g
Dist. Water 100ml
pH 6-7

Table 6. Composition of selection medium for
TFL tolerant mutant

5, 5, 5-Trifluoro-DL-lysine 19mg
Yeast nitro base 0.67 ¢
Glucose 2g
Agar 2g
Dist. Water 100ml

) TFL WA welF9 &4 A% A1

Aeu)z)o| 4] 5 TFL W4 #ol|F9 42 AT
AL (& 7)9 YM-5 ujx)E o]43le] 30°CellA 10
A7k wfoFA|7|HA HFIEE HolFo| A&xet o
= ¥ 109 B4 2402 BAsc). Alge wiok
ol 1mle] 93h}EF 0.5g3} 2-octanold WREEFEA
2 3tof wiokele] 0.1%7} =A A7kt

Table 7. Composition of YM-5 medium

Glucose 5g
Polypeptone 05¢g
Yeast extract 03g
Malt extract 0.3g
NaCl 10g
Dist. water 100ml

Table 8. The analytical condition of GC

Instrument  : Varian 3300 gas chromatography
Column . SPB™-! Capillary column, lum

I. D 0.32mm X 30m, Supelco Co.
Oven Temp. : 35°C(6min)-8°C/min-125°C(5min)
Detector . FID
Inject temp.  : 200°C
Detector temp : 250°C
Split ratio 1501
Carrier gas  : N,

m. gz ¢ 3%

7t R RS pH & 0jY=2| SE

A7} A3 15 A (AEHs A-D)F A
Ao g §EFq AF AF(AEME EF)E #7%
o] o]5 AF3 pH % v|AES] FHE AH £ 23
€ (% 93 2t

Table 9. Microflora and pH in fermented
soybean product(Jang, )

Sample No. vCC: MYC: pH
A 3.8x10° 2.5%x10° 4.84
B 1.7 x10° 5.3%x10° 4.74
C 1.7x10° 5.4x10* 4.95
D 2.7x10° 3.7x10* 4.32
E 1.5x107 ND® 4.29
F 6.9 x 108 ND 4.21
G 2.4x10 28 4.73

Note) * ; VCC : Viable Cell Count(CFU/g)
MYC : Mold and Yeast Cell Count(CFU/g)
b ND : Not Detected

Ao} AR A5 pHE A 43204 A2 4
952 b o} Al AFH ulaste]  Fol7} ¢l
o} FFF(VCO)oll e AAA F5AF] o 10-
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Fig. 1 Time course of pack volume in Doenjang
treated with various preservatives
during the storage at 20°C
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Fig. 2 Time course of pack volume in Doenjang
treated with various preservatives
during the storage at 30°C
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Fig. 3 Time course of mold & yeast in Doenjang
treated with various preservatives
during the storage at 20°C

Fig. 4 Time course of mold & yeast in Doenjang
treated with various preservatives
during the storage at 30°C
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Table 10. The Shelf-life prediction and Q,, of

natural preservatives at various temperature

Treatment Qi 20°C 30°C 12i5°Ce
1 1.14 18.2 16.0 20.1

2 1.84 3821 207.7 602.8
3 .77 305.7 172.7 453.3
4 1.97 4212 213.8 727.7
5 1.62 51.8 32.0 75.9
6 2.30  485.1 210.9 957.9
7 146 2541 174.6 341.7
8 203 3445 169.7 610.7
9 2.16 43.2 20.0 80.8
10 1.23 19.7 16.0 23.1

Note)® : Annual average temperature in our country

Aato] H7HE 2T (No. 6)= o 2,87} B 957.9
A, AR BHE AP (No8)E o 18w} we
610.73d0] 77+ oj2sigic. g, T A% WA
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PH AT(No. 5)& 2=wgguc 2e 759
A AR B ADFNo. 9 8089, AHEH
#5%0) A48 AT (No. 10)= o 231902 22
EEETES

o] Asfol Aol vle} o] HE Y §7)4ko]
22 D5 HeuEA Al AT 4 gt Ha

£ 2742 ek},

Ch. 30| HME A8t SHHo|F

AR Toieh #dd F2 A& Avud Axg
ol Az £ fel glutamic acid§9 ofnlx

e D] Enk wES

QA% Btk KB R 511

A} w]AEol o3l glucoseZXE] A= tjARAHZ 9l
GEFH, dAHE SE P 47)4ES0] Q). E3 1)
A2 oI AT AMEET 239 Golsh 443
Q AT e EAZE GFF9 day 2 HHES)
A% iso-amyl acetatet= v|zk ZRstojx AFo) E-g3
F& Folstr] dgel o SHE9| tjt YAgubye] 2
A7 TS AR £ A S 58 ¢2F Fol
+ 52 X445 ethyl alcohol ©]9]el| propyl alcohol,
butyl alcohol ¥ amyl alcohol 5] 73 ¢&F7} 3|
o AA7} Qlom? oAH 2 §§-EFolE isoamyl ace
tate7} £8F ¥ AETZ <A U} isoamyl
alcohol 3} iso-amyl acetated] 44 uhg-& o}3} e
Hhg-ol| ojaf A3}

Acetyl-CoA + iso-amyl alcohol = iso-amyl acetate

7|4 iso-amyl alcohol?] ¥%E7} ¥¢4E isoamyl
acetate®] & F7IRH}Y o)} zto] Fulo} AW &
< Ase AFFY F2 FFEE YA 589

Glucose
!
!
Pyruvate — Ethyl alcohol
!
l

L~Valine < a—keto isovalerate — isobutyl alcohol
Feedback inhibition

——— (a-Isopropyl malate synthase)
l

a-isopropyl malate

!
B-isopropyl malate
l

L-lysine < a—keto isocaproate — isoamyl alcohol

l

1soamyl acetate

Fig. 5 Pathway for Iscamy! alcohol production
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Z. rouxii7} QJubd o2 oA Qlch® o§7]A] iso-amyl
alcohol 3} iso-amyl acetate®] XA AZE AlsrRd
(23 5)3} 2}

(23 5)o]4] B nje} 7Fo] iso-amyl alcohole a-
keto isocaproic acidZ%E AJA =9t e-keto isoca-
proic acid= 27§9] AXMAZE 72w Qi) e leu-
cineo] & o}n|3} ¥ Ehrlich pathway'®7} ¢z ¢}
£ s} pyruvic acid 23 a—keto isovalerated 7
3t leucined] AHAgA N s A=7t Sl o
248) 4FHAZFNA FFFNAE Bhrlich pathway
£ 7+3le isoamyl alcoholo] A== Ze] F7 =z}
2 Agsc. st AREA Belshs a-isopro
pyl malate synthase'”+ leucine | ¢J3l| feedback in-
hibition T+ feedback repressiong Ht7] wj&ol] A5
o FUgq ARAL, F U F(H) o 25E FH
L leucineo)| ¢J3} @-isopropyl malate synthaseel] tj3}
o] leucine?] A 2H4-< #HA5t7] A= leucines]
analogue WAj#olFE <lojolut iso-amyl alcoholz}
isoamyl acetater} 9%k 44E 4 9l Helch. b
leucine analogue?] WAl #o|F= 4d7] ¢js] TFLd| o

& Z. rouxii K-19] A% AshE 24 2= (2 11)
3} 7.

Table 11. Growth inhibition of Z. rousii K-1 by TFL

TFL(mM) Number of colony
0 1000
0.4 120
0.8 ) 1
1.0 0

Z. rourii K-19] A& TFL ImMoilA] k313 A3l
=3ict. oleh 2 Az diffe] Agt dAsgct.
122 EMSZ Helste Welg 4421 F TFLe
tg WA WolFE 7] 98 TFL ¥=5 ImM= 3
of WolFE dlen, o]5 HolF ¢ IF9| AYgE%
£ vzd A3 (29 6)F Row ol #Fd s
A9 ¢F 4 isoamyl acetated] YA AL (1
N3 21 479 AFE (% 12)9) 2ot

Table 12. Production of C; to Cs alcohols by Z. rouxmi K-1 and its mutant

(4] ; PPM)
Strains EtOH(%) 1-propyl 2-butyl 2-methyl [soamyl n-amyl [soamyl
alcohol alcohol 1-prpanol alcohol alcohol acetate
Z. rouxil 1.33 1.33 3.33 14.84 38.86 12.90 trace
H-10 0.78 6.27 trace 42.06 70.95 45.62 23.21
(4.7) (2.8) (1.8) (3.5)
H-20 1.11 13.30 42.59 35.00 54.81 35.01 287.87
(10.0) (12.8) (2.4) (1.4) (2.7)
H-33 1.12 6.61 33.76 316.43 56.01 19.78 2.95
(5.0) (10.1) (21.3) (1.4) (1.5)
H-62 1.57 8.70 80.64 44.29 164.33 19.82 10.18
(6.5) (24.2) (2.9) (4.2) (1.5)
H-150 1.01 9.34 14.61 23.12 65.42 33.85 3.98
(7.0) (4.4) (1.6) (1.7) (2.6)

Note) Number in( ) is the relative ratio of mother strain’s
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Fig. 6 Time course of growth by Z. rouxii and its mutant during the fermentation at 30°C
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