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Abstract

This study was conducted (1) to isolate the film-forming yeast from the commercially available
soy sauce, (2) to identify the state of soy sauce fermentation by the use of yeasts, (3) to confirm
characteristics of yeasts. The result were as follows.

1. These yeast strains in the soy sauce fermentation test showed full fermentation of whole sugar
content, reduction of the pure extract and relative reduction in total nitrogen. Soy sauce color
was somehow faded to lower the stability of soy sauce.

2. In anti-fungal activity test butylparaben at a higher level 60 ppm., sodium propionate 2,400
ppm. sodium benzoate 800 ppm., menadion 165 ppm. showed their anti-fungal effect, while alcohol
did not show the effect in the 3% additive group.

3. The optimum sodium chloride concentration for these strains in the 2% G.Y.P. medium was
59 and optimum temperature was 30°C. The extinction temperature was 62°C for strain No-1
and No-3, and was 65°C for No-2 and No-4.

4. The film—-forming soy sauce turned out in the gas chromatogram to possess much flavor of
low boiling point as compared with the standard. These flavors were considered due to flavor
spoilage of the soy sauce.

5. These isolated yeasts were identified Saccharomyces rouxii (film-forming yeast) in the Lodder’s
taxanomic study.
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Table 3. Change of composition in Koji autolyzate by the yeasts

Strain No.

days AlC. R—S Ratio T—A A—A NH;—N Growth

(%) (%) %) (%) (%) (%) (0.D)

) 6 2.2 0.77 0.9 2.48 0.04 0.01 0.47
12 0.61 0.56 93.4 3.64 0.035 0.02 0.83

9 6 2.91 0.82 9). 4 3.12 0.03 0.03 0.42
12 0.21 0.41 95.0 4.09 0.05 0.05 0.76

3 6 2.51 0.45 94.7 3. 41 0.02 0.02 0. 51
i2 0.35 0.12 98.6 4.28 0.04 0.05 0.80

4 6 2.71 0. 84 90. 1 3.08 0.02 0.04 0.54
12 0.45 0.63 92.6 4.83 0.02 0.07 0.81

Alc: Alcohol, R-S: Reducing sugar, Ratio: Fermentation ratio for the total sugar, T-A:
Total sugar, A-N: Amino nitrogen, NHs-N : Ammonium nitrogen, Growth: Photometric

turbidity at 660 mu.
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Table 4. Effect of food preservatives on growth of the film yeasts

“S——__ No.ofstrains| 1234 | 1234 1234 : 1234 | 1234 1234
1 1 o { |

Preservatives Days : 5 | 10 15 | 20 | 25 \ 30
(P.P.M.) l | i |
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Table 5. Analysis of the soy sauce in fermentation
. I T-N © R-S  AIC | EX ; | NH;-» AN
Strains l Days l (%) . (%) ) (%) Color | pH | Co (%)
Standard | 1-15 | 139 | 30 |05 1303 47 . 47 | 02 0.6
5 | 136 © 153 . 0.3% 1184 4.3 | 47 | 0.25  0.62
NO—1 10 1.35 — 1047 ;10250 39 | 47 | 0.25 0.58
15 134 |~ ' 0.14 | 10.20° 40 | 48 | 025 062
s | L37 | L4101 035 113 45 48 | 025 0.6
NO—2 10 1.35 - 048 1099 43 47 | 02 038
15 1.3 — 005 | 1088 41 ; 48 | 025 0.63
s 1.3 | L46 | 0.58 1158 418 . 47 | 0.25  0.62
~NO--3 10 1.35 — 1052 | 1.4 41 1 4.7 0.25 0.56
15 .33 ~— | 0.07 | 1097 41 | 48 | 0.24 0.62
5 1.35 | 0.78 | 0.4 | 1.24. 445 | 47 | 025 o062
NO—4 10 133 | — 032 | 1072 49 | 48 | 0.25 058
15 L | - ] 0.02 10.63‘ 41 | 48 |02 057

T-N:Total nitrogen, R-S:Reducing Sugar,

Alc:Alcohol, Ex:Extract, NH3-N:Ammonium nitrogen,

A-N:Amino nitrogen,
Color:Photometric turbidity at 660 mg.
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Fig. 2. Gas ligquid chromatograms of volatile

components,
Peak identities: 1,2, 3, Unknown, 4. Acetaldehyde,
5. Acetone, 6. Ethyl acetate, 7.

Etyl alchol, 8. Isobutyl alcohol, 9.
Isoamyl acetate, 10. Isoamyl alcohol.
For conditions, see Table 2.
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Table 6. Effect of sodium chloride for yeasts at EREH EXN £ MBS EREE mEIHUT.
30°C m 2% G.Y.P solution. (photometric o] 5 BB 60°C oA =5 4 Fslgd o No—1,
turbidity at 660 my) No—3 @€ 62°C o4 =gl No—2, No—4 e

NaCI%) 01 s 10l 15 | 20 | 2 65°C MEZ WS FWEL MES e VA
Strain ™~ ‘ ' \ Hel M ST 68K BRe 60°C, 107/ BERE
NO—1 |09 [1.08]0.93[030 00| o = FBAURZ REWH sIG(Table 9).

NO—2 0.78 | 1.01 | 0.89; 0.02 | 0.01 ‘ 0 Table 9. Effect of temperatures on growth of the
NO—3 0.93/0.08|0.84 007|001 0 film yeasts
NO—4 0.93/0.92]0.72,0.39{0.01} O = Temp(°C) L j
4 143148 | 53| 5660162 65167
Table 7. Effect of temperatures for the yeasts in Strain \,l 1 l ’ ’ ' ‘
2% G.Y.P. solution (photometric turbid- NO—1 l + t + I + l + ‘ R Bl l -
ity at 660 mu) NO—2 P+t +1+3+:—1—
T No—g s o
Stm&} 10115‘20; 30{35‘37 NO ~4 [+ ]+ ]+ +1+ )+ —
NO—1  |o.01] 0.10 0.43 0.61 1. 13! 0.6 001 T Growth =i None growth
NO—2 0 | 0.1 0.34 0.59 0.87 0.20/ 0 2) BRSS! FERE
NO—3 0 ;0.15/ 0.31| 0.53 0.79] 0.45] 0 (1) HREaE
NO—4 0 0.22| 0.41} 0.60, 1.00 0.26/ 0 WG REOLES @R M7 Bicdn =

7 3.0~4.7nuolx o™ (Fig. 3) FERTFHXKES
BESEL 0°CoAH ks AHE veod BEA #el ®

Fobyol webA ME= i (Table 7).
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Table 8. Effect of pH for the yeasts in 2% G.Y.P.
solution (0.D 660 myu)

pH i
Stea 20} 30} 40 50| 60| 7.0

Strain
NO— .03 | 0. ) .56 | 0. .
! 0.0310.34 1 0.51 | 0.56 | 0.58 | 0.46 Fig. 3. Photomicrograph of film-forming yeast
NO—2 0.0210.22|0.39|0.500.46 | 0.45 (NO-2 Strain) (x 600)
NO—3 0.030.30 {0.520.63 0.5 0.51 .
A o] 9 HMEE BFolT A7v 1.2~1.5ucdx F
NO—4 | 0.02]0.26 | 0.42 | 0.5¢ | 0.46 | 0.41 | ¥ BHee Hipelx 2718 N

ERT AT BT me 1~44 ojgded]l 247 7
4 EREE 2wtk = HEAE ¥A4NA gt EREMS
KWHRS) ERBEE 43~67°C Aolol A 1050 8B ERAM BEE & dv SEH HFHAIAS

Table 10. Morphological characteristics of the yeasts

\ Items| Cells Ascospore formation Pseudomy- Vegetative reproduction
\ Shape | Size Shape | Size | Ascospores celium
Strains : ’ : per astus
NO—1 Spherical | 4. 5 ¢#| Spherical{1.2 u« 1—4 — multilateral budding
NO—2 Spherical | 4. 2 | Spherical| 1.5 u 1—4 — multilateral budding
NO—3 Shperical | 4. 7 | Spherical | 1.3 u|- 1—4 — multilateral budding
NO—4 Spherical ! 3.0 4| Spherical | .24 i I—4 —_ ( multilateral budding
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Table 11. Cultural characteristics of the yeasts

‘ 1
\\.l\tems Ma(l;ﬂ:l):‘t_;act | Malt agar slant : Malt agar plate
Strains . pilllé' Ring i,eg:tw Color vft]f(;n iSurface} Shape Edge l Etlﬁ)v:- i Surface Color Size
~ ) i
NO—1 = i — + ‘ White | Raised ',‘nggih! Round | Entire |Ra1sed S&mg(rfh White 6~7 mm
NO—2 T - ‘ ~  White | Raised !?gzmggthl Round | Entire | Raised TS&fnggtvh White 5~6 mm
NO—3 ¥ 4 i — + | White ' Raised '%mg?:h Round Entire  Raised | %{m(d)?f’h White 5~6 mm
i “ ’
NO—4 | = | — | + White Raised imgfihl Round Entire Raised ' g"%"  White 6~7 mm
. | : 1 ‘ ‘ :
+-+-+ Abundant growth. —:Growth, —:None growth.
(2) BZEY B (Table 11). =% EFH ZIF slante] FHRITE

KBRS mE LS HEE BFH BRAN FEA 0~30%3% FMET Bhpold EEY KR & B
ERES ER —F #HBE olF3ich Slantsl Fi EREAAL £F] @8 Kl 10~15%Atelol A 7
ERodALs e G0 £FHE dgdew EEE H HERY £ERES 9o 0% L, #ES T
BEgEAA ©2ise colonys] A AL 5~7mmelgct Zolmter 4 Feol W= g ch(Table 12).

Table 12. Effect of NaCl concentration on growth of the film yeasts in the liquid and solid media

\\
S NaCl) 0 5 10 5 %

o i ‘ 25 i 30
\ Media — i——e —— ; ; | . ! : ? —
‘ !
i

Grraine . Me| Ma Me' Ma. Me Ma  Me Ma Me! Ma! Me Ma Me Ma

NO—1 il e S
NO—2 | o+ o o e degipaaageiao 4 o o oo
NO—3 S
NO—4 b+ ‘ St o bbbt e d bt ok = = — -

* Me; Malt extract Ma; Malt agar slant, + :Scantv growth,
-+-- 1 Moderate growth. --+-: Abundant growth. —: None growth
(3) B8 3¢ |t lactose® Z&{t @ xjgtgtct. =3 arbuting] splitting®

HEASEE KR FHT BEs RERL #ERE BollA feioldx sy BAKBNA KNOsE
26fE A o] EW S BER%SS BRLEERAA B shx) g2 F @ ethylamine hydrochlorided &Leh
AEEs fEe 5 9 BE. Eitdd 2 galactose, A 0%RFERE SHEAAN £Filv WBEEEE

cellobiose. lactose= @BEFEIAl oigkow cellobivses) E olgdch
Table 13. Physiological characteristics of the yeasts
T Assimilation of ‘
i ;
\ Items ! ermentation Assimilation iSplitting nitrogen ‘;Gg(;);:thglgr—ll(}rowth
‘ : - . of _Sompounds cose yeast . o
. e - L e [Ethylamine extract =
Strains EGI iG;i Su |{MaiCe Tr %La ‘Gl Ga Su rMaﬁ‘Ce ‘Tr:La arbutin 'KNO; hydrochlorideiagar
| i P ‘ ‘ »
NO—1 |+ — 4 i+ — — =+ + + + — — — Absent — . + | Positive | Absens
| Stow; | 3 L "
NO—2 L= + Y U +, = — -, Absent — + ! Positive = Absent
NO—3 4 - - R 4 4] — 4 —! Absent — | + Positive | Absent
i ISlow Do T ‘ : . ‘
NO—4 ~+—1 - 1 + =i+ — + +[+ 4| — — — Absent, — | + | Positive | Absent

*Gl: Glucose, Ga:Galactose;  Su: Sucrose, gMa: Maltose, Ce: Celiobiose, Tr: Trehalose, La: Lactose.
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