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Studies on the Microorganisms in Foods

I. Distribution of yeasts in fermented and salted foods

Haruo SHINANO*, Masahiro SaTo** and Minoru AKIBA*

Abstract

Microorganisms in various foods have not only a part in their storage, but
also in their flavor, ageing and color. In this paper, some microflora, especially
yeasts, were investigated as basal experimentation to make clear the role of
the microorganisms in various foods.

A total of 311 strains of yeast were isolated from 12 out of 24 samples tested in
this study. Two hundred ninety-two strains of yeast were identified as belonging
to 15 species which belong to 6 genera, namely Saccharomyces, Debaryomyces,
Torulopsis, Candida, Rhodotorula and Trichosporon, by the method of classifica-
tion set up by Lodder and van Rij, but 19 strains could not be identified by their
method. The results of the experiment showed that the yeasts which were
distributed in high percentage throughout”all the samples were Debaryomyces
nicotianae, Torulopsis famata and Debaryomyces kloeckeri. In the samples such
as “Irina,” ‘‘Ninnikuhachimitsuzuke”, ‘“Moromimiso” and “Konowata” the yeast
showed a high rate in survival number as compared with the bacteria. On the .
other hand, there were some samples in which were detected bacteria only or a
certain survival number of the yeasts which was lower than that of the bacteria.

A one-sided distribution of specific yeasts, Saccharomyces acidifaciens, S.
bisporus, Torulopsis molischiana and Debaryomyes kloeckeri was observed in
several samples, ‘“Irina”, ‘‘Ninnikuhachimitsuzuke”, ‘“Moromimiso” and ‘“Kono-
wata”.

—BMTRBFCFET B4 OBEDITORBECEEET 52 L@ TIEH 52, —ETIE
FhOARORKE, BRDH\ AL S LEERBEERAEL TV 5,

ERFETIZ AL REKFET I EBBREYORACH THMTEBERCET 2 RE2HL T
B EREBLL, KB TR EOEBIEE L L TEMES L OEREMTCEET B EYD, Bic

* e ASKESRARSESHE (Laboratory of Marine Food Technology, Faculty of Fish-
eries, Hokkaido University)
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Table 1. Erxamined samples of fermented and salted foods.

Agricultural foods Sea foods

Trade name Main material Trade name ’ Main material
“Bizenzuke” Radish “Tkashiokara” Squid meat
“Irina’ Cabbage like | “Ikashiokara” (white) | Squid meat
“Yamakawazuke” Radish “Tkakasuzuke” Squid meat
“Ninniku- Garlic “Ikaunikazunoko’ Squid, sea urchin & herring

hachimitsuzuke’ roe
“Makiume” Plum “Tsubuuni”’ (alcoholic) | Sea urchin gonard
“Ogon-rakkyo” Scallion like | “Hoya-no-shiokara” Sea-squirt
“Kuromitsu-rakkyo”| Scailion like | “Katsuo-no-shiokara” | Bonito viscora
“Katauri-narazuke” | Melon like “Tkura” : Salmon roe
“Kiuri-narazuke” Cucumber “Mefun” Salmon kidney
“Nasu-misozuke” Egg-apple “Konowata’ Sea-cucumber intestin
“Kiuri-misozuke” Cucumber
“Daikon-misozuke” | Radish
“Moromi-misozuke” | Unrefined sake
“Melon-kasuzuke” | Melon

BRIz OWTRNLUAERP TERO LD AEE, BIVEoBSELYC W TETOHARYEBD
TCEORRITHOWTHET 5,

x B HE

1, #REOARGSIUIRE

WP L UeRAERE LORT L S R BEYIME, KEHLIBOH24MET, hboREIVTh
TR CHACRL EREBRE Y «~ VICHAL, ELCRRECKLR YRR, Thb
b, BENCEBRAON 10g YEIL, REEENREK 100 m] wnz o iRk, M
DOWTIHERER, BRCOVWTIIET I s FFA b o~ ARK SRS L L TRFUER 2T,
HEOBAARE, BROBARTOEERYWE T2 LRAKCTBLT/ Lot £k, BEOE
BEEHOBE, KT+ FEA v~ RERCRETIERIBROLZ L EBOEW2 0D, B
BEROPRCRE L -EFEYHRIB I ZHEPEL, Siuc VL BERYXINL TEoEEN
LEROADOEFRYHE LI, FBLCERISIKTS -1, |

2, AM¥ENRIEE

HEEIIONLLHRET b « FHA T v~ AKX OB HEBEEONE L < HEBEL K,
DUFOERICHLI, ok, KRLAVRDBRIBCTHL T,

(1) ®REmEROBZ

HEHAFCOWTEFHERATEREE, EFHERBBIURT P - FFA v~ AR |
TOAS A FEEREe Ly, #laokxx, BR, BEORM, #EER (pseudomycelium) OF M
T URBERE DO H I LI oW T 4~TH I X OS0A o RBABEL 1=,

(2) MTHRER

FHEHERHE AR LT - R E % Gorodokowa KERIEH, SIUEFF « FxA L m
~ ARRPEEHIC R L, T~30BMcbi VRTFEROFELREL -,

() HEEERR .

2% DOER=F ABRIZ IV Z~A, FFI2I—R, Ya—Zr—R, TAL—R, 37 b—~RFK
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IVF 747 ~AD6BOBERIDID 2% OEITIRINL, Fr~2BA D FREBEC/E, REH®,
SREYARCHEEL, WEMCHOR ) FAREORELRE L, ik, 574/ —ABBHEOR
6 RERIC OWTIREIC A U ¥ — AOBRHEIC W T L BB R T - 1,

(49 HER{ERR ’

Lodder ® auxanograph #:Dis X 7% Wickerham ©DiE? BHHL T/ Ara~X, #5272 b~ A,
Ya~fB—RA, TAL—ABIVS 7 b~ AD 5B 2R LRIRL 7o o, Lodder
@ auxanograph Bz FV Ao KR (NHY) 2S04 0, 5%, KHoPO, 0, 196, MgS0,-7TH:0 0, 059, ¥ K
2% DERD L D HFRL, Wickerham D Tix Difco 4B D yeast nitrogen base 2{Ef L %,

(5) mEEER{LER

BRLRBR LA L {, auxanograph Ek &% ik Wickerham O&&Qﬂﬂ L, BB L TRy
Y v 7. Lodder ® auxanograph i iV -ioEgdikihiz /4 =2 — X 296, KH,PO, 0, 19, MgSO,
TH:0 0, 059, TEK2%DHERD b DT Wickerham DTl Difco #13 @ yeast carbon base ¥
Wite .

(6) BORGEOKHHR

{NHy) 2S04 0, 1%, KH.PO, 0, 19, MgSO,-7TH0 0,059%, v =2 — 2 1%, %K 2% OER1 S
Epsrie RO 2% BERBHBRLEML TR ZEML, SREY B, 2 AMEREL T - H
AEMECENL TRERGC & 2B BHEORRLYRRL 1.

ok, BMROSECOWTRFORBENEERLLHA TR 258, BEEOVRBEBRER LT
T HEMEHERIEBR X, Lodder 5048 LM (species) (X ASEHOBMNE, FikiEs X
URBREORMEAEE L L, Chc8BHRENER YR THRETL-Tn5. FEDIC
DESEBEND, BRTRTX 5 Lodder HbOEME L h ¥ 2wl Key-18X O 2 %{FRL, =
L Tchio TR T -1,

: #RBLUSR
1. REORE

(1) genus Saccharomyces

£ W4 (L5 L OTRRERER 2 b KB L D b h e b O BHERESLIERF 1258k Ch oo TOD D
HISKEILH BT R EE L, pseudomycelium 2R, YA =2~ 2044 B, FLL, B
BE LRI Lic\ e Y Saccharomyces bisporus WM TAHE K TH -7, BY 32 Hixv-Thi
S. acidifaciens AT XIhichs, T species (XEOMREE, MLk, BBEOFTELLE, TO
LSRR BIRD S. bisporus & EBRILHERD fosbic & O FEEMAOH I 2 DORBEATHIR,
B fiEOKE SKEAYENI A 2@ otz Thbb, Lodder HoMic L, EHHE
2 (25°C, 3AM) T, CO_HEOEBISIHI I VEENHEEL, BEEILIZEESE-
THRETH R EERRDLARVA, MIROKEIDORT S acidifaciens DIFM S, bisporus X h
PAENC ENBERIRTWS, ik, ZDX5%Z &L S, cerevisiae, S, willianus ¥+ X U S,
carlsbergensis 7o ¥iIc b 2 bh, Z0 k5 hHBFHHIEOEREIC VT, SBEERNTE
THMEELE X B, ' :

(2) genus Torulopsis

BoRtiEs L OBEHE, REECHT ABE, BRRNRYEERE, BRTERES IV pseudomy
celium 75X OFENLHREFAR LED LR L QIKREF THRT, TOI b T BRI V=~
ADZYEBEEL, F7 b~ AOREHERBDLREVY, FOMmOMEYRLL, RBEOREYIX
B b ht, TIEBBAMERIT OV TREBT 2R TR & A Y AEH» D pseudomycelium
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DOEBBED S\ Al Lobber 5 T, famata W—FK L1, Fi- 17 ¥ix, BT REE,
pseudomycelium DOHREESR X OBBRIEOREEA L AEDOAY, Sra—-AOLYBETS L L
BESAT~ABIV=A b~ AREET B2 0B T. molischiana CRIE I NI, THERHDIO0
BRIz oWTIL, £BHREE, SR 58 T.glabrata, 3%\ T, gropengieseri,
28kh T. inconspicua xR FHREE i,

(3) genus Debaryomzyces

BRI 5B HORV2 L, BTFRECVWERORELHFTHZ Lic L oBRR R LD
FRIEESEhDERIBRETTBR Th oo ZORCES T SBIIBD X 5 i35 BEEaE
NELTLKBEDORIE D, FLRBEELPEL W TLEDTHBTHRL, BEBCOWLTIX
REEEMREET 5oL ORBC ORI, RRPROFHET ENERAERIC - T 5,
ORISR D TIEDATRITTRE 2 3 - AOBBLBEESTEDOR, 57— ARRE
EoReEAE T3 LBBEORIE DL, Fh Bl rE T 28RN FREH
RTBZEHERD, hbaTHit D, kloeckeri oM+ 2B TH - . B 268k Lodder &
DR D, nicotianae CFRE I iz,

(4) genus Candida

HRE(LSERR X OHBRERN O AB ERD LA LD 125C, 205 b5&kiTV-Thil
FIElE s { preudomycelium (3B & R, o~ RORBELBEENBDOR, FA2~ADA4
RT3 L BEORMEE Y E L2 L7 b Lodder D C, mycoderma ww—%$ % gtk
THhote TLFOMOBEKEL FBERLD 4N C, japonica, 2%H C. reukaufii KATEIH
oo BD 1#Rix C, catenulata LRI —~BT DMK T 7 + —~AOBREEYRE-TcboEXD
DORBYULELh AR TH -7,

(5) genus T'richosporon

BTERT2HRET, true-mycelium (BEAER) #HRTHLLbERTLED, BEoBE
HREDLhEWe Y, KBERDORELDIL6KT, WwFhd Tri. infestans RIEEhiz,

(6) genus Rhodotorula

ok, BRESIVRC Y 7E0ARYELL, BOBEHE, RTURELICELHALN
i genus Rhodotorula @Bl b ORBEET 2H T, ThbHRVThLHs XUHREDR
1ttg, MBIz b R, flave CRIEEH i,

(1) FELBr- ik :

Lodder 5048 CRRAE TS LATE D LEKIBRETINETED 5 b 8 Bt 2
12 & A EABT pseudomycelium 2R, Fra~R, 52 +—~AELU<A b ~RARRALT
BLEEORBHIIEDL T, FRBEBEORLEL V. MiaD M, K& XX Debaryomyces
nicotianae Kﬁfﬂf%%ﬂﬂ%%ﬁ(‘,ﬁﬁfg Nz~ AXBEELILCENRE S, LRI IFIWTA
b EFREAMOMIC pseudomycelium YR T AT LEERT, Fra—-R, 57+ ~R, &k
XUt~ ARRET I RBREOREHIRL, a2 —ADLXEB#ET 57 L Candida stel-
latoidea v-3RLIT 5 %%, pseudomycelium DM C. stellatoidea & Rele HIedIFE LBk
M, C. stellatoidea Wi TERDE KR LEZ ORI,

2, ZFEARKCHIT MBS LUTHBOLEER

1) MESEAR '

ZOBBRGED KT TEYETH HSEORE TR > e REIEE T v+, BET v+
O 2Htk, E-BERORMCEL) - REIEIER (F420), WK (F4a>), B& v %3,
BES X ., &g, FLSARD IO 0 ko TRETH S, EERCOVTRE 2-1 KRT
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Table 2-1. Survival numbers of bacteria and yeasts in agricultural foods.

Survival numbers (/g)

Samples Bacteria Yeasts

25°C 37°C 25°C

“Bizenzuke”’ 6.0X10 — -
“Irina‘ — 7.0x10 >3.0x10%

“Yamakawazuke” 8.0x10 1.5x10? —
“Ninniku-hachimitsuzuke” 7.0x10 — 2.4x10%

“QOgon-rakkyo” - — —

“Kuromitsu-rakkyo” — — —

“Makiume” 8. 0 x 10% 4.6x10% —

“Katauri-narazuke” . 2.9x10° 1.9x10% —
“Kiuri-narazuke” 2.9x10% 3.0x10? 1.1x10%

“Melon-kasuzuke’ 7,6x10% 1.4x10% —
“Nasu-misozuke” 1.8x10% 1.0x10® 1.7x10%
“Kiuri-misozuke” 1.5x10% 3.8x10% 1.2x10%
“Daikon-misozuke’ 6.8x10% 2.3x10° 4.7x10%
“Moromi-miso” 1.6x10% T.8x 108 8.0x10°

LR EBEOBE, bARREYEREI0~10° BETHALD 0BG T btk ¥R
4RO TRENDRE X RIH, WHE, KA BEED, $AXREMEO X 5 KB
I D AERROHBS - RENTED LR, FOMOBRETLHEOEER L TAIREEIBDLAL
Mot IoE, T v¥ a0 2BRENLIINE, BRELLCRBIhANT,

(2) KEERE - ERER . .

10 GHEE, L CRBEShEN - LORDE5 (742 -2 E) B IURPOEF
D 2RET, BERINOSOKDOEE, W bLEIUBLAND LB Ihih ol

EEHIE 2206 HbARE S BRI W T AEBEARORGC L TRERZIR
BRIV, BEOBACIRERERRCHENALMCEERNS V. CORROWTIIRER
BARN, FRELTRAIHEEDS V- ERENElD, FORBGBRIC S\ THEMEDC X
B7A o~ AR, FEEEE, 55V EOMOEMBBEERERTEREYERB L LIoKE
BEASO X ILEAEYHLE LERROBRER L AN DRIESLOLHESR, O LN
BEOEBERDOE L - TRbh LD EELLNR D,

3. FWRECET SBEAO microflora

— RN T A 24k kS B - LR B SIIERC, ZhOOERIE3IRTL 5 i Lodder HDE
T b E AT o k5B 6 genera, 15 species KB It

(1) REBEAS

BRESRA R URGS, BEROBRH I L0 THRiET, SRR, FAEBRIERILRTA
DTHD, hODERD S LOHEDE S DL Debaryomyces nicotianae ¥ XU Torulopsis
famata © 2T THRGEF IBRENSRESh, LoadWThLKERENDRITED, K%
it o O 3 dapibhBe ¥ Saccharomyces acidifaciens LS. bisporus e R g 74 1]
BDL e, SELEHERCIKBEAEEN S ENCFOREEDRNRRIED L, TToruop-
sis famata L Debaryomyces kloeckeri IwoWTIXHMIENBEDRTFHREL K-> FELEETH
B LY AERTHCSH LR YR 2 REOBRORER B LI 5, i, FMKEEC >
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Table 2-2. Survival numbers of bacteria and yeasts in sea foods.

Survival numbers (/g)
Samples Bacteria Yeasts
25°C 37°C 25°C
“Tkashiokara” 2.9x10° 6.5x103 2.7x10%
“Trashiokara” (white) 1.3x10* 1.4x10% 4,7x10°
“Tkakasuzuke” >38.0x108 >3.0x10% 3.9x108
“Tkaunikazunoko” 2.5%10* 9.3x10% 1.7x10
“Tsubuuni” (aleoholic) — — -
“Hoya-no-shiokara” — — -
“Katsuo-no-shiokara” 5. 4% 108 8.5x10° -
“Tkura” : 3.9%107 4.5x107 —
“Mefun” 3.0x10% — —
“Konowata” 1.0x10% 1.4x10% 2.3x10%

Table 3. Distribution of the yeasts in fermented and salted foods.

Samples Nui::)?:gs(’f Species
~ “Irina” 53 8. acidifaciens (32), S. bisporus (21)
_ “Ninniku-hachimitsuzuke’ 78 8. bisporus (72), T. glabrata (5),
Unidentified (1)
“Nasu-misozuke” 9 T. famata (3), D. nicotianae (6)
“Moromi-miso” 16 T. molischiana (16) -
“Kiuri-narazuke” 2 Unidentified (2)
“Kiuri-misozuke” 47 T. famata (29), D. nicotianae (10),
D. kloeckers (6), C. catenulata (1),
Unidentified (1)
“Daikon-misozuke” 6 D. nicotianae (4), T. famata (2)
“Tkashiokara” 7 T. gropengiesers (3), Unidentified (4)
“Tkashiokara’ (white) 4 R. flava (2), Unidentified (2)
“Tka-no-kasuzuke” 4 T. famata (11), T. inoconspicua (2),
Tri. infestans (8), D. kloeckeri (6),
C. mycoderma (5), C. japonica (4),
C. reukaufit (2), Unidentified (8)
“Tkaunikazunoko” 1 Unidentified (1)
“Konowata” 4 D. kloeckeri (35), D. nicotianae (6),
T. famata (2), T. molischiana (1)
8.: Saccharomyces, C.: Candida, T.: Torulopsts, R.: Rhodotorula,
D.: Debaryomyces, Tri.: Trichosporon

WT T, famata % D, kloeckeri D@L E 2T, THMER 47 B ro XL o EEN
DebaryMyces Biad¥hbz titich, FORNKTIIZORMED microflora HBOA-ERCk
2 TLES, ¥, WHHE, Al BERD microflora DEERREMTH 5 S. acidifaciens ¥
YO8 S, bisporus 13 S, mellis, S, rouxii 1ty & & LB BTHBER (osmophlhc yeasts) L
Tﬁ]"oh’(hbﬁf&f& 60
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(2) JKoEmiRE - RS

MEROME S h o KRN « MR R R IXLORMT 5 BB TH o Tes &b OBREAHR HOHETIE
6 EOBRYRI S h, BROHOKWRET, 7 ¥ vlind XL HMEhb Candida mycoderma,
BZK?E&BQ@F\DB&L\ C. japonica Ig EFRHCHER S ATV HBRICERT S L Bbh 2 EENED
Bhéoit\mﬁ¥ﬁmﬁﬂﬁwﬁkbhfb&LMIQmD#kLTﬁE%&ﬁE&T&ﬁbﬁ
WRATIRS D ERICET A RE IR DS, %hb@ﬁ&?ulhhib\ﬁlﬁéﬁ@ microflora D
ﬂi’ifﬁ:‘?‘i)t?)bi genus Rhodotorula, Debaryomyces B3 HEERI B DL, o »_'Cbiﬁ#ﬁ‘éht
VAMEE (B5¢D) ik R, flava HOMEZh I DXTHMREHRB LV Icv, SO LIV H TR
BMShABER (Y revE), FoMEE, HESKORRLSCIBb0LERIRS, C0b
f:?:“)b"ﬂiﬁ*ﬁﬁ“ﬂi*, Debaryomyces kloeckeri, D, nicotianae 3% 41¥TEDAE R K,
ZOBARMOBMBC ZOOMENIEARMYRL TV B2 LATRTALDOEEL S,

B #

—BRINLRM24E (REY 148, KEHLIOE) 2HELLT, CThoORRREETIABEBEY
F, FEBRCHAYECCEERC S5 F0EE 50N microflora T oW TRE LT,
ROER LB,

(1) BREBMRAT, BRORHIALRECIERE, &FMOLEROEIRDLRL) -,
FRERORMINE - LRI OWTIE, 7Aa—ABELD L HSBEBMNFORRICK ¥
BIELTWB LRI R, ‘

(2) KEBE - ERRBRTOERBIRERERROBEICIEL TEXRDOhirh -k, @
BRI ot COZ LRXFHRAIC L 2BRTVAOELL B4 0 LB %,

(3) BfD microflora I oW TIRREIC X D RHER, 5 IHBETEROEEDERD B
AIBDbO RIS,

Key-1. Keyto the species of yeast which are able to ferment o sugar.

A. Glucose, galactose, sucrose and maltose are assimilated.
a. A slight fermentation of glucose occurs, often also of galactose, sucrose and
maltose.
KNO, is not assimilated.
Cells are usually round, seldom oval, single, in pairs.
A dry, dull, creeping pellicle is formed which is wrinkled or smooth. Usually
no pseudomycelium.
Spores are round with an oildrop in the middle. They may look warty.
................................ Debaryomyces nicotianae Giovannozzi.
b. No fermentation or a very weak fermentation of glucose only or of glucose and
sucrose.
KNO; is not assimilated.
Cells are round to oval. Pellicle is not formed on malt extract or only
after a very long time of incubation. Pssudomycelium is not formed.
Round and warty ascospores are formed.
........................ Debaryomyces kloeckeri Guilliermond et Peju
Spores not formed. ...................... Torulopsis famata Harison.
¢. Glucose is fermented weakly.
KNO, is not assimilated.
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Cells are creeping pellicle is formed on liquid media.
The development of pseudomycelium varies much with the strains.
Spore is not formed. ...... Candida reukaufii (Gruss) Diddens et Lodder.
Glucose, galactose and sucrose are assimilated.
Glucose and sucrose are fermented weakly.
KNO, is not assimilated.
Cells are small, oval, single or in pairs. No pseudomycelium is formed.
Spore is not formed. ...... Torulopsis gropengiesseri (Harrison) Lodder
Glucose, sucrose and maltose are assimilation.
No fermentation or a very weak fermentation, some gas bubbles after 10 days’
cultivation or longer.
KNO, is not formed.
Cells are very large, round to oval or long-oval, pseudomycelium and true
mycelium with septa abundantly formed.
Spore is not formed. ............ Candida japonica Diddens et Lodder.
Glucose and galactose are assimilated.
Glucose and galactose are fermented.
KNO; is not assimilated.
Cells are oval to cylindrical. Pseudomycelium is well developed.
Spore is not formed. .......... Candida catenulata Diddens et Lodder.
Glucose and maltose are assimilated.
Glucose is fermented.
KNO, is not assimilated.
Cells are very small, oval and surrounded by a capsule.
No pseudomycelium is formed.
Spore is not formed. .......... Torulopsis molischiana (Zikes) Lodder.
Glucose is assimilated.
a. Glucose is fermented.
KNO, is not assimilated.
Cells are oval to long-oval, single or in pairs.
Some strains have more slender cells up to 3,5 u wide shorter up to 12.5 u long.
Spores are almost round; 1-4 spores are formed.
.................... Saccharomyces acidifaciens (Nxckerson) nov, comb.
Cells are small, oval to long-oval, single or in pairs.
No pseudomycelium is formed.
Spores are round to slightly oval, 1 or 2 spores are formed in the ascus.
...................... Saccharomyces bisporus (Naganishi) nov. comb.
Cells are ovoid and arranged in pairs or in short chains.
No pseudomycelium is formed.
Spore is not formed. . ... Torulopsis glabraia (Anderson) Lodder et de Vries.
b. No fermentation or seldom a very weak fermentation of glucose only.
KNO, is not assimilated.
Cells are oval, single or in pairs. There are slight differences in the size of
the cells.
Spore is not formed. ................ Torulopsis inconspicua nov. spec.
Cells are oval, cylindrical and sometimes elongate.
Occasionally the cells may be somewhat curved.
All stages from a primitive to a well-developed pseudomyecelium are represented.
Spore is not formed. ............ Candida mycoderma (Reess) nov. comb.
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Key-2. Key to the species of yeast which are not able to ferment a sugar.

A. Glucose, galactose, sucrose, maltose and lactose are assimilated.
KNO, is not assimilated.
Cells are oval, single or in pairs. No pseudomycelium is formed.
The color of streak culture is yellow. .... Rhodotorula flava (Saito) Lodder.
B. Glucose, galactose, maltose and lactose are assimilated.
KNO, is not assimilated.
Cells are oval to cylindrical. True mycelium is formed.
Arthrospore is formed.

.......... Trichosporon infestans (Moses et Vianna) Ciferri et Redaelli. -

X [
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