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Inhibitory Effect of Yucca Extract on the Growth of Film-Forming Yeasts
Isolated from Ume-Zuke, Salted Japanese Apricot Fruit

OTOGURO Chikao*, TAMURA Yukiyoshi**, YOKOTSUKA Koki*** and GOTO Shoji***

* Yamanashi Industrial Techwnology Center,
2094 Otsu-cho, Kofu-shi, Yamanashi 400
* % Maruzen Pharmaceuticals Co., Lid.,
22-1 Takanishi-cho, Fukuyama-shi, Hivoshima 729-01
% % % The Institute of Enology and Viticultuve, Yamanashi University,
1-13-1 Kitashin, Kofu-shi, Yamanashi 400

The inhibitory effects of Yucca extract (YE) and various additives on the growth and film-
formation of 20 strains of film-forming yeasts belonging to 4 genera isolated from ume-zuke, a
salted Japanese apricot (Prunus mume) fruit product were studied. The minimum inhibitory
concentrations (MIC) of YE against the isolated film-forming yeasts were 100 x & /m¢ for
Pichia anomala, 200 ~400 x & /ml for Kloeckera apiculata and Candida guilliermondii, and 1000
1 &/ mb for Debaryomyces hansenii. Deb. hansenii and C. guillermondii could tolerate YE relatively
well, but the former was sensitive to thiamine dilaurylsulfate, sulfur dioxide, and sodium
benzoate, and the latter to sodium cinnamate. Deb. hansenii was more susceptible to the organic
acid concentration, as well as to a low pH (below 2.0), and a high storage temperature (above
30°C). The inhibitory effects were enhanced and showed a broad antimicrobial spectrum when
YE was used in combination with various additives (thiamine dilaurylsulfate, potassium sorbate,
sulfur dioxide, sodium benzoate, sodium cinnamate, and sodium acetate). From the results, YE
is considered to be effective for the preservation of ume-zuke.

(Received Sep. 10, 1997)
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BERERE L TR 5 %% B 7, Debaryomyces
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5. EREMECHT 2REHER
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BEBIUVHEHEICAER, WMEICEFTRFHLWIIEL (&
B

Japanese Apricot, Prunus wmume

B, v hBLCERIMOPIE R, MR
FrEBEERINGS, NEGREE (65°C, 15m) L7=2a% X
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&b, MR & BRI SRR IR L 72,

T2, EHNED LN WENBE® Ry NEF LR
B (LIFMICE®E) & L7z,
6. HEWEEORE

100meE=/7 7 A 2 A BEDOHEER I0ne & # ¥ &
HEFRA ) 74 (SO & LTH0%SHIRE) #nz, ®
HL, 25CHEREBICREL . TNEERICKE
RANKINEH® THRIZE L 72,

BREIUER

1. ERBBOSEERMECSI34E

ITUoIc, SHPEPEIC BT 2HEBEE T T sk
0%k & UFEHETHER 5B, AET25WMR O B IERETY %
25°C, 10AHIBEREEL, Z0%EE L URERRIC
DWTRRET L 72 R % Fig. 1IORLU 72, E#Ek s L
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Ume-vinegar 75
) 50
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Strain K.a P.a Cg D.h D. H]P. a| 2. F|C. | C. ¢
Strain No. 266203]|208|201|202|204|256|211{241|260|219{223|252|213|222|224|206|215|220|1226| — | — | — | — | —
Isolated time (week) | (0) | ()| @) (V| M@ ]G D@D @ GIE{®[@W GO W EG|®]|—|—|—|—]—

Fig.1 Growth and film-formation of film-forming yeast strains under different concentration of ume-
vinegar solution

Film-forming yeasts were inoculated into different conc. of ume-vinegar sol. to 105 CFU“mf respectively. After

inoculation, these culture were incubated for 10 days at 25°C under static conditions.

Ume-vinegar sol. was diluted with distilled water to 25, 50 and 75% of original ume-vinegar containing 3.319 citric

acid, 1.46% malic acid and 17.41% NaCl (pH 1.94).

K. a: Kloeckera apiculata, P.a. Pichia anomala, C. g Candida guilliermondii, D.h' Debaryomyces hansenii, D. h*:

Debaryomyces hansenii (JCM 5023), P. a*. Pichia anomala (JCM 3585), Z. v* . Zygosaccharomyces rouxii (IFO 0517),

C. k*: Candida krusei (RIFY YTa3), C. V*. Candida vini (RIFY 2024).

Symbols indicate the degree of film—formation and cell sedimentation as follows;

[ 1:no growth, . slightly growth at a test tube wall, . moderate growth at a test tube wall and the surface

of ume-vinegar sol., Bl @ abundant and very abundant growth at a test tube wall and the surface of ume-vinegar

sol.

Strain (No.)

Additives Kl. apiculata P. anomala . guilliermondii Deb. hansenii

(u g/ml) 226‘203'208 201]202'204 256(211 241]260'219 223(2521213]222{224]206[215[220/225
1000 | ‘
800
600
400 |
Yucca 300
200
100
50
0
37.5
Thiaminé® | 25
12.5
6.25
150 i |
Sorbate 100 l
50
25
25 i | |
sox* | 12.5 \ |
6.25
75
Benzoate 50
25
75 |
Cinnamate{ 50
25

Fig.2 Comparison of inhibitory effects of Yucca extract and various additives on the growth and film-
formation of isolated film-forming yeast

Yucca extract and various additives were added to ume-vinegar sol. (diluted to 25% of original ume-vinegar)

containing 0.839% citric acid, 0.37% malic acid and 4.35% NaCl (pH 2.47).

Thiamine*: Thiamine dilaurylsulfate, SO2**:. Converted as potassium metabisulfite contains 50% of SO2.

Symbols same as Fig.l.
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72 5% ; Deb. hansenii JCM5023, P. anomala
JCM 3585, Zygosacch . rouxit IFO0517, C. krusei
RIFY YTa3, C. vini RIFY2024i%, S BERRRIC Ui

L CTHEBYEP - 7205, C. kruseild S0%MEER  T4E
B, —FH, FBEEKTIE, P anomalaB £ U°C.
guilliermondii? T~ THTHMEEE £ TR % 2R L,
Kl apiculata® 2% (203, 208) #50% % T, WHEE
BT X FEIAE L T2 KL apiculata (266) &3
BEPEDpHA B U 72181288 & 70 B Deb. hansenii
1325% F TC, EEEGOBRICEL WEFTB LUK
B OZRYRRD b 1lz, ORI, B CER
BYwRT L Bsh 5508 L 72 BEIEEERE DS, HRREIR

(ftE © 8.0%, ¥ 19%, pH2.0~25 FCEEBL

T OB R B T - 12EW%YP. anomala, C.

guilliermondii, C.kruseid3 K U°C. famataTH-72Z &

R0 FEEBEEER DH2 0 CRIFICAE B & UK R
BL, FOWKDP. anomalaB & U°C. guilliermondii
TH D EH LY LTEITET b Wk TR oDl
R TH D Z EPHEETE T2,

DL EokERr &, LEOFEBRICIZ TN TOREBREERS
HEBRET, BEADOETIHRER AR L5
V25 HEBEE & BA L E L, WERME CRTIEEERE T A
DAYBEERRIC DWW T HERRET 24T 72
2. DEEEMRRCNT 3 ZRINYOR/ ) ETHIERE

STEERERRRERHC NS B2y A B L USRI EE
PR % Fig. 2 B X P 3IR L7z, @8ime L Cidk
BL Tk 3FEEZ A/, REEEFEREZ L D2y 7
BXUOFT v, BEMRERL LTV VE VB, FERREE
RREBB LU )T 28, FRRE LTHER 7oK
VB, 7e—)\Ep, aNTEE FUEE JarvER )
TR, 7 EBEHWE, TR v ADOMICIH,
P. anomala?*100 4 & /mb, Kli. apiculataB & U°C.
guilliermondii’*200~ 400y € /ml, Deb. hanseniih®
10004 8 /meT, PEBEYR TSR F 5 pEBRER
TH 5 P. anomaladx+ L TEEE LRI L iz b,
SEEEERH T 2P A7 P USR5 12, &
7z, 2oy ATk U B % R U 72 Deb.  hansendi,
Kl apiculata B & O C. guilliermondii T 1%, Deb.
hansenithZ 3L T F7 3 >, B, EESRB LV
v F LB, Kl apiculatal3L Tz >+ L8 C
guilliermonditl2xt U CI3HRER B & UF> o+ L8A%)
BITH -7z, —F7, STBEERHIN L TR b A F IR
Bsgh - - HRERE, C guilliermondii =3 $ %
MICH=eoN BRI Ml L Tl - 72 —HRRic 3R
HITh -7z, AEorsE L 72 EERERH S, BRI

Strain_(No.
Acids (%) K.a P.a C. g D. h
256 | 2411223 | 213 222 ) 206 | 225

Acetic

Fumaric |

Adipic |

Succinic |

Lactic |

Gluconic}

0.25
5.00
4.00
Citric ].3.00
1.00
5.00
4.00

Malic |

100

Fig. 3
acid on the growth and film-formation of isolated

Comparison of inhibitory effects of organic

film-forming yeast
Each organic acid used was added to ume-vinegar sol., Ume
-vinegar sol. was the same as Fig.2.
Symbols same as Fig.l.

IZBL, SRR EAT200~350, & /me & L < EV R
PERERRBERHC Tl U -CERERIT 0725~ 754 € /me & 2%
LW Z E B0 I NTE D, SEEERNC L CE
B HRBD TEIENTH 5 2 & 2FfHT 72,

Ric, SHEERHIXTT 2 7 A 7R OEE R
R IdH T D BREMESRED SN o2, ZOR TR
HEHEEHEZF O 2y 2 BLUFT I > DP. anomala
B LU Deb. hanseniil= ¥ 5 EBHKIEERII IR T
H oo WH K E D KL apiculata B & F C.
guilliermondii (222, 224) \ZHE L CREBMASEL <
BT e b, MBEREOREIDY C, MeBUkit %
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07 35
Qs 30
P. a 0s P. a 25
(2586) 04 (256) 20
03
0%
07 A
08
C. g 0s a
(222) 04
OE]
6%
07
g8 \
D. h 0s D h
(225) 04 (225) 0
03 5
0? 0
Strain |lnosize| 0 { 25 i 50 i 100 200 400 i 600 | 800 11000| Strain Temp 0 25 | 50 | 100 ] 200 : 400 600 ; 800
(No.) Yucca extraxt (u g ml) (No.) (:%) a extraxt (u g ml)
20.4
6.4
P. a P. a 2.4
(256) (256) 0.4
84
4.4
9 .4
6.4
C. g C. g 2.4
(222) [ (222) ["104
84
44
20.4
6.4
D.h [0 D. h 54
(225) (225) 0.4
0 8.4
5 4.4 : D \
Strain pH 0 i 25 i 50 i 100 200 ; 400 600 ;i 800 Strain Nacl i 50 i 100 : 200 : 400 : 600 : 800
(No.) Yucca extraxt (i g/ ml) (No.) &%) | Yucca extraxt (u g/ ml) |
Fig.4 Effect of inoculum size, temperature, pH and sodium chloride conc. on the inhibitory effect of

Yucca extract

The pHs of ume-vinegar sol. were adjusted with NaOH sol. or HCI sol.

Symbols same as Fig.l.

LOZ WA NG, X 51T, FEIGHERIOEERH
9 B VERIREIZ BT S LT ey, iR 612
AR RS ARG P L T2 oiE £ 590
B e, EHMEhREOZC, MRS ZIEE L
TWBZ EERL TS, STHEBERHIXS 2 At
HFHI s B9 <, B2 P anomala B £ U C.
guilliermondii (213) XL Tz 7= > 8d 5\ it
IR 5 %ML COAEB ALY 5 2 SIEATTHET
b7z (Fig.3)

—J%, Deb. hansenii (206, 225) 1%, Wiz HExd
b EERE, T— VBB LUT BB L TS
N EDFRD SN, BAEEOBIE IOV T,
HIRIRLE @M 2 A9 2 IR FOBREIC L 5 2 &)
M TEBN YW, SEIDFERITZN LT,

Dk, BIMORIEIC L - THEBERNC RN B
EEIHEIES 4 ) B - 120, SR oOMiaRRE
DFERB L UF UK 3 IO R R >Vt

SHRDOTETH B,
3. o DHMOMENICRIETRER RIZEHH
iREE, pHB L UEIRRE) ORE

TEERERE 3 BHRRIC AT By A OB RIS
B, BE pH, BIUABEBEOREIIOWT

Fig. 4 1Z7RL 72,

2oy A, WIEEES L OpHIMEVE, Fo AR
EI3EWiE SEBRICHT 52 MICAHET L 72, $Fic,
Deb. hanseniti3fEpH (2.0LLTF) & 5 WidEAERE

(12. 4%LJL) TOMIC~DEY KR E» - 72,

KRAT, IBEOPETIE, v 2HREMENEP,
anomalaB L U C. guilliermondiil ¥ 5 MICIHE T
L72%% Deb. hansenii Ti230°C LLLETMICAH*25~ 0y
g /mlZAET, 10°C T3 25°C Ic He L T MICIZ 3 L
72o ZOORERIL, BIEEEREIRES30~35C O
B L, BHIMGRRRYICET L2 L EmL Ty
5, 72, Deb. hansenii\3ig TS BT B ER



8 HAAGFEBAY25E VOL. 24 NO.1 1998 (8)

EEROFART, {BHR - SRR S rU LR (BRI
5~12%, pH: 2.8~35) DEEEERC LI TREHD
HBENS~6AHL5WTI~10RICEFRLTWEZ &
FEEEA L LD EHEIND,

—7, BN BT 5 REREERE O RITIITEE S L
UTiEEIECH 5 P. anomalad L U°C. guilliermondii T
HY, WERIC B 2HEET B LTRSS, —#
I pHARIE T2.5~3.0, #%&7T2.0~2.5 &HEBED
16~22%CTh b= e #EET 5 &, f&i, pHbH LT
BWNRETRECIIEAIC BT 5 2KFREPH ¢ Z L3R
HLEZ LD,

Strain | Thiami Yucca extract (u g/ml)
(No.) {(ug/mDf 0 {251 50 [100]200{300[400]|600}800

K. a
(203)

P.a [
(256) |

C.g
(222)

D.h [ 4 %

(225) | .

Fig.5 Inhibitory effect of Yucca extract in
combination with other additives

Inhibitory effect of Yucca extract in combination

with thiamine was the same pattern as Yucca

extract and thiamine

Symbols same as Fig.l.

4. TyhiHYs SURFMMHEIC L SHEDHRE

RAT, 2y ABLUERIY (FT Iy, VAEY
Bp, WEREE, HEER 2T ABB L UER) OmE
22 OWECHBERICESML, WEftmic & 2 9iEHE
REREAT- 72, SMALYE & LBHAMELE Ly —>
TH-12DT, FOREFE L 2o 2 BIUVFT I
BERIZ & 2 Ao BRI X3 2 A B HIINER % Fig. 5 12
RL72, TRTOHMEHLHIZB T HrOMICH
Bk X ) QKT LOERASIED D Sz, Bz, Deb.
hansendi (225) XL L, FT I 2HBmMTa2 &
T2y HOMICIE, 1000y & /meh 5200, 8 /mé &
1/5IKFL7,

INLORERD S, FREESEEOTMMZ, 2ok
BT % 2 & CEDOBRMB 2R TE 2 Z L0550 > 72,
5. HEEFRICH T3y Al E SURRIMONE

Paloor i

2y A B LURRIE MR IRNL 724, FnZh
DPEIIDFEMEE BRI T 2728, 20 (75~9004u
g /mb), HERTEE (6.25~50u 8 m), FT7 3> (6.25
~50u & /mb), VIVE B (25~100u 8 m), ZR
W (25~100u 8 /m, > > F LB (25~100u 8/
ml) L OEER (1250~5000, 8 /mb) % 25% MBI
wmmL, 1, 2, 4, 7BLU108%BICEEERE 10°
CFU/mz 7 2 X I BFE L 72, Z0FER, B %
<2 A B LU S BEEOBRIMOMEERIC BU 230H
13, ZEL TR (Fig.6).

—, AEBRTH I, &LIEN0HED -
7ERRIE, FOWMEI &) P oSRTEs R -
7205 WY BEOBEICECTE MR T L 72,

F 2T, 25%HEEERh 25, & /e TERERT I 51T
PEHEERABIEL2 L 2D, HINHERIZ268,8,/

Strain| K. apiculata P. anomala C. guilliermondii D. hansenii
(203) (258) (222) (225)
Additives *0 L2147 J10jo0 |1 |24 ]7Jl0fOo |1 j2 4 |7]J10]0 1 f2[4]7]10
900

Yucca |

(u g/ml)

SO;
(ug/mi| 25,

Fig. 8 Comparison of inhibitory effect of Yucca extract and various additives with the passage

of time

Inhibitory effect of thiamine dilaurylsulfate, sorbate, benzoate, cinnamate, and acetate with the passage of

time was the same pattern as Yucca extract.
Symbols same sa Fig.1.
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Fig. 7

Changes of SO: content in ume-vinegar sol. during storage

Potassium metabisulfite was added to ume-vinegar sol.

(25, 50 and 100%) as 25 mg/ ¢ of SO:.
{A> :©25% conc. ume-vinegar sol.,, <B>
[J: Free-SO,

<C»> ! criginal ume-vinegar.,

mf, 4 04317548 /ml, 10H%i21310.4x & /mlic
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£ 5
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Pichia anomala®*100u € /ml, Kloeckera apiculatads
& U Candida guilliermondii 75200~ 400 4 £ /' mk,
Debaryomyces hanseniins1000u € /mbTH - 72,

2oy A IS L T BT % R L 72 Deb.
hanseniids K U C. guilliermondii Cl&, BIEHFT 2
> 7o) ViR, EhEE L ORBERRIC, BEN
LB P ) 7 A L TR TR - 72,

509 conc. ume-vinegar sol.,
Bl Bound-SO:.
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