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Abstract: Citric acid (CA) is a kind of natural organic acid, which has a high content in mature citric acid fruits such as lemon, passion
fruit and red raspberry, resulting in sharp acidity of such fruits, and the palatability and sensory quality of processed products will be affected to
varying degrees. Citric acid can be used by lactic acid bacteria to produce aromatic compounds such as diacetyl, acetoin and butanediol, and can
also be transformed into multiple metabolites such as alcohol, acetaldehyde acid and succinic acid in yeast. The quality of citricacid type fruit
processing products and flavor brought by different degradation pathways of citric acid have significant differences. In this paper, the pathways
and metabolites of citric acid biodegradation by lactic acid bacteria and yeast were described in detail. The effects of pH and carbon source on
citric acid biodegradation and the application of citric acid biodegradation in the processing of fruit juice and fruit wine were analyzed. The
conditions limiting the use of lactic acid bacteria and yeast in citric acid biodegradation were pointed out, so as to provide theoretical basis and
technical reference for the research and application of citric acid biodegradation.
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Fig.1 Chemical structure of citric acid
MLF (& 2) RARPRS KA R G HEAT (R4 L-3F
REFAGN L-FLIRI S ROR B D, 70 3E -
AR K], FURE (lactic acid bacteria, LAB) [%
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700 mg/L £ SR T, 54h, FRRBIFT R
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Fig.2 Transformation of MLF

MAF ([ 3) J& TR R T, PR
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FUER T A PR T IR T 77, L) ot LR B R A
LR A PR IR T LU BR N . B0, WA=
L) T M v 9 34 HH — o e e Ak A A A% R 11 LR
W, ¥ NRKBEANE (Lactobacillus fermentum,
L. fermentum). —YeIEBUPIIEREPERRIL GBI 162
BISGE, AR5 AEBRTTEE R T DA R PR
. RIERAENRS &, Enalh. £FRNEE,
A B R SRR . UK e T 3 HRAL
PR PR IR : R IEE SRR M-1 (Pichia fermentans
M-1, P fermentans M-1). £ g7 B2 & M-4

(Metschnikowia pul-cherrima M-4, M. pul-cherrima
M-4) i BUAL B3 A B B M5 (Sporidiobolus
pararoseus M-5, S. pararoseus M-5), F|H M.
pul-cherrima M-4 KIFFTIEIR & 8N 8775.24 mg/L 1]
LIWEERYT, BRIMDIRE R CRMT B IR & RO K P
LIMRERITBRK T 74%, SRR KLU R 42
T 84%, PrEAIETEEES . BT AR R —
FBOHME AT GRS R, S S FH Hh i SR F AR R
RS ERERER} (Saccharomyces cerevisiae, S. cerevisiae)
TRE KN, (RIREG R H R FERRIE 4N . Zhong
Sl R L EE R RE TT-1-3 7645 7 L R P I e
RV002 MR A EL A B (TR R Vet gk e R 52
71, TERMERRIT AR, SRRIITERR. SRR
FNEARR S A 12.304 3.09 #10.61 g/l B35 FHER
11.00. 2.02 #10.41 g/L.
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B 5 Bk B )& ( Leuconostoc spp. )~ T I FL #F
( Lactobacillus casei , L. casei ) 18 %) 3
(Lactobacillus plantarum, L. plantarum). FRZHEFL

WB (Lactobacillus rhamnosus, L. rhamnosus)~ £

BKB (Enterococcus faecalis, E. faecalis)~ PRIAHFEKTE
(Enterococcus faecium, E. faecium) FIPISIERE
( Oenococcus oeni, O. oeni) ", I B FL AT B
(Lactobacillus fermentum, L. fermentum) 57, Fy

IR B ANt IRAE B AT R IR e 28 R B it e 0 1) 5,

FREE N, X PR LR IR 2 A 2 75 I AT AR R 4 i il A

PR TR AR B ) R, R OA T B I B M (cit )

o X, Sz — N EE AN XL E R AR B, B

FRAFT IR B (cit ) B o STk 22 B R iohos i b

fIR AR A AE SR AR R T FU S P LR B, — A2

THLOHT, R AT RN TR T 28 —HkRE

WS BEARATRR IR 1) 77 7 PR, IX A2 R e 5 5 9 W R R AT

J& A LR FLER B AP LB A5 Fh - (Lactococeus lactis

subsp. lactis biovar. diacetylactis, L. lactis biovar

diacetylactis) "o %5 1 LR B 70K 608 6 1) 4 At

J7 A % 5 AL FLER BAR U A58 2. Ramos

SR P BRI BRI O.0eni FHEIR

BRI 1 5 LA S PR TR SE A . Aline 252 72

KRBT 58K T ER T ( Leuconostoc and

Oenococcus spp.) BV 7 B R BE M ALAF B (L.

plantarum and L. casei) 81t MLF B %) 10 1 A7

B PR YIRIRE N 250~300 mg/L, AR¥E

MLF #3257, RAUREELE 0~100 mg/L 2 [[], Jf

LA R AL B i AR IR AT) RE 2K 2 A it 22 50 4 VH K o B

TR, SR U K I — S BB A R T

BIR B Be 7, 32 B A IR s B 5 B LR
(Issatchenkia sp.) FNEEFRIEREE (Pichia spp.), LA

KAB L2 REE (Candida sp.) H1—LepFp>],
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FLUIR 2 SR RS IR AR, BT PREERT ) TCA
TEA A TEREN, — oL N ARRIEE TCA TP
FRFTREIR, TR T — RO A, EEas
FEIRIN S . RN ERR AR (L 4). Fafidhy
B e MR i L R A Rcfs =R 2R, L. lactis
biovar diacetylactis JRB Ik CRL264 {7 T 213,
P& A R ] als 55 B G A cit 1% citM-I-CDEFXG F
— /NI RIS RS (citrate permease, CitP) [1] 8.5
kb FURIZH R L. lactis biovar diacetylactis Bpll A1 KF67
SarE AFIE T HYEAR cit 7% citM-I-CDEFXG T
g B BE R & Mg FE K ItaS 5% L. lactis biovar
diacetylactis GL2 [PIFT BRI Al AH I R b 42— A
K 23 kb JFORIAPO, B BERE 2R R R I PR
PAE A& BB T, @il TCA FEIRI— 0k
OAA #— Ll ERIRIEN . & LRI & SRRL 5
B0 N BRI, Ramos 252 AIH] PC MIMREIR
HETL T O. oeni IEE-KANMIMIFTIE IR P RIRIE,
RIKLIA 10% TR A R A& 2 IR T BR TE4H
W, FEMEIEA FIEREAR B AR A IR AT A A U5 2
BRI RATNEE DT IER .
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Fig.4 Citrate metabolic pathway of lactic acid bacteria?!
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2.1.1 AFARERAEHIE
PR 1a /e IR IFT R IR P i ) O P B,

F PG B2 T B AUA, LA R IR V2 14

(citrate permease, CitP) BERIZIZIZER (malate
permease, MaeP). KZHILIRFE G Lactococcus
lactis Leuconostoc mesenteroides. L. plantarum it
CitP LI IR, Oscar 25381 &4k pH. #7
BEIR S 853 L. lactis biovar diacetylactis PN JFRH%
DU citP #5%KF citP mRNA N T R R
& IVUAN 7 AR I DTRRAERE, R%E T ZBRIARTAR
PR F AR L RS B SR FE It AT IR IR AN ZLRE
SERERH, K pH AIFTEBIRERES T citP BERINfE R
Ik HATRRR IS F R TELT, citP R Fk N ARIA
e RIS, R RI 26K 20 AR 43 B e SR T
FH P 1 pmol $2 553 65 pmol™ . ARYEAF (PR LS
A, CitP FHiskr BRI T b . AR RRAEN
FLER A HIME— BB R RIS, B T CitP AL —IriE IR
BB RIS, 0] LT AR IR
BTX) 8 1324 . Pudlik Z5E CitP 1030 /12505
(RFEA 5838 TATIEIR ISR T 20, 45 R R gi N
FAERMNFLUIRIRZF (monovalent lactate, lactate )
B HE A a- CEEFLIR . NEAPR 247740 LRI
CitP L MBI EEES T (divalent citrate, CitH™)
5 R PURH R Az i DA RIS AR R,
TR R B AN i SR N [ Al itk A 4H
Hilo A 5 FLER A B O.0eni 8IS SIS 2
MaeP FHSHTIFIR . IXPIFNSIEIGEE T 2- R 5R R
#h (2-hydroxycarboxylate, 2-HCT) ¥z H, 47
i citP Fl maeP JER gt S5HAMILER A, i
1%t FIK pH #EANBETE S O. oeni ' maeP )3,
PSR P E NI 7 25— D B .

CitP #& H HITE Lactococcus lactis R B HIFTEIR

ME— A, HEITHT TR IR REAFAE HAR i
14 % - Delphine 2> I5E 7 16 FAS [Fl bk CLIH AT 4
AN L. lactis biovar. diacetylactis YIMLTEE 30 C 1%
77 24 h JEHFREE T ATERIR &R, KL UCMAST16

(citM-G)', citP) F&H MRS D BAT i R
(0 30 58 T Ak, (HAR I A2 JIE T Bk LD61

(citM-G)'> citP”) W45y —, HENZEM T fE
HHALNATERRFL 12 R4 - L. lactis biovar. diacetylactis
[# %k M20. TIFN2. TIFN4 f1 KF67 (1] cit SRR 17
FEGid—Fh CitO Hiz R B A K48 DL, X AMBGE %%
BEEY 0. oeni & HAWA A 3 5 FLRRIEAH
SHISER BRI B A R R SERAR IR, YR
FEFRIRAAAERT, FRRRIN PR 2 2 B B 2
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TE A IRAAFAE IO T TR Seheia e R Fritk
b, SERBRIE V] Re I T RIS G CitP BT
LRI AR, Palles S0 BIAE S A RR AN
FRERRE IR E K L. plantarum 1919 1 L. casei
ATCC393 PRI IR M M= LU S AT AR R Pl A KN 43
BRI T 6 A1 22 4%, HENEREFRIEE A M RIAT TR TS
SR T 2 AT IR ARG S B . keI I, 7
FAFERRRE TR B A KA A SRR A R AT A
T RIAERER I ER, B RS R IEIR
Veffae 71, AEXAERER RIS E . sk, —
G i BR TR AN LA B AT IR R 18 B R AT R IR 26
SRAVEY (CtMHS) P, DB Ca™'\
Mn*", Fe " &M Risk.
2.1.2 APRERAEAL A RERBR U A A AALE
4

IEHRIAHM N (AT FR AT TR AR R IR
FIEFE 2R (oxaloacetate, OAA), OAA TEWHRELZFRIL
BEGATERTS, B R AT R, Wi
RSV RE TR T8 B TR AR R 1 T A i 1Y) B - 30 )

(protonmotive force, PMF) P&, ¥ filigrt o fu

y AR, B citD. citE F citF FEpRgsR,

FLIR AN 20872 LR T P Ay B R 2 A 1) 32 AR
V) Gl 4. TR, AR =t kE
U, 5 TR R AU R AR 1Y) 22 S AT AR SR )
A K - 2 LR B P T DA FE AR AE K, -
CIEARR, HA R ME a- CBEARR RN
TR AR, /D3R 532k AR I S ) A R T
L, IR PR S i R S S
P, HARAERE =B D-AUR. 2. 2,3-
T B, 2R O. oeni FEERARITIA
TEPERRITIE R . Olguin (A FTIESE MLF HHiH] B
K pH FiEF T S 5FEIRIE M IIER R RN, &
FEAGFIERIZE T, O. oeni PSU-1 A5 IR %5 MLF
[FI AT CREARERIZRME T, AR B AR T
MLF, {HFFEERRIEFERE /RES B AR 1Y) B /R LU BE 2
#awn, I EFBIRE 2R shE R

FLIER FLER TR 1) PSR R 73 A RUTE A2 32 B AR K SR A
s, PS4 BRIREJR . NADH/NAD )
Eetsl, pH LR S B 225, Cretenet 25 F{IRIF 75 2,
Ny 25 R PeAE B 2 IR AN 21, Oy 264 R =B £
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M OIR 2,3- T R CARIH; 802 o- SIEALIRIE ik
MR B BB 7y, b AR ARG a- LB
FUR AT o- FEFLRIREE Ela WHMIETE O,
FERFEE T RIE, PEREZMNE. 20850,
23-T ", NADH/NAD [t S 0, 5%, i
S EMER, NADH bt 0[RS 51 % [F 80k B 1) v &
R R BEREAR, PERER A AR 2 LR WLk
AR pH Ay 4 WA RIT B0, B
pH TR, LRRTEEIN.

H 1l A V20t Feidat ¥ ) U RS M A T
PRI RN TRE AR, 752 AR & 2
BRI (XA IS b, 5o AT

WAEYMELIFHIRI . Curic 2 HBITHUER o LS
PR M SR SO L5 L. lactis biovar. diacetylactis
L1403 AR L. lactis biovar. diacetylactis F5TR
BRI, Pudlik 25MEIEEFURL pFL3 #ER5 3 L.
lactis biovar. diacetylactis TL1403, Fa52 | A=A ZAHUHFN
W RRE IR, AL pFL3 7ERT 28 BEEKBE polA JH3)
Tz 8 Llactis biovar. diacetylactis 1L1403 &HF
BRE citP FEIK,  HEFHERRTRE DI FRA B AT
BB TR, pH (P4t IXPPEDE TAZ B REBE nl 45kl
TERATIRIR AT 55, (R SEBrER R AT AN ACR
WHTREH—PIIIRER .

L ST N D AL 2'2 %E%
PRAARER R, FRATTRT LSS i ok B fads e AL A
HEINE V.
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EMPL%ﬁél PR
R A T P R R .. i a2k
_— e . v
- PR e, = CEHIEA = Lys
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Fig.5 Citrate metabolic pathway of yeast

E: REARER RS LN R A AL,
5 3L T A [ 2 B BE B W] DU T =R R
(TCA) TEIRFEMFT IR, Ber™4 5 2 1¥) NADH N4
KA udeftaeE. AERS TCA THHRIRGES, &
e, FEIEARRI e R VR T I ERBRICR Y i L1k
HlE A, TEFFBIRAME (Citrate synthase, CS) i
T NG A TS5 SRk b )R CRRAR & TR
BRI, RN Sk BRI ARk T R A i 1)

[46]

YIRS, AN SFATERIR . Bia, FATEIR
2o FAT IR S I E AR K 0B 1R, HETE
o-Ti I R SRR AL T TR R AI%-CoA A1 CO,. 1E
BEHAME-CoA A B I R HEFAME-CoA TERRBEIHIR .

BEIAR SCREERIAM L N . o IR AN SRR
BEOVEF N AE B R . SR S RO R BB P A
FPERIR I oy — 2k AR . FENLES SRR AR H] T AT R
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WNFITERIR,  FATERIRAE AT B TR R B VT T
AR BERR ARG . B, CIEIRA ZBhHsE A 12
SERBREBEEH T ABCERIR, SERIRAEE R
BEAVEF N AE R R . AR R AR BT, TR
P BRI LRI i v AT o Rl DA S A T4k
LA v (103 SR ot Sl 52 B AR AT Bk
Gb, FrEEIR AT DA AR BT ) ATP AT AR IR AL Bl

(ATP citrate lyase, ACL) Zif 0 . BEAHEE A F1RLRE
LR

RERER P MR IR T R A& (B 5) BUNE

e, A=A SRR BRI SRR SR HAD
AR, FTEERRIN & Bt 52 H FEAd A& AN J7 T A
FIILEIRES . BEREEE AR ] Y R R A
LR R ACH A SR W LBE. ZARMH. 2,3-
T REERSALE, MR KEENT TCA &
T BETA VA 5C 841K TCA BE R, FLBRE TCA HHRHEY
AR ARG & LIRS SIRE 5N . % b
AFAERS, BB I Rl R IRy LS A 1)
P RSO0 2R ie, LR R A T AR I L .
HEME B B AR T R e 1a B 205 LR R A AR AL
22l tE (Candida utilis) {EFTREFIRREFRH: L REEE
PR RGAETE SR N is, —Mt
ITHTHRIR. RN =RIRNAT 2%, U —
FRREMS LR AR ANIS M R G, X FsH R
GRS, T BIEEREH, (HIERIESE
P T IS HA T IR A G 2 5 A TR &R o X oiice th
(1) BA ik FEAT IR IR P A e 70 PRI B B PRV RIE 8 K 22 5
HFE RS FHJZ TR, 1T P S AR s ) LA A R 1) B A
BAREARIE , FERRIE BRI AT R S FEAT A IR A
WRLLEER B2 5 1T IR R Is MRS, HA R
BRI T

3 FIMEVIFERRITIRERRE R

3.1 pH x4y B AR AT AR B 1 %0

Lactococcus lactis PIFFZTRAIH %A pH s,
KPP pH MBI BT A5 RIS 12 I 1) M TR E T
Starrenburg 254} L. lactis TR ELIBIEREEAT 7C
BE. WP FIRAE, B ZEANRE pH TR
5.5~6.0, SHFFCHRILBEM T R I pH YE R —
o BRI pH X} L. plantarum ¥ RR 1M ffA HIAE
H, s R R R pH AT UME Lactobacillus
plantarum EAR AT B MRFFEER . Wei PR L
plantarum B7 F18YL C8-1 B #EXIANF pH 254 T 19258
ERAS AT R, 45 R EIR L. plantarum 7E3E pH 7%
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Rt (pH=2.65) 1 FEACHERIRANIL 50, 7E pH
TR (pH=3.50) "PHTEIRANZE T RPN FE.
— BRI 5 ER A pH 1E 4.0~5.0 JEEI K, L. plantarum
THFEFTRE IR T B B AR ) pH 2514 FEE L. Kennes
PO B AS B () K BERE TR L. plantarum DSM 20174
FPEF IR R 1% pH N 4.0, Pretorius 25! P4l 7 AN
[6] pH & L. plantarum 1£-& BB EE 5 IR BRI i
P, WMEEF| pH 4.0 A1 5.0 i cit™ L. plantarum TWBT
B382 #P-E il B AR RR (0.5 g/L) THAEIR,
M cit”™ O. oeni HHRAE; TR pH 5.0 B LT ASRE Rl h
B,

pH TEFTREIR ERACUR ) — LE L PR (4 Fh i o
HEAEH, s R B fd A AR (R FE
Quintans PR BIERMEAEK 425 L. lactis biovar
diacetylactis Fy &R MR AR = A2 15 F4F FH, pH
7.0 ARy 5.5 G, KD EIH BT R AR L )
CitE #1 CitF. HPk ZPRIRRG . o- LFEFLIR & BRI
ZIRRIEACTIEIN,  TEREIFT IR B 2t A LI e
AR R PR B D IR ME A AL &9 Ramos Z5PY
WELE], O. oeni FFHTEX LRI LABGAIZE R 7E
pH KT 4.0 B2 2REERE . fFFEFERNAE S AT
BRRER MREFREE P YIEI T pH KT 4.5 B, AR X
WP — () SRRAE S A ATIE IR 1 A o e AR 22 5F
HEAYHME, O. oeni ATCC BAA-1163 [AEKAZ FI 1R
(A, PRI R SRR S RR, X kg ISR,
0. oeni NiE T35 pH KT 4.5 B AP IR A0 P A2
LIRIRBXT O. oeni “EA T R 1 HFERZ ) pH,
M AR T REERERE (Issatchenkia orientalis, I orientalis)
AMEA BEFH Z BT, HE0] LA AZ pH 2.0 (1)
BRI, TE RIS LRI P AR T RAR )
e

32 BRIRX A M AT AR BR B9 % o

S PR TIF IR 1 [F] N 2 BRIl B, IX e e ]
DUFH T4k R s B2 i (4 KL, V2 B i IR 1)
FLER R A FATIF IR E A -2 ik 5424k NADH (173
BIRE. RHE FUREEORNE— R TR+ 2[H]—
FLIR+LIR+CO,), TR R A /DEFLER AT AU
el e — R AE KO O, oeni T ATE 21 K 12 Ja
TR AP TAFIR — AU, XA 7 o ix e
YHTE N ATP & R R AR DT, et op
FAERTRE AN 7 —FhsIRIS, BA L. rhamnosus ATCC
7409 A, ZE K] LR IRV E N RE R IR, 7
EIEIAT R IR SRR 7R AL b R AR AR, AR
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FEfEfr IR EEBE M 2 —, L lactis biovar
diacetylactis W] ATERTREIR A& ME—BRIF 1015 7% 564 T
AKPS, AT R A SRR B A R A U R R
—RERRIE. TR, Yu SPVAFE Mk ik
REA R TAEIRI L. fermentum, ANJHFE (HLD
ETHARD RIT BRI 00 LM T BRI AR A A
L. plantarum ANGef FFTARIRIE ME—ReUE, (HREIS1E
AT EAE K SR s T R IR et v R, H
IAREEUE W2, W] LAETCREERIEI G I T AT
R, Bk 5 FRRTH AN A 2 A E T AR ARt
KR &R

R XA R TR R IR R IS AEE 22 57, 0
B IRYIHIRGE T 20 BREEMRFISRR SR AT AL
REEIERE R AAERIEIE £ER, 5FH YPD-FreIR
Bkt (8 1%ITIEIR, 2% &M S fLL, K
ZRR PRI T ERIR P MR W R BEAS, MR ZRTT % T8
B9S-2. M130 HIF IR B2 K0 ity . 6 ) B )
FAAE WS TR T R A U P W B A A, A T 2 B )
T, FARRTEFTEEIRACH A LR A T R i) &
SHN: AESRZ R ARSI, AR 2
PR ARG . 2 EIE S R IR A R AR Sl P
FIHEDR FIEARDE, Pretorius 25U WP T A FIKF 1
&R (2.5, 50 F1115g/L) , FHE (2.5, 50 A1 115
g/L) F1pH (3.0. 3.5, 4.0 f15.0) XF cit' cit ] O. oeni
H L. plantarum citE FRFIE IR0, BFFORI cit” L.
plantarum 1 O. oeni TEFHE pH AL b LUAE ] %) 6%
REER TP FETE 2 BORT R IR Y, A A R A AL B
citE BRI Sy, HIATHEALEL cit” O. oeni Wtk citE
FERAHXS FRIABUR, A AR LB 2500, 7T
DUAERE 2 RTBIE R S A 2 RE RO 2 BB A A
EIEN 2,3- T ZEEMIELERPT, Bhab, S 2 W E
BB ) A D BE A AT BRI IS B B AT R TR S
B2 BRI AEER L plantarum FI
O. oeni L. plantarum 1 O. oeni KR AT o

— LB EE SRR R AT IR AR B 1 R AT
(IS . K EEFRIERE JT-1-3 (P. fermentans, JT-1-3)
MWK EIRBELE (Meyerozyma guilliermondii, M.
guilliermondii) JP-4-2 {E35F75: 1 [FIIN AEAEAT R IR AN
AEIFERIIS LT AR I 2R LU AT R B A7 AE I B
TIOR8 cerevisiae RV002 Jy%f iR,
¥ M. guilliermondii JP-4-2 Rl LAFFAFIR « 761 & 4R AN
LRI EO BRI G 7R dE T, DU B REAE )
MRS 5HRERM, M. guilliermondii
TP-4-2 XIFFERIR A A e (28.30%) 5 LREEiH]

EIREIAEALE MBI AP RO A, SR
HRITIIEE St e

4 AR ARATARER L PEER SUs RO SERR L

TR A B AT TR 5 2 N FH T SR IR B R AT,
Yu ZEPVRI ] — MR IHE A (s L SO Se R bR
BRI L. fermentum VRHEZRBM R (PP IR & 24 39.3
gke) WIFERRLL, ZEMRAE 30 CRIEE 6 h JoktitidiT
(RERR LG 12:1 423 22:1. $ATN =2 W\ ifik
H—TRBE B R MATIRRR I L. fermentum, 455K
TERERIE IR (5 10 g/L TR 48t 36 h Ik
B Je B IR P AT IR D T 86.2%, I E R B %
i 50%LA b, (EA% pH A B AR IIAE K =28 T B 2 (1410
HIEFH s 32— AR T 1% B B AE B AR AR LR 2L
AR Sh 2 1M 2 R I, LMK C T 52 1 e v
(XA BRI, BE 7R AN 0.5 mmol/L 1A
FRENIE, TEARIAT IR bk S s k), 7
P R PR S BR L SRR pH X B AR A K
A B AT DR e ph an i i 7 = [ e th i A

(immobilization technology) &4 It B EETF- B,
VU B A P s A TE PR S 1) S AT XL, $R il
A2 BRI, IR R R E e v, I
SR BRFHRTESL. L fermentum % 2. (w5t
NN T R RR AE T T RE, (HIERRER UK
(RFAERTZ AR S F T SR B T — e PR H R
AR THFP O. oeni BETSAT RUFRAR T HH IATIF IR
TEAE—E 4, Lasik-Kurdys 25 709K K BT
PR ALIR P« SRR R AN LR B TR R
G MLF & A2 DL RE R 9 5 2R MLF DUFAS [H] 4
12, RAMENER O. oeni VP41 [JH K MLF
R A SRR A TR IR IR P ) RS P, 7R
K=, BRI T 26.8%~39.3%.
Balmaseda 251°H 22l BRI e B R $22 R A BRI B 1 5 1
SRS R, PRSI AT AR MLF 8¢
BeFh O. oeni, 455 Lasik-Kurdy$ 451840, Bepf
T 0. oeni M7 EEER %N MLF S5 G500 & w5
fiK.

P BE T R R AR BRI B B 32 T SR A SRR P R
G, A IR R — M R B AR R A Kt i
ARBRIPRE RE R P R RS . BRI R DL SR 22 B
JEXT EAT IR S AR E N2 /), AR S TS
TR K SRV (IR . ORISR 1 terricola %t
FEERIR AT BE MR, B FRRTIECN 60 h B, HEMPERTE
1.25x10°~7.5x10° CFU/mL 2604 T, Sl IR T A 8~12
o/L MRS MRZRIIREILE] 90% LA b, BT SO,
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FIHRPT IR SR BRI TR IO 52 Ve 58, [ terricola
AT 32 K FEIRE A 450 mg/L [ SO, A%k
S%IPITGRE Bk pH N 2 HIRREE . X PRI 2 AT
1k, 1M L terricola Xt R RR RV ISR SR 0.3
4 L R 0Tt 2 2 SR ] - SR £ R R A
AT o B AR BRI 1, A RS
MG, IR TS, PItkEI A
I terricola, 53R E 4N I terricola WIL-T2. I terricola
WIL-G4; R H B ARG PR R 7 kAT K,
CERRH, BREN A% (V) , 28 CHIEKRIES d
LD R ST SRR IR 2 1 ik 55.32%1 60.41%:
120 r/min #%3% K B% 3 d, SRFERRF 7 A% 89.82%F1
94.66%, 4 FHTE Rk FEFH BRI Ry PEIRYT, %
T T [RIN J BIAT SR T 3 8 TN PR e T 1o 4 v PR
MR AR A & B LA, S
FERN TR BB E S8 NI TR J5 PR PRI B BEA
SNHRIEFRIE IR L terricola P73, 1B &K BEH
SOA ks LR IERR R R S8 AT BE IR IR
FE/N, AR R AR B S A, RN (] B 4,
P PR AT LB B A A K B R 2 R
F— R UL L3RR AR AR L terricola (X
5 S8) K HTEAW AR A R BHA TR %, @i iE
RIS R T EEAEYIERR AT N L terricola Y&
3%- BRIPEAREEERI & 0.08%. BEFRIRE v 28 C. B4
PRI 5 d, BRI E IR & & R I 1.13%, AR
R BRI, SE AT X8 AKIN 1
terricola S8 3K TR HIBIFEA IR, 1 H %S
FEEREHERRE, R T S8 (g e, FERRE AL
N, AN T IR AT RO R B IR . 25 b, LA
FERASRT R BERR, MBI TZ, BN
75 R AT B By 5 472 A RS % B RS v 1) R e
7o AFERINEERE B — e 1S KRS )1, A5
S H L orientalis 5% P. fermentans PRI BB 5 G
KRB . AR ONA N SIbTw ik K L orientalis
M130 FERRERR AR BRI rh 2R G PP L, 348 h
RIEEE R GRS N 7.67% (V/V) , BERSIE RNk
W 1312 gL MAFERIRIES] 1074 gL, BERFIS
18.12%, H KWL G IlAVEs . B8, &SR,
kSR . Zhong Z5V7°%4 P fermentans JT1-3 FEA 25 45
AT R, G RSN 6.25% (V/V), Bk
N 1.83% (m/m) MISEHE, AR T T 43.35%.
AEBRIT I BEIL R 8 PRI R ) BRI & &, AR
F MLF (#3847,

IR R AT IR PR R R, (R T AR
T AT BRI A Rl SRBEI MAFBIR I KR
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AR I FH - SR R PG PR S o

5 RE

5.1 RAE—ANZHL VIR, PR FEAAT R A
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ME I LA AN I B A S, D
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P& CLB T AR IR B AR AR ) K E s, T ATIEIR
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AR TR R RE T LR B, HRHUS— 2 B IR Ak
Ho BEATITCRE, FRE BREA ETIEIR
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BEIIE R, KRR FLER B AT IF IR P A e

5.2 IEAEESRAIL TR RERATIRRR AR, I
REFNEEIRIERE, DL SR 22 b, Jor it —Seme R ik
PR AE B TIERR & 2 I S TR A B R LT B PR
RS, HIX P RE A 1 R AR T A RN LB 5 ThI A5 A A
Ft, NP0 DU R TR IR A LB . ne BT 3R
RUTGREFHATIRAT . BEsh, JEBREEE R FIBRE
MERE Bt 2AH EARER, BB AEZHEFE, £
I FH PP BRI 1] e fof A MRS I B 4 LU S Pt
FEAIS, AN REMR R IR AR, PR IR AR ST AT RE
SAFBELFRIRIRER . —FRARBRIE I BEAS B 58 OTAR
RWE, S o 2R A B AR T P I B
M130 4% 13.12 g/L BIFFIFIRFFKE] 10.74 g/L, [RS8
FC T RAG A, VB AG R REA FH — e e R RR Al T
BRI o PR SCR LTI L. fermentum A1 L terricola ¥
FEIHE P AR, 10 PR R 2 BRI 2 38,
AREXT R L 2IE RGN, SR ST S PR P R
W T, A TR e B T3 2
i 52 SV AR R (14 B o 2 SRR A B PR 2 2 4 i ()
FITIAIZ



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.2

(1]

RIS, e 4k 2=, 151 R R RRZH 73 B FER 7K S UK 1 5 ML f
FUHEFR[T] R 254,2015,32(2):304-312

ZHENG Lijing, NIE Jiyun, YAN Zhen. Advances in research
on sugars, organic acids and their effects on taste of fruits [J].
Journal of Fruit Science, 2015, 32(2): 304-312

GEHEFS BRI AT A, 55 R AW 7T 5 T A BUIR D). o R AR
i%,2020,39(12):5-9

LIANG Yanling, CHEN Qi, WU Yanhua, et al. Research and
development status of fruit wine [J]. China Brewing, 2020,
39(12): 5-9

FE A AR, S, S R R AT IR N R R R A
R M), i, 2018,37(6): 56-60

WANG Baoshi, LI Linbo, WU Zhongwei, et al. Inhibiting
effects of high concentration of citric acid on the growth of
Saccharomyces cerevisiae [J]. China Brewing, 2018, 37(6):
56-60

G IR AR AR, B R Z R AR R B L R SR B
2 T AR B A R, & it ol RH62,2020,41(2):
177-182

XIN Yu, QIU Zhidong, WU Fajie, et al. Optimizing the
fermentation process of ganoderma lucidum to deacidify
fresh Schisandra chinesis juice and its liver protection effects
[J]. Science and Technology of Food Industry, 2020, 41(2):
177-182

Jiang J, Sumby K M, Sundstrom J F, et al. Directed evolution
of Oenococcus oeni strains for more efficient malolactic
fermentation in a multi-stressor wine environment [J]. Food
Microbiol, 2018, 73: 150-159

Balmaseda A, Rozes N, Leal M A, et al. Impact of changes in
wine composition produced by non-Saccharomyces on
malolactic fermentation [J]. Int J Food Microbiol, 2021, 337:
108954

Wojdylo A, Samoticha J, Chmielewska J. The influence of
different strains of Oenococcus oeni malolactic bacteria on
profile of organic acids and phenolic compounds of red wine
cultivars Rondo and Regent growing in a cold region [J]. J
Food Sci, 2020, 85(4): 1070-1081

Bartowsky E, Henschke P. The 'buttery' attribute of
and beyond [J].
International Journal of Food Microbiology, 2004, 96(3):
235-252

wine-diacetyl-desirability, —spoilage

Malherbe S, Tredoux A, Nieuwoudt H, et al. Comparative

metabolic profiling to investigate the contribution of O. oeni

[10]

[11]

[13]

[15]

[16]

MLF starter cultures to red wine composition [J]. Journal of
Industrial Microbiology & Biotechnology, 2011, 39: 477-494

Romano P, Brandolini V, Ansaloni C, et al. The production of
2,3-butanediol as a differentiating character in wine yeasts [J].
World Journal of Microbiology and Biotechnology, 1998, 14:
649-653

BELRE, U ZRHE, 55 3 R A J St FE R[], o L i,
2020,39(9):1-6

QIN Yao, WU Bo, QIN Han, et al. Development and research
status of fruit wine in China [J]. China Brewing, 2020, 39(9): 1-6

iy ZE 40 SR A V)RR BORAE T A SE I [D].) ™ 4R
HUTR2014

HE Cuichan. Application of bio-deacidification technology in
prunus juice [D]. Guangzhou: South China University of
Technology, 2014

Nz, R G IR R, 5% — R R BE LT B (Lactobacillus
Sermentium) XHHT BRI (A 5 W5 PERIE TE[0]. DA & A RHEE,
2016,32(8):109-114

HU Liyun, YU Yuanshan, XU Yujuan, et al. Study on the
fermentation characteristics of citric acid by a Lactobacillus
fermentum [J]. Modern Food Science and Technology, 2016,
32(8): 109-114

F KA B 1A PRI B T AR LI R DD RE OB
HIRL ] 8 5 R % Tlk,2020,46(21):133-138

WANG Binggian WEI Xuetuan. Screening of acid-reducing
yeast and its application in red raspberry functional beverage
[J]. Food and Fermentation Industries, 2020, 46(21): 133-138

Zhong W, Chen T, Yang H, et al. Isolation and selection of
non-Saccharomyces yeasts being capable of degrading citric
acid and evaluation its effect on kiwifruit wine fermentation
[J]. Fermentation, 2020, 6(1): 25

Vaningelgem F, Ghijsels V, Tsakalidou E, et al
Cometabolism of citrate and glucose by Enterococcus
faecium FAIR-E 198 in the absence of cellular growth [J].
Appl Environ Microbiol, 2006, 72(1): 319-326

RE R, RICE, RWE S Lactobacillus fermentum B2
PR = 4253t fh o AR R (], A B RH5,2016,32(11):
134-138

YUAN Xingxing, YU Yuanshan, WU Jijun, et al. Effect of
deacidification by fermentation with  Lactobacillus
fermentum on the qualities of plum (Prunus salicina lindl. cv.
sanhua) juice [J]. Modern Food Science and Technology,
2016, 32(11): 134-138

Pretorius N, Engelbrecht L, Du Toit M. Influence of sugars

and pH on the citrate metabolism of different lactic acid

355



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.2

[19]

[20]

[22]

[27]

(28]

[29]

356

bacteria strains in a synthetic wine matrix [J]. J Appl
Microbiol, 2019, 127(5): 1490-1500

Hugenholtz J. Citrate metabolism in lactic acid bacteria [J].
John Wiley & Sons, Ltd(10.1111), 1993, 12(1-3): 165-178
Liu S Q. Malolactic fermentation in wine-beyond
deacidification [J]. Journal of Applied Microbiology, 2002,
92(4): 589-601

Ramos A, Lolkema J S, Konings W N, et al. Enzyme basis
for ph regulation of citrate and pyruvate metabolism by
Leuconostoc oenos [J]. Appl Environ Microbiol, 1995, 61(4):
1303-1310

Lonvaud-Funel A. Lactic acid bacteria in the quality
improvement and depreciation of wine [J]. Antonie van
Leeuwenhoek, 1999, 76(1-4): 317-331

TKEE, B 5, B A TR IR A AR T S )] B S
HUH,2017,33(5):3-7

ZHANG Duo, MAO Yong, MAO lJian, et al. Study on
isolation and identification of reducing citric acid strains [J].
Food & Machinery, 2017, 33(5): 3-7

Pretorius N. Evaluation of citrate metabolism in Oenococcus
oeni and Lactobacillus plantarum [D]. Stellenbosch
University, 2016

Antranikian G, Gifthorn F. Citrate metabolism in anaerobic
bacteria [J]. FEMS Microbiology Letters, 1987, 46(2):
175-198

Manno Ma T, Zuljan F, Alarcon S, et al. Genetic and

phenotypic features defining industrial relevant Lactococcus

lactis, L. cremoris and L. lactis biovar. diacetylactis strains [J].

Journal of biotechnology, 2018, 282: 25-31

Van Mastrigt O, Mager E E, Jamin C, et al. Citrate, low pH
and amino acid limitation induce citrate utilization in
Lactococcus  lactis  biovar. diacetylactis [J]. Microb
Biotechnol, 2018, 11(2): 369-380

Pudlik A M, Lolkema J S. Citrate uptake in exchange with
intermediates in the citrate metabolic pathway in Lactococcus
lactis TL1403 [J]. J Bacteriol, 2011, 193(3): 706-714

Olguin N, Bordons A, Reguant C. Influence of ethanol and
pH on the gene expression of the citrate pathway in
Oenococcus oeni [J]. Food Microbiol, 2009, 26(2): 197-203
Passerini D, Laroute V, Coddeville M, et al. New insights into
Lactococcus lactis diacetyl- and acetoin- producing strains
isolated from diverse origins [J]. Int J Food Microbiol, 2013,
160(3): 329-336

A, Bordons

Balmaseda A, Reguant C, et al

Non-Saccharomyces in wine: effect upon Oenococcus oeni

[32]

[35]

[36]

[37]

[40]

[41]

and malolactic fermentation [J]. Frontiers in Microbiology,
2018, 9: 534

Lonvaud-Funel A, Joyeux A, Desens C. Inhibition of
malolactic fermentation of wines by products of yeast
metabolism [J]. Journal of the Science of Food and
Agriculture, 1988, 44(2): 183-191

Bauer R, Dicks L M T. Control of malolactic fermentation in
wine. A review [J]. South African Journal of Enology &
Viticulture, 2017, 25(2): 74-88

Palles, Beresford, Condon, et al. Citrate metabolism in
Lactobacillus casei and Lactobacillus plantarum [J]. Journal
of Applied Microbiology, 1998, 85(1): 147-154

Martino G P, Quintana I M, Espariz M, et al. Aroma
compounds generation in citrate metabolism of Enterococcus
Jfaecium: genetic characterization of type I citrate gene cluster
[J]. International Journal of Food Microbiology, 2016, 218:
27-37

Pudlik A M, Lolkema J S. Substrate specificity of the citrate
transporter CitP of Lactococcus lactis [J]. J Bacteriol, 2012,
194(14): 3627-3635

Marty-Teysset C, Posthuma C, Lolkema J, et al. Proton
motive force generation by citrolactic fermentation in
Leuconostoc mesenteroides [J]. Journal of Bacteriology, 1996,
178(8): 2178-2185

Martino Gabriela P, Perez Cristian E, Magni Christian, et al.
Implications of the expression of Enterococcus faecalis
citrate fermentation genes during infection [J]. PloS One,
2018, 13(10): 0205787

REIE . FURRFLER A 5 SRR =™ W LB F 72 [D]. e K
B ARIEROLRE,2013

ZHENG Sui. Study on high-level diacetyl production by
Lactococcus lactis and Enterococcus faecalis [J]. Harbin:
Northeast Agricultural University, 2013

R RO IR R AT TR FURR TR A B R 1 e
LRI & ST 57T %,2017,38(10):204-208

YUAN Xingxing, YU Yuanshan, XU Yujuan. Citric acid
fermentation of lactic acid bacteria and its application [J].
Food Research and Development, 2017, 38(10): 204-208
Curic M, Richelieu M D, Henriksen C, et al. Glucose/citrate
cometabolism in Lactococcus lactis subsp. lactis biovar
diacetylactis with impaired alpha-acetolactate decarboxylase
[J]. Metabolic Engineering, 1999, 1(4): 291-298

Cretenet M, Gall G L, Wegmann U, et al. Early adaptation to
oxygen is key to the industrially important traits of

Lactococcus lactis ssp. cremoris during milk fermentation [J].



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.2

[43]

[50]

[51]

[54]

BMC Genomics, 2014, 15(1): 1-15

Jeanson S, Hilgert N, Coquillard M, et al. Milk acidification
by Lactococcus lactis is improved by decreasing the level of
dissolved oxygen rather than decreasing redox potential in the
milk prior to inoculation [J]. International Journal of Food
Microbiology, 2009, 131(1): 75-81

Pudlik A, Lolkema J. Citrate uptake in exchange with
intermediates in the citrate metabolic pathway in Lactococcus
lactis 1L1403 [J]. Journal of Bacteriology, 2011, 193(3):
706-714

Xiao H, Shao Z, Jiang Y, et al. Exploiting Issatchenkia
orientalis SD108 for succinic acid production [J]. Microbial
Cell Factories, 2014, 13

Saayman M, Viljoen-Bloom M. The biochemistry of malic
acid metabolism by wine yeasts - a review [J]. South African
Journal of Enology and Viticulture, 2017, 27: 113-122
Maaheimo H, Fiaux J, Cakar Z, et al. Central carbon
metabolism of Saccharomyces cerevisiae explored by
biosynthetic fractional *C labeling of common amino acids
[J]. European Journal of Biochemistry, 2001, 268(8):
2464-2479

Starrenburg M J, Hugenholtz J. Citrate fermentation by
Lactococcus and  Leuconostoc spp [J]. Appl Environ
Microbiol, 1991, 57(12): 3535-3540

Wei M, Wang S, Gu P, et al. Comparison of physicochemical
indexes, amino acids, phenolic compounds and volatile
compounds in bog bilberry juice fermented by Lactobacillus
plantarum under different pH conditions [J]. J Food Sci
Technol, 2018, 55(6): 2240-2250

Kennes C, Dubourguler H C, Albagnac G, et al. Citrate
metabolism by Lactobacillus plantarum isolated from orange
juice [J]. Journal of Applied Bacteriology, 1991, 70(5):
380-384

Garcia-Quintans N, Repizo G, Martin M, et al. Activation of
the diacetyl/acetoin pathway in Lactococcus lactis subsp.
lactis bv. diacetylactis CRL264 by acidic growth [J]. Appl
Environ Microbiol, 2008, 74(7): 1988-1996

Augagneur Y, Ritt J F, Linares D M, et al. Dual effect of
organic acids as a function of external pH in Oenococcus oeni
[J]. Arch Microbiol, 2007, 188(2): 147-157

Li Y, Wu Z, Li R, et al. Integrated transcriptomic and
proteomic analysis of the acetic acid stress in Issatchenkia
orientalis [J]. Journal of Food Biochemistry, 2020, 44:
e13203

Suthers P F, Dinh H V, Fatma Z, et al. Genome-scale

[55]

[56]

[62]

[63]

metabolic reconstruction of the non-model yeast Issatchenkia
orientalis SD108 and its application to organic acids
production [J].
2020, 11(8): 00148

Sanchez C, Neves A R, Cavalheiro J, et al. Contribution of

Metabolic Engineering Communications,

citrate metabolism to the growth of Lactococcus lactis
CRL264 at low pH [J].
Microbiology, 2007, 74: 1136-1144

Zaunmuller T, Eichert M, Richter H, et al. Variations in the

Applied and Environmental

energy metabolism of  biotechnologically relevant
heterofermentative lactic acid bacteria during growth on
sugars and organic acids [J]. Appl Microbiol Biotechnol,
2006, 72(3): 421-429

Taniasuri F, Lee PR, Liu S Q. Induction of simultaneous and
sequential malolactic fermentation in durian wine [J].
International Journal of Food Microbiology, 2016, 230: 1-9

2R R, B LR TR AR LA i XU T RSP S i [0, [
A Tk,2012,40(5):42-45

LI Liang, MA Ying. Effect of lactic acid bacteria on flavor of
fermented dairy products [J]. Journal of Fruit Science, 2012,
40(5): 42-45

Yu Y, Xiao G Xu Y, et al. Slight fermentation with
Lactobacillus fermentium improves the taste (sugar: acid ratio)
of citrus (Citrus reticulata cv. chachiensis) juice [J]. J Food
Sci, 2015, 80(11): M2543-7

Rea M C, Cogan T M. Glucose prevents citrate metabolism
by enterococci [J]. International Journal of Food
Microbiology, 2003, 88(2-3): 201-206

SENTAR, PGS, B, 55 AR IR I BRI ER S EA Qs
FEIERIB FE[9). o AR, 2020,39(2):84-88

GONG Lijuan, SUN Wanying, ZHONG Wau, et al. Metabolic
characteristics of non-Saccharomyces using organic acid as
carbon sources [J]. China Brewing, 2020, 39(2): 84-88

AR TP A KON, 55 B g8 LA r A R I B 14 (14
i S FLPARRIFIEBIE T[] S A 10 #41%,2004,44(2):235-239
ZHAO Yuping, DU Lianxiang, LIU Lili, et al. Screening
yeast degrading citric acid in hawthorn fruit juice and its
degrading characteristics [J]. Acta Microbiologica Sinica,
2004, 44(2): 235-239

T O PR I B RO R S AR AT PR 0 82
WEFE[D] AR AR AR IR ,2013

HANG Lugiang. Studyon constructing of deacidification
yeast strain and its application in loquat wine brewage [D].

Fuzhou: Fujian Agriculture and Forestry University, 2013
(FEE58 312 5D

357



R EmiB Modern Food Science and Technology 2022, Vol.38, No.2

358



