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Abstract

The grape cultivar Campbell Early has high levels of malic acid as well as tartaric acid. The high concentration
of total acid in the Campbell Early wine is a critical aspect of the wine’s sensory characteristics. To prevent the
deterioration of the wine’s quality, which is caused by the strong sour taste derived from the raw material in wine
making, the deacidification factor was investigated via carbonic maceration under different temperature conditions,
especially in the presence or absence of malolactic bacteria. Based on the results of the presence test of the malolactic
bacteria during carbonic-maceration treatment, Lactobacillus brevis, Lactobacillus plantarum, and Streptococcus
thermophilus were characterized morphologically and were identified via biochemical tests and 16S-
rRNA-gene-sequencing analysis. The isolated strains were found not to consume malic acid and to produce lactic
acid. Moreover, these strains were consumed as soluble solids. The isolated strains are popularly known as lactic-acid
bacteria and should have produced lactic acid from glucose. The Oenococcus oeni of the malolactic bacteria was
not isolated. These results showed that the isolated strains are not deacidified during carbonic-maceration treatment.
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ko] 71 dHreke A9 BUG). £EF9 77
A T F4941E ascorbic acid 2 5-E] A EA o o3 P4

TCorresponding author. E-mail : cleo77@Korea.kr
Phone : 82-31-240-3421, Fax : 82-31-240-3708

ol st olu AAH(GER) O] AHEEAL 3o
(8), ZEGA|] A v E8HH WHOZ Candida
tartarivorans sp nov, Candida bertae, Candida paludigena,
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AT Agal F53kaL ATK(12). Malo-lactic 'Ha«= w4
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7142 st 22 ZAmks ksl B0 F AAks A
o2 g Aiete ol 83k 59 Lactobacillus,
Streptococcus, Pediococcus 470] &17]0l| &3t} o] 34k
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A BAikte] 87 Fe 2 e l—ET}B] AE-S HAJs)
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9 T34

TF9 5L Gram G, catalase ¥H3-A]H, oxidase HF
3218, glucoseoll A CO, B35 T 24138+ Bergeyd
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9] Systematic Bacteriology Manual Vol.2 (1986)°l w2} &
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HRSA1Z] & 7)) whay fEo) whel °W(posmve)ﬂr 3 c= 234X 13409 AA T malic acid x F [mg/L]

(negative) 2. i HA5}H ) Oxidase A E-L HEZ AHA 6300 < 1.0 < 0.1

AHAE SEF2 F Kovacs AoF= 04474101] gojreg)al

wZx o2 A)YE S 23] e oo mHste] c = concentration

10-15% ol Azo] Wt PFFE, W e V= final volume [mL]

e FFEE HAEA Glucosedl A CO, A §7E F MW = molecular weight of L-malic acid [g/mol]

Z=0] o) wjk 3 Durham tube (® 8LXI/35 mm)Z o]&-3} g = extinction coefficient of NADH at 340 nm

o 7} RS FEETh EF API 50 CHL kit = 6300 [1 < mol" x om’]

(BioMerieux Co, France)S ©]-&3}o] T o2 HE A4 d = light path [cm]
ARE s wrk A 5 A9 vl 7 v = sample volume [mL]

chromosomal DNAZS 22]3+ 3 165 rRNA &-2A12] &17]4 F = dilution factor of the sample

g8 B899tk Universal primer®! 27F primer (5°-AGA AAs = AsrAsi

GTT TGA TCC TGG CTC AG-3")} 1492R primer (5’-GGT AAp = Apr-Asi

TAC CTT GTT ACG ACT T-3))& o] &3} PCR ZZ AA = BAs - MAg

B Z¥% pCR AHES] d7|HES BAsgT, BAE o

71 8-S 0] 4-31] NCBIOI A blast searchS E3) A=A 0] Eewe A8 F 3A4

o ANTS EAHA 2EE ) 7o) ik F 24 AHFS o] s

Zho] Alt e ST AEE ol&el 3t f"%k%

BT A4t —‘?‘—?‘SHE,- A BEA L-lactic acid kit (megazyme, Ireland)S- ©]-8-3] FU3}IA &
Ba)g 37) 739 ujok = Al EEEAS dolr ) 23 WHo g =3t AL light pass 10 mm

3 Lxo] Alpalk eg%wr H)2=3} ko] 0.3% L-malic acid cuvettes®l] 574 1.6 mL, sample 0.1 mL (blank+= ZF<F
£ Lactobacilli MRS 3| vj=]o]l 7}3F S (pH 5.98) £ 0.1 mL), 0.5M glycylglycine buffer(pH 10.0) 0.1 mL,
TS vjefale] 1% 22 HES 35CAA vl FstaA] NAD/PVP 0.1 mL % glutarnate—pyruvate transaminase
A7 E ] At $HES L-malic acid kit (Megazyme, (GPT) 0.02 mLE H7}ela 4& 5 38 & &35 340
Ireland)E- ©]-&-3 SAsIAch WA o] v & Al7EE nmo| A SA3}3(AS]), 578 F 2,000 UmL L-Lactate

]

HjoFl S AR 3 T AF5eS Hal A2 ' AM-EHY dehydrogenase 002 mLE H7}ebal 41 & = 32§
t}. L-malic acid kitS ©]-&3F & ALzt gk =4 & BE(AS2)E A3t Blanke A8 Al 2742 ¢

cuvettes®] 57 2 mL, sample 0.1 mL (blank= FF O] Ap T ApS 2R3 T the-9] Al tiYds) Rk A
0.1 mL), 1M glycylglycine buffer (pH 10.0) 0.1 mL, o2 Yok

NAD'/PVP 0.1 mL % glutamate-oxaloacetate transaminase

(GOT) 0.02 mLE #7}3l5t) 0|5 &3S 471 38 3 c= 228 X901 AA T jactic acid x F [mg/L]
340 nmell 4 FHEE SH5)3(As), 54 F 15000 UpmL e

L-Malate dehydrogenase 0.02 mLE % 7}8}al 412 & djgF
38 5ol FFE(As)E ST Blank= A8 WAl SF7
TE 9ol ApT ApE ST F tho] Aol el 1+
Apzpt ko Lhehpich

Zo Y D

Carbonic macerationMg| ZEo| HAkR U ER

=N
V<X MW % AA L-malic acid x F [mg/L] BASE) CMHE] T ARke] 7hAso) ZAke] AfAdel gk
EXdXo S m)xE 29 2 A3 malolactic BHE U] AE-9] Fo]

Table 1. Occurrence of lactic acid bacteria, bacteria, yeast and mold after carbonic maceration treatments of Campbell Early grape in
different temperature for 9 days

Treatments Bacteria Yeast Mold Total Lactic acid bacteria ~ Yellow colony of lactic acid bacteria
(cfufg) (cfufg) (cfufg) (cfufg) (cfufg)

CM25 2.0x10™ 15x10® 74x10™ 1.55%10" 21

CM35 8.3x10™ 3.0x10" 6.7x10° 1.75x10* 45°

CM45 7.3x10% 1.8x10® 0 1.90x10" o°

Means with the different letters in same column are significantly different(p<0.05) by D@}arr}i@uﬁpleoela@%eﬂ 93| AFL F35tETk WA cMAE

=
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ZT5F MRS B3l 2 gl &4 2
£ Table 19 YERN AT} Lt Al
257t S7VESE A T
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I 257t S7HETE A 45TAA e 53
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= 25CollM= B el o) dFE0] BES o 35T
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317] 98l viA ol bromocresol purple (BCP) A A] kS
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g o 2 ut AT 45 oA = A0 2 HEl= colony
7F g1Sick. Wk MRS B A|ell A2}k BCP7F 471 MRS HiA]
ANA Zrktare] o7} e AL ZihtiEnt ohvgt o
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Aol ZArhtg FEsted o 183 A o2 AdE T
I3 malo-lactic WEE doy|= WEAU <
Oenococcus oeni 115 2317 3l 7132 <1 MRS Bl Ao
0.3% L-malic acidE ¥7}5}3 pH 452 23+ 4AFduf =]
BCPE #7FetA wjA7} =ghd 0 2 W3lr] wjwol )9
Wl 7S FYT 77} flith weba o]w deufR] o
A FHI7F B2 colony F g AFE 28] FH 2 AE
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L
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22| JMFe =4 Y EAY 0|85

CMA 2] EE@W AtHE ZHAANZ) AL BhE A A
71E WAdES 5457 flal 47ke] 2xd cMA oA
AEE H “—éif—ri 343+ 3 BCP-MRS a7 Hj <o
Tate] 3U7E v et $ g 39 colony®] FEE
Hol Mg Tk ) A4 X‘E’fgl TS 25T} 35C amAlg

W HEBIR oM o5& tA T ui Aol Alvhul gk
3 o7 Wil 137H-4 colonyE #2] 83t &2 %
13719} colony £} A& uj 2]l 4 2|3 colonyE F783}7]
st Fejsts, A2 S4S A Gram 449
EA Ao Fa BE M 3TFE HE 299
Hed 379 duists, ety 54 AR A=
Table 2042} 7+o] 375+ E5 catalase®} oxidase”} &3]

o T

Table 2. Morphological and biochemical characteristics of lactic
acid bacteria isolated from carbonic maceration treatment of
Campbell Early grape in different temperature

Characteristics Strains
L1 L2 L3

Cell morphology tod coceus rod
Gram stain + . )
Catalase
Oxidase
CO2 from glucose n
Growth at 25C + . .

35T + . .

45C + .
Acid from
Amygdalin ) ) .
Arabinose + . .
Cellobiose ) N .
Esculin + N .
Fructose + N .
Galactose + N .
Glucose + N .
Gluconate + ) o
Lactose + N .
Maltose + N .
Mannitol 3 N .
Mannose ) . .
Melezitose ) ] .
Melibiose + ] .
Raffinose + K .
Rhamnose
Ribose + ) .
Salicin ) N .
Sorbitol ) ] .
Sucrose + N .
Trehalose ) ) .
Xylose + ) o

w

+, positive; +, weak positive; -, negative

AL, glucoseZH-H gas A ool Slo] L-1d5F+ gass
A FAT L2759} L30FE gasS AASHA &5k
o} w3 3EF0 e S 2V Ad) L3 TFE 25T
o} 35T = AFAAR 45T = &R 53}
Qom, L7} L27FE 45ColME Asahs Aoz |
El Tt

API 50 CHL kitE ©]-8-3} -elitFe] o2 HE 2HA
A5s AEZI ZIH{= Table 20149 Zrh ®A
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Lactobacillus?: 79 & 4N = Lt Axd
7} 7HtFo)al sucroseol| A dextranS AJASHA] ko
Lactobacillus% 2.2 5735 At} Glucose ZH-E gasS A
/38HA] H3hal arginine S ZHE YR UoLE A X
H © WES5 5 thamnoseol| A 2 AAJSHA] Qe T
Lactobacillus plantanum®] /322 4 A 12, glucose
ZHE gasE A8 arginine S ZHE FEYoLE A
3} amygdalin, cellobiose, mannitol, mannose, melezitose,
rhamnose, salicin, sorbitol, trehalose®l| 4] 2H2- A AS}A] &
O Lactobacillus brevisZ 24 ATK16). ©| 5 HIFOZ
3018y A} L17FE Lactobacillus brevis$) 81523 A}
=2 Yet A3, L3755 Lactobacillus plantarum® ¥]$=
St AyE JeRNUTE WA L2dFE Lacrobacillusss T
o] ofd TE 3l Aoz FTEFHIh

E£-3] 25 ColM= Lactobacillus sp. 7752 54d0] YER}
A Fgom thFE Ahs Aske OE dEEe o=
A= AT 23 &4 colony 1370 F ¥ colony 7}
gram <49 BT O F catalase WA 0] glucose =5
B gasE AR ko &9 o] 8-FolA glycerolS
o] 835l AL FE Hol Gluconobacter 40|V} Acetobacter
o] #FEQ AoE AZEATHLT).

o

pr

Mo 3
Zrkto] F85 S8l 2 T2 partial 16S rRNA
gene sequencing 235 NCBI2] blast searchE 53] 454
S AV I 23 Table 390149 o] L1#FE
Lactobacillus brevis$t 98% 2] “3-5/3d<S YR, L2+
= Streptococcus thermophilus2}t 97% 2] 5418 Yeh)
Ao L37F= Lactobacillus plantarum™} 97% 2] 74573
S YeY. 53] cMA A FAHE #E F
Lactobacillus brevis7} colony <=0l 910 95 A Ae=
o= Vet

MRS brothol] AFLHS ZT o EAJsh= Al S5
I vIszsA 71 o A4 EE 1% TR HE9
of HjFslAA] Al AHIAEE AES 43 Fig 19
Ao} o] 3u BT AlMES AL AHEHA] e AoE
Uelsth 2AHE T AR & a5
glucosel| A Z2HE 85% o] A8t 7)o &k
TS Lactobacillus plantarum, L. casei, L. acidophilus,

Al

Mr M

o

Table 3. Identification of lactic acid bacteria isolated from
carbonic maceration treatment

Sample Homology (%) Identification

L1 98% Lactobacillus brevis
L2 97% Streptococcu thermophilus
L3 97% Lactobacillus. plantarum

Strptococcus %5 o] FHA Utk o] FF it &=
TE-L glucoseol A ZHARS 50% ©]3} HAsaL 1 9o
CO,%} HEo] deh&o|y A4S A3k Aoz deiA
NI A7 &= FEL  Lactobacillus brevis, L.
fermentum, Leuconostoc mesenteroides 5°] 44 it}
53] H Aol RS F L plantaruntd o
malolactic enzyme©] EA]3th= Ra(18)9} o] wo] Al
AHS o] &3] R4S AJAJSl malo-lactic HEE St}
(19200 AF-E5°] HaHAth 22y B A3PoAe &
28 L plantarunP] A4S A5 81A] g A= e
U Alato] EH-E MRS brothol| A -8 v ke w) wfj ok
o] vr2 pHo} 22 g3 o] o] A £xo YIS
A ole} e AXRE YEIES A= dAddth
Hemandez 5(19)9] A NM%= L plantaruntd2 O. oenitt
o I=F9] S0 WAdo] ofetal FYA = malo-
lactic '&& starter24] Bl E-&Folgt= Har) %ok

3500
2o
o 2800 ‘W%
N
f=2]
E
= 2100
o
L]
=
= 1400
=
—— L. brevis
700 L. plantarum
—&— S. thermophilus

0 1 3 5 -]
Incubation time (Day)

Fig. 1. Ability of malic acid degradation of isolated strains in MRS
broth.

9 54 43 X9 CMAE] A GozRE HAiks
WA 7= Brhto] SRS IR1sAth L8y CMA]
g2 x5 AARS ZAA]717] YEl4 malo-lactic
bacteria”} A3l oF =t HEZ 2 ¥ Oenococcus oeni
& CMAE] ZEoA SHEA] Fdch =3 SHE i
o] o] BollA S At doE dEA Jlom,
AFRE S 5793 MRS BR[Ol A 28] o] B4 A4
TS AHE AF Fig. 2049} o] BE oA FAko]
A Hle Aoz Hol Bl dEo] YNt oE X9
35 o] &3l s AT Ao AGHUTE FEAE
o] B& o] 83l A4S A=A &RlEHy] Yl MRS
AA B A E2]E 372 v F3HAA Brix B8 SAS
A3} Fig. 30149} o] & wjz|ol- Z7|Ht} Brix G=
7F Bolge & = AT 53] BEYE 3 HE F L
Pplantarun®} S, themophilustt-2 7’322 kt0] 7] w2
Ab YA ko] o)A AES L. brevistt E Tk 28] 717ke] O
Holo} &lA| gk B A A= 2u) o]4Fe] 2}o]E Kol
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et ol ARto] -8 MRS brotholl A 2]
vjokal e wl L brevisttd] ASo] 7P AR
themophilrsto] 7174 9F8 A0 2 Vel o v, Fg. 39]
7t Aadke A RS W% L brevisto] Hi g ol A
71 gol sk AoE Hol ASAE} 2t A
T YIS FHS FoE Addn

1500
1

)

> 1200
E

z 900
o
T
-

- 600
<
- |

300 —o— L. brevis
L. plantarum
—&— S. thermophilus
0 —

(o] 1 3 6

Incubation time (Day)

Fig. 2. Ability of lactic acid accumulation of isolated strains in MRS
broth.

7.5
=3
é 6.0
< N
r— F
2 45 .
2
I
2 3.0
vy

15 —e— L. brevis

L. plantarum
—a&— S. thermophilus
0.0

o 1 3 6
Incubation time(Day)

Fig. 3. Utilization of soluble solids of isolated strains in MRS broth.

au B Ao BelE dEo| AlEES o] &3] &
RS AAGSAY e TS o83l RS A shujer
T o]} 22 BAAES ZLko 2 w7 fald S
sk A F7F SR ok B, R EEF dE Uo
AZYoZ AMEHE E79 47 HE 1x10°~10%mL2)
T HEFQL22)E A EEE YA E = 3 vl
3l ®ok-S uf Table 12] A3 Aol H|Fo] 34 s
UEM = lactic acid bacteria colony <=7} CM* 2] 9 ]
o) 404 ) vhell HA] g AoZ Rol A AT
WA 7} malo-lactic 'HEE Ho7]7]d= UF AL F4
< & F ARtk mEA CMAE Z7)dde B o]
ur|Eickrl, CMAE] 7 B S5 colony 7HA] = F71ol
et ZAF AAdo] F7HEIOH, 25T 45 TR T A5
ek 35 Coll A 2t FaFo] A4 UehS 3oz At
Hr}

wb] B AHAd x50 CMAE A] 24 SV
Foll A AkS A7 ikt 93 oz Ay
), AR AT T ZAte] A QAR B
o} malo-lactic P]A &l 2|3t JF A 23R Y=

AoE YERth

0]

[e]
ol

Carbonic maceration *]2]= EZEF A|Z A] AlZLHS
A= O AR 7R Q) T mES] Y
S GolR A} ARES TFAAI7) AL ZARS A=
v AE-S B, 543 B3I Laciobacillus brevis, Lactobacillus
plantarum ¥ Streptococcus thermophilus®] Z1Ato] E 7
ke Ao =Z Yyt #elE 52 g5 JollA 24t
< Adske o2 gEA or ARRRS dhS iAo
Al o] v T ARRES o] 8akA] & ZLkS A
ASF Hol F& T o]8ste] ks AAstE so=
Btk AMLHS o] &3 ZAks AAAIZIE tEAQ
malo-lactic bacteria]l Oenococcus oeni 72 £ A3 oA =
A gskeh. wEbA carbonic maceration A 2] A] At}
Ao ZHAhE XX AAFHoZ AS-3ch= malo-lactic
bacteriath 74t T WAE] FEke AA WA g= AL
2 AT, A ] FUke B o)&dte ohdt
Zoktel & A= Aoz AdHEn.
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