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Abstract

To determine the deacidification factor during carbonic maceration (CM), different temperature conditions were
studied. The pH was higher in CM-35C and CM-25C and was lower in CM-45°C. The total acid was inversely
related to the pH. The malic-acid level decreased much more in CM-35C than in CM-45"C while the lactic-acid
level increased much more in CM-35C. The activity of the NADP-malic enzyme, which catalyzes the oxidative
decarboxylation of L-malate into pyruvate, CO,, and NADPH, was higher in CM-25C and CM-35C while CM-45C
showed no NADP-malic enzyme activity. The malic-dehydrogenase (MDH) activity was higher in CM-25C and
CM-35C while CM-45C showed no MDH activity. The oxalacetate decarboxylase activity was similar to the
NADP-malic-enzyme and MDH activities. Pyruvate decarboxylase activity was shown in all the CM treatments.
The L-lactic dehydrogenase (LDH) activity was not explored in the fermentation of pyruvate to lactate via LDH
in the grapes during CM. In this study, it was confirmed that carbonic maceration reduced the malic acid during
fermentation and was affected by the temperature. Moreover, it was assumed that the deacidification during the
carbonic maceration of the grapes was probably correlated with the degradation enzyme activity of malic acid.
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0 2= Akl 93| malic acidE lactic acidZ A3 7=
malo-lactic fermentation (MLF)(5)3} & %ol 2]3}] malic
acidZ alcohol 2 Z$HA) 7] malo-alcoholic fermentation (MAF)
6)°] At} B3], MAF= Schizosaccharomyces pombeS}t 7+
S B¢ au7t #7184 st Atgile] 8 F9
NAD-dependent I-malate dehydrogenase®] 218-© 2 oxaloacetate
2 4F8}E o] phosphoenolpyruvate 2 € EHFE 1L pyruvate
kinase®l 9]} pyruvateE 73] alcohol 2 3l == 7
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EEF Azo] A EEE 20009 P94 T 3
AT S PERP AR 7uugo4a(Campbeu Early)F3°I30aL &
X Saccharomyces cerevisiae(Fermivin 7013, DSM Food
specialties BV, Delft)S AH8-3FATh.
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AAAZ A EE AT th N I Z pH meter
(Model 115PD, Istek, Korea)Z ©|&-3}o] =430tk 4F
< ZEF A8 5 mLol FFF 20 mLE ¥& o 01
N NaOHZ pH 8.27}4] A3 th5 £¢]7F 0.1 N NaOH
Sl A3she AE W T4 IETY] T 2R 74
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Hehe} 33} F/HTE 43} 3 Sep-pak C18 cartndgei

Z2)slal 0.45 ym membrane filter2 ]33+ & HPLC

=38}3]2 A18d A535 (2011)

(Agilent 1100 HPLC Chemstation, Youngin) 2 213} th
(10). HPLCY] 2712 T3} 0] column Zorbax SB-Aq
(4.6x250 mm, 5 ym, Agilent, USA)o| %A, o] 542 20 mM
phosphate buffer (pH 2.0)2} acetonitrileS 97:39] H]& =2
0.4 mL/min® &£E2 T FJT} Detecter= variable
wavelength detecter®] 1 7 Z34-2 210 nm=Z A A3
o f“] injection volume- 10 pLo| Atk 714t gk T=

TEdE ol&s &atste] YEhAI
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CMAY) Two) e BABY ZHS 9 Bh 5
< Angleon S(11)¢] ol wzh FE353th WA A&
100 goll A1 E9] 1.58) HE cold oMM BT} ofA|Eo Tt
5% polyethylene glycol 6000 (Hayashi pure chemical Ind,
Japan)S Z7bel 123t vEjAIZ]l F T8t oA
fle] Zof=ell cold oFHES T 7l BA g ™ Aol

1 o373k & cold oMM ECE o H Ao|FUT) oJ3kx
1ol AJE aceton powderE FAITF Aol W5t L]
L AR wi7bA] 20T AT ol#A EHlE
powder 0.5 go 5 mM mercaptoethanol} 2 mM EDTA”}
s X}7}—r— 0.1M sodium phosphate buffer (pH 7.5) 20
31 AF20) A 3087 wHEE T 4°C 15,000 pmol A
1583 AR E 3 F Aede Fall e84 S0l

Malic enzyme&d &X

Malic enzyme (EC 1.1.1.40)22 Geer 5(12)9] ®Holl
w2t At 5 L-malatet B-NADPS] &5kl malic
enzyme©| 33| pyruvate2} CO,, B-NADPHE A3 A] 7]+
Y E o] &3ty a48A HHEHS 100 mM Tris/HCI
buffer (pH 7.4) 2 mLo| 100 mM L-malic acid 0.1 mL, 20
mM B-NADP 0.05 mL, 20 mM MnCl, 0.75 mLE Y] 412
T BRAEAE o]8dte] 25TAA IAstE 7)d 8
enzyme extract 0.1 mLE ¥o] HF 3 mL7} HA ¢ &
BABEAE o)83te] 340 nmolA 5-108 H: B
-NADPH Z71&-2 &4 33t Blank enzyme extract U
2 SR 01 mLE 2ol AT H ol 2oz ALtst
o §484S JepAch £484 1 wit= 25C pH 74
oA £ 1.0 ymole L-malate®} 3-NADP7} pyruvate2} CO,,
B-NADPHE H¥sle= &40 Yoz 33T

Units/mL enzyme =
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6.22 = Millimolar extinction coefficient of 3-NADPH at
340 nm
0.1 = Volume of enzyme used

Malic dehydrogenase&d &%

Malic dehydrogenase (EC 1.1.1.37)84]2 Bergmeyer &
(13)2] o wel F3sIAY. =, oxaloacetate$}
-NADHY| &3}l malic dehydrogenase”} 43l malic
acid®} B-NADE AAAI7I= & o] &3ith a4g4
HE-3-1-2- 100 mM potassium phosphate buffer (pH 7.5)ll
=9l 0.14 mM (-NADH (B-nicotinamide adenine
dinucleotide, reduced form disodium salt) 2.8 mLE- light path
lem cuvettesl] €31 25Col A HAHAIZ] T T3} bufferol]
9] 7.6 mM oxaloacetic acid (OAA) 0.1 mL2} G455
0.1 mLE %ol FA] 42 F 33457 340 nmol| A 2%
5t BNADHO] 74 AEE 57431tk Blank= enzyme
extract THA! buffer 0.1 mLE ¥o] TL3HA =743 5 malic
enzyme®| A9} 22 202 Aitete] YeERQILE &4
/3 1 unit= 25C pH 7.59]4 £ 1.0 ymole oxalacetate 2}
B-NADH”} L-malate®} B-NADZ H3sl= 849 oz
sttt

Oxalacetate decarboxylase&td =H

Oxalacetate decarboxylase (EC 4.1.1.3)8d-2 oxalacetic
acid”} oxalacetate decarboxylase2] 282 2 pyruvic acid$}
CO,E AA3tar A4 H pyruvic acid”} B-NADHS} H' 9]
E A8}l lactic dehydrogenase] 2}-8-© Z lactic acid$} 3
-NAD+E AAAI7|= dE & ol&al SAsth a484
Hk-g-91.5- 100 mM triethanolamine HCI (pH 8.0) 0.9 mLo]|
10 mM MnCl, 0.1 mL, 6.5 mM 3-NADH 0.1 mL, deionized
water 0.9 mL, X}7}% 10 mM Tris HCI (pH 8.0)¢] 3]2J3}F
550 units/mL lactic dehydrogenase solution 0.02 mL9} &7~
F=4 005 mLE Yol 33357 340 nm 25ColA 53
T 343t E¢do] HE w7bA] & F A7EE- 200
mM Tris HCl (pH9.0)°l =<1 50 mM oxalacetic acid 0.1
mLE o] HlZ 4JojF H 108 5 FHE=E SHSIAT:
Blank: &4%Z9 tj4] 10 mM Tris HCI (pH 8.0) &Y
005 mLE ¥o] TU3H 10% B¢+ FHEE 543
o] 2oz ALkete] eIt A4S 1 mite
25T pH 8.0914 ¥ 1.0 umole oxalacetate”} pyruvate 2}
CO2E A%sl= aho Foz &9k

Units/mL enzyme =
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Fig. 1. Changes in the O, and CO; concentrations based on the
temperature during Carbonic Maceration process of Campbell
Early grapes.

0, concentration at 25C (4p), 35°C (), and 45°C (@) as well as CO, concentration
at 25°C(), 35°C(C)) and 45°C(Q) were determined.

Carbonic maceration¥{2] Z==2| pH X F4t

CMA ] Z=o] ARE gheF 7hase] 3 wX= 89l
S A XI55 25 U 2= CMAYE § F A7E
2 X9 pHE S43% 2= Table 13} 2T} pHE 25T}
35CollA 7Hd Bol S7FatAal 29 45T =71¢
H|S=stAY 25 S7bste] 25TC¢ 35CHT o % pH
e eI F2keae 2579} 35T A Ag]Alzte]
BHETE Fhgo] Bol fase ASoE YEho™ 35T
= A 69 o]F F4t gFo] 2N FUIee IS
Bk vHA 45T 2719} vlssst F4HES UEL
th o} 2 ARE 5w CMA Al AA Y 2= SV

EEo pH 371 2 F4 §F Pao] 9 FE Ao
Uehor] $4 FFe AL2AYIE 8950 x| 9%

2 we gog Aad

Carbonic macerationX2| 2| F7|At &H2t
CMA 2] o] Alal ghaF 7hhof] JekS mxl= 29l

S Fuap 5205 o &l eMAY 3 & A7

714 S-S =43 A3E Table 19 JeERAACH
AlRe 35T} 25CollA 7 Bo] ZAaHlen £3)

A F A5 A A8 55 (2011)

35CE A 69744 F43] FHar o] 27Ktk 50% ©)%d
o] ZHAES HAT} o]F HAago] A3 ZAEAUAT
25CE 149744 QA8 ashe Ao Yyt v
45Tl ME ALt gafo] 7)o 27 4% F A9
Rom, hrTo A=

W3} glo] dAe S YERY

B 7 ARl A9 HAElA] @v A0 E YElTh Al
] e X' EAUAL T AMle] 2% 2| 9
FAEgo) &l o] pyruvatedt 2 EAE WstE
T dFES At SaHALR HsheFo]l st AY

fru U,

(15,16), V|AESIHOZ  Saccharomyces 49 EF
malo-ethanolic &2 YO 7= ¥ Schizosaccharomyces
o} & aw ol a4(17-20)00 23 EaEAY, T Al
2HE o] 83l Ak BAATIE Akt ol Atatite]
e deA ok

RS 27100 498 mg/lLe] S Uil 2T
oAM= 30l 905 mglg WERHITF 6o & v S71et
S 8 8 A7HA] HIsg S FrAE T CMA g
T 25ColM= o] S7FIAAIRE the 2ol Hls) v
FFs eI 45CoAXME A2 F ol S7HHA
A 2T ET v fhS YEhSlaL, ¥hE 35T A
647HA] o] 543 7k - A2 ARU7HA] HIsz
gk ShS UEho] 2719 3u) o)) S UERIS
o OE Aol vl 7P 2 24 FEs JE AT
dukH o g g F 34k ikt o) Ak Het
717 AdeolA Zolut AlihS: o] &3l AAkS A e
Brte] FAo] F2 Zlo] Ao g AA4E, X% 73
of EAlsks Akt v A SE71 24 ekl
s PHS Aol A4ET B 25 A SAst
AES X5 A4 5444 I& W2 JF8717t
YA Ao] oA HofAAY g o e
A AEE 5 A ok F7IAHY eMA 9] Aol
257t w0 X% o] okl A fAl ZojA AL vj7]|$Hd
o] HJAE 53] BAPTIE rlAEESC] ASstrlel A7t
Al Ho] 282 malolactic FE7} Yot EE9) AlAH
< aHlEf Zak Al YIS VXA Fek=7 AZHET
53] CM35TCel|A B4k gheke] Hol S7HE AT A2
Brhto] Aol 257t A FEE PIFS B0 A
t}. Spranger 5(21)2] AF A AbF ko] 7HAo) B4k
greFe] S7H7F malolactic RS} AR RES-Cll &gt Ax}
Zhe Halol #o] aMAle] 2eF7 OE A2l o
H3| Albike] ke Zhasstar 2o ghake Srkeki e
o, & 5@ ©] 5229 AP IME vlis=d s HE
Ribe!
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Carbonic macerationX2| Z=2| malic enzyme &AM

=

Malic enzyme-> L-malic acid& 2&4H8}A]A pyruvate,
CO, ¥ NADPHE A3/J3+t}. malic enzyme €/3-2 Fig. 20l
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Table 1. Changes in the pH, total acid, malic acid and lactic acid based on the temperature during carbonic maceration process of Campbell

Early grapes.
Treatinens Treatments days
0 3 6 10 14
Control 3.89° 382 397° 404
CM25 3.89° 406" 411° 420" 428"
M35 o 389" 415" 425" 420 437
CM45 3.89° 4.00° 401 403 404
Control 0.63" 067 062" 061°
CM25 Total acid 0.63" 055° 0.54 052" 049"
M35 (%, wiv) 063" 052" 049° 051° 053"
CM45 0.63" 0.65* 065" 0.64° 061°
Control 2191° 2193 2264° 2311°
CM25 Malic acid 2191° 1812° 1610° 1350° 1042°
M35 (mg/L) 2191° 1496" 867 695" 655"
CM45 2191° 1823® 1723 mr 1m2°
Control 498" 905" 1055 1056°
CM25 Lactic acid 498" 556" 692° 716’ 76
M35 (mgfL) 498" 879" 1514° 1614° 1599*
CM45 498' 697" 846" 844" 925"
555 Ao 2 YEINITE o]9} 22 malic enzyme 439 AHE
Table 1] 59| F7]4F F Alpik §5F9] 7HA9) vl as]
5 230 K 35T} 25CollA 71 B Al o] 743l
s 1 | et 45 Col A Tart 22 Ao 2 YERHT Marr(23)
§ & 210 I = YAHE AENA malic enzymeol 2]3F aerobic
E 2 I I fermentation 2ol 3+ 23X aerobic fermentation I
g g 140 | 2 % malic enzyme-2 oxalacetate 2} acetyl-coenzyme Al
£ 5 oJaf 3= o] pyruvate®E 3= X] 9431, fumarase S 73]
z - oxalacetate Z5-E] succinate”7}*] A8+E] = mechanism©] VFEF
k. B 3kt Redzepovic 5(24)2) TFFSH Saccharomyces
. Foll o3t Alapal ZHAE Aol Alapate] Whg Z 7)o =
i " » 1 iy fumarase®l] 2]} succinate2 HE=E = IARE, dlFE dE

Carbonic maceration (d)

Fig. 2. Changes in the malic enzyme activity based on the
temperature during carbonic maceration process of Campbell Early

grapes.
Control(4p) and carbonic maceration at 25 C(Hl), 35°C(A) and 45C(@).

A} 7o) 25 CAME 27|1HE AT SEAZIA] B4
=7 Jehtor 35CoAAE 7)o Ao =tr) 22
Algro] BHEFE FAo] Yol om txTFolM e 27]
FE aMA g HIs] &do] BHA| YeRo E Al 4
3] "olAle Aoz ettt W 45TolAE 27|15
gA8o] YRR &gttt E3] 25T} 35T #Eles
o ol Z7ldE L7t 5342 AT IA 2
AZbo] AR 22t o SAo] W] sk

% malic enzymeol] <J3) pyruvateE A# &= HghH
o Bstt). wEbA malic enzyme®] 2735 YR 7]
Aalide 5718 2R F713 2004 EA4o] sl
el 2 A3 cM2 & 37139 21107
] F-ol] malic enzyme®] F0 2 AlF}alo] pyruvateZ A3
&R HgE o] ARl ge] ZAAES Ao A
Hot.

Carbonic  mecerationX2] Z=2| mdic add  dehydrogenase
g

Malic acid dehydrogenase:= malic acid®} B-NAD'2] Zxj
3}ol| oxaloacetate, B-NADH % H'Z A A7) A v 2
oxaloacetate2} B-NADHS] <] 3}l malic acid®} B-NAD"
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E WANTIE Gholth A4S =43 A Fg. 300
A} 7o) 25TCollM = 27158 A 4EAI7HA] EAd0]
=7 JeEbtoH 35T E Z7)d &40] =t} A8
AlZro] BHEFE GAo] wolxon tl2ToAMe 7]
FE Mol Hls] EAde] UiAl etz W Al H4
3] "olx= Aoz yelgdth vhd 45Col M= 271 53H
FogAo] YehtA] gttt} E3) thxFe] A$ 2%
B E484o] e AL =T AR Al Hrtske HE}
FirdFol a4 A TS v 7] wiel CMAE
B 27] 4o U Yehdes Blolg} AdhEth 45T 9]
7A¢ Aol YEUA e AL BHE G434 3o
259} HES- & Alolo A L5271 40T E Fow o)
ASFRATHE Aol B R0 45TE T AL A7)
= =8 ddHnh

150
120
920

60

Malic acid dehydrogenase
activity (units/mL enzyme)

30

0 3 6 10 14
Carbonic maceration (d)
Fig. 3. Changes in the malic acid dehydrogenase activity based on

the temperature during carbonic maceration process of Campbell
Early grapes.

Control(4p) and carbonic maceration at 25 C(H), 35°C(A) and 45C(@).

Carbonic macerationX{ 2] HEO| oxalacetate
decarboxylase &

Oxalacetate decarboxylaseZ4 72 Fig. 4 Ueld
A} o] MR o2 BE CMAZANA A 7=
o] =it Al 7|3te] AgrE B4 0] wolA]=
Ao E UEPHTE 22| T 35T 25T &A4o] =& AL
2 Ve A 394 a1 8498 Holthr} A48 vto}
A= Ao Yehgtt) b 45T A= &4do] gle AL
2 YEFY malic enzyme} malic acid dehydrogenase2} H]S:
3 A3}E Bt} Pablo 5(25)& malic enzyme familyol]
238} oxalacetate decarboxylase®] E42 FAsl= 2 ¢
ol A malate, oxalacetate, succinat®} 22 C4 compoundsZ -
E] phosphoenolpyruvateE 3 A|7]+= mechanism % C,
compoundsZ ©]-&& 4= §l= WE E. coli strainS malate9}
succinateS 3713+ minimal midium®l| 4] ¥i%F A] WH=F strain

o] C4 compoundZ- C; compound = HEA|Z 4= g17] ufj o]
medium®| 4] #37d3FA] B8} A AR, oxalacetate decarboxylase
gene®] YF strainol] =& W] succinate”} 3 7}E medium
oA 473} oxalacetate decarboxylase”} oxalacetic acid
27 pyruvates HAZE T A= HRTE webA
malic enzyme¥} oxalacetate decarboxylase &+ &4 EF
malic acidL} oxalacetic acidZ-E] pyruvateS A2 5=
Ao, CMAE] ELole F 84 B EAFgo R At
ol FE PHS Ao E HAuHnh

300
250
200
150

100

Oxalacetate decarboxylase
activity (units/mL enzyme)

50

&-
@

0 3 6 10 14

®

Carbonic maceration (d)

Fig. 4. Changes in the oxalacetate decarboxylase activity based on
the temperature during carbonic maceration process of Campbell
Early grapes.

Control(4p) and carbonic maceration at 25°C(H), 35°C(A) and 45C(@).
Carbonic
gd
Pyruvic acide= B9 iGE 2] 194 vpx|e AR
Z AAE A} malate’} NADP-malic enzyme2] 33k vt
o} A El= Edolt) ¥x 9] oy} malate”} pyruvate 2
AgE F g714 2719 23| pyruvate”} TCA cycleZ '@
017}A] %L ethanol 2 HEE v FIMHERZ o Egd|s}
ol=7} AAJsHAl Htl Pyruvate decarboxylase(PDC)+
pyruvateE S ELH|to|=E AR 7= GA4AF o] &
29] &L Hg 59149k o] 275 A9l ZE CMA]
2ol A 22] 3ol &do] §43] SV & g5l &4
o] FAIET7} A2l 10¢ ©]%F 543] A3tk CMAE
= J717 Zx10]7] wiitol] Ao gago] S5 HH
7 Foluyt i Aol &3 COE X gHstH
"ok CM 45CAH 2 = ¢gio] Yol= 433 CO7t
A= AP v|2o] g2 4347 2] pyruvate
decarboxylase™ £ 2= E 45 Yl 202
YEATE Yang 526> CMAE] 5 5 drlio] o] &=
< A7l BF 05-22%°] Welgkal Rasiqith ey
pyruvate decarboxylase®] €732 Th2 & Ao HI3| &/0]

mecerationXl2] ETS| pyruvate  decarboxylase
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A e Ao 7 YE=t], Bruemmer 5(27)2 A3
X% pyruvate decarboxylase®] &/ Th2 G480l v
3 g/gdo] v Ao R HuEUT
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Fig. 5. Changes in the pyruvate decarboxylase activity based on the
temperature during carbonic maceration process of Campbell Early

grapes.
Control(4p) and carbonic maceration at 25°C (), 35°C(A) and 45C(@).

Carbonic
By
Lactic acid =22 pyruvate”7} 22| F243F GE-3l9} 5A]
ol succinate dehydrogenase &/32] 7140 2Jsk K 7]
A 3FEC o3l doldtiar geix UThg). £ AlA
= 32 XA W) Fdsl= 84 Llactic dehydrogenase
(EC 1.1.127)8] &Ao] 5 Aol Q& A Lolr 7] 9Ja)
CMAE] & 84S S 249 ITdX e o] B4
o] YehHA] FATHAE mIAIA). o]9F 22 2R =2
Hts o) CMAE F 2k F7he Zikro] #od7]
wFolgt A T8 CMAH 2] ¥R At e
ztol7h U= A0 R Kol Zrkte] Aol 2271 & 9
< FA= AoE Btk B 729 YA pyruvate”t
lactate dehydrogenase] 2}-8-0 2 lactate7}A] Wa = 3
A2 AY gtk iR YL 0.7 AlgkE o] AAY
0, 2H&0] T WS E lactateS FH A7) thal
a e} A EAUAE o s dogitta g A
U=H], Borsani 5(29)9] Ewol A3oA 8 & Ha
Z LDHY] 42 $IA9F PDCS} alcohol dehydrogenase
(ADH)2] A& =71EQthar B a1} al, Germain 5
(30)2 ErlEo|A LDH genesS FRISHAAT 24 ~EH|
2ol whg Whg-ollA LDH #d0] 714 5 A=ekal Bal
3t LDH &4¢] A glaS & 4 AT o]9} 2
ANZHE] CMAE Al Abibe] Zhae Al tiAbEA
B 280 IS e AoE Ao, Aike F
e EE A BaAE o] AAEE o] o}

meceration’2| ETQ| Lactic  dehydrogenase

d 20T ge oE el o) wAE AoE B
5 9ie,

e

kO

of
2F

Carbonic maceration*] 2] XX glo] F-7|AF E3] A
It S FaATIE T d9ES Fa XS 2F
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