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Changes in Fermentation Properties and Phenolic Contents of Muscat Bailey A Wine by LED Irradiation Treatment

Sang Wook Kim and Gi Dong Han*

Department of Food Science and Food Service Industry, Yeungnam University, Gyeongsan 712-749, Republic of Korea

There have been several studies on role of hormesis with light stimulation, however, the influence of light on fermentation is
still poorly understood. In this study the relationship between LED (light emitting diode) hormesis and ethanol fermentation for
Muscat bailey A wine was investigated. Two LEDs, one blue (453 + 4 nm) and one green (522 + 3 nm), were used. Both LED
groups showed an inhibited production of lactic acid. The blue LED stimulated the growth of the yeast in early stage of the fer-
mentation. Polyphenolic compounds and their antioxidant abilities were significantly increased by the green LED. These
results demonstrate that LED irradiation must bring about hormesis and affect the growth rate of yeast in the early stage of the
fermentation, and the contents of phytochemicals during fermentation. These findings indicate the possible application of LED
hormesis for the wine fermentation. Further studies are needed to understand how LED irradiation induces hormesis effects

during the fermentation process.
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Neurospora 4:9] I3t A[17]9]1 4= LED”} mycelium %
conidial A Q] o3k U]f(]_‘: Aoz L]—lﬂ—u'E]- O]fﬂﬁ light
stimulation©] AFu 4= Ao hormesisE e
E]_L_ /\Pu o) 1—,].71—24 oz Hl—o:lz H]— %1014. Hl—_g_z Z-]_Q_}\]—Eﬂ
of 3k A= obF A vi7E gt o £ AAA=
Mustol] FH-& A2 5 HF3 T Fado LEDE £ASH
O:] Must®] HaEAT S =4 FF HIE s}

1, ¢kel W2 LED9 93 hormesis®] &-Hta} o]o] A&
A48 A ek

We ¥y

A= 2 9polo| HIE

H Ao Al g #F= AL S bayanus EC-1118
(Lallemand Inc., Canada)& YPD broth medium(Yeast
extract 1%, peptone 2%, glucose 2%)°] 48A]7F 150 rpm
S 2 ZgujoFsle] 4000 rpmo|A] 208 centrifuging & A}
ANE A|Aste] AHESEATE Musts Ao Al Afujgt
MBA(Muscat bailey A) 494 1000 mlol| F++2] WAL
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7] 93 100 ppm@ Potassium metabisulfited £5H4
ou £Y T 4ATEN HY AL AL TS, N

#5Z5 1.5 % 10° cells/ml FZ3t4ch HFo] 4= EH Must
L o] ZAEA] %= control groupDt 22 453 + 4 nm o}
9] Blue LED, 522 + 3 nm 3}49] green LEDE ZA}5}
™ 30°CellA] 1047 ST FFHIL 1, 2, 3, 5, 1042+9]
sample 2 F5to] Aol AHE-3HFTE

LED irradiationZX|

LED®| 9% hormesisE +&3t7] H3) A AH&-H
453 £ 4 nm(blue), 522+ 3 nm(green) T}A9] LED= XHY
OPTOELECTRONICS(GX-HP10W-B, China)o| A AJA+E
AZ o2 7} chamberd = 7]7} 59 x 67 % 38 cm®¢! four-
chamber incubator Ao AX|slEon, & WA whE 1
F 1 22837 QL= 517] §15H9 cooling fant heat
sink7} H&Elo] AAFH 227t FAHEE st A/ A
48 AC adapter(0-2 A, 0-12 V)& o|-&3lo ZF315ith

wUE I sl

M #4+E= YPD agar M A](Yeast extract 1%, peptone
2%, glucose 2%, agar powder 1.5%)E ©]-&35}4 spread
plate method2 T3t & }343te] 30°Col| A 48417k vl
S Ut Aeg BRY AReE ASset

EE U B s
W] DHE T 2HES AOAC o] w1 AL

o] A/ Refractometer(Master-M, ATAGO, Japan)S A}-&3}
o 274319t B9y &2 DNS(dinitrosalicyclic acid)®
o2 A& 250 plof] DNS Al¢F 250 plE H7}eke] 95°Co] A

7 HSAIR Ty SRS 1 ml H7tsto] BFFEA
(UV 1601PC, Shimadzu Co., Kyoto, Japan)E A}-&35}4]
546 nmo| A SFEE A3} glucose EETA O ZHE
s S SHabskqlot

Table 1. HPLC condition to analysis for organic acid.

Instrument Condition
Model Waters HPLC system
Column Bio-Rad organic acid standard

Aminex HPX-87H (300 mm x 7.8 mm)

Injection volume 20 pl
Column temp 40°C
Solvent system 5 mM H,SO,4
Detector UV@210 nm
(2489 UV/visible Detector, waters)
Flow rate 0.6 ml/min

http://dx.doi.org/10.4014/mbl.1508.08002

QI Bty

F714k e A& A 3 2okE 118 5] (High Performance
Liquid Chromatography)& Al-&3lo] 243} ct 25 &
ML citric acid, lactic acid, malic acid, tannic acid,
tartaric acid(Sigma aldrich, USA)E 5 mM HySO0.¢l 5=
HZ 314319 4000 rpmol|A] 208 centrifugingd}i 0.2 um
membrane filterd] 33t 3 FZAFIT AL 2451 A}
g3ty on, 4714 3 HPLC 24 24L& 2ot
(Table 1).

st St

MEg S FAY FREAFYN et dReR
&5+ 1% 24T AR 5 mi PR Y3 KMnO, &
o} 9 ml& 7}5ko] 30°Col|A 1587F W3t & CyH,0, |
2 mlE 7}5ke] 2AISEL CyoH oN3 HeSO3 29 5 mlE 7))
o] & 3FE T 30°Co) A 3087 LEE 9AatT) e
goz Heet et e R LA DT} v Mt 1
SR o FA g wieE Fote] EYgEE - (mg/m) o
2 35 590 nmol A 24t

ol

Fusel oil gzt

FAG g 2AY FRBAFA) det B2 W
3| FA g AR 1 ml& A|gTof| Y11 0.5% CsHgO3-HaSO,
2 ml& 7}sto] 343 &, 100°Co A 387 7HEsta S/
4 1 ml& 713ttt 158 & #2389 1 mlE 22 o=
e EEGAAAT vl stel FALURW0OZ o)
Fem, 500 nmof| A Z4 skt
Z E2uls &

Zelols $E Cuifinger®] W[OS Wstol, Folin-
Ciocalteu reagent7} &N 9| E2)#= 3tgE0f o) &
4 27 ZeHd FAo g HAsE A 42 545
At &, 29 0.2 mlo| Folin-Ciocalteu's reagent(Sigma,
USA) 1 mlE 7}8te 387 ¥h-g-A17]aL of 7] o) 10% T4
EE 0.8 mlE 7S & 1A7F ¢ Ao A FAT &
765 nmo A FFE=E SsIF o E2¥E FF2 Tannic
acid 9] EZZHL ol §5te] eyl

9'|_I
IL1]

& EeiEo|E B
% SYE 0| E Zhuang 59 WH[19]& HFsto], A
# 0.2 mlo]| ethanol 0.8 mlE Y1l &3 & 2%9] AICl,
|95 1 ml F7bskar 147 §EEAI] 420 nmof| A &3
£ St on St o= FE2 quercetin &4 F
EIAE o] &35t e it



£ ot=Alofl B2

A& 9] tEAJoPd ATE Hosseinian 52 pH differential
method [10]9] wa} &ASETh A& 1mlo] 0.025 M
Potassium chloride buffer(pH 1.0) 1ml & 0.4 M sodium
acetate buffer(pH 4.5) 1 ml2 ZtZ} £35fe] vl o] 533
= 7S 510 nm®} 700 nmo| A &A% T cyanidin-3-
glucoside®] &7 4(c =26,900 Mlem™)E 0] &3}o] o}
9] 4Jof ofa) kEAJo L AT,

Total anthocyanin contents(mg/l) =
(AXMW x D x1000)/ (X V)

A(absorbance value): (As10nm — A700nm)pH 1.0

- (A510nm - A700nm)pH 4.5

MW (molecular weight of cyanidin-3-glucoside): 449.2
D (dilution factor): dilution ratio of sample

¢ (cyanidin-3-glucoside molar absorbance): 26,900 M-cm™!
V: final volume of sample

FRAP £X

FRAP assay= Benzie & Strain®] WH[3]S AF&3st4 T
FRAP 43S 93 HF-3-9H-2 scetate buffer(pH 3.6, 300 mM):
10 mM 9] TPTZ(2,4,6-tripyridyl-s-triazine, Sigma, USA) :
20 mM2] FeCls-6H,0 10:1:19] v &2 &35}0] A}ﬂ
stge, g gols RS BFato] 08 WA
593 nmol| A &4t th A H FF =+ Ascorbic amd—E—
EFEOR ol§sto] The EEHFTA | thYste] Ascorbic
acid equivalent mM=Z FA|3} %t}

DPPH radical scavenging &4

DPPH radicalol] tjgt 2484 Z74-2 Blois 52 W [4]
S HY3slte A]E 1mlo] 60uM DPPH(1,1-diphenyl-2-
picrylhydrazyl) €9 1.5 mlE 7}38lo] 3027 WE3A17] &
517 nmo|A ELE2 2% —‘5} DPPH H7}19} ethanol 3
7ht9 FFE Ao|E H| IR &, o 9] A& o] g5t A
At

DPPH radical scavenging activity(%) = (1 — (A —B)/C) X 100
A: sample + DPPH absorbance

B: sample + ethanol absorbance
C: DW + DPPH absorbance

SHZEAL
A 2= 25 33 HHESo] P+ EFHAE UEHY
o, A4 2= SPSS 21.0(Statistical Package for the
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Social Sciences, Spss Inc., Chicago, IL, USA) T 2 13
olgsto] AN 7t o] TE Gl BaE
(analysis of variance, ANOVA) ¥, Duncan’s multlple
range test& AAIH p<0.05 FEoA AF3HAH
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Fig. 1. Changes in the yeast viable counts (A), Soluble solids
(B) and Reducing sugar (C) during fermentation of must by
Saccharomysces bayanus EC-1118 with LED irradiation. All
values are expressed as mean = SD in triplicates.
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2i 9 0y
d4e F 29| MzE 9 olzfet £

LED irradiation®] 2J3F Must?] 9 £= HIE gAY
5t7] §lste] Fotpet AN PR o, AT FF
£ &9l A1t Fig. 13 Zth Control¥} green group]
B]3] Blue 42 irradiatedt group?] @aE %7]¢l 2¢9
A 39 Aol AZ4T} BT A7)0 HOIEE 4EE L
Ao Z el Oom(Fig. 1A), &8 £ & 4% &= % Blue
group®] ThE groupe] H|F} WE Aoz eyttt ST
FHe wE 270 ANHoE FAAL WAt A
Ho| ot Z4de AgL E9th. LEDE irradiatedt
group©| control group®| Hl3] W& Z7]of F2 AT
Ft 1Y ETFE JeEtW =0, ©]= LED irradiate® ¢
3 7] daLE7 EXEHo o @2 ¥ AT
ethanol2 A= 7] B¢ A& EIth(Fig. 1B,C). ©|
+ LED®| &3 Malassezia 85 9] 50| A3 & rh=
Wi 59 d[18]¢F ARt e, o] A= yeastd]
Aol B2 mediume] B 24 Aolg e o)
EZI Musto] 93 LED sbgo] 24 9 B4kl o3t Ao
2 AlgHoh

e

A HS)

HaE APstA @2 normal groupdt Pt Ha gt
control group, 18|11 ¥& % LEDE A3 groupd M=
£ vusE 23, =5 YW= Lvalue?t 3N =5
Effj= a-valued] 524l Zfol= YelA] ggrom, 34
T2 U= b-valueZ} ZASH= AL H P21} control
group} LEDE irradiatedt group 7+2] Z}ol]&= Yehr] o
Sfth(Table 2). LED irradiation X 2|7} ¥ &% Musto] A
ol FFE vAA g A= Vet

ol [

LI Bt

Must®] Tannic acid TS 2 E groupZte] 929l 2}
o]7} g1 o}, Citric acid, Tartaric acid, Malic acid®}
Lactic acid+ control group®] H|3] LEDE irradiatedt
group®] &-& &FE YEFHtH(Table 3). £3] Lactic acid
o] Zpol7k A YEt=d, o= A Aol 3
Lactobacillus plantarum, Lactobacillus breuvis, Lactobacillus
mesenteroides®] A &0] AA = ch= A2, 8, 16]9 &
2] 8tg 2™, LED irradiation®] 98] H& % ZAF o A
50| A3} F o] Lactic acid &go] WA UHetd Aoz A
==

Table 2. Hunter value of fermented must by Saccharomysces bayanus EC-1118 with LED irradiation.

Normal® Control Blue Green
L-value 25.3+3.55° 23.88+£0.362 24.05+0.032 23.24 £ 0.052
a-value 11.29+0.778 11.32£1.148 10.61+0.062 10.05+0.03°
b-value 3.99+0.81° 0.09+0.31° -0.23+£0.042 -0.45+0.042

Normal: non-fermented, Control: Must fermented in darkness, Blue: Must fermented with treatment of Blue (453 £ 4 nm) LED,
Green: Must fermented with treatment of Green (522 + 3 nm) LED

DAl values are expressed as mean + SD in triplicates

3Means with different letters in a row are significantly different at p < 0.05 by Duncan's multiple range test

Table 3. Contents of organic acids in the fermented must by Saccharomysces bayanus EC-1118 with LED irradiation.

Control" Blue Green
Tannic acid 0.2133 + 0.000323) 0.2133 +0.0005% 0.2133 £ 0.00022
Citric acid 0.0706 £ 0.0003¢ 0.0692 + 0.0008° 0.0629 + 0.00072
Tartaric acid 0.4191 £ 0.0002° 0.4195 + 0.0002° 0.3891 +£0.00102
Malic acid 0.5381+£0.0018° 0.5138 + 0.0030° 0.4827 £ 0.00262
Lactic acid 0.7607 £ 0.0010° 0.5715 + 0.00642 0.6051 + 0.0049°
Total 2.0017 £ 0.0034¢ 1.7872 +0.0099° 1.7531 £0.00532

Control: Must fermented in darkness, Blue: Must fermented with treatment of Blue (453 + 4 nm) LED, Green: Must fermented

with treatment of Green (522 + 3 nm) LED
DAl values are expressed as mean + SD in triplicates

3Means with different letters in a row are significantly different at p < 0.05 by Duncan's multiple range test
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Table 4. Contents of methanol and fusel oil in the fermented
must by Saccharomysces bayanus EC-1118 with LED irradia-
tion.

Item (mg/l)
MeOH Fusel oil
Sample”
Control 837.00+26.462  414.21+53.27
Blue 945.67 £21.39 375.31+£66.35
Green 996.33+140.46  429.38£12.78

Control: Must fermented in darkness, Blue: Must fermented
with treatment of Blue (453+4 nm) LED, Green: Must fer-
mented with treatment of Green (522 + 3 nm) LED

2All values are expressed as mean + SD in triplicates

=

o] AFNM= AUH SR Ho| AREE= Saccharomysces
bayanus EC-1118% ©|-&3t Z=FF A|x3}5oH, fo]
HE JE AL SAE A7AE %, % 5 BE5Y 54
< Zelste] BE groupo] BF A or AT}
o2l RS HASYT £ EEF ol4urac] A%
El&= methanol¥} fusel 0il9] $HFS B A5t 4=
79 HG4dA AHEQl methanol Elo] E3jj= o] A
 oRQl o] LAY A HE AMEE= ALRE A glon,
fusel oil> 2}Qlof| E3FAQl gu|E HoAsA|q F=7} o}
AW 2358 ol o] HE FUett YAEF LED S
irradiatedt must®] Y FL¢ IS FFL Table 29 o} =
£ group®l 4] methanol ¥3Fo] = 7]F<1 1,000 ppm ©]
S et B4 93g wasl AREULE AT
4 AW, 2t grouptte] 2179 Aol UehA sk
|9k, ek 3RS control group®|, Fusel oil S blue
groupo| 7 W& HS B th(Table 4).

B

bl

T

ffo
T

o
A

Hi=d sfelE

Must &% Antioxidants] 35F H3lE v|n 243 2
I} LED lightE irradiatedt group©] W& =Z7]9] total
phenolics, flavonoid, anthocyanin 25 control group®]
Hlg =2 dFe UEtlen, 53] green group®| &
groupd]| B|8l =& TS Ech(Fig. 2). AV APFol
ufe} BE groupe] gepol WA astglid), ol shel
A%7]9) flavonols, anthocyanins, phenolics7} Z7}5} % th
b a7 WYEBA B3 ok Bumsel A7)0}
AR A3 UEh o

Siitst 2
522 + 3 nm TA2 irradiatedt green group©] W H X 7]
o] T2 groupd] H]3j =& FRAP &4 3} DPPH 24 &
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Fig. 2. Changes in the total phenolic contents (A), total flavo-
noid (B) and total anthocyanin (C) during fermentation must
by Saccharomysces bayanus EC-1118 with LED irradiation.
All values are expressed as mean = SD in triplicates.
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Fig. 3. Changes in the Ferric reducing ability of plasma (A)
and DPPH radical scavenging ability (B) during fermentation
must by Saccharomysces bayanus EC-1118 with LED irradi-
ation. All values are expressed as mean + SD in triplicates.
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o] HLo) A= Muscat Bailey A wine A|Zo] glo] ¥FE
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£EX 9 v SR Y GASEHS control group
T} v 23} Th. Control group?] H]3] LEDE irradiatedt
group?] §7]4F 24 F Lactic acid ggFo] WA Yehgs
o, o= LED 5t39] Akt A5 AJaf) Ao ©pE Ao 2
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of vja) a7 WE FFS Koy 39 FRH= o
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£ groupdt 2 o] E HoJA| ¥, 522+ 3 nm 349
green LED= ¥& 27]0] th& groupdl H|3 &2 4t3t
4L Yeltt. o]+ LED irradiation®] ¥& % hormesis
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