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Properties and sugar composition of an apple vinegar beverage
containing oligosaccharides during storage

Jang-Ho Shin', Jin-Hee Chang’, and Jung-Ah Han™*
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*Department of Food and Nutrition, Sangmyung University

Abstract In this study, we prepared apple vinegar beverage with different acidity levels (low and high, LA and HA,
respectively) containing fructooligosaccharide (FOS) or isomaltooligosaccharide (IMO). The changes in their properties and
sugar composition during storage (at 40°C for 6 months) with those of the control (sample containing sucrose, SUR) were
compared. The reducing sugar content in all samples increased during the storage, except for IMO-LA, and SUR showed
the highest values. More organic acids were found in the HA samples than in the LA samples. The browning degree,
turbidity, and total phenolic content increased during storage in all samples although IMO-LA showed the least. The IMO
amount was maintained in the sample during storage. However, most of the FOS and SUR were degraded into glucose
and fructose. In conclusion, the properties of low-acidity beverages could be better maintained with the addition of
oligosaccharides compared to SUR, and IMO was more suitable for this purpose than FOS, when considering functionality.
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AFOZ APgo] S =HA (Park, 2018), ZY F2=0F A 4]
ko] A3mrt e A7 Ee Boke F53 WAl 3lrk(Hwang
3} Pyo, 2016).

O A] 3T

BR AR AP 2 Sefehs AF
O]iﬂ

EFE HRAEE F Y
O Z(Yoon, 2018), S EF| FFE THe @utS uiH
WellA 2238 Ui hoez Aled F m:}(ﬂavel 2005), 17
U AW EE 2ol Aoy WedRE AEe] GAFE =0
o HAHF Al AT S 2 A2 %h%fﬂ WY ES Fo|x
(Malik 5, 2010), ©]4A 2 8% (Van Rompay &, 2015), AT
-(Dennis 5, 2017) 52 THIRES 2T 5 Q7] wiEe 24
2o} A g7 2 diA AR R st ARRE] 2= A
&Ho g Z7kslal YTHKIimI Lee, 2016).
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710 2 (Hidaka, 1987), 3-8/} Ao Tdi7t A%st dasHd &
F3ES 33 H(Fioradaliso, 1995). <2352 ’}j—?] T 43}
S HA & g mesie] A felwelA AgFes
olg5o] A #EE 7NAAI7) AL (Rousseau, 2005), EZ BN
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o] SAY HWrktiths Wi A3 AritHte E9%40H, COo,
AR 7Pt = The A7 (Son F, 2005), 22| 23S H7HE
o) Az gadels L] Hrleke] F7MEEE /8
T FFe Sl FU1d e gAEtiE A7 (Woo B,
2007), EAeg ZgESEaT A7t BRIl A A
e AHHT & AL HAts ATN(Yi 5, 2017) 5]
BERY a8y E|xgE BE 7)Eo] ofd HrigozA
50 7K & A7k wE S5 Wl &) EA
o] daire dd B gk

A& A7kst gEjade] gAY AHE ATEE AR
©] panoseq! ©|ATEZE TG F3} Atof|A A o] (Kweon
7} Yook, 1994), 140°Ce] 7}E273} pH 3.09] A ZAGNAE
vl Aoy ZFESE YL EMgsite 23Kim 5,
1995), Aol H7ist ZHEge| vy T dad
A F AAE 93l gERE BEaEHAoY o|AUEST| AT
org A olAth= AZH(Yun 5, 1996), WA Az Hrta =z
Eggage] Az MR F Tl FA Tasidnke
A7 Bea®t Yoo, 2019)9} AES 100% 22| LFOZ thA| sk
Azd D717 BRAFSNAM o] ATESTIES HYF ol
oy ZFHESHIYLS 12PEE ZA2EPttE AFShin 5,
2019) 52 B3] dF 2T E3 4 Foll FHoFs AE9]
7Fe 2 AR, fEdAlNA Bl £ doke EAFe] AlZlE
vl itk wEbd B Apode Az ks delsle] Ales
243 F F7 2SR GTFHE dAlsle] 474 ZgE
AUESY IS HUKlL ol& Y-S kS
7hl w2 FAE4S vasiden, A% 5 &8
B3l 2 S ERlstaat sk

o

o

< oH
A M=
Aze582 AZol a3k A3 Z(Daesnag Co., Seoul, Korea),
hyap=d

ZE22 LF(FOS, CJ Cheiljedang Co., Seoul, Korea), o]
EET G (IMO, Daesnag Co.), “H(Samyang Co., Seoul,
Koreay> A& &4l g nlE A Y8t &80 418 &
v}l acetonitrile (HPLC grade, Acros Organics, NJ, USA)3}
IMO &l A8-2 %2221 frucose, glucose, maltose, maltot-
riose, maltotetraose, maltopentose, maltohexaose, maltoheptaose 3!
D-panose, isomaltose, isomaltotriose, F7]4F HHS 3t TFEH
9l glucuronic acid, malic acid®} acetic acid, ¥ % Z&dE &
%@ ZAd Q3 gllic acide Sigma-AldrichAK(St. Louis, MO,
USA)A F3tdal, ZeESead A 9% Z-EH9
GF2 (1-ketose), GF3 (nystose), GF4 (1F-B-fructofuranosyl nys-
tose) = Wako Pure Chemical Industry Ltd. (Osaka, Japan)ol ]

Fhste] ALgstc,

!
BAEE ARZ T3S 35% (ww) 71 asle
(High Acidity, HA)®} 25% Z71et A2 (Low Acidity, LA) &5
TR YR, 7 SR ZHELIZFOS), olAUES
22 (IMO), AB(SURYE 77+ 15% (wiw) H718E § SRTE
3|M3te] A zATh AzE A2SEE F40] e FE87]
of Hol Wge F 40°Ce] F271o Asslon, Az T
o] FRE A A= AL, T oHLEZ AstEA wf &
Tl 548 wrksii
pH ¥ Shale SHEkEN

A ZE52 pHE pH meter (SevenEasy 520, Mettler-Toledo
Ltd., Schwerzenbach, SwitzerlandyS ARl =431, 3 g+
2 DNSHMiller, 1959y o]&sted thezt 7do] Z7gsiich
200 H} 34 %28 1 mLol DNSAIYF 1 mLE 7}ate] 108
7 FEE ¥, 75T 3mLe 7hete] 546 nmoll A wd-g A
(DU730, Beckman Coulter Inc., Brea, CA, USA)E o]&3] &%
=5 =43} GlucoseE: RTEAE AL A3l o]

of sl L FFS Feidrh

PR

R 2M

AzERY f714 FF E4E S8 AE 1mlE FFF
108 843131 0.22 um syringe filter <I3}8k & HPLC (Dinox
Ultimate 3000 HPLC system, Thermo Fisher Scientific Inc.,
Waltham, MA, USAYE ©]-83l 43Tt w4l AR8-3F Column
2 Acclaim™ 120 C,, (5um 120A, 4.6x150 mm, Dionex COT,
Chicago, IL, USA)°|™ #4=7L Table 19 YERASATH

Mz gl Bl &3

A% Sgo AL B A%x $8 1mlLE Fsl &3
F=A (Beckman Coulter Inc.yS o183 ZHz} 420, 600 nmolA &
FEE Z45IATh

Az 89 F ZdHE FFL Folin Dennis H(AOAC,
1995y ol&ste] thaat o] Sgsilet. z2te] A% &8 100
uLoll 50% Folin-Ciocalteu regent 100 uL.g #7}et & 587+ vk
Al713L 2% Na,CO, & 4mLE 7ste] haolx 3087 vk
AlA wrglo]l S35 B33 = A (Beckman Coulter, Inc.)E ©|
&3te] 750 nmollA] Sg3ATh & EElElE SREY] FE2
gallic acidE ETEAEZ HEFTAE A5k, ol tiyste
gallic acid equivalent (GAE)Z WER ST

Table 1. HPLC condition for determination of organic acids content and sugar composition

Organic acids content

Sugar composition

Column Acclaim™ 120 C,,
Mobile phase 20 mM H,SO,/DW
Column temperature 40°C
Detector UV 210 nm
Flow rate 0.8 mL/min
Injection volume 10 uL

Amino HPX-42A p-Bondapak-NH,

Water Acetonitrile:water=3:1
65°C 35°C
RID RID

0.8 mL/min 0.8 mL/min

10 uL 10 uL
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Table 2. Changes of pH and reducing sugar content in vinegar beverage with different sweeteners and acidity during storage
i Storage time (month)»9>
Characteristic ~ Sweeteners" ACldl;y £ ¢
level 0 1 2 3 4 5 6
MO LA 3.26™ 3.23% 3.25%A 3.25%A 3.23% 3.23% 3.20%
HA 3.18%8 3.19¢ 3.16® 3.17%P 3.16® 3.16 3.17%®8
- FOS LA 3.25™ 3.25% 3.24% 3220 321 3.19%® 3.18%AP
p HA 3.18™8 3.18"¢ 3.20° 3.18™P 3.16°P 3.13%¢ 3.13«¢
SUR LA 3.25% 3.21% 3.22'% 3.20¢ 3.19¢ 3.16% 3.12°
HA 3.198 3.19%¢ 3.18%¢ 3.16"F 3.15°® 3.13¢ 3.09%
MO LA 118.78* 112.33"F 115.45F 119.64 95.88F 114.13™F 106.47™
HA 119.17 100.13"™ 123.90°F 128.90™F 120.38%P 131.56™® 127.26™¢
Reducing FOS LA 36.67 162.00%® 174.47< 180.17°° 168.81°® 188.10* 189.04®
sugal HA S0.07% 125420 13046 19432 174.74C 186,66 19127
(mg/mL)
SUR LA 3.65%° 199.48 233.75® 233.32° 242.58* 242.74%8 237.11*
HA 4,12 135.62¢ 245.90°4 258.17* 240.35" 251.26™* 249,034
YIMO: isomaltooligosaccharide, FOS: fructooligosaccharide, SUR: sucrose.
ILA: low acidity by 25% cider vinegar and 15% sweeteners, HA: high acidity by 35% cider vinegar and 15% sweeteners.
“Data were expressed as mean of triplicate determinations.
“Values with different small letters within a row are significantly different (p<0.05).
DValues with different capital letters within a column are significantly different (p<0.05).
g 42 B4 7] W&ol (Gourineni &, 2018) A% F wAEC] oJat S/ LF
343k 2% S8Z 022 um syringe filter (Millipose, Burling- 9 st Kol weEh pHF A ¢ ok 2Ev 2 A
ton, MA, USA)E AME-3 #+23}$ & HPLC (Thermo Fisher TFolA pHO 747t Akt o)k 7t g 9§ AR E
Scientific Inc)AZFlol FAste] T Ate E4 stk 24 Al &7] fEiM e AaEEE AR Al Az W mES JE o
AHE 23S Amino HPX-42A (300x7.8 mm, BioRad Lab., T, B A 7 Y nAEY 79 7S gels] fs
Richmond, CA, USA)$} p-Bondapak-NH, (10 um 125A 3.9x300, F7AE 9o Aow AzbEnh Ay Hrikto] &8ad A
Waters, Milford, MA, USA)°l™, Z}A|gF 4] =712 Table 19 7Rt foFog e pHE BYed), ol ool 93 &
LER Tt olgh= 7Hd olglol] & FEje] Awo] A FEiQl el
HoZ

SAHIX2|

BE wAAYLS 33 ol v SA4sAL, 54 dAI= SPSS
(Statistical Package for Social Sciences, Version 23.0, IBM-SPSS
Inc., Chicago, IL, USA)E ©]&-3le] EAHEAS AHASIAT 7}
AE 7ke] 907 ol WANPOR p<0.05 oA Fol3}
£ AR

47} o nE

Alx 89| pH H35}

AP A= deigt AxgEe] A% F pHel Wsl= Table
29} Atk 2 Aol AEEFE] pHe ARMESF(Low Acidity,
LAYE 3.12-326, ZAFES-E (High Acidity, HA)E 3.09-3.199] ¥
A= 2AHEJ o o] ge Kim 5(2010)0] A3 Al# 32
%9 pH ¥ 2.75-3.77 el ZF=QUch A 717ke] S7HEe
5 Az F89 pHe WoRE A4S Btk Az 2504 A
Y A7 SUR)S pHYE frolF o2 71 wom, & A7t
B Hrhde] FFol WE pHe| Wsle IMO Mkt #a &
o] 7H Z31(031-123%), TH-S 2 FOS (1.57-245), SUR (3.13-
4.00%) =02 YERIT MO FAEQ panoses AF QHFAI 0]
-3 (KweonZt Yook, 1994), Aol &% 2 tige] mAE
S0 o8] =¥ &x2 d¥u BelEe goz A o], A
A FA® AR HHE A pHO #Aavt 7P e W
™, FOS2| 7% Wikde] gl wE2A dass do8 BR/E

I HwE] B Wz Qg HrbE ZF45 o] A
Q7] WEo R AGHT} Lee 52005 o] %2 H7sh
=

= = >

Table 29} 7o} Az U A% 89 39T FF H7dol
2 Fo42 2olE 2o, A¥ H7REHSUR)®] 3.65-4.12 mg/
mLO 2 7 Woky, THESE Y H7RE(FOS)O] 36.67-50.07
mg/mL, °|ATELIT H7HIMO)°| 118.78-119.17 mg/mLE
w7 YEAE(p<0.05). IMO-LAS A3k AlEe
A7 717ke] At wet fojHoR vtk A#E Bivh
(»<0.05). SUR ¥ FOS®| 31 s> 27 gk 2| 27} 135.62-
199.48, 125.42-162.00 mg/mL=E F243] Z718193 ©]F 6271A]
kA Frkshs s Bilom, 58] SURC| 7 w2 g
A FFE Hols Ao IRIHAUTHp<0.05). IMO2| 75, 4F
T 2 A 717kl wet 118.78-127.26 mg/mLe] &S LERfo]
FOS % SUR¥ H|wg wf F7} Fo] wj9- Aot ol A+
A7¥Ee] Ak QFgAdel wE Z1o & Holw, FOS? SURS A

F A RSl E QlE B el Sk o, IMOoE
skl BalEA] oo T k] RSt A

PE Aoz 2 & tkKweonZ}t Yook, 1994). Aol ul2

o > oX fir
o
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HElE BH AL HT AT AgA] BT o] =2 7 A3 AW 7712 FFES =ole 9 71548E Ad /71
e Hol w2 AnolA H7ige] fajrt o & dojdti & Aolgtal dEA A=d(Pak 5, 1999), & f71AR 2 %9
T Atk FHE ARste 8% 8otk AME Hx SRS IR
A% F759 acetic acid S ZH7} 14.51-16.19, 20.50-22.20
Alx ZBO I B mgmLe] HE {714 5 7P 22 FFE AAL JYLe
2z 714 F79 e 98 o9k nAEY TR ™, malic acid®} glucuronic acid®] =R 2bwol] w2 Zjol= 2
gy 5ol uel gkt 4214 vk Mato et al,, 2005). Qo AMZ B ¥ES AAS UYL, A=, JobE, A%
B AYeA H71EH AEE gEle 22584 Table 39 Y 717kl mE {714t 24 Zpolt AT AFE HolA &%k
ERdl BR9} 7Fo] acetic acid, malic acid, glucuronic acid 3%°] 5 ok B Ao Ag7F AT Al 2ol AES E3tste] A
H §714e 2 AEEHAY. Acetic acide HaEHY T AN 2% FRolEE AR F Lart HAdqH7] AHE F A
Zgo7 MYEE NEH 71418 malic acide Ao FQ 7] Wl AlE 7F A 717kl e {715 S % 249
AEOE AIE Y8R she & B Az 23ista st W7} FREkA] 2 Ao Bzl
Auks Hojsls f714kelthHwang® Pyo, 2016). B3+ glucuronic Kim 5010y A& 2% AA F7)4ke] e acetic
acide= T2 A AP AUH, g5l o dH= acid ¥I&(A/T)S 0.74-093] W9kl Bagh vl o, Jo &
Table 3. Change of organic acids contents in vinegar beverage with different sweeteners and acidity during storage’?¥%59
Storage time Acetic acid content (mg/mL)>"”)
(month) IMO-LAM IMO-HA FOS-LA FOS-HA SUR-LA SUR-HA
0 16.19°° 21.51™° 14.51%F 22.20¢ 15.20" 20.50™¢
2 18.20™ 19.72mN8 13.72°N8 18.79°N8 12.70°N8 22.11™NS
4 16.01°" 21.01™* 14.88"® 2221 15.63" 21.42™*
6 14.73%" 21.83™* 13.10%¢ 21.23* 14.67" 20.90™*
Malic acid content (mg/mL)
IMO-LA IMO-HA FOS-LA FOS-HA SUR-LA SUR-HA
0 2.40™B 2.59B 3.20 2.10" 1.20° 2.51"
2 2.91% 2.61%B¢ 1.50° 2.09°¢ 2.39°5¢ 3.79*4
4 1.89°5¢ 2418 2.20"8¢ 1.10" 2.71%4 1.70°
6 3.82% 2.88%® 1.80¢ 1.73%¢ 1.70% 2.52%8
Glucuronic acid content (mg/mL)
IMO-LA IMO-HA FOS-LA FOS-HA SUR-LA SUR-HA
0 1.60°° 3318 2.40%¢ 3.62% 2.17%P 2.70°¢
2 1.10% 2.42% 2.70% 2.90% 371 2.40™
4 2.40% 3.33* 2.70% 3.68* 2.20% 1.50°
6 3.10" 2.38% 3.40"° 2.01¢ 3.70* 2.90™
Total organic acid (mg/mL)
IMO-LA IMO-HA FOS-LA FOS-HA SUR-LA SUR-HA
0 20.19% 27.41™* 20.11%¢ 27.92* 18.57 25718
2 22218 24.75™NS 17.92° 23.78™¢ 18.80™ 28.30™"
4 20.30"® 26.75™* 19.788 26.99* 20.548 24.62%4
6 21.65® 27.09™4 18.30°° 24978 20.07%¢ 26.22:4
A/T®
IMO-LA IMO-HA FOS-LA FOS-HA SUR-LA SUR-HA
0 1 2 3 4 5
0 0.80™" 0.78"® 0.72%¢ 0.79c® 0.81* 0.79b*®
2 0.81%® 0.79** 0.76™ 0.79® 0.67% 0.78"8
4 0.68* 0.78" 0.75® 0.82"8 0.76* 0.87*4
6 0.68" 0.80"® 0.71°¢ 0.85™ 0.73° 0.79°¢

YIMO-LA: blend of 25% cider vinegar and 15% isomaltooligosaccharide, IMO-HA: blend of 35% cider vinegar and 15% isomaltooligosaccharide,
FOS-LA: blend of 25% cider vinegar and 15% fructooligosaccharide, FOS-HA: blend of 35% cider vinegar and 15% fructooligosaccharide, SUR-
LA: blend of 25% cider vinegar and 15% sucrose, SUR-HA: blend of 35% cider vinegar and 15% sucrose.

YData were expressed as mean of triplicate determinations.

Values with different small letters within a column are significantly different (p<0.05).
“Values with different capital letters within a row are significantly different (p<0.05).
9The superscripted ‘ns’ in the first column and superscripted “NS’ in the first row mean that it is not significantly different in each column and row.

®Ratio of acetic acid compared to total organic acids
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2013y AT A ZzoME A/TEEO] 0.95-1.00 HYE Rt 2

A= A% F714e] o] acetic acid2ta HEh ¥ 4
oM LAKTH= HACIA acetic acide] $Ho] frolzom =7
Z2490om A/THE IMOTS A2ls FOSH SURTIA LA
HT} HASA o3z =& 3he Ho(0.68-0.81 vs. 0.78-0.87)

f714ke] OlFE0] acetic acidZ} B 4 ATh 28U, BUA
FollA #7170l whE AT 4% A S BolA] T
Az SRo| ZME ¥ B

axe

2 zo e Z¥E SPES st 2 G| 7o) o
Qo] Hm 2 9] Leee‘r No (2001) = Choi 5(1995y o
ZA3H= tannic acid @ Tl Fo] o] Ho] EEs A4S
ERATIE SR, Jeong 5(1996) 2% HAZE 9% AA7E
o] Fr} W2 ZWste ety Bt Forde A%

717k, Atmel w2 A% 859 ZMEE Fig 1(A)] YEMIA
ok Ax gY A% 289 ZMEE 0.095-0.1628 UERGEY),

o]& Kim 5(2010)2] Al Alaze] ZA%71 0.022-0.327¢] 2
By 2 007011012 Jo (2012)¢] A4 ¥ Yol
e & #olth, R Es IAke A2 57 ARk A% &
w3 folFo® Fe S BRI (p<0.05), ol I
S5 AR A AR Hrhge]l B gEeE B 4 9l
L EE AR ZNEE A 7|7 e st &
& 6dAtoll= 0gbe) vlws| fojH R Frlshe AEFelI
H(p<0.05), ZAE AZ2FEAAM L] F7F Fo] Ak A2EE
of Hwa] 2 AT BT AR F 53] SURHAS F7F %
o] 7P zlow, A 3YATE 543 Tl A 62l
1.8528 ThE A EE(0291-0532)ET}t foldow =& ks

o >4 [ -1 e
b1 to oo
& m

=xws) 329
(B) -B-IMO-LA  ——FOS-LA -©-SUR-LA
-#-IMO-HA  ——FOS-HA  —e—SUR-HA
o
2 0.500
3
]
2
=
z
=t
=)
£ 0.400
[
0.300

Storage time (month)

Fig. 1. Browining degree (A), turbidity (B) and total polyphenol
content (C) in vinegar beverage with different sweeteners and
acidity during storage. "IMO-LA: blend of 25% cider vinegar and
15% isomaltooligosaccharide, IMO-HA: blend of 35% cider vinegar
and 15% isomaltooligosaccharide, FOS-LA: blend of 25% cider
vinegar and 15% fructooligosaccharide, FOS-HA: blend of 35%
cider vinegar and 15% fructooligosaccharide, SUR-LA: blend of
25% cider vinegar and 15% sucrose, SUR-HA: blend of 35% cider
vinegar and 15% sucrose. All values are mean+SD (n=3).

B th(p<0.05). °ol= F7Fge] Ao wE Aeg A% F 7t
T g g JDP o2 sl (Table 2) ZHANHS-0] WEA Lo
W) WEeZ B 4 AtH(Gourineni 5, 2018; Kim &, 1995).
A = 7&@'4591 Z7he 952 ARE Az EAEdE fE)
opr|=At 5o A SUR, IMO B SURC| 239téehs gl
njolok2 w35 E3) 7 EZQ melanoiding A4 31371 o
Fog B & rh(Lertittikul 5, 2007). Xia S(2017)% A% 7]
7S 2gsk AT dg A% ZATT) A = AL =71
on, o]& ARl Aol M A &2l mlojotE WS Fal Al
22 el FAEN] HE Bh gk

]_
AV A 7IZE, Akl Hx 559 Eﬁ‘l Flg 1(B)

of YeRASATE 27 717kl tﬂr% Alge] s 2ME Fiet
A S Bt A= Az 2859 A, AF 0‘1;-‘54011
£ 0.339-0.343, A 62 FollE 0.360-03632 I FUHE e
uq’ SUR‘_% xﬂ ]6‘]— *7/\].1: Mx OE"—— z{z ‘]_oﬂ‘_ 0.343-

0.346, A7 62 Foll= 0.380-0.382% °F7+ Z715FA T} SUR-HA
o] AL A 0= 0341914 293 0401, 623 051602 2
u}j}_\:’LH :733] 5_7]_3H ok 151HH .‘r_O Eh:71—_0_ EOﬂ];]_

DuBois 5(1956)2 $14 Lo 22 %35 }~ e, &8
I g gERe} o5 fFuAle AN ded E43 b
53l Furan-2-carbaldehyde®]t} hydroxymethyl furfural % 7%
Z} melanoidin 72 2 EAS AASTY Rasiith B A
T4 SUR-HAS] Bt=rt folxo g F7ket e duxoz
=& 2EolAl SUR®] fructose ¥ glucoseZ 3l =H o] = 213
AE A Edo] A7 Ade Bl S3l=rt HAEar] o
o2 A7ZETHBaest Yoo, 2019).
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Fig. 2. Total sugar contents in vinegar beverage with different sweeteners and acidity during storage. (A) change of sugar composition of
each beverage containing fructooligosaccharide, (B) change of sugar composition of each beverage containing isomaltooligosaccharide, (C)
change of sugar composition of each beverage containing sucrose, LA: blend of 25% cider vinegar and 15% sweeteners, HA: blend of 35% cider

vinegar and 15% sweeteners. All values are mean+SD (n=3).

°i031dlack =, 999) 44301]/\1{— Az &84 Az %3

4 A zHTH hort] 2z Ul Eg9E 2 0.25-0.6 mgmlLE
q%l‘cl‘}i% B} Atk(Lee 5, 2009). & AFolA H7lga)
A 717E, At wE Az S50 F ZbhE I Wk
Fig. 1(C)°l] Yehd ule} o] A ogelle ALtz Az g5
% Z9E o] 0.09-0.12 mg GAE/mLS] HMYFon, A s
*45 28%E 014016 mg GAE/MLOE AL 2% ggq =
ZY5E o] = AIFS BITHp<0.05). A& 4 =
E3RMEY] 42 A8 HA5 Ul Y Aol € wE Al
g g2+d 4 Jedl, Kim 5013y A% A2 o] wradt
Holl W2 F dAsdre e s5350E 43s dEet =
F o7t Aol HFo R 2AbRERt I wiEo) s o]

=

Rl k=,
A =oitty Rud v 9ok weld HAABONAM = Zgu=
ghafo] =& 7L LAY Hla] A% S8 A A H7bE A%
A7t wE Aoz A7t

RE AR F FHWE P 2 8 gEe fAH
A7y 717k Wl 2715k AES Hlow, Atw 2 Hrypgo
w2 fre]AQl Aol VFERITHp<0.05). At mEilE IMOW
o] A5, LAZF A ol & A% 02kl vlarsl 1250, HA

7F 159 S71ekd e, FOSwe] 749, LASF HAZF 2+ 25,

2784, SURTS] 79 AA] LAS HAZY Z+z} 278, 4.534) &7}
ste] IAE AF FE7F AT AF SEe ¥wE] fo¥e
2 52 37HS B, H7Hdel wEbrE SURES] 70l
ooz =3kor, FOSE, IMOwe] o2& YERITHp<0.05).

Az 259 AR AY F F ZFeuWEs FdFgo] e A
40°CollN A 5 Sy 2o A ddste|=e) opnx
A SEglol= F9o] olw]:=s8l5hE©] amino-carbonyl WHE-S E3i
melanoiding A34331517] QRO 2 HolH (Lertittikul =, 2007), A
7ol e FoHel AolE Hel AL YT T Aol
AFSHA A7rdel 4t kg Ael 7elshs 71251 HoJZh Mel-
anoidin® 713 (Smrke %, 2013), ¥ (Brudzynski®} Miotto, 2011),
4 Zvks(Choi 5, 2017) B S4k(Lee, 2020)2 2o 7149 =
S Al AF] ksksol 7oshe 242, Liv 5201702
21ZE 102°CoA 0, 30, 60E7F 7FA3IRS o, 60 71D 2
%9] melanoidin $HgFo] tiZF3 vlws] <F 1439 S/ &
Al 718 A8 F AAE melanoidin®] 2] %9 & ksl £
= 9F 50%= PR3tk Wslgdth SFA 9 melanoidin® 2%
S50 diteles S7E FE Jou, B A% 859
e 9 gxs Z7MTE 5 sty 4 549 HIls

= "1
23] AFHOR oA 54& A £+ eng A%
S =
Fegt=t
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FOSAIZ W XM& & FOS gk Hst

A 717 9 bzl mE A% F85°] FOSS} fEde]
H3h= Fig. 2(A)°] YERNQITE FOSE H7KEH AAteel 1ake
A% L8589 AR %7] FOS T=HGF2, GF3 ¥ GF4 39 3
49.31-49.55%3.o1}, A% 1293210 0%2 el tiy 4 FOS
7t BAEAES B o}°i‘E} Sucrose &F Al A z7]ol=
bl weEl 19.75-19.78%2] TS B o, 193t 12.98-
13.25, 2€2tll 2.80-3.93%= F43] 743} Glucose®} fruc-
tose THF2] S FOS 2 Sucroseo] A= HIIE 28.62-
31.61%N4 F43] F7lele A3E BATHp<0.05). °l< ¥4
T g fARE A2 Ulabgdol oFst FOSTE AR & B
goz 9 HalE FAez 2 4 UtkKim 5, 1995). Baes}t
Yoo (2019) FOSE #7hs Az vidAe) Fos 33 3
T TS AT A3 90 o] % wiAA F FOS| 98%7t
Ak BT FOSe| el &8 F o= 754
S oulsi ®Eg FOSe] E8|4HE©] amino-carbonyl ¥FS-¢ll
o] A= 9 gre| 37 F AxgEe] #F4H 548 A
A & Qlthe 2 ougho R, pH 3.18-3.09 W9l 2
B H71Eo2A FOSE AMgshe 212 vl o}?ﬂ %
2 2oz,

rlo

IMO AlE LH IMO &2 w5}

A 717 B Akl mE Az 5] IMost frElde] §
Wl Fig 2B)] YERIATE IMOE H7heh Astmel 34k
Az 259 A 27 IMO T 747} 48.79, 47.29%31 0.1,
A7 egate] IMO e ZH7E 5130, 48.75%= A7 717 9
AEel] mE foJHQl Afole HolA %S 01” A% 12t
of tji-Eo] HaE FOSShE 2] MO He igo® <l
g A 717 B AtEe] wE IMO $HEe] tﬂ-@m Pl slo=m
2 4 JthKweonZ Yook, 1994). Bae2} Yoo(2019)= IMOE
100% A7k Az wdFe] MO FFs 54T A3, 90
o]F °F 75%¢°] IMO7} &SI, ol widd SA F i

FHE £2F FF 522 g 3oF AR AA MO
AE FFe TS B9 AT Wysle] B dA7sl §ARE A3

IMOE =l Al el T2 2 fallt Al i
g5 =S = F U o= AFE AYUY)T 257
A HH 71Fe 812 gOIDP(KFDA, 2016).

F 71%0l F-¥eke 825 g° = A
5]

SURAIZ L SUR &2k w3}

A% 717F B 2kee] 2 A% 3859 SURY fEde] o
H3h= Fig. 2(C)°l YERNQITE SURS H7ket Aateel 72kw
A% 289 A% £7] SUR e 717F 31.55, 31.59%33 21,
A 19x1ele FA 248t 9.18, 8.09%% YERLAL, o]
Folle eutsiAl Fasted A7 62l 2.65, 1.66%2] EP%%
RtHp<0.05). SURS] gafo] 7adtat FAlol frucose E glu-
cose®] FFE FUkele ATFE HAom, SUR T w2
A 1893l §43%] S7kehe A4#E BAou, Atxd e &
o) HQl Aol HolA LUTHp<0.05). o= AT T4 FAF
st A2 SURC| A% T At 7IEs|Z Q18] frutose} glucose
2 FEH7) dEe2 BRItk (Kweond Yook, 1994). Baes}

Yoo (2019)= A" 7} 100% #1273 9] sucrose o]l A7 90
o olF 7] H b vlws] o 12%7F FAEALH, 7154
ST AES A Bdal Axd vid A 244717
B3k sucrose] FHgo]l H7bEF tiR] 71-90% HASFATIAL B
araiict. SURY Helle FOSﬂ' fAkHAl GERE A4 amino-
carbonyl WEg-o] WAYE 4= g)&o g o pHO| A% 5
1o 2 SURES AME3h= Zi% viAsA] 2 ZloR Hojzin

2 o

e tAlste] THESH Y oLUESHIFS B/
o ANE U IVE HE SEE AT F, AL F
oleksiy F4 B4 LevY YL vwsich pHE A
3 7170 wek BE AR daste 3RS REon, Pas
o olagESY el /M Agtow], THESe Y, AY A
e oz Uit S9e Az Al A% Wkl
Vg S olxuESe g Arkwel g oL, olauE

L

23 HA7REE AR 59 A HElE Holx] gk
W, AR TFESIITY HArkS A 19t 543 &

7kt & o E7HA] Rke] S8k, ﬁzﬁﬁ AR A7kt
o] 7} =& TS Uit ANEE s Ae H7iEe
A% NERE F43] S °ﬂ'7, g5 A ks de
A7kre] A% VNERE F43] Sk E5S 2tk & &
s T A9, AT olARELIT Mk A|9gh
BE AE7F A% 717¥0ﬂ w2t F71eE y_giguq, Azl et
AMe A= élzs =59 T s TPl AME Hx 2

o Hw3)] F2 ZoFE Yeh, HAFHORE WAE Ay HURE
o] /Mg =& %k" Btk ol HrFge] AF gl ~]elst
AOZ 40°ColM AR F HE &7 5 IR U 394
dyslo| =} ofuiAl HElo]= 5o olu]:=3}5HE0] amino-
carbonyl ¥F3-S %3l melanoiding AA381517] HEC 2 BT
A% 717 St el SRk S vwEs W A

= o Nz emol M9y ZRegde Az 4
A

U
l

10 nOl'

SHl= H7t
%Oi °1*‘§E—%ﬂl%% AREERE Ao SRe P53 B4
S FABIEA Al fld E|aEe] 7154 aFE de

o vl slog AztEC)
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