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Investigation on processing suitability and
health-functionality for development of processed
products of Aronia (Aronia melanocarpa)
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SUMMARY

I. Title
Investigation on processing suitability and health-functionality for development of
processed products of Aronia
II. Research Result Goal vs. Outcome
A E ST 7R E
2|2 _ _ PRE
A | ) ATt Al HEE ] | agge | 7
FEEE ] z AT T2 5| <] == (&% 3[as &
=| = | o Al | 2| a o] 2 2] | | S | &7
=| © sz = = S 2t = B = o | A H | 59
A s | A E IR 3|2 & S|sa| g | T EAE A
A== A | = & A °
HEEE 1 1|1 2 3 1
A7 W 1
A 10 1] 22" 2 | 10 4 3 | 5
2444
A& (%) | 100 200 | 200 1007 | 333 333

Two prototypes,

Makgedlli and Yanggaeng were developed.

n paper in 1st revision, 2 paper in submission, 3 papers in preparation for submission.

1 in press manuscript included. (1 or 2 paper will be published shortly.)

II. Objectives and Significance

This research was designed to

O Establishment of optimal condition for isolation of active compounds from aronia leaves

and fruits

O Screening bioactive compounds from aronia and manufacturing several processed

products using aronia

O Assay for immunomodulating activity of the extracts of aronia leaves and fruits



O Determination of immunological mechanisms related to anti-inflammatory activity of
aronia fruits and leaves

O Investigation of anti-diabetic effect by aronia extracts in alloxan-induced diabetic mice

IV. Scope and Contents

1. Determination of physiological characteristics of aronia and development of Yanggaeng
with aronia
O Determination of bioactive compounds of aronia in different growing area
O Stability of the anthocyanin pigment extracted from aronia
O Effects of storage condition on bioactive compound contents and antioxidant activity of
aronia

O Quality characteristics and antioxidant activities of Yanggaeng prepared with aronia

2. Analysis of bioactive compounds of aronia in different processing condition and
development of Aronia Makgeolli
O Determination of bioactive compound contents of aronia with different drying methods
O Determination of bioactive compound contents of aronia leaves with collected fro the
different growing stages
O Determination of antioxidant and anti-cancer activities of aronia leaves with collected
fro the different growing stages

O Development of Aronia Makgeolli

3. Development and evaluation of functionality of aronia-containing products
O Development of fermented beverage containing with aroina
O Development of Sulgidduk prepared by the addition of aronia
O Development of aronia jam replaced sucrose with sugar substances
O Determination of quality characteristics and antioxidant activity of aronia-containing

products

4. Examination of activation of innate immunity and anti-tumor activityby aronia
extracts

O Activatrion of innate immune cells by aronia extracts



O Suppression of non-specific activation of T lymphocytes by aronia extracts

O Antitumor activity of aronia extracts to inhibit tumor metastasis and growth

5. Anti-inflammatory activity of aronia extracts and related cellular mechanisms
O Inhibitory effect of aronia extracts in LPS-stimulated RAW 264.7 macrophages
O Inhibition of NLRP3 inflammasome activation by aronia extracts in BMDM

O Assay for cellular mechanisms related to anti-inflammatory activity by aronia extracts

6. Modulatory effect of aronia extracts on antige-specific immune reaction
O Suppression of antigen-specific antibody responses by aronia extracts
O Down-regulation of antigen-specific cell-mediated immunity by aronia extracts

O Anti-allergic effect of aronia extracts in OVA-induced allergy in mice

7. Biological activity of by-products of aronia-containing fermentation
O Anti-diabetic effect od aronia extracts in alloxan-induced diabetic mice
O Anti-diabetic effect of aronia extracts by a vinegar produced by aronia fermentation

O Anti-inflammatory activity by by-products from aronia fermentation



V. Results

1. Determination of physiological characteristics of aronia and development of Yanggaeng

with aronia

O The purpose of this study was to investigate the effects of pH, temperature, light,
sugars and organic acids on the stability of anthocyanin pigments extracted from the
aronia (Aronia melanocarpa). Aronia pigment was more stable at pH 3.0 with highest
absorbance at 514 nm. The higher temperature and longer heating time caused
remarkable decreasing of the contents of anthocyanin. Anthocyanin was destroyed
about 21.70% and 79.63% after 300 min heating at 30C and 100C, respectively. The
sugars caused decreasing intensity of aronia pigment and under the maltose, the
intensity of aronia pigment was the most stable followed by galactose, sucrose, glucose
and fructose. Among the organic acids, citric acid was found to be the most effective
in stabilizing the aronia pigment followed by tartaric acid, malic acid, formic acid and
ascorbic acid. This result may be utilized as reference data to develop processed foods

or a natural food colorant using aronia.

O Aroinia juice was incorporated into yanggaeng at different levels (contained 50, 100,
and 150 g of aronia juice in AJ 50, AJ 100, and AJ 150, respectively) based on the
total weight of water. Total acidity and sugar contents were significantly increased but
pH was decreased with increasing levels of aronia juice. Hardness also increased with
higher amounts of aronia juice. As for texture profile analysis, hardness, springiness
and chewiness of yanggaeng were increased but cohesiveness was almost similar
compared to the control and aronia juice added treatments. In chromaticity
determination, L and b values decreased but a value increased with increasing the
levels of aronia juice. The total polyphenols, flavonoids and anthocyanin contents were
proportionally increased with increasing the levels of aronia juice. The antioxidant
activity measured by DPPH and ABTS radical scavenging activities were significantly
higher than control and proportionally increased as the aronia juice concentration. The
sensory evaluation indicated that the AJ 100 showed the best preference in color, taste,
texture, flavor, and overall acceptance. These results, suggest that aronia juice may be

useful ingredient in yanggaeng to improve quality and antioxidant potential.

2. Analysis of bioactive compounds of aronia in different processing condition and



development of Arania Makgeolli

O This study investigated the antioxidant contents and antioxidant effects of aronia
extracted from hot water or 80% ethanol according to different drying methods (sun
drying, sun drying after steam treatment, freeze drying and oven drying). Total
polyphenol contents were highest in freeze-dried sample (910 mg) followed by
sun-dried after steam treatment (779 mg), sun-dried (769 mg) and oven-dried (757 mg)
samples as determined by mg gallic acid equivalent. Similar patterns were observed in
the measurement of total flavonoid and anthocyanin contents. Freeze-dried aronia
contained highest polyphenols, flavonoids and anthocyanins compared to other dried
samples. All antioxidant activities showed dose-dependent manner. The DPPH and
ABTS radical scavenging activities of the hot water extract powder from freeze-dried
aronia were 65.5% and 61.7% at 200 ug/mL of aronia. The hydroxyl and superoxide
anion radical scavenging activities of freeze-dried aronia extract powder (200 pg/mlL)
were 50.5% and 52.1%, respectively. These results suggest that freeze drying is an

proper method for preserving bioactive compounds and antioxidant activities.

O Aronia extract inhibited SK-Hepl cancer cell growth in a dose- and time-dependent
manners, in cell numbers significantly reduced by 39.0~58.0 and 54.6~71.7 at 400 u
g/mL aronia extracts for 24 hr and 48 hr incubation, respectively. In an invasion assay
conducted in Transwell chambers, aronia extract showed 24.6% and 47.2% inhibition of
cancer cell at 200 pg/mL and 400 pg/mL, respectively, compared to the control. The
mRNA levels of both MMP-2 and MMP-9 were down-regulated by aronia extract
treatment in a dose-dependent manner. Aronia extract at 400 pg/mL was inhibited
MMP-2 and MMP-9 expression by 64.1% and 100%, respectively. There was inversely
related in mRNA contents between MMP-2/-9 and TIMP-1/-2 expression in SK-Hepl
cells by aronia extract treatment. These results demonstrate the antimetastatic properties
of aronia in inhibiting the adhesion, invasion, and migration of SK-Hepl human

hepatoma cancer cells.

O This study was conducted to investigate the effects of koji on the stability of
anthocyanin pigments in aronia makgedli Adding a 12% amount of aronia was
determined due to its feasible alcohol fermentation and color discrimination. Redness
and total anthocyanin contents of sul-dut decreased with fermentation period. In the

nuruk group, adjustment of initial pH to 3.0, 3.5, and 4.5 resulted in higher redness



and anthocyanin contents than non pH adjustment at the initial fermentation period,
wherease no significant differences in redness and anthocyanin contents were found
between the two groups at the termination of fermentation. The ipguk group showed
higher  stability = of pigments than the nwuk group. The  residual
cyanidin-3-O-arabinoside of the ipkuk group was determinated to be more than three
times that of the nuruk group. Furthermore, cyanidin-3-O-xyloside was only detected in
the ipkuk group at the termination of fermentation. Therefore, it was thought that
ipguk was a more suitable leavening agent than nwruk for the maintenance of

anthocyanin stability on brewing of aronia makgeolli.

3. Development and evaluation of functionality of aronia-containing products

O The study was conducted to investigate rheological and sensory characteristics of
Sulgidduk added with aronia powder. The moisture content of Sulgidduk ranged from
40.86% to 44.40% and the addition of aronia powder in the Sulgidduk tended to
decreases the moisture content. For the rheological properties, the addition of aronia
powder in the Sulgidduk decreased the hardness, springness, adhesivness, cohesiveness,
chewiness, gumminess, and brittleness. In chromaticity determination, L and b values
decreased but a value increased with the increasing the level of aronia powder. The
total polyphenol, total flavonoid and total anthocyanin contents increased with the
increasing levels of aronia powder. The antioxidant activity measured by DPPH and
ABTS radical scavenging activities were significantly higher than the control, and it
proportionally increased as the amount of aronia powder increased. The growth of
total aerobic colony and coliform content during 4 days of storage significantly
decreased with the increasing levels of aronia powder in Sulgidduk In sensory
evaluation, the addition of 5% aronia powder had the best score in color, taste and
overall acceptance. This results suggest that adding 5% aronia powder could be

applied for making Sulgidduk

O The effects of sugar substances (oligosaccharide, xylitol and erythritol) as alternative
ingredients to sucrose on the quality characteristics and antioxidant activities of aronia
jam were evaluated. The different types of sweeteners did not influence the pH, total
acidity and sugar contents of the jam. The sucrose-containing jam showed the highest
spreadness, while the oligosaccharide and erythritol-containing jams showed lower

spreadness. In the chromaticity determination, the sucrose-containing jam showed the



lowest L, a and b values compared with the other sweetener groups. There were no
significant differences in the total polyphenols, flavonoids and anthocyanin contents in
the jams. The antioxidant activity indicated by the DPPH and ABTS radical scavenging
activities was over 70%. Sensory evaluation indicated the xylitol-containing jam to have
the best preference in taste, flavor and overall acceptance. These results suggested that

xylitol may be a good sugar substance in aronia jam.

4. Examination of activation of innate immunity and anti-tumor activityby aronia
extracts
O No extract of aronia has biological effect to activate innate immune cells
O Suppression of non-specific activation of T lymphocytes by aronia extracts
O Any aronia extracts did not show significant effect on inhibition of tumor metstasis

and growth in mice

5. Anti-inflammatory activity of aronia extracts and related cellular mechanisms
O Aronia extracts inhibited TLR4-mediated inflammation in RAW 264.7 macrophages
O Aronia extracts suppressed IL-1b secretion by inhibiting NLRP3 activation in BMDM
O Cellular mechanisms underlying anti-inflammatory activity by aronia extracts was

associated with inhibition of MAPK anf NF-kB activation.

6. Modulatory effect of aronia extracts on antige-specific immune reaction
O Aronia extracts partly suppressed antigen-specific antibody responses
O Aronia extracts also suppressed antigen-specific cell-mediated immunity

O Aronia extracts inhibited OVA-induced allergic reaction in mice

7. Biological activity of by-products of aronia-containing fermentation
O Aronia extracts showed anti-diabetic effect in alloxan-induced diabetic mice
O Vinegar produced by aronia fermentation showed anti-diabetic activity

O By-products from aronia fermentation showed a week anti-inflammatory activity



VI. Research Outcome and Utilization Plan

Basic research results obtained from this research were used for presenting in scientific
society and publishing in scientific journals. Some research results were submitted for
patent. Newly developed processed products with aronia will be transferred to industry for

commercial production.

O 11 research papers were published, one research paper is in pressing

O 3 research papers have been in submission, 3 research papers are in preparation for
submission

O 9 posters were presented in scientific conference

O 2 processed products are ready for commercial production
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el 371 AS(A, B, QoA 20124 £33 kol Nero ¥5)9 ¥ Zeldl=, & 2
gHol= 9 F otEAold &S microplate reader(Infinite M200 Pro, Tecan Group Ltd.
San Jose, CA, USA)E ©| &3l A3
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(taste), 2 7H(texture), DA 2l 71T % (overall quality)Z 3} th

(7) % BHRAE FF ohzuo} Mnel o 1A
ofz Yool mhel] Wik A HAL Aot A B ARHOZ gl AolE Rlstr] S8
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LEwEe
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AP A g FAXE = SPSS software package(Version 17.0)5 ©]-&-3le] Hi 7 %F
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2 YeEth C Aol A otZ Yol shiEo e i S FHe 47 31.2% 2
1%t 1.33% 2 YERSth B A ollA Aufst oz}

054%Rom, =AW g FF2 1.0
wol= Bl Yo nlE SEFgFe Ay 2uwd dge =o Aoz eyt ols = A
W AGe) B 71F 27 ol vhzn ojFe] ojgycl AiolE ARHHoR JFS F

AT Atgdd.

Table 1. Proximate composition of aronia grown in different areas

Sample A B C
Moisture (%) 31.6 + 0.7 295 + 0.7° 31.2 + 0.8°
Ash (%) 0.34 + 0.02° 0.45 + 0.05° 0.54 + 0.03°
Crude lipid (%) 1.04 + 0.01° 0.83 + 0.06" 1.01 + 0.07°
Crude protein (%) 154 + 0.16° 2.07 + 0.19° 1.33 + 0.15°

2) pH, At= ¥

Z7] e A ollA A7 ofZY ol 4#o] pH, ¥ AE B BEE A3 AH}= Table 2
oF 2ok A Aol A A7t of2Yote] pHe 37002 37F A9 FollA pHZF 7 A UrE}
won C AYGolx A olz2Yole] pHE 4.022 37] AY FoA 714 =4 Jelgd. &
T A AYoA A ofZYolrt 73302 Y =kal, C A HollA A7 o2 Yol A=
5212 7} WA Jetgth pHE F At=s vlE #AE Jepioh 370 A9 7ked C A
Ao A] A& o}ZYole] BTl 1410 °Brix® 7HF =gom, A X497 B 9L 747 1220
7} 1263 °BrixZ A<l zxpo]E HolAE Fgith

oft

=

Table 2. pH, total acidity and sugar content of aronia grown in different areas

Sugar contents

Sample pH Acidity(%) .
(°Brix)
A 3.70 = 0.02 7.33 £ 0.26 12.20 £ 0.01
B 3.88 + 0.02 578 + 0.13 12.63 + 0.06
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C 4.02 £ 0.02 521 = 0.13 14.10 = 0.17

(B A=

37N AAA &3 ok Yol Ao ME 4 Fd= Table 37 2ot B=E U
L& A Aol A ok2Yolrt 277} 2042 71F ¥4 UYEgoen, B X937 C A
A AZ kRYokE A AYRuE tha 2o gg Btk JAEE UedE agtd C A
A AR ofZUolrl 3.00.8 7HE Eokal, A Aol A7 ofZuyolrt 26082 M v
S BAt FAES e bake A AYoA] A ofz2yolr} 2602 7HF =%, C
Fol M At ofZ Yot 1.30.2 7Hd SHA YERsT

1’ 18 =

22 2

N

]

Table 3. Hunter’s color values of aronia grown in different areas

Sample L a b
A 204 + 0.3° 26 + 01° 26 * 0.1°
B 19.6 + 0.4™ 28 £ 01% 1.7 £ 01"
C 192 + 0.7 3.0 £ 01%° 13 + 01"

@) oh2Uole] FASA B FEAR FF 24

7 Aol AlE olzuole] B8 A FFE Table 49 2Th A AN F3d
olzuol B} Aol 433 olzujole] ma] & TelslE, & Teuol= 2 F AEA
d gero] g & Ao® Uehgth

Table 4. The total polyphenol, flavonoids, and anthocyanin contents of aronia grown in

different areas

Growing Total polyphenol Total flavonoid Total anthocyanin
region (mg GAE"/g) (mg QE?/g) (mg C3G”/100 g)
A 41211 + 4.75 234.87 + 6.33 16.48 £ 0.57
B 33093 + 2.74 180.71 + 9.02 1511 + 3.17
C 276.73 + 5.31 171.75 + 6.44 13.75 + 2.01

1)GAE=gallic acid equivalent, ?QE=quercetin equivalent, JC3G=cyanidin-3-glucoside equivalent

1=
24

o

& ZA3i}+= Table 59 #Zt}. Z+ A

o
rot

HPLCZ of2Uolo] 348 78 gHEAold
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e AbAdd  wel Aele  JEwen  AAgelN  S8a  ojzucliA
cyanidin-3-O-galactoside, cyanidin-3-O- glucoside, cyanidin-3-O-arabinose, cyanidin-3-O-xylose ]
ggol 14 BA Uitk C AoolA F83 ofzuce A% BAojolN f3a olzujo}
o Huwd w cyanidin-3-O-galactoside®] ¥ 7FF 2ESEARE  cyanidin-3-O-glucoside,
cyanidin-3-O- arabinose, cyanidin-3-O-xylose $#2 BX| 9] olzyolrntt =A Yelyth o]
@ Al Aol clzuel AuMAce EdAE, d2F, 25% 57 2L BAA 29
#do] e Aoz Atsdn

7

Table 5. Individual anthocyanin contents of aronia grown in different areas

Concentration (mg/kg)

Growing region cyanidin-3- cyanidin-3- cyanidin-3- cyanidin-3-
O-galactoside O-glucoside O-arabinose O-xylose

A 9179.2+421.2 513.1+28.1 3924.2+180.0 812.3+43.1

B 7135.6+618.4 371.8+37.8 2963.6+260.4 561.8+55.9

C 6541.9+918.3 418.1£56.6 3088.3+434.8 617.4+93.5

HPLCZ obZuclsl @58 A8 Felals §32 249 23 Table 63 2tk AAo]
A 783k olZYo}o|A] chlorogenic acid, vanilic acid ¥ rutin hydrate $F&o] 7} =4 4
Btk olel@ Awe] ol okzuol AMAe] ERAE, AZF, A+T 5 VL BF

Aol a1 Bao] Y Ao Ardrh

Table 6. Individual polyphenol contents of aronia grown in different areas

Concentration (mg/kg)

Growing region

chlorogenic acid vanilic acid rutin hydrate
A 225.068+618.4 4.298+37.8 3.061+260.4
B 170.051+918.3 4.573+56.6 4.524+434.8
C 191.549+997.3 2.495+64.7 3.276+455.7

(5) ok=Yol ATe] BeH B4 B
371 Aol A AuiE okZ el Aol A, o, A7, Ful, AWNH HEE] BF P53

Ab AT Table 73 2tk Aol W@ AEE 23 A3, C Al A olmolr} 682

g Ao vlal tha e e JEth 9, Az @ 2 dwAel

ol A Agk ofzyolzk A A B Aol N Ag ohzo

ol q A ofzuocl A, %, Az, @6 @ ANAA AEEA AP e G Vet
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Table 7. Sensory properties of aronia grown in different areas

A B C
Color 6.5 = 0.5° 6.5 + 0.5° 6.8 = 0.5
Taste 47 +02° 6.5 = 0.3° 6.6 = 0.3°
Texture 48 + 03¢ 51 + 0.3° 71 + 04°
Flavor 54 + 03° 56 = 0.2% 6.0 £ 0.3°

Overall acceptance 48 £ 03 6.3 £ 03" 6.9 + 0.3°

6) 3t EAZAE T ofZ Yol AR Bt £4

37 Aol A AarE of2Uol AHE Bt EAFAE o] &3t AEsH
= Table 83} Zth ofZuol Azt vt ZFuwle]e] st} Hlwste] vehd ool
Al ofZUole] Alure] 89302 7} vA UERGEI C Ado]A AujE ofZuolo] 2l
o] -11.59%2 7F& =A YEtstth &8te] Be= B Aol AujE ot2yelrt 3672 7H
ol A A3} C AGellA A of2 Yol ztz; 4213} 44608 FAEHA UElgth
2wk Bl AujE olz2Yolrt 7 wiskar, A A oM AujE o2y oty b =
ct.

|\

%

rok
i
i)

¥ 2
o o
w
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i
=~

=
=

%

Table 8. Taste sensing results of aronia grown in different areas

sourness bitterness astringency uami saltiness
Aronia
Region A -9.78+0.02 4.21+0.40 1.15+0.30 4.51+0.10 -17.66+0.64
Region B -8.93+0.11 3.67+0.23 0.98+0.17 4.27+0.07 -16.23£0.22
Region C -11.59+0.11 4.46+0.09 1.04+0.08 5.13+0.02 -16.51+0.32
Blueberry -5.51+0.09 3.8+0.01 0.71+0.14 2.63+0.01 -19.15+0.29
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Sourness

2 > Bitterness e RegiON A
e Region B
s Region C

= Blueberry

2. k2ol tEEA I FHA W}

7h A9 W

o

B A3 o] AL83 ol Z Yol Aronia melanocarpa)= 20123 8 o] HE GH o] oz}
Hj s 83 AS AH FAAT ATl AMHF ofZYolE food processor(Phillips
Electronics, Seoul, Korea)E ©]8-3l] #A vwldist &, 38 A=Z oAHfste] A FS 20T
oA B@stHA ALEEAT 458 Ax

Hm

A8 A]eF2 Sigma-Aldrich Chemical Co.(St.

ok

Al <

CREE

o

B SFAGS A8

flo

pav}

i

2L
Louis MO, USA)ZHH +Y3A3, 1 579 =
o},

) & ¢EAM FF A

ob2Yol F 100 pL& HAEZ F=2 A3t pH 1 €584 1,900 pLet pH 45 458
A 1,900 pLE 7+ H7FSEY  vortexing ¥, 520 nm$} 700 nmolA]  microplate
!

%

A
of

reader(Infinite M200 Pro, Tecan Group Ltd. San Jose, CA, USA)E ©]&3ly SH =&
At F AdEA D S Giusti® Wrolstade] ¥ (2001)0 2] Al4Fsl AT

(3) ck=Yotm2] & A=

o}ZUo}lF S Macllvaine &584(0.1 M citric acid + 0.2 M NaHPOs)Z &3t 10%
FE&HS Axste] 2z FFd A S Bt oIl digk A Bk M=
Macllvaine 3-8 <Y citric acid®2 <13l pH #&7F YelE 4 Jormz olE Wx|s}

7] 918te] 1 M glycine $+589(pH 3.002 AH&-3t3Ath

=2
1%
Ho
i
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ohzUol Az g Al st pHE JeFe Lokmy] 95k Macllvaine 5 &S ALE3)
o pHE 3.0, 40, 50, 6.0 2 7082 A3t 72 pHEZ o2 YolFS H7bste 10%
£ HS Ax3}al, microplate reader(Infinite M200 Pro, Tecan Group Ltd. San Jose, CA, USA)
€ ol83t 450~850 nm MHolAM Zt pHelMe FHAHAEHS SAHs A FFAFS
oro}x gtet.

6) 7tE, A= 2 AZ7IZe] e kYA Bt

7FER et AZte] wE ofZujol Ao FPAAS Yolr 7] 93] pH 3.09 Macllvaine ¢+
ZE&AE AESIY 10% olZ2Yol F8HS AZ3t] 15 mL cap test tube®] 10 mLA Yo
sk 22 A8 S 30T, 60T, B 100T F&719 5A12F & HaatdA 302 HA2
2 AW 27k Eol WZAIZl ¥, 514 nmoll A microplate reader(Infinite M200 Pro, Tecan
Group Ltd. San Jose, CA, USA)E |83t §3x9 WsE =43IAt.

W3 R AELEAN 371A%0) te ofzuel Mas APAS Lohrs] Aate] pH 30
¢ Macllvaine €584 10% ot=ZYol 8q<= A=xsty 15 mL AFE 10 mL¥ ¥
2EsAT 7] AlRE 4T, -20C, -75TeA 105 &t BHstdA 15 1A S 2 514 nm

AM FFEe] WIS St AR T A dFAS dotE U

L FS Lot 7] A3 pH 3.09] Macllvaine ¢5-8 & A8kl A=z 10% k=Y
FEHS cap test tubed] Wi WEFIPTH AR YRE Yo EA7|HA Lo B
B, dF-= FrE Tdol A bl BastiAM FE&de] F3E WIS 514 nmol

2] microplate reader(Infinite M200 Pro, Tecan Group Ltd. San Jose, CA, USA)E ©]-&-3}¢]

pH 3.08] Macllvaine ¢4F8&HdS ARE3te] A=xg 10% ol=Yol & d glucose,

rr

galactose, fructose, maltose, sucroseE 0.1, 0.5, 1.0 M°o] HEEF &3 FHY. 2479 Al=s

514 nmolA] microplate reader(Infinite M200 Pro, Tecan Group Ltd. San Jose, CA, USA)E

gl FHEES ZAse] GO TR 2 wre] B2 Ake] FEE wastdth o Fo
A Axe) R A B 01 M FES ofzUol 58S Auste] AgTITe] e Ax
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S AT F JAEE 559 fF7]4Hacetic acid, citric acid, formic acid, malic acid, tartaric

acid)& 0.01, 0.05, 0.1 M 352 Y2 &, pHE AEA}IH. 7 A1859 FFEE 514 nmY

4717k WE okzUel £89 Mol bPHS EASAL. 4F f7)
PN

) FAA=
Ag A7 tigk FAA 2= SPSS software package(Version 17.0)& ©]-83l H3 RF
Az YepAaL, 24 A ke fFolAdol tid A5 ANOVAES o] &35te] Foids &<l

gt &, p<0.05 oAl Duncan’s multiple testE ©]-83}o] £43}% ).

L
)
o
i
X

rC

olzuol Foll FFH A= F AEAI}
TO2 0.0908 mgoZ YelNTh ol Yol thE wWigFol vE o 2e AdEA IS i

32 100 mL & cyanidin-3-glucosideE 7|

Skl Qom, cyanidin-3-glucoside, cyanidin-3-galactoside, cyanidin-3-arabioside,

cyanidin-3-xyloside 59 ¢EAOIIAS i3t v ALZ BiuEi o

(2) pHell mh& A&e] kg4 B}
of2Yotell M FET GEAoPI Mo A PIA= pHE FFE AT fshe]
ot2UYolwel pH 3.0~7.02 =3 Z47te] ge8ds H7ksted 10% +8&d& ZA §,
3

450~850 nmeoll A F3F=o] W3S 57438 t(Fig. 1).
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Fig. 19 2ol pH 30904 714 ¥& FF29ETS deion 53, 514 nmold 7bg

=2 F3EE B pH 4.09 %, 518 nm, pH 5.0 522 nm, pH 6.0 532 nm, pH 7.0
< 550 nmolA HUFFEE YEW pHZF EoldFSE Hd F5ubdo] ZAubd £og o)F
st As BEs AT

030

025

0.20

015

Absorbance

0.10

0.05

0.00 1 1 1 L 1 L 1 |
450 500 550 600 650 700 750 800 850

Wavelength (nm)

Fig. 1. Stability of anthocyanin extracted from aronia in different pHs at 460~850 nm.

pH7L Eolel wel AUFHEsL Wsels AL SEAChd A HBH dPo
PEACh it pHZE EolA@ AFAN FAog Wty fRoth AWNHO R EA

_1
l‘

=

¢

ofd MAE pH7F B A& QM E flavylium Fo]20 2 EAfste] HFE g AA &
vUetdth pH7} S7HE 5 flavylium Fo]20] F40]2S 43l pseudobase”} &A= o] 741
9] carbinol pseudobaseE ¥/3til, pH 9 ©]}ol A= anhydrobase®] HE|Z o FEAS
Yeith 543 StEAlobdolgt At e A=A FF R Mart drEH de AE WY
pHell wet Aol g2A yehdth otz yots tEAJold o] FH3ste &5 HAdME=E
AFol A& 7hsAel v B2 pHel W& Ao G F a3 MRS FA8H]

A3 H3Z pHE nedior & Aow AR HUL

100C oA 30087 AAstHA 308 HAo =z ofzyo} MAo TFLTE ZAJIHA 2%
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W3 YRS FAssith HELE EokAm /tGAIRIe] Lol A5 okzob Akl oA

Absorbance at 514 nm

0.0

0 30 60 90 120 150 180 210 240 270 300
Heating time (min)

Fig. 2. Effect of temperature on the color intensity of aronia anthocyanin at
different heating time. Each value is expressed as mean+5D of three
separate measurements.

100CoAA 71Ee A9 Mxe g7t F43] veht 1502 7 30080 AHeHA of =2
Yo} MaE 7FEsty] el vis] 2+7b 60.91%9F 79.63% FAEIATE 30CAAME vl
Aol EA yehgon 71dsly] Aol wls) 15083 30080 Axshds ofZuyol Mi
of vls) Z+z+ 11.27% ¢} 21.70% 723kt

AEAOPIL 250 ¢ WEI 10~30ToME Bl ¢Hgsiy 40TCo) ol s A
o] 97} dojypal A= glycoside 232 7FpEwdl7 Aoy chalcone, a-diketone
S BAste Aoz g#A gtk

= =7

pH 3.0 Macllvaine &5 84S o]&3t] Ax3F 10% ot=ZYol +&HS 4T, -20C H -7
o=

5CelA 105 5 AZSIHA 1579 1402 of2 Yo} Ao HPAHES S48 A th(Fig. 3).
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Fig. 3. Effect of storage temperature on the color intensity of aronia
anthocyanin at different storage period. Each wvalue is expressed as
meantSD of three separate measurements.

WE 2xoA Mg Aedde AZ7Izre] AHstAr of2Y ol MAvE HlwA G353
o1} 4T YAeEdAE AA7|to] BHgte] wet of2Yol MAvt Hhste AFS BA
th o2 Yol 8 HE 75T AT Ag, Ao HFAe] thE A= Bl
Uehgth =, A% %270 Hlg) 57 2 1057 AFstA® ofZ Yol Mol age A A
of Blal 247} 6.86%<F 9.98%F WA Ygkth 20Tl A2l AAL 4T Bl AAi
HJou, 75T Ao HIsiAE AR =7 thAd =94 Th 4TCollA o AFE WEs2Edd vl
Ao BtH7t F43] Yebd 5579 1077F BAHstHA ofZ2 Yol MAe A 27 vl Z
Zt 27.21%%} 45.24% ZAstAh wEkA of2Yots AVIF AAste A HAYE v &

M WE AFste Aol GEA I Ao PSS FASIEL FEES Eoled =50

=
2 oz Azd

(5) 2ol @ gy Bt
Ut 5% FEAOIT Mo Wo] P FYHL T Are Fig. 49} 2o,
QoA FEAORI Ansl AF 1ARE 2540% FLFAT, AF 2ol 5021%

of 728 vehd wHe] FAAME 109ANA A&Hoz MEFEs} Fastdnt oH @
=3
=
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Fig. 4. Effect of light on the color intensity of aronia anthocyanin at
different storage period. Each value is expressed as meantSD of
three separate measurements.

o2 Yo} MAie] To e AAFZE =437 Hal w=E EElste] A X3 galactose,
glucose, maltose, fructose, sucrose &dS H7}gE So o2 o} M4 FFEE SH3AT

(Fig. 5).

06
@Agalactose oglucose Emalfose
@fructose msucrose
= Tt 2
c 05 T 4
L=d e 20
=
o
w
@
(8]
@
2 04
o
w
o
<X
0.3 ' ' '

01 M 05M
Concentration (M)

Fig. b. Effect of different sugars on the color intensity of aronia
anthocyanin at different concentration. Each walue is expressed as
mean*SD of three separate measurements. The asterisk symbol indicates
that the means are significantly different from the control (p<0.05).
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=]
1} maltose, fructose @ sucroset &7} Z71d wel §3 =71 7FAstE AES Ho e
Alopd A4 o] b Fe] TR/ wWEtME ¢S we oz eyt
olgidt A¥t= Y MAd gk TR JTFS FAMSE A} maltose, sucrose, fructose 3

A prsdths Age fASIE E 9 BEt wg o

e onnd we FYES ngoy, 99 5 343 met FHEs @A dase
A0 ek
AR hE 2 P Bfd ok2o} Mxe] YL Fokns] A B AFAA &

=
| o
=
Ly
®
g n
S 040 + [-=—control 1
O
= ——galactose
a2 —+—glucose
< 035 ——maltose
—o—fructose
—¥—sUcrose
030 1 1 1 1 i
0 1 2 3 4 5

Storage time (days)

Fig. 6. Effect of different types of 0.1 M sugars on the color intensity of
aronia anthocvanin at different storage period. Each value is expressed as
mean*SD of three separate measurements.
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ol Yool M FE3 EAOA Ao F7|be] i HPYE Lobr 7] 98] ascorbic
acid, citric acid, formic acid, malic acid 2 tartaric acidE ZZ 10 mM, 50 mM 2 100 mM

A7 F Axe) MEE 245U (Fg 7).

09 | mascorbicacid
@citricacid
08 r Bformic acid
07 | @mallit_:aciq
mtartaric acid
E 06 |
[
¥
w05 - P
m
3
c 04 t
8
2 03 |
<
02
01
0.0

50 100
Concentration (mM)

Fig. 7. Effect of different organic acids on the color intensity of aronia
anthocyanin at different concentration. Each value is expressed as mean+SD of
three separate measurements. The asterisk symbol indicates that the means are
significantly different from the control (p<0.05).

713 7 2 FTov olZYol fE gdEACID Ao A FFES vAE AL
2 Yl #7144k F27F 10 mM# 100 mMeol| HIE 50 mMel A F3 =7t - EA U
Bl ofZ Yol f AdEA D MAE 50 mMe 74kl A AT 15T 50 mM
Lol A citric acid, tartaric acid, mallic acid, formic acid 2 ascorbic acid <£2.2 ¥& A4
A=E H 10 mM #7714k 7P Aa FEs 50 mM 7ol Bls) wEgtA|Rh 100

mM FH7Fo] vle] =gkow, F714F ke ztole wm]ETE Citric acidE 50 mM¥ 100

=
HHE A5l 50 mM =S ke Ao B o= Buwd.
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Fig. 8. Effect of different types of 50 mM organic acids on the color
intensity of aronia anthocyanin at different storage period. Each value
is expressed as mean*SD of three separate measurements.

+— citric acid, tartaric acid, malic acid, formic
e G2 Ao IAEES UET IHHHOE citric acide A%
4 g4e A3 HEAEAA Bol AHgetm 9o ¥ ABAAE citric acid £4) Sl A] of
2Uol M7} 14 A Aoz Yeuth AEAE Bad fo1de] 2, 4 4%
Aol matrix EE FEAIQE Ao P ZAste {F714He FRe Aol7t e AR

Atz E o
3. A= AA7|e WE FEAEAL 2 FEAAE HU}
7b AR WY
(1) AEAR 2 A
o} 2 Y ok Aronia melanocarpa, black chokeberry)= 2012'd 990 25 FH Y o= Yo} x|

Mol s @3 e AL AH TP ohzuole] o] FAL AASI AT AHs
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o] 37) £E@AT, 20T, -75C)ol M 205 S+ AFstw

G) & ZHd= FF &4
T ZYdE gHFe dA=4 52| phosphomolybdic acid$} ¥H§-3le] FA oz WA E =

Y& ©] &3 Folin-Denis *Hel wet #2435 ATHSingleton 5 1999). ol=2Yo} FE2E(1
mg/mL) 0.5 mLol| Folin A¢F 0.5 mLS T3S 5 387 A2A ¥-&AIZ F 2% NaCOs
15 mLg H7Hg § 2417 B¢k GadA weAZ F, 760 nmol A

M200 Pro, Tecan Group Ltd. San Jose, CA, USA)E ©]|&-3} %%E(OD)% =4339 A&
o dfd F ZYuEs FHFL gallic acid(6.25~100 pg/mL)e] EEJHE T3t A7 gF
gallic acid equivalent(GAE)Z e AT

microplate reader(Infinite

4) & STEEol= FF 4
olZ2Yo} F+EE(1 mg/mL) 1 mLel 2% aluminium chloride methanolic solution 1 mL<
T3t H 1587 ALdA dHEAIZl & 430 nmolA] microplate reader(Infinite M200 Pro,
Tecan Group Ltd. San Jose, CA, USA)E |83t SF=E 43tk AlRel T7E F &2
H¥olE 3&F2  quercetin(6.25~100 pg/mL)e] XEFHAS T3t A8 gT  quercetin
equivalent(QE)Z e it
(5) & AEAPD FF 4

Z AEAoPA FFL Giusti® Wrolstade] Wi (2001)9] 93] #4390 52X ol=2
Yol A& 0.1 goll 0.1% formic acidE 33 methanol 5 mLS ¥} 20%%t sonicationsS 3}
of A4S w2 Edn o #AS 33 ¢ wEIAY. AFAS 40Tl rotary
evaporator(EYELA N-1200A, EYELA Co., Tokyo, Japan)E ©] &3}l 5%3 F FE&u|E o]
&3ate] A% w22 343t Als 100 pLoll pH 1 4589 1,900 uLe} pH 45 ¢45&
A 1,900 pLE 7+ H7FSEY  vortexing ¥ %, 520 nm<$} 700 nmolA]  microplate
reader(Infinite M200 Pro, Tecan Group Ltd. San Jose, CA, USA)E ©]-&3} A= =33}
Sk obdl Aol S8 & FEAChd FFE Avste

% AdEAoMI 3 (mg/100 g) = (Ax449.2xDFx12x500) + (26,900x1)
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A : (OD 520nm - OD 700nm) of pH 1.0 - (OD 520nm - OD 700nm) of pH 4.5
449.2 : cyanidin-3-glucoside®] 1 mol & #A}% (g)

DF : 3|44 = 20

12 : & 59

500 : A& 100 gFo2 Statr] #ste] 12 mL F29¢] A8 FAIQ 02 go= Y @
26,900 : cyanidin-3-glucoside®] molar absorbtivity

o] 4,500 rpmollA 157+ ¥4lEe

ARE YA St O Aeds HAS &
Syringe filterg ©]&3ld &g & A]FE 10 uLE Eclipse XDB-C18(4.5 x 250 mm, 5.0 um,

Agilent Santa Clara, CA, USA) column< AF&3te] HPLC(HP 1200 series, Agilent, Santa
Clara, CA, USA)Z #4301, diode array detectro(Agilent Santa Clara, CA, USA)E 7

=712 AHE-skaH

SRR E-E
(1) €5 2 AZ7)2e] mE F FsE, B Sehrols, § dEAlCh

Ages R 710 me F EdE, Sehrieols, GEACh] FFL E4G FrK(Table
1), AR/ Ha, e RN AFTEE F Bevls, FehuieolS, AEA ORI FF
Fark e Aoz Yegth A%71e] AojA5E, AFLEs $25S 4YBY T
gl Fast AL gAsdn

Table 1. The total polyphenol, total flavonoid, and total anthocyanin contents of aronia

by different temperature and storage periods

Total polyphenol Total flavonoid Total anthocyanin

(mg GAE"/g) (mg QE?/g) (mg C3G”/100 g)
4T, 4 week 322.20+4.50 185.11+23.34 15.33+1.31
4T, 8 week 307.09+4.61 171.30+9.90 15.05+2.35
47T, 12 week 383.57+5.17 180.55+6.98 12.97+0.85
4T, 16 week 376.74+3.01 171.75+7.96 11.60+0.59
4T, 20 week 217.10+2.81 99.53+10.82 7.70+0.25
-20C, 4 week 401.37+3.41 234.87+5.82 19.10+0.76
-20C, 8 week 374.55+4.55 187.84+8.03 16.89+1.70
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-20C, 12 week

-20C, 16 week

-20C, 20 week

-75TC, 4 week

-75TC, 8 week

-75C, 12 week

-75C, 16 week

-75C, 20 week

347.73+1.25
323.80+1.55
285.07+0.91
390.34+2.75
380.06+5.11
344.44+3.26
351.79+2.00
326.27+4.11

212.72+6.75
175.85+4.04
157.80+3.25
203.31+4.35
215.76+2.55
203.92+2.76
186.62+6.53
199.82+2.78

18.10+0.79
14.96+2.83
13.55+0.56
19.43+0.62
19.15+0.79
15.88+0.80
16.59+0.65
15.40+0.67

GAE=gallic acid equivalent, ?CE=catechin equivalent, “C3G=cyanidin-3-glucoside

(2) <& % A7zt W& JfE FEAoP 3k
Aew B 7zt wE sPE kEAohd  FES HPLCE EA§ ZATHTable 2),

cyanidin-3-O-galactoside, cyanidin-3-O- glucoside, cyanidin-3-O-arabinose, cyanidin-3-O-xylose=
e, o] E4 7Fe-ul cyanidin-3-O-galactoside E&o] 71 =4 UetEth A7)
o] Far, vt 2EoM AFEFE tEAold e ATt AL Aow yEET. AR
o] o AFE, AFLEs BEFE AEACY FFo| B AL HAHAG

7

Table 2. The individual anthocyanin contents of aronia by different temperature and

storage periods determined by HPLC

Concentration (mg/kg)

cyanidin-3- cyanidin-3- cyanidin-3- cyanidin-3-

O-galactoside O-glucoside O-arabinose O-xylose
4T, 4 week 7721.7+997.3 490.3+64.7 3631.9+455.7 733.9+105.4
4T, 8 week 6598.9+504.9 414.3+28.6 3075.4+201.6 576.8+32.2
4T, 12 week 6336.6+192.6 407.6+18.8 3000.6+90.1 585.0+24.9
4T, 16 week 5955.5+671.1 379.3£37.3 2799.0+321.8 535.0+71.8
4T, 20 week 3659.4+231.1 226.7+24.3 1714.0+123.3 324.9+14.3
-20C, 4 week 8386.2+529.2 555.4+39.9 3930.7+249.8 777.8+45.6
-20C, 8 week 8710.5+611.0 560.3+38.6 4065.0+288.1 817.7+55.7
-20C, 12 week  8564.5+96.0 541.0+13.0 3943.8+50.8 796.3+40.2
-20C, 16 week  6477.4%29.8 398.7+2.8 2999.4+8.3 572.7+5.8
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-20C, 20 week  6502.7+176.4 393.1+12.7 3012.2+88.5 560.4+17.9

-75C, 4 week 9462.6+428.3 578.8+20.5 4376.8+147.0 850.6+10.9
-75C, 8 week 9341.1+436.0 583.7+39.3 4305.1+£217.6 837.0+69.9
-75TC, 12 week  8831.8+595.6 548.9+£32.4 4041.0+£271.9 792.4+45.8
-75TC, 16 week  8207.6+601.5 485.1£36.2 3750.8+283.6 709.4+70.8
-75TC, 20 week  8179.4+653.5 483.7+43.2 3697.1+289.9 707.2161.3

VWD A, Wavelength=820 nm (ANTHOCYWANTHOD0E.D)
mal ]

B) &&= B AR wE N EdHE g

Age= 2 77k wE g ZYeE dF wWsEs HPLCE 43 A3 (Table 3),
chlorogenic acid, vanilic acid ¥ rutin hydrateg &?13}%1, o5 =% 7l chlorogenic
acid ol 4 BA Uehdtth Aol @1, %o e %

SN AYBSE EIAE I
)

1+
P2
o ztavh Ae Aom Uit AR7Izte] AolA4 R, AFLEs} Be5E e @

Table 3. The individual polyphenol contents of aronia by different temperature and
storage periods determined by HPLC

Concentration (mg/kg)

chlorogenic acid vanilic acid rutin hydrate
4T, 4 week 217.565+504.9 3.840+28.6 4.292+201.6
4T, 8 week 184.836+192.6 3.412+18.8 5.285+90.1
4T, 12 week 180.154+671.1 2.083+37.3 3.418+321.8
4T, 16 week 148.534+231.1 1.948+24.3 4.262+123.3
4T, 20 week 74.673+529.2 1.219+39.9 3.488+249.8
-20C, 4 week 239.519+611.0 4.028+38.6 3.680+288.1
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-20C, 8 week 235.066196.0 2.819+13.0 4.159+50.8

-20C, 12 week 237.593+29.8 4.515+2.8 3.221£8.3
-20C, 16 week 72.558+176.4 3.442+12.7 3.258+88.5
-20C, 20 week 72.112+428.3 3.637+20.5 2.621+147.0
-75C, 4 week 258.006+436.0 4.470+39.3 4.834+217.6
-75C, 8 week 242.332+595.6 3.762+32.4 3.359+271.9
-75TC, 12 week 235.126+601.5 3.411+36.2 5.049+283.6
-75C, 16 week 252.431+653.5 4.419+43.2 4.141+289.9
-75TC, 20 week 241.458+130.5 3.917+17.7 4.572+84.0
UImAU WVL:280 nm|
300+
200+
1 - 2-chijrogenic acid - 14.207
100+
nflic agi n_hydrate -
-50 g T =" ¥ T . T=T=¥ T T T i SULL
0.0 50 10.0 15.0 200 25.0 30.0 350 40.0
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4. AZZAY e olzUo} Hute TA =4

W
N
—I_l
o4
&
o
M
1%

7h A9 U

(1) AgAE 2 Aot
o} 2 Y oK Aronia melanocarpa, black chokeberry)w= 2013 9d@e] & o] of2 Yo} A)
< A= AF TdsA. ok=yole] ol&ds AASL 3ol Al st

> =
o 47FA WH(YFAx, T AdPAx, FEAR 2 EAR)c®E ARAAHY. d3Ax
T 25~27C AolA 793 AXAF AL, 29 & dFAx= &8 A 7|(Tefal, Seoul, Korea)l
Eo R 7tgetHA FE7I7F L8 o2 YotE Yol 5% ¢ A Fof] 25~27TC A2
A 8~99zt AEAHY. TEAUERE FZAZX7]|(PVIFD20R, Ilshin Biomass, Gyeonggi, Korea)
g AMg3sle] 12A1ZF ARAAL, LEAZRE 70T =gl BoA 1242 5 AZA AT

AZAZ Age AFE37](Phillips Electronics, Seoul, Korea)E ©]&3le] EE3}ste] F=Z&

S22 A& Y. B A3 A8-E Folin-Ciocalteu’s phenol reagent, gallic acid, quercetin,
1,1-diphenyl-2-picrylhydrazyl(DPPH), ascorbic acid, 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt(ABTS)= Sigma-Aldrich(St. Louis, MO, USA)Z%H F+YstATh 1 5

o BE Aoke EA A SFAGL AHSFAC

o] e 4%9] olzuol AxA RS AR FAY 2599

=
HE g#Fe HEA4 EZo] phosphomolybdic acide} ¥Hg-3dle] HAMo g whalg =

HeE o] &3 Folin-Denis ™ol we} EA353tH(Singleton 5 1999). ct2Yo} FEE&(1

mg/mL) 0.5 mLel Folin A1} 0.5 mL& &3 5 387 4 HEEA1Z] # 2% NasCOs

1.5 mL& F7FgE F 2A41%F &< oA RESAIZ %, 760 n

M200 Pro, Tecan Group Ltd. San Jose, CA, USA)E ©| &3} FF=

o gfd F ZYuE FHFL gallic acid(6.25~100 pg/mL)e] EEJHE T3l A7 gF

gallic acid equivalent(GAE)Z e AT

rfo
=2
X

=
=2
>
]
(@)
=
o
o)
S,
QO
)
[p)
]
(@)
QO
Q.
(@)
=
=
=
2.
E.
[p)
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& H 1583 A4 "EEAIZI & 430 nmolA] microplate reader(Infinite M200 Pro,
Tecan Group Ltd. San Jose, CA, USA)E o]&3le] F3EE 3tk Ao g8 % 3T
ol RS quercetin(6.25~100 pg/mL)e] HFFAHAE EI AR g@  quercetin

equivalent(QE)Z e itk

(5) & A=Al FaF A
T AEAo FFE Giusti®h Wrolstad®] 8 (2001)0] 93 £43tAth T2AxT of=

. . O =
7t sonication2S- 3}

40Coll A rotary

i

Yol A& 0.1 goll 0.1% formic acidE &3 methanol 5 mLS Yo 20
g
o Asds w2 EJt o HFAFE 33 ¢ HEIFPY. G

=4

o

e

evaporator(EYELA N-1200A, EYELA Co., Tokyo, Japan)E ©]&3ly 53 & FZ8&WE o]
g3lo] AW FE2 NAFATE AR 100 yLo) pH 1 $38 1,900 uLsh pH 45 458
A 1,900 pLE 7+ H7FSEY  vortexing ¥, 520 nm$} 700 nmolA]  microplate

g st

il
5|\
ol

reader(Infinite M200 Pro, Tecan Group Ltd. San Jose, CA, USA)E ©]&3l9 §3 %=
At ol Aol o3 F AdEAOLA TS ARSI

% UdEA LA FaF (mg/100 g) = (Ax449.2xDFx12x500) + (26,900x1)
A : (OD 520nm - OD 700nm) of pH 1.0 - (OD 520nm - OD 700nm) of pH 4.5
449.2 : cyanidin-3-glucoside®] 1 mol & &A% (g)

DF : S| Aul4= = 20

12: % F9
500 : A8 100 gFeg $ikstr] skl 12 mL FE92] Als FAR] 02 go 2 Y F
26,900 : cyanidin-3-glucoside®] molar absorbtivity

(6) Ftstgyd =4
O DPPH &HZ A &4 =A
olzyol FEE9 HAF

< DPPH assayZ Z743t¥tHCheung 5 2003). 96-well
0.2 mM DPPH(Sigma Chemical, St. Louis, MO, USA) &
100 uLE 7kt & 37Tl A 303 &A1 FH T Microplate reader(Infinite M200 Pro, Tecan
Group Ltd. San Jose, CA, USA)E AF&3te] 515 nmolA §3EE =435I A5 DPPH
)] 3t AT AT ofdf Ao SAE FFE s HAsto A=skunt

i

vl

LS

AFAF(%) = (1 — ANEHNTY FZE/AE F A7 §35) x 100

@ ABTS oz A &4 53
olZ Yo}l FEE9] ABTS &z 24T S Z43A G Re 5 1999). 96-well plateo] s=H



FZ%E 100 pLt 0.2 mM ABTS(Sigma Chemical, St. Louis, MO, USA) €9 100 uLE #7}st
< 37TColA 307 HH-3-A1F o Microplate reader(Infinite M200 Pro, Tecan Group Ltd. San
Jose, CA, USA)E AHE3tH 732 nmolX FBEE SHSAT. A159 ABTS #itizo] g

AAgolse ok Aol P8 FRE g sl WESA
AAFAS() = (1 — A2 A7) FRE/AR B AT FRE) « 100

@ Hydroxyl &1tz oA &4 =4
of2 Yo} FE59 hydroxyl 2tz oA €/44& Chung Y HH(1997)S & A3 2A
HyPste] S35tk Al@#] 1 mM FeSOs/EDTA €9 0.2 mL, 10 mM 2-deoxyribose 0.2
mL, A& 02 mL, 0.1 M phosphate buffer (pH 7.4) 1.2 mL % 10 mM H,O, 0.2 mLE =}
Z 7k ol 37Tl A 1A WA1Z F 28% TCA 89 1 mLE 7heta 95C S8l A]
wWste] 532 nmol X FFE=S ST AR 2HEd &7 ofd
&S didste] AtsaAd

Inhibition (%) = [1 — A2A77Y F25)/ (A2 F 717 F25)] x 100

@ Superoxide &°l& ZtHZ JA &4 54

of2 Yol FEE9] superoxide w02 &75S Wang 59 W (2007) 22 A3t A
5 0.05 mL, 0.4 mM xanthin, 0.24 mM nitro blue tetrazolium in 0.1 M sodium phosphate
buffer, pH 8.0, &£4(0.048 unit/mL xanthine oxidase in 0.1 M sodium phosphate bulffer,
pH 8.0) 05 mLE F7istar & &gtsie] 37Co|A 2083 ¥HgAIZ1 %, 1 mLe] 70 mM
sodium dodecyl sulfate® FH7}sld W& FAAFT. FEEE 560 nmollA 431 AR

o guZ 2A%L ofd A o3} Asart
Inhibition (%) = [1 — AEJ77e F25)/ (A2 F 7179 FF5)] = 100

® #9Y =7

3
&
e}

T

(@)Y
RO
s

—_
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o
ol
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=

i
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o
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lo
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S
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Io
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R

2087F RESAIAT 7o 10% TCA €4S 1 mL 718k 13,500 x goll Al 153 A&
1 mLo| 57 % ferric chlorideE Z}7Z} 1 mL¥ 7}sle] E£83F 3 700
nmol A FFEES =AU, WETEE ascorbic acidES A5 BLFEE A ZFs5te] vl st

Qor, gaHe FHE oz et
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Ao gk S A A2l SPSS software package(Version 17.0, SPSS Inc., Chicago, IL,
USA)E o|&3dte] Haa FFUREZ Yehidla, 2 A 7tel ANOVA E4S AA s}
st &, FoAH Aol7b U= e s A= Duncan’s multiple test= p<0.05

Table 1. The total polyphenol, flavonoids, and anthocyanin contents in aqueous extract

powder of aronia obtained by different drying methods

Total polyphenol Total flavonoids Total anthocyanins
(mg GAE"/g) (mg CE?/g) (mg C3G”/100g)
Sun drying 769 + 345" 76.9 + 3.2 0.10 + 0.002°
Sun drying after 779 + 37.1° 85.5 + 2.6” 0.07 + 0.001°
steam treatment
Freeze drying 910 + 43.2° 90.1 + 4.6 0.14 + 0.005°
Oven drying 757 + 29.6° 62.0 £ 3.9° 0.08 + 0.004°

Data were the mean * SD of three separate experiments.

““Values with the different superscript within the same column are significantly different at
1%0.05.

UGAE=gallic acid equivalent

’CE=catechin equivalent

JC3G=cyanidin-3-glucoside

olzyole] F ZuE FH(mg gallic acid/g 71F)°l TF 1
910 mge 2 714 Egtom, 28 & AJAZX(779 mg), LFAR(769 mg) B QLEHZ(757
mg)@ olRUol £o A Urhdth olguole % FoHiol= FFS querceting 71E
°0F % 1 g3 FAXNXT ARAA 901 mgeZ HE wgon
mg), AFAE(76.9 mg) N LXLAE(620 mg)F okRYo} Eow yEiuTh ckzyold] T

o

o
s
H T AEA Y FHFe T 100 gF cyanidin-3-glucoside = 7T =2 414
[e]



%3 olg2Uol dFFEE s 4L DPPH Uz 27%,

ABTS 2}tz &A%, hydroxyl &tHZ A5, superoxide anion 2tHZ AAG 2 $helg o
5712 oz SASAT o2 Yol E4FEE9 DPPH 2HHZ &2A S Table 29} #T}.

Table 2. The DPPH radical scavenging activity (%) of aronia extract powder obtained by
different drying method

Sun drying after

Cone. (ug/mL) Sun drying steam treatment

Freeze drying Oven drying

12.5 6.3 + 1.5° 76 + 1.2° 9.2 + 1.0° 21 + 1.1°
25 102 + 2.1 114 + 1.3% 129 + 1.0° 64 + 21°
50 185 + 1.5" 21.6 + 3.0° 23.0 + 0.6" 16.3 + 1.7°
100 306 + 1.8 359 + 2.2° 400 + 2.4° 308 + 1.9°
200 500 + 1.8° 59.7 + 1.8° 655 + 2.9° 531 + 0.6°

Data were the mean + SD of three separate experiments.
““Means with different superscripts in the same row are significantly different at /<0.05.

DPPH #Hz& HaA s3E= kg8t Aty 45 whop
gedgel we mepge] gasE 5 %9 w=7b S5 DPPH
gz AAGAAE FrtelAT FZA7AXS ofE Yol AlE 9 73-% 200 pg/mLoll A 65.5% 2]
DPPH 2@tz &AZAS B, d331%, 28 & d3dx 3 &8x1x9 DPPH &z &
A4 (52.0~59.7%) Bl&] =A Yelgth ol2yol &5 200 ug/mLoA LEHAZRI AlE
(53.1%)E LBHZE AIF(52.0%)° HIs] Tt ¥ DPPH 2z £2AZAS HIoy I3

z9h 9B Aol FAH fol3tel7t Yk,

ﬂ
rr

o

R

ot

lie]

2

O

N,

rc

il

i)

:Jd

m

{‘_\ll

ol o}l oete F2E9 DPPH @z £AZAL Fig 13 2t ol2Yol F&& ﬂ
7} $7t855 DPPH #@HHZd 2AZAE S718tdal $40xS of2 Yol Al 9 7% 20
ug/mLo A 75% ©]’4¢] DPPH 2tz AAEAES Ho, d31x, 28 & d3dx 9 8
Aze] DPPH &dzt £AE4(52.0~59.7%)°] vl& =A eyt

off

(@)

M2
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Fig. 1. The DPPH radical-scavenging activity of black chokeberries dried using 3
different methods (sun-, freeze-, and oven-drying). Each value is expressed as mean + SD

of 3 separate experiments. The asterisk symbol indicates that the means are significantly
different from the control (p<0.05).

olZ2 Yo} dFFEE 2 ABTS gtz £AZA4LS Table 30 VERA A

Table 3. The ABTS radical scavenging activity (%) of aronia extract powder obtained by
different drying method

Sun drying after

Cone. (ug/mL) Sun drying steam treatment

Freeze drying Oven drying

125 1.8 + 0.6° 21 + 0.8% 33 + 1.6° 23 + 1.6%
25 73 + 1.0% 57 + 0.8° 8.8 + 1.4° 6.4 + 4.8°
50 13.0 + 2.4° 122 + 2.0° 19.3 + 0.9° 79 = 2.9°
100 30.7 + 21° 291 £ 0.5° 369 + 2.2° 231 £ 0.8°
200 529 + 3.6° 51.3 + 2.0° 61.7 + 2.4° 450 £ 1.8°

Data were the mean * SD of three separate experiments.
“‘Means with different superscripts in the same row are significantly different at /<0.05.

olZ Yo}l F&E9| ABTS &tz 2ABAHL ol2Yol FEE9] F5(125~200 ng/mL) 9
EXo g /eIt ol2 Yol FEFE FE7F 100 ng/mL olstoll A= 37.0% ol3te] ABTS
Oz 2Aes Hou ol2Yol 58 s&7F 200 ug/mL 2 S7heel w2zt

|

p=4
ANEE AQsla BE AU A EOM 50% ol’¢el w2 ABTS ztHzd 27 245 yE
WUtk T2 of2Yol A8 ¢ 200 ug/mLOM 61.7%°] ABTS &}tz £2ALES B
o, dFHx, 2°H F dFHx # %zi}.A ABTS &z £AE4(45.0~52.9%)°l Bl
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ojHo = FA Yetlth

ofzyo} ogte FEE2 ABTS stz 7242 Fig. 29 2t ABTS @tz 2784
& olZUol FEE FE(125~200 ng/ml) oEFHoE F78IA ol2Yol FE2E T
7} 100 pg/mL 01“3}011/‘1% 45% olste] ABTS #ttZd &~AsS HIJoU ol2Yol == §
E=7F 200 pg/mLez F7bgel wet RE A2 AlRdAM 60% ©]de] =2 ABTS &t
A 84S vehilt 2% ok=Yol Ame Af 200 ng/mLolA 70% ©]/de]
ABTS &tz &2AEE S B, 3=, 3 22029 ABTS &tz &AZge vl 9
Hoz Ehoh

80 r
Osun dried :
Bfreeze dried
< 80 1 | Govendried
(=2
£
o
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Fig. 2. The ABTS radical-scavenging activity of black chokeberries dried using 3 different
methods (sun-, freeze-, and oven-drying). Each value is expressed as mean +* SD of 3
separate experiments. The asterisk symbol indicates that the means are significantly
different from the control (p<0.05).

otz Yol dFFE&2 hydroxyl 2tHZ &7 52 Table 49| YEFTH

Table 4. The hydroxyl radical scavenging activity (%) of aronia extract powder obtained
by different drying method

Sun drying after

Cone. (ug/mL) Sun drying steam treatment

Freeze drying Oven drying

125 48 + 0.9 45 + 07 74 + 05° 34 +02°
5 8.7 + 0.6° 9.8 + 0.3° 122 + 0.4° 7.9 + 0.2
50 114 + 23% 144 + 15° 244 + 2.0° 13.0 + 1.2°
100 228 + 24° 241 + 2.0° 454 + 2.4° 203 + 2.5°
200 37.0 + 25° 408 + 2.8 505 + 2.0° 33.0 + 2.2°

Data were the mean * SD of three separate experiments.
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“‘Means with different superscripts in the same row are significantly different at /<0.05.

Hydroxyl 2tHZt& whzb7]7h w9 ol whg/do] st SR AlXu o7 d
AA RESste] AEo A3 &S Fe AorE dHA Y FEAXT ofZYol FEE

hydroxyl 212 AR e Azwyd va B4 depith e2nze 39 e AR

£l B3] hydroxyl ettlZ &AZA ] 7B vhgkom, 200 pg/mL %9 ofZYol FEE0
A AlFEZEY] hydroxyl 2tz &2A T Abole FAAX(B05%) > 2" F LFAx(40.8%) >
AFAEB7.0%) > LEAZX(B3.0%) w22 A YERTh 200 ng/mLe] of2Yol FEE &
ToA 2E 5 dFHXI AR hydroxyl &7 &7 5] 408% YEhY 43 x AR
A e 37.0% EY oA £ hydroxyl 2HHZ &AAEH S By A fFolde Rl
At

ol2Yo} E5FE=2] superoxide ol 7@ &71242 Table 59 2.

Table 5. The superoxide anion radical scavenging activity (%) of aronia extract powder
obtained by different drying method

Sun drying after

Conc. (ng/mL) Sun drying steam freatment

Freeze drying Oven drying

125 39 + 0.8 51 + 0.7° 7.7 + 04° 21 + 0.6°
5 87 + 0.9° 94 + 0.8° 15.0 + 1.2° 7.5 + 0.4°
50 18.0 + 0.6° 131 + 0.5 279 + 0.7° 9.6 + 0.7°
100 333 + 05 339 + 0.9 431 + 0.4° 21.6 + 0.9°
200 400 + 09° 429 + 0.7° 521 + 0.9° 35.0 + 0.5°

Data were the mean * SD of three separate experiments.
“®Means with different superscripts in the same row are significantly different at /<0.05.

Superoxide o] ZFHZO, "

)
g duzs dvhed Fgdes wed 5+ JeAS Y5 A8 99 ogHw

olZ Yo} olgh-g FEE9 superoxide anion 2AEAL Fig. 33 2o} FAAZI A 59
7% 200 pg/mLol A 35% ©]de] AASLES B,
o] AAF Hl§] =L FitssS HYTh
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40

Osun dried
Bfreeze dried

30 + @oven dried

Superoxide anion
scavenging (%)

125 25 50 100 200

Concentration (ug/mL)

Fig. 3. The superoxide anion radical-scavenging activity of black chokeberries dried using
3 different methods (sun-, freeze-, and oven-drying). Each value is expressed as mean =
SD of 3 separate experiments. The asterisk symbol indicates that the means are
significantly different from the control (p<0.05).

Az E o2 Yol d4¢ FEE9| 282 Table 69 YEFATH

Table 6. The reducing power (OD at 750 nm) on the Fe** to Fe’'transformation of aronia

extract powder obtained by different drying method

Sun drying after

Conc. (ng/mL) Sun drying steam freatment

Freeze drying Oven drying

125 0.080 + 0.001°  0.079 + 0.001*  0.084 + 0.001'  0.076 + 0.001°
25 0.096 + 0.002°  0.094 + 0.001° 0102 + 0.001"  0.087 + 0.001°
50 0.163 + 0.001" 0156 + 0.002°  0.183 + 0.002"  0.150 + 0.001°
100 0.250 + 0.006° 0237 + 0.002° 0282 + 0.003  0.227 + 0.002°
200 0403 + 0.003° 0361 + 0.003° 0476 + 0003 0351 + 0.004°

Data were the mean * SD of three separate experiments.
“‘Means with different superscripts in the same row are significantly different at /<0.05.

A€ S SHse HS FAskA| EZo] electron®]Y hydrogens AF¥d + v Y
< ZA37] Y8l 4] ol&H Utk FYH L reductoneo] AF3= FALAIE AFEd
AlES BT eEN AFEY FRE A AAVE AR 993 Ui, =2 $9¥S
HAE BALSE FREY gol BA dehdnh WS FE(125 ng/mL)9] olz2Uol FEE
AMe= 2z Az mE SdH Y A7l FAHA oy, ozl FE=9] =
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Fig. 4. The reducing power activity of black chokeberries dried using 3 different methods

(sun-, freeze-, and oven-drying). Each value is expressed as mean * SD of 3 separate

experiments. The asterisk symbol indicates that the means are significantly different from

the control (p<0.05).
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g dry weight)2 =3 919 80% A&E FEENA 6632 mglo =
BS FEE(5840 mg), 453 9 4 FEE(1036 mg) E AN
= 222 dFH FAlst
go® 7P =der, ofddd g F

m
mg), 44T 9 A5 FZEQ04 mg) L oA A4 F2E(136 mg)e £02 1}

Table 1. The total chlorophyll and carotenoid contents (mg/g dry weight) in aronia leaves
obtained by different growth stages

Growth  Extraction Chlorophyll a  Chlorophyll 5 Total Carotenoids

stage solvent chlorophylls

Young  Water 4.76+0.94° 3.00+0.24° 8.48+0.56° 1.36+0.04°
80% EtOH 41.72+1.04° 11.20+0.08° 58.40+1.48" 9.36+0.20°

old Water 5.59+0.40° 3.88+0.20° 10.36+0.64" 2.04+0.08°
80% EtOH 48.40+0.68° 11.68+0.72° 66.32+0.28" 9.88+0.24°

@ F Z9ds 9 YRl T 4

T ZYdls T (mg gallic acid/g 715)°] TF 1 gF oJdA] 80% dAEE F=ENA
2508 mgo 2 7Hg =%om, ofddde dF FEFE(2508 mg), AT d9 dEgE FEE
(139.3 mg) ¥ A ol

Fope

%‘
e FEE(163.7 mg), AJHUe I FEFE(1107 mg), B&T A oete FEE(103.6
3

mg) %

Table 2. The total polyphenol and total flavonoid contents in aronia leaves obtained by
different growth stages

Growing Extraction Total polyphenols Total flavonoids
stage solvent (mg GAE/g) (mg CE/g)
Young Water 141.6 + 0.9 110.7 + 1.5°
80% EtOH 250.8 + 2.4° 163.7 + 1.0°
old Water 69.5 + 2.7° 564 + 0.9°
80% EtOH 139.3 + 21% 103.6 + 1.8

GAE, gallic acid equivalent ; CE, catechin equivalent

@ HPLC #4& 53 /1 Zg9Hs=

i)

e

1=]
¥ 24



HPLCZ ofzZYo} o e /i Zeds dFS 48R 2, chlorogenic acid7}
major compound o™, ©]&|o|% rutin hydrate ¥ vanilic acidE &<t} Chlorogenic
acid &2 & Zul= T FAEHA oJ-L Y 80% olerE FE= > ofdelY I FF

>

>
> AT do Y FE2E > AS5T A4 dF FE29 o2 A YEhuth

Table 3. The individual polyphenol compound content (mg/k dry weight) in aronia leaves
obtained by different growth stages

Growing Extraction Chlorogenic acid pCoumaric acid Rutin hydrate

stage solvent

Young Water 17.2 + 051° ND 34 + 0.05"
80% EtOH 228 + 0.65° 03+ 6.7° 41 + 001°

Old Water 9.9 + 0.23° ND 3.0 = 0.06°
80% EtOH 10.8 £ 0.26" 0.1 + 58 29 + 0.01°

(2) 2% assayE F3 43t &4 Bt

= [}
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DPPH radical
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Fig. 1. Antioxidant activities of aronia leaves collected at different stages of growth
measured by different assays. Data are the means + SD of three separate experiments.
Values with the same superscripts for each concentration are not significantly different at
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p<0.05.
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@ Invasion assay
ol2yol o ddgs FE=9 dAE JFAATS Hrkstr] skl Chemicon AHS] Cell
Invasion Assay kitE ©]-83}% T} Invasion chamberg “g2° ZFE & ECMI S ZA17] 93|
serum free media 300 pLE insert <& H7}SIHUT. Serum free media©] 0.5~1.0 x
10°cell/mL ¢] =2 ZH|3 SK-Hepl 1A 7HHAIZS 13 § insert 2% 3L 3
gt WA E H7bsta ASHoe THle MEE H7Eekal 24A1%F <t sttt HES
g3t AT FY HAEA AEE ZAEHA AAT F oF 20870 EAAHH. Gt

)
st AHE 5 Felm AVFL o) gatel ALE BAR

.

@ Wound migration assay

SK-Hepl A ZHIAEE 6-well plated] 100% & == wjdst F AxF7] A A
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e
32
2
z
"

mitomycin 25 pug/mLS 30E7F A Elstal AlZ 9ol injury lines ¥ =)
St AHG 5 A EA st ol =S 3 FH AFH AlMAAN AvPS o] &38| 484

F235S H7hstr] 98t 24-welld culture plate®] A|Eo| matrigelS 25 ug/well

¥ Ao A 4027 AZAZA T Serum free mediadl 5 x 10%cell/well & ¥ %
SK-Hepl Q1A ZFAAHEE plated] H7Fslal 24417 &<t vl ksl th. PBS buffer®

ZhE A & MEE A AL hematoxylind} eosin® 2 ¢F 208-7F A7 &, GALS A
at

AHF ) T T @V)FL o) §ate] AEEF BAFAL

@ Zymography< ©]-&3% MMP &4 =74

SK-Hepl AZZE 24 A7+ i3t 5, PBSEZ Ao #H FEES FEEE serum free
media®l Fof 48 A 7HE<t Mgttt AT HS BEobxd ARt @M AdS AEFT F
Zo] total proteing 0.1% gelatin®] Z3¥ 10% SDS-PAGE geldl H719%5S AT Gel
2.5% triton X-1002.2 A ¥ ’>‘10114L1'1, 40 mM Tris, 200 mM NaCl, 10 mM CaCl,, &84S ¥
3L 37°Cell A 18 AZHEt widek ¥, 01% Coomassie brilliant blueZ @43ttt oju, x4
2% w72 HepAo]al gelatine] #alE FE2 A W= UehA €

U 43 2+
(1) ok2Yol & F229 FAE T4 oA 53
FEEY 7t SOl Wt vE EHOR GHE T4 A Bk TSI E
1 o A ARTAM A
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Fig. 1. Effect of aronia leave extract on SK-Hepl human hepatoma cancer cell

proliferation as measured by MTT assay.

@) ch=uo}

@D Invasion assay

% FHEe

120

100 -

80 r

60 -

Invasion (%)

40 -

20

0 25

50 100

Conc. (ug/mL)

Fig. 2. Effects

@ Wound migration assay
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2 A9 5= @ AL A vaAsted dAsHt REEANE TAE W Azre] A
ol wheh Al E] ﬂEﬂ Uolup 4841k AeTAE FAZ Aol 7ol glo] AT
JBFS BAIFA WHol, ofZLlol oA FHELS 100 ng/mL FEZ AT FSole
A ool TN FAFEI, AT WF F UNIAAE AT o]Fo] Ael o]
A 9k 24-48A1%Y0] ABAAE AL o]Fol mlEshl dolde HAsAT okzy]

7F 200 pg/mLE F7hehell w2k hA|E o] o] Fo] 48417k kR ol

Young leave_[t_100 ppem Young leave_£1_200 ppm

um - - -

Fig. 3. Effects of aronia leave extract on wound healing migration of SK-Hepl cells.
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@ Adhesion assay

ol Bl oz Yol o]dd o oehs FEE2 A YA EF SK-Hepl A9 F
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Fig. 4. Effect of arania leave extract on cell adhesion on matrigel.

ZymographyS ©]-&3 MMP 274 =

MMP-29} MMP-92 ¢Fxlol9} fedd Faolw, 1A 1FFMEFQ] SK-Hepl AlX= 7
B2 Fo MMP-9# °fzte] MMP-2E5 #Hldt= 2oz d&A nh ofzmyo} 9]
AeletA g2 HEzTFolA MMP-9% MMP-2¢] Hds &8t of2Yol o +

%

W2 2283 484175 vkt Ay, MMP-9 2 MMP-29] & o] 7Ad-S 3olstgth

80% ethanol extracted Aronia young leave

0 50 100 200 400 (mg/mL)

MMP-9

MMP-2

Fig. 5. Effects of aronia leave extract on MMP-2 and MMP-9 expression analyzed by
gelatin zymography.
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7. ok2 Yo} T/ FA A=

7h A3 Wy
1) AFA=E

2 Ao AFE-SE of2UY oK Aronia melanocarpa, black chokeberry)w= 20121 8¥€&el A&
FHel ofzYol FAMA 23 AL HH FASAT ARl AHF olZYolE food
processor(Phillips Electronics, Seoul, Korea)E& 0133}"4 wA e §, g5 379 745&

oArpste] ol Py A£G MEZ AFIAAT BAFEHTFHE), BLHA@EADH, 4,
MY (F)C ALAY, T, 2FEE, T NBEE Tk ALBARE

(2) oFZ Yo} 78 A=z
FYAxE oA 2 QHIEF S AA Table 134 22 viFHI = A x5t

Table 1. Formular for yanggaeng with different levels of aronia juice

Control AJY 50 AJY 100 AJY 150

Red bean angkeum (g) 300 300 300 300

Water (g) 300 250 200 150

Aronia Juice (g) 0 50 100 150

Sugar (g) 90 90 90 90

Agar (g) 9.85 9.85 9.85 9.85

Salt (g) 0.15 0.15 0.15 0.15
YAJ : Aronia juice

e obZ2YolrS HUbehA &3 Axd Aoz, AT okFZyolrel At
T gelste] PAL AP o AGrh B olRUlES & BT F P, 49,
hgol & HIEE URFAOE AoJFWA 5% 9 FEM sdsdrh 82 11 A
BgES B IFol TAA 3 & FofAEF wwe & o =AM oA 108 T F
JFAch AzE PP AALE E(15 x 15 x 7em)oll ¥ Lo A WXFAA A3 4
Bol FUHA FES F4L Do} WARANA 447 B 2A F AR AESAT

F7gol FEFTS AOAC WH(1990)C2 105T AU ez Wl wet A st
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Control Al 50 AJ 100 AJ 150

pH =4& 3 go Al 1089 SRS ¥ wWe ts °l& AEE st pH
meter(420 Benchtop, Orion Research, Beverly, MA, USA)Z =743l A=+ AOAC W
(1995)0] e} A8 &F 10 mLoll pH meter I=-S ©13 0.1 N NaOHE ©]&3}4 pH 8.3
7HA] =@she=d Q3% NaOH Y (mL)S lactic acid FFo2 245t el AT

e ANEE SFTE 5Wl F4ste] FE3} stal 3,000 rpmollA 1523 AHEH7 F

Feds FHoted F=A(PR-201a °Brix 0~32%, Atago Co., Tokyo, Japan)Z2 =743IA .

F7geo] M=ZAL MAA (Chrome Meter CR-300, Minolta, Tokyo, Japan)E A}-&-3}
&

1M % (a, redness), FME (b, yellowness) #Oo=Z FASIAT 7 AR

1 1
W 2ol 7 BEAS EQon, oul EEWAR L, o b g 24z 9710, +024,
+1.75 oAt}

(6) =43 574

78] 71AH EA SH2 Texture analyzer(CT3 10K, Brookfield.,, Middleboro, MA USA)
S AFE3te]  texture profile analysis(TPA)Z 7%= (hardness), %= A (springiness), 5373
(cohesiveness), 434 (chewiness)s 27 A3t 58X probe : TA25/1000, test
type : TPA, target type : % deformation, target value : 60%, trigger load : 6 g, test speed :

0.50 mm/sec, sample height : 25 mm, sample width : 25 mm, sample length : 25 mm o]

it

g
3}
i g

[e)
F/O}:“C

E

H&E4 =20°| phosphomolybdic acid®} ®¥H&-3te] Moz WAl =
%E]TE: O]%:} Folin-Denis el wa} #2418} ch(Singleton and Lamuela-Raventos 1999).

E(1 mg/mL) 0.5 mL®| Folin Al 05 mLS &33 F 3&3F A4 d-8A1Z
-? 2% NasCOs 15 mLS FH7bst 5 2A12F St gaolA] whEAIZl ¥, 760 nmol| A
microplate reader(Infinite M200 Pro, Tecan Group Ltd. San Jose, CA, USA)E ©|&3la &%
=5 S Ath A8 FHE F Zse FEFL gallic acid(6.25~100 ng/mL)e] EFFA
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< B3t A8 g gallic acid equivalent(GAE)Z UE AT

8) T =HR=ClE I 24
ok =

F78 FZE(1 mg/mL) 1 mLe] 2% aluminium chloride methanolic solution 1 mL& &%
sk 5 1587 Aol d-EA1Zl & 430 nmoll A microplate reader(Infinite M200 Pro, Tecan
Group Ltd. San Jose, CA, USA)E ©]&3le] FHFEE SAHAT A5 TFE F ZTE=
ol e  quercetin(6.25~100 pg/mL)e] ZFIAES Tt AR gd  quercetin
equivalent(QE)Z UER lth.
(9) & AEAPD FF 4
ZF AEA oD F7FE Giusti®t Wrolstade] ¥ (2001)0 3] E43t9T T4023 AR
0.1 gl 0.1% formic acidE &-3$ methanol 5 mLS ¥ 0] 20:7} sonications 3t FEHS
bz 2ot o] #AHS 33 © RESAH. 4S5 HS 40TolA rotary evaporator(EYELA
N-1200A, EYELA Co., Tokyo, Japan)E ©|-&3} FF3s & FZE&uE o]&3td HAS =
2 gAstHt A5 100 Lol pH 1 &Z&<H 1,900 uLo}t pH 45 £3589 1,900 uLE 747}
A7Vt vortexing ¥ ¥, 520 nm<®} 700 nmol|A] microplate reader(Infinite M200 Pro, Tecan
Group Ltd. San Jose, CA, USA)E ©| &3t FHEE SAsIATh ofe] A s F UAEA
obd s ALte A

Z AEA oD T (mg/100 g) = (Ax449.2xDFx12x500) + (26,900x1)
A : (OD 520nm - OD 700nm) of pH 1.0 - (OD 520nm - OD 700nm) of pH 4.5
449.2 : cyanidin-3-glucoside®] 1 mol T &A% (g)
F : Auj4 = 20
12: % %9
500 : A& 100 gz ikel7] 98t 12 mL FE249] A8 FAQ 02 g2 U 3k
26,900 : cyanidin-3-glucoside®] molar absorbtivity

(10) 6}/\]-;;} A %Xg

@ DPPH #tH ol B3k dagols 54

7y FE2E9 HAFAFS DPPH assay= SH3IATE 96-well plated] F=9H F
100 uL®} 0.2 mM DPPH(Sigma Chemical, St. Louis, MO, USA) &< 100 yLE #H7}st &
7CoAA 30+7t RESAI A TE Microplate reader(Infinite M200 Pro, Tecan Group Ltd. San Jose,
CA, USA)E AH&3te] 515 nmoll X F3 =5 S35t A8 DPPH @tvztol] thg Axts
A5 ofd Ao 89 FRE ¢S At A=
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AAFAE(%) = (1AZHFTY FRE/AR F A7AT FBRE) x 100

@ ABTS 2tz W Axeos =4

P FEE9 AT AS S ABTS assay= S8t 96-well plated] = F== 100
uL2} 0.2 mM ABTS(Sigma Chemical, St. Louis, MO, USA) &< 100 uLE 3 7}g+ $ 37T
2] 3043F WESAIA Y. Microplate reader(Infinite M200 Pro, Tecan Group Ltd. San Jose, CA,
USA)E AHE3te] 732 nmell A F3 55 543t A5 ABTS g@trZo] g dasols

e ofgh Aol Z4H FHE ¢S HYstel Ak

AAFAS(%) = 1ABE7ITE FRE/A8 ¥ B7h7re) F2E) x 100

olzYolgm Hrbegol wWE FEe BsiHiMe IddxdATE AEst= FHEE S
A 1595 ez A5 B4 SA0 st Hrbst== sttt H7HA AR A=
= 9% 7l HEE ol&den, 540 F2F5 2 FFE VISs= WHeE s
AALG 2 M(color), F(flavor), T(taste), 2] 7H(texture), HA A1 7] &% (overall quality)=
st

EE Aye 33 wEAF g Hid(mean) + XWX (standard deviation)E YERY
2]+ SPSS software package(Version 17.0)5 ©]-83}e] B3}
T 2o fFrojAe e AES ANOVAE o] &3ty fFod&

uncan’s multiple testE ©]-8-3t A5t

rd

#

b

o

o

+

MN

=2

X

)
dor b
o MR

obEUotFl Fg Feldtel ARG WIFY FRIF 23 FAE Table 29 VT o}z
o

A=4
Q3 otzUolFS W P F

Arhare] wel 295~312%9) FEFFS Ye oy ARz fogo] gt Avt o
o AAATNA WFE, MAE BT U £AFe HAe AxH B FERIBL 279~

=
43.6%= 2 ATAA} AR A HERT.

_54_



Table 2. Proximate content of yanggaeng added different amount of aronia juice

Sample Control AJY 50 AJY 100 AJY 150

Moisture (%) 31.6 = 0.7° 295 + 0.7° 31.2 + 0.8° 31.0 + 0.3

*Values with the same superscript within the same row are not significantly different at p<0.05.

1)A] : Aronia juice

@ pH, A= ¥ Y= 574

obzUotF H7b BBl pHSE AHEE 3T A} Table 334 2ok

Table 3. Values of pH, acidity and sugar contents of yanggaeng added different amount

of aronia juice

Sugar contents

Sample pH Acidity(%) (Brix)

Control 6.9 £ 0.1° 0.1 + 0.0° 52 £ 0.0°
AJY 50 6.0 = 0.1° 0.2 + 0.0™ 53 + 0.0°
AJY 100 55 + 0.0™ 03 + 0.0° 55 + 0.0°
AJY 150 52 + 0.0° 05 + 0.0° 5.6 + 0.0°

“Values with the different superscript within the same column are significantly different at p<0.05.

1)A] : Aronia juice

otz YolF AA|e] pHE 4.022 YElgon, of2yold 37l 2T pHE 6.87 At
ole 71%5A EAS HuskA ¥a Axd YurE<l o] pHIF 6.67~6712 Hid AP
T AT ol2Yols HUtEol SUMESE pH—‘E 599~518% YolAl= BEFS H
th ot2YolE A Y AEe 521%010A, of2YolEs HIbsHA 2 dET &
= 01% Ao ok=Yols H7bdol Skl wet A=7F 02~05%7FA =obRth

olZ Yo}l = chlorogenic acid, neochlorogenic acid &°] &%3 Aoz &#A 9, o=
of &sf pH7} #4sta AterE S7H3F Ao ® At EH

ofzUYolFo 4S 2yt Ax3 FPe Fr SHAI= Table 33 24 ofZYolF
A7 BE= 520 °Brixe WEFH AL, of2 Yol HUtHo] SUMEsrE TR SUHsk=
BEFe BAT. okZYol Fo| AAlY TR 141 °Brix Ao, of2Yolg FFe] S
w2l G dr== 47 53, 55 R 5.6 °Brix7tA S7FSIATE o= ofzZuyoto] FrE Tl
o3 Aew F AxA Frtete 25 olZYolEoE tAlstlr] Wil ol2Yols 7t
Feholl mhet 37t 713 Ao ' AR HTh

o
lo

gl

o
o
ofN
N

_55_



b2UolFe ¥ welste] AxF P M= Z4 AIE Table 49 LTk

Table 4. Hunter’s color values of yanggaeng added different amount of aronia juice

Sample L a b

Control 204 + 0.3° 26 = 01° 26 £ 0.1°
AJY 50 19.6 + 04% 28 + 0.1% 1.7 + 0.1°
AJY 100 192 + 0.7 3.0 + 0.1 1.3 + 0.1
AJY 150 19.0 = 0.2° 32 + 0.1° 1.1 + 0.1°

“Values with the different superscript within the same column are significantly different at p<0.05.

l)A] : Aronia juice

BEE UElE Lt ol2Yols HIMeHA] &2 tEFUF 204022 7P =4 UERS
), ofZYolFo] HIbeo] F7tgd wet Faste AEE BIom AJ 15004 = 18.98= 7}
& S YRR TH(p<0.05). ot2UYotF o] U] FU1EFE WEVF FAste AL ofZ Yo}
o Fgfso] e dEAID Mio] o3 Aoz ALEEH

olFES HIISHA &2 AT 2559 S UEHRTE A] 503 A 10094 = 27 2.44,
2589 gog LEH7FTd HiE] §97e E71E HYuh A] 15090 E 31882 folFow 7}
AT F2AEs UERTH(p<0.05). SN EE YEE bae ofZYclE F3H7E FeA =
2552 7H #9kal, of2UYolg HUbeFol FUhehd] wet Wwe FXE JEinh o] ol Yo}
JFPEAJob ] &3t Ao g of2 Yo} Hypekol| nl#st] Mol HH Z& 254

TAME AEAo}D FFo] FHI AMaTFuiel QUAHE HUlsto] Axd S
g WEL)S FAEDb)7E FAASE FAA A #

2 AzF Py BH=H Ao Table 59 2ot

Table 5. Texture of yanggaeng added different amount of aronia juice

Sample Control AJY 50 AJY 100 AJY 150
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Hardness (kg) 0.19+0.02° 0.30£0.09° 0.3120.07° 0.48%0.0°

Cohesiveness (-) 0.10+0.01° 0.11+0.01° 0.10£0.01° 0.10+0.00
Springiness (mm) 0.35+0.23" 0.41+0.08" 0.44+0.24° 0.41+0.07
Chewiness (J) 0.01+0.00° 0.01+0.01° 0.02+0.02 0.01+0.00°

“Values with the different superscript within the same column are significantly different at p<0.05.

YAJ : Aronia juice

of2UotE F-H7E el wlal of2YelF bkl FUhEe] Wl Ax® Frbstah of
2otz ArtEFe Daste] Az AJ 50, A] 100 D AJ 150914 AEE 0295~04837HA] =
btk 349 A, A 50014 7HE =A YEigtey, tized 7 Hukrel A JyEhd

FAE BAHoR £949 AolE Holx AT o|F Fal ofzUclF) WIHE FA9
234 S o9t geye iz wa olzueld ATl =

=
o @e ey dzyds #@el A4 B& A 15004 xR vEd FAE BY

of2YolE H7F 39 EYuE, SRR B jFEAC @ F4dv= Table 634

Table 6. Total polyphenol, flavonoid and anthocyanin contents of yanggaeng extract

Sample Total polylzﬁlenol Total ﬂav;))noid Total ant};?cyanin
(mg GAE"/¢g) (mg QE”/g) (mg C3G100 g)
Control 37.0 = 0.3° 15.7 + 0.4 0.3 + 0.0
AJY 50 63.6 £ 0.7° 254 + 0.5° 06 + 0.1°
AJY 100 107.0 + 1.4° 453 + 09° 1.1 + 0.1°
AJY 150 1288 + 1.8° 548 + 0.5° 14 + 0.0°

““Values with the different superscript within the same column are significantly different at p<0.05.
UGAE=gallic acid equivalent

2)QE=quercetin equivalent

’C3G=cyanidin-3-glucoside equivalent

YAJ : Aronia juice

F8o T ZEHs FHF(mg gallic acid/g 71F)> HETS A 37.0 mg oA, o=

_57_



Yotg el H7pakel wiEsted S7pskith. 5, 89 F ElvE dE2 AJ 50, A] 100 3 AJ
1509141 Z+Z} 63.6 mg, 1069 mg ¥ 1288 mgo 2 o]= djx&+ o Hl3] 1.7~3.587tA] F7hst
FAGY. FY F EFHEEoE FHFLS querceting V|TOE FTH 1 gF UERTo] 157 mg
ollont ofmUotFES MG FAlM = 254~548 mgo® FUIEIH. G F FEAC}
d FEFe obzyolgel Hrbel whel 1.9v) 47¥i7bA S48k o= ofZYotol FHtH o]
A= neochlorogenic acid, chlorogenic acid, quercein-3-ruthnoside, quercetin,

cyanidin-3-galactoside, cyanidin-3-glucoside, cyanidin-3-arabioside, cyanidin-3-xyloside &¢] <t

Aok gare] oF Rog AmE

©) B =73
obzVolE @4 Yol DPPH % ABTS 2t 27%< Fig 1o Yehisich

60 60

- 50 - 50

= =

£ £

%;?40 o4

1 e

EE‘ 30 5E 2

£E SE

ER Ee

"2 =

: &

8 40 = mj
0 0

Control AJ 100 Al 150 Control AJ 100 AJ 150

Fig. 1. DPPH and ABTS radical scavenging activity of Yanggaeng added different amount
of aronia juice (AJ). Bars with different letters (a-c) are significantly different at p<0.05
by Duncan’'s multiple range test.

DPPH radical 2A84e WzFolA 166%% 7H4 wkskil, AJ 503 A] 100014 2z
30.7%%} 45.0% 5 YEhARA o™, A 150914 47.2%% 7H3 %<& DPPH radical 2784%
YElATh ABTS radical 24 &% DPPH radical 24843 FARE 235 YelWth. ABTS
radical &AL hET7F 95%2 7P 2 s yEhlla, A] 5034 AJ 1007F 74z

18.3%%} 30.9% = YERHACM, ofZ ol ko] M =2 AJ 1500] 33.8%= WEHH A
DPPH 2 ABTS radical 27 84& ol olF o o] 71842 £ Aoz A4y
Atk olE otz UelZe FiE ZFus, TalRwols, QEA S3 2o FAIEAS
of olg Aow ARHET. olzuole] $iE tEAClY, EeldE, Sehri 15 s e
7% AR 22350 o8 I a7 ss40l muE Slth ohzuje}
sl AR BE T A3 e AeE RuHz o

rr
o2t
5
o
o2
olN

(7) FsdA
FEUotES Hrhstel AL AxHT A, w, A, B, AVH VI I

HAY A= Table 72 2t}

ry
olr



Table 7. Sensory intensity results of yanggaeng added different amount of aronia juice

Control AJY 50 AJY 100 AJY 150

Color 65 + 0.5° 6.5 + 0.5° 6.8 + 0.5 7.0 + 0.6°

Taste 47 + 02° 65 + 0.3° 6.6 + 0.3 48 + 03°
Texture 48 + 034 51 + 0.3° 71 + 04° 65 + 0.5°
Flavor 54 + 03° 5.6 + 0.2 6.0 + 0.3 6.1 + 0.3°
Overall acceptance 48 + 0.3 6.3 + 0.3° 6.9 + 0.3° 54 + 03

““Values with the different superscript within the same row are significantly different at p<0.05.

l)A] : Aronia juice

Aol T3t M= A A, gz vls] ol thele] ofzyolFe Hrlso] Fr1E
=2 S YeHY. A] 503 A 100914 93 WHEEE J|FoZ 717 648 H 6832 H

ol WA, AJ 150014+ 71 =& $£X¢ 7.03E YElT ol ol2Uole] 1H MAe 23
3

A4 Fe Fol AE=7t w4 Yed Aoz ddd. st
A= AJ 507 AJ 10001 4= thxzel Hla) =2 %e By AJ 15091- = 2T f9
]l ApolE e A A TH(p<0.05). Aol 9= Ead 2z 7kt #Fo <l Aol

H9ow, A] 1000] 7.082 7} =& HE4E e

Fgrl= gzl vlE] olzYolm HubEo] 3 -
1003} AJ 1500 A= 2% Apol& HolAe skt AWZQl wEee dxadd 72+ H7t
oA FoHQl zolE PO, A] 100014 6.90H o2 71 =2 HFE 4
Ae A w A7 g 2 FubEel mER ) gAasE Ao g Jelhdd. olale AxnE £33
3 2 ), okzUel P AxA HFzAoZ A] 1000] A, B, Az, Fr] 2 =

2 %Y 5 9 Aoz Audt
8. otz Yo} & HEe A=z

7 4%

de) Azel AR ArE IS AN AT 24 Y SGEvENN P =

A QHgrlEAS AgPom, ohxucls A% 99 okzuel AuEgelN FHF AL
Q.

A= A= HAYAASAE A Axd d=3 e a Lol
o A

— La Parisienne (Brown yeast, Vision corporation,
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(2) LaAe] 54 G E FE TFF 24

A 93P gwd E&)E(SAP)S 21E HME T H(KFAC, 2013)0] what
Rk A=E FAAH FRFEATFHNTS, 2010)0) wal EA3tgon, daAe FRgHFe
9] 835747 (Model MX-50, AND, Tokyo, Japan)E ©] &3} Z73}%th.
@) 9429 =4 @5

Aol Aw F 242 FQF B HASaL 308 b Ewlr] $ 100ToNA
(MODEL-1, Bluebrewlab, Seongnam, Korea)E ©]-&3le] 24|17t &< FH|sta A2

@ e gzl ol

=
=

(a) Ipguk method

g3tk olZUolE 2 A 7](SY-3500,
0]8-0]-0:] er,]]a‘} _’4 ul7—1;q
+ Fig. 1% 2t}

15t mash
Seed mash
Seed mash Misi Additon
¥ Ring Rice, Joguk water
Rice 1{
¢ Fermentation (257C)
Soaking & Draining
Steam & Cooling
Vlf nd
Mixin Additon 279 mash
9 Ipguk, yeast, water ik
y 15 mash
Fermentation (25C) ¢
Mixin Additon
J, 9 Rice, Aronia, water
Fermentation (25C)
(b) Nuruk method
15t mash 2" mash
Seed mash 15t mash
e Additon s Additon
Mi)img. Rice, Jpguk, water Mujng Rice, Aronia water
Fermentation (25T) Fermentation (25T)

Fig. 1. Schematic diagram of muakgedlli sul-dut fermentation
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gaAel et gu Ao zelrt et d=S AR Wl FR "HES dho] 4843t
HE 1Y dae AAEY E TSRS AR B2 g8 2 Al BARe 1Y 2 A
Z12k(lactic acid 85~92%, Samchun Chemical, Pyeongtaek, Korea)S ©]-&3to] pHE X433

AT (NTS, 2010)o whe} A= 100 mL
12 o] FHslal 15 mLe &2 23] AL AS A 500 mL ST 27 &
A) ==
E o 1T

= "4 o !
Z4710 dAste SFAZ F A 80 mLs HAA-dH 5 tF 100 mL7HA] SFF

2 A+ ¥ density meter(DMA 35 portable density meter, Anton Paar, Wundschuh,
Austria-Europe) S ©] 83} 20CoA =439 0

2

A A TAH FFESFE wet 10 mLe AEE #3le] BTB & NR EFA| A<
(Bromothymol Blue 0.2 g, Neutral Red 0.1 g, 95% ethyl alcohol 300 mL)S 2~3 & "o
o2 01 N NaOHE %3} 243 & giog ghatete] A8 pHE pH meter®2 =
3sreo

=
Al59] #Yd 32 Dinitrosalicylic acid

(DNS)Hell we} E3FEA S o]&sta] S48}
gorn REFEYGLS ¥rFog sl FAFS AAE T
7) 2=
ARE dHEE7IE 88k 4500 rpmelA 1583F %g—ga@ e A5AS 31
syringe filter(Nylon, 045 um, 13 mm)E ©]&3td oAHg F TEAHI 96811 Wine

refractometer, HANNA Instruments, Woonsocket, RI, USA)E ]%3}04 =33kt

® =

NEE QHRINE o83l 4500 pmel A 1587 WAL T g FEAS s A
P o] &t MEL MAFA(CR-400, Konica Minolta, Osaka, Japan)E ©]-&3t ®E(L),
AN S (a), FAE(b)E 533t Hunter's color value®Z WER Tt
9) SEAPT =4

AlgE FARY7IE o838t 4500 rpmol A 1583 AAHEZT ts dedS HF F
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Syringe filterg ©]&3l H#}g & A5 10 uLE Eclipse XDB-C18(4.5 x 250 mm, 5.0 um,
Agilent Santa Clara, CA, USA) columns AF&3Fe] HPLC(HP 1200 series, Agilent, Santa

Clara, CA, USA)EZ #4339 2™, diode array detectro(Agilent Santa Clara, CA, USA)E 7
=712 AHgskat

. 49 2%
(1) etzUe} AAe =7 2y

547 gge] Agets ojzUols B2 HE 3 FAL YAYZ R4 F BgAL
S50 Arketnh B Aol AL E okzuole] Ax R o|sebs ¥4 Awhe ofelst Lok

Table 1. Physicochemical properties of aronia used for manufacturing makgeolli

Hunter’s color Reducing sugar Acidity
Sample °Brix pH
L a b (mg/mL) (mL)
Aronia 14.58 7.65 2.32 2.73 15.2 7.3 4.03
olZ o} AEAoPIS cyanidin-3-glucoside, cyanidin-3-galactoside,

cyanidin-3-arabinoside, cyanidin-3-xyloside®] % 4 F°]13l, cyanidin-3-galactoside®] %&o]

7V =4 Jelgon, F dEA oM e 5368.6 mg/kgo 2 YENGTH

Table 2. Anthocyanin content in aronia used for manufacturing makgeolli

Anthocyanins Contents (mg/kg)
cyanidin-3-glucoside 187.9
cyanidin-3-galactoside 3677.1
cyanidin-3-arabinoside 1277.5
cyanidin-3-xyloside 226.1
Total 5368.6




84 mLE £k FEIFS £aLA S} Aol 72 655 751% = YEFST

Table 3. Characteristics of kgii

Sample SPY SAP? Acidity® MC?
Ipguk 85.89 6.47 8.4 6.55
Nuruk 1609.89 23.71 1.2 7.51

sp Saccaharogenic power

»SAP : Spectrophotometric acid protease unit
» Acidity : Titratable acidity (unit ; mL)

Y MC : Moisture content (unit ; %)

@ WaA Y ofZU o} HrtF] wWE =Tl

BEAZ d NFFES o83t 77 of2 Yot} 5, 12, 20%7F HES Histe whA
e AxsAh FERY FoJ 42, FAT, AE 283 pHY WEE= of# et o] vEl
W

Alcohol contents (%)

Total acidity (%)

T 2 oz 4 & @ 7 1T 2z 3z 4 & &8
Fermentat ion time (day) Fermentaticn time (day)

-

®: N-5 Nuruk Aronia 5%, O: N-12, Nuruk Aronia 12%,
V: N-20, Nuruk Aronia 20%, V: 1-5, Ipguk Aronia 5%,
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W: 112, Ipguk Aronia 12%, [J: 1-20, Ipguk Aronia 20%

Fig. 2. Alcohol contents (A), reducing sugar (B), total acidity (C) and pH (D) of mmakgedlli

sul-dut during fermentation by different amounts of aronia and different kinds of koji.

79 Ao d=& FHL 15 112, 1:200] A7 155, 156, 15.0%, N-5, N-12, N-20°] 242}
14.4, 14.7, 142% 2 U= MIFFE AP EF ol2ZYo} 20%29 H7bol 5, 12% FA7hol

Ha g43g o] e AL AT 5 YUtk FAT FFe §l FES AAFHEA )
© BAFS HIAT 2a d57t BHRHUAN Dhste A4S B 69 2 5 SdY
of tahv gL AT BH BAE VHAH, 53] IE AA Fode T Y 42 e
2o Hgho] BFHoz o]RofA 7] wie] YT Ao} vHsY ¢IE FEIF SIS
ATk 79 2] AxE A AFFoNME 1200 0.61%, MFF= APl A= N-200] 0.31%
2 71 UA JdEEed ol ¢xE& IaY AW AHAe] de AR #ddHTh pHY
W= A= AlParol 3.27~3.85, MEFTH Aol 3.72~4.260 HMHE FASH daH Ao
2 Hol g AME Algo] Boh @E pH #S FATES B & AL ol HE T 49

|
T Aoz Kol vtAg] W gQlo] ofZyole] & 20% X HA 73} 2]
Aoz AZtE. T3 A5 Ao ofZYo} 5% H7Iro agte] ®HsHFS B Mo &3
7} olu] B =23 7

A7V 12% = AA3FA T

Aw

1o
=

7 ookEUol Hrbekel mlElste] agtdt bgke]l Skt oH, B
X3 A= AT agkd bgkol MFFH Aol Hel A vetst
th ole F AP LA profiled] AHEe} pHE zholol] o3 Aolzta AgrETh

Table 4. Condition of makgedlli sul-dut (Unit : g)

Sample

Ste : N-57 N-12% N-20” I-5% -12° 1-20°
materials
Ipguk - - - 264 264 264
Seed Yeast - - - 11.25 11.25 11.25
mash
Water - - - 396 396 396
1st Nuruk 23.4 23.4 23.4 - - -
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Ipguk - - - 1086 1086 1086

Yeast 11.25 11.25 11.25 - - -
Water 2250 2250 2250 1854 1854 1854
Rice 1500 1500 1500 150 150 150
Nuruk 46.8 46.8 46.8 - - -
ond Water 4500 4500 4500 4500 4500 4500
Rice 3000 3000 3000 3000 3000 3000
Aronia 225 540 900 225 540 900

D'N-5 : Nuruk Aronia 5%, 2 N-12 : Nuruk Aronia 12%, 2 N-20 : Nuruk Aronia 20%, P 1-5
Ipguk Aronia 5%, 112 : Ipguk Aronia 12%, © 1-20 : Ipguk Aronia 20%

(4) A oL A =%

1 w0 o L Zﬂ_

JX&‘

D {714 pHell @& dEAold AAA

GFEAIOPA Aol ekAHEE flavylium ringd] 32 AA S oF sh=dl ol TS FE= <
ALZ = {4714}, flavonoids, polyphenols 59| copigment, 3, <%, pH, T&°]< To] Hi
wo} ity wepd Aol Azel Aol VAL 23 F FAN, A4 5 Fxo| ol
AHEEE fF714F H7Eel pHeE o WE FEAS AEet MEAoIT A WHIE FH st
ZARIA Y. FAMeZ pHE A A|FFL C25, 3.0, 35, 4.0, 452, Zito g pHE =%
Ae APFEL L-25, 3.0, 3.5, 40, 452 e ATH

AT W)

ol Yo}l H7}F AZQl 093y agkS C-25, 3.0, 35, 4.0, 4.5+ Z+7F 15.71, 9.82, 8.19, 4.73,
5.630]%131, L-2.5, 3.0, 3.5, 4.0, 459 HAM== Z}7} 14.66, 6.06, 4.60, 2.75, 2.96°| At} AA| 4
o8 4k A FA Aol HlE) agto]l WA SAHACH, F AP EF pHIL =
FAFE HAEIL Yol A4S BT, 7UF e aghS C25, 30, 35 40, 455 7zt
15.96, 10.64, 6.02, 3.25, 2.21°]Q31, L-2.5, 3.0, 3.5, 4.0, } 16.00, 8.93, 3.17, 2.61, 2.56=%
et 7 HE T 25 pHZF ol whep A4 AgS Bk w3 7o
Ao g pH% ZA% Aol A AT R ArEeR® agho] A UElstew, pHF B
$4% HY Ao et
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C-25, 3.0, 35, 4.0, 45+ Z}7} 155.3, 89.3, 759, 41.7, 384 mg/kgelA o™, L-25,
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Table 5. Anthocyanin contents of makgeolli sul-dut during fermentation by different kind of org;

mg/kg)
Samples
Day Anthocyanin
L-2.5 L-3.0 L-3.5 L-4.0 L-4.5 C-25 C-3.0
Cyanidin-3-O-galactoside 54.3 281 25.2 17.3 16.2 73.9 36.0
Cyanidin-3-O-glucoside 25 1.0 1.0 0.4 0.3 3.2 1.1
0 Cyanidin-3-O-arabinoside 17.5 7.7 6.5 3.7 3.4 21.9 8.9
Cyanidin-3-O-xyloside 2.6 0.8 0.7 - - 3.1 0.5
Total contents 76.9 37.6 33.4 215 19.8 102.0 46.5
Cyanidin-3-O-galactoside 1124 448 34.6 30.8 28.1 109.3 64.0
Cyanidin-3-O-glucoside 6.2 1.9 1.6 1.3 0.9 5.6 3.1
1 Cyanidin-3-O-arabinoside 37.7 10.7 7.0 7.2 6.3 34.4 19.6
Cyanidin-3-O-xyloside 6.4 0.9 0.4 0.5 0.3 6.0 2.6
Total contents 162.8 58.3 43.6 39.8 35.7 155.3 89.3
Cyanidin-3-O-galactoside 46.6 17.7 4.6 2.7 24 43.8 14.0
Cyanidin-3-O-glucoside 3.7 0.9 - - - 2.7 0.5
7 Cyanidin-3-O-arabinoside 20.3 8.0 2.0 1.3 1.0 171 7.6
Cyanidin-3-O-xyloside 41 1.6 0.2 - - 3.2 14
Total contents 74.6 28.2 6.8 4.0 3.4 66.8 23.5
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Uetlen, ol 27] pH 24 93 33 H7HeE A4 7108 e ®d TF 8
Axpo]l A AFT9 4%, pHE 247t 74 mL, 3832 A:e 7bg £33 pHE 7H8 @& &
S ®Hth B, C D, E AlEFY A= 747

417, 420, 4128 Yehgth @Earzh I3 s dx
2 A" 4F frIEe] JRiHER F4ke] ko] 43 Al

Table 6. Alcohol contents, reducing sugar, acidity and pH during fermentation by
different kinds of koji and initial pH

Fermentation time (day)

Sample Values
2 5 8
Alcohol contents (%) 7.00 16.80 17.80
K Reducing sugar (mg/mL) 15.18 3.43 5.05
Acidity (mL) 6.70 7.60 7.40
pH 3.11 3.59 3.83
Alcohol contents (%) 5.10 13.6 16.8
- Reducing sugar (mg/mL) 13.78 6.16 1.81
Acidity (mL) 1.50 3.25 3.90
pH 412 3.84 4.02
Alcohol contents (%) 6.20 15.60 17.60
- Reducing sugar (mg/mL) 33.38 4.34 1.38
Acidity (mL) 2.70 3.90 410
pH 3.55 3.83 417
Alcohol contents (%) 6.80 15.6 17.50
oo Reducing sugar (mg/mL) 29.00 5.52 1.51
Acidity (mL) 2.10 3.30 3.50
pH 3.71 3.92 4.20
Alcohol contents (%) 6.30 14.80 17.30
9 Reducing sugar (mg/mL) 21.53 5.57 1.49
Acidity (mL) 1.90 3.30 3.70
pH 3.89 3.86 412

DA IpgukeAronia 12%, 2B : NurukAronia 12%, C . NurukAronia 12%, added lactic acid
(pH3.0), YD : NurukAronia 12%, added lactic acid (pH3.5), ’E : NurukAronia 12%, added
lactic acid (pH4.5)
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d. A% W3}
e 2¥atl A, B, C, D, E ZtZ} 24.04, 28.43, 26.50, 27.43, 27.26°]R ¥ Ao] 8Y
26.25, 27.93, 27.99, 28.05, 28.30& BE A|9lsla T Z7}ttt 8Ll AlE 7HY Ao
E7} 28302 714 =kom 71 92 Algsv A2 YUEETH a 32 24%9 A, B, C D, E
Z}z} 11.02, 3.02, 579, 415, 3928 PIFS ALE3 A AP0 7}x Egtow, F29 g3
B, C, D, Ex= &Ul9 pHV} =moldsE AAE7E U L‘rE‘rkkE‘r
27} 556, 2.16, 2.18, 1.91, 2.03% 2¥ X} H&] HM =7} 7459
o= 29t A HIstATh #UI1AFE pHE A4 b A4
Hasj A 2hde] 28oX 9 agke] O 9HA Yege
, B TY o 2o o) tEAJobd o] 3
523k AgS B 29 A, B, C, D, E 4%
o, B7} 71 @A YElS. T3 8UA = A, B, C D, E 7174 446, 2.97, 3.59, 3.27,
29832 AE ALY BE AFT2 2¢ =}l vl bake] SUFeAT
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;3 Sy m

Bow pHE HAT A7 BE 2712 day)dle A& A BA7} AAAT, BE F
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Fig. 3. Changes of Hunter’s color by different kinds of koji and initial pH. (A: Ipguk,
aronia 12%, B: Nuruk, aronia 12%, C: Nuruk, aronia 12%, added lactic acid (pH 3.0), D:
Nuruk, aronia 12%, added lactic acid (pH 3.5), E: Nuruk, aronia 12%, added lactic acid
(pH 4.5)).

Al AolA] & 2 Y3} cyanidin-3-Ogalactoside 3t &2 6817 mg/LE E} Al@+ diH]
ZtE F=7F Wlg =2 AL Z UEYA, cyanidin-3-O-arabinoside 32 Za o] g
glol B Al timl 2uf o]} Eshe Ao g FRlFen, nFgolre AR B AT
Me AEHA Z= cyanidin-3-Oxyloside’} HE5H = Aoz RIFHA= o]9f 22 Ai+=
2E 8 d A HEE 8o §¢ Bl o3 Ax Zoldk MgHI = AR AIREHG
(data not shown). 3, StEAJoPI L] b FFS vA= Aoz ¥ pH x5 &
Ast7] $lste] ez pHE BASt BaAS IAPA AFFH AP AFoA pHS 4
aglol AR Fdoz AdEALD ko] wie w2 Ao® YEoerng dEA I o
715 Y Fx Al TEARZE MFETFFEOGE 459 ARSo] dEACd 84 FA
Aee Aoz AEn o9} Zo] =S HIAZ AT AP A9 MFFFHES HaA=Z
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A AREE 2 Ak A Aot Aed el Lol TAN F8AF AN 589 F
olZulo} HEACIS] HE Fwel Aol AN, AT WYT AFEF W] AHsH FB
E FHE B

Table 7. Anthocyanin contents (mgkg) of mmkgedli sul-dut during fermentation by adjust
with pH

Fermentation time (day)

Sample Anthocyanin > 5 3
Cyanidin-3-O-galactoside 68.17 2.73 0.84
Cyanidin-3-O-glucoside - - -

A Cyanidin-3-O-arabinoside 13.65 19.43 15.74
Cyanidin-3-O-xyloside 0.66 0.78 0.56

Total  contents 82.48 22.94 17.14
Cyanidin-3-O-galactoside 4.26 0.74 0.29
Cyanidin-3-O-glucoside - - -

B Cyanidin-3-O-arabinoside 6.10 5.71 4.27
Cyanidin-3-O-xyloside - - -

Total  contents 10.36 6.45 4.56
Cyanidin-3-O-galactoside 0.05 0.69 0.20
Cyanidin-3-O-glucoside - - -

C Cyanidin-3-O-arabinoside 511 6.52 3.97
Cyanidin-3-O-xyloside - - -

Total contents 5.16 7.21 417
Cyanidin-3-O-galactoside 0.92 1.30 0.43
Cyanidin-3-O-glucoside - - -

D Cyanidin-3-O-arabinoside 6.18 7.35 5.27
Cyanidin-3-O-xyloside - - -

Total  contents 7.1 8.65 5.7
Cyanidin-3-O-galactoside 1.93 1.06 0.21
Cyanidin-3-O-glucoside - - -

E Cyanidin-3-O-arabinoside 5.90 6.77 4.77

Cyanidin-3-O-xyloside - - -
Total contents 7.83 7.83 4.98
DA - IpgukeAronia 12%, 2B : NurukAronia 12%, 9C . NurukAronia 12%, added lactic acid

(pH3.0), YD : NurukAronia 12%, added lactic acid (pH3.5), E : NurukAronia 12%, added
lactic acid (pH4.5)
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6) AFALL 98 AH) FP2A £F

D AZE A4

obzUo} Hel w5le) WE A FEAZE AWEE ul 4TS A 9ol 4 ¢
94 f Aol EHAolT, oh2ulol Fako] 12%7F HES WHAL W &5 BEel FFL
FA gomA okzuol nfe) MEsk FHE AOE FANUODE The Table 87 L&
2708 NAE GAANE 2Pl FFS AR

O

X

Table 8. Recipe for nunkgeolli

Seed mash 1st 2nd
Ipguk  Yeast Water | Ipguk  Rice  Water Rice Aronia Water
528¢  225g 792mL | 2172g 300g 3708mL | 6000g 1080g 9000mL

@ A1&E ol2Yol BAe] &5l TE profile
%’M AT E ALt a5 AN O ol2Yol w4y £ule] HE APYES B4
rofile Table 99 UEldlo] Tx A Fdo] 7849 4 v L& profileS YEH

eN
e=
A= A+

Table 9. Fermentation profile for makgedli

Fermsg}t]ation Coﬁ:zgilo(l%) Acidity (%) pH Red(t;rclzg}%n il)lgar Tem}(D%r)ature
1 8.8 21 3.15 16.4 253
2 8.0 6.6 3.22 6.05 248
3 11.8 5.5 3.21 2.14 23.3
4 14.6 5.9 3.29 1.7 245
5 15.6 5.1 3.84 1.35 24.2
6 17.6 5.6 3.83 0.16 23.7
7 17.5 5.9 3.67 0.92 239
Q@ Al&E A=

obzUol e FHL AEH] AF FF AF F UHEA 2 T JEN ¥ne I
2 ES *

o] TUsA <=



# 15 mg/mLo] HES o|ATESIILTS HI/bstaL, e 20 mg/mo] HES FAtS

19 e olan g olH AR KB Wolstd ALES Azaad

Table 10. Mixing codition of makgeolli

Alcohol Reducing sugar Acidity (%) Aspartame Acesulfame K
6.0% 10mg/mL 2.0mL 70ppm 30ppm
6.0% 15mg/mL 2.0mL 70ppm 30ppm

3] 0 mg/mL, 15 mg/mL{] A&, B9} D= A
2% 02 Stk #eWrt A, A FeM= AlEZhe] A

S uEts Ao g Alg "
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Table 11. Sensory evaluation of makgeolli

Sample Color Flavor Taste accce);’zggity
A 6.55+1.87" 6.37+1.38") 6.26+1.77° 6.42+1.62°
B 6.66+1.88° 6.34+1.60° 5.40+1.87° 6.08+1.58™
C 6.34+1.81° 5.79+2.06° 5.53+1.96" 5.50+1.81°"
D 5.76+1.90° 5.63+1.92° 4.87+2.00° 4.84+1.87°

DA : Aronia makgeolii, RS 10 mg/mL. B : Commercial makgeolii 1, C: Aronia makgeolii, RS
15 mg/mL, D : Commercial makgeolii 2.

Al
ay

0%

&

A

(6) otz Yo} vl Gas} B

Table 12. Total polyphenol, total flavonoid and total anthocyanin content of Aronia

nakgeolli

Total polyphenol Total flavonoids Total anthocyanins
(mg GAE"/g) (mg CE”/g) (mg C3G”/100g)
Ipguk control 0.694+0.005 0.011+0.000 0.00+0.00
Ipguk aronia 0.461+0.025 0.040+0.003 0.011+0.004
Nuruk control 0.512+0.016 0.014+0.002 0.00+0.00
Nuruk aronia 0.407+0.010 0.034+0.003 0.004+0.002

YGAE=gallic acid equivalent, ?CE=catechin equivalent, *C3G=cyanidin-3-glucoside equivalent
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(7) ok=Yo} =zl o] kst a5 HUt
LaAES DEst Axd ofzyol I =l st @4& DPPH radical?t ABTS
radical 227502 SA8Ath w5 Hlal Y& AHEE ofZy ol g2 o)A free radical
ALAgA o] =4 YElsth. DPPH radical &2A4Z/39 39, =22 LFEAIZ] ofZ Yo} T
4 27F izl Hls) 28] o] E=A YEs o™, ABTS radical *ﬂ%ﬂoﬂ otZUot=

e Aol A et vReE BEaAz Hdde Ao dary gdgng
= G Aol vgta, ofzYolE I3 B gt el viel w2 d4tE A4S B2
AT,

Table 13. Antioxidant activities of Aronia makgeolli

DPPH radical scavenging ABTS radical scavenging
(%) (%)
Ipguk control 20.6£0.7 46.1£1.5
Ipguk aronia 53.7+0.6 63.1£1.6
Nuruk control 15.9+1.2 42.5+2.5
Nuruk aronia 27.0£0.7 55.8%1.6

0. k2ol FH Hx LR A=

A

A zA|z AE-S olZ Yol Aronia melanocarpa, black chokeberry)s= 2014 9¥€ ol A&
el ofmyol wACAAM FaEAT As AR TASAT ARl AHI olzyYelE food
processor(Phillips Electronics, Seoul, Korea)& ©|-&3} FA nhfigt &, C’-‘,‘% 379 A==
st dol Az AxE AEE ARSI FEE ofZYol HFdd 2 = H7kst
o 27|9EE 15 °Brix2 ZH3 & Saccharomyces cerevisiaes %3+ 25T Oﬂ A =] vl
Fst] AREsIAT FRe olR2UYol WaANS AR F O ANl AFEF Acetobacter sp
PA97S HE3} 30TolA 200 rmpoZ 72417 X ehufekale] AL&-3l9 Tk

_lz

A
7

™ o

X

Q)
=

& LAEE ofZYo} 2FY 100%0 AAEGS Hrbste] 27] FEIF 15 “Brixt H:
{F3ste] 25T &2 F7lolA 8L viF AT, 2T a = o
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E olzyo} dFL wade Fx 10%(v/v)E HAFS 30ToAA 200 rpmo2 M EHjek7)
£ o]&3le 28U7t w43

91

OfZL|O} EF EE M= H=

of2L|o} Saccharo'nf yces
=0y cerevisiae
25°C, 7 days

Acefobacter sp. e
PA97 EA GOl
30°C, 28 days

@) pH, TF % ¢3iE TF 54

pHE A& 10 mL& #3te} pH meter® o] 83te] A3tk F=E A& 300 uLe 3k
o GE=A(ATAGO, PAL-3, Japan)E ©]&3}e] °Brix(%)Z =439t €2 FHFS IHA
T *E-@. 7ol wel density meterlMDA 35 portable density meter, Anton Paar,

Wundschuh, Austria-Europe)E ©]&-3t 20T oA ZA3IA T

4) FET FF L F7I FEF
T 2 FIIA BAS A5t AlEdS dAEE A7 ¥, 045 um membrane filter$}
Sep-pak Cis cartridge® oj¥}ate] A4 g gelg RS AAS §F BAsHT FEd2

=

Ultimate 3000 (Dionex, USA) HPLC®} sugar-pak (6.5 x 300 mm, Waters, USA) column® 2
A Y. ol FL 3A FRFTE AFESIR AL, flow rat2 0.5 mL/min, injection volumn-
10 uL, detector= Shodex RI detector (Japan)E AF&3tth. 714k Ultimate 3000 (Dionex,
USA) HPLC®} Cig column (4.6 x 250 mm, 5 um, GL Sciences Inc., Tokyo, Japan)< ©]-&3}
A3 o542 20 mM KH,PO, (pH 2.8)9} methanolS AF&-3t3 31, flow rate> 0.8 mL/min,
injection volumn< 10 pL, UV detectorg ©]-&3}t 210 nmol A 413t th.

6) g obm=gt &4
ofH|:=gt #AS 9t Algds d4ldd A2l %, 045 um membrane filter®} Sep-pak

o
Cis cartridge® o #}sfo] A4 gl @uld QRS AAZ F 4340 opr]i=4he Ultimate
3000 (Thermo dionex, USA) HPLC®} VDSpher 100 C18-E column (4.6 x 150 mm, 3.5 pm,
VDS optilab, Germany)< ©]-83t il ©]542 40 mM sodium phosphate dibasic (pH 7.8)%
water:acetonitrile:methanol(10:45:45) &3S AH831% 3, flow rate 0.8 mL/min, injection

volumn< 0.5 uL, UV detectorS ©]-&3} 38 nmol A EA15F$t)

a2
w
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(6) A= =4
olz Yo}l 2zxeo] Mr= A2A|(Chrome Meter CR-300, Minolta, Tokyo, Japan)E A}-§-3}¢]
WX (L, lightness), A% (a, redness), &M= (b, yellowness) # o2 3EA|SFA T EF A7

L, a, b &2 72t 97.10, +0.24, +1.75 At}

7) & Z9¥E, T FgEolE, T ¢EA M T

Z Z9ds IS Folin-Denis ®Hol we} £33tk of2Yo} 2% 0.1 mLdl Folin
AleF 0.5 mL& EFT F 3EF AolA WA 32e] s 2% NayCO; 1.5 mL&
71 F 2412 e Aol A ¥HEAIZI ¥ 760 nmolA] microplate reader (Infinite M200
Pro, Tecan Group Ltd. San Jose, CA, USA)E ©|&3ty F3EE SH3AT A5 FFH
ZF ZY9E FHF2 gallic acid®] EFT4(6.25~100 pg/mL)S ©]&3td A8 g gallic acid
equivalent (GAE)E e At

]I{oll

F ZERwol= FHFe Woisky® Salatino el wel A3 olzyol 4% 01
S #H3} 2% aluminium chloride methanolic solution 1 mLS #H7}8le] 1587 42 0] A
HES-A1Z1 & 430 nmol A microplate readerg ©]&3td FFEE SASIATE ARl FHH
St olE 2 quercetin®] FEFEFA(6.25~100 pg/ml)s T3 AR gF quercetin
equivalent (QE)Z e Ath

o\-}lr

Z StEAoPA S Giusti®t Wrolstade] HHol & X310 ofZ2YoF 2% 1 mL
o] 0.1% formic acidE $Ff3+ methanol 50 mLS ¥ ¢] 20% 7t sonicationS 3t A5HS u}
2 Bt o] & HAE 33 RiEste B2 FF A5 rotary evaporator (EYELA N-12004,
EYELA Co., Tokyo, Japan)E ©]&3}c] 40CAA %3 & FZE&WME o] &3l HHF v=
2 343 AT AlFE 100 pLoll pH 1 €589 1,900 pLe}t pH 45 €589 1,900 yLE 247
A7kt vortexing 3+ %, microplate readergE ©]&3t 520 nm$} 700 nmol|A FHFEE =

ottt ofel Aol os) F GEA LD TS AtsAH
% dEA I g (mg/100 g) = (Ax449.2xDFx12x500) + (26,900x1)
A : (OD 520 nm - OD 700 nm) of pH 1.0 - (OD 520 nm - OD 700 nm) of pH 4.5
449.2 : cyanidin-3-glucoside®] 1 mol & A& (g)
F: 3 A4ujs = 20
12 : & 59
500 : A& 100 gz $tsly] flete] 12 mL FE4¢] Alg FAIR] 02 go= ke 7
26,900 : cyanidin-3-glucoside®] molar absorbtivity
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8) st 24 574
@ DPPH ztHZo] w3k x—lx}J—oq‘— =3

obZHol T 429 AAFAsE DPPH assay® 43I0 96-well platec]] 55
=% 100 pyLe} 0.2 mM DPPH %01,4 100 L= A7ksk B 37°Co| A 3087F B8R A1
Microplate reader® AH&-3}9] 515 nmol A FB=E Z4ehict. A8 <] DPPH 2Heiz] of

Axpgelse ofdl 4ol FHE FRE S st HEshach

R

38

AAF5() = 1ANBAATY FFE/AR 7 AT FFE) 100

@ ABTS ztjzto] tsth x—]z]_:ﬂ_oq% ==

ofZUo} A xe] HAF TS ABIS assay= ATt 96-well plated] a2 FE&
100 pLe} 0.2 mM ABTS &< 100 uyLE H7Fs & 37TCoA 303 ¥HSAIZH T Microplate
readers AF&3te] 732 nmollA] SFE=E ST A5 ABTS gtuZto) thsh AR F o5

e ol ol A FAE @S UYS

-

o Ah=EskaAt

AAFAT(%) = (ANBHTY FJ=/AR ¥ AT FFE) « 100
4. 49 2%

712t &9 pH, 3 9 ¢4F& % WS Table 1] e}
k& 7)17k0) Fohstel whel 4.237h% A A v
743 asty 748 YeHth 19 o]Fole=

o] Hae A UEuA Fdn. E32E FFY A5 TE Hole d=so] ey 7
5

==

(¢

1 oft 1501' oy

Table 1. Changes for pH, sugar and alcohol contents during the alcohol fermentation

Incubation day

Measurement

0 1 3 5 7
pH 4.68 4.55 4.46 438 423
Sugar content 16.0 74 7.3 7.3 7.2
Alcohol content 0.0 6.4 7.1 7.9 8.8
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35 =743l Fig. 19 YeERUATh Fig. 1]
pHE 4.640103, 22 E ol wa} AA3] 7t

rf

pH
50 -
Total acidity
Ny M 50 -
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T
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Incubation day pg ————————
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A3

tel HE 309X 3.892 UEIRTH of2YotR e X4 WE V|ZF Fo FAEY WHIE=
20 YEPHATE Fig. 16 Yebd vie} o] ¢ WIE FTH & F dEe 0

e 59 AFE PR 24Y7A ¥l A w2A Frbsiarr T E
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o [ ot

A

Fig. 1. Changes of pH and total acidity during the acetic acid fermentation

—

(@) ok=Yol a A2 FHT TFF B 77 FF

ofZuol A% FHT FFS 54T AI= Table 29 ot ofZ Yo} 2% F FHT
2 LY 14765.0 mg ©]U 3L, o] F Sorbitol &7Fo] 10868.8 mgl 2 7} =43, Mannitol
(3314.0 mg) 3 glucose (5821 mg) =o = YEIHH. ofZUol Az Frd F8 F YES
< d3E % 2N LRE AU BEAEE HEH FOFE AlRHET

o o

-

Table 2. Free sugar contents in aronia vinegar

Free sugars Contents (mg/L)
Glucose 582.1
Mannitol 3314.0
Sorbitol 10868.8

Total Free Sugars 14765.0

_80_



obzucl 4z f714 BE 29 AFE Table 39 2k ofzUo} Axol Fi¥
F2 #7714 acetic acidZ 28 ©F 414153 mgS A5 3L, ©]o]A4 malic acid, succinic
acid, citric acid, tartaric acid ¥ phosphoric acid®] =22 UE}SHT Acetic acidE HI &S 9]

= frIEe Az Aviet AvE A, TCA =& E4gsto AAEHE =33}

R

rr

NsAol D' Aoz HuHa o)

Table 3. Organic acid contents in aronia vinegar

Organic acids Contents (mg/L)
Acetic 414153
Malic 1470.6

Succinic 574.1
Citric 2334
Tartaric 199.4
Phosphoric 115.6
Total Organic acids 44,008.4

@) Frelobnlmat g
olzUol Azel fejolu it e 24T AR Table 49 2k of2U ol AR iH
% 2159 felohuite] AFHUNCH F FFL 3019 mg/LE EhETh Fa ojulmite

leucine, alanine, phenylalanine, arginine, tyrosine, glutamic acid, threonine 52 =% [BRS sy

Table 4. Free amino acid contents in aronia vinegar

Free amino acids Contents (mg/L)
Aspartic acid 41020
Glutamic acid 21.1840

Asparagine 12.5691
Serine 9.2044
Glutamine 5.1185
Histidine 2.1161
Glycine 9.9178
Threonine 20.2905
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Arginine 25.8483

Alanine 30.1587
Taurine 0.2104
GABA 7.8764
Tyrosine 23.3911
Valine 28.0069
Methionine 4.2915
Tryptophane 0.7606
Phenylalanine 28.0807
Isoleucine 16.8742
Leucine 37.3525
Lysine 10.7458
Proline 3.8391
Total Amino acids 301.939

1=

ofZuUo} 2%z AT Table 59 2th WEE UEhE Lk 3988, ANEE Ue=
agke 540, FA=E YEhE bEe 1912 Yebgth

Table 5. Hunter’s color value of aronia vinegar

L 39.88
a 5.40
b 191

@) & &=, T ETEE0lE, F AdEACHd &F

hm g
obzUel 4z ol FHE F EslE, ¥ Fehwol= 2 F HEAlop

a1 o}@f Table 69 YEMH AT

e
offs
o
Ao
o
ol
ol

Table 6. Total polyphenol, total flavonoid, and total anthocyanin contents in aronia

vinegar

Composition Contents

Total Polyphenols 36991 = 4.05 mg GAE"/ g
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Total Flavonoids 397.82 £ 6.85 mg QEz)/ g

Total Anthocyanins 14.82 + 0.07 mg C3GY/100 g
YGAE=gallic acid equivalent, “QE=quercetin equivalent, ~C3G=cyanidin-3-glucoside
equivalent

Table 6914 Bt uhsl 2o] o}zijel Azel FHE F Feldsd F Eehrwols @
S A% 1 mL 3 42 36991 mg¥ 397.82 mglE UElGTh FEI F QtEAolIS A%

100 mLT 1482 mgl 2 uYEelyth ofZYolo= chlorogenic acid, neochlorogenic acid,

quercetin, quercein-3-ruthnoside, cyanidin-3-glucoside, cyanidin-3-galactoside,

cyanidin-3-xyloside &©°] S8 HOZ HIFHO o olZYols %22 AFxT A=

S 4By Bad &% 154 UE F 9% Aoz Ardd

(5) DPPH & ABTS &tz &7%5 373
of2uo} 2 x°] DPPH &tz &2AEAS A= Table 70 YeEH AT o2 Yo}l 2% 9]
DPPH &tjZd £2AHE42 68.01%Z positive control?l 0.1% BHT Htbe thd W oy 01%

a-tocopherol® A €45 eI

Table 7. DPPH radical scacenging activity of aronia vinegar

Inhibition (%)

Composition
DPPH" 68.01 + 0.54
0.1% BHT 89.23 + 041
0.1% a-tocopherol 69.83 + 0.62

YDPPH = 2,2-diphenyl-1-picrylhydrazyl

ofZuo} A xo] ABTS itz &84S 23+ Table 8o HERH AT ofZ Lo} 4% 9
ABTS 2tz &2AZAH L 65.1%= positive control?l 0.1% BHTY 0.1% a-tocopherol X Th+=
SO positive control2 ARERE =] FAIRBAR] He AL o, FA9 dEHx

2E st 71540 e Ao AW

Table 8. ABTS radical scacenging activity of aronia vinegar

Composition Inhibition (%)
ABTS" 65.1 + 2.65
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0.1% BHT 80.14 + 0.46

0.1% a-tocopherol 75.28

I+

0.51

DABTS = 22" -azino-bis-3-ethylbenzothiazoline-6-sulphonic acid
Table 73} Table 894 B & n}e} o] ofZU o} A%xE DPPHS ABTS #u)|Zd AAZA o]

= Aew et ot ojzyclel fHE Eelus, Teuwols, dEAcldR e @
A%el €9 floz dlof Ak FYA 2 u, ohzuol A G} 54l A
S o

10. ot2 Yo} ¢ A71Y A=z

7F Ad 4y

=

1) 2345 B A

B Ao AME-3 olZ Yol (Aronia melanocarpa, black chokeberry)©= 2012'd 89 @ol| A&
FH otzYol wHAA F&3 AS AR TSRS WAL 2013 d 0] F7E o] HolA
Tt S AN AR 2gstHal, WAHR(C] Cheiljedang, Incheon, Korea)¥ Z4~F (Sajo

Haepyo, Incheon, Korea)2 Al##FS F Y43t ARE3HS T

2

—_

P

d

Folin-Ciocalteu’s phenol reagent, 1,1-diphenyl-2-picrylhydrazyl (DPPH), gallic acid, catechin,
nitro blue tetrazolium chloride (NBT), nicotinamide adenine dinucleotide (NADH), Tris-HCI,
para-methyl styrene (PMS), sodium phosphate monobasic,c, and deoxy-d-ribose=
Sigma-Aldrich Chemical Co. (St Louis, MO, USA)Z F-H FA3 9
2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic  acid) diammonium salt (ABTS)~ Fluk
(Heidelberg, Germany)ollA 43ttt 2 ] A|eFE2 Sigma-Ardrich Chemical Co.$} Juncei
chemical Co., Ltd. (Tokyo, Japan)ollA T3t ARSI A 7|7t WE vAES S
ArE AZIAE w2 =AY Petrifilm™ aerobic count plate (3M, St. Paul, MN, USA)
$} Petrifilm™ coliform count plate (3M, St. Paul, MN, USA)S A}-&3} %t}

(@) obzuol B B AT Az
obzUoks 2t BAA ALl ANF F BI8 AAS ] 75C 2ALYEIL(DESL,

lishin Lab Co., Seoul, Korea)ollAx] W¥&A|Zl %o 5ZAzZx7](llshin Biobase, Dongduchun,



Korea)E ©]-&3te] AXAFHY. AxE olZYole Y A|E4]7](Hanil, Seoul, Korea)Z F A v}
A ¥ 30 mesh®t 100 mesh Aol 23] e FZIEZ W50 7Y Azl A
WAL 53] FAlste] A2olM 8AZE F FHI F, AlA oF 0%t 715 wa AL
FAY 1.2%9 &5S IS roller millS o] &3t 23] st A T A7+ 30 mesh A
of 33 THAIA AU

B A9 AHgE okZuoke] AMES AOAC WH(1990)0] whet B3tk FEe 4
rtEAzR el W} 105ToAM A=t +8 FFe ’8}9515}. 32 550TelA 2 3}s}o

o2, ZAHE SoxhletHoz =4

ot
™
1%
ol
o
-
o
B
o
2
BN
av)
1=
i)
rlo
o
2.
5.
(@)
3
D
0o,
a
Q
E

J

@) 2719 Az
A7LFC oz ol FS 9%7MAl Frhet] A7|HE Axste] oH] #AsHIME HAIG

A7 g7 He] e 58 1HT w o2 Yol BRI AVtFE FHY Hu 5%7HA HUlshe
Aol AAF RAow AAEYTE dulAF ZAito] wlg} Table 13 22 viF H|EE H7|HS
AzsAk ol2Yol ETE HrlelA #a Az A7HE WERFLOE 9, APEe
7+E FA ) el ol yol B¥S 1, 3 B 5%2 HE&E st A xsTh

i

Table 1. Formular for Sulgidduk with different levels of aronia powder

aronia powder” (%)

Control
1 3 5
Rice powder (g) 1,000 990 970 950
Aronia powder 0 10 30 50
Water (g) 200 200 200 200
Sugar (g) 150 150 150 150
Salt (g) 2 2 2 2

YAronia powder(1, 3 and 5%) was added based on the total weight of rice powder.

Z7HE 1 kgoll A" 150 g& TYsHA 42 o diuF B7I(AE 25 em, 9]

0
2 A3 33 ARE 9y gWS 124 3o Fulstguh Wdulo) 1 L
oW X o
4



H719 e S22 P AOAC WH(1990)9] et 105T Airtdazy o aatlrh

71w o] 71AA &4 532 Texture analyzer (CT3 10K, Brookfield., Middleboro,
MA, USA)E AF&3t texture profile analysis (TPA)Z A3ttt of2 Yo} &S &3t
of Axg A7HE 25 x 25 x 25 cmE ZEHA polypropylene wrapl 2 A th F7}t F
Aol wraps H7A plate®] Fdel ¥ ¥HE 2P (Two-Bite test)= 3FATH AIEE A3
S W dAX curveZHEH 7 E(hardness), = (springiness), §2d(adhesiveness), &34
(cohesiveness), R34 (Chewmes) 774 (gumminess), 7§ % /g (brittleness), ¥/d(resilience)S 33]

SAste] ¥t (mean) + E&H X (standard deviation)Z YERU AT}

(7) FAPAA @R 7 o] v A EA

27199 7E HHE #FEE7] skl FAPHAAER 7 (Scanning  electron  microscope,
S-3500N, Hitachi, Tokyo, Japan)& ©]-&3to] Wi plAT2E #EEAT. Ax F 3430
A A7 AEE 1 x 1 x 1 om& 2 I8/ §lo] A 27(70 pa)oll A 1,0008 Hi&
2 st fF omAE B

T A3 (Chrome Meter CR-300, Minolta, Tokyo, Japan)E AF&-3Fe] W E(L,
lightness), 2] % (a, redness), 2= (b, yellowness) 322 FEA|SIA T FEFH AT

e 247k 97.10, +0.24, +1.75 At

CRERE

9 = ==HE g &

% ZY9E FHLS Folin-Denis WH(1999)0] whel #4351tk A8 3 goll 12 mLY SF
TE 7t 40T A 537t sonication g+ ¥, 3,000 rpmoll A 1023t YAEE st AS5AS
do] 7Y FEEZ A 27" FFE 05 mLol| Folin A1 05 mLE E3% 5 383
AeoA wEAIF T 3ol AHEd 2% NasCO; 1.5 mLe H7EgH 5 2413F &< FaollA]
H-E-A1Z1 % 760 nmoll A microplate reader (Infinite M200 Pro, Tecan Group Ltd. San Jose,

CA, USA)E o|&3dtd FHZEE S48t A5 IFd F s FF2 gallic acid?]
EFTA(6.25~100 pg/mL)S ©] &3t AlE g gallic acid equivalent (GAE)Z WEY AT

6]
ZT ZetR X olE a2 Woisky$}l Salatino %'H(1998)ol whe} A3ttt A7¥E FE2E 1
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mLE #H3} 2% aluminium chloride methanolic solution 1
H-E-A1Z1 & 430 nmol Al microplate readerg ©|&3te] FHEE SHSIAHE AR FHE F
ZZPErolE S quercetin® HETFA(6.25~100 pg/mL)yS T3] A8 g quercetin

equivalent (QE)Z e Ath

(o3

T UAEAoMT FHEFE2 Giusti®t Wrolstad®] W (2001)0] s EA43dth A71H 1 gol
0.1% formic acidE 3§ methanol 50 mLE& g} 20&%t sonications 3t TS W=
2okt o] & AL 33 WESY 2 FFTHES rotary evaporator (EYELA N-1200A,
EYELA Co., Tokyo, Japan)E ©]&3le] 40Tol|A & T FEEUE o83t HAEZ T
2 343tk A8 100 Lol pH 1 €584 1,900 pLe}t pH 45 €589 1,900 uLE 7z
713l vortexing g ¥, microplate readerE ©]&3Fed 520 nm$} 700 nmol A FHEE

e obe) Aol s % ehEAobd TS AT

\a

i

(a) -HN'
rob

AN N

% ¢tEA ol g (mg/100 g) = (Ax449.2xDFx12x500) + (26,900x1)

A : (OD 520 nm - OD 700 nm) of pH 1.0 - (OD 520 nm - OD 700 nm) of pH 4.5
449.2 : cyanidin-3-glucoside®] 1 mol & FA& (g)

DF : 3 A4 = 20

12: % #9

500 : A 100 g@o & Sakelr] $l5te] 12 mL 289 A7 AL 02 g2 e 7
26,900 : cyanidin-3-glucoside®] molar absorbtivity

H Al

olz Yo} i A7y FEFES HAFTASE DPPH assayZ =439 Th 96-well plate?]
oW =25 100 uLet 0.2 mM DPPH €9 100 uLE #H7}3+ & 37T oA 3057 vk-&A)7
t}. Microplate readerg AF&3te] 515 nmolA FFEE SAsIATH A5 DPPH 2ht]|Zof

AAE A5 (%) = 1I-AEH7TY FBE/AE F JA7HFY F3E) x 100
@ ABTS #t|Zol gk A

A8 FEE9 HAAFAETE ABIS assayZ S35 Th 96-well plateo] 3=W FE&
100 pLe} 0.2 mM ABTS €9 100 uL=E 713k & 37ColA 30%37F ¥H-3-AlZ k. Microplate
readerS A}83le] 732 nmolA FFE=E SAHA T A5 ABTS gttjZol] thsh HAxlgols
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AAB5() = AR FRE/AE 7 A7) FIE) < 100

(13) A7t mE kAl 2 ot (Coliforms) W3} 54
A71H8ES 25 g& &3] stomacher plastic filter bag (Nasco Whirl-pak filter bag,

Vernon Hills, IL, USA)oll ¥i ¥ 085% AAESF 225 mLE H7bste 283

stomacher (MIX 2, AES Laboratoire, Combourg, France)E AF&-3td #2385t & A4} B9 &

FAst EA0 A AT. wEstE NG AEE ErE AT E AHEste AES F

T2 4% = 1 mLE FHoto IrbATH T SA4E dx

o HsH dEZEL 30T incubatorol A 48A13F vl st FAH HFFE Al

2 colony forming units (CFU/g)2. 2 e AT

o

olZ Yo}l &S GElste] A|x Ar|Hel #HFHAE xS dFete FHE
D oA AP0 —454) 08 L oz AR BEHe) SHol take] Brle

= AT €A A7IB em x 3 cm x 3 cm)E AE A7|HS AR T3 HAS U]
=)
=

FEetel 8§ AA Fopd AT A
Z

of doll F= #AAS AASL ts MRS =
2] 7t (texture), 3F¥](flavor), HARFZA Q] A E = (overall acceptance)o| W3l 93 7]& HEE o] &

R
sga ARe 40 2258 we W5E SHES dArh

BEE Z23+= 33 drEAdFe]| 3 Hif(mean) + ET WA (standard deviation)Z UEF S
o AR AT tigk FAIA 2= SPSS software package (Version 17.0, SPSS Inc., Chicago, IL,
I REFERAE YA, A4 Aga He] fFodel i HSe
IS

sk &, p<0.05 oA Duncan’s multiple testE ©]-8-3}]

A7 A Zol| ALE3F ofE Y olo] UwtAE EX Avle Table 29} 2t} olZyYolo] S
Hol e FEI JE FFS 247 80.39% L 045% Ko, 2ol Ayl Zxuk kRS 1.44%



9} 0.84% = YEFSLT

Table 2. Proximate composition of aronia

Moisture (%) Ash (%) Crude protein (%) Crude lipid (%)

80.39 + 1.07 045 £ 0.28 1.44 + 0.32 0.84 + 0.06

Data are the mean+SD from three separate experiments.

@ 4718 S8 PP

otzUel ¥ HFS Bste] Az /HY 5

33 £

& 24 A3E= Table

M
NE
o
M
1%

Table 3. Moisture and ash content of Sulgidduk prepared with different amount of aronia

powder
Aronia powder” (%)
(%)
0 1 3 5
Moisture 44.40 + 1.04° 4443 + 1.27° 4426 + 1.26° 40.86 + 0.58
Ash 0.74 + 0.01° 0.69 + 0.01° 0.72 + 0.03° 0.85+ 0.01°

DAronia powder(1, 3 and 5%) was added based on the total weight of rice powder.

Data were the meantSD of triplicate experiment.
“Means with the same superscript within the same row are not significantly different at

p<0.05.
& HETZH 1% R 3% ok2Yol & HUIRE A" = o<l
185

7)) %
o7t BAE A ghshort, ofzujol EWE 5% Hrhd A7)

=
ofzyol B HIrtgs ddste] Axd 271He 454 2= Table 49 2T

Table 4. Rheological properties of Sulgidduk prepared with different amount of aronia

powder

Aronia powder” (%)

Sample 0 1% 3% 5%
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Hardness  2787.72 + 66.94° 2217.00 + 38.83° 237243 + 70.32° 230844 + 8557%
Springiness 0.67 + 0.06° 0.54 + 0.05° 048 + 0.02° 0.38 + 0.06°
Adhesiveness  -558.32 + 30.00'  -739.02 + 21.56°  -853.21 + 4354  -932.71 + 48.09°

Cohesiveness 0.38 = 0.00° 0.35 = 0.02° 0.31 = 0.02° 0.29 + 0.01°

+

Chewiness 688.59 + 21.63° 53217 + 19.05° 47939 + 34.56" 360.60 + 30.57°

Gumminess ~ 1080.89 * 42.71°  758.06 = 62.72° 753.37 + 88.52° 643.20 + 46.44°

I+

Brittleness 227396 + 38.02° 190645 + 8533 1976.04 + 80.85° 1804.02 * 69.67°

Resilience 0.10 = 0.00° 0.10 = 0.01° 0.09 = 0.00° 0.09 = 0.01°

YAronia powder(1, 3 and 5%) was added based on the total weight of rice powder.
Data were the mean*SD of triplicate experiment.

“‘Means with the same superscript within the same row are not significantly different at

<0.05.

4= (hardness)= ot2Yo} &S HIbekA & dxao] 7B =9k, ofEYol £
Vo]l ZUMEFE FoFo g YolHth ol AVY AZx Ao 2k, W, xawA 5o &
TS g SRR ARU) Woldts Rael IX e AoE RAFY Hrie A7)
o] =3l&EE s AAANA #HFHA 54T IAHARJ] TS F Ao=E AlmdT. =EHH
A ETE AUbsted A7HE Axda 1~7241%F Tt AFsAA AR} k3EEE S35
A7, =t RS 2~5%7HA] Hrbek APdae gzl Hls| A=vb #AEAr, dETRE
T 1~29 A% =3&EEE AAAE F AS5S FAstAh

&2 A (springiness)& thxwo] 0.672 7HF 52 %S YERIAL of2 Yo} HIutgko] F7t
52 4ste 4TS UE #*

o} F-2d (adhesiveness)> TlZ&T°] -558.322 71 =2 @S
S/HETs Haste BFS UEY 834 (cohesivenss)e

< BEHA F}on, ofmYo} &
A3Fe Yerd T B34 (chewiness)
ofZyol EES FHUlshA B2 tlxwe] 7 =%, of2 Yot B HUtge] S1EsE
Ao A (gumminess) thET 0] 1080.892 7MY =2 #S UEUWAL of=
Yol Hrt#el S71edss Haste 4% Uedlen, okzyol &85 5% H7heko] Alxd
A71Ho| e zaol el o 0.687F 7H4ad 643202 e T 7 A (brittleness) = THE
oA T =& @S el o, o2 Yol B HUlRFe] FUMERSE ASte AES UE
Aot &4 (resilience) > w3 okmYol H7bES dEleto] A3 AP AlololA FAA
Z

o2 #94 9E X

Jo

o
rr
4
2
il
N
&2
3
=
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(4) FARRAAN A o]m A A
o2 Yol Eu& FHrlbste] Axe A7IHe R wATEE Fig 1% 2tk dzxde 7%
717 AR #a 7)o vz AA ERAET ofZ Yol £&e] Hrhgo] SUEFSE 7
o A7t Frbeta & 7)Fo] Zuldl Kol AlFstn AR AEe mE2x 23 7
#EE & JAT okEYol £EE 5% bt Axd Ar|HAM= dHETed M 7
ax gon 7|Fe At S/ Ae AT 5 AT old A= B Ui BHE

5
7] Aol o5 9 B F Ao =AY ZPANA FE, 4

ol

iz
2
©

o
—_
il
v

(3
—_
iz
iz}
finss

Fig. 1. Scanning electron
microscope (SEM) images of
Sulerdduk partially—substituted
with different amount of aronia
powder (A : control, B : 1%
aronia powder added Sulgidduk,
C . 3% aronia powder added
Sulgidduk, D . b% aronia powder
added Sulgidduk)

=
of=2Yel 2 H7b AVIHe A& 574 Z¥= Table 59F 2T

Table 5. Hunter’s color values of Sulgidduk prepared with different amount of aronia

powder
Aronia powder” (%) L a b
0 86.19 + 0.55° -1.20 £ 0.03° 7.86 + 0.15°
1 6635 + 047" 718 + 0.19° 630 + 0.14°
3 53.89 + 0.69° 11.49 + 0.34° 495 + 0.10°
5 52.60 + 0.52° 13.30 + 0.27¢ 454 + 0.07°

YAronia powder(1, 3 and 5%) was added based on the total weight of rice powder.
Data were the mean*SD of triplicate experiment.
““Means with the different superscript within the same column are significantly different at
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P =

Yol B8 5% H713e A7|geE 526002 7HF 9A UEFETH(p<0.05). ofZUjo} BEte
A7Vl TS E WEVF FAse AL ofFZ Yol ] o ' i o3 Fe
2 AlRET A7ge 248, AAYE T 2SS Ad FASEE HUbste] Axg 4719
ANMZ o5 FAEY H7IFo] Zrsel mE et wols &

S S Uedt olgyol B Hrlsgko] 1%olA 3%E Z7HEe]l wEl a gE 7.1800 A4
11492 F7Fetth ol2Yol B4& 5% HIste Alxsh A7j"we gixdol] vls] a kol
133002 7 3 H248 YeElWth(p<0.05). o]l& ofZUYolo] F{E <tEAolH o3t
Ao 7 ofFUo} HIbgko| Hlgste] Ar|He] HAH e AFAMor wstE AR Al EH
FAEE YEMd = bt olZ Yol 8-S HUFeHA &l Alxs A7|"eA 78602 M =

a
Sk, oh=uel ®@el H7baFel F/hgel uheh e 5XE vehi,

>

©) F BE, F Bonols ¥ F AEACH FF B4
ohzUoel 2@ A7k A71He ¥ Felsli, ¥ Fanwols B F QEAlohd $3 242

3= Table 63} T}

Table 6. Total polyphenol, flavonoid and anthocyanin contents of Sulgidduk prepared with
different amount of aronia powder

. 0 Total polyphenol Total flavonoid Total anthocyanin
Aronia powder”’ (%) 2 3 2
(mg GAE"/¢g) (mg QE”/g) (mg C3G"/100 g)
0 455 + 0.66° 0.00 £ 0.00° 0.00 + 0.02°
1 23.02 + 0.83" 0.01 = 0.00° 11.7 = 0.13%
3 5436 + 0.43° 0.02 + 0.00° 309 + 0.11°
5 90.91 + 1.94° 0.04 + 0.00° 584 + 0.46°

YAronia powder(1, 3 and 5%) was added based on the total weight of rice powder.
’GAE=gallic acid equivalent

3)QE=quercetir1 equivalent

YC3G=cyanidin-3-glucoside equivalent

Data were the mean*SD of triplicate experiment.

““Means with the different superscript within the same column are significantly different at

<0.05.
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ol2uol ¥oe ArlelA n AxH Aviwe & ETdE e £
A7

1 3
2 J]F02 455 mg ooy} okZuo}l el AP widstel M) FHE F E

de FFe] SUIsAT F, okZUol BES 1, 3 B 5% /T AUjHAA F Eede ¥
Fe 747 23.02, 5436 2 9091 mgo 2 ol of2yol FTS ISR ek Arwe] ng)
T Y= o] 51~20.0 WM7+A Z7}8+F )

&

ofZ Yol S HUlekA i Ax3 HAr|He F FfpEkols dFE THF 1 g T
querceting 7|F 2 HEHXA| ofyst ot ofZ Yol Ee| HIhakol] Hlgste] Ar|Hel g
fre & FTtEol= gEfo] ot SIS ST F, ol2Yol BES 1,3 H 5% H

7be A71EeA F FetE o= RS Z47E 0.01, 0.02 B 0.04 mgo 2 At
k31 A %3 Ar|HoxE QEAoldo] AZE A olYstg o)
AMe obE Yol o HIbE] HlEste F tE
gFe T 100 g T cyanidin-3-glucosides 7|F
o8 ofEyol £ 1, 3 B 5% IS AVIHA F FEAID  EFS 27 117, 309
3l 584 mgoZ Utk AdFATFNA okZUotel FHirEol e Mg ELES HPLC
2 FA3% Z3 chlorogenic acid, vanillic acid, rutin hydrate®} #2 Zds IJFEF

cyanidin-3-(rgalactoside, cyanidin-3-Cglucoside, cyanidin-3-Crarabinoside, cyanidin-3-O-xylose

53 2e AEAoR Rl Fhuol Yt o Uehdth gy oF BAES T
3 QE okEUol I A HAME EuE, Fehuieols B GtEAChI g Yol

olZucl $2e Hrbshel AxG 47/1¥e] FaBYL DPPH o2 £AF0E 533
Q1 7 ATE Table 791 UJERNSIT

Table 7. DPPH and ABTS radical scavenging activity of Sulgidduk prepared with different

amount of aronia powder

) n DPPH radical scavenging ABTS radical scavenging
Aronia powder”’ (%) . .
activity (%) activity (%)
0 5.60 + 0.64 275 + 0.32°
1 1855 + 0.83" 14.88 + 2.86"
3 40.25 £ 0.97° 29.72 + 1.26°
5 56.06 + 0.76" 5368 + 167

YAronia powder(1, 3 and 5%) was added based on the total weight of rice powder.
Data were the mean+SD of triplicate experiment.
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“‘Means with the different superscript within the same column are significantly different at

1<0.05.

DPPH radical 2A&A L ol Yo} EZS HUlstA] & tx7olA 560%%2 UERSL,
o2 Yol LS 1%, 3% 2 5%7hA H7EgH A7|"ox+= DPPH radical &AZA0] 72+
18.55%, 40.25% 2 56.06% =7}3}Sth.

ABTS radical 2AZ4% otz2yo} £ o] F7igel wel =4 vesew, DPPH
radical &~AZA¥ B3 FFS B ol=Yol oS FUbskA g2 A7IHel ABTS
radical 2484 2.75%2 7P @& e Uetlda, of2yol ¢S 1%8 3% = 718t
o Az Ar7|Ho M= 2+ 14.88% 9 29.72% 2] ABTS radical JAZA4S YeElWT. o2y
o} Bt gkako] 5% A7|Ho| = 53.68%2 ATS radical 2AZAE S Ho] ofFZy o} Eito
A7 kel vld st ABTS radical 2A&Ado] F715He &3

DPPH$} ABTS radical 2AEAA S E3) AHE olz o} 3§ HArjwe] &gisl &4 of
2Zuol &% o] S71EFE =4 vEive A7|"e) aE T ZYEs
AEAOPI o HlEste Frlshe Aoz yehkth ofZYole] i
Zoinico] @ AEAohd SFES PN} BAL FAA/T da} 43

ol = Aew HIuHI Ut

(8) A7Izrol| WE kAT F i W3t SA
ofzuol ¢ FHUIEFS DEste AxI H7IHS ARoA 493 AAsHEA kA
HAE LAEE F<1st7] fsiA IWtAld (aerobic colony count)E S8R 1 ZAFH=

Table 8. Changes of total bacteria count in Sulgidduk prepared with different amount of
aronia powder during the storage at room temperature (CFU/)

Aronia powderl) Storage time (hr)

(%) 0.5 24 48 72 9%

0 0* 47 £ 10 63 +10* 59 + 10*" 64 £ 10°F
1 0* 29 £10™ 61 +10°° 61 = 10" 62 £ 10°F
3 0* 04 34 10 25+ 10" 50 = 10*°
5 0% 04 0 55 = 10" 6.3 = 10™¢

DAronia powder(1, 3 and 5%) was added based on the total weight of rice powder.
Data were the mean*SD of triplicate experiment.
““Means with the different superscript within the same column are significantly different at

p<0.05.
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“*Means with the different superscript within the same row are significantly different at

1<0.05.

ik
N
18
2
BN
[68)
o
e
%
2
e
=
X

oo 583 2% dxad 437 Z5ox HEHA &

ot ole A7|go] Ax7} oA e HAFES AAY] WwoE Atz 18y 244|310
A3 Fole HETAAM 47x10° CFUY dutAldo] A& of2yol B&S 1% H7hs)
of Az3 Aol 29x10° CFUY URtAFe] HAEF W] ofZ ol 228 3%} 5%
A7rete] Az A7Hoxe debAlito] AEHA FAnh ofZ ol £8-& 3% 7tk Al
Z3 A7"o e 48AIHNE IRkAlTre] HEH Y] AlZFE R, okZYol B 5% bkl
Me 727130 ARk o kAol ASHUAT ARG 49 Aole txaH Ee AT
A dubAldto]l AEEoY, HEE dubAlT e e HUbg ofZuol i FhEFel] whulE|
st oz yeyth ofZyotels d¥hAlEe s AAlste FdEHo] FHEH U=
RAog RywHy vt B d3dutes Arlego g Ax3 Argo) ns) BEz, 53, 4=

F7F AA AESHATE JdPAF FAE

ofZYol BT HI/FS 2yste Axd 2A7|HS A2oA 443 ARshdA ArbAQl
nAE LHARE gQlsty] HelA S8 NG F(Esherichia coli count)s S8 1 A

Table 9. Changes of Esherichia coli count in Sulgidduk prepared with different
amount of aronia powder during the storage at room temperature (CFU/g)

Aronia powder" Storage time (hr)
(%) 05 24 48 72 9%
0 0* 12 + 10 73 + 10 45+ 10" 61 + 10™"
1 0* 04 27 £ 10 92 £ 10%° 32+ 10°P
3 0t 0* 0* 0** 41 + 10™°
5 0 0™ 0™ 0™ 15 + 10*°

D Aronia powder(1, 3 and 5%) was added based on the total weight of rice powder.

Data were the mean=SD of triplicate experiment.

“IMeans with the different superscript within the same column are significantly different at
0<0.05.

AEMeans with the different superscript within the same row are significantly different at
p<0.05.

A718E Az A% ot (coliform)S F Altel A9} o] dETH APT EFA
AZHA &gt 218y AR 24X T g 2FAE 1.2x10° CFUY ti@d o] AZH7)



ARsEe] A 96413 FelE 6.1x10° CFU 744 AEHAh okzyel B2& 1% 37tate]
Az A71HolME A 2443 Fd T Tel HEHA ¥%, A F 4841700 2.7 x
10* CFUS) tigato]l AEF = Atk W] of2 Yol B& 3%} 5% H7lste] Az A7
A= A NRADAAE ddvtae] HEHA ddeh ok=2Yot 285 3%9F 5% Hrished
Az A71HAMe A %A H dgdo]l HEHdoy A WAddT A= 3
7k ofz=Yel & UERS T of2Yo} dhife] =& AVIHelX =

RATTY FHo] FeHoR AP FARATh

=)
1%
ol
2
&3
R
rc)
ol
o

Ir
pou
lo
u

©) #5387}
obzUol g Wristel Ax@ Arge] A, W, Az & ¥ AWH WEwO] U@ B

S AA A3 = Table 103 o).

Table 10. Sensory intensity results of Sulgidduk prepared with different amount of aronia

powder
Aronia powder” (%)
Characteristics
0 1 3 5
Color 585 + 1.23° 415 + 1.76° 5.80 + 1.67° 7.00 + 1.62°
Taste 615 + 173" 601 + 1.76° 595 + 1.70° 6.45 + 1.10°
Flavor 5.95 + 1.79° 5.80 + 1.64° 6.15 = 1.46° 6.25 + 1.25°
Texture 6.00 + 1.78° 5.90 + 2.05° 6.15 = 2.08° 6.05 + 2.37°
Overall acceptance  5.85 + 2.08 590 + 1.89° 595 + 1.70° 6.55 + 2.09°

DAronia powder(1, 3 and 5%) was added based on the total weight of rice powder.
Data were the mean*SD of triplicate experiment.
““Means with the different superscript within the same row are significantly different at

p<0.05.

Al Mgk deke 4 da, txae] vl ok2yol 2 HUtgo] IUEEE w2 %S
Uebleh ok2 Yol 92 1% 7t Az ArHdMe 94 SRS V|FoE dEd
of wal s 41585 yEhHoy of2uol FEE 3% H7IE AVIHdAME 5808 WET

8
(5.85) HIE HAE UET olZYol B2 5% e A7HdAM = 7.002
< & UEHT ole olZYolE: AVLE FTHY 1% =R &% e A
A71HEY AsE7F wekoy ofg2yol EHg 3~5% H7bet A7|HE of2 Yo}

o
N
X
i

Lo
S

P 12
& 1o
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Fig. 2. Sulgidduk partially substituted
with different amount of aronia
powder (A : control, B : 1% aronia
powder added Sulgidduk, C . 3%
aronia powder added Swledduk, D :
h9% aronia powder added Sulgrdduk)

827} 47)E 8z F2 o] MEETL Bold o ARETh %ol A9t
olzUel BT 1~3% H/HE A7He txEH §9490 Aol HolA BROTH(p0.05),
obEUol BL 5% A/ U/HNME 64500 E MBS/t B ek Fe oh=zujoh

—_L

EER

BUe 5% A7V A7)He] 64590 PETo HE Fe HAEE F5FE Rtk ABES
A AE)e ARt UxzH ofzucd B2 A7E Aleldd FelEA Aol Ushun
gtk WA ASEE EEw ofzyel B@ 1%} 3% WrAEIN §29 Aolg B
oA grgred}, ofzyol B 5% WrkEolN 652 /1 e AFE wold o4 Ans
Fgs) B o), /ge] okzuel R AAF wE BT T 5% FFAM Frhste
Aol A, o, B AN WEEE B 5 U Ao AmHEh

11. o}2 Yo} 3f 71548 A Ax

B Aol ARG ohmuoht 20124 sUwo] A% e ofzuo} el FHE A
Stk WA ALAD), ZEEL Y ALAD), ALelE(IEEE F&B),

o e 22 E(HFA Y 2), AR (GG, R ALAD S ABFES TY5H] A,

(@ otEvob Az

A Az AR chZLjole] BEE 78 2 Yegth okl2yel AAzE HYE
Aol YYHPonE FANS WER FHA g3 AL Az A ARA G 47
BAl BAE APl ma BRest Am BA AFLYNA Qe o gHm e eIy,

dElE R dgigEs AAsAT. ofzYolE AR A2 o2 Abd duddd AFAT

%s
T
e

)
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(Kim & 2012; Na & 2012) 5 #3113}l Table 13 £ u@dvlZ A 23T

Table 1. Formular for aronia jam replaced sucrose with different sugar substances

Sucrose Oligosaccharides Xylitol Erythrytol
Aronia fruit (g) 600 600 600 600
Sugar (g) 300 0 0
Oligosaccharide (g) 0 300 0
Xylitol (g) 0 0 300 0
Erythritol (g) 0 0 0 300
Pectin (g) 9 9 9 9

MEo] MATH olZYoLE food processor(Phillips Electronics, Seoul, Korea)E ©]-&3t i1

SolA 38 330 2A FA AT F, A Axs AR ASHdth npa@ o}iqo}—g—
LRI I AR 1080 AATE, o s0% A o] B Tl

G % 4% A GRE 386 el SouA BraA o 1500 HFFA0E AolFAh
2ol okZuo} F2o) S31417 HAUS A hsta opRelA 527 tdstanh A4S Azse
0 29 AFe of 30%0] £aHNTh ZAYEAES o]43le 65 Brixvt HW Aol AW
Aoz Ak AZH AL A% F vlg £EF FAY §7)0] o} o]F o AP AH§3AS
o

otzUobye F¥ e ) FHRE HAshel AOAC HH(1990) 0.2 3 F3her.

FHY FRE © o}@l Az ol Yol o] pH SA2 5 g Mol 1089 T/HFE ¥
3l Vortex mixer(Vortex Genie 2, Scientific Industries Inc., Bohemia, NY, USA)Z u®HsF o}
3,000 rpmoll A 157t Y42l (Mega 17R, Hanil Co., Incheon, Korea)dlil 75 HS F 3l
pH meter(420 Benchtop, Orion Research, Beverly, MA, USA)Z 433t 4=+ AOAC
W (1995) 0] whet dAEE S 45 10 mLol| pH meter A=< ©13 0.1 N NaOHE °]&
3le] pH 83714 =23t=td 23 NaOH (mL)S citric acid g#Fo 2 32+ste] Yeh A

IEE ANBE FHFSFE 58 F43e 723} s 3,000 rpmolA 15837 4R &
Fesds FHotd FEA(PR-201a, Atago Co., Tokyo, Japan)Z =73 T

(5) ohzuobel WA 24
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olZ Yol ol MrE=AgL AA}A (Chrome Meter CR-300, Minolta, Tokyo, Japan)E A}-&-3}
o WE(L, lightness), 2% (a, redness), FM (b, yellowness) #oZ FAISIAT. 7} AR
2 33 dtE S5t O HugkS UEtyiloen, ojn] FEWMARS] L, a, b 32 27 97.10,

+0.24, +1.75 °o]Ath.

! =
O T Eds gF 24

T ZYvs FE2 #s4 EZ0] phosphomolybdic acid®} ¥E-S-3le] HM oz WAy =
A E ©]&3% Folin-Denis ol whel E4383th ofZ2Yob4 3 goll 12 mLe| SR/RFE 7t
3l 40Tl A 583 sonication 3 %, 3,000 rpmol A 1023 AT SIS FFTHE o] o}
Yokl 2222 st ok2 Yol %221 mg/mL) 0.5 mLel Folin Al¢} 05 mLe &%
Sk 5 37 A2oA REEAIZL & 2% NasCO; 1.5 mL= H7FsE 5 2A17F &<t e A wE

A2 %, 760 nmol| A microplate reader(Infinite M200 Pro, Tecan Group Ltd. San Jose, CA,
USA)E o]&3ld JFIFEE ZHATh 5o FFHE T FYds FFS  gallic
acid(6.25~100 png/mL)e] EFFAS T3t AlE g gallic acid equivalent(GAE)E YER A
o}

Q@ F FHExol= & 4

F ZgHwol= S Woisky & Salatino (1998)° whel A& At) ol2y ol FE55
(1 mg/mL) 1 mL& # 3} 2% aluminium chloride methanolic solution 1 mLE& #7}3t4] 15
B3 Ao ¥ESAIZl F 430 nmoll A microplate reader(Infinite M200 Pro, Tecan Group
Ltd. San Jose, CA, USA)E ©o|&3l FFEE SA3AE Al8d i8 F SR wol= e
quercetin(6.25~100 ug/mL)e] EFFHS T3t AlE g quercetin equivalent(QE)Z EH A
o}

@ F FEAoII FF 4

T AEA oA 3EF2 Giusti®t Wrolstad9] ¥ (2001)e 93l 43t Att of2YolA 01 g
o] 0.1% formic acidE &3+ methanol 5 mLS ¥ o] 20%7t sonications 3le] AEHS o}
2 Egt o] #AFE 33 ¢ WESFAT. AIFTHAES 40TColA rotary evaporator(EYELA

N-1200A, EYELA Co., Tokyo, Japan)E ©|&3l %3 & F=E&wE o|&3std AHET =
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2 F3AY. AlF 100 pLol pH 1 £F89 1,900 L}t pH 45 ¢589 1,900 yLe 27}
H 78t vortexing ¢ %, 520 nm<%} 700 nmol| A microplate reader(Infinite M200 Pro, Tecan
Group Ltd. San Jose, CA, USA)E ©]&3dl FF=E SH43IATE A8 HE F AEA}
2 AlE 100 g7 cyanidin-3-glucoside & o= e AT

>

8) st =4
@ DPPH &t Ze] gk Axgos 54

ofZ Yol FEE9 HAFHEE DPPH assay= F3IATHCheung & 2003). 96-well
plateoll ethanolZ 408] FAg A FZF5 100 pLe} 0.2 mM DPPH(Sigma Chemical, St.
Louis, MO, USA) &9 100 pLE H7Fst § 37TCoA 307 HESA|ZH TR Microplate
reader(Infinite M200 Pro, Tecan Group Ltd. San Jose, CA, USA)E A}8-3} 515 nmolA] &

58 ZY59rh. A29 DPPH gz og Axgelse ol 4 348 F35 g2

AAF (%) = 1ANBATY FFE/AR 7 AT FIE) x 100

@ ABTS &tz 3t AAgoe

ol ol FEE9 MAAFETS ABTS assayZ ZH3AHRe & 1999). FF<Fol &3)
A7l 7 mM ABTS(Sigma Chemical, St. Louis, MO, USA) stock solution®l] 245 mM K;S,0s&
st dFvlE YR WS AA O 1243 B A2odA wEEAIH T 12417 A §,
FB=7F 07+0.03°] HEE 94% o&Z 4T &4S ABTS Sz 7%
S-S A% Aoz AFESYE T 96-well plated] ethanolZ 408 A5k A FEE 100 pLo}
F3EE 07+0.032 M3 ABTS &9 100 uLE H7iet & A20)x 10837 w3A A
Microplate reader(Infinite M200 Pro, Tecan Group Ltd. San Jose, CA, USA)E A}-8-3}o] 732
nmo A FFEE SAHSAT. A 82 ABTS itz thdk Axpgolsd ol 2o SHd

o

AN
o

\]
@D
e}
=]
3
2
X
l°1'

]Iloll

AABS(%) = LABHATY FRE/AE = A717 F3E) x 100
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acceptance) 2 3}%th

B A3 digh ¥ (mean) + £ Ak (standard deviation)Z YER S
AlA 2]= SPSS software package(Version 17.0, SPSS Inc., Chicago, IL,
I ZFAAE YeEdidla, 2 A e foAdd dist A5
o

e EAgk &, <0.05 1A Duncan’s multiple testE ©]-8-3}<]

SRR
4. 49 2%
(1) eh2Uelel £¥ F3

R RS st A2 otzUolile $£ETF 54 FFE Table 29 2tk 4
2 Arhste] Az Ao 52 J%% 284% o193, 22 FH ALY EL AAH Ao FB
FeFe Az 3L6%9} 323%2 AR A7kekel AE Aol wls) SRl A Vehu

o]
del=el&s Hrtete Az X,HO TEYFE 295%2 A9 o A= A fFASHI
e -

Table 2. Moisture content of aronia jam replaced sucrose with different sugar substances

Sample Sucrose Oligosaccharides Xylitol Erythritol

Moisture (%) 284 + 03" 31.6 + 0.5 323 + 0.8° 295 + 0.7°

D**Values with the different superscript within the same row are significantly different at p<0.05.

A oA AulEe AxP PR FREdiAE AP wa) Lelnw, AdelE, o
SOE B 2AMOAE Sot ve UA BURE AZE PSRBT BA deit v
AFATDS FAH BT Ve A9 BEde 93 AL AL IR -OHYIG ¢
Bae] paAfel T Aow, YARLY AT AUYEY oezEe Al Hle
OH7] Bold o8¢ H7he AFS BFES ¥9 & 9 AR 48 oA pvad B
S8 Aok o wPEE WS AXF A FEFF FFL vAE Roz Ardn

2) pH, A= 32 T
W Az 8@ kel AA) pHE 45 A3, oZUolAe] pHe} FEE 2AT 2
= Table 33} -t}

W =
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Table 3. Values of pH, acidity and sugar contents of aronia jam replaced sucrose with

different sugar substances

Sugar contents

Sample pH Total acidity(%) (Brix)
Sucrose 414 + 01" 0.94 + 1.04° 65.2 + 0.0°
Oligosaccharides 413 + 0.1° 097 + 1.12° 65.3 + 0.0°
Xylitol 418 + 0.0° 0.95 + 1.03° 65.1 + 0.0°
Erythritol 412 + 0.0° 0.92 + 0.95° 65.3 + 0.0°

YValues with the same superscript within the same column are not significantly different at p<0.05.

Age @it Az oh2uolye) pHE 4142 vehgow, 2guial Leluge 17}

g Aol pHe= 413 otk AdeER dg=gEs H7bste Ax3 Ao pHe 247 4.183%
4128 F7F] T/ WE pHY Aole FAHOE fFoH WS YEhiA &3t

AR-S Arbete] Az ofzyeolle] AEE 09493, AR &1TE HA7E A9
AEE 0972 YEst AdeER dsdgEss Hriste] Axd Ao == A7 0959

0928 BFe FHol We Mt FAHCE o4 e HolA Ltk A Az A&F
,Z1E G922 Hrlsle] AL A zEE gurl Z7sbEa Al

)
S Faste AL @ 5 AUtk oY AwelN 2 O, A B R me A9 F

2 AP AR okzUol AA e TEE 141 Brix Ao, AY B AP A THE A
el Az ohzrobie] SE 24 AsHE Table 49 T AR Arilo] Az oz
KN

Yool FE = 65.2 °Brixs UrE‘rL%iﬂ, SYIFS HUbste Axg A FEE 653 °BrixE
Helgt o, AdElE 2 dEzgEs 7k Ao 9= 47 65.1 °Brix®t 65.3 °Brixs Y
et s FR WE ofZUolAe] Fxe| Apole FollA F9Hd zolE Y
BRI ke ol: HE WUl 65 BrixZl HW Mo] 9AHE RAoZ 3y yERoE AlE
1=

3) AR
AP Ao wEd, Y 2 FARAY A2t HY AL9¥Y, TR T/ s
&, pH, A% ol el TS we AeR deA it TR FTRE sl AT of

Zyold o] HHA L Table 49 2t}

Table 4. Spreadness of aronia jam added different amount of aronia jam replaced sucrose

with different sugar substances
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Sample Sucrose Oligosaccharides Xylitol Erythritol

Spreadness 7.32 + 019" 6.93 + 0.34° 7.35 + 0.22° 6.34 + 0.12°

D**Values with the same superscript within the same row are not significantly different at

<0.05.

=
Az Ao HQA0l G BT LALTE YR FEFABOE A3 A AZE 9D
Aol 23, HAHY padTn wuaw Ao desdEe FEE F4en wid
£ 5Yo] ol MAHe) FA et Aoz Ardt

L=
- -
A 8 Ag giAl FRE HUEek] Alxd ofzYotAle] Mk 54 At Table 594 £

Table 5. Hunter’s color values of aronia jam added different amount of aronia jam

replaced sucrose with different sugar substances

Sample L a b
Sucrose 20.96 + 157" 0.32 + 0.13° 0.21 + 0.02°
Oligosaccharides 23.82 + 1.44° 0.60 = 0.20° 0.32 + 0.10°
Xylitol 2419 + 0.40° 043 + 0.19™ 0.34 + 0.09°
Erythritol 21.29 + 1.58% 2.03 + 0.36° 0.80 = 0.07°

D*Values with the different superscript within the same column are significantly different at p<0.05.

BEE YHU= Liks d9s H7ste] Az AolA 209602 71 BHA UER o, &3
1%, AdEs, dEsgEs Hrhetel Az ofRUotAlelA 21.29~24198 tha FUFShE
RS BT

AAEE Ul agte %S 71 of2Yohlel = 0328 Yellou 47 ol A
dHEH SHFE A ANME 47 0437 06022 FS #HE Uetlh 53], dgx
dES H7RE AolMs 203& Hebl A-E HUH Ao vls) AR fo4 s 7HE
=S G HAT(Ep.05). FH4ES YET bake dF& H7IE okZYoplclME 021
7P ks, SelnEs AdeEs HURE AolMe 27 0329 0348t e £AE Y
Pt =g ES A AleME 08002 T2 AP W =& S BArh ofzY
obs A& F2He GEAoP MAS Ffretal glo] Ao Azl r]stH, TR FFol
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(5) -{ﬂz\}ﬂ_% A -Fsl— Eo‘t

obzUobile] Eelsls, EetuicolS g HEACh] $F E4ATE Table 63 2k,

Table 6. Total polyphenol, flavonoid and anthocyanin contents of aronia jam replaced
sucrose with different sugar substances

Sample Total polypﬁwnol Total ﬂavz?noid Total antl;ocyanin
(mg GAE"/¢) (mg QE”/g) (mg C3G”/100 g)
Sucrose 1,112.15 + 5.32% 651.42 = 9.37° 23296 + 5.20°
Oligosaccharides 1,187.68 + 6.03" 640.29 + 9.18% 22818 + 3.84°
Xylitol 1,256.15 + 5.66° 643.36 + 11.29% 22340 + 5.38°
Erythritol 1,008.15 + 38.94° 62329 + 9.70° 216.76 + 15.02°

YGAE=gallic acid equivalent

2)QE=quercetin equivalent

JC3G=cyanidin-3-glucoside equivalent

Y**Values with the different superscript within the same column are significantly different
at p<0.05.

AR 7} of2YolAl Y F s & (mg gallic acid/g 715)<2 1,112.15 mg ©|ASH,
Ae g2l gelagds AdES FEte Az MAME Zh7 1,187.68 mgH 1,256.15 mg
oz = yetgt. 28y dlgigEs H7EE folA = 1,00815 mgeg tE Al H
3 thA 2A YEET of2 Yol o] T FetE o]t S querceting VIFOE THF 1 g

= AdErS H7lsk YollA] 691.42 mg, 23y ALYES HUst A= 640.29~643.36
mgl 2 UEetET ogl2gES H7ISE MolA e 62329 mgl 2 UEhY F EFgtExolE 3
Fo Aol BT BRY TR U2k B Ao} AR X+ AT B BEAN

o] Af= cyanidin—3—glucoside—§ el 2 T 100g T ABe Arlet Ax3 ok=yolA
AME 23296 mg °ller, A9 il SHagd AdelEs A7t Az o= 74
7k 22818 mg¥ 22340 mgl 2 UEIHTE A2 ES HUISE MAAME 21676 mgle 2 FH
o] TR e & dEACD IF WHEte YEhA skt

(6) FArsA

A

%
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o EtL-Z 408 3|43 ofzUo}A FZE9o DPPH ¥ ABTS ZoZ 2 A% Table 79 U
ERF AT}

Table 7. DPPH and ABTS radical scavenging activity (%) of aronia jam replaced sucrose

with different sugar substances

Sample DPPH ABTS
Sucrose 73.71 + 0.88"" 69.99 + 1.70°
Oligosaccharides 7439 + 0.89° 69.34 + 1.37°
Xylitol 7431 + 047° 69.38 + 1.57°
Erythritol 73.48 + 0.34° 66.62 + 1.50°

YValues with the same superscript within the same column are not significantly different at

<0.05.

DPPH radical £2AZAL Nz AgTollA 7348~7439%2 F204 e Aole #F
¥ 2] @gkth. ABTS radical 24 &A% DPPH radical 2AEAT §418 23S e
ABTS radical £2A&4L A 718 ofZ Yol MollA 69.99% = vl A %S ABTS radical
2AZEe B, SHuEH AdYES A AlolA 77t 69349 69.38%2 =2 AAEA

S B dI =Yg ES HUlele A XS HAME 66.62%E T 2 ABTS AA5E UE

olel Astg Fakel Fo FRes BAKC] okZUol e DPPH ¥ ABTS radical &
Agge £ Aoz GAHYT o ok2Uck} BHE Aol FewE, Fenieols, <
Exold 53 g gasEde FYE v ¥7) fEo2 Az

Table 8. Sensory intensity results of aronia jam replaced sucrose with different sugar

substances
Sucrose Oligosaccharides Xylitol Erythritol
Color 6.7 + 1.9"° 6.6 + 1.6° 65 + 1.7° 51 + 2.3°
Taste 6.3 + 1.1° 6.1 £ 1.5° 64 + 1.6 51 + 2.1°
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6.0 + 1.6° 63 + 1.9° 35 + 1.4°

64 + 1.3%

Texture

64 + 1.2° 65 £ 1.5° 52 £ 22°

57 + 1.1°

Flavor

61 + 1.8° 57 + 1.1% 6.4 + 21° 47 + 2.0°

D**Values with the different superscript within the same row are significantly different at p<0.05.

Overall acceptance
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1. k2ol 2289 AAWS 2HE

7b A3 WY
1) Ph¢-2= A A Z 3 o2 Yol FEE9 A3 e
- Balb/c "}-9-29 EZ tiAAE & 54 £EF A A ZBMDM)Cl AlEE A E
3led Alo]E7}Ql BB 5 surface marker®] W3 58 53 X3 f= aE =A
s =4

gk Ale]E71Q1 #Hl= TNF-a, IL-6, IL-12, IFN-g
stH, Az EWEAe] BEL2 FACSE T3 £49

(2) Mouse HIZAEZo] )3t ol2 Yo} FE5&F9 A3 f=

- }9-2(Balb/c) HIZMES] T 2 B AlZ mitogen?] ConA =& LPSE A st &3}
= |4, okmYole] o & dufje] d R W FEE2 I AT
o gx dxzo| &gt tigk ofz Yol FE= dFS ST

- B3 R AESHTE VA= T, TAIEZE st AolE7HI S A™s

2§t wuo

L

o
=
- "$-2(Balb/c)E 7FHHH ol2Yol FEE9] 4
BTFAE At vhe-29] PBMC 24 w5
cultured}o] SplenocyteE ©lZUo} FE&

& E(500 1g, 1 mg, 2 mg)d P
49311, uF9-229] Spleens primary

S A8 & LPS9 Concanavalin AS 53
& UV-spectrometer w4, 18]31 &4 Y IL-1, IL-2, IL-6, IL-10, TNF-q, IFN-y 9]
e QF ELISA kitE o] &3t #2493 w3k ZF Alo]EF}Qle] tfdk mRNAE RT-PCRS

=
=3l }_AW

- Aol EFFQ 1o Ydojxe= Thl/ThZ W39l T3S wAste, HxH SlojA Ax
A He re ;‘q]oﬂ/\% Hoo] e SEHE AL =A3)

- vk9-2(Balb/c) 7FH S 79 F 15 HE VT F 8F

o

o
©° o] 2Ty ofZL]o} = mg, 2 mg) dTFAE HAS}
o A% 712t W ol TEY FAFH AAEEE, mouse A AE U IgAt IgGo &+

PR
S|
A #HAAN AIBEAMEY S4d3E ZA3 Payer’'s patch AlEZe} v

o3
= =
A Zofl gk mitogenic response X ALO]EFIRI 4] VoS SAHE

U 43 2%
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1) ok2Yo} 4 =

- o2 Yot dnf H dE W F2 e Y8 FE2F FEE5 ©)83te, C57BL/6 v

29 FFA —Eri‘r/\]fﬂ =l A A Z(BMDM; bone marrow-derived macrophage)<}
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