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[Abstract]

This study examined physiological activity of aronia chung with or without aspartame. High sugar
content of food is recognized to induce chronic disease including diabetes and obesity. Sugar was
replaced with aspartame to develop low-sugar aronia chung containing 0%, 25%, 50% and 75%
aspartame based on sugar content of control in the study. Sweetness was the similar in the chungs with
0%, 25% and 50% aspartame but it was lower in the chung with 75% aspartame. pH was the highest
in aronia chung with 75% aspartame as 2.95. Total phenolic content was the highest in aronia chung
with 50% aspartame but it was not significantly different with 75% one. Flavonoid content increased
with addition of aspartame and it was the highest in the chung with 75% aspartame as 206.60 ug
QEAC/mL. Reducing power also showed the same aspect with flavonoid content. However DPPH
radical scavenging ability was the highest in aronia chung without aspartame and lowest in the chung
with 75% aspartame. This result implies that the addition of aspartame could sustain the sweetness and

improve the physiological activity of food at the same time although there is some limitation.
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I. Introduction

QUolq o] HAVIEL WL ot A
U chpge] HAFL Alsto] Agulee At
3919 Y7 AT 01 Z71 F40] glof, 20154
= R GYs WHIF YA PR Rgulgg 5

roh

o
o] Pl Jbg 1, PAoj Ik FLL 22w
S} sge) Pegol 8] ko Wolck. o] FUow

747300 dist Aalo] MAEHA TR Zulge] 7|
Aol du Qv APl(saccharin),  ofAmfEr

(aspartame), AHH] QAo E(stevioside) & Z+E H|GA]
A9 vue iRA0]&7F ARSE L QITH3-4]. oA
U5 A"t FARE G52 AUHA 332 A3 Ay
SHA AAY TAAA Als dAad =20] Hil, FA]
TS oUsh=t] o]&=t{5]. otAuER ABtE
Efj& L-o}AntE EANL-aspartic acid)z} 292 UF
U L-#H'222hd(L-pheylalanine)s ZAZ! Y3
0| E(dipeptide)?] WEoj|AH Z(methylester)o|t], A&r
o] of 2008 ©5t= U= HHEol=A Qlsdulso|tt
[6]. A&} 7P fARRE oh2 Wi, A, g, 22 5
1 2T 3¢ Aeaisynergistic effect)E UERATH
[7]. 19744 05252 F=(FDA)O A QI7det A4
X, AR, vFAE, R 4] 59 574 "ol
AlFol FHASH o] &1L QITH8]. ofAmEe A& o
A=2A9] 7Fs7do] lal, 1 Ygr} ofujieito]log F
T U HRAIF] AREo] 571 & ThtsEe} RAlE
Al 59 ZHE Algo] o851 9lon, 1 AREEo] A&
S7181L Sl FAIE WHgshe Zoltf{S-11].

o2 UoNAronia melanocarpa, black chokebery)=
0]1H Rosacea)]| chagoz
anthocyanins, flavonoids, phenolic acids Sx} t}Fst

LR

L o

Aste Xy o
_%—O}L (-)]l_.l_.

polyphenolic compounds, vitamin Co} E 52 Tt &t
1L Qlo] 7|5/ dEE 7Y wh Qloi{12-14]. o=
Yok= QFEAIORd, 7Hd, E2juEs ¥ St olE &
ol TRt Y75 2AAE

1§, S, AEWL,
Ao, A, PP, FAZ, ey HREE 5
clofet RlR7Isol skl $2 o2 unsn ol

[15, 16]. 3% &9 2692 td2= 515 300 mgH of
ZUolg Fofeh 4 A9 2t =2 ofzLjofof] &

ol

i UEAOPHE AgaioEe] s FRY EEMaR
(reactive oxygen species, ROS)o|| 2]t AIsHA AEd
AZ odFjsle I} i Bug v oH17]. ol
o] tsaht itels, f7l4t @, phenolic
compound®] FAu} gFefof oigh A[18], of=Lo}e]
sjeps] 24T iR L el S84 97 U ofzuo}
£ APE 2Ys] MPED ACHI9L

mapd B AN B S YU At ulat
ey 5 245 SRS deluA 49 W &
o] TS O WOl 2A ofAntetg AEstel P4l
P50l Hold ofzYoPdE AI&SIGIT. o710 2]
g= A7lsto] ofmyote] Mrdsh M2 ARR|HA] 2=l
A7I2 G202 HEAIZ] of2UOA S A| &5t o]gh
g 544 9 s 585t AR gAY

e Aget LA 7iEe) 7|24 2 2 At} it

II. Materials and Method

1. Materials

ofZUoHTUANE FEAl FEE Aibs7lol Lo
St 282 AYAE, 22132 BPECIATES
), HEH S Q1 eils UFEOA Uity on, ofA
ojeke. VITASWEET CO., LTDoA A|Zsti it
(F)elN +3t F23ke Lofsisic,

2. Method of aronia syrup

2.1 Process of Aronia chung

RIS ast 983 HSE 71 of2uol]
¥ W] 9ol otztorde WA AEstct okzY
ofe] AH7IEL Llw/w2 sl of2uoks zz
1,000 g sk, Aere 7k7F 1,000 g, 750 g, 500 g,
250 g2 Zh4A17} A7Ietgirt. kel 200u) Toke %]
d opampere A89) YR DU fAlsl) Sstel A
g ARE 20002 R0 0 g 1.25g 258 375 ¢
oz Zesto] A7t Table 1).

of2Uol B2t B0 Hof 71K 2715 wWn £
of otz Ujote} Mg, ofamghg o] WR faluol &
of Ag 27-28°ColAN 3L, WHNAN FesgoR
197F W A18oigich Ae 9 WA sk ot
A} ofanigto] B =g 4 QEZ ol 1~234 A

.
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Table 1. Compositions of aronia chung

(unit @ g)
Sample Aronia Sugar  Aspartame  Water
AALQO" 1,000 1,000 0 0
AAL25% 1,000 750 1.25 248.75
AAL50% 1,000 500 2.50 497.50
AAL75% 1,000 250 3.75 746.25
Extractical liquid
YAALO: aronia : sugar : aspartame=1000:1000:0, W/W/W

AAAL25: aronia
3AALS0: aronia
YAAL75: aronia

! sugar : aspartame=1000:750:1.25, W/W/W
! sugar : aspartame=1000:500:2.50, W/W/W
! sugar : aspartame=1000:250:3.75, W/W/W

2.2 Process of Aronia syrup

of2UoN Y MRAIIFS Zasti ofaniEe A
71sto] AEgH of2UolS AMgSISICE. of2Ujobe 1
A2 2] ofzUo} Acir|g AAfet kg olzUoly
200 goll ZHEZ2] 1T 80 g} =g 20 g2 F7Islo]
60~65°C0] FoIA 141t £t Aol}o] }gsto] o}
Lot |E2 Alzstlal el tsx ZthTable 2).
gL A7 OhE g2l ot ysuw sigirh

Table 2. Mix proportioning of making aronia syrup

(unit : g)
Sample Aronia chung Oligosaccharide Lemon juice
AASO AALO 200 80 20
AAS25 AAL25 200 80 20
AAS50 AAL50 200 80 20
AAS75 AAL75 200 80 20

Aronia chung abbreviations are same as Table 1.

3. Measurement of quality characteristics of
aronia syrup

3.1 Sugar content

DEAHL of2UoMY %S EUsH st R
= A(PR-30la, Atago, Japan)?} =YL
(Refractometer MASTER-500, Atago, Japan)E A&}
of 33 yh2 AAg C1S WAyt BEWALS UEpich

3.2 pH

pH 272 of2UolA Y b mL, 574 45 mLE 4o]
A Aol =% WA AReofA] 3083t WAIGH Tk pH
meter(pH/mv/TEMP Meter P 25 U.S.A)S 0]835}o] ¥

2 5742 38 AR C1S BT BEBAL Foh

4, Measurement of antioxidant activities of
aronia syrup

4.1 Total phenol contents

T e Rhee S[20j0) Aol met 27451%
o, AR FE529 =t 2% Na,COset 50% Folin
clocalteu’s reagent® = 10 mg/mL=2 3A510] A=
FE=8 ARESIITE 2% NaxCO; 10 mLof| Al& ofz2Y
Ol |FZ 100 nLE A7fst] & A2 ofF 27 2, 50%
Folin ciocalteu’s reagent 100 pL2 &35t 308 =
Ot k2|71 t}2, PG INSTRUMENTS(T60, UV-Visible
Spectrophotometer)& A5t 1L, 750 nmojlA] 4=
5 5353t #5242 AR Quercetin(l mg/mL)S
AR5t o quercetin 0, 20, 40, 60, 80, 100 uL& A|
3o &1l 80% ethanol2 & Y7} 100 uL7} EA 2+

2t Ale O S8ES FE5 2ES4S 9t BE

4.2 Total flavonoid contents

F Bunolc ¥Y £4L AR £330 552 8
= 25 mg/mL& 84s}o] ALEsIQiT} of2LjolAlY A]
2 0.4 mLoj diethylene glycol 4 mL¥+ NaOH 0.4 mL
2 AVtstY] vortex mixer2 wylst o2 37°C water
bathoflA] 1A]7F ¥F-2-A]7]1 TF-2 PG INSTRUMENTS(T60,
UV-Visible Spectrophotometer)S AF25td 420 nm
o SE=E FF5IYT BEESAZ  Quercetin(l
mg/mL)S AR5 01 Quercetin 0, 20, 40, 60, 80,
100 L& Alg™o] 21 80% ethanol2 & Hm]7} 400
uLot £ 247} A% TR SRS E4stn BETA
2 7olo] BFRUY BETHOLRE F Sapuuolc
I mg QEAC/glg 7IAtsto] Bairs otT21].

4.3 DPPH radical scavenging activities

DPPH radical A7% A& Burits¥} Bucar[22]°]
sk wasle] S4stgon, A7 otz Ujole] Sk
95 25 mg/mLe SHato] gL} of2uiolA]
g 05 mlo] MetOHo] &9 04 mM
DPPH(2,2-diphenyl-1-picrylhydrazyl) €98 5 mlL& Al
o] 308 =9F ¥keA|7l th2 PG INSTRUMENTS(T60,
UV-Visible Spectrophotometer)S AF2-5td 517 nmoj|
A S8 E 55T BEEA2 trolox(1 mg/mL)E
AR5t on trolox 0, 20, 50, 80, 100, 200, 300, 500
uLE Ao &1 80% ethanol2 & Faj7t 500 pL7}

rr
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A Al Os S9EE 45t 2RSS SO B
FER9] 3&F2A02HEH DPPH radical AA% &4
(mg TEAC/g)& ALISIAT

4.4 Reducing power

FRAP(Ferric reducing antioxidant power) &&=
£ Oyaizu[23]9] ®¥e WPsto] 4519 CH, Al
& Of2YOM Y] srx & 25 mg/mLE SASH ot
2 AFgstdnt ofzuyorAldE 100 ulet 0.2 M sodium
phosphate buffer(pH 6.5), &< 500 ulet 1%
potassium ferricyanide 50 pLE 231510} water bath
50°ColA  202%F  WRSAIZTE 7] 10%
trichloroacetic acid(TCA) 2.5 mLE& A7}st1 650 rpm
ol 1027F AdZestict. A5 500 pLofl 574
500 pLo} 1% ferric chloride 100 pLE A7ISE &, PG
INSTRUMENTS(T60, UV-Visible Spectrophotometer)
ARgstol 700 nmoflA S E=E B4 #EEA
DPPH radical 275 @243} o] trolox(l mg/mL)
AR2st o trolox 0, 20, 40, 50, 60, 80, 100 uLE
AlFTo] &l 80% ethanol® & Y7 100 ul7t EA

uu rlo wju

e o 5YTe HPoln BRRNE Tl BEE
o] BFIHORYE H2mg TEAC/R)S Altalo]
HRLS FI%ct

45 a-Glucosidase inhibitory activities

o-glucosidase Agff &4 A5 F529 == 25
25 mg/mLz  S|Hstel  AMBBIACH24]
solution2 volumetric flask 25 mLof 200 unit9] o

Enzyme

-glucosidase(from saccharomyces cereuisiae)?t 2.5
mM NaCl, 50 mM phosphate buffer(pH 7.0) 12.5 mL
= Wltn uiRle S84 AR 7 Alg 242
20 Lo enzyme solution 80 pLE A7stal 37°C
water bathof]A] 587t A 2|st $, 50 mL phosphate
buffer(pH 7.0)0]] =91 0.7 mM PNPG(p-nitrophenyl o
-D-glucopyranoside)S 1.9 mL A7}ty ThA] 37°C
water bathof]A] 1587t ¥R2A|Zict o] 8982 05 M
tris  solution 2.0 do]  UV-visible
spectrophotometerS AFE5to] 400 nmofjA] 187140
2 5¥2 Hgelan, gET: Z188el 07 mM
PNPG Al 100 mM NaClE &&Hst 50 mM phosphate
buffer(pH 7.0) 1.9 mL2 A7}slo] S5t v o 2 Alsy
SIAT}. a-glucosidase A5l &2 T Alo]] wet AL
stol WRgre Potih

mlLE

a-glucosidase Zsi&d(%)={1-(A-B)/C}*100
* AL AR ZREF HOMEY 84
* B AR 2EF RIS SEE

5. Data analysis

BE UF AN 39 o WS Sstgon, oj
AWEL SPSS Windows 19.0(Statistical Package for
Social Sciences, SPSS Inc., Chicago, IL, USA) =& 71
AZ ol golo] Fat+ ETHAL S Aborla, iRt
1277te] 59 ARl Aloli= student’s t-test X YUHHA]
A (one way ANOVA)S o] €513t A€ Atad]
A 59452 2785171 $lsiAl Duncan’s multiple
range testS st o0, 89]pF 0 =0.052 5T

S

U
o

-

o

III. Results and Discussion

1. Quality characteristics of aronia syrup

1.1 Sugar content of aronia chung and syrup

RIS Bastn 9 BkexIS sl ofant
2 A7t AlRgt otzUod o] B tiEa AALO
S 65.3+0.577 BrixZ 7 =A UERG, AL
AAL75= 49.0+£1.000 "Brix2 7P WA UERATH e
AIFe WA ofgUolyel gEE tiEgol 71
7] e n, Mep7iepol 4484S Brixe W7 U
EfLhe 2 sfela 4 qlgich

of2Uor]H o] Tt xR AASOL 71.7+0.577 °
Brix, A&+ AAS75= 69.6+£0.577 Brix2 7P A L
Epdth. of2Uolrle] gert okzyobgol uls) £
Uehd 22 A1y AEA] $2)1g A7t TiEoR Alad
CHTable 3).

Table 3. Sugar content of aronia chung and aronia
syrup

(unit : "Brix)
Sample Aronia chung Sample Aronia syrup
AALO 65.3£0.577 AASO 71.7£0.577
AAL25 57.3+0.577 AAS25 72.3£0.577
AAL50 57.6£0.577 AASS0 72.3£0.577
AAL75 49.0+1.000 AAS75 69.6+0.577

Aronia chung abbreviations are same as Table 1.
Aronia syrup abbreviations are same as Table 2.
Values are MeantS.D (n=3), ***p<0.001

Means*S.D with different superscript in a column are
significantly different (p<0.05) by the Duncan's multiple
range test
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1.2 pH of aronia syrup

o2 Yot 9] pHy= otzUYoPd AEAl A8 A7
o] Fast AlgdaE Jo)A(p<0.001) 0.2 F7ts1%l o0,
a7 AASOS 5.14+0.022 7P WA UERdy,
AAST5= 5.60+0.062 7H =7 UERITHTable 4). Al
B9 AR/ 47152 pHZE 4.5~7.09] ®i9]olujo]o]
of Jtal g=lo] QItH25]. pH meterE ©]&sto 574
gh Alg pHe 5.14~5.6002 AF3A 47|50 A
ghet Zlos e

pHE ofATEO] Qg ol F-Qgt QIAFZ pH 3~50]14]
v A QPYstH[26], e TR &, wylitoldt S5t
o QPg/do] S7isitH27]aL B uE|Qict. ofo 2 AdZ
1} Uehrd pHf 60~65CollA 582 7HEste 14]
b &% Mol Alagt ofZ Yo Al uhe A
gfstthal AtesHot.

Table 4. pH of aronia syrup

Sample pH F-vlaue
AASQ 5.14+0.02%
AAS25 5.30+0.02"
306.300%xx*
AAS50 5.56+0.05%
AAS75 5.60%0.05”

Aronia syrup abbreviations are same as Table 2.
Values are MeantS.D (n=3), ***p<0.001

Means*S.D with different superscript in a column are
significantly different (p<0.05) by the Duncan's multiple
range test

2. Antioxidant activities of aronia syrup

2.1 Total phenol contents of aronia syrup
Polyphenol”] 2452 Aol FHHsH F25]of
Ol= AlZo] 2xF TjAMFE=RA] flavonoid, stilbene,
lignan, tannin 50| 74dF0cH28]. HE2 A=0] &
+ 225=4d 2722 phenolic hydroxy”|S 7}
AT Qlo] T 9 kAT Agels AL e
7

5ol 91 ool e} FHarateie) 7Ael

Total phenol &S 5733t A} tjaw- AASOY} Ad+
AAS25, AASH0, AAS75 E50oA 100 ug QEAC/mL o]At
=7 YERen, 11 5 tiaa AAS00] 120 pg QEAC/mL
2 7P S|, AT AAST5+= 140 pg QEAC/mL=z 71
=2 Total phenol $=FS LERQICHFIg. 1).

AR I0RE A7HE E9 A8 R T2 €0 AP Do}
A7l WobdaE{30], ofzYot 2% AVl 571
25 F Heddol =24 UERHH3]. o= § me &%
1} Ak &/o] AL Qe AS HoEH, Sa &
[24]= & W dFo] el =2 et &0l Y&t

Hg QEAC/mI
@
=]
8

120.00
100.00
60.00
40.00
20.00
0.00 T T T
AASD

AASIS AASSD AASTS

Fig 1. Total phenol content
QEAC: Quercetin equivalent antioxidant capacity
Aronia syrup abbreviations are same as Table 2.

2.2 Total flavonoid contents of aronia syrup

Total flavonoid= flavonoid®] A2|&d % FhAtsl &
8ol P F2uE 71 5 stz Alsk AEe Ao o)
A Bleloz AYE WA SO Ageizol AN e
OXZIORA WASE AHES WHSHE ZoR Leid
TH32]. Flavonoidy free radicals A7sh= 50|
FolL} ghatet 18, 227 Aato] o, FeAz,
2], AaAs, AUNstas, sARnetag Sol
B bp QIoh33].

o}2U]otA]739] total flavonoid §eFg £45H At of
2 AASOQF Aldt AAS25, AASH0, AASTS R LROf|A
total flavonoid gFFS LHERGOH, I & tx+ AASOQ}
AT AAS250014 = 80 ng QEAC/mL ol%fo g UEfFo

, AT AASS00|Al= 160 pg QEAC/mLOJAFC 2 total
flavonoid &%) 71 =7 UekATHFig 5). ol A}
o] A2 oz Yo ARl R ol 5ol o
0o g ofgyo} vt &=7] giFeeH ofzljo} &N
= A7t Alx9] otz Yo} Arisdo] S7teld] Wt & E2f
Hyole ggfo] Frfohe AAM34]et: AR|SHIT

g

(¢}

1o i

15000
14000
L2000
100, 05

moa

an.na

innn

Inma

i

AAED NG

A S0 AAS TS

MY CEAL ML

Fig. 2. Total flavonoid content
QEAC: Quercetin equivalent antioxidant capacity
Aronia syrup abbreviations are same as Table 2.
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2.3 DPPH radical scavenging activities of aronia syrup
DPPHE= H]|wA OMASH free radical2A] cysteine,
}

r>~

glutathione, ascorbic acid, aromatic amine = &
o} g 7k BARRE AL 245 Ao
AuA Ao WapAlo] w2pAo 2 ERMLD 3Alsk
Z70] wro] o] 8&|1 9Jr}35].
DPPH 2ttZA AASL

TEAC/mLZ 7P W7 UrE}Eﬂﬂ

109 pg TEAC/mLO.2 2tjz A7450] 7pg %A Ut
srk(Fig 3). ol 4% A7lgo] 44w ol2o} 5
=7} ol @elog AbrE|n, of2uolEe Akt @
20| FAEA(19]7} ol2Yo} B A7} of2Ujo} o}
=9 ket &4J[31] 52 A+t DPPH radical 471
0] of2ujo} A7leol met S7tske A3 ol A
3 GAIR Zake meit

o|r o

AASOO|A= 34 g
AST AASTHOA =

140

120

100

|
-

[1]
AASD

Fig. 3. DPPH radical scavenging activity
TEAC: Trolox equivalent antioxidant capacity
Aronia syrup abbreviations are same as Table 2.

pe TEACmL

2.4 Reducing power of aronia syrup

FRAP(Ferric reducing antioxidant power) ZHd=
H}\‘]O Q‘}OPDJ 9}7:]340 7&7(46-}1_—‘ H}Hélgi F63+§
Fe2+2 171 §2 5795t YHolck. FRAP 29l
A2 Azl EAfishs 2J9E(reductones)o] AlEdhs 4
APAVE WL ALS BRORA JUS TS
UEil= 7oz htel &4a Agaos Adeo] 9l
£ Aoz FeiA i),

A
o
=2

thE AASOZF A3lT AAS25, AASH0, AAS75 &
oA sHde Blont, AAS257} 7P WA UERA,

AASTS7} 7V =2 S Ve Alom UERRT
(Fig 4). ¥A 7]50} ujo} 7to] AMEr M7l2fo| 7hAsha
otz Yo} F&=7} =2 OFZUORA[R] AAST59] & ms o
o] W30l T2} DPPH radical 4752t gHd2io] 7H
=0 71& &IsHgITE Choi, Jeong?t Lee[36]= DPPH

ok

|

radical scavenging, Reducing power= LA sH dAS
PRI 9lo] % B0 Pgo] 224 Aol k2 A

9O oF A
S ¢ 4 9k

1000.00

950.00

900.00

850.00 -
800.00 -
750.00
700.00

AASIS AASTS

g TEAC/mL)

Fig. 4. Reducing power
TEAC: Trolox equivalent antioxidant capacity
Aronia syrup abbreviations are same as Table 2.

2.5 a-Glucosidase inhibitory activities of aronia syrup

EJ-_ID._HZI ﬂx}q 740 /\lo]xmo 5?_} S o} aea Jo o;(]
7t FQsich Gee gl 75 Ei Qlgel Rulo of
Mo Wtstel 1EY SAIS Ueils okl 572
olck. T FAfe] A9 A% WY} A&7 STt gy
oz Asshed], 4502 dojd A YUFL &
Zti{2]. ©ehzo] AUlofA o] 8E]7] HsiAe aao
ofsf E'—éﬂﬂh 7ol e Hastas Follshs tix
Aol 47} a- glucoadaseolq o-glucosidase AJ5HA]
L oojgEr gda g Hijgs 2 dlo} dd iAo £ &
s | acarbose voglibose 50| It} AlEA|o] &G
Elo] 9l= polyphenol2 a-glucosidase, a-amylase,
sucrase?] /45 AF|HH37].

o2 oA 9] a-glucosidase A5l = R
AASO7} 20 pg QEAC/mLE Y] WA A UERS Y, A
o+ AAS259} AASHOE= 58 pg QEAC/mL, 47 ug
QEAC/mLE &2 A4S UEHoL 224 AL
AASTSE Q313 (-)7kS UERA 2102 ol ofzUol
Ot Age] A71]&0] 50% oddl o] £ ZA0= A}
F2=IHFig 5). a-Glucosidase Asl &4 7158 A% 2
BololA chFRel 2212 odstel AEHS AoIA

AR A% BYFS Bola] Fuuu vjeke oy{3slste
2, ofaulg A7} o 2UolAe dudiah} cloloj=g
gfat AlE7}go] o] 7HsE Aoz mojAlr
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g5 8 & & 3 3

pg QEAC/mL)

AAS 25 AAS 50

)

ws ws7s

Fig. 5. Inhibitory activity of a—glucosidase
QEAC: Quercetin equivalent antioxidant capacity
Aronia syrup abbreviations are same as Table 2.

-10

IV. Conclusions

A7t 543 HelstHA dEer

f
|

ol

ofn o A

BELTT} Hel
Aol EPHO2 o) LERE NP2, 1
Ao MY ATA AR i, vk HBWA, &
o 25 ool Z7I5tn Ik o] ol £ g2
YRR, W S B 2115 FH3] PEAIET 9]
7

Da)

oﬂ;

T O ow =20

w3t Aol of2ly] o] ARl 2
7 AL Aalslo} 3k, ofge Mok e 7134
2 BlER, 271, 28 59 BAojast ¥ESD| Hck,
£ AT 1BAE AR 2A FAle} Ago] BR
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