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Abstract

The objective of this study was to investigate the quality characteristics and antioxidant activities of aronia jam
prepared with different content of mashed apple. To analyze the quality characteristics pH, texture, color, antioxidant
activity, total polyphenol content, and sensory property were investigated. As aronia amounts decreased, the pH
of aronia jam level increased from 3.97 to 4.40, while its total acidity decreased from 0.39 to 0.27. In color,
the L-, a-, and b- values increased with decreases in aronia contents when compared with 100% aroma jam. Texture
evaluation revealed that the hardness, springiness, gumminess, and chewiness of 100% aronia jam were markedly
higher than those of the control and other samples (p<0.05). As the aronia content decreased, both the antioxidant
activity and total polyphenol content significantly decreased (p<0.05) and the total anthocyanin content gradually
decreased. In the sensory evaluation, the jams containing 50% and 70% aronia showed higher values than those
of other samples in overall acceptability. Taken together, aronia jam with 30% apple could be the best in order
to meet the taste and functional requirements for consumers.
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2 g3p7)0l e FAFsiel 2y Lol T3k o2y ol
F5ol YFHWAM, F2, 2, 919 AFE 2ro]7|E 8,
obote] Be 71 4719 313), A4l F&
A7k PHA5) R okRYot YokE A7k =el16T
9] 764 TFeEo R A%F F FAEAL BAF A7)
2 ofzYol A A2 A A Al vhe FRE WK
A717)7} AFHUA T, B} ekt 7 RE 2 dgaE
o #Hat A7} o}H AR = BE3 AF o)

oo} I FALE 05% AF= Ast] FEI =
A4Sz o fAelgale 03~0.6%2H ofZUo} A1)
ZE Alo] A=) oHh18). Ae] A9 AL AZxS
71l F3 Heo] Fle] slo] Hee] Hrbt gloj=
gl ol At 7be e Al Eelth19,20). whekAl of
Zyole] Bk ARG AlRtE B Hw Ae)g)
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2 AFA RHE of2Uol T3] AmE At
(Chungju, Korea), A2 &(Baek seol, Incheon, Korea)= A3}
R, ofZYol A= FH AFA FLF FrklA Al
H Ae T3t & A AH-E of2Yole] pHE
o 39, A== 05%5 FHstn AUt

OfZL{o} E& M M=

ofZUo} £ A 52| V] Table 13 2o, of
ZY o}l AF}e] H] &S 71FEe 7 of&Z]o} o] 100%2]
A& TR A8 a, 7 Ahe] el v&d
10%, 30%, 50% 5 °|-&3t] A|x3 AL H7H= Az}
Atk olZYolE o] gate] AL A2 u Ao 2
glo] Wo] REsln g Hhgow AFFS Hrlel) 9
o, AR Bk Al Ao BV B w0t
stk olZYol il A5 o] 88t oAlFa, At
= AAE AAGL EH7](MRS550MCA, Braun Co.,
Kronberg, Germany)E ©]-&-3te] 127 vlas}it} of2
Yol Ao} vpdk AlE S Yo AHEo] ofF 333t
BAFTT AFo] A7IA FEE FFU I vy 2
ElS Akl Foim, AR <F 2-33] 2 Uro] Hrlst
A & Ao 71hshe Bt B @A A o€

ato] A& AojFlen, dee 25 H7Ig Fo =49

SZAI(N-3E, Atago Co., Ltd., Tokyo, Japan)E ©]-8-3lc] T=
7} 65 “Brix7t E|H 71d& Fastar, oF 187 Ald Aol
At SHE A A fEyol Hol Wi FeH=
ok 60~70C2] FEEC 92 F Ao} A2 Pyt
T 37 BHste

Table 1. Ingredient composition of the aronia jams with various
contents of mashed apple

Samples” Control AR ART0 AR50
Aronia fruits (g) 900 810 630 450
Apple (g) 0 90 270 450
Sugar (g) 600 600 600 600
Pectin (g) 4 4 4 4

"Control, 100% aronia jam; AR90, aronia jam with 10% mashed apple; AR70, aronia
jam with 30% mashed apple; ARS0, aronia jam with 50% mashed apple.

PH 9 BNE 53

Atze] &S delete] A %3 ol 2ol <] pH
57210 go A3 90 mLe] FFF 4707 vortex mixer=
4 wntelE the, 3,000 pmell A 1587 4l Eelsta,
58 2 ke] pH meter(Docu-Ph™ meter, Sartorius AG,
Gottingen, Germany) 2 =74 3}%1t}. AHEE AOAC(1995)
el whet f4lEEl g A5 20 mLoll pH meter =5
w131, 0.1 N NaOHE ©]-§35}] pH 837k =& at=t|
I 9 3l NaOH HmL)<= citric acid 3o 2 $HAksle] e}
Atk

= o

.I

P
I == A 2}A| (CM-3500d, Minolta, Tokyo, Japan)E ©]-&
A 10 g petri-dishol] 2] 3 dolr 33 =33t
Higko 2 eI TE =+ Lak(lightness), %4
agk(redness), 24 == bak(yellowness) O 2 H| w3}
, T T Fhe 1L=96.89, a=-0.07, b=-0.18 °]31t}.

Of2L{o} EF el =3 &3

2272 texture analyser(TA-TX2i, Stable Micro System
std. Surrey, UK)E AH&-5td A&7 53] o] S e3ith
AlZE A 30 g& 100 mL H]A ol Fol 27 25 mm<!
cylin-dical probe 2 =% 8} v} 2272 7 T (hardness),
-2 (adhesiveness), £F2]/d(springiness), -5-7}/J(cohesiveness),
A 21 (gqum-miness), % &/ (chewiness)= 73121,
27 %71 & Force threshold 20 g, contact area 490.87 mm?,
pretest speed 1.0 mm/sec, test speed 1.0 mmj/sec, post test
speed 1.0 mmy/sec, strain deformation 50%, time 5.0 sec=
A7 st oh



_
o0
[\®)
o

FHEA G

ot
B [1:}

2| |

=
=
o]yl =
= =

i

X

= &Hak2 Folin-Ciocalteu’s HH ol whab
3l Th21). o=y ol £ 3 ol 12 mLe| EH5= 7}
o] 407Col A 583t sonicationd+ & 3,000 rpmel 4] 10
A FEE st dede AL F ofZuo} A FEER
AMgEHTh 7 &5 01 mLol SF5 84 mL, 2 N
Folin-Ciocalteu reagent 0.5 mL, 20% Na,CO; 1 mLS &35
o] IA1ZF HReAIZl & 725 nmell A S8 = #S =35
FFE4 gallic acid(Sigma-Aldrich, USA)Z AH-&-3ko] 7] &
g 28, FEE $9 mg gallic acid equivalent
(GAE, dry basis)® YERIT

J

&,
\IHE
I

T

ZQtEAOtH B &4

% otEA|obd &2 pH differential methodS ©]-8-3}o]
243819 TH22). 0.1 go] Mol 0.1% formic acid7} B2 vl gk
< 5 mL¥ &3 & 204-%) sonication A|AFIL ©| & F
33] WHE AAIg) Aozl A5 filter paper (Advanced
No.2, Toyo Roshi Kaisha Co., Ltd., Tokyo, Japan)E- ©]-&-3}
o oAz FEAG AT 59 0.5 mLol| 0.025
M potassium chloride buffer(pH 1.0) 4.5 mL2} 0.4 M sodium
acetate buffer(pH 4.5) 4.5 mLE 7}7F H7}gh & dh-g-o-&
520 nm®} 700 nmellA FBEE ST F tEAlOR

e ol AL Ba Yl

Anthocyanin content(cyanidin-3-glucoside equivalents, mg/L)
_AXMWX DFX1000
eX1

A(Absorbance) : (As A0 m)PHL.0-(As20 mm-Agoo nm) PH4.S
MW(Molecular weight og cyanidine-3-glucoside) : 449.2 g/mol
DF(dilution factor) : dilution ratio of sample

1000 : factor for conversion from g to mg
&(cyanidin-3-glucoside molar absorptivity) : 26,900 Lxmol ' xem'!

1 : pathlength in cm

DPPH 2fc{Ztofl chst MA30is &3

A28 A o] AALFe]5S 2,2-diphenyl-1-picrylhydrazyl
(DPPH) assay = 5733} th(23). 1 g2 Aol oflg-a= 40u)
848kl ©]& 10,000 pmellA 1023+ Y4228t 3
NE Ao} FEHEZ AMESITE FFE 02 mLoll 04 mM
DPPH €< 0.8 mLE 7}t ¥ vortex mixer= 1033+ 183}
3 ALoA 1083 WA & 3B = (Cary UV-Vis
spectrophotometer, Agilent Technologies, Santa Clara, CA,
USA)E AHE-Sto] 525 nmoll A 5335 S sksivh Hat
T Ede A E A7 AIRE HTbeA & 259
FA=E WEEE Yepidch

314 A23A A1E (2016)

ABTS 2trjzol| cist MX3ois &3

Hiks} &2 2,2-azino-3-ethlybenzothiazoline-6-sulfonic
acid (ABTS), radical 24 S 574 34 tH24). 7.4 mM
ABTS$} 2.6 mM potassium persulphates 8H=5<¢F 940
WA|8te] ABTS Fol22 @441 £ o] &2 735 nmol]
A EFBE ol 14~157 HEE B F3ASCE
=3.6x10'M'em )& o] &3te] FHF R g4 stAT) 84
H ABTS €9 1 mLoj| &= 408 33t A F5&
50 ILE 7hste] §8 0] WstE A 99] 30 Foll S35t
o). ABTS radical®] 427242 mg TE(Trolox equivalent
antioxidant capacity)/g extract residue(ER)Z 3 &3}31Th

=S5t

AsHAANE FHEEFA7EHd A7 52 A 4
AT tdez sl om, #eHr) g5 A, |,
el A, ©ul Algh ARk VS % F 7RI 2, 13 oA
9™ 7R (14; theks] 4ith, 94; tids] =t} 94 7|3 %
HeHo g AAst
=7 el

e AP 33] o] HHESH] o1, Statistical Analysis
System(8.1, SAS Tnstitute Tnc., Cary, NC, USA) EA| =21
o] gste] A B, A FodS HA et
7] flsto] EAHEA(ANOVA)S 33t & A8 7t A}o] 9
f5Z Duncan’s multiple range testZ H]nl A3}tk
(p<0.05).

Za 9 o
pHet &4t
o2 ole} Alzte] ks gejete] A|xg 4714 Ao
pH} FAYE = Table 29 2t} o2y olgt 713k Ao
A% pHE 3.96°]%0 1L, olZ Yol A 10%, 30% 371
o] pHE 27} 4.05, 4149031, 50% oF=Yole} A 50%S
A7¥ek A2 pH7E 44002 of2Uo}e] ghako] AR
pH#te] frolA o2 F71s8l3lthp<0.05). & ATl of
EYoprt AbE tiAE o] of2 Yoo FHfe] EolETH
pH7} EolA= WglE Boled, ole of2Yol 8
A7¥er 71w 3} A, o2 o} F2 AU P E
ofZo}e] Hrlake] ZOl5F5 pHte] o= e
Hom(13-15), 22 g /{2 E7]E o] &3t Al xgt
D7 = F79] H7teo] FEFE pHYL oAl
232 el e Bz 25), pHe| Wst= w274l of=y
ofo] geFo wel geprithes E Ao Auke} fAfgt
A B
ofZuole} AlZte] ZaH]E&S gelste] vHE Aol Atk
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= AR I S ok2Yol 100% ] 77 0.39% E
A7PMERY 3%, AFE 10%, 30% —L2] 3L 50% H 7t
g Aol AkmE= 7H7 0.35, 0.29, 0.27% = YERETE 70%
o2 o}e} 30% AMHE H7be A of= ] olo} Al E
W H7he Al e foAQ0 Aol It S, Abee
olZYop/t Al R A D4 At} folF oz 7Hae)
ATHP<0.05). AP ATl A Thekdt A GR/E A3 of
2UolM o] AlEE 0.92~0.97% 2(17) 2 AE ] BludS
o T AtREG 9kt o= 2 Ao ol2 Yo}
A Aol A ot 2 olE mifakA] ol AL
2 72w I Ul f714tke] 88 SEHA &%k
3, Agnjr} of2ujole] Aol Th27] wiel] AHE
7F @A U ez AHEn

Table 2. pH and total acidity of the aronia jams with various
contents of mashed apple

Samples” pH Total acidity (%)
Control 3.97:0.02% 0.39:0.02°
AR90 4.05£0.04° 035001
AR70 4.142002° 029:0.01°
AR50 440:0.02" 027+0.01°

l)Control, 100% aronia jam; AR90, aronia jam with 10% mashed apple; AR70,
aronia jam with 30% mashed apple; ARSO, aronia jam with 50% mashed apple.
Means denoted with different superscript letter in the same column are significantly
different (p<0.05).

N =

AR A71RE ofZ ol E9Aie] Am= Table 30 e}
WAtk HEQD Lk oF2Y o} 90%, 70%, 50%<] A7+
9] e 7+ 3.2, 275, 3.299] #S e =, T
74o] 2499 Hlw g w Lako] FJH oz Frlete
73S BATHPp<0.05). o)1= A7 13)3} 2]#H(14) Sl A]
of2uole] H7teo] AT TE Like] S7tshe A4
o} T S Btk AL aghe Al gle
of=1fo} 100% <] a w3} vl waHH o} =Y o} H7teko]
ZAETE fFod oz Frtshe i UERsT o]+ of

Table 3. Color of the aronia jams with various contents of
mashed apple

Sammples” Color values

amples

P L a b
Control 249+0.12% 2.89+032° -0.2340.05°
AR90 30240.15" 3674023 -0.28+0.06°
AR70 2754025 3.18+0.16" 0174007
AR50 329+021° 4.95+0.46" -0.02+0.03"

l)Control, 100% aronia jam; AR90, aronia jam with 10% mashed apple; ART0,
aronia jam with 30% mashed apple; AR50, aronia jam with 50% mashed apple.
Means denoted with different superscript letter in the same column are significantly
different (p<0.05).

2yole] ZaE] gle AZELE He A9l FEA
opde] dger A7hEH, ofzyole] Hrige] St &
5 Lath agto] SopAH ofF dee S Ui,
Arhgel 4ad 5 A e A4S e G4l
bEte ofmYo} graFo] AT 028, 0.17, -0.0224]
A S7eke A%< UERTh ol=2Yolss A7k &
(A5)IM & ofRofe] ghifo] adps ATt S
7kt & ek AR daks ehlgld ol o2y
o} AR Al E = AT} Srleke], A AL
The] wlg2 Gelsted RS AollM Abzke] o] wold e
= aft¥ bite] ol A0S Kol Abke A=t
GAEZS FoleH 719she 2loR Hlth

=3z

olZyo}l o] 227+ Table 40 YERATE HA=
(hardness) = 515.6~1362.9 g/em’e] M9 S Jehion] 1
oA At TRl 7 E=9kor, ol Yo} 70% X
7He #ol 7P wsken ol&2 HMAA o= Alzke] A7t
Fo] ol 4R AxE Foldom HAs thp<0.05).
ZAE7} sk AR Ao A xS w Aol F=
HA = A e Aoz AZtdnt of2uo} 3
7} ¥4 M-S HEAE AdAH(15.27) %= of=Y
ofe] H7leFo] HATTE A Ert GolA BR 2 AT}
A5k 7S el th F24 (adhesiveness) T3 7}
To] 235.36 gfsec S -212.3796 gjsec?] 50% A7} <}
A Aol7} gldlon, & A 59 HEdo] YE
WA] ekttt €he A (springiness) ¥} 871 (cohesiveness)-<
of2Yo} 70% 71t AL AlQ)stae 2 F2FQl Aol
A TE % (gumminess) 100% °F2Y o} H 771 586
glem’ O & 7PF £gon, ol2olr} AltE A DS
AAH ez asht Fo4Ql Aole AU
(p>0.05), %8 (chewiness) 7117} 399.79 g & 7}
=R, AP MRS dAH R o] Hadte
HATHp<0.05). of= Yo7} AR A E 45 4
o] Zasl=t, o= M-S Azt FHE o A7)7]
Vel 7k4] A zlsled] dele Al duA] 52
e & F AdTAan.
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Ae BA 7 huE, HsA 3959 phenolic hydroxyl”|
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WA free radical & SHEIIAT = AHg 0w its) et
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Table 4. Textural characteristics of the aronia jams with various contents of mashed apple

Samples” Hardne2ss Adhesiveness Springiness(%) Cohesiveness Gummir%ess Chewiness
P (glenr’) (9 pring (%) (glem’) ©
Control 1362.9:213.2% 23536+111.74° 0.690.15" 043+0,03" 586.83196.85" 399.79+99.88"
AR90 751.54129.1 90.48+40.32" 0.59+0.07* 041+001* 308.85+59.95" 185.83+57.56°
AR70 515.6+209.6° -421.78+25.79° 0.38+0.04" 03320.03" 167.6375.32° 63.8243121°
AR50 810.8+195.0° 212.38+94.07° 0.64%0.10° 040+0.02° 319.32+73.407 202.52+57.22°

"Control, 100% aronia jam; AR0, aronia jam with 10% mashed apple; AR70, aronia jam with 30% mashed apple; AR50, aronia jam with 50% mashed apple.
IMeans denoted with different superscript letter in the same column are significantly different (p<0.05).
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Fig. 1. Total polyphenol contents of the aronia jams with various
contents of mashed apple.

Control, 100% aronia jam; AR90, aronia jam with 10% mashed apple; AR70, aronia
jam with 30% mashed apple; AR50, aronia jam with 50% mashed apple.

527.10 mg%k 92 Q1 2ol 7k g1 3L, 30%<} 50% 37}
TE 747} 315.60, 234.02 mg% = ofZYolrt AR Ui A
5 froA o g gaidte A BAthp<0.05). °l=
olZUo} F& H7Fet Y7152 ATl et olzuyo}
o] gefo] AATFE F Zelvze] o] Fojue A
= Hoj B A At dA|ste] of2yols B 4
FHsfF 3EES KA s @ 5 Tk

& otEAlold B

ofmujol Ae] & qhEAlold e Fg 29 L) e
Jobd e W2l ol o] EASH: AsshaEe] shpm,
1= pHS} &, €5, AR7IE 8, B 9 f7]4kel 93
wethe 977} ofnl AaEe] girkeo). ohz o the
Wel Rt o g dEACE AN ol
cyanidin-3- O-galactoside, 3-O-glucoside, 3-O-arabinoside 2}
T2 A ez =0l A=HI30), thEAQ] FEA
obd A 4Ql cyanidin-3-glucoside= AF3}2] ~E# 2~ 7ha
oF A#E o] AT31). oF=Yo} Aol FFE e F
FEAJobd &aFe] 7 9-= cyanidin-3-glucoside S 7|2
2 3100 g7 FHE7FE 11216 mge 2 JHY B2 g
< UeRSITE oty 90% 9k 0% 7S] 24t &

>

[¢]

SFEAJold 3HEke 7236, 70.86, & £ <] 2ol §1%
3, AA A 072 At Hubeko] S7MESE QFEAloM
kol frashe Ade HATHp<0.05). A= S el
D7) A (32)4 =712 EAlePA &aFo] 30.72 mg/100
gl 2 713 ofZ Yol Br|HT} 1 B ¢tEAoPd
= et s, APAF17e ol oot e A7t
stod e A 232,96 mg? Bl WSt W] Ktk QEEA|o}
o] o] AA vsketl, okmyole] F5 3 Al
o] 211, o} olE 3| nhfetA] ko UFRE o
A ARgte] FEG QFEAobde] §& 5] 42 Aol
Eanal=3

140
a
120
g 1
% 100
E b
= b
= B0
£ T
£ I :
2 60 .|.
=
5 i
- 40
o
]
=
20
0
Control ARSO ARTO AR50

Fig. 2. Total anthocyanins contents of the aronia jams with various
mashed apple contents.

Control, 100% aronia jam; AR90, aronia jam with 10% mashed apple; AR70, aronia
jam with 30% mashed apple; AR50, aronia jam with 50% mashed apple.

Hitst gy 53

ol2Ujo} AL of|ehS- 2 408 3]A 3 250 ik}
275 DPPH % ABTS 2}tz 4752 = Fig. 37 Fig.
4o JeRJSItE WA DPPH radical 2248432 100% ©}=
Yol AellA 76.12% 2 =2 245 YeRATE 90% ol=
Yol HA7E 7879% % 100% A7FFHEt 23 & 24
= 7K UAQARE el o2 zpo] 7k §lATHp<0.05).
30%%}F 50% AH A7V 57433 44.71% 2 2 TR
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o A4S YERNITE ABTS radical 227 84 %
DPPH radical &~ €747} frAkgE 225 YERITE ABTS
radical 2A AL 90% otE2Y ol 7Vt 1879% = 7
E=9A|WE 100% oF=Y o}l H7Hre 76.12% S FrAlSE 3he
HAk 70%9} 50%E 212 57.43%, 44.71%2) #h= 7AW
A, Aol HrbEro]l S E ksl didol ghaete A
S BTt

ol o] A¥E Eslo] olzUolr} AlgE A E4E
olZ1jo}o] H]go] Hojx|m grtslA]-& FhAekA|Nh AL
o 50%E HrletdE Aol ABTSS DPPH 25 41~44%
£ fAsle] B2 dkstddo] A E e e d F
AUTh T2 AIAFANDAA DRI ofR L ot A x5t
g o ek 2 408 345l ABTSSF DPPH 2A A&
=33 A3}t 7217 69.99%9F 73.71% % & A2 A}l
A28t o2 Yo} A= w2 telEA FEol e

a

. BO F a =
£ ==
£ 70 f
=
T w0k 3
by o
£
= 50 c
H T
g 40 |
8
g _
2 30
e
T 20|
g

10 |

0

Control ARS0 ART70 AR50

Fig. 3. DPPH radical scavenging activity of the aronia jams with
various contents of mashed apple.

Control, 100% aronia jam; AR90, aronia jam with 10% mashed apple; AR70, aronia
jam with 30% mashed apple; AR50, aronia jam with 50% mashed apple.

20

a
=~ B0 | 4
£ 70
E
g 60 b
-]
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®oap |
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§ 10
<
0
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Fig. 4. ABTS radical scavenging activity of the aronia jams with
various contents of mashed apple.

Control, 100% aronia jam; AR90, aronia jam added 10% mashed apple; AR70, aronia
jam added 30% mashed apple; AR50, aronia jam added 50% mashed apple.
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Table 5. Sensory evaluation of the aronia jams with various
contents of mashed apple

Appearance Taste Overall
acceptance

Samples” —
Color Flavor ~ Viscosity ~ Sweet Sour

Control 4621067 537:177° 325+183° 525:2.05° 5.50+093° 425+1.04°
ARYD  562¢119° 575149 425+139" 550:173" 5624092 5.00:143
ARTO  550:093' 562169 S550:167 662:092° 575:L16 687:099°
ARSO 500141 5876203 587136 650:12° 575:136° 6.62:141°

"Control, 100% aronia jam; AR90, aronia jam with 10% mashed apple; AR70, aronia
jam with 30% mashed apple; AR50, aronia jam with 50% mashed apple.

"Means denoted with different superscript letter in the same column are significantly
different (p<0.05).
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