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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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Hg5p]e PAFI et SelH B obzyjoll
350 BN, T, A, 9919 ARE 2o/]E Fa,
ol Yole] & H7eE 279 (13), AM14)olV F=
H7A P05) D okzuoh ATHE M/ Hel (165
o N5y FBEoE ARG FASHE ¥ A7
42 obzujol A Az A 4 A BHE FRE A
AT ABEALATD, Hek DR FEE D BEANE
o B AP} kAL REG Aol

okzUlo} 3 FAHE 05% AFE Al FRE =
AE 259100} AR FFE 03-06%24 ohz ol A
2 o] 345)7] olRTs). Alzlel A$E A4S 23
719 525 Aelo] Fslo] glo] FA Yt glolw
B4 gl A a7} b5 Al2olth(19.20). wheb of
Zole] BEG AVYRE Ak BEEH w1 Ade)s)
o E2E F3 HFR WAFE Ao0F AE A2
F 9% Aok

wepd B ATE okZohE o] §ste] 7154 AL A
23 BAoR, ofmyiole] AlHE ThRt Mg 2 7t
Fom A 4o e AU BEH] AFSYR)
Aeg A28 ERAE Axstas ek

EEET
A=

B Agan e olzuel R ARt A
(Chungju, Korea), -2 &(Back seol, Incheon, Korea)= AH&-3}
R, ofRYol A= T&H HFAl AT F7el A Ay
H Ae Fgstinh & A AHEE o2 Yol pHe
% 39, AtE= 05%5 Tt AT

ot=24ot EEH A=

ofZujo} T3 A7 ] E3H]= Table 17 2o, of
2o} Ao HlE& 7o & ofZ o} o] 100%<]
Ae FH7MFR AAsta, 7t Ao Hrteko] vlgd
10%, 30%, 50%E ol&3tod Az As HA7lr= Az}
Atk ofZUolE o] &35t AL AT uwf ARl 2
go] Wol BE3tuR Hogow IS HArtel FU
3, AR EEH AR e RV BT sdsHl Aot
sttt ofZ Yol A= AFE o] g3t /T, Al
= 445 AASL EH71(MR5550MCA, Braun Co.,
Kronberg, Germany) & ©|-8-3lo] 1127 wla8lit}. o}l =2
Yol Ao} vp gt A2 S Yu 7HEel oF 383t
BATHE AFel A7 FER FoAFUoh 1o 9
1S A7l HodFa, A oF 2-33] 2 o] st
A A Aot 71k Bet ElA| @Al A4S 0§
sto] Al AojFlon, Aes BF HUiek Fo 249

Z=AI(N-3E, Atago Co., Ltd., Tokyo, Japan)S ©]-&-3}o] Ti=
7} 65 Brix7} H|H 7148 Fksla, oF 183 Alg Ao
At AE AL AdE el ol dEg JuH=
%F 60~70TC2] BeEo B2 F 7] AolA] ¥yt
WA Basi.

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

Samples” Controdl  AR9) ART0 AR50
Aronia fruits (g) 900 810 630 450
Apple (9) 0 90 270 450
Sugar (g) 600 600 600 600
Pectin (g) 4 4 4 4

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

pH 2} EME &H

ABhe] FeE elsie] A2 obzio} E4ael pH
=72 10 g2 A 90 mLe] S/} 470 vortex mixer=
ZF Wkl v, 3,000 rpmell A 15383 YA T8k,
A5AE ko] pH meter(Docu-Ph ™ meter, Sartorius AG,
Gottingen, Germany)2 273 8191t} A== AOAC(1995)
ol whet YA g 436 20 mLol pH meter A=<
@13, 0.1 N NaOHE ©]8-3o] pH 8.371X] =&al=t|
F 93 NaOH UHmL)<- citric acid g0 2 3Hiksle] Yel

A = A 3}A|(CM-3500d, Minolta, Tokyo, Japan)Z ©| &
3

sto] A 10 g= petri-dishol] 24 3 HolA 33 =43t
#rel Fargke = Uit " == Lak(lightness), 241

= afk(redness), A == bak(yellowness) . 2 H| w8}

—
3, FFEWAe] ZEe 1L=96.89, a=-0.07, b=-0.18 °]3it}.

otzHot =g =AZ &H

227+ texture analyser(TA-TX2i, Stable Micro System
std. Surrey, UK)E AH&-sto] A8 53] o] 46ttt
AEE A 30 g& 100 mL H]A ] ol 27 25 mmSl
cylin-dical probeZ =7 3}Ht}. 2272 74 Z(hardness),
T2 (adhesiveness), BH2/(springiness), -5-%)/d(cohesiveness),
24 (gum-miness), % &4 (chewiness)= =73} o1,
27 %71 Force threshold 20 g, contact area 490.87 mm?,
pretest speed 1.0 mmy/sec, test speed 1.0 mm/sec, post test
speed 1.0 mmy/sec, strain deformation 50%, time 5.0 sec®

A8kt



182 FFAEARHEY

Z2] ¥ 3k Folin-Ciocalteu’s HP'H ol wha} £4
3l th21). ol Yol A 3 ool 12 mLe] SRS 718t
o] 40°Col|A] 5%%F sonicationdt 5~ 3,000 rpmol| A 10%3F
Arlwgste] FEede 4 F olRYol 3 FEER
ALgEt 4 =5 0.1 mLol|l S/ 84 mL, 2 N
Folin-Ciocalteu reagent 0.5 mL, 20% Na,CO; 1 mLS £33}
o] A7 HESAIZL & 725 nmoll A F3E gS S8k
HFEZ gallic acid(Sigma-Aldrich, USA) S Al-g-3lo] 73
e 2, &8 $9 mg gallic acid equivalent

(GAE, dry basis)@ YERASITE

(

Nl

EQtEA O & &4

% QtEAJopd kS pH differential methodS ©]-8-3}]
=439 th22). 0.1 g2] Aol 0.1% formic acid7} B3] w|&t
< 5 mL¥ 233 T 2083t sonication Al AT ©] & &
33] WHE AAg dofzl 22 filter paper (Advanced
No.2, Toyo Roshi Kaisha Co., Ltd., Tokyo, Japan)& ©]-&-3}
of At =N AHESATE =Y 0.5 mLel| 0.025
M potassium chloride buffer(pH 1.0) 4.5 mL2} 0.4 M sodium
acetate buffer(pH 4.5) 4.5 mLE 717} H7Igt & Qkg-a&
520 nm¢} 700 nmell M FH=E S5 F tEA

g ofglel AL a YR,

Anthocyanin content(cyanidin-3-glucoside equivalents, mg/L)
_AXMWXDF>1000
ex1

A(AbSOI'baIlCB) : (A520 nm-A700 nm)PHl .O—(Aszo nm-A700 nm) pH45
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 2itjZtol| chst MXl30is &3

Az A o] Azlgo]5S 2,2-diphenyl-1-picrylhydrazyl
(DPPH) assay = 573 TH23). 1 g©] Aol &2 40u)
8|3}, o] 10,000 rpmolA] 10%3F YA Ee)8la, s
Hg do] FEFEE ARRSISITE F5= 02 mLol] 04 mM
DPPH €< 08 mLE 7}3+ § vortex mixer® 1037t Z1&-a}
3 AeoA 1083 WX F E33F A (Cary UV-Vis
spectrophotometer, Agilent Technologies, Santa Clara, CA,
USA)E A&t 525 nmol| Al 33525 4ok dAt
T E3e AR A7 AR E ATk & A9
FHEE MEEE JeERIT.

3]x] A23E A1E (2016)

ABTS 2ijztol| it MX30is &3

gFaks} &2 2,2’ -azino-3-ethlybenzothiazoline-6-sulfonic
acid (ABTS), radical 248 & 54 3tAtH24). 7.4 mM
ABTS®} 2.6 mM potassium persulphate= 35535t 40|
WAl3le] ABTS %01 &% 39471 5 o] $942 735 nmol
A FPE gl L4-Lsh HES B AT
=3.6x10'M'em )& o]&-3lo] THFE I3tk A
© ABTS &9 1 mLo] oJh-&2 408 5413 4 325
50 1LE 7}ale] FHREel Ve A o8 303 ol 245
STk ABTS radical®] 422432 mg TE(Trolox equivalent
antioxidant capacity)/g extract residue(ER)Z ¥ & 3}31Th.

A Az

BE A¥E 33] o] WSS o1, Statistical Analysis
System(8.1, SAS Institute Inc., Cary, NC, USA) SA|Z2 1
g o]t A EAsHR A, AL frodS A 8t
7] 95te] EAHEA(ANOVA)S 33 & A& 3 2jo] 9
5= Duncan’s multiple range test® H] 1l #2]3}ith
(p<0.05).
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pHe 4t

o2 ot} Alzte] kS gelste] Al 4714 A<
pHS} A== Table 291 2t} o2y ol # 7l A9
7% pHE 3.96°]% 12, olZ Yo} Ak} 10%, 30% 71+
o] pHE 717} 4.05, 4.14%0 3L, 50% o}ZUY o}t A3} 50%S
A7FeE AL pH7}F 4400 % ofm U ole] Jhako] HAadrs
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Yo7} AR A E o] ofmUole] FHifo] B4
pH7} EolAl= ®istE Boled, ol of2Yol g2
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ofZujole] Hrlgko] |5 pHEke| EolAe Ae=
B om(13-15), &< W2l /el 7] & o] &ato] Azt
D71 = B7]9] HIlEo] Fo 55 pH7t HolA =
A3E YeRl e B2 (25), pHe| W3t w2l R{<l okzY
ole] ghifo] wel Gtk & AT Aol fAlet
A H3th

ofZuo}e} Alzke] &S delste] vHE Ao A
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= A TR S ok2Yol 100% el 7T 039%
A7MERY =91, AME 10%, 30% 1813l 50% H 7}
g Aol AmE 7Hz} 035, 0.29, 0.27% = YERETE 70%
o2 o} 30% AtHE H7KeE M ofZY ol AT E
T 7k AT 24 Aol il S, At e
olZ Yo7} Al 2 A B 45 4AHert foldo g A}
ATHP<0.05). A&AATFA TheFet thA] BR/-E5 A7k of
ZY oMol AFEE 0.92-0.97%2(17) ¥ Aol vlugS
o] 7] AT =94th ol E A3 ofZuo}
A AT ol| A o} 2 o} E mifalA] ol AL
2 7gstasu I Ul fr)ake] 8] SEHA ¥%
3, A|gujt} o2y ole] Ajuj o] thE7] ol A%
7F @A e Aoz AyzteEr.

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"
AR%0 4,05+0,04° 03520,01°
ART0 4.14£0,02° 0.29:0.01°
AR50 4.40£0,02° 027£0.01°

YControl, 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 columm are significantly
different (p<0.05).

Mz

AR 71k of2 Yo} E3A ] A== Table 30f Vet
ek BEQ Lgk2 ok2Yol 90%, 70%, 50%2] 8 7H
9] ke zb7} 302, 275, 3299 g Ve =T, 73
749l 24991 Hlw g w Lako] FefHoz Frtele
7S BItHp<0.05). ol A71H(13)3} 2w (14) FolA
ofZYole] H7tgo] FHATSFE Lite] S7tshe d+4
o} BA3 AeS Bt AN ECl aghe At gle
otz o} 100% A°] a #t7} Hlw A ofZ Yo} bl
| EFE AR Frteke = UEktth o= of

ar Bl J

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

Sarmes” Color values

amples

P L a b
Control 2.49+0.127 2.89+0.32° 0.23+0.05°
AR90 3,0240.15® 367+023" 0.28+0.06°
ART0 2.750.25" 3.18+0.16* 0172007
ARS0 3294021° 4.95£0.46" 0024003

YControl, 100% aronia jam; AR90, 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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Aol 4ag £% 44 we 448 urh g4
bk ofZ o} o] TS 028, -0.17, 0.022H
B3 F7heke A%E ek okzuolag A
BASAAE okzriote] Fgo] A285E FAEI F
Felel ¥ Qs ket A3E el ol & ok
oWk At AR % FAEst Zrheked, 473 A
she] 1) &S Gelsto] BE Aol Aol Ggo] ol
% agta} bake] zolAlE AP Bl Ak st
FAEE Foled lelshe Aoz nelth

=3

ofZuUjo} Ao z27He Table 40 YeERHATE A=
(hardness) = 515.6~1362.9 g/em’e] ¥ ¢S Yehjlon 1
oA AbEE B3 bl 71 Eekom, ok ol 70%
7] gkl 7V wokom o5& AAFog Alle] A7t
Fo] FoldFE Arv foldoa 1HAsH thp<0.05).
Bxrt ke AR Aow Axsigle W B4 F=
297 = A4S Jehl= 3o Az of2 Yo}
7} G733t v RS RHEIE APAT(527)0 M E ok=Y]
ofe] Hrteo] AATFE ALyt Yol B 2 Ao}
A8k B FE YEbATh F-2d (adhesiveness) 7347}
o] 23536 gfsec O & -212.3796 gfsecS! 50% H7}<t
oAl Aol 7t gl on, th& A5t Ao vEL
WA eksxtt. ©Fed A (springiness) ¥} -84 (cohesiveness)<
of2uio} 70% A7k S AlQfetae Z FoAQ1 Afol=
AT} A (gumminess)> 100% ©F2U ol 7171 586
gem’©.2 713 Egkon], of2 oyl AltE A D4
AAH oz fasht fFolAQl zoles AR
@>0.05), %18/ (chewiness) T3 7117} 399.79 g & 7}
=%, AAE A AAA R gho] Ak
%< BATHP<0.05). oFzHol/k AR RS 4
gdo| Fradted], ol Ae Alzste] AT u 4717
ol H#e] AejrtA AZsl=d dele A1) dyA] 52
AT AL 4§ AATHID.
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A= 22 T s, HlEA 315HE2] phenolic hydroxyl”|
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Table 4. Textural characteristics of the aronia jams with various contents of mashed apple

S amples” I-g(cirt;?;s Adh(z,zi/\sness Springiness(%) Cohe(sé:f)eness Gl;t;/lcnr;lle?ss Che\(xéi)ness
Control 1362942132 235.36+111.74° 0.69:0.15" 043+0.03" 586.83+96.85" 399.79+99.88"
AR 751.5+129.1% -90.48+40.32" 0.59:007" 041+001° 308.85+59.95™ 185.83457.56"
ART0 515.64209.6° 421.78+25.79° 0.380.04° 033003 167.63+7532° 63.8243121°
AR50 810.8+195.0° 212.38+94.07° 0.64:0.10° 0.40£0,02° 319327340 202.52+57.22"

?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<0.03).
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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.
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Jobd 2 el Bol EAste wEsteee] shizA,
ol& pHe 4, =5, A7 H, T B 7]tk G
etk A7) ofnl AgE ] $iTh9). ofZ Yok v
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< Srekal 3l ARFAFaNe ok=Yolet dE 37t
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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.

stst gy 53

o2 o} M-S o gk = 408 |A g FEE Fitst
24-S DPPH 2 ABTS &t &4 %52 2 Fig. 3% Fig.
4o] YRSt} WA DPPH radical 2~A 8432 100% ©F=
Yol Aol 76.12% 2 =& A4S YERNITE 90% oF=
Yol M7t 7879% % 100% A7F-ET 28 =2 24
S A3 YRAARE FeH o7 2ol 7b ¢l THp<0.05).
30%} 50% AYEF A7V 57433 44.71% % 2T R
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wo AASAS VERQITE ABTS radical 27 G4 %
DPPH radical 227 €732} frAkgH 235 eI ABTS
radical 227 43-& 90% ol= U o} M7 78.79%= 71
FAINE, 100% oF=U ol 719 76.12% FrAkeE dhs

AT} 0%} 50% = 2V2; 57.43%, 44.71%2] 78S 7HAH
A, AlEte] H7tEFe] RS gatsl EAo] ashs A
oS Bk

o]te]l AHE Bt o2 oyt AR A E 45
olZole] H|go| Hojx|m FitsldAd- TSN, A
3’Jr 50% 2 7Vt = @4do] ABTS®} DPPH 25 41~44%

& At Be daksiado] fAEtE Al &
MD}. g2 AgdAF17)olA ezt olzy OPE A %3}
S ol &2 40uf 3|45t} ABTS®F DPPH &7 2/ &
233 A3 247} 69.99%9F 73.71% = B Ao Axe}
AR)5lo] of2 Yo} Mol = & Frtsled FHo] e
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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.
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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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Aoz AZAAY. LYud THE &
W 2] (33)7} A2 E Gelste] Axd g7 Z‘l!(32)f
41.70~53.06%°] 31, ¥ AFA A AT} 30% thA| ol =
rkskso] =2 Ao eyt o & Bl welRF dvi
2Ed o] it 9 A AFolx e ofZ o} 25
o] thE Wlg| /&9 FFAH sl 7Y =2 ks
< 7RIt ATE g8 F dAT39).

sol A2 ¥

el
2

gl

57}
ofZujotet Alatel EgH &S st A= Ao
H5H1A 23 Table 59 YeERITE o} g&=-2 A
), g R, wt, Alsh ARkA el 7] 3 tHoM
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Table 5. Sensory evaluation of the aronia jams with various
contents of mashed apple

Appearance Taste Overall
acceptance

Samples” —
Viscosity Sweet Sour

Color Flavor
Conrol  462£106™ 537177 325:183° 525£2.05° 5504093 4254104
AR 5611 575149 425:139" 550:173" 5.62:092° 5.00:143°
ARTD  550:093 562:169° 550:167 662092 575+116 6874099
AR  500t141° 5874203 587+136" 650:12° 575:136" 662:141°

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