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Quality characteristics and antioxidant activities of

jams according to varying ratios of aronia

Sang Hwi Im', Kyeoung Cheol Kim', and Ju-Sung Kim"*

'"Major in Plant Resource and Environment, SARI, Jeju National University

Abstract This study investigated the quality characteristics and antioxidant activities of preserved jams prepared by
mixing various ratios of aronia and sugar. To analyze the quality characteristics, the total sugar, pH, moisture, maximum
stress, hardness, total phenolics, 1,1-diphenyl-2-picrylhydrazyl (DPPH), trolox-equivalent antioxidant capacity (TEAC),
ferric reducing antioxidant power (FRAP), oxygen radical absorbance capacity (ORAC), and sensory characteristics of the
preserved jams were measured. Lower aronia contents resulted in higher total sugar content, hardness, and strength, as well
as lower moisture, total phenolic content, and DPPH, TEAC, FRAP, and ORAC values. In terms of the sensory
characteristics, an aronia content of 30%, which was determined to have strong sweetness and texture, resulted in the
lowest overall acceptability. In contrast, the highest preference was shown to an aronia content of 40%. In this study,
quality characteristics and antioxidant activity experiments were conducted based on various ratios of aronia and sugar. The
results are expected to be used as preliminary data for developing products that use domestic aronia.
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o}ZE 1o} A7k 2AR|A o] A (Jang 5, 2018), F7](Lee
9} Yoon, 2016), 213l (Park, 2014), 2] (Hwang=} Thi, 2015), 2t
AT (Lee 5, 2014), 2] ZMHwang} Thi, 2020), *Z 3 (Park3}
Chung, 2020) & TH¥gh A57F A=At
A AFZHMEDS, 2015004 AL 7/, HAF, A7HEF 5
o] A sht AlFstet Aog Aelsiar glom,
0%7H] &g #H7kstal 7Hgdsted uAE A AAE
< =ole A 2lFo|chHwangZ Tai,
I 3, A, vpdeels, ZEAH, 3}
2% e F5Ho o, FAL ¥
= WO THEo] X tH(Leest
Jeong, 1999). AWt o2 A 7AS OAL Ef sl FHo|x
E ol A3 ST ZAEE 3] Jerr nE
H Aol A3 Aolth(Baker &, 2004). TEAE ML Auk
Az HwEkde w Hde] Fert BER vE AA HAdFgFS
FHeHA wEsty, 59 Fuok 2AES veRths Aol
Ark. AF7EA ] FE A AzHe wesh Wl vEe 5
2o AUL Ho)|2E FHZE vHEojA] AZSAA T AL
o TUE Q3 AHAES] AL dFHshs Wiel HAr ok
A HA ZejABof| tig Ao deAE o= Stk =g
AB A wE7] 8 AL ABE LIE EFe § g
7t Alzste] AP ARSI TE Bil(Aksay 5, 2018)7F 9
A5k oo} AEE A v)Ee Aol
2 Ao E ol2 el GulE st oA g A4
HESH AeoA] AR E3sle] 7o, Wl wabA
= Zlo] old 8AE 4ox He §EE ZAHE A A
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B A ALEE ofzo} e AFA) Aakgol 91719
AZgolmrlol TN FYsT, 20CelN mEsiT A
2o Aol folels MARe pleled AEEAT.

Ol2Llo} =Z2|MEe M M=

ofzolel Heke] U7t Wl &%, ww)g Delste] Zajqu
AeE)sl A oz AN WHEATHTable 1). M) Axe 2 A
82 &3sto] 39ulE(MS-EAMD, Misung Scientific, Co., Ltd.,
Seoul, Korea)= 80°CelA] 30 ZF &B]7FE 3 100°CelA 1A1ZF
et A7tEste] e SE AL SR A & F
ZER 3t F4 54 9 itst Ao AEE AMEETh

T, pH & R &4

o] pH =42 Park 5(2016)2] WS Fsch 1¢g0 A
o] 10mLe] ZFF= 715k vortex mixer® WWHH ThS f4E
7158 o] &3led 3,000 rppmolA] 1587 Heje dFH(elst “H

=

FEEE Fdsidon, A pH, v % kst 4 4o

£)2 pH =% 7|(DE/PB-10, Sartorius, Gottingen, Germany)=
Atk FE= A 1gS S/ 10mLel 343 5 248
ANEE AT F=A(SAM-706AC, G-won Hitech Co., Ltd.,
Seoul, Korea)Z 33] WHE =73}e] Brix%z UEPAT & 3
ZFe A 1gS FH3 FH Moisture analyzer (HB43-s, Mettler
Toledo, Ohio, USAYE AME-3te] 3w whE =43 & Ay s}
2 g oz mdsAh

7IAY 3=

olZu]ote} MRS E3tste] A|xg A A= Jin F(2008)
o WS Fste] S5t S0g] AS FHt 273 4om,
o] 42cmé 95 8719 @ TR rtheometer (Compac-100,
Sun Science Co., Tokyo, Japan)& °©]&3std ANtk =4 =
A2 719 Zo] 10mm, table speed 120 mm, load cell 2kg=

s,

g 3 38 e s 848 SAske IHe of
A AEA dlEs Edo] Filstel dxgh o] 7] HE
o gkl AfeA AF ARRER e AF WHOITHKimT
Kim, 2019). #¢] % sl & 542
=459, 77te] A 32 2040 2
50% Folin-Ciocalteu A|2F 100 uLZ 713 ¥ 24| 7Hs0F wh3-3}%]
o} WES- Fol= 20% sodium carbonate A19FS 100 uLA 7Fsted
A7 5ot FA| 5T ©] 5 microplate reader (i-Mark 168-1135,
Bio-Rad, California, USAYS AH&-3td F4= 750 nmol|A 743}
Ak 24E FBE 2 gallic acid® EFHFTAE 23}
gallic acid equivalent (GAE)Z YEMI AT}
aust By 53

1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical 4~7%&< Shin3}

Table 1. Formula for aronia preserves

Samples  Aronia ratio Ingredients (g) |
code (%) ) Total (g)
Aronia Sugar
Al 30 60 140 200
A2 40 80 120 200
A3 50 100 100 200
A4 60 120 80 200
AS 70 140 60 200

Song(2017)¢] WS w3t AAISItt. DPPHE HeEpis o
£ g okg3 F71E 520 mollA Hohe] 3= 3 7
A3 om HAzlgedA el s HH oz WA H
=, olzidt & olgste kst EFHo] rhssth(Kimt
Kim, 2016). 3 FZ% 40uLel 0.15mM DPPH £ 160 uLE
96-well plateol] ] 3 5 oA 3082 5+ W33kt ol
% microplate readerS AFE3}] 490 nmollA SFE=E 43I
t}. 24 % DPPH radical 245 o) 43 7-e wloz A
AFEtlem DPPH radicals 50% AAsk=d Za3dk A|g9 9
S RC,O® #7813t

DPPH radical scavenging rate (%)
=[(Control-Blank){Sample—Sample Blank)]/(Control-Blank)x100

Trolox equivalent antioxidant capacity (TEAC)™ 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox)E ZTEd =2
ARE-3ted ABTS SU4-s Ak d4ksE e S48k Wiol
t}. 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)=
k8= <91 potassium persulfate$}e] RES-O 2 radicalo] AY/d = o]
g HFAE gA Ha kst 243 9heE A TR
s YE o83}t TEAC 4L Kimd} Kim(2019)9] W
We Wyt sk Al AMEE 7TmM ABTSS}
2.45mM potassium persulfateS 33 F A 16A17HESE
WA sko] ABTS RES- 8913 Alx38t3ith. ABTS 842 750 nm
M FE= ol 0.70+0.027F HES SHTE BAste] Aol
ARESIATE A FEE 10 ulet ABTS £ 200 uLE 718l 5
B 59t k83l microplate readerZ 750 nmolA SEEE =F
3o, F=E(0-400 uM) troloxS EFEZAE EFAFIAS
2dete] TEACHES AlXtstdinh At 32 F
equivalent2 YERNATE

Ferric reducing antioxidant power (FRAPy= E/d4kAe] 47
2ol opd XA} Foieg Tl 37F Ho] 27F = ddEe
S H7ishe wWolth 595 nmelA wehAaS YehiAl =9
HEE A vk wdsi §3% gl =8rE dilst
o] Erhar FR%} FRAP 5782 Kim¥} Kim(2019)¢] "
< WFsk) 231tk 10mM 2,4,6-tripyridyls-triazine®+ 20 mM
ferric chloride, 0.3 M sodium acetate buffer (pH 3.6)5 Z+Zt
1:1:109] vl &2 EFsle] 37°ColA 10% 3t wke-ste] FRAP
working solutions | Z3IA T ©]F 96-well plated] ¥ FEE&E
5uLe} FRAP working solution 150 pL2 718} 37°C ZZA]
15% &< 2AS 7] microplate readerE AME-3F] 595 nmell A
SAeE 23 s FeSO, (0-200 uMyE SAHE 3%
re] Alxkel] A8 gF FeSO, equivalent® YER AT
Oxygen radical absorbance capacity (ORAC)= E4d4kaol] 2]3)
&dEle ¥ e 9 ARkl wek 27g%th ORACY %
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=AQ trolox® F= ARESHY, X444k

s %EH 22-azobls dihydrochloride (AAPH)E ARg-3to] &4
2k FFeES 233 ORACY 242 Kim¥ Kim(2019)¢]

S Wyt 24319tk 10pugmL §5¢ A FEE 50l
EF3F 5 75mM phosphate buffer (pH 7.4)% 33 78
M fluorescein 808 150 uL 7}sked 37°CollA] 103 Wi FstSiTh.
It 221mM AAPH 50puLE 7}3}9] excitation 485 nm,
emission 535nmolA] 18 7HEo 2 A7 §ot FF=E =43}
St 24 FF == area under the curveE AlAtsla, T=E
2 2449 woloxel Wit TEHHFFA w2t FE2E ¢ TE
(trolox equivalent)= WERY A TH

s "It

ofZ ool Al | &S Yt Alxg Mo #
7he AlFdsha Jdeddra A7 F 200 g 1 18
Hdz MAste] A FH3 Me] FF Q400 tis) ]—{
XIS & 5" HHR (5-point scaling) >z AASATE A A
= 10g% JJ%E 20 ¢S EFste] AlFsion, RE J§7}oﬂ A
el A8 ket Hode B2 ke A+ v WE A
e E A AT BrHES MY AFH HrF 9934 2
S0 gk NN HAse FHo= Frsdtt. HrkE #5H
S0 2= Wul(sweetness), 2 7(texture), H-23H(Astringency) >
2 Asien it E sPo®, ofstbE 1dos el
Aok NAA A=l FFA I (overall acceptability)= ol
¢ APE 1HoR, ¢ FPE 5HOR slo] Frlslgith
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2 Ao A3 33 wHEste] AAIsIAT) SAEA SPSS
18.0 (SPSS Inc., Chicago, IL, USA)E AF&-3}] Duncan®] T}
M 2177 (Duncan multiple range test, DMRT)S Ao 24 =
ATHoZ FoldS EAs

Znt gl
8, pH ¥ FEEY 53
o] B, pHe} FEFFS S8kl Table 20 LERASIT

FrE ofRYol Fuje] H7F HlEo] 70%%1 ASOIA TP we
4.4°Brixs UERL, of2Yole] A7t H&o] Yol w2} &
= *MEMI o= AES i‘}izwl AldA 7P =& 7.03
°Brix2 21519t} Park 5(2009)2] ¥4, Lee} Jang(2009)2] &

A, Kim ?(2013)91 71 Aol A “Eu shefo] ZolAg
2 gwrt Sk RaEiged], £ AT ofZYole]
7t vgo] oA Ul oz Adrre] It H[Eo] EolX]
7] wiEel BE S 9% & o= dAdHr) Ao vjsd
Az pHE F94Ql zfelE YeplR] sttt o]= AT
Z(Cho2t Chung, 2019)°t} 20]Z(Lee, 2017)S HISHEE H7}
gt FINME AlE 7+ pH 2|7t gllen £ AR} fARe
AAE JepAE Ao RIS ol2UolE 30% e A
ol Al9IA 12.64%0.2 7H% ‘7%8 e YERNSILE ofZ ot
H|&o] Fold me} FETHE HEH R Frtste] A294
21.87%, A3°014 30.08%, AdolA 37.23%E LtEREom olgijo}
rF 70%20 ASellA TR 4522%9] foFQl fels et
WAidth. ol= OFELM«] o]l SIS duld] EREo]
L I8 dFo) 7|08 Al Ao st Kim S5(2013)
o] AddAE LofH| Z47P3k°ﬂ upel ofzte] FEghero] HE| A

Table 2. Total sugar, pH and moisture value of preserves
manufactured with various proportions of aronia

Groups"”  Total sugar (°Brix) pH Moisture (%)
Al 7.03+0.21* 5.38+0.07* 12.6442.28°
A2 6.07+0.23° 5.37+0.09* 21.87+1.24¢
A3 5.50+£0.10° 5.36+0.06* 30.08+1.33°
A4 4.90+0.56° 5.33+0.07° 37.23+2.14°
A5 4.40+0.30° 5.424+0.17% 45.22+1.72°

Data (mean+SD) with different letters in the same column are
significantly different at p<0.05 (Duncan).
DGroups are the same as in Table 1.

Table 3. Maximum stress and hardness value of preserves
manufactured with various proportions of aronia

Groups" Maximum stress Hardness
Al 33.00+7.00" 4.67+0.99"
A2 6.67+0.57° 0.94+0.08°
A3 5.33+0.57 0.75+0.08"
A4 5.33+0.57° 0.75+0.08°
AS 5.33+0.57° 0.75+0.08°

Data (meantSD) with different letters in the same column are
significantly different at p<0.05 (Duncan).
DGroups are the same as in Table 1.

7VetAaL, ofrlell e o] kel thE Ml
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Aol A A s SAsIATh(Table 3). A3 A3,
A4, A5 AFTFolA 7 e 5338 UERIIE A29AM 6.672
FAHReH AlAM 7P £ 33.008 UL Aex F
383 TR E A3, A4, A5l TP e 3HE HolF9)
om AldA 7P w2 Ax 7 YERIITE AldA ZEe)
FHulggo] Z7Iet 7 dee] g8z o3t 2oz AzET)
o] Azl ﬂo%& FEE o= oF 60% FEolAT Y
T HEsH =2 S HUlebd B ZdAo] AEH7] 419
Ao} AEre] &8s & 100 g0l AEo] 2089 0] [mE AoR
Ui =t ole Eoll A'el o 67%7HA] &3l7F FEths
ojHE & AgA A" Fo] 60% A2 AR/ = A"
o] gal=rt AA HAYAR A" o] 70%20 Al AZH
Bl Awe] &7t Esduiol ol=28 4437t H307] o
woll e} HigHo] S8k Zo= FAETHINCHEM, 2022).
Ao EZAIStE pectine T2 A EZEI AEE oo EX)|st
= 784 geAeln AFe] A= SUh A FAAR AEHEY
(Kwon &, 2016). o}2Yololl= HEl o] 03-0.6%= ol=Y
of AAHoZ= Mo] FAE7] oA AR &HE 7HEEH
= 7pEseh syt @Al o] sgolr Exds} A
o] WAsle] Hmrt AZIA Hoh A'he] Hlgo] Fristel met
AEE ZolA] Zwet Hojggel 43S & 2= ddd
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Fig. 1. Total phenolic content of preserves manufactured with
various proportions of aronia. Total phenolic content analyzed as
gallic acid equivalent mg GAE/100 g of extract.

& W= g2 3

Aol & HE TFFS 13.66-43.81 mg GAE/100g HEloA 1}
ERTHFig. 1). ek@Yele] ghge] 30%21 Ale] A9 F HE
o] 13.66 mg GAE/100 gﬁi b]—E]-‘;l'_T’_, olzZo} dFeFo] 70%21
A59] ZHe 43.81 mg GAE/100 g© & 2HIE Itk Kwon 5(2015)

o AFolM= BT FHE FHrrsh Gl AR BT FH
o] A7k wEh EejulE o]l fojHom Fkele AEE
HATH Hwang(2021)2 ol2Uo} X7} 9 T Zgdls FFol
olZuo}l 7t vl ulet vjglH o g FUFstiaL skt Ao
o2 o} o]l FUgel| wel of2Yolel] $HrE cafleic acid,
ferulic acid, p-coumaric acid, rutin 5 TS HEA4 S3HEL H]
Aoz Frtete F e g 9T F FoE AdHn
(Gim %, 2020).

sHtst B &8

Aol gikst &d8 =743H7] 918l DPPH, TEAC, FRAP,
ORAC Hd3< Fatsion A3 ZAzb= Fig 20 JepAATE
Ze] DPPH 432 DPPH radicalS 50% Alsfisi=d] 223k &
T9l RC 7SR H718I%Th k&Yool H7teke] 30% (wiw)el
Al AT 79 3137.74+152.07 pg/mLE 7P v 2Ado] &
A=A, o]F ofZ|o} H7FFo] 40-60%= EOHAE= A2-A4 A
gellA] DPPH radical A3l &4d0] Hx} EolA& 7 go] 21
Hom AsoA As|Ego] 7 =2 762.20442.51 pg/mlLOE
el o]= ofFUole] duf H7} Hlgo] Eollel| weEt of
EUole]l $HRE ksl Aol HEIH O R Eobx]7] Wil A
o2 AdETh A TEAC #2 36.73-201.46 mM TE/g HMSIE
e om Aeal Guljo] Hrheko] mold4E TEAC = H
A o2 Aeshe S IR 4 Atk Hwang(2021)¢] A
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Fig. 2. Antioxidant activities of preserves manufactured with various proportions of aronia. A; DPPH free radical scavenging, B; TEAC
Assay, C; FRAP Assay, D; ORAC Assay. DPPH free radical scavenging activities were expressed as RCs, values (ug/mL). TEAC analyzed as
mM trolox equivalent (TE)/g of extract. FRAP analyzed as mM ferrous sulfate equivalent (FE)/g of extract. ORAC analyzed as mM trolox
equivalent (TE)/g of extract.
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Table 4. Sensory characteristics of preserves manufactured with various proportions of aronia

Groups" Sweetness Texture Astringency Overall acceptability
Al 4.724+0.57° 3.72+0.95% 2.28+1.49° 2.72 +1.45¢
A2 4.00£0.84° 3.61+0.84* 2.44+1.10° 3.83+0.717
A3 3.83+0.92" 3.38+0.91% 217+ 147" 3.22 +1.00™
A4 3.22+0.88° 2.83+1.04% 228+1.07° 3.33+£0.77%
A5 2.11+0.76¢ 2.55+1.09¢ 222+ 148" 3.17+ 1.42%

Data (mean+SD) with different letters in the same column are significantly different at p<0.05 (Duncan).

YGroups are the same as in Table 1.

A olZ2Yels H7KeE 9] ksl S04 ofZ o} 7L H]
£ol w2} DPPHS} ABTS 2z &A%o| F7keitia Bars)
k. O] FRAP k2 ofZuo} ghgo] 30%S1 AleA] 1.08+0.02
mM FEg2 = 7V} @& &8 Yellon, o2y o} o] 5
7Vl wel FRAP #= Z7FFAa A5olA] 3.75£038 mM FE/
go 2 7P =& 39EES YUY Yang 5(2016)> 2U%F
o] 7} vlgo] F7I5tl wet FRAP = HIEH R F7}t
gt siglon E AIE fAkE 43S JERITE ORACE
24, 25, A75E 5o RsEA] ¢ At o
AT AN E<t free radicalol] 98] 3 o] 7+AEHA
F=d FSHEA L free radicaloll 23 3 3t TAE WA
B2 2% sksE s AT 4 UthKime Park, 2011). A
¢l ORAC % HYE 553814098 mM TE/go 2 Feldt).
o=l H7tEol 30% (ww)ll AlolA 553842027 mM TE/g
o7 7P B, 70% (wiw)2l ASOIA T =2 140.98+£25.97
mM TE/g2 2 Yeldt) o] Seo 5(2016)2] Aolx Rud
Equed, sk=gd, 97139 ORAC #ETH O & 54
At olZYole] F=8 3§ cyanidin-3-O-galactoside, cyanidin-
3-O-arabinoside, cyanidin-3-O-xylosid 52| QtEAJoPA O E H %
AtHOszmianski2t Wojdylo, 2005). =3+ ORACS] &4 HEA]
opd kst o] AEAATE vk A= ATk(Stintzing 5,
2002). oF=Yo} 3ol we} ORACY} Z7tele AdAxe 3
ol FHrE QtEAopde] A 7oz ksl Dol FEFS
Hzl AR dekd) s, kst G of2Y ol HUt Hlg
of mEt HlHH R HA Frtehe A BAom, olzd 4
I ol2YolillE HEA IS 7 <]
FeFol =] wiiel AF Aol 4
thGim &, 2020; Strigl 5, 1995).
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oX,
e
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(o3

o =
= T

s 4ot

olZu]olel Ate] wigu| &S gt Az M| IF
7V Table 40 YERATE 53 HAHoR Hrksh el #
H7he @ul(sweetness) 2.11-4.72, 27 (texture) 2.55-3.72, H<uk
(Astringency) 2.17-2.44, 34 &% (overall acceptability) 2.72-
3.83 WS YeEALE @8k of2Yol HIFEF 70% (wiw)dd
ASOIA 7P SFRAL ofR Lo} HTbge] FolEFE Wik 23]
H F7kete 4ES Uepien, o2yl A7 30% (wiw)
Q1 AlA 7P ATt ol ofZ Yo} HlEo| FojEH TA
of A% Frke] F7tetr] wWiEel ZAo® yekdEnh A3k Asel
A 7P k8L, of2Uole] ko] FoEe AlIe whiE
&S YeMISlT o2 Y ole} RS HlET)
) AdEke] o] =2 AT Aue] 7t

oM TEgs $go Yoz B4l Yt §UCR Wa

oz|

=]
=

o
o

1 o

o] ol2Uo} drjje} Mufo] FEE o]FWHA 7iFo] HIOoL,
Arre] ggo] AL AFES olZUol dujrt AHH oz 7Hd
o] WAl Fito] RE wHuUztow, o] duje] FejrF W
7] wliEol A7l JFgFe F Foz FdR F3H A
I gule] 7P A8k AlelA 7PE BkEd), ol A1Y] A
% o Mg grEro g <lg] gkl YE Aeia 23]E HNEE
7F wolzl Aoz AzEy g Agke] Hrie A gh g
Aol EA e FgS Foe AFAHe A s HPak &,
2009). 3HH, AEF 3FEE 60% (wiw)el A2014 TPE B HEE
€ YeERYET, ol AR S 57.5% PR Axg 7
o] I5H7RIA 7FE A veird d3Aaset fASF S (Park
5, 2009), SHAENA AGe dutzt A7 AFE 7] WE
o]l Mawrt 7P =3E Aoz wereEd)
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