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Quality Characteristics and Antioxidant Activities of Aronia Jam
Replacing Sucrose with Different Sugar Substances
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Abstract

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

Oligosa-

Sucrose ccharides Xylitol  Erythrytol
Aronia fruit(g) 600 600 600 600
Sugar(g) 300 0 0
Oligosaccharide(g) 0 300 0
Xylitol(g) 0 0 300
Erythritol(g) 0 0 0 300
Pectin(g) 9 9 9 9
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olZ Yol M =42 MX}A|(Chrome Meter CR-300,
Minolta, Tokyo, Japan)Z A}-8-38le] (L, lightness), A=
(a, redness), A= (b, yellowness) Zto2 FA|3}TE Z+ A
7 333 BbE S7ste] O Ft s vEhilen, ol &
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1) DPPH ZIC|ZH0| CHst XSS 53

of= ol 228 WAFo 5L DPPH assay® 37
3} tH(Cheung 5 2003). 96-well plateo] ethanolZ 40 3]
A5t A 225 100 uLe} 0.2 mM DPPH(Sigma Chemical,
St. Louis, MO, USA) €9 100 uLE A7}t & 37T A
3087 WH-AIH T} Microplate reader(Infinite M200 Pro, Tecan
Group Ltd. San Jose, CA, USA)E A}FE3}9] 515 nmof A

EYEE 23t5ich AR DPPH ehri o] et A%
Folse g Ao 248 FYE 4 Al 4E
shlet.
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AAEA S (%) =
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ofZ U0l 22BS) HAFOISS ABTS assayR 274515
thRe 5 1999). Z550] £3A17] 7 mM ABTS(Sigma Chemical,
St. Louis, MO, USA) stock solution®]] 2.45 mM K,S,0s 5 &3}
sto] dFnlE TU= FHS AA oF RARE 5 A2
HES AT 1247F AT &, 732 nmol| A EFE=7} 0.740.03
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Z 408 A% A &5 100 UL TF=E 0.740.0302
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Ltd. San Jose, CA, USA)S AFg3}o] 732 nmoj|A] SF=E
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Aol 248 FHE %L sl AETA,
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Table 2. Proximate composition of aronia

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

80.39+1.07 0.45+0.28" 1.44+0.32 0.84+0.06

D Data are the meantS.D. from three separate experiments.

ofZuote] URMIE A E = Table 29} o] =2 80.39%
o] 0.45%, A 1.44%, ZAY 0.84%=2 e

2. Ok=Lofe] i Bt

F5e] 278 gete Az olzUolde] S2 g
2% A7H Table 33} 2k 4FE W7ol Azw A
SB L BA%OI YT, ST AL ES I A
o S8 WS A7 31.6% RI%E A Frstel Az
3 ol Wla) S o] B Lehdeh ofel2e B Bt
sho] Az W) S8 IS 20.5%2 A dof A%
A §ASH Lrelge Na BQ012)2 e uge Hkst
of Az ErtERY S8 TS LAY AT, 20
H7h ) go] FAHUSE Aol S8 Fpo] FolA, Agw
2 A7stel AZG WO S8 FHG229%)°] B3} Lol
U Arhote] Az AL S8 FHG5I1%0] BT
oIttt A oA PulRE AxG P S G
A= Aol u)s) £o3d, AL E, delzelE @ g
QNS B e YA PR AZG PB) SE Gl
7 Ueh, £ A7 AT §ARE A UebithKim &
Lee 2012). A9 BrAe] 43 nlXE A GRel -OH
719 Eate] $aAT O3t Ao, Gz ee] 2F2
Aodel Bt ofel2sel B Autol ula) -OHY| Bt o5
2 Wk AR B4Ye BY 4 qoka AREct A
G e B Holt o] F PR Fstel Az
Qo) S8 ] G e Ao AmHch

3. pH, AI_H: al ch=

A Az AHg3 okzulol 4R pHE 45931, ob=]
obgle] pHot AHE S 24T ATHs Table 49} 2tk S
H7hsto] Az okZuobgel pHi 4142 ehgton, 4

Table 3. Moisture content of aronia jam replaced sucrose
with different sugar substances

Oligosa- . .
Sample Sucrose ccharides Xylitol Erythritol
Moisture(%) 28.4+03""  31.6+0.5° 32308  29.5+0.7°

D 20 yalues with the different superscript within the same row are
significantly different at p<0.05.
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Table 4. Values of pH, acidity and sugar contents of
aronia jam replaced sucrose with different sugar substances
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Table 5. Spreadness of aronia jam added different amount
of aronia jam replaced sucrose with different sugar substances

Sample pH Total(uz ;1d1ty Sug&({];r (l):)t ents Sample Sucrose cocﬂfr(;(si:s Xylitol Erythritol
Sucrose 4.14£0.17*  0.94+1.04° 65.2+0.0° Spreadness  7.32+0.19"* 6.93£0.34°  7.35£0.22°  6.34+0.12°
Oligosaccharides ~ 4.13+0.1* 0.97+1.12* 65.3£0.0° D @ Values with the same superscript within the same row are not
Xylitol 4.18+0.0° 0.95+1.03° 65.140.0" significantly different at p<0.05.

Erythritol 4.1240.0° 0.9240.95° 65.320.0°

D@ Values with the same superscript within the same column are
not significantly different at p<0.05.

g Al S agS AR | pHe 413030tk AL E
I oA ES HUbste] A=3 Ao pHe 442 4187
4122, G0 TRl ©E pHO Aol FAZHOR o7
Ql HSE YEA] Tk AR dTolM = SElagE A
7¥ste] Azt zu}—xgu pH7} 3.79~3.802.2 Vel I(Kim
S 2008), AL E& A7l A=t 2718 pHE 3.96~
4.012 YehKPark 2007), B2 F7ol we pHO| W37} 7
of FEHA G2 & A7 Aot AR AFE Bk

AgE A7iste] Az of2Yobde] At=s 0.94%4,
AgdAl S IEE A7 A A=EE 0972 YERT.
AL ST LSS A7Isto A2 Ao 4tes 2
ZF 095} 0.922 FEo] 220 & AT EAFOZ &
o4 e HolA| ¢ 9}4 R Azl ARERE ot2 Yot 4t
513 vindd o), Z+F FRE H7let] A& A=zt d=
7b S7FHEA AL gadke S & ek A3 ATl
MNE gaa2e Hriet Dol Awl 0.55-0.570]3%
(Park 2007), A& 2| 0YS H7Istd A2 Sk
AMEE B 01622 YERGTHKIm 5 2008). ©]/4F<] Ao
A &, F7iske 99 TRl e A 5 A= Apol=
TEEA = AR ARdrh

& Aol AFgE ofZYol A 9] FEE 141 “BrixR e
o, A% 9 A A GRS M7kl Alxg ofzy o9
9= 274 A= Table 49 2t A5 Frlsto] Axs
ol2 Yol Fr= 652 “BrixE WEMRAL, ST1ds 3
7¥sto] A=t %394 YEE 653 °Brix2 e ow, 2]
£ 2 g ES A MY d=e 47 65.1 °Brix®t
653 °BrixE YEMHT:. @89 FRol wE otz oby
P 2pol= 5% FEAA FAZ L AolE YEHA] ¢k
<, °ol= #F TE7} 65 Brix7} HH o] SAJH A=
7] HEo g AlmEoh

4, HEM
HYge e uheA, 84

% 4

9] H=7} s,

e P, PR B7, SR BF pH A% 5o wet 9%
2 Wre o2 oA JIthKim S 2000 FRe] $RE T
2jate] A2 of= ool w1y Table 59 Zc} A%
2_

Arkste] Az el WYl A wekom, Loy
3} e seEe Hoste] Az AY WAl b Rk
th. Park007)9] AN = AU ES Wrhoto] Azt @
P18l A B Bkl 1-30%7H1] F7keel whet
Ao WIYYE Z7ehect

AT el SRdETOR A Y AE AT
9] A, 4 3

HRAge Zarz UfE}L Aoz A== chByun & Lee 1997).
Chung 5(2009)2] Ao A= A thAl g A8EE 0~50%
7HA] A8t Azg AHA]A ] e] 7 = (hardness), H2HI
(guminess), -4 (brittleness) Fo] o222 E H7Fgo]
27l et fed oz FUHe Felstych

5. M
Mg 0 Y gA GRS B7stel A2 ofZ U opge)
Mw 24 AL Table 63 2ok YES Uehhi Lgre 4

3= A7kske] AT HollA 209602 71 FA UEH e
o, &Y, A E, ogLeES HUete Axd ot 2
Yoo A 21.29-24.192 tha Z7}sl= A3S RAd &
S Hrste] Alx3 Sus(Kim 5 2008)1} 2+ 2
ES Hrlste] Azx3 Fab¥(Lee & Kim 2004)o| A = AlEt

Table 6. 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£1.57"°  0.32+0.13° 0.210.02°
Oligosaccharides 23.82+1.44*  0.60+0.20° 0.32+0.10°
Xylitol 24.19£0.40°  0.43+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.
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= A7keto] A2 Foll vlsl B=rt #A yehd £ A<t
frAFe 235 YeEbith

AN =S Ul aghe A2 H71e okz Yool A
€ 0328 Yye o, A% tidl AdEEs Sads
7¥et Mo A= 242 04337} 0.602.2 & ZHe Uehith
3], o2 ES H7Fe FolAdE 2038 UEh, 489S %
7FeE o) vlg] FAFCE §94 e 7MY =2 S BA
tHp<0.05). B =5 Yetll= bt A% 71t ok=2Yy
oPfol A= 0212 7P Woky, Sejugy AdeES A
7¥et oA Z+zE 0.329} 0342 T =2 535 UEy
ot oFAEES H7FR HolAe 08002 thE Aol
Hlel 2 e B of2Yoks A H249 gkEAJo}
d AE RSHL Qlo] o AN o 7]osi, BR F
ol whet QFEAJod AA0] by dat Eafofl nA= I
o] 2 Ao Z HuEo] ¢thSong 5 2004; Choi 5 2005).
SAFQ A Z2As} Hkgo] Hd vhHof| A% oA &
£ FUEE 7N Jlo] AET A 243 Hkgo]
Jojup 2ol A7) 24 Yehd Ao 2 AR EtHKim

o o

6. ettt S s

ol Yoty o] Eeus, EetixolE W QtEAJobd ¥
2443 Table 73} Zth A¥ 71 of2Yotg 9o &
& TFH(mg gallic acid/g 7]&)2 1,112.15 mgo| &
g Al S AL ES H7Este] Alxg oA
Z}7F 1,187.68 meT} 1,256.15 mgo. & =7 Uehdch 1
U g A ES AUk HollAE 1,008.15 mgo 2 o2 A
Aol Hlsl tha RA Yebgth of2 Yo o] & Seti e
o) FFL querceting 7|EO.2 FTF 1 g A2 HUHgH
oA 691.42 mg, 2| Fat AUHES H7HEE HolAl=
640.29~643.36 mg o 2 UEMGTE og| AT ES AH7FSE Mo
A= 62329 mgo 2 Ve, F EetH ot g o
7¥et B9 Rl wet ok Zol7t e & & ATk
Z AEA ol e ALE cyanidin-3-glucoside s 7| &2

Mmool
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Z ST 100 g F AFS F7sto] A= okzY ool A=
232.96 mgo|lon, A d4l Sejugdy} AdeEL 7t
ato] A 23 Mol A k2 228.18 mgT 22340 mge &2 et
Wk g2 ES H7IRE oA = 21676 mgo 2 FR9
Tl WE F A=A g WSt VEREA] §gtt
Choi 5{(2012)2 W] FollA F FEA|OP FrgFg FA5te
Hust=tl, & Aol Az ofZ Yol Y F AEA|
ohd Hefo] EF-S I3t 2(98.31~206.60 mg) L E-Fu]
2(138.80 mg)oll 3] &2 AS & & Utk

A X

o
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7. SRSl 2N

offehE = 408 343t of2 U obl =&E2] DPPH ¥ ABTS
oz 2A5L Table 8o etk DPPH radical A&A
S 2 AdTolA 73.48-7439%2 94 Sl &
o= THEE|R] Gkokt}. ABTS radical 7] 4% DPPH radical
27 BT AR 2135 YEbdth ABTS radical 47 &
A2 AgE H71RE of2Yol Mok 69.99%= H|wF =&
ABTS radical 27 S4& H 1, SIFH AHES 3
7Fet ol A ZHZ} 69.349F 69.382 2 & F4S Hlch
AL ES F7tete] A2 o= 66.602%= tha W
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e

9

Table 8. DPPH and ABTS radical scavenging activity (%)
of aronia jam replaced sucrose with different sugar substances

Sample DPPH ABTS
Sucrose 73.710.88 " 69.99+1.70°
Oligosaccharides 74.39+0.89" 69.34+1.37°
Xylitol 74.31+0.47° 69.38+1.57*
Erythritol 73.48+0.34° 66.62+1.50°

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

Table 7. Total polyphenol, flavonoid and anthocyanin contents of aronia jam replaced sucrose with different sugar substances

Total polyphenol

Total flavonoid

Total anthocyanin

Sample (mg GAE"/g) (mg QEY/g) (mg C3G/100 g)
Sucrose 1,112.15+5.32% 651.4249.37* 232.96+5.20°
Oligosaccharides 1,187.68+6.03° 640.29+9.18%® 228.18+3.84°
Xylitol 1,256.15+5.66 643.36+11.29® 2234045 38"
Erythritol 1,008.15+38.94¢ 623.29+9.70° 216.76+£15.02°

Y GAE=gallic acid equivalent, 2 QE=quercetin equivalent, ¥ C3G=cyanidin-3-glucoside equivalent
9 @< Values with the different superscript within the same column are significantly different at p<0.05.
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Table 9. Sensory intensity results of aronia jam replaced
sucrose with different sugar substances

Oligosa-

Sucrose ccharides Xylitol  Erythritol
Color 6.7£1.9"  6.6+1.6° 65:17  5.1+2.3°
Taste 6.3£1.1°  6.1£1.5"° 64160 5.1+2.1°
Texture 6.4£1.3"  6.0£1.6° 6319 3.5t14°
Flavor 5711 64£12°  6.5+1.5°  52422°
Overall acceptance 6.1£1.8"  5.7+1.1™ 64+2.1°  4.7£2.0°

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