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Microencapsulation of aronia extract and stability of encapsulated
anthocyanins during sulgidduk cooking

Yeji Choi' and Eunmi Koh"*
'"Major of Food & Nutrition, Division of Applied Food System, Seoul Women’s University

Abstract Aronia (4Aronia melanocarpa cv. Viking) contains high amounts of anthocyanins, which are susceptible to heat.
This study was conducted to identify an efficient coating material for encapsulating aronia extract to enhance the stability
of anthocyanins during cooking. Maltodextrin, maltodextrin+gum Arabic, and maltodextrin+carboxymethyl cellulose were
chosen as the coating materials, mixed with aronia extract at a ratio of 2:1, and freeze-dried after homogenization. The
encapsulated aronia extract was then used as a sulgidduk ingredient. Sulgidduk prepared with the encapsulated aronia had
significantly higher values for redness, anthocyanin retention, total phenolic content, and antioxidant activity compared to
sulgidduk prepared with non-encapsulated aronia. In addition, the sensory evaluation revealed that sulgidduk prepared with
encapsulated aronia produced better color and taste. These results indicate that the encapsulation of aronia extract improved
the stability of the anthocyanins in aronia, and encapsulated aronia can be used as a functional colorant in the food

industry.
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o}Z2UoKAronia melanocarpay= 59 Z=IH|2] (black chokeberry)
2 EFVIE o E7HE, 97], IERT EARIS ol

Sk 9o M (Oszmianski®t Wojdylo, 2005; Wu 5, 2004;
ZhengZ Wang, 2003), F93, I, HIAALS o 59

AglgAdo] B E A TH(Chrubasika} Chrubasik, 2010; Jankowski
%, 1999; Olas 5, 2008; Zheng?} Wang, 2003). ¢}Zuo}e] 4§
gt F2A3 gFst ER a3 dEAEA 718 A
22 FAo] FUH L o (Juri¢ 5, 2020; Suravanichnirachomn
%, 2018), *FEAJoPd AArt ) dl Ak Fo] gllel Bk
slo] 21F AR o] g3l ojEo] JUtkTurak 5, 2019).
v A7 & 8H(microencapsulationy= FE w3 AHEHS EF3t
o] A YAK(particles), HA & (droplets) 52 FEZ Az
2H B4 AR ZYEF U fAFESE st 7lsolth
ol ¥, &%, 5, AtA S vigst Ay EEE RE
AOoZREH Hed F US o}l 2} (Castro-Lépez 5, 2021;
Marcillo-Parra 5, 2021), &°l i3t &3l= & f3Hd 55 =
F71% SHHGhosh &, 2022). THRE Ed & =3 7o) £3
ol A=rt Wi 7pAo] AHs] wjie] AFEARZ gol o]
45|37 9JtH(Labuschagne, 2018). YEY A~ E & (maltodextrin}e §-
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Ao|3 Eof] 7 BaE LFToME HEr) vol AHEAR
g o]&=3 UAtKGharsallaoui 5, 2007). ©}2hy]o}7 (gum
Arabicy2 =l & T3 of2 AZRT}H Jort Wil SAEZ (core

material) F¢]°] X &% (protective filmyS AL = AR T5
2= &Pt oy vl o tdRy S ds £gst
o] &3}ol| o853 JTH(Fangs}t Bhandari, 2011). 7HEAIHE
A E 2 2 (carboxymethyl cellulose)= A+ W 71H3-A17](-COOH)7t
3 Ao =m mEA FiE ¢ J BES & IS

28 AtkCorkovic 5, 2021; JavanbakhtZ} Shaabani,
2019). A% FEE7 ZEEA NS PAestslr] 8 o
WHog BRAze FAAZ7} o8 Htk(Labuschagne, 2018).
53], 3d7xs g gt 48 A&sy o @ol o8
=2 A thLabuschagne, 2018; Souza 5, 2017; Suravanichnirachorn
= 2018).

JFEAlPIS mAIZEssl] 2F 7ol &% A+Ee E
E A2 (sour cherry, Prunus cerasus) ¥r2 ©]-8-3F B8 §-(Oancea
5, 2018), HHuiFE o] &3 HE F(Alvarez 5, 2019), WA
(barberry) S ©]-§-3F A2 (Mahdavi &, 2016b), FF<t Ll
(Melodorum fiuticosum Lour)g ©]-838t 1|4 2] (Sakulnarmrat}
Konczak, 2022), 7FA] 8F& ©]-8-3F Fm]70t](Sarabandi 5, 2019)
o] St ol AEAJoPd v &S F2 A T

TEf B Ay Az ol&H Utk A7 HE Ae
714 (steaming)ol X WIAIF EW QEEAloPI ] QFF gl gl A
7b BarEl Ae] itk

b, & ArelMe Y IHEAE(EEYREY, of2pHo}
A, 7HEAMEAERZ S wjgste] o2 ol FE=9] vAA
&5 Axs, ol A7|He| Hrlste] FEAloP] IEE

EA

p==
o
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gelslob 0 42 54 Wtel] olkzuel mAlg&e) A
siszA olg M5 S Lolrual s,

xE o

48 M=

olZY oK dronia melanocarpa cv. Viking)= 20208 7€l A
TG olZUot A AFE FHEJT ofE oS AR
o] FAlStL WAl BA B gHte] AAEY -80°ColA ¥F
Al 160417 FA71% SHATHEDU-1200, EYELA, Tokyo,
Japan). 7AZ% olZYo}E £37](18800, IEP, Namyangju, Korea)
o W3l 30,000 pmoZ 3EZF B3l STt olzuo} 7RFe)
FERIFL 395%, FEZAHALANE 0.15, FAEE 25250)9
t}. Cyanidin-3-glucoside chloride, iron (III) chlorogenic acid,
EDTA-Na, (ethylenediaminetetraacetic acid disodium salt), chloride
hexahydrate, Trolox (6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic
acid), ZEYXEY(DE 16.5-19.5), olghlol, FHEA g2 s
Z~(degree of substitution 1.2)% Sigma-Aldrich (St. Louis, MO,
USA)lA Fdatdth AL 20219 5ol =43 FHv
(Cheongwon Saeng-myeong Cooperative Rice Center, Cheongju,
Korea)s AHA] 2oz Fshdar, WA F/L(CJ Incheon Korea)
7} Y Y (Daesang, Shinan, Korea)> A]¥ A& skt

OlZLlo} &

ol=Uole Jangd KohQ021)7h RHSHRARA S ol gsje]
X—?-@r?} iﬁgi —ir%’(‘?]-gi\:]- O]—i]/]o]. 7].}_':—’_ 25 goﬂ %%_{,\_ 100

=2 E 88| X] A 54 WA 2 & (2022)

E22 §98 312 TSI RSN F== 25°CHA
EY2EY AL 682 mPas, TEUAEAT} ofgiH|olhe] &
FE2 1677 mPas, TEU2EAD} FHEAWPAEZ 0] 55
£ 1607 mPaso] AT} ofR Yo} FE2EF IAHELS 122 &
dat & 7| (Polytron® PTI1200E, Kinematica AG Luzern,
Switzerland)Z ©]-8-3ke 25,000 rpmO.E 387+ #A3 ST #
ZHAg #2953 (CLN-52U, Nihon freezer, Saitama, Japan)l
A JEAIZ & SAAZR 3 THEDU-1200, EYELA, Tokyo,

=13
=

T
Japan). Z1ZE vAFE WolgE TR o] &3te] AA F
F¢] 50 meshA| (<300 pm)oll T-HAIZ] § —80°Cel] RA&}FATH.

My R=

vARE el AUHES AR S8l dudides Avt
= Zepe] 214%2 ohkzel MANER tAse] 47Ee A
Z3le] Bk Ak, 10% AE/E S Aol o A5ws} 74
FobA ofZUo} mAIFlE H M 10%2 2733
ofZ o} A7jHe] A8 wiH](Table 1)= Park(2014)9] A+
s WA FAlstaL 1220170 = F 2718 Al7s)
roller mill (KM-18, Kyungchang Machine, Seoul, Korea)= 1
E238132, 20 meshAl (<850 um)ell 18] FZAIZAT. A71H9]
A WA b} g8 Tk sl A% 2088 4
ool iz A9 RE AR ofRuol A7l 3gO0%
SAsp) 9t ohzvol 3¢ i vlALE 20 e hre
Fol 200g0] HMES 33, &7 2 g2 ¥ BL /4T 23
o2 HH Qo & ZA Tt g€ 9AES 20 mesh
13] Wl s 22A 3 A% 20gS WUkl 232

tott H m{m

hin

ol
mLE 7kt 71°CE A7 e 322 (JSSB-30T, JSR, Gongju, F A Zlﬂ 40cm, =°] 10eme] H71e] HE HAEF
Korea)oll A 383 5527+ ZHEsIAth E3MS 25318xgollA] 20 7 38 cm)E A7] wigol] 23, 1 9ol ARt —‘?—Z:E 2% (18x18%6
E7F Q435 2] (LaboGene 2236R, Gyrogen Co., Ltd., Daejeon, cmE T2 F A7Y AEE Bl g3ht) Wy Eo] EoH
Korea)d}3Z, A58 045 um polyamide syringe-filter (SN25P045NL, 715 @Y Qo gl Ze wHRE Qs E—i% T EFAe e
Hyundai Micro Co., Ltd., Anseong, Korea)Z <]3}ale] o}Zijo} 3 FER 2087 71Es & BS 1y sEF B8 EXNTE A
FEe=S Axsiith 718 AeoA siE 2% & Yoz xAste] Hste] T4
ol&slAtt. ok=zHols H7lskAl &2 A7]HS thEw(CON),
oMzE M= ol2Ue}l 7125 F7lkek A71HE SAP, IREAR YEUXE
ofRYol FEES 4 X F SHTE HUket] 1LIE Y, BEYXEYS ojgploby], BEUAE-F FHEAH YA E
TEE 10°BrixE TESITE AF E =0l tigk 8Sieet VIE & 225 o] &3 nAIRle S 7K H71HS SMD, SMG SMCE
¥ (Cai 5, 2020; Castro-Lopez &, 2021; Papoutsis 5, 2018; sk tH
Suravanichnirachorn %, 2018)8] &3} &85 Hsle], HEY)
2E-F ofgprlobd e 77}t 30% FEH o R, FHRAHEdER pH, 7184 18E, TEEY H MMz
25 1% T8I0 F AxT. ZHEL S ZEYX2EY A7 1goll SHSF 10mLE YW 25000 rpmeZ 187 o
B ol g3 WEHAES ofghlol 7 Ex ARAMEA WA F, AFAS ol 8sle] pHet HeH 1FEL S5
Table 1. Formulas for sulgidduk added with aronia powder or encapsulated aronia powder
Ingredient (g)
Sample”
Rice flour Aronia powder Aronia capsule Water Sugar Salt
CON 200 - - 40 20 2
SAP 197 3? - 40 20 2
SMD 180 - 207 40 20 2
SMG 180 - 20 40 20 2
SMC 180 - 20 40 20 2

DCON: sulgidduk without aronia. SAP: sulgidduk prepared with aronia powder. SMD: sulgidduk prepared with encapsulated aronia powder using
maltodextrin. SMG: sulgidduk prepared with encapsulated aronia powder using maltodextrin and gum Arabic. SMC: sulgidduk prepared with
encapsulated aronia powder using maltodextrin and carboxymethyl cellulose.

JSame amount of aronia powder was added.
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Atk FA0l2FE(pH)E pH meter (3200P, Agilent, Shanghai,
China)Z, 7184 2 E- YA YA (PAL-1, Atago Co., Ltd,
Tokyo, Japan)g ©|-8-3t] SAsIATE A7He] FEgEe &=
A 5 E27](HC103, Mettler ToledoIM, Columbus, OH, USA)
2, A== AAA|(Colorflex EZ, Hunter Lab, Reston, VA,
USA)Z =431t

o

& CtEAO}H EHE =3

% AEAoPd T2 Lee 5(2005)%] pH differential method=
ZA3le] 4719 100g F mg cyanidin-3-glucoside (C3G)E et
Wtk A719 1 goll £/ 10mLS H 718k, 25,000 rpmell Al 1
7+ @383}t 25-317] (Powersonic 410, Hwashin Technology,
Seoul, Korea)E ©]&3}o] 50°ColA 40 KHzZ 30&-7F F&31%
o} FZolS AR (13,000 rpm, 20 min)stl AENS o st
o ®A9l o] g3t 471" FZE 0.5mLol pH 1.0 ¢+5-8
0.025M HF3ZF)T pH 4.5 LN 04 M oA EAYEF)S
Zbzb 2mlA H7FSFAL 520 nme} 700 nmoll A S EE SA 519
THBiochrom Libra S22, Santa Barbara, CA, USA). Z} 3}7go|A]
A89] 3= 2], C3G wAFH449.2 g/mol), 34wl kA
25(1000), Z327A142(26,900 L/molxem)ZS ©]-&3ke] & <HEA]o}
d ks ALk

N

¢

[e)

I

4

CtEAOI TEE

olZ o} Hd7|He] StEAlold ZFEE(retentionyS ZT] AF
A719e] F FEAOI TS SA s Alktsidth 28 A A
719 100 gol $HrE of=Yo} = o2 Yol mAIFiEe] F <t
Erjold gkl tigh 2] & A7 100g9] F tEAJoRd 3
ol Mg (%)= YERoh
& Edlils g &8

% ZgdlE 92 Singleton?} Rossi(1965)9] Folin-Ciocalteu
o g 28t 71" FEE 200 plell 108 3]4¥ Folin-
Ciocalteu A|2F 1 mLE & & 75% BAHEF £9 800 uLE
A7bear, 2 Ao 1A WEATA 760 nmellA] S|
A ZAsT FERA2H0-300 mg/LyS ol &3ste] HFRAS
238k, 4719 100g & mg chlorogenic acid equivalents

(CAE)Z YRt

ghtst e &3

ABTS U]z 2A%LE Re 5(1999)9] i< <]
st 7Y &5 20 Lol ABTS Ht]d 49 2mLE 2
QA 4E7F WA 734 nmollA SRS SHEAT A
FZAL Trolox (0-2mM)E o]&3le] ZAIstE A& 100g &
mM Trolox equivalents® WERHTH

A3 2 (Ferric reducing antioxidant power, FRAP) Benzie2}
Strain(1996)¢] W& 783t 783kt A71Y F&E 50 uL
o] FRAP €9 15mL, 7 150 uLE A7t A2 ool
A 4EZE BEEAIA 593 mmollA FREE Z4 AT FeSO,-
7TH,0 (0.025-0.4 mMyS ©]-&ste] 3-8 AAdste] A8 100
g T mM Fe*'2 YeRith

T2 Zgoly 4L Santos 5(2017)2] Wl wel A3}
Atk A7 FZ2E 180 uLoll 50 mM S EANER g9
(pH 6.0) 12mL, 1 mM 3] 78 180 uLS H7lsted 2%
7+ REEAIZITE ¥hgol] 2 mM T EFFEIF uto]&¥ (pyrocatechol
violet) £ 51 uLE 7SIl A2olA 1087 w211 & 632

oA T2 EE =381t EDTA-Na, (02-1 mM)E EF=3 %
A& AAdstal, A& 100g B mM EDTAR JER|TH

|

A719S 2x2x2cm A7)E ZE} Texture Analyzer (TA-XT
express 2007, Stable Micro Systems, Surrey, UK)ell Z7do] 20
mm¢! ¥%53 probe (P20P)E A2l two-bite test® T2 7S
Z=As9t. 24 7S Bourne(1978)2] WS ko] pre-
test speed 3.00 mm/sec, test speed 1.00 mm/sec, post-test speed
1.00 mm/sec, trigger type auto (force)= SITh =4 IJE& H
=(hardness), B2 Ad(springiness), -7 “d(cohesiveness), 43
(gumminess), %3 ¥4 (chewiness), ©Hd (resilience)-Z trigger force
7} 5.0 go] He AFFEEH A8} 20% HIEE A™7RY g
< EF4srh

20-500] o34 109o] ArIHe] B4 Brel /15xE Hrtet
Aot olZYolE H7FslA] g2 A71HS tlZT(CON), o=
o} 7FEE #7het A7|H(SAP), HEHXENS AME-g wA7lE
£ 4¥& A71Y(SMD), ZEHUXE-D ofgHlobls £
ARES ¥ 271" (MG), BEYZE-T JHEA SN YR
25 g mAfES ¥ A7IH(SMCO)e] BT 54
A = (moistness), FE=8]-2 A E(softness), %215t
(astringency), TSF(sweetness), 213H(sourness), ©]3 (off-flavor)e] %]
om, 7|5%= A(color), FH](flavor), SH(taste), 2 7H(texture),
AAQ) 71Z %= (overall acceptance)Z TAJESUTE A71H-e 32
38 Aol AF=HRNeH 78 A=A wg st e
i Aok —7-: wg At B ulg SrhE o] 8-st Hrt
stk #5337 7e Mg st AR HUSI(IRB)S] <l
< WTHSWU IRB-2021A-11).

S
o
Ir
g
H{'

S22

ey |
57 #24& IBM SPSS Statistics 24.0 (IBM Corp., Armonk,
NY, USAYE AR 3o g SAE FX e Hd+isy
22 gtk A5 7F Aole 9wl A #E4HEA (One-way
analysis of variance, ANOVA)Z} Duncan AFS75HS o] &3]

YERA th(p<0.05).

pH, 718N 182, T2 U MUz

71wl B4 EAF AMEE Table 20 A BT of=
Yol e mAAES #7799 pHE 4.22-4.380|UTh
Park(2014)2] of2Uo} A7E AFofA] olZLo} TS 1-7%
A7¥8 A71H o] pHE 3.98-5.610]0Th £ dAFolAE Aluks o]
£ ol2yo}l Bl Aol 15% (AME F 262¢g, ok=Uo}
3gel7] W& pH7F A HEIHE A= Aztec) e
2ER EE YEYXEUS ofgfulobd e 3 vAIRES #
7}ek A71H(SMD, SMG)®| pH7} oA oz Yttt Ie=4
1 YEU2EHPH 5.5 oletrlolA(pH 4.5 SFAHdola
(Sakulnarmrat?} Konczak, 2022), 7HEAHEAEZ~pH 7.1y 5
’d(Behra 5, 2019)°12}32 BRI E Q) ulgbr] HEUXZE-) of
gujol oz Y3 nARES ket A719e] pHrt AduiE
o2 gk Aoz AzbdT)

M3 AFES ofFHolE HUhgk A7 (SAP)ET AEE
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Table 2. Physical properties and redness of sulgidduk added with aronia powder or encapsulated aronia powder

CON SAP SMD SMG SMC
pH 4.63+0.05° 4.330.05° 422+0.01° 4.22+0.01° 4.38+0.01°
Soluble solid (°Brix) 3.00£0.00° 3.60£0.00° 3.77+0.12% 3.83+0.12° 3.90+0.00°
Moisture content (%) 41.05+0.86" 34.01£1.15° 32.51£0.19° 3196027 34.26+0.57°
a* (redness) -0.50+0.05" 14.88+0.19° 15.75£0.46° 17.46£0.29° 17.4240.16°

Data are presented as meantstandard deviation (n=3).

Different letters in the row indicate significant differences among samples (p<0.05).

Table 3. Chemical properties of sulgidduk added with aronia powder or encapsulated aronia powder

CON SAP SMD SMG SMC
Total anthocyanins (mg C3G/100 g) 0.00+0.00° 4.17£0.44° 4.90+0.67* 5.34+0.65" 5.54+0.39°
Total polyphenolics (mg CAE/100 g) 0.00£0.00°  10.5440.02°  17.21+0.03*  25.35+£0.04°  28.03+0.02°
ABTS radical scavenging activity (mM Trolox equivalents/100 g)  0.03+0.01° 0.13+0.04° 0.17+0.01% 0.16+0.01° 0.22+0.03*
Ferric reducing antioxidant power (mM Fe*"/100 g) 0.01+0.01° 0.12+0.00° 0.15+0.01° 0.20+0.03* 0.18+0.01"
Cu™ chelating activity (mM EDTA/100 g) 0.06+0.00° 0.06+0.007 0.07+0.00° 0.07+0.00* 0.07+0.00*

C3G, cyanidin-3-glucoside; CAE, chlorogenic acid equivalents.
Data are presented as meantstandard deviation (n=3).

Different letters in the row indicate significant differences among samples (p<0.05).

AL 93t AxE olFYol vARES ¥ A71H((SMG
SMC)e| frelH oz =4 Ut BEYAE-S o] 85k wiA|
el 78 TFES 10.83°Brix, WEH2ERF ofzha|oby]
S ol&g mAIRiEe] 11.13°Brix, TEYAE-AF FHELAm YA
2222 o] &3 nA|FEo] 11.10°Brixo]it). ol FHEAS
st o)ggk mAREe] JH8d AP Ro| ofR Yol
(9.65°Brix) 2t} ¥£%47] WlEo2 ALFHEUL Park(2014)2] A7
M 40°Brix¢] ol2Yol £ Hriet Ari"e) 78 ¥
& 1.17-2.00°Brix©] AT},

A71He] SRS HIE 31.96-41.05%C]10th TFE A9
7490l of2uo} ArIHe] SIS 39.93-42.80% (Park, 2014),
40.86-44.43% (HwangZ} Hwang, 2015)C2 X A7Azlor 2] 4=
Eolago] Wgith o= thE Al vlE) AVE T uiH] &
A7bgo] AAVG A" Hrheo] Byl iR Azbdh vz
T+ AR FEFEFo] P Eokon, ol2Yols UM AR
ZFollM FHEAWMEAZEAR Azd vARES F71e A7y
(SMO)9] T3] 714 #9kth. EYAE-S ofgfu]opo|
EA5e Slo]|=EA71(-OHYT B BAE FFse A4S AY
3 JARKCastro &, 2016), FTHEAIMEAEZ A= T TY] 5
W owe] E8 5% 7 Ue 385 (superabsorbent) F A €]
Th(JavanbakhtZ} Shaabani, 2019). Gibis 52015y Z117] F8)7
g AEANEDERAE 05-3% F71E0E w) SR o)
izl Hls] frolFog sty st
A= olZUols FH7ie A7 (SAP)EL &S o
g A7|"H(SMD, SMG SMC)°| 94 o2 St} FEAJo}
S pHoll w2} Foa HA =207 o] Wl =H| (Heredia
1998), pH 2-4°A1= thFE flavylium cation® = EAte] &
AS dtl(iang 5, 2019). & A7l AMSE ofZYole] &

pH7t 3422 A3k F2A8 wirt. of2Yo} FEdS
7ie A71He AHEA, b, A" 59 uE AsUF A0t
3, 71 A] fr1ake] EAEEA A71"e] pHYL 4.22-
4382 Z71E Aoz Azt tEAloPde 71de] 3] v}
HAY SFAE FAs] wEel ANErt ARG By

ot T op

B
o w

o)

4

o @ rlo oft
o

AttJiang &, 2019). A5l H7HE of2ZUole] Fiko] T3t
Rorma Al5e AMLIL 5845 A" EAePd &
Fo] B2 FoF {3 B & Utk S, vAFEstE ol2Y
o} QtEAJoldo] Ar|He] ZAA A @ AU H
Tt ZHEZDS EFst Axd uAfEs A 4719
(SMG, SMC)°] ZEYAEHCZ AZH ol2Yo} nAH&ES
He A7 (SMD)ell Hls] AX=rF =9kth Cai 5(2019)2] A
oAl B2H|E] FEAIIS FtEAHYAEZ 20} WS
ol g3l mAMES S W dEoE AMES AlEHT EF
A Alge] AAE7Y =kt Sarabandi 52019y 7E<]9] <t
EAlold g TEHXE-S ofgi|ol] S E9tste] wA7iEs
St A|BolM A 7P =9k, ol YEYAEUTS o)
3 oA Ao vl 158 =k st} Sakulnarmrats}
Konczak(2022)] AelA] 71t Guje] FEAoP] v &ES
A7re A E AZ3ES o AFMAE Hrhe Aot A
A% Frol FAFSHAl YEldth o]zt ATFEL FHEAS 3}
st} wAFlES AZste Aol AEAOPIY] F248 FA8t
b 3ol AS HAFE

iy

tlo
ol

£ otEAlofdl & U otEAOIH TEE

olZuYo} A7 e] F AEAJoPd RS Table 3o VERITH
o2l o}lE H7Ie MA71H(SAP)ETE ZEERS EFste] Az
H ol2yo} mANES ¥We A7 (MG SMO)2| tEAlod
kol o =Sk, ole A= ) FAFSISITE Mihalcea 5
2020y Z=FS H7keh ARlRt X=FS v Es ek
7hek Agle] F AdEAlOMD Fgo] 4n) Eria RISt

AEBEAOI] HEEL | AT ABAOMD TS v|wet 3
o2 Fig. 19 AXNBATE ©F £ 23 FEEARZ Az v
AEs Yo A71H(SMD, SMG, SMC)e] SHEAJoPd ZEE o)
olZUolE 713 A7|H(SAP)S] ZAEE) vl feHoew =
ATt Lavelli 5(2016)2] AelA] E=ZZ o] FEAoPIS @
By xEo R uHHEsEia Al FeElo Hrksted 100°Ce
A 1SR 7HEES Wl EAlold WEEO] 38%0|UTh TE

o o
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Fig. 1. Anthocyanin retention of sulgidduk added with aronia
powder or encapsulated aronia powder. Data are presented as
meantstandard deviation (n=3). Different letters indicate statistical
differences among samples (p<0.05).

ey JHEAMEAEZAE ARSS nAIES Yo
(M) EAJOII FEFO] Aoz e olf= UE
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Table 4. Texture profile of sulgidduk added with aronia powder or encapsulated aronia powder

Sample Hardness Springiness Cohesiveness Gumminess Chewiness Resilience
CON 135.69+4.78" 0.92+0.01 0.80+0.01° 108.73+£3.22" 100.1343.58" 0.45+£0.01°
SAP 222.10+10.98° 0.97+0.07 0.84+0.01* 187.44+9.81* 181.54+13.58* 0.49+0.01*
SMD 114.74+6.82° 0.95+0.02 0.83+0.01* 95.69+5.20° 90.8445.09° 0.48+0.01*
SMG 113.85+5.07° 0.97+0.07 0.80+0.03" 91.29+7.32° 88.76+13.11° 0.460.02
SMC 69.48+7.91¢ 0.96+0.04 0.79+£0.01° 54.7545.45¢ 56.79+£2.77° 0.46+0.01°

Data are presented as meantstandard deviation (n=3).

Different letters in the row indicate significant differences among samples (p<0.05).
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Fig. 2. Spider web of intensity score of sulgidduk with aronia
powder or encapsulated aronia powder. CON, w/o aronia; SAP,
aronia; SMD, encapsulated with maltodextrin; SMG, encapsulated
with maltodextrin and gum Arabic; SMC, encapsulated with
maltodextrin and carboxymethyl cellulose.
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Fig. 3. Spider web of acceptability score of sulgidduk with aronia
powder or encapsulated aronia powder. CON, w/o aronia; SAP,
aronia; SMD, encapsulated with maltodextrin; SMG, encapsulated
with maltodextrin and gum Arabic; SMC, encapsulated with
maltodextrin and carboxymethyl cellulose.
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