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Quality characteristics and antioxidant activities of Jinmal Dasik
supplemented with citrus mandarin powder
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Abstract

This study aimed to enhance the value of traditional Korean sweet Dasik by incorporating citrus mandarin powder rich in functional
components. Jinmal Dasik was prepared using citrus mandarin powder at concentrations of 0%, 8%, 16%, 24%, and 32%. Quality
characteristics, sensory properties, and antioxidant activities of the samples were evaluated. As the citrus mandarin powder
concentration increased, moisture and sugar content increased, while pH decreased. Color measurements revealed decreased
lightness and increased redness and yellowness. Mechanical texture parameters showed no significant differences among the groups.
In sensory evaluation, the 24% sample received the highest scores for appearance, taste, texture, and overall acceptability, while
the 24% and 32% samples achieved the highest aroma scores. Quantitative descriptive analysis indicated that higher powder levels
increased yellowness, citrus aroma, sweetness, sourness, bitterness, astringency, and moistness, though no significant differences
were observed in terms of hardness and chewiness. Principal component analysis supported these trends. The antioxidant activity
of Jinmal Dasik, including total phenol and flavonoid contents, DPPH radical scavenging activity, and reducing power, increased
with higher levels of citrus mandarin powder. Overall, the addition of 24% citrus mandarin powder was optimal for improving the
sensory acceptability, antioxidant activity, and quality attributes of Jinmal Dasik.
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N2 A Q11 QUH(Choi et al., 2012). A% THA2 FA|70] w2t =7}

— .
22 8% AU} SUTH, FURE A8 Soha it
CHIGHDS 3B, 4%, A0%, top) Bao] B2 BN A, AnEE A8 wrhAl Atk TR UE $aic, o

o oE AMSY ZECHIT} SAXTHA, HolBT 8RS A8T A
vz Eeiolt AR 59 legel Lid R SAolglet  Brhal Sarhs] 502 BHETKO, 2011; Lee et al, 2016).
(Han et al, 2000). CHIL 28, FUF, 2405, UeR 52 A} ol 2ulato) A7l thet T4 S7H2 A 7H(Yoon & Noh,
742 BRG] ARG ThE] 2t AEe] JPYES LA A 2009), oPFRIFABA ZKR(Choi et al., 2012), 9 7HE(Nam o
3 % Qi o] 9lom, B3] ZAAT] Sl Bolh 23 al., 2016), SN FChung et al, 2017), B9HS(Yang et
02 W) chjgio] Holufis Al%io] Wiisle] Q5 WA ool al, 2018), 3k B(Kim et al., 2021), 34 EHLee, 2024) 5]
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716 AmE A7t o4 A7t &S] AP Sl
HZ(Citrus unshiu My 23} H2450] &5= AE2 £
Ueolie F2 ATzl AeisEs thad duFolth(Park
et al,, 2008). ZHeZ A AlAICIA T BAFFS] oF 17%E AR
THE AitErol WAl BAIA 7HAI7E w2 HLZA(Zhin, 2020), 5
o] Bh kS AY IHAIHRE AF=0] tiRAQ] AYEC R o]
S AHKim & Song, 2010). 53] 58T ofyzt AA Lk Zl0)’
2t A =5E erE de] B85 o] Jith(Hur, 2003). E3F 729
748of| SH-3t naringin®[ut hesperidine AL 4] A B B
27 Mol 537t itk AtEo] BarEglon, o] Qo:
flavonoids, carotenoids, limonoids S-9] T}oFst AJEjeky] AHo| g
FEo] Qo] Aok o]2% HUolthKim & Song, 2010).
TEe 8% AFe FEEA AR A e ARt
Tk E=Al0) A (Park et al., 2008), 21°47](Kim & Song, 2010), %73
(Cha & Chung, 2013), 23 Z]A0]=(Shin, 2015) 50| 4o, 7
T FE2 H7IRE 71 (Kim & Kim, 2011), A#K(Lee et al,
2012), ==~ F{E|(Choi & Lee, 2017) 7 BV E AL} ESF A
S=HES HUI8E 1A (Chae et al., 2008)1} FUHN(Park et al.,
2014) 5 caet Q77 Sl v . oA AR Tl A
Fol E85o] F4 7 aapt AFHAH, qHs] 7k FAt
= A2 2AI7F dot Slek f-2uztollA 3 3 eA]oflAf oF 454t
ton®] 7hgo] AT, o]F oF 20%7F A 7RSO E ARSE T,
7k ZollAl oF 55t ton®] FAREO] BAYsH=H], o] Aeofet A
ZF oF 129} Qo] 49 &M, AR YRTto] 715 Alm=E SEE
(Rural Development Administration, 2022), WHA|&= S H7|=
ojojx gHeH =AIE oFIstal Uth(Hwang & Oh, 2017).
A7 2 83 TRt AF N A7t 3= o,
Syt Bl thalo] EZ QI FE AALelEE A& A4
Ql g B A3 A= Eard B Qick o]of] & A-tojlA
= 4 229 % 7158 dis ARl Ak s Higo s A
R19] 7|z FRtohs tAlE /dstalat siqict. E3k 2 AE
o] AF 718 Am=AL B8 7FsdS Ao = H7|E AkE

9 A ol Jelsha, 14E BEg Wk AU Al
ShIL FASH, WA, YAB BHS BT
a
Mz I A
M3 B
£ 70 4% AR FE RUS AFEN AiE 3715
22 HAYHoR A 42 E¥(Samc Co, L,

=
[¢)
Changyeong, Korea)2 20241 120 QIEjElo g FQI5l0] ARES
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A}, ELE ALThA] A|lzof| ARSE EW7RHFEE, CI Cheiljedang
Co., Ltd., Yangsan, Korea), 25(CJ Cheiljedang Co., Ltd., Shinan,
Korea), E(Ire Foods Ltd., Geumsan, Korea) 52 A9 tjFute
o4 Tfsto] 48 AR Agasic

(=]
=

a2

7 B A7F A4S Yoon et al. (2009), Yang et al.
(2018), Lee (2024) 59| Aol Yo} = 22HS Farsto] 2
BTES: 0%, 8%, 16%, 24%, 32% H-&= d}o] |25} tHTable 1).
B3 W SEY oREollA 247 5834 1087 52t 2 F9
2 RS 410 40 mesh®] YA (ChungGye Sieve Co., Ltd.,
Seoul, Korea)oll W& Ag3t B3 Y1l §EES o3 6 g¥ oh4gt
o] Yoi &£0& 203] & XAl AFs3Ach olnf ZEtHA]
9] A7]= AF 2.5 em@?} #0] 09 cm=E THERTH

o2t

7b TECHA L M=

HI

A

THA]] o R U7 HEER S ol8sto] Z1£7|(LDOISOF,
LADTECH, Jeonju, Korea)Z =313t} th]2] B8} pH 274
A3l A= 10 goll 7=+ 90 mLE H7IRE &, F47|(PT-2100, Ki-
nematica AG, Lucerne, Switzerland)Z 3,000 rpmOJ|A] 357t #ASIE
SI3EE. ofF A5 Whatman No. 2 oJ¥}X](Whatman ple., Kent,
UK)Z oJzfet o] 2 | mLE tA|d F=A|(Pocket Pal-3, Atago,
Tokyo, Japan) 2 S7510] FLeg A0 E1 pHe H2 o4
o]835to] pH meter (FiveEasy Plus FP20, Mettler-Toledo, Zurich,
Switzerland) 2 Z751%ch

M

T}2]9] A= ABXLA|(CR-400, Minolta Co., Osaka, Japan)E ©]
g3to] &stglom, 7 Aol tisl L (lightness, BX), a (red-
ness, ZM), b* (yellowness, TAE)YS 7}7} 53] whe 2451 &

Table 1. Formula for the preparation of Jinmal Dasik supplemented with
citrus mandarin powder

Citrus mandarin powder addition ratio (%)

0 8 16 24 32
Citrus mandarin powder  0.00 8.00 16.00 24.00 32.00
100.00 9200 84.00 76.00 68.00
Honey 80.00 80.00 80.00 80.00 80.00
Salt 1.00 1.00 1.00 1.00 1.00

Ingredient (g)

Roasted wheat flour

YPercentage (%) of citrus mandarin  powder based on the roasted wheat flour
content.
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BRGE T A= 27 A 7] BYL 9l BE B
Apgstgion, ofgfe] L, a', b= 712k 91.99, —0.15, 3.690] 21t}

1A =Y

TH219] 7|A1A A7 7= Texture analyzer (TAXplus, Stable
Micro Systems, Surrey, UK)E -835}0] Texture Profile Analysis
(TPA) B o & 4=a¥519ic}. &4 dAR 217 2.5 cm, 15—0] 0.9 cm
F719] HA]OF P/36R probes ARESIAILE &4 A
speed= 3.0 mm/sec, test speed= 1.0 mm/sec, post test speed 1.0

2 pre-test

mmy/sec, distancet= 2.0 mm, time 5.00 sec, trigger forces= 5.0 g2
2707 7% (hardness), F-2Hd(adhesiveness), EF24(springness),

A31/d(chewiness), -3-%/d(cohesiveness) 59| 7144 £ 578

speiet
Z5H}

cho] PR 715E BASt 3 HARN O R AFet
ek AEQYH 9 eloh Ao byt ety % A

o TS 7H 208 id = AFsto] AR & & #3710
oA F TeH7 k= 2F 2-34] Afo]o] o]FojFom, Zt /\]i
+ oA 59 oAl AR A #AIE 2419 10 em 2
& Aol ot ATkt E3t Alw ZF FFZ £0171 S5k ﬂf"
B7F & doA E2 A%S B 127 A T o2 AR
& WhlEs 9

718% H7H= Al AM(color), FH(flavor), Wtaste), 227+
(texture), ZHHFAQ] 7] 5 I (overall acceptability)E THAFC 2 93 2
SRS Ak, o-uhe: ST A8 FH BAR
Ao e thAl9] w-ghM(vellowness), 723K citrus aroma), THHF
(sweetness), Al%H(sourness), 2%(bitterness), E->H(astringency),
7% (hardness), 433143 (chewiness), £Z3H(moistness) 5= 155
SN O, 15-T19 2302 Wolsleirk 2 4] B
587k OOHIet Aw=]91hsle] 1o 9 52l EAE AA
2-8J5}9ITHIRB No: SMWU-2411-HR-087).

O

s &g ¥ & SatEL0|E &

oHajo] FAlet BAES H7IHE Sl AlEEE 10 g4 Ff5te] w4
7](FM-680W, Hanil electronics, Seoul, Korea)= E4f3F & 99% of
ER2-2 90 mL 7}5}9] shaking incubatorolA] 25°C2] 100 rpm &7
O & 247t Bt FE513H}. 5 A2 Whatman No. 2 o7}A| &2
of TSt T W Hstel GaKs B4 0] ALgstalch

= Hl $H(total phenolic content) Folin-Ciocalteu#-& 7510

p 1=
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2 Yu et al. (2002)9] WS -3-85t] SFoIth AlE F2H 200
pLof| 552~ 2,000 uLe} 2 N Folin-Ciocalteu phenol reagent 400 uL
£ ksl 3871 WESAJZ] &, 1 N sodium carbonate (Na,COs) 800
uLE sl AoA 1AZE Bt HESAIZTE olF E3EEAl
(UV-2550, Shimazu, Kyoto, Japan)E 0] 750 nmoj|A S3EE
=4 0]— A}, Gallic acid (Sigma Chemical Co., St. Louis, Mo, USA)
£ pIREAD slo] = I2TAS 26T, ZF A5 ST

= :,—PQ slo] & HlE IS mg garlic acid equivalents (mg
GAFE/100 g extract) 0.2 AFE01ITt.

Z EZdtH 10|t $FH(total flavonoid content)2 DavistHS 9-&
3 Um & Kim (2007)2] o] mieh 2951900k 239 1 mLo
90% (v/v) diethylene glycol 10 mL2} 1 N sodium hydroxide 0.2
LS Sl & TG T, 37COIA 1412 B A 1
# SRHEAS ol 00 ol FHES ST Qe
cetin (Sigma Chemical Co., St, Louis, Mo, USA)S &= = 5}
oq %‘—Eg _.&.f,_i;_/\i.g_ AFA] o]. _]__ 71— /\] i«] __1_]- .E—'_ z_xﬂ o]-cq
Z EdtR Lot =S mg quercetin equivalents (mg QE/100 g
extract) O & A=

st

2

DPPH 2tC|Z A7Ed d 2™

th4je] DPPH efrizt
vity)= Blois (1958)2] B
4 mLo] 4x10®* M %%°] DPPH &
E351T, Qhezle] AolA] 3087 WAL W T AlRe]
FHEE 517 oA Az S50, diftof digt
4= HIE HESS YEo] DPPH 27 AAZ/S B7Ist
Ak

S (reducing power)2 Yildirim et al. (2001)29] & 285}
o] 245t & 2.5 mLof| 0.2 M sodium phosphate buffer
(pH 6.6) 2.5 mL ¥ 1% potassium ferricyanide (K;Fe(CN)g) 2.5 mL
£ A7IstaL, SRkt & 50T 843004 20871 BESAIZIH. ©17]
ofl 10% (w/v) trichloroacetic acid 2.5 mLE T3] 3,000 rpmoilA] 10
BE7F GAEEE o F, AN 5 mLo)l 52 5 mLe} 0.1% ferric
chloride (FeCl;-H,0) 1 mLE E519it}. &3 8989 g%

rio

A7 &AJ(DPPH radical scavenging acti-
okl Ao Az 729
o | mLE F713F & 75

700 nmofA Z4ste] 2SS Hrelgith
SHAEM

B 9] EAEML SPSS 28.0 EA AZLEY0|(SPSS Inc.,
Amonk, NY, USAYE ARESISITH BE AY A= 3-53] HHE

2435 gk vElo 2 JYBAEA(One-way ANOVA)S 2
&oton, A= 7ol f2gt Zfo]7t QA2 Duncan®] thsH 9
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AR E3) AEEAS AXSIITHp<0.05). obgE] Thalo] s
) Sxwto] YRS BAS] Sstod Ak wAp B4 Aol
=

42 83, pH, 2

g 2T A7 AEeha 9] i o, pH, 9SS 23
+ Table 20 AA[SIRICE 2 FF2 2 2L 0% 7ROl
10.04%=2 7P Hkom, 24%2} 32% H7kte] 2+ 11.53%%}
11.54%% 7P 27 ERLTHp<0.001). o= 2 gl At
0 We we WIRESM) A Sl o BE 20E #2
(1325%)0] Z7Hlgl] ThE0 ShAEIE. olg} fAs He m
7k % 7422 7Kt H2hA(Yoon & Choi, 2011) ©10]
A 743 7120] Akegol ZEEE 4 o] Roll 23t
7} sl HEHOE Aol WATE Hol A A
2 Eq0) WS Zoln WEHS Fols] 93t Aol of 3
O o] Fuelol 7] A 148008 0] 1018971 7
AE90cE 5] B WITE B AST A S A Y
of 2] Aol Aol oF5FE 4 L0 T Meriles et al.
2021; Rooyen et al., 2022), 78 & 718 5o ¢+ 2 dFS =
e o] B AR A,

pHE 712 2 jgo] Soldg Tasis 4TS HYo
o, 7 B 0% A7REel 6.722 7P ¥, 32% H7KEO]
5392 7§ RITHp<0.001), o|ei3t Make gl thek 9%

Table 2. Moisture content, pH and sugar content of Jinmal Dasik supple—
mented with citrus mandarin powder

ARAE, AL 5o f7lAkel Z1QIgE Ao® wErhKim &
Song, 2010). AAE £ Ao AREH g EL9] pHE 5112,
B3 D7ER(5.93)00 s Rttt olet fARt Adte e &
A7} 9140](Kim & Song, 2010)2} Th&E=AJ0]F(Park et al., 2008)
o] AtoflA= Hae Hi7f Qi

Fre A B A710] SRS ASS, A £ 0%
7o) 4.13 °BrixZ 7P @9k, 32% A720] 5.40 °BrixZ 7}
7 E=UTHp<0.001). o= TE 2T AAQ] FE(8.67 °Brix)7t H
7VRE E7] e R wokE oj2fet B & A9 ARt
7} 3ol 82kS 471 thAl(Yang et al,, 2018) 9ol A 2
A7F tH4l(Lee, 2024) AFtofA = ERIE HF ok

olefet A FUSH, 4F BT W2 S8 YU Pl
Z715H1 ph GASRE A3 Hol, By Ast K4S 97
FE el 4 ZAdE 34 92 € 5 e AR
(Song et al., 2014; Yang et al., 2018) TEICH

M

TE B 37 Adohie] M £ A= Table 30] Ao}
ok B 7F 24 0% F7kEo] 68758 7MY =9k, 32%
A7KEol 58597 7Hg Wolthp<0.001). ANEE FF BT 0%
7o) 2460 % 71 Wekon, 32% A7kio] 5.830% 71 &
of A7l SVt wheh AFSoHAThp<0.001). ESH FHE A 7+
F B 0% F7kEo] 20322 7F Rk, 24%9} 32% H7to]
747} 26.259F 26312 7MY w2 e UERITHp<0.001).

T T A7Fol wet oha]o) A= FESIgH Al HYlo
o, F71Ego] SV E g AAdt FNEet A= Z7t
Stlth. ol 7ol 374 carotenoid A4x9] RO E A E .

Table 3. Color values of Jinmal Dasik supplemented with citrus mandarin
powder

;)i‘tl‘r,lézrmr::ilga(r‘i;:) Moistur& )content H Sugéa[ é}:i))r(l)tent ;)i‘tl‘r,lézrmr::ilga(r‘i;:) CE L' CEE & CEb

0 10.04+0.03*" 6.72+0.12¢ 4.13+0.06° 0 68.75+0.37°" 2.46+0.19° 20.32+0.28°

8 10.60+0.17° 5.95+0.03° 4.43+0.06° 8 66.45+0.58° 3.39+0.19° 23.71+0.28°

16 10.96+0.08° 5.84+0.03° 4.80+0.10° 16 64.23+0.64° 4.04+0.09° 25.13+0.22°

24 11.53+0.04¢ 5.71+0.04° 5.17+0.06° 24 61.99+0.53° 4.96+0.09° 26.25+0.35°

32 11.54+0.02¢ 5.39+0.02° 5.40%0.10° 32 58.59+0.36° 5.83+0.11° 26.31+0.29°

F 172.921 213.097 134.066 £ 180.828 254,730 227.836

(0.001) (0.001) (0.001) (€0.001) (€0.001) (€0.001)

Each value is mean+SD (n=3).

Walues with different letters () within the same column differ significantly
(£X0.05) based on one-way ANOVA followed by Duncan’s multiple range test.
™X0.001.

https://doi.org/10.13050/foodengprog.2025.29.4.258

Each value is mean+SD (n=3).

Walues with different letters (°) within the same column differ significantly (£{0.05)
based on one-way ANOVA followed by Duncan’s multiple range test.

"X0.001.
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Carotenoid= S0C7HA= B|14 QFYZ0]AqL, 100T o)d<] 12
o AE AEE0] 50%E FAdsH= ACE B IEATKKim & Kim,
2011). T2 £ dolies 7hE £ 5AUX Agsty dof
OJgh WA EAo] HASHE|Ql N, oo whel FMLT} eRgHo R
FAE Ao gt oj2fst A2 1 B A ok A
o] =(Park et al., 2008)2} 91A0](Kim & Song, 2010), 93} Eat
7F T (Lee, 2024) AN E FARSHA BarE]of, ZhEFol g
% carotenoid A7} thA]o] Mz W30 Q3 IS ol= 2O
2 yehEch

7171 =XH

a2 2 A7 A9 V1A 223 57 A= Table
40| AAISHATE. Fe= g B 0% F71E0] 10,539.38 NO=
7V =9k, 32% A71E0] 7,310.22 N2 71 weko vy A7leF
S710l W Fogt Aol HYEA] it RS e v
H7¥go] S7FrE -20.14 JollA ~115.30 J&= A} oM = ¥
= HPou FoJ3t Aol gl ©E/d 0.40~0.43 mm HE
oA, S/ 0.33~0.37 JFIoA &E 7ok T EHAL
o, WAL 2,074.77 oA 961.48 &2 TAdh= 73S LFERHC
U 2E o5 Alol= gIgiH:

2 AFolMe g 2 71l Sl wet ohAle] Hx
Zastal Fabg-wed-SA4E S7IsH, AL Aashe
FE FRIstF oY Al Tt Aol FOJsHA] it of=et 2
T Mol SAR AR 24 4ol 17} A=) tat i
spoteiehe BA% 0 Eatet Holst et Yskehe Wi}
U] $HH Cho, 2006; Kim, 2008; Lee & Noh, 2009; Choi & Kim,
2011). ohek, AE9] Aol Atnict ARke At B uEQls
o, 4 22 A7F thel(Lee, 2024)0ll4= FAE H7HE 57100
e} A7) FAastH oL, 738K Yoon & Choi, 2011), 2 (Lee et
al., 2016), 29k Bt A7} thA(Yang et al., 2018)0]A= Q3]

y

ox rlr

o)

Bx7t S7IIAH:. ole FAIES 2 A AololA 7IQlsk=
A0 AHOR S8 Tl W BARo] H7ieo] gl
= thalo) U 727k ALeA A7} okl 4 9] uhEolrt
(Lee et al., 2016; Yang et al., 2018).

Azron e B W) wet )AH 2179 wske 5
A2 0 mi FAFGOL, AR 7 Holet Hol glof 7 ol
chale] 714 27000 vlAl ke ARl Aow WL,

718k ot

w2 B A7 A4 712 871 A= Table 590 AA]
SFoict &t 715 EoME Y 0% H7kEo] 5.008 0= 7}
Aok, 24% 7o) 6.95H 07 7 =9kth(p<0.001). o=
7 Bgdo] $R8-5 carotenoid AA(Kim & Song, 2010)7} th419]
Aol 37gAoE A-get At wekEnh

F 715EoME g B 0%} 8% H7kto] 77} 3.85%3)
420802 7P Wokon, T BT 24%¢9} 32% W7k 4
6855} 69590 73 EUTHp<0.001). 7 B2 A7} b4
(Lee, 2024)7t 2 A4 7t == HE|(Choi & Lee, 2017) Ao
A SARRE o] BrRlsigion], ol B 40 ] i
o] % 7|5 0] FHHOR slojgly| oz ek,

9 7SROl 78 R 0%t 8% A7F2o] 21t 46043t
470802 71 Worom, 24% 7ol 7.108 02 7P =9k
(p<0.001). L2t 32% F7LlAE 7127t §43] Hobdth
o= 7hg 29| I 7I= sl st Ao o 714t
(Kim & Song, 2010)2] A5k, B AH.0] BouKOlfa et al., 2021),
12]3 limonin¥} naringin 5] £9KWoo & Ha, 1997; Chung et
al, 2000; Kim & Kim, 2011)0] =E2]7] Q1€ Anlz & 2
oJcth. o]9} H]:3t AFKS Kim & Kim (2011)9] 7+ 2% A7}
719 AFtolM T gl Bl Uk o, 32% F7tolAE A6t

Al 7Sk v 52 aEe FAISH, A 28 A A

Table 4. Mechanical texture parameters of Jinmal Dasik supplemented with citrus mandarin powder

Citrus mandarin powder ratio (%) Hardness (N) Adhesiveness (J) Springiness (mm) Chewiness (J) Cohesiveness
0 10,5639.38+3,510.84 -20.14£26.81 0.40%0.05 2,074.77+674.94 0.33+0.04
8 8,807.72+3,576.03 -39.39+27.59 0.40+0.03 1,307.69+640.22 0.34+0.01
16 8,424.15+2,734.10 -48.98+61.79 0.41£0.03 1,299.21+596.83 0.35+0.06
24 7,551.07+1,419.80 -58.92+10.61 0.41%0.05 1,118.92+303.65 0.36+0.02
32 7,310.22+1,557.31 -115.30+15.90 0.43%0.03 961.48+134.57 0.37+0.02
F (o) 0.666 (0.630) 0.627 (0.654) 0.254 (0.901) 2.066 (0.160) 0.473 (0.755)

Each value is mean+SD (n=3).
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Table 5. Sensory acceptability of Jinmal Dasik supplemented with citrus mandarin powder

Citrus mandarin powder ratio (%) Appearance Flavor Taste Texture Overall acceptability
0 5.00+1.08* 3.85£1.27° 4.60+£1.47° 4.30+1.34° 4.15%1.39°
8 5.10+1.33® 4.20+1.40° 4.70+1.63° 4.30+1.38 4.35+1.42°
16 5.85%1.50% 5.65+1.31° 5.70+1.34° 5.75+1.33° 5.40%1.19°
24 6.95+0.89" 6.85+1.04° 7.10£0.91° 6.75%1.21° 7.05+0.83°
32 6.45+1.19 6.95+1.32° 5.05+0.94% 5.80+1.32° 4.75+0.91%
F 9.663 (€0.001)" 25.819 (0.001)™ 13.217 (£0.001)™ 13.013 (€0.001)™ 19.902 (£0.001)™

Each value represents Mean+SD (n=20).

Sensory acceptance score were evaluated using a 9-point hedonic scale (1=disliked extremely; 9=liked extremely) to assess the following sensory attributes. Values with
different letters () within the same column differ significantly (c{0.05) based on one-way ANOVA followed by Duncan’s multiple range test.
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Table 6. Quantitative descriptive analysis of Jinmal Dasik supplemented with citrus mandarin powder

Citrus mandarin

. Yellowness Citrus aroma  Sweetness Sourness Bitterness  Astringency Hardness Chewiness Moistness
powder ratio (%)

0 2.30£1.53" 1.00£0.00° 5.70+2.25 1.00+0.00° 1.30+057* 1.10+0.31° 9.10£2.71  9.10+2.95  3.60+1.90°

8 405+237° 3.90+245° 585+208 3.20+2.02° 200+195 235+2.11® 810+3.09 8.75+2.83 4.75+197°

16 7.70+2.41° 7.25+2.12° 7.35+1.73° 6.35+2.06° 3.55+2.68° 3.15+£2.30° 825+2.73 875+2.86 7.30+3.33°

24 10.15+2.39° 9.70+2.41° 945+2.01° 820+219° 3.60+2.44° 320+2.35° 825+25  865+3.07 9.10+2.83

32 11.25+2.86° 10.85+2.41° 945+256° 10.15+2.56° 5.05+2.96° 3.90£273° 7754348 855+3.24 9.15+3.77°

£ 63620 75411 14.745 69.670 8.385 5.000 0.575 0.096 16.629

o (€0.001) (¢0.001) (¢0.001) (¢0.001) (€0.001) (€0.001) (0.681) (0.983) (€0.001)

Each value represents Mean+SD (n=20).
DODA were evaluated using a 15-point intensity scale (1=very weak; 15=very strong) to assess the following sensory attributes. Values with different letters () within the

same column differ significantly (£€0.05) based on one-way ANOVA followed by Duncan’s multiple range test.
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Fig. 1. Principal component analysis showing (A) the loading plot for
sensory characteristics and (B) the score plot for Jinmal Dasik supple—
mented with citrus mandarin powder. O: Jinmal Dasik without citrus
mandarin powder, A: Jinmal Dasik supplemented with 8% citrus mandarin
powder, [I: Jinmal Dasik supplemented with 16% citrus mandarin powder,
&: Jinmal Dasik supplemented with 24% citrus mandarin powder, Xx:
Jinmal Dasik supplemented with 32% citrus mandarin powder.
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Table 7. Antioxidant activities of Jinmal Dasik supplemented with citrus mandarin powder

Citrus mandarin Total phenolic content

Total flavonoid content

DPPH radical scavenging Reducing power

powder ratio (%) (mg GAE/100 g) (mg QE/100 g) activity (%) (OD)
0 4.06+0.26°" 0.01+0.01° 38.37+4.14%" 0.74+0.02°
8 8.97+0.07° 0.50+0.03° 54.39+2.13° 1.11+0.05°
16 10.64%0.41° 1.0420.07° 72.74+1.45° 1.29%0.03°
24 12.12+0.23° 2.01+0.06° 93.22+0.19° 1.62+0.09°
32 14.90+0.74° 3.76+0.31° 98.19+0.30° 1.92+0.06°
F© 288.249 ({0.001)™ 316.925 (£0.001)™ 403.083 (¢0.001)™ 199.690 (¢0.001)™

Each value is mean+SD (n=3).

Walues with different letters () within the same column differ significantly (:X0.05) based on one-way ANOVA followed by Duncan’s multiple range test.
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