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Quality Characteristics of Yanggaeng Supplemented with Freeze-dried Citrus Mandarin Powder

Min Ah Cha, Hai-Jung Chung*
Department of Food Science & Nutrition, Daejin University

Abstract

This study assessed the quality characteristics of Yanggaeng prepared with different ratios of Citrus mandarin powder: 0,
2,4, and 6%. The moisture content was lowest in the controls, while there were no significant differences among the groups
supplemented with Citrus mandarin powder. The pH significantly decreased as the amount of Citrus mandarin powder
increased. The lightness (L), redness (a), and yellowness (b) were lower in control groups compared to Citrus mandarin

powder groups. Texture profile analysis showed that the hardness of the Citrus mandarin powder groups were lower than
the control (which was the highest). The total polyphenol and flavonoid content and DPPH (2,2-diphenyl-1-picrylhydrazyl)
radical scavenging activity increased as the amount of Citrus mandarin powder increased. The result of a sensory evaluation
test revealed no significant differences between the controls and groups with 2% Citrus mandarin powder added in color,

smell, taste, texture, and overall acceptability.

Key Words: Citrus mandarin powder, Yanggaeng, total polyphenol content, flavonoid content, DPPH radical

scavenging activity
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o] &5 oA L F87F S| FAIE AL Urk(Han &
Kim 2011; Han & Chung 2013). 4732 98 5 3He
90% ool 2ol dfFE FEo] o] Bygo] A5 A
2 AFshd gA TohE =71tk (Lee & Choi 2009; Han
& Chung 2013). BF=2 H7bEe A9 2 SIS
2 gAE L e Selage Ay 8] 227 Ha
715 SSAIT= vTE L] MAS FXE )
HE FE= ZH7F YthSeo 1994). 59 Mgl S

o AS mu S ALg

T T
2

A7to

o] 22

—
a

R
pu-

= H

anthocyaninA] 240l 2J3] &2 S
o] Ak} HIER] By S5 -fEo] Atk(Song
2011). H2 A7 gk A4lo] F7IePHA 78 Az
7158 FAEE e g ArE AdE et A
ATEE % E(Choi & Lee 2013), ZUA E(Seo

& Lee 2013), 54 559 (0Oh 5 2012), 2TAH(Kim

o 1 o

2012), A7}7F+MHan & Kim 2011), B8 (Kim & Chae
2011), & F=9Y(Ahn & Kim 2010), =3}7F2(Choi
2010), 34 (Ku & Choi 2009), =2} (Park 5 2009)E
7¥ek Y A Fol BaE vk 3l
sk, 5535 Aluk) )& Y= 2 (Citrus mandarin)
< &3 (Rutaceae) &S (Citrus)2] 2EZ 99% ©]/do]
Azl A= Q3 21 F gde] ek vitkdAl &
F Aol 7R Atk FE o]FaL th(Jeong 5 2004,
Song 5 1998). Zr=ol= &, 7714}, vitamin C, carotenoid,
pectin, flavonoid 5°| $Hr=o] AN =& 23 A/
o] A oA 7] F=E HIER! CoF Edll o3 Zlew &
Ao} HZol= polyphenolz}t flavonoid 59 7154 A
ol oJgk Aol o] AFE Fste] WAL Glof o]
AEES B8k A7t R8E AL v (Ahn 5 2007). 7
S W vk opuet XA A B R o] &
A= AZ = hesperidin®]Y} naringin} 72 A
iatkst, Aat, A AS o, WY 4, BAE
738l Tl &zt Aog WIEY QTHCha 5
2000; Chung & 2000; Jeong & 2004; Kim & Song 2010;
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<Table 1> Formular for Yanggaeng added with Cifrus mandarin

powder
Yanggaeng
Ingredients
& ® S-oV S-2 S-4 S-6
Citrus mandarin powder 0 2 4 6
Cooked red bean 100 98 96 94
Oligosaccharide 15 15 15 15
Salt 0.2 0.2 0.2 0.2
Agar powder 0.8 0.8 0.8 0.8
Water 110 110 110 110

S-0: Citrus mandarin powder-0%
S-2: Citrus mandarin powder-2%
S-4: Citrus mandarin powder-4%
S-6: Citrus mandarin powder-6%
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4. S pH gl MHAE =X

W] Fre AR 1o SF7T 4mLE H7lste] +4
3A1713L ¥4 E2] 7] (FLETA-5, Hanil, Incheon, Korea)S
o]-&-3te] 5,000 rpmoll Al 40F7F AAEE S v 5
200 uLE # 3kl F=Al(Atago PR-101a, Tokyo, Japan)Z
=433t pH B At SH S ]311*15 478 5g9 20
mLe] SFTE 71t 23t & 5,000 rppmoll A 4057F
At de Fede % o} At pHe= pH meter
(InoLab, Weiheim, Germany)E ©|-8-3l¢] 27438193 Z4t
Ee ded 10mLE Fste] 0.1N NaOH= 27 s}t
pH 83° =23&l=d Qa3 NaOH U(mL)S =% 3te]
citric acid o 2 $hikale] XA ST

G789 M= MR (X 777, Juki, Tokyo, Japan)S At
&3t WE(L, lightness), 4% (a, redness), & %=(b,
yellowness) 75 243102 72+ 2229 43] vH =43}
o] HEHS ol g3t

6. 7 A =22 =5

G783 71AIA ZA 72 theometer(Compac-100, Sun
Scientific Co., Tokyo, Japan)E A3l 7 Z(hardness),
ek A (springiness), 254 (cohesiveness), %4 314] (chewiness)
E_Q_ _Z-_PH 0}01'7 71— ;qa-?—ﬂ‘ 6@:] l;ll-_E'. _f_- 6‘]—0:1 ﬁﬂ—a—7]——°—

o] &3t &4 Al AFEE 271 test type: mastication,
load cell: 10kg, adaptor type: round (diameter 10 mm),

distance: 50%, table speed: 120 mm/min®] %It}

methanol 20mLE 7eto] Aol 2417 A" wnkgk &
4,000 rpmell A 3087 AAEe|ste] A FSAE ARS-St
At} Dewanto 5(2002)2] W< AR WEsHe] A& 0.1
mLell 1.9mLe 57/ Folin-Ciocalteu's phenol reagent
02mLE 7}k & 327 A-2olA WAL 3} sodium
carbonate- 8% 04 mLE 7}ste] &S & THA] 1.9mLe]
ze"é A7yt o] £

AR F 725 nmellM FEEES SA s E%%éli%
tannic acids ARt NS A F AlE 100 mL
mg tannic acid® YERAITH ZetRo|E 3 S
HE o 34 Ao/} 5L HoR 29 A
€9 04 mLol| diethylenene glycol 4 mL2} 1N NaOH
0.6 mLE 7}0}04 vortex mixer® & &35 & 37°CollA] 1
AIZE REEAIZ] 2 420 nmollA] FBES SA AT FTE

A2 % naringing ARSSt] AFAE 2SE & AJE 100

=

oy lo
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mL 2] mg naringin®Z YER ST}

8. eitlst Ed £
%73l DPPH (2,2-diphenyl-1-picrylhydrazyl) radical 4x
As 23S % sl B 24 Agelrel BU e
2 %29 A2 29 0.1 mLo DPPH solution(1.0x10™* M)
2mLZ 7¥ete] wRksla Aeoa 3087 WAl & 517
oA SFE S Z24319.9™ DPPH radical 2A4E4-e th
A)

= 22 ARt

3 Axtsiint.

_l
19

DPPH radical %71%5(%)~(1 - J—————H-——;q %E %100
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=

¢+ ¥ (reducing power) =782 Wong & Chye(2009)<]
s A MEste] ST &, F FeEs 9 S
4 Agore} Fds oz FEH AIFE 49 1.0 mLY
0.2 M phosphate buffer (pH 6.6) 2.5mL%} 1% potassium
ferricyanide 2.5 mLE 7ot 2 EFakal 50°CelA 2037F
HEEAIZAT o8 deow YA F 10% TCA &9 1
mLE 7Fsle] E3tslal o] & 1.0mLE F3l S/ 1 mLet
0.1% FeCl; 0.5mLE 7Feh th& A4 1023 AT

3 700 nmol| N FF=E S

=
=0 oo 3k AR Z47; st & Al "ot
A|5-8153 k. A (color), WA (smell), BH(taste), 2|7 (texture),
A A9l 713 % (overall acceptability)el] #H3lo] 778 2=
(1A W% do), 28 B50 = dr} 33 of7k do), 44
AR HAE R}, 54 o £, 64 HEoE FU, 7

4wl Frhe AMgstel Wrskn.

)

10. SAIAM2|

e AYe 33 o] vkE SASAL AR SAA
+ SPSS(Statistical Package for Social Sciences version
12.0)5 ©]&-3t>] Yt 3t xHmeantstandard deviation)=

BT BAHLA(ANOVA)C. 2 BA1E f-2)4 (p<0.05)

o] &1H 7%, Duncan®] T $17 % (Duncan’s multiple
range test) O = 7} 7] Zfo|E S 3T

= =2
1. o] $EBY, pHY Y=

g B AT gElele] Al el s, pH
2 gr ZHANE <Table 2>9F 72t} FEHS iz
o] 4259%= frolFoz 7P IER HIbEo] 4391~
44.24%2 7H T8 HUbFo] SIS A% IS
U 23 2ol A TH(p<0.05). BIE(Kim & Chae 2011)
I =52P7FH(Choi & 2010) 7t 78e] AFeli e FAE
A7vgol F71ETE FEdEol S7IsItka Bargh v,
& E'Z(Choi & Lee 2013)3 A Fw(Lee & Choi
2009) 7t Y7e] Aol = & Eda A uga) Arek
o] Z}7t FIVETE el el fAEiittal Bl
It Y739 pHE Wiz0] 5.942 7P =43 2%
7hE 551, 4% 7 5.04, 6% F7RE 4708 7 B
o AV VS foH R Paske A4S UE
Wlet ol 7+ 229 pH7F 3.128 29429 pH 5.62
B} gt7] wiEel ez o AR tH(data not shown). -S4t
(Ku & Choi 2009)3} E-Fu|2](Han & Chung 2013) 7}
P AT E FAE H7bFe] S7HTS pHRte] &
oA AYS Histe B Ay fARE A3E BT
F7ie] Fe= tixto] 8.55 BrixE 7P =gkl Hrko)
8.00~8.20 Brix® thZH Ut} Sokon} Hrkt 7hol| f24
Q1 Zfol7F fAATH(p<0.05). A 5mk(Lee & Choi 2009)9}
=27FE(Choi 5 20102 H7FsF 9789 AFola= Ha)
B H7bFe] S7HERE 9t Holdthal Bkt vt
Hel], £A8 F5H(Oh 5 2012) H7F Fe] Arre
FARE] H7HEel S/ TS Bt EothaL Halslo
2 A3 zpolE B o= H7HEe] B sl mEl &
740 FErt S S & T e Ak
2. Mg

7 B AUERS gElste] Al ] A= S84
= <Table 3> 72t} HEE e E Like tjxo)
10472 714 S9ka 7 B Hviego] S7ies Stst

<Table 2> Moisture content, pH and sugar content of Yanggaeng added with Citrus mandarin powder Mean+SD
Yanggaeng
S-o S-2 S-4 S-6
Moisture content (%) 42.59+0.18%? 43.91+0.42° 44.05+0.56" 44.24+0.43°
pH 5.94+0.07 5.51£0.02° 5.04+0.03° 4.70+0.03
Sugar content (Brix) 8.55+0.07° 8.15£0.07* 8.00+£0.14* 8.20+0.00*

DRefer to Table 1.

PMeans with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple range test.
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<Table 3> Hunter's color value of Yanggaeng added with Citrus mandarin powder Mean+SD
Yanggaeng
S-oY S-4 S-6
Lightness (L) 10.47+0.55%) 14.66+0.54° 16.32+0.56° 17.72+0.42¢
Redness (a) 5.36+0.62° 6.87+0.00° 6.81+0.14° 6.76+0.56°
Yellowness (b) 3.16+0.84* 8.57+0.05° 11.05+0.43° 12.57+0.01¢

DRefer to Table 1.

DYMeans with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple range test.

<Table 4> Textural properties of Yanggaeng added with Citrus mandarin powder Mean+SD
Yanggaeng
S-0" S-4 S-6
Hardness (g/cm?) 25.45+£2.23%) 21.37+3.06° 19.00+0.94* 20.55+2.40°
Springiness (%) 173.43+12.64° 181.85+11.14% 205.51+31.88 219.33+32.34°
Cohesiveness (%) 46.31+6.51 44.10+1.53 43.07+2.80 46.15+5.35
Chewiness (g) 45.05+8.28 39.99+4.92 37.46+4.17 44.48+5.46

DRefer to Table 1.

PMeans with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple range test.

o] 2% H7KEO] 14.66, 4% HA7REe] 16.322 YERIL 6%
A7REel 17.722 EA) Uebtoy 4% A7ea 220
2ol 7F gl THp<0.05). B9 A7t Y78(Kim & Chae 2011)
o] AFdM= HYe A/HEGE HWErh Fokdtal Bl
slo] B A3 Gl A B FJAEE e a
e gito] 53602 7P WA UEREAL M7l 6.76~
6.87% tETEHT =A Uep oy H7kE 7l {22
ztol 7k §iSith. o= EFuE] 2 A7t e AT (Han
& Chung 2013)0llA tize] A 7L 71 Sk A7k
oA E=A YeRg o HrkE Zhll 21420 zke]7t fitkar
Bs g3 22 Zgelh. wkdol, SYA £ 7t
278 AT(Seo & Lee 2013)014 v S} Bk H 7ol
F7HE AAErt foHog FTleke A Btk
_1{4

bak o] 31692 FolH o g 7P SkaL 2% A7t
T 8.57, 4% 7L 11.05, 6% H7HE 12572 & B
A7Vgo] F71ETE o802 F7F = (p<0.05) o)<
2 B A1) galo] pgtoll JIRS & A o7 AlgHTh
g 7HPark 5 2009) 7 B AFoME HEertE
A7VrE A7t STk AES Ueie] # Ags
AR A4S Bk WA QTIA - (Kim 2012) H7F 478
o] AFelM e FAE F7HEe] S7HEeE FA T} Hot
A A4S VERIUTHL Buste] B A3 2jo]E B
o} olde] Az gie] AL HrtsEle AR o) 9

3 s dethe AS & T AT

S
e Y AhS gkl Alxd el 71414 x4
=

4 S4A = <Table 4>} 2ot A thxto] 2545 g/

em’Z2 7Y =3 H7RE0] 19.00~21.37 g/em’ o2 R
Hop WA R o HrRE el fol 9l Zbel 7t §IS1
tH(p<0.05). Kim & Chae (2011)2] Aol 474 A=
= T Ado] oM FEFEe] S A
Sthal BEN 2 AF Ay R B2 Hkrl
A|(Table 2) 7A%7} WA Yebdo 24 fARE 43S B
FAtt. Z27E(Choi 5 2010), 771 +(Han & Kim
2011), 38529 (Ahn & Kim 2010) H7} %78e] A4
FAE H7bo] S-S Aot AAadtha Bargh vk
H, & F'Z(Choi & Lee 2013), YA+ EZ(Seo and Lee
2013), T2Z2]7} B (Park 5 2009) A7t 78] ArellA
= TR A7hge] S7MESE AErF SUkethaL Balst
o H7tEe= FAIES] S wet 7] b Ax HilkE
el 28 & 5 A0tk &AL tixio] 173.43%E
71 SEETL 2% 7ROl 181.85%, 4% 710l 205.51%,
6% HA7Rrol 219.33%= & i HUbe| SRS 5
7¥ebe 73S HATH(p<0.05). o= 717 7 48 A
T(Min & Park 2008)°] A3}l A S BT &
738 43.07~46.31%, W3S 37.46~45.05 g0 & BE A
5 2ol oA 2ol 7} gt

o A7V gElste] Alxd ] F EYEE
2 SR ols 3 4 A= <Table 5>9F 2t} & &
gl e tixwto] 7.96 mg/100 mLE 7HE Sk 7t
= B Hrhge] TS foF o R FUtete] 2% H
7V 17.41 mg/100 mL, 4% H7F* 23.05mg/100 mL, 6%
A7HE 3025 mg/100 mLE YEht 6% H7Ee] 7P B
HEd E4S sk A4S ¢ AATH(p<0.05). thx=-
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<Table 5> Total polyphenol and flavonoid contents of Yanggaeng added with Citrus mandarin powder Mean+SD
Yanggaeng
S-oY S-2 S-4 S-6
Total polyphenol contents (mg/100 mL) 7.96+0.33%) 17.41£1.21° 23.05£0.52¢ 30.25£0.97¢
Flavonoid contents (mg/100 mL) 2.88+0.07* 14.09£0.27° 19.47+1.53¢ 28.701.59¢

DRefer to Table 1.

DYMeans with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple range test.

<Table 6> DPPH radical scavenging activity and reducing power of Yanggaeng added with Citrus mandarin powder Mean+SD
Yanggaeng
S-oY S-4 S-6
DPPH (%) 79.594+2.17%) 85.05+2.40° 90.162.04¢ 94.80-+£0.45¢
Reducing power 0.28+0.00% 0.32+0.16" 0.4340.04° 0.56+0.01°¢

DRefer to Table 1.

DYMeans with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple range test.

o] & ZYdE FFS FE BYF| 93 Hog e
anthocyaninZ] 227} 50 Qlof o] AJito] Eejsls ol
e = AR F2EY FF AE e I ZeE
Ao AKX B-FH|2](Han & Chung 2013), $A13 &
l(Oh & 2012) H7F <] A7olM = HEd =49
FeFe 7bz; 1.70~40.52 mg/100 mLe}F 6.3~22.3 mg/100 mL
HAZ Uepgta EFue] B 23 w5 M7
S7HEEE 712 fojH o g STl Barste] 2
o] Axpel FASE S BATh FepRrolE g
tz0] 2.88 mg/100 mLE 71§ Wi H7kro] 14.09~
28.70 mg/100 mLE 7Hg % H7bgo] S7HErE f94
o=z Jrteld F EeulEs & Aol fAke A4S U
Bl o, o= ARl i FetE o=l ofF A
o2 AlgETh 49789 A7 (Ku & Choi 2009)14 &
g o= HkS 10.36~44.80 mg/100 g0 & TAFEE H
7hge] STHE SR o|E ghgo] STtk A
£ H3ATh
HEAg sishEe AEA da] EExEHo e 23 UiAk
AHE2] shvfol E2F U9l phenolic hydroxyl”]1E 71 W
= SERE FopR oo} Bide] tiRES AR gh
Zraiol FfEHo] JdE ZTHwo|=FE  hesperidin,
neohesperidin ¥ naringin®] 90% ©]’S A5k ksl
e X3S A, WY T A8 T TRk Ao #
oete Ze= HIHI UtkCha 5 2000, Chung &
B AR & EZEEed &
Hr}h 2o = ghlsl S4% o
TR B3 2 9 J7EEY] STl we &t =

O ol _[-mv

©

i

1..

7 B ArhRe gelske] A|Z3k 932 DPPH radical

27 2 APES 4 A= <Table 6> Ltk
DPPH radical 22752 thZ70] 79.59%% 7 Wk 7+
FEZL H7kEo] 85.05~94.80%% 7HEFET H71eo] 7}
55 Sk A UERfo] 6% H7e] 7HY E2
275 HAFH(p<0.05). SUAKSeo & Lee 2013), &
H1H(Choi & Lee 2013), QTIAIH(Kim 2012) H7} %739
AT = FAE H7FFo] F7FE5 DPPH radical 427
ol molthal Raste] B A3 el Ao} {FAFSAT
DPPH radical 2A52 &4 gtz ARE FoIste] 2
F59 A AkE AIElaL QA oM e g4 )
o3t =35 JAAZ F Ae THS vt (Lee 5
1997). & Z@j¥s 2 SR ols & akslse A
(He] gAY BhTaL Has s 9=t (Park 5 2011)
B Ay Ao x g B 7R F EevE 2 29
Hirol= o] F718laL o2 Qlste] AW fe oz
AAFEo] S Aoz BAHL.

7 B A7ERS gElsked Alxe 7] S o)
Z3o] 0.28, A7) 0.32~0.5620.% 273 2% H7kt
ol frelARl ztel7t glgleyt 1 o] %7E 2 & A
7ol S7HEFE S 6% H7REoAM 7P =AU
EPsth(p<0.05). E4F78 (Ku & Choi 2009)8] Ao+
SHNFEE W] SIS $go] SUsIItaL B
SAT AR Foll FkslEe 7H Bdo] EAlshH Fe''
FeSE2 SN 712 o] ) AR Fe¥'e 4 =
FEAS WA EHed SHdEgo] s AT E
YePdth(Piljac-Zegarac 5 2009). ¥ A3 A3} 7 2
o= ZE|HE kR wolE AdRo| o] o] g
olg°] Bz AATH Y HAd= A ¢ F A
Rom T Bbe] ksl AL 71 ZelHge A F
o= Yeht= 2o SRS 7 £2e] Arte &
739] ksl 84 dRol| =go] E o7 g

B R
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<Table 7> Sensory evaluation test of Yanggaeng added with Citrus mandarin powder Mean+SD
Yanggaeng
S-0" S-2 S-4 S-6

Color 5.78+1.33%) 5.37+0.97° 437£1.07° 3.90£1.37°
Smell 4.65+1.20" 4.84+1.19° 4.18+1.17° 4.12+1.12°
Taste 5.09+1.51° 4.75£1.34° 4.59£0.91% 4.00£1.66"
Texture 5.18+1.40° 5.00+1.14% 4.50+1.24° 4.65+1.23%
Overall acceptability 5.37+1.28° 5.37+0.94° 4.53+1.07 4.18+1.55°

DRefer to Table 1.

DMeans with different letters within a row are significantly different from each other at p<0.05 as determined by Duncan’s multiple range test.

6. ZhSAAL

B A7EES gEete] Al e dsAE 4
FH= <Table 7>3 Zoh, Ao thzta} 2% F7hto] zkzt
57883 537802 HIIEA 4% H7REH 6% H7RES
Z}zt 43743 390802 2T 2% H7REETh 9 3
7FERATHP< 0.05). YAE thEdo] 4.65, 2% H710] 4.84
Aoz A H7HENAL 4% 6% A7t 4.18% 4.124
o7 Y B Atk(p<0.05). Bk tETo] 5,098 0% 3
TFEIRAAL 2% H7E 4757, 4% HA7HE 459808 Rt
I Al =o] glo] H7kE W 6% 7R 4.0082
2 7P B2 AEE HIFE A THp<0.05). 272 4.50~
508702 4% H7krol 7P W M= ke A
AHA 75wE et 2% A7kl 247 53780 &
A H7TE AL 4% FA7E 45338, 6% A7 41830 ®
2L 2% H7bERTE fojAoz v HrtE T
(p<0.05).

ol el Axs Fet & wl 2% 7
}o;xqgi H}E}zlﬁ]. 743& Eﬂﬂ-ﬂoq ox/} 7]% 3|
e 3R @@xHL«I A7 vlE 2 2T
4 32 TR EA Yo kst &4
PFE AFS Ndsl= Zlo] asitial dAeE )

L
—
&

=
B AT E 52 Az 2 PO olgsl] P
Az olaksid 54, Fus 34 542 =

Rt bhdont frelael %

= o] /M Eh ng—g— ehlie Lot AA%
FAEE el bake vzl 7

B lznrt Wi ekt 2)A% 237 292
Er tznt B7hzeld YA deit 7k 2
o)A zpol= Tt = Ejvlw S ke eolE g

4 H 7l 1=
PPH radical &7 7+

o= F7kste] 6% A7t
iz 2% JA7HE
o|Foll= Sk 4
%“H, A7 g AAA

O}I:
lo
o)

oA 7P =4 JeRta $ge
Abolel] f-o A Q1 zpol 7t §ll ot
FS JERNT. AeAAE A A
ol 7|3 =oA 2% H7kEo] W
= Aoz HrtES 1:} PEIEIRS %_ o
7yo] ZEHS
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