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Yogurt with Immature Citrus unshiu
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Abstract

In this study, yogurt containing immature Citrus unshiu juice (ICJ) at 0, 1, 5, and 10% ratio was
prepared to measure the antioxidant activity and physicochemical quality characteristics of the yogurt.
In addition, the changes in the pH, titratable acidity and changes in sugar content of the immature
Citrus unshiu yogurt were measured while being stored at room temperature for 3 days. Overall,
the pH exhibited the tended of decreasing as time passed. As the amount of ICJ added increased,
the pH of yogurt showed a tendency to decrease, and on the third day of storage, the yogurt with
10% ICJ added a significantly lower pH than the control group(p<0.05). The titratable of immature
Citrus unshiu yogurt showed significantly higher values on the third day of storage compared to the
zero day of storage(p<0.05). The sugar content of immature Citrus unshiu yogurt did not show any
significant difference regardless of the amount of ICJ added and storage period(p>0.05). In the case
of viscosity, compared to the control group and yogurt added with 1% of ICJ, a significantly lower
value was observed in the yogurt with 10% addition(p<0.05). The total polyphenol contents and
DPPH radical scavenging activity were increased according to the amount of ICJ added.
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QAEE 7]29] YRR Qlof QA ol F-2lgt probiotics w2 ZANF] 2oz K74l EEH|
= AR SUIY 5o tdtt BEE 0] AAE ASA BE A sk tiRAl Ha
AF 5 stueltt (Jang, 2019). 8AEE 34 82 EZIE 51, T 2EE Af B= fVE
< FAtFo & LA Ao 4ot | A3 Haf AFORE of7|d =, & & 7t
sto] Z-&o710] AdeHAl e 22 2WIRtth (Lee, 2008). RAE= 9-FE THE0iA7] thao] 4t
o HE o8] -9 FFAQ 7HI7F FHEL, 8AE Qe RS FulolA 83t 2
< sjo] AALe} W] 7B 59] 7]50] Qlth (Sung and Choi, 2014). S AHE Aslzk8a} Ptat
T QAR FOEOE FEEUS /A 715k ol S5 THIA] Bohe AR 8AEE AR
£ Itk (Min and Chung, 2016). 53] S¥1oAl= F32 &olohe FEEaasrt Zoj=of 3IA
U J4e0] geo] oRjt B9t gobA fEUSe] Bol Uehdth shAu Ha-fo] B9, AxHg
Foll 20~60%2] 7 (lactose)°] O]0] Fikato]l 2J ZA (lactic acid) 02 Eo=H, FollAE &
Abgto] FH[SH= e aso] oJsf Aol BelEEg fEEWS a2lo] A48t e 84
Ex RFEUSC] o= A3 4 AT (Han er al, 2012). 2ol =71 A48 2 9 4730l
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ot Blo] olAmA B} I 70| 28kl 7Psd AAES] Bilo] FoHc). o] wiz}
AL A7} (Kang, 2018), FEIHA (Kim, 2017), 28 (Jung, 2011), -7} (Son, 2013), 2.t]
(Sung and Choi, 2014), T2} (Park, 2015) 59| Filsl BAS A7t R AE AR A7) &3]
oI
o gym umt BTN} FoIN TES, T, PR 3k 2% L oI5
EN _E—,—E-] TYE Z29 2Hsk= o]t} (Chung ef al., 2000). ZFEoll= HIEHIC, FAL 20149,
72 E]0]= (carotenoids), Z}H 0| (flavonoids) §°] T-F= o] Tt (Yoon, 2018). 8
flavonoid SFeME=A] naringin, hesperidin, narin genin, hesperetin, nobiletin, tangeretin 5°] 11l
(Kabe Y et al., 2005; Valko M et al., 2007), hesperidin, neohesperidin & naringino] tjjet A1}
500 diet A7t o A8 0] Stk (Seo et al., 2003). 42 7HE Al T2 GAES] FHE
AATE, AHUEZE, U5 O Ag2s, S5L el B 2w 52 /R 35, &
z9 opggelt Fo= AREo] wuljEy glom Ao W AEoRE g whEEolE, IE
W AL g 22, T (agarye o183 T A AlE, AR SO) AlRE L QU (Kim, 2010).
AFA Aol A o] ik AEat 40 153kE Sl vid 8~109of] oF 5~108t & H&Eo] mj%
TS WollA A H7Ishe 4 AkE AAISKL Slou, H7IA s st tiiato] A
FH e LAAIE Hlos AEStal it (Kang er al., 2005). 2|2 BB HAAR Qlsted
4570 RoHA F7PIAE £Y 4 U 7HRHAE Tidely 7154 AR EA Y TIIE A
Skt #o] #OFA|AL Tt (Chung ef al., 2000). &2 o183t 75 AlF A== O (Yoon,
2018), A1 (Yi, 2014), Zr2HrS 0]85t Uk (Park and Yeo, 2016) 502 Uut 771 AE 9
of w3 @77} Ak
U B 79 A% BHL £
3} 7155 ARt RAEE ThEo] Hilx
3 24 5= Aotk

o

o]_Q_
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Az é.oilﬁ A= AA9] Hdka} gA
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B AYoAE= QAE AZXE Yol RAE A|Z7] (Yogurt maker, Hurumcorp, Korea)S ARE-51%
O™, Lactococcus cremoris, Lactococcus lactis, Lactococcus lactis (LA), Streptococcus thermophilus
(TH), Lactobacillus acidophilus, Bifidobacterium lactis, Streptococcus thermophilus, Lactobacillus
helveticus2 745 QAE AEFE (Caspi yogurt powder starter, Yogurberry, Korea)?} ©A] 25
(Seoul skim milk powder, Seoulmilk, Korea)E- ©]-851o] QAE Wa s it £ 45U
20194 9%o]) AzH A0, AR Rl R RE AFuol 20T YETO] BISA
ARG & Aol ARSRE 2 2EAS 4,000 pmoflA 1087 AHE2] (LaboGene 1248R,
LaboGene, Korea)sto] Aojl 4J5HS Ao ARSIt

X2 Q7E Hx
E& 8AE A= HigHH|= Table 1] YEHHITE 2 3AE AlR= WA S75 24 /5
B3k510] 90T oA 1087 At 3 oF 40T 2 A5, starter®} == —}EO—‘ control (0%), 1, 5,
10%2] 5= 37t & QAE A 27|E o]-&sto] 42T o)A 8A1ZF Bt HEAIFT (Um, 2017). 8A
E=dn % —?— g IS AX7] sl 12417 59 3 Basieiod, 2717t Etelx ¥
Hysh 2 Ao A2 ARSI
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=

Resour Sci Res, Vol. 3, No. 2 | 91



Yi et al.

Table 1. Composition of yogurt with immature Citrus unshiu juice

Ingredients (g)

Immature Citrus unshiu juice (%)

0 (control) 1 5 10
Immature Citrus unshiu juice 0 1.28 6.4 12.8
Distilled water 128 126.72 121.6 115.2
Skim milk powder 16 16 16 16
Starter” 0.4 0.4 0.4 0.4

Y Lactococcus cremoris, Lactococcus lactis, Lactococcus lactis LA, Streptococcus thermophilus TH, Lactobacillus acidophilus,
Bifidobacterium lactis, Streptococcus thermophilus, Lactobacillus helveticus.
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pH & XY 4T =

AR7)710] M g QA EQ] pHel AT E 37 344 11 TR 1Y 7HEog 2A5)
ct. 8AE9] pH 3|451A] ok A|=E pH meter (Testo, KgaA, Deutschland)E oJ-8-5}
HkE S0l A4 e AES Y4 Eesto] dojil ASdS 4 mL 3 T, FHRFE
ol-&sto] 108} SlAotal HEmEH A Aok 32 By & 0.IN NaOH= 245to] 11 4H[F
(mLy& ZAte] Fo= ghilsto] Akksllch

ax f x0.009

RN S e wE

x 100

a: 0.1 N NaOHO| 4H]2F (mL)
£ 0.1 N NaOHS] %7}

J

24 18 ¥k =Y

A717e] WE X 8AES] 7HA IRE2 37 I Haeln 4 i $RE 1Y
7FA O & PAL-BX/ACIDI81 (Atago, Ltd, Minato-ku, Japan)ZE 0|-85}0] 3]A5}R] kS AR E 33
HHE 245199ty QAEQ] A AL0]A Brookfield DV-1 Viscometer (Brookfield Engineering
Laboratories, Inc., Middleboro, USA)E AR8-510] 2431tk A =4 A| spinddle No. 935 0]-85]
) 50 el 13 79| 3S Sk

£ H= &2F (Total polyphenol contents, TPC) S

2 97 E9 & HE 3EES Folin-Ciocalteu (Singleton and Rossi, 1965)2] H'HE AX H¥Fs}o]
ARSI, 4,000 rpmoflA] 10427t YAl sto] A2 ZF A|=0] AF5H 300 Lol S74= 900 nLe}
2 N Folin-Ciocalteu’s phenol reagent 100 xLE ‘do] wHlst & A.20] QFAofA] 587t WkSA|HTH
71 %] 2% NayCO5 300 pL} F57< 500 pLE F7bste] wut & A2oA 1A7F ¥hEAl7|aL
microplate reader (EpochTM, BioTek Instruments, USA)E AR&510] 760 nmol|A] S EE 4513
o} B4 gallic acid (Sigmam-Aldrich, USA) 802 Zpgstom, Azl & His ke
1 mL 9] ug gallic acid equivalents (GAE)Z YERHSITE.

DPPH radical scavenging activity &8
S8AEQ| DPPH 2tz &A S/ 4,000 rpmol A 1027 AAEAIX 2 A|59] 4F5 500
¢Lo]l 0.4 mM DPPHE 1 mL gof ikl AL2-9] QkaofA| 307t §EE-A1] F microplate reader
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2 Agsiol 517 mmollx] FHES 259

SAXE

E7 42 Minitab 17 (Minitab Inc., State College, USA)°]| 2Jaf] 4=359l.0H, 7z A)59] 9914
(p<0.05) AL ot EAHEA (ANOVAYS AAot3It) AL A4 0 2= Tukey?] T HAAIE
< A3

n. Zat & o

ot

2 A5H 71 (control, 1, 5, 10%)S ThEA| ot A|23T R AEE WHIgE H Qe TS
STt (Fig. 1). Control (A)9] % -Sa1Eo] EAf5HA] o} wjmaiglon, a2 25N 1% H7t
8AE (By= 19 SaE0] EA ok iAo g e FhS Bylow tixsto] Blsf <kt
Eoirl A SRIT 5= Ak E2F F5H 5% H7F 8AE (O A2 -S1E0] ol TA TE=
dom P (A)%F (B)ol| Hol mobHt E& A5H 10% H7F SAE (D) LolAl= 22
SIEY & 3UES WY 5 g19on FPLTl ol AZ ERIT £ glth £F A5HY
A71go] S71dE Fole7t A1 wow R AES] RREr} opdl A& Sto & SjIg 4= QI9l
o} olgt Qe et A2 2 25N ko] St it 8 AE] EAk= R4

Fig. 1. Appearance of yogurt according to the amount of immature Citrus unshiu juice. (A) 0%
(control), (B) 1%, (C) 5%, (D) 10%.
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Skl S7FslA Al o2 Qlsf pH7F A ] wet fedEo] S Aof whE AdE Hojzlck
(Jung, 2004).

pH 3 HEMET

2 25N H71F (control, 1, 5, 10%)S TH2A] sto] A2 8AE] Az & A 7|71
w2 pHO| HSHE S743F ATKe Table 29F Tt URHAQI 9-7-9] pHE OF 6.5 =2 F/40] 77k
AE 7Y, B F2 AFAE YA g2 dR219] HE AF pHiE 4.220|%04, A 3UAje=
41602 ZHASH ot Q] Ajolg o= Atom (p>0.05), F& A5HE 1% ¥ 8AE
£ 49 A% pH 4.200] 0L, 3YAJ0= 4122 FASHEA fo]2og Yol FFe e
ot (p<0.05). £F FFAS 5% B AAEE WA T pH 416914 3YANE 41002 F45H9]
o g ZFNG 0% Y& RAEE 9 A3 pH 4.1304] 3YAJ0l= 4.072 ZASIA 5%}
10%9] 7% 2471780l w2 §o4Ql Zjolg Holx|i= dSith (p>0.05). £F 8AEE AEA9
H71gol Sl Wt A1 0gAollAl= pHYF WolAl e AFE B oU R9442l AJolE HolA|
£ dokod (p>0.05), A% 3UAjel|AE izl vlg] & 25 10% H7F SAECNA FoF o
2 W2 pHE YRRl (p<0.05). E3L A7t FAGlo] & 259 Aol S/
w2l R AE | pH7} WolAls B3RS UEet, ols 2 25N W2 pH (3.189)7F 9
oz Ao AZE (Yi e al, 2021). FEIERA G5 2E2ES HA/IRE 872E9] A9 A 149
A7 s AR pHYE Fhohs H3E UERo] £ A9t fAlt H3S 1T 4 3N
AA717ko] F7Vstol| Wt @ AES] pHYL FhAshe A2 A7 B3t AR A Eo] A
Fo] §714ke] Fo] SISt Ao W& Avkg HoJZct (Kim, 2017).

i

i)

o] HSkE 24 AT: Fig 29 2k 2 A5AE YA 2 dx7o] Ea A Al
0750100, 39Alol= 0.92% F7FtRon & A5 1% Y2 AAES Ta A% 0.789]3
o1, 3UAPlE 09602 FUIet] A 3UAINE BE FojHoR =2 2 UEislt
(p<0.035). 2 HAFHE 5% P& AAES] AL TH A5 0.780]310L; 3UAjl= 0.922
S7telon 2 AFAS 10% P2 8AE= Ta AF 0830|3104, 3UAo= 09608 F7Ts}
of 2 25 7Kg BARle] A 3RAOA B FOHoR 22 AAAEE e
ok (p<0.05). A 09I} 1A= 2 25 10% 7 AES] A7} 0.83, 0.92%
e AlEsl Hisl fold e w2 ghe U (p<0.05), A 38Rl e iz Aot
NRETE §oJ4 HolE Ho|x] kTt (p>0.05). Lee (2008)9] Aol wEw Aol @ AE

Table 2. pH of yogurt with immature Citrus unshiu juice

Immature Citrus unshiu juice (%)

Storage days

0 (control) 1 5 10
0 4.2240.05* 4.20+0.02* 4.16+0.04* 4.13£0.03
1 4.20£0.04 4.17£0.03B® 4.1420.0248* 4.09+0.055
2 4.17+0.02% 4.15£0.014% 4.1140.05"B 4.07+0.02%
3 4.16£0.04* 4.12+0.024B° 4.10£0.015 4.07+0.05%

All values are meantstandard deviation (n=3).
AB The means in each row followed by the same letter are not significantly different by Tukey’s multiple range test at p<0.05.
*® The means in each column followed by the same letter are not significantly different by Tukey’s multiple range test at p<0.05.
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Fig. 2. Change in titratable acidity of yogurt with immature Citrus unshiu juice during the storage
period at 20T. All values are meantstandard deviation (n=3). “ Different capital letters indicate
significant differences according to the amount of immature Citrus unshiu juice. * Different small
letters indicate significant differences according to the storage period.

RAZO] AL 0.7-12%0] M 7PH0F s, B A7old £2 D5 Wl aree)
AL 075-096%2) W91 UER} uighdst A84Es AN AL SRIsist. E, Jung

€ 8AEE Azl Al Fdole IA 72t 92 AR AdEd dipHos X A%
A2 H7IRE RAET} ti2o] vjs) S pHY} 2 AEE 7 AoE Yeided], ol X2
A G &, 771 SOl ot pH 4§ AME S7ER BT (Yi ef dl., 2014).

718y nas
%2 229 G/ (control, 1, 5, 10%)2 THEA) Slo] AxE aAE0] 184 WPR Aok
Table 33} 2} F2 [2AL W] WL control®] W& 2 784 THEE 919 Brixo| Q0.

39X 9.23 * Brix2 Z76IoH, 2 A5 1% H7F 8AEE 2 A% 9.13  Brixo| e

Table 3. Sugar contents (°Brix) of yogurt with immature Citrus unshiu juice

Immature Citrus unshiu juice (%)

Storage days

0 (control) 1 5 10
0 9.19+0.23" 9.13+0.36" 9.07+0.14" 9.11+0.31™
1 9.18+0.26™ 9.10+£0.21" 9.09+0.17"8 9.11£0.33™
2 9.22+0.37" 9.14+0.24" 9.12+0.24™8 9.14+0.20™
3 9.23+0.28" 9.15+0.32" 9.11£0.19™ 9.16£0.32™

All values are meantstandard deviation (n=3).

NS: not significant.
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L}, 3UAE 9.15 ° Brix2 Z7Ftich ESL & A5AS 5% B2 3AEE WE 25 9.07°

Brix0| 2124, 3GAIO]= 9.11 " BrixZ2 S7I3IR e, & A5dqe 10% ¥ 87AE

9.11 " Brix0| 01, 3%A}ll= 9.16 * Brix2 S7FH3ITt. A1 717kl #A ]l
P20l 7H A vebd o, g 259 A71ge] 7Rl wet 8 A EC] 7184 AlgEol
Ste A UEitE X2 259 10% d7oAe 2% Fsshe 432 UrEM E}
Ag71ko] S7Hetel wet e AlRe] 7R3 IgsRe] S7IskE g ERAL

ZJol2 HoAl:= It (p>0.05). Kim 5 (2009)9] ¢7to] wEd wx Buhg 47t R;LEE 9]

A 5 7HAd 1BE FF2 Aadte A dEdlol & dhs e FF2 Hole AeR

RIS Ao, & AFore 87| 7HAd dFEo] 2 A5 A A7 IRt

of e FoA AJolg HolA= A3k (p>0.05).

rolr n:l_‘
5 T

JZi
O o,

He

AEs §5450 580 Ut A4S Uehlis AR WErt £84E $541%0 5840
Aee Aulsid, =7t YEes 5840 w22 Uittt (Kim, 2010). %2 259 4719
(control, 1, 5, 10%)& kA Slo] A2e RAES] HE 57 Fuk= Fig 33 2ok 279 Azt
L33 P 2 7 e A glom K7 A5a Bigol B/ Aol A )
10% A7120] HTi 1,395.75 PR 71 e AT S Holt) tlz7et 28 A5 1%, 5% 27}
2AEY HEL 4049l RolS Hol) gekort (-0.05). AT 8 439 1% W/ 8AE
of uls] 10% 7t 8AEE folFoR W% HEE UERiolt (p<0.05). 8TEE Eqtalo] &
TPE T T AR A AAg 2 sime A4 52 4 A4 S| aTEEY A
o PFS F= 9Qlod BTt (Ramaswany, 1991). 2 ALoAs EF HrlEo] Z715o]
et A RS S7FRlAL He Aadhe S Hlom, o7 S=Yet (Sung, 2005), WA
—E‘ (Kim, 2009y H7I%t @72E9] Aujet fARE A3s H oL, A7} (Chun, 2000),
2ol H|2} (Shin, 1995), AHHE (Lee, 2002)2 H7I5E R F2E Aol A+ AAlo] Z715t0]

Get HEE e 2 Ho] ¥ A7 R ATE Yol

1480

1460 r

1440 |

1420 r
1400 r I
1380

0 (control)

Viscosity (cP)

Additional amount of immature Citrus unshiu juice (%)

Fig. 3. Viscosity of yogurt according to the amount of immature Citrus unshiu juice. All values
are meantstandard deviation (n=3). - Different capital letters indicate significant differences
according to the amount of immature Citrus unshiu juice.
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d

£ s 3
£2 A3000) Wle gosiel AxT a7E0] % Wi TS 24e ATe Fig 49} 2o
F 42002 YA 2L 270 F i B 2,12 4g GABMLOIRT, 2 X5 1% H7}

48 pg GAE/mML, =2 25N 5% A7t QA E= 3443 pug GAE/MmL, 2 25N 10%
479 pg GAEmLE UERgth 29t 3 2594 1% J7F 8AE o= /949l
T ¥ T AolE HolA] kot (p>0.05), TR} 2 25 5%, 10% H7F RAEE /9]

ek XjolE Hojom E£F ZAZH 0% A7} QAENA fojdor o = W
TFZ 7= 22 RIS (p<0.05). Noh 5 (2020)2] Aof] T 2T 82 E 9] probiotics
9} o5 @59 A& HAS I3t prebioticsZ F7Fol= ZHE AFE AF2E9] F s SRIES
S SV S Skl BarE|glom, ofof] weh 2 AollA Eg 25 Hrleke] Sl
il RAES] F HiE o] 7Kt AR Kot o] mXE}7kE (Son, 2013), HlEIEA
(Kim, 2017) 37} 8AE A7t fARE A3 7= 202 RI=I

t 5
m

2

g(r '

DPPH radical scavenging activity

%2 2595 M7t 87 EQ| DPPH 21tz 474 84 Z¥ke Fig. 59| Yerilth dix+e=
42.50%= 7P @& DPPH izt &7 S-S YRl & 534S 1% 7IRE 8AES
46.42%, 5%= 713t QAEE 62.28%, 10%E 3715t @A ES] DPPH &tz A7 &AL 74.07%
& 7 =A YEiH: 2 2 A5H 1% H7F 8 AE Tofl= 721291 DPPH iz 44
24 AJolE HolA] kot (p>0.05), HtollAl= £ A5 7Ige] SRl bt fojFe
& ¥ DPPH 2z 47 B4 BRI (p<0.05). ©]={3t A¥H= Yoon (2018)2] ALoflAf
FZZ AMEsto] AxTE £ oA 449] DPPH Sz 47 EAdo] 229 Al x| 280w
HE fAEgon, txto] Hlg] 24 7R ot AA0A H w2 3 M AoE
e £ et FARE Boks ERISHITE E3L A4F 8FEE (Lee, 2008) A7olME AAS=
£ A71dol F71ktel Wt 8 F2E 0] DPPH 2|z 47 B/d0] S7Fohe A3dE Uehl & a+

60

o
un
T

B

BC
30
C
0 I L 1 1
1 5

0 (control)

Total polyphenol contents
(ug GAE/mL)
s

10

Additional amount of immature Citrus unshiu juice (%)
Fig. 4. Total polyphenol contents of yogurt according to the amount of immature Citrus unshiu

juice. All values are meantstandard deviation (n=3). ~C Different capital letters indicate significant
differences according to the amount of immature Citrus unshiu juice.
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100
£
Z
E 75 2
= B
B
] C
5 s0 C
=
-
L
=
A
A
n u L L 1
0 (control) 1 5 10

Additional amount of immature Citrus unshiu juice (%)

Fig. 5. DPPH radical scavenging activity of yogurt according to the amount of immature Citrus
unshiu juice. All values are meantstandard deviation (n=3). ** Different capital letters indicate
significant differences according to the amount of immature Citrus unshiu juice.

oF fArtE 2 Bt ofegt ks Fa3t 22 HAFo| TR=o] Q= & polyphenol S5}
Eof oJste] itz /o] A Yehhs Zojd, A/ E49 tiF-=-2 polyphenol 30l
71Q1ek= Ao e Az HojZt} (Ko, 2008).

V. 2 <

B QTR FE AFNS 0, 1, 5, 10% MR W] AAES At 5 aAES ojsiiy
BAENT st BHS 2% s} 39 9 A Aol e £ A5 W1 =
of pH, HQAkE, 7484 THEO) WIS S4Bt FE LAY pH B M50 Hriee]
7ol wiel stobi AR B108), A4 Sl daTol v £ A2 106 91
SAZOIA ROHOE W pit el (<005, 3 SAES) AU 52 AT
H7igo] Z7hte] whet oAl AL HACR, A 0ol Hls) A4 3URA B 60)4
0% 2 22 el (005, T2 RAES) 4 138 A7Vol B8l w2t ol
A %L BHOL 929 Holg BolA= elgton] (005), HiES] A4S Bl 7o 2 HE
o 1% A7k BAES] ]3] 10% B LA §olH0E W ke UehholT (p<0.05). £
2AEY] % v S} DPPH SoiZ 47 TS F2 A5 Hieo] Z7Rle wet ol
A% Rtk

V. Al A}

B o =2 %7]47| 3871 (IPET)OA] Aldst SEEa8AAE 9 HAQI AR 71& et
AR (@A ST 1545023819)0] 2l S-3E]Qlon] olof ZAI=Huh
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