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Production Process and Physiochemical Characterization of Low-sugar Yuzu Syrup
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Abstract

Yuzu (Citrus junos) undergoes traditional processing to create preserved yuzu with a sugar content of 50% This study aimed to produce
low-sugar yuzu syrup using artificial or natural sweeteners instead of sugar. Among artificial sweeteners, maltitol showed minimal browning
and lack of deposition at high temperatures. The addition of xanthan gum (0.2%) and carboxymethyl cellulose (0.2%) resolved the issue of
layer separation and viscosity decrease of yuzu syrup. Alternatively, grain syrup, a natural sweetener, improved viscosity and homogeneity without
the additives. Yuzu syrups were developed using yuzu juice and preserved yuzu, with maltitol (20~40%) or grain syrup (50~70%) as the sweetener.
Yuzu syrups containing 35% maltitol (M35) or 55% grain syrup (G55) had less than 5% and 10% free sugar, respectively. These syrups exhibited
taste patterns similar to commercial yuzu syrup in analysis using an electronic tongue. Furthermore, M35 and G55 contained yuzu flavonoids
at concentrations of 19.82 mg/g and 24.09 mg/g, respectively. Antioxidant activity (DPPH, ABTS radical scavenging) of M35 and G55 was
equivalent to 10.55, 17.59 mg/100 g of Vitamin C and 97.39, 33.92 mg/100 g of Vitamin C, respectively. Consequently, M35 and G55 offer
promising alternatives to preserved yuzu, providing low-sugar yuzu syrups enriched with functional ingredients.
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K Citrus junosy= Fra72] YF O 2, vitamin C, limonoid T 2A AY, A A, Ay o4 9 Az S} 7o

7} F5-51H, tannic acid, caffeic acid 59] H=A SHEHE} TFet AlEE0l A7 H ol $TH(Yoo 5 2004b; Fukutome N
naringin, hesperidin 53} 72 Z&tH Lot 3}gEo| T 2020).
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9k G 22 of g A9l ¥Qlo] Hrth(Rubio-Arraez &
2017). o]of wet A 4l thA] A eE ¥ A=7t Ql
715 @1 oH, AZ 71 2=, A, ofo]ATH, AR}
22 g AF Aol A=Al Utk(Dunford 5 2022).
A ZrlEe A= et 1Av s, AArEE 8
Ho}. 17v| 5ol aFr A, ofATNgE AH|H|o} o] I
Stelw, Ao G TE(LHE, ALY, &HlE, v
yE), =919, 71548 FEEEL, ALEA, EYTEL)
5ol &3hKim 5 2016). o]FoAE &H]ES glucosed]
A5 Hrlete] e & G, A9 70%0] sigot= 7
UL AU ot T E2 EH|E9] o] AR, A=
40~50%°] sfFetet. Eek, Xy SH|ERE o]Fof%l o]
F G EZF TEES A5 90%°] Pl ArEE 7t
A, g D A|4(glycemic index, GD= B2} HHlo]
S Ftc}(Park 5 2016). HE| &2 AL 5LT 79
A ot a7t e Ao BiuE 7154 B A
RALL YEREAE QT AS5E JAlotH, Eo] 422
L A A4 9= 7FRthMaguire 5 2000; Kim
2016). M Gl 22 & A 59 HEd JR/E 9
&oto] Az AFoR, & EYus Fgo] FHSITH(Wee
T 2016). 53], 2 A xR A A== TESHITS ©F
FU olgRol Hls| H=E S7HIA AF9 E4% a4
o2 JPAAXITI dEA QUTh(Seog 5 2002).
7HEAES 713/30] F8ctER, RAY AlE2 499

oj

e A SR B4, AR 59 7H B4 W B
% E42 Holg 4 glolof YeHKim 5 2016). olo] wheh
24 9 B5H ZUL AT 5 Ak AE G A48
o] A7 AYe] B A ] GRS A A HE
7} Grobaithe whgo] glol, SHAIR A% A7HA7t ALg

11 )th(Sikora 5 2003; Krystyjan 5 2012; Lambert-Meretei
S 2021). A1F H7HlE fEHA, PEA|, SA 2 A 5
oF AL EE VAR, JE X O Z carboxymethyl cellulose
(CMO)%} #hetg &-8-2 Hk 9 S FAA 542
FAAIXIY. 11 F 7Fepd, 5ok A[go] AF F7HAI7E A
| A7 JAE, A A aet AFHTHAIE o83t A
% $4 AEe AT ouE AAoltSikon 5 2005
Krystyjan 5 2012; Fukutome N 2020).

mEta] B AFoMe Aoz A | 3R fi4l, A
AU REEE, HHE, SHE AdEL, FE2L) B A
A el 24 ol 8elol A §7F VS ALALA 513
ok E3L 0|59 AlY A, olssty B4, T .
W 9T B A B4, 154 AR 39 2 345

g9 2ABIA St

ME U

1. M= Y Al

Z3H(Goheung, Korea)oll A A| 28 F-AH T FAE-S AHE-SH
Aok A A 60%2F HES 40%E T 4 F 2
Eoto] AzxEYoH, FAFS H7HE §lo] 4%t f4F ut

t5et Al ARSSHRTE B3 YRR FAAlolA A

B2 AES 8o BE 35 Aok B4 5
2 1,1-diphenyl-2-picrylhydrazyl(DPPH)}~= Sigma-Aldrich(St.
Louis, MO, USA)ll 4] +Jst3ict. Aglol AR&H 2,2-diphenyl-
1-picrylhydrazyl, Folin-denies reagent, gallic acid, quercetin,
ascorbic acid= W5 Sigma-Aldrichof| 4], 18]l 2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS)= BIO BASIC
Inc.(Ontario, Canada)o] 4 75te] AF83}5ich Lol %] 549
Aok 90% &% ool BLS 2% AL HeEstol A48
Stk W, IS, $6|E, AUBL, FREAL ES 4

Y= (Gunpo, Korea)ZH-E 145}l AR5t

Dy

ol 2> o
lo

2. A8 OiA| 20|z Mgt

FA Aol A'S dAS ArgE Adstr] 96, &
24, RAE, VRS 3:3:4 ¥R A XS0 dY g
MRS A 0%} A% U 2|28 40 FHeeto] AZH
AR 243 D7|9F GUTEE 6535HEE A xR
Park MK(2007)©] 3PS 2 3keich. Tt A% A] ALGEl
FAES =2 AER83%)E 7| SEE HAAI|EE, AY
Az A %o S AT Az 97 A
2o 2 EA EAS ZAFSH] Y3, water bath(Heating
Bath BS-31, Jeio tech., Daejeon, Korea)o| 4] 60°C, 80C, 100°C
2 120 rpm, 3087 7F5to] 4COIA 5UZH B T AY ¥
3= 519} o]F, ZH T = microplate spectrophotometer
(Biotek Epoch, Winooski, USA)Z 420 nmOf| 4] &7J5}o] H|1L
S THLee 5 2008).

3. Al FE A 2IE AF N MY & SM ZA}

FAHT FAS BT A LS
NS A3l carboxymethyl cellulose(CMC), hydroxymenthyl
cellulose(HPMO), ZHet4, FFobd, HEl, Aghy 9l ofzjH]o}
A 22 AEE JA7HA 75 AEsto] HIbekl Alm
o Z+ A7HAIE 0.5% H]&E F<USFI Tissue Ruptor(TR
12520423, QIAGEN Co., Hombrechtikon, Switzerland)E AM&-
sto] #2335, 3Y o)A} 4To A WA A F L o]F M
= A XA (Brookfield DV-1I+Pro, AMTEK, Berwyn, PA, USA)
& 0]-&3}9] spindle no.52 100 rppmo|A] 1&-7F =753t}

oZ
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TAEe= AHE 2,540 A 1027 L2 (Combi S14R,

Hanil Scientific Co., Incheon, Korea) &, microplate spectro-
photometer £ 0] 85te] 500 nmol A 4ot S50 3

T Z}o]2 =73} tH(Mirhosseini 5 2008).

4. A AIEY M=

A A2 AR § AREH EEES 088 /A
H(yuzu maltitol syrup)¥t H7HA| glol B4 SXAIZ

it

Bt S Ay 2

ANE 2= 018 A Al-(yuzu grain syrup) 2714
2t AxstAh TEE 74 AEe BF, AR =
Farste] AT S-S A 60% oA, 2T
A HEES Hl 40% TR & e vEeE 245
(Table 1). TE|ES o83t 7AF AlH2 A, A5, 2H
€ 9 SHAIE EFsto] Alxsiit. Alde A2 o=
WA TEE o] CMCeF RS F7Fsto] Tissue
RuptorE ARg-5to] ARt &, ojof] AR 745 % =
= A7ksto] 80ColA 302 &t 7HEsAT. 7HE Fol=

= 2 TN

20C7HA] Y2stel ALolx Bpsteth 24 94 4G
AL, GAEE o 0% T 4UE FHT A2 AP

oXx

24e Fust] AzFloH, &y g @ BAL F
ANZ17] F3fl 249 ¥ Z2Esto] wigu|E HoAot

(Table 1). §AH3 % 8, 24 I 9, SA4E2 EFoto]
S0CANA] 302 59t 7bEat F 2007k WZsle] Azste
o H3H 02 A2 94 AFL o F Aol B

5. 2, pH, At 3 M

G gAY G A (Pocket refractometer PAL-1, ATAGO
Co., Ltd, Tokyo, Japan)Z =743} t}. pH= pH meter(lon
$220, METTLER TOLEDO, Columbus, OH, USA)E o]-85}0]
7] %04 pH 49} pH 7 buffer® ¥ 3t $of] Z4519]

A G4 AF Az 8 715 24}

69

=z=2 X

o A== AR 1 g& S/ 25 mLof &3fisto] ARgstAe
o, A& &4 10 mLo] 1% phenolphthalein 50 uLE 7}k,
0.1 N NaOHE 71t o Z|Ao] 3027t F-A == AlH7HA]
5] NaOH Fmye FAAHS 71502 Biksto] wg
2 FAEYE ME = A2 1 mLE F3 9 1#=9629, a*=
-0.44, b*=1.322 WATt Colorimeter(Hunter color, Spectro-
photometer NS-800, 3nh, Guangzhou, China)E- ©]-85}o] Lgk
(BE), agt(AAE), bgt(FH s SH5HAH

6. wElg ¥ LESZ| DY

o2t RS HPLC(Agilent 1260 infinityll LC series
system, Agilent Technologies, Palo Alto, CA, USAYE AR&5}o]
H X5}t ZORBAX Carbohydrate(4.6x250mm, 5-Micron,
Agilent Technologies) column©] ARE-E|RloH, Suf AL
80% acetonitrileZ 2087} isocraticC. 2 A7 sto] BTt
g9 58 £EE 1.0 mL/minZ 393, column®] 2E&
30CE AAEACH Al 10 uL Y90, refractive
index detector(RID, Aglient Technologies)Z <35} tH(Won

5 2016). 5 =29 rhamnose, arabinose, xylose, fructose,

24

galactose, glucose, sucrose, lactose, maltose(Sigma-Aldrich)E
47t 2 W A|xste] peak WAL 25K 2G4
2 Bo) AL Al P

W2 2] Tk AVES 108 514519 thin layer chromatography
(TLC Silica gel 60 F254, Sigma-AldrichyS 53l 245}t
AlZE 1 plA F&star, A7) -8l nitromethane: 1-propanol:
water=2:5:1.5 (v/vv)Z2 23] AT &, SHAFEAL(0.3%
N-(1-Naphthyl) ethylenediamine dihydrochloride, 5% H,SO, in
methanol)Z BFAFIT 1 & 120T QEA] 58 SoF &1
spot= ERISFATH(Wang 5 2004). TE=2]1F9] £E=E
2= glucose(degree of polymerization 1; DP1), maltose(DP2),

Table 1. Recipes of low-sugar yuzu syrup with maltitol or grain syrup

Yuzu maltitol syrup

Yuzu grain syrup

Ingredients (%)

M20 M30 M35 M40 G50 G55 G60 G70
Maltitol 20 30 35 40 - - - -
Grain syrup - - - - 50 55 60 70
Preserved yuzu 30 20 15 10 40 35 30 20
Yuzu juice 30 30 30 30 10 10 10 10
cMmc” 0.2 0.2 0.2 0.2 - - - -
Xanthan gum 0.2 0.2 0.2 0.2 - - - -
Water 19.6 19.6 19.6 19.6 - - - -
Total 100 100 100 100 100 100 100 100

D CMC: carboxymethyl cellulose.
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maltotriose(DP3), maltotetraose(DP4), maltopentaose(DP5), maltohexaose
(DP6), maltoheptaose(DP7), maltooctaose(DPS), maltonanaose
(DP9), maltododecaose(DP10)& Carboexpert (Daejeon, Korea)ol|
A FUstol AH83tec

7. X 5 24

AzE FAF AE 38 Al 7H ot "l AV
g7ksl7] Yol AR} & (Astreez, Alpha MOS, Toulouse, France)
AFg-5to] A" E| 3 (Centumtech Co., Seoul, Korea)of| 2]=]
fo] sasheict. At o] RaE 77h1 AAE 22t AHS
(sourness), ANS(bitterness), PKS(sweetness), NMS(umami),
CTS(saltiness), CPS(E.% Q17}), SCS(EZ Qlzho|d, o] %
CPS®} SCSE A9t 5712] AA Z-G=F 0914 1040] 2]
HIZ BHSHAT. ZF ARE 10%2 3143 &, 100 mL9]
A& GAZ 1202 5 39 WMol S48 9l o1& 5
s A% 719 5t B4 © Aol S AFA 0% BAsleTHKim
= 2019).

L

[¢]

P

=
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EoHE, & E2ET0IE ¥ T7ISY E2E L0l
=

OI*' 01 OO
e L O
ol
o

of 6% &%t FAoNA HHEAFTE o] EFAo] 125 Lo
7% sodium carbonate®} 250 LS| ZF4E HUI5kA, ©o|& 60
B7F Ao A HESAIZ] & 760 nmof|A4] microplate spectro-
photometer2 SFTE =759} Gallic acids & &3
2 sto] HAFAE 235k, ol &5 § EdHE 39t
E SRS AAKSlo] mg gallic acid equivalent(GAE)100 g2
LER T

Z ETtR ol gF2 Asokkumar 5(2010)2] HHS &
23olo] =43t A]&E 20 pLo] diethylene glycol 200 n
2N NaOH 20 uLE #7}slal, o]& 37CoA 3087t vh-g-A
Ztt. 0]% 420 nmOJ|A] microplate spectrophotometer® S-33-
£ S #EEE quercetins ©|-8-5t0] 2HJe AT
e &9 & ot dRktE FFE 7oL, m
quercetin equivalent(QE)/100 g© & LERYILY.

7164 EetE o= =Fe HPLCE ARE-5}0], ZORBAX
eclipse plus C18(4.6x250mm, 5-Micron, Agilent Technologies)
AYE ARSI TE |1 2L A: 0.1% formic acid in DW,
B: acetonitrileZ A E] At} |1 L& A:80, B:200fA] A]
Z5ha] 15-2580]% A:65, B:35, 25.1~3080]= A:55, B:45,
30.1~318-0f= A:20, B:80%2 245l BA51 T |uje] ©
E&£T = 1.0 mU/minZE AA5FE T, couimn®] &= 35T

ko

Ho

aQ

o

IAEJL. ARE 10 tL FYEHC ™, diode array
detectors(DAD, Agilent Technologies)Z 280 nmof| A HE&3F%
of. ¥5E29l naringin, narirutin, hesperidin, neohesperidin
(ChromaDex, Irvine, CA, USA)S Z+Z} 5 ¥R A ZX5}o]
peck BAE 2T AABRAL Bo AFHE el

of sttt

9. DPPH % ABTS z2iC|Zt AH &M

DPPH 2}t]Zh 2752 Blois MS(1958)9] HIS 4=
Ystol WASKALE. 2} 552] A2 50 Lol | mM DPPH &
4 250 uLE H7IE &, o] TdES 10827 HHEAA 517
nmO| 4] microplate spectrophotometerZ S FEE S 5T
ABTS o]zt AA5L Re 5(1999)9] WS HPsto] Z4H
o} A& 50 uLe} ABTS reagent 250 LS £3}5l0] G404 30
2 591 ¥3-A17] &, 735 nmof| 4] microplate spectrophotometer =
S5 =751t ABTS reagents= 7 mM ABTS 950 mL
@} 2.5 mM potassium persulfate 50 mLE £3olo] 4Cof A
12A]17F o]} Bt & ARE-SIQItE. DPPH 9 ABTS |z &
A & EHo £F EZE ascorbic acidE AH-SHR o 7+
Ekof gt A A/dsto] ALtsigith Algo] 424 &
3-8 mg ascorbic acid equivalent(AAE)/100 g@ & UEJ I th.

10. SHEN

£ A% Fahs 33 o4 wEEglon, §4 Bae
SPSS & I & 13 (Statistical Package for the Social Science,
Ver. 26.0, SPHH Inc., Chicago, IL, USA)S o|-&3d}o] Z A&7
9| Bt REHAE ARESIIT A= 7] R A2l A
o2 BI5k] 9I5] AY H1F EAFEA One-way ANOVA)
A A3t &, Duncan’s multiple range testS &3f p<0.059]
ool A A5 A

4o o
e}

2o o na
1. M8 OH 2012 88 ¥ 2 SY =L

]
- Jm

0l

o] Aol ehrE FAEE dAE AlEE AxsH]
sl AEH7HEO & AR EE S7HA] AR E ARESho]
AF A AlES Azsoh AlHS Az Iy 5 2 A=
o] &t 9 At {8 & A7 BAgo] Aol shA|Rt
A= ascorbic acid 2 furfural, 5-hydroxymethyl furfural 5-2
2% 430] ghpElol 9ol 71 Lol ujet st 54
o] QIthLi 5 1990; Lee 5 2023). T3t A A= A] Zv|=
S50l et AFtEdel ddF= PRI EE(Yoon & Kim
2003), A AmlE SFol W& A AlHe 71 220
o AP Walel AHEE ZAFSEITH(Fig. 1)
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Fig. 1. (A) Comparison of yuzu syrups with different
alternative sweeteners in preserved yuzu and yuzu juice. (B)
Variations in browning of yuzu syrup at different heating
temperature with various alternative sweeteners.

Az 5d —ﬁr Ag e 2ARE 23} 71d 220 A
AEEAE T 28 2 AE0] YeA] &%
1) 1:]— H:_o]— u]-l,]i‘,,]_ ;(]_01
BEAE HEFHoH, E9] &2 B Hig &oi=rt
18%(w/v)2 Zol(Soetaert 5 1999), Th&FO 2 H7le THUE
o] M&E o] Algo] FA} EEH|Al= d4ol UrEH&E}(Fig-
1A). o]of w2} 7+ AHE= HYES AlQst
of ZAFSHITH
7t 2o e ZHEE AR 23, TEHES
RE ArEs 2571 worlof wet
100CoflA] 718 AT A9 2ol
2 A(0.422), £HE(0.261), DEIE(0.023) &02 =4 et
S thFig. 1B). Ol = YEEAL} AYEAE W2t ¥hg o
2 Qlsf 257 e E 2 %\ﬂgﬁ_uh 219} g5}
= FFS HtH(Lee 5 2020; Nakamura 5 2021). H|n &
T2 AU E Uetd SH|E2 A% 50%°] &5t= 7]
TE AUH, TEES A9 90%9] #Ar=E YeErdt
(Kim 5 2016). 27}4 0 g Hega} GARE 7w s 713 @
HEZ o83t /A Aldo] o Hu|sET APt dol
=Rom, e ESF 12 % 7MY RA YErEH

2= g

o Aol
Zwwst Sk,
FER2(0505), A

TS 2Ist AF HIMI AT ¥ BT AL
) on

RS HVRE A9 Ff dBE gRT AEE

o
oY 0z

2,
o

2

I

B2 A Az

% 715 24} 7

o} Hx7} ZolAth(Lambert-Meretei 5 2021). 0|23t TS
SESILAL 2k, FLobd, A 59 AF HA7HAIE A
/571 Qlrk(Sikora 5 2003; Krystyjan 5 2012). whebA] &
Aol A= ol et AF H7H 752 TEECl IRE At
Aol 0.5% H7Isto] Al A= A=E A

H] Y I (non-homogeneity )= A&} 3} 5=H 9] EFE (500
nm) Zto] 2 FSton, HlddErt FE4E #4=7 &
oL weskioh AF17H 7E F FAZ(CONYol H] 5]
HPMC, 99, Aty 9 ofgfH|opbd2 Q3|8 Hk Zo|7}
0.11~0.29 © A Uetgon, 5 Z27F & H Uth(Table
2, Fig. 2A). E3}, ZEH(AOD 0.14), FoFA(AOD 0.19),
CMC(AOD 0.29) =0 2 ElL Xjo|7} USlth AT S A}
St A3}, HPMC, F-obdd, Aghd, ofztrlobg o] {71 Al|
< A=7F Yol &40 E7F om, HE(950 cP), ZEH
(642 cP), CMC(150 cP) =02 Al AL 7} =9ktH(Table 2).
SHATE 2t S A7 Al Alg o] S0l A& AAfol At
R=T(Fig. 24), o= A 219 §AF A[FolA Zerz o]
ot S ST SR ETE S7HSE AoA Z11E e
(Sriprablom 5 2019).

ojZ|et AE Bl AFUMHAZ CMC & FHA = %+
SALS 247 0.10.3%, 0.1~0.4% B2 H7lste] s =4
St HEg RARE A3 CMCF e 9] oFgo] =
2 Jrt 7kt I FoA4E 0.2% CMCe} 0.2% ZHgk
e 5 JA7HE b, A7t 924 P2 A =
866 cPet 7H FAFSHAl U o™ gojEjA= dAE U
EfLpA] etth(Fig. 2B). o= T 440 CMCoF JHeEH <
E3tsto] & EEo Ak ASHE et o] ™ At Axet
A SFRA T (Nilar & Myint 2012). THEbA T ARG Al HT &
AR Al AJo] QHY & o] H A eﬂﬂ 4o == A
2015}9] 0. M (Hayati 5 2016), 25 A 84 AJH A%
0.2% CMC2} 0.2% FHa-S H7boto] A5kt

> mlo o o

3. ®AF Aol EE §4

A FA A9 EHEH O Xk, pH, A, M,

£ Sotlon, g2 448 A" A A8 4
FAEE ARE-SHITH(Table 3).

TEES o83t §-4F Al-E(M20, M30, M35, M40)2] %
= 4533~49.33 °Brix® AFY-& T §&F A|Hof H]F) oF
20 °Brix W2QITHTable 3). S4F Al Ul TE|E9] ghko] 27}

of Wt FE7F =2 F-AHE(65.33 °Brix)2] H|&0] WolA A|
ol F=rt A o= Y 4l AL ES ARG
ol g7l 32 ZA] AXFHEE AR Choi 5(2021)2] A

9} 17v|EQl sodium cyclamate 2! sodium saccharin
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T
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Fig. 2. (A) Comparison of yuzu syrups with different food additives (0.5%, w/v) for mixing preserved yuzu and yuzu
juice, (B) viscosity changes with different amounts of CMC and xanthan gum addition. CON: normal control. CMC:
carboxymethyl cellulose. XG: xanthan gum. HPMC: hydroxymethyl cellulose.

Table 2. Viscosity and non-homogeneity by types of food additive

Preserved Food addictive (0.5% w/v)
Control
yuzu cMe? HPMC?  Xanthan gum Guar gum Pectin Gellan gum Arabic gum
Non-homogeneity ND 0.74£0.00°  0.29+0.00°  1.03+0.10°  0.14£0.00°  0.1940.02"  0.85£0.00° 0.95+0.01"  1.00+0.02*
Viscosity (cP) 866+2.00° ND 150+0.00° ND 642+2.00° ND 950+2.00" ND ND

) CMC: carboxymethyl cellulose.
2 HPMC: hydroxymethyl cellulose.
*Means+S.D. within a row with different letters are significantly different (p<0.05).
ND: not detected.
stevioside® AHg3te] FErb e Foph Me AR pHI} AFZO| Fol7 fojHolA] ket FS ek uf, pH
Comrea 5(2011)9] A7 FASITE 2HL o183 44 A 9 AEE DB BT fA4FS FTFS WL AR
(GS0, Gss, GeO, GT0)°] A9 Algo] 4EQl 240 9= metEch 23 §4 AFo] AL 50% o4 ArkEE 2
7b BT 833 Brix, JYE FAY 94 NGB GAGE H pH L AT} 247 5,14, 033%0]7] thel, 29 3

o} 23 o] =25 A Gk STk S E
A=, E3] G503} G55%= 27} 63.67, 64.67 °Brix2 AFd-&
A8 82 AR GE7} 3.5, 2.5 °Brix WK Table 3).
pH7} 2.46, AH 7} 8.83%21 GAIE0] 30% A7tEE &
E QA AF 9] pHE 2.61-2.67, A= 3.79-4.76%% AFU-S
AG A AEES pHE 1 A Wi, A=
TH(Table 3). Lee & Kim(2004)2] S1Lo] wp=w

1~1.7% =Sk
3 IFRER

ol F7HUSE pHr F71HT ATEsE ol AFS B

At 1 % Goodt G0 AU, AT $4 AT A1
2he LERYTHTable 3).

TEE 9 23 94 A0 ARt 247 Be s 24
o] Z/FASE LG(FE)T bREHE)S AA3HL agh

(AME)e =715+ TH(Table 3).
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Table 3. Quality characteristics of low-sugar yuzu syrup products with maltitol or grain syrup
Sugar content Acidity Color Viscosity
(“Brix) pit %) L a b (cP)
Commercial” 67.17+0.29° 3.69+0.00° 2.98+0.03f 12.04+0.03"  -2.20+0.08" 4.53+0.30° 1,018+2.00°
Preserved yuzu 65.33+0.29° 3.35+0.03¢ 1.39+0.03' 13.02£0.01°  -2.18+0.01" 4.85+0.06 866+2.00'
Yuzu juice 10.50:£0.00" 2.46+0.01 8.83+0.03" 3478+0.01°  -3.94+0.032 12.2+0.06" ND
Grain syrup 78.33£0.29° 5.14+0.00° 0.3320.03' 8.14£0.15" 2.9240.19° -3.5£0.59" 1,31842.00°
M20  49.33+0.58° 2.67+0.01¢ 3.79+0.29° 12.9240.01°  -2.1440.02° 2.07+0.03¢ 938+2.00¢
Yuzu M30  47.330.58" 2.65£0.00" 4.10£0.29° 12.78+0.018  -2.14+0.02 1.99+0.01° 873+2.31"
n;ilifl M35 47.00£0.00" 2.62+0.00' 4.49+0.00° 12.70£0.01¢  -1.93£0.01° 1.04+0.01¢ 833+6.11
M40 4533+0.58¢ 2.610.00' 4.76£0.29° 12.62+0.02°  —1.91+0.02° 0.78+0.01¢ 786+2.00F
G50  63.67+0.58° 3.10£0.01° 2.4310.58¢ 6.70£0.05°  -0.37£0.11¢ 0.330.12° 973+2.31°
Yuzu G55 64.67+0.58° 3.23+0.01° 2.00+0.58" 6.65£0.03' 0.26£0.15°  —0.09+0.06° 1,073+2.31¢
Sg;il; G60  65.000.00° 3.68+0.00° 1.910.01* 6.0520.02 0.23+0.17°  -0.56£0.06"  1,422+6.11°
G70  67.33£0.58" 3.7940.02° 1.49+0.58' 4.33+0.04 1.1120.12°  -227+0.15%  2281+2.31°

" Commercial: commercial sugar-free yuzu syrup.
“"Means+S.D. within a column with different letters are significantly different (p<0.05).
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Table 4. Free sugars content in low-sugar yuzu syrup products with added maltitol or grain syrup

Free sugar (mg/g)

Total free sugar

Fructose Glucose Sucrose Maltose (%)

Commercial” 72.90+1.46° 100.00+1.00° 167.50+3.35° ND 34.08+0.68°

Preserved yuzu 87.80+1.76" 132.00+2.64° 266.50+2.67* ND 48.69+1.46°

Grain syrup ND 44.30+0.89° ND 215.84+6.48" 26.01+0.52¢

M20 26.20+0.52¢ 44.10+1.32¢ 7.03+0.35 ND 7.7440.39"

Yi’?zll M30 18.300.55¢ 33.00+0.66° 3.48+0.03° ND 5.49+0.05°
maltito

syrup M35 13.90+0.28" 26.30+0.53" 2.21+0.04° ND 4.25+0.04"

M40 9.83+0.39" 20.70+0.83" 1.55+0.03° ND 3.2240.06'

G50 18.00+0.18¢ 30.70+0.61° 12.39+0.37¢ 40.20+1.21° 10.18+0.07¢

Y“?“ G55 17.50+0.18% 29.90+0.60° 12.71+0.38° 39.08+2.74° 9.93+0.30"
aim

fyrm p G60 16.50+0.16° 28.90+0.58° 10.76+0.11¢ 42.21£1.27° 9.84+0.30"

G70 11.40+0.348 23.00+0.468 6.08+0.18" 46.79+1.40° 8.74+0.26°

Y Commercial: commercial sugar-free yuzu syrup

*IMeans+S.D. within a column with different letters are significantly different (p<0.05).

ND: not detected.
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Fig. 3. HPLC chromatogram of free sugar content in
low-sugar yuzu syrup.
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Fig. 4. TLC analysis of yuzu grain syrup products of
malto-oligosaccharide. MO, malto-oligosaccharide; GS, grain
syrup; PY, preserved yuzu.
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7] sl 2 AA 9 S s 0~109] 9 W= Yehd =
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Fig. 5. Analysis of electronic tongue characteristics in
low-sugar yuzu syrup.
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Table S. Functional characteristics of low-sugar yuzu

BRgs} - olmf - Qofe - £ - 5] FFAEGIHLA

syrup products with maltitol or grain syrup

DPPH radical ABTS radical

Total Total - ) )
o o Flavonoides (mg/g) scavenging  scavenging
polyphenol flavonoid activi activi
(mg GAE"  (mg QE? " e
/100 g) /100 g) Narirutin Naringin Hesperidin Neo- (e (mg
& P hesperidin /100 g) /100 g)
Commercial?  15.0040.28° 122.44+7.08° 14.58+0.58°  437+0.17°  12.15+024°  5.87+0.06°  31.62+0.11°7  41.49+0.03°
Preserved yuzu 32.54+0.96° 130.6442.21° 24.89+025"  7.84+0.16°  17.29+0.35"  6.92+0.07°  33.54+0.45"  46.28+0.51°
Grain syrup 6.26:0.66"  23.15+0.63¢ ND ND ND ND 37.9846.56"  32.67+0.08°
M20  10.23+045°  88.93+2.79° 12.56+0.25°  4.20+0.13° 9.48+0.28°  4.0240.08°  15.11+0.41¢  20.72+0.28"
Y;l?“] M30  8.30+0.22%  71.74+3.93% 10.83+043°  3.28+0.07° 7.6740.15°  3.33+0.077  11.87+0.52¢  17.59+0.062
maltito
syrup 5 7.13+033%  59.17+41.81°  8.00+0.24%  2.36+0.05%  5.88+0.18%  2.68+0.05"  10.55+0.32%8  16.37+0.17"
M40  637+0.09"  52.624238F  7.72+0.15%8  2.26+0.05% 54640055  2.55+0.05" 9.63+1.168  14.78+0.22'
G50  12.60+0.33°  73.18+3.33%  11.80+0.24%  3.60+0.04° 836+0.67°  3.59+0.14°  75.01£5.15%  34.05+0.32°
Y“?u G55 11.47+0.09%  58.3043.46° 10.40+0.21°  3.12+0.12° 734+0.15°  3.2320.10°  97.39+548°  33.9240.08°
am .
Sg;mp G60  9.93+0.77%  57.78+4.53°  9.37+0.14"  2.51+0.08" 6.67+0.13"  3.01+0.12¢  99.88+1.05°  32.71+0.14¢
G70 8731377  48.81+4.09"  5.88+0.12"  1.72+0.02" 491+0.10"  2.4040.10' 103.6143.16°  31.25+0.20°

Y GAE: gallic acid equivalent.

P QE: quercetin equivalent.

% AAE: ascorbic acid equivalent.

9 Commercial: commercial sugar-free yuzu syrup.
*“Means+S.D. within a column with different letters are significantly different (p<0.05).

ND: not detected.
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5 UElEE. DPPH 20i2 2752 M3s, GssolAl 742t
10.55, 97.39 mg ascorbic acid equivalent/100 g© & L EFFO
o, 53] G552] DPPH &tz &7 A& 749 +4
Aol B8l oF 3uj7hg 2 E4dol ATt ABTS &HtZd &
As2 M35, G55°14 Z+ZF 10.55, 33.92 mg ascorbic acid
equivalent/100 gO & UElGTH ZAitHoz EA3 7|54
E4o] 7iAE TEE 9 23 §4F AES A dAARE
A AT FA AEoE AREE 5 U AARRETE TR 0]
23t AF A A9 A 1T E Al HiQte 24 A=
£ AlFst= b 7]o4gth

B A7 HEATHY AT AU HEE AR
AR A 9 58 5 ] 7)4 71 (RS-2023-00236699),
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