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Compositional changes in maesil-cheong formulated with
turanose during the storage period

Jung-Geun Kim' and Sang-Ho Yoo'*
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Abstract Turanose is a potential candidate for use as a functional sweetener because of its gentle taste, low calorie, and
non-cariogenicity. The aim of this study was to replace sucrose with turanose to produce health-beneficial maesil-cheong.
Quality effects of turanose on maesil-cheong were evaluated by determining the contents of free sugars, organic acids,
amygdalin, and antioxidant activity. The pH and Brix values of sucrose- and turanose-based maesil-cheong remained at the
same level between 2.83 and 3.00 and 54.6-58.6°Bx, respectively, after 90-day storage. Among oxalic, malic, and citric
acids, citric acid content was the highest in both maesil-cheong samples. Turanose did not significantly hydrolyze in
maesil-cheong, whereas sucrose was completely hydrolyzed to glucose and fructose. Thus, turanose is suitable for the
development of acidic maesil-cheong to improve its health promoting effect. Turanose showed product qualities similar to
sucrose-based maesil-cheong. Turanose can be used as a functional sweetener or bulking agent in processed foods.
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oA Stk AEAQ mjAY Ax e wida 'S 10
v g2 B3] SA4A71 1008 ool wide Aejule] v
SolAet, ole vl FAl ol 2E¥(Amygdalin, C,H,,NO,))

o] mjAA WE &&] AUsFtEe] AEEE S W

g Zlojt}. opagdyl e A, olE, A T4 IFHF St
A o] AR E AoM| G Z(Bolarinwa 5, 2014; Yildiim %,
2014), otz ™ AAloll= F4do] JIAIRE ma T 3
oA A|QFs}RA(HCN)7F A3 =)™ (Barakat, 2020), Kim 5-(2015)
of WEW ARIskrAE T =& A HAAE, FE 59 ARt
sbes 4] gt 53] Aujdes opnjadde] ik &
frElo] At gElA o] wid U5 <A digh BA7t
A71= wjd o] opu|xgd gheke] gk ArF AEHEHI Ak
(Cho 5, 2018). &3] FH5 HBRY, sucrose)> ELT
(glucose)?t P (fructose) = o] Fofxl o|F{Z Algo] A
< o 223¥ AFoR BiEH GES ST oduA|
T e Fddolth v, Fo AFHE Jeld
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F2}=2(Turanose; C,H,,0,;, 3-0-0-D-glucopyranosyl-D-fructose)
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shsolA Alste] FEeE W HujdS Fajjsie], WARNC)
Cheiljedang, Seoul, Korea)s} 179 59 25% #|ZA]3%(Samyang
corporation, Seoul, Korea) 450g¥} 17'd 3€ 24 A ZAF
(Samyang corporation) 100 g& &3l F#23}st FeheiE )
A Az AFESIE Y. 2 dgol] A8E ZFEZ sucrose,
turanose, glucose, fructose, citric acid, malic acid, oxalic acid,
amygdaline Sigma-Aldrich (St. Louis, MO, USA)2| A|&FS A&
slom, HPLC #4e] AM8-% acetonitrile % 8}-8H(Daejung
Chem. Co., Ltd., Seoul, Korea)ollX] 33 ch.

ae 52 B 33 FAste] FAE AAT F, B
E718 A8 Azt 258 4700 ulda 2 101 (wiw)
H&2 27 250 g8 AAC] & FH R3] Ao B

th Az 15 F7E 3 HFe® 9 8r]E e R
7h B =okeA] Bklskar A A 71791 15, 20, 25,
30, 40, 60, 90Ul P WE AEE Fwalglon, dgite
2 Azd WAFEME 49 oA FRe Fehesz Axd
A (TS B Aol e,

=
©

pH & &=
pH®} T == 72 pH vE7](pH 211, Hanna instruments,
Romania), @%=Z%7](N-2E, Atago, Tokyo, Japan)Z ©]-&3}e] 3|
[e)

Hal sre wARe S4sr.

S22 B B4

NEES ZFHPLC grade water)oll 1/50002 3]4138te] 0.2 um
syringe filter2 o] 3A]Z1 § High-Performance Anion-Exchange
Chromatography (HPAEC, Thermo Fisher Scientific, Sunnyvale,
CA, USAZE 43519t £4 column CarboPac PA1 (4 mmx
250 mm, Thermo Fisher Scientific, Sunnyvale, CA, USA)S A&

o7 Az A 689

s9oH, ol F4L 150mM NaOHSH 150 MM NaOH+600 mM
NaOAcE o]&3le] E 35ttt 5 E2-& sucrose, turanose,
glucose, fructoseZ ©]&-3l] A5} FYU Aol Hsle] o
T8 Al vlaste] gl em Zhzhe] HEk e iyt
o A S AFESISIth AAIgk HPAEC-PAD #413712 Table
13+ 2t}

10 MY 2N

AlFol| SFF(HPLC grade watenS 37Fste] 1/102 &4
T BAAEZ ARSI 84 E A= 045 um syringe filter
2 o338 F 20uLE HPLC-DAD (UltiMate™ 3000 Dionex,
Thermo Fisher Scientific, Sunnyvale, CA, USA)°l| FY3te] £4
S FERY. #712F B4 columne YMC-Triart C18 column
(4.6 mmx 250 mm, 5um, YMC, Kyoto, Japan)S ARE-3}3oH,
column == 30°CE A7, ©]5 32 Z= 20mM phosphoric
acidE degassing® & ARE-SIT) 3 o]FAFe] H4S 1.0mL/
min® 2 3, f71i ZZEE S AES YT 20AM 4
ste] Bl AlIZHS Blalste] ERlslom, Z2he] ARk Ao

dsted F71ake] S A=

olo|IEH XMz B4

)2 e] olujzedl dhake HPLC-DAD (UltiMate™ 3000
Dionex, Thermo Fisher Scientific)s ©|-&3le] #AI3I3h A&
0.1 mLE S/l 108) 34 & 045 um syringe filter= of=}a}
o] B0l ARESHATE Al AMEEF column YMC-Triart C18
(4.6 mmx 250 mm, 5 pm, YMC)°I™, 30°ColA o573 1.0mL/
min® 2 SHFOH, o]F 4 20% (v/v) acetonitrileS AHE-3}
Atk ofp|aEd A2 XFES FUS 2HU0E At H
F5 A7k vwsta A7 A4S At Altsidnh 714t
2 ol agd FFEAE % HPLC-UV 42712 Table 2

o e

DPPH radical &H&M =%

DPPH (1,1-Diphenyl-2-picrylhydrazyl, Sigma-Aldrich)& ©]-& %t
DPPH radical £2A4E/3S 100 mg/mLe] T2 9= AlE 04 mL
9} olek&o] =91 1x10* M DPPH €9 08mLE A7 &
SEZF 2o WS ¥ #3323 =A(DU 650 Spectrophotometer,
Beckman Coulter, Brea, CA, USA)S AF&-3}¢] 517 nmollA &3
=5 243 dzEe AlEU4 oEre-S o] &3ty FYUd
oz Al Radical 2784 (%)E hEwe] F35%
AE F7F Al FHEES o]g3te] o] A3} o] MEgR
Al8tA Tt

o

Table 1. Operational conditions of HPAEC-PAD for determining the content of free sugars

Parameter

Conditions

Analytical column

Column temperature 35°C
Mobile phase

Flow rate 1.0 mL/min
Injection volume 20 uL

Detector PAD

Dionex CarboPac PA1 (4x250 mm)

150 mM NaOH from 0-20 min, 150 mM NaOH+600 mM NaOAc from 20-35 min,
150 mM NaOH from 35-45 min (re-equilibration)
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Table 2. Operational conditions of HPLC-UYV for determining the contents of organic acid and amygdalin

Conditions
Parameter
Organic acid Amygdalin

Column YMC-Triart C18 (4.6x250 mm, 5 pm)
Column temperature 30°C 30°C
Mobile phase 20 mM phosphoric acid acetonitrile 20%(v/v)
Flow rate 1.0 mL/min 1.0 mL/min
Injection volume 20 uL 20 uL
Detector UV-DAD (210 nm) UV-DAD (215 nm)

AU=1-Ay/A;x100

AU=radical-scavenging activity
(—absorbance of sample

A =absorbance of blank

ABTS radical 27{&tM X

ABTS radical 2271842 Re 5(1999)¢] Wi 2 Ao o
A HPsR] Z439TE 7mM ABTS (2,2'-azino-bis-3-ethylbenzo-
thiazoline-6-sulfonic acid, Sigma-Aldrich)2} 2.45mM potassium
persulfates E93te] Ao A 16A7F FF WA F
235 Aol Az ABTS £9& 729mmelA e FF=7t
0.7+0.030°] H=E FHTE A ste] Aol A& 100
mg/mLQ] FeE e ALL 04 mLS} ABTSEY 08mLE &3¢

A1zl & 729 mmellA FHEEE SN 2 SRTE ¥
o] FF=E 71589, 4 93 717F ¥ ABTS radical &7
A2 olEe] A o] &3] WMEEE FASIATL

AU=1-A/A,*100

AU=radical-scavenging activity

Ag=absorbance of sample

A,=absorbance of blank.
& Edlu= &2 54

Aol 2FE F ZEulEs T2 folin-ciocalteu§ &2 =
Atk 108 EAg AR 0.5mLel 02N folin-ciocalteu A]<F
(Sigma-Aldrich Chemical Co.) 2.5mL¢t 7.5% (w/v) sodium
carbonate 2mLE 7} & AT EFEL 50°C T2
oAl 5% &<t 120 rpmoll A BESAIA 760 nmollX SEEE S

A3, Gallic acid (Sigma-Aldrich Chemical Co.)E& ZFEZ=E
A& o™, gallic acidg AHE-3H EEFHAE st FE3=

o W S Artsiinh
Aoy g

A&l =M 7|12 S pH & HE H3

Aol pH 2 G= H4 A3E Table 3o JePATh A%
A SM) 2 Fehess ni A (TM)e] FEE A 1593 Z+
Z} 57.30, 58.60°Bxoll Al A7 403}l 54.55, 56.25°BxE YERY
o A% 40UA7HA] A7 7ke] F7VEe whe) mAlskA ZhAst
= AFE Holuh, A% 60gatel 90YAME 7 A BF
1 717k e foel WaE #Ed 5 w\oi]:]’ o} -2
A= wjAA Az Al ARge Bl mE zpol7) opd A%
1] e AFEEeE Q8| 40°‘77PX1 A7\ 7ko] Z7VsHHA]
wjAl o] 71l $T°l E25o] Frt st o, 409 o]
o= AFEAYe] TEE 9 W ztol7h gl AR Bl
At 123 (SM)2] pHE A 717F 15Y3E 90U x7HA] 2.83-
2.92 HYE, Fohes 2% (TM)S 2.88-3.00 HYZS /A A
o7 Wol A 717l wE AL BFEHA] gsron, Azt
oA Hol= ulA|gl xfole mid 9Ee] FE 2 HAE uEt
Ehd zjol= wesh 4= Qlch

N
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e

HAdel M 7|12t & RalE &2 #Hs

Z} w2 2] sucrose, glucose, fructose H Tl haF EA
AFNE Table 40 VEPATE A" wjdH(SM)e] F& FEES
sucrose®} L AR glucose, fructose”t FAEEN M, wjAA A
A 159300 sucrose O] 53.31% (wiw)e] HIEZ AT

Table 3. Change in pH and Brix values of maesil-cheong during storage period

Storage period °Brix pH
(days) SM ™ SM ™
15 57.30+0.28" 58.60+0.14 2.92+0.01 2.97+0.03
20 56.65+0.35 57.30+0.42 2.90+0.01 2.99+0.06
25 55.75+1.63 56.65+0.35 2.83+0.09 3.00+0.06
30 54.90+2.55 56.30+0.28 2.87+0.20 2.88+0.01
40 54.55+3.18 56.25+0.21 2.88+0.10 2.87+0.06
60 54.7543.04 55.40+1.13 2.86+0.05 2.97+0.01
90 54.80+3.96 55.95+0.35 2.86+0.01 2.934+0.06

DThe values are meantSD (n=2).
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Table 4. Changes in amygdalin content of maesil-cheong during
storage period

Storage period Amygdalin (ppm)
(days) SM ™
15 61.78+0.98" 36.80+0.14
20 71.08+0.04 55.41+0.46
25 81.00+0.15 61.68+0.65
30 96.26+0.24 69.73+0.01
40 113.85+0.75 78.47+0.17
60 135.02+0.07 105.62+0.02
90 167.76+2.83 124.72+0.21

"The values are mean+SD (n=2).

A7) 7] AARAA A 90datol] o] ZEAE 10.83% (Ww)
7HA] 748 H AT Glucoset fructose= A7 15Y =}l z+2t
5.08, 4.41% (wiw)E X7t 903l = ZH2t 25.37, 25.61%
WwyHA Z7b8ke AdS Btk 24 717k bt F 3R
AA H)Eo] 112 FAEE 2O R Hol sucrosed] 71 HIES
53l A== FoZ olEjdt)h v Tk mj A (TM)S A
 o0dztoll BTt 5737% (wiw) FELE AEIIR o,
A% 158 74.06% (wiw) T ¥E&S YERIIS Y A3 90
A}l o]2F Thh #Aag AIgE YeRItHFig 1). ¢l ¥

L F2e] 7RSS Bl ZASTY] Hiule A7)
S7FFEA wid 9Eo] /A AR FE Fepese] AR
| F3Y=lo} s gs olg) HaEs Aoz dAddd. Fele
] A3 (TM)S.ZHE A3 7|7 we} 28l AHE<l glucose

P e
o

o7 Az A 691

o} fructose”t F3] HAEEHA dodthe AT o8 7HAHoR
St AUk ol FeEhwmsvt Wikdo] 38tk Han &
(2021)9] AFAFe} A HE o)t} w3 duwt g £t
e WA 4 AR 717 Bt A sRaEvE 13y
A oot A3 Al @FF Fel glucoset} fructosed] TS &
g dF AV IR S o] ATE F Qo] B} v
of 3HAA EHE /S FoZ BATKPak 5, 2016; Tian
, 2019).

712 & |10 & st
A" 9 Fehe2g GRAA wfdH S AxPS o A7
v dHeA HEE {714 97 v d3E Fig 20 o+
B Ao A= oxalic acid (5-4H4F), malic acid (AFHh,
citric acid (A F 37HA] 7148t 2 BAs4T
et o A3 (SM)ell A oxalic acid, malic acid, citric acide A%
15420l ZH2F 027, 5.99, 7.13 mglg FE22 AEHIUAL, 90d
2ol 0.89, 7.38, 9.85 mg/gl & ZA =0 AA7|7ke] Aol w
2t o|& 7 FHE AR FUlske A4S By E=g 7t
717y B 7P @ol HAEE #7142 citric acid>malic acid
>oxalic acid =22, ol WA Az A FHE 8] A3
MZ OE 37 T A9E ol8st Axg mdAe frIit &
FE 4T Mun 5(2019)9] AFAFS} AT Febes
] A% (TM)I A= malic acid®} citric acide A7&717ko] 718k
WA ko] olA AW, oxalic acide AE A% (SM)yellA k=
doldt AFE W, A 15430 0.74 mg/gel A 90 2ol
0.69 mg/g= S = o] FEgh Mske Kol &ttt #4717F 90
dxjel] F= F714F =21 oxalic acid, malic acid, citric acid®]
Z TS et vlm A, Ae v AA(SM)yS H 18.12 mg/g,
Fehes mAd (M) BT 1933 mg/gE UeRlo] mjaxd A
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Fig. 1. Changes in sugar contents of maesil-cheong during storage period.
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Fig. 3. Changes in antioxidant activities of maesil-cheong during storage period.
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mAge] A7 09 Bt A B Fehes wlagel of
v g WekE HelsarkTable 4). oF vhAY A4S
olagRe] FBE AY 15URAN 90U 22 61785

0o

36.80 ppm F==olA 167.763F 124.72 ppmo. 2 Hﬂi}ﬂ A2E QY
o MEIARHLD,)! 5,000 mgkgRth AAF] W X5 B

AthShim 5, 2000). Fah=2 wjAX(TM)e] o122l §Heke
A wl A SMETE A A 7|7k Agid oz v 2A
AT A7F717k0] Aodrs wid Aol HEH opjadd o

X}WW opr|agd Frake] F7ketAd
(2017)] Oﬂ%ﬁ%@} FAFslch. ghd,
uf A R ofnlagd ghgo] &

2 e veie,
o] golate] vehte Atol2 ket

£ Cho 5(2019)3 Son &
Kim 5(2002)2] 17olx=
ATFolN HEE FERET
ol ARge wA FF, 3R =7

-

ojf

OHAE X& 7|Zi0f M2 DPPH radical 278y &3
A1 E AY 9 Fahes Ao ksl 848 DPPH
radical 2AGIHEeE A AAE Fig. 3o e A%
159k A8 H 7§(SM)TJr Fees mjadH(TM)e] BoiFe
DPPH radlcal S2AEA A ikst e 7h7) 36.54,
15.95%2 ZHEAIL, A 0L 22 5791, 42.14% &
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TS veien de iy SsMye] FEheX wjdd(TM)E
oA E2 radical 2AEES B9, F uldd 2F AR
17l EH o7 Foe TS RT3t Hwang 5(2004)
< 0.01% =9 wjd & 9 wj4FS] DPPH radical &AL
o] Z}z} 34259 42.99%EFaL Haslgon, o) Ea) wla 21A
7} g3k ksl a3 JRE B8] 3 A% 7|17 Foll A
5o &2 gitsl 58 Uil Aoz HAth

oo

N

A XZF 7|24 2 ABTS radical 2M{&M &

vj A3 o] ABTS radical 28-S S45 Zd3ol|A= DPPH
assay®} 7Ho] AR 7|7bel o]EHQ AT HYow 1 A=
Fig. 30 YeERth A/ 2 Fepes wjd3e 27 15dxol 2+
Z} 66.509} 55.69%<] radical 227EAS Holw, 90U E 2zt
7} 91279} 8326% 2] AFHe 2oFAth ABTS assaydl
Mz A wj A (M) ZHE thah 52 i) 4o 245
A, ol stEAY] HE A o] Aot US F UL
Aoz oiEt FrHoez A 77t we nadHe) F E
gulE e A A3, A 158 A" 2 Felesz
Azd v dF e zkzt 023, 0.19 mg GAE/gC 2, A7 90z}l
= 043, 041 mg GAE/g 59 &3S Bt} Fepe ujadi
(TM)y A" wldd(SM)e] & Z89e st A3 fAsH
A7|17re] AoAFE Frlske A Uepie FEes2 A
23 iy AR Al sl a9E B3 Ble= U|gE) B 4

A},

i

< IEtzA) e, ol W A77TA Fehes i

£ AlFetarAt stk v HrFge] v
£ 1IE 3t AR A% 9 el wjdAs AFY 15,
20, 25, 30, 40, 60, 90¥ A Z+zt HskATh Ad717-Eet A
2 Eahex njdAe) pHE 7F 2.83-2.92, 2.87-3.008] MYS
Rom YEE 54.55-57.30, 55.40-58.60°BxE FAEJYL, F &
FE AxE wdAY 25 pH 2 F=9 Wste A 717k m
g foldoz AR ety AR 717 B A Ao
T A 717k} v EA] sucrose?] R Hx} A4S
o FFHOZ 1% (ww) HE3F L, glucoses} fructose= A7
717 Bl Svske AEe Bolen HEeHo=m 7zt 25
9} 26% (ww) FE3h= Aoz FFEQh A" 2 Fehes
uj Ao -] F7)xt SheF EAJo|A] oxalic acid, malic acid %
citric acid7} #Z=Qom F wjAdH BT citric acid’t 7MY =
2 S ZAXEE Uk A dY SMS i Hgoz
FE HEH f714bel 28] sucrose’t 7HEIIE ] glucoses}
fructose¥Ho] F7Fehe AdE Uehlle v, Fahes w4
(TM)lIA] Fehee A A 717 5o PG 2] 71413
7F oA eFo} glucose®} fructose= AEHA ko™, A4
717 2719e A I & 7 HEZE QS 3 3= <l
3 Fefe ghepo] 4w Ak AFE Holn A F7] o
o= HslE Kol il mEbA, Tl A 43 A
A" AFHE Qg 89 VIR 8 2 5 e F
ek 5 S oz dAdEn BAS YeErd & e el
e olmlagd o] AS AR 7|be] SRS F 7K

et

[e

GRE AT IEY BE F/5Re PPe HelFgont 43
ol MR ke AR TMPIN A A 717 59 4

N

Aoz v Zg=9lon, A9 9 Fehes mjadols HE

Hog AEH opv|agd S 27t 167763 124.72 ppmS

2 WMEAAEHLD )R W TR F91E o] FAo thEk

HFEe S R B ik g T oujad 2E AR )

7wt tstsol Frteke A4S vERd o EM A €4
&

O 0o

5

(e}
2k S JAsks G948 71dE 4 o, mldd Az A
AY A GRZ FEhe2E o) AIsAHS ZE AF
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