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Abstract

The cultivated area of large-sized Ziziphus jujuba Mill., commonly known as wang jujube in South
Korea, is undergoing an expansion due to the increasing recognition of its value as a fresh fruit. This
study aimed to analyze differences in metabolites and antioxidant activities between the dried fruits
of Korean ‘Bokjo’ landrace and three cultivars of large-sized jujube as part of an effort to evaluate
the potential use of wang jujube as a medicinal material and food ingredient. The sugar content was
highest in the Cheonhwang, Daeneung, Hwangsil, and Bokjo cultivars, in descending order, while
the organic acid content was highest in Daeneung, followed by Cheonhwang, Bokjo, and Hwangsil.
The levels of minerals, amino acids, and fatty acids were most abundant in Bokjo, followed by
Hwangsil, Daeneung, and Cheonhwang. Phenolic compounds were most abundant in Bokjo,
Daeneung, Hwangsil, and Cheonhwang, with rutin and quercetin being predominant in Bokjo,
Cheonhwang, and Hwangsil, while Daeneung mainly contained rutin and gallic acid. A principal
component analysis revealed that the three large-sized jujube cultivars were compositionally
distinct from the traditional Bokjo variety, forming two separate groups: the ‘Bokjo-Hwangsil’
group and the ‘Cheonhwang-Daeneung’ group. The overall DPPH antioxidant activity ranged from
66.5 to 70.7%, showing minimal differences across cultivars. The ABTS antioxidant activity
ranged from 68.3 to 69.2%, showing no significant variation. Positive correlations were observed
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between the antioxidant activity and several compounds, in this case palmitic acid, phloridzin, acetic acid, aspartic acid,
palmitoleic acid, copper, stearic acid, total flavonoids, calcium, sucrose, hyperin, and potassium. In conclusion, while
there were differences in the metabolite composition among the four cultivars, their antioxidant activities showed some
similarities. These findings suggest that dried fruits of the Hwangsil, Daeneung, and Cheonhwang cultivars can
potentially find uses as medicinal and functional food ingredients. However, further research is necessary to elucidate
how compositional differences influence biological efficacy in these cultivars.

Additional key words: functional component, hierarchical cluster analysis, individual phenolic compound, jujube, principal

component analysis
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WU Ziziphus jujuba Mill.)i= 2o 7 Rhamnaceae) TR0l &oh= w54 742 Fof, ofdeh 2 -20f 7]
oof| 2F 40F-0] =oAL Tt U A= AL, B, B2 5o Fakx|olm, g o2 Bx, B AR Fo] B
Sl Qlch(Park et al. 2008).

o =o] =] AR 20181 70,734 E0141 20191 9,436, 2022119] 8,088 E:0 & ZhAalSict. A4 A=) 11 Qe ths-
FE2 3 guttiFet diF 2 R 4 ook, Qe HiF o2 B T AHE 2 A EEE0] o, s 2
Sg= i, ‘tis Fol Ytk YiF= 71EY tiFHRE st dnivt a1 b o Qe s SR Ao s tiY
i, AR, AR, A S 5 oheket ol 5.0 = Eu)9- Slrt. YiS= Aol o =1
= m=E7E20°Bx, 80% O ZHAA] 30°Bx FIo|H, AlFolA AA S 4 Qe 71848 s A T = 2010 ©]
2 Fgol Fit|a it

tiFollie ERjH 2 o] & HigA], Aol 22 eto|E g o, ZetH ol & Yl Y| @ 2] 15 thgRt A2l eg iat
AFEEO| HE o] Qo o] JRES it} FET, T, S HS, AT HS, A7 BHS, L, FHIV, 1
Q2§ 5ol H a1t (Mahajan and Chopda 2009; Liu et al. 2020). T 258 -t 4 % 2] s =4t o
SFEx Fuo] 414 T2ja1 AxFo gt olstet EA o2 iy, ohul 22k 31 Ao, Ca, P, Fe A+ HlaL
(Choi etal. 2016), 37582] F= th5=ol thell & =73 3et=, & &0t ol &, EQJHZ2H o, thd, HIEHI C, 71
w54 SFetE 9 FAFSFEA)(Zhang et al. 2021), B(Zhang et al. 2018), ©F] Ak Song et al. 2019; Wang et al. 2020), A
AH(Kohei et al. 1991), 1017}2] 2] Z2tH o] & TIAAFE(Qiu et al. 2023), LT, 47142 o]y (Wang et al. 2018), 1
2|11 5= o 3ZTt Al FE X ofAF ERIAF RFFO] Zfole} T thAFA AU E(Wang et al. 2022) ©] E 1 E|QITE. Liu et
al.(2023)2 oPg th5=} Al 2 B A thibilE Z2atl g Foto] 529 8 Al FE-2] thFellA] 1,05971<] that
A o o] 29| 2 EAS 7|E 0 2 117 A= 5ol BE7 AR 4=2] 2tolof Toto] BTt Liu et
al. 2023). 12t ol A Al sls tha: E5E A vl o] thet = WA] itk

= HEH o2 s 481 T XA A AAE L ASH|, oA, A, AA, 71 8A A, 28] 5ol A= Z5A
o]- 8=tk Kwon et al. 1997).

H A= T2 414 It 2 FFHE I Qs YeiFrt 7] 2ol e 2 ARG E]o] 2 B2 o Hlwate] okg- 2 AlRE
o8 7FsAdo] = A1E B7IetA} otGit. oI5 Slof AefE<l < Bx o Y A5 <A, s, g o Hx
AS tF o2 thrbatE B4 S-8o o m, AR 7 AW a B 43S mlelotqlrt. o] a4 Auts 1 x G 7]

3 Al

=
54 A1 51 obg 2120 B8 FeHS AN 71242 B8E 5 9 Zolrk

:Ol:ll,‘
|
(%)
=)
< ol
o H

B j

3

116

Horticultural Science and Technology



o= At Bet YiiF 3 S U U=

mﬂ
[}
=2
1o
O
2
_>,:
gg
it}
=)
_o'h
>
Loj
for
%
o
3]

5 Az ST B, A, 2 A g, dxTee AdE 522 ARSI Bt 7P g e
= Al oA 2 A s 2 o851 lek. o] ol 87F Lﬂ T 20194 Sh-2 Al 4 - 534 EHTHLTJ anis
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Chéonhwahg Daeneung Hwangsil

Fig. 1. Photographs of dried jujube fruits by cultivar. ‘Bokjo’ is a native Korean cultivar, while the others are newly developed
large-sized jujube cultivars.

58 A% 3 Gufo] FE-2 FA(), TH A4, M(Hunter Lab), HIE(N), SSC(%), TA(%) 522 B7}olAct. #h=

T Frfjo] S Soto] B gk o= Atetlrt. TR A= TS Gulle) 7tz ot Az Lol o Hla & :710’]1]
F7H 10 ZHLTE Aol 77k FEl U= onigiet. v A 0kl oF Jie 2w F2o] HhjH 2355 AAA|(Minolta
CR-300, Minolta co., Osaka, JP)Z Z74ot0] HIL(L*), 54 -2 (%), X - (b*) 02 Aot Aee= HALA
(TAHDI/500, TAHD, London, UK)°ll Smm B3-&- 0]-8510 2mny/s 2] 43 0 2 a2 e YHZ sSmmE E1L 507
SO Fdf S FEWN) o= FASIGIT dIFAE AIART M WAE AEste] 7M1 g E e HAE 2EA
(PR-101, Atago Co., Ltd., Tokyo, Japan)S AF8510] 4 & %2, G714 =R A4 7|(Titrette” bottle-top burette,
BrandTech® Scientific, Inc., Wertheim, Germany)S ©]-85}1] 7155 5mLE pH 8.22] £H47H] 0.1N NaOHE 0|85}
AR & %= et e A0 2520 -25°CE A5kt

T8 82 L A 7 R 2

Aol a9 F718 -2 ICP assay H'H(Hong et al. 2016) 4ot B4t 527X Y A= 0.1g&
digestion tube®]l 217 60% HNO; 4mL(Daejung chemical co., Korea) S 255}10] A- 2014 24 A7 5Lt -RAAIFLY. o] &
HE200°C2] digestion oven©]l %71 3 -go8o] EH5|A wj714] 3mL H,0,5 271519t} 1 5 1,000ppm ] La' S Z35}
= IN HCIZ 376l 5 BoE 100mLE THESQITE 7715 =k ICP- OES(Optima 5300 DV, PerkinElmer Inc.,
91Wellesley, MA, USA)Z X533 o] of 7] ]_J operation power= 1300W, A1Z -G48 15.0L-min”, auxiliary flow
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rate= 0.2L-min”', nebulizer flow rate= 0.8L-min" 0]}, ICPO] tiet RE #F £ Sigma-Aldrich Co.(St. Louis,
MO, USA)°fA] 4okt

7H88 BrshE 2 14 74

7184 BelE-2 AR 10puLE 300 x 6.5mm sugar-pak(Waters Co., Milford, MA, USA)¥} Shodex RI-101 AZE7]
(Shodex, Tokyo, Japan)”} %2 Dionex Ultimate 3000(Thermo Dionex Co., Sunnyvale CA, USA)°f| Yot kst
9t dlo]g A g o= Chromeleon Ver. Six softwareS AFESIIL} 01540 2= 2722 flow rate 0.5mL-min”, &%

70°CE AFESIT) Aite A% 5 7|50 R gkg' & FASIITH W7W SRS Aminex 87H A(300 x 10 mm,
Bio-Rad Co., Hercules, CA, USA)¥}210nm 2] RI F&7](ERC, RefractoMAX520, DataApex, Prague, Czech Republic)
£ Zr= Ultimate 3000(Thermo Dionex Co., Sunnyvale, CA, USA)& AH&oto] SA5I3TE 40°C 2koA 55
0.5mL-min" 2 0.01N H,SO,& F7Foto] o) 5] Sl 283 HFLHA B4 E-S SEAIFA Als FU=-2 10uL, 27H=
AZXZH 7|F0 R gkg' 2 EASIALT

22| OfajicAt 244

A2 opn]icat BAL 7|0 HH B (Byeon and Lee 2020)S 574510 0|85}, 458 1uLS 5uL2] borate
buffer, 1uL2] o-phthalaldehyde 2 1L 2] fluorenylmethyloxycarbonyl chloride ™} 2313t &, 32 uL—l SHrE T
t}. 1% 0.5uLS Dionex Ultimate 3000 HPLC A|2§l(Thermo Dionex Co., Sunnyvale, CA, USA)°l| U5ttt o] AlA
gl z19] 4 < 7](Ultimate 300, Thermo Dionex Co., Sunnyvale, CA, USA), 33 H<7](Agilent 1260 Infinity, Santa
Clara, CA, USA; 450 x 340 nm, OPA; 93305 x 266 nm, FMOC), @ Inno C18 A& (4.6mm x 150 mm, Sum, Youngjin
Biochrom, Seoul, Korea)& 2519t A8 &%= 40°CE G-A|H 00, 2k 142719 o2 338nmE o851t
0%/ §4-20.5mL min" 2 YoM §ASt Tt o5 -2 81 A<H-8ul B T 7125 o &5, €7 A= 40mM
sodium phosphate(pH 7), -8 B+ water/Acetonitrile/Methanol(10:45:45, v/v %) At} ©GAIA 7]-&7] 272 A7l w2t
0—35-295% (A)2} 5% (B), 3 — 2452 45% (A)2} 55% (B), 24— 315-C 10% (A)2}90% (B), 31 —355-295% (A)%}
5% (B) = Z/35t3ith. of|icAte] 54 9 A BEE 0 FAAME 7SR oilth e = AR SE 7l R
mg-kg' 2 BAISIT.

& h=d sighs, & S22t e0|

In
Opw
re
=)
i
9|E
e
i

Z =4 slehE T2 Folin-Ciocalteu’s B5(Singleton et al. 1999)°] w2} A& 0.1mL, 574 8.4mL, 2N Folin-
Ciocalteu reagent(Sigma-Aldrich Co., St. Louis, Mo, USA) 0.5mL, 20% Na,CO; 1mLE 235t 1AI7F REGAIZ] &
725nmOl A FFEAIE B9l S g2 S5t HlEdhlE e EE 44 gallic acid(Sigma-Aldrich Co.)E
Argsto] 2H9E T4 0 2 kS BHSEA Y, 58 59 mg gallic acid equivalent(GAE, dry basis)= WYERH /T

ZF 2t 10| E SRS (+)-cateching EF20 2 AR50 aluminium trichloride B S 2 =451 Ch(Zhishen et al.
1999). 125uL8] 553 5% NaNO, 75uL2] §He] A7t &, Toha-2 6+ 52 EAR F, 10% aluminium trichloride
150pLE 71kl 5 B2t QIFH|o]A F & 1M NaOH 750uLE H7I519th S5548 ARgolo] goo] 5 Huls
2,500pLZ ZAgoet. 15E7E QliHold &, T2 S4TE 510nmolA S5ttt & SefH o]t gk
catechin 100g” DW= A ISLE,

Z SPEAloPd THTAC)2 pH-differential H'H ]| ©]ol 41513 CH Giusti and Wrolstad 2001). ImL 5% -89 10mL
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ZetAT g g7, S Z@FA T potassium chloride buffer(pH 1.0)2 4513 TFE SPH= sodium acetate buffer(pH
4.5)2 27} 8)45190ct. o] SN S 15E -5 BP A= T blank 2 FH4E5 0] A 510 H 700nmel A SF=E
S7g5t3iet. T Aol Z7YsHH Flol S7fols Zdete] Jlo B E BE S AUE H| - 15004 1A Aol o]l 38513
o}, tho] Altal o 2 & QEEAJoRd kS AslelTh

Total anthocyanin (mg-L™") = (A x MW x DF x 1000) / (& x 1)

A= (AbS520 - AbS700) pH 1.0—- (AbS520 - AbS700) pH 4.5; MW= 449.2(cyanidin—3—glucoside _Ll:l'__;(}.%]:); DF = 4(—@&}3]1'/‘?—),
1000 = g& mg 22 Wfksh= = & =26,900(molar absorptivity); 1 = pathlength in cm

Total anthocyanin (mg C3GE-kg™) = [(pH 1.0 Abssz—pH 1.0 Absy) —(pH 4.5 Abssy—pH 4.5 Absy)]
coefficient (66.7955).

F4tel/d2 DPPH radical scavenging activity(Ku et al. 2010)2F ABTS radical scavenging activity(Re et al. 1999) &
7R W o & A5Gt DPPH 2tz 47 8442 ofeh-&of -§allel A& 0.5mLE 100uM2] DPPH-8 3mLof| 375}
o HEGAH-S QPH5] 412 Fof] A2ofA] 1087 H-SAIZ] 7, HolQl= DPPHE] & S4517] $15l4] spectrophotometer
(Multiskan go, Thermo Scientific, Waltham, MA, USA)E ©]-85}%] 517nmof|4 S4=E S5t DPPH 2z 44
St Alos SISt

DPPH radical scavenging activity (%) = [(Abs control — Abs sample) / Abs control] x 100

ABTS(2,2-azino-3-ethylbenzothiazoline-6-sulfonic acid, Sigma-Aldrich Co.) 24 £24E4L 7.4mM ABTSS}
2.6mM potassium persulfate S SHEF Aol WAste] ABTS ol22 §/dA1X1 & o] -§8-2 735nmof|A T3 gto]
14- 157} SI28 -8 59 £ =3.6 % 10° Mom)& 0} 8510 S542 Sl4515ick. 3145 ABTS §9 ImLe] 559

S0uLE 7Foto] Fe o] HokE 30+ 5ol SASIT ABTS 22 27152 thao] Ao osiA] 513

ABTS radical scavenging activity (%) = [(Abs control — Abs sample) / Abs control] x 100

i 2A
ZHPARS GC £ (Garcés and Mancha 1993)& 4:4510] 495193t 54 AZ%H 2t A2 100mg?} 20uL2] T
Z2% (pentadecanoic acid, 5.0mg-mL", > 99%, Sigma-Aldrich Co, St. Louis, MO, USA )= Teflon cap®| 3= -2 A
o]l 23]}, 0] % methanol:benzene:2,2-DMP:H,SO; (39:20:5:2, v/v %) 2mLS} heptan ImLE 75ttt Ald-S &
= A

S0IE & 80°CoflA 247 B8 FESINH. 5 F ARE YA 2, TS 248 A= Hlold® &2ith Al=s
GC(Agilent 7890A, Agilent Technologies, Inc., Santa Clara, CA, USA)S A&5lo] 451990t GColl= DB-23 Z¢
(60m x 0.25mm, 0.25um, Agilent Technologies, Inc., Santa Clara, CA, USA) % 3}¢] 0|23} &7 |(FID)E 26ttt
A QB 2T =22 50°CoA 127 GAI9E S 25°C-min™ 9] S 2 130°C7HA] 4,28 FAFSA1H 01, 0] % 8°C-min™
2 170°C7HA] 9.28 B AFSAI AT 013 25 2 2°C - min 2 210°C7IA] AASAIZ] 3 108 59 G251 1, 712 928
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Bt fAISHACE. HRA|EEO 2 250°C7HA] 10°C min™' O] £ 2 AF5A7] § 4528 Ft GRSt T 2= 250°C,
7Meo] 7k2(He) o] 442 4mL-min" & A5IAtE. AE7] 2%+ 280°C, Ho2] §4-2 35mL min’, airt= 350mL-min’,
He2 35mL-min™ 2 “4%J5}S9tt. Fatty acid methyl ester E522(Supelco 37 Component FAME Mix, Merck KGaA,
Darmstadt, Germany)-> Supelco Inc. (Bellefonte, PA, USA)f|4] 15153 Tt.

54 Az 9 B9 A= 0.5g2 2% formic acid”} & 70% methanol 5.0mLeY| 7ok, 20% 52t A Skot ).
o] FAME w54 2fek

£9] FolE WAl $Io G =20l 20427t 257 A2’ 2, 4°CoflA] 10,000 x g2 1027t
AlEE]otArt. /5 & 0.45um PVDF GE|(BioFACT Co., Ltd., Dagjeon, Korea) 2 7}so] H-4X| 5.2 o]-8519Ict.
7N Hs54 SRFE-2 pump(Waters 1525 binary HPLC pump, Waters Co., Milford, MA, USA), UV-Vis A<&7|(Waters
2489 UV/Visible detector, Waters Co., Milford, MA, USA), @ ZORBAX Eclipse XDB-C18 Z (4.6 x 250 mm, Sum;
Agilent Technologies, Inc., Santa Clara, CA, USA)©] %2He HPLC UltiMate™3000(Dionex, Sunnyvale, CA, USA)S ©]
f5to] EASIAtHLwin and Lee 2020). £} A= HPLCH E°1 0.5% formic acid 3%, 81l B acetonitrile]] 0.5%
formic acid T-G-5 == 245191, TAZ] 71271 95% A + 5% B (05), 90% A + 10% B (25), 78% A +22% B (42
), 60% A + 40% B (605, 5% A + 95% B (802 F A5}, 28 LLE 30°CE GA5I9oH, HAE7] e
catechin, phloridzin, gallic acid+=280nm, chlorogenic acid®} caffeic acid=320nmol|A Zote= Aot FUHS
10pL, 452 1.0mL-min" 2 445159t /i Hl=4 slgha o] E5E4-2 BL5F Sigma-Aldrich(St. Louis, MO, USA)<IA]
A5t} A= AZ S 715 mg-kg' 2 LFERHITH Zhang et al. 2010).

= R0 & slof 39kE.0 & FASIGIT & wlis/d slelE, & EetEeolE, & QFEAloRd 9 o4t
SFEAe 217 579] 7S qHEE0 2 Slo] 640 2 BAsIgT) Hlo]el: Bt + EEQ A2 AT SPSS v.27.0
(SPSS Inc., Chicago, IL, USA) = 171 © 2 Duncan®] multiple range test(p < 0.05)2} ANOVA test& =85t 25

AHsteck

5 Grfje] S ke & o) BRI E 285t Bristart. Brdle, R, #7184, el oAt R ANE s

E3 YA 2
AE7F 2Jol2 AZH o7 Hrlsta FQ ¥W4e] 7ol E BASH] $iste] 4 76t ZeHE el MetaboAnalyst 5.0
(https://www.metaboanalyst.ca/) & ©]-8-3F 5 (Pang et al. 2021). 02 tHHTF FA RS Yo 3itt. W] 52 5o &
e S0l et o2k Fisher©] LSD A7 (p < 0.05)y& A8 7153l A2 e Hlo[8E T Y scalinge &
off telstSiek. PLS-DA #412 i T ohggA/do] =2 7ol T1E It Aol & avpd o & L7t =
Saoto] HE g Sriloh= 14 7ol 2 Aol 5 SEHTE ARSI 25 18R R Y
AZ¥A 0 2 SR1ok=H] 0]-85F3iTt. VIP score plot<> PLS-DA TROA] ZF =7t 1 o] vl 2= 7| g g o=z
7oz 2| 3o ok YEFA 0 = VIP score”} 1.0 o1 Bz RE0] o5 2 E70] F-Q 3t TS gt 2 A=+
8 s} tiAEE RS Al Slel AR SHlth B8 1 AMES 7Nt e = AlSA 0 & s @Akl 1E Th

=
7} RIS 7] AT B,
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30% 24710 S8kt 14 Tl THe] 9 o A1 o) 21 4g0 R TV AT, ARER R 7157802 TV A
Stk TH10) mope gHe] A4 1,002 ST Aol gl T, U, E2 202 T4 ol B
B, 0] ] A 220 avgto] 7 B3 brghe 7P Wom Wi 1 dol U] 35 5 71 ofe e 2412

B

Bt B A, A%, B, die’ &= w3, 7MY 1w IR (B2 7P 30%E 7wk e, F 117

Table 1. Quality characteristics of fresh jujube fruits at harvesting time according to the cultivar

Vari Weight ~ Head shape Color (Hunter) Firmness TSS TA

1
ariety @ index L* o b ™) (°Bx) (%)
Bokjo 15671737 083  3847£295 1873+149 2581+407 2669440 3038+2.57 082+0.12

Cheonhwang  21.44 +£2.34 0.90 57.06+1234 422+10.54 3753641 2899+5.67 2339+247 0.63+0.10
Daeneung 17.62 £1.62 0.95 51.55+12.66 9.83+12.99 34.07+5.69 20.65+3.77 22.62+2.18 0.50+0.09
Hwangsil 17.82+£1.77 1.00 4879818 13.81£6.00 35.73+6.00 34.49+7.31 23.69+2.52 0.65+0.12

“All values represent the mean + SE (n=10).

=]
=g

Y] E5-2] ti3 DulloflA] sucrose, glucose, fructose”} AEE ALt & 21 ToF2 <43 149.43g-ke”,
‘U5’ 146.75g'kg”, ‘T 144.94g kg, 131 “BF 130.52gkg’ 0= =it B, dis?, <AL glucose,
fructose, sucrose <=, “L2]11 ‘G2 sucrose, glucose, fructose =0 2 &&Fo] =9 Tk Table 2).

G REERS g% 23.72g kg, P 19.08g ke, “EZ 18.40g-kg!, Jﬂi G 17.22g kg =0 2 FHEO] 9l
0“’4'. AtE9] G714 thEE malic acid 12, ©]9] acetic acid, fumaric acid <=0 2 $FFo] =t}

BB QIR B2 15.77g'ke”, ‘B 11.91gke”, ‘Ui5 9.82g-kg ,zam ‘A% 8.72¢ kg =0 2 F-FE[o]
OIMWTable 2). OUF AR S g Q42 =P, K, Ca, Mg, Na©| g-kg’ T2, n]zF Q42 Fe, Zn, Cu, Mn, B=mg-kg™!
912 FEo] ULt B ek A2 K, AL P, Ca, Mg <, ‘s’ K, P, AL Ca, Mg <, 18]1 “H%2 K, P, Mg,
Ca, Al =02 =7 &7E] Tk Table 3).

At Y| £5-0] o] -9 ofmicAt B At B4R 22 A7 5 18/E0] AE 5] %, methionine, cystine, trypto-
phan, taurine> HE 5] IQtth EEH F opn| LA FRRe <3 568.4mg L, B4 553.6mg L, A% 524.1mg- L,
230 s’ 471.8mg L' &0 2 ShaE o] QI3iek At o] E5of| o Sk obn] Ak asparagine, proline, GABA,
arginine, aspartic acid, alanine © & & ofu| LAt &k - 91 —96%E H-F-olTH Table 4).

] EZ-0] Aol o2 AHAR g o] 147004 2471782 §l91ellA 9712] A4te] AEE|QIT). 11 5 228k
Ato] 57) A E{palmitoleic acid, myristoleic acid, linoleic acid, oleic acid, @ -linolenic acid), ZE3FAAto]47] A Estearic
acid, palmitic acid, myristic acid, behenic acid)©] S-FEo] AT AT RS B Z 5033.95mgke’!, B
5,025.82mg-kg”, ‘U5’ 4,621.15mg-kg”, 181 “H3P 4,082.40mgkg! +=O0 =2 =Skth Aol A AR =

l

O
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stearic acid @] 71 &3k, ©]9] palmitoleic acid, palmitic acid, myristoleic acid, ZL2] 1 linoleic acid $~0. 2 =2
S Bt Table 5).

Table 2. Soluble carbohydrates and organic acids contents in dried fruits of ‘Bokjo’, ‘Cheonhwang’, ‘Daeneung’, and ‘Hwangsil’
jujube cultivars

Component Unit Cultivar

Bokjo Cheonhwang Daeneung Hwangsil
Sucrose gkg 28.41+0.24°b 12.53+0.06d 1443+047 ¢ 58.59+0.93 a
Glucose g/kg 51.28+0.38¢ 70.74+1.04a 67.15+0.50b 45.11+£0.70d
Fructose g/kg 50.83+0.20b 66.16+0.86 a 65.17+0.71a 41.24+0.56 ¢
Mannitol g/kg na na na na
Sorbitol g/kg na na na na
Total gkg 130.52 149.43 146.75 144.94
Malic acid g/kg 1532+0.29¢ 17.44+£0.15b 2237+029a 14.11+0.30d
Acetic acid gkg 2.82+0.03a 1.41£0.00 b 091£0.02¢ 2.88+£0.01a
Fumaric acid g/kg 0.26+£0.00 b 0.23+£0.00 ¢ 044+0.01a 0.23+£0.00 ¢
Citric acid g/kg na na na na
Shikimic acid g/kg na na na na
Total gkg 18.40 19.08 23.72 17.22

“All values represent the mean + SE (n=3).
YDifferent letters in each value indicate a significant difference as determined by ANOVA testing (p < 0.05).

Table 3. Mineral contents in dried fruits of ‘Bokjo’, ‘Cheonhwang’, ‘Daeneung’, and ‘Hwangsil’ jujube cultivars

Component Unit Cultivar

Bokjo Cheonhwang Daeneung Hwangsil
P g/kg 0.96+0.01* ¢ 1.11+0.03b 1.58+0.03a 1.09+£0.02 b
K g/kg 839+031a 6.30+0.02 ¢ 6.49+0.08 ¢ 748+£032b
Ca g/kg 043+0.01b 0.26+£0.00d 0.36+£0.02¢ 0.53+0.02a
Mg gkg 041+0.02a 0.30+£0.01 b 0.31+0.01b 0.35+0.03 ab
Na g/kg 0.29+0.01a 0.21+£0.01 b 021£0.02b 0.20+£0.01 b
Al g/kg 473+£0.76 a 0.21+£0.07b 0.57+0.14b 1.62+0.34b
Fe mg/kg 89.81£12.57a 36.58+1.00b 39.47+6.34b 60.16+5.33b
Zn mg/kg 10.07+£0.72a 7.11+0.52be 496+0.33 ¢ 561+0.32b
Cu mg/kg 5.66+025a 4.87+0.07a 473£0.07b 5.78+0.11b
Mn mg/kg 5.14£037a 5.85+0.18a 594+023a 6.00+0.19a
B mg/kg 1245+231¢ 20.88+0.56 a 16.08£0.62 ¢ 26.19+1.15b
Ca g/kg 043+0.01b 0.26+0.00d 0.36+0.02¢ 0.53+£0.02a
Total 15.77 8.72 9.82 11.91

”All values represent the mean + SE (n=3).
YDifferent letters in each value indicate a significant difference as determined by ANOVA testing (p < 0.05).
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Table 4. Amino acid contents in dried fruits of ‘Bokjo’, ‘Cheonhwang’, ‘Daeneund’, and ‘Hwangsil’ jujube cultivars

Cultivar
Component Unit
Bokjo Cheonhwang Daeneung Hwangsil

Alanine mg/kg 12.85+0.16"b" 15.66+0.22 a 6.75+0.14d 8.14+0.18 ¢
Arginine mg/kg 11.15+£0.08 ¢ 20.03+0.44b 33.88+£0.59a 19.89+0.50b
Asparagine mg/kg 280.71+4.04a 17770+ 1.53 d 193.07+3.92¢ 2747+£542b
Aspartic acid mg/kg 12.39+0.30 b 9.03+0.11¢ 9.76+0.17 ¢ 13.85+0.44 a
GABA mg/kg 30.77+£0.26 b 39.30+0.51a 22.80+0.56 ¢ 30.44+0.72b
Glutamic acid mg/kg 321+0.17a 2.60£0.09b 1.61£0.05¢ 2.33+£0.09b
Glutamine mg/kg 2.14+£0.06¢ 741+0.09a 1.50+0.03d 3.77+0.16b
Glycine mg/kg 1.87+£0.01b 2.87+0.04a 1.83+0.07b 1.81+0.06 b
Histidine mg/kg 1.13+£0.04 b 1.54+£0.17a 1.44+0.07 a 1.71+£0.06 a
Leucine mg/kg 2.78+0.02 b 3.12+0.05a 2.60+0.05b 1.67+0.10¢
Isoleucine mg/kg 1.45+£0.03b 2.06£0.02a 1.24£0.04 ¢ 1.09+£0.03d
Lysine mg/kg 1.76 £0.21b 2.93+0.23a 1.98+0.17b 1.53+0.14b
Phenylalanine mg/kg 122+0.07¢ 2.03+0.12a 1.42+0.06 b 0.98+0.02¢
Proline mg/kg 193.30+£1.05b 170.59+1.07 ¢ 234.68+4.84a 227.89+5.77a
Serine mg/kg 5.14+0.08b 6.09+£0.07a 4.03+0.12d 4.54+0.06 ¢
Threonine mg/kg 2.57+0.04c 3.74+0.06 a 244+0.04c 3.31+0.08b
Tyrosine mg/kg 1.29+£0.01b 1.68+£0.12a 1.12+0.02 be 1.00+£0.05¢
Valine mg/kg 2.74+0.05b 341+£0.04a 1.90+£0.07d 2.14£0.06¢
Total mg/kg 568.47 471.79 524.05 553.56

”All values represent the mean + SE (n=3).
YDifferent letters in each value indicate a significant difference as determined by ANOVA testing (p < 0.05).

Table 5. Fatty acid contents in dried fruits ‘Bokjo’, ‘Cheonhwang’, ‘Daeneung’, and ‘Hwangsil’ jujube cultivars

Component Unit Cultivar

Bokjo Cheonhwang Daeneung Hwangsil
Myristic acid mg/kg 111.65+0.76* b 92.26+13.33 ¢ 139.66+2.19a 142.64+1.06a
Myristoleic acid mg/kg 520.66+8.02a 323.96+37.68 b 534.82+10.57a 51338+2.59a
Palmitic acid mg/kg 606.00£9.19b 374.61 £51.14d 41338+1.97¢ 71491 +£5.06a
Palmitoleic acid mg/kg 854.69 +10.33 be 792.87+113.61 ¢ 892.06 +33.07 ab 945.18+13.34a
Stearic acid mg/kg 1885.68 +44.68 b 1916.44 +88.36 b 1922.15+57.33 b 2081.31+51.16a
Oleic acid mg/kg 237.94+5.11a 24490+34.59 a 192.38+5.74b 237.02+5.00 a
Linoleic acid mg/kg 48285+ 11.79a 21098 +28.42d 32039+ 11.55b 24131+223¢
a-linolenic acid mg/kg 264.62+15.16a 7536+9.23 ¢ 13525+8.17b 87.48+0.68 ¢
Behenic acid mg/kg 69.86+4.16 a 51.02+5.00b 71.06+1.83 a 62.59+222a
Total mg/kg 5,033.95 4,082.40 4,621.15 5,025.82
”All values represent the mean + SE (n=3).
YDifferent letters in each value indicate a significant difference as determined by ANOVA testing (p < 0.05).
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Table 6. Individual phenolic compound contents in dried fruits of ‘Bokjo’, ‘Cheonhwang’, ‘Daeneung’, and ‘Hwangsil’ jujube
cultivars

Component Unit Cultivar

Bokjo Cheonhwang Daeneung Hwangsil
Gallic acid mg/kg 11.22+£0.08%¢" 10.97 +0.04d 30.70+0.36a 15.70+0.09b
(+)-catechin mg/kg 9.04+1.07¢ 1430+0.01 b 19.05+0.38a 1.70+£0.02d
Chlorogenic acid mg/kg 2.52+0.07b 3.29+0.06a 347+0.11a 225+0.03¢
Caffeic acid mg/kg 1.85+£085a 0.10£0.00b 0.85+0.09 ab 1.47+0.14 ab
Syringic acid mg/kg 1.87+041a 1.46+0.13a 1.40+0.02 a 1.11+0.10a
(-)-epicatechin mg/kg 0.84+0.05a 0.78+ 047 a 1.26+0.38a 231+£0.73a
p-coumaric acid mg/kg 376 +0.15a 3.86+0.06a 1.99+0.03 ¢ 3.07+0.08 b
Ferulic acid mg/kg 9.85+0.64a 0.36+£0.03¢ 023+£0.02¢ 442+1.72b
Rutin mg/kg 55.08+3.24a 38.19+0.76 b 5434+436a 61.73+229a
Hyperin mg/kg 11.52+0.01d 12.63+0.02a 11.93+0.06 ¢ 12.16+0.01 b
Isoquercitrin mg/kg 832+£029a 8.15+0.10a 946+0.84a 9.55+0.03a
Quercitrin mg/kg 9.52+0.06 b 11.17+0.25a 8.81+0.05¢ 11.30+0.28 a
Phloridzin mg/kg 9.80+0.06 a 9.58+0.00 b 9.60+0.01 b 9.58+0.00 b
Quercetin mg/kg 53.28+1.69a 3247+0.22b 21.71+0.22d 25.99+0.09 ¢
Total mg/kg 188.47 147.31 174.8 162.34

“All values represent the mean + SE (n=3).
YDifferent letters in each value indicate a significant difference as determined by ANOVA testing (p < 0.05).
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Fig. 2. Responses of total phenolic compounds, total flavonoids, total anthocyanin, and total antioxidant activity (DPPH and
ABTS) in dried fruits of ‘Bokjo’, ‘Cheonhwang’, ‘Daeneund’, and ‘Hwangsil’ jujube cultivars. Data are expressed as the
mean * SE (n=6). Means with the same letters are not significantly different from each other (p < 0.05) according to

Duncan’s multiple range test.
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Fig. 4. Dendrogram of hierarchical clustering of the components analyzed in dried fruits of ‘Bokjo’, ‘Cheonhwang’, ‘Daeneund,
and ‘Hwangsil’ jujube cultivars.
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Fig. 5. Pearson’s correlation coefficient heatmap matrix among the response variables of the fruit components of dried
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denote positive and negative correlation coefficients between the variables, respectively.
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