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Abstract

This study systematically evaluated media milling for processing fresh (Ziziphus
Jjujuba Mill.) and dried jujube, and examined its effects on the physicochemical properties,
bioactive compound content, and functional potential of the resulting suspensions.
Optimization of solids content and milling time indicated that the ideal conditions were 5
% (w/w) total solids, with milling times of 180 min for fresh fruit and 120 min for dried
fruit. Particle size analysis showed that the volume-weighted mean diameter of the fresh
jujube suspension decreased markedly from 229.0 + 1.0 um to 25.0 = 0.2 um, while the
number-weighted mean diameter fell from 7.2 = 0.0 pym to 0.1 £ 0.0 um. For the dried
jujube suspension, the volume-weighted mean diameter was reduced from 146.3 + 1.5
pm to 29.4 £+ 0.8 um and the number-weighted mean diameter from 11.3 £ 0.2 um to 0.1
+ 0.0 um. These results confirm that media milling effectively disrupts jujube structure
and micronizes the particles. Concurrently, milling improved {-potential, viscosity, and
dispersion stability, and significantly altered color and pH, indicating multiple impacts on
product quality. Regarding bioactive constituents, milling fresh fruit increased the total
flavonoid concentration in the aqueous phase from 2.9 + 0.1 to 3.8 = 0.0 mg catechin
equivalents (CE)/g dry weight (DW) and the total triterpenoid content from 15.4 £ 1.2 to
28.0 £4.9 mg oleanolic acid equivalents (OAE)/g DW. For dried fruit, both media milling
and hot water extraction yielded higher bioactive compound levels than blending.
Antioxidant activities (DPPH, FRAP, and ABTS assays) showed only minor changes
before and after milling, indicating that all suspensions retained strong antioxidant
capacity. Based on these findings, the fresh jujube suspension was selected for further
studies involving lactic acid bacteria fermentation, cell assays, and a dextran sodium
sulfate (DSS)-induced colitis model. Fermentation with Lactiplantibacillus plantarum
demonstrated that both blending and media milled suspensions served as excellent
substrates, supporting bacterial growth and lactic acid production. In RAW 264.7
macrophages, the fresh jujube suspension suppressed nitric oxide production and the pro-
inflammatory cytokine IL-1p, indicating anti-inflammatory potential. In a DSS-induced
colitis model, the media milled suspension was safe but did not confer significant
protection. In summary, media milling markedly enhances the physical stability and
release of bioactive compounds in jujube suspensions, underscoring its promise as a

platform for functional food or health promoting ingredients. The technology could be
\%
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further leveraged to develop nutritional supplements, functional beverages, and products

aimed at disease management and commercialization.

Key words: media milling, Ziziphus jujuba Mill., inflammation, fermentation.
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i B (Ziziphus jujuba Mill. var inermis (Bge.) Rehd.) » = =~ & (Da Zao) ~ iz
B33 287 WEA P ZE § (Chinese Date, Chinese Jujube, Chinese Red Date)
% > % B %4 (Rhamnaceae) » % (Zizyphus) % # 2 % ¥ % #f (Lim, 2013;
Hamedi et al., 2015; Liueral.,2020) > EE &4 > F 5-10 2% > @A hd - L5 4
f122 4 % ] (Lim, 2013; Rodriguez Villanueva and Rodriguez Villanueva, 2017) -
BRI A F E 45 0 AEHRRPRED L 79 0 %P HERS
v R BERPZ ZRDE=FE CHR- ) 2B 5 F ERFIEF ) F
AR AR SRPFRAGS D B BARE Y %9 (9 RID) TR EE
RiFEgd 0 %d ficd » SEEHRITFY (BRY) P Dbk - FHREBERD
Fo2ZREFRAEBES > FAEI 2 o BARB (RHRDP)FEIFE D
&% (1hE > 2018 5 Zhangetal,, 2020) - i f % R St F PR - R E B0 P
325 %87 55 3 60°C Wic 24 T 30 R BRI RA S LD E
A B WL A KR A B4 (B ) (8 19985 3 520035 % > 2004 ;
5% > 2017 ; Goyal et al., 2011; Shahrajabian et al., 2020) °

WEBl- A R RIFE R S ta v I b BRI v R o
A. Fig. 1. Jujube fruit at different maturity stages. (a) white maturity, (b) semi-red maturity,

(c) full-red maturity.
(Zhang et al., 2020)
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DY TN AN RN IR
A. Fig. 2. Chinese jujube’s dry fruit — drupe (Ziziphus jujuba Mill.)
(Shahrajabian et al., 2020)

LB 1B AW S I ME 3 ¥ (Sabzghabaee ef al., 2013) > % ¢ £ & 5 90%
SFAERD AR ERBREFERILAENUFFY IO LA P LT
2 d 8 % AT BB (Gaoetal., 2013; Shahrajabian et al., 2020) °

SACE O PRRARAEPT R 1875 EA Y A RO AR T R B 4
fatE > S5 e b (Jixinzao) > AL: Ts M, CARZ ) Z AL R * 5o
Fo B FERRCD PR NRCE L R R A IR B K
o R AR R L Y R ﬁ$k“5’£%*¥ﬁ’ﬁ§€ﬁ(W)

& (%] 19985 E 520165 £ 2247 > 2020) » B o % & B 2 AIRE D Sk i f
LRAAT wf;éﬁifi ARAHE M ARAR - F 26 fE 60 F o Tk
AEXL 60§25 (802000 % > 2018) -

T
cosee

(AREe

R o~ AT RO R e B (Jixinzao) t I A R A RAEAFCEST o
A. Fig. 3. Jujube (Ziziphus jujuba cv. Jixinzao) fruits at five different ripening stages.
(3: & ¥ > 2020)
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PAZHP e ZFMHE R4 &3 25 2% o 4250 -
BRI R FH A feFE S FL 2R o ERF T B e T R
(#h >2004; 32-2004) 8% Lenv B> 2 i3 aH 24~ &% (Zhangetal.,
2003; Sabzghabaee et al., 2013) » # F fF4 #ﬁ?ﬂ%fi 4 FP?—;“%'E” el BRFHE S B o= 3
Hagr 2P Fh R Y g R R R L a8 e

Lk BB i > 40 2 0 B enle 8 (Hamedi er al., 2015; Rajopadhye and Upadhye,
2016) - 5 £ 5 @R o AR A 0 B RFLF o Fud s AR PR
WEIFR S LR BN S RAEY I ERAR CRER CEEIRZ
el g B ¥ & #2% (" Blz ) (Rodriguez Villanueva and Rodriguez Villanueva, 2017;
Liu et al., 2020; Lu et al., 2021) -

-0 0

Neuronal damage protection —> < Anxiolitic and hipnotic-sedative

Learning and memory Epilepsia

performance Hair growth promoting
- <— Dyslipidaemia

Anti-inflammatory Hepatoprotection

Antioxidant

Anticancer activity

( Pharmacological activity )

SRl s i EAPRE R A Z BIR Ak o

A. Fig. 4. Schematical representation of Ziziphus jujuba Mills. Z. jujuba drugs, active

substances and pharmacological actions received special attention.

(Rodriguez Villanueva and Rodriguez Villanueva, 2017)
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L EABA1 R T RE TR ;&T}* (F)~2Bfa~chb® Xk
kB d R R AR (5% 2014 9% 5 2017 ; Lim, 2013; Yue et al., 2014) -
FEOPHHA AL ESNT R EIL LR F IV RLET FRA LR
(Hungetal.,2012) » X @ = B A Z 2% » $xJc % %574 b > 378 % F 3 2 Fpe o &
EA KT P R LT e Bk - ERE U i
4t (TCM) & * & % (Ruanetal.,2022)c @541 3 3N (dop Fizhk) F o s d

g 2 EF E @R FRNA AP EEER L R A SR BR SR
v g R Ea PR EASDS R E (Gao er al, 2012a; Mao et al., 2024) -

e SR m AR ST AR B RR (FRE 0 2018) F)pt 0 SRR
HPR O BEZEFRETCRYAREY PR A ST B R 2 L1 HjkFe

(=) s

CEBEZAASAEE 0 F 100g ¢ 5okA T7.86g~ £ B T9keal  3ov
B 1.20g~ %55 020g~ Aok &4 2023 g(USDA,2018): & f.+ » Bl & 57
Rt &4 55-85%~H ik R Lok A 25-30%fe sk E 2.4-8.4% 42 F-v F 2.9-6.6%
% feigin 0.4-1.0% 224 2 A-BI-B2-C 2 E %4 (Gaoetal.,2013; USDA,
2018) H 4 & 5 149 (79-458mg/100 g)~F5 (59-110mg/100 g)~ 4% (46-118 mg/100
gk (25-51mg/100g) &4 (25ug/100g) ¥ (F & F eral.,2006;Lietal.,2007)-

CE#E G E Rt C (44 mg/100 g) 2 F A% Ak (flavonoids) (P
BlZ): #74#% % (spinosine) ~ H13#% (puerarin) ~ 7= A-3-§ § # 3 (cyanidin-3-
glucoside) ~ ;2 & 3 2% % (gallocatechin) ~ % ;2 8 + ¥2% % (epigallocatechin) % i
A % (quercetin) ; & % (saponin) : i k i=2 F A > B(jujuboside A,B) % .l [k
(maslinic acid) ; # 4744 (alkaloids) : & & % £ 4k A ~ K(sanjonine A, k) ; " "FFL4E :
-+ = 4 (heptadecanoid acid) % (Sun et al., 2011; Hung et al., 2012; Yu et al., 2012;
Rodriguez Villanueva and Rodriguez Villanueva, 2017) ¥ % pE#g (polysaccharide)
TP %E (triterpenoides) & & 4 F+ /54 v 2 (Chang et al., 2010; Guo et al., 2015;
Tahergorabi et al., 2015; Lu et al., 2021; Zhang et al., 2021; Zhu et al., 2024)  p* ¢t »

BBk EAR 0 P LRI RE A R TR E RS S
B* 1+ 5 (Ding et al., 2017; Rashwan et al., 2020) -
4
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T kR A (1) AR E(Q BECEH AQ) BmEEEH
B (4) 519% ~(5) W R2E#k A-(6) R Edik K: % 1 (7) FF 437 %
W~ 8) s F2EE (9 2L e+ 2xF > (10) LA~ (1) FRd £ - (12)
L - ﬁ’; o

A. Fig. 5. Most representative compounds from Ziziphus jujuba seeds and fruit. Z. jujuba
seeds: (1) Spinosine, (2) Jujuboside A, (3) Jujuboside B, (4) Puerarin, (5) Sanjonine A,
(6) Sanjonine K. Z. jujuba fruit: (7) Cyanidin-3-glucoside, (8) Gallocatechin, (9)
Epigallocatechin, (10) Maslinic acid, (11) Quercetin, (12) Heptadecanoid acid.

(Rodriguez Villanueva and Rodriguez Villanueva, 2017)
5
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LR ses @l s PE A AE B SRR F -2
g2 AP HFE (Vidrih ef al., 2009; Duan et al., 2023; Xing et al., 2025) » {5 4§ %
B G R R 1R A A SRE A E SR 3 (Davik ef al,
2006; Guo et al., 2015) o bl4e 124 ik 5% (freeze drying) ALz § %3 7 %7
REIpBAER oA 50°C #kb §2% (airdrying) ™ IREHEORH (CAMP) % TRAELRE
5% (cGMP) &g # % » ¥ B> p g (sun drying) % it (microwave drying) -
o RBEAST R EREFLIHIRE > VRS LSS i 4 (Wang ef al,
2016) -

(2) =RE™MR

£ % (phytochemicals) friptete # 4 R it £ 5 (& N d) » £ 5
APEN S FLRERES D XA REET WAL R RAAMOFYE R o
HAMEREF FA PHA e 288 2 5dk ~BH - $/52 Y% (Saxena ef al.,
2013) -

B 77 et F e 352 4R (triterpenodies) (Lee et al., 2004; Lim, 2013)
5 p= % (polyphenol) (F & # etal.,2006; Gaoetal.,2011) ~ % pE#E (polysaccharide)
(Zhao et al., 2006b; Yue et al., 2014; Kao and Chen, 2015) ~ 7 ¥ gyt ”JTJFI“ (cyclic
adenosine monophosphate, CAMP) ~ 2 1= 4 (alkalodis) % &4 #]f% (phytosterol) %

(2 % > 2003 ; Sun et al.,2011; Hung et al., 2012; Guo et al., 2015) » f§ /i 4= :
A. = {B38E

Ji

AR A*Pd 30 BRRT AN S0 A3 N5 CoHaOs 0 B
Fies 6 BEAZEE (CsHe)e A A = 0 &+ £ 4 K5 400-600 Da (Patocka,
2003) = % 11 PR S i 5793 5 G @ 22 8 e A A (aglycones) B £ K R
fs = W2 H (triterpenoid saponins)

BRI EP AL BT R RN VL E () 2N ERT
(ceanothane-type) © colubrinic acid ~ + § #7f& (zizyberenalic acid) ; (b) 3! % E = 7|

(lupane-type): & zk+ & (alphitolic acid) ~ kg A fi&-3-O-"8 3% -¥-4 & figfia (3-O-cis-

p-coumaroyl alphitolic acid) ~ PEhE & f&-3-O-F X -$t-4 & fefg  (3-O-trans-p-
6
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coumaroyl alphitolic acid) ~ #=* fi& (betulinic acid, BA) ~ #&* fit ik (betulonic acid) ;
(c) & 3 % = 4] (oleanane-type) : L f&-3-O-"8 ;N -¥ -4 & Fefia  (3-O-cis-p-
coumaroyl maslinic acid) ~ 1 {4 f&-3-0O-% X -¥-4 & ffiy (3-O-trans-p-coumaroyl
maslinic acid) ~ % #t % & (oleanolic acid, OA) % % #1 % fik & (oleanonic acid) (£ % »
2012 ; Lee et al., 2004; Guo et al., 2009b; Lim, 2013) -

= OTREE e AL fﬂ:sﬁ;j BN E AR RS SV A BN P S
MP RN BEFWRIMER S SALEFEE o Z FH AL 195 1
210nm # BIP F 5xjc® o ¥ 12 F oA Ap & 44 (HPLC) 417 -4 4 36 f&
SR A RS A FIRY 7 F BA (49.6-624.0 ng/g) ~ OA (54.4-458.1 ng/g)
3 jv % Bk (ursolic acid, UA) (61.6-1512.4 ng/g) (Guo et al., 2009a) > & -+
PREBZ REAEAY (% >2011)cmF BA~OA 2 UA’E_JF"A\—?%;}BRF'
(456.7 g/mol)» T = fagk & B4 (it % - ) (Guoetal.,2009a) > # %] £ OA
r 2% E]T? fit > oleanol; caryophllin) £2 UA (* % 5 #k[i& > urson; prunol; micromerol;
malo)» © Z B - B ¥ A =¥ (Zacchignaetal., 2008) o ;A | Z P~z §_p % B~ {8 = &
SR EFPARS N FRE LR TAMMERF (FRE) 2 BHY

‘fii FFE%E °
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N & e

A. Table 1. Triterpenoid compounds in jujube.

Molecular
Mail class Names CAS weight Structure
(9/mol)
Betulinic acid
472-15-1 | 456.709
(BA)
Oleanolic
Triterpenoides acid 508-02-1 | 456.709
(CA)
Ursolic acid
77-52-1 | 456.711
(UA)
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22+

- % i+ & ¥ (phenolic compounds) 7 - % F g 45— 4 & (aromatic
ring) + 1% F - BEEAP- A (hydroxyl substituent) T ¥F AL B i 423 ¥ A R B
oo BHE %@:—"Ff 2R EY W APEE 0 ¥ L3 e & (phenolic acids) ~ #7 % fi
(flavonoids) 2 H ji72 4= o fofe & 3 — B F av A& (carboxylic acid) » & st ¥ ¢
TR IEAAR MR Z s F Y piiHE (Stalikas, 2007; Singla et al., 2019) ¢ & F AR
AHEd 1S BRRF 2 C6-C3-Co ¥ 7% » &M= RBHAH DT =PI
(flavannucleus) >  ** z 5 = B~ I & (phenol subunits) > & 7z = B & F pIfL 5 2
% (tannins) (Stalikas, 2007) °

gl 3 P BRRoEFE ¥ TS ERRA KRG H T - HF gl “,f—i 2
d fAergc s £+ 255 (Cosetal, 2002; Lucarini ef al., 2004) - < }I%:‘,;] i &
fouf v & 4700 % R i% (chlorogenic acid) ~ ve2fik (caffeic acid) ~ F 7 (rutin) ~ 2%

% (catechin) % # 2% % (epicatechin) % i (Hudina ef al., 2008) > & 5 & 2 4%
iy it 2x% (Lietal.,2005) -

LRV IR R FIREE AR AR o A R RSETI R
EATAA (PFE ) EA G R 139.36-98.34mg/100 g DW» #24 % (quercetin):
8.51-23.82 mg/100 g DW ; #-4 H (quercitrin) * 26.58-63.20 mg/100 g DW ; 134 F
(phlorizin): 13.62-53.24 mg/100 gDW; ¥2 A fi= (catechol): 12.70-45.41 mg/100 gDW;
A a4+ pa (gallicacid):6.37-21.20mg/100 gDW ; 52 % % :5.34-16.25 mg/100 gDW ;
3% J & (chlorogenic) : 4.65-18.18 mg/100 g DW ; e*ve=tfis 1 4.08-15.38 mg/100 g DW ;
% 2k % 1 11.62-31.32 mg/100 g DW ; B-% & f& (B-coumaric acid) : 14.03-37.02
mg/100 g DW ; [ #.p& (ferulic acid) : 12.48-37.65 mg/100 g DW ; &> & » /]
k. (Zizyphus jujuba cv. Xiaozao) 7 3 B % i, 5 f» 7 £ (Zhaoetal,2014) - 5 p B
HWirehi B+ > pragit &40 F 7 (0.60-5.77 mg/100 g DW) ~ 52 % % (0.65-2.12
mg/100gDW) %2 % 52% % (0.48-5.13mg/100gDW) 7 ¥ # % (Hudinaetal.,2008) -
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SRS A R L

A. Table 2. Phenolic composition of the fruit extracts from seven cultivars of Chinese jujube (mg/100 g DW).

Phenolic compounds Xiao Goutou Jinsi Yu Jun Po Ban

Rutin 66.81 + 6.38" 08.34 £ 8.24% 38.08 £ 3.86° 54.21 £ 4.75¢ 39.36 £ 3.11° 4552 + 3.934 41.26 + 3.69¢
Quercetin 23.82 £ 2.13% 17.43 + 1.24° 14.26 £+ 1.12°¢ 13.33 £ 1.23° 9.43 + 0.87¢ 8.51 + 0.69¢ 9.34 + 0.75¢
Quercitrin 48.52 + 3.26° 63.20 £ 5.05% 37.51 + 2.844 43.68 + 4.17¢ 31.98 £ 3.15° 28.86 + 2.3f 26.58 + 2.42f
Phlorizin 53.24 £+ 4.07¢ 4532 + 2.14° 31.91 £ 2.83¢ 29.68 £ 2.52¢ 21.73 + 2.284 19.61 + 2.11¢ 13.62 £+ 1.02¢
Catechol 4541 + 3.87% 40.36 + 4.04° 36.01 £ 3.42¢ 32.48 + 2.68¢ 24.61 £ 2.18° 12.70 + 1.05° 16.43 £+ 1.48¢8
Gallic acid 21.20 £ 2.02% 16.01 + 1.41° 14.84 £+ 1.21° 12.06 + 1.57¢ 9.65 £+ 0.78° 8.53 + 0.72f 6.37 £ 0.458
Catechin 16.25 £+ 1.32% 13.64 + 1.01° 11.25 £+ 0.89° 10.22 + 0.97¢ 7.66 £+ 0.81¢ 7.53 £ 0.61¢ 5.34 + 0.431
Chlorogenic 18.18 £+ 1.81% 16.82 + 1.26° 10.26 £ 0.84¢ 9.36 + 0.96¢ 6.29 + 0.49¢ 5.58 £ 0.55¢ 4.65 4+ 0.42°
Caffeic acid 15.38 £ 1.27¢ 12.14 + 1.09° 10.62 £ 1.05° 8.87 + 0.68¢ 8.01 £+ 0.61° 5.68 + 0.341 4.08 £ 0.29¢
Epicatechin 31.32 £ 2.25° 26.86 + 2.17° 23.30 £ 2.20¢ 21.25 + 1.764 16.26 £+ 1.38° 13.54 + 1.12f 11.62 £ 0.938
B-Coumaric acid 36.95 £ 2.72% 37.02 £ 3.63% 23.85 + 2.17° 23.02 + 2.01° 18.31 £ 1.62° 14.38 + 1.264 14.03 + 1.164
Ferulic acid 37.65 £ 3.04% 33.81 + 2.56" 26.36 £ 2.32¢ 23.84 + 2.114 16.57 £ 1.63° 15.3 + 1.26° 1248 + 1.1°

Values, mg/100 g DW, are expressed as mean £ SD (n=3). Means in the same line followed by different letters (a—f) are significantly different (P <0.05).

10
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CRAER LT - % #% % (swertisin, apigenin 6-glucosyl-7-O-methyl ether) ~
#ed % (quercetin) ~ i 2 iz (kaempferol) % =5 % % 5 i & (& % 20105 5% % -
2011) « # 4 4 4n o i B B 2S) b T 6.8-2 § FPEH (6,8-Di-C-
glucosyl-2(S)-naringenin) ¥ 2(R)-#hfe { 6,8-= # § p&H (6,8-Di-C-glucosyl-2(R)-
naringenin) = #g3| (2 ¥ >2003; F % > 2006) d = B o sEE R fARE A 5o
B dpE F s B (297.2-764.6mg/100gDW) > 4 & A F Sk F 2 R HE (4
2006 ; % % > 2011) »

-G R RN ER Y o F R 5 PR 5Y (03 0 soluble) & & 54
3¢ (# ¥ % > insoluble) 24 ~ fe 2 H s & 3 4p 3 2 & (Shahidi and Naczk, 1992) -
PELREFA R o W RS e ke b (cell vacuoles) 0 | A F ER R s F £ 9
800 Da » @ + $= ik fin 2 » A fv fim?2 BE (cell walls) ;éfﬁf_é» ¢ i B g 0 B4R
£ “f’ﬁﬁ@f—l”?‘;ﬁk BE - F9 B2 AFZ %4 (Klick and Herrmann, 1988; Lam et al.,
2001; Yahia and Carrillo-Lopez, 2018) » % & i * d& ~ fa v i 2 -KfF > 7L lw"2 BE >
1A e ¢ 5 P~17 % ps (Stalikas, 2007) ©

C. 5

SPENT S fend AR S A 2~ (Yueeral,2014) # £ % F iwee BB
XA R e B T 518 (Zongetal.,2012) o K F Bk f2 de 5 pE o O H
RA78 0 77 fatd2 P 122 pE- f4 (Kao and Chen, 2015) » 2 5 gL 3940 5 & &
46,740 ¥ 129,518 Da; £ % fE 5 47,100 Da; feft 5 k5 52,407 ~ 55,522 &
60,053 = f& (Changetal.,2010)- =k S pEAR AT P v S EA T E L F i 5 7 o
TRESEFR B E 2 ARELEFZERL BN (Zhao et al., 2006a) ¢

CESEED SIS A R 0 & § 0P S EE (MW:23,000) 0 £ B Em S
% L-FP 3 i54% (arabinose) ~ D-X 5' 4% (galactose) £2 D-# F 4% © fald % p& (MW:
263,000) B fEe S 0 4 L-& 2 (thamnose)  L-Fr # a4k ~ D-% 5 4% « D-4 &
# (mannose) % X jLEFEfL (galacturonicacid) s H ¥ L jUigprpt 2 £ b 41.6% (5
BH oetal,2006)c ARG R B SEY SEPES > LE TR iEG
5|5 B (Chang et al., 2010) » Bt % prenje & R 12 X SUEpERs 2 2 (Zhao et al.,

2006b)° % fedp i FAB L S AR (xylose) &4 E E S i f 5
11
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FHRELRLEL B 5 F 4 F B4 (Manning and Gibson, 2004) <
D. B EBERY

% H Bk ’Jf]lﬁ (7" H s Tk ’9;]1[%" 14 H #ipe ~ & ”fllﬂ f& > cyclic adenosine
monophosphate, CAMP) » i *t -k > ¥g3 305 83 B (dopesg) (Yang et al., 2014) -
CAMP %5 m® ) % = @314 (second messenger) * 47 % 54 5 ’ﬁlﬁ P b H TR
CEEE S RRPIHE TR p FEOBL B mR RHRENEE B T &
oo s A oA d cAMP @ » fnve ) end-d T gcfs (protein kinases) 0 € H S
it > de cCAMP i i 3% i (McKnight, 1991) » 31 4= %.ch LR i » 3 &
y LD ’gij"\% BRI R e b 48 e end £ 4 i¢ (Kaliner, 1977; Cyong and Hanabusa,
1980; McKnight, 1991) - cAMP #2 % € & e A & & > scdl B 3Rdd o 918 en g
F &% & ¢ 5 %1 (Brudvik and Taskén, 2012) » #4233 E v in?e & 3. (Schwede et al.,
2000) » £ e g W F & (Brudvik and Taskén, 2012) »

7 HPLC A 47 f* cAMP 7 £ %6 £ B 8% #F4 63.6-501.7 mg/kg
T3 5 236.5 mg/kg (Chen ef al., 2019) » pt #F A 2 RATE & F ¢ > DR P D E
CAMP > B8 77 % F = HiEf2 cAMP #4 & = 7 €3 4 (Cyongand Hanabusa, 1980)-
chrHE B 77 LR R cAMP L H R cAMP A G AT L e U 4F KR
(Cyong and Hanabusa, 1980; Jiang et al., 2019) -

E. 2§ %3msse

LRBEIRCIEMEAZENC LY BRI REF L L A
Pl RO O R R SRR PR B A 2 (R
1999 ~2001 ; %&f=X >2006; & % >2007 ; & % > 2012 ; Liu, 1995; Huang et al., 2001,
Heo et al., 2003; Lee et al., 2004; Li et al., 2005; Tkeda et al., 2008; Chi et al., 2015) °

B ip 7 E 5 5285 mg GAE/g » FRAP :#5% (Ferric-reducing antioxidant
power) ¥ ¥ 342-1173 umol/g (Li et al., 2005) ; *4 $ %k ¥ Jx i ¥ < & (Chronic
Fatigue Syndrome, CFS) % # 4 #5% - 4& & & 7 p& 30 = (&2 400 mgkg) » & i
PoAZF 1 Fos it f' (superoxide dismutase, SOD) % 4% % 4 FXif § It P fE

(glutathione peroxidase, GSH-Px) & 1+32%8 % 3 4v (Chiet al., 2015) o #+45 & /| &
12
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8§ %4 (800 mg/kg) it ' M & B (CCly) é?g%-ﬁ; T o /A FHRY SOD 2
GSH # 3R> g% 5 (Yue ef al., 2014) - w > om0 LB S (RIE S
mg/mL) B2 ¢ ZRHme L3 h 24 ) FF> T RS 80% SRR 35 0 £ G A
€ »cfs (Hung et al., 2012) o B2 555 ~ @ M S pE2 Bad 5 pE77 5 ABH® fmre 3
4 gmedk (RE 21999 %% >2001) ) Rk a =B 25 8 3 16 /| PFis » "LE
Evfiim i S 2 5 B F RS (k% 0 1995) - = g = (3-O-cisp-
coumaroyl maslinic acid, 3-O-trans-p-coumaroyl maslinic acid 2 oleanoloc acid) ** 4
Wendua ik > Fohen ColtfFralf¥F LR Brlcf = gy )
A SER AR MR # AR (Lee et al., 2004) -

S REEATERE
(-) BIEgEAFTrEARRRE

BN FA R (wet stirred media milling, WSMM) & - f8i% G 4 4 &k *%
AT S o 2l TR L e 1 B o JRd fh A e e S ) o
"d + @ T (“top-down” approach) ¥ ¥|%5-| #- L ¢np 0 (Forster and Konrad,
2003) o AT Erde 1 € 4o » AR (F % * F Y 4238 Yttrium-stabilized zirconium oxide
grinding beads, YSZ) &g Hf4— Ie i 747 B > 3 2 gt esc S (Bilgili and
Guner, 2021) » 42 ¢ A& 2 #uiv > R EPN FP > 2 Rp0% - 5# > A YUEFZ
Ttk WAz > BiL®* WSMM +4c1 2 ;% (Bhakay et al., 2018) » § »2ipt > &
EX AR (R b E @R ik 5%k A 5 (Tanakaetal., 2009) > i< ¥
RERA AR (2 A) ok R s $gl (Bilgili and Guner, 2021) -

BN TAERE (CFR )0 R R R P e ROEIERIER %%’E’ e
Rppdleptong o FRIPRFPEEFEET  BFLEY 2R =+ HRER
(Peltonen and Hirvonen, 2010; Lietal.,2018) = 5 7 #d /i T2 7% » P EF 4 &
E¥e By wEDRIT &S PUE FEAET (3R) /F'lfﬁmff”iﬁkﬁ?"
4 YSZ E\iiﬁiﬁﬁ‘\?b{fﬁ’#i‘]ﬁifr”‘ﬁﬁ 100-3,000 pm o 7 B % el o o §
KERFHEC AL ORF - Lenlipe BRI HBARTFEETR D3 FRAR

AR iEa E DA HP Do

13
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FPAEERC LT () AEREER > AV P SRS R PR IRR
Rite o sldesk s Fing 386 (Eskin et al., 2005) » o PERFIRLEFEE 0 1
FEA o ARk R REEE AR REForREE ARt mE S P Rk
Ao E RS 420m/s P B R B O R A B4 Fr R 0 VR REFRIFRE
A (Bilgili and Guner, 2021) - WSMM 483 =& L3 s 0] > 2 3+ 2 5
Pk ko oD EMATT @ il e b3 AR Y £ o BT BAR T
£ F)E o foa B Sk EA MR A $0N K Y IR K & (Bhakay e al., 2011) -

Inlet /'\Pressure sensor
l —/ Mixer
- Outlet PR—
: " iz
z Ioig
Bej‘ds = e S0 e -
° ¢ g
@ 0. @° O B
® ® O O ® P ? !
O ° 4 i @) § j_’ : =
O ® " O [} ° = :
N N,
Rotor Suspension :
Particles flow :
Pump for inlet :
o |
1
------------------------------------- |
I | Coolant flow
G~ R G R R (r A L -
A. Fig. 6. Schematic of a wet stirred media mill in recirculation mode of operation.
d b 72 WSMM BRI @ 27 B it B b 0 H 0 MR- R AT

RERRFREEY tie- HEL 0 BR RN REE T B e BRH
2. S Hr s (Shinoharaeral., 1999) o # 4v et % & ff » &2 okl BaE-kEEA
= & = f#2x (Li et al., 2016; Bilgili and Guner, 2021) - F]¢t > WSMM it @ # %
ERORFEEFRTMEOIMMAAPLFIRIRES P RABEDE R T LA
oo~ mAHUE R %L ZHE (Lietal, 2015; Peltonen, 2018; Bilgili and Guner,

2021) -

14
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(=) BAEEAN TR EDR?

WSMM Bt E -0 f i3 R e i3 A Y IR FT B ig R MO g P B
PoR Lt s R B WEEE  b4e RBIFREAE 2 #2855 (Zhangeral,
2012; Dubey et al., 2018; Lu et al., 2018; Chen et al., 2023) -

AT BEFEAIL > A 2 e o DB kY AT s S E
HUPEEF Rk 5 E etd 2 4 ZB5 % (Tanaka ef al., 2009; Chen et al., 2010; Yeh
et al., 2010; Chiang ef al., 2014; Bilgili and Guner, 2021) » 7 §_#l # = fic F fo+ 0 &
WoiE o R Bk WSMM 1 E RER o B s T ] BN
w2 F1 4 B (Lin et al., 2011) - 1 2 & 5% & &2 F »c <+ 4 (diosgenin,
stigmasterol £2 pB-sitosterol) ZFB~& % 2 - Ba®* e WSI F &1 BiE% R
¢ 4% (Chiang e al., 2012) » 2 4 1 f1A7 > 22 2 i} AR+ 2 (okara) -

%+ & B § Ak (isoflavone) 7z £ 773 BiLE ]“F% (4.42 + 0.03 mg/g dry solid) (Kuo
etal, 2014) o & ¥ 4c 1 p137 > Z I MRt 153-p-D-glucans 4 5 #-k ¥ B eh
3.5 # (Chiang et al., 2014) - #c % ¥ ffrF »c= A A" & FEH (lignan glycosides) ¢
4 4"”’7 g—,v*,,,ﬁv,gg,@?_r By g;‘lf]'\”’)% = ,lq/g.j—,fn/‘k)ii‘aéc , n;lg,,:lr 4 F2E s H«/E‘j—ﬁi P
4§ 2484 (Hung ef al., 2016) » S~ FRIFR GBI KB RY > BT
Wi A58 %7 FE NS (Chieral, 2021) o

BB E 0 WSMM {3 k2 g R e # it f ol b
T F S ABFGLEF AL ER IS TRE el b AFET N R PR

WSMM #l48 » #p 32 = 4o 1 et ¥ X B * > FEF) 2 8 H A% chp iho

S REARBEF LR R
(-) &£ %3 (Immune system)
EAX e A fﬁiﬂ*ml‘f NI R = R (drim A ~ A Z ;’—;5.*1;)

SR Ao LR kG § RN IR LA Ko e s w2 f A % 3

—

g ¢ - Tk e B F & (Immuneresponse) . d fLK e X 4 17~ 53 KR
BARE A F o 2 &0 DA KPR ABE S B SRR Ak (£
WA AE) chie sk s w2 i 5 C Frdl 3 L ¥ e chif 2 (Gammon, 2013) -

15
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oK kA 34 X M4 A (Innate immunity) % if B4 £ & (Adaptive
immunity) = ~ # (*dBl-):

A AAPBELE FHFR LY - FPAOFE R LAY LG -1
iR R At ks B g blded L& TR AR ko R LR g’j“»/’v\?'éi;‘ i 4
FlwpF 2 Ay 5 ~» B ReLA L AR &4 (Complement) €34 /i » » & (7
FERFLR B LR B & 0 B (Phagocyte) ¥ p SA# < 'wr (Natural killer
cell, NK) P rreisc ¥ p 4 - 522 'm¥e 5 B v w? (Macrophage) ~ x ;% 5 $%3% ~ v%‘
¢k w3k~ NKecell 2 £#% fw?e (Dendritic cells, DC) ; & 45/ &% L A4 F ~ 4
%~ 3 ApF 2 4% (Interferon, IFN) % - 27 » DCcell ¢ Fridih @ T4 ik
& % (Antigen-presenting cell, APC) > %ﬁ“ d FIRPLhend (FE L A2 (BRI
REBEW?) 2 FREALEF B (ERFRE B w22 T wP?) (Levine ef al.,
2011; Redgrove and McLaughlin, 2014) o yt FFEC 3 S48 3 £ Bk sLil @ fado o
w3k (hevf ?Md w3k s B B) PRI E s {0 5 L4 T (ntet
F B APRER) LR R IR R R R BRG] SRl ¥ el
BWRE FRE - A

B. i Bl o 2R A 15 12 [ B g akE o 0 B AT - )
FHE RS LAF o R HEAL TR FIRR IR RE R
EE- M 2B wm% LT % (Lymphocyte) 82 APC > F 414 5 ‘w2 3
(Cytokine) ~ # % 3% ¥-v (Immunoglobulin) % !w® & |4+ #]3 (Cytotoxic factor)
(Janeway Jr and Medzhitov, 2002) - if B2 L EF %4 » A, #2231 L% (humoral
immunity) > ¢ B ‘w2 jji‘m ¢z (Plasmacell) % » 2 2 Jadll > # ¥t~ F 2 A
Bigar ek 5 B, w2 A L £ (cellularimmunity) > % T w2 /B it 18 5 B i
v 4 ~ &~ 2 F¥ E F (Elenkov and Chrousos, 1999; Opal and Depalo, 2000;
Redgrove and McLaughlin, 2014) o # it 0 T % ~ B ‘% ¢ ficim?s gk » (HE5 30
ERE NG A

FAMEAL AR LR B AXPELE 2 WEFFER LA BFILRE
R tlg T e B mieiii At > 88 & - Benmie 4 A T b 1)

)

2B A, PP AR SR A ek — Mendil > A58 R B Ik o - &

16

doi:10.6342/NTU202504026



BAE CAR LT F REREEY > S p AT -AE ABEHEN R WL
WHREE > p LA (Autoimmunity) (Igietseme et al., 2004; Redgrove and
McLaughlin, 2014)c & &2 L A i i3> A D WEDH £ ZVHR TlT  (dovw ik
BACEWRAR) AR AT AT BRREE L & Bl
B (s %‘Ma SRR BB e Tt Tk B LRk senT

Innate Immunity Adaptive Immunity
; Natural Killer
Dendritic
Cell (DC) (NK) Cell
- .“

Th2 Cell Th1 Cell

.
. o S
IL-12
Infected Cells Monocyte Activated \ / Naive T Cell
Macrophage {
- O

\d
© '..
TNF NO IO 2 CD8+ Tcell CD4+ T cell
TGFB

1gG Antibodies

,TE%‘]__ \;b:&]":l-btii}@r’}gu F R -
A. Fig. 7. Innate and adaptive immune responses.
(Redgrove and McLaughlin, 2014)

(=) &£ % (Immunocyte) % %% j#% (Cytokines)

b5 ,mng:,L;}Flmr»}g &pksi B F Rehim —k%g;?ﬁ\.wﬁ@éigyﬂ.}ii&@
FenopgpTmie > v 7 T ¥ w% B T e s Evfwmie LR T w2 2 70 {8
mEe E o TR LR A H A (REI N ) AR A T A 5 2R AR e s
FREPLE me B R R R 2L R g e & F B imie s P e e
NKecell £2% <~ me % [ FRBMHipwme s T w32 B w%  h T Hwe (&
P EmfRFFa) BlF DCecell » Eviimiz s B w2 % (Elenkov and Chrousos,

1999) «
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Ergimrz £ H 1278 (Monocytes) #74 @ = » (¥ 5 % - Meng i p i@ € 5o
hRPF o B X G P amie R S 0T A4 T (EH 5 ®
Riss 5 RRPR O BREFRELE D T wieye fad T i 52008 me
#% )RR 4 R (Birk et al., 2001; Kawai and Akira, 2010) ° E ¥ im %2 e P4 5 ¥
2 APC 84 ¢ > 5 &g Lamdfiz it /ﬁ‘“f/’%‘*‘ dn¥e o WIRIE BEA Y
Wing L F]5 > Fet i v 4R B (Elenkov and Chrousos, 1999; Beutler, 2004; Beagley
etal.,2009; Yilmaetal.,2012) - T ‘% > % > 5 T # ¥ %% (T lymphocytes) = §|jr
o Bt i#er T w2 (helperTeel,Th)» % m 35 CD4> 1 EA42 fer d
B Rk w3 A4 AN F I G 4o et B e A 4 P E Elimie (T T - 3L
PliFsE med & T @ (cytotoxicTcell,Tc)» % o #f3c 5 CD8 > H {7 ¥ X 24
ims (5 e A ) o T M tapn A R H o SHGEHH T e
e T me ke A3 (Ao k) EH A ART Mo kLB R A4 &
%_# Fr &y ¥ (Elenkov and Chrousos, 1999; Opal and Depalo, 2000) °

ESRED o SN TP S WA I S BB ¥ e ok et Bobn R PN M EED
Trmiettmie 2 Benfil > Tljpre g du TR LR Ferwed £
SIS B F T e o m R LA BRI R AR 4o LIk R
(Interleukins) ~ %754 £ %] (Transforming growth factor) % -+ Q‘E% g 8P iR
e b Nk - MXRME L BB me Ao mie R PR N F oA A
e XA IR T B EROE S BE KT P E e 2 B T ';', LRV Wk
N\ 4&1[?54 SAFELEF RE BT R B LV E SN o e
e E U R 2 N E P e gy Tt e AT - :’@T’fﬂ%?ﬁ‘i - fiimre
#c% 2 7% (Elenkov and Chrousos, 1999; Opal and Depalo, 2000; Lacy, 2015) -
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Virus Ag
Bacterium
Fungus

Protozoon
/ APC Allergen
Parasite

IL-12
== ?

\ IL-4
Type 1 IFN- Type 2
(pro-inflammatory) \ (anti-inflammatory)

IL-12 cytokines cytokines IL-10
TNF-o.
Th1 response @ @ Th2 response
) 5 ¥
IFN-y e IL-4
Lo s—it= T===IL-10

IL-13

Macrophage

Mast cell

trends in Endocrinology and Metabolism

Cellular immunity Humoral immunity
BN~ ~Thl~Th2 w2 % | 3]~ % 2 Aleoe kiR e 2252 T
B -

A. Fig. 8. Role of Th1 and Th2 cells, and type 1 and type 2 cytokines, in the regulation of

=
&

cellular and humoral immunity. Solid lines represent stimulation, dashed lines inhibition.
Abbreviations: Ag, antigen; APC, antigen-presenting cell; B, B cell; Eo, eosinophil; IFN-
v, interferon vy; IL, interleukin; NK, natural killer cell; Tc, T cytotoxic cell; Th, T helper

cell, TNF-o, tumor necrosis factor a.
(Elenkov and Chrousos, 1999)
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e i e

A. % %-1(Interleukin-1,IL-1) » d B sffim®e & e > 55 i 8 ] A dnie o {1
B et T wiwwFit» TR R IS SB g L F o Bt g L e /Y
WE PR > B LA { F % & ¥% (Opal and Depalo, 2000) -

B. /it 3-6(IL-6)d Erim® s Th2 im A is3ldes L F Boiait T fw
2o flg B w4 £~ & (Y2 & 4 f88 (Opal and Depalo, 2000)

C. v %-10(IL-10) » ¢ Th2 fm® A d » i #rd| B vim®e 2 4 IL-1 2 IL-

Ed g ok WAl B wie g4 o A E ThO dwrz & it & Th2
Pz > 4] Thl fwre (% > 4 >8R A L% F & (Elenkov and Chrousos, 1999; Opal
and Depalo, 2000) ;

D. #6737~ ]+ (Tumor necrosis factor, TNF) > 2 BF LA F B AR £ & 0
ek oo Bl BB BRAH P LA R B AN F R
B o EITHIE S0P e TNF § 2 48758 - ¥ TNF-o £ TNF-B > 3 ¥
é’j’ﬁd ‘%, % P& (Lipopolysaccharide, LPS)/# it ihE wiiim?e & 2 » {2 '*Ff JE R

RS AR (2 AL & Pl F]S o mitogen) Tl T w2 4 R w2 g
323 &% cINF FHEgwmeez nfllme A it > A B w2 il &
4B Il VAR RN AE kB T e EEmr At L6 FEHELAT
(Elenkov and Chrousos, 1999; Opal and Depalo, 2000) °

kN2

CRRTRURCECR = 35 - INGERD " & C F‘T" EN NN R S S SRS LES o S
7z IL-1~1L-6 ~ TNF-o ; 3 ¥ sc%k 2w 2 5 IL-10 -

(2) & £ F B (Inflammation)

FAA AT B o LTSI 2R ERM T & TP
CEPFPRGIN D LRF e B EFF e R FRARR B
A (Ikeda et al., 2008; Gammon, 2013) - ¥ £ #8245 % —HF B2 RER La- A
#0 ¥ R A 5 EMHF L (acuteinflammation) » 3 EE) 0 RARF 1T B A
@‘ﬁﬁ#ﬂﬁi#’ﬁﬂuiﬁﬁﬂﬁ@ﬁﬁi%’ﬂnﬁW44»ﬁ& 4
",% Tl ez 42 R Fesdxqp 3 385 W L (chronic inflammation) -
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- HAEHPADER R LOFE BEAR o HKE T FEMEF L (active

inflammation) » % %73 E£AF AR B S B B R B o FHL ) F AT

i
H
5

(Coussens and Werb, 2002) -

EH AR FAERE AR ERE - B PRI
R L FREERE . P U ERERAERE B AR R R
LA T Up Lqpdl iRl 6 @A w2 nEAE G SRR K
PEBE AR Mo oA BIRGERA T S BE L R 2 P g B AR
(Gunther, 1973; Bauerova and Bezek, 2000; Coussens and Werb, 2002; Ikeda et al., 2008;
Aletaha et al., 2010) °

B R L B R

OIS ER Bl :flia (inflammatory bowel disease, IBD) £_& A| el $428 Lk o

7 FF % 8 (ulcerative colitis) » B H 3 B = < % E % 7 (colorectal cancer,
CRC) (Periasamy ef al., 2020) o p o M E 8 5 L B35 3 0% > 8¢ g i@ * 1
BAREFITHESH (4o § BAEFL4 o dextran sulfate sodium, DSS) » i& {7 3 %
% gk (Tanaka, 2012) o

DSS % Medps arfe it §pE (B4 ) (75 B4 WSS 2 % A A B T
EmMe A kg DSS $% AL mie B4 o B mie B4k 2 & (adherens
junctions) » FERILWR I 0 W FMPH 4 0 3 B Y FlwFE# (translocation) %
B REimie o JL P AR e i Y 0 A im e ik (cytokines) o 31 B iE A4 UK
e FHMENIHT e ZBEFR R (FR) e RF %A )R- &b
2.5%DSS -k A4 UC it et € R S LIg S e ”ﬁiﬁ‘r & LT PR
+ % (Chassaing et al., 2014; Ji et al., 2017; Vargas-Robles et al., 2019) » F]pt DSS %
BAFEREG O RIERE 2 FEFSAIF o Ak e 4 DSS (1-5%) 0
gHAERA PG F LEREt > FEFURTEARIPMA Y 275 3
(Tanaka, 2012) -
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NasSO;0

0SO;3Na

SR E U2z Y SR
A. Fig. 9. Chemical structure of dextran sulfate sodium (DSS), a sulfated polysaccharide.

(Tanaka, 2012)
epithelial  mucus gut
monolayer layer microbiota
!
‘ DSS
. »
=
*l,
infiltration of
|mmune cells
ncreased ' DSS-induced
prollnf{ammatory 4 :;)?t?f:gﬂa?f damages
cytokines ' monolayer
dlssemlnatlon of i b|°°d .
bacteria and their bleedmg
products
" P A W=
- - DSS % ®2 %% LT LW e
A. Fig. 10. Schematic representation of DSS-induced colitis.
(Chassaing et al., 2014)
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CRAE R UAPM A 40T o Tkeda & (2008) § ] ®HE efiime RAW
2064.7 £ 3] LPS ehfljgr > Eviimbe € & RFE LR 5 > 2 FF > ursolicacid 7 1 3]
Erginie (o F|+ F 14 B wP « $£483H % + (nuclear factor kappa-light-chain-
enhancer of activated B cells, NF-xB) # 3 » &> NF-kB ¥|iw? {544 4 25 L
F15 e IL-1 2 IL-634p & ¥ > F Ewlim®e A 2 B¢ kb il (X RAKRPGR )
ursolic acid R ¢ % Evgimfe /& it » i2{7 £ R NF-«B - & w¥e & 2 04F L ]+
B+ - ) &7 UA it BB # 4] NFkB #/8 > kI Eefmemit k2 3 o
F A LTS kR (Youetal, 2001; Tkeda et al., 2008; Checker et al., 2012) »
A g NF-xB 275 > % M RAW 264.7 p - % i* § & = f# (nitric oxide
synthase, iNOS) % 7 ¥ & f# (cyclooxygenase, COX-2) 14 i (Suh et al., 1998;
Subbaramaiah et al.,2000)» & > % L /i F - ¥ i § (NO) 2 & (Ryuetal.,2000; You
etal., 2001) -

ijﬁg - v |

Activated M¢ Resting Mo

@’@ {‘;‘:% o

Resting M¢ Activated M¢
MRl -~ fE R RErEime (RAW264.7) 2 B30 F i o

A. Fig. 11. Different responses of RAW 264.7 cells to UA.

(Ikeda et al., 2008)
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BN e o AOM/DSS #FHE2% U &> pdFHEa2 g 70 % > ¥t
B L RE A pBE i (A disease activity index, DAI) » 3¢ % A {7 RF ¥ R
33 NF-«B/IL-6/JKA1/STAT3 f; %5i4 /= (Periasamy et al.,2020) » & & F 4t i 522 ~
BESRE UL LM T 2 E G M g LaE4 (Goyaleral., 2011)° CRC
TRES ARG A R I OREF ML Y @B R ARE S EREI PR
2 NBPA - -E4h7g 7RFL (total short-chain fatty acids, SCFAs) 7= 5 *+ 2 g% >
B 4c 7 Bifidobacterium ~ Bacteroides £ Lactobacillus [i—‘]?}fl e F A (Jietal,
2019) -
ERFTHEP SR Tt Aol B2 AT S5 LG g Lok
FRigiE a3 P EH - 2c%d PR HFHAFTT - HE
ForhIESHFI RN RIS I T YL R FERY RS RS
B ®BAFZ2ZFRFE AT E R ES (Jietal, 2020; Wang et al., 2020b)
AFT g AU RS ?&P (WSMM) # & =g Rixnr > »74 e
CERT ARSI LR R GREE M MEZ ) AR i R

TR FLPRAR AT B, S BRAERRGE AR PP A
TERTRRANFRAFE S h B RO R R Y R LR G ES S

Sy fpes o BT Y B R 5 WSMM ok kel ek R EE R - F
FeoA e RS DE D B
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-~ FiBin

FRAEESE 1 S fEEr 2N LHFGRRZ ST 8 FLEA o
BeRERABECE AR ST RO TECE RIS R = S
%a%ﬁmmwﬁi:mﬁ;¢%éﬁx%zup;aﬁ?ﬁg@ﬁ$agéﬁi
o R K L AR B RETRRE A TR o i B S B S PEAE B9
T2 M EF W HB RS R4l FEEHRE - KBV p EUS = fF
fesd BH Y ol BT S AU U ARM A BB BB Y 0 1R AT

-

BEE R e TRt AR 0 T 1 2 F RS G RR AL B AR P
W oo

B4 B e 13RI S R AR R T LA B 2T
BAbenp SRR JEd PR R SRR 4 T T R BB LR R T ]

BT~ BbeR T A G A RAGkE 4 R e E kIR S A T B E P o L F
5 kR b"-’%?é Lm%‘ﬁ—/li’g B e ’%/L}@}}" L‘ﬁgl;.gt.; %‘/3_/ e]}iji %’Eié°‘ﬁ_<&£§;£

Tﬂ& &

PP i A et o doZ AL L arek o AL EE R S F R
ToB P CEFTAREFERE RS URF B BRAFZL AT BEY
ﬁﬁﬁﬁﬁ°ﬂ&é@%ﬁ£ﬁﬁpﬁﬁﬂfﬂﬁﬁiﬁ%ﬁ’%7%?ﬁ&iﬂ
R e S A R 2R - BB S e > 2 R
CRAFZ A1 FERE  RA LM AS R EL P o
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Particle properties

¢ Particle size distribution

» Zeta potentials

Zizyphus jujuba Mill.

¥

Fresh fruit

Dried fruit

|

Blending

Media Milling

2

Suspension

¢ NO

Morphological observation

« SEM
* Light microscopy

Phytochemicals
* Phenols

* Flavonoids

* Triterpenods

Physicochemical

* Viscosity

* Color (L*, a*, b*)
* pH value

model

Pasteurized

Fermentation |—

plantarum

¢ °Brix

* pH value
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Lactic acid bacteria
Lactiplantibacillus
Physicochemical

* Glucose concentration

» Titratable acidity

Anti-inflammatory assays
e TNF-«,IL1-3,1IL-6
DSS-induced colitis mouse

* Body weight
* colon weight and length
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e R o Al
-~ RPEERZ REBHEH
(-) hAEE
I S g2 m BT v A SAELRef 5 78 T H 4 A
BOLRERS R 20°C R m R e RIS
2. ¥ & (betulinic Acid, CAS: 472-15-1, >97%, Tokyo Chemical Industry Co.,
Ltd., Tokyo, Japan).
3. # i % pa  (oleanolic Acid Hydrate, CAS: 508-02-1, >98%, Tokyo Chemical
Industry Co., Ltd., Tokyo, Japan).
4. j= % p& (ursolic Acid, CAS: 77-52-1, >90%, Tokyo Chemical Industry Co., Ltd.,
Tokyo, Japan).
5. X &+ p& (gallic acid, Sigma-Aldrich, Inc., St. Louis, MO, USA).
6. #5kps ;7% (Folin & Ciocalteu’s phenol reagent, Sigma-Aldrich, Inc., St. Louis,
MO, USA).
7. Bf&4r (sodium carbonate, Sigma-Aldrich, Inc., St. Louis, MO, USA).
8. & % 1“4 (sodium hydroxide, Sigma-Aldrich, Inc., St. Louis, MO, USA).
9. % it 4% (alumin chloride hexahydrate, 99%, Alfa Aesar, Thermo Fisher Scientific

Inc., Heysham, England).
10. & @' fa4p (sodium nitrite, Honeywell international Inc., Muskegon, MI, USA).

11. ¥ f% (methanol, Merck Chemical Co., Darmstadt, Germany).

12. z g% (ethanol, Merck Chemical Co., Darmstadt, Germany).

(=) RF&EH

1A B R Bk - T 7k B 4% © MiniPur, Netzsch-Feinmahltechnik GmbH, Selb,
Bavaria, Germany » # & % #84 : 200 mL > 44 #84 : 400mL > 7 & B (" B
) R (R ) -

2. R T 8k RS 4 47 R (static laser scattering particle size analyzer, SLS):
LS230, Beckman Coulter Inc., Brea, CA, USA.

a. /2 Pl B ©0.04-2,000 um (7 PIDS);
27
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b. B # LT - &1 ;

c. B & #-%  small volume module;

d. » #7 #Ic & $i- ;% 5 Fraunhofer laser diffraction including PIDS (polarization
intensity differential scattering) » &5 B g8+ £ > — &LV % L K 750 nm
7 8+ > PIDS $5% 5 450 ~600~900nm = @k & > 6 > & chif B F > &
EEART S B iRiEE R o BRSWRHERYD 04 M4 D 0.04 pm;
e. kRUERF 1 45-55%;
f. = 734 FLEX software, Microtrac Inc., Montgomeryville, USA.

3. &2 3IR % 4~ 7&K (demixing tester): LUMiCheck, L.U.M. GmbH, Berlin, Germany.

4. BB EH¥FHEE (rotary evaporator): BUCHI RE 111 Rotavapor, BUCHI 461 Water
Bath, BUCHI Labortechnik, Flawil, Switzerland.

5. k8 ksl (polarized light microscope): Optiphot-Pol, Nikon Co., Tokyo, Japan.

6. H# N FF 4 V7 F B4 (field emission scanning electron microscope): Hitachi S-
4800, Hitachi Co., Ltd., Tokyo, Japan.

7. &% B %ES (ion sputtering device): E101, Hitachi Co., Ltd., Tokyo, Japan.

8. & T/ 5% & (critical point dryer): HCP-2, Hitachi Co., Ltd., Tokyo, Japan.

9. % ® 7 = Bl £ & (zetasizer): Zetasizer ZS90, Malvern Instrument Inc.,

Worcestershire, UK.
a. ho RIZERRIL: F SR 42 (laser doppler electrophoresis);
b. £ 4 A& 1 12° & 90%
c. ERIER#F :10-70°C (£ 0.1 °C);
d. A& & =& R F : 3.8nm-100 um;
e. pH # & : 2-12;
f. %2 & 4#H :0-200 mS/cm.
10. &5 % (RIF/ ",% # ) ¥ (ultrasonic degaser): Branson 3510R-DTH, Emerson
Electric Co., Missouri, USA) » #f & 40 kHZ -
11, &4 #4013 % & % & (theometer): AR-2000ex, TA Instruments, Inc., New
Castle, DE, USA - 4 17 #ic %8 : Rheology Advantage Data Analysis V5.4.8.

12. pH iE:#] 2% (pH meter): SP-2200, Suntex Instruments Co., Ltd., New Taipei City,
28
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Taiwan.

13. ¢ £ ik (colordifference meter): Color Meter ZE 2000, Nippon Denshoku Industries
Co., Ltd., Tokyo, Japan.

14. & F B (vortex): G-560 (Vortex-Genie 2), Scientific Industries, Inc., Bohemia,
USA.

15. %5 &4t (optical microscope): Optiphot-Pol, Nikon co., Tokyo, Japan.

16. &< % (centrifuge): Rotina 35R, Andreas Hettich GmbH & Co.KG., Tuttlingen,
Germany °

17. %345 (forced convection oven): DK-500, Yihder Co., Ltd., New Taipei City, Taiwan.

18. % i 5z % ¥ (freeze dryer): FD24-4S, Kingmech Co., Ltd., New Taipei City,
Taiwan.

19. ¥+'% > p 7z %S (KjeltecTM auto-distillation unit): model 2200, Foss Co.,
Hogands, Sweden.

20. & g EP~% % (SoxtecTM fat extraction system): model 2055, Foss Co.,

Hogands, Sweden.

21. % it Yg (ashing furnace): CWF 12/13 2416 CC, Carbolite Co., Ubstadt-Weiher,

Germany.
22, i xEgk ‘{ﬁﬁﬁ (rotary evaporator): Laborota 4001, Heidolph, Schwabach, Germany.
23, % bk /v Rk 4 sk Sk ik (UV/Vis spectrophotometer): V-530, Jasco, Inc.,
Tokyo, Japen.
24, R F A7 = ¥R +0.01 mg, AG285, Mettler Toledo, Columbus, USA.
25. B »TR AP & 47 & (high performance liquid chromatography, HPLC):
a. B N i4p g 4 (250 mm x 4.6 mm, 5 pm, Waters SunFire™);

b. 7 L

_\2

§# (pump, Model L-7100, Hitachi Co., Ltd., Tokyo, Japan);
c. p itk B (autosampler, model AS-2055, JASCO International Co., Ltd., Tokyo,
Japan);
d. B % (photodiode array detector, model MD-4015, JASCO International Co.,
Ltd., Tokyo, Japan).
26. g (centrifuge tube, Corning, Inc., Corning, NY, USA).

A %+4E (syringe, Becton Dickinson and Co., Franklin Lakes, NJ, USA).
29

doi:10.6342/NTU202504026



28. g (syringe filter, Agilent Technologies, Wilmington, DE, USA).

29. Hg® % & 47 &k (microplate reader, BioTek Instruments, Winooski, VT, USA)

RIS A TR R AR R -
A. Fig. 12. Wet stirred media mill apparatus.
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= ERRERESUE

i= B (Ziziphus jujuba cv. Jixinzao) #7# % F 2 =5+ > MLp w A RO AFRE
BT D0°C % B A EII R 4OC T RRA A Y o 2 ARk fLERRTE R B
20732 8 PHRERT SETMELIBERD O SRAENS 20 2 60% 0 LB+
PR CETE S R > S P Fic R A TA o R LR ERSFE kS T E
AR CRRFRR&E PUHSFRR AL

-

(- ) # R (Blending)

F#ERF (AP 785 212%) LFPad o mili 500g A ER
5% eofdiFir o FEBATE SR 1179g 4v 2 2 330k 382.1g> AR (Blender
70128, Waring Commercial, USA) fe & /4 #r % 2L (SS610, Waring Commercial, USA)

WA S MM R Blr S00mL MAF Y o 4 g kR TS s
B R BATH R R RS T L Al F-B)GRLEE 0 A4)-

(=) #E A F& B (Media milling)

FEEER (AP 285 212%) AFFadk rEAL 500g B85 kR
5% i ki 0 FEBATEE R R 117.9g0 bor 3 35k 3821 g MIRAASE hi §
FerEt 5 ROk o % IRk B (MiniPur, Netzch-Feinmahltechnik GmbH, German)
EEREEA TR FEATEY £/ 0.8 mm 2 83k (YSZ) B v g A
B AR T0% (V) 5 A fEBRfE 140mLYSZ 4 » o HEE (BT i
& 3,000rpm - ZRE> 5 iE 5 0.94kW o U @ % SRR TIR 0 IFE R ETRITE 1 360
mL/min &4 > BB RARORE R S 180 A 4b o A0 2 Bk T O 4 AT R R R T
i (F-M) o

) i+ R

ZEF (AT RL 653%) At st o mrlli 500g A ER
5% iR o AP BT 383 g0 4o r 2 BT K 4617 g0 IERER L LA
Sigdr 5 A e Rk o ) S00mL Y o 0 BT R TR E Y et

Pkl S EL T RRF T LT Rl DB)GLEFE 0 A &) -
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(2) 2+ A FFE

2R (AP FRE 653%) AETRL R Refli 500g FAER
5% hfiEi o FEB s B 383 g0 Ao xSk 4617 g SMEASLE T e
Fege G RE % RIRIR B E TR R B P EAFE Y S 0.8mm 2
YSZ AR A B F A T0% (V/V) 5 A E S 4EBRAE 140mLYSZ 4~ o 3R
EE () #i#F 5 3,000 pm > FFH 5 E L 0.94 kW 0 §F IR G
R it o0 360 mL/min g4 AR EAZGRER D120 240 TE L HiR T
i EREE T RER (D-M) -

(Z) & B+ #-kKF P (Hotwater extraction)

CEF (AP ZEE 653%) AFTad > i 500g HF kR
5% efdisiR o AP B 383go de 22 3ok 461.7g0 2t 100°C T iE (T H B
120 %~ 45 > %5 Whatman NO.1 jgABig > 1cE 78k » T2 b F k34
(D-H) -
=~ ¥
(-) BHE=0 L0145
A ke z i

BB AACC (2003) 2_ 228 = ;2 o E L3 4hikiE > B » 105°C 45 > 4%
EHIICEE A Er AL 1g & (W) >0 847 >3 105°C T4 Rick 5
AP BIgEr L4 30 ABEBHEE EHFERTIEE (W) BPEETLAL
Z2oko € f o JRE AME (wetbasis, wb.) 5 40T

Wi- W, x 100%

Moisture content (%) =
1

Wi igankm g (g Wat it ik& T (g
B. %595
%4 AOAC (2000) 2. = j# o #B-Z B fmir e {500 105°C iz B~ 4 1
fofr 30 AR fE IR IEL (W) 4 1g & (Ws) ™ Whatman
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no. 4 filter papers (Whatman International Ltd., Maidstone, UK) jgA & % {8 > x » [
Figi o Mgt G T o AR W R IR R DA R SRR TS
10°C » 4e i B 5 135°C « BFIFIRAZ 450 % » £5 0 > 4 r 70mL 73
B R AR 2N T A E (boiling) 1 /) BF 0 F e BLE R Rk iR B R
AP k& (rinsing) 2 -] B 0 w T (recovery) B 20 A4 FPx S FF R
WA 4o (raise)  TF4E 25 AARE o BAEMITUBIMA Y | I EEAYT B
L FeF e 105°C % 1 [ pFo B ¥ofr 30 A& HEEA

2 E (W) e derghhs g 2358 840

Wi -W,
Crude fat (%) = ———— x 100%
Wg

Wo: FBimigrir £ (g)5 Wi EB e e () Ws! & T ()¢

C. 4= 3¢

ik AOAC (2000) 1 5% % (kjeldahl method) #| &4 F—v 7 £ o v Fif
A REAE0lg s (Ws) 2 22g WLMH| (R4 AR =101, wiw)
MRS RASE AR R RN E B~ 12mL kAR M R 1
BRI PG ERE M ok g R EEE 2 200°C Ao 1 HE D
300°C #c#t 30 A4k <RI 420°C Sof 2 ) PE o F AR ART S N A
PEOBRBRAMBRIRAEFFTSES AT R0 PR

Beo WA EF R A4S 4o 3 JFApon Al (methylred ¥2 methylene
blue) ZF > ek dedc =B e b ZHEE 2 ik o Fajrg A 4rid o B~ Kjeltec 2200
PN E R B EGERRFEE  AfRF Y dor S0mL 4K~ 50mL40% (wiw)
NaOH 2 30 mL 4% (w/w) F2fik > 745 7 ~ 4815 > ZAF = 24750k 2 iR
72 0.02NHCL F 23 k42 d IR Bk o e B TR (Vo) ¥ 0§ i 4
WiRE g6 m EALEAI a0 BB A (Vo) o dedes § R
BN e o

, (Vg - V) x F x 0.00028 x N.F
Crude protein (%) = W x 100%
S

Vs i 002N B 2k &2 W (ml)

Vb i 2 0.02N BEE 220 22 44 (mL);
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F:0.02NHCI %22 4 i 098483 ;
0.00028 : 1 mL HC1 # %% 4p % ** 0.00028 g 1%
N.F (nitrogen factor) : 7z % #c> - &5 6.25;

Ws: & E (g) -

02

D. *%
%% AOAC (2000) 2 =2 o BHERE S 11 10% BB RiEie > L FAK
EE 181 105°C i BB I ic% e 30 AaiE AR EIEE (W
R Lg i (Ws) %0 e 2 g 2 BHF - 5~ A it P & it (74238 30 % 200°C 4
02 O ERFEAREI S50°C At 16 JPFEEANS LR BRI R
Do Rt URFEART B RBBE EAFA A FEIED 2000C & 4
it 2GR ¢ o BMEHBIGCEe P L EEREHFEE (W) A E

Yo T

W, -W
Ash (%) = % x 100%
S

ERGHFE (9 Ws: AR HREE (W A EREE (-
E. $@-kit&4+ 7 &
RACK A 4 Aoty 2 E SERE ST LS R Gl SN R V) e QU o Y.
100 4otk > W % Sk f g g R
Carbohydrate (%) = 100% - (crude protein + crude fat + ash)

(=) REAF

REAR 10 B SBR[ UG F S Aa BARSRE  RF 1 LS230
BT S RAOTRE AT REFT AT o RS S H R R 0.04-2,000 pm > K F
ME S RIER G B BEFRERE o 25°C TR HRR o S A TR
(FLEX Software, Microtrac Inc., USA) 3+ 5 & &L 4784350 > 7 7 DR T 35k
(d[4,3]) (volume-mean diameter, Dv) ~ #-#c-T 24 j5 (d[1,0]) (number-mean diameter,
Dn) % i # (distributionrange) > 3* 8 R FERUEE At 0 ¥ 5 = EAF RS 1T

ST ol o BT AT A BT
34
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T 1 : Tingd;
W F oL (d[43) < Dy = $

fle o (d[10]) F Dy = B

dit ok 1 2k snic Aol [ 2 8 n: P ds Ao il (= 3 ny) o

(2) REBA
BsR (Span) o HCRALAE TSRS AT ¢ 0 d90 2 d10 = A e
Lotk 1 dSO SRR 0 3R R

do0 — d10
d50

do0 : 90% etz  REAE T IR E 2 d50 1 50% pokz WA T ek E 5 d10 - 10%

Span =

ok 2 M T $og T i -

(z) % &itdadk

$ & %tdp#kc (Polydispersity index, PDI) & Hofe i jo 4 45 .5 % » 12 Dv/Dn 3+
H i R RIER AT A R AR o RS F o g%
PDI Hlfjeds+ + %% Lo b 42 R & § 5 o £ 2 PDI § o+ S 4% 4
FHEY o RENE AT

() w3+ bRF
#+ e #F (Reduction ratio) & $ i3 3T EUESEARY o A e BRELE S T
Bl AERpE B LA

: ] d,;
Reduction ratio = —
d,

di o A SRR T R UE  do ¢ AT SRS T R o

(=) NEme
A XEREERR

By Al L E R R AR RRIERAFE 10 B U FER g Rty
b o45 RAEVERY  BEKE SRA S R EMAERE R B S
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% 1,000 & (P4 10X ; 748 100X) o
B. H##H T+ BKRERE
SEM BLZ & 7 ik » FHRCRRBIFRAZ A RERIFM - HIS

RFRAFES 100 & 0 &A1 50% ~ 60% ~ 70% ~ 80% ~ 90% % 100% o fiFiEf7
B B RIRRIERD RBREHES 100% ¢ R0 B RS 100% pOAR o &S
i {7 0 BRic % (critical point drying, CPD) » #-2 fg2 e o & (BbF B

oETESF) EF T 83 B (Ion sputtering device, E-101, Hitachi Co.
Ltd, Japan) 4% £ =2 > 12 SEM (scanning electron microscopy, SEM, Hitachi Co. Ltd,
Japan) »* 15kV TEZ > %< 2 F 5 1,000 & o

A3 g R pH meter 2o T4k 0 FEAIREFICE 0 1 pHT7.0-4.0 R #
3 @7’/%/1 ‘ :’Jf i o ’V\@}'ﬁ#l_[ 20-30 mL ',%f/g‘w Z_ pH I,E'-_ ’ ﬂdf;}é}_ E‘_Z‘Eli:‘j°

(~) B @ T =4+ (Zeta potential, {-potential)

io R EIR T 10,000g 0 e 10 A 480 Bege LR AR 100 & 0 25°C
T 11 Zetasizer Nano system ik ® (Malvern Instrument Inc., Worcestershire, UK) &
RIBrRZ e T B RS HLEDTR 1% F 3 B R A2 (laser
Doppler velocimetry) ' Henry equation #1325 7 = o i (8 B correlator
control display 2. rate meter & 4 ** 100-1,000 2. F > ¥ result quality % good >
Bt 52 EATL THob R A o

(1) BiFRfHEL I

BHREBESPRFER S RTHIEE 3mL § > 28R % A7 K
(LUMiCheck) ¥ - ip| % 2 5 4 w4784k 33 & 870nm > =+ 30 4~ 48R % - B gk
NIRRT 24 ] P2 AR % (Kuoeral ,2014) o Pl RIL B[RS xih
ARG (HAG) o F e igh R TR Sl § REANZIH LD T

PSS § A ATH A T2 SRR R R KRR R S e )

L ﬁ

i 2 £ 45 Alntensity ¢ § A Intensity &~ * 00 &5 &G & 2 A5
36
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ERERR S VAo A8 4 -l o F A Intensity &3 00 R op R FE 4

w PR eEA) o 3Rl a5

t-t
Alntensity (%) = lt % %100%
0

to : ATHFR 2 A B IPIE Sty Agsfk 2 12 ) EFEERIE o
#HiEE F »Agstk it B (backscattering ratio, BS ratio) 2 H & 7 4 b (percentage
aggregation, %At) 5 € ‘TS F
BS ratio: BS ratio = % ;

0

By -By

Percentage aggregation (At): %At = x 100

Bo @ ot %2 44k 55 B 5 B Kok 2 RERVEL t KRR o

(L) Rz B RAY

BB (2006) ik o LR SR AR R (S0 20 4°C T 8T
A AR B ES T 2 HACH 2100P 3§ &3+ 0,0.25,0.5, 1,2, 4, 8, 24,
48,72 2 96 | EERIEFERE LB RV EFEFR BRSO ARF (%)

e R SRR R 0 P ST

L ti-to
ATurbidity (%) = —2 x 100%

to: HRZAERIE St B RZ 96 ] FEIRE -

(+-) B4 A

Rixik2 e ¢ L ik (Color Meter ZE 2000, Nippon Denshoku Industries Co.,
Ltd., Tokyo, Japan.) ~ 47 » £ CIEL*~a*~b* & c RBELMEE L Fi(7F 8
oo EHEFUEED F (X:93.18,Y:95.18,Z: 112.18) & o % ik &R £ BV iE
# transmission > KR E CR° B FE W FEW Y BEFRE o £4 3 K o
L* & (Lightness) 5P 2 & 10 (2¢) 2 100 (5 ¢) th®i ja* BRE LS R
(redness) : #cE fj <~ R A iz d R > fFEGRELBHBES R D BRARd R
(yellowness) : &+ B £ § ¢ R4%F » f B X & FJ B4AxF (Sahin et al., 2005) -
(L*1,a*1,b*1) % 7 & 12 (L*,a*,b%) #7H&2°2"85 AE &> A& % 57 d
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HE B2 AR o P N4

AE = (L%~ L*7 + @~ at) + 0% = b

(+=) #RAE

Es fE % R (AR-2000ex, TA Instrument, USA) Bl T iz B R FR i b 4R
(flow curve) o #-'= B R i%% 30 mL % > &P > F* < [l (concentric
wmmagfﬂe’iﬁ?2yc%ﬂg305,’f%@mnﬂi’fﬁﬁﬂuz$é()ﬂi
300s7! 0 Rz P AW A (upcurve) £ I P i x4 300 23 0s!o e
ik 2 T % 4 S (downcurve) 3£3t ¥ 47 e % (shearrate) & 100sT kR %

Lo ;—,';nguky ﬁ_’_% \'illiy)’@a! }Q&,}iﬁay F&g 1/?» o

(=) B %p 7 £4145 (Total polyphenols content, TPC)

£ (TPO)~ &% % v 7 £ (TFC) 2 %= 477 € (TTC) 2 A 45 L8
e RS 10,000g 4o 10 A4 f B bR o S (s > %0 Fi2 Sum
Jo A g B TR AT o f2B 100mg iR &AT ImL 2 3 kY > R E
LR R ET BT HR,IT -

% % fs 7 £ % 2 Folin-ciocalteu +“ ¢ 2Rl 3 k& iE 2T 5 F REH Y P,
f4 (phosphotungstic acid) ¥ #44p & (phosphomolybdic acid) #% % = sg R = E ¢
L&y Mo —>Mo™) pad FR B 5p 7 £ 5 14k (Singleton ef al., 1999)
WEE Y Aer 1250 $R&E2 2 RER 2L G T (gallicacid) 1R & & e
0.5mL 2 33 -k 2 125 uL Folin-ciocalteu's phenol reagent > $E T # % 6 4 45 >

£ 4c~ 1.25mL 7% sodium carbonate 2 1mL 2 33 -k » 2 B TEEKEE 90 »

=

415 0 PIE 760nm T 2 vk {E o 14 gallicacid TR W AR AR Sk B R O~
v B 4p ¥ gallicacid J& B (mg gallic acid eguivalent, GAE/mL) » i&— # #- 5978
gallic acid k& (mg GAE/mL) “’T‘ MR EFA P ER (mg/ml) s RIEESF g H5
£ 2 gallicacid § £ % 5.8 (mg GAE/g DW) (Taga ef al., 1984) -
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(=) B35 2 £ 44 (Total flavonoid content, TFC)

ARG E M &P ZEF Y F M4t d 2 (Aluminum Chloride
Colorimetric Method) » # 45 ¢ R AR 4f 1~ £ ¥ o 4 2 5 R R S L o0 C4 Fi
AEA C3 & C5 ek 32 B A% 0 5 ¢ (Changetal.,2002)°
WiIEF A 250 uL 52 A kR 2 W2 % (catechin) HRIE R0 & A4~ 125
mL 2 3+ k2 75uL5%NaNO»> 2 B T#E 6 #4554 » 150puL 10%AICI -
HO» £33 E#FE 5 A48 £F4~ 05mL1MNaOH %2 0.275 mL 2 3+
ko Bl 510 nm T 2 vk kiE o 14 catechin (THEEW R o BAFE T LB AN > F
{7 4p ¥t catechin Jk & (mg catechin eguivalent, CE/mL) » #7{¥ Jk & (mg CE/mL) "$
AR FA kR (mg/ml) 0 RIEFESE g Hk&iC £ 2 catechin § £ ¥ so¥ik (mg
CE/g DW) (Zhishen et al., 1999) -

(1) %= %z £ 44 (Total Triterpenoid Content, TTC)

P 10mL 5P 4e ~ 80% Y EF L S0mL o B4R 2 k4 0.1 mL - 5
Wi ber 02mL5% 4 K FE-o fEZE ImL B4 o 2> 60°C £ 10 A4b s 2
3 F R o der 35mL e e F R 15 440 BE 550nm Tz ek kB o 1A B
% f (Oleanolic acid, OA) T & 5 » #4E S L E &~ » ¥ 744 OA kA
(mg OA eguivalent, OAE/mL) » i& - # #4% &#71% )k & (mg OAE/mL) VT‘ R S F

4 kKR (mgml) RIEFF g k& izt 2 OA § £ % 5w #ic (mg OAE/g DW)
(Wang et al., 2021) -

(+3) = REFBR A
A FEZR2PY

BBz pphap i 9 fEAg L (Betulicacid) ~ A3 % it (Oleanolic acid) % j
% f& (Ursolic acid) » B~ i Smg ¥ & > 17 B fE > 253 25mL> =@l
* k&R 200 ug/mL 2z = FRiREREFA % (stock) >t -18°C & * o
B. #¥ipL il

FBEApR TR (A) 20k (B)r = F PR GFER WL AT o L 4T

kA IN e & pH B3 3> &EF 2 E /S 13mm - 34 /2 045 um 2. Nylon
39
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Wi e PYRIR TR BB AR R KA (B) T AR (A) R *IRARR T E s
>09% 2.7 Fk A A o
C. 2 i

%+ Guo % (2009) 2z =% o = B RITIR LGS HITEE P Sg FichkE
der 100mL99% ¢ fig» 14T 5 A F B 45 A kb F B 2R kE BARE R 03,5008
e B FPR > A G EAT » 100mL99% ¢ fF 0 AT R F B 2 o
£ Bk s 200mL e R RRGEIC 0 £ M R LF D 1I0mLy A AR E
¥4 0 1 045 um R MR 0 TE R SRR
D. ik 474 45 i i

k47 # 4L 5 Waters SunFire™ C18 column (250 mm x 4.6 mm, 5 um) ; HPLC 1§
PR S R BT Rk PR (ultraviolet-visible, UV-Vis Detector) ; B[ & 5 210
nm (= fERRESccF Ak &) A # i 5 0.6mL/min; F R R 5 25°C iR
P sHEAE 10l AT PFRF S 100 A s e BT AR R 1S R A e
FEALFES g0 &AL 60% T AE~100% T fEZ 100% @ % >t 0.5mL/min
it 30 S4B A RAFRATEALY G BBE T Mg 100% ¢

i E R o

HEAp PR TEE
A ¥ @ (MeOH); B : -k +0.08% phosphoric acid (v/v) (pH & & 3)

min mL/min A (%) B (%)

Prerun 0.6 55 45
16 0.6 55 45
36 0.6 65 35
46 0.6 77 23
56 0.6 80 20
70 0.6 95 5
90 0.6 95 5
95 0.6 55 45
100 0.6 55 45
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E. #¥¢ 2 i%

7 E R E 200 pg/mL = FRAREREH AR Y B 1mLo 2 100% P g ik
Befls 100~50~25~12.5 & 625ug/mL = iR 83% » 2 1mL 4 F 354
2mL > %5 045um 2 Nylon JR%3 # 4 &N o 2 HPLC p # g4k Brape
Z HARER R 10uL i » HPLC-UV @ » %Bw & (RApK 1T RA1TIE1E) Sik
TAEFAT BEAE S fF (mV.min) 2 H R = FRER  FLEREY &
PE X g fhE (RY) Z 4 099
F. 2R/ T

"R itk Bex B 10pul 0 2~ HPLC-UV ¥ > 2% & (R4p & 47K
AEIER) RER T AT BB EE R R I R R TR a2

¥

BiRY Z W22

3.-&

(hg/g) 3+ 5 40T
CxV
M
2

w2 == 7 2 (uglg)=
C:i¥d R RFHRMW2 = 3
Ve g (mL);
M: &> LE (9)

(ng/mL) ;

(+~=)DPPH p ¢ ﬁc}ﬁ‘-'ﬁ it * (DPPH free radical scavenging effect)

DPPH #%% BRI 5 Fig & ¥ B2 B 4% DPPH #& R R > #F& i 4
(k) §' > J5d DPPH p o ARRBEES/EL L - BRFHA D AD
sz % (Huang et al., 2005; Haida and Hakiman, 2019) - ECsop #_% % 4~ 4> DPPH k&
FoI 50% PFo AR ER SRR 0§ KA T ‘}Fi“,f DPPH p d A% 4 %
(Huang et al., 2005) -

%+ Shimada % (1992) 2. > j# o 12 L-ascorbate ¥ a-tocopherol ¥ 5 it 7
Flaedp ik 2P 30l * FRARZ Eipdles ki (RRFRF S 04078~ 1.56
313~ 6.25~125 %2 25 mg/mL) ¥ 96 3t#% ¢ > 4 » 270 uL 2z DPPH 7 f3i%
e (100 M) > 393 R £ 3 Rk # % 90 448> B 520 nm T 2Rk E o
DPPH g d é&,ﬁt,ﬁ‘-“fi\ﬁ »520nm z R E € T RE o I AR ET T 0 R e
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kBT ER A U “/T‘ DPPH p d z it # 2 5833 (Shimadaetal., 1992) 3+

e T

- A,
x 100%
b

Ap i T 0 R B2 Asp B 5 A fefr &2 Asy E

. Ay
Inhibition (%) =

(+~) #BRa 4 (Reducing power)

BRAETFIEBN S 5B ’%’r} BT 3 kAP FS R R S Fedt
B4 AR FARLG LT S f#ﬁ-{@;—*f RETIRAd ABRIPFERL$ T
23 4=§ a4 (Gaoetal.,2011) »

\\\Xr

% Oyaizu (1986) 2. = j* o 12 L-ascorbate % a-tocopherol %% Bk 4 &

Z Bl s BB F Y b r 250pl A RIER Z B idleE R (A
% 0~0.78~1.56~3.13~6.25~12.5 2 25 mg/mL) > #&F 4 » 250 uL 2. 02 M
Sodium phosphate buffer (pH 6.6) % 250 uL 2. 1% potassium ferricyanide & & » 3%
50°C -kiF 20 &4 > Poik 4 gris > 4o x 250 ul 2. 10% trichloroacetic acid (TCA)
ik o 11 200g Hew 10 A48 B~ 100l b & % B2 96 3t > 4o x 100pL 2
g+ k% 20uL0.1% Ferricchloride » /2 £353 » & 10 4~ 4&{s » Bl£> 700nm ~
¥% 3k 5 (Oyaizu, 1986) o #x sk EA%F £ T H &2 B R 4 4%355 » 325 44T
Reducing power = A - Ay,

As i Aet 2 A0 5 Av P 9 HREZ AjiE

(+4) ®#§ 5t 4 (Total antioxidant activity)

BFFiat eI ESS G JI*EF YT pEE (peroxidase) it iE
F 4 ABTS ##&F > 2 3% & ABTS" 2 E I LR T
ABTS S & garilgpd 24 > F4ig Pt % 0 RIBRALEH M (Re et al,
1999; Huang et al., 2005; Apak et al., 2017)

%4 Awika ¥ (2003) 2z 2 j# o Trolox & it #d]iedpik » BTk &
B % % 1 TEAC value # 7 2 o # 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic

acid) (ABTS) ~ peroxidase 2 H,O0, 323 B & > & K sidb ¥ kR~ %W 5 100 uM 2
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ABTS ~ 4.4 unit/mLz_peroxidase 3% 50 uMz_H,0;30°C # k5 i 30 ~ 4> @ 2
X5 FH I JEEH ABTS™ f ¢ & (ODpa=0.70 £ 0.02) £ fidd] o B~ 30 uL $%
Fede o~ 270 pL ik ABTS™ F BEAIE T 96 3V % - R EF B 90 fis 0 BIE
734 nm T kiE > BLRES I RS AER o 117 kR Trolox ‘)ﬁ"",!rf ABTS™" g o
- S Ll fa T & F r 2Bkl P E AR e e SO R &
2 Trolox 2 a8 » TEAC % & 4 #& (1 mg/ml) ifo4 p o it 4 49§ v i
Trolox &R (Awika et al.,2003) - TEAC 3+ 5 ;8 4cT

Algs X CTrolox
AIATrolox

As: iz Ang £ 18

TEAC =

Crrolox - #B8%¥F2. Trolox kR

AATrolox - Trolox 2. A7z £ 18 ©

(=) 8B Ry v 4 (Ferric reducing antioxidant power assay, FRAP)
Bofi g 50 uL 4e ~ 150 pL 2 #3+ -k %2 1.5 mL FRAP #& 2.5 mL 7z 10
mM TPTZ 2. 40 mM HCIl 4 > 2.5 mL 10 mM FeCl3-6H,O % 25 mL 300 mM
acetate buffer (pH 3.6)) > iR £353 > 3% 37°C T F i 10 £ 45> Bl£ > 593 nm 2
¥k @ (Haida and Hakiman, 2019) - FRAP #r#4] 33+ 8 ;440

ol ces _ As b
Inhibition (%) = x 100%

S

Agt vtk 2 Asos 185 Apt Z 9 HREZ Asey B ©

(= +-) wre@Esk
A REDERZEYUR

i BR TR RS 10,000g Hres 10 A 4B fTh PR o M B FR
LS pm S 0 TR o AP AC RS Wi dimethyl sulfoxide (DMSO)
PoAMRE G R FAIL R FHFS R 022um ﬁﬁﬁz@wz@w :
ERE R L mredsk o %P DMSO R SRR » HmwitFag g o
B. % 3 %

a. R RIREZ
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E w2tk RAW 264.7 % h 2 BALB/c /] & H % w?¢ (ATCC NO. TIB-71) -
PP a1 (g RFT AT hETE2 AT ¢ < (BCRC, Taiwan) o 0% fk ¥ 1
B~d1 RAW 264.7 e thif g > 37°C RipH @ Bt 2k > 3R HIEF 10
mL DMEM (Dulbecco’s Modified Eagle Medium, Gibco, NY, USA) # %% (z 10%
fetal bovine serum, Gibco, NY, USA % 100 U/mL penicillin-streptomycin) gg.< &
5 1,000rpm EEes 5 4480 # K,ér‘, R SCLERT A S| BE AR o FoC LA = IR To
I 10cm % Ex > 3% 37°C~5%CO wPe 2P B% o § w2 L 3 5N
AR L UETaR A A BN AT s EaRMA R R TS LS T
Vg {78 %9 % (Plumb etal., 1989; Jiet al., 2017) »

b. R ¥ 2

BRI S g B 1F fﬁ‘ui’ BT EC 0 EF L DMSO wiR o (T
AR A FETLRY 022um £ FRIEERE T -

B~ 0.1 mL Mm% #cs 1 x 10° cells/mL him® iz 3 96 3445 » 3% 37 °C ~ 5%
CO2~95% APSFZEARBAHBE A 12 P HIAFCI F Z ot AW
WA BRI der 0.0 mL A FIFFEL B IERE S (250 5 500 2 1,000 pg/mL) &
¥ pe e (UA) %2 LPS (Lipopolysaccharide, sigma, L2654 » i 5 it #=4]%) » £ # 96
LB A MY B A 24 [ PEGS > Bdlfc B Aipei® NO - TNF-o~ IL-1B %
IL-6 5 82 Bl% o 42 3,000 rpm &tc 10 A48 > -5 8 5o £ 2R Bojc g
1 & PBSbuffer 22 A g2 24 L Uk iFEZ2H - {827 MTIT &
1703 570 nm Rl R R E 0 B ke 3B o
c¢. MTT assay

= " A EEs - ¥ A ow ks (3-(4,5-dimethylthiazol-z-yl)-2,5-diphenyltetrazolium
bromide, MTT) 5 - #&% & % jz e vk A& (Tetrazolium dye) » R IF ¢ > 7%

wre o F S mie i AT e gAY > LI & ' (succinate dehydrogenase, SDH)
Bz d % C 8% T > v § ek Ik (tetrazolium) 5§ & Frir H # & =~ F % ¢
formazan s > F 2 5= mfe @ 2 g iT* o f]* DMSO #- formazan %z %
BlZHAB B 272w ip ) B T ERBSHFEIRR 9L FEFREE

(Plumb et al., 1987; Stockert etal., 2012) = %% Plumb % (1987) = ;2 ¥ iz & - kU

1

3,000 rpm Ao 10 A 4BA5 0% BFiplimre 96 3t g &R 0 04 1 i PBS buffer
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EIARAGRAR R R ERYHES - 5 F BILEY 4o r 100 uL 3 0.5
mg/mL (0.2%MTT * 3% & 10 @ ##)MTT ;24 > v 37°C » 5% COz #

Fle 4 L pEo BedviS s MTT 384> 4o 150 \LDMSO i3 feim ™ & 4 chib
BIE 570nm Zowx R iE > Mrdllez ek iE S A F e agr kB ip

2L B
3 “’:,‘ BB

. N v 2 v o2, 5\ .
W Prdlez W B ITL e 3 AR 0 2 E N e

i

0.Dyeated — O-Dgian
Survival rate (%) = D” tedl e Dzll 1; x 100%
. contro. . anl

O~Dtreated : '? 5%? izl A57O f.ﬁ."t ; O-Dcontrol : 'ﬁiﬁ:'J kiR A57O f_‘é'; ; O~Dblank . 31; 2] kiR A570 '/E'i °

(=Ltz) mwe gz pla

A. fv § (Nitrite, NO) 2_ip] Z_

—FtF (NO) 2R E kBT FP N30 TERFTFF N
C &y
®o R R LTARPRET T E > TTE NO A% (Dudhgaonkar et al.,

—_

c\*\F\
‘.3;

L 5 v &4 - AL (nitrite, NOy") 2 A& (nitrate, NO3") » 1245 Griess
54 R
2009) - %+ Dudhgaonkar % (2009) = j# » # RAW264.7 r/ 1x10%cells/mL k&
A r 24 3vaEp oA 12 )R LB T RFLAREESA LAY
»F R R ORISR S (4R e UA) 22 LPS (100 ng/mL) » £ k3% 24 /]
o e e &% 100 L # 3 #7607 96 344 > & w4 2 50 uL 0 Gl 2 G2
reagent & &> # % 15 A~ 4mis > iy Griessreaction R ILiE {7 nitrite HEE » P
FAE 540nm 2 sk iF o % r A ER4h (Sodium nitrite, NaNOy) z 128 & 4 (Gk
& 0-100 uM) » 3+ & nitrite k& ©
B. TNF-0 ~ IL-1p 2 1L-6 2 3| Z_

‘wrz grEk TNF-o ~IL-1p 2 IL-6 » B Z BT > R * me i 7k
ELISA Ready-SET-Go (eBioscience, Thermo Fisher Scientific Inc., USA) (Pan et al.,
2016) - 4 12 coating buffer (10 & PBS ELISA coating buffer : = st -k1t 119 2 1t
R &) Y mie #c% H $R 88 (Capture antibody) » 4r » 0.1 mL/well >+ ELISA
L% 06 3tdi¢ 5 3t 4°C T REME 12 ]} PFE{e 0 @ * wash buffer (3 0.05% Tween
20 2. PBS) % 5 =t 0 2 “,ﬁ% A E AP o & F 4r » 0.2 mL/well blocking
buffer (5 % ELISA/ELISPOT diluent : = =x-k2 1:4 w58 & > 7 5%BSA) >
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CHBEREGLEZF N FETF & 2 P £ 2 washbuffer iFik 5 oo 4%
Fer 0.1 mUiwell 3§ 982 0% 38 % 2 52 A 741 2 38 & (81,000
pg/mL) > > F @ T & i 2 -] pF > 12 wash buffer & 5 = > £ 4 » 0.1 mL/well
f%% Streptavidin-HRP (= 42> 40 pL %% £ 10 mL ELISA/ELISPOT diluent ;& &
23) > FRTF K 1 P wash buffer & 5 =t o 4~ 0.1 mL/well
substrate solution (Tetramethylbenzidine, TMB:> * & % ¢ )» 3 8 T#kF & 5 T 30
bk oo B fs e~ 50 pL/well stop solution (2N H2SO4) 12 i% 0k & & » = 12 ELISA
reader Bl T_450 3 570nm 2 ¥k @ o BRI E BN FEE R O~ R Boar (T

Mo ERERY WA TR

(= +=) FRFEH

R S B AR : Lactiplantibacillus plantarum subsp. plantarum (BCRC
10069, Taiwan; ATCC 14917, USA) - 37°C % i = » 3t Lactobacilli MRS ¥ % &
(DIFCO 0881) 32 % - 4 4% % » L3 LAB Fjth*t MRS 3 % A3 % 24 | p
Bl G LD eFRET% -

R R R 80°C~15 A 48ik 7 ¥ LM (pasteurized) > T i Hf% 50k
fa 10% (v/v) © 7& 1 Lactiplantibacillus plantarum ik > & 73 fEF % > i 1% 4
37°C #8514 48 > 05122436 87 48 | PFenpr P BEB~4R A 47 o

FURL A FERL IF R 0T A M)A (CBrix) o i1+ 35 33142t (Atago Co., Tokyo,
Japan) | %5 § § #&k & » 2 DNS (dinitrosalicylic acid) g %_;pH &> # * pH
3+ (SP-2200, Suntex Instruments, Taipei, Taiwan) P %_; ¥ jf TR » B U5 fh§ £
F A AT -

WG AN T FEERBFROV LA FERZ LR T

% Lactiplantibacillus plantarum & JHE 22 K F ) * s o

(= +=)DSS #FE LB LN
A B LRZ AN
RGBT @ Bt L T #seh BALB/c 2 & (16-18 g) > B A pAEE A

B33 %7 R P %4 7 <« (National Laboratory Animal Center, Taipei,
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Taiwan) o § S 7% L B~ FF % &5 FhH? <« (IACUCApproval No: NTU-
107-EL-00222) » 4% TR 8 %45 128 25+ 1°C > Ap ¥R R a3 50% » p R EHE R
PREZ ey 12 )P B A &% kK- F{ - Ko FHREFEPL, B> N En
E- f6% f4- FURBEIBETA ST D E8FF oo v 87 - P Epe
441 (Laboratory Rodent Diet 5001) 2 & F-k4< p d #& & (ad libitum) > ‘= § & i%i%
e S B
B. 5%

| ERACREA DSS VAR SRR S EMAEE B L RgE s £ AT
% L 3 3] (Chou et al., 2020; Lin et al., 2020) - %% Chu % (2020) # Lin %
(2020) 2 F &> % > ) BEEH - F(5 > A 5T 2 (n=10/group) : (1) F#]e-
A3 m AL 1 (2) DSS % 18 3 24 Ak R de 2% §ORPEAL A
(DSS, MW: 36,000-50,000 Da, MP Biomedicals, USA) ; (3) DSS + F-B =-# p ¢ 4&
0.1 mL 42 £ 57 = B 5%  (4)DSS + F-M %% p 4 0.1mL 4 Fr
AT B R FR 5 (5)DSS+F-S E-& p g4k 0.1mL A FATEATE - B R FIR
ke

CRERBERFFERY ) BHRF T
0.lmL-% 18 % 24 X >DSS Ehask* k¥ 4er 2%DSS i 7 % > 113
FHU BB - YR TR 28 SR FREREL L -

FHRP ] QHME DAL 4 (B QHFARZ 2% I8 )% 28 =
COx % 4607 N gRaE ] B XL BRT 13 e b R i e a0 R

s

$ 27 RE P F A SRS RBIER

PR g e 1 R PBS ket B RESE LA

“T4ORE R -80°C & ¥ o

(- +1) EHhHAH
F S #cyy ¢ * GraphPad Prism (A<~ 10.4.0) * Sigmaplot 10.0 i& 7 B3} e

2

» IBM SPSS Statistics (4 & 22) i& {7 53t A 47 o Bedp M = X EAF R T2 TiEs
L (mean=SD) # 71 o 33t L R 5B H F1F ¥ 2 #cs 47 (one-way ANOVA) &
Z T3+ £ 45 £ RI% B ikl 7 (two-way repeated measures ANOVA) » & 7 Tukey ¥

s 5 £ e TG » p<0.05 ﬁgvfﬁaﬁ “'-‘F’L&F"E‘T'}"
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AL

- RARISEH R
() x3p

AR RS SEI RO R BN T RM R NEE T 3
S 'Rt - WESFARBLBERD - EF L) L9 23 26 FH 12 2
A BTSSR SRR o ATEE R R BT S0 AR 2 B oWl - T
Z o

B A HEER L kAR T88%  doir Y ni B A SRR A
(96.4%) (2 3o ~defq k8 Al g 02 100 detf > LAk E R E) 0 de ey
FEE 26% R AA S EANEIEFEL 05%; LhF kA F R
34.7% » q2 F=9 1k 6.0% 0 A ik 1.9% 0 de g BRI 0.7% (- ) e

USDA (2016) 24 2 37 = G A A XA » kA F £ 5 77.86% » 42 3ov &
120% > d2 5595 % 020% - F 5 A4 b* (8% 7 2 RE2-2%
R E SHRF) - mEsEA . fF kAT RFFE 1738-22.52% Bk
&4 7B 5 80.60-85.63% 0 de Fv W A 4.75-6.86% > 4z im E 0.37-1.02% 0 &
A5 226-3.01% (Lieral.,2007) i §kfcis Wivie f 5 f5d p B H kA F4
PPk g AR s Bl R e 2 B S o - A T R R
s ARERE BRGFESLLR ’;E!%Uv\gﬂ{s’ﬁ 7k (Pareck, 2013) o % % &
o Jw Boebge 3d 7 E9% 520 USDA =4 o -

AT B2 ATE R 2 BT S R EAR R o L B 5 AT S
FEPFICETE AT AR kKA FE P EEMERTE EE AL T A
2RO RFEAI R RPAREHE I TFEUE R REROEE 5 -8 0
AR L RE O AR BAIL T F R (F-B) 28X %8 REEN T
EAfals#S A FEAEe FM) Bir Fi089% ks &0 TAE
$HBE S PR SRR B2 3 Rl BT L R A EAIL S RS R (D-
B) 2 A FAERIZ2 B+ A FAEE (D-M)> 112 MRE P @ § + £
REPE D-H) 27 RELS47 5 8- HFFR T PAERSZ HFER &4
BT g > e 2 TEA 5B ) SV RAE S J20 L w2 %232
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Jixinzao

Fruit trees

Fruits

22 2% 24 28 26 27
dabidiitibi b,

Bl- ~ oo &g o desmz gio b (Jixinzao) : o B S ft- #ESF 2 w5 o

Figure 1. The Jixinzao jujube cultivar in Taiwan: fruit tree, fresh fruit, and dried fruit.

- U BZ AL ES

Table 1. The proximate compositions of jujube.

Content (%)

Component
Fresh Dried
Moisture 78.8+0.3 34.7+04
Dry matter 21.2+0.3 65.3+04
Crude Protein 26+0.2 6.0+0.1
Crude Fat 05+£01 0.7£0.1
Ash 05+0.1 19+0.1
Carbohydrate® 96.4+ 0.5 91.4+0.6

a: Moisture and dry matter are presented base on air-dried weight; others are based on dry

weight. Each value represents mean + SD (n = 3).

b: Carbohydrate (%) = 100% - (crude protein + crude fat + ash)
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Z) AFPEHEERFRPERFE
R B R SEBWAAILE N ESE UG RER RFRAF 2 1
ERFERERERE T FEORE (B ) 57 FHRFTERANAGSF ZE 5%
BB T EEE) RIS WA T ERIT (d4,3) i Timk T (d1,0) BEEEA
BrpE AR 0 B 180 A AP T RBRFIRC LR EL T (K- A-B)o
d43 4 2290+£1.0pum *4 % 250+02pum; dl,0 #/d 72+00um *4 5 0.1+
0.0um » % 7% & £ FFBEpE R 0 G F TR RIS (38 Al RS o R
Rosir 2 WA T ek s o (d10~ d50 ~ d90) ik BFA F R 5% BF ook
SRR (B O - R T IEREEE d90 & dI0 = FARE 0 1%
4 d50 > TS T Es R (span) 0 EEFRFR AL Z EHed fE L (B D)o
BorRFRak o PR REAFTERIRF > TERF A (e - Ko 0T
PR ARSI ORE R ASR RS WA T RR 4
¥y o
WA EA 7 B2 ATHE R FRIFR ORI T EE F Y 5% FHAS
kR R ER 0 d43 & d10 Rt E Aol M T 3540 d10~d50~d90 4
o s Bp ey ol o sspan B %L TRPIEAFOEFIRF 0 02
EAFTFEHRERET » wE@FANFERR 5% ZEEML L BIFRFTERR
FEEREBFAVS 7 S% > FEREF MRS o oBlZ 217 o WA
AT A AT o R e (F-B) 2 d4,3 4 19333 pm o K54 FA B 180
48 (F-MI80) » -] 2 2497 um > 5 18 BLEFIRIT A F R IREE AL F -
FR 50042082 1.59 % 96.49 um (B = A) o % A 4gdpdic (PDI) 5 Dv/Dn >
"EEFEEFH 4§ d1,0 T Dy &%) PDIFla 2 (Fl= B) - #&EF A
Wk gs s TR > RiERadlL0 REEFEERT e 2 48 > F-M180 ] >t 1 um
g d o QIR EE D 9% (B2 CO) e iE- Hiz@EaighEi? > 279 - Bk
d4,3 FIA FAA BT @ = e gl 0§ 150 448t d90 B RS e B
(reduction ratio) AE** & 2 (Bl= D) o o+ kB3 5 F P+ AL {8 dup jiec
BEFE 0 443 150 #4882 F o e > R4k 3 e BRItk
R k] dvgv}g,é?P v @ 150 AAERS > BRI AF o AT R EE S
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ToRLRE HIT G A FFERE PR OREck AP RE R
RoRBERRLFORREY % AT EE 180 AT 0 E5 WA
BEERERZ Side L 5 o

TN RERENY PR AP ERFT R RS BT Y
FTEoSLTEI PR FR UL FERERL G B e i atme p 4
AT > ¥ 3 B R R0k 0fE T (Lhaglham er al., 2024) o 77 4 5 A7 B vt 4 F B 4% 1
PR A PR EREE T4 B0 B MR g % R S R
EPEE T RN TAENS 2B R J o D R M 0 d10 S
£ 99% %>t 1 um (Kuo et al., 2014) -

RUAE T 30R T s M 5 4o A B 2 T30E > i ok Pk s
ARJTAER A ER A F R B ER > ¥ SRS d10~d50 £ d90- H ¢ 5 dl0
ZatkE? G 10% o Rt At E o R A B R 0 dS0 5P ks

2 50% s RSl 32 E 5 d90 Bl & T 90% srue S Rt ol At (E > B2t g

i’d’ﬁ""‘ 7}:‘—'?37(_ v APy A ’fi ¢ ;F‘ ‘}"’ L T o g ')'B span B f’r:‘% %‘r_’—é
ﬁﬁﬁﬁ%@‘ééﬁﬁé ERRTMOER B A0 F RREY SR
g F o span ¥ ARAE (B FR) S fEREAFREFE LmT DRES

~%ﬁ*9*%%°W%ﬁ€’&iﬁﬁm@ﬁéawsmlwzgﬁmm¢ﬁ;ﬁé
A EHAPPE ERPEAT R CRZEF AP RIHESFREORE T
B AP R MRFIR R T ok S kg 0 3R span (B MEE R R P e s

N\ 2L 4L
/s * @I‘lp ,.:E.--‘;v °
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Figure 2. Effects of solid content and milling time on the particle size characteristics of
fresh jujube suspensions. (A) volume-weighted average diameter, (B) number-weighted
average diameter, (C) particle size distribution, (D) particle size span. Different letters

indicate significant differences (p < 0.05) among groups. Data are presented as mean +

SD.
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Figure 3. Particle size distribution of fresh jujube suspension. (A) volume percentage, (B)
polydispersity index (PDI), (C) number percentage, and (D) D90 volume-weighted mean
diameter and reduction ratio. Different letters indicate significant differences (p < 0.05)

among groups. Data are presented as mean + SD.
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() FFEEER R TR

FTECE R AAIRERGES > X B A 0 R B ki
B AT HFARAENE 20 3 60% 2B o HERERNEEBFENT
FHCR e E ¢ FRE (Ble ) LT RSP G T ATEC Ll o E 24
% 20-30pum 2 B R L e B AR EREI A B F (R
o A)e AR E S RS G Bl SES R  BUR @ A
v LR B EEJE ch F-B Apt o F-MI80 st B AR | A AT Bk 5 2 5
L35- 2 Adgehpd A% (Ble B) o e & 45 5 T 3 88 (SEM) ¥t 4
S PR A TR RRIERICER SRR RRT Fehdk e ARy R
BOAERCD  RET G S 0 R RS AR G RR] D B e i R

HR BT o AT B G Bk e B
BRI R SEEE T (0-180 440 fut £ o A ek
Ao RaER T b8 (Fle C) o ¢ FAYT (L*~a*~b*~ AE) "EF B £
FRM PV R GFEEAY wrep s N R S R T R
(Rlz D)o w BATH ST 5557 %9 SMAL  BERIME S > 7RET
T R AR RIERN CEFIFTFA R RIFRENERELIR S R
AT G FREEEERRITIRD BB P RIFIRL LY B SRR
T @ g¥b* 2 OAE B 5 O F-M RiFiRaga* & b* EF A

27 ¢ FheiBgd o TR d /RS o
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(A)

(B)

Ble ~ 4 A EREERFRBSES ¢ B2 (A) AT#F R

A i SRR RACE o (B) BRI e E AT R e 2N T AL e (4
=1+ & F-B % F-M180) -

Figure 4. Effects of media milling on the microstructure and color of fresh jujube
suspensions. (A) visual appearance of fresh jujube fruits (scale bar: 1 ¢cm) and a
microscopic image showing the cellular structure (scale bar: 50 um), (B) Optical

microscopy and SEM images of fresh jujube suspensions (from left to right: F-B and F-
M180).
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Figure 4 (continued). Effects of media milling on the microstructure and color of fresh

jujube suspensions. (C) photographs of fresh jujube suspensions at different milling times

(0-180 min), (D) color parameters (L*, a*, b*, and AE) of fresh jujube suspensions.
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Frapdih e T e+ Fasld s d andgih > 8 S E G 4 o A
ok 4w 48 © (Wongsagonsup et al., 2005) - American Society for Testing and
Materials (2012) 45 ) » Zeta potential Hcid # Fl & %8 A-kp R ? ELRPM - 7
TESHEERFIFEMG FRCGHES 0-5mV B Bk € R R
B 10-30mV B REA R AST R A AR AR AL 30-40mV M AEiE T ¢ 54
TALR 5 40-60mV BT ERE A2 60mV o TE T G REL TR o PR
EhG R EER RS EFEE A FONRMIZAY CRETERE R AT AT
AN B A G TR B RUE DRIFRES TR 100
Bk REFRE o

BRBT O AT ERIER G pH BRI EPEFES 2 VO E Bl
BT Firs A i (BT A) o R BT R Rl 2T AR
TG R ER R ATFERSE G L dRFETE (BT B) o AAER]
SRR LS R BASTEERA 2 2 A AR R (BT
C)e FR B0 A 48PF > 3B 5 B * 5 [Pass [ (8 NI AT S enliFa) » "EEF A

g

K

Jm e

f

5

FEET > RFRAERFTPHIRE -

BEERER2ZABETEAN {;ﬁ d # @ 478+ (backscattering, BS) W &2 R & 7
AL TR R Sk b x P A T E SRR ST A°C TR T TR R WA
A2 ERGAPREIFALFLY 0 G EREEES TR UER 24 | Ep
T S A R R B BT TE L Pl 8 E A A BRIk SLenfE AR o
- e 7 R A AeARE S AT R T RIS s Ao B O 2 T
FHARAD 46 03 LNRAPARE K E R § F 30T A4 A T
T o FlE FRTREF 24 ) PRERP SRE T HE R UL
ﬁ;wyr%gf,+4¢%@gﬁﬁ@p,ﬁ&§@@£%P@%@(ﬁﬂ1%
AdB) AT f BS W2 BB A A IR ER B o i AR R R
Mo A T s REREER L P iREes (B) -

FESE CAFTFEV L CERFRNPEZCERT o T4 R
BARREE L TR T EREF AV M- B RN TR ERIERAE

T A5 o BT R EERY A ERL A SRR B AR
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Figure 5. Physicochemical properties of fresh jujube suspensions subjected to media
milling: pH value, zeta potential, and viscosity. (A) pH changes during different milling
durations, (B) zeta potential variation as a function of milling time, (C) viscosity changes
with increasing milling time. Different letters indicate significant differences (p < 0.05)

among groups. Data are presented as mean + SD.
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Figure 6. Stability of media-milled fresh jujube suspensions during 24-hour storage. (A)

backscattering (BS) ratio measured over time, (B) Aggregation percentage of suspended

particles during storage. Different letters indicate significant differences (p <0.05) among

groups. Data are presented as mean + SD.
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(2) A FPEFERBET 52 F0F L35
NFFEERFRAFEERFROIPELCEF Z R P04 (B
BlN) e B A E R 2 v TFEFRH om0 AR GR R
120 A48 5| %% » @ = [AERI 180 A4BE T8 (B ). A% T ﬁp;m
BHREA R we s B LAt PR RA S BRI EF R (TPC
TFC ¢ TTC Aptc2 8 8) WA FAEHR 58 REFAEEANL 0 - 4HH
- hz A A LR AT B AT (F-B) Aprt 0 A A B BRI (F-
M180) @ &34 % fs (oleanolicacid) 7 ZE F B » M 1 A E AF R TS

—

PEES T o6 g A2 o fif i E 158 DPPH ~ FRAP & ABTS #5%iE (7
Pk R R AR R R log AR FERY RRLAFRR (01
100 mg/mL) » 12 & {52 g€ 5 fod Mo @ % logio &7 kA 0 F BN S
oS EEHEF BATE T L EIFIER (ICso) 27 F g L F i
PR R R TR ABS o R % BT F-B & F-MIS0 % & pd Aiig 2 BRA S
H¢ F-MI180 & DPPH #r#]:Esk® »# ICs & 4> F-B(B )28 2589 >
ANFFED SRS AP g8 T S HRF R P i e

T %2 Kou# (2014) 4p i fhd A Fa7 frendi oz 4 pUf 2 g
M e WA PN TP D> K4 7 BiErh TP 7 £ (Kuoeral.,2014) -
B P R ECRERE o ok ? BRI AL (0.01-0.50 g/L) o sk ok A A A 2 G s B

AT b (Chebil er al,, 2007) » @ F-M ‘i TF 3 £ %53 F-B> &7 4
BB EIE T s A o AT T A I RIRE A A B AR S P 2B A R R T
B % # (high-pressure steaming) % # 3% ‘B4l (steam explosion) AJE » 7 i & A
FREZHEDAE G AT FFLERE T (depolymerization) » i & 5 &30 §

OonpasEi &4 ko B 4e 0 ki3 1 (Castro er al., 2008; Xu and Chang, 2008;
Kuoetal.,2014) - < }gLa‘ﬂ N B - R ER DA EER S A Eag L2 g i
iv 4 AP R > 9 gL (Betulinic acid, BA) ~ A #1 % & (Oleanolic acid, OA) % j: %
f& (Ursonic acid, UA) % i (Guo et al., 2009a; Guo et al., 2010; Lim, 2012; Yu et al.,
2012) « = FRAE B> KEEA S F 0 40 BASOA fk? B fza A w5 002 2 0.05
pug/mL > 5 fé * g% [ 4] (Jager et al., 2007; Xiao et al., 2014) o @ ‘= §
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B FE LEBR Y A RRP 2RI RIE C RE M2 -7 % (anthocyanins)
E e e AL m?ﬁ“ % (Zhang et al., 2010; Gao et al., 2011; Gao et al., 2012b) -
AT RER R - 0 AEEAIFFETRA 2B B v 85

FodE s8R AR 2 = BAR T S B o SRR e R T JleA b ipat (L 4
o AR BB RA P EE TR LR ART L RO SR

ﬂ’?ﬁéi%%ﬁﬂg%i%?ﬂ?&mpm—ﬂop“*%ﬂ’EA | 1% &0
FF R EEES Y g T RFIRA S e fit > w A5 p o
#iptpacd 28R4 (Rana ef al., 2022) » B2 HFRRE A fﬁ’wﬂ@f.ﬁ PRIER TS
FF R ROES > L EERPF RS AN AR
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Figure 7. Effect of media milling on the total polyphenol, flavonoid, and triterpenoid

oy
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contents of fresh jujube suspensions. (A) total polyphenol content of jujube suspensions
at different milling durations (0-180 min), (B) total flavonoid content, (C) total
triterpenoid content, (D) total bioactive compound content, including polyphenols,
flavonoids, and triterpenoids. Different letters indicate significant differences (p < 0.05)

among groups. Data are presented as mean + SD.
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Figure 7 (continued). Effect of media milling on the total polyphenol, flavonoid, and
triterpenoid contents of fresh jujube suspensions. (E) individual triterpenoid components
(betulinic acid, oleanolic acid, and ursolic acid) quantified in blended (F-B) and in jujube
suspension subjected to 180-minute media milling (F-M180). Different letters indicate

significant differences (p < 0.05) among groups. Data are presented as mean =+ SD.
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Figure 8. Effect of media milling on the antioxidant activity of fresh jujube suspensions.
(A) DPPH inhibition as a measure of antioxidant activity for F-B and F-M 180, with ICso
values, (B) FRAP inhibition for F-B and F-M180, (C) ABTS inhibition for F-B and F-

M180. Different letters indicate significant differences (p < 0.05) among groups. Data are

presented as mean + SD.
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Figure 9. Particle size distribution of 5% solid content dried jujube suspensions: (A)

volume-based and (B) number-based distributions of blended jujube (D-B); (C) volume-

based and (D) number-based distributions of media-milled jujube (D-M, 120 minutes).
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Table 2. Mean size and distribution of 5% solid content dried jujube suspension at different milling time.

o ] Volume
Milling time (min) Size range (um)
Dv (nm) <1 pm (%)

0 146.33 £1.53 0 3.69-1739.00

30 66.53 + 0.35 0 2.54-185.40

60 48.30 £ 0.35 0 1.59-153.80

90 35.53 + 0.55 0 1.45-140.10

120 29.40+£0.79 7.39 0.04-0.83; 1.32-140.10

Number
Dn (nm) <1 pm (%)
11.33+0.15 0
5.19+0.09 0
4.13 +0.09 0
142 +2.29 0
0.11+0.01 99.98

* . .
Dv: volume-mean diameter; Dn: number-mean diameter

*All value are means + standard deviation (n = 3).
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Figure 10. Space time on the volume (A) and number (B) of particle size distribution of

media-milled dried jujube.
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Figure 11. Microstructural observations of dried jujube suspensions. (A) Optical
microscopy image of dried jujube fruit showing the external appearance and peel cell
structure. (B) Optical microscopy images of dried jujube suspensions prepared by

blending, 120-minute media milling, and hot water extraction (from left to right).
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Figure 11 (continued). Microstructural observations of dried jujube suspensions. (C) SEM

image of the blended dried jujube suspension. (D) SEM image of the 120-minute media-

milled dried jujube suspension.
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Figure 12. Photographs of 5% solid content dried jujube suspensions at different milling

times (0-120 min).

22 5% AN EANTFAERTIRFRLIE -
Table 3. L*, a*, b*, and AE values of 5% solid content dried jujube suspensions prepared

by blending and media milling.

D-B D-M30 D-M60 D-M90 D-M120

L* 4044 +£0.05* 21.66+0.01° 13.49+0.02° 10.25+0.02¢ 9.19+0.02°

a* 2.04+0.01° 6.08+0.05¢ 7.82+0.04° 9.83+0.05> 11.64+0.06

b*  13.44+0.05° 20.26+0.05* 19.28 £0.04*> 17.28 £0.03° 15.84 +0.03¢

AE - 20.39 +0.05¢ 28.17 £0.07° 31.41+0.05° 32.78 +0.04

“Each value of various samples was expressed as mean + standard deviation (n = 3).

“Data in the same row with different letters (a-e) are significantly different at p < 0.05.
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Table 4. pH value, Zeta potential and viscosity of dried jujube suspension at different

milling time.

Milling time (min) pH value Zeta potential (mV)  Viscosity” (cP)
0 4.09 +0.14° 21.0+1.8 28.8°
30 4.16 £0.16% -353+1.2° 141.5°
60 421+0.13%® -31.8+1.3° 156.9%¢
90 426 +0.12% -31.9+1.1° 171.3%
120 4.34+0.08° -32.6+2.3° 183.4¢

“Viscosity was measured at shear rate 100 s

“Each value of various samples was expressed as mean * standard deviation (n = 3).

*Values in the same column with different letter (a-c) are significantly different by

Duncan’s new multiple range test (p < 0.05).
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Figure 13. Stability of blended, and media-milled dried jujube suspension.
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Figure 14. Turbidity of blended, and media-milled dried jujube suspension.
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Table 5. Total polyphenol, flavonoid, and triterpenoid contents of dried jujube

suspensions.
Total polyphenol” Total flavonoid™  Total triterpenoid™”
Sample
(mg GAE/g DW) (mg CE/g DW) (mg OAE/g DW)
D-B 7.54+0.37° 0.99 +0.14° 1522 £3.35"
D-M120 8.49 +£0.21% 1.28 +0.58% 20.07 +4.33?
D-H 9.38+0.14% 1.47 +£0.15° 20.55 +3.96*

“mg gallic acid eguivalent/g of dry weight
““mg catechin eguivalent/g of dry weight
“mg oleanolic acid eguivalent/g of dry weight

Each value represents mean = SD from three different experiments (n = 3). Data in the

same column with different letters are significantly different at p < 0.05.

22 BFRERZRF VBN

Table 6. Antioxidant activity of dried jujube suspensions.

Sample DPPH FRAP Reducing power
(100 mg/mL) Inhibition% Inhibition% A700
D-B 77.7+0.7% 87.9 +0.2° 1.31 +£0.01°
D-M120 78.7 + 0.4 89.9 + 0.4% 2.31+0.05
D-H 77.3 +1.32 88.7 +0.3? 1.31 £0.02°

“Each value represents mean = SD from three different experiments (n = 3). Data in the

same column with different letters are significantly different at p < 0.05.
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Figure 15. Fermentation of fresh jujube substrates by Lactiplantibacillus plantarum using

blended (F-B) and 180-minute media-milled (F-M180) suspensions. (A) schematic

diagram of the fermentation process: F-B and F-M180 suspensions were pasteurized and
inoculated with L. plantarum. Changes in total sugar and glucose concentrations were
monitored to evaluate lactic acid production, (B) total sugar content, (C) glucose
concentration, (D) pH changes, (E) titratable acidity. Fermentation was conducted over a
48-hour period. Statistical analyses were performed, with significant differences
indicated by different letters (within-group comparisons at different time points) or
asterisks (F-B vs. F-M180; *p < 0.05, **p < 0.01, ****p < (0.0001). The results show
efficient substrate utilization and acid production, with F-B and F-M 180 showing distinct

fermentation dynamics over time. Data are presented as mean + SD.
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Figure 16. Effects of blended (F-B) and 180-minute media-milled (F-M180) fresh jujube
suspensions on lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophage cells. (A)
experimental design of the cell assay, (B) cell viability, (C) nitrite (NO) production. RAW
264.7 cells were co-incubated with F-B, F-M180, or ursolic acid for 24 hours prior to

analysis. Different letters indicate significant differences (p < 0.05) among groups. Data

are presented as mean + SD.
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Figure 17. Effects of blended (F-B) and 180-minute media-milled (F-M180) fresh jujube
suspensions on lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophage cells. (A)
IL-1PB secretion, (B) IL-6 secretion, (C) TNF-a secretion. RAW 264.7 cells were co-
incubated with F-B, F-M180, or ursolic acid for 24 hours prior to analysis. Different
letters indicate significant differences (p < 0.05) among groups. Data are presented as

mean £+ SD.
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Figure 18. Effects of blended (F-B), 180-minute media-milled (F-M180), and supernatant
(F-S) fresh jujube suspensions on body weight and phenotypic indicators in a DSS-
induced colitis mouse model. (A) schematic diagram of the experimental design, (B) body
weight changes during the experimental period, (C) body weight on day 18. Five-week-
old male BALB/c mice were acclimatized for 10 days and then orally administered F-B,
F-M180, or F-S (0.1 mL/mouse/day) for 18 consecutive days. From day 18 to 24, 2%
dextran sulfate sodium (DSS) was added to the drinking water to induce colitis, followed
by regular water until the mice were sacrificed on day 28. Groups sharing the same letter

are not significantly different (»p > 0.05). Data are presented as mean + SD.
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Figure 18 (continued). Effects of blended (F-B), 180-minute media-milled (F-M180), and
supernatant (F-S) fresh jujube suspensions on body weight and phenotypic indicators in
a DSS-induced colitis mouse model. (D) colon weight, (E) colon length, (F) colon weight
normalized to body weight. Five-week-old male BALB/c mice were acclimatized for 10
days and then orally administered F-B, F-M180, or F-S (0.1 mL/mouse/day) for 18
consecutive days. From day 18 to 24, 2% dextran sulfate sodium (DSS) was added to the
drinking water to induce colitis, followed by regular water until the mice were sacrificed
on day 28. Groups sharing the same letter are not significantly different (p > 0.05). Data

are presented as mean + SD.
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ABSTRACT: This study systematically evaluated the effects of
media milling on the physicochemical properties, bioactive
compound content, and functional applications of fresh jujube
(Ziziphus jujuba Mill.) juice. Optimization experiments identified
ideal conditions for nanoparticle production, including 5% solid
content and a 180 min milling duration, resulting in significantly
reduced particle sizes—volume-weighted average diameter (from
229.0 + 1.0 to 25.0 + 0.2 ym) and number-weighted average
diameter (from 7.2 + 0.0 to 0.1 + 0.0 gm)—and improved
dispersion stability. Media milling enhanced key physicochemical
properties such as zeta potential, viscosity, and suspension stability,
while also modifying color and pH. The process notably increased
the content of bioactive compounds, including total flavonoids
(from 2.9 + 0.1 to 3.8 + 0.0 mg catechin equivalent (CE)/g dry weight (DW)) and triterpenoids (from 15.4 + 1.2 to 28.0 + 4.9 mg
oleanolic acid equivalent (OAE)/g DW). The antioxidant activity before and after media milling, assessed using 2,2-diphenyl-1-
picrylhydrazyl (DPPH), ferric reducing antioxidant power (FRAP), and 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) assays, remained comparable. Fermentation with Lactiplantibacillus plantarum demonstrated that both blended and media-
milled jujube juice can serve as effective substrates for substrate utilization and lactic acid production. Anti-inflammatory assays using
RAW 264.7 macrophages revealed reduced nitric oxide production and lower levels of pro-inflammatory cytokines such as IL-1f,
showcasing the juice’s potential to modulate inflammation. In a dextran sodium sulfate (DSS)-induced colitis mouse model, media-
milled jujube juice demonstrated safety, though it did not show significant protective effects. These findings position media-milled
jujube juice as a promising functional food ingredient with potential applications in health promotion and disease management.

Article Recommendations

Fresh jujube
(Ziziphus jujuba Mill.)

1. INTRODUCTION

Jujubes (Ziziphus jujuba Mill.), also known as Da Zao, Chinese
dates, or red dates (when dried), are perennial deciduous fruit
trees belonging to the Rhamnaceae family.' Their composition
and quality are significantly influenced by factors such as soil
conditions, climate, cultivation methods, storage, and process-
ing techniques.”” Fresh jujubes are rich in bioactive
compounds, including polyphenols, flavonoids, triterpenes,
polysaccharides, and cyclic adenosine monophosphate
(cAMP), which exhibit antioxidant, anti-inflammatory, im-
mune-boosting, and hepatoprotective properties.*® Studies in
animal models have further demonstrated their potential to
modulate gut microbiota, alleviate inflammation, and improve
gastrointestinal health.”® Additionally, jujubes have higher
levels of dietary fiber, sugar, protein, and pectin compared to
many other fruits, enhancing their versatility in processing.”'

Despite these benefits, preserving fresh jujubes has
historically posed challenges, limiting their applications and
often relegating them to dried forms commonly used in
Traditional Chinese Medicine (TCM)."" In TCM, jujube fruits
are used to tonify the spleen and stomach, nourish the blood,
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and calm the mind. They are traditionally used to treat fatigue,
digestive disorders, and insomnia, while modern research
confirms their antioxidant, anti-inflammatory, and immuno-
modulatory properties.' The growing demand for functional
foods and nutraceuticals has highlighted the potential of
jujubes due to their nutritional and medicinal properties.
However, the perishability of fresh jujubes and the limitations
of traditional processing methods, such as sun-drying, often
result in nutrient loss, reduced bioactivity, and limited product
diversity, which affect the overall market value of jujube-
derived products.'™'* Addressing these challenges necessitates
the development of advanced processing technologies that
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