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Analysis of Polyphenol Composition and Antioxidant Activity of Jujube Juice

Fermented by Lactic Acid Bacteria by in Vitro Simulated Gastrointestinal Digestion

ZHANG Jiangning YE Zheng SHEN Jiaqi
(Shanxi Institute of Functional Food, Shanxi Agricultural University, Taiyuan 030031, China)

Abstract: [Objective] This study aims to investigate the variation rules of polyphenolic substances and
antioxidant activity of jujube juice fermented by lactic acid bacteria after in vitro simulated gastrointestinal
digestion. [Method] The mass fractions of total phenols, free phenols, and bound phenols, as well as the
composition of polyphenolic substances and antioxidant activity in the jujube juice fermented by lactic acid

bacteria (original jujube juice) at different fermentation stages and in vitro simulated gastrointestinal digestive
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fluids were determined and compared. [Result] With prolonged fermentation time, the mass fractions of total
phenolics in the original jujube juice and the gastric digestive fluid increased and then declined, while that in the
intestinal digestive fluid exhibited fluctuating trends. At 48 h of fermentation, all samples reached their peak
values: 156.83, 152.50, and 100.71 mg/100 g, respectively. With prolonged fermentation time, the mass fractions
of free phenols in the original jujube juice and the gastric digestive fluid showed an increasing trend, while that in
intestinal digestive fluid exhibited fluctuating changes. The mass fraction of free phenols in the gastric digestive
fluid was higher than those in the original juice and intestinal digestive fluid after 16 h of fermentation, reaching a
maximum value of 110.78 mg/100 g after 64 h of fermentation, indicating that the gastric environment
significantly promoted the release of free phenols. In addition, bound phenols in the original juice and intestinal
digestive fluid accumulated significantly in the early stage of fermentation. Fermentation improved the
scavenging rates of free phenols against DPPH and ABTS" free radicals, and gastric and intestinal digestion
enhanced the scavenging effects of free phenols against DPPH and ABTS" free radicals, respectively. With
prolonged fermentation time, the DPPH and ABTS" free radical scavenging rates of bound phenolics in the
original jujube juice exhibited fluctuating trends, while those of the gastric digestive fluid showed an increasing
trend in DPPH free radical scavenging activity. In contrast, the ABTS" free radical scavenging capacity of bound
phenolics in the intestinal digestive fluid followed an initial increase followed by a decline. Compared with the
free phenol components in the unfermented jujube juice, the free phenol components rutin, hydrocinnamic acid,
benzoic acid, and salicylic acid in the original jujube juice showed mass concentration increases of 21.51%,
54.41%, 25.68%, and 28.62%, respectively. Compared with the free phenol components in the original jujube
juice, vanillic acid, gallic acid, syringic acid, protocatechuic aldehyde, and luteoloside among the free phenol
components in the gastric digestive fluid showed increased mass concentrations, indicating that fermentation and
gastric digestion facilitated the release of free phenols. Compared with the bound phenol components in the
unfermented jujube juice, rutin, trans-ferulic acid, and 4-hydroxybenzoic acid showed decreased mass
concentrations in the original jujube juice. Compared with the bound phenol components in the original jujube
juice, rutin, trans-ferulic acid, protocatechuic acid, and protocatechuic aldehyde showed decreased mass
concentrations in the gastric digestive fluid. Compared with the bound phenol components in the gastric digestive
fluid, the intestinal digestive fluid showed increases of 20.67%, 54.03%, and 29.76% in the mass concentrations
of trans-ferulic acid, gallic acid, and protocatechuic acid, respectively. [Conclusion] Lactic acid bacteria
fermentation improves the polyphenol composition and antioxidant activity of jujube juice after gastrointestinal
digestion, which provides a scientific basis for the development of functional fermented jujube products.

Keywords: jujube juice fermented by lactic acid bacterium; in vitro gastrointestinal digestion; free phenol; bound
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Table 1 Changes in mass concentrations of free phenol components in jujube juice fermented by lactic acid bacteria after in vitro

simulated gastrointestinal digestion
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22 7 HR 65-85-0 C,H,0, 15978.81° 20 081.51° 10 099.80° 9 523.73¢
23 K 69-72-7 C,H,0, 9432.10" 12 131.44° 6 508.83¢ 6 669.89°
24 TR 530-59-6 C,,H,,0; 47.68" 44.12° 33.93° 44.78°
25 THER 530-57-4 CyH,,05 87.20° 21.28¢ 23.72° 23.58"
26 TR 134-96-3 C,H,,0, 61.46 32.64° 32.15° 27.54°
27 JE LA R 99-50-3 C,H0, 4.847.58" 1.630.90° 952.65¢ 964.28°
28 Wl e 331-39-5 CyH 0, 348.46° 49.64° 24.51¢ 27.01°
29 Xf 5 GR 501-98-4 CyH, 0, 385.59° 44.68" 32.52° 23.90¢
30 J5 L7 e 139-85-5 C,H,0, 2 405.27° 1450.59¢ 1948.77° 1 881.05°
31 AR — HR 88-99-3 C HO, 2211.93° 2839.33° 1440.91¢ 1 651.82°
32 KEH G 486-66-8 CsH,,0, 0.00° 22.08" 15.76" 15.97°
33 R R BT 5373-11-5 C, H,,0, 11.28° 7.85° 11.12° 7.31°
34 3 5 303-45-7 C;H,,04 103.66" 60.37° 64.53° 49.85¢

T FAT AN RS R ROR 22 5 R 3 (P<0.05) .

27 HOMEEIBMIBEUABAETTHEESHAES BREHEHLARFER, N 16529.49 ng/mL, H ik

o

2 m A, ok R A

WAEEB T T KRR LR R
MR IR B . R R B LA

AR RN T, R IR N 8 303.33.

W B WA AL 8 159.71 ng/mL: 5 K K W4 AU 45 Ay 414 M

IR L ,Jﬁiﬁéﬁé\%éﬂﬁj\*ﬁT\&ﬁBﬁéﬂﬁﬁA-%%

ZiamAr TR FEFR FMAER FER BKE TR EFR.
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R2 HOMENBERELEAREABIETPESHSAIRERETL

Table 2 Changes in mass concentrations of bound phenol components in jujube juice fermented by lactic acid bacteria after in vitro

simulated gastrointestinal digestion

25 T 4H 23 TRV BE /(ng/m L)

ELRe) LI E R CAS%i*5 TR N - - — —

R BT SRR H AL ¥ A

1 Ll ZE 520-18-3 C,5H,,04 12.38° 17.53° 1.83¢ 2.42¢
2 FRE 520-36-5 C,sH,,05 3.38° 5.19° 1.22¢ 0.59°¢
3 AR 480-18-2 C,sH,,0, 75.86" 46.79" 7.43¢ 21.68°
4 ROl 480-20-6 C,sH,04 30.39° 18.52° 1.73° 1.14°
5 Hik e 7 117-39-5 C,sH,,0, 115.80° 96.82° 12.70° 9.88¢
6 M 153-18-4 C,,H;,0 ¢ 8159.71° 8 043.25¢ 1296.28" 1256.44°
7 KRR 491-70-3 C,sH,,04 6.20° 3.69° 0.54¢ 1.96°
8 il iz 2% 480-41-1 C,sH),05 0.23* 0.56* 0.09* 0.00*
9 ILER 7295-85-4 C,sH ,04 85.33° 43.77° 8.20° 23.77°
10 RILEER 490-46-0 C,sH,,0, 79.93° 58.10° 0.00° 0.00°
11 —AmER 27200-12-0 C,sH),04 154.78° 84.76¢ 16.73¢ 127.25°
12 g R 480-19-3 CH,,0, 0.87° 1.80" 0.15" 0.80"
13 11 2% 1y -3-0-78] %] W 480-10-4 C, H,,0,, 67.21° 64.27° 15.47¢ 17.70°
14 S 2B B R 537-98-4 C,,H,,0, 830.12° 721.19° 97.25¢ 117.35¢
15 Mt 2% -3-O-1 % B 1Y 21637-25-2 C,Hy0,, 73.00" 51.88" 16.38° 15.81¢
16 4-JRFE R R 99-96-7 C,H0, 1 025.04° 904.45° 202.74 208.72°
17 S A HER 501-52-0 C,H,,0, 1387.66° 1296.21° 264.53¢ 171.60°
18 SRR 140-10-3 C,H,0, 192.11° 147.02° 11.66 17.94°
19 R 121-34-6 CH,0, 1176.51° 1012.73° 158.75¢ 137.33¢
20 & L 121-33-5 CeH,0, 124.70° 115.00 17.68¢ 19.06°
21 BE TR 149-91-7 C,H 05 502.99° 385.60° 60.76" 93.59°
22 KB 65-85-0 C,H,0, 16 529.49° 13 931.92° 2759.74° 2242.16°
23 K% R 69-72-7 C,H(0, 6026.24" 5684.09° 1031.17° 689.18¢
24 TR 530-59-6 C, H,,0; 269.68° 259.31° 52.91¢ 59.73¢
25 T &R 530-57-4 CyH 105 110.49° 103.43° 21.01¢ 31.94°
26 T 134-96-3 CyH,,0, 45.39° 45.86 11.21° 18.48"
27 LR 99-50-3 C,H(0, 5379.75° 4056.54° 524.63¢ 680.75¢
28 W PR 331-39-5 C,H,0, 832.15° 747.52° 53.87° 53.85¢
29 X 2R 501-98-4 C,H,0, 765.68" 645.88" 120.74¢ 168.99¢
30 JE L7 e 139-85-5 C,H(0, 3788.51° 3544.68" 565.91¢ 859.61°
31 A2 R 88-99-3 C4HO, 8303.33° 7177.09° 1137.14¢ 4149.00°
32 KEH I 486-66-8 CsH,,0, 2.15° 4.12° 0.85¢ 0.33¢
33 AR R B A 5373-11-5 C,Hy0,, 34.42° 21.97 3.89¢ 4.26°
34 ik 303-45-7 C;,H;,04 89.09° 84.16° 28.35¢ 57.87°

AT A RS 2 REROR 2 7 23 (P<0.05) .

IKMIR VJE LA IR JR L 7% I 482K — WY R 4 1) ot
BIWRERK. SREEEHmADT ML, KB
B HWTE T U 2R 4-F2 28 K R
AANER EER AT TR ATR KR .
JR U IR I L7 T < 28— FR R 55 1) Joit B 9K 2 B
iR, XTI BNRIEA TS B EA BN

NMANTN S amaiiaEr L. HEakEd
ALK A L W3R T 45 &l 5 K7 T B W) B ot
18] B FE A S HR 0 2%, SR 45 5 By i 2R E T ) 4
He) g 2R 5 e A, X i8R g 0zt K T MR i
B TR &, B 2T T R RN A S AR
KA E T a it )s &Gl n T VAl
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WHERR 7 SR 25 W R /K M R T 1 Kk I 25 11K
T B AW (P<0.05) , 17 = BT 80 1R % & T 1R
JROL 7% TR BB W A W4 iR m T 20.67%-
54.03%29.76% , i Bl 45 & My 75 8 1 W AL I 22 B0 HY
2 B AR AE . — D7 T, EB A T R (s T
BN T P RSN, SR TERE T
B s o5 — J7 T, JiR A 1 58 Tk X 4 A 4T B, BRI M R
XPTERMR I B TREE M RAR, 2 ERE
BE . XU REW, N IE 5L E A R
T I A R RN W AT R AR SR B T 4 A T Y AR
B8R Ay AR Al o X B AR FE SO
HAAMME, W TEAMER BELETEF
(1) 2H RS F e 1 5 AR 2k 1

3 &k

AWETCARTC T FLIR B R e 20 AT (RO A A
[F e B I ) K B M A0 A b 2 KT R L TR
P PR AR AL o TR B T A A Ty o B B B
HC I TE] B SE K B BT R R BRI RS
B A B R SR BT Y, B AT
Jif B W 1) DPPH B 2k 75 BR e 7 Mg 9 . B 4634
BEAM T AR (FRER K E TRSE RIS
PR, B W A0 2 5 R R IR 16 h s 1
TR A E . SR KB AT, K
MEIRTE T AT s s i A b e T VA TR
IR AN K W B B o IR . A SRS T
M &5 G Wy Jo B o) 5B T I TR) ) SE K & % BT
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BT B R B 7R &) [ TR 3 5 1 X ABTS'
B 2k s B s e . DR FLIR T R B Rt
b 2 By R AR e Ak, R AR 0 =
77 Z MR B A RS SRR .

LB S50 BNAIE T 3L IR W K B < 8 T i A0 X 2
TR W) ik £ 3 o0 AR W AT R P A e T R 1
MAE M . LA, 2 By SR 5 00 R T A5t e
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Wi 2T o R e AT R G 55 2 Rl g . oo, iR K
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TR B Wy W 1T 5 21 4k K B L IR I G A OA 4
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B K i i B 22 By SR DR RE I, 0 R R AR Y
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