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ABSTRACT: Objective To investigate the dynamic changes in functional components and antioxidant activity
during the co-fermentation of Angelica sinensis extract with fruit juices of Ruanerli and apple for fruit vinegar
production, and develop a new product of Angelica sinensis compound fruit vinegar. Methods The dynamic
changes in total flavonoid content and total phenolic content, 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical
scavenging rate, hydroxyl free radical scavenging rate and total antioxidant capacity [ferric reducing antioxidant
power (FRAP)] during the fermentation of Angelica sinensis compound fruit vinegar were analyzed by
spectrophotometry assays. Pearson correlation analysis was used to explore the relationship between the indicators.
Results During fermentation, the total flavonoid content of the fermentation broth decreased overall, while the total
phenolic content generally increased. The functional indicators of the composite fermentation system were generally
superior to those of the single raw material group. The total flavonoid and phenolic content of the apple-Angelica
sinensis composite group were significantly higher than those of the Angelica sinensis group at the beginning
(P<0.05), reaching 59.6 times and 2.37 times, respectively. By the end of fermentation, the composite groups showed
significant increases in total phenolic content, total antioxidant capacity and DPPH radical scavenging rate (P<0.05). The
apple-Angelica sinensis compound vinegar reached the highest total antioxidant capacity, reaching 1.231 pumol Trolox/g,
while the Ruanerli-Angelica sinensis compound fruit vinegar exhibited the most pronounced total antioxidant capacity
improvement, reaching approximately 6 times that of the Angelica sinensis fermentation broth at the end of
fermentation, and the DPPH scavenging rate increased by 105.74%. Correlation analysis indicated significant positive
correlations between total phenolic content and total antioxidant capacity in composite systems (P<0.05), and a
significant positive correlation between total flavonoid content and hydroxyl free radical scavenging rate (P<0.05).
Conclusion The combined fermentation of Angelica sinensis extract and fruit juices exhibits a synergistic effect,
which can significantly enhance the antioxidant activity of fruit vinegar. Among them, the antioxidant performance of
the Ruanerli-Angelica sinensis compound vinegar is the most significantly improved. This study provides a
theoretical basis for the development of functional fruit vinegars through co-fermentation of Chinese medicinal herbs
such as Angelica sinensis and fruits such as Ruanerli.

KEY WORDS: Angelica sinensis compound fruit vinegar; total phenolics; total flavonoids; antioxidant capacities
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P TRERTHEA 10% (m:m)TEILESER, 7 32 °CT KB 6 d.
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Fig.l Changes of total flavonoid content during fermentation of
Angelica sinensis compound fruit vinegar (n=3)
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Fig.2 Changes of total phenolic content during fermentation of
Angelica sinensis compound fruit vinegar (n=3)
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Fig.3 Changes of total antioxidant capacity during fermentation of
Angelica sinensis compound fruit vinegar (n=3)
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Fig.4 Changes of DPPH free radical scavenging rate during
fermentation of Angelica sinensis compound fruit
vinegar (n=3)
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Fig.5 Changes of hydroxyl free radical scavenging rate during
fermentation of Angelica sinensis compound fruit vinegar (n=3)

FE 2 ZE AR LI, 78 P<0.01 K, HOLBLRRES
KW AR P B S SR E RS R R R R A
(=0.976), 1E P<0.05 /K%, DPPH [ Fh E:if Bk 2 5 24w il
Tt R AR R IAHCOCR, HXRBIN
=—0.932, =—0.881,

F1 HAXERIERS STMELENREXM

Table 1 Correlation between functional components and antioxidant capacities of Angelica sinensis vinegar

Ei=ga S BB BYUEIkRE T DPPH H HAEEBRE  #H B EERRE
S B 1.000 - - -
BB 0.337 1.000 -
BhtEEE ) 0.615 0.884* 1.000 -
DPPH [ H i RR % 0.604 0.506 0.445 1.000 -
F2 R bR —0.415 0.468 0.333 0.047 1.000

e *RIRTE 0.05 BANOWR), MR, RN RBOREE S H, £ 2~4 [,
#=2 WILHREEDISER Y SELEEHREEN

Table 2 Correlation between functional components and antioxidant capacities of Ruanerli fruit vinegar

Eiston S B pENIEe e MPALLRE DPPH A HHLiF % ¥ A PR
SR B 1.000 -
B 0.366 1.000 -
Bt fkEe —-0.692 0.325 1.000 -
DPPH H B ALTE bR % —0.932% —-0.652 0.387 1.000 -
¥ At ILERR R 0.976%* 0.216 -0.712 —0.881%* 1.000

e #FFRTE 0.01 B (RUR), HPERE, 3£ 3~4 4,
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M3 ATHL, 1E P<0.01 7KK, LB Y IAK A RS A T8
RSB SRS A B BRI (=-0.966). &
Ty 2 30 (5 FH AR PR - v I, L R A A R T
REBZ IR RAL BB R I 0 B . ANFZ5H 5 0 1)
FAuEY, HES Pt A st 22 50, 78 P<0.05 7K
F, B EES EPUELRE T R IR G, SR B
5 R AR AR S (=—0.958), TS5 A KRR
5B IEAHE(=0.933),

MR 4 TH, £E P<0.01 K, SER YIS A Bl R B

AR AR SR A HIRE R R R EAM0=0.966), B
T2k & ] LIRBEE Ak s+, MRSk 32 B b 226
ML E AL Ak, ¥ A IR EE iR be R4S
THEMBE TR, BRI S R SR A R ERERRRZ
IRIR Y7 25 W IE M D . 7E P<0.05 7K, BB & &
5 R & AR UM COE 2R (7=—0.896), 5 DPPH A ik
HRRAAE AR, HOCRECH =-0.904, BB & H
5 EPUAALRE 1 R AR B M DE K R (=0.882), 5% A
PR 2 A W 2 A G R ()=—0.953).

#3 BILHHEAEAREBEINER S SMENENEXNE
Table 3 Correlation between functional components and antioxidant capacities of Ruanerli and Angelica sinensis
compound fruit vinegar

Eiztan ST O BB BITEALRE T DPPH [ i 335 bR % A mIERE
BT 1.000
JENli Ry —0.958* 1.000
Ry fbaE ~0.809 0.943* 1.000
DPPH H i FEiE [ % -0.712 0.548 0.325 1.000
A B bR 0.933* —0.966** ~0.919% -0.613 1.000

*4 ERYEASARBEVIEEM S SIMENEESMERE

Table 4 Correlation between functional components and antioxidant capacities of apple and Angelica sinensis compound fruit vinegar

Eizzan Sy YTy R MAESLRE DPPH H H 3Tl BR 2 A A RE
S EA 1.000
SNt iy ~0.896* 1.000
MPUAALRE TS —0.586 0.882%* 1.000
DPPH H H 5 BR R —0.904* 0.647 0.223 1.000
¥ A IR 0.966%* —0.953* -0.727 —0.830 1.000
3 s PR AR BRSO & i S B E b EE 1 B B IEAE G
Zm 7

AWEFEBRER I ZE T 2 I K W | O LSRG L KL
B SERY IR A SR A S W AR A R
S MR IS TS S AR . SRR, E A KRR
Fils 140 4% T S RE 46 B 24 000 T AR IO 1) B — JEURE SR, 1 P 7 4K
JLBLR T B A Y 4R ORI W] & B AT D RIS H
KT, YU R EEES S . S A ST A AL AR
AR EE RS/, A KRB, AR R A R TR
W MBS R 2R T, BE A KBRS I AR K
KIAHAE S BT, R EELS T, 4 Bk BER W ST A L sE
J1#0 DPPH H th L35 BR324 8 2 & TR 16 7K 7 (P<0.05),
Horp LA Y52 4 RS DPPH W BRI IR A K, ik
105.74%; ¥2 F 1 5L 35 B2 0 FE 24 ) 4 53R B3 0 40 [l 7
HAb R R TR MO M, FOLARLRRS &
TR A2 A5 SR 1) B TR 5 i S A I BRI B R A G
CHOLBL S BS FSE R S5 & A R A i 5 A 5C, P<0.01),

(P<0.05) X ULBHBR MIH R BER AN, AR gt o &
W SPATEER RS, PUABCR IO T & 14
FRFBEPUEALRL & 5 KRB AR BT B RAE T
Zib, ¥RYEE EREEAER SRR
Ty FE R 5, (HEPOLA S M A RS P A bk s
FHiR o 3% (DPPH THBR B4R 105.74%, ST LEE 2
I 6 150 H 2SRRI S YR BOR 5:1 1R A,
WILGHERE B 2 13°Brix, fKIKZE 23 °C'TF 6 d ks & BEFI
32°CF 6 d BRI . X —B 6 KB L SIH5Eh 2
AR ACRES S ReAb A 7 SR B TR RS, R v 2 S
B SRR T A 25 1 %
RPN
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