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Abstract: In order to explore the change rules of main components and antioxidant activity in the natural fermentation
process of black chokeberry Jiaosu, the natural fermentation was carried out under 28 °C airtight container for 90 days.
During the fermentation process, the physicochemical indexes and bioactive substances including reducing sugar, total
soluble solids (TSS), alcohol, total acid, total polyphenols, total flavonoids, anthocyanins and superoxide dismutase (SOD)
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in fermentation broth were estimated. DPPH free radical, ABTS" free radical, hydroxyl free radical scavenging capacity,
total antioxidant capacity and total reducing power were used to comprehensively evaluate its antioxidant activity in vitro,
Pearson's correlation analysis was also performed to further clarify the correlation between main components and
antioxidant activity. The results showed that the contents of reducing sugar, TSS, total acids and anthocyanins in black
chokeberry Jiaosu showed a continuous decreasing trend during natural fermentation, the alcoholic content continued to
increase and gradually stabilized, while the contents of total polyphenols, total flavonoids and SOD enzyme activity
increased first and then decreased. The highest values of total polyphenols, total flavonoids and SOD enzyme activity were
4.99 mg/mL, 269.68 mg/L and 5151.80 U/mL, respectively. The antioxidant activity of the Jiaosu after fermentation
showed a peak-shaped change, which was significantly higher than that of unfermented sample (P<0.05). The maximum
values of its scavenging rate for DPPH radical, ABTS" radical and hydroxyl radical, total antioxidant capacity and total
reducing power were 65.78%, 85.06%, 94.22%, 750.48 U/mL and 1.014, respectively. The results of correlation analysis
showed that alcohol content, total polyphenols, total flavonoids and SOD were significantly positively correlated with
antioxidant activity (P<0.05), while reducing sugars, TSS and total acids were significantly negatively correlated with
antioxidant activity (P<0.05). The results of this experiment provide a theoretical basis for improving the product quality
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and industrial production of black chokeberry Jiaosu.
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LA NRANAEMK (4ronia melanocarpa Elliott) 5%
PR AR REAI IR, & S Wy . R, AEH R
PP PLIIR . IR S i 3R R EE IR A, B
BHUEA. PUIIE . PRI A PIELEDIREN Y, [H]
B}, BEASHE m A A Gt I, PR MUWE IR, G AT oiae
VLK B v O MBI V& a8 A i e
JRIIR R —, SRR e DL EE E FLI T A L BE
=44, HPrEAb$E%(Oxygen radical absorbance cap-
acity, ORAC) =ik 160.2 pmol TE/g, /&5 TH2E RS,
WA NG RRAE . A ARRAY . WA SR S
ZMH IR, Kardum 5500 W5 R BL, 25 AR L
PEIESZE 3 S HAEH 3 A 100 mL SRR FEMK
Byt 2o gi i iR S AL Y 5 AL i (Superoxide dismu-
tase, SOD) A H S E AL (Glutathione peroxi-
dase, GPx) PRI A A TG 734 i 318 hn (P<0.05),
VI A E LR A S AL 0 T A — 2B, BA
RAFPLA et . ER TEZET 2018 4 IR
JRAIAEMCR TERXS g & it skl Sy A ks i 1
PRAL T LA AR PR

B ZRAE N — PP DI RETE R ™ 5, & Z Rl . 4k
AR BEMATE O SEAEYE Y. R
A A By AR WA 2201 R B R FHAS IR 9 3 A
ShREGh K IR, H R P R B TR, (B S
R — R [F] Ak IS s A SRR AN ISR AR5k &
PRI, (S AR TRt} i A DR AV PRI R I, T B v 2
AR, 2 AR 4, 28 A SR A B S I
HEA RAbTEfetge! . AR AR RE, BER
25 R ERIME Y o R AR, (A b Fa bR I
b e Az B B AR b, T bns M S 8 3ot
ZH B e B B MR AR A AN AT 43, IO SE HRAE AT
MPERTE AR R B R Al & Efrge Lo, 5
DPPH H i1k, ABTS"H Hi e BR AL [ Ty 1 52
s 2 IEARSC(P<0.01) . AT, ST A
SRR TRl 2R S A E R e A b 22 5 A AT 4

AEH L BOBTFE AT %, WA SR LD 28R
Sy AT AEATE P S AR AT T T RE SR AR A EARK %
R . Dk, AT LSS IR e E
AIEL, BT RS NRANAEMKEE R AE 28 °C 444 FIEE
FISR &1 90 d s B Hhidk J5obs . nTPEEIIEY) « Tk
B LORIR . Ry, BN, AR AN SOD A 145
FEASrS DPPH H 3k, ABTS'H 3 HIE A H
FLIH R AE 1 S DU IE PR I AR AR L A R 3 2 (]
MIFESCHE, S SRS AEMKIE 2R A AR Rl T 2o A
D o L= i R I AR
1 MRERE
1.1 #RIEEE

PETLER N AEMKIR (2021 4F 10 H 5 HRWF#HHK
HE AL A iGN BT K EE B AR, siEVE R
U, nTEPEREDEY) SR 8%) B RN KR
BRZS s FIRD S NS fif AR B A BR 2 7 5
Pectinex XXL (Bt 10000 U/mL) . Celluclast
1.5 L 2T 4E 205 (5% 10000 U/mL) i 4E(5 A= 104%
ARA RN ] AR . DPPH. ABTS 522 vopka:
B A R Al BBtk iE 71 (O-TAC) 5 & .
SOD Xl & FREENAY TRERMAFTN T %
BFRR. MIENE  AndES, Bigaiit A R-RA R
s IAHFREN . SALER . JO/KARIRAN . SRR . FilR
WA EALEN . VKRR | i EALE . KPR . RS
WEIR . PEULAT . JOKEEIREN . JC/K S iilRes |
PR, EhIR . JOK i, =44 MR5E rbral, il
SRR R A H

L530R E.00HL IR SR s =S H E A BR
45 T] JA2003 HL 43R FEdLRM (AT B
A FRLS Tl SPO09S FTIAL  WiTTLA 24T AIRZEE
A BRZS ] LBOOA FHepEEETH M E R TR
HE R A LRA-70F fHIESEFRAE 5 5 A2
B A BRAF]; HH-6 THIR/KIGE  H M 2 s
WA PR UVT65PC 54N G



%44 515

LR A FURARAERIRE R AR AR R R SRR AL 95 -

A4S (IR A FRZY 75 pHS-3E 28 pH 3 B¥RE~J{
Bl BRA T S
1.2 EWHE
1.2.1 JRIRNRAIAEMK B SR R IR 2 1 il &5
1.2.1.1 T ZWAE BRSSPk ik ik —
fift— VEEAERE — H SR KT — TH IR R — R IR N

PRVEE A

a. WA Fie FE R AN AEARCR 57K 1:1 i L)
(m: V) BSInglivgoK, FHFTRALF TR e LT i P [
bIEZ 7/ o

b. B A . £F 4k 2R TS5 R EF Y LhAg > 1:20%, B
I NETYEZE R 3.2 mL/kg, FBEHE 6.4 mL/kg; 45 °C
TER/KIEBE 3.5 h, BfRfS pH S 3.57+0.02,

. RIHENH B : i FE DR IR AR AN AE AR 5 b bl 4
1(m: m) ZEA7 109 ELBIES I RO, PR3Pl 25 190 /L.

d. SR T VRISENEE o 1 SRS NR A AR 2K 43
BT ORI, R U A 2 AR 1 e €
2F, BT 28 C 454 MEE AR ERE 90 dU',

e S HTINGE: £2B% 10 d BURE—IR, KB SR AR AN 46
Wk ERIR -G 2), H R T 4000 r/min #.0> 15 min
J&, X FIEF R T FEAST S PO A RIS PER, BB
3 .
1.2.2 FRIRARIAEMIEE R A SR KR BEa AR b 2 a5y
A R
1.2.2.1 BJEEESEME R 3,5- ke
Lb a3 (DNS b (6,355 ) U1, 457 285 B A v th 28 0 1 2
y=0.6577x—0.0145, R*=0.9975.,
1.2.2.2 AlEPEEIEYI(TSS) S ERIMIE  RIHFR:
PERE L
1.2.2.3 EREENRE =75 GB 5009.225-2016 &
LG R GRARE T v ISR B (R I 5 1 v, SR
BEIRRTRIN 2 IR R IR TS
1.2.2.4 EMREENE =% GB 12456-2021 &
L4 [ FARE B UBER B RE B, g R LASE
Rt
1225 B2 EE SR AR P 2470
AL VBT IRARE N ZR T B A : y=0.0237x—0.0068,
R?>=0.9999
1.2.2.6 BHEMEENE RAWVAEREN-IERES-2
AL L AR BEAT I U, P T AR HE £ T B R
y=10.427x+0.0186, R*=0.9978.
1.22.7 fetaiFSEMNE Sk dEE0S 17k,
K pH /R 285 AE O 5 i
1.2.2.8 SOD BEEJME SR 1]
ETRIATINAE -
1.2.3 BIRARANIEMIFE R A SR & i b b i
PERIIIE
1.2.3.1 DPPH H HIEIEFREESIWWINE ZSFH5KIE

SR Ty v TR R B A7 0.5 mmol/mL A DPPH %
W, # 0.5 mL DPPH %5 2 mL # RS 19 & Bk
TRAI5], 37 °C ROEUE 20 min, JHIC/K P BEVEZS
1, 7E 517 nm MSE G Ao #F 2 mL Josk H
5 0.5 mL DPPH iR G515, T 37 °C #EGiK
B 20 min, I HWSEEE Ao H#F 0.5 mL JG/K H
5 2 mL B REIR A0 B RERIR A 51 R ., T 37 °C R
JECE 20 min, WREHROGHEE A, #2030

A—(A=A)

0

DPPH [ 505 4 %(%) = 100

x (D

Kd: A, N L BRI G DPPH ¥ W G
A, HINE R, AN DPPH ¥ I OCIE s A,
Jo/k PSS DPPH MR IR Y GEE
1.2.3.2 ABTS" [ Hi L3 BREE 1 (0
BAERY kel ABTS M, B 20 uL AR, i
A 2 mL ABTS WK, IR 2)HE 10 min, Y& HAE
734 nm AbPYOGRE, DUNINARE S EY ABTS LK

ZMERZ

ABTS*EEia%i%ﬁfﬁ%(%):(l—%)xloo ® ()

b A, S RBERIWOGEE, Ay Shas FIXT IR
WG
1.2.3.3 R A HILEREE I e SH 2= 5P
M TR A SN . 7E 2 mL BT i & T v 43 5]
JIIA 6 mmol/L FeSO, # ¥ Al 6 mmol/L H,O, ¥
& 2 mL, 34 EEFE 10 min, FIIA 2 mL 6 mmol/L
IKIGIRIE W, F55)J5 37 °C A4#& 1 h, T 510 nm &b
REWCAE Ao PAZRIRZKACE & e, D WO {E
Ago LIZEB/KAREKAG RIS, MIE W CE A, F248
KA,

—-A)

5 H HETE IR (%) = % «100 3 (3

o Ay A FIIROGEE, A D R BER RO'G
BE, A, R BEFRAEAR Z2 T WO
1.2.3.4 SURJFEIJIRME SRR HRERT 17k
MAEKBN . 76 1 mL BB 535 A 0.2 moL/L
pH6.6 BEMRELSZ rhR 1 1% SR FALETIE R4S 2.5 mL,
50 °C /K#F 20 min, ITA 2.5 mL 10% =% ZIRIFW,
F 4000 r/min Z.0> 10 min, B 2.5 mL V5%, IIA
2.5 mL ZE{E/KAN 0.2 mL 0.1% i =SB0,
& 10 min, 7E 700 nm AL EROGEE
1.2.3.5 BPiAfbae 1mileE SEBEROTET 19
G AT RE o
1.3 #iEAIE

FRHSLHPATIAE 3 IR, 45 SRR - BEEAPR
HE 2= (x£s) 75, K Origin 2021 #F #4745 1%,
SPSS 26.0 #RAFPAT Bz SR AH I I 2434, T
BV IOTE 0.05 KV FiEF T



- 96 - £ Tl B4

2023 4F 8 A

2 FER5HHh

2.1 ERBFIERERBRLETIEPEER ST
2.1.1 IRJFERES & . TSS ARG rAste B’ 1M
SRS RRINAEMK SR & W o R v A IS 5 i . TSS Al
RS RSk . R AT s vk D 4 T B b
S o, BEIS RN AR )12 AR IR AN RE 54
JoE, TR Pl e R SR S P SRR = A TP A
SAEEY) BT, BRI, Al AR P EORE RN TSS 1Y
ARSI FEA— B, PR FEPRBE RS R B T AR
T RERat, SEHAERT 20 d FREAER AR, 20 d JEAT
SER&, & B% 90 d BHAEREAT TSS MWIEEHY 186.59 g/L
1 19.0% 43 BIKEZE 4.18 g/L Fll 7.5%, iP5 B (A8
AR IE A SR B AR o WS EEFERT 20 d T4
e, FERTEE 30 d BPVEIRS BE O &k Bl i {E 10.1%vol,
ZIG S N REEHTA TR, X 0T HE& th T R BT
PR PR S PR T E D R BB =, TH A b
BN = A A, B R AR T, IR S
PR RS B2 /D, v s B AT R 9 BE TR S e /b, AR
WA Refa e, Wrl BB T2 10 LB BE RS =, 0
il T BRSSP IE S Y, S BTG B AT R AT
HE 55 VPR FIR B H A RS oA E = AR RS ) ot
S S

2007 20 12
175 5 o a 18
= S i S 10
o 1507 8 b b 5 b b b blie [
2125 b/ 4 s 3
= 001 b R | S e =
& 3 —Tss 2@
% 757 c fogrtt = w‘;‘,g
i —— A Lo 4 &
) 07 \C ¢ ¢ ¢ ¢ ¢ o . T
. 254 ‘;" \"“ . (3 ° ® ® (‘ - & 8 2
O B0 P
0 10 20 30 40 50 60 70 80 90
S BEIRHA] (d)
Bl 1 BRIARAIAERK H AR R B FE I SR &
TSS FPKE AR L

Fig.1 Changes of reducing sugar content, TSS and alcohol
content during natural fermentation of black chokeberry
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Fig.3 Changes of total polyphenols, total flavonoids and
anthocyanins during natural fermentation of black chokeberry
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Fig.4 Changes of SOD enzyme activity during natural
fermentation of black chokeberry
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Fig.5 Changes of DPPH radical scavenging capacity during
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Fig.7 Changes of hydroxyl radical scavenging capacity during
natural fermentation of black chokeberry
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Fig.8 Changes of total antioxidant capacity and total reducing
power during natural fermentation of black chokeberry
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Table 1 Correlation analysis of main components and
antioxidant activity during natural fermentation of
black chokeberry
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