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Abstract: In order to optimize the fermentation process conditions of mulberry leaf tea and explore the changes in
antioxidant activity of mulberry leaf tea after fermentation. This experiment used response surface analysis to determine the
optimal process conditions for fermenting mulberry leaf tea under three variable conditions: Fermentation temperature,
fermentation time, and inoculation amount of Aspergillus niger. The content of bioactive substances and antioxidant
properties in fermented mulberry leaf tea were determinated. The findings indicated that 5 days and 16 hours of
fermentation duration, 30 °C of fermentation temperature, and 16.55% of inoculation amount were the ideal process
parameters, and that the fermented mulberry leaf tea scored as high as 90 on the sensory scale under these conditions. In
addition, the content of total flavonoids, total polysaccharides, polyphenols, free amino acids, rutin, and quercetin in
fermented mulberry leaf tea increased by 14.39%, 12.67%, 2.90%, 3.46%, 81.13%, and 19.35%, respectively, compared to
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mulberry leaf green tea. Tea brown pigment with a content of 7.55%+0.37% was also detected in fermented mulberry leaf

tea. In addition, the scavenging rate of hydroxyl radicals, DPPH radicals, superoxide radicals and the chelating rate of

divalent iron ions of fermented mulberry leaf tea at the concentration of 1/1000 (g/mL) were 1.16, 1.07, 1.06 and 0.82 times

higher than that of mulberry leaf green tea, respectively. The results of this study provide theoretical basis and references

for further development and application of mulberry leaf in the future.

Key words: ferment; mulberry leaf tea; bioactive substances; process optimization; antioxidant properties
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Table 1 Experimental factors and levels
A KF
-1 0 1
AL (d) 5 7 9
BAMEIEE(C) 30 32 34
CH (%) 10 15 20

1.2.5 KEFEMIBREES  SRATNES 7k,
FEREEE S .. EGEE T, 43 A BR IR B S 2%
5 g, IIA 250 mL #7K, #pifd 5 min, HH 20 {37 %L /E%
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G410 N, B4 10 OFTavEE . RAPESE,
Fe BER 2 T os 44T 45, L 20 A28 B VE R 5P
4y, BB P45

1.2.6 FESMIHIEE RO RS RIS ISR A LA
1.2.2 i3 & BESEM257E 110 °C 25 F P2 faE
Ja AR RN LR 25 FH o S BRI 48R g5 B R
B, HERRFRER 1 g IR me I RE &, 405942 BET
AFLEE (g/mL) 1:2500, 1:2000, 1:1500, 1:1000 FlI
1:500 #E7KIZH2E 45 min, £ 15 min RSG5, 2Hdh
V&, A5, A9 BUAS I BERF RS S, P2 —Fh 3k
= TR S . DPPH [ ph R RIEE 4R ) b T
38 LA RGP R B 25 G i

1.2.7 EPEHEYIE ortr SRARTHESED 1
J7 B0 A B s FE S ARME GB/T 8313-2018 I Z2 i il
Mk e 2200 B SRARUE GB/T 40632-2021 I i Z2 400,
WHIEEPEAEN Y (7 00 27T BH R B A5E02) g J7 2i 25%
2% EZEARUE GB/T 30987-2020 Il i 55 28 HL g,
E FARE GB/T 40642-2021 ) 1-Jlit 48 85 i 55 25 U9,
ESARUME GB/T8305-2013 W7k i 41,

#2 WETEERME

Table 2 Sensory evaluation standards

fatR PEo bR 453
R EE . WIS, MR, SR 9~15
IR BRI, AR, 4D VR 5~8

I (1555)
RS 4, R S, SR S 1~4
RGN B oD RE L X8 SN RE S TN 28~30
TG s BA N G 24-27
w1 (3043) TG o). BIFHA 20~23
U . JOGRE . i — 15~19
VML TR, PR <15
IEUAL, B W E , ARG,
I A, 9~15
HF(154)) T BRI, RIS s 7 B 5~8
AARBUR I o FA 7™ 5 7 R SOR SR 1~4
SRR . CURBEIE MR 38~40
ZRURMIE . ZSE M BRITLE 34-37
AR AR P H2lE 30~33
Wk (4053) JRER . SR . TR . AT 25~29

TRER, AR AR, HEOPIR . AT IR <25

1.2.8 P fbiE ISP
1.2.8.1 ¥ HHILWEERIME =88 Dondurma-
cioglu 251" [ 5 5, B 2 mL 1.2.6 ArfS A~ [A) i FE AR
a3 A 2 mL ¥ 2 6 mmol/L [ FeSO,
1 H,O, ¥, $£51, IBE 10 min, FRANASFHR S5
WI7KAG R, 185], 1% 30 min J&, ZEUZHE 510 nm &b,
OD fH, LAgEA: 38 C N PEMEXT RE, FAB /K s FAXHRE,
M) 52 25 Fh 0t = S R A R RIS RREE ST . TR AKX
ﬁ[ﬂ::
o = - A
A

e A RESOCAR; AL A RE S SN N
I CAE; AL BEA 7KAG IR Z IO S GIE
1.2.8.2 DPPH HHAGHERMNE SR TE
M5, BX 0.3 mL 1.2.6 FrfS i, 76 208 bon
A DPPH Z.BESAWR 2.7 mL, VEAIERAE, FISATRRY
ARSI REVEXT R, 3 mL 19 LB W N 23 1
2H, #E5'C HAE 25 °C T 7K 30 min, 7EE K 517 nm
AL SCRE, LA 2R C S BRTEXT R, M52 45 Fh SR
7=t DPPH F HH3VEBREE 1. 1A

x 100

. A A,
TBRZE %) = “T x 100

T Ag: XTHEROGIE A PRSI RO GIE
1.2.8.3 A A HILERFNNE SIRZa L5
P, B 4.5 mL ¥¢JE A 0.05 mol/L Tris-HC1 pHS8.2
ZZ PN 0.1 mL BYZEIFR/KIRA], 78 37 °C /KR 5L
(RIS HEAR AR — 1 iAE /K Va5 HL ) TR, S54F 20 min,
L 4R 2E =15 (0.5 mL 3 mmol/L) R4, 7E I K
325 nm A SEAE, FiREAERAATE 3 min 2 AL
5E, FIIA 0.1 mL 1.2.6 IS8R, EE ik
AR, LIgiAE 2% C JBEMERTIE, 10 mmol/L HCI ¥ 7K
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Fig.1 Effect of fermentation time, fermentation temperature
and inoculation amount on fermented mulberry leaf tea
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2.2 AEESRMANNE S

i PR RIS A IR, BUE R A R EEAT Al (d) .
B AR (C) . CEME (%)EHR 3 R, LU
BEPFr(OAVEmaNAE, R 3 BIFR 3 7K1 5 T
YT, AFFR A PRI R S B0 T T 2505
mi, IR S R AR 3.

i# it Design Expert 13 344, K55 3 H 17 2H 1w
RAESEAT e TG 430, #2571 A A BERHR](d) |
B B (°C) . C 2 (%)3 MHEESBEI Y
(Y Z MM Rk 2R, 15840 R Y=
87.80+2.25A+1.25B+4.25C+2.25AB—1.25AC+0.25BC—
4.52A%-3.02B°-5.53C?, \F% 4 A LIF : R EIH
I (5 8 P<0.05, ELAT 25 5% 35k, (B 2% #0300
(P=0.3287>0.05) 2= 5 A3 . ALIFEH, B. AB
SN 3 (P<0.05), A, C. A%, B2, C? sE itk i 3%
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Table 3 Scheme and results of Box-Behnken test

wEs  ARBEE BREHRE  CHERE YEREWIOD)
1 0 0 87
2 -1 0 -1 69
3 1 -1 0 78
4 0 0 0 89
5 1 0 -1 78
6 1 1 0 85
7 1 0 1 84
8 0 -1 -1 74
9 -1 0 1 80
10 -1 1 0 78
11 0 -1 1 82
12 0 0 0 88
13 0 1 1 85
14 0 0 0 86
15 -1 -1 0 80
16 0 -1 76
17 0 0 0 89

(P<0.01) . M FAER/MEH, 3 IR X ECE PR
Y B S R/ INHES T RF Sy - 32 A b > R I Ik ] > 42
PALEE
4 WIS AR T 22
Table 4 Analysis of variance of response surface test results

FrEKE PR ARE B F P T
LT 505.08 9 56.12 2654 00001 B3

ARTERSE  40.50 1 40.50  19.16  0.0032 *x
BABHRE 1250 1 1250 591  0.0453 *
CHeAbEE 144,50 1 14450  68.34  <0.0001 Hox
AB 20.25 1 2025 958  0.0174 *
AC 6.25 1 6.25 296 0.1292
BC 0.2500 1 0.2500 0.1182  0.7410
A? 86.21 1 8621  40.78  0.0004 ok
B? 38.53 1 3853 1822  0.0037 ok
c 128.53 1 12853 60.79  0.0001 ok
B2 14.80 7 2.11
AU 8.00 3 2.67 157 03287 ARH
afiiRds 6.80 4 1.70

JEN=P = 519.88 16

1 FRASFR ITARE, PR/AREAGHE; **Rm 25 7 35 (P<0.01), *3&
TN (P<0.05)

2.3 AEERMFREITS = 400N i m 24

F FH Design-Expert 13 /%72 3 19 17 LHK
YR, S5 AN 2 BTN, RERERE | & IRt E]
TR EXT R TSR M 2 BB PO A E—E 38 B AE
FH, SRk B 2 7 ) AL 21 22 ) A ek s,
FH A3 BEAE R Y, R R 2 F1k 4 vl A, &
RS [] 55 22 UL RE R 18 38 B AR AR, X HBETES5¢
mi k2 (P<0.05), R EERT A S EaRP L . R IR 582
i 2 B AE NS5, XHECE TS S22
2.4 BRI EFHEIE

Design-Expert FA4-45 B IL R SR 25 T4
ARy KT IR] 5.68 d, K EETRE 30.08 °C, £22Fh
B 16.55%, MR R RIS SIBCE P90 87 45

REITS (51)

D os e eSS AN
SRR
TR

BE PRI ()

90
_ SRS
R 80 Retet i
KR 75
{70
65
20 34

()C)

e 3
fé%‘ﬁs§(o/12 10 30 6%@&;@“%

%)
P2 iy s&m e iy mf ik 3D i
Fig.2 Optimized 3D response surface for fermented
mulberry leaf tea

BRI ER, YRR TSR R R TE] 5.d 16 h,
K WEURTE 30 °C, $EFh & 16.55%. MU iE s nl 4
PE, ZERCARAT FASHTSE S, 55 R ISR 25 E
PEI3R3k 90 41, BEHZAAL &I (5
2.5 SYEMYIRSESH

T IR 1.2.7 FIriR ] e 19 S 025 v AR i P o
BEATAEIN, 25Nk 5 P o Lol R e S5 5
B SR Wy USSR . T M R
SRR, 53N T 14.39%. 12.67%.
2.90%. 3.46%. 81.13%. 19.35%, K EEFM-Zh
P E B THRC I, T 1B DLAE 2R (Deoxy -
nojirimycin, DNJ) & &t X bk & i S 45 I 3 T %
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Table 5 Bioactive substances content

Y SVET SN EZ0) B J AR BT Wk R 1WA R KREY FSCES
(mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (%) (%)
B St 13.84£0.26"  21.56£0.37°  2.08+0.28"  13.40+£0.14*  0.50£0.22°  0.010+0.001° 2.10+0.31° 46.56+1.97" 0
EJNg 2 12.86+0.18"  22.34+0.21°  2.07+0.31°  15.90£0.09®  0.53+0.30°  0.031+0.004° 2.62+0.42° 46.94+2.04" 0
KB 14.71£021°  25.17+0.30°  2.13£0.22°  16.45£0.26®  0.96£0.25°  0.037+0.002° 2.19+0.36" 47.30+1.89°  7.55+0.37

1 FHEARING FEEAN R R A 0 225 8 3% (P<0.05) o

(P<0.05), FIRBAE R IERMZE T 23 f i, i iEmdn
T DNJ By&hta), fA: e FPI-ES53 DNT 4% A8 il oA,
YT, WAL T DNJ S a i el (B AR R N 75—
BoniE; HR, RISk B Ee 2, SiaAZEn
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PHEFE ™ e, RERBERM IS LA AW E,
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PEIITT S EEISIN, A T R SR ISR SRR
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PR I A LR I A = i NSRS, (s N
YT S, i SEE IS 5/ Ny Ak, e
RIS 4007 (0, SR SR 5% AR 2148, 251 I8l
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WFAENY 3 3 TR S U R A I SR T SO IR AT A R AR fb
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HRMGIRAME I T T 76.10%. 12.14% F1
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Al BESE R R A R S A 22 5
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Fig.3 Scavenging effect of vitamin C and mulberry leaf
products on hydroxyl radicals
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Fig.4 Scavenging effect of vitamin C and mulberry leaf
products on DPPH radicals
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Fig.5 Scavenging effect of vitamin C and mulberry leaf
products on superoxide radicals
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Fig.6 Chelating ability of mulberry leaf products on Fe**
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