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Antioxidant Activity and Composition Changes of Lycium chinense Miller Leaf
Black Tea Fermented by Aspergillus cristatum

CHEN Jd , DING Chunjie§ , SUN Yinling , ZHAO Han , ZHENG Hongyu , GAO Xin , JIN Shuhan ,

DONG Kun”
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Abstract: To investigate the changes of active components in Lycium chinense Miller leaf drink fermented by Aspergillus cristatum
and its effect on antioxidant activity in vitro, L. chinense Miller leaves(GY) from three distinct production regions in Zhangzhou,
Fujian (FZ) , Qingyuan, Guangdong (GQ) , and Nantong, Jiangsu (JN) were harvested. According to the black tea process, L. chi-
nense Miller leaves were withered, rolled and naturally fermented to make L. chinense Miller leaf black tea(GC). The black tea
was fermented by A. cristatum for 2 days to obtain Fermented L. chinense Miller leaf black tea (GCF). Compared with GY, GCF
could improve the taste of L. chinense Miller leaves and remove the grassy flavor; the color of tea soup deepened from orange yel-
low to orange red; there was no significant change in the content of polyphenols and carotenoids. The content of flavonoids de-
creased significantly, and the content of flavonoids in JNGCF decreased by 43.44%. Compared with each group of GY, the con-
tents of protein, total polysaccharides and total free amino acids in FZGCF, GQGCF and JNGCF were significantly increased.
The protein increased by 50.70%, 49.07% and 55.34%, respectively; the total polysaccharide increased by 98.93%, 113.15% and
100.42%; the total free amino acids increased by 75.90%, 82.38% and 68.84%. In the in vitro antioxidant activity test, the DPPH

free radical scavenging rate of FZGCF was significantly reduced, while there was no significant difference between GQGCF, JNGCF
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and their respective GY groups, and the reducing power of FZGCF, GQGCF and JNGCF was significantly reduced. The results

showed that GCF groups could improve the taste, increase the redness of tea soup, preserve the original antioxidant active sub-

stances polyphenols and carotenoids to a large extent, and increase the nutritional substances protein, polysaccharides, and amino

acids. The above results provide a theoretical basis for the development of functional products of L. chinense Miller leaf, filling

the gap in L. chinense Miller leaf black tea products and reducing the resource waste rate of L. chinense Miller leaf.

Key words: Lycium chinense Miller leaves; black tea; antioxidant activity; active ingredient
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KAl =l (F2 e pk, diE 5 C15045439) | 7 45 b
(F Tk, 45 €17280825) 25 T (FRE 25 S A4
Tl i AG E BT, 415 100080-200707 ) 5 A AR B i 771 g
TFAC R KA YR AT R A 5 Ezap £ 20 R 5L
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L b2E AR TR IE SR 2 B A .

Fie PR L 1 L K 4H DNA il 0] & i B 45 42
HUA R DNA , UFZEUR DNA S, NS1(5"-GTAG
TCATATGCTTGTCTC-3" ) FINS6(5'-GCATCACAG
ACCTGTTATTGCCTC-3") A 514,47 PCR [,
W5 BB 8 9 5% 5k 8] B X 81 (internal tran-
scribed spacer, ITS) , ZF64 TAY) T (L) %
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NCBI # GeneBank 248 J7E 17 BLAST b X}, 156 B
FHALEE B = IR 51, R F MEGA 11 8RR 48 2 1%
(neighbor-joining, NJ ) #4 2 2 4t #E 1L # , Bootstrap
{EEM 1 000,
122 #Miert A#gde et o 200 & REA T4 .
B AL 2 PRk W S RS AL T il
K GY 5B B M AL 2t Pk 22, 345 30 min,
FAR A6 h, 28 110 "CHIHLF 80 ‘CHEMLIS K154
LI 2% 18 GC s #5 GC /K o P BB AS R 43
B o th B, R 2 d SRS MIAT S R AL
25,10 K GCF, 80 “CHET1RAE# T

K K 1.5 g 28R A 50 mL i B Y
ZEABK T B IRA WINPT R R B 20 min, I
113 Whatman 2 53840 JE PR L A5, XAt
FIPUAARTE M AL o B
1.2.3  Farn e RGIEREEHET PR3 g fF
mi, AT 150 mL Z& 587K, ML 5 min, X9 €4 F
SR A T T VR AT 4% Hie B FE AR T o
BT R0 PE e L 1

®1 FHREIESIRE
Table 1 The sensory evaluation standard of tea soup

b AU PForARiE 8K

SME S 10% iR, SR ST 90~99
ARG ) AR 80~89
Ly it B4 A AR 70~79
W 30% LS SRR 90~99
R eI OGP RS A 80~89
MRS M JCR g 70~79
FRO30% W ALIE 90~99
TR A AhE 80~89
TR M LEIE 70~79
WM 20%  BER IR 90~99
AR B H 80~89
NN 70~79
MK 10%  BEEELCEERIEE TR 90~99
AR R TR 80~89
i g AT 70~79

DPPH [ H1 3L 35 36 LI 2 : 0.1 mmol. DPPH
VSRS A5 1 LIRS IS O 0.5 h, 517 nm A0
WO REMH -

W5 M ER 0.5 mL 5% A 1.25 mL
Na,PO,-NaH,PO, (0.2 mol L™, pH 6.6) )} & 1.25 mL

19 PFALBNAR . 50 “CHFR 20 min, A 1.25 mL
10% TCA & . B0 B 1.25 mL 3/, A %5
PR FHZE B K B B, BN 0.25 mL 0.1% FeCl, %
W, 700 nm A 5E WG REAE

ZE O I S ORI - R L AR T
T E 2 I8 GB5009.5-2016 436G 1k 5 i 125 44 2k
1% SR 5 2 IR GB/T8314-2013 B =1k,

B2 A E I R 1 mL A
7518 7K 4 mL S 5% VRS 2 £R 7 W 0.3 mL, TR 2T .
5 min J5 A 10% 8RR 7K 0.3 mL, IR 5], #i &
6 min, F N A 1 moL & EALENAE W 2 mL, FHZ&MH
KEZZE 10 mL, 510 nm K W OERE(E, L
T AERRERN 2k o

L S AE : 1 mLAS P IA 10% 45 4K
K7 5 mL, 55 5) KW 3~8 min, A 7.5% BB ENIA
W4 mL, 28K E A2 10 mL, $25) J5 F iR iCE
1 h,765 nm iKMW EEAE , DL & FIRVERS
HERN R

SEEAEE N ZE  FREL1.0 ¢ GY .GC.GCF
FESR A A 10 mLJE/K Z 8% A7 k=11 (131
BUH), TR, T 45 CRB T AEE 50 min, #
B g B TE WOE 25 2 50 mL, 450 nm 2RI
SR I A

REE SR E " RI3.0 g 50, InA
125 mL ZE 187K ik K A H2 B 10 min, RIS H1 2
i $25 mLAUEW S 25 mL PR LR — %
315 min, FA753 25, B4 mL Z 1R 2 B8 Z RS
95% L BERFE 2R 25 mLARAHAE W A8 15 mL 2 TR
ZTiE)Z 5 15 mL NaHCO, % % (2.5 g+ 100 mL™") —
ALHE B 30 s, i BEAb B[R] A R ARAS VW C5 B2 mL
KZRES CRE) M6 mL Z& 18 K A1 2 mL 1 A1 5L
BRI LA B 15 mL 95% £, A B 2 25 mIL 3R 157
WD ¥ 25 mLRUEWR S 25 mLIE T BE—$2 5
3 min, P 5432 AP D ISR AAR B, T
380 nm AL A B CHI D IWGEE

o220 " FREL3.0 g 25, BT 150 mL #4
KL S ming A E 2 I PEAL AT G
HEit ., Xma2ZEiEmLab, 2 ERXTN
IS (25 14 (@2 Mg is s
1.2.4 #¥EHH R SPSS 27.0 5 A AT 4347
B DL YA bR UE2E (Gees ) o, 4H1A) 22 5 H A 1]
PP I AT, P<0.05 TR LR A G L,
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2 ZEREHSWH

21 EHRMESERE

AL\ 36 HE U AR Bt 25 v o B AR 2] 11 bR 42
AETR , TS0 e B b 1 Wk 46 A T T ) A i 21
25 HEAL T A TR , 8ok 2 AR Ry kA AL i
A HRE . WE 1R, PDA B3R 1%
PR V5 2 5N B | b R 2 B0k L%, i %%
B RGE O, ORI B A RS T
&, R AR IR 6 RO
7N, PR Y 3ROE B 60 1B 5C RN TR 22 20 1, iU S
G R R % DA R T A ST N N o
PEAF et 58 i 25 TR 1Y AT 28 B A= 2 RRAE

Eurotium rubrum U00970.1:21-1330

Eurotium herbariorum JX839684.1:16-1326
Uncultured fungus FN690500.1:19-1330
Aspergillus glaucus MZ314138.1:11-1321
Uncultured Eurotiales clone BFC103 GU305975.1:52-1361
Aspergillus chevalieri XR 006253224.1:69-1379

B

B1 BEHREEES
Fig.1 The colony morphology of the strain

2.2 HEHRBIRIRBL S

F¥ 5175 NCBI & 85 7 b BEAT BLAST FEXT )i
FIHIMEGA 11 B R R R I R G HEALR . 45
WE(E 2) x-S 58 (Aspergillus ) RFET
SRR RIVE R R o 256 TR B S0 S ACRAALE , )
S B TR AR A et 2% M B TR (Aspergillus cristatus ) o

62

Aspergillus cristatus AB002073.1:51-1362

Aspergillus cristatus MK377018.1:14-1324

84 Aspergillus cristatus MK377020.1:17-1327

Aspergillus cristatus MK377030.1:16-1326

Aspergillus cristatus MK377016.1:16-1326

Aspergillus cristatus MK371789.1:17-1327

Aspergillus cristatus MK372215.1:16-1326

Aspergillus glaucus ICM 1575 NG 063391.1:32-1342

Uncultured Eukaryote clone MEU7-53 JQ693064.1:13-1322

Eurotium herbariorum AB002069.1:51-1361

Aspergillus restrictus AB002079.1:51-1361

54

Aspergillus restrictus AB008407.1:32-1342

97
Aspergillus proliferans CBS 121.45 NG 064802.1:51-1361

394|

Aspergillus fumigatus MT102247.1:5-1315
| Aspergillus flavus strain TZ1985 GU953210.1:26-1336

53

0.000 50

) I Aspergillus terreus OK094930.1:3-1314

1 Aspergillus glaucus—KE % ; Uncultured eurotiales clone—/N W] Ki 35 B 18] H TER% ; Aspergillus chevalieri—i§ FULC 8 ; Eurotium rubrum—
IRELEREE T s Aspergillus cristatus—tE 5 1 5% ; Aspergillus restrictus— )RR I EF ; Aspergillus proliferans—Y8E M5 ; Aspergillus fumigatus—HH 5 ;

Aspergillus terreus— - 1153 ; Aspergillus flavus— ¥ 55

E2 ETFITSDNAFIKRGERER
Fig.2 Phylogenetic tree based on ITS rDNA sequence
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JBCE TR 45 B LK 2, GCF 41 0 255 1584 i
T, 7% B e 2 AR A IR T DA e M AC I 2T A5 1
B, GY BRIk, A B A
LRI ; CC A R, B REUR , R
WIH A GY, 5 BT K (A Wk 5 5 58 il
ARG ,GCFIEGY .GCIH IR, Lt

AWM AR B, 5 Rk . 251,
5o % [T 2 TR T R B M AT I 1 R AR MR
W, B M A 2T 2% B4 11 J%
24 BRASFLABMNHICHIFZRELEE
Eap=Al
3T E H ARAEEIMN(FZ) " RIEIL(GQ)
AL (JN) 3 HJ71) GY .GC X GCF #5154
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®2 GY.GCRMGCFHBEITFMER
Table 2 Sensory evaluation results of GY, GC and GCF

il

. GY GC GCF

HME SRA0 G R WO O E BUER S WO SRR B
ot R, HFHAI Tk ik

kel RS DGR A i e R )5 G R A A ] 5 g ClE I E Lk
HAUN i T A T H BRI Hs

S £S5 ey ) WA AR, Hfh AR,
55 76.6 84.2 91.6

B DPPH [ i B3 bR Jad )5 )y, b FZGY
() DPPH [ FH 598 B % 85 i, INGC e fIX, 73 51 h
75.02% F160.61%. FZGY .GQGY JNGY Z [H]ifi Jf
FIEI 25 5 9 63.33% .63.53% ,64.10%.
5 GY M EL , 31X 34177 GC Y DPPH [ i 635 Bx
I PR (P<0.05) , 1 GCF Y DPPH H H 3&3%
BRFRECA B ;5 GC AL, e 28 ih B o & e nl
DL 5 S M AT 245 1) DPPH [ i JE 3 R R .
5 GY M GCHIH, FZFI GQ I GCF A )1 &
F%(P<0.05) ; 5 GY #I Lt , VI 75 i GC A1 GCF 1Y
W BE TR 28 b, o ih A i kB Ah HL e
FF S R S AR AL 2025 B B i BRI BRAe 0 Chn
DPPH ¥E bR ) | {H 0] G830 1 18 54 b R A H % A
W R, R B AL Y A 5 ke B R
A= P 3 A A 1) AR

®3 GY.GCHMGCFHIDPPH BMEBREREERS
Table 3 DPPH radical scaveng activity, and reducing
power of GY, GC and GCF (xS, n=3)

205 DPPH A HBLERRR/% &7 J1/1%
FZGY 75.02+6.11a 63.33+5.7a
FZGC 62.83+4.66d 59.23+5.55ab
FZGCF 70.0120.63be 43.87+3.69cd
GOGY 71.86+0.44abc 63.54+1.54a
GQGC 64.19+0.21d 59.48+1.49ab
GQGCF  68.97+0.59¢ 48.82+0.54¢
INGY 74.3120.97ab 64.10+1.76a
INGC 60.61+0.59d 57.53+0.99b
INGCF 69.46+0.6bc 42.16+1.02d

1 FZGY R B MARAT AL B R ). AR [R /NS 7
BERIRTE P<0.05 K- FEATGe 2 L,

25 BRUBHABXNARMHAFZEEZELENR
RIS
H1 ¢ 4 n] 0, el 5% g B e A I AT AR AC )

ZWy TR R RIS N R AR R A
— A, S R TR T 4R AL LA R
HE & &, 5 FZGY Mt , FZGC M FZGCF HH
S IR FZGCF 2 3 i .35 (P<0.05) 5 5
GY.GC M Lt , GQGCF Al INGCF 25 11 Ji 7 & i &
P, Ho INGCF 42 5 s i 2%, 43 3] LG INGY Al
INGCHE T 55.34% #152.58% .,

e 5 M B T A W ] 2 m AL LR B
L, 5 GY ML, X 3 GC YR M & 2
FAIK, GCF 19 i 2 i o i i 2 7, Hoh GQGCF Tt
T L A GQGY FTGQGCHE 5 T 113.15%
H1134.82% ., A il 4125 5 & B Jm 20 2 RE AR
FEZ W sy, 5 GY ML, GC A GCF f B 2 1 % 1
FrE A B3 (P>0.05) . 5 GY MLk, GC 1 GCF £
B i S TR, o INGCF AR B fe /), L
INGY [#AIK 43.44% , FZGC A B . 3%, L FZGY [#
KT 56.56%. G EERSEE S, 5
FZGY A1, FZGC FI FZGCF 43 4R & 1 185.84%
F175.90%; 5 GQGY #H kb , GQGC Al GQGCF 43 3
LB T 218.94% 1 82.38%; 5 INGY AH Eb , INGC Al
INGCF 43 38 & 7 188.77% F168.84%. 5 GY M
H L, FZ . GQ N 3T Y GC RS MR
ERER AR R G W A G AT, S
R GY ., 25 b, 5 58 ih G T A I P ) 5 M A
ML P TS Ay, B R T M S s

N (B2 FURDKE) LA & SR AL, (A X 2 19
VBT P O BA AEAE SR BR A o
26 EEBEMMIEMHAZEEZ FLAEMEBE
SENFI

HH 28 5 0] AT, ek 2 il AR B & I8 T 4 v A AT
RUPHRER RARERMES . H5CYMIL,
FZ.GQ.IN 3 GC R AR R Y &,
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F4 GCY.CCMGCFHREENKERNEE
Table 4 Main chemical components of GY .GC and GCF (¥+S, n=3)

Ao EAF/(g-100 ") BZHE (g-100 g7") BZH% R (mg- ™) RIFEAIIR% BISHHE N FE/(mg-100¢™")
FZGY 12.17+0.49d 7.48+0.11d 1.22:0.06b 30.78+1.25a  3.32:0.00g  178.76+3.54a
FZGC  13.34:0.74c 6.7520.02f 1.28:0.11b  13.37+0.40¢  9.49:0.05a  143.48+11.68cd
FZGCF 18.34+0.55a 14.880.01b 1.40£0.12bc 14.17+1.23¢  5.84+0.04d  171.03x23.21ab
GQGY 11.7820.11de 7.1520.15¢ 1.28+0.16h 28.76x0.33b  2.27+0.14i 154.07+1.8¢
GQGC 12.3320.1d 6.49:0.13g 1.48+0.11a  14.1620.16e  7.24%0.13¢ 129.44+2.35d
GQGCF 17.56+0.22b 15.2420.1a 0.99+0.06c 15.39+0.1d  4.14x0.14f 150.77+1.43¢
INGY  11.0420.15¢ 7.18+0.06¢ 1.03:0.05¢ 30.55:0.37a  2.760.09h  159.95+1.46hc
INGC  11.24+0.12fe 6.130.08h 1.16+0.09bc 16.29+0.1cd  7.97+0.12b  132.86+1.24d
INGCF 17.15+0.14b 14.39+0.05¢ 1.04£0.07¢  17.28+0.06c  4.66:0.4e 154.19+1.25¢
 RPUR T B/ NG FREFR IR E P<0.05 K FEAS 4R L,
GOF A 4T H R B T 1 GY AIGC ®6 OY.CCMOCHHAME 2
KL GOF T 25 8 7 7 f 2 IS r 2 A b D Table 6 Color values of different tea infusions of GY,
ARG ATR AR R R Lo oer s 2y
WO FLGR S E s R T o ‘ '
S FZGY — 11.35:1.09ab  4.27+0.52c  10.08+1.35a
AILHFR - FZGC 802009  5.24x0.14h  4.91+0.06b
L T ——— FZGCF  7.09+0.44ef  6.15:0.08a  3.13:0.18c
Table 5 Theaflavin, thearubigin and theabrownin of GY, GQGY  10.9220.06b  4.31x0.05¢  9.91+0.05a
GC and GCF (xS, n=3) GQGC 7.57+0.28de 5.24+0.14b  4.52+0.04b
o EEZe gy v GQGCF  6.23:0.055  6.37+0.06a  3.04+0.02c
FZGY  0.727+0.089ab 0.632+0.287¢ 4.731x0.031d INGY 11930042 4.1440.02c  10.55:0.04a
FZGC  0.6030.070ab 0.850+0.319a  5.22+0.018ab INGC  8.74£0.05c  4.94x0.05b  5.19+0.03b
FZGCF  0.806+0.010a 1.944+0.388¢ 5.22+0.055ab INGCF  6.8+0.06fg 6.12£0.04a  3.430.05c
GOGY  0.65:0.05ab  0.53:0.02c  4.25:0.16f VRIS /ING TR P<0.0S ACE I RATR AR
GQGC  046£0.76b  0.75:0.02¢  4.99+0.01c LA AT SRR s IERICAAAEL G ST
GQGCF  0.86:0.03a  1.62:0.02ab  5.12+0.09h FARERIATRE, AR
INGY  056:0.03ab  0.52:0.02c  4.56:0.0le 3 i
INGC  0.65:0.04ab  0.7:0.0lc  5.17+0.03b
INGCF  0.82:0.01a  1.51:0.01b  5.29+0.01a

T [FIFUA R /NS SR FORTE P<0.05 K EHA SR X o

27 EEHEHEZHREN MmN

AR, KEE RLENRBEEGG
L LLMIBE B F BN . LA, 38R 259 IH
BEAR s a (A FH 1, 36 /R 20 (AR TR 5 b AR IR, 16 8 o
AR LR, R 6L R IR, 3 MM GC.GCF
2 B E KT GY (P<0.05) ; [A I, GY . GC
FIGCF Z [ 21 # t0 k A: I 25 A8 4k, 21 68 3% i n
W, SHOCS R TR 2

EAPFUEN] MM S A e EA R 2
B B R N R MR SRR AR D RE YR,
HAPUAAL B LG | IURE DO B o7 P
BT EYIENE Y BT R BRI RE - i 2y
A TR T o BRI, 75 B 5 B el 25 /0 Kt DX g
FC A DA 4 IS T b, Al i DX AR A AT 2
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