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Study on the fermentation process and antioxidant function of Gannan navel
Citrus sinensis peel tea
GAN Yu-Meng, CHEN Gang', LIU Kai-Li
(College of Food Science and Technology, Nanchang University, Nanchang 330031, China)
ABSTRACT: Objective To develop a navel Citrus sinensis peel tea with suitable taste and unique flavor by

inoculating the peels of Gan Nan navel Citrus sinensis with the Eurotium cristatum and conducting solid-state

fermentation. Methods The single-factor experiment and response surface analysis method were adopted to
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optimize the fermentation process parameters of Gannan navel Citrus sinensis peel tea, and the sensory quality of the
obtained product was comprehensively evaluated. Meanwhile, the in vitro antioxidant activity was evaluated by
measuring the scavenging effects on 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2’-azinobis-(3-ethylbenzothiazoline-
6-sulfonic acid) diammonium salt (ABTS) positive ion free radicals. Results The optimal fermentation process
parameters of Gannan navel Citrus sinensis peel tea were determined as follows: Inoculation Eurotium cristatum amount
of 2.7%, fermentation temperature of 27 °C, and fermentation time of 7 days. Under these conditions, the sensory score
of the Gannan navel Citrus sinensis peel tea reached 91.29. The in vitro antioxidant results showed that the in vitro
antioxidant results showed that, with vitamin C (VC) as the reference, the fermented Gannan navel Citrus sinensis
peels inoculated with Trichosporon cutaneum and the unfermented Gannan navel Citrus sinensis peels both before
and after fermentation had the ability to scavenge free radicals DPPH and ABTS". When the concentration was lower
than 5 mg/mL, the scavenging ability of the fermented Gannan navel Citrus sinensis peels inoculated with Trichosporon
cutaneum and the unfermented Gannan navel Citrus sinensis peels on DPPH and ABTS" free radicals was lower than
that of VC; when the concentration was 5 mg/mL, the scavenging ability of the fermented Gannan navel Citrus sinensis
peels inoculated with Trichosporon cutaneum and the unfermented Gannan navel Citrus sinensis peels on DPPH and ABTS®
free radicals was comparable to that of VC; the half scavenging rates of these three for DPPH free radicals before and after
fermentation were (2.1892 + 0.0583), (0.7345 + 0.0052), (0.0024 + 0.0002) mg/mL, respectively, and for ABTS" free radicals
were (2.2372 +0.0672), (0.7461 +0.0048), (0.0026 +0.0002) mg/mL, respectively. The numerical differences were
significant, indicating that the Gannan navel Citrus sinensis peels after Trichosporon cutaneum fermentation have
stronger antioxidant activity, but their antioxidant activity is still lower than that of VC. Conclusion This study
successfully develop a navel Citrus sinensis peel fermented tea with excellent quality, good taste and strong antioxidant
function. The process formula is stable and feasible, which can provide theoretical and methodological technical support
for the market industrialization promotion of navel Citrus sinensis peels.

KEY WORDS: Gannan navel Citrus sinensis peel; Eurotium cristatum; fermentation; response surface analysis;
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J§F ¥ (Citrus sinensis Osbeck) & — I EIHS, BT

EER MR, HORICE S 20 4R AR

e 5 B (Eurotium cristatum), S 78 X AR 25 kAT
KWL RE R P AR B — R L, R R R — e 2
T B — 8 5 5 B4 B i P B Fe 4 4, DRt AR Ry
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BEn; ZHAO S UViE 5% 5 58 WM AT R e S I (9 A FET AL
BERBIR, KW 0 F M R R RO A A B Y
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G A AR ) 3 R X R A p I R
WimE . IAE LA IV VG S, LA VLY AR S T R
ol e ‘B DXz — 40 g T o 3 e XA = T T
HEA AR, EMMINE LA RS, B8
KIH 2B MBRYINGH, T DL A (4 J5% 46 A % ek DA 368 i T A
(2010 ekl R, AR R DA (RN 1Y 75%~85%,
Tl A 0 g e e USRS R R N RIS BN R L B
K2, B ZE & 2R R B2
R 2 R e g | Bk Ik AL R R
W VA T R SR S IS R N R
B AT BRE A AR S S i 41 B o SR il
T A — AR AL G B 2GRS, e Rt T ARl X
AT HE FH B B K MR B e BB B2 R g JRUBR, P48 M
R G, BRI A AR AR OR PR
KB EYEHE K C (vitamin C, VC), BRI, SFHRmR . Filn
TEZMERNS, XEY R ARSI, (R
THALFNIR I, S A A FRORE T . RS 1 T A5 A B T B,
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PE T h 12 TR AR R A B A W AR AL Ar iR
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A R BRI MR AR R A A B2 Fl ), JEk
A U= A A N Y B =~ S M. - o 1
(1,1-diphenyl-2-picryl-hydrazyl radical, DPPH). 2,2°-Bf%&-X{-3-2
JL ZK I WE R 1K -6- fith iR [2,2’-azinobis-(3-ethylbenzothiazoline-
6-sulfonic acid) diammonium salt, ABTS]. iJ#iE#l . VC., G
IKWE. HEEGTHTat, FEBERLARA A BRA w).
12 UFE5EE

SI-114 B P ROE B EE 0.1 mg, FPHIBNERALE)A
2wl ] 750T 74 J6F 2 T BE Ky 6 ML (BB B 4 ) );
DHG9140A H #3840 (A 22 iR g B &5 A PR
Zcrl); HHS PR TEK S . YXQ-LS-18ST #IF4
JEZEVCR R (E iR LA BR A w]); BCV-1FD R
TAEG(HE—ERE A RAR), ZHP-160 FREERIRY
B (B = R B A PR D), RE-52A EfE 75K 2
(B ALY ), TG16-WS & 208 3 B O HLOH RE
PGRIALZRTT %A B2 1), SOCOREX Fif -k %5 o o Uk
(RS B AR AT R A FD); WZF-UN-2000 4240] T,
Sy IEIEEE TR BRI AR A BRA F .
1.3 R HE
13.1 AEHRERARTEFRANE

R TAES b, BRI oS B il B 51
TFA TG A AR AR, BRI B E 28 °C . B E
7 d, TEEZEITREIRAE PR BL O RS I TETE I, T B
TR et 28 B8 P A 789, B T AT P O 33k
A BEFIER A K 100 mL TR AEBEEK), PR 20 min J5, ¥
HARER, 1x10° A>/mL A7 T2 07 w2
132 @l i s &

Pk 3 7 e TC R T AR SO I R T IR AR, O R R
JEIEYE, ) 0.5% A IR IR 30 min $1@, M.
133 SRR B AL B

25 ek 300 o S OV a8 5 B T R B AR 385 T2
2, A s, BUG AT (IR B F 250 mL HEE T,
FERRIFRS 5K Fe ) 1:2 (meV)RG 7 SO A E T ZE K,

WEORE O, FERERRKES 121 °CKH 15 min,
JECE T E RS TEG LR =R, SEsehl
PEDAT BRI, HIR B SR, RS 1R R MR T
TR 10% LA, A5 K& T Je 2%

()76 5 20 TR i I ol A % PR IR R

T R A R 2% R R B B 50 g R HE
1.3.2 I I RS B T 250 mL #EIEI Y, InATCHIZE
17K 100 g, AR 1%, 2% 3%. 4%. 5% 55 HlE
AP, FCHE B E DS, FHEIR 28 °C&M
NEE T d, BETIER, Sl ORI PR e R

S TR S T I A B 5 R S R s i B S0 g e B
1.3.2 A GRS A BT 250 mL ST, InA TRz
7K 100 g, $HRh 3% 7l 58 WU R0 F= PR vk, FH TR %
SE R, TEE 24, 26, 28, 30, 32 °CAE R 404
KT d, B, S BRI E PR R R

e TR ) X6 J% 45 Bz % R s R S il B 50 g i B
1.3.2 4IRS BT 250 mL 8, In A TCHIZE
TBIK 100 g, R 3% TER R N AT R, THEE
28 CCHAENArHIkEES. 5. 7. 9. 11 d, #ETZ%, it
ZEIKBCE TR E R ]

(2) 7 2¢ W% WOk W O R A R B K IR
Box-Behnken iR 561151k

i PR R IR IR ZE R, DA R TR I AR R SR VAN PR 4
AW AR ST 3 [N 3 7K Box-Behnken iRE 511, {1k
56 58 FCHE TR R e p A B R I R B L2, W RN 1
FiR

% 1 Box-Behnken iR 36 FFEKFER
Table 1 Experimental factor levels table of Box-Behnken

‘ ) R 27K 5 G iy
-1 0 1
A BEFPE/% 2 3 4
B: K EEEE/C 26 28 30
C: K EEmTE/d 5 7 9

(3) R BT A8 A5 160 i s B VT

PL GB/T 23776—2018 { FMHERE F %) KA,
TR 2H (1 R BRI RS B 45 10 g TATEH 2540, TR
AR BIE AT IK 200 mL, 35350 2 min, Z )58 30 4R
[ENE S ST TAE: I ¢ A NI € NI 7 3
S g 8 AL ARME 5 ) fhsedfE i R R 2 iR
W HAT T S, PP 45 O
1.3.4 3k d i BOR B R AR SR B AR Ay ml 2

(L) i A iz R TS R T 7™ ) ) B Ll

1E Y PRI B6 SRl AR Ik AE, RO
JF A6 B2 R R A ROE EI T . K% 1.3.3 LA B EE
JBF R B R TEASFRER 10 g Hrde, S5 R MR L A IR B G
FIA 95% & & LB, BHE LN 1:15 (mV), ZEWEAF TR
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KEEYIRE, FRCh B DR 0 35 1 RS B A 0 1R,
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Table 2 Sensory evaluation criteria

iH PEo R B PR
- TEHN, Jouek 21~30
1% NEEY ke N
WA 30 49) T, WA IR 11~20
R 1~10
e FESLEIE, WAL 21~30
L = i =3 St N
WA 30 49) FARBLEIE, HHIEHM% 11~20
AL, 2%k 1~10
S, ERMENES 15220
5 -
SN ey
SE M, EREEENE S
4y 20 49) ﬁzél ! 8~14
Aefh, SIS HLRE A a6 D 1~7
- PG 5 15~20
L R A R -
WA 20 49) 'éw%mﬁﬁn 8~14
O BIR AN B S Bl Tl 1~7

(2B ME RS 2 R eSS % DPPH A Hi 2 B3 I

S IBZ B85 SRIDHAR 203 )7 35 95 i A i
o ¥ 13.4)EBIMAES, FZERKREARRE, 5
A3 2 mL AR BEERREERE S, 43 AII0A 2 mL 0.1 mmol/L
i) DPPH ¥, =% 10 min $£75], 25 °C #5830 min,
JGF 517 nm AL E R, BUEICHE Ay DASE & (1
% DPPH WK, HHFIZAF RO, idh A
PAAEIEIY 50% FH AR AR S, ARTRLSR A T I I sk
WO EEEE, OAE Ao TALRERM 3 A FAT, DARIFERE
MAEER C WIRAES I, PP BRRIRE . DPPH A H
FLVE BRI ILA R (1):

DNHﬁW%%%%%#kﬁiﬁymwa(n

QG)¥ERE G 2 R A% ABTS B i g B R 1l 8
2 BRI 5774 W) JR R e 2 B Oy ke I kA7 ek, B
2.45 mmol/L ML B FR M 5 7 mmol/L /% ABTS ¥ Wi ¥

AR ELBNR A, IR TGN 12 h BIFS ABTS W,

AT 2K ABTS R E 0.7 WG . JEHL
13415 B e & DL S5 B BT IR I iR,  FZEIR/K 4 5
BEEARWRE, KA 2 mL FiRFBFH ABTS T, 1R
PHEA) 10 s 5 H BRGSO 30 min, J57E 734 nm KA
FERS AW, FIJOK B ABTS TR IRAE X B4 .
ABTS™H A BRI WA Q2):

Am@ﬁmﬁﬁﬁﬁmakﬁiénnw% )

o AR E B iR E C VIR ABTS VAR IO
BEAH; A, HRE S A 2 C VS TRINTC K 2, T T8 6 2 {1
A, RZEEIK N ABTS A R W 36 B8

1.4 HEEIE

K F1 SPSS 29.0 B AEXF B G AT AT Ab L, 12
Origin 2019 # 4 7EIFR 24l

2 EREHR

21 EREEEAMERAFERZEERINER
T
2,11 A E B A R B R K B AR R

FEFP R 3G K — U7 TN AT LUK R e () 498, 55—
16 AT DABH IR 24 DA AR o 6 B e I A B R I8 e i R
TS K PR e 58 WO R A R 3 K, LR A
bR 22 T RO, AR g A e,
BB AR AR VAR o e S e TR AN BEIR T 3%H,
FERBE 7 d BER PN, 628 HORE VR 76565 p A B2 B IE s AR
BARZMEAARKRE, FEE IR s; Mg
KT 3%, HEEE T B 2B P BRAR, X P REZ I i2
PR AL E SR g R R W AR K TR, M
WA G R, A I AR AR T AR, X
45960 28 BIOCRE R ZE T AS 2 B S AR s AN 350, REn T 5%
B R 2R AR, JRE TS HARBE TR T . Bk,
5 ST D (R P i O S B 3%
2.1.2 KB JE XS A R R R BERCR AR

T PS5 R 52 ) e 2% R A ) AR RS 0L, I 2 X I A B2
BTG MRS T A R o BEE TR R T, SRR TS B R T
BT EA5E ETHE TR YA TRIREEAE 28 °CHY, Bits
Fe B PR A B B R 90.2 43, LA B E AR B 134
S w B A O RSSO R, A RHAR, U6 R
T 5 S RURE A A KR RAT o IR IR, R I
EPEAEREAR, W RE SR R AIK ol A 1 1) 305 S 0 i e 2
B M AE A, S0 T IR e 78 R A BRI, DTG [
RO GRS B2 A BB P o ARSI 00, WP R B
28 °CE Ay ma iy A AT AR Ak 25 14
2.1.3 R EERT ) AF3k b AR R BE SR M RCR G R R

A AR A R T, 3 0 K R IR RE (5 P AR
X SR BT T 4 A WAk, DA AS B BEAR Y %
W R IR B2 A AT (R EE PR B 2 B[R] A9 SE K SR A
IR TR, MRS 7 d B, B R
RINRE S0, SREEMEDTF 7 d B, s
KA BE Py — A B, U0 58 iR I I AR PRk
A, BPE RIS R, IR BRI T RS B B SR
A RRE AR EAWRE RN N T EY, I
J5E s B RS R E PR S R T, MR BERRIRTF 7 d
B, JE RS K R BEAS B VR4 T B %, X AT BEJE R IE RS
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Pt BT RIS A TR S 400, IR R 4 FUR,

#3 MEEREER

Table 3 Results of response surface experiment

éﬁwa&ﬁi%B:E@ﬁﬁmx:ﬁ@ﬁ@m@ﬁﬁ%@*
1 3 28 7 90.2
2 3 30 9 77.9
3 2 26 7 89.2
4 4 30 7 80.1
5 3 30 5 80.9
6 3 26 5 83.2
7 4 28 9 75.8
8 4 26 7 83.7
9 2 28 9 84.1
10 3 28 7 90.1
11 3 28 7 90.9
12 3 26 9 84.9
13 3 28 7 90.2
14 3 28 7 90.4
15 2 28 5 79.2
16 4 28 5 81.9
17 2 30 7 79.9

# 4 Box-Behnken iI{IG T E N #
Table 4 Variance analysis of Box-Behnken experiment

R AmE B F P i

B 40149 9 44.61 152.74  <0.0001 o
A B
Hit 14.85 1 14.85 50.85  0.0002 *
B: K&
- 61.60 1 61.60 21092 <0.0001 o
C: 2R 0.78 1 0.78 267  0.1460
s ]
AB 8.12 1 8.12 27.81  0.0012 *
AC 3025 1 30.25 103.57 <0.0001  **
BC 5.52 1 5.52 1891  0.0034 *
A 78.03 1 78.03 267.17 <0.0001  **
B 33.72 1 33.72 11546 <0.0001  **
C 14189 1 141.89 48579 <0.0001 o
2 2.04 7 0.29

R 1.63 3 0.54 528 00708 AEE
4iiE 041 4 0.10
B 40354 16
R’=0.9949 RiAq=0.9884 Rsx=35.067

TE: #3878 2857 L35 (P<0.05), ** K78 22 7% 12 3 (P<0.01).

R 4 AIE W, R EIHER F o 152.74, P<0.0001,
DERH AR L B 2, 2300 P=0.0708>0.05 A 2%,
PR BE SRR AT S 1, P RECR=0.9949, F£i%
A1y R B R A, T AR Hoke R & A2 500t
M AL A SN o R0 qi=0.9884 FEHTIZALRY AT LAXS 98.84%11
BT TEAME A B AR . DI, BT AT SR S, 1R
FAAK, SEBRAHRE G, AT R A BT R 0 6 e A A B
REEREI RO . i3 4001, [N B, AC, A, B,
C* b i T A8 2 2 B2 10 JER Y PR 0 i B 2 5 (P<0.01),
H#E A, AB. BC Xl s iz & BEAS I E TE 4352 i i
F(P<0.05) 3R 4 " F BUE TN, KA R w1 Bz
RS IR 5 ) A B R R BI /MY Ry s BOR BRI B )> A
H)>CORBERT ) . X BRI E 21 7 I T LA, DA
RS A RNARRL(Y), DR (A) . REEEB). K
B} ) (C) Ay 28 o, ST IR 2230 [l A 5 A, TR Ay
Y=90.36-1.36A-2.77B-0.31C+1.42AB-2.75AC-1.18BC4.31 A2
~2.83B%-5.80C%, 5 M M & R B R=0.9926, {5 M Lk
Resn=35.067>4, il B 7 R A DLG FE R AT I
RSB A R e L2 T An il 1 R .

A g o T IR AR T A e 2 R TR R T R
A B 2% 1 e R R I 125 A e i 2.714% . R e
J¥ 26.833 °C, KBEMTIA] 7.199 d, T 25 450 T 000 i) B By
Wik 91.349 430 N ESLPRIRE, KR T 240 0A R
BERhE 2.7% ., KEHEIE 27 °C, LEERTE] 7d, FFTEMTY
FAF T 3 YA IR A T I, AR B 1 5 g A B
KRBT N 91.29 4y, SHRIF 755> 1404
I, X F I IR HAT F AL T SR, AR 2 A
[ EEs N
23 BEFEEREIMIRLESINE
23.1 HrdalAs kK B4t DPPH B Wk 6g iF kR 2 gk R

ME 20T LUE H, B FE AR BE B9340, DPPH H i 3%
HE R R B2 32T, Hirh VC X DPPH TS R Rk, (H
BIF RSN 5.0 mg/mL B, FI, WI, VC iX 3 &% H i
%L DPPH W IR ZAE Y o #F 5 TRV /NF 5.0 mg/mL R,
FJ %} DPPH [ 3L 08 bR & F WI Y, X156 HH J5E A8 1
LT el S B B R T S S R B AR B LR R
R TR I A8 Bz, 3k T B A e 2 R DRV 1 A Bz (6 AT
B B B2 2 B R AT B i L AT M . FTL WL
VC %} H 3L DPPH R IERRER UL 5, 13 5 ATAHl, iX 3
I EARTE M AR = 43 51 WI<FI<VC,

232 AR R A BT ABTS B dy oy ik Fol 2
%R

Hi 1 3 AT LA, FEAR AT ABTS' [l B TH 5 R b
e B A3 TR W B, ZEBT R 0~5.0 mg/mL Y [l
FJ % ABTS™H MG FRRE B E KT Wi, XULUE
23 HIHE TR AE B2 v BE AR 2 B BT Ak s P, ML RT RE AR
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Fig.1 Plot of response surface

T AdAAAAL A
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Fig.2 Scavenging effects of each sample mass concentration on
DPPH free radicals

%5 DPPH FBMREILL(n=3)

Table 5 Comparison of semi-clearance rates of DPPH (n=3)

FE it 275 B 2R /(mg/mL)
Wi 2.1892+0.0583
FJ 0.7345+0.0052
vC 0.0024+0.0002

T 5 5% HO2E T AR 0 B R BT R R B A B BE N A, LA
By B Sy BT HE DT 88 8 JOF A8 2 1 e LAk s . 245
FVREEY R 5.0 mg/mL B, FJ Hl W1 %} ABTS' [ i 5193
MR 5 VC Y. FJ. WI, VC XA 3 ABTSH f &0
PIHRRR I 6, H1F 6 TIH, X 3 BT A IE AR H]
E A WISFI<VC,
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Fig.3 Scavenging effects of each sample mass concentration on
ABTS' free radicals

#* 6 ABTS'BHEFBMREIL(N=3)
Table 6 Comparison of semi-clearance rates of ABTS*
radical (n=3)

s 1 B 2R /(mg/mL)
V2l 2.2372+0.0672
FJ 0.7461+0.0048
vC 0.0026+0.0002

3 & i

A G IO FH 7 5 A8 T 1 A4S R T T IO A B, e
DS 22306 A S o T AR Ak, A5 B d R e 1 205k
SRR A 2.7% . RERRE 27 °C, KRERTE] 7 d,
RS T4, R IEAS B 5 ma I8 B2 25 T AL ) 4%
DETEEE . BIEIEY . WAL, R, BRI
JPTEIA 91.29, it %t DPPH H %A ABTS™H ti3Lm)iE
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