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ABSTRACT: Objective To determine the optimal process conditions for ultrasound-assisted extraction of
flavonoids from honey orange peel, and compare the differences in flavonoid content and antioxidant activity
among 23 kinds of Citrus reticulata Blanco peels. Method The optimal process conditions for ultrasonic assisted
ethanol extraction of Citrus reticulata Blanco flavonoids were optimized by single factor and orthogonal
experiments, total flavonoid content, 1,1-diphenyl-2-picrylhydrazyl (DPPH) method and Fe** reduction method were
used to determine in vitro antioxidant activity was used for correlation analysis and cluster analysis were
investigated. Results The optimum conditions for total flavonoid extraction were the liquid to material ratio of
1:35 (g/mL), ethanol concentration of 50%, ultrasound time of 90 min, ultrasound temperature of 70°C, the total
flavonoid extraction amount of tangerine peel was 8.91 mg RE/g. The total flavonoid of 23 kinds of Citrus reticulata
Blanco peels varied significantly, ranging from (4.07+0.01) to (10.92+0.17) mg RE/g; the concentration for 50% of
maximal effect (ECsy) values of DPPH radical scavenging ability ranged from (0.36+0.00) to (2.27+0.008) g/L; the
EC, values of ferric ion reduction ability ranged from (0.010.00) to (0.1420.00) mmol Fe**/g. The total flavonoid of
Guangxi red heart grapefruit was the highest, and the DPPH radical scavenging ability of Guangdong emperor
mandarin and Ma Shui orange was the strongest; the total flavonoid and the DPPH radical scavenging ability of
Yunnan wok mandarin was the weakest; the iron ion reducing ability of Zhejiang ponkan peel was the strongest, and the
weakest was Fujian red heart grapefruit peel. Technique for order preference by similarity to ideal solution (TOPSIS)
analysis showed that Zhejiang ponkan peels had the strongest comprehensive antioxidant capacity. Based on the
differences in flavonoid content and antioxidant activity, there was no correlation between Citrus reticulata Blanco
species and flavonoid content and antioxidant activity. And the peels of 23 different Citrus reticulata Blanco varieties
could be divided into 3 categories; total flavonoid content was proportional to the DPPH radical scavenging ability and
iron ion reducing ability. Conclusion The orthogonally optimized ultrasound-assisted technique can improve the
efficiency and increase the extraction of total flavonoids from Citrus reticulata Blanco peels, and 23 kinds of Citrus
reticulata Blanco flavonoids with higher content of the first and second flavonoids have better antioxidant activities,
and the Zhejiang ponkan peels have the strongest comprehensive antioxidant properties.

KEY WORDS: process optimization; Citrus reticulata Blanco peel; total flavonoids; antioxidant activity
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FT (Ll 98%) . —NLBE =AY BE (tripyridine triazine,
TPTZ). 1,1- " ZK3L-2-FE5LF(1,1-diphenyl-2-picrylhydrazyl,
DPPH)(5 7 45) (- R AR R A BR A FD), TERMEREN . TG
IK GG, KA AR RAZERFAGBRA A, ffRes . &
AAban, =GR IKOROGI AL, REETT AR A,
WERRR (ATt | AR ),

HE T8 )R (ferric ion reducing antioxidant power, FRAP)
;2.5 mL ] 40 mmol/L HCL & ##Y 10 mmol/L TPTZ %
¥, 2.5 mL 1) 20 mmol/L FeCly-6H,0 A%, 25 ml pH3.6 1
0.3 mol/L BEFRZE thif, 4 1:1:10 (V:V:V) FLBiTR A

0.1 mmol/L DPPH H i FEARMEA: MERIFREL 0.020 g
DPPH, FIJC/K ZEEAMIFREZ 2 500 mL, F24i+ 10 min;

0.1 mol/L FeSO, WM AYALHI: 78R L FR—E =
FeSO, 7H,0, BUALERER, TKE# o

HR/T20M &5 .0 AL (I 5 6 P A 45 38 45 A R &) );
JI224BC B FRFECREE 0.1 mg, 2T WAL 2 );
UV-1780 £EAMA] W43 M6 B[ e Al 45 B (=) A BR A
ri]]; DHG-9240B LA XU -1 A6 (- 1 15 R S 3 A 25 FR
73 Hl); RE-52A Jie % 28 & 4% ( 1 0 2@ AR AR AR T ),
KQ5200V 7 il v v (R L i A A AT PR F]); PHS-3C
pH TH( LA R 2E R B A BR A |); SHZ-DIIDAFE IR
K2 IR T HAGE A BR ST A ).

1.2 LETE
1.2.1 HSH& R L ERRRT %

FESR £ S IRB4 RAE ik, A B
N T it ol A A7 ff R O e o e, SR R VD RN 22 5%, T
SSeCHLFE LT EEE, Mkl 60 Hif, & H.

JTENARRIO B ERRRE 4 g MG RORRETFhebirh,
R —E R Z RS LIS 4000 r/min 250> 20 min,
B OJE—E AR ISR T 250 mL 8, FAAHN
WL LA T RE 25 o

B 1.0, 2.0, 3.0, 40, 5.0, 6.0 mL /% T hpiEiFRT 25 mL
R, IIA 1 mL 5% WASERGAIAE W, $E5))RFHE 6 min;
FFIMA 1 mL 10%fERRERE W, $E51JAHE 6 min; FRINA
10 mL 4% SEAIER, T10%BEERZHIE, wonTE
15 min, AERITERZS S IR, 7€ 510 nm AR AR E 1R
e, ARERIZE TFEN: Y=0.0106X+0.0335, r’=0.9999,

FE SN : MG B P2 BOK 10 mL T 25 mL A5
o, e R ER RIS WO, T 3 ROPATSER .
HRAE A (DT S A it
_C xrzlx n )
Ao WORRR S P B & &, me/g; ¢ R B
Frit e, mg/mL; V I E B E 2R AREL, mL; n R AR RS
eom R E R, g0
1.2.3 # 7B RIE B F 53kt

DAEEAG AL B Fy Ay ek, L AR B (me/g) M IT M 4R
bR, BRG], HFFORHE H[1:10, 1:15. 1:20, 1:25,
1:30. 1:35 (g/mL)]. ZFEEHREE(40%. 50%. 60%. 70%.
80%. 90%). A FBUREE(30. 40, 50, 60, 70. 80°C).
PEEEA](30, 60, 90, 120, 150, 180 min)XiAH A7 B2k
G YPERE R, B RO R 1.2.1,
124 IEXFEEE

R e AR R A EE R, RN L . CERREE . $RE
e SREGRIE 4 DNRREMT LBYIELITR, LA
PRI AT HENR, BAREZACHE R 2.
1.2.5 WiESEk

WERRFREL 4 g AHAGIR B Ry RE, LAIE 58 SE96 45 1 i fefE
PRBCT 23T 3 YOPATE S, /a4 IR 1.2.2 B3R T S8
T 5 8 PR A o
1.2.6 23 FrAHAG R R & HERARIR A A2 0 e

23 PR AR AR R B AR B 1.2.5 Sl T2 45142
Bo 23 FlbH s SR B T 2 S e e IR 1.2.2 2558

W

122 FHWESZNE 127 1L1-=30k-2-5 5 b A Ak A e AR IR A ) 2
S BTN 7 S BR AR T S Uy TR AT IR R R 0 Oy TR A TR M B R
F1 FE@MHBREESR
Table 1 Informations table of different varieties of Citrus reticulata Blanco fruit peels
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Table 2 Levels of orthogonal test factors
HMFE R
7J(E|Z: 3. oy o N
ARHA L (2/mL) B B/ % CHEHERHT[E]/min DIEBUEE/°C
1 1:25 50 30 50
2 1:30 60 90 60
3 1:35 70 150 70

FERRIAE : HERGIZE 0.20 mL i 35 R B2 O T HL 98 IR
“rh, A 4.0 mL 0.1 mmol/L DPPH ARUEIS WK, $757,
JEFHE 30 min, 7€ 517 nm AMHOE(E, DL 4.0 mL JoKZ
R 0.2 mL ZEB K AR AT 25 A

25 IS HERATREL 0.20 mL 70% B T B 26
B, e BRRE SN E iR

2k I FH 2 B KRN IR B (concentration for 50% of
maximal effect, ECso){H /R, % HTEHEF R DPPH 2
T TR 1) R T R AR 50% T 75 A B S A 700 CRF il ) 1) ok
(g/L). FEARIY ECso (EARTE A (Q2)ITH5:

ECSO:V1><1000><500><m2><A0 @)
Vo xnx (A = A)xV3
e Ay AR AN E BB RE ;s A S 2 FTIE ARG E; my
R BTRE, g n WRREREEG Vi O E AR AT, mL;
Vo R 58 25 IR, mL; Vs S ERIUE 28 1914, mL.
1.2.8 B FHAMARE AN Z

HREZEHE 0 5 vk AT I A B

B0, 20, 40, 60, 80, 100 uL 0.1 mol/L FeSO, %
T 10 mL 5= R 2K E4S, BRI B FeSO, K
& 120 uL, fiMA 3600 pL i FRAP TAEW & 360 pL (i
afik, JRAETE 37°CKE ORI 30 min, T 593 nm Zbi
EHR A DIBOGEAE(Y) NIAER, DL FeSO, A M
BE(X, mmol/LYAEiAsHR, xflbrnEliZk. W15 FeSO, prif
2k 7l Y=0.5343X+0.6396, r’=0.9724,

FEAIE : MERR R IBGRFE 10 f5A9REI 120 pL, %k
ORI E RSO, DU A KRR s L e
25 AW B o B O BN VR ) TR YA I 6 A o i 28 (FeSOy)
TWEIZ A, 458 H EC, iR, EC {EFEMES 1 mmol/L
FeSO, 7TH,O 47 #H R Bt S Ak 58 1 1 0 404k 700 OFF b ) 1) o
(mmol Fe**/g). EC {H 55 BT AL RE S BIE L, 4
i) EC, {H(mmol Fe*"/g)RHE A (3)itH5::

—d)xnxV
:(:xloEOth 3)
ey ARAEIIZ TP O EAE; d S bRE 2 rAREE; K
bR e AR, n SRR RRAEEG VORI R E A
PRFH, mL; ms AL T, g
1.2.9  TOPSIS ik 44 7 ] s A A% R 3L BAL B

Pt 45 f% BE 1 557k (technique for order preference by

1

similarity to ideal solution, TOPSIS)#& £ H #rii- 5 434 i —
e A RO 5, RIEA RA TN X 4 588 B AR
BRI THEY, AR X P AT A X 13T
P02 T S G e S AT e A e [ o S 5 A 5 i
WA B, WA it g, SRS HE R aAR
FEIEMIEbR R IR . 525 0 & FEAMEAR S B & PEA
PRI ZE{E . #d SPSS 22.0 H4XJ A [A] i FlvR 465 5 iz
P4 AL RE J13E4T TOPSIS 4347 .
1.3 Ziton

BAEIWBES 3 K FER AT HERE R 22 R
o N SPSS 22.0 FRA4FAT B R 2y 25 AT LR R #R A

KT, SRA Origin 2021 BAFER] . P<0.05 FRZHF
F, P<0.01 /R 22 R W E

2 FER5HH

2.1 BRERZRVNERRE SRR
2.1.1 AR EHERSE R

B R L R, BT e R TR N < R EE R
1:10 (g/mL)¥E ] 1:35 (g/mL)i, i 4.02 mg RE/g F7 %)
7.42 mg RE/g, BHE R 1:10 (g/mL)iF, ] 68 F R iEHIK
b, BRI N 784y, WA G s A B, BT
SRR FAR Y, MORHR H A 1:35 (@/mL)i, B E R &
WS, R RERL R RN 2 S BOR R e T R
B A R o vk FE R AR LA v s M Rt &5 5 2 S A i
FELAS SR (4 375 12200 2 o 25 51 R A28 B RN BB 7 T
g, PEEL1:25, 1:30, 1:35 (g/mL)iX 3 4-RHE HAKF- 3k
ITIEAE 5250,
2,12 CEEREAEZIRASZTHHA

LFREAL T 40%~60% 0 F PN, B H R & 2 A Wi
w, BEE ETHEH(P<0.05); MRS 60%I), #
17 R B S BT 5 B A B i KA, 4 8.65 mg RE/g; X L
WHET 60%~90% 0], B & & TR, FE
ABJE ORIk B 5, — SO R T CRE e, AR, IR
VS PESR Y BUAT SEAH GRS B 2E ) T SE A N, AR
g2t R T1R v i o S DT O S W P ) | e 1] 3 s s L e
P h FIREEE, R 50%. 60%. 70%iX 3 S
WL K- AT IEAC S 3
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2,13 AR FRBATE A EERSZHA

Rl 4R B (] A8 Ak, AR R SIS R 2T R R
BTN R A RIS R 30~90 min Z[H], #AE
TR R T B ) e A A B B, 10 B DR R I R R
T 20 G S T )G ) T AR R B U S R T A
T ok B R FE ML Bl R 2 A sy, DA T o K s e 5 i
PeiE I R A P 2 BRI R AL T 120~150 min FE
RN, SRS a2 FREEY, BEBETEE, TaEH
R BN B AR Y, R B AR K S OO B e
X AT 1 — LB 2R AL G B IR, B ET
W, SRR g 45 AL DY A P 4 2R R
60. 90, 120 min JCi #1425, 30 min F1 60 min, 120 min
H1 150 min Z [A]45 B 2 PE 2% 57 (P<0.05) o H. 24875 L EU )
4990 min B, BEAGH B 6 B s ik #) 8.50 mg RE/g;
L5 FRGER, BEHL 30, 90, 150 min X 3 MBS E] K
S FIE AR S
2.14 MERBBETE LSS HEHH

PEIGE B A F 30~60°CTE [, BHE &g LT
(P<0.05), AT RE [ 4y 4 2 1 v A ) T 3 700 0 1k B AR,
{RHE T A FalRERE I, IR R R 25TV 7 4 T R FE AL
ox, FRBE . PRl WM ARECE R, 15 2 BE
Sh AN e A5 2035 500 FR BT 60°CHT, B RROK, B
HR AL IR S 7.33 mg RE/g; 7EFREURE LT 60~80°C
R, TR R RS, RTREIE AR A R B
L 2P B A YL R WS A B — i I, Sk E AR 2R
BB AR B I A s Ak 2 e 31 40°CHR B
T O AR AR, SGRER 50, 60, 70°CiX 3 AR
FE KA T IEAS L5

2.2 IEASEW

M SR g 5, AT L3HIER#R, LURHR L
(A). LPFFHRIE(B)., $REURE](C) ., A IR (DR 4 1%
KT, EELK 3K, IELERAERELNE 3,

128 3 ATAL, 4 A H 20 B8 i 25 o 52 M0 1) /NI
MR Ry HRE IO B > R > $R B[R] > 2 Wi o i fE S
B T A4 AsBC,D; [RHELL 1:35 (g/mL). LEEHEE
50% ., AP HEEUATE] 90 min, #AFEIREUEEE 70°C], L
Sl AT T R TR F P OO T . HTEIE S S 3R
AL A AETE, TN — I TESL R . thaR 4
ZEOTATFTAL, 4 A~ DR 30T R Pl Bl 4 O AV 2R B S B 1)
A W E M

i B OE A2 S E B HE T 25 4600 AsBLC,D;,
173 WEL S, e B TEE & & {E N 8.91 mg RE/g,
FEUA M 1 1 58 Sk 5 B B0 UF B AR R T 2R A, W
TR e B B VR A AR A R T SR IR AT SR B B 19 1
PR, SRR E R,

23 AE@EMHBRESEHESEMEIMIEKL
E M

3 5 A, AR SR 2 B T S AT
(4.07+0.01)~(10.92+0.17) mg RE/g ZIf, 7E 23 Fitig, |
VUL B ) B &R A 5(10.92 mg RE/g), M &
R S IR (4.07 mg RE/g). TEMZEH, =R Uit e e
Tt 9.65 mg RE/g; A2 A iR (4.07 mg RE/g).
RIS, TR MR BT o =l 10.26 mg RE/g; fefik
FE e AR (4.42 mg RE/g) . XF ORI A, Mh2las iR
RVEH A R, B ) P #(10.92 mg RE/g),

#3 EXXZWLHER
Table 3 Orthogonal test results

S ABLE L (g/mL) BZ IS /% CHEIAT 7] /min DI /°C SAHE A 2 P/ (mg/g)
1 1:25 50 30 50 5.24
2 1:25 60 90 60 6.00
3 1:25 70 150 70 6.99
4 1:30 50 90 70 8.73
5 1:30 60 150 50 525
6 1:30 70 30 60 6.00
7 1:35 50 150 60 6.24
8 1:35 60 30 70 8.83
9 1:35 70 90 50 6.45
ki 6.08 6.74 6.69 5.65
ks 6.66 6.69 7.06 6.08
ks 7.17 6.48 6.16 8.18
R 1.10 0.26 0.90 2.54
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Table 4 Analysis of Variance

22518 25 H B ¥y F e
L L 5.42 2.00 2.71 237.10 *
LBk 0.34 2.00 0.17 14.88 *
et I ) 3.68 2.00 1.84 161.18 *
PRI 33.04 2.00 16.52 1445.17 *
R 0.21 18.00 0.01
Rt 42.69 26

TE: R A B P25 5+(P<0.05),

TRIMHEFBRE TR RESESNENEN

Table 5 Total flavonoid content and antioxidant activity of different Citrus reticulata Blanco cultivars peel

A 71 JEET/(mg RE/g) ECsofti/(g/L) EC,{#/(mmol Fe*'/g)
REA WL 8.25+0.01% 0.84+0.038 0.14+0.00°
S ] 5.71+0.09' 0.85+0.09° 0.09:£0.03¢
S J AR 8.26+0.10" 0.36:0.00° 0.07+0.00%"
ST = 9.65+0.12° 0.44=0.00" 0.02:£0.00'
Rl IV 7.65+0.02" 1.70£0.05° 0.09+0.01¢
KA PN 4.07+0.01° 2.22+0.03° 0.08+0.018
RA J7HR 6.72:0.08" 0.44=0.00" 0.03+0.00"
AR J AR 8.060.05¢ 0.48+0.00" 0.03+0.00"
AR a1 8.73+0.02° 0.85+0.018 0.09+0.03%
AR PN 4.70+0.06" 2.27+0.08° 0.070.01¢"
AR J7HR 10.26+0.15" 0.44=0.00" 0.05:£0.00"
KA IR 9.42+0.32° 0.36:0.00° 0.03+0.00"
[ ik 8.16+0.22¢ 0.370.00' 0.05:£0.00"
[ IR 8.83£0.11% 0.41=0.00" 0.05:£0.00"
[ ] 8.08+0.02¢ 0.89+0.058 0.11£0.01°
AR S 4.42+0.01° 1.90+0.01¢ 0.08+0.02¢
A% iyl)| 5.03+0.01™ 1.81£0.03% 0.08+0.02°
Ll wili 9.01+0.04¢ 0.85+0.07¢ 0.14+0.00°
EARN: A J AR 7.58+0.01" 1.32+0.01° 0.06=0.00"
LT ] 10.92+0.17° 0.48+0.04° 0.03%0.00"
LT finke 8.43+0.24" 0.52+0.09° 0.0120.00°
b HH J AR 7.19+0.00’ 0.88+0.07°" 0.10:£0.02¢
b HiH ] 7.38+0.01" 2.05£0.03° 0.07+0.00%"
TE: WP/ NG F 1R 7R 25 57 1 3 (P<0.05).
FARA ) RV RI(7.19 mg RE/g), j5 45000 215 5] FTER W B2 5

10 77 H e HAAR B 0 B TR BE7E 9.84~19.81 mgRE/gDW
Z0E], AR A5 2 R R R A R TR AR
W 2 POV B 7 b AS [ M A SR Bz A I R
GORINSTEIN %01 & b | 48 0 2 bl L 35 i 5 S A7
TEZF . ATREFCE AN . P HUA—E, AR R R

M 5 AIAEL AR SR ARG SR 2 ) ECs HA T
(0.36£0.00)~(2.27+0.08) g/L Z[f1], 1 fig-5 A fh Rk 475 =2 7]
M EAE I ORI DG, Hoh AR AR HT . T AR KA
ECso fHIRAR, #0 0.36 g/L, FiALBE SRR, =ritiEmy
ECs flfRcs, K 2.27 g/L, HbiSA ke s femdeh, 1



5519 1 H

H, FE: 23 A P AR SR B R 5 ST AL TS A L X 139

KRB PR ILRE S ok, =R PR LR ) A 55
RGP AR DK BT E AL RE ) iR, = G A
TLRE S B, FEmmZedh, IR a L E A PR fL AR ) B,
IR PV A . SRR AR AR T 4G SR AR, LAY
FEWI AR [ M SR Bz 35 B DPPH [ i 3ERE TR, 4hids
BhF, RS EZE, RIS,

2 5 wrH, RE SR OHGRE® EC, AN T
(0.010.00)~(0.14+0.00) mmol Fe*'/g Z[u], 2kEs ¥k )J5ifE
JIESRIZWTIAAT, 28 TR RE 7 555 1 B AR LT O
Mo FEARZEH, BB IR IR AR T R R HTLNER, I EC,
B4 0.14 mmol Fe*'/g, £k TR JRE J1 555 i 2 fE Rt ie,
HEC, {H/£0.02 mmol Fe*'/g; FERGZS, | PHRD MR 18k B
FifJ5ifE Sy, L EC {50 0.11 mmol Fe*'/g, #kBiFif
JEURE F1 I 5 M) AR T KA, L EC, E2 0.03 mmol Fe*'/g;
TERIZS A, BRE IR 5 RE ) ek B LA, H BC, B
£ 0.14 mmol Fe*'/g, #kes TR )R RE iS5 Y RAR L0 B
i1, H EC, {2 0.01 mmol Fe*'/g, FE %tk 8 1k IR g
1 i ) T AT R . R R AR i g 2 R
TR AE TR B AL RE T B, AR R P AR AR T AL,
AP S BARR .
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ol A 2R B B 5 SR AT PR R A A An AT 1 B,
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Table 6 Comprehensive ranking of antioxidant capacity of Citrus reticulata Blanco peel assessed by topsis method

R5lMH IEHAHAR IR ES (D) 1 AL P S (D-) LRETR AR HeFP 2
S HAE 0.62716505 0.51389524 0.45036642 16
P )1 A 0.58659174 0.47970066 0.44987722 17
JTARIRAN 0.43872851 0.66860111 0.60379592 7
T AREALA 0.53338403 0.75477099 0.5859318 8

IR RANRY: i 0.631411 0.38552064 0.37910182 19
TR A 0.79622058 0.31634736 0.28433982 22
=g A 0.35569625 0.74562741 0.67702842 4

PNCNRH 0.38942953 0.71907953 0.64869071 6
AR AE 0.50845694 0.55697551 0.52276943 11
W LA 0.71282092 0.47509203 0.39993842 18
FNEELiE i 0.56218544 0.72527842 0.56333886 10
b RARDIZ i) 0.16682852 0.85993979 0.83752078 1
JAREA 0.23743454 0.8584573 0.78334126 3
JVE A 0.20035961 0.85349242 0.8098788 2
I Pu A 0.58761792 0.49622628 0.45783913 15

i DA DAE, WHEM RN RS R S 2 (B A+E0 A AR R (RRE 25), LM SERREE SO, WO X 4 S il sl
FIFIIFE R, (EBOCUL IR B B, PR S DHEDBOR, SEW1S iR AR RE B B D—EDBCR, NS i BRI o S AR B BIE XS
S 02 DHEB/NRE I DAEBR L5 G R4 C M, C=(D-)/(D++D-), HHAX &, 53-FH D-H, 43-5-24 D+HI D-ZAl; DAEARX B, 1
EBIZATTE X R B foe 25 AR, ST 5 X BT C R BT T X bR 4
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Fig.1 Clustering heatmap of total flavonoid content and antioxidant activity of different Citrus reticulata Blanco peels
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