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Abstract: The peel extracts of Citrus limon (L.) Burm. F. were obtained via an ultrasonic extraction
method but with different solvents (methanol, ethanol, acetone, ethyl acetate, distilled water) . Their
antioxidant and anti-fungi (Panicum italicum, Penicillium digitatum, Colletotrichum gloeosporioides)
activities were tested. Further on the bioactive compounds of phenols from the extraction were analyzed by
High Performance Liquid Chromatography (HPLC) . This study provides evidences for the comprehensive

utilization of peels of Citrus limon(L.)Burm. F. Our studies suggested that the varieties and concentrations
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of phenolic compounds extracted from peels of Citrus limon (L.) Burm. F. via different solvents were with
significant differences (P < 0.05) to antioxidant and anti-fungi activities. The solvents’ contributions to
antioxidant and anti-fungi were listed in their descending order, methanol, acetone, distilled water,
ethanol, ethyl acetate; methanol, acetone, ethanol, distilled water, ethyl acetate. There were 16 phenolic
bioactive compounds can be detected with the extraction method with different solvents, including 4
phenolic acids and 12 flavonoids, their content were closely related to antioxidant and anti-fungi abilities.
In terms of the bioactive compounds contributing to antioxidant abilities, narirutin, hesperidin,
neohesperidin, galic acid, chlorogenic acid and caffeic acid were considered to play the most important
roles; whereas contributing to anti-fungi abilities, narirutin, neohesperidin and caffeic acid were the best
candidates. Methanol as the best solvent for peel extraction of Citrus limon (L.) Burm. F. can be used for
promoting the antioxidant and anti-fungi activities.
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Lemon peel extracts from different solvents
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Fig. 1 The total flavonoids and total phenolics content in the peels of lemon
Y: Eurekalemon; B: Meyer lemon. 1: Methanol; 2: Ethanol;
3: Acetone; 4: Acetate; 5: Distilled water.
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Fig.2 DPPH radical scavenging activity of various solvent extracts from lemon peel
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Fig.3 Reducing power of various solvent extracts from lemon peel
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Fig. 4 Effects of Eureka lemon peel methanol extracts on the growth of the 3 kinds of pathogenic fungi
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Table 1 The antibacterial activity of 3 kinds of pathogenic fungi of lemon peel

T % P italicum 2¢4 P digitatum JRIH C. gloeosporioides
A Qb3 V% /mm 1 2/% V% /mm 2% BvE/mm W%
Variety Treatment Bacterial Inhibition Bacterial Inhibition Bacterial Inhibition
colony ratio colony ratio colony ratio
yWARTA X} #& Control 62.96 58.79 64.11
Eureka I Methanol 25.86 66.30 26.55 62.25 40.40 41.52
Z.J¥ Ethanol 3522 49.57 31.59 52.52 54.12 17.49
AR Acetone 28.52 61.54 26.86 61.65 40.31 41.67
LR LW Ethyl acetate  57.33 10.06 47.12 22.53 58.89 9.14
ZEK Distilled water 36.57 47.16 31.70 5231 55.07 15.83
Jestkrk X Control 62.96 58.79 64.11
Meyer I Methanol 29.70 59.44 27.32 60.76 41.89 38.91
Z.J# Ethanol 43.54 34.70 32.45 50.86 53.76 18.12
AR Acetone 34.53 50.80 27.77 59.90 43.48 36.12
LR LW Ethyl acetate  61.97 1.77 49.45 18.03 60.03 7.14

7&K Distilled water 49.84 23.45 34.04 47.79 54.95 16.04
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Fig. 5 HPLC chromatograms of flavonoids of the Eurrka lemon extracts from methanol
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Fig. 6 HPLC chromatograms of phenolic of the Eurrka lemon extracts from methanol
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Table 2 Lemon peel main composition and content of phenolic acid ug - g' DW

B A sl BETR Ty IR Pl R %
Variety Treatment Gallic acid Chlorogenic acid Caffeic acid Ferulic acid
Jedise F % Methanol 4242+0.111 2 1.210£0.075 a 2429+0.174 a 0.092 + 0.005 ¢
Eureka Z.1# Ethanol 2.240+0.136 ¢ 0.791 £ 0.009 b 0.910+0.042 d 0.082+0.027 ¢

AT Acetone 3441+0.033b 1.157+0.085 a 1.911£0.118 b 0.096 +0.015 ¢

LR 2.1 Ethyl acetate 1.500 + 0.420 de 0.101+0.015 ¢ nd nd

718K Distilled water 2.080+0.067 ¢ 0.416 +0.046 ¢ 1.362+0.192 ¢ 0.447+0.091 a
Jeathrig i Methanol 1.578 £0.041 d 0.128+0.018 ¢ 2.311+0.146 a 0.154+0.002 ¢
Meyer Z.Ji% Ethanol 1.235+£0.034 ¢ 0.125+£0.001 ¢ 1.001 £0.022d 0.161 £0.009 ¢

TN Acetone
L% £, 15 Ethyl acetate
7E18K Distilled water

1.268 £0.060 e
1.391+£0.127 de
1.336 £ 0.057 de

0.244+0.013d
nd
nd

1.995+0.009 b
nd
1.028 £ 0.073 d

0.158 £0.004 ¢
nd
0.267 £ 0.090 b

He W PR FREY ZER B3 (P<0.05); nd RFEARKMBILAY .

Note: Different superscripts between columns represent significant different between samples (P < 0.05); nd means not detectable.

R3 TRREAEIVREESAIREE

Table 3 Main composition and content of lemon peel flavonoids substances mg- g’ DW

mi A fb3 SR ESRiiAcs iR RS R B R A LI
Variety Treatment Eriocitrin Narirutin Naringin Hesperidin Neohesperidin  Eriodictyol
I ¥ Methanol 2784 +£1.055a 16282+0430a nd 0.091£0.007a 0.434+0.030a 0212+0.017¢
Eureka % Ethanol nd 5.488+0.253d nd 0.066+0.003b 0.278+0.042¢c 0.086 + 0.009 ef

A Acetone 0.082+0.001b  11.934+0.309bc nd 0.083+0.000a 0.387+0.014b 0.108 +0.004 de

4R T Ethyl acetate nd 0.872+0.038f nd nd nd 0.041 +0.000 g

ZK Distilled water  0.082 £ 0.002 b 2.168 £0.150 ef nd 0.085+0.002a 0.237+0.002¢ 0.054+0.012 fg
dbstkrks HEE Methanol 0.081+0.001b  12.648+2.650b nd nd 0.259+0.017¢c 0.462+0.058 a
Meyer Z.1% Ethanol nd 2570+£0.011e 0.183+0.007a nd nd 0.112£0.004 de

A Acetone 0.081+0.000b  10.781£0.591¢ nd nd 0.248 £0.004 ¢ 0.388 +0.006 b

1% £ 1 Ethyl acetate nd 0.646+0.096f nd nd nd nd

Z487K Distilled water  nd 0.660+0.108 f  0.071+0.009b nd nd 0.137+£0.016d
mi A fb3 FE AT il 2% Lipe RS AR JIBRBE 5 W%
Variety Treatment Didymin Naringenin Rhoifolin Diosmetin Nobiletin Tangeretin
I ¥ Methanol 0.031+£0.00la  0.093+0.007 a nd nd nd 0.006 £ 0.000 a
Eureka 1% Ethanol 0.025+0.001b  0.078 £0.004 b nd nd nd nd

PN Acetone 0.029+0.000a  0.090 +0.000 a nd nd nd nd

4R T Ethyl acetate nd 0.070+0.000b  nd nd nd nd

718K Distilled water  0.027+0.001b  nd 0.128£0.004a nd nd 0.030+£0.039 a
dbstkrks HEE Methanol nd 0.075+0.002 b nd 0.056 +0.004a 0.048+0.003a 0.006+0.000 b
Meyer £, Ethanol nd 0.051£0.002 ¢ nd 0.056 £0.005a 0.048+0.003a 0.006+0.000 b

A Acetone nd 0.052+0.002 ¢ nd 0.062+0.002a 0.049+0.002a 0.025+0.033 a

1% £ 15 Ethyl acetate nd 0.078 £ 0.009 b nd nd 0.040+£0.000b 0.025+0.032a

Z487K Distilled water  0.025+0.001b  nd nd 0.039+£0.002b 0.029+0.001 ¢ 0.004 +0.000 b

25 ARATIRBYSEBERSHEL. NEEEMEXIED T

2R MR REERY], 5K EFMBE . R Wi fetr. L5 W, Frigsrtr.
BORE TR SxIAPRATMMERRAE ] ) 9 B2 M2 i AT I pTaa b . WiifER]. Jerb, 253

Ty BB BB . g

BT S8R R DPPH [ i AR b A 2 % B

WEEAER, MOCREE 0729 ~0.932 2 0] FHIRAF. ZEFMET B il idr. e
TR ZRIATR . WINMERR A 2k 2 18 J5UR N DTk K, AHOC R BT 0.673 ~ 0.944 2 (1], [FIRF, 258
FEAF WS R R SRR OhnERR IR EL AT B R ROR, A DGRBS Y 0.878 0.869.
0.650. 0.661 F10.963. L FAUEHK, Z&/MLH . Bl . S MHEReE 4 Fh 2 By ich
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Table 4 The correlation between poplyphenols and antioxidant, anti-fungi activity

Moy FRAT SRR Rl R BT RSl SIS PP AAE
Component Eriocitrin ~ Narirutin Naringin Hesperidin ~ Neohesperidin Eriodictyol Didymin Naringenin Rhoifolin  Diosmetin
LEFMIL T Narirutin 0,613

HliRZ+F Naringin -0.169  -0.348

¥ K2 Hesperidi 0.500 0414 -0.362

WP Hesperidin -+~ 0.546 0.867" -0.512 0.773"

S} Eriodictyol 0.147 0.681" -0.128 -0232 0.393

TR Didymin 0.424 0.239 -0218 0.850" 0.574 -0.260

Hl1 2 2% Naringenin 0.355 0.559 -0.307 0.155 0.406 0.122 -0.135

PPEEMTF Rhoifolin+ - 0.092 - 0.251 -0.149 0.435 0.109 -0.245 0321 -0.610

A% Diosmetin -~ - 0.258 0.121 0.504 -0.646" -0.218 0715  -0528  -0.260 -0.266

JIIMR 2 Nobiletin®+~— - 0322 - 0.054 -0783"  -0.783"  -0417 0.512 -0725" -0.119 -0323 0.848"
15 5% 2 Tangereti -0263  -0264 -0.163 -0.123 -0.153 -0.003 -0256 -0.443 0.593 0.109
WETH Gallicacid 0767 0.670™ -0.352 0.856" 0.805™ -0.049 0.733° 0471 0016  -0.554
SRR 0.609 0.669" -0.328 0.888" 0.861" -0.038 0.735" 0486 0.002  -0.505
Chlorogenic acid

WHERE Caffeic acid 0.491 0.888" -0.155 0.404 0.806™ 0.752" 0.337 0.139 0.026 0.334
B Ferulicacid  -0.128 - 0.150 0.158 0.247 0.079 0.075 0337 -0.846" 0.800”  0.199
KI5 Total phenols 0.631 0.934™ -0.253 0.609 0.918™ 0.575 0.505 0316 -0.015 0.065
ST 0.740° 0.854™ -0.413 0.706" 0.878™ 0.235 0.431 0.690°  -0115  -0355
Total flavonoid

DPPH 0.482 0.729™ -0.289 0.842" 0.932™ 0273 0.764"  0.163 0220  -0.189
FRAP 0673 0.909™ -0.292 0.708" 0.944™ 0.453 0.595 0.361 0 -0.081
ERTYE Bacteriostas 0430 0.878" -0.137 0.521 0.869" 0.650" 0.425 0211 0.012 0.241
Y15 N Wk mtrm OO g PPERRE U

o . Lo orogenic L Ferulic Total Total DPPH FRAP

Component Nobiletin ~ Tangeretin ~ Gallic acid acid Caffeic acid acid phenols  flavonoid

Ifi i % Tangereti 0.341

WETIR Gallicacid - 0.664"  -0.393

Edli -0.667 -0393 0.948"

Chlorogenic acid

MR Caffeic acid 0.053 -0.100 0.525 0.529

FBRRR Ferulicacid - 0.025 0.442 -0.102 -0.097 0294

M Total phenols ~ -0200 - 0.255 0.753" 0.757"  0951" 0.147

RSl o o . -

. -0465 -02361 0.903 0.887"  0.636 -0270 0823

Total flavonoid

DPPH -0467 -0214 0.792" 0.863"  0.795" 0311 0.897"  0.749"

FRAP -0333  -0307 0.841™ 0.845"  0.892™ 0.105 0988 0876 0.929™

JETPE Bacteriostas - 0.084 - 0215 0.589 0.661° 0963 0249 09617 0695 08847  0.926"

XTI, RIS R R B 22 By SR TP RGBS AR R, LR L Xt 2 W58

e BRI TC I SR o ARERES R EIRFEAE (2015) X L0 AN R RIS I P AL T
REERIEAR 3, ZMIWIRZ G TN H RS SR R, 1075 O LB 1 45 55 (R 7 v s
FERARXT D o RN, 2 Rk Ase SRR R — Y RIS 2 I R 5 e 22, A e i M IE) 22 By ) o 4
I3 AN[) SELAE [ — VS F) AR A — (Lopezetal., 2011). Bb4h, WAIIWISIE LAY 2 B
W) ST IS PR O AR W 2B RR )« BRI S A 55 DR A7 A — 38 AH R 1 Cf 25 FIAK =, 2000
MLt 4, 201100 T4E, WFFCEE ot R SE PTG R S 5 2 2R i s & g 2
XX FR (Zhang et al., 2014; Zhao et al., 2015). AW R, FEREF. EFMETE . B
e BB AR W TR SRIRIR . WG A SR A RIS A A (1 PR A P4 A R
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NEA—EMEHEEN . RN, ZMREYRAnGRmINERMN, SHFMET. ik ke s
. SRIRIR S WNHERR 2y ST IR 5 G M e i, HLAE A TRV A0 A 1R AR e 5 Bt
FALBE TR IG AR EEA 3, T E— IR S SR O A AL B AN RIS S A B A e P R
TAER

5 PHAFIFEE YN TR SRBE RIELBA 3 I JRU TR R 22 AR KB I — s AR E R, B
[FAFR B N B AE 22 5 B . EIRAE2E (2011) X hHAE B SR B A4 AN 8 % M AF 57 rh -t i 8¢
FIFAING o HeAh, AR P S B S 1 1 2 S IR SR AR AT A B (g 55, 2012),
BIAIFE 2 KA 6 G s (R BRI . R BE S il 98 o 75 A 0 S5 4 LA R E ok 3R
WDt P R 0 R B 75 B 5 LA A 22 AR AR S UV 2% R S8 4 ( Ashok-Kumar et al. ,
2011; Pathanetal., 2012). HPLC #aMA& I, Fr& RN Z82-Y) 5347 16 Fi, BRARECE . IR
Fe NG e 2 3 R iiat, Hodth 13 Fh 2 Wy 258 000t 1 55« SR  RJE #2228 Kty — @ idmail /e
S5 PP TSN B8 ) KNS 228 i S VI DG, W FE R 3 R R R e, AR
Iy ST S o i AN 2 R A R ER IR 7Rk 2 . SR CWRXT 3 FhEC i HI 3L
i ze, LRI SRR 5 R 2 MR TE U R A AR ARG . AR R A 2
YIUE A AN FE 2= G5, XA I O 5 5« S5 RIE I E AR A7 I e 7 5o S,
ZEERNBAT S BTRE R AT EN. SRIRIR . IR AT A R S A A M B v M DR e . 1% S
Tl 22 By S0 S AT AN [R5 SR E ) rh 38 B B S I 0 R A2 ) . TR ) . S ). 7%
WKEEI) . LR ORI, S5HARRIZEG P MEERIGUT 3, HIX AN
T B A6 AL B AN RIS AR S A e A A R 0 Hh 2 73 DATE 55

FrERENEAFEENZWMY, AR RIS 2 52K S & R A . S5
PR AIE AR OO F RS . ISR 280 KER ). SR IR CFaey, I
HHZERRN T BT BT . BT IR. SERIR. WINMERR Ay dg R S S B A A UL RS
AEZECIAEN: SEFHEEY RPUREE TR OO RS . IR EY) . SREEEE . Z8100K
WY SR OFAEIY), ZEFMR T B R SRR kg o L S E TR T
FH R I AT 1 A e SR B S R 45 40 0 1 — D I 1) B 280 1
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