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Abstract: The effects of ozone treatment at different concentrations on the nutritional quality and antioxidant capability of preserved
orange peel were examined. After 15 minutes of the treatment with ozone at three low, medium and high concentrations, the fresh orange peels
were processed into preserved orange peels. Comparison was made between the untreated group and the ozone treated group on the Ve content,
flavonoids content, total color difference and antioxidant activity. The results showed the decreasing order for the Ve content, flavonoids content,
total color difference as well as the reducing power, DPPH- scavenging rate, -OH scavenging rate, O, - scavenging rate, and ABTS"- scavenging
rate of preserved orange peel as: ozone treatment at the medium concentration (9.10 mg/L)> ozone at the low concentration (13.78 mg/L)>
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ozone at the high concentration (22.23 mg/L)> the untreated samples. Compared with the untreated samples, the Vc content increased from 1.25
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mg/g to1.40 mg/g, the flavonoid content increased from 0.57 mg RE/g to 0.68 mg RE/g, and the total color difference value decreased from
34.88 to 28.80. Ozone water treatment had significant effects on the nutritional value and color of preserved orange peels (p<0.05), and the
product antioxidant activity was also significantly improved (p<0.05). Among them, there is a significant positive correlation between the
antioxidant capability and the contents of Vc and flavonoids of preserved orange peel. Accordingly, a short-term treatment with ozone benefits
the quality and antioxidant activity of preserved orange peel.

Key words: ozone; orange peel; preserved fruit; quality; antioxidant

F& (Citrus sinensis L.), =& RHAE IR YR
S, EPE XA ERBETLA., )RR .
PSS S IR Ve R ThRe sy, B —x
TR TEYE AR NGB RE ), #0295
WIIMHG S 250 H %, PR R AR o fd FE i s b
FER % A R 2 o F AR S TR I SR I 7T
KEEPEMCHE T2 b, 8 T2 BE 77
By BBt ATE PE R R AU D

S SRR SO RT D BBV T 1 2 B 2R A
T SRR T, ATACHER RSV RS 5 S UK R
B FRFITRE TS, (HAT DL EBR Rl — 0 ik
AP A SE KK SRR, 2 SR T s T 11 T
SRR T AR E TR S, CRA SRR R S IR
[HIESEESZNIE % Gl E A0 S NDAL P A i
K, SEEBAME N TR RBEBE, AN
AR T HUBEAZIAR, 11 H A0 B 40
BRI, g B A RAEUKIEDL G, (R 3)
RIFRIEE KD, BB R, B K% L
AR T ELZ . T /KBS &R A RA R
BHE R, T2ME24. P ki, Hae
TOAGRI . B4 AT HBTE RN, N VSRR TRRR
BB A E R e S T T L E I 1) G ER R 7S I S W 1)
HIOHR B IR A S D Re TS MR RS PRI TR ILARIE
BT 8 IR RO RIS T oy IR B B VPR T — AR g
RS R AR, KR E IR 5 ThEEY)
JRAS R SR RN T T2 1 e R A AR SR e £ i ) L
RIETT e ARSCEAREF R /K i 2 AR S B N T
W R SR I0 IR AT AR VeI R, AT S AR R R
RIS TR APUA TG TR, RS R R
FHBEAA T AR A R AR 06 B St o

1 MRERE

L1 AR5 A

TR R T
2,2’-diphenyl-1-picrylhydrazyl (DPPH). 2,2’-Azin
-bis-(3-ethylbenzothizoline)-6-sulfonicacid (ABTS). #f

110

PRy i), P90 Hrat, SEIE Sigma AF]; FRHIFLLT
ERPN. KW, T IEAHIREN. =R AL
A KBIR. ABE=W . WSRIRISE, BN iral,
EIRRH YRR IR A s HUAMERAN 2,6-— 505
BEMYAE, Yo ral, B MR IR AR
THERER . BREALET. =&ULER. BRIRE 8. BHR —
AN, BRI prat, REAR R
il

1.2 (& 5%

HASTOREANL: HPSI-25, RIREHF R
HIRAT BEEZE: CR-400, fJEBEERE (F
B HERARAF.

1.3 ik

1.3.1 RAa#fEidA

(1) LEwE

ARSI (L AMIE) SE A, £aEfr—
e

(2) FfEE N

SRRk R R EECE R, RS
S BEA]. SRR TG RS .

RTALER (BLARTE DAL TR : SRAIE VAN F IR S
I} 1) 2 A7 B WA Tiwari 25197571, St RELH B K
X HEME IR 15 min Ji5, IS K LR T IS
Y. REUCHEASHIFR. Ty EERRE R EUK
XPHEAFE TR 15 min, 235 S Kok L HERTHI S
.

Hrr, HPSJ-25 SAESMBIREA USRS R
B R AR LR, RANBAUKE B4,
FUR AR 2 7B [ 52 4 9.10+ 13.78 T 22.23
mg/L.

BRI AR o KE B RIS R AL,
TR R PR A, B R UTRR 2 emx2 em K/
WIEATE. [F—Rrbs iy N i, IRE S
— il % .

s AT RS BT 4% (mim) ] NaCl



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.9

T 15 min KRE B2 BUH, BN ZKHIRIE 1 h,
TR B BRI T, IREFEHIE 60 CAEA, Bk
HEAT 2 RN, SRR 7 & s P2 20% LA NI EPEH,
THRISFEL) 4 he

B SRS AR . B 50% (mm) 1R
A WETR CRERE R 2P TR LE A 3:2).0.2%FF 5 1R . 0.4%
TR YE NS TE T, TN, 40%
(K 2355 (320 W) &4 50 min, PR ERE
40 min, BUHFER, ESEERR A HORERR, S
FHUEARI T3 1 2 R .

T KRS RS ROREFER |, BT ERT
FEFE 60 C T4 1.5 ho
132 BFemaeyne

RA AR T 2% 5, YRR 38 SHTHIN
B IR IE, T

(1) BFEIE

SO %R [ bR ME GB/T 15672-2009 A AtsE
(I Iy R BRI A T I 5

(2) Ko ERE

K Em I e R R EE, S (GB 5009.3
2016 B b LA FARED o

(3) EJER Ve FEE

WEA Ve EEEBEZRE GB 5009.86-2016
ORI PR S SE i 2 VR T . RO N
FAEa T Ve bRERER S8 (mg/g R THD.

(4) IR =2 E

S AR B PR UE NY/T 2010-2011 HFEE <>
HICFETHE AT E . FoR AR TR A T &
(mg/g FEfTHED,

_ CxVxN
M xI0°

KRt X A%E45, mg RE/g; C Aefh &t EiEn
HoutiRE, gml; M AFMEEHSRE, g V AMER
AR, mL; N AREHEIE,

(5) RN E

R I E SR 22 00K, 2 AR AR RS
1P L, a il b FEbRitE, F 2RSS L
(FEFE), a (L8R M b GEEZER, F—
PR IR 3 b S B, A A
AE=AL2+Aa2+Ab2 5, AL=L FEfh-L FrifE, Aa=a
FEfh-a brdE, Ab=b FESL-b FrdE. (/NI
Lt SR () B e s
1.3.3 AL E MM

R T 2M %5, SRR T AN P AL
TEPERIE, JRERTR

x100

R e, AR KA
1:15 (m/\V) HIRIRLEL, F 80% ZREHREL 2 h, 192k
PO TGS I E .

(1) BJFE S E

22 TALE 7, FERITEIE S B 1 mL £330
W5 2.5 mL SRR 28R (0.2 mol/L, pH 6.6) T 10
mL B OE T, M 2.5 mL 1%L, BAIEE
T 50 CHER/KBE BN 20 min, B, A 2.5 mL
=R LIE 0%, M), FESITE 3500 r/min B0 10 min.
WL 2.5 mL EIEW, O 2.5 mL Z&1/KAT 0.5
mL =& AERER (0.1%, m/V), T 700 nm K ALE:
B 10 min WEWOCLEE, SFE A AL,

(2) DPPH-{&R&EZ 1M 5E

22 LUO %Pk, FHRfEES. B2 mL #F
T 10 mL 3, I 2 mL (1) DPPH-JE/K £,
W (0.2 mmol/L), JBA]JEEE'EX M 30 min, fE 517
nm AW E A SRS . DPPH-E R 4% R i A it
H.

DPPH@%IS’%%/%—[Fﬁ

]xlOO%

KA Ag ARKCERBH LB R, A AF IR

BAAE; A, A Tk TEEAR#: DPPH- ¢ R AR,
(3) -OH iR E

SHERE 7%, FHREES. B 1 mL A5
W 1 mLiREH, RO 1 mL BSERIERER (9
mmol/L) F1 1 mL /KII&-LBEEWH (9 mmol/L), &
SIEMMA 1 mL i EEER (8.8 mmol/L), FHEE]
JEE T 37 CoKEEAT SN 30 min, £ 510 nm AbIIE
FHRIRO A

-OH%@%@/%:[L@

jxlOO%

0

Ko Ag A HMGAREHER B, A, HHRRAR
KA, Ay BB B SRR AR

(4) Oy - TBRRZMM

I RAR R =1y A B 10 mL R,
BEA 3 mL Tris-HC1 Z2 P& H (50 mmol/L, pH 8.2),
TN 25 CKIEH T 20 min, 30BN 1 mL £R%
A10.6 mL BB =y (30 mmol/L), YA JG7E 25 C
FRFE 5 min, AN 0.5 mL HCL A (1 mol/L), T
420 nm AW EAHRIFIBOAE . O, 1B RRZF TR A
I

o, ~i%5/’%$/%—[1ﬁ

]xlOO%

0
Kb A hEMBARABAE ST A, AAERRAR
KA, Ay A A AR ARAR R Z B A B KA,

111



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.9

(5) ABTS'-ilBRZ MM 52

22 RE ST, FERE IS - L] ABTS - fi%
% 2.45 mmol/L I HRERE A ABTS, B
i 7 mmol/L ABTSE A&, LM NHE 16
ho BCH ABTS-MER: H 10 mmol/L BEMRERGZ MK
(pH 7.4) %kt ABTS-iti#& i, (FIHINIEETE 734 nm
W ARIE ] 0.700£0.020, WI%E: HL 4 mL ABTS-ll5E
WA 40 uL R, 359 30 s JE it EL 15 min, T 734
nm FKALM AR OEE . ABTS ERRFRITEA
E v/

ABTS' -i—%ﬁ%%/%(l _AZA

)XIOO%

Kb: Ag HAIBARAEES BN, A HHESR IR
FAt; Ay A AR ABTS- 49R AAE.
1.3.4 HIBEAE LG54

A R EE =R, S RER AT
iZe. SiH] SPSS 3 B Hds st AT 5 250 b, B
H Pearson correlation test T2 & [A] IAH I 4
Mro p<0.05 Frriz, p<0.01 R

2 RGO

2.1 [l AL 2 R AR B i o R B R v

2.1.1 BERMEELSE
55:/0 r o 5

50% I ok B S kb B

45% - a IR EE R AL B
40% |- ORI E R AL
35%
30% |
25%
20%

JSWE# & Total Sugar Content

5% a abbab

5% S
aaa a

10% - - 2 bc cab B

5% 1 e I “f%—l 1 - S b :
GIpGEE] Jhis B T4

B 1 FRIREIEXE R RS ME S BRI
Fig.1 Changes of total sugar content in orange peel treated by
different concentration of ozone

E GRAFHEATERE (n=3); Bl—LZHMELER
FlFEkT£/42%F (p<0.05), TH.

P T T, YR A3 R B R AE I i
SRR S KBUH . TR T Z R A
Xl it B BRI AN 2 (p<0.05), WRERALFRI
(I (15 min)o By T2 SLUARIY 13 51 ke vt s
BEERTHE (p<0.05), K. ik SLAAALBR AR il i e
WS EERIRLE (p<0.05), Mk LA T
i HIRBEALEE; SAEWREKSE GKRE>22.23 mg/L)

112

W51 R — A, SRS AR,
BRET S RE GRE 9.10~13.78 mg/L) i piks
B LA MO RE AL A i, VB 5 TS B R R R
i (p<0.05); SLEUREEAR®S (KEE>22.23 mg/L) 5l
FECRS K 20 2 R o SE AT bl o I, B AL
JE il S B TR SR EE AL BRI e 48
TAE R S B Eg>, AT T R )
K EHEE R (p<0.01), B SR HGAE K i pE
BT TR E o DR AR 48 7 B T4 S e td)
T 50%, J&TmERm.
212 HEREEIESE

301 afEip
e oGk ST
a 23 a R B LA Ab B
L0 o B R AL B
220
o0
£
15
Igsﬂ
& 10
E
® 0.5
0.0

7S BT T
&2 FRIRSLETEE RENRIFE ST
Fig.2 Changes of flavonoids content in orange peels treated by
different concentration of ozone

P 2 AN, DU Ak 2R A B R AE D L A
TR & S AR FRBUHIR], DU AL 2R ) ) it 1 3
il & A 25 B (p<0.01); AT ACEE P SLA AL A FE
Bz R B & i R TR (p<0.05), BB SRS
B SR S R, AP B TR A AL
R S R TERESBEE T S M, PR
)R B R A TR £ B R 3 BT (p<0.01)

FEF—A TP AR E R 9.10~13.78
mg/L Z[F)) ks, )l S e, (SRR
o m GRE>2223 mg/L), HE&ENEE TR
(p<0.01). ZERTALER. Biwr. BHEMTEALIE, &
LRI I BT 2 S R AL 0.57 mg RE/g #2713
R B RLARAR Y 0.68 mg RE/g. M RE R AR AL H {2 f3
MMM AL SR Z YIRS, &R T
PSR & R T, Bortolin At i 5L AL HE 1B
MU R P o i 2 TR AN, (R A R
AT VA PR R S, DRI T oA PR SR S A B P SR 5
A& BB TR (p<0.05).
2.13 BHERMLRA Ve oF

EJRR Ve i SR A T DIh A E 2, R
SR, EEA Ve BHEIN TRy m sk
FRIEREAU . B 3 AT, DA AR (R e R



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.9

SEIN T FE IR R A Ve SRRk SRS
). SLAEACEREE AKIE G, B g ] R B R R Ve
R RIARIIEE K (p<0.01), BFEKZ (p<0.01).
BUTERG B2 RN Trp, Bt A2 mhie i A Ve
FasE LB, GRTALTE, BT BRI RA T
J5 s AR Ve & MR FAER 1.25 mg/g 727+
B B SR FE 1.40 mg/g.

R

ORI B LA AL P
a iR B R A AL T
ORI R AL T

Ve / (mg/g DW)

TS BT B
& 3 FRIRFIE IR RFEFRR Ve 2 2RI520
Fig.3 Changes of V¢ content in orange peel treated by different
concentration of ozone

FAIE T2, VR R IS 5 Ve & &
S E ARAR L, B 2. 1SR SR
S SR AL B fE A # P Ve SRt s, LA
FAEN SR AR 5 R L-BuI R AR A 1A 9T
PAAe ANA S50 R AR 5AE Ve & B ARG IR FE4s
WAL sk, BT Ve RIEEG, REREAEL
A, FERTALEIE]), Tt RAEKEZZ /D, 15 min 4k
HIXFIEJEAYA) Ve ki, i FERE L300, E)
A EZER. HIME, HdTZEEN Ve R
FRREMEREE KR,

2.14 BERMEEZE

EH P 4 T, YR AR R B SR et 2E D ok
FEF B EZIENIS R (p<0.05), B H K
FOHIA, I L 200 SR CLBEo AR R . AN A
JE BLARA PR AR Bt I R AR T X R (p<0.05),
BRI B B2 KA IR AL PR<{RIR AL
<R FEANIR<JF L. B (RN U st 5 3 B SR
PG, TR, B, SRR,
IR Bt 22 W FUR AR R 34.88 TRk
RAALH K 28.80, RAAXS 8 KR A 5 A

(p<0.05). GHANEM Z5Xf #A X152 46 12 1) o A
IR FEAE R, DASCOR EZ 550 R SE In 4 A i (1) 7%
P, B LR R A R AR (R RIT 5T 45 SR 40 5 AT 7T 45 SR A
FEROA AT R, s BRI TR T 2 R

s, ATRELRAAS M I (R A0 Gl <, n
AR iR INES R AR (3 Pl e T 2

Eﬁ%m]o
Or apip @ fR S A B
35| OfGREESAULE oA a b
30t - 2y, 4 |
25t Bz
/ Tl
& 20 H
st % i
B
tor ab
|
st FI% d 55
0 MmN b %A b A
ipcs Ji B T

B 4 NEREAIEXIE RS BERZN
Fig.4 Effect of different ozone treatments on total color
difference of orange peel

22 T RSB B B BURGLA G E

Hy % o]
221 FEERIARIGREEKE TER )
09 [ Y
08F aaaa IR B B4 A 3
07k = e R
' — B sk g R A b
R 06} = abcth
IR —
M 05F =
b 04 =  be, akib
® o3t =
02} _
0.1 —
00 . — 1 —L 1 — 1 -
A Ab FE Jit B Tl

B 5 NEREAIEXE R RIEREURAVEAE TITRE S15200
Fig.5 Changes in reducing power of different fruit treatments
on orange peel

BB F IR IR 77 A2 R (LA B Fe¥ iR R
J% Fe™ B I S i, DUAR AR (R 1 SR
FEIN T A ARG Rk B 138 R AR A s
KEUHIE, DYBREE S IE R I ERAE 0.75 fitq . RIHTAL
-t v - L 205 R A — ] A R I SR )
B (p<0.05), 43 iE R B 18 SR A R T
FREEPERE IR T F E S BK S RBIEK, F
B BT SR b S S B A 0% . ASOHETAL
LB SRR R e K o S R AT T
W5E, AR, BEPRIKD EEDNLIN 70%-.
75%- 65%H1 20%.

TR B0 ST T2 AN R S A b )
18 e SRR B I8 )5 ) B35 5 T i (p<0.05), {HR
FURFER T GREE>22.23 mg/L), BB TR /1 &
F T (p<0.01). PURMEEMHIIEIEJI#RAE 0.4 24,

113



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.9

T BRI IR P ) SR A R T DU R R T
PRI B 738 SR T . s RS 50l e & & Ve
LSR8 SATEIGERS AR, BRE
R B TIE I TRFEM T RE S 3R Ve & EAR.
SUERCER, T ACHIS TR i R TR BT
222 FEERMGRIGRE DPPH 7 £42-OH
P 6a Btz , DU A7 AR RER 2 SR it A o Tk
e b ARG DPPH -5 BR AR S KA F
5 SRS B RE B R IO AR S I SR R 4
KRBl BIHEER S 5 DPPH-HERF R R
SABEFEGE AR, YR IE, n LA EEE ]
SR il b B DPPH- 37 R 56 s 5L 40016 Bz SR ol it
DPPH {5 R [A 520 A] fig 5 5

90 i

[

a a a i EHIL
i = ,bb DV
°\° 70 - é a 1a]
Q 60 E
& sof =
H =
= 40F =
=¥ —
= ol IS
20} =
10 + E
0 -_— — UL - L = J
A b2 JiliA B Tl
b 301 iR
a abab p OIS AE Ak 3
i = b B R4 b 3
Q =  bSy IR B S b
5 = = brfd
4 — b C a
| E | d [
| g ﬂﬂé
e -
g GEsH i BhE T
& 6 TRIREIEXHE R RIETZEN% DPPH - JEFRZEEAD - OHJF
FREFRAS2N

Fig.6 Changes of DPPH-and -OH clearing rate of orange peel
in different ozone treatments
W1 6b Frzr , DU A 30 e Bz SR i it £ Lo

Frbr, B B ARIBURIT-OH W& BRFR A1k S F R EUH
Al I H-5 RAAAEHN 8 B R SR IBOR K 2k B T IE R
71+ DPPH-IHFRAFFMILE R —F. 04 Rt R
ALFR L INCALFRSS AT oA ) G - OH W& kR 1 HL,
SLEEON RS B SR ) - OHL 7 B 2 (1 S M v g 55 HL 3
Wil Ve &K,
223 HEHERMBRBRAN O R FEH
ABTS" %

114

WPl Ta Frzs, YA A0 PR AR B SR A2 i o
RE, BERARIUBIN O, iR A S 5 K EUH
[Flo I HA5 R AE B B RIS BCRU2k 2 7e Ji
7). DPPH-EFRZE. -OH JBRRFMMSER 3. 29F
S M A AT P I 72 5 A 70 45 A R0,
UG 2 SR U W] LS AL B L o T AR EE K AT S M A £
Oy - kRAS; T H., SRS BRI Oy -1 BRA M
ST RE S HIEHH . Ve SRR,

a 30r

a a a a
25 ¢ b _2__2_
o b _C_ —
X = —
< 20t a d c —
M a b b =
& =
= 15t =
10 + E
d =
[ipss i B T

b CT
MR J3 S Ab 2E
[T vk Jig S A A B
B ik i AL HE
= ab €ap abeh
i =
& —
il —
in —
= —
m —
< =

W BE  Bm o Th
E 7 FRIREAIEXHE L RAFREUERY O, - 7ERREEF
ABTS" JEFRERIF
Fig.7 Changes of O, -and ABTS"-Clearing Rate of Orange Peel
in Different Ozone Treatments

ABTS 7ESE AL A HI1E T & S AL B
ABTS", UHEAMMITAFER, BTk H
ABTS™ FAEfK ABTS™, MMk ABTS™-P. 4l
7o FI, DURRAL PR FRIRE e SR ) AE I o R, 3
TREGRIY ABTS - JERRFEM AN RBUAF,
AHAE T3% A I H S RS TS B R B
¥k B FiL)5 7). DPPH- SRR -OH {EFR%. 0, 1F
PREcssmm 2 R —5, e R S Ae ., N TAb
HI ARSI ABTS - JERRR SLAXTE R R
il ABTS TR Z A 7] A8 5 H TGN Ve & 5AH
Ko
224 FEERMEFIANR Ve 5 HERBF

SRR Ve Pt a g AR G LR 1.
ANTE) RAE AL BB B SRk 25 138 SR 7). DPPH- I FR
. -OH JHBR% & ABTS - iE BRI MFMIE H —5K



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.9

MEsR, HEHMEM. Ve S8R 2. HlfEHE
Wi\ Ve S & 5 HPURMRE 1 2 2R RIS
P (p<0.01); TP RIIEIRA Ve S RMRRER
TR, R Ve ERNE T5E R B HRAE Y TR,
IR Ve SRR NS R, 48RRI

M & 5 PR A B BR R, 1 H LA
MR T R R S R AR, NI S T A TS
. Ve 5 O iERFENERARE (p>0.05), H5H
ATV E FE bR S 02 IEARSE (p<0.01); 1]
Ve FILE TR R SR T s S 1A AR

*1 DA Ve SENEMEZEREXES T

Table 1 Correlation coefficients of total flavonoid or vitamin C and antioxidant activity respectively
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L S 0.915%* 0.912%* 0.961%* 0.899%* 0.908**

22.23 mg/L £ £AIK
Ve 0.971%* 0.992%* 0.961%* 0.588* 0.993%*

7E: *: p<0.05; **: p<0.01.
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