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1 MHBEFE
1.1 e

VA B ¥ (Citrus sinensis L. Osbeck) | B B 245
(Citrus reticulata Blanco) Fl K # (Citrus reticulata
Blanco) ¥ B #1648 B & R B
1.2 BAHEMBERASE

oo U1 P R L (5 A R A 43 0 A 7 T T3¢0 B
O3 BRICR /N — B4 A, B 4% f5 7 — 80 “CRYAIK IR
TR A R R, FH N O SR ASUH AR R A LA
ORI B2 I B s e SR AN 42 BT AL AT
o B 10 sad sk L IRFE AR, B 2 A F
— 18 °Co B VR A7 S PR ZE A I T A4 T A o, B B 2R
IR A R Ah 2L
1.3 MEFE

M\ — 18 CURKAH B B AR AR SR Y, A0 R A o
2150 g, 700 6 A AT R VR AR B i R DT A LA
4 CUKHIRR L (25.0£0.5) CH MR . 23.5 “CiiiK
fiff Vs 50 “CoK A AR R L [ (25.0420.5) °C 100 W40
KHz | 7 A U 400 W ARG AR , A0 it v 0ol B 3K
B 4 CI AR5 B, 1 SRR IS ], B 52 000 7 39K
1.4 TiERKRENNE

B VRS |, i VR ATFR T B Omy ), R S5 DB AR
PRV R TR, SRS R BT B (my) o T I
i 25 55 M VR A B Y LU AR, A5 AR AR A R T R
RFB(Ry) R ITENA (D FoR

my g

RJL -

X 100% (1)

m,
1.5 RIEMEEERNE

W IR GB/T 8210—2011 (M 7 8 A6 36 )5 %6 )
Xt VC 58 RH 2, 6- ZGU5E I 2 1005 5 v E TR
SR FH R B 12500 5 5 30 SR T 3, 5- i H ok
i ek s ATV PE R M 2R FH B DL A0 o
1.6 BFEMNE

FH A 25 A0 5 SRR R R ) S B LT Ak a
BEAE 07, LIRSS RS2 BE L ZL 54 a,  BUHE(H b,
ot B R 22 AE R Tk il ()10 4
FES I E 9K

AE= [(L'—Lo) +(a"—a)) +(b"—0,)"  (2)
1.7 BEHNE

ZRESCHR (11 10 71, R FH BT RG ASO0F SR R 647

TPA M o Rk : P36R; I A5 T s ok 2 ) o
I35 MRS A < DU A 3 B2 2 2 mm /s, DU 2 B
1 mm/s, M5 38 8 4 mm/s, M 258 5 mm.
AR E S E 9K

1.8 BEEMEEMNE

SRS 3 g BT 6 mL 8006 HI I, 2=
60 ‘C/KIA T 60 min, B WA B0 ARIE TR
B, BV RORG ER T 10 mL A

o B 5 I E 2 B SRR [ 12 18 Folin-Ciocal-
teu bR AE , IF SEAT G S 0 7F 25 mL A5 R
9 mL KA1 mL B3R FVE WIS K 1 mL Y
Folin-Ciocalteu i3 it A Ho e, 5 4L 8 5 min, 30
A 2 mL #2070 BREREMIE W . 25 °C E 60 min Ji7
T 750 nm AL R Y S B L S5 2R DL 100 g B
TSR IR R R 7R ,mg/100 g.

1.9 MENFEERNE

1) 2,27 -BRA - (3- LKL -FRIFE M -6-fili 12 ) —
B £ (2, 27 -azino-bis (3-ethylbenzothiazoline-6-sul-
fonic acid) diammonium salt, ABTS) H 1 £ 45 & fig
JIRME . ZMICHR[13 89774 , 7 mmol /L ABTS
55 2.5 mmol/L I B RETIE A, iR FREALHE 16 h,
il & ABTS e 1 i BRI W o 43 B I6F JH 26 K 7 R
ABTS* e [l FE W, 76 734 nm kb 3K 45 (0.70£0.02)
(W% 6 B (B . #F 0.05 mL #F & % % A1 3.6 mL
ABTS "« [ i BV WOIR A 3HE, % T AL 30
min, i 4 I MR AT SR i 78 734 nm AR B9 1
HEE G R T g & Trolox B T & £ R,
mg/g.

2) 1, 1- K k-2- = Rg S8 R (1, 1-diphenyl-2-
picrylhydrazyl, DPPH) [ H 3£ 35 BRI I E . =
MESCIR (1418953 6 0.1 mL#£ 5 5 2.5 mL DPPH
WHWOR A IFAE =R T #6030 ming £ 517 nm
A0 B R S RO RE L il bR 2L A5 R DL g b
WA Trolox [l 8K 7R , mg/g.

3) kB F iR JR HE 1 (ferric ion reducing antioxi-
dant power, FRAP) il . 2 BESCHR 15109 5k,
¥4 0.05 mL FEFH AW S 4.0 mLFRAP VIR A, IF
TEZE T KW 10 mine #E 593 nm Ab i W S FE
{8, LA Trolox R FrifE dh , M7 A [ ¥ B2 Trolox X2k 25
TR S5 R AT g S & A Trolox i it 42
7N ,mg/g.

1.10 BFEMREITM
4 5 R g Ak B A SR PR AT 3R 0 HIUE R
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AR b 2 A 8 UK, 30 sk L 5 A BaUE ST i 4
s

10 4 2o 55 I A AL B3 M B 6 R | 5 b
XU 4 A 5 T 6 S [ it O ik I SR AT R
A -
1.11

1]

BURS W
| Microsoft Office Excel 2021 3444k BREE ,
K HH Origin 2023 #E &, IBM SPSS 4t 31 26.0 T 7
2545781, Duncan’s 2 8 8 H T 3908 22 5 10 b 2 1k
Vi

2 ZEREHH

2.1 ANEERTTEXHE R AR B B0 R
EESL A

H1e 1T, 3R AR it Aol SR PA) I 53 14 A 4R ) 1)
KRRy = TR it VR < 7P D gk R <K s ik R <<
TR AR R << A SRR R <UKAR i O, O LB VA BE A L
{5 RS RTRIE R 2R PA) 228 IR i VR 1) B ] e 2 o 1 At
T3 1 ) ik R B 1) (P<<0.05) o UK AR i VR R E 9 ik U
A 25 S D i R A T3 AR 2R PR i AT R A%
1B, 2R RN, P I R o WK AR R Ak R
A ) PH A S AR B R  K AR S i R A B A 7 R i A%
1B, A AR R A BAT 3 25 5 (P>>0.05) , H L
UK S TR ) SR AR ST o o T

R FEMRFRTET B RS R A B R E R R K &R

Table I Thawing time and drip loss of quick-frozen citrus pulp under different thawing methods

fhAl Variety it 77 Thawing method

A UREF ] /min Thawing time TR/ % Juice leakage rates

UKH f# R Refrigerator thawing
1 &% Natural thawing
TR WK MR Flowing water thawing

Zigui navel orange JKIG % Warm water thawing
AR P AR Ultrasonic thawing

T AR Microwave thawing

VKFIfRR Refrigerator thawing

H $Rf# 7R Natural thawing

A
Yichang mandarin

WK MR Flowing water thawing
JKIHER Warm water thawing
YL A# R Ultrasonic thawing
T M Microwave thawing
VKRR Refrigerator thawing

A $Rf#VR Natural thawing

AT WK f#VR Flowing water thawing
Ponkan tangerine TR TR Warm water thawing
P AR Ultrasonic thawing
Tk fi# Microwave thawing

492.33412.50a 0.8820.09¢
92.6711.68b 2.560.17a
38.674.04c 1.89£0.23b
28.00+3.61cd 1.710.23b
22.00+2.65d 0.72£0.10¢
0.82-£0.15¢ 0.25-£0.08d
437.33+14.47a 1.35-£0.36¢
59.3341.15b 3.84-0.30a
20.00+2.65¢ 1.67-£0.11be
15.001.00¢ 1.78£0.23b
11.67-1.04c 0.70=£0.12d
0.89-0.10d 0.16-£0.07¢
412.00415.87a 0.7540.09¢
56.3341.53b 2.160.23a
22.33+1.53¢ 1.06-£0.07b
17.33£1.53¢ 0.98-£0.16b
17.00£1.00¢ 0.422£0.06d
0.810.13d 0.150.03¢

1 ANFENG PR R R — S A N AS [ AR B ) 22 57 .35 (P<<0.05) . F[Al. Note: Different lowercase letters indicate significant differenc-

es between different treatments within the same variety (P<<0.05). The same as follows.

AN R VR T3 15 3 A AHEARG st ol ) 3 YR S R
WG 25 5 (P<<0.05) o BPIAGAE H B SRS FIRE T
IR DR R A it R T YA R R B A, 43 R 0.25 %4
0.16%.0.15% , 5 HAh it vk 1k 2 5 B % (P<
0.05) 5 H YRR 8 75 AR L 43 1R 0.72%6.0.70 %
0.42 %0 5 VKA RRAOR T -8 75 I A O L 43301k 0.88 %%
1.35% F10.75 %4 s T K ff- R K VS SR I T E RO R 2R,

BeA P22 5 (P>>0.05) 5 A AR R B TR 25 3%
Hef, R 2.56% .3.84% .2.16 % .
22 AEABEAEMNHBRAENRRIERD
=AU

F ¢ 2 TN, T i R vk X 2 A A AR SR TR 1Y
VC & it Bk, B B4 S R 2 i R i VC 3 it
e RN 10.16 6, RN B AR I i L 3R %
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H110.46 % HL B BEAREG 2 M0 P B AR UR IO B K AR AR
b 6.04%0 . Ml SR A 288 P Ik AN B0 R R 1 VC B
WIREES (P>0.05) , iR R 17.40% . K
it R 3 A MG S AR SR B VO R Rk . AN TH
i 5 A BT R AR R R TR 3 DR B i 2 T R
A, rP BRI R 7 U A R B U IR RURE A SR A
030 D W ek 3 v T AR R Ok T B A
TR UKFE HR P Ik 0 B0 I0 A R 10 30 D B o
o T R 7 1 (P<<0.05) o 8 75 I8 0 G800 it R

oo U J5% 5 A A 1) RT3 2 TR %+ de i , A 0.65 mg/ 100
mL, 525 & T AR R T 7k (P<<0.05) 5 88 75 % i
BB S AL R AT A R e, o 0.57 mg/ 100
mL s BTSRRI Z8 UK | P I R D A R 1Y) T
R & B, M 0.49 mg/100 mL, 5 HAB AR 2R I VA7
TE 10 35 22 5 (P<<0.05) o it 7K R K ¥ fife VR ok VA TS 4
SR AT R W R A5 1 SRR R B A
IR A SR PR %) T 5 12 61 0 40 ik B I, 3 1T R 55
T A TR R R v TR R A

R2 AEMBFFETEFHEZRAENREISIRHEL

Table 2 Changes of conventional quality indexes of quick-frozen citrus pulp under different thawing methods

) \ - , e AR TE
; . W ECHE/ (mg/  EEMESR/Y MR A Ul
r A 2 IR . o/ %
. . 100 g) Reducing sugar (mg/100 mL.)
Variety Thawing method S . . Total soluble
Vitamin C content content Titratable acid content .
solid content
LI Fresh control 49.23+1.74a 9.18+0.25a 0.54=+0.04c 10.53£0.10a
VKA Refrigerator thawing 41.2740.80b 8.6740.48a 0.590.02bc 9.9040.23bc
[ SR 7% Natural thawing 33.63-+0.99d 8.64+0.14a 0.590.01b 9.58+0.08d
I
. T’FBM& Wit Kf#AR Flowing water thawing 37.26+1.26¢ 7.71+£0.34b 0.58=£0.02bc 9.17-£0.08e
Zigui navel orange
JKIEf# 7R Warm water thawing 29.01+2.18e 7.68+0.33b 0.59+0.04bc 9.17+0.13e
B PR Ultrasonic thawing 44.084-1.94b 8.89+0.33a 0.65+0.02a 10.0740.20b
T R Microwave thawing 44.23+2.16b 8.94+0.33a 0.65+0.01a 9.73+0.13cd
eI Fresh control 15.07+0.47a 6.98+0.17a 0.43+0.01d 9.38+0.10a
UKFf# 7R Refrigerator thawing 13.56+£1.29a 5.45+0.26b 0.52£0.01b 9.08+0.08b
- F 88 A ¥ Natural thawing 8.330.57b 4.5240.19d 0.45+0.01d 7.98+0.08d
HeE RN
Yichang mandarin KR Flowing water thawing 8.03+0.57b 5.05+0.15¢ 0.49+0.01c 8.65+0.15¢
KRR Warm water thawing 7.04+1.42b 5.06=£0.14¢ 0.49-£0.02¢ 8.98+0.08b
B 75 Ak Ultrasonic thawing 14.16+1.37a 5.4540.17b 0.5740.01a 9.10£0.05b
T f#AR Microwave thawing 13.93+1.48a 5.24+0.19bc 0.53=0.02b 9.37+0.08a
HrEEXT IR Fresh control 16.96+0.35a 7.7910.43a 0.38+0.02¢ 9.20+0.05a
VKA Refrigerator thawing 12.50+0.68¢ 6.7140.35hc 0.49740.02a 9.152420.05ab
Kbt 8R4 Natural thawing 10.1540.95d 6.53+0.26¢ 0.4340.01b 8.524-0.08¢
Ponkan Alangerine WKf#TR Flowing water thawing 12.50+0.60c¢ 6.66+0.19bc 0.44=+0.01b 8.800.10d
JKIEfE Warm water thawing 10.0740.69d 6.9440.13bc 0.4640.01ab 9.0240.03¢
B I Ak Ultrasonic thawing 14.01+0.80b 7.56+0.23a 0.49+0.05a 9.10+0.05abc

T f#AR Microwave thawing

14.014+1.17b

7.2440.49ab 0.49£0.02a 9.07£0.03bc

2.3 AEMBEFENHERABFNZM

HH 2% 3 RIHT, SR A SR A R 5 i L Lo A
OB 5 3 A TR SE A AR R A (P<<0.05) , i T A A
SRR 5 B AT B RN (0 B A . S A R
TAH B 7K T A VRO U1 BT A B 5 A R A 2R A
ML a RO EFE M e K . AE (AR R A VR A A SR
PR A 1) (L PR AR 100, B0 A R DS A L B R
i FUREAH SR A B AE (B B /)N, 43 51 R 8.48 .7.52 Fil
4.7, R B B s B R o K IR R A S B
R FORE AL SR TR AE B B K, 43 90 oA 13.87.11.08
F19.23, Ui WILE i VRad B v SR N AR 2L 07 5, R 3

AR R B H . a3
PR SR PR ) G0 R T /D, O P R R, 7K
HEY RV PORURESNEAEE N
2.4 AERRFHTTEXHERAEER S0

H T 1 AT R0 fff R e A AR SR A L AU AL, R L
TR A o AN R R 5 3 Ak B R PR R R/ MR
URA « Wi VR = R o0k R = DR Jigk VR = TR /K fie
VR = 1SR U5 = K M O, JHG v TR o O 14 2R A
JE 0 2 v T A AR R 5 12 (P<20.05) , 1 I folc 0 ik
P[] S, Xk 290 M 45 A4 T DA/ D, A 5 i DR AT AR SR
PR B JEE o DRSS AR 7 90 A R A AR SR PA) 32 2 ]
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Table 3 Changes of the color of quick-frozen citrus pulp under different thawing methods

SEEME L

BhFh Variety it )75 Thawing method

The value of L

FARZSuNi-R (R

The value of a"

WO EE b
The value of

ME2EAE

Total color difference AE

Bt X} & Fresh control 57.35+1.56a 3.94+0.11a 26.08+1.64a -
VKA fi# % Refrigerator thawing 45.154+1.71c 2.96+0.41b 24.11+2.35abed 12.72+2.82a
H SR f# % Natural thawing 45.92+2.41c 2.3240.49¢ 23.7941.19bcd 11.97+2.25ab
I
- TEH:]H%% WK MR Flowing water thawing 45.7641.96¢ 3.2040.54b 24.80+1.75abe 11.834-2.83ab
Zigui navel orange
KRR Warm water thawing 44.3742.02¢ 1.9240.47d 22.3942.79d 13.87+3.04a
PR Ultrasonic thawing 48.58=1.06b 3.3540.37b 23.20+2.33cd 9.81+1.81be
WY Microwave thawing 49.1942.78b 3.2840.39b 25.854-1.59ab 8.484-2.95¢
Wit XT #8 Fresh control 50.30£1.91a 7.42+0.60a 33.80+1.30a -
VKA R4 Refrigerator thawing 46.87+1.41b 6.70+0.49hc 26.54-1.29bc 8.26+1.58b
ey 4 #& % Natural thawing 46.1741.58b 6.74+0.40bc 26.80-1.25bc 8.32+1.66b
E
Yichang mﬂnt;larin WK f#EZR Flowing water thawing 45.85+1.68b 6.50+0.35¢ 25.9841.48cd 9.16+1.95b
JKYBR Warm water thawing 44.2142.02¢ 6.3470.58¢ 24.92+1.12d 11.08+2.05a
M P Ultrasonic thawing 46.6541.70b 7.00=4-0.37ab 27.5140.95b 7.66-2.04b
WO Microwave thawing 47.294-1.30b 7.08£0.40ab 27.28+1.38bc 7.52+2.14b
et X} B8 Fresh control 48.37+2.71a 8.4240.72a 26.71+1.88a -
VKFf#R Refrigerator thawing 45.00+1.61bc 7.50+0.69b 22.3241.56b 6.57+1.86b
- H $Rf#%: Natural thawing 44.96+1.18bc 7.4540.64b 21.87+1.55b 6.67+2.22b
Ponkan tangerine WK A#ZR Flowing water thawing — 44.63+1.78bc 6.70+0.40c 22.554+1.33¢ 6.39+1.97b
TKIE# Y Warm water thawing 43.46+1.85¢ 6.84+0.87c 19.51+1.58b 9.23+2.60a
R P Ultrasonic thawing 45.68+1.76b 7.864-0.33ab 22.85+1.31b 5.79+1.84b
% % Microwave thawing 45.604-1.44b 8.16+0.52a 25.8441.37a 4.7141.96b
1000r CO VNS Zigui navel orange /Xﬁﬁ%‘ Iﬁ%#(f)>0 05) ﬁk%ﬁﬁ?‘ _'%.?j?ﬁ?‘ H_‘“Eﬂ
= T .5 - n
R Ko AL p TRV FE A , THROAL S 30 7 LT FE (AL
800k .
FEOMELr . AR KRR FUK I R e T
Z ANESARTR , 6 A oAk A G 20 B = A T AN T A
S 600k b
= T IMEH , e T 300 ARG
T —
5 ¢ 25 ARBEAENHBRAZHSENRENK
| EERIRM
=
b
» : th ] 2A T D I 8 S PO A
L . )
C PR ) S I % i JAT AU, G A VR P BT 5 e Y e
o : S AR o R U S SR R B B B i R B R A

NT FWT WWT uT MT
ﬂl&r(fﬁﬁﬂi Thawing methods
FC: #r & %) B8 Fresh control; RT : ¥K4f fi# I Refrigerator thawing;

NT: H %k f# % Natural thawing; FWT: Ji /K fi# % Flowing water
thawing; WWT : /K & fff % Warm water thawing; UT : 8 7 I fif R
Ultrasonic thawing; MT : i I f## Vk Microwave thawing. A4S [f]/NE 7
BRI 7] — ft F YA TR] A B ) 22 S W 2% (P<<0.05) R[],

ent lowercase letters indicate significant differences between different

Differ-

treatments within the same variety (P<Z0.05). The same as follows.
Bl AEFFEHETEEEERAEEHNEZL
Fig. 1 Changes of the hardness of quick-frozen citrus

pulp under different thawing methods

%Eaﬁ#(zﬂm 05) ; PKAH A1 A SR VR B B S A R
PR ) My 5 i 5 0 f R PR g W 35 2% S (P=>0.05) 5 K
iR R SR PR A T kIR T i (P<<
0.05). HE 2B.C.D RIAL, AN 7 sk i e s SR A
PR AT PRI b i, H o8 R I R VA AR
BLE B RG FIRE A 09 ABTS "o [ 1l 5535 I8 )
K, o500 48.72.49.08 . 28.04 mg/ g s I it A BB I I
B CELE S FREAT SR A ) DPPHe H 55 BRAE 11 B
K, 43R 120.20,113.08 F141.45 mg/ g ; S fiff vk
P FRAP kB ik I 7 5 K, 43 90l ok 52.83.49.67 .
26.87 mg/g. LA WF5T 25 B 150 W 008 RN 7 I A Uk
STy AT OREN i 1 = W AR R i
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=
3 Bl e 5
= 120 C OB Zigui navel orange 60r = Té'}jﬂ}?ﬂz Z{gul nayel orange
o O WU 7 [ 'H & %4 Yichang mandarin
S [ B B &+ Yichang mandarin © B WA Ponkan t X
= I H #Hf Ponkan tangerine = A onkan tangerine 22 a
S 100 a a aa s 5S0p be abb abab
2 b ab - aab & ES amab [/ |2 2 S 4 cq fbe b:%
= gol b ab [ ab B 40F ¢ i
= b | |]ab <
o P
A 2 oo B2 g0l 5 a
g) E b bc bc e
& — i
= 40 g 20 ||
=
=
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Effects of thawing methods on quality characteristics of
three quick-frozen citrus pulp

WANG Liuyan', REN Jingnan', QIN Yuqing', FAN Gang', PAN Siyi',
LI Zhenglun®,HU Zhaoxing”, HE Xiang”

1.College of Food Science and Technology/Ministry of Education Key Laboratory of Environment
Correlative Dietology/Hubei Province Key Laboratory of Fruit & Vegetable Processing &
Quality Control, Huazhong Agricultural University, Wuhan 430070, China;
2.Qugu Food Co., Ltd. in Zigui County, Zigui 443600, China

Abstract The three citrus pulp from Zigui navel orange, Yichang mandarin, and Ponkan tangerine
was treated with six methods including refrigerator thawing , natural thawing, flowing water thawing , warm
water thawing, ultrasonic thawing, and microwave thawing to study the effects of thawing methods on the
quality characteristicsof the quick-frozen citrus pulp.The thawing time, loss rate of juice , conventional quali-
ty indexes, color, hardness, total phenolic content, antioxidant activity, and changes in sensory of quick-fro-
zen citrus pulp were measured. The results showed that the effects of different thawing treatments on the
quality of citrus pulp from Zigui navel orange, Yichang mandarin, and Ponkan tangerine were significantly
different (P<C0.05).The time of microwave thawing for Zigui navel orange , Yichang mandarin , and Ponkan
tangerine was the shortest, being 0.82 min, 0.89 min, and 0.81 min, respectively. The loss rate of juice in
microwave thawing for Zigui navel orange, Yichang mandarin, and Ponkan tangerine was the lowest, being
0.25%, 0.16%, and 0.15%, respectively. The conventional quality indexes of microwave and ultrasonic
thawing were well preserved. The microwave thawing had the least effect on color with AE of 8.48,7.52,
and 4.71, and the least loss of hardness with reductions of 36.1% ,52.03% , and 36.48% , respectively. The
content of total phenol and antioxidant activity in microwave thawing were relatively high, and the sensory
profile was closest to that of fresh flesh samples.Compared to the other five thawing methods , microwave
thawing can thaw the flesh within 1 minute, and effectively slow down the changes in color and the hard-
ness loss of pulp, and better preserve the edible and nutritional qualities of the quick-frozen citrus pulp.

Keywords Citrus; thawing methods ; quick-frozen; quality ; flavor
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