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Effect of different thawing methods on the quality of quick—freezing
Satsuma mandarin(Citrus unshiu) segment
HU Zhong-hai'?,SUN Qian'? MA Ya—qin',ZHU Pan—pan', HAN Zhi', WU Hou-jiu'"

(1.Citrus Research Institute, Chinese Academy of Agricultural Sciences, Chongqing 400712, China;
2.College of Food Science, Southwest University, Chongqing 400715, China)

Abstract: Quick —freezing was an excellent preservation method for fruits,and different thawing methods have
notable effect on their quality. The effect of thawing methods using refrigerator,room temperature air,flowing
water under room temperature,,warm water,and microwave oven respectively on quality of quick —freezing
Satsuma mandarin segments were compared in this study. The results indicated that microwave oven thawed
the segments quickly,loss ratio of juice,V; were 3.89% ,12.39% ,respectively,increase ratio of titratable acid
was 9.52% ,and got reducing sugar,soluble solids,aroma,resilience well maintained,while the negative effect
on color,hardness, cohesion,gumminess,and chewiness were slighter(p<0.05) than other methods except on
a* value. It was concluded that the thawing method using microwave oven was a suitable one for quick—freezing
Satsuma mandarin segments.
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Table 1  The time of each thawing method
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Fig.2 V¢ content after each thawing method
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Fig.3 Titratable acid content after each thawing method

Vol.36,No. 14,2015

VR R BT 51 1, AR U AT DDk 1 e I 5 B 22
SEIE B KT (0<0.05) , & BN T 9.52% , Hi 4
FRMR TR M R E R E R XA RS XK
JRESEIRATE 5T 5 S AH — 350, AH G TPk i R g v mf
T R TR WL AT f5 8E— 2R 9T
2.5 NEEERFEXTIEETER M

P B 4T 50, BT R AR 1038 JURE 15 45 Bk it 14 7 v
P03 SR 2 R G S 25 Pk 22 0, TR R S L BRI R
TR AR~ W K AR 22 TR WA 8 25 22 031 (p<0.05) » K
R AR RN A 1R £ 1 DO A VA 3 Dbl 5 1, 199 o
53 2H1.46%3.65%: T H SRAR IR Ui 7K AR R FIR 7K AR
TR W) 5 A3 J O 2 B2 BARAIG, FR 2R 38 0 1.46 % 1.82%
1.82% o X V1] B 2 BBl kg UK A At 140 FHBOHE AR 090
FeAEL e, T BOE WA SE R, T, KRR
T KRR LR i, IR T TRIB N 23 BRAIIE J5URE 25 5o

2.90
2.85 3
2.80 ab

2751 2

2.70
2.65
2.60

B JEUE 5 & (¢/100mL)

Wil DHIRRR 1 IRARR SRR AR R LKA PR
R Jrid
K4 AR R T VR AR R i PRI U 35

Fig.4 Reducing sugar content after each thawing method
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Table 2  Effect of different thawing methods on the color of citrus

At 7k L* a* b* c*

W 46.07£0.10° 1.99+£0.04" 25.8420.30° 25.92+0.30"
VKARfARVER 43.23£0.38° 0.7720.57" 21.37+1.55¢ 21.39+1.57¢
FRARTER 43.62+0.15" 0.80+0.34" 24.50+0.75" 24.51+0.76"
FUKME 42.78+0.50° 0.11£0.33° 22.81+0.33° 22.81x0.33¢
WK ARR 44.3240.16" 0.59£0.03" 25.09+0.26" 25.09+0.26"
R 43.97+0.35" —0.5620.15¢ 23.550.50™ 23.56+0.49"
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Table 3 Effect of different thawing methods on the texture of citrus

FRAR T3 T )% (@ P ERPE (m)) FPE (mm) JRE A (@) NI (m)D

Wi 576.25+11.03 0.70+0.07" 3.970.11° 380.00+10.23" 15.45+3.59"
UKFE IR 206.50+9.26 0.78+0.01° 4.09+0.08" 160.509.68" 6.430.50
H SR 75 144.50+12.37" 0.79+0.05* 3.79+0.32 114.00+4.55° 4.25+0.42
KRR 170.50+12.37¢ 0.76+0.05* 3.92+0.32° 128.75+4.55¢ 4.95+0.42'
i 7K AR 117.25+7.37¢ 0.76+0.08" 3.8020.21° 89.00+11.05¢ 3.35+0.58¢
TR 196.00+10.42" 0.81+0.04° 4.13+0.28° 159.50+5.80" 6.48+0.48"

126 o155 %14

(T4 %130m)



J@étﬂ@l’&

MRS Wit

Scence and Technology of Food Industry

&% 0k

[1] Wu J H, Cahill L E, Mozaffarian D. Effect of fish oil on
circulating adiponectin: A systematic review and meta —analysis
of randomized controlled trials|J]. Journal of Clinical Endocrinology
& Metabolism,2013,98(6):2451-2459.

[2] Dyerberg J,Bang H O, Stoffersen E,et al. Eicosapentaenoic
acid and prevention of thrombosis and atherosclerosis[J]. The
Lancet, 1978,312(8081):117-119.

[3] Tk #dk. RifF &b Bh B EIT I R BERD]. RiE: R
FEAXF,2011.

[4] x4 K., DR, 28 . & A SN FAEPAFDHA S
#UR()] A A ,2002,23(10):125-127.

[5] #f £ 57, 2 B L. 85 RCO,E R &b 7 EPA, DHA W AF %
HE[)] T AR FFAR: B AHFR8,2002,23(3):37-40.

[6] %8 %, 6 %, X F, 5. AoAe et o 8 69 SRR L IS AR
R BACF )] RSP B AAF R ,2012,33(1):
61-65.

[7] Z3k. B R & ik e BF R R[] b 2h 4% ,2010,
42(5):F0002-F0004.

[8] Al weik, E40 2, &%, 5. MR A B & H AR AF TR
[J]. PEZH % E,2011,46(14):1084-1088.

[9] &R W, 5K, 45, 5. &2 K5 R AR 69 %) & 2 LR
MZ[]]. Bl £ B Tk ,2013,39(2):50-55.

[10] Yang L, Yang W, Bi D, et al. A novel method to prepare
highly encapsulated interferon —a—2b containing liposomes for
sustained Journal  of

intramuscular release[J]. European

Pharmaceutics and Biopharmaceutics,2006,64( 1):9-15.

[11] %) 2ot 545, B, 5. B8 5 5 30EH &p-4
A BB B4 R D). P 25,2008,39(2): 193-195.

[12] x4, XU 4hsk, XA, 4. & BT I ) & 2 K P 408 By
G AR 69 AT 5[], & B 2 53R ,2010,24(4) :293-299.
[13] R, A4, AR5 48 2% g R Ak 09 ) & B ZE AL MR
B[] b AR FF R E SR ,2010,48(1):159-163.

[14] Ding B, Zhang X M, Hayat K, et al. Preparation,
characterization and the stability of ferrous glycinate
nanoliposomes[J]. Journal of Food Engineering,2011,102(2):
202-208.

[15] MR, 5, K #. Mg AR & Mo oy R T 71 BB AT
. 3 ,2002,51(6):1203-1207.

[16] FTHr B, EZE B 5,35, it 540k TIRBAS & Lo pr
SRR AT AL RE R YES A,
2010,21(45):4274-4278.

[17] 3K db , 2%, R B 5. FHELRRIR G5 & AAE T
FR(J). PEERSF & E,2005,25(11):1046-1048.

[18] FRamAk, ¥ 38, fde , 5. oIS A REH & K
WK A5 T8 RIS R AR BE )], BRER P B 25 ISTIC, 2012,5(12)
904-907.

[19] FR 4. P Ak ou R A 63 04 b 4 s o 2 2 KBS AR Y
&AL MRAARD]. LG d & K F,2012.

[20] Takahashi M, Inafuku K-I, Miyagi T, et al. Efficient
preparation of liposomes encapsulating food materials using

lecithins by a mechanochemical method[J]. Journal of Oleo

Science,2007,56(1):35-42.

1111111111111 1111111111111 @11 111111111 - - -1 -

(E#EFI126W)

VB I 3 P AR PR D7 IR IR R K, 93.89% -
LRE TG IS, TR R — PR RS S T R
PHEEAH (IR R T2 o 10 R OG T AN [ R T3 200 26
At 3 R K RS2 W BT ST AR 2D, A R EAT B 4 i B
WA BITTT, DA HEIE VR 7K RAT WV I A

&% 3k

(1] 45 & B AHE Tk IR R A H(]]. R TRF AR
e Tk 2014(4):13-17.

[2] Wang Jie, Li Lite, Dan Yang.The correlation between freezing
point and soluble solids of fruits[J]. Journal of Food Engineering,
2003,60(4):481-484.

[3] Carolina D, Galetto, Roxana A. Freezing of strawberries by
immersion in CaCl, solutions[J]. Food Chemistry, 2010, 123:
243-248.

[4] W L Kerr, CJ Clark, M J McCarthy. Freezing effects in fruit
tissue of kiwifruit observed by magnetic resonance imaging]J].
Scientia Horticulturae, 1997,69:169-179.

[5] Min Zhang, Zhen—Hua Duan, Jian—-Feng Zhang. Effects of
freezing conditions on quality of areca fruits[J]. Journal of Food
Engineering,2004,61:393-397.

[6] Holzwarth M, Korhummel S, Carle R. Evaluation of the effects

of different freezing and thawing methods on color, polyphenol

130 o155 %14

and ascorbic acid retention in strawberries|J]|. Food Research
International ,2012,48:241-248.

[7] D M Modise. Does freezing and thawing affect the volatile
profile of strawberry fruit?[J]. Postharvest Biology and Technology,
2008,50:25-30.

[8] Oszmianski,] Wojdylo, A Kolniak. Effect of L-ascorbic acid,
sugar, pectin and freeze—thaw treatment on polyphenol content of
frozen strawberries[J]. Food Science and Technology,2009,42:
581-586.

(9] P4k 2. AR SIn T AM]. b7 P ERLKFHK
#£,2008.

[10] HTAL. A kA S b A B R)). A At 52,2001,22(8):
87-90.

W d X #,2010.

[12] F4&, xR 47, B B 28, 5, b g akas it e il A2 P e 22
WAEAT A EF LA R At 5,2012,33(24):321-324.

[13) W2, Fmir, BRg, F AT 5o st aer
Btz P A A T[] A T kA, 2013(11):298-302.
[14] Bk &, &R FE. BT BREDV iR ik 12 Fa I fiftid %
A R[] LR LFFF,2006,34(12):2847-2850.

[15] Ewe R, Rerik , 3 kA, Mok 7 X3t of B A oF 4 224
Fafb M T AR A)). RSt ,2014,35(4):243-247.





