HARBRE R (B )
75 # 755 5 (2009-7)

1497

# No. 08-1066

AEEROKEREICRIET v 2 DRPREEOTE:

Nurkholis HAMIDI*, # H & H*

Effect of Microwave Pre-Dehydration on Ice Crystal
Formation in Freezing Process

Nurkholis HAMIDI and Takaharu TSURUTA*®

*3 Deparment of Mechanical Engineering, Kyushu Institute of Technology,
1-1 Sensui-cho, Tobata-ku, Kitakyushu-shi, Fukuoka, 804-8550 Japan

Partial dehydration by microwave-vacuum drying has been applied to mackerels in order to
reduce cell-damages caused by the formation of large ice-crystals during freezing. The samples were
subjected to microwave vacuum drying at pressure of 5 kPa and temperature less than 27°C to remove
small amount of the water prior to freezing. The mackerels were cooled by using the freezing
chamber at temperature of —20°C and —80°C, respectively. The observations of ice crystal clearly
indicated that large ice crystals were mainly formed in the intercellular spaces when the mackerel
was frozen at the both cooling conditions. It is also can be understood that the formation of large
ice crystals has a close relation to the cell damages. In this experiment we successfully confirmed

that rapid cooling and pre-dehydration are effective in minimizing the size of ice crystal. After
thawing, the pre-dehydrated samples showed a less drip loss than the un-dehydrated one. It is
considered that the pre-dehydration by microwave-vacuum drying is one of promising method for

the cryo—preservation of foods.
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Fig.4 Experimental technique for ice crystal observation
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Fig.5 Photomicrographs of the morphologies of ice crystal in mackerels frozen at (a) -20°C and (b) -80°C

=121



1500 WEHBEOKBEEI RIS v A 7 il TR0 mE

BEYL7=Z L35, 2B, -S0COBRE TR\
B HEEEII SIZERE e tolz, MRS EHE
RAIET A Z LT CE ot

IKERDY A XA & TV LERE R 6 LB 7 1R
T X6 OREET A 5L, X5 OXKEGITH L TH
MR Z1TY, B - EoisomEEEHL,
NEEHEPEL < THHOBEREKRBOSMHERE L
THWEZbDTHD, —BANCHONRTHAR, G

80 80 . .
701 0% dehydration 70 0% dehydration |
60

2 560

g0 550

g 40 3 40

330 810

& &
20 2
10 "
%20 40 60 B0 T00120140160180 O 20 30 60 80 100120140160 180

equivalent diameter {um) equivalent diameter um)

80 80
70r 3% dehydration 70 3% dehydration
5% P 60
°5 50 3] 50 n
540 8 40
z £
8 30] ‘?; 30]
S 20
10 10]
05720 40 60”80 100 120140 160180 %7073 600 100 204060 T80
equivalent diameter Qum) equivalent diameter (um)
80 J 80 — —
70 59 dehydration 701 5% dehydration
5 1 goor
' 50 g 50
a0 S 40
g0 b
20 20
10| 10
%20 40 60 80 [00120T40160760 0 20 40 60 80 100 120140160180

equivalent diameter (um) equivalent diameter (m)

(@ ’ (b)

Fig.6' Histograms of ice crystal size in mackerel for
freezing ambient temperatures of (a) -20°C
and (b) -80°C

@
3

T T T
@ frozen at -20°C
O frozen at -80°C

100 1 b

mean equivalent diameter (pm)
8
).

i L L

un-dehydrated 3% weight loss 5% weight loss
dehydration dehydration

Fig.7 Mean equivalent diameter of ice crystal

HEAKRE 22D EBIOKSERF R BRTS
EIRTEDT, REWKFEDOEREMZZZ BT
& B, AT CHEFEEI L -80°C THIE L2 Y8
DFFR-20°C CHHE LIz AL 0 /& ki E 7an .
e, PREBEIT T AOFR, Tt iTh
TRNH R E QIKEED YA AN ENZ EBR T L0 b
5. KEO T EMERIT, 20°C Tl L=y /3¢
TR E T2V AT 106.6428.8um THh o7z
B, SY%DTARMAEEIT 5 & 74.6 £ 19.7pum 12 LTz,
F7e, -80°C THEE L=V I ThABEC, 64.8+17.0um
D 49.8+19.0um I/hE {Ja o TN,

RN Lo TKDER U S Z L1, i
BS54 2HEKRERLTZEICRD, Marg—20
KREMERIZ Lo CTHBEAMNKY, ZofRE LOKR
RS SND 2 LB LT, b,
IKEBRE~DRG THAESHIRR S 3 & & bic, EHE
HIETIC & b2 D BAROIED, £ oS8Tk
AR L, KERKEORELIEIT LD LE
25, BRERSBOBETHS.

32 FyyFLESoBRMEEcRE )
v IR, HRAOBEORELNDISEL RS, B
B Lo CIREBE ST, AR LRI m e
ORI EHIT 5. LinL, BEODROEIT6m
WO TR EWRIN L, HEFTOREBIZETT 52
LRTEETH B,

R0 FY o 70 RONWT, GHTERE &8sst
XL CEREND SIEDH v PN bIE- iR
SITRLE., ZhUCLbE, 098-3.1%D KU v 7a
ADMEHIBITRAE LTWAR, T -, fit
WEO R v 7a AN T35 La%bns, ik
BHERNCV S BOKSEREVN DR ERLS Z & T,

10 } +
B freezing at -20°C
8r | freezing at -80°C

drip loss (%)
(=28

0 un-dehydrated 3% weight loss 5% weight loss
dehydration dehydration

Fig. 8 The gravity drip loss of mackerel.

—122—



WEHAROKEREIC BT ~ 4 7 0T ho s 1501

ISR OKERDOY A XDV NEL 720, Zhic X v fila
DBREEZROLEDLT-OIEEEZBND. TlFeE1T
DRVHEIOHAITIE, BT 5 & RE RKEDER
SHAMMABEAHEE S L5, ZAUT L 0 I oOHIRE
AR L VL, B O FRI S R ATRE & e
5. —7F, KéIZ L 2HEEEN D TE, Zof
PEITHELEBICNY v TR ARELTEEZON
5. ARSEBRTIE-80°C THiRE L7miABlDIZ 523, -20°C
THRE L7RABIE D RY vy 7a 2R 3528 bb
Mote, ZHUTAEREICE VX 10 & 11 TRLE
ENTKREDIA ZHWNEL Fe o220 TH D,

9~111%, TUXNBEMEEL AT A CTRELI-K
fhE, TOMFERED X 53 Ths. K9 & 10 13Tz
&7 T, ZhEh20°C & -80°C THiE L7I-84AT
HY, K11 T 5%D T EHRE1TO-80°C CHEEIT
oo bDTHD, BICHIR=E30, Hifastok
SR TEI L o TWNA, ET-, MEERNT, ok
FERRORIRIZ L o THIII A b LA ZZIT TS &
%5, Tiebb, K@), 10@) B K 11(a) T
HHEAVKBIZ Lo TEMES N, BEL WA E0E
BTED. ZOKEIZ X BEMD, HilstEEEC
BRREBRE25bDEEZD. FOMEMIL, K

¢ e deformed 7 el

g ‘ b muscle fiber \) Dot

3l | “v . Ay )
y s\\ _Al ice crystal

original

(a)

for illustration

3 N H

N N
%‘Q‘gﬁ
i i

original

(b)
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Fig.11 Cryosection of dehydrated 5% mackerels frozen at -80°C; (a) frozen cryosection and (b) thawed cryosection.
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