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Abstract

Quality changes in citron (Citrus junos) during storage were studied to investigate the efficiency, cooling properties
and the washing and storage effects of hydrocooling method. As a result of plotting the nondimensionalized citron

temperature versus cooling time, its cooling rate coefficient was shown to be -0.012 min'~ -0.017
0.99) at center, and to be -0.033 min'~ -0.075 min' (R'=0.89~0.93) at surface. During storage,

more affected by storage temperature than by pretreatment condition and it reached
and 10~11% after 8 weeks at 5°C in all samples. However, changes in moisture contents of hydrocooled citron
were shown to be about 1~2% after 7 weeks while that of non-treated citron was about 3% affer 1 week of storage
at 5°C. And the change of pH, acidity and soluble solid content were not significantly different between each treat-
ments during storage 5°C and 15°C. Changes in Hunter 1, a, and b values of hydrocooled citron were lower than
those of non-treated one as the storage time increased. The respiration rate of hydrocooled citron during storage at
15°C was 103.63 mg-CO/kg-hr, which is about 50% of that of non-treated citron.
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Table 1. Treatment methods for the storage test of ci-
tron

Sample Treatment condition

A Predrying for 3 days at 15°C -— soaking for 10
min in water bath of 15°C— dried for 1 day at
10°C—- storage at 5°C and 15°C

No pre-treatment — storage at 5°C and 15°C
Hydrocooling of 5°C ~~ removing residual water —
storage at 5°C and 15°C
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(No. 501, NO.W. Co., Japan)Z, pH+ pH meter
(720A, ORION Co., Japan)2 Z}zt &3 3lgict.
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Mg FEA7)E olgalel 500 wE A3 EP, gas
chromatograph (Shimadzu GC-15A, Japan)s- ©]-8-&}o]
off o} 22 274 FA 3t

Column Carbosieve S-II (80~100 mesh)

Injector temp. 230°C

Detector temp.  230°C

Oven temp. 35°C (hold 6 min)-32°C/min-220"C (hold 6 min)
Detector TCD

Carrier gas He

Injection volumn 0.5 m/
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Fig. 2. Time-temperature response of citron by cooling
method (T,=23.0°C, T,=1.5°C, D=6.8 cm) Y,; Tem-
perature ratio at center in still air cooling, Y.; Tem-
perature ratio at surface in still air cooling, Y, Tem-
perature ratio at center in hydrocooling, Y,,; Temperature
ratio at surface in hydrocooling
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Table 2. Cooling rate coefficient for logarithm of non-
dimensionalized temperature versus cooling time

Samples Conditions Slope” R’
D=6.9 (center)’  Ti=22.9°C, To=2.0"C* -0.012 0.99
(surface)  Ti=23.3°C, To=2.0°C -0.075  0.89
D=6.5 (center) Ti=20.2°C, To=3.0"C -0.017 099
(surface) Ti=20.2°C, To=3.0"C -0033 092

D=5.5 (center)
D=7.0 (center)
D=7.5 (center)
D=7.9 (center)
D=8.0 (center)

Ti=24.7°C, To=4.0"C -L014 099
Ti=24.1°C, To=4.0°C -0.013  0.99
Ti=24.1°C. To=4.0"C -0.013 097
Ti=24.3°C, To=4.0°C -0.014 099
Ti=24.2°C, To=4.0"C -0.012 099

"Slope equals cooling rate coefficients and has units of
minute™

?D: Diameter (cm)

T Initial temperature (°C), T,: Cooling medium tem-
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fig. 3. Changes in weight loss of citron during storage Refer to
legends @—@, Sample A; B—M®, Sample B; A—aA, Sample ¢

Table 3. Changes in moisture content of citron by treatment condition during storage
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the sample number of Takle | for the meaning of

(unit : %)

Storage  Treatment Storage duration (week)
femp. ('C)  condition” 0 1 5 3 4 5 6 7
A §8.41" 87.13" 86.44° 86.22 87.28" 86.96™ 86.22° 86.83¢
3 B 88.64" 85.52° 86.39 85.82" 86.20° 85.66" 84.52¢ 85.96"
( 87.28" 86.20° 86.88 86.66° 87.70° 86.78" 85.76" 86.16"
A 88.41° 85.86" 85.89" 85.15° 84.01° 86.28° 85.60° 84.22°
15 B 88.64" 86.76" 86.56" 85.90° 85.60°¢ 85.38 83.30° 85,38
C 87.28" §6.90° 85.42 86.09° 86.72° 85.06' 87.04* 84.19'

“Sample codes(A,B,C) are the same as explained in Table 1

"Means with same superseripts in a row are not significantly different (P<0.05)
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and 15°C Refer to the sample number of

Table 1 for the meaning of legends @—@, Sample A; B—B. Sample B; A—aA, Sample C
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Table 4. Changes in pH, acidity and soluble solid of citren by treatment condition during storage

Storage Treatment Storage duration (week)
temp. ("C) condition" 0 1 2 3 4 5 6 7
A 3.247 334 3.29° 3.16° 3.0 3.22¢ 3.21° 312
5 B 3.28 24 3.22° 3.16° 341" 3.30" 3.09' 3.08'
H C 3.27 3.27 3.26 317 3.20" 3.22° 3.24 3.27
P A 24 317 3.16" 317 319" 319" 3.07 3.06'
15 B 3.28 3.23" 3.23" 3.09° 3.24¢ 3.28° 3.08° 3.10°
C 327 3.200 3.23" 3.00° 324" 317" 3.08 3106
A 2,79 320" 359 3.64 3.75° 373 381 3.55
5 B 261" 358" 3.62° 3400 3.63" 3.47 4.10¢ 3.83"
Acidity C 2.82" 334 3.30° 3.40° 3.79" 3.79¢ 4.18° 336"
(") A 2.79" 389" 3.94™ 4.007 4.08' 4.02° 4.11° 423
15 B 260 500 37 3.85¢ 3.88% 3.84% 3.69¢ 4.19¢
’ C 2.82" 346" 3.68 4.33° 4.10° 4.100 4.16" 4.20%
A 9.7 9.6 9.6 0.8 10,2 10.3% 10.2" 10,0
. 5 B 9.4 0.2 9.8 10.3° 9.9" 0.1 10.5° 10.2"
Soluble C 9.4 100" 96" 9.9* 9.9% 9.9% 10.6¢ 10.0°
S‘)lld 1 h ab h h ¢ d e
("Bx) A 9.7 10.1° 10.1 10.6 10.6 11.0° 12.0 11.6™
15 B 9.4 9.6' 9.6' o4 L1.0F 9.9 10.2% 12.4
C 9.4 9.5 10.1° 10.9° 10.2° 10.3" 10.5™ 116
’Sample codes(A.B,C) are the same as explained in Table 1
“Means with same superscripts in a row are not significantly different (P<0.03)
Table 5. Respiration rate of samples by storage tem- 200
perature 180&. —®— Sample A
Temperature (°C) Respiration rate" (mg CO./kg hr) - \ LN —®— Sample B
B az - 1
5 33.747 2 160 \ \\. -~ Sample C
10 74.85" 3 ! \ \
o 140 - | \
15 113.87 g’ \ \ ‘\
2 o — 3
20 138.76 8 20| \
f)All values are means of triplicate determinations - &
“Means with same superscripts are not significantly different -% 100 - \
(P<0.05) g \ A
2 80 \r .7\‘\\‘&4*—.(.
* "‘\,.A_*‘*\.
60 |- Y e
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L N . 40 - Lo L i t
g3 Fig, 51= A A% 15°Cel| 4] 2] He|f¥e) ub& 0 2 4 6 8 10
Ao TEFEHENE v Wdk 7o g, EkE i) Storage tim {day)
FrApel 27l EEFES COvkg-hr2 4] 7 Fig. 5. Changes in respiration of citron during storage
A 2d AR = v md e 7} Tg__ 42| 3hchr) 3 A at 15°C Sample codes (A, B, C) are the same as ex-
lained in Table 1
e F248] gl el £ANY fAce A P
4 1dA 3o %ﬂﬂ%‘—% °F 1/2 541 103.63
mg COskg hro 2 Gl Rabrh geinlel Aaah o @ 4% 4402 e 55 o7 ALL 2o
e vl LPEP o], o]z 5°C YA Tt
o S8 e EEow Q) A BEEEA ol olsp Ao AR ¥ o, WhHeel g fAfE
7] wj el 7}12.‘1 shEl ek, srelvh 2 Abs]7ke) A M 5 AFErld 2w frab 2AAS sEEed g
ol mhe} @ 2 el gt frake] F2- 4o vl el A 3z A ARl vlEte] 79 glen, v9r] M
A 3lmollis 73.44 mg-COvkg hro 2 Tha: 27k} R SCollAE 7o) sjad Eabo] 7 wah, Al
Aot ek el ol uls) chs b EFAOR ool Wsh D pH, ALE 2 AHEH TR B 5o A




S A 2hUAE ) e
wo} Y] Enrl Ay Fehel 4
7hlge o 4 ek

%%

b o

=

L2 E semi-logZ plot-
A FAdR-e) WS EA S 0012~
-0.017 min"' (R’=0.97~0.99), ¥} 4= -0.033~-0.075
min’' (R’=0.89~0.93)2 vjelyjr}. AL re i 3]
gl AR #HNA el 2 oE Feprt g
2E ARH AL (ST AR TF T
Yo a3 Fohsted of 2223% 532, 4%
2% SCo A A 8% ol 10-11%2] Febtig
2 AReEel W Fanrae) A 45 ekt
ek siAze] Gabs ookl =) vehdA) 92
o), SR WEks $ART(IRANIA SCH A
LEF 3% ol el S g ROt e T
RORIAE A% 73 AR E oF 1-2% YR 79| u
im Sl Ae® vhepgich el w A% 7] pH
e Txaa%u e, HGLEd wet e AT
1 uls) vlelgk W3S ma ot & A ¥ 5 Yo
L, 71»% P 5'C A 2ol & Ae)
Z718 welon} 15°C A=A
of el Fxie] AlZrE AA 75 F 124'Bx3
ﬂ%?ﬁﬁ!#%ﬂﬂﬂ‘ﬁﬁ}#ﬂﬂﬂﬂ‘]
A 77 F 1L6Bx R thi 4| Zobsledct. A
s ARl Ak A S Hls}l 4%
Z17be) Aol meh 4wt oha el et
onf, 15C A FEART S0l BFEES FA
2 F-xoll wlsh <F 12 AXE P2 103.63 mg- COY/
kg-hr2 Yepytch

tinggt 72

[ed

Sz

1
37
H

A
z

o~

N2

10.

11.

12.

13.

14.

. Ranade M. S.

. Iwamoto,

- BAE

A,
S FgAEA

. Couture, R. and Makhlouf, J.:

F4uiz} 1077
ZAel 2
E T FReUSEa T AJHon &
o AT ZAake] 2 A, ool A=yt
= =
sy —

. Ibrahim D., Mustafa Y., Mahmut L. and Husevin G.:

Process Parameters for hydro-cooling apricots. plums
and peaches. Int. J. of Fd. Sci. & Technol., 27(3), 347
(1992)

and Narayankhedkar K. G.: Thermal
characteristics of fruits and vegetables as applied to hy-
drocooling. Refrigeration Sci. & Technol., 1. 455 (1982)

. Matsuda, K.: Hydrocooling methods of sweet comn and

carrot. Refrigeration, 58(677), 63 (1984)

M. and Kawano, S.: Hydrocooling of fruits
and vegetables. Refrigeration, 59(677), 45 (1984)
R e R R R
Zhol| 2]k Abal o) A AE Fuwlst g A Faletsix
27(4), 537 (1995)

:KS H 2110 (3 £ 5.
4%, p.4 (1995)

u}|

o

3 A&
ol B3

ol
‘o

e

opl
tu.

Production of CO. after
gamma irradiation of strawberry fruit. J. Food Qual.,

385, 13 (1990)

. Hackert, J. M.. Morey, R. V. and Thompson, D. R

Precooling of fresh market broccoli. Trans. ASAE. 30.
1489 (1987)

. American Society of Heating, Refrigeration and Air-Con-

ditioning Engineers : Refrigeration-System and  Ap-
plication. ASHRAE. p.11.1 (1990)
A1 oled A AEF, 2ol gl Al § x}o] ]}__ﬂo]

£ 9) A Zq{: 213 7] Ak S2ALE kel
% ) 03 2} H.314), G1109-0683, p.59 (1995)

Sitliker, J. H.. Elliott, R. P.. Baird-Parker, A. C., Bryam,
F. L., Christian, J. H. B., Clark, D. S., Olson, J. C. and
Roberts. T. A.: Microbial Ecology of Foods. Vol. 1, A-
cademic Press, New York. p.5 (1980)

Bennett, A. H. and Wells, J. M.: Hydraircooling-A new
precooling method with special application for waxed
peaches. J. Amer. Soc. Hort. Sci., 101 428 (1976)

Al 21X o)), % —g—u}] K721 8- A el iz} A
.5iu] slak opihrel Alwelat A Ealetal).
27(4), 546 (1995)

Ak, Aalg, sl 3o g, 28l oAl Y

it

‘_937154 ek, A E

1291-0530, p.290 (1994)

Hrded-4l dApR w4, E

(1996 79 24 )



