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Drying of Citron Juice from By-product of Citron Tea Manufacturing
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Abstract

To increase the utilization of citron, citron juice that is by-product of citron tea was spray dried and freeze
dried. Cyclodextrin(CD) was used as wall material to stabilize during drying. The physiochemical properties of
citron juice were as follows: water content of 82.3%, pH of 2.45, and there were little different in two kinds
of drying or CD added in different ratio. Citric acid, malic acid, succinic acid and lactic acid were detected in
all of the samples. Spray and freeze-drying increased markedly yellowness compared to that of citron juice.
Heat stability was reduced by both of two kinds of drying, and CD 15% was more decreased than CD 10%.
Water uptake by freeze-drying was somewhat higher than that of spray-drying. When sensory properties of
original citron juice was compared with those of spray and freeze dried, freeze drying with 10% of cyclodextrin
was evaluated as superior to citron juice or other drying conditions.
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Table 1. Optimal condition of dryer
Spray dryer

Model B-191, Bushi, Swiss

Inlet temperature 190°C

Flow rate 50L/hr

Outlet temperature 95C
Freeze dryer

Model PVTFD 10R, Korea

Shelf system temperature  25°C
Vacuum pump pressure 5 Torr

Cold trap temperature -75C
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Table 2. Ratio of wall material

Sample  Dextrin  Cyclodextrin Ratio(%0)
(@)ke (@/kg (Cyclodextrin/
Dextrin+
cyclodextrin X 100)
SD10 382.50 42.50 10.0
SDI15 361.25 63.75 15.0
FDI10 382.50 42.50 10.0
FDI15 361.25 63.75 15.0
SD10 : spray dry /cyclodextrin 10%.
SD15 : spray dry /cyclodextrin 15%.
FD10 : freeze dry /cyclodextrin 10%.
FDI15 : freeze dry /cyclodextrin 15%.
AHg-3te] B

= A FAI(CR-200, Minolta, Inc.)&
L), M=) 2 SFAE(D) gto 2 ST o] o
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£2 ey,

Remain rate of acidity(%) =

Acidity after 5hr(at50C)

Initial acidity *100

54 A AR 1ge FHot EIPH= 24
desicator Wjol| 3A)7F HHx| &t 5 E5E FEDGS
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o it

=
=

Water Uptake(%) =

Final weight — Initial weight %100
Initial weight
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Table 3. Chemical composition of citron juice
and powders

Moisture pH
Citron juice 823 % 2.45
SD 10 45 % 271
SD 15 49 % 2.61
Powder
FD 10 50 % 2.74
FD 15 52 % 2.67
SDI10 : spray dry /cyclodextrin 10%.

SD15
FD10 :
FDI15

spray dry /cyclodextrin 15%.
freeze dry /cyclodextrin 10%.
freeze dry /cyclodextrin 15%.
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Table 5. Color parameters of citron juice and

powders
Hunter's color value
L a b
Citron juice 86.02 -0.58 0.45

SD 10 92.96 1.01 1233

SD 15 93.42 0.42 13.09
Powder

FD 10 90.21 -1.19 18.82

FD 15 89.65 -0.58 18.02
SD10 : spray dry /cyclodextrin 10%.

SD1S :
FD10
FD15

spray dry /cyclodextrin 15%.
: freeze dry /cyclodextrin 10%.
: freeze dry /cyclodextrin 15%.

Table 6. Experimental data for heat stability

and water uptake of powders made of citron juice

Heat stability =~ Water uptake

SD 10 17.07% 0.68%

SD 15 16.96% 0.73%
Powder

FD 10 20.98% 1.06%

FD 15 18.19% 0.91%
SDI10 : spray dry /cyclodextrin 10%.

SD15 :
FDI10 :
FDI15

spray dry /cyclodextrin 15%.
freeze dry /cyclodextrin 10%.
freeze dry /cyclodextrin 15%.

2) il FA8tgon, 1 A= Table 73} 2t} BERAZRY
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Table 4. Organic acid contents in citron juice and powders
Organic acid(g/100ml)
Citric acid Malic acid Succinic acid Lactic acid Total
Citron juice 0.358 0.036 0.050 0.006 0.450
SD 10 8.128 0.948 1.014 0.130 10.220
SD 15 8.449 0.735 0.921 0.143 10.248
Powder
FD 10 7.081 0.796 1.144 0.164 9.184
FD 15 8.455 0.951 1.358 0.176 10.941

SDI10 : spray dry /cyclodextrin 10%,
FD10 : freeze dry /cyclodextrin 10%,

SD15 : spray dry /cyclodextrin 15%.
FDI1S : freeze dry /cyclodextrin 15%.
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Table 7. Solubilities of powders made of citron

juice
S min. 10 min. 20 min.
SD 10 6.96 7.10 7.12
SD 15 7.02 7.12 7.14
Powder
FD 10 6.38 6.59 6.52
FD 15 6.47 6.62 6.68
SDI10 : spray dry /cyclodextrin 10%.
SDI5 : spray dry /cyclodextrin 15%.
FDI10 : freeze dry /cyclodextrin 10%.
FDIS5 : freeze dry /cyclodextrin 15%.

gt

o

3. B4t

#2h (0% 2 B

HES £

7AAFE A3 A3 Table 83} 2}

A, 8 WA 5 7 RopdE v
Al 81 fefAl 3
%, 7155 o itk
o SEAZH W 715=7h
€ FEte) JHaA R
A ShA wto] 2
2 Yebd
= ST FAAge] ta
3E7b BolE & & AT Bt
gt Ags B
iAo te)A7] o

F7h A
[

Table 8. Sensory evaluation of citron juice and powders
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(Unit: Score, Mean+S.D. ")

Color Clarify Flavor Sweetness Sourness Bitterness  Acceptability
Citron juice 1.1740.58 3.67£1.97 3.00£1.76 3.33£1.72 1.00+0.00 1.50+1.24 3.42+£1.83
SD 10 433%1.15 3.33+0.89 2.33+1.44 2.25+1.48 3.92+1.44 3.33+1.37 2.17£1.53
SD 15 3.92+0.79 2.83+0.58 2.75£1.29 2.58+1.08 3.67+0.98 3.25£1.14 2.08+0.67
Powder FD 10 2.67+0.89 2.58£1.51 3.50£1.00 3.33£1.56 3.25+1.06 3.42£1.51 4.00£0.74
FD 15 2.67+0.89 2.58+1.73 3.4211.44 3.50£0.90 3.08+1.08 3.50£1.00 3.33£1.07
F-value 23.98%** 1.36 1.41 1.89 15.03%** 5.35%* 5.40%+*
" The means of scores were based on 5 scale test: 5 being intensive and 1 being poor.
Significantly different by Duncan's multiple range test: * p<0.05, **p<0.01, ***p<(.001.
SDI10 : spray dry /cyclodextrin 10%, SDI1S : spray dry /cyclodextrin 15%,
FDI10 : freeze dry /cyclodextrin 10%, FDIS : freeze dry /cyclodextrin 15%.
Table 9. Correlation coefficient between sensory parameters
Color Clarify Flavor Sweetness Sourness Bitterness  Acceptability
Color 1.00
Clarify 0.16 1.00
Flavor -0.32* - 0.29* 1.00
Sweetness -0.21 0.30* 0.04 1.00
Sourness 0.49%* -0.19 0.06 -0.51 ** 1.00
Bitterness 0.34%* - 0.29* 0.17 -0.29 * 0.50 ** 1.00
Acceptability - 0.38%* 0.08 0.22 0.32 * -0.28 * -0.04 1.00

Significantly different by Duncan's

multiple range test: * p<0.05, **p<0.01.
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