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Abstract

Curcumin is the major yellow pigment of a popular spice, turmeric, which is widely used as a food-
coloring agent of curry products. In order to investigate optimum packaging condition for turmeric,
changes in color difference (AE) and curcumin content were monitored periodically during 10 weeks.
Packaging materials used in this study were glass bottle (colorless), glass bottle(brown color), metal can,
retort pouch, PET bottle, paper bag, burlap bag and PE bag, and storage conditions were cold temper-
ature (4°C, dark place), room temperature (20°C, normal place), room temperature (20°C, dark place),
high temperature (37°C, dark place). Curcumin loss and change in color difference (AE) were analyzed
using high performance liquid chromatography (HPLC) and Hunter Lab colorimeter, respectively. Appar-
ent statistical differences among packaging containers and storage temperature were not found for main-
taining curcumin content as turmeric was stored in the dark place. The effect of packaging on the
maintenance of curcumin in the normal place, however, was significant for glass bottle (brown color)
and retort pouch compared with other containers. Statistical analysis also showed that the best packaging
container for maintaining curcumin and color stabilities was glass bottle (brown color), followed by
glass bottle (colorless), metal can, PET bottle and retort pouch. Also, optimum storage condition was
dark place at 4°C. The study revealed that it would be helpful to research spice products and select

appropriate food packaging containers.
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Fig. 1. Main color substances in Curcumin longa L
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Fig. 2. Mother(left) and finger(right) rhizome types of
turmeric.
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Table 1. Containers for storing turmeric and curry
powder

. Volume Thickness Transmittance
Storage container

(mL)” (mm)2> (%)31
Glass bottle(colorless) 100 3.015 18.16
Glass bottle(brown color) 100 2.858 0.08
Can 120 0.245 below 0.01
Retort pouch 150 0.091 below 0.01
PET bottle 160 0.292 61.71
Paper bag 180 0478 below 0.01
Burlap bag 150 0.110 0.13
PE bag(yellow) 150 0.066 0.02

""Volume was measured by weighing water.

PThickness(mm) of containers was measured by a digital
micrometer.

¥Transmittances(%) of light were analyzed by a UV spectro-
photometer at 340 nm.

A9 A 432 (20094 119)

Sampling 100 mg(sieved 0.25 mm)

!

Refluxing with MeOH 30 mL
(70 ~80°C, 2.5 hrs)

¥ Cooling

Filtration (Whatman No.4)

|

Fill-up (with MeOH 50 mL)

v
Analysis (by HPLC/DAD)

Fig. 3. Flow diagram for the extraction of curcumin.
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Table 2. Repeatability test of standard curcumin for
retention time, area response and injection volume

Repeatability test

Retention Area Response for
time response injection volume

(min) (area) (area)

1* 3.245 3750 306.0/uL

2nd 3.242 3782 308.2/uL

3¢ 3.241 3775 302.3/uL

Average 3.243 3769 305.5/uL
RSD(%)" 0.06 0.45 098

Vrelative standard deviation
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Fig. 5. HPLC chromatogram of curcuminoid in turmeric.
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Fig. 4. Scanning(200~600 nm) of 3D plot for standard curcumin.
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Table 3. Changes in curcumin content in turmeric during various storage conditions

Content of curcumin in each packaging container (%)

Storage Storage period
condon —(wecks) COCIES Cown) o poun  bowe b PP g
2 2.20 1.95 1.84 2.12 2.13 1.97 2.14 2.05
4°C 4 2.14 221 2.26 2.10 2.11 2.09 2.04 252
Dark 6 2.18 2.17 2.18 2.15 2.24 2.15 2.16 2.14
place 8 2.10 2.06 2.04 2.06 2.08 2.09 2.04 2.04
10 2.00° 1.95% 2.01* 1.98 1.96* 2.01* 1.93 1.95%
2 2.02 2.08 T 214 1.89 2.04 2.14 1.86 2.01
20°C 4 2.13 215 2.09 2.15 2.15 2.10 2.06 2.14
Normal 6 2.04 2.06 2.11 217 2.08 2.05 2.08 1.99
place 8 2.01 2.07 2.00 2.01 2.00 2.00 1.94 1.98
10 1.86" 1.89* 1.74° 1.91* 1.80° 1.73° 1.84%® 1.81°
2 1.92 1.98 1.92 2.01 2.03 2.11 2.14 2.19
20°C 4 2.20 2.20 2.04 2.14 2.11 213 2.11 2.08
Dark 6 2.07 2.12 2.00 2.04 2.09 2.06 2.07 2.16
place 8 2.09 2.08 2.00 2.02 2.02 2.02 1.96 2.03
10 1.98* 2.02* 1.98* 2.08* 2.10* 2.02% 1.98* 2.06
2 1.78 2.10 2.16 1.64 1.85 2.19 1.74 1.73
37°C 4 2.14 2.13 2.07 2.18 2.06 2.14 2.16 2.10
Dark 6 2.12 2.10 2.17 2.10 2.14 219 2.19 224
place 8 203 205 2.05 2.07 2.02 2.08 2.11 2.15
10 2.07° 2.02* 2.08* 2.05° 1.93° 1.90° 2.02° 1.94°

*Values having the same letter are not significant at 5% level based on the ANOVA test.
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Table 4. Changes in color difference(AE) in turmeric during various storage conditions compared with initial L, a and
b values

Storage Storage period Difference in color(AE) in each packaging container

condition—weeky) (00 O can powch bt oee PV g
2 0.54 034 0.19 0.63 1.15 0.92 0.86 0.90

4C 4 0.90 0.77 0.84 057 0.60 1.08 1.19 0.68
Dark 6 0.28 035 0.46 029 0.26 0.66 0.70 033
place 8 0.44 034 055 032 0.36 1.03 0.88 033
10 0.84° 0.87* 1.33° 0.88° 1.01° 193 178 1.26"

2 029 021 125 0.76 114 1.57 157 0.85

20°C 4 0.19 055 1.79 127 0.90 277 2.57 171
Normal 6 0.87 0.64 205 1.41 1.65 249 251 2.18
place 8 1.13 1.04 2.10 1.85 1.79 3.18 3.02 2.38
10 1.49° 1.34° 1.67° 223 1.83° 227 225 263

2 0.94 1.16 1.59 114 1.10 1.79 175 1.01

20°C 4 095 1.26 243 137 1.29 247 222 141
Dark 6 078 0.63 1.87 1.00 1.20 2.36 213 1.54
place 8 0.80 091 2,01 151 1.56 2.49 2.55 2.07
10 1.39* 1.16* 2.42% 1.85° 1.92° 3.05¢ 281° 244

2 0.77 0.60 0.87 1.14 134 022 037 0.55

370 4 145 178 036 2.04 0.84 1.04 0.67 1.52
Dark 6 0.89 133 049 1.62 032 095 0.74 1.39
place 8 097 147 041 1.90 0.20 1.37 1.07 1.77
10 127 1.79% 0.18* 2.24° 0.24* 1.56° 181%  220F

*Values having the same letter are not significant at 5% level based on the ANOVA test.
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Table 5. Comparison of curcumin content and color difference(AE) in turmeric stored for 10 weeks in various packaging

containers among storage conditions

Storage condition

Packaging containers

4°C Dark place 20°C Normal place ~ 20°C Dark place  37°C Dark place
Glass bottle Curcumin(%) 2.00° 186" 198 207
(colorless) AE 0.84° 1.49° 139 1.27°
Glass bottle Curcumin(%) 1.05° 1.8 2.00° 2.00°
(brown) AE 0.87* 1.34° 1L16* 1.79°
Curcumin(%) 201° 174 108 208"
Metal can AE 133 1.67" 242 0.18°
Retort oouch Curcumin(%) 1.08° 191 2.08° 2.05°
poue AE 0.88° 223 1.85° 2.04¢
Curcumin(%) 1.96° 1.80° 2.10° 1.93*
PET bottle AE 1.01° 1.83" 1.92° 0.24°
Paer Curcumin(%) 201° 173 202" 1.90°
per bag AE 1.93° 227" 3,05 1.56°
Butl Curcumin(%) 1.93® 1.84° 1.98* 2.02°
uriap AE 178 225 2.81° 1.81°
PED Curcumin(%) 195® 181° 206" 1.94%
a8 AE 126" 263" 2.44° 2200

*Values having the same letter are not significant at 5% level based on the ANOVA test.
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