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Abstract

The shelf-life of brown rice in laminated film (4-layered) pouch was analyzed at various temperatures (4°C,
20°C, 30°C and 40°C) using n-hexanal content and fatty acid composition as a measure of deterioration. The
fai acidity of brown rice during storage showed sensitive responses at the storage temperature, resulting in the
activation energy of 14.07 kcal/mole and Q,, value of 2.22. The fatty acids in the brown rice were myristic,
palmitic, stearic, oleic, linoleic and linolenic acid, and oleic acid was the most predominant. The higher the
temperature and the longer the storage periods, the higher the fatty acid contents except linoleic acid. The n-
hexanal activation energy was 18.36 kcal/mole, and Q,, value was 2.84. Based on the storage conditions, the
shelf-life of brown rice was 80 days by n-hexanal and 60 days by fat acidity at room temperature (21°C).
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Fig. 1. Changes in fat acidity of brown rice during
storage B—M, 4°C, +—+, 20°C; x—3x, 30°C; (—],
40°C

Table 1. Rate constants for fat acid production during
storage of brown rice

Storage temperature ("C) Rate constant (month-1)

20 3.25
30 7.07
40 15.23
Ea (kcal/mole) 14.07
Qu 222

ofn
2
ol
oX
2
Ay

899

2] & 3t =1] 14.07 keal/mole & LFERG 37, Qo
e 2.22019i v},

=5 Foll Eolsle e Abslel] o3 A3z
ol Ak Ak H 5 A sy 7l~rrsll51°1 Fre] A
e AAEH "o 39 ARl FAaskA S #)
\4 UL, FH iRl EAfslhs Aupde 350
Aaet Ao r JEEA] e E AvpE o gt
ol gl7] wEel] dubA]l Aol e WohE 24
E oIAF7IAl ek 2 ATl AE dvle] A
2 8 AZo] AAE Aeie]r] aiiel ¥ *LEHE
the §A 37) F2| Abas) HEF 702 ginkE o
Alg A gAY £7] 2 F54de] e A4S
AREEEel 7] Wil oleidt AMatwe] FAE sl
FS A dfALel] fodshis el o3t Absl, F
7] Fo] Abae] AEe o Algl 5o 2dlBhs A
A F2] Aol & A o] widol] 213}k d o] zch
b 5 9l

“

ke
o

T

opt

N
2
NNH

FE B0 A Xt

FARZENE 327 F Agale gek g
Abe] wisl= Table 29} @} 549 H
Fo A L% 20°C olafelHE 2
Ao, AAL 7} 30°C o]Ato] HmiA e x4
259} 7| 7bel| whe} chas 2haskgi e}l Narayana 52
FAEQl AA25°C oldhyell = F AupAe] of
Wstrl Aol gledan shedet. Ex]atale] A 2]kt

T 9

o
°1-'
0

|

FAK-)

£2 gt
ft
)

100

—
(=]
T

RATE CONSTANT (maonth ')

1 I 1 1 i
3.1 3.2 3.3 3.4 3.5
1/T (1/K x 10%)

Fig. 2. Reaction rate constant as a function of the re-
ciprocal absolute temperature
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Table 2. Fatty acid composition of total lipid extracted from the stored brown rice at various temperatures

Extracted
lipid (%)

Storage
temperature ("C)

Storage period
(month)

Fatty acid composition (%)

CM'(‘ Clﬁﬂ CISO CIKI C\S'Z C183

0 325 0.27 17.26 1.47 39.34 40.10 1.56

4 1 3.26 0.27 17.33 1.47 39.32 40.04 1.57
2 3.20 0.27 17.29 1.37 39.96 39.54 1.67

3 3.21 0.27 17.32 1.40 40.07 39.36 1.58

4 3.23 0.27 17.41 1.47 41.76 37.46 1.61

5 3.18 0.28 17.47 1.51 4251 36.32 1.92

6 3.19 0.28 17.42 1.52 42.92 36.02 1.83

20 1 324 0.30 18.02 1.47 4231 36.28 1.61
2 3.18 0.34 18.06 1.50 4259 3590 1.61

3 323 0.33 18.12 1.55 43.28 35.03 1.68

4 3.18 0.34 18.08 1.50 43.63 34.63 1.82

5 3.19 0.34 18.14 1.50 44.57 33.52 1.92

6 3.00 0.35 18.16 1.52 45.78 32.06 212

30 1 2.84 0.34 18.02 1.29 43.23 35.51 1.61
2 2.84 0.34 18.10 1.40 43.80 34.72 1.63

3 2.69 0.35 18.20 1.47 44.26 34.08 1.64

4 2.55 0.36 18.25 1.39 44.49 33.66 1.85

5 2.64 0.37 18.37 1.54 46.35 31.25 212

6 240 0.38 18.56 1.58 46.69 30.37 242

40 1 2.85 0.34 18.10 1.47 44.74 33.67 1.67
2 2.76 0.35 18.14 1.58 45.49 32.75 169

3 2.62 0.36 18.28 1.61 45.60 32.19 1.94

4 2.59 0.36 18.32 1.73 46.37 31.08 213

5 2.46 0.38 18.51 1.72 46.54 30.46 2.38

6 2.36 0.38 18.76 1.83 46.83 29.72 2.48
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Fig. 3. Changes in oleic acid in the total lipid of

brown rice stored at various temperatures W—MN, 4°C;
+—+, 20°C; *—3, 30°C; 11, 40°C
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Fig. 4. Changes in linoleic acid in the total lipid of

brown rice stored at various temperatures l—MN, 4°C;
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Fig. 5. Changes in n-hexanal content determined by
direct headspace vapor injection gas chromatography
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Table 3. Rate constants for hexanal production during
storage of brown rice

Storage temperature ("C) Rate constant (month)

20 16.26
30 47.31
40 121.93
Ea (kcal/mole) 18.36
Qu 2.84
1000 a
/
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Fig. 7. Correlation between the amount of oxidized
linoleic acid and the increased amount of n-hexanal
during storage of brown rice 8—®, 4°C; +—+, 20°C;
*—k, 30°C; T—T3, 40°C
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