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Combined effect of low acid paste and modified atmospheric condition on
quality changes of white shrimp, Litopenaeus vannamei during chilled storage
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Antibacterial activity, total phenolic compound content, beta-carotene content and antioxidant
activity of low acid paste, Tom-Yum paste was evaluated before subjected to apply to white
shrimp as marinade agent. It was found that Tom-Yum paste could inhibit S. aureus, E. coli
0157:H7, L. monocytogenes and P. fluorescens with clear zone’s sizes of 21.2-24.8, 14.218.3, 11.2-12.6 and 7.0-9.0 mm, respectively. The beta-carotene, total phenolic compound
content and IC50 value of Tom-Yum paste were 676.46+52.41 µg/g dried sample, 1.00+0.07 g
catechin/100 g dried sample and 2.17+0.16 mg dried sample/ml extract solution, respectively.
The shelf-life of marinated shrimp kept in normal air and modified atmospheric packagings
were 15-18 and 18-21 days, respectively, while shelf-life of raw white shrimp was only 9-12
days. Using marinating and modified atmosphere condition could provide more antibacterial
and antioxidant properties resulted in increased white shrimp shelf-life.
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Introduction
In the present time, most important commercial
species shrimp cultivated in Thailand is Pacific white
shrimp (Litopenaeus vannamei) as nearly 400,000 tons
in 2006 (Wyban, 2007). However, shrimp is a very
perishable product, and postmortem changes occur
rapidly. A serious problem in shrimp processing and
storage is rapid microbial spoilage due to digestible
nutrients such as free amino acids and other soluble
non-protein nitrogenous. Psychrophilic bacteria count,
H2S-producing bacteria, and enterobacteriaceae count
of Pacific white shrimp stored in ice for 10 days were
5-6, 4-5 and 4-5 log CFU/g, respectively (Nirmal
and Benjakul, 2009). Therefore loss of marketable
value is more concerned and interested to find out the
proper way to manage.
There is growing evidence that Thai cuisines
promote antioxidant activity and have health benefits
because of several herbs and spices. Diallyl disulfide
and diallyl trisulfide in garlic were identified as
primary active antioxidant compounds (Dwivedi
et al., 1996; O’Gara et al., 2000; Tsao and Yin,
2001) and antibacterial activity (Siripongvutikorn
*Corresponding author.
Email: sunisasiripongvutikorn@gmail.com
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et al., 2005). Some active compounds derived from
galangal rhizome, lemongrass and kaffir lime leaves
were reported as antitumors in the digestive tract
(Division of Health Statistics, 1989; Murakami et
al., 1995). Several researchers have reported that
galangal extract showed antioxidant activity in a
model system (Barik et al., 1987; Cheah and AbuHasim, 2000) and in pork meat (Juntachote et al.,
2005). Using of natural product as preservative agent
is more interesting to substitute synthetic one due to
health concern.
Several spices, for example galangal rhizome,
lemongrass, kaffir lime leaves and chili are used in
Thai soup particularly Tom-Yum soup. The soup will
end up with acid fruits such as lime juice, tamarind
pulp or dried garcinia slice to make a sour taste.
With a busy lifestyle therefore, convenience food as
marinated product, a ready to cook goods, is more
increasing. As marketing survey, shrimp marinated
with low acid paste, Tom-Yum mixes are not now
commercially available particularly packed in
modified atmosphere condition. This present research
are, therefore, aimed to evaluate the antibacterial and
antioxidant properties of low acid paste, Tom-Yum

1574

Siripongvutikron et al./IFRJ 19(4):1573-1580

paste and its application on white shrimp and to
monitor the shelf life of the marinated shrimp packed
under modified atmospheric condition during chilled
storage.
Materials and Methods
Materials
Fresh spices for making low acid paste, TomYum mixed, consisted of chili (Capsicum frutescens),
lemongrass (Cymbopogon citralus (DC) Stapt),
kaffir lime leaves (Citrus hystrix DC), galangal
rhizome (Alpinia galanga), garlic (Allium sativum
L) and shallot (Allium ascalonicum, L). These were
bought from a fresh market in Hat-Yai city, Songkhla
Province, Thailand. Fresh Pacific white shrimp
(Litopenaeus vannamei), size 60-70 shrimp/kg was
purchased from shrimp farm and kept in ice during
transportation.
Preparation of low acid paste, Tom-Yum mixed
All fresh spices were sorted, trimmed, washed,
drained for 2 min, sliced, weighed according to the
recipe and blended until it became a fine paste. The
paste was aseptically sampled, sealed in sterilized
polyethylene bag and kept at 4±2°C. The individual
spice listed above and the paste were evaluated for
moisture content, pH, total viable count, total phenolic
content, beta-carotene, antioxidant and antibacterial
activities.
Preparation of marinated shrimp with low acid
paste, Tom-Yum mixed
The fresh shrimp was removed from ice, washed
with chilled tap water, deheaded and peeled. Peeled
shrimp was analyzed for total viable count, coliforms,
Staphylococcus aureus (BAM, 2001), total volatile
base nitrogen (TVB-N) and thiobarbituric acid
reactive substances (TBARS).
The paste was mixed with the shrimp in the ratio
of 1:3 (paste: shrimp). Marinated shrimp samples of
about 80 g were packaged in Nylon/LDPE bags before
subjected to pack in 6 conditions. A1; control, B1;
normal package, C1; vacuum package, D1; O2: CO2:
N2 as 5:50:45, E1; O2: CO2: N2 as 5:70:25 and F1;
O2: CO2: N2 as 5:90:5 were set and stored at 4±2oC.
All samples were taken every three days for physical,
chemical and microbiological analyses and in the
case of sensorial evaluation; both cooked shrimp and
soup were separately tested by 30 panelists.
Physical, chemical, microbiological and sensorial
analyses
Beta-carotene content
Beta-carotene content of the spices and the paste

was extracted and analyzed using HPLC technique as
modified by Siripongvutikorn et al. (2005).
Total phenolic content
Total phenolic content of spices and the paste
was determined by the Folin-Ciocalteau method
(Singleton and Rossi, 1965) using catechin (Sigma
Chemical Co., St. Louis, USA) as the standard.
Results were expressed as catechin equivalents.
Determination of free radical scavenging ability
The DPPH (1,1-diphenyl-2-picrilhydrazyl)
radical scavenging activity of the methanolic extracts
was determined using the method proposed by Von
Gadow, Joubert, and Hansmann (1997). Results were
expressed as half inhibitory concentration (IC50) at
which DPPH radicals were scavenged by 50%.
pH

Sample was blended with sterilized distilled
water at a ratio of 1:10 (sample: water) and allowed
to stand for 2 min before measuring the pH with a pH
meter (Mettler 350, Singapore).
Moisture content
The moisture content determination method of
all samples was followed by Gravimetric method
(A.O.A.C., 2000).
Total volatile base nitrogen (TVB-N)
Two-gram samples of shrimp, and marinated
shrimp were blended with 4% trichloroacetic acid,
filtered with Whatman paper No.1 before being
subjected to TVB-N analysis using the Conway
method (Hasagawa, 1987).
Thiobarbituric acid reactive substances (TBARS)
Two-gram of chopped shrimp or marinated
shrimp was homogenized with 10 ml of mixture of
0.375% TBA, 15% trichloroacetic acid and 0.25 N
HCl (termed TBA reagent) for 2 min, then heated in
boiling water for 10 min. The sample was cooled down,
centrifuged at 8,000 rpm for 20 min before brought
to measure for absorbance at 532 nm. Results were
calculated and expressed as mg malondialdehyde/kg
sample (Modified method of Buege and Aust, 1978).
Drip loss (%)
The marinated shrimp was washed with the tap
water to get rid of the paste before subjected to absorb
the water by filter paper (Whatman paper No.1). Then
the shrimp was weighed and calculated the drip loss
(%).
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Cooking loss (%)
The marinated shrimp packed in Nylon/ LLDPE
was heated in boiling water until shrimp’s temperature
was 75 oC for 20 seconds. Then the cooked shrimp
packed in bag was cooled in ice water. The cooled
shrimp was taken from the bag and rinsed with the
tap water to get rid of the paste before subjected to
remove the excess water by filter paper (Whatman
paper No.1). The cooked shrimp was weighed and
calculated the cooking loss (%).
The bacteriological analysis
The psychrophilic, mesophilic bacteria, yeast and
mold, coliforms, lactic acid bacteria, Staphylococcus
aureus, Clostridium perfrigens and Salmonella spp.
were determined as procedure of BAM (BAM,
2001).
Antibacterial activity determination of spices and
the paste
The blended sample was placed in a sterile cheese
cloth and squeezed to get the crude juice before subject
to filter with 0.45 micron acetate filter paper with
aseptic technique. The filtrated juice was subjected to
evaluate for antibacterial activity determination.
Two Gram-positive bacteria: Staphylococcus
aureus and Listeria monocytogenes and two Gramnegative bacteria: Escherichia coli 0157:H7 and
Pseudomonas fluorescens obtaining from Department
of Medical Science, were used as test organisms.
Two-loopful of each test organism was aseptically
transferred into 5-ml BHI (Merck) and incubated
at 35oC for 18 h. These overnight cultures were
adjusted to final concentrations of 106 and 107CFU/
ml in fresh 9 ml BHI broth. One milliliter of this
final concentration was taken into 7 ml BHI semi soft
agar and then poured on 15 ml already gel Mueller
Hinton agar (Merck) and allowed to solidify. Wells
were made using 6-mm cork borer and 100 µl of each
aqueous extract were filled into the wells. The plates
were then incubated at 35oC for 24 h, while the plates
inoculated with P. fluorescens were incubated in at
room temperature (30oC). The plates were observed
after 24 h for zones (mm) of inhibitions and these
were measured using vernier caliper (Parente and
Hill, 1992). The minimum inhibition concentration
(MIC) was determined by well diffusion (Parent and
Hill, 1992). The minimum bactericidal concentration
(MBC) was determined by broth diffusion (Bakri
and Douglas, 2005). The minimum bactericidal
concentration was recorded in the plate with no
growth or not over 10 colony forming unit.
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Sensorial evaluation
Marinated samples were boiled in water at a
ratio of 1:2 (sample: water). The Tom-Yum soup
and shrimp were separately served to taste at 4550oC to 30 experienced consumers who regularly
eat Tom-Yum soup. The sensorial attributes of soup
as color, flavor, taste, appearance and overall liking
while attribute of cooked shrimp as texture, flavor
and overall liking were evaluated using the 9-point
hedonic scale. The meaning of 9-point hedonic
scale was judged from “1 = extremely dislike to 9=
extremely like”. Before the samples were brought to
cooked and served to panelists, total viable count of
all samples were evaluate and not exceed 106 CFU/g
for microbiological safety.
Statistical analyses
Data were subjected to Analysis of Variance
(ANOVA) and mean comparison was performed
using the Duncan’s New Multiple Range Test.
Statistical analyses were carried out using the SPSS
statistical software version 11.
Results and Discussion
The initial quality of low acid paste, Tom-Yum mixed
Moisture content (%), pH and total viable count
(reported as CFU/g) of spices used in low acid paste,
Tom-Yum mixed and the paste were exhibited in
Table 1. It pointed out that some spices used in paste
were perishable sample based on low acid food (pH >
4.6), high moisture content and high TVC particularly
galangal rhizome and lemon grass.
Beta-carotene content was highest in red chili
followed by Tom-Yum paste and kaffir lime leaves
(Table 2) similar to the result of Siripongvutikorn
et al. (2005). Furthermore, galangal rhizome was
highest in total phenolic content and IC50 compared
other samples. Similar to finding of Siripongvutikorn
et al. (2008) who reported that galangal rhizome was
highest in total phenolic content and DPPH activity,
IC50, in garcinia Tom-Yum paste. Interesting,
total phenolic content may or may not correlate
to antioxidant activity in each sample differently.
Moreover, it pointed out that beta-carotene content
did not responsible for antioxidant activity determined
by DPPH assay.
Among the spices used in Tom-Yum mixed,
only garlic bulb provided inhibition zone as shown
in Table 3. While, Siripongvutikorn et al. (2005)
reported that kaffir lime leaves possessed some
antibacterial property by using disk diffusion method.
It implied that organism variety, spices location, and
method used may cause different results. After spices
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Table 1. Moisture content (%), pH and total viable count (CFU/g) of
spices used in Tom-Yum paste and the paste

Means + SD from triplicate data of 2 different lots

Table 2. Beta-carotene content, total phenolic compound content and
antioxidant activity determined as DPPH activity of spices used in TomYum paste and the paste

Figure 1. Drip loss value (%) of marinated shrimp packed in various
modified atmospheric conditions during chilled storage A1; control, B1;
normal package, C1; vacuum package, D1; O2: CO2: N2 as 5:50:45, E1;
O2: CO2: N2 as 5:70:25 and F1; O2: CO2: N2 as 5:90:5

Means + SD from triplicate data of 2 different lots. a-d Means within a column with different
letters are significantly different (p<0.05)

Table 3. Antibacterial activity measured as inhibition zone of spices
used in Tom-Yum paste and the paste

Means + SD from triplicate data of 2 different lots.
0; no inhibition zone, +; inhibition zone less than 20 mm, ++; inhibition zone range 20-25 mm
and +++; inhibition zone greater than 26 mm

were made to be the paste, however, antibacterial
activity of Tom-Yum paste occurred. It confirmed
that allicin, active compound derived from garlic
bulb had enough antibacterial activity against all test
organisms. In addition, MIC and MBC values of garlic
were 15.15+0.52 to 24.87+1.40 and 70.32+0.52 to
140.65+0.82 µg/ml, respectively (Table 4). Based on
antibacterial activity, S. aureus was most sensitive
organism to garlic juice as shown in Table 3 and 4
which similar to previous result (Siripongvutikorn et
al., 2005).
Marinated shrimp with low acid paste, Tom-Yum
mixed
Shelf-life of shrimp without marinated Tom-Yum
paste, control was 12 days based on psychrophilic and
mesophilic bacteria as standard limit (10 6-7 CFU/g
(ICMSF, 1986) while shrimp marinated the paste and
packed in normal air was 18 days (Table 5). Vacuum
condition, mixed gas of O2: CO2:N2 as 5:50:45 (D1),
5:70:25 (E1) could not retard microbial count when

Figure 2. Cooking loss value (%) of marinated shrimp packed in various
modified atmospheric conditions during chilled storage. A1; control, B1;
normal package, C1; vacuum package, D1; O2: CO2: N2 as 5:50:45, E1;
O2: CO2: N2 as 5:70:25 and F1; O2: CO2: N2 as 5:90:5

Figure 3. Total volatile base nitrogen (TVB-N) of marinated shrimp
packed in various modified atmospheric conditions during chilled storage.
A1; control, B1; normal package, C1; vacuum package, D1; O2: CO2: N2
as 5:50:45, E1; O2: CO2: N2 as 5:70:25 and F1; O2: CO2: N2 as 5:90:5

compared with normal package condition. However,
increasing CO2 to 90 (%) could reduce bacterial
count then its shelf-life extended to 21 days. It could
be pointed out that low acid paste, Tom-Yum mixed,
played more antibacterial function compared with
packing techniques when sample stored in chilled
condition.
The pH value of shrimp with and without marinated
Tom-Yum paste and packed in any conditions was in
the range 6.4-6.7 throughout the storage (data did
not show). This may due to buffering capacity from
high free amino acid such as histidine and phosphate
compounds (Suyama et al., 1986; Abe, 2000).
Drip loss increased as storage time increased as
shown in Figure 1. Additionally, it was found that 90%
CO2 (F1) and vacuum (C1) samples caused more drip
loss. This may be due to protein deterioration from
dissolving of CO2 to carbonic acid and expressive
force from vacuum technique, respectively.
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Table 4. Antibacterial activity measured as minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC)
of garlic juice

Means + SD from triplicate data of 2 different lots.
letters are significantly different (p<0.05)

a-d

Means within a column with different

Table 5. Microbiological quality changes of marinated shrimp packed in
various modified atmospheric conditions during chilled storage
Sample

Storage
(day) Psychrophile Mesophile Yeast,
(CFU/g)
(CFU/g) Mold
(CFU/g)

A1

1

<3.0X10

3.0X102

<3.0X10

9.2

<3.0X10

ND

ND

ND

3
6

<3.0X10
6.0X103

7.8X102
4.0X103

<3.0X10

-

-

-

-

-

9
12

2.1X10
3.2X106

8.4X10
9.5X106

<3.0X10

36

3.5X103

-

-

-

15
18
21

-

-

-

-

-

-

-

-

1

<3.0X10

6.9X103

<3.0X10

4.3

<3.0X10

ND

ND

ND

3

<3.0X10

<3.0X103

-

-

-

-

-

-

6

<3.0X10

9.4X102

<3.0X10

-

-

-

-

-

9
12
15

1.4X105
1.3X106
5.0X107

3.6X103
7.5X104
1.7X106

<3.0X10

<3.0

1.5X102

-

-

-

18
21

9.0X106
3.0X107

7.5X106
5.5X107

-

-

2.5X105

-

-

-

Psychrophile
(CFU/g)

Mesophile
(CFU/g)

1

<3.0X10

3.1X10 3

<3.0X10

3.6

<3.0X10

ND

ND

ND

3
6

<3.0X10
1.9X10 4

7.0X10 2
3.0X10 3

<3.0X10

-

-

-

-

-

9
12
15

4

8.5X10
6.3X10 5
3.0X10 6

5.6X10
3.2X10 4
3.5X10 5

<3.0X10

<3.0

6.6X10 5

-

-

-

18

3.2X10 7

9..8X105

-

-

-

-

-

-

21

3.6X10 7

1.1X10 7

-

-

6.7X10 5

-

-

-

1

<3.0X10

3.0X10 3

<3.0X10

23

<3.0X10

ND

ND

ND

3
6

<3.0X10
<3.0X10

6.3X10 2
1.5X10 3

<3.0X10

-

-

-

-

-

9
12
15

2

6.2X10
1.7X10 4
3.2X10 5

1.2X10
6.3X10 3
3.4X10 4

<3.0X10

<3.0

3.5X10 2

-

-

-

18
21

3.3X10 5
2.2X10 7

7.5X10 4
2.7X10 6

-

-

3.5X10 4

-

-

-

1

<3.0X10

3.2X10

3

<3.0X10

23

<3.0X10

ND

ND

ND

3
6

<3.0X10
3.5X10

3.8X10 3
2.5X10 3

<3.0X10

-

-

-

-

-

9
12
15

9.7X10 3
1.2X10 5
2.3X10 5

1.6X10 3
3.7X10 4
8.0X10 4

<3.0X10

<3.0

3.7X10 2

-

-

-

18
21

1.3X10 5
1.2X10 7

1.1X10 5
6.7X10 6

-

-

3.2X10 4

-

-

-

1

<3.0X10

3.5X10 3

<3.0X10

23

<3.0X10

ND

ND

ND

3
6

<3.0X10
<3.0X10

9.9X10 2
1.1X10 3

<3.0X10

-

-

-

-

-

9
12
15

2.4X10 2
3.3X10 4
1.2X10 5

7.8X10 3
1.0X10 4
7.5X10 4

<3.0X10

<3.0

2.9X10 2

-

-

-

18
21

4.3X10 5
1.8X10 6

3.5X10 5
6..4X105

-

-

5.0X10 4

-

-

-

B1

5

5

Microbiological index
Coliform
LAB
(MPN/g)
(CFU/g)

S. aureus

C. perfringens Salmonella

(Continued)
Sample

C1

D1

E1

F1

Storage
(day)

3

3

Yeast, Mold Coliform
(CFU/g) (MPN/g)

LAB
(CFUg)

Microbiological index
S. aureus

C. perfringens

Salmonella

A1; control, B1; normal package, C1; vacuum package, D1; O2: CO2: N2 as 5:50:45, E1; O2:
CO2: N2 as 5:70:25, F1; O2: CO2: N2 as 5:90:5, ND; not detected, -; not determined and LAB;
lactic acid bacteria

Northcutt et al. (1994) addressed that changing
of drip loss and cooking loss values of pork meat
caused by pH value related to water holding capacity.
However, Allen et al. (1998) reported that drip loss
and cooking loss of chicken meat did not have any
correlation with pH. Cooking loss in this present
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work tended to increase as increased storage time
(Figure 2). Though, shrimp without marinating (A1)
seemed to have lower cooking loss in the first day,
there was no significantly difference in day after. It
pointed out that marinating and packing condition
may help to protect protein degradation caused by
endogenous enzyme (autolysis) and exogenous
enzyme (microbial enzyme).
As well know that TVB-N value is used for fish
freshness index, however, many studies (Civera et al.,
1999; Paarup et al., 2002) also reported that acceptable
limits were species and storage conditions dependent.
A chemical reference criterion in term of TVB-N for
fishery products export of Thailand is not higher than
30 mg/100g sample (Department of Fisheries, 2004).
From Figure 3, there was no significant difference in
TVB-N values in all samples in first 9 days, however,
A1 reached standard limit (<30 mg/100g sample) at
12 days of storage accordant with microbiological
quality (Table 5). While, TVB-N of marinated shrimp
packed in any modified atmospheric condition was
under standard throughout storage. It confirmed that
Tom-Yum pastes played an important role to control
shrimp quality as antibacterial and antioxidant
functions.
Juntachote et al. (2007) addressed that addition
of dried galangal powder into cooked ground pork
could inhibit the formation of TBARS value,
peroxide value (POV), conjugated diene and hexanal
content during storage at 5oC for 14 days. Surprising,
marinated shrimp with Tom-Yum mixed pronounced
more TBARS (Figure 4) when compared with raw
shrimp (A1). Kilinc and Cakli (2004) reported that
an increase of TBARS value in sardine marinated
with citric solution was observed during storage.
While, Cadun et al., (2005) reported that an increase
of TBARS in marinated pink shrimp probably due
to prooxidant, such as heme iron and non-heme
iron from membrane leakage (Cheng et al., 2004).
Standard limit of rancidity in oily food is 5-8 mg/kg
malonaldehyde (Shamberger et al, 1977; Bergamo et
al., 1998). Therefore, if based on this value it point
out that marinated shrimp product could not fit for
consumer consumption even first day. However,
some researchers mentioned that chlorophyll in
plant sample would be prooxidant in food system
(Juntachote et al., 2005; Michalak, 2006). While,
Odour-Odote and Obiero (2009) addressed that
TBARS value is not good indicator for determination
of smoked fish quality.
Based on consumer acceptability, it pointed out
that shelf-life of marinated shrimp packed in any
packaging conditions was longer when compared
with microbiological aspect (Figure 5). In addition,
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sensorial score did not change as storage time
increased probably due to masking effect of the
paste, Tom-Yum mixed, and antimicrobial activity
particularly in marinated shrimp and packed under
modified atmospheric conditions as D1, E1 and F1.

Figure 4. Thiobarbituric acid reactive substances (TBARS) of marinated
shrimp packed in various modified atmospheric conditions during
chilled storage. A1; control, B1; normal package, C1; vacuum package,
D1; O2: CO2: N2 as 5:50:45, E1; O2: CO2: N2 as 5:70:25 and F1; O2:
CO2: N2 as 5:90:5

Conclusion
Garlic bulb and galangal rhizome played a major
role for antibacterial and antioxidant activities,
respectively in low acid paste, Tom-Yum mixed.
Most sensitive organism to antibacterial agent was
S. aureus. Application of the paste to shrimp could
retard growth of TVC and controlTVB-N value.
However, TBARS value of marinated shrimp was
higher than that value of control. Shelf-life of shrimp
with marinated the paste, Tom-Yum mixed, was
extended from about 12 days to 18-21 days based
on microbiological quality and TVB-N value. To
sum up, shrimp with marinated the paste; Tom-Yum
mixed, did not only possess more shelf-life but also
could be used as convenience food that fit for new
life style.
Acknowledgments

Figure 5. Sensory score of Tom-Yum soup made from marinated shrimp
packed in various modified atmospheric conditions during chilled
storage evaluated from 30 panelists using 9-point hedonic scale, B1;
normal package, C1; vacuum package, D1; O2: CO2: N2 as 5:50:45, E1;
O2: CO2: N2 as 5:70:25, F1; O2: CO2: N2 as 5:90:5.

The author would like to thank to the BIOTECH
under code BT-B-03-FG-18-4806, Thailand for
funding and Faculty of Agro-Industry, Prince of
Songkla University providing equipments to carry
out this research.
References

Figure 6. Sensory score of shrimp made from marinated shrimp packed
in various modified atmospheric conditions during chilled storage
evaluated from 30 panelists using 9-point hedonic scale, B1; normal
package, C1; vacuum package, D1; O2: CO2: N2 as
5:50:45, E1; O2: CO2: N2 as 5:70:25, F1; O2: CO2: N2 as 5:90:5

Abe, H. 2000. Role of Histidine-Related Compounds as
intracellular proton buffering constituents in vertebrate
muscle. Biochemistry- Moscow 65: 757-765.
Allen, C. D., Fletcher, D. L., Northcutt, J. K. and Russell,
S. M. 1998. The relationship of broiler breast color to
meat quality and shelf-life. Poultry Science 77: 361366.
A.O.A.C. 2000. Official Methods of Analysis., Association
of Official Analytical Chemists. 17th ed Arlington,
Virginia.
BAM. 2001. Bacteriological Analytical Manual. U.S.
Department of Health and Human Services. U.S. Food
and Drug Administration Center of Food Safety and
Applied Nutrition.
Bakri, I. M. and Douglas, C. W. I. 2005. Inhibitory effect
of garlic extract on oral bacteria. Archives of Oral
Biology 50: 645-651.
Barik, B. A., Kunda, A. B. and Dey, A. K. 1987. Two
phenolic constituents from Alpinia galanga rhizomes.
Phytochemistry 26: 2126-2126.
Bergamo, P., Fedele, E., Balestrieri, M., Abrescia, P. and

Siripongvutikron et al./IFRJ 19(4):1573-1580

Ferrara, L. 1998. Measurement of malondialdehyde
levels in food by high-performance liquid
chromatography with fluorometric Detection. Journal
of Agricultural and Food Chemistry 46: 2171-2176.
Buege, J. A. and Aust, S. D. 1978. Microsomal lipid
peroxidation. Methods in Enzymology 52: 302-304.
Cadun, A., Cakli, S., and Kisla, D. 2005. A study of
marination of deepwater pink shrimp (Parapenaeus
longirostris, Lucas, 1846) and its shelf life. Food
Chemistry 90: 53-59.
Cheah, P. B. and Abu-Hasim, N. H. 2000. Natural
antioxidant extract from galangal (Alpinia galanga)
for minced beef. Journal of the Science of Food and
Agriculture 80: 1565–1571.
Cheng, J. H., and Ockerman, H. W. 2004. Effect of ascorbic
acid with fumbling on lipid oxidation of precooked
roast beef. Journal of Muscle Foods 15: 83–93.
Civera, T., Grassi, M. A., and Pattono, D. 1999.
Caratteristiche chimiche microbiologiche di molluschi
cefalopodi nel corso della conservazione. Industrie
Alimentari 38: 933–937.
Division of Health Statistics. 1989. Office of the Permanent
Secretary, Ministry of Public Health. Public Health
Statistic. Thailand.
Dwivedi, C., Abu-ghazaleh, A. and Guenther, J. 1996.
Effects of diallyl sulfide and diallyl disulfide on
cisplantin-induced changes in glutathione and
glutathione-S-transferase activity. Anticancer Drugs
7: 792-794.
Department of Fisheries. 2004. Fish inspection and quality
control division. Chemical reference criteria for
fishery products, Revision II. Ministry of Agriculture
and Cooperatives. Thailand.
Hasagawa, H. 1987. Laboratory manual on analytical
methods and procedures for fish and fish products.
Marine Fisheries Research Department. SEAFDEC.
Singapore.
ICMSF. 1986. International Commission of Microbiological
Specifications for Foods. Microorganisms in Foods 2.
Sampling for Microbiological Analysis: Principles and
Specific Applications, 2nd ed. University of Toronto
Press, Buffalo, NY.
Juntachote,T., Berghofer, E., Siebenhandl, S. and Bauer
F. 2007. The effect of dried galangal powder and its
ethanolic extracts on oxidative stability in cooked
ground pork. LWT - Food Science and Technology
40: 324–330.
Juntachote, T., Berghofer, E., Siebenhandl, S. and Bauer,
F. 2005. The antioxidative properties of Holy basil
and galangal in cooked ground pork. Meat Science
72: 446-456.
Kilinc, B. and Cakil, S. 2004. Chemical, microbiological
and sensory changes in thawed frozen fillets of
sardine (Sardina pilchardus) during marination. Food
Chemistry 88: 275-280.
Michalak, A. 2006. Phenolic compounds and their
antioxidant activity in plants growing under heavy
metal stress. Polish Journal of Environmental Studies
15: 523-530.
Murakami, A., Kondo, A., Nakamura, Y., Ohigashi,

1579

H. and Koshimizu, K. 1995. Glyceroglycolipids
from Citrus hystrix, a traditional herb in Thailand,
potenly inhibit the tumor-promoting activity of 12-Otetradecanoylphorbol 13-actate in mouse skin. Journal
of Agricultural and Food Chemistry 43: 2779–2783.
Nirmal, N. P. and Benjakul, S. 2009. Melanosis and
quality changes of pacific white shrimp (Litopenaeus
vannamei) treated with catechin during iced storage.
Journal of Agricultural and Food Chemistry 57:3578–
3586.
Northcutt, J. K., Foegeding, E. A. and Edens, F. W. 1994.
Water-holding properties of thermally preconditioned
chicken breast and leg meat. Poultry Science 73: 308–
316.
Oduor-Odote, P. M. and Obiero, M. 2009. Lipid oxidation
and organoleptic response during shelf storage of
some smoked marine fish in Kenya. African Journal
of Food, Agriculture, Nutrition and Development 9:
885- 900.
O’Gara, E. A., Hill, D. J. and Maslin, D. J. 2000.
Activities of garlic oil, garlic powder and their diallyl
constituents against Helicobacter pylori. Applied and
Environmental Microbiology 66: 2269-2273.
Paarup, T., Sanchez, J. A., Moral, A., Christensen, H.,
Bisgaard, M., and Gram, L. 2002. Sensory, chemical
and bacteriological changes during storage of iced
squid (Todaropsis eblanae). Journal of Applied
Microbiology 92: 941–950.
Parente, E. and Hill, C. (1992). A comparison of factors
affecting the producing Psychrotrophic Leuconostocs
associated with spoilage of vacuum packaged
processed meats. Journal of Food Protection 57:209217.
Shamberger, R. J., Shamberger, B. A. and Willis, C. E.
1977. Malonaldehyde Content of Food. Journal of
Nutrition. 107: 1404-1409.
Singleton, V. L. and Rossi, J. A. 1965. Colorimetry of total
phenolics with phospho-molybdic-phosphotungstic
acid reagents. American Journal of Enology and
Viticulture 16: 144–158.
Siripongvutikorn S, Ayusook S, Pengseng N and
Usawakesmanee W. 2008. Development of green
curry paste marinade for white shrimp (Litopenaeus
vannamai). Songklanakarin Journal of Science and
Technology 30: 35-40.
Siripongvutikorn, S., Thummaratwasik, P. and Huang,
Y. 2005. Antimicrobial and antioxidant effects of
Thai seasoning, Tom-Yum. LWT - Food Science and
Technology 38: 347-352.
Suyama, M., Hirano, T. and Suzuki, T. 1986. Buffering
capacity of free Histidine and its related dipeptides in
white and dark muscles of yellow fin tuna. Bulletin of
the Japanese Society of Scientific Fisheries 52: 21712175.
Tsao, S. M. and Yin, M. C. 2001. In-vitro antimicrobial
activity of 4 diallyl sulphides occurring naturally
in garlic and Chinese leek oils. Journal of Medical
Microbiology 50: 646-649.
Von Gadow, A., Joubert, E. and Hansmann, C. F. 1997.

1580

Siripongvutikron et al./IFRJ 19(4):1573-1580

Comparison of antioxidant activity of aspalathin
with that of other plant phenols of Rooibosed tea
(Aspalathon linearis), tocopherol, BHT, and BHA.
Journal of Agricultural and Food Chemistry 45: 632–
638.
Wyban, J. 2007. Thailand White Shrimp Revolution:
Production. Global Aquaculture Advocate, May/June,
56–58.

