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Abstract: This study was carried out to use liquid extracts (thyme and lemongrass) to improve shelf life
of Thai coconut cream dips during 4±2°C storage. The thermal stability of these two extracts was initially
studied. Physicochemical, sensory and microbiological properties of 0.1% added plant extract coconut
cream dips were determined throughout 28 days of storage. It was found that both thyme and lemongrass
extracts were thermally stable at 50-80°C. pH values for added thyme and lemongrass extract samples were
significantly decreased (p<0.05) with increasing of storage time, whereas no significant differences
(p>0.05) were found for titratable acidity and firmness. The addition of these two extracts caused some
sensory alterations such as flavor and taste; nevertheless, the thyme extract sample was more preferable.
According to microbiological determination, the thyme extract sample was microbiologically safe for at
least 28 days at 4±2°C storage as compared with that found in lemongrass extract and control samples for
less than 21 and 14 days, respectively.
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INTRODUCTION

In general, quality of food and food products are
deleterious after storage by microbiological and/or
chemical changes that seem to be a major factor
affecting their sensory characteristics, safety and cost.
The addition of preservatives is a simple method
chosen to solve these problems and it also shows a
great efficiency with no technological technique.
Nevertheless, an increase of public concern about the
safety of chemical preservatives is suspicious to food
manufacturers. In addition, a strong debate about the
safety aspects of chemical preservatives, which are
considered as the risk of potential toxicological and
carcinogenic effect is being an interested topic;
therefore, an alternative for natural substances usage is
assuming greater prominence[1]. These have been
isolated or extracted from a wide range of animal,
plant and bacterial species[2]; consequently, the use of
these natural extracts is contingent on type of food,
method of processing, cost and food laws.

Herbs, divided into culinary and medicinal type,
have a history being used as colorant, flavorant,
antimicrobial agent and antioxidant in foods[3]. Their
liquid extracts are more potential and efficient for
many purposes in comparison with fresh or dried herbs.
Several studies revealed antimicrobial and/or
antioxidative effects of natural spices or herbs including

rosemary, sage, thyme, oregano, clove, ginger, turmeric
and lemongrass. These functional properties have been
attributed to different natural compounds such as
phenolic compounds, flavonoids, carbonyl compounds,
acids and terpene compound[4-6].

Thai coconut cream dip is one of popular desserts
that produced by heating a combination of highly
nutritive ingredients including of coconut milk, sugar,
egg yolk and starch under specific condition, and
usually added with flavoring and/or coloring agents for
better sensory perception. Coconut cream dip
manufacturers confront a major problem associated with
a short shelf life of the product by the presence of
high sugar and fat content which have been subjected
to microbial growth and lipid oxidation, resulting in
taste and flavor change, poor appearance, off-flavor and
food poisoning[7]. Therefore, attempt was made to
utilize natural extracts (thyme and lemongrass) in Thai
coconut cream dips for extending the product shelf life
and improving their color and flavor characteristics.
Their physicochemical, sensory and microbiological
characteristics were determined during storage.

MATERIALS AND METHODS

Materials: Dried thyme (Thymus vulgaris) and fresh
lemongrass (Cymbopogon citratus) were purchased
from a local supermarket. Thai coconut cream dip
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ingredients including coconut milk, sugar, corn flour,
fresh egg and pandanus leaf were used.

Preparation of Plant Extract: Fresh lemongrass was
washed under running tap water and sliced into small
pieces, dried at 50°C for 5 h in a tray dryer and then
ground by a Warring blender®. A 100 g of dried plant
was soaked in 500 mL water and heated at 50°C for 10
h in a water bath shaker. The liquid extract obtained
by a hydro-distillation for 4 h was filled in small
sterile bottles and stored at 4±2°C until use.
  
Thermal Stability of Plant Extract: Each liquid
extract (2 mL) from thyme and lemongrass was heated
at different heating temperatures from 50 to 80°C for
30 min and immediately placed in a cool bath. The
antimicrobial activity of each extract was determined.

Preparation of Thai Coconut Cream Dip: Thai
coconut cream dip was formulated by using 285 g
coconut milk, 200 g sugar, 75 g corn flour, 120 g egg
yolk and 285 g pandanus water. Initially, pandanus
water was prepared by blending 200 g pandanus leaf
with 300 g distilled water, and then filtered through a
cheese cloth. Dry ingredients were added into a
mixture of pandanus water and coconut milk in the
bowl, followed by egg yolk and thoroughly mixed by
hand. The mixture was  filtered through a cheese cloth
into a pot and heated at 70°C with continuous stirring
for 20 min. Thai coconut cream dip was allowed to
cool down at room temperature (30±2°C), weighed and
filled into plastic cups before storing at 4±2°C. 

Physicochemical Analysis pH: The pH was measured
by using a pH-meter (Model 320, Mettler-Toledo Ltd.,
Essex, UK) according to AOAC standard method[8].

Titratable Acidity: Total acidity (mg/100 mL)
expressed as citric acid was determined according to
AOAC standard method[8]. 

Color: The color of sample was measured in the term
of L*(lightness), a*(redness/greenness) and
b*(yellowness/blueness) values using a HunterLab
digital colorimeter (Model Color Flex, Hunter
Associates Laboratory, Reston, VA). Hue and  chroma
values were calculated with the following equations:
Hue = tan-1b*/a* and  Chroma = [a*2+ b*2]1/2.

Firmness: Firmness, expressed as a peak force required
for compressing the 1-cm flat test cell into a coconut
cream dip sample, was done using a Lloyd texture
analyzer (Model LRX, Lloyd Instruments, Hampshire,
UK) with 1000 N load cell and cross head speed at 1
mm/min. 

Sensory Evaluation: Twenty-four untrained panelists
drawn from Department of Food Science and
Technology, University the Thai Chamber of
Commerce (UTCC) were selected based on their
interest and product familiarity. Each sample was
evaluated for appearance, color, flavor, taste and
overall acceptability by using a 9-point hedonic scale
test (1 = extremely dislike, 9 = extremely like). The
Thai coconut cream dip was served with sliced bread.
Panelists were instructed to cleanse their palates with
distilled water before tasting the sample and anytime
during the test as needed[9].

Microbiological Analysis:
Microbial Strains: Gram-negative Escherichia coli
(TISTR 780) and gram positive Staphylococcus aureus
(TISTR 118) were obtained from the Thailand Institute
of Scientific and Technological Research. Each
bacterial strain was sub-cultured into Tryptic Soy Agar
slant and incubated  at 35°C for 24 h before use. 

Antibacterial Test: The antibacterial test was carried
out according to the disk diffusion method[10].  It was
performed using an 18 h culture at 37°C in 10 mL of
Brain Heart Infusion  broth. The culture were adjusted
to approximately 105 CFU/mL with sterile saline
solution. Bacterial suspension (0.1 mL) was spread on
the Mueller Hinton agar plate. Filter paper discs (6 mm
in diameter) impregnated with 10 µL of liquid extract
were placed on the inoculated plates. These plates were
incubated at 37°C for 24 h. The diameter of the
inhibition zone was measured in millimeters. All tests
were performed in triplicate.

Microbial enumeration: The microbiological analysis
was carried out according to AOAC standard
method[11]. Sample (25 g) was aseptically weighed and
placed in a stomacher bag containing 250 ml of sterile
0.1% peptone diluent and pummeled for 1 min with a
stomacher®  (Model 400 circulator, Seward Ltd., Ohio,
USA). Homogenate was then diluted serially to obtain
proper dilution for microbiological test at day 7, 14, 21
and 28 during storage at 4±2°C. Total aerobic plate
counts and total yeast and mold counts were
determined by spread plating on Plate Count Agar,
Dichoran Rose Bengal Chloramphenicol employing an
incubation condition at 37°C for 24-48 h and 25°C for
5-7 days, respectively. Number of CFU were counted
and reported as log CFU/g. For Coliform bacteria
counts and Escherichia coli counts were determined
according to multiple tube technique by using
Fluorocult LMX®  broth and incubation condition at
37°C for 24-48 h. Count of these bacteria were
expressed as MPN/g.
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Experimental design and statistical analysis: Two
plant extracts, thyme and lemongrass, at 0.1% level
were added in Thai coconut cream dips and their
storage (4±2°C) stability were investigated.  Data were
analyzed by statistical package SPSS for Window
version 14.0. An analysis of variance (ANOVA) was
used to evaluate significant difference at level of 5%
(p<0.05). If a significant F-test was noted, treatment
means were separated using the Duncan’s New
Multiple Range Test[12].

RESULTS AND DISCUSSION

Thermal Stability: Results for thermal stability of
thyme and lemongrass extract presented in Table 1
shows no significant difference (p>0.05) for inhibition
zone diameter against E. coli and S. aureus in the
range of 50 to 80°C heat treatment, which was
supported by the work of Ahn et al.[13], who reported
that natural extract components are heat stable and
active at wide pH ranges. Based on this result, one can
infer that these two extracts can be potential for use in
food processing under moderate (50-80°C) heat
treatment. The result also showed that thyme extract
was more active against E. coli and S. aureus than
lemongrass extract, as evident by higher inhibition zone
diameter at any heat treatments (Table 1). The
compound responsible for the antimicrobial activity of
these extracts are mostly phenolic components[4] such
as thymol for thyme extract[14] and citral for lemongrass
extract[15], which may affect bacteria by weakening or
destroying the permeability barrier of the cell
membrane, resulting in the release of cellular
constituents, or by altering the physiological status of
the cells by changing the fatty acid composition and
phospholipid content of bacteria, interfering with
energy metabolism, disrupting electron transport or
nutrient uptake, and affecting nucleic acid synthesis[4].
In addition, the data showed that E. coli were more
resistant to the extract than S. aureus. These results are
in agreement with the finding of Nychas[1] who
revealed that gram-negative bacteria were shown to be
generally more resistant than gram-positive ones to the
antagonistic effects of essential oil extracts, because of
the lipopolysaccharide present in the outer membrane
of cell wall structure. This constituent avoids the
accumulation of the volatile oils on cell membrane.

Physicochemical Properties: The results of each
coconut cream dip for physicochemical properties
presented in Table 2 and Fig. 1 and 2 show its
physicochemical properties at the time zero (after
processing) until the product was considered as spoilt
microbially when the microbial count was over the
standard level of 4 log CFU/g[16 ]. Based on
microbiological safety, sensory evaluation for all

treatments  were studied at 0, 7 and 14 days, as
evidence in Table 3.

Results of pH and titratable acidity of control and
added extract samples given in Table 2 shows that pH
values of all treatments ranged from 6.95 to 7.04 at the
beginning of storage and tended to significantly
decrease (p<0.05) during storage at 4±2°C. This might
be attributed to the carbohydrate breakdown as a result
of microbial growth to produce acids that caused a
decrease in pH of coconut cream dips[17]. Among all
treatments, pH values of control and lemongrass extract
samples were lower (p<0.05) than that with thyme
extract after first week of storage. This implied that
thyme extract was the most effective in bactericidal
activity than the control and added lemongrass extract
treatments, resulting in this sample had the lowest
microbial counts and this has influence on acidity.
Although, the pH value of thyme extract sample was
higher than other samples in any storage times, there
were no significant differences (p>0.05) in total acid
among all samples throughout this storage.

As shown in Table 2. There were no significant
differences (p>0.05) among all control and added
extract coconut cream dips throughout storage time.
This result implied that the addition of the extracts did
not affect the firmness of the products.

Results of color L* a* b* for all coconut cream dips
shown in Fig. 1 presented a gradual decrease in
L*(lightness) throughout the period of storage, whereas
the values for -a*(negative a*, green) and b*(yellow)
tended to decrease. This revealed that all treatments
become darker after storage, which was attributed to
the non-enzymatic browning reaction between amino
acids and reducing sugars contributing to Maillard
reaction[18]. It was also observed that the addition of
these extracts may retard color changes of the coconut
cream dips, probably because thyme and lemongrass
extracts have been reported to be effective against lipid
oxidation; consequently, they may delay the formation
of hydroperoxides and other compounds from this
reaction, which participated in color changes by
polymerization[19]. As a result, hue angle values showed
a slight increase during storage (Fig. 2a), indicating
that the products would become more yellowish-green.
Chroma, which measures the saturation of color, tended
to decrease with increasing of storage time (Fig. 2b),
which was attributed to the decrease in green and
yellow color.

Sensory Evaluation: Sensory scores of coconut cream
dips prepared with different added plant extracts (thyme
and lemongrass) shown in Table 3 demonstrate that
there were significant differences (p<0.05) for all
sensory attributes between control and  added extract
samples after processing, except for appearance
attribute. The scores given for color, flavor and taste
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indicated that  lemongrass extract showed an adversed
effect on these sensory perception, probably due to its
specific pungent and spicy characteristics which
masked and made the product with unwanted sensory
attributes[20]. Also, the overall acceptability of added
lemongrass extract formulation was rated (p<0.05) in
the lowest score as compared with control and added
thyme extract samples, which would be influenced by
lower preference for color, flavor and taste. The results
obtained at 7 days of storage exhibited no evidence of
significant differences (p>0.05) in all sensory attributes
for control, thyme and lemongrass samples in relation
to those obtained at time zero (0), except for overall
acceptability of thyme and lemongrass samples that
showed a significant decrease (p<0.05).

On the 14 days of storage, there were significant
differences (p<0.05) in sensory scores for appearance

and flavor of all samples. Only the lemongrass sample
showed a significant decrease (p<0.05) in color score
after 14 days of storage. It can be seen that color,
flavor, taste and overall acceptability scores of a
lemongrass extract sample were significantly lower
(p<0.05) than those of control and thyme samples,
indicating that thyme extract was considered as more
potential use as antimicrobial agent in this study.

Microbiological Characteristics: Total Plate Count
(TPC) of control and added extract coconut cream dips
shown in Table 4 revealed that the addition of thyme
and lemongrass extracts resulted in lower microbial
counts with respect to the control, whereas the control
showed the highest  throughout storage time. It can be

Table 1: Antimicrobial activity of plant extracts as affected by various heat treatments
Strain Plant extract Inhibition zone diameter (mm)

----------------------------------------------------------------------------------------------------------------------------------------
No heat treatment 50°C 60°C 70°C 80°C

E. coli Thymens 30.33±1.50 28.67±2.50 29.00±2.60 29.00±1.71 28.00±2.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lemongrassns 13.67±1.51 12.67±1.52 13.33±1.52 13.33±1.50 13.00±1.41
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S. aureus Thymens 49.00±1.00 48.33±1.51 47.67±1.51 48.67±1.51 49.00±1.52
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lemongrassns 24.00±1.01 24.00±1.00 23.33±1.50 23.33±1.50 23.50±0.72
ns = non-significant. 

Table 2: Physicochemical properties of coconut cream dips during storage at 4±2°C
Parameters Treatment                     Storage time (days)

------------------------------------------------------------------------------------------------------------------------------
0 7 14 21 28

pH Control 7.04±0.01aA 6.88±0.05bA 6.71±0.06bB*

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Thyme 6.96±0.01aA 6.94±0.02aA 6.92±0.02aBC 6.89±0.03aC 6.68±0.03D

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lemongrass 6.95±0.01aA 6.87±0.02bA 6.71±0.03bB 6.57±0.04bC*

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Titratablens Control 0.05±0.00 0.05±0.01 0.05±0.01*

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
acidity (%) Thyme 0.05±0.00 0.05±0.01 0.06±0.01 0.06±0.02 0.08±0.01
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lemongrass 0.05±0.00 0.06±0.01 0.06±0.00 0.07±0.01*

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Firmnessns Control 0.59±0.09 0.65±0.04 0.70±0.02*

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
(N) Thyme 0.57±0.03 0.60±0.04 0.61±0.06 0.63±0.04 0.63±0.04
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lemongrass 0.62±0.02 0.62±0.01 0.63±0.03 0.68±0.01*

*Onset of spoilage.
a, b  Different superscript letters in the same column  indicate significant differences (p<0.05).
A, B, C, D Different superscript letters in the same row indicate significant differences (p<0.05).
ns = non-significant.

Table 3: Sensory scores of coconut cream dips during storage at 4±2°C
Attributes* Treatment Storage time (days)

--------------------------------------------------------------------------------------------------
0 7 14

Appearance Control 8.24±0.59aA 8.40±0.50aA 7.96±0.50aB

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Thyme 8.32±0.47aA 8.44±0.50aA 8.00±0.70aB

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lemongrass 8.28±0.54 aA 8.28±0.45aA 7.76±0.70aB

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 3: Continue
Color Control 8.68±0.47aA 8.76±0.43aA 8.52±0.05aA

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Thyme 8.40±0.50aA 8.48±0.50aA 8.40±0.50aA

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lemongrass 7.96±0.67bA 7.80±0.64bA 7.36±0.86bB

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Flavor Control 8.68±0.47aA 8.56±0.50aA 8.20±0.40aB

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Thyme 8.08±0.70bA 7.72±0.67bA 7.40±0.50bB

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lemongrass 6.72±0.67cB 7.52±0.65bA 6.52±0.58cB

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Taste Control 8.36±0.49aA 8.28±0.54aA 8.40±0.50aA

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Thyme 7.56±0.58bB 7.92±0.40aA 7.84±0.80bA

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lemongrass 6.60±0.64cB 6.96±0.80bA 6.80±0.70cA

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Overall acceptability Control 8.40±0.50aA 8.48±0.50aA 8.32±0.40aA

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Thyme 8.24±0.50aA 7.76±0.60bB 7.72±0.45bB

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lemongrass 7.50±0.60bA 6.96±0.70cB 7.36±0.70cAa,b,c

Different superscript letters in the same column  indicate significant differences (p<0.05) among different samples at the same storage time.
A, B Different superscript letters in the same row indicate significant differences (p<0.05)  among different storage times for the same sample.
* Based on a 9-point hedonic scale test (1 = extremely dislike, 9 = extremely like).

Table 4: Bacterial counts (log CFU/g) of coconut cream dips during storage at 4±2°C
Treatment                                 Storage time (days)

------------------------------------------------------------------------------------------------------------------------------------------------------
0 7 14 21 28

Control ND 3.76  4.61* 5.04 5.70
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Thyme ND ND ND 2.81 3.41
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lemongrass ND 2.66 3.51  4.40* 5.15
ND = not detected. *Onset of spoilage.

Fig. 1: Color L* a* b* scales of coconut cream dips during storage at 4±2°C: C - Control, T - thyme, L –
lemongrass;  number  represents the  day of storage: 0 - 0 day, 1 - 7 days, 2 - 14 days, 3 - 21 days, 4 -
28 days.
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Fig. 2: Hue and chroma of coconut cream dips during storage at 4±2°C (a) hue  (b) chroma a, b, c Different
superscript letters on the bar indicate significant differences (p<0.05) among different samples at the same
storage time. A,B,C,D,E Different superscript letters on the bar indicate significant differences (p<0.05) among
different storage times for the same sample.

seen that, after 7 days of storage, the microbial count
determined in the control sample was the most,
followed by that in lemongrass extract sample and the
thyme extract sample was not detectable. However, all
samples were safe for consumption because their
microbial counts were lower than the recommended
standard level of 4 log CFU/g[16]. It was observed that
the microbiological safe for control and lemongrass
extract samples were 14 and 21 days of storage,
respectively, whereas the thyme sample was safe at
least 28 days of storage. In addition, there were no
yeast and mold, Coliform bacteria and E. coli counts in
all samples throughout storage time (data not shown).
This results revealed that lemongrass extract showed
low effective against bacterial growth due to its may

possess antifungal activity or interactions between
phenolic compounds and the food matrix[21]. From this
results suggested that lemongrass extract may be
required to apply more than 0.1% in coconut cream
dip. This study also exhibited that thyme extract had a
high effect antimicrobial activity as compared with the
lemongrass extract. Therefore, thyme extract played an
important role as antimicrobial. So, it was
recommended for use as natural antimicrobial to retard
food spoilage.

Conclusion: The results of this study showed that both
thyme and lemongrass extracts were thermally stable at
50-80°C and could be used to improve shelf life of
Thai coconut cream dips. The added thyme extract
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sample presented a longer shelf life in relation to that
observed in added lemongrass extract and control
samples. Nevertheless, the addition of these extracts
would affect some product sensory attributes such as
flavor and taste and the most evident alteration was
found in the product with lemongrass extract. In future
works, it seems interesting to study the effect of
different levels of the extracts in other foods, especially
on spicy foods.
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