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Abstract
Bacterial cellulose (BC) is a dietary fiber produced from some strains of 
acetic acid bacteria. Coconut water is the major substrate to ferment the 
bacterial cellulose for the food industry. However, the area of plantation is 
limited in a specific region, so the shortage of raw material occasionally 
occurred from the natural disaster. In contrast, rice cultivation is a major 
crop, millions of tons produced yearly. The rice mill industry also yields 2.5% 
of the underspecification grains. This research demonstrated the use of 
organic low-grade rice strains (Riceberry rice, brown jasmine rice, jasmine 
rice, red jasmine rice, and Homnil rice) as substrates for BC production. The 
study showed that the ground rice powder required enzymatic hydrolysis of  
25 µl of alpha-amylase 10%(v/v) at 90°C for 30 min, and followed by 50 µl 
of glucoamylase 20% (v/v) at 60°C for 90 minutes to completely convert 
starch to reducing sugar. Such enzymatic hydrolysate was in liquid form 
with TSS of 8°Brix. The cellulose production by Komagatacibacter nataicola 
TISTR 975 was carried out using the saccharified rice medium containing  
0.7% (NH4)2SO4, initial pH 5.0 with 15% inoculum. Incubation at a static 
state for 15 days yielded the maximum weight of bacterial cellulose at 
401.717 ±5.383 g/l when brown jasmine rice was the substrate. For jasmine 
rice, red jasmine rice, Homnil, and Riceberry rice, the weights of cellulose 
were 367.294 ±3.986, 335.244 ±4.707, 321.233 ±4.279 and 308.100 
±2.809g/l, respectively. Sensory scores of the cellulose product showed 
that the cellulose in the syrup was highly accepted. Different cubic sizes and 
quantities were prepared and mixed in 3 food products. A rice beverage the 
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size of 0.5×0.5×0.5 cm3 at 15 % (w0v) received the highest attribute scores. 
Whereas in soy yogurt, 1.0×1.0×1.0 cm3 at 10% (w/v) the mix of cellulose 
was the most preferable. The herbal drink assorted with bacterial cellulose of 
0.25×0.25×0.25 cm3 at 20% (w/v) had the highest scores out of 30 panelists.

Introduction
Bacterial cellulose (BC) available in the food industry 
is known as Nata de Coco, which has a high demand 
in the East Asian markets.1 BC is indigestible in 
the human gut, thus it is considered as a dietary 
fiber which has been accepted as GRAS (generally 
recognized as safe) by the US-FDA for more than 
2 decades.2 Due to several health benefit properties, 
particularly regarding non-communicable diseases, 
a sufficient intake of dietary fiber could reduce the 
occurrence of constipation, hemorrhoids, diabetes, 
improve bowel function, aid in weight loss, and 
prevent heart disease.3 Therefore the supplement 
of BC in many foods and drinks has become more 
popular in Asia. The BC, either mixed with food 
products or in raw form, is in demand for worldwide 
export.4 It is produced by some strains of bacteria 
in the Acetobacteraceae family, previously known 
as genus Acetobacter which has recently been 
renamed Komagataeibacter. The pure cellulosic 
thick membrane is preferably formed in the bacterial 
culture grown in static conditions.2

Komagataeibacter nataicola TISTR 975 (previously 
identified as Acetobacter aceti subsp. xylinum 
TISTR 975) is a favorable strain in many studies, 
and it is available in the Thailand culture collection 
center. For example, Chinsumran & Suttisuwan5 
studied the addition of molasses in coconut water 
by varying the total soluble solid into 4 different 
levels, and they found that the strain TISTR  
975 produced the highest BC when 10° Brix was 
initiated. The improvement of the product was 
examined by adding some herbal juices in the 
substrate in order to provide an antioxidant to the 
final BC.6 Aeration and concentration of sucrose, 
which influences the BC production of this bacterial 
strain, was also conducted.7

 
Generally, coconut juice or coconut waste water 
from the coconut milk industry is used as the 
main substrate for Nata de Coco production.1, 5, 7-9  
In Thailand, coconut plantations are mostly located 
in the southern region, in an area of 176,000 

hectares. Whilst rice, which is an important 
economic crop of the country, covers the cultivation 
area of about 9.44 million hectares, which yields 
25 million tonnes annually. The coconut output is 
sometimes insufficeint and coconuts need to be 
imported from neighbouring countries. Meanwhile 
the rice processing factories generate waste water 
as well as low specification grains. The waste 
water from rice milling and rice washing water from 
parboiled rice production was revealed to be used 
as a source of hydrogen production. There was  
10% carbohydatre existed in the waste water.10 
Although such waste water has potential to be 
applied in growing of bacteria, to produce BC the 
purity of substrate and high amount of carbohydrate 
are required. While there is approximately 2.5% 
of low-grade rice occurring per annum from the 
rice milling industries. Low-grade rice is either 
incomplete grains, discolored, or contains gravel. 
The price is less than half that of the full grains. The 
main nutritional composition of rice is carbohydrate  
77-85%,11 which can be used as a raw material for 
the BC production. Organic products are increasingly 
popular due to the health perception of consumers. 
This study aimed at elucidating the possibility of 
employing the organic broken rice as substrate for 
BC fermentation. The potential applications of BC in 
different food products is also investigated.

Materials and Methods
Materials
Organic low-grade rice was provided from an organic 
rice community enterprise group Bandongmok, 
Samchuk district, Supanburi province (red jasmine 
rice and Homnil rice) and a project to promote and 
support organic rice production in the mid-central 
provincial cluster, Chachoengsao Province, 2000 
(Riceburry rice, brown jasmine rice, and jasmine 
rice). Komagatacibacter nataicola TISTR 975 was 
obtained from the Thailand Institute of Scientific 
and Technological Research. Alpha-amylase from 
Bacillus licheniformis, type XII-A, ≥ 500 units/mg 
protein (biuret) and Amyloglucosidase, ≥ 260 units/
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ml, from Aspergillus niger (Sigma-Aldrich, USA) 
were applied.

Sample Preparation and Starch Hydrolysis of 
α-amylase and Glucoamylase
Organic low-grade rice was prepared by separating 
the contaminated particles and then drying at 80°C 
for 2 hrs. The dried rice was ground and the powder 
obtained was sifted through an 80 mesh standard 
sieve.12 Enzymatic hydrolysis was performed by 
boiling the rice powder (10g in 100 ml water) at 
100°C for 15 minutes. The puree was then liquefied 
by 10% (v/v) α – amylase. The optimization of 
α – amylase conditions was carried out at four 
different volumes (12.5, 25, 50 and100  µl) and time 
intervals (15, 30, 45 and 60 min) at 90°C and pH 
6.0. Thereafter, the puree was further saccharified 
by 100 μl glucoamylase (20%) (v/v) at 60°C and pH 
4.5 for 120 minutes. Then, the puree was centrifuged 
at 4,000 rpm for 20 minutes. The reducing sugar in 
the supernatant was measured according to the  
3, 5 dinitrosalicylic acid (DNS) method reported by 
Miller (1959).13

The amount of glucoamylase suitable for further 
sacchar if ication was then var ied into four 
concentrations (12.5, 25, 50 and 100 μl). The 
incubation times (30, 60, 90 and 120 min) were also 
compared at 60°C and pH 4.5. 

Optimization of Fermentation Conditions 
Bacterial cellulose (BC) production was carried 
out with two cultivation steps. First the bacterial 
culture, Komagatacibacter nataicola TISTR 975, 
was activated by transferring 10 ml of the cold-
stored culture into a coconut medium (sugar 50 g 
and (NH4)2SO4 1 g/ L of coconut water, adjusting 
the pH to 4.0 with 5% CH3COOH).14 Afterwards 
the culture was incubated at room temperature for 
3 days prior to use as an inoculum.7 The lid of the 
bottle containing the culture was kept loose to ensure 
oxygen exposure. The second step was to propagate 
the bacterial culture in a fermentation medium (60 ml 
of the liquid obtained from enzymatic hydrolysis of 
rice puree) and left to produce the cellulose at room 
temperature for 10 days. The suitable conditions for 
effective cellulose production were investigated with 
several parameters, i.e. total soluble solid (TSS; 6, 
8, 10,12 °Brix), pH (4.0, 4.5, 5.0, 5.5), (NH4)2SO4 
(0.1, 0.3, 0.5, 0.7% W/V), inoculum concentration 

(10, 15, 20, 25% V/V), incubation time (5, 10, 15, 20 
days), type of low-grade rice (Riceberry rice, brown 
jasmine rice, jasmine rice, red jasmine rice, Homnil). 
Production of bacterial cellulose was represented 
by wet weight. 

Sensory Acceptability Test of Bacterial Cellulose  
Bacterial cellulose (BC) was freshly harvested and 
washed thoroughly. The sheets were deodorized by 
soaking them in water for 48-96 hrs, while water was 
replaced every 24 hrs until there was no smell of 
acid. The cellulose was then diced (1×1×1 cm3) and 
boiled for 6 hrs. Boiling in plain water and 80% refined 
sugar syrup was compared for the organoleptic test. 

The acceptability of BC from organic low-grade 
rice, when applied as food ingredients, was also 
carried out. Three different sizes of BC diced cubes 
(0.25×0.25×0.25 cm3, 0.5×0.5×0.5 cm3, and 1×1×1 
cm3) and quantity (10, 15, 20%) were mixed in some 
commercial products, i.e. an organic rice drink (Care 
Balance), soy yogurt (Rivon) and chrysanthemum 
and chamomile drinks (Doi Kham).

The sensory acceptance was performed using the 
5-point hedonic scale;15 appearance, color, flavor, 
texture and overall satisfaction were analyzed by 
30 respondents. 

Statistical Analysis 
All experiments were done in triplicate, and are 
presented with mean ± standard deviation (SD). 
Data analysis was performed with the SPSS 
program using ANOVA, followed by Duncan multiple 
comparison tests. Statistical significance was defined 
as p < 0.05.

Results and Discussion
Starch  Hydro lys is  by  α -amylase  and 
Glucoamylase
The effects of α – amylase concentration and 
hydrolysis time on reducing sugar production 
are illustrated in Fig. 1.  The reducing sugar was 
significantly higher when the concentration of 
α-amylase was increased from 12.5 µl to 25 µl. 
Thereafter, increasing the enzyme from 25 –  
100 µl did not make any difference (p > 0.05) on 
the reducing sugar obtained.  The target site of 
α-amylase is 1,4-α-D-glucosidic bond, which binds 
the glucose units within the amylose chain. The 
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maltose and glucose are then released as reducing 
sugar from amylose.16 The conditions optimal for 
α-amylase 10% (v/v) concentration were 25 µl for  
30 minutes. The highest reducing sugars value 
obtained was 47 g per 100 g of rice. When 

we consider that the Riceberry rice contained 
approximately 77% of carbohydrate content,11 such 
an amount was equal to 61% recovery of reducing 
sugars. 

Fig. 1: Reducing sugar recovered after digesting the rice puree with α-amylase at 
different levels and hydrolysis times (error bars present mean + SD, n = 3)

Fig. 2: Reducing sugar obtained after varying the amount of glucoamylase 
and hydrolysis time (error bars present mean + SD, n = 3)

The addition of glucoamylase was followed in 
order to ensure that the branch of α-1,6 glucosidic 
linkages found in amylopectin were further degraded.  
The amount of 20% (v/v) glucoamylase required 
to unbound units of glucose was achieved at  
50 µl. Whereas the hydrolysis time of 90 minutes was 
sufficient to completely digest the starch in Riceberry 
powder (Fig. 2). Enzymatic hydrolysis is widely 
used to saccharify starch from various sources 
such as rice17 or maize.18 The use of enzymes has 

benefits for the selection of products, particularly 
glucose, with no remaining by-product.19 Regarding 
the appearance of the rice puree after enzyme 
treatment, in this study, it was completely digested 
into the liquid and no rice powder was left in the flask. 

Five varieties of low-grade organic rice were then 
hydrolyzed by 25 µl of 10% (v/v) α – amylase for 
30 minutes, and followed by 50 µl of 20% (v/v) 
glucoamylase for 90 minutes. It was found that 
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Homnil rice gave the highest amount of reducing 
sugars at up to 91.7 ±0.670 g/l (Fig. 3). It was 
followed by the reducing sugars from Riceberry rice, 
jasmine rice, brown jasmine rice and red jasmine 
rice. The values recovered were 87.34 ±0.609, 
85.832 ±0.168, 85.614 ±0.405 and 74.789 ±0.842 
g/l, respectively.  These values represented 100 

% recovery of reducing sugars, when compared 
with the carbohydrate in the rice (77 – 85 % of dry 
basis).11 The above liquified solutions had total 
soluble solids (TSS) in between 8 – 9o Brix. All 
liquids could be transferred to use as a substrate 
for bacterial cellulose production.

Fig. 3: Reducing sugar gained from different varieties of broken rice puree 
 a-d Different letters represent statistical significance (p<0.05)

Optimization of Bacterial Cellulose Production
To optimize the conditions appropriate for cellulose 
production by Komagatacibacter nataicola TISTR 
975, the factors concerning the initial TSS of 
the reducing sugar from Riceberry rice was first 
carried out, while the pH and ammonium sulphate 
were adjusted at 4.5 and 0.1%, respectively.  
The cellulose yields were 169.822 ±5.156, 214.633 
±2.722, 205.650 ±3.912 and 191.678 ± 2.573 g/l 
for 6, 8, 10 and 12o Brix, respectively (Fig. 4 a). The 
significantly highest cellulose yields were found at 
8°Brix (p<0.05). The decrease in cellulose yield at 
10 and 12°Brix could be due to some glucose being 
metabolized to gluconic acid, which in turn inhibits 
the cellulose production.20 The initial pH in the media 
was 4.5. After fermentation the pH decreased to 
3.69, 3.48, 3.43 and 3.35, for the media with the 
initial TSS of 6, 8, 10 and 12 °Brix, respectively. 
This confirmed that the media with higher reducing 
sugar created the more acidic conditions, and when 
it exceeded 8 oBrix the BC production was interfered.
 
Bacterial cellulose can be produced from various 
carbon sources such as glucose, fructose, sucrose, 
manitol etc. However the glucose led to highest BC 
yields since it acts as both energy source and ideal 

precursor for the construction of cellulose polymer.21 
Previous report suggested that the amount of 
glucose should be added properly, not only based on 
the optimum BC production, but also the economic 
rationale. 22 Such suggestions agreed with our finding 
in the case of reducing sugar, that 8 oBrix derived 
from the low-grade rice hydrolysis was sufficient to 
produce a maximum weight of BC with no addition 
of sugar was needed. 

The pH between 4.0 -6.0 was recommended to be 
applied in the media for BC production.20 Therefore, 
the pH of the media in this experiment was adjusted 
to 4.0, 4.5, 5.0 and 5.5. To study this parameter, the 
initial TSS was fixed at 8 oBrix. After incubation for  
10 days, the pH value decreased to approximately 
3.5. This was not subject to the initial pH of the culture 
medium, but the substrate content seems to play 
a role on pH reduction. The cellulose yields of pH 
4.0, 4.5, 5.0 and 5.5 were 194.639 ±1.575, 212.072 
±1.795, 235.017 ±1.294 and 233.267 ±1.817 g/l, 
respectively (Fig. 4b). The highest yield appeared 
in the media pH 5.0 and 5.5 (p<0.05). However, in 
order to prevent the contamination of other spoilage 
bacteria, pH 5.0 is recommended for a suitable 
fermentation condition. 
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Fig. 4: Effect of fermentation conditions (error bars are SD of triplicate samples)
*  refers to the statistically highest yield (p<0.05)

(a) total soluble solid (b) pH (c) (NH4)2SO4 (d) inoculum size (e) incubation period

(a) (b)

(c) (d)

(e)

Not only carbon sources are necessary for cell 
metabolism, but also nitrogen sources.20 Although 
organic nitrogens such as yeast extract, casein, 
and beef extract have been reported to support the 
biocellulose production,22-23 inorganic nitrogens are 
more economical and cost effective for cellulose 
yields.22 Therefore ammonium sulfate was exploited 
in this experiment, in order to limit the variation 
of growth and celluose production that might be 
influenced by the other nutrients contained in organic 

nitrogens. The cellulose yields, when (NH4)2SO4 
was supplied at 0.1, 0.3, 0.5, and 0.7% (w/v), 
were 232.128 ±2.373, 238.289 ±1.928, 242.128 
±1.575 and 256.028 ± 1.292 g/l, respectively. The 
0.7% (w/v) (NH4)2SO4 provided the significance of 
highest cellulose yield (p≤0.05) (Fig. 4c). In one 
of the literature source that used coconut water 
medium as a substrate, Acetobacter xylinum 
produced maximum thickness of cellulose when 
0.5% ammonium sulphate was added.24
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The factor involving the inoculum sizes was also 
studied. The results in fig. 4d indicated that the 
cellulose yields of inoculum size 10, 15, 20 and 25% 
(v/v) were 252.950 ±6.087, 298.294 ± 6.217, 278.178 
± 6.354 and 258.361 ± 7.358 g/l, respectively. 
The highest biocellulose yield was obtained from  
15% (v/v) inoculum size. Adding more inoculum of 
20-25% (v/v) led to a decrease in biocellulose yield. 
This result was agreed with the previous finding 
that the excess addition of inoculum interfered with 
BC production, which was due to the competition of 
nutrient up taking by the bacteria.25

The incubation periods suitable for maximum 
production of biocellulose are different for each strain 
of bacteria as well as for the substrates used. The 
results of this work indicated that the cellulose yields 
after 5, 10, 15 and 20 days of incubation times were 
128.844 ±4.549, 289.217 ±2.313, 313.844 ±3.814 
and 315.861 ±3.317g/l, respectively (Fig. 4e). The 
highest biocellulose levels remained constant after 
15 days of incubation at static conditions. Similar 
profiles have been conducted by Acetobacter 
xylinum LKN6 in sago liquid waste as a fermentation 

medium. The bacterial cellulose production increased 
during fermentation, with a maximum production at  
15 days, though the cellulose decreased when it was 
incubated further to 20 days.25 Komagatacibacter 
nataicola TISTR 975 used in this work was still active 
at 20 days as the cellulose yields remained high.  
It was noticed that the bacteria located close to the 
surface of the liquid medium produced cellulose 
rapidly during the initial stage. This was because 
the thickness of the cellulose was observed in the 
first week and the increment of the thickness slowed 
down afterwards. In static conditions, the availability 
of oxygen is crutial for bacterial cellulose production, 
when the thickness increases the oxygen penetration 
is reduced. In consequence, both limitation of oxygen 
and depletion of nutrients affected the production of 
bacterial cellulose and cell metabolism.25 Thus exact 
proper harvest times must be applied to achieve the 
highest productivity. 

The Effect of Rice Types
The reducing sugars obtained from five varieties of 
rice were used to compare the yield of cellulose, 
when cultured in the above optimum conditions.

Fig. 5:  Cellulose obtained from different types of rice media
 (error bars represent SD of triplicate samples.)

Fig. 5 shows that the reducing sugars from brown 
jasmine rice were the substrate for the highest 
production of cellulose by this bacterial strain. 
Apart from carbohydarte, brown rice consists of, 
essential amino-acids, phosphorus, calcium and 
B vitamins (including B1, B2 and B3).26 These 
nutrients assist the growth of K. nataicola TISTR 
975. White rice is the rice polished by removing 

the rice bran. Many vitamins and mineral were 
excluded by the polishing process when compared 
to brown rice.22 Pigmented rices, Riceberry and 
Homnil are enriched with anthocyanin and phenolic 
compounds.22 The anthocyanin extract of Riceberry 
rice and Homnil showed antibacterial activity on both 
gram negative and gram positive bacteria.28 Homnil 
rice bran extracts prohibit growth of some foodborne 
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pathogenic bacteria (Bacillus cereus TISTR 687, 
Staphylococcus aureus TISTR 118, Escherichia coli 
TISTR 780, Salmonella Typhimurium TISTR 292).29 
For the red rice, it comprises proanthocyanidin30-31 

which has been reported to have antimicrobial 
activites against Escherichia coli and Streptococcus 
mutans32 and Bacillus cereus.33 Hence, anthocyanin 
and proanthocyanidin may affect the growth of  
K. nataicola TISTR 975 leading to lower cellulose 
yields.  

One of the properties of bacterial cellulose is the 
solvent absorption.34 The liquefied media from the 
pigmented rices contained the soluble pigments of 
the rices. Therefore, the bacterial cellulose pellicle 
appeared in pink to red color (Fig. 6). This was due 
to the anthocyanins pigment in Homnil and Riceburry 
rices.35 Whereas proanthocyanidins have a slight 
brownish color associated with the red jasmine rice.36 

Fig. 6  Bacterial cellulose membranes (upper row) from different rices media. 
The lower row shows the low-grade organic rices of

(a) brown jasmine rice (b) white jasmine rice (c) Homnil rice (d) Riceberry rice (e) red jasmine rice

Sensory Acceptance Test of Boiling Bacterial 
Cellulose
Sensory acceptance tests were conducted with 
participants in early adulthood 20-40 years. Five 
point hedonic scales were used to evaluate the 
acceptance of participants for rice bacterial cellulose 
in food products. The 30 attendants were recruited 
with 20% being male and 80% being female. The 
scores of taste, texture and overall liking were 
significantly high (p<0.05) for boiling bacterial 
cellulose with pandan leaves and sugar (Table 1).

Three sizes and quantities of bacterial cellulose in 
the food products were evaluated for their sensory 
characteristics. The results are shown in Table 2.  
A rice drink, size 0.5×0.5×0.5 cm3 showed highest 
texture scores (4.20 ±1.07) and overall liking  
(4.27 ± 0.99).  The rice drink with a 15% bacterial 
cellulose containment had the highest texture 
scores (4.27 ± 1.00) and overall liking (4.23 ± 0.95).  
Soygurt, size 1×1×1 cm3 had the most acceptable 
ranking in high scores for both texture (4.33 ± 1.06) 

and overall liking (4.43 ± 1.16) with 10% of cubic 
cellulose in the soygurt being the most preferable. A 
herbal drink, size 0.25 × 0.25 × 0.25 cm3 was shown 
to have the highest texture score (4.27 ± 0.989) and 
overall liking (4.13 ± 0.90) with 20% containment of 
the cellulose in this product.

Table 1: Sensory score of bacterial cellulose 
at difference type of boiling

Attribute	 boiling 	 boiling with sugar

color	 4.13 ±1.03	 b.33 ±1.24
taste	 a2.97 ±0.7	 b4.03 ±0.81
texture	 a2.43 ±0.67	 b4.13 ±0.95
overall liking	 a2.7 ±0.63	 b4.1 ±0.85

Note:Values are means ± standard deviations of 
attribute values. Mean values along the same row 
with different superscript letters are significantly 
different (p< 0.05).
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Conclusions
This research offers evidence for the potential 
of organic low-grade rice to be used as an 
effective carbon substrate for producing cellulose 
by Komagatacibacter nataicola TISTR 975.  
No coconut water and sucrose are required for the 
production of BC. The low-grade brown jasmine rice 
provided the highest yield of cellulose, when the 
rice puree was hydrolysed with alpha-amylase and 
glucoamylase for a total of 120 minutes. The optimal 
conditions for cellulose production were TSS 8°Brix,  
pH 5.0, 0.7% (NH4)2SO4, 15% of inoculum size, 
incubated statically for 15 days. In the event of a 
short supply of coconut water, low-grade rice could 
be used as an economical substrate replacement. 
The subsequent bacterial cellulose produced can be 
added to several food products. The appropriate size 

and quantity of BC acceptable for consumers are 
subject to the type of food product it is to be added to.  
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Table 2: Sensory score of bacterial cellulose in food products

Food	 Attribute	                   Size (cubic cm)	                    Quantity 
products
		  0.25	 0.5	 1	 10%	 15%	 20%

rice	 texture	 b3.77 ±0.76	 a4.20 ±1.07	 ab4.00 ±0.82 	 b3.73 ±0.61	 a4.27 ±1.00	 b3.30 ±0.41 
drink	 overall	 c3.40 ±0.93	 a4.27 ±0.99	 b3.87 ±0.71	 b3.63 ±0.58	 a4.23 ±0.95	 b3.47 ±0.57
	 liking
soygurt	 texture	 c3.00 ±0.63	 b3.80 ±0.85	 a4.33 ±1.06	 a4.37 ±1.09	 b3.80 ±0.66	 c3.20 ±0.46
	 overall	 c2.67 ±0.54	 b2.60 ±0.68	 a4.43 ±1.16	 a4.40 ±1.12	 b3.80 ±0.65	 b3.37 ±0.53
	 liking
herbal	 texture	 a4.27 ±0.98	 b3.67 ±0.62	 b3.33 ±0.57	 b3.30 ±0.54	 b3.77 ±0.63	 a4.43 ±1.16
drink	 overall	 a4.13 ±0.90	 b3.57 ±0.59	 b3.37 ±0.59	 c3.30 ±0.46	 b3.97 ±0.75	 a4.57 ±1.31
	 liking

Note:  Values are means ± standard deviations of attribute values. Mean values along the same row with 
different superscript letters are significantly different (p< 0.05).
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