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ABSTRACT

This research was designed to study the efficiency of non-carbonated soft drink color removal by using
granular activated carbon (GAC) for coliform bacteria detection by SI medium. The conditions established in the
study were to use 6 color tones of non-carbonated soft drinks (red, green, purple, blue, orange and yellow) which
were removed by using 3 GAC amounts (100, 200, 300 mg per soft drink 1 mL) at two contact times of color
removal, 30 and 60 minutes. The results showed that a higher amount of GAC and the increasing of contact time
significantly increased color removal efficiency at p-value < 0.05, and that, also, the different color tones of soft
drinks significantly affected different color removal efficiencies at p-value < 0.05. The highest color removal
efficiency derived from using 300 mg/mL of GAC amount at 60 minutes, but was not the best suitable for every
color tone. The best suitable condition of each color tone was selected from the lowest GAC amount and the shortest
contact time for the color removal as well as affected the color of SI medium, which was changed to yellow color
for a positive result, but was still purple color for a negative result within 24 hours. Using 200 mg/mL of GAC
amount at 30 minutes was the best suitable condition for red-green-purple-orange color tones, using 300 mg/mL
of GAC amount at 30 minutes was the best suitable condition for yellow color-tone, and using 300 mg/mL of
GAC amount at 60 minutes was the best suitable condition for blue color-tone. The validity of coliform bacteria
detection by SI medium for these removed-color soft drinks when compared with the standard MPN method were
sensitivity value, specificity value and efficiency of test of more than 80%. Thus, GAC can be used to efficiently
remove the colors of soft drinks for coliform bacteria detection by SI medium.
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Introduction

Inthe past, Department of Health, Ministry
of Public Health did the research on the simple
method to check total coliform bacteria - which
is normal flora in the food pathway of human and
mammals. This method was called SI-2 which
was the name of culture medium for coliform
bacteria detection.! Later, SI-2 was developed
into Sanitary Indicator medium (SI medium). The
weakness of SImedium s interference from intense
color of food, because the intense color of food
will interfere with the observation of color change
in SI medium (If the result is positive, the clear
purple color of SI medium will be changed into
unclear yellow color or unclear yellow-purple
color). Since a lot of non-carbonated soft drinks
widely sold by venders usually had intense colors
as well as many color tones, color removal from
these non-carbonated soft drinks for coliform
bacteria detection by SI medium is very necessary.
If the colors are not removed, error from color
vision is likely to happen and so researchers will
misinterpret the result of coliform bacteria detection
by SI medium.

Activated carbon is an adsorbent which
iswidely applied for the color removal in industries.
Forexamples, it was used for water and wastewater
color treatment, decolorization and purification of
sugar in food industry, also decolorization of oils
and fats.> Thus, activated carbon was expected
to be applied for the removal of non-carbonated
soft drink colors by adsorption process. There are
two reports about the removal of Methylene Blue
from aqueous solution by using activated carbon.

It has been shown that the decrease of activated
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carbon particle size affects the increase of adsorption
capacity.>* So the smallest size of granular
activated carbon should be selected, which could
settle well without the filtration step of activated
carbon, and the carbon could be easily used.
Therefore the granular activated carbon
was used in the color removal of non-carbonated
soft drinks for coliform bacteria detection by SI
medium. The suitable conditions regarding the
amount of granular activated carbon and the contact
time of color removal for each color tone of
non-carbonated soft drinks were studied. The
study results could be applied correctly and
conveniently by governmental officials or related
personnel with the SI medium to detect coliform
bacteria in non-carbonated soft drinks with

intense colors.

Materials and Methods

This study was designed as an
experimental research to determine the color
removal efficiency by using granular activated
carbon inremoving non-carbonated softdrink colors
for coliform bacteria detection by SI medium.
Granular activated carbon (GAC) was made of
coconut shells and activated by superheated steam.
Also, it has an iodine number of 1,100 mg/g and
particle size of 0.42-1.70 mm. Regarding
non-carbonated soft drinks, they were prepared by
mixing the finished syrup, i.e., sala syrup (red),
cream soda syrup (green), grape syrup (purple),
blueberry syrup (blue), orange syrup (orange) and
pineapple syrup (yellow) at the ratio of finished

syrup: distilled water of 1 : 4, which is the normal
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ratio according to the label of the finished syrup.
The experiment was divided into two parts

including:

Part 1: The efficiency of non-carbonated soft
drink color removal by using
granular activated carbon (GAC) at
different conditions
The 6 color tones of non-carbonated soft

drinks [red (Carmoisine), green (Tartrazine and

Brilliant Blue FCF), purple (Carmoisine and

Brilliant Blue FCF), blue (Brilliant Blue FCF),

Color removal efficiency (%) =

Where; I, means the initial color
intensity of non-carbonated
soft drinks
I'; means the final color
intensity of non-carbonated
soft drinks
The color intensity by spectrometer at the
wavelength corresponding to the maximum
absorbance (A ) for each food colorant type in
color tones of non-carbonated soft drinks included
Carmoisine at wavelength 516 nm, Brilliant Blue
FCF at wavelength 630 nm, Tartrazine at
wavelength 428 nm and Sunset Yellow FCF at
wavelength 484 nm.57 Moreover, pH value of
soft drinks had been measured by pH meter after
the color intensity of soft drink was measured by

spectrometer.
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orange (Tartrazine and Sunset Yellow FCF) and
yellow (Tartrazine)] were removed by using 3
GAC amounts (100, 200, 300 mg per soft drink
1 mL) at 2 contact times of color removal (30 and
60 minutes) for study of color removal efficiency.
The color removal efficiency was measured by
UV-visible spectrometer to find different color
intensities between before and after color removal.
The value of color intensity was indicated by
absorbance value from the spectrometer. It could

be calculated by the following equation.

- 1,) x 100

Part 2: The validity of coliform bacteria
detection by SI medium for
removed-color non-carbonated soft
drinks compared with the standard
MPN method

(1) Preparing of non-carbonated soft

drinks that were contaminated with coliform

bacteria
Coliform bacteria had been cultured
in Eosin methylene blue agar (EMB) before being
mixed in sterile non-carbonated soft drinks. Mixed
non-carbonated soft drinks with coliform bacteria
had 6 diluted samples or characteristics (each color
tone in one set).
(2) Coliform bacteria detection by

MPN method

Non-carbonated soft drinks that were
contaminated (6 samples) and uncontaminated

(1 sample) with coliform bacteria as one set were
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detected by MPN method for each color tone. The
soft drinks were detected with the coliform bacteria
amount for 3 sets by MPN method .3 In addition,
the standard of coliform bacteria in the street-side
soft drink detected by the MPN method is less than
20 MPN/ 100 mL'?, so it was used for confirming
the validity.
(3) Coliform bacteria detection by SI
medium
(3.1) The suitable GAC amounts
and contact times for removing non-carbonated
soft drink colors are shown from the results of
coliform bacteria detection by SI medium and
comparison with the standard MPN method for
seven samples of each color tone in the first set.
Each sample of the seven samples from each color
tone was also divided into 6 portions for coliform
bacteria detection by SI medium. The divided
samples had the color removed by using sterile
GAC in 3 amounts (100, 200 and 300 mg per
samples 1 mL) and 2 contact times (30 and 60
minutes). When sterile GAC in each amount was
soaked in samples (1 mL) for 30 and 60 minutes,
SI medium (6 mL) was added in the glassware
which contained the non-carbonated soft drinks
mixed with GAC. After that, these non-carbonated
soft drinks in which was detected coliform
bacteria by SI medium were preserved at room
temperature for 17 and 24 hours. The test results
were determined by comparing with the color
indicator sheet of SI medium which was
referenced from the Research and Laboratory
Development Center, Department of Health,
Ministry of Public Health 2006. The suitable GAC

amount and contact time of each color tone was
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selected from GAC amount and contact time,
removed color, and caused the color of SI medium
to change to yellow color for a positive result but
was still purple color for a negative result within
24 hours. The best suitable GAC amount and
contact times were also the least values of the
suitable GAC amount and contact times.

(3.2) The additive data for finding
validity of coliform bacteria detection by SI
medium occurred from the coliform bacteria
detection of the second and third sets which used
the best suitable GAC amount and contact times
(from the results of the first set) for color removal

of soft drinks.

Analyzing the data

Descriptive statistics was used to calculate
the percent color removal efficiency from Part 1
experimental data, and then analyzed as the mean
percentages and standard deviations for their
combination of color tones of non-carbonated soft
drinks, amounts of GAC and contact times. Part
2, experimental data, were analyzed to find the
validity (percentage of sensitivity value,specificity
value, positive predictive value, negative predictive
value and testefficiency value) of coliform bacteria
detection by SI medium in removed-color non-
carbonated soft drinks when compared with the
standard MPN method.

Inferential statistics, as the analysis of
variance (ANOVA), was performed in the factorial
experiment of 3 variables: color tones of non-
carbonated softdrinks,amounts of GAC and contact
times. The results of ANOVA table were assigned
at o< level of 0.05.
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Results
Part 1: The efficiency of non-carbonated
soft drink color removal by using
granular activated carbon (GAC) at
different conditions
Regarding the comparisons of color
removal efficiencies in non-carbonated soft
drinks which had 6 color tones (red, green, purple,
blue, orange and yellow) by using different GAC
amounts (100, 200 and 300 mg/mL), the results
showed that the higher amount of GAC gave
more color removal efficiency than the lower
amount of GAC follow as Figure 1 (Here below
paragraph 1 of Part 1 in Results item). GAC
amounts of 100, 200 and 300 mg/mL affected
different color removal efficiencies at the level of

significance 0.05 (p-value < 0.05). Furthermore,
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the increase of GAC amount affects the increase
of pH value of non-carbonated soft drinks according
to the alkalinity property of GAC. The study results
showed that using GAC amount up to 300 mg/mL
in the soft drinks gave pH values less than 9.
The study concerns the color removal
efficiencies by using different contact times as
30 and 60 minutes in color removal of non-
carbonated soft drinks by GAC, showed that the
longer contact time of color removal gave more
color removal efficiency than the shorter contact
time of color removal follow as Figure 1 (Here
below paragraph 1 of Part 1 in Results item). 30
and 60 minutes of contact times for color removal
of the soft drinks affected different color removal
efficiencies at level of significance 0.05 (p-value

< 0.05).
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Figure 1 Color removal efficiency (%) of non-carbonated soft drinks at different conditions
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Figure 2 Color removal efficiency (%) of food colorants in non-carbonated soft drinks at

different conditions

The efficiency of non-carbonated soft
drink color removal when using different color
tones at the same GAC amount and contact time
showed that the different soft-drink color tones
gave different color removal efficiencies follow as
Figure 1 (Here below paragraph 1 of Part 1 in
Results item) at level of significance 0.05
(p-value < 0.05). The orange color-tone soft drink
gave the highest color removal efficiency, but the
blue color-tone soft drink gave the lowest color
removal efficiency. Moreover, each color tone of

the soft drinks was prepared from one or two food
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colorants which were presented in Table 1 (Here
below paragraph 3 of Part 1 in Results item). Food
colorants of the soft drinks have 4 types, i.e.,
Carmoisine or Azorubine, Tartrazine, Brilliant Blue
FCF and Sunset Yellow FCF. When color removal
efficiencies in the soft drinks were considered
according to food-colorant types, they decreased
in a sequence as Sunset Yellow FCF (first rank),
Carmoisine (second rank), Tartrazine (third rank)
and Brilliant Blue FCF (fourth rank) which were
shown in Figure 2 (Here below Table 1).
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Table 1 The components of food colorants in non-carbonated soft drinks

Color tones

The components of

food colorants

Amount in

soft drinks

Percentages in

soft drinks (%)

(mg/ kg)
1. Red Carmoisine or Azorubine 40.3 100.00
2. Green Tartrazine 303 91.54
Brilliant Blue FCF 2.8 8.46
3. Purple Carmoisine or Azorubine 15.8 75.24
Brilliant Blue FCF 52 24.76
4. Blue Brilliant Blue FCF 30.7 100.00
5. Orange Tartrazine 304 56.82
Sunset Yellow FCF 23.1 43.18
6. Yellow Tartrazine 54.6 100.00
Part 2:  The validity of coliform bacteria tone soft drinks were 300 mg/mL of GAC amount

detection by SImedium for removed-
color non-carbonated soft drinks
compared with the standard MPN

method
Total studied non-carbonated soft drinks
of 126 samples had color removed by the best
suitable GAC amount and contact time for each
color tone. The best suitable GAC amount and
contact time of red color-tone soft drinks were 200
mg/mL of GAC amount at 30 minutes of contact
time, green color-tone soft drinks were 200 mg/
mL of GAC amount at 30 minutes of contact time,
purple color-tone soft drinks were 200 mg/mL of
GAC amount at 30 minutes of contact time, blue
color-tone soft drinks were 300 mg/mL of GAC
amount at 60 minutes of contact time, orange color-
tone soft drinks were 200 mg/mL of GAC amount

at 30 minutes of contact time and yellow color-
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at 30 minutes of contact time, which gave color
removal efficiencies as 79.30%, 48.50%, 69 .45,
74.92%, 89.87% and 76.63%, respectively. These
results showed that each color tone of the soft
drinks had different best suitable GAC amounts,
with contact times and color removal efficiencies
for coliform bacteria detection by SI medium.
After each color tone of non-carbonated
soft drinks had been removed, these soft drinks
were taken to detect the coliform bacteria by SI
medium compared with the standard MPN method.
The coliform-bacteria detection results within 24
hours by SI medium being compared with the
standard MPN method are shown in Table 2 (Here
below paragraph 2 of Part 2 in Results item). Data
in the Table 2 were calculated the validity as
follows : sensitivity value as 86.11% [93/ (93+15)
x 100], specificity value as 100% [18/ (18+0) x
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100], positive predictive value as 100% [93/(93+0)
x 100], negative predictive value as 54.55% [18/

3 13 159 vmn a3

(18+15) x 100] and efficiency of test value as
88.10% [(93+18)/ 126 x 100].

Table 2 Test results of coliform bacteria detection in removed-color non-carbonated
soft drinks preserved in room temperature within 24 hours

Results from

Results from

MPN method SI medium
Total
(Standard) + (Positive) - (Negative)
+ (Positive) 93 (TP) 15 (FN) 108
- (Negative) 0 (FP) 18 (TN) 18
Total 93 33 126

Note : TP = True Positive, FP = False Positive, FN = False Negative, TN = True Negative

Discussion
Part 1 : The efficiency of non-carbonated
soft drink color removal by using
granular activated carbon (GAC) at
different conditions
The study results showed that the higher
amount of GAC gave more color removal
efficiency than the lower amount of the carbon,
which is in agreement with the related researches
of Sumarin and Wongraweekul, and Prayurn-
prohm.!""!2 The theory about the factors
affecting adsorption mentioned that the increase
of adsorbent surface area can affect the increase
of the adsorption capacity.!? Because the increase
of GAC amount causes the increase of surface area
in GAC, the increase of GAC amount can also
affect the increase of removal efficiency of non-
carbonated soft drink colors. The GAC amounts

within 300 mg/mL used in this study gave pH
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values of less than 9 as the accepted values,
because these pH values result in normal growth
of bacteria.'* Thus, GAC amounts up to 300 mg/
mL do not disturb the growth of bacteria in the soft
drinks, and can be used to remove the soft drink
color for coliform bacteria detection by SI medium.

The results of this study showed that
the longer contact time of color removal gave more
color removal efficiency than the shorter contact
time of the removal and this is in agreement
with the related researches of Sumarin and
Wongraweekul, and Purkait et al.!''> The adsorp-
tion process for soft-drink color removal has the
dynamic for transport which involves three
consecutive steps : 1) adsorbate (color) is
transported through a surface film onto the
exterior of adsorbent (GAC), 2) adsorbate (color)
is diffused inside of the pore and/or the pore

wall surface of adsorbent (GAC), and 3) adsorbate
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(color) is attached onto an available interior site
of adsorbent (GAC). In most cases of activated
carbon (including GAC), the rate of organics (colors)
adsorption is controlled by step one and two.'®

The study results concerning color tones
of soft drinks showed that the different soft-
drink color tones affected the different color
removal efficiencies. Adsorption theory was
mentioned that the solubility factor of adsorbate
(food colorant causes color tone in soft drink)
and can affect adsorption capacity. The high
solubility that presents a strong solute-solvent
interaction can indicate a decrease of adsorption
capacity, because the solute-solvent interaction
can break its bond before the occurrence of the
adsorption process.!> Moreover, food colorants
could be classified by their chemical structure in
terms of sulfonic acid group (-SO3H). Their
degrees of water solubility are determined by the
number of sulfonic acid groups present and their
positions in the molecule.®!” The color removal
efficiency will decrease when this food colorant
has a higher number of sulfonic acid groups and
the suitable position in the molecule (more
solubility). Brilliant Blue FCF (food colorant of
blue color-tone soft drink) is classified as
Triphenylmethane dye which has 3 sulfonic acid
groups, and provides excellent solubility .7
This characteristic of Brilliant Blue FCF caused
the lowest color removal efficiency. Sunset
Yellow FCF (food colorant of orange color-tone
soft drink) which had the highest color removal
efficiency and Carmoisine are classified as
Sulfonated dye of Azo color that have the

character of two sulfonic acid groups.®!” This
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characteristic of Sunset Yellow FCF and
Carmoisine affected color removal efficiency
more than Brilliant Blue FCF. Sunset Yellow
FCF had more color removal efficiency than
Carmoisine, and may occur because Sunset
Yellow FCF has a suitable position in the
molecule, lower than Carmoisine has. The
Tartrazine that is in Pyrazolone dyes and has two
sulfonic acid groups may be classified as azo
color, which is similar to Sunset Yellow FCF
and Carmoisine.®!” Tartrazine may have a
suitable position in the molecule higher than
Carmoisine. Thus, Tartrazine provides less color

removal efficiency than Carmoisine.

Part 2 : The validity of coliform bacteria
detection by SI medium for
removed-color non-carbonated soft
drinks compared with the stan-
dard MPN method

Regarding the validity of coliform bacteria
detection by SI medium for removed-color non-
carbonated soft drinks this study showed that
sensitivity value, specificity value and efficiency
of test more than 80% are the same as the study
of Research and Laboratory Development

Center, Department of Health, Ministry of Public

Health 18. Thus, the overall study results

concerning using of GAC in the studied conditions

for removal of soft drink colors showed that the
use of GAC does not affect the original validity
of coliform bacteria detection by SI medium.

The best suitable GAC amount and
contact time for color removal of 6 color-tone soft

drinks in this study can be applied with intense-
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color non-carbonated soft drinks which are
prepared from finished syrup with water at a ratio
of 1 : 4 and at a ratio of water to finished syrup
of more than 4 times. However, the used GAC
amount for soft-drink color removal of each color
tone should not be more than the studied amount
because the greater GAC amount may cause more
adsorption of SI medium color and then the

resultant interpretation is not clear.
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