HIGH THROUGHPUT DETERMINATION OF ETHANOL IN
ALCOHOLIC BEVERAGES BY USING IMAGE PROCESSING WITH
MODIFIED 96-WELL MICROPLATE

MR.VIJAK KHUPVIWAT
MS.WALAILUK ERB-ARB
MS.NUTCHUDA SAECHUA

A SPECIAL PROJECT SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIRMENT FOR THE DEGREE OF BACHELOR OF
SCIENCE
IN PETROCHEMICAL TECHNOLOGY
FACULTY OF SCIENCE
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
ACADEMIC YEAR 2011



Title High Throughput Determination of Ethanol in Alcoholic Beverages By
Using Image Processing with Modified 96-well Microplate

Students Mr.Vijak Khupviwat
Ms.Walailuk Erb-Arb
Ms.Natchuda Saechua

Degree Bachelor of Science

Major Program Petrochemical Techonology

Academic Year 2011

Advisor Dr.Nathawut Choengchan

ABSTRACT

The purpose of this research is to develop a new analytical method for determination
of ethanol in alcoholic beverages. The main advantages of this method are high throughput
and cost saving by using a 96-well microplate and digital camera as detector. The
colorimetric reaction between dichromate and ethanol was observed. A modified 96-well
microplate was used to carry samples (ethanol) and reagents (dichromate) in a pair of wells,
hence 18 samples can be measured at the same time. After samples and reagents were pipette
into wells, the microplate was put into oven for 7 minutes at 70 °C. Seven minutes later
microplate was taken out then takes a photo after 30 sceond using digital camera. The image
of sample was processed by software Image J to measure the intensity of red color. The
intensity is then used to calculate reflectance. Calibration curve was made by the linear
relation between reflectance and percentage of ethanol. Caliration equation was found to be y
= (0.0346+0.0057) x — (0.1144+0.0844). Linear working range was 5-40 % (v/v) ethanol.
Limit of detection was 1.99 % (v/v) ethanol. The precision study shows poor RSD value due
to poor temperature distribution in the oven. However, for further development more factors

should be investigated

Key words: Image processing / alcoholic beverages / modifired 96-well microplate / ethanol

analysis
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CHAFPTERI1

INTRODUCTION

1.1 Alcoholic beverage

An alcoholic beverage is a drinkable liquid that contain ethyl alcohol or ethanol which
is a volatile organic compound. Alcoholic beverage can be divided into 2 groups. The first
group is distilled fermented beverages such as whisky, brandy and liquors. Another group is
un-distilled fermented beverages such as beer and wine [1].

1.2 Types of alcoholic beverages

Alcoholic beverage was classified into 5 parts based on their manufacturing process
and alcoholic content as summarized in Table 1.1.

Tablel.1. Summary and classification of alcoholic beverages [2].

Class of alcoholic | TYpe of Descriog Alcohol
beverage alcoholic escription content
beverage (% viV)
Distilled fermented Whisky | Made by distilling the fermented juice 40-55
beverage of grains such as corn, rye or barley.
Brandy | Made by distilling the fermented juice 40-50
of fruits and collected in oak tank.
Liquors | Made by distilled the grain mixing with 40
sugar or sugarcane and fermented mash.
Un-distilled Wine Made from a variety of fruits, e.g. 5-23
fermented beverage grapes, peaches or plums.
Fruits are crushed and fermented in a
large container for months or years
result in production of alcohol.
r Beer Made from a grain of cereals, corn, 4-8
wheat or barley and mix with yeast.

1.3 Manufacturing of alcoholic beverage

According to types of alcoholic beverages, the distilled fermented beverages contain
higher alcohol content than that of the un-distilled fermented beverages as shown in Tablel.
Both groups acquired anaerobic reaction for fermentation as shown in equation (1) [3-5].

CeH1206— Y3t | 2¢,H, OH + 2€0,
Sources of the distilled fermented beverages are fruits or starch of plant while sources
of the un-distilled fermented beverages are juice of cereal grain or sugar cane (Tablel.1). For
the distilled fermented beverages, natural sugar is easily converted to ethanol and after that
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4.2.5 An optimal condition
Study range and selected value as an optimal condition are summarized in Table4.1

Table 4.1 Studied and selected parameters for an optimization condition for determination of

ethanol by microplate vaporization device

Parameter Studied range Selected value
Temperature (°C) 25-70 70
Diffusion time (min) 3-10 7
Dichromate concentration (mol L™) 0.01-0.5 0.1
Sulfuric acid concentration (mol L) 2.0-3.0 20
Exposure(eV) (-2) (+2) -2
ISO 100-400 100
4.3 Analytical performance

4.3.1 Precision

Precision in this analysis is represented by RSD value of intensity. The smaller RSD
mean the higher precision for this analysis. This can be done by five replicates of eighteen wells
of standard 10% (v/v) of ethanol.

4.3.1.1 Precision between wells

The result of five RSD value from each replicates shows that the precision
between wells is low (Table4.2 shows result of RSD between well). These RSD calculated from
intensity of eighteen standard 10 % (v/v) of ethanol of each replicates.



Table 4.2 RSD between well

Replicate RSD
1 48.34
2 36.90
3 28.47
4 29.63
5 42.07
4.3.1.2 Precision within well

Intensities of the same well were measured for five replicates. This were done for
eighteen well of standard 10 % (v/v) ethanol. Table4.3 shows the result form RSD within well.

Table4.3 RDS within well
Well RSD Well RSD
1 49.73 10 24.86
2 39.14 11 16.81
3 7.70 12 43.00
4 6.22 13 61.04
5 20.15 14 47.03
6 61.42 15 36.79
7 35.26 16 40.47
8 4527 17 56.89
9 24.70 18 15.80
4.3.2 Limit of detection

Detection limit (3SD) is 1.99% (/) ethanol. Which mean the method cannot detect very

small amount of ethanol.

4.3.3 Analytical time

With in 1 hour, there were 72 samples can be analyzed.
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4.3.4 Accuracy

Accuracy of our proposed method can be determined from recovery study. The
recoveries of all samples give the satisfied results. However in some wells color change are

different. The results of recovery study are summarized in Table 4.4

Tabled.4 Results of recovery study

Ethanol content (% v/, mean +

SD)
Sample Origi  Added Founded* Recovery(%)
nal*

Thai beer 6.62 12 18.89 102.25
Sparking Thai wine 5.36 12 1724 99
Thai liquor 1 12.52 12 2494 103.5
Thai liquor 2 15.22 12 28.09 107.25
Scotch Whiskey 20.89 12 33.52 105.25
Thai-herb juice 1 3.69 12 15.25 96.33
Thai-herb juice 2 6.04 12 19.23 109.92
Thai-herb juice 3 492 12 16.23 9425

* See Appendix H for raw data.
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Table4.5 Summary of analytical performance of microplate vaporization with image processing

for ethanol analysis
Performances Values
Linear working range 5 to 40 %(v/v) ethanol

Calibration equation
Limit of detection (3SD)
Precision between well

Analysis time

y = (0.0346+0.0057)x — (0.1144:0.0844)
1.99% (v/v) ethanol
24.98%

72 sample per plate per hour

15 minutes per cycle

4.3.5 Application to alcoholic beverages and validation

To prove the reliability of the proposed method, the method was applied to quantitative

determination of ethanol in commercial alcoholic beverage samples. Comparison of ethanol

contents, determined by the proposed method with the labeled value is shown in Table 4.6.
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Table 4.6 Comparison of ethanol concentration in alcoholic beverage which were determined by

the labeled
% (v/v) of ethanol
Sample Labeled Obtain’

Thai beer 5 827+1.62
Sparking Thai wine 5 6.72 +2.38
Thai liquor 1 15 22.06 + 543
Thai liquor 2 28 2522+ 6.26
Scotch Whiskey 40 3497+10.29
Thai-herb juice 1 0 461122
Thai-herb juice 2 0 7.55+0.61
Thai-herb juice 3 0 6.39+0.78

* See Appendix H for raw data.
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CHAPTER V
CONCLUSION

3.1 Microplate vaporization with image processing method was developed

for detection /determination of ethanol.

5.2 The advantages and disadvantages of microplate vaporization with

image processing are summarized as the following

3.2.1 Advantages of microplate vaporization with image processing

(i) Suitable for routine for laboratory work due to rapid determination (72 samples per
hour see Table 4.5)

(i) Cost saving apparatus compare with previous methods.

(iii) Minimizing reagent consumption and waste production.

3.2.2 Disadvantages of microplate vaporization with image processing

(1) Poor precision of the method (high value of RSD between wells and RSD within
well)
5.3 Suggestion for further development

The reason for poor analytical performance comes from the poor distribution of heat
in the oven. The benefits of heat are to accelerate the rate of diffusion and reaction. The poor
heat distribution can cause different in temperature of each wells. Therefore the poor heat
distribution can result in unequally reaction rate between pairs of wells.

Another reason might come from the leakage of the lid. The lid is not heavy enough
to completely cover microplate. Therefore our system (pair of sample and reagent wells) is
not close system. This can cause negative effect to our result for example leakage of ethanol

into another pair of well or leakage of ethanol to atmosphere.
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5.4 Possibility study on determination of acetaldehyde

Acetaldehyde is another volatile compound which can be found in alcoholic
beverages. Amount of acetaldehyde in beverages have to be concerned because of its harmful
characteristic. Acetaldehyde can also have a colorimetric reaction like ethanol but with
different reagent. The reagent which will be deployed is mixed reagents of sodium
nitroprusside and morpholine. In this research we have applied an optimal condition in
ethanol analysis to acetaldehyde analysis, but we failed. Hence if we can analyze both ethanol
and acetaldehyde by using the same condition, we shall reduce a lot of analysis time to

analyze both of them.
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