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including sugarcane juice, grape juice, and soft drinks. The findings suggest that storage Published : 29" Dec. 2023
conditions significantly influence ethanol production, particularly in sugarcane juice. Storing
sugarcane juice at 28°C for 14 days resulted in a substantial increase in ethanol content, from KEYWORDS
2.11% to 7.32% alcohol by volume (ABV). In contrast, grape juice exhibited moderate ethanol Ethanol
increases, and soft drinks showed minimal changes, with ethanol peaking at 0.95% ABV. Gas chromatography
These results highlight the accelerated fermentation process in sugarcane juice under higher Beverages
temperatures and underline the importance of maintaining strict storage conditions to preserve Storage time
beverage quality. Comparative analysis indicates that sugarcane juice is highly susceptible to Temperature

ethanol generation when stored at room temperature, emphasizing the necessity of
refrigeration to maintain its safety and flavor profile.

1. INTRODUCTION

Alcohol refers to a class of organic compounds defined by the presence of a hydroxyl group (-OH) bonded to a carbon
atom [1]. This broad class encompasses numerous compounds, of which ethanol is one of the most widely utilized.
Ethanol can be naturally occurring or intentionally added to food and beverage products, where it serves to enhance flavor
and used as preservation. Furthermore, ethanol is used in many applications, ranging from inclusion in alcoholic beverages
to use as a solvent in laboratory and pharmaceutical products [2]. Moderate alcohol consumption has some social and
health benefits, but excessive or chronic consumption poses serious health risks such as liver disease, addiction, and
various types of cancer. It may also have negative effects on mental health and social interactions [3][4].

Among the available analytical techniques, gas chromatography with flame ionization detection (GC-FID) emerges
as a precise, sensitive technique for quantifying ethanol in complex beverage matrices. GC-FID offers several
advantageous features, including high resolution, specificity, and reproducibility, which make it a preferred choice for
regulatory and quality control applications. The technique has been widely utilized for the analysis of ethanol content in
alcoholic beverages, food products, and pharmaceutical preparations [5]-[7]. This study employs GC-FID to ensure
accurate measurement of ethanol concentrations across varying conditions.

Beverages, whether they are refreshing fruit juices or other liquid delights, frequently change composition over time,
especially when subjected to different storage conditions. Among the components that are susceptible to change is ethanol,
which is a common and potentially volatile ingredient in some beverages. Maintaining consistent ethanol levels is crucial
for food and beverage quality and safety. Ethanol levels in beverages can change due to storage conditions like
temperature, light, and container type. These fluctuations can impact the taste and shelf life of beverages, and raise
potential safety concerns, particularly for non-alcoholic products.

Previous research has shown that storage conditions can trigger chemical changes in beverages. A study by [8]
revealed that temperature and light speed up chemical reactions, leading to changes in the amount of ethanol. To address
this, the researchers stored the beverages at a moderate temperature (20°C) to minimize turbidity and stabilize volatile
compounds. Another study by [2], demonstrated how byproducts from fermentation can cause ethanol levels to rise over
time. Based on these findings, this study aims to examine how ethanol levels change in controlled experiments. This study
investigates how different storage conditions specifically temperature and duration affect the ethanol content of selected
beverages.
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2. METHODS AND MATERIAL
2.1 Materials and Chemicals

All chemicals that are the internal standard of ethanol, ethanol (=99.89%), and acetonitrile that were used throughout
the assays were purchased from Sigma-Aldrich, Darmstadt, Germany. Samples consisting of different beverages which
are sugarcane, grape juice, and soft drinks were purchased from the local markets near Kuantan, Pahang, Malaysia.

2.2  Preparation of Standard Stock Solution for Ethanol and Acetonitrile

The ethanol standard solutions were prepared at 5 concentrations ranging from 0.1 to 1.6% v/v. The ethanol stock
solution was prepared by adding 5 mL of pure ethanol and was diluted with distilled water using 100 mL of a volumetric
flask. For acetonitrile stock solution, the previous step was repeated by using 5 mL of acetonitrile.

2.3 Preparation of Samples

The samples bought were kept in a glass jar and kept at room temperature (28°C) and in the refrigerator (8°C). The
storage times and incubation periods were 1, 2, 3, 7, 14, 21, and 28 days. After the incubation time, a volume of 100 pL
of sample was mixed with 1 mL of distilled water and 50 pL of acetonitrile and this preparation technique was a
modification technique developed by [9]. Then, the solution was stirred continuously until it mixed well. After that, 1000
pL of micropipette was used to transfer the mixed solution into a GC vial for GC-FID analysis.

2.4 Determination of Ethanol Content

The quantitative analysis of ethanol was performed using a modification method by [9]. All samples were analyzed
using Agilent Technologies 7890A GC system equipped with FID and an automatic sampler. The components were
separated by using Agilent J&W HP-INNOWax column [30 m (L) x 0.25 mm (ID) x 0.25 um film thickness] as a
stationary phase. The injection volume of each sample was 1 L in split mode with a split ratio of 20:1. The carrier gas
used in the GC was Helium (He) at the flow rate of 1 mL/min whereas the flow rates of H, and air were set at 35 mL/min
and 350 ml/min, respectively. The temperature of the FID detector and injection port was set at 223 °C and 250 °C,
respectively and the oven temperature was set initially at 45 C for 1 min, and then increased to the final temperature of
245°C in 1 min at the rate of 10°C/min.

3. RESULTS AND DISCUSSION

Figure 1 shows the chromatogram of the ethanol internal standard at a retention time of 1.778 min. The second peak
at a retention time of 1.801 min is acetonitrile as the internal standard. Acetonitrile is important in identifying the ethanol
peak because it helps to ensure that the result is accurate and consistent despite any variations that may occur during pre-
treatment or sample and standard injection.
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Figure 1. Chromatogram of ethanol internal standard (5 mg/ml) at 1.788 min and acetonitrile internal standard solution
at 1.801 min

In this study, the ethanol content (% ABV - alcohol by volume) of sugarcane juice, grape juice, and soft drinks was
monitored over a period of 28 days under two different temperature conditions refrigerated at 8°C and at room
temperature, 28°C. As in Table 1, the ethanol content gradually increased from day 1 to 28.
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Table 1. Ethanol content (% ABV) at 8°C and 28°C for 28 days in selected beverages

Sample Temperature Day 1 Day 2 Day 3 Day 7 Day 14 Day 21 Day 28
Sugarcane  Refrigerated = 2.08+0.58 2.87+0.45 4.81+0.32 5.40+0.36 5.72+0.21 5.72#0.20 5.73+0.23
juice (8°C)
Room 2.11+0.25 4.62+0.58 6.15+0.23 6.90+0.33 7.32+0.13 7.31+0.10 7.29+0.12
temperature
(28°C)
Grape Refrigerated ~ 0.01£0.00 0.20+0.08 0.66+0.09 0.77+0.05 0.90+0.06 0.77£0.03 0.71+0.01
juice (8°C)
Room 0.16+0.02 0.64+0.05 1.13x0.11 1.76x0.08 1.76x0.43 1.68+0.10 1.92+0.06
temperature
(28°C)
Softdrink  Refrigerated  0.16+0.04 0.40+0.06 0.47+0.08 0.58+0.06 0.75+0.05 0.61+0.07 0.59%0.07
(8°C)
Room 0.14+0.01 0.44+0.03 0.58+0.08 0.82+0.02 0.88+0.11 0.95+0.12 0.78+0.06
temperature
(28°C)

Across all beverage types, samples stored at room temperature showed a higher and faster increase in ethanol content
than those kept refrigerated. When refrigerated, sugarcane juice had an ethanol content of 2.08+0.58% and gradually
increased to 5.73+0.23%. At room temperature, there was a more pronounced rise from 2.11+0.25% to 7.29+0.12%,
indicating that warmer conditions have a significant impact on fermentation. Grape juice, with lower initial ethanol levels,
rose from 0.01+0.00% to 0.71+0.01% when refrigerated and from 0.16+0.02% to 1.92+0.06% at room temperature,
indicating that even less fermentable beverages are susceptible to ethanol production over time. Soft drinks showed the
smallest change in ethanol content, with refrigerated samples increasing from 0.16+£0.04% to 0.59+0.07% and room
temperature samples from 0.14+0.01% to 0.78+0.06%.

As in Figure 2, the graph presents the ethanol content in selected beverages measured over a period of 28 days at two
different storage temperatures, refrigerated at 8°C and room temperature at 28°C. According to Figure 2 (a), at 8°C, the
ethanol content in sugarcane juice begins at around 2.1% on day 1. It shows a consistent upward trend, reaching
approximately 4.8% by day 3. The rate of increase slows down as the curve flattens slightly, with ethanol content reaching
approximately 5.4% by day 7. The ethanol content gradually and consistently increases over the next two weeks, reaching
around 5.7% by day 21. The content remains relatively stable, with a marginal increase that plateaus around 5.7% by day
28. At storage condition 28°C, around 2.1%, the sugarcane juice at room temperature shows a more rapid increase on day
1. By day two, the ethanol content had increased to nearly 4.6%, which was significantly higher than the refrigerated
sample at the same point. The content continues to climb, reaching about 6.1% by day 3. The upward trend continues, but
it becomes less steep with time. By day 14, the ethanol content is approximately 7.3%, and it continues to increase
gradually, reaching about 7.3% by day 21. The increase slows, with the ethanol content stabilizing around 7.3% by day
28.

Grape juice stored at 8°C exhibits a gradual increase in ethanol content (Figure 2b). Starting from nearly 0% on day
1, there is a slight rise to just over 0.5% by day 3. This level is maintained with a very modest increase up to day 7. From
day 7 to day 14, there is a slight fluctuation but essentially the ethanol content remains around 0.6%. Between day 14 and
day 21, the ethanol content remains fairly stable, with a slight increase that continues through to day 28, ending at just
below 0.8%. At room temperature, the grape juice shows a more pronounced increase in ethanol content (Figure 2b).
From an initial level similar to the refrigerated sample, there is a notable rise to approximately 0.65% by day 2. A steep
increase is observed by day 3, with ethanol content reaching around 1.3%. The content then continues to rise more
gradually, reaching about 1.75% by day 7. Between day 7 and day 14, the ethanol content levels off slightly but then
increases again, reaching around 1.9% by day 21. By day 28, the ethanol content appears to stabilize at approximately
1.9%.

According to Figure 2(c), the soft drink stored at 8°C has an initial ethanol content of approximately 0.16% on day
one. The ethanol content gradually increases, reaching around 0.47% by day 7. After day 7, the ethanol content peaks
around day 14 at just over 0.75%, before dropping slightly to around 0.61% on day 21. By day 28, the ethanol content
has decreased to approximately 0.59%, whereas at room temperature (28°C), the ethanol content in the soft drink begins
at a similar level to the refrigerated sample on day 1. It then steadily increases, peaking at 0.58% on day 7. The content
continues to rise sharply, reaching a peak of approximately 0.88% by day 14. Following this peak, there is a noticeable
drop by day 21 to around 0.95%, followed by another decrease to around 0.78% by day 28.

The experimental data presented in the table and figures show a clear relationship between storage temperature and
ethanol content in sugarcane juice, grape juice, and soft drinks over a 28-day period. The ethanol content of sugarcane
juice samples increased significantly at both temperatures, with fermentation occurring at room temperature (28°C) rather
than refrigeration (8°C). This observation is consistent with the well-known principle that higher temperatures generally
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accelerate yeast metabolism and fermentation processes, leading to faster ethanol production [10]-[11]. The plateauing of
ethanol content near the end of the observation period suggests that either yeast activity decreased due to an inhospitable
environment caused by increased alcohol content or that the sugar available for fermentation was depleted and this was
similar to a previous study done by other researchers [11]-[12]. The ethanol content in sugarcane-based beverages may
also tend to increase due to the high fermentable sugar content such as sucrose, glucose, and fructose. These sugars are
substrates for fermentation for yeast and bacteria to convert sugar to ethanol [14]-[16]. Grape juice samples also showed
a trend toward higher ethanol content in warmer conditions. However, the overall ethanol concentration remained
significantly lower than that of sugarcane juice, possibly due to the initial sugar content or the type of yeast present on
the grape skins naturally or in the environment. The refrigerated grape juice kept a low ethanol level throughout the study,

which is consistent with the common practise of storing wines in cool environments to slow down the fermentation and
ageing processes [17].
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Figure 2. Ethanol content (% ABV) at 8°C and 28°C for 28 days: (a) sugarcane juice (b) grape juice (c) soft drink

For soft drinks, the increase in ethanol content was the least pronounced among the three beverages tested. This could
be due to the lower nutrient content available for yeast fermentation or the presence of preservatives that inhibit yeast
growth. The peak and subsequent decline in ethanol content in room temperature samples could indicate a die-off of yeast
populations or the exhaustion of fermentable substrates. The lower and more stable profile of ethanol content in
refrigerated samples supports the industry standard of chilling soft drinks to maintain quality and flavor stability [18].
Soft drinks, which are more highly processed and contain preservatives, exhibited the smallest increase in ethanol levels
over time, consistent with their intended stability and low risk of fermentation under normal storage conditions [19]. The
increase in ethanol content in soft drinks was the least pronounced of the three beverages studied. This could be due to a
lower nutrient content available for yeast fermentation or the presence of preservatives that prevent yeast growth. The
peak and subsequent decline in ethanol content in room temperature samples may indicate yeast population death or the
exhaustion of fermentable substrates. The lower and more stable profile of ethanol content in refrigerated samples
supports the industry standard of chilling soft drinks to preserve quality and flavour stability [20].

4. CONCLUSION

In conclusion, storage temperature and duration significantly impact sugarcane juice with room temperature
conditions favouring higher ethanol product compared with lower temperatures. Without refrigeration, sugarcane juice
ferments more rapidly due to the activity. These findings provide information on optimizing parameters such as
temperature to maintain product quality and extend shelf life to ensure consumer safety.
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