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Abstract 
 

This project aims to investigate the effectiveness of a test strip containing extracts from butterfly 
pea (Clitoria ternatea) and red cabbage (Brassica oleracea var. capitata f. rubra) for assessing the risk of 
heat stroke. The test strip utilizes anthocyanin extracts, which exhibit color changes in response to variations 
in pH. The experiment began with the extraction of anthocyanins from the natural plant sources, followed 
by an investigation of their color changes across different pH levels. The extracts were then coated onto 
filter paper with suitable sweat-absorption properties. 

The results demonstrated that the developed test paper successfully changed color according to 
the pH of sweat. Sweat pH was found to be associated with the lactic acid concentration in sweat. As the 
acidity of sweat increased, the lactic acid level also increased, indicating a higher risk of heat stroke. 
Therefore, the pH test strip developed in this study is a suitable method for rapid risk assessment and 
provides an effective tool for monitoring and evaluating the risk of heat stroke. 
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Introduction 

At present, the world is facing the 
problem of global warming, which refers to the 
continuous increase in the Earth's average 
temperature caused by the greenhouse effect. 
This phenomenon occurs because the Earth is 
unable to release heat absorbed from solar 
radiation efficiently, resulting in a steady rise in 
global surface temperatures. The consequences 
of global warming include the melting of polar ice 
caps, heavy rainfall, prolonged droughts, and 
more frequent extreme weather events. In August 

2024, the global average surface temperature 
reached 16.82°C, the highest ever recorded, which 
was 0.71°C higher than the average temperature 
for August during the period 1991–2020. In 
addition to these environmental impacts, rising 
temperatures also pose serious health risks to 
humans. Exposure to excessive heat forces the 
heart and skin to work harder to regulate body 
temperature. When this process continues for an 
extended period, it can lead to heat stroke. 

Heat stroke is a life-threatening condition 
in which the body's core temperature rises to an 
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abnormally high level due to prolonged exposure 
to hot and humid environments, intense physical 
activity, wearing non-breathable clothing, or 
inadequate water intake. Vulnerable groups 
include outdoor workers, older adults, individuals 
with obesity, children, and people who consume 
alcohol. Heat stroke can cause severe damage to 
vital organs such as the brain, kidneys, lungs, and 
heart. Common symptoms include altered 
mental status, nausea and vomiting, flushed skin, 
rapid heartbeat, rapid breathing, headache, low 
blood pressure, seizures, and elevated lactic acid 
levels in sweat (Synphaet Hospital, 2023). The 
number of heat stroke-related deaths has been 
increasing worldwide, and it is projected that by 
2050, the number of fatalities could increase by 
threefold. 

Anthocyanins are natural pigments 
responsible for the red, purple, and blue colors 
found in many plants. They belong to the 
flavonoid group and possess strong antioxidant 
properties that help protect cells from damage 
caused by free radicals, thereby reducing the risk 
of various chronic diseases. Anthocyanins are 
commonly found in purple and red plants such 
as butterfly pea flowers, red cabbage, 
blackberries, and mulberries. One of their notable 
characteristics is their ability to change color 
according to pH. Anthocyanins appear dark blue 
under alkaline conditions (pH > 7), purple at 
neutral pH (pH = 7), and red to orange under 
acidic conditions (pH < 7). 

Based on the information above, the 
research team recognized the growing health risks 
associated with rising global temperatures, 
particularly the increasing incidence of heat 
stroke. Therefore, this project focuses on 

developing a pH-sensitive test strip containing 
extracts from butterfly pea flowers and red 
cabbage to assess the risk of heat stroke. The 
developed test strip is intended to provide a 
simple, rapid, and practical method for early risk 
assessment, thereby helping to prevent heat 
stroke and reduce its adverse health impacts 
resulting from global warming. 

 
Methodology 
1)  Preparation of Butterfly Pea and Red 
Cabbage Extracts 
 Fresh butterfly pea flowers (Clitoria 
ternatea L.) were separated from their calyces, 
and 200 g of fresh petals were weighed. The 
petals were blended using a Panastar PN-2562 
blender for 10 minutes with the addition of 50 mL 
of distilled water during blending. Fresh red 
cabbage (Brassica oleracea var. rubra) was finely 
chopped, and 100 g of fresh tissue was blended 
under the same conditions with 50 mL of distilled 
water. The resulting extracts were concentrated 
using a rotary evaporator at 45°C and 100 rpm to 
obtain anthocyanin-rich extracts. 
2 )  Preparation of Anthocyanin-Coated Test 
Paper 
 Whatman filter papers No. 1 and No. 93 
were selected as the supporting materials. 
Twenty milliliters of each anthocyanin extract 
were poured into a Petri dish, and the filter paper 
was immersed in the solution for 10 minutes to 
allow complete absorption. The coated papers 
were then dried in a hot-air oven at 40°C for 30 
minutes. After drying, the papers were cut into 
strips measuring 6 cm × 2 cm using a paper cutter. 
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3) Preparation of Artificial Sweat 
Artificial sweat was prepared by 

dissolving 0.25 g of urea, 0.25 g of sodium 
chloride, 0.175 g of glucose, and 0.175 g of 
magnesium salt in 100 mL of distilled water. 
Lactic acid was then added in 0.5 mL increments 
using a micropipette. The pH of the solution was 
measured with a pH meter and adjusted to obtain 
artificial sweat samples with pH values of 3, 4, 5, 
6, and 7. 
4) Evaluation of Color Response and 
Performance of the Test Strips  

The prepared test strips with different 
anthocyanin ratios and filter paper types were 
placed on a white background. Artificial sweat 
samples of different pH values were dropped 
onto each strip, and the color change was 
observed after 10 seconds. Photographs were 
taken, and the results were recorded. The tested 
strips were subsequently analyzed using image 
analysis software to quantify color differences 
and evaluate the clarity and sensitivity of the 
color response. 
5) Evaluation of the Light Stability of 
Anthocyanins on Filter Paper  

 The prepared test strips were divided 
into four experimental groups according to the 
anthocyanin source and filter paper type: (1) 
butterfly pea extract on Whatman No. 1 paper, (2) 
red cabbage extract on Whatman No. 1 paper, (3) 
butterfly pea extract on Whatman No. 93 paper, 
and (4) red cabbage extract on Whatman No. 93 
paper. One set of each group was exposed to 
ultraviolet (UV) light, while an identical set was 
stored in the dark as a control. Samples were 
collected after 5, 10, and 15 hours of storage, and 
color measurements were performed to evaluate  

the photostability of the anthocyanin-coated 
papers 
Result and Discussion  
1) To compare the effectiveness of the 
developed test strips in assessing the risk of  

Table 1. Ratios of Butterfly Pea and Red Cabbage 
Extracts  

The RGB analysis showed that increasing the 
proportion of butterfly pea extract resulted in a 
continuous increase in the Blue (B) value, while 
the Red (R) value gradually decreased. In 
contrast, the Green (G) value exhibited only 
slight changes. These results indicate a shift in 
color tone from reddish-purple to bluish-purple, 
which is consistent with the characteristics of 
anthocyanins. This color transition can be 
attributed to the higher proportion of ternatins, 
the major anthocyanin pigments in butterfly pea 
flowers, which enhance the blue coloration. 

that the survival rate of seagrass was indeed 

Table 2. Lactic Acid Concentrations That Induced 
Color Changes in the Test Paper 

Concentration of 
Lactic acid ( mol/l) R (±Δ) G (±Δ) B (±Δ) 

0.020 148 ± 12 62 ± 8 158 ± 14 
0.035 163 ± 12 58 ± 8 142 ± 14 
0.041 172 ± 15 54 ± 8 128 ± 13 
0.082 185 ± 15 48 ± 8 102 ± 15 
0:164 196 ± 15 44 ± 8 82 ± 13 
0:205 212 ± 15 38 ± 8 70 ± 15 

อัตราส่วน ( กะหล่ำปลี : 
อัญชัน ) R (±Δ) G (±Δ) B (±Δ) 

100:0 158 ± 12 68 ± 10 162 ± 12 
75:25 145 ± 12 63 ± 10 175 ± 12 
50:50 125 ± 15 58 ± 10 190 ± 15 
25:75 105 ± 15 52 ± 10 205 ± 15 
0:100 90 ± 15 55 ± 10 215 ± 15 
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As the concentration of lactic acid increased, the 
Red (R) value increased continuously, whereas 
the Blue (B) value decreased and the Green (G) 
value showed a slight decrease. These changes 
indicate the structural transformation of 
anthocyanins from the quinoidal base form to the 
flavylium cation under acidic conditions, resulting 
in a more pronounced red coloration. This 
observation is consistent with the structural 
equilibrium mechanism of anthocyanins, in which 
decreasing pH shifts the equilibrium toward the 
red-colored flavylium cation. 
2) To develop and evaluate a test strip for 
assessing the risk of heat stroke 
 
  
 
 
 
 

Graph 1. Relationship Between Lactic Acid 
Concentration and Sweat pH 

The graph illustrating the relationship 
between pH and lactic acid concentration 
showed that the concentration tended to 
increase with changes in pH. A significant increase 
was observed at pH values above 5. This trend 
reflects the dissociation equilibrium of lactic acid, 
which causes the system to become more 
sensitive to pH variations within certain ranges. 
Therefore, this relationship can be applied for 
evaluating acidity-related risks. 
 
Conclusions 
1) To compare the effectiveness of the 
developed test strips in assessing the risk of  

The color changes of red cabbage and 
butterfly pea extracts were investigated by 
analyzing RGB values (Red, Green, and Blue) using 
Python-based image analysis under controlled 
photographic conditions. The results showed that 
experimental groups with increasing proportions 
of butterfly pea extract exhibited a continuous 
increase in the Blue (B) value, while the Red (R) 
value decreased and the Green (G) value changed 
only slightly. These results are consistent with the 
characteristics of anthocyanins, in which higher 
proportions of ternatins contribute to a more 
prominent blue coloration. 

Furthermore, the effect of lactic acid 
concentration on color changes was investigated. 
The results demonstrated that increasing lactic 
acid concentration caused a continuous increase 
in the Red (R) value, while the Blue (B) value 
decreased and the Green (G) value showed a 
slight decrease. These changes indicate the 
response of anthocyanin pigments to acidic 
conditions, resulting in a shift toward red 
coloration. 
2) To develop and evaluate a test strip for 
assessing the risk of heat stroke 

From the development of a biosensor 
test strip containing butterfly pea and red 
cabbage extracts for assessing the risk of heat 
stroke, it was found that an increase in lactic acid 
concentration in sweat affected the overall pH of 
sweat. This is because lactic acid is an acidic 
compound and serves as one of the major 
components influencing sweat pH.In growth rate, 
the leaf length of seagrass cultivated with the  
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