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ABSTRACT
γ-Aminobutyric acid (GABA) is a functional metabolite associated with tea quality and potential 
health benefits, and it is known to accumulate in plants under abiotic stress conditions. However, 
information regarding the physiological response and GABA accumulation in harvested tea shoots 
during post-harvest handling remains limited. Therefore, this study evaluates the effects of several 
post-harvest environmental conditions, including water status, temperature, light availability, and 
treatment duration, on GABA accumulation and the physiological response of harvested tea shoots 
under controlled conditions. The research was conducted in 2022 using tea shoots of the TTRI-12 
cultivar consisting of one bud and three leaves. The shoots were harvested from the experimental 
garden of National Chung Hsing University and arranged in a completely randomised design with 
three replicates. The results showed that various post-harvest stress treatments significantly affected 
GABA content, proline levels, water content, and stomatal conductance. An overall increase in 
GABA content was observed in treatments involving soaking, high temperature (37.5°C), dark 
conditions, and a 2-hour treatment. Pearson correlation analysis indicated that proline was the only 
physiological parameter significantly associated with GABA accumulation. These findings suggest 

that harvested tea shoots maintain physiological 
activity and metabolic activity during the 
post-harvest period. Overall, manipulating 
post-harvest environmental conditions has the 
potential to support the development of GABA 
tea and improve its quality.
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INTRODUCTION

The tea plant (Camellia sinensis L.) is a globally favoured beverage, recognised for its 
diverse bioactive constituents that enhance its quality and health benefits (Khan & Mukhtar, 
2013, 2019). In addition to catechins and amino acids, gamma-aminobutyric acid (GABA) 
has become an important functional component in the development of tea products. GABA 
is a non-proteinogenic amino acid that accumulates in plant tissues due to numerous 
abiotic stressors (Kaspal et al., 2021; Wu et al., 2018; Yong et al., 2017). In tea products, 
elevated GABA levels correlate with functional value and potential health benefits, 
including mitigation of insomnia, depression, and anxiety, thereby reducing stress-induced 
increases in blood pressure (Lin et al., 2023). These beneficial effects are driving continuous 
initiatives to increase GABA levels in tea leaves.

Tea leaves accumulate GABA in response to abiotic stress. Previous research on diverse 
species of intact plants has shown that GABA enhances stress tolerance during chilling, 
drought, low-light, and heat stress by maintaining elevated relative water content (RWC), 
facilitating osmotic adjustment, stimulating proline and sugar accumulation, improving 
photosynthetic efficiency and stomatal conductance, and activating antioxidant defense 
mechanisms while reducing oxidative stress indicators (Liang et al., 2026; Malekzadeh 
et al., 2014; Nayyar et al., 2014; Yong et al., 2017). GABA accumulation in harvested tea 
plants, especially in oxygen-deficient conditions, has been studied. Post-harvest anaerobic 
conditions can increase tea leaf GABA concentration by eightfold, exceeding 1.5 mg/g after 
multiple aerobic and anaerobic incubations (Tsushida & Murai, 1987; Wu et al., 2018). 
The studies indicate that postharvest environmental factors significantly affect GABA 
accumulation in tea leaves.

In plants, GABA accumulation is associated with proline accumulation in response to 
several abiotic stressors.  As glutamate metabolites, proline and GABA are linked to plant 
stress responses. Glutamate can be converted into GABA by glutamate decarboxylase 
(GAD) or proline by pyrroline-5-carboxylate (P5C) (Y. Wang et al., 2020). Proline 
accumulation can remain after rice leaves are detached from the parental plant, suggesting 
metabolic activity in post-harvest leaves (Chen et al., 2001). This was also shown in 
hypoxic post-harvest tea leaves (Siahaan & Palupi, 2025). These conditions indicate that 
several physiological changes may still occur during harvesting, postharvest, and before 
tea processing.

Post-harvest leaf physiology affects stomatal behaviour. Physiological indicators 
such as stomatal conductance are affected by environmental factors including light, water 
availability, temperature, CO₂ concentration, and abiotic stress (Faralli et al., 2019; Xu & 
Zhou, 2008). In general, harvested leaves degrade slowly rather than immediately reaching 
minimum stomatal conductance (Duursma et al., 2018). Given that stomata regulate gas 
exchange, including oxygen diffusion, changes in stomatal conductance may influence 
GABA accumulation during post-harvest stress (Lawson & Blatt, 2014; X. Mei et al., 2016).
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Previous studies have extensively discussed the role and accumulation of GABA in 
various plant species experiencing abiotic stress (Liang et al., 2026; Malekzadeh et al., 
2014; Nayyar et al., 2014; Yong et al., 2017). Additionally, increased GABA accumulation 
in tea leaves due to anaerobic treatment and its correlation with various plant physiological 
responses have been reported (Liao et al., 2017; Tsushida & Murai, 1987; Wu et al., 2018). 
However, Research on GABA accumulation and physiological responses of tea shoots 
under post-harvest abiotic stress remains limited, despite the known influence of pre- and 
post-harvest stress on metabolites related to tea quality  (Shao et al., 2021).

Water status affects tissue hydration (da S. Lopes et al., 2024); temperature affects 
cellular metabolism (Marchin et al., 2022; Priya et al., 2019); light exposure during tea 
shoot harvesting and storage can alter stomatal regulation and leaf physiological activity 
(Ye et al., 2021); and stress duration affects metabolic responses. These changes may trigger 
physiological and biochemical responses associated with GABA accumulation in tea shoots 
during post-harvest processing. This study examines how post-harvest environmental 
conditions, including water status, temperature, light availability, and treatment duration, 
affect GABA, proline accumulation, water content, and stomatal conductance in tea shoots, 
as well as the correlations among these parameters. Field conditions during tea harvesting 
determined treatment considerations. The results of this research are expected to contribute 
to a deeper understanding of post-harvest stress physiology in tea shoots and provide useful 
information for the development of GABA tea processing.

MATERIALS AND METHODS
This experiment was conducted from May to December 2022 at the Agronomy Department 
Lab of National Chung Hsing University (NCHU) in Taiwan. The tea leaves cultivar TTRI-
12 were used as the sample for this experiment and were obtained from the NCHU practice 
field. Although the ages of individual plants in the field varied, the sample selection was 
based on uniform tip maturity and consistent harvesting standards to minimise physiological 
variation among samples. The harvesting criteria used for the samples in this study consisted 
of one bud and three leaves to mimic the actual condition of tea leaves typically used in a 
tea beverage product (Aaqil et al., 2023). 

Experimental Design and Sample Preparation
The experiment was conducted as a factorial experiment arranged in a completely 
randomised design (CRD). The treatment factors were leaf water status (soaking and 
withering); treatment duration (2, 4, and 8 hours); treatment temperature (25 °C and 
37.5 °C); and light conditions (light at 94 µmol m⁻² s⁻¹ and dark). The initial sample was 
used as the control before treatment and served as a baseline for evaluating physiological 
changes after treatment application. After harvesting, fresh tea shoots were divided into 
three groups: control, soaking, and withering. In the soaking treatment, tea shoot stems 
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were soaked in water to maintain freshness and turgidity during storage, whereas in the 
withering treatment, they were only placed in trays. Both soaking and withering treatments 
were applied under combinations of two temperatures (25 °C and 37.5 °C), two light 
conditions (light and dark), and three treatment durations (2, 4, and 8 hours). At the 
end of each treatment duration, samples were immediately stored at -20 °C until further 
simultaneous physiological analysis. Storage at -20 °C for both the control and other 
treatments was intended to ensure that all treatments were analysed together under the 
same conditions, thereby minimising inter-analysis variation and maintaining consistency 
among measurements. The sample size per treatment was 4-5 tea shoots, and the treatment 
was conducted in a growth chamber with 3 replicates.

Determination of Water Content
For water content determination, the samples were ground in liquid nitrogen and stored at 
-20 °C until analysis. Approximately 0.3-0.5 g of the sample mass was transferred into an 
Eppendorf tube and dried in an oven at 70 ºC for 48 hours. 

Determination of Stomatal Conductance
Stomatal conductance was measured with a leaf porometer (SC-1, METER Group, 
Inc., Pullman, WA, USA) on the abaxial surface of the tea leaf. For the control group, 
measurements were taken immediately after harvest; for the tea groups exposed to water 
status, duration, temperature, and light conditions, checks were conducted immediately 
after treatment completion.

Determination of Proline Content
For proline determination, samples were ground with liquid nitrogen, placed into tubes, 
and stored at -20 ºC. After all the samples were ground, between 0.3-0.5 g of each sample 
was placed in an Eppendorf tube. Proline analysis was based on the procedure from Bates 
et al. (1973) with some modifications. A total of 1.5 mL of Sulfosalicylic acid 3% (w/v) 
was added to the sample, which was then centrifuged for 20 minutes at 25 °C and 10,000 
g. For the analysis, a total of 0.5 mL of the supernatant was used for the proline assay. The 
ninhydrin reagent was prepared by dissolving 0.25 g of ninhydrin in a mixture of 6 mL of 
acetic acid and 4 mL of 6 M H₃PO₄. A total of 0.5 mL of filtrate was reacted with 0.5 mL of 
ninhydrin acid solution and 0.5 mL of acetic acid, then incubated for 1 hour at 100 ºC, and 
finally immersed in an ice bath to stop the reaction. Then the mixture was extracted with 2 
mL of toluene and vigorously shaken in a vortex mixer for 15-20 seconds. The absorbance 
was measured at 520 nm with the spectrophotometer in cuvette mode (SpectraMax M2, 
Molecular Devices, San Jose, CA, USA). Toluene was used for the blank. A standard curve 
was generated using known concentrations of pure proline for quantification.
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Determination of GABA Content

For GABA determination, samples were ground in liquid nitrogen, placed in tubes, and 
stored at 20 °C. After all the samples were ground, 0.3-0.5 g of each sample was placed in 
an Eppendorf tube. For the GABA extraction, the tea leaf samples were mixed with 1 mL 
of hot water and allowed to stand for 6 minutes. A 250 μl reagent solution containing 300 
mL of o-phthalaldehyde (OPA) stock solution, 20 μl of 3-mercaptopropionic acid, and 4 
mL of borate buffer was added to a 50 μl aliquot of the supernatant. The mixture was then 
filtered using a syringe filter, and 20 μl was injected into an HPLC (High-Performance 
Liquid Chromatography) system (Model LC-10AD VP, Shimadzu, Japan). For the HPLC 
analysis, mobile phase I consisted of 90 mL of phosphate buffer mixed with 370 mL of 
ddH₂O, and mobile phase II consisted of acetonitrile (HPLC grade). The stock solution of 
OPA was prepared by dissolving 100 mg OPA in 3 mL of methanol. The borate buffer was 
prepared by dissolving 4.77 g of boric acid in approximately 475 mL of water. The pH of 
the buffer was adjusted to 10.0 using 12 M and 1 M NaOH, and the final volume was also 
adjusted to 500 ml with ddH₂O.  The phosphate buffer was prepared by dissolving 3.54 g 
KH₂PO₄ and 5.66 g Na₂HPO₄ in 800 mL of distilled water, adjusting the pH to 7.0 with 50% 
(w/v) NaOH, and making the final volume up to 1 L. The HPLC column was SHARPSIL 
C18 (4.6 mm × 25 cm, 5 μm), and a UV-Vis detector was used. Gradient elution profile: 
0-15 minutes was kept at 89% of buffer A; 15-17 minutes, linear gradient change to 50% 
of buffer A; 17-20 minutes, kept at 50% of buffer A; 20-22 minutes, linear gradient change 
to 89% of buffer A; 22-30 minutes, kept at 89% of buffer A. 0.8 ml/minute was set as the 
flow rate, and spectrofluorometric detection was at an absorbance wavelength of 228 nm. 

Data Analysis

The data were analysed using the General Linear Model (GLM) procedure to assess the 
main effects of water status, temperature, light conditions, and treatment duration on 
GABA accumulation and physiological responses in tea shoots. Mean comparisons among 
treatment levels were conducted using the Least Significant Difference (LSD) test at P <0.05. 
Correlation analysis was used to determine relationships between parameters. Pearson 
correlation analysis was performed using pooled data from all treatment combinations. 

RESULT

Effect of Water Status on GABA Accumulation and Physiological Responses

The various water status levels affected GABA, proline, water content, and stomatal 
conductance (p<0.05) (Figure 1). The water treatment factor significantly influenced GABA 
accumulation. Soaking treatment resulted in the highest GABA concentration, at 0.09 mg/g 
DW, which was significantly higher than the control (0.05 mg/g DW). Meanwhile, the 
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withering treatment showed an intermediate GABA concentration of 0.07 mg/g DW, but 
it was not significantly different from the soaking treatment and the control (Figure 1a). 

A different pattern from GABA was found in proline accumulation. The withering 
treatment resulted in the highest proline concentration, at 10.72 μmol/g DW, although 
it was not significantly different from that of the soaking treatment (9.02 μmol/g DW). 
Meanwhile, the control treatment accumulated the least proline, at 5.28 μmol/g DW, which 
was significantly lower than the soaking and withering treatments (Figure b). 

The soaking treatment maintains the highest water content at 73.95%, with no significant 
difference from the control at 71.77%. Conversely, the withering treatment significantly 
reduces the water content to 65.23%, indicating water loss (Figure 1c). Similarly, stomatal 
conductance decreases significantly in each water-status treatment. The tea shoot in the 
control condition shows the highest stomatal conductance, approximately 29.03 mmol/
m²/s, which then decreases in the soaking treatment to 19.47 mmol/m²/s, and reaches the 
lowest value in the withering treatment at 3.51 mmol/m²/s (Figure 1d).

3.51 mmol/m²/s (Figure 1d). 

 

(a)  (b)  
 

(c)  (d)  
Figure 1. The GABA  

Figure 1. The GABA (a), proline (b), water content (c), and stomatal conductance (d) change in water status 
treatment. Statistical analysis using least significant difference (LSD). Bars with different letters indicate 
significant differences (P<0.05)
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Effect of temperature on GABA accumulation and physiological responses 

Treatment of abiotic stress caused by temperature differences results in the highest GABA 
accumulation at 37.5 °C. The GABA concentration accumulated higher when placing 
tea shoots at 37.5 °C (0.11 mg/g DW), which is significantly different from the control 
treatment (0.05 mg/g DW) and at 25 °C (0.06 mg/g DW). This indicates that the lowest 
GABA accumulation occurs in the control treatment and that it gradually increases with 
rising storage temperature (Figure 2a). 

The highest proline accumulation was observed when the storage temperature of the 
tea shoots was increased to 37.5 °C (12.65 μmol/g DW), which was significantly higher 
than the control treatment and the 25 °C treatment. The 25 °C temperature treatment 
also tended to increase proline accumulation to 7 μmol/g DW compared with the control  
(5 μmol/g DW), although the difference was not significant (Figure 2b). 

Water content of tea shoots decreased significantly at 37.5 °C, reaching a 
minimum of 67%, which differed significantly from the control and 25 °C treatments.  

(Figure 2a).  

(a)   (b)  

(c)  (d)  
 
Figure 2. The GABA  

Figure 2. The GABA (a), proline (b), water content (c), and stomatal conductance (d) change with temperature 
treatment. Statistical analysis using least significant difference (LSD). Bars with different letters indicate 
significant differences (P<0.05) (n = 3)
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Meanwhile, at 25 °C, there was no significant difference in the water content of tea shoots 
compared with the control treatment. In the control treatment, the water content of the tea 
shoots was 71% and decreased slightly to 70% when the storage temperature was increased 
to 25 °C (Figure 2c). However, for stomatal conductance, the highest value is observed 
in the control treatment (29.04 mmol/m²/s), then decreases significantly and reaches its 
lowest value at 25 °C (8.03 mmol/m²/s). Furthermore, as the temperature increases to  
37.5 °C, stomatal conductance rises to 14.95 mmol/m²/s and differs significantly from the 
25 °C treatment (Figure 2d).

Effect of Light Availability on GABA Accumulation and Physiological Responses 

Light availability treatment had a significant effect on changes in GABA accumulation in 
tea shoots (Figure 3a). Tea shoots that received dark treatment after harvesting appeared 
to accumulate the highest GABA, at 0.09 mg/g DW, which was significantly higher 
than the control treatment (0.05 mg/g DW) but not significantly different from the light 
treatment (0.07 mg/g DW). Conversely, light and dark treatments showed a significantly 
greater increase in proline accumulation than the control treatment (Figure 3b). The proline 
concentration accumulated in the light treatment was 9.90 μmol/g DW, which was not 
significantly different from that in the dark treatment (9.84 μmol/g DW). The initial or 
control proline concentration was 5.28 μmol/g DW. 

Under light and dark conditions, water content in tea shoot tissue decreased from 
71.77% in the control treatment to 70.48% in the light treatment. This decrease appears 
very small and is not statistically significant. Unlike the dark treatment, the water content 
decrease was very low (68.69%) and significantly different from the control treatment, but 
not significantly different from the light treatment (Figure 3c).

Among all the physiological parameters observed, stomatal conductance showed 
the most significant response to the light availability treatment (Figure 3d). The highest 
stomatal conductance was observed in the control condition (29.03 mmol m⁻² s⁻¹), which 
was significantly higher than in the light and dark treatments. The light treatment resulted 
in a stomatal conductance of 14.34 mmol m⁻² s⁻¹, while the lowest value was found in the 
dark treatment, at 8.64 mmol m⁻² s⁻¹.

Effect of Treatment Duration on GABA Accumulation and Physiological Responses 

The treatment duration of abiotic stress showed a significant effect on GABA accumulation 
in tea shoots. The control treatment (0 h) showed the lowest GABA accumulation, at  
0.05 mg/g DW. As storage time increased to 2 hours, GABA accumulation increased 
significantly compared to the control treatment and reached the highest level, at  
0.10 mg/g DW. However, the difference was not statistically significant compared with 



1483Pertanika J. Trop. Agric. Sci. 49 (3): 1475 - 1490 (2026)

Post-Harvest and GABA Accumulation in Tea Shoots

tea shoots treated for 4 hours (0.07 mg/g DW) and 8 hours (0.08 mg/g DW). This trend 
indicates that GABA content gradually declined after peaking at 2 hours (Figure 4a).

The same trend was observed in proline accumulation resulting from treatments 
with different durations of abiotic stress (Figure 4b). In the control conditions, proline 
concentration was the lowest among treatments with increased durations, at 5.28 μmol/g 
DW. Proline accumulation reached its peak at 2 hours, at 9.46 μmol/g DW, which was 
not significantly different from the treatments at 4 hours (8.70 μmol/g DW) and 8 hours 
(11.46 μmol/g DW). However, generally, the pattern of accumulation change indicates that 
proline accumulation increased during the 2-hour treatment, then decreased at 4 hours, and 
gradually increased significantly at 8 hours.

The variation in treatment duration also significantly affects changes in water content 
in tea shoot tissue (Figure 4c). Control treatment showed a tissue water content of 71.77%, 
which then gradually decreased during the 2-hour treatment (71.72%), although this 
decrease was not significant. As the duration of the treatment increased, the water content 
continued to decrease significantly at 4 hours (69.43%) and 8 hours (68.05%) compared 
to the control condition.

of 14.34 mmol m⁻² s⁻¹, while the lowest value was found in the dark treatment, at 8.64 mmol 

m⁻² s⁻¹. 

(a)  (b)  

 

(c)  (d)  
 

Figure 3. The GABA  Figure 3. The GABA (a), proline (b), water content (c), and stomatal conductance (d) change in light availability 
treatment. Statistical analysis using least significant difference (LSD). Bars with different letters indicate 
significant differences (P<0.05) (n = 3)
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Unlike water content, the initial shoot condition (control treatment) had the highest 
stomatal conductance (29.03 mmol/m2/s), which then decreased significantly with 
increasing treatment duration. However, stomatal conductance at the 2-hour treatment 
(13.22 mmol/m2/s) was not significantly different from that at the 4-hour treatment  
(12.04 mmol/m2/s), but it was significantly different from that at the 8-hour treatment  
(9.21 mmol/m2/s) (Figure 4d).

Pearson Correlation among GABA and Physiological Parameters

Pearson correlation analysis indicates varying relationships between GABA accumulation 
and physiological parameters of tea shoots during post-harvest stress treatment  
(Table 1). GABA shows a highly significant positive correlation with proline, but there is 
no significant correlation with other physiological responses, namely water content and 
stomatal conductance. Conversely, proline shows a significant negative correlation with 
water content and stomatal conductance. Meanwhile, for the water content and stomatal 
conductance parameters, a highly significant positive correlation was also observed.

treatment, then decreased at 4 hours, and gradually increased significantly at 8 hours. 

(a)  (b)  

(c)  (d)  
Figure 4. The  

Figure 4. The GABA (a), proline (b), water content (c), and stomatal conductance (d) change in different 
treatment durations. Statistical analysis using least significant difference (LSD). Dots with different letters 
indicate significant differences (P<0.05) (n = 3)
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DISCUSSION 

Post-harvest abiotic stress treatment affects GABA accumulation and physiological 
responses in tea shoots. In general, stress circumstances such as water status, temperature, 
light availability, and treatment duration increase GABA content relative to controls. These 
modifications also affect proline accumulation, water content, and stomatal conductance. 
This study found that harvested tea shoots retain physiological activity and metabolic 
processes, enabling them to adapt to environmental changes after harvest. Previous research 
has shown that post-harvest tea shoots can still respond to environmental stress through 
physiological and metabolic changes (Shao et al., 2021).

Tea shoots accumulate more GABA after soaking as a response to changes in water 
status and oxygen availability. Reduced oxygen availability in tea shoot tissues during 
soaking may increase glutamate decarboxylase (GAD), which turns glutamate into GABA 
via the GABA shunt pathway (Crawford et al., 1994; Liao et al., 2017). In addition to water-
status treatment, high temperature (37.5 °C) also promotes GABA accumulation. GABA 
accumulation in intact plants is associated with membrane protection and mitochondrial 
activity under heat stress (Nayyar et al., 2014; Priya et al., 2019), which may explain the 
increased GABA content in this study under high temperatures.

Dark conditions tend to increase GABA accumulation compared with light conditions. 
In detached tea shoots, the absence of light temporarily halts photosynthesis, while cellular 
respiration continues, leading to CO2 accumulation and a decrease in intracellular pH. This 
acidic condition activates the enzyme GAD, which converts glutamate into GABA via the 
GABA shunt pathway (Yogeswara et al., 2020). Furthermore, during treatment, GABA 
content tends to increase with prolonged postharvest stress, suggesting that prolonged 
stress may intensify metabolic changes in tea shoots.

Proline plays a role in maintaining osmotic stability and protecting plant cells during 
abiotic stress. The withering and soaking treatments increase proline levels relative to the 
control because both trigger post-harvest stress: withering induces osmotic stress from 
water loss (Lv et al., 2011), while soaking induces hypoxia due to low oxygen availability 

Table 1 
Correlation between GABA, proline, water content, and stomata conductance in tea shoots exposed to 
several water statuses, temperature, light availability, and treatment duration

Parameter Water Content Stomatal Conductance Proline
GABA 0.146 ns 0.127 ns 0.200**
Water Content 0.468** -0.266**
Stomatal Conductance -0.192*

Note. Asterisks * and ** denote statistical significance at P ≤ 0.05 and P ≤ 0.01, respectively. ns, not significant. 
All the numbers are obtained from the Pearson correlation
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(Siahaan & Palupi, 2025). Although proline levels during withering tend to be higher than 
during soaking, the difference is not significant, indicating that both treatments induce a 
similar level of physiological stress that triggers proline accumulation.

Treatment at 37.5 °C significantly increased proline accumulation compared to the 
control and 25.5 °C, indicating the role of proline as a reactive oxygen species (ROS) 
scavenger and protein stabiliser during heat stress in tea shoots (Roychoudhury et al., 
2015; Xiong et al., 2012). Under light availability treatment, both light and dark conditions 
differed significantly from the control, but did not differ significantly from each other. 
Proline content in dark conditions tended to be lower than in light, which is suspected to be 
related to the use of carbohydrate reserves during post-harvest respiration, considering that 
proline synthesis is influenced by carbohydrate availability (Stewart, 1972). Meanwhile, the 
highest proline levels were observed at an 8-hour treatment duration, although they were not 
significantly different from those at the 2-hour treatment. Based on previous research, this 
increase in proline is associated with a sharp spike in Pyrroline-5-carboxylate synthetase 
gene expression during the first 2 hours of stress (H. Wang et al., 2015).

Water content and stomatal conductance show consistent physiological changes in 
response to various post-harvest stress treatments on tea shoots. The withering treatment 
causes a significantly greater decrease in water content than the control or soaking, 
indicating water loss due to the withering process. Conversely, the soaking treatment 
maintains a higher water content due to direct contact between the tissue and water (Zeng 
et al., 2024). In terms of temperature treatment, exposure to 37.5 °C increases water loss 
compared to the control and 25 °C, although not significantly, whereas dark conditions and 
longer treatment durations (4 and 8 hours) significantly reduce water content. The decrease 
in water content during the treatment is suspected to be related to increased post-harvest 
respiration and transpiration, which leads to greater utilisation of tissue water reserves as 
the treatment duration lengthens (S. Mei et al., 2022).

The change in water content is in line with the response of stomatal conductance, which 
tends to decrease under stress conditions. Soaking treatment reduces stomatal conductance 
compared to the control and experiences a sharper decline during withering. This finding 
further indicates that as leaves lose water content, stomatal conductance correspondingly 
decreases. Stomatal conductance depends on the plant’s water potential or hydration status 
(Giménez et al., 2013). In temperature treatments, the lowest stomatal conductance was 
observed at 25 °C and was significantly different from both the control and 37.5 °C. This 
decrease is likely due to stomatal closure from water stress after tea shoots are harvested. 
However, the increase in stomatal conductance again at 37.5 °C may be due to disrupted 
stomatal regulation under heat stress, leading to passive stomatal leakage even when the 
tissue is under stress (Marchin et al., 2022). Light treatment results in higher stomatal 
conductance compared to darkness. Light directly or indirectly influences the biosynthesis 
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and degradation of Abscisic acid (ABA) (Ye et al., 2021). Degradation of ABA may occur, 
resulting in continued stomatal opening due to the absence of closure signals. Abscisic 
acid (ABA) is a plant hormone that responds to abiotic and biotic stresses, significantly 
affecting stomatal movement and transpiration (Bharath et al., 2021). For the duration 
treatment, an 8-hour treatment resulted in the largest decrease in stomatal conductance 
compared with other treatments. 

Pearson's correlation indicates that water content is strongly positively correlated 
with stomatal conductance, meaning that the higher the water content in leaves, the 
wider the stomatal openings. Conversely, a decrease in water content triggers stomatal 
closure to prevent dehydration (da S. Lopes et al., 2024). Proline shows a significant 
negative correlation with water content and stomatal conductance, indicating its role in 
the plant’s natural defence mechanism (osmoregulation) when facing stress (Hayat et al., 
2012). Conversely, GABA shows no significant correlation with water content or stomatal 
conductance but a highly significant positive correlation with proline. This suggests that 
GABA accumulation is more closely related to metabolic and biochemical responses to 
post-harvest stress than to direct physiological changes in water status and stomatal activity. 

CONCLUSION

This study reveals that post-harvest water status, temperature, light availability, and 
treatment time affect GABA accumulation and physiological responses in harvested tea 
shoots. Generally, post-harvest abiotic stress treatments enhance GABA and proline and 
decrease water content and stomatal conductance compared to the initial condition after 
picking. Pearson correlation analysis indicates that proline is a physiological parameter 
affecting GABA accumulation.  These findings imply that post-harvest tea shoots still 
maintain active physiological activity and metabolism, allowing them to respond to 
environmental changes after harvesting. 
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