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Abstract 

This study investigated the effect of plantation climate on the aquaphotomic characteristics of 

durians. Near-infrared spectra were collected using an FT-NIR spectrometer (12500-4000 cm–1; 800-

2500 nm) to explore the water molecular structures within the peel. Spectral data were pretreated 

with the standard normal variate, and specific water matrix coordinate aquagrams were constructed 

and analyzed in both the first (1300- 1600 nm) and the second (900- 1100 nm) overtone regions. 

Climate factors, including temperature, precipitation, humidity, sunshine hours, rainy days, wind 

speed, and wind direction, were examined for their influence on aquagram patterns. Differences 

among provinces appeared mainly in the absorption of C1-C4 bands in the second overtone range. 

Aquaphotomic analysis revealed that C1 (896 nm) and C2 (910 nm) are associated with 

environmental interactions, C3 (916 nm) represents joint vibrational modes related to water molecule 

arrangement and dehydration processes such as durian ripening, and C4 (923 nm) corresponds to 

water shell structure linked to ion binding, indicating tightly bound structural water that reduces 

water loss. These spectral variations suggest that precipitation at the harvesting stage affects the 

osmotic potential of water within the peel, while temperature, humidity, rainy days, sunshine hours 

influence transpiration driven by the vapor pressure deficit between the fruit interior and the 

surrounding environment. Overall, these findings establish a novel basis for integrating 

aquaphotomics with geographical and climatic data to discriminate durian geographical origins. 
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Introduction 

The key durian producers are Thailand, Malaysia, 

and Indonesia. The ASEAN Standard for Durian 

recognizes three commercial cultivars of Thai 

durian (Durio zibethinus Murr.): Monthong, Cha-

nee, and Kan-yao. This standard applies to 

commercial varieties of durian grown from Durio 

spp. of the Bombacaceae family and supplied fresh 

to consumers supplied fresh to the consumer 

(Siriphanich, 2011) . These cultivars represent the 

most widely cultivated species, especially for 

export.  

Exporters must consider several factors, 

particularly fruit maturity and ripeness. The 

percentage of pulp dry matter (DM) is the key 

parameter, with Monthong requiring DM ≥ 32% 

(Wiangsamut and Wiangsamut 2023) . Commercial 

harvesting typically occurs 120  days after anthesis 

(DAA). “Durian 120 DAA” refers to fruits harvested 

at this stage, where anthesis marks the flowering 

stage when the buds first appear. Counting begins 

from the day the flower is pollinated and blooms, 

making DAA a standard measure of maturity.  

Studies have also examined pulp color and 

carotenoid content. Increased yellowness, caused 

by carotenoid accumulation, is positively associated 

with maturity (Youryon and Supapvanich, 2022). 

These standards specify both the internal and 

external properties of durian.  

Fertilizer management tailored to durian 

growth stages is essential for supporting plant 

growth and yield, as each stage requires different 

nutrient inputs. Durian cultivation can be divided 

into four stages (Phanomsophon et al., 2023): the 

unproductive stage, covering the first 1-4 years of 

tree growth (Stage 0: S0) ; the flowering stage 

(Stage 1: S1); the fruiting stage (Stage 2: S2); and 

the harvesting stage (Stage 3: S3).  

During the unproductive stage (S0), when 

trees are still establishing growth, additional 

nitrogen (N) is required to support development. In 

the flowering stage (S1), phosphorus (P) is essential 

to stimulate flower initiation. At the fruiting stage 

(S2), potassium (K) plays a key role in enhancing 

fruit quality. During the harvesting stage (S3),  

a balanced supply of all nutrients is necessary to 

restore the tree and prepare it for the next 

production cycle (Menesatti et al., 2010; Mohd 

Asaari et al., 2018; Rébufa et al., 2018; Ng et al., 

2019; Shi et al., 2021).  

These standards serve as guidelines for 

diagnosing nutritional problems and provide a basis 

for fertilizer recommendations (Zornoza et al., 

2018). In this study, we focused primarily on the 

growth of durians at stage 3 and 120 DAA.  

 

 
However, S0 is also critical, as early plant growth 

and photosynthesis influence the final yield. 

Maintaining healthy trees is essential for producing 

high-quality durian fruits.  

Among the factors affecting tree health, 

precipitation plays a major role, with distinct 

impacts during wet and dry seasons. In the wet 

season, increased compost moisture and slower 

aerobic degradation can lead to nitrogen loss (Wong 

et al., 2017). Thus, farmers can adjust fertilizer 

formulations and application rates based on the 

nutrient status of the leaves (Zubairi et al., 2021). 

During the dry season, cellulose may play an 

important role in maintaining plant hydration and 

supporting photosynthetic activity (Zubairi et al., 

2021). In this context, leaf health and efficiency, 

reflected in chlorophyll content, can influence the 

overall quality and biochemical composition of the 

peel (Ahmad et al., 2024).  

Although chlorophyll is not a major 

component of mature durian peel, its presence in the 

leaves is fundamentally important for peel 

formation and biochemical properties (Ahmad  

et al., 2024). During the unproductive stage, trees 

need to accumulate high levels of chlorophyll in the 

leaves to support growth. A strong positive 

correlation between leaf chlorophyll content and 

leaf humidity has been reported by Tan et al. 

(2024). Leaf humidity, defined as the moisture 

content inside the leaf, is critical for photosynthesis, 

as it directly influences the leaf's efficiency to 

functional capacity (Lin et al., 2023). The rate of 

water loss from leaves through transpiration is 

strongly influenced by climatic factors, including 

temperature, relative humidity, wind speed (the 

ambient air velocity), or precipitation (Zhu et al., 

2022). 
The flowering stage occurs approximately 40 

days after the first DAA, with an optimal 

temperature of around 26°C (Thongkaew et al., 

2021). This stage has a direct impact on yield, and 

precipitation patterns must be well-timed to 

synchronize flowering (Thongkaew et al., 2021). 

Comparisons between flat and terrace cultivation 

areas indicate that higher terraces require greater 

precipitation during the flowering stage (Tan et al., 

2024).  

The fruiting stage, occurring between 40-80 

DAA, requires higher temperatures than the 

flowering stage to achieve optimal yield. Elevated 

soil temperatures are also necessary for root 

activity, which contributes to increased fruit size 

(Masaru et al., 2016).  
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A study indicated that chlorophyll content in 

durian leaves can be influenced by light (Susila et 

al., 2021). During this stage, the amount of sunlight 

directly affects peel growth and development. 

Similarly, adequate precipitation is essential for 

optimal carbohydrate accumulation in developing 

fruits (Thongkaew et al., 2021).  

The harvest stage at 120 DAA represents the 

optimal maturity for Monthong durians, ensuring 

superior eating quality, sweetness, and texture. 

Warmer climates accelerate ethylene synthesis and 

respiration, thereby hastening ripening (Tan et al., 

2024). Additionally, longer sunshine hours and 

warm temperatures (24-32°C) promote starch-to-

sugar conversion and increase soluble solids 

content (25-30%)in tree-ripened durians (Youryon 

and Supapvanich, 2022). These findings highlight 

the strong relationship between sunshine, 

temperature, and durian pulp quality during this stage.  

Precipitation is also an important factor. 

During the harvest stage, rainfall is usually limited, 

which reduces the incidence of physiological 

disorders related to excess moisture, such as uneven 

ripening, wet core, tip burn, hardened flesh, and 

chilling injury (Virkar et al., 2019).  

Another factor influencing durian growth 

from the flowering stage through to the harvesting 

stage is its geographical origin. Previous research 

indicated that leaf humidity was highest during the 

mature fruiting stage in flat areas, whereas in terrace 

areas it peaked from the mature flower bud to the 

flowering stage, as higher terraces provide better 

water and nutrient management (Tan et al., 2024). 

The physicochemical characteristics of fruits 

depend on multiple factors including geographic, 

climatic, and agronomic conditions, which are also 

used to define product authenticity (Tzouros and 

Arvanitoyannis, 2021). 

Several studies have examined durian using 

both qualitative and quantitative approaches with 

non‒destructive techniques such as near-infrared 

spectroscopy (NIRS). NIRS is effective for 

evaluating fruit maturity directly from the peel of 

intact durians, making it crucial for quality control 

in the industry. One study combined peel and stem 

spectra with machine learning algorithms, including 

Linear Discriminant Analysis (LDA), Support 

Vector Machine (SVM), and K-Nearest Neighbors 

(K-NN), using short and long-wave near-infrared 

(SWNIR/LWNIR) data, achieving 97-100% 

accuracy in maturity classification (Ditcharoen  

et al., 2023).  

Another study evaluated the physicochemical 

properties of durian pulp by scanning intact fruit, 

stem, and pulp using the NIRS technique. The 

results showed that NIRS can identify water 

molecules through distinct electromagnetic 

absorption bands. For durian peel, the critical  

water-specific absorption wavelengths are 970 nm, 

1198 nm, 1452 nm, and 1938 nm (Onsawai et al., 

2021). During durian maturation, the water content 

of the peel decreases, while the proportion of DM 

(starch and sugars) in the pulp increases (Onsawai 

et al., 2021). 

An interesting study on the geographical 

origin of durian using NIR diffuse reflectance 

spectroscopy reported that intact durian spectra 

collected with an FT–NIR spectrometer showed 

distinct absorption bands at 10314 (970), 8598 

(1162), 6827 (1465), and 5122 (1952) cm−1 (nm), 

corresponding to H2O vibrations. When coupled 

with chemometric analysis, these spectra enabled 

the identification and classification of durians by 

geographical origin. However, the specific factors 

influencing origin classification were not clearly 

identified (Chanachot et al., 2023).  

The NIR spectrum of fruit is influenced by 

temperature, particularly in the water absorption 

bands. As a result, calibration equations developed 

at a fixed temperature cannot reliably predict 

samples measured under different conditions, 

indicating that geographic origin verification using 

NIR technology must be conducted in a controlled-

temperature environment.  

A key limitation of NIRS in agricultural 

analysis is spectral interference, especially within 

the broad water band, which overlaps with signals 

from organic compounds (e.g., oils and proteins) 

and complicates the quantification of nutrients or 

contaminants (Blanco and Villarroya, 2002). 

Nevertheless, this challenge provided the 

motivation for our study. 

Many studies on the aquaphotomics of 

agricultural products have been conducted in the 

longer-wavelength region, especially the first 

overtone (1300-1600 nm), where products exhibit 

higher water absorbability. Examples include 

strawberry (Muncan et al., 2022), apple (Vanoli  

et al., 2018; Kaur, 2019), and kiwi juice (Kaur  

et al., 2022). Strawberries were analyzed in the 

second overtone region (800-1100 nm) to monitor 

changes during storage. Kiwifruit juice was studied 

in the 800-1100 nm range to assess water structure 

changes with temperature and quality parameters, 

specifically comparing the first and second 

overtones under temperature variation and noting 

distinct responses in each region.  

Using the framework of aquaphotomics to link 

water molecular dynamics with climate change and 

geographical variation provides new insights into 

aquaphotomic signatures and enables visualization 

of changes in water molecular structures in the peel 

of intact durians. However, no published 

aquaphotomic studies have specifically examined 
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the durian peel. Changes in the molecular structure 

of water within cellulose nanofibers can be 

analyzed using NIR spectroscopy to assess 

hydration, hydrogen bonding, and water mobility 

(Xing et al., 2022). This forms the foundation for 

the present study, which aims to investigate the 

effects of plantation climate on the aquaphotomic 

characteristics of durian (Durio zibethinus Merr. cv. 

Monthong) fruit. The insights are valuable for 

determining the geographic origin of durian fruits. 

Materials and Methods 

Durian fruit samples and geographic origins 

 To verify the geographical origin of the 

samples, durians were sourced directly from 

orchards across multiple provinces in Thailand, 

including Prachuap Khiri Khan (PraCh), 

Chomphon (Chom), Surat Thani (Su), Chanthaburi 

(Chan), Prachin Buri (PraJ), Rayong (Ra), Trat (T) 

and Sisaket (Sri), as shown in Figure 1.  

 The number of samples and detailed 

information regarding the collection of 100 durian 

fruits are presented in Table 1. Durian samples were 

randomly selected from 5-10-year-old durian trees 

in three orchards per province, each managed by 

different owners.  

 The conditions for durian sample collection 

were established by the National Bureau of 

Agricultural Commodity and Food Standards 

(Bureau of Commercial Provincial Office of the 

Permanent Secretary Ministry of Commerce, 2020). 

According to these standards, fruits were harvested 

at 120 DAA with a weight range of 2.5-3.5 kg.  

 The experiment was designed according to the 

specific harvest times of each orchard, determined 

by tagging ten trees on the first day of flower 

blooming. From these, one in five tags was 

randomly selected per tree across the orchard, 

resulting in one fruit sample per tree. The samples 

were carefully transported to the NIRS Research 

Center for Agricultural Product and Food, 

Department of Agricultural Engineering, School of 

Engineering, King Mongkut’s Institute of 

Technology Ladkrabang, Bangkok, Thailand. Upon 

arrival, the samples were stored overnight at 

approximately 23-27°C (room temperature) prior to 

analysis. All measurements were conducted at room 

temperature (25 ± 2°C). 
 

Geographic origin and its climate data of durian 

plantation  

 Durian plantation climate data (Source 1) were 

collected from the European Center for Medium-

Range Weather Forecasts (ECMWF), a leading 

international organization specializing in weather 

forecasting and climate research that produces 

 
 

Figure 1. Map of the geographical origin of the 

samples included Prachuap Khiri Khan, 

Chomphon, Surat Thani, Chanthaburi, 

Prachin Buri, Rayong, Trat and Srisaket 

Table 1. Geographical origin 

 
Harvesting 

time 

Province 

(Abbreviations) 

Abbreviations of 

orchard 

Number of 

samples 
Latitude Longitude 

Jun–2019 

and 

Jun–2020 

Prachuap PraChA 5 12°34'20.97"N 99°32'10.38"E 

Khiri Khan PraChB 5 12°35'7.69"N 99°32'12.04"E 

(PraCh) PraChC 5 12°30'17.37"N 99°31'24.25"E 

Aug–2019 Chomphon (Chom) ChomA 5 8°53'24.04"N 99°14'44.99"E 

Jul–2019 
Surat Thani SuA 5 10°47'47.20"N 99°13'9.60"E 

(Su) SuB 5 8°56'33.71"N 99° 1'14.37"E 

May–2019 
Chanthaburi 

(Chan) 

ChanA 5 12°51'44.20"N 102° 2'47.20"E 

ChanB 5 12°52'6.99"N 102° 3'0.76"E 
ChanC 5 12°34'9.60"N 102°16'8.22"E 

May–2019 
Prachin Buri PraJA 5 14° 6'33.33"N 101°25'19.85"E 

(PraJ) PraJB 5 14° 7'30.92"N 101°18'49.12"E 

May–2019 
Rayong 

(Ra) 

RaA 5 12°45'20.37"N 101°33'4.09"E 

RaB 5 12°46'7.14"N 101°44'31.08"E 

RaC 5 12°47'6.39"N 101°37'47.04"E 

May–2019 
Trat 

(T) 

TA 5 12°34'6.16"N 102°26'48.35"E 

TB 5 12°35'12.51"N 102°26'16.83"E 

TC 5 12°34'52.60"N 102°26'45.85"E 

Jun–2019 

and 

Jun–2020 

Srisakat 

(Sri) 

SriA 5 14°40'49.56"N 104°38'37.71"E 

SriC 5 14°35'15.93"N 104°29'49.94"E 

SriB 5 14°33'33.97"N 104°26'43.52"E 

Total    100    
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climate reanalysis datasets. Climate data from eight 

provinces in Thailand were compiled, including the 

monthly average temperature (°C), precipitation 

(mm), humidity (%), number of rainy days (days), 

and average sunshine hours (hr), covering the 

period from 1991 to 2021. All data were retrieved 

from https://en.climate-data.org/ on April 22, 2025 

(see Supplementary Information, S1).  

 For durian plantation climate data (Source 2), 

measurements of temperature (°C), precipitation 

(mm), wind direction (deg), and wind speed (kt) 

were obtained from the Thai Meteorological 

Department. The data were retrieved on May 5, 

2019 (see Supplementary, S2) and were taken into 

consideration for the analysis.  

 Climate data from Source 1 provide temporal 

consistency by capturing long-term regional climate 

trends, while Source 2 provides local accuracy 

through site‒specific observations. Both sources 

were considered in relation to the key cultivation 

stages of durian: the unproductive stage, the 

flowering stage (S1), the fruiting stage (S2), and the 

harvesting stage (S3). 

 

Near infrared spectra acquisition 

 Off-line scanning was conducted using an  

FT-NIR spectrometer (Multi-Purpose Analyzer, 

MPA, Bruker Optik, Ettlingen, Germany) with  

a wavenumber range of 12500-4000 cm–1 (800-

2500 nm), a s resolution of 16 cm–1, and 32 scans 

per spectrum.  

 Each durian fruit was scanned three times at 

the same point in the middle of each locule. A black 

polyurethane foam sponge was placed between the 

sample and the NIR beam window of the 

spectrometer to prevent radiation leakage, as the 

material itself has minimal NIR absorption. The 

leakage-avoidance method was adapted from 

Włodarska et al. (2021), who analyzed apples using 

an FT-NIR spectrometer equipped with  

a microsphere sample accessory.  

 The most relevant research includes a study 

that analyzed the total and specular reflectance of 

various black materials over the 250-2500 nm 

range. Marshall et al. (2014) reported that such 

analyses can help identify the most effective 

materials for reducing stray light. Additionally, 

Coyle et al. (2005) investigated the use of black 

polyvinyl chloride (PVC) foam in functional NIRS 

systems to prevent crosstalk between the source and 

detector by absorbing NIR light.  

 Therefore, black polyurethane foam was used 

to prevent leakage of NIR light during the 

experiment. Before scanning each sample, a gold 

plate was internally scanned to obtain the maximum 

NIR radiation intensity from the light source and to 

provide background compensation. Spectral data 

were collected and analyzed using OPUS 7.5 

(Bruker Optik, Ettlingen, Germany). Actual and 

simulated images of the measurement instruments 

used for sample scanning are presented in Figure 2. 

Aquaphotomic characteristic determination 

 Aquagrams development  

In the aquaphotomics method, an aquagram is 

constructed from spectral data that have been 

normalized and averaged. Prior to aquagram 

construction, all raw spectra were pretreated using 

the Standard Normal Variate (SNV) method to 

correct spectral variations arising from physical 

differences such as particle size, surface scattering, 

and baseline shifts, which can obscure true chemical 

information. SNV standardizes each spectrum by 

centering and scaling, thereby removing additive 

and multiplicative effects caused by light scattering 

(Barnes et al., 1989; Rinnan et al., 2009).  

 This pretreatment enhances the comparability 

of spectra and ensures that subsequent analyses 

reflect genuine chemical absorbance features rather 

than physical artifacts. Without SNV correction, 

interpretation of raw spectra may be misleading. 

Following SNV pretreatment, aquagram is 

constructed using normalized absorbance values  

at selected wavelengths (Tsenkova et al., 2015; 

Appaw et al., 2025). Aquagrams are effective tools 

for determining the dynamics of water structural 

changes under various perturbations (Tsenkova  

et al., 2018; Appaw et al., 2025; Shrestha et al., 2025). 

 In this study, perturbation analysis was 

applied to evaluate changes in water structure in the 

durian peel of intact fruits at the commercial 

harvesting stage, influenced by climatic variation 

across different geographic locations. Aquagrams 

were constructed from spectral data obtained 

through FT-NIR measurements of intact durian 

samples harvested from plantations in multiple 

provinces of Thailand.  

 
 

Figure 2. Actual and simulated images of the FT-

NIR spectrometer (multi-purpose 

analyzer, MPA) used for sample scanning 

https://en.climate-data.org/
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 The selected WAMACs in this study were 

derived from SNV-normalized spectral data across 

two key regions: 1300-1600 nm, corresponding to 

the first overtone vibration band of water, and 900-

1020 nm, corresponding to the second overtone 

vibration band of water, where water absorbance 

patterns are most distinct (Tsenkova et al., 2018; 

Appaw et al., 2025). These regions were based on 

previously established water absorbance bands 

reported in aquaphotomics literature and verified by 

the consistent appearance of characteristic peaks 

across samples and treatments within the specific 

spectral regions (Kaur., 1994; Muncan et al., 2016; 

Muncan et al., 2019). 

 Each wavelength region corresponds to 

specific water molecular vibration modes and 

hydrogen-bonding structures, confirming that the 

selected WAMACs effectively capture dynamic 

changes in water spectral patterns related to sample 

composition and state. Characteristic peaks in the 

radar diagram were identified by comparing 

normalized, averaged absorbance differences 

among samples from different provinces, and the 

climate difference effects corresponding thereby 

linking climate variation to changes in water 

molecular configurations. Therefore, aquagrams, 

which visualize these absorbance changes at 

selected WAMACs, can clearly reveal structural 

differences. 

 

Dry matter content  

 One of the factors that exporters need to 

consider is fruit maturity and ripeness, expressed as 

pulp dry matter (DM). The methodology for 

analyzing DM in durian pulp was described by 

(Onsawai and Sirisomboon, 2015), who employed 

gravimetric analysis at 60 ± 2°C until constant 

weight was achieved. 

 

Factors 

 Definition of factor A to I 

 This section provides an overview of the 

factors affecting water content in the peel, as 

detected by NIR light absorption. The relationships 

between these factors, the peel, and external climate 

conditions are explained in detail under factors  

A through I.  

 A: Photosynthesis. The photosynthesis 

equation is described by Equation (1) (Farquhar et 

al., 1981) 

 
                          Sunlight + chlorophyll 

6CO₂ + 6H₂O    C₆H₁₂O₆ + 6O₂ (1) 

 

 where CO₂ is molecules of carbon dioxide, 

H₂O is molecules of water, C₆H₁₂O₆ is molecule of 

glucose, O₂ is molecules of oxygen.  

 During this process, peel-related factors such 

as sunshine exposure and chlorophyll content were 

considered. Sunshine hours, documented in Climate 

Source 1, influence the timing of stomatal opening 

and closing in leaves, which in turn regulates 

transpiration.  

 Chlorophyll is not a major component of the 

mature durian peel; however, its presence in the 

leaves is fundamentally important for peel 

formation and biochemical properties (Ahmad  

et al., 2024). Chlorophyll supports the growth and 

development of all plant tissues, including the  

peel. Consequently, leaf health and efficient 

photosynthesis, reflected in chlorophyll content, 

can influence the overall quality and biochemical 

composition of the peel (Kondo et al., 2017). 

 A study on plant growth under varying 

humidity conditions reported a strong positive 

correlation between leaf chlorophyll content and 

leaf humidity. Therefore, the relationship between 

the leaf and the peel is indirect. It should be noted 

that the rate of water loss from the leaf 

(transpiration) is strongly influenced by external 

climatic conditions such as temperature, relative 

humidity, wind speed, and precipitation. 

 B: Transpiration at the leaf. A study on plant 

response to air temperature indicated that warm 

conditions combined with low relative humidity 

increased transpiration rates (Islam el al., 2021). 

The study also explained the relationship between 

leaf stomata and precipitation: in climates with 

more precipitation, plants tend to keep their stomata 

open longer, thereby maintaining internal moisture 

and promoting growth. In contrast, in drier climates, 

stomata close more frequently to conserve water, 

resulting in lower internal moisture levels (Buckley 

and Sack, 2019). Wind speed further influences 

transpiration by removing the humid boundary 

layer around leaves, which accelerates water loss 

and reduces internal leaf moisture (Lin et al., 2023). 

Therefore, leaf transpiration is strongly influenced 

by the combined effects of temperature, relative 

humidity, wind speed, and precipitation. 

 B1: Transpiration at the peel. The durian peel 

is porous (Lufu et al., 2021). Once the fruit is 

detached from the tree, it no longer receives water 

from the roots; however, cellular respiration 

continues within the peel (Sriyook et al., 1994). The 

process, represented by the general equation of 

cellular respiration (Equation (2)), produces water 

and releases heat (Skulachev et al., 2023). 

 
C₆H₁₂O₆+6O₂→6CO₂+6H₂O+Energy (ATP)+heat (2) 

 

where ATP is adenosine triphosphate.  
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 The heat generated during respiration 

accelerates water evaporation through the porous 

peel structure. Consequently, durian fruit 

experiences progressive weight loss during storage 

due to increased respiration and ethylene 

production, leading to peel shrinkage and fruit 

dehiscence (Booncherm and Siriphanich, 1991; 

Wiangsamut et al., 2021).  

 The peel becomes increasingly permeable to 

water loss postharvest, as cell wall weakening and 

lenticel activity facilitate transpiration (Lindh et al, 

2021). When internal water pressure exceeds that of 

the external environment, water moves outward via 

osmotic pressure, a phenomenon referred to as 

transpiration from the peel. Although this 

physiological process begins while the fruit is still 

attached to the tree, it occurs at a relatively low and 

stable rate under those conditions (Gariglio et al, 

2024). 

 Postharvest, the intensity of both respiration 

and water loss increases significantly (Paull & 

Ketsa, 2014). Accordingly, transpiration in the peel 

is closely linked to ethylene production, the porous 

structure of the peel, and external environment 

(Ullah et al., 2024).  

 C: Planting methods. These factors are 

directly related to growers’ water management and 

fertilization practices (both soil and leaf) 

(Siriphanich, 2011; Wiangsamut and Wiangsamut 

2023). Such practices depend on growers’ 

experience and must take into account geographical 

characteristics, climatic conditions, and soil 

properties (Cheychom et al., 2019). 

 D: Geographical origin. This study analyzed 

each province separately (see Table 1).  

 D1: Elevation. It uses the same principles as 

those of geographical origin. 

D2: Flat/Terrace area. The study reported 

that terracing often facilitates better water 

management and nutrient distribution, promoting 

healthier root systems and overall tree vigor (Tan  

et al., 2024). The distinction between flat and 

terraced areas in this study was based on how 

topography influenced soil conditions, leaf traits, 

and durian fruit development across different 

phenological stages. Terraced areas exhibited better 

drainage and higher soil temperature, pH, and N 

(nitrogen), phosphorus (P), and potassium (K) 

levels, whereas flatlands retained greater 

accumulated moisture (Tan et al., 2024). 

Therefore, topography should be considered 

an important factor, operating under the same 

principles as geographical origin. 

 E: Soil. Soil properties and soil conditions are 

partly influenced by geographic origin; however, 

optimized planting techniques, fertilization 

strategies, and water management, adjustments can 

be tailored to climatic conditions and 

developmental stage of the crop. For example, the 

unproductive stage (S0) requires additional N, 

whereas the flowering stage (S1) demands 

increased P (Phanomsophon et al., 2023). Water 

management is directly related to precipitation and 

depends on soil properties and conditions at each 

stage. During the fruiting stage (S2), greater 

precipitation is needed to support fruit development 

and ensure optimal carbohydrate accumulation in 

developing fruits (Thongkaew et al., 2021). 

Conversely, S1 requires less water, with dry spells 

helping to synchronize flowering and related 

processes. 

 F: Climate data (Sources 1 and 2). The 

explanation is in Section 2.2. 

 F1: Climate data during transportation. The 

samples were transported by different courier 

agencies depending on the province. During 

transport, the ethylene process, respiration, and 

transpiration at the peel interact with external 

climatic conditions. These conditions vary 

according to the transportation methods employed 

by each courier company, making this factor 

specific to, and constant within, each province’s 

transport route to the laboratory. 

 F2: Climate data in storage conditions. 

Climate data are assumed to be uniform across all 

provinces owing to controlled conditions. 

G: Ethylene process. The process occurs 

throughout durian growth, both preharvest (90‒120 

DAA) and postharvest. This finding is supported by 

a study reporting that immature durians were 

harvested at 90 DAA (Sriyook et al., 1994). The 

onset of dehiscence advanced by approximately one 

day, and the rate of dehiscence was higher in 

ethylene-treated fruit than in control fruit. Ethylene 

production became more pronounced as the fruit 

matured. 

Another study reported that durian fruit weight 

loss increased during storage due to elevated 

respiration and ethylene production (Booncherm 

and Siriphanich, 1991). Therefore, it can be 

concluded that the ethylene process is linked to both 

respiration and transpiration in durian fruit (Sriyook 

et al., 1991). 

 H: Respiration of the peel. This process is 

related to transpiration at the peel, as described in 

B1 (Transpiration at the peel), and is also 

associated with the ethylene process from 

preharvest (90-120 DAA) through postharvest, as 

described in G (Ethylene process). 

 

 I: Durian peel structure. The durian peel 

structure is formed preharvest through fruit growth 

and development, involving leaf respiration as 

described in Section A (Photosynthesis). This 
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process produces cell wall components rich in 

pectin, cellulose, and hemicellulose, which 

contribute to peel density and its capacity to absorb 

water (Onsawai et al., 2021).  

 Leaf chlorophyll content, which reflects 

photosynthetic efficiency, influences the 

biochemical composition and development of the 

durian peel (Kondo et al., 2017). Consequently, 

peel structure and biochemical properties vary 

across cultivation regions depending on climatic 

conditions, which affect cellular metabolism and 

the accumulation of pectin, cellulose, and 

hemicellulose, key components that contribute to 

peel density and water absorption capacity 

(Onsawai et al., 2021). 

 At the cellular level, osmotic potential is 

determined by solute concentration within the cell 

(Jia et al., 2020). In this study, the relationship 

between durian peel and pulp was examined. Ha  

et al. (2024) reported that fresh mesocarp layers 

adjacent to the peel contain higher water content. As 

the percentage of DM increases, water moves out of 

peel cells, leading to dehydration. This dehydration 

causes the mesocarp cell wall to become more rigid 

and reduces its water-holding capacity, thereby 

decreasing peel water content during ripening. A 

similar phenomenon has been observed in 

strawberries, where increased solute concentration 

elevates osmotic potential (Jia et al., 2020). Thus, 

peel structure, DM percentage, and water content 

are interrelated. 

 

 Effect of plantation climate on durian 

 This study applied deductive reasoning to 

interpret the causes of observed phenomena, as 

illustrated in Figure 3. Two categories of factors 

were considered: those occurring before harvest and 

those occurring after harvest. The postharvest 

period includes transportation and laboratory 

conditions, whereas the preharvest period 

encompasses Stage 0 (the unproductive stage, 

covering the first 1-4 years), Stage 1 (the flowering 

stage), Stage 2 (the fruiting stage), Stage 3 (the 

harvesting stage), and the stage at 120 DAA. 

 Measurements were initiated at the laboratory 

postharvest. The factors considered included B1, F, 

G, H and I (I: Durian peel structure), which 

emphasized on percentage of Dry matter (DM)). F2 

was set to identical values across all provinces. 

Therefore, B1, G, H, and I are interrelated and 

should be considered. However, these factors were 

not measured quantitatively in this study, which led 

us to focus on the earlier stage. B1, G, H, and I were 

observed during transpiration postharvest, while G, 

H, and I were observed preharvest at 120 DAA, 

Stage 3, and Stage 2, respectively.  

 B1, G, H, and I were related to the water 

content in the durian peel, as detected by NIR 

absorption. Additionally, I appeared at 120 DAA, 

Stage 3, and Stage 2, and during postharvest 

(transportation and laboratory analysis), making it 

an essential indicator in this context. Focusing on I, 

its relevance to A and B reflects the preharvest 

formation of the peel structure at 120 DAA, Stage 

3, and Stage 2, driven by fruit growth and 

development. Moreover, I was related to F, which 

itself is linked to A and/or B. Since I was 

consistently observed at 120 DAA, Stage 3, and 

Stage 2, D and and E, originally determined by 

geographical origin, were also considered relevant 

at this stage. 

 
 

Figure 3. Factors affect water in the durian peel, which is detected by NIR absorption light 
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 Factor E can be adjusted according to climatic 

conditions and crop developmental stages; 

therefore, it was excluded from consideration. The 

analysis instead focused on the factors related to I. 

The available data included D, D1, D2, and F, as 

summarized in Table 2. These factors, which 

influence the water content in the durian peel, were 

evaluated in combination with aquaphotomic 

characteristics to examine the effect of plantation 

climate on the aquaphotomic properties of durian 

fruit.  

Results and Discussion  

Near infrared spectra characteristics  

Figure 4 (a) presents the NIR spectra of intact 

durian samples from three regions: east (E), 

northeast (NE), and south (S). Figure 4(b) shows the 

average spectra of durian samples from eight 

provinces: Prachuap Khiri Khan (GI, (PraCh)), 

Chomphon (Chom), Surat Thani (Su), Chanthaburi 

(Chan), Prachin Buri (PraJ), Rayong (Ra), Trat (T), 

and Sisaket (Sri). In Figure 4 (a), the spectra of the 

NE region overlap with those of the E and S regions.  

Figure 4 (b) shows that the average spectra 

exhibit similar patterns across all provinces. 

Although some separation among provinces and 

regions can be observed, this is primarily due to a 

baseline shift. Therefore, Standard Normal Variate 

(SNV) correction must be applied to the data to 

remove this artifact.  

Figure 4 (c) compares the spectra of pure 

water with the average SNV spectra. Five 

absorption peaks were observed at 970, 1190, 1195, 

1450, 1900, and 1940 nm. The peaks at 970, 1190, 

1450, and 1940 nm correspond to characteristic 

water absorption bands (Omar et al., 2012). The 

peak at 1195 nm is attributed to the second overtone 

of C-H stretching vibrations, specifically associated 

with CH₃ groups (Onsawai et al., 2015). 

Additionally, a minor peak at 1780 nm was 

attributed to the first overtone of the C-H stretching 

vibrations, indicative of cellulose (Phanomsophon 

el al., 2022). 

Figure 5 (a) shows the SNV-pretreated spectra 

in the first overtone region of water vibrations 

(1300-1600 nm). The most prominent peak was 

observed at 1450 nm. The absorbance values ranged 

from -0.2 to 1.2. Considerable overlap of the spectra 

was evident among provinces or regions.  

Figure 5(b) shows the SNV-pretreated spectra 

in the second overtone vibration bands of water 

(900-1020 nm), with absorption values ranging 

from -1 to -0.65. A fundamental principle of 

molecular vibrational spectroscopy in the NIR 

region is that the second overtone exhibits lower 

intensity than the first overtone. This occurs 

because vibrational overtone transitions become 

progressively less probable and weaker as the 

vibrational quantum number increases, due to 

anharmonicity and reduced transition dipole 

moments (Weyer et al., 2022).  

 

Table 2. Description of focusing factor data available based on provinces 

 

Factors Description 
Provinces 

Ra Sri Chom PraJ Su T PraCh Chan 
B1: Transpiration 

at the peel 

It related to osmotic potential of water in 

the cells 
No data and discussion is case by case 

G: 

Ethylene process 

It is linked to both respiration and 

transpiration processes in durian fruit 
No data and discussion is case by case 

H: Respiration of 

the peel 
Related to transpiration at the peel No data and discussion is case by case 

I: 

Durian peel 

structure 

The durian peel structure is formed 

preharvest related to A (A: 

Photosynthesis) 

No data and discussion is case by case 

D: Geographical 

origin 

It is indicated origin by Geography, 

Latitude and Longitude 
Province‒specific differences (see Table 1) 

D1: 

Elevation 
Elevation above sea level (m) 32 211 62 13 90 44 172 43 

D2: Flat/Terrace 

area* 

Flat or terrace areas significantly affect 

water and nutrient management 

efficiency 

F T F F T T T T 

F: 

Climate data  

(Source 1 

and 2) 

Climate data (Source 1): the monthly 

average temperature (°C), precipitation 

(mm), humidity (%), number of rainy 

days (days), and average sunshine hours 

(hr) 

Province‒specific differences  

(see supplementary information, S1) 

 
Climate data (Source 2): temperature 

(°C), precipitation (mm), wind direction 

(deg), and wind speed (kt) 

Province‒specific differences  

(see supplementary information, S2) 

*F:Flat, T:Terrace 

 



  

010428-10 Effect of plantation climate on Durian fruit aquagram 

This finding is consistent with previous 

reports, which indicated that the first and second 

overtones of C-H, O-H, and N-H stretching 

vibrations occur at 1660-1730/1200-1350 nm, 

1360-1460/930-980 nm, and 1480-1560/1000-1100 

nm, respectively (Weyer et al., 2022). The most 

prominent peak was observed at 970 nm, where Su 

(South region) exhibited the highest absorption 

value compared to the other provinces. Absorption 

values in the remaining provinces were relatively 

similar. 

Additionally, significant differences were 

observed in the 900-940 nm range. The order of 

absorption values from lowest to highest was Ra > 

Sri > Chom > PraJ/Su > T > PraCh/Chan; however, 

this pattern did not correspond to regional 

groupings. Figure 5 (c) shows the average spectrum 

of each province alongside SNV-pretreated spectra 

and the spectra of pure water. 

Dry matter content  

According to essential indicator I (Durian peel 

structure), the dry matter (DM) of durian pulp, 

which is closely related to its water content, is 

influenced by factors associated with osmotic 

pressure from both internal and external sources 

(see Section 2.6.1, definition of factors A to I). 

These include B1 (Transpiration at the peel), G 

(Ethylene process) cellular respiration, Equation (2) 

and H (Respiration of the peel).  

 
(a) 

 

 
(b) 

 

 
(c) 

 

Figure 4. Spectral data of eight provinces (sorted by 

color in three different regions): every raw 

spectrum of durian samples (a), average 

raw spectrum of each province (b), SNV-

pretreated of average spectrum of each 

province with, and spectrum of pure water 

(c) 
 

 
(a) 

 
(b) 

 

Figure 5. SNV pretreated spectra in the first 

overtone of water vibrations (1300-1600 

nm) (a) and SNV pretreated spectra in the 

second overtone of water vibrations (900-

1020 nm) (b) 
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Figure 6 presents the variation in the 

percentage of DM in durian pulp among provinces. 

ANOVA (Type II) revealed a significant provincial 

effect (F = 6.96, p < 0.001; data not shown). 

Tukey’s HSD test indicated that PraCh and Su 

(group b) had significantly higher mean values than 

other provinces (group a). The complete 

measurement dataset, including all provincial 

values, is provided in Supplementary S3.  These 

findings suggest that provincial differences may be 

influenced by environmental conditions. Although 

all samples were collected during the same 

harvesting period (120 DAA), the observed 

variations could be attributed to several interacting 

factors. These combined influences may have 

affected fruit development and physiological 

processes, thereby resulting in the differences in 

DM percentage among provinces. 

Aquaphotomic characteristic of peel of intact 

durian fruit 

Table 3 summarizes and assigns characteristic 

water absorbance bands for selected first and 

second-overtone vibrations (Kaur, 1994; Muncan  

et al., 2016; Muncan et al., 2019). Figure 7 presents 

the aquagram in the first overtone region of water 

vibrations (1300-1600 nm), showing the NIR 

absorption of the peel of intact durian fruit obtained 

from SNV-pretreated spectra using the FT-NIR 

spectrometer.  

The overall shape of the aquagram expands 

more strongly towards C7-C12, reflecting that the 

water structure in these samples is dominated by 

structured (bound) water rather than free water 

(Table 3). Bound water species are associated with 

water tightly linked to biological structures in the 

durian peel, such as cell walls, pectin, cellulose, and 

hemi‒cellulose (Tsenkova et al., 2018). In contrast, 

absorbance values at C1-C4 were relatively low, 

suggesting that free water species were present in 

smaller amounts than bound water (Tsenkova et al., 

2018).  

The durian peel across all provinces exhibited 

similar water spectral patterns, suggesting that the 

tissue contained a comparable water structure. 

However, differences in water quantity were 

reflected in variations in NIR absorption. Bound 

water predominated over free water, emphasizing 

the strong interaction of water molecules with 

biological structures in the durian peel (Bázár el al., 

2016).  

Figure 8 (a) presents the aquagram of SNV-

pretreated spectra of the second overtone region of 

vibrations (900-1100 nm), while Figure 8 (b) 

provides an enlarged view of absorption across 

coordinates C1-C6, corresponding to free water or 

water structures with weak or no hydrogen bonding 

(Kaur et al., 2022).  

This indicates the presence of loose structures 

with higher water mobility, however, NIR 

absorption of durian peel samples differed 

substantially among provinces than between C7-

C12. Vibrations at C7-C12 are associated with 

bound water, or water structures stabilized by 

hydrogen bonds, ranging from ion‒hydrated water 

to strongly bonded species (Green et al., 2014), 

Such vibrations suggest a tight association of water 

with biomolecules in the durian peel, including cell 

walls, pectin, cellulose, and lignin. Observable 

differences among provinces were detected within 

C1–C4, reflecting distinct spectral variations likely 

influenced by geographic or environmental factors. 

Similar to the findings reported in Kaur’s doctoral 

thesis on apple and kiwifruit (Kaur et al., 2022), 

significant variations were associated with changes 

in temperature and environmental conditions (Kaur, 

1994). 

 
 

Figure 6. Mean comparison of the Dry matter (DM) 

of durian pulp among provinces 

 
 

Figure 7. The aquagram in first overtone vibration 

of water molecule (1300-1600 nm) of NIR 

absorption retrieved from the SNV-

pretreated spectrum of intact durian fruit 
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By ordering the values in ascending order, the 

following sequence was obtained: Ra > Sri > Chom 

> Su/PraJ > T > PraCh/Chan. WAMACs have been 

described with the following assignments: C1  

(896 nm), corresponding to bulk water or the basic 

water structure; C2 (910 nm), indicating the 

solvation shell structure altered by external stimuli; 

C3 (916 nm), representing the joint vibration mode 

related to the state of water arrangement; C4  

(923 nm), associated with water structures in the 

hydration shell and ion binding; and C5 (933 nm), 

corresponding to free water molecules (least H-

bonded), which are sensitive to high temperatures 

(Kaur, 1994). At C5, ordering the values in 

ascending order yielded the following sequence: 

 

Ra/Sri/Chom > Su/PraJ > T > PraCh > Chan. 

 

Durian plantation climate data 

Durian plantation climate data (Source 1) 

Climate data of Source 1 represent daily 

averages compiled for each month from 1991 to 

2021 across durian-producing provinces. The 

variables include: (a) average temperature (°C), (b) 

precipitation (mm), (c) number of rainy days (d), (d) 

relative humidity (%), and (e) average sunshine 

hours (hr). Date were collected for Prachuap Khiri 

Khan (PraCh), Chomphon (Chom), Surat Thani 

(Su), Chanthaburi (Chan), Prachin Buri (PraJ), 

Rayong (Ra), Trat (T), and Sisaket (Sri).  

According to the essential factors, the DM of 

durian pulp, which is closely associated with its 

water content and with factors influencing osmotic 

potential from both internal and external sources,  

 

Table 3. Description of focusing factor data available based on provinces 

 

WAMACs  Assignment  Related vibrations  

First 

overtone 

region 
Activated 

wavelengths 

Second 

overtone 

region 
Activated 

wavelengths 

1300-1600 900-1100 

(nm) (nm) (nm) (nm) 

C1 ν₃ 
Bulk water (H₂O asymmetric 

stretch) 
1336‒1348 1344 891‒899 896 

C2 
OH stretch 

(water shell) 
Weakly H‒bonded, perturbed 

shell 
1360‒1366 1364 907‒911 910 

C3 ν₁ + ν₃ 
Symmetric + asymmetric H₂O 

vibrations 
1370‒1376 1372 913‒917 916 

C4 
OH stretch 

(water shell) 
Hydrated ions, structured shell 1380‒1388 1382 920‒925 923 

C5 S₀ Free water (least bonded) 1398‒1418 1398 932‒945 933 

C6 
Water 

hydration, H₅O₂ 
Hydration band (H₅O₂) 1421‒1430 1410 947‒953 940 

C7 S₁ 1 H‒bonded water molecule 1432‒1444 1438 955‒963 961 

C8 ν₂ + ν₃ Bending + asymmetric stretching 1448‒1454 1444 965‒969 965 

C9 S₂ 2 H‒bonded water molecule 1458‒1468 1464 972‒979 976 

C10 S₃ 3 H‒bonded water molecule 1472‒1482 1474 981‒988 984 

C11 S₄ 4 H‒bonded water molecule 1482‒1495 1492 988‒997 996 

C12 

Strongly 

bonded water or 

ν₁,ν₂ 

Symmetric stretch, highly 

structured 
1506‒1516 1516 1004‒1011 1018 

 

 
(a) 

 
(b) 

 

Figure 8. Aquagrams of NIR absorption after raw 

spectra pretreated by SNV in second 

overtone vibration of water molecule (900-

1100 nm) (a) and enlargement of the C1 to 

C6 (b) 
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plays a key role in clarifying the aquaphotomic 

characteristics of the peel in intact durian fruits. 

Table 4 presents the climate conditions of durian 

plantations across different provinces during  

Stage 3 (harvesting stage).  

The aquagram of NIR absorption, obtained 

from SNV-pretreated raw spectra in second 

overtone region of water vibrations (900-1100 nm) 

with enlargement of coordinates C1-C6 (Figure 8 

(b)), highlights the C1-C4 water matrix coordinates 

(WAMACs). The lowest absorption was observed 

in Ra, corresponding to the province’s highest 

precipitation (Table 4) and the lowest percentage of 

DM content (Figure 6). 

Precipitation events are typically associated 

with a drop in ambient temperature and an increase 

in relative humidity (Acero et al., 2024). 

Transpiration is driven by the vapor pressure deficit 

(VPD), defined as the difference between the 

saturated vapor pressure inside the fruit and that of 

the surrounding air (Slabbert et al., 2017). Under 

low VPD conditions, water transpiration slows, 

whereas changes in the percentage of DM can be 

explained in terms of osmotic potential. 

Postharvest, the peel becomes increasingly 

permeable to water loss as cell wall weakening and 

lenticel activity facilitate transpiration. Lenticels 

are associated with the porous structure of the peel 

(Zerbini et al., 2020). 

At the cellular level, osmotic potential refers 

to the water potential determined by the 

concentration of solutes inside the cell (Jia et al., 

2020). Water movement into or out of the cell 

reflects an equilibrium of water potential forces, 

maintaining balancing of water potential forces, 

where a decrease in osmotic potential draws water 

into the cell (Jia et al., 2020). In strawberries, solute 

concentration increases, resulting in higher osmotic 

potential (Jia et al., 2020). In the case of Ra durian 

peel, water is transferred from the peel to the pulp 

to balance water potential, leading to lower water 

content in the peel. The was reflected by the lowest 

aquagram intensity among the studied provinces. 

Conversely, the climate conditions in Chan 

were characterized by the lowest average 

temperature and the highest humidity. Such 

conditions reduce VPD, thereby slowing water loss 

(Ullah et al., 2024). In other words, orchard 

temperature and humidity influence fruit 

physiology through a transpiration-driven water 

movement mechanism (Montanaro et al., 2012). 

Accordingly, the aquagram in Figure 8 (b) shows 

that Chan durian peel contained higher water 

content, reflected by stronger water absorption at 

C1-C4. 

The overlapping aquagram patterns observed 

for Su and PraJ may be attributed to their similar 

numbers of rainy days and sunshine hours. 

Likewise, the similarity in average temperature and 

sunshine hours between PraCh and Chan 

contributed to comparable spectral responses. The 

interrelationship among rainy days, sunshine hours, 

and average temperature is linked to the internal 

temperature of the growing fruit, reflecting energy 

exchange associated with fruit metabolic activity, 

energy conductance, and evapotranspiration 

(Ferguson and Triggs, 1990). Therefore, rainy days, 

sunshine hours, and average temperature 

collectively influence the amount of free water in 

the durian peel, resulting in comparable 

aquaphotomic responses among those provinces. 

 

Table 4. Climate data of durian plantations in different provinces in stage 3 (harvesting stage) from source 1 
 

Stage 3 Ra Sri Chom Su PraJ T Chan PraCh 

Avg. Temperature (°C) 28.1 29.2 27.8 27.2 28.3 27.1 27.1 27.2 

Humidity (%) 81% 66% 81% 81% 73% 84% 84% 81% 

Precipitation (mm) 226 146 108 113 116 188 113 186 

Rainy day (days) 16 12 14 12 12 18 16 19 

Avg. Sun hours (hr) 9 10 10 10 9 8 9 9 

 

 

Table 5. Climate data of durian plantations in different provinces at 120 DAA and stage 3 (harvesting stage) 

from source 2 
 

At 120 DAA Ra Sri Chom Su PraJ T Chan PraCh 

Avg. Temperature (°C) 29.5 29.1 27.4 27.6 31.5 29.2 30.1 29.5 

Precipitation (mm) 2 4 3 0 0 27 0 0 

Wind direction (deg) 230.0 245.0 300.0 110.0 90.0 50.0 195.0 205.0 
Wind speed (kt) 12.0 7.5 13.0 5.0 8.0 19.0 10.5 12.5 

Stage 3         

Avg. Temperature (°C) 30.3 30.3 28.9 28.4 31.4 28.9 29.4 29.7 

Precipitation (mm) 14 17 14 10 11 13 13 16 

Wind direction (deg) 212.8 171.8 144.5 203.8 197.6 145.7 153.1 203.4 

Wind speed (kt) 9.6 5.9 13.4 14.7 7.6 11.4 12.7 14.5 
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Durian plantation climate data (Source 2) 

Climate data from Source 2 (2019-2020), 

including measurements of temperature (°C), 

precipitation (mm), wind direction (deg), and wind 

speed (kt), were taken into consideration for durian 

plantations in Prachuap Khiri Khan (PraCh), 

Chomphon (Chom), Surat Thani (Su), Chanthaburi 

(Chan), Prachin Buri (PraJ), Rayong (Ra), Trat (T), 

and Sisaket (Sri).  

Table 5 presents the climate conditions of 

durian plantations across different provinces at 120 

DAA and during the harvesting stage (S3). The 

distinct differences in C1-C4 water matrix 

coordinates (WAMACs) of durian peel among 

provinces are shown in Figure 8 (b). At 120 DAA, 

precipitation of 0 mm was recorded in Su and Praj 

as well as in PraCh and Chan (Table 5), which 

exhibited similar aquagram intensity, indicating 

closely comparable free water signals.  

The aquagram in Figure 8 (b) shows greater 

water loss was in Su durian peel, which may be due 

to differences in climate condition between Su and 

PraJ, including temperature (12%), wind direction 

(17%), and wind speed (37%). These differences 

are reflected in the gap at C3 (916 nm), representing 

the joint vibrational modes of O-H stretching that 

have been associated with the reorganization of 

water molecular structures under environmental 

perturbations (Tsenkova, 2018). 

Changes may occur during biological 

processes involving dehydration (Munćan & 

Tsenkova, 2019). In durian peel, dehydration 

progresses as the fruit loses water during ripening 

(Booncherm and Siriphanich, 1991), which was 

evident in the Su and Praj samples. In contrast, 

PraCh and Chan showed greater overlap in 

aquagram intensity, reflecting minimal differences 

in climate conditions, with closely similar values 

for temperature, wind direction, wind speed, and 

precipitation. From the perspective of DM content 

in pulp, Su (DM=43.42%) and Praj (DM=36.45%) 

exhibited a larger difference compared to PraCh 

(DM= 40.55%) and Chan (DM=36.89%), 

indicating that climatic effects were more 

pronounced in Su and PraJ. 

Conclusions 

The objective of this study was to investigate the 

effect of plantation climate on the aquaphotomic 

characteristics of durian (Durio zibethinus Merr. cv. 

Monthong) fruit. Two categories of influencing 

factors were considered: preharvest and 

postharvest. The postharvest stage encompassed 

transportation and laboratory measurement 

conditions, whereas the preharvest stage comprised: 

stage 0 (S0), the unproductive stage covering the 

first 1-4 years; stage 1 (S1), the flowering stage; 

stage 2 (S2), the fruiting stage; stage 3 (S3), the 

harvesting stage and 120 DAA. The S3 and 120 

DAA durian samples exhibited characteristics 

closely aligned with those measured by FT–NIR 

spectrometer in the laboratory.  

The conclusion emphasized the major 

outcomes and their implications, highlighting both 

scientific significance and practical importance. 

Specifically, the main effects of climate differences 

on the transpiration and respiration of the durian 

peel, as well as the osmotic potential of water in the 

pulp, were discussed. These effects influenced peel 

water content through factors such as precipitation, 

average temperature, humidity, number of rainy 

days, sunshine hours at stage 3, as well as 

precipitation at 120 DAA.  

These aquaphotomic patterns observed 

support the potential of NIR-based water spectral 

profiling as a tool for distinguishing the 

geographical origin of durian and for understanding 

the relationship between environmental conditions 

and peel water content. This discovery contributes 

novelty to the scientific community by expanding 

the application of NIRS and aquaphotomics in fruit 

physiology and geographical origin identification. 

However, this conclusion is based on 

retrospectively collected climate data and their 

observed effects on the aquagram. Future research 

should therefore incorporate real-time field 

measurements of fruit transpiration, respiration, and 

ethylene emission to validate these climate-induced 

aquaphotomic variations. The integration would 

strengthen their application in durian quality 

monitoring during postharvest handling and 

storage, as well as in climate-adaptive cultivation 

strategies. 

Acknowledgement  

The authors express their gratitude to Royal Golden 

Jubilee, Ph.D. Program of the National Research 

Council of Thailand for funding. This research 

project is supported by the National Research 

Council of Thailand (NRCT): NRCT5-RGJ63021-

168), and the Near infrared spectroscopy research 

center for agricultural product and food (www. 

nirsresearch.com), Department of agricultural 

engineering, School of Engineering at King 

Mongkut’s Institute of Technology, Ladkrabang, 

Thailand, for providing instruments and space for 

the experiment. The authors would also like to 

thank the Department of Research and Graduate 

Studies, Khon Kaen University, Thailand, for their 

research support. 



 

 

010428-15 Suranaree J. Sci. Technol. Vol. 33 No. 3; May - June 2026 

References 

Acero, J. A., Brousse, O., Lemonsu, A., & Bouyer, J. (2024). 
Impact of rainfall on air temperature, humidity and 

thermal comfort levels. Urban Climate, 50, 101023.  

Ahmad, R., Amiruddin, R., Arsin, A. A., Stang, S., Ishak, H., 
Thamrin, Y., & Mallongi, A. (2024). Antibacterial 

potential of durian (Durio zibethinus Murr.) waste as an 

alternative disinfectant in raw drinking water: A literature 
review. Pharmacognosy Journal, 16, 255-262. 

https://doi.org/10.5530/pj.2024.16.37 

Appaw, W., Zaukuu, J. L. Z., Aouadi, B., Mensah, E. T., Oduro, 
I. N., & Kovacs, Z. (2025). Predicting aflatoxin 

contamination in white and yellow maize using Vis/NIR 

spectroscopy combined with PCA-LDA and PLSR 
through aquaphotomics approaches. Applied Food 

Research, 5(1), 100841. 

https://doi.org/10.1016/j.afres.2025.100841 

Barnes, R. J., Dhanoa, M. S., & Lister, S. J. (1989). Standard 

normal variate transformation and de-trending of near-

infrared diffuse reflectance spectra. Applied 
Spectroscopy, 43(5), 772-777. 

https://doi.org/10.1366/0003702894202201 

Bázár, G., Romvári, R., Szabó, A., Somogyi, T., Éles, V., & 
Tsenkova, R. (2016). NIR detection of honey adulteration 

reveals differences in water spectral pattern. Food 

Chemistry, 194, 873-880. 
https://doi.org/10.1016/j.foodchem.2015.08.092 

Blanco, M., & Villarroya, I. (2002). NIR spectroscopy: A rapid 

response analytical tool. TrAC – Trends in Analytical 
Chemistry, 21(4), 240–250. 

https://doi.org/10.1016/S0165-9936(02)00404-1 

Booncherm, P., & Siriphanich, J. (1991). Physiological changes 
during postharvest ripening of durian fruit (Durio 

zibethinus Murray). Agriculture and Natural Resources, 

25(1), 119–125. 
Booncherm, P., & Siriphanich, J. (1991). Postharvest physiology 

of durian pulp and husk. Agriculture and Natural 
Resources, 25(1), 119-125. 

Buckley, T. N., & Sack, L. (2019). Humidity inside leaves and 

why you should care: Implications of unsaturation of leaf 
intercellular airspaces. American Journal of Botany, 

106(5), 618-621. https://doi.org/10.1002/ajb2.1282 

Chanachot, K., Saechua, W., Posom, J., & Sirisomboon, P. 
(2023). Geographical origin of durian (cv. Monthong) 

using near-infrared diffuse reflectance spectroscopy. 

Foods, 12(20), 3844. 
https://doi.org/10.3390/foods12203844 

Cheychom, K., Sindhuphak, A., & Ratanaolarn, T. (2019). Study 

patterns and problem water management for agriculture of 
durian production in Chanthaburi, Thailand. 

Mediterranean Journal of Social Sciences, 10(6), 53-62. 

https://doi.org/10.2478/mjss-2019-0052 
Coyle, S., Markham, C., Lanigan, W., & Ward, T. (2005). 

Mechanical mounting system for functional near-infrared 

spectroscopic brain imaging studies. Proceedings of SPIE, 
5826, 618-629. https://doi.org/10.1117/12.604823 

Ditcharoen, S., Sirisomboon, P., Saengprachatanarug, K., 

Phuphaphud, A., Rittiron, R., Terdwongworakul, A., 

Malai, C., Saenphon, C., Panduangnate, L., & Posom, J. 

(2023). Improving the nondestructive maturity 

classification model for durian fruit using near-infrared 
spectroscopy. Artificial Intelligence in Agriculture, 7, 35-

43. https://doi.org/10.1016/j.aiia.2023.02.002 

Farquhar, G. D., & von Caemmerer, S. (1981). A perspective: 
Some relationships between the biochemistry of 

photosynthesis and the gas exchange of leaves. Planta, 

262(43), 1-5. https://doi.org/10.1007/s00425-025-04761-7 
 

Ferguson, I.B., & Triggs, C. (1990). Sampling factors affecting 
the use of mineral analysis of fruit for the prediction of 

bitter pit. New Zealand Journal of Crop and Horticultural 

Science, 18(2-3), 147-152. 
https://doi.org/10.1080/01140671.1990.10428086 

Gariglio, N., Gil, M. I., Alamar, M. C., Ziosi, V., & Albacete, A. 

(2024). Unraveling water relations in growing fruit: 
Insights from the epidermal growth regulation hypothesis. 

Frontiers in Plant Science, 15, 11671803. 

https://doi.org/10.3389/fpls.2024.1495916  
Green, S., Fanning, E., Sim, J., Eyres, G. T., Frew, R., & Kebede, 

B. (2024). Potential of NIR spectroscopy and 

chemometrics to discriminate roast degrees and predict 
volatiles in coffee. Molecules, 29(2), 318. 

https://doi.org/10.3390/molecules29020318 

Ha, N. S., Xiang, X., Lu, G., & Xie, Y. M. (2024). The 
dehydration effect on energy absorption characteristics of 

the tropical fruit durian (Durio zibethinus). Materials 

Letters, 358, 135884. 

https://doi.org/10.1016/j.matlet.2024.135884 

Islam, S., Reza, M. N., Chowdhury, M., & Choi, I.-S. (2021). 

A review on effect of ambient environment factors and 
monitoring technology for plant factory. Precision 

Agriculture Science & Technology, 3(3), 83-98. 

https://doi.org/10.12972/pastj.20210010 
Jia, K., Zhang, Q., Xing, Y., Yan, J., Liu, L., & Nie, K. (2020). 

A development-associated decrease in osmotic potential 

contributes to fruit ripening initiation in strawberry 
(Fragaria ananassa). Frontiers in Plant Science, 11, 1035. 

https://doi.org/10.3389/fpls.2020.01035 

Kaur, H. (1994). Investigating aquaphotomics for fruit quality 
assessment [Ph.D. thesis, University of Waikato]. 

Kaur, H. (2019). Aquaphotomics for fruit quality assessment 

[Ph.D. thesis, The University of Waikato]. 
Kaur, H., Künnemeyer, R., & McGlone, A. (2022). Correction 

of temperature variation with independent water samples 

to predict soluble solid content of kiwifruit juice using 
NIR spectroscopy. Molecules, 27(2), 504. 

https://doi.org/10.3390/molecules27020504 
Kondo, T., Higuchi, H., Yonemoto, Y., Kozai, N., & Ogata, T. 

(2017). Photosynthetic characteristics of durian (Durio 

zibethinus Murray) leaves grown under different light 
conditions. Acta Horticulturae, 1186, 103-107. 

https://doi.org/10.17660/ActaHortic.2017.1186.15 

Lin, X., Wu, B., Wang, J., Wang, G., Chen, Z., Liang, Y., Liu, 
J., & Wang, H. (2023). Effects of geographical and 

climatic factors on the intrinsic water use efficiency of 

tropical plants: Evidence from leaf δ13C. Plants, 12(4), 
951. https://doi.org/10.3390/plants12040951 

Lindh, V., Uarrota, V., Zulueta, C., Alvaro, J. E., Valdenegro, 

M., Cuneo, I. F., Mery, D., & Pedreschi, R. (2021). Image 
analysis reveals that lenticel damage does not result in 

black spot development but enhances dehydration in 

Persea americana Mill. cv. Hass during prolonged 
storage. Agronomy, 11(9), 1699. 

https://doi.org/10.3390/agronomy11091699 

Lufu, R., Ambaw, A., & Opara, U. L. (2021). Functional 
characterization of lenticels, microcracks, wax patterns, 

peel tissue fractions, and water loss of pomegranate fruit 

(cv. Wonderful) during storage. Postharvest Biology and 

Technology, 178, 111539. 

https://doi.org/10.1016/j.postharvbio.2021.111539 

Marshall, J. L., Williams, P., Rheault, J.-P., Prochaska, T., Allen, 
R. D., & DePoy, D. L. (2014). Characterization of the 

reflectivity of various black materials. Proceedings of 

SPIE, 9147, 91474F. https://doi.org/10.1117/12.2056729 
Masaru, S., Uenishi, M., Miyamoto, K., & Suzuki, T. (2016). 

Effect of root-zone temperature on the growth and fruit  

 
 

 

https://doi.org/10.1016/S0165-9936(02)00404-1
https://doi.org/10.1007/s00425-025-04761-7
https://doi.org/10.1117/12.2056729


  

010428-16 Effect of plantation climate on Durian fruit aquagram 

quality of hydroponically grown strawberry plants. 
Journal of Agricultural Science, 8(5), 122-132. 

https://doi.org/10.5539/jas.v8n5p122 

Menesatti, P., Antonucci, F., Pallottino, F., Roccuzzo, G., 
Allegra, M., Stagno, F., & Intrigliolo, F. (2010). 

Estimation of plant nutritional status by Vis-NIR 

spectrophotometric analysis on orange leaves [Citrus 
sinensis (L.) Osbeck cv. Tarocco]. Biosystems 

Engineering, 105(4), 448-454. 

https://doi.org/10.1016/j.biosystemseng.2010.01.003 
Mohd Asaari, M. S., Mishra, P., Mertens, S., Dhondt, S., Inzé, 

D., Wuyts, N., & Scheunders, P. (2018). Close-range 

hyperspectral image analysis for early detection of stress 
responses in individual plants in a high-throughput 

phenotyping platform. ISPRS Journal of Photogrammetry 

and Remote Sensing, 138, 121-138. 
https://doi.org/10.1016/j.isprsjprs.2018.02.003 

Montanaro, G., Dichio, B., & Xiloyannis, C. (2012). Fruit 

transpiration in kiwifruit: Environmental drivers and 

predictive model. Functional Plant Biology, 1-5. 

https://doi.org/10.1093/aobpla/pls036 

Muncan, J., & Tsenkova, R. (2019). Aquaphotomics-From 
innovative knowledge to integrative platform in science 

and technology. Molecules, 24(15), 2742. 

https://doi.org/10.3390/molecules24152742 
Muncan, J., Anantawittayanon, S., Furuta, T., Kaneko, T., & 

Tsenkova, R. (2022). Aquaphotomics monitoring of 

strawberry fruit during cold storage: Comparison of two 
cooling systems. Frontiers in Nutrition, 9, 1058173. 

https://doi.org/10.3389/fnut.2022.1058173 

Muncan, J., Mileusnic, I., Matovic, V., Sakota Rosic, J., & 
Matija, L. (2016). Prospects of aquaphotomics in 

biomedical science and engineering. Proceedings of the 

2nd International Aquaphotomics Symposium. 
Ng, W., Minasny, B., Malone, B. P., Sarathjith, M. C., & Das, B. 

S. (2019). Optimizing wavelength selection using 

informative vectors for parsimonious infrared spectrum 
modelling. Computers and Electronics in Agriculture, 

158, 201-210. 
https://doi.org/10.1016/j.compag.2019.02.003 

Omar, A. F., Atan, H., & MatJafri, M. Z. (2012). NIR 

spectroscopic properties of aqueous acids solutions. 
Molecules, 17(6), 7440-7450. 

https://doi.org/10.3390/molecules17067440 

Onsawai, P., & Sirisomboon, P. (2015). Determination of dry 
matter and soluble solids of durian pulp using diffuse 

reflectance near-infrared spectroscopy. Journal of Near 

Infrared Spectroscopy, 23(3), 167-179. 
https://doi.org/10.1255/jnirs.1158 

Onsawai, P., Phetpan, K., Khurnpoon, L., & Sirisomboon, P. 

(2021). Evaluation of physiological properties and texture 
traits of durian pulp using near-infrared spectra of the pulp 

and intact fruit. Measurement, 174, 108684. 

https://doi.org/10.1016/j.measurement.2020.108684 
Paull, R. E., & Ketsa, S. (2014). Durian: Postharvest quality 

maintenance guidelines. 

Phanomsophon, T., Jaisue, N., Tawinteung, N., Khurnpoon, L., 
& Sirisomboon, P. (2022). Classification of N, P, and K 

concentrations in durian (Durio zibethinus Murray cv. 

Mon Thong) leaves using near-infrared spectroscopy. 

Engineering and Applied Science Research, 49(1), 127-

132. https://doi.org/10.14456/easr.2022.15 

Phanomsophon, T., Jaisue, N., Worphet, A., Tawinteung, N., 
Khurnpoon, L., Lapcharoensuk, R., Krusong, W., 

Pornchaloempong, P., Sirisomboon, P., Inagaki, T., & 

Tsuchikawa, S. (2024). Primary assessment of 
macronutrients in durian (cv. Monthong) leaves using 

near-infrared spectroscopy with wavelength selection. 

Spectrochimica Acta Part A: Molecular and Biomolecular 
Spectroscopy, 304, 123398. 

https://doi.org/10.1016/j.saa.2023.123398 

Rébufa, C., Pany, I., & Bombarda, I. (2018). NIR spectroscopy 
for the quality control of Moringa oleifera (Lam.) leaf 

powder: Prediction of minerals, protein, and moisture 

content. Food Chemistry, 261, 311-321. 
https://doi.org/10.1016/j.foodchem.2018.04.066 

Rinnan, Å., van den Berg, F., & Engelsen, S. B. (2009). Review 

of the most common pre-processing techniques for near-
infrared spectra. TrAC Trends in Analytical Chemistry, 

28(10), 1201-1222. 

https://doi.org/10.1016/j.trac.2009.07.007 
Shi, J., Wang, Y., Li, Z., Huang, X., Shen, T., & Zou, X. (2021). 

Simultaneous and nondestructive diagnostics of 

nitrogen/magnesium/potassium-deficient cucumber leaf 
based on chlorophyll density distribution features. 

Biosystems Engineering, 212, 458-467. 

https://doi.org/10.1016/j.biosystemseng.2021.11.001 
Shrestha, Z., Shrestha, B., Sirisomboon, P., Pun, U. K., 

Bajracharya, T. R., Shrestha, B. P., & Pornchaloempong, 

P. (2025). Moisture content prediction in durian husk 

biomass via near infrared spectroscopy coupled with 

aquaphotomics and explainable machine learning. 

Chemometrics and Intelligent Laboratory Systems, 267, 
105538. https://doi.org/10.1016/j.chemolab.2025.105538 

Siriphanich, J., (2011). 5 - Durian (Durio zibethinus Merr.). In 

Postharvest biology and technology of tropical and 
subtropical fruits, 80-114. 

https://doi.org/10.1533/9780857092885.80 

Skulachev, V. P., Vyssokikh, M. Y., Chernyak, B. V., 
Mulkidjanian, A. Y., Skulachev, M. V., Shilovsky, G. A., 

Lyamzaev, K. G., Borisov, V. B., Severin, F. F., & 

Sadovnichii, V. A. (2023). Six functions of respiration: 
Isn't it time to take control over ROS production in 

mitochondria, and aging along with it? International 

Journal of Molecular Sciences, 24(16), Article 12540. 
https://doi.org/10.3390/ijms241612540 

Sriyook, S., Siriatiwat, S., & Siriphanich, J. (1994). Durian fruit 

dehiscence-Water status and ethylene. HortScience, 
29(10), 1195-1198. 

https://doi.org/10.21273/hortsci.29.10.1195 
Susila, A., Bety, Y. A., Hindarwati, Y., Arianti, F. D., Haskarini, 

D., Malik, A., Santoso, B., & Cempaka, I. G. (2021). 

Characterization of durian (Durio zibethinus) ‘Monthok’ 
from Blora, Central Java, Indonesia. E3S Web of 

Conferences, 306, 01003. 

https://doi.org/10.1051/e3sconf/202130601003 
Tan, X. Y., Tan, S. S., & Amirthalingam, V. (2024). Impact of 

varied phenological stages and topography on durian: 

Exploring effects on the soil properties, leaf 
characteristics and yield. Heliyon, 1-38 

Thongkaew, S., Jatuporn, C., Sukprasert, P., Rueangrit, P., & 

Tongchure, S. (2021). Factors affecting durian production 
of farmers in the eastern region of Thailand. International 

Journal of Agricultural Extension, 9(2), 285-293. 

https://doi.org/10.33687/ijae.009.02.3617 
Tsenkova, R., Kovacs, Z., & Kubota, Y. (2015). Aquaphotomics: 

Near-infrared spectroscopy and water states in biological 

systems. NIR News, 26(1), 7-9. 
Tsenkova, R., Muncan, J., Pollner, B., & Kovacs, Z. (2018). 

Essentials of aquaphotomics and its chemometrics 

approaches. Frontiers in Chemistry, 6, 363. 

https://doi.org/10.3389/fchem.2018.00363 

Tzouros, N. E., & Arvanitoyannis, I. S. (2001). Agricultural 

produces: synopsis of employed quality control methods 
for the authentication of foods and application of 

chemometrics for the classification of foods according to 

their variety or geographical origin. Critical Reviews in 
Food Science and Nutrition, 41(4), 287-319. 

https://doi.org/10.1080/20014091091823 

Ullah, M. A., Khanal, A., Joyce, P., White, N., Macnish, A., & 
Joyce, D. (2024). Internal disorders of mango fruit and 

their management-Physiology, biochemistry, and role of 

https://doi.org/10.1016/j.trac.2009.07.007


 

 

010428-17 Suranaree J. Sci. Technol. Vol. 33 No. 3; May - June 2026 

mineral nutrients. Plants, 13(18), Article 2596. 
https://doi.org/10.3390/plants13182596 

Vanoli, M., Lovati, F., Grassi, M., Buccheri, M., Zanella, A., 

Cattaneo, T. M. P., & Rizzolo, A. (2018). Water spectral 
pattern as a marker for studying apple sensory texture. 

Advances in Horticultural Science, 32(3), 343-351. 

https://doi.org/10.13128/ahs-22380 
Virkar, A. M., Bhosale, S. S., & Mahorkar, K. D. (2019). 

Important abiotic disorders and their management in fruit 

crops. Agriculture and Food E-Newsletter, 1(5), 118-133. 
Weyer, L. G., & Lo, S. C. (2002). Spectra–structure correlations 

in the near-infrared region. In Handbook of vibrational 

spectroscopy (Vol. 3, pp. 1817-1837). 
Wiangsamut, B., & Wiangsamut, M. E. L. (2023). Assessment 

of natural fruit ripening and fruit quality of three elite 

durian cultivars for overland export. Trends in Sciences, 
20(4), 4647. https://doi.org/10.48048/tis.2023.4647 

Wiangsamut, B., Wiangsamut, M. E. L., Wattana, K., Bamrung, 

P., & Charroenmoon, K. (2021). Effect of ethephon on 

fruit ripening and fruit components of durian cv. 

‘Monthong’ after harvest. International Journal of 

Agricultural Technology, 17(6), 2021-2034. 
Włodarska, K., Piasecki, P., Lobo-Prieto, A., Pawlak-Lemańska, 

K., Górecki, T., & Sikorska, E. (2021). Rapid screening of 

apple juice quality using ultraviolet, visible, and near-
infrared spectroscopy and chemometrics: A comparative 

study. Microchemical Journal, 164, 106051. 

https://doi.org/10.1016/j.microc.2021.106051 
Wong, J. W. C., Wang, X., & Selvam, A. (2017). Improving 

compost quality by controlling nitrogen loss during 

composting. Elsevier. 
Xing, H., Fei, Y., Cheng, J., Wang, C., Zhang, J., Niu, C., Fu, Q., 

Cheng, J., & Lu, L. (2022). Green preparation of durian-

ring-based cellulose nanofiber and its application in 
aerogel. Molecules, 27(19), 6507. 

https://doi.org/10.3390/molecules27196507 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

Youryon, P., & Supapvanich, S. (2022). Quality comparison of 
naturally and artificially ruptured ‘Monthong’ durian 

(Durio zibethinus) fruits harvested at various maturity 

stages. Current Applied Science and Technology, 22(4), 
1-11. https://doi.org/10.55003/cast.2022.06.22.002 

Zerbini, R. F. (2020). Postharvest water relations in fruit and 

vegetables: Mechanisms and control of water loss and 
uptake. Postharvest Biology and Technology, 169, 

111308. 

Zhu, Y., Cheng, Z., Feng, K., Chen, Z., Cao, C., Huang, J., Ye, 
H., & Gao, Y. (2022). Influencing factors for transpiration 

rate: A numerical simulation of an individual leaf system. 

Thermal Science and Engineering Progress, 27, 101110. 
https://doi.org/10.1016/j.tsep.2021.101110 

Zornoza, R., Guerrero, C., Mataix-Solera, J., Scow, K. M., 

Arcenegui, V., & Mataix-Beneyto, J. (2008). Near-
infrared spectroscopy for determination of various 

physical, chemical, and biochemical properties in 

Mediterranean soils. Soil Biology and Biochemistry, 

40(7), 1923-1930. 

https://doi.org/10.1016/j.soilbio.2008.04.003 

Zubairi, S. I., Arifin, N., Hashim, H., & Zakaria, I. (2021). 
Durian locule (endocarp) water immersion drinking 

effect to reduce heat sensation after fresh consumption: 

A preliminary study. Current Research in Nutrition and 
Food Science, 9(3), 866-874. 

https://doi.org/10.12944/CRNFSJ.9.3.14 

 

 

 

 

https://doi.org/10.3390/plants13182596
https://doi.org/10.3390/molecules27196507

