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ABSTRACT. Cnidoscolus aconitifolius (Chaya) leaves are highly nutritious, containing significant protein levels, dietary fibre,
and antioxidant compounds. However, post-harvest deterioration due to suboptimal drying methods can diminish their nutritional
and functional qualities. This study evaluated the effects of three drying methods, such as sun drying, shade drying, and oven
drying at 80 °C, on Chaya leaves' proximate composition and antioxidant potential. Parameters analyzed included moisture
content, crude protein, crude fibre, total phenolic content (TPC), total flavonoid content (TFC), and DPPH radical scavenging
activity. Shade drying preserved the highest protein content and antioxidant activity, with DPPH radical scavenging reaching
64.57%. Sun drying retained the highest flavonoid content (1.46 mg/g), while oven drying, although the most rapid method,
resulted in lower antioxidant retention. Crude fibre content did not differ significantly among the drying treatments. These
findings suggest that shade drying is the most effective method for maintaining the nutritional and functional properties of Chaya
leaves post-harvest.
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1. INTRODUCTION

Chaya leaves, high in nutrient content like protein, fibre, calcium, and antioxidants, are also being viewed as
functional food ingredients (Ramirez Rodrigues et al., 2021). Their perishable nature demands effective post-harvest
preservation techniques. One of the techniques, drying, is commonly practiced, but the process can have diversified
effects on nutrient retention and sensorial properties (Petikirige et al., 2022). Literature suggests that shade drying
more efficiently retains proteins and antioxidants, whereas oven drying is faster and enables more control over
moisture removal. Hence, oven drying is better for time efficiency and colour preservation, while shade drying is
better for retaining bioactive compounds. Therefore, this study investigated the impact of three drying methods (sun,
shade, and oven) on the proximate and antioxidant composition of Chaya leaves to determine the most effective

preservation technique.

Leafy greens constitute a fundamental component of the human diet, contributing significantly to nutrient
supplementation due to their richness in vitamins, minerals, fibre, and bioactive compounds (Chinma & Igyor, 2024).

Among them, Cnidoscolus aconitifolius, known as Chaya, has come into perspective as a nutritious yet underutilized
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leafy green vegetable. Chaya is a traditional food in Mexico and Central America and is valued for its high protein,
calcium, iron, and antioxidant content that includes phenolic compounds and flavonoids (Guevara-Cruz et al., 2021;
Kumar et al., 2011). Beyond its nutritional content, Chaya has also been reported to possess health-promoting
activities that are antidiabetic, antihypertensive, and antioxidant in character (Christopher, 2023; Guevara-Cruz et al.,

2021).

Despite its promising attributes, Chaya leaves are highly perishable due to their high moisture content. Thus, proper
post-harvest handling and processing methods, such as drying, are necessary to extend shelf life without sacrificing
nutritional value (Alp & Bulantekin, 2021). Drying reduces water activity and microbiological development but can
also be detrimental to susceptible nutrients and antioxidants (Tian et al., 2016). Sun drying, shade drying, and oven
drying are a few typical drying methods with varying influences on nutrient retention and quality. Oven drying, for
example, is effective and fast but can lead to thermal degradation of phytochemicals, while shade drying is gentle
and better preserves thermolabile compounds (Thamkaew et al., 2020; Benjamin et al., 2022). The literature shows
that drying methods significantly affect the proximate composition, phenolic content, and antioxidant activity of leafy

vegetables like Moringa and Amaranthus (Clement et al., 2017; Daniel Alemu Gobena et al., 2023).

There are limited studies, however, dealing with the influence of different drying methods on the nutritional and
antioxidant properties of Chaya leaves. Understanding these effects is necessary to optimize post-harvest handling
practices and to promote Chaya's use as a functional food source. Therefore, the current research was conducted to
evaluate the effect of sun drying, shade drying, and oven drying at 80 °C on the proximate composition and
antioxidant activity of Chaya leaves (C. aconitifolius) with the objective of establishing the most suitable method to

retain its nutritional and functional quality.

2. METHODOLOGY

2.1.Sample preparation and drying methods

Fresh Cnidoscolus aconitifolius (Chaya) leaves were obtained from Kampung Terachi, Kuala Pilah, Negeri Sembilan.
The leaves were thoroughly washed with clean water to remove any surface contaminants and excess debris. Three
different drying methods were employed: sun drying, oven drying, and shade drying. For sun drying, the leaves were
laid out on trays and exposed to direct sunlight at approximately 30—35°C for several hours daily, continuing for
several days until brittle. For oven drying, the leaves were arranged on trays and placed in a ventilated oven at 80°C
for 2 hours. In the shade drying method, the leaves were dried at ambient room temperature (around 25°C) in a shaded
and well-ventilated space for up to two weeks, avoiding direct exposure to sunlight. Once dried, the leaves from each
treatment were ground into a fine powder using a laboratory grinder (with sieve size 70 um) and stored in airtight

containers at room temperature until further analysis.

2.2. Proximate analysis and antioxidant assay
Moisture content was measured using the gravimetric method by determining the weight difference before and after

drying (Mohapatra et al., 2022). Water activity (aw) was assessed using a portable water activity meter. Crude protein
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content was determined through the Kjeldahl method involving acid digestion, distillation, and titration (Tsado et al.,
2021). Crude fibre content was measured using a combination of acid and base digestion followed by incineration to
calculate the weight of fibre remaining (Tsado et al., 2021). Total phenolic content (TPC) was assessed using the
Folin-Ciocalteu reagent, with results expressed as milligrams of gallic acid equivalents per gram dry weight (mg
GAE/g DW) (Singleton & Rossi, 1965). Total flavonoid content was measured using the method by Chang et al.
(2002). Antioxidant activity was measured using the DPPH radical scavenging assay (Braca et al., 2001), and results
were expressed as a percentage of DPPH inhibition. All presented numeric values in every method are means of three
or more replicates stated as means =+ standard deviation (SD). The differences among samples in all methods were
determined using one-way analysis of variance (ANOVA) at the 95% significance level followed by the post-hoc,

Tukey’s test to investigate the significant differences between means.

3. RESULTS AND DISCUSSION

Moisture content of the dried Chaya leaves ranged from 23.59% in oven-dried samples to 24.78% in shade-dried
samples (Table 1). However, the differences were not statistically significant (p > 0.05). The oven-dried samples had
the lowest water activity (0.47), which is advantageous for microbial stability and longer shelf life, compared to sun
and shade drying, which both recorded a,, values of 0.54. This suggests that oven drying is more effective at reducing
water content, although the overall moisture levels in all drying methods remain below the critical limit for spoilage.
Protein content showed significant variation among drying methods. Shade-dried leaves retained the highest protein

content at 32.72%, followed by sun drying, while oven-dried samples recorded the lowest protein value at 29.40%.

Table 1. Proximate composition and antioxidant properties of Chaya leaves

Drying  Moisture Water Protein Crude TPC TFC DPPH

Method Content (%) Activity (aw) (%) Fibre (%) (mgGAE/g) (mg/g) scavenging
capacity (%)

Sun 23.97+0.770  0.54+0.01= 3223+036* 9.86+0.65° 1.69+0.032 1.46+0.04* 53.50+2.42b

Drying

Shade 2478 £0.20*  0.54+£0.01* 32.72+044* 9.12+1.65* 1.80+0.05* 1.08+0.03> 64.57+1.67*

Drying

Oven 23.59+0.18 0.47+0.00> 29.40+0.43> 970+ 1.50¢ 1.80+£0.09® 0.90+0.05° 54.75+ 1.48"

Drying

Values are means =+ standard deviation (n=3). Means with the same superscript letter (*) are not significantly different (p > 0.05).

The reduction in protein content during oven drying can be attributed to heat-induced denaturation and potential
degradation of nitrogenous compounds (Hutasingh et al., 2024). These findings support the recognition of Chaya
leaves as a protein-rich vegetable with protein levels consistently reported around 30% or more on a dry weight basis,
higher than commonly consumed greens such as spinach and moringa (Ramirez-Rodrigues et al., 2021). Crude fibre
content remained relatively consistent across all drying methods, ranging from 9.12% to 9.86%, suggesting that
dietary fibre is more stable under various drying conditions and is not significantly impacted by temperature or drying

duration.
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Shade drying resulted in the highest total phenolic content (TPC) and antioxidant activity among the three drying
methods evaluated. The TPC of shade-dried leaves was recorded at 2.09 mg GAE/g, and DPPH radical scavenging
activity reached 64.57%, indicating strong antioxidant potential. These results suggest that the gentle, low-
temperature conditions of shade drying are effective in minimizing the degradation of heat-sensitive bioactive
compounds such as phenolics and flavonoids, which are crucial for antioxidant function (Wan Nasir et al., 2021). In
contrast, oven drying, although efficient in reducing moisture content and achieving the lowest water activity (0.47),
exhibited the lowest antioxidant activity, with DPPH inhibition dropping to 53.68% and TPC reduced to 1.40 mg
GAE/g. This decline is likely due to the thermal breakdown of phenolic structures at high temperatures, which

compromises their radical scavenging ability.

Interestingly, sun drying preserved the highest flavonoid content, with a value of 1.46 mg RE/g, compared to 1.23
mg RE/g in shade drying and in oven drying. This may be attributed to moderate exposure to sunlight and ambient
temperature, which could stimulate the synthesis or stability of certain flavonoid compounds under controlled
environmental conditions (Thamkaew et al., 2020). However, its DPPH activity was slightly lower than that of shade
drying at 60.21%, suggesting that while flavonoids were retained, other antioxidant compounds may have been

partially degraded.

4. CONCLUSION

This study discovered that the proximate composition and antioxidant properties of Chaya leaves are considerably
affected by different methods used for drying. The most effective method has been shown by using shade drying,
which preserved the highest protein levels, total phenolic content, and antioxidant activity. According to these results,
shade drying is the best method for keeping the nutritional and beneficial properties of Chaya leaves to be consumed

as an ingredient in foods.
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