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evaluated its potential as a functional chocolate filling. Vacuum drying at - ]
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40°C significantly preserved higher total phenolic content (TPC) and
DPPH radical-scavenging activity (p<0.05) than cabinet drying. Four
chocolate filling formulations incorporating 0-150 g of snake grass
powder were developed and assessed for sensory quality, proximate
composition, and storage stability over 8 weeks. Formulation F2 (100 g Functional chocolate,
snake grass powder) was identified as optimal, yielding above-average Storage stability,
sensory scores, the highest acceptable antioxidant capacity, and an Vacuum drying
improved nutritional profile (7.25% moisture, 30.61% fat, 5.41% protein,

52.61% carbohydrates) with superior storage stability compared to the

control. These findings demonstrate that vacuum drying is the preferred

processing method for preserving the bioactive compounds of snake

grass, and that its incorporation into chocolate filling at 100 g per

formulation produces a functional product with both acceptable quality

and enhanced nutritional value.
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1. INTRODUCTION

Chocolate is among the most widely consumed confectionery products globally, valued not
only for its sensory appeal but also for the health benefits attributed to its bioactive
constituents, particularly polyphenols and flavanols, which confer antioxidant,
cardioprotective, and anti-inflammatory effects (Samanta et al., 2022; Saritas et al., 2024).
Growing consumer awareness of diet-health relationships has fueled demand for functional
chocolate — chocolate enriched with additional bioactive ingredients to deliver nutritional
value beyond basic sustenance (Bazyar et al., 2025; Faccinetto-Beltran et al., 2021). Filled
chocolate, in particular, offers a versatile matrix for incorporating novel functional
components, including herbal extracts.

Snake grass, or Clinacanthus nutans Lindau (family Acanthaceae), locally known as belalai
gajah in Southeast Asia, is a traditional medicinal herb that has attracted considerable
scientific interest due to its pharmacological properties. The leaves of C. nutans are rich in
flavonoids, phenolic acids, glycosides, and sulfur-containing compounds, which collectively
contribute to potent antioxidant, antimicrobial, and anti-inflammatory activities (Ban et al.,
2022; Chen et al., 2024; Jusoh & Haron, 2019). Metabolomic studies have further confirmed
that leaf extracts of C. nutans possess strong hepatoprotective and antidiabetic potential,
primarily attributable to phenolic-driven radical-scavenging mechanisms (Ng et al., 2022;
Mustika et al., 2023).

The high moisture content of fresh C. nutans leaves (approximately 80%) require drying
before incorporation into food products to reduce water activity, extend shelf life, and
facilitate processing. However, the choice of drying method critically determines the
retention of bioactive compounds. Vacuum drying, which operates under reduced pressure,
has consistently demonstrated superior preservation of phenolic compounds compared to
conventional hot-air or cabinet drying, owing to the elimination of oxygen and the lower
thermal stress imposed on heat-sensitive phytochemicals (Calin-Sanchez et al., 2020; Mella
et al., 2022; Zbik et al., 2023). This advantage has been confirmed across diverse plant
matrices, including herbs, fruits, and aromatic plants (Akther et al., 2023; Hu et al., 2023;
Mouhoubi et al., 2022).

Despite the well-documented pharmacological profile of C. nutans, no prior study has
systematically compared drying methods for antioxidant preservation or explored its use as a
chocolate-filling ingredient. This study therefore aims to: (1) compare the effect of cabinet
and vacuum drying on the TPC and DPPH radical scavenging activity of C. nutans leaf powder;
(2) determine the optimal chocolate filling formulation incorporating snake grass paste based
on sensory and antioxidant criteria; and (3) evaluate the physicochemical, microbiological,
and sensory stability of the optimised chocolate over an 8-week storage period.

2. MATERIALS AND METHODS
2.1. Materials and sample preparation

Fresh snake grass leaves were obtained from a farm in Papar, Sabah, Malaysia. Dark
compound chocolate, white compound chocolate, and whipping cream were sourced from a
local bakery supplier in Kota Kinabalu. Two kilograms of fresh leaves were washed under
running water, blanched in boiling water for 30 seconds to inactivate degradative enzymes,
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then immediately immersed in ice water to halt cooking. The treated leaves were divided
equally into two portions for subsequent drying.

2.2. Drying methods and powder preparation

One portion was dried in a cabinet dryer (Protech FDD-720, Malaysia) and the other in a
vacuum dryer (BINDER GmbH, Germany), both at 40°C. Drying was terminated when samples
reached a stable moisture content of 3.53-4.88%. The low-temperature vacuum protocol was
selected to minimize thermal degradation of phenolic compounds (Das et al., 2022; Zbik et
al., 2023). Dried leaves were ground in a blender and sieved to a particle size of <125 um.
Powders were stored in airtight containers at room temperature until analysis.

2.3. Antioxidant analysis

Extraction was performed using 80% methanol via ultrasonic immersion (25 min, 6,000
rpm), and extracts were stored at -20°C. Total phenolic content (TPC) was determined by the
Folin-Ciocalteu method using gallic acid as a standard and expressed as mg GAE/g. DPPH
radical scavenging activity was assessed and reported as ECso (mg/mL) (Pothitirat et al., 2009).
All analyses were conducted in triplicate with butylated hydroxyanisole (BHA) as a reference
standard.

2.4. Chocolate filling development

Four filling formulations were prepared by blending white compound chocolate, whipping
cream, and snake grass powder at different concentrations (Table 1). All ingredients were
heated to 60°C prior to mixing to ensure homogeneity, then allowed to set at room
temperature. Chocolate shells were prepared by standard tempering and molding of dark
compound chocolate. Each shell was filled with 5.00 + 0.01 g of paste, sealed with melted
dark chocolate, and packaged in airtight containers after setting.

Table 1. Snake grass chocolate filling formulations

Snake grass powder  White chocolate Whipping cream

Sample (e) (e) (e)
Control 0 700 300
F1 50 700 300
F2 100 700 300
F3 150 700 300

Note: Total ingredient weight was constant across formulations; only the
concentration of snake grass powder varied.

2.5. Sensory evaluation, chemical analysis, and storage study

Sensory evaluation was conducted by 40 semi-trained panelists using a 9-point hedonic
scale to assess color, aroma, texture, sweetness, taste, aftertaste, and overall acceptance.
Proximate analysis (moisture, ash, fat, protein, crude fiber) was conducted on the control and
the selected best formulation (Horwitz & Latimer, 2005). An accelerated storage study was
conducted over 8 weeks, using samples wrapped in aluminum foil and stored in a cold room.
Weekly measurements included moisture content, water activity (water activity meter),
hardness (Texture Analyzer), melting point (DSC), total microbial count (total plate count),
and sensory evaluation using a paired comparison test (International Organization for
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Standardization, 2005). All data were subjected to one-way ANOVA, and significance was
determined at p<0.05.

3. RESULTS AND DISCUSSION
3.1. Effect of drying method on antioxidant activity of snake grass

The TPC and ECso values of snake grass powders produced by both drying methods are
presented in Table 2. Vacuum-dried leaves exhibited significantly higher TPC (5.20 mg GAE/g)
compared to cabinet-dried leaves (3.86 mg GAE/g; p<0.05). Correspondingly, vacuum drying
yielded a markedly lower ECso value (6.68 mg/mL vs. 14.38 mg/mL), indicating a stronger
radical-scavenging capacity per unit mass.

Vacuum drying has been shown to effectively prevent phenolic oxidation during drying due
to its reduced-pressure conditions, a finding consistent with studies on Lamiaceae herbs and
culinary herbs (Mouhoubi et al., 2022; Zbik et al., 2023). Among commercial drying
approaches, vacuum drying is the most effective method for retaining antioxidant capacity
(Akther et al., 2023). The elevated TPC of C. nutans recorded here is further supported by the
identification of insoluble bound phenolic acids as the fraction with the highest DPPH activity
in C. nutans extracts, as well as by confirmation of strong antioxidant potential via NMR
metabolomics (Jusoh & Haron, 2019; Ng et al., 2022).

Table 2. Antioxidant activity of snake grass leaf powder by drying method

Drying Method TPC (mg GAE/g) ECso DPPH (mg/mL)
Cabinet Drying 3.86 £ 0.03a 14.38 £ 0.30a
Vacuum Drying 5.20 £ 0.04b 6.68 £+ 0.15b

Note: Values expressed as mean + SD (n=3). Different superscript letters within
the same column indicate significant differences (p<0.05).

3.2. Sensory quality and antioxidant properties of chocolate formulations

Sensory evaluation scores for the four chocolate formulations are presented in Table 3.
Formulations F1 and F2 obtained above-average hedonic scores across all attributes, while F3
showed a significant reduction (p<0.05) in texture, taste, and overall acceptance. The decline
at F3 was attributed to an unpleasant coarse mouthfeel and an overpowering herbal taste
resulting from the excessive concentration of snake grass powder—a challenge commonly
reported during the development of herb-enriched functional chocolates (Saritas et al., 2024).

Table 3. Mean hedonic scores of chocolate formulations (n=40)

Attribute FO (Control) F1 F2 F3
Colour 5.71+0.82a 5.68+0.92a 5.70+1.11a 5.70+1.02a
Aroma 5.20+1.12a 5.30+1.07a 5.33+0.94a 5.28+0.82a
Texture 5.38+0.96a 5.30+0.76a 5.08+0.57a 4.30+0.82b

Sweetness 4.89+1.17a 5.15+1.17a 5.38+1.01a 5.43+0.98a

Taste 5.15+1.18a 5.25+0.98a 5.38+1.01a 4.70+1.16b
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Aftertaste 4.36+1.11a 5.18+1.22a 5.28+0.99a 4.68+0.62a
Overall Acceptance 5.0910.84a 5.18+0.64a 5.33120.62a 4.75+0.59b

Note: Different superscript letters within the same row indicate significant differences (p<0.05).

In terms of antioxidant properties, the incorporation of snake grass powder progressively
increased TPC in chocolates (Control: 0.13; F1: 0.16; F2: 0.18; F3: 0.21 mg GAE/g) and lowered
ECso DPPH values (Control: 22.93; F1: 19.05; F2: 17.18; F3: 15.29 mg/mL), consistent with the
contribution of phenolic compounds from C. nutans (Ban et al., 2022; Chen et al., 2024).
Considering the balance between acceptable sensory quality and functional value,
Formulation F2 (100 g snake grass powder) was identified as the optimal formulation.

3.3. Proximate composition of selected formulation

The proximate composition of the control chocolate and F2 is presented in Table 4.
Incorporation of snake grass powder in F2 significantly increased ash, protein, crude fiber,
and carbohydrate content (p<0.05), while fat content decreased. The increases in protein
(4.67% = 5.41%) and crude fiber (0.83% = 1.94%) reflect the nutritional profile of C. nutans,
which is characterized by high mineral, protein, and fiber content (Barek et al., 2015). The
reduction in fat from 35.21% to 30.61% is a proportional consequence of replacing part of the
white chocolate component with low-fat herbal powder. This compositional shift positions F2
as a more nutritionally favorable confectionery product, aligned with current trends in
chocolate fortification (Samanta et al., 2022).

Table 4. Proximate composition of control chocolate and F2

Component Control (%) F2 (%)
Moisture 6.52+0.21a 7.25+0.15b
Ash 1.67+0.02a 2.1940.01b
Fat 35.21+0.49a 30.61+0.34b
Protein 4.67+0.02a 5.4110.01b
Crude Fibre 0.83+0.01a 1.94+0.07b
Carbohydrate 51.10£0.39a 52.61+0.26b

Note: Different superscript letters within the same row indicate significant
differences (p<0.05).

3.4. Storage stability: physicochemical, microbiological, and sensory changes

Over the 8-week storage period, both chocolate samples exhibited progressive changes in
all monitored parameters. The moisture content of the chocolate shell increased. At the same
time, the filling decreased, reflecting moisture migration from the high-water-activity filling
towards the lower-water-activity shell. Significant differences (p<0.05) in moisture content
were detected from week 3 in the control and week 5 in F2, indicating that the high fiber
content of snake grass powder retarded moisture movement across the shell-filling interface.

Water activity in both samples increased progressively throughout storage. A significant
rise (p<0.05) was detected from week 2 in the control and week 5 in F2, further confirming
the moisture-retarding effect of snake grass fiber. Chocolate hardness declined in both
samples as migrating moisture dissolved the sugar matrix within the shell. Significant
softening in F2 was delayed until week 7 compared to week 5 in the control. Melting point
increased consistently from week 1 in both samples, reflecting the progressive polymorphic

transition of cocoa butter crystals from the desirable Form V towards the thermodynamically
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stable Form IV — a phenomenon directly linked to fat bloom formation (Hrivna et al., 2021;
Samanta et al., 2022).

Microbial counts (total plate count and yeast/mould) increased in both samples
throughout storage. However, they remained below the maximum limit of 10° cfu/g
stipulated by the GCC Standardization Organization (GSO), confirming microbiological safety
at 8 weeks. The slower microbial proliferation observed in F2 is consistent with the reported
antimicrobial properties of C. nutans (Ban et al., 2022; Chen et al., 2024). Sensory evaluation
revealed significant declines (p<0.05) in color (from week 7), texture (week 6), sweetness
(week 8), and overall acceptance (week 7) for F2 chocolate. Color deterioration was attributed
to fat bloom arising from Form IV crystal formation. At the same time, changes in texture and
sweetness reflected the structural disruption associated with polymorphic fat crystal growth.
Collectively, F2 exhibited superior overall stability compared to the control throughout the
storage period.

4. CONCLUSION

Vacuum drying at 40°C significantly outperformed cabinet drying in preserving the
antioxidant capacity of Clinacanthus nutans leaf powder, primarily by eliminating oxidative
degradation of phenolic compounds under reduced-pressure conditions. Incorporating 100 g
of snake grass powder per formulation (F2) into the chocolate filling produced a functional
product with acceptable sensory quality, enhanced antioxidant capacity, and an improved
nutritional profile, characterized by higher protein and fiber and lower fat content than the
control. During the 8-week storage study, F2 demonstrated superior physicochemical,
microbiological, and sensory stability relative to the control, with both samples remaining
within safe consumption limits at the end of the storage period. Future research is
recommended to explore the microencapsulation of snake grass powder to stabilize its
antioxidant compounds further and extend product shelf life.
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