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dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) cell viability assay and the
Sircol collagen assay. Freeze-drying yielded the highest antioxidant capacity by the 2,2-
diphenyl-1-picrylhydrazyl assay (0.92 + 0.020 mg ascorbic acid equivalent/g) and ascorbic
acid (AA) content determined by high-performance liquid chromatography (0.69 + 0.06 mg/g)
compared with spray and oven drying. Treatment with the freeze-dried extract significantly
enhanced collagen synthesis in the UVB-irradiated fibroblasts (p < 0.05), reaching 92.86%
and 143.65% relative to the non-UV control at 100 pg/mL and 500 ug/mL, respectively. The
effect was comparable to the treatment with AA at 100 ug/mL (97.85%). These findings
demonstrate that freeze-drying effectively preserves AA content, while the resulting C.
caudatus aqueous extract retains anti-photoaging activity, highlighting the critical role of
drying methods in preserving bioactivity for potential cosmeceutical applications.

1. Introduction

Vitamins are widely used as antioxidants in cosmetic formulations, including vitamin A (retinol), vitamin B3
(nicotinamide), vitamin C (ascorbic acid), vitamin E (tocopherol), and coenzyme Q10 [1]. Ascorbic acid (AA), in
particular, is essential in anti-ageing treatments since it promotes collagen synthesis, antioxidant protection, and reduces
melanin synthesis [2]. Research indicates that vitamin C levels in skin cells decline in aged or photodamaged skin due to
oxidative stress [3]. This occurs when cells’ oxidative activity and antioxidant capacity are imbalanced, causing reactive
oxygen species (ROS) accumulation. The excess ROS generation and a decline in antioxidant activity contribute to
intrinsic ageing, while increased ROS production due to external factors like exposure to pollutants and ultraviolet (UV)
leads to extrinsic ageing. Moreover, studies have shown that inducing oxidative stress in fibroblasts inhibits collagenase
activity, resulting in collagen degradation [4-5]. This inhibition contributes to skin ageing, making it crucial to include
AA in skin care for its anti-ageing properties. Current skincare development increasingly emphasises natural extracts due
to their safety, efficacy, and cost-effectiveness [6]. Many anti-ageing compounds are plant-derived, as they can restore
procollagen levels and counteract ultraviolet B (UVB)-induced collagen loss comparable to AA [7].

Cosmos caudatus is a medicinal plant recognised for its antioxidant, anticancer, antidiabetic, and antimicrobial
properties [8]. Its notable antioxidant capacity is largely attributed to its high AA content of 1.09 £ 0.01 mg/g in the
extract, determined by the titrimetric method [9]. Several studies have reported that C. caudatus extract exhibits enzyme-
inhibitory properties, including suppression of tyrosinase, collagenase, and elastase activities, suggesting anti-ageing
potential [8, 10-11]. However, the efficacy of C. caudatus aqueous extract against photoaging, particularly its ability to
stimulate collagen synthesis under UVB-induced skin ageing, remains unexplored. A recent study demonstrated a positive
anti-ageing effect of C. caudatus ethanolic extract in UVB-exposed fibroblasts. However, its antioxidant capacity is
mainly attributed to flavonoids (quercetin and quercetin), which is still lower compared to AA [12].

Additionally, post-extraction processing (e.g., drying) directly affects the quality of medicinal plant extracts [13]. In
the extraction process, high temperatures are necessary to disrupt the plant cell structures and free polyphenols from the
plants [14]. However, drying liquid extracts containing solvents such as ethanol or water is a critical processing step
because inappropriate drying conditions may degrade heat-sensitive compounds, particularly AA, reducing antioxidant
capacity. Thermal drying methods (e.g., spray, air, vacuum, and oven) are more economical, but they may degrade AA
compared with freeze-drying. Although spray-drying may improve powder solubility and sensory quality, its effect on
antioxidant retention is still variable [15-16]. Hence, it is vital to choose the right drying technique to preserve the
bioactive compounds of C. caudatus extract and ensure its effectiveness as an anti-ageing agent in skin formulations. The
effects of freeze-, spray-, and oven-drying on the antioxidant activity and AA retention of aqueous C. caudatus extracts.
The anti-photoaging efficacy of the dried extracts was subsequently determined using UVB-irradiated HSF1184 human
skin fibroblasts.
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2. Materials and Methods

2.1 Materials

HSF1184 fibroblasts were provided by Universiti Malaysia Terengganu, Malaysia. Cell culture reagents such as
Dulbecco's Modified Eagle's Medium, fetal bovine serum, and penicillin—streptomycin were purchased from Invitrogen
(California, USA) and the Sircol™ collagen assay was procured from Biocolor Ltd., UK. Chemical reagents such as (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were
supplied by Sigma-Aldrich (USA), whereas AA was sourced from HmbG Chemicals (Hamburg, Germany).

2.2 Sample Preparation
Fresh C. caudatus leaves were collected from Kuantan, Pahang, Malaysia, and washed with distilled water. The leaves
were then oven-dried at 40 °C for 24 h and ground into a powder using a grinder before extraction.

2.3 Soxhlet Extraction

The process was performed at the boiling point of distilled water (100 °C) via a Soxhlet extractor using a 1:25 (w/v) solid-
to-solvent ratio for 8 h in one extraction cycle. This extractor was chosen because its continuous solvent reflux allows
consistent recovery of antioxidants for evaluation of drying methods [17]. Before drying, the extract was filtered through
Whatman No. 1 filter paper [18].

2.4 Post-Extraction Drying Methods

The extracted filtrate was dried using three different drying methods: freeze-drying (Biotron model Cleanvac 12), spray-
drying (Autonic Lab Plant SD06), and oven-drying (Daniel AOVE 558). For freeze-drying, the aqueous extract was
frozen at -20 °C for 24 h and then lyophilised at -40 °C for 30 h [19]. In spray drying, the extract was dried for 1 h using
an inlet and outlet temperature of 130 °C and 85 °C, respectively [20]. For oven drying, the extract was dehydrated at 50
°C for 48 h [21]. After drying, all samples were kept in sealed containers at room temperature until further analysis.

2.5 Analysis

2.5.1 DPPH assay

We evaluated antioxidant capacity using the DPPH assay as described in [22]. Absorbance was recorded at 517 nm using
a UV-Vis spectrophotometer (Thermo Scientific AquaMate 7100). Antioxidant capacity was calculated from an AA
standard curve (0-2.0 mg/mL) and expressed as mg AAE/g sample.

2.5.2 HPLC analysis

AA was quantified by high-performance liquid chromatography (HPLC) following the method described in [23], using
an Agilent 1200 HPLC system equipped with a C18 column (150 x 3.9 mm i.d., 5 pum). Chromatographic separation was
conducted using 0.05 M potassium dihydrogen phosphate and methanol (70:30, v/v) as the mobile phase at a flow rate of
1 mL/min. Detection was performed at 245 nm, and AA was quantified using a calibration curve (0-0.8 mg/mL).

2.6 Cell Culture and Treatment

HSF1184 cells were cultured and treated following the standard protocol [24]. Briefly, cells were exposed to UVB
irradiation at 312 nm (25 mJ/cm?) and then treated with C. caudatus extract at 100 pg/mL and 500 pg/mL. AA (100
png/mL) served as the positive control, while non-irradiated cells were used for normalisation (100%) [25].

2.6.1 MTT assay

Cytotoxic effects were assessed using the standard MTT assay procedure with three biological replicates. After treatment,
10 uL of MTT stock solution was added into each well of the 96-well plate. The plates were kept at 37 °C for 4 h to allow
for formazan crystal formation. Then, 200 uL. of DMSO was introduced to stabilise the crystals, resulting in a purple
solution. Absorbance was then recorded at 570 nm, using 630 nm as the reference wavelength [26].

2.6.2 Sircol collagen assay

Type | collagen content was quantified using the Sircol™ collagen assay, with three biological replicates. Briefly,
collagen in the cell lysates was bound to the Sircol dye reagent, and the resulting pellet was dissolved in alkaline reagent
before measuring the absorbance at 555 nm [25].

2.7 Statistical Analysis

We used Origin 2022 (OriginLab, USA) for statistical analysis. Experimental results are reported as mean + SD. One-
way ANOVA followed by Tukey's multiple comparison test was applied to assess differences among treatments, and
statistical significance was accepted at p < 0.05.

3. Results and Discussion

3.1 Effect of Drying Methods on C. caudatus Aqueous Extract

Drying of the aqueous extract resulted in the loss of bioactive compounds. Table 1 illustrates the antioxidant capacity and
AA content in the C. caudatus aqueous extract, as determined by the DPPH assay and HPLC analysis, respectively. All
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drying methods significantly reduced the antioxidant capacity compared with the fresh extract (2.87 £ 0.11 mg AAE/qg).
The freeze-dried extract retained the highest antioxidant capacity (0.92 + 0.02 mg AAE/qg), followed by the spray-dried
extract (0.71 + 0.10 mg AAE/g) and oven-dried extract (0.51 = 0.07 mg AAE/g). However, antioxidant capacity did not
differ significantly among the freeze-, spray-, and oven-dried extracts (p > 0.05). These findings are consistent with earlier
studies reporting that, although drying reduces antioxidant capacity compared with fresh extracts, the extent of the
reduction does not differ significantly among drying methods [27-28]. Nevertheless, the significant decrease in
antioxidant capacity following all drying methods highlights the need to enhance antioxidant stability throughout
processing. Using natural biopolymer-derived stabilisers, such as carrageenan, pectin, gelatin, and chitosan, may be a
promising approach to reduce the loss of bioactive compounds during drying [29].

Additionally, AA content showed a similar decreasing trend after drying: freeze-, spray-, and oven-dried extracts were
0.69 + 0.06 mg/g, 0.61 + 0.02 mg/g, and 0.43 + 0.03 mg/g, respectively. The findings were also aligned with the HPLC-
quantified AA of lyophilised C. caudatus extract, which was reported to range from 0.085 to 1.537 mg/g [30-31]. The
results showed that freeze-drying, which involves freezing the sample at low temperature followed by sublimation of
moisture under low pressure, caused minimal vitamin C degradation. Spray-drying showed intermediate effects,
suggesting partial degradation during the thermal process. Likewise, previous studies have found no statistically
significant differences in AA concentration, although freeze-dried extracts are slightly higher than spray-dried extracts
[32-34]. In comparison, oven drying led to the lowest antioxidant capacity, likely because AA is thermosensitive and
more susceptible to oxidative degradation during prolonged exposure to elevated temperatures [35]. While AA
significantly contributes to the antioxidant activity of C. caudatus, previous findings also indicate that phenolic
compounds, flavonoids, glycosides, and other antioxidant phytochemicals are susceptible to degradation during drying,
which lowers total antioxidant activity [36]. Furthermore, HPLC-determined AA content was highly correlated with
DPPH antioxidant capacity (r = 0.998), as indicated by Pearson's correlation analysis (Figure 1), supporting the validity
of the results. Although the freeze- and spray-dried extracts did not differ significantly concerning the antioxidant
properties, the freeze-dried C. caudatus extract retained the highest AA content and was therefore selected for evaluation
in UVB-irradiated fibroblasts.

Table 1. Influence of drying methods on the antioxidant capacity and ascorbic acid content in C. caudatus aqueous
extract. The methods that do not have a common letter are markedly different

Drying process  Antioxidant capacity (mg AAE/g) Ascorbic acid content (mg/g)

Before drying 2.87+0.11 2.38 £0.07

Freeze 0.92 +0.022 0.69 + 0.06%

Spray 0.71+0.10%® 0.61 +0.02%

Oven 0.51+0.07° 0.43+0.03°
2.5 1

n
o
1

Equation y = -0.0282 + 0.83551"x

-
o
1

Pearson's r

R-Square (COD)

0.99828
0.99657

Ascorbic acid content (mg/g)
i

o
3
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Figure 1. Correlation between ascorbic acid content (mg/g) and antioxidant capacity (mg AAE/g) of C. caudatus
aqueous extract subjected to different drying methods

3.2 Cytotoxic Effect on UVB-Irradiated Fibroblasts

As illustrated in Figure 2, treatment of UVB-irradiated cells with 100 ng/mL and 500 ug/mL of lyophilised C. caudatus
aqueous extract improved cell viability, restoring viability to 88.79% and 97.90%, respectively, comparable to that of the
positive control (AA, 95.11% at 100 ug/mL). In contrast, UVB-exposed cells maintained in serum-free media without
treatment showed reduced viability, reflecting the damaging effects of UVB-exposure. These results indicate that C.
caudatus extract is non-cytotoxic at the tested concentrations and may support fibroblast recovery after UVB-induced
oxidative stress. This finding aligns with earlier research demonstrating that plant extracts promote cell recovery after
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UVB exposure, although the reported recovery percentages vary. For instance, treatment with a low concentration of
Labisia pumila extract (0.5-10 pg/mL) enhanced cell viability recovery to 72-92% following UVB exposure [25]. In
another study, 100 ug/mL Gardenia jasminoides extract restored approximately 75% cell viability in UVB-damaged
keratinocytes [37]. More recently, treatment with Zea mays extract at 1000 pg/mL significantly increased cell recovery
to 80% compared with UVB-exposed keratinocytes [38].
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Figure 2. The effect of C. caudatus aqueous extract on cell viability in UVB-irradiated HSF1184 cells. Values are
normalised to the non-UVB, untreated control (100%). Different superscript letters (a—d) indicate significant differences
among treatments (p < 0.05), while shared letters indicate no significant difference

3.3 Collagen Synthesis Enhancement in UVB-Damaged Fibroblasts

The lyophilised aqueous extract of C. caudatus was tested using the Sircol collagen assay to assess whether it promotes
the type I collagen synthesis in fibroblasts after UVB exposure. Figure 3 shows that 100 ug/mL and 500 pg/mL of extract
enhanced collagen synthesis to 92.86% and 143.65%, respectively, relative to the non-UV control cells. However, without
antioxidants, collagen synthesis in UV-treated cells decreased to 80.73% relative to the non-UV control. The observed
enhancement of collagen synthesis by C. caudatus extract is consistent with previous studies demonstrating the collagen-
promoting effects of antioxidant-rich extracts following UVB exposure. For instance, the aqueous extract of
Dracocephalum moldavica (125 pg/mL) outperformed AA in stimulating procollagen in UVB-irradiated HaCaT
keratinocytes [39]. Similarly, microalgal extracts at 500 pg/mL significantly restored collagen levels by 80% in the UVB-
exposed Hs68 human fibroblasts, comparable to AA [40]. These findings show that the extracts promoted type | collagen
synthesis in UVB-damaged fibroblasts. The increased collagen production observed at 500 pug/mL compared with the AA
positive control may be due to the complex phytochemical composition of the C. caudatus extract. In addition to AA, C.
caudatus contains phenolic compounds and flavonoids that may work together to improve fibroblast activity and
extracellular matrix production. Interactions among various bioactive components may enhance collagen synthesis more
effectively than AA alone [41]. Nonetheless, additional research is needed to identify the specific compounds and
molecular mechanisms that drive this effect.

While the current study did not assess ROS production, earlier research has shown that UVB exposure elevates
intracellular ROS levels, which then activate the matrix metalloproteinase expression (MMPs), including the main
enzyme that facilitates collagen degradation (MMP-1) [4-5]. Furthermore, UVB triggers fibroblasts to produce MMP-3
and MMP-9, which further degrade collagen synthesis [42]. The results also indicate that the increase in collagen synthesis
by the AA is due to its role in reducing ROS and thus inhibiting MMP-1 activity [43]. According to a recent study, a
lower concentration of 25 ng/mL ethanolic extract of C. caudatus, containing 11.20% (w/w) quercetin and 14.79% (w/w)
quercitrin, successfully inhibited collagenase activity and the protein expression of MMP-1 and MMP-3 in fibroblast cells
[12]. However, the effect on collagen synthesis was not determined. In another study, collagenase activity was inhibited
by 51.3% with treatment using 1000 pug/mL C. caudatus water extract, as assessed by an enzymatic assay, although its
efficacy against UVB irradiation was not determined. Therefore, the aqueous extract of C. caudatus may reduce ROS
production and inhibit MMP activity, potentially preventing UVB-induced collagen breakdown. To validate the
mechanism by which this aqueous extract suppresses collagenase activity and protein expression, further research is
necessary.
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Figure 3. The effect of C. caudatus aqueous extract on collagen synthesis in HSF1184 cells. Different superscript letters
(a—d) indicate significant differences among treatments (p < 0.05), while shared letters indicate no significant difference

4. Conclusions

In summary, the study suggests that an aqueous extract of C. caudatus exhibits antioxidant and anti-photoaging effects,
as demonstrated by its ability to enhance collagen synthesis in UVB-treated HSF1184 fibroblast cells. The DPPH assay
and HPLC analysis revealed a strong correlation (r = 0.998), indicating the freeze-dried extract has antioxidant content
of 0.92 £ 0.02 mg AAE/g and 0.69 + 0.06 mg AA/g, respectively. Collagen synthesis was enhanced by 92.86% and
143.65% at 100 pg/mL and 500 pg/mL of C. caudatus aqueous extract, comparable to the 97.85% enhancement observed
with 100 pg/mL of AA. These findings highlight the potential of the freeze-dried aqueous extract of C. caudatus for
further study in cosmeceutical research. Further research on formulation development, stability, skin permeation, and in
vivo efficacy is needed before practical application.

Acknowledgements
Universiti Malaysia Pahang Al-Sultan Abdullah funded this work under a fundamental research grant (RDU263311).

Declaration of Competing Interests
The authors declare no conflicts of interest.

CRediT Author Contribution Statement

S. Ibrahim: Methodology; Analysis; Investigation; Writing — original draft.

H. F. Ismail: Resources; Formal analysis; Writing — review & revise

R. Abu: Conceptualisation; Funding acquisition; Writing — review & revise; Supervision.

Availability of Data and Materials
Available on request: The datasets generated and/or analysed during the current study are available from the
corresponding author on reasonable request.

Generative Artificial Intelligence Disclosure
All intellectual content is original and solely attributable to the authors. The authors used Al-based tools solely for
language editing and grammar refinement.

References

[1] Yildirnm A, Yiicer R, Sen A, Bitis L. Herbal ingredients in anti-aging cream formulations: a comprehensive review
of their bioactive components, molecular mechanisms, and dermatological benefits. Pharmacological Research —
Natural Products. 2025;8:100365. https://doi.org/10.1016/j.prenap.2025.100365

[2] Pullar J, Carr A, Vissers M. The roles of vitamin C in skin health. Nutrients. 2017;9(8):866.
https://doi.org/10.3390/nu9080866

[3] Rinnerthaler M, Bischof J, Streubel M, Trost A, Richter K. Oxidative stress in aging human skin. Biomolecules.
2015;5(2):545-589. https://doi.org/10.3390/biom5020545

[4] Park EH, Lee I, Park GC, Lee SJ, Kim KJ, Yun J, et al. Anti-photoaging effects of canola meal extract on human
dermal fibroblasts against UVB-induced oxidative stress. Food Science and Biotechnology. 2024;33(3):667—-676.
https://doi.org/10.1007/s10068-023-01379-x

journal.ump.edu.my/jceib 33



[5]

[6]
[7]
[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Ibrahim et al. | Journal of Chemical Engineering and Industrial Biotechnology | Volume 12, Issue 2 (2026)

Nanashima N, Maeda H, Nakajima A, Nishizuka M, Narumi T, Ichita J, | et al. Apple pomace extract induces cell
proliferation and increases type I collagen and hyaluronan production in human skin fibroblasts in vitro. Plant Foods
for Human Nutrition. 2024;79(3):693-699. https://doi.org/10.1007/s11130-024-01210-w

Suvedi D, Kumar A, Kalia S, Kumar A, Koul S, James A, et al. Aging and herbal interventions: mechanistic insights
and therapeutic potential. Journal of Cosmetic Dermatology. 2025;24:e70335. https://doi.org/10.1111/jocd.70335
Xie M, Jiang Z, Lin X, Wei X. Application of plant extracts cosmetics in the field of anti-aging. Journal of
Dermatologic Science and Cosmetic Technology. 2024;1(2):100014. https://doi.org/10.1016/j.jdsct.2024.100014
Ahda M, Jaswir I, Khatib A, Ahmed QU, Syed Mohamad SNA. A review on Cosmos caudatus as a potential
medicinal plant based on pharmacognosy, phytochemistry, and pharmacological activities. International Journal of
Food Properties. 2023;26(1):344-358. https://doi.org/10.1080/10942912.2022.2158862

Andarwulan N, Kurniasih D, Apriady RA, Rahmat H, Roto AV, Bolling BW. Polyphenols, carotenoids, and
ascorbic acid in underutilized medicinal vegetables. Journal of Functional Foods. 2012;4(1):339-347.
https://doi.org/10.1016/j.jff.2012.01.003

Azwanida ZN, Jonathan OE, Melanie-Jaynes H. Antioxidant, anti-collagenase, anti-elastase and anti-tyrosinase
activities of an aqueous Cosmos caudatus Kunth (Asteraceae) leaf extract. Tropical Journal of Natural Product
Research. 2021;4(12):1124-1130. https://doi.org/10.26538/tjnpr/v4i12.15

Chan EWC, Wong SK, Chan HT. Ulam herbs of Oenanthe javanica and Cosmos caudatus: an overview on their
medicinal properties. Journal of Natural Remedies. 2017;16(4):137. https://doi.org/10.18311/jnr/2016/8370

Loo YC, Hu HC, Yu SY, Tsai YH, Korinek M, Wu YC,et al. Development on potential skin anti-aging agents of
Cosmos caudatus Kunth via inhibition of collagenase, MMP-1 and MMP-3 activities. Phytomedicine.
2023;110:154643. https://doi.org/10.1016/j.phymed.2023.154643

Nakra S, Tripathy S, Srivastav PP. Drying as a preservation strategy for medicinal plants: physicochemical and
functional outcomes for food and human health. Phytomedicine Plus. 2025;5(2):100762.
https://doi.org/10.1016/j.phyplu.2025.100762

Alara OR, Abdurahman NH, Ukaegbu CI. Extraction of phenolic compounds: A review. Current Research in Food
Science. 2021;4:200-214. https://doi.org/10.1016/j.crfs.2021.03.011

Baltaci C, Bostanci DE, Altintag R, Dalkiran Y. Physicochemical properties, antioxidant capacity and sensory
acceptability of instant rosehip teas prepared by spray-drying and freeze-drying methods. Polish Journal of Food
and Nutrition Sciences. 2024;74(3):244-254. https://doi.org/10.31883/pjfns/191929

Eapen AS, Bhosale YK, Roy S. A review on novel techniques used for drying medicinal plants and its applications.
International Journal of Biomaterials. 2025;4533070. https://doi.org/10.1155/ijbm/4533070

Travis CR, McMaster J, Rivas F. Advances in natural product extraction: established and emerging technologies.
Molecules. 2026;31(7):1136. https://doi.org/10.3390/molecules31071136

Alara OR, Abdurahman NH, Ukaegbu CI. Soxhlet extraction of phenolic compounds from Vernonia cinerea leaves
and its antioxidant activity. Journal of Applied Research on Medicinal and Aromatic Plants. 2018;11:12-17.
https://doi.org/10.1016/j.jarmap.2018.07.003

Akther F, Alim MA, Nasrin NA, Khan M, Gomes DN, Suhan M, et al. Effects of different drying methods on the
proximate composition, antioxidant activity, and phytochemical content of Hibiscus sabdariffa L. calyx. Food
Chemistry Advances. 2023;3:100553. https://doi.org/10.1016/j.focha.2023.100553

Sarala M, Velu V, Anandharamakrishnan C, Singh RP. Spray drying of Tinospora cordifolia leaf and stem extract
and evaluation of antioxidant activity. Journal of Food Science and Technology. 2011;49(1):119-122.
https://doi.org/10.1007/s13197-011-0364-6

Sukadeetad K, Nakbanpote W, Heinrich M, Nuengchamnong N. Effect of drying methods and solvent extraction
on the phenolic compounds of Gynura pseudochina (L.) DC. leaf extracts and their anti-psoriatic property. Industrial
Crops and Products. 2018;120:34-46. https://doi.org/10.1016/j.indcrop.2018.04.020

Ng LY, Ang YK, Khoo HE, Yim HS. Influence of different extraction parameters on antioxidant properties of
Carica papaya peel and seed. Research Journal of  Phytochemistry.  2012;6(3):61-74.
https://doi.org/10.3923/rjphyt0.2012.61.74

Yaseen O, Mohammed M. Analytical detection of phytochemical compounds in Cinnamomum zeylanicum bark
extract. Egyptian Journal of Chemistry. 2022;66(4):265-273. https://doi.org/10.21608/ejchem.2022.146416.6366
Soib HH, Ismail HF, Husin F, Abu Bakar MH, Yaakob H, Sarmidi MR. Bioassay-guided different extraction
techniques of Carica papaya (Linn.) leaves on in vitro wound-healing activities. Molecules. 2020;25(3):517.
https://doi.org/10.3390/molecules25030517

Choi HK, Kim DH, Kim JW, Ngadiran S, Sarmidi MR, Park CS. Labisia pumila extract protects skin cells from
photoaging caused by UVB irradiation. Journal of Bioscience and Bioengineering. 2010;109(3):291-296.
https://doi.org/10.1016/j.jbiosc.2009.08.478

Nasiri R, Almaki JH, Idris AB, Majid FA, Nasiri M, Salouti M, et al. In vitro evaluation of actively targetable
superparamagnetic nanoparticles to the folate receptor positive cancer cells. Materials Science and Engineering: C.
2016;69:1147-1158. https://doi.org/10.1016/j.msec.2016.07.076

Hutasingh N, Tubtimrattana A, Pongpamorn P, Pewlong P, Paemanee A, Tansrisawad N, et al. Unraveling the
effects of drying techniques on chaya leaves: metabolomics analysis of nonvolatile and volatile metabolites, umami
taste, and antioxidant capacity. Food Chemistry. 2024,;446:138769.
https://doi.org/10.1016/j.foodchem.2024.138769

journal.ump.edu.my/jceib 34



[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Ibrahim et al. | Journal of Chemical Engineering and Industrial Biotechnology | Volume 12, Issue 2 (2026)

Mediani A, Abas F, Tan CP, Khatib A. Effects of different drying methods and storage time on free radical
scavenging activity and total phenolic content of Cosmos caudatus. Antioxidants. 2014;3(2):358-370.
https://doi.org/10.3390/antiox3020358

Diaz-Montes E. Wall materials for encapsulating bioactive compounds via spray-drying: a review. Polymers.
2023;15(12):2497. https://doi.org/10.3390/polym15122659

Cheng SH, Khoo HE, Ismail A, Abdul-Hamid A, Barakatun-Nisak MY Influence of extraction solvents on Cosmos
caudatus leaf antioxidant properties. Iranian Journal of Science and Technology, Transactions A: Science.
2016;40(1):51-58. https://doi.org/10.1007/s40995-016-0007-x

Cheng SH, Barakatun-Nisak MY, Anthony J, Ismail A. Potential medicinal benefits of Cosmos caudatus (Ulam
Raja): a scoping review. Journal of Research in Medical Sciences. 2015;20(10):1000. https://doi.org/10.4103/1735-
1995.172796

Vareltzis P, Stergiou A, Kalinderi K, Chamilaki M. Antioxidant potential of spray- and freeze-dried extract from
oregano processing wastes using an optimized ultrasound-assisted method. Foods. 2023;12(13):2628.
https://doi.org/10.3390/foods12132628

Ghelichkhani G, Modaresi MH, Rashidi L, Shariatifar N, Homapour M, Arabameri M. Effect of the spray and freeze
dryers on the bioactive compounds of olive leaf aqueous extract by chemometrics of HCA and PCA. Journal of
Food Measurement and Characterization. 2019;13(4):2751-2763. https://doi.org/10.1007/s11694-019-00196-3
Giimiisay OA, Borazan AA, Ercal N, Demirkol O. Drying effects on the antioxidant properties of tomatoes and
ginger. Food Chemistry. 2015;173:156-162. https://doi.org/10.1016/j.foodchem.2014.09.162

Kasapoglu KN, Giiltekin-Ozgiiven M, Kruger J, Frank J, Bayramoglu P, Barla-Demirkoz A, et al. Effect of spray
drying on physicochemical stability and antioxidant capacity of Rosa pimpinellifolia fruit extract-loaded liposomes
conjugated with chitosan or whey protein during in vitro digestion. Food and Bioprocess Technology.
2024;17(10):3162-3176. https://doi.org/10.1007/s11947-024-03317-z

Wu'Y, Liu Y, JiaY, Feng CH, Zhang H, Ren F, et al. Effects of thermal processing on natural antioxidants in fruits
and vegetables. Food Research International. 2024;192:114797. https://doi.org/10.1016/j.foodres.2024.114797
Park J, Seok JK, Suh HJ, Boo YC. Gardenia jasminoides extract attenuates the UVB-induced expressions of
cytokines in keratinocytes and indirectly inhibits matrix metalloproteinase-1 expression in human dermal
fibroblasts. Evidence-Based Complementary and Alternative Medicine. 2014;429246.
https://doi.org/10.1155/2014/429246

Poorahong W, Innalak S, Ungsurungsie M, Watanapokasin R. Protective effect of purple corn silk extract against
ultraviolet-B-induced cell damage in human keratinocyte cells. Journal of Advanced Pharmaceutical Technology
and Research. 2021;12(2):140-146. https://doi.org/10.4103/japtr.JAPTR_238_20

Song E, Choi J, Gwon H, Hwang J. Protective effect of Dracocephalum moldavica L. seed extracts against
ultraviolet B-induced photoaging in human skin cells. Journal of Nutrition and Health. 2025;58(1):15.
https://doi.org/10.4163/jnh.2025.58.1.15

Jo WS, Yang KM, Park HS, Kim GY, Nam BH, Jeong MH, et al. Effect of microalgal extracts of Tetraselmis
suecica against UVB-induced photoaging in human skin fibroblasts. Toxicological Research. 2012;28(4):241-248.
https://doi.org/10.5487/TR.2012.28.4.241

Merecz-Sadowska A, Sitarek P, Kucharska E, Kowalczyk T, Zajdel K, Ceglinski T, et al. Antioxidant properties of
plant-derived phenolic compounds and their effect on skin fibroblast cells. Antioxidants. 2021;10(5):726.
https://doi.org/10.3390/antiox10050726

Zhang Y, Liu L, Yue L, Huang Y, Wang B, Liu P. Uncovering key mechanisms and intervention therapies in aging
skin. Cytokine and Growth Factor Reviews. 2024;79:66-80. https://doi.org/10.1016/j.cytogfr.2024.07.009

Boo YC. Ascorbic acid (vitamin C) as a cosmeceutical to increase dermal collagen for skin antiaging purposes:
emerging combination therapies. Antioxidants. 2022;11(9):1663. https://doi.org/10.3390/antiox11091663

journal.ump.edu.my/jceib 35



