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ABSTRACT 

Objective: Basil (Ocimum basilicum L.) is a versatile and traditional medicinal plant renowned for its potential to treat various diseases. Basil seeds 
constitute a promising alternative in designing pharmaceutical preparations owing to their ability to produce a mucilaginous gel in water. The 
objective of the present study is to investigate the change in skin hydration and hemocompatibility following pharmaceutical applications of basil 
seed mucilage.  

Methods: The study aims at hydrothermal extraction of basil seed mucilage from seeds, studies on its specific physicochemical parameters, 
hemocompatibility, and investigation on rat skin hydration by Fourier transform infrared (FTIR) spectroscopic analysis.  

Results: The outcome of the study exhibited that basil seeds produced 11 to 13% mucilage with an aqueous solubility of 97.23 ± 0.5% (*P<0.01) 
and swelling capacity of 31.51±0.43 ml/g (*P<0.05) in 6 h, indicating superior skin moisturizing property. FTIR spectroscopic analysis of the 
mucilage proposed hydrogen bond formation, presence of amide groups of proteins, uronic acid, and pyranose sugar. The hemocompatible mucilage 
(2000µg/ml) demonstrated a potent anti-inflammatory effect (194.53±7.78 %), showcasing its promise for topical application. Skin hydration 
studies in rats confirmed significant improvement in skin moisture with 1% w/v mucilage gel.  

Conclusion: Therefore, basil seed mucilage exhibited possibilities for pharmaceutical application and skin hydration in animals, offering a safe, 
natural, and better alternative.  
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INTRODUCTION 

Natural polymers are gaining popularity over synthetic ones because 
of their biocompatibility, ease of biodegradation, and non-toxic 
potential. Mucilages are plant-derived heteropolysaccharides that 
constitute a three-dimensional, reticulate gel-like structure [1]. The 
monosaccharide composition is vital in governing the functional 
aspects of the mucilaginous hydrocolloid [2, 3]. Basil(Ocimum 
basilicum), a member of the family Lamiaceae, is an invaluable 
medicinal resource for its multifarious activities in digestion, 
stomachache, stress, microbial infections, inflammation, fever, 
urinary problems, brain, and heart functioning [4, 5]. Basil seeds, 
however, represent an underexplored but promising, eco-friendly 
alternative in altering the pharmaceutical attributes. The testa and 
pericarp of basil seeds swell in water to produce a thick layer of 
adherent acidic polysaccharide-and fibre-rich polyelectrolyte 
mucilaginous gel around them, which is responsible for the 
exhibited diverse range of properties. The varying content of 
glucose, galactose, mannose, uronic acid, xylan, arabinose, 
rhamnose, glucomannan, and glucan in the mucilage may account for 
its benefits [6]. However, the extraction method and carbohydrate 
analysis procedure may produce variation in the monosaccharide 
percentages of the mucilage. The proportion of fats and oils may also 
vary in the mucilage [4]. Incorporation of non-toxic and 
biodegradable mucilaginous hydrocolloids in pharmaceutical 
formulations provides swelling, water-retention, shear-thinning 
behaviour, and emulsification properties as emulsion stabilizers 
with their appropriate morphological and rheological characteristics 
[2, 7].  

Basil seed mucilage (BSM) is being investigated for its broader uses 
in the pharmaceutical and nutritional fields as a super disintegrant 
for fast-dissolving tablets, oral delivery agent for BCS Class II and 
Class IV drugs, mucoadhesive controlled release polymer, potential 
wound dressing with zinc oxide nanofibers, probiotic agent, 
rheological enhancer for low-fat milk and low-fat mozzarella cheese 
[1, 2, 4, 5, 8-12]. Basil seed mucilage hydrogel sponge has 

demonstrated non-cytotoxicity and non-allergenicity, enabling 
localized cosmetic or therapeutic delivery, respectively [1].  

The characteristics of basil seed mucilage may be explored for 
pharmaceutical applications, thus expanding its diverse uses. The 
objective of the present study is to investigate eco-friendly, easily 
extractable basil seed mucilage (R-C1) for its hemocompatibility 
assay and skin hydration potential with Fourier transform infrared 
(FTIR) spectroscopic analysis, which has not been evaluated 
previously. FTIR investigations are essential for the study of 
alteration in hydrophilic components of skin due to the hydrophilic 
and swellable basil seed mucilage. 

MATERIALS AND METHODS 

Basil seeds were purchased from Yuvika Herbs (India), cleaned, 
dried, and stored in air-tight containers for future use. All other 
reagents were purchased from E. Merck (India) Ltd. 

Animal selection was based on the guidelines of the Institutional 
Animal Ethics Committee, Department of Pharmaceutical 
Technology, NSHM Knowledge Campus, Kolkata, No NCPT/IAEC-
019/2025. 

Mucilage extraction  

The dried plant specimen was authenticated by the Central National 
Herbarium, Botanical Survey of India, Shibpur, Howrah, Kolkata. 
Basil seed mucilage (BSM) was extracted by hydrothermal method 
with continuous stirring (REMI, RQ-121, India) of basil seeds in 
distilled water (1:50 w/v) at 40–60 °C for 3 h. Extracted white 
mucilage was separated from the swollen seeds using mesh 10, dried 
at 40 °C for 12 h, pulverized into a fine mucilage powder by passing 
through an 80-mesh screen, and stored for future use [13]. The yield 
for each experimental run was obtained in triplicate. The percentage 
yield of extracted BSM was calculated using Equation 1 [14]. 

Yield(%) =
weight of mucilage obtained after drying(g)

weight of seed taken for extraction(g)
× 100 ……. (1) 
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Extraction efficiency was evaluated by re-extracting the residual 
seeds from the initial extraction stage using the same seed-to-water 
ratio and calculating the percentage yield [15]. 

pH determination 

The pH of a fully hydrated 1% w/v aqueous dispersion of BSM was 
measured using a digital glass electrode pH meter (Hanna 
Instruments, USA) [16]. 

Fourier transform infrared spectroscopic (FTIR) 
characterization 

FTIR spectroscopy was performed to identify the different functional 
groups in the extracted BSM. A powdered sample of mucilage was 
blended with potassium bromide and compressed to form a pellet. 
The FTIR spectrum of the sample pellet was obtained with a FTIR 
spectrometer (Bruker, ALPHA T) in the spectral range of 4000–500 
cm-1 [17-19]. 

Solubility determination 

Qualitative analysis of BSM solubility was estimated in non-aqueous 
solvents like ethanol, methanol, dimethyl sulfoxide (DMSO), acetone, 
and chloroform. For quantitative estimation of aqueous solubility, 
the solubility of BSM (%) was determined by stirring an aqueous 
mucilaginous dispersion (2 mg/ml) to ensure complete dispersion, 
followed by centrifugation (REMI Instruments, India) at 3000 rpm 
for 30 min. The absorbance was measured at 550 nm before and 
after centrifugation [20]. The solubility percentage of BSM was 
determined by Equation 2. 

Solubility(%) =
Absorbance after centrifugation

Absorbance before centrifugation
× 100 … . (2) 

Least gelation concentration 

The least gelation concentration (LGC) was measured to determine 
the minimum concentration of BSM necessary to form a stable gel. 
Different concentrations (0.5-2.5%w/v) of BSM and xanthan gum 
(reference) aqueous dispersions were heated to 80-90 °C, and 
cooled down to 25 °C. The gel formation was assessed by inverting 
the test tubes frequently within 1h, and the concentration at which 
no flow occurred was recorded as the LGC [17].  

Swelling capacity 

An aqueous dispersion of BSM (0.25% w/v) was prepared in a 
measuring cylinder. The initial volume was recorded and allowed to 
stand undisturbed at 25 °C, noting the volume every hour, and 
continued till a constant value was obtained. The final swollen 
mucilage volume was recorded in triplicate. The swelling capacity 
was calculated using the formula given [21]: 

Swelling capacity =
final volume of swollen mucilage−initial volume of water

Weight of mucilage
… … (3) 

Determination of anti-inflammatory activity 

The in vitro anti-inflammatory activity of aqueous dispersions of 
BSM (500 and 2000 µg/ml) was measured by the egg albumin 
denaturation assay. Diclofenac sodium was used as a positive 
control. For the reaction, 2 ml of the sample, 0.2 ml of fresh egg 
albumin, and 2.8 ml of phosphate-buffered saline (pH 6.4) were 
mixed. The samples were incubated at 37 °C for 15 min after 
vortexing, heated at 70 °C for 5 min, and cooled to 25 °C for 
measurement of absorbances at 660 nm by UV-VIS 
spectrophotometer (Shimadzu, UV-1900i, Japan) [22]. The anti-
inflammatory activity of the mucilage was measured in triplicate by 
Equation 4.  

% Inhibition of albumin denaturation =
OD of positive control−OD of sample

OD of positive control
× 100 … … (4) 

Hemocompatibility assay 

The hemocompatibility assay of BSM was conducted using goat 
blood collected from a recently slaughtered animal from an enlisted 
meat vendor. The mucilaginous dispersion (2 ml) (2000 µg/ml) was 

poured into the dialysis bag (MWCO 12000-14000Da) (Himedia 
Laboratories Pvt. Ltd., India), immersed in 0.9% w/v normal saline, 
and kept in a BOD incubator (Lab Solution, India) for 30 min at 37 
°C. Finally, the mucilage leachate was mixed with diluted goat blood 
and adjusted with normal saline. The solutions, 0.1N HCl and normal 
saline, were used as positive and negative controls, respectively. The 
sample and controls were incubated at 37 °C for 1 h and centrifuged 
at 3000 rpm. The absorbances were measured using the UV-VIS 
spectrophotometer at 415 nm [23].  

Hemolysis (%) =
ODsample−ODnegative ctrl

ODpositive ctrl−ODnegative ctrl
× 100 ……. (5) 

Skin hydration study 

Three male Wistar albino rats (Naaz Pet Shop, Kolkata) (180-200 g) 
were used in the study. Ethical clearance for the study was obtained 
from the Institutional Animal Ethics Committee (Approval No 
NCPT/IAEC-019/2025). The epidermis of the dorsal surface of rats 
was clean-shaven by non-aggressive depilation with a razor. One 
animal was used as a control, and the other two as test (BSM) groups 
(0.5 and 1% w/v). A constant, well-defined quantity of the aqueous 
mucilaginous dispersion (1g) was applied to the rats marked test. 
Excess gel was removed from the skin. After 3h, the animals were 
anesthetized with brief ether inhalation and killed by cervical 
dislocation. Skin hydration status and gain in water content of the 
rat stratum corneum were investigated using excised dorsal rat skin 
by attenuated total reflectance–Fourier transform infrared (ATR-
FTIR) spectroscopy. The dorsal hairless skin was excised into 
uniform pieces (2.5 cm X 2.5 cm) for the control group and BSM 
groups. The ATR-FTIR absorption bands of the excised skin were 
analyzed in the 4000-500 cm-1 wavenumber range (Bruker, ALPHA 
T). The advantage of the spectroscopic method is that any change in 
moisture content in the stratum corneum or its barrier properties 
due to application of the mucilage can be diagnosed and monitored. 
The skin “moisturizing factor”(MF) for the mucilage was determined, 
which is defined as the ratio of water content in amide I and amide II 
bands of the excised animal skin. Thus, the ATR-FTIR spectrum of 
skin provides a detectable “fingerprint” of the extent of hydration 
[24]. 

% ncrease in moisture content(w. r. t. control)

=
MFsample − MFcontrol

MFcontrol

× 100 … . (6) 

Statistical analysis 

All values are expressed as mean±standard error of mean (SEM) 
using the GraphPad Prism software (Prism 9.4.1) (GraphPad 
Software, USA) with P<0.05 at 95% confidence intervals. 

RESULTS AND DISCUSSION 

Mucilage extraction 

The plant specimen was authenticated as Ocimum basilicum L. as R-
C1 by the Central National Herbarium, Howrah. The percentage yield 
of BSM extracted using the hydrothermal method at neutral pH and 
seed: water ratio of 1:50 varied from 11.2±1.7 to 13.1±0.96%, on a 
dry weight basis. The reported yield of the mucilage was 
approximately 10% at 40 °C, with an increase in temperature to 
20% at 50-65 °C, whereas the yield varied from 12.75-16.8% by 
microwave-assisted extraction procedure. However, the yield 
percent was more than that of chia seeds. Effects of alteration in pH 
to a slightly alkaline value, extraction time, and force of agitation 
may play vital roles in determining the efficiency of mucilage 
production [12, 25-27]. But no additional mucilage could be 
recovered from the residual seeds using the same process, 
confirming 100% efficiency of the extraction process.  

pH determination 

The pH of a 1% w/v aqueous dispersion of BSM was estimated at 
6.5±0.3-7.0±0.1 at 25  °C. In reported studies, the pH of BSM aqueous 
dispersion varied from 6.0 to 8.4 [28, 29]. The pH of the aqueous 
mucilage dispersion indicates excellent compatibility with the 
physiological pH of human skin, highlighting its potential as a safe 
and skin-friendly constituent in the development of pharmaceutical 
products.
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FTIR spectroscopic analysis 

The FTIR spectrum of BSM (fig. 1) showed a broad peak at 3539.25 
cm⁻¹ and a relatively sharp peak at 2922.25 cm⁻¹ attributed to-OH 
stretching due to the free, intra-or intermolecular hydrogen bonds 
of carboxylic acid and alcohol. Absorbance at 1598.93 cm -1is due to 
amide groups of proteins present in the molecule. Free carboxylate 

ions of uronic acid may have produced the peak at 1418.99 cm-1 
due to symmetric and asymmetric C=O stretching. The peak at 
1372.53 cm⁻¹ was linked to asymmetric stretching vibrations of 
alkane groups. Bands in the 1080–1270 cm⁻¹ region were 
characteristic of C–O stretching of saccharide unit, and the band at 
896.25 cm-1 is due to the pyranose form of sugars [1, 2, 7, 27, 29, 
30]. 

 

 

Fig. 1: FTIR spectrum of basil seed mucilage (BSM) 
 

Solubility determination 

Qualitative solubility studies of BSM show its insolubility in ethanol, 
methanol, chloroform, acetone, DMSO, and miscibility in water, 
forming a mucilaginous dispersion [29, 31]. The aqueous solubility 
of BSM was found to be 97.23 ± 0.5% (*P<0.01), exhibiting its 
superior solubility in water, which might be due to the 
monosaccharides present.  

Least gelation concentration 

BSM exhibited LGC at 1% w/v, with a gelation time of 3 min. 
However, xanthan gum showed a higher LGC of 2.5% w/v. This 
indicates an ability of BSM to form a superior non-flowing gelling 
network structure for use in skincare products. Its minimum 
gelation rate was comparatively better than that of chia seed 
mucilage. This might be attributed to the polysaccharide content of 
the basil seed mucilage [32].  

Swelling capacity 

BSM exhibited a swelling capacity of 31.51±0.43 ml/g in a maximum 
of 6 h at a concentration of 0.25% w/v(*P<0.05), indicating its 
superior skin moisturizing property. It demonstrated variable 
swelling behaviour at 24 and 48h in phosphate buffer (pH 6.8) and 
water [33]. This pronounced swelling behaviour may be primarily 

attributed to intra-and intermolecular hydrogen bonds with water 
molecules, as observed with Hibiscus rosa-sinensis mucilage [34].  

Determination of anti-inflammatory activity  

Protein denaturation during inflammation can be inhibited by the 
administration of anti-inflammatory agents. The extent of heat-
induced egg albumin denaturation reflects the anti-inflammatory 
potential of therapeutic agents. BSM exhibited concentration-
dependent inhibition of albumin denaturation (53.16±1.09 to 
194.53±7.78 %) at concentrations ranging from 500-2000 μg/ml, 
suggesting that it possesses significant anti-inflammatory potential 
compared to standard diclofenac sodium at 1500 and 2000 μg/ml (fig. 
4). Higher doses have been considered because of the intended topical 
use. Several phenolic, flavonoid, glycosidic, and terpenoid components 
of the mucilage and its ability to reduce the myeloperoxidase levels in 
a rat model with acetic acid-induced colitis might have contributed to 
the effect [35]. However, the ethanol and hexane extracts of basil seed 
mucilage demonstrated anti-inflammatory activity at significantly 
higher doses, in contrast to standard aspirin [36]. Similarly, 
Azadirachta indica nanohydrogel showed significant anti-
inflammatory activity, probably due to the secondary metabolites 
present in the oil [37]. Leaf extracts of Pinus brutia and Cedrus libani 
were found to exhibit better anti-inflammatory potential than the 
same doses of diclofenac sodium [38]. 

  

 

Fig. 2: In vitro anti-inflammatory activity of basil seed mucilage at 4 different concentrations with diclofenac sodium as the control 
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Hemocompatibility assay 

The hemolysis percentage of BSM was 4.6%. The value was close to 
that of the orally disintegrating films of okra mucilage or methanolic 
thyme extract [39, 40]. 

Skin hydration study 

The O–H stretching peak observed around 3280 cm⁻¹ in FTIR 
spectra serves as a key measure of moisture content in the skin. 
However, the peak is affected by overlapping signals from amide 
bands and C–H asymmetric stretching of stratum corneum lipids. 
Therefore, it cannot be considered a specific marker for the 
hydration phenomenon. For a reliable assessment of skin 
hydration, the moisturizing factor (MF) or ratio of heights of 

amide I (1670-1620 cm⁻¹) to amide II (1560-1530 cm⁻¹) bands 
of skin should be considered, which provides a quantitative 
measurement of skin moisture. A higher amide band ratio with a 
higher value for the amide I band indicates a greater degree of 
skin hydration due to basil seed mucilage [24]. With BSM at 0.5% 
w/v, skin moisture was found to be 60 % at 3 h. BSM (1% w/v) 
showed an increase in moisture content to 98%, suggesting a 
corresponding rapid increase (fig. 3). The moisturizing factor 
also increased from 1.20 in control animal to 2.38 for test animal 
at 3h for BSM 1%w/v, indicating increased dryness of the 
control animal with time, and superior and sustained moisture 
content of the rat skin with higher BSM concentration. Thus, 
basil seed mucilage at 1%w/v exhibited potential for greater 
skin hydration in 3 h. 

 

 

Fig. 3: FTIR spectrum of excised rat skin at 3 h,  Control excised skin with no mucilage;  Excised skin with 0.5% w/v BSM;  Excised 
skin with 1%w/v BSM 

 

CONCLUSION 

The study highlights the significant potential of basil seed mucilage 
extract as a natural, skin-friendly pharmaceutical ingredient with low 
yield but superior swelling properties. The hydrothermal extraction at 
neutral pH has been utilized for producing the basil seed mucilage. The 
mucilage has been investigated for physicochemical parameters, skin 
hydration potential, in vitro anti-inflammatory activity, and 
hemocompatibility. BSM exhibited high water solubility and intense 
gelling capacity, making it suitable for pharmaceutical applications. 
FTIR spectroscopic analysis of the mucilage exhibited-OH stretching 
due to the hydrogen bonds of carboxylic acid, presence of amide 
groups of proteins, free carboxylate ions of uronic acid, and the sugar 
moiety. Skin hydration assessment by FTIR spectroscopy 
demonstrated a significant improvement in rat skin moisture content 
with 1% w/v BSM gel. The hemocompatible mucilage exhibited a 
marked in vitro anti-inflammatory potential. Therefore, basil seed 
mucilage may be considered suitable for topical pharmaceutical 
products, offering a natural, effective, biocompatible, and safe product. 
Basil seed mucilage thus, may contribute to its application in the 
pharmaceutical industry in the days ahead.  
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