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Chitosan (Ch) was functionalized with Bidens pilosa (BP) extract at 1, 3, or 5% to form Ch-1 BP, Ch-3 BP, and Ch-5 BP,
respectively. Ch without plant extract was used as a control. Te composite flms were characterized and tested for antifungal
properties in the agar disc difusion approach and antioxidant capacity in the 2,2-diphenyl-1-picrylhydrazyl assay. Chitosan flms
fused with B. pilosa extract inhibited the growth of P. expansum with a 10mm inhibition diameter compared to control flms
(3.33mm). Ch-1 BP exhibited the highest (79.13%) radical scavenging activity (RSA), and control flms had the lowest RSA
(50.97%). Liquid chromatography-mass spectrometry analysis identifed 20 metabolites, including phenolic acids (9), organic
acids (8), monosaccharides (1), amino acids (1), favonoids (1), and six unknown polyphenols. Chitosan-based composite coating
(Ch-1% BP) exhibited the lowest weight loss percentage (16.74%) and decay incidence (17.3%), while the untreated fruit showed
higher weight loss and decay incidence (48.33% and 83.2%, respectively). Te efectiveness of chitosan-enriched coating in
maintaining the postharvest quality of raspberry fruit suggests that this plant could be a postharvest agent for controlling
microbial spoilage and protecting against oxidative stress, ultimately resulting in extended storage in horticultural crops.

1. Introduction

In recent decades, the quest for enhancing food safety has
pivoted towards the promotion of active food packaging
materials that have improved antioxidant scavenging ac-
tivity, optimized moisture regulation, and efcient gaseous
exchange [1]. By integrating functional compounds and
elements such as antioxidants and antimicrobial agents,
these substances become transformative elements in food
preservation [2–4]. With increasing global concerns for food
safety, consumer health, and the environment, the pursuit of
developing biodegradable natural substances is on the rise.

Among edible packaging materials, chitosan, a natural
carbohydrate copolymer, is extensively studied in the food
industry [5]. Its unique characteristics include superior flm-

forming abilities, physical and mechanical properties, bio-
degradability, nontoxicity, and biocompatibility [5–7].
While chitosan-based flms demonstrate efcacy in food
preservation, their antioxidant and antimicrobial capacities
are somewhat limited [8, 9], highlighting an opportunity to
enhance these flms for more extensive use in the food
industry as an active packaging material.

Plant derivatives are rich in antimicrobial and antioxi-
dant activity and are a natural alternative for integration into
edible flms [10, 11]. Based on a thorough novel assessment
of medicinal plants utilized in indigenous knowledge sys-
tems (IKS) for food preservation, one such promising
candidate plant is Bidens pilosa [12]. Bidens pilosa L. (black-
jack) is a member of the Asteraceae family and a common
annual weed species found in most felds. Its use includes
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food and indigenous drugs [13], as a natural biopesticide
[14], as weed control, and as a remedy to heavy metal-
polluted soils [15, 16], indicating that this plant has a wide
range of bioactive compounds such as favonoids, polyenes,
and phenolic and organic compounds that have been re-
ported to have high antibacterial biological activity, and
antifungal and antioxidant properties [12, 17, 18]. Research
by Ngamo et al. [19] and Goudoum et al. [20] informed that
dried B. pilosa leaves were customarily used as sauce recipes,
food preservation, and tea ingredients [21]. Moreover,
extracted essential oils and dried leaves of B. pilosa were
allegedly efcient at managing stored grain insect pests [20].
Te ability to inhibit reactive oxygen species (ROS) and
control decay within food, increasing its shelf life, points
towards the utility of Bidens pilosa in postharvest crop
preservation [18, 20].

Our study aimed to harness IKS to fabricate a novel
active packaging flm with superior antioxidant and barrier
properties. Tis was achieved by blending chitosan flms
with Bidens pilosa extract at varying concentrations. Fol-
lowing the development of the flms, an array of flm
characterization was conducted.Te novel chitosan-B. pilosa
composite was then applied to raspberry fruits to evaluate its
efectiveness in postharvest preservation, with emphasis on
parameters such as weight loss, decay incidence, and color
attributes as a ripening indicator during storage.

2. Materials and Methods

2.1. Sourcing, Extraction, and Phytochemistry Analysis of
Bidens pilosa

2.1.1. Procurement of Raw Material. Matured and disease
free black-jack (Bidens pilosa) leaves were gathered from
Mafutseni (26°24′21.9″ S, 31°35′05.3″ E), Eswatini, from the
Eswatini Institute for Research in Traditional Medicine,
Medicinal and Indigenous Food Plants (EIRMIP) farm. A
taxonomist from EIRMIP classifed the plants and advised
on selecting fully matured leaves. Oven-drying at 50°C for
72 h, crushing into a fne powder, and keeping the powdered
leaves in a zip-lock bag were done to preserve the phyto-
chemical content and antioxidant potential until further use.

2.1.2. Extraction Procedure. A method by Ramesh et al. [22]
and Hassan et al. [23], adopted with minor alterations, was
used to extract the powdered plant material. In a nutshell, in
100mL of 70% ethanol, 20 g of fnely ground B. pilosa was
interspersed in a 250mL beaker and let to react at room
temperature for 30min. Tereafter, the combination was
sonicated at 20°C, 005Hz, at maximum speed for 1 h, fltered
using a Whatman flter paper no. 1, and concentrated under
reduced pressure at 45°C using a rotary evaporator (Rota-
vapor R-200, Buchi Laboratory Equipment, Flawil, Swit-
zerland). Obtained extracts were kept in antiseptic bottles
and then refrigerated until further use.

2.1.3. Phenolic Profling of Bidens pilosa Extract Using Liquid
Chromatography-Mass Spectrometry. Te metabolomic

analysis reported by Magangana et al. [24] with a few ad-
justments by Magangana et al. [25] was adopted using
a Waters Synapt G2 Quadrupole time-of-fight (QTOF)
mass spectrometer (MS) connected to a Waters Acquity
ultraperformance liquid chromatograph (UPLC) (Waters,
Milford, MA, USA). Te measurement and structural
confrmation of some of the metabolites was possible with
pure standards (catechin; ellagic acid; epicatechin; gallic
acid; punicalagin α; punicalagin β; punicalin α and β;
chlorogenic acid; rutin; syringic acid; and quercetin; Sigma-
Aldrich, Darmstadt, Germany).

2.2. Fabrication andCharacterization of Bidens pilosaExtract-
Loaded Chitosan-Based Edible Film

2.2.1. Formulation of Coatings and Film Formation.
Chitosan-based flms were formed following a procedure by
Siripatrawan and Vitchayakitti [26], adopted with minor
changes. Te chitosan was sourced from Sigma-Aldrich (St.
Louis, MO, USA) and was a base ingredient. Te formu-
lations were prepared by incorporating 2% (w/v) chitosan,
1% (v/v) acetic acid, 1% (v/v) glycerol, 1% (v/v) canola oil,
and 1% (v/v) Tween-20 in 100mL of distilled water, under
continuous magnetic stirring for 60min. B. pilosa extract
was dissolved in 70% ethanol at a 1mg/mL stock concen-
tration by dissolving 1mg of the dried extract in 1mL of
solvent. Tis standardized extract was then incorporated
into the chitosan matrix at varying concentrations to create
composite edible flms. Specifcally, the flms were prepared
as follows: Ch-1% BP was formulated by adding 10mL of the
1mg/mL B. pilosa extract to 990mL of the coating solution,
resulting in a fnal concentration of 0.01mg/mL of B. pilosa
in the flm. Similarly, Ch-3% BP was composed of 30mL of
the extract and 970mL of coating solution, yielding
a 0.03mg/mL fnal concentration, and Ch-5% BP comprised
50mL of extract mixed with 950mL of coating solution to
achieve a fnal concentration of 0.05mg/mL. Tese for-
mulations were labeled Ch-1% BP, Ch-3% BP, and Ch-5%
BP, respectively, representing the diferent levels of B. pilosa
incorporation into the chitosan flms. For 10min, a ho-
mogenizer (Separation Scientifc, Johannesburg, South
Africa) set at 3000 rpm was used to mix the solution
thoroughly and then sonicated at 40°C for 1 h. In triplicate,
30mL aliquots of each flm-forming solution were cast onto
90×15mm Petri dishes and conditioned in an oven set at
50°C for 72 h. For 48 h, at room temperature, the subsequent
flms were conditioned and sealed for future use.

2.2.2. Film Tickness and Density. At three diferent loca-
tions, the flm thickness was determined by a digital mi-
crometer (Mitutoyo, Mitutoyo Corporation, Japan) with
a sensitivity of 1 μm. Film density (Fd) was obtained by
measuring the flm weight (fw) and volume (v) and cal-
culated using the following equation:

Fd �
fw

v
, (1)

where fw � flm weight and v � flm volume.
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2.2.3. Film Color Attributes. Te flm color properties were
measured using a CR-400 colorimeter (Konica Minolta,
Japan), where L∗ � lightness, a∗ � red green, and b∗ � blue
yellow. At diferent sampling points, three readings were
taken for each flm and themean was used as a representative
of each flm color. Te total color diference (∆E), yellow
index (YI), and white index (WI) were calculated using the
following equations, respectively:

∆E � ∆L
2

+ ∆a
2

+ ∆b
2

 
0.5

, (2)

where ∆L � Lstandard − Lsample; ∆a � astandard − asample; and
∆b � bstandard − bsample.

YI �
142.86 × b

∗

L
∗ , (3)

WI � 100−

����������

100 − L
∗

( 
2



+ a
∗2

+ b
∗2

. (4)

2.2.4. Film Transmittance, Opacity, and Glossiness. Te
flm’s transmittance procedure was adopted as outlined by
Riaz et al. [27]. In triplicates, the flms were cut into thin
strips of size 1× 4 cm strips, and their transparency and
opacity were carried out by a UV-Vis spectrophotometer
(United Scientifc, SP-UV 300, Johannesburg, South Africa)
set at 600 nm.

Te flm’s opacity was calculated using the following
equation:

O �
Abs600

L
, (5)

whereO� opacity; Abs600 � absorbance value at 600 nm; and
L� flm length (mm).

A gloss meter (Multi-Gloss 268, Minolta, Germany)
set at a 20, 60, and 80° angle was used to determine the
flm’s glossiness. Te gloss values for each angle were
obtained in triplicates from random measurements on the
flm surface.

2.2.5. Film Water Content. A method by Riaz et al. [27] was
used to determine the water content (Wc) of the flms,
adopted with minor adjustments. Briefy, flm samples
(3× 3 cm) were weighed (w1), oven-dried at 105°C for 48 h,
and weighed again (w2). Te water content (%) of the flms
was calculated using the following equation:

Wc(%) �
w1 − w2

w1
× 100. (6)

2.2.6. Film Solubility and Swelling Degree. In triplicates, flm
strips of 3× 3 cm were used to determine the flm solubility
and swelling degree, as indicated by Riaz et al. [27]. For flm
solubility, the pieces were oven-dried at 105°C to constant
weight (M1). Tereafter, the flms were soaked in 100mL
beakers flled with 75mL distilled water, with the top cov-
ered with paraflm, and stored at ambient temperature for
24 h. Te flms were then lightly dried with flter papers for

1min and then oven-dried at 105°C to constant weight (M2).
Te flm’s solubility was computed using the following
equation:

Film solubility(%) �
M1 − M2

M1
× 100. (7)

Te flm’s swelling degree (%) was determined by
weighing the flms (M1) and putting them into 50mL
beakers flled with 40mL distilled water for 24 h at room
temperature.Te wet flms were then superfcially dried with
flter papers for 1min, followed by weighing them again
(M2). Te percent swelling degree was obtained by using the
following equation:

Film swelling degree(%) �
M2 − M1

M1
× 100. (8)

2.2.7. Film Water Vapor Transmission Rate. Using the
gravimetrical method, the flm’s water vapor transmission
rate (WVTR) was determined following a procedure by
Siripatrawan and Vitchayakitti [26] and Moradi et al. [28],
adopted with minor alterations. Briefy, an aluminum per-
meability cell, with an internal diameter of 32mm, was frst
flled with 30mL of distilled water. Samples were mounted
on top of the cell and adjusted through a top ring-shaped
cover that was fxed in place by tight clamps. Te perme-
ability cell was weighed and kept in closed plastic containers.
Saturated sodium chloride salt (25 g) in 30mL of distilled
water was placed in 90×15mm Petri dishes. Te cups were
periodically weighed every hour for the frst 10 h and after
24 h. Te WVTR (g m−2 24−1 h) of the flms was determined
using the following equation:

WVTR �
mf−mi

d × s
� gm− 224− 1h, (9)

where mf � resultant weight of the container with flm;
mi � initial weight of the container with flm; d� time in
hours; s� efective area of the flm.

2.2.8. Tensile Strength and Elongation. A procedure by Riaz
et al. [27] and Ferreira et al. [29], adopted with minor
modifcations, was used to evaluate the flm’s tensile strength
(TS) and percentage elongation at break (%E). Te exper-
iment was performed at room temperature using a texture
analyzer (Agrosta texture analyzer, Calib, France). Film
strips (2× 3 cm) were cut from each treatment and mounted
on the grips in triplicates. Te initial grip separation and the
detector speed were set at 5 cm and 100mm/min, re-
spectively. Te tensile strength (TS) was calculated by di-
viding the maximum load (Fmax) by the initial cross-
sectional area (ɸ) of the flm sample, as shown in the fol-
lowing equation:

TS �
Fmax

ɸ
. (10)

Te percent elongation at break (%E) of the flms was
calculated as the ratio of the flm extension (∆l) at the point
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of sample rupture to the initial length (lo) of the sample, as
shown in the following equation:

%E �
∆l

l0
× 100. (11)

2.2.9. X-Ray Difraction. Te chitosan-based flms were cut
into circular pieces (32mm2) and were mounted on a zero-
background silicon substrate sample holder. Sample analysis
was between 2θ� 5° and 60° with a step size 2θ� 0.017° (step
time of 2000 s) in a powder X-ray difractometer X’Pert Pro
Panalytical (Almelo, Te Netherlands) at 45 kV and 35mA,
using copper Ka radiation (k� 1.543 Å) fltered by nickel.
Te difractometer was equipped with an X’ Celerator de-
tector, a 0.5° divergence slit, and antiscatter slits of 1° and 0.5°
in the incident and difracted beams, respectively.

2.2.10. Scanning Electron Microscopy. Film surface mor-
phology was observed with scanning electron microscopy
(SEM, SU8010, Hitachi, Japan) at 10 kV. Films of 10×10mm
were cut, dried, and mounted on aluminum stubs using
double-sided carbon tape and sputter-coated with gold.

2.2.11. Film Antifungal Activity Property against Postharvest
Crop Pathogens. Te antifungal property of the flms was
carried out using the agar disc difusion method against
Penicillium expansum and Botrytis cinerea, two well-known
postharvest pathogens of horticultural crops. Inoculates
were obtained from the culture collection at Stellenbosch
University, South Africa. Te flms were cut into a disc form
of 6mm diameter and placed on nutrient agar (Merck,
Darmstadt, Germany) plates previously seeded with an
inoculum comprising marker fungal strains [26, 30]. Te
plates were then incubated at 37°C for 4 d. Te diameter of
the inhibitory zone surrounding flm discs and the contact
area of flm discs with agar surface were measured. If there
was no clear zone surrounding the flm disc, it was marked as
no inhibitory zone. Te tests were performed in triplicates.

2.3. Release Kinetics of Total Phenolic Content and Antioxi-
dant Capacity. In triplicates, a procedure by Lian et al. [31],
adopted with minor alterations, was employed to determine
the flm’s release kinetics. Briefy, the flms were cut into
3× 3 cm strips, submerged in centrifuge tubes containing
50mL of 50% ethanol, and centrifuged at 1000 rpm. Te
release solution was drawn at various times, from 10 to
120min, and the absorbance was measured using a UV-Vis
spectrophotometer.

2.3.1. Total Phenolic Content. A Folin–Ciocalteu method
was used to evaluate the total phenolic content of the flms,
according to a procedure by Lian et al. [31] and Prior et al.
[32]. Under dim lights, 450 μL of the 50% ethanol extract
released from the flm was mixed with 500 μL Folin-C re-
agent. Te reaction was kept in the dark for 2min before

adding 2% sodium carbonate (2% w/v).Te sample was then
vortex for 30 s and kept in the dark for 2 h, and then, its
absorbance was measured using a UV-Vis spectropho-
tometer set at 760 nm. Te released kinetics of TPC was
calculated from the standard curve of gallic acid.

2.3.2. Radical Scavenging Activity. Radical scavenging ac-
tivity (RSA) of 2,2-diphenyl-1-picrylhydrazyl (DPPH) was
measured as outlined by Siripatrawan and Vitchayakitti [26]
and Lian et al. [31]. Briefy, 50% of ethanol extract (15 μL)
released from the flm was reduced in 735 μL methanolic
DPPH solution (0.1mM) and incubated in the dark at room
temperature. Te RSA of the flms was then measured using
a UV-Vis spectrophotometer set at 517 nm and calculated
from the standard curve of Trolox and expressed in mg
Trolox equivalents (TE)/g flm of RSA.

2.3.3. Ferric Reducing Antioxidant Power. Te ferric-
reducing antioxidant power (FRAP) activity was de-
termined as outlined by Genskowsky et al. [33]. Te FRAP
working solution (2850 μL) consisting of 300mM acetate
bufer (50mL), 2,4,6-tripyridyl-s-triazine (TPTZ) (5mL),
and 20mM FeCl3 (5mL) was mixed with 150 μL of 50%
ethanolic extracts (150 μL) and incubated in the dark for
30min at room temperature. Te reaction was then mea-
sured at a wavelength of 593 nm using a UV-Vis spectro-
photometer. Te FRAP antioxidant activity was calculated
from the standard curve of Trolox and expressed in mg
Trolox equivalents (TE)/g flm FRAP.

2.4. Shelf Life StudyofBidenspilosaExtract-LoadedChitosan-
Based Composite Coating on Raspberry. Te efectiveness of
the developed Bidens pilosaextract-loaded chitosan-based
composite as an edible coating was tested on raspberry
storage trials for practical application. Raspberry fruit
(Rubus idaeus L. cv. Microprop) of uniform color and size
was obtained from the Field Berry Farm (−26°21′30.0″S,
27°55′09.6″E), Johannesburg, South Africa. To disinfect the
fruit, they were immersed in 0.01% sodium hypochlorite for
3min and air-dried using a fan at room temperature for
30min. Raspberry fruit was immersed for 1min in either
Ch+ 1% BP composite coating, chitosan coating alone (Ch),
and control (not coated), air-dried and packed in standard
commercial punnets (100mm× 75mm), and refrigerated at
4± 1°C and 90± 5% (RH) for 9 d. Each punnet contained
125 g fruits (±48 fruits). Data were taken at 3 d periods (n� 3
per interval for each treatment).

2.4.1. Fruit Weight Loss. At each sampling point, weight loss
was calculated using the initial weight of three punnets at the
beginning of storage (wi) and obtained the weight of punnets
at sampling (wf) time and calculated using the following
equation:

W �
wi − wf

wi

× 100. (12)
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2.4.2. Decay Incidence. Fruit decay incidence (%) was vi-
sually evaluated. Fruits with decay symptoms were counted
and discarded. Te percentage of total rots was evaluated
using the following equation:

Decay incidence(%) �
number of discarded fruit

total number of fruit
× 100.

(13)

2.4.3. Fruit Color Attributes as a Ripening Indicator.
Raspberry fruit color was assessed using a colorimeter
(Konica Minolta Chroma Meter CR-400, Osaka, Japan) at
three distinct points. To calculate chroma (C∗) and hue angle
(h°), CIELAB coordinates (L∗, a∗, and b∗) were used as
shown in the following equations:

C
∗

�

��������

a
∗2

+ b
∗2





,

h° � tan− b
∗

a
∗ .

(14)

2.5. Statistical Analysis. Data obtained were subjected to
statistical analysis using GenStat statistical software (Gen-
Stat, 18.2 edition, VSN International, UK), one-way analysis
of variance (ANOVA) at a 95% confdence interval. Where
signifcant diferences were observed, mean separation was
done according to Duncan’s multiple range test at p< 0.05.

3. Results and Discussion

3.1. Polyphenol Groups Identifed in Bidens pilosa Extract and
Teir Relevance to Food Preservation. Te B. pilosa extract
contained a total of 20 annotated metabolites and six un-
identifed polyphenols(Table 1). Te primary categories
included phenolic acids (9), organic acids (8), mono-
saccharides (1), amino acids (1), and favonoids (1). Tese
components, particularly phenolic acids, favonoids, and
organic acids, have established roles in food preservation
[44–46]. Te rich presence of these metabolites validates
B. pilosa’s potential as a source of diverse phytochemicals
and its antioxidant and antimicrobial capabilities [13, 44].

Among the identifed polyphenols, phenolic acids were
notably abundant in the B. pilosa extract. Tese observations
are similar to fndings by Idris et al. [47], who reported a high
prevalence of phenolic acids and their derivatives in B. pilosa
extracts obtained through water and 70% ethanolic ex-
traction methods. Te medicinal uses of B. pilosa in tradi-
tional medicine and food preservation could be attributed to
this high phenolic acid content [21]. For instance, coumaric
acid and its derivatives have been shown to protect food
from oxidative stress, enhancing its shelf life [48]. Chatterjee
et al. [49] reported that chitosan matrix infused with cou-
maric acid inhibited Staphylococcus aureus, thus validating
its efcacy in food preservation.

Other valuable phenolic compounds detected include gallic
acid and cafeoylquinic acid derivatives, renowned for their
potent antioxidant activities and associated health benefts [50].

Gallic acid, notable for its antioxidant capacity, slows lipid
oxidation in stored food [50, 51]. Moreover, bergenin, a known
antifungal and antibacterial agents, inhibits enzymes like yeast
alcohol dehydrogenase, contributing to the preservation and
shelf-life enhancement of beverages like fnger millet malt
drinks [51, 52]. Tese observations further emphasize the
relevance of B. pilosa in indigenous knowledge systems and its
potential pharmacological properties, suggesting promising
applications in both the pharmaceutical and food industries.

Furthermore, LC-MS assessment of B. pilosa extract
indicated the occurrence of numerous organic acids (Ta-
ble 1), a class of compounds renowned for their antioxidant
and antimicrobial characteristics, making them in-
strumental in food preservation [50, 53]. For example,
quinic acid, one such organic acid detected in our analysis,
exhibits potent antibacterial activity, particularly against
common food-borne pathogens such as Staphylococcus
aureus [54]. It exerts its efect by directly interacting with the
genomic DNA of the bacteria, causing a reduction in DNA
content, and suggesting B. pilosa’s efectiveness in food
safety and shelf-life enhancement [55]. Another detected
compound, hexosyl-O-hexose, serves as a natural catalyst in
the food industry. It is commonly employed in cheese and
tofu production for its coagulating properties, promoting
curd formation for a frmer structure to pasta or noodles
[56]. Additionally, its oxygen-scavenging capacity contrib-
utes to improved food appearance and extended shelf life
[57]. Te analysis also identifed organic acids, such as citric
acid, renowned for their use in the food industry to preserve
color by decelerating oxidation rates. Citric acid enhances
favor, functions as an emulsifer, and adds value to pro-
cessed products like jams and canned food as an antibac-
terial agent, thus promoting a longer shelf life [58]. Te
range and potency of polyphenols observed in the B. pilosa
extract validate their use for health benefts and utility in
broader industrial product development.

3.2. Properties of B. pilosaExtract-Loaded Chitosan-Based
Film

3.2.1. Film Density andTickness. Te density and thickness
of the flms increased with the increasing strength of
B. pilosa extract (Figures 1(a) and 1(b), respectively). Te
highest flm density (2.11 g cm−3) and thickness (0.291mm)
were observed in chitosan flms enriched with 5% B. pilosa
extract (Ch-5B), and the lowest flm thickness (0.128mm)
and density (1.08 g cm−3) were observed in chitosan-only
flms. A similar trend was observed by Riaz et al. [27], who
reported that increasing apple peel polyphenols in the
chitosan environment increased the flm thickness and
density. According to Peng and Li [7], increasing the ex-
tract concentration increased the interaction between
polyphenol compounds and chitosan, which then triggered
a tighter composite bonding by shortening the distance
between the interacting molecules, thereby increasing the
flm thickness and density with an increase in the con-
centration of the applied B. pilosa extract into the chitosan
matrix.
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3.2.2. Film Color, Transmittance, and Opacity. Color,
transmittance, and opacity are signifcant variables that
infuence the flm’s appearance and marketability and afect
consumer acceptance degree [5, 59]. Table 2 shows flm color
attributes of chitosan-based flms enriched with B. pilosa
extract per the Hunter system (L∗, a∗, and b∗ values), the
total color diference (ΔE), yellow index (YI), whitish index
(WI), transmittance (%), and opacity (A mm−1). In-
corporating the diferent concentrations of B. pilosa extract
signifcantly (p< 0.05) changed the native color of the
chitosan flms. After incorporating the B. pilosa extract into
the chitosan matrix, the b∗ and opacity values were sig-
nifcantly (p< 0.05) enhanced. Te increase was pro-
portional to an increase in B. pilosa extract concentration.
Terefore, Ch-5 BP flms had a signifcantly (p< 0.05) higher
b∗ value (13.1) and opacity (16.4A mm−1) compared to the
other treated flms (Figure 2). Chitosan-only flms had the
lowest b∗ value (4.83) and opacity (3.3 A mm−1). On the
other hand, the L∗ and a∗ values and WI signifcantly
(p< 0.05) decreased with an increase in B. pilosa extract,
indicating low transmittance and consequently a higher YI.
Tus, Ch-5 BP flms had the highest total color changes (ΔE;
13.14), followed by Ch-3 BP (10.18), and Ch-1 BP had the
lowest ΔE (6.21). Terefore, incorporating B. pilosa extract
into chitosan flms at a minimal concentration (Ch-1 BP) is
unlikely to afect the overall visual appeal of the coated or
wrapped food products. Tese results are in agreement with
fndings by Siripatrawan and Harte [59], who reported
comparable results for chitosan-based flms containing
green tea extract. Dutta et al. [5] reported that the color of
edible flms is subjective to the nature and strength of the
incorporated plant material.

3.2.3. Film Glossiness. Gloss values of the chitosan flms
fused with B. pilosa extract at several incidence points are
presented in Table 3. According to Hutchings [60], the gloss
values increase with an increase in the view angle because of
the improvement of specular refection observed as the

incidence angle improves. Te glossiness of the flms was
signifcantly (p< 0.05) reduced after incorporating the
B. pilosa extract compared to the chitosan-only flms. No-
tably, the gloss values increased with an increase in the view
angle and signifcantly reduced with an upsurge in B. pilosa
extract. Among the treated flms, Ch-1 BP flms had higher
glossiness 43.2, 74.4, and 99.4% at 20, 60, and 80°, re-
spectively, while Ch-5 BP flms exhibited the lowest gloss-
iness (35.3, 56.1 and 85.7% at 20, 60, and 80°, respectively).
Te extract distribution of the incorporated B. pilosa extract
into the chitosan matrix might have caused increasing
unevenness at the surface of the flms, thus resulting in
reduced glossiness. Sánchez-González et al. [61] and
Bitencourt et al. [4] observed that hydroxypropyl methyl-
cellulose flms had reduced glossiness after incorporating tea
essential oil. In contrast, gelatin-based flms had reduced
glossiness after incorporating curcuma extract.

3.2.4. Film Solubility and Swelling Degree. Te solubility and
swelling degree of the chitosan flms fused with B. pilosa
extract are presented in Figures 3(a) and 3(b), respectively.
Tese properties afect the flm’s water resistance properties
[62]. Te chitosan-only flms exhibited the lowest solubility
and swelling (18.9% and 31.9%, respectively). Incorporating
the B. pilosa extract into the chitosan medium resulted in
a signifcant (p< 0.05) increase in the water solubility and
swelling degree of the flms, and it improved with an increase
in B. pilosa strength.Terefore, Ch-5 BP flms had the higher
flm solubility and swelling degree (44.43% and 75.4%, re-
spectively), and control flm had the lowest flm solubility
and swelling degree of 18.9% and 31.9%, respectively.
According to Liu et al. [62], the enhanced flm solubility and
swelling degree might be attributed to the hydrophilic
groups of the extract’s interaction with water molecules.
Mayachiew and Devahastin [63] reported that the rate of
solubility and swelling degree of chitosan flms difers on the
drying temperature and the nature and the number of in-
termolecular chain interactions in the chitosan matrix.
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Figure 1: Film density and thickness of chitosan-based flms. Diferent letters indicate a statistically signifcant diference (p< 0.05).
Chitosan + 1% Bidens pilosa (Ch-1 BP); chitosan + 3% Bidens pilosa (Ch-3 BP); chitosan + 5% Bidens pilosa (Ch-5 BP); and chitosan only
(Ch).

8 Journal of Food Quality



3.2.5. Water Vapor Transmission Rate and Water Content.
Te importance of a flm is to control water movement
from the food and the adjacent environment. Terefore,
the water vapor transmission rate (WVTR) of the flm
should be minimal [64]. Increasing the application of
B. pilosa extract into the chitosan environment decreased
the WVTR of the flm (Table 4). Considerable diferences
(p< 0.05) were detected in employed treatments.

Chitosan-only flms had the highest WVTR (17.15 g m−1

24 h−1) followed by Ch-1 BP (9.56 g m−1 24 h−1), Ch-3 BP
(9.21 g m−1 24 h−1), and Ch-5 BP (8.92 g m−1 24 h−1). Te
decrease in WVTR could be accredited to the interplay
between the chitosan and the applied B. pilosa extracts,
thereby lowering the accessibility of the hydrophilic
groups in the chitosan and reducing its interaction with
water [28].

Table 2: Color, transmittance, and opacity of chitosan-based flms enriched with Bidens pilosa extract at diferent concentrations.

Treatment L∗ a∗ b∗ ∆E YI WI Transmittance
(%)

Opacity
(A mm−1)

Ch-1 BP 36.6± 0.74b 2.2± 0.58b 9.93± 0.20c 6.21± 0.62c 38.76± 0.39c 35.79± 0.62b 44.69± 0.66b 8.67± 0.95c
Ch-3 BP 33± 0.79c 1.77± 0.19c 12.1± 0.18b 10.18± 0.58b 52.38± 0.41b 31.89± 0.64c 35.89± 0.52c 11.7± 0.0411b
Ch-5 BP 29.9± 0.81d 1.51± 0.15d 13.1± 0.45a 13.14± 0.63a 62.59± 0.43a 28.67± 0.65d 23.6± 0.58d 16.4± 0.0409a
Ch 39.93± 0.93a 3.4± 0.28a 4.83± 0.44d — 17.28± 0.92d 39.64± 0.59a 51.78± 0.40a 3.3± 0.066d

Values are expressed as mean± standard deviation. Diferent letters indicate a statistically signifcant diference (p< 0.05). Chitosan + 1% Bidens pilosa (Ch-1
BP); chitosan + 3% Bidens pilosa (Ch-3 BP); chitosan + 5% Bidens pilosa (Ch-5 BP); and chitosan only (Ch).

(a) (b) (c) (d)

Figure 2: Physical color appearance of chitosan-based flms enriched with B. pilosa extract at diferent concentrations. (a) Chitosan only; (b)
chitosan + 1% Bidens pilosa (Ch-1 BP); (c) chitosan + 3% Bidens pilosa (Ch-3 BP); and (d) chitosan + 5% Bidens pilosa (Ch-5 BP).

Table 3: Gloss values at angles 20°, 60°, and 80° of chitosan flms enriched with B. pilosa extract.

Film
Angle

20° 60° 80°

Ch-1 BP 43.2± 1.63b 74.4± 0.82b 99.4± 1.45b
Ch-3 BP 39.8± 0.58c 69.9± 0.91c 90.9± 0.88c
Ch-5 BP 35.3± 0.55d 56.1± 2.38d 85.7± 1.35d
Ch 52.8± 0.59a 86.3± 1.53a 113.4± 1.22a

Values are expressed as mean± standard deviation. Figures in the same column followed by diferent letters are statistically signifcant from each other
(p< 0.05). Chitosan + 1% Bidens pilosa (Ch-1BP); chitosan + 3% Bidens pilosa (Ch-3BP); chitosan + 5% Bidens pilosa (Ch-5BP); and chitosan only (Ch).
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Figure 3: (a) Film solubility and (b) swelling degree of chitosan flms fused with B. pilosa extract. Diferent letters indicate a statistically
signifcant diference (p< 0.05). Chitosan + 1% Bidens pilosa (Ch-1 BP); chitosan + 3% Bidens pilosa (Ch-3 BP); chitosan + 5% Bidens pilosa
(Ch-5 BP); and chitosan only (Ch).
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Te water content of the chitosan flms was signif-
cantly (p< 0.05) altered by an increase in B. pilosa extract
concentration (Table 1). Chitosan flms incorporated with
5% B. pilosa extract (Ch-5 BP) had the lowest moisture
content (23.1%), followed by Ch-3 BP (25.4%), Ch-1 BP
(27.7%), and chitosan-only flms had higher water content
(33.3%). Adding B. pilosa extract increased the ability of
the chitosan to bind with water and thus enhanced its
hydrophilic properties. Similarly, Wang et al. [3] stated
that the moisture content of chitosan flms incorporated
with tea polyphenols (TP) declined with an increase in TP
concentration. As Riaz et al. [27] suggested, plant extracts,
such as B. pilosa extract, can establish relations with
chitosan molecules through potential hydrogen bonding,
limiting the interactions involving hydrophilic groups of
chitosan and water molecules due to the competitive
binding efect.

3.2.6. Tensile Strength and Elongation. Te mechanical
properties of chitosan-based flms enriched with B. pilosa are
presented in Figures 4(a) and 4(b). Incorporating the
B. pilosa extract into the chitosan matrix signifcantly
(p< 0.05) altered the tensile strength and elongation of the
chitosan flms. Te tensile strength of the flms decreased
from 23.4MPa (chitosan only) to 13.1MPa (Ch-5 BP)
(Figure 4(a)), while the percent elongation increased from
25.5% (chitosan only) to 41.3% (Ch-5 BP) (Figure 4(b)). Te
results also indicated that increasing the strength of B. pilosa
in the chitosan environment signifcantly (p< 0.05) reduced
the tensile strength of the flm, while the elongation per-
centage signifcantly (p< 0.05) increased. Tese fndings
disagree with the results by Shen and Kamden [65], who
reported that the tensile increased with increasing citronella
essential oil concentration, but elongation decreased with an
increase in essential oil concentration. Te interactions
between the B. pilosa extract produced a cross-linking efect,
thereby decreasing the fexibility of the chitosan polymer
and leading to reduced tensile strength and increased
elongation of the chitosan with an increase in B. pilosa
concentration.

3.2.7. X-Ray Difraction. Figure 5 shows that incorporating
B. pilosa into the chitosan matrix afected the degree of
crystallinity of the flms. Te crystallinity of the chitosan
flms increased with an upsurge in Bidens pilosa extract

concentration (Figure 5). Four major peaks (peaks I, II, III,
and IV) were observed. Te refection around 2θ �10° (peak
I) is associated with the moisturized crystalline structure of
chitosan flms, which contain bound water even when ex-
tensively dried [66]. Peak II (refection around 2θ� 20°),
which corresponds to the major peak of crystallinity, was
observed in all flms, with Ch-5 BP flms exhibiting the
highest crystallinity (21115.33 a.u.) and chitosan-only flms
exhibiting the lowest crystallinity (16409.76 a.u.). Te crys-
talline peak centered at around 20° (peak II) is attributed to
the hydrated crystalline structure of chitosan, as noted by
Zhang et al. [67]. Te degree of crystallinity gradually de-
clined in all flms thereafter, with only Ch-1 BP flms
exhibiting a crystalline peak (peak III and IV) at 2θ� 30° and
2θ � 55° with a value of 20120 a.u. and 7874.53, respectively.
Similarly, Rubilar et al. [68] observed that chitosan flms
fused using carvacrol and grape seed extract exhibited re-
fections around 2θ�10° and 2θ � 20°. Souza et al. [66] stated
that variations in the degree of crystallinity observed among
the flms can be ascribed to diferences in their oxygen
permeability.

3.2.8. Scanning Electron Microscopy. Results indicated that
incorporating the B. pilosa extract into the chitosan en-
vironment infuenced the fnal microscopic structure of
the chitosan flms (Figure 6). Microstructures of the
control flms (chitosan only) had evenly distributed visible
pores without cracks; however, diferent surface mor-
phology was observed after incorporating the B. pilosa
extract into the chitosan matrix (Figures 6(b)–6(d)). At
1% B. pilosa (Ch-1BP), the extract was evenly dispersed in
the chitosan matrix without apparent aggregation
(Figure 6(b)). With the increase of B. pilosa extract
strength from 3% to 5%, the flm surface became more
heterogeneous, and an increase in roughness on the
surface was observed (Figures 6(c) and 6(d)). Te ob-
served increase in roughness on the morphology of the
flms with an increase in B. pilosa concentration might be
due to increased hydrophilicity of the B. pilosa extract.
Tese fndings agree with Riaz et al. [27], who observed
that incorporating apple peel polyphenols (APP) into the
chitosan matrix altered the surface morphology of the
flms when viewed under SEM. Te authors also reported
that the increase in the APP intensity resulted in diferent
surface morphology of the chitosan flms.

3.2.9. Antifungal Activity against Postharvest Crop
Pathogens. Te chitosan-based flms were tested for an-
timicrobial activity against postharvest pathogens (Pen-
icillium expansum and Botrytis cinerea), and the results
are shown in Figures 7(a) and 7(b). Chitosan flms
without B. pilosa extract had a signifcantly (p< 0.05) low
inhibition zone (3.33 mm). In contrast, chitosan flms
enriched with the diferent concentrations of B. pilosa all
had an inhibition zone of 10 mm against P. expansum
(Figure 7(a)), suggesting that incorporating B. pilosa
extract into the chitosan environment enhanced addi-
tional antifungal properties of the chitosan flm against

Table 4: Water vapor transmission rate (WVTR) and water
content of chitosan-based flms.

Treatment WVTR (g m−1 24 h−1) Water content (%)
Ch-1 BP 9.56± 2.62b 27.7± 0.67b
Ch-3 BP 9.21± 2.42b 25.4± 0.75c
Ch-5 BP 8.92± 2.31c 23.1± 0.77d
Ch 17.15± 2.54a 33.3± 0.57a

Values are expressed as mean± standard deviation. Diferent letters in each
column are statistically diferent (p< 0.05) according to Duncan’s multiple
range test. Chitosan + 1% Bidens pilosa (Ch-1BP); chitosan + 3% Bidens
pilosa (Ch-3BP); chitosan + 5% Bidens pilosa (Ch-5BP); and chitosan only
(Ch).
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(a) (b) (c) (d)

Figure 6: Scanning electron microscopy micrographs (magnifcation: 1.50 k×) of chitosan-based flms with diferent B. pilosa extract
concentrations. Key: (a–d) correspond to cross-sectional morphology chitosan only; chitosan + 1% Bidens pilosa (Ch-1 BP); chitosan + 3%
Bidens pilosa (Ch-3 BP); and chitosan + 5% Bidens pilosa (Ch-5 BP), respectively.
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Figure 4: (a) Tensile strength and (b) elongation of chitosan-based flms. Diferent letters indicate statistically signifcant diferences
(p< 0.05). Chitosan + 1% Bidens pilosa (Ch-1 BP); chitosan + 3% Bidens pilosa (Ch-3 BP); chitosan + 5% Bidens pilosa (Ch-5 BP); and
chitosan only (Ch).
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Figure 5: X-ray difraction patterns of the chitosan flms fused with Bidens pilosa extract. Chitosan + 1% Bidens pilosa (Ch-1 BP); chi-
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P. expansum. Furthermore, only chitosan flm enriched
with 1% B. pilosa extract (Ch-1 BP) signifcantly (p< 0.05)
inhibited (10 mm) the spread of this postharvest pathogen
(Figure 7(b)). Te observed selectivity of Ch-1 BP in
inhibiting B. cinerea suggests that a 1% concentration of
B. pilosa extract may be optimal for the efcient release
and dispersion of specifc antifungal compounds (against
B. cinerea) in the chitosan matrix. Our research does not
agree with Torlak and Sert [69], who reported no anti-
fungal activity with chitosan flms in the agar difusion
method.

3.3. Release Kinetics of Bidens pilosa Extract from Chitosan-
Based Films. Te degree of release of total phenolic content
(TPC) in food simulant (50% ethanol) is shown in
Figure 8(a). Chitosan-only flms peaked and remained
constant at 3mg GAE/g flm of total phenolic content (TPC)
after 10min. However, chitosan-based flms enriched with
B. pilosa extract at diferent concentrations had a steady and
signifcant (p< 0.05) increase in the release of TPC, and
diferent peaks and stabilities were observed. Raising the
concentration of B. pilosa extract in the chitosan matrix
resulted in a lower release of TPC. Terefore, Ch-1 BP flms
signifcantly (p< 0.05) released higher phenolic compounds
(78.9mg GAE/g flm) compared to Ch-5 BP flms (59.1mg
GAE/g flm) after 120min. It was observed that Ch-3 BP and
Ch-5 BP flms had a constant release of phenolic compounds
at 90min, while Ch-1 BP flms had a constant release of
phenolic compounds after 110min. Notably, control flms
(chitosan) had a constant release and very low TPC (3mg
GAE/g flm) after 120min. Tis confrms that chitosan flms
have very low TPC, thus the low release kinetics observed in
this study.

Regarding the release of antioxidants, it correlated with
the release of phenolic compounds. Te radical scavenging
showed a fast increase in the frst 70min in all chitosan flms
enriched with B. pilosa extract before it reached a linear
curve. Increasing the concentration of B. pilosa extract in the
chitosan matrix showed a fast release of radical scavenging

activity of the chitosan flms (Figure 8(b)). However, at the
end of the 120min, the lowest concentration of B. pilosa
(Ch-1BP) signifcantly (p< 0.05) exhibited the highest
release of radical scavenging activity at the end of 120min
compared to the other treatments. Terefore, Ch-1 BP had
the highest released radical scavenging activity (95.2 mg
TE/g flm), followed by Ch-3 BP (82.5 mg TE/g flm) and
Ch-5 BP (76.2 mg TE/g of flm). Notably, chitosan-only
flms exhibited a constant radical scavenging activity
(4.2 mg TE/g flm). Te FRAP kinetics displayed a trend
similar to that observed in the radical scavenging activity
of the flms. However, the time required to attain a steady
state difered. Increasing the concentration of B. pilosa
extract into the chitosan matrix resulted in an early
constant release (70min) of FRAP compared to the other
treatments (Figure 8(c)). Notably, the constant time for
Ch-1 BP and Ch-3 BP flms was 90min. At the end of the
120min, it was observed that Ch-1 BP flms exhibited
a signifcantly (p< 0.05) higher FRAP release rate (79.9 mg
TE/g flm), followed by Ch-3 BP flms (61.1 mg TE/g flm)
and Ch-5 BP flms had the lowest (49.6mg TE/g flm).
Untreated flms exhibited a constant release of FRAP
(1.4mg TE/g flm). Even though RSA and FRAP are
considered antioxidant capacities of compounds, the
observed diference in their kinetics could be linked to
their distinct action. DPPH is based on the reduction of
nitrogen radicals, while FRAP is involved in electron
transfer and, therefore, reduces ferric to ferrous iron [70].
It can be hypothesized that increasing the concentration
of B. pilosa extract in the chitosan matrix might have
developed a weak covalent bond compared to a lower
concentration of B. pilosa extract, thus resulting in a fast
release of phenolic and antioxidant compounds. Tere-
fore, molecules were quickly released in the simulated
food stimulant, causing the chitosan flm to swell and
dissolve and easily releasing the phenolic and antioxidant
compounds from the flm [61, 71]. Te slower release of
B. pilosa phenolic and antioxidant compounds from the
chitosan flms is essential for the stability of the
composite flm.
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Figure 7: (a) Antimicrobial activity of chitosan flms against P. expansum and (b) B. cinerea. Diferent letters indicate a statistically
signifcant diference (p< 0.05). Chitosan + 1% Bidens pilosa (Ch-1 BP); chitosan + 3% Bidens pilosa (Ch-3 BP); chitosan + 5% Bidens pilosa
(Ch-5 BP); and chitosan only (Ch).
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3.4. Efect of Bidens pilosaExtract-Loaded Chitosan-Based
Edible Coating on Raspberry Preservation

3.4.1. Fruit Weight Loss. Te interaction between the
treatments and the storage time had a signifcant
(p< 0.0001) impact on the weight loss of raspberry fruit
(Figure 9). It was observed that fruit coating with chitosan
alone and chitosan enriched with Bidens pilosa extract
substantially reduced the weight loss of raspberry fruit
compared to uncoated fruit. Chitosan-coated fruits have
a strong water barrier that reduces the fruit’s metabolic rate,
reducing water movement [72]. Te raspberry fruit coated
with the composite coating (Ch-1% BP) exhibited the lowest
weight loss percentage (16.74%), while the untreated fruit
had higher weight loss (48.33%). Incorporating B. pilosa
extract into the chitosan environment augmented the barrier
characteristics of the fruit. Similarly, Han et al. [73] observed
that raspberry fruit immersed in chitosan alone had lower
weight loss than the control.

3.4.2. Decay Incidence. Te susceptibility of raspberry fruit
to fungal decay is a major factor limiting its shelf life, owing
to its high water content and metabolic rate activity [72]. A
signifcant (p< 0.0001) interaction between the storage time
and applied coatings to decay incidence was observed
(Figure 10). It was observed that the decay incidence in-
creased with a prolonged storage period, with control fruit

exhibiting signs of decay as early as 3 days of storage.
However, coated fruit showed signs of decay after 6 days of
storage, with a decay incidence ranging between 17.3% (Ch-
1% BP) and 83.2% (control) at 9 d of storage. Chitosan
coating exerted a high barrier to water movement and re-
duced the fruit’s metabolic rate, consequently reducing the
decay incidence [74]. Te composite coating (Ch-1% BP)
further improved the coating’s ability to control decay in-
cidence, suggesting that incorporating B. pilosa extract into
the chitosan matrix can serve as a potential eco-friendly
alternative to synthetic fungicides in controlling decay in-
cidence in raspberry fruit. Similarly, Moreno et al. [75]
reported that gelatin-coating fused with Argentinian
propolis extract was efcient in controlling decay incidence
in raspberry fruit compared to the control. Tis supports the
potential commercial application of edible coatings in
controlling decay incidence in raspberry fruit.

3.4.3. Raspberry Color Change. Te assessment of raspberry
fruit maturity and quality is often based on the fruit’s color,
and it is one of the essential indicators for the fruit’s
marketability (Figure 11). Table 5 depicts the color changes
of raspberry fruit fused with B. pilosa extract during the 9-
d storage period. Te fruit redness (a∗) was signifcantly
(p< 0.0001) infuenced by treatments and storage period.
Te initial a∗ value was 18.5, which generally increased
across all the treatments in the frst 6 d of storage; after that,
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Figure 8: Kinetics of the release of (a) total phenolic content, antioxidant capacity as (b) DPPH radical scavenging, and (c) ferric ion
antioxidant power from the flms into 50% ethanol at diferent dissolving times. Chitosan + 1% Bidens pilosa (Ch-1 BP); chitosan + 3%
Bidens pilosa (Ch-3 BP); chitosan + 5% Bidens pilosa (Ch-5 BP); and chitosan only (Ch). Means± standard errors are presented, and error
bars represent the standard error (SE) of the mean. SE: standard error; GAE: gallic acid equivalent; TE: trolox equivalent.
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it started to decline. Control raspberry fruit exhibited the
highest a∗ value (36.6) after 6 d of storage. Ch-1% BP coated
fruit had the highest a∗ value (32.2), while the lowest a∗

value (29.3) was observed in the control fruit at the end of
the storage period.Te fruit color intensity/chroma (C∗) was

also infuenced by treatments (p< 0.0001) and storage pe-
riod (p< 0.014). Te C∗ increased from 24.6 at harvest to
43.6 (control) and 39.8 (chitosan only) and then decreased at
6 d of storage. Coating raspberry fruit with the composite
coating (Ch-1% BP) resulted in a steady increase in the fruit

Figure 11: Color changes of raspberry fruit after 9 days of storage. (A) Uncoated (control); (B) chitosan alone; and (C) chitosan + 1%
B. pilosa (Ch-1% BP).
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Figure 10: Decay incidence of raspberry fruit during storage for 9 days at 4± 1°C and 90± 5% relative humidity. Each bar represents the
mean± standard error (SE) of the mean. Factorial ANOVA was performed for the main factors, treatment, and storage time. Ch-1% BP-
chitosan + 1% Bidens pilosa.
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Figure 9: Changes in weight loss of raspberry fruit during storage for 9 days at 4± 1°C and 90± 5% relative humidity. Each bar represents the
mean± standard error (SE) of the mean. Factorial ANOVA was performed for the main factors, treatment, and storage period. Ch-1% BP-
chitosan + 1% Bidens pilosa.
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C∗ throughout the storage period (37.6). Te less pro-
nounced a∗ and C∗ values during the storage period in
coated fruit were due to the delayed ripening and reduced
enzyme activity associated with anthocyanin degradation in
raspberry fruit [76]. Te hue angle (h°) of the raspberry fruit
was signifcantly infuenced (p � 0.049) by the storage pe-
riod. Generally, the hue angle decreased as the raspberry
fruit changed from light red to a redder hue or purity during
storage [76].

4. Conclusions

Characteristics of chitosan-based flms were signifcantly
afected by incorporating Bidens pilosa extract. Diferent
microstructural and physical properties were observed due
to the incorporation of B. pilosa extracts at diferent con-
centrations. For instance, the flm thickness and density
improved with increased applied B. pilosa extract, resulting
in higher water vapor transmission rate and water content
(%) of control flms. Te phytochemical content, antioxi-
dant, and antimicrobial activity of the chitosan flms against
Penicillium expansum improved after incorporating the
B. pilosa extract. However, against Botrytis cinerea, only Ch-
1 BP flms were efective in controlling the inhibition zone of
this postharvest pathogen. At a lower concentration of
B. pilosa extract (Ch-1 BP), the kinetics of release of total
phenolic content, DPPH radical scavenging, and ferric ion
antioxidant power from the flms into 50% ethanol at various
dissolving times improved as compared to a higher con-
centration. Furthermore, the incorporation of Bidens pilosa
extract at 1% enhanced the antimicrobial and water vapor
barrier properties of the flm, while maintaining its me-
chanical integrity. Terefore, Ch-1 BP flm is worth opti-
mizing for food preservation. Te comprehensive analysis of
the metabolite profles of Bidens pilosa, using liquid
chromatography-mass spectrometry, revealed a diverse
range of bioactive compounds present in this medicinal

plant. Te variations in the content of individual poly-
phenols indicate that this medicinal plant may ofer sig-
nifcant benefts as a functional food and hold promising
food preservation potential. Bidens pilosaextract-loaded
chitosan-based edible coating (Ch-1% BP) reduced weight
loss and decay incidence and maintained color attributes
such as redness (a∗), chroma (C∗), and hue angle (h°) of
raspberry fruit, indicating that the individual polyphenols of
Bidens pilosa were efective in delaying ripening and
maintaining the postharvest attributes of the examined fruit.
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Table 5: Redness (a∗), chroma (C∗), and hue angle (h°) of raspberry fruit coated with chitosan fused with Bidens pilosa extract, after 9 d of
storage at 4°C and 90± 5% relative humidity.

Variable(s) Factor(s) Initial data
at harvest

Storage time (days) Factor(s) level of signifcance
3 6 9 Factor (A) Factor (B) A×B

a∗

18.5± 0.42 <0.0001 <0.0001 <0.162
Ch-1% BP 29.1± 0.53d 32.3± 0.47c 31.1± 0.47cd
Chitosan 28.4± 0.47e 33.1± 0.57b 30.5± 0.67cd
Control 32.3± 0.66c 36.6± 0.67a 29.3± 0.71d

C∗

24.6± 0.41 <0.0001 <0.014 <0.125
Ch-1% BP 34.2± 0.67e 37.9± 0.63c 37.6± 0.53c
Chitosan 33.5± 0.78e 39.8± 0.58b 36.1± 0.82d
Control 39.3± 0.92b 43.6± 0.71a 38.4± 0.82bc

h°
41.2± 0.82 <0.237 <0.049 <0.679

Ch-1% BP 35.2± 0.75a 31.5± 0.82bc 30.9± 0.78c
Chitosan 32.5± 0.76b 32.1± 0.81b 30.7± 0.87c
Control 34.6± 0.71a 32.8± 0.71b 30.1± 0.78c

Data expressed as mean± SE. Diferent letters across treatments and storage duration for each attribute difer signifcantly (p< 0.05) according to Duncan’s
multiple range test. Factor (A)� treatments; factor (B)� storage time. Factorial ANOVA was performed for the main factors, treatment, and storage period.
Ch-1% BP (chitosan + 1% Bidens pilosa).
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[9] M. B. Vásconez, S. K. Flores, C. A. Campos, J. Alvarado, and
L. N. Gerschenson, “Antimicrobial activity and physical
properties of chitosan–tapioca starch based edible flms and
coatings,” Food Research International, vol. 42, no. 7,
pp. 762–769, 2009.

[10] K. Ncama, L. S. Magwaza, A. Mditshwa, and S. Z. Tesfay,
“Plant-based edible coatings for managing postharvest quality
of fresh horticultural produce: a review,” Food Packaging and
Shelf Life, vol. 16, pp. 157–167, 2018.

[11] K. A. Nxumalo, A. O. Aremu, and O. A. Fawole, “Potentials of
medicinal plant extracts as an alternative to synthetic
chemicals in postharvest protection and preservation of
horticultural crops: a review,” Sustainability, vol. 13, no. 11,
p. 5897, 2021.

[12] M. Tomczykowa, K. Leszczyńska, M. Tomczyk,
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J. Fernandez-Lopez, L. A. Muñoz, and M. Viuda-Martos,
“Assessment of antibacterial and antioxidant properties of
chitosan edible flms incorporated with maqui berry (Aris-
totelia chilensis),” LWT- Food Science and Technology, vol. 64,
no. 2, pp. 1057–1062, 2015.

[34] A. T. Ramabulana, P. A. Steenkamp, N. E. Madala, and
I. A. Dubery, “Application of plant growth regulators mod-
ulates the profle of chlorogenic acids in cultured Bidens pilosa
cells,” Plants, vol. 10, no. 3, p. 437, 2021.

[35] J. Qiu, X. Chen, P. Liang et al., “Integrating approach to
discover novel bergenin derivatives and phenolics with an-
tioxidant and anti-infammatory activities from bioactive
fraction of Syzygium brachythyrsum,” Arabian Journal of
Chemistry, vol. 15, no. 1, Article ID 103507, 2022.

[36] K. Masike, B. S. Khoza, P. A. Steenkamp, E. Smit, I. A. Dubery,
and N. E. Madala, “A metabolomics-guided exploration of the
phytochemical constituents ofVernonia fastigiatawith the aid
of pressurized hot water extraction and liquid
chromatography-mass spectrometry,” Molecules, vol. 22,
no. 8, p. 1200, 2017.

[37] K. Masike and N. Madala, “Synchronized survey scan ap-
proach allows for efcient discrimination of isomeric and
isobaric compounds during LC-MS/MS analyses,” Journal of
Analytical Methods in Chemistry, vol. 2018, Article ID
2046709, 8 pages, 2018.

[38] O. R. Pereira, M. D. Catarino, A. F. Afonso, A. M. S. Silva, and
S. M. Cardoso, “Salvia elegans, Salvia greggii and Salvia
ofcinalis decoctions: antioxidant activities and inhibition of
carbohydrate and lipid metabolic enzymes,” Molecules,
vol. 23, no. 12, p. 3169, 2018.

[39] M. Yasir, B. Sultana, andM. Amicucci, “Biological activities of
phenolic compounds extracted from Amaranthaceae plants
and their LC/ESI-MS/MS profling,” Journal of Functional
Foods, vol. 26, pp. 645–656, 2016.

[40] N. J. Goosen, D. Oosthuizen, M. A. Stander, A. I. Dabai,
M. Pedavoah, and G. O. Usman, “Phenolics, organic acids and
minerals in the fruit juice of the indigenous African sourplum

(Ximenia cafra, Olacaceae),” South African Journal of Botany,
vol. 119, pp. 11–16, 2018.

[41] C. Hamany Djande, L. A. Piater, P. A. Steenkamp,
N. E. Madala, and I. A. Dubery, “Diferential extraction of
phytochemicals from the multipurpose tree,Moringa oleifera,
using green extraction solvents,” South African Journal of
Botany, vol. 115, pp. 81–89, 2018.

[42] N. I Kashchenko and D. N. Olennikov, “Phenolome of Asian
agrimony tea (Agrimonia asiatica Juz., Rosaceae): LC-MS
profle, α-glucosidase inhibitory potential and stability,”
Foods, vol. 9, no. 10, p. 1348, 2020.

[43] Y. Chen, J. Luo, Q. Zhang, and L. Kong, “Identifcation of
active substances for dually modulating the renin–angiotensin
system in Bidens pilosa by liquid chromatography–mass
spectrometry–based chemometrics,” Journal of Functional
Foods, vol. 21, pp. 201–211, 2016.

[44] A. E. M. Abdalla, S. M. Darwish, E. H. E. Ayad, and R. M. El-
Hamahmy, “Egyptian mango by-product 2: antioxidant and
antimicrobial activities of extract and oil from mango seed
kernel,” Food Chemistry, vol. 103, no. 4, pp. 1141–1152, 2007.

[45] M. M. Tajkarimi, S. Ibrahim, and D. O. Cliver, “Antimicrobial
herb and spice compounds in food,” Food Control, vol. 21,
no. 9, pp. 1199–1218, 2010.

[46] J. B. Gurtler and T. L. Mai, “Preservatives traditional pre-
servatives – organic acids,” in Encyclopedia of Food Micro-
biology, C. A. Batt and M. L. Tortorello, Eds., pp. 119–130,
Academic Press, Oxford, UK, 2nd edition, 2014.

[47] O. A. Idris, N. Kerebba, S. Horn, M. S. Maboeta, and
R. Pieters, “Phytochemical-based evidence of the health
benefts of Bidens pilosa extracts and cytotoxicity,” Chemistry
Africa, vol. 2023, 2023.

[48] L. R. Ferguson, S. T. Zhu, and P. J. Harris, “Antioxidant and
antigenotoxic efects of plant cell wall hydroxycinnamic acids
in cultured HT-29 cells,” Molecular Nutrition and Food Re-
search, vol. 49, no. 6, pp. 585–593, 2005.

[49] N. S. Chatterjee, S. K. Panda, M. Navitha, K. K. Asha,
R. Anandan, and S. Mathew, “Vanillic acid and coumaric acid
grafted chitosan derivatives: improved grafting ratio and
potential application in functional food,” Journal of Food
Science and Technology, vol. 52, no. 11, pp. 7153–7162, 2015.

[50] M. P. Kähkönen, A. I. Hopia, H. J. Vuorela et al., “Antioxidant
activity of plant extracts containing phenolic compounds,”
Journal of Agricultural and Food Chemistry, vol. 47, no. 10,
pp. 3954–3962, 1999.

[51] D. Zhou, X. Qin, Z. R. Zhang, and Y. Huang, “Physico-
chemical properties of bergenin,” Die Pharmazie, vol. 63,
no. 5, pp. 366–371, 2008.

[52] H. B. Pushpalatha, K. Pramod, R. Devanathan, and
R. Sundaram, “Use of bergenin as an analytical marker for
standardization of the polyherbal formulation containing
Saxifraga ligulata,” Pharmacognosy Magazine, vol. 11, no. 42,
pp. S60–S65, 2015.

[53] H. B. Coban, “Organic acids as antimicrobial food agents:
applications and microbial productions,” Bioprocess and
Biosystems Engineering, vol. 43, no. 4, pp. 569–591, 2020.

[54] J. Just, B. J. Deans, W. J. Olivier, B. Paull, A. C. Bissember, and
J. A. Smith, “New method for the rapid extraction of natural
products: efcient isolation of shikimic acid from star anise,”
Organic Letters, vol. 17, no. 10, pp. 2428–2430, 2015.

[55] J. Bai, Y. Wu, K. Zhong et al., “A comparative study on the
efects of quinic acid and shikimic acid on cellular functions of
Staphylococcus aureus,” Journal of Food Protection, vol. 81,
no. 7, pp. 1187–1192, 2018.

Journal of Food Quality 17



[56] V. Verma, G. Singhal, S. Joshi, M. Choudhary, and
N. Srivastava, “Chapter 10- plant extracts as enzymes,” in
Plant Extracts: Applications in the Food Industry, S. A. Mir,
A. Manickavasagan, and M. A. Shah, Eds., pp. 209–223,
Academic Press, Cambridge, MA, USA, 2022.

[57] T. Shintani, “Food industrial production of monosaccharides
using microbial, enzymatic, and chemical methods,” Fer-
mentation, vol. 5, no. 2, p. 47, 2019.

[58] M.M. Silva and F. C. Lidon, “Food preservatives– an overview
on applications and side efects,” Emirates Journal of Food and
Agriculture, vol. 28, no. 6, pp. 366–373, 2016.

[59] U. Siripatrawan and B. R. Harte, “Physical properties and
antioxidant activity of an active flm from chitosan in-
corporated with green tea extract,” Food Hydrocolloids,
vol. 24, no. 8, pp. 770–775, 2010.

[60] J. B. Hutchings, Food and Colour Appearance, Chapman and
Hall Food Science Book, Aspen Publication, Gaithersburg,
MD, USA, 2nd edition, 1999.
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