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Abstract 

In the present study, different doses of lyophilized kiwifruit peel powder extract (KPE) were incorporated into carboxy-
methyl cellulose (CMC) and gum Arabic (GA) based polymer matrices to fabricate films CG-CT (control film), CG-KPE1 
(1% KPE), CG-KPE2 (2% KPE), and CG-KPE3 (3% KPE) to investigate their effects on active packaging functionality 
and sliced-beef sausage quality. Consequently, CG-KPE films demonstrated a superior antimicrobial effect on Gram-
positive (Staphylococcus aureus and Bacillus cereus) and Gram-negative (Escherichia coli) bacteria and antioxidant 
efficacy compared to CG-CT films. The scanning electronic microscopy (SEM) of CG-KPE films revealed an enhanced 
micrograph. Fourier transform infrared spectroscopy (FTIR) and differential scanning calorimetry (DSC) evidenced 
the intramolecular interaction between KPE and CG and the improved thermal stability of film matrix. Film X-ray 
diffraction (XRD) peaks revealed a good crystallinity. CG-KPE films exhibited better physical and mechanical proper-
ties, increased opacity, and better ultraviolet (UV) emission barrier due to KPE addition and pigmentation compared 
to CG-CT films. The quick biodegradability of CG-KPE film suggested potential for KPE as a biopolymer. Subsequently, 
sliced-beef sausages were packaged with CG-CT, CG-KPE1, CG-KPE2, and CG-KPE3 (respective to CT, TI, T2, and T3) 
and stored for 12 d (4 ± 1 °C). The product’s pH and moisture content were controlled due to KPE addition in CG-KPE 
films. The products revealed that during storage CG-KPE treatments had a positive impact on the textural property, 
the color stability, and the sensory quality compared to CG-CT treatments. CG-KPE treatments showed antimicrobial 
effectiveness and lesser TBARS values than CG-CT treatments during storage.

Highlights 

• KPE valorization as a biopolymer in a newly developed active film was studied.

• KPE films exhibited effective active packaging functionalities and biodegradability.

• Applications of fabricated active films in packaging sliced-beef sausages was effective.

• KPE film’s enhanced sliced-beef sausages quality and shelf-life extension during storage.
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Graphical Abstract

Introduction
Beef sausages provide protein, minerals, vitamins, and 
essential micronutrients in the diets of consumers. 
However, they are perishable due to alteration caused 
by microbial spoilage and lipid oxidation, thus result-
ing in product quality loss and shelf-life reduction 
(Zhang et  al., 2010). Packaging material prevents oxy-
gen attack and chemical contamination, inhibits deteri-
oration, exerts enzyme activity to enhance tenderness, 
prevents ultraviolet (UV) light, and controls the color, 
aroma, and weight losses of processed meat products 
(Pereira de Abreu et  al., 2012). Successful studies of 
packaged meat products include beef muscle (Fu et al., 
2017), chicken balls, chicken and mutton seekh kebabs 
(Kanatt et al., 2013), and pork sausages (Siripatrawan & 
Noipha, 2012). To a large extent, synthetic polymer uti-
lization in packaging materials provides desirable fea-
tures (transparency, softness, and lightness). However, 
these packaging materials are associated with environ-
mental issues due to non-biodegradable synthetic poly-
mers (Qin et al., 2020).

Active package functionality solely acts on the food 
to extend shelf-life and maintain nutritional quality 
(Drago et  al., 2020). Carboxymethyl cellulose (CMC) 
is a linear biopolymer composed of several carboxyl 
groups with dominant coordination efficacy with metal 
cations (Fe3+) for hydrogel bead formation (Ghawan-
meh et al., 2024). A reaction of sodium monochloroace-
tate with cellulose in an alkaline medium result in CMC 
(da Costa et al., 2023). CMC is soluble in water with a 
polyelectrolyte property, which could be utilized as vis-
cosity modifier. As an ionic modified cellulose deriva-
tive, CMC is odorless and tasteless white powder highly 
soluble in alkaline solutions or water (Salehi et al., 2023; 
Tyagi & Thakur, 2023). CMC is utilized as a bioactive 
polymer in film development, possessing properties of 
high biocompatibility, no toxicity, excellent biodegra-
dability, abundant presence, and acceptable production 

cost. However, a few drawbacks associated with pure 
CMC include low flexibility, gel fraction, mechani-
cal strength, and thermal stability. Therefore, a com-
bination with other polymer’s synergetic effect in the 
packaging industry has invaded the food industry with 
robust outcomes. Kuchaiyaphum et al. (2024) reported 
the extension of fresh pork shelf life by CMC/polyvinyl 
alcohol (PVA) doped with tamarind seed coat waste 
extract active packaging films. Also, a highly stretch-
able and versatile sodium CMC/PVA/poly ethylene 
imine/tannic acid hydrogel film revealed an efficient 
food packaging and preservation system by extending 
the shelf life of fresh mangoes, cherries, and strawber-
ries (Zhao et al., 2022).

Gum Arabic (GA) is the exudate from Acacia species 
(Acacia senegal and Acacia seyal) branches and stems, 
which has a multi-branched complex molecular structure 
dominated by arabinogalactin with a natural hydrocol-
loid’s properties. GA is either neutral or slightly acidic 
and consists of calcium, potassium, and magnesium salt. 
As the oldest natural and industrially used gum, glucu-
ronic acid, rhamnose, glycoprotein, monosaccharides, 
oligosaccharides, arabinogalactans, and arabinose are 
among the chemical composition of GA polysaccharide-
based polymers (Kang et al., 2021a; Tiamiyu et al., 2023). 
GA is nontoxic as a renewable source material in many 
applications in food, biosensors, tissue engineering, and 
drug delivery (Venkatesan et  al., 2023). In the quest for 
functional and ecological friendly packaging materi-
als, GA has been utilized in GA-based films in packag-
ing pomegranate (Punica granatum L., cv. Wonderful) 
(Khedr, 2022), walnut kernel (Ebrahimzadeh et al., 2019), 
sunflower oil (Alnadari et  al., 2022), eggs (Sariyel et  al., 
2022), and chicken and beef (Alnadari et  al., 2023a). In 
addition, biopolymer GA has a strong hydrophilicity 
property and is utilized as a thickener and emulsifier in 
film development (Kang et al., 2021a).
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China continues to be the world’s leading kiwifruit 
producer with multiple and diverse cultivars grown 
across the following provinces:—Shaanxi, Gansu, Henan, 
Guangdong, Guangxi, Fujian, Guizhou, Yunnan, and 
Sichuan and areas of the Yangtze River basin (Yiling city 
in the Hubei province). Kiwifruit peel (KP) is hugely dis-
carded yearly in the fruit industry due to the approximate 
1 million metric tonnes of kiwifruits annually produced 
in the world (He et  al., 2019; Ma et  al., 2019). KP is an 
agricultural by-product, which is economically accessible 
and rich in antioxidant and antimicrobial content for val-
orization in the food industry. Solid-state fermentation, 
alcohol and citric acid production utilizes KP widely. 
Besides, KP could be used to produce the cysteine pro-
tease actinidin, an enzyme applied in meat tenderization 
or protein hydrolysis processes in the food industries 
(Sims & Monro, 2013).

Lyophilized kiwifruit peel powder extract (KPE) has 
the potential to compensate for synthetic antioxidant use 
in the food industry (Boateng et al., 2022; Wojdyło et al., 
2017). However, there is no published study on KPE as 
a composite ingredient in producing active film for food 
packaging purposes.

Therefore, the current study aimed to incorporate KPE 
into CMC–GA composite matrix and develop an active 
packaging film. Further, the thermal, structural, morphol-
ogy, physical characteristics, antioxidative, antimicrobial, 
and biodegradation functionalities of developed films 
were investigated. Lastly, the fabricated CG-KPE active 
films were used to package sliced-beef sausages to evalu-
ate quality and safety indices during refrigerated storage.

Materials and methods
Materials
The entire study was carried out in the pilot plant and labo-
ratory of the National Center of Meat Quality and Safety 
Control, Nanjing Agricultural University (Nanjing, Jiangsu, 
China). Physiologically matured kiwifruits (Actinidia 
deliciosa cv. Hayward) were sourced from an orchard in 
Zhouzi county (Shaanxi Province, China) located at 108º 
3′ 50’’ East longitude and 34º 17′ 2’’ North latitude. Bone-
less round beef of 24 h post mortem cut and associated fat 
were purchased from a supermarket (Suguo Supermarket, 
Nanjing, China), and the pilot plant supplied seasonings for 
beef sausage formulations. Chemical and reagents included 
sodium CMC (Shanghai Macklin Biochemical, Shang-
hai, China), GA (Shanghai Yuanye Biological Technol-
ogy, Shanghai, China), and glycerol (Solarbio Science and 
Technology, Beijing, China). 2,2-Diphenyl-1-picrylhydrazyl 
(DPPH) and 2,2’-azino-bis-(3-ethylben-zothiazoline-6-sul-
phonic acid) (ABTS) (Sigma, St. Louis, MO, USA). 2-Thio-
barbituric acid (TBA), trichloroacetic acid (TCA), and plate 
count agar (PCA) (Sinopharm Chemical Reagent, Beijing, 

China). Cephalothin-sodium fusidate-cetrimide (CFC) 
agar and streptomycin thallous acetate actidione (STAA) 
(Luqiao, Beijing, China), culture medium supplement 
(Qingdao Hope Bio-Technology, Qingdao, China), and all 
other chemicals used were of analytical grade. Scheme 1.

Experimental plan
The experiment was conducted in two phases. The first 
phase comprised KPE incorporation in CMC–GA for 
active film development for physicochemical characteriza-
tion, biodegradation test, and functional properties studies 
denoted as CG-CT (control), CG-KPE1 (1% KPE), CG-
KPE2 (2% KPE), and CG-KPE3 (3% KPE). While in the sec-
ond phase, sliced-beef sausages were packaged as CT, T1, 
T2, and T3 (denoted respectively to CG-CT, CG-KPE1, 
CG-KPE2, and CG-KPE3 developed films) for quality and 
safety synergetic assessment.

Production of lyophilized kiwifruit peel extract (KPE)
The instrument (Christ Lyo Chamber Guard 121,550 
PMMA, Beijing BMH Instrument, Beijing, China) at -80 °C 
for 72 h was used for lyophilized KPE production based on 
our previous study (Boateng et al., 2022).

Film preparation and production
The modified method outlined by Alnadari et  al. (2023b) 
was employed for CG-KPE composite film preparation and 
production. The films were fabricated by dispersing CMC 
(6.0  g) and GA (2.0  g) in distilled water (400  mL). Next, 
the mixture was stirred (800 rpm) periodically at 60 °C for 
2 h to dissolve. To achieve a plasticizer, the glycerol solu-
tion (35% w/w) based on CMC–GA weight was included. 
The mixture was stirred (800 rpm at 50 °C for 30 min) thor-
oughly for homogeneity. Thereafter, KPE was incorporated 
at 0, 1, 2 and 3% concentrations based on CMC–GA con-
tent to secure treatments of CG-CT (control), CG-KPE1, 
CG-KPE2, and CG-KPE3, respectively. Each treatment was 
subjected to 800 rpm stirring at 40 °C for 1 h at pH 5 for 
a successive uniform mixture. Subsequently, 50 mL aliquot 
from individual treatment was poured into petri-dish plates 
(150 mm in diameter) and oven-dried (50 °C, 8 h). The pro-
duced films were then peeled off from the petri-dish plates 
and kept in a desiccator (30 °C) until later examination.

Film antioxidant determination
The scavenging technique by Alnadari et  al. (2023a) with 
slight modifications was utilized to evaluate antioxidant 
properties of films. DPPH and ABTS were estimated based 
on the subsequent equations.

(1)DPPH radical scavenging activity (%) = 1−
A1 − A2

A0
× 100
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Where A0 represents DPPH initial absorbance, A1 
represents DPPH solution with the sample absorbance, 
and A2 represents the sample with water or methanol 
absorbance.

Where A0 represents initial ABTS+ absorbance, A1 
represents sample absorbance, and A2 represents sample 
PBS absorbance.

Film antimicrobial activity by assay
The method outlined by Riaz et al. (2020) was employed 
for film microbial inhibition ability against two gram-
positive bacteria (Bacillus cereus and Staphylococcus 
aureus) and one gram-negative (Escherichia coli) bacte-
ria. Briefly, the disc of films (diameter 12 mm) was pre-
pared and placed on agar media plates previously seeded 
with the bacteria culture suspension of 0.1 mL of a final 
concentration of 1.5–3.0 × 105 CFU/mL by diluting with 
0.3  mM PBS (6.8). Later the disc of films was exposed 
under UV light for sterilization and subsequently placed 
into Petri dishes containing solid medium carefully and 

(2)ABTS radical scavenging activity (%) = 1−
A1 − A2

A0
× 100

subjected to incubation at 37 °C for 24 h. The inhibition 
zone was estimated using a sliding caliper.

Film mechanisms and characterization
Chromaticity and opacity
To estimate the opacity the modified method outlined by 
Alnadari et al. (2023a) was employed. A UV-722 spectro-
photometer (Shanghai Jinghua Science and Technology 
Instruments, China) was used to estimate film opac-
ity at 600  nm. The thickness of the slice bands (80  mm 
length × 45 mm width) was assessed based on the equa-
tion below.

Where A represents absorbance value at 600 nm and L 
represents film thickness (mm).

The Minolta colorimeter (CR-40, Minolta, Osaka, 
Japan) with D65 illuminate, a 0.13  mm diameter view-
ing area, and 0° viewing angle was utilized for film color 
determination. Prior to color measurements, a white 
tile (mod CR-A43) was employed for calibration. The 
total color differences (∆E), white (WI), and yellow 
(YI) indexes were calculated by utilizing the equation 

(3)Opacity = A/L

Scheme 1  Schematic illustration of fabricated active films and application in sliced-beef sausages packaging. Source: Authors own elaboration.
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below. Where L* represents lightness, a* represents red-
ness, and b* represents yellowness.

Film thickness
A digital hand-held micrometer (Mitutoyo Absolute, 
Tester Sangyo, Osaka, Japan) was used to estimate the 
film’s thickness according to the slightly modified method 
employed by Alnadari et al. (2023a). Briefly, film samples 
were cut into 10 × 80 mm rectangular strips by utilizing a 
precision double blade cutter before estimating the film 
thickness. The individual sample was assessed 10 times 
randomly at various levels, and the mean was calculated.

X‑ray diffraction (XRD)
The crystal structure of the film samples (1 × 1  cm) was 
identified using a powder X-ray diffractometer (D8 
Advance, Bruker, USA) equipped with Cu-Kα radia-
tion Alnadari et  al. (2023b). The measurements were 
performed at diffraction angle range 2θ between 5–80° 
ambient conditions. The scanning speed was 15.6°/min. 
Examination of the films was done at 30 kV and 10 mA.

Scanning electronic microscopy (SEM)
The modified technique outlined by Alnadari et al. (2022) 
was employed. SEM (SU8010, Hitachi, High Technolo-
gies, Tokyo, Japan) was employed at 10 kV to investigate 
the films’ morphology. The films were cut in 10 × 10 mm 
dimensions and mounted on an aluminum stubby using 
double-sided carbon tape and a gold-covered sputter 
(MC 1000 Ion Sputter Coater, Hitachi High Technolo-
gies, Tokyo, Japan). The magnification was set at 3000 × .

Differential scanning calorimetry (DSC)
The modified technique outlined by Alnadari et  al. 
(2023b) was used. Briefly, 10  mg pieces of films were 
sealed in a standard aluminum pan which was heated 
under a nitrogen atmosphere from 32 to 450 °C at a rate 
of 10  °C/ min. DSC (DSC-60, Shimadzu, Kyoto, Japan) 
was used to analyze the film’s thermal properties.

(4)
△E =

(

(

L∗i − L∗
)2

+

(

a∗i − a∗
)2

+

(

b∗i − b∗
)2
)1/2

(5)YI =
142.68× b∗

L∗

(6)WI = 100− 100− L∗
2
+ a∗2

1/2
+ b∗2

Film’s mechanical characteristics
The texture instrument (TA.XT Plus, Stable Micro Sys-
tems, Surrey, UK) was used to analyze the fabricated 
film’s mechanical features, including tensile strength (TS) 
and elongation break (EB), based on a modified protocol 
of Alnadari et al. (2022). The films were examined in trip-
licate. Subsequently, the equation below was employed to 
compute the means of EB and TS per the resistance val-
ues to extension (N) and extensibility (mm).

Where F represents resistance to extension (N), X 
represents thickness of film (mm), W represents film 
width (mm), ΔL represents film increased distance at the 
break (mm) and L represents film (mm) original length 
between grips.

Fourier transform infrared spectroscopy (FTIR)
Nasiru et  al. (2023) outlined FTIR techniques was 
employed. FTIR spectroscopy (Nicolet iS-150 FTIR-
ATR, Thermo Fisher Scientific, MA, USA) with a 
4000–400  cm−1 frequency range with the resolution of 
32 scans at 4  cm−1 was employed to analyze the CMC, 
GA, and KPE powders (3 mg) and prepared film’s initial 
structures.

Swelling ratio, moisture, and films solubility measurement
Alnadari et al. (2022) protocol was adopted for developed 
film swelling ratio, solubility, and moisture determina-
tion. Briefly 20 × 20 mm film bands were weighed as wet 
weight (M0) and dried at 105 ºC to achieve a constant 
weight to calculate the primary dry mass value (M1). Fur-
ther, the dried pieces were subjected to 100  mL beaker 
containing distilled water (50  mL) covered with plas-
tic wraps and stored at 25 °C for 24 h. The film samples 
were again dehydrated superficially with filter papers and 
weighed to secure M2. At 105 ºC, the saturated-hydrate 
films were dehydrated to constant to obtain final dry 
mass M3. Hence, the equations below were adopted to 
measure the film solubility, moisture amount, and swell-
ing ratio parameters.

(7)EB(%) =
△L

L
× 100

(8)TS(MPa) =
F

X ×W
× 100

(9)Moisture content (%) =
M0 −M1

M0
× 100



Page 6 of 22Boateng et al. Food Production, Processing and Nutrition            (2025) 7:10 

Where M0 represents film initial mass, M1 represents 
film initial dry-weight, M2 represents film mass after 24 h 
drenching in water, and M3 represents film dry mass after 
24 h drenching in water.

Film biodegradation test
The composting test (soil burial test) reported by Tan 
et al. (2016) was adopted to determine the film’s bio-dis-
integration capacity. Briefly, the College of Agriculture 
experimental field humus sample in Nanjing Agricultural 
University (Nanjing, China) was collected into a flower 
pot to serve as the study area. Each film sample (2 × 2 cm) 
was buried at a 4 cm depth for 21 d in a 65% moisture soil 
(10—25 °C). Daily, the soil was treated twice with water. 
The films were removed weekly to estimate their mass 
loss according to the equation below:

Where M0 represents film initial mass, and M1 repre-
sents film mass after 7, 14 and 21 d of biodegradation.

Sliced beef sausages manufacture and packaging
Four different groups of beef sausages were prepared 
based on a similar procedure of our previous study 
(Boateng et  al., 2022) and sausage slices (1.5 × 1.5  cm), 
each containing the primary ingredient of mixed spices 
(1.20%), NaNO2/NaNO3 (0.12%), garlic powder (0.80%), 
red pepper powder (0.50%), onion powder (1.20%), black 
pepper powder (0.50%), and cold water (9.00%). Further, 
the fabricated active films including CG-CT, CG-KPE1, 
CG-KPE2, and CG-KPE3 were used to package the sliced 
beef sausage corresponding to CT (control), T1, T2, and 
T3 experimental samples respectively and shelved at 
4 ± 1 °C, ahead of later analysis. Each treatment was ran-
domly selected for analysis at 0, 3, 6, 9 and 12 d.

pH
A modified pH method by Bassey et  al. (2021) was 
employed. The desktop pH meter (FE-20, Metter Toledo, 
Zurich, Switzerland) adjusted with buffer solution (pH 4, 
7 and 10) was used to determine the pH value of pack-
aged slices homogenate after 0, 3, 6, 9 and 12 d of refrig-
erated storage.

(10)Swelling ratio (%) =
M2 −M0

M0
× 100

(11)Film solubility (%) =
M1 −M3

M1
× 100

(12)Weight loss (%) =
M0 −M1

M0
× 100

Color
A modified color method by Boateng et  al. (2022) was 
employed. A portable colorimeter (Chroma Meter 
CR-400, Konica Minolta Sensing, Sakai, Japan) with 
illuminant (D 65), viewing area (0°), and viewing area 
diameter (0.13 mm) was used to attain the surface color 
of packaged slices after 0, 3, 6, 9 and 12 d of refrigerator 
storage. Each sample was assessed three times at differ-
ent surface positions by measuring lightness (L*), redness 
(a*), and yellowness (b*). The mean values were used for 
the statistical analysis.

Texture profile determination
The TA. XT Plus with P50 probe (Stable Micro System, 
Surrey, UK) was used for texture profile analysis (TPA) of 
packaged slices by adopting the method outlined by Gao 
et al. (2014) with slight moderation after 0, 3, 6, 9 and 12 
d of refrigerated preservation. The mean values of trip-
licated samples per each experimental treatment were 
used for analysis.

Electronic nose
The technique outlined by Zhang et  al. (2020) was 
adopted with a slight modification to execute the e-nose 
analysis of the packaged beef sausage slices stored at 12 d.

Lipid oxidation determination
The TBARS were evaluated with a slight moderation 
upon the protocol of Zhang et al. (2021). TBARS values 
were expressed as mg malondialdehyde (MDA)/kg of 
meat sample. The samples were evaluated in triplicates.

Moisture content measurement
The moisture content of the packaged sliced-beef sau-
sages stored at 12 d were determined using an electronic 
hygrometer analyzer apparatus (XY-105  MW, Chang-
zhou Lucky Electronic Equipment, Changzhou, China). 
Concisely, 5 g of beef sausage were placed on a plate cov-
ered with aluminium foil and subjected to 100  °C. The 
water differences of the samples before and after mass 
were estimated using the equation below;

Where W0 represents moisture content before weight 
and W1 represents moisture content after weight.

Microbiological determination
A modified method by Bassey et al. (2021) was adopted 
for gram-negative obligate aerobe bacteria Pseudomonas 
spp. and gram-positive facultative anaerobe non-spore-
forming bacteria Brochothrix thermosphacta and the 
total viable count (TVC) of the packaged slice evaluation. 

(13)Moisture loss (%) =
W0 −W1

W0
× 100



Page 7 of 22Boateng et al. Food Production, Processing and Nutrition            (2025) 7:10 	

Briefly, 25 g samples were aseptically taken, minced, and 
transferred into sterile stomacher bags having 225 mL of 
0.85% (m/v) sterile sodium chloride and homogenized 
for 120 s by employing a stomacher machine (BagMixer 
8400 VW, Interscience Co., Bretesche, France). A serial 
dilution (1:10) was done and 0.1  mL diluent from each 
sample was inoculated on PCA to estimate the TVC via 
the pour plate method and incubated at 37 ºC for 48 h. 
The CFC agar incorporated with culture medium supple-
ment and incubated at 28 ºC for 24 h was used to deter-
mine Pseudomonas spp. bacteria count. The STAA agar 
and incubated at 28 ºC for 24  h was used to determine 
B. thermosphacta count. The colony-forming units (CFU/
mL) results were changed logarithmically and then sub-
jected to statistical analysis.

Statistical analysis
The OriginLab software (version 12.5; OriginLab Corpo-
ration Northampton, Massachusetts, USA) was utilized 
to perform all analyses. A one-way analysis of variance 
(ANOVA) and Tukey’s tests was applied in mean values 
of multiple comparisons among the experimental treat-
ments to evaluate significant differences.

Results and discussion
Film antioxidant and antimicrobial activity
Film radical scavenging ability
An increase from 33.88% for CT to 69.44% for CG-
KPE1, 85.84% for CG-KPE2, 93.55% for CG-KPE3 film 
and 12.43 for CT to 27.25% for CG-KPE1, 39.04% for 
CG-KPE2, 53.49% for CG-KPE3 film were observed for 
ABTS+ (Fig.  1a) and DPPH (Fig.  1a) radical scavenging 
activities respectively. Further, the antioxidant capacity 
of CG-KPE films was enhanced by KPE inclusion due to 
polyphenols content in KPE. According to Haddad et al. 
(2020), the synergistic activity of phenolic groups (phe-
nolic ring) influenced oxidation inhibition by delocalizing 
unpaired electrons and denoting hydrogen atoms from 
hydroxyl groups. Dias et  al. (2020) reported the high 
antioxidant activity among the peels of kiwifruit varieties 
Actinidia deliciosa cv. “Hayward” (green) and Actinidia 
spp. (red). The antioxidative action of developed film 
was KPE dose-dependent, indicating an effective oxida-
tion inhibition potential among CG-KPE films compared 
to CG-CT. Zamuz et  al. (2021) reported that polyphe-
nols enhanced the shelf-life of fresh minced beef, cooked 
ham, and pork burgers due to the compound’s antioxi-
dant capacity. Results corroborate with a similar study 
by Kaya et  al. (2018) for utilizing Pistacia terebinthus 
stem, leaf, and seed extracts in chitosan-based antioxida-
tive and antimicrobial films production for application 

in food coating and packaging industry. Also, Alnadari 
et  al. (2023a) reported similar results for incorporating 
anthocyanins from Cinnamomum camphora fruit peel in 
sodium carboxymethyl cellulose composite film for pack-
aging beef and chicken slices.

Film antimicrobial activity
Figure 1(b) shows a significant microbial inhibitory action 
on tested food-borne pathogenic bacteria Escherichia coli 
(gram-negative) and Staphylococcus aureus, and Bacillus 
cereus (gram-positive) (p < 0.05). The KPE concentrations 
impacted CG-KPE films disk inhibitory zones effectively 
compared to CG-CT. Thus, CMC interaction with KPE 
organic acid resulted in antimicrobial efficacy. Mastro-
matteo et al. (2014) reported that organic acid penetrated 
and disrupted bacteria cell wall-normal physiology to 
impair or terminate bacteria growth due to a lower inter-
nal pH. Therefore, the Escherichia coli, Staphylococcus 
aureus, and Bacillus cereus showed a steady-less retarded 
growth within the CG-CT films. The numerous pores 
and easy cellular permeability of tested bacteria cell wall 
membrane rendered the superior antimicrobial activity 
of CG-KPE films. Dias et al. (2020) also reported the anti-
microbial efficacy among kiwifruit peels. Hence, the KPE 
in CG-KPE films confirms the possible synergistic impact 
of antimicrobial action associated active film system due 
to the presence of phenolic compounds. Pateiro et  al. 
(2019) reported the antimicrobial effectiveness of green 
tea extract and essential oregano oil in antioxidant active 
packaging system. In comparison to CG-CT, CG-KPE 
films revealed superior antimicrobial properties possibly 
to control food microbial actions similar to Chinese chive 
(Allium tuberosum) root extract based biodegradable 
active food packaging (Riaz et al., 2020).

Film properties characterization
SEM
Figure  2 shows superficial film microstructures, voids, 
smoothness, homogeneity, layer structure, and cross-
section matrix images. The SEM images showed micro-
voids and fractured areas in CG-CT composite film due 
to brittleness. GA might have influenced the CG-CT 
composite film structure and resulted in discontinua-
tion in the polymer matrix. However, the KPE improved 
the smoothness, uniformity, and homogeneity of the 
CG-KPE composite film structures without bubbles or 
pores due to KPE polyphenolic compounds hydrophilic-
ity characteristics and the traction force influenced by 
CG-KPE matrix after solvent evaporation, thus exhibiting 
a clear SEM micrograph. No vivid uniformly dispersed 
aggregation was noticed at low dosage (KPE 1%). In con-
trast, high KPE concentrations (2–3%) revealed better 
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homogeneity with lighter spots which might be relative 
to improved film stability. Consequently, the SEM results 
extensively induced KPE-treated films tensile strength 
due to low transmittance values and enhanced soft-
ness compared to CG-CT. Also, the clear micrographs 

of CG-KPE composite films could effectively impact the 
mechanical properties, water vapor, and oxygen inhibi-
tion by KPE even distribution in films. In similitude, Suri-
yatem et al. (2018) reported similar SEM results trend for 

Fig. 1  (a) DPPH (2,2-Diphenyl-1-picrylhydrazyl) and ABTS+ (2,2’-azino-bis-(3-ethylben-zothiazoline-6-sulphonic acid) scavenging activities 
of fabricated CG-CT (carboxymethyl cellulose and gum Arabic – control) and CG-KPE (carboxymethyl cellulose and gum Arabic –lyophilized kiwifruit 
peel powder extract) active films (b) CG-CT (carboxymethyl cellulose and gum Arabic – control) and CG-KPE (carboxymethyl cellulose and gum 
Arabic – lyophilized kiwifruit peel powder extract) active films inhibitory effects on three kinds of bacteria. Values are mean ± SD (n = 3), a−d represent 
significant differences (p < 0.05). CG-CT (carboxymethyl cellulose and gum Arabic – control film), CG-KPE1 (carboxymethyl cellulose and gum Arabic 
– 1% of lyophilized kiwifruit peel powder extract film), CG-KPE2 (carboxymethyl cellulose and gum Arabic – 2% of lyophilized kiwifruit peel powder 
extract film), and CG-KPE3 (carboxymethyl cellulose and gum Arabic – 3% of lyophilized kiwifruit peel powder extract film)
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carboxymethyl chitosan blended with rice starch-based 
films.

FTIR
Figure  3(a) shows the broad and strong spectral bands 
of films centered at 3270  cm–1 (O–H stretching mode) 
intermolecular hydrogen bond and peaks at 2926 and 
2875  cm–1 corresponded to C–H extending from alkyl 
groups. Also, C = O bond stretching, N–H bending vibra-
tion, and C = N band extension conformed to 1591, 1034 
and 916  cm–1 peak discretely. The KPE-treated films 
showed a wavelength of about 1601  cm–1 assigned to 
COO¯ (symmetric) and 1077  cm–1 relative to C–O–C 
stretching of principal points (Wu et  al., 2013). On the 
other hand, CMC displayed 3294 cm–1 (O–H), 1589 cm–1 
(COO¯ (asymmetric), 1418  cm–1 (COO¯ (Symmetric), 
and 1051  cm–1 (C–O–C) wavenumber length in princi-
pal points. Also, at 2899  cm–1 threshold, aliphatic C–H 
stretching with an observed bending vibration band 
was detected similar to the study of Akhtar et al. (2018). 
Whereas, GA recorded a spectral band of 1412  cm–1 
(symmetrical) and 600  cm–1 (asymmetric) correlat-
ing with COO¯ stretching vibration (Xu et  al., 2019). A 
3292  cm–1 spectral band denoted O–H extension, thus 
a characteristic of a glycosidic ring. Whereas 2925  cm–1 

signified C–H extension. Hence, in CG-CT film forma-
tion, CMC and GA mixture altered wavenumbers from 
3507 to 3004 cm–1 to yield a strong absorption for O–H 
stretching at 3276.46 cm–1 band. Another peak was gen-
erated at 2898 cm–1, which was absent in the CMC or GA 
spectrum. This observation evidenced a cross-link reac-
tion among CMC and GA during the composite film pro-
cess. The low wavelength shift of some peaks of CG-KPE 
film could be related to KPE dose-dependent interactions 
in the glycerol-polymer matrix. Hence, the spectrum of 
CG-KPE films confirms successful interactions of KPE in 
the matrix.

DSC
All the film thermograms indicated two distinct peaks 
relative to exothermic and endothermic occurrences 
except CG-CT and CG-KPE3, which exhibited three 
peaks (Fig. 3b). Endothermic and exothermic properties 
of diverse thermal transitions were seen due to increased 
temperature. The residual moisture dehydration of 
CG-CT film by heat generated initial endothermic peaks 
(94.8, 147 and 364.6 °C), whereas the 306.3 °C exothermic 
peaks could be attributed to polysaccharide disintegra-
tion. Again, endothermic peaks centered at 91.04, 152.4 
and 356.16  °C corresponded to CG-KPE films. In brief, 

Fig. 2  (a) Surface-sectioned SEM (Scanning electronic microscopy) (b) Cross-sectioned SEM (Scanning electronic microscopy) (c) Appearance 
of fabricated films. CG-CT (carboxymethyl cellulose and gum Arabic—control), CG-KPE1 (carboxymethyl cellulose and gum Arabic – 1% 
of lyophilized kiwifruit peel powder extract film), CG-KPE2 (carboxymethyl cellulose and gum Arabic – 2% of lyophilized kiwifruit peel powder 
extract film), and CG-KPE3 (carboxymethyl cellulose and gum Arabic – 3% of lyophilized kiwifruit peel powder extract film)
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KPE modified the structure formation between CMC and 
GA polymers to induce the strong thermal stability of 
CG-KPE films compared to CG-CT. This is because the 
number of hydroxyls in CMC and GA could be reduced 
by KPE for strong hydrogen bonds to be established 
between polymers. Volf et  al. (2014) reported thermal 
stability among standard polyphenols (catechin, gal-
lic acid, and vanillic acid) and natural polyphenols from 
spruce bark and grape seeds. Hence, KPE polyphenols 
could be relative to the increased thermal stability prop-
erties of CG-KPE films. Also, the high thermal stabil-
ity among KPE developed films reveals similar effect of 
the bio-composite film properties of sodium CMC-GA/ 
anthocyanins from Cinnamomum camphora fruit peel 
biopolymer-based dehydration film developed for beef 
and chicken meat preservation (Alnadari et al., 2023a).

XRD
A shapeless crystalline structure with a wider and one 
peak presence at 2θ about 14° was observed among 
CG-CT diffractogram in Fig.  3(c). This was in tandem 
with the cellulose-starch-ZnCl2 hybrid films by the 
report of Shang et al. (2019). CG-CT film inner structure 
detected no defect. KPE inclusion only displayed a reduc-
tion in the strength of spectral peaks. The X-ray spec-
trum of CG-KPE films became broader with increased 
KPE concentration. Consequently, CMC, GA, and KPE 
interaction aided the phenomenon of hydrogen bonds 
in composite films, thus a decline in crystallinity. Film 
mechanical attributes rely dynamically on the crystallites 
in its structure. Also, the competitive effect of the hydro-
gen bonds between CG-CT and KPE interactions to an 
extent hindered the formation of CG-CT inter-and intra-
molecular hydrogen bonds, resulting in low crystallin-
ity of CG-CT film. It is noteworthy that hydrogen bonds 
among composite materials improved the peaks intensity 
of the developed films. Suriyatem et  al. (2018) reported 
similar findings of good compatibility of rice-starch com-
ponent blended film coupled with a good miscibility of 

Fig. 3  (a) FTIR (Fourier transform infrared spectroscopy) spectra 
of film composite ingredient CMC (carboxymethyl cellulose), GA 
(gum Arabic), KPE (lyophilized kiwifruit peel powder extract), CG-CT 
(carboxymethyl cellulose and gum Arabic – control) film, and CG-KPE 
(carboxymethyl cellulose and gum Arabic – lyophilized kiwifruit peel 
powder extract) composite films (b) Films DSC (Differential scanning 
calorimetry) thermograms (c) Films X-RD (X-ray diffraction) pattern. 
CG-CT (carboxymethyl cellulose and gum Arabic – control), CG-KPE1 
(carboxymethyl cellulose and gum Arabic – 1% of lyophilized 
kiwifruit peel powder extract film), CG-KPE2 (carboxymethyl cellulose 
and gum Arabic – 2% of lyophilized kiwifruit peel powder extract 
film), and CG-KPE3 (carboxymethyl cellulose and gum Arabic – 3% 
of lyophilized kiwifruit peel powder extract film)

◂
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intermolecular interaction of developed film evidenced 
by FTIR. Hence, crystal structure degree of CG-KPE 
films exerted an enhanced trend. Currently, there are no 
available reports detailing XRD analysis of KPE compo-
sition in composite film. Therefore, the finding provides 
valuable insights into the crystallinity characteristics to 
aid the understanding of KPE properties and potential for 
active packaging applications.

Film physical and mechanical characteristics
Film swelling degree, water solubility, and moisture content
A significant decline (p < 0.05) in swelling, water con-
tent, and water solubility values were observed in 
CG-KPE films, as shown in Table  1. According to Wu 
et  al. (2013), water diffusion, polymer relation, ionic 
and hydrogen bond dissociation, and amino group 
ionization were linked to film swelling. CG-CT exhib-
ited a high-water solubility (easy water interaction), 
whereas KPE incorporation improved water-resistant 
characteristics in CG-KPE composite films. Possible 
reason could be associated to the mechanism of mol-
ecule hydrophilic (carboxylic groups) intrinsic swelling 
phenomenon CG-CT films as reported by Hafsa et  al. 
(2016). Also, CG-KPE films were KPE dose-dependent 
due to a decreased water-solubility properties conju-
gated to hydrogen bond interaction between CG-KPE 

matrixes. Consequently, fabricated film integrity and 
water resistance determinants revealed a significantly 
decreased (26.77 to 18.62%) water content in CG-KPE 
compared to CG-CT probably due to electrostatic 
interactions (Xu et al. 2019). Wang et al. (2019a, 2019b) 
noticed similar results supporting this study among 
Herba Lophatheri extract fabricated active films.

Color and opacity
Table  2 reveals that color and opacity were influenced 
among CG-KPE composite films due to KPE compared 
to CG-CT. Thus, the color and the opacity of food pack-
aging material play an integral role in directly influenc-
ing food appearance and consumer purchase decisions. 
Color indicators (L*, a*, and b*) recorded a significant 
variation (p < 0.05) as CG-CT films (brownish-white) 
were extremely transparent. At the same time, KPE green 
pigmentation to an extent, resulted in the opaque state 
of KPE-treated films (brownish-green). Likewise, ΔE and 
YI increased, whereas WI decreased. An observable KPE 
dose-dependent was seen as CG-KPE3 transmitted an 
extra light brownish-green compared to CG-KPE1 and 
CG-KPE2. Thus, high opacity and less transparency in the 
CG-KPE films network polymer alignment were relative 
to transmittance. Hence, CG-KPE films could be suitable 
to keep meat color stable and control photo-oxidative 

Table 1  Physical properties of films

Values are mean ± SD (n=3)

Different letters (a-d) in the same column indicate significant differences (p<0.05)

CG-CT (carboxymethyl cellulose and gum Arabic – control film), CG-KPE1 (carboxymethyl cellulose and gum Arabic – 1% of lyophilized kiwifruit peel powder extract 
film), CG-KPE2 (carboxymethyl cellulose and gum Arabic – 2% of lyophilized kiwifruit peel powder extract film), and CG-KPE3 (carboxymethyl cellulose and gum 
Arabic – 3% of lyophilized kiwifruit peel powder extract film).

Film sample Thickness (mm) Swelling degree (%) Solubility (%) Moisture content (%)

CG-CT 0.07 ± 0.02a 84.12 ± 4.18a 46.15 ± 0.46a 26.77 ± 0.46a

CG-KPE1 0.07 ± 0.02a 77.73 ± 1.01b 42.11 ± 1.20b 21.15 ± 2.49b

CG-KPE2 0.07 ± 0.00a 72.34 ± 0.52c 39.91 ± 0.18b 19.18 ± 1.99b

CG-KPE3 0.08 ± 0.02a 66.58 ± 0.27d 36.57 ± 1.46c 18.62 ± 2.60b

Table 2  Color and opacity of films

Values are mean ± SD (n=3)

Different letters (a-d) in the same column indicate significant differences (p<0.05)

CG-CT (carboxymethyl cellulose and gum Arabic – control film), CG-KPE1 (carboxymethyl cellulose and gum Arabic – 1% of lyophilized kiwifruit peel powder extract 
film), CG-KPE2 (carboxymethyl cellulose and gum Arabic – 2% of lyophilized kiwifruit peel powder extract film), and CG-KPE3 (carboxymethyl cellulose and gum 
Arabic – 3% of lyophilized kiwifruit peel powder extract film)

Film sample L* a* b* ΔE YI WI Opacity (mm −1)

CG-CT 83.23 ± 0.47a -0.47 ± 0.17d 1.30 ± 0.91c 11.86 ± 0.37c 2.23 ± 1.56d 83.16 ± 0.53a 1.81 ± 0.22d

CG-KPE1 68.09 ± 0.62b 1.77 ± 1.00c 12.05 ± 1.54b 29.67 ± 2.65b 25.27 ± 3.45c 65.83 ± 1.15b 7.65 ± 0.57c

CG-KPE2 66.64 ± 0.64b 3.16 ± 0.46b 16.68 ± 2.74a 32.73 ± 1.89b 35.77 ± 5.71b 62.51 ± 1.15c 9.32 ± 0.80b

CG-KPE3 60.24 ± 1.74c 5.26 ± 0.58a 19.34 ± 0.25a 39.32 ± 1.66a 45.87 ± 1.54a 55.47 ± 1.65d 12.52 ± 0.36a
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deterioration relative to the dosage employed. The pre-
sent color and opacity findings corroborate with several 
studies among the wide application of carboxymethyl and 
GA in the fabrication of packaging materials based on 
Chinese chive (Allium tuberosum) (Riaz et al., 2020), Cin-
namomum camphora seed extract (Alnadari et al., 2022), 
anthocyanin from Cinnamomum camphora fruit peel ( 
Alnadari et al., 2023a; Alnadari et al. (2023b).

Thickness
Generally, no significant difference in film thickness was 
noticed in values ranging between 0.08 and 0.07  mm 
(Table  1). Cheng et  al. (2015) reported a similar result 
of film thickness amidst the distribution of phenolic in 
film internal domains. Instead, an improved film tensile 
strength and soft elasticity were detected. Thus, KPE 
polyphenol interaction with CG-GA could have resulted 
in strong molecular bonds between polyphenols and GA. 
Also, the continuous stirring in tandem with pulverized 
content addition, film matrix organized structure inter-
ruption and increased KPE concentration could have 
generated molecules close to each other (nanoscale-
quasi). Hydrogen bonds are known to be easily generated 
among similar polysaccharide structures (Kang et  al., 
2021b). Hence, polysaccharides’ hydrogen bond and 
hydrophobic force interactions within CG-KPE caused 
the tighter binding matrix, which induced film structure 
and surface smoothness.

Mechanical properties
An increased TS and EB values of films are shown 
in Fig.  4(b). TS values centered between 41.61% and 
34.14  MPa, while 59.17% and 40.49  MPa range cor-
responded to EB and TS respectively. These results 
could be attributed to the interaction of KPE polyphe-
nolic polar characteristics with CG hydrophilic groups 
which resulted in a cross-linking in CG-KPE mechanical 
strength and extensibility modification. While, CG-CT 
film exhibited a low mechanical strength property. Qin 
et al. (2019) reported results in conformity to the present 
study with the intermolecular hydrogen bond formation 
of OH groups in CMC and GA causing a stronger interfa-
cial adhesion between CG-KPE films. Also, feeble attrac-
tive forces facilitate polymeric chain movement leading 
to the elongation break (fracture strain) (Qin et al., 2019). 
According to Wang et al. (2019a, 2019b), film’s mechani-
cal property is dependent on crystallite presence, poly-
mer composition, electrostatic, and intermolecular 
interaction. The homogeneity of CG-KPE films conform 
with KPE dose influence in the mechanical proper-
ties. Therefore, KPE influenced CG-KPE compact inner 
structure to maintain film physical integrity for potential 
application as a meat package.

Films bioactivities
Biodegradation
Figure  4(a) showed a significant weight loss among 
CG-KPE composite films compared to CG-CT in cor-
respondence to bioactivity progression (p < 0.05). After 
3  weeks, CG-KPE recorded the maximum degradation 
loss of about 57.70%, whereas CG-CT films noticed the 
lowest bioactivity values ranged between 45.0%-47.7%. 
This could be interpreted as KPE incorporation in CG 
generated a hybrid polymeric material which was quick 
to be degraded. Also, heat, moisture, and enzyme action 
in the soil influenced film integrity for disintegration. 
Similar bio-disintegration result likened to this study 
include rosemary extract-cassava starch composite film 
(Piñeros-Hernandez et al., 2017) and chitosan-based Chi-
nese chive root extract biodegradable film (Riaz et  al., 
2020). The marked findings of the biological degradation 
estimation showed that KPE incorporation enhanced 
CG-KPE film bioactivities.

Films application for beef sausage slices
Color
Accordingly, the L* values declined among sample groups 
with increased storage period (Fig.  5). The minimum 
value of L* was recorded among the T3 treatment. Also, 
samples revealed the reduced value of a* during storage 
possibly due to the KPE absence in CT in relation to less 
opacity. Significant differences were seen across the stor-
age days, among d 6, 9 and 12 treatments. A decreased 
trend of b* color index was realized among samples at d 
12 compared to d 0, 3, 6 and 9.

Generally, the synergic effect of KPE doses in devel-
oped films significantly impacted packaged sausage-slice 
color with storage time. Thus, significant differences were 
evidenced on d 6, 9 and 12 for L* and a* indexes and d 
12 b* index. According to Deus et al. (2017), the absorb-
ance ability and the specific light wavelength scattering 
were influenced by particle color to generate differences 
among pigments. However, the CG-KPE film composi-
tion interacted positively with the beef sausage slices due 
to KPE polyphenolics ability in stabilizing product color 
during storage. In brief, an increased KPE dose altered 
the opacity of the films thereby decreasing the effect of 
packaged products photo oxidation caused by the film 
transparency as revealed and complement TBARS results 
among packaged sausages. Thus, sausages color change, 
nutritional loss, and off-flavor during shelf-life period 
could be controlled.

pH and moisture content
A rise in pH contributes to the formation of byprod-
ucts like ammonia, dimethylamine, and trimethyl-
amine by spoilage meat microorganism (Alnadari et al., 
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2023b). Therefore, pH values in Fig.  6(a) indicated 
significantly different results among treatments and 
was directly proportional to increased storage time. 
Slightly high pH values were recorded at d 0 while 
d 12 recorded the least pH values among T1, T2, and 
T3 samples compared to CT samples. These changes 
could be interpreted as KPE polyphenolic acid efficacy 
within CG-KPE films effectively regulated T1, T2, and 
T3 samples pH during storage. Also, KPE presence in 
the developed films interacted with the sample’s envi-
ronment, which was relatively constant to control pH 
effectively during storage. The result corroborates with 

Pateiro et  al. (2019) report that the diminution of pH 
had a relation to the microbial growth and the disso-
lution of CO2 from the packaged system. In brief, the 
KPE generated an acidic condition that influenced the 
antimicrobial efficacy of the film on the packaged prod-
uct to positively reduce the pH effect on package prod-
ucts during storage.

Moisture content is a major intrinsic factor that influ-
ences microbial deterioration and consequent eco-
nomic losses of processed meat products (Zhang et  al., 
2010). However, product water loss control is a primary 
function of packaging materials for shelf-life, quality 

Fig. 4  (a) Films biodegradability evaluation (b) Films mechanical properties
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purposes, and foggy film formation prevention (Ozdemir 
& Floros, 2004). Hence, in Fig.  6(b), a steady decline in 
water content was seen among the treated samples dur-
ing storage without significant variation noticed among 
treatments. The results could be attributed to the hydro-
philic nature of plant origin CG-KPE film composition 
(Zhao et  al., 2019). Interestingly, the moisture content 
values revealed no variations among experimental treat-
ments. This evidences the functional ability of CG-KPE 
films synergetic impact on packaged samples physico-
chemical quality. Concisely, the results suggested that 
KPE within CG-KPE composite films could control the 

pH and moisture content of package beef sausage slices 
to maintain the chemical stability of the products.

Texture
Table 3 shows the effect of developed CG-KPE films for 
packaging beef slices during 12 d refrigerated storage. 
Meat product texture influences consumers’ accept-
ability (Gao et al., 2014). Comparatively, no significant 
difference was observed in hardness values among 
treatments, yet hardness increased progressively by 
storage period. Therefore, the higher hardness values 
could be linked to the shortening of protein distance 
due to the possible loss of water content influencing the 

Fig. 5  (a) Lightness (b) Redness (c) Yellowness results of packaged beef sausage slices during 12 d of refrigerated storage. Values are 
mean ± SE (n = 3). a−e Means values are significantly different (p < 0.05) across the treatments. Whiles A−D means values are significantly different 
(p < 0.05) across the storage duration. CT: Control (CG-CT (carboxymethyl cellulose and gum Arabic – control film)), T1 (Treatment 1): (CG-KPE1 
(carboxymethyl cellulose and gum Arabic – 1% of lyophilized kiwifruit peel powder extract film)), T2 (Treatment 2): (CG-KPE2 (carboxymethyl 
cellulose and gum Arabic – 2% of lyophilized kiwifruit peel powder extract film)), and T3 (Treatment 3): (CG-KPE3 (carboxymethyl cellulose and gum 
Arabic – 3% of lyophilized kiwifruit peel powder extract film))
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formation of new cross bond of protein (Arjenaki et al., 
2019). Thus, the results confirm CG-KPE films ability 
to check water retention of packaged products. There 
were no significant differences among all treatments 
for chewiness revealing a greater force demand to chew 
products. Resilience values obtained for T3, T1, and 
T2 samples were slightly high compared to CT. Also, 
springiness and cohesiveness noticed no significant dif-
ference among treatments. According to Wang, Qiu, & 
Zhu (2021), KPE is a plant source for phenolic additive 
that possesses an exogenous texturizing agent or pro-
teolytic cysteine actinidin ability to tenderize meat. 
However, KPE incorporation in CMC-GA improved the 

functionality of the film to influence the matrices of T1, 
T2, and T3 packaged products during storage. Thereby, 
these results indicate a non-adverse impact of CG-KPE 
films use on product textural properties.

Electronic nose
The E-nose classification pattern generally revealed a sig-
nificant sensor response (Table  4) among all treatments 
and flavor relative to the storage days. Also, Fig. 6(c) sen-
sor response pattern in cluster heat-map revealed a fluc-
tuating response of volatile organic compounds (VOCs) 
treatments during storage. Treatment’s sensory array 
responses at d 3 and 12 were similarly lower than d 0 and 

Fig. 6  (a) pH (b) moisture content (c) E-nose cluster heat map results of packaged beef sausage slices during 12 d of refrigerated storage. Values 
are mean ± SE (n = 3). a−e Means values are significantly different (p < 0.05) across the treatments. Whiles A−D means values are significantly different 
(p < 0.05) across the storage duration. CT: Control (CG-CT (carboxymethyl cellulose and gum Arabic – control film)), T1 (Treatment 1): (CG-KPE1 
(carboxymethyl cellulose and gum Arabic – 1% of lyophilized kiwifruit peel powder extract film)), T2 (Treatment 2): (CG-KPE2 (carboxymethyl 
cellulose and gum Arabic – 2% of lyophilized kiwifruit peel powder extract film)), and T3 (Treatment 3): (CG-KPE3 (carboxymethyl cellulose and gum 
Arabic – 3% of lyophilized kiwifruit peel powder extract film))
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6. Day 9 recorded high VOC responses. Sensory array 
trend of CT treatments was profound towards the chemi-
cal sensors sensitive to W2W, W1W, and W1S at d 0, 3 
and 9 compared to KPE film treatments.

Conversely, CG-KPE film treatment revealed an aroma 
response pattern towards the chemical sensors W5C and 
W6S throughout the storage days compared to CT sam-
ples. A unique pattern of VOCs towards chemical sensors 
W1C was high at d 3 while other days could not show a 
repetition of such pattern. Katiyo et  al. (2020) reported 
that meat spoilage is related to sensory alterations. 
Hence, the d 3 fluctuated aroma profile corresponds with 

d 3 microbial results reported in the study. The onset of 
microbial proliferation activities at d 3 influenced the 
fluctuating e-nose pattern by interfering with aroma sen-
sitivity responses. Again, a relatively low sensor response 
target was noticed among W3S, W5S, and W2S. CT 
treatments sensors W3C were low at d 0 but increased 
with storage days with being predominant at d 3. The 
aroma of additives (spices) added in the formulated beef 
sausages also contributed to the high aroma profile of CT 
treatments during d 0, 3 and 9 storages. Some VOCs are 
meat spoilage indicators. However, other factors such 
as bacteria species and storage temperature could have 

Table 3  Textural properties of packaged sliced-beef sausages

Values are mean ± SD (n=3)
a-b Means values are significantly different (p<0.05) across the treatments. Whiles A-B means values are significantly different (p<0.05) across the storage duration.

CT Control (CG-CT (carboxymethyl cellulose and gum Arabic – control film)), T1 (Treatment 1): (CG-KPE1 (carboxymethyl cellulose and gum Arabic – 1% of lyophilized 
kiwifruit peel powder extract film)), T2 (Treatment 2): (CG-KPE2 (carboxymethyl cellulose and gum Arabic – 2% of lyophilized kiwifruit peel powder extract film)), and 
T3 (Treatment 3): (CG-KPE3 (carboxymethyl cellulose and gum Arabic – 3% of lyophilized kiwifruit peel powder extract film)). 

Storage time (days) Treatments

CT T1 T2 T3

Hardness (g)
  D 0 10547.97 ± 912.05aA 10087.64 ± 840.46aB 9790.68 ± 2364.11aA 11121.10 ± 1956.37aB

  D 3 11460.77 ± 1696.29aA 10729.68 ± 1683.25aB 10389.64 ± 1983.78aA 13017.11 ± 3512.14aB

  D 6 14589.82 ± 7145.08aA 15565.67 ± 5732.13aAB 14311.43 ± 1891.14aA 13247.05 ± 2166.20aB

  D 9 15698.82 ± 857.39aA 16788.05 ± 776.02aAB 16619.51 ± 7725.64aA 25928.14 ± 2934.22aA

  D 12 15511.36 ± 5513.59aA 19693.40 ± 1585.20aA 19584.74 ± 1573.13aA 21147.94 ± 1213.52aA

Springiness
  D 0 0.86 ± 0.02aA 0.86 ± 0.05aA 0.88 ± 0.05aA 0.92 ± 0.02aA

  D 3 0.82 ± 0.06aA 0.92 ± 0.01aA 0.92 ± 0.03aA 0.92 ± 0.05aA

  D 6 0.82 ± 0.04aA 0.90 ± 0.02abA 0.95 ± 0.07aA 0.93 ± 0.03abA

  D 9 0.85 ± 0.05aA 0.90 ± 0.03aA 0.92 ± 0.03aA 0.93 ± 0.04aA

  D 12 0.88 ± 0.03aA 0.87 ± 0.02aA 0.91 ± 0.03aA 0.91 ± 0.03aA

Cohesiveness
  D 0 0.70 ± 0.01aA 0.71 ± 0.01aA 0.70 ± 0.02aA 0.71 ± 0.01aA

  D 3 0.71 ± 0.08aA 0.71 ± 0.01aA 0.72 ± 0.03aA 0.72 ± 0.03aA

  D 6 0.68 ± 0.02aA 0.70 ± 0.07aA 0.72 ± 0.01aA 0.73 ± 0.02aA

  D 9 0.72 ± 0.01aA 0.71 ± 0.02aA 0.73 ± 0.01aA 0.75 ± 0.01aA

  D 12 0.71 ± 0.01aA 0.70 ± 0.01aA 0.72 ± 0.02aA 0.72 ± 0.02aA

Chewiness (g)
  D 0 6908.28 ± 1254.25aA 6150.75 ± 858.61aB 5992.37 ± 1280.30aA 6840.41 ± 1340.29aB

  D 3 9085.37 ± 1136.88aA 6964.73 ± 902.68aB 7647.10 ± 1566.08aA 8455.47 ± 1597.87aB

  D 6 5822.37 ± 560.24aA 8763.59 ± 1140.69aB 9658.33 ± 3710.57aAB 10047.65 ± 1941.59aA

  D 9 9684.36 ± 4427.80aA 10704.12 ± 478.11aAB 11043.05 ± 4728.47aA 15426.76 ± 1161.33aA

  D 12 10197.98 ± 3992.73aA 12061.54 ± 997.66aA 12939.92 ± 604.86aA 12991.72 ± 418.70aA

Resilience
  D 0 0.27 ± 0.01bA 0.28 ± 0.01bA 0.27 ± 0.01bA 0.31 ± 0.01aA

  D 3 0.27 ± 0.05aA 0.27 ± 0.02aA 0.29 ± 0.02aA 0.28 ± 0.02aAB

  D 6 0.25 ± 0.01bA 0.28 ± 0.01aA 0.29 ± 0.01aA 0.28 ± 0.01aAB

  D 9 0.30 ± 0.03aA 0.28 ± 0.01aA 0.30 ± 0.02aA 0.29 ± 0.01aAB

  D 12 0.30 ± 0.01aA 0.30 ± 0.02aA 0.28 ± 0.01aA 0.28 ± 0.01aB
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led to the inconsistent exposure of treatments to some 
chemical sensors at d 3 and 6. KPE presence in the CG-
KPE film matrices successfully yielded chemical reactions 
VOCs in a packaged slices environment. Thus, these 
results suggest a higher aroma sensitivity trend of CG-
KPE film treatments compared to CG-CT treatments. T3 
recognized a slightly high VOCs sensor pattern than T1 
and T2, comparatively, showing a KPE dose-dependent 
relative to higher VOCs. The results revealed the impact 
of CG-KPE films to exert VOCs to enhance intrinsic sen-
sory attributes among packaged sliced-sausages. Zamuz 
et al. (2021) reported that polyphenol-rich extract influ-
ence sensory characteristics of raw and cooked meatballs 
and beef burger products.

Antimicrobial
A steady rise from the initial storage days in values rang-
ing from 3.30 to 6.0 log CFU/g (TVC), 2.7 to 5.1 log 
CFU/g (Pseudomonas spp.), and 2.4 to 4.9 log CFU/g (B. 
thermosphacta) among treatments at the end of storage 
were revealed (Fig. 7). A steadily rising trend in TVC and 
Pseudomonas spp. count was noticed. In contrast, the 
trend of B. thermosphacta differed such that, CT and the 
KPE film treatments exhibited a lower counts of B. ther-
mosphacta during storage. The B. thermosphacta count 
reached the highest level (4.9 log CFU/g), and was signifi-
cantly lower than the Pseudomonas spp. (5.1 log CFU/g). 
On the other hand, TVC results trend indicate that the 
packaged samples were relative to KPE dose incorporated 
in film. This result could be associated with the cell wall 
structure, shape, and spore-forming ability of B. ther-
mosphacta and Pseudomonas spp., making KPE activity 
more effective in developed films more effective. A simi-
lar result was reported among clove oil fabricated films 
action against S. aureus and B. aureus of ground chicken 
meat (Muppalla et al., 2014). Yang et al. (2019) reported a 
narrow antibacterial spectrum ability of Plastaricin BM-1 

coated active plastic multilayer films against Listeria 
monocytogenes in a trypticase soy-yeast extract broth 
culture among chilled meat. However, CMC-ZnO based 
film effectively exhibited intrinsic antimicrobial ability 
and tested foodborne pathogenic bacteria E. coli and L. 
monocytogenes activity was inhibited by the presence of 
ZnO by disrupting E. coli completely after 9 h of cultur-
ing (Roy & Rhim, 2020). According to Ye et al. (2008), the 
antimicrobial action of fabricated chitosan-coated plastic 
films depended on the ham steak product matrix. There-
fore, the antimicrobial efficacy was less effective in the 
CT film’s treatments. Thus, CMC interaction with KPE 
organic acid results in antimicrobial efficacy. Mastromat-
teo et  al. (2014) reported that organic acid penetrated 
and disrupted bacteria cell wall-normal physiology to 
terminate bacteria growth due to a lower internal pH. 
Therefore, the TVC, B. thermosphacta, and Pseudomonas 
spp. showed a steady-less retarded growth within the 
CT treatments during storage. The present result cor-
roborates with Pseudomonas spp. inhibition during 10 
d of storage at 4 ºC (Yang et  al., 2019) and the reduced 
count of Pseudomonas spp. among beef samples treated 
with free oil essential films (Arvanitoyannis & Strata-
kos, 2012). Concerning the TVC, a delay in the micro-
bial rise was seen among CT and T1 treatments at d 6 
compared to T2 and T3 samples. This could be related 
to the pH effect and dissolution of CO2 in packaged 
film environment among CT and T1 samples. Moreo-
ver, KPE bioactive compounds possibly interacted with 
the packaged matrices by exerting antimicrobial agents 
into the sliced-beef sausages during storage via a migra-
tion mechanism. Phenolic compounds such as rutin, caf-
feic acid, hydroxybenzoic acid, quercetin, protocatechuic 
acid were reported to be found in kiwifruit peel (Boateng 
et  al., 2022). The KPE inhibited TVC, declined B. ther-
mosphacta count at d 9, and rendered Pseudomonas 
spp. stationary after d 9. Conclusively, Siripatrawan and 

Table 4  Information on ten chemical sensor array response

Chemical sensor Chemical sensor class Descriptions

W1S Broad methane Sensitive to methane

W5S Broad range Sensitive to nitrogen oxide

W1W Sulfur-organics Sensitive to organic-sulfides

W6S Hydrogen Sensitive to hydrogen compounds

W3S Methane-aliph Sensitive to methane and aliphatic

W3C Aromatic Sensitive to ammonia, aromatic molecules

W2S Broad alcohols Sensitive to alcohols, ketones, and aldehydes

W1C Aromatic Sensitive to aromatic and benzene compounds

W2W Sulfur-chlor Sensitive to organic-sulfides and organic-chloride

W5C Aromatic-aliph Sensitive to methane, propane, and aliphatic 
non-polar molecules
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Noipha (2012) reported a similar result trend among 
green tea extract based fabricated film application on 
TVC, yeasts and molds, and lactic acid bacteria in pork 
sausages for shelf-life extension studies.

TBARS
Oxidation causes quality deterioration of meat products 
during processing and storage (Domínguez et al., 2021). 
Lipid oxidation decreases the nutritional value of meat 
products (Zhang, Xiao, & Ahn 2013; Zhao, et  al., 2018) 
and packaging conditions influence product resistance 
to oxidation (Domínguez et al., 2021). Table 5 displayed 
higher TBARS values among CT samples during storage 
period. TBARS values indicated a significant difference 

in CG-KPE film treatments compared to CT. This result 
could be linked to the high accumulation of lipid perox-
ides and hydroperoxides secondary products in CT treat-
ments compared to the CG-KPE film treatments. The T1, 
T2, and T3 had a slightly lower TBARS values compared 
to CT samples, which could be ascribed to the stability of 
KPE polyphenol compounds (electron-repelling group). 
The results agree with the natural phenolic compounds 
of developed active packaged films that successfully sta-
bilize the oxidative process in beef (Barbosa-Pereira et al., 
2014). Also, the KPE antioxidant synergy reduced TBARS 
values by chelating ions among CG-KPE film treatments 
compared to CT relative to the increasing storage days.

Fig. 7  (a) Microbial analysis total viable count (TVC) (b) Pseudomonas spp. (c) Brochothrix thermosphacta results of packaged beef sausage slices 
during 12 d of refrigerated storage. Values are mean ± SE (n = 3). a−c Means values are significantly different (p < 0.05) across the treatments. Whiles 
A−E means values are significantly different (p < 0.05) across the storage duration. CT: Control (CG-CT (carboxymethyl cellulose and gum Arabic 
– control film)), T1 (Treatment 1): (CG-KPE1 ((carboxymethyl cellulose and gum Arabic – 1% of lyophilized kiwifruit peel powder extract film)), T2 
(Treatment 2): (CG-KPE2 ((carboxymethyl cellulose and gum Arabic – 2% of lyophilized kiwifruit peel powder extract film)), and T3 (Treatment 3): 
(CG-KPE3 ((carboxymethyl cellulose and gum Arabic – 3% of lyophilized kiwifruit peel powder extract film))
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Cellulose excellent film formability (Roy & Rhim, 
2020) and strong polymer interaction properties reduced 
chain reaction for an excellent oxygen species barrier 
(Umaraw et  al., 2020). Therefore, KPE, together with 
cellulose enhanced the antioxidative effect of packaged 
beef sausage-slices to decline CG-KPE film treatments 
TBARS values compared to CT samples. Generally, CG-
KPE packages exhibited a significant antioxidant capac-
ity, good oxygen barrier to scavenge free radicals, and 
hydrogen donors to inhibit the oxidation process during 
storage for sausage shelf-life extension compared to CT 
samples. Alirezalu et al. (2021) reported a similar chelat-
ing ion and low oxygen permeance result of active film 
incorporated with ε-polylysine application on the beef fil-
let. Lagos and Sobral (2019) reported the decline among 
beef hamburgers treated with chitosan–gelatin-boldo 
extract film stored at 4  °C. Apple-based edible coatings 
inhibited the lipid oxidation process among beef patties 
(Shin et  al., 2017). Also, rosemary extract coated active 
film reduced packaged beef TBARS values (Barbosa-
Pereira et al., 2014).

Conclusion
Although the utilization of synthetic polymer in pack-
aging materials provides desirable features such as pre-
venting oxygen attack and chemical contamination, 
inhibiting deterioration, exerting enzymes activity to 
enhance tenderness, preventing UV light, and con-
trolling color, aroma, and weight losses of processed 
meat products. However, environmental issues (pollu-
tion) are related to the use of non-biodegradable syn-
thetic polymer-based packaging materials (disposable 

problems) beyond the primary functions of protection 
and convenience. Therefore, KPE suitability as a bio-
logical material polysaccharides derivative research was 
needful to elucidate the functionalities of fabricated 
KPE active films for packaging application. In sum-
mary, the present study of CG-KPE composite films 
showed a decreased moisture content, swelling degree, 
and water solubility among physical properties. KPE 
induced CG-KPE composite film color and opacity to 
exhibit UV barrier properties. KPE polyphenolic com-
pounds impacted CG-KPE film’s antioxidant and anti-
microbial ability on tested bacterial strains. Again, the 
thermal, mechanical, and morphological characteriza-
tion indicated active packaging functionalities among 
CG-KPE films. As a natural polymeric matrix, CG-KPE 
films had an inherent quicker biodegradability feature. 
Consequently, studies on packaged sliced-beef sausage’s 
pH and moisture content results revealed CG-KPE film 
impact on the physicochemical stability of products. 
Also, the CG-KPE film affected the packaged beef qual-
ity characteristics, revealed a better texture index, and 
exhibited more effective antimicrobial and antioxidant 
actions compared to  CG-CT treatments during 12 d 
refrigerated storage. KPE could efficiently be used to 
fabricate active film packaging for beef sausage while 
exerting active packaging functionalities for products’ 
shelf-life extension and quality in the meat sector.
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