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1  | INTRODUC TION

Bakery products are the important portions of daily diet. These prod-
ucts including breads, cakes, biscuits, and donuts usually are com-
prised of complex carbohydrates, protein sources, lipids, vitamins, 
and minerals (Soukoulis et al., 2014). Meanwhile, cakes are of popu-
lar bakery products because of nutraceutical properties, overall per-
ception, and low price. Although the shelf life of cakes is longer than 

breads, mold growth and lipid oxidation are still major problems of cake 
preservation (Lu, Lee, Mau, & Lin, 2010). Several methods have been 
used for increasing bakery products shelf life such as applying antiox-
idant and antimicrobial additives, and controlled or active packaging 
(Chakravartula, Cevoli, Balestra, Fabbri, & Rosa, 2019). Recently, bio-
degradable packaging has been attended because of environmentally 
friendly properties, produced from bio-waste by-products, low cost, 
and capability to carry active component to preserve foods (Soukoulis 
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Abstract
This research extends the effect of packaging with bovine gelatin, gelatin nanocom-
posite (GN), gelatin emulsion (GE), two layers gelatin nanocomposite and gelatin 
emulsion (GNE), and polyethylene (PE) films on sponge cake properties during stor-
age at 25°C and 55 ± 2% RH. In this regard, water vapor permeability (WVP) and 
oxygen permeability (OP) of films were compared. Then, moisture content, acidity, 
peroxide value, texture profile, organoleptic properties, and fungal growth of packed 
cakes were determined. Results showed that the addition of nanoparticles could re-
duce the water vapor permeability from 9.680 ± 0.460 × 10–10 (g m/sm-2Pa-1) for net 
gelatin film to 6.067 ± 0.337 × 10–10 (g m/sm−2 Pa−1) for gelatin nanocomposite film 
and oxygen permeability from 39.262 (cm3μm/ m2dkPa) for net gelatin film to 29.645 
(cm3μm m−2 dkPa) for nanocomposite film. However, GNE films had the highest bar-
rier properties. Results of acidity and peroxide values of cakes admitted the suf-
ficiency of GNE films for sponge cakes packaging. In addition, antifungal properties 
of nanoparticles led to less fungal growth on cakes packed in GNE films. The cakes 
packed in GNE films own more organoleptic and texture acceptability than the ones 
packed in other films. Generally, according to the results GNE films are acceptable 
for packaging of sponge cakes which contain no preservative because this packaging 
can prevent fungal growth for a longer time and even more can maintain the cake 
chemical and organoleptic quality.
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et al., 2014). However, a major challenge for industrial application of 
these polymers is their low barrier properties against water molecules 
(Zheng, Tajvidi, Tayeb, & Stark, 2019).

One of the most important source of biodegradable films is gela-
tin. This material is interested because of low cost, availability, and film 
forming properties but its disadvantage is high water vapor permea-
bility (Marvizadeh, Oladzadabbasabadi, Nafchi, & Jokar, 2017).There 
are different ways to improve barrier properties of biodegradable 
films such as different film production processes, applying cross-link-
ing agents, plasticizers, and filling components such as nanoparticles 
(Araghi et al., 2015). Recently, researchers have studied effect of dif-
ferent nanoparticles on biodegradable films properties (Marvizadeh 
et al., 2017; Nafchi, Nassiri, Sheibani, Ariffin, & Karim, 2013). In this 
case, nano chitin (N-chitin) is one of the compatible nanoparticles with 
carbohydrate and protein-based polymers that not only can improve 
physical properties of films, but also can add antimicrobial properties 
to biopolymer (Sahraee, Milani, Ghanbarzadeh, & Hamishehkar, 2017). 
On the other hand, metal oxide nanoparticles such as nano ZnO (N-
ZnO), TiO2, MgO, and CaO are interested in their high stability to tem-
perature of process, diffusivity from packaging to food, being safe for 
animals and human and antimicrobial properties (Nafchi, Moradpour, 
Saeidi, & Alias, 2014; Shankar, Teng, Li, & Rhim, 2015).

Therefore, substituting biodegradable packaging for bakery 
products instead of synthetic polymers may be a substantial action 
in order to decrease waste pollution in environment and fuel usage 
for producing olefin polymers. Even more, because of high func-
tionality of biodegradable polymers, addition of preservatives to 
bakery products may reduce. The objective of the present research 
was to apply gelatin nanocomposite films containing N-chitin and 
N-ZnO for packaging of sponge cake and compare the shelf life and 
quality of cakes with the ones packed in polyethylene films.

2  | MATERIAL S AND METHODS

2.1 | Materials

For film preparation materials, bovine gelatin was supplied by Merck 
Chemical Co. (Darmstadt, Germany), with bloom number of 200 and 
density of 1,358 kg/m3. N-ZnO powder with size of 10–30 nm was 
purchased from Nano SANY Co. N-chitin gel was bought from Nano-
Novin Co. with 1.5% dry matter and particle size of 50–70 nm. Liquid 
glycerol and 50% glutaraldehyde were provided by Sigma Chemical 
Co. For cake ingredients, wheat flour (extraction rate of 72%), sugar, 
eggs, oil, vanilla, and baking powder were provided from a local mar-
ket, Tabriz, Iran.

2.2 | Chemicals

Sodium hydroxide, phenolphthalein, n-hexane, acetic acid, 
chloroform, sodium thiosulphate, and potassium iodide were 

purchased from Sigma Aldrich. In order to study antifungal activity, 
SDS Agar medium was supplied from Quelab.

2.3 | Film preparation and characterization

2.3.1 | Film preparation

An aqueous solution of ZnO nanoparticles was prepared through dis-
persing 5% (based on dry gelatin) of N-ZnO powder in 100 ml distilled 
water and was stirred on a magnet stirrer at 30°C for 1 hr. Then, the 
solution was sonicated using a high-intensity ultrasonic processor 
(Heidolph) at periodic pulsing of 120 s on and 15 s off and at an am-
plitude of 80% with 0.5 cycle per second. Subsequently, 5% N-chitin 
(based on dry gelatin) was added to the solution and mixed for 1 hr fur-
ther, followed by sonication in an ultrasonic bath (Parsonic 30S, Pars 
Nahand engineering Co.) for 30 min. Gelatin (4 g/100 ml) was dissolved 
in this solution by mixing for 30 min at room temperature followed by 
stirring on a hot plate at 55°C for 30 min. Later, the solution was cooled 
to 35°C and 30% glycerol as plasticizer and 1% glutaraldehyde as cross-
linking agent was added and mixed for 30 min. Finally, the film solution 
was cast on 16 cm diameter Teflon-coated dishes and dried for 48 hr at 
room temperature. Also, net gelatin films were produced through the 
same method without adding nanoparticles. In order to make ready 
emulsion films, 4 g/100 ml gelatin was swelled in water for 30 min 
and 30% (based on dry gelatin) corn oil and Tween-80 (2 g/100 g oil) 
as emulsifier were added to the solution and heated up to 55 ± 5°C 
for 30 min. Then, the mixture was cooled to 35°C and plasticizer and 
cross-linking agent were added as described above and mixed for 
30 min further. Finally, the solution was cast on Teflon-coated dishes 
and dried. Four kinds of packaging films were prepared in order to pack 
the cakes: net gelatin films, 5% N-chitin/ 5% N-ZnO/gelatin films (GN), 
gelatin emulsion films (GE), and 5% N-chitin/ 5% N-ZnO/gelatin as first 
layer and gelatin emulsion film as second layer (GNE), and polyethylene 
films as control (Sahraee, Milani, Ghanbarzadeh, & Hamishekar, 2016).

2.3.2 | Water vapor permeability

Water vapor permeability (WVP) of films was measured according to 
the method of ASTM E96/E96M-16 (2016) with some modifications 
(Zahedi, Ghanbarzadeh, & Sedaghat, 2010). In this method, 3 g CaSO4 
salt was filled in glass vials (1.5 cm diameter and 4 cm depth). This salt 
induced 0% RH in the vials. Then, disks of film samples were fixed with 
vial doors on top of them. There was a hole of 4 mm diameter in each 
door to let gas exchange through the films. The initial weigh of vials 
were measured and then put in the desiccators containing saturated 
K2SO4 (RH = 97%). The vials were weighed at 24 hr intervals. That 
way, water vapor transmission rate (WVTR) was calculated from the 
slope of curve of weight difference versus time. Subsequently, the 
WVP (g/m s-1 Pa−1) of film samples were determined according to 
equation (1):
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where L is the average thickness of films, and ∆P is the water vapor 
pressure difference between two sides of films.

2.3.3 | Oxygen permeability of films

Oxygen permeability (OP) of films was determined according to the 
standard method of ASTM D3985–17 (2017) with a modular system 
of Ox-Tran 2/20 Ml (Modern Controls Inc.) at 25°C and 55 ± 2% RH. 
The film samples were fixed on a stainless steel mask. One side of 
film was in exposure of nitrogen gas and the other side was in con-
tact with oxygen gas. Both sides of films were set at the same tem-
perature and humidity. As oxygen permeated the film, it transferred 
to calorimetric detector and produced electrical flow, which its in-
tensity was depended on amount of oxygen flowing to the detector 
per time (Hong and Krochta, 2006).

2.4 | Cake preparation and properties

2.4.1 | Cake preparation

The cake samples were prepared according to the method of Lu et 
al. (2010) by some modifications. The ingredients were mixed as fol-
lowing formula: 150 g flour, 150 g sugar, 6 eggs, 40 g oil, 1.70 g va-
nilla, and 0.90 g baking powder. After preparing the dough, it was 
transferred to a cake mold and baked for 40 min at 180°C in oven. 
After baking, it was covered with a sterile aluminum paper and hold 
in a laminar hood in order to be cooled. Then, 5 × 5 cm2 pieces of 
cakes were packaged in gelatin nanocomposite films and polyethyl-
ene films as control and stored at 55 ± 2% RH and 25°C. The shelf life 
investigations of packed cakes were done in 0, 7, 14, 21, and 28 days 
of storage.

2.4.2 | Moisture content of cake

Moisture content of cake samples (crumb) was determined according 
to AACC 44-15A (AACC, 2000). According to this method, pieces 
of 2 × 2 cm2 of cakes weighed before and after drying at 103°C for 
24 hr and the percentage of weight loss was reported as moisture 
content of the cake.

2.4.3 | Extraction of cake's lipid

Lipid extraction from cake samples was necessary to determine 
peroxide value and acidity of cakes’ lipid during storage. In this 
regard, 100 g of cake samples was immerged in 200 ml n-hexane 
as a solvent and mixed thoroughly to become crashed and exposed 

better to the solvent. The mixture was held until the upper solvent 
became clear and then filtered through filter paper (Whatmann 
No. 1). Subsequently, the solvent was evaporated by rotary at 
50°C, and the extracted lipid was taken for next experiments (Lu 
et al., 2010).

2.4.4 | Peroxide value

In order to determine the rate of lipid oxidation during the storage of 
cakes packed in different kinds of polymers, peroxide value (PV) was 
measured at 0, 7 and 14 days of storage according to the method of 
AOCS (AOCS Cd8b-90, 2017). In this regard, 2 g of extracted lipid 
was weighed in 250 ml flask and 30 ml of acetic acid and chloro-
form solution (3:2 acetic acid to chloroform volume ratio) was added. 
Then, 0.5 ml of saturated solution of potassium iodide was incorpo-
rated in the solution and held for 1 min in a dark place. Subsequently, 
after addition of 30 ml distilled water to the solution, it was titrated 
by sodium thiosulfate (0.01 N) in the presence of starch solution as 
the indicator. The peroxide value was calculated according to the 
following equation (2):

whereN is the sodium thiosulfate normality, V is the volume of sodium 
thiosulfate used for titration, and W is the weight of lipid.

2.4.5 | Free fatty acids

One of the rancidity symptoms of food's lipid is increasing its free 
fatty acid content. Based on this fact, the acidity of cakes lipid was 
measured at 0, 7, and 14 days of storage according to the method 
of AOCS (AOCS Ca5a-40, 2017). According to this method, 2 g of 
lipid was mixed with 30 ml of neutralized ethanol and titrated with 
sodium hydroxide solution (0.01 N) in presence of phenolphthalein 
as indicator. The acidity of cake lipid was calculated by:

where N is normality of sodium hydroxide solution, V is the volume of 
titrated sodium hydroxide, and W is the weight of lipid.

2.4.6 | Texture profile analysis of cakes

In order to study the effect of packaging polymer on texture 
properties of cake samples after 0, 7, and 14 days of storage, texture 
profile analysis of cakes was performed by an Instron universal 
testing machine (Texture Pro CT V1.6 Build, Brookfield Engineering 
Labs. Inc.).Cube pieces of cakes (4 × 4 × 4 cm3) compressed using a 

(1)WVP= (WVTR×L)∕ΔP

(2)P=
N×V×100

W

(3)Acidity=
28.2×N×V

W
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cylinder probe (TA25/1,000, D = 1.245 mm) at room temperature. 
The samples were compressed in two cycles to 40% of their initial 
heights with a load of 100N and speed of 1mms-1.The springiness, 
cohesiveness, hardness, and resilience of the cake samples were 
determined as the mean of triple measurements.

2.4.7 | Antimicrobial activity of films

In order to assess the antifungal properties of packaging films on cakes, 
mold and yeast counts have been done according to the methods de-
scribed in AOAC, 2014. Aseptically, the sample was diluted 1:10 with 
dilution water and stomached for 2 min. About 1 ml of diluted sample 
was carefully transferred on the surface of solidified medium in plate. 
Then, the suspension was distributed evenly using gentle movement of 
pipette on the medium. The door of plate was closed and left for 1 min 
to allow the suspension be absorbed to the medium. The yeasts and 
molds were counted after 5 days of incubation in 25°C.

2.4.8 | Sensory evaluation

Sensory evaluation of cake samples was implemented to assess 
the effect of different packaging polymers on quality maintenance 
of cakes during 7 days of storage at ambient temperature. In this 
regard, 20 panelists including 7 men and 14 women were asked to 
test cake samples which were labeled with a three digit random 
numbers. Each panelist filled an evaluation form, ranking the qual-
ity attributes of appearance, color, odor, texture, overall accepta-
bility by applying a 5-point hedonic scale (1 = dislike extremely and 
5 = like extremely). The results are the average of these ratings 
(Altamirano-Fortoul, Moreno-Terrazas, Quezada-Gallo, & Rosell, 
2012).

2.5 | Statistical analysis

The results of all experiments were stated as mean ± standard de-
viation. The one-way analysis of variance (ANOVA) was applied for 
analyzing the data. For post hoc comparisons, Duncan's test was con-
sidered. In order to study gelatin nanocomposite film's properties, 
Tukey's test was applied. SPSS 16.0 (SPSS) has been used for analyz-
ing the results. In all experiments, the significant level was p < .05.

3  | RESULTS AND DISCUSSION

3.1 | Water vapor permeability of films

Water vapor permeability of gelatin, GN and GE films were shown 
in Table 1. Statistical analysis of data showed significant differ-
ences between WVP of the films. Net gelatin films had high WVP 
because of hydrophilic nature of the films. However, incorpora-
tion of N-chitin and N-ZnO increased barrier properties of films 
against water vapor. Since WVP of films is dependent to water 
molecules solubility and diffusion across the film, nanoparticles 
can reduce this permeability by increasing cross-linkage between 
polymer chains and filling the porosity of matrix (Rouhi, Mahmud, 
Naderi, Ooi, & Mahmood, 2013). Also, Kanmani and Rhim (2014) 
reported that addition of N-ZnO in different polymers reduced 
WVP by increasing overall hydrophobicity of films and inducing 
tortuous passway across water vapor.

Addition of oil to film formulation led to less WVP than gelatin and 
GN films. The result may be due to the enhancing hydrophobic prop-
erty of emulsion films and reducing gelatin films tendency toward 
water molecules (Otoni, Pontes, Medeiros, & Soares, 2014). Since 
gelatin has amphiphilic property, the added corn oil to the films could 
interact well with film chains and high concentrations of oil did not 
cause phase separation in polymer. Homogenous distribution of oil 
molecules through the film led to less WVP and inhibition of creating 
voids in the interface of hydrophilic-hydrophobic surfaces. Although 
addition of oil decreased WVP of gelatin films, the barrier property 
of gelatin emulsion films was not as well as synthetic films like poly-
ethylene with WVP of 3.6 × 10–13 g msm–2 Pa–1 (Thakur et al., 2017).

3.2 | Oxygen permeability of nanocomposite 
emulsion films

Oxygen permeability of films (OP) was shown in Table 1. Films owning 
hydrophilic nature have high water vapor permeability, but their 
barrier property against gases like oxygen and carbon dioxide is good. 
Nanoparticles incorporation in gelatin films had significantly decreased 
oxygen permeability of them. Generally, enhancing crystal phase of film, 
orientation, molecular weight, and cross-linking of chains lead to reduce 
oxygen permeability of films (Li, Cao, Pei, Liu, & Tang, 2019). Based on 
the fact that nanoparticles can increase cross-linking and cohesiveness 
of polymer chains; they improve oxygen barrier property of films.

Film sample WVP (× 10–10 g m/sm−2Pa−1) OP (cm3μm/m2dkPa)

Gelatin 9.680 ± 0.460d 39.262 ± 2.544b

GN 6.067 ± 0.337b 29.645 ± 1.980a

GE 7.680 ± 0.750c 50.473 ± 4.001c

Polyethylene 3.600 × 10–3a (Thakur et al., 2017) 1,866.240d (Thakur et al., 2017)

Note: Similar superscripts in each column show no significant difference between mean values 
(p < .05).

TA B L E  1   Water vapor permeability 
(WVP) and oxygen permeability (OP) of 
gelatin, GN, GE, and polyethylene films
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Addition of corn oil to film formulation increased OP of GE films 
in comparison with net gelatin films. The reason may be hydrophobic 
nature of lipids which increase oxygen transfer through the films. 
Also, Bertan, Tanada-Palmu, Siani, and Grosso (2005) found similar 
results when studied gelatin and triacetin films gas permeability. 
They reported that formation of microholes in film matrix by incor-
poration of lipids in gelatin films can lead to more gas transfer across 
the films.

Comparison of OP of gelatin nanocomposite films with that of 
polyethylene films revealed that OP of biodegradable nanocomposite 

films is very low. The OP of polyethylene films at 25°C was about 
1866.240 cm3μm m–2 dkPa (Thakur et al., 2017) whereas the GN 
films had the OP of 26.494 cm3μm m–2 dkPa.

3.3 | Moisture content of cakes

The moisture content (MC) of cakes packed in gelatin, GE, GN, 
GNE, and polyethylene films stored at 25°C and RH = 55 ± 2% for 
7 and 14 days have been shown in Figure 1a. Results have shown 

F I G U R E  1   (a) Moisture content 
(MC) (%), (b) Acidity (g oleic acid/ 100 g 
extracted oil), (c) Peroxide value (mEq 
peroxide/ Kg extracted oil) of sponge 
cake packed in gelatin, GE, GN, GNE, and 
polyethylene films at 25°C
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that MC of cakes was significantly affected by packaging film. 
MC of cakes packed in polyethylene films did not significantly 
alter after 14 days of storage. Nevertheless, net gelatin films 
could not prevent moisture loss of cakes and their MC drop-off 
from 32.60 ± 0.7% for fresh cakes to 2.91 ± 0.93% after 7 days 
of storage. Therefore, net gelatin films did not possess proper 
moisture barrier property for food packaging. Also, former studies 
have shown that net gelatin films did not have a high water vapor 
barrier property (Sahraee et al., 2017). Comparison of gelatin 
films containing N-chitin and N-ZnO with net gelatin films as a 
packaging film showed that GN had preserved MC of cakes better 
than net gelatin films. Also, Amjadi et al. (2019) found that addition 
of ZnO and chitosan nanoparticles to the gelatin film significantly 
decreased its water vapor permeability.

Recent researches have shown that N-chitin and N-ZnO could 
improve barrier properties of gelatin films against water vapor 
through filling property and inducing a tortuous passway across 
the water molecules (Shankar et al., 2015, Rhim, 2015). As it can be 
seen in Figure 1, applying gelatin emulsion films as a second layer 
for gelatin films has improved barrier property of degradable pack-
aging and GNE had the best barrier property after polyethylene.

3.4 | Acidity of cakes

Free fatty acid (FFA) values of packed cakes packed in different films 
and stored at 25°C and RH = 55 ± 2% for 7 and 14 days have been 
shown in Figure 1b. FFA values of cakes were measured in order to 
determine the rancidity of cakes under the influence of packaging con-
dition. Generally, FFA of foods is increased by hydrolysis of triglycer-
ides in exposure to moisture or enzymatic activity of microorganisms. 
Statistical analysis has declared that there is no significant difference 
in acid value of cakes packed in net gelatin and GN films after 7 and 
14 days of storage. The result may be due to the inefficiency of these 
polymers to avoid moisture loss of cakes and lack of moisture prevents 
triglycerides hydrolysis (Soukoulis et al., 2014). However, the acidity of 
samples packed in GE was higher than net gelatin films which was the 
result of higher moisture barrier of this packaging. On the other hand, 
the acidity of cake samples packed in polyethylene and GNE did not 
change after 7 days of storage. This may be because of similar moisture 
content of cakes packed in these films. However, the acidity became 
significantly different for cakes packed in polyethylene and GNE after 
14 days, which probably was due to more fungal growth in polyethyl-
ene packaging than GNE films.

3.5 | Peroxide value of cakes

The effect of different packaging polymers on cake samples’ per-
oxide value (mEq peroxide/Kg extracted oil from cakes) has been 
shown in Figure 1c. Generally, lipid oxidation of foods is affected 
by UV light, temperature, moisture content, metal ions, and oxygen 
exposure (Wu et al., 2013).

Results have shown that there is no significant difference be-
tween peroxide value of fresh and stored cakes packed in net gelatin 
films for 7 and 14 days of storage. The reason maybe good barrier 
property of gelatin films against oxygen and UV light (Sahraee et al., 
2016), and moisture loss of packed cakes in net gelatin films up to 
aw (aw = 0.2–0.4) that lipid oxidation speed would decrease to the 
minimum. It is obvious that the peroxide value of cakes packed in 
polyethylene films is higher than other samples. This would be be-
cause of low barrier property of polyethylene against UV light and 
oxygen gas, high moisture content of cakes, enough aw for oxidation 
process, and fungal growth and production of lipoxygenase enzyme 
in cakes, which could produce hydroperoxides. Even more, peroxide 
value of cakes packed in GE and GN films during 14 days of stor-
age did not changed significantly. It may be due to the similar barrier 
property of GE and GN films against water vapor, oxygen, and UV 
light. According to the results of Table 1, the WVP and OP of the GN 
films were less than GE films. But the condition of the WVP and OP 
tests are different from when the film is used for cake packing. In 
WVP test, films are in exposure of special water vapor pressure dif-
ference. Also in OP test, films are conditioned in 55% RH and oxygen 
gas pressure was imposed to the films. But during the application 
of films for packaging the cakes, the situation is different. Different 
water vapor and oxygen pressure was in either sides of the films, 
and also in some parts, films were in exposure of cakes and some 
components of the cake like its fat was transferred on the film. All 
this differences caused the peroxide value of the cakes packed in 
these films changed in similar way. Therefore, because the causes of 
peroxide value's change in cakes were oxygen, water vapor, and UV 
light, similar peroxide values led to concluding of similar water vapor, 
oxygen and UV light exposure of cakes.

Finally, the results have declared that also GNE films can 
preserve the moisture content of cakes better than other poly-
mers, but because of good barrier property against oxygen and 
antifungal properties of N-chitin and N-ZnO in gelatin nano-
composite films, it can maintain the peroxide value of cakes at 
lower levels than other compared polymers. These findings are 
in accordance with Panea, Ripoll, González, Fernández-Cuello, 
and Albertí (2014) studies which stated that incorporation of 
N-ZnO and N-Ag in LDPE decreased breast lipid oxidation. Even 
more, Ejaz, Arfat, Mulla, and Ahmed (2018) applied gelatin film 
containing N-ZnO and clove essential oil for packaging shrimps. 
They found that existence of nanoparticles decreased the oxygen 
permeability of films and inhibited the increase of peroxide value 
of shrimps.

3.6 | Antifungal properties of films

Antifungal properties of the films was investigated by comparing 
fungal growth on cake samples packed in gelatin, GE, GN, GNE, 
and polyethylene films (Table 2). Since the cakes that are packed 
in net gelatin films have dried after 3 days of storage and their 
moisture content has reached to 2.91 ± 0.92% and 1.70 ± 0.54% 
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after 7 and 14 days, no fungal growth has occurred in 7, 14, 21, and 
28 days. Even more, incorporation of nanoparticles to gelatin films 
has decreased water vapor permeability, but the moisture content 
of the cakes packed in GN films has decreased to 13.48 ± 0.45% 
after 14 days. Therefore, the water activity of cakes was less than 
the minimum aw for fungal growth on cakes. The comparison of 
fungal growth on cakes packed in polyethylene, GE, and GNE films 
has shown that fungal growth on cakes packed in polyethylene was 
more than cakes in GE and GNE after 7, 14, 21, and 28 days. The 
reason for less microbial growth on cakes packed in GE films may 
be less moisture content of cakes and less oxygen permeability of 
GE films.

However, results obviously showed that GNE films not only 
preserves the moisture content of cakes but also because of in-
cluding N-chitin and N-ZnO is a functional nanocomposite film with 
antifungal properties that can increase cake shelf life by reducing 
microbial growth. In this regard, applying two layers packaging can 
accomplish the property of water vapor barrier by gelatin emulsion 

films and support antifungal and better physicochemical proper-
ties by gelatin nanocomposite films (Noshirvani, Ghanbarzadeh, 
RezaeiMokarram, & Hashemi, 2017; Sahraee et al., 2017).

3.7 | Texture profile analysis of cakes

Effect of packaging film and storage time on texture properties of 
cake samples stored at 25°C for 0, 7, and 14 days was determined. In 
this regard, it should be mentioned that cakes packed in gelatin films 
became dried after 3 days of storage and their texture was very hard 
for texture analyzing. The effect of storage time on cake hardness 
packed in polyethylene films was descending, but for other films was 
ascending (Table 3). The reason may be due to less moisture loss of 
cakes in polyethylene packaging and softening of the cake texture 
by moisture condensation. However, increasing cake hardness 
in other packaging films may be associated to staling of cake and 
loss of moisture during time (Khoshakhlagh, Hamdami, Shahedi, & 

TA B L E  2   Yeast and mold count of sponge cake packed in gelatin, GE, GN, GNE, and polyethylene films at 25°C

Packaging film

CFU/g of sponge cake

Storage time (days)

0 7 14 21 28

Gelatin 0aA 0aA 0aA 0aA 0aA

GE 0aA 3.33 ± 5.77bB 16.67 ± 5.77cC 20.00 ± 10.00cD UCdE

GN 0aA 0aA 0aA 0aA 0aA

GNE 0aA 0aA 3.33 ± 5.77bB 10.00 ± 10.00bC 26.66 ± 11.54cD

Polyethylene 0aA 13.33 ± 5.78cB UCdC UCdC UCdC

Note: The results are mean ± SD values of three replicates. The same lower case superscripts in each column and uppercase superscript in each row 
show no significant difference between values by Tukey's test at 5% probability.

TA B L E  3   Texture profile analysis of sponge cake packed in gelatin, GE, GN, GNE, and polyethylene films at 25°C

Film
Storage time 
(days) GE GN GNE Polyethylene

Hardness (g) 0 2,772.00 ± 246.05aA 2,772.00 ± 246.05aA 2,772.00 ± 246.05aA 2,772.00 ± 246.05aC

7 3,298.00 ± 166.25bB 4,512.00 ± 1,120.6cB 3,146.00 ± 319.58bB 2,248.00 ± 761.52aB

14 8,028.00 ± 2,089.53cC 9,132.00 ± 1793.01cC 5,248.00 ± 974.91bC 1,623.00 ± 327.65aA

Springiness (mm) 0 13.61 ± 0.24aBC 13.61 ± 0.24aB 13.61 ± 0.24aC 13.61 ± 0.24aA

7 12.40 ± 0.30aAC 12.74 ± 0.61aA 12.82 ± 0.39aB 13.4 ± 0.37aA

14 14.30 ± 3.32aC 12.30 ± 2.12aB 12.67 ± 0.48aA 12.08 ± 0.57aB

Cohesiveness 0 0.42 ± 0.04aA 0.42 ± 0.04aA 0.42 ± 0.04aA 0.42 ± 0.04aA

7 0.49 ± 0.01bB 0.52 ± 0.02cB 0.48 ± 0.02abB 0.44 ± 0aB

14 0.59 ± 0.02bC 0.62 ± 0cC 0.58 ± 0.02bC 0.54 ± 0.03aC

Resilience 0 0.26 ± 0.02aC 0.26 ± 0.02aC 0.26 ± 0.02aC 0.26 ± 0.02aB

7 0.22 ± 0.02aB 0.23 ± 0.01aB 0.25 ± 0.02aB 0.28 ± 0.01bC

14 0.16 ± 0.02aA 0.17 ± 0.01abA 0.20 ± 0.02cA 0.19 ± 0.01bcA

Note: The results are mean ± SD values of three replicates. The same lower case superscripts in each column and uppercase superscript in each row 
show no significant difference between values by Tukey's test at 5% probability.
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Le-Bail, 2014). Even more, the comparison of the effect of different 
packaging films on cakes hardness showed that after 7 and 14 days 
of storage the hardness of cakes in GNE was significantly lower than 
others in degradable packaging. The reason may be better moisture 
preservation and less oxygen permeability of this film. The highest 
hardness belonged to cake packed in GN films, may be because of 
more water vapor permeability through the films.

The results of cohesiveness were in accordance with hardness 
(Table 3). In this case, the cakes packed in polyethylene and GNE 
films were less cohesive than the ones in GE and GN films. Also, the 
effect of storage time on cohesiveness of cakes packed in different 
films was ascending. However, different packaging polymers did not 
affect cakes springiness factor significantly, but increasing storage 
time led to reduction in this property.

Resilience of packed cakes which is determined through the 
ratio between the areas of compression stage and decompression 
stage of the first cycle of texture profile analysis and is a criterion 
of recoverability of cakes (Fabra, Lopez-Rubio, & Lagaron, 2015; 
Guadarrama-Lezama, Carrillo-Navas, Pérez-Alonso, Vernon-Carter, 
& Alvarez-Ramirez, 2016). Here again, polyethylene and GNE packed 
cakes were more resilient than GE and GN, respectively (Table 3).

3.8 | Sensory characterization of cakes

In order to assess organoleptic characterization of cake samples 
packed in gelatin, GE, GN, GNE, and polyethylene films, 
appearance, taste, odor, color, texture (hardness or softness), and 
overall acceptability of cakes were tested after 7 days of storage at 
25°C (Table 2).

Results declared that cakes packed in net gelatin films had the 
least acceptability of sensory properties. Since net gelatin films were 
not a good barrier against water vapor, after 3 days of storage the 
cake stored in it became dried and stiff which was not chewable. 
On the other hand, the cakes packed in polyethylene, GE and GNE 
films did not possess significant difference in organoleptic charac-
terization. By the way, polyethylene cake samples had better texture 
and acceptability than other cakes. It can be found from the results 
shown in Table 4 that the sensory properties of cakes packed in GN 
films were less acceptable than cakes in GE, GNE, and polyethylene 

films. The reason may be less capability of GN films in prevention of 
moisture loss and acceleration of retrogradation process of cakes in 
this kind of packaging. According to the findings of Jafarzadeh, Rhim, 
Alias, Ariffin, and Mahmud (2018), the important factors that influ-
ence food quality are moisture content, light, and oxygen exposure 
and these factors are impacted by food packaging. The results of their 
research showed that semolina films containing N-ZnO could main-
tain cheese quality up to 25 days of storage at 4°C in comparison to 
synthetic packaging.

4  | CONCLUSION

Substituting synthetic laminated films with laminated degradable 
packaging like nanocomposite gelatin/ emulsion gelatin films can 
achieve many advantages for industry and environment. As can be 
understood from the results, addition of nanoparticles to gelatin 
films has improved barrier properties of the films, but it was not suf-
ficient. Accordingly, in order to lessen permeability of gases espe-
cially water vapor through packaging, applying gelatin emulsion film 
as the second layer could be appropriate. In this case, the results of 
moisture content, peroxide value, acidity, texture analysis, and fun-
gal growth admitted that two layers nanocomposite emulsion films 
could be a substitute for polyethylene films.
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TA B L E  4   Organoleptic properties of sponge cakes packed in gelatin, GE, GN, GNE, and polyethylene films at 25°C

Packaging film

Sensory properties

Appearance Color Odor Taste Texture Overall acceptability

Gelatin 3.98a 8.56a 2.43a 0a 0a 3.56a

GE 8.56c 9.12a 7.32c 8.65c 7.73c 8.44c

GN 7.33b 9.34a 6.16b 6.53b 5.35b 6.33b

GNE 9.32c 9.18a 7.49c 8.43c 8.19c 8.78c

Polyethylene 9.06c 9.60a 8.95c 9.00c 8.50c 9.35c

Note: The results are mean of scores based on 9-point hedonic scale (1 = dislike extremely to 9 = like extremely). The same superscripts in each 
column show no significant difference between values.

https://orcid.org/0000-0002-7568-983X
https://orcid.org/0000-0002-7568-983X


     |  1311SAHRAEE Et Al.

R E FE R E N C E S
AACC (2000). Approved methods of the AACC (10th edn). St. Paul, MN: 

American Association of Cereal Chemists.
Altamirano-Fortoul, R., Moreno-Terrazas, R., Quezada-Gallo, A., 

& Rosell, C. M. (2012). Viability of some probiotic coatings in 
bread and its effect on the crust mechanical properties. Food 
Hydrocolloids, 29(1), 166–174. https ://doi.org/10.1016/j.foodh 
yd.2012.02.015

Amjadi, S., Emaminia, S., Heyat Davudian, S., Pourmohammad, S., 
Hamishehkar, H., & Roufegarnejad, L. (2019). Preparation and char-
acterization of gelatin-based nanocomposite containing chitosan 
nanofiber and ZnO nanoparticles. Carbohydrate Polymers, 216, 376–
384. https ://doi.org/10.1016/j.carbp ol.2019.03.062

AOAC (2014). AOAC Official method, 2014.05 for yeast and mold count in 
foods, official methods of analysis. Gaithersburg, MD: Association of 
Official Analytical Chemistry.

AOCS Ca5a-40 (2017). Official methods and recommended practices of the 
American Oil Chemist Society (AOCS), Vol. Ca 5a-40. Champaign, IL.

AOCS Cd8b-90 (2017). Official methods and recommended practices of the 
American Oil Chemist Society (AOCS), Vol. Cd 8b-90. Champaign, IL.

Araghi, M., Moslehi, Z., Mohammadi Nafchi, A., Mostahsan, A., Salamat, 
N., & Garmakhany, A. D. (2015). Cold water fish gelatin modification 
by a natural phenolic cross-linker (ferulic acid and caffeic acid). Food 
Science & Nutrition, 3(5), 370–375. https ://doi.org/10.1002/fsn3.230

ASTM D3985–17 (2017). Standard test method for oxygen gas transmission 
rate through plastic film and sheeting using a coulometric sensor. West 
Conshohocken, PA: ASTM International.

ASTM E96/E96M-16 (2016). Standard test methods for water vapor trans-
mission of materials. West Conshohocken, PA: ASTM International.

Bertan, L. C., Tanada-Palmu, P. S., Siani, A. C., & Grosso, C. R. F. (2005). 
Effect of fatty acids and ‘Brazilian elemi’ on composite films based on 
gelatin. Food Hydrocolloids, 19(1), 73–82. https ://doi.org/10.1016/j.
foodh yd.2004.04.017

Chakravartula, S., Cevoli, C., Balestra, F., Fabbri, A., & Rosa, M. (2019). 
Evaluation of drying of edible coating on bread using NIR spec-
troscopy. Journal of Food Engineering, 240, 29–37. https ://doi.
org/10.1016/j.jfood eng.2018.07.009

Ejaz, M., Arfat, Y. A., Mulla, M., & Ahmed, J. (2018). Zinc oxide nanorods/
clove essential oil incorporated Type B gelatin composite films and its 
applicability for shrimp packaging. Food Packaging and Shelf Life, 15, 
113–121. https ://doi.org/10.1016/j.fpsl.2017.12.004

Fabra, M. J., Lopez-Rubio, A., & Lagaron, J. M. (2015). Effect of the 
film-processing conditions, relative humidity and aging on wheat glu-
ten films coated with electrospun. Food Hydrocolloids, 44, 292–299.

Guadarrama-Lezama, A. Y., Carrillo-Navas, H., Pérez-Alonso, C., Vernon-
Carter, E. J., & Alvarez-Ramirez, J. (2016). Thermal and rheological 
properties of sponge cake batters and texture and microstructural 
characteristics of sponge cake made with native corn starch in partial 
or total replacement of wheat flour. LWT-Food Science and Technology, 
70, 46–54. https ://doi.org/10.1016/j.lwt.2016.02.031

Hong, S.-I., & Krochta, J. M. (2006). Oxygen barrier performance of 
whey-protein-coated plastic films as affected by temperature, rela-
tive humidity, base film and protein type. Journal of Food Engineering, 
77(3), 739–745.

Jafarzadeh, S., Rhim, J. M., Alias, A. K., Ariffin, F., & Mahmud, S. (2018). 
Application of antimicrobial active packaging film made of semo-
lina flour, nano zinc oxide and nano-kaolin to maintain the quality 
of low-moisture mozzarella cheese during low-temperature storage. 
Journal of the Science of Food and Agriculture, 99(6), 2716–2725. https 
://doi.org/10.1002/jsfa.9439

Kanmani, P., & Rhim, J. W. (2014). Properties and characterization of bi-
onanocomposite films prepared with various biopolymers and ZnO 
nanoparticles. Carbohydrate Polymers, 106(15), 190–199. https ://doi.
org/10.1016/j.carbp ol.2014.02.007

Khoshakhlagh, K., Hamdami, N., Shahedi, M., & Le-Bail, A. (2014). Quality 
and microbial characteristics of part-baked Sangak bread packaged 
in modified atmosphere during storage. Journal of Cereal Science, 
60(1), 42–47. https ://doi.org/10.1016/j.jcs.2014.01.014

Li, Y., Cao, C., Pei, Y., Liu, X., & Tang, K. (2019). Preparation and properties 
of microfibrillated chitin/gelatin composites. International Journal of 
Biological Macromolecules, 130, 715–719. https ://doi.org/10.1016/j.
ijbio mac.2019.03.014

Lu, T. M., Lee, C. C., Mau, J. L., & Lin, S. D. (2010). Quality and antioxidant 
property of green tea sponge cake. Food Chemistry, 119(3), 1090–
1095. https ://doi.org/10.1016/j.foodc hem.2009.08.015

Marvizadeh, M. M., Oladzadabbasabadi, N., Nafchi, A. M., & Jokar, M. 
(2017). Preparation and characterization of bionanocomposite 
film based on tapioca starch/bovine gelatin/ nanorod zinc oxide. 
International Journal of Biological Macromolecules, 99, 1–7. https ://doi.
org/10.1016/j.ijbio mac.2017.02.067

Nafchi, A. M., Moradpour, M., Saeidi, M., & Alias, A. K. (2014). Effects 
of nanorod-rich ZnO on rheological, sorption isotherm, and 
physicochemical properties of bovine gelatin films. LWT-Food 
Science and Technology, 58(1), 142–149. https ://doi.org/10.1016/j.
lwt.2014.03.007

Nafchi, A. M., Nassiri, R., Sheibani, S., Ariffin, F., & Karim, A. A. (2013). 
Preparation and characterization of bionanocomposite films filled 
with nanorod-rich zinc oxide. Carbohydrate Polymers, 96(1), 233–239. 
https ://doi.org/10.1016/j.carbp ol.2013.03.055

Noshirvani, N., Ghanbarzadeh, B., RezaeiMokarram, R., & Hashemi, M. 
(2017). Novel active packaging based on carboxymethyl cellu-
lose-chitosan-ZnO NPs nanocomposite for increasing the shelf life 
of bread. Food Packaging and Shelf Life, 11, 106–114. https ://doi.
org/10.1016/j.fpsl.2017.01.010

Otoni, G., Pontes, S., Medeiros, E., & Soares, N. (2014). Edible 
films from methylcellulose and nanoemulsions of clove bud 
(Syzygiumaromaticum) and Oregano (Origanumvulgare) essential oils 
as shelf life extenders for sliced bread. Journal of Agriculture and Food 
Chemistry, 62(22), 5214–5219.

Panea, B., Ripoll, G., González, J., Fernández-Cuello, A., & Albertí, P. 
(2014). Effect of nanocomposite packaging containing different 
proportions of ZnO and Ag on chicken breast meat quality. Journal 
of Food Engineering, 123, 104–112. https ://doi.org/10.1016/j.jfood 
eng.2013.09.029

Rouhi, J., Mahmud, S., Naderi, N., Ooi, C. H. R., & Mahmood, M. R. (2013). 
Physical properties of fish gelatin-based bio-nanocomposite films in-
corporated with ZnO nanorods. Nanoscale Research Letters, 8, 364–
368. https ://doi.org/10.1186/1556-276X-8-364

Sahraee, S., Milani, J. M., Ghanbarzadeh, B., & Hamishehkar, H. (2017). 
Physicochemical and antifungal properties of a bio-nanocomposite 
film based on gelatin-chitin nanoparticles. International Journal of 
Biological Macromolecules, 97, 373–381.

Sahraee, S., Milani, J. M., Ghanbarzadeh, B., & Hamishekar, H. (2016). 
Effect of corn oil on physical, thermal, and antifungal properties of 
gelatin-based nanocomposite films containing nano chitin. LWT-Food 
Science and Technology, 76, 33–39.

Shankar, S., Teng, X., Li, G., & Rhim, J. (2015). Preparation, characteriza-
tion, and antimicrobial activity of gelatin/ZnO nanocomposite films. 
Food Hydrocolloids, 45, 264–271. https ://doi.org/10.1016/j.foodh 
yd.2014.12.001

Soukoulis, C., Yonekura, L., Gan, H., Behboudi-Jobbehdar, S., Parmenter, 
C., & Fisk, I. (2014). Probiotic edible films as a new strategy for 
developing functional bakery products: The case of pan bread. 
Food Hydrocolloids, 39, 231–242. https ://doi.org/10.1016/j.foodh 
yd.2014.01.023

Thakur, R., Pristijono, P., Golfing, J. B., Stathopoulos, C. E., Scarlett, C. 
J., Bowyer, M., … Vuong, Q. V. (2017). Amylos e-lipid complex as a 
measure of variation in physical, mechanical, and barrier attributes of 

https://doi.org/10.1016/j.foodhyd.2012.02.015
https://doi.org/10.1016/j.foodhyd.2012.02.015
https://doi.org/10.1016/j.carbpol.2019.03.062
https://doi.org/10.1002/fsn3.230
https://doi.org/10.1016/j.foodhyd.2004.04.017
https://doi.org/10.1016/j.foodhyd.2004.04.017
https://doi.org/10.1016/j.jfoodeng.2018.07.009
https://doi.org/10.1016/j.jfoodeng.2018.07.009
https://doi.org/10.1016/j.fpsl.2017.12.004
https://doi.org/10.1016/j.lwt.2016.02.031
https://doi.org/10.1002/jsfa.9439
https://doi.org/10.1002/jsfa.9439
https://doi.org/10.1016/j.carbpol.2014.02.007
https://doi.org/10.1016/j.carbpol.2014.02.007
https://doi.org/10.1016/j.jcs.2014.01.014
https://doi.org/10.1016/j.ijbiomac.2019.03.014
https://doi.org/10.1016/j.ijbiomac.2019.03.014
https://doi.org/10.1016/j.foodchem.2009.08.015
https://doi.org/10.1016/j.ijbiomac.2017.02.067
https://doi.org/10.1016/j.ijbiomac.2017.02.067
https://doi.org/10.1016/j.lwt.2014.03.007
https://doi.org/10.1016/j.lwt.2014.03.007
https://doi.org/10.1016/j.carbpol.2013.03.055
https://doi.org/10.1016/j.fpsl.2017.01.010
https://doi.org/10.1016/j.fpsl.2017.01.010
https://doi.org/10.1016/j.jfoodeng.2013.09.029
https://doi.org/10.1016/j.jfoodeng.2013.09.029
https://doi.org/10.1186/1556-276X-8-364
https://doi.org/10.1016/j.foodhyd.2014.12.001
https://doi.org/10.1016/j.foodhyd.2014.12.001
https://doi.org/10.1016/j.foodhyd.2014.01.023
https://doi.org/10.1016/j.foodhyd.2014.01.023


1312  |     SAHRAEE Et Al.

rice starch-ƪ-carrageenan biodegradable edible film. Food Packaging 
and Shelf Life, 14, 108–115.

Wu, L. Y., Xiao, H., Zhao, W. J., Shang, H., Zhang, M. Z., Lin, Y. D., … Lin, 
J. K. (2013). Effect of instant tea powder with high ester-catechins 
content on shelf life extension of sponge cake. Journal of Agricultural 
Science and Technology, 15(3), 537–544.

Zahedi, Y., Ghanbarzadeh, B., & Sedaghat, N. (2010). Physical proper-
ties of edible emulsified films based on pistachio globulin protein and 
fatty acids. Journal of Food Engineering, 100(1), 102–108. https ://doi.
org/10.1016/j.jfood eng.2010.03.033

Zheng, M., Tajvidi, M., Tayeb, A. H., & Stark, N. M. (2019). Effect of ben-
tonite on physical, mechanical and barrier properties of cellulose 

nanofibril hybrid films for packaging applications. Cellulose, 26(9), 
5363–5379.

How to cite this article: Sahraee S, Milani JM, Ghanbarzadeh B, 
Hamishehkar H. Development of emulsion films based on 
bovine gelatin-nano chitin-nano ZnO for cake packaging. Food 
Sci Nutr. 2020;8:1303–1312. https ://doi.org/10.1002/
fsn3.1424

https://doi.org/10.1016/j.jfoodeng.2010.03.033
https://doi.org/10.1016/j.jfoodeng.2010.03.033
https://doi.org/10.1002/fsn3.1424
https://doi.org/10.1002/fsn3.1424

