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Abstract 
The effects of antimicrobial edible films containing carvacrol and cinnamal-
dehyde on organic baby spinach were determined via sensory analysis and 
changes in physical properties. Edible films made from pulp of hibiscus, ap-
ple, or carrot containing carvacrol or cinnamaldehyde at 0.5%, 1.5%, or 3% 
concentrations were added to organic baby spinach in plastic bags. These 
bags were stored at 4˚C for 20 - 24 h before performing sensory evaluation 
and measuring changes in physical properties. A randomized block design 
with an affective test was used. Preference liking was evaluated based on a 
9-point hedonic scale for aroma, color, freshness, mouthfeel, flavor, and 
overall acceptability. Additionally, panelists quantified each sample using a 
5-point hedonic scale for pungency, browning, bitterness, off-odor, and 
sourness. The color and texture of spinach samples were measured. Edible 
films containing cinnamaldehyde had the highest preference liking based on 
aroma, color, freshness, mouthfeel, flavor, and overall acceptability than those 
containing carvacrol and were the most likely to be purchased by panelists; 
therefore, cinnamaldehyde can potentially be used as an alternative sanitiza-
tion option. There were no significant (p ≤ 0.05) changes in firmness or color 
values between spinach treated with antimicrobial films and controls. The 
results provide the produce industry with options for incorporating antimi-
crobial films into salad bags without influencing the physical or sensory 
properties of baby spinach. 
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Texture Analysis, Color Measurements 

 

1. Introduction 

Multiple studies have suggested the use of plant-based antimicrobials in food to 
prevent the growth of pathogenic bacteria. Burt [1] has discussed the antimi-
crobial properties of the active components of various essential oils such as car-
vacrol (oregano oil), thymol (thyme), eugenol (clove bud oil), perillaldehyde 
(perilla), cinnamaldehyde (cinnamon oil) and cinnamic acid in vitro and in 
foods. Additionally, essential oils (EOs) of oregano, thyme, cinnamon, clove 
bud, and allspice as well as their active components showed antimicrobial activi-
ties against Listeria monocytogenes, Escherichia coli O157:H7, and Salmonella 
enterica in vitro [2]. However, some of these compounds may adversely affect 
the sensory properties of foods. Therefore, careful selection of food-compatible 
plant antimicrobials on food types is necessary to avoid undesirable organoleptic 
effects. 

Studies have looked at the effects of plant-derived antimicrobials on the or-
ganoleptic properties of different food types. For example, treatment with 1 mM 
carvacrol or cinnamic acid showed no significant adverse effects on the organo-
leptic attributes of kiwi fruits and honeydew melons [3]. The addition of orega-
no oil to extra virgin olive oil maintained the positive attributes (fruity, pungen-
cy, bitterness and oregano flavor) during 21 days of storage at 23˚C [4]. An ad-
dition of 0.1% oregano oil or thyme oil provided desirable odor and taste cha-
racteristics to lamb meat [5]. Gutierrez, et al. [6] have suggested that a combina-
tion of essential oils could help minimize the concentration of each and thus re-
duce the adverse sensory impacts in food. 

There are two ways in which plant antimicrobials can be added to foods: (a) 
adding antimicrobials directly to food; and (b) incorporating the antimicrobials 
in edible films, which are then used to wrap the foods or added as an ingredient 
[7]. Edible films are thin layers of food-based material which can be consumed 
and provide a barrier to moisture, oxygen, and solute movement of food [8]. 
Another major advantage of edible films is that these films may enhance the or-
ganoleptic properties of a food product because they could have various compo-
nents (flavoring, coloring, and sweeteners) which may be desirable to consum-
ers. Edible films can be used as a carrier for antioxidants, flavoring agents, co-
loring agents, and antimicrobials to extend the shelf-life and to improve food 
quality [9] [10] [11] [12] [13]. Another advantage of edible films is that they can 
replace plastic packaging with biodegradable materials which will lead to a re-
duction in overall packaging and waste disposal [14]. The major food commodi-
ties that could potentially be used with edible films include meat, fish, poultry, 
bread, cheese, fruits and vegetables [15]. 

Previous studies in our laboratory have indicated the efficacy of plant-based 
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antimicrobials against foodborne pathogens in foods. Oregano oil at 0.1% - 0.5% 
showed 1 - 4.7 log CFU/g reduction in Salmonella Newport population on or-
ganic baby spinach within 24 h [16]. Treatment with 0.1% - 0.5% cinnamon oil 
showed 0.5 - 2.5 log CFU/g reduction in S. Newport population within 24 h on 
organic baby spinach [17]. Essential oils can improve the microbial safety of 
food; however they should not have a negative impact on sensory properties 
which may influence their acceptance by the consumers [18]. 

Studies have shown that edible films can improve shelf-life and food quality 
serving as barriers for moisture loss, oxygen uptake, lipid oxidation, and en-
hancing aroma and flavors in food [19]. Other studies have indicated that films 
made from apple consisting of essential oils (oregano, cinnamon, and lemon-
grass) and their active components (carvacrol, cinnamaldehyde, and citral) 
showed antimicrobial activity against E. coli O157:H7 in vitro [20] [21]. Ham 
and bologna wrapped with edible films made from apple, hibiscus, and carrot 
pulp containing 3% carvacrol showed 2 - 3 log CFU/g reduction in L. monocy-
togenes within 7 days of storage at 4˚C [22]. The use of edible films may be more 
appropriate on fresh produce as higher reduction of foodborne pathogens is ob-
served on leafy greens in comparison to meat products. Edible films containing 
3% carvacrol showed 5 log CFU/g reduction by day 0 against Salmonella in or-
ganic leafy greens in plastic salad bags [23]. Similar reductions against E. coli 
were observed in sealed plastic salad bags [24]. 

Higher concentrations of essential oils may be required for better antimi-
crobial activity; however, this may lead to unpleasant odor or flavor [6]. Tomato 
juice and vegetable soup had higher preference liking than control when incor-
porated with 20 µL/L of pennyroyal mint essential oil or rosemary essential oil, 
respectively, but the preference liking decreased by 15% - 20% when the concen-
tration of essential oils was increased to 100 µL/L [25]. A combination treatment 
can be effective in order to maintain a balance between sensory acceptability and 
antimicrobial efficacy. Sub-lethal concentrations of carvacrol and 1,8-cineole 
(1/8 MIC + 1/8 MIC) improved the majority of sensory attributes of vegetables 
(iceberg lettuce, chard, and arugula) after wash and refrigerated storage com-
pared to vegetables sanitized with either of these compounds alone (at the MIC) 
[26]. Innovative methods need to be investigated where essential oils may be ap-
plied in food products indirectly without having adverse effects on the organo-
leptic properties. Therefore, in this study, we determined preference liking of 
baby spinach treated with antimicrobial edible films. 

The use of essential oils and plants extracts directly may have adverse effects 
on the organoleptic properties of leafy greens. To minimize the impact of plant 
antimicrobials on sensory properties, they can be incorporated into edible films. 
The objectives of this study were a) to determine the effect of antimicrobial edi-
ble films on the sensory properties of organic baby spinach by evaluating using a 
40-member sensory panel and b) to evaluate the impact of these films on the 
color and texture of treated organic baby spinach in salad bags. 
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2. Materials and Methods 
2.1. Edible Films Used 

Edible films used in this study include hibiscus, carrot, and apple-based films. 
Each film type was incorporated with one of the following concentrations of es-
sential oils: 0.5%, 1.5%, and 3% of carvacrol or cinnamaldehyde. In each type, 
control films without any antimicrobials were also included in each experiment. 

2.2. Edible Films Preparation 

Edible films were made from hibiscus, apple, or carrot pulp. The films contained 
vegetable or fruit puree, high methoxy pectin (3%), vegetable glycerin, citric acid, 
and ascorbic acid. The film-forming solution was made by blending high methoxy 
pectin solution, fruit or vegetable puree, and vegetable glycerin into a mixer for 15 
min at low speed. The solution was mixed again for 45 min at low speed after 
adding citric and ascorbic acids with a total mixing time of 60 min. The film solu-
tion (325 g) was then equally divided into seven 600 ml stainless steel beakers and 
refrigerated. The following concentrations of carvacrol or cinnamaldehyde were 
added to a beaker: 0.5% (1.63 g), 1.5% (4.95 g), and 3% (10.05 g), and one beaker 
for control (no antimicrobials added). The samples were homogenized at refrige-
ration temperature on the Brinkman Polytron PT3000 (Brinkman Instruments 
Inc., N.Y., USA) for 3.5 min between 20,000 and 24,000 rpm using a probe that 
was 20 mm in diameter. The film solution (58 - 61 g) was then placed on a po-
lyester (PET) film and casted using a draw down bar. Films were then allowed to 
dry on a lab bench at room temperature (23˚C - 25˚C) for 14 h. Films were then 
cut into pieces by using a single edge razor. Edible films were made at the 
USDA-ARS-WRRC facility in Albany, California, USA. A detailed description for 
casting edible films has been described in our previous publication [22]. 

2.3. Treatment of Bagged Spinach with Edible Films 

Organic baby spinach was purchased from the retail store the same day the 
treatment was performed. Organic baby spinach was washed thoroughly with 
tap water and air-dried at room temperature. Between 50 and 70 g of spinach 
was packed in plastic Ziploc® bags. In each bag, one type of antimicrobial edible 
film (hibiscus, apple or carrot-based; containing either carvacrol or cinnamal-
dehyde at 0.5%, 1.5% or 3%) or a control type of film cut into small pieces was 
added at 3% (w/w) and mixed well with the bag contents. Salad bags containing 
edible films were stored at 4˚C for 20 - 24 h prior to performing sensory analysis 
and measuring changes in color or texture. 

2.4. Sensory Analysis 

Sensory analysis was performed using 40 untrained panelists during each trial. A 
total of 4 trials (160 panelists in all trials together) were conducted. At each trial, 40 
panelists evaluated 5 or 6 different samples (including a control) at a time. One 
gram of each sample was given to the panelists and after each sample, panelists 
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were asked to drink water and wait for at least 2 min prior to evaluating the next 
sample. Panelists were asked to evaluate each sample based on a 9-point hedonic 
scale where 9 = like extremely, 8 = like very much, 7 = like moderately, 6 = like 
slightly, 5 = neither like nor dislike, 4 = dislike slightly, 3 = dislike moderately, 2 = 
dislike very much, 1 = dislike extremely. Sensory parameters were evaluated based 
on preference liking for aroma, color, freshness, mouthfeel, flavor, and overall ac-
ceptability. A randomized block design with an affective test was conducted to 
generate data for preference liking. Panelists quantified each sample for sensory 
characteristics on the basis of pungency, browning, bitterness, off-odor, and sour-
ness. Sensory characteristics were evaluated using a 5-point hedonic scale, where 1 
would be rated the lowest and 5 would be rated the highest (1 = not pungent, 2 = 
slightly pungent, 3 = moderately pungent, 4 = very pungent, 5 = extremely pun-
gent). 

Sensory analysis was conducted at the University of Arizona-Department of 
Nutritional Sciences in sensory booths with constant yellow light. Panelists also 
answered questions about demographics such as age, gender, ethnicity, frequen-
cy of consumption of organic/conventionally grown leafy greens, and types of 
leafy greens preferred or purchased the most prior to treatment (iceberg lettuce, 
romaine lettuce, spinach, or mixed greens). 

2.5. Texture Analysis 

The texture of each spinach sample was measured using a Texture Lab Pro, Food 
Technology Corporation (Sterling, VA, USA). A 1000 N load cell was attached to 
a Kramer shear cell with an 8-blade probe attached to the instrument [27]. The 
speed for the experiment was set to 250 mm∙min−1. A sample of 15 g of baby 
spinach with edible films was placed in the Kramer cell and the 8-blade probe 
was used to crush the sample to measure firmness. Three readings of the same 
samples were taken, and an average of the highest peak force was indicated as 
the crispiness value for each sample evaluated. 

2.6. Color Measurements 

The color of the spinach samples was measured using a Minolta Chroma Meter 
(Model CR-400, Minolta, Inc., Tokyo, Japan). The color was measured using the 
CIE L*, a*, and b* coordinates. Illuminant D65 and 10˚ observer angle was used 
[28]. The instrument was calibrated using the Minolta standard white reflector 
plate. The L* value is the measurement of lightness from dark (L* = 0) to abso-
lute light (L* = 100), the a* axis ranges from green (−) to red (+) and b* axis 
ranges from blue (−) to yellow (+) [29]. Three different readings were taken 
during each repeat and each experiment was repeated three times, providing a 
total of 9 readings for each sample. 

2.7. Statistical Analysis 

For sensory analysis, each experiment was divided into four trials with new sets 

https://doi.org/10.4236/fns.2021.122015


K. Joshi et al. 
 

 

DOI: 10.4236/fns.2021.122015 181 Food and Nutrition Sciences 
 

of 40 panelists at each trial (total of 160 panelists), who evaluated 5 to 6 samples. 
Randomized block design was used for sensory analysis. A linear regression was 
used to determine the correlation between overall acceptability and other sen-
sory parameters based on preference liking by the panelists. Statistical analysis 
for each study (sensory, texture measurements, and color measurements) was 
conducted by One-way Analysis of variance (ANOVA) Tukey’s pairwise test at a 
level of significance of p ≤ 0.05 using Minitab 17 (State College, PA, USA). 
Comparison of significance was made between the various types of films and 
between the various concentrations of antimicrobials within each type of film. 

3. Results and Discussion 

Edible films containing various concentrations (0.5%, 1.5% and 3.0%) of carva-
crol and cinnamaldehyde were added into bagged baby spinach (3% w/w) that 
was stored at 4˚C for 20 - 24 h prior to evaluation by panelists. At these concen-
trations and storage time, previous studies have indicated the antimicrobial 
properties of edible films in baby spinach bags. Zhu, Olsen, McHugh, Friedman, 
Jaroni and Ravishankar [23] have shown that apple, carrot, and hibiscus films 
containing 3% carvacrol or cinnamaldehyde demonstrated 5 - 6 logs reduction 
in the population of S. Newport and E. coli O157:H7 in bagged baby spinach 
soon after treatment. These edible films may enhance or reduce the acceptability 
of the product based on sensory attributes. Incorporating a high level of apple 
skin polyphenols in edible films is known to adversely affect the palatability of 
edible films by inducing astringency or bitterness [30]. On the other hand, coat-
ings may provide a glossy appearance on the food surface which may help im-
prove the visual quality of food [31]. Therefore, research needs to be conducted 
to identify formulations of the antimicrobials that will be preferred by panelists. 

3.1. Demographic Information 

The criteria for panelists to participate in this study included the following: a) 
each panelist must be at least 18 years or older, b) must be a non-smoker, and c) 
be able to differentiate between colors. Demographic results are depicted in Fig-
ure 1. A total of 160 panelists participated in this study of which 88% were fe-
male, and 12% were male. The age of the panelists ranged from 18 to 55 years 
with the majority of the population (89%) falling in the age range of 18 - 25 
years. Based on ethnicity, panelists included 47% White, 29% Hispanic, 9% 
Asian, 3% African American, and 12% others. Each panelist was asked to indi-
cate the type of leafy greens they consume/purchase the most and the following 
results were noted: 34% mixed greens, 32% spinach, 22% romaine, and 11% ice-
berg lettuce. Panelists also indicated the frequency of consumption of leafy 
greens and 45% indicated that they consume conventional leafy greens twice a 
week and 13% indicated consumption of organic leafy greens twice a week. 

3.2. Sensory Analysis 

The results from the sensory analysis of organic baby spinach treated with edible  
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Figure 1. Demographic information regarding panelists who participated in the sensory study for evaluat-
ing spinach from salad bags containing antimicrobial edible films. Data depicts responses from a total of 
160 participants. (a) Gender ratio (b) Ethnicity ratio (c) Pattern for consumption of leafy greens and (d) 
Preference for type of leafy greens. 

 
films are presented in Table 1 and Table 2. Previous studies conducted in our 
lab showed that spinach washed with essential oils had higher preference liking 
by consumers in comparison to iceberg lettuce [32]. Additionally, demographic 
information indicated that panelists had higher preference liking for spinach 
than the lettuces (Figure 1(d)). Therefore, in this study we conducted sensory 
analysis of organic baby spinach treated with edible films. Our previous studies 
also indicated that leafy greens treated with cinnamon oil had the highest prefe-
rence liking. Therefore, in this study we selected carvacrol and cinnamaldehyde, 
as previously these compounds have been known to be acceptable by consumers 
and have shown antimicrobial activity. Based on the preference liking by con-
sumers, spinach treated with edible films had ratings from 7.1 ± 1.7 (moderately 
liked for apple-control film) to 3.6 ± 2.5 (moderately disliked-apple-1.5% carva-
crol film). 

Overall edible films incorporated with cinnamaldehyde had higher preference 
liking based on aroma, color, freshness, mouthfeel, flavor, and overall accepta-
bility than those incorporated with carvacrol (Table 1; Figure 2). Our previous 
studies also support this result because spinach washed with 0.1% cinnamon oil 
had higher preference liking in comparison to that washed with 0.1% oregano oil 
[32]. A concentration-dependent activity was observed: a higher preference lik-
ing was seen in edible films with lower concentration of either carvacrol or cin-
namaldehyde. For example, carrot film with 0.5% cinnamaldehyde had a prefe-
rence liking of 6.6 ± 2.3 (slightly liked), whereas carrot film with 3% cinnamal-
dehyde had a rating of 5.9 ± 2.5 (neither liked nor disliked). 
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Table 1. Preference liking of spinach treated with antimicrobial edible films and stored at 4˚C for 24 hrs. Data shown is an average 
of responses from 40 panelists for each sample ± standard deviation. Values that do not share common letters are significantly 
different (p ≥ 0.05). 

Sample# Aroma Color Freshness Mouthfeel Flavor Overall acceptability 

Apple-Control 6.6 ± 1.8ABC 7.9 ± 1.4A 7.6 ± 1.6A 7.2 ± 1.8A 7.1 ± 1.9A 7.1 ± 1.7A 

Hibiscus-Control 6.8 ± 1.7AB 7.6 ± 1.5AB 7.4 ± 1.7AB 7.0 ± 1.9AB 6.7 ± 2.0AB 7 ± 1.8AB 

Carrot-0.5% Cinnamaldehyde 5.8 ± 2.2ABCD 7.1 ± 1.8ABC 6.7 ± 2.1ABCD 6.8 ± 1.7AB 6.6 ± 2.0ABC 6.6 ± 2.3ABC 

Apple-0.5% Cinnamaldehyde 7.1 ± 1.8A 7.1 ± 1.8ABC 6.5 ± 2.1ABCD 6.5 ± 2.2ABCD 6.3 ± 2.2ABCD 6.4 ± 2.1ABC 

Carrot-0.5% Carvacrol 6.0 ± 2.0ABCD 7.2 ± 1.7ABC 6.7 ± 2.0ABCD 6.6 ± 1.9ABC 6.1 ± 2.2ABCDE 6.3 ± 2.1ABC 

Carrot-Control 6.5 ± 1.8ABCD 7.5 ± 1.5ABC 7.7 ± 1.6A 7.1 ± 1.8AB 5.8 ± 2.5ABCDEF 6.2 ± 2.3ABC 

Hibiscus 0.5% Cinnamaldehyde 6.6 ± 1.8ABC 7.2 ± 2.0ABC 6.7 ± 2.3ABCD 6.6 ± 2.0ABC 6.0 ± 2.3ABCDE 6.2 ± 2.2ABCD 

Apple-3% Cinnamaldehyde 6.8 ± 2.2AB 6.9 ± 1.8ABC 6.4 ± 2.1ABCD 6.4 ± 2.1ABCD 5.8 ± 2.7ABCDEF 6.0 ± 2.3ABCDE 

Carrot-3% Cinnamaldehyde 6.8 ± 1.8AB 7.5 ± 1.6ABC 7.2 ± 1.6ABC 6.6 ± 2.0ABCD 5.4 ± 2.5ABCDEFG 5.9 ± 2.5ABCDE 

Apple-1.5% Cinnamaldehyde 6.8 ± 1.6AB 8.0 ± 1.3A 7.5 ± 1.3AB 6.8 ± 2.0AB 5.5 ± 2.7ABCDEF 5.9 ± 2.6ABCDE 

Carrot-1.5% Cinnamaldehyde 5.6 ± 2.1ABCD 7.2 ± 2.0ABC 7.1 ± 2.1ABC 6.2 ± 2.4ABCD 5.6 ± 2.5ABCDEF 5.7 ± 2.2ABCDE 

Hibiscus-1.5% Cinnamaldehyde 6.9 ± 1.8A 7.3 ± 2.0ABC 7.5 ± 1.5AB 6.6 ± 2.2ABC 5.4 ± 5.4ABCDEFG 5.7 ± 2.6ABCDE 

Apple-0.5% Carvacrol 6.1 ± 2.3ABCD 6.7 ± 1.9ABC 6.4 ± 2.1ABCD 6.1 ± 2.3ABCD 5.2 ± 2.6ABCDEFG 5.6 ± 2.2ABCDE 

Hibiscus-0.5% Carvacrol 5.6 ± 2.0ABCD 6.9 ± 1.9ABC 6.6 ± 2.1ABCD 5.6 ± 2.3ABCD 5.2 ± 2.5ABCDEFG 5.1 ± 2.4BCDEF 

Hibiscus-3% Cinnamaldehyde 6.3 ± 2.5ABCD 6.7 ± 2.2ABC 6.5 ± 2.3ABCD 6 ± 2.6ABCD 5 ± 3.0BCDEFG 5.1 ± 2.9CDEF 

Carrot-1.5% Carvacrol 5.5 ± 5.5ABCD 6.9 ± 1.8ABC 6.8 ± 1.7ABCD 6.4 ± 1.9ABCD 4.5 ± 2.6DEFG 4.8 ± 2.5CDEF 

Apple-3% Carvacrol 5.6 ± 2.5ABCD 6.1 ± 2.3BC 5.7 ± 2.5CD 5.3 ± 3.0BCD 4.5 ± 3.0DEFG 4.7 ± 2.8CDEF 

Hibiscus 3% Carvacrol 5.5 ± 2.3ABCD 6.3 ± 2.6BC 5.9 ± 2.4BCD 5.7 ± 2.5ABCD 4.6 ± 2.7CDEFG 4.7 ± 2.8CDEF 

Carrot-3% Carvacrol 5.0 ± 2.5CD 6.1 ± 2.3BC 5.3 ± 2.5D 4.7 ± 2.8D 4.1 ± 2.6EFG 4.2 ± 2.6DEF 

Hibiscus-1.5% Carvacrol 5.2 ± 2.4BCD 6.7 ± 2.0ABC 6.4 ± 2.4ABCD 5.3 ± 2.6BCD 3.8 ± 2.6FG 4.2 ± 2.5EF 

Apple-1.5% Carvacrol 4.8 ± 2.7D 6.1 ± 2.4C 5.7 ± 2.5CD 4.9 ± 2.4CD 3.5 ± 2.5G 3.6 ± 2.5F 

 
Table 2. Impact on the sensory characteristics of spinach treated with antimicrobial edible films and stored at 4˚C for 24 h. Each 
treatment was evaluated by 40 panelists and data depicted is an average ± Standard Deviation. Same letters next to each value in-
dicate that there is no significant difference (p ≤ 0.05). 

Sample# Pungency Browning Bitterness Off-Odor Sourness 

Hibiscus-Control 1.3 ± 0.6H 1.1 ± 0.3D 1.7 ± 0.8EF 1.3 ± 0.7H 1.5 ± 0.8C 

Carrot-Control 1.3 ± 0.6GH 1.2 ± 0.6CD 2 ± 1.1BCDEF 1.4 ± 0.6GH 1.7 ± 0.8BC 

Apple-0.5% Cinnamaldehyde 1.4 ± 0.7GH 1.3 ± 0.5ABCD 1.5 ± 0.8F 1.3 ± 0.6H 1.3 ± 0.6C 

Apple-Control 1.5 ± 0.6GH 1.1 ± 0.4D 1.6 ± 1.0F 1.3 ± 0.5H 1.6 ± 0.8BC 

Carrot-0.5% Carvacrol 1.6 ± 0.8FGH 1.5 ± 0.7ABCD 1.6 ± 0.9F 1.6 ± 0.9FGH 1.3 ± 0.5C 

Hibiscus 0.5% Cinnamaldehyde 1.6 ± 0.8FGH 1.3 ± 0.6ABCD 2.1 ± 1.2BCDEF 1.5 ± 0.8GH 1.8 ± 1.1ABC 

Carrot-0.5% Cinnamaldehyde 1.8 ± 1.1EFGH 1.3 ± 0.5BCD 1.6 ± 1.1F 1.8 ± 1.1EFGH 1.6 ± 1.1BC 

Carrot-1.5% Cinnamaldehyde 2.1 ± 1.1DEFGH 1.5 ± 0.7ABCD 1.8 ± 1.1DEF 2.1 ± 1.2CDEFGH 1.9 ± 1.2ABC 

Hibiscus-0.5% Carvacrol 2.1 ± 1.0DEFGH 1.4 ± 0.6ABCD 2.1 ± 1.3BCDEF 2.3 ± 12BCDEFG 2.1 ± 1.4ABC 
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Continued 

Apple-0.5% Carvacrol 2.2 ± 1.3CDEFGH 1.5 ± 0.8ABCD 2.1 ± 1.1BCDEF 2.1 ± 1.3CDEFGH 1.5 ± 0.7C 

Carrot-3% Cinnamaldehyde 2.2 ± 1.2CDEFG 1.3 ± 0.6ABCD 2 ± 1.2BCDEF 2 ± 1.1DEFGH 1.8 ± 1.0ABC 

Hibiscus 3% Carvacrol 2.5 ± 1.3BCDEF 1.8 ± 1.1ABC 2.6 ± 1.3ABCDE 2.5 ± 1.3ABCDEF 2.1 ± 1.4ABC 

Apple-1.5% Cinnamaldehyde 2.6 ± 1.2ABCDE 1.1 ± 0.3D 2.1 ± 1.2BCDEF 2.4 ± 1.3ABCDEF 1.6 ± 0.9BC 

Apple-3% Cinnamaldehyde 2.7 ± 1.5ABCDE 1.4 ± 0.7ABCD 1.7 ± 1.1EF 2.5 ± 1.4ABCDEF 1.6 ± 1.0BC 

Carrot-1.5% Carvacrol 2.7 ± 1.2ABCD 1.5 ± 0.7ABCD 2.7 ± 1.4ABCD 2.7 ± 1.3ABCDE 2.1 ± 1.2ABC 

Apple-3% Carvacrol 2.8 ± 1.3ABCD 1.8 ± 0.9A 2.4 ± 1.3BCDEF 2.5 ± 1.2ABCDEF 1.9 ± 1.2ABC 

Carrot-3% Carvacrol 2.8 ± 1.2ABCD 1.8 ± 1.0AB 2.9 ± 1.5ABC 2.9 ± 1.5ABCD 2.4 ± 1.4AB 

Hibiscus-1.5% Cinnamaldehyde 2.9 ± 1.5ABCD 1.2 ± 0.4CD 2.2 ± 1.3BCDEF 3.0 ± 1.4ABC 1.7 ± 1.1BC 

Hibiscus-1.5%Carvacrol 3.0 ± 1.3ABC 1.5 ± 0.8ABCD 2.9 ± 1.5AB 2.8 ± 1.4ABCD 2.1 ± 1.2ABC 

Hibiscus-3% Cinnamaldehyde 3.3 ± 1.4AB 1.3 ± 0.8ABCD 2.0 ± 1.1CDEF 3.2 ± 1.5A 2.1 ± 1.4ABC 

Apple-1.5% Carvacrol 3.5 ± 1.2A 1.8 ± 0.9A 3.4 ± 1.4A 3.2 ± 1.4AB 2.6 ± 1.5A 

 

 
Figure 2. Principal Component Analysis (PCA) of preference liking for organic baby spinach 
treated with antimicrobial edible films after storage for 24 h at 4˚C. Preference liking was evaluated 
for aroma, color, freshness, mouthfeel, flavor, and overall acceptability based on a 9-point hedonic 
scale where 9-extremely liked, and 1-not liked at all. Data depicted is average of 40 responses for 
each sample. 

 
The efficacy of essential oils against spoilage organisms and foodborne patho-

gens was concentration and time-dependent [16]; however, as shown in our stu-
dies, the preference liking decreases with the use of higher concentration of es-
sential oils. Combination treatments can therefore be considered that could lead 
to a higher reduction in microbial counts and yet maintain sensory quality. A 
combination of oregano and rosemary oil at a sub-inhibitory concentration ex-
tended the shelf-life and improved safety of fresh vegetables [33]. There was no 
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difference in preference liking between the three types of films. The types of es-
sential oil incorporated into these films had a higher impact on the preference 
liking than the edible film material itself. Comparing the control films of apple, 
hibiscus, and carrot, the highest preference liking was for apple films; however, 
no significant difference (p > 0.05) was seen between the other two films. 

The aroma rating ranged from 7.1 ± 1.8 (moderately liked) to 4.8 ± 2.7 
(slightly disliked) and majority of the samples were ranked as slightly liked on 
the basis of the aroma property. There was no significant difference (p > 0.05) in 
preference liking of aroma between any samples except for carrot-3% carvacrol, 
hibiscus-1.5% carvacrol, and appple-1.5% carvacrol, all of which had the lowest 
rating for aroma from 5.2 ± 2.4 (neither liked nor disliked) to 4.8 ± 2.7 (disliked 
slightly). The color of spinach was not impacted much by the addition of edible 
films as all the samples were ranked between 7.9 ± 1.4 (moderately liked) and 6.1 
± 2.3 (slightly liked). The freshness quality of spinach was also ranked highly 
because majority of the samples were rated between 6 and 7 (slightly to mod-
erately liked). The effect on mouthfeel was observed in the spinach sample 
treated with carrot-3% carvacrol film because it had the lowest ranking of 4.7 ± 
2.8 (slightly disliked); however, most other samples were ranked between slightly 
and moderately liked. Flavor was the most impacted by the addition of these ed-
ible films with the preference ranking ranging from 7.1 ± 1.9 (moderately liked) 
to 3.5 ± 2.5 (moderately disliked). Overall, spinach treated with edible films 
containing cinnamaldehyde had a higher preference for flavor compared to 
those that included carvacrol. The rating of overall acceptability ranged from 7.1 
± 1.7 (moderately liked) to 3.6 ± 2.5 (moderately disliked) and spinach treated 
with films containing cinnamaldehyde had higher preference liking compared to 
those treated with carvacrol films. 

Panelists were also asked to quantify specific attributes noticed in each spi-
nach sample based on pungency, browning, bitterness, off-odor, and sourness. 
Results regarding the impact of antimicrobial edible films on the sensory 
attributes of spinach samples are presented in Table 2 and Figure 3. The pun-
gency level ranked from 3.5 ± 1.2 (moderately pungent) to 1.3 ± 0.6 (not pun-
gent at all). In addition, there was a concentration dependency for pungency lev-
el because samples treated with edible films containing higher concentrations of 
either cinnamaldehyde or carvacrol were ranked higher for pungency. For ma-
jority of the samples, carvacrol was rated higher for pungency compared to cin-
namaldehyde. All types of edible films did not have any adverse effect on the 
browning level on spinach because samples had a rating of 1 (not brown at all). 
Spinach treated with apple film-1.5% carvacrol was rated the highest for bitter-
ness at a rating of 3.4 ± 1.4 (moderately bitter) and the lowest bitterness rating 
was for spinach sample treated with apple-control films having a rating of 1.5 ± 
0.8 (not bitter at all). The highest off-odor was detected in spinach treated with 
hibiscus-3% cinnamaldehyde and apple-1.5% carvacrol films rated at 3.2 ± 1.5 
(moderately off). The sourness ranking ranged from 1.3 ± 0.06 (not sour at all)  
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Figure 3. Principal Component Analysis of sensory characteristics of baby spinach stored at 4˚C for 
24 h. Impact on sensory characteristics (pungency, browning, bitterness, off-odor, and sourness) 
were rated based on a 5-point hedonic scale with 5-highest impact and 1-no impact at all. Data de-
picted is an average response of 40 panelists for each sample. 

 

 
Figure 4. Linear correlation between values of average overall acceptability rating and 
other sensory parameters (aroma, freshness, mouthfeel, color, and flavor) for organic ba-
by spinach treated with edible films containing plant antimicrobials. 

 
for spinach treated with apple- 0.5% cinnamaldehyde and hibiscus-0.5% carva-
crol films to 2.6 ± 1.5 (slightly sour) for those treated with apple-1.5% carvacrol 
films. 

Linear regression (Figure 4) was conducted to compare the data on the rank-
ing of overall acceptability with that of aroma, color, freshness, mouthfeel, and 
flavor. For edible film samples, the average rating for flavor (R2 = 0.97) was 
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closely related to the average rating of overall acceptability. This suggests that 
flavor was the most influencing factor in determining the overall acceptability of 
any spinach sample. A similar trend was seen where a correlation of R2 = 0.91 
was found between flavor and overall acceptability of a salad dressing incorpo-
rated with 0.2% oregano essential oils and 1.14% salt [34]. Each panelist was 
asked how likely they are to purchase a particular sample and 19/40 mentioned 
very or extremely likely to purchase spinach treated with hibiscus-control and 
apple-control films (data not shown). The next highest rated sample for very or 
extremely likely to be purchased included spinach treated with carrot-0.5% cin-
namaldehyde films (16/40) (data not shown). A strong correlation of R2 = 0.94 
was found between the rating of overall acceptability and the likelihood of pur-
chasing a sample (data not shown). 

A coating may not be an ideal use of edible films for leafy greens because a 
large surface area would need to be covered. Other studies have shown that 
coating applications could lead to a significant decrease in aroma and flavor of 
strawberries with edible films containing oleic acid and chitosan [12]. Therefore, 
in this study we incorporated pieces of edible films into salad bags rather than 
coating the entire spinach leaf. Additionally, it is important to determine what 
type of essential oils or plant extracts can be used and the concentration that 
may be incorporated into various types of food commodities. Some essential oils 
that are strong in flavor are used in meat or fish products. Concentrations of up 
to 100 µL/L of limonene (present in citrus essential oils), 150 µL/L of carvacrol, 
or 200 µL/L of lemongrass essential oil, or other citrus essential oils did not af-
fect the sensory attributes of some fruit juices such as orange juice [35] [36]. 

3.3. Principal Component Analysis (PCA) 

A software XLStat (New York, NY, USA) was used to analyze sensory data of 
preference liking and sensory characteristics of plant-antimicrobial edible films 
in spinach salad bags using principal component analysis (PCA). Two principal 
components PC1 and PC2 were generated for preference liking that accounted 
for 84.73% and 8.22% variance, respectively based on six variables (aroma, color, 
freshness, mouthfeel, flavor, and overall acceptability) (Figure 2). Again, PCA 
plots were used to analyze the impact of plant-antimicrobial edible films on 
sensory characteristics of spinach samples. Two components PCA 1 and PCA 2 
were generated for sensory characteristics based on five variables (pungency, 
browning, bitterness, off-odor, and sourness), and accounted for 77.60% and 
12.61% variance, respectively (Figure 3). In general, the highest preference lik-
ing was observed for samples with edible films containing cinnamaldehyde in 
comparison to those with carvacrol. In addition, a concentration-based depen-
dency was seen where lower concentrations of essential oils in edible films 
showed higher preference liking. Samples with the highest preference liking were 
also rated low for sensory characteristics based on pungency, browning, bitter-
ness, off-odor, and sourness. 
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3.4. Textural and Color Analysis 

The firmness values of treated and control baby spinach samples were measured 
using a Texture analyzer. Three separate trials were conducted for each sample 
and an average of the highest peak force required to completely crush the sample 
was indicated as its firmness or crispiness value (Table 3). There was no signifi-
cant difference (p > 0.05) among all the edible films treated spinach samples 
based on their firmness value. Overall, edible films that contained cinnamalde-
hyde had a lower impact on the firmness values as suggested by higher force re-
quired to crush these samples than those that included carvacrol. For example, 
the highest firmness/crispiness value was observed for spinach treated with ap-
ple-1.5% cinnamaldehyde film (F = 889.8 ± 52.9 N), whereas the lowest firmness 
value was observed for spinach treated with hibiscus-3% carvacrol film (F = 
643.3 ± 60.7 N). 

 
Table 3. Crispiness values of organic baby spinach after storage at 4˚C for 24 h in salad 
bags containing edible films with plant-antimicrobials. Crispiness values were measured 
by taking an average of the highest peak force (N) required to crush the samples from 
three separate trials. Different letters signify statistical difference (p ≥ 0.05) between force 
values of each treatment. 

Treatments Average Peak Force (N) 

Carrot Control 80,075A 

Carrot 0.5% Cinnamaldehyde 828 ± 66A 

Carrot 1.5% Cinnamaldehyde 876 ± 78A 

Carrot 3% Cinnamaldehyde 848 ± 26A 

Carrot 0.5% Carvacrol 735 ± 76A 

Carrot 1.5% Carvacrol 867 ± 75A 

Carrot 3% Carvacrol 735 ± 17A 

Hibiscus Control 749 ± 62A 

Hibiscus 0.5% Cinnamaldehyde 851.5 ± 4.6A 

Hibiscus 1.5% Cinnamaldehyde 780 ± 110A 

Hibiscus 3% Cinnamaldehyde 880 ± 120A 

Hibiscus 0.5% Carvacrol 704 ± 62A 

Hibiscus 1.5% Carvacrol 867 ± 75A 

Hibiscus 3% Carvacrol 643 ± 61A 

Apple Control 735 ± 76A 

Apple 0.5% Cinnamaldehyde 720 ± 120A 

Apple 1.5% Cinnamaldehyde 890 ± 53A 

Apple 3% Cinnamaldehyde 806 ± 99A 

Apple 0.5% Carvacrol 750 ± 150A 

Apple 1.5% Carvacrol 827 ± 49A 

Apple 3% Carvacrol 693 ± 77A 
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A concentration-dependent activity due to antimicrobial edible films treat-
ment on the firmness of spinach was not observed. However, spinach samples 
containing 1.5% of either carvacrol or cinnamaldehyde resulted in higher firm-
ness values in comparison to 0.5% or 3% concentrations of each of these antimi-
crobials. 

The results presented here indicate that the presence of certain concentrations 
of these antimicrobials is extremely important for how they will affect the orga-
noleptic properties of baby spinach. The type of films used such as apple, hibis-
cus, or carrot did not have a major impact on the firmness values, but the essen-
tial oil active components (carvacrol or cinnamaldehyde) incorporated in these 
films had a greater impact on the firmness values. 

Color properties of baby spinach were not adversely impacted by the addition 
of edible films, as no significant change (p > 0.05) was indicated in the L*, a*, b* 
values compared to the controls (Table 4). Spinach leaves are much darker in 
color compared to other leafy greens; therefore, color properties may not be  

 
Table 4. CIE L*, a*, b* coordinates measured using a Chroma meter for baby spinach 
treated with plant antimicrobials and stored at 4˚C for 24 h. Average values, which do not 
share the same letter, are significantly different (p ≤ 0.05). 

Treatments L* a* b* 

Apple Control 39.0 ± 2.9BCD −14.1 ± 1.7AB 19.6 ± 4.7AB 

Apple 0.5% Carvacrol 38.3 ± 2.4BCD −14.1 ± 1.7AB 19.2 ± 2.9AB 

Apple 1.5% Carvacrol 39.0 ± 3.1BCD −15.5 ± 1.2B 21.0 ± 1.9AB 

Apple 3% Carvacrol 36.3 ± 3.8D −14.7 ± 1.5AB 18.5 ± 3.4AB 

Apple 0.5% Cinnamaldehyde 39.8 ± 1.7BCD −13.6 ± 2.8AB 18.7 ± 5.0AB 

Apple 1.5% Cinnamaldehyde 39.2 ± 3.0BCD −14.4 ± 2.3AB 20.9 ± 5.9AB 

Apple 3% Cinnamaldehyde 38.4 ± 2.9BCD −13.7 ± 1.5AB 18.3 ± 4.0AB 

Carrot Control 39.8 ± 3.3BCD −14.8 ± 1.3AB 20.0 ± 2.3AB 

Carrot 0.5% Carvacrol 38.6 ± 2.6BCD −15.1 ± 1.6AB 20.5 ± 3.0AB 

Carrot 1.5% Carvacrol 40.5 ± 3.7BCD −14.3 ± 1.7AB 20.0 ± 3.5AB 

Carrot 3% Carvacrol 42.8 ± 4.0AB −13.0 ± 1.6AB 18.8 ± 4.9AB 

Carrot 0.5% Cinnamaldehyde 42.3 ± 3.3AB −13.0 ± 1.5AB 18.0 ± 2.8AB 

Carrot 1.5% Cinnamaldehyde 40.9 ± 3.3BCD −15.1 ± 2.1AB 21.3 ± 4.0AB 

Carrot 3% Cinnamaldehyde 39.8 ± 2.7BCD −13.5 ± 1.7AB 18.2 ± 2.8AB 

Hibiscus Control 40.5 ± 1.5BCD −12.2 ± 1.2A 17.3 ± 2.3B 

Hibiscus 0.5% Carvacrol 42.0 ± 3.5ABC −13.7 ± 2.3AB 19.7 ± 3.8AB 

Hibiscus 1.5% Carvacrol 38.7 ± 3.4BCD −14.5 ± 1.6AB 20.7 ± 3.4AB 

Hibiscus 3% Carvacrol 36.8 ± 3.4CD −13.4 ± 2.5AB 21.8 ± 2.5AB 

Hibiscus 0.5% Cinnamaldehyde 47.3 ± 4.4A −14.0 ± 1.5AB 21.3 ± 2.4AB 

Hibiscus 1.5% Cinnamaldehyde 41.4 ± 3.5BCD −15.9 ± 2.1B 23.6 ± 3.5A 

Hibiscus 3% Cinnamaldehyde 38.4 ± 3.4BCD −15.46 ± 0.93AB 21.5 ± 1.7AB 

https://doi.org/10.4236/fns.2021.122015


K. Joshi et al. 
 

 

DOI: 10.4236/fns.2021.122015 190 Food and Nutrition Sciences 
 

impacted significantly. The L* (light vs. dark) is the major value which may in-
fluence consumers’ preference; however, for this value, the majority of the sam-
ples were not significantly (p ≤ 0.05) different from the controls. The color 
properties of the films may be affected by the addition of essential oils as shown 
in other studies. For example, the addition of essential oils (at various concen-
trations) to apple puree caused an increase in the L* value, b* value and whitish 
index of the resulting edible films [28]. In our study, there was no adverse effect 
on the color properties of spinach leaves because the essential oils were incorpo-
rated into edible films, therefore, oils did not directly come in contact with the 
spinach leaves. 

4. Conclusion 

Our previous studies had indicated that the acceptable level of essential oils in 
wash water was 0.1%; however, with the use of edible films the acceptable con-
centrations of essential oils can be increased to 0.5% or even 1.5%, as we have 
shown in this study that spinach was acceptable at these concentrations. Spinach 
treated with films that contained cinnamaldehyde had a higher preference liking 
and less adverse effects on the sensory attributes (such as pungency, browning, 
off-odor, bitterness, and sourness) than those that included carvacrol. Spinach 
samples treated with films that included cinnamaldehyde were also more likely 
to be purchased than those samples treated with films containing carvacrol. Ad-
ditionally, there was a concentration-dependent trend with regard to preference 
liking, as lower concentrations of antimicrobials in films had higher preference 
liking. Use of essential oils or plant extracts in produce wash water may affect the 
firmness and color properties of leafy greens (as shown in our previous studies); 
however, with the use of edible films, no significant change in firmness and color 
values was detected. This study provides an innovative way to incorporate plant 
antimicrobials in leafy green salads without adversely affecting the sensory qual-
ity. Sensory studies on other types of leafy greens such as iceberg and romaine 
lettuces treated with antimicrobial edible films merit further investigations. 
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