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Shelf-life extension using bioplastic films incorporated with black seed oil
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Abstract

Spoilage is estimated at $165.6 billion dollars yearly in the United States with meats
accounting for 41%. The CDC reported in 2013, over 19,000 cases of food borne
infection, 4,200 leading to hospitalization, and 80 deaths. Black seed (Nigella sativa) has
shown antimicrobial properties, but due to flavor, it should be incorporated into
packaging. This research looked at the impact of black seed oil (BSO) incorporated into
bioplastics on bacterial growth. Corn, rice, and potato starches were used to make
bioplastic trays (BT) using 90 g starch, 180 mL water, 6 mL glacial acetic acid, 9 mL
glycerol, and 300 ppm BSO in test samples. Rapid Visco Analysis (RVA) was performed
on starches to identify thermal breakdown. The bioplastics were esterified under agitation
at 62°C before drying. Beef, chicken, and shrimp were inoculated with Escherichia coli
K12, Staphylococcus epidermidis, or Pseudomonas putida broths, respectively. Each
protein was placed onto a BT, covered, and refrigerated at 5°C for 5 days before
measuring the total bacterial load through ATP illuminometer. When comparing RV A, the
potato starch showed the quickest peak time but the highest thermal breakdown. The corn
starch had the slowest peak time and the least thermal breakdown. The BSO varied in
efficiency depending on the microorganism and BT substrate. A greater reduction was
seen in E. coli on rice BT and Staphylococcus on potato BT. This research was aimed at
reducing food spoilage and landfill waste. The anticipated higher material costs can be
justified by the increased safety and extended shelf life of the foods protected.

1. Introduction

The Food and Agriculture Organization of the
United Nations estimates that roughly one-third or about
1.3 billion metric tons of all edible food produced for
consumption is wasted or lost from the food supply per
year (Buzby and Hyman, 2012). One study shows that
the average food loss in over 200 individual food groups
in 2008 was 165.6 billion, with the top 3 food groups
being meat poultry and eggs at 41%; vegetables at 17%;
and dairy products at 14% (Buzby and Hyman, 2012). A
report by USDA’s Economic Research Service in 2010
shows an estimated 31% or 133 billion pounds of the 430
billion pounds of food produced was not available for
consumption (Buzby ef al., 2014). Further statistics show
that food production in the United States uses 10% of the
energy budget; 50% of the land; and 80% of all

as the single largest component of the U.S. municipal
solid waste and accounts for a large portion of the
country’s methane emissions (Gunders, 2012).

The food industry is researching new packaging
techniques to reduce landfill waste and bioplastics are at
the forefront of this trend. The biodegradability of
bioplastics and the renewability of the starch sources are
the leading benefits. The ratio of amylose to amylopectin
(100% combined) in starches determines their
rheological properties, which in turn, affects the
bioplastics qualities and functionalities. In general, the
higher the amylose content, the more heat is needed to
set the starches and the lower amount of retrogradation
(thermal breakdown) is seen. Rice starch, potato starch,
and corn starch contain an average of 23%, 23%, and
28% amylose respectively (Benlitz et al., 2009).

freshwater consumed in the country. In fact, 40% of the
food produced is uneaten and ends up rotting in landfills
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Whereas most food deficiency research is focused on
production, fewer researchers and policy makers are
looking at food spoilage caused by microorganisms such
as bacteria and fungi (Hammond ef al., 2015). In fact, the
United Kingdom reports two-thirds of household waste
due to food spoilage (Gunders, 2012). Assuming this
data is similar to the United States, food spoilage is a
major concern for the economy. Black seed or Nigella
sativa oil has a long history of being used for medicinal
purposes in Islamic countries as well as in India and
Syria for treating diseases now associated with various
bacterial and viral origins (Ramadan, 2007; Bakathir and
Addas, 2011; Gharby et al., 2015). Furthermore, studies
have shown that the oil has antimicrobial properties
when directly applied to food. The study showed clear
inhabitation of the growth of specific bacteria species,
both pathogenic and non-pathogenic spoilage strains,
including Staphylococcus aureus, E. coli, Listeria
monocytogenes, and Salmonella enterica serovar
Enteritidis (Bakathir and Addas, 2011; Mahgoub et al.,
2013). Another study shows an edible starch-based
bioplastic coating created with the use of Nigella sativa
oil and glycerol greatly reduced the softening, weight
loss, % of browning index, loss of vitamin C, loss of
anthocyanin content, and delayed microbial decay when
applied to pomegranate arils from long stored whole
pomegranate fruits (Oz and Ulukanli, 2012).

It has been estimated that the main antioxidant and
antimicrobial properties of plant extracts are closely
linked with their phenolic content (Ahn et al., 2004;
Luther et al., 2007; Ramadan, 2013). While it is still
unknown exactly how extracts and oils from black seed/
Nigella sativa generate these antimicrobial tendencies,
Mahgoub et al. (2013) determined the main phenolics,
specifically phytosterols, in black seed oil were p-
sitosterol, A5-avenasterol, and  A7-avenasterol.
Furthermore, Lohata and Usuki (2021) have
demonstrated the antimicrobial effects of [-sitosterol
specifically when isolated from plants. However, other
studies have shown that the antimicrobial benefits of
black seed/Nigella sativa are due to the concentration of
Thymoquinone in the oil (Halawani, 2009; Azeiz et al.,
2013; Forouzanfar et al., 2014). Additionally, numerous
studies indicate the usage levels of black seed oil or
extracts of Nigella sativa as an antimicrobial to around
0.2% or less to flavor impact on the finished food item
(Ahn et al., 2004; Bakathir and Addas, 2011; Oz and
Ulukanli, 2012; Mahgoub ef al., 2013).

However, all these studies showcased the
opportunity for black seed/Nigella sativa oil as an
antimicrobial when applied directly to the food item.
This can be an issue in food processing and
manufacturing as different foods would require different

https://doi.org/10.26656/r.2017.8(5).510

Holliday et al. / Food Research 8 (5) (2024) 271 - 275

application methods. In addition, it would require
additional labeling on a food’s ingredient statement.
Therefore, it was determined that the best application
would be to include the black seed/Nigella sativa oil in
food packaging since it has the widest application and
does not require additional ingredient labeling.

The objectives of this paper were to create bioplastic
packaging using corn, rice and potato starches and
Nigella sativa oil, annualize the effectiveness of the
deferent bioplastic starches against microorganisms E.
coli K12, S. epidermidis, and P. putida when applied to
meat, poultry, and fish and compare and contrast the
effectiveness of the bioplastic with and without Nigella
sativa oil against the microorganisms.

2. Materials and methods

The starches chosen as the base for the bioplastics
were corn, rice, and potato due to at least one of these
starches is grown on every habited continent and is
readily available commercially. The proteins tested were
beef, chicken, and shrimp as they have the largest
economic market loss due to spoilage and are the largest
consumed proteins in the United States. The
microorganisms selected for this project are £. coli K 12,
S. epidermidis and P. putida. Escherichia coli is a Gram-
negative gamma proteobacterium commonly found in the
lower intestine of  warm-blooded  organisms.
Staphylococcus epidermidis (Gram-positive) is part of
the normal human flora, typically the skin flora, and less
commonly the mucosal flora. Pseudomonas putida
(Gram-negative) is a non-pathogenic bacterium found in
food which have shown stray indicators of spoilage.
These three were selected as they are non-pathogenic
forms of pathogens commonly present on the proteins
used in this experiment to verify the antimicrobial
properties of the black seed oil.

All chemicals were purchased from Flinn Scientific
Inc. (Batavia, USA) unless otherwise noted and the
starches used were corn, rice, and potato (commercially
available industrial samples).

2.1 Rapid visco analyzer analysis of starches

Distilled water and starch sample were placed in to
sample canister of the Rapid Visco Analyzer (RVA)
(Perten Industries, Model: 4800, Hagersten, Sweden). A
paddle was used to vigorously mix the sample before
placing it into the RVA to measure the starches gelling
capacity, thermal set temperature, and amount of
retrograde.

2.2 Making bioplastic trays

Black seed oil (BSO) was extracted by using a 1:1
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ratio of black seeds (commercial sample) in a 1:1
mixture of ethanol and hexane. In a steel blender
(Waring, Model; 700S, Torrington, CT), the black seeds
were ground into a fine powder before the solvents were
added and blended for 1 min. The contents were poured
into a beaker, covered with aluminum foil, and extracted
for 24 hrs at 23°C. After extraction, the mixture was
filtered using filter paper (Whatman No. 4) and dried to
remove the solvents (BioRad drying oven, Model; BR-
150, USA).

The bioplastic film was made using 90 g starch
(corn, potato, or rice), 180 mL water, 6 mL glacial acetic
acid, 9 mL glycerol, and 300 ppm BSO in the test
samples. The components were combined in a 500 mL
beaker and heated with agitation until they were
esterified at 62°C using a stirring hotplate (Corning,
Model: PC-420, USA). The bioplastic gel was spread to
the desired thickness and dried. A total of 6 different BT
versions were produced: corn with BSO, corn without
BSO, potato with BSO, potato without BSO, rice with
BSO, and rice without BSO.

2.3 Sample testing
2.3.1 Inoculation of proteins

Samples of beef, chicken, and shrimp (purchased
from local grocery) were inoculated with E. coli K12, S.
epidermidis, or P. putida (Carolina Biotech, USA)
respectively.

2.3.2 Microbial testing

Non-inoculated protein samples (control) and
inoculated protein samples were placed onto the various
bioplastic trays, covered with food grade plastic wrap,
and refrigerated at 5°C for 7 days. A luminometer
(Hygiena, SystemSure PlusV.2, USA) was used in
measuring total bacterial load using adenosine
triphosphate  (ATP) collection swabs (Hygiena,
UltraSnap, USA) on the surface of the protein contacting
the BT to determine spoilage through microbial activity.

2.3.3 Testing methodology

Nine sets of sample combinations were tested in
total. The first set of samples consisted of each non-
inoculated protein on each starch BT not treated with
BSO. The second set of samples tested the inoculated
proteins on each starch BT not treated with BSO. The
third set of samples tested the inoculated proteins on
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BSO-treated BT of each starch. ATP swabs were used to
test each protein/BT surface to determine the impact of
BSO-treated BT on spoilage/microbial activity.

2.4 Statistics

All experiments were run in triplicate and results
were compared using one-way ANOVA with statistical
differences identified using a t-test with Bonferroni
Correction. All statistical differences were determined at
a<0.05.

3. Results

The RV A analysis showed statistical differences in
every category as seen in Table 1. Potato starch showed
the highest peak time at 3.33 mins suggesting the fastest
gelling properties. Rice showed the second fastest peak
time at 5.09 mins followed by corn at 5.27 mins. Potato
also had the lowest pasting temp at 68.07°C suggesting
that the starch requires the lowest amount of energy to
set. Rice starch showed the second lowest pasting
temperature at 72.38°C followed by corn starch at
76.47°C. Corn showed the lowest thermal breakdown at
880.67 cP suggesting the best thermal resistance. Rice
followed corn with the second lowest thermal breakdown
at 2465.00 cP. Potato showed the highest thermal
breakdown of the three starches.

When comparing the samples overall as seen in
Figure 1, a statistical difference was seen between the
control and the inoculated control (I-control) ATP data
and between the inoculated control (I-control) and the
“inoculated treated (I-Treated)” ATP data suggesting a
reduction in spoilage and microbial activity. No
statistical difference was observed between the control
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Figure 1. Comparison of average ATP values for treated
proteins.

Table 1. RVA analysis showing rheological properties of commercially sampled starches.

Starch Peak Peak Time Pasting Temp Minimum Viscosity = Breakdown  Final Viscosity  Setback
(cP) (min) (°0) (cP) (cP) (cP) (cP)

Rice  4086.67 5.09 72.38 1621.67 2465.00 2706.33 1084.67

Corn  2919.67 5.27 76.47 2039.00 880.67 3208.33 1169.33

Potato  5517.33 3.33 68.07 1790.00 3727.33 2172.67 382.67
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and the inoculated control ATP data.

When comparing ATP values between the 3 starches
to determine if starch source had an effect on spoilage
and microbial activity in Figure 2, no statistical
difference was found between any samples suggesting
that any of the 3 starches can be effectively used in BSO-
treated bioplastics without an impact on ATP reductions.

The ATP readings in Figure 3 showed ATP
reduction trends between the three microorganisms and
BSO-treated BTs. The trend showed the greatest
reduction in Pseudomonas activity and the lowest
reduction in Staphylococcus microbial activity.
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Figure 2. Comparison of average ATP values for rice, corn,
and potato starch-based bioplastic trays.
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Figure 3. Comparison of average ATP reductions between

Escherichia coli K12, Staphylococcus epidermidis, or

Pseudomonas putida.

4. Discussion

If implemented into bioplastic packaging, potato and
rice showed the fastest peak times during the gelling
stage most likely due to having the lowest pasting
temperature compared to peak time. This indicates that
these starches could require less bioplastic production
time and energy. Conversely, corn starch showed the
lowest thermal breakdown indicating that its exposure to
higher temperatures could create more stable bioplastics
when a thicker material may be needed. However, all
bioplastics have the potential to be used in packaging to
improve shelf life and reduce microbial activity in high-

https://doi.org/10.26656/r.2017.8(5).510

Holliday et al. / Food Research 8 (5) (2024) 271 - 275

value proteins since the type of starch used was shown to
not affect microbial activity. This indicates there is little
concern for limitations on demand and that these
bioplastics could be produced worldwide.

Seeing no statistical difference between the control
and inoculated BSO-treated BTs suggests that BSO
shows potential for extended shelf life due to its
antimicrobial properties. Microbial ATP results suggest
that BSO has a greater effect on Gram-negative bacteria
(P. putida and E. coli) than the Gram-positive bacteria
(S. epidermidis) used in this experiment but more
research would be needed to verify this trend.
Furthermore, additional testing would be needed to see if
the BSO would show similar results in traditional plastic-
based packaging or if the petroleum-based nature of the
plastic would bind the BSO and render it ineffective.

This research is aimed at reducing the amount of
high-cost proteins that go bad due to food spoilage and
end up as inedible landfill waste. The authors estimate
that the anticipated higher packaging material costs can
be justified by the increased food safety and extended
shelf-life of the foods protected.
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