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ABSTRACT

Nanocomposite film can be used to prolong the shelf-life of fruits and vegetables. This research was
undertaken to investigate the effects of packaging period and temperature on the quality and self-lives

of cucumber and garden-eggs packaged using cassava starch-zinc nanocomposite film. Hundred grams
each of cucumber and garden-eggs were wrapped in a 200x 350 mm size nanocomposite film and low
density polyethylene (LDPE) of 2.240+ 1.076 x 107° gm™ Pa’'s™ water vapor and 1.568+ 0.084% 107"
gm-1Pa’'s” oxygen gas permeability. The products were stored at 10—27°C temperatures and 0—9 day
periods, and their quality attributes including [-carotene and ascorbic acid were determined. The results
showed a high positive correlation for [-carotene and ascorbic acid contents of the cucumber and the
garden eggs packaged in the nanocomposite film and the LDPE (p< 0.05). Also, the percentage increase
in shelf-life of the packaged products in the cassava starch-zinc nanocomposite films was higher than
those packaged in the LDPE materials. This indicates a small quality loss in the products packaged using
the nanocomposite film compared with that packaged using the conventional LDPE. Hence, cassava
starch-zinc nanocomposite film can be used to extend the shelf-life of the products.
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INTRODUCTION

Shelf-life can be regarded as the period of time
during which food product remains safe and are
certain to retain desirable sensory, chemical, physical,
microbiological and functional characteristics [1].
Both food safety and quality are important aspects of
acceptable shelf life [2]. The initial quality, inherent
nature of the product, product formulation, processing
method, consumer handling, transportation, storage
and packaging are the most important index factors
affecting the shelf-life of packaged foods [3]. For per-
ishable food, the initial microbial load will influence
the shelf life. Using ingredients that have already
started to deteriorate or over-processing can result in
loss of texture or nutrients, such as vitamin C. Fresh
or perishable foods have an inherently shorter shelf
life than shelf-stable foods. The low water activity of
some food products, such as rice makes it an inher-
ently shelf-stable food. The addition of preserva-
tives or antioxidants can extend the shelf life of the
product [4]. Formulation changes such as replacing
the type of acid, removing nitrates from a processed
meat, and reducing the amount of added salt can also
change the shelf life of the product. Thermal process-
ing will reduce, as in pasteurization, or eliminate,
as in sterilization, microbes and extend the shelf life
of the product. Other gentle processing techniques
such as high pressure processing can also be used
to reduce initial microbial levels. After purchase,
transfer of food from the store to home can result in
higher temperature exposure. Consumer refrigerators
can also be at higher-than-optimal storage tempera-
tures [5]. Once the package is opened, the shelf-life
date assigned by the food manufacturer is no longer
applicable. Exposure of the product to variable tem-
peratures and relative humidity in the supply chain
(including the retail environment) can affect the shelf
life of foods. For refrigerated products, higher-than-
optimal temperature storage can accelerate micro-
bial growth. Oxidation reactions are also accelerated

by higher temperature exposure, thus shortening the
shelf life of the products. For shelf-stable products,
the barrier of the package can affect the shelf life. For
example, moisture absorption for a cracker will affect
the crispness of the product. If the product has a large
fat component, such as potato chips and most horti-
cultural crops, fat oxidation affects the shelf life and
an oxygen barrier is required.

Packaging material has been reported to protect
food products against moisture, oxygen, odors or
microorganisms because of the antimicrobial [6], [7]
and oxygen scavenging activities [3] of the nanoparti-
cles embedded in the polymer. However, the use syn-
thetic polymers like the LDPE and HDPE has so far
being discouraged probably due to the high amount
of heat, which is capable of encouraging microbial
deterioration, associated with such packages [§].
Nowadays nano-reinforced materials, such as the
nanocomposite films, have replaced the synthetic
materials in food packaging application. But, the
production of most of the nanoparticles used is quite
expensive and sometimes toxic, thus limiting their
application. Hence, there is the need for an alternative
composite material reinforced with a readily available
and less toxic material, like zinc, for food packaging
application. Research results of Luo et al. [9], Fadeyibi
et al. [3], Jin et al. [10], Tankhiwale and Bajpai [7]
and Nafchi et al. [11] have already given credence
to the potential application of zinc oxide nanoparti-
cles in food packaging. In fact, the deliberate inclu-
sion of zinc nanoparticles in food packaging material,
at a controlled amount, might not likely render the
packaged food toxic or unfit for human consumption
[71, [10]. This is because the zinc particles have their
particles size in the range of 4-9 nm [3] and only 2%
has often been used as fillers [12] in the packaging
materials. Also, the research results of Fadeyibi et al.
[1] recommended a maximum of 2% zinc concentra-
tion for food application, and this was not exceeded in
the present investigation. Some major breakthroughs
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has been recorded in this area of research, like in the
application of edible films in packaging and coating
of fresh fruits and vegetables [13], [14], and espe-
cially in using nanoparticles like montmorilonite and
acetylated starch [12]. Although, the performance of
cassava starch-zinc nanocomposite film for packag-
ing of tomatoes has been reported [1], there is however
no reported research on the nanocomposite film for
cucumber and garden-eggs packaging. Also, there are
still more to know especially the roles of temperature
and storage period on the shelf-life of the produce.
Therefore, the objective of this research was to deter-
mine the effects of storage period, temperature on
the quality attributes and shelf-life of cucumber and
garden-eggs packaged using the cassava starch-zinc
nanocomposite film.

MATERIALS AND METHODS

Materials

Baskets (2 kg) of day old, cucumber and garden-
eggs were bought from the commercial market at
Kateregi, Niger State and transported to the Crop Pro-
cessing and Storage Laboratory of the Federal Uni-
versity of Technology, Minna, Nigeria. Three pieces
of the cucumber with average length (50.98 mm),
diameter (20.11 mm), weight (100 g) and without
bruises were carefully selected from the basket and
immediately used for the packaging experiment.
Also, five pieces of the garden-eggs with average
length (20.44 mm), diameter (14.05 mm), weight (100
g) and without bruises were carefully selected from
the basket and immediately used for the packaging
experiment.

Packaging

The cassava starch-zinc nanocomposite films,
prepared according to the methods reported by
Fadeyibi et al. [15], were used for the packaging of
the cucumber and garden-eggs products. The films

were prepared from the blends of 55% glycerol and
0% zinc nanoparticles (Ti), 55% glycerol and 1%
zinc nanoparticles (T2) and 55% glycerol and 2%
zinc nanoparticles (T3). The packaging was done by
wrapping 100 g each of the cucumber and garden-
eggs in the nanocomposite films and low density
polyethylene (LDPE, 10 pm thick). All the nanocom-
posite films have 200x 350 mm size, 17 um thick.
Also, the oxygen and water vapor permeability were
found to be 2.240+ 1.076 x 10 gm'Pa’'s'and 1.568+
0.084x 101 gmPa’'s’!, respectively. The packaged
products were stored in the incubator at temperature
and period ranges of 10-27°C and 0-9 days, respec-
tively. The total coliform and quality parameters of
the cucumber and garden-eggs were evaluated at day
0, and then re-evaluated at an interval of 3 days for a
total storage period of 9 days.

Quality Parameter Investigation

In this study, the quality and shelf-life of the
cucumber and garden-eggs was determined as a
function of their physical, chemical and microbio-
logical properties. The method described by Treena
et al. [16] and Gordon [17] were used to determine
the total soluble solids, moisture content, vitamin
C, B-carotene and titratable acidity of the packaged
cucumber and garden-eggs samples.

Statistical Analysis

Karl Pearson’s correlation matrix analysis
was used to determine the strength of relationship
between the packaging materials and the process
variables at p< 0.05. The packaging materials are
the nanocomposite films (Ti, T> and Ts), whereas the
process variables are the storage period (0—9 days)
and temperature (10—27°C). The degree of the rela-
tionship among the inter packaging materials and
each of the quality parameter (3-carotene, titratable
acidity, ascorbic acid, moisture content and total
dissolved solid) was investigated for the packaged
cucumber and garden-eggs.
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RESULTS AND DISCUSSION

Effects of Temperature and Period on the
Quality of Cucumber

The effects of temperature and period of packag-
ing on the nutritional qualities of packaged cucumber
were shown in Table 1. The total soluble solid of
cucumber generally increase with temperature and
period of packaging, irrespective of the nature of the
packaging material. The increase in the total soluble
solid of packaged product may be associated with
the increase in the concentration of the dry matter at
higher packaging period and temperature. The total
soluble solid content of cucumber was higher in Ts
film than in the Ti, T and LDPE films on day 9 at
27°C because of the presence of higher amount of
zinc nanoparticles in the polymer matrix constitut-
ing the packaging material. Consequently, Ti, T> and
Ts, which represent the cassava starch nanocompos-
ite films, are better for enhancing the total soluble
solid content of cucumber than the 10 pm LDPE
film. The moisture content of cucumber decreases
with the temperature and period of packaging, as was
shown in Table 1. Higher negative correlations were
observed, for moisture content, between the period of
packaging and all the films used in the packaging of
cucumber, except for the films containing 1 and 2%
zinc nanoparticles, which show insignificantly lower
negative correlations at 10°C (p< 0.05), as were shown
in Table 2. The LDPE retained moisture better than
the cassava starch nanocomposite films probably
because of the presence of smaller pore space in
its matrix. The observed decrease in the moisture
content of cucumber was similar to the finding of
Seisuke and Sinha [18] who attributed moisture loss
of fruits and vegetables to the post-harvest physiologi-
cal processes, such as respiration and transpiration,
occurring even after harvest.

The ascorbic acid content of the packaged
cucumber decreases generally with temperature and
period of packaging, as shown in Table 1. Higher
negative correlations were observed, for ascorbic
acid, between the period of packaging and all the films
used in the packaging of cucumber, except the films
containing 1% zinc nanoparticles, 2% zinc nanopar-
ticles and 10 um LDPE film at 10°C, which show
significantly lower negative correlations at p< 0.05,
(Table 2). The cucumber in the LDPE film recorded
the least ascorbic acid content at all temperature and
period of packaging because of the higher heat of res-
piration generated in the LDPE film that renders the
vitamin thermally unstable. Hosalall [19], Vishal et al.
[20] and Debbie et al. [21] reported that ascorbic acid
content of packaged biomaterials generally decrease
more rapidly at higher storage temperature since it
is thermo labile. Therefore, as expected, the ascorbic
acid content of cucumber was higher in the cassava
starch nanocomposite film on day 3, which progres-
sively decreases with temperature and period of pack-

aging.

The titratable acidity of packaged cucumber
increases with temperature and period of packag-
ing, as shown in Table 1. Higher negative correla-
tions were observed, for titratable acidity, between
the period of packaging and all the films used in the
packaging of cucumber at 10, 15 and 27°C (signifi-
cant at p< 0.05), (Table 3). The knowledge of titrat-
able acidity indicates the pH level of the fruits and
vegetables which can help in deciding the best pack-
aging material for cucumber. As much as possible, it
is desired to minimize the level of the acid content of
the packaged cucumber to a safe limit. Therefore, the
packaging of cucumber should be carried out using
the cassava starch nanocomposite films instead of the
10 um LDPE film because of their ability to minimize
the titratable acidity under higher temperature and
period of packaging.
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The B- carotene content of packaged cucumber
slightly varies with an increase in the tempera-
ture and period of packaging, as shown in Table 1.
Higher positive correlations were observed, for -
carotene content, between the period of packaging
and all the films used in the packaging of cucumber,
except for the films containing 1% zinc nanoparti-
cles, 2% zinc nanoparticles and the 10 pm LDPE,
which show insignificantly lower correlations at
15 and 27°C, respectively (p< 0.05), (Table 3). The

cucumber packaged using T1 has the highest content
of B- carotene, which increases from 41.23 to 42.22
U as the period increases from 3 to 9 days at 10°C.
The cucumber packaged using the LDPE has the
lowest content of - carotene, which increases from
36.10 to 36.15 TU as the period increases from 3 to
9 days at 27°C. This implies that the cassava starch
nanocomposite films can retain substantial amount
of the B- carotene of cucumber at higher temperature
and period of packaging.

Table I: Some Quality attributes of packaged Cucumber at different temperature and packaging period

Total soluble solid [%]

Packaging Packaging at 10° C Packaging at 15° C Packaging at 27° C
Material Day-0 Day-3 Day-6 Day-9 Day-3 Day-6 Day-9 Day-3 Day-6 Day-9
T 53440.18  10.55:049 6.50:0.06 7.47+0.08 16.24+0.08 15.25+0.05 16.60£0.05 17.3120.12 20.32+0.78  23.63+0.09
T2 53440.18 8294012  9.0420.03  6.56£0.07 17774005 8312002  17.23£0.05 18.45:0.06 19.15£0.09  20.82+0.24
L 53440.18  8.00£0.03  6.34+0.07 7.3140.02 1431+0.03 14.40+0.06 17.04£0.03 18.59+0.13 20.11£0.10  20.52+0.16
LDPE (Control)  534+0.18  6.47:0.07 6.00£0.09 6.16:0.06 13.73:0.04 13.15£0.03 11.14£0.08 11.38+0.18 10.24:0.08  14.630.16
Moisture Content [%, wb]
T 94.66+0.18 89.45+0.49 93.50+0.06 92.53+0.08 83.76+0.08 84.75+0.05 83.40£0.05 82.69+0.12 79.68£0.76  76.37+0.09
T2 94.66+0.18 91.71+0.12 90.96+0.03 93.44+0.07 82.23+0.05 91.69+0.02 82.77+0.05 81.55+0.06 80.85£0.09  79.18+0.24
Ts 94.66+0.18 92.00+0.03 93.67+0.07 92.69+0.02 85.69+0.03 85.60+0.06 82.96+0.03 81.41+0.13 79.89+0.10 79.48+0.16
LDPE (Control) 94 66+0.18 93.53+0.07 94.00£0.09 93.8440.06 86.27+0.04 86.85:0.03 88.86:0.08 88.6240.18 89.76+0.08  85.37+0.16
Ascorbic Acid [mg/100 g]
T 2544022 19.95+0.12 18.01+0.03 18.05:0.05 15.95+0.08 15.06£0.07 12.12£0.11 12.07+0.08 11.94£0.07  11.96+0.06
T 25444022 18.05+0.06 18.05:0.06 23.92+0.13 14.17+0.16 15.05£0.06 17.96+0.06 13.43+0.09 12.05£0.06 12.05+0.06
Ts 25444022 24.00£0.04 18.02:0.04 23.92:0.14 16.03£0.07 15.06£0.11 18.03£0.03 12.05£0.10 11.9440.15  11.9240.13
LDPE (Control) 95444022 21.9540.10 20.51£0.02 23.61+0.02 14.42+0.06 14.29+0.12 1521£0.04 11214020 11.21£0.05 9.96+0.04
Titratable Acidity [mg/1]
T 0.40£0.01  0.51£0.02 0732001  0.58£0,04 040£0.01  0.58£0.03  0.79£0.03  0.40£0.00  1.00:0.02  0.97+0.02
T 0.40+0.01  0.44+0.01  0.60+0.01 0.5140.02 0.40£0.03  0.50+0.01 0.79£0.02  0.39+0.01 1.21£0.02  1.11+0.02
Ts 0.40+0.01  0.88+0.04 0.60+0.03 0.59+0.02 038+0.03 0.82+0.02 0.79£0.03 0504000 1.22+0.06  0.91+0.01
LDPE (Control) 0 40+0.01  1.2040.02  0.90:0.01  0.70£0.02  0.45:0.02 0.89+0.02 1.0040.02  0.35:0.02 1.29+0.01  0.81+0.01
p-Carotene [1U]
T 36.15£0.34 41.23+0.05 40.25:0.06 42.22+0.05 39.84+0.01 41.25:+0.06 39.83+0.06 36.04:0.04 36.08£0.07  46.40+0.36
Tz 36.1540.34 41.68+£0.12 38.40+0.02 40.92+:0.63 40.80+0.02 39.86:0.02 37.4120.06 36.91+0.11 33.59+0.03  33.58+0.04
Ts 36.15£0.34 43.07£0.24 42232005 42214009 4125:006 38.88£0,01 38.39£0.03 34.48+0.03 36.0240,02  33.40£0.37
LDPE (Control) 3¢ 151034 40950023 38.06:0.15 41.1340.16 38.40:0.03 36.83£0.10 32.1240.04 31.0940.05 35.01£0.03  29.41:0.06

LDPE = low density polyethylene (10pum), T, = 50-1-17, T2 = 55-1-17, Ts = 55-2-17, (Values presented in the form at std)
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Table 2: Pearson’s Inter Packaging Material Correlation of Moisture and Ascorbic acid contents of Cucumber

Ouality Parameter PP TI(l0) TI(s) TI@27) 120 125 1227 130 1315 1327 Ao s G279
Moisture content PP 1.00

THA®D 514 100

Tas) 599 0677 100

TN gog 042 095  1.00

200 534 049 0727 060"  1.00

T209  os4 o084 079 068 027 100

T2 g5 0577 099 098 0700 073 100

T3(19) -0.47 093" 085 0.69" 0.49 096"  0.78° 1.00

BAS) 89" 055 098 099"  061° 077 099 079 100

BCD o84 055 099 097 075 069 1000 076 098  1.00

CAY o540 089" 093 078 069 088 08 097 08 087 100

CAS o577 o072 094 082 091" 064 09" 079 086 092" 092"  1.00

C2ND o900 054 091° 094 039 085 092°  081° 096 090 081 071° 100
Ascorbic Acid PP o

a0 g9 1.00

TS g01° 008 100

TQD 498 097 096 100

a0 415 050 0477 070" 100

209 os4 08 082 095 088  1.00

TN o83 099 097 1000 066 092  1.00

1309 -0.41 0.62° 0.44 0.53" 0.67" 0.58" 057 1.00

A9  o64 092° 086 096 085 099 095 067  1.00

BN 578 097 096 1000 0700 095 1000 053 096  1.00

CaO  g42 077 o064 080 094  091° 080 08 093 080  1.00

CA9 473 096 094 1000 075 097 099 056 098 1000 084  1.00

C@D o8 097 098 100 064 092 100 049 094 100 076 _ 099° 100

“Significant at P< 0.05; C = LDPE Film (Control); 50-1-17=T1; 55-1-17 = T2; 55-2-17 = T3, PP = Packaging Period (days)
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Table 3: Pearson’s Inter Packaging Material Correlation of f-Carotene content and Titratable acidity of Cucumber

Ouality Parameter PP TI(l0) TI(S) Ti(27) 71210 71215 71227 T30 1315 T327) 1o Cds) <29
B-Carotene PP 1.00

nay ;e 1.00

Tas) 74 o083 100

en g7 o0s6 016 100

200 557 091° 063 042 100

T29 417 o057 076 036 061" 100

T2@7) o8 040 054 057 001 012 100

BAY 4700 095 093 026 087 080" -030  1.00

BAD 927 o740 0700 010 085 092 020 087  1.00

BN g6 -079° 032 08" 084 009 017 -058 043  1.00

€AY e 093" 059 056 099 049 -010 084 076 091"  1.00

€A% o6 028 002 094 009 061 066 002 042 057 -025 100

CAN o6 -086 043 073 092 025 014 069 05T 099 097 045 100
T. Acidity PP -

nan 4. 1.00

Ay 597 100 1.00

Ten 477 100 100  1.00

200 457 100 100 100  1.00

248 - 447 100 100 100 100 100

QN 496 100 100 100 100 100  1.00

BAY 4598 100 100 100 100 100 100  1.00

BAS 477 100 100 100 100 100 100 100 100

BCD 477 100 100 100 100 100 100 100 100 100

can g 100 100 100 100 100 100 100 100 100  1.00

cas - 477 100 100 100 100 100 100 100 100 100 100 100

can  oa7 100 100 100 100 100 100 100 _ 100 _ 100 _ 100 _ 100 100

“Significant at P< 0.05; C = LDPE Film (Control); 50-1-17=T1; 55-1-17 = T2; 55-2-17 = T3, PP = Packaging Period (days)
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Effects of Temperature and Period on the
Quality of Garden-Eggs

The effects of temperature and period of packag-
ing on the nutritional qualities of packaged garden-
eggs were shown in Table 4. The total soluble solid
of garden-eggs generally increase with temperature
and period of packaging, irrespective of the nature
of the packaging material. The increase in the total
soluble solid of the product can be associated with
the increase in the concentration of the dry matter at
higher packaging period and temperature. The total
soluble solid content of cucumber was higher in T3
film than in the Ti, T> and LDPE films on day 9 at 27°C
probably because of the presence of higher amount of
zinc nanoparticles in the polymer matrix constitut-
ing the packaging material. Consequently, Ti, T> and
Ts, which represent the cassava starch nanocompos-
ite films, are better for enhancing the total soluble
solid content of garden-eggs than the 10 pum LDPE
film. The moisture content of garden-eggs decreases
with the temperature and period of packaging, as
was shown in Table 4. Higher negative correlations
were observed, for moisture content, between the
period of packaging and all the packaging materials,
except for the film containing 1 and the 10 um LDPE
films, which shows insignificantly lower negative and
positive correlations at 10°C, respectively (p < 0.05),
(Table 5). The LDPE retained moisture better than the
cassava starch nanocomposite films probably because
of the presence of smaller pore space in its matrix.

The ascorbic acid content of packaged gar-
den-eggs decreases generally with temperature
and period of packaging. Higher positive correla-
tions were observed, for ascorbic acid, between
the period of packaging and all the films used in
the packaging of garden-eggs, except for the films
containing 1% nanoparticles, which show insigni-
ficantly lower negative correlations at 10 and 27°C
(p< 0.05); and the film 2% nanoparticles and the
10 um LDPE, which show insignificantly lower

negative correlations at 27°C (p< 0.05), (Table 5).
The garden-eggs in the LDPE film recorded the
least ascorbic acid content at all temperature and
period of packaging because of the higher heat of
respiration generated in the LDPE film that renders
the vitamin thermally unstable. Hosalall [19],
Vishal et al. [20] and Debbie et al. [21] reported
that ascorbic acid content of packaged biomaterials
generally decrease more rapidly at higher storage
temperature since it is thermo labile. Therefore, in
line with the expectation, the ascorbic acid content
of garden-eggs was higher in the cassava starch
nanocomposite films than the 10 pm LDPE film at
different temperature and period of packaging.

The titratable acidity of packaged garden-
eggs increases with temperature and period of
packaging, as shown in Table 4. Higher negative
correlations were observed, for titratable acidity,
between the period of packaging and all the films
used in the packaging of garden-eggs at 10, 15
and 27°C (significant at p< 0.05), (Table 6). The
knowledge of titratable acidity indicates the pH
level which can help in deciding the best pack-
aging material to be used for okra. As much as
possible, it is desired to minimize the level of the
acid content of the packaged biomaterials to a safe
limit. Therefore, the packaging of garden-eggs
can be carried out using the cassava starch nano-
composite films instead of the LDPE film because
of their ability to minimize the titratable acidity
under the temperature and period of packaging.

The B- carotene content of packaged garden-
eggs slightly varies with the temperature and period
of packaging, as shown in Table 4. Higher negative
correlations were observed, for B- carotene content,
between the period of packaging and all the films
used in the packaging of garden-eggs at 10, 15 and
27°C (significant at p< 0.05), (Table 6). The gar-
den-eggs packaged using Ti has the least content of
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- carotene, which decreases from 4.29 to 4.32 IU as the period increases from 3
to 9 days at 10°C. The garden-eggs packaged using the T> and LDPE films have
the lowest contents of B- carotene, which decreases from 6.24 to 2.55 IU and

4.43 to 2.95 1U as the period increases from 3 to 9 days at 15 and 27°C, respec-
tively. The garden-eggs packaged in both T> and T; films contain substantial
amounts of B- carotene, slightly more than that in T: and LDPE films, which

Table 4: Some Quality attributes of packaged Garden-egg at different temperature and packaging period

Total soluble solid [%]

Packaging Packaging at 10° C Packaging at 15°C Packaging at 27° C
Material Day-0 Day-3 Day-6 Day-9 Day-3 Day-6 Day-9 Day-3 Day-6 Day-9
T 10.5140.17 11252022 13.314£0.14 18.39+024  17.64£0.02  16.73+0.10 17.40£0.06 17.73+0.04 23.80£0.06 25.82+0.10
T 10.51£0.17 13.3320.18 11.82+0.05 19.66+0.18 18.84£023  19.00£0.03 18.61£0.12 19.76x0.01 19.77£0.05 19.25+0.05
Ts 10.5140.17  19.53+0.44 13.51:0.06 15.98+0.15 16.18+0.06  16.71+0.02 19.27+0.08 19.26+0.14 21.37+0.55 17.44+0.03
LDPE (Control) 10 5140.17 16.33£0.39 10.15£0.18 15.2+0.18  13.67+0.31  12.47+0.08 15.06£0.13 18.22+0.10 19.70+0.06 14.67+0.30
Moisture Content [%, wb]
T 89.49+0.17 88.75:0.22 86.69+0.14 81.61£0.24 82.36£0.02  83.27+0.10 82.60£0.06 82.27+0.04 76.20+0.06 74.18+0.05
T 89.4940.17 86.67+0.18 88.18+40.05 80.34+0.18 81.16+0.23  81.00+0.03 81.39+0.12 80.24+0.01 80.23+0.05 80.75+0.05
Ts 89.4940.17 80.47+0.44 86.49+0.14 84.03:0.15 83.82+0.06  83.29+0.02 80.73+0.08 80.74+0.14 78.63+0.55 82.56+0.03
LDPE (Control) 89 49+0.17 83.6740.39 89.85+0.18 84.80+0.18 86.33:0.31  87.53+0.08 84.94+0.13 81.78+0.10 80.30£0.06 85.33+0.30
Ascorbic Acid [mg/100 g]
T 12.00£0.03 12.06£0.06 12.1440.12 8.05£0.08  9.07+0.09  9.08+0.12  12.03£0.04 10.49:0.04 9.04+£0.04  9.06+0.06
T2 12.0040.03 24.04+0.03 11.99£0.09 18.16+0.16 9.04£0.06  9.05:0.09  12.10£0.09 6.12+0.11  11.97+0.07 9.07+0.06
Ts 12.00+0.03 23.86+0.23 12.00+0.01 11.96+0.11 6.06+0.07  9.03+0.05 12.08+0.08 10.42+0.07 11.95+0.12 9.07+0.08
LDPE (Control) 13 001003 20.65£0.29 9.44+£0.05 9.2120.10  5.86+0.04 8.05£0.06  10.95£0.06 9.52+0.06  10.14+£0.13  8.09+0.09
Titratable Acidity [mg/]
T 0.25+0.01 0.46£0.02 0.39:0.03 0.58£0.03  0.31+0.01  030:0.04 027£0.04 038+0.03 0.96+0.03  0.58+0.03
Tz 0.25+0.01  0.48+0.10 034x0.04 022+0.02  030+0.03  028+0.03 0.76:0.04 041£0.01 0.81:0.05 0.40+0.03
Ts 0.25:0.01  0.58£0.02 0.4120.02  0.50£0.02  0.31£0.02  0.30£0.00 0.60£0.01  0.40£0.01  0.66+0.04  0.42+0.02
LDPE (Control) 0251001  0.7240.06  0.65£0.05 0.7120.02  0.44:0.05  0.53£0.02 0.8840.03  0.52:0.03  1.12£0.05  0.8940.01
p-Carotene (IU)
Ty 103£0.02 5294002 5294002 4324001  487+0.06  6.71+0.02 3.85+002 572+0.04 2.87+0.04 2.88+0.01
Tz 103£0.02  6.80+0.08 5.2640.04 4.84+0.06 6244005  5.30:0.03 2.85:0.06 4.79+0.03 4.3240.03  3.35+0.05
Ts 1032002  7.26£0.09 4.86:0.06 5224005 5294002  6.25:0.02 3.82+0.08 6.74:0.03  4.85:0.06  3.45:0.10
LDPE (Control) 193,002 5124002  4.32£0.08 4.91:0.06  4.43:0.06  508£0.09 2.95:0.07 537:0.03 473004  2.9040.12

LDPE = low density polyethylene (10um), T, = 50-1-17, T, = 55-1-17, Ts = 55-2-17, (Values presented in the form at std)

Journal of Applied Packaging Research

decreases with temperature and period of packaging. Thus, it can be concluded
that the cassava starch nanocomposite films are able to retain substantial amount
of the - carotene of garden-eggs at higher temperature and period of packaging.
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Table 5: Pearson’s Inter Packaging Material Correlation of Moisture and Ascorbic Acid content of Garden-Eggs

Quality Parameter PP TI(lo) TI(13) TI@27) 712100 1215 1227 1310 1315 1327 C10) C15) C27)
Moisture content PP 1.00

THAOD 93 100

TS o757 053" 100

@D h97 083" 083 100

200 g3 092" 058 070 100

T219) 576 051" 099 086 051"  1.00

T2 o724 049 099° 085  050°  1.00°  1.00

TAD) 535 020 08 041 046 075 076  1.00

T o4 080" 093 095 080 092" 091° 065  1.00

BAD 96 031 o091 078 025 095 095 062 078 100

CAO 53 033 063 028 065 05° 052 09 055 027 100

Ca%) o83 078 087 080" 090° 081 081" 077 094 060" 079 100

CAD a4 000 082 062 004 088 088 059 063 097 020 044 100
Ascorbic Acid PP s

A% - 476 100

TS o1 060" 1.00

TLCD o4 049 031 100

T20a9D 614 019 020 010 100

209 400 061" 1000 020 028 100

T@7D 514 017 031 010 -1000 030 100

30 -0.26 033 -0.58 0.16 0.86° -0.58° -087 1.00

BAD 14 054 091" 010 062 091 063 087 100

B 67 085 027 046 067 029 066  -021 006 100

CA0 47 044 -048 039 077 -048 -078 097 080" -007  1.00

CaA9 904 043 093 029 061" 093 062 -080° 098 002 -069° 100

C7N 88 075 007 080" -058 005 058 _ -017 012 089 004 027 100

Film (Control); 50-1-17=T1; 55-1-17 = T2; 55-2-17 = T3, PP = Packaging Period (days)
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*Signific
ant at
P<
0.05; C
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Table 6: Pearson’s Inter Packaging Material Correlation of f-carotene content and Titratable Acidity of Garden-Eggs

QOuality Parameter PP TI(0) TI(I5) Ti(27) 1200 1215 1227 1310 1315 1327 Cd9 <135 C27)
B-carotene PP 1.00

a0 g6 1.00

TIAS) 580 095  1.00

TH@D 592 094 o081 100

200 5930 0977 08 1000 100

T20%)  g977 095 0927 095 097  1.00

T2 588 1000 093 096 098 096 100

BAY  591° 092 077 1000 099 092 094  1.00

B9 oge 098" 099" 088 092 09 097 084" 100

BE 98 094 086 098 099 099 09 097 092" 100

Can 6" 096" 090 087 089 083 095 08" 091" 08  1.00

CAS 586 099 098  091' 094 096 099 08" 1000 093 094  1.00

CAD o3 098 094 096 098 099 099 094 097 098 090" 098 100
Titratable Acidity PP L0

Tan - o777 100

TaS 78 100 1.00

e 476 100 100 100

200 5990 100 100 100 100

205 575 100 100 100 100 100

2@ 477 100 100 100 100 100 100

BAO 578 100 100 100 100 100 100 100

BAD) 476 100 100 100 100 100 100 100  1.00

BCD 777 100 100 100 100 100 100 100 100  1.00

Can 78 100 100 100 100 100 100 100 100 100  1.00

€5 75 100 100 100 100 100 100 100 100 100 100 100

can g5 100 100 100 100 100 100 100 100 100 _ 100 100 100

“Significant at P< 0.05; C = LDPE Film (Control); 50-1-17=T1; 55-1-17 = T2; 55-2-17 = T3, PP = Packaging Period (days

Effects of Period and Temperature on Quality and Shelf-Life
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Effect of Packaging Period on Quality
Retention of the Products

The quality retention curves of the okra,
cucumber, tomatoes and garden-eggs packaged
in the cassava starch-zinc nanocomposite and
the 10 pm LDPE films were shown in Fig. 1 and
Fig. 2. The curves compare the performance of
the cassava starch-zinc nanocomposite films and
the 10 pm LDPE materials for retaining moisture
content, ascorbic acid, B-carotene and titratable
acidity for okra, cucumber, tomatoes and garden-
eggs at different period of packaging. The perfor-
mance was higher in the film containing 2% of the
zinc nanoparticles than the packaging materials
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Fig. 1: Quality Retention Curves of packaged cucumber

containing 1% zinc nanoparticles and 10 pum LDPE.
In a similar research, the application of nanocom-
posite edible film, made from the blend of cellulose
nanofibers with mango purees, for use in the exten-
sion of the shelf life of fruits and vegetables, have
been reported by Henriette et al. [22] and Henri-
ette et al. [23]. The authors reported that the shelf
lives of the fruits and vegetables packaged using
the nanofilm were more than those packaged using
ordinary cellophane and low density polyethylene
films. Based on this, it can be concluded that the
cassava starch-zinc nanocomposite films may be
suitable for the packaging of fruits and vegetables
at a prolonged period and temperature.
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Fig. 2: Quality Retention Curves of Packaged Garden-Eggs

Shelf-life extension of cucumber and garden-eggs

The shelf-life extensions of cucumber and
garden-eggs packaged in the cassava starch-zinc
nanocomposite films and 10 pum LDPE materials at
constant ambient temperature condition and differ-
ent period of packaging were shown in Fig. 3 and
Fig. 4. It can be seen that the cassava starch-zinc
nanocomposite films were able to extent the shelf-
life of okra than the 10 um LDPE film. The quality
attributes of cucumber and garden-eggs packaged
using the 10 um LDPE film increase with the
period of packaging, unlike the cassava starch-zinc

nanocomposite films which decreases with pack-
aging period. Thus, a high quality loss is expected
the packaged for the cucumber and garden-eggs
at ambient temperature (27°C) with extended self-
lives shown in Table 7. The percentage increase in
shelf-life of the packaged products in the cassava
starch-zinc nanocomposite films was higher than
those packaged in the LDPE materials. It can also
be seen that the more the concentration of the zinc
nanoparticles in the films the more the percentage
increase in shelf-life.
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This agrees with Basharat et al. [24], Liang et al.
[25] and Ramos et al. [26], who predicted the shelf-
life of packaged cassava-flour-based baked product
by using empirical models and activation energy
for water vapor permeability of polyethylene films.

According to the authors, the empirical models were
applicable for rapid and accurate shelf-life predic-
tion. Again, the cassava starch-zinc nanocomposite
film containing 2% zinc nanoparticles may be used
for fruits and vegetable packaging.
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Fig. 3: Microbial growth curves of cucumber packaged using cassava starch nanocomposite films and

10 um LDPE film
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Table 7: Shelf-life extension of cucumber and garden-eggs at 27°C

s/n Product PM NSL (days) EPSL (days) ASL (day) % SL

1 Cucumber LDPE 06 07 01 14.29
T: 09 10 01 10.00
T2 11 14 03 21.43
T3 14 21 07 33.33

2 Garden-eggs LDPE 07 08 01 12.50
T1 09 12 03 25.00
T2 10 16 06 37.50
T3 10 18 08 44,44

NSL — normal shelf-life; PM- packaging material; EPSL- extended shelf-life; ASL — change in shelf-life; % SL—

percent shelf-life

CONCLUSIONS

Nanotechnology has been applied to extend
the shelf-life of agricultural produce. The effects
of the packaging period and the temperature on
the quality and self-lives of cucumber and garden-
eggs packaged using cassava starch-zinc nano-
composite film have been investigated. The results
showed a high positive correlation for -carotene
and ascorbic acid contents of the cucumber and
the garden eggs packaged in the nanocomposite
film and the LDPE (p< 0.05). Also, the percentage
increase in shelf-life of the packaged products in
the cassava starch-zinc nanocomposite films was
higher than those packaged in the LDPE mate-
rials. This indicates a small quality loss in the
products packaged using the nanocomposite film
compared with that packaged using the conven-
tional LDPE. Hence, cassava starch-zinc nano-
composite film can be used to extend the shelf-life
of the cucumber and garden-eggs.
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