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Abstract

In order to obtain optimum packaging materials for peanut kernels, the effects of four types

of packaging materials on peanut storage quality (coat color, acid value, germination rate,

relative damage, and prevention of aflatoxin contamination) were examined. The results

showed that packaging materials had a major influence on peanut storage quality indexes.

The color of the peanut seed coat packaged in the polyester/aluminum/polyamide/polyethyl-

ene (PET/AL/PA/PE) composite film bag did not change significantly during the storage

period. Color deterioration was slower with polyamide/polyethylene (PA/PE) packaging

materials than with polyethylene (PE) film bags and was slower in PE bags than in the

woven bags. The use of PET/AL/PA/PE and PA/PE bags maintained peanut quality and

freshness for more than one year and both package types resulted in better germination

rates. There were significant differences between the four types of packaging materials in

terms of controlling insect pests. The peanuts packaged in the highly permeable woven

bags suffered serious invasion from insect pests, while both PET/AL/PA/PE and PA/PE

bags effectively prevented insect infection. Peanuts stored in PET/AL/PA/PE and PA/PE

bags were also better at preventing and controlling aflatoxin contamination.

Introduction

Peanuts often suffer from oxidation and aflatoxin contamination during storage (Barros et al.,

2003; Ding et al., 2014) [1,2]. Peanuts are usually harvested from late August until mid-Octo-

ber, depending on the particular season and the cultural practices in the south of China, and

may need to be stored for a long period of time before they are sold. Peanuts are often stored

under high humidity and high temperature conditions during the summer in the south of

China, where daytime temperatures often exceed 35˚C. The majority of the peanut crop is pro-

duced by smallholder farmers, who account for most of all of China’s agricultural activity. Pro-

tecting harvested peanuts during storage is challenging for farmers, because insect pests,

fungal growth, and lipid oxidation and rancidity can cause substantial losses in the mass and

value of the grain after only a few months’ storage [3–5]. A low temperature or air conditioned

storehouse would be a useful post-harvest measure to maintain the quality and control afla-

toxin production, but the majority of farmers are unable to adopt this recommendation
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because of the high application costs involved. Hermetic storage containers have been devel-

oped and distributed as a preferred method of grain storage for smallholder farmers. By

severely restricting the flow of oxygen into the grain bulk, hermetic storage containers can

reduce insect population growth during storage, preserve grain quality and inhibit aflatoxin

production [6–8]. Such applications have been successful in effectively extending the shelf-life

of maize, almond kernels and roast peanuts [8–11].

In China, some hermetic storage experiments with peanuts have been carried out; however,

the application of different packaging materials for long-term storage of peanuts has not been

studied. Therefore, there is little empirical evidence available on what are the most suitable

packaging materials for storage of peanuts. The objectives of this study were to investigate the

effects of different packaging materials on maintaining the quality of peanuts and inhibiting

aflatoxin production, and to obtain suitable packaging materials for storing peanuts for differ-

ent lengths of storage times.

Methods

Experimental design

The raw peanut kernels used in this study were produced in 2014 at Nanchang (Crop Institute

Jiangxi Academy of Agricultural Sciences), and had an initial moisture content (m. c.) of 8%.

The intact peanut kernels were placed in bags made from four different packaging materials:

a) highly permeable woven bags, having an oxygen permeability of 5000 cm2/(m2 day atm)

and a water vapor transmission rate of 660 g/(m2 day atm), b) polyethylene (PE) pouches,

75 μm in thickness, having an oxygen permeability of 600 cm2/(m2 day atm) and a water vapor

transmission rate of 10 g/(m2 day atm), c) polyamide/polyethylene (PA/PE) pouches, 90 μm in

thickness, having an oxygen permeability of 47.6 cm2/(m2 day atm) and a water vapor trans-

mission rate of 3.9 g/(m2 day atm), and d) Polyester/aluminum/polyamide/polyethylene (PET/

AL/PA/PE) pouches, 99 μm in thickness, having an oxygen permeability of 2.0 cm2/(m2 day

atm) and a water vapor transmission rate of 1.0 g/(m2 day atm). For our experiments, the

woven and PE bags were procured from the local market, and PA/PE and PET/AL/PA/PE

bags were obtained from Yinfeng Plastic Color Printing Co. Ltd., Luoyang, China. The oxygen

permeability and water vapor transmission rate were determined according to GB/T 19789–

2005 [12] and GB/T 21529–2008 [13], respectively.

Ten kilograms of peanuts were packaged in each bag and the four packaging material types

were replicated fifteen times (a total of 60 bags). Experiments were carried out during the

period between December 2014 and December 2016. After 0, 6, 12, 18 and 24 months of stor-

age, three separate identical samples (from three bags) were withdrawn from each packaging

material type and subjected to chemical and sensory analysis. Samples were stored in Nan-

chang City Jiangxi Province of China, where the average temperature in summer is 27˚C –

34˚C and the average relative humidity (r. h.) is 78.5%.

Data collection

The following indicators of quality were measured during storage: peanut color, acid value,

germination rate (%), and prevention of contamination with insects and aflatoxins.

Color measurement. The color of peanut kernels was measured using a Hunter Lab opti-

cal sensor colorimeter (model DP-9000, Hunter Associates Laboratory, Reston, VA, USA) and

results expressed as color L� (lightness), a� (redness), and b� (yellowness) values. The results

reported (L�, a� and b�) are the means of twenty determinations.

Measurement of acid value. The acid value was determined using a titration method, by

measuring milligrams of potassium hydroxide (Yongda, Tianjin, China) used to neutralize 1 g
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of free fatty acids. The acid value was determined according to the official GBT5530-2005 [14]

method for measurement of the acid value and acidity of animal and vegetable fats and oils.

Germination tests. Three samples of 100 seeds were removed from each packaging treat-

ment. The seeds were bathed in a 1% bleach solution for 10 min and then rinsed three times

under running tap water. Each sample was sowed in wet sand and placed in a climate incubator

(28˚C). After one week, the samples were removed and the number of seeds with at least part of

the radical breaking through the seed coat was counted. Data was recorded as the percentage of

the number of successfully germinated seeds out of the total number of peanuts sampled.

Insect damage. Each sample had three, 50 mL subsamples removed to evaluate the level

of peanuts damage by insects. The number of damaged and undamaged kernels, by insects in

each subsample, were visually counted and separated. Subsamples of each were dried to 0%

moisture by heating in an oven at 60˚C for 5 days. The dry weight of the damaged and undam-

aged peanuts for each subsample was then determined. Relative percent damage was calculated

using the following equation as described by Alonso-Amelot et al. (2011) [15]:

Xrel ¼
ðWu�NdÞ � ðWd�NuÞ

Wu�ðNu þ NdÞ

� �

�100

Nd = Number of damaged grains,

Nu = Number undamaged grains,

Wu = Dry weight of undamaged grains, and

Wd = Dry weight of damaged grains.

This equation compared the number of damaged and undamaged grains based on their

weighted proportions. Using combined physical grain damage and weight took into account

both visible insect damage and hidden damage caused by insect larvae feeding inside the pea-

nuts. The equation is an effective alternative to estimate peanuts damage, which avoids collect-

ing and weighing dust generated by insect feeding.

Determination of aflatoxin content. The aflatoxin content (AFB1) was determined with

High Performance Liquid Chromatography (hplc) (Shimadzu, Tokyo, Japan) analysis, accord-

ing to the official GB/T 5009.23–2006 [16] method for measurement of aflatoxins B1, B2, G1,

and G2 in foods.

Statistical analysis

Treatment condition effects on peanut coat color, acid value, germination rate (%), and pre-

vention of insect and aflatoxin contamination were assessed using ANOVA. Post hoc compari-

sons were made between groups using LSD. Significant values were reported at the α = 0.01

level, unless noted otherwise. The ANOVA analyses included the time periods, but the statisti-

cal results are not shown in the figures or legends and tables.

Results

Lab values

The seed color of samples in the woven bag (control) gradually changed color to dark red as

storage time increased; L� parameters decreased significantly (F = 30.86; d. f. = 3,8; P<0.001)

with a parallel increase in a� and b� values after 24 months of storage (Fig 1). Compared with

the initial value (0 month), the samples packaged in PE (L�: F = 17.68; d. f. = 2,8; P = 0.003;
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a�: F = 19.09; d. f. = 2,8; P = 0.003; b�: F = 29.86; d. f. = 2,8; P = 0.001 and PA/PE (L�: F = 9.42;

d. f. = 2,8; P = 0.014; a�:F = 10.47; d. f. = 2,8; P = 0.011; b�: F = 85.04; d. f. = 2,8; P<0.001

pouches showed statistically significant changes in all three color parameters after 12 months

of storage. For samples stored in PET/AL/PA/PE pouches (light barrier bags), the color param-

eters did not change significantly compared to the initial values after 12 months of storage

(L�: F = 0.336; d. f. = 2,8; P = 0.727; a�: F = 5.52; d. f. = 2,8; P = 0.044; b�: F = 2.03; d. f. = 2,8;

P = 0.211). The most pronounced changes in peanut color were observed for peanuts packed

in the woven and PE packages.

Acid values

The changes in acid values for samples during 24 months storage are shown in Fig 2. The ini-

tial acid values of the peanuts were very low, which is indicative of good product quality in

Fig 1. Effects of packaging treatments on parameters of peanuts during 24 months of storage. Storing peanuts in bags of different

materials had a significant effect on seed coat color over time. The seed coat color of peanuts stored in PET/AL/PA/PE bags remained

relatively stable during the 24 month study period; however, the samples packaged in wove, PE, and PA/PE pouches showed changes

in all three color parameters (L�, a�, and b�) during storage. The L values of peanuts stored in woven bags decreased by 44.6%, and the

a and b values increased by 97.6 and 128.0%, respectively, after 24 months. The L value of peanuts stored in PE decreased by 25.0%

and the a and b values increased by 60.6% and 73.2%, respectively. The changes of Lab values for peanuts stored in PET/AL/PA/PE

bags, in contrast, were relatively small after 24 months; the L value decreased only 10.5%, the a value increased 23.0%, and the b value

increased 28.3%.

https://doi.org/10.1371/journal.pone.0190377.g001

Fig 2. Effects of packaging treatments on acid values in peanuts during 24 months of storage. Acid values of the peanuts varied from month to month. Recorded

levels of peanut acid values were highly variable from one time point to the next. The woven and PE bags showed a rapid increase, and the PA/PE and PET/AL/PA/PE

bags showed a slow increase in acid values during the 24 months of storage.

https://doi.org/10.1371/journal.pone.0190377.g002
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terms of the degree of lipid oxidation. After 24 months of storage, peanuts packaged in the

PET/AL/PA/PE pouches still had low acid values. The acid values of peanuts packaged in PE

and PA/PE increased rapidly, while samples packaged in woven bags increased even further to

reach levels of 30.9 mg/g. The results showed that good barrier properties of the packaging

films resulted in better quality peanuts.

Germination rates

Before conducting the trial (0 months), an average of 96.5 out of every 100 peanuts successfully

germinated. The wove, PE, and PA/PE treatment groups showed a statistically significant

decline in germination rates after 24 months of storage relative to initial values (wove: F =

890.13; d. f. = 4,14; P<0.001; PE: F = 248.77; d. f. = 4,14; P<0.001; PA/PE: F = 51.29; d. f. =

4,14; P<0.001). ANOVA comparison identified statistically significant differences among the

four packaging treatments with regard to how much the treatments reduced peanut germina-

tion. The highest germination rates were observed in the PET/AL/PA/PE pouches (86 ± 5.3%;

F = 2.79; d. f. = 4,14; P = 0.085), followed by the PA/PE pouches (51 ± 3.7%), the PE pouches

(20 ± 5.1%), and finally the woven bags (0%) (Table 1).

Relative damage

During storage, in addition to oxidation and rancidity, the peanuts can become easily damaged

by insect pests. Insect damage to the stored peanuts varied greatly with time in our experiment

(Fig 3). At the end of storage (24 months), the PA/PE composite film and PET/AL/PA/PE

composite bags displayed good anti-pest properties, and there was no significant increase in

Table 1. Results of ANOVA analyses comparing the effects of packaging treatments on germination rates in peanuts during storage.

Sampling period Treatment Germination rate (%) Df F-value P-value
0 months woven 97±2.5� 3,8 0.26 0.85

PE 96±3.6� 3,8

PA/PE 98±2.3� 3,8

PET/AL/PA/PE 95±4.9� 3,8

6 months woven 84±2.8�� 3,8 6.10 0.02

PE 92±3.2� 3,8

PA/PE 93±5.2� 3,8

PET/AL/PA/PE 97±4.9� 3,8

12 months woven 45±3.0���� 3,8 88.03 <0.001

PE 56±2.2��� 3,8

PA/PE 79±5.2�� 3,8

PET/AL/PA/PE 93±4.9� 3,8

18 months woven 6±3.2���� 3,8 188.54 <0.001

PE 50±3.1��� 3,8

PA/PE 66±6.2�� 3,8

PET/AL/PA/PE 88±5.9� 3,8

24 months woven 0���� 3,8 273.90 <0.001

PE 20±5.1��� 3,8

PA/PE 51±3.7�� 3,8

PET/AL/PA/PE 86±5.3� 3,8

�Asterisks indicate significant differences in germination rates (%) among the four packaging treatments. Treatments with the same number of asterisks are statistically

similar and ones with different numbers are statistically different.

https://doi.org/10.1371/journal.pone.0190377.t001
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peanut damage. However, the peanut damage of those stored in the woven and PE bags

increased significantly (F = 141.52, d. f. = 3,8, P<0.001).

Aflatoxin contamination

Table 2 shows that there were no aflatoxins detected in any of the packages, and there was

no visible mildew on the surface of peanuts after 6 months of storage, because of the low

temperatures used during the early stages of storage. However, after the summer period, afla-

toxin B1 was detected in the woven bags, and aflatoxin B1 was detected in PE film bags (after

12 months). After 24 months of storage, aflatoxin contamination greatly exceeded the allow-

ance for AFB1 in China (�20 μg/kg) in the woven and PE film bags. There was white mildew

(unidentified species) present in samples in the PA/PE film bags, but no aflatoxins were

detected. In the PET/AL/PA/PE bags, there was no mildew or aflatoxins detected during the

storage period.

Discussion

In general, the presence of light and oxygen accelerated a decrease in L� parameters with a par-

allel increase in a� and b� parameters, resulting in a gradual darkening of product color during

storage, which may be attributed to browning reactions due to oxidation of phenols [17].

Darkening of peanut kernels during storage has also been reported by several authors [3,18].

Ledbetter et al. [19] reported that exposure to light during storage was a highly significant

Fig 3. Effects of packaging treatments on relative damage to peanuts during 24 months of storage. Recorded levels of peanut damage were highly variable from one

time point to the next in the woven and PE bags, which had an observed grain damaged of 5%, and the relative damage to peanuts in the PA/PE and PET/AL/PA/PE

bags showed little increase during the 24 months of storage.

https://doi.org/10.1371/journal.pone.0190377.g003
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factor in almond skin darkening, irrespective of almond variety. In case of storage under light

(PE and PA/PE), darkening was more intense compared to that which occurred during storage

in the dark (PET/AL/PA/PE pouches). These results show that the PET/AL/PA/PE pouches

were the most suitable packages to maintain the original color of peanuts during storage.

The results showed that the germination rate decreased rapidly (in woven bags) during

storage under a high temperature and high humidity environment, even when the seed had

been dried to a safe m. c. Storing peanut in the sealed foil bag had no effect on either the grain’s

m. c. or germination potential, and these values remained stable even after 12 months of stor-

age. For tropical regions, using a barrier against water vapor transmission would prevent

stored seed from absorbing water when humidity is high [20], which would encourage seed

deterioration. The grain stored in bags with good barrier properties had good germination

rates, due to low oxygen and humidity conditions inside the bags [21]. The results showed that

the germination rates of peanuts stored in PET/AL/PA/PE bags were the highest, followed by

peanuts in the PA/PE bags, which were higher than those in PE and woven bags. Therefore,

the better the barrier properties of packages, the higher the germination rates of peanuts in this

experiment. Low oxygen and humidity conditions within the bags also maintained good qual-

ity characteristics, and the peanuts that were stored in PA/PE or foil bags were found to still

have low acid values after 24 months of storage.

When the oxygen concentration reaches 8%, the number of pests will be severely inhibited

[22], and our experiments gave similar results. Both PA/PE and PET/AL/PA/PE bags had low

oxygen concentrations in packages (PA/PE <7.48%; PET/AL/PA/PE <5.16%), and no pests

were found in these bags. Woven bags had significantly higher (P<0.01) levels of pest contami-

nation in comparison to the other three packaging materials. The results showed that pest

Table 2. Results of ANOVA analyses comparing the effects of packaging treatments on aflatoxin contamination in peanuts during storage.

Sampling period Treatment AFB1 (μg/kg) Df F-value P-value
0 months woven 0� 3,8 - -

PE 0� 3,8

PA/PE 0� 3,8

PET/AL/PA/PE 0� 3,8

6 months woven 0� 3,8 - -

PE 0� 3,8

PA/PE 0� 3,8

PET/AL/PA/PE 0� 3,8

12 months woven 12.8±2.60� 3,8 52.26 <0.001

PE 3.6±0.67�� 3,8

PA/PE 0�� 3,8

PET/AL/PA/PE 0�� 3,8

18 months woven 55.7±5.61� 3,8 1095.55 <0.001

PE 19.3±1.75�� 3,8

PA/PE 0��� 3,8

PET/AL/PA/PE 0��� 3,8

24 months woven 101±7.32� 3,8 365.50 <0.001

PE 39.4±5.74�� 3,8

PA/PE 0��� 3,8

PET/AL/PA/PE 0��� 3,8

�Asterisks indicate significant differences in aflatoxin contamination (μg/kg) among the four packaging treatments. Treatments with the same number of asterisks are

statistically similar and ones with different numbers are statistically different.

https://doi.org/10.1371/journal.pone.0190377.t002
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breeding was significantly affected by the barrier property of the packaging materials

(P<0.01).

Williams et al. [8] reported that both the spread of A. flavus and aflatoxin accumulation in

moist maize can be controlled by placing the grain in a Purdue Improved Crop Storage bag.

When the oxygen concentration is reduced to 5%, aflatoxin production is severely inhibited

[23]. Our results indicated that the PA/PE and PET/AL/PA/PE bags with high barrier proper-

ties (low oxygen environment) can control aflatoxin production. Peanuts stored in woven and

PE film bags suffered aflatoxin contamination, even when the initial raw material contained

the safe m. c. [24] showed that an 8% m. c. was high enough to support fungal growth in pea-

nuts, and A. flavus could grow and accumulate aflatoxin rapidly if exposed to a r. h. of 60%.

Pore space r. h. in the woven and PE bags could increase to 60% r. h. easily in the south of

China, because of the low barrier properties.

In summary, this study examined the effects of four types of packaging materials on peanut

quality, including peanut color, acid value, germination rate and prevention of insect and afla-

toxin contamination. The results showed that the packaging materials had a notable influence

on peanut storage quality indexes. Compared to woven and PE film bags, PA/PE and PET/AL/

PA/PE bags with high barrier properties (moisture and oxygen barrier) can inhibit oxidative

discoloration of the seed coat, prevent pest contamination and control aflatoxin production.

Different storage bags can maintain the quality of peanuts for different lengths of time;

therefore it is important to choose the correct packaging to store peanuts. The selection of pea-

nut packaging materials can be determined according to the length of storage time and quality

required. For peanut kernels that are to be used for only short-term storage (i.e. not more than

six months), general PE bags can be used. If peanuts are to be stored for one year, good barrier

properties of PA/PE composite film and PET/AL/PA/PE bags are recommended. If appear-

ance and quality requirements are higher, and if the storage time is longer than one year, the

strong barrier properties of PET/AL/PA/PE bags are required. Based on the present data, the

optimum packages for storage of peanut kernels for a long period of time were the PET/AL/

PA/PE pouches. When PET/AL/PA/PE pouches were stored at room temperature the product

shelf-life was maintained for 24 months.
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