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Application and toxicity studies
of arabinoxylan and 3-pD-glucan
stearic acid ester composite
coatings in extending postharvest
storage of peach
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Mahendra Bishnoi?, Santanu Basu? & Koushik Mazumder***

Peaches are good source of nutrients and known for their taste and aroma. The highly perishable
nature of the peaches tends to decay rapidly during transportation and storage is a serious constraint
for efficient transportation and storage. Therefore, the effect of arabinoxylan (AX) and B-D-glucan
stearic acid ester (SABG) composite coating material was examined for the postharvest storage
quality of peach under storage at 22 + 2 °C with 85% relative humidity (RH). Both, AX-SABG and
shellac (1-2%) coatings significantly reduced the change in the quality attributes like weight loss
(1.2-1.4 fold), respiration rate (1.1-1.2 fold), ripening index (1.3-1.5 fold) and firmness (1.3-1.5 fold)
during 6 days storage as compared to the uncoated peaches. In addition, AX-SABG (1-2%) coating
was more effective in retaining aroma volatiles and reducing disease incidence compared to shellac.
Further, acute and chronic toxicological studies have shown no tissue related toxicity and mortality
in mice. Our results suggest that AX-SABG as an edible coating has the potential to preserve the fruit
quality during 6 days storage at 22 +2 °C and extend the postharvest shelf life of peach during storage.

Peach (Prunus persica L.) is a climacteric fruit grown widely in northern region of India. The quick ripening
and quick softening after harvesting of the fruit is responsible for its shorter shelf-life and subsequent fruit
spoilage. The fast ripening is a serious constraint in efficient postharvest handling, storage and transportation
during marketing chain’. Different studies showed the high (18.31%) postharvest lossesin peach due to high
perishability?. Different approaches such as cold storage, controlled and modified atmospheric storage have
been used to increase the postharvest shelf life of perishable fresh fruits. But, these techniques are not very cost
effective in developing and under developed countries**. Edible coating is a cost effective and simple technol-
ogy, which can be used to reduce the postharvest losses in fruits during storage. Edible coating performs as a
barrier against the gases, moisture and solute movement by developing a semi-permeable membrane on the
surface of the fruits. Thus the coating material suppress the respiration rate, retard dehydration, retain the volatile
compounds, improve firmness of the fruits and slow down the oxidation process>®. Different types of coating
materials have been used to enhance the postharvest shelf life of peach”®. Due to hydrophilic nature, polysac-
charide based coatings have poor moisture barrier properties. On the other hands the wax based coating are
being questionable due to effect of wax on human health’. Several studies have demonstrated that incorporation
of lipid components (fatty acids) to polysaccharide (hydroxypropyl-methylcellulose (HPMC), sodium caseinate
and starch based films) and protein based films were beneficial to modulate the moisture barrier properties®'2.

The literature reveals that most of the coating materials used for peach were based on the polysaccharides
such as carboxymethyl cellulose, starch and alginate. These are not an effective coating materials due to hydro-
philic character and the hydrophobic coating cause the reduced permeability and fermentation issue®!'>!*. The
present study is focused on the development of composite (hydrophilic and hydrophobic) edible coating material
based on wheat straw arabinoxylan and p-D-glucan stearic acid ester. There is no literature has been yet reported
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on the application of arabinoxylan and B-p-glucan stearic acid ester coating to increase the postharvest shelf life
of highly perishable fruit crop such as peach.

Several studies have reported that edible coating (1-2%) based on carboxymethyl cellulose, chitosan, alginate
and rhubarb extract retarded the postharvest ripening of peach during storage'*'>. In another study chitosan
chlorogenic acid conjugate acted as a potential preservative agent or coating material during postharvest storage
of peach'®. Our previous study also demonstrated that incorporation of p-b-glucan stearic acid ester to wheat
straw AX film significantly reduced the water vapor permeability to nearly 67% suggesting improvement in the
moisture barrier properties'’. Application of AX-SABG (1-2%) with high emulsion stability remarkably improved
the postharvest quality of apple'®!?. Therefore, AX-SABG (1-2%) was used to determine the efficacy of coating
material in comparison to commercially available shellac (1-2%) coating on highly perishable climacteric fruits
(Peach) under super-market storage conditions (22 + 2 °C with 85% RH)”*. The present study aimed to explore
the effect of wheat straw arabinoxylan and p-p-glucan fatty acid ester coatings on postharvest quality and shelf
life of the peach during storage.

Materials and methods

Raw material. Plant materials. Arabinoxylan and B-p-glucan were extracted from the wheat straw and
oat bran. The present study involving the plant materials complies with the relevant institutional, national and
international guidelines. Further, the study does not involve the use of specific plant materials from experimental
area. In our study commercially available wheat straw (HD 2967) was collected from local agricultural filed at
Mohali, Punjab. The wheat variety was released by Panjab Agricultural University (PAU), Ludhiana. The oat seed
(Haryana Javi-8) was procured from Chaudhary Charan Singh Haryana Agricultural University (CCSHAU),
Hisar, Haryana.

Fruit sample and materials. Peaches (Sharbati) with uniform shape, size and maturity were obtained from a
local orchard (Mohali, Punjab, India). Peaches were packed in cardboard corrugated boxes and transported to
laboratory within 4 h after harvesting by a commercial vehicle. After that, peaches were washed with clean water
and sanitized with sodium hypochlorite (100 ppm) for 2 min and subsequently rinsed with clean water. Com-
mercial shellac, dialysis tube, and all other chemicals were procured from the Sigma-Aldrich (USA).

Preparation of coating formulation. Arabinoxylan (AX) and B-p-glucan stearic acid ester (SABG) were
produced from wheat straw and oat -D-glucan as previously described!®!.

For the preparation of coating formulation, AX and SABG were homogenized at room temperature in aque-
ous-ethanol (80:20, v/v) solution containing glycerol (20% v/w) as a plasticizer by using ultra homogenizer
(IKA T25, Germany)?'. The purpose of adding alcohol is to reduce the drying time. Shellac (1% and 2%) coating
solution was prepared by dissolving in ammonium hydroxide solution (0.5%) at 95 °C as described previously?.

Experimental design. The experiment was performed under controlled storage condition. The uncoated
and coated (AX-SABG and shellac) peaches (25 fruits in each group) were stored under recommended super-
market storage conditions (22 +2 °C with 85% relative humidity) (Percival Scientific, USA)”*. The postharvest
storage quality parameters of uncoated and coated (AX-SABG and shellac) peaches were determined during
6 days storage.

Application of AX-SABG and commercial (shellac) coatings. The AX-SABG (1-2%) and commer-
cially available shellac (1-2%) coatings were used for the surface coating of peaches by using latex gloved hands
method of coating®. Briefly, 1 ml of the coating material per fruit was spread uniformly on the surface of the
fruit and finally dried for 15 min by blowing air at room temperature.

Weight loss. Weight loss was determined by weighing the peach (25 peaches in each group) after storage.
The weight loss percent was calculated with respect to initial weight using balance (PS 3500/C/2, Radwag, EU).

Respiration rate. Respiration rate of peaches were determined by placing the fruits (with known quantity
and weights) in an airtight container as previously described by Maftoonazad et al.%. The concentration of CO,
was monitored by placing a CO, sensitive sensor (CheckMate3, PBI Dansensor, Denmark) inside of the con-
tainer. Respiration rate was calculated by using the regression slope of concentration of CO, against time. The
results were expressed as ml CO,/kg h.

Color. Color parameters (L¥, a* and b*) of fruits were obtained individually for each fruit using Hunter Lab
Colorimeter (Color Flex EZ, Hunter Lab, USA) from different side of fruits’. The color parameters (a* and b*)
was further used to determine the hue angle* calculated as:

Hue angle = arctangent (b*/a*).

Firmness. The firmness of peach fruit was measured by using texture analyzer (TA-HD plus, Stable Micro
System, UK)?. Fruits were penetrated at opposite point on peach equator using a 10 mm diameter probe. Force
obtained from force-deformation curve was expressed as the force-deformation in Newton (N).
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Total soluble solids, titratable acidity and ripening index. Total soluble solids (TSS) in peach juice
samples were determined by using a digital refractometer Atago PR-101 (Atago Co. Ltd., Tokyo, Japan) at 20
°C, and results were expressed as % (‘Brix). Total acidity (TA) was determined by titrating 1 ml peach juice
with 0.1 N NaOH solution, upto pH 8.1. The results were presented as g malic acid equivalent per 100 g™* fresh
weight.

The ripening index (RI) was obtained as a ratio of TSS and TA”.

Enzyme activity. The enzymatic (polyphenol oxidase) activity of the peaches were determined as described
previously?®”. The enzyme extraction solution was prepared in 0.2 M sodium phosphate buffer at pH 6.5 con-
taining 4% (w/v) poly(vinylpyrrolidone) and 1% (v/v) Triton X-100. The homogenized sample (10 g) of peaches
was mixed with 20 ml of extraction solution. The extraction mixture was homogenized using ultra-homogenizer
at 4 °C for 3 min and centrifuged at 4000 rpm for 10 min. The supernatant of the reaction mixture was used to
determine the enzyme activity.

Polyphenol oxidase activity (PPO). For the measurement of the PPO activity, enzyme extract (75 pl)
was mixed with 3 ml of 0.05 M sodium phosphate buffer (pH 6.5) solution containing 0.07 M catechol. Distilled
water used for the preparation of blank instead of the enzyme extract. Absorbance of assay mixture was meas-
ured in a kinetic mode at 420 nm and 25 °C for 10 min using a spectrophotometer (Spectra Max M5, China).
The activity of the enzyme was expressed as the alteration of absorbance/min/g fresh weight of the sample?’.

Determination of volatile compounds. Gas chromatography coupled with flame ionization and mass
spectrometry detectors were used for the estimation of volatile compounds in peach??** (Agilent Technolo-
gies 7890, USA). Briefly, 14 g of peach pulp sample was homogenized with saturated NaCl solution (6 ml) using
homogenizer (IKA T25, Germany). Prior to the analysis, 4 ml of the homogenate in 10 ml sample vial sealed
with teflon coated septum were stored at —80 °C. For analysis, sample vials were thawed under tap water, after
thawing the homogenate heated in water bath at 80 °C. The solid phase micro extraction (SPME) SPME fiber was
exposed for 30 min into the headspace of sample vial.

Thereafter, the SPME fiber was desorbed via split less mode for compound identification on to DB-5
(60 mx0.25 mm, 1.00 um film thickness, Agilent) column. The analysis was performed by using oven tempera-
ture gradient: 40 °C for 2 min, 40-100 °C at 5 °C/min, 100-230 °C at 4 °C/min, 230-250 °C at 5 °C/min. The mass
spectra library of NIST (National Institute of Standards and Technology, USA) was used for the identification
of the volatile compounds and the retention time was compared with the standards. Regression equations was
used for the calculation of the concentrations measured by injecting each standard in five different concentra-
tions to obtain a calibration curve?.

Determination of disease of incidence. The percentage of decay incidence was determined with respect
to the total number of fruits per treatment in uncoated and coated fruits stored at 85% RH at 22 °C (+2)*.

Animal experiments. The animal experiments were carried out in compliance with the ARRIVE guide-
lines & ethical guidelines of Institutional Animal Ethical Committee (IAEC) and Committee for the purpose of
control and supervision of experiments in animals (CPCSEA). The ethical approval (Approval no. PU/45/99/
CPCSEA/IAEC/2018/219 and IAEC/2019/15) was obtained from Institutional Animal Ethical Committee, Pan-
jab University Chandigarh and NABI Mohali. All experimental protocols/procedures were performed according
to the committee and Indian National Science Academy guidelines for use and care of experimental animals.
Swiss albino mice (25-35 g, 5-6 weeks old, male) were used from the breeding facility of NIPER, Mobhali for
animal studies. Mice were acclimatized for one week under standard laboratory conditions (Temp: 25+2 °C;
humidity: 60%, with 12 h light dark cycle) provided with normal chow diet.

Experiment 1: acute oral toxicity study. 14-day acute toxicity study was performed according to OECD guide-
line 423!, The mice were divided into 5 groups (n=6) and fed with fixed single oral dose of AX-SABG. Group 1
served as control, Group 2, 3, 4 and 5 were administered with AX-SABG at 50, 300, 2000 and 5000 mg/kg body-
weight (bw) respectively. After oral dosage, feed was withheld for 1-2 h. The mice were observed for mortality
or any signs of toxicity for the period of 14 days. The body weight changes and feed/water intake per cage during
24 h was noted down. The mice were sacrificed by cervical dislocation on the last day of the experiment and tis-
sues (colon, liver and kidney) were excised for further histological studies.

Experiment 2: sub-acute oral toxicity study. 28-day sub-acute oral toxicity study was performed in accordance
with OECD guideline 407°% The daily dosage was calculated according to the equivalent amount of AX-SABG
required to coat 3 fruits and administered once daily for 28 days by oral gavage at volume 10 ml/kg bw. Animals
were randomly assigned to five experimental groups (n=6): Group 1 served as control, Group 2 was fed with AX
and Group 3 with SABG. While, Group 4 and Group 5 were fed with 1% and 2% AX-SABG coating formulation
(60:40, w/w) containing glycerol (20% of the total dry material) respectively. During the experimental period,
mice were observed for clinical signs including mortality, or any other signs of toxicity twice daily till sacrifice®.

Histological studies. Histological studies were conducted to observe any morphological changes in the
liver, colon and kidney of treated groups. Tissue samples of control and treated mice from each group were
removed and fixed in 10% formalin at room temperature. The samples were serially dehydrated in ethanol gra-
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Figure 1. (A) Change in weight loss (%) and (B) respiration rate (ml/CO,/kg h) of peaches during storage (NC
uncoated, AX-SABG arabinoxylan-B-D-glucan stearic acid ester, SH shellac). Data were analysed using ANOVA
followed by Tukey’s multiple comparisons tests. The letters compare changes between the treatments. Different
letters indicate significant differences at p <0.05.

dient and then replaced by xylene and molten paraffin. After paraffin embedding, the tissues were cut into
ultrathin sections (0.5 pm) using microtome (Leica RM2255, Leica Biosystems, Germany) and mounted on glass
slides®. Haematoxylin-Eosin (HE) staining was performed according to* to visualize the morphology of the
tissues. The permanent slide of the tissues was examined under bright field microscope (Leica Biosystems, Ger-
many). Quantitative analysis of the toxicological parameters of stained slide was done using Image]J software.
Six measurements were made randomly from each sample in triplicates for each parameter and the mean value
was used for statistical analysis.

Statistical analysis. All the experiments were conducted in triplicate. The experimental data were sub-
jected to analysis of variance (ANOVA) by Prism Graph Pad 7 software. Tukey’s multiple comparisons tests was
used for the determination of differences between means at a significant level (P<0.05). Furthermore, MeV
(Multi Experiment Viewer) version 4.9.0. and ClustVis a web tool (https://biit.cs.ut.ee/clustvis/) were used for
Heatmap and Principal component analysis (PCA) respectively.

Results and discussion

Weight loss and respiration rate. Application of AX-SABG and shellac as an edible coating had a signifi-
cant effect on reducing the moisture loss of peach during storage. The moisture loss was significantly (P <0.05)
higher in uncoated peaches (30.9%) as compared to the coated (AX-SABG and shellac) peaches after 6 days
storage (Fig. 1A). The peaches coated with AX-SABG and shellac (1-2%) coatings showed nearly 1.2-1.4 fold
reduction in moisture loss compared to uncoated peaches under similar storage. The reduced moisture loss in
AX-SABG and shellac (1-2%) coated peaches was obviously due to the moisture barrier properties of the coat-
ing material. Several studies have reported that, polysaccharide coatings in combination with lipids reduced
the moisture loss in coated fruits and vegetables. These coatings act as a physical barrier against the process of
transpiration during storage®’.

Characteristically peach is a climacteric fruit and the climacteric behaviour of the fruit is clearly explained
by the respiration rate of the fruit®. Increase in the respiration rate of peaches during storage could be linked to
the characteristic climacteric process of ripening. It was evident by several studies that as the ripening begins in
the climacteric fruits such as peach, apple and banana etc. a dramatic increase in the ethylene production occurs
which is concurrent with a rapid increase in the respiration rate”?*?, Further it was suggested that the rise in
the respiration rate of the climacteric fruits occurred simultaneously with the increase in the ethylene produc-
tion or it follows soon afterwards®®-*. It was also reported that carbon dioxide (CO,) had various effect on the
ethylene biosynthesis, where CO, was demonstrated as essential co-factor for the key enzymes*. The change in
the behavior of respiration rate in peaches coated with aloe vera gel has already been demonstrated by Guillén
et al.”. The respiration rate of both control and treated fruits increased during storage while application of both
gels, especially aloe vera, led to a delay in this increase’. In the present study, the respiration rate was significantly
higher (P <0.05) in the uncoated peaches during 6 days storage. The uncoated peaches showed remarkable rise
in the respiration rate of 197.8-244.6% during 4-6 days storage which corresponds to nearly 1.9-2.4 fold rise
compared to initial storage. Under similar storage, both AX-SABG and shellac (1-2%) coatings were effective
in maintaining the rise in respiration rate by only 1.7-2.1 and 1.6-2.1 folds respectively (Fig. 1B). The study also
suggested reduced respiration rate by nearly 1.1-1.2 fold in both AX-SABG and shellac (1-2%) coatings com-
pared to uncoated peaches could be responsible for prevention in moisture loss’. The results are also consistent
with the previously reported study of surface coatings on peach with sodium alginate and methylcellulose that
significantly reduced the respiration rate of coated peaches®.

Color and ripening index. Color is the most important appearance characteristic of fruits, being main
criteria to determine the maturity of the fruit by the consumer. The changes in the color (Fig. 2C) are associ-
ated with alteration in fruit metabolism which is due to chlorophyll degradation and increase in the synthesis
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Figure 2. (A) Change in color (hue angle), (B) ripening index and (C) representative images of peaches during
storage (NC uncoated, AX-SABG arabinoxylan-p-p-glucan stearic acid ester, SH shellac). Data were analysed
using ANOVA followed by Tukey’s multiple comparisons tests. The letters compare changes between the
treatments. Different letters indicate significant differences at p <0.05.

of anthocyanin and carotenoids during storage**®. Both uncoated and shellac (1-2%) coated peaches showed
notably reduction in the hue values in the range of 49.7 and 48.3-49.1 (Fig. 2A) respectively during 6 days stor-
age. However, peaches coated with AX-SABG (1-2%) exhibited maximum hue values in the range of 54.4-55.1
suggested the high efficacy of AX-SABG coating in maintaining fruit metabolism and chlorophyll degradation®.
The results were also in agreement with previous studies which suggested lipid based coating were responsible
for unacceptable change in color and texture in fruits during storage’.

The ratio of total soluble solid and total acidity was expressed as ripening index. The total soluble solid con-
tents of fresh peach were higher during the storage in both uncoated and coated peaches as compared to the fresh
peaches. However, the rise in TSS was more prominent in uncoated peaches compared to coated fruits which
suggested advancement in the ripening process. After 6 days storage, the uncoated peaches showed a significant
increase in the ripening index of 19.5. However, AX-SABG and shellac (1-2%) coated peaches had ripening
index in the range of 12.8-14.8 and 12.6-13.4 respectively suggesting nearly 1.3-1.5 and 1.4-1.5 fold reductions
compared to uncoated peaches (Fig. 2B). Further, the ability of AX-SABG and shellac in maintaining respiration
rate could be linked to the reduction in the ripening index®. Previous study also showed that peaches coated
with aloe arborescens and aloe vera gel showed the reduced ripening index compared to the uncoated peaches’.
The effect of coatings on delaying the postharvest ripening of fruit is similar to the previously reported studies
on peach, plum, sweet cherry, strawberry, nectarine and papaya”!*16:48,

Texture and disease incidence. Firmness is an important quality attribute especially during the posthar-
vest storage of peaches. Loss of turgor pressure and moisture from fruits during respiration, transpiration and
cell wall hydrolysis were the major factors responsible for the softening of fruits during storage®. During 6 days
storage, the uncoated peaches had remarkably low fruit firmness of 7.6 N suggested nearly (65.9%) reduction in
the firmness compared to initial storage. However, after 6 days storage, AX-SABG coated peaches showed firm-
ness retention in the range of 9.9-11.1 N, whereas shellac (1-2%) coated peaches showed the firmness retention
in the range of 11.6-11.7 N (Fig. 3A). Therefore, significantly higher (P<0.05) firmness in the AX-SABG and
shellac coated peaches might be due to the reduced respiration and transpiration in the coated peaches. The
results were in agreement with previous studies where methyl cellulose and sodium alginate were beneficial in
firmness retention of the coated peaches®. The fruit decay rate was also monitored during storage. The uncoated
peaches showed the higher decay rate (~8%) compared to the AX-SABG (1-2%) coated peach. The reduced
decay rate (~4%) in AX-SABG (1-2%) and shellac (1%) peaches might be due to the reduced metabolic activ-
ity of coated fruits. Furthermore, significantly higher fruit decay (~8%) was observed in shellac (2%) coated
peaches which might be due to development of anaerobic respiration*.

PCA was used as an explanatory tool for grouping the measured variables and visualizing the positions of all
the categories (uncoated and coated peaches) with respect to their properties (Fig. 3B). These variables included
the weight loss, respiration rate, hue angle, ripening index and firmness. The two principal components (PC1 and
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Figure 4. Change in polyphenol oxidase activity of peach during storage (NC uncoated, AX-SABG
arabinoxylan-p-p-glucan stearic acid ester, SH shellac). Data were analysed using ANOVA followed by Tukey’s
multiple comparisons tests. The letters compare changes between the treatments. Different letters indicate
significant differences at p <0.05.

PC2) explained 73.5% and 23.3% of the variances respectively and resulted in a cumulative value of 96.8%. PCA
supported the conclusion that AX-SABG (1-2%) coated peaches had higher storability and shelf life compared
to uncoated fruits during 6 days storage.

Polyphenol oxidase activity (PPO). The postharvest change in the color of fruit flesh are related to the
oxidation of the phenolic compounds into quinines and their polymerization to brown pigments®. The PPO
activity was increased in both coated and uncoated peaches (Fig. 4) as compared to fresh peach. The AX-SABG
(1-2%) and shellac (1-2%) coated peaches showed significantly reduced (P<0.05) enzymatic activity as com-
pared to uncoated peaches during 6 days storage. Indeed, at the end of the storage the AX-SABG and shellac
(1-2%) coated peaches showed 4.8-10.5% and 4.2-15.9% reduction respectively in the enzymatic activity as
compared to uncoated peach. The results are in agreements with the previous study that control peach showed
significant increase in the PPO activity during storage’'. These result demonstrated that the surface coating of
peaches effective in reducing the enzymatic activity during storage.

Volatile compounds. During 6 days storage lactones (8-Decalactone, y-Decalactone and 2H-Pyran-2-
one-6-pentyl) and hexyl esters (Hex-3-enyl acetate, Hexyl acetate, Hex-2-enyl acetate) were identified as major
aroma volatile compounds. Minor aroma volatile compounds such as Ethyl octanoate, Octadecane, Nonanal,
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Figure 5. Distribution of volatile compounds in the AX-SABG and shellac (1-2%) coated peaches during
storage (AX-SABG arabinoxylan-B-Dp-glucan stearic acid ester, SH shellac).

and Heptacosane were also detected under similar storage. The effect of AX-SABG and shellac coating on vola-
tile compounds of peaches during storage are presented in Fig. 5 and Supplementary Fig. 1. The concentra-
tions of total volatile compounds were found significantly higher (45.6-99.5 pg/kg) in AX-SABG (1-2%) coated
peaches compared to shellac (1-2%) coated fruits (24.4-26.4 pg/kg).

It has been previously reported that lactones particularly y and §-Decalactones were the major contributors
to impact characteristic volatile compounds for peach and nectarine aroma®***. During storage concentration
of y and 6-Decalactones were remarkably higher (27.1-47.4 pg/kg and 4.2-6.4 pg/kg respectively) in AX-SABG
(1-2%) coated peaches. Whereas, lower concentrations (10-11 pg/kg and 0.4-1.1 pg/kg respectively) were meas-
ured in shellac coated fruits. Similarly, AX-SABG (1-2%) coated peaches had notably higher concentration of
2H-Pyran-2-one-6-pentyl in the range of 2.8-21.7 pg/kg whereas it was nearly undetectable in shellac coated
fruits. Slightly higher concentrations of hexyl esters were also detected in AX-SABG coated peaches compared
to shellac coated fruits. The overall results suggested that AX-SABG coating were effective in reducing metabolic
activity and retaining volatile during 6 days storage. Further several studies have reported that the high mem-
brane fluidity might be responsible for the reduction of volatiles compounds in shellac coated peaches during
storag618,54,55.

Acute oral toxicity study. Acute oral toxicity studies in male mice showed no mortality or treatment
related complications or any signs of toxicity. There was no significant change in mean body weight (bw), average
feed intake, average water intake and liver weight in different groups of animals (Supplementary Fig. 2). At tissue
level, there were no treatment related histological changes observed in any of the treatment groups even at the
highest dose of 5000 mg/kg bw suggesting the non-toxic nature of AX-SABG (Supplementary Fig. 3). Thus, LDs,
value of AX-SABG exceeds 5000 mg/kg bw and falls in GHS category 5. In accordance with Hodge and Sterner
scale, the coating material is practically non-toxic.

Sub-acute oral toxicity study. All the treated animals were in good health with no signs of morbidity or
mortality or unusual behaviour throughout the study. Mean body weights in all the experimental groups was not
significantly different (P>0.05) as compared to the control group. The weight of control group indicating that
daily ingestion of coating material had no effect on the mice body weight (Supplementary Fig. 4).

Based on macroscopic observation, no obvious change in the appearance or size of the colon, liver and kidney
were observed in any of the groups. None of the mice showed any signs of colon enlargement or hepatomegaly.
Even at the microscopy level, no architectural abnormalities were found in the different tissues revealing the
non-toxic nature of the coating material (Fig. 6). Macrophage infiltration was not observed in any of the animal
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Figure 6. Representative images of histological sections of 28 day sub-acute oral toxicity study on colon (Al-
A5) at x20, liver (B1-B5) at x10 and kidney (C1-C5) at x10 of the control and treated groups and the graphs
revealing (D) mucosal thickness, (E) muscularis thickness and (F) goblet cell count/crypt in the colon region
of the control and treated groups (AX, SABG, 1% AX-SABG and 2% AX-SABG) (AX arabinoxylan, SABG f-p-
glucan stearic acid ester).

tissues. The specific colonic features which undergo alterations in case of the inflammation such as reduction
in muscularis externa thickness, mucosal length or goblet cell count were absent in all treated groups. There
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was statistically insignificant change (P> 0.05) in these parameters among the different groups of the mice
(Fig. 6D-F). Parallel results were evident in the liver and kidney tissue sections. The morphology of both the
tissues was intact with no signs of neutrophil infiltration (Fig. 6B,C). The hepatocytes and portal tracts in liver
and renal glomeruli and tubules in kidney were found to be normal in all the experimental groups. Overall,
the histological investigation confirmed that the coating material is non-toxic, non-inflammatory and safe for
human consumption.

Conclusion

The present study examined the effect of AX-SABG (1-2%) and shellac (1-2%) coating on postharvest qual-
ity of peach (Sharbati). The study revealed both AX-SABG and shellac (1-2%) had nearly similar efficacy in
reducing weight loss, ripening index and maintaining fruit firmness. However, AX-SABG coating showed more
pronounced effect compared to shellac in retaining color characteristics and aroma volatiles in fruits. The overall
result suggested that AX-SABG (1-2%) was effective in maintaining fruit quality during 6 days storage under
supermarket condition. The present study further suggested that AX-SABG coating has the potential to be
alternative to animal derived shellac coating in India. The coating improves the quality and post-harvest storage
life of peaches specifically during transportation and storage. Further, no tissue related toxicity and mortality
was observed in both acute and chronic toxicological studies suggesting AX-SABG is non-toxic and safe for
human consumption.

Received: 14 September 2021; Accepted: 18 November 2021
Published online: 13 December 2021

References
1. Hussain, P. R, Suradkar, P. P, Wani, A. M. & Dar, M. A. Potential of carboxymethyl cellulose and gamma-irradiation to maintain
quality and control disease of peach fruit. Int. J. Biol. Macromol. 82, 114-126 (2016).
2. Jha, S. N, Vishwakarma, R. K., Ahmad, T., Rai, A. & Dixit, A. K. Assessment of quantitative harvest and post-harvest losses of
major crops and commodities in India. ICAR https://doi.org/10.13140/RG.2.1.3024.3924 (2015).
3. Negi, S. & Anand, N. Factors leading to losses and wastage in the supply chain of fruits and vegetables sector in India. Energy
Infrastruct. Transp. Challenges W. Forw. 1, 80-105 (2016).
4. Sohail, A. M. et al. Effect of calcium chloride treatment on post harvest quality of peach fruit during cold storage. Int. Food Res. J.
22,2225-2229 (2015).
5. Ali, A, Zahid, N., Manickam, S., Siddiqui, Y. & Alderson, P. G. Double layer coatings: A new technique for maintaining physico-
chemical characteristics and antioxidant properties of dragon fruit during storage. Food Bioprocess. Technol. 7, 2366-2374 (2014).
6. Dhall, R. K. Advances in edible coatings for fresh fruits and vegetables: A review. Crit. Rev. Food Sci. Nutr. 53, 435-450 (2013).
7. Guillén, E et al. Aloe arborescens and Aloe vera gels as coatings in delaying postharvest ripening in peach and plum fruit. Post-
harvest Biol. Technol. 83, 54-57 (2013).
8. Maftoonazad, N., Ramaswamy, H. S. & Marcotte, M. Shelf-life extension of peaches through sodium alginate and methyl cellulose
edible coatings. Int. J. Food Sci. Technol. 43, 951-957 (2008).
9. Jiménez, A., Fabra, M. ], Talens, P. & Chiralt, A. Effect of lipid self-association on the microstructure and physical properties of
hydroxypropyl-methylcellulose edible films containing fatty acids. Carbohydr. Polym. 82, 585-593 (2010).
10. Fabra, M. ], Jiménez, A., Atarés, L., Talens, P. & Chiralt, A. Effect of fatty acids and beeswax addition on properties of sodium
caseinate dispersions and films. Biomacromol 10, 1500-1507 (2009).
11. Jiménez, A., Fabra, M. ], Talens, P. & Chiralt, A. Edible and biodegradable starch films: A review. Food Bioprocess. Technol. 5,
2058-2076 (2012).
12. Togrul, H. & Arslan, N. Extending shelf-life of peach and pear by using CMC from sugar beet pulp cellulose as a hydrophilic
polymer in emulsions. Food Hydrocoll. 18, 215-226 (2004).
13. Torres-Ledn, C. et al. Edible films and coatings based on mango (var. Ataulfo) by-products to improve gas transfer rate of peach.
Lwt Food Sci. Technol. 97, 624-631 (2018).
14. Elbarbary, A. M. & Mostafa, T. B. Effect of y-rays on carboxymethyl chitosan for use as antioxidant and preservative coating for
peach fruit. Carbohydr. Polym. 104, 109-117 (2014).
15. Li, X. et al. Rhubarb extract incorporated into an alginate-based edible coating for peach preservation. Sci. Hortic. (Amsterdam)
257, 108685 (2019).
16. Jiao, W. et al. Preparation of a chitosan-chlorogenic acid conjugate and its application as edible coating in postharvest preservation
of peach fruit. Postharvest Biol. Technol. 154, 129-136 (2019).
17. Ali, U, Bijalwan, V., Basu, S., Kesarwani, A. K. & Mazumder, K. Effect of B-glucan-fatty acid esters on microstructure and physical
properties of wheat straw arabinoxylan films. Carbohydr. Polym. 161, 90-98 (2017).
18. Ali, U, Kanwar, S., Yadav, K., Basu, S. & Mazumder, K. Effect of arabinoxylan and p-glucan stearic acid ester coatings on post-
harvest quality of apple (royal delicious). Carbohydr. Polym. 209, 338-349 (2019).
19. Ali, U, Basu, S. & Mazumder, K. Improved postharvest quality of apple (rich red) by composite coating based on arabinoxylan
and B-glucan stearic acid ester. Int. J. Biol. Macromol. https://doi.org/10.1016/j.ijbiomac.2020.02.081 (2020).
20. Mahajan, B. V. C., Dhillon, W. S., Kumar, M. & Singh, B. Effect of different packaging films on shelflife and quality of peach under
super and ordinary market conditions. J. Food Sci. Technol. 52, 3756-3762 (2015).
21. Péroval, C., Debeaufort, E, Despré, D. & Voilley, A. Edible arabinoxylan-based films. 1. Effects of lipid type on water vapor perme-
ability, film structure, and other physical characteristics. J. Agric. Food Chem. 50, 3977-3983 (2002).
22. Chauhan, O. P, Raju, P. S,, Singh, A. & Bawa, A. S. Shellac and aloe-gel-based surface coatings for maintaining keeping quality of
apple slices. Food Chem. 126, 961-966 (2011).
23. Bai, ], Alleyne, V., Hagenmaier, R. D., Mattheis, J. P. & Baldwin, E. A. Formulation of zein coatings for apples (Malus domestica
Borkh). Postharvest Biol. Technol. 28, 259-268 (2003).
24. Rojas, G., Tapia, M. S., Rodry, E. J., Carmona, A. J. & Martin-Belloso, O. Alginate and gellan-based edible coatings as carriers of
antibrowning agents applied on fresh-cut Fuji apples. Food Hydrocoll. 21, 118-127 (2007).
25. Sahraei Khosh Gardesh, A. et al. Effect of nanochitosan based coating on climacteric behavior and postharvest shelf-life extension
of apple cv. Golab Kohanz. LWT Food Sci. Technol. 70, 33-40 (2016).
26. Eshghi, S. et al. Effect of nanochitosan-based coating with and without copper loaded on physicochemical and bioactive compo-
nents of fresh strawberry fruit (Fragaria x ananassa Duchesne) during storage. Food Bioprocess. Technol. 7, 2397-2409 (2014).

Scientific Reports |

(2021) 11:23848 | https://doi.org/10.1038/s41598-021-03163-5 nature portfolio


https://doi.org/10.13140/RG.2.1.3024.3924
https://doi.org/10.1016/j.ijbiomac.2020.02.081

www.nature.com/scientificreports/

27. Terefe, N. S., Matthies, K., Simons, L. & Versteeg, C. Combined high pressure-mild temperature processing for optimal retention
of physical and nutritional quality of strawberries (Fragaria x ananassa). Innov. Food Sci. Emerg. Technol. 10, 297-307 (2009).

28. Cai, H. et al. Effect of 1-MCP on the production of volatiles and biosynthesis-related gene expression in peach fruit during cold
storage. Postharvest Biol. Technol. 141, 50-57 (2018).

29. Montero-Prado, P., Bentayeb, K. & Nerin, C. Pattern recognition of peach cultivars (Prunus persica L.) from their volatile compo-
nents. Food Chem. 138, 724-731 (2013).

30. Arnon, H., Granit, R, Porat, R. & Poverenov, E. Development of polysaccharides-based edible coatings for citrus fruits: A layer-
by-layer approach. Food Chem. 166, 465-472 (2015).

31. OECD. OECD guidelines for the testing of chemicals, section 4, test no. 423: Acute oral toxicity-acute toxic class method. OECD
Guidel. Test. Chem. 1-14. https://doi.org/10.1787/9789264071001-en (2001).

32. OECD/OCDE. Acute oral toxicity— Up-and-down-procedure (UDP). OECD Guidel. Test. Chem. 425, 1-27 (2008).

33. Pokharkar, V. et al. Acute and subacute toxicity studies of chitosan reduced gold nanoparticles: A novel carrier for therapeutic
agents. J. Biomed. Nanotechnol. 5,233-239 (2009).

34. Duckworth, C. A. et al. Murine models of Helicobacter (pylori or felis)-associated gastric cancer. Curr. Protoc. Pharmacol. 1-35
(2015).

35. Cardiff, R. D., Miller, C. H. & Munn, R. J. Manual hematoxylin and eosin staining of mouse tissue sections. Cold Spring Harb.
Protoc. 2014, 655-658 (2014).

36. Schneider, C. A., Rasband, W. S. & Eliceiri, K. W. NIH image to Image]: 25 years of image analysis. Nat. Methods 9, 671-675 (2012).

37. Hazrati, S., Beyraghdar Kashkooli, A., Habibzadeh, F,, Tahmasebi-Sarvestani, Z. & Sadeghi, A. R. Evaluation of aloe vera gel as an
alternative edible coating for peach fruits during cold storage period. Gesunde Pflanz. 69, 131-137 (2017).

38. Thakur, R. et al. A starch edible surface coating delays banana fruit ripening. Lwt-Food Sci. Technol. 100, 341-347 (2019).

39. Paul, V,, Pandey, R. & Srivastava, G. C. The fading distinctions between classical patterns of ripening in climacteric and non-
climacteric fruit and the ubiquity of ethylene—An overview. J. Food Sci. Technol. 49, 1-21 (2012).

40. Burg, S. P. & Burg, E. A. Role of ethylene in fruit ripening. Ethyl. Action Plants 8, 151-184 (1962).

41. Burg, S. P. & Burg, E. A. Ethylene action and the ripening of fruits. Science (80-) 148, 1190-1196 (1965).

42. lelievre, J.-M., Latche, A., & Brian Jones, M. B. Ethylene and fruit ripening_Enhanced Reader.pdf. 727-739. (1997).

43. Périn, C. et al. Molecular and genetic characterization of a non-climacteric phenotype in melon reveals two loci conferring altered
ethylene response in fruit. Plant Physiol. 129, 300-309 (2002).

44. De Wild, H. P. ], Otma, E. C. & Peppelenbos, H. W. Carbon dioxide action on ethylene biosynthesis of preclimacteric and climac-
teric pear fruit. J. Exp. Bot. 54, 1537-1544 (2003).

45. Kaur, B., Jawandha, S. K., Singh, H. & Thakur, A. Effect of putrescine and calcium on colour changes of stored peach fruits. Int. J.
Agric. Environ. Biotechnol. 6, 301-304 (2013).

46. Salas, N. A. et al. Volatile production by ‘golden delicious’ apples is affected by preharvest application of aminoethoxyvinylglycine.
Sci. Hortic. (Amsterdam) 130, 436-444 (2011).

47. Paviath, A. E,, Orts, W. & Pavlath, A. Edible films and coatings: Why, what, and how? In Edible Film Coating Food Applications.
1-23.(2009).

48. Zhang, L. et al. Peach-gum: A promising alternative for retarding the ripening and senescence in postharvest peach fruit. Postharvest
Biol. Technol. 161, 111088 (2020).

49. Paul, V. & Pandey, R. Role of internal atmosphere on fruit ripening and storability - A review. J. Food Sci. Technol. 51, 1223-1250
(2014).

50. Zhou, R. et al. Reductions in flesh discolouration and internal morphological changes in Nanhui peaches (Prunus persica (L.)
Batsch, cv. Nanhui) by electrolysed water and 1-methylcyclopropene treatment during refrigerated storage. Food Chem. 135,
985-992 (2012).

51. Montero-Prado, P, Rodriguez-Lafuente, A. & Nerin, C. Active label-based packaging to extend the shelf-life of ‘Calanda’ peach
fruit: Changes in fruit quality and enzymatic activity. Postharvest Biol. Technol. 60, 211-219 (2011).

52. Wang, Y. et al. Volatile characteristics of 50 peaches and nectarines evaluated by HP-SPME with GC-MS. Food Chem. 116, 356-364
(2009).

53. Sanchez, G., Besada, C., Badenes, M. L., Monforte, A. J. & Granell, A. A non-targeted approach unravels the volatile network in
peach fruit. PLoS ONE 7, €38992 (2012).

54. Espino-Diaz, M., Septlveda, D. R., Gonzalez-Aguilar, G. & Olivas, G. L. Biochemistry of apple aroma: A review. Food Technol.
Biotechnol. 54, 375-394 (2016).

55. Cheng, L. et al. Identification of compounds characterizing the aroma of oblate-peach fruit during storage by GC-MS. J. Stored
Prod. Postharvest Res. 3, 54-62 (2012).

Acknowledgements

The authors thanks to the Executive Director, NABI for their support and encouragement. The authors also
thank NABI, DBT and BIRAC for financial support (Grant File No. BIRAC/TG/SAEN/01/2017) and DBT-e
library consortium (DELCON) for providing access to the online resources. We are thankful to Sh. Atul Kumar
Kesarwani (STA, NABI) for technical assistance.

Author contributions

U.A. contributed (postharvest studies, acute and subacute oral toxicity), investigation; methodology; formal
analysis; writing original draft. PK. contributed (acute and subacute oral toxicity). investigation; methodology;
formal analysis. R.M. formal analysis (postharvest studies). S.K. contributed (acute and subacute oral toxicity)
investigation. V.K. contributed (acute and subacute oral toxicity) supervision. M.B. methodology; writing-review
and editing. S.B. methodology; writing-review and editing. K.M. conceptualization; supervision; project admin-
istration; methodology; writing-original draft; writing-review and editing.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-021-03163-5.

Correspondence and requests for materials should be addressed to K.M.

Scientific Reports |

(2021) 11:23848 | https://doi.org/10.1038/s41598-021-03163-5 nature portfolio


https://doi.org/10.1787/9789264071001-en
https://doi.org/10.1038/s41598-021-03163-5
https://doi.org/10.1038/s41598-021-03163-5

www.nature.com/scientificreports/

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports|  (2021) 11:23848 | https://doi.org/10.1038/s41598-021-03163-5 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Application and toxicity studies of arabinoxylan and β-d-glucan stearic acid ester composite coatings in extending postharvest storage of peach
	Materials and methods
	Raw material. 
	Plant materials. 
	Fruit sample and materials. 

	Preparation of coating formulation. 
	Experimental design. 
	Application of AX-SABG and commercial (shellac) coatings. 
	Weight loss. 
	Respiration rate. 
	Color. 
	Firmness. 
	Total soluble solids, titratable acidity and ripening index. 
	Enzyme activity. 
	Polyphenol oxidase activity (PPO). 
	Determination of volatile compounds. 
	Determination of disease of incidence. 
	Animal experiments. 
	Experiment 1: acute oral toxicity study. 
	Experiment 2: sub-acute oral toxicity study. 

	Histological studies. 
	Statistical analysis. 

	Results and discussion
	Weight loss and respiration rate. 
	Color and ripening index. 
	Texture and disease incidence. 
	Polyphenol oxidase activity (PPO). 
	Volatile compounds. 
	Acute oral toxicity study. 
	Sub-acute oral toxicity study. 

	Conclusion
	References
	Acknowledgements


