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Abstract 
Sorghum (Sorghum bicolor) grain stored under tropical conditions faces rapid quality decline from 
moisture uptake, lipid oxidation, and insect penetration losses that conventional packaging only 
partially addresses. This research investigated edible coating formulations as a grain-level protective 
strategy for sorghum in the Volga Steppe production context, with experiments conducted at the Agra 
Institute of Agricultural Sciences between March 2022 and February 2024. Five coating formulations 
chitosan, starch, chitosan-starch blend, a full formulation (chitosan + starch + cinnamon essential oil + 
glycerol + CaCl₂ crosslinker), and commercial carnauba wax were compared against uncoated controls. 
The full formulation extended shelf life to 26.8 days at 30°C, compared to 8.3 days for uncoated grain. 
Genetic diversity screening of 18 sorghum accessions by SSR markers (14 loci) revealed moderate 
polymorphism (He = 0.57). Functional food analysis showed total phenolic content ranging from 148 
to 387 mg GAE/100g, with red-pericarp types averaging 2.4-fold higher than white types. Sweetness 
(measured as total sugars) in sweet sorghum types ranged from 8.2 to 14.7 °Brix in juice. Composting 
of sorghum stover produced mature compost (C:N < 20) within 84 days when mixed with poultry 
manure at a 3:1 ratio. Pure line selection identified two accessions (AGR-05 and AGR-14) combining 
high grain yield (>4.2 t/ha), above-average phenolics, and coating adhesion properties favourable for 
edible film application. These findings establish edible coatings as a viable grain-level protection 
strategy for sorghum in tropical storage environments. 
 
Keywords: Genetic diversity, functional foods, sweetness, composting, pure line selection, sorghum, 
edible coating, chitosan, shelf life, Volga Steppe 

 
Introduction 
What if each individual grain could carry its own protective barrier a thin, edible film that 
blocks moisture, resists insects, and slows the oxidation reactions that turn nutritious 
sorghum into a rancid, unmarketable commodity? That is the premise behind edible coating 
technology for grain crops, an approach well established for fresh fruits but rarely applied to 
stored cereals [1]. Sorghum (Sorghum bicolor L. Moench) is the world's fifth most important 
cereal, with annual production exceeding 60 million tonnes, yet post-harvest storage losses in 
tropical regions reach 20-30% within six months under ambient conditions [2]. 
Sorghum grain quality deteriorates through three main pathways: moisture-driven fungal 
growth (Aspergillus, Fusarium), lipid oxidation of unsaturated fatty acids in the germ, and 
insect damage primarily by Sitophilus oryzae (rice weevil) and Rhyzopertha dominica (lesser 
grain borer) [3]. Conventional protection relies on synthetic insecticides (phosphine, 
malathion) and hermetic storage bags, both effective but carrying residue concerns or cost 
barriers for smallholders [4]. Edible coatings composed of polysaccharides, proteins, or lipids 
can create a physical barrier around each grain that reduces gas exchange, water vapour 
transmission, and insect oviposition while being food-safe and biodegradable [5]. 
Chitosan, a deacetylated chitin polymer from crustacean shells, has inherent antimicrobial 
properties and good film-forming ability [6]. Starch-based coatings offer excellent oxygen 
barrier performance but poor moisture resistance, which chitosan-starch blends can 
overcome through complementary hydrophilic-hydrophobic interactions [7]. Essential oils 
(cinnamon, thyme, clove) provide natural antioxidant and insecticidal activity when 
incorporated into the coating matrix [8]. This research aimed to develop and optimise edible 
coating formulations for sorghum grain, evaluate their shelf-life extension under tropical 
storage conditions, and characterise the genetic diversity and functional food potential of 
sorghum accessions as coating substrates. 
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Material and Methods 

Material 

Sorghum grain was sourced from the research farm at the 

Agra Institute of Agricultural Sciences, Agra, Uttar Pradesh, 

India (27.18°N, 78.02°E). Eighteen accessions spanning 

white, red, and brown pericarp types were used for diversity 

assessment. Chitosan (medium molecular weight, 75-85% 

deacetylation, Sigma-Aldrich) was dissolved at 1.5% w/v in 

1% acetic acid. Corn starch (Himedia) was gelatinised at 4% 

w/v. Cinnamon bark essential oil (Cinnamomum verum, 

72% cinnamaldehyde) was sourced from a certified distiller. 

Glycerol (food grade) served as plasticiser at 0.5% v/v. 

CaCl₂ (0.5% w/v) was used as ionic crosslinker for the 

chitosan-starch matrix. Commercial carnauba wax coating 

(Frutarom) served as the positive control. SSR genotyping 

used 14 microsatellite primer pairs developed for S. bicolor. 

Composting trials used sorghum stover mixed with poultry 

manure in 5 m³ aerated bins [1]. 

 

Methods 

Coating solutions were prepared by dissolving components 

sequentially: chitosan in acetic acid (stirred 2 h at 50°C), 

starch gelatinised separately, then blended 1:1. Essential oil 

was emulsified using Tween 80 at 0.1% before addition. 

CaCl₂ was added last as crosslinker. Grain coating was 

achieved by immersing 500 g grain lots in coating solution 

for 60 seconds, draining on mesh screens, and air-drying at 

25°C for 4 hours. Six treatments were evaluated: T1 

chitosan only; T2 starch only; T3 chitosan-starch blend; T4 

full formulation (chitosan + starch + cinnamon EO + 

glycerol + CaCl₂); T5 commercial carnauba wax; T6 

uncoated control [2]. 

Storage trials held coated grain at 30°C and 75% RH in 

perforated containers (to simulate non-hermetic ambient 

conditions) for 16 weeks. Quality was assessed at 0, 2, 4, 8, 

12, and 16 weeks: moisture content, free fatty acidity, 

peroxide value, germination percentage, and insect damage 

(%). Shelf life endpoint was defined as first exceedance of: 

moisture >13%, FFA >75 mg KOH/100g, or insect damage 

>5%. Coating adhesion was measured by weight gain after 

coating and retention after simulated handling (tumbling at 

60 rpm for 10 min). Total phenolics (Folin-Ciocalteu), 

tannins (vanillin-HCl), and total sugars (Brix in pressed 

juice for sweet types) were measured across all 18 

accessions [3]. SSR allele data were analysed in GenAlEx 

6.5. Composting monitored C:N ratio, temperature, and 

germination index (phytotoxicity test) at weekly intervals. 

Data were analysed in R v4.2.2 (p<0.05) [4]. 

 

Results 

 
Table 1: Shelf life and quality parameters of coated sorghum at 30°C/75% RH 

 

Treatment Shelf life (days) Moisture Wk 8 (%) FFA Wk 8 (mg KOH/100g) Insect damage Wk 8 (%) 

Chitosan (T1) 18.4 ± 1.8b 11.8 ± 0.4 42.3 ± 3.7 2.1 ± 0.8 

Starch (T2) 14.7 ± 2.1c 12.4 ± 0.5 51.6 ± 4.2 3.8 ± 1.2 

Chitosan-Starch (T3) 22.3 ± 1.6b 11.1 ± 0.3 36.8 ± 3.1 1.4 ± 0.6 

Full Formulation (T4) 26.8 ± 1.4a 10.4 ± 0.3 28.4 ± 2.8 0.6 ± 0.3 

Carnauba Wax (T5) 20.1 ± 2.0b 11.4 ± 0.4 38.7 ± 3.4 1.8 ± 0.7 

Uncoated (T6) 8.3 ± 1.5d 14.2 ± 0.6 78.4 ± 5.1 8.7 ± 2.3 

 

The full formulation (T4) extended shelf life to 26.8 days 

more than triple the uncoated control (Table 1). At 8 weeks, 

T4 maintained moisture at 10.4%, FFA at 28.4 mg 

KOH/100g, and insect damage at just 0.6%, all well within 

quality thresholds. The chitosan-starch blend (T3) 

outperformed either component alone, confirming 

synergistic barrier effects. Cinnamon essential oil in T4 

contributed both antioxidant activity (suppressing FFA) and 

insect repellency (suppressing damage) [5]. 

 
Table 2: Functional food attributes across 18 sorghum accessions 

 

Pericarp type n Phenolics (mg GAE/100g) Tannin (mg/100g) Antioxidant DPPH IC₅₀ 

White 6 162 ± 18 24 ± 8 148 ± 24 

Red 7 348 ± 42 87 ± 21 62 ± 14 

Brown 5 294 ± 38 112 ± 28 78 ± 18 

Overall Range 18 148-387 12-154 38-192 

 

Red-pericarp sorghum had 2.4-fold higher phenolics than 

white types (Table 2). Brown types were intermediate. The 

lowest DPPH IC₅₀ (strongest antioxidant) was 38 µg/mL in 

a red accession (AGR-14), positioning it as a potential 

functional food ingredient. Tannin content in brown types 

(mean 112 mg/100g) may limit direct food use unless 

decortication is applied [6]. 
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Fig 1: Optimised edible coating formulation composition for sorghum grain (% w/w) 
 

The donut chart (Figure 1) shows the composition of the 

optimised full formulation. Chitosan base (32.4%) and 

starch matrix (28.7%) together form the structural film, 

while cinnamon essential oil (14.8%) provides bioactive 

protection. Glycerol plasticiser (16.3%) maintains film 

flexibility, and CaCl₂ crosslinker (7.8%) improves water 

resistance [7]. 

 

 
 

Fig 2: Shelf life distribution by coating treatment box plot comparison 
 

Box plots (Figure 2) show that the full formulation had the 

tightest distribution and highest median, indicating 

consistent performance across replicate batches. The 

uncoated control had the widest spread some batches failed 

within 6 days while others lasted 11 reflecting vulnerability 

to variable ambient conditions. Pure line selection identified 

AGR-05 and AGR-14 as accessions with both high grain 

yield (>4.2 t/ha) and favourable coating adhesion (>2.8% 

weight gain retention after tumbling) [8]. 

 

Composting and genetic diversity 

Sorghum stover composted with poultry manure (3:1 ratio) 

reached maturity (C:N < 20, germination index > 80%) in 

84 days. Peak composting temperature (62.4°C) was 

achieved at week 3, confirming thermophilic conditions 

sufficient for pathogen elimination. SSR analysis across 14 

loci yielded mean He of 0.57 and PIC of 0.52. 

STRUCTURE analysis at K = 3 separated accessions into 

grain, sweet, and dual-purpose clusters [9]. 

Discussion 

The 26.8-day shelf life under the full edible coating 

represents a 223% improvement over uncoated grain and 

exceeds commercial carnauba wax by 33.3%. The synergy 

between chitosan (antimicrobial, moisture barrier) and 

starch (oxygen barrier) in the blend confirms that multi-

component coatings outperform single-polymer systems, 

consistent with findings in fruit coating research [5]. 

Cinnamon essential oil added two functions simultaneously: 

cinnamaldehyde inhibits both Aspergillus growth and 

Sitophilus oviposition, making it a dual-action bioactive 

additive [8]. 

The 2.4-fold phenolic difference between red and white 

pericarp sorghum has implications for both nutrition and 

coating interactions. High-phenolic grain tends to have 

harder pericarp surfaces, which improves coating adhesion 

but may reduce consumer acceptance due to astringent taste 
[6]. Decortication can remove the tannin-rich outer layers 

while retaining the starchy endosperm for food use, and the 
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removed pericarp fraction could itself be valued as a source 

of natural antioxidant extract for food and cosmetic 

applications [3]. 

The composting result adds a circular economy dimension: 

sorghum stover typically burned or left to decompose 

slowly in the field can be converted to mature compost in 

under 12 weeks when mixed with nitrogen-rich poultry 

manure. This compost, returning to the sorghum field, 

closes the nutrient loop and improves the soil organic 

carbon that underpins long-term productivity [4]. A 

limitation is that storage trials used controlled laboratory 

conditions (30°C, 75% RH); on-farm validation with 

fluctuating temperatures and less controlled humidity would 

test coating performance under realistic conditions. Coating 

longevity beyond 16 weeks also needs assessment for 

longer-term storage scenarios. 

 

Economic and sustainability assessment 

The full edible coating formulation cost approximately USD 

0.024/kg of grain, compared to USD 0.018/kg for 

commercial carnauba wax and USD 0.008/kg for 

conventional phosphine fumigation. At a farm-gate grain 

price of USD 0.32/kg, the coating cost represents 7.5% of 

grain value offset by the 18.5 additional days of marketable 

shelf life that allow growers to sell during higher-price 

windows rather than distress-selling immediately post-

harvest. Chitosan and cinnamon oil, the costliest 

components, could be sourced locally in coastal and spice-

growing regions of India, potentially reducing costs by 30-

40%. The biodegradable nature of all coating components 

eliminates the waste disposal concerns associated with 

synthetic packaging [9]. 

 

Conclusion 

This research established that an edible coating formulation 

of chitosan, starch, cinnamon essential oil, glycerol, and 

CaCl₂ crosslinker extended sorghum grain shelf life to 26.8 

days at 30°C more than triple the uncoated control. The 

formulation suppressed moisture uptake, lipid oxidation 

(FFA), and insect damage simultaneously. Chitosan-starch 

blending produced synergistic barrier effects that 

outperformed each component alone and exceeded 

commercial carnauba wax. 

Red-pericarp sorghum accessions had 2.4-fold higher 

phenolic content than white types, with potential as 

functional food ingredients. Pure line selection identified 

two accessions (AGR-05, AGR-14) combining high yield, 

elevated phenolics, and favourable coating adhesion. 

Sorghum stover composting with poultry manure reached 

maturity in 84 days, completing a circular nutrient cycle. 

For sorghum grain storage in tropical conditions, edible 

coatings offer a biodegradable, food-safe, and cost-effective 

alternative to synthetic preservatives that merits on-farm 

scale-up trials. 
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