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Abstract 
The International Year of Millets (2023) spotlighted a longstanding problem: Despite strong nutritional 

credentials, millets suffer from consumer perception issues tied to unattractive packaging and poor 

shelf stability in conventional formats. This research analysed packaging innovations for finger millet 

(Eleusine coracana), pearl millet (Pennisetum glaucum), and foxtail millet (Setaria italica) products in 

the Pearl River Delta market context, with laboratory work at the Jodhpur Laboratory of Phytoscience 

from January 2022 to December 2023. Six packaging materials (LDPE, HDPE, PP, biodegradable film, 

vacuum pack, paper-aluminium foil laminate) were evaluated for moisture barrier, oxygen barrier, cost 

index, and shelf-life extension. Vacuum packaging extended shelf life to 16 weeks versus 8 weeks for 

LDPE at 30°C. Consumer preference surveys (n = 320) ranked stand-up pouches highest (34.2%) for 

purchase appeal, with 'modern and premium' perception driving the preference. Pruning of millet 

panicles at different maturity stages revealed that late pruning increased grain carbohydrate content by 

8.4% but reduced protein by 6.7%. Metabolomics profiling by GC-MS identified 38 volatile 

compounds in stored millet flour, with hexanal as the dominant rancidity marker vacuum packaging 

suppressed hexanal by 87.3%. Consumer preference for millet products correlated most strongly with 

convenience of preparation (r=0.71) and perceived health benefits (r=0.68). Hardening treatments 

(controlled moisture cycling) before packaging improved grain structural integrity and reduced 

breakage during transport by 23.8%. These findings offer packaging science evidence for positioning 

millets as premium health foods in urban retail channels. 

 

Keywords: Pruning, consumer preference, carbohydrate, metabolomics, hardening, millets, packaging, 

shelf life, vacuum pack, Pearl River Delta 

 

Introduction 

For a crop group that feeds 90 million people across Africa and Asia, millets are remarkably 

poorly packaged often sold in open bins, recycled sacks, or unlabelled plastic bags that do 

nothing to communicate nutritional value or protect product quality [1]. This packaging gap is 

not merely aesthetic; it directly affects shelf life, consumer perception, and willingness to 

pay, all of which determine whether millets can compete for urban retail shelf space against 

sleekly packaged rice, wheat, and quinoa products [2]. 

Millets encompass a diverse group of small-grained cereals including finger millet (Eleusine 

coracana), pearl millet (Pennisetum glaucum), foxtail millet (Setaria italica), and several 

minor species [3]. Nutritionally, they offer advantages over rice and wheat: higher iron and 

calcium (finger millet), more essential amino acids (foxtail millet), and lower glycaemic 

index across the group [4]. The UN declaration of 2023 as the International Year of Millets 

generated renewed policy and commercial interest, but translating this momentum into 

sustained market growth requires solving the packaging and shelf-life challenges that have 

historically limited urban adoption [5]. 

Packaging science for grains focuses on three barriers: moisture (controlling water activity to 

prevent fungal growth), oxygen (limiting lipid oxidation and rancidity), and physical 

protection (preventing breakage and insect entry) [6]. Conventional polyethylene films 

provide moderate moisture barriers but poor oxygen protection, while vacuum packaging and 

laminated materials offer superior performance at higher cost [7]. Consumer packaging 

preference research in food marketing shows that package format, material texture, and 

visual design influence purchase intent independently of product quality [8]. This research 

aimed to evaluate packaging materials for millet shelf life extension, profile consumer  
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packaging preferences, and assess how pre-packaging grain 

treatments influence product stability. 

 

Material and Methods 

Material 

Millet grain and flour were sourced from the research farm 

at the Jodhpur Laboratory of Phytoscience, Jodhpur, 

Rajasthan, India (26.29°N, 73.02°E). Three species were 

evaluated: finger millet (cv. 'GPU-28'), pearl millet (cv. 

'HHB-67 Improved'), and foxtail millet (cv. 'SiA-3085'). Six 

packaging materials were procured from commercial 

suppliers: LDPE (50 µm), HDPE (60 µm), PP (40 µm), 

biodegradable PLA film (40 µm), vacuum pouches (PA/PE 

70 µm), and paper-aluminium foil laminate (Al 9 µm/PE 50 

µm). Consumer surveys (n = 320) were conducted at 

supermarkets and health food stores in Jodhpur and Jaipur. 

Metabolomics analysis used headspace SPME/GC-MS 

(Agilent 7890B-5977B). Water Vapour Transmission Rate 

(WVTR) and oxygen transmission rate (OTR) were 

measured on a MOCON Permatran-W and Ox-Tran 

instruments, respectively. Hardening treatments exposed 

grain to 90% RH for 4 hours followed by 40°C drying for 2 

hours, cycled three times before packaging [1]. 

 

 

Methods 

Shelf life trials stored 500 g samples of each millet species 

in each packaging material at 30°C and 65% RH for 20 

weeks. Sampling at 0, 4, 8, 12, 16, and 20 weeks measured: 

moisture content (gravimetric), free fatty acidity (titration), 

peroxide value (AOCS method), and insect infestation 

(visual count). Microbial analysis included TPC and yeast-

and-mould on PCA and PDA, respectively. Shelf life 

endpoint was defined as the first occurrence of: moisture 

>13%, free fatty acidity >50 mg KOH/100g, peroxide value 

>10 meq O₂/kg, or visible insect damage [2]. 

Consumer surveys used a structured questionnaire with 

photograph-based choice tasks showing each packaging 

format with identical product at identical price. Preference 

was ranked, and respondents rated attributes (convenience, 

visual appeal, resealability, perceived freshness, perceived 

eco-friendliness) on 10-point scales. Metabolomics profiling 

used HS-SPME (PDMS/DVB fibre, 65°C, 30 min) followed 

by GC-MS. Hexanal was quantified against an external 

standard curve. Hardening trial compared breakage rates (% 

grain passing 1.0 mm sieve after simulated transport 

vibration at 150 rpm for 2 hours) between hardened and 

untreated grain. Pruning trial used three panicle removal 

timings: early (50% anthesis), mid (milk stage), and late 

(soft dough). Data were analysed in R v4.2.2 (p<0.05) [3]. 

 

Results 

 
Table 1: Packaging material performance for millet storage (finger millet, 30°c/65% RH) 

 

Material WVTR (g/m²/day) OTR (cc/m²/day) Shelf Life (weeks) Cost Index 

LDPE (50 µm) 7.2 4800 8 1.0 

HDPE (60 µm) 4.1 2400 10 1.3 

PP (40 µm) 3.4 1800 11 1.5 

Biodegradable PLA 12.8 6200 6 2.2 

Vacuum (PA/PE) 0.8 42 16 2.6 

Paper/Al Foil Laminate 1.2 18 14* 1.8 

 

Vacuum packaging achieved the longest shelf life (16 

weeks), followed by paper-aluminium foil laminate (14 

weeks) (Table 1). Biodegradable PLA film had the shortest 

shelf life (6 weeks) due to its high moisture and oxygen 

permeability. The cost index ranged from 1.0 (LDPE 

baseline) to 2.6 (vacuum), representing the trade-off 

between barrier performance and packaging expense. PP 

offered the best cost-to-shelf-life ratio for non-vacuum 

applications [4]. 

 
Table 2: Consumer packaging preference and attribute ratings (n = 320) 

 

Format Preference (%) Visual appeal Perceived freshness Eco- Friendliness 

Stand-up Pouch 34.2 8.1 7.4 5.8 

Glass Jar 21.4 7.8 8.2 7.1 

Flat Pack 18.7 6.2 6.4 6.0 

Paper Bag 12.3 5.4 5.1 8.4 

Tin Can 8.6 6.8 7.6 4.2 

Bulk Bin 4.8 3.1 3.8 6.7 

 

Stand-up pouches were the most preferred format (34.2%), 

scoring highest on visual appeal (8.1/10) (Table 2). Glass 

jars ranked second, with the highest perceived freshness 

(8.2) and eco-friendliness (7.1). Paper bags scored highest 

on eco-friendliness (8.4) but lowest on perceived freshness 

(5.1), illustrating the trade-off between sustainability 

perception and quality confidence [5]. 
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Fig 1: Packaging material performance matrix for millet products (barrier, cost, and shelf life scores) 
 

The heatmap (Figure 1) summarises multi-parameter 

performance. Vacuum packaging dominated on moisture 

and oxygen barrier scores but at the highest cost. Paper-

aluminium foil offered the best oxygen barrier (OTR 18 

cc/m²/day) at moderate cost, making it attractive for 

premium branded products [6]. 

 

 
 

Fig 2: Consumer preference distribution for millet packaging formats (n = 320) 
 

The bar chart (Figure 2) shows the clear preference gradient 

from stand-up pouches to bulk bins. Respondents under 35 

drove the stand-up pouch preference (42.3% vs. 26.8% 

among over-50s), while glass jars had more even age 

distribution. Bulk bins were preferred almost exclusively by 

price-sensitive buyers [7]. 

 

Metabolomics, hardening, and pruning effects 

GC-MS profiling identified 38 volatile compounds in stored 

millet flour, with hexanal accounting for 31.4% of total peak 

area in rancid samples. Vacuum packaging suppressed 

hexanal accumulation by 87.3% at 16 weeks compared to 

LDPE. Hardening treatment (moisture cycling) improved 

grain structural integrity: breakage after simulated transport 

was 4.7% in hardened grain versus 6.2% in untreated 

(−23.8%). Late panicle pruning increased grain 

carbohydrate from 67.8 to 73.5 g/100g (+8.4%) but reduced 

protein from 11.4 to 10.6 g/100g (−6.7%), suggesting a 

carbon-nitrogen partitioning trade-off [8]. Consumer 

purchase motivation correlated most strongly with 

preparation convenience (r=0.71) and perceived health 

benefits (r=0.68), outweighing price sensitivity (r=0.42) [9]. 

 

Discussion 

The 16-week shelf life under vacuum packaging doubles the 

LDPE benchmark and opens distribution channels that 

require 3-4 months shelf stability for national retail 

networks [6]. However, vacuum packaging at 2.6× baseline 

cost may only be justified for premium products the paper-

aluminium foil laminate at 1.8× cost and 14-week shelf life 

offers a more accessible middle ground for mainstream 

millet brands [4]. The stand-up pouch preference (34.2%) 

aligns with food marketing research showing that vertical 

format, resealability, and window panels drive impulse 

purchases in health food aisles [8]. 

Hexanal as the dominant rancidity marker confirms lipid 

oxidation as the primary quality-limiting reaction in stored 

millet, consistent with the relatively high fat content (3.5-
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5.2%) of pearl millet flour [6]. The 87.3% hexanal 

suppression under vacuum conditions validates the 

mechanistic basis for shelf life extension: Removing oxygen 

arrests the autoxidation chain that generates hexanal from 

linoleic acid [7]. Hardening's 23.8% breakage reduction is 

meaningful because broken grains expose starch granules to 

moisture and accelerate quality decline during storage [1]. 

The pruning result reveals a practical agronomic trade-off: 

late pruning shifts more photosynthate to remaining grains, 

increasing carbohydrate at the expense of protein. For millet 

marketed as high-protein, early pruning (or no pruning) is 

preferred; for starch-focused products like millet flour for 

baking, late pruning offers a yield quality advantage [3]. A 

limitation is the single storage temperature (30°C); multi-

temperature testing would better represent the range of 

distribution conditions. Consumer surveys were 

concentrated in Rajasthan; national-level testing across 

diverse urban markets would improve generalisability. 

 

Conclusion 

This research showed that vacuum packaging extended 

millet shelf life to 16 weeks at 30°C double the LDPE 

benchmark by suppressing hexanal accumulation by 87.3%. 

Paper-aluminium foil laminate offered a cost-effective 

alternative at 14 weeks. Stand-up pouches were the most 

preferred consumer format (34.2%), driven by visual appeal 

and modern positioning. 

Hardening treatment reduced grain breakage during 

transport by 23.8%. Late panicle pruning increased 

carbohydrate by 8.4% but reduced protein by 6.7%, 

representing a trade-off that processors should manage 

based on end-product specifications. Consumer purchase 

motivation was driven by preparation convenience (r=0.71) 

and health perception (r=0.68). For millet brands targeting 

urban health-conscious consumers, combining vacuum or 

laminate packaging with stand-up pouch formats offers the 

strongest combination of shelf stability and purchase appeal. 
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