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Abstract 

Packaging control is a key aspect of the food sector for ensuring the stability and quality of food products. In this study, the 

storage stability of defatted Rhynchophorus phoenicis larvae powder was evaluated by analyzing the influence of three packaging 

materials on its nutritional, physicochemical, and techno-functional properties during storage. Defatted Rhynchophorus 

phoenicis larvae powder was packaged in polyethylene (PE), brown kraft paper (BP), and polypropylene (PP) and stored at room 

temperature for 60 days. Nutritional composition (protein, lipids, carbohydrates), physicochemical parameters (moisture content, 

pH, lipid oxidation indices: acid value, peroxide value, TBARS), and techno-functional properties (water and oil absorption 

capacities) were monitored periodically to assess storage stability. The initial powder contained 31.54% protein, 27.66% lipids, 

and 30.02% carbohydrates, with low lipid oxidation and hydrolysis. During storage, moisture content increased in BP and PP 

due to high water vapor permeability, while PE maintained a stable moisture content (~5.5%). pH decreased in all samples, but 

PE maintained pH at 6.57 on day 30 compared to 5.57 in PP. Lipid deterioration (acid value, peroxide value, TBARS) was 

pronounced in BP and PP, whereas PE limited these changes. Techno-functional properties evolved differently: water absorption 

capacity increased in BP and PP, but PE showed a transient increase followed by stabilization; oil absorption capacity increased 

in PE but decreased in BP and PP. Polyethylene packaging effectively preserved the nutritional, physicochemical, and functional 

quality of defatted R. phoenicis larvae powder during storage, whereas brown kraft paper and polypropylene were inadequate 

for long-term stability. PE is recommended for sustainable storage of insect-derived powders. 
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1. Introduction 

The global population continues to grow and is projected to 

reach 10 billion by 2050 [1]. This demographic surge has led 

to an escalating demand for food, particularly animal-derived 

proteins [2]. However, conventional protein resources are in-

sufficient to meet these needs. In Cameroon, for instance, diets 

are increasingly reliant on animal protein, yet such resources 

remain scarce and costly, exacerbating food insecurity and 

malnutrition. Given the challenges of food safety, nutritional 

sovereignty, and ecological sustainability associated with tra-

ditional animal protein sources, edible insects have emerged 

as a promising alternative [3]. Several hundreds of millions 

people, primarily in Africa, Asia, and Latin America, already 

consume insects as part of their regular diet [4]. Insects such 

as beetles, caterpillars, ants, and grasshoppers are commonly 

eaten, with specific species preferred in different regions 

based on availability and cultural preferences [5, 6]. Insects 

are a rich source of essential nutrients, including proteins, es-

sential amino acids, fats, essential fatty acids, vitamins, and 

minerals, often comparable to or exceeding those found in 

conventional livestock [7, 8]. The nutritional profile of insects 

makes them a viable alternative to traditional animal proteins, 

particularly in regions facing protein-energy malnutrition [5]. 

Among edible insects, Rhynchophorus phoenicis (African 

palm weevil) is widely consumed across several African coun-

tries, including 7 to 10 regions in Cameroon [9, 10]. Previous 

studies have demonstrated that R. phoenicis larvae are an ex-

cellent source of macronutrients—carbohydrates, lipids, and 

proteins [11] and are even used in traditional medicine to treat 

childhood illnesses [12]. Additionally, they exhibit notable 

techno-functional properties, such as water absorption capac-

ity (3 mL/mg) and oil absorption capacity (3.5 mL/mg), mak-

ing them suitable for food applications like bakery products 

[13]. However, the high lipid content of R. phoenicis larvae, 

rich in unsaturated fatty acids, makes them susceptible to ox-

idation, a chemical process where oxygen reacts with the dou-

ble bonds, leading to the rancidity of the products [14]. This 

phenomenon of lipid oxidation produces undesirable volatile 

compounds (aldehydes and ketones) which rapidly deteriorate 

the organoleptic qualities (taste, smell) and nutritional value 

of the food, thereby reducing its shelf life and potentially its 

consumer acceptability [15, 16]. This highlights the impera-

tive of using appropriate processing or preservation methods, 

such as delipidation or low-temperature storage, use of appro-

priate packaging materials, in order to preserve the nutritional 

integrity of the products [13, 17]. Defatting of the larvae and 

processing into powder can enhance food security, promote 

wider acceptance, and overcome consumer neophobia by fa-

cilitating their incorporation into diverse diets [18-20]. Pack-

aging materials such as polyethylene, polypropylene, and 

Brown paper, which are mostly used in many regions in Cam-

eroon specifically in markets, industries and even at home 

play a critical role in preserving product quality. For instance, 

polyethylene, a hydrophobic polar polymer, effectively blocks 

extrinsic factors like oxygen, humidity, and light, thereby ex-

tending shelf life [21]. While prior research on R. phoenicis 

larvae powder has mainly focused on its techno-functional 

properties and nutritional value [13, 22, 23], no study has ex-

amined how packaging materials and storage duration affect 

its properties. Given this gap, we hypothesized that packaging 

material significantly influences the nutritional, physicochem-

ical, and techno-functional properties of R. phoenicis larvae 

powder during storage. This study aimed to: produce and char-

acterize R. phoenicis larvae powder by analyzing its nutri-

tional composition, physicochemical properties, and techno-

functional attributes; and monitor changes in these parameters 

over time when stored in three distinct packaging materials. 

2. Materials and Methods 

2.1. Animal Material 

One batch of Rhynchophorus phoenicis larvae (Coleoptera) 

were obtained in a viable state from a single agro-entrepreneur 

located in Bafoussam, in the West Region of Cameroon. The 

larvae, aged 36 days, had been reared on a growth substrate 

composed of crushed cassava, coconut powder, and pig feed. 

2.2. Packaging Materials 

Three types of packaging materials were evaluated in this 

study: brown kraft paper (BP), polyethylene (PE), and poly-

propylene (PP). All packaging materials were purchased from 

a local supermarket in Douala, Cameroon and are representa-

tive of packaging commonly used for dry food products in lo-

cal markets (Figure 1). Brown kraft paper (BP) consisted of a 

cellulose-based material with a thickness of approximately 63 

µm. This material is known for its relatively high moisture and 

oxygen permeability, making it a semi-permeable packaging 

system. Kraft paper is often used for dry foods due to its bio-

degradability and low cost, although its barrier properties 

against water vapor and oxygen are limited [21]. Polyethylene 

(PE) bags were transparent, flexible plastic films with a thick-

ness of approximately 30 µm. PE is characterized by low 

moisture permeability and moderate oxygen barrier properties, 

which makes it suitable for protecting food powders against 

moisture uptake during storage. Its widespread availability 

and good sealing capacity make it a common packaging ma-

terial for food products [21]. Polypropylene (PP) bags had a 

thickness of approximately 35 µm. PP films generally exhibit 

low moisture permeability but higher oxygen permeability 

compared to PE. Polypropylene bags, commonly used in local 

markets, are considered non-hermetic (open) packaging sys-

tems, and therefore allow greater gas and moisture exchange 

with the surrounding environment [21]. The key physical and 

barrier properties of the packaging materials assessed are pre-

sented in Table 1. 
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Table 1. Characteristics of packaging material: Brown kraft paper, Polyethylene paper, Polypropylene (Forsido et al., 2021). 

Package material Thickness (µm) WVP OP 

Brown kraft paper (BP) 63 319 345,043 

Polyethylene paper (PE) 30 86 50,000–200,000 

Polypropylene (PP) 35 7–20 50,000–100,000 

WVP: moisture permeability in g⋅μm/m2⋅day⋅kPa; OP: oxygen permeability in cm3⋅μm/m2⋅day⋅atm 

 
Figure 1. Packaging materials: A (brown Kraft paper), B (polyeth-

ylene), C (polypropylene bags). 

2.3. Preparation of Rhynchophorus phoenicis 

Larvae Powder 

After collection, the larvae were transported to the 

Laboratory of Biochemistry at the University of Douala. They 

were washed thoroughly with tap water, and 3 kg were 

blanched at 100°C for 10 minutes in 1 liter of distilled water. 

They were then immediately cooled in cold water, eviscerated 

using sterile knives, and pre-dried at 40°C in a water bath for 

5 to 8 minutes. Mechanical pressing was applied to remove 

lipids. The larvae were then dried in an oven at 40°C for three 

days. The dried samples were ground using a laboratory mill 

for 2 to 3 minutes and sieved through a 4 mm mesh. The final 

powder (approximately 1 kg) was stored at -20°C pending 

further analysis. 

2.4. Experimental Design 

Powdered samples (30 g each) were packaged in three types 

of materials: polyethylene plastic (PE), brown kraft paper 

(BP), and polypropylene sacks (PP). The samples were stored 

at room temperature (24–25°C) for 60 days. Samplings were 

performed three times per package on days 10, 20, 30, and 60 

for nutritional composition, physicochemical, techno-

functional, and microbiological analyses. The analysis of 

variance (ANOVA) with one factor and Ducan’s post hoc test 

were used to compare the three packages for a given follow-

up time, with a significance threshold of 5%. 

2.5. Proximate Analyses 

Moisture content was determined by oven-drying samples 

at 105°C to constant weight (AFNOR, 1982) and calculated as 

the percentage weight loss. Protein content was measured via 

the Kjeldahl method (AOAC, 1988), involving mineralization, 

distillation, titration of total nitrogen with sulfuric acid, and 

application of a 6.19 conversion factor. Lipid content was ex-

tracted using a Soxhlet apparatus with hexane for 12 hours 

(AOAC, 1988) and expressed as percentage weight loss. Ash 

content was quantified by incineration in a muffle furnace at 

550°C for 24 hours (AFNOR, 1981). Total carbohydrates were 

calculated by difference: 100% minus the sum of protein, lipid, 

moisture, and ash percentages. 

2.6. Physicochemical Analysis 

2.6.1. pH Measurement 

One gram (1 g) of each powder sample was macerated in 2 

mL of distilled water. The pH of the resulting suspension was 

subsequently measured using a calibrated pH meter (Cordosa 

et al., 2019). 

2.6.2. Acid Value (AV) 

The Acid Value (AV) of the different oils was determined 

according to the International standard [24]. A mass M of 1 g 

of oil was introduced into a 250 mL beaker, followed by the 

addition of 100 mL of 95°C ethanol. Two drops of 1% 

phenolphthalein solution were added to the beaker's contents, 

and the mixture was titrated with a 0.1 N potassium hydroxide 

(KOH) solution. The volume V1 of KOH solution used to 

reach the indicator endpoint (pink coloration persisting for 10 

seconds) was recorded. A blank assay was performed under 
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the same conditions, and the volume V0 of KOH used was 

noted. The Acid Value is calculated using the following 

formula: 

𝐴𝑉 (𝑚𝑔 𝐾𝑂𝐻 /𝑔 𝑜𝑖𝑙) =  
(𝑉1−𝑉0) ×56.1 ×𝑁

𝑚
  

Where: mg KOH/ g oil: milligrams of potassium hydroxide 

per gram of oil; V1: volume of KOH used for the sample (mL); 

V0: volume of KOH used for the blank (mL); N: normality of 

the KOH solution (mol/L); 56.1: relative molecular mass of 

KOH (g/mol); m: mass of the test portion (g). 

2.6.3. Peroxide Value (PV) 

The peroxide value was determined according to the 

standard spectrophotometric method of IDF 74 A:1991 [25]. 

Into a 10 mL glass test tube containing 50 mg of the sample, 

9.8 mL of a chloroform/methanol mixture (7:3 v/v) was added, 

and the mixture was shaken for 2-4 s. Next, 50 μL of 30% 

aqueous ammonium thiocyanate solution was added and 

shaken for 2-4 s, followed by the addition of 50 μL of an aque-

ous ferrous chloride (FeCl2) solution. The mixture was shaken 

again for 2-4 s. After 5 minutes of incubation at room temper-

ature, the absorbance of the reaction mixture was read at 500 

nm using a spectrophotometer against a blank containing all rea-

gents except the sample. The peroxide value is expressed in mil-

liequivalents of active oxygen per kilogram of oil (meq. O2/kg 

powder). The Peroxide Value is calculated according to the formula: 

𝑃𝑉 (𝑚𝑒𝑞. (𝑂2/𝑘𝑔 𝑝𝑜𝑤𝑑𝑒𝑟) =  
(𝐴𝑠−𝐴𝑏) ×𝑘

55.84 ×𝑚
  

Where: meq. 02: milliequivalent of oxygen; PV: Peroxide 

Value (meq. O2/kg); As: Sample absorbance ; Ab: blank ab-

sorbance ; k: slope obtained from the calibration curve (value 

provided: 38.40); m: mass of the sample (g); 55.84: molar 

mass of iron (g/mol) (often part of a constant factor in this 

calculation). 

2.6.4. Thiobarbituric Acid Reactive Substances 

(TBARS) Index 

The method employed is that of [26]. One gram (1 g) of the 

sample was weighed and introduced into a 10 mL test tube, 

and then an aqueous solution of 0.1% trichloroacetic acid 

(TCA) was added. The mixture was vigorously shaken. 

Subsequently, 1 mL of 0.375% thiobarbituric acid (TBA) so-

lution, 1 mL of 15% TCA solution, and 1 mL of 0.25 N hydro-

chloric acid (HCl) solution were successively added to the 

tube. The tube's content was shaken before being incubated in 

a water bath at 95°C for 30 minutes. After removing the tubes 

from the bath and cooling to room temperature, the aqueous 

phase was sampled, and its absorbance was measured at 532 

nm using a spectrophotometer against a blank. The TBARS 

value is expressed as mg of Malondialdehyde (MDA) per kg 

of powder. The TBARS index is calculated using the follow-

ing formula: 

𝑇𝐵𝐴𝑅𝑆 (𝑚𝑔 𝑀𝐷𝐴 / 𝑘𝑔) =  
(𝐴𝑠−𝐴𝑏)×10−2×𝑉𝑇𝐶𝐴 ×2 ×𝑀

1.56 ×𝑚
  

Where: mg MDA/ kg: milligrams of malondialdehyde per 

kilogram; As: sample absorbance ; Ab: blank absorbance ; 

VTCA: volume of trichloroacetic acid (mL); m: mass of the 

sample (g); 2: dilution factor; 1.56: molar extinction 

coefficient of the MDA-TBA complex (typical value). 

2.7. Techno-functional Properties Analysis 

2.7.1. Determination of Water Absorption Capacity 

Water Absorption Capacity (WAC) is an essential 

functional property defined as the maximum amount of water 

that a powder sample can absorb and retain, typically 

expressed in mL/g. It reflects the sample's hydrophilicity and 

its potential for use in aqueous food systems. For its 

determination, a modified method based on [27] was used: 0.1 

g of Rhynchophorus phoenicis larva powder was mixed with 

1.0 mL of distilled water, agitated for 30 seconds, and then 

subjected to rigorous centrifugation (40 mn at 4000 rpm). The 

supernatant was subsequently decanted. The WAC was 

calculated by dividing the volume of absorbed water by the 

initial mass of the R. phoenicis larva powder. The formula for 

calculating the Water Absorption Capacity (WAC) is: 

𝑊𝐴𝐶 (
𝑚𝐿

𝑔
) =  

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 (𝑚𝐿) − 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑎𝑛𝑡 (𝑚𝐿)

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑅ℎ𝑦𝑛𝑐ℎ𝑜𝑝ℎ𝑜𝑟𝑢𝑠 𝑝ℎ𝑜𝑒𝑛𝑖𝑐𝑖𝑠 𝑙𝑎𝑟𝑣𝑎 𝑝𝑜𝑤𝑑𝑒𝑟
 

2.7.2. Oil Absorption Capacity (OAC) and 

Procedure 

Similarly, Oil Absorption Capacity (OAC) represents the 

sample's ability to bind and retain oil, expressed in mL/g. This 

property is crucial for the powder's application in fatty 

matrices, indicating its hydrophobic interactions and its 

potential role in emulsion stabilization. The OAC is measured 

using a procedure similar to the WAC [27]: 0.1 g of 

Rhynchophorus phoenicis larva powder was mixed with 1.0 

mL of refined palm oil. Following agitation for 30 seconds and 

identical centrifugation (40 minutes at 4000 rpm), the oily 

supernatant was decanted. The OAC is then determined by 

quantifying the volume of oil bound by the sample. The 

volume of absorbed oil is divided by the initial mass of the R. 

phoenicis larva powder to obtain the sample's oil absorption 

capacity. The formula for calculating the Oil Absorption 

Capacity (OAC) is: 
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𝑂𝐴𝐶 (𝑚𝐿/𝑔) =  
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑜𝑖𝑙 (𝑚𝐿)−𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑎𝑛𝑡 (𝑚𝐿)

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑅ℎ𝑦𝑛𝑐ℎ𝑜𝑝ℎ𝑜𝑟𝑢𝑠 𝑝ℎ𝑜𝑒𝑛𝑖𝑐𝑖𝑠 𝑙𝑎𝑟𝑣𝑎 𝑝𝑜𝑤𝑑𝑒𝑟
  

3. Results and Discussion 

3.1. Initial Composition of the Defatted 

Rhynchophorus phoenicis Larvae Powder 

3.1.1. Proximate Composition 

The proximate composition of the defatted Rhynchophorus 

phoenicis larvae powders presented in Table 2 reveals that 

these powders have a high nutritional density. Proteins are the 

major constituents, followed by carbohydrates and lipids, 

while ash is the minor constituent. The results show that the 

initial water content of R. phoenicis larvae powders is 

7.10±0.10 g/100 g of powder. The moisture content of R. 

phoenicis larvae varies across studies, with values as low as 

4.79% in adult stages and up to 11.94% in early larva stages 

[28]. This content is comparable to that reported by Ngono et 

al. (7.07±0.02 g/100 g of powder) [29]. The reported 7.10% is 

within a range that supports food stability. The initial water 

content in food is a critical determinant of its stability, influ-

encing both microbial and chemical degradation processes. 

Low water content in food products is essential for limiting 

microbial growth and chemical reactions that can lead to 

spoilage [30]. The R. phoenicis larvae powder has a high pro-

tein content of 31.54±0.31 g/100 g of powder. This high pro-

tein content makes them a valuable dietary supplement. This 

high protein content can be explained by the mechanical defat-

ting applied in our study, which concentrated the proteins by 

reducing the lipid fraction. Recent work has shown that the 

proteins in R. phoenicis larvae are very rich in essential amino 

acids [23]. The initial carbohydrate content of the R. phoenicis 

larvae powder was 30.02±0.62 g/100 g of powder. This value 

was higher than the value of 17.56 ± 0.02 g/100 g powder pre-

viously reported [13]. The significant presence of carbohy-

drates is interesting, suggesting that the powder can contribute 

to fiber (chitin) or complex sugar intake, which distinguishes 

it from pure protein concentrates. The lipid content was 27.66 

± 0.57 g/100 g powder. This value is higher than 8.00 ± 0.11 

g/100 g powder reported by [29], and 0 g/100 g powder re-

ported by [13] who performed total defatting on R. phoenicis 

larvae. This difference reflects the more moderate efficiency 

of the mechanical pressing used in our study. Previous works 

showed that the lipids in R. phoenicis larvae have good pro-

portions of essential fatty acids [9, 23]. The ash content was 

4.33±0.57 g/100 g of powder. This ash content is an indicator 

of the mineral richness of these larvae. This value, although 

moderate, suggests an interesting contribution of micronutri-

ents such as Potassium and Magnesium, which have previ-

ously been observed in these insects [31]. Generally, these re-

sults indicate that R. phoenicis larvae powder is rich in protein, 

lipids and carbohydrates and could contribute significantly to 

the daily caloric and protein intake (23–56 g of protein/day), 

thus constituting a potential nutritional supplement, a food ad-

ditive, and an alternative to traditional animal protein sources 

(fish, meat). 

Table 2. Characterization of Rhynchophorus phoenicis larval pow-

der: macronutrient content, stability indices, techno-functional prop-

erties, and microbiological quality. 

Parameter Value 

Proximate Composition  

Moisture (g/100 g powder) 7.1 ± 0.1 

Protein (g/100 g powder) 31.54 ± 0.31 

Fat (g/100 g powder) 27.66 ± 0.57 

Carbohydrate (g/100 g powder) 30.02 ± 0.62 

Ash (g/100 g powder) 4.33 ± 0.57 

Energy Value* (kCal/100 g powder) 495.1 

Physicochemical Properties  

Ph 6.99 ± 0.01 

Acid Value (mg KOH/g powder) 0.57 ± 0.01 

Peroxide Value (meq O₂/kg powder) 2.5 ± 0.08 

TBARS (mg MDA/kg powder) 0.79 ± 0.06 

Techno-functional Properties  

Water Absorption Capacity (mL/g powder) 0.22 ± 0.01 

Oil Absorption Capacity (mL/g powder) 0.64 ± 0.01 

*The energy value was calculated using the Atwater coefficient, 

using 4 kCal/g for proteins and total carbohydrates and 9 kCal/g for 

lipids 

3.1.2. Physicochemical Properties 

The initial physicochemical properties are also presented in 

Table 2. The initial pH is 6.99 ± 0.01, almost neutral. This pH 

value indicates that the Rhynchophorus phoenicis larvae pow-

der has a neutral taste, thus allowing it to be incorporated at 

high doses into various food matrices such as tomato paste and 

frankfurters, without the need for pH correctors or strong fla-

vourings to mask an undesirable taste [32, 33]. This pH may 

also contribute to the chemical stability of the R. phoenicis 

larvae powder by minimizing the rate of lipid hydrolysis [34]. 

The stability indices, crucial for food preservation, especially 

for those rich in lipids, are very stable. The initial acid value 

is 0.57 ± 0.01 mg KOH/g, which is lower than 3 mg KOH/g, 

the maximum recommended value for food products [35]. 

This index measures the amount of free fatty acids. The low 

http://www.sciencepg.com/journal/jfns


Journal of Food and Nutrition Sciences http://www.sciencepg.com/journal/jfns 

 

73 

value obtained indicates a low level of triglyceride hydrolysis, 

meaning that the cooking-pressing process used was gentle 

and well-controlled, minimizing the hydrolytic rancidity of 

our larvae powders. The peroxide value is 2.50 ± 0.08 meq 

O₂/kg. This index measures hydroperoxides, the primary 

products of lipid oxidation (oxidative rancidity). The value ob-

tained is below the critical threshold set at 10 meq O₂/kg for 

food products. Products with peroxide value exceeding 10 

meq/kg are typically rejected or deemed unsuitable for con-

sumption [36, 37]. The low value obtained is an indicator of 

the low deterioration of the lipids in the Rhynchophorus phoe-

nicis larvae powders, despite their high lipid content. The 

TBARS index, an indicator of secondary lipid oxidation, 

measures aldehydes and ketones. Its value was 0.79 ± 0.06 mg 

MDA/kg. This value is below the limit of 2.5 mg MDA/kg, 

reflecting good oxidative stability [37, 38]. This suggests that 

the R. phoenicis larvae powder underwent only minimal oxi-

dation during its preparation. These results highlight the initial 

stability at room temperature of the R. phoenicis larvae pow-

der. 

3.1.3. Techno-functional Properties 

The techno-functional properties of Rhynchophorus phoe-

nicis larval powder are presented in Table 2. The measured 

water absorption capacity (WAC) was 0.22 ± 0.01 mL/g, 

which is markedly lower than the value reported by Womeni 

et al. for larval powders processed under different conditions 

(3.50 mL/g) [13]. This difference may be attributed to the ef-

fects of processing methods, which can induce protein dena-

turation and aggregation, thereby reducing the availability of 

hydrophilic groups capable of binding water. The oil absorp-

tion capacity (OAC) of the studied powder was 0.64 ± 0.01 

mL/g, also lower than the 3.00 mL/g reported by [13]. Never-

theless, these properties confer technological interest to the 

powder for its incorporation into various food formulations 

(cakes, sausages, cheeses, or soups), where it may contribute 

to the texture and stability of food matrices. 

Previous studies have shown that thermal and dehydration 

treatments strongly influence the absorption capacities of R. 

phoenicis powders. Womeni et al. observed a reduction in 

WAC in grilled or roasted larvae (2.25 mL/g) compared with 

control samples (2.50 mL/g), suggesting increased protein ag-

gregation and greater exposure of hydrophobic groups [13]. 

Similarly, Ngono et al. reported a more pronounced decrease 

in WAC following a cooking–pressing treatment (1.90 ± 0.02 

mL/g) [29]. In addition, dehydration treatments, including 

electric drying as well as boiling followed by sun drying, re-

sulted in a significant reduction in WAC [13]. Regarding OAC, 

Ngono et al. (2023) showed that the cooking–pressing treat-

ment reduced this property to 2.58 ± 0.01 mL/g compared with 

smoked samples. These findings confirm that processing 

methods modify protein structure and their affinity for lipids, 

thereby influencing the techno-functional potential of Rhyn-

chophorus phoenicis larval powders. 

3.2. Effects of Packaging Type on the Properties 

and Characteristics of Rhynchophorus 

phoenicis Larvae Powder During Storage 

3.2.1. Effects on the Evolution of Proximate 

Composition 

The evolution of macronutrient content of the powder of 

larvae of Rhynchophorus phoenicis under the three types of 

packaging is presented in Figure 2. 

 
Figure 2. Evolution of Water content and ash content of the powder 

of Rhynchophorus phoenicis larvae as function of time. 

For a given storage time, points labelled with lowercase letters (a, b, 

c) are statistically significant at the 5% level. For a given packaging 

type, points labelled with different uppercase letters (A, B, C) are 

statistically significant at the 5% level. BP (Brown kraft paper); PE 

(polyethylene); PP (polypropylene). a>b>c; A>B>C>D>E 

Moisture content is a critical parameter influencing the 

quality, microbiological stability, and shelf life of foods and 

agricultural products [39, 40]. For hygroscopic products 

(which absorb moisture from the environment), the choice of 

packaging material is essential, as it serves as a protective bar-

rier against oxygen and water vapor transfer [41]. Excessive 

permeability of the packaging may lead to rapid product dete-

rioration, thereby limiting consumption, distribution and com-

mercialization. Figure 2 shows the evolution of moisture con-

tent as a function of three different packaging types: Brown 

kraft paper (BP), Polyethylene (PE), and Polypropylene (PP), 

over a 60-day period. The general trend indicates an increase 
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in moisture content in the powders of R. phoenicis larvae 

stored in BP and PP, whereas moisture content stabilized rap-

idly in the PE packaging. This trend is directly related to the 

water vapor permeability of each material. After 60 days of 

storage at ambient temperature (27°C ± 4), moisture content 

increased in BP and PP packages, reaching 14.5 ± 0.74 g/100 

g and 18.1 ± 0.14 g/100 g powder, respectively. An increase in 

moisture content generally correlates with an increase in water 

activity, which can promote the growth of microorganisms, in-

cluding bacteria, yeasts, and moulds [42]. Conversely, the 

powder stored in PE packaging shows a non-significant de-

crease in moisture content and a stabilization at a lower level 

(5.5 ± 0.71 g/100 g), which can be explained by the low water 

permeability of polyethylene due to it’s tight polymer struc-

ture and level of crystallinity which makes it hard for water 

molecule to squeeze inside [43]. Water acts as a catalyst for 

many chemical and biochemical reactions; therefore, this 

change in water content will influence macronutrient compo-

sition, microbial load, and free fatty acid levels. The other nu-

tritional parameters, namely ash, carbohydrate, protein, and li-

pid contents, showed variations closely correlated with 

changes in moisture content (Figures 2, 3). Indeed, any modi-

fication in moisture content directly affects the apparent con-

centration of these constituents, either through a dilution effect 

or through a concentration of dry matter. Thus, an increase in 

moisture content is generally associated with a relative de-

crease in nutrient contents expressed on a wet basis, whereas 

a reduction in moisture leads to an apparent increase in these 

parameters. These findings highlight the importance of con-

trolling moisture content when evaluating and comparing the 

nutritional quality of food products. 

 
Figure 3. Evolution of protein, lipid and carbohydrate content of the powder of Rhynchophorus phoenicis larvae as function of time. 

For a given storage time, points labelled with lowercase letters (a, b, c) are statistically significant at the 5% level. For a given packaging type, 

points labelled with different uppercase letters (A, B, C) are statistically significant at the 5% level. BP (Brown kraft paper); PE (polyethylene); 

PP (polypropylene). a>b>c; A>B>C>D>E 
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Polyethylene (PE) appears to be the optimal packaging 

choice for storing R. phoenicis larva powder, as it maintained 

moisture content at a low and stable level, which is essential for 

preserving quality and extending shelf life. Polypropylene (PP) is 

the least suitable option, as it leads to rapid quality deterioration 

due to substantial moisture uptake. Brown kraft paper (BP) pro-

vides temporary protection, but its performance declines after ap-

proximately 30 days, making it unsuitable for long-term storage. 

3.2.2. Effects on the Evolution of Physicochemical 

Properties 

The evolution of physicochemical properties of Rhyn-

chophorus phoenicis larva powder under the three types of 

packaging are presented in Figure 4. The pH of R. phoenicis 

larval powders decreased progressively during storage regard-

less of the type of packaging used, indicating a gradual acidi-

fication likely due to biochemical reactions, lipid oxidation, 

and the formation of acidic metabolites [14]. Although all 

samples started with an identical initial pH (6.99 ± 0.01), sig-

nificant differences appeared over time depending on the 

packaging material. The most pronounced decrease occurred 

in polypropylene (PP) packaging, where the pH dropped 

sharply by day 10 (5.57 ± 0.01) and continued to decline until 

day 60 (4.07 ± 0.01), suggesting greater exposure to environ-

mental factors promoting acid formation. In the study of kim-

chi, PP packaging showed a significant decrease in pH from 

6.25 to 4.12-4.16 over 20 days, indicating a rapid increase in 

acidity attributed to the material's permeability [44]. The pow-

der stored in Brown kraft paper (BP) also exhibited a marked 

reduction in pH, particularly after day 20 (6.48 ± 0.01) until 

day 60 (3.92 ± 0.01), likely due to the porous structure and 

higher permeability of the material to oxygen and moisture, 

which enhances oxidative and hydrolytic reactions [45]. In 

contrast, the powder packaged in polyethylene (PE) showed 

the most stable pH profile, with slower and less pronounced 

changes up to day 30 (6.57 ± 0.04), demonstrating its superior 

barrier properties and greater ability to preserve the physico-

chemical quality of the powder. Overall, the findings clearly 

demonstrate that packaging type significantly influences pH 

stability during storage, with polyethylene providing the most 

effective protection against acidification, while polypropylene 

and brown kraft paper were less effective in limiting chemical 

reactions leading to pH decline. 

The evolution of the acid value during storage also demon-

strates an influence of the type of packaging on the lipid sta-

bility of Rhynchophorus phoenicis larval powder. Acid value 

was similar in all packaging material at Day 0 (0.57 mg 

KOH/g). Throughout storage, the acid value remained rela-

tively stable in polyethylene (PE) packaging, with no signifi-

cant difference observed up to Day 60 (0.61±0.01 mg KOH/g), 

highlighting its effective protection against lipid hydrolysis 

[46]. In contrast, a progressive and significant increase was 

observed in powder stored in Brown kraft paper (BP) and pol-

ypropylene (PP) packaging, reaching 1.05 mg KOH/g and 

1.00 mg KOH/g at Day 60, respectively. This increase sug-

gests that polypropylene and brown kraft paper were less ef-

fective in limiting exposure to moisture and oxygen. Moisture 

and oxygen are known to influence lipolysis and the release of 

free fatty acids [47, 48]. These findings are consistent with 

previous reports showing that low-permeability packaging 

materials, such as polyethylene, delay lipid oxidation and hy-

drolysis compared with permeable packaging [17]. Studies on 

lipid-rich products, further confirm that oxygen-water vapor 

permeability of packaging strongly influences acid value in-

crease during storage [49]. Therefore, polyethylene appears to 

be the most suitable packaging material for preserving lipid 

quality in R. phoenicis larval powders, whereas brown kraft 

paper and polypropylene are less effective in limiting oxida-

tive and hydrolytic reactions. 

The peroxide value (PV) evolution demonstrates a clear in-

fluence of packaging material on the primary lipid oxidation 

kinetics in Rhynchophorus phoenicis larval powders during 

storage. The peroxide value at Day 0 was 2.50 ± 0.08 meq 

O₂/kg. A significant increase in PV was observed in all treat-

ments up to Day 20, with the highest values recorded in brown 

kraft paper (BP) (4.12 ± 0.28 meq O₂/kg), followed by poly-

propylene (PP) (3.83 ± 0.19 meq O₂/kg), and polyethylene 

(PE) (3.33 ± 0.48 meq O₂/kg). This early rise indicates the 

formation of primary oxidation products, with BP and PP 

showing the greatest susceptibility, likely due to their higher 

permeability to oxygen and moisture [50]. Thereafter, PV 

sharply declined across all packaging systems by Day 60, 

reaching 0.50 ± 0.19, 0.21 ± 0.17, and 0.99 ± 0.08 meq O₂/kg 

for BP, PE, and PP, respectively. This decrease suggests the 

decomposition of unstable peroxides into secondary oxidation 

products, a phenomenon often observed during advanced lipid 

oxidation stages [51]. Polyethylene consistently showed the 

most stable behaviour, reflecting its superior barrier perfor-

mance in limiting oxidative reactions, whereas brown kraft 

paper and polypropylene exhibited significantly higher fluc-

tuations, confirming their lower protective efficiency [43]. 

These observations align with previous reports indicating that 

lipid-rich insect powders are highly sensitive to oxygen expo-

sure and that packaging with low oxygen permeability is crit-

ical to maintaining oxidative stability [17]. Overall, the perox-

ide value profile underscores the pivotal role of packaging in 

mitigating primary lipid oxidation, highlighting polyethylene 

as the most suitable option for preserving the oxidative quality 

of R. phoenicis larval powders. 

The evolution of thiobarbituric acid reactive substances 

(TBARS) further highlights the influence of packaging mate-

rial on secondary lipid oxidation in Rhynchophorus phoenicis 

larval powders during storage. At Day 0, the malondialdehyde 

(MDA) concentrations was similar for all samples (0.79 ± 0.06 

mg MDA/kg). Throughout storage, a gradual and significant 

increase in TBARS was observed across all packaging sys-

tems, consistent with the progressive degradation of peroxides 

into secondary oxidation products [52, 53]. Polyethylene (PE) 
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exhibited the slowest rate of increase, with TBARS values 

reaching 0.89 ± 0.01 mg MDA/kg at Day 60, indicating best 

oxidative protection. In contrast, polypropylene (PP) recorded 

the highest TBARS concentration at Day 60 (0.97 ± 0.03 mg 

MDA/kg), followed by brown kraft paper (BP) (0.90 ± 0.09 

mg MDA/kg), reflecting greater oxidative stress likely at-

tributed to their higher permeability to oxygen and moisture 

[43, 50]. The more moderate TBARS increase in PE corrobo-

rates its superior barrier properties and aligns with the de-

crease in peroxide value, reinforcing polyethylene as the most 

effective packaging for maintaining lipid stability [43, 50]. 

These findings are consistent with previous studies reporting 

that oxygen-impermeable packaging effectively limits sec-

ondary lipid oxidation in insect-based and other food products 

[17, 49]. The TBARS profile shows that the packaging mate-

rial also plays an important role in limiting lipid oxidation in 

insect flours during storage, with polyethylene offering better 

protection than polypropylene or Brown kraft paper for pre-

serving lipid quality during storage. 

 
Figure 4. Evolution of physicochemical properties (pH, acid value, peroxide value, thiobarbituric acid value) of the powder of Rhynchophorus 

phoenicis larvae as function of time. 

For a given storage time, points labelled with lowercase letters (a, b, c) are statistically significant at the 5% level. For a given packaging type, 

points labelled with different uppercase letters (A, B, C) are statistically significant at the 5% level. BP (Brown kraft paper); PE (polyethylene); 

PP (polypropylene). a>b>c; A>B>C>D>E 

3.2.3. Effects on the Evolution of Water Absorption 

Capacity (WAC) and Oil Absorption Capacity 

(OAC) 

The evolution of water and oil absorption capacities of 

Rhynchophorus phoenicis larva powder under the three types 

of packaging are presented in Figure 5. The evolution of water 

absorption capacity (WAC) during storage revealed signifi-

cant effects of packaging material on the hydration properties 

of Rhynchophorus phoenicis larval powders. This effect has 

previously been observed in several food products such as 

yam powders, infant flours, and sesame powders [21, 54, 55]. 

At the initial stage, all powders showed similar WAC values 

(0.22 ± 0.01 mL/mg). During storage, WAC increased in the 

powders stored in all packaging materials. This increase in 

WAC was positively correlated with the rise in moisture con-

tent in the powders. In brown kraft paper (BP) and polypro-

pylene (PP) packaging, the increases in WAC were the most 

pronounced, reaching 0.35 ± 0.03 and 0.35 ± 0.01 mL/mg re-

spectively by Day 60, reflecting a higher water-holding capac-

ity likely linked to greater exposure to moisture due to the 

higher permeability of these materials [21, 50]. This water up-

take may have caused protein denaturation, exposing more hy-

drophilic polar groups that were previously buried within the 

protein structure, thereby increasing the available binding 

sites for water and resulting in the higher measured WAC. In 

the presence of moisture, partial hydrolysis (bond cleavage) 

of large molecules (proteins or starches) may also have oc-

curred, generating smaller polar fragments (amino acids, sug-

ars) capable of binding water through hydrogen bonding [13, 
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56, 59]. In contrast, in polyethylene (PE) packaging, a differ-

ent kinetic pattern was observed, with an early peak at Day 10 

(0.38 ± 0.01 mL/mg) followed by a gradual decrease to 0.32 

± 0.01 mL/mg by Day 60. This transient increase followed by 

a decline suggests that in polyethylene packaging, the pow-

ders undergo an initial denaturation and structural rearrange-

ment that temporarily exposes hydrophilic sites, but over time, 

structural aggregation and potential cross-linking between de-

natured proteins or protein–carbohydrate complexes reduced 

water accessibility [58]. These trends align with previous stud-

ies showing that high-barrier packaging slows functional de-

terioration in food powders, although prolonged storage still 

induces structural changes affecting hydration capacity [55]. 

Overall, these results demonstrate that packaging strongly in-

fluences the functional stability of insect powders during stor-

age, with polyethylene providing better short-term protection, 

while more permeable materials such as BP and PP allow pro-

gressive physicochemical changes that alter protein–water in-

teractions. 

 
Figure 5. Evolution of water absorption capacity (WAC) and oil ab-

sorption capacity (OAC) of the powder of Rhynchophorus phoenicis 

larvae as function of time. 

For a given storage time, points labelled with lowercase letters (a, b, 

c) are statistically significant at the 5% level. For a given packaging 

type, points labelled with different uppercase letters (A, B, C) are 

statistically significant at the 5% level. BP (Brown kraft paper); PE 

(polyethylene); PP (polypropylene). a>b>c; A>B>C>D>E 

The oil absorption capacity (OAC) of Rhynchophorus 

phoenicis larva powder exhibited different variations during 

storage, strongly influenced by the type of packaging. This ef-

fect has previously been observed in yam powders [55]. At the 

initial time, OAC values were identical across all packaging 

types (0.64 ± 0.01 mL/mg). However, during storage, distinct 

kinetic patterns were observed. In polyethylene (PE) packag-

ing, a progressive and significant increase in OAC was rec-

orded, reaching 0.75 ± 0.01 mL/mg at Day 60. This increase 

may be attributed to partial protein denaturation, exposing hy-

drophobic amino acid residues and lipid-binding sites. Such 

behaviour has been reported in food protein matrices where 

moderate oxidation increases surface hydrophobicity and oil 

affinity [59, 60]. Conversely, powders stored in brown kraft 

paper (BP) and polypropylene (PP) showed a progressive de-

cline in OAC, decreasing to 0.39 ± 0.01 mL/mg and 0.46 ± 

0.01 mL/mg, respectively, at Day 60. These decreases may be 

due to increased oxidative and hydrolytic deterioration under 

conditions of higher oxygen and moisture permeability, pro-

moting protein aggregation and cross-link formation that limit 

lipid interactions [60]. Additionally, lipid oxidation products 

generated in permeable packaging can react with protein side 

chains, reducing binding capacity and impairing techno-func-

tional performance [60]. These results indicate that packaging 

material can profoundly influence lipid–protein interaction 

dynamics and the functional stability of insect powders. 

The overall results obtained demonstrate that packaging 

conditions are crucial for preserving the stability of edible in-

sect-based products, particularly regarding lipid oxidation and 

moisture-induced modifications. Beyond polyethylene, pack-

aging materials with even better barrier properties can be con-

sidered to further improve the stability of insect powders dur-

ing storage. With this in mind, smart packaging or films based 

on nanocellulose represent a promising sustainable prospect, 

due to their excellent oxygen barrier performance and their 

potential to limit oxidative degradation [61, 62]. 

4. Conclusions 

This study clearly demonstrates that the choice of packag-

ing material is a decisive factor in preserving the nutritional, 

physicochemical, and techno-functional quality of Rhyn-

chophorus phoenicis larvae powder during storage. Although 

the initial powder exhibited satisfactory oxidative stability, the 

evolution of its quality strongly depended on the packaging 

system in which it was stored. Among the materials evaluated, 

polyethylene (PE) consistently provided the highest level of 

protection. PE effectively limited moisture uptake, thereby re-

ducing microbial risk and slowing the biochemical reactions 

associated with lipid hydrolysis and oxidation. In addition, PE 

ensured better preservation of techno-functional properties by 

stabilizing water absorption capacity and enhancing oil ab-

sorption capacity. In contrast, brown kraft paper (BP) and pol-

ypropylene (PP), due to their higher permeability to water va-

por and oxygen, promoted accelerated chemical and func-

tional deterioration, leading to significant quality losses within 
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60 days of storage. Overall, these results indicate that polyeth-

ylene is the most suitable packaging material for extending 

shelf life and maintaining the functional quality of insect-

based flours. 
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