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ABSTRACT 

The current study aimed at determining how red pepper pericarp powder's functional properties are 

affected by packaging material and storage duration. Low-density polyethylenes (LDPE), high-density 

polyethylene (HDPE), aluminum poach (AlP), and BLDPE (black-coloured low-density polyethylene) 

bags were heat-sealed. The samples were stored at ambient conditions for ten months. Data on moisture 

content (MC)(%), total carotenoids (TCC) (µg/g), pungency index (PI) (abs/g), oleoresin content 

(OLEO)(%), and total antioxidant capacities (TAOC) (AAE mg/100g) were collected at two-month 

interval. A significant (p<0.001) interaction effect of packaging material and storage duration was 

observed in all studied response variables except for MC and pungency index. Samples packed in 

aluminum pouches could maintain high functional qualities at the end of the storage period which could 

be due to the lower permeability of aluminum pouches to water vapor and oxygen under both room and 

refrigerated storage methods. The findings suggest further studies on the effect of these packaging 

materials and storage durations on other nutritional variables and the product's safety. 
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INTRODUCTION 

Hot red peppers (Capsicum annum L.) has unique pungency, aroma, color, nutritional, and medicinal 

values (Sarafi et al.,2017; Singh et al.,2018). It is used as vegetable and spice product. According to 

Central Statistical Agency (CSA), red pepper took a share of 73.13% of the area covered by vegetable 

production, followed by kale which took 17.81%  in Ethiopia (CSA,2020). Despite the large production, 

27.56% loss was reported during marketing, transportation, and storage of 10%, 10%, and 7.56%, 

respectively (Yeshiwas and Tadele (2021)). Additionally, the use of inappropriate packaging materials 

and the high cost of hermetic packaging materials are reported as causes of loss during postharvest period  

(Satheesh et al.,2023). These improper postharvest handling practices increases the  susceptibility of the 

product to higher temperatures, humid air, oxygen and light enhancing  degradation of colour, oleoresin, 

pungency and other antioxidant contents (Khobragade and Borkar, 2018). Therefore, this study aimed to 

investigate the effects of packaging material, storage method, and storage duration on the functional 

qualities of red-hot pepper powder. 

MATERIALS AND METHODS 

The commercially available hot pepper variety that has wide acceptance, namely Mareko Fana, was 

selected for this study. The was cleaned and the pods were dried under the sun until the pod got constant 

weight. Then milled using KARLBOLB D-6072, Dreich, West Germany Miller, and sieved by 0.5mm 

mesh wire to obtain uniform particle size. The powder was packed in Aluminum foil laminate pouches, 

high-density polypropylene, transparent and black low-density polyethylene bags. Samples were stored 

for later analysis at ambient (25±2°C) and refrigerated (4±2°C) temperatures. A three-factor factorial 

design with three replications was used. The baseline data used to assess the trend of functional quality 

indicators was the initial values measured at time zero before the commencement of storage (Table 1).  

Finally, the moisture content,  Total carotenoid content, pungency index,  oleoresin content, and total 

antioxidant capacity were determined according to the method AOAC (2012);  Carvalho et al. (2015); 

Hossain and Bala (2007); Wesolowska et al. (2011) and, Prieto et al.(1999), respectively.  The initial MC, 

TCC, PI, OLEO and TAOC were 10.6%,4158.96(µg/g), 5.01(abs/g), 12.25(%), and 752.96 (AAE 

mg/100g), respectively.  The statistical analysis was conducted using Minitab version 21 software. For 

interaction effects, multiple means comparison of the 40 treatment combinations was made using Tukey's 

multiple range test at the 5% level of significance to generate letter grouping. 

RESULTS  

The interaction effect of packaging materials, storage temperature, and storage duration significantly 

affected the total carotenoid content, oleoresin content and total antioxidant capacity of red-hot pepper 

powder during ten months storage except for moisture content and pungency index (Table 1). 

Table 1. Mean MC, TCC, PI, OLEO and TAOC values obtained from the 40 combinations of Packaging 

material (Pack), Storage temperature (Temp), and Storage period (Month).  
Packaging 

materials 

Storage 

Method 

Storage 

Duration 

MC 

(%) 

TCC (µg/g) PI 

(Abs/g) 

OLEO 

(%) 

TAOC (AAE 

mg/g) 

ALP T1 2 10.24 4011.67 a 4.92 11.85 a 485.67a 

ALP T1 4 10.4 4005.34 a 3.88 11.54 b 432.52 bc 

ALP T1 6 10.79 3909.1 b 3.4 10.69 f 414 bcd 

ALP T1 8 11.29 3905.43 b 3.33 10.46 g 407.43 cde 

ALP T1 10 11.71 3809.03 c 3.27 10.26 h 400.85 def 

ALP T2 2 10.19 3807.78 c 4.87 11.66 ab 435.48 b 

ALP T2 4 10.42 3807.76 c 3.64 11.22 de 394.56 def 



ALP T2 6 10.91 3737.03 d 3.37 10.28 gh 378.07 fgh 

ALP T2 8 11.1 3714.76 e 3.07 9.76 j 349.83 i-l 

ALP T2 10 11.25 3705.34 e 2.77 9.24 k 321.59 m-p 

HDPE T1 2 10.9 3694.54 e 4.73 11.64 ab 461.22 bcd 

HDPE T1 4 11.12 3694.12 e 3.66 10.81 f 384.93 efg 

HDPE T1 6 11.45 3580.74 f 3.2 8.63 l 361.78 g-k 

HDPE T1 8 11.98 3576.54 f 3.2 8.57l 345.02 j-m 

HDPE T1 10 12.33 3568.67 f 3.18 8.470lm 328.26 l-o 

HDPE T2 2 10.49 3511.97 g 4.57 11.54 bc 416.78 a 

HDPE T2 4 11.05 3510.3 g 3.34 10.29 gh 352.89 h-l 

HDPE T2 6 11.41 3507.87 g 3.17 8.09 no 258.26 u 

HDPE T2 8 11.75 3492.4 g 3.18 7.63p 251.68 vW 

HDPE T2 10 12.18 3424.87 h 2.87 7.17 qr 245.11 w 

LDPE T1 2 11.18 3411.25 h 4.35 7.32 cd 409.93 b-e 

LDPE T1 4 11.48 3406.98 h 3.34 10.10 hi 315.48 n-p 

LDPE T1 6 11.91 3366.87 i 3.01 8.01 o 287.89 rst 

LDPE T1 8 12.6 3315.92 j 2.94 7.66 o 271.13 tu 

LDPE T1 10 13.03 3275.96 k 2.88 7.32 p 254.37 vW 

LDPE T2 2 11.01 3257.54 k 4.35 11.12 e 344.28 j-m 

LDPE T2 4 11.42 3218.57 l 3.14 9.64 j 301.22 p-s 

LDPE T2 6 11.93 3214.84 l 3.01 7.94 o 259.00 u 

LDPE T2 8 12.4 3155.63 m 2.66 7.04 r 248.07 vW 

LDPE T2 10 12.83 3118.83 n 2.31 6.19 s 237.15 w 

BLDPE T1 2 11.15 3106.78 n 4.37 11.26 de 418.44 bcd 

BLDPE T1 4 11.48 2994.25 o 3.42 10.27 gh 375.48 f-i 

BLDPE T1 6 12.04 2975.12 o 3.07 8.30 mn 338.63 k-n 

BLDPE T1 8 12.59 2894.78 p 3.02 8.18 no 314.18 n-q 

BLDPE T1 10 13.02 2882.78 p 2.97 8.09 o 289.74 q-t 

BLDPE T2 2 10.88 2712.87 q 4.32 11.17 de 368.63 g-j 

BLDPE T2 4 11.2 2712.25 q 3.26 10.02 i 338.07 k-n 

BLDPE T2 6 11.67 2426.87 r 3.13 8.01 o 307.52 o-r 

BLDPE T2 8 12.38 2011.9 s 2.75 7.53 p 280.39stu 

BLDPE T2 10 12.88 1995.56 s 2.36 7.01 r 253.26vW 

 

Over ten months of storage under both storage conditions, our study showed a progressive increase 

in the moisture content of all samples. For ALP, HDPE, LDPE, and BLDP bags, the moisture content 

increased under refrigerated conditions from 10.24-11.71%, 10.90-12.34%, 11.12-13.03%, and 11.15-

12.59%, and under ambient conditions from 10.19-11.25%, 10.49-12.18%, 11.01-12.83%, and 10.88-

12.88%, respectively, (Table 1) over two to ten months of storage. Samples kept in a refrigerator had a 

higher moisture content (p<0.05) than samples kept in an ambient environment, as a result of the porosity 

of packaging materials and the hygroscopic nature of red pepper powder ( Alsebaeai et al.,2017).  

The total carotenoid values ranged from 4158.95-3809.03, 4158.95-3568.67, and 4158.95-3275.9 and 

4158.95-2882.78 under cold storage, and ranged from 4158.95-3705.34, 4158.95-3424.87, 4158.95-

3118.83 and 4158.95-1995.56 under room temperature storage in AlP, HDPE, LDPE, and BLDPE, 

respectively (Table 1). The highest value of total carotenoid content was recorded for the samples packed 

in AlP bags after ten months of storage duration under cold storage temperature, followed by HDPE bags. 

The minimum value of TCC was recorded for the samples packed in BLDPE bags. The highest TCC loss 

is attributed to the high relative humidity, high temperature, increased moisture, and water activity of low-

density polyethylene bags because of their higher permeability to moisture. 

Moreover, the PI decreased by 60.30, 43.28, 50.11%, and 40.11% in LDPE, HDPE BLDPE, and ALP 

under refrigerated storage, whereas it decreased by 65.2, 49.11, 55.01, and 45.24% in LDPE, HDPE 

BLDPE, and ALP at ambient temperature (Table 1). The samples stored at ambient temperature showed 

a higher decrease in PI than at refrigerated temperatures. The degradation of pungency index could be 

resulted from deterioration of capsaicin attributed to oxidation and moisture absorption from the 

atmosphere.  



Oleoresin content was decreased across the storage durations in all packaging materials under both 

storage conditions. Oleoresin content loss was 44.34, 37.82, 37.25, and 20.77% at ambient temperature 

and 32.27, 27.25, 28.16, and 13.42% loss at refrigerated temperature in LDPE, HDPE, BLDPE, and ALP 

respectively(Table 1). Anjaneyulu and Sharangi (2022) reported a loss of oleoresin endorsed by the 

oxidative deterioration of the active ingredients in chilli peppers at higher temperatures.  

The degradation of TAC in all packing materials at both storage conditions with advanced storage 

duration was recorded. The total antioxidant activity values ranged from 752.96-400.85, 752.96-328.26, 

and 752.26-254.37 and 752.96-289.74 under cold storage, and decreased from 752.96-321.59, 752-245.11, 

752.9-237.15 and 752.26-253.26 under room temperature storage in ALP, HDPE, LDPE, and BLDPE, 

respectively (Table 1). This is due to that antioxidant capacity is associated with red pepper phenolic 

compounds, capsaicinoids, and carotenoids which can be degraded at elevated moisture content ( 

Varastegani  et al.,2019), pH, and exposure to oxygen and light ( Chandra et al.,2021).  

CONCLUSION 

Cold storage temperature retained more functional qualities and recorded the greatest moisture content 

across the storage durations. Aluminium pouch laminate preserved more functional qualities as compared 

to other packaging materials. All packaging materials can alternatively be used for up to six months 

storage duration while aluminium pouch laminate can be used to ten months duration under both storage 

conditions. A study on the impact of packaging materials, storage methods, and storage duration on safety 

and nutritional quality parameters and cost benefit analysis are recommended. 

REFERENCES 
Alsebaeai, M., Chauhan, A., & Arvind, H.S. (2017). Effect of storability on the shelf life of green chili powder using 

different packaging materials. Int J Innov Res Sci Eng Technol.,6: 18595-18602. 

AOAC. Official Methods of Analysis.(2012). Association of Official Analytical Chemists. USA. 

Carvalho, A.V., de Andrade, Mattietto. R., de Oliveira, Rios. A., de Almeida, Maciel. R., Moresco, K.S., & de Souza, 

Oliveira. T.C. (2015). Bioactive compounds and antioxidant activity of pepper (Capsicum sp.) genotypes. J Sci 

Technol., 52: 7457-7464. 

CSA.(2020). Agricultural sample survey 2019/2020. Report on area and production of major crops (private peasant holdings, 

meher season). Addis Ababa, Ethiopia. 

Hossain, M., & Bala, B.(2007). Drying of hot chilli using solar tunnel drier. Sol Energy.81: 85-92. 

Prieto, P., Pineda, M., & Aguilar, M. (1999). Spectrophotometric quantitation of antioxidant capacity through the formation 

of a phosphomolybdenum complex: specific application to the determination of vitamin E. Anal Biochem., 269: 337-

341. 

Sachidananda, S., Samuel, D., & Abhijit, K.(2013). Effect of packaging materials on quality characteristics of osmotically 

pretreated microwave-assisted dried sweet pepper (Capsicum annum L.). J Food Proc Technol., 4: 35-42. 

Sarafi E., Siomos, A., Tsouvaltzis, P., Chatzissavvidis, C., & Therios I.(2017). Boron toxicity effects on grafted and non-

grafted pepper (Capsicum annuum L.) plants. J Soil Sci Plant Nutr.,17: 441-460. 

Satheesh, N.P.A., Fanta, S.W., & Stathers, T.(2023). Postharvest handling practices and mycotoxin occurrence along the 

dried berbere chili pepper value chain: A case study from Northern Ethiopia. J Stored Prod Res., 103: 102157. 

Singh, Y., Thakur, R., & Sekhon, B.S.(2018). Genetic variability among bacterial wilt resistant genotypes of sweet pepper for 

yield and morpho-physiological traits under mid hill conditions of North Western Himalayas. Veg. Sci., 45: 109-115. 

Varastegani B., Lubowa, M., Teixeira, J.A., & Easa, A.M. (2019). Storage stability of spray dried Nigella sativa 

(Ranunculaceae family) instant beverage powder: effect of carrier agents on the physicochemical, phenolic compounds 

and antioxidant properties. Curr Res Nutr Food Sci., 7: 648-661. 

Wesolowska, A., Jadczak, D., & Grzeszczuk, M.(2011). Chemical composition of the pepper fruit extracts of hot cultivars 

Capsicum annuum L. Acta Sci Pol Hortorum Cultus, 10(1):171-184. 

Yeshiwas, Y., & Tadele, E. (2021). An investigation into major causes for postharvest losses of horticultural crops and their 

handling practice in Debre Markos, north-western Ethiopia. Advances in Agriculture, 2021, 1-10. 

 


