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Abstract- The essential oils (EOS) are good substitutes to antimicrobial during postharvest and can 

also maintain the sensory acceptability when applied to fresh fruits, the micro and nanoemulsions 

(ME and NE) are the most suitable and studied thanks to the ease of handling, cheap and safe.The aim 

of this study was to investigate the effect of ME and NE of Caraway EO on the quality parameters of 

red chili fruits(Capsicum annuumL.) under cold storage in 2019 and 2020 seasons. The fruits were 

immersed in water(control) unpackaged, polypropylene package (PP),ME at (0.05 and 0.1%) and NE 

at (0.05 and 0.1%) of caraway oil in PP. After immersing for 2 min in treatments, fruits were air dried 

for half hour at room temperature, then stored for 32 days at 7° C and 90–95% R.H. and assessed 8 

days to determine the changes in fruit quality characteristics during storage. The weight loss %, decay 

%, fruit firmness, total soluble solids, anthocyanin content, total acidity %, and capsaicin content of 

red chili fruits during storage were investigated. Results showed that, all of tested ME and NE ofEO 

application significantly decreased weight loss, decay percentage and increased fruits storage period. 

Moreover, ME and NE of Caraway EO, positively, affected postharvest quality properties including 

fruit firmness, total soluble solids, titratable acidity, anthocyanin content and capsaicin content. It was 

observed that NE of EO at 0.1 and 0.05% from Caraway gave the best efficacy on weight loss, decay, 

firmness, total soluble solids, titratable acidity, anthocyanin content and capsaicin content than ME. 

Generally, NE at 0.1%PP, NE at 0.05% PP and ME at 0.1% PP treatments were the best among all 

treatments during the storage period.  

Keywords:Red Chili Fruits (Capsicum annuum L.), Essential Oils, Micro and Nanoemulsions, 

Caraway, Fruit Quality, Packing and Cold Storage, volatile oils content and composition 

------------------------------------------------------------------------------------------------------------ 

 

INTRODUCTION 

Green and Red-Chilies (Capsicum annuumL.)one of the plants that belong to the family 

Solanaceae, the cultivated area is estimated at about 2,570 fed. in Egypt (BAS, 2018/2019). 

The genus Capsicum has recognizable pharmacological properties due to the presence of 

alkaloids collectively known as capsaicinoids(Reyes-Escogido, et al., 2011).The heat 

sensation is incited by the amount and the type of a group of capsaicinoids; the alkaloids 

found only in chilli pepper pods (Popelka, et al., 2017). The high capsicum content makes it 

unique to use in fresh, dried and powdered forms to add taste, flavor and colour in pickles, 

curries, chutneys and other food preparations (Amruthraj, et al., 2014).Postharvest losses in 

developing countries can range from 15 to 50%according to FAO, (2012).The pepper is a 
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perishable fruit with a short shelf-life (market life period) and, therefore, is highly susceptible 

to a rapid decrease in quality. Thus, peppers require a modified postharvest environment to 

reduce the nutritional loss (Tan, et al., 2012). Use of packages like plastic trays, and 

polypropylene boxes also help in extending the shelf life of the fresh produce (Amjad, et al., 

2010), Packaging is required not only for food preservation, but also for protection during 

handling and safe transportation of products. The export market needs better influence of the 

packaging trends in food, increasingly (Farooqi, 1994). Regarding storage temperature, Lim, 

et al. (2008) who reported that Capsicum genus is susceptible to chilling injury at 

temperatures below 7 °C and less decay at 10 °C. 

Essential oils (EOS) extracted from plants are good substitutes to fungicides during 

postharvest; EOScan also maintain the sensory acceptability when applied to fresh fruits and 

vegetables, Unfortunately, not many attempts have been explored to use EOS in reducing 

postharvest losses (Ding and Lee, 2019). Further, their widespread use are still restricted due 

to their poor physico-chemical properties; i.e., high volatility, low water solubility, thermal 

decomposition and stability issues,currently, the most suitable approach to overcome such 

limitations is based on the development of proper formulation strategies,one of the 

approaches suggested to achieve this goal is the encapsulation process through the 

preparation of aqueous nano-dispersions,among them, micro- and nanoemulsions (ME and 

NE) are the most studied thanks to the ease of formulation, handling and to their 

manufacturing costs (Pavoni, et al., 2020). ME and NE are suitable in presence of lipophilic 

or low water soluble compounds, such as EOs, that required the dispersion in water media, 

i.e., pesticides or foodstuff ingredients (Khater, et al., 2017 and Donsi, and Ferrari, 

2016).Nanotechnology includes all submicron-size systems less than 1000 nm., preferably 

those measuring 100–500 nm (Mora-Huertas, et al., 2010).Abd El-Gawad and El-

Moghazy2021, found that The major constituents of the EO (Caraway) were limonene (35.0 

%) and carvone (57.0 %). Also by Khalil.et al.,(2018); they found that Limonene and carvone 

were the major identified compounds in Caraway oil. The EO of Caraway has stronger 

antifungal and antibacterial effect than citronella oil (Simicet al, 2008). The anti-

aflatoxigenic, antioxidant, and antimicrobial effects of Caraway oil along with its reputation 

as spice help the industries to use it as a natural preservative and antioxidant agent 

(Mahboubi, 2019).Plant EOS incorporated in nanoemulsionsseem to penetrate faster in the 

microbial membranes due to the increased area per weight unit. This would allow decreasing 

the concentration to achieve an equivalent or even greater microbial effect over conventional 

emulsions (Odriozola-Serrano, et al., 2014).The polydispersity index (PDI) value below 0.2 

indicates a narrow size distribution and thus provides long term stability to the formulated 

nanoemulsion (Sampathi, et al., 2015). 

Found that, all of tested NE of EOS(peppermint and caraway) application significantly 

decreased weight loss %, decay % and increased fruits storage period (Abd El-Gawadand El-

Moghazy 2021).The weight loss percentage (WL %) of (Capsicum chinenseJacq.) fruits 

significantly (P ≤ 0.05) increases with the storage time and fruit firmness continuously 

decreased during the storage period (Malakar, et al., 2020).  WL% and   decay % increased, 

while fruit firmness decreased with increasing storage periods ofsweet bell pepper (Tsegay, et 

al.,2013).The high WL% in completely ripened fruits could be due to changes in the 
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permeability (cell membranes), making them more sensitive to the loss of water as confirmed 

by Antonialiet al., (2007). Firmness changes because of lower metabolic activities at lower 

temperatures and also water loss in chilies might be a major factor affecting the firmness of 

chilies, and this was supported by an increasing trend in the WL% throughout the storage 

time (Lim, et al 2008). The decay could be due to the multiplication of microorganisms and 

the rapid growth of mold which significantly influenced by different storage conditions 

(Malakar, et al., 2020). Regarding the capsaicin content was found increased up to 5 days of 

storage; thereafter, it began moderately decreasing during the storage period on King Chili 

(Capsicum chinenseJacq.,Malakar, et al., 2020). The decline in capsaicin content occurred 

due to the pigment of the color break as a result of inhibition of the capsaicin synthesis, 

degradation by peroxidase and chemical disintegration caused by photo-oxidation (Reyes-

Escogidoet al. 2011). The increment in total soluble solids (TSS) for stored fruits was 

probably due to increase of respiration and metabolic activity (Tsegay, et al.,2013). And also, 

Ali et al. (2011) found that the higher respiration rate increases the synthesis and use of 

metabolites result in higher TSS due to the higher change from carbohydrates to sugars. 

Barbosa, et al.,(2020), found that although some small changes were observed during the 

storage of red peppers in Anthocyanin Content, these changes seemed to be random, with no 

apparent trend. Small differences are graphically observed for samples with 10 and 14 days 

of storage, respectively. 

Therefore, the main target of the present work was to evaluate the efficacy of ME and NE 

of caraway EOas natural and environmentally friendly alternatives on improving quality and 

extending shelf life of red chili fruits (Capsicum annuumL.) fruits under cold storage and 

polypropylene. 

MATERIALS AND METHODS 

Plant material and experimental design: 

Red-chili fruits (Capsicum annuumL.) were obtained from a private orchard at El-

Mahmoudeya region, El-Behira governorate, Egypt. Fruits were harvested at optimal time in 

the first week of January in the two seasons (2019 and 2020) in the full color stage. The fruits 

were delivered on the same day to the laboratory, fruits homogenous in color, size and 

absence of defects. Non-defective fruits were selected, washed with fresh water, air dried, 

and used in the postharvest treatments. Dried Caraway fruits (Carumcarvi L., Apiaceae) were 

obtained from a private farm, Kom Hamada, Al Buhayrah, Egypt. 

Red chili fruits (Capsicum annuumL.) were randomly selected and divided into six equal 

groups; four groups were immersed in caraway oil at (0.05 and 0.1 %)in both 

microemulsion(ME) and nanoemulsion (NE)in polypropylene (PP)packagesas well as  two 

groups water; control(unpackaged) and PP package, all solutions containing Tween-80 0.05% 

(v/v). After immersing for 2 min in treatments, fruits were air dried for half hour at room 

temperature. All fruits samples (250 g) and storedfor 32 days at 70C and the relative humidity 

(RH) of 90-95%.The complete randomized design was applied (6 treatments x 3 replicates x 

5 period storage i.e. 0, 8, 16, 24, 32 days). The treatments were:  

 

T1: Fruits, unpackaged (Control). 
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T2: Fruits, polypropylene package (PP).  

T3: Fruits immersed with nanoemulsions oil at 0.05% in PP package (NE at 0.05% PP). 

T4: Fruits immersed with nanoemulsions oil at 0.1% in PP package (NE at 0.1% PP). 

T5:Fruits immersed with microemulsions oil at 0.05% in PP package (ME at 0.05% PP). 

T6: Fruits immersed with microemulsions oil at 0.1% in PP package (ME at 0.1% PP). 

Extraction of essential oil (EO): 

Dried caraway fruits were subjected to hydro distillation for three-hours using a Clevenger 

type apparatus as described by Egyptian Pharmacopoeia (2005). The obtained EO were dried 

over anhydrous sodium sulphate to remove traces of moisture and kept in sterilized dark 

bottles a refrigerator in at 4°C until use. 

 

Chemical composition of essential oil (EO): 

 The GC analysis of the EO samples was carried out using DsChrom 6200 Gas 

Chromatograph equipped with a flame ionization detector, Column: BPX-5, 5% phenyl 

(equiv.) polysillphenylene-siloxane30m x 0.25mm ID X 0.25 um film., Sample size: 1ul, 

Temperature program ramp increase with a rate of 1°C/min from 70 to 200°C, Detector 

temperature (FID): 28°C, Carrier gas: nitrogen, flow rate: N2 30ml/min; H2 30 ml/min; air 

300 ml/min. Main compounds of the EO was identified by matching their retention times 

with those of the authentic samples injected under the same conditions. The relative % of 

each compound was calculated from the area of the peak corresponding to each compound. 

Preparation of essential oil (EO)micro and nanoemulsions (ME and NE) and droplet size 

Analysis: 

Nanoemulsion (NE)was prepared by adding 5 ml of oil and 3 ml of Tween 80 gentle 

stirring until homogeneous mixture formed then complete the volume with water to 100 ml, 

to help distribute and completely incorporate the essential oils and then stirred using a 

magnetic stirrer for 30 min. The mixture was sonicated using an Ultrasonicator (Bande-lin 

SONOPULS HD 2200, Germany) for 30 min. at 75 W. Microemulsion (ME)of EOwas 

prepared as mentioned above without sonication. Measurement of droplet size(nm) of NE 

was performed by a dynamic light scattering analyses using Zeta Nano ZS(Malvern 

Instruments, UK) at room temperature. Prior to measurement, 30 μl of each NE was diluted 

with 3ml of water at 25 °C. Particle size data were expressed as the mean of the (Z-average) 

of 3 independent batches of the NE(Abd-Elsalamand  Khokhlov 2015). The dropletsize and 

the polydispersityindex (PDI) of the formulated NE were measured (Table A).This work was 

performed by Central Laboratory,Faculty of Pharmacy, Alexandria University, Egypt. 

 

Table A. Mean droplet size and PDI of investigated caraway essential oil NE. 

Polydispersityindex (PDI) Mean droplet size (nm) Essential oil 

nanoemulsion 

0.117 113.2 Caraway oil 

Determination of physical and chemical properties: 
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Weight loss (%):  

The difference between the initial weight of the fruits and that recorded at the date of 

sampling was translated as weight loss percentage and calculated as follows: 

Average loss in fruit weight 

Weight loss % =    ——————————————————— × 100 

Average fruit weight at the beginning of storage 

Decay (%): 

The percentage of disordered fruits included all of the spoiled fruits resulted from rots, 

fungus, bacterial and pathogens were assessed and the defects were calculated as follows: 

No. of fruit decay 

Decay % = ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  X 100 

      No. of fruit at the beginning of storage 

Fruit firmness (N): 

It was measured on red-chili fruits (Capsicum annuumL.) samples by pressure tester (N). 

Total soluble solids (%): 

A hand refractometer was used to determine the total soluble solids percentage in fruit 

juice. 

Anthocyanin content (mg/100 g. F.W.): 

Anthocyanin content was determined in fruits according to the method described by Yilids 

and Diken (1990). 

Total acidity (%): 

Titratable acidity was determined by titrating 5 g of homogenized pulp in 100 (ml) of 

distilled water against 0.1 (N)NaOH, using phenolphthalein, expressed as a citric acid %, as 

described by Adolfo Lutz Institute (Brazil, 2008). 

Capsaicincontent (Bajaj, 1980)mg/ml: 

Capsaicin was quantitatively analyzed in chili fruits by colorimetric.It was extracted from 

0.5g of the material to be analyzed in 5 ml of ethyl acetate. After 24 hours, extract was 

filtered through what man no 1 paper to remove suspend impurities and 1 ml of sodum 

nitrite-sodium moly date reagent (0.5 M sodium nitrite and 0.025 M sodium moly date in 

aqueous solution) was added. The components are well mixed. After 15 min, 2 ml 1n  NaOH 

was added. Absorbance was read at 430 nm in spectrophotometer (Bausch and Lomb) against 

reagent blank within 30 min of color development.Blank was prepared by replacing 

chromogenic reagent with distilled water. Standard curve was prepared by using capsaicin in 

the concentration range of 20-100 ug/ml according toKhetrapal, et al.,2015 and liljanaet al., 

2013. 

Statistical analysis: 

Data of the present study were subjected to the analysis of variance test (ANOVA) as 

Randomized Complete Design (RCD). Where the first factor was for six treatments 

mentioned before, the second factor was for storage period. The least significant differences 
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(LSD) at the 5% level of probability were calculated using a computer program SAS 

according to Gomez and Gomez (1984). 

RESULTS AND DISCUSSION 

Chemical composition of EO: 

Thecomponents of Caraway EO were determined by GC, Fig. (1) the main constituents of 

caraway EO were limonene 37.02 % and carvone 55.5%. These results agree with those 

mentioned by Abd El-Gawad and El-Moghazy (2021) and Khalil et al.,(2018); they found 

that Limonene and carvone were the major identified compounds in caraway oil. According 

to European Pharmacopeia, caraway fruits should contain 3% EOwith D-carvone (50–65%) 

and (+)-limonene (up to 45%). D-carvone, the main component of caraway (Ravidet al., 

1992). 

 

 
Fig. 1 Chemical composition of Caraway EO. 

Weight loss %: 

Data illustrated in Table 1 showed the effect of ME and NE of caraway EO on weight loss 

% of fruits during storage in PP package. Data revealed that, PP packagedecreased weight 

loss % than control, and also, ME and NE decreased weight loss % when compared with 

other treatments and control. The differences of all treatments were significant when 

compared with control. The best treatment was NE at 0.05% PP and NE at 0.1% PP in keep 

weight loss % of fruits during storage compared other treatments. The good effect of caraway 

EO in keeping the fruits may be due to, it covers the fruits and does act as a barrier inhibiting 

moisture loss and retaining weight loss % of fruits during storage. Similar results obtained by 

Abd El-Gawadand El-Moghazy 2021, NE of EOs (peppermint and caraway) application 

significantly decreased weight loss during storage of "Canino" Apricot fruits. Use of 

packages like plastic trays and polypropylene boxes also help in extending the shelf life of 

the fresh produce (Amjad, et al., 2010), Packaging is required not only for food preservation 

but also for protection during handling and safe transportation of products. The export market 

needs better influence of the packaging trends in food, increasingly (Farooqi, 1994).  

Regarding storage periods, the data in Table1 showed that, in both seasons of study, 

weight loss %significantly increased gradually with the progress of cold storage.And the 
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differences among all tested storage periods were significant comparing with the initial date 

in the two seasons of study.These results are in agreement with those obtained by Malakar, et 

al., 2020, found that the percentage of weight loss of (Capsicum chinenseJacq.) significantly 

(P ≤ 0.05) increases with the storage time during the storage period. Similar trend, in weight 

loss % increased with increasing storage periods of sweet bell pepper fruits (Tsegay, et al., 

2013),the high weight loss % in completely ripened fruits could be due to changes in 

permeability of cell membranes, making them more sensitive to the loss of water as 

confirmed by Antonialiet al., (2007). Similar weight loss pattern was also noted in the case of 

peppers (Kabiret al., 2019; Samira et al., 2013) and Ali, et al., 2014,weight loss was observed 

to gradually increase during the storage period of chilli fruit. 

          The interaction influence between treatments x storage period, the obtained results 

indicated that the interactions registered the lowest values of weight loss % with NE at 0.1% 

PP in both seasons after 8, 16, 24, 32 days under cold storage when compared with treatments 

other. 

 

Table (1):Effect of ME and NE of Caraway EOon weight loss % of red chili fruits 

(Capsicum annuumL.) under cold storage at 70Cand 90-95% R.H. in 2019 and 2020 seasons. 

Treatments 
Storage Periods (Days) 

0 8 16 24 32 Means 

 Season 2019 

Control 0.00 10.50 17.50 28.00 36.23 18.44 

PP 0.00 1.68 1.73 2.37 2.67 1.69 

NE at 0.05% PP 0.00 0.00 1.66 2.00 2.44 1.22  

NE at 0.1% PP 0.00 0.00 1.33 1.75 2.02 1.02 

ME at 0.05% PP 0.00 1.50 1.68 2.26 2.63 1.61  

ME at 0.1% PP 0.00 0.00 1.66 2.25 2.51 1.28  

Means 0.00 2.28 4.26  6.43 8.08  

LSD at 0.05 (T):0.21     (D):0.19(T×D): 0.48 

 Season 2020 

Control 0.00 10.09 16.40 27.12 36.79 18.08  

PP 0.00 1.79 1.85 2.48 2.99 1.82  

NE at 0.05% PP 0.00 0.00 1.76 2.15 2.56 1.29 

NE at 0.1% PP 0.00 0.00 1.46 1.91 2.08 1.09  

ME at 0.05% PP 0.00 1.65 1.75 2.35 2.80 1.71 

ME at 0.1% PP 0.00 0.00 1.70 2.38 2.70 1.35  

Means 0.00  2.25  4.15 6.39  8.32   
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LSD at 0.05 (T): 0.13(D): 0.12(T×D): 0.29 

T: Treatments     D: Storage Periods (Days)    T×D: Interaction 

PP: polypropyleneME:MicroemulsionNE: NanoemulsionEO: Essential oil 

 

Decay %: 

The presented data in Table (2) showed that the effect of ME and NE of caraway EOon 

decay % of fruits during 2019 / 2020 seasons. The obtained results revealed that unpackaged 

(control) recorded the highest significant decay %. The decay could be due to the 

multiplication of microorganisms and the rapid growth of mold which significantly 

influenced by different storage conditions (Malakar, et al., 2020). On the other hand NE at 

0.05% PP and NE at 0.1% PP treatments recorded the lowest decay % while ME at 0.1% PP 

treatment was ranked second than other treatments. The positive effect of caraway essential 

oil in preserving the fruits may be due to, it covers the fruits and does act as a barrier 

inhibiting multiplication of microorganisms and the rapid growth of mold. The results 

correspond to the finding of Simicet al, 2008, who found the EOof caraway has stronger 

antifungal and antibacterial effect than citronella oil.  The anti-aflatoxigenic, antioxidant, and 

antimicrobial effects of caraway oil along with its reputation as spice help the industries to 

use it as a natural preservative and antioxidant agent (Mahboubi, 2019).Plant EOS 

incorporated in NE seem to penetrate faster in the microbial membranes due to the increased 

area per weight unit. This would allow decreasing the concentration to achieve an equivalent 

or even greater microbial effect over conventional emulsions (Odriozola-Serrano, et al., 

2014).  

Regarding storage periods, data in Table 2 showed that, in both seasons of study, decay % 

significantly increased gradually with the progress of cold storage. And the differences 

among all tested storage periods after 16, 24, 32 days were significant comparing with the 

zero time in the two seasons of study while after 8 days of storage, no significant difference 

was found. These results are in line with those stated by Tsegay, et al., 2013 found that 

starting from two weeks of storage, postharvest decay % of bothsweet peppervarieties 

(Telmo-Red and Velez-Yellow) harvested at all maturity stages was increased with 

increasing storage periods. The interaction influence between treatments x storage period, the 

obtained results indicated that the interactions registered the lowest values of decay % with 

NE at 0.1% PP, NE at 0.05% PP and ME at 0.1% PP treatments respectively, in both seasons 

after period’s storage when compared with treatments other. Fruit decay due to rotting also 

increased as the storage period. This might be due to condensation of moisture in the surface 

of fruits during storage period, anaerobic condition, and break down of enzymes etc., which 

helped in multiplication of micro flora as confirmed by Nathet al., (2012). 
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Table (2): Effect of ME and NE of Caraway EOon decay % of red chili fruits (Capsicum 

annuumL.)under cold storage at 70Cand 90-95% R.H. in 2019 and 2020 seasons. 

Treatments 
Storage Periods (Days) 

0 8 16 24 32 Means 

 Season 2019 

Control 0.00 0.00 6.60 10.83 12.13 5.91 

PP 0.00 0.00 4.83 6.70 7.70 3.84 

NE at 0.05% PP 0.00 0.00 0.00 5.77 6.40 2.43 

NE at 0.1% PP 0.00 0.00 0.00 4.90 5.83 2.14  

ME at 0.05% PP 0.00 0.00 4.33 7.13 7.75 3.83  

ME at 0.1% PP 0.00 0.00 0.00 7.05 7.36 2.88  

Means 0.00 0.00 2.62 7.06 7.85  

LSD at 0.05 (T):0.61(D):0.56(T×D):  1.37 

 Season 2020 

Control 0.00 0.00 6.83 11.90 12.51 6.24 

PP 0.00 0.00 5.10 7.15 7.80 4.01  

NE at 0.05% PP 0.00 0.00 0.00 6.05 6.76 2.56  

NE at 0.1% PP 0.00 0.00 0.00 5.20 5.84 2.20  

ME at 0.05% PP 0.00 0.00 5.77 7.33 8.16 4.25  

ME at 0.1% PP 0.00 0.00 0.00 7.26 7.57 2.96  

Means 0.00  0.00 2.95 7.48 8.10  

LSD at 0.05 (T): 0.39  (D): 0.36 (T×D): 0.89 

T: Treatments     D: Storage Periods (Days)    T×D: Interaction 

PP: polypropylene  ME: Microemulsion     NE: NanoemulsionEO: Essential oil 

 

Fruit firmness: 

TheME and NE of EO (caraway) was shown to affect the fruit firmness ofred chili fruits 

during storage 2019 / 2020 seasons (Table 3).Data revealed that, NE at 0.1% PP increased 

fruit firmness when compared with other treatments.And also, NE at 0.05% PP, ME at 0.1% 

PP and ME at 0.05% PP treatments, respectively recorded average values from fruit firmness 

during this study than PP and Control.The positive effect of caraway essential oil in 

preserving the fruits firmness may be due to, it covers the fruits and does act as a barrier 

inhibiting moisture loss and retaining firmness. 

Regarding storage periods, data in Table 3 showed that, in both seasons of study, fruit 

firmness significantly decreased gradually with the progress of cold storage. And the 

differences among all tested storage periods were significant comparing with the initial date 

in the two seasons of study.These results are harmonious with Malakar, et al., 2020, found 

that fruit firmness and continuously decreased during the storage period. Firmness changes 

because of lower metabolic activities at lower temperatures and also water loss in chilies 

might be a major factor affecting the firmness of chilies, and this was supported by an 

increasing trend in the weight loss (%) of throughout the storage time (Lim, et al., 2008). 

Also Ali, et al, 2014, firmness of chillies significantly (p <0.05) declined with storage time,In 
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general, water loss is the main reason for loss of firmness in peppers. Moreover, decay 

organisms which produce pectolytic enzymes and infection itself may be the cause of 

accelerated softening. On the other hand the interaction influence between treatments x 

storage period, not significantin this study. 

 

Table (3): Effect of ME and NE of Caraway EOon fruit firmness of red chili fruits 

(Capsicum annuumL.) under cold storage at 70Cand 90-95% R.H. in 2019 and 2020 seasons. 

Treatments 
Storage Periods (Days) 

0 8 16 24 32 Means 

 Season 2019 

Control 4.71 3.22 2.90 2.21 2.02 3.01  

PP 4.71 3.36 3.29 2.65 2.47 3.29  

NE at 0.05% PP 4.71 4.14 3.91 3.60 3.23 3.91  

NE at 0.1% PP 4.71 4.30 4.12 4.17 4.18 4.29  

ME at 0.05% PP 4.71 3.52 3.65 3.33 3.34 3.71  

ME at 0.1% PP 4.71 3.60 3.72 3.66 3.76 3.89  

Means 4.71 A 3.69 B  3.59 B  3.27 C  3.16 C  

LSD at 0.05 (T):0.34(D):0.31(T×D):  NS  

 Season 2020 

Control 4.59 3.39 3.10 3.07 2.30 3.29  

PP 4.59 3.93 3.69 3.60 2.74 3.71  

NE at 0.05% PP 4.59 4.20 4.09 4.05 3.72 4.13  

NE at 0.1% PP 4.59 4.58 4.56 4.47 4.11 4.46  

ME at 0.05% PP 4.59 4.00 3.75 3.67 3.04 3.81  

ME at 0.1% PP 4.59 3.96 3.85 3.79 3.38 3.91  

Means 4.59 4.01 3.84  3.77  3.21   

LSD at 0.05 (T): 0.45    (D): 0.41  (T×D): NS 

T: Treatments     D: Storage Periods (Days)    T×D: Interaction  

PP: polypropylene    ME: Microemulsion     NE: NanoemulsionEO: Essential oil 

Total soluble solids  

The influence of postharvest applications of various used treatments were reported in 

Table (4) in terms of their influence on total soluble solids of red chili fruits(Capsicum 

annuum L.) fruits during 32 days of cold storage in 2019 and 2020 seasons. Results indicated 

that, in two seasons, all treatments significantly increased fruit total soluble solids compared 

with control. In addition, storage periods effective on increasing total soluble solids contents 

and the differences were big enough to be significant compared with zero time. These results 

are harmonious with Panigrahi, et al., 2018 found that, with the extension of storage, the total 

soluble sugar tended to increase in both the castor oil coated and non-coated fruits (Capsicum 

annuum L.). Interestingly, the degree of this increase in total soluble sugar was significantly 
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higher in non-coated fruits at the very early stage (9 days) of storage; however, the coated 

fruits surpassed the total soluble sugar content in its later stages of storage (18–36 days). The 

present results of change in total soluble sugar content corroborate previous studies on the use 

of coatings in tomato (Beckles 2012). On the other hand the interaction influence between 

treatments x storage period, not significant.TSS content was increased during the first two 

weeks storage under PRS followed by a decreasing trend with increase in storage duration 

(Tsegay, et al.,2013 ); The increment in TSS for stored fruits was probably due to increase of 

respiration and metabolic activity. Raoet al. (2011) who found an increase in TSS as fruits 

were stored for short period followed by a decreasing trend during prolonged storage periods.  

In this regard, Ali et al. (2011) found that the higher respiration rate increases the synthesis 

and use of metabolites result in higher TSS due to the higher change from carbohydrates to 

sugars. 

 

Table (4): Effect of ME and NE of Caraway EOon total soluble solids of red chili fruits 

(Capsicum annuumL.)under cold storage at 70Cand 90-95% R.H. in 2019 and 2020 seasons. 

Treatments 
Storage Periods (Days) 

0 8 16 24 32 Means 

 Season 2019 

Control 5.13 5.50 5.68 6.10 6.30 5.74  

PP 5.13 5.27 5.51 5.68 6.26 5.57  

NE at 0.05% PP 5.13 5.75 5.86 6.43 6.58 5.95  

NE at 0.1% PP 5.13 5.65 5.78 6.26 6.45 5.85  

ME at 0.05% PP 5.13 5.58 5.73 6.16 6.41 5.80  

ME at 0.1% PP 5.13 5.55 5.70 6.21 6.37 5.79  

Means 5.13  5.55  5.71  6.14  6.39   

LSD at 0.05 (T):0.19(D):0.18(T×D):    NS 

 Season 2020 

Control 5.26 5.60 6.19 6.40 6.53 5.99  

PP 5.26 5.36 5.70 6.27 6.43 5.80  

NE at 0.05% PP 5.26 5.85 6.57 6.60 6.73 6.20  

NE at 0.1% PP 5.26 5.78 6.33 6.48 6.65 6.10  

ME at 0.05% PP 5.26 5.70 6.30 6.48 6.62 6.07  

ME at 0.1% PP 5.26 5.63 6.28 6.42 6.58 6.03  

Means 5.26  5.65  6.22  6.44  6.59   

LSD at 0.05 (T): 0.15(D): 0.13(T×D): NS 

T: Treatments     D: Storage Periods (Days)    T×D: Interaction  

PP: polypropylene   ME: Microemulsion    NE: NanoemulsionEO: Essential oil 

Anthocyanin content: 
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Results in Fig. (2) indicated that the effect of ME and NE of EO (caraway) on anthocyanin 

content of chili fruits (Capsicum annuumL.) during storage, the NE at 0.05% PP, NE at 0.1% 

PPandME at 0.1% PPtreatments saved anthocyanin content in acceptable  level without big 

changes than other treatments. During storage period increased anthocyanin Content 

compared with Starting point Fig. 3.As well as Barbosa, et al., 2020 found that although 

some small changes were observed during the storage of red peppers inanthocyanin content, 

these changes seemed to be random, with no apparent trend. Small differences are graphically 

observed for samples with 10 and 14 days of storage, respectively. 

          The interaction between treatments x storage period Fig. 4, the obtained results 

indicated that the interactions registered the lowest values of anthocyanin ContentwithNE at 

0.05% PP, NE at 0.1% PP and ME at 0.1% PP in both seasons after period’s storage, 

8,16,24,32days under cold storage when compared with treatments other.Colour is a crucial 

component of quality and end users acceptability, especially in the context of chillies(Ali, et 

al., 2014). Pigment degradation occurs in red chillies where the red lycopene pigment is 

degraded while anthocyanin is concomitantly synthesized during ripening (Aza-González et 

al. 2012). 

 
Fig.2.Effect of treatments on anthocyanin         Fig. 3.Effect of period storage onanthocyanin 

 

 
Fig. 4.Effect of interaction between treatments x storage period on anthocyanincontent of red 

chili fruits (Capsicum annuumL.) under cold storage at 70Cand 90-95% R.H. in 2019 and 

2020 seasons. 
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Total acidity: 

Data illustrated in Table 5 showed the effect of ME and NE of caraway EOon total acidity 

% of fruits during storage in PP package. Data revealed that, PP package, ME and NEsaved 

total acidity % than control. The best treatments were NE at 0.05% PP, NE at 0.1% PP, ME 

at 0.05% PP and ME at 0.1% PP in keep total acidity % of fruits during storage compared 

control treatment. After the harvest of fruits, the respiration increases with a decrease in citric 

acid and other intermediate products of TCA cycle. The coating on fruit surface might have 

hindered or prevents the sudden rise in respiration and consequent postharvest maturation 

(Panigrahi, et al., 2018). Which was also reported earlier time by Yaman and Bayindirli 

(2001). The probable reason might be attributed to lesser metabolic activities (Özden and 

Bayindirli 2002) and delay in consumption of citric acids (Yaman andBayindirli 2001). Citric 

acid is the mainstay of respiration, wherein a decrease in acidity level and a rise in pH level 

are coupled with highly respiring fruits (Panigrahiet al., 2017).The decrease in titratable 

acidity is a vital event during ripening, since it turns the fruits less acidic or sour (Valero and 

Serrano 2010).Regarding storage periods effective on decreasing total acidity % and the 

differences were big enough to be significant compared with zero time.These results are 

harmonious with (Panigrahi, et al., 2018), the titratable acidity showed a decreasing trend in 

both non-coated and coated fruits (castor oil) with the passage of storage period on C. 

annuum  fruits.The coated fruits showed an extended storage-life up to 36 days, which was 

significantly longer as compared to the non-coated fruits having a limited storage period (18 

days) only.On the other hand the interaction influence between treatments x storage period, 

not significant during first season while, it was significant in second season. 

 

Table (5): Effect of ME and NE of Caraway EOon total acidity of red chili fruits (Capsicum 

annuumL.) under cold storage at 70Cand 90-95% R.H. in 2019 and 2020 seasons. 

Treatments 
Storage Periods (Days) 

0 8 16 24 32 Means 

 Season 2019 

Control 0.496 0.331 0.293 0.266 0.251 0.327  

PP 0.496 0.477 0.457 0.406 0.390 0.445  

NE at 0.05% PP 0.496 0.481 0.448 0.417 0.408 0.450  

NE at 0.1% PP 0.496 0.482 0.446 0.435 0.430 0.457  

ME at 0.05% PP 0.496 0.485 0.460 0.417 0.405 0.452  

ME at 0.1% PP 0.496 0.491 0.482 0.414 0.413 0.459  

Means 0.496  0.457  0.431  0.392  0.382   

LSD at 0.05 (T):0.032(D):0.029(T×D):  NS 

 Season 2020 

Control 0.479 0.433 0.365 0.351 0.255 0.376  

PP 0.479 0.460 0.426 0.409 0.402 0.435  

NE at 0.05% PP 0.479 0.461 0.447 0.410 0.400 0.439  

NE at 0.1% PP 0.479 0.476 0.454 0.433 0.428 0.454  

ME at 0.05% PP 0.479 0.465 0.442 0.410 0.407 0.440  
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ME at 0.1% PP 0.479 0.478 0.489 0.419 0.418 0.456  

Means 0.479 0.462 0.437  0.405  0.385   

LSD at 0.05 (T): 0.012  (D): 0.011(T×D): 0.028 

T: Treatments     D: Storage Periods (Days)    T×D: Interaction  

PP:polypropylene ME:Microemulsion    NE: Nanoemulsion EO:Essential oil 

Capsaicin content: 

Results in Fig. (5) indicated that the effect of ME and NE of EO (Caraway) on capsaicin 

content of chili fruits (Capsicum annuumL.) during storage, the control treatments saved 

capsaicin content in low level than other treatments. Found that NE at 0.1% PP, NE at 0.05% 

PP and ME at 0.1% PP treatments were better in kept capsaicin content compared with all 

treatments. 

As for the influence of storage period on the capsaicin content; the data in Fig. (6) 

generally revealed that capsaicin content decreased gradually with the progress of cold 

storage.The decline in capsaicin content occurred due to the pigment of the color break as a 

result of inhibition of the capsaicin synthesis, degradation by peroxidase and chemical 

disintegration caused by photo-oxidation (Reyes-Escogidoet al. 2011). This result is in 

agreement with those obtained by Malakar, et al., 2020, Capsaicin content was found 

increased up to 5 days of storage; thereafter, it began moderately decreasing during the 

storage period on (Capsicum chinenseJacq.). The capsaicin was increasing in the initial stage 

during the storage period (Baeet al.,2014 and Manikhardaet al.,2018). Also, capsaicin content 

of king chili was moderately changing during storage period (Sarwaet al.,2012) 

          The interaction among treatments and storage period Fig. 7; the results revealed that 

NE at 0.1% PP, NE at 0.05% PPand ME at 0.1% PP treatments after 16,24,32 days were 

better than other treatments in the same periods storage. 

 

 

Fig. 5.Effect of treatments on capsaicin         Fig. 6. Effect of period storage on 

contentcapsaicin content 
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Fig. 7.Effect of interaction between treatments x storage period on capsaicin content(mg/ml) 

of red chili fruits (Capsicum annuumL.) under cold storage at 70Cand 90-95% R.H. in 2019 

and 2020 seasons. 

CONCLUSION 

The impacts of ME and NE of Caraway EO on the quality parameters of fruits stored at 7° 

C and 90-95% R.H. for 32 days were investigated.The NE of EO at 0.1 and 0.05% from 

caraway gave the best efficacy on weight loss, decay, firmness, total soluble solids, titratable 

acidity, anthocyanin content and capsaicin content than microemulsions. Generally, NE at 

0.1% PP, NE at 0.05% PP and ME at 0.1% PP treatments were the best among all treatments 

during the storage period. NE of EOextracted from  caraway fruits are natural products can 

used as alternative treatment in order to reduce (Capsicum annuumL.) fruits postharvest 

losses because cheap and safe. The caraway oil contains limonene and carvone which have 

antibacterial, antifungal and antioxidant effects.   

This study recommend that, we can use NE at 0.05, 0.1% and ME at 0.1% of caraway 

EOas a natural product in order to keep fruits quality and extend cold storage period ofred 

chili fruits (Capsicum annuumL.). 
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