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Abstract 

Avocado (Persea americana Mill.) is a tropical and subtropical climacteric fruit of Central America. Avocados fruits are 

increasingly consumed in Europe due to their organoleptic, functional properties and nutritional value. It is necessary to 

maintain high quality of the fruit after harvest for the distant imported market through sustainable solutions. Therefore, this 

experiment was aimed to increase the quality and storage potential of “Hass” avocado fruits through natural and water-based 

edible coatings. The treatments include aqueous extracts of beet root, hibiscus, turmeric and control treatments (water) during 

cold storage (8 ±1°C). The results indicated that, after six weeks of Hass avocado storage, both turmeric extract and beet root 

extract significantly decreased decay percent, weight loss percent as well as maintained higher TSS and vitamin C content 

compared to the control. Turmeric extract maintained high titratable acidity content, total chlorophyll of fruit pulp, carotenoid 

content and total phenols content compared to the control treatment. In addition turmeric acid recorded the lowest significant 

polyphenol oxidase activity followed by beet root extract, while the control treatment recorded the highest activity. This study 

supports the efficacy of turmeric extract and beet root extract in extending storage life of avocado Hass fruit via natural tools.  
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1. Introduction 

Avocado (Persea americana Mill.) is a climacteric 

fruit with high ethylene production and high fruit 

respiration rate, which stimulates the initiation of 

ripening during post-harvest storage, resulting in a 

storage life of only 3-4 weeks [1].  Avocado fruit is a 

good source of bioactive phytochemicals 

(carotenoids, phenolic compounds, phytosterols fatty 

acids), minerals, vitamins (B and E), fiber and 

unsaturated fatty acids [2, 3, 4]. Avocado extracts has 

a good medicinal effects on human heath such as 

cancer [5] and Alzheimer's disease control [6, 7]. 

Europe is the largest importer for avocados due to its 

organoleptic, functional attributes and nutritional 

values [8]. The fruit susceptibility to postharvest 

diseases infection and high rate biological activity led 

to huge magnitudes losses in post-harvest fruits [9]. 

Approximately, 80% of fruit and vegetables are 

wasted in developing countries [10], with total of 1.3 

billion tons of vegetables and fruits wasted 

worldwide [11]. 

Nowadays, synthetic wax is not used to improve 

fruit appearance and reducing fruit moisture loss for 

fruit export to Europe [9]. Various post-harvest 

treatments have been studied to reduce fruit loss, 

improve quality and extend the shelf life of the fruits. 

The use of fungicides during postharvest period 

continues to be a pressure to comply with safety 

regulations [12]. There is a high priority for using a 

less hazardous alternative substance to comply with 

safety regulation and facilitates effective protection 

against postharvest diseases   [9]. Due to these facts, 

emerging alternatives, such as eco-friendly coating 

materials for extending shelf life, represent a 

sustainable solution to overcome the excessive food 

waste [12]. Therefore, it ensures that there is a less 

harmful alternative substance to edible coating 

technology is designed for many purposes such as 

protecting fruits from water loss, texture enhancer 

carrier, antioxidants carrier and nutrients carrier [12, 

13, 14]. Hibiscus or Roselle (Hibiscus sabdariffa L.) 

calyx is rich in polysaccharides and pectin content; it 
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is among the main plant sources that can be used to 

make edible fruit coating [15]. Recently, Roselle 

extract as an edible coating reduced decay, microbial 

growth, anthocyanin degradation and enzyme 

activities of blueberry, while improving the total 

phenolic content [16]. Moreover, Hibiscus mucilage 

(2%) as edible coating for soursop fruits (Annona 

muricata L.) stored at 15°C showed the lowest 

titratable acidity and weight loss as well as increased 

vitamin C, total phenolic content and antioxidant 

activity [15]. 

Beetroot (Beta vulgaris L.) is a rich source of 

betalains [17], dietary fiber [18], phytochemical 

compounds, antimicrobial potential [19] and 

antioxidant compounds [20], which has been 

supported to be an edible coating [21]. 

Curcumin is a natural and bioactive polyphenolic 

compound isolated from dry (Curcuma longa) 

turmeric rhizomes [22, 23]. For human health, 

turmeric rhizomes shows anti-inflammatory, 

antimicrobial, antioxidant, anticancer and antiviral 

effects [24, 25, 26, 27].   Treating apples with 

compounds contain curcumin as edible coating 

during postharvest recorded a biodegradable 

antifungal effect [28, 29]. Also, curcumin increased 

storability of many fruit species like banana [30], 

tomato [31], dragon fruit [32]. Curcumin is also a 

promising bioactive component, highly 

biocompatible, and biodegradable component, 

allowing it to be easily metabolized [33].  

However, natural extracts from beet root and 

hibiscus have not been studied compared to turmeric 

extract and its effect as a coating on avocados. So, the 

aim of this study to evaluate the efficiency and 

mechanisms of previous natural extract on 

maintaining avocado fruit quality and extend Shelf 

Life of Hass Avocado Fruit during cold storage. 

 

2. Material and methods 

2-1- Fruit sampling  

The present study was carried out at the laboratory 

of department of Horticultural crops technology, 

National research center, Giza, Egypt through two 

easons (2020-2021). Fine-quality avocado fruits of 

“Hass” cultivar were purchased from PICO exporting 

commercial farm (30°41'42"N and 30°23'16"E, 

elevation 9 m) at El Behera Governorate, Egypt. At 

20% dry matter mainly as maturity index for 

harvesting Hass avocados fruits  [34]. Full green 

color, uniform size (150 g), firm stage (35 kg/cm3), 

free from blemishes and mechanical damage were 

harvested. Harvested fruit were packed in open 

display boxes and transported to the Postharvest 

Laboratory. Then the fruits were then distributed into 

four postharvest treatments control (tap water) with 

three aqueous extracts includes hibiscus 10%, 

turmeric 10% and  beet root 10%. This experiment 

was repeated trough two seasons with three replicates 

for each one.  

2-2-Preparation of plant extracts: 

Extracts of each hibiscus, turmeric, beet root were 

prepared according to Brand et al. [35] with some 

modifications. Natural powder of hibiscus, turmeric, 

beet root was soaked overnight in distilled water at 

ratio 1:1 (w/v) and then were boiled at 90 °C [36]. 

The extracts were filtered by a Whatman No. 41 and 

kept in a dark container at 4 °C. Before treatment 

each solution were diluted (1:10) to prepare one liter 

and 3% glycerol were added to the solution.  

2-3- Treatments:  

A total of four treatments i.e., hibiscus, turmeric, 

beet root and control (tap water) were used in this 

experiment. Forty five fruits for each treatment were 

dipped for 5 minutes in the previously prepared 

solutions, then allowed to dry at room temperature 

(23 ± 1 C) for 20 min, packed in perforated carton 

boxes and stored up to 6 weeks at 8 ± 1◦ C and 90% 

RH. During cold storage, the following physical and 

chemical fruit quality parameters were recorded 

weekly. 

2-4- Determination of fruit physical quality: 

2-4-1- Weight loss %  

Weight loss % of "Hass" avocado fruit was 

measured using a digital balance by the following 

formula: weight loss% = (Initial weight - weight in 

the specific time of storage)/ initial weight) × 100 

[37].  

2-4-2- The fruit decay %  

The fruit decay % was determined visually and 

calculated by the following formula: Fruit decay % = 

(the number of rotten fruit / the total number of fruit) 

× 100. Rotten fruit were classified as having any 

visible rotten spot on the surface [37].  

2-4-3- Fruit Firmness (kg/cm3) 

Fruit Firmness was measured as kg/cm3 on the 

two opposite sides of each fruit (penetrometer 

occupied by 8 mm diameter probe, FT 327).  

2-4-4- Fruit peel color  

Fruit peel color was determined via one trained 

assessor according to Cox et al.[38]. The color turned 

to score through classified the color using the 

following scale: 1, emerald green; 2, forest green; 3, 

olive green; 4, purple; and 5, black. 

2-5- Determination of biochemical fruit quality 

2-5-1- Total titratable acidity%  

In the extracted fruits juice, total titratable acidity 

was expressed as citric acid % by titration with 0.1 N 

NaOH using phenolphthalein as indicator [39].  

2-5-2- Ascorbic acid (mg/g FW)  

In the previous extracted fruits juice, ascorbic acid 

content was determined using 2,6 dichlorophenol 

indophenol titrimetic method [40].  

2-5-3- Fruit TSS percent  

Digital hand refractometer (PR32, Atago Palete 
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ATago CO .LTD. Japan) expressed as ◦Brix was used 

to TSS determination [41]. 

2-5-4- Pulp pigments analysis 

Total chlorophyll (Chlorophyll a and chlorophyll 

b) and  carotenoid contents of  "Hass" avocado fruit 

pulp were determined according to the method 

described by Lichtenthaler and Wellburn [42]. One 

gram of fresh fruit pulp was placed in a test tube with 

acetone (80%) for 24 h at 4 °C. Next day, the 

extracted material was centrifuged for 10 min at 

8000g. absorbance of the supernatant was read at a 

wavelength of 663, 645 and 470 nm, using an UV-B 

a spectrophotometer (UV-B2501, Shimadzu, Kyoto, 

Japan) for determine Chlorophyll A, B and 

carotinoid, respectively. Chlorophyll (a, b and total ) 

and carotenoid contents (mg 100 mL−1) were 

calculated according to Lichtenthaler and Wellburn 

[42]. 

2-5-5- Total phenols (mg/g FW) 

Total phenols were determined using Folin-

ciocalteu method [43]. One gram of fruit pulp sample 

was homogenized after grinding in a pestle and 

mortar using 20 ml methanol (80%). Then 0.2 ml of 

Folin-Ciocalteu phenol reagent was added to the 

methanolic extract mixture and shaken. After two 

minutes, 1 ml of 20% Na2CO3 solution was added to 

the mixture. After incubation for 30 minutes in dark 

at room temperature, the absorbance against the 

reagent blank was determined at 760  nm with an 

UV/Vis spectrophotometer. Total phenolics content 

was expressed as mg gallic acid equivalents. 

2-5-6- Polyphenoloxidase activity (PPO activity 
(mg/g FW)  

Twenty gram of avocado fruit pulp was 

homogenised with 100 ml 0.1 mol/l sodium 

phosphate buffer (pH 6.5) containing 1% 

polyvinylpolypyrrolidone, then centrifuged for 10 

minutes at 10000 g at 4°C [44]. The enzyme assay 

was determined in the supernatant according to Liu et 

al. [45]. The standard reaction mixture contained 2.3 

ml of 0.1 mol/l phosphate buffer (pH 6.5) and 1.5 ml 

of 40 mmol/l catechol in test tube, and was placed in 

water bath for 5 minutes at 25°C. Then, crude 

enzyme (0.2 ml) was added to the test tube and 

mixed. Immediately, the increase in absorbance was 

measured at 420 nm with a UV-spectrophotometer 

(UV-B2501, Shimadzu, Kyoto, Japan). The activity 

of PPO was expressed as PPO reaction velocity per 

mg PPO in avocado fruit and the reaction time for 

PPO was 2 min. 

2-6- Statistical Analysis: 

The experiment design was the complete 

randomized block design with two factors 

(postharvest material and storage periods), and three 

replicates for each treatment. Differences 

significances between treatments were analyzed 

using MSTAT-C statistical package [46]. The data of 

both seasons statistically subjected to homogeneity 

test (Levene's test). After there is no significant 

differences between two seasons the average of both 

seasons were presented. The means of the treatments 

were compared by least significant difference (LSD) 

values were calculated at 0.05 [47]. The presented 

data in figures are means ± standard error (SE). 

 

3- Results and Discussion  

3-1-Fruit physical quality 

Data in figure (1A, B, C and D) show the effect of 

different natural aqueous extract on decay percent, 

weight loss and fruit firmness of Hass avocado fruits, 

respectively. It can be observed that avocado fruit 

still without decay till 3 weeks during cold storage. 

Also, turmeric extract recorded the lowest significant 

fruit decay percent (4%) followed by beet root extract 

(8%) compared to the control (18%) and Hibiscus 

extract (16.33%) at the end of storage period. Also, 

fruit weight loss percent during ‘Hass’ avocado 

storage is presented in Figure (1B). Fruit weight loss 

increased gradually with increasing storage periods, 

at 6 weeks of cold storage it can be concluded that, 

turmeric extract followed by beet root extract 

recorded the lowest weight loss percent while 

hibiscus extract and control treatments recorded the 

highest values. In addition, fruit firmness decreased 

gradually through storage periods (figure 1C). The 

fruit firmness recorded higher value (13-

18.63kg/cm3) at the first three weeks of storage. At 

35 days of storage, beet root treatment recorded the 

highest firmness values (7 kg/cm3) followed by 

turmeric extracts. All treatments recorded low fruit 

peel color development at the five weeks of storage 

compared to the control treatment. At the end of 

storage period hibiscus extract recorded the lowest 

significant fruit color development. These findings 

were in line with Yilmaz et al. [28] who mentioned 

that, curcumin as edible coating during storage of 

apples recorded a biodegradable antifungal effect. 

Also, curcumin increase storability of banana [30], 

tomato [31], dragon fruit [32].  Moreover, it has 

natural antifungal, promising bioactive component, 

highly biocompatible, and biodegradable component, 

allowing it to be easily metabolized [24, 25, 26, 27; 

33].  

Recently, curcumin inhibited postharvest decay of 

kiwifruit [48]. In addition, Gutiérrez et al. [21] 

reported that, beet root extract has been supported to 

be an edible coating due to it contains antioxidant 

compounds [20], betalains [17], dietary fiber [18], 

phytochemical compounds, antimicrobial potential 

[19]. Moreover, curcumin-based photodynamic 

sterilization can effectively in maintaining firmness 

and water content of fresh-cut Hami melon. [49]. 

Curcumin-based photodynamic inactivation was 
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proven to prevent weight loss of the treated apples 

[50]. 

  

 
Figure 1. Effect of natural extracts as edible 

coating of hebiscus extract (HE), beet root  (SB), 

turmeric (TE) and control (cont) treatments on decay 

percent (A), weight loss (B), fruit firmness (C) and 

fruit peel color (D) of Hass avocado cv. during 6 

week of cold storage at 8 ºC. Noted that TE and SB 

have the same values in fruit peel color (D), so they 

presented as one curve. The presented data is average 

of two seasons (2020-2021) 

These results were in line with Santos-Santos et 

al. [15] as they concluded that the coating based on 

roselle mucilage (2%) prevents weight loss of 

Soursop fruits. More recently, Sarwar et al. [51] 

found that strawberry fruit photosensitized with 1000 

μM curcumin for 10 min, delay firmness reduction 

and decreased fungal infection by 52% through 12 

days of cold storage at 4 °C. 

3-2- Fruit chemical quality 

Fruit TSS content generally tends to be fixed to 

somewhat, than increased during storage (Figure 2A). 

At the 6th weeks of storage, beet root extract 

followed by turmeric extract recorded the highest 

significant values compared to hibiscus extract and 

the control treatment. With increasing storage 

periods, titratable acidity decreased gradually (Figure 

2C). At the end of the storage periods it can be 

observed that, turmeric extract recorded the highest 

titratable acidity compared to the control treatment. 

Also, Ascorbic acid (Vitamin C) content decreased 

with increasing storage periods (figure 2 B). At the 

end of storage periods (42 days) turmeric extract 

followed by beet root extract recorded the highest 

significant values compared to the control. These 

results were harmony with Taoa et al.  [50] who 

reported that, curcumin can effectively maintaining 

soluble solids content of fresh-cut Hami melon. [49]. 

On the other hand, strawberry fruit treated with 

1000μM curcumin for 10 min, followed by storage at 

4 ± 2 °C did not have an effect on titratable acidity 

and ascorbic acid content, whereas total soluble 

solids and total sugar were increased [51]. Also, 

Santos-Santos et al.[15]  concluded that  coating 

based on roselle mucilage (2%) and hibiscus 

mucilage (2%) as edible coating increased vitamin C 

content of soursop fruits. Furthermore, the pectin, 

corn flour and beetroot powder based edible coatings 

treatment have improved shelf life and fruit quality of 

tomatoes as compared to control [52].  

   
Figure 2. Effect of natural extracts as edible 

coating of hebiscus extract (HE), beet root  (SB), 

turmeric (TE) and control (cont) treatments on TSS 

percent (A), vitamin C (B), fruit titratable acidity (C) 

of Hass avocado cv. during 6 week of cold storage at 

8 ºC. The presented data is average of two seasons 

(2020-2021). 

  

3-3- Fruit pulp pigment content 

Chlorophyll pigments (Chl. A, Chl. B and total 

Chl) decreased gradually with increasing storage 

periods (Figure 3 A, B, C). Turmeric extract recorded 

the highest total fruit pulp of chlorophyll content 

followed by hibiscus extract while control treatment 

recorded the lowest values. Also, control and beet 

root extract recorded the highest values while 

turmeric acid and hibiscus extract recorded the lowest 

values. In addition, through storage period carotenoid 

content increased (Figure 3 D). The highest carotene 

content recorded by hibiscus extract followed by 

turmeric extract while beet root and control 

treatments recorded the lowest values. These findings 

were harmony with Paula et al. [30] who found that 

coatings based on turmeric flour display good 

antioxidant activity which delay color development in 

coated bananas as compared to control bananas. The 

avocado showed higher chlorophyll content, 

indicating that it was still fresher than the one with 

lower chlorophyll content and higher carotenoid 

content which obtained in the TE treatment. 

 

3-4- Fruit biochemical analysis 

Generally fruit total phenol contents tended to 

decrease through storage periods (Figure 4 A). At the 

end of storage, turmeric acid recorded the highest 

significant phenols content while the control 

treatments recorded the lowest value. Polyphenol 

oxidase activity recorded increase and decrease 

through storage periods (Figure 4 B). 
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Figure 3. Effect of natural extracts as edible 

coating of hebiscus extract (HE), beet root (SB), 

turmeric (TE) and control (cont) treatments on pulp 

content of chlorophyll A content (A), chlorophyll B 

content (B), total chlorophyll content (C) and 

carotenoid content (D) of Hass avocado cv. during 6 

week of cold storage at 8 C. The presented data is 

average of two seasons (2020-2021). 

 

 
Figure 4. Effect of natural extracts as edible 

coating of hebiscus extract (HE), beet root  (SB), 

turmeric (TE) and control (cont) treatments on pulp 

content of total phenol content (A) and polyphenol 

oxidase activity (B of Hass avocado variety during 6 

week of cold storage at 8 ºC. The presented data is 

average of two seasons (2020-2021). 

At the end of storage period turmeric extract 

followed by beet root extract recorded the lowest 

polyphenol oxidase activity. While the control 

treatment recorded the highest polyphenol oxidase 

activity. PPO is related to the avocado browning 

process, which can occur from mechanical injuries 

during harvest and post-harvest storage. Therefore, 

inactivation of PPO is of great importance in the food 

industry to prevent the browning process [53]. These 

results confirm that Curcumin-based  coating was 

significantly reduced the activity of polyphenol 

oxidase to 48% in fresh cut apple [50]. Also, Santos-

Santos et al. [15] who concluded that the coating 

based on roselle mucilage (2%) increased the phenols 

content of Soursop fruits. In addition, roselle extract 

as an edible coating reduced enzyme activities of  

blueberry, while improving the total phenolic content 

[16].On the other hand, strawberry fruit treated with 

1000 μM curcumin for 10 min, followed by storage at 

4 ± 2 °C did not have an effect on total phenolic 

content [51]. Also there were few negative changes in 

total phenolic, ascorbic acid content and antioxidant 

activity of the treated apples [50].  

4- Conclusion  

Both turmeric extract and beet root extract 

significantly decreased decay percent, weight loss 

percent as well as maintained higher TSS and vitamin 

C content of Hass avocado fruit compared to the 

control. Turmeric extract increased titratable acidity 

content, total chlorophyll of fruit pulp, carotenoids 

content and total phenols content compared to the 

control treatment. In addition turmeric acid recorded 

the lowest significant polyphenol oxidase activity 

followed by beet root extract. This study support the 

effectiveness of turmeric extract and beet root extract 

in extending the shelf life of avocado Hass fruit via 

natural and safety tools. 

Conflicts of interest 

There is no conflict of interest between authors.  

Acknowledgment 

Authors thanks laboratory of department of 

Horticultural crops technology, National research 

center for supporting this experiment. Thanks 

extended to faculty of Agriculture, Cairo University. 

 

5. References 

[1] Blakey, R.; Tesfay, S.; Bertling, I.and Bower, J. 

Changes in sugars, total protein and oil in Hass 

avocado (Persea americana Mill) fruit during 

ripening. The Journal of Horticultural Science 

and Biotechnology, 2012, 87 (4):381-387. 

[2] Alkhalaf , M.; Alansari, W.; Ibrahim, E. and 

Elhalwagy, M. Anti-oxidant, anti-inflammatory 

and anti-cancer activities of avocado (Persea 

americana) fruit and seed extract. Journal of 

King Saud University – Science, 2019, 31:1358-

1362. 

[3] Salazar-López, N.; Domínguezavila, A.; Yahia, 

E.; Belmonte-Herrera, B.; Wallmedrano, A.; 

Montalvo-González, E. and Gonzálezaguilar, G. 

Avocado fruit and by-products as potential 

sources of bioactive compounds. Food Research 

International,2020, 138(Part A): 109774. 

[4] Coyotl-Pérez, W.A.; Romero-Arenas, O.; Mosso-

González, C.; Pacheco-Hernández, Y.; Rivera-

Tapia, J.A. and Villa-Ruano, N. First report of 

Clonostachys rosea associated with avocado fruit 

rot in Puebla, Mexico. Mexican Journal of 

Phytopathology, 2022, 40:298-307. 

[5] Hassan, M. ; Abdel Moneim, S. ; Mahmoud, E.A. 

and Mohamed, D.A. Antioxidant, anti-Cancer 

and anti-Arthritic activities of Acetogenin rich 

extract of Avocado pulp. Egyptian Journal of 

Chemistry, 2022, 65, (2):539-550. 

[6] Araujo, R.G.; Rodríguez-Jasso, R.M.; Ruíz, H.A.; 

Govea-Salas, M.; Pintado, M. and Aguilar, C.N. 



 Ahmed Rashedy et.al. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 6 (2023) 

 

 

46 

Recovery of bioactive components from avocado 

peels using microwave-assisted extraction. Food 

and Bioproducts Processing, 2021, 127:152–161. 

[7] Fuloria, S.; Yusri, M.A.A.; Sekar, M.; Gan, S.H.; 

Rani, N.N.I.M.; Lum, P.T.; Ravi, S.; 

Subramaniyan, V.; Azad, A.K. and Jeyabalan, S.; 

Genistein: A Potential natural lead molecule for 

new drug design and development for treating 

memory impairment. Molecules, 2022, 27 (1): 

265. 

[8]  Meyer, M.D. and Terry, L.A., Fatty acid and 

sugar composition of avocado, cv. Hass, in 

response to treatment with an ethylene scavenger 

or 1-methylcyclopropene to extend storage life. 

Food Chemistry, 2010, 121 (4):1203-1210. 

[9] Tesfay, S.Z., Magwaza, L.S., Mbili, N. and 

Mditshwa, A. Carboxyl methylcellulose (CMC) 

containing moringa plant extracts as new 

postharvest organic edible coating for avocado 

(Persea americana Mill.) fruit. Scientia 

Horticulturae, 2017, 226:201-207. 

[10] Fausto-Castro, L.; Rivas-García, P.; Gómez-

Nafte, J.A.; Rico-Martínez, R.; Rico-Ramírez, V.; 

Gomez-Gonzalez, R.; Cuarónibargüengoytia, J.A. 

and Botello-Álvarez, J.E. Selection of food waste 

with low moisture and high protein content from 

Mexican restaurants as a supplement to swine 

feed. Journal of Cleaner Production, 2020, 256: 

120137. 

[11] Puscaselu, R.G.; Gutt, G. and Amariei, S. The 

use of edible films based on sodium alginate in 

meat product packaging: An eco-friendly 

alternative to conventional plastic materials. 

Coatings, 2020, 10:1-16. 

[12] Abd El-Migeed, M.M.M.;  Abd El-Moniem, 

E.A.A.; Gehan  Ali, M. and Rashedy, 

A.A.(2021). Influence of some natural edible 

coatings post-harvest treatments on "Maamoura" 

guava fruit quality and storability. Journal of 

Horticultural Science & Ornamental Plants, 

2021,13 (3):282-288. 

[13] Petkoska, A.T.; Daniloski, D.; D’cunha, N.M.; 

Naumovski, N. and Broach, A.T. Review edible 

packaging: Sustainable solutions and novel trends 

in food packaging. Food Research International, 

2021, 140: 09981. 

[14] Kowalska, H.;  Marzec, A.; Domian, E.; 

Kowalska, J.; Ciurzyńska, A. and Galus, S. 

Edible coatings as osmotic dehydration 

pretreatment in nutrient-enhanced fruit or 

vegetable snacks development: A review. 

Comprehensive Reviews in Food Science and 

Food Safety. 2021, 20 (1):5641-5674. 

[15] Santos-Santos, M.A.;  Balois-Morales, R.; 

Orlando, J.J.;  Alia-Tejacal, I.; Lo´Pez-Guzman, 

G.G.; Palomino-Hermosillo, Y.A.; Berumen-

Varela, G. and Garci´A-Paredes, J.D.  Edible 

coating based on roselle (Hibiscus sabdariffa l.) 

mucilage applied to soursop fruits in postharvest 

storage. Journal of Food Quality, 2020, Article 

ID 4326840, 12 pages.  

[16] Yang, Z.; Zou, X.; Li, Z.; Huang, X.; Zhai, X.; 

Zhang, W.; Shi, J. and Tahir, H. E. Improved 

postharvest quality of cold stored Blueberry by 

edible coating based on composite Gum 

Arabic/Roselle Eextract. Food and Bioprocess 

Technology, 2019, 12:1537-1547.  

[17] Gonz`Alez, C.M.O.;  Flores, S.K.;  Basanta, 

M.F. and Gerschenson, L.N. Effect of beetroot 

(Beta vulgaris L. var conditiva) fiber filler and 

corona treatment on cassava starch films 

properties. Food Packaging and Shelf Life, 2020, 

26:1-8. 

[18] Latorre, M.E.; Narvaiz, P.; Rojas, A.M. and 

Gerschenson, L.N. Effects of gamma irradiation 

on bio- chemical and physico-chemical 

parameters of fresh-cut red beet (Beta vulgaris L. 

var. conditiva) root. Journal of Food Engineering, 

2010, 98 (2):178-191. 

[19] Kumar, S. and Brooks, M.S. Use of red Beet 

(Beta vulgaris L.) for antimicrobial 

applications—a Critical Review. Food and 

Bioprocess Technology, 2018, 11:17-42. 

[20] Kähkönen, M.P.; Hopia, A.I.; Vuorela, H.J.; 

Rauha, J.P.; Pihlaja, K.; Kujala, T.S. and 

Heinonen, M. Antioxidant activity of plant 

extracts containing phenolic compounds. Journal 

of Agricultural and Food Chemistry, 1999, 47 

(10):3954-3962. 

[21] Gutiérrez, T.J.; Suniaga, J.; Monsalve, A. and 

García, N.L. Influence of beet flour on the 

relationship surface-properties of edible and 

intelligent films made from native and modified 

plantain flour. Food Hydrocolloids, 2016, 54: 

234-244.  

[22] Vitaglione, P.; Lumaga, B.R.; Ferracane, R.; 

Radetsky, I.; Mennella, I.; Schettino, R.; Koder, 

S.; Shimoni, E. and Fogliano, V. (2012). 

Curcumin bioavailability from enriched bread: 

The effect of microencapsulated ingredients. 

Journal of Agricultural and Food Chemistry, 

2012, 60 (13): 3357-3366.  

[23] Yen, F.L.; Wu, T.H.; Tzeng, C.W.; Lin, L. T. 

and Lin, C.C. Curcumin nanoparticles improve 

the physicochemical properties of curcumin and 

effectively enhance its antioxidant and 

antihepatoma activities. Journal of Agricultural 

and Food Chemistry, 2010, 58 (12):7376–7382. 

[24] Quispe, C.; Herrera-Bravo , J.; Javed, Z.; Khan, 

K.; Raza, S.; Gulsunoglu-Konuskan, Z.; Daştan, 

S.D.  ; Sytar, O.; Martorell, M.; Sharifi-Rad, J. 

and Calina, D. Therapeutic applications of 

Curcumin in diabetes: A review and perspective. 

BioMed Research International, 2022,: 1375892 



EFFICIENCY OF TURMERIC, HIBISCUS AND BEET ROOT EXTRACTS……. 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 6 (2023) 

 

47 

[25] Salehi, B.; Stojanovic-Radic, Z.; Matejic, J.; 

Sharifi-Rad, M.; Anil Kumar, N.V.; Martins, N. 

and Sharifi-Rad, J. The therapeutic potential of 

curcumin: a review of clinical trials. European 

Journal of Medicinal Chemistry, 2019, 163: 527-

545. 

[26] Voulgaropoulou, S.D.; Van Amelsvoort, T.; 

Prickaerts, J. and Vingerhoets, C. The effect of 

curcumin on cognition in Alzheimer’s disease 

and healthy aging: a systematic review of pre-

clinical and clinical studies. Brain Research, 

2019, 1725:146476. 

[27] Saffarionpour, S. and Diosady L. Curcumin, a 

potent therapeutic nutraceutical and its enhanced 

delivery and bioaccessibility by Pickering 

emulsions. Drug Delivery and Translational 

Research, 2022, 12: 124-157,. 

[28] Yilmaz, A.; Bozkurt, F.; Cicek, P.K.; Dertli, E.; 

Durak, M.Z. and Yilmaz, M.T. A novel 

antifungal surface-coating application to limit 

postharvest decay on coated apples: Molecular, 

thermal and morphological properties of 

electrospun zein–nanofiber mats loaded with 

curcumin. Innovative Food Science and 

Emerging Technologies, 2016, 37: 74-83. 

[29] Ghosh, T.; Nakano, K. and Katiyar, V. Curcumin 

doped functionalized cellulose nanofibers based 

edible chitosan coating on kiwifruits. 

International Journal of Biological 

Macromolecules, 2021, 184: 936-945. 

[30] De Paula, R.L.; Maniglia, B.C.; Assis, O.B.G. 

and  Tapia-Blácido, D.R.  Evaluation of the 

turmeric dye extraction residue in the formation 

of protective coating on fresh bananas (Musa 

acuminata cv. ‘Maçã’). Journal of Food Science 

and Technology, 2018, 55 (8): 3212-3220.  

[31] Sedyadi, E. ;Sulistyowati, A.; Kusumawati, M.; 

Nugraha, I. and Prabawati,, S.Y. Utilization of 

ginger extract (Zingiber Officinale) and turmeric 

extract (Curcuma longa) as edible tomato-

packing film. IOP Conf. Series: Journal of 

Physics: Conf. Series, 2019, 1277: 012023. 

[32] Bordoh, P.K.; Ali, A.; Dickinson, M. and 

Siddiqui, Y. Antimicrobial effect of rhizome and 

medicinal herb extract in controlling postharvest 

anthracnose of dragon fruit and their possible 

phytotoxicity. Scientia Horticulturae, 2020, 265: 

109249.  

[33] Mishra, S.; Narain, U.; Mishra, R. and Misra, K. 

Design, development and synthesis of mixed 

bioconjugates of piperic acid–glycine, curcumin–

glycine/alanine and curcumin–glycine–piperic 

acid and their antibacterial and antifungal 

properties. Bioorganic & Medicinal Chemistry, 

2005, 13 (5): 1477-1486. 

[34] Magwaza, L.S. and Tesfay, S.Z. A review of 

destructive and non-destructive methods for 

determining Avocado fruit maturity. Food and 

Bioprocess Technology, 2015, 8: 1995-2011. 

[35] Brand, S.C.; Blume, E.; Muniz, M.F.B.; 

Milanesi, P.M.; Scheren, M.B. and Antonello, 

L.M. Garlic and rosemary extracts in the 

induction of phaseollin in beans and fungitoxicity 

on Colletotrichum lindemuthianum. Ciência 

Rural, 2010, 40 (9): 1881-1887.   

[36] Soleimani, M.; Rezaie, S.; Nodehi, R.N.; 

Khaniki, G.J.; Alimohammadi, M.; Alikord, M.; 

Noorbakhsh, F.; Molaee-Aghaee, E. and 

Ghanbari, R. Eco-friendly control of licorice 

aqueous extract to increase quality and resistance 

to postharvest decay in apple and tangerine fruits. 

Journal of Environmental Health Science and 

Engineering, 2021, 19: 1107–1116.  

[37] Mahmoud, T.S.M.; Shaaban, F.K.M. and  El-

Hadidy, G.A. Enhancement of antioxidant and 

storability of Hollywood plum cultivar by 

preharvest treatments with moringa leaf extract 

and some nutrients. Bulletin of the National 

Research Centre, 2020, 44 (166): 1-11.  

[38] Cox, K.A.; Mcghie, T.K.; White, A. and Woolf, 

A.B. Skin colour and pigment changes during 

ripening of ‘Hass’ avocado fruit. Postharvest 

Biology and Technology, 2004, 31 (3): 287-294. 

[39] A.O.A.C., Official methods of analysis of the 

association of the analytical chemists. AOAC 

International (17th  ed.) Washington DC, USA, 

2000. 

[40] Rekha, C.; Poornima, G.; Manasa, M.; Abhipsa, 

V.; Devi, J.P.; Kumar, H.T.V. and Kekuda, 

T.R.P. Ascorbic acid, total phenol content and 

antioxidant activity of fresh juices of four ripe 

and unripe citrus fruits. Chemical Science 

Transactions, 2012, 1 (2): 303-310. 

[41] Ali, A.; Muhammad, M.T.M.; Sijam, K. and 

Siddiqui, Y. Effect of chitosan coatings on the 

physicochemical characteristics of  Eksotika II 

papaya (Carica papaya L.) fruit during cold 

storage. Food Chemistry, 2011, 124 (2): 620-626. 

[42] Lichtenthaler, H.K. (1987) Chlorophylls and 

carotenoids: Pigments of photosynthetic 

biomembranes. Methods in Enzymology, 1987, 

148: 350-382.  

[43] Singleton, V.L. and Rossi, J.A. Colorimetry of 

total phenolics with phosphomolybdic-

phosphotungstic acid reagents. American Journal 

of Enology and Viticulture, 1965, 16 (3): 144-

158. 

[44] Zhang X. and Shao X. Characterisation of 

polyphenol oxidase and peroxidase and the role 

in browning of loquat fruit. Czech Journal of 

Food Sciences, 2015, 33 (2): 109-117. 

[45] Liu H.; Jiang W.; Bi Y. and Luo, Y. Postharvest 

BTH treatment induces resistance of peach 

(Prunus persica L. cv. Jiubao) fruit to infection by 



 Ahmed Rashedy et.al. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 6 (2023) 

 

 

48 

Penicillium expansum and enhances activity of 

fruit defense mechanisms. Postharvest Biology 

and Technology, 2005, 35 (3): 263-269. 

[46] Freed, R.; Eisensmith, S.P.;  Goetz, S.;  

Reicosky, D.; Smail, V.M. and Wollberg, P.  

MSTAT-C A Microcomputer Program for the 

Design, Management and Analysis of Agronomic 

Research Experiments. 

https://www.msu.edu/~freed/disks.htm., 1990. 

[47] Snedecor, G.W. and Cochran, W.G. Statistical 

Methods, 7th  edn (Ames: Iowa State University 

Press), 1967, pp.507. 

[48] Kai, K.; Bi, W.; Sui, Y.; Hua, C.; Liu, Y. and 

Zhang, D. Curcumin inhibits Diaporthe 

phaseolorum and reduces postharvest decay in 

kiwifruit. Scientia Horticulturae, 2020, 259: 

108860.  

[49] Lin, Y.; Hu, J.; Li, S.; Hamzah, S.S.; Jiang, H.;  

Zhou, A.; Zeng, S. and Lin, S. Curcumin-based 

photodynamic sterilization for preservation of 

fresh-cut Hami melon .Molecules 2019, 24, 2374. 

[50] Taoa, R.; Zhanga, F.; Tanga, Q.; Xub, C.; Nid, Z. 

and Menga, X. Effects of curcumin-based 

photodynamic treatment on the storage quality of 

fresh-cut apples. Food Chemistry, 2019, 274: 

415-421. 

[51] Sarwar, S.; Netzel, G.; Netzel, M.E.;  Mereddy, 

R.;  Phan, A.D.T.; Hong, H.T.; Cozzolino, D. and 

Sultanbawa, Y. Impact of Curcumin-mediated 

photosensitization on fungal growth, 

physicochemical properties and nutritional 

composition in Australian grown strawberry. 

Food Analytical Methods, 2021, 14: 465-472.  

[52] Sucheta;  Chaturvedi, K.; Sharma, N. and Yadav, 

S.K. Composite edible coatings from commercial 

pectin, corn flour and beetroot powder minimize 

post-harvest decay, reduces ripening and 

improves sensory liking of tomatoes. 

International Journal of Biological 

Macromolecules, 2019, 133: 284-293. 

[53] Tsikrika, K., Lemos, M.A., Chu, B.S.; D. H. 

Bremner; Hungerford, G. Effect of Ultrasound on 

the Activity of Mushroom (Agaricus bisporous) 

Polyphenol Oxidase and Observation of 

Structural Changes Using Time-resolved 

Fluorescence. Food and Bioprocess Technology, 

2022,15, 656-668.).  


