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Phytochemical screening and thin layer chromatography of Citrus reticulata peel extract	Comment by Maher: Phytochemical Screening and Thin Layer Chromatography of Citrus reticulata peel  Extract

ABSTRACT
Citrus reticulata also known as mandarin and belongs to Rutaceae family. The peel of Citrus reticulatareticulate contains various bioactive compounds which show insecticidal property against several insects. The objective of this study was to investigate the bioavailability of these compounds in the crude and Petroleum ether extract by performing biochemical tests and thin layer chromatography. To determine whether specific bioactive compound were present or absent in crude and solvent extraction, a phytochemical analysis was performed. The result revealed that crude extract of orange peel showed the presence of reducing sugar, flavonoids, terpenoids, tannin, saponin, alkaloids, cardiac glycosides and absence of anthraquinone while in petroleum ether extract showed the presence of flavonoids, terpenoids, saponins, alkaloids, cardiac glycosides and absence of anthraquinone, tannin and reducing sugar. Monoterpenoid and saponin show repellent activity against insect while alkaloids show insecticidal property. The thin layer chromatography performed in 5 different solvent systems such as 1). n-butanol: acetic acid: water (4:1:5), 2).chloroform: ethyl acetate: methanol: water (15:8:4:1), 3). Hexane: ethylacetate (8:2), 4). chloroform: methanol (15:1) and 5). Hexane (100%). TLC plates were analysed in visible, short UV and long UV light. Obtained values of Rf were analysed and bioactive phytochemicals were identified as essential oil, saponins, terpenoids, tannins, flavonoids, glycosides and alkaloids. These findings support the presence of insecticidal bioactive secondary metabolites in orange peel extracts.	Comment by Maher: To support the conclusions, experiments should be conducted to evaluate the true effectiveness of the extracts against one or more target insect species.	Comment by nagham fadaam: Rewrite (To determine whether specific bioactive compound were present or absent.)  "To determine the presence or absence of specific bioactive compounds..."	Comment by Maher: Phytochemical analysis revealed the presence of	Comment by nagham fadaam: The results are too detailed. You can summarize the main results (for example, "TLC profiling revealed a complex phytochemical mixture, with the showing a higher number of components in petroleum ether extract")

KEYWORDS: Citrus reticulata, bioactive compound, phytochemical screening, crude extract, petroleum ether extract	Comment by Maher: 


INTRODUCTION
Oranges are generally used for fruit of citrus genus, belongs to Rutaceae family of plants. Citrus reticulata is commonly known as mandarin. It is cultivated in the tropical and sub- tropical areas (Maqbool et al. 2023). Citrus fruits are usually bright (green to yellow) coloured skin having leathery bound rind called flavedo that protects it from damages (Oby and Chinonyerem, 2019). India cultivates about 25 lakh tonnes of oranges in a year (Gotmare and Gade, 2018). Ultimately this high production generates massive amount of orange peel waste. The orange peel contains useful components having diverse properties for medicinal and nutritional purposes. Oranges are a good source of ascorbic acid (vitamin C), Vitamin E, minerals (manganese, iron, zinc, copper, selenium) and bioactive compounds (Saini et al. 2022). These bioactive compounds are active phytochemicals like flavonoids, saponin, phenol, alkaloid, carotenoids. (Parmar et al., 2020). Secondary metabolites of orange peel shows insecticidal property opposed to various dipterans and coleopterans. Secondary metabolites contribute to the plant’s resistance strategy by impairing vital biological functions in pests or competitors (Adeyemi, 2010). Monoterpenoid compounds have emerged as promising candidate for pest control due to their demonstrated insecticidal properties, as well as their ability to act as effective deterrents and repellents against a wide range of insect species (Saeidi et al. 2011). Alkaloids play a defensive role in plants by deterring herbivory from higher animals and inhibiting the growth of parasitic plants. Additionally, they are employed as natural insecticides in agricultural practices (Simeon et al. 2018). Saponins serve as natural insect repellents by interfering with insect development and reproduction, making them useful in pest management (Singh and Kaur, 2018).	Comment by Maher: The term 'orange' generally refers to the fruit of the	Comment by nagham fadaam: Improve and correct minor grammatical errors (for example this statement, "bright (green to yellow) coloured skin" -> "brightly coloured skin, ranging from green to yellow
Citrus reticulata shows the repellent effect against Sitophilus oryzae(Akhtar et al. 2013). Essential oil of citrus peel is utilizing for its antioxidant, antiviral, insect repellent, antifungal and anti-diabetic effect (Mehmood et al. 2015). It also shows negative effect on growth and restrain in feeding in Tribolium castaneum, Sitophilus oryzae and Rhyzopertha dominica (Zewde and Jembere, 2010).Citrus reticulata peel demonstrates various bioactive compounds having the potential in managing stored grain pest.
 Extraction of these bioactive compounds from orange peel is a crucial step. The conventional method of extraction by using solvent is a cost-effective way to extract phytochemicals. Extraction of secondary metabolites from orange peel involves several methods e.g. water extract, ethanol extract, volatile extract and powder extract for analysis against different insects (Iram et al. 2013). Crude extract of orange peel are cost effective and more stable than oil. It shows its effect on lepidopterans very well. High mortality is recorded in the orange peel extract against Callosobruchus maculatus  ( Abdullahi et al. 2019).This study was aimed to observe the secondary metabolites in orange peel extract through phytochemical screening by biochemical tests and thin layer chromatography. The qualitative analysis of phytochemicals of orange peel extract was performed with orange peel as crude and petroleum ether as solvent by following standard procedures.The phytochemicals as reducing sugar, saponin, tannin, terpene, alkaloid, flavonoid, cardiac glycoside and anthraquinones were focused in this study.
MATERIALS AND METHODS
1) Collection of Plant material & preparation of plant powder
Orange fruits were purchased from local market of Agra. The oranges were washed with tap water. The fresh orange peels were removed with the help of knife and shade dried at room temperature. After that dried peels were used to make fine powder by electric grinder and stored it in air tight container to avoid moisture (Gotmare and Gade, 2018).	Comment by nagham fadaam: "The oranges were washed with tap water." It is better to specify and you can rewrite as  "The fruits were washed with tap water to remove surface dirt."

2) Preparation of crude extract of orange peel
100 gm of fresh orange peels were separated and ground it, filtered & centrifuged at 3000 rpm (10 min), Supernatant were re-filtered & kept in a sterilized glass bottle & were kept at 4o C in the outer cabinet of the refrigerator (Yadav et al., 2018). 	Comment by Maher: 100 g of fresh orange peels were separated, ground, filtered, and centrifuged	Comment by nagham fadaam: determine the volume of solvent that used in the centrifugation and filtration process. "Re-filtered" is not standard; use "filtered again."
	Comment by Maher: re- filterted
3) Preparation of petroleum ether extract of orange peel
100 gm of orange peel powder was soaked separately in 100 ml of petroleum ether for 72 hr at room temperature. Then it was re- filtered, concentrated upto 5 ml, cooled, refilterted & stored at 4oC (Yadav et al., 2021). 	Comment by Maher: re- filterted
Qualitative analysis of orange peel extract
The crude and petroleum ether extracts of orange peel were subjected to phytochemical screening by following standard methods.
Biochemical tests of Citrus reticulata peel extract
Test of reducing sugar: 1 ml of orange peel extract was added in 1 ml of Fehling’s A and 1 ml of Fehling’s B solution. Formation of red colour indicated the presence of sugar (Gariba et al 2021).
[bookmark: _Hlk208821400]Test for Saponins: 3 ml of the aqueous solution of the orange peel extract was mixed with 10 ml of distilled water in a test- tube. The test-tube was stoppered and shaken vigorously for about 5 min, it is allowed to stand for 30 min and observed for honeycomb froth, which indicated the presence of saponins (Gotmare and Gade 2018).
Test for Tannin : About 0.5 gm of the orange peel  extract were boiled in 10 ml of water in a test tube and then filtered. After that 3-4 drops of 0.1 % Ferric chloride were added and wait for brownish green or a blue-black colouration (Gotmare and Gade 2018).
Test for Terpenoids : To 0.5 gm each of orange peel extract was added in 2 ml of chloroform. To form a layer, concentrated H2SO4 (3 ml) was carefully added. A reddish brown appearance of the interface indicated the presence of terpenoids( Gotmare and Gade 2018).
Test for Alkaloids : To 1 ml of orange peel extract was added 1 ml of Mayers reagent and few drop of Iodine solution. Formation of yellow colour precipitate indicated the presence of Alkaloids( Gariba et al 2021).
Test for Flavonoids : 1 ml of orange peel extract was mixed with few fragments of magnesium ribbon and concentrated HCl was added drop wise. A pink scarlet colour appeared after a few minutes confirmed the presence of flavonoids (Gariba et al 2021).
Test for cardiac glycosides : 5 ml of orange peel extract were treated with 2 ml of glacial acetic acid containing one drop of ferric chloride solution. It is treated with concentrated tetraoxosulphate (Ⅵ) acid (H2SO4). A greenish colour confirmed the presence of cardiac glycosides( Gariba et al 2021).
Test of Anthraquinones : 0.5 gm of the orange peel  powder extract were boiled with 10 ml of sulphuric acid (H2SO4) and filtered while hot. 5 ml of Chloroform used to shake the filtrate. 1ml of dilute ammonia were added in the chloroform layer. The resulting solution observed for colour changes (Gotmare and Gade 2018).
UV TLC analysis of orange peel extract 
Thin-layer chromatography was carried out on all the solvent systems by using TLC pre-coated plates (silica gel 60 F254). The plates were cut with scissors and marked with pencil about 1 cm from the bottom of the plate. Each sample were loaded above the solvent level to avoid direct contact with solvent and capillary tubes were used to uniformly apply the dissolved samples on the plates and allowed to dry. Different solvent system was prepared independently in different beaker and these solvent system includes ; 
1).n-butanol : acetic acid: water (4:1:5) 
2).chloroform: ethyl acetate: methanol: water (15:8:4:1) 
3). Hexane: ethylacetate (8:2) 
4).chloroform: methanol (15:1) 
5). Hexane (100%)
The plates were dried and visualized under normal day light, ultraviolet light (254 nm & 365 nm) and by spraying with 10% sulfuric acid followed by heating at 105oC for 5-10 minutes in an oven (Alebiosu and Yusuf, 2015). 
RESULTS	Comment by Maher: Lack of quantitative methodology: The study is only qualitative (presence or absence of a compound). To add significant depth, the relative quantities of these active compounds must be measured (e.g., total phenolic or flavonoid content). This is important to determine which extracts are most effective.
The results of the availability of phytochemicals in crude and petroleum ether extract of orange peel are presented in table 1. Reducing sugar, saponin, tannin, terpene, alkaloid, flavonoid, cardiac glycosides were present and anthraquinone was absent in crude extract while petroleum ether extract of orange peel showed the presence of saponin, terpenoids, alkaloids, flavonoids and cardiac glycosides and absence of reducing sugar, tannin and anthraquinones. 
The results of TLC profiling of these extracts are presented in Table 2. spots with Rf value 0.25, 0.49 and 0.71 were found in solvent system (SS1) of  N- butanol, acetic acid and water with crude extract while 2 spots of Rf value 0.71 and 0.91 with petroleum ether extract were showed in this solvent system. Crude and petroleum ether extract respectively. 2 spot of Rf value 0.05 and 0.96 in crude extract as well as 2 spots with 0.91 and 0.95 Rf value in petroleum ether extract, were analysed in solvent system of chloroform, ethyl acetate, methanol and water. 3 spots with 0.12, 0.21and 0.32 Rf in crude as well as 8 spots with 0.12, 0.18, 0.32, 0.37, 0.81, 0.85, 0.93 and 0.97 of Rf value in petroleum ether extract, were identified in Solvent system of hexane and ethyl acetate. In solvent system of chloroform and methanol 2 spot and 1 spot were obtained in crude and petroleum ether extract respectively. No spot were detected in hexane solvent in any of the extract of orange peel.	Comment by Maher: Spots with Rf values	Comment by nagham fadaam: The paragraph describing Table 2 is repetitive and hard to follow and hard to understand. It should be rewritten to be clearer. For example: "In solvent system 3 (Hexane:Ethyl acetate, 8:2), the crude extract showed three spots (Rf 0.12, 0.21, 0.32), while the petroleum ether extract showed a more complex pattern with eight spots (Rf 0.12, 0.18, 0.32, 0.37, 0.81, 0.85, 0.93, 0.97)."

Table 1. Phytochemical screening of orange peel crude and petroleum ether extract
	Compounds
	Crude extract
	Petroleum ether extract

	Reducing sugar
	+
	-

	Saponin
	+
	+

	Tannin
	+
	-

	Terpenoids
	+
	+

	Alkaloids
	+
	+

	Flavonoids
	+
	+

	Cardiac glycosides
	+
	+

	Anthraquinone
	-
	-


+ = present and - = absent
Table  2. results of Thin layer chromatography of orange peel extracts
	S. No.
	SOLVENT SYSTEMS
	CRUDE EXTRACT
	PETROLEUM ETHER EXTRACT

	
	
	No. of spots
	Rf value
	No. of spots
	Rf value

	1
	n-butanol : acetic acid: water (4:1:5)
	3
	0.25, 0.49, 0.71
	2
	0.71, 0.91

	2
	chloroform: ethyl acetate: methanol: water (15:8:4:1)
	2
	0.05, 0.96
	2
	0.91, 0.95

	3
	Hexane: ethylacetate (8:2)
	3
	0.12, 0.21, 0.32
	8
	0.12, 0.18, 0.32, 0.37, 0.81, 0.85, 0.93, 0.97

	4
	chloroform: methanol (15:1)
	2
	0.91, 0.93
	1
	0.94

	5
	Hexane (100%)
	-
	-
	-
	-




DISCUSSIONS	Comment by nagham fadaam: Discussion section is weak and need review. It primarily lists the results of other studies without deeply and critically comparison.
The results should be explained: Why might petroleum ether extract certain (non-polar) compounds but not others (polar, such as reducing sugars)? this may explain the differences in results. What does the high number of spots in the petroleum ether extract in SS3 indicate?
speculative determination of TLC spots without standards should be significantly reduced.
The study of Abdelazem et al. 2021 reported the presence of alkaloids, cardiac glycosides, flavonoids and terpenoids in crude and cardiac glycosides and tannins were present in petroleum ether extract of orange peels. The study of Al-Saadi et al 2009 detected the presence of alkaloids, flavonoids, saponins, tannins and terpenoids in petroleum ether extract of orange peel. The Kunder et al. 2022 reported the flavonoids and tannin were present in Citrus reticulata petroleum ether extract. The study of Khaing et al 2019 reported the presence of alkaloid, flavonoid, glycoside, tannin, reducing sugar and terpenes were present in crude extract of C. reticulata. The study of Arora and Kaur, 2013 detected the presence of alkaloids, tannin, saponin and absence of anthraquinone in crude extract of orange peel. The findings of present study were the same line of these motioned studies. Obtained spots were identified as saponins, glycosides, terpenoids, alkaloids, tannins, essential olis and flavonoids with the help of Rf value, compounds polarity and reference of standards (Das Manosi et at., 2017 and Gurav et al., 2023).	Comment by Maher: The findings of the present study are in agreement with those of the aforementioned studies
CONCLUSION
Phytochemical analysis and TLC profiling indicated the presence of terpenoids, cardiac glycosides, alkaloids, saponin and flavonoids in both crude extract and petroleum ether extract of orange peel while tannin and reducing sugar were present in crude extract and absent in petroleum ether extract. anthraquinone was completely absent in both extract of orange peel. The presence of secondary metabolites in orange peel made the orange a good biopesticide for insect pests. Monoterpenes and saponin show the repellent activity against insects. Alkaloids exhibit the insecticidal property. These findings made use of orange as a biopesticide instead of synthetic insecticides in agriculture and in stored grain. Also, it is cost – effective if we recycle the orange peel as waste generated after consumption of orange in production of natural pesticide with minimum effect on biodiversity in fields.	Comment by nagham fadaam: in the part of conclusion , this part overstates the certainty of Thin-layer chromatography identifications. Rephrase this section to reflect that the presence of certain of compounds is supported by biochemical tests. 
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Figure 1- confirmations of phytochemical test of petroleum ether extract of orange peel showed as reducing sugar, saponins, tannin, terpenoids, alkaloid, flavonoids, cardiac glycoside and anthraquinoneanthroquinone in order as left to right in picture. 

[image: C:\Users\USER\Desktop\20250924_224341.jpg]
	a		b		c
Figure 2 -: TLC analysis of crude extract of Orange peel using SS3 in a. 254nm UV b. 365nm UV light and c. Visible light,	Comment by nagham fadaam: In both Figures 1 and 2, the captions are not precisely clear. For example, the caption for Figure 1 is practically inconsistent with Table 1. Also, the caption for Figure 2 should describe what the reader is supposed to see in the images (for example, "TLC plate under (a) 254 nm UV light shows quench spots, (b) 365 nm UV light shows fluorescence spots, and (c) visible light").
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