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Abstract

The citrus fruits are one of the most widely used plants by humans, whether as a food source or even as a source
of medicine, especially lemon, as it one of the most widespread citrus fruits in different countries of the word
based on the fact that all parts of lemon fruit contain substances that have great important to human health .The
aim of this research is concentrated on Citrus limon fruit specifically the seeds through preparing an plant extract
for seeds using distilled water solvent in { 25°,90°} temperature by using soxhlet. Where work was done we have
two extracts of Citrus limon seeds {cold water seeds extract ,hot water seeds extract} in order to determinate
secondary metabolites groups like {flavonoids , alkaloids , etc.}. The hot water seeds extract show presence and
percentage of the secondary metabolites groups and this groups are{alkaloids 5.3 mg / g, flavonoids 4.2 mg/ g,
saponin 3.9 mg / g}, while the cold water seeds extract show presence and percentage of the secondary
metabolites groups and this groups are {alkaloids 4.8 mg / g ,flavonoids 3.5 mg / g, saponin 2.8 mg / g}.The hot
water seeds extract superiority in percentage of the secondary organic compounds than the cold water seeds
extract. Keywords: Citrus limon , soxhlet, alkaloids , flavonoids , saponin
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A Eltroduction

The secondary metabolites are organic compounds that are not direct interference in the normal growth,
reproduction or development of plants. Conversely the primary metabolites ,which are very important in in plant
essential processes ,and this process include basic cellular function like production {protein ,lipids and
carbohydrates}.The secondary metabolites play main role in different processes for plants ,and this process are
{antimicrobial ,antifungal and defense mechanisms against the pathogens organisms}.Common examples of
secondary metabolites include{terpenoids , alkaloids , phenolics}(Khan et al ,2025).The plant extract are
composed of extracted matter obtain from starting materials of botanical origin,)they result from dissolving
soluble plant constituents in extraction solvents and separating them from undisclosed plant materials like water
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solvent , the major benefit of this process is concentration of active ingredients (Monagas et al,2022).Solvent
extraction is most frequently used technique for isolation of secondary metabolites groups , the plant extract
dependent on the nature of extraction solvent like water , and type of extractor like soxhlet ,soxhlet is the most
laboratory apparatus common for plant extraction ,because is used when the desired compound has a limited
solubility in a solvent, and the impurity is insoluble in that solvent . It allows for unmonitored and unmanaged
operation while efficiently recycling a small amount of solvent to dissolve a larger amount of material. (Lopez-
Bascon & De Castro,2020).Citrus limon commonly name is limon was classified under the family Rutaceace
,this plant is evergreen aromatic shrub mostly with thorny branches distributed throughout the temperate and
tropical region of the world .The important of this plant is have different properties which is benefit in {health
,industry ,research, etc.}like the secondary metabolites groups for example {flavonoids, carotenoids, minerals,
etc.},as well as the Citrus seeds are an important source of bioactive compounds , it is commonly considered as
waste. This part of limon is rich in phenolic compounds that have been demonstrated to possess several valuable
properties ,antimicrobial activities , particular anti-inflammatory and antioxidant , all the this characteristics
made the Citrus limon plant as nutraceuticals source of bioactive compounds (Sridharan et al ,2016) .
.YMaterials and Methods Seed Collection The Citrus limon seeds were collected from the lemon fruit that wall
take from our farm in Baghdad . The seeds wall collected and wish with distal water ,after that the seeds dried
and powdered in mixture. The powder was used for extraction with Wight {200g} Hot water seeds extraction

In this method we used soxhlet extractions was performed using 100g of Citrus limon seeds powder loaded into
a thimble and placed in the extraction chamber. The soxhlet parameters in this study was distilled water with
amount five hundred milliliters, the water solvent was poured into around _bottom flask. The solvent was heated
to 90° ,this process took time two hours (Ozel& Kaymaz,2004). After the extraction process a rotary vacuum
evaporator in conditions below atmospheric pressure and temperature in the range (35° _40°) was used to recover
the solvent from the extract the final extract Wight 20mL.Cold water seeds extraction In this case we used
soxhlet extractions was performed using 100g of Citrus limon seeds powder loaded into a thimble and placed
in the extraction chamber. The soxhlet parameters in this study was distilled water with amount five hundred
milliliters, the water solvent was poured into around  bottom flask. The solvent was heated to 25° ,this process
took time two hours (Ahmed et al ,2019). After the extraction process a rotary vacuum evaporator in conditions
below atmospheric pressure and temperature in the range (15° 20°) was used to recover the solvent from the
extract the final extract Wight 20mL.The flavonoids test {Iml} from each extraction was taken and butted in test
tube ,and added few drops of dilute (NaOH) solution. After five minutes the yellow color was appeared in the
test tube which means positive result (Harborne , 1973) .The color was diapered when we addition a few drop
of dilute acid ,the result was presence of flavonoids .The alkaloids test {1ml} from each extraction was taken
and butted in conical flask and added ammonia solution {3ml}for identification the alkaloid groups. It was
allowed to stand for {10 minute} to evaluated free alkaloids. The {10ml} of chloroform was added to the conical
flask ,after that we shake by hand and filtered the solution. The chloroform was evaporated from the crude extract
by water bath ,and added Mayer’s reagent {3ml} (Mattocks & Jukes, 1987).The change in color for cream
precipitation that showed alkaloids was presence.The saponins test {Iml} from each extraction was taken and
butted in a test tube ,and diluted with {20ml} of distilled water. The test tube was shaken by hand for {20 minute}
(Kensil et al , 1991). The foam layer was appeared in the top of test tube. This foam layer showed saponins was
presence. The tannins test {2.5 ml} from each extraction was taken and butted in a test tube , the two extracts
ware dissolved in {5 ml} of distilled water in a water bath and used filter paper to filtered the solution. The ferric
chloride (Fe Cl3) was added and filtered by filter paper. The result was does not present blue green or blue
_black green choler (Elmaki et al ,1999) .The result of this process was nonexistence of tannins in two extract .
Table 1 : Secondary metabolites groups tests of water Citrus limon seeds extracts

Sequence Secondary metabolites groups Type of extracts
Hot water seeds extraction Cold water seeds extraction

1 flavonoids test + +

. Test guide Yellow color Yellow color

2 Alkaloids test + +

. Test guide Cream color Cream color

3 Saponins test + +
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. Test guide Foam layer Foam layer
4 Tannins test - -
. Test guide No color No color

- Guide for present secondary organic compounds
+ Guide for absent secondary organic compounds

Quantitative Of Flavonoids The flavonoids quantitative determination we used {10 ml} from each extraction
were taken and butted in beaker and mixed with {100ml} of {80%} aqueous methanol at room temperature.
The result solution was filtered by Whatman filter paper No42 {125mm}. The filtrate was transferred into a
crucible and evaporated into dryness over in water bath (Crozier et al ,1997),after that weighed to a constant
weight. The flavonoid percentage of two samples was calculated Quantitative Of Alkaloids The alkaloid
quantitative determination we used {5Sml} from each extraction were taken and butted in beaker with {200ml}
of {10%} acetic acid and added {200ml} ethanol ,the solution was mixed carefully and covered ,after that the
solution was left for {4h}. The solution was filtered and construction in water bath. Concentrated ammonium
hydroxide was added by drop wise to the concentrated solution(Tsuchiya et al ,1999) ,after that the precipitation
process was completed . The precipitated solution was collected and washed with dilute ammonium hydroxide
,and then filtered . The result was alkaloid , which was dried and turned to powder in mixture ,after that the
powder was weighted. The alkaloid percentage of two samples was calculated . Quantitative Of Saponins The
saponins quantitative determination we used {20 ml} from each extraction were taken and scattered in {200
ml} of {20%} ethanol. The suspension was butted in water bath for four hours with continuous stirring at about
{50°}. The result mixture was filtrated by filter paper and the remainder re _extracted with another{200ml} of
{20%} ethanol. The result material was reduced to {40ml} by used water bath in {90°}. The concentrate was
transferred into a {250ml} separating funnel and {20ml} of diethyl ether was added and shaken strongly. The
watery layer was retrieved while the ether layer was removed. The cleaning process was reiterated. {60ml} of
n_butanol with two extracts were washed twice with {10ml} of {5%} watery sodium chloride . The remaining
solution was heated in water bath . After vaporization the two samples were dried in the oven to have constant
weight (Cheok et al ,2014) . The saponin percentage of two samples was calculated .Table 2 : Quantitative of
secondary metabolite groups of water Citrus limon seeds extracts

Sequence Secondary metabolite groups Type of extract
Hot water seeds extraction | Cold water seeds

extraction

1 Flavonoids 53mg/g 48mg/g

2 Alkaloids 42mg/g 35mg/g

3 Saponins 39mg/g 28mg/g

.} Results and Discussionln this study was focused on Citrus limon seeds extracts specially the secondary
metabolites groups in this part of fruit. The secondary metabolites groups were present in both extracts of Citrus
limon , by using water solvent in two ways ,the first way was used distilled water with 90 temperature two have
hot water seeds extract, but the second way was used distilled water with 25 temperature two have cold water
seeds extract. The secondary metabolites groups present in Citrus limon extracts have been tabulated in table
number {1} ,and this compounds were{ flavonoids, alkaloids and Saponins} in both extracts , when the
secondary metabolites groups quantitative in Citrus limon extracts have been tabulated in table number {2} , and
the average of secondary metabolites groups was {5.3 mg /g 2.8 mg /g} . This groups have multiple benefits
like the working as {antioxidants ,antifungals ,a cure for cancer diseases ,etc. } . This benefit was used in different
fields like {health field , agriculture field ,scientific research development ,etc.}( Pinar& Rodriguez-
Couto,2024).For example , the flavonoids have antioxidants benefit ,because the flavonoids have ability to
reduced free radical formation and to scavenge free radicals . This benefit was very important specially the health
field (Wicaksana et al ,2025). The saponins have antifungals benefit , because the saponins have ability to destroy
the structure of cell membrane by leakage the cell contents, which made inhibited the mycelium growth , reduced
aggregation and cell adhesion , and effectively inhibited the formation of biofilm. This benefit was very important
specially agriculture field (Zong et al ,2025). The alkaloids have a cure for cancer diseases benefit , because the
alkaloids have anti-tumor effect by targeting the microenvironment of tumor. The key of treatment cancer by used
alkaloids in immunosuppressive environment and supporting anti-tumor immunity . This benefit was very
important specially in scientific research development field (Habib et al,2023). The researchers have ability to
separate the secondary metabolites groups from Citrus limon seeds and development human life by possession
the benefit of secondary metabolites groups ,which that present in both extracts of Citrus limon seeds.
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.} Conclusion The present study was concentrate on Citrus limon fruit specially the seeds ,because this part of
plant have many secondary metabolites groups ,and this groups was extracted by used soxhlet with distilled water
solvent in two temperatures. The result of extraction process was two types of Citrus limon seeds extracts ,and
the two types were {hot water seeds extract , cold water seeds extracts } this process depended on two
temperatures {90° , 25°}. The secondary metabolites groups in two type of extracts {flavonoids , alkaloids ,
saponins} , but the quantitative of this groups was different ,because the percentage of hot water seeds extracts
groups were more than percentage of cold water seeds extracts groups. The result of this paper leads the
researchers to focusing on secondary metabolite groups of hot water seeds extract in Citrus limon ,and used it in
different life fields of people to improve and protect the human health and the environment. Acknowledgment

I would like to thanks to Dr. Fadhl Ahmed (Assistant professor ) in Al Farabi University for the publish this
paper and I would like thanks for Shaima Mohammed (Assistant teacher) in Baghdad University to help me in
chemical analyses of Citrus limon seeds extracts .

References

» Ahmed, I. A. M., Al-Juhaimi, F. Y., Ozcan, M. M., Osman, M. A., Gassem, M. A., & Salih, H. A. (2019).
Effects of cold-press and soxhlet extraction systems on antioxidant activity, total phenol contents, fatty acids, and
tocopherol contents of walnut kernel oils. Journal of oleo science, 68(2), 167-173.

* Cheok, C. Y., Salman, H. A. K., & Sulaiman, R. (2014). Extraction and quantification of saponins: A review.
Food Research International, 59, 16-40.

» Crozier, A., Jensen, E., Lean, M. E., & McDonald, M. S. (1997). Quantitative analysis of flavonoids by
reversed-phase high-performance liquid chromatography. Journal of Chromatography A, 761(1-2), 315-321.

+ Elmaki, H. B., Babiker, E. E., & El Tinay, A. H. (1999). Changes in chemical composition, grain malting,
starch and tannin contents and protein digestibility during germination of sorghum cultivars. Food chemistry,
64(3), 331-336.

* Habib, M. A., Islam, M. M., Islam, M. M., Hasan, M. M., & Baek, K. H. (2023). Current status and de novo
synthesis of anti-tumor alkaloids in Nicotiana. Metabolites, 13(5), 623.

* Harborne, J. B. (1973). Phenolic compounds. In Phytochemical methods: A guide to modern techniques of
plant analysis (pp. 33-88). Dordrecht: Springer Netherlands.

» Kensil, C. R., Patel, U., Lennick, M., & Marciani, D. (1991). Separation and characterization of saponins with
adjuvant activity from Quillaja saponaria Molina cortex. the Journal of Immunology, 146(2), 431-437.

* Khan, A., Kanwal, F., Ullah, S., Fahad, M., Tariq, L., Altaf, M. T., ... & Zhang, G. (2025). Plant secondary
metabolites—Central regulators against abiotic and biotic stresses. Metabolites, 15(4), 276.

* Lopez-Bascon, M. A., & De Castro, M. L. (2020). Soxhlet extraction. In Liquid-phase (pp. 327-354). Elsevier.
* Mattocks, A. R., & Jukes, R. (1987). Improved field tests for toxic pyrrolizidine alkaloids. Journal of natural
products, 50(2), 161-166.

* Monagas, M., Brendler, T., Brinckmann, J., Dentali, S., Gafner, S., Giancaspro, G., ... & Marles, R. (2022).
Understanding plant to extract ratios in botanical extracts. Frontiers in pharmacology, 13, 981978.

* Ogzel, M. Z., & Kaymaz, H. (2004). Superheated water extraction, steam distillation and Soxhlet extraction of
essential oils of Origanum onites. Analytical and bioanalytical chemistry, 379(7), 1127-1133.

* Pinar, O., & Rodriguez-Couto, S. (2024). Biologically active secondary metabolites from white-rot fungi.
Frontiers in Chemistry, 12, 1363354.

* Sridharan, B., Michael, S. T., Arya, R., Mohana Roopan, S., Ganesh, R. N., & Viswanathan, P. (2016).
Beneficial effect of Citrus limon peel aqueous methanol extract on experimentally induced urolithic rats.
Pharmaceutical biology, 54(5), 759-7609.

» Tsuchiya, H., Hayashi, H., Sato, M., Shimizu, H., & linuma, M. (1999). Quantitative analysis of all types of
-carboline alkaloids in medicinal plants and dried edible plants by high performance liquid chromatography with
selective fluorometric detection. Phytochemical analysis, 10(5), 247-253.

* Wicaksana, I. P. D. R, Siwananda, I. D. M., & Astuti, N. M. W. (2025). A Bibliometric Analysis of Research
Trends in Antioxidant Activity of Anthocyanin Flavonoids in Basil Leaf (Ocimum basilicum L.) Extract.
Azerbaijan Pharmaceutical and Pharmacotherapy Journal, 24, 28-39.

* Zong, J. F., Hong, Z. B., Hu, Z. H., & Hou, R. Y. (2025). Two new triterpenoid saponins with antifungal

activity from Camellia sinensis flowers. International Journal of Molecular Sciences, 26(3), 1147.




