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Abstract

New forms of disease are increasingly affecting people living in today’s highly pressure environment,
and these diseases are less responsive to conventional treatments. Aromatic plants and species are used
for thousands of years for many purposes, such as medicine, perfumes and cosmetics, as well as in the
food industry for culinary and medicinal uses. The brown onion shows the following physic and
chemical properties as determined experimentally as Refractive index of 1.3571, Density value of
1.1130 g/cm’, 1.1036 g/cm’, viscosity of value of 3.045 Cst for brown, lodine value of 28.108, Peroxide
value of Saponification value of 15.708% and 10.94%, and Free fatty acid of 20.48%. The yield of the
oil from the process of steam extraction of the brown onion mesh charged into the distillation is
dependent on the operating temperature and distillation time. The research further revealed that the
increase in the quantity of oil extracted is also dependent on the mass or the weight of the brown onion
mesh introduced into the distillation column. These findings highlight the growing interest in natural
aromatic sources for potential health applications, especially as modern lifestyles contribute to rising
disease challenges. Brown onion oil, with its distinct physicochemical characteristics, offers valuable
insights into future research aimed at improving extraction efficiency and exploring therapeutic
potential. By optimizing processing conditions, researchers can enhance yield, purity, and consistency,
making the oil suitable for broader industrial use. Continued investigation may reveal additional
benefits, strengthening its relevance across medical, nutritional, and cosmetic fields today.
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INTRODUCTION

Brown onions are known to go well with almost any kind of cooking because of their all-purpose
flavor [1]. Onion is one of the most widely grown species of the genus Allium, which is also known by
other names, including garden onion, bulb onion, common onion, mustard onion, green onion and
spring onion [2, 3]. Onion is essentially a group of
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modified leaves of the onion plant, centered on a
relatively short stalk [4]. In addition to the onion
itself, the stems are another useful part of the plant
and are usually very tasty and beneficial for health,
particularly when eaten when tender and young [5].
Regarding their nutritional and medicinal uses,
onions are known to be excellent sources of fiber,
chromium, biotin, vitamin B6 and C [6]. Onion is
also known to contain high levels of vitamins K and
B1 and of folic acid. The various health benefits of
onion juice or even whole onions are due to the
presence of several organic compounds and
flavonoids released by the crushing or cutting of the
onion [7].

Extensive experimental and clinical studies have
been carried out by scientists worldwide to find
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some potential compounds with low toxicity and high efficacy that could be beneficial to human health
[8]. Numerous studies have been conducted on the medicinal product’s therapeutic uses. However, the
species vary widely from country to country and from one denomination to another [9—12]. The onion
production in Nigeria may, therefore, differ significantly from that in China and other countries due to
various factors such as geo-climatic location, soil type, plant life stage, pollution and harvesting time
and day [13-16]. Although onion is widely used in cooking and in some traditional medicines in
Nigeria, no studies have been conducted. Some studies have been conducted worldwide on vegetable
oil compared to mineral oil [17, 18].

Not many people think of onions as a source of high blood pressure or fungal infections, but, like its
cousin garlic, onions have many properties that have been shown to be useful in the treatment of
hypertension and fungal infections [19-22]. Heavy metals present in the environment can easily
contaminate many medicinal products, such as Onion, during their manufacturing and growth processes
in the manufacture of the ready-to-use products. Heavy metals are present in the air, soil and water and
examples are rainfall from this source, atmospheric dust fertilizers and plant protection products [23—
25]. Because onion has many therapeutic uses, good quality control is essential to protect consumers
from harmful substances [26] from the sacred root extract [27].

MATERIALS AND METHODS

o Materials: The following materials were used such as brown onion mesh, crusher, heater,
distillation column, steam, condenser, storage unit, capillary tube,

o Sample Collection: The brown onion was purchased within Port Harcourt in Port Harcourt Local
Government Area of Rivers State and then transported to the Laboratory for analysis.

o Experimental Set-Up: The experiment with use of steam distillation column and the concept of
steam extraction and distillation methods were applied and the separation of the products were
based on their boiling point.

Experimental Procedure

o Steam Distillation Process: The sample was placed in a large container called a still, which is made
of stainless steel and the steam was added to the container. The steam was injected through the
valve into the sample containing the required oil, releasing the aromatic molecules of the sample
and converting them into steam. The VAP sample went into a condenser, called a condenser; it had
two openings (an entrance and an exit) through which hot and cold water could flow into the
condenser. This caused the vapor to cool and transform into a liquid substance. popular belief in
popular religion. A by-product of the aromatic liquid is discharged from the condenser and collected
in a container under the surface of which is called a separator. Since water and oil do not mix, the
essential oil, floating on top of the steam, was drained into the recipient vessel.

e Sample Analysis: The physical characteristics of the oil analysis and the process are determined by
determining the following, viscosity, flash point, refractive index, specific gravity of the oil and the
chemical characteristics of the oil analysis, i.e., saponification, peroxide, free fatty acid and iodine.

Physical Property Analysis

e Viscosity: Viscosity is defined as the force exerted on a unit area where the velocity gradient at
which the liquid is flowing is equal to 1.

e Apparatus: Viscometer cup with capillary and ball valve constant temperature bath with stirring
rod redwood bottles 50 ml, stopwatch and thermometer.

Procedure

Pour the oil into the measuring cup and adjust the temperature of the vessel to the required level by
heating it or adding ice water or use a blender to adjust the temperature. When the temperature is
constant, allow some of the liquid to escape by raising the closed ball valve until the tip of the level
indicator touches the surface and then, using the stopwatch, measure the time necessary to fill the
redwood flask to 50 cm® below the opening.
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Density and Specific Gravity

Essentially, the density of solids and liquids can be determined. Each essential oil has its own specific
density. It is a physical property used to assess the quality of substances. Oil density determines the
yield and quality of the oil. It depends on temperature; if temperature is high, the volume expands, so
the mass remains constant while the density decreases.

Although density and specific gravity are the general physical characteristics used to classify fats and
oils, neither is very specific for characterization, except for a few high-density oils such as cassaric oil

or hydrogenated cassaric oils.
SG = Density of Substance Density of Substance

" Standard Density of Water Standard Density of Water

Methods for obtaining density and specific gravity:
e Hydrometer method.
e Pycnometer method (bottle with specific gravity or bottle with density).

PYCNOMETER METHOD
Procedure

The weight of the bottle was measured in terms of density using a weighing scale and then the bottle
and liquid were measured and recorded, and the spillage was cleaned to avoid errors. The weights were
compared and recorded, and the weight and volume of the bottle were determined.

Determination of Flash Point

Flash point is the lowest temperature corrected to 760 mmHg of the sample pressure at which the
application of the ignition source causes the sample vapor to ignite under the test conditions specified.
Flashpoint uses three energies: thermal energy, mechanical energy and electricity.

Apparatus
Pensky Martens sealed tester, thermometer (0-360°C), smoke chamber and filtered sample.

Procedures

The flash-point container has been chemically cleaned and dried to remove any traces of petrol or
gasoline. The sample to be tested was measured into the cup until it reached the mark and the cup was
placed in the apparatus and fitted with the thermometer and flame, then the heater and the stirring device
were switched on, and the temperature was adjusted to about 5—6°C. Test for flash point at 200°C below
the flash point specification of the sample stopped the stirring before the flame was lowered, started
stirring again after a second, and continued stirring. The flash point of the sample is the temperature at
which the test flame causes a distinct flash within the medium.

Refractive Index

The refractive index is the ratio of the speed of light in vacuum to the speed of light in oil, generally
expressed as the ratio of the sinusoidal refractive index when a light ray of known wavelength (usually
589.3 mu, the mean of the d-branes of sodium) passes through the oil, and is also useful for determining
purity, and for observing the progress of the reaction such as the catalytic hydrogenation and
isomerization. Rumor is too often used to describe the rampant hallucinogens.

Procedure

The lamp behind the refractometer was turned on, the box of the prison was opened by a release
switch on the right side and turned to the left, and two prisons were cleaned with acetone and cotton
wool and placed on the test platform with 3 to 5 drops of oil, and the apparatus closed.

With the eye on the upper telescope, the control knob was turned forward until the field was divided
into a light and a dark field, and the boundary line between the fields could be colored by the diffraction
of the lamp’s light.
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The color is removed by rotating the dispersion drum (second button) until a field of good quality
contras appears without any red or blue color, and the border line is placed exactly at the intersection
of the eye pieces. The scale was observed in the lower telescope, and the fourth number was interpolated
over the candle.

CHEMICAL PROPERTY ANALYSIS
Free Fatty Acid Determination (FFA)

The free fatty acid content is an important quality parameter for the quality of the oil. As fats and oils
contain a certain amount of free fatty acids (FFA), the acidity always increases over time during
transport and storage. The nutritional value of fats and oils depends partly on the amount of free fatty
acids that are produced. The physical and chemical characteristics of fats and oils are essentially
determined by the fatty acid composition of their triglyceride’s acid constituents.

Procedures

2.5 g of the oil sample was weighed into the conical flask and 100 ml of neutralized alcohol was
added, followed by 2 drops of phenolphthalein indicator and titrated with 0.1 N NaOH until a pinkish
coloration was seen and the result obtained was recorded.

Hydrogen Ion Concentration (pH)

The pH of the oil determines its relative acidity or alkalinity. There are two (2) methods, which
include the electrometric method (i.e., using a pH meter) and a colorimetric method (i.e., a subtractive
methodology) using a standardized word document.

Procedure

The apparatus, the sample and the pH meter were switched on and allowed to warm up for 15 minutes.
The electrode was standardized with a standard buffer of pH 4 or 100 ml of oil measured in the
measuring cylinder in a 250 ml flask, and the electrode was submerged in the oil, allowing the lower
part of the electrode to reach the bottom of the mouth. The sample was taken and recorded, and the
electrode was removed and distilled into a solvent.

Saponification Value of Oil

The saponification value is the number of milligrams of potassium hydroxide needed to saponify 1 g
of fat in the desired state of the condition. This is the average molecular weight (or length of chain) of
all the fatty acids present in the oil.

Procedure

4 g of oil were measured into a circular flask containing 50 ml of alcoholic potash, and the flask was
placed on a heater and heated for one hour, after which it was shaken, and two drops of phenolphthalein
were added and the color was obtained. This was titrated with 0.5 nHCI until the pink color disappeared
and the blank (without oil) was then distilled in the same way.

Calculations
Sy __ (titration of blank—titration of sample) * N * 56.1

Weight of sample
N = normality of HCl

Peroxide Value of Oil

The peroxide value determines all substances in terms of miliequivalents of peroxide per 1000 g of
sample, i.e., miscellaneous (A.C. 1986). Its significance is that it shows the extent of deterioration of
palm oil (oil and fats) and that a higher value indicates poor quality oil and favors high free fatty acids
(HFA). Peroxide levels explain the degree of deterioration of the oil and provide a hint of the FFA
secretions.

© JournalsPub 2025. All Rights Reserved 44



International Journal of Chemical Separation Technology
Volume 11, Issue 2
ISSN: 2456-6691

Procedure

The measured value of 2.0 g of oil was added to 250 ml of the circular flask, and 50 ml of acetic acid
and chloroform solution were added and shaken occasionally for 1 minute. Then, adding 30 ml of
distilled water and titrate with sodium thiosulfate until the yellow color disappears, as well as the blank.

Iodine Value of the Oil

The iodine value is a measure of the total number of double bonds present in the triglyceride
secretariat of the triglyceride. It is expressed as the number of grams of iodine per Greek alphabet as
shown in Table 1 bonds in 100 grams of oil or oil. For fats and oils, it may be determined by
thermometric titration by melting the sample in a non-polar solvent and then adding glacial acetic acid.

Table 1. Indication of the iodine letter, uppercase and lowercase.

Letter Name Uppercase | Lowercase | Letter Name | Uppercase | Lowercase
Alpha A a Nu N v
Beta B B Xi = &
Gamma r y Omicron 0 o
Delta A é Pi I T
Epsilon E £ Rho P p
Zeta Z 4 Sigma b g
Eta H n Tau T T
Theta 0] 0 Upsilon Y v
Iota 1 L Phi P 1)
Kappa K K Chi X X
Lambda A A Psi b4 P
Mu M u Omega 0} w
Procedure

The result of the extraction of brown onion oil by steam distillation and the physical and chemical
properties described in the abstract of the study are shown in the Figure 1. The weight of 5 g of oil was
measured in the 500 ml flask and the solution of Wijs solution was added to the prepared 9 g of iodine
in 1 liter of glacial acetic acid (CCI4). The heroine was poured into the 500 ml flask and shaken
vigorously for 1 minute, after which the bottle was stored in a dark box. After the first titration, 20 ml
potassium iodide (KI) solution was added to the flask followed by 100 ml distilled water and the solution
was titrated with 0.1 n-ethyltryptamine (Na2SO3). The process was repeated for the distilled water of
the gallon.

RESULTS AND DISCUSSION
The result of the extraction process of brown onion oil by steam distillation is shown in the Figure 1
and the physical and chemical characteristics are described in the abstract of the research paper.

Figure 1 shows the trend in brown onion functional parameters as per concentration. The functional
parameter of the oil obtained differs, which has been attributed to the weight of the strands of brown
onion bulbs introduced into the distillation unit. An increase in the extracted oil extract was found and
characterized in the range of 50 to 200 g and a subsequent decrease from 200 g in terms of the volume
of extract obtained by the process. The volume of variation in the oil extract can indeed be attributed to
the change in the mass distribution introduced into the distillation column and to the effects of time and
temperature. The line equation of Fr., and Friis expressed as y = 0.2x + 100, and y = 0.2x + 10, which
showcases the contribution of temperature and time dependent in the recovering process, as the square
root of its best fit is obtained as R? = 1, for temperature and time relationship. The line curve expression
of volume of oil obtained from the brown onion is expressed as y = —0.000x> + 0.377x + 14 and the
value of R? =0.990.

© JournalsPub 2025. All Rights Reserved 45



Brown Onion Oil Characteristics of Medicinal Integrity by Looking at the Extraction Ukpaka et al.

180 -
160 -
140 -
o ——{Ti
2 120 A
g o FTe
£ 2100 -
E g FVr
N -
55 % — Poly. (fTi)
=g
E 60 1 ——Poly. (FTe)
40 ——Poly. (FVr)
20 1
0 T T T T T T 1
0 50 100 150 200 250 300 350

Weight

Figure 1. Plot of the functional parameters of the brown onion against different concentrations
(variable weight, time and temperature).

Figure 2 shows the concept of functional parameter of mass or weight effect on oil extracted from
the distillation unit using the application of steam method. The concentration of oil obtained at times
changes in the processing of the brown onion at constant weight of 50 g. Similarly, increase in oil
extracted or recovered was viewed and obtained within the operating temperature range of 110 to 130
OC and this trend of behavior was obtained with increase in time as well as time range of > 0 to < 40
minutes and later decrease in the volume of oil extracted was experienced in the process. The line curve
is expressed as y = 1x + 90 and R? = 1, which shows it as a function of temperature and time. The line
curve for oil recovered in terms of volume of the brown onion is expressed as:

=-0.014x%>+ 1.142x + 13 and R? = 0.803.
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Figure 2. Plot of functional parameter versus time for brown onion at constant
weight of 50 g.
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Figure 3 demonstrates the potential which was attributed to the functional parameters involved in the
production of oil through the mechanism of steam extraction method for recovering oil. Furthermore,
it is noticed that trend and the quantity of oil extracted is dependent on extract variation in time and
temperature for brown onion at constant weight of 100 g. The investigation shows increase in oil
extracted with temperature range of 110 to 130°C and the range of >0 to <40 minutes. However,
decrease in oil extracted was noticed at temperature of 50°C. The changes in the oil extracted in terms
of volume recovered can be ascribed to changes in the period of extraction time. Indeed, the line
equation is defined as y = 1x + 90 and R? = 1, for function of temperature and the line equation for
volume of oil obtained from the brown onion is defined as y =—0.018x? + 1.467x +27.9 and R? = 0.909.
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Figure 3. Plot of functional parameter versus time for brown onion at constant weight of 100 g.

Figure 4 shows the functional parameter in terms of oil extracted which is classified as recovered.
The extracted oil quantity recovered varies with function of time for brown onion at constant weight of
150 g. The research outcomes revealed increase in quantity of oil extracted or recovered which was
dependent on factors such as temperature range of 110 to 1300176°C and time range of >0 to <40
minutes. The equation of the line is written as y = 1x + 90 as the R?= 1, for process temperature control.
The line curve for volume control from the brown onion is written as y = —0.016x> + 1.277x + 42.22
and R? = 0.823.

Figure 5 shows the conceptual functional parameter of temperature and time effect on oil produced
using brown onion charged in the distillation with the application of steam extraction mechanism. The
oil extracted is dependent on time as identified from the brown onion at constant weight of 200 g.
However, the research integrated the increase in oil extracted as well as recovered as a function of the
temperature range of 110 to 140°C as well as time range of >0 to <50 minutes. The difference in the
volume of oil extracted or recovered is a result of increase in extraction time. The line equation is written
as y = 1x + 90 whereas R? = 1 in the case of temperature and in terms of volume recovered for the
brown onion is written as y = —0.017x? + 1.399x + 45.47and R> = 0.924.
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Figure 4. Plot of functional parameter versus time for brown onion at constant
weight of 150 g.
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Figure 5. Plot of functional parameter versus time for brown onion at constant weight of 200 g.

Figure 6 showcases the significance of the functional parameter of time and temperature as a
controlling factor is the quantity of oil to be extracted through the application of steam extraction
concept using distillation column. The potential of the oil extracted revealed that at that time,
temperature influenced the brown onion at constant weight of 250 g. Also, the investigation further
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addresses the effect of increase in oil extracted within the temperature range of 110 to 140°C and time
within the range of >0 to <50 minutes. The potential change in the volume of oil extracted could be
integrated into potential change in extraction time. The line equation is expressed as y = 1x + 90 in
which the R? = 1, as defined for temperature effect as well as for volume extracted from the brown
onion is given as y = —-0.019x> + 1.678x + 46.14 and R = 0.926.
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Figure 6. Plot of functional parameter versus time for brown onion at constant weight of 250 g.

Figure 7 shows the massive contribution of weight of the mesh to the functional parameter
relationship in oil recovered increased in the extraction at different operating temperature under the
condition of brown onion at constant weight of 300 g. Increase in quantity of oil recovered revealed the
temperature range of 110 to 130°C is a contributing factor along with increase in time within the range
of >0 to <40 minutes. The line curve equation is written as y = 1x + 90 and R? = 1, for the temperature
control whereas for volume of oil extracted from the brown onion is written as y = —0.017x? + 1.243x
+ 61.15 as the value of R>=0.796.
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Figure 7. Plot of functional parameter versus time for brown onion at constant weight of 300 g.
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CONCLUSIONS

The investigation on the characteristics of the brown onion in terms of the quality and quantity of oil
recovered demonstrated that temperature is an influential factor to be monitored during production as
well as the operational time.

The research further revealed that the oil production trend is progressive provided its extracted
from the mesh introduced into the distillation column.

The process ensures that the oil obtained through this mechanism is edible for human utilization
in terms of pharmaceutical application, direct utilization for domestic application.

The oil extracted can be synthesizer for other chemical applications.

The volume of oil extracted is dependent on the mass of the raw material charged into the
distillation as well as the operating conditions.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Galluzzo P, Martini C, Bulzomi P, Leone S, Bolli A, Pallottini V, et al. Quercetin-induced apoptotic
cascade in cancer cells: Antioxidant versus estrogen receptor alpha-dependent mechanisms. Mol
Nutr Food Res. 2009;53:699—-708.

Gao CM, Takezaki T, Ding JH, Li MS, Tajima K. Protective effect of Allium vegetables against
both esophageal and stomach cancer: A simultaneous case-referent study of a high-epidemic area
in Jiangsu Province, China. Jpn J Cancer Res. 1999;90:614-21.

Glasser G, Graefe EU, Struck F, Veit M, Gebhardt R. Comparison of antioxidative capacities and
inhibitory effects on cholesterol biosynthesis of quercetin and potential metabolites.
Phytomedicine. 2002;9:33—40.

Goldman IL, Kopelberg M, Debaene JEP, Schwartz BS. Antiplatelet activity in onion (Allium cepa)
is sulfur dependent. Thromb Haemost. 1996;76:450-2.

Gonzalez CA, Pera G, Agudo A, Bueno-De-Mesquita HB, Ceroti M, Boeing H, et al. Fruit and
vegetable intake and the risk of stomach and oesophagus adenocarcinoma in the European
Prospective Investigation into Cancer and Nutrition (EPIC-EURGAST). Int J Cancer.
2006;118:2559-66.

Gonzalez CA, Sanz JM, Marcos G, Pita S, Brullet E, Saigi E, et al. Dietary factors and stomach
cancer in Spain: A multicenter case-control study. Int J Cancer. 1991;49:513-9.

Gonzalez-Saiz JM, Esteban-Diez I, Rodriguez-Tecedor S, Pizarro C. Valorization of onion waste
and by-products: MCR-ALS applied to reveal the compositional profiles of alcoholic fermentations
of onion juice monitored by near-infrared spectroscopy. Biotechnol Bioeng. 2008;101:776—87.
Griffiths G, Trueman L, Crowther T, Thomas B, Smith B. Onions—A global benefit to health.
Phytother Res. 2002;16:603-15.

Gruber P, Vieths S, Wangorsch A, Nerkamp J, Hofmann T. Maillard reaction and enzymatic
browning affect the allergenicity of Pru av 1, the major allergen from cherry (Prunus avium). J
Agric Food Chem. 2004;52:4002-7.

Hansson LE, Nyren O, Bergstrom R, Wolk A, Lindgren A, Baron J, et al. Diet and risk of gastric
cancer: A population-based case-control study in Sweden. Int J Cancer. 1993;55:181-9.

Helen A, Krishnakumar K, Vijayammal PL, Augusti KT. Antioxidant effect of onion oil (Allium
cepa Linn) on the damages induced by nicotine in rats as compared to alpha-tocopherol. Toxicol
Lett. 2000;116:61-8.

Hollman PC, de Vries JH, van Leeuwen SD, Mengelers MJ, Katan MB. Absorption of dietary
quercetin glycosides and quercetin in healthy ileostomy volunteers. Am J Clin Nutr. 1995;62:1276—
82.

Hu JF, La Vecchia C, Negri E, Chatenoud L, Bosetti C, Jia XY, et al. Diet and brain cancer in
adults: A case-control study in northeast China. Int J Cancer. 1999;81:20-3.

Hubbard GP, Wolffram S, de Vos R, Bovy A, Gibbins JM, Lovegrove JA. Ingestion of onion soup
high in quercetin inhibits platelet aggregation and essential components of the collagen-stimulated
platelet activation pathway in man: A pilot study. Br J Nutr. 2006;96:482-8.

Hucker HB, Ahmad PM, Miller EA, Brobyn R. Metabolism of dimethyl sulphoxide to dimethyl
sulphone in the rat and man. Nature. 1966;209:619-20.

© JournalsPub 2025. All Rights Reserved 50



International Journal of Chemical Separation Technology
Volume 11, Issue 2
ISSN: 2456-6691

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

Irkin R, Korukluoglu M. Control of Aspergillus niger with garlic, onion and leek extracts. Afr J
Biotechnol. 2007;6:384-7.

Iscovich JM, Labbe KA, Castelleto R, Calzona A, Bernedo A, Chopita NA, et al. Colon cancer in
Argentina. I. Risk from intake of dietary items. Int J Cancer. 1992;51:851-7.

Jung YS, Kim MH, Lee SH, Baik EJ, Park SW, Moon CH. Antithrombotic effect of onion in
streptozotocin-induced diabetic rat. Prostaglandins Leukot Essent Fatty Acids. 2002;66:453-8.
Kim JW, Huh JE, Kyung SH, Kyung KH. Antimicrobial activity of alk(en)yl sulfides found in
essential oils of garlic and onion. Food Sci Biotechnol. 2004;13:235-9.

Kabuba JT. Steam extraction of essential oils: Investigation of process parameters. Masters thesis.
University of Johannesburg; 2009.

Kim JW, Kim YS, Kyung KH. Inhibitory activity of essential oils of garlic and onion against
bacteria and yeasts. J Food Prot. 2004;67:499-504.

Kim SJ, Kim GH. Quantification of quercetin in different parts of onion and its DPPH radical
scavenging and antibacterial activity. Food Sci Biotechnol. 2006;15:39-43.

Kumari K, Augusti KT. Lipid-lowering effect of S-methyl cysteine sulfoxide from Allium cepa
Linn in high-cholesterol diet-fed rats. ] Ethnopharmacol. 2007;109:367-71.

Kyung KH, Lee YC. Antimicrobial activities of sulfur compounds derived from S-alk(en)yl-L-
cysteine sulfoxides in Allium and Brassica. Food Rev Int. 2001;17:183-98.

Lawless J. The encyclopedia of essential oils. Great Britain: Scotprint; 1992.

Lee SK, Hwang JY, Kang MJ, Kim YM, Jung SH, Lee JH, et al. Hypoglycemic effect of onion skin
extract in animal models of diabetes mellitus. Food Sci Biotechnol. 2008;17:130-4.

Lee SU, Lee JH, Choi SH, Lee JS, Ohnisi-Kameyama M, Kozukue N, et al. Flavonoid content in
fresh, home-processed, and light-exposed onions and in dehydrated commercial onion products. J
Agric Food Chem. 2008;56:8541-8.

© JournalsPub 2025. All Rights Reserved 51



