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Abstract
Background and Objective: Antioxidants are a necessary nutrient component of the body to prevent and cope with oxidative stress.
Avocado leaf allegedly has a natural antioxidant that can meet the needs of antioxidants which are still limited, especially for people with
degenerative diseases. This study aimed to identify and analyze the phytochemical content and antioxidant power of avocado leaf extract.
Materials and Methods: The type of research is pure experiment. The avocado leaf extraction preparation was macerated using 96%
ethanol solvent with a ratio of 1:10 (w/v) for 3×24 h. Phytochemical types analyzed were flavonoids,  saponins, polyphenols,  tannins,
alkaloids and steroids. Measurement of antioxidant activity using DPPH (1,1-Diphenyl-2-picrylhydrazyl) method on avocado leaf extract
and vitamin C (control group). Data  analysis  was  unpaired  t-test,  one-way  ANOVA  test  and  linear  regression test  with significant
value  was  p<0.01. Results: Positive avocado leaf extract contains flavonoids, saponins, tannins and steroids. Antioxidant activity avocado
starch extract  (absorbance  DPPH = 0.797)  is  strong with IC50 of 72.61 mg LG1  and  vitamin C as positive control is also very strong with
IC50 (mg LG1) of 23.03. Conclusion: Avocado leaf extract contains phytochemical substances with a strong antioxidant that can be used
to prevent and cope with oxidative stress.
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INTRODUCTION

Antioxidants are compounds capable of inhibiting the
oxidation of other molecules1. The body does not have an
excessive antioxidative defense system, so if  there  is
exposure to excessive free radicals, the  body needs
exogenous  antioxidants2.  Concerns about  the  side  effects
of synthetic antioxidants make natural antioxidants the
preferred alternative3. In recent years there has been an
increased interest in getting natural antioxidants4,5. Studies
show that phenolic compounds such as flavonoids have
antioxidant activity of free radical catchers found in plants and
fruit leaves which are commonly used as traditional
medicine6,7.

WHO reports that currently traditional medicines coming
from plants have been used by society for around 80% as
personal healthcare effort8. Utilization of medicinal plants
include the prevention and treatment of a disease and health
care. Certain plant or plant extracts are believed to contain
biologically active compounds and are effective in curing
diseases8,9. Most of the natural antioxidants come from fruits,
vegetables, spices, grains and spices such as ginseng,
curcuma, ginkgo, rosemary, green tea, grapes, ginger and
garlic and avocado (Persian  americana  Mill.)10-13.

Avocado tree is known only for the fruit that people
usually consume. Apparently avocado leaf is one of  the
natural ingredients that can be used as a traditional
medicine14. This leaf has been empirically used as a diuretic,
analgesic, anti-inflammatory, hypertensive, hypoglycemic,
diarrhea, sore throat and hemorrhage cure14. Avocado is one
of the fruit plant groups which are nutritious as a preservative
and  antioxidants15,16.  Avocado  flesh  can  be  used  as  an
anti-hyperlipidemia and has antioxidant activity and reduce
the risk of metabolic syndrome17-19.

One part of the avocado plant that has the potential as a
natural antioxidant substance is avocado leaf. Previous
research has shown that avocado leaf has the potential as a
natural antioxidant20 and positively contains alkaloids,
flavonoids, saponins, tannins and steroids using methanol
solution to hydrolyze and extract avocado leaf11. However,
using methanol in the extract is less safer compared to ethanol
solution21. This research aimed to identify phytochemical
content using 96% ethanol solution and antioxidant power of
avocado leaf extract using DPPH method (1,1-Diphenyl-2-
picrylhydrazyl). Extracting antioxidant compound in the leaf
using ethanol will be safer for the future experimental studies
on the animal or human settings.

MATERIALS AND METHODS

The study was conducted in the Analytical Chemistry
Laboratory of Mathematics and Science Faculty of Tadulako
University from June-September, 2017. This type of research
is experimental with the sample consisted of 2 groups, namely
treatment group and control group. The avocado leaf used
both on treatment and control group were butter type. The
treatment   group   was   avocado   leaf  extract  consisting of
5  series  of  concentrations  which  are  10,   30,   50,  70  and
90 mg LG1  while the control group was vitamin C consisting of
5 series of concentration such as 10, 30, 50, 70 and 90 mg LG1. 

Materials: About 96% of ethanol, DPPH, aquades, filter paper,
concentrated HCl, 5% ferric chloride, Dragendorff reagent,
chloroform, acetic acid hydride and concentrated sulfuric acid.

Tools: Blender, 60 mesh sieves, Erlenmeyer 1000 mL,
measuring flask, 500 mL measuring cup, analytical balance,
glass funnel, chamber, buchner funnel, vacuum pump, rotary
evaporator, UV-VIS spectrophotometer.

The data collection were conducted through a series of
measurements.

Avocado  leaf  extraction  preparation: Avocado leaf used
was fresh green, separated from the stalk. The avocado leaf
sample was cleaned, then dried in an oven at 50EC for 24 h.
After drying, the sample was blended to obtain dry powder.
Samples were macerated using  96% of ethanol solvent with
a ratio of 1:10 (w/v) for 3×24 h.  The  extract  solution used
was 96% of ethanol. Ethanol is considered  in  ethanol 20% up,
non-toxic, neutral, requires less heat for the concentration
process, limited soluble confounding substances and semi
polar ethanol to attract  polar  and  non-polar  compounds.
The maceration results  were filtered using filter paper with
the help of Buchner's vacuum filter. The filtrate was
accommodated in Erlenmeyer. The extract was evaporated
using an evaporator to obtain a concentrated extract of
avocado leaf. Furthermore, the concentrated extract of
avocado leaves was tested for its phytochemical substances
(groups of flavonoids, saponins, alkaloids, steroids, tannins)
and antioxidant power.

Phytochemical test22

Flavonoid test: The flavonoid test is that 1.0 mL of sample
solution is fed into the test tube and then a little magnesium
powder and a few drops of concentrated HCl (Shinola reagent)
were  added,  so  when  reacted  positively,  it  will  result  in  an
orange, pink or red solution. 
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Saponin test: A total  of 2.0 mL of sample solution is inserted
into the test tube and shaken for a few minutes, when reacted
positively, it will form a stable foam for 15 min. 

Tannins test: Tannins test is that 1.0 mL of the sample solution
are fed into the test tube and then a drop of 5% ferric chloride
solution were added, when reacted positively it will result in a
brown precipitate and a dark blue solution. 

Alkaloid test: Alkaloid test is 1.0 mL of sample is fed into the
test tube and then 2-3 drops of Dragendorff reagent were
added, so when reacted positively, it will result in orange
precipitate.  

Steroid  test:  Steroid  test  is  that  1 mL extract is added with
3-5 drops of chloroform, then added again with 3-5 drops of
acetic acid hydride and 10 drops of concentrated sulfuric acid.
The positive test is marked by a change in the color of the blue
or green solution.

Antioxidant activity test using DPPH method (1,1-Diphenyl-
2-picrylhydrazyl)23: Concentrated extract of the sample
whose antioxidant activity was determined, used
spectrophotometric method with DPPH reagent. The sample
extract was weighed 25 mg then put into a 25 mL measuring
flask, then adjusted with an ethanol solvent to obtain a
solution concentration of 1000 ppm. A series  of  dilutions
were then performed to obtain a solution of 10, 30, 50, 70  and
90 mg LG1. The solution has been prepared, piped for 0.2 mL
and added with 3.8 mL DPPH 50 :M solution. The mixture is
homogenized and left for 30 min in the dark. Then, the uptake
is measured at a wavelength of 517 nm. Tests were also
conducted on DPPH solution.

The obtained absorbance value is used to determine the
inhibition (%) using the following Eq.24:

Absorbance DPPH Absorbance sampleInhibition (%) 100
Absorbance DPPH


 

Subsequently, an inhibition (%) curve was prepared and
IC50 (inhibition concentration) was determined on  the  basis of

the regression equation obtained. The parameter to interpret
the test results by DPPH method is IC50. The smaller the value
of IC50, the higher the antioxidant activity. The value of IC50 is
obtained from several stages, before calculating the IC50 value,
first calculate the log value of the concentration and the probit
value   for   each   percentage  of  free  radical  capture  activity.
Levels of antioxidant power based on IC50 values are: very
strong  (<50),  strong  (50-100),  medium  (100-250),  weak
(250-500) and inactive (>500)25.

Data analysis: Data analysis was unpaired t-test, one-way
ANOVA test and linear regression test with significant value
was p<0.01.

RESULTS

Qualitative analysis of phytochemical compounds on
avocado leaf extract contains flavonoid compounds, saponins,
tannins, triterpenoids, steroids and contains no alkaloids
(Table 1). Table 2 shows that the absorption of DPPH by the
presence of avocado leaf extract and vitamin C decreased
along with the increasing of  avocado  leaf  extract  and
vitamin C concentrations and all concentrations were
significantly different with p<0.01. DPPH absorption value by
avocado leaf extract was significantly different with
absorbance of DPPH by vitamin C with p<0.01, where the
absorption value of DPPH by vitamin C was smaller on average
which was 0.288 compared with absorbance of DPPH by
avocado leaf extract which was 0.452. The percentage of DPPH
inhibition by the presence of avocado leaf  extract  and
vitamin C has increased  along  with  the  increasing of
avocado leaf extract and vitamin C concentrations and all
concentrations were significantly different with the value of
p<0.01. The percentage of DPPH inhibition by avocado leaf
extract was significantly different with absorbance of DPPH by
vitamin C with p<0.01 value, where DPPH inhibition by
vitamin C was greater on average which was 63.83%
compared to percentage of DPPH inhibition by avocado leaf
extract which was 43.26% (Table 2).

Table  3  shows  that   the   absorbance   of   DPPH   with
70  mg  LG1  of  avocado  leaf  extract   concentration   was   not

Table 1: Phytochemical screening results of avocado leaf extract
Phytochemical parameters Reactor Observation result Remark
Alkaloid Dragendorff Does not produce yellow precipitate -
Flavonoid Concentrated HCl Produce an orange solution ++
Saponin Aquades Forming foam ++
Tannin Ferric chloride 5% Producing dark blue solution +++
Steroid Chloroform, acetic acid hydride, concentrated sulfuric acid Producing green solution (positive steroid) +
GNegative result, +Weak positive result, ++Strong positive result, +++Very strong positive result
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Table 2: Absorbance and percent Inhibition of DPPH by the presence of avocado leaf extract and vitamin C with various concentrations (initial DPPH = 0.797)
Absorbance Percent inhibition
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Test samples Concentration Mean±SD p-value Log C Mean±SD p-value p-value
Avocado leaf extract 10 0.559±0.002 0.000* 1.000 29.86±0.35 0.000* 0.002**

30 0.492±0.008 1.477 38.27±1.06
50 0.444±0.004 1.699 44.29±0.53
70 0.397±0.127 1.845 50.19±1.59
90 0.369±0.011 1.954 53.70±1.42
Total 0.452±0.071 43.26±9.01

Vitamin C 10 0.465±0.004 0.000* 1.000 41.59±0.62 0.00* 0.002**
30 0.371±0.002 1.477 53.45±0.35
50 0.255±0.002 1.699 68.00±0.36
70 0.215±0.002 1.845 73.02±0.35
90 0.134±0.002 1.954 83.12±0.26
Total 0.288±0.123 63.83±15..47

*Significantly different when p<0.01 in one-way ANOVA test, **Significantly different when p<0.01 in unpaired t-test

Table 3: Post-hoc  post absorption test of DPPH by avocado leaf extract 
p-value
------------------------------------------------------------------------------------------------------------------------------------------------------------------

Concentration (mg LG1) 10 30 50 70 90
10 NA 0.001* 0.000* 0.000* 0.000*
30 0.001* NA 0.003* 0.000* 0.000*
50 0.000* 0.003* NA 0.003* 0.000*
70 0.000* 0.000* 0.003* NA 0.025
90 0.000* 0.000* 0.000* 0.025 NA
*Significantly different when p<0.01 in post-hoc  test, NA: Not acceptable

significantly different with the 90 mg LG1. This means that the
optimum concentration of avocado leaf extract to inhibit
DPPH activity is 70 mg LG1. IC50  as an indicator in assessing the
antioxidant of avocado leaf extract as a strong antioxidant
power with IC50 value of 72.61 mg LG1, while vitamin C has a
very strong antioxidant power with IC50 value of 23.03 mg LG1.
Levels of antioxidant power based on IC50 values are: very
strong  (<50),  strong  (50-100),  medium  (100-250), weak
(250-500) and inactive (>500)24.

DISCUSSION

The results showed that positive avocado leaf extract
contains phytochemical substances such as flavonoids,
saponins, tannins and steroids. The extraction process of
avocado leaves using 95% of ethanol solution is a universal
solvent and capable of dissolving polar compounds26, so that
various polar and nonpolar compounds such as alkaloids,
flavonoids, saponins, tannins and steroids contained in
avocado leaves can be attracted to the solvent, although there
is research showing that ethanol is less effective in screening
antioxidants27. Methanol is the most efficient solvent for the
extraction of antioxidant compounds, followed by water,
ethanol and acetone26. However, the use of ethanol is safer
compared to methanol, because methanol is toxic28.

Qualitatively, the findings of some phytochemical
substances in avocado leaf extract proves that the avocado

leaf can be used as a source of food that has antioxidants.
Several studies have shown that phytochemicals of
phytosterols, saponins, polyphenols, flavonoids and ascorbic
acid have the ability to regulate cholesterol metabolism and
to improve antioxidant status in hypercholesterolemic rats29,30.
Flavonoids found in avocado leaf extracts can be used in the
treatment of oxidative stress because flavonoids can freeze
free radicals by donating hydrogen atoms or by single electron
transfer31,32.

The requirement of flavonoids in daily consumption is still
higher than vitamin C (70 mg/day), vitamin E (7-10 mg/day)
and   carotenoids  (otototene,  2-3  mg/day)33.  Flavonoid
intake may range from 50 and 800 mg/day, depending on
consumption of vegetables and fruits and certain beverages,
such as red wine, tea and unfiltered beer. In particular, red
wine and tea contain high levels (about 200 mg per glass of
red wine or a cup of tea) of total phenol33. But Indonesian
people, the consumption of red wine is still limited, so this
avocado leaf extract can be a solution in meeting the needs of
flavonoids. In addition, the use of avocado leaf as a vegetable
is still very limited compared to other food stuffs such as tree
nuts and palm fruit containing important nutrients and
phytochemicals, including carotenoids, polyphenols and
tocopherols that have antioxidant and other bioactivity
functions34,35.

Saponins are common in plants used as medicinal plants.
Studies have shown that saponins have antioxidant effects in
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the presence of decreased serum lipids in wistar rats36.
However, saponins can interfere with the absorption of
minerals and vitamins in the body that suppress the
concentration of  the liver Fe through imperfect absorption of
Fe by forming the Saponin-Fe complex37. Other phytochemical
compounds found in avocado leaf extract are tannins. Tannins
is a water-soluble polyphenol present in bark and fruit
especially bananas, grapes, sorghum, spinach, red wine,
coffee, chocolate and tea38. The results of this research are in
line with several studies showing that avocado leaves contain
flavonoid compounds, tannins and saponins39-41.

The results showed that the higher the concentration of
vitamin C and avocado leaf extract, the higher the antioxidant
activity shown by the smaller absorbance value (p = 0.000).
This is because the higher the concentration, the smaller the
absorbance of the antioxidant ability to reduce the DPPH free
radical. In addition, the inhibition value (%) also experienced
a significant increase (p = 0.000) along with the increasing of
concentrations of vitamin C and avocado leaf extract. The
absorbance  value  and  inhibition  (%)  between  vitamin C
and avocado leaf   extract  was found  significantly   different
(p = 0.002), where vitamin C as antioxidant is still higher in
ability to damp free radical of DPPH compared to avocado leaf
extract. Vitamin C has an average value of inhibition (%) for
63.83% while avocado leaf extract is for 43.26%. Factors
influencing the stability of antioxidant activity are pH,
temperature, rays and oxygen, as well as other factors such as
metal ions. The temperature factor influences the level of
antioxidant activity in the avocado leaf. Anggorowati et al.42

research  showed that the temperature of making avocado
leaf tea that is at temperature 60, 70 and  80EC  value  of  IC50

is  higher  due  to  the  number  of  antioxidants   that   begin
to decompose at this temperature, because the more
antioxidants decomposing, the higher the value of  IC50 and
the higher the value IC50, the lower the active ingredient in the
avocado leaf.

Then, the comparison of IC50 leaf extract of avocado and
vitamin C as an indicator of antioxidant power found that
vitamin C has a smaller IC50  value which was 23.03 mg LG1

compared to avocado leaf extract which was 72.61 mg LG1.
This means that vitamin C has the power of antioxidants with
a very strong category, while the avocado leaf extract is strong
category. The small power of antioxidant activity of avocado
leaves compared with vitamin C is due to the fact that the
avocado leaf extract is still a mixture of several compounds
such as flavonoids, saponins, tannins and steroids, while
vitamin C is a pure synthetic compound as an antioxidant13

Vitamin C also has more hydroxyl groups, so vitamin C can
donate more hydrogen atoms to react with DPPH free radicals.

This research his in line with Owolabi et al.43, who
suggested that avocado leaves have strong antioxidant
activity, which may help in preventing or slowing down the
progression of various diseases associated with oxidative
stress. The extract of  avocado's  leaves  is  potential  natural 
antioxidant and anti-inflammatory compounds that prevent
the formation of calcium oxalate crystal by interfering the
process of epithelial cell damage44. The total phenolic content
and antioxidant potential of avocado phenolics was
influenced by the extracting solvent and avocado variety45. In
addition to avocado leaf, grape extrane and avocado skin also
contain bioactive compounds and high antioxidant activity
against DPPH (43 and 35%, respectively) than avocado fruit
(only 23%)19.

This study suggests that avocado leaf is potentially used
for averting some diseases associated with oxidative stress.
Therefore, avocado leaf as known to have non economic
values can contribute to be natural medicine and with a
possibility of becoming source of income for farmers and
industries. However, avocado leaf assesed in this study were
only limited to one variation. Examining other varieties would
bring clearly insight on the difference bioactive compounds
between avocado leaf variations. Futhermore, phitochemical
contents in this study were only examined qualitatively,
without providing information on quantity of the compounds.
This study also did not measure antioxidant activity for each
phitochemical contents separately while each kind of
phitochemical substances can have different antioxidant
activity level. Further studies on assesing quantitative
phitochemical compound, extracting phitochemical contents
separately to eximined its antioxidant activity, as well as study
in the animals and human settings need to be done to offer
more detail understanding in natural antioxidant chemical
process of avocado leaf. 

CONCLUSION

Phytochemical screening of avocado leaves extracted
with 90% of positive ethanol solution contains flavonoid
compounds, saponins, tannins, steroids. The absorbance value
and DPPH percent inhibition of avocado leaf extract and
vitamin C showed a significant difference. The concentration
70% is an avocado leaf extract that gives absorbance value
and percent optimum inhibition. Antioxidant activity avocado
leaf extract (absorbance DPPH = 0.797) is strong with IC50  is
72.61 mg LG1 and  vitamin  C  is very strong with IC50  that is
23.03 mg LG1. Avocado leaf extract with flavonoid compound
and strong antioxidant activity can be utilized in the
intervention of disease associated with free radicals.
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SIGNIFICANCE STATEMENT

The study discovered that the effects of phytochemical
combinations (flavonoids, saponins, tannins and steroids)
avocado leaf extracts can be used in the treatment of
oxidative stress. This study will help researchers to take
advantage of avocado leaf extract as a source of antioxidants
is cheap, safe and easily obtained. Thus, a new theory on
avocado leaf extract using ethanol solution showed strong
antioxidant activity against DPPH (1,1-Diphenyl-2-
picrylhydrazyl).

ACKNOWLEDGMENTS

The authors thank to Directorate of Research and
Community Service (DRPM) Ministry of Research, Technology
and Higher Education of the Republic of Indonesia for research
funding. Head and Laboratory of Chemical Laboratory of
Tadulako University which has helped the success of the
research.

REFERENCES

1. Shahidi, F. and A. Chandrasekara, 2015. The Use of
Antioxidants in the Preservation of Cereals and Low-Moisture
Foods. In: Handbook of Antioxidants for Food Preservation,
Shahidi, F.  (Ed.).  Woodhead Publishing, Cambridge, UK.,
ISBN-13: 9781782420972, pp: 413-428.

2. Lobo, V., A. Patil, A. Phatak and N. Chandra, 2010. Free
radicals, antioxidants and functional foods: Impact on human
health. Pharmacogn. Rev., 4: 118-126.

3. Brewer, M.S., 2011. Natural antioxidants: Sources,
compounds, mechanisms of action and potential
applications.  Comprehensive  Rev.  Food  Sci.  Food Safety,
10: 221-247.

4. Defrancesco, E. and S. Trestini, 2008. Consumers' willingness
to pay for the health promoting properties of organic fresh
tomato. Riv. Econ. Agrar., 63: 517-545.

5. Sanches-Silva, A., D. Costa, T.G. Albuquerque, G.G. Buonocore
and F. Ramos et al., 2014. Trends in the use of natural
antioxidants in active food packaging: A review. Food Addit.
Contam.: Part A, 31: 374-395.

6. Jeong, J.M., C.H. Choi, S.K. Kang, I.H. Lee, J.Y. Lee and HJung,
2007. Antioxidant and chemosensitizing effects of flavonoids
with hydroxy and/or methoxy groups and structure-activity
relationship. J. Pharm. Pharm. Sci., 10: 537-546.

7. Chen,  G.L.,  X.  Zhang, S.G. Chen, M.D. Han and Y.Q. Gao,
2017. Antioxidant activities and contents of free, esterified
and insoluble-bound phenolics  in  14  subtropical  fruit
leaves collected from the South  of  China.  J.  Funct.  Foods,
30: 290-302.

8. Ekor, M., 2014. The growing use of herbal medicines: Issues
relating to adverse reactions and challenges in monitoring
safety. Front Pharmacol., Vol. 4. 10.3389/fphar.2013.00177.

9. Palombo,  E.A., 2011. Traditional  medicinal  plant  extracts
and natural products with activity against oral bacteria:
Potential application  in  the  prevention and treatment of
oral diseases. Evidence-Based Complement. Altern. Med.
10.1093/ecam/nep067.

10. Widowati, W., 2008. [Potential antioxidants as antidiabetes].
J. Kedokteran Maranatha, 7: 1-11, (In Indonesian).

11. Putri, E.P.K., B. Hamzah and N. Rahman, 2013. [Qualitative
analysis  of  bioactive substance in avocado (Persea
americana  Mill.) leaf extract and preclinical testing in
lowering blood glucose level in mice (Mus musculus)]. J.
Akad. Kim., 2: 119-127, (In Indonesian).

12. Lu, J.M., P.H. Lin, Q. Yao and C. Chen, 2010. Chemical and
molecular mechanisms of antioxidants: Experimental
approaches    and    model    systems.   J.   Cell.   Mol.   Med.,
14: 840-860.

13. Lotito, S.B. and B. Frei, 2006. Consumption of flavonoid-rich
foods and increased plasma antioxidant capacity in humans:
Cause, consequence, or epiphenomenon? Free Radic. Biol.
Med., 41: 1727-1746.

14. Kurniawan, R.F., 2014. Benefits of Avocado Avocado: Treat
and Prevent All Diseases. Healthy Books, Surabaya, Indonesia.

15. Gomez,  F.S.,  S.P.  Sanchez, M.G.G. Iradi, N.A.M. Azman and
M.P. Almajano, 2014. Avocado seeds: Extraction optimization
and  possible  use   as   antioxidant   in   food.   Antioxidants,
3: 439-454.

16. Dreher, M.L. and A.J. Davenport, 2013. Hass avocado
composition and potential health effects. Crit. Rev. Food Sci.
Nutr., 53: 738-750.

17. Fulgoni,  V.L.,  M.  Dreher  and  A.J.  Davenport,  2013.
Avocado consumption  is  associated  with  better  diet
quality and nutrient intake and lower metabolic syndrome
risk in US adults: Results from the National Health and
Nutrition Examination Survey (NHANES) 2001-2008. Nutr. J.,
Vol. 12. 10.1186/1475-2891-12-1.

18. Yasir, M., S. Das and M.D. Kharya, 2010. The phytochemical
and pharmacological profile of Persea  americana  Mill.
Pharm. Rev., 4: 77-84.

19. Vinha, A.F., J. Moreira and S.V. Barreira, 2013. Physicochemical
parameters, phytochemical composition and antioxidant
activity of the algarvian  avocado  (Persea  americana  Mill.).
J. Agric. Sci., 5: 100-109.

20. Antia, B.S., J.E. Okokon and P.A. Okon, 2005. Hypoglycemic
activity of aqueous leaf extract of Persea americana Mill.
Indian J. Pharmacol., 37: 325-326.

21. Do,  Q.D.,  A.E.  Angkawijaya, P.L. Tran-Nguyen, L.H. Huynh,
F.E. Soetaredjo, S. Ismadji and Y.H. Ju, 2014. Effect of
extraction solvent on total phenol content, total flavonoid
content and antioxidant  activity  of  Limnophila  aromatica.
J. Food Drug Anal., 22: 296-302.

362



Asian J. Sci. Res., 11 (3): 357-363, 2018

22. Tiwari, P., B. Kumar, M. Kaur, G. Kaur and H. Kaur, 2011.
Phytochemical screening and extraction: A review. Int. Pharm.
Sci., 1: 98-106.

23. Alam, M.N., N.J. Bristi and M. RaWquzzaman, 2013. Review on
in vivo and in vitro methods evaluation of antioxidant
activity. Saudi Pharm. J., 21: 143-152.

24. Jothy, S.L., Z. Zuraini and S. Sasidharan, 2011. Phytochemicals
screening, DPPH free radical scavenging and xanthine
oxidase inhibitiory activities of  Cassia  fistula  seeds  extract.
J. Med. Plants Res., 5: 1941-1947.

25. Jun, M., H.Y. Fu, J. Hong,  X.  Wan,  C.S.  Yang and C.T. Ho,
2003. Comparison of antioxidant activities of  isoflavones
from  kudzu  root  (Pueraria   lobata   Ohwi).   J.   Food   Sci.,
68: 2117-2122.

26. Snyder,  L.R.,  J.J. Kirkland and J.L. Glajch, 1997. Practical HPLC
Method Development. 2nd Edn., John Willey and Sons,
Hoboken, NJ., USA., ISBN-13: 9780471007036, Pages: 800.

27. Boeing, J.S., E.O. Barizao, B.C. e Silva, P.F. Montanher, V. de
Cinque Almeida and J.V. Visentainer, 2014. Evaluation of
solvent effect on the  extraction  of  phenolic  compounds
and   antioxidant  capacities  from  the  berries:  Application
of    principal    component    analysis.    Chem.   Central   J.,
Vol. 8. 10.1186/s13065-014-0048-1.

28. Korabathina, K., 2017. Methanol toxicity. http://emedicine.
medscape.com/article/1174890-overview

29. Visavadiya, N.P. and A.V.R.L. Narasimhacharya, 2009.
Asparagus root regulates cholesterol metabolism and
improves antioxidant status in hypercholesteremic rats. Evid.
Based Complement. Alternat. Med., 6: 219-226.

30. Aggarwal,  B.B.,  S.  Prasad,  S.  Reuter,  R.  Kannappan   and
V.R. Yadav et al., 2011. Identification of novel anti-
inflammatory agents from Ayurvedic medicine for prevention
of chronic diseases: "Reverse pharmacology" and "bedside to
bench" approach. Curr. Drug Targets, 12: 1595-1653.

31. Banjarnahor, S.D.S. and N. Artanti, 2015. Antioxidant
properties of flavonoids. Med. J. Indones., 23: 239-244.

32. Prochazkova, D., I. Bousova and N. Wilhelmova, 2011.
Antioxidant and prooxidant properties of flavonoids.
Fitoterapia, 82: 513-523.

33. Pietta,  P.G.,  2000.  Flavonoids as antioxidants. J. Nat. Prod.,
63: 1035-1042.

34. Bolling, B.W., D.L. McKay and J.B. Blumberg, 2010. The
phytochemical composition and antioxidant actions of tree
nuts. Asia Pac. J. Clin. Nutr., 19: 117-123.

35. Balasundram, N., T.Y. Ai, R.  Sambanthamurthi, K. Sundram
and S. Samman, 2005. Antioxidant properties of palm fruit
extracts. Asian Pac. J. Clin. Nutr., 4: 319-324.

36. Rodrigues,  H.G.,  Y.S.  Diniz,  L.A.  Faine,  C.M. Galhardi and
R.C. Burneiko et al., 2005. Antioxidant effect of saponin:
Potential action of a soybean flavonoid on glucose tolerance
and  risk  factors  for  atherosclerosis.  Int.  J. Food Sci. Nutr.,
56: 79-85.

37. Southon,  S.,  A.J.A.  Wright, K.R. Price, S.J. Fairweather-Tait
and G.R. Fenwick, 1988. The effect of three types of saponin
on iron and zinc absorption from  a  single  meal  in  the rat.
Br. J. Nutr., 59: 389-396.

38. Sung, S.H., K.H. Kim, B.T. Jeon, S.H. Cheong and J.H. Park et al.,
2012. Antibacterial and antioxidant activities of tannins
extracted  from agricultural by-products. J. Med. Plants Res.,
6: 3072-3079.

39. Mardiyaningsih,  A.  and N. Ismiyati, 2014. Cytotoxic activity
of ethanolic extract of Persea americana Mill. leaves on HeLa
cervical cancer cell. Tradit. Med. J., 19: 24-28.

40. Irawati,    N.A.V.,   2015.   Antihypertensive   effects  of
avocado leaf  extract  (Persea  americana  Mill). Jurnal
Majority, 4: 44-48.

41. Boadi, N.O., S.A. Saah, J.K. Mensah, M. Badu, S. Addai-
Arhinand and M.B. Mensah, 2015. Phytoconstituents,
antimicrobial and antioxidant properties of the leaves of
Persea  americana  Mill cultivated in Ghana. J. Med. Plants
Res., 9: 933-939.

42. Anggorowati,  D.A.,  G.  Priandini  and  Thufail,   2016.
[Potency   of   avocado   leaf  (Persea   americana   Miller)  as
an  antioxidant-rich  herbal  tea].  J.  Industri  Inovatif, 6: 1-7,
(In Indonesian).

43. Owolabi, M.A., H.A.B. Coker and S.I. Jaja, 2010. Bioactivity of
the   phytoconstituents  of  the  leaves of Persea  americana.
J. Med. Plant Res., 4: 1130-1135.

44. Wientarsih, I., R. Madyastuti, B.F. Prasetyo and A. Aldobrata,
2012. Anti  lithiasis  activity of avocado (Persea americana
Mill)  leaves  extract  in  white  male  rats.  HAYATI  J.  Biosci.,
19: 49-52.

45. Rodriguez-Carpena, J.G., D. Morcuende, M.J. Andrade, P. Kylli
and M. Estevez, 2011. Avocado (Persea americana Mill.)
phenolics, in vitro antioxidant and antimicrobial activities and
inhibition of lipid and protein oxidation in porcine patties. J.
Agric. Food Chem., 59: 5625-5635.

363


	AJSR.pdf
	Page 1


