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ABSTRACT
In the first stage of the manuscript, we aimed to examine antioxidant capacity 
and anticholinergic properties of avocado (Folium perseae) leaves. Avocado 
leaf was extracted by water (WEFP) and ethyl alcohol (EEFP) and antioxidant 
activity was determined using by several antioxidant assays including DPPH· 
and ABTS•+ radical scavenging assays, Cu2+-Cu+ reducing, Fe3+-Fe2+ reducing, 
and FRAP reducing activities. Avocado leaf extracts demonstrated antioxidant 
activity and anticholinergic activities, while α-tocopherol, BHT, trolox, and BHA 
were used as positive antioxidant controls. In the second part of this study, the 
inhibition effects of WEFP and EEFP were valuated against acetylcholinesterase 
and butyrylcholinesterase enzymes, which catalyze the breakdown of choline 
esters (i.e. neurotransmitters). This study obviously showed that avocado leaf 
extracts had effective antioxidant, antiradical, and anticholinergic influences.

ARTICLE HISTORY 
Received 10 January 2020  
Revised 21 April 2020  
Accepted 22 April 2020  

KEYWORDS 
Avocado; Folium perseae; 
antioxidant activity; radical 
scavenging; 
acetylcholinesterase; 
butyrylcholinesterase

Introduction

Avocado (F. perseae) belongs to Lauraceae family. It was cultivated in the Mediterranean region and 
Eastern Black Sea region in Turkey. Homeland of avocado is Puebla in Mexico. Both leaves and fruit 
of avocado have many benefits. Among them, fruits are the richest with regard to protein. It also 
contains plenty of vitamin E, tannins, and essential oils. Avocado leaf had also blood pressure- 
lowering effect due to its potassium content.[1] Recently, it was reported that the risk of some 
disorders including cancer, cataract, and cardiovascular disease was prevented by foods containing 
natural antioxidants.[2,3]

Oxidation is a biological processes that performing electron transfer between electron receiver and 
transmitter atoms. Although oxygen is too essential for human life, it has the potential intensive 
damage to the body. Some reactive oxygen species (ROS) were produced during normal daily 
metabolism. Compared to normal oxygen molecule with ROS formed by free radicals, which had 
higher chemical reactivity.[4,5] Free radicals are unstable compounds with high-energy comprising one 
or more pair of electrons in outer atomic orbitals. Oxidative stress is associated with many diseases 
including cancer and cardiovascular diseases. Plants contain phenolic compounds, which possessed 
strong antioxidant activity. So, plant phytochemicals can prevent many chronic diseases.[6–8]

CONTACT İlhami Gülçin igulcin@atauni.edu.tr Faculty of Sciences, Department of Chemistry, Atatürk University, -Erzurum, 
Turkey

INTERNATIONAL JOURNAL OF FOOD PROPERTIES 
2020, VOL. 23, NO. 1, 878–893 
https://doi.org/10.1080/10942912.2020.1761829

© 2020 The Author(s). Published with license by Taylor & Francis Group, LLC. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://orcid.org/0000-0001-5993-1668
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/10942912.2020.1761829&domain=pdf&date_stamp=2020-06-13


ROS are reactive chemical species of oxygen, which contain free radicals and non-free radicals. 
They may occur in the human body when exposure to radiation, stress, environmental pollution, 
cigarette smoke, and toxic chemicals.[9–11] A normal cell already has sufficient antioxidant-prooxidant 
balance. However, this balance may vary towards the oxidant in case of excessive ROS production or 
insufficient antioxidants. Oxidative stress can easily occurs at this stage.[12,13] In recent decades, the 
interest has been enhanced considerable in the plants and fruits, which are the sources of 
antioxidants.[14–16] In addition to, the restriction of synthetic antioxidants has been increased the 
interest and demands in natural antioxidants.[17–19]

Up to now, many health benefits of avocado have been identified. It has too effective strength 
against constipation and the immune system. Avocado contains polyunsaturated fatty acids and 
prevents the cholesterol level in the blood.[20] In this way, it may delay aging process and plays an 
important role in preventing of some chronicle diseases. Its extract has been identified and used as 
a potential treatment anti-diabetes mellitus and hypertension by researchers.[21] Also, different parts of 
avocado are prevalent using in traditional folk medicines to treat, management, or control of some 
human diseases. It was reported that aqueous extract of the avocado leaf had anticonvulsant property. 
Also, it had rich ingredient medium in terms of vitamins, potassium, phytosterols, lutein, and 
zeaxathin.[22]

Cholinesterases (ChEs) are enzymes having a wide distribution at the cholinergic or not 
cholinergic tissues available to in plasma and other body fluids. [23,24] A strong pharmacological 
effect of acetylcholine (ACh) was found in 1906. ChEs also play a role of cell renewal and 
differentiation against stress.[25] ChEs were determined according to substrate specificity, beha
viours in saturated substrate concentration and affinity of inhibitors. These enzymes are called 
acetylcholinesterase (AChE) and butyrylcholinesterase (BChE).[26–28] AChE presents in the brain, 
muscle, liver, spleen, and erythrocytes. The most important function of AChE is hydrolysis of ACh, 
which a neurotransmitter used at the neuromuscular junction. AChE hydrolysis ACh to the choline 
(Ch) and acetate ions.[29,30] High concentrations of ACh cause Parkinson’s disease (PD). On the 
other hand, BChE found in the serum, heart, pancreas, central nervous system, and liver.[31,32] Also, 
it makes hydrolysis and regulation of butrylcholine (BCh). AChE inhibitors (AChEIs) have been 
used as drugs for treatment of some neurological disorders including myasthenia gravis, glaucoma, 
postural tachycardia syndrome, and Alzheimer’s disease (AD).[33–35]

The aim of this study was to determine both anticholinergic and antioxidant properties of water 
and ethanol extracts of avocado (F. perseae) leaves using some bioanalytical methods including 
DPPH·, ABTS•+ radicals scavenging, Cu2+ reducing (CUPRAC), Fe3+ reducing and FRAP reducing 
activities.

Materials and methods

Chemicals

5,5ʹ-Dithio-bis(2-nitro-benzoic acid), butyrylthiocholine, acetylthiocholine iodide, BHA, BHT, DPPH, 
ABTS, and α-tocopherol were commercially obtained from Sigma-Aldrich. The other chemicals were 
used as analytical grade. Gallic acid (97.5–102.5%, Sigma-Aldrich), herniarin (>98%, Carl Roth GMBH), 
kaempferol (>90%, Sigma-Aldrich), quercitrin (>97%, TRC Canada), fumaric acid (≥99%, Sigma- 
Aldrich), pyrogallol (≥98%, Sigma-Aldrich), caffeic acid (98%, Sigma-Aldrich), quercetin (≥95%, Sigma- 
Aldrich), ellagic acid (>97%, TRC Canada), chlorogenic acid (≥95%, Sigma-Aldrich), rosmarinic acid 
(>96%, Sigma-Aldrich), luteolin-7-glucoside (98%, Carbosynth limited), luteolin-5-glucoside (>96%, 
Carbosynth limited), kaempferol-3-O-rutinoside (≥98%, Sigma-Aldrich), rutin (≥99%, Sigma- 
Aldrich). Curcumin (97%) isolated and purified from Curcuma longa by our lab.
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Water extract of avocado (Folium perseae) leaves

The lyophilized water extract of avocado (F. perseae) leaves (WEFP) was performed according to our 
previous studies.[36] For this purpose, 50 g of dried aerial parts of avocado (F. perseae) leaves was 
powdered, mixed with boiling water (500 mL) and stirred for half hour. The water extract was filtered 
over cheesecloth and Whatman paper (No. 1), respectively. Then, the residue was frozen in a freezer at 
−84°C (Sanyo, Japan). Finally, the frozen water extract was lyophilized (50°C, 5 mm-Hg). The WEFP 
was transferred to a flask and stored until use (−20°C).[37]

Ethanol extracts of avocado (Folium perseae) leaves

Evaporated ethanol extract of avocado (F. perseae) leaves (EEFP) was realized according to the 
previous study.[38] For this purpose, 50 g dried aerial parts of avocado (F. perseae) leaves was powdered 
in a mill and mixed with 500 mL of ethanol and extracted over 1 h. Then, the extracted sample was 
filtered through paper (Whatman No. 1) and evaporated at 40°C.[39] The ethanolic residue of the 
avocado (F. perseae) leaves was re-extracted under similar extraction conditions until the methanol 
became colourless. EEFP was transferred to a bottle and stored until use (−20°C).

Total phenolic content of avocado (Folium perseae) leaves

Total phenolic content of WEFP and EEFP were determined using Folin–Ciocalteau methods.[40] 

This specific Folin–Ciocalteau reagent forms a blue complex with polyphenols, which can be 
spectrophotometrically quantified at 760 nm.[41] For this purpose, 1 g of WEFP and EEFP or 
standard solution was taken into test tube and 23 mL of final volume was achieved with distilled 
water. Then, 0.5 mL of Folin–Ciocalteau reagent was transferred to test tube and after 5 min, 1.5 mL 
of Na2CO3 solution (2%) was added. After being vortexed and keeping in room temperature in 
darkness for half hour, the absorbance of the samples was spectrophotometrically recorded. Various 
concentrations of gallic acid ranging from 0 to 500 μg were used as a standard phenolic compound 
along with the samples and the amount of total phenols were calculated by using gallic acids 
calibration curve.

Total flavonoid content of avocado (Folium perseae) leaves

Total flavonoid content of WEFP and EEFP was determined by a colorimetric assay.[42] In this 
assay, 1 mL of WEFP or EEFP was taken into a test tube and 100 μL potassium acetate (1.0 M), 
0.1 mL of 10% Al(NO3)3 in 4.3 mL of ethanol solution were transferred to the samples. Then the 
mixtures were vortexed and stand at room temperature for half hour. The absorbance of the 
samples was taken in triplicate at 415 nm by using a UV-vis spectrophotometer. The standard 
curve of quercetin at different concentrations ranging from 0 to 100 μg was used for determina
tion of flavonoid contents of WEFP and EEFP. The results are recorded as μg quercetin 
equivalents per g extract.[43]

Preparation of standards and test solution for LC-MS/MS

Stock solutions of standards were prepared as 200 mg/L in ethanol-water. Calibration solutions 
were prepared in ethanol-water (50:50, v/v) in a linear range (0.1, 0.2, 0.5, 1, 5 and 10 mg/L). 
About 30 µL of curcumin (500 mg/L in methanol) was used as an Internal Standard (IS) in all 
LC-MS/MS experiments. About 50–70 mg of each extract weighed in a round bottom flask and 
3 mL of the ethanol-water mixture (50:50 v/v) was added. In order to obtain a good solubility, 
the flask was gently heated at 60°C on an ultrasonic bath until a clear solution was obtained. It 
takes approximately 15 min. The solutions were then transferred into a 5 mL of volumetric flask, 
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rinsed with a 200 µL ethanol-water mixture (50:50 v/v) for three times and diluted to volume 
with a mobile phase. A portion of 1 mL of this stock solution was transferred into 5 mL of 
another volumetric flask, and 30 µL of curcumin (500 mg/L in methanol) solution was added as 
internal standard and diluted to the volume with mobile phase. The solution was filtered through 
a 0.45 µm Millipore Millex-HV filter and the final solution (1 mL) was transferred into a capped 
auto sampler vial and 10 mL of sample was injected to LC for each run. The samples in the auto 
sampler were kept at 150o C during the experiment.[44,45]

HPLC-MS conditions

Measurements of secondary metabolites were conducted by a Zivak® HPLC (high performance liquid 
chromatography) and Zivak® Tandem Gold Triple quadrupole (Istanbul, Turkey) mass spectrometry 
equipped with a C18 (150 × 3 mm; 3 µm) column (Fortis Technologies, UK). CID gas pressure of 2.40 
mTorr, 5000 V ESI needle voltage, 600 V ESI (electrospray ionization) shield voltage, 300°C drying gas 
temperature, 50°C API housing temperature, 55 psi nebulizer gas pressure, and 40 psi drying gas 
pressure were determined as optimum ESI parameters.[46,47] LC-MS/MS parameters of secondary 
metabolites and internal standard are given in Table 1. The LODs were determined to be three times 
bigger than while LOQs were determined to be 10 times bigger than standard deviation (Table 2). The 
validation and uncertainty evaluation procedure and the results of validation are discussed in former 
studies.[40,46,47]

Biological activities

Reducing assays
The first method for determination of reducing ability of avocado leaf was Fe3+(CN−)6 reduction 
method, which had maximum absorbance at 700 nm.[48–50] Cu2+ reducing ability was used as 
important antioxidant-reducing assay for both extracts of avocado leaf. This method was exerted 
according to the method of Gulcin[51] as described in details.[52] The absorbances were registered at 
450 nm after half hour.[29] FRAP assay, which the last used reducing method, is based on degradation 
of Fe3+-TPTZ complicated.[53] The increased absorbance of Fe2+-TPTZ was spectrometrically reported 
at 593 nm as described in our study.[54]

Table 1. LC-MS/MS parameter of selected compounds in water and ethanol extracts of avocado (Folium perseae) leaves [EEFP: 
ethanol extract of avocado (F. perseae) leaves, WEFP: water extract of avocado (F. perseae) leaves].

Compounds Parent ion Daughter ion Collision energy (V)

1 Gallic acid 168.6 124 13
2 Herniarin 177 121 12
3 Kaempferol 287 152.3 30
4 Quercitrin 471.9 309.9 16
5 Fumaric acid 115 71 8
6 Pyrogallol 125 80 16
7 Caffeic acid 179 135 10
8 Quercetin 301 178.5 16
9 Ellagic acid 301 228.3 25
10 Chlorogenic acid 353 191 14
11 Rosmarinic acid 359.2 160.5 15
12 Luteolin-7-glucoside 447 284.5 14
13 Luteolin-5-glucoside 447 289.5 20
14 Kaempferon-3-O-rutinoside 593 284.4 18
15 Rutin 609 301 16
16 Curcumin* 369.3 176.9 20

Notes: * Used as internal standard.
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Radical scavenging assays
The DPPH· solution was daily prepared and kept in a glass flask in the dark (4°C). An aliquot (1.5 mL) 
of avocado leaf extracts dissolved in ethanol and transferred to fresh 500 μL of DPPH· solution (0.1 M). 
These mixtures were strongly stirred and incubated in the dark (30 min). Then, their absorbances were 
spectrophotometrically registered at 517 nm.[55] ABTS•+ was obtained by reacting of ABTS (7.0 mM) 
to K2S2O8 (2.5 mM). ABTS•+ scavenging ability of both extracts of avocado leaf was done according to 
the spectroscopic method defined previously.[56–59] Radicals scavenging activity was calculated from 
the equation of RSI (%) = [1 - (As/Ac)] × 100. Where RSI is radical scavenging influences, As and Ac 
are the absorbance values of samples and control, respectively.[60]

Anticholinergic assay
Inhibition influences for avocado extracts on AChE/BChE enzymes were calculated by Ellman’s 
method[61] as described in our previous studies.[62–64] DTNB and acetylcholine iodide (AChI)/ 
butrylcholine iodide (BChI) were used for the assigned of the AChE/BChE activities. Measurements 
were recorded at the maximum absorption at the wavelength of 412 nm. Half maximal inhibition 
concentration (IC50) was obtained from activity (%) towards for the extract plots.[65]

Statistical analysis

The experiment regarding antioxidant activity was carried out at triplicate. The values were expressed 
as mean ± standard deviation and analyzed by SPSS (version 11.5 for Windows 98, SPSS Inc.). A one- 
way ANOVA was performed to determine the significance of difference. The significant differences 
between the means were determined by LSD tests. p < 0.05 was accepted as significant while p < 0.01 
was regarded as being substantially significant.

Results and discussion

Antioxidant compounds from natural resources are the safer ones and they are only alternative against 
synthetic antioxidants. So, they were discovered sources of antioxidants found in nature. At the same 
time, various methods have been developed and used for determination of natural antioxidants 
capacities.[66–68] For this aim, the antioxidant capacities of both extracts of avocado leaf were carried 
out by some antioxidant experiments.

Table 2. Validation and uncertainty parameters of selected compounds.

Compounds Linear regression equation r2 LOD (mg/L) LOQ (mg/L) RSD (%)

Gallic acid y = 0.0569x + 0.0177 0.991 0.002 0.008 4.85
Herniarin y = 0.0325x + 0.0107 0.9917 0.370 1.233 9.47
Kaempferol y = 0.0230x + 0.0116 0.984 0.002 0.008 5.47
Quercitrin y = 0.0290x + 0.0058 0.9918 0.001 0.002 4.28
Fumaric acid y = 0.0569x + 0.0177 0.991 0.003 0.01 5.44
Pyrogallol y = 0.0438x + 0.0073 0.980 0.001 0.002 5.47
Caffeic acid y = 0.3300x + 0.0036 0.992 0.028 0.093 8.04
Quercetin y = 0.1150x + 0.0078 0.993 0.001 0.002 0.11
Ellagic acid y = 0.2358x + 0.005 0.9950 0.020 0.068 0.11
Chlorogenic acid y = 0.2620x + 0.0674 0.998 0.445 1.483 5.45
Rosmarinic acid y = 0.1960x + 0.0043 0.998 0.022 0.072 3.73
Luteolin-7-glucoside y = 0.1350x + 0.0246 0.995 0.022 0.072 8.56
Luteolin-5-glucoside y = 0.2300x + 0.0413 0.992 0.01 0.034 1.12
Kaempferon-3-O-rutinoside y = 0.1080x + 0.0135 0.997 0.014 0.045 8.15
Rutin y = 0.0232x + 0.0008 0.996 0.01 0.034 7.90
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The first method used for this purpose was Fe3+ reduction assay (Figure 2). In general, the 
reduction characteristics depend on the presence of reductive agents, which possessed antiox
idant and radical scavenging capability with a hydrogen atom donor.[69,70] Fe3+(CN−)6 reducing 
assay have been utilized for capacity of any molecule and extract. Fe3+(CN−)6 reducing ability of 
both avocado leaf extracts were compared to the standards including BHT, BHA, trolox, and α- 
tocopherol. [71,72] As seen in Fig. 2a and Table 3, EEFP (0.606, r2: 0.9691) and WEFP (0.401, r2: 
0.9538) showed marked Fe3+ reducing ability and these differences were statistically found 
important (p < 0.01).

Reducing power of 30 µg/mL of EEFP (r2: 0.9691), WEFP (r2: 0.9538), and standards were 
given as the follows: BHA (2.170; r2: 0.9616) > BHT (1.490; r2: 0.9950) > trolox (1.170; r2: 
0.9955) > α-tocopherol (1.101; r2: 0.96631) > EEFP (0.606; r2: 0.9691) > WEFP (0.401; r2: 
0.9538). These results showed that both avocado leaf extracts had effective Fe3+ reducing 
ability. It also shows the ability to create stable products by provide electron to neutralizing 
free radicals.

Reduction reactions that occur in metabolic conditions can cause devastating effects to the 
cell. Reduction capacity of the plant extract can be evaluated by reducing Fe3+ ions. This assay 
was frequently used for reduction of Fe3+ ions in the presence of the plant extracts.[73,74] Fe3+ 

reduction assay, which consisting of the ferric salt used as an oxidant, is advantageous for the 
electron chain reaction.[75] The Cuprac method is easy, fast, selective, inexpensive, and steady to 
the very different antioxidant system can be applied. This assay is easily complete within 
half hour.[76] Both avocado leaf extracts and positive controls showed effective Cu2+ reducing 
capacity for in Fig. 2b. Between Cu2+ reduced power and avocado leaf extract in different 
concentrations, there was a positive relevance. It was found that Cu2+ reducing ability of 
avocado leaf extracts was addicted to three different concentrations (10–30 μg/mL, Table 3). 
Cu2+ reducing ability of avocado leaf extracts and standards at the concentration of 30 μg/mL 
showed the following order: BHA (2.396; r2: 0.9107) > BHT (2.020; r2: 0.9206) > trolox (1.452; 
r2: 0.9970) > α-tocopherol (1.262; r2: 0.9920) > EEFP (0.690; r2: 0.9592) > WEFP (0.309; r2: 
0.9926).

There was a positive correlation between Fe3+ and Cu2+ reducing powers. Most effective 
reducing power was found in BHA and comparatively the lowest powerful reductive power was 
viewed in WEFP for both methods. Fe2+ ions can be defined spectrophotometrically owing to its 
coloured complex with TPTZ. This complex demonstrated absorbance at 593 nm.[77] As can see 
in Fig. 2c and Table 3, Cu2+ reducing effect of avocado leaf extracts and standards at the 30 μg/ 
mL concentration ordered as following: BHA (2.853; r2: 0.8282) > trolox (2.102; r2: 0.9201) > 
BHT (2.026; r2: 0.870) > α-tocopherol (1.855; r2: 0.9175) > EEFP (1.316; r2: 0.8945) > WEFP 
(0.982; r2: 0.8102). The FRAP method is used to determine the total reduction capacity of pure 
antioxidant molecules or plant extracts. FRAP assay was chosen for assessment of the reducing 

Table 3. Determination of reducing power by potassium ferricyanide reduction method and, CUPRAC and FRAP methods of avocado 
(Folium perseae) leaves at the same concentration (30 μg/mL) [EEFP: ethanol extract of avocado (F. perseae) leaves, WEFP: water 
extract of avocado (F. perseae) leaves].

Antioxidants

Fe3+-Fe2+ reducing Cu+-Cu+ reducing Fe3+-TPTZ reducing

λ700 r2 λ450 r2 λ593 r2

BHA 2.170 ± 0.005 0.9616 2.396 ± 0.018 0.9107 2.853 ± 0.003 0.8282
BHT 1.490 ± 0.002 0.9950 2.020 ± 0.004 0.9206 2.026 ± 0.002 0.8870
Trolox 1.170 ± 0.001 0.9955 1.452 ± 0.050 0.9970 2.102 ± 0.003 0.9201
α-Tocopherol 1.101 ± 0.006 0.9631 1.262 ± 0.018 0.9920 1.855 ± 0.001 0.9175
EEFP 0.606 ± 0.002 0.9691 0.690 ± 0.001 0.9592 1.316 ± 0.001 0.8102
WEFP 0.401 ± 0.002 0.9538 0.309 ± 0.002 0.9926 0.982 ± 0.002 0.8945
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effects of avocado leaf extracts for some reasons. This method is relatively easy and basic to be 
standardized.[78] At the same time, this reduction assay has been frequently used for a quick 
assignation of the antioxidant capability of various foods, pharmaceuticals and medicinal 
plants.[79]

DPPH radical scavenging method is often used to diagnose the removal of free radicals. In this 
assay, solution of non-radical DPPH-H in alcohol is provided formation in time DPPH that radical 
source and then by antioxidant agents of one hydrogen donor is performed efficient scavenging of 
DPPH radicals.[80–82] Both avocado leaf extracts perform scavenging of DPPH radicals and reduces 
the colour intensity of the test solution. Then, it made the measurement of absorbance at 517 
nm.[83,84] As shown in Fig. 3b and Table 4, avocado leaf extracts had potent ABTS radical 
scavenger as concentration-dependently (10–30 μg/mL). A lower IC50 value of a sample shows 
a higher ABTS•+ scavenging ability.[85] Table 4 and Fig. 3 show a crucial scavenging decrement 
(p < 0.01) in presence of both avocado leaf extracts. Their IC50 values were calculated as 240.40 µg/ 
mL (0.9989) for EEFP, 601.0 µg/mL (0.9876) for WEFP, 58.16 µg/mL (0.9585) for trolox, 85.86 µg/ 
mL (0.9781) for α-tocopherol, 87.95 µg/mL (0.8916) for BHT, and 45.64 µg/mL (0.9482) for BHA 
and increased in the order of BHA > trolox > α-tocopherol ≈ BHT > EEFP > WEFP. A lower IC50 
indicated a higher DPPH· scavenging profile.[86] Also another radical scavenging method is 
determined by ABTS removal activity.[87,88]

Table 4. Determination of half maximal scavenging concentrations (IC50, μg/mL) of DPPH· and ABTS•+ scavenging, and AChE/BChE 
inhibition assays for EEFP and WEFP [EEFP: ethanol extract of avocado (F. perseae) leaves, WEFP: water extract of avocado (F. perseae) 
leaves].

Antioxidants

DPPH. scavenging ABTS•+ scavenging AChE inhibition BChE inhibition

IC50 r2 IC50 r2 IC50 r2 IC50 r2

BHA 45.6456 0.9482 18.8416 0.7539 – – – –
BHT 87.9514 0.8916 16.9169 0.9159 – – – –
α-Tocopherol 85.8573 0.9781 125.8622 0.9217 – – – –
Trolox 58.1614 0.9585 17.0084 0.7263 – – – –
EEFP 240.400 0.9989 286.0504 0.9829 0.0168 0.9803 0.0214 0.9912
WEFP 601.001 0.9876 524.4258 0.9883 0.0171 0.9911 0.0226 0.9945
Tacrine – – – – 1.0376 0.9922 0.0870 0.9862

Table 5. The quantity (mg/kg) of secondary metabolites in avocado (F. perseae) leaves extracts [EEFP: ethanol extract of avocado 
(F. perseae) leaves, WEFP: water extract of avocado (F. perseae) leaves].

Compounds EEFP WEFP

Gallic acid 5.41 ± 0.38 –
Herniarin 17.98 ± 1.81 0.60 ± 0.06
Kaempferol 663.54 ± 46.83 50.15 ± 3.54
Quercitrin 58.61 ± 3.74 15.10 ± 0.96
Fumaric acid 214.32 ± 14.86 59.18 ± 4.10
Pyrogallol – 122.25 ± 8.14
Caffeic acid 32.74 ± 6.48 10.83 ± 2.14
Quercetin-3-O-arabinoside 253.18 ± 33.66 –
Quercetin 16.20 ± 2.15 –
Ellagic acid 5.56 ± 0.37 –
Chlorogenic acid 852.81 ± 118.09 28.83 ± 3.99
Rosmarinic acid 5.46 ± 0.42 –
Luteolin-7-glucoside 43.15 ± 4.39 1.08 ± 0.11
Luteolin-5-glucoside 18.44 ± 1.19 –
Kaempferon-3-O-rutinoside 25.45 ± 2.30 9.45 ± 0.85
Rutin 68.41 ± 4.48 26.05 ± 1.71
Isorhamnetin 34.37 ± 9.33 1.84 ± 0.12
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Figure 1. Chromatogram of secondary metabolites of avocado leaf (F. perseae) in EEFP [EEFP: ethanol extract of avocado (F. perseae) 
leaves].
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The IC50 values for EEFP and WEFP in this analysis were 286.05 μg/mL for EEFP (r2: 0.9829) and 
524.42 μg/mL for WEFP (r2: 0.9883). With avocado leaf extract seen decline in the ABTS•+ radical 
amount. Furthermore, IC50 values for trolox, α-tocopherol, BHT, and BHA were found as 17.01 μg/mL 
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Figure 2. (a) Fe3+-Fe2+ reductive potential of different concentrations (10–30 μg/mL) of avocado leaf extracts and reference 
antioxidants. (b) Cu2+ reducing ability of different concentrations (10–30 μg/mL) of avocado leaf extracts and reference antioxidants. 
(c) Fe3+-TPTZ-Fe2+-TPTZ reducing ability of different concentrations (10–30 μg/mL) of avocado leaf extracts and reference 
antioxidants [EEFP: ethanol extract of avocado (Folium perseae) leaves, WEFP: water extract of avocado (F. perseae) leaves, BHA, 
butylated hydroxyanisole, BHT, butylated hydroxytoluene].
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(r2: 0.7263), 125.86 μg/mL (r2: 0.9217), 16.92 μg/mL (r2: 0.9159), and 18.84 μg/mL (r2: 0.7539), 
respectively. The ABTS•+ scavenging ability of avocado leaf extracts and standards increased as 
following order: BHA ≈ trolox ≈ BHT > α-tocopherol > EEFP > WEFP.

Avocado leaf is a plant sources in terms of phenolics compounds. Total phenolic compound 
in the avocado leaf extract was calculated using the Folin–Ciocalteu reagent. Gallic acid graph 
was drawn as a standard graph (r2: 0.9840) as previously described.[89] Fruits and vegetables, 
which including polyphenols, are good sources of human diet.[90] Accordingly, the consump
tion of food that is sources of polyphenols exhibits very great importance for the purchase of 
natural antioxidants.[91] Plant polyphenols have attracted great attention in terms of human 
health.[92] The quantity of total phenolics in avocado leaf extracts was defined from the 
equation obtained from standard graph as gallic acid equivalents (GAE/mg extract). In this 
sense, 0.218 and 0.092 μg of GAE of phenolics were calculated from 1 mg of EEFP and WEFP, 
respectively (Fig. 4a). Also, to determine the total flavonoids content of both extracts, 
a standard chart of quercetin was used. Consequently, the total quantity of flavonoid was 
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Figure 3. (a) DPPH free radical scavenging activity of different concentrations (10–30 μg/mL) of avocado leaf (Folium perseae) extracts 
and reference antioxidants. (b) ABTS radical scavenging activity of different concentrations (10–30 μg/mL) of avocado leaf extracts 
and standard antioxidant compounds [EEFP: ethanol extract of avocado (F. perseae) leaves, WEFP: water extract of avocado 
(F. perseae) leaves, BHA, butylated hydroxyanisole, BHT, butylated hydroxytoluene].
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calculated with the equation obtained by using standard graph. It was shown that 1.480 and 
0.328 μg of QE of flavonoids were found from 1 mg of EEFP and WEFP, respectively (Fig. 4b). 
Also, the standard chromatogram for phenolic compounds by LC-MS/MS (mg/mL) is given in 
Fig. 1. In accordance with LC-MS/MS analysis, the main phenolic compounds identified in 
1 mg of EEFP are chlorogenic acid (852.81 ± 118.09 mg/kg), kaempferol (663.54 ± 46.83 mg/ 
kg) of and quercetin-3-O-arabinoside (253.18 ± 33.66 mg/kg). On the other hand, pyrogallol 
(122.25 ± 8.14 mg/kg), kaempferol (50.15 ± 3.54 mg/kg), and chlorogenic acid (28.83 ± 
3.99 mg/kg) are the most abundant phenolics in 1 mg of WEFP (Table 5).

In our study, we determined relationship between the inhibition effects of AChE/BChE 
enzymes and avocado leaf extracts. In accordance with our data, we have identified the effect 
of avocado leaf extracts on the AChE/BChE inhibition. Both extracts of avocado leaf had 
considerable higher AChE and BChE inhibition activities than that it was assumed standard 
AChE/BChE inhibitor like tacrine[93,94] as can be seen in Table 4. Tacrine is widely used as 
a reference AChE and BChE inhibitor.[95,96] For the AChE, IC50 values were calculated as 
0.0168 mg/mL (r2: 0.980) for EEFP, 0.0171 mg/mL (r2: 0.991) for WEFP. Furthermore, it was 
declared that tacrine as a standard compound showed IC50: 1.038 μg/mL value for the AChE. 
Also, IC50 was found as 0.0214 mg/mL (r2: 0.9911) for BChE, for EEFP, 0.0226 mg/mL (r2: 
0.994) for WEFP. It was declared that tacrine showed IC50: 0.0870 μg/mL against BChE. 
The results demonstrated that all avocado leaf extracts had powerful AChE and BChE inhibition 
effects (Table 4). It was reported that both cholinergic enzyme inhibitors are primarily used to 
treat some neurodegenerative conditions including cognitive, Parkinson’s disease, and symptoms 
of dementia.[97–99]

Conclusion

In this study, for both extracts of avocado had effective antioxidant and antiradical properties. As 
mentioned earlier, avocado extracts should be used as protective agents in food industry through 
the providing bioavailability. Acetylcholine and butrylcholine are molecules that performing 
important functions for the brain. Being as balanced of these molecules is too important for 
neurological diseases. Both extracts of avocado leaf showed efficacy as potential inhibitors of 
AChE and BChE.
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