
 
 

UNIVERSITI PUTRA MALAYSIA 
 

EXTRACTION EFFICIENCY, PHYSICOCHEMICAL PROPERTIES 
AND HYPERCHOLESTEROLEMIA-LOWERING CAPABILITY 

OF VIRGIN AVOCADO OIL 
 

 
 
 
 
 
 
 
 
 

TAN CHIN XUAN 
 
 
 
 
 
 
 
 
 
 
 
 

FSTM 2019 8 



© C
OPYRIG

HT U
PMEXTRACTION EFFICIENCY, PHYSICOCHEMICAL PROPERTIES 

AND HYPERCHOLESTEROLEMIA-LOWERING CAPABILITY 
OF VIRGIN AVOCADO OIL

By

TAN CHIN XUAN

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia, in
Fulfilment of the Requirements for the Degree of Doctor of Philosophy

January 2019



© C
OPYRIG

HT U
PM

 

All material contained within the thesis, including without limitation text, logos, icons, 
photographs and all other artwork, is copyright material of Universiti Putra Malaysia 
unless otherwise stated. Use may be made of any material contained within the thesis 
for non-commercial purposes from the copyright holder. Commercial use of material 
may only be made with the express, prior, written permission of Universiti Putra 
Malaysia. 
 

ersiti Putra Malaysia 
 



© C
OPYRIG

HT U
PM

i

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 
the requirement for the degree of Doctor of Philosophy

EXTRACTION EFFICIENCY, PHYSICOCHEMICAL PROPERTIES AND
HYPERCHOLESTEROLEMIA-LOWERING CAPABILITY OF 

VIRGIN AVOCADO OIL

By

TAN CHIN XUAN

January 2019

Chairman: Professor Hasanah Mohd Ghazali, PhD
Faculty: Food Science and Technology

Virgin avocado oil (VAO) has been touted as functional oil due to its high nutritional 
value and bioactive components. This study aimed to investigate the extraction 
efficiency and physicochemical properties of VAO extracted using green techniques 
[ultrasound-assisted aqueous extraction (UAAE) and subcritical CO2 extraction 
(SCO2)] as well as the hypercholesterolemia-lowering potential of VAO intake. The 
optimum UAAE parameters to produce the highest recovery of low free fatty acids 
VAO were 6 mL/g of water-to-
sonication temperature. Oil yield obtained from solvent extraction (20.79%) was 
significantly greater (p<0.05) than SCO2 (16.97%) and UAAE (15.13%). Regardless of 
the extraction methods used, the major fatty acids in avocado oil were oleic (40.73-
42.32%), palmitic (28.12-34.48%) and linoleic (15.52-18.88%) acids whereas the 
major triacylglycerols in avocado oil were palmitoyl-dioleoyl-glycerol (22.48-23.01%) 
and palmitoyl-oleoyl-linoleoyl-glycerol (17.64-18.23%). Avocado oil extracted using 
SCO2 exhibited the strongest antioxidant capacity and contained two to four times 

- -tocopherols than UAAE and solvent extraction. The 
hypercholesterolemia-lowering capability of VAO was assessed using diet-induced 
hypercholesterolemia rats. This in vivo study comprised five groups of rats, namely, 
normal diet control, high-cholesterol diet (HCD) control, HCD administrated with 450 
mg/kg body weight VAO (HL), HCD administrated with 900 mg/kg body weight VAO 
(HH) and HCD administrated with 10 mg/kg body weight simvastatin (HS). High-
density lipoprotein cholesterol level was significantly increased (p<0.05; 45% for HL, 
77% for HH and 23% for HS) and the total triacylglycerols level was significantly 
reduced (p<0.05; 42% for HL, 58% for HH and 52% for HS) in the VAO- and 
simvastatin-treated rats when compared with their respective baseline results. On the 
other hand, low-density lipoprotein cholesterol was significantly reduced (p<0.05) in 
the HH (31%) and HS (49%) when compared with their respective baseline results.
Results of the metabolomics study revealed that VAO intake could partially recover the 
metabolism dysfunction induced by hypercholesterolemia mainly via lipid, energy, 
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amino acid and gut microbiota metabolism. In conclusion, VAO has the potential to be 
utilized as functional oil to lowering hypercholesterolemia. 
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Minyak alpukat dara (VAO) telah dianggap sebagai minyak berfungsi kerana 
mempunyai nilai nutrisi dan komponen bioaktif yang tinggi. Tujuan kajian ini adalah 
untuk menilai keberkesanan pengekstrakan dan menentukan ciri-ciri fiziko-kimia VAO 
yang diekstrak dengan kaedah-kaedah hijau [pengekstrakan air dengan bantuan 
ultrasonik (UAAE) dan pengekstrakan karbon dioksida subgenting (SCO2)] serta 
potensi pengambilan VAO dalam menurunkan hiperkolesterolemia. Keadaan optimum 
parameter UAAE bagi memperolehi paling banyak VAO yang rendah dengan asid 
lemak bebas adalah nisbah air kepada serbuk 6 mL/g, masa sonifikasi 30 min dan suhu 
(20.79%) adalah signifikan lebih banyak (p<0.05)  berbanding dengan SCO2 (16.97%) 
dan UAAE (15.13%). Tanpa mengambil kira kaedah-kaedah pengekstrakan yang 
digunakan, asid lemak majoriti dalam minyak alpukat adalah asid oleik (40.73-
42.32%), asid palmitik (28.12-34.48%) dan asid linoleik (15.52-18.88%) manakala 
triasilgliserol majoriti dalam minyak alpukat adalah palmitoyl-dioleoyl gliserol (22.48-
23.01%) dan palmitoyl-oleoyl-linoleoyl gliserol (17.64-18.23%). Minyak alpukat yang 
diekstrak dengan SCO2 mengandungi kapasiti antioksidan yang paling kuat dan dua 
hingga empat kali lebih banyak - dan -tocoferol berbanding dengan UAAE dan 
pengekstrakan pelarut. Keupayaan menurunkan hiperkolesterolemia VAO telah dinilai 
menggunakan tikus-tikus yang diaruh hiperkolesterolemia. Kajian in vivo ini 
menglibatkan lima kumpulan tikus, iaitu kawalan diet normal, kawalan diet kolesterol 
tinggi, diet kolesterol tinggi [HCD] diberikan dengan 450 mg/kg berat badan VAO 
(HL), HCD diberikan dengan 900 mg/kg berat badan VAO (HH) dan HCD diberikan 
dengan 10 mg/kg berat badan simvastatin (HS). Tahap kolesterol lipoprotein 
berkepadatan tinggi meningkat secara signifikan (p<0.05; 45% untuk HL, 77% untuk 
HH dan 23% untuk HS) dan tahap triasilgliserol berkurang secara signifikan (p<0.05; 
42% untuk HL, 58% untuk HH dan 52% untuk HS) pada tikus yang dirawat dengan 
VAO dan simvastatin apabila dibandingkan dengan nilai baseline masing-masing. 
Selain itu, tahap kolesterol lipoprotein berkepadatan rendah berkurang secara 
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signifikan (p<0.05) dalam HH (31%) dan HS (49%) apabila dibandingkan dengan nilai 
baseline masing-masing. Hasil kajian metabolomik menunjukkan pengambilan VAO 
mampu memulihkan sebahagian disfungsi metabolisme yang disebabkan oleh 
hiperkolesterolemia khasnya melalui metabolisme yang berkaitan dengan lipid, tenaga, 
asid amino dan microbiota usus. Kesimpulannya, VAO mempunyai potensi untuk 
digunakan sebagai minyak berfungsi untuk menurunkkan hiperkolesterolemia.
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

Background of the Study 
 
The fruit of Persea americana Mill., commonly known as avocado, is nutritious, 
buttery and contains a high amount of lipids and essential minerals like potassium, 
phosphorus and magnesium (Dreher & Davenport, 2013). The avocado tree is an 
evergreen dicotyledonous plant grown in tropical or subtropical climates. Between 
1993 to 2013, the average global per capita consumption of avocado fruit increased 
from 0.36 kg in 1993 to 0.66 per kg in 2013, equivalent to a growth rate of 87% per 
year (Paz-Vega, 2015). Fresh avocado fruit contributes a large market worldwide, 
alongside with its use in the oil, cosmetic and food processing industries (Mostert, 
2007). 
 
 
Avocado oil is one of few plant oils not derived from the seed. Instead, it is extracted 
from the flesh of the fruit. Virgin avocado oil (VAO) is a specialty oil extracted via 
natural or 
refining (Woolf et al., 2008). Green extraction methods such as subcritical carbon 
dioxide extraction (SCO2) and ultrasound-assisted aqueous extraction (UAAE) are 
recently proposed as new alternatives for the conventional solvent extraction in 
manufacturing edible oil (Chia et al., 2015; Khoei & Chekin, 2016). Both methods 
employ green solvents (carbon dioxide (CO2) for SCO2 and water for UAAE) to extract 
the oil from plant materials. The physical and chemical properties of plant oils are 
strongly influenced by the extraction conditions (e.g. solvents, temperatures and time) 
used in oil manufacturing process (Kiralan et al., 2014; Chia et al., 2015; Santana et al., 
2015; da Silva et al., 2016). There is an increased interest in the development of oil 
extraction technologies that preserve the nutritional characteristics of avocado oil.  
 
 
Plant oils are sources of phytosterols, tocols and unsaturated fatty acids. These 
components are able to modulate the metabolic processes, thereby reducing the risk of 
certain chronic diseases. Previously, avocado oil has been reported to possess 
pharmacologic and therapeutic effects on osteoarthritis treatment (Kucharz, 2003), 
blood pressure management (Salazar et al., 2005), wound healing (de Oliveira et al., 
2013), body weight management (Furlan et al., 2017) and diabetes treatment (Ortiz-
Avila et al., 2017) as it contains a variety of bioactive compounds. The extraction 
conditions used in producing VAO could preserve the most thermosensitive natural 
bioactive compounds present in the avocado pulp, which are crucial for its functional 
and health-promoting properties.  
 
 
Hypercholesterolemia is a chronic disease characterized by elevated levels of 
cholesterol and low-density lipoprotein (LDL) cholesterol in the blood (Bunnoy et al., 
2015; Cheong et al., 2018). It is a silent killer without showing obvious symptoms for 
prolonged periods. Pharmacological medicines such as statins (e.g. simvastatin, 
lovastatin, atorvastatin and rosuvastatin) and fibrates (e.g. fenofibrate, clofibrate, 



© C
OPYRIG

HT U
PM

2

bezafibrate and ciprofibrate) are commonly used for the management of 
hypercholesterolemia, but long-term intake of these medicines may generate side 
effects such as nausea, myositis, diarrhea and abnormal liver function (Li et al., 2015).
As an alternative to pharmacological medicines, the use of dietary bioactive 
compounds to control hypercholesterolemia has recently received a considerable 
amount of attention. For example, Ortiz-Avila et al. (2015) reported that 
supplementation of avocado oil normalized the total cholesterol (TC) level and reduced 
the total triacylglycerols (TG) level of streptozotocin-induced diabetic rats. Also, 
Furlan et al. (2017) showed that replacement of butter with avocado oil resulted in 
improved levels of TC, LDL-cholesterol and TG in overweight humans. These studies 
indicate the hypocholesterolemic potential of avocado oil in clinical application.
However, hypocholesterolemic effect of VAO in diet-induced hypercholesterolemia rat 
model remains unknown. Due to the potential side effect of pharmacological medicines 
to treat hypercholesterolemia, it is worthwhile to investigate the hypercholesterolemia 
lowering-capability of VAO in diet-induced hypercholesterolemia rats.

Problem Statements
Plant oil rich in bioactive substances associated with health benefits is known as 
specialty oil (Gunstone, 2011). The exploration of specialty oil is of great interest to 
researchers over the last decade because of its potential application in functional oils, 
nutraceuticals and dietary supplements. As opposed to commodity oil, specialty oil is 
produced at low volumes (less than one million tons per year) and without undergoing 
refining (Gunstone, 2011; Sanders, 2016). Avocado oil is rich in bioactive components 
and the health benefits of solvent-extracted avocado oil consumption are well 
documented (Carvajal-Zarrabal et al., 2014; Toro-Carbot et al., 2015; Toro-Equihua et 
al., 2016; Furlan et al., 2017). However, it is important to choose an appropriate 
extraction method so that these compounds are preserved. Nowadays, the utilization of 
organic solvents such as hexane and/or petroleum ether in extraction of edible oils is 
under greater scrutiny due to increasing government restrictions and consumer 
concerns about the safety of using organic solvents in food processing (Yahia & Woolf, 
2011). Green solvents such as CO2 and water are an attractive alternative in place of 
conventional organic solvents.  

Hypercholesterolemia is a chronic disease inflicting the world population. Globally, 
elevated cholesterol is estimated to cause 29.7 million disability-adjusted life years and 
2.6 million deaths (WHO, 2017). In Malaysia, the prevalence of hypercholesterolemia 
among adults aged 18 and above had been increasing at an alarming rate, from 32.6% 
in 2011 to 47.7% in 2015, with a percentage increment of 46.3% (Institute for Public 
Health, 2015). There is an increasing prevalence of hypercholesterolemia around the 
world despite the vigorous efforts done by various research teams and government 
sector. This asymptomatic disease is associated with the development of non-alcoholic 
fatty liver disease and atherosclerosis. Lately, people are seeking for plant-based 
alternative medicines for the management of chronic diseases due to concerns over the 
side effects rendered by prolonged administration of synthetic pharmaceutical 
medicines. The use of bioactive compounds as part of disease prevention and 
management has been highly accepted due to its vast health benefits besides the low 
cost and safe property. Many in vitro and in vivo studies have shown that bioactive 
compounds have substantial effects on the prevention of cellular damage and 
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atherogenesis, with the capacity to serve as anti-inflammatory, anti-tumor and anti-
allergy agents (Kaliora, Dedoussis & Schmidt, 2006; Parihar & Parihar, 2017). In the 
food industry, the utilization of natural dietary bioactive compounds is highly promoted 
due to the potential toxicity effect of synthetic antioxidants. Dietary bioactive 
compounds play an important role in scavenging free radicals as well as delaying or 
inhabitation cell proliferation and DNA damage that will result in cell death (Kaliora et 
al., 2006). Hence, there is a great need to identify natural food products that can offer 
protection against hypercholesterolemia. 
 
 
Objectives 
 
The objectives of this study were as follows:  
 
1. To optimize the extraction conditions for ultrasound-assisted aqueous extraction 

(UAAE) of VAO 
2. To determine the physicochemical properties of avocado oil extracted using 

optimized UAAE, subcritical CO2 (SCO2) and established solvent (hexane) 
methods 

3. To determine the hypocholesterolemic and hepatoprotective effects as well as the 
therapeutic mechanism of VAO in diet-induced hypercholesterolemia rats 

 
 
Significance of the Study 
 
Green extraction techniques such as SCO2 and UAAE are recently proposed as new 
alternatives to the conventional solvent method (Chia et al., 2015; Khoei & Chekin, 
2016). Attention has been directed to the use of such methods for the extraction of 
specialty oils for their feasibility in pharmaceutical and food industries. The physical 
and chemical characteristics of specialty oils are greatly affected by the solvents, 
temperatures and time used in the oil manufacturing process (Kiralan et al., 2014; Chia 
et al., 2015; Santana et al., 2015; da Silva et al., 2016). Thus, one of the objectives in 
this study was to evaluate the extraction efficiencies and physicochemical properties of 
avocado oil extracted using green technologies with the conventional solvent method. 
Data generated may benefit the development of eco-friendly extraction techniques for 
VAO.  
 
 
In Malaysia, the prevalence of hypercholesterolemia is expecting to rise steadily in the 
coming years. Recent studies have shown the hypocholesterolemic potential of avocado 
oil intake on streptozotocin-induced diabetic rats and overweight humans (Ortiz-Avila 
et al., 2015; Furlan et al., 2017), but the hypocholesterolemic effect of VAO in diet-
induced hypercholesterolemia rat model remains unknown. It is also crucial to 
understand the therapeutic mechanism of VAO using metabolomics. Data obtained 
from this study can provide useful scientific evidence for future human application by 
the health professionals.    
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