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ช่ือวทิยานิพนธ์ การสกัด คุณลกัษณะและการประยุกต์ใช้สารตา้นออกซิเดชันจากใบ
มะม่วงหิมพานต ์

ผู้เขียน               นางสาวลลิตา  โชติพฤฒิพงศ ์
สาขาวชิา    วทิยาศาสตร์และเทคโนโลยอีาหาร 
ปีการศึกษา              2559 

บทคัดย่อ 

จากการศึกษาสภาวะท่ีเหมาะสมในการสกดัสารประกอบฟีนอลิกท่ีมีฤทธ์ิการตา้น
ออกซิเดชนัจากใบมะม่วงหิมพานต์โดยใชเ้อทานอลเขม้ขน้ร้อยละ 80 เป็นตวัท าละลาย โดยใชว้ิธี
พื้นผิวตอบสนอง (RSM) และวางแผนการทดลองแบบ Central composite design (CCD) ตวัแปร
ตน้ท่ีศึกษา คือ อุณหภูมิของการสกดั (30-50 ˚ซ) ระยะเวลาในการสกดั (60-180 นาที) และ
อตัราส่วนของเอทานอลต่อของแขง็ (15:1-35:1 ปริมาตร/น ้าหนกั) พบวา่สภาวะท่ีเหมาะสมของการ
สกดัสารคือ อุณหภูมิ 34.7 ˚ซ ระยะเวลาในการสกดั 64 นาที โดยใชอ้ตัราส่วนเอทานอลต่อของแข็ง
เท่ากบั 18:1 (ปริมาตร/น ้าหนกั) ภายใตส้ภาวะการสกดัดงักล่าวให้ผลผลิตการสกดัสูงสุดเท่ากบัร้อย
ละ 8.64 ปริมาณสารประกอบฟีนอลิก (TPC) เท่ากบั 564.60 มิลลิกรัมสมมูลของกรดแกลลิกต่อกรัม
สารสกดัแหง้ ฤทธ์ิการตา้นอนุมูลอิสระ DPPH และ ABTS และ FRAP มีค่าเท่ากบั 11.74 5.56 และ 
8.11 มิลลิโมล สมมูลโทรล็อกซ์ต่อกรัมสารสกดัแห้งตามล าดบั ไอโซควอซิทินและเคเทชินเป็น
สารประกอบฟีนอลิกหลกัท่ีพบในสารสกดั  

จากการศึกษาการสกดัสารประกอบฟีนอลิกท่ีมีฤทธ์ิการตา้นออกซิเดชนัจากใบ
มะม่วงหิมพานต์โดยใช้คล่ืนอลัตร้าซาวด์ช่วยสกดั โดยใช้วิธี RSM และวางแผนการทดลองแบบ 
CCD ตวัแปรตน้ท่ีศึกษา คือ แอมพลิจูด (30-77%) ระยะเวลาในการสกดั (7-31 นาที) โดยใชอ้ลัตร้า
ซาวด์ของเอทานอลต่อของแข็งเท่ากบั 18:1 (ปริมาตร/น ้ าหนกั) พบว่าสภาวะท่ีเหมาะสมของการ
สกดัคือ แอมพลิจูด 77% และระยะเวลาการสกดั 31 นาที ภายใตส้ภาวะการสกดัดงักล่าวให้ผลผลิต
การสกดัสูงสุดเท่ากบัร้อยละ 23.61 โดยมีค่ามากกว่าการสกดัโดยใช้ตวัท าละลายประมาณ 3 เท่า  
ปริมาณสารประกอบฟีนอลิก (TPC) มีค่าเท่ากบั 579.55 มิลลิกรัมสมมูลของกรดแกลลิกต่อกรัมสาร
สกดัแห้ง ฤทธ์ิการตา้นอนุมูลอิสระ DPPH และ ABTS และ FRAP มีค่าเท่ากบั 11.85 6.04 และ 
10.28 มิลลิโมลสมมูลโทรล็อกซ์ต่อกรัมสารสกดัแห้งตามล าดบั ไอโซควอซิทินและเคเทชินเป็น
สารประกอบฟีนอลิกหลกัท่ีพบในสารสกดั นอกจากน้ียงัพบไฮโดรควนิิน กรดแกลลิก กรดแทนนิก 
รูติน อีริโอดิคทิออล เควอซิทิน และอะพิจีนินในสารสกดั 
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เม่ือศึกษาฤทธ์ิการตา้นออกซิเดชันของสารสกดัจากใบมะม่วงหิมพานต์โดยใช้
วิธีการสกดัท่ีแตกต่างกนั (วิธีการสกดัตวัท าละลาย และการใชค้ล่ืนอลัตร้าซาวด์ช่วยสกดั) ท่ีระดบั
ความเขม้ขน้ท่ีต่างกนั (0-0.2 มิลลิกรัม/มิลลิลิตร) พบว่าฤทธ์ิการตา้นอนุมูลอิสระ DPPH ABTS 
และ FRAP ของสารสกดัท่ีสกดัด้วยกระบวนการทั้งสองเพิ่มข้ึนเม่ือเพิ่มความเขม้ขน้จนถึง 0.1 
มิลลิกรัม/มิลลิลิตร (P<0.05) สารสกดัท่ีสกดัดว้ยทั้งสองกระบวนการมีฤทธ์ิท่ีสูงกวา่ BHT แต่ต ่า
กว่าเคเทชินส าหรับทุกวิธีการท่ีใช้ทดสอบ (P<0.05) นอกจากน้ีสารสกัดท่ีสกดัด้วยทั้งสอง
กระบวนการมีความคงตวัต่อความร้อนและความเป็นกรด-ด่าง หลงัจากให้ความร้อนท่ีอุณหภูมิ 60 
ถึง 100 ˚ซ เป็นเวลา 60 นาที พบวา่ยงัคงมีฤทธ์ิการตา้นอนุมูลอิสระ โดยทัว่ไปฤทธ์ิตา้นออกซิเดชนั
ของสารสกดัมีค่าสูงในช่วงความเป็นกรด-ด่าง 6 ถึง 8 (P<0.05) เม่ือเติมสารสกดัทั้งสองในระบบ
เบตา้แคโรทีน-ลิโนเลอิกและระบบเลซิทินไลโพโซม พบว่าค่า conjugated diene (CD) ค่าเปอร์
ออกไซด์ (PV) และค่า thiobarbituric acid reactive substances (TBARS) ต ่ากวา่เม่ือเทียบกบั
ตวัอยา่งชุดควบคุม (P<0.05) แต่ทั้งน้ีผลการป้องกนัการเกิดปฏิกิริยาออกซิเดชนัต ่ากวา่ BHT ในทั้ง
สองระบบท่ีทดสอบ 

เม่ือศึกษาความคงตวัต่อการเกิดปฏิกิริยาออกซิเดชนัของมายองเนสท่ีเสริมน ้ ามนั
ปลาโดยเติมสารสกดัจากใบมะม่วงหิมพานต ์(CE) เปรียบเทียบกบั BHT ท่ีระดบัความเขม้ขน้ 100 
ppm และ 200 ppm ในระหวา่งการเก็บรักษาเป็นเวลา 30 วนั ท่ีอุณหภูมิ 30 ˚ซ พบวา่การเติม CE 
หรือ BHT โดยเฉพาะท่ีความเขม้ขน้ 200 ppm สามารถชะลอการเกิดปฏิกิริยาออกซิเดชนั ซ่ึงบ่งช้ี
โดยค่า PV TBARS และ พาราอะนิซีดีน (AnV) ท่ีต  ่า เม่ือส้ินสุดการเก็บรักษาตวัอยา่งมายองเนสท่ี
เติม CE (200 ppm) มีปริมาณสารระเหยต ่ากวา่ตวัอยา่งชุดควบคุม อยา่งไรก็ตามการเติม CE (200 
ppm) ส่งผลให้ค่าความสวา่ง (L*) ลดลง แต่ค่าความเป็นสีแดง ค่าความเป็นสีเหลือง (b*) และค่า
ความแตกต่างของสีทั้งหมด (ΔE*) เพิ่มข้ึน (P<0.05) โดยภาพรวม CE ทั้งสองความเขม้ขน้มี
ประสิทธิภาพในการชะลอการเกิดกล่ินหืนและกล่ินคาวในมายองเนสท่ีเสริมน ้ ามนัปลาในระหวา่ง
การเก็บรักษาเป็นเวลา 30 วนั ท่ีอุณหภูมิ 30 ˚ซ 

ดงันั้น สารสกดัจากใบมะม่วงหิมพานต์โดยเฉพาะท่ีเตรียมโดยใช้วิธีคล่ืนอลัตร้า
ซาวด์ช่วยสกดัอุดมไปดว้ยสารฟีนอลิก สามารถใชเ้ป็นสารตา้นออกซิเดชนัจากแหล่งธรรมชาติใน
การป้องกันการเกิดปฏิกิริยาออกซิเดชันของอาหารท่ีมีไขมนัเป็นองค์ประกอบรวมทั้งอาหาร
ประเภทอิมลัชนั 
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ABSTRACT 

Optimization of extraction of antioxidative phenolic compounds from 

cashew (Anacardium occidentale L.) leaves was performed using response surface 

methodology (RSM) with 80% ethanol as the solvent. The central composite design 

(CCD) was used to establish treatments based on three independent variables, 

including extraction temperature (30-50 ˚C), time (60-180 min) and ethanol-to-solid 

ratio (15:1-35:1 v/w). Optimal conditions for extraction were: extraction temperature 

at 34.7˚C for 64 min with an ethanol-to-solid ratio of 18:1 (v/w). The highest 

extraction yield was 8.64% under the following optimized condition. Total phenolic 

content (TPC) was 564.60 mg GAE/g dry extract and DPPH, ABTS radical 

scavenging activities and Ferric reducing antioxidant power (FRAP) were 11.74, 5.56 

and 8.11 mmol TE/g dry extract, respectively. Isoquercetin and catechin were 

predominant in the extract.  

Phenolic compounds with antioxidative activity from cashew leaves 

were also extracted using ultrasound-assisted process. RSM and CCD were used to 

optimize the extraction, based on two independent variables, including amplitude (30-

77%) and time (7-31 min) when ethanol-to-solid ratio of 18:1 (v/w) was used. The 

highest extraction yield was 23.61 ± 0.06 % when the optimal extraction condition 

(77% amplitude for 31 min) was implemented. This was approximately 3 fold higher 

than that obtained from typical solvent extraction method. TPC was 579.55 ± 6.82 mg 

GAE/g dry extract and DPPH, ABTS radical scavenging activities and FRAP were 

11.85, 6.04 and 10.28 mmol TE/g dry extract, respectively. Isoquercetin and catechin 

were the major phenolics in the extract. Additionally, hydroquinin, gallic acid, tannic 

acid, rutin, eriodictyol, quercetin and apigenin were also found in the extract.  
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Antioxidative activities of cashew leaf extracts with different 

extraction methods (solvent extraction and ultrasound-assisted methods) at different 

concentrations (0-0.2 mg/ml) were investigated. DPPH, ABTS radical scavenging 

activities and FRAP of both extracts increased when the concentrations increased up 

to 0.1 mg/ml (P<0.05). Both extracts had higher activities tested by all assays than 

BHT (P<0.05), but lower than catechin. Furthermore, both extracts had high thermal 

and pH stabilities. After heating at 60-100 ˚C for 60 min, the antioxidative activities 

were still remained. High antioxidant activities of the extracts were generally 

observed at the pH ranging from 6 to 8. When both extracts (50 and 100 ppm) were 

added into β-carotene-linoleic acid and lecithin liposome systems, the formation of 

conjugated diene (CD), peroxide value (PV) and thiobarbituric acid reactive 

substances (TBARS) were lowered, compared to the control (P<0.05). Nevertheless, 

their preventive effect toward oxidation was lower than BHT in both tested systems.  

When cashew leaf extract (CE) was used as antioxidant in fish oil 

enriched mayonnaise in comparison with BHT at levels of 100 and 200 ppm, 

oxidative stability during storage of 30 days at 30 ˚C was monitored. With addition of 

CE or BHT, the lipid oxidation of mayonnaise was retarded, especially at 200 ppm, as 

indicated by lowered PV, TBARS and AnV values. At the end of storage, a lower 

abundance of selected volatile compounds was found in mayonnaise added with 200 

ppm CE, compared to that of the control. However, the addition of CE (200 ppm) 

decreased L* value but increased a*, b* and ΔE* values (P<0.05). Overall, CE at both 

levels were effective in retard the formation of rancid odor and fishy odor in the 

mayonnaise enriched with fish oil during the storage of 30 days at 30 ˚C. 

Therefore, cashew leaf extract, especially prepared by ultrasound-

assisted process, was rich in phenolics. It could be used as natural antioxidant to 

prevent the oxidation of foods containing lipids including food emulsion. 
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CHAPTER 1 

INTRODUCTION AND REVIEW OF LITERATURE 

1.1 Introduction 

Cashew (Anacardium occidentale L.) is the member of Anacardiaceae 

family including the mango, Mangifera indica L. and the Spondias genus (Purseglove, 

1974). It is commonly grown in many tropical areas of the world. Cashew nut has 

been popular for consumer and its young leaves have been consumed as fresh in some 

region of America and ASEAN countries. It contained a large amount of 

phytochemicals, especially phenolic compounds (Kamath and Rajini, 2007). Phenolic 

compounds present typically in plants exhibit various biological properties such as 

anti-allergenic, anti-artherogenic, anti-inflammatory, anti-microbial, antioxidant, anti-

thrombotic, cardioprotective and vasodilatory effects (Puupponen-Pimia¨ et al., 2001). 

Phenolic compounds, the secondary metabolites of plants, have the aromatic ring 

bearing one or more hydroxyl substituents (Muchuweti et al., 2007; Naczk and 

Shahidi, 2004). They act as reducing agents, hydrogen donators and singlet oxygen 

quenchers (Proestos et al., 2006). 

Nowadays, plant extracts are of increasing interest in the food industry 

because they are able to retard the oxidative degradation of lipids, thereby improving 

the quality and nutritional value of foods as well as prevent the occurrence of diseases 

(Lo¨-liger, 1991). Extraction method is the first important step in isolation of 

interested compound, in which the target compounds are extracted with high recovery 

and without interferences (Dobiáš et al., 2010). Many techniques, especially 

conventional method, is limited due to the low yield and long extraction time. To 

tackle these problems, ultrasound-assisted process has been employed to improve the 

extraction efficiency with short extraction time, simplicity and low cost (Wang et al., 

2013). 

 Optimization of extraction is the procedure that can be achieved by 

either empirical or statistical methods, which are essential for commercial extraction 

of the target compounds. Response surface methodology (RSM) has been successfully 
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used to model and optimize biochemical and biotechnological processes related to 

food systems (Kaith et al., 2014).  

  Lipid oxidation is one of the major causes for deterioration of many 

food products, especially food containing long-chain polyunsaturated fatty acids.  

Lipid oxidation can cause the changes in texture, flavor as well as odor, associated 

with the loss in food quality. Moreover, it also causes some health hazards in human 

beings such as cardiovascular disease, cancer and neurological disorders and aging 

process (Gulcin, 2012). Lipid oxidation commonly occurs in foods rich in oil, such as 

emulsion. Mayonnaise is an oil-in-water (o/w) emulsion, in which lipid oxidation is 

initiated at the interface between oil and water and then progresses in the oil phase. To 

retard lipid oxidation of food or oil rich in polyunsaturated fatty acids (PUFAs), some 

synthetic antioxidants such as butylated hydroxytoluene (BHT), butylated 

hydroxyanisole (BHA) and tert-butylhydroquinone (TBHQ) are commonly used in 

food systems. Nevertheless, the use of synthetic antioxidants is limited in many 

countries. Thus, natural antioxidants from plants, especially from cashew leaves, 

which are abundant in the southern part of Thailand, can be an alternative antioxidant 

with safety. 

  To increase the extraction yield, the extraction condition should be 

optimized. Characterizations and mode of action of extract should be elucidated. 

Thus, the extract could be applied effectively, particularly in food containing PUFAs. 

The information gained will be beneficial to bring about the natural extract for further 

applications. Also, cashew leaves can be exploited and the undesirable lipid oxidation 

in foods can be prevented.   

1.2 Review of literature 

 1.2.1 Cashew (Anacardium occidentale L.) 

  Cashew (Anacardium occidentale L.) is a member of the family 

Anacardiaceae (Razali et al., 2008). Cashew is a perennial-flowering plant and is a 

local plant from the northeast of the Federative Republic of Brazil. Currently cashew 

plants are cultivated in various tropical areas to make use from their fruits and seeds. 
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Cashew is an evergreen plant (10-12 meters height) with short and disorganized 

branches. Leaves are considerably glazed with a curve to oval shape and arranged in 

spiral pattern. Their leaves are 4-22 cm long and 2-15 cm in width (Sitthiwarongchai, 

2015). Various parts of the plant have been used as a folk medicine in many countries 

(Konan et al., 2007) due to antidiabetic, antibacterial, antiinflammatory, purgatives, 

hypotensive and diuretic activities. Cashew skin extract contained a large amount of 

phytochemicals, especially phenolic compounds (Kamath and Rajini, 2007). Those 

phenolic compounds included gallic acid, flavonoids, tannins, glucosides and glucose 

(Swarnalakshni et al., 1981; Arya et al., 1989). 

  1.2.1.1 Biological properties of cashew (Anacardium occidentale L.) 

   Several parts of cashew tree possess phenolics with bioactivities. 

Razali et al. (2008) investigated total phenolic content and antioxidant activities of 

cashew shoot (Anacardium occidentale) extracts using methanol, hexane and ethyl 

acetate as solvents. Methanolic extract had the highest activities in scavenging DPPH 

and ABTS radicals, superoxide anion and nitric oxide as well as in reducing ferric 

ions whereas the hexane extract contained the weakest antioxidants. In addition, the 

antioxidant activity of the methanolic extract was comparable to rutin and quercetin. 

In addition, Omojasola and Awe (2004) reported that cashew leaf extracts had 

properties in antimicrobial activity against bacteria such as Escherichia coli, Shigella 

dysenteriae, Salmonella Typhimurium, Stapphylococcus aureus and Pseudomonas 

auroginosa. The presence of flavonoids, tannins, glycosides, terpenoids etc., in 

cashew leaf extract exhibited inhibitory activities against the test organisms 

(Mustapha et al., 2015). Ayepola and Ishola (2009) investigated the antimicrobial 

activity of extracts from the leaves and stem bark of cashew (Anacardium 

occidentale) using methanol and water as the solvents. The methanolic extracts 

showed a higher activity than the aqueous extracts. Also the leaf extracts showed 

greater activity than the stem bark extracts. 

 1.2.2 Plant extract 

  Phenolic compounds are secondary plant metabolites, which are 

important determinants in the sensory and nutritional quality of fruits, vegetables and 
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other plants (Tomas-Barberan et al., 2000; Lapornik et al., 2005). These compounds 

possess an aromatic ring bearing one or more hydroxyl groups and their structures 

may range from a simple phenolic molecule to a complex high-molecular mass 

polymer (Balasundram et al., 2006). 

  1.2.2.1 Bioactive compounds in plant extract 

  Many plants and herbs contain a wide variety of phenolic compounds 

such as flavonoids, which act potentially as antioxidants to scavenge free radicals and 

inhibit lipid peroxidation (Brewer, 2011). The major role of phenolic compounds in 

both plants and humans is to act as antioxidants to protect the systems against 

oxidative stress promoted by free radical species (Rice-Evans et al., 1997). Some 

natural sources of phenolics are shown in Table 1. Phenolics have ideal structural 

chemistry for free radical scavenging activities. Several studies reported that the 

antioxidant ability of phenolics resides was mainly due to their redox properties, 

which allow them to act as reducing agents, hydrogen donators and singlet oxygen 

quenchers (Rice-Evans et al., 1997), thereby scavenging the free radicals generated 

during lipid peroxidation. Plant extracts have been reported to exhibit antioxidative 

activity in several food systems. Chen et al. (2007) found that the addition of guava 

leaf and guava tea extracts at a concentration of 100 µg/ml inhibited linoleic acid 

oxidation by 94.4-96.2%. The guava leaf extracts displayed a significant scavenging 

ability toward peroxyl radicals. Extracts containing phenolic acids, such as ferulic 

acid, appeared to be responsible for their antioxidant activity (Tachakittirungrod et al., 

2007). Ethanolic extracts of spice Limnophila aromatica showed high total 

antioxidant activity, reducing power and DPPH radical scavenging activity. This 

activity was attributed to the high phenolic contents and flavonoids present in the 

extract (Do et al., 2014). Different solvent extracts of plant Merremia borneensis had 

DPPH radical scavenging activity and reducing power. Extracts were able to inhibit 

oxidation in β-Carotene model system. Positive correlation was observed between the 

antioxidant activity potential and total flavonoid levels of the extracts (Hossain and 

Shah, 2015). Methanolic extract of Terminalia chebula Retzius (Combretaceae) fruits 

had ability in scavenging DPPH radical, nitric oxide radical and hydrogen peroxide 

and showed reducing power (Saha and Verma, 2016).  
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Table 1. Antioxidants from natural sources 
 

Source: Maqsood et al. (2014); Embuscado (2015) 

Sources Phenolic compounds 
Clove Phenolic acids (gallic acid), flavonol glucosides, phenolic 

volatile oils (eugenol, acetyl eugenol), tannins 
Ginger Shogoal, gingerol 
Mace Myristphenone 
Marjoram Beta-carotene, beta-sitosterol, caffeic-acid, carvacrol, 

eugenol, hydroquinone, linalyl-acetate plant 3-17, myrcene, 
rosmarinic acid, terpinen-4-ol 

Nutmeg Myristphenone, phenolic volatile oils, phenolic acid (caffeic 
acid), flavanols (catechin) 

Oregano Caffeic acid, p-coumaric acid, rosmarinic acid, caffeoyl 
derivatives, cavacrol, flavonoids 

Red pepper Beta-carotene fruit, beta-sitosterol plant, caffeic acid 
campesterol, camphene fruit, capsaicin fruit, capsanthin fruit, 
chlorogenic-acid fruit, eugenol fruit, gamma-terpinene fruit, 
hesperidin fruit, myristic acid 

Black pepper Kaempferol, rhamnetin, quercetin 
Rosemary Carnosol, 12-O-methylcarnosic, rosmanol, caffeic acid, 

rosmarinic acid, caffeoyl derivatives, phenolic diterpenes 
(carnosic acid), carnosol, epirosmanol, flavonoids 

Black grapes Anthocyanins and flavonols 
Sage Rosmanol, epirosmanol, phenolic acids (rosmarinic acid), 

phenolic diterpenes (carnosic acid), flavonoids 
Sesame seed Sesaminol, α-tocopherol, sesamol 
Turmeric Curcumin, 4-hydroxycinnamoylmethane 
Thyme Phenolic acids (gallic acid, caffeic acid, rosmarinic acid), 

thymol, phenolic diterpenes, flavonoids 
Cumin Cuminal, γ-terpinene, pinocarveol, linalool, 1-methyl-2-

(1methylethyl) benzene, carotol 
Olives Hydroxytyrosol, luteolin 7-O-glucoside, oleuropein, rutin, 

apigenin, 7-O-glucoside, and luteolin 
Berries Flavanols, hydroxycinammic acids, hydroxybenzoic acids, 

and anthocyanins 
Oats, wheat, rice Caffeic and ferulic acids 
Black, green,  
Australian fresh tea 

Flava-3-ols, flavonols, 5 catechin, 6 catechin gallates, 
caffeine and theobromine, 5 flavonol glycosides and 6 
phenolic acids, including quinic acids and esters 
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Plant phenolics have been known to have antimicrobial activities, can 

be used as food additives. Ethanolic extracts from black currant berries showed 

antimicrobial activity toward Escherichia coli, Aspergillus niger and Candida 

albicans (Paunović et al., 2017). Cavanagh et al. (2003) suggested that several fresh 

berries, including raspberry and blackcurrant, inhibited the growth of gram-negative 

and gram-positive bacteria. Orue et al. (2013) reported ethanolic extracts from 

oregano leaves and from peel and pulp of limes had similar effectiveness to chlorine 

or citrol in reducing Salmonella, E. coli O157:H7, and S. sonnei by >2.0 log cycles on 

leafy greens such as cilantro, parsley, and spinach. Moreover, Tekwu et al. (2012) 

revealed that the methanolic extract of F. exasperate leaves showed high activity 

against E. coli, S. dysenteriae, S. Typhi and P. aeruginosa with MIC values of 128 

mg/ml. Antibacterial activity is most likely due to the combined effects of adsorption 

of polyphenols to bacterial membranes with membrane disruption and subsequent 

leakage of cellular contents (Ikigai et al., 1993; Otake et al., 1991), and the generation 

of hydroperoxides from polyphenols (Akagawa et al., 2003). Davidson and Branen 

(2005) also suggested that the outer membrane surrounding the cell walls of gram 

negative bacteria may restrict the diffusion of hydrophobic compounds through the 

bacterium’s lipopolysaccharide cell wall coverings. Thus, gram positive bacteria are 

more sensitive to plant extracts than gram-negative bacteria (Rahman and Kang, 

2009).  

  1.2.2.2 Classification of polyphenolic compounds 

  Phenolic compounds comprise a wide variety of molecules that have a 

polyphenol structure (i.e. several hydroxyl groups on aromatic rings), and also 

molecules with one phenol ring, such as phenolic acids and phenolic alcohols. 

Polyphenols are divided into several classes according to the number of phenol rings 

and the structural elements that bind these rings to one another. The main groups of 

polyphenols (Figure 1) are: flavonoids, phenolic acids, tannins (hydrolyzable and 

condensed), stilbenes and lignans (D’Archivio et al., 2007). 
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1.2.2.2.1 Flavonoids 

Flavonoids are the most abundant polyphenols in our diets. The basic 

flavonoid structure is the flavan nucleus, containing 15 carbon atoms arranged in 

three rings (C6-C3-C6), which are labeled as A, B and C (Youdim et al., 2004). 

Flavonoids are themselves divided into six subgroups: flavones, flavonols, flavanols, 

flavanones, isoflavones, and anthocyanins, according to the oxidation state of the 

central C ring. Their structural variation in each subgroup is partly due to the degree 

and pattern of hydroxylation, methoxylation, prenylation, or glycosylation (Hollman 

and Katan, 1997). Some of the most common flavonoids include quercetin, a flavonol 

abundant in onion, broccoli, and apple; catechin, a flavanol found in tea and several 

fruits; naringenin, the main flavanone in grapefruit; cyanidin-glycoside, an 

anthocyanin abundant in berry fruits (black currant, raspberry, blackberry, etc.); and 

daidzein, genistein and glycitein, the main isoflavones in soybean (D’Archivio et al., 

2007).  

 1.2.2.2.2 Phenolic acids 

 Phenolic acids can be divided into two classes: derivatives of benzoic 

acid such as gallic acid, and derivatives of cinnamic acid such as coumaric, caffeic 

and ferulic acid (Teixeira et al., 2013). Caffeic acid is the most abundant phenolic 

acid in many fruits and vegetables, most often esterified with quinic acid as in 

chlorogenic acid, which is the major phenolic compound in coffee. Another common 

phenolic acid is ferulic acid, which is present in cereals and is esterified to 

hemicelluloses in the cell wall (D’Archivio et al., 2007). 

1.2.2.2.3 Tannins 

 Tannins are another major group of polyphenols in our diets and 

usually subdivided into two groups: (1) hydrolyzable tannins and (2) condensed 

tannins. Hydrolyzable tannins are compounds containing a central core of glucose or 

another polyol esterified with gallic acid, also called gallotannins, or with 

hexahydroxydiphenic acid, also called ellagitannins. The great variety in the structure 

of these compounds is due to the many possibilities in forming oxidative linkage. 
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Intermolecular oxidation reactions give rise to many oligomeric compounds having a 

molecular weight between 2,000 and 5,000 Daltons (Khanbabaee and Ree-van, 2001). 

Condensed tannins are oligomers or polymers of flavan-3-ol linked through an 

interflavan carbon bond. They are also referred to as proanthocyanidins because they 

are decomposed to anthocyanidins through acid-catalyzed oxidation reaction upon 

heating in acidic alcohol solutions (Dai and Mumper, 2010).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Chemical structures of phenolic compounds. 

Source: Ignat et al. (2011) 

 1.2.2.2.4 Stilbenes and lignans 

 Silbenes are present at low content in the human diet. Resveratrol is 

the major component, existing in both cis and trans isomeric forms and glycosylated 

forms are dominant (Delmas et al., 2006). They are synthesized by plants in response 

to infection by pathogens or to a variety of stress conditions (Bavaresco, 2003). Those 
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compounds could be found in more than 70 plant species, including grapes, berries 

and peanuts. Lignans are produced by oxidative dimerization of two phenylpropane 

units. They are generally present in the free form, whereas their glycoside derivatives 

are only a minor form. Lignans and their synthetic derivatives have gained increasing 

interest due to potential applications in cancer chemotherapy and various other 

pharmacological effects (Saleem et al., 2005). 

1.2.3 Extraction of antioxidants from plants 

 Extraction method is one of the most important step in isolation of 

interested compound, in which the target compounds are extracted with high recovery 

and without interferences (Dobiáš et al., 2010). Solvent extractions are the most 

commonly used methods for preparation of plant extracts because of their ease of use, 

efficiency, and wide applicability. The yield of extracts depends on the type and 

polarity of solvents, extraction time and temperature and sample-to-solvent ratio. 

Chemical composition and physical characteristics of the samples are also 

determining the yield (Dai and Mumper, 2010). 

 1.2.3.1 Factors affecting extraction of plant phenolics  

  Extraction of phenolic compounds from plant materials generally 

depends on their native structure, which may contain varying quantities of phenolic 

acids, phenylpropanoids, anthocyanins, tannins, etc. (Dai and Mumper, 2010). There 

is a possibility of interaction between phenolics and other plant components such as 

carbohydrates and proteins. These interactions may lead to the formation of 

complexes (Dai and Mumper, 2010).  

 1.2.3.1.1 Solvent 

  Solubility of phenolics is governed by the polarity of solvents used, 

degree of polymerization of phenolics as well as the interaction of phenolics with 

other plant constituents (Cvetanović et al., 2014). Many organic solvents have been 

used for extraction of phenolic compounds from plant materials. Those solvents 

include methanol, ethanol, propanol, acetone, ethyl acetate and dimethylformamide 
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(Antolovich et al., 2000; Kozlowska et al., 1983; Luthria et al., 2006; Naczk et al., 

1992; Robbins, 2003; Zadernowski et al., 2005). Different organic solvents have been 

used for the extraction of antioxidative compounds from plants (Table 2). Belwal et 

al. (2016) studied the extraction of phenolic compounds from Berberis asiatica fruits 

using different solvents. The results indicated that 70% methanol yielded the extract 

with the highest content of total phenolics, total anthocyanins and FRAP, as compared 

to ethanol, acetone, propanol and distilled water at the same concentration used 

(P<0.05). Metrouh-Amir et al. (2015) reported that the methanolic and ethanolic 

extracts of Matricaria pubescens at the levels of 50% showed the highest total 

phenolic contents as compared to those using other solvents (P<0.05). A lower value 

of IC50 in scavenging DPPH and ABTS radicals was found in 50% ethanol, followed 

by 50% acetone, 50% methanol, pure methanol and pure ethanol, respectively. 

Hussain et al. (2012) found that the extraction of peanut hull using 80% methanol 

provided the higher extraction yield than 80% ethanol. Yingngam et al. (2015) 

reported that the increase in yield of Cratoxylum formosum spp. formosum leaf extract 

was found as the concentration of ethanol increased from 0 to 30%. However, the 

decrease in yield was observed as the concentration of ethanol increased from 30% to 

90%. These might be attributed to different solvent polarity and viscosity (Gong et al., 

2012). Water is the most polar solvent that acts as the plant swelling agent, while 

ethanol can disrupt the bonding between the solutes and plants matrices (Wang and 

Weller, 2006). Furthermore, the addition of ethanol into water also reduces the 

viscosity of solvent when compared to pure water, leading to increased mass transfer 

of solutes (Sahin and Samlı́, 2013).  

1.2.3.1.2 Temperature 

  Temperature is one of the main factors in extraction processes. Both 

kinetics of phenolics release from the solid matrix and the antioxidant activity of the 

extract are effected by temperature (Mussatto et al., 2011). In general, the efficiency 

of the extraction can be improved by high temperature. Shi et al. (2003) suggested 

that increased temperature might lead to softening of the plant tissue, disrupting the 

interactions between phenolic compounds and protein or polysaccharides. In addition, 

the elevation in temperature could enhance the phenolic solubility, diffusion rate, 
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mass transfer rate, extraction rate and reduce solvent viscosity and surface tension, 

which promote the extraction of phenolics from plant matrix (Richter et al., 1996; 

Saha et al., 2011). However, the rise in temperature above a certain level might lead 

to undesirable consequences, such as vaporization of solvent and degradation of 

phenolic compounds (Chan et al., 2009). Excessive temperature can degrade 

polyphenolic compounds (Escribano-Bailón and Santos-Buelga, 2003). Ho et al. 

(2015) reported that an increase in extraction temperature resulted in a large 

increment in the TPC and its antioxidant activities of the extract from artichoke leaves 

using 20% ethanol as extracting medium for 100 min. When temperature was elevated 

from 30 to 60˚C, TPC and FRAP absorbance values of extract increased from 516 to 

905 mg GAE/100 g and from 0.699 to 1.329, respectively. Similar result was reported 

by Wardhani et al. (2010) who found that 65.3˚C is the optimum temperature for the 

extraction of phenolic compounds from soybeans fermented by Aspergillus oryzae. 

Ereifej et al. (2016) also reported that increasing temperature of extraction from 20 to 

to 60˚C for 60 min resulted in the increases in total phenolic contents of the 

methanolic extracts from cloves and turmeric.  

  1.2.3.1.3 Extraction time  

  Extraction time is another factor determining the efficiency for 

preparing plant extracts. Gan and Latiff (2011) reported that an extended extraction 

time from 100 to 150 min enhanced the extraction of polyphenolic compounds from 

Parkia speciosa pod powders. In addition, Saha et al. (2011) suggested that the 

extraction of phenolics from a soy bean increased as extraction time increased from 

30 to 150 min. Yingngam et al. (2015) investigated the effects of extraction time on 

the yields of total phenolics from Cratoxylum formosum ssp. formosum leaves using 

30 % ethanol at 60 °C. The yields of total phenolics increased when extraction time 

increased from 1 to 5 h. However, a slight decrease was observed with a further 

extension of extraction times. Kua et al. (2015) reported that an increase in extraction 

time from 15 min to 60 min enhanced the extraction of phenolic compounds from 

palm kernel cake, whereas phenolic yield was slightly decreased when the extraction 

was extended to 120 min. Shorter extraction time was generally insufficient to 

completely extract the bound-phenolic compounds (Vasco et al., 2008). However, 
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prolonged extraction time plausibly favored the exposure of phenolics to 

environmental factor such as light, oxygen and heat, thus contributing to lower 

antioxidant activities (Lafka et al., 2007; Naczk and Shahidi, 2006; Thoo et al., 2010; 

Wong et al., 2014). Polymerization of antioxidant compounds also occurred with 

longer extraction time (Toh et al., 2016). 

Table 2. Organic solvents used for extraction of polyphenolic compounds 

Source: Ignat et al. (2011) 

Polyphenolic compounds Solvents References 

phenolic acids, flavonols and 
anthocyanins 

ethyl acetate Pinelo et al. (2005); Russell et 
al. (2008) 

anthocyanins, phenolic acids, 
catechins, flavanones, 
flavones, flavonols, 
procyanidins, ellagic acids, 
rutin and chlorogenic acids 

methanol and 
different 

aqueous forms 
(50-90%, v/v) 

 

Bleve et al. (2008); Caridi et 
al. (2007); Ross et al. (2009); 
Mattila; Kumpulainen (2002) 

anthocyanins, flavonols and 
free phenolic acids 

ethanol and 
different 

aqueous forms 
(10-90%, v/v) 

 

Balas and Popa (2007); Wang 
et al. (2009); Bleve et al. 
(2008), Bucic´-Kojic´ et al. 
(2006); Corrales et al. (2009) ; 
Ross et al. (2009) 

flavonols and free phenolic 
acids 

chloroform Sharififar, Dehghn-Nudeh, and 
Mirtajaldini (2009) 

favonols and phenolic acids dietyl ether Ross et al. (2009) 
proantocyanidins and phenolic 
acids 

hot water (80-
100˚C) 

Diouf, Stevanovic, and 
Cloutier (2009) 

tannins and bound phenolic 
acids 

NaOH (2 N-10 
N) 

Nardini et al. (2002); Popa et 
al. (2008); Ross et al. (2009) 

phenolic acids petroleun ether Zhang et al. (2009) 

flavonols, phenolic acids, 
hydroxycinamic acids, 
coumarins, flavonols and 
xanthones 

acetone/water 
10-90% (v/v) 

Altiok et al. (in press); Naczk 
and Shahidi (2006); Sharififar 
et al. (2008); Schieber et al. 
(2003) 

flavonols, quercetin 3,4 -́
diglucoside and quercetin 4 ́-
monoglucoside 

methanol/water 
70% v/v 

Caridi et al. (2007) 
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  1.2.3.1.4 Solid-to-solvent ratio 

  Extraction efficacy is also governed by solid to solvent ratio. 

Yingngam et al. (2015) studied the extraction of phenolic compounds from 

Cratoxylum formosum ssp. formosum leaves at different solid-to-ethanol ratios (1:10 

to 1:70 g/ml). An increase in solid-to-solvent ratio decreased the extraction yields. 

The lowest yield of phenolic compounds was observed at 1:10 g/ml, while a higher 

yield was found at 1:30 g/ml. This indicated that more volume of extractant was 

required to sufficiently solubilize the target phenolic compounds since the higher 

driving force of molecules was supposed to be higher (Şahin and Şamlı́, 2013). 

However, there was no significant difference in yields of phenolic compounds as the 

ratio of plant material-to-solvent decreased from 1:30 to 1:70 g/ml (P>0.05). A high 

amount of solvent could promote an increasing concentration gradient, resulting in an 

increase of diffusion rate that allows greater extraction of solids by solvent (Al-Farsi 

and Chang, 2007). Liu et al. (2013) reported that the total phenolic contents (TPC) of 

the extract from Euryale ferox seed shells increased with increasing ethanol to solid 

ratio up to 30:1 ml/g. Thereafter, TPC was slightly decreased after the ratio of ethanol 

to solid exceeded 30:1 ml/g. This result was similar to the extraction of 

polysaccharides from Acanthopanax senticosus (Zhao et al., 2013). This phenomenon 

may be attributed to the mass transfer principle (Sahin and Samli, 2013). Xu et al. 

(2016) reported that there was difference in the antioxidative activities of the extract 

from Limonium sinuatum flower when ethanol to solid ratio varied from 40:1 to 70:1 

ml/g (P>0.05). An increase in the ratio of ethanol to solid resulted in the increased 

contact area between material and solvent. This led to enhancement of solubility of 

antioxidant components in the plants cells (Yang et al., 2010).  

 1.2.4 Ultrasound-assisted extraction (UAE) 

  Ultrasound is a sound wave with a frequency of 20 kHz to 100 MHz 

(Azmir, 2013). The application of ultrasounds in industrial processes has two main 

requirements: a liquid medium and a source of high energy vibrations (Patist and 

Bates, 2008). Nowadays, there are numerous ultrasound applications in food, 

agricultural and biotechnological systems. It can be used for the improvement of food 

http://www.sciencedirect.com/science/article/pii/S0926669013003609%23bib0160
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properties such as emulsification ability, solubility and texture, etc. It is also applied 

for homogenization, viscosity alteration, extraction, drying, crystallization and 

defoaming (Soria and Villamiel, 2010). Khan et al. (2010) reported that the use of 

UAE (25 kHz, 90 W) enhanced the efficiency of the extraction of total phenolic 

contents from orange peel and antioxidative activity was also increased up to 30-40%. 

UAE (20 kHz, 300 W) resulted in a higher yields of both total anthocyanins and total 

phenolic contents than the conventional method when blueberry (Vaccinium ashei) 

wine pomace was used as raw material as reported by He et al. (2016). Xu et al.  

(2016) also suggested that UAE (40 kHz, 400 W) provided higher antioxidant 

activities of flower of Limonium sinuatum extracts as compared with those of the 

conventional method and soxhlet extraction method. Virot et al. (2010) also compared 

UAE (25 kHz, 150 W, with an ultrasonic bath) and conventional extraction (with 

mechanical stirring, no specified conditions). Phenolic, proanthocyanidins and flavan-

3-ols contents of apple pomace extracts were 1.2, 1.4 and 1.3-fold higher when UAE 

was used.  

  1.2.4.1 Principle of ultrasound technology  

  Extraction by ultrasonic has been attributed to the propagation of 

ultrasound pressure waves. These waves are generated during the sonication process. 

The waves pass through a medium by creating compression and expansion (Figure 2). 

This process produces a phenomenon called cavitation, which leads to implosion 

(Butz and Tauscher, 2002). The implosion of cavitation bubbles generates macro-

turbulence, high-velocity inter-particle collisions and perturbation in micro-porous 

particles of the biomass, which accelerates the eddy diffusion and internal diffusion 

(Vilkhu et al., 2002).  

  The mechanism of disruption of cell wall due to cavitation is depicted 

schematically in Figure 3. Cavitation, the cracks developed in the cell wall, increases 

permeability of plant tissues, facilitating the entry of the solvent into the inner part of 

the material as well as leaching the extracts. However, beyond a certain limit, there is 

a wastage of ultrasonic energy as no further increase can be seen owing to the 

limitations of equilibrium extraction. Consideration of these facts is very important in 
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making the whole extraction process more economically feasible (Romdhane and 

Gourdon, 2002). 

 

 

 

 

 

 

Figure 2 Ultrasonic cavitation. 

Source: Soria and Villamiel (2010) 

  Apart from the effects of ultrasound induced cavitation phenomena on 

the disruptions of leaf tissues and cell walls, the enhanced quantum of solvents can 

penetrate into the inner areas. The turbulence and acoustic streaming can significantly 

increase the solid liquid mass transfer coefficients due to microscale effects in the 

system. The mechanical effects of ultrasound can also increase the contact surface 

area between solid and liquid phases due to the possibility of size reduction in the 

solid matrix (Romdhane and Gourdon, 2002). The enhanced rates of mass transfer are 

related with the enhanced rate of the solvent brought to the solid surface. The transfer 

of the soluble constituents into the solvents is also enhanced (Shirsath et al., 2012). 

 

 

 

 

Figure 3 The mechanism of cell wall disruption (a) breaking of cell wall due to 

cavitation. (b) diffusion of solvent into the cell structure. 

Source: Shirsath et al. (2012) 

http://www.sciencedirect.com/science/article/pii/S0924224410001056%23!
http://www.sciencedirect.com/science/article/pii/S0924224410001056%23!
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  1.2.4.2 Factors affecting the cavitation phenomenon   

   1.2.4.2.1 Pressure applied  

   External pressure and solvent vapor pressure are two major 

influencing factors of the cavitation phenomenon. Increasing external pressure 

increases the cavitation threshold by dissolving the suspended gas molecules, and thus 

the number of cavitation bubbles required are reduced (Muthukumaran et al., 2006). 

More importantly, the increase in applied pressure increases the pressure in bubbles, 

thereby increasing the energy during their collapse. Thus, cavitation bubble collapse 

is enhanced, which ultimately increases the sonochemical effect (Lorimer and Mason, 

1987). The sonochemical effects are caused by free radicals produced by symmetric 

bubble oscillation when the pressure and temperature become extremely high inside a 

bubble. OH radicals are produced by the pyrolysis of water molecules, and H2O2, 

which is formed by recombination of OH radicals (Riesz, 1992). The energy required 

to produce cavitation in a solvent of low vapor pressure is relatively high because 

there is less mass transfer into the bubble. Thus a more volatile solvent will support 

cavitation at lower acoustic energy and produce vapor filled bubbles (Lorimer and 

Mason, 1987). 

   1.2.4.2.2 Intensity  

   Ultrasonic intensity is the power dissipated per unit of surface 

area of the sonotrode and is defined in W/cm2 (Patist and Bates, 2008). Ultrasound 

energy is of the integral of the dissipated power as a function of time. The time of 

ultrasonic exposure is inversely proportional to the flow rate through the ultrasonic 

devices (l/h). In general, an increase in ultrasonic intensity increases the sonochemical 

effect (Luque De Castro and Capote, 2007). However, the amount of energy that can 

be applied to any system is limited. M’hiri et al. (2015) studied the effect of ultrasonic 

power on the total phenolic content (TPC) and total flavonoid content (TFC) of 

orange peel extract using 80% ethanol as the solvent. Extraction was performed at 

35˚C for 35 min. The increase in ultrasonic power from 100 W to 200 W increase 

TPC (P<0.05). However, no difference in TFC was found when power increased from 

125 to 200 W (P>0.05).  
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   1.2.4.2.3 Temperature  

   The vapor pressure, surface tension and viscosity of liquid are 

affected by the temperature of liquid (Muthukumaran et al., 2006). An increase in 

temperature decreases the cavitation threshold. Increase in temperature also facilitates 

the cavitation and increases the number of cavitation bubbles at a low acoustic 

intensity. However, the sonochemical effects are reduced under these conditions 

because the higher number of cavitation bubbles will act as a barrier to sound 

transmission (Muthukumaran et al., 2006). Thus, in order to maximize sonochemical 

effects, experiments should be conducted at low temperature or using a solvent of low 

vapor pressure. The extraction of flavonoid from bamboo can be improved using 

ultrasound assisted extraction at low temperature rather than hot-water extraction at 

80 °C (Xu et al., 2001).  

   1.2.4.2.4 Frequency  

   It is known that cavitation bubbles require an extremely short 

but definite time to form at sites of rarefaction that have nucleation sites. Thus, as 

ultrasonic frequency is increased, the duration of low pressure phase shortens and 

intensity of ultrasound has to be increased to maintain an equivalent amount of 

cavitation energy in the system. For example, the duration of the rarefaction cycle 

reduces from 25 µs to 0.025 µs when frequency is increased from 20 kHz to 20 MHz 

(Luque De Castro and Capote, 2007). 

 1.2.5 Lipid oxidation 

  Lipid oxidation is a major cause of deterioration of food products, 

especially those containing lipids with long-chain polyunsaturated fatty acids. Those 

lipids can react with molecular oxygen via a free radical chain mechanism, forming 

fatty acyl hydroperoxides as well as non-volatile and volatile hydroperoxide 

breakdown products (Medina et al., 2012; Shahidi and Zhong, 2010). This 

phenomenon can be influenced by both intrinsic and extrinsic factors such as fatty 

acid composition, the concentration of prooxidants, endogenous ferrous iron, 

myoglobin, enzymes, pH, temperature, ionic strength and oxygen consumption 
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reaction (Andreo et al., 2003). Lipid oxidation also leads to discoloration, drip losses, 

off-odor and off-flavor development, texture defects and the production of potentially 

toxic compounds in foods (Morrissey et al., 1998; Richards et al., 2002). 

  1.2.5.1 Mechanisms of lipid oxidation 

  Lipid peroxidation is a free-radical chain reaction that causes a total 

change in the sensory properties and nutritive value of food products (Rajapakse et 

al., 2005). Decomposition of hydroperoxides by heating or by transition metal ion 

catalysis can produce both peroxyl and alkoxyl radicals. The formation of peroxyl 

radical is the major chain-propagation step in lipid peroxidation (Headlam and 

Davies, 2003; Niki, 1987). Lipid oxidation is a chain reaction that consists of 

initiation, propagation, and termination reactions, and involves the production of free 

radicals (Nawar, 1996; Renerre, 2000; Underland, 2001).  

  Initiation 

  At this step, a fatty acid radical is produced. The most notable initiators 

in living cells are reactive oxygen species (ROS), such as OH• and H2O2, which 

combines with a hydrogen atom to make water and a fatty acid radical (Chan, 1987; 

Belitz et al., 2004). 

  Propagation 

  The fatty acid radical is not a very stable molecule and reacts readily 

with molecular oxygen, thereby creating a peroxyl-fatty acid radical. This is an 

unstable species that reacts with another free fatty acid, producing different fatty acid 

radicals and lipid peroxide, or cyclic peroxide if it reacts with itself. This cycle 

continues, as the new fatty acid radical reacts in the same way (Berton et al., 2012). 

  Termination 

  This step is the final step of reaction. When a radical reacts with a 

nonradical, it produces another radical. This process is related with a "chain reaction 

mechanism". The radical reaction stops when two radicals react and produce a non-
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radical species. This happens only when the concentration of radical species is high 

enough for collision of two radicals (Chan, 1987; Belitz et al., 2004). 

  1.2.5.2 Lipid oxidation in emulsions 

  Lipid oxidation in different systems can be varied and determined by 

different factors. Lipid oxidation in emulsions is very complex reaction, in which 

oxidation or electron transfer in different phases of the system make the mechanisms 

of lipid oxidation in emulsions different and more complex than those found in bulk 

oil systems (Jacobsen et al., 2008). Although the same basic oxidation reactions of 

lipids in the emulsions are reported, compared to those of lipids in bulk lipids, the 

factors affecting lipid oxidation in emulsions can be different. Intrinsic factors such as 

transition metal and pH, which affect lipid oxidation, are different between emulsions 

and bulk lipid systems (Jacobsen et al., 2008). 

  1.2.5.2.1 Factors influencing lipid oxidation in emulsions 

  Multiphase system 

   In O/W emulsions, the highest prooxidant concentrations are 

found in the aqueous phase. Therefore oxidation may be initiated in the aqueous phase 

or at the interface rather than in the oil phase ‘‘inside’’ the oil droplets (Grigoriev and 

Miller 2009). Oxygen, prooxidant metals, and water soluble antioxidants can diffuse 

through the aqueous phase and reach the oil droplets or the O/W interface. Solubility, 

mobility and mass transfer rates of transition metals and antioxidants are varying 

through different phases, thereby affecting oxidation in emulsions (Jacobsen et al., 

2008). Oxygen is more soluble in oil than in water (Battino, 1987; Weast et al., 1987) 

and this may also influence oxidation rates. In bulk oils, the oxidation reactions take 

place at the interface between the oil and the air in the headspace above the oil or at 

the interface between the oil and air dissolved in the oil (Jacobsen et al., 2008). In 

general, oxidation rate is faster in emulsions than in bulk oil. This is owing to the 

large interfacial area in emulsions, compared with bulk oils. The total interfacial area 

in any emulsion obviously depends on the size distribution of the oil droplets 

(Jacobsen et al., 2008).  
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  Emulsifier and pH 

   In emulsions, transition metals are the major prooxidants in oil-

in-water emulsions and primarily promote the oxidation by decomposing lipid 

hydroperoxides located at the droplet surface into free radicals (Nuchi et al., 2001). 

Ferrous (Fe2+) is a stronger prooxidant than ferric (Fe3+), owing to its higher solubility 

and reactivity (Halliwell and Gutteridge, 1990). The emulsifiers have been used to 

build the interfacial layer and stabilize emulsion. Generally, emulsifiers are surface 

active molecules with amphiphilic properties, and are able to interact with oil and 

water interface and lower surface tension (Claire et al., 2014). Nevertheless, several 

emulsifiers are able to interact with other components of the food product. The choice 

of emulsifier can therefore be of significant importance for both physical and 

oxidative stability of the food product (Jacobsen et al., 2008). Emulsifiers used in 

foods can be either macromolecules, such as proteins, or smaller surfactant molecules, 

including phospholipids, free fatty acids, di- and monoacylglycerols and synthetic 

surfactants. Emulsifiers affect lipid oxidation by influencing the thickness of the 

interface. For emulsions stabilized by proteins, pH will be either below or above the 

pI of the protein in order to avoid coalescence of droplets. Emulsified droplets may 

have either a positive or negative surface charge. The surface charge of emulsion 

droplets is essential for lipid oxidation accelerated by trace metal ions, such as Fe2+. 

With a negative surface charge, emulsion droplets will attract the potentially highly 

prooxidative positively charged trace metals. This brings them into closer proximity 

to the n-3 PUFA oil, thus enhancing lipid oxidation (Mei et al., 1999). Milk proteins 

have the ability to reduce the lipid oxidation rate when present in the emulsion 

continuous phase due to their ability to scavenge free radicals through their sulfhydryl 

groups (Elias et al., 2005). Li et al. (2016) showed the addition of zein hydrolysate 

reduced the peroxide values and thiobarbituric acid reactive substances values of oil-

in-water (o/w) emulsions prepared by myofibrillar protein during 10 days of storage. 

Protein hydrolysates were investigated to have strong antioxidant activity (Kong et 

al., 2006). Protein hydrolysates are ability to form a high degree of continuity and 

rigidity fat-protein interfacial layer, which would be expected to inhibit the 
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penetration and diffusion of lipid oxidation initiators into the interior of emulsion 

droplets in the o/w emulsions (Wong et al., 2012).  

   In emulsions, transition metals are the major prooxidants in oil-in-

water emulsions. The solubility of trace metals generally increases at decreasing pH 

(Elias et al., 2005). The increased trace metal solubility then potentially promotes 

oxidation. Since different emulsifiers are used in different food emulsions, and pH 

values also vary in different types of food emulsions, the significance of the 

emulsifier and the pH varies in different systems (Jacobsen et al., 2008). Charoen et 

al. (2011) reported that the oxidative stability of rice bran o/w emulsions depends on 

pH and the nature of emulsifiers. Rice bran oil emulsions containing modified starch 

and whey protein isolate coated lipid droplets were relatively more stable to lipid 

oxidation, than those containing gum arabic at both pH 3 and 7. The electrical charge 

on lipid droplets plays a key role in determining their stability to lipid oxidation 

(McClements and Decker, 2000). Hu et al. (2003) showed the rate of lipid oxidation 

in salmon oil-in-water emulsions stabilized with whey protein isolate, sweet whey, β-

lactoglobulin or α-lactoglobulin was slower at pH 3 (protein have positive charge) 

than at pH 7 (negative charge). This is due to the repulsive forces at pH 3 between the 

positively charged droplets and the positively charged prooxidants in the continuous 

phase. Combrinck et al. (2014) found that increase in pH of whey protein emulsions 

led to a decrease in the mean droplet size. When the pH approaches the isoelectric 

point of the protein, the electrostatic repulsion of the protein adsorption layers 

decreases, which allows more compact packing and stronger attractive interfacial 

interactions so that coalescence and flocculation occur (Dickinson, 2008; Guzey and 

McClements, 2006).  

 1.2.6 Antioxidants 

  Antioxidants are a group of chemicals effective in extending the shelf-

life of a wide variety of food products. The use of antioxidants has been extended to a 

wide variety of food products including high-fat foods, cereal and even products 

containing very low levels of lipids. The addition of antioxidants is one effective way 

to retard lipid oxidation. The most widely used antioxidants include free radical 
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scavengers (also known as chain-breaking antioxidants) that inactivate free radicals 

formed in the initiation and propagation steps of lipid oxidation, and metal chelators 

(Shahidi and Zhong, 2010). Antioxidants can break this chain reaction by reacting 

with peroxyl radicals to form unreactive radicals which are more stable or form non-

radical products and that cannot propagate the chain reaction. 

  1.2.6.1 Classification of antioxidants 

  Antioxidants can be classified according to the mechanism of action 

into two groups. 

   1.2.6.1.1 Primary antioxidants  

   Primary antioxidants (chain-breaking antioxidants) are free 

radical acceptors that delay or inhibit the initiation step or the interrupt the 

propagation step of  autoxidation through reaction with lipid and peroxyl radicals and 

convert them to more stable, non-radical products (Gil, 2011). Antioxidant radicals 

are stable due to delocalization of the unpaired electron around a phenol ring and 

cannot easily react with fatty acids. They are able to terminate radical chain process 

by reacting with radicals (Reische et al., 2002). The most commonly used primary 

antioxidants in food are synthetic compounds such as phenolic antioxidants including 

butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), propyl gallate 

(PG), and tertiary butylhydroquinone (TBHQ) (Sun et al., 2011).  

  1.2.6.1.2 Secondary antioxidants 

   Secondary antioxidants or preventive antioxidants do not break 

free radical chain but are able to act through various mechanisms other than 

converting free radicals to more stable products to slow the rate of oxidation. They 

can hinder reactive oxygen species (ROS) formation or scavenge species responsible 

for oxidation initiation (O-2,1O2 etc.) (Sun et al., 2011). There are many different 

preventive antioxidation pathways including reducers and chelators of metals (e.g. 

citric acid, phosphoric acid, EDTA), oxygen scavengers and reducing agents (e.g. 
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ascorbic acid, ascorbyl palmitate, sulfites), singlet oxygen quenchers (carotenoids) 

(Reische et al., 2002).  

 1.2.7 Natural antioxidants/plant extracts 

  The use of natural antioxidants is emerging as an effective 

methodology for controlling rancidity and limiting its deleterious consequences. 

Natural phenolic compounds with antioxidant activity such as rosemary extract, tea 

catechin, tannins, etc. have been gaining increasing attention for the preservation of 

food, due to their potential use in food for two principal reasons: (1) safety 

considerations regarding the potentially harmful effects of the chronic consumption of 

synthetic compounds in food and beverages; and (2) “natural” additives are perceived 

as beneficial for both quality and safety aspects and also possible beneficial effects on 

human health (Viuda-Martos et al., 2010; Chang, 1997). 

  1.2.7.1 Heat stability 

  Heat stability is important for antioxidant known as carry through. 

Different compounds have varying thermal stability, which affect their functions, 

particularly in thermally processed foods. Francisco and Resurreccion (2009) 

investigated the effect of heat treatment on total phenolic compounds and antioxidant 

capacities of peanut skins from Runner, Virginia and Spanish cultivars. Skin of 

Runner had higher total phenolics and TEAC values than Virginia and Spanish types 

(P<0.05). Mild heat treatments (<135 ˚C, 15 min) could further enhance the 

antioxidant capacity of peanut skins. Klompong and Benjakul (2015) evaluated the 

antioxidative activities of the ethanolic extracts from the seed coat of Bambara 

groundnut (Voandzeia subterranean). DPPH, ABTS radical scavenging and metal 

chelating activities of the extract slightly decreased as the temperature increased up to 

80 °C and then slightly increased as the temperature increased to 100 ˚C, regardless of 

the temperature used (P<0.05). However, FRAP slightly increased as the temperature 

increased (P<0.05). Phenolic compounds with antioxidative activities could be 

generated while heating. Phenolic compound was more likely stable to heat. Choi et 

al. (2006) reported that after heating, the polyphenolic contents and antioxidant 

activities in the extracts from Shiitake mushroom increased as heating temperature 
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and time increased. The free polyphenolic content in Shiitake mushroom (Lentinus 

edodes) extract heated at 121 ˚C for 30 min was increased by 1.9-fold, compared to 

the extract from the raw sample. ABTS and DPPH radical scavenging activities were 

increased by 2.0-fold and 2.2-fold, compared to those of extract from the raw sample.  

  1.2.7.2 Effect of pH 

  Efficiency of antioxidant is dependent on an environmental factors 

such as pH of foods, etc. Lee et al. (1986) reported that the antioxidant effectiveness 

of extract from ginger rhizome was dependent on pH. The activity increased when pH 

increased from 5 to 7. Mansour and Khalil (2000) observed that the antioxidant 

activity of freeze-dried extracts from ginger rhizomes and fenugreek seeds was 

maximum at pH 7. For potato peel extract, the maximal activity was observed at pH 

ranging from 5 to 6, however it was decreased at neutral and alkaline pHs. Arabshahi-

D et al. (2007) reported that the antioxidant activity of the ethanolic extracts from 

mint leaves and carrot was higher at pH 9 than pH 4, while that of drumstick extract 

remained the same under both pH conditions. Ruenroengklin et al. (2008) reported 

that an ethanolic extract from litchi fruit pericarp tissue had a higher antioxidant 

activity at pH 3-4, than at neutral pH.  

  1.2.7.3 Effect of plant extracts on prevention of lipid oxidation in 

different model systems 

1.2.7.3.1 Lecithin liposome system 

         Liposome is phospholipid forming bilayer vesicles with 

amphiphilic structure (Arseki, 2002). Liposome system is used as a model system of 

biological membranes for examining the lipid peroxidation, since the highly 

unsaturated fatty acids membrane lipid are particularly susceptible to oxidation by 

free radicals (Kaurinovic et al., 2011). Antioxidative properties of phenolic 

compounds generally vary depending on many factors such as the intrinsic property, 

the molecular size, the location and orientation of the targeted substrate as well as the 

interactions with other food ingredients (Decker et al., 2005; Kathirvel and Richards, 

2009). In liposome systems, the polar heads are exposed toward the aqueous phase. 
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Phenolic compounds and other antioxidative compounds, which are most likely 

hydrophilic in nature, orient themselves at the bilayers of liposomes and act as 

effective antioxidants. Antioxidative capacity of phenolic compounds in heterogonous 

systems is governed by their interaction with the environment, especially their 

partitioning behavior between the different phases (Frankel et al., 1994) and their 

diffusibility toward reactive centers (Laguerre et al., 2007). Benjakul et al. (2013) 

investigated the antioxidant activities of lead seed extract without prior chlorophyll 

removal and mimosine in a lecithin liposome system. The rate of increase in PV was 

lower in the system containing 200 ppm mimosine (P<0.05). No differences in PV 

were observed amongst samples added with 100 and 200 ppm of lead seed extract and 

100 ppm mimosine (P>0.05). The result indicated that lead seed extract and mimosine 

could inhibit the formation of primary lipid oxidation products. Moreover, samples 

containing lead seed extract or mimosine at 200 ppm had the lowest increase in 

TBARS value, compared with other samples (P<0.05). Klompong and Benjakul 

(2015) investigated the antioxidant activity of 60% ethanolic extracts from seed coat 

of Bambara groundnut (Voandzeia subterranean) (BGSE60) in lecithin liposome 

system. BGSE60 at 60 mg/l showed the stronger antioxidative activity than the lower 

concentrations (6 and 30 mg/l) and the control (P<0.05) as indicated by the lower 

conjugated diene and TBARS. However, at the same level (6 mg/l), Trolox showed 

stronger antioxidative activity than α-tocopherol and BGSE60 (P<0.05).     

1.2.7.3.2 β-carotene-linoleic acid system 

β-carotene-linoleic acid is the method measured the ability of 

an antioxidant to inhibit lipid peroxidation. In this method, a model system made of β-

carotene and linoleic acid undergoes a rapid discoloration in the absence of an 

antioxidant. The free linoleic acid radical formed upon the abstraction of a hydrogen 

atom from one of its methylene groups attacked the β-carotene molecules. As a result 

the double bonds and its characteristic orange color are lost (Kanatt et al., 2011; 

Matthäus, 2002). The rate of bleaching of the β-carotene solution was measured by 

monitoring the absorbance at 470 nm (Juntachote and Berghofer, 2005). Lai and Lim 

(2011) studied antioxidant activities of the methanolic extracts from selected ferns in 

Malaysia. Among all samples tested, D. linearis extract exhibited the highest β-



26 

carotene bleaching antioxidant activity, compared to the extracts from other ferns 

tested. Extracts of A. raddianum, C. latebrosa, D. quercifolia, B. orientale and C. 

barometz also showed strong DPPH radical scavenging activity, FRAP and inhibition 

of lipid peroxidation. Extract of Pteris vittata and Pteris venulosa had the strong 

chelating activity. The potential antioxidant capabilities of the extracts of C. 

latebrosa, C. barometz, D. quercifolia, B. orientale and D. linear were attributed to 

the phenolic compounds. Benjakul et al. (2013) investigated the antioxidant activity 

of lead seed extracts and mimosine in β-carotene-linoleic acid system. The control 

showed the highest rate of decrease in A470, indicating the highest oxidation of β-

carotene in the system, more likely caused by lipid oxidation. Decrease in A470 was 

effectively retarded when mimosine and lead seed extract at a higher level were 

incorporated. At the same level of used, mimosine showed more efficiency in 

lowering the decrease in A470. Thus, mimosine exhibited a higher antioxidant activity 

than lead seed extracts in the tested system. β-carotene bleaching antioxidative 

activities of methanolic extracts (2 g/l) of eight Salvia species, including S. aethiopis, 

S. candidissima, S. limbata, S. microstegia, S. nemorosa, S. pachystachys, S. 

verticillata, and S. virgata, from Eastern Anatolia in Turkey was tested. Extract of S. 

verticillata showed the highest β-carotene bleaching antioxidant activity (75.8%) as 

compared to others (P<0.05). However, the antioxidant activity of synthetic BHA was 

higher than those of all Salvia extracts (Tosun et al., 2009). Maisarah et al. (2013) 

examined the antioxidative activity of 80 % methanolic extracts from different parts 

of Carica papaya in β-carotene-linoleic acid system. Extract of unripe fruit showed 

the highest β-carotene bleaching antioxidant activity (90.67%) when compared with 

the extracts of young leaves, ripe fruit and seed. However, all extracts had the lower 

antioxidant activities than α-tocopherol. On other hand, extract of young leaves 

exhibited the higher DPPH radical scavenging activity than other extracts. 

 1.2.8 Application of natural antioxidants/ plant extracts in food systems 

  1.2.8.1 Fish, poultry and meat products 

  Lipid oxidation is one of important reactions, which limits the shelf-

life of muscle foods, particularly fish meat rich in PUFA (Chaijan et al., 2006; Sohn 
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et al., 2005) and can initiate the other changes in nutritional quality, color, flavor and 

texture (Erickson, 1993). Tang et al. (2001) reported the higher antioxidant effect of 

tea catechin in meat, poultry and fish than α-tocopherol at the same concentration (0.3 

g/kg) used. Corresponding to the ability of electron donating, caffeic acid showed the 

most preventive effect on lipid oxidation in minced horse mackerel, compared with 

other hydroxycinnamic acids and catechins (Medina et al., 2007). During low 

temperature storage, discoloration of tuna meat from red to dark brown proceeds 

gradually due to oxidation of deoxymyoglobin (deoxyMb) and oxymyoglobin 

(oxyMb) to metmyoglobin (metMb) (Chaijan et al., 2006; Sohn et al., 2005). The 

biological antioxidant, α-tocopherol, has been used both endogenously and 

exogenously to delay the oxidation of oxyMb and lipid in meat by neutralizing free 

radicals and terminating free radical chain propagation (Lee et al., 2003). In general, 

antioxidants function by reducing the rate of initiation reaction in the free-radical 

chain reactions and are used at very low concentrations (Gordon, 2001; Nawar, 1996). 

Bao et al. (2009) investigated the antioxidative effect of mushroom (Flammulina 

velutipes) extract in bigeye tuna (Thunnus obesus) meat during ice storage. The 

addition of 5 ml of mushroom extract to 100 g of minced bigeye tuna meat was more 

effective than adding ascorbic acid sodium salt (500 ppm) or α-tocopherol (500 ppm) 

with regard to oxidation of lipid in the tuna meat. The color changes were 

significantly correlated with lipid oxidation as well as metmyoglobin formation in the 

tuna meat. Therefore, the mushroom extract is a potential antioxidant, which has the 

ability to prevent lipid oxidation and stabilize fresh color of tuna meat during ice 

storage. Thiansilakul et al. (2013) investigated the effect of phenolic compounds in 

combination with modified atmospheric packaging on the shelf-life of tuna slices. It 

was found that tannic acid exhibited a greater preventive effect on metmyoglobin 

(metMb) formation and lipid oxidation than did caffeic acid. Samples treated with 

tannic acid and kept under MAP (MT) had the lowest lipid oxidation. After 12 days of 

storage, changes in unsaturated fatty acids, especially n-3 fatty acids, were lower in 

MT, compared with tuna slices stored in air. Based on microbiological quality, the 

shelf-life of tuna kept in air and MAP was estimated to be 6 and 12 days, respectively, 

regardless phenolic compounds treatment. Therefore, tannic acid exhibited a 

combined effect with MAP on inhibition of metMb formation, lipid oxidation and 
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microbial growth, thereby improving the acceptance and increasing the shelf-life of 

tuna slices during refrigerated storage. The addition of tea catechins at 100 ppm 

reduced lipid oxidation in chicken nuggets both in the presence and absence of salt. 

However, when sodium tripolyphosphate (STPP) was incorporated into the same 

product system, the efficacy of natural extracts was significantly reduced (O’Sullivan 

et al., 2004). In addition, green tea extract can also help improve the color stability of 

fresh meat products. Moawad et al. (2012) reported that the use of tea catechins 

extract (at 300 ppm) in combination with nitrite was more effective in keeping quality 

of dry-cured sausages during refrigerated storage as indicated by more attractive red 

color (a* value) as compared to samples treated with nitrite. Jongberg et al.  (2013) 

reported that the addition of the extracts of green tea (500 ppm) and rosemary (400 

ppm) in Bologna type sausages prepared from oxidatively stressed meat reduced the 

TBARS values by ~ 80% or 73%, respectively as compared to the control (without 

extracts). Bologna type sausages added with either green tea or rosemary extract 

provided lower values for old smell after storage up to 2 weeks. Bologna type 

sausages added with green tea extract showed less rancidity after 4 weeks of storage 

than the two other sausages.  

1.2.8.2 Food emulsion and oils 

  Oil-in-water emulsions such as milk, infant formula, salad dressing, 

mayonnaise, sauces, soups, beverages, cream, and some desserts are one of the most 

common forms of lipids in foods (McClements, 2005). Lipid oxidation can occur 

rapidly in oil-in-water emulsions due to their large surface area that facilitates 

interactions between the lipids and water-soluble prooxidants. There are many factors 

that can potentially influence the rate of lipid oxidation in oil-in-water emulsions. 

Those include fatty acid composition, aqueous phase pH and ionic composition, type 

and concentration of antioxidants and prooxidants, and oxygen concentration. 

Furthermore, lipid droplet characteristics such as particle size, concentration and 

physical state and emulsion droplet interfacial properties such as thickness, charge, 

rheology, and permeability and also determine the rate of lipid oxidation (Waraho et 

al., 2011). To alleviate lipid oxidation in emulsion, antioxidants have been used. 

Natural extracts are of interest to prevent lipid oxidation. Gökoğlu et al. (2012) 
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reported that tomato and garlic extracts showed good inhibitory activity against lipid 

oxidation in anchovy oil (Engraulis encrasicholus) enriched emulsions during 

refrigerated storage. The value of conjugated dienes (3.07±0.15) was markedly low in 

the emulsions containing garlic extract at the end of the storage period. The emulsions 

treated with the extracts had lower p-Av values than untreated samples (P<0.01). 

Pourashouri et al. (2014) showed the fish oil-in-water emulsion containing the 

rosemary extracts at the levels of 500 and 700 ppm had lower oxidative stability than 

that containing the wild pistachio and green tea extracts at the same levels during 

storage at 30 ˚C for 12 days. Additionally, the efficiency of inhibiting oxidation was 

also depended on type and concentration of plant extract used. Different behaviors of 

antioxidants, mainly due to the concentrations and their physical locations in phases, 

could affect their effectiveness in food system. Kishk and Elsheshetawy (2013) 

investigated the role of ginger powder on oxidative stability of mayonnaise. Ginger 

powder at concentrations of 1.0% and 1.25% reduced the production of primary and 

secondary oxidation products (measured by anisidine value) and subsequently 

retarded oxidation process during storage for 20 weeks. Ginger contains polyphenol 

compounds such as 6-gingerol and its derivatives, which have a high antioxidant 

activity (Chen et al., 1986). The rheological properties of mayonnaise were not 

influenced by ginger powder. Interestingly, ginger powder improved the taste, flavor, 

mouth feel, and overall acceptability of mayonnaise at zero time, and after 20 weeks 

the overall acceptability of mayonnaise samples at concentration of 1.0% and 1.25% 

was still high. Altunkaya et al. (2013) reported that grape seed extract at 

concentration of 0.5 mg/ml showed antioxidative activity in mayonnaise during 

storage for 8 weeks when compared to the control sample (without grape seed 

extract). Grape seed contained catechin and proanthocyanidins, which have radical 

scavenging and antioxidative properties. Lagunes-Galvez et al. (2002) reported that 

the addition of rosemary extract to sunflower oil mayonnaise decreased the level of 

volatile compounds formed from photooxidation in the headspace. Rosemary extracts 

have a chelating effect in sunflower oil mayonnaise. Also, the antioxidative effect of 

dried rosemary at a concentration of 1% was reported in fish oil enriched tuna salad 

(Sørensen et al., 2010). Although rosemary inhibited formation of peroxide and 

showed antioxidative effect, it might cause undesirable taste in tuna salad (Sørensen 
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et al., 2010). Hermund et al. (2015) investigated the antioxidant properties of water 

extract (WE) and an ethyl acetate fraction (EAF) of Fucus vesiculosus on oxidative 

stability of fish oil mayonnaise during storage of 28 days at 20˚C. WE at the level of 2 

g/kg had ability in lowering the formation of primary oxidation products and 

secondary oxidation products, while EAF was more efficient in decreasing the 

decomposition of the n-3 PUFA. However, Fucus vesiculosus extracted using ethanol 

and acetone had higher antioxidant efficiency, compared to water extracts as reported 

by Honold et al. (2015).  

  Cooking oil is also prone to oxidation, especially during or after 

cooking. Hydrolysis of oil induced by water in foods can accelerate the hydrolysis and 

oxidation of cooking oil (Iqbal and Bhanger, 2007). Chammem et al. (2015) reported 

that the addition of the ethanolic extract from rosemary (at 0.08% w/v) in the mixture 

of soybean and sunflower oil of fried potatoes was able to reduce the peroxide value 

by 38% after 30 h of heating at 180 ˚C. Based on sensorial evaluation, the fried potato 

with rosemary extract had the higher crispiness and taste likeness as compared to the 

oil without extract. The antioxidative properties of rosemary was attributed to the 

presence of phenolic diterpene compounds, such as carnosic acid, carnosol, rosmanol, 

rosmariquinone and rosmaridiphenol, which break free radical chain reactions by 

hydrogen atom donation and chelating metal ions (Erkan et al., 2008). Pomegranate 

peel extracts obtained from Nayana, Daya and Nimali varieties (2%, w/w) exhibited 

strong antioxidant activity in preventing oxidation of white coconut oil during frying 

at 180 ± 5 °C for 10 min (Bopitiya and Madhujith, 2014). 

1.2.9 References 

Akagawa, M. Shigemitsu, T. and Suyama, K. 2003. Production of hydrogen peroxide 

by polyphenols and polyphenol-rich beverages under physiological 

conditions. Biosci. Biotechnol. Biochem. 67: 2632-2640. 

Al-Farsi, M. A. and Chang, Y. L. 2007. Optimization of phenolics and dietary fibre 

extraction from date seeds. Food Chem. 108: 977-985. 

Altunkaya, A., Rikke V. Hedegaard, R. V., Harholt, J., Brimer, L., Gökmene, V. and 

Skibsted, L. H. 2013. Oxidative stability and chemical safety of 



31 

mayonnaise enriched with grape seed extract. Food Funct. 4: 1647-

1653.  

Andreo, A. I., Doval, M. M., Romero, A. M. and Judis, M. A. 2003. Influence of 

heating time and oxygen availability on lipid oxidation in meat 

emulsions. Eur. J. Lipid Sci. Technol. 105: 207-213. 

Antolovich, M., Prenzler, P., Robards, K. and Ryan, D. 2000. Sample preparation in 

the determination of phenolic compounds in fruits. Analyst. 125: 989-

1009. 

Arabshahi-D, S., Devi, D. V. and Urooj, A. 2007. Evaluation of antioxidant activity of 

some plant extracts and their heat, pH and storage stability. Food 

Chem. 100: 1100-1105. 

Arseki, M., Yamamoto, K. and Miyashita, K. 2002. Oxidative stability of 

polyunsaturated fatty acid in phosphatidylcholine liposomes. Biosci. 

Biotechnol. Biochem. 66: 2573-2577.  

Arya, R., Babu, V., Ilyas, M. and Nasim, K. T. 1989. Phytochemical examination of 

the leaves of Anacardium occidentale. J. Indian Chem. Soc. 66: 67-68. 

Ayepola, O. and Ishola, R. 2009. Evaluation of antimicrobial activity of Anacardium 

occidentale (Linn.). Adv. Med. Dental Sci. 3: 1-3. 

Azmir, J., Zaidul, I., Rahman, M., Sharif, K., Mohamed, A., Sahena, F., Jahurul, M., 

Ghafoor, K., Orulaini, N. and Omar, A. 2013. Techniques for 

extraction of bioactive compounds from plant materials: a review. J. 

Food Eng. 117: 426-436.  

Balasundram, N., Sundram, K. and Samman, S. 2006. Phenolic compounds in plant 

and agri-industrial byproducts: antioxidant activity, occurrence, and 

potential uses. Food Chem. 99: 191-203. 

Bao, H. N. D., Ushio, H. and Ohshima, T. 2009. Antioxidative activities of mushroom 

(Flammulina Velutipes) extract added to bigeye tuna Meat: Dose-



32 

dependent efficacy and comparison with other biological antioxidants. 

J. Food Sci. 74: 162-169. 

Battino, R. 1987. Oxygen and ozone. IUPAC solubility data series. (ed.). Vol. 7. 

Oxford. Pergamon. 

Bavaresco, L. 2003. Role of viticultural factors on stilbene concentrations of grapes 

and wine. Drugs Exp. Clin. Res. 29: 181-7. 

Belitz, H. D., Grosch, W. and Schieberle, P. 2004. Lipids. In Food chemistry. 3rd Ed. 

(Belitz, H. D., Grosch, W. and Schieberle, P. eds.). p. 157-244. 

Springer-Verlag. Germany.  

Belwal, T., Dhyani, P., Bhatt, I. D., Rawal, R. S. and Pande, V. 2016. Optimization 

extraction conditions for improving phenolic content and antioxidant 

activity in Berberis asiatica fruits using response surface methodology 

(RSM). Food Chem. 207: 115-124. 

Benjakul, S., Kittiphattanabawon, P., Shahidi, F. and Maqsood, S. 2013. Antioxidant 

activity and inhibitory effects of lead (Leucaena leucocephala) seed 

extracts against lipid oxidation in model systems. Food Sci. Technol. 

Int. 19: 365-376. 

Berton, C., Genot, C., Guibert, D. and Ropers, M. H. 2012. Effect of lateral 

heterogeneity in mixed surfactant-stabilized interfaces on the oxidation 

of unsaturated lipids in oil-in- water emulsions. J. Colloid Interf. Sci. 

377: 244-50. 

Bopitiya, D. and Madhujith, T. 2014. Antioxidant potential of rice bran oil prepared 

from red and white rice. Trop. Agric. Res. 26: 1-11. 

Brewer, M. S. 2011. Natural antioxidants: sources, compounds, mechanisms of 

action, and potential applications. Compr. Rev. Food Sci. Food Saf. 10: 

221-247. 



33 

Butz, P. and Tauscher, B. 2002. Emerging technologies: chemical aspects. Food Rev. 

Int. 35: 279-284. 

Cavanagh, H. M., Hipwell, M. and Wilkinson, J. M. 2003. Antibacterial activity of 

berry fruits used for culinary purposes. J. Med. Food. 1: 57-61. 

Combrinck, J., Otto, A. and Plessis, J. D. 2014. Whey protein/polysaccharide-

stabilized emulsions: effect of polymer type and pH on release and 

topical delivery of salicylic acid. AAPS Pharm. Sci. Technol. 15: 588-

600.  

Chaijan, M., Benjakul, S., Visessanguan, W. and Faustman, C. 2006. Changes of 

lipids in sardine (Sardinella gibbosa) muscle during iced storage. Food 

Chem. 99: 83-91. 

Chammem, N., Saoudi, S., Sifaoui, I., Sific, S., Persond, M. D., Abderraba, M., 

Moussa, F. and Hamdi, H. 2015. Improvement of vegetable oils quality 

in frying conditions by adding rosemary extract. Ind. Crops. Prod.74: 

592-599.  

Chan, H. W. S. 1987. The mechanisms of autoxidation. In Autoxidation of 

unsaturated lipids. (Chan, H. W. S. ed.). p. 141-206. Academic Press. 

UK. 

Chan, E. W. C. and Lim, Y. Y. 2007. Antioxidant and antibacterial activity of leaves 

of Etlingera species (Zingiberaceae) in Peninsular Malaysia. Food 

Chem. 104: 1586-1593. 

Chan, S. W., Lee, C. Y., Yap, C. F., Wan Aida, W. M. and Ho, C. W. 2009. 

Optimisation of extraction conditions for phenolic compounds from 

limau purut (Citrus hystrix) peels. Int. Food Res. J. 16: 203-213. 

Chang, S. S., Ostric-Matijasevic, B., Hsieh, O. A. and Chang, C. L. 1977. Natural 

antioxidants from rosemary and sage. J. Food Sci. 42: 1102-1106.  



34 

Charoen, R., Jangchud, A., Jangchud, K., Harnsilawat, T., Naivikul, O. McClements, 

D. J. 2011. Influence of biopolymer emulsifier type on formation and 

stability of rice bran oil-in-water emulsions: whey protein, gum arabic, 

and modified starch. J. Food Sci. 76: E165-E72. 

Chen, C. H., Kuo, M., Wu, C. H. and Ho, C. H. 1986. Pungent compounds of ginger 

(Zingiber officinale Rosc) extracted by liquid carbon dioxide. J. Agric. 

Food Chem. 34: 477-480. 

Chen, H., Lin, Y. and Hsieh, C. 2007. Evaluation of antioxidant activity of aqueous  

extract of some selected nutraceutical herbs. Food Chem. 104: 1418-

1424. 

Choi, Y., Lee, S. M., Chun, J., Lee, H. B. and Lee, J. 2006. Influence of heat 

treatment on the antioxidant activities and polyphenolic compounds of 

Shiitake (Lentinus edodes) mushroom. Food Chem. 99: 381-387. 

Claire, C. Carabin, B., Marie-H́el̀ene, R. and Genot, C. 2014. Lipid oxidation in oil-

in-water emulsions: Involvement of the interfacial layer. Comp. Rev. 

Food Sci. Food Safety. 13: 945-977. 

Cvetanović, A., Švarc-Gajić, J., Mašković, P., Savić, S. and Nikolić, L. J. 2014. 

Antioxidant  and biological activity of chamomile extracts obtained 

by different techniques: perspective of using superheated water for 

isolation of biologically active compounds. Ind. Crops. Prod. 65: 582-

591. 

Dai, J. and Mumper, R. J. 2010. Plant phenolics: extraction, analysis and their 

antioxidant and anticancer properties. Molecules. 15: 7313-7352. 

D’Archivio, M., Filesi, C., Benedetto, R. D., Gargiulo, R., Giovannini, C. and 

Masella, R. 2007. Polyphenols, dietary sources and bioavailability. 

Ann. Ist. Super. Sanità. 43: 348-361. 



35 

Davidson, P. M. and Branen, A. L. 2005. Food antimicrobials - an introduction. In 

Antimicrobial in food. (P. M. Davidson, P. M., Sofos, J. N. and 

Branen, A. L. 3rd ed.). pp. 1-10. CRC Press. New York.  

Decker, E. A., Warner, K., Richards, M. P. and Shahidi, F. 2005. Measuring 

antioxidant effectiveness in food. J. Agric. Food Chem. 53: 4303-4310. 

Delmas, D., Lançon, A., Colin, D., Jannin, B. and Latruffe, N. 2006. Resveratrol as a 

 chemopreventive agent: a promising molecule for fighting cancer. 

Curr. Drug Targets. 7: 423-42. 

Dickinson, E. 2008. Interfacial structure and stability of food emulsions as affected by 

protein-polysaccharide interactions. Soft Matter. 4: 932-942. 

Do, D. Q., Angkawijaya, A. E., Tran-Nguyen, P. L., Huynh, L. H., Soetaredjo, F. E., 

Ismadji, S. and Ju, Y. H. 2014. Effect of extraction solvent on total 

phenol content, total  flavonoid content, and antioxidant activity of 

Limnophila aromatic. J. Food. Drug.  Anal. 22: 296-302. 

Dobiáš, P., Pavlíková, P., Adam, M., Eisner, A., Beňová, B. and Ventura, K. 2010. 

 Comparison of pressurized fluid and ultrasonic extraction methods for 

analysis of plant antioxidants and their antioxidant capacity. Cent. Eur. 

J. Chem. 8: 87-95. 

Embuscado, M. 2015. Spices and herbs: Natural sources of antioxidants-A mini 

review. J. Funct. Foods. 18: 811-819. 

Ereifej, K. I., Feng, H., Rababah, T. M., Tashtoush, S. H., Al-U’datt, M. H., Gammoh, 

S., Al-Rabadi, G. J. 2016. Effect of extractant and temperature on 

phenolic compounds and antioxidant activity of selected spices. Food 

Nutr. Sci. 7: 362-370. 

Erickson, M. C., 1993. Compositional parameters and their relationship to oxidative 

stability of channel catfish. J. Agric. Food Chem. 41: 1213-1218. 



36 

Erkan, N., Ayranci, G. and Ayranci, E. 2008. Antioxidant activities of rosemary 

(Rosmarinus  Officinalis L.) extract, black seed (Nigella sativa L.) 

essential oil, carnosic acid,  rosmarinic acid and sesamol. Food 

Chem. 110: 76-82. 

Elias, R. J., McClements, D. J. and Decker, E. A. 2005. Antioxidant activity of 

cysteine, tryptophan, and methionine residues in continuous phase β-

lactiglobulin in oil-in- water  emulsions. J. Agric. Food Chem. 53: 

10248-10253. 

Escribano-Bailon, M. T. and Santos-Buelga, C. 2003. Polyphenols Extraction from 

Foods. In Methods in Polyphenol Analysis. (Santos-Buelga, C. and 

Williamson, G. eds.). p. 1-16. Royal Society of Chemistry. Cambridge, 

UK.  

Francisco, M. L. D. L. and Resurreccion, A. V. A.  2009. Total phenolics and 

antioxidant capacity of heat-treated peanut skins. J. Food Comp. Anal. 

22: 16-24. 

Frankel, E. N., Huang, S. W., Kanner, J. and Bruce German, J. 1994. Interfacial 

phenomena in  the evaluation of antioxidants: Bulk oils vs emulsions. 

J. Agric. Food Chem. 42: 1054-1059. 

Gan, C. Y. and Latiff, A. A. 2011. Optimisation of the solvent extraction of bioactive 

 compounds from Parkia speciosa pod using response surface 

methodology. Food Chem. 124: 1277-1283. 

Gökoğlu, N., Yerlikaya, P., and Topuz, O. K. 2012. Effects of tomato and garlic 

extracts on oxidative stability in marinated anchovy. J. Food Process 

Pres. 36: 191-197. 

Gong, Y., Hou, Z. Q., Gao, Y. X., Xue, Y. S., Liu, X. and Liu, G. M. 2012. 

Optimization of extraction parameters of bioactive components from 

defattedmarigold (Tageteserecta L.) residue using response surface 

methodology. Food Bioprod. Process. 90: 546-552. 



37 

Gordon, M. H. 2001. The development of oxidative rancidity in foods. In 

Antioxidants in Food: practical applications. (Pokorny, J. et al. eds.). p. 

6-21. Woodhead Publishing. USA. 

Grigoriev, D. O. and Miller, R. 2009. Mono- and multilayer covered drops as carriers. 

Curr. Opin. Colloid Interface Sci. 14: 48-59. 

Gulcin, I. 2012. Antioxidant activity of food constituents: an overview. Arch. Toxicol. 

86: 345- 391.  

Guzey, D. and McClements, D. J. 2006. Formation, stability and properties of 

multilayer emulsions for application in the food industry. Adv. Colloid 

Interface. Sci. 128: 227-248. 

Halliwell, B. and Gutteridge, J. 1990. Role of free radicals and catalytic metal ions in 

human  disease: an over view. Method. Enzymol. 186: 1-85. 

He, B., Zhang, L. L., Yue, X. Y., Liang, J., Jiang, J., Gao, X. L. and Yue, P. X. 2016. 

Optimization of ultrasound-assisted extraction of phenolic compounds 

and anthocyanins from blueberry (Vaccinium ashei) wine pomace. Int. 

J. Mol. Sci. 204: 70-76. 

Headlam, H. A. and Davies, J. M. Markers of protein oxidation: Different oxidations 

give rise to variable yields of bound and released carbonyl proteins. 

Free Rad. Biol. Med. 36: 1175-1184. 

Hermund, D. B., Yesiltas, B., Honold, P., Jónsdóttir, R., Kristinsson, H. G. and 

Jacobsen, C. 2015. Characterisation and antioxidant evaluation of 

Icelandic F. vesiculosus extracts in vitro and in fish oil enriched milk 

and mayonnaise. J. Funct. Food. 19: 828-841. 

Ho, U. T. N., Tran, L. T. M., Dinh, A.Q. and Nguyen, A. T. 2015. Response surface 

 optimization of ethanolic extraction of antioxidants from artichoke 

leaves. J. Food Process. Preserv. 39: 1036-1044. 



38 

Honold, P. J., Jacobsen, C., Jónsdóttir, R., Hordur G. Kristinsson, H. G. and 

Hermund, D. B. 2015. Potential seaweed-based food ingredients to 

inhibit lipid oxidation in fish-oil-enriched mayonnaise. Food Res. 

Technol. 242: 571-584. 

Hollman, P. C. H. and Katan, M. B. 1997. Absorption, metabolism and health effects 

of dietary flavonoids in man. Biomed Pharmacother. 51: 305-310.  

Hossain, M. A. and Shah, M. D. 2015. A study on the total phenols content and 

antioxidant activity of essential oil and different solvent extracts of 

endemic plant Merremia borneensis. Arabian J. Chem. 8: 66-71. 

Hu, M., McClements, D. J. and Decker, E. A. 2003. Impact of whey protein 

emulsifiers on the oxidative stability of salmon oil-in-water emulsions. 

J. Agric. Food Chem. 51: 1435-1439. 

Hussain, A. I., Chatha, S. A. S., Noor, S., Arshad, M. U., Khan, Z. A., Rathore, H. A. 

and Sattar, M. Z. A. 2012. Effect of extraction techniques and solvent 

systems on the extraction of  antioxidant components from peanut 

(Arachis hypogaea L.) hulls. Food Anal. Methods. 5: 890-896. 

Ignat, I., Volf, I. and Popa, V. I. 2011. A critical review of methods for 

characterisation of polyphenolic compounds in fruits and vegetables. 

Food Chem. 126: 1821-1835. 

Ikigai, H., Nakae, T., Hara, Y. and Shimamura, T. 1993. Bactericidal catechins 

damage the lipid bilayer. Biochim. Biophys. Acta. 1147: 132-136. 

Iqbal, S. and Bhanger, M. I. 2007. Stabilization of sunflower oil by garlic extract 

during  accelerated storage. Food Chem. 100: 246-254. 

Jacobsen, C., Let, M. B., Nielsen, N. S. and Meyer, A. S. 2008. Antioxidant strategies 

for preventing oxidative flavor deterioration of foods enrinched with n-

3 polyunsaturated lipids: a comparative evaluation. Trends. Food Sci. 

Technol. 19: 76-93. 



39 

Jongberg, S., Tørngren, M. N., Gunvig, A., Skibsted, L.H. and Lund, M. N. 2013.  

Effect of green tea or rosemary extract on protein oxidation in Bologna 

type sausages prepared from oxidatively stressed pork. Meat Sci. 93: 

538-546. 

Juntachote, T. and Berghofer, E. 2005. Antioxidative properties and stability of 

ethanolic extracts of Holy basil and Galangal. Food Chem. 92: 193-

202.  

Kaith, S. B., Sharma, R., Kalia, S. and Bhatti, S. M. 2014. Response surface 

methodology  and optimized synthesis of guar gum-based hydrogels 

with enhanced swelling capacity. RSC Adv. 4: 40339-40344. 

Kamath, V. and Rajini, P. S. 2007. The efficacy of cashew nut (Anacardium 

occidentale L.) skin extract as a free radical scavenger. Food Chem. 

103: 428-433. 

Kanatt, S. R., Arjun, K. and Sharma, A. 2011. Antioxidant and antimicrobial activity 

of legume hulls. Food Res. Int. 44: 3182-3187. 

Kaurinovic, B., Popovic, M., Vlaisavljevic, S. and Trivic, S. 2011. Antioxidant 

capacity of O.  basilicum L. and Origanum vulgare L. extracts. 

Molecules. 16: 7401-7414. 

Khan, M. K., Vian, M. A., Tixier, S. F., Dangles, O. and Chemat, F. 2010. Ultrasound 

assisted-extraction of polyphenols (flavanone glycosides) from orange 

(Citrus sinensis L.) peel. Food Chem. 119: 851-858. 

Khanbabaee, K. and Van Ree, T. 2001. Tannins: classification and definition. Nat. 

Prod. Rep. 18: 641-649. 

Kishk, Y. F. M. and Elsheshetawy, H. E. 2013. Effect of ginger powder on the 

mayonnaise oxidative stability, rheological measurements, and sensory 

characteristics. Ann. Agric. Sci. 58: 213-220.  



40 

Klompong, V. and Benjakul, S. 2015. Antioxidative and antimicrobial activities of the 

 extracts from the seed coat of Bambara groundnut (Voandzeia 

subterranea).  RSC Adv. 5: 9973-9985.  

Konan, N. A., Bacchi, E. M., Lincopan, N., Varela, S. D. and Varanda, E. A. 2007. 

Acute,  subacute toxicityand genotoxic effect of a hydroethanolic 

extract of the cashew (Anacardium occidentale L.). J. Ethnopharmacol. 

110: 30-38. 

Kong, B. H. and Xiong, Y. L. 2006. Antioxidant activity of zein hydrolysates in a 

liposome system and the possible mode of action. J. Agric. Food 

Chem. 54: 6059-6068. 

Kozlowska, H., Zadernowski, R. and Sosulski, F. W. 1983. Phenolic acids in oilseed 

flour. Nahrung. 27: 449-453. 

Kua, S. F., Ibrahim, J., Ooi, C. K. W., Nan, K. I., Hashim, N. and Yusof, H. M. 2015. 

Optimisation of phenolic extraction and quantification of phenolics in 

palm kernel cake. Renew. Bioresour. 3: 1-7. 

Lafka, T. I., Sinanoglou, V. and Lazos, E. S. 2007. On the extraction and antioxidant 

activity of phenolic compounds from winery wastes. Food Chem. 104: 

1206-1214. 

Lapornik, B., Prosek, M. and Golc Wondra, A. 2005. Comparison of extracts prepared 

from plant by products using different solvents and extraction time. J. 

Food. Eng. 71: 214-222. 

Laguerre, M., Lecomte, J. and Villeneuve, P. 2007. Evaluation of the ability of 

antioxidants to counteract lipid oxidation: Existing methods, new 

trends and challenges. Prog. Lipid Res. 46: 244-282. 

Lagunes-Galvez, L., Cuvelier, M. E., Ordonnaud, C. and Berset, C. 2002. Oxidative 

stability of some mayonnaise formulation during storage and daylight 

irradiation. J. Food Lipids. 9: 211-224. 



41 

Lai, H. Y. and Lim, Y. Y. 2011. Evaluation of antioxidant activities of the methanolic 

extracts of selected ferns in Malaysia. Int. J. Environ Sci. Devel. 2: 

442-447. 

Lee, S., Joo, S. T., Alderton, A. L., Hill, D. W. and Faustman, C. 2003. 

Oxymyoglobin and lipid oxidation in yellowfin tuna (Thunnus 

albacares) loins. J. Food Sci. 68: 1664-1668. 

Lee, Y. B., Sehnert, D. J. and Ashmore, C. R. 1986. Antioxidant property in ginger 

rhizome and its applications to meat products. J. Food Sci. 51: 20-23. 

Li, Y., Kong, B., Liu, Q., Xia, X. and Chen, H. 2016. Improvement of the emulsifying 

and oxidative stability of myofibrillar protein prepared oil-in-water 

emulsions by addition of zein hydrolysates. Process Biochem.  53: 116-

124. 

Liu, Y., Wei, S. and Liao, M. 2013. Optimization of ultrasonic extraction of phenolic 

compounds from Euryale ferox seed shells using response surface 

methodology. Ind. Crop. Prod. 49: 837-843. 

Lo¨ liger, J. 1991. The use of antioxidants in food. In Free Radicals and Food 

Additives. (Aruoma, O.I. and Halliwell, B. eds.). pp. 129-150. Taylor 

and Francis. London. 

Lorimer, J. P. and Mason, T. J. 1987. Chem. Soc. Rev. 16: 239. 

Luque De Castro, M.D. and Capote, F.P. 2007. Analytical applications of ultrasound. 

In Techniques and instrumentation in analytical chemistry (V.26), 

Amsterdam, Netherlands. 

Luthria, D. L. 2006. Significance of sample preparation in developing analytical 

 methodologies for accurate estimation of bioactive compounds in 

functional foods. J. Sci. Food Agric. 86: 2266-2272. 



42 

Maisarah, A. M., Nurul Amira, B., Asmah, R. and Fauziah, O. 2013. Antioxidant 

analysis of different parts of Carica papaya. Int. Food Res. J. 20: 1043-

1048. 

Maqsood, S., Benjakul, S., Abushelaibi, A. and Alam, A. 2014. Phenolic compounds 

and plant phenolic extracts as natural antioxidants in prevention of 

lipid oxidation in seafood: A detailed review. Comp. Rev. Food Sci. 

Food Saf. 13: 1125-1140.  

Mansour, E. H., and Khalil, A. H. 2000. Evaluation of antioxidant activity of some 

plant extracts and their application to ground beef parties. Food Chem. 

69:135-141. 

Matthäus, B. 2002. Antioxidant activity of extracts obtained from residues of different 

 oilseeds. J. Agric. Food Chem. 50: 3444-3452.  

McClements, D. J. 2005. Food emulsions principles, practices, and techniques, CRC 

Press. 

McClements, D. and Decker, E. 2000. Lipid oxidation in oil-in-water emulsions: 

impact of molecular environment on chemical reactions in 

heterogeneous food systems. J. Food  Sci. 65: 1270-1282. 

Medina, I., Gallardo, J. M., Gonzalez, M. J., Lois, S. and Hedges, N. 2007. Effect of 

molecular structure of phenolic families as hydroxycinnamic acids and 

catechins on their antioxidant effectiveness in minced fish muscle. J. 

Agric. Food Chem. 55: 3889-3895.   

Medina, I., Undeland, I., Larsson, K., Storr, I., Rustad, T. and Jacobsen, C. 2012. 

Activity of caffeic acid in different fish lipid matrices: A review. Food 

Chem. 131: 730-740. 

Mei, L. Y., McClements, D. J., and Decker, E. A. 1999. Lipid oxidation in emulsions 

as affected by charge status of antioxidants and emulsion droplets. J. 

Agric. Food Chem. 47: 2267-2273. 



43 

Metrouh-Amir, H., Duarte, C. M., and Maiza, F. 2015. Solvent effect on total 

phenolic contents, antioxidant, and antibacterial activities of 

Matricaria pubescens. Ind. Crop. Prod. 67: 249-256. 

M’hiri, N., Ioannoub, I., Mihoubi Boudhrioua, N. and Ghoul, M. 2015. Effect of 

different operating conditions on the extraction of phenolic compounds 

in orange peel. Food Bioprod. Process. 96: 161-170. 

Moawad, R. K., Abozeid, W. M. and Nadir, A. S. 2012. Effect of nitrite level and tea 

 catechins on residual nitrite and quality indices of raw-cured sausages. 

J. Appl. Sci. Res. 8: 815-822. 

Morrissey, P. A., Sheehy, P. J. A., Galvin, K., Kerry, J.P. and Buckley, D. J. 1998. 

Lipid  stability in meat and meat products. Meat Sci. 49: 73-86. 

Muchuweti, M., Kativu, E., Mupure, C. H., Chidewe, C., Ndhlala, A. R. and 

Benhura, M.  A. N. 2007. Phenolic composition and antioxidant 

properties of some spices. Am. J. Food Technol. 2: 414-420. 

Mussatto, S. I., Carneiro, L. M., Silva, J. P. A., Roberto, I. C. and Teixeira, J. A. 

2011. A study  on chemical constituents and sugars extraction from 

spent coffee grounds.  Carbohyd. Polym. 83: 368-374. 

Mustapha, A. A., Owuna, G., Ogaji, J. O., Uthman, I. I. and Idris, M. M. 2015. 

Phytochemical screening and inhibitory activities of Anacardium 

occidentale leave extracts against some clinically important bacterial 

isolates. Int. J. Pharmacogn. Phytochem. Res. 7: 365-369. 

Muthukumaran, S., Kentish, S.E., Stevens, G.W. and Ashokkumar, M. 2006. 

Application of  ultrasound in membrane separation processes: A 

review. Rev. Chem. Eng. 22: 155-194. 

Naczk, M., Wanasundara, P. K. J. P. D. and Shahidi, F. 1992. Facile 

spectrophotometric quantification method of sinapic acid in hexane-

extracted and methanol-ammonia-water-treated mustard and rapeseed 

meals. J. Agric. Food Chem. 40: 444-448. 



44 

Naczk, M. and Shahidi, F. 2004. Extraction and analysis of phenolics in food. J. 

Chromatogr. A. 1054: 95-111.  

Naczk, M. and Shahidi, F. 2006. Phenolics in cereals, fruits and vegetables: 

occurrence, extraction and analysis. J. Pharm. Biomed. Anal. 41: 1523-

1542. 

Nawar, W. W. 1996. Lipids. In Food Chemistry. 3rd Ed. (Fennema, O.R. ed.). p. 225-

319. Marcel Dekker. New York. 

Niki, E., Yoshida, Y., Saito, Y. and Noguchi, N. 2005. Lipid peroxidation: 

mechanisms, inhibition, and biological effects. Biochem. Bioph. Res. 

Co. 338: 668-676. 

Nuchi, C., McClements, D. and Decker, E. 2001. Impact of Tween 20 hydroperoxides 

and iron on the oxidation of methyl linoleate and salmon oil 

dispersions. J. Agric. Food Chem. 49: 4912-4916. 

Omojasola, P. F. and Awe, S. 2004. The antibacterial activity of the leaf extracts of 

 Anacadium occidentale and Gossypium inisutum against some selected 

 microorganisms. Biosci. Res. Comm. 16: 25-28. 

Orue, N., García, S., Feng, P. and Heredia, N. 2013. Decontamination of Salmonella, 

Shigella, and Escherichia coli O157:H7 from leafy Green vegetables 

using edible plant extracts. J.  Food Sci. 78: M290-M296.  

O’Sullivan, C. M., Lynch, A., Lynch, P. B., Buckley, D. J. and Kerry, J. P. 2004. Use 

of antioxidants in chicken nuggets manufactured with and without the 

use of salt and/or sodium tripolyphosphate: effects on product quality 

and shelf-life stability. Int. J.  Poult. Sci. 3: 345-353. 

Otake, S., Makimura, M., Kuroki, T., Nishihara, Y. and Hirasawa, M. 1991. 

Anticaries effects of polyphenolic compounds from Japanese green tea. 

Caries Res. 25: 438-443. 



45 

Patist, A. and Bates, D. 2008. Ultrasonic innovations in the food industry: from the 

laboratory to commercial production. Innov. Food Sci. Emerg. 

Technol. 9: 147-154. 

Paunović, S. M., Mašković, P., Nikolić, M. and Miletić, R. 2017. Bioactive 

compounds and antimicrobial activity of black currant (Ribes nigrum 

L.) berries and leaves extract  obtained by different soil management 

system. Sci. Hortic. 222: 69-75. 

Pourashouri, P., Shabanpour, B., Razavi, S. H., Jafari, S. M., Shabani, A. and 

Aubourg, P. 2014. Impact of wall materials on physicochemical 

properties of microencapsulated fish oil by spray drying. Food 

Bioprocess Technol. 7: 2354-2365. 

Proestos, C., Sereli, D. and Komaitis, M. 2006. Determination of phenolic compounds 

in aromatic plants by RP-HPLC and GC-MS. Food Chem. 95: 44-52. 

Purseglove, J. W. 1974. Tropical Crops: Dicotyledons. Longman, London, 242-246. 

Puupponen-Pimiä, R., Nohynek, L., Meier, C., Kähkönen, M., Heinonen, M., Hopia, 

A. and  Oksman-Caldentey K. M. 2001. Antimicrobial properties of 

phenolic compounds from berries. J. Appl. Microbiol. 90: 494-507. 

Rajapakse, N., Mendis, E., Byun, H. G. and Kim, S. K. 2005. Purification and in vitro 

 antioxidative  effects of giant squid muscle peptides on free radical-

mediated oxidative systems. J. Nutr. Biochem. 16: 562-569. 

Rahman, A. and Kang, S. C. 2009. In vitro control of food-borne and food spoilage 

bacteria by essential oil and ethanol extracts of Lonicera japonica 

Thunb. Food Chem. 116: 670-675. 

Razali, N., Razab, R., Junit, S. M. and Aziz, A. A. 2008. Radical scavenging and 

reducing properties of extracts of cashew shoots (Anacardium 

occidentale). Food Chem. 111: 38-44. 



46 

Reische, D. W., Lillard, D. A. and Eitenmiller, R. R. 2002. Antioxidants. In Food 

Lipids:  Chemistry, Nutrition, and Biotechnology. 2nd Ed. (Akoh, C.C. 

and Min, D.M. eds.).  p. 489-516. CRC Press. Boca Raton, FL. 

Renerre, M. 2000. Oxidative processes and myoglobin. In Antioxidants in Muscle 

Foods,  Nutritional Strategies to Improve Quality. (Decker, E., 

Faustman, C. and Lopez-Bote, C. J. eds.). p. 113-133. John Wiley & 

Sons, Inc. New York. 

Riesz, P. and Kondo, T. 1992. Free radical formation induced by ultrasound and its 

biological implications. Free Radic. Biol. Med. 13: 247-70. 

Rice-Evans, C. A., Miller, J. M. and Paganga, G. 1997. Structure-antioxidant activity 

 relationship of flavonoids and phenolic acids. Free Rad. Biol. Med. 20: 

933-956. 

Richards, M. P. and Hultin, H. O. 2002. Contributions of blood and blood 

components to lipid oxidation in fish muscle. J. Agric. Food Chem. 50: 

555-564. 

Richter, B. E., Jones, B. A., Ezzell, J. L., Porter, N. L., Avdalovic, N. and Pohl, C. 

1996.  Accelerated solvent extraction: A technique for sample 

preparation. Anal. Chem. 68:  1033-1039. 

Robbins, R. J. 2003. Phenolic acids in foods: an overview of analytical methodology. 

J. Agric. Food Chem. 51: 2866-2887. 

Romdhane, M. and Gourdon, C. 2002. Investigation in solid-liquid extraction: 

Influence of ultrasound. Chem. Eng. J. 87: 11. 

Ruenroengklin, N., Zhong, J., Duan, X., Yang, B., Li, J. and Jiang, Y. 2008. Effects of 

 various temperatures and pH values on the extraction yield of 

phenolics from Litchi fruit pericarp tissue and the antioxidant activity 

of the extracted anthocyanins. Int. J.  Mol. Sci. 9: 1333-1341. 



47 

Saha, J., Biswas, A., Chhetri, A. and Sarkar, P. K. 2011. Response surface 

optimisation of antioxidant extraction from kinema, a Bacillus-

fermented soybean food. Food Chem. 129: 507-513. 

Saha, S. and Verma, R. J. 2016. Antioxidant activity of polyphenolic extract 

of Terminalia  chebula Retzius fruits. J. Taibah Univ. Sci. 10: 805-812. 

Şahin, S. and Samlı́, R. 2013. Optimization of olive leaf extract obtained by 

ultrasound-assisted extraction with response surface methodology. 

Ultrason. Sonochem. 20: 595-602. 

Saleem, M., Kim, H. J., Ali, M. S. and Lee, Y. S. 2005. An update on bioactive plant 

lignans. Nat. Prod. Rep. 22: 696-716. 

Shahidi, F. and Zhong, Y. 2010. Lipid oxidation and improving the oxidative stability. 

Chem.  Soc. Rev. 39: 4067-4079. 

Shi, J., Yu, J., Pohorly, J. E. and Yukio, K. Polyphenolics in grape seeds biochemistry 

and functionality. J. Med. Food. 2003. 6:291-299. 

Shirsath, S. R., Sonawanea, S. H. and Gogate, P. R. 2012. Intensification of extraction 

of natural products using ultrasonic irradiations-A review of current 

status. Chem. Eng. Prog. 53: 10-23. 

Sitthiwarongchai, C. 2015. The development of cashew products from the small and 

micro  company enterprise (SMCE) groups of Ranong province, 

Thailand. Procedia Soc. Behav. Sci. 97: 1614-1620. 

Sohn, J. H., Taki, Y., Ushio, H., Kohata, T., Shioya, I. and Ohshima, T. 2005. Lipid 

 oxidations in  ordinary and dark muscles of fish: Influences on rancid 

off-odor development and color darkening of yellowtail flesh during 

ice storage. J. Food Sci. 70: 490-496. 

Sørensen, A. D. M., Nielsen, N. S. and Jacobsen, C. 2010. Oxidative stability of fish 

oil-enriched mayonnaise-based salads. Eur. J. Lipid Sci. Technol. 112: 

476-487. 



48 

Soria, A. C. and Villamiel, M. 2010. Effect of ultrasound on the technological 

properties and  bioactivity of  food: A review. Trends Food Sci. 

Technol. 21: 323-331. 

Sun, Y. E., Wang, W. D., Chen, H. W. and Li, C. 2011. Autoxidation of unsaturated 

lipids in food emulsion. Crit. Rev. Food Sci. Nutr. 51:453-466. 

Swarnalakshni, T., Gomathi, K., Sulschana, N., Baskar, E. A. and Parmar, N. S. 1981. 

Anti-inflammatory activity of (-) epicatechin, a biflavonoid isolated 

from Anacardium occidentale Linn. Indian. J. Pharm. Sci. 43: 205-208. 

Tachakittirungrod, S., Okonogi, S. and Chowwanapoonpohn, S. 2007. Study on 

antioxidant activity of certain plants in Thailand: mechanism of 

antioxidant action of guava leaf extract. Food Chem. 103: 381-88. 

Tang, S., Sheehan, D., Buckley, D. J., Morrissey, P. A. and Kerry, J. P. 2001. 

Antioxidant activity of added tea catechins on lipid oxidation of raw 

minced red meat, poultry and  fish muscle. Int. J. Food Sci. Technol. 

36: 685-692. 

Teixeira, J., Gaspar, A., E. Manuela Garrido, E. M., Jorge Garrido, J. and  Borges F. 

2013. Hydroxycinnamic acid antioxidants: An electrochemical 

overview. Biomed Res. Int. 1: 1-11. 

Tekwu, E. M., Anatole Constant Pieme, A. C. and Beng V. P. 2012. Investigations of 

antimicrobial activity of some Cameroonian medicinal plant extracts 

against bacteria and yeast with gastrointestinal relevance. J. 

Ethnopharmacol. 212: 265-273. 

Thiansilakul, Y., Benjakul, S. and Richards, M. P. 2013. Effect of phenolic 

compounds in combination with modified atmospheric packaging on 

inhibition of quality losses of refrigerated Eastern little tuna slices. J. 

Food Sci.  50: 146-152. 

Thoo, Y. Y., Ho, S. K., Liang, J. Y., Ho, C. W. and Tan, C. P. 2010. Effects of binary 

solvent extraction system, extraction time and extraction temperature 

https://www.hindawi.com/81582912/
https://www.hindawi.com/68108195/
https://www.hindawi.com/98464953/
https://www.hindawi.com/48425067/
https://www.hindawi.com/24373701/


49 

on phenolic antioxidants and antioxidant capacity from mengkudu 

(Morinda citrifolia). Food Chem. 120: 290- 295. 

Tomas-Barberan, F. A., Ferreres, F. and Gil, M. I. 2000. Antioxidant phenolic 

metabolites from fruit and vegetables and changes during postharvest 

storage and processing. In Bioactive natural products (Part D). 

(Rahman, A., ed.). p. 739-795. Elsevier. Amsterdam. Netherlands. 

Tosun, M., Ercisli, S., Sengul, M., Ozer, H., Polat, T. and Ozturk, E. 2009. 

Antioxidant  properties and total phenolic content of eight Salvia 

Species from Turkey. Biol. Res. 42: 175-181. 

Toh, P. Y., Leong, F. S., Chang, S. K., Khoo, H. E. and Yim, H. S. 2016. 

Optimization of extraction parameters on the antioxidant properties of 

banana waste. Acta Sci. Pol. Technol. Aliment. 15: 65-78. 

Underland, I. 2001. Lipid oxidation in fatty fish during processing and storage. In 

Farmed fish quality (Kestin, S.C. and Warris, P.D. eds.). p. 261-275. 

Blackwell Science. Bristol. UK.  

Vilkhu, K., Mawson, R., Simons, L. and Bates, D. 2007. Applications and 

opportunities for ultrasound assisted extractionin the food industry-A 

review. Innov. Food Sci. Emerg. Technol. 9: 161-169. 

Viuda-Martos, M., Ruiz-Navajas, Y., Fernandez-Lopez, J. and Perez-Alvarez, J. A. 

2010.  Effect  of adding citrus fibre washing water and rosemary 

essential oil on the quality characteristics of a bologna sausage. LWT-

Food Sci. Technol. 43: 958-63. 

Vasco, C., Ruales, J. and Kamal-Eldin, A. 2008. Total phenolic compounds and 

antioxidant capacities of major fruits from Ecuador. Food Chem. 111: 

816-823. 

Wang, L. and Weller, C. L. 2006. Recent advances in extraction of nutraceuticals 

from plants. Trends Food Sci. Technol. 17: 300-312. 



50 

Wang, J., Zhao, Y. M., Tian, Y. T., Yan, C. L. and Guo, C. Y. 2013. Ultrasound-

assisted extraction of total phenolic compounds from Inula helenium. 

Scientific World J. 1-5. 

Waraho, T., Mcclements, D. J. and Decker, E. A. 2011. Mechanisms of lipid 

oxidation in food dispersions. Trends Food Sci. Technol. 22: 3-13. 

Wardhani, D. H., Vázquez, J. A. and Pandiella, S. S. 2010. Optimisation of 

antioxidants  extraction from soybeans fermented by Aspergillus 

oryzae. Food Chem. 118: 731-739. 

Weast, R. C., Astle, M. J. and Beyer, W. H. 1987. CRC handbook of chemistry and 

physics. 67th Ed. (Boca Raton, F.L. ed.). CRC Press Inc. Boca Raton, 

FL. 

Wong, B. T., Zhai, J., Hoffmann, S. V., Aguilar, M. I., Augustin, M. and Wooster, T. 

J. 2012. Conformational changes to deamidated wheat gliadins and β-

casein upon adsorption to oil-water emulsion interfaces. Food 

Hydrocoll. 27: 91-101. 

Wong, Y. S., Sia, C. H., Khoo, H. E., Ang, Y. K., Chang, S. K. and Yim, H. S. 2014. 

Influence of extraction conditions on antioxidant properties of passion 

fruit (Passiflora edulis) peel. Acta Sci. Pol. Technol. Aliment. 13: 257-

265. 

Xu, D. P., Zheng, J., Zhou, Y., Li, Y., Li, S. and Li, H. B. 2016. Ultrasound-assisted 

extraction of natural antioxidants from the flower of Limonium 

sinuatum: Optimization and comparison with conventional methods. 

Food Chem. 217: 552-559. 

Yang, L., Cao, Y. L., Jiang, J. G., Lin, Q. S., Chen, J. and Zhu, L. 2010. Response 

surface optimization of ultrasound-assisted flavonoids extraction from 

the flower of Citrus aurantium L. var. amara Engl. J. Sep. Sci. 33: 

1349-1355. 



51 

Yingngam, B., Supaka, N. and Rungseevijitprapa, W. 2015. Optimization of process 

parameters for phenolics extraction of Cratoxylum formosum ssp. 

formosum leaves by response surface methodology. J. Food Sci. 

Technol. 52: 129-140.  

Youdim, K. A., Shukitt-Hale, B. and Joseph, J. A. 2004. Flavonoids and the brain: 

interactions at  the blood-brain barrier and their physiological effects 

on the central nervous system. Free Rad. Biol. Med. 37: 1683-1693. 

Zadernowski, R., Naczk, M. and Nesterowicz, J. 2005. Phenolic acid profiles in some 

small berries. J. Agric. Food Chem. 53: 2118-2124. 

Zhao, Z., Xu, X., Ye, Q. and Dong, L. 2012. Ultrasound extraction optimization of 

Acanthopanax senticosus polysaccharides and its antioxidant activity. 

Int. J. Biol. Macromolec. 59: 290-294. 

1.3 Objectives  

1.3.1 To optimize the extraction of antioxidative phenolic compounds from cashew 

(Anacardium occidentale L.) leaves using response surface methodology (RSM). 

1.3.2 To study the optimization of ultrasound-assisted extraction of antioxidative 

phenolic compounds from cashew leaves using RSM. 

1.3.3 To characterize and examine the antioxidative activity of cashew leaf extract. 

1.3.4 To investigate the use of cashew leaves extract for prevention of lipid oxidation 

in fish oil enriched mayonnaise during storage. 
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CHAPTER 2 

OPTIMIZATION OF EXTRACTION OF ANTIOXIDATIVE 

PHENOLIC COMPOUNDS FROM CASHEW (ANACARDIUM 

OCCIDENTALE L.) LEAVES USING RESPONSE SURFACE 

METHODOLOGY 

2.1 Abstract 

  Optimization of extraction of antioxidative phenolic compounds from 

cashew (Anacardium occidentale L.) leaves was performed using response surface 

methodology (RSM). The central composite design (CCD) was used to establish 

treatments based on three independent variables, including extraction temperature, 

time and ethanol-to-solid ratio. Total phenolic content (TPC), antioxidative activities 

(DPPH, ABTS radical scavenging activities and FRAP) and % yield were monitored. 

The extraction yield was 8.64% under the following optimized condition: extraction at 

34.7˚C for 64 min with an ethanol-to-solid ratio of 18:1 v/w. TPC was 564.60 mg 

GAE/g dry extract and DPPH, ABTS radical scavenging activities and FRAP were 

11.74, 5.56 and 8.11 mmol TE/g dry extract, respectively. The experiment values 

were in accordance with the predicted values. Isoquercetin, catechin, hydroquinin, 

gallic acid, tannic acid and rutin were found in the extract. The extract could therefore 

be used as natural antioxidant for food application or as nutraceutical. 

2.2 Introduction 

  Phenolic compounds are generally found in plants and exhibit various 

biological properties such as anti-allergenic, anti-artherogenic, anti-inflammatory, 

anti-microbial, antioxidant, anti-thrombotic, cardioprotective and vasodilatory effects 

(Puupponen-Pimia¨ et al., 2001). Phenolic compounds, the secondary metabolites of 

plants, have the aromatic ring bearing one or more hydroxyl substituents (Naczk and 

Shahidi, 2004). They play a role as reducing agents, hydrogen donators and singlet 

oxygen quenchers (Proestos et al., 2006).  
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  Nowadays, plant extracts are of increasing interest in the food industry 

because they retard the oxidative degradation of lipids, thereby improving the quality 

and nutritional value of food as well as prevent the occurrence of disease (Jianga and 

Xiong, 2016). Plant extracts have been known to exhibit antioxidant activity, related 

with their protection of the human body from cancer and heart disease (Scalbert et al., 

2005). Cashew trees are abundant in the tropical area, especially the southern part of 

Thailand. Cashew nut has been popular for consumer and its young leaves have been 

consumed as fresh in some region of America and Asean countries. It contained a 

large amount of phytochemicals, especially phenolic with antioxidative activity 

(Kamath and Rajini, 2007). Additionally, cashew leaf extracts had antimicrobial 

activity against Escherichia coli, Shigella dysenteriae, Salmonella Typhimurium, 

Stapphylococcus aureus and Pseudomonas auroginosa (Omojasola and Awe, 2004). 

However, a little information on extraction and antioxidative activity of cashew leaf 

extract has been reported.   

 The extraction method is the first important steps in isolation of interested 

compound, in which the target compounds are extracted with high recovery and 

without interferences (Dobiás et al., 2010). In general, several parameters influence 

the extraction efficacy of phenolics. Those included temperature, sample-to-solvent 

ratio, time, polarity of solvent, etc. (Dai and Mumper, 2010). Extraction can be 

optimized by either empirical or statistical methods. Optimization is essential for 

commercial extraction of the target compounds. To optimize biochemical and 

biotechnological processes related to food systems, response surface methodology 

(RSM) has been widely implemented (Kaith et al., 2014). Thus, the present study 

aimed to investigate the extraction of phenolic from cashew leaves using RSM and to 

study antioxidative activity of the extracts.  

2.3 Materials and methods 

 2.3.1 Chemicals 

 Ethanol, ethyl acetate and hydrochloric acid were procured Merck 

(Darmstadt, Germany). 6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 

(Trolox) was obtained from Aldrich Chemical Company (Steinheim, Germany). 
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2,4,6-Tri (2-pyridyl)-S-triazine (TPTZ) was obtained from Fluka Chemicals (Buchs, 

Switzerland). Gallic acid, 2,2-diphenyl-1-picryhydrazyl (DPPH), ferrous sulfate 

(FeSO4
.7H2O), ferric chloride (FeCl3

.6H2O), 2,2-azino-bis-(3-ethylbenzothiazoline-6-

sulfonic acid) diammonium salt (ABTS) and potassium persulfate were purchased 

from Sigma-Aldrich, Inc (St. Louis, MO, USA).  Phenolic standards (gallic acid, 

catechin, isoquercetin, tannic acid, rutin, hydroquinin, eriodictyol and quercetin) were 

procured from Sigma-Aldrich, Inc. (Chemie GmbH. Steinheim, Germany).  

 2.3.2 Collection of cashew leaves 

  Cashew (Anacardium occidentale, L.) leaves were collected from an 

orchard in Songkhla province, Thailand during May and June 2016. The trees were 

approximately 15-20 years old. Leaves from III (apical) to V (basal) of twig were 

used in the study. Cashew leaves were prepared as per the method of V´azquez-Torres 

et al. (1992) with slight modifications. The samples were washed with tap water and 

dried overnight in an air dryer at 50˚C until the moisture content was less than 10%. 

Dried samples were blended using a blender (Panasonic, Model MX-898N, Berkshire, 

UK) and sieved through a stainless steel (sieve 80 mesh). Thereafter, chlorophyll was 

removed from the obtained powder. The sample powder (50 g) was stirred for 30 min 

with chloroform (1l) and the mixture was filtered using Whatman filter paper No.1 

(Whatman International Ltd., Maidstone, UK) (Vovk et al., 2005; Row and Jin, 

2006). The retentate was dried in a hot air oven (Memmert, Schwabach, Germany) at 

105˚C for 1 h. The obtained powder termed ‘cashew leaf powder’ was placed in a 

polyethylene bag and kept at room temperature until used for extraction. 

 2.3.3 Preparation of cashew leaf extracts 

  Firstly, cashew leaf powder was subjected to extraction using ethanol 

at different concentrations (0, 40, 60, 80 and 100%). The dried powder was mixed 

with different solvents using a powder/solvent ratio of 1:15 (w/v) for 1 h, followed by 

centrifugation at 5000xg for 30 min at 27˚C using a RC-5B plus centrifuge (Beckman, 

JE-AVANTI, Fullerton, CA, USA) and the supernatants were then filtered through a 

Whatman filter paper No.1 (Jan et al., 2013). The filtrates were evaporated at 40˚C by 

an EYELA rotary evaporator (Tokyo Rikakikai, Co. Ltd., Tokyo, Japan). The residual 
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ethanol was removed by nitrogen purging. The extracts were subsequently dried using 

a Scanvac Model Coolsafe 55 freeze dryer (Coolsafe, Lynge, Denmark). Dried 

extracts were kept in a desiccator prior to analysis. All extracts were determined for 

total phenolic content (TPC) and antioxidative activity. Solvent yielding the extract 

with high TPC and antioxidative activity was selected for further study. 

 2.3.4 Analyses   

  2.3.4.1 Extraction yield 

  Extraction yield (%) of cashew leaf extracts were determined and 

defined as dry weight of extract, compared to the initial dry weight of raw material. 

Extraction yield was calculated as follows: 

Extraction yield (%)    =       Dry weight of obtained extract (g) x 100 

                                                                          Dry weight of initial leaf (g) 

  2.3.4.2 Determination of total phenolic content (TPC) 

  TPC was determined using the Folin-Ciocalteau reagent as described 

by Sato et al. (1996) with a slight modification. The extracts were dissolved in 

distilled water to obtain a final concentration of 0.2 mg/ml. An aliquot of 100 µl was 

mixed with 0.75 ml of Folin-Ciocalteu reagent. After 3 min, 0.75 ml of 6% (w/v) 

sodium carbonate was added. The mixture was allowed to stand for 1 h at room 

temperature. The absorbance at 760 nm was measured by UV-1601 

spectrophotometer (Shimadzu, Kyoto, Japan). Gallic acid (0-500 mg/ml) was used as 

the standard. The total phenolic content was expressed as mg gallic acid equivalent 

(GAE) / g dry extract. 

  2.3.4.3 Determination of antioxidative activities 

   2.3.4.3.1 DPPH radical scavenging activity 

   DPPH radical scavenging activity was determined as described 

by Wu et al. (2003) with a slight modification. Sample (1 ml) was added with 1 ml of 

0.15 mM 2,2-diphenyl-1-picryl hydrazyl (DPPH) in 95% ethanol. The mixture was 
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vigorously and allowed to stand at room temperature in dark for 30 min. The 

absorbance of the resulting solution was measured at 517 nm using a 

spectrophotometer. Sample blank was prepared in the same manner except that 95% 

ethanol was used instead of DPPH solution. Trolox (10-60 μM) was used as the 

standard. The activity was expressed as mmol Trolox equivalents (TE)/g dry extract. 

   2.3.4.3.2 ABTS radical scavenging activity 

   ABTS radical scavenging activity was measured as per the 

method of Arnao et al. (2001) with a slight modification. The stock solutions included 

7.4 mM ABTS solution and 2.6 mM potassium persulfate solution. The working 

solution was prepared by mixing the two stock solutions in equal quantities. The 

mixture was left for 12 h at room temperature in dark. The solution was then diluted 

by mixing 1 ml of ABTS solution with 50 ml of methanol in order to obtain an 

absorbance of 1.1 ± 0.02 units at 734 nm using a spectrophotometer. ABTS solution 

was freshly prepared for each assay. Sample (150 μl) was mixed with 2850 μl of 

ABTS solution and the mixture was allowed to stand at room temperature for 2 h in 

dark. The absorbance was then measured at 734 nm. Sample blank was prepared in 

the same manner except that methanol was used instead of ABTS solution. Trolox (0-

500 μM) was used as the standard. The activity was expressed as mmol Trolox 

equivalents (TE)/g dry extract. 

   2.3.4.3.3 Oxygen radical absorbance capacity assay (ORAC 

assay) 

   The ORAC assay was determined as described by 

Kittiphattanabawon et al. (2012) with a slight modification. Prior to assay, the 

concentration of samples was adjusted to 0.075 mg/ml with 75 µM phosphate buffer 

(pH 7.0). Sample (20 μl) was loaded onto a black polystyrene, non-steriled 96-well 

microplate (Nunc, Denmark), followed by addition of 50 μl fluorescein (0.11 μM). 

The loaded microplate was equilibrated at 37˚C for 20 min in a microplate reader 

(FLUOstar Omega, BMG Labtech Multi-mode microplate reader, Ortenberg, 

Germany) Hundred microliter of AAPH (60 mM) was added to initiate reaction at 

37˚C. The fluorescence intensity was measured every 5 min for 90 min with 
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excitation and emission filters of 485 and 535 nm, respectively. The area under the 

fluorescence decay curve (AUC) of the samples was calculated by the normalized 

curves with the following equation: 

AUC = 0.5 + (f2/f1) + (f3/f1) + (f4/f1) +...+ 0.5 (fn/f1) 

where f1 and fn are the fluorescence reading at the initiation and the last measurements 

of the reaction, respectively. The net AUC was calculated by subtracting the AUC of 

the blank from that of a sample or standard. The standard used was Trolox (0-200 

μM). The ORAC was expressed as mmol Trolox equivalents (TE)/g dry extract.  

   2.3.4.3.4 Ferric reducing antioxidant power (FRAP)  

   FRAP assay was determined according to the method of Benzie 

and Strain (1996). Stock solutions included 300 mM acetate buffer (pH 3.6), 10 mM 

TPTZ (2,4,6-tripyridyl-s-triazine) solution in 40 mM HCl, and 20 mM  FeCl3·6H2O 

solution. A working solution was prepared freshly by mixing 25 ml of acetate buffer, 

2.5 ml of TPTZ solution and 2.5 mL of FeCl3  6 H2O solution. The mixed solution 

was incubated at 37 ºC for 30 min in a water bath (Memmert, D-91126, Schwabach, 

Germany), referred to as FRAP solution. A sample (150 μl) was mixed with 2850 μl 

of FRAP solution and kept for 30 min in dark at room temperature. The ferrous 

tripyridyltriazine complex (colored product) was measured by reading the absorbance 

at 593 nm. Sample blank was prepared by omitting FeCl3 from FRAP solution and 

distilled water was used instead. Trolox (0-500 μM) was used as the standard. The 

activity was expressed as mmol Trolox equivalents (TE)/g dry extract.  

   2.3.4.3.5 Ferrous ion chelating activity  

   Ferrous ion chelating activity was measured by the method of 

Thiansilakul et al. (2007). Diluted sample (1 ml) was mixed with 20 µl of 2 mM 

FeCl2 and 40 µl of 5 mM ferrozine. After 20 min of reaction at room temperature, the 

absorbance was then read at 562 nm. EDTA with the concentration range of 0-50 μM 

was used as the standard. Ferrous ion chelating activity was expressed as mmol 

EDTA equivalents (EE)/g dry extract.  
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 2.3.5 Optimization of extraction of antioxidative phenolic compounds 

  The selected solvent (80% ethanol) was used for extraction of phenolic 

compounds from cashew leaves. Response surface methodology (RSM) and central 

composite design (CCD) were used. The experimental plan consisted of 17 runs with 

three replicates at the center point. The independent variables studied included the 

extraction temperature (X1, ˚C), time (X2, min) and ethanol-to-solid ratio (X3) (v/w), in 

which each was assessed at five coded levels. The central values of all variables were 

coded as zero. The levels of variables used were obtained from preliminary study, in 

which extraction temperature above 60˚C resulted in the decrease in TPC and 

antioxidative activity. The use of extraction longer than 230 min had no effect on 

increase extraction efficiency. For ethanol-to-solid ratio, the ranges of 10:1 to 35: 1 

have been widely used. Both actual and coded forms of the level of variables are 

present in Table 3. The response values (Y) in each trial were the average of the 

triplicates. Response surface methodology (RSM) was applied to the experimental 

data using the Design-Expert Statistical package version 7.0 (Statease, Inc 

Minneapolis, Minn, USA). The trial data were fitted by a second-order polynomial 

model and the regression coefficients were obtained by multiple linear regression. 

 

where Y is the dependent variables (%yield,  TPC, DPPH, ABTS radical scavenging 

activities and FRAP); Xi and Xj are the coded forms of the independent variables; β0, 

βi, βii and βij  are  constant, linear coefficient, quadratic coefficient and interaction 

coefficient of the model, respectively. The fitted polynomial equations were expressed 

in the form of contour plots, to illustrate the interaction between dependent variables 

and the independent counterparts. The optimum condition was determined by 

superimposing maximum areas of all responses from all combinations of independent 

variables using Design-Expert. 
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  2.3.6 Verification of the optimum condition 

  All the responses were determined under the optimized condition of 

the extraction. The experimental errors for the models were determined by comparing 

observed values with the predicted values as follows: 

  Error (%) = [(Observed value - predicted value) / Observed value] x 100 

Table 3. Central composite design for extraction of antioxidative cashew leaf extracts 

 2.3.7 LC/DAD/MSD analysis of phenolic compounds 

  LC/DAD/MSD analysis was determined according to the method of 

Peñarrieta et al. (2007). Phenolic compounds in cashew leaf extract obtained from the 

Run 

order 

Coded levels Actual levels 

Temperature 

(X1) 

Time 

(X2) 

Ethanol-to-

solid ratio (X3) 

Temperature 

(˚C) 

Time 

(min) 

Ethanol-

to-solid 

ratio 

(v/w) 

1 -1 -1 -1 30 60 15 

2 1 -1 -1 50 60 15 

3 -1 1 -1 30 180 15 

4 1 1 -1 50 180 15 

5 -1 -1 1 30 60 35 

6 1 1 1 50 60 35 

7 -1 1 1 30 180 35 

8 1 1 1 50 180 35 

9 -1.68 0 0 23.18 120 25 

10 1.68 0 0 56.82 120 25 

11 0 -1.68 0 40 19.09 25 

12 0 1.68 0 40 220.91 25 

13 0 0 -1.68 40 120 8.18 

14 0 0 1.68 40 120 41.82 

15 0 0 0 40 120 25 

16 0 0 0 40 120 25 

17 0 0 0 40 120 25 
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optimized extracting condition was analyzed using a LC/DAD/MSD equipped with a 

diode array detector (DAD) and a scan mode 100-700 m/z MS detector. Sample was 

firstly separated on LiChroCART® Purospher® STAR RP-18e column (Merck, USA) 

(150 x 4.6 mm, i.d., 5 µm) with an Agilent 1100 series (Agilent Technologies, 

Waldbronn, Germany). Acetonitrile and 10 mM ammonium formate buffer pH 4 with 

formic acid were used as mobile phase A and mobile phase B, respectively (flow rate: 

1.0 ml/min; temperature: 40˚C). The gradient program was as follows: 100% B 

constant (0-5 min), 0-20% A (5-10 min), 20% A constant (10-20 min), and 20-40% A 

(20-60 min). The detection was carried out at 270, 330, 350 and 370 nm. MS 

detection was carried out in the positive ionization mode, where an electrospray 

ionizing source with nitrogen as drying gas was used. The conditions used were as 

follows: the capillary voltage: 4000 V; gas temperature: 320˚C; drying gas flow: 13 

l/min; nebulizer pressure 60 psi. Quantitative analysis by MSD was done in the SIM 

(Selected Ion Monitoring) mode. Standards were as follows: 188, 209 m/z for gallic 

acid; 185, 329, 503, 649 m/z for catechin, isoquercetin, tannic acid and rutin; 289, 

327, 341 m/z for hydroquinin, eriodictyol and quercetin ().   

 2.3.8 Statistical analysis 

  All experiments were carried out in triplicate. The experimental data 

were expressed as means ± standard deviation (n = 3). For the study on solvent 

extraction, the data were subjected to analysis of variance (ANOVA). Comparisons of 

means were carried out by the Duncan’s multiple range test. Statistical analysis was 

performed using the Statistical Package for Social Science (SPSS 11.0 for windows, 

SPSS Inc., Chicago, IL, USA). For optimization of extraction, CCD was used as 

mentioned above.   

2.4 Results and discussion 

 2.4.1 Effect of different solvents on extraction and antioxidative activity of 

phenolic compounds from cashew leaves  

  Extraction yield, total phenolic contents (TPC) and antioxidative 

activities of all extracts using different solvents as extracting media are shown in 
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Table 4. Among all solvents used, 80% ethanol showed the highest yield, TPC, and 

highest DPPH radical scavenging activity and metal chelating activity, compared with 

other solvents (P<0.05). It was noticed that the extract prepared using 80% ethanol 

had no differences in ABTS radical scavenging activity and FRAP, compared with 

that extracted using 60%. Additionally, no difference in ORAC was observed among 

all extracts using ethanol with concentrations ranging from 40 to 100% (P>0.05). 

Degree of polymerization of phenolics, the interaction between phenolics and other 

plant constituents, as well as polarity of solvent influence the solubility of phenolic 

compounds (Cvetanovic et al., 2014). Ethanol is a low polar solvent, whereas water is 

a strong polar solvent. Ethanol at an appropriate concentration could extract phenolics 

with antioxidative activity to a high extent. With the addition of water to ethanol, the 

polarity of the mixed solvent increased continuously (Zhang et al., 2007).  

  All extracts had ability of providing proton as well as electron, in 

which the propagated reaction could be terminated. Also, extracts were able to chelate 

the metal, known as prooxidant. However, the activities were found to vary, 

depending on the types of solvents used. DPPH radical scavenging activity is used to 

determine the antioxidant activity in hydrophobic system, while ABTS radical 

scavenging activity is used to determine the antioxidant activity both hydrophilic and 

lipophilic system (Neelamegam and Valantina, 2015). ORAC assay is generally used 

to measure the antioxidant capacity in the inhibition of peroxyl radicals generated by 

azo-compounds such as AAPH both in hydrophilic and lipophilic systems (Huang et 

al., 2002). FRAP is used to determine the ability of compound in reducing TPTZ-Fe 

(III) complex to TPTZ-Fe (II) complex (Benzie and Strain, 1996). The chelating 

activity method is based on ability of tested samples in chelating or deactivating 

transition metals by inhibiting Ferrozine-Fe2+ complex formation (Sofidiya and 

Familoni, 2012). With the highest TPC and antioxidative activity, especially DPPH 

radical scavenging activity and metal chelating activity, along with non-significantly 

higher FRAP and ORAC of the extract using 80% ethanol, compared with other 

extracts, 80% ethanol was selected as extracting medium for further study. 
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Table 4. Total phenolic contents and antioxidative activities of cashew leaf extracts using different solvents 

 

Values are mean ± SD (n=3). 

Different lowercase superscripts in the same column indicate significant difference (P<0.05)     

Treatments Extraction 

yield (%) 

Total phenolic 

content (mg 

GAE/g dry 

extract) 

DPPH radical 

scavenging 

activity 

(mmol TE/g 

dry extract) 

ABTS radical 

scavenging 

activity 

(mmol TE/g 

dry extract) 

FRAP 

(mmol TE/g 

dry extract) 

ORAC 

(mmol TE/g 

dry extract) 

Metal chelating 

activity (mmol 

EDTA/g dry 

extract) 

water 7.11 ± 0.16c 350.02 ± 8.99d 7.47 ± 0.31c 5.66 ± 0.04c 7.53 ± 0.41c 0.02 ± 0.01b 0.01 ± 0.00d 

E40 7.89 ± 0.12b 487.97 ± 10.42b 9.50 ± 0.50b 5.88 ± 0.05a 8.89 ± 0.38b 0.03 ± 0.01ab 0.01 ± 0.00c 

E60 8.15 ± 0.25b 443.58 ± 16.80c 9.88 ± 0.88b 5.89 ± 0.07a 9.07 ± 0.26ab 0.03 ± 0.01ab 0.02 ± 0.00b 

E80 10.71 ± 0.17a 518.89 ± 0.71a 12.17 ± 0.55a 5.88 ± 0.02a 9.53 ± 0.12a 0.04 ± 0.01a 0.03 ± 0.00a 

E100 7.38 ± 0.11c 495.20 ± 14.42b 9.56 ± 0.27b 5.77 ± 0.05b 8.91 ± 0.28b 0.03 ± 0.00ab 0.01 ± 0.00c 

 
62 
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 2.4.2 Optimization of extraction of antioxidative phenolic compounds 

from cashew leaf powder 

  Based on CCD experiment, 17 treatments with different three 

experimental variables including extraction temperature (X1), time (X2) and ethanol-

to-solid ratio (X3) are presented in Table 3. The experimental data, % extraction yield, 

TPC, DPPH, ABTS radical scavenging activity and FRAP fitted with the second order 

polynomial equation with coefficients of analysis (R2) of 0.9700, 0.9899, 0.9847, 

0.9891 and 0.9903, respectively (Table 5).  

Table 5. Regression coefficients of the predicted second order polynomial models for 

total phenolic contents, antioxidative activities and yield 

Regression 
coefficients 

(β) 

% Yield TPC DPPH radical 
scavenging 

activity 

ABTS 
radical 

scavenging 
activity 

FRAP 

Intercept 

β0 6.82 555.02 13.67 5.72 8.53 

Linear 

β1 -0.94 -8.93 -0.08 -0.015 -0.22 

β2 -0.23 -20.48 -0.49 -0.10 -0.25 

β3 -0.84 -10.53 0.03 -0.046 -0.03 

Cross product 

β12 -0.55 -1.95 -0.39 0.024 -0.14 

β13 -0.18 -20.76 -0.39 0.076 -0.06 

β23 0.33 5.90 -0.24 0.024 0.03 

Quadratic 

β11  -21.27 -0.33 0.002 -0.45 

β22  -11.10 -0.46 -0.08 -0.31 

β23  -14.59 -0.87 0.032 -0.30 

R2 0.9700 0.9899 0.9847 0.9891 0.9903 

Lack of fit 0.0978 0.3022 0.4361 0.1687 0.2190 

P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
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The ANOVA result was used to indicate that at least one of the parameters of the 

model could explain the experimental variation for response variables as shown by 

significant P-value for the model. Non-significant lack of fit also revealed the quality 

of the fitted models.  

 2.4.3 Effect of independent variables on extraction yield 

  Different extraction conditions showed varying yields (Table 6). The 

extraction yield obtained ranged from 4.54 to 8.71%. The extraction yield was highly 

influenced by linear term of temperature (X1) and ethanol-to-solid ratio (X3) 

(P<0.0001). Interaction between temperature and time (X1X2) was also found 

(P<0.0001). The results indicated that all factors had significant negative effect on 

yield (Figure 4A-C). An increase of variable values did not increase the extraction 

yield. The highest yield was found at temperature of 30˚C, time of 180 min and 

ethanol-to-solid ratio of 15:1 (v/w). A decrease in yield was noticeable when 

temperature, time and ratio were above 40˚C, 120 min and 25:1 (v/w), respectively. 

The R2 value of the predicted model in yield value was 0.9700 (Table 5). Moreover, 

P-value of the model (<0.0001) and the non-significant lack of fit (0.0978) showed 

that the model fitted with good prediction. Effect of independent variables on 

extraction yield of cashew leaf extracts was shown as follows: 

Y = 6.82 - 0.94X1 - 0.23X2 - 0.84X3 - 0.55X1X2 - 0.18X1X3 + 0.33X2X3 

where Y is the predicted extraction yield,  X1 is extraction temperature, X2 is time, X3 

ethanol-to-solid ratio. 

 

 

 

 

 

Figure 4 The contour plots of extraction yield of cashew leaf extracts as affected by 

the selected independent variables. 
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Table 6. Experimental data for total phenolic compound (TPC), antioxidative 

activities and yield of cashew leaf extracts under different extraction conditions  

 

Values are mean ± SD (n=3). 

 2.4.4 Effect of independent variables on total phenolic contents (TPC) 

  Effects of different extraction conditions on TPC of cashew leaf 

extracts varied from 449.53 to 559.14 mg GAE/g dry extract (Table 6). Among all 

variables, TPC were highly influenced by linear term of time (X2), quadratic term of 

extraction temperature (X1
2), ethanol-to-solid ratio (X3

2) as well as interaction term 

between extraction temperature and ethanol-to-solid ratio (X1X3) (P<0.0001). Effect 

of independent variables on TPC of cashew leaf extracts was shown as follows: 

Run 
order 

Yield  
(%) 

TPC  
(mg GAE/ g 
dry extract) 

DPPH radical 
scavenging 

activity (mmol 
TE/g dry 
extract) 

ABTS radical 
scavenging 

activity (mmol 
TE/g dry 
extract) 

FRAP 
(mmol 

TE/g dry 
extract) 

1 8.46 ± 0.24 534.08 ± 0.25 11.68 ± 0.57 5.92 ± 0.17 7.78 ± 0.67 

2 8.01 ± 0.57 560.20 ± 2.18 13.06 ± 0.36 5.68 ± 0.07 7.74 ± 0.52 

3 8.71 ± 0.24 487.86 ± 1.14 11.78 ± 0.04 5.73 ± 0.20 7.58 ± 0.11 

4 5.71 ± 0.14 503.98 ± 5.42 11.62 ± 0.12 5.57 ± 0.19 6.96 ± 0.24 

5 6.72 ± 0.27 539.08 ± 6.42 12.90 ± 0.17 5.74 ± 0.21 7.74 ± 0.61 

6 5.17 ± 0.31 479.99 ± 1.36 12.74 ± 0.20 5.79 ± 0.32 7.42 ± 0.07 

7 7.91 ± 0.21 514.26 ± 5.42 12.04 ± 0.67 5.44 ± 0.05 7.62 ± 0.22 

8 4.54 ± 0.23 449.53 ± 0.86 10.34 ± 0.23 5.60 ± 0.12 6.80 ± 0.04 

9 7.85 ± 0.11 506.10 ± 1.94 12.86 ± 0.57 5.72 ± 0.10 7.64 ± 0.31 

10 5.23 ± 0.20 482.10 ± 1.55 12.60 ± 0.65 5.71 ± 0.03 6.90 ± 0.05 

11 7.34 ± 0.04 559.14 ± 2.21 12.96 ± 0.41 5.66 ± 0.01 8.18 ± 0.02 

12 6.32 ± 0.16 486.59 ± 5.58 11.74 ± 0.06 5.31 ± 0.06 7.18 ± 0.23 

13 8.19 ± 0.03 525.03 ± 1.18 11.04 ± 0.13 5.89 ± 0.08 7.68 ± 0.18 

14 5.28 ± 0.43 500.96 ± 1.32 11.34 ± 0.15 5.71 ± 0.12 7.70 ± 0.04 

15 6.85 ± 0.06 556.95 ± 0.15 13.54 ± 0.23 5.73 ± 0.15 8.50 ± 0.10 

16 6.87 ± 0.21 551.05 ± 0.91 13.62 ± 0.79 5.71 ± 0.06 8.58 ± 0.04 

17 6.71 ± 0.08 557.34 ± 0.61 13.84 ± 0.32 5.73 ± 0.21 8.50 ± 0.01 
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Y = 555.02 - 8.93X1 - 20.48X2 - 10.53X3 - 1.95X1X2 - 20.76X1X3 + 5.90X2X3 - 21.27X1
2 - 

11.10X2
2 - 14.59X3

2 

where Y is the predicted TPC, X1 is extraction temperature, X2 is time, X3 ethanol-to-

solid ratio. 

  Relationships between different variables in term of contour plot are 

shown in Figure 5A-C. The results indicated that TPC increased as the function of 

temperature, time and ethanol-to-solid ratio. TPC of cashew leaf extracts increased 

when temperature increased from 35 to 40˚C and time increased from 60 to 90 min. 

The increase of ethanol-to-solid ratio from 15:1 to 25:1 (v/w) also increased TPC of 

the extract. The decrease in TPC was observed as the independent variables were 

above the optimal values, 40˚C, 120 min and 25:1 (v/w). These results clearly 

indicated that three factors had the impact on TPC of resulting extracts. Increasing 

temperature more likely promoted extraction efficiency by enhancing both solubility 

and diffusion coefficients of phenolic compounds (Silva et al., 2007). Increasing 

extraction temperature enhanced the release of bound polyphenols in a sample via 

disruption of cellular constituents of plant cells (Wang et al., 2008). Furthermore, 

extraction time also had significant effect on the extraction of TPC (P<0.0001). From 

Figure 5A and 5C, it was obvious that higher TPC was obtained with a shorter time of 

extraction. Longer time might enhance the degradation of phenolic compounds to a 

higher extent. Naczk and Shahidi (2004) found that excess extraction time could 

reduce the total phenolic content and also increased oxidation of phenolics unless 

reducing agents were added to solvent system.  

 

 

 

 

 

 

 

Figure 5 The contour plots of TPC of cashew leaf extracts as affected by the selected 

independent variables.  
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The regression equation obtained from analysis of variance (ANOVA) with the R2 

value of 0.9899 (Table 5) revealed that the model was able to explain 98.99% 

variation in the response, whereas P-value of the model (<0.0001) and non-significant 

lack of fit (0.3022) indicated that the obtained experimental data could fit well with 

the model. 

 2.4.5 Effect of independent variables on antioxidant activities 

  Most of term of variables (linear, quadratic and interaction) 

significantly affected antioxidative activities tested by all assays (P<0.05). 

Nevertheless, the linear terms of DPPH radical scavenging activity (X1 and X3) and 

FRAP (X1) were not significantly affected (P>0.05). The effect of interactive terms of 

DPPH and ABTS radical scavenging activities (except X1X2 and X2X3 in the case of 

FRAP) was significant (P<0.05). Quadratic term of ABTS radical scavenging activity 

(X1
2) was not significant (P>0.05), whereas other terms were shown to be significant 

(P<0.01). Effect of extraction temperature, time and ethanol-to-solid ratio on DPPH 

and ABTS radical scavenging activity as well as FRAP of cashew leaf extracts are 

shown with the following equations:  

YDPPH = 13.67 - 0.079X1 - 0.49X2 + 0.03X3 - 0.39X1X2 - 0.39X1X3 - 0.24X2X3 - 0.33X1
2 - 

0.46X2
2- 0.87X3

2 

YABTS = 5.72 - 0.015X1 - 0.10X2 - 0.046X3 + 0.024X1X2 + 0.076X1X3 - 0.024X2X3 + 

0.0016X1
2 - 0.08X2

2 + 0.032X3
2 

YFRAP = 8.53 - 0.22X1 - 0.25X2 - 0.033X3 - 0.14X1X2 - 0.06X1X3 + 0.03X2X3 - 0.45X1
2 - 

0.31X2
2 - 0.30X3

2 

where Y is the predicted antioxidative activities (DPPH, ABTS radical scavenging 

activities and FRAP), X1 is extraction temperature, X2 is time, X3 ethanol-to-solid 

ratio. 

  The relationship between independent and dependent variables is 

illustrated in two-dimensional contour plots as shown in Figure 6, 7 and 8. All 

antioxidative activities of extracts tested by all assays increased with increasing 

temperature, time and ethanol-to-solid ratio up to the mid-range. Overall, the activities 

were decreased as temperature, time and ratio were out of the mid-range. The 

decrease in all activities were found when extraction temperature was above 40-45˚C, 
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especially after 120 min of extraction (Figure 6A, 7A and 8A). Prolonged extraction 

time plausibly favored the exposure of phenolics to environmental factor such as 

light, oxygen and heat, thus contributing to lower antioxidant activities (Wong et al., 

2014). Polymerization of antioxidant compounds occurred with longer extraction time 

(Toh et al., 2016). However, shorter extraction time was insufficient to completely 

extract the bound-phenolic compounds. Figure 6B, 7B and 8B show the interaction 

between X1 and X3 on DPPH and ABTS radical scavenging activities and FRAP. 

Antioxidant activities increased with increasing temperature and ethanol-to-solid 

ratio. Antioxidant activities were in accordance with TPC in the extracts. Increased 

mass transfer with higher solvent to material ratio was presumed. Although the 

increase in TPC was associated with increasing solvent-to-solid ratio, high solvent-to-

solid ratio could cause the dilution effect on TPC (Ho et al., 2008).  

 

 

 

 

 

Figure 6 The contour plots of DPPH radical scavenging activity of cashew leaf 

extracts as affected by the selected independent variables.  

 

 

 

 

 

Figure 7 The contour plots of ABTS radical scavenging activity of cashew leaf 

extracts as affected by the selected independent variables.  
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Figure 8 The contour plots of FRAP of cashew leaf extracts as affected by the 

selected independent variables.  

The R2 value of the predicted models for DPPH and ABTS radical scavenging 

activities and FRAP were 0.9847, 0.9891 and 0.9903, respectively (Table 5). P-value 

of the model (<0.0001) and non-significant lack of fit (0.4361, 0.1687 and 0.2190, 

respectively) demonstrated the good fit with the model. 

 2.4.6 Verification of the optimum condition 

  The validation of the statistical model and regression equation of 

optimal condition (34.7˚C, 64 min and ethanol-to-solid ratio of 18:1 v/w) was done. 

Under the optimized condition, the predicted values were as follows: yield (7.99%), 

TPC (558.41 mg GAE/g dry extract), DPPH, ABTS radical scavenging activities and 

FRAP (12.76, 5.83 and 8.30 mmol TE/g dry extract, respectively). The observed 

values for yield, TPC, DPPH, ABTS radical scavenging activities and FRAP were 

8.64 ± 0.03% (error = 7.52%), 564.6 ± 2.13 mg GAE/g (error = 1.09%), 11.74 ± 0.10 

mmol TE/g dry extract (error = 8.69%), 5.56 ± 0.06 mmol TE/g dry extract (error = 

4.86%) and FRAP (8.11 ± 0.23 mmol TE/g dry extract (error = 2.34%), respectively. 

Similar predicted and observed values demonstrated the acceptability and validity of 

the statistical model for the optimization of extraction of antioxidative phenolic 

compounds from cashew leaves. Therefore, the effective extraction of phenolic 

compounds from cashew leaves could be achieved under the optimized condition. 
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 2.4.7 LC/DAD/MSD analysis of phenolic compounds  

  Phenolic compositions of cashew leaf extract prepared under the 

optimized extracting condition are shown in Table 7. Six phenolic compounds were 

detected in the extract. Isoquercetin (9842 mg/kg dry extract) was the major phenolic 

compound, followed by catechin (5286 mg/kg dry extract). Hydroquinin (2361 mg/kg 

dry extract) and gallic acid (1751 mg/kg dry extract) were also found at high content. 

Tannic acid and rutin constituted in the extract as minor components. Different 

phenolic compounds were reported in various plant leaves. Guava leaf extract 

contained gallic acid, catechin, quercetin and rutin (Chen et al., 2009). Konan and 

Bacchi (2007) reported that quercetin, myricetin, catechin, epicatechin and 

amentoflavone, tetramer of proanthocyanidin, were major components in Anarcadium 

occidentale leaf extract. The differences in phenolic composition were governed by 

several factors, including harvesting time, genotype, maturity, climate, soil, extraction 

methods as well as analysis methods (Gao et al., 2011). Phenolic compounds, 

particularly isoquercetin, more likely played an essential role in antioxidative activity 

as indicated by DPPH, ABTS radical activity, FRAP as well as metal chelating 

activity. Isoquercetin was reported to have ability to scavenge hydroxyl, peroxyl and 

2,2 diphenyl- 1-picrylhydrazyl (DPPH) radicals as well as have iron chelating activity 

(Yang et al., 2008). Thus, the cashew leaf extract was shown to be a promising source 

of antioxidative phenolic compounds.  

Table 7. Content of phenolic compounds in cashew leaf extract prepared under the 

optimized extracting condition analyzed by LC/DAD/MSD. 

Phenolic compounds Retention time 

(min) 

Content of phenolic compounds 

(mg/kg dry extract) 

Gallic acid 6.9 1751 

Catechin 12.5 5286 

Tannic acid 12.7 189.7 

Rutin 15.2 9.1 

Isoquercetin 16.4 9842 

Hydroquinin 24.1 2361 



71 
 

2.5 Conclusions 

  Extraction conditions for phenolic compounds with high antioxidant 

activities from cashew leaves were optimized using RSM. Optimal conditions for 

extraction were as follows: extraction temperature of 34.7˚C for 64 min with ethanol-

to-solid ratio of 18:1 (v/w). Isoquercetin was predominant in the extract. Extract can 

be used as natural antioxidant for food application and as the nutraceutical.   
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CHAPTER 3 

EXTRACTION AND CHARACTERIZATION OF ANTIOXIDATIVE 

PHENOLICS FROM CASHEW (ANACARDIUM OCCIDENTALE L.) 

LEAVES BY ULTRASOUND-ASSISTED PROCESS 

3.1 Abstract 

  Extraction of phenolic compounds with antioxidative activity from 

cashew (Anacardium occidentale L.) leaves by ultrasonic-assisted process was 

optimized using ethanol as the solvent.  Central composite design (CCD) was used to 

establish treatments based on two independent variables, including amplitude (30-

77%) and time (7-31 min). With response surface methodology (RSM), total phenolic 

content (TPC), antioxidative activities (DPPH, ABTS radical scavenging activities 

and FRAP) and % extraction yield were determined. First and second-order 

polynomial model were used for predicting the response. The highest extraction yield 

was 23.61 ± 0.06 % when the optimal extraction condition (77% amplitude for 31 

min) was implemented. TPC was 579.55 ± 6.82 mg GAE/g dry extract and DPPH, 

ABTS radical scavenging activities and FRAP were 11.85 ± 0.18, 6.04 ± 0.13 and 

10.28 ± 0.42 mmol TE/g dry extract, respectively. The values from experiment were 

in accordance with the predicted values. Isoquercetin (7002 ± 187 mg/kg dry extract) 

and catechin (4946 ± 99 mg/kg dry extract) were the major phenolics in the extract. 

Additionally, hydroquinin, gallic acid, tannic acid, rutin, eriodictyol, quercetin and 

apigenin were also found in the extract. Ultrasound-assisted process could be a 

potential means to enhance the extraction efficacy of phenolics from cashew leaves. 
 

3.2 Introduction 

  Cashew (Anacardium occidentale L.) is the member of Anacardiaceae 

family (Saroj et al., 2014). It is commonly grown in many tropical areas of the world. 

Several parts of cashew tree, especially cashew leaves possess phenolics with 

bioactivities (Kamath and Rajini, 2007). Those phenolic compounds included gallic 

acid, flavonoids and tannins (Arya et al., 1989; Swarnalakshmi et al., 1981). Cashew 
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leaves, which are abundant in the southern part of Thailand, can be an alternative 

natural antioxidant with safety. Phenolic compounds have been reported for their 

antioxidative activity by donating electrons and metal chelation (Medina et al., 2007). 

They are able to retard the oxidative degradation of lipids, thereby improving the 

quality and nutritional value of food as well as prevent the occurrence of diseases 

(Sindhi et al., 2013). 

Nowadays, the use of natural antioxidants from plants are of increasing 

interest in the food industry due to their low toxicity, complete biodegradability, 

availability from renewable sources and low cost (Yingngamet et al., 2015). The 

extraction process of phenolic compounds is an important step prior to further 

isolation, purification and application of the extracts. Many techniques, especially 

conventional method, is limited due to toxicological effect associated with solvent 

used and long extraction time. To tackle these problems, ultrasonic-assisted process 

has been employed to improve the extraction efficiency with short extraction time, 

simplicity and low cost (Wang et al., 2013). 

Ultrasound is an oscillating sound pressure wave with a frequency 

greater than the upper limit of the human hearing range (Chandrapala and Leong, 

2015). The mechanism of ultrasonic is cavitation phenomena and mechanical effect 

(Ince et al., 2014). When ultrasound passes through a liquid medium, the interaction 

between the ultrasonic waves, liquid and dissolved gas leads to an exciting 

phenomenon known as acoustic cavitation (Chandrapala et al., 2012). An acoustic 

cavitation and thermal effects cause disruption of plant cell, reduction of particle size 

and intensification of mass transfer (Sharmila et al., 2016). Thus, the use of non-toxic 

solvent in combination of ultrasound could be a means to increase the extraction 

efficiency of plant antioxidant. 

Response surface method (RSM) is a statistical tool, which has been 

used to optimize various parameters in industrial process (Deepak et al., 2008). It can 

evaluate the impact of different multiple parameters, and simultaneously optimize 

experimental conditions (Shekarchizadeh et al., 2009; Xu et al., 1998). Therefore, the 

present study aimed to optimize the extraction of phenolic from cashew leaves by 
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ultrasound-assisted process using RSM and to study antioxidative activity of the 

resulting ethanolic extracts.  

3.3 Materials and methods 

 3.3.1 Chemicals 

Ferrous sulfate (FeSO4
.7H2O), ferric chloride (FeCl3

.6H2O), and 

potassium persulfate were purchased from Sigma (MO, USA). 6-Hydroxy-2,5,7,8-

tetramethylchroman-2-carboxylic acid (Trolox) was obtained from Aldrich Chemical 

Company (Steinheim, Germany). 2,4,6-Tri (2-pyridyl)-S-triazine (TPTZ) was 

procured from Fluka Chemicals (Buchs, Switzerland). Gallic acid, 2,2-diphenyl-1-

picryhydrazyl (DPPH), 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) 

diammonium salt (ABTS) were purchased from Sigma (MO, USA). Ethanol, ethyl 

acetate and hydrochloric acid were obtained from Merck (Darmstadt, Germany). 

Phenolic standards (gallic acid, catechin, isoquercetin, tannic acid, rutin, hydroquinin, 

eriodictyol, quercetin and apigenin) were purchased from Sigma-Aldrich, Inc. 

(Chemie GmbH. Steinheim, Germany). 

 3.3.2 Collection of cashew leaves 

  Cashew (Anacardium occidentale L.) leaves were collected from an 

orchard in Songkhla province, Thailand during November and December 2016. The 

trees were approximately 15-20 years old. Leaves from III (apical) to V (basal) of 

twig were used in the study. Cashew leaves were prepared following the method of 

Váquez-Torres et al. (1992) with slight modifications. The samples were washed with 

tap water and dried overnight in an air dryer at 50˚C until the moisture content was 

less than 10%. Dried samples were blended using a blender (Panasonic, Model MX-

898N, Berkshire, UK) and sieved using a stainless steel (sieve 80 mesh). Thereafter, 

the obtained powder was subjected to chlorophyll removal. The sample powder (50 

g/l) was mixed with chloroform and the mixture was stirred for 30 min, followed by 

filtration using Whatman filter paper No.1 (Row and Jin, 2006; Vovk, Simonovska 

and Vuorela, 2005). The retentate was dried in a hot air oven (Memmert, Schwabach, 
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Germany) at 105˚C for 1 h. The obtained powder termed ‘cashew leaf powder’ was 

placed in a polyethylene bag and kept at room temperature until used for extraction. 

 3.3.3 Preparation of cashew leaf extracts 

  Ultrasound-assisted extraction was performed using an ultrasonic 

equipment (Sonics, Model VC750, Sonica & Materials, Inc., Newtown, USA) 

operating at a frequency of 20 kHz ± 50 Hz with high intensity power of 750 W. The 

cashew leaf powder (10 g) was placed into a beaker (250 ml) and 180 ml of 80% 

ethanol were added. The temperature was controlled by the external water from a 

thermostatic water bath. The sonication time was controlled via the equipment panel. 

After extraction, the mixtures were centrifuged at 5000 g for 30 min at room 

temperature using a RC-5B plus centrifuge (Beckman, JE-AVANTI, Fullerton, CA, 

USA) and the supernatants were then filtered through a Whatman filter paper No.1 

(Whatman International Ltd., Maidstone, UK) (Jan et al., 2013). The filtrates were 

evaporated at 40 ˚C using an EYELA rotary evaporator (Tokyo Rikakikai, Co. Ltd., 

Tokyo, Japan). The extracts were then dried using a Scanvac Model Coolsafe 55 

freeze dryer (Coolsafe, Lynge, Denmark). Dried extracts were kept in a desiccator 

until further analysis. 

 3.3.4 Optimization of extraction of antioxidative phenolics by ultrasound-

assisted process using RSM 

  3.3.4.1 Experimental design 

  Response surface methodology (RSM) was used to investigate the 

optimal condition for extracting. A CCD with two independent variables including the 

amplitude (X1, %) and sonication time (X2, min) was applied at five coded levels as 

shown in Table 8. The minimum and maximum ranges of the variables were used, and 

the full experimental plan consisting of 9 experimental points with regard to their 

values in actual and coded form is provided in Table 9. Five replicates (run order 9-

13) at the center point were used to estimate a pure error sum of squares. The 

dependent variables include %yield, TPC, DPPH and ABTS radical scavenging 

activities and FRAP, in which each trial was the average of the triplicates. The 
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optimal extraction condition was analyzed using the Design-Expert Statistical 

package version 7.0 (Statease, Inc Minneapolis, Minn, USA). The experimental data 

were fitted to a first-order polynomial model (1) and second-order model (2). The 

regression coefficients were obtained by multiple linear regression.  

Y = β0 + βiXi + βjXj + βijXiXj   (1) 

Y = β0 + βiXi + βjXj + βiXi
2 + βjXj

2 + βijXiXj (2) 

where Y is the dependent variables (%yield,  TPC, DPPH, ABTS radical scavenging 

activities and FRAP); Xi and Xj are the independent variables; β0 is the model 

constant; βi is the linear coefficient and βij is the interaction coefficient. The fitted 

polynomial equations were then expressed in the form of response surface plots, in 

order to illustrate the relationship between dependent variables and the experimental 

variables used. The optimum condition was determined by superimposing maximum 

areas of all responses from all combinations of independent variables using Design-

Expert.  

Table 8. Independent variables and their coded and actual values used for 

optimization of extraction of antioxidative phenolics from cashew leaves using 

ultrasound-assisted process 

 

  3.3.4.2 Analyses 

3.3.4.2.1 Determination of extraction yield 

  Extraction yield of cashew leaf extracts was defined as the 

percentage of dry weight of extract, compared to the initial dry weight of raw 

material. Extraction yield was calculated according to the following equation: 

Extraction yield (%)    =       Dry weight of obtained extract (g) x 100 

                                                                          Dry weight of initial leaf (g)

Independent 
variables 

Units Symbol Code levels 
-α -1 0 1 +α 

Amplitude % X1 20.27 30 53.50 77 86.73 

Time min X2 2.03 7.00 19.00 31.00 35.97 
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Table 9. Central composite design for extraction of antioxidative cashew leaf extracts 

          

3.3.4.2.2 Determination of total phenolic content (TPC) 

TPC was determined using the Folin-Ciocalteau reagent as 

described by Sato et al. (1996) with a slight modification. The extracts were dissolved 

in distilled water to obtain a final concentration of 0.2 mg/ml. An aliquot of 100 µl 

was mixed with 0.75 ml of Folin-Ciocalteu reagent. After 3 min, 0.75 ml of 6% (w/v) 

sodium carbonate was added. The mixture was allowed to stand for 1 h at room 

temperature. The absorbance at 760 nm was measured by UV-1601 

spectrophotometer (Shimadzu, Kyoto, Japan). Gallic acid (0-500 mg/ml) was used as 

the standard. TPC was expressed as mg gallic acid equivalent (GAE) / g dry extract. 

    

Run order 

Independent variables 

Amplitude (X1) Time (X2) 

1 30 (-1) 7 (-1) 

2 77 (1) 7 (-1) 

3 30 (-1) 31 (1) 

4 77 (1) 31 (1) 

5 20.27 (-1.41) 19 (0) 

6 86.73 (1.41) 19 (0) 

7 53.50 (0) 2.03 (-1.41) 

8 53.50 (0) 35.97 (1.41) 

9 53.50 (0) 19 (0) 

10 53.50 (0) 19 (0) 

11 53.50 (0) 19 (0) 

12 53.50 (0) 19 (0) 

13 53.50 (0) 19 (0) 
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3.3.4.2.3 Determination of antioxidative activities 

  Prior to assay, the samples were appropriately diluted using the 

distilled water. 

3.3.4.2.3.1 DPPH radical scavenging activity 

DPPH radical scavenging activity was determined as 

described by Wu et al. (2003) with a slight modification. Sample (1 ml) was added 

with 1 ml of 0.15 mM 2,2-diphenyl-1-picryl hydrazyl (DPPH) in 95% ethanol. The 

mixture was mixed vigorously and allowed to stand at room temperature in dark for 

30 min. The absorbance of the resulting solution was measured at 517 nm using a 

spectrophotometer. Sample blank was prepared in the same manner except that 95% 

ethanol was used instead of DPPH solution. Trolox (10-60 μM was used as the 

standard. The activity was expressed as mmol Trolox equivalents (TE)/g dry extract. 

3.3.4.2.3.2 ABTS radical scavenging activity 

ABTS radical scavenging activity was measured as per the 

method of Arnao et al. (2001). Sample (150 μl) was mixed with 2850 μl of ABTS 

solution and the mixture was allowed to stand at room temperature for 2 h in dark. 

The absorbance was then measured at 734 nm. Sample blank was prepared in the 

same manner except that methanol was used instead of ABTS solution. Trolox (0-500 

μM) was used as the standard. The activity was expressed as mmol Trolox equivalents 

(TE)/g dry extract. 

3.3.4.2.3.3 Ferric reducing antioxidant power (FRAP) 

FRAP assay was determined according to the method of 

Benzie and Strain (1996). A sample (150 μl) was mixed with 2850 μl of FRAP 

solution and kept for 30 min in dark at room temperature. The ferrous 

tripyridyltriazine complex (colored product) was measured by reading the absorbance 

at 593 nm. Sample blank was prepared by omitting FeCl3 from FRAP solution and 

distilled water was used instead. Trolox (0-500 μM) was used as the standard. The 

activity was expressed as mmol Trolox equivalents (TE)/g dry extract.  
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 3.3.4.3 Verification of the optimum condition 

   All the responses were determined under the optimized 

condition for extraction. The experimental errors for the models were determined by 

comparing observed values with the predicted values as follows: 

Error (%) = [(Observed value - predicted value) / Observed value] x 100 

 3.3.5 LC/DAD/MSD analysis of phenolic compounds 

  LC/DAD/MSD analysis was determined according to the method of 

Peñarrieta et al. (2007). Phenolic compounds in cashew leaf extract obtained from the 

optimized extracting condition was analyzed using a LC/DAD/MSD equipped with a 

diode array detector (DAD) and a scan mode 100-700 m/z MS detector. Sample was 

firstly separated on LiChroCART®Purospher®STAR RP-18e column (Merck, USA) 

(150 x 4.6 mm, i.d., 5 µm) with an Agilent 1100 series (Agilent Technologies, 

Waldbronn, Germany). Acetonitrile and 10 mM ammonium formate buffer pH 4 with 

formic acid were used as mobile phase A and mobile phase B, respectively (flow rate: 

1.0 ml/min; temperature: 40˚C). The gradient program was as follows: 100% B 

constant (0-5 min), 0-20% A (5-10 min), 20% A constant (10-20 min), and 20-40% A 

(20-60 min). The detection was carried out at 270, 330, 350 and 370 nm. MS 

detection was carried out in the positive ionization mode, where an electrospray 

ionizing source with nitrogen as drying gas was used. The conditions used were as 

follows: the capillary voltage: 4000 V; gas temperature: 320˚C; drying gas flow: 13 

l/min; nebulizer pressure 60 psi. Quantitative analysis by MSD was done in the SIM 

(Selected Ion Monitoring) mode. Standards were as follows: 188, 209 m/z for gallic 

acid; 185, 329, 503, 649 m/z for catechin, isoquercetin, tannic acid and rutin; 289, 

327, 341 m/z for hydroquinin, eriodictyol and quercetin; 271, 287, 309, 325 m/z for 

apiginin and kaemferol. 

 3.3.6 Statistical analyses 

  Optimization of extraction was analyzed using CCD as mentioned 

above. 
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3.4 Results and discussion 

 3.4.1 Optimization of extraction of antioxidative phenolic compounds by 

ultrasound-assisted process using RSM 

  Based on CCD experiment, 17 treatments derived from two 

independent variables including amplitude (X1) and sonication time (X2) are presented 

in Table 9. The experimental data, %extraction yield, TPC, DPPH radical scavenging 

activity and FRAP fitted with the first order polynomial equations, while ABTS 

radical scavenging activity fitted with the second order polynomial equation. The 

ANOVA result for each response variable indicated that at least one of the parameters 

of the model could explain the experimental variation for response variables as shown 

by significant F-value and P-value for the model (Table 10). Lack of fit was also 

given in Table 10. Based on the result, lack of fit was not significant, confirming the 

validation of the fitted models. 

 3.4.2 Effect of independent variables on extraction yield 

  Among all dependent variables studied, the extraction yield was highly 

influenced by linear term of time (X2) (P<0.0001). Although the interaction between 

two parameters showed no effect on extraction yield, the linear term of amplitude (X1) 

was still considered as a significant factor in this model (P<0.05). The extraction yield 

was in the range of 20.15-23.19% (Table 11). The response surface plot of extraction 

yield is illustrated in Figure 9. The result indicated that both amplitude and sonication 

time had significantly positive effect on yield. An increase in variable values resulted 

in higher extraction yield. The yield reached a maximum at amplitude of 77% and 

sonication time of 31 min. The increased extraction yield was more likely due to the 

cavitation effect. The phenomenon of cavitation consists of the repetition of three 

distinct steps: formation (nucleation), rapid growth (expansion) during the cycles until 

it reaches a critical size, and violent collapse in the liquid (Pang et al., 2011). The 

increased cavitation bubble collision caused further reduction in particle size and 

promoted the penetration of solvent into the sample matrix as well as increased mass 

transfer rates (Avhad and Rathod, 2015; Soria and Villamiel, 2010). This led to the 

increased extraction efficacy as indicated by increased yield. The R2 value of the 
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predicted model in extraction yield value was 0.8406. Moreover, P-value of the model 

(<0.001) and the non-significant lack of fit (0.0987) (Table 10) showed that the model 

fitted with good prediction. Effect of independent variables, amplitude (X1) and time 

(X2), on extraction yield of cashew leaf extracts is shown as follows: 

Y = 22.01 + 0.32X1 + 0.97X2   (3) 

 

 

 

 

 

 

 

 

Figure 9 Response surface plot of extraction yield of cashew leaf extracts as affected 

by the selected independent variables. 

 3.4.3 Effect of independent variables on total phenolic contents (TPC) 

  Different extraction conditions showed varying TPC of resulting 

extracts. TPC obtained varied from 516.15 to 579 mg GAE/g dry extract (Table 11). 

TPC were highly influenced by linear term of amplitude (X1) and time (X2) 

(P<0.0001). Impact of independent variables on TPC of cashew leaf extracts is 

demonstrated as follows: 

Y = 548.72 + 17.41X1 + 14.14X2  (4) 
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Table 10. Analysis of variance (ANOVA) for the fitted linear and quadratic 

polynomial models for optimization of extraction parameters 

 

a Degree of freedom 
b Sum of squares 
c Mean square 
sSignificant 
nsNon-significant 

Source DFa SSb MSc F-value P-value 

% Yield 
Model 2 8.26 4.13 26.36 0.0001s 
Lack of fit 6 1.34 0.22 4.04 0.0987ns 
Pure error 4 0.22 0.055   
Total error 12 9.82    
R2 0.8406     
TPC 
Model 2 4187.70 2093.85 71.75 < 0.0001s 
Lack of fit 6 252.52 42.09 4.28 0.0903 ns 
Pure error 4 39.30 9.83   
Total error 12 4479.52    
R2 0.9713     
DPPH radical scavenging activity 
Model 2 2.19 1.10 24.37 < 0.0001s 
Lack of fit 6 0.37 0.061 2.94 0.1580 ns 
Pure error 4 0.083 0.021   
Total error 12 2.64    
R2 0.8298      
ABTS  radical scavenging activity 
Model 5 3.59 0.72 96.77 < 0.0001s 
Lack of fit 3 0.033 0.011 2.31 0.2182 ns 
Pure error 4 0.019 0.0005   
Total error 12 3.64    
R2 0.9857     
FRAP 
Model 3 3.59 1.20 27.67 < 0.0001s 
Lack of fit 5 0.33 0.066 4.44 0.0869 ns 
Pure error 4 0.059 0.015   
Total error 12     
R2 0.9022     
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Table 11. Yield and antioxidative activities of cashew leaf extracts prepared by 

ultrasound-assisted process under different conditions 
 

Values are mean ± SD (n=3). 

Relationship between different variables in term of response surface plot is shown in 

Figure 10A. The increases in amplitude and time tended to increase TPC of the 

extract, more likely due to the enhanced acoustic cavitation and thermal effects, which 

caused disruption of plant cell, reduction of particle size and intensification of mass 

transfer (Sharmila et al., 2016). The increased rate of mass transfer is related with the 

enhanced rate of the solvent brought to the solid surface. The transfer of the soluble 

constituents into the solvents is also enhanced when ultrasonic process is applied 

(Shirsath et al.,  2012). The highest TPC was observed at amplitude of 77% and time 

of 31min. Increasing amplitude above 77% had no effect on TPC (P>0.05) (Table 

11). The regression equation obtained from analysis of variance (ANOVA) with the 

R2 value of 0.9713 revealed that the model could explain 97.13% variation in the 

Run 
order 

Yield 

(%) 

TPC 

(mg GAE/ g 
dry extract) 

DPPH radical 
scavenging 

activity (mmol 
TE/g dry 
extract) 

ABTS radical 
scavenging activity 

(mmol TE/g dry 
extract) 

FRAP (mmol 
TE/g dry 
extract) 

1 20.15 ± 0.84  516.15 ± 18.09 10.39 ± 0.14 4.62 ± 0.08 8.87 ± 0.10 

2 20.58 ± 0.40 558.87 ± 14.99 11.72 ± 0.07 5.67 ± 0.08 10.40 ± 0.04 

3 22.92 ± 2.29 545.69 ± 3.53  11.10 ± 0.13 5.30 ± 0.07 10.07 ± 0.24 

4 23.19 ± 0.13 579.00 ± 8.91 12.14 ± 0.01 6.29 ± 0.03 10.28 ± 0.21 

5 21.51 ± 1.86 525.73 ± 3.97 10.96 ± 0.21 4.73 ± 0.08 9.22 ± 0.02 

6 22.59 ± 0.25 570.47 ± 16.84 11.65 ± 0.07 6.21 ± 0.14 10.57 ± 0.02 

7 20.91 ± 2.76 527.07 ± 11.19 11.08 ± 0.27 4.83 ± 0.08 8.95 ± 0.23 

8 22.78 ± 0.62 571.94 ± 15.71 12.06 ± 0.14 6.11 ± 0.07 10.63 ± 0.04 

9 21.84 ± 0.01 543.14 ± 3.10 11.21 ± 0.01 5.27 ± 0.04 10.20 ± 0.23 

10 22.21 ± 1.40 545.85 ± 8.30 11.39 ± 0.03 5.18 ± 0.07 9.89 ± 0.05 

11 22.41 ± 2.26 550.55 ± 1.17 11.32 ± 0.06 5.14 ± 0.02 9.97 ± 0.06 

12 22.40 ± 2.97 548.73 ± 1.99 11.58 ± 0.43 5.11 ± 0.10 10.10 ± 0.22 

13 22.32 ± 3.37 550.13 ± 3.44 11.26 ± 0.13 5.25 ± 0.09 10.10 ± 0.04 
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response, whereas P-value of the model (<0.0001) and non-significant lack of fit 

(0.0903) (Table 10) also suggested that the obtained experimental data could fit well 

with the model. 

 

Figure 10 Response surface plots of phenolic compounds and antioxidative activities 

of cashew leaf extracts as affected by the selected independent variables. 

TPC (A), DPPH radical scavenging activity (B), ABTS radical scavenging 

activity (C) and FRAP (D).  
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 3.4.4 Effect of independent variables on antioxidant activities 

  Most of linear term of variables (X1 and X2) significantly affected 

antioxidative activities tested by all assays (P<0.05). However, linear terms (X1 and 

X2) showed the most significance toward ABTS radical scavenging activity 

(P<0.0001). Quadratic terms (X1
2 and X2

2) were shown to be significant for ABTS 

radical scavenging activity (P<0.01). When considering interactive terms between 

variables, the significance was found only for FRAP (P<0.05). Effect of amplitude 

(X1) and time (X2) on DPPH and ABTS radical scavenging activity and FRAP of 

cashew leaf extracts are shown with the following equations:  

YDPPH = 11.37 + 0.42X1 + 0.31X2     (5) 

YABTS = 5.19 + 0.52X1 + 0.39X2 - 0.015X1X2 + 0.14X1
2 + 0.14X2

2 (6) 

YFRAP = 9.94 + 0.46X1 + 0.43X2 - 0.33X1X2    (7) 

  Relationship between variables in term of response surface plots is 

shown in Figure 10B-D. Overall, antioxidative activities increased with increasing 

amplitude and sonication time. According to equations (5-7), the amplitude was the 

higher significant variable on activities (P<0.001) as compared with sonication time 

(P<0.05). The highest activities of extract were found at amplitude 77% and time 31 

min. It was noted that antioxidative activities were in accordance with TPC and 

extraction yield. The increase in amplitude mostly caused the augmented 

decomposition of plant cell. As a result, the phenolics with antioxidative activity were 

more released. However, the higher amplitude might lead to the decrease in activities 

of phenolics. Pyrolysis during cavitational collapse and the generation of hydroxyl 

radicals (∙OH) caused by cavitational thermolysis resulted in the chemical 

decomposition by opening ring of phenolic compounds (Alighourchi et al., 2013; 

Tiwari et al., 2009). The R2 value of the predicted models for DPPH and ABTS 

radical scavenging activities and FRAP were 0.8298, 0.9857 and 0.9022, respectively. 

P-value of the model (<0.0001) and non-significant lack of fit (0.1580, 0.2182 and 

0.0869, respectively) (Table 10) also suggested that the obtained experimental data 

fitted well with the model. 

 



91 
 

 3.4.5 Verification of the optimum condition 

  The validation of the statistical model and regression equation of 

optimal condition (77%, and 31 min) was examined (Table 12). Under this optimized 

condition, the observed experimental value of TPC was 579.55 ± 6.82 mg GAE/g dry 

extract. DPPH, ABTS radical scavenging activities and FRAP were 11.85 ± 0.18, 6.04 

± 0.13, 10.28 ± 0.42 mmol TE/g dry extract, respectively. The yield was 23.61 ± 

0.06% (Table 11). Similar predicted value and observed values revealed the validity 

and acceptability of the statistical model for the optimization of extraction of 

antioxidative phenolic compounds from cashew leaves using ultrasound-assisted 

process. Therefore, the effective extraction of phenolic compounds from cashew 

leaves with the aid of ultrasound processor could be a promising approach for 

development of nutraceutical and functional foods from indigenous plant.  

 3.4.6 LC/DAD/MSD analysis of phenolic compounds  

  Phenolic compositions of cashew leaf extract prepared under the 

optimized extracting condition are shown in Table 13. Nine phenolic compounds were 

detected in the extract. Isoquercetin (7002 mg/kg dry extract) was the major phenolic 

compound, followed by catechin (4946 mg/kg dry extract). Gallic acid (2692 mg/kg 

dry extract), quercetin (2660 mg/kg dry extract) and hydroquinin (1291 mg/kg dry 

extract) were also found at high content. Tannic acid, rutin, apigenin and eriodictyol 

constituted in the extract as minor components. Recently, Chotphruethipong et al. 

(2017) reported six phenolic compounds including isoquecetin, catechin, hydroquinin, 

gallic acid, tannic acid and rutin in the extract from cashew leaves using 80% ethanol 

as the solvent. It was noted that isoquercetin and catechin were the major phenolic 

compounds in both ethanolic extracts of cashew leaves, regardless of extraction 

methods used. However, some additional phenolics including quercetin, apigenin and 

eriodictyol were found in the ethanolic extract when ultrasound-assisted process was 

used. Coincidentally the extraction yield obtained from ultrasound-assisted process 

under the optimal extraction condition was higher than that from solvent extraction as 

reported by Chotphruethipong et al. (2017). Ultrasounds have been employed to 

induce the disruption of plant cell and rinsing the contents of cell after breaking the 



92 
 

walls (Mason et al. 1996) via ultrasonication, isoquercetin bound with leaf tissue 

could be more released. This resulted in the higher efficiency in extraction of 

phenolics as evidenced by the presence of additional compounds as well as increased 

yield. Thus ultrasound-assisted process was able to enhance the effectiveness in 

extraction of phenolics from cashew leaves. 

Table 12. Comparison between the predicted and observed values obtained under the 

optimum conditions based on the combination of responses 

Dependent variables Predicted  
values 

Observed 
values* 

Error 
(%)  

Extraction yield (%) 23.29 23.61 ± 0.06  1.36 
TPC (mg GAE/g dry extract) 581.50 579.55 ± 6.82   0.34 
DPPH radical scavenging activity 
(mmol TE/g dry extract) 

12.11 11.85 ± 0.18 2.15 

ABTS radical scavenging activity 
(mmol TE/g dry extract) 

6.36 6.04 ± 0.13 5.30 

FRAP (mmol TE/g dry extract) 10.50 10.28 ± 0.42  2.14 

*Values are mean ± SD (n=3). 

Table 13. Phenolic compounds in cashew leaf extract prepared under the optimum 

extraction condition analyzed by LC/DAD/MSD 

*Values are mean ± SD (n=3). 

 

Phenolic compounds Retention time 
(min) 

Content of phenolic compounds* 
(mg/kg dry extract) 

Gallic acid 6.70-7.20 2692 ± 420 
Catechin 12.40-12.60 4946 ± 99 
Tannic acid 12.70-13.00 281 ± 19 
Rutin 15.20-15.40 499 ± 50 
Isoquercetin 16.40-16.50 7002 ± 187 
Hydroquinin 24.00-24.30 1291 ± 133 
Eriodictyol 31.20-31.30 5.9  ± 0.5 
Quercetin 33.90-34.00 2660 ± 388 
Apigenin 41.90-42.00 6.6 ± 0.6 
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3.5 Conclusions 

  Extraction conditions for phenolic compounds with high antioxidant 

activities from cashew leaves by ultrasound-assisted process were optimized using 

RSM. Optimal conditions for extraction were: 77% of amplitude and time of 31 min. 

Isoquercetin was the most predominant in the extract. Cashew leaf extract could be 

used as natural antioxidant for food application and also serve as the nutraceutical. 
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CHAPTER 4 

CHARACTERISTICS AND ANTIOXIDATIVE ACTIVITY OF 

CASHEW (ANACARDIUM OCCIDENTALE L.) LEAF EXTRACTS 

4.1 Abstract 

  Antioxidative activities of cashew leaf extracts with different 

extraction methods (conventional and ultrasound-assisted methods) as affected by 

concentrations (0-0.2 mg/ml) were investigated. DPPH, ABTS radical scavenging 

activities and FRAP of both extracts increased when the concentrations increased up 

to 0.1 mg/ml (P<0.05). However, all activities decreased at higher concentration (0.2 

mg/ml). Both extracts had higher activities tested by all assays than BHT (P<0.05), 

but lower than catechin at the concentration range of 0.025-0.1 mg/ml. ABTS radical 

scavenging activity and FRAP of extracts from ultrasound-assisted process were 

higher than those from conventional process when the concentrations of 0.05-0.1 

mg/ml were used. When thermal and pH stabilities of both extracts were determined, 

antioxidative activities were still remained after heating at 60-100 ˚C for 60 min. Both 

extracts exhibited strong activities at the pH ranging from 6 to 8, while the lowest 

activity was found in pH range of 2-4. Both extracts (50 and 100 ppm) exhibited 

antioxidative activities in β-carotene-linoleic acid and lecithin liposome systems in a 

dose dependent manner as evidenced by the retarded formation of conjugated diene, 

peroxide value and thiobarbituric acid reactive substances (TBARS) (P<0.05). Extract 

from ultrasound-assisted method generally showed the higher efficacy than that of 

conventional method. Nevertheless, their preventive effect toward oxidation was 

lower than BHT in both tested systems. Thus, cashew leaf extracts could act as natural 

antioxidant for food application or as nutraceutical.  

4.2 Introduction 

  Lipid oxidation is a deteriorative reaction, where unsaturated fatty 

acids react with molecular oxygen via a free radical chain mechanism, forming fatty 

acyl hydroperoxides and non-volatile and volatile hydroperoxide breakdown products 

(Medina et al., 2012; Shahidi and Zhong, 2010). This reaction induces the changes in 
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texture, flavor as well as odor, thus leading to the loss in food quality and nutritional 

value. Moreover, it also causes some disease in human beings such as cardiovascular 

disease, cancer and neurological disorders and aging process (Gülçin, 2012). 

  To retard lipid oxidation of food, especially food containing long-chain 

polyunsaturated fatty acids, some synthetic antioxidants such as butylated 

hydroxytoluene (BHT), butylated hydroxyanisole (BHA) and tert-butylhydroquinone 

(TBHQ) have been used in food systems. Nevertheless, the use of synthetic 

antioxidants is limited in many countries. Nowadays, the use of antioxidant from 

plants are of an increasing attention for food industry, due to the safety concern. Plant 

extracts rich in antioxidative compounds also gain the interest as nutraceuticals for 

health benefit. Phenolic compounds, the secondary metabolites of plants, comprise 

benzene rings with one or more hydroxyl substituents (Velderrain-Rodríguez et al., 

2014). They can play a role as antioxidants such as reducing agents, hydrogen 

donators and metal chelators and their structure have resonance stabilization of the 

captured electron (Proestos et al., 2006; Shahidi et al., 1992). 

  The extraction method is the first important step in the recovery and 

isolation of bioactive compounds from plant materials (Stalikas, 2007). Conventional 

methods such as maceration and solvent extraction are generally used for bioactive 

compounds extraction (Azmir et al., 2013). With low yield and toxicological effect 

associated with inappropriate solvent used as well as the long extraction time, the 

potential technology, especially ultrasonic-assisted process, has been employed to 

tackle the drawback. It has been known to improve the extraction efficiency with 

short extraction time, simplicity and low cost (Wang et al., 2013).  

  Cashew (Anacardium occidentale L.) is a member of the family 

Anacardiaceae (Razali et al., 2008). Their trees are abundant in the tropical area, 

especially the southern part of Thailand. Cashew nut has been popular for consumer 

and its young leaves have been consumed as fresh in some region of America and 

Asian countries. It contained a large amount of phytochemicals, especially phenolic 

with antioxidative activity (Kamath and Rajini, 2007). 
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  Recently, ethanolic extracts from cashew leaves have been prepared. 

With the aid of ultrasound, the extraction yield was increased. Additionally, the 

additional phenolics were extracted in comparison with that prepared by conventional 

process (Chotphruethipong et al., 2017a). However, the antioxidative activity and 

properties of extracts from both processes have not been reported.  

    Thus, the present study aimed to examine the antioxidative activity and 

some properties of cashew leaf extracts with different extraction methods. The 

prevention of lipid oxidation by extracts in different model systems was also 

investigated.   

4.3 Materials and methods 

 4.3.1 Chemicals 

  Butylated hydrotoluene (BHT), catechin, linoleic acid, 2,2-diphenyl-1-

picryhydrazyl (DPPH), 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) 

diammonium salt (ABTS), ferrous sulfate (FeSO47H2O), ferric chloride 

(FeCl3∙6H2O), thiobarbituric acid (TBA) and potassium persulfate were purchased 

from Sigma (St Louis, MO, USA). 6-Hydroxy-2,5,7,8-tetramethylchroman-2-

carboxylic acid (Trolox) was obtained from Aldrich Chemical Company (Steinheim, 

Germany). β-carotene and 2,4,6-Tri (2-pyridyl)-S-triazine (TPTZ) were procured 

from Fluka Chemicals (Buchs, Switzerland). Ethyl acetate and hydrochloric acid were 

obtained from Merck (Darmstadt, Germany). Chloroform, ethanol and methanol were 

obtained from Lab-Scan (Bangkok, Thailand).  

4.3.2 Collection of cashew leaves 

  Cashew (Anacardium occidentale L.) leaves were obtained from trees 

with 15-20 years old, in an orchard located in Songkhla province, Thailand during 

November and December 2016. Only leaves from III (apical) to V (basal) of twig 

were collected. Cashew leaves were prepared as per the method of Váquez-Torres et 

al. (1992) with slight modifications. Leaves were washed with tap water and dried 

overnight in an air dryer at 50˚C until the moisture content was less than 10%. Dried 

samples were blended using a blender (Panasonic, Model MX-898N, Berkshire, UK) 
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and sieved using a stainless steel (sieve 80 mesh). Thereafter, the obtained powder 

was dechlorophyllized by mixing the powder with chloroform (50 g/l). The mixture 

was stirred for 30 min, followed by filtration using a Whatman filter paper No.1 

(Whatman International Ltd., Maidstone, UK) (Row and Jin, 2006; Vovk et al., 

2005). The retentate was dried in a hot air oven (Memmert, Schwabach, Germany) at 

105˚C for 1 h. The obtained powder termed ‘cashew leaf powder’ was packaged in a 

polyethylene bag and kept at room temperature (28-30 ˚C) until used. 

 4.3.3 Preparation of cashew leaf extracts 

  Cashew leaf powder (10 g) was subjected to extraction using 

conventional and ultrasound-assisted processes. Ethanol (80%, v/v) and the 

powder/solvent ratio of 1:18 (w/v) were used. For conventional process, the mixture 

was stirred for 64 min (Chotphruethipong et al., 2017a). For ultrasound-assisted 

process, the mixture was subjected to ultrasonic treatment using an ultrasonic 

equipment (Sonics, Model VC750, Sonica & Materials, Inc., Newtown, USA) at the 

amplitude of 77% for 31 min with the frequency of 20 kHz ± 50 Hz and high intensity 

power of 750 W. The temperature was controlled at 35 ± 40 ˚C by external water 

from a thermostatic water bath (Chotphruethipong et al., 2017b). After extraction, the 

obtained mixtures from both processes were centrifuged at 5000xg for 30 min at room 

temperature using a RC-5B plus centrifuge (Beckman, JE-AVANTI, Fullerton, CA, 

USA) and the supernatants were then filtered through a Whatman filter paper No.1. 

The filtrates were evaporated at 40 ˚C using an EYELA rotary evaporator (Tokyo 

Rikakikai, Co. Ltd., Tokyo, Japan). The extracts were then dried using a Scanvac 

Model Coolsafe 55 freeze dryer (Coolsafe, Lynge, Denmark). Dried extracts from 

conventional and ultrasound-assisted processes were referred to as ‘CE-C’ and ‘CE-

US’, respectively.  

 4.3.4 Effect of cashew leaf extracts with different extraction processes at 

various concentrations on antioxidative activity  

  Cashew leaf extracts from both extraction processes were dissolved in 

deionized water to obtain the concentrations of 0.025, 0.05, 0.1 and 0.2 mg/ml. 

Antioxidative activities (DPPH and ABTS radical scavenging activities and FRAP) of 
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all solutions were determined. Catechin and BHT at the same concentrations were 

also examined for antioxidative activities.  

 4.3.5 Determination of antioxidative activities 

  DPPH, ABTS radical scavenging activities and Ferric reducing 

antioxidant power of the extracts were tested since the extracts showed higher 

aforementioned activities (chapter 2 and 3). 

  4.3.5.1 DPPH radical scavenging activity 

  DPPH radical scavenging activity was determined as described 

by Wu et al. (2003) with a slight modification. Sample (1 ml) was added with 1 ml of 

0.15 mM DPPH dissolved in 95% ethanol. The mixture was mixed vigorously and 

allowed to stand at room temperature in dark for 30 min. The absorbance of the 

resulting solution was measured at 517 nm using a spectrophotometer. Sample blank 

was prepared in the same manner except that 95% ethanol was used instead of DPPH 

solution. Trolox (10-60 μM) was used as the standard. The activity was expressed as 

mmol Trolox equivalents (TE)/g dry extract. 

  4.3.5.2 ABTS radical scavenging activity 

  ABTS radical scavenging activity was measured as per the 

method of Arnao et al. (2001). Sample (150 μl) was mixed with 2850 μl of ABTS 

solution and the mixture was left at room temperature for 2 h in dark. The absorbance 

was then measured at 734 nm. Sample blank was also prepared, in which ABTS 

solution was omitted and methanol was used. Trolox (0-500 μM) was used as the 

standard. The activity was expressed as mmol Trolox equivalents (TE)/g dry extract. 

  4.3.5.3 Ferric reducing antioxidant power (FRAP) 

  FRAP assay was determined according to the method of Benzie 

and Strain (1996). A sample (150 μl) was mixed with 2850 μl of FRAP solution and 

kept for 30 min in dark at room temperature. The ferrous tripyridyltriazine complex 

(colored product) was measured by reading the absorbance at 593 nm. Sample blank 

was prepared by excluding FeCl3 from FRAP solution and distilled water was used 
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instead. Trolox (0-500 μM) was used as the standard. The activity was expressed as 

mmol Trolox equivalents (TE)/g dry extract.  

  

 4.3.6 Thermal stability of cashew leaf extracts with different extraction 

processes   

  Five milliliters of CE-C and CE-US solutions (0.125 mg/ml) were 

placed in a temperature-controlled water bath (W350, Memmert, Schwabach, 

Germany) at 60, 80 and 100 ˚C for 15, 30, 45 and 60 min. At the designated time, the 

treated samples were cooled rapidly in iced water. The sample without heat treatment 

was used as the control. Residual DPPH and ABTS radical scavenging activities and 

FRAP were determined. 

 4.3.7 pH stability of cashew leaf extracts with different extraction 

processes 

  pH stability was determined following the method of Klompong and 

Benjakul (2015). CE-C and CE-US solutions at the concentration of 0.125 mg/ml (5 

mL) were prepared using 100 mM acetate buffer (pH 2 and 4) or 100 mM Tris HCl 

buffer (pH 6, 8 and 10). The extract solutions were allowed to stand for 30 min, 

followed by adjusting to pH 7 with 1 and 6 M HCl or 1 and 6 M NaOH. The final 

volumes of all solutions were brought up to 25 ml using deionized water. Residual 

antioxidative activities were examined. 

 4.3.8 Effect of cashew leaf extracts with different extraction methods on 

prevention of lipid oxidation in the selected model systems 

  4.3.8.1 Lecithin liposome system 

   Lecithin liposome system was determined as described by 

Thiansilakul et al. (2007). Lecithin was suspended in deionized water at a 

concentration of 8 mg/ml by stirring with a glass rod, followed by sonicating for 30 

min using a sonicating bath (Model Transsonic 460/ H, Elma, Germany). CE-C or 

CE-US solutions (3 ml) at concentrations of 0, 50 and 100 ppm were added into the 
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lecithin liposome system (15 ml). The mixtures were sonicated for 2 min. To initiate 

the assay, 20 µl of cupric acetate (0.15 M) were added. The mixtures were shaken at 

120 rpm using a shaker at 37 ˚C in the dark. The control (without extract) and the 

system containing BHT (100 ppm) were also prepared. Oxidation of the liposome was 

monitored every 6 h for totally 36 h by determining the conjugated dienes (CD) 

(Heinonen et al., 1998) and thiobarbituric acid reactive substances (TBARS) (Buege 

and Aust, 1978).  

  4.3.8.2 β-carotene-linoleic acid system 

   β-carotene-linoleic acid assay was carried out as per the method 

of Taga et al. (1984). A stock solution of β-carotene-linoleic acid was prepared by 

mixing 10 mg of β-carotene with 10 ml of chloroform. Thereafter, the solution (0.2 

ml) was added to 20 mg linoleic acid and 200 mg Tween 40. Chloroform was 

completely removed by purging with nitrogen. Then, 50 ml of oxygenated deionized 

water were added to β-carotene emulsion and mixed well. Thereafter, 500 µl of CE-C 

or CE-US solutions were added into 4.5 ml of emulsion to obtain the final 

concentrations of 50 and 100 ppm. BHT (100 ppm) was also added. The control was 

prepared in the similar manner except that distilled water was used instead of the 

extracts. During the incubation at 50 ˚C, samples were taken at various times 

designated (0, 10, 20, 30, 40, 50 and 60 min). The absorbance at 470 nm was then 

measured using a spectrophotometer. Retardation of decrease in A470 indicates the 

ability of the extracts in prevention of oxidation. 

 4.3.9 Statistical analysis 

  All experiments were run in triplicate. Factorial design with 2 factors 

was used for experimental design. Data were subjected to analysis of variance 

(ANOVA), and mean comparisons were carried out using the Duncan’s multiple 

range test (Steel and Torrie, 1980). Statistical analysis was performed using the 

statistical package for social sciences (SPSS for windows: SPSS Inc., Chicago, IL, 

USA).   
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4.4 Results and discussion 

 4.4.1 Antioxidative activities of cashew leaf extracts with different 

extraction methods as affected by concentrations 

4.4.1.1 DPPH radical scavenging activity  

  DPPH radical scavenging activity of CE-C and CE-US at various 

concentrations is shown in Figure 11A. Both extracts had the increase in DPPH 

radical scavenging activity as the concentration increased up to 0.1 mg/ml (P<0.05). 

Nevertheless, the activity of both CE-C and CE-US decreased when the concentration 

of 0.2 mg/ml (P<0.05) was used. Similar results were observed for BHT and catechin. 

However, there was no difference in activity of BHT at concentrations of 0.1 and 0.2 

mg/ml (P>0.05). It was noted that both extracts and catechin at high concentration 

(0.2 mg/ml) had the decrease in activity. At high concentration, phenolic compounds 

plausibly interacted each other, especially via hydroxyl group. As a result, the proton 

or electron donating ability was lowered. At the same concentration used, similar 

activity was observed between CE-C and CE-US (P>0.05), except at 0.2 mg/ml, in 

which the former showed a slightly higher activity. The lowest activity was found for 

BHT, while catechin showed the highest DPPH radical scavenging activity (P<0.05). 

The higher DPPH radical scavenging activity of catechin than BHT was probably due 

to the higher numbers of hydroxyl groups of the former. The substitution of hydroxyl 

with methyl groups in the aromatic ring more likely contributes to lower antioxidant 

activities in BHT (Brewer, 2011). Additionally, the polyphenols with a second 

hydroxyl group in the ortho or para positions such as catechol and hydroquinone had 

the increased antioxidative activity due to the strong electron donation ability of the 

hydroxyl group in these positions (Ali et al., 2013). Catechin was found as the 

dominant phenolic in the ethanolic extract of cashew leaves (Chotphruethipong et al., 

2017a; Chotphruethipong et al., 2017b). Furthermore, Chotphruethipong et al. 

(2017b) reported that there were some additional phenolic compounds in the extract, 

especially quercetin, when ultrasound-assisted process was used. Radical scavenging 

activity of flavonoids toward DPPH radicals is dependent on the number of hydroxyl 

groups in the B ring (Loganayaki et al., 2013). Three structural groups are important 
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determinants for radical scavenging activity. Those include o-dihydroxyl groups in 

the B-ring, the 4-oxo group in conjugation with the 2,3-alkene, and the 3- and 5-

hydroxyl groups in o-position in B-ring (Hollman and Katan, 1997). These functional 

groups can donate electrons to the rings, which increase the number of resonance 

forms available in addition to those created by the benzene structure (Mariani et al., 

2008). Thus, the presence of hydroxyl groups in catechin and cashew leaf extracts 

most likely contributed to DPPH radical scavenging activity. Also, the extraction 

methods had no marked impact on DPPH radical scavenging activity of resulting 

extracts.  

4.4.1.2 ABTS radical scavenging activity  

  ABTS radical scavenging activity of CE-C and CE-US at various 

concentrations in comparison with BHT and catechin is shown in Figure 11B. All 

samples had the increase in ABTS radical scavenging activity as the concentrations 

increased and reached the maximum at 0.1 mg/ml (P<0.05). Nevertheless, BHT had 

the continuous increase in activity with increasing concentrations (P<0.05). Catechin 

exhibited the highest ABTS radical scavenging activity as compared to other samples 

at the same concentrations tested (P<0.05). However, catechin exhibited the similar 

activity to CE-US at 0.1 mg/ml (P<0.05).  Similar to the results of DPPH radical 

scavenging activity, cashew leaf extracts and catechin were more effective in ABTS 

radical scavenging, compared to BHT (P<0.05) when the concentration range of 

0.025-0.1 mg/ml was used. The ability in scavenging free radical of phenolics was 

related to their active hydrogen donor ability. When comparing activity between CE-

C and CE-US, the latter had higher activity at the concentrations of 0.05 mg/ml and 

0.1 mg/ml, while no differences in ABTS radical scavenging activity between 0.025 

mg/ml and 0.2 mg/ml were observed (P>0.05). The difference in activity between 

both extracts was plausibly due to the difference in tannic acid content. Higher tannic 

acid content was reported in CE-US (281 mg/kg dry extract) than CE-C (189.7 mg/kg 

dry extract) (Chotphruethipong et al., 2017a; Chotphruethipong et al., 2017b). 

Hagerman et al. (1998) reported that tannic acid is able to quench the ABTS•+ radical 

and the effectiveness depends on the molecular weight, the number of aromatic rings 

and nature of hydroxyl groups’ substitution. The lower ABTS radical scavenging 
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activity of both cashew leaf extracts and catechin at higher concentration contributed 

to the lower efficiency in prevention of lipid oxidation. The result suggested that the 

concentration of extract was an essential factor affecting antioxidative activity. 

  4.4.1.3 FRAP 

  FRAP of different extracts, BHT and catechin at various 

concentrations is presented in Figure 11C. Among all samples tested, catechin 

possessed the highest FRAP (P<0.05) at all concentrations tested, indicating that 

catechin could reduce TPTZ-Fe (III) complex to TPTZ-Fe (II) complex most 

effectively. Overall, the increases in FRAP were noticeable for CE-C and CE-US as 

the concentrations increased up to 0.1 mg/ml (P<0.05). FRAP of both extracts 

decreased when concentration was above 0.1 mg/ml. For catechin, FRAP increased 

when the concentration increased up to 0.05 mg/ml (P<0.05). Decrease in FRAP was 

found at higher concentrations (0.1 and 0.2 mg/ml). These results indicated that 

reducing power of catechin and cashew leaf extracts was decreased at high 

concentration. However, continuous increases in FRAP were found for BHT with 

increasing concentrations. When comparing FRAP between both cashew leaf extracts, 

CE-US had higher FRAP than CE-C, except at 0.2 mg/ml (P<0.05), reflecting that 

extraction methods influenced FRAP of resulting extracts. CE-US could donate an 

electron to free radicals more effectively than CE-C, leading to the prevention or 

retardation of propagation (Klompong et al., 2007).  

 4.4.2 Thermal stability of cashew leaf extracts with different extraction 

methods 

  4.4.2.1 DPPH radical scavenging activity  

  DPPH radical scavenging activity of the extracts from cashew leaves 

using different extraction methods subjected to heating at various temperatures and 

times is shown in Figure 12A. For all temperatures tested, both extracts had the 

decrease in DPPH radical scavenging activity as heating time increased (P<0.05). At 

the same heating time, the highest activity was retained when heated at 60 ˚C for both 

CE-C and CE-US, compared with higher temperatures (P<0.05). The increased 
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temperature and time led to the higher degradation of phenolic compounds (Wong et 

al., 2014). Within the first 30 min of heating time, there was no difference in activity 

of both extracts heated at 80 ˚C and 100 ˚C (P>0.05). Nevertheless, CE-US heated at 

80 ˚C for 45 min had higher activity than that heated at 100 ˚C with the same heating 

time (P<0.05). Thereafter, the activity of CE-US was slightly decreased as heating 

time increased, while no change in activity of CE-C was found (P>0.05). CE-US had 

higher activity than CE-C when heated at 80 ˚C for 45 min (P<0.05). The result 

suggested that extraction methods influenced thermal stability of resulting extracts to 

some degree.  

  4.4.2.2 ABTS radical scavenging activity 

  ABTS radical scavenging activity of the extracts from cashew leaves 

prepared using different extraction methods after heating under various conditions is 

shown in Figure 12B. Both extracts, CE-C and CE-US, heated at 60 ˚C showed the 

highest remaining ABTS radical scavenging activity when heated for 15-60 min. CE-

C heated at 60 ˚C had higher remaining activity than that heated at 80 ˚C and 100 ˚C 

(P<0.05). The result revealed that an increasing temperature negatively affected 

activity of the extracts as evidenced by lower remaining activity. The sharp decrease 

in activity was noticeable within the first 15 min of heating, regardless of heating 

temperature. For CE-US, the continuous decrease in activity was found when heated 

at all temperatures. Within the first 30 min, no differences in activity of CE-US heated 

at all temperatures tested (P>0.05). In general, the activity decreased as heating time 

increased (P<0.05) but the drastic decrease was noticeable within the first 15 min of 

heating. The decrease in activity of the extracts might be caused by the destruction of 

antioxidative compounds present in the extracts as heating time increased. This 

resulted in the loss in antioxidative activity. When comparing CE-C with CE-US, no 

difference in activity of both extracts heated at 60 ˚C for 15 min was found. Overall, 

heating with the time between 15 and 60 min had no marked effect on activity 

reduction. The results showed that antioxidative activity of cashew leaf extracts was 

reduced by 50% when heating at temperature up to 100 ˚C for 60 min.  
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Figure 11 DPPH radical scavenging (A), ABTS radical scavenging (B) and FRAP 

(C) of the extracts from cashew leaves prepared using different processes 

at various concentrations. Bars represent standard deviation (n = 3). 

Different capital letters on bars within the same concentration indicate 

significant differences (P<0.05). Different small letters on bars within the 

same type of antioxidant indicate significant differences (P<0.05). CE-C 

and CE-US represent cashew leaf extract extracted using conventional 

extraction and ultrasound-assisted methods, respectively. BHT: Butylated 

hydroxytolulene 
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Figure 12 Thermal stability of the extracts from cashew leaves prepared using 

different processes as measured by DPPH radical scavenging (A), ABTS 

radical scavenging (B) and FRAP (C). Bars represent standard deviation 

(n = 3). CE-C and CE-US represent cashew leaf extract extracted using 

conventional extraction and ultrasound-assisted methods, respectively.  
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  4.4.2.3 FRAP 

  After being heated under different conditions, FRAP of the extracts 

from cashew leaves using different extraction methods was monitored as shown in 

Figure 12C. Similarly, the decrease in FRAP was found as the heating time and 

temperature increased, especially within the first 15 min. Within the first 15 min of 

the heating, no difference in FRAP of both extracts was found, irrespective of heating 

temperature used (P>0.05). For the heating time above 15 min, both extracts heated at 

60 ˚C had higher remaining activity than those heated at 80 ˚C and 100 ˚C (P<0.05). 

However, no difference in FRAP between CE-C heated at 80 ˚C and 100 ˚C was 

found (P>0.05). Moreover, similar in FRAP between both extracts heated at 80 ˚C 

and 100 ˚C for 45 min was obtained (P>0.05).When comparing CE-C with CE-US, 

the latter had a higher activity than the former when heated at 60 ˚C (30 and 45 min), 

80 ˚C (15 and 30 min) and 100 ˚C (45 and 60 min) (P<0.05). Nwanguma and Eze 

(1996) found that an increase of mashing temperature from 65 to 75 °C resulted in a 

significant reduction in the polyphenolic content of wort. A decreased contents of 

total proanthocyanidins in cassava and Leucaena leaves (10.1 and 21.4%, 

respectively) were reported when heated at 90 °C for 24 h (Makkar and Singh, 1991). 

Thus, cashew leaf extracts could be used as natural antioxidants in thermally 

processed foods due to the remaining antioxidative activities after heating.  

 4.4.3 pH stability of cashew leaf extracts with different extraction 

methods 

  The effects of pH on antioxidative activities of both cashew leaf 

extracts are shown in Figure 13A-C.  Both extracts exhibited strong activity at the pH 

ranging from 6 to 8 for all activities tested as examined by all assays. Most of 

phenolic compounds in both extracts were isoquercetin and catechin 

(Chotphruethipong et al., 2017a; Chotphruethipong et al., 2017b). The results was 

accordance with Milovanovic et al. (1994) who reported that flavonoids were more 

stable in the pH range of 7 to 10. The lowest activities were observed when subjected 

to pH 2 to 4, compared to other pHs (P<0.05). Moreover, the decreases in DPPH and 

ABTS radical scavenging activities were also found at pH 10 (P<0.05), while FRAP 
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of both extracts was quite stable. The loss in antioxidative activities of cashew leaf 

extracts at very acidic and alkaline pHs might be due to the decomposition of phenolic 

compounds. Phenolic compounds might undergo the conformational changes, leading 

to the loss in activity in scavenging DPPH and ABTS radicals as well as reducing 

power. When comparing CE-C with CE-US, the latter had a higher DPPH and ABTS 

radical scavenging activities than the former in pH range of 2-6 (P<0.05). There was 

no difference in DPPH radical scavenging activity between both extracts at pH 8 and 

pH 10 (P>0.05), while ABTS radical scavenging activity of CE-US was higher than 

CE-C at pH 10. For FRAP, the lower activity was found in CE-US in the pH range of 

2-6. However, at pH 8, CE-US had higher FRAP than CE-C. No difference in FRAP 

at pH 10 was observed between both extracts (P>0.05). The results indicated that the 

extraction processes had an effect on pH stability to some extent. This might be 

governed by the different phenolics present in both extracts. Stability of plant extracts 

toward pH varied. Ruenroengklin et al. (2008) reported that an ethanolic extract from 

litchi fruit pericarp tissue had a higher antioxidant activity at pH 3-5 than at pH 1 or 7. 

The flavan-3-ols of cocoa were more stable at pH 6.5 than 7.4. (Kosińska et al., 

2012). Arabshahi-D et al. (2007) reported that the remaining antioxidant activity of 

the ethanolic extracts from mint leaves and carrot was higher at pH 9 than pH 4, while 

that of drumstick extract remained the same under both pH conditions. Thus, the 

stability of phenolic compounds in cashew leaf extracts was determined by pHs.  

 4.4.4 Effect of cashew leaf extracts on prevention of lipid oxidation in 

different model systems 

  4.4.4.1 Lecithin liposome system 

   Antioxidative activity of the CE-C, CE-US and BHT in lecithin 

liposome system was monitored during the incubation at 37 ˚C for 36 h by 

determining CD and TBARS as shown in Figure 14A and B, respectively. The 

systems containing antioxidants showed lower CD formation as compared to the 

control (P<0.05) (Figure 14A). Within the first 18 h of incubation, the control sample 

showed the highest increase in CD.  Thereafter, CD formation of the control sample 

gradually decreased up to the end of the incubation (P< 0.05). In general, CD occurs 
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at the early stages of lipid oxidation and hydroperoxide was degraded to the 

secondary products as associated with an increase in TBARS (Frankel et al., 1998). 

When comparing CD formation of all samples containing antioxidants, the lowest 

increase in CD was found in the sample containing BHT, indicating the high 

efficiency in retarding lipid oxidation. For the systems containing CE-C and CE-US, 

the antioxidative activity of both extracts was in a dose-dependent manner. However, 

the antioxidative activity of CE-C was lower than that of CE-US at the same 

concentration used. The differences in ability in inhibiting CD formation of the 

different antioxidants were probably due to the differences in 

hydrophobicity/hydrophilicity balance as well as their localization in emulsion system 

(Medina et al., 2007).  

   Changes in TBARS in lecithin liposome system in the absence 

and presence of different antioxidants are shown in Figure 14B. Systems containing 

antioxidants showed the lower TBARS formation as compared to the control (P< 

0.05). When comparing TBARS value between the systems added with antioxidants, 

the highest antioxidative activity was found in the system added with BHT, as 

indicated by lower TBARS value. Between the systems containing CE-C and CE-US 

at the same concentration, the latter had lower TBARS value than the former 

(P<0.05). Furthermore, the efficiency in inhibiting lipid oxidation was also dependent 

on the concentration of the extracts used. It was indicated that the addition of 

antioxidants could retard the occurrence of TBRAS formation in the lecithin liposome 

system. Liposome is phospholipid forming bilayer vesicles with amphiphilic 

structure, and has been used to evaluate antioxidant activity of tested compounds in 

lipid food as well as lipoprotein particles. In liposome systems, the polar heads are 

exposed toward the aqueous phase. Phenolic compounds, which are most likely 

hydrophilic in nature, orient themselves at the bilayers of liposomes and act as 

effective antioxidants (Benjakul et al., 2013). Moreover, antioxidative activity of 

phenolic compounds is dependent on many factors including the molecular size, 

location of antioxidant in the food, interactions with other food constituents, and the 

overall conditions of the food environment (pH, ionic strength as well as 

hydrophilic/lipophilic balance) (Decker et al., 2005). The result suggested that cashew 
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leaf extracts could inhibit the early stages of lipid oxidation (CD formation) and retard 

the propagation of the oxidation process (degradation of hydroperoxide to TBARS) in 

a dose-dependent manner.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13 pH stability of the extracts from cashew leaves prepared using different 

processes as measured by DPPH radical scavenging (A), ABTS radical 

scavenging (B) and FRAP (C). Bars represent standard deviation (n = 3). 

CE-C and CE-US represent cashew leaf extract extracted using 

conventional extraction and ultrasound-assisted methods, respectively.  
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Figure 14 Changes in conjugated diene (CD) (A) and thiobarbituric acid reactive      

substances (B) of lecithin liposome system in the absence and presence of 

cashew leaf extracts prepared using different processes at various levels 

during the incubation at 37 ˚C for 36 h. Bars represent standard deviation  

(n = 3). CE-C and CE-US represent cashew leaf extract extracted using 

conventional extraction and ultrasound-assisted methods, respectively. 

BHT: Butylated hydroxytolulene 
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  4.4.4.2 β-carotene-linoleic acid system 

   β-carotene-linoleic acid system containing cashew leaf extracts, 

CE-C and CE-US, or BHT had the lower decrease in A470 than the control during the 

incubation at 50 ˚C for 60 min (P<0.05) (Figure 15). Decrease in A470 was caused by 

lipid oxidation. The β-carotene was oxidized by the free radicals generated from 

oxidized linoleic acid during incubation at 50 °C. Those radicals could attack the β-

carotene molecules. This resulted in the reduction in the absorbance at 470 nm 

(Kamath and Rajini, 2007). When comparing the ability in prevention of decrease in 

A470, the higher antioxidative activity was found in BHT, compared with cashew leaf 

extracts (P<0.05), at the same concentration (100 ppm) used. This was possibly owing 

to the difference in their polarity and their location at interphase between linoleic acid 

and water. The hydrophobic antioxidants such as BHT have higher efficiency than 

hydrophilic antioxidant in the prevention of oxidation in oil-in-water emulsion 

systems by preferably orienting at oil-water interface ( Chen, 1996; Yarnpakdee et al., 

2015). Conversely, cashew leaf extracts might have higher polarity than BHT.  As a 

result, cashew leaf extracts were more likely located at the aqueous phase. This might 

be associated with the lower preventive effect toward the oxidation of emulsion by the 

extracts. At the same level of cashew leaf extracts tested, CE-US exhibited more 

efficiency in lowering the decrease in A470 than CE-C when the same level was used 

(P<0.05). However, there were no differences in the decreasing pattern in A470 

between the system containing CE-C at 100 ppm and CE-US at 50 ppm (P>0.05). The 

efficiency of inhibition of lipid peroxidation might depend on the hydrogen donating 

ability of phenolic compounds and subsequent radical stabilization. Thus, the cashew 

leaf extracts could serve as natural antioxidants for the retardation of lipid oxidation 

in oil-in-water emulsions. Extraction method also determined the antioxidant activity 

of both extracts in emulsion system. 
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Figure 15 Changes in A470 of β-carotene-linoleic acid emulsion system in the absence  

and presence of cashew leaf extracts prepared using different processes at 

various levels during the incubation at 50 ˚C for 60 min. Bars represent 

standard deviation (n = 3). CE-C and CE-US represent cashew leaf extract 

extracted using conventional extraction and ultrasound-assisted methods, 

respectively. BHT: Butylated hydroxytolulene  

4.5 Conclusion 

  Antioxidative activities of ethanolic extracts from cashew leaves were 

governed by extraction methods used. Both CE-C and CE-US exhibited higher 

antioxidative activities than BHT at the concentrations of 0.025-0.1 mg/ml. 

Antioxidative activities of both extracts were fairly stable after heating from 60 ˚C up 

to 100 ˚C for 60 min. Cashew leaf extracts had high stability in pH ranges of 6-8. 

Cashew leaf extracts were able to retard lipid oxidation in emulsion and liposome 

systems in a dose-dependent manner. CE-US had higher efficacy than CE-C in 

prevention of oxidation in all systems. Thus, cashew leaf extract could serve as 

potential natural antioxidant for food additive or as nutraceutical.  
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CHAPTER 5 

APPLICATION OF CASHEW (ANACARDIUM OCCIDENTALE L.) 

LEAF EXTRACT PREPARED USING ULTRASOUND-ASSISTED 

PROCESS FOR PREVENTION OF LIPID OXIDATION IN FISH OIL 

ENRICHED MAYONNAISE 

5.1 Abstract 

  Effects of cashew leaf extract (CE) or BHT at levels of 100 and 200 

ppm on the oxidative stability of fish oil enriched mayonnaise during storage of 30 

days at 30 ˚C were investigated. Samples containing either CE or BHT had the lower 

peroxide value (PV), thiobarbituric acidreactive substances (TBARS) and p-anisidine 

(AnV) values throughout the storage, compared to the control (P<0.05). Among all 

samples, that containing 200 ppm BHT exhibited the lowest PV, TBARS and AnV 

values (P<0.05), while those added with 200 ppm CE and 100 ppm BHT showed 

similar values (P>0.05). At the end of storage, a lower abundance of selected volatile 

compounds was found in mayonnaise added with 200 ppm CE, in comparison with 

that of the control. Addition of CE, especially at 200 ppm, decreased L* value but 

increased a*, b* and ΔE* values (P<0.05). However, CE at both levels were effective 

in retard the formation of rancid odor and fishy odor in the mayonnaise. Total viable 

count of all samples was below 103 CFU/g throughout the storage. Thus, the use of 

CE at the concentration of 200 ppm could retard lipid oxidation and the formation of 

fishy odor and rancid odor in developments of fish oil enriched mayonnaise during 

the storage of 30 days at 30 ˚C. 

5.2 Introduction 

  Lipid oxidation is one of the major causes for deterioration of many 

food products, especially those containing long-chain polyunsaturated fatty acids 

(PUFA). These fatty acids are known to have several benefits for human health, e.g. 

to reduce the risks of cardiovascular diseases, carcinogenesis and allergies (Nettleton 

and Katz, 2005). However, PUFAs are prone to oxidation, which is associated with 

the changes in taste, odor, texture, appearance and shortened shelf-life. Moreover, it 
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also causes some diseases in human beings such as cardiovascular disease, cancer and 

neurological disorders and aging process (Gülçin, 2012). 

  Mayonnaise is an oil-in-water (o/w) emulsion having high fat content 

and egg yolk (Li et al., 2014) Lipid oxidation of mayonnaise is generally initiated at 

the interface between the oil and water and progresses in the oil phase (Sørensen et 

al., 2010). There are many factors that can potentially influence the rate of lipid 

oxidation in oil-in-water emulsions. Those include fatty acid composition, aqueous 

phase pH and ionic composition, type and concentrations of antioxidants, prooxidants, 

and oxygen (Waraho et al., 2011). To prevent lipid oxidation in emulsion, synthetic 

antioxidants such as butylated hydroxytoluene (BHT), butylated hydroxyanisole 

(BHA) and ethylenediaminetetraacetic acid (EDTA) are commonly used. 

Nevertheless, the use of synthetic antioxidants is limited in many countries. Natural 

antioxidants from plants have become the alternative antioxidants in the food 

industry. They are able to retard the oxidative degradation of lipids, improve the 

quality and nutritional value of food as well as prevent the occurrence of diseases 

(Shahidi and Ambigaipalan, 2015). 

  Cashew (Anacardium occidentale L.) is a member of the family 

Anacardiaceae (Razali et al., 2008), which are abundant in the southern part of 

Thailand. Several parts of cashew tree, especially its leaves, contain phenolics with 

bioactivities, especially antioxidative activity. Chotphruethipong et al. (2017) 

reported that ethanolic cashew leaf extract showed antioxidative activity in a dose 

dependent manner. Additionally, it has been reported that cashew leaf extracts had 

antimicrobial activity against several microorganisms (Omojasola and Awe, 2004). 

Since cashew leaf extract had high antioxidative activity, it could be used as a natural 

antioxidant to retard lipid oxidation, especially in food emulsion enriched with PUFA, 

such as mayonnaise. However, no information regarding the use of cashew leaf 

extract in prevention of lipid oxidation in fish oil enriched mayonnaise exists. Thus, 

the present study aimed to examine the effect of cashew leaf extract on the retardation 

of lipid oxidation of fish oil enriched mayonnaise during storage of 30 days at 30˚C. 
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5.3 Materials and methods 

 5.3.1 Chemicals 

  Butylated hydroxytolulene (BHT) was obtained from (Guangzhou 

Huangpu Chemical Co., Ltd., Guangzhou, China). 1,1,3,3-tetramethoxypropane and 

2-thiobarbituric acid were purchased from Fluka (Buchs, Switzerland). Ammonium 

thiocyanate, p-anisidine, and pyridine were procured from Sigma (St. Louis. MO, 

USA). Trichloroacetic acid, isooctane and ferrous chloride were obtained from Merck 

(Darmstadt, Germany). Chloroform, methanol and hydrochloric acid were purchased 

from Lab-Scan (Bangkok, Thailand). 

 5.3.2 Collection of cashew leaves and preparation of cashew leaf extract 

  5.3.2.1 Collection of cashew leaves 

 Cashew (Anacardium occidentale L.) leaves were collected from an 

orchard in Songkhla province, Thailand during November and December 2016. The 

trees were approximately 15-20 years old. Leaves from III (apical) to V (basal) of 

twig were used. After collection, cashew leaves were prepared following the method 

of Váquez-Torres et al. (1992) with slight modifications. The samples were washed 

with tap water and dried overnight in an air dryer at 50˚C until the moisture content 

was less than 10%. Dried samples were blended using a blender (Panasonic, Model 

MX-898N, Berkshire, UK) and sieved using a stainless steel (sieve 80 mesh). 

Thereafter, the obtained powder was subjected to chlorophyll removal. The sample 

powder was mixed with chloroform to obtain a concentration of 50 g/l and the 

mixture was stirred for 30 min, followed by filtration using a Whatman filter paper 

No.1 (Whatman International Ltd., Maidstone, UK) (Chotphruethipong et al., 2017a). 

The retentate was dried in a hot air oven (Memmert, Schwabach, Germany) at 105˚C 

for 1 h. The obtained powder termed ‘cashew leaf powder’ was placed in a 

polyethylene bag and kept at room temperature until used for extraction. 
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  5.3.2.2 Preparation of cashew leaf extract 

 The cashew leaf powder (10 g) was placed into a 250 ml beaker and 

180 ml of 80% ethanol were added. Ultrasound-assisted extraction was performed 

using an ultrasonic equipment (Sonics, Model VC750, Sonica & Materials, Inc., 

Newtown, CI, USA) operating at a frequency of 20 kHz ± 50 Hz with high intensity 

power of 750 W. The temperature was controlled by the external water from a 

thermostatic water bath. After extraction for 64 min, the mixtures were centrifuged at 

5000xg for 30 min at room temperature using a RC-5B plus centrifuge (Beckman, JE-

AVANTI, Fullerton, CA, USA) and the supernatants was then filtered through a 

Whatman filter paper No.1 (Chotphruethipong et al., 2017b). The filtrate was 

evaporated at 40 ˚C using an EYELA rotary evaporator (Tokyo Rikakikai, Co. Ltd., 

Tokyo, Japan). The extract was then dried using a Scanvac Model Coolsafe 55 freeze 

dryer (Coolsafe, Lynge, Denmark). Dried extract was placed in a ziplock bag and kept 

in a desiccator until used. 

 5.3.3 Collection and extraction of fish oil from visceral depot fat of 

seabass 

  5.3.3.1 Collection of fish oil from visceral depot fat of seabass  

 Depot fat from viscera of seabass, collected from a market in Hat Yai, 

Songkhla province, Thailand, was dissected manually. The sample was placed in 

polyethylene bag and then embedded in ice with a fish/ice ratio of 1:2 (w/w), and 

transported to the Department of Food Technology, Prince of Songkla University, Hat 

Yai, Songkhla within 30 min. The sample was immediately washed with tap water, 

drained and used for lipid extraction. 

  5.3.3.2 Extraction of fish oil from visceral depot fat of seabass 

 Lipid was extracted according to the method of Sae-leaw and Benjakul 

(2017). Visceral depot fat (100 g) was placed in a bottom flask equipped with a rotary 

evaporator. The extraction was performed at 70˚C for 20 min under vacuum. After 

extraction, the oil was transferred into an Erlenmeyer flask containing 2-5g of 

anhydrous sodium sulfate, shaken well and decanted into a centrifuge tube through a 
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Whatman No.4 filter paper. The mixture was centrifuged at 10,000xg for 20 min at 

4˚C using a refrigerated centrifuge (CR22N, Hitachi, Hitachi Koki Co., Ltd., Tokyo, 

Japan). The oil was collected using a Pasteur pipette. The oil sample was transferred 

into the amber bottle and purged with nitrogen gas. The vials were capped tightly and 

stored at -40˚C until used.  

 5.3.4 Preparation of mayonnaise 

Mayonnaise was prepared using the following ingredients: soy bean oil 

(60.25%), fish oil (7.8%), egg yolk (6.78%), salt (0.5%), sugar (14.27%), lemon juice 

(5%), vinegar (3.8%) and water (1.6%). All the mixtures were blended using a 

blender (Panasonic, Model MK-GB1, New Taipei City, Taiwan) at a speed of 800 

rpm for 15 min. Mayonnaise was divided into five portions. One portion was used as 

the control (without the cashew leaf extract or BHT). Another two portions were 

added with cashew leaf extract previously dissolved in distilled water to obtain the 

final concentrations of 100 and 200 ppm. The last two portions were incorporated 

with BHT at 100 and 200 ppm. After the cashew leaf extract or BHT were added, the 

mixtures were thoroughly mixed for 5 min in order to ensure uniformity. Different 

samples were transferred into glass jar and the lid was closed. The samples were kept 

at room temperature (30 ± 2˚C). At designated times (0, 5, 10, 15, 20, 25 and 30 

days), the samples were taken for analyses. 

  5.3.4.1 Analyses  

  5.3.4.1.1 Measurement of peroxide value (PV) 

 PV was determined as per the method of Richards and Hultin 

(2002) with slight modifications. Mayonnaise (1 g) was homogenized at a speed of 

13,500 rpm for 2 min in 11 ml of chloroform/methanol (2:1, v/v) using a 

homogenizer. Homogenate was filtered using Whatman No. 1 filter paper. To 7 ml of 

the filtrate, 2 ml of 0.5% NaCl were added. The mixture was vortexed at a moderate 

speed for 30 s and then centrifuged at 3000xg for 3 min at 4˚C using a refrigerated 

centrifuge to separate the sample into two phases. Twenty-five microliters of 30% 

(w/v) ammonium thiocyanate and 25 ml of 20 mM iron (II) chloride were added to 3 
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ml of lower phase. The reaction mixture was allowed to stand for 20 min at room 

temperature and the absorbance at 500 nm was read. The blank was prepared in the 

same manner, except that the distilled water was used instead of ferrous chloride. A 

standard curve was prepared using cumene hydroperoxide at a concentration range of 

0-100 ppm. PV was expressed as mg cumenehydroperoxide/kg sample after blank 

subtraction. 

  5.3.4.1.2 Measurement of thiobarbituric acid-reactive 

substances (TBARS) 

   TBARS was determined according to the method of Hamzeh 

and Rezaei (2012) with slight modifications. The sample (10 g) was homogenized 

with 50 ml of distilled water at a speed of 5000 rpm for 2 min. The prepared sample 

was transferred into distillation flask. Thereafter, 47.5 ml of water and 2.5 ml of 4 N 

HCl were added into the flask to bring the pH down to 1.5. An antifoaming agent (1 

ml) and a few glass beads were added. The sample was distilled for 10 min to obtain 

50 ml of the distillate. Five milliliters of the distillate were added with 5 ml of TBA 

solution containing 0.375% thiobarbituric acid (w/v), 15% trichloroacetic acid (w/v) 

and 0.25 M HCl. The mixture was heated in a boiling water bath (95-100 ˚C) for 10 

min to develop a pink color, cooled with running tap water and centrifuged at 3600xg 

at 25 ˚C for 20 min. The absorbance of the supernatant was measured at 532 nm. A 

standard curve was prepared using 1,1,3,3-tetramethoxypropane at the concentrations 

ranging from 0 to 6 ppm. TBARS was calculated and expressed as mg 

malonaldehyde/kg sample. 

   5.3.4.1.3 Measurement of p-anisidine value 

 p-Anisidine value of the sample was determined according to 

the method of AOCS (AOCS, 1990). Sample (2 g) was added in 25 ml of isooctane. 

After mixing thoroughly, the sample was centrifuged at 5000xg for 10 min. The 

supernatant (5 ml) was mixed with 1 ml of 0.5% (w/v) p-anisidine in acetic acid for 

10 min. The absorbance was read at 350 nm. The p-anisidine value was calculated 

using following equation:  

                 p-anisidine value = 25 x [(1.2 x A2 - A1)/W] 
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where A1 = A350 before adding p-anisidine, A2 = A350 after adding p-anisidine and W= 

weight of sample (g). 

  5.3.4.1.4 Microbiological determination 

  Total viable count (TVC) was measured. Mayonnaise samples 

(25 g) were collected aseptically in a stomacher bag. After adding with 10 volumes of 

8.5 g/l sterile saline solution, the samples were mixed using a Stomacher blender 

(Stomacher M400, Seward Ltd., Worthington, England) for 1 min and a series of 10-

fold dilutions were made by the same diluent. TVC was determined by plate count 

agar (PCA) after the incubation at 35 ± 2 °C for 2 days (Fan et al., 2008).  

  5.3.4.1.5 Color 

  Mayonnaise samples were subjected to color measurement 

using a CIE colorimeter (Hunter associates laboratory, Inc., VA, USA) with the port 

size of 0.75 inch. The color of the mayonnaise was expressed as L*-value (lightness), 

a*-value (redness/greenness), b*-value (yellowness/blueness) and total difference of 

color (∆E*) were calculated as follows (Ghanbarzadeh et al., 2010): 

 
where ΔL*, Δa*and Δb* are the differences between the corresponding color 

parameter of the sample and that of white standard (L* = 92.25, a* = -0.99 and b* = 

1.78). 

  5.3.4.1.6 Sensory evaluation 

   Sensory evaluation of mayonnaise samples was conducted 

using multisample difference test (Meilgaard et al., 2007). Four attributes evaluated 

included acetic acid odor, fishy odor, rancid odor and color. Evaluation was carried 

out at day 0, 10, 20 and 30 of storage. Twelve trained panelists with the age of 20-35 

years were used. Prior to the evaluation, the panelists were trained three times a week 

with two sessions using a scale of 0 - 15, where 0 was no acetic acid, no rancidity, no 

fishy odor and light-yellow and 15 is the strongest acetic acid, the strongest rancidity, 

the strongest fishy odor and brown color, respectively. The panelists were asked to 
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open the sealable cup and sniff the headspace above the samples for odor evaluation 

(Yarnpakdee et al., 2012). 

  5.3.4.1.7 Determination of volatile compounds 

 Sample at day 0 and the sample without the extract or BHT 

(control) and that added with the cashew leaf extract at a level of 200 ppm at day 30 

were collected for analysis of volatiles. 

5.3.4.1.7.1 Extraction of volatile compounds by SPME fibre 

      To extract volatile compounds, the samples (3 g) were 

homogenized at a speed of 13,500 rpm for 2 min with 8 ml of distilled water. The 

mixture was centrifuged at 2000xg for 10 min at 4 ˚C. The supernatant (6 ml) was 

heated at 60 ˚C with equilibrium time of 1 h in a 20 ml headspace vial. Finally, the 

SPME fiber (75 µm CarboxenTM/PDMS StableFlexTM; (Supelco, Bellefonte, PA, 

USA) was exposed to the head space of the vial containing the sample extract and the 

volatile compounds were allowed to absorb in the SPME fiber for 1 h. The volatile 

compounds were then desorbed in the GC injector port for 10 min at 250 ˚C. 

5.3.4.1.7.2 GC-MS analysis 

GC-MS analysis was performed using a GC mass spectrometer 

consisting of an Agilent 7890B gas chromatography equipped with a 7000D triple-

quadrupole mass spectrometry detector (Agilent Technologies, Wilmington, DE, 

USA). Compounds were separated on VF-WAXms capillary column (30 m x 0.25 

mm ID; 0.25 μm film thickness, Agilent, USA). Helium was used as the carrier gas, 

with a constant flow of 1.5 ml/min and the injection was performed in the splitless 

mode. The GC oven temperature program was: 35 ˚C for 3 min, followed by an 

increase of 3 ˚C /min to 70 ˚C, then an increase of 10 ˚C /min to 200 ˚C and hold for 5 

min and finally an increase of 20 ˚C /min to a final temperature of 250 ˚C and hold for 

5 min. Transfer line temperature was maintained at 250 ˚C. Mass spectrometer 

conditions were: electronic ionization (EI) mode at 70 eV; source temperature: 230 

˚C; quad temperature: 150 ˚C; scanning rate 0.220s/scan; mass range: 10-200 amu. 
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5.3.4.1.7.3 Analysis of volatile compounds 

Identification of volatile compounds was performed, based on 

their retention times, compared with the mass spectra of reference compounds in the 

Wiley Mass Spectral Libraries (version 9). Selected volatile compounds identified 

related to lipid oxidation, included aldehydes, alcohols, ketones, etc., and were 

expressed as abundance of each identified compound. Analyses were done in 

duplicate.  

 5.3.5 Statistical analysis 

 All experiments were run in triplicate. Factorial design with 2 factors was used 

for experimental design. Data were subjected to analysis of variance (ANOVA) and 

mean comparisons were carried out using the Duncan’s multiple range test. Statistical 

analysis was performed using the statistical package for social sciences (SPSS for 

windows: SPSS Inc., Chicago, IL, USA). 

5.4 Results and discussion 

 5.4.1 Effect of cashew leaf extract on oxidative stability of fish oil enriched 

mayonnaise during storage 

  5.4.1.1 Peroxide value (PV) 

  Changes in PV of fish oil enriched mayonnaise without and with the 

addition of cashew leaf extract or BHT at levels of 100 and 200 ppm during storage of 

30 days at 30 ˚C are depicted in Figure 16A. At all storage times, the control sample 

(without antioxidants) had the higher PV than those containing cashew leaf extract or 

BHT (P<0.05). All samples had the marked increases in PV during the first 15 days of 

storage (P<0.05).  After 15 days of storage, a continuous decrease in PV was found in 

the control with increasing storage time (P<0.05). On the other hand, other samples 

had the increase in PV up to 25 days (P<0.05), followed by the slight decrease till the 

end of storage time (P<0.05). The decrease in PV was due to the decomposition of 

hydroperoxide to the secondary oxidation products (Chaijan et al., 2006). In general, 

the mayonnaise is susceptible to lipid oxidation due to their large surface area that 
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facilities the interactions between the oil and water-soluble prooxidants (Gorji et al., 

2016). Moreover, the pH is the main factor affecting lipid oxidation in fish oil 

enriched mayonnaise. In mayonnaise, egg yolk, used as the emulsifier, contained a 

large amount of iron (734 µM) (Jacobsen, 1999). The iron forms cation bridges 

between the protein phosvitin and other components at pH 6. At the low pH (3.8-4) 

found in the mayonnaise, the iron bridges between phosvitin, lipovilelin and low-

density lipoprotein (LDL) are destroyed and the iron is released, leading to the 

increased lipid oxidation (Jacobsen, 1999). When comparing PV of all samples 

containing antioxidants, the lowest increase in PV was found in the sample added 

with BHT at the concentration of 200 ppm, indicating the high efficiency in retarding 

lipid oxidation. Differences in PV between mayonnaises added with different 

antioxidants possibly resulted from differences in their polarity as well as localization 

of antioxidants in emulsion system. Recently, Chotphruethipong et al. (2017b) 

reported that catechin and isoquercetin were found as the dominant phenolic in 

cashew leaf extracts. These phenolics were more polar antioxidants, as compared to 

BHT. The hydrophobic antioxidants could have higher efficiency than hydrophilic 

antioxidant in the prevention of oxidation in oil-in-water emulsion systems by 

preferably orienting at oil-water interface and functioned as a hydrogen donor or 

radical scavenger (Yarnpakdee et al., 2015). Moreover, the efficiency in inhibiting 

lipid oxidation was also dependent on the concentration of the extracts used. The 

results indicated that BHT and cashew leaf extract at 200 ppm lowered PV more 

effectively than those at 100 ppm (P<0.05). Thus, the concentration of antioxidants 

used was an essential factor determining the efficiency in inhibiting lipid oxidation, 

especially at the early stage. 

  5.4.1.2 TBARS 

  Changes in TBARS in fish oil enriched mayonnaise in the absence and 

presence of different antioxidants at various concentrations are shown in Figure 16B. 

TBARS values of all samples increased when storage time increased (P<0.05). The 

control sample showed the higher TBARS values, compared to the samples 

containing antioxidants (P<0.05). After the first 5 days of storage, all samples had a 

marked increase in TBARS up to 15 days (P<0.05). Subsequently, TBARS values of 
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all samples were slightly increased up to the end of storage (P<0.05). Increases in 

TBARS value indicated the decomposition of hydroperoxides into the secondary 

products (Coupland et al., 1996). Hydroperoxides are decomposed to malonaldehyde, 

which contributes to off-flavor of oxidized lipids (Zhang et al., 2013). Among all 

samples containing antioxidants, the samples added with BHT at 200 ppm exhibited 

stronger oxidative stability than those added with BHT at 100 ppm or cashew leaf 

extracts at both concentrations (P<0.05). The differences in ability in inhibiting 

oxidation of the different antioxidants were probably owing to the differences in 

hydrophobicity/hydrophilicity balance as well as their localization in emulsion system 

(Yarnpakdee et al., 2015). When comparing TBARS values between the sample 

added with cashew leaf extract at 100 ppm and 200 ppm, the latter had lower TBARS 

than the former throughout 30 days of storage (P<0.05). The result suggested that the 

efficiency in inhibiting lipid oxidation depended on the concentration of extracts used. 

Chotphruethipong et al. (2017a) reported that cashew leaf extract was able to donate 

hydrogen atom to free radicals, and could inhibit the propagation chain reaction 

during lipid oxidation process. Also, the extract was able to chelate the metal, known 

as prooxidant (Chotphruethipong et al., 2017a). Thus, cashew leaf extract and BHT at 

the levels of 200 ppm were effective in retarding lipid oxidation in fish oil enriched 

mayonnaise at 30˚C for 30 days. 

  5.4.1.3 p-Anisidine value (AnV) 

  AnV of fish oil enriched mayonnaise without and with antioxidants at 

different concentrations during storage of 30 days at 30 ˚C is shown in Figure 16C. 

Overall, a similar trend was observed in comparison with TBARS values. AnV of all 

samples increased as the storage time increased (P<0.05). The control sample had the 

highest AnV, as compared to the samples containing antioxidants throughout 30 days 

of storage (P<0.05). At day 0, there was no differences in AnV between the samples 

containing antioxidants (P>0.05). Moreover, there were no differences in AnV 

between the samples added with BHT and cashew leaf extract at the concentration of 

200 ppm at day 30 (P>0.05). Cashew leaf extract showed the antioxidative activity in 

mayonnaise in a dose dependent manner (P<0.05). The increase in AnV indicated the 

formation of the secondary lipid oxidation products, mainly non-volatile compounds 
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(principally 2-alkenals and 2,4-alkadienals) in lipids (Choe and Min, 2006). When 

comparing AnV of the samples containing antioxidants, the lowest AnV was observed 

for the sample added with BHT at the concentration of 200 ppm (P<0.05), whereas 

the highest AnV was found in the sample added with cashew leaf extract at 100 ppm 

(P<0.05). During emulsification, oxidation could take place, especially in the absence 

of antioxidant. This was shown by the higher PV, TBARS and AnV values in the 

control at day 0. Thus, cashew leaf extract, especially at 200 ppm, could be used as a 

natural antioxidant to retard the formation of non-volatile lipid oxidation products in 

fish oil enriched mayonnaise during the extended storage. 

 5.4.2 Effect of cashew leaf extract on microbial load of fish oil enriched 

mayonnaise during storage 

  TVC of all samples was below the recommended values of the Thai 

Industrial Standard (1997) (TVC <103 CFU/g) during 30 days of the storage (data not 

shown). Organic acids used as ingredients in mayonnaise including acetic acid and 

citric acid could lower the pH and acted as antimicrobial agents (Hinton Jr, 2006). 

The concentration of acids used was more likely sufficient to inhibit the microbial 

growth. In general, organic acids are effective food preservatives by lowering the pH 

of food products to levels that can inhibit bacterial growth (Beales, 2004). Organic 

acids are able to penetrate cell membranes of microorganisms and intracellular 

dissociation, resulting in acidification of the cytoplasm and intracellular acid anion 

accumulation to toxic levels (Hinton Jr, 2006). Moreover, the addition of cashew leaf 

extract in mayonnaise might result in the reduction of microbial count. It has been 

reported that cashew leaf extract had antimicrobial activity against Porphyromonas 

gingivalis, Prevotella intermedia, Escherichia coli, Shigella dysenteriae, Salmonella 

Typhimurium, Stapphylococcus aureus and Pseudomonas auroginosa (Varghese, 

2013). Thus, the use of organic acids such as citric acid and acetic in combination 

with cashew leaf extract plausibly inhibited the microbial growth, leading to the 

extension of shelf-life and quality maintenance of fish oil enriched mayonnaise. 
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Figure 16 Changes in peroxide value (PV) (A), thiobarbituric acid reactive substances    

(TBARS) (B) and p-Anisidine value (AnV) (C) of fish oil enriched  

mayonnaise without and with cashew leaf extract or BHT at various levels 

during the storage at 30±2˚C for 30 days. Bars represent standard deviation 

(n = 3). CE: cashew leaf extract and BHT: Butylated hydroxytolulene. 
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 5.4.3 Effect of cashew leaf extracts on color and sensory properties of fish 

oil enriched mayonnaise during storage  

  Color changes in lightness (L*), redness (a*), yellowness (b*) and total 

color difference (ΔE*) of fish oil enriched mayonnaise added without and with 

antioxidants at various concentrations during storage of 30 days at 30 ˚C are shown in 

Table 14. An increase in the storage time resulted in the decrease in L* value of all 

samples tested (P<0.05). On the other hand, a*, b*and ΔE*values of all samples 

increased when the storage time increased (P<0.05). These discolorations were 

probably associated with lipid oxidation products generated during storage, which 

might serve as the source of carbonyl compounds for non-enzymatic browning 

reaction as well as polymerization of oxidized phenolic compounds (Bharate and 

Bharate, 2014). Moreover, the addition of cashew leaf extract resulted in the decrease 

in lightness and an increase in redness as well as ΔE*values (P<0.05). ΔE* values of 

the sample containing cashew leaf extract were higher than those of other samples 

(P<0.05). This might be due to pigments present in cashew leaf extract, which most 

likely contributed to the changes in color of mayonnaise during storage. Altunkaya et 

al. (2013) reported that the addition of grape seed extract decreased in lightness and 

yellowness of the mayonnaise samples, while increased redness. Moreover, the 

intensity of color might depend on the amount of the extract added. The result 

revealed that the mayonnaise added with 200 ppm cashew leaf extract had higher 

decrease in L* value and higher increases in a* and b* values than those of the 

mayonnaise containing cashew leaf extract at the lower concentration. At the end of 

storage, the highest L* value and the lowest a* value were observed in mayonnaise 

added with BHT at the level of 200 ppm (P<0.05), while the lowest L* value and the 

highest a*, b* and ΔE* values were found in the sample added with cashew leaf 

extract at 200 ppm (P<0.05). No difference in b* and ΔE* values between the 

samples containing BHT at both levels was found (P>0.05). Although, cashew leaf 

extract at high concentration could retard the lipid oxidation product as indicated by 

the lower PV and TBARS formations, the pigments in the extract might impact on 

color changes of mayonnaise, especially with extended storage. Chlorophyll 

underwent pheophytin at acidic condition. 
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  Changes in sensorial characteristics including rancid, fishy and acetic 

acid odors as well as color of fish oil enriched mayonnaise without and with 

antioxidants at different concentrations are shown in Table 15. Within the first 10 

days of storage, there were no differences in scores between samples for all odors 

evaluated (P>0.05). However, the sample containing cashew leaf extract at the level 

of 200 ppm showed the highest score of color, compared to other samples (P<0.05). 

The result indicated the changes in color of sample, in which brown color was 

developed. This was in accordance with the decrease in L* value of sample (Table 

14). After day 20 of storage, the highest score of rancidity was observed in the 

control, as compared to other samples (P<0.05), indicating that lipid oxidation 

proceeded to higher extent. The result was in agreement with the TBARS values 

(Figure 16B), in which the higher value was found in the control sample (P<0.05). No 

difference in score of acetic acid odor was found among all samples tested throughout 

30 days of storage (P>0.05). At the end of storage, the sample containing BHT or 

cashew leaf extract at both levels had lower intensity of fishy and rancid odors than 

the control (P<0.05). Also, there was no difference in both attributes among samples 

containing BHT and cashew leaf extracts at all levels added (P>0.05). Rancid odor 

was generally in accordance with rancidity odor. It was reported that lipid oxidation 

of fish lipid contributed to development of fishy odor (Yarnpakdee et al., 2012). Thus, 

the addition of cashew leaf extracts in mayonnaise could prevent off-odor, especially 

rancidity. Nevertheless, the addition of cashew leaf extract negatively, affected the 

color of mayonnaise, particularly when the extract at high level was incorporated.    

 5.4.4 Effect of cashew leaf extract on volatile compounds of fish oil 

enriched mayonnaise during storage 

  Selected volatile compounds in fish oil enriched mayonnaise added 

without and with cashew leaf extract at 200 ppm at day 0 and day 30 of storage at 30 

°C are presented in Table 16. Fish oil enriched mayonnaise had high content of 

linoleic acid (18:2), linolenic acid (18:3) eicosapentanoic acid (20:5) and 

docosahexaenoic acid (22:6), which are susceptible to oxidation (Depree and Savage, 

2001). Sae-leaw and Benjakul (2017) reported that oil extracted from seabass visceral 

depot fat contained oleic acid (25.49%), palmitic acid (21.8%), linoleic acid (13.84 
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%), DHA (6.91%) and EPA (2.09%). In general, volatile compounds detected in 

mayonnaise at day 0 of storage were lower in abundance than those found at the end 

of storage (30 days). After storage, aldehydes were the most prominent volatiles 

detected in all samples. At day 0 of storage, pentanal and hexanal were found as the 

major compounds in the control sample. The result suggested that oxidation had 

already taken place before or during mayonnaise preparation. Other aldehydes 

including benzaldehyde, (E)-2-decenal, heptenal and (E)-2-hexenal were also detected 

at the low levels. Hexanal and heptenal were major compounds, which contributed to 

rancid odor and fishy odor (Yarnpakdee et al., 2012). Moreover, volatile alcohols (1-

methyl-4-(1-methylethenyl)-cyclohexanol), ketones (1-penten-3-one) and furans (2-

ethyl-furan) were found at low contents at day 0. At the end of storage, lower 

formation of volatile compounds were observed in the sample containing cashew leaf 

extract, compared with the control sample. This result was coincidental with lower 

TBARS formation (Figure 16B), indicating that cashew leaf extract at a level of 200 

ppm had high efficiency in preventing the formation of volatile lipid oxidation 

compounds. In the control, pentanal and hexanal were the predominant aldehydes. 2-

hydroxy-3-pentanane and 1-octen-3-ol were the prevalent ketone and alcohol, 

respectively. Additionally, some additional volatile compounds were detected in the 

samples after storage. For the sample containing the cashew leaf extract, the lower 

abundance of aforementioned compounds was noticeable. Aldehydes, ketones and 

alcohols have been known to be associated with lipid oxidation (Sae-leaw and 

Benjakul, 2014), which might occur during storage. Several volatiles compounds in 

both samples have been shown to correlate with increased fishy and rancid off-flavor 

in fish oil enriched mayonnaise. Those included 3-methyl-butanal, 2-ethyl-furan, 1-

penten-3-one, 1-octen-3-ol and (E, E)-2,4-heptadienal (Jacobsen et al., 2000). 

Hexanal was a degradation product of linoleic acid hydroperoxide, which was 

responsible for grassy and fatty odor (Yu et al., 2016). Unsaturated alcohols including 

1-octen-3-ol and 1,5-octadien-3-ol also had impact on off-flavors, mushroom-like 

odor (Bader et al., 2009). Furans were increased after 30 days of storage, especially 

for the control. Furans and their derivatives such as 2-ethylfuran and 2-pentylfuran are 

formed by the decomposition of 12-hydroperoxide of linolenate (18:3n-3), 14-

hydroperoxide of eicosapentaenoate (20:5n-3) and 16-hydroperoxide of 

https://dict.longdo.com/search/aforementioned
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docosahexaenoate (22:6n-3) (Maqsood and Benjakul, 2011). Thus, volatile 

compounds presented in fish oil enriched mayonnaise more likely affected their 

sensory properties, particularly odors and flavors. Nevertheless, their formation could 

be retarded by the addition of cashew leaf extract.  

Table 14. Changes in L*, a*, b* and ΔE* values of fish oil enriched mayonnaise 

without and with cashew leaf extract or BHT at various levels during storage of 30 

days at 30 ˚C 

Storage 
time (days) Samples L* a* b* ΔE* 

0 Control 73.48±0.01aA 3.37±0.04bG 30.76±0.39bcD 34.81±0.32cA 

 
CE100 ppm 72.23±0.16cA 3.68±0.04aE 31.41±0.60abE 36.07±0.53bE 

 
CE200 ppm 72.03±0.06dA 3.66±0.04aF 31.84±0.63aE 36.52±0.53aG 

 
BHT100 ppm 73.42±0.43aA 3.37±0.03bD 29.97±0.01cC 34.18±0.24cE 

 
BHT200 ppm 72.95±0.08bA 3.35±0.04bE 30.45±0.47cC 34.84±0.40cD 

5 Control 72.24±0.12abB 3.55±0.04bF 31.30±0.01cD 35.95±0.08cB 

 
CE100 ppm 71.57±0.45cB 3.73±0.06aE 33.65±0.05bCD 38.28±0.29bD 

 
CE200 ppm 71.59±0.04cA 3.74±0.03aE 34.43±0.31aD 38.92±0.27aF 

 
BHT100 ppm 72.48±0.01aB 3.51±0.03bC 30.28±0.18dBC 34.98±0.15dDE 

 
BHT200 ppm 71.91±0.03bcB 3.32±0.06cE 30.32±0.32dBC 35.31±0.28dCD 

10 Control 71.50±0.03bC 3.76±0.02aE 32.32±0.11cC 37.22±0.14cC 

 
CE100 ppm 70.84±0.22cC 3.86±0.04aD 33.45±0.43bD 38.53±0.45bCD 

 
CE200 ppm 69.24±1.03cB 3.84±0.02aD 34.86±0.50aCD 40.59±0.25aD 

 
BHT100 ppm 71.48±0.01bC 3.32±0.19cD 31.12±0.24dB 35.43±0.15dD 

 
BHT200 ppm 71.96±0.03aB 3.55±0.02bD 30.15±0.61dABC 35.99±0.51dBCD 

15 Control 69.08±0.02dD 3.83±0.02cD 34.36±0.14bAB 40.27±0.42bB 

 
CE100 ppm 71.01±0.05bC 3.91±0.01bCD 34.42±0.27bC 39.25±0.25cC 

 
CE200 ppm 69.04±0.02dC 4.10±0.01aC 35.73±0.22aC 41.44±0.18aE 

 
BHT100 ppm 70.56±0.04cD 3.75±0.03dB 31.23±0.61cB 36.88±0.48dC 

 
BHT200 ppm 71.54±0.37aC 3.61±0.02eC 31.37±0.29cABC 36.41±0.44dBC 
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Table 14. (continued) 

Storage 
time (days) Samples L* a* b* ΔE* 

20 Control 68.16±0.62bE 3.88±0.01bC 33.54±0.36bB 40.16±0.56bB 

 
CE100 ppm 70.68±0.54aC 3.97±0.02bC 35.78±0.55aB 40.57±0.67bB 

 
CE200 ppm 68.43±0.03bD 4.03±0.07aC 36.82±0.50aB 42.66±0.40aC 

 
BHT100 ppm 69.01±0.60bE 3.76±0.03bB 32.42±1.02bcA 38.75±1.16cAB 

 
BHT200 ppm 70.98±0.01aD 3.71±0.03bB 31.86±0.86cAB 37.10±0.71dB 

25 Control 67.49±0.07bF 4.05±0.03cB 33.93±0.79bB 40.89±0.65cB 

 
CE100 ppm 67.40±0.02bD 4.16±0.03bB 37.05±0.54aA 43.45±0.43bA 

 
CE200 ppm 65.02±0.03cE 4.53±0.03aB 38.18±0.55aA 45.79±0.42aB 

 
BHT100 ppm 67.40±0.17bG 3.85±0.03dAB 32.51±0.50bcA 38.35±0.08dB 

 
BHT200 ppm 68.52±0.08aE 3.82±0.09dA 32.06±1.46cA 38.71±1.18dA 

30 Control 66.85±0.04cG 4.37±0.02cA 35.10±0.65cA 42.24±0.49cA 

 
CE100 ppm 66.14±0.05dE 4.57±0.04bA 37.07±0.53bA 44.25±0.44bA 

 
CE200 ppm 60.35±0.02eF 7.70±0.06aA 38.64±0.70aA 49.51±0.51aA 

 
BHT100 ppm 68.36±0.05bF 3.96±0.04dA 33.13±0.59dA 39.65±0.45dA 

 
BHT200 ppm 68.48±0.02aE 3.85±0.04eA 32.45±0.61dA 39.18±0.50dA 

Values are mean ± SD (n=3).  
Different lowercase superscripts within the same storage time in the same column 
denotes the significant difference (P<0.05).  
Different uppercase superscripts within the same sample in the same column denotes 
the significant difference (P<0.05). 
CE100 ppm and CE200 ppm: mayonnaise added with cashew leaf extracts at the 
concentration of 100 ppm and 200 ppm, respectively. 
BHT100 ppm and BHT200 ppm: mayonnaise added with butylated hydroxytoluene at the 
concentration of 100 ppm and 200 ppm, respectively. 
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Table 15. Changes in sensorial characteristics of fish oil enriched mayonnaise without 

and with cashew leaf extract or BHT at various levels during storage of 30 days at 30  

˚C 

Storage 
time 

(days) 

Samples Attributes 

Rancid odor Fishy odor Acetic acid 
odor 

Color 

0 Control 3.51±0.92aC 5.58±1.26aB 13.84±1.67aA 2.75±0.64aC 
 CE100 ppm 3.64±0.99aB 4.73±0.89aB 13.47±1.09aA 2.94±0.54aC 
 CE200 ppm 3.54±0.88aA 4.89±0.90aA 13.46±1.71aA 3.14±1.13aD 
 BHT100 ppm 3.34±0.65aB 4.76±1.19aA 13.88±0.86aA 2.83±0.41aC 
 BHT200 ppm 3.61±1.09aA 4.64±1.01aA 13.79±0.91aA 2.80±0.66aC 

10 Control 4.17±0.90aC 5.68±1.17aB 14.09±1.15aA 2.99±0.45cC 
 CE100 ppm 3.90±0.71aB 5.20±1.17aAB 13.56±0.89aA 4.05±1.31bcC 
 CE200 ppm 3.77±1.11aA 5.15±1.26aA 13.24±1.25aA 7.36±1.08aC 
 BHT100 ppm 3.80±0.90aAB 5.06±0.97aA 13.88±0.86aA 3.38±1.04bcC 
 BHT200 ppm 3.54±0.88aA 4.71±0.92aA 13.63±1.27aA 4.50±1.30bB 

20 Control 6.44±1.33aB 5.86±1.25aAB 14.14±0.78aA 6.53±1.56bcB 
 CE100 ppm 4.50±1.43bAB 6.01±1.11aA 13.78±0.74aA 7.25±2.04bB 
 CE200 ppm 4.19±1.05bA 5.95±1.24aA 13.96±0.80aA 11.34±1.16aB 
 BHT100 ppm 4.06±0.98bAB 5.06±0.79abA 13.71±0.78aA 5.43±1.84bcB 
 BHT200 ppm 3.79±0.58bA 4.68±1.01bA 13.51±0.94aA 5.08±1.60cB 

30 Control 7.82±1.39aA 7.34±1.48aA 14.01±0.89aA 8.31±1.24bA 
 CE100 ppm 5.37±1.73bA 6.38±1.48abA 13.49±0.84aA 10.34±3.07bA 
 CE200 ppm 4.79±1.75bA 6.14±1.81abA 14.07±0.86aA 13.94±0.89aA 
 BHT100 ppm 4.69±1.07bA 5.01±0.63bA 13.63±0.78aA 9.29±1.64bA 
 BHT200 ppm 4.31±0.85bA 4.86±1.07bA 13.76±1.03aA 9.10±1.56bA 

Values are mean ± SD (n=3).  
Different lowercase superscripts within the same storage time in the same column 
denotes the significant difference (P<0.05). 
Different uppercase superscripts within the same sample in the same column denotes 
the significant difference (P<0.05).  
CE100ppm and CE200ppm: mayonnaise added with cashew leaf extracts at the 
concentration of 100 ppm and 200 ppm, respectively.  
BHT100 ppm and BHT200 ppm: mayonnaise added with butylated hydroxytoluene at the 
concentration of 100 ppm and 200 ppm, respectively. 
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Table 16. Volatile compounds in fish oil enriched mayonnaise without and with 200 

ppm cashew leaf extract at day 0 and day 30 of storage at 30 ˚C 

Volatile compounds 
Peak area (Abundance) x105 

Control day 0 day 30 
Control CE200 

Furans    
2-Ethyl-furan 29 330 143 
2-Pentyl-furan ND 33 ND 

Aldehydes   
Propanal ND 49 50 
2-Methyl-butanal ND ND 56 
3-Methyl-butanal ND 295 25 
Pentanal 119 697 219 
Hexanal 162 695 574 
(E)-2-Hexenal 5 ND ND 
Heptenal 10 273 70 
(E, E)-2,4-heptadienal ND 125 95 
Octanal ND 52 ND 
(E)-2-decenal 15 ND ND 
Benzaldehyde 22 215 50 

Ketones    
1-phenyl-1,2-propandione ND ND 71 
1-Penten-3-one 5 169 ND 
2,3-Pentanedione ND 49 ND 
2-Hydroxy-3-pentanone ND 1940 ND 
Alcohols    
1-Cyclobutylcyclopropanol ND 44 ND 
1-Penatanol ND 107 ND 
(Z)-2-pentenol ND 40 56 
(E)-2-hexenol ND 64 ND 
1-Methyl-4-(1-methylethenyl)-
cyclohexanol 

9 ND ND 

1-Octen-3-ol ND 2712 ND 
(Z)-1,5-octadien-3-ol ND 42 ND 

ND: not detectable. 
CE200ppm: mayonnaise added with cashew leaf extracts at the concentration of 200 
ppm. 
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5.5 Conclusion 

  Cashew leaf extract and BHT at the concentration of 200 ppm 

effectively inhibited lipid oxidation of fish oil enriched mayonnaise during storage as 

indicated by lower PV, TBARS and AnV values. However, addition of cashew leaf 

extract at both levels (100 ppm and 200 ppm) decreased L* but increased a*, b* and 

ΔE* values. Rancidity and fishy odor of the samples containing cashew leaf extract at 

200 ppm were lower than control sample. This was related with the decrease in 

volatile secondary lipid oxidation products in mayonnaise. TVC of all samples was 

below 103 CFU/g throughout 30 days of the storage. Thus, cashew leaf extract, 

especially at the level of 200 ppm, could be used as a natural antioxidant for 

retardation of the lipid oxidation in fish oil enriched mayonnaise during the extended 

storage at room temperature. 
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CHAPTER 6 

SUMMARY AND FUTURE WORKS 

6.1 Summary 

1. Optimization of extraction of antioxidative phenolic compounds from cashew 

leaves was achieved by statistical models and experimental design. Solvent, 

temperature, time and ethanol-to-solid ratio had the impact on extraction of phenolic 

compounds. The optimal condition for the extraction was as follows: 34.7˚C for 64 

min with 80% ethanol-to-solid ratio of 18:1 (v/w). The most predominant compound 

in the extract was isoquercetin.  

2. Ultrasound-assisted process was an effective method to enhance extraction 

yield and antioxidative activity of the ethanolic extract from cashew leaves via 

cavitation mechanism. Optimal condition for extraction was as follows: the amplitude 

of 77% for 31 min with 80% ethanol-to-solid ratio of 18:1 (v/w). Moreover, some 

additional phenolics, apart from isoquercetin, were quercetin, apigenin and 

eriodictyol. 

3. Different extraction methods and the concentration of extracts determined 

antioxidative activities of cashew leaf extracts. Activity was increased as the 

concentration increased up to 0.1 mg/ml. Both extracts exhibited fairly stable when 

heated at 60-100 ˚C for 60 min and stable at pH ranges of 6-8. Additionally, the 

extract from ultrasound-assisted method showed the higher efficacy than that of 

conventional method in preventing oxidation both emulsion and liposome systems.  

4. Cashew leaf extract into fish oil enriched mayonnaise was able to prevent 

lipid oxidation and retarded the development of fishy odor of product in dose-

dependent manner. However, its efficacy was lower than BHT at the same level. 

Furthermore, the addition of cashew leaf extract affected color of product.  
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6.2 Future works 

1. Discoloration in mayonnaise caused by cashew leaf extract should be 

solved, in which wider and more effective applications can be achieved. 
 

2. The uses of cashew leaf extract should be tested in different food products, 

especially in combination with other antioxidants or appropriate packaging.  
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