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Pineapple waste are often discarded during processing and fresh 

consumption. Often, these waste would accumulate and decompose in 

landfills. The biodecomposition of pineapple wastes led to the release of 

methane gas which causes global warming. Alternatively, pineapple waste 

could be utilized as a functional Halal ingredient to overcome disposal issues. 

Thus, this study aimed to develop a powder ingredient from the enzyme-

treated MD2 pineapple peel extract as a Halal component following the specific 

objectives; 1) to characterize the phenolic and volatile compounds from MD2 

pineapple peel and core extracts, 2) to study the effect of pectinase and 

cellulase in the extraction of phenolics and volatile compounds from MD2 

pineapple peel extracts, 3) to study the extraction process parameters by 

optimization  using response surface methodology (RSM) on MD2 pineapple 
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peel extracts 4) to study the effect of carrier agents and drying techniques in 

the encapsulation of extracts on its functional properties. Enzyme treatments 

were performed on MD2 pineapple peel under the influence of different 

enzyme concentrations (0-1.5% (v/v), and solid to solvent ratios (1:1-1:8 

g/mL). In order to identify the kinetic parameters, second-order kinetic 

modelling was evaluated. Then, the identification of different phenolic fractions 

was carried out using acid-alkali hydrolysis. To further optimize, response 

surface methodology was employed to evaluate the optimal conditions of the 

extraction process. The optimized cellulase-treated MD2 pineapple peel 

extract was encapsulated by both spray-drying and foam-mat drying. Bioactive 

volatile compounds were identified in the extracts and microencapsulated 

cellulase-treated MD2 pineapple peel extract powder. The MD2 pineapple peel 

extracts were observed to show substantially greater (p<0.05) amounts of total 

phenolic (TPC) and flavonoid (TFC) compounds than the core extract. 

Furthermore, peel extract showed improved antioxidant activity, with an IC50 of 

0.63 mg/mL in comparison to the core. Meanwhile, bioactive volatile 

compounds identified were 5-(Hydroxymethyl) furan-2-carbaldehyde 

(aldehyde),  4H-Pyran-4-one, 2, 3-dihydro-3, 5-dihydroxy-6-methyl (DDMP), 

1,2-benzenediol, 1,4-benzenediol, n-decanoic and n-Hezadecanoic acids. The 

effect of enzyme-assisted extraction on phenolics showed that the extraction 

process improved at a treatment of 1.5% (v/v) cellulase concentration, and 1:4 

g/mL of solid to solvent ratio, respectively. The maximum yield of phenolics 

obtained by cellulase extraction was 8.72 mg GAE/g per dry weight basis (DW) 

using second-order kinetic modelling (R2 = 0.9189). When compared to non-

enzyme treatment, insoluble-bound phenolics (IBP) extraction increased 
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considerably (p<0.05) by 99.79% following the cellulase treatment. Bioactive 

volatile compounds present comprised of benzophenone, beta-sitosterol, 

gamma-sitosterol, stigmast-8(14)-en-3 beta.ol and phenol, 2, 4-bis (1,1-

dimethyl ethyl). Through optimisation of cellulase-assisted extraction process 

using RSM, parameter conditions obtained were 48.21°C and 132 min of 

extraction temperature and time, respectively. Meanwhile, during the 

encapsulation process, spray-drying showed good physical properties. Both 

drying techniques showed good encapsulation efficiency (EE%) of above 89% 

with spray-drying showing the highest solubility (75.42 – 98.53%). 

Encapsulation of IBP and bioactive volatile compounds using 10% GA 

comprised of 2-Methoxy-4-vinylphenol and Phenol, 2,4-bis(1,1-dimethylethyl). 

In conclusion, an improved extraction process utilizing cellulase and 

optimization enhanced the release of phenolics from MD2 pineapple peel 

extracts. Alternatively, the presence of esters and aldehydes detected in the 

extracts and microencapsulated powder could replace synthetic flavouring 

agents such as vanillin extracted using alcohol. Meanwhile, the presence of 

fatty acids and sterols could replace fatty acids derived from pork fat. 

Furthermore, microencapsulated cellulase-treated MD2 pineapple peel extract 

powder rich in insoluble-bound phenolics, and bioactive volatile compounds 

may find applications as ingredients in Halal additives, pharmaceutical and 

cosmetic products. 

Keywords: enzyme-assisted extraction; bioactive compounds; foam-mat 
drying; MD2 pineapple peel; spray-drying

SDG: GOAL 12: responsible consumption and production; GOAL 13: climate 
action 



© C
OPYRIG

HT U
PM

iv 

Abstrak tesis yang dikemukan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah 

PENYIFATAN, PENGOPTIMUMAN PENGEKSTRATAN DAN 
MIKROENKAPSULASI KOMPOUN BIOAKTIF DARIPADA KULIT NANAS 

ANANAS COMOSUS L. (Merr) YANG DIRAWAT SELULAS 

Oleh 

NUR LIYANA BINTI NORDIN 

Januari 2024

Pengerusi : Rabiha Sulaiman, PhD 
Institut : Institut Penyelidikan Produk Halal 

Sisa nanas sering dibuang semasa pemprosesan dan penggunaan segar. 

Selalunya, sisa ini akan terkumpul di tapak pelupusan sampah dan 

terbiodekomposisi. Biodekomposisi sisa nanas membawa kepada 

pembebasan gas metana yang menyebabkan pemanasan global. Sebagai 

alternatif, sisa nanas boleh digunakan sebagai bahan bernilai tinggi untuk 

mengatasi isu pelupusan. Justeru, kajian ini bertujuan untuk membangunkan 

ramuan serbuk daripada ekstrak kulit nanas MD2 yang dirawat enzim sebagai 

komponen Halal mengikut objektif khusus; 1) Untuk mencirikan sebatian 

fenolik dan meruap daripada kulit nanas MD2 dan ekstrak teras, 2) Untuk 

mengkaji kesan pektinase dan selulase dalam pengekstrakan fenolik dan 

sebatian meruap daripada ekstrak kulit nanas MD2, 3) Untuk mengkaji 

parameter proses pengekstrakan secara pengoptimuman menggunakan RSM 
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pada ekstrak kulit nanas MD2 4) Untuk mengkaji kesan agen pembawa dan 

teknik pengeringan dalam pengkapsulan ekstrak terhadap sifat fungsinya.

Rawatan enzim telah dilakukan pada kulit nanas MD2 di bawah pengaruh 

kepekatan enzim yang berbeza (0-1.5% (v/v)), dan nisbah pepejal kepada 

pelarut (1:1-1:8 g/mL). Untuk mengenal pasti parameter kinetik, pemodelan 

kinetik peringkat kedua dinilai. Kemudian, pengenalpastian pecahan fenolik 

yang berbeza telah dijalankan menggunakan hidrolisis asid-alkali. Untuk 

mengoptimumkan lagi proses pengekstrakan, Metodologi permukaan tindak 

balas digunakan untuk menilai keadaan optimum. Ekstrak kulit nanas MD2 

yang dirawat selulase yang dioptimumkan telah dikapsulkan dengan 

pengeringan semburan dan pengeringan tikar buih. Sebatian meruap bioaktif 

telah dikenalpasti dalam ekstrak dan kulit nanas MD2 yang dirawat dengan 

selulase mikroenkapsul. Ekstrak kulit nanas MD2 diperhatikan menunjukkan 

jumlah sebatian fenolik (TPC) dan flavonoid (TFC) yang lebih besar (p<0.05) 

berbanding ekstrak teras. Tambahan pula, ekstrak kulit menunjukkan aktiviti 

antioksidan yang lebih baik, dengan IC50 sebanyak 0.63 mg/mL berbanding 

dengan teras. Sementara itu, sebatian meruap bioaktif yang dikenal pasti ialah 

5-(Hydroxymethyl) furan-2-karbaldehid (aldehid), 4H-Pyran-4-one, 2, 3-

dihydro-3, 5-dihydroxy-6-methyl (DDMP), 1, Asid 2-benzenediol, 1,4-

benzenediol, n-decanoic dan n-Hezadecanoic. Kesan pengekstrakan 

berbantukan enzim ke atas fenolik menunjukkan bahawa proses 

pengekstrakan bertambah baik pada rawatan 1.5% (v/v) kepekatan selulase, 

dan 1:4 g/mL nisbah pepejal kepada pelarut, masing-masing. Hasil maksimum 

fenolik yang diperoleh melalui pengekstrakan selulase ialah 8.72 mg GAE/g 

setiap asas berat kering (DW) menggunakan pemodelan kinetik tertib kedua 
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(R2 = 0.9189). Jika dibandingkan dengan rawatan bukan enzim, 

pengekstrakan fenolik terikat tidak larut (IBP) meningkat dengan ketara 

(p<0.05) sebanyak 99.79% selepas rawatan selulase. Sebatian meruap 

bioaktif hadir terdiri daripada benzofenon, beta-sitosterol, gamma-sitosterol, 

stigmast-8(14)-en-3 beta.ol dan fenol, 2, 4-bis (1,1-dimetil etil). Melalui 

pengoptimuman proses pengekstrakan berbantukan selulase menggunakan 

RSM, keadaan parameter yang diperolehi ialah 48.21°C suhu dan 132 min 

masa pengekstrakan. Sementara itu, semasa proses enkapsulasi, 

pengeringan semburan menunjukkan sifat fizikal yang baik. Kedua-dua teknik 

pengeringan menunjukkan kecekapan enkapsulasi yang baik (EE%) melebihi 

89% dengan pengeringan semburan menunjukkan keterlarutan tertinggi 

(75.42 – 98.53%). Enkapsulasi IBP dan sebatian meruap bioaktif 

menggunakan 10% GA terdiri daripada 2-Methoxy-4-vinylphenol dan Phenol, 

2,4-bis(1,1-dimethylethyl). Kesimpulannya, proses pengekstrakan yang lebih 

baik menggunakan selulase dan pengoptimuman meningkatkan pembebasan 

fenolik daripada ekstrak kulit nanas MD2. Sebagai alternatif, kehadiran ester 

dan aldehid yang dikesan dalam ekstrak dan serbuk mikroenkapsul boleh 

menggantikan agen perasa sintetik seperti vanillin yang diekstrak 

menggunakan alkohol. Sementara itu, kehadiran asid lemak dan sterol boleh 

menggantikan asid lemak yang diperoleh daripada lemak babi. Tambahan 

pula, serbuk ekstrak kulit nanas MD2 yang dirawat dengan selulase 

mikroenkapsul yang kaya dengan fenolik terikat tidak larut, dan sebatian 

meruap bioaktif mungkin boleh digunakan sebagai bahan dalam bahan 

tambahan Halal, produk farmaseutikal dan kosmetik.
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Kata kunci: pengekstrakan bantuan enzim; Kulit nanas MD2; fenolik terikat 
tidak larut; sebatian meruap; pengeringan semburan; pengeringan tikar buih

SDG: penggunaan dan pengeluaran yang bertanggungjawab (12); tindakan 
iklim (13)
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CHAPTER 1

INTRODUCTION

1.1 Background

In Halal Thoyyiban concept, chemical ingredients in products should abide by 

Islamic law and contain no porcine and alcohol residues (Hashim & Mat 

Hashim, 2013). The term Halal Thoyyiban (good), is concurrent which is 

permitted by Islamic law, clean, and poses no health risk (Sugibayashi et al.,

2019; Che Man & Sazili, 2010). Substantial awareness of the origin has 

occurred in recent years for Halal ingredients from plant-based constituents 

(Borhan, 2021). The is due to the nature of the ingredient, which allows 

industries to manufacture Halal chemical products (Sugibayashi et al., 2019). 

Fruit peel extracts contain significant bioactive compounds such as phenolic 

acids, flavonoids, antioxidants, and volatiles constituents (Mohamad et al., 

2019). Phenolic acids may find applications as anti-inflammatory, antioxidant, 

anticancer, antimicrobial, and neuroprotective properties in food preservatives 

and skin-care products (Kumar & Geol, 2019). Phenolic fractions are 

categorized into three types: soluble-free, soluble-conjugate (esterified and 

glycosylated), and insoluble-bound (Shahidi & Hossain, 2023). It has been 

found that insoluble-bound phenolics (IBPs) are high in antioxidant activities, 

anti-inflammatory, anti-cancer, probiotic, antidiabetic and antiobesity and 

prevent cardiovascular disease (Wang et al., 2020; Shahidi & Yeo, 2016). IBPs 
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is located in the protective layer of plants with total phenolics exceeding 70% 

in peels, hulls, seed coats, and leaves (Shahidi & Hossain, 2023). 

According to Xiao et al. (2021), fruits contain a considerable amount of volatile 

compounds. They can be found in hundreds of fresh and processed fruits and 

vegetables (Reshna et al., 2022). Pineapple fruit contains a considerable 

amount of bioactive volatile compounds comprising methyl-2-

methylbutanoate, methyl hexanoate, methyl-3-(methylthiol)-propanoate, 

methyl octanoate, 2,5-dimethyl-4-methoxy-3(2H)-furanone, δ-octalactone, 2-

methoxy-4-vinyl phenol, and δ-undecalactone (Lasekan & Hussein, 2018); and 

methyl-2-methylbutyrate, methyl-2-methylbutyrate, 3-(methylthio)propanoic 

acid ethyl ester, ethyl hexanoate and decanal in Tainong No.6 variety (Zheng 

et al. 2012). These compounds provide potential applications as flavouring 

agents and biological active properties. 

By the year 2029, the Asian and American areas will produce 33 million tonnes 

of pineapples globally (Garcia et al., 2021). Only half of the projected 1.45 

million tonnes of imported pineapples in Europe were utilised, with the 

remainder heading into the production of juice, canned fruit, crystallised fruit, 

and dried snacks (Campos et al., 2020). Twenty percent of pineapples of good 

grade are for fresh and canned consumption, while incorrect handling and 

storage cause postharvest losses. (Chaurasiya & Hebbar, 2013). About 30% 

(w/w) of the initial weight of the fruit is consumed (Roda & Lambri, 2019). 

However, pineapple by-products have gained interest as a high-value 

ingredient due to their therapeutic and bioactive compound properties such as 
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being high in antioxidants, bromelain, organic acids, enzymes and many more 

(Abraham et al. 2023).

However, several processing methods are required to ensure the stability of 

the bioactive compounds before being developed into a high-value ingredient.

According to Costa et al. (2020), enzyme-assisted extraction has several 

advantages in environment, specificity, and superior quality over conventional 

extraction. The environmental advantages involve the use of non-toxic 

solvents which operate under mild temperature conditions and reduce 

extraction time. Meanwhile, the specific biomolecule is extracted by an enzyme 

to obtain a purer extract. The quality of the extract is superior in terms of no 

changes in the biochemical and biological properties of the bioactive 

compounds extracted. After obtaining the extract, the encapsulation of 

bioactive compounds is of upmost importance. Encapsulation ensures

protection from environmental factors including light, moisture, oxygen, and 

prolonged shelf life (Marcillo-Parra et al. 2021; Nguyen et al., 2022). According 

to Navarro-Flores et al. (2020), microencapsulation of plant extracts with high 

antioxidant and phenolic compounds was to prevent degradation. Meanwhile, 

Marcillo-Parra et al. (2021) highlighted that encapsulation products provide 

adverse health benefits which have the potential as functional food ingredients.
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1.2 Problem statements

Pineapple resulted in 360 M € in projected economic losses of 60% (w/w) 

waste in Europe (Campos et al., 2020). In the processing of pineapples, peels 

are often discarded, which constitute around 5% of the original fruit (Kumar et 

al., 2017). In landfills, fruit peels would accumulate and have a detrimental 

effect on the environment. The biological degradation of trash results in a 

combination of dissolved and suspended particles that produce liquid leachate, 

which is hazardous to human health. (Nunes et al., 2009). Consequently, 

methane is produced, causing emissions of greenhouse gases. To minimise 

the carbon footprint, it is crucial to explore the possible utilisation of pineapple 

waste as a high-value ingredient.

As described earlier, the major portion of pineapple waste is comprised of peel. 

Therefore, several studies highlighted the characterization of different parts of 

pineapples with high phenolics, antioxidant activity and volatile compounds. 

Several studies in the peel of smotth cayenne (19.24.1 mg GAE/mg) and 

Tainung17 (20.5-24.3 mg GAE/mg) varied in their respective TPC contents 

(Huang et al., 2021). Meanwhile, the peel of Golden variety pineapple showed

TPC of 30 mg GAE/g and 570 mg GAE/g for control and ultrasonic-treatments, 

respectively (Polaria et al., 2022). However, there is a lack of research on the 

exploration of the core and peel from pineapples. Therefore, exploration of the

core and peel of MD2 pineapple variety should be further evaluated.
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Biologically active compounds derived from pineapple waste are by 

conventional extraction methods such as studies conducted by Azizan et al.

(2022); Huang et al. (2021); Li et al. (2014). Organic solvents used in 

conventional extractions are such as methanol, ethanol, ethyl acetate, 

petroleum ether, hexane and many more which may pose a risk of toxicity 

(Rifna et al., 2021; Chemat et al., 2017; Apostolakis et al., 2014; Prado et al., 

2015). Nevertheless, chemical solvents in extractions resulted in low yield, 

high extraction temperature and time which lead to degradation of bioactive 

compounds. Furthermore, almost all solvents are harmful to health if ingested 

or inhaled in excess (Joshi & Adhikari, 2019). Alternatively, the green 

extraction method could be used to recover the bioactive compounds from 

pineapple waste preventing degradation as well as improving the extraction 

yield.

Moving on now to consider the biostability and bioavailability of bioactive 

compounds where encapsulation plays a critical role. Bioactive compounds in 

extracts are sensitive to environmental factors such as pH, humidity, light, and 

temperature. In a research done by Luorenco et al. (2020), microencapsulation 

of pineapple peel extracts showed that bioactive compounds were extracted 

by ethanol prior spray-drying. Therefore, consideration of the green extraction 

of bioactive compounds from extracts and encapsulation may improve the 

functional properties and biological properties of the potential ingredient from 

pineapple waste.
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1.3 Significance of study

The significance of this study is the contribution to Halal Product Development

and commercial application. Investigation of the extraction of phenolics and 

volatile compounds from MD2 pineapple peel will provide methodological 

information to researchers. Green chemistry/technique/technology is in

demand due to its sustainability, solvent-free, advanced extraction method 

with increased extracts yield (Noore et al., 2021). Enzyme-assisted extraction 

is a method to extract high-value-added compounds (de Souza & Kawaguti, 

2021). Enzyme-assisted extraction offers the benefit of excluding the need for 

very pure chemical solvents during extractions, non-toxic, performs in 

conditions of mild temperatures, is environmentally safe and has low capital 

investment (Peixoto Araujo et al., 2019; Alexandre et al., 2018). One way to 

achieve the stability of the extracts is through encapsulation to reduce 

microbial growth, improve powder quality, prevent bioactive compound 

degradation, prolong shelf life and provide convenient packaging, storage, and 

transportation (Domínguez-Rodríguez et al., 2021). The enzyme-treated 

pineapple peel extract powder may find commercial applications in the Halal

toyyiban food products, cosmetics, and household care products.
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1.4 Objectives

This study aimed to develop MD2 pineapple peel extract powder for application 

in food and non-food ingredients. Commercial microbial enzymes (cellulase 

and pectinase) were used to facilitate the process of phenolic and volatile 

compound extraction from MD2 pineapple peel extract. The recovery of 

different forms of phenolics and volatile compounds was evaluated. Through 

the optimisation of process parameters using response surface methodology 

(RSM), an optimum process condition was obtained. The encapsulated 

enzyme-treated MD2 pineapple peel extract was evaluated on its powder 

qualities. General research flow on objectives 1 to 4 is summarized in Figure 

1.1.

The specific objectives covered are as follows: 

1. To characterize the different phenolic fractions and volatile compound 

profiles in the MD2 pineapple peel and core extracts

2. To evaluate the effect of cellulase and pectinase in the extraction of 

phenolics, insoluble-bound phenolics and volatile compounds from 

MD2 pineapple peel extracts and kinetic model

3. To optimize the process parameters for cellulase-assisted extraction of 

phenolics from md2 pineapple peel extract and its volatile compounds

4. To evaluate the effect of carrier agents and drying techniques on the 

physicochemical, insoluble-bound phenolics and volatile compounds of 

cellulase-treated MD2 pineapple peel extract powders 
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Figure 1.1 : Research flow diagram representing objectives 1 to 4



© C
OPYRIG

HT U
PM

 

212 
 

REFERENCES

Abbasi, E., & Azizpour, M. (2016). Evaluation of physicochemical properties of 
foam mat dried sour cherry powder. LWT, 68:105–110. 

Abd El-Salam, E. A. E. S., Ali, A. M., & Hammad, K. S. (2021). Foaming 
process optimization, drying kinetics and quality of foam mat dried 
papaya pulp. Journal of Food Science and Technology, 58(4), 1449–
1461. 

Abdul Halim, N. A., Ramasamy, S., Tan, B. C., Khalid, N., Yaacob, J.S. (2018).
 Invitro shoot regeneration and analysis of biochemical, 
antioxidant and anticancer properties of Ananas comosus var. 
MD2. Malaysian Journal of   Fundamental and Applied Science.
14(2), 263–268. 

Abdullah, A. (2007). Solid and Liquid Pineapple Waste Utilisation for Lactic
 Acid Fermentation. Reaktor, 11(1), 50. 

Al-Rubaye, A. F., Hameed, I. H., & Kadhim, M. J. (2017). A Review: uses of
 gas chromatography-mass spectrometry (GC-MS) technique for
analysis of bioactive natural compounds of some plants. International
Journal of Toxicological and Pharmacological Research, 9(01). 

Abumweis, S.S., Barake, R., & Jones, P.J. (2008). Plant sterols/stanols as
cholesterol  lowering agents: A meta-analysis of randomized 
controlled trials. Food Nutrition Research, 52. 

Abraham, R. A., T, J. J., & Abdullah, S. (2023). A comprehensive review of 
Pineapple processing and its by-product valorization in India. Food 
Chemistry Advances, 100416. 

Adebiyi, J. A., Njobeh, P. B., Adebo, O. A., Kayitesi, E. (2021). Metabolite
 profile of Bambara groundnut (Vigna subterranea) and dawadawa (an 
African fermented condiment) investigation using gas chromatography 
high-resolution time-of-flight mass spectrometry (GC-HRTOF-MS). 
Heliyon. 7(4), e06666. 44.

Adom, K. K., and Rui, H. L. (2002). Antioxidant activity of grains. Journal of
Agricultural and Food Chemistry. 50(21), 6182–87.  

Agati, G., Azzarello, E., Pollastri, S., & Tattini, M. (2012). Flavonoids as 
antioxidants in plants: Location and functional significance. Plant Science,
196: 67–76. 

Aguilera, Y., Martin-Cabrejas, M. A., González, de Mejia. E. (2016). Phenolic
compounds in fruits and beverages consumed as part of the



© C
OPYRIG

HT U
PM

 

213 
 

Mediterranean diet: their role in prevention of chronic diseases.
Phytochemistry Reviews, 15: 405–423. 

Aggarwal, N., & Aggarwar, S. (2011). A review of recent investigations on
Medicinal Herbs possessing antidiabetic properties. Journal of
Nutritional Disorders & Therapy, 1:1.

Ahmadian, Z., Niazmand, R., & Pourfarzad, A. (2019). Microencapsulation of 
saffron petal phenolic extract: Their characterization, in vitro
gastrointestinal digestion, and storage stability. Journal of Food 
Science, 84(10), 2745–275.

Ai, L., Wu, J., Che, N., Wu, Y., and Cui, S. W. (2012). Extraction, partial 
characterisation and bioactivity of polysaccharides from boat-fruited 
sterculia seeds. International Journal of Biological Macromolecules, 
51(5), 815–818. 

Ajayi, A. M., Coker, A. I., Oyebanjo, O. T., Adebanjo, I. M., & Ademowo, O. G. 
(2022). Ananas comosus (L) Merrill (pineapple) fruit peel extract
demonstrates antimalarial, anti-nociceptive and anti-
inflammatory activities in experimental models. Journal of 
Ethnopharmacology, 282: 114576. 

Alexandre, E. M. C., Moreira, S. A., Castro, L. M. G., Pintado, M., Saraiva, J.
 A. (2017). Emerging technologies to extract high added value
compounds from fruit residues: sub/supercritical, ultrasound, and
enzyme-assisted extractions. Food Reviews International. 
34(6), 581–612. 

Ali, A., Chua, B. L., & Ashok, G. A. (2018). Efective extraction of natural
antioxidants from piper betle with the aid of ultrasound: Drying and 
extraction kinetics. Journal of Engineering Science and Technology,
13: 1–16.

Almeida, M. M. B., de Sousa, P. H. M., Arriaga, Â. M. C., do Prado, G. M., 
Magalhães, C. E. de C., Maia, G. A., & de Lemos, T. L. G. (2011).
Bioactive compounds and antioxidant activity of fresh exotic fruits 
from Northeastern Brazil. Food Research International, 44(7), 
2155–2159. 

Altemimi, A., Lakhssassi, N., Baharlouei, A., Watson, D. G., & Lightfoot, D. A. 
(2017). Phytochemicals: Extraction, isolation, and identification of 
bioactive compounds from plant extracts. Plants, 6(4). 

Alzeer, J., & Abou Hadeed, K. (2016). Ethanol and its Halal status in food 
industries. Trends in Food Science and Technology, 58: 14–20. 

Amin, Ismail., Azrina A., Khoo, H. E., Nangendra, K. P., and Kong, K. W.
(2013). Antioxidant assays: principles, methods and analyses. 
Serdang, Selangor, MY: Universiti Putra Malaysia Press.



© C
OPYRIG

HT U
PM

 

214 
 

Amulya, P. R., & ul Islam, R. (2023). Optimization of enzyme-assisted 
extraction of anthocyanins from eggplant (Solanum melongena L.) peel. 
Food Chemistry: X, 18:100643. 

Anayo Joseph, U., Oluchi Helen, U., Friday Nwalo, N., Uche, O. O., Ikechukwu 
Okorie, I., Nzubechukwu, E., & Nkiru Nwamaka, E. (2018). Phytochemical 
and GC-MS evaluation of bioactive principle of Vitis vinifera Peels. Asian 
Journal of Applied Sciences, 11(4), 192–198. 

AOAC (2006) Official Methods of Analysis. 18th Edition, Association of Official
Analytical Chemists, Gaithersburg, MD.

AOAC. Official Methods of Analysis. In Association ofOfficial Analytical 
Chemists, 18th ed.; AOAC: Gaithersburg, MD, USA, 2006.

Aparecida Damasceno, K., Alvarenga Gonçalves, C. A., Dos Santos Pereira, 
G., Lacerda Costa, L., Bastianello Campagnol, P. C., Leal De Almeida, 
P., & Arantes-Pereira, L. (2016). Development of cereal bars containing 
pineapple peel flour (Ananas comosus L. Merril). Journal of Food Quality,
39(5), 417–424. 

Aparna, V., Dileep, K. V., Mandal, P. K., Karthe, P., Sadasivan, C., and Haridas, 
M. (2012). Anti-Inflammatory Property of n-Hexadecanoic Acid: 
Structural Evidence and Kinetic Assessment. Chemical Biology and 
Drug Design, 80(3), 434–439. 

Apostolakis, A., Grigorakis, S., Makris, D. P. (2014). Optimisation and 
comparative kinetics study of polyphenol extraction from olive leaves 
(Olea europaea) using heated water/glycerol mixtures.  Separation  
and Purification Technology. 128: 89–95. 

Archita Sharma, Anupreet Kaur, Shailendra Kumar Arya, Chapter 10 - 
Enzymes in dairy products, Editor(s): Mohammed Kuddus, Cristobal 
Noe Aguilar, Value-Addition in Food Products and Processing Through 
Enzyme Technology, Academic Press, 2022, Pages 123-137.

Arruda, H. S., Pereira, G. A., de Morais, D. R., Eberlin, M. N., & Pastore, G. 
M.  (2018). Determination of free, esterified, glycosylated and insoluble-
bound phenolics composition in the edible part of araticum fruit (Annona 
crassiflora Mart.) and its by-products by HPLC-ESI-MS/MS. Food 
Chemistry, 245: 738–749. 

Aruna, T. E. (2019). Production of value-added product from pineapple peels 
using solid state fermentation. Innovative Food Science and Emerging 
Technologies, 57: 102193. 

Augustin, M. A., Clarke, P. T., & Craven, H. (2003). Powdered milk |
Characteristics of milk powders. Encyclopedia of Food Sciences and 
Nutrition, 4703–4711. 



© C
OPYRIG

HT U
PM

 

215 
 

Azizan, A., Lee, A. X., Hamid, N. A. A., Maulidiani, M., Mediani, A., Ghafar, S.
Z. A., Zolkeflee, N. K. Z., & Abas, F. (2020). Potentially bioactive
metabolites from pineapple waste extracts and their antioxidant andα-
glucosidase inhibitory activities by 1HNMR.  Foods, 9(2). 

Ban, J. O., Hwang, I. G., Kim, T. M., Hwang, B. Y., Lee, U. S., Jeong, H.-S.,
 Yoon, Y. W., Kim, D. J., & Hong, J. T. (2007). Anti-proliferate and pro-
apoptotic effects of 2, 3-dihydro-3, 5-dihydroxy-6-methyl-4H-pyranone
 through inactivation of NF-κB in Human colon cancer cells. Archives
 of Pharmacal Research, 30(11), 1455–1463. 

Banerjee, S., Ranganathan, V., Patti, A., & Arora, A. (2018). Valorisation of 
pineapple wastes for food and therapeutic applications. Trends in Food 
Science and Technology, 82: 60–70. 

Barretto, L. C. de O., Moreirade, J. de J. da S., dos Santos, J. A. B., Narain, 
N., & dos Santos, R. A. R. (2013). Characterization and extraction of 
volatile compounds from pineapple (Ananas comosus L. Merril) 
processing residues. Food Science and Technology, 33(4), 638–645. 

Benucci, I., Río Segade, S., Cerreti, M., Giacosa, S., Paissoni, M. A., Liburdi, 
K., Bautista-Ortín, A. B., Gómez-Plaza, E., Gerbi, V., Esti, M., & Rolle, L. 
(2017). Application of enzyme preparations for extraction of berry skin 
phenolics in withered winegrapes. Food Chemistry, 237: 756–765. 

Bartholomew, D. P., Hawkins, R. A., & Lopez, J. A. (2012). Hawaii Pineapple: 
The Rise and Fall of an Industry. Horticulture Science, 47 (10), 1390–
1398.

Bartolomé, A. P., Rupérez, P., and Prieto, A. (1995). Polysaccharides from the 
Cell  Walls of Pineapple Fruit. Journal of Agricultural and Food 
Chemistry, 43(3), 608–612. 

Bashir, O., Hussain, S. Z., Gani, G., Jan, N., Rather, A. H., Reshi, M., & Amin, 
T. (2021). Evaluating the physicochemical and antioxidant 
characteristics of apricot juice  prepared through pectinase 
enzyme-assisted extraction from Halman variety. Journal of Food 
Measurement and Characterization. 15(3), 2645–2658. 

Battino, M., Bullon, P., Wilson, M., & Newman, H. (1999). Oxidative injury and 
inflammatory periodontal diseases: The challenge of anti-oxidants to free 
radicals and reactive oxygen species. Critical Reviews in Oral Biology and 
Medicine, 10(4), 458–476. 

Berger, R.G., & Zorn, H. (2004). Flavors and Fragrances. In: Tkacz, J.S., 
Lange, L. (eds.). Advances in fungal biotechnology for industry, 
agriculture, and medicine. Springer, Boston, MA

Bhuyan, U., & Handique, J. G. (2022). Plant polyphenols as potent 
antioxidants: Highlighting the mechanism of antioxidant activity and 



© C
OPYRIG

HT U
PM

 

216 
 

synthesis/development of some polyphenol conjugates. Studies in 
Natural Products Chemistry, 75: 243–266.

Bilal, M., Mehmood, T., Nadeem, F., Barbosa, A. M., de Souza, R. L., Pompeu, 
G. B., Meer, B., Ferreira, L. F. R., & Iqbal, H. M. N. (2022). Enzyme-
Assisted transformation of lignin-based food bio-residues into high-value 
products with a zero-waste theme: A Review. Waste and Biomass 
Valorization. 13 (4), 1807–1824. 

Borhan, F. P. (2021). 3 rd international halal management conference (3 rd 
IHMC 2021) Okara : An Undervalued By-Product with Potential as a Halal 
Cosmetic Ingredient. 1–12.

Boyano-Orozco, L., Gallardo-Velázquez, T., Meza-Márquez, O. G., & Osorio-
Revilla, G. (2020). Microencapsulation of rambutan peel extract by spray 
drying. Foods, 9(7), 1–17. 

Brar, A. S., Kaur, P., Kaur, G., Subramanian, J., Kumar, D., & Singh, A. (2020). 
Optimization of process parameters for foam-mat drying of peaches.
International Journal of Fruit Science, 20(S3), S1495–S1518. 

Brochier B, Mercali GD, Marczak LDF (2016) Infuence of moderate electric 
feld on inactivation kinetics of peroxidase and polyphenol oxidase and 
on phenolic compounds of sugarcane juice treated by ohmic heating. 
LWT - Food Science and Technology, 74:396– 403. 

Bullon, P., Newman, H. N., & Battino, M. (2014). Obesity, diabetes mellitus, 
atherosclerosis and chronic periodontitis: A shared pathology via oxidative 
stress and mitochondrial dysfunction. Periodontology 2000, 64(1), 139–
153. 

Cacace, J. E., & Mazza, G. (2003). Mass transfer process during extraction of 
phenolic compounds from milled berries. Journal of Food Engineering, 
59, 379–389. 

Campos, D.A., Ribeiro, T.B., Teixeira, J.A., Pastrana, L., & Pintado, M.M. 
(2020). Integral valorization of pineapple (Ananas comosus L.) By-
products through a green chemistry approach towards Added Value 
Ingredients. Foods, 9(1). 

Casuga, F. P., Castillo, A. L., and Corpuz, & M. J.-A. T. (2016). GC-MS analysis 
of bioactive compounds present in different extracts of an endemic plant 
Broussonetia luzonica (Blanco) (Moraceae) leaves. Asian Pacific 
Journal of Tropical Biomedicine, 6(11), 957–961. 

Cechovska, L., Cejpek, K., Konecny, M., and Velisek, J. (2011). On the role of 
2, 3- dihydro-3,5-dihydroxy-6-methyl-(4H)-pyran-4-one in 
antioxidantcapacity of prunes. European Food Research Technology, 
233, 367–376. 



© C
OPYRIG

HT U
PM

 

217 
 

Chan, Y.K., Coppens, D., d´Eeckenbrugge, G. & Sanewski, G.M. (2003). 
Breeding and variety improvement. In: The Pineapple: Botany, 
Production and Uses (eds D.P. Bartholomew, R.E. Paull & K.G. 
Rohrbach), pp. 33–55. Wallingford: CAB International.

Chang, L. S. (2017). Production and properties of shelf-stable spray-dried 
powder from enzyme-treated soursop (Annona muricata L.) fruit. In 
Universiti Putra Malaysia. Universiti Putra Malaysia.

Chang, L. S., Tan, Y. L., & Pui, L. P. (2020). Production of spray-dried enzyme-
liquefied papaya (Carica papaya L.) powder Produção por atomização de 
mamão (Carica papaya L.) em pó liquefeito por enzima. Brazilian Journal 
of Food Technology, 23, 1–16.

Charpe, T.W., & Rathod, V. K. (2016). Kinetics of ultrasound assisted 
extraction of wedelolactone from eclipta alba. Brazilian Journal of 
Chemical Engineering. 33:1003–1010. 

Chaurasiya, R. S., & Umesh Hebbar, H. (2013). Extraction of bromelain from 
pineapple core and purification by RME and precipitation methods. 
Separation and Purification Technology, 111: 90–97. 

Che Man, Y. B., & Sazili, A. Q. (2010). Food Production from the Halal 
Perspective. Handbook of Poultry Science and Technology, 1: 183–215. 

Chelladurai, S. J. S., Murugan, K., Ray, A. P., Upadhyaya, M., Narasimharaj, 
V., & Gnanasekaran, S. (2020). Optimization of process parameters 
using response surface methodology: A review. Materials Today:
 Proceedings, 37: 1301–1304. 

Chen, S., Xing, X. H., Huang, J. J., & Xu, M. S. (2011). Enzyme-assisted 
extraction of flavonoids from Ginkgo biloba leaves: Improvement effect of 
flavonol transglycosylation catalyzed by Penicillium decumbens cellulase. 
Enzyme and Microbial Technology, 48(1), 100–105. 

Choo, C.Y., Sulong, N.Y., Man, F., & Wong, T.W. (2012). Vitexin and isovitexin 
from the leaves of Ficusdeltoidea with in-vivo α-glucosidase inhibition. 
Journal of Ethnopharmacology, 142: 776–781.

Cittadini, A.; Munekata, P.E.S.; Pateiro, M.; Sarriés, M.V.; Domínguez, R.; 
Lorenzo, J.M. Encapsulation Techniques to Increase Lipid Stability. In 
Food Lipids

Costa, J. R., Tonon, R. V., Cabral, L., Gottschalk, L., Pastrana, L., & Pintado, 
M. E. (2020). Valorization of Agricultural Lignocellulosic Plant Byproducts 
through Enzymatic and Enzyme-Assisted Extraction of High-Value-Added 
Compounds: A Review. ACS Sustainable Chemistry and Engineering, 
8(35), 13112–13125. 



© C
OPYRIG

HT U
PM

 

218 
 

D’Abrosca, B., Pacifico, S., Cefarelli, G., Mastellone, C., & Fiorentino, A.
 (2007). “Limoncella” apple, an Italian apple cultivar: Phenolic and 
flavonoid contents and antioxidant activity. Food Chemistry, 104(4), 
1333–1337. 

Da Porto, C., Natolino, A. (2018). Extraction kinetic modelling of total
 polyphenols  and total anthocyanins from saffron floral bio-residues: 
Comparison of extraction methods. Food Chemistry. 258:137–143. 

Dacera, D. D., Fronteras, J. P., Bello, D. D., Delos Santos, & K. J. L. (2021). 
Acetic  acid a value-added product from pesticide-free banana and 
pineapple peels. Philippine Journal of Science. 150(2), 377–389. 

Dachmann, E., Hengst, C., Ozcelik, M., Kulozik, U., & Dombrowski, J. (2018). 
Impact of Hydrocolloids and Homogenization Treatment on the Foaming 
Properties of Raspberry Fruit Puree. Food and Bioprocess Technology,
11(12), 2253–2264. 

Damhus, T., Kaasgaard, S., & Olsen, H. S. (2013). Novozymes Enzymes at 
work. Novozymes A/S, 4th, 76. http://www.novozymes.com/en/-
/media/Novozymes/en/aboutus/brochures/Documents/Enzymes_at_work
.pdf?la=en

Das, A. K., and Swamy, S. (2016). Antioxidant activity and determination of 
bioactive compounds by GC-MS in fruit methanol extracts - a 
comparative analysis of  three Atalantia species from south India. 
Journal of Applied Pharmaceutical Science, 6 (2), 130–134. 

de Oliveira Ribeiro, L., Freitas, S. P., da Matta, V. M., Jung, E. P., & Kunigami, 
C. N. (2020). Microencapsulation of the extract from euterpe edulis co-
product: an alternative to add value to fruit agro-chain. Waste and 
Biomass Valorization, 12 (4), 1803–1814. 

de Souza, T. S. P., & Kawaguti, H. Y. (2021). Cellulases, hemicellulases, and 
pectinases: applications in the food and beverage industry. Food and 
Bioprocess Technology, 14(8), 1446–1477. 

Deng, G. F., Shen, C., Xu, X. R., Kuang, R. D., Guo, Y. J., Zeng, L. S., Gao, L. 
L., Lin, X., Xie, J. F., Xia, E. Q., Li, S., Wu, S., Chen, F., Ling, W. H., & 
Li, H. Bin. (2012). Potential of fruit wastes as natural resources of
bioactive compounds. International Journal of Molecular Sciences, 
13(7), 8308–8323. 

Dıaz-Vela, J., Totosaus, A. & Perez-Chabela, M.L. (2015). Integration of
 agroindustrial co-products as functional food ingredients: Cactus pear 
(Opuntia ficus indica) flour and pineapple (Ananas comosus) peel flour 
as fiber source in cooked sausages inoculated with Lactic Acid 
Bacteria. Journal of Food Processing and Preservation, 39: 2630–
2638.



© C
OPYRIG

HT U
PM

 

219 
 

Diaz-Vela, J., Totosaus, A., Cruz-Guerrero, A.E., & de Lourdes Pérez-Chabela, 
M. (2013). In vitro evaluation of the fermentation of added-value
agroindustrial by-products: cactus pear (Opuntia ficus-indica L.) peel 
and pineapple (Ananas comosus) peel as functional ingredients.
International Journal of Food Science and Technology. 48(7),1460–
1467. 

Difonzo, G., Vollmer, K., Caponio, F., Pasqualone, A., Carle, R., & Steingass,
C. B. (2019). Characterisation and classification of pineapple (Ananas
comosus [L.] Merr.) juice from pulp and peel. Food Control, 96: 260–
270. 

Ding, P., & Syazwani, S. (2016). Physicochemical quality, antioxidant 
compounds,  and activity of MD2 pineapple fruit at five ripening
stages. International Food  Research Journal, 23(2), 549–555.

Diógenes, A. de M. G., Figueirêdo, R. M. F. de, Queiroz, A. J. de M., Ferreira,
 J. P. de L., Silva, W. P. da, Gomes, J. P., Santos, F. S. dos, Castro, D.
 S. de, Oliveira, M. N. de, Santos, D. da C., Andrade, R. O. de, & Lima, 
A. R. C. de. (2022). Mathematical models to describe the foam mat 
drying process. Foods, 11: 1–18.

Domínguez-Rodríguez, G., Marina, M. L., & Plaza, M. (2021). Enzyme-
assisted extraction of bioactive non-extractable polyphenols from sweet 
cherry (Prunus avium L.) pomace. Food Chemistry (Vol. 339). 

Djebari, S., Wrona, M., Boudria, A., Salafranca, J., Nerin, C., Bedjaoui, K., &
 Madani, K. (2021). Study of bioactive volatile compounds from different 
parts of Pistacia lentiscus L. extracts and their antioxidant and 
antibacterial activities for new active packaging application. Food 
Control, 120: 107514. 

Ee, S. C., Bakar, J., Kharidah, M., Dzulkifly, M. H., & Noranizan, A. (2014). 
Physico-chemical properties of spray-dried red pitaya 
(Hylocereuspolyrhizus) peel powder during storage. International Food 
Research Journal, 21(3), 1213–1218.

Edris, A. E., Kalemba, D., Adamiec, J., & Piątkowski, M. (2016). 
Microencapsulation of Nigella sativa oleoresin by spray drying for food 
and nutraceutical applications. Food Chemistry, 204: 326–333. 

El Hadi, M. A. M., Zhang, F. J., Wu, F. F., Zhou, C. H., & Tao, J. (2013). 
Advances in fruit aroma volatile research. Molecules, 18(7), 8200–8229. 

Elnour, A. A. M., Mirghani, M. E. S., Kabbashi, N. A., Musa, K. H., 
Shahabipour, F., Ashammakhi, N., & Abdurahman, N. H. (2022). 
Comparative study of the characterisation and extraction techniques of 
polyphenolic compounds from Acacia seyal gum. Food Quality and 
Safety, 6: 1–10. 



© C
OPYRIG

HT U
PM

 

220 
 

Engelen L., and de Wijk R.A. (2012). Oral Processing and Texture Perception. 
In: Chen J, Engelen L (Eds.) Food Oral Processing: Fundamentals 
of Eating and Sensory Perception. Oxford, UK: Wiley-Blackwell.

Ermis, E. (2017). Halal status of enzymes used in food industry. Trends in Food 
Science and Technology, 64, 69–73. 

Erukainure, O. L., Ajiboye, J. A., Adejobi, R. O., Okafor, O. Y., & Adenekan, S. 
O. (2011). Protective effect of pineapple (Ananas cosmosus) peel 
extract on alcohol-induced oxidative stress in brain tissues of male 
albino rats. Asian Pacific Journal of Tropical Disease, 1(1), 5–9. 

Erukainure, O. L., Ajiboye, J. A., Okafor, O. Y., Okoro, E. E., Asieba, G., 
Sarumi, B. B., Adenekan, S. O., & Zaruwa, M. Z. (2016). Alcoholic lung 
injury: pineapple peel extract modulates antioxidant enzymes and 
attenuates lipid peroxidation in rat models. Clinical Phytoscience, 2(1). 

Esmaeilzadeh Kenari, R., & Razavi, R. (2022). Phenolic profile and antioxidant 
activity of free/bound phenolic compounds of sesame and properties of 
encapsulated nanoparticles in different wall materials. Food Science and 
Nutrition, 10(2), 525–535. 

Etzbach, L., Meinert, M., Faber, T., Klein, C., Schieber, A., & Weber, F. (2020). 
Effects of carrier agents on powder properties, stability of carotenoids, and 
encapsulation efficiency of goldenberry (Physalis peruviana L.) powder 
produced by co-current spray drying. Current Research in Food Science,
3, 73–81. 

FAOSTAT (2022). Pineapple production in 2020, crops/regions/World 
list/production quantity. UN Food and agriculture organization, 
corporate statistical database,
https://www.fao.org/faostat/en/#data/QCL 

Fernandes, A.C.F., de Souza, A.C., Ramos, C.L., Pereira, A.A., Schwan, R.F.,
 Dias, D.R. (2019). Sensorial, antioxidant and antimicrobial evaluation 
of vinegars  from surpluses of physalis (Physalis pubescens L.) and 
red pitahaya (Hylocereus monacanthus). Journal of the Science of 
Food and Agriculture. 99 (5), 2267–2274.

Fernandes, R. V. D. B., Borges, S. V., & Botrel, D. A. (2014). Gum 
arabic/starch/maltodextrin/inulin as wall materials on the 
microencapsulation of rosemary essential oil. Carbohydrate Polymers,
101(1), 524–532. 

Ferri M, Sofia B, Veronica V, Fabio F, Elisa M, Aldo R, Giordano M, & Giacomo 
B, Annalisa T. (2016). Recovery of polyphenols from red grape 
pomace and assessment of their antioxidant and anti-cholesterol
activities. New Biotechnology. 3(3), 338–44. 

Fronteras, J. P., Dacera, D. D. M., Bello, D. D., and Delos Santos, K. J. L. 
(2021). Utilization of pesticide-free calamansi (Citrus microcarpa) 



© C
OPYRIG

HT U
PM

 

221 
 

and mango (Mangifera indica) peels for the production of acetic acid 
with potential industrial application.Bioresource Technology Reports.
 15:100806.

Galgano, F., Tolve, R., Scarpa, T., Caruso, M. C., Lucini, L., Senizza, B., & 
Condelli, N. (2021). Extraction Kinetics of Total Polyphenols, Flavonoids, 
and Condensed Tannins of Lentil Seed Coat: Comparison of Solvent and 
Extraction Methods. Foods. 10, 1810.

Gao, R., Xue, L., Zhang, Y., Liu, Y., Shen, L., & Zheng, X. (2022). Production 
of blueberry pulp powder by microwave-assisted foam-mat drying: 
Effects of formulations of foaming agents on drying characteristics and 
physicochemical properties. Lwt-Food Science and Technology, 154, 
112811. 

Gao, C., Li, Y., Pan, Q., Fan, M., Wang, L., & Qian, H. (2021). Analysis of the 
key aroma volatile compounds in rice bran during storage and processing 
via HS-SPME GC/MS. Journal of Cereal Science, 99: 103178. 

García AV, Martínez MID, Landete MP, Moya MSP, Sanahuja AB. (2021). 
Potential  of industrial pineapple (Ananas comosus (l.) Merrill) by products 
as aromatic  and antioxidant sources. Antioxidants. 10(11). 

Ghandahari Yazdi, A. P., Barzegar, M., Sahari, M. A., & Ahmadi Gavlighi, H. 
(2019). Optimization of the enzyme-assisted aqueous extraction of 
phenolic compounds from pistachio green hull. Food Science and 
Nutrition, 7(1), 356–366. 

Ghandehari Yazdi, A. P., Barzegar, M., Sahari, M. A., & Gavlighi, H. A. (2021). 
Encapsulation of pistachio green hull phenolic compounds by spray 
drying. Journal of Agricultural Science and Technology, 23(1), 51–64.

Ghosh, G., Panda, P., Rath, M., Pal, A., Sharma, T., and Das, D. (2015). GC-
MS analysis of bioactive compounds in the methanol extract of 
Clerodendrum viscosum leaves. Pharmacognosy Research, 7 (1), 110–
113.

Giambanelli, E., Gómez-Caravaca, A. M., Ruiz-Torralba, A., Guerra-
Hernández, E. J., Figueroa-Hurtado, J. G., García-Villanova, B., &
 Verardo, V. (2020). New advances in the determination of free and
 bound phenolic compounds of banana passion fruit pulp (Passiflora
 tripartita, var. Mollissima (Kunth) L.H. Bailey) and their in vitro 
antioxidant and hypoglycemic capacities. Antioxidants, 9(7), 1–17. 

Gligor, O., Mocan, A., Moldovan, C., Locatelli, M., Crișan, G., & Ferreira, I. C. 
F. R. (2019). Enzyme-assisted extractions of polyphenols – A 
comprehensive review. Trends in Food Science and Technology, 
88:302–315.  

Grassia, M., Messia, M. C., Marconi, E., Demirkol, Ş., Erdoğdu, F., Sarghini, 
F., Cinquanta, L., Corona, O., & Planeta, D. (2021). Microencapsulation 



© C
OPYRIG

HT U
PM

 

222 
 

of phenolic extracts from cocoa shells to enrich chocolate bars. Plant 
Foods for Human Nutrition, 76(4), 449–457. 

Grassin, C., & Fauquembergue, P. (1996). Fruit juices. Industrial Enzymology, 
2: 226.

Grover, J. K., Yadav, S., Vats, V. (2002). Medicinal plants of India with anti-
diabetic potential. Journal of Ethnopharmacology, 81:81-100.

Gulsunoglu, Z., Karbancioglu-Guler, F., Raes, K., Kilic-Akyilmaz, M. (2019). 
Soluble and insoluble-bound phenolics and antioxidant activity of 
various industrial plant wastes. International Journal of Food 
Properties. 22(1):1501–1510. 

Gomes, J. V. P., de Oliveira, L. A., Pereira, S. M. S., da Conceição, A. R.,
Anunciação, P. C., de Souza, E. C. G., Perrone, Í. T., da Silva
Junqueira, M., Pinheiro Sant’Ana, H. M., & Della Lucia, C. M. (2021).
Comparison of bioactive compounds and nutrient contents in whey
protein concentrate admixture of turmeric extract produced by spray 
drying and foam mat drying. Food Chemistry, 345. 

Hammed, A. M., Jaswir, I., Amid, A., Alam, Z., Asiyanbi-H, T. T., & Ramli, N. 
(2013). Enzymatic hydrolysis of plants and algae for extraction of 
bioactive compounds. Food Reviews International, 29(4), 352–370. 

Hamzah, A.F.A., Hamzah, M.H., Man, H.C., Jamali, N.S., Siajam, S.I., & Ismail, 
M.H. (2021). Recent updates on the conversion of pineapple waste 
(Ananas comosus) to value-added products, future perspectives and 
challenges. Agronomy. 11(11).  

Hanafy, S. M., Abd El-Shafea, Y. M., Saleh, W. D., & Fathy, H. M. (2021). 
Chemical profiling, in vitro antimicrobial and antioxidant activities of 
pomegranate, orange and banana peel-extracts against 
pathogenic microorganisms. Journal of Genetic Engineering and 
Biotechnology, 19: 1. 

Harouna-Oumarou, H. A., Fauduet, H., Porte, C., Ho, Y.S. (2007). Comparison 
of kinetic models for the aqueous solid-liquid extraction of Tilia sapwood 
a continuous stirred tank reactor. Chemical Engineering 
Communications, 194: 537–552. 

Hashim, P., & Mat Hashim, D. (2013). A review of cosmetic and personal care 
products: Halal perspective and detection of ingredient. Pertanika Journal 
of Science and Technology, 21(2), 281–292.

Hatamipour, M. S., Hadji Kazemi, H., Nooralivand, A., & Nozarpoor, A. (2007). 
Drying characteristics of six varieties of sweet potatoes in different 
dryers. Food and Bioproducts Processing, 85(3), 171–177.



© C
OPYRIG

HT U
PM

 

223 
 

Hernández Escarcega, G., Sánchez-Chávez, E., Pérez Álvarez, S., Soto 
Caballero, M., Soto Parra, J. M., Flores-Córdova, M. A., Salas Salazar, 
N. A., & Ojeda Barrios, D. L. (2020). Determination of antioxidant 
phenolic, nutritional quality and volatiles in pomegranates (Punica 
granatum L.) cultivated in Mexico. International Journal of Food 
Properties, 23(1), 979–991. 

Hikal, W.M., Mahmoud, A.A., Said-Al Ahl, H.A.H., Bratovcic, A., Tkachenko, 
K.G., Kačániová, M. and Rodriguez, R.M. (2021) Pineapple (Ananas 
comosus L. Merr.), waste streams, characterisation and valorisation: 
an overview. Open Journal of Ecology, 11, 610-634. 

Hobbi, P., Oseweuba, V. O., Christine, D., Houman, A., Daria, P., Lei, N., 
Katrien, V. B., Amin, S. (2021). Kinetic modelling of the solid-liquid 
extraction process of polyphenolic compounds from apple pomace: 
influence of solvent composition and temperature. Bioresource 
Bioprocessing. 8:114.  

Hossain, M. F. (2016). World pineapple production: An overview. African 
Journal of Food, Agriculture, Nutrition and Development, 16(4), 11443–
11456. 

Hossain, F., Akhtar, S., and Anwar, M. (2015). Nutritional Value and Medicinal 
Benefits of Pineapple. International Journal of Nutrition and Food 
Sciences, 4(1), 84–88. 

Hossain, M. A., & Rahman, S. M. M. (2011). Total phenolics, flavonoids and 
antioxidant activity of tropical fruit pineapple. Food Research 
International, 44(3), 672–676. 

Huang, W. C., Tsai, T. H., Chuang, L. Te, Li, Y. Y., Zouboulis, C. C., & Tsai, P. 
J. (2014). Anti-bacterial and anti-inflammatory properties of capric 
acid against Propionibacterium acnes: A comparative study with lauric 
acid. Journal of Dermatological Science, 73(3), 232–240. 

Huang, C. W., Lin, I. J., Liu, Y. M., & Mau, J. L. (2021). Composition, enzyme 
and antioxidant activities of pineapple. International Journal of Food 
Properties, 24 (1), 1244–1251. 

Hwang, I. G., Kim, H. Y., Woo, K. S., Lee, S. H., Lee, J., & Jeong, H. S. (2013).
 Isolation and identification of the antioxidant DDMP from heated 
pear (Pyrus pyrifolia Nakai). Preventive Nutrition and Food Science, 
18(1), 76–79. 

Illanes, A., 1999. Stability of biocatalysts. Electronic Journal of Biotechnology. 
2 (1), 7–15.

Islam, R., Kamal, M., Kabir, R., & Hasan, M. (2023). Phenolic compounds and 
antioxidants activity of banana peel extracts : Testing and optimization of 
enzyme-assisted conditions. Measurement: Food, 10, 100085. 



© C
OPYRIG

HT U
PM

 

224 
 

Iwata, H., & Shimada, K. (2013). Developing the formulations of cosmetics. In 
H. Iwata & K. Shimada (Eds.), Formulas, Ingredients and Production of 
Cosmetics: Technology ofSkin-and Hair-care Products in Japan (Vol. 53, 
Issue 9, p. 217). Springer Tokyo.

Iturri, M. S., Calado, C. M. B., & Prentice, C. (2021). Microparticles of Eugenia 
stipitata pulp obtained by spray-drying guided by DSC: An analysis of 
bioactivity and in vitro gastrointestinal digestion. Food Chemistry, 334, 
127557. 

Jafari, S. M., Assadpoor, E., He, Y., & Bhandari, B. (2008). Encapsulation
efficiency of food flavours and oils during spray drying. Drying
Technology, 816–835. 

Janiszewska, E., & Wlodarczyk, J. (2013). Influence of spray drying conditions 
on the beetroot pigments retention after microencapsulation process. Acta 
Agrophysica, 20(2), 343–356.

Jayathilakan, K., Sultana, K., Radhakrishna, K., & Bawa, A. S. (2012). 
Utilization of byproducts and waste materials from meat, poultry and fish 
processing industries: A review. Journal of Food Science and Technology,
49(3), 278–293. 

Jeong, J. B., & Jeong, H. J. (2010). 2-Methoxy-4-vinylphenol can induce cell 
cycle arrest by blocking the hyper-phosphorylation of retinoblastoma 
protein in benzo[a]pyrene-treated NIH3T3 cells. Biochemical and 
Biophysical Research Communications, 400(4), 752–757. 

Jiang, N., Kumar, G. D., Chen, J., Mishra, A., & Solval, K. M. (2020). 
Comparison of concurrent and mixed-flow spray drying on viability, 
growth kinetics and biofilm formation of Lactobacillus rhamnosus GG 
microencapsulated with fish gelatin and maltodextrin. LWT-Food Science 
and Technology, 124, 109200.

Joseph, A. M. (1987). The flavor chemistry of wood smoke. Food Reviews
International. 3:1-2, 139-183.  

Joshi, D. R., & Adhikari, N. (2019). An overview on common organic solvents 
and their toxicity. Journal of Pharmaceutical Research International,
28(3), 1–18. 

Kadam, D. M., Wilson, R. A., Kaur, S., & Manisha. (2012). Influence of foam 
mat drying on quality of tomato powder. International Journal of Food 
Properties. 15:211–220. 

Kadiri, O., Gbadamosi, S. O., & Akanbi, C. T. (2019). Extraction kinetics, 
modelling and optimization of phenolic antioxidants from sweet potato 
peel vis-a-vis RSM, ANN-GA and application in functional noodles. 
Journal of Food Measurement and Characterization, 13(4), 3267–3284. 



© C
OPYRIG

HT U
PM

 

225 
 

Kalaiselvi, M., Gomathi, D., & Uma, C. (2012). Occurrence of Bioactive 
compounds  in Ananus comosus (L.): A quality Standardisation by 
HPTLC. Asian Pacific Journal of Tropical Biomedicine, 2 (3 SUPPL.), 

S1341–S1346. 

Kamaraj, M., Dhana Rangesh Kumar, V., Nithya, T. G., & Danya, U. (2020). 
Assessment of antioxidant, antibacterial activity and phytoactive 
compounds of aqueous extracts of avocado fruit peel from Ethiopia. 
International Journal of Peptide Research and Therapeutics, 26(3), 
1549–1557. 

Kamaruddin, M. A., Yusoff, S., Rui, L. M., Md Isa, A., & Zawawi, M. H., Alrozi, 
R. (2017). An overview of municipal solid waste management and 
landfill leachate treatment: Malaysia and Asian perspectives. 
Environmental Science and Pollution Research. 24(35):26988–27020. 

Kamaraj, M., Dhana Rangesh Kumar, V., Nithya, T. G., & Danya, U. (2020). 
Assessment of antioxidant, antibacterial activity and phytoactive 
compounds of aqueous extracts of avocado fruit peel from Ethiopia. 
International Journal of Peptide Research and Therapeutics, 26(3), 1549–
1557. 

Kaphalia L, Calhoun WJ. (2013). Alcoholic lung injury: metabolic, biochemical 
and immunological aspects. Toxicology Letters, 222:171–9.

Kareem, S. O., Akpan, I., & Alebiowu, O. O. (2010). Production of citric acid 
by Aspergillus niger using pineapple waste. Malaysian Journal of 
Microbiology, 6(2), 161–165. 

Ketnawa, S., Chaiwut, P., & Rawdkuen, S. (2012). Pineapple wastes: A
 potential source for bromelain extraction. Food and Bioproducts
 Processing, 90(3), 385–391. 

Kiew, P. L., Mat Don, M. (2013). Screening and empirical kinetic models of 
collagen extraction from selected Malaysian freshwater fish. Journal 
of Food Process Engineering, 36:428–438.

Kim, D. (2020). 2 - Methoxy - 4-vinylphenol induced attenuation of cell 
migration in pancreatic cancer cells . Department of Biotechnology. Jeju 
National University.

Kim, M. G., & Lee, H. S. (2014). 1, 2-Benzendiol Isolated From Persimmon 
Roots  and its structural analogues show antimicrobial activities against 
food-borne bacteria. Journal of the Korean Society for Applied 
Biological Chemistry, 57(4), 429–433. 

Kim, T., Kim, S., Kang, W. Y., Baek, H., Jeon, H.Y., Kim, B.Y., Kim, C.G., & 
Kim, D. (2011). Porcine amniotic fluid as possible antiwrinkle cosmetic 
agent. Korean Journal of Chemical Engineering. 28, 1839–1843. 



© C
OPYRIG

HT U
PM

 

226 
 

Khan, M. F., Abutaha, N., Nasr, F. A., Alqahtani, A. S., Noman, O. M., & 
Wadaan, M. A. M. (2019). Bitter gourd (Momordica charantia) possess 
developmental toxicity as revealed by screening the seeds and fruit 
extracts in zebrafish embryos. BMC Complementary and Alternative 
Medicine, 19(1), 184. 

Kuddus, M. (2018). Introduction to food enzymes. In M. Kuddus (Eds.), 
Enzymes in  Food Biotechnology: Production, Applications, and 
Future Prospects (pp. 1– 18). Academic Press, Cambridge, MA.

Kumalawati, D. A., Nurkolis, F., Wewengkang, D. S., Permatasari, H. K., 
Rotinsulu, H., Taslim, N. A., Joseph, V., & Samtiya, M. (2022). Anti-
noncommunicable diseases attributes of pineapple (Ananas comosus): a 
concise review. Food Research.

Kumar, G., Kumar, N., Prabhakar, P.K., & Kishore, A. (2022). Foam mat 
drying: Recent advances on foam dynamics, mechanistic modeling and 
hybrid drying approach. Critical Reviews in Food Science and Nutrition.
5:1-17.

Kumar, K., Yadav, A. N., Kumar, V., Vyas, P., Dhaliwal, H. S. (2017). Food 
Waste: A potential bioresource for extraction of nutraceuticals and 
bioactive compounds. Bioresource and Bioprocessing. 4:18.  

Kumar, P., Tanwar, R., Gupta, V., Upadhyay, A., Kumar, A., & Gaikwad, K. K. 
(2021). Pineapple peel extract incorporated poly (vinyl alcohol)-
corn starch film for active food packaging: Preparation, 
characterization, and antioxidant activity. International Journal of
Biological Macromolecules. 187: 223–231. 

Kumar, N., & Goel, N. (2019). Phenolic acids: Natural versatile molecules with 
promising therapeutic applications. Biotechnology Reports, 24, e00370. 

Kumar, P., & Verma, A. K. (2022). Microencapsulation as a noble technique for 
the application of bioactive compounds in the food industry: a 
comprehensive review microencapsulation as a noble technique for 

the application of bioactive compounds in the food industry: A 
Comprehensive Review. 

Kongsuwan, A., Suthiluk, P., Theppakorn, T., Srilaong, V., & Setha, S. (2009).
Bioactive compounds and antioxidant capacity of phulae and nanglae 
pineapple. Asian Journal of Food and Agro-Industry, S44–S50.

Lasekan, O., Hussein, F. K. (2018). Classification of different pineapple 
varieties grown in Malaysia based on volatile fingerprinting and sensory 
analysis. Chemistry Central Journal. 12(1). 

Lau, T., Harbourne, N., & Oruña-Concha, M. J. (2019). Valorisation of sweet 
corn (Zea mays) cob by extraction of valuable compounds. 



© C
OPYRIG

HT U
PM

 

227 
 

International Journal of Food Science and Technology, 54(4), 
1240–1246. 

Lau, T., Harbourne, N., & Oruña-Concha, M. J. (2020). Optimization of 
enzyme-assisted extraction of ferulic acid from sweet corn cob by 
response surface methodology. Journal of the Science of Food and 
Agriculture. 100 (4), 1479– 1485. 

Lavecchia, R., & Zuorro, A. (2016). Cellulase applications in pigment and
 bioactive compound extraction. in new and future developments in 
microbial biotechnology and bioengineering: microbial cellulase system 
properties and applications. Elsevier B.V. 

Leon, R. G., & Kellon, D. (2012). Characterization of ‘MD2’ Pineapple planting
density and fertilization using a grower survey. HortTechnology hortte, 
22(5),  644-650.

Li, T., Shen, P., Liu, W., Liu, C., Liang, R., Yan, N., & Chen, J. (2014). Major 
polyphenolics in pineapple peels and their antioxidant interactions. 
International Journal of Food Properties, 17(8), 1805–1817. 

Li, R., Yang, J. J., Song, X. Z., Wang, Y. F., Corlett, R. T., Xu, Y. K., & Hu, H. 
Bin. (2020). Chemical composition and the cytotoxic, antimicrobial, and 
anti-inflammatory activities of the fruit peel essential oil from Spondias 
pinnata (anacardiaceae) in Xishuangbanna, Southwest China. Molecules, 
25(2), 1–13. 

Li, X., Zhang, Z. H., Qiao, J., Qu, W., Wang, M. S., Gao, X., Zhang, C., 
Brennan, C. S., & Qi, X. (2022). Improvement of betalains stability 
extracted from red dragon fruit peel by ultrasound-assisted 
microencapsulation with maltodextrin. Ultrasonics Sonochemistry, 82, 
105897. 

Liang, Z., Zhang, P., & Fang, Z. (2020). Modern technologies for extraction of 
aroma compounds from fruit peels: A review. Critical Reviews in Food
 Science and  Nutrition. 1–24. 

Lubaina, A. S., Renjith, P. R., & Roshni, A. S. (2020). Identification and 
Quantification of Polyphenols from Pineapple Peel by High 
Performance Liquid Chromatography Analysis. Advances in Zoology 
and Botany, 8(5), 431–438. 

Lubinska-Szczygeł, M., Różańska, A., Dymerski, T., Namieśnik, J., Katrich, E., 
& Gorinstein, S. (2018). A novel analytical approach in the assessment of 
unprocessed Kaffir lime peel and pulp as potential raw materials for 
cosmetic applications. Industrial Crops and Products, 120(December 
2017), 313–321. 

Lobo, F. A., Nascimento, M. A., Domingues, J. R., Falcão, D. Q., Hernanz, D., 
Heredia, F. J., & de Lima Araujo, K. G. (2017). Foam mat drying of Tommy 
Atkins mango: Effects of air temperature and concentrations of soy lecithin 



© C
OPYRIG

HT U
PM

 

228 
 

and carboxymethylcellulose on phenolic composition, mangiferin, and 
antioxidant capacity. Food Chemistry, 221, 258–266. 

Loizzo, M. R., Bonesi, M., Pugliese, A., Menichini, F., & Tundis, R. (2014). 
Chemical composition and bioactivity of dried fruits and honey of 
Ficus carica cultivars Dottato, San Francesco, and Citrullara. 
Journal of the Science of Food and Agriculture, 94(11), 2179–2186. 

Lourenço, S. C., Campos, D. A., Gómez-García, R., Pintado, M., Oliveira, M. 
C., Santos, D. I., Corrêa-Filho, L. C., Moldão-Martins, M., & Alves, V. D. 
(2021). Optimization of natural antioxidants extraction from pineapple 
peel and their stabilization by spray drying. Foods, 10(6). 

Lourenço, S. C., Moldão-Martins, M., & Alves, V. D. (2020). 
Microencapsulation of Pineapple Peel Extract by Spray Drying Using 
Maltodextrin, Inulin, and Arabic Gum as Wall Matrices. Foods, 9: 718.

Lu, X. H., Sun, D. Q., Wu, Q. S., Liu, S. H., & Sun, G. M. (2014). Physico-
chemical properties, antioxidant activity, and mineral contents of 
pineapple genotypes grown in China. Molecules, 19(6): 8518–
8532. 

Luo, J., Zhang, P., Li, S., & Shah, N. P. (2016). Antioxidant, Antibacterial, and
Antiproliferative activities of free and bound phenolics from peel and 
flesh of Fuji apple. Journal of Food Science, 81(7), M1735–M1742. 

Maga, J. A. (1987). The flavor chemistry of wood smoke. Food Reviews 
International, 3(1–2): 139–183. 

Mahmud, M., Abdullah, R., & Yaacob, J. S. (2020). Effect of vermicompost on 
growth, plant nutrient uptake and bioactivity of ex vitro pineapple (ananas 
comosus var. MD2). Agronomy, 10(9): 1–22. 

María Teresa, R. C., Rosaura, V. G., Elda, C. M., & Ernesto, G. P. (2014). The 
avocado defense compound phenol-2,4-bis (1,1-dimethylethyl) is induced 
by arachidonic acid and acts via the inhibition of hydrogen peroxide 
production by pathogens. Physiological and Molecular Plant Pathology, 
87: 32–41. 

Malaysian Pineapple Industry Board. (2016). MD2 Pineapple maturity index.
Retrieved 15 September 2016. http://www.mpib.gov.my       

Malekjani, N., & Jafari, S. M. (2020). Food Process Modeling and Optimization 
by Response Surface Methodology (RSM). In S. Sevda & A. Singh (Eds.), 
Mathematical and Statistical Applications in Food Engineering (1st 
Edition, Issue March). CRC Press. 

Malekjani, N., & Jafari, S. M. (2020). Food Process Modeling and Optimization 
by Response Surface Methodology (RSM). In Mathematical and 



© C
OPYRIG

HT U
PM

 

229 
 

Statistical Applications in Food Engineering (Issue February 2020). 
CRC Press.

Malviya N. (2010). Antidiabetic Potential of Medicinal Plants. Acta Poloniae 
Pharmaceutica. 67: 113-118.

Marcillo-Parra, V., Tupuna-Yerovi, D. S., González, Z., & Ruales, J. (2021). 
Encapsulation of bioactive compounds from fruit and vegetable by-
products for food application – A review. Trends in Food Science 
and Technology, 116: 11–23.  

Marić, M., Grassino, A. N., Zhu, Z., Barba, F. J., Brnčić, M., & Rimac Brnčić, 
S. (2018). An overview of the traditional and innovative approaches for 
pectin extraction from plant food wastes and by-products: Ultrasound-,
microwaves-, and enzyme-assisted extraction. Trends in Food Science 
and Technology, 76: 28–37. 

Marinov, T., Kokanova-Nedialkova, Z., & Nedialkov, P. (2023). Naturally 
occurring simple oxygenated benzophenones: structural diversity, 
distribution, and biological properties. Diversity, 15(1030).

Marisa Ribeiro, A., Shahgol, M., Estevinho, B. N., & Rocha, F. (2020). 
Microencapsulation of Vitamin A by spray-drying, using binary and ternary 
blends of gum arabic, starch and maltodextrin. Food Hydrocolloids, 108,
106029. 

Martillanes, S., Ayuso-Yuste, M. C., Bernalte, M. J., Gil, M. V., & Delgado-
Adámez, J. (2021). Cellulase-assisted extraction of phenolic compounds 
from rice bran (Oryza sativa L.): process optimization and 
characterization. Journal of Food Measurement and Characterization,
15(2): 1719–1726. 

Mathew, S., Zakaria, Z. A., & Musa, N. F. (2015). Antioxidant property and
chemical profile of pyroligneous acid from pineapple plant waste 
biomass. Process Biochemistry, 50(11): 1985–1992. 

Matsuo, Y., Miura, L. A., Araki, T., & Yoshie-Stark, Y. (2019). Proximate 
composition and profiles of free amino acids, fatty acids, minerals and 
aroma compounds in Citrus natsudaidai peel. Food Chemistry, 279: 356–
363. 

Meena, L., Sengar, A. S., Neog, R., & Sunil, C. K. (2021). Pineapple 
processing waste (PPW): bioactive compounds, their extraction, and 
utilisation: a review. Journal of Food Science and Technology.

Medina-Torres, L., Santiago-Adame, R., Calderas, F., Gallegos-Infante, J. A., 
González-Laredo, R. F., Rocha-Guzmán, N. E., Núñez-Ramírez, D. M., 
Bernad-Bernad, M. J., & Manero, O. (2016). Microencapsulation by spray 
drying of laurel infusions (Litsea glaucescens) with maltodextrin. Industrial 
Crops and Products, 90: 1–8. 



© C
OPYRIG

HT U
PM

 

230 
 

Meddah, B., Ducroc, R., El Abbes Faouzi, M., Eto, B.; Mahraoui, L.,
Benhaddou-Andaloussi, A., Martineau, L.C., Cherrah, Y., Haddad, P.S.
(2009). Nigella sativa inhibits intestinal glucose absorption and improves 
glucose tolerance in rats. Journal of Ethnopharmacology. 121: 419–424.

Mehta, N., S, J., Kumar, P., Verma, A. K., Umaraw, P., Khatkar, S. K., Khatkar, 
A. B., Pathak, D., Kaka, U., & Sazili, A. Q. (2022). Ultrasound-Assisted 
extraction and the encapsulation of bioactive components for food 
applications. Foods, 11(19), 1–35. 

Meini, M. R., Cabezudo, I., Boschetti, C. E., & Romanini, D. (2019). Recovery 
of phenolic antioxidants from Syrah grape pomace through the 
optimization of an enzymatic extraction process. Food Chemistry, 283:
257–264. 

Méndez-Carmona, J.Y., Ascacio-Valdés, J.A. Aguilar, C. N. (2022). Enzyme 
technology for production of food ingredients and functional foods. In 
Kuddus, M., & Aguilar, C. N. (Ed.). Value-Addition in food products and 
processing through enzyme technology (pp. 1-11). Academic Press.

Meyer, A. S., Jepsen, S. M., & Sørensen, N. S. (1998). Enzymatic Release of 
Antioxidants for Human Low-Density Lipoprotein from Grape Pomace. 
Journal of Agricultural and Food Chemistry, 46(7), 2439–2446. 

Misawa, E.; Tanaka, M.; Nomaguchi, K.; Yamada, M.; Toida, T.; Takase, M.; 
Iwatsuki, K.; Kawada, T. Administration of phytosterols isolated from Aloe 
vera gel reduce visceral fat mass and improve hyperglycemia in Zucker 
diabetic fatty (ZDF) rats. Obes. Res. Clin. Pract. 2008, 2, 239–245

Mirghani, M. E. S., Elnour, A. A. M., Kabbashi, N. A., Alam, M. Z., Musa, K. H., 
& Abdullah, A. (2018). Determination of antioxidant activity of gum Arabic: 
An exudation from two different locations. ScienceAsia, 44(3), 179–186. 

Mitsui, T. (1996). New Cosmetic Science. Elsevier, Amsterdam – Lausanne – 
New  York – Oxford – Shannon – Singapore – Tokyo.

Mohamad, N. E., Abu, N., Yeap, S. K., Lim, K. L., Romli, M. F., Sharifuddin, S. 
A., Long, K., & Alitheen, N. B. (2019). Apoptosis and metastasis 
inhibitory potential of pineapple vinegar against mouse mammary gland 
cells in vitro and in vivo. Nutrition and Metabolism, 16(1), 1–13. 

Mohamad, N., Ramli, N., Abd-Aziz, S., & Ibrahim, M. F. (2019). Comparison of 
hydro-distillation, hydro-distillation with enzyme-assisted and supercritical 
fluid for the extraction of essential oil from pineapple peels. 3 Biotech, 9(6), 
1–9. 

Mohammed Saleh, S. M., Mohammad Jamshed Siddiqui, S. Z. M. S., 
Murugesu, S., Khatib, A., & Mokhlesur M. Rahman. (2020). Liquid 
Chromatography High-Resolution Mass Spectrometry Analysis, 
Phytochemical and Biological Study of Two Aizoaceae Plants Plants: A 



© C
OPYRIG

HT U
PM

 

231 
 

New Kaempferol Derivative from Trianthema portulacastrum L. 
Pharmacognosy Research, 10(October), 24–30.

Mohamed, G. A., & Ibrahim, S. R. M. (2020). New benzophenones and a 
dihydroflavanonol from Garcinia mangostana pericarps and their 
antioxidant and cytotoxic activities. Phytochemistry Letters, 39, 43–48. 

Mohd Ali, M., Hashim, N., Abd Aziz, S., & Lasekan, O. (2020). Pineapple 
(Ananas comosus): A comprehensive review of nutritional values, volatile 
compounds, health benefits, and potential food products. Food Research 
International, 137(April), 109675. 

Montefusco, A., Durante, M., Migoni, D., De Caroli, M., Ilahy, R., Pék, Z., 
Helyes, L., Fanizzi, F. P., Mita, G., Piro, G., & Lenucci, M. S. (2021). 
Analysis of the phytochemical composition of pomegranate fruit juices, 
peels and kernels: A comparative study on four cultivars grown in 
Southern Italy. Plants, 10, (11). 

Morais, D. R., Rotta, E. M., Sargi, S. C., Bonafe, E. G., Suzuki, R. M., Souza, 
N. E.,  Matsushita, M., & Visentainer, J. V. (2017). Proximate 
composition, mineral contents, and fatty acid composition of the 
different parts and dried peels of tropical fruits cultivated in Brazil. 
Journal of the Brazilian Chemical Society, 28(2), 308–318. 

Mourtzinos, I., & Goula, A. (2019). Polyphenols in Agricultural Byproducts and 
Food  Waste. Polyphenols in Plants (2nd ed.). Elsevier Inc. 

Muhamad, S. A. S., Jamilah, B., Russly, A. R., Faridah, A. (2017). In vitro 
antibacterial activities and composition of Carica papaya cv. Sekaki/ 
Hong Kong peelextracts. International Food Research Journal. 
24(3):976–984. 

Mulinacci, N., Prucher, D., Peruzzi, M., Romani, A., Pinelli, P., Giaccherini, C., 
Vincieri, F.F. (2004). Commercial and laboratory extracts from artichoke
leaves: Estimation of caffeoyl esters and flavonoidic compounds 
content. Journal of Pharmaceutical and Biomedical Analysis. 34, 
349–357.

Munawar, N., Azhar, N., & Rohaizad, N. S. (2020). Characterization of 
watermelon rind powder using foam mat drying with different types of 
foaming agents and temperatures. Asian Journal of Fundamental and 
Applied Sciences, 1(3), 1–10. 

Muniglia, L., Claisse, N., Baudelet, P., & Ricochon, G. (2014). Enzymatic 
aqueous extraction. In F. Chemat, & M. Abbert Vian (Eds.). Alternative 
solvents for natural products extraction (pp. 167–186). (1st ed.). 
Springer-Verlag Berlin, Heidelberg. 

Musa, H. H., Ahmed, A. A., & Musa, T. H. (2019). Chemistry, Biological, and 
Pharmacological Properties of Gum Arabic. In K. G. R. J.-M. Mérillon 



© C
OPYRIG

HT U
PM

 

232 
 

(Ed.), Bioactive Molecules in Food, Reference Series in Phytochemistry
(pp. 797–814). Springer Nature Switzerland. 

Nadar, S. S., Rao, P., & Rathod, V. K. (2018). Enzyme assisted extraction of 
biomolecules as an approach to novel extraction technology: A review. 
Food Research International, 108, 309–330. 

Nadya Hajar., Zainal, S., Nadzirah, K. Z., Siti Roha, A. M., Atikah, O., & Tengku 
Elida, T. Z. M. (2012). Physicochemical properties analysis of three 
indexes pineapple (Ananas Comosus) peel extract variety N36. 
APCBEE Procedia, 4(4), 115–121. 

Nadzirah, K. Z., Zainal, S., Noriham, A., Normah, I., Siti Roha, A. M., & Nadya, 
H. (2013). Physico-chemical properties of pineapple variety N36 
harvested and stored at different maturity stages. International 
Food Research Journal, 20(1), 225–231.

Narasimhan, B., Ohlan, S., Ohlan, R., Judge, V., & Narang, R. (2009). Hansch 
analysis of veratric acid derivatives as antimicrobial agents. 
European Journal of Medicinal Chemistry, 44(2), 689–700. 

Navarro-Flores, M. J., Ventura-Canseco, L. M. C., Meza-Gordillo, R., Ayora-
Talavera, T. del R., & Abud-Archila, M. (2020). Spray drying 
encapsulation of a native plant extract rich in phenolic 
compounds with combinations of maltodextrin and non-conventional 
wall materials. Journal of Food Science  and Technology, 57(11), 
4111–4122. 

Nayak, B., Rui, H. L., Juming, T. (2015). Effect of processing on phenolic 
antioxidants of fruits, vegetables, and grains—A Review. Critical 
Reviews of Food Science and Nutrition. 55(7): 887–918. 

Nguyen, Q. D., Dang, T. T., Nguyen, T. V. L., Nguyen, T. T. D., & Nguyen, N. N. 
(2022). Microencapsulation of roselle (Hibiscus sabdariffa L.) 
anthocyanins: Effects of different carriers on selected physicochemical 
properties and antioxidant activities of spray-dried and freeze-dried 
powder. International Journal of Food Properties, 25(1), 359–374. 

Nishad, J., Saha, S., Dubey, A. K., Varghese, E., & Kaur, C. (2019). 
Optimization and comparison of non-conventional extraction 
technologies for Citrus paradisi L. peels: a valorization 
approach. Journal of Food Science and Technology, 56(3), 1221–
1233. 

Noore, S., Rastogi, N. K., O’Donnell, C., & Tiwari, B. (2021). Novel Bioactive 
Extraction and Nano-Encapsulation. Encyclopedia, 1(3), 632–664. 

Noore, S., Joshi, A., Kumari, B., Zhao, M., O’Donnell, C., & Tiwari, B. K. (2022). 
Effects of Novel Extraction Strategies on the Recovery of Phenolic 



© C
OPYRIG

HT U
PM

 

233 
 

Compounds and Associated Antioxidant Properties from Buckwheat 
Hull (Fagopyrum esculentum). Processes.

Nor, M. Z. M., Ramchandran, L., Duke, M., & Vasiljevic, T. (2015). 
Characteristic properties of crude pineapple waste extract for bromelain 
purification by membrane processing. Journal of Food Science and 
Technology, 52(11), 7103–7112. 

Nor, N. F., Ahmad, H., & Ariffin, A. S. (2023). Potencies and Opportunities of 
Halal Market in Global Industry: An Empirical Analysis of Malaysia and 
Indonesia. Halal Reviews, 3(1), 1–24. 

Novozymes A/S, “Celluclast® 1.5L”, Product data sheet,  September 2015. 

Novozymes A/S, “Pectinex® Ultra SP-L”, Product data sheet,  September 
2015. 

Nunes, M. C. N., Emond, J. P., Rauth, M., Dea, S., & Chau, K.V. (2009). 
Environmental conditions encountered during typical consumer retail 
display affect fruit and vegetable quality and waste. Postharvest 
Biology and Technology. 51(2), 232-241. 

Nwauzoma, A. B., & Dappa, M. S. (2013). Ethnobotanical Studies of Port 
Harcourt Metropolis, Nigeria. ISRN Botany, 2013, 1–11. 

Okpara, M. O. (2022). Microbial Enzymes and Their Applications in Food 
Industry: A Mini-Review. Advances in Enzyme Research, 10(01), 
23–47. 

Oliver-Simancas, R., Díaz-Maroto, M. C., Pérez-Coello, M. S., & Alañón, M. E. 
(2020). Viability of pre-treatment drying methods on mango peel by-
products to preserve flavouring active compounds for its revalorisation. 
Journal of Food Engineering, 279(January). 

Olivia, N.U., Goodness, U.C., and Obinna, O.M. (2021). Phytochemical 
profiling and GC-MS analysis of aqueous methanol fraction of Hibiscus 
asper leaves. Future Journal of Pharmaceutical Sciences. 7(1). 

Oreopoulou, A., Tsimogiannis, D., & Oreopoulou, V. (2019). Extraction of 
polyphenols from aromatic and medicinal plants: an overview of the 
methods and the effect of extraction parameters. Polyphenols in Plants
(2nd ed.). Elsevier Inc. 

Oz, A. T., Baktemur, G., Kargi, S. P., & Kafkas, E. (2016). Volatile Compounds 
of Strawberry Varieties. Chemistry of Natural Compounds, 52(3), 507–
509. 

Paleologou, I., Vasiliou, A., Grigorakis, S., & Makris, D. P. (2016). Optimisation 
of a green ultrasound-assisted extraction process for potato peel 
(Solanum tuberosum) polyphenols using bio-solvents and response 



© C
OPYRIG

HT U
PM

 

234 
 

surface methodology. Biomass Conversion and Biorefinery. 6(3):289–
299. 

Page, R. C., & Kornman, K. S. (1997). The pathogenesis of human 
periodontitis: an introduction. Periodontology 2000, 14, 9–11. 

Panda, G., Vivek, K., Mishra, S., & Pradhan, R. C. (2021). Characterization 
and Optimization of Process Parameters for Enzyme Assisted 
Extraction of Kendu (Diospyros Melanoxylon Roxb.) Fruit Juice. 
International Journal of Fruit Science, 21(1), 299–311. 

Papoutsis, K., Golding, J. B., Vuong, Q., Pristijono, P., Stathopoulos, C. E., 
Scarlett, C. J., & Bowyer, M. (2018). Encapsulation of citrus by-product 
extracts by spray-drying and freeze-drying using combinations of 
maltodextrin with soybean protein and ι-carrageenan. Foods, 7(7), 1–12. 

Pardo, M. E. S., Cassellis, M. E. R., Escobedo, R. M., & García, E. J. (2014). 
Chemical Characterisation of the Industrial Residues of the 
Pineapple (Ananas comosus). Journal of Agricultural Chemistry and 
Environment, 3(April), 53–56. 

Parra-Matadamas, A., Mayorga-Reyes, L., & Pérez-Chabela, M. L. (2015). In 
vitro fermentation of agroindustrial by-products: Grapefruit albedo and 
peel, cactus pear peel and pineapple peel by lactic acid bacteria. 
International Food Research Journal, 22(2), 859–865.

Pasaribu, Y. P., Fadlan, A., Fatmawati, S., & Ersam, T. (2021). Biological 
activity evaluation and in silico studies of polyprenylated benzophenones 
from garcinia celebica. Biomedicines, 9(11). 

Pashazadeh, H., Zannou, O., Ghellam, M., Koca, I., Galanakis, C. M., & 
Aldawoud, T. M. S. (2021). Optimization and Encapsulation of Phenolic 
Compounds Extracted from Maize Waste by Freeze-Drying, Spray-
Drying, and Microwave-Drying Using Maltodextrin. Foods, 10(6), 1396. 

Patel, A. K., Singhania, R. R., & Pandey, A. (2017). Production, Purification, 
and Application of Microbial Enzymes. Biotechnology of Microbial 
Enzymes (pp. 13–41). Elsevier Inc. 

Patil, S. K., Patil, S. A., Vadiyar, M. M., Awale, D. V., Sartape, A. S., Walekar,
 L. S.,  Kolekar, G. B., Ghorpade, U. V., Kim, J. H., & Kolekar, S. S. 
(2017). Tailor-made dicationic ionic liquid as a fluorescent sensor for 

detection of hydroquinone and catechol. Journal of Molecular Liquids, 
244, 39–45. 

Paull, R. E., & Lobo, M. G. (2012). Tropical and Subtropical Fruits: Postharvest
physiology, processing and packaging. Iowa: John Wiley & Sons, Inc. 
p. 333-357.

Peixoto Araujo, N. M., Pereira, G. A., Arruda, H. S., Prado, L. G., Ruiz, A. L. 
T. G., Eberlin, M. N., Castro, R. J. S. de, & Pastore, G. M. (2019). 



© C
OPYRIG

HT U
PM

 

235 
 

Enzymatic treatment improves the antioxidant and antiproliferative 
activities of Adenanthera pavonina L. seeds. Biocatalysis and Agricultural 
Biotechnology, 18(January), 101002. 

Pereda, J. A. O. (2005). Tecnologia de Alimentos, Componentes dos 
Alimentos e Processos, Vol. 1; Artmed: Porto Alegre, Brasil.

Pogorzelski, E., & Wilkowska, A. (2008). Flavour enhancement through the 
enzymatic hydrolysis of glycosidic aroma precursors in juices and wine 
beverages: a review. Flavour and Fragrance Journal, 22, 152–163. 

Pontillo, A. R. N., Papakosta-Tsigkri, L., Lymperopoulou, T., Mamma, D., 
Kekos, D., & Detsi, A. (2021). Conventional and enzyme-assisted 
extraction of rosemary leaves (Rosmarinus officinalis l.): Toward a 
greener approach to high added-value extracts. Applied Sciences, 11 (8):
3724. 

Prado, J. M., Vardanega, R., Debien, I. C. N., Angela, M., Meireles, D. A., 
Gerschenson, L. N., Sowbhagya, H. B., & Chemat, S. (2015). 
Conventional extraction. Food Waste Recovery. Elsevier Inc. 

Prakash, D., G. Upadhayay, B.N. Singh, and H.B. Singh. Antioxidant and free 
radical - scavenging activities of seeds and agri - wastes of some 
varieties of soyabean (Glycine max). Food Chemistry. 2007, 104, p. 
783-790

Priyadarshani, S. V. G. N., Cai, H., Zhou, Q., Liu, Y., Cheng, Y., Xiong, J., Qin, 
Y. (2019). An efficient Agrobacterium mediated transformation of 
pineapple with GFP- tagged protein allows easy, non-destructive 
screening of transgenic pineapple plants. Biomolecules, 9 (10), 1–12.

Pudziuvelyte, L., Marksa, M., Sosnowska, K., Winnicka, K., Morkuniene, R., & 
Bernatoniene, J. (2020). Freeze-drying technique for microencapsulation 
of elsholtzia ciliata Ethanolic extract using different coating materials. 
Molecules, 25(9), 1–16. 

Pudziuvelyte, L., Marksa, M., Jakstas, V., Ivanauskas, L., Kopustinskiene, D. 
M., & Bernatoniene, J. (2019). Microencapsulation of Elsholtzia ciliata
Herb Ethanolic Extract by Spray-Drying: Impact of resistant-maltodextrin 
complemented with sodium caseinate, skim milk, and beta-cyclodextrin 
on the quality of spray-dried powders. Molecules, 24(8), 1–22. 

Pudziuvelyte, L., Stankevicius, M., Maruska, A., Petrikaite, V., Ragazinskiene, 
O., Draksiene, G., Bernatoniene, J. Chemical composition and 
anticancer activity of Elsholtzia ciliata essential oils and extracts prepared 
by different methods. Industrial Crops and Products. 2017, 107, 90–96.

Qadir, R., Anwar, F., Gilani, M. A., Zahoor, S., Rehman, M. M., & Mustaqeem, 
M. (2019). RSM/ANN based optimized recovery of phenolics from 



© C
OPYRIG

HT U
PM

 

236 
 

mulberry leaves by enzyme-assisted extraction. Czech Journal of Food 
Sciences, 37(2), 99–105. 

Rahma, A., Adriani, M., Rahayu, P., Tjandrawinata, R. R., & Rachmawati, H. 
(2019). Green isolation and physical modification of pineapple stem waste 
starch as pharmaceutical excipient. Drug Development and Industrial 
Pharmacy, 45(6), 1029–1037

Rahman, M. M., Abd El-Aty, A. M., Choi, J.-H., Shin, H.-C., Shin, S. C., & Shim, 
J.-H. (2015). Basic Overview on Gas Chromatography Columns. 
Analytical Separation Science, 823–834. 

Rajeswari, G., Murugan, M., & Mohan, V. R. (2012). GC-MS analysis of 
bioactive components of Hugonia mystax L. (Linaceae). Research 
Journal of Pharmaceutical, Biological and Chemical Sciences, 3(4), 
301–308.

Rakariyatham, K., Liu, X., Liu, Z., Wu, S., Shahidi, F., Zhou, D., & Zhu, B. 
(2020). Improvement of Phenolic Contents and Antioxidant Activities of 
Longan (Dimocarpus longan) Peel Extracts by Enzymatic Treatment. 
Waste and Biomass Valorization, 11(8), 3987–4002. 

Rakholiya, K., M. Kaneria, and S. Chanda. Vegetable and fruit peels as a novel 
source of antioxidants. Journal of Medicinal Plants Research. 2011, 5(1).

Ramalakshmi, S., and Muthuchelian, K. (2011). Analysis of Bioactive 
constituents  from the Ethanolic leaf extract of Tabebuia rosea (Bertol.) 
DC by Gas Chromatography – MassSpectrometry. International 
Journal of ChemTech Research, 3 (3), 1054–1059.

Ran, X., Chao, S., Jun-Gang, Z., Yun, H., Kuan-Bing, C., & Wen-Jun, S. 
(2014). Protective effect of veratric acid on lipopolysaccharide-induced 
acute lung injury in mice. European Journal of Pharmacology, 740, 
227–232. 

Rana, V. S., and Das, M. (2017). Fatty Acid and Non-Fatty Acid Components 
of the  Seed Oil of Celastrus paniculatus willd. International Journal of 
Fruit Science, 17(4), 407–414. 

Rangel-Sánchez, G., Castro-Mercado, E., & García-Pineda, E. (2014). 
Avocado roots treated with salicylic acid produce phenol-2,4-bis (1,1-
dimethylethyl), a compound with antifungal activity. Journal of Plant 
Physiology, 171(3–4), 189–198. 

Raveendran, S., Parameswaran, B., Ummalyma, S. B., Abraham, A., Mathew, 
A. K., Madhavan, A., Rebello, S., & Pandey, A. (2018). Applications of 
microbial enzymes in food industry. Food Technology and Biotechnology,
56(1), 16–30. 



© C
OPYRIG

HT U
PM

 

237 
 

Ray, S., Raychaudhuri, U., Chakraborty, R. (2016). An overview of 
encapsulation of active compounds used in food products by drying 
technology. Food Bioscience. 13, 76–83. 

Reis, F. R., de Moraes, A. C. S., & Masson, M. L. (2021). Impact of Foam-Mat 
Drying on Plant-Based Foods Bioactive Compounds: a Review. Plant 
Foods for Human Nutrition, 76(2), 153–160. 

Ren, J., Wang, J., Karthikeyan, S., Liu, H., & Cai, J. (2019). Natural anti-
phytopathogenic fungi compound phenol, 2, 4-bis (1, 1-dimethylethyl) 
from Pseudomonas fluorescens TL-1. Indian Journal of Biochemistry and 
Biophysics, 56(2), 162–168.

Renard, D., Lavenant-Gourgeon, L., Ralet, M. C., & Sanchez, C. (2006). 
Acacia Senegal gum: contin- uum of molecular species differing by their 
protein to sugar ratio, molecular weight, and charges. 
Biomacromolecules, 11(7):2637–2649.

Reshna, K. R., Gopi, S., & Balakrishnan, P. (2022). Introduction to Flavor and 
Fragrance in Food Processing: Flavors and Fragrances in Food 
Processing: Preparation and Characterization Method. ACS Symposium 
Series, 1433, 1–19. 

Rico, X., Gullón, B., Alonso, J. L., & Yáñez, R. (2020). Recovery of high value-
added compounds from pineapple, melon, watermelon and pumpkin 
processing by-products: An overview. Food Research International, 
132(December 2019), 

Rifna, E. J., Misra, N. N., & Dwivedi, M. (2021). Recent advances in extraction
 technologies for recovery of bioactive compounds derived from fruit 
and vegetable waste peels: A review. Critical Reviews in Food Science 
and Nutrition, 0(0), 1–34. 

Roberts, J. S., Kidd, D. R., & Padilla-Zakour, O. (2008). Drying kinetics of 
grape seeds. Journal of Food Engineering, 89(4), 460–465. 

Roda, A., & Lambri, M. (2019). Food uses of pineapple waste and by-products: 
a review. International Journal of Food Science and Technology, 54(4), 
1009–1017. 

Roda, A., Lucini, L., Torchio, F., Dordoni, R., De Faveri, D. M., Lambri, M. 
(2017). Metabolite profiling and volatiles of pineapple wine and 
vinegar obtained from pineapple waste. Food Chemistry. 229:734–742.
 

Rubab, M., Chelliah, R., & Saravanakumar, K. (2020). Bioactive Potential of 2-
Methoxy-4-vinylphenol and Benzofuran from Brassica oleracea L. var. 
capitate f, rubra (Red Cabbage) on Oxidative and Microbiological 
Stability of Beef Meat. Foods, 9.



© C
OPYRIG

HT U
PM

 

238 
 

Ruengdech, A., & Siripatrawan, U. (2022). Improving encapsulating efficiency, 
stability, and antioxidant activity of catechin nanoemulsion using foam 
mat freeze-drying: The effect of wall material types and concentrations. 
Lwt, 162(September 2021), 113478. 

Sadh, P. K., Duhan, S., & Duhan, J. S. (2018). Agro-industrial wastes and their 
utilization using solid state fermentation: a review. Bioresources and 
Bioprocessing, 5(1), 1–15. 

Sagar, N.A., Pareek, S., Sharma, S., Yahia, E.M. & Lobo, M.G. (2018), Fruit 
and vegetable waste: Bioactive compounds, their extraction, and 
possible utilization. Comprehensive Reviews in Food Science and 
Food Safety, 17:512-531. 

Samyor, D., Deka, S. C., & Das, A. B. (2021). Physicochemical and 
phytochemical properties of foam mat dried passion fruit (Passiflora edulis 
Sims) powder and comparison with fruit pulp. Journal of Food Science 
and Technology, 58(2), 787–796.

Sánchez-Burgos, J. A., & García-Magaña, M. de L. (2018). Pineapples 
(Ananas comosus). In Fruit and Vegetable Phytochemicals. In Yahia EM
(2nd Ed.). John Wiley & Sons, Hoboken, NJ

Sani, M. S. A., Bakar, J., Azid, A., & Iqbal, M. J. (2022). Chemometrics-based 
evaluation on the effect of sonication, contact time and solid-to-solvent 
ratio on total phenolics and flavonoids, free fatty acids and antibacterial 
potency of Carica papaya seed against S. enteritidis, B. cereus, V. 
vulnificus and P. . Food Chemistry Advances, 1(February), 100033. 

Sani, M. S. A., Bakar, J., Rahman, R. A., & Abas, F. (2021). Effect of 
temperature on antibacterial activity and fatty acid methyl esters of 
Carica Papaya seed extract. Multifaceted Protocols in 
Biotechnology, 2 (2), 117–132. 

Sani, M. S. bin A. (2018). Antibacterial activities of Carica papaya L. Seed as 
Food Preservative. In Universiti Putra Malaysia. Universiti Putra 
Malaysia.

Santos, J., Ouadi, M., Jahangiri, H., & Hornung, A. (2019). Integrated 
intermediate  catalytic pyrolysis of wheat husk. Food and Bioproducts 
Processing, 114, 23–30. 

Sarabandi, K., Jafari, S. M., Mahoonak, A. S., & Mohammadi, A. (2019). 
Application of gum Arabic and maltodextrin for encapsulation of eggplant 
peel extract as a natural antioxidant and color source. International 
Journal of Biological Macromolecules, 140, 59–68. 

Saravanakumar, M., and Raja, B. (2011). Veratric acid, a phenolic acid 
attenuates blood pressure and oxidative stress in L-NAME induced 



© C
OPYRIG

HT U
PM

 

239 
 

hypertensive rats. European Journal of Pharmacology, 671(1–3), 87–
94. 

Seerangurayar, T., Manickavasagan, A., Al-Ismaili, A. M., & Al-Mulla, Y. A. 
(2017). Effect of carrier agents on flowability and microstructural 
properties of foam-mat freeze dried date powder. Journal of Food 
Engineering, 215, 33–43. 

Segovia Gómez, F., & Almajano Pablos, M. P. (2016). Pineapple Waste 
Extract for Preventing Oxidation in Model Food Systems. Journal of Food 
Science, 81(7), C1622–C1628. 

Sevindik, E., Aydın, S., Sujka, M., Apaydın, E., Yıldırım, K., & Palas, G. (2021). 
GC-MS analysis and evaluation of antibacterial and antifungal activity of 
essential oils extracted from fruit peel of Citrus aurantium L. (Rutaceae)
Grown in the West Anatolian Area. Erwerbs-Obstbau.

Shaari, N. A., Sulaiman, R., Rahman, R. A., & Bakar, J. (2018). Production of 
pineapple fruit (Ananas comosus) powder using foam mat drying: Effect 
of whipping time and egg albumen concentration. Journal of Food 
Processing and Preservation, 42(2). 

Shahidi, F., & Hossain, A. (2023). Importance of insoluble-bound phenolics to 
the antioxidant potential is dictated by source material. Antioxidants, 
12(1). 

Shahidi, F., & Yeo, J. D. (2016). Insoluble-bound phenolics in food. Molecules, 
21(9). 

Shapla, U. M., Solayman, M., Alam, N., Khalil, M. I., & Gan, S. H. (2018). 5-
Hydroxymethylfurfural (HMF) levels in honey and other food products: 
effects on bees and human health. Chemistry Central Journal, 12(1), 
1–19.

Shaygannia, S., Eshaghi, M. R., Fazel, M., & Hashemiravan, M. (2020). 
Phenolic compounds and antioxidant activities of lemon wastes affected 
by microencapsulation using coatings of Arabic, Persian, and basil seed 
gums. Journal of Food Measurement and Characterization, 15(2), 1452–
1462. 

Shen, D., Kou, X., Wu, C., Fan, G., Li, T., Dou, J., Wang, H., & Zhu, J. (2021). 
Cocktail enzyme-assisted alkaline extraction and identification of jujube 
peel pigments. Food Chemistry, 357, 129747. 

Shende, D., & Sidhu, G. K. (2016). Response surface methodology to optimize 
enzyme-assisted aqueous extraction of maize germ oil. Journal of Food 
Science and Technology. 53 (8), 3282–3295. 

Shirsath, S. R., Sable, S. S., Gaikwad, S. G., Sonawane, S. H., Saini, D. R., & 
Gogate, P. R. (2017). Intensification of extraction of curcumin from 



© C
OPYRIG

HT U
PM

 

240 
 

Curcuma amada using ultrasound assisted approach: Effect of different 
operating parameters. Ultrasonics Sonochemistry, 38, 437–445. 

Skrzypczak-Pietraszek, E., Kwiecień, I., Gołdyn, A., & Pietraszek, J. (2017). 
HPLC-DAD analysis of arbutin produced from hydroquinone in a 
biotransformation process in Origanum majorana L. shoot culture. 
Phytochemistry Letters, 20, 443–448. 

Skuredina, A. A., Le-Deygen, I. M., Belogurova, N. G., & Kudryashova, E. V. 
(2020). Effect of cross-linking on the inclusion complex formation of 
derivatized β-cyclodextrins with small-molecule drug moxifloxacin. 
Carbohydrate Research (498).  

Smith, B. C., and Harris, P. J. (1995). Polysaccharide composition of 
unlignified cell walls of pineapple [Ananas comosus (L.) merr.] 
fruit. Plant Physiology, 107(4), 1399–1409. 

Sobel, R., Versic, R., & Gaonkar, A. G. (2014). Introduction to 
microencapsulation and controlled delivery in foods. In 
Microencapsulation in the Food Industry: A Practical Implementation 
Guide. Elsevier Inc. 

Solval, K. M., Sundararajan, S., Alfaro, L., & Sathivel, S. (2012). Development 
of cantaloupe (Cucumis melo) juice powders using spray drying 
technology. Lebensmittel-Wissenschaftund -Technologie- Food 
Science and Technology, 46(1): 287–293.  

Sridhar, A., Ponnuchamy, M., Kumar, P. S., Kapoor, A., Vo, D. V. N., & 
Prabhakar,  S. (2021). Techniques and modeling of polyphenol 
extraction from food: a review. Environmental Chemistry Letters 
(Vol. 19, Issue 4, pp. 3409–3443). 

Sturzoiu, A., Stroescu, M., Guzun, A.S. & Dobre, T. (2011). Empirical models
 applied for kinetics extraction of β-carotene from Rosa canina. Revista
 de Chimie, 62(3): 344-348.

Suarez LM, Hongbing F, José EZ, Jianping W. (2021). Optimization of 
enzymatic hydrolysis for preparing cassava leaf hydrolysate with 
antioxidant activity. Food Bioprocessing Technology. 14(12): 2181–94. 

Sugibayashi, K., Yusuf, E., Todo, H., Dahlizar, S., Sakdiset, P., Arce, F. J., & 
See, G. L. (2019). Halal cosmetics: A review on ingredients, production, 
and testing methods. Cosmetics, 6(3): 1–17. 

Suleria, H. A. R., Barrow, C. J., & Dunshea, F. R. (2020). Screening and 
characterization of phenolic compounds and their antioxidant capacity in 
different fruit peels. Foods, 9(9). 

Sun, X., Cameron, R. G., & Bai, J. (2019). Microencapsulation and 
antimicrobial activity of carvacrol in a pectin-alginate matrix. Food 
Hydrocolloids, 92: 69–73. 



© C
OPYRIG

HT U
PM

 

241 
 

Susanti, D. Y., Sediawan, W. B., Fahrurrozi, M., & Hidayat, M. (2021). Foam-
mat drying in the encapsulation of red sorghum extract: Effects of xanthan 
gum addition on foam properties and drying kinetics. Journal of the Saudi 
Society of Agricultural Sciences, 20(4), 270–279. 

Sutay Kocabaş, D., & Grumet, R. (2019). Evolving regulatory policies 
regarding food enzymes produced by recombinant microorganisms. GM 
Crops and Food, 10(4), 191–207. 

Tang, W., Li, W., Yang, Y., Lin, X., Wang, L., Li, C., Yang, R. (2021). Phenolic
compounds profile and antioxidant capacity of pitahaya fruit peel from
 two red-skinned species (Hylocereus polyrhizus and Hylocereus
undatus). Foods. 10(6):1183. 

Taufiq, A. M., Yusof, Y. A., Chin, N. L., Othman, S. H., Serikbaeva, A., & Aziz, 
M. G. (2015). Physicochemical properties of tamarind and pineapple fruit 
pulps and powders. International Food Research Journal, 22(2), 707–
712.

Thalip, A.A., Tong, P. S., and Ng, C. (2015). The MD2 “Super Sweet” pineapple
 (Ananas comosus). Utar Agriculture Science Journal, 1(4), 14–17. 

Thakur, M., Singh, K., & Khedkar, R. (2020). Phytochemicals: extraction 
process, safety assessment, toxicological evaluations, and regulatory 
issues. In B. Prakash (Ed.), Functional and Preservative Properties of 
Phytochemicals (Issue i, pp. 341–361). Academic Press (Elsevier Inc.). 

Tirado-Kulieva, V. A., Sánchez-Chero, M., Villegasyarlequé, M., Aguilar, G. F. 
V., Carrión-Barco, G., Santa Cruz, A. G. Y., & Sánchez-Chero, J. 
(2021). An overview on the use of response surface methodology to 
model and optimize extraction processes in the food industry. Current 
Research in Nutrition and Food Science, 9(3), 745–754. 

Tokitomo, Y., Steinhaus, M., Büttner, A., & Schieberle, P. (2005). Odor-active 
constituents in fresh pineapple (Ananas comosus [L.] Merr.) by 
quantitative and sensory evaluation. Bioscience, Biotechnology and 
Biochemistry, 69(7), 1323–1330. 

Torres-Avila, A., Aguilar-Ávila, J., Santoyo-Cortés, V. H., Martínez-González, 
E. G., & Aguilar-Gallegos, N. (2022). Innovation in the pineapple value 
chain in Mexico: Explaining the global adoption process of the MD2
hybrid, Agricultural Systems, 198: 2022.

Tupuna, D. S., Paese, K., Guterres, S. S., Jablonski, A., Flôres, S. H., & Rios, 
A. de O. (2018). Encapsulation efficiency and thermal stability of norbixin 
microencapsulated by spray-drying using different combinations of wall 
materials. Industrial Crops and Products, 111: 846–855. 

Anayo Joseph, U., Oluchi Helen, U., Friday Nwalo, N., Uche, O. O., Ikechukwu 
Okorie, I., Nzubechukwu, E., & Nkiru Nwamaka, E. (2018). 



© C
OPYRIG

HT U
PM

 

242 
 

Phytochemical and GC-MS evaluation of bioactive principle of Vitis 
vinifera Peels. Asian Journal of Applied Sciences, 11(4), 192–198. 

Sources, Health Implications, and Future Trends; Lorenzo, J.M., Munekata,
 P.E.S., Barba, F.J., Pateiro, M., Domínguez, R., Eds.; Academic Press: 
Oxford, UK, 2022; pp. 1–46; ISBN 9780128233719   

USDA [United States Department of Agriculture]. (2015). USDA National
 nutrient database for standard reference, [Online] 
https://fdc.nal.usda.gov/fdcapp.html#/fooddetails/169124/nutrient
s

Valdés García, A., Domingo Martínez, M. I., Ponce Landete, M., Prats Moya, 
M. S., & Beltrán Sanahuja, A. (2021). Potential of industrial pineapple 
(Ananas comosus (l.) merrill) by products as aromatic and antioxidant 
sources. Antioxidants, 10(11). 

Van Dyk, J.S., Gama, R., Morrison, D., Swart, S., Pletschke, B.I. (2013). Food 
processing waste: Problems, current management and prospects for 
utilisation of the lignocellulose component through enzyme synergistic 
degradation. Renewable and Sustainable Energy Reviews. 26: 521–531. 

Varela-López, A., Bullón, P., Giampieri, F., & Quiles, J. L. (2015). Non-nutrient, 
naturally occurring phenolic compounds with antioxidant activity for the 
prevention and treatment of periodontal diseases. Antioxidants, 4(3), 447–
481. 

Vimercati, W. C., Macedo, L. L., da Silva Araújo, C., Teixeira, L. J. Q., & 
Saraiva, S. H. (2019). Effect of temperature on drying kinetic in foam mat 
and anthocyanin degradation in strawberry. Brazilian Journal of Food 
Technology, 22, 1–12. 

Waheed, A., Akram, S., Ashraf, R., Mushtaq, M., & Adnan, A. (2020). Kinetic 
model and optimization for enzyme-assisted hydrodistillation of d-
limonene-rich essential oil from orange peel. Flavour and Fragrance 
Journal, 35 (5), 561–569. 

Wang, L., Wu, Y., Liu, Y., & Wu, Z. (2017). Complex enzyme-assisted 
extraction releases antioxidative phenolic compositions from guava 
leaves. Molecules, 22:10. 

Wang, Z., Li, S., Ge, S., & Lin, S. (2020). Review of distribution, extraction 
methods, and health benefits of bound phenolics in food plants. Journal 
of Agricultural and Food Chemistry, 68 (11), 3330–3343. 

Wang, Y., Li, L., Liu, H., Zhao, T., Meng, C., Liu, Z., & Liu, X. (2018). Bioactive 
compounds and in vitro antioxidant activities of peel, flesh and seed 
powder of kiwi fruit. International Journal of Food Science and 
Technology, 53 (9), 2239–2245. 



© C
OPYRIG

HT U
PM

 

243 
 

Wardy, W., Steiner-Aseidu, M., Saalia, F., Budu, A., & Sefa-Dedeh, S. (2009).
 A comparison of some physical, chemical and sensory attributes of
 three pineapple (Ananas comosus) varieties grown in Ghana. African
Journal of Food Science, 3(1), 22–25. 

Wei, C. Bin, Liu, S. H., Liu, Y. G., Lv, L. L., Yang, W. X., & Sun, G. M. (2011). 
Characteristic aroma compounds from different pineapple parts. 
Molecules, 16(6), 5104–5112.

Wijaya CH, Ulrich D, Lestari R, Schippel K, Ebert G. (2005). Identification of 
potent odorants in different cultivars of snake fruit [Salacca zalacca 
(Gaert.) voss] using gas chromatography olfactometry. Journal of 
Agriculture and Food Chemistry, 53:1637 41.

Wlaź, P., Socała, K., Nieoczym, D., Zarnowski, T., Zarnowska, I., Czuczwar, S. 
J., &  Gasior, M. (2015). Acute anticonvulsant effects of capric acid in 
seizure tests in mice. Progress in Neuro-Psychopharmacology and 
Biological Psychiatry, 57: 110–116. 

Xiao, Z., Chen, L., Niu, Y., Zhu, J., Zhang, J., & Deng, J. (2021). Evaluation of 
the interaction between esters and sulfur compounds in pineapple 
using feller’s  additive model, oav, and odor activity coefficient. Food 
Analytical Methods, 14 (8), 1714–1729. 

Xin, X., Zhao, W., Essien, S., Dell, K., & Baroutian, S. (2022). The effects of
 ageing treatment on bioactive contents and chemical composition of 
liquid smoke food flavourings. European Food Research and 
Technology, 248 (5), 1311–1319. 

Yan, D., Shi, J., Ren, X., Tao, Y., Ma, F., Li, R., Liu, X., Liu, C. (2020). Insights
 into the aroma profiles and characteristic aroma of ‘Honeycrisp’ apple
 (Malus domestica). Food Chemistry. 327:127074.

Yang, Y., Wang, Z., Hu, D., Xiao, K., & Wu, J. Y. (2018). Efficient extraction of 
pectin from sisal waste by combined enzymatic and ultrasonic process. 
Food Hydrocolloids, 79: 189–196. 

Yang, B., Kealey, K., Chen, J., & Solval, K. M. (2022). Developing 
microencapsulated powders containing polyphenols and pectin extracted 
from Georgia-grown pomegranate peels. LWT- Food Science and 
Technology, 154: 112644. 

Yang, Y., Wang, Z., Hu, D., Xiao, K., & Wu, J. Y. (2018). Efficient extraction of 
pectin from sisal waste by combined enzymatic and ultrasonic process. 
Food Hydrocolloids, 79:189–196. 

Yao J, Chen J, Yang J, Hao Y, Fan Y, Wang C, Li N. (2021). Free, soluble-
bound and  insoluble-bound phenolic and their bioactivity in
raspberry pomace. LWT-Food Science and Technology. 135:109995. 



© C
OPYRIG

HT U
PM

 

244 
 

Yao, L., Mo, Y., Chen, D., Feng, T., Song, S., Wang, H., & Sun, M. (2021). 
Characterization of key aroma compounds in Xinjiang dried figs (Ficus 
carica L.) by GC–MS, GC–olfactometry, odor activity values, and sensory 
analyses. LWT, 150: 111982. 

Yu, X., Chen, X., Li, Y., & Li, L. (2022). Effect of drying methods on volatile 
compounds of citrus reticulata ponkan and chachi peels as characterized 
by GC-MS and GC-IMS. Foods, 11(17). 

Yu, X., Zhao, M., Liu, F., Zeng, S., & Hu, J. (2013). Identification of 2, 3-dihydro-
3,5-dihydroxy-6-methyl-4H-pyran-4-one as a strong antioxidant in 
glucose- histidine Maillard reaction products. Food Research
 International, 51 (1), 397– 403. 

Yusuf, E., Yajid, M.S.A. (2017). Related Topic: Halal Cosmetics. In Skin 
Permeation and Disposition of Therapeutic and Cosmeceutical 
Compounds. Eds. Sugibayashi, K.Springer, Tokyo.

Yusuf, M., Shabbir, M., & Mohammad, F. (2017). Natural Colorants: historical, 
processing and sustainable prospects. Natural Products and 
Bioprospecting, 7 (1), 123–145. 

Zaki, N.A.M., Rahman, N.A., Zamanhuri, N.A. & Hashib, S.A. (2017). Ascorbic 
acid content and proteolytic enzyme activity of microwave-dried pineapple 
stem and core. Chemical Engineering Transactions, 56: 1369–1374.

Žemlička, L., Fodran, P., Kolek, E., & Prónayová, N. (2013). Analysis of natural
aroma and flavor of MD2 pineapple variety (Ananas comosus
 [L.] Merr.). Acta Chimica Slovaca, 6 (1), 123–128. 

Zhang, B., Zhang, Y., Li, H., Deng, Z., & Tsao, R. (2020). A review on 
insoluble-bound phenolics in plant-based food matrix and their 
contribution to human health with future perspectives. Trends in Food 
Science and Technology, 105: 347–362. 

Zhang, J., Wang, Y. D., Xue, Q. W., Zhao, T. R., Khan, A., Wang, Y. F., Liu, Y.
 P., Cao, J. X., Cheng, G. G. (2022). The effect of ultra-high 
pretreatment on free, esterified and insoluble-bound phenolic from
 mango leaves and theirantioxidant and cytoprotective activities. Food 
Chemistry. 368:130864. 

Zhishen, J., Mengcheng, T., & Jianming, W. (1999). The determination of 
flavonoid contents in mulberry and their scavenging effects on 
superoxide radicals. Food  Chemistry, 64 (4), 555–559.

Zuorro, A., Lavecchia, R., González-Delgado, Á. D., García-Martinez, J. B., &
L’Abbate, P. (2019). Optimization of enzyme-assisted extraction of 
flavonoids from Corn Husks. Processes, 7 (11), 1–14. 




