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By 
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The fruit of Mangifera indica L. (Water Lily variety) is a mango variety 
commonly found in Malaysia and Thailand. Its size is about 14 cm length and 
7 mm width and a long kidney-shaped. However, limited study done on Water 
Lily mango pulp related to its quality, digestion and absorption, in which its fate 
is not totally understand. For the first time, a study on investigating the 
nutritional composition and physicochemical properties of Water Lily mango 
pulp were determined. The antioxidant properties of the pulp, together with its 
polyphenol profile was also evaluated. The bioaccessibility and bioavailability 
of polyphenol were investigated using an in vitro simulation gastrointestinal 
digestion model and in vitro Caco-2 cell model, respectively. The nutritional 
content of pulp was in the order of moisture > carbohydrate > protein > dietary 
fibre > ash > fat. For sugar analysis, sucrose found to be the highest sugar 
followed by fructose and glucose whereas for mineral test, potassium was the 
greatest amount compared to other elements determined such as calcium, 
sodium, magnesium and iron. Meanwhile, results on physicochemical 
characteristics indicated that the pulp had high total soluble solid. 
 
 
The extract of Water Lily mango pulp has demonstrated to possess high 
amount of antioxidant constituents such as polyphenols. The antioxidant 
capacity as well as its polyphenols profile was investigated by using high 
performance liquid chromatography (HPLC) and liquid chromatography-mass 
spectroscopy (LC-MS). The antioxidant capacity of Water Lily pulp extract 
(WLPE) exhibited a good potential as electron donors and radical scavenger, 
as determined by Ferric Reducing Antioxidant Power (FRAP) and 1,1-
diphenyl-2-picrylhydrazyl (DPPH) assays, respectively. Ten polyphenols were 
identified and quantified in WLPE with descending order; gallic acid > catechin 
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hydrate > mangiferin > protocatechuic acid > chlorogenic acid > ellagic acid > 
rutin > myricetin > daidzein > apigenin.  
 
 
In bioaccessibility study, the in vitro simulated gastrointestinal digestion was 
applied to determine the bioaccessible fraction recovered in two digestion 
phases; gastric phase and intestinal phase. Among all identified compounds, 
apigenin was selected as a target compound to be further studied on the 
bioaccessibility and bioavailability due to its stability in acidic and alkaline 
environments during gastrointestinal digestion. Results showed that the 
amount of apigenin after 1 h subjected to acidic gastric condition was 
significantly reduced (p<0.05) from 2.48 mg/100 dry weight (DW) to 0.5 
mg/100g DW. After 2 h exposed to mild alkaline condition, the bioaccessible 
apigenin increased significantly (p<0.05) to 1.03 mg/100g DW. The 
percentage bioaccessibility of apigenin was found to be higher in intestinal 
digestion than gastric digestion with 41.53% and 20.26%, respectively.  
 
 
Investigation on bioavailability was carried out by determining the absorption 
and transport of bioaccessible apigenin into Caco-2 human intestinal cell using 
the reliable and sensitive analytical method of LC-MS/MS. Results revealed 
that the concentration of glucuronidated apigenin lower than apigenin. The 
apigenin was metabolised inside the cells through glucuronidation process, 
and cross the monolayer to reach the basolateral sides or effluxed back to the 
apical side. The permeability coefficient of apigenin from apical to basolateral 
sides and basolateral to apical sides showed a medium permeability as the 
value was less than 20 x10-6 cm.sec-1. Since the value of efflux ratio was 1.5, 
it suggested that the apigenin has been absorbed and transported through the 
simple diffusion mechanism. 
 
 
Taken together, the findings of present study highlight the nutritional value of 
Water Lily mango pulp and its valuable compounds. Although the utilisation of 
in vitro model is not fully responding the physiological and morphological 
features of human in vivo conditions, it can be a useful tool for evaluating the 
mechanistic effects of phenolic compound released from the food matrix. 
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MODEL In Vitro 
 
 

Oleh 
 
 

MARINA ZULKIFLI 
 
 

November 2018 
 
 

Pengerusi :   Profesor Amin Bin Ismail, PhD 
Fakulti :   Perubatan dan Sains Kesihatan 
 
 
Mangifera indica L. (Water Lily) adalah sejenis buah mangga yang biasanya 
ditemui di Malaysia dan Thailand. Saiznya adalah 14 cm panjang dan 7 mm 
lebar dengan bentuk ginjal panjang. Bagaimanapun, kajian yang terhad 
dilakukan ke atas isi mangga Water Lily terhadap kualiti, penghadaman dan 
penyerapan, di mana nasibnya tidak difahami sepenuhnya. Untuk pertama 
kalinya, kajian terhadap komposisi pemakanan dan sifat fizikokimia isi 
mangga Water Lily ditentukan. Ciri-ciri antioksida isi buah bersama dengan 
profil polifenolnya juga dinilai. Bioaksesibiliti dan bioavailabiliti polifenol dikaji, 
masing-masing menggunakan model in vitro simulasi penghadaman 
gastrousus dan in vitro model sel Caco-2. Kandungan pemakanan isi mangga 
dalam urutan kelembapan > karbohidrat > protein > serat diet > abu > lemak. 
Untuk ujian gula, sukrosa adalah gula yang paling tinggi diikuti dengan 
fruktosa dan glukosa manakala untuk ujian mineral, kalium adalah kandungan 
yang paling banyak berbanding dengan elemen lain yang ditentukan seperti 
kalsium, natrium, magnesium dan besi. Sementara itu, keputusan ciri-ciri 
fizikokimia menunjukkan bahawa isi mangga Water Lily mempunyai 
kandungan pepejal terlarut yang tinggi. 
 
 
Ekstrak isi mangga Water Lily (WLPE) menunjukkan ia mempunyai amaun 
sebatian antioksida yang tinggi seperti polifenol. Kapasiti antioksida dan profil 
polifenol dikaji menggunakan kromatografi cecair berprestasi tinggi dan 
kromatografi cecair spektroskopi jisim. Kapasiti antioksida isi mangga Water 
Lily menunjukkan potensi penderma elektron dan pemangsa radikal yang baik 
seperti ditentukan oleh asai Kuasa Antioksida Penurunan Ferik dan 1,1-difenil-
2-pikrilhidrazil. Sepuluh polifenol di dalalm WLPE telah dikenalpasti dan 
dikuantitatifkan dengan susunan menurun; asid galic > katekin hidrat > 
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mangiferin > asid protokatekuik > asid klorogenik > asid elagik > rutin > 
myricetin > daidzein > apigenin. 
 
 
Di dalam kajian bioaksesibiliti, in vitro simulasi percernaan gastrousus 
dilakukan untuk menentukan fraksi bioaksesibiliti yang masih ada dalam dua 
fasa pencernaan; fasa gastrik dan fasa usus. Di antara semua komponen 
yang dikenalpasti, apigenin telah dipilih sebagai sebatian sasaran untuk kajian 
selanjutnya ke atas bioaksesibiliti dan bioavailabiliti disebabkan kestabilannya 
di dalam persekitaran asid dan alkali semasa percernaan gastrousus. 
Keputusan menunjukkan bahawa kandungan apigenin selepas 1 jam 
bergantung kepada keadaan asid gastrik menurun secara signifikan (p<0.05) 
dari 2.48 mg/100 berat kering (jumlah permulaan) kepada 0.5 mg/100g berat 
kering. Selepas 2 jam terdedah kepada keadaan sedikit beralkali, 
bioaksesibiliti apigenin meningkat secara signifikan (p<0.05) kepada 1.03 
mg/100g berat kering.  Peratus bioaksesibiliti apigenin didapati meningkat di 
dalam pencernaan usus dari pencernaan gastrik, masing-masing dengan 
41.53% and 20.26%. 
 
 
Kajian ke atas bioavailabiliti di dalam usus telah dilakukan dengan 
menentukan penyerapan dan pengangkutan bioaksesibiliti apigenin ke dalam 
sel Caco-2 usus manusia menggunakan kaedah analisis kromatografi cecair 
spektroskopi jisim/spektroskopi jisim yang boleh dipercayai dan sensitif. 
Keputusan mendedahkan bahawa kepekatan apigenin glukuronida adalah 
lebih rendah berbanding dengan apigenin aglikon. Apigenin telah 
dimetabolisme di dalam sel melalui proses glukuronidasi, dan melintasi 
monolapisan untuk sampai ke bahagian basolateral atau kembali efluks ke 
bahagian apikal. Pekali ketelapan apigenin dari bahagian apikal ke basolateral 
dan basolateral ke apikal menunjukkan ketelapan medium dengan nilai kurang 
dari 20 x10-6 cm.sec-1. Oleh kerana nilai nisbah efluks adalah 1.5, ia 
dicadangkan bahawa apigenin telah diserap dan diangkut melalui mekanisme 
pembauran mudah. 
 
 
Diambil bersama, hasil kajian ini menekankan nilai pemakanan isi mangga 
Water Lily dan sebatian yang bernilai. Walaupun penggunaan model in vitro 
tidak sepenuhnya menunjukkan ciri-ciri fisiologi dan morfologi keadaan in vivo 
manusia, ia boleh menjadi alat untuk menilai kesan mekanistik komponen 
fenolik yang dibebaskan dari matrik makanan. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Research background 

Fruits are a good source of many biologically active antioxidant compounds 
(Kiefer et al., 2004). Antioxidants found in fruits such as pomegranate, orange, 
apple and mango reported to be responsible towards positive health outcomes 
in preventing many chronic diseases such as cancer, diabetes and 
cardiovascular disease (Rajendran et al., 2014; Yu et al., 2005). This effect is 
thought to be achieved by cumulative biological exposure to antioxidants that 
are able to quench the proliferation of radical oxygen (ROS) and reactive 
nitrogen (RNS) species which are implicated in the pathology of these 
diseases (Valko et al., 2007). Numerous studies demonstrated that many fruits 
exhibited high antioxidant activity when tested  using biochemical assays such 
as Ferric Reducing Antioxidant Power (FRAP), 1,1-diphenyl-2-picrylhydrazyl 
(DPPH), and Oxygen Radical Absorbance Capacity (ORAC) (Netzel et al., 
2007; Alam et al., 2013).  

Food, after consumption is subjected to a gastrointestinal (GI) digestion before 
being absorbed into the intestine (Antonio et al., 2009). The antioxidants and 
other functional compounds in GI can be converted into other components with 
different bioaccessibility and biological activity. If they are not released from 
foods, the original antioxidant potential of compounds will be affected (Cerdá 
et al., 2004; Cilla et al., 2009). In this sense, numerous studies on effects of in 
vitro digestion on dietary polyphenols in fruit are reported (Bermúdez-Soto et 
al., 2007; Gil-Izquierdo et al., 2001). Besides, in order to exert their biological 
activities, the absorption and metabolism of polyphenols should be taken into 
account because only compounds liberated from food matrix are available to 
be absorbed into epithelium cells (Cerdá et al., 2005; Saura- Calixto et al., 
2007).  

Further to these investigations, it is necessary to determine the concentration 
of ingested polyphenols that available to be utilised in the biological system. 
The term ‘bioavailability’ refers to the amount of antioxidants that pass through 
the cell membrane and available for use within the cell. In order to understand 
the flavonoid impact on human health, it is important to know the nature of the 
main polyphenols ingested, their dietary origin, amounts consumed in different 
diets, bioavailability and the factors controlling their bioavailability. 

Mango (Mangifera indica) is an important tropical fruit belonging to 
Anacardiaceae family with high nutritional and medicinal values. 
Morphologically, mango belongs to drupe, in which the pericarp is divided into 
exocarp (peel), fleshy mesocarp (pulp) and stony endocarp (kernel). A ripe 
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mango possesses a strong aroma, delicious taste, intense peel colouration, 
as well as great amount of bioactive compounds like phenolic compounds, 
minerals, β-carotene and vitamin C (Ma et al., 2011; Manthey et al., 2009; 
Ribeiro et al., 2008).  

Water Lily is one of the mango varieties found in Malaysia. The fruit is 
originated in Thailand, known as Nam Dok Mai. In Malaysia, it is cultivated 
commercially in Northern Malaysia, such as Perak and Perlis. The size of fruit 
could vary with 14 cm length and 7 mm width and a long kidney-shaped. The 
skin is smooth and pale green, rapidly changing to a yellow colour when ripe, 
and it normally get matured in 4 to 5 months from flowering. The fruit has a 
sweet taste, juicy, flavourable and firm texture but sometimes a bit mushy. It 
is one of the delicious seasonal fruit that generally available between June and 
August and between November and February. 

1.2 Problem statements  

Flavonoids are widely distributed in fruits, vegetables and plant-derived 
products. They have several potential nutritional and health-promoting roles in 
human body, but limited understanding on its absorption characteristics and 
metabolic pathways make it hard to understand its poor bioavailability, 
subsequently has become a great problem. Bioavailability of polyphenols 
greatly affected by its chemical structure, food matrix, as well as interaction 
with other compounds. These factors may affect the bioavailability directly or 
by lowering the polyphenol content in food. Much of the evidence on beneficial 
effects of mango reported to be due to its polyphenol compounds derived from 
the test conducted in vitro or in animal models. Nevertheless, the information 
on bioaccessibility and bioavailability of polyphenol in mango is scarce, and 
even less study on absorption of apigenin stated in the literature, in which their 
fate is not fully understand.  

1.3 Significance of the Study  

Fruit is a plant with major dietary sources of various antioxidant 
phytocompounds for humans. Among fruits, mango can be considered as a 
great source of dietary antioxidant due to the presence of bioactive 
compounds such as polyphenols, ascorbic acid and carotenoids. To 
understand the possible beneficial effects of mango polyphenol, particularly 
apigenin on human health, it is important to determine its metabolic fate. This 
compound has attracted both consumers and scientific community due to its 
health benefits in preventing various human diseases. Study on bioavailability 
of apigenin from others sources such as articoke and parsley has been done 
but less attention on its intestinal permeability and transport mechanism. As 
part of the diet, polyphenols ingested as complex mixtures immersed in a food 
matrix, which undergo a digestion process in the gut. It is necessary to 
determine how the digestion process affects the apigenin as this, in turn, will 
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affect its bioavailability within the cell before it takes an action in bioactivity. 
Hence, the findings can provide scientific information on the intestinal 
transport of apigenin across the epithelial cells. The bioaccessibility and 
bioavailability studies will serve as basis for further investigation on health 
promoting properties of apigenin in vivo. In addition, the present study can also 
give a valuable knowledge on nutritional values and antioxidant properties of 
mango from specific crop. 

1.4 Objectives 

1.4.1 General objective 

The general objectives of this work were to study the nutritional quality and 
antioxidant properties of mango (Water Lily var.) pulp and investigate the 
bioaccessibility and bioavailability of its polyphenol compound using in vitro 
method, with great emphasis on apigenin. 

1.4.2 Specific objectives 

The specific objectives were as follows: 

I. To determine the nutritional quality, physicochemical attributes and 
polyphenolic profile of Water Lily mango pulp 

II. To evaluate the bioaccessibility of apigenin in Water Lily mango pulp
using an in vitro gastrointestinal digestion model simulating gastric
and intestinal phases.

III. To investigate the intestinal permeability and transport of apigenin
across epithelial cell monolayers using a Caco-2 cell culture model.

1.5 Structure of the thesis 

The work divided into 6 chapters. This chapter (Introduction) provides the 
background information of the study and an overview of the research problem. 
The review of literature related to the present study presented in Chapter 2. 
The nutritional quality, physicochemical properties and polyphenolic profile of 
studied Water Lily mango pulp described in Chapter 3. Further works to 
investigate the bioaccessibility and bioavailability of target compound in Water 
Lily mango pulp, all data discussed in Chapter 4 and Chapter 5, respectively. 
The findings of study concluded in Chapter 6, together with the 
recommendations for future works. 



© C
OPYRIG

HT U
PM

 

 
88 

7 REFERENCES 

Abdalla, A. E. M., Darwish, S. M., Ayad, E. H. E., and El-Hamahmy, R. M. 
(2007). Egyptian mango by-product 1. Compositional quality of mango 
seed kernel. Food Chemistry, 103: 1134–1140. 

Abulude, F. O., Eluyode, O. S., Adesanya, W. O., Elemide, O. A. and Koumah, 
T. (2006). Proximate and selected mineral composition of Mangifera 
indica and Persia americana seeds found in Nigeria. Agricultural Journal, 
1: 72-76. 

Abu-Reidah, I. M., Arráez-Román, D., Quirantes-Piné, R., Fernández-Arroyo, 
S., Segura-Carretero, A., and Fernández-Gutiérrez, A. (2012). HPLC–
ESI-Q-TOF-MS for a comprehensive characterization of bioactive 
phenolic compounds in cucumber whole fruit extract. Food Research 
International, 46: 108–117. 

Adlercreutz, H., and Mazur, W. (1997). Phyto-oestrogens and Western 
diseases. Annals of Internal Medicine, 29: 95–120. 

Ahmed, A., Saeid, D., Eman, A., and Reham, E. (2007). Egyptian amngo by-
product 1. Compositional quality of mango seed kernel. Food Chemistry, 
103: 1141-1152. 

Ajila, C. M., Bhat, S. G., and Rao, U. J. S. P. (2007a). Valuable components 
of raw and ripe peels from two Indian mango varieties. Food Chemistry, 
102: 1006-1011. 

Ajila, C. M., Naidu, K. S., Bhat, S. G., and Prasada Rao, U. J. S. (2007b). 
Bioactive compounds and antioxidant potential of mango peel extract. 
Food Chemistry, 105: 982-988. 

Ajila, C. M., and Prasada Rao, U. J. S. (2013). Mango peel dietary fibre: 
Composition and associated bound phenolics. Journal of Functional 
Foods, 5: 444-450. 

Al-Akid, Y. F., El-Rahman, A. E. A., Hussein, H. A., Wassif, G. A.. (2001). 
Nephro and  pneumotoxic response to chronic administration of 
butylatedhydroxytoluene (BHT) in adult albinorats. Al-Azhar Journal of 
Pharmaceutical Sciences, 28: 171–195. 

Alam, M. N., Bristi, N. J., and Rafiquzzaman, M. (2013). Review on in vivo and 
in vitro methods evaluation of antioxidant activity. Saudi Pharmaceutical 
Journal. 21(2): 143–152. 

Allong, R., Wickham, L.D. and Mohammed, M. (2000). The effect of cultivar, 
fruit ripeness, storage temperature and duration on quality of fresh-cut 
mango. Acta Horticulturae, 509: 487–494. 



© C
OPYRIG

HT U
PM

 

 
89 

Alvarez, A. I., Real, R., Perez, M., Mendoza, G., Prieto, J. G., Merino, G., 
(2010). Modulation of the activity of ABC transporters (P-Glycoprotein, 
MRP2, BCRP) by flavonoids and drug response. Journal of 
Pharmaceutical Sciences, 99: 598–617. 

Andlauer, W., Kolb, J., and Fürst, P. (2000). Isoflavones from Tofu are 
absorbed and me- tabolized in the isolated rat small intestine. Journal of 
Nutrition, 130: 3021–3027. 

Andreasen, M. F., Kroon, P. A., Williamson, G., and Garcia-Conesa, M. T.  
(2001). Esterase activity able to hydrolyze dietary antioxidant 
hydroxycinnamates is distributed along the intestine of mammals. Journal 
of Agricultural and Food Chemistry, 49: 5679 – 84. 

Antonio, C., Antonio G. S., Francisco, A., Tomas-Barberan., Juan, C. E., and 
Reyes, B. (2009). Availability of polyphenols in fruit beverages subjected 
to in vitro gastrointestinal digestion and their effects on proliferation, cell-
cycle and apoptosis in human colon cancer Caco-2 cells. Food Chemistry, 
114(3): 813-820. 

Antunes-Ricardo, M., Rodriguez-Rodriguez, C., Gutierrez-Uribe, J.A., 
Cepeda-Canedo, E., and Serna-Saldivar, S.O. (2017). Bioaccessibility, 
intestinal permeability and plasma stability of isohamnetin glycosides from 
Opuntia ficus-indica (L.). International Journal of Molecular Sciences, 18: 
1816. 

Arts, I. C. W., Van De Putte, B., and Hollman, P. C. H. (2000). Catechin 
contents of foods commonly consumed in The Netherlands. 1. Fruits, 
vegetables, staple foods, and processed foods. Journal of Agricultural 
and Food Chemistry, 48:1746–51. 

Arts, I. C. W., Van De Putte, B., and Hollman, P. C. H. (2000). Catechin 
contents of foods commonlyconsumed in The Netherlands. 2. Tea, wine, 
fruit juices, and chocolate milk. Journal of Agricultural and Food 
Chemistry, 48: 1752–1757. 

Artursson, P., Karlsson, J. (1991) Correlation between oral drug absorption in 
humans and apparent drug permeability coefficients in human intestinal 
epithelial (Caco-2) cells. Biochemical and Biophysical Research 
Communications, 175: 880–885. 

Arumugam, R., and Manikandan, M. (2011). Fermentation of pretreated 
hydrolyzates of banana and mango fruit wastes for ethanol production. 
Asian Journal of Experimenal Biological Sciences, 2(2): 246-256.  

Aura, A. M., Martin-Lopez, P., O'Leary, K. A., Williamson, G., Oksman-
Caldentey, K. M., Poutanen, K., and Santos-Buelga, C. (2005). In vitro 
metabolism of anthocyanins by human gut microflora. European Journal 
of Nutrition, 44: 133–142.  



© C
OPYRIG

HT U
PM

 

 
90 

Aziz, A. A., Edwards, C. A., Lean, M. E., and Crozier, A. (1998). Absorption 
and excretion of conjugated flavonols, including quercetin- 4’-O-beta-
glucoside and isorhamnetin-4’-O-beta-glucoside by human volunteers 
after the consumption of onions. Free Radical Biology and Medicine, 29: 
257-69. 

Azuma, K., Ippoushi, K., Ito, H., Higashio, H., and Terao, J. (2002). 
Combination of lipids and emulsifiers enhances the absorption of orally 
administered quercetin in rats. Journal of Agricultural and Food 
Chemistry, 50: 1706–1712. 

Azuma, K., Ippoushi, K., Nakayama, M., Ito, H,, Higashio, H., and Terao, J. 
(2000). Absorption of chlorogenic acid and caffeic acid in rats after oral 
administration. Journal of Agricultural and Food Chemistry, 48: 5496 –
500. 

Badarinath, A. V., Rao, K. M., Chetty, C. M. S., Ramkanth, S., Rajan, T. V. S. 
and Gnanaprakash, K. (2010). A review on in-vitro antioxidant methods: 
comparisions, correlations and consideration. International Journal of 
PharmTech Research, 2: 1276–1285. 

Baliga, M. S., Meleth, S., and Katiyar, S. K. (2005). Growth inhibitory and 
antimetastatic effect of green tea polyphenols on metastasis- specific 
mouse mammary carcinoma 4T1 cells in vitro and in vivo systems. 
Clinical Cancer Research,11: 1918-27. 

Bally, I. S. E. (2011). Advances in research and development of mango 
industry. Revista Brasileira de Fruticultura, 33: 57-63.  

Barreto, J. C., Trevisan, M. T. S., Hull, W. E., Erben, G., De Brito, E. S., 
Pfundstein, B., et al. (2008). Characterization and quantitation of 
polyphenolic compounds in bark, kernel, leaves, and peel of mango 
(Mangifera indica L.). Journal of Agricultural and Food Chemistry, 56: 
5599–5610. 

Barrington, R., Williamson, G., Bennet, R. N., Davis, B. D., Brodbelt, J. S., and 
Kroon, P. A. (2009). Absorption, conjugation and efflux of the flavonpids, 
kaempferol and galangin, using the intestinal Caco-2/TC7 cell model. 
Journal of Functional Foods, 1: 74-79. 

Belitz, H. D., Grosch, W. and Schieberle, P. (2009). Fruits and fruit products. 
Food Chemistry. pp. 807–861. Berlin: Springer. 

Benzie, I.F.F., and Strain, J.J. (1996). The ferric reducing ability of plasma 
(FRAP) as a measure of “antioxidant power”: the FRAP assay,” Analytical 
Biochemistry, 239 (1): 70–76. 

 



© C
OPYRIG

HT U
PM

 

 
91 

Berardini, N., Carle, R., and Schieber, A. (2005). Characterization of 
gallotannins and benzophenone derivatives from mango (Mangifera 
indica L. cv. Tommy Atkins) peels, pulp and kernels by high-performance 
liquid chromatography/electrospray ionization mass spectrometry. Rapid 
Communications in Mass Spectrometry, 18: 2208–2216. 

Berardini, N., Fezer, R., Conrad, J., Beifuss, U., Carle, R., and Schieber, A. 
(2005). Screening of mango (Mangifera indica L.) cultivars of their 
contents of flavol and xanthone C-glycosides, anthocyanins and pectin. 
Journal of Agricultural and Food Chemistry, 53: 1563–1570. 

Berardini, N., Knodler, M. A., Schieber, A., Carle, R. (2005). Utilization of 
mango peels as a source of pectin and polyphenolics. Innovative Food 
Science Emerging Technologies, 6: 442-452. 

Bergantin, C., Maietti, A., Cavazzini, A., Pasti, L., Tedeschi, P., Brandolini, V., 
and Marchetti, N. (2017). Bioaccessibility and HPLC-MS/MS chemical 
characterization of phenolic antioxidants in red Chicory (Cichorium 
intybus). Journal of Functional Foods, 33: 94-102.  

Berka-Zougali, B., Hassani, A., Besombes, C., and Allaf, K. (2010). Extraction 
of essential oils from Algerian myrtle leaves using instant controlled 
pressure drop technology. Journal of Chromatography, 1217: 6134–6142. 

Bertelli, A., Bertelli, A. A., Gozzini, A., and Giovannini, L. (1998). Plasma and 
tissue resveratrol concentrations and pharmacological activity. Drugs 
Experimental and Clinical Research, 24: 133-138. 

Bermudez-Soto, M. J., Tom´as-Barber´an, F. A., and Garc´ıa-Conesa, M. T. 
(2007). Stability of polyphenols in chokeberry (Aronia melanocarpa) 
subjected to in vitro gastric and pancreatic digestion. Food Chemistry, 
102: 865–74. 

Bermudez-Soto, M.J., and Tomas-Barberan, F.A. (2004). Evaluation of 
commercial red fruit juice concentrates as ingredients for antioxidant 
functional juices. European Food Research and Technology, 219: 133–
141. 

Berry, S. E., Tydeman, E. A., Lewis, H. B., Phalora, R., Rosborough, J., Picout, 
D. R., and Ellis, P. R. (2008). Manipulation of lipid bioaccessibility of 
almond seeds influences postprandial lipemia in healthy human subjects. 
American Journal of Clinical Nutrition, 88: 922–9. 

Bhat, K. P.,and  Pezzuto, J. M. (2002). Cancer chemopreventive activity of 
resveratrol.Annals of The New York Academy Sciences, 957: 210-29.  

Bitsch, R., Netzel, M., Carle, E., Strass, G., Kesenheimer, B., Herbst, M., and 
Bitsch, I. (2000). Bioavailability of antioxidative compounds from 
Brettacher apple juice in humans.Innovative Food Sceince and Emerging 
Technologies, 1: 245–249. 



© C
OPYRIG

HT U
PM

 

 
92 

Bloedon, L. T., Jeffcoat, A. R., Lopaczynski, W., Schell, M. J., Black, T. M., 
Dix, K. J., Thomas, B. F., Albright, C., Busby, M. G., Crowell, J. A., and 
Zeisel, S. H. (2002). Safety and pharmacokinetics of purified soy 
isoflavones: single dose administration to postmenopausal women. 
American Journal of Clinical Nutrition, 76: 1126-37. 

Bohn, T. (2014). Dietary factors affecting polyphenol bioavailability. Nutrition 
Reviews, 72(7): 429-52. 

Bouayed, J., Hoffmann, L., and Bohn T. (2011). Total phenolics, flavonoids, 
anthocyanins and antioxidant activity following simulated gastro-intestinal 
digestion and dialysis of apple varieties: bioaccessibility and potential 
uptake. Food Chemistry, 128(1): 14–21. 

Briones-Labarca, V., Venegas-Cubillos, G., Ortiz-Portilla, S., Chacana-Ojeda, 
M., and Maureira, H. (2011). Effects of high hydrostatic pressure (HHP) 
on bioaccessibility, as well as antioxidant activity, mineral and starch 
contents in Granny Smith apple. Food Chemistry, 128: 520-529. 

Brand-Williams, W., Cuvelier, M.E., and Berset, C. (1995). Use of a free radical 
method to evaluate antioxidant activity. LWT-Food Science and 
Technology, 28: 25–30. 

Bravo, L. (1998). Polyphenols: Chemistry, dietary sources, metabolism, and 
nutritional significance. Nutrition Reviews, 56: 317–333. 

Breemen, R. B. V., and Li, Y. (2005). Caco-2 cell permeability assays to 
measure drug absorption. Expert Opinion Drug Metabolism Toxicology, 
1(2): 175-185. 

Bub, A., Watzl, B., Heeb, D., Rechkemmer, G., and Briviba, K. (2001). 
Malvidin-3-glucoside bioavailability in humans after inges- tion of red 
wine, dealcoholized red wine and red grape juice. European Journal of 
Nutrition, 40: 113-20. 

Buelga, C. S., and Scalbert, A. (2000). Proanthocyanidins and tannin-like 
compounds-nature, occurrence, dietary intake and effects on nutrition and 
health. Journal of the Science of Food and Agriculture, 80: 1094–1117. 

Bhullar, K. S., Rupasinghe, H. P. (2013). Polyphenols: multipotent therapeutic 
agents in neurodegenerative diseases. Oxidative Medicine and Cellular 
Longevity, 1: 891748–891766. 

Cabrini, L., Barzanti, V., Cipollone, M., Fiorentini, D., Grossi, G., Tolomelli, B., 
Zambonin, L., and Landi, L. (2001). Antioxidants and total peroxyl radical 
trapping ability of olive and seed oils. Journal of Agricultural and Food 
Chemistry, 49: 6026-32. 

 



© C
OPYRIG

HT U
PM

 

 
93 

Caccetta, R. A., Croft, K. D., Beilin, L. J., and Puddey, I. B. (2000). Ingestion 
of red wine significantly increases plasma phenolic acid concentrations 
but does not acutely affect ex vivo lipoprotein oxidizability. American 
Journal of Clinical Nutrition, 71: 67-74. 

Calixto, F. S., Serrano, J., and Goni, I. (2007). Intake and bioaccessibility of 
total polyphenols in a whole diet. Food Chemistry, 101: 492-501. 

Cao, Y.H., and Cao, R.H. (1999). Angiogenesis inhibited by drinking tea. 
Nature 398(6726), 381. 

Cartron, E., Fouret, G., Carbonneau, M. A., Lauret, C., Michel, F., Monnier, L., 
Descomps, B., and Leger, C. L. (2003) Red-wine beneficial long term 
effect on lipids but not on antioxidant characteristics in plasma in a study 
comparing three types of wine. Description of two O-methylated 
derivatives of gallic acid in humans. Free Radical Research, 37: 1021-
1035. 

Cerdá, B., Tomás-Barberán, F. A., and Espín, J. C. (2005). Metabolism of 
chemopreventive and antioxidant ellagitannins from strawberries, 
raspberries, walnuts and oak-aged wines in humans: Identification of 
biomarkers and individual variability. Journal of Agricultural and Food 
Chemistry; 53, 227–235. 

Cerdá, B., Periago, P., Espin, J. C., Tomas-Barberan, F. A. (2005). 
Identification of urolithin A as a metabolite produced by human colon 
microflora from ellagic acid and related compounds. Journal of 
Agricultural and Food Chemistry, 53: 5571-5576. 

Chabane, M. N., Al Ahmad, A., Peluso, J., Muller, C. D., and Ubeaud, G. 
(2009). Quercetin and naringenin transport across human intestinal Caco-
2 cells. Journal of Pharmacy and Pharmacology, 61: 1473–83. 

Chan, L. M. S., Lowes, S., Hirst, B.H. (2004). The ABCs of drug transport in 
intestine and liver: efflux proteins limiting drug absorption and 
bioavailability.European Journal of Pharmaceutical Sciences, 21: 25–51. 

Chandrasekara, A., Shahidi, F. (2012). Bioaccessibility and antioxidant 
potential of millet grain phenolics as affected by simulated in vitro 
digestion and microbial fermentation. Journal of Functional Foods, 4: 
226–237.  

Chen, G. L., Hu, K., Zhong, N. J., Guo, J., Gong, Y. S., Deng, X. T., Huang, 
Y., Chu, D. K., and Ga, Y. Q (2013). Antioxidant capacities and total 
polyphenol content of nine commercially available tea juices measured by 
an in vitro digestion model. European Food Research and Technology, 
236: 303–10. 



© C
OPYRIG

HT U
PM

 

 
94 

Chen. L., Cao, H., and Xiao, J. (2018). Polyphenols: absorption, bioavailability 
and metabolomics. Woodhead Publishing, pp. 45-67. Doi: 10.1016/B978-
0-12-813572-3.00002-6 

Chen, Z., Kong, S., Song, F., Li, L., Jiang, H., (2012). Pharmacokinetic study 
of luteolin, apigenin, chrysoeriol and diosmetin after oral administration of 
Flos Chrysanthemi extract in rats. Fitoterapia, 83: 1616–1622. 

Cheng, K. C., Li, C., Uss, A. S. (2008). Prediction of oral drug absorption in 
humans from cultured cell lines and experimental animals. Expert Opinion 
on Drug Metabolisn and Toxicology, 4: 581–590. 

Cherubini, A., Beal, M. F., and Frei, B. (1999). Black tea increases the 
resistance of human plasma to lipid peroxidation in vitro, but not ex vivo. 
Free Radical Biology and Medicine, 27: 381–387. 

Cicerale, S., Conlan, X. A., Barnett, N. W., Sinclair, A. J., and Keast, R. S. 
(2009). Influence of heat on biological activity and concentration of 
oleocanthal--a natural anti-inflammatory agent in virgin olive oil. Journal 
of Agricultural and Food Chemistry, 57: 1326–1330.  

Cilla, A., Laparra, J. M., Alegría, A., Barberá, R., and Farré, R. (2009). 
Antioxidant effect derived from bioaccessible fractions of fruit beverages 
against H2O2-induced oxidative stress in Caco-2 cells. Food Chemistry, 
106: 1180–1187. 

Clifford, M.N. (2000). Chlorogenic acids and other cinnamates- nature, 
occurence and dietary burden. Journal of Science and Food Agricultural, 
79: 362–72. 

Clifford, M.N., and Scalbert, A. (2000). Ellagitannins- occurrence in food, 
bioavail- ability and cancer prevention. Journal of Food Science and 
Agricultural, 80: 1118–25. 

Cortes, V., Ortiz, C., Aleixos, N., Biasco, J., Cubero, S., Talens, P. (2016). A 
new internal quality index for mango and its prediction by external visible 
and near-infrared reflection spectroscopy. Postharvest Biology 
Technology, 118: 148-158. 

Corral-Aguayo, R.D., Yahia, E.M., Carrillo-Lopez, A., and González-Aguilar, 
G.A. (2008). Correlation between some nutritional components and the 
total antioxidant capacity measured with six different assays in eight 
horticultural crops. Journal of Agricultural and Food Chemistry, 56(22): 
10498–10504. 

Courraud, J., Berger, J., Cristol, J.P., and Avallone, S. (2013). Stability and 
bioaccessibility of different forms of carotenoids and vitamin A during in 
vitro digestion. Food Chemistry, 136: 871-877. 



© C
OPYRIG

HT U
PM

 

 
95 

Covas, M. I., Nyyssonen, K., Poulsen, H. E., Kaikkonen, J. Zunft, H.J., 
Kiesewetter, H., Gaddi, A., de la Torre, R., Mursu. J., Baumler. H., 
Nascetti. S., Salonen, J. T., Fito, M., Virtanen, J., Marrugat, J., and Group, 
E. S. (2006). The effect of polyphenols in olive oil on heart disease risk 
factors: a randomized trial. Annals of Internal Medicine, 145: 333-41. 

Crowe, A., and Wright, C. (2012). The impact of P-glycoprotein mediated efflux 
on absorption of 11 sedating and less-sedating antihistamines using 
Caco-2 monolayers,” Xenobiotica, 42 (6): 538–549. 

Crozier, A., Jaganath, I. B., and Clifford, M. N. (2009). Dietary phenolics: 
chemistry, bioavailability and effects on health. Natural Product Reports, 
26: 1001-1043. 

Crozier, A., Del Rio, D., and Clifford, M. N. (2010). Bioavailability of dietary 
flavonoids and phenolic compounds. Molecular Aspects of Medicine, 31: 
446– 67. 

Czeczot, H., and Bilbin, M. (1991). Effect of flavones and their metabolites on 
induction of SOS repair in the strain PQ37-E.coli K-12. Acta Biochimica 
Polonica, 38(1): 71-74. 

D’Archivio, M., Filesi, C., Di Benedetto, R., Gargiulo, R., Giovannini, C., and 
Masella, R. (2007). Polyphenols, dietary sources and bioavailability. 
Annali dell’Istituto Superiore Di Sanita, 43: 348–361. 

D’Archivio, M.,  Filesi C., Varì, R.,  Scazzocchio, B and Masella, R. (2010). 
Bioavailability of the Polyphenols: Status and Controversies. Review 
Paper. International Journal of Molecular Sciences, 11: 1321-1342. 

Day, A. J., Canada, F. J., Diaz, J. C., Kroon, P. A., McLauchlan, R., Faulds, 
C. B., Plumb, G. W., Morgan, M. R., and Williamson, G. (2000). Dietary 
flavonoid and isoflavone glycosides are hydrolysed by the lactase site of 
lactase phlorizin hydrolase. Federation of European Biochemical 
Societies Letters, 468: 166–170. 

Day, A. J., Mellon, F. A., and Barron, D. (2000). Human metabolism of 
flavonoids: identification of plasma metabolites of quercetin. Free Radical 
Research, 35: 941–52. 

Day, A. J and Williamson, G.(2001). Biomarkers for exposure to dietary 
flavonoids: a review of the current evidence for identification of quercetin 
glycosides in plasma. British Journal of Nutrition, 86 (1): 105-10. 

Dewik, P. M. (1997). Medicinal Natural Products: John Wiley and Sons: New 
York, NY, USA. 

Deng, S., West, B. J., and Jensen, C.J. (2010). A quantitative comparison of 
phytochemcial components in global noni fruits and their commercial 
products. Food Chemistry, 122: 267–270. 



© C
OPYRIG

HT U
PM

 

 
96 

Dipayan, S., and Kalidas, S. (2014). Metabolic stimulation of plant phenolics 
for food preservation and health. Annual Review of Food Science and 
Technology, 5: 395-413. 

Donovan, J. L., Crespy, V., and ManachC, et al. (2001). Catechin is 
metabolized by both the small intestine and liver of rats. Journal of 
nutrition, 13:,1753–1757. 

Donovan, J. L., Manach, C., Faulks, R.M., and Kroon, P.A. (2006b). 
Absorption and metabolism of dietary secondary metabolites. In: Crozier, 
A., Clifford, M.N., Ashihara, H. (Eds.), Plant Secondary Metabolites. 
Occurrence, Structure and Role in the Human Diet. Blackwell Publishing, 
Oxford, New York, pp. 303-351. 

Donovan, J. L., Bell, J. R., Kasim-Karakas, S., German, J. B., Walzem, R. L., 
Hansen, R. J., and Waterhouse, A. L. (1999). Catechin is present as 
metabolites in human plasma after consumption of red wine. Journal of 
Nutrition,129:1662-1668. 

Dorta, E., Gonzalez, M., Lobo, M. G., Sanchez-Moreno, C., and Begona, D.A. 
(2014). Screening of phenolic compounds in by-product extracts from 
mangoes (Mangifera indica L.) by HPLC-ESI-QTOF-MS and multivariate 
analysis for use as a food ingredient. Food Research International, 57: 
51-60. 

Dupas, C., Baglieri, A. M., Ordonaud, C., Tom, D., and Maillard, M. N. (2006). 
Chlorogenic acid is poorly absorbed, independently of the food matrix: a 
Caco-2 cells and rat chronic absorption study. Molecular Nutrition and 
Food Research, 50: 1053–60. 

DuPont, M. S., Bennett, R. N., Mellon, F. A., and Williamson, G. (2002). 
Polyphenols from alcoholic apple cider are absorbed, metabolized and 
excreted by humans. Journal of Nutrition, 132: 172-5. 

Duthie, G. G., and Brown, K. M. (1994). Reducing the risk of cardiovascular 
disease. In Functional Foods: Designer Foods, Pharmafoods, 
Nutraceuticals; Goldberg, I., Ed.; Chapman and Hall: New York, NY, USA, 
pp. 19-38. 

El-Aneed, A., Cohem, A., and Banoub, J. (2009). Mass spectroscopy, review 
of the basics: Electrospray, MALDI, and commonly used mass analyzers. 
Applied Spectroscopy Reviews, 44: 210–230. 

Ellong, E. N., Adenet, S., and Rochefort, K. (2015). Physicochemical, 
nutritional, organoleptic characteristics and food applications of four 
mango (Mangifera indica) varieties. Food and Nutrition Sciences, 6, 242-
253. 

Espin, J. C., Garcìa-Conesa, M. T., and Tomas-Barberan, F. A. (2007). 
Nutraceuticals: facts and fiction. Phytochemistry, 68: 2986–3008. 



© C
OPYRIG

HT U
PM

 

 
97 

Erlund, I., Meririnne, E., Alfthan, G., and Aro, A. (2001). Plasma kinetics and 
urinary excretion of the flavanones naringenin and hes- peretin in humans 
after ingestion of orange juice and grapefruit juice. Journal of Nutrition, 
131: 235-41. 

Fadhilah, J., and Williamson, G. (2014). Effect of edible oils on quercetin, 
kaempferol and galangin transport and conjugation in the intestinal Caco-
2/HT29-MTX co-cultured model. Food and Function, 5: 653-662. 

Fake, P. L., Ascensao, L., and Serralheiro, M. L. M. (2013). Effect of luteolin 
and apigenin on rosmarinic acid bioavailability in Caco-2 cell monolayers. 
Food and Function, 4: 426-431. 

FAOSTAT (2016). Food and Agriculture Organization of the United Nations: 
Statistics, Division, World Mango Production in 2016. 

FAOSTAT (2013). Food and Agriculture Organization of the United Nation 
Statistics Division, Food and Agricultural commodities production.  

Fernandez-Garcia, E., Carvajal-Lerida, I., Jaren-Galan, M., Garrido-
Fernandez, J., Perez-Galvez, A., and Hornero-Mendez, D. (2012). 
Carotenoids bioavailability from foods: From plant pigments to efficient 
biological activities. Food Research Intrtnational, 46: 438–450. 

Fernàndez-Garcìa, E., Carvajal-Lérida, I., Pérez-Gàlvez, A. (2009). In vitro 
bioaccessibility assessment as a prediction tool of nutritional efficiency. 
Nutrition Research, 29: 751–60. 

Ferracane, R., Pellegrini, N., Visconti, A., Graziani, G., Chiavaro, E., Miglio, 
C., and Fogliano, V. (2008). Effects of different cooking methods on 
antioxidant profile, antioxidant capacity, and physical characteristics of 
artichoke. Journal of Agricultural and Food Chemistry, 56: 8601–8608. 

Ferrec, E. L., Chesne, C., Artusson, P., Brayden, D., Fabre, G., Gires, P., 
Guillou, F., Rousset, M., Rubas, W., abd Scarino, M. L. (2001). In vitro 
models of the intestinal barrier, ECVAM Workshop, 29: 649-668. 

Ferreres, F., Valentão, P., Pereira, J.A., Bento, A., Noites, A., Seabra, R.M., 
et al. (2008). HPLC–DAD–MS/MS-ESI screening of phenolic compounds 
in Pieris brassicae L. reared on Brassica rapa var. rapa L. Journal of 
Agricultural and Food Chemistry, 56(3): 844–853. 

Friedman, M., and Jurgens, H. S. (2000). Effect of pH on the stability of plant 
phenolic compounds. Journal of Agricultural and Food Chemistry, 48(6): 
2101-2110.  

Fu, L., Xu, B. T., Xu, X. R. et al. (2011). Antioxidant capacities and total 
phenolic contents of 62 fruits. Food Chemistry, 129: 345–350. 



© C
OPYRIG

HT U
PM

 

 
98 

Funakoshi-Tago, M., Nakamura, K., Tago, K., Mashino, T., Kasahara, T., 
(2011). Antiinflammatory activity of structurally related flavonoids, 
apigenin, luteolin and fisetin. International Immunopharmacology, 11: 
1150–1159. 

Galan, S. V. (2015). Current situation and future prospects of worldwide 
mango production and market. Acta Horticulturae, 69–84. 

Galijatovic, A., Otake, Y., Walle, U. K., and Walle, T. (2001). Induction of UPD-
glucuronosyltransferase UGT1A1 by the flavonoid chrysin in CaCo-2 cells 
– Potential role in carginogen bioactivation. Pharmaceutical Research, 
18: 374–379. 

Garrett, D. A., Failla, M. L., Sarama, R. J. (1999). Development of an in vitro 
digestion method to assess carotenoid bioavailability from meals. Journal 
of Agricultural and Food Chemistry, 47: 4301–9. 

Gawlik-Dziki, U. (2012). Changes in the antioxidant activities of vegetables as 
a consequence of interactions between active compounds. Journal of 
Functional Foods, 4: 872–82. 

Gee, J. M., DuPont, M. S., Day, A. J., Plumb, G. W., Williamson, G., and 
Johnson, I.T. (2000). Intestinal transport of quercetin glycosides in rats 
involves both deglycosylation and interaction with the hexose transport 
pathway. Journal of Nutrition, 130: 2765–2771. 

Gian, C., Gerd, F,. and Han, V. W. (1998). Comparision of passive drug 
transport through Caco-2 cells and artificial membranes, International 
Journal of Pharmaceutics, 147: 61-68.  

Gil-Izquierdo, A., Gil, M. I., Ferreres, F., and Tomas-Barberan, A. (2001). In 
vitro availability of flavonoids and other phenolics in orange juice. Journal 
of Agricultural and Food Chemistry, 49:1035–41. 

Gil-Izquierdo, A., Zafrilla, P., and Tomas-Barberan, F. A. (2002). An in vitro 
method to simulate phenolic compound release from the food matrix in 
the gastrointestinal tract.European Food Research Technology, 214: 155-
159. 

Glaeser, H., Bujok, K., Schmidt, I., Fromm, M. F., and Mandery, K. (2014). 
Organic anion transporting polypeptides and organic cation transporter 1 
contribute to the cellular uptake of the flavonoid quercetin. Naunyn-
Schmiedeberg's Archives of Pharmacology, 387: 883–891. 

Gliszczynska-Swiglo, A. and Tyrakowska, B. (2003). Quality of commercial 
apple juices evaluated on the basis of the polyphenol content and the 
TEAC antioxidant activity. Journal of Food Science, 68: 1844–1849. 



© C
OPYRIG

HT U
PM

 

 
99 

Goldberg, D.M., Yan, J., and Soleas, G.J. (2003). Absorption of three wine-
related polyphenols in three different matrices by healthy subjects. 
Clinical Biochemistry, 36: 79–87. 

Gonthier, M. P., Donovan, J. L., Texier, O., Felgines, C., Remesy, C., and 
Scalbert, A. (2003). Metabolism of dietary procyanidins in rats. Free 
Radical Biology and Medicine, 35: 837–844. 

Gonzales, G. B., Camp, J. V., Vissenaekens, H., Raes, K., Smagghe, G., and 
Grootaert, C. (2015). Review on the use of cell cultures, to study 
metabolism, transport and accumulation of flavonoids: From mono-
cultures to co-culture systems. Comprehensive Reviews in Food Sciency 
and Food Safety, 14: 741-754. 

Graefe, E. U., Wittig, J., Mueller, S., Riethling, A. K., Uehleke, B., Drewelow, 
B., Pforte, H., Jacobasch, G., Derendorf, H., and Veit, M. (2001). 
Pharmacokinetics and bioavailability of quercetin glycosides in humans. 
Journal of Clinical Pharmacology, 41: 492-499. 

Gradolatto, A., Canivence-Lavier, M. C., Basly, J. P., Siess, M. H., and 
Teyssier, C. (2008). Metabolism of apigenin by rat liver phase I and phase 
II enzymes and by isolated perfused rat liver. Drug metabolism and 
Disposition, 32: 58-65. 

Gropper, S. S., Smith, J. L (eds) (2009). The digestive system: mechanism for 
nurishing the body. In: Advanced Nutrition and Human Metabolism, 5 edn. 
Belmont: Wadsworth, 33–62. 

Gross, P. (2010). Superfruits. New York: The McGraw-Hill Companies. 

Gupta, S., Afaq, F., and Mukhtar, H. (2001). Selective growth-inhibitory, cell-
cycle deregulatory and apoptotic response of apigenin in normal versus 
human prostate carcinoma cells. Biochemical and Biophysical Research 
Communications, 287(4): 914-920. 

Gustavo. V. R., Ana, Q. S., Gil, M. M., Jesus, A. Z., Humberto, A. G., Rosario, 
R. S., Abraham, W. M., Sonia, S. A., and Gustavo, G. A. (2016). Effect of 
dietary fiber on the bioaccessibility of phenolic compounds of mango, 
papaya and pineapple fruits by an in vitro digestion model. Food Science 
and Technology, 36(2): 188-194. 

Halliwell, B., Zhao, K., and Whiteman, M. (2000). The gastrointestinal tract: a 
major site of antioxidant action, Free Radical Research, 33: 819–830.  

Halliwell, B. (2003). Oxidative stress in cell culture: an under-appreciated 
problem. Federation of European Biochemical Societies Letters, 540: 3-
6. 

 



© C
OPYRIG

HT U
PM

 

 
100 

Haminiuk, C.W.I., Maciel, G.M., Plata-Oviedo, M.S.V., and Peralta, R.M. 
(2012). Phenolic compounds in fruits- an overview. International Journal 
of Food Science and Technology, 47: 2023-2044. 

Han, X., Shen, T., and Lou, H. (2007). Dietary polyphenols and their biological 
significance, Molecular Sciences, 8: 950-988. 

Hanske, L., Loh, G., Sczesny, S., Blaut, M., and Braune, A. (2009). The 
bioavailability of apigenin-7-glucoside is influenced by human intestinal 
microbiota in rats. The Journal of Nutrition, 34: 1095-1102. 

Hassan, F.A., Amin, I., Azizah, A. H., and Azrina, A. (2011). Identification and 
quantification of phenolic compounds in bambangan (Mangifera pajang 
Kort.) peels and their free radical scavenging activity. Journal of 
Agricultural and Food Chemistry, 59: 9102-9111. 

Heaney, R. P. (2001). Factors influencing the measurement of bioavailability, 
taking calcium as a model. Journal of Nutrition, 131(4): 1344–8. 

Havsteen, B. H. (2002). The biochemistry and medicinal significance of the 
flavonoids. Pharmacology and Therapeutics, 96: 67–202. 

Heo, H., Kim, Y., Chung, D., and Kim, D. (2007). Antioxidant capacities of 
individual and combined phenolics in a model system. Food Chemistry, 
104(1): 87–92. 

Hernandez, Y., Lobo, G. M., and Gonzalez, M. (2006). Determination of 
vitamin C in tropical fruits: a comparative evaluation of methods. Food 
Chemistry, 96: 654-664. 

Hewavitharana, A.K., Tan, Z.W., Shimada, R., Shaw, P.N and Flanagan, B.M. 
(2013). Between fruit variability of the bioactive compounds, β-carotene 
and mangiferin in mango (Mangifera indica). Nutrition and Dietetics, 70: 
158-163. 

Hidalgo, I. J., Raub, T. J., Borchardt, R. T. (2006). Characterization of the 
human-colon carcinoma cell-line (Caco-2) as a model system for 
intestinal epithelial permeability. Gastroenterology, 96: 736-749. 

Higgins, C. F. (2002). ABC transporters: from micro- organisms to man. 
Annual Review of Cell and Developmental Biology , 8: 67-113. 

Hofman, P. J., Smith, L. G., Holmes, R., Campbell, T., Meiburg, G. (1995). 
Mango fruit quality at harvest is affected by production conditions. In: 
Proceedings of Mango 2000 marketing seminar and production 
workshop. Brisbane, Australia, pp.199-208.  

 



© C
OPYRIG

HT U
PM

 

 
101 

Hofman, P. J., Smith, L. G., Joyce, D. C., Johnson, G.I., Meiburg, G. (1997). 
Bagging of mango (Mangifera indica cv. ‘Keitt’) fruit influences fruit quality 
and mineral composition. Postharvest Biology and Technology, 12: 83-
91. 

Hollman, P. C., Van Trijp, J. M., Buysman, M. N., van der Gaag, M. S., 
Mengelers, M. J., de Vries, J. H., and Katan, M. B. (1997). Relative 
bioavailability of the antioxidant flavonoid quercetin from various foods in 
man. Federation of European Biochemical Societies Letters, 418: 152-
156. 

Horvathova, K., Novotny, L., Vachalkova, A., (2003). The free radical 
scavenging activity of four flavonoids determined by the comet assay. 
Neoplasma, 50: 291–295. 

Hsieh, Y., and Korfmacher, W. A. (2006). Increasing speed and throughput 
when using hplc-ms/ms systems for drug metabolism and 
pharmacokinetic screening. Current Drug Metabolism, 7: 479–489. 

Holst, B. and Williamson, G. (2004). Methods to study bioavailability of 
phytochemicals in Y. Bao and R. Fenwick (Eds.), Phytochemicals in 
Health and Disease, pp. 25-56). 

Hu, F., (2003). Plant-based foods and prevention of cardiovascular disease: 
an overview. American  Journal of Clinical Nutrition, 78: 544S. 

Hubatsch, I., Ragnarsson, E.G.E., and Artursson, P. (2007). Determination of 
drug permeability and prediction of drug absorption in Caco-2 
monolayers. Nature Protocols, 2: 2111-2119. 

Hur, S. J., Lim, B.O., Decker, E.A., McClements, D.J. (2011). In vitro human 
digestion models for food applications. Food Chemistry, 125: 1–12. 

Ignat, I., Volf, I., and Popa, V.I. (2011). A critical review of methods for 
characterization of polyphenolic compounds in fruits and vegetables. 
Food Chemistry, 126: 1821-1835. 

Isabella, D., Antonella, G., Vito, L. Fiorenza, M., and Angela, C. (2015). 
Polyphenols from artichoke heads (Cynara cardunculus (L.) subsp. 
scolymus Hayek): in vitro bioaccessibility, intestinal uptake and 
bioavailability. Food and Function, 6(4): 1268-1277. 

Ishii, K., Furuta, T., and Kasuya, Y. (2000). Mass spectrometric identification 
and high-performance liquid chromatographic determination of a 
flavonoid glycoside naringin in human urine. Journal of Agricultural and 
Food Chemistry, 48: 56 –9.  

Ishu, M. O., (2013). Comparative proximate composition of the fruits juice of 
three varieties of Mangifera indica L. (mango). M.Sc Dissertation, Benue 
State University, Makurdi, Nigeria. 



© C
OPYRIG

HT U
PM

 

 
102 

Jacobi, K. K., Wong, L. S., and Giles, J. E. (1995) Effect of fruit maturity on 
quality and physiology of high-humidity hot air-treated ‘Kensington’ 
mango (Mangifera indica Linn.). Postharvest Biology and Technology, 5: 
149-159. 

Jambhekar, S. S. (2013). Physicochemical and Biopharmaceutical Properties 
of Drug Substnaces and Pharmacokinetics. In Foye’s Principles of 
Medicinal Chemistry, 7th ed.; Lemke, T.L., Williams, D.A., Eds.; Lippincott 
Williams and Wilkins: Baltimore, MD, USA, pp. 61–105. 

Javed, H., Khan, M. M., Ahmad, A., Vaibhav, K., Ahmad, M.E., Khan, A., 
Ashafaq, M., Islam, F., Siddiqui, M.S., Safhi, M. M., Islam, F., (2012). 
Rutin prevents cognitive impairments by amelio rating oxidative stress 
and neuroinflammation in rat model of sporadic dementia of Alzheimer 
type. Neuroscience, 17: 340–352. 

Joshipura, K. J., Hu, F. B., Manson, J. E., Stampfer, M. J., Rimm, E. B., 
Speizer, F. E. (2001). The effect of fruit and vegetable intake on risk for 
coronary heart disease. Annals of Internal Medicine, 134: 1106–14.  

Juana, M. C. C., Magdalena, B., Francisco, J. B., Maria, J. E., and Ana, F. 
(2014). Analytical methods for determining bioavailability and 
bioaccessibility of bioactive compounds from fruits and vegetables. 
Compherensive Reviews in Food Science and Food Safety, 13: 155-171. 

Justino, A. B., Pereira, M. N., Peixoto, L. G., Vilela, D. D., Caixeta, D. C., 
Souza, A. V. D., Espindola, F. S. (2017). Hepatoprotective properties of a 
polyphenol-enriched fraction from Annona crassiflora Mart. fruit peel 
against diabetes-induced oxidative and ni- trosative stress. Journal of 
Agricultural and Food Chemistry, 65 (22): 4428–4438. 

Kamiloglu, O. (2011). Influence of some cultural practices on yield, fruit quality 
and individual anthocyanins of table grape CV. ‘Horoz Karasi’, Journal of 
Animal and Plant Sciences, vol. 21, no. 2, pp: 240–245. 

Kanaze, F. I.,  Bounartzi, M. I., Georgarakis, M., and Niopas, I. (2007). 
Pharmacokinetics of the citrus flavanone aglycones hesper tin and 
naringenin after single oral administration in human subjects. European 
Journal of Clinical Nutrition, 61: 472-7. 

Kano, M., Takayanagi, T., Harada, K., Sawada, S., and Ishikawa, F. (2006). 
Bioavailability of isoflavones after ingestion of soy beverages in healthy 
adults. Journal of Nutrition, 136: 2291-2296. 

Kaur, C. and Kapoor, H. C. (2001). Antioxidants in fruits and vegetables – the 
millennium’s health. International Journal of Food Science and 
Technology, 36: 703–725. 

 



© C
OPYRIG

HT U
PM

 

 
103 

Khairul, I., Khan, M. Z. H., Sarkar, M. A. R., Nurul, A., and Sarkar, S. K. (2013). 
Changes in acidity, TSS and sugar content at different storage periods of 
the postharvest mango (Mangifera indica L.) influenced by bavistin DF. 
International Journal of Food Science, 23: 430-438 

Khatun, M., Eguchi, S., Yamaguchi, T., Takamura, H., and Matoba, T. (2006). 
Effect of the thermal treatment on radical-scavenging activity of some 
spices. Food Science and Technology, 12: 178–185. 

Khoo, H. E., Azrina, A., Amin, I., and faridah, A. (2012). Antioxidative 
properties of defatted Dabai pulp prepared by solid phase extraction. 
Journal of Molecules, 17: 9754-9773. 

Kiefer, I., Prock, P., Lawrence, C., Wise, J., Bieger, W., and Bayer, P. (2004). 
Supplementation with mixed fruit and vegetable juice concentrates 
increased serum antioxidants and folate in healthy adults. Journal of 
Americal College of Nutrition, 23(3): 205−211. 

Kim, Y., Brecht, J. K., and Talcott, S. T. (2007). Antioxidant phytochemical and 
fruit quality changes in mango (Mangifera indica L.) following hot water 
immersion and controlled atmosphere storage. Food Chemistry, 105(4): 
1327–1334. 

Kimura, M., Umegaki, K., Kasuya, Y., Sugisawa, A., and Higuchi, M. (2002). 
The relation between single/double or repeated tea catechin ingestions 
and plasma antioxidant activity in humans. European Journal of Clinical 
Nutrition, 56: 1186-93. 

Kitamura, S. (2013). Transport of flavonoids: from cytosolic synthesis to 
vacuolar accumulation. In: Grotewold E, ed. The Science of Flavonoids. 
New York: Springer: 123–146.  

Klaiber, R. G., Baur, S., Koblo, A., and Carle, R. (2005). Influence of washing 
treatment and storage atmosphere on phenylalanine ammonia-lyase 
activity and phenolic acid content of minimally processed carrot sticks. 
Journal of Agricultural and Food Chemistry, 53: 1065–1072. 

Knockaert, G., Lemmens, L., Van Buggenhout, S., Hendrickx, M., and Van 
Loey, A. (2012). Changes in β-carotene bioaccessibility and 
concentration during processing of carrot puree. Food Chemistry, 133: 
60e67. 

Kong, K. W., Mat-Junit, S., Aminudin, N., Amin, I., and Abdul-Aziz, A. (2012). 
Antioxidant activities and polyphenolics from the shoots of Barringtonia 
racemosa (L.) Spreng in a polar to apolar medium system. Food 
Chemistry, 134: 324-332. 

 



© C
OPYRIG

HT U
PM

 

 
104 

Konishi, T. and Rahman, M. M. (2010). Improving the Bioavailability of 
Polyphenols. In Biotechnology in Functional Foods and Nutraceuticals; 
Bagchi, D., Lau, F.C., Ghosh, D.K., Eds.; CRC: Boca Raton, FL, USA, pp. 
81–90. 

Kosinka, A., Xie, Y., Diering, S., Heritier, J., and Andlauer. (2012). Stability of 
phenolic compounds isolated from cocoa, green tea and strawberries in 
Hank’s balanced salt solution under cell culture conditions. Food 
Chemistry, 62: 91-96. 

Krook, M. A., and Hagerman, A. E. (2012). Stability of polyphenols 
epigallocatechin gallate and pentagalloyl glucose in a simulated digestive 
system. Food Research International, 49(1): 112-116. 

Kroon, P. A., Clifford, M. N., Crozier, A., Day, A. J., Donovan, J. L., Manach, 
C., and Williamson, G. (2004). How should we assess the effects of 
exposure to dietary polyphenols in vitro. American Journal of Clinical 
Nutrition, 80: 15-21. 
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