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Improper handling of work stress, diet and lifestyle cause imbalance to the
biological system in our body and led to various diseases nowadays. The
number of patients with chronic diseases such as cardiovascular disease and
cancer have increased greatly and becoming a major public health concern.
The current treatment approaches are unfavorable due to the unwanted side
effects observed. Natural resources such as fruits and vegetables contain anti-
oxidants, minerals and vitamins that may help to prevent diseases and
enhance the immune system. Vinegar produced from carbohydrate sources,
such as fruits and grains, contains not only acetic acid, but also other bioactive
compounds such as polyphenolics, volatile compounds, and organic acids. The
present study was carried out to investigate several biological activities such as
immunomodulation, hepatoprotective, anti-tumor and anti-obesity activities of
pineapple vinegar using in vitro and in vivo model. Assays such as anti-oxidant,
real-time PCR, proteome, western blot and metagenomic analyses revealed
the underlying mechanism of pineapple vinegar in all in vivo study. Through
the in vivo toxicity study, it was shown that the tested concentrations of
pineapple vinegar were not only safe to be taken continuously but they also
helped to increase the antioxidant levels (FRAP and SOD) and immune
response (CD4, CD8, IFNy and IL2) in normal mice model. Meanwhile, in vivo
hepatoprotective study showed that pineapple vinegar was able to promote the
recovery of paracetamol induced liver inflammation in mice due to its
antioxidant activities. Through several in vitro cancer assays such as MTT, flow
cytometry cell cycle analysis, Annexin V analysis and scratch assay, the anti-
cancer effect of pineapple vinegar was also revealed. Further investigation on
the chemopreventive effect using murine model was done to support the
results of in vitro study. Results showed that the treatment by high
concentration pineapple vinegar has significantly reduced the tumor weight
through its anti-metastasis and anti-inflammatory activities. Additionally, in vivo
anti-obesity study indicated the potential of pineapple vinegar as anti-obesity
agent through the reduction of the body weight, regulation of several obesity
related genes and proteins and its ability to alter the gut micobiota. In



conclusion, oral administration of tested concentrations in all the in vivo studies
proved clearly that pineapple vinegar confers hepatoprotective, anti-tumor and
anti-obesity effects in dose dependent manner. This study signifies the
potential of pineapple vinegar as a functional food for therapeutic purposes.

ii



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia
sebagai memenuhi keperluan untuk ljazah Doktor Falsafah

PENILAIAN KE ATAS AKTIVITI-AKTIVITI BIOLOGI CUKA NANAS (Ananas
comosus L. MERR. VAR. JOSAPHINE) SECARA /n Vitro DAN In Vivo

Oleh

NURUL ELYANI BT MOHAMAD

Jun 2016
Pengerusi : Professor Madya Noorjahan Banu Alitheen, PhD
Fakulti : Bioteknologi dan Sains Biomolekul

Ketidak kecekapan dalam menguruskan tekanan kerja, pemakanan dan cara
hidup menyebabkan ketidakseimbangan kepada sistem biologi badan dan
seterusnya membawa kepada pelbagai penyakit dalam dunia harini. Bilangan
pesakit kronik seperti pesakit kardiovaskular dan kanser telah meningkat
dengan tinggi dan menjadi isu utama dalam kesihatan di kalangan masyarakat.
Kaedah rawatan yang digunakan kini kurang sesuai berdasarkan kesan
sampingan yang dilihat. Sumber semulajadi seperti buah-buahan dan sayur-
sayuran mengandungi anti-oksidan, mineral dan vitamin yang dapat membantu
mencegah pelbagai penyakit dan meningkatkan imun sistem. Cuka yang
dihasilkan menggunakan sumber karbohidrat dari buah-buhanan dan bijirin
bukan sahaja mengandungi asid asetik, tetapi juga pelbagai sebatian bioaktif
lain seperti polifenolik, sebatian meruap dan asid organik. Penyelidikan ini
dijalankan untuk mengkaji beberapa aktiviti biologi cuka nanas ke atas aktiviti
imunisasi, perlindungan hati, anti-tumor dan anti-kegemukan menggunakan
model in vitro dan in vivo. Beberapa eksperimen seperti analisis anti-oksidan,
analisis real-time PCR, analisis proteome, analisis Western blot dan analisis
metagenomik menunjukkan mekanisma secara menyeluruh cuka nanas dalam
semua ujian in vivo yang dijalankan. Melalui ujian toksik yang dijalankan
melalui ujian in vivo menunjukkan kesemua kepekatan cuka nanas yang
digunakan bukan sahaja selamat jika diambil berterusan, malah, cuka nanas
juga dapat membantu meningkatkan tahap anti-oksidan (FRAP dan SOD) dan
juga tahap imunisasi (CD4, CD8, IFNy and IL2) dalam mencit normal. Selain
itu, ujian perlindungan hati yang dijalankan secara in vivo menunjukkan
keupayaan cuka nanas dalam mempercepatkan penyembuhan pada
pembengkakkan hati yang disebabkan oleh paracetamol dalam tikus adalah
dibantu oleh aktiviti-aktiviti anti-oksidan cuka nanas. Melalui pelbagai ujian
kanser yang dijalankan secara in vitro seperti ujian MTT, analisis kitaran sel
menggunakan flow cytometry, analisis Annexin V dan analisis ujian goresan
sel, aktiviti anti-kanser cuka nanas telah dapat dibuktikan. Ujian secara
menyeluruh ke atas kesan perlindungan cuka nanas terhadap kanser
menggunakan model murin telah dijalankan untuk menyokong dan
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membuktikan keputusan dari ujian in vitro yang telah diajalankan. Dari ujian
yang dijalankan, keputusan menunjukkan rawatan menggunakan kepekatan
tertinggi cuka nanas telah berjaya mengurangkan berat tumor melalui aktiviti
anti-metastasis dan anti-radang. Di samping itu, ujian anti-kegemukan yang
dijalankan melalui ujian in vivo juga menunjukkan potensi cuka nanas sebagai
agen anti-kegemukan melalui pengurangan dalam berat badan mencit,
perubahan kitaran dalam beberapa gene dan protein berkaitan kegemukan dan
kebolehan cuka nanas dalam mempengaruhi pembiakan microb di dalam gut.
Secara kesimpulanya, kesemua kepekatan cuka nanas yang diberi secara oral
dalam kesemua ujian in vivo yang dijalankan membuktikan kebolehan cuka
nanas dalam melindungi hati, sebagai anti-tumor dan anti-kegemukan dan
kesannya bergantung kepada kepekatan yang digunakan. Penyelidikan kali ini
membuktikan cuka nanas boleh digunakan sebagai makanan tambahan untuk
kegunaan terapeutik.
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CHAPTER 1

INTRODUCTION

"Modernization has brought upon positive impacts on human being but at the
same time, it is undeniable that modernization leads to unhealthy lifestyle as
well (Hidaka, 2012). Work pressure, imbalanced diet and stressful environment
disrupt the biological system and can subsequently lead to various diseases
(Chakravarti & Little, 2003; Kivimaki et al., 2002; Mera, 1994). To date,
cardiovascular disease and cancer are the major causes of death worldwide
(WHO, 2014). Researchers have suggested that a change in the current
lifestyle may be one of the most effective measures to prevent the occurrence
of many diseases (Backgaard & Schmidt, 2015; Moritani, 2015). For years,
functional food has been consumed extensively as it is believed that the
consumption can benefit the body and certain functional foods have been
proven scientifically in treating some diseases (Ryan et al., 2015; Wong et al.,
2015). A food is considered to be under the functional food category if it is
beneficial to the health and supplies additional nutrition as needed by the body
(Roberfroid, 2000). Functional food contains certain bioactive compounds,
which is one of the major contributors to strengthen the immune system and
protecting the body to fight against various diseases including cardiovascular
and cancer (Canene-Adams et al., 2005; Kris-Etherton et al., 2002; Lordan et
al., 2011).

Fruits and vegetables which contain high antioxidants and minerals are the
examples of natural resources of functional foods (Rodriguez et al., 2006;
Schieber et al, 2001; Shui & Leong, 2006). Studies have shown that the
consumption of fruit markedly decreased the risk of cardiovascular disease and
cancer, which might be contributed to the presence of high level of antioxidants
and nutrients in the fruit (Stahl & Sies, 2005). The benefits conferred on the
body by the consumption of fruits are at its peak when it is consumed fresh.
However, fruits rot quickly in the tropical climate especially when the supply
exceeds the demand (Nunes et al., 2009; Parfitt et al., 2010). To overcome this
problem, fruits can be kept in several forms such as jams (Garcia-Martinez et
al.,, 2002), concentrated juice (Ashurst, 2008), canned fruit (Rickman et al,,
2007), dried fruit (George et al., 2004) and also fermented fruit (Di Cagno et al.,
2013). Pineapple is one of the local fruits and is in abundance in Malaysia. It
contains high vitamin C content and other antioxidants, which helps to enhance
the immunity and protect the body from various diseases (Gardner et al., 2000).
During the canning process, only part of the pineapple fruit will be cut and used
while remaining will be discarded. Since pineapple contains lots of nutrients,
vitamin and possess several bioactivities, it is a huge waste to discard the
remaining part of the fruits. By utilizing this discarded part and convert it into
vinegar, it can avoid this wastage and generate a zero waste product.

Vinegar, which mainly consists of water and acetic acid, is one of the valuable
end-products of the fermentation process. It is produced through two-step
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fermentation, starting with an alcoholic fermentation and followed by
acetification. The preservation of fruits through fermentation process into a final
product such as vinegar is not only economically viable and environmentally
friendly but it also enhances the nutritional value of the product (Motarjemi;
2002). During fermentation, several bacteria produce bioactive by-products
such as vitamins and antioxidants (Blandino et al., 2003).

To date, there have been many studies done on several types of vinegar which
show that these vinegars possess several bioactivities such as anti-cholesterol,
anti-obesity, anti-cancer, anti-hypertensive and anti-diabetic activities (Budak et
al., 2014; Kondo et al., 2001a; Nanda et al., 2004; Seo et al., 2014; Setorki et
al., 2010; Shishehbor et al., 2008). Nevertheless, there are no experimental
evidences about the health-promoting effectiveness of pineapple vinegar in
- conferring beneficial effect such as hepatoprotective, anti-inflammation, anti-
tumor and anti-obesity has been reported so far. Thus, this study was aimed to
determine the in vitro and in vivo bioactivities of pineapple vinegar.

The specific objectives of this study are:

To determine the anti-oxidant activities, immunomudulatory effects and
the maximum dose of pineapple vinegar which is safe to be consumed
through in vivo acute and sub-chronic toxicity studies.

2. Toinvestigate the effect of pineapple vinegar in reversing paracetamol-
induced liver damage and anti-inflammatory activity in mice.

3. To determine the anti-tumor effect of pineapple vinegar in vitro and in
vivo.

4. To evaluate the anti-obesity effect of pineapple vinegar in diet induced
obese mice.

The hypotheses of this study are:
1. Pineapple vinegar has antioxidant and immunomodulatory effects and
safe to be consumed at all concentrations tested.
2. Pineapple vinegar helps to protect the paracetamol induced liver injury
and shows anti-obesity effect in diet induced mice
3. Pineapple vinegar possess anti-tumor effect in vivo and in vitro.
4. Pineapple vinegar shows anti-obesity effect in diet induced mice.
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