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ABSTRACT

Cardiovascular disease (CVD) is ranked as one of top leading causes of death in
most industrialized countries. Recent research suggests that fruit vinegar beverages
(FVB) possess beneficial effects such as antihypertensive properties, reduction of serum
cholesterol and triacylglycerols (TAG). FVB made using apple, blueberry, cranberry and
tomato were evaluated for their sensory, antioxidant, antihypertensive and lipid lowering
properties. All four treatments demonstrated very high in vitro antioxidant and
antihypertensive properties. These FVB were further evaluated for their hypolipidemic
and antihypertensive properties using a spontaneously hypertensive rats (SHR) model
with diet-induced hyperlipidemia. All four FVB significantly reduced serum TAG,
elevated the high density lipoprotein (HDL)-cholesterol compared to the control. Further,
all four FVB demonstrated a reduction in the diastolic blood pressure after four weeks of
supplementation. Overall, the FVB exhibited lipid lowering effects and antihypertensive
properties in vivo. Confirmation of the beneficial effects of FVB using a clinical trial is
needed.
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CHAPTER 1.0 INTRODUCTION

Cardiovascular disease (CVD) (Chu and Liu 2004), hypertension (Tanaka et al.
2009) and diabetes (O’Keefe et al. 2008; Shahidi et al. 2008) are becoming major causes
of mortality in the world. Today, 25% of the world’s adult population is suffering from
hypertension and the numbers are likely to increase by another 5% in the next ten years
(Mittal and Singh, 2010). Plaque build-up in the coronary arteries is the main cause of
CVD and hypertension (Chu and Liu 2004). Long-term elevated low-density lipoprotein
(LDL) levels and oxidative modification of LDL are leading causes in the formation of
plaque (Chu and Liu 2004). Dysfunction of the endothelium may affect vasodilation and
is one of the key factors in the progression of atherosclerosis (Chu and Liu 2004). Several
studies have revealed that a temporary increase in triacylglycerols and fatty acids has the
ability to affect vasodilation (Setorki et al. 2010). In addition, poor dietary and lifestyle
habits are prominent factors that contribute to the progression of the above diseases
(Tanaka et al. 2009) and also enhance the prevalence of obesity, which is distinguished as
a risk-factor for lifestyle-related diseases (Kondo et al. 2009).

Increasing health care cost, due to the above mentioned diseases, has led to the
development of natural antioxidants and functional foods and beverages which are rich in
biologically active phytochemicals. Recent statistics indicate that the average North
American consumer spent approximately US $90 per year on functional foods and
beverages (Granato et al. 2010). The market growth of fruit-based functional beverages
increased by 60% between 1998 and 2003 and a further 40% in 2008 (Granato et al.

2010). Furthermore, vinegar drinks are the latest group of functional beverages that have



sparked the North American beverage market with promising results and have become
the second largest market for vinegar; further, Canada and the US has a combined total
trade value of $147.5 million in 2009 (Berry 2011).

Generally, fruit vinegar is manufactured through the conversion of sugars to
alcohol by yeast fermentation and subsequent addition of acetic acid bacteria to induce
the acetic acid fermentation (Kato et al. 1998). It has been reported that phytochemicals,
which are plant secondary metabolites, found in fruits have been shown to exhibit the
antioxidant and physiological properties that are beneficial to health (Pinsirodom et al.
2008).

Currently, there are a number of commercial fruit vinegar beverages available on
the market. However, a fruit vinegar beverage targeted for the reduction of CVD, by
using fruits rich in different classes of biologically active plant secondary metabolites, is
rare. Therefore, this study was focused on the development and assessment of fruit
vinegar beverages prepared using apples (Malus domestica), wild blueberries (Vaccinium
angustifolium), cranberries (Vaccinium oxycoccos) and tomatoes (Lycopersicon
esculentum). The nutritional benefits of the produced beverages were determined by
analyzing and studying the phytochemical attributes. All four beverages were analyzed
using ultra performance liquid chromatography mass spectrometry (UPLC/MS) to
examine the distribution of major bio-active compounds. Further, distribution of sugars in
the vinegar beverages was analyzed using a high performance liquid chromatography
(HPLC) system with a refractive index (RI) detector. The antioxidant assays, ferric
reducing antioxidant power (FRAP), and oxygen-radical absorbance capacities (ORAC),

were used as general measures of antioxidant capacity of the four vinegar beverages.

2



Odor, level of acidity, after taste and overall acceptability of the four vinegar beverages
were assessed using a sensory panel of 18 trained panelists. The ability of dietary
intervention to reduce the risk of CVD and hypertension was studied using an animal
model system of spontaneously hypertensive rats (SHR). Furthermore, the effects of the
bioactive constituents of the beverages were investigated for their ability to inhibit
angiotensin converting enzyme (ACE), a key enzyme associated with hypertension.
Therefore, the results of this research study provide some preliminary understanding for
future product development, focusing on the reduction of the risk of hypertension and

CVD.



CHAPTER 2.0 OBJECTIVES

Presently, hypertension is one of the leading causes of mortality in the world.
Hypertension leads to several other diseases, CVD, stroke, diabetes, and renal failures,
etc. ACE plays a significant role in regulating the blood pressure in the body by
producing angiotensin II, which is a potent vasoconstrictor. Thus, ACE inhibitors have
been identified as potential antihypertensive drugs which help to regulate the blood
pressure in the body. In addition, these drugs are also beneficial for the prevention of
CVD. However, a major drawback of taking therapeutics for a prolonged duration is the
associated side effects. This phenomenon has led to an investigation of alternative plant-
based bioactive compounds which have the ability to regulate hypertension and blood
pressure. Fruit vinegar beverages are one of the leading food products reported from
ancient times to possess health benefits such as antihypertensive properties (Kondo et al.

2001; Nakamura et al. 2010).

The research hypothesis of the current study was that dietary intervention by fruit
vinegar beverages rich in phenolic acids, anthocyanins or lycopene help to maintain
blood pressure and serum lipid profile at healthy levels. The overall objective was to
develop and assess four types of fruit vinegar beverages, based on various bioactive plant
secondary metabolite profiles, produced from fruit juices of tomato, blueberry, cranberry
and apple and assess their physico-chemical, antioxidant and selected cardio-protective
properties using an animal model of spontaneously hypertensive rats. The specific

objectives of this research were to:



(1) Develop and optimize processing parameters for four low acid fruit vinegar
beverages from apple, blueberry, cranberry and tomato;

(2) Determine the changes in antioxidant capacity and bio-active composition during
the processing steps of the fruit vinegar beverage production;

(3) Evaluate the physico-chemical, antioxidant, antihypertensive properties and
sensory attributes of the selected fruit vinegar beverage formulations containing
0.5%, 1.0% and 1.5% acetic acid; and

(4) Assess the effects of the fruit vinegar beverages on blood pressure and plasma and
liver lipid profiles using an experimental animal model of spontaneously

hypertensive rats (SHR).



CHAPTER 3.0 LITERATURE REVIEW

3.1 Vinegar Production

During the last few years, the use of vinegar as a food ingredient, as well as a
functional beverage, has increased (Budak et al. 2011). Generally, vinegar production is
carried out using a double fermentation process (Figure 3.1) (alcoholic fermentation
followed by acetic acid fermentation). There are two production methods (Budak et al.
2011): (i) slow method, in which the culture of acetic acid bacteria (Acetobacter aceti),
due to its requirement of oxygen, grows on the surface of the liquid (Budak et al. 2011;
Sengun and Karabiyikli 2011); and (ii) quick method, where a submerged culture of
bacteria is used and oxygen is supplied through aeration (Natera et al. 2003; Nakamura et
al. 2010; Su and Chien 2010). Normally, A. aceti are gram-negative, aerobic, non-spore
forming, rod-shaped cells. Furthermore, their sizes vary between 0.4 - 1 pm wide and 0.8
- 4.5 um long and the optimum pH for the growth of A. aceti is 5 - 6.5. However, they
can survive even at lower pH values between 3 and 4. Moreover, due to their high
stability in the acidic environment, A. aceti has an ability to produce more acetic acid

(Sengun and Karabiyikli 2011).



Fruit Juice
Yeast Fermentation
(Saccharomyces cerevisiae)
(24 °C, dark condition, 5-7 days)
Acetic Acid Fermentation
(Acetobacter aceti)

(28°C, continuous aeration, 5-7 days)

Fruit Vinegar Beverage
(Formulation and adjustment of the % acetic acid)

Figure 3.1: Process Flow Chart of Commercial Fruit Vinegar Production (Quick Method)

3.2 Definition of Fruit Vinegar Beverage

Fruit vinegar beverages have been categorized into two different types based on
their acetic acid concentration: fruit vinegar beverage, which is low in acetic acid (< 3%
v/v) and concentrated fruit vinegar beverage, which is high in acetic acid (5 - 7% v/v).
These concentrated fruit vinegar beverages must be diluted 4 to 8 times with water before
consumption (Chang et al. 2005). Fruit vinegar beverage is defined as a beverage that has
been fermented from at least one kind of fruit, where each liter of raw material must

contain more than 300 g of fruit juice (Chang et al. 2005).



3.3 Composition of Fruit Vinegar Beverage

Total sugar content of concentrated fruit vinegar beverage is normally less than
3% (v/v) and the acidity level is around 5 to 7% (v/v). Total soluble solids content and
density of the fruit vinegar beverage may depend on total sugar content. Key organic
acids found in fruit vinegar beverage, in addition to acetic acid, are malic, lactic, tartaric,
succinic and citric acids (Table 3.1) (Chang et al. 2005; Natera et al. 2003). Major
volatile compounds found in vinegar beverages are 2- and 3-methyl-1-butanol, 3-
hydroxy-2-butanone, 2-phenylethanol, 2,3-butanediol, and isopentanoic acid, where apple
vinegars are associated with a very high amount of 3-hydroxy-2-butanone produced with
a slow acetification process (Natera et al. 2003). Furthermore, fruit vinegars consist of

high concentrations of polyphenolic compounds (Bastante et al. 2010).

Table 3.1: Organic Acids Found in Different Vinegar Types

Type of  Sample aceticacid succinic malic acid  tartaric citric acid  lactic acid
vinegar Size (n) (g/L) acid (g/L)  (g/L) acid (g/L) (g/L) (g/L)
Apple 11 56.7+128 0.1+£02 0.1+02 nd 02+04 2015
Red 4 86.8+292 04+03 nd 0.1+0.1 nd 1.0+0.9
Wine

Balsamic 6 51.1+215 04+£02 0.7£0.6 14+£07 07+£0.7 0.8+0.7

(n -number of samples for each category, nd - not detected) (Natera et al. 2003)



3.4 Health Benefits of Fruit Vinegar Beverage

Fruit vinegar beverages are well known from ancient times and used as a food
product as well as medicine because of their properties (Dogaru et al. 2009; Fushimi and
Sato 2005). All vinegars are solutions that primarily contain acetic acid and have been
reported to possess physiological effects in humans such as antihypertensive properties
(Kondo et al. 2001; Nakamura et al. 2010), enhancement of glycogen repletion in liver
and muscle (Fushimi and Sato 2005; Fushimi et al. 2001), anticancer effects (Shizuma et
al. 2011), stimulation of Ca®" absorption (Fushimi et al. 2006) and reduction of serum
cholesterol and triacylglycerols (Setorki et al. 2010; Setorki et al. 2011; Ubeda et al.
2011). Furthermore, a recent study has demonstrated that the dosage of black rice vinegar
(kurosu) given to male Wistar rats, corresponding to the human dosage (recommended
daily allowance of 700 mL per day per 70 kg body weight), confirmed an improvement in
blood sugar levels (Shibayama et al. 2010). Moreover, a study conducted by Machado et
al. (2011) showed that functional and nutritional quality results of grape juice and vi-
negars have the ability to alleviate a plasmatic total polyphenol content one hour after
ingestion in humans. Some other constituents of fruit vinegar beverages are anthocyanins
(cyanidin-3-glucoside), flavonols (quercetin  glycosides), flavanols (catechin,
epicatechin), vitamins, mineral salts, amino acids and non-volatile organic acids (tartaric,
citric, and malic) (Machado et al. 2011). Moreover, these organic acids have the ability to
influence flavor, color and aroma of the final product or the stability and microbiological
control of these beverages (Zhang et al. 2011). These compounds can also act as

antioxidants, enzyme inhibitors and inducers, inhibitors of receptors, and enhancers or



suppressors of gene expression (Kris-Etherton 2004; Pinsirodom et al. 2008; Setorki et al.
2010). Furthermore, lizuka et al. (2010) found that polyphenols (catechins) present in

apple vinegar have the ability to inhibit the LDL oxidation ex-vivo in endothelial cells.

3.4.1 Atherosclerosis

CVD is one of the major causes of mortality worldwide. CVD is associated with
high blood cholesterol levels, high blood pressure, atherosclerosis, obesity, smoking, etc.
(Budak et al. 2011). Atherosclerosis is currently one of the primary causes of death in the
developed world (Setorki et al. 2011). The scavenger receptor-facilitated mechanism of
oxidized LDL by macrophages leads to foam cell formation and when developed further,
it will cause plaque formation, which plays an important role in the initiation and
progression of atherosclerosis (lizuka et al. 2010). Furthermore, high levels of LDL and
oxidative modification of LDL in the vasculature is believed to be a significant factor
contributing to atherosclerosis, coronary heart disease (CHD), and ischemic stroke
(Lotito and Frei 2004; Iizuka et al. 2010). Flavonoids serve as an antioxidant and are one
cluster of bioactive compounds studied extensively to explain biological functions and
health outcomes, with emphasis on atherosclerosis (Kris-Etherton 2004; Lotito and Frei
2004; Setorki et al. 2010). Recent studies found that high doses of vinegar (> 5 mL per
serving) can result in a significant decline in total serum cholesterol (TC) and LDL
concentrations in experimental rabbits (Setorki et al. 2010). In addition, Budak et al.
(2011) found a significant reduction in steatosis in the rats treated with apple cider
vinegars (1% total acidity; 157 puL of apple cider vinegar in 843 pL of water) orally for 7

weeks when compared to control group. lizuka et al. (2010) demonstrated that dietary
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intervention of 800 mg polyphenols in concentrated balsamic vinegar has the ability to
reduce the LDL oxidation both in vitro and in vivo. Furthermore, they observed a
significant reduction of LDL oxidation after one hour of consumption for the same

dosage of balsamic vinegar in humans.

3.4.2 Hypertension

Hypertension is one of the major independent risk factors for arteriosclerosis,
stroke, myocardial infarction and renal disease (Honsho et al. 2005). Blood pressure
reduction is helpful in the prevention of stroke and other adverse vascular events,
including heart failure (Tanaka et al. 2009). Scientists in the field of food science and
technology have discovered functional foods, including the vinegar beverages, which
may have self-regulating mechanisms of blood pressure levels (Honsho et al. 2005). A
beverage prepared from wine and rice vinegar has demonstrated antihypertensive effects
in rats (Kondo et al. 2001). A studied dose (3 mL/kg body weight) of the beverage
prepared using wine vinegar and grape juice reduced the heart rate and mean blood
pressure of the pentobarbital-anesthetized rats (Sugiyama et al. 2003). These results
suggest that this new vinegar beverage may be valuable for people who are concerned
about palpitation and/or hypertension (Sugiyama et al. 2003). Furthermore, a new
beverage made from red wine vinegar and grape juice decreased the ACE activity by
21% on the renin-angiotensin aldosterone system (RAAS) in vivo in a spontaneously
hypertensive rat (SHR) model (Honsho et al. 2005). A single (3 g/kg body weight) dose
and continuous administration (8 weeks; 10% (w/w) of diet) of black malt vinegar have

shown a significant hypotensive effect in SHR (Odahara et al. 2008).
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3.5 Market Potential for Fruit Vinegar

Traditionally, vinegar products have been used as a food flavoring ingredient (rice
vinegar, wine vinegar and apple cider vinegar) but this has changed recently to a health
food or functional beverage (Ou and Chang 2009). A survey has indicated that health
conscious consumers have expressed their interest in drinking fruit vinegar beverages,
increasing the market demand for fruit vinegar beverage products in Taiwan (Ou and
Chang 2009). A recent report produced by the Nielsen Company (2010) indicates that
global vinegar sales have been increasing with specialty vinegars (balsamic, red wine and
fruit vinegars) leading the way with 45% of the market value and 12% of the unit value.
Furthermore, Canada's vinegar imports have consistently increased over the past few
years, by 11% between 2008 and 2009 (Berry 2011). The emergence of these new fruit
vinegar products has prompted the change of names of vinegars, wine to grape and cider
to apple, with these now being categorized as fruit vinegars (Ou and Chang 2009). It is
quite possible that in the near future, innovative vinegar products from Canada (e.g.
Saskatoon berry, icewine, pumpkin, maple syrup, and dessert vinegars) may be well

received in the North American marketplace (Berry 2011).

3.5.1 North American Vinegar Market

North America is the second largest market for vinegar, following Europe (Berry
2011). The United States vinegar market is similar to that in Canada and consumer tastes
and vinegar uses are comparable (Berry 2011). Italy remains the largest exporter of

vinegar to the United States and its products were worth a total of US $71 million in
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2009. Spain (US $8.5 million), France (US $4.7 million), Japan (US $4.4 million) and
Philippines (US $1.8 million) followed Italy as foremost vinegar suppliers to the United
States. Canadian vinegar producers must contend with high quality European varieties

and inexpensive Asian products in the American marketplace (Berry 2011).

3.5.2 Fruits Available in Canada and Nova Scotia

An ample variety of fruits are grown commercially in Canada, including apples
(farm gate value in Canada ~US $ 150 million), tender fruits (peaches, pears, plums and
cherries) and berries. Apples are Canada's principal fruit crop in terms of tonnage;
however, due to declining apple prices over the last few years and the growth of the
blueberry industry, blueberries are now the most valuable crop, with a farm gate value of
~US $ 150 million (Statistics Canada 2012). According to statistics in 2012, Nova Scotia
produced 33,657 metric tons of apples, 14,873 metric tons of blueberries and 933 metric
tons of cranberries with farm gate values of the fruits 12.1, 22.3 and 1.2 million dollars,
respectively. Furthermore, Nova Scotia produces 75 metric tons of tomatoes, with a farm

gate value of 0.13 million dollars (Statistics Canada 2012).
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3.6 Bioactive Compounds in Fruits

Over the past decade, researchers, food manufacturers and food processing
agencies have become increasingly interested in polyphenols (Manach et al. 2004). This
has encouraged an understanding of the importance of polyphenols in several areas e.g.:
agriculture, ecology and food selection, nutrition, medicines and pharmaceuticals (Shoji
2007). In addition to having antioxidant properties, polyphenols have several other
specific biological actions, yet poorly understood (Manach et al. 2004). Polyphenols have
been grouped according to their structures (Figure 3.2) as either non-flavonoids or
flavonoids. The non-flavonoids are comprised of phenolic acid derivatives, lignans,
stilbenes, and, hydrolysable tannins (Shoji 2007). Flavonoids can be further categorized
into groups such as flavanones, flavonols, flavones, flavanols, isoflavones, and
anthocyanidins, on the basis of the hydroxylation of phenolic rings, glycosylation, and
acylation with phenolic acids (Shoji 2007). In fact, most important dietary phenolics are
the phenolic acids, polyphenols and flavonoids; thus, flavonoids are the most studied

group (Dillard and German 2000).
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Figure 3.2: Chemical Structures of Polyphenols (Manach et al. 2004)

3.6.1 Flavonoids

Flavonoids can be divided into six sub-classes (Figure 3.3) including: flavanones,

flavonols, flavones, flavanols, isoflavones, and anthocyanidins (Manach et al. 2004). In

general, flavonoids are either multiple colors or colorless, depending upon their structures



and are mostly present as glycosides with relatively low solubility in water (Shoji 2007).
Flavonols, which mainly accumulate in the outer and aerial tissues (skin and leaves) of
the plant, are the most common flavonoids in foods and their biosynthesis is stimulated
by light (Manach et al. 2004). The key representatives of the flavonols are quercetin and
kaempferol which are present at relatively low concentrations in fresh fruits (Manach et
al. 2004). Flavonoids share a common ring structure, consisting of two aromatic rings (A

and B) that are bound together by three carbon atoms that form an oxygenated

heterocycle (ring C).

OH ©
Flavanones Flavonols
R;=H, R,=OH: Naringenin R;=Rs;=H, R,=OH: Kampferol
R;=R,=0OH: Eriodictyol R;=R,=0H, R3=H: Quercetin
R;=0OH, R,=OCHj;: Hesperetin R;=R2=R3=0H: Myricetin

Flavones Flavanols
R;=H, R,=OH: Apigenin R ;= R,=R3=0OH: Gallocatechin
R;=R,=0H: Lutoolin R;=R,=0H, R3=H: Catechin
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Isoflavones Anthocyanidins

R;=H: Daidzein R;= R,=H: Pelargonidin

R ;= OH: Genistein R;=0OH, R,=H: Cyanidin
R ;= R,=0OH: Delphinidin
R;=0CHs;, R,=0OH: Petunidin
R1=R2=OCH3I Malvidin

Figure 3.3: Chemical Structure of Flavonoids (Manach et al. 2004)

3.7 Raw Materials for the Fruit Vinegar Beverage Production

Some studies have shown a relationship between a reduced risk of CVD and fruit
consumption and these protective effects could come from dietary fibres, micro-
constituents, phenolic compounds, etc. (Decorde et al. 2008; Dogaru et al. 2009). The
most widespread raw materials for production of fruit vinegar beverages are apple and
grape, which provide a rich body and a superior flavor to the final product. Other
commonly used fruits are black currant, raspberry and tomato (Kato 1998). Usually,
balsamic vinegar is manufactured from the concentrated juice (30° Brix), and it is dark
brown in color and its flavor is rich, sweet and complex. However, the commercial
balsamic vinegar that is available in supermarkets is normally finalized using red wine

vinegar or concentrated grape juice mixed with vinegar (Ugliano et al. 2002).
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However, in every year, a large fraction of harvested fruit is discarded due to
deformations, over production and lack of post-harvest management; therefore, these bio
resources could be used in the production of fruit vinegars or as functional beverages

(Ubeda et al. 2011).

3.7.1 Apple

“An apple a day keeps the doctor away”. This saying has encouraged many
researchers to investigate the “magic” ingredient of the apple that may reveal the
soundness of this expression (Taso et al. 2005). Apples are one of the foremost sources of
dietary flavonoids that demonstrate the strongest associations with decreased mortality
(Boyer and Liu 2004). Furthermore, a study done by Decorde et al. (2008) demonstrated
that apples have the ability to prevent diet-induced atherosclerosis in hamsters. Apples
are one of the main sources of flavonoids in the western diet and contain as much as 2g of
phenols per kilogram fresh weight (Lotito and Frei 2004). Apple polyphenols contain
mainly polyphenolic acid derivatives and other flavonoids (Budak et al. 2011) and these
phenolic compounds are the most active constituents in apple (Nakamura et al. 2010).
There are five major groups of polyphenolic compounds in apple; hydroxycinnamic
acids, flavan-3-ols, anthocyanins, flavonols, and dihydrochalcones (Kathiirvel and
Rupasinghe 2012). The amount of bioactive substances in apples is higher than in other

tree fruits i.e. peach and pear (Leontowicz et al. 2004).
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3.7.1.1 Flavonols: Quercetin glycosides

A major class of phytochemicals commonly found in fruits and vegetables are the
flavonoids (Boyer and Liu 2004). Apple is one of the major sources of flavonoids in the
European and North American diet (Wach et al. 2007). Quercetin glycocides are one of
the most abundant flavonoid sub-classes present in fruits and vegetables (Taso et al.
2005). Substantial amounts of iso-quercetin (quercetin-3-glucoside) have been found in
apple and pear peels (Taso et al. 2005). Since the skin is an important source of quercetin
glycocides, any endorsement of apple consumption should imply the inclusion of the skin

(Rupasinghe and Kean 2008; Rupasinghe et al. 2010).

3.7.1.2 Flavan-3-ols: Epicatechin and Catechin

Flavanols, which make up a major class of apple polyphenols, correspond to
between 71 and 90% of the polyphenolic compounds in apples (Vrhovsek et al. 2004).
Epicatechin is found at high concentrations in apples, blackberries, cherries, pears and
raspberries (Williamson and Manach 2005). Apple peels typically contain catechin and
epicatechin, but these compounds are found in much lower concentrations in the apple
flesh (Boyer and Liu 2004). In human intervention studies, catechins have showed
higher plasma antioxidant activity, reduced plasma lipid peroxide and malondialdehyde
concentrations and greater resistance of LDL to oxidation (Williamson and Manach

2005).
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3.7.2 Blueberry and Cranberry

Berries are rich sources of both anthocyanins and flavonoid glycosides (Su and
Chien 2007). Anthocyanins comprise the largest group of natural, water-soluble, plant
pigments present in edible berries (Basu et al. 2010; Zafra-Stone et al. 2007) and
anthocyanins are associated with higher antioxidant activity (Su and Chien 2007). Berry
flavonoids are best known for their antioxidant and anti-inflammatory actions (Huntley
2009). Blueberries have ORAC values ranging between 14 - 45.9 pmol/g, depending on
variety (Neto 2007). Furthermore, blueberries contain the following major anthocyanins:
malvidin-O-galactoside, delphinidin-O-galactoside, malvidin-O-glucoside, cyanidin-O-
glucoside, cyanidin-O-galactoside, etc. (Lee et al. 2002). A recent study also indicated
that feeding a blueberry diet (3g blueberry powder per 100 g diet) for 8 weeks reduced
the development of hypertension in a rat model system (Shaughnessya et al. 2009). Even
though it has been reported that blueberries have favorable effects on metabolic
syndrome and Type 2 diabetes in animal models, human intervention studies

investigating the similar effects are inconclusive (Basu 2010).

Cranberries are one of the three commercially important fruits native to North
America, along with the blueberry and Concord grape (McKay and Blumberg 2007) and
are primarily produced in the United States (85%) and Canada (15%). Cranberries are
comprised of three major classes of flavonoids (flavonols, anthocyanins, and
proanthocyanidins), catechins, hydroxycinnamic and other phenolic acids, and
triterpenoids (Neto 2007b). Major anthocyanins found in cranberries are galactoside of

cyanidin, and peonidins and the content varies between cultivars, with a range of 25 - 65
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mg/100g ripe fruit at harvest (Nato 2007b). Furthermore, cranberries are one of the
leading sources of quercetin on a weight basis and contain total flavonols around 20 - 30
mg/100g of fresh fruit weight (Nato 2007b). In addition, researchers have found that
cranberries inhibit adhesion of Escherichia coli to uroepithelial cells and reduce their
ability to proliferate in the urinary tract (Nato 2007b). They further inhibit adhesion of
Helicobactoer pylori to gastrointestinal mucosa, preventing gastric and duodenal ulcers
(McKay and Blumberg 2007; Nato 2007b), preventing some urinary tract infections

(Jepson and Craig 2007).

Table 3.2: Major Classes of Phenolic Phytochemicals Identified in Cranberries (McKay and
Blumberg 2007)

Class Subclass Compound
Phenolic acid Hydroxybenzoic acid  Benzoic acid
Hydroxycinnamic acid p-Coumaric acid
Sinapic acid
Caffeic acid
Ferulic acid
Flavonoids Flavonols Quercetin glycoside
Myricetin
Flavan-3-ols Proanthocyanidins
Epicatechin
Anthocyanins Cyanidin glycoside
Peonidin glycoside
Stilbenes Resveratrol

3.7.2.1 Anthocyanins

Anthocyanins are a diverse group of water-soluble flavonoids produced by plants
(Durst and Wrolstad 2002; Pergola et al. 2005) which largely determine the colors of
flowers and fruits. Anthocyanin color pigments range from orange, red, blue, purple, etc.

(Koponen et al. 2008; Corrales et al. 2009; Verbeyst et al. 2011). These anthocyanins are
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mostly abundant in the skin, except for certain types of red fruit, in which they also occur
in the flesh (cherries and strawberries) (Chaovanalikit and Wrolstad 2004; Lee and
Wrolstad 2004; Manach et al. 2004). Anthocyanin levels of a fruit can vary due to several
factors, including storage conditions, stage of maturity, and environmental factors such as
light, temperature, agronomic practices, and various stresses (Srivastava et al. 2007;
Fischer et al. 2011). Major naturally occurring anthocyanidins are pelargonidin, cyanidin,

peonidin, delphinidin, petunidin and malvidin (Dillard and German 2000).

Anthocyanins exhibit a high antioxidant capacity due to higher number of
hydroxyl groups within the structure (Decorde et al. 2008). Like other flavonoids,
anthocyanins are powerful free radical scavengers, which show antioxidant activity, anti-
mutagenic properties in vivo in lipid environments such as emulsified methyl linoleate
(MeLo), human LDL and liposome (Kahkonen et al. 2003; Dillard and German 2000).
Furthermore, anthocyanins exhibit a wide array of antioxidant and therapeutic benefits
and also facilitate the prevention of auto-oxidation of lipids in addition to lipid
peroxidation (Zafra-Stone et al. 2007). These protective features of the anthocyanins
suggest that it could be used as a therapeutic agent to overcome some oxidative-damage-
induced diseases (Pergola et al. 2006). Thus, consumption of berry fruits and their
contribution to the enhancement of cardiovascular health is a subject of considerable
importance (Basu et al. 2010). Due to antioxidant efficacy, the anthocyanins found in
cranberries and blueberries could play a major role in the inhibition of oxidative damage
linked to vascular diseases and cancer (Neto 2007). Studies conducted by lizuka et al.

(2010) have found that anthocyanins have the ability to inhibit LDL oxidation.
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Table 3.3: Anthocyanins in Food (Manachet al. 2004)

Polyphenol content

Source (Serving Size) mg/kg per fresh weight mg/serving
Blackberry (100 g) 1000 — 4000 100 — 400
Black currant (100 g) 1300 — 4000 130 — 400
Blueberry (100 g) 250 — 5000 25-500
Rhubarb (100 g) 2000 200
Red wine (100 mL) 200 - 350 2035

2.7.3 Tomato

Tomatoes, and tomato products, are important dietary sources of antioxidants
(Paran et al. 2009). Intake of tomatoes and tomato-based products resulted in an inverse
relationship between the risk of cancer, where strongest evidence was for the decline in
tumors of the prostate, lung and stomach (Riccioni et al. 2008). Short-term, daily oral
supplementation of carotenoid-rich tomato extract significantly decreased systolic blood
pressure (SBP) and diastolic blood pressure (DBP) and decreased the levels of lipid per-

oxidation products (Engelhard et al. 2006).
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Figure 3.5: Structure of lycopene (A) and beta carotene (B)
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3.7.3.1 Lycopene

More than 80% of lycopene consumed in the United States is derived from tomato
products (Clinton 1998). The abundant conjugated double bonds of lycopene can
scavenge peroxyl radicals, making them powerful antioxidants. Compared with other
carotenoids, lycopene has been shown in vitro to have more potent antioxidant properties
(Wang et al. 2006). Lycopenes are also relatively stable during food processing and
cooking than the other fruits; for instance berries (Clinton 1998). Moreover, lycopene
contributes to the protective outcome of vegetable consumption on myocardial infarction
risk (Kohlmeier et al. 1997). However, any direct evidence for a relationship between
lycopene supplementation and reduction risk of CHD (Riccioni et al. 2008) and the
beneficial effect of lycopene on insulin action and glucose tolerance (Wang et al. 2006)

are still lacking.

Although the fruit vinegar beverages have already entered the North American
market, their potential health benefits are not well renowned. Therefore, the subsequent
studies will be investigating the potential health benefits of the fruit vinegar beverages in

connection with hypertension and lipid lowering abilities.
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CHAPTER 4.0 PRODUCTION OF FRUIT VINEGAR BEVERAGES
AND IMPACT OF FERMENTATION ON THE BIO-
ACTIVE COMPOUNDS

4.1 ABSTRACT

Bio-active compounds present in fruits are important contributors in the human
diet. Recently consumer demand for bio-active compounds and antioxidant-rich
beverages has been growing. Though the fruit vinegar beverages have entered the North
American functional beverage market, their health promotion constituents are not well
documented. Therefore, the present study investigated the changes in the physico-
chemical properties, total antioxidant capacity and selected major bio-active constituents
of four different fruit vinegar beverages, in relation to the processing/fermentation steps.
The results indicated that there was a decrease in pH and an increase of titratable acidity
during the fermentation process. Both apple and blueberry vinegars exhibited an increase
in antioxidant capacity but a decrease was observed in cranberry vinegar after alcoholic
fermentation. Most of the bio-active concentrations were reduced (p < 0.05) after the
alcoholic fermentation process, while the changes after the acetic acid fermentation were
relatively low. The yeast metabolism seems to convert the bio-active compounds of juice
into different forms during the fermentation process. Further investigations are required
to identify yeast metabolites of phenolic constituents of fruit juices and to identify

biological properties and health benefits of fruit vinegar products.

Key words — Fruit vinegars, Fermentation, bio-active composition, antioxidant capacity
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4.2 INTRODUCTION

Phenolic compounds are important components in fruits. The potential health
benefits of these compounds have been widely reported (Raczkowska et al. 2011).
Recently, much attention has been paid to the antioxidant properties of polyphenols,
which seem to protect tissues against reactive oxygen species (ROS) and lipid
peroxidation (Raczkowska et al. 2011). Furthermore, increasing health care costs has led
to the development of biological active phytochemical and antioxidant-rich functional
foods and beverages as health promoting food products. Recent surveys disclosed that
consumers are demanding value-added food products with health promoting
characteristics (Berry 2011). Fruit vinegar beverages are well known from ancient times
and used as a food product and medicine because of their functional properties (Dogaru et
al. 2009). In the past few years, the importance of vinegar as a food product, over its

traditional use, has increased (Natera et al. 2003; Ubeda et al. 2011).

Generally, fruit vinegar is manufactured from a variety of raw materials (white
and red wine, cider, malted barley, honey, pure alcohol, etc.) through the conversion of
sugars to alcohol by yeast fermentation and subsequent addition of acetic acid bacteria to
induce the acetic acid fermentation (Natera et al. 2003; Sengun and Karabiyikli 2011).
Methods of making vinegar can be divided in two groups: (i) slow methods in which the
culture of acetic acid bacteria, due to its requirement of oxygen, grows on the surface of
the liquid; and (i1) quick processes in steel tanks with a submerged culture of bacteria,
where the oxygenation is favored by agitation (Budak et al. 2011; Sengun and Karabiyikli

2011). However, the industrial production of vinegar is largely done using the semi-
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continuous process where a fraction of the total volume of submerged culture is
withdrawn periodically (Yang et al. 2011). Basic processing in manufacturing fruit
vinegar beverages includes juice processing, winemaking, and vinegar making. The
phenolic compositions of the final products depend mainly on the processing techniques,

such as crushing, pressing, filtration, and fermentation (Su and Chien 2007).

Although only a few researches on fruit vinegar beverages have been
technologically advanced, a consolidated industry in fruit vinegar beverages has been
established in Europe, Japan and China. However, to date, no or limited scientific data
have been reported in the literature about fruit vinegar beverage manufacture in North
America. In addition, there is limited information on the changes in bio-active
composition and concentration of fruit vinegar beverages during the processing steps.
Therefore, the present study was focused on the assessment of changes in (i) the physico-
chemical properties, (ii) total antioxidant capacities, and (iii) bio-active composition of
four different fruit vinegar beverages, prepared using wild blueberries (Vaccinium
angustifolium), cranberries (Vaccinium oxycoccos), apples (Malus domestica) and tomato

(Solanum lycopersicum) after the alcoholic and acetic acid fermentation processes.
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4.3 MATERIALS & METHODS

4.3.1 Samples and Chemical Reagents

Fresh apples and fresh tomato were purchased from the local grocery store
(Sobeys, Truro, NS, Canada) and cranberry juice (concentrated ~ 35° Brix) was
purchased from a commercial cranberry juice manufacturer (Cranberry Acres, Berwick,
NS, Canada) while blueberry juice (100% juice) was obtained from a commercial
blueberry juice manufacturer (Van Dyke, Caledonia, Queens County, NS, Canada).
Sodium hydroxide solution, acetonitrile (HPLC grade, > 99.8%), methanol (HPLC grade,
> 99.8%), formic acid (HPLC grade, > 99.8%), anthocyanin and non-anthocyanin
standards were all received from Sigma Aldrich (Oakville, ON, Canada). C18 columns

were obtained from Chromatographic Specialties (Brockville, ON, Canada).

4.3.2 Sample Preparation

Fruit vinegar beverages were produced using a modified process of Su and Chein
(2010) and Nakamura (2010) as follows (Figure 4.1): selection of quality raw materials
(apples and tomato), washing and then pressing of the fruits using an X1 hydraulic plate
presser (Model JVH 56C17F5323J, Marathon, WI, USA). To obtain 4L of the juice
sample, a total of ~ 8 kg of apples or tomato fruits were required (~ 50% yield from the
X1 hydraulic plate presser). The obtained juice sample was filtered using four layers of
cheesecloth and then adjusted or concentrated to approximately 20° Brix (added sucrose
to a final sugar concentration ~ 120 g/L depending on the type of fruit). In general,

alcoholic fermentation is usually carried out until all the sugars were converted into
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ethanol. These juice samples (4 L) were then subjected to controlled alcohol fermentation
in fermentation vats using yeast (Saccharomyces cerevisiae) to obtain the desired final
alcohol concentration between 2% to 5% (v/v). Alcoholic fermentation required five to
seven days depending on the type of fruit (24 °C, in dark condition) (Su and Chein 2010).
Fermented juice was filtered again through four layers of cheesecloth to remove yeast
from the fermentation system. Once the alcohol level reached between 2% to 5% (v/v),
alcoholic fermentation was stopped and acetic acid fermentation was initiated. This was
carried out using the quick method where the submerged culture of bacteria (from
previously produced vinegar) was used (volume ratio of 3 fermented juice: 2 acetic acid
culture) and continuous oxygen supply was manipulated through aeration. Acetic
fermentation was carried out in 2L volume glass containers in three replicates. Acetic
acid fermentation continued for five to six days, depending on the type of fruit (28 °C,
continuous aeration). The titratable acidity (%) was monitored daily until the required

level of acidity (2% v/v) was obtained.
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Figure 4.1: Process Flow Diagram of Fruit Vinegar Beverage Production

After the fermentation, juice samples were again filtered through four layers of
cheesecloth to remove sediments (Su and Chien 2010). Filtered fruit vinegar beverage
samples were then pasteurized using a batch type pasteurizer (Model SK-620X-BLT,
Advantage, Greenwood, IN, USA) at 90°C for 5 minutes. Immediately after
pasteurization, samples were bottled into sterilized plastic containers (4 L) and stored at

-20 °C until the sensory analysis was carried out.
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4.3.3 Assessment of pH and Titratable Acidity During the Stages of

Fermentation

All the samples were measured for pH using a pH meter (Model Accumet 10,
Denver Instruments Co, Arvada, CO, USA) that had been calibrated to pH 4.0 and 7.0.
Titratable acidity of the samples (2 mL) was measured using a semi-automated titrator
(Model DMP 785, Metrohm Ltd, Herisau, Switzerland) with 0.1N NaOH as the titrant to
an endpoint of pH 8.2. Titratable acidity (%) was expressed in terms of acetic acid

equivalents which is the most prominent acid in vinegar beverages.

4.3.4 Assessment of Antioxidant Properties at Different Stages of Fermentation

4.3.4.1 Oxygen Radical Absorbance Capacity (ORAC) Assay

The principle of ORAC assay is the decay of fluorescein, which is measured for
the reduction of fluorescence over the time (Cao et al. 1993). Free radicals can degrade
the fluorescence ability with time and this could be terminated by antioxidants. This
assay was carried out using a modified standard method for a 96-well FLUOstar OPTIMA
micro-plate reader equipped with an injection port system (BMG Labtech Inc., Offenburg,
Germany) (Rupasinghe et al. 2008). The fluorescein sodium salt (0.957 uM) as well as
samples and standards were prepared in 75 mM phosphate buffer solution
(K;HPO4/NaH,PO4, pH 7.0). Trolox was used as the standard for ORAC assay with
concentrations of 50, 100, 300, 500, 700, and 900 uM. Thirty five microliters of each
sample or standard were placed in the wells of the 96-well micro-plate (COSTAR 3915,

Fisher Scientific, Ottawa, ON, Canada) and 130 pL of the fluorescein was pipetted into
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the wells using a micro pipette. The plate was warmed to 37°C for five minutes and 35
uL of pre-warmed peroxyl radical generator, 2,2°-Azobis(2-
amidinopropane)dihydrochloride (AAPH) solution was injected into the wells, using the
injection port system. The microplate was shaken for 3s after each injection of AAPH
and prior to each reading. The plate was kept at 37 °C throughout the experimental time
of approximately 50 minutes. Excitation (Aex 490 nm) and emission (Aey 510 nm)

readings were taken at two minute time intervals.

4.3.5 Solid Phase Extraction (SPE) Method for Fruit Juice/Vinegar Samples

Sample preparation for the UPLC analysis was carried out using a C18 (Varian
Bond Elute, Chromatographic specialists, Brockville, ON, Canada) SPE column tube.
Initially, the column was conditioned by using 3 mL of 100% methanol, followed with 3
mL of water to remove the excess methanol. Then, 6 mL of juice/vinegar sample was
loaded and filtered through the column. After the loading step, the sample was washed
with 9 mL of water, followed by elution of the phenolics using 3 mL of 100% methanol.
The elute was filtered through 0.45 pm filter and collected into 2 mL amber colored

UPLC auto sampler vials and used for the UPLC analysis.

4.3.6 UPLC Analysis

Bio-active compounds present in fruit juice/fruit vinegar samples were analyzed
using the UPLC system (Model Waters Aquity CHA, Waters Corp, Milford, MA, USA)
which was equipped with an Aquity BEH C;g (100 mm x 2.1 mm, 1.7 um) column and

Cis guard column. The flow rate of the UPLC system was 0.3 mL/min, with a total run
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time of 12 min per one sample and an injection volume of 2 pLL with a limit of detection
of 0.05 mg/L. All the standard samples were prepared in methanol and their
concentrations were used as follows: 0.20 - 20 mg/L of catechin, epicatechin,
epigallocatechin, chlorogenic acid, caffeic acid, ferulic acid, phloridzin, quercetin,
quercetin-3-galatoside,  quercetin-3-thamnoside and  quercetin-3-glucoside. The
anthocyanin standard samples were prepared in methanol and their concentrations were
used as follows: 0.25 - 25 mg/LL of cyanidin-3-glucoside, malvidin-3-glucoside,
delphinidine-3-glucoside, petunidin-3-glucoside, peonidin-3-glucoside, cyanidin-3-
galactoside, malvidin-3-galactoside, delphinidine-3-galactoside, petunidin-3-galactoside
and peonidin-3-galactoside. All the samples were analyzed using the method described

by Rupasinghe et al. (2008).

4.3.6.1 Solvent Conditions:

Non-anthocyanin phenolics were quantified using the mobile phase of 0.1% (v/v)
formic acid in water (solvent A) and 0.1% (v/v) formic acid in acetonitrile (solvent B). A
linear gradient profile was used with the following proportions of Solvent A applied at
time t (min): (t, A %): (0, 94%), (2, 83.5%), (2.61, 83%), (2.17, 82.5%), (3.63, 82.5%),

(4.08, 81.5%), (4.76, 80%), (6.75, 20%), (8.75, 94%), (12, 94%).

Anthocyanins were quantified, as described below; the mobile phases were 5%
(v/v) formic acid in water (solvent A) and 5% (v/v) formic acid in methanol (solvent B).
The linear gradient profiles used were as follows: (t, B %): (0-10%), (8-30%), (17-40%),

(19-40%), (20-10%), (22-10%).

34



4.3.6.2 MS-MS Analysis:

MS-MS analysis was carried out using a micro-mass Quattro micro API MS/MS
system, as described by Rupasinghe et al. (2008). Electro spray ionization, in negative
ion mode (ESI-), was used for the analysis of the flavonols, flavan-3-ol, and phenolic
acid compounds. Mass spectrometry conditions used for the analysis were as follows:
capillary voltage 3000 V, nebulizing gas (N») at a temperature of 375 °C at a flow rate of
0.35 mL/min. The cone voltage (25-50 V) was optimized for each compound. Individual
compounds were identified using the multiple reactions monitoring mode (MRM), using
specific precursor-production transition: m/z 301—105 for quercetin, m/z 463—301 for
quercetin-3-glucoside and quercetin-3-galactoside, m/z 448—301 for quercetin-3-
rhamnoside, m/z 289—109 for catechin, m/z 290—109 for epicatechin, m/z 305—125
for epigallocatechin, m/z 441—169 for -epicatechingallate, m/z 457—169 for
epigalloatechingallate, m/z 331—242 for malvidin-3-glucoside, m/z 303—229 for
delphinidin-3-glucoside, m/z 317—245 for petunidin-3-glucoside. Individual specific
compounds of cranberry were identified using the single reactions monitoring mode
(SIM), using specific precursor-production transition: m/z 317 for myricitin, m/z 163 for
p-coumaric acid and m/z 153 protocatechuric acid. External standards and calibration

curves were used to quantify each analyte.
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4.3.7 HPLC Analysis of Lycopene and Beta-Carotene

4.3.7.1 Lycopene and Beta-Carotene Extraction

Lycopene and beta-carotene extraction was carried out according to the method
described by Diaz et al. (2010) and Nardo et al. (2009), with some modifications. Tomato
juice/tomato vinegar (5 mL) was mixed with methanol (SmL) and centrifuged for 5 min
at 3000 rpm. The supernatant was discarded (consist of mainly water and methanol). The
remaining pellet was re-suspended in 20 mL of acetone: methanol: hexane 1:1:2 (v/v/v)
and continuously shaken for 15 min at 180 rpm at room temperature. Then, 3 mL of
deionized water was added to the shaken mixture and again shaken for an additional 5
min (180 rpm). Samples were kept at room temperature overnight to encourage phase
separation. Then, 6 mL of hexane top layer was separated and was dried under nitrogen
flow. The dried pellet from acetone: methanol mixture was re-dissolved again in 500 pL

of the acetone: ethanol: hexane 1:1:2 (v/v/v) mixtures and was used for HPLC analysis.

4.3.7.2 HPLC Analysis

Lycopene and beta-carotene were quantified, using the method described by
Sandmann (2010), with some modifications. HPLC analysis was done using Waters
Alliance 2695 separation module with a Phenomenex Luna C;g column (150mm x 2.0
mm, 5 pum; Phenomenex, Torrence, CA, USA) and photodiode array detector (PDA) at
440 nm. The mobile phase of the system was acetonitrile: methanol: 2-propanol (85: 10:
5) with an isocratic flow rate of 0.7 mL/min, column temperature was set at 40 °C and the

detector temperature was 30 °C. Sample run time was 12 minutes per each sample.
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Calibration curves were obtained using standard solutions of lycopene and beta-carotene

with a concentration range of 10-200 mg/L.

4.4 Statistical Analysis

The design for the fermentation study was a randomized block design with time
as the blocking factor and bio-active composition, antioxidant capacity, pH and titratable
acidity as the factors of interest. Data was analyzed using the analysis of variance
(ANOVA) using the general linear model (GLM). Assumptions of normality of error
terms and assumptions of constant variance were checked (Montgomery 2005). When the
data was not normally distributed necessary transformations were done accordingly to
obtain the normality of data. Differences among means were tested by the least square of
difference (LSD) range test at the level of p < 0.05 (SAS Version 9.2 SAS Institute Inc.,

Cary, NC, USA).
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4.5 RESULTS

4.5.1 pH and Titratable Acidity

The pH of all the four products decreased after each stage of fermentation process
(Table 4.1). The lowest pH levels were obtained after the acetic acid fermentation.
Titratable acidity of the four fruit vinegars were increased after each stage of
fermentation. Cranberry vinegar beverage resulted in the highest level of titratable acidity

while tomato vinegar gave the lowest (Table 4.1).

4.5.2 Assessment of Antioxidant Capacity During Each Stage of Fermentation

4.5.2.1 Oxygen Radical Absorbance Capacity (ORAC) Assay

Blueberry vinegar beverage exhibited an increase in antioxidant capacity after the
both fermentation process. However, cranberry and tomato vinegar beverages exhibited a
decrease in antioxidant capacity after both fermentation process (Table 4.2). In addition,
apple and blueberry exhibited an increase of ORAC values after both the alcoholic and
acetic acid fermentation processes. ORAC value of tomato vinegar beverage remained
constant after the alcoholic fermentation and thus, increased after the acetic acid
fermentation (Table 4.2). However, with cranberry vinegar beverage, the ORAC value
was reduced after the alcoholic fermentation and acetic acid fermentation processes

(Table 4.2).
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4.5.3 Ultra Performance Liquid Chromatography Analysis of Bio-active

Compounds

The samples were analyzed for the changes of bio-active composition according
to the steps of vinegar processing. All the compounds showed a reduction in bio-active
composition after the alcoholic fermentation process except in apple vinegar beverage.
Tomato vinegar beverage did not contain any flavonols (Table 4.3). Cranberry vinegar
beverages contained only quercetin glucoside as flavonols and apple vinegar beverage
contained only quercetin rhamnoside (Table 4.3). However, blueberry vinegar beverage
contained all four types of flavonols (Table 4.3). There was a significant reduction in

quercetin glucoside content in cranberry after the fermentation.

Epicatechin, catechin, phloridzin, phloritin and chlorogenic acids were present in
both apple and blueberry vinegar beverages. However, the above five compounds were
not observed in cranberry and tomato vinegar beverages (Table 4.4). In addition,
isoferulic acid occurred in both cranberry and tomato vinegar beverages but not in apple
and blueberry vinegar beverages (Table 4.4). Thus, all four types of vinegar beverages
contained caffeic and ferulic acids (Table 4.4). However, phloritin concentration was
constant throughout the processing in both apple and blueberry vinegar beverages (Table

4.4).

Glucosides and galactosides of cyanidin, petunidin, peonidin, malvidin and
delphinidin were quantified in blueberry and cranberry vinegar beverages to understand

the changes in concentration after the fermentation process. Except for petunidin, all the
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other anthocyanin compounds showed a reduction after the alcoholic fermentation in
blueberry vinegar beverage (Table 4.5). Cranberry, except cyanidin glucoside, four types
of galactocides were present and both fermentation steps reduced the concentration of

anthocyanins (Table 4.5).

The three unique bio-active compounds (myricitin, p-coumaric acid and
protocatechuric acid) present in cranberry vinegar beverage were further quantified
during the fermentation process (Table 4.6). Both myricitin and coumaric acid showed a
reduction in concentration after the alcoholic fermentation (Table 4.6). Except for
protocatechuric and p-coumaric acid; myricitin showed further reduction after the acetic

acid fermentation (Table 4.6).

4.5.4 HPLC Analysis of Lycopene and Beta-Carotene

Two major bio-active compounds (lycopene and beta-carotene) present in tomato
vinegar beverage were quantified to understand the changes in composition after the
fermentation process (Table 4.7). Both compounds showed a reduction in concentration

after the alcoholic fermentation (Table 4.7).
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4.6 DISCUSSION

Both pH and temperature are two factors that could influence the degradation of
the color of juices during the fermentation process (Su and Chien 2007). Usually, the pH
values start to decrease after the alcoholic fermentation process and get further reduced
after the acetic acid fermentation and finally stabilize when complete conversion of
alcohol to acetic acid occurs (Othman et al. 2009). Similar differences among pH were
observed in the current study after both fermentation processes. The titratable acidity
showed an increase after alcoholic fermentation and further increased after the acetic acid
fermentation processes and then stabilized. In the production process of blueberry and
cranberry vinegar beverages, juice was used instead of raw fruit. Incorporation of fruit
skins during the fermentation process could increase aroma and phenolic compounds (Su
and Chien 2010). The composition of the fruit, enzymes and microorganisms living on
the fruit could account for these phenolic, aromatic and flavor compounds during the

fermentation process (Su and Chien 2010).

Further, higher pigment content in the product could result in a higher antioxidant
capacity. For example, red wines contain a higher antioxidant capacity than white wines
(Su and Chien 2007). In some studies, a significant decrease in antioxidant capacities of
the fruit vinegar beverages has been observed during the acetification process (Su and
Silva 2006; Su and Chien 2007; Wang et al. 2012). Thus, a decrease of the antioxidant
activity after the fermentation process could be due to the loss of flavonoids during the
fermentation (Wang et al 2012). This was evident from the results of the loss of quercetin

composition after the fermentation. However, Bastante et al. (2010) found in their study
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that vinegars macerated with fruits resulted in a higher total antioxidant capacity. Apple
and blueberry vinegar beverages have a high antioxidant capacity due to their
composition of bio-active compounds (Budak et al. 2011), confirming the results of the
ORAC study. In addition, the researchers suggests that the formation of malanoidins after
the fermentation process could also result in an increase of antioxidant capacity (Wang et
al 2012), and further, the antioxidant capacity could be increased during the aging
process (Verzelloni et al. 2010). The composition of phenolic acids, monomeric
catechins, flavonols and tannins content could also be increased during the aging process

of the vinegar beverages (Verzelloni et al. 2010).

All the juice samples, including the vinegar beverage samples, contain a very high
amount of sugars; therefore, it is important to remove the sugars before the UPLC
MS/MS analysis because sugar can interfere with the ionization of phenolics and their
quantification. To overcome the interfering effect of sugars, sample preparation technique
of SPE has been used. The UPLC is an advanced form of liquid chromatography (LC)
which operates the mobile phase delivery system under very high pressures. The major
advantages of the UPLC over the conventional HPLC are: improved resolution, shorter
retention time and higher sensitivity (Yu et al. 2006). Coupling the UPLC with electro-
spray ionization (ESI) tandem mass spectrometry (MS/MS) offers advantages of
specifications and sensitivities. MS/MS is unique in its ability to give accurate
identification of analytes, based on not only the precursor ion, but also the product ions,

assuring the correct identification of target compounds (Ferrer and Thurman 2009). SPE
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method using the C;3 column could be used for sample preparation to analyze the bio-

active compounds present in the juices using the UPLC.

Generally, the compositional analysis of the bio-active compounds from the
current research study concludes that there was a significant loss (p < 0.05) of bio-active
compounds after the alcoholic fermentation. However, the bio-active composition after
acetic acid fermentation was mostly constant. Similar patterns of degradation of
polyphenols were observed in another two fermentation studies done by Su and Silva
(2006) and Su and Chien (2007). In their studies, it was observed that there was a
significant difference in all blueberry by-products; juice had the highest amount of
anthocyanins (11.9 + 0.03 mg/g cyanidin-3-glucocide equivalents) followed by alcoholic
fermentation (10.9 + 0.03 mg/g cyanidin-3-glucocide equivalents) and acetic acid
fermentation (2.3 £ 0.01 mg/g cyanidin-3-glucocide equivalents). Furthermore, the
results of this study indicated that the apple vinegar beverages contained very low
amounts of catechin, epicatechin, ferulic acid, phloridizin, phloritin and caffeic acid.
However, cholrogenic acid content was higher in apple vinegar beverage, compared to
the other bio-active compounds, in agreement with the results of the studies conducted by
Andlauer et al. (2000) and Budak et al. (2011). Furthermore, most of the flavonols
showed a reduction in their composition after the fermentation process and the results
were in agreement with a study conducted by Kim et al. (2011). Kim et al. (2011)
observed a 38% reduction in total flavonol glycosides after the fermentation process.
This was in agreement with another study conducted by Wang et al. (2012), indicating a

significant reduction of flavonoids after the alcoholic fermentation (154.2 + 4.1 mg/g)
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and acetic fermentation (107.8 + 6.1 mg/g), in agreement with the results of the current
study. Authors suggest that this could be due to oxidative degradation or de-glycosylation
of the bio-active compounds which takes place during the alcoholic fermentation process

(Kim et al. 2011).

Furthermore, in another study conducted by Andlauer et al. (2000), it was found
that there was an ~ 40% decrease in the total phenol content after the acetification
process, indicating a degradation or transformation of phenols (Andlauer et al. 2000).
Furthermore, the results of the current study indicated an increase in caffeic acid content
after the alcoholic fermentation in apple and blueberry vinegar beverages, in agreement
with the results of Nogueira et al. (2008). Thus, the extraction of cyanidins was
significantly lower in apple and cranberry vinegar beverages and this could be due to the
fact that cyanidins could associate with the solid part of the fruit, particularly the cell wall
or it may be due to their interaction with the yeast cell wall (Nogueira et al. 2008).
Moreover, in another two studies conducted by Verzelloni et al. (2010) and Wang et al.
(2012) it was observed that there was a progressive loss of flavonols and phenolic acids
during the aging of vinegar beverages and the authors suggested that the loss of phenolic

acids during aging could be a result of polymerization reactions (Verzelloni et al. 2010).

As similar pattern of compositional and concentration changes were observed in
both tomato and cranberry bio-active compounds. Lycopene and beta-carotene
composition was reduced after the alcoholic fermentation. However, there was no
significant difference observed in the lycopene content after acetic acid fermentation in

tomato vinegar beverage. Thus, the beta-carotene content was reduced after the acetic
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acid fermentation. Moreover, all three major bio-active compounds present in cranberry
vinegar beverage showed a decrease in composition after the alcoholic fermentation.
However, the composition of myricitin was further reduced after the acetic acid
fermentation. Thus, the composition of protocatechuric acid increased after the acetic
acid fermentation (from 3.5 mg/L to 4.8 mg/L). The metabolism of yeast might convert
the bio-active composition of juices into different forms. However, minor differences
(p > 0.05) in the loss of bio-active compounds under acetic acid fermentation suggested
that the acetic acid bacteria had the ability to reduce the metabolic activity of yeast. Thus,
the acidity produced by the acetic acid bacteria might retard the growth of yeast, which

has the ability to reduce the bio-active composition.

The preservation of fruit components makes fermentation one of the more
environmentally friendly processes. Furthermore, transformation by fermentation can add
some value to a food due to the presence some microorganisms which produce vitamins,
organic acids and other compounds that can improve the nutritional components of fruits
(Hidalgo et al. 2010). During fruit vinegar processing, oxidation and condensation of the
polyphenols takes place due to the activity of the polyphenoloxidase (PPO) (Nogueira et
al. 2008). This could lead to a reduction of phenolic acids, flavanols, and cyanidin

compounds after the fermentation (Nogueira et al. 2008).

Further investigation of this phenomenon is required to investigate whether yeast
has the ability to convert the composition of bio-actives present in fruit juice in the
production process of fruit vinegar beverages. Moreover, the maceration of fruits with

vinegars could also help to increase the nutritional and bio-active composition of the final
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product as well as to overcome the bio-active losses which took place in the fermentation
process (Bastante et al. 2010). Through common processing by fermentation, only an
inconsequential part of the phenolic components could be present in the final vinegar
beverage product and its quality is difficult to control, choosing an improved processing

method during fermentation could result in better value-added product.
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Table 4.1: pH and Titratable Acidity During the Fruit Vinegar Beverage

Manufacturing Process?

Type of Vinegar  Processing Step pH TA?
Apple Juice 3.94+0.18" 0.88+0.17°
AF" 3.72+0.09° 1.42+0.29°
AAF® 3.15+0.02° 2.81+0.52°
Blueberry Juice 3.47+0.01° 0.53+0.14°
AF 3.16+0.15°  1.13+0.35°
AAF 291+0.07°  3.11+1.39°
Cranberry Juice 2.56+0.01" 2.99+0.08"
AF 2.64+0.01° 297+0.14°
AAF 2.56+0.03" 3.94+0.87"
Tomato Juice 434+£0.01* 0.62+022°
AF 4.06 +0.06° 0.84+0.27°
AAF 3.95+0.10° 1.33+0.22°

PMean values + standard deviation (n=3) (3 blocks, each block with 3 replicates for each step

of fermentation)

9 TA- Titratable Acidity (mg acetic acid equivalents/g)

" AF- After Alcoholic Fermentation
SAAF- After Acetic Acid Fermentation

““Means followed by a different letter within each type of vinegar within each column are

significantly different (LSD range test [P<0.05])
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Table 4.2: Antioxidant Capacities During the Fruit Vinegar Beverage
Manufacturing Process?

Type of Vinegar  Processing Step  ORAC? (mmol TE' /L)

Apple Juice 1.35+0.22°
AF' 1.48 +0.14®
AAF® 1.57+0.07°
Blueberry Juice 7.65 +0.79°
AF 8.32 £ 1.04°
AAF 9.76 + 0.47°
Cranberry Juice 1.85+0.57*
AF 126 +0.17°
AAF 1.02 +0.20°
Tomato Juice 0.07 £ 0.02°
AF 0.07+0.01°
AAF 0.08+0.01°
PMean values + standard deviation (n=3) (3 blocks, each block with 3 replicates for each step
of fermentation)

" AF- After Alcoholic Fermentation

*AAF- After Acetic Acid Fermentation

90RAC - Oxygen Radical Absorbance Capacity

"TE - Trolox equivalents

““Means followed by a different letter within each type of vinegar is significantly different
(LSD range test [P<0.05])
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Table 4.3: Changes of the Flavonol Concentration During the Processing Step of Fruit Vinegar Beverage Production (mg/L)"

Type of Vinegar Processing Step  Quercetin Galactoside

Quercetin Glucoside

Quercetin Rhamnoside

Quercetin Rutinoside

Apple Juice
AF"
AAF
Blueberry Juice
AF
AAF
Cranberry Juice
AF
AAF
Tomato Juice
AF
AAF

nd

nd

nd
6.34 +5.35%
3.56 +£2.09"
4.78 +2.96"

nd

nd

nd

nd

nd

nd

nd

nd

nd
2.59 +0.79°
2.38+0.82°
2.25+0.44°
2.40 + 0.68°
1.59 +0.52°
1.29+0.17°

nd

nd

nd

1.32 +0.05%
1.36+0.11*
1.54+£0.19
243 +£1.27°
1.92 +£0.50*
216 +1.11°

nd

nd

nd

nd

nd

nd

nd

nd

nd
1.42 +1.82%
1.38+1.16*
1.22 +1.35%

nd

nd

nd

nd

nd

nd

PMean values =+ standard deviation (n=3) (3 blocks, each block with 3 replicates for each step of fermentation)

"AF- After Alcoholic Fermentation
SAAF- After Acetic Acid Fermentation
nd - Not Detected

"*Means followed by a different letter within each type of vinegar within each column are significantly different (LSD range test [P<0.05])
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Table 4.4: Changes of the Flavan-3-ols, Dihydrochalcones, and Phenolic Acid Concentration During the Processing Steps of Fruit Vinegar

Beverage Production (mg/L)?

Flavan-3-ol Chalcone Phenolic Acid

Type of Type of Epicatechin Catechin Phloridzin Chlorogenic  Caffeic Acid Ferulic Acid Iso Ferulic
Vinegar Processing Step Acid Acid
Apple Juice 1.04 £ 0.90° 1.61+0.27* 1.51+0.09° 11.41+14.09" 1.29+0.00° 0.99+0.01° nd

AF' 0.97 +£0.99° 3.88+0.99° 1.50+£0.16° 14.09+24.45" 1.31+£0.02* 1.05+0.05° nd

AAF 1.01 £0.82"  2.43+2.04" 1.68+021" 12.84+21.25"° 1.40+0.23" 1.33+£0.51" nd
Blueberry  Juice 1.04 £0.79*  13.07+11.26" 1.64+£0.29" 33.02+41.78" 2.49+2.36" 1.14+0.18" nd

AF 1.08 +£0.47° 6.86 540" 1.47+0.10" 32.13+33.41° 2.12+1.08" 1.27+0.34" nd

AAF 1.05+0.68" 724 +6.51*  1.51+£0.14* 17.58+12.87° 2.10+1.11* 1.32+0.51° nd
Cranberry  Juice nd nd nd nd 1.32+0.01°  1.11£0.10* 1.51+£0.46"

AF nd nd nd nd 1.30£0.01°  1.27+0.16" 1.78 +0.49"

AAF nd nd nd nd 1.31£0.02° 1.14£0.10° 1.39+0.24°
Tomato Juice nd nd nd nd 129+£0.01° 1.14£0.09® 1.32+0.25"

AF nd nd nd nd 131£0.03" 1.17£0.07* 1.34+0.32°

AAF nd nd nd nd 1.31+£0.02°  1.07+£0.03° 127027

PMean values =+ standard deviation (n=3) (3 blocks, each block with 3 replicates for each step of fermentation)
"AF- After Alcoholic Fermentation
*AAF- After Acetic Acid Fermentation

nd - Not Detected

"*Means followed by a different letter within each type of vinegar within each column are significantly different (LSD range test [P<0.05])
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Table 4.5: Changes of the Anthocyanin Concentration During the Processing Steps of Fruit Vinegar Beverage Production (mg/L)"

Type of  Type of Glucosides | Galactosides
Vinegar  Processing Step Cyanidin® Petunidin® Peonidin’ Malvidin® Cyanidin Petunidin Peonidin Malvidin
Blueberry  Juice 9.66+6.51° 4.10+2.54° 637+5.17° 34.45+23.76° 5.90+2.48 2.86+2.43* 299+ 1.55 22.07+ 17.44°
AF 470+2.68° 8.17+4.19° 2.80+1.25" 20.09+6.13" 500+ 1.41° 333+0.95" 227+0.78" 13.37+5.74%
AAF 2.03+1.36° 4.09+2.50° 0.84+0.40° 11.31+3.17° 2.76+0.59° 2.10+0.84° 0.98+0.12° 6.21+1.53"
Cranberry Juice 0.49 + 0.41 nd 3.73+1.10 nd 31.29+9.02*° 0.38+0.13* 36.35+7.78"  2.65+0.85"
AF nd nd nd nd 5.86+0.87° 0.04+0.02° 9.53+0.66"°  0.32+0.09°
AAF nd nd nd nd 3.50+091° 0.03+0.02° 6.30+2.39°  0.18+0.08"

PMean values + standard deviation (n=3) (3 blocks, each block with 3 replicates for each step of fermentation)
P Transformations were done to obtain normality of data ("*log transformation)

" AF- After Alcoholic Fermentation

*AAF- After Acetic Acid Fermentation

““Means followed by a different letter within each type of vinegar within each column are significantly different (LSD range test [P<0.05])

Table 4.6: Changes of the Myricitin, P-coumaric acid and Protocatechuric acid Composition during the Processing Step of Fruit Vinegar

Beverage Production (mg/L)"

Type of Vinegar ~ Type of Processing Step Myricitin® P-coumaric acid  Protocatechuric acid

Cranberry Juice 6.47 +1.10° 10.70 + 1.24° 3.79 £0.58"
AF' 3.33+£0.52° 6.93 +0.56" 3.54 047
AAF® 2.07 £ 0.36° 6.91+0.59° 4.77 £ 0.60°

PMean values + standard deviation (n=3) (3 blocks, each block with 3 replicates for each step of fermentation)
P Transformations were done to obtain normality of data (square transformation)

" AF- After Alcoholic Fermentation

*AAF- After Acetic Acid Fermentation

“*Means followed by a different letter within each column are significantly different (LSD range test [P<0.05])
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Table 4.7: Changes of the Lycopene and beta-carotene Composition during the Processing Step of Fruit Vinegar Beverage Production
(mg/L)"

Type of Vinegar  Type of Processing Step ~ Lycopene Beta-Carotene
Tomato Juice 6.84 +8.14° 2.04 £2.49°
AF' 1.63+1.91° 0.77 = 1.56°
AAF® 1.88+0.69°  0.10+0.05"

PMean values =+ standard deviation (n=3) (3 blocks, each block with 3 replicates for each step of fermentation)
P Transformations were done to obtain normality of data (square transformation)

" AF- After Alcoholic Fermentation

*AAF- After Acetic Acid Fermentation

““Means followed by a different letter within each column are significantly different (LSD range test [P<0.05])



CHAPTERS.0 PHYSICO-CHEMICAL AND SENSORY QUALITY
OF FOUR DIFFERENT FRUIT VINEGAR
BEVERAGES

5.1 ABSTRACT

The current study was designed to evaluate the sensory and physico-chemical
properties of four different fruit vinegar beverages (apple, blueberry, cranberry and
tomato), each prepared by acetic acid fermentation to have three different acetic acid
concentrations (0.5%, 1.0%, and 1.5%). Odor, acidity, aftertaste and overall acceptability
were evaluated by trained panelists, using descriptive sensory methods. The panelists
observed that the odor of the 0.5% concentration was lower (p < 0.05), compared to the
higher concentrations, in each fruit vinegar type (1.0% and 1.5%). The overall
acceptability of the 0.5% level had a higher mean score value (p < 0.05), indicating
panelists’ preference for the lower acid fruit vinegar, compared to the other two levels of
acetic acid concentrations. As for the physico-chemical properties, pH, TA and color
were measured on all 12 samples (three different acetic acid concentrations of the four
fruit vinegar beverages). The pH ranged from 2.64 to 3.51 and values of TA ranged from
0.54 to 1.60 mg acetic acid equivalents/g. Sensory attributes of the final fruit vinegar
products were improved by blending them with respective fruit juices(apple, blueberry,
cranberry and tomato), resulting in a higher sweetness and lower aftertaste of the final

beverage.

Keywords: functional beverage, fruit vinegar beverages, acetic acid, sensory evaluation,

acidity

53



5.2 INTRODUCTION

CVD (Chu et al. 2004) and hypertension (Tanaka et al. 2009) have become the
major causes of mortality in the world. Increasing health care concerns, due to the above
diseases, have led to the development of bioactive and antioxidant-rich functional foods
and beverages. Recent statistics (2010) indicate that the average North American
consumer would spend approximately US $90 per year on functional foods and beverages
(Granato et al. 2010). Further, vinegar beverages are the latest group of functional
beverages that have sparked the North American market (Berry 2011). Generally, fruit
vinegar beverages are manufactured through the conversion of sugars to alcohol by yeast
fermentation and the subsequent addition of acetic acid bacteria to induce acetic acid
fermentation (Kato et al. 1998). It has been reported that the phytochemicals present
include: phenolic acids, anthocyanins, and carotenoids which are plant secondary
metabolites found in fruits. They have been shown to exhibit the antioxidant properties
that are beneficial to health (Pinsirodom et al. 2008). However, it has been also reported
that fruit vinegars have higher antioxidant capacities and higher total phenolic indices
(TPI) (Ubeda et al. 2011; Su and Chien 2007). Researchers also suggest that higher
antioxidant capacities and TPI in fruit vinegar beverages may be due to yeast’s
metabolism of phenolics in the fruit juice, as well as the yeasts ability to release

antioxidant compounds differently from the polyphenols (Ubeda et al. 2011).

Although there are a number of imported commercial fruit vinegar beverages
available in the North American market at present, there is still no fruit vinegar beverage

produced within the North America from fruits such as apple (Malus domestica),

54



blueberry (Vaccinium angustifolium), cranberry (Vaccinium oxycoccus) and tomato
(Solanum lycopersicum), which are familiar tastes to the North American consumers.
Therefore, the focus of this study was on the sensory evaluation of fruit vinegar
beverages, prepared using apples, wild blueberries, cranberries and tomatoes. The
specific objectives of the current study were to: (i) evaluate the sensory properties (odor,
acidity, aftertaste and overall acceptability) of four different fruit vinegar beverages
which had been fermented using Acefobacter and later blends with respective juice to
produce three different acetic acid concentrations and (ii) characterize the physico-

chemical properties of these resulting 12 fruit vinegar beverage blends.
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5.3 MATERIALS AND METHODS

5.3.1 Samples and Chemical Reagents

Fresh apples and fresh tomatoes were purchased from the local grocery store
(Sobeys, Truro, NS, Canada) and cranberry juice (concentrated ~ 35° Brix) was acquired
from a commercial cranberry juice manufacturer (Cranberry Acres, Berwick, NS,
Canada) and blueberry juice (100% juice) was obtained from a commercial blueberry
juice manufacturer (Van Dyke, Caledonia, Queens County, NS, Canada). Sodium
hydroxide solution was purchased from Sigma Aldrich Canada. Sulfuric acid (HPLC
grade > 99.8%) was bought from Fisher Scientific, Ottawa, ON, Canada. The liquid
chromatography standards (glucose, fructose, sucrose and ethanol) used for the study

were purchased from Sigma Aldrich (Oakville, ON, Canada) (HPLC grade > 99%)).

5.3.1.1 Sample Preparation

All the fruit vinegar beverages were prepared using the standardized procedure
explained in Chapter 4.0. The final three levels of acetic acid concentrations (0.5%,
1.0% and 1.5%) were obtained by blending the fermented beverage with the respective
fruit juices (apple, blueberry, cranberry or tomato) until they reached the final three levels
of acetic acid concentrations. After the fermentation, juice samples were again filtered
through four layers of cheesecloth to remove sediments (Su and Chien 2010). Filtered
fruit vinegar samples were then pasteurized using a batch type pasteurizer (Model SK-

620X-BLT, Advantage, Greenwood, IN, USA) at 90°C for 5 minutes. Soon after
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pasteurization, the samples were bottled hot into sterilized containers and stored at -20 °C

until the sensory analysis.

5.3.2 Screening and Training of the Sensory Panel

Approval of the Research Ethics Board of Nova Scotia Agricultural College
(NSAC) was obtained before conducting the sensory evaluation study. The descriptive
sensory evaluation used 18 trained sensory panelists to describe the odor, acidity,
aftertaste and overall acceptability of the four different fruit vinegar beverages at all three
acetic acid levels. An unstructured scaling technique was utilized in the descriptive
sensory analysis (Poste et al. 1991). A screening session was done to identify the
potential panelists who were able to sense and measure taste and flavor characteristics
(Meilgaard et al. 1991). Training of the selected sensory panelists was done in order to
standardize and develop the sensory skills. Two training sessions were conducted where
panelists participated in focus group sessions to build their self-confidence (Meilgaard et

al. 1991).

5.3.3 Descriptive Sensory Analysis of Fruit Vinegar Beverages

The sensory panel was conducted in the Product Quality Evaluation Laboratory,
Haley Institute of NSAC during the period of December 2011 to January 2012. Fruit
vinegar beverage bottles were transferred from the freezer (-20 °C) to the fridge (4 °C) 48
hours before the sensory evaluation and the sealed bottles were opened 2 to 5 minutes
prior to the testing. Samples were presented to panelists in a balanced fashion and

randomized to the number of panelists, where each sample appeared in a given position
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on the tray an equal number of times. Three digit numbers were used to identify samples
in order to avoid the expectation bias (Meilgaard et al. 1991). Each panelist was asked to
evaluate/describe fruit vinegar beverages with different acidity levels. Three different
acidity levels (0.5, 1.0, and 1.5%) of fruit vinegar beverages from each type of fruit
(apple, tomato, cranberry and blueberry) were served in transparent polyethylene cups
(food grade) using one tray (four products, each with three acidity levels on the tray). A
30 mL portion of each sample was provided to the panelist. Panelists were asked to scale
the perceived level of odor, acidity, aftertaste and overall acceptability on a horizontal 15
cm long line with two anchor points of 1.5 cm from each end on the score sheet provided.

Potable water, salt free crackers and apple were used as palate cleansing agents.

5.3.4 Assessment of Physico-Chemical Properties of Four Different Fruit

Vinegar Beverages

5.3.4.1 pH and Titratable Acidity

All the fruit vinegar beverages were evaluated for pH and titratable acidity, as

explained in Chapter 4.0.

5.3.4.2 Color

The color of the samples was measured using a colorimeter (0.01 - 160%
reflectance range) (Model CR-300, Minolta Camera Co. Ltd, Osaka, Japan) and the L*,
a* and b* values. The colorimeter was calibrated using a white plate with the reference

values of X=92.30, Y=0.3137 and Z=0.3195.
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5.3.5 Determination of Sugars and Ethanol using High Performance Liquid

Chromatography (HPLC)

Sugars (glucose, fructose and sucrose) were quantified using a HPLC using
Waters Alliance 2695 separation module with an ROA-organic acid column (300 x 7.8
mm; Phenomenex, Torrence, CA, USA) and refractive index (RI) detector. All the
samples were filtered using 0.45 micron filters (Chromaspec, Chicago, IL, USA) before
being applied to the system. Solvent conditions for the HPLC system were as follows:
column temperature was set at 65 °C; the detector temperature was at 30 °C; the mobile
phase of the system was 0.005 N sulfuric acid, with a flow rate of 0.6 mL/min and the
limit of detection was 5 mg/L. The sample run time was 30 minutes per each sample.
Calibration curves were obtained using standard solutions of glucose, fructose, sucrose

and ethanol using a concentration range of 50-200 mg/L.

5.4 Statistical Analysis

The design for the sensory evaluation study was a randomized block design with
panelists as the blocking factor and four different beverages at three different acid levels
(fruit-acid combination) as the factor of interest. Data was analyzed using the analysis of
variance (ANOVA) and the general linear model (GLM). Assumptions of normality of
error terms and assumptions of constant variance were checked (Montgomery, 2005).
When the data was not normally distributed necessary transformations were done

accordingly to obtain the normality of data. Differences among means were tested by the
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Tukey’s studentized range test at the level of p < 0.05 (SAS Version 9.2 SAS Institute

Inc., Cary, NC, USA).

5.5 RESULTS

5.5.1 Sensory Evaluation of Four Different Fruit Vinegar Beverages

The sensory evaluation of the four different fruit vinegar beverages (apple,
blueberry, cranberry, and tomato) with three different levels of acetic acid concentrations
(0.5%, 1.0%, and 1.5%) was carried out to study the level of acceptable acidity, odor,
aftertaste and overall acceptability of each different fruit vinegar beverage (Table 5.1).
Furthermore, ANOVA p-values were obtained to understand the impact of the sensory
panelists on the score values. All four products have shown a similar trend for the odor,
acidity, and aftertaste, expect for overall acceptability in cranberry vinegar beverage.
With regard to the odor levels of the vinegar beverages, sensory panelists have observed
0.5% acetic acid concentration having the lowest level of odor (Table 5.1) and panelists

preferred this to the higher concentration levels of acetic acid (1.0% and 1.5%).

Similarly, 0.5% acetic acid concentration level had the highest overall
acceptability value (Table 5.1) which panelists preferred compared to the other two
levels of acetic acid concentrations. However, the sensory attribute of overall
acceptability of cranberry vinegar beverage was a bit differed, resulting in all three levels
of acetic acid concentration having no significant difference in overall acceptability

(Table 5.1). Furthermore, tomato vinegar beverages exhibited a similar result for the
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overall acceptability, resulting in no significant difference between 0.5% and 1.0% acetic

acid concentrations (Table 5.1).

In addition, the aftertaste of the vinegar beverages showed the same pattern for
the apple and blueberry vinegar beverages, resulting in 0.5% having the lowest level of
aftertaste (Table 5.1). However, cranberry vinegar beverage demonstrated that there was
no significant difference between the 0.5% and 1.0% levels of acetic acid concentration
for the aftertaste. In addition, tomato vinegar beverage showed no significant difference
between the 1.0% and 1.5% levels of acetic acid concentration for the aftertaste (Table

5.1).

5.5.2 Physico-Chemical Properties of Four Different Fruit Vinegar Beverages

Physico-chemical characteristics of four different fruit vinegar beverages with
three different acetic acid concentrations were assessed (Table 5.2). In the four different
vinegar beverages, pH ranged from 2.6 to 3.5, TA ranged from 0.5 to 1.6, acetic acid
equivalence/g. The results indicated that TA increased with the level of acetic acid

concentration.

5.5.3 Sugars and Residual Ethanol Determination of Four Different Fruit

Vinegar Beverages

Three types of sugars (glucose, fructose and sucrose) commonly present in fruit
juices were quantified using HPLC with respective standards (Table 5.3). Residual

ethanol was quantified as a quality parameter. All the vinegar beverages had fructose as
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the main type of sugar, followed by glucose. However, glucose was not present in tomato
vinegar beverage (Table 5.3). Both blueberry and tomato vinegar beverages did not have
any sucrose, although apple vinegar beverage had some higher levels of residual sucrose
(Table 5.3). All four vinegar beverages had no ethanol; this indicated that during the
fermentation, ethanol was fully converted to acetic acid (Table 5.3), confirming the final

quality of the vinegar beverages.
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5.6 DISCUSSION

The above result indicated that the lower the level of acetic acid concentration, the
higher the level of consumer preference for all four different beverage products. This
preference for lower acidic product could be attributed to the high level of sweet taste, as

well as to the lower level of acidic odor of the four different beverage products.

Furthermore, the color of the vinegar beverages is an important factor in
consumer preference; thus, the color of four different vinegar beverages measured. Value
of L* ranged from 0 to 100, where 0 was considered as completely opaque and 100 as
completely transparent. Furthermore, positive values of a* were given for reddish colors
and negative values were given to greenish colors. Positive values of b* are associated
given to yellowish color and negative values were given to bluish color. There was no
significant (p < 0.05) variation in the color of the four different vinegar beverages with
the level of acetic acid concentration. This indicates that the level of acetic acid

concentration may have no effect on the color of the final product.

Sugars are the most abundant carbohydrate found in the fruit juice samples and
followed the order fructose > glucose > sucrose (Pinela et al. 2012; Viljakainen et al.
2010). Inversion of sucrose has been observed to occur during thawing of the berries and
also as a result of the juicing process (Viljakainen et al. 2010). This was in agreement
with our results in the sugar analysis (Table 5.3). Pinela et al. (2012), found that the total
sugar content of tomato was 6.6 g/100 g fresh weight, with the highest levels of fructose

(3.4 g/100 g fresh weight), glucose (3.2 g/100 g fresh weight) and sucrose (0.02 g/100 g
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fresh weight), which was in agreement with our results (Table 5.3). However, in the
study conducted by Viljakainen et al. (2010), the total sugar content (48.7 g/L) of

cranberry juice slightly deviated from our results (Table 5.3).

Overall, considering sensory and physico-chemical parameters, the fruit vinegar
beverages with lower levels of acetic acid concentration (0.5%) has more potential to be
used in developing a functional beverage. However, further studies are necessary for the
understanding of how antioxidant properties are related to the blood pressure and lipid
lowering ability of the fruit vinegar beverages. Thus, the product could then be

introduced as health enhancing functional beverage.
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Table 5.1: Descriptive Analysis of Fruit Vinegar Beverages”

Sensory Acetic Acid Concentration(img acetic acid equivalents/g) P- Value”
. Acid
Attributes” 0.5% 1.0% 1.5% Levels  Panelists
Apple
Odor 3.61 £1.49° 6.22 +2.85" 7.93 +3.43° 0.00 0.20
Acidity” 5.35+2.76° 8.96 +2.81° 12.27 £1.38° 0.00 0.01
Aftertaste 5.33 +2.25° 7.56 £2.55° 11.36 +2.04° 0.00 0.13
Overall
Acceptability 11.56 £2.07° 5.97+2.93° 2.87 £1.54° 0.00 0.02
Blueberry
Odor? 3.63 £1.90° 5.76 £2.39° 6.91+3.17° 0.00 0.21
Acidity 3.14 £ 1.92° 7.76 £2.30° 10.94 + 1.44° 0.00 0.00
Aftertaste 4.02 +3.09° 6.76 +2.14° 10.02 +2.45° 0.00 0.01
Overall
Acceptability 9.20 +3.53* 6.54 +3.03 4.69+2.97 0.00 0.49
Cranberry
Odor* 2.78 + 1.74° 4.00+2.31° 4.57+2.76° 0.00 0.02
Acidity" 7.85+3.21° 9.18 + 3.49% 9.78 £2.78" 0.01 0.00
Aftertaste 7.75 £ 3.34° 8.41 £3.28° 9.96 +2.67° 0.00 0.00
Overall
Acceptability 6.00 +3.32° 524 +2.23*" 5.81 £3.18° 0.51 0.00
Tomato
Odor 420+ 1.92° 8.26 +2.60° 10.04 £2.10° 0.00 0.01
Acidity 4.80+2.16 8.66 +3.14° 10.58 +2.24° 0.00 0.00
Aftertaste 530+3.17° 8.59 +3.22° 9.81 +3.27° 0.00 0.00
Overall
Acceptability 6.90 +2.91° 5.34 +3.56® 3.78 +2.68° 0.01 0.09

*Mean value + standard deviation (n=18 trained panelists)

¥ Mean score values from the unstructured scale ranged from 1 to 15, where higher numbers indicates greater intensity of the identified attribute.
“P-values from the ANOVA table showing the effect of blocking factor panelists and the treatment effect.

P* Transformations were done to obtain normality of data ("-square root, I-log, "-square value)

¥ Means followed by a different letter within each row are significantly different (Tukey’s Studentized Ranged test [p < 0.05])
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Table 5.2: Physico-Chemical Properties of Fruit Vinegar Beverages”

Type of Acetic acid q Color
. . u pH TA
Vinegar Beverage concentration L* a* b*
Apple 0.5% 3.40+0.01° 0.62 +0.00* 68.8 2.5 12.3
1.0% 3.25+0.03° 1.06 £ 0.01° 59.4 2.5 14.9
1.5% 3.12+£0.02° 1.56 £0.03¢ 60.1 -1.8 13.0
Blueberry 0.5% 2.74 £0.01° 0.67 £ 0.00* 27.7 37.0 25.8
1.0% 2.66+0.01° 1.03 £0.02° 28.8 40.3 26.9
1.5% 2.64+£0.01° 1.60 + 0.02° 22.9 34.2 18.3
Cranberry 0.5% 3.36+0.01° 0.54 +0.02% 15.1 11.6 5.9
1.0% 3.22+0.01° 1.05 + 0.02° 14.8 8.6 5.4
1.5% 3.16 £ 0.02° 1.49 +0.00° 15.2 9.4 53
Tomato 0.5% 3.51+£0.01* 0.56 £0.01° 65.2 -0.4 3.7
1.0% 3.45+0.01° 1.06 + 0.00° 64.2 -0.8 5.5
1.5% 3.43+0.01° 1.53+0.01° 61.3 -1.1 7.5

"mg acetic acid equivalents/g

PMean values + standard deviation (n=3)
9TA — Titratable acidity (mg acetic acid equivalence/g)

““Means followed by a different letter within each column for each fruit beverage(apple, blueberry, cranberry, tomato)are significantly different

(Tukey’s Studentized Ranged test [P<0.05])
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Table 5.3: Sugars and Residual Ethanol Concentration of Four Different Fruit Vinegar Beverages®

Fruit Vinegar Beverage

Sugar Concentration (g/L)

Type of Acetic Acid
Fructose Glucose Sucrose Ethanol
Fruit Concentration?
Apple 0.5 37.63 £ 3.54° 11.02 £ 1.04° 21.63 +2.14% nd
1.0 37.69 + 4.73% 14.74 + 1.79° 23.02 + 2.84% nd
1.5 37.74 £ 1.09° 16.60 + 0.64° 12.75 +0.43° nd
Blueberry 0.5 25.32+047° 21.99 +£0.38* nd nd
1.0 30.17 + 7.44° 25.52 £ 6.36% nd nd
1.5 4499+ 145"  37.60+1.19° nd nd
Cranberry 0.5 4.40 +0.32° 9.11 £0.74* 2.68+0.11° nd
1.0 6.05 + 0.24° 11.58 +£0.55° 2.20+0.18° nd
1.5 9.63 £0.06° 19.31 £0.11° 2.79 +£0.13% nd
Tomato 0.5 0.36+0.10* nd nd nd
1.0 1.24 +0.09° nd nd nd
1.5 2.12+£0.03¢ nd nd nd

PMean values =+ standard deviation (n=3)

9mg acetic acid equivalents/g

nd - not detected

"“Means followed by a different letter within each column for each type of fruit beverage is significantly different (Tukey’s studentized range
test [P<0.05])



CHAPTER 6.0 ANTIOXIDANT AND ANTIHYPERTENSIVE
PROPERTIES in vitro OF FOUR DIFFERENT
FRUIT VINEGAR BEVERAGES

6.1 ABSTRACT

Fruits and vegetables are known to be a good source of antioxidants and
biologically active polyphenol compounds. Even though there have been many studies
carried out investigating the effects of apples, berries and tomato in vitro, a research
related to functional beverages produced from apples, berries and tomatoes has not yet
been reported. Fruit vinegar beverages gained the attention of the North American market
as one of the emerging functional beverages. However, the antioxidant effects of fruit
vinegar beverages on vascular function and blood pressure are largely unknown. An
assessment of antioxidant capacities, oxidation of LDL inhibition and ACE inhibition are
required to understand the ability of fruit vinegar beverages on regulation of vascular
function and blood pressure. The current study was designed to evaluate the antioxidant
and antihypertensive properties of four different fruit vinegar beverages: apple, blueberry,
cranberry and tomato at 0.5%, 1.0%, and 1.5% acetic acid concentrations. Tomato and
apple vinegar beverages showed a significant difference (p < 0.05) in antioxidant
capacity, measured by FRAP assay in relation to acidity. Except for tomato, the other
vinegar beverages demonstrated higher antioxidant capacities in both antioxidant assays
and blueberry being the highest. Over 50% inhibition results in LDL oxidation in vitro
are further in agreement with the functional properties of cranberry (68% =+ 1.7) and
blueberry (85% =+ 1.5) vinegar beverages. Both cranberry (92% =+ 0.2) and blueberry
(60% =+ 0.7) vinegar beverages had higher levels of enzyme inhibition, while tomato
demonstrated the lowest enzyme inhibition, confirming the antioxidant and

antihypertensive properties of the fruit vinegar beverages.

Keywords: FRAP, ORAC, ACE inhibition, LDL oxidation, acetic acid concentration,

fruit vinegar beverages
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6.2 INTRODUCTION

Fruits and vegetables are known to be a good source of antioxidants and
biologically active polyphenol compounds and plant secondary metabolites (Hurst et al.
2010). The complex mixture of phytochemicals present in fruits and vegetables provides
protective health benefits, mainly through an additive and/or synergistic effect (Sun et al.
2002). Furthermore, these polyphenol compounds have been found to exhibit strong
antioxidant properties, both in vitro and in vivo (Hurst et al. 2010). Since fruits and
vegetables are high in antioxidants, a diet containing fruits and vegetables could help
prevent oxidative stress, prevent chronic disease and slow the aging process (Boyer and
Liu 2004). Furthermore, phytochemicals which exist in fruits and vegetables could
demonstrate mechanisms of oxidative agents, regulation of gene expression, hormone
metabolism, etc. (Sun et al. 2002). The basic feature of all polyphenols is the presence of
one or more hydroxylated aromatic rings, which are radical scavengers (Mendiola et al.
2008). Overproductions of oxidants, including H,O,, superoxide and hydroxyl radicals,
are associated with chronic diseases (Sun et al. 2002; Vuong et al. 2010). Therefore,
increased consumption of fruits and vegetables containing high levels of antioxidants has

been recommended to prevent the oxidative stress (Sun et al. 2002).

Traditionally, apples have been regarded as a healthy fruit in many cultures, as
seen from the popular proverb “an apple a day keeps the doctor away” (Lam et al. 2008).
The amount of total phenolic content and the amount of dietary fibre was found to be
higher in apple peels than in apple pulp (Leontowicz et al. 2007). Furthermore, apples are

one of the major sources of dietary flavonoids in the North America and Europe (Boyer
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and Liu 2004). Compared to other commonly consumed fruits in the US, apples had the
second highest level of antioxidant activity, (~ 83 pumol vitamin C equivalents) (Boyer
and Liu 2004). Pearson et al. (1999) examined the effects of six commercial apple juices
and ‘Red Delicious’ apples on human LDL oxidation in vitro and found LDL oxidation
inhibition ranged from 9 to 34%. Furthermore, it has been found that the protective
effects of apples on LDL oxidation reached maximum at three hours following the apple
consumption (Breinholt et al. 2003). In addition, researchers found from a clinical trial
that women who ingested apples had a 13 - 22% decrease in cardiovascular disease risk
(Boyer and Liu 2004), confirming the inverse relationship between the flavonoid intake

and the risk of cardiovascular diseases (Boyer and Liu 2004).

Vaccinium oxycoccus (small cranberry) is native to Europe, North America and
North Asia (Andersen 1989) and closely related to low-bush blueberry (Vaccinium
angustifolium) and high-bush blueberry (Vaccinium corymbosum) (Yan et al. 2002).
Increased consumption of berries has been shown to improve cognitive function, as well
as lower the risk of cardiovascular disease and cancer (Ahmet et al. 2009). The claimed
health benefits of berries have been attributed to their phenolic bioactive compounds such
as anthocyanins, polyphenols and flavonoids which have antioxidant properties (Ahmet
et al. 2009; Stull et al. 2010). Phenolic compounds in cranberries are a diverse group that
includes anthocyanins, flavonoids, proanthocyanidins, condensed tannins, and low
molecular weight phenolic acids. They were reported to exhibit various health benefits,
including prevention of bacterial adhesion in urinary tract infections (UTI) (Yan et al.

2002). In addition, blueberries have shown the highest antioxidant capacity among all
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fruits and vegetables (Mizuno and Rimando 2009; Vuong et al. 2010), with total phenolic
content of 994 mg gallic acid equivalents per liter (Araujo et al. 2010), suggesting the
relationship between biological effects of phenolic compounds and consumption of
berries (Yan et al. 2002). Furthermore, blueberries and their phenolic compounds have
been identified as potential contributors of amelioration of neuronal cell dysfunction

(Vuong et al. 2010).

Tomatoes (Solanum lycopersicum) are one of the richest sources of lycopene and
over 80% of lycopene consumed in the North America and USA is derived from tomato
products (Clinton 1998). Researchers have found that daily oral supplementation of
tomato extract could significantly reduce both systolic blood pressure (SBP) and diastolic
blood pressure (DBP) and further reduce the levels of lipid peroxidation products
(Engelhard et al. 2006). Lycopene, the major bio-active compound present in tomatoes
has demonstrated higher antioxidant capacities (Clinton 1998), and contributes to the

reduction of CVD risk (Kohlmeier et al. 1997).

Even though there are many studies carried out investigating the antioxidant
properties, inhibition of LDL oxidation effects of apples, berries and tomato in vitro, a
study related to functional beverages produced from the apples, berries and tomato has
not been reported. Fruit vinegar beverages are one of the emerging functional beverages
in the North American market. Fruit vinegar beverage is defined as a beverage that has
been fermented from at least one kind of fruit, with each litre of beverage must contain
more than 300 g of fruit juice (Chang et al. 2005). Total sugar content of fruit vinegar

beverage is normally less than 3%, the acidity level is around 5 to 7% and the key organic
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acid found in fruit vinegar beverages is acetic acid (Chang et al. 2005; Natera et al.
2003). Furthermore, fruit vinegars consists of high concentrations of polyphenolic
compounds (Bastante et al. 2010). However, to produce a consumer acceptable fruit
vinegar beverage, the choice of raw materials and the method of acetification are major
important factors to be considered (Su and Chien 2010). Blended fruit vinegar-juice
beverages (mixtures of different juices or juice vinegar) could be implemented for the
North American market as a functional beverage which has higher consumer
acceptability (due to low level of acidity) as well as higher antioxidant properties.

The antioxidant effects of fruit vinegar beverages on vascular function and blood
pressure are largely unknown; this is an initial step to assess the antioxidant capacities,
LDL inhibition and ACE inhibition to understand the ability of fruit vinegar beverages to
regulate vascular function and blood pressure. Therefore, the present study has aimed to
investigate the effect of fruit vinegar beverages on: (i) the total antioxidant capacities of
four different fruit vinegar beverages; (i1) the LDL oxidation inhibition of fruit vinegar
beverages using thiobarbituric acid reactive substances (LDL TBARS) assay; and (ii1) the
in-vitro antihypertensive properties of the fruit vinegar beverages using angiotensin

converting enzyme (ACE) assay.
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6.3 MATERIALS AND METHODS

6.3.1 Samples and Chemical Reagents

Apples and tomato were purchased from the local grocery store (Sobeys, Canada)
and cranberry juice was acquired from a commercial cranberry juice manufacturer
(Cranberry Acres, Berwick, NS, Canada) and blueberry juice (100% juice) was purchased
from a commercial blueberry juice manufacturer (Van Dyke, Caledonia, Queens Co., NS,
Canada). Iron (III) hexahydrate, potassium phosphate, sodium phosphate, sodium acetate
trihydrate, sodium carbonate, 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
(Trolox), 2,4,6-Tris (2-Pyridyl)-S-Triazine (TPTZ), 2,2'-Azobis(2-
amidinopropane)dihydrocholride (AAPH) and fluorescein were obtained from Sigma-
Aldrich Ltd., Oakville, ON. Sulfuric acid (HPLC grade) was bought from Fisher
Scientific, Ottawa, ON, Canada. The liquid chromatography standards (glucose, fructose,
sucrose and ethanol) used for the study were purchased from Sigma Aldrich (Oakville,
ON, Canada). For the ACE inhibition assay, ACE extracted from rabbit lung, histidine-L-
hippuryl-L-leucine-chloride (HHL), NaOH, HCI, and ethanol anhydrous were obtained
from Sigma Aldrich Canada Ltd. (Oakville, ON, Canada). For the LDL TBARS assay,
LDL isolated from human plasma (150 mM NaCl, 0.01% EDTA, pH 7.4) was procured
from EMD Chemicals Inc. (Gibbstown, NJ, USA). PBS buffer and all the other

chemicals were purchased from Sigma-Aldrich Canada Ltd. (Oakville, ON, Canada).
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6.3.2 Sample Preparation

All the fruit vinegar beverages were prepared using the standardized procedure

explained in Chapter 4.0 and Chapter 5.0.

6.3.3 Assessment of Antioxidant Properties of Four Different Fruit Vinegar

Beverages

6.3.3.1 Ferric Reducing Antioxidant Power (FRAP) Assay

The principle of FRAP assay is the reduction of the ferric (Fe’”) ion to ferrous
(Fe’) ion and it takes place at low pH conditions (Benzie and Strain 1996). Low pH
conditions cause the non-colored ferric-tripyridyltriazine complex to change to a bright
blue color ferrous-tripyridyltriazine complex. Absorbance value of the colored complex
was measured at the 593 nm wavelength. This assay was carried out using a standardized
modified method for a 96-well FLUOstar OPTIMA micro-plate reader with an injection
port system (BMG Labtech Inc., Offenburg, Germany). FRAP working reagent consists
of 300mM acetate buffer (pH 3.6), ImM 2.4,6-tripyridyl-s-triazine (TPTZ) solution, and
20 mM ferric chloride solution and was prepared fresh daily. All three solutions were
mixed in a ratio of 10:1:1 to make the working solution. Trolox was used as the standard
material for the FRAP assay with concentrations of 50, 100, 300, 500, 700, and 900 uM.
Twenty microliters of each sample or standard was placed in the wells of the 96-well
micro-plate (COSTAR 9017, Fisher Scientific, Ottawa, ON, Canada) and 180 pL of the

working solution was injected using the injection port system.
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6.3.4.2 Oxygen Radical Absorbance Capacity (ORAC) Assay

All the fruit vinegar beverages were assessed for antioxidant activity using the

ORAC assay, as explained in Chapter 4.0.

6.3.4 Low Density Lipoprotein Thiobarbituric Acid Reactive Substances

(LDL TBARS) Assay

6.3.4.1 LDL Preparation

LDL was dialyzed using cellulose dialysis tubing (type T3 membrane, Thermo
Fisher Scientific Inc., Ottawa, ON, Canada) against phosphate buffer solution (PBS)
(0.138 M NaCl and 0.0027 M KCI1 / pH 7.4, at 25 °C) to remove all the antioxidants.
Dialysis was carried out for 24 hours at 4 °C and the buffer was changed at six hour time
intervals. The dialyzed LDL was immediately stored at -80 °C and was used within two
weeks. Protein content of the LDL was measured using the Lowry method (Lowry et al.

1951), using bovine serum albumin as the standard.

6.3.4.2 Oxidation of LDL

Copper-and peroxyl radical-induced oxidation of human LDL was carried out by
the method described by Xu et al. (2007). LDL was oxidized in the presence of 10 uM of
Cu*or 5 mM of peroxyl radical generator, AAPH separately at 37 °C, for 4 hours in the
dark. The experiment consisted of a positive control (with the induction but without the
antioxidant treatment), negative control (without either induction or antioxidant

treatment), blank and the samples. Further oxidation was terminated by adding 1:1
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mixture of 1 mM ethylenediaminetetraacetic acid (EDTA) and 1 mM

butylatedhydroxytoluene (BHT).

6.3.4.3 Thiobarbituric Acid Reactive Substances (LDL TBARS) Assay

TBARS assay was conducted using the method described by Xu et al. (2007),
with slight modifications. After completion of the oxidation, 0.67% thiobarbituric acid
(TBA) reagent and 20% trichloroacetic acid (TCA) in 0.2 M NaOH were added to the
reaction mixture and it was mixed thoroughly. The mixture was incubated for 30 minutes
at 95 °C to develop the pink color chromogen. Samples were kept at room temperature to
cool down. Since all the fruit vinegar samples were colored, 2 mL of butanol was added
to each sample to partition the pink color chromogen from the fruit pigments. After
adding butanol, samples were centrifuged at 2000 g for 15 minutes. Fluorescence of an
aliquot of butanol fraction was measured using the 96-well FLUOstar OPTIMA micro-
plate reader (BMG Labtech Inc., Offenburg, Germany) at the excitation (Aex 532 nm) and the
emission (Aem 590 nm) wave lengths. TBARS activity was expressed as the percent

inhibition of LDL oxidation, compared to the positive control.

(Fluorescence pygitive control — Fluorescence gumpie)

Percent Inhibition (%) =100

(Fluorescence positive control)

76



6.3.5 Angiotensin Converting Enzyme (ACE) Inhibition Assay

The ACE inhibitory activity of fruit vinegar beverages was performed according
to the methods of Cing-Mars et al. (2007) and Santos et al. (1985), with some
modifications. First, 21 uL of samples were taken into the 2 mL Eppendorf tubes and
then 150 pL the substrate HHL was added and mixed slowly by tapping the Eppendorf
tubes. Next, 30 uLL ACE was added to each tube and it was mixed using a pipette in and
out several times. After adding the enzyme, all the experimental units were incubated at
37 °C in an oven (Model: HP 50, Apollo Instrumentation for Molecular Biology, CA,
USA) for a one hour period. After one hour, 150 pL of 0.35 M NaOH solution was added
to each tube to stop the enzymatic reaction. For each experiment, a positive control and a
blank was used. Thirty micro liters of buffer solution was utilized in the blanks instead of
the enzyme solution and in the positive control all the reagents were added except the
ACE inhibitors. After the addition of NaOH solution, 100 pL of O-phaldialdehyde was
added to each tube to make the fluorescent adduct. Solutions were kept at room
temperature for 15 minutes. After 15 minutes, 50 pL of 3 M HCI solution was added to
terminate the reaction. One hundred microliters from each sample, blank and positive
control were loaded into the 96-well plate and fluorescence was measured using the
FLUOstar OPTIMA plate reader (BMG Labtech Inc., Offenburg, Germany) at excitation
(Aex 360 nm) and emission (A, 500 nm) wavelengths, respectively. Percent inhibition was
expressed in comparison to the positive control. The positive control contained all the
reagents except the ACE inhibitors. The blank contained all the reagents except the

enzyme and the inhibitors.
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1 - (Fluorescence gumpie— Fluorescence pani)
Percent enzyme inhibition (%) = *100

(Fluorescence psitive control — Fluorescence yiank)

6.4 Statistical Analysis

The design for the antioxidant capacities and the ACE inhibition study was a
completely randomized design. Data was analyzed using the analysis of variance
(ANOVA) using the general linear model (GLM). Assumptions of normality of error
terms were tested using the Anderson-Darling test. Assumptions of constant variance
were checked by plotting residuals versus fitted scatter diagram (Montgomery 2005).
Differences among means were tested by the Tukey’s studentized range test at the level
of p < 0.05 (SAS Version 9.2 SAS Institute Inc., Cary, NC, USA). Each analysis was

performed in triplicates.
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6.5 RESULTS

6.5.1 Total Antioxidant Capacity of Four Different Vinegar Beverages

Total antioxidant capacity of all four different fruit vinegar beverages with three
different levels of acidity was tested (Table 6.1). The antioxidant capacity was estimated
using both FRAP and ORAC assays. Apple and tomato vinegar beverages showed a
significant difference (p < 0.05) in antioxidant capacity measured by the FRAP assay in
relation to acidity (Table 6.1). However, in the ORAC assay, all the other vinegar
beverages except tomato showed a significant difference (p < 0.05) in antioxidant
capacity with respect to acid concentration levels (Table 6.1). Furthermore, among four
different vinegar beverages, tomato showed the lowest antioxidant capacity in both

antioxidant assays and blueberry demonstrated the highest (Table 6.1).

6.5.2 Low Density Lipoprotein-Thiobarbituric Acid Reactive Substances

(LDL-TBARS) Assay

All four fruit vinegar beverages with three acetic acid concentrations (0.5%,
1.0%, and 1.5%) were incubated with LDL reaction mixture with peroxyl radical
generator AAPH to determine the level of LDL oxidation in vitro, using the TBARS
assay. Results indicated that blueberry and cranberry vinegar beverages have higher
antioxidant capacities than the apple and tomato vinegar beverages (Table 6.2). This was
evident from the percentage inhibition results. Furthermore, all the vinegar beverages at

0.5% and 1.5% acetic acid concentration demonstrated over 50% inhibition in LDL
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oxidation (Table 6.2) in the TBARS assay confirming the antioxidant properties of the
fruit vinegar beverages. However, the interesting finding of the current study was that
both blueberry (~ 80%) and cranberry (~ 60%) showed similar percentages of inhibitions
in all three levels of acidity (Table 6.2). Thus, apple and tomato exhibited acetic acid
concentration dependent relationships for the antioxidant capacities (the higher the level

of fruit juice ratio, the higher the antioxidant properties).

6.5.4 Angiotensin Converting Enzyme (ACE) Inhibition Assay

All the fruit vinegar beverages (above 1.0%) exhibited a concentration dependent
enzyme inhibition for the ACE assay. When the concentration of the acetic acid
increased, the level of inhibition also increased (from 1.0% to 1.5%) (Table 6.3). Tomato
vinegar beverage exhibited the lowest level of inhibition (16% to 29%) where cranberry
vinegar beverage exhibited the highest (54% to 92%). Furthermore, both blueberry and
apple at 1.5% acetic acid concentrations also demonstrated over 50% inhibition in the
ACE inhibition assay (Table 6.3). Results of the current study confirmed that the fruit

vinegar beverages contain potential antihypertensive properties in vitro.
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6.6 DISCUSSION

Anthocyanins are the major bio-active group present in cranberries and
blueberries and have been well documented for their antioxidant properties. The above
statement was in agreement with the results of the current study which demonstrated the
highest antioxidant capacities for both ORAC and FRAP assay (Table 6.1). In addition,
Stull et al. (2010) demonstrated that the blueberries have relatively higher antioxidant
capacities. In their study they found that 45 g of blueberry powder exhibited an
antioxidant capacity of 16.0 mmol TE (ORAC). Furthermore, Sablani et al. (2010)
demonstrated that the total antioxidant activity of blueberries ranged between 9.1 and
16.9 mmol Trolox equivalents per kg fresh weight. The above results are in agreement
with the current study which ranks blueberry the highest antioxidant capacity as
measured by ORAC (Table 6.1). However, Sablani et al. (2010) demonstrated that
blanching prior to the processing of blueberries could help to retain higher levels of total
anthocyanins, phenolics and antioxidant activity. This indicates that blanching could be
used prior to the processing to enhance the antioxidant properties. This was further in
agreement with the results of the antioxidant studies for blueberry vinegar beverage
where the juice was brought from Van Dyke (Caledonia, Queens Co., NS, Canada)

(Table 6.1).

Cranberries also contain high anthocyanin content. This was evident from the
results of Andersen (1989), confirming the total anthocyanin content of cranberries (78
mg/100 g fresh fruit). Anderson (1989) reported that the major anthocyanin pigments in

cranberry were peonidin-3-glucoside and cyanidin-3-glucoside (80.2% of total
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anthocyanin content). In addition, cranberries have been reported for higher antioxidant
activity (0.177 mmol vitamin C equivalents /g of fresh weight) than apples (0.098 mmol
vitamin C equivalents / g of fresh weight) Sun et al. (2002), in agreement with the results
of the total antioxidant activity of the cranberry and apple vinegar beverages (Table 6.1).
This has been further in agreement with the results of Yan et al. (2002), indicating the

dose dependent radical-scavenging activity of cranberry flavonoids.

Apples have high polyphenol content, and antioxidant capacity. Total polyphenols
in fresh peels amounted to 107 mg/100 g and was lower by over 36% in pulp
(Leontowicz et al. 2007). Furthermore, the content of flavonoids was 45 mg/100 g for
peels and 14 mg/100 g for pulp (Leontowicz et al. 2007). In addition, present results of
the antioxidant capacities (Table 6.1) of FRAP and ORAC, of the apple vinegar
beverage, were comparable with the results obtained by Lotito and Frei (2004) for
antioxidant capacities of aqueous apple extracts prepared from three different varieties
(‘Red Delicious’, ‘Granny Smith’ and ‘Fuji’). Antioxidant properties of the apples could
be due to their high composition of bio-actives. Apple peel composition of chlorogenic
acid (16.4%), phloretin (6.2%), proanthocyanidin B, (4.3%), epicatechin (2.6%), catechin
(1.2%), phloretin (0.3%), rutin (0.2%), and quercetin (0.1%) could account for the high

level of antioxidant properties of apples (Lam et al. 2008).

In addition, in a very recent study carried out by Pinela et al. (2012), it was found
that tomatoes contain only 0.5 mg/100 g fresh weight B-carotene and 9.5 mg/100 g fresh
weight of lycopene, respectively. The above results were in agreement with the current

study, indicating the lower levels of antioxidant capacities of tomato vinegar beverage
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(Table 6.1). Furthermore, Pinela et al. (2012) found that the DPPH scavenging activity of
the tomatoes was < 1.6 mg/mL. These results were further in agreement with a study
conducted by Kohlmeier et al. (1997), who suggested that lycopene could be the only
carotenoid with a significant independent association with lower risk of myocardial
infarction. Thus, Kohlmeier et al. (1997) have also found that lycopene interacted with
polyunsaturated fats; one of the major sources of oxidative stress suggesting that

lycopene may be operating under a tissue-specific antioxidant mechanism.

Chu and Liu (2005) demonstrate the inhibition of LDL oxidation of cranberry
extracts. Inhibition of LDL oxidation values of 5, 2.5, and 1 mg cranberry extract/mL
showed inhibition of 94.7%, 71.4% and 50.7%, respectively. The above results were
further in agreement with the results of the in vitro LDL-TBARS assay (Table 6.2). In
another study, researchers measured the copper-induced LDL oxidation in vitro for
commercial apple juices, whole apple, apple peel and apple flesh. However, the results
varied greatly between commercial brands of fruit juice, ranging from 9 to 34%
inhibition, whole apples and apple peels by 34% inhibition, while the flesh alone showed
only 21% inhibition (Pearson et al. 1999), demonstrating the inhibition of LDL-oxidation
ability of the apple fruit and its derivatives. A human clinical study, after 24 weeks, it
was found that the consumption of apples/apple juice is negatively correlated with TG,
the total cholesterol/HDL cholesterol ratio and positively with HDL cholesterol (Jenkins
et al. 2011). These results were further in agreement with our current study demonstrating

~ 60% inhibition of LDL in vitro by the apple vinegar beverage (Table 6.2).
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Furthermore, the proanthocyanidins from cranberry have been observed to
increase the lag time of copper-induced LDL oxidation, probably due to their ability to
bind to LDL and remain associated (Yan et al. 2002; Chu and Liu 2005). Thus, Basu et
al. (2010) were able to demonstrate the cardio-protective properties of
blueberries/blueberry juice. Significant decreases in systolic and diastolic blood pressures
and plasma ox-LDL and lipid peroxidation were observed in their study. In addition,
Jenkins and colleagues (2011) noted that after 24 weeks, there was a negative relationship
with the berry intake and blood glucose and blood pressure in humans. The above results
were in agreement with the current study demonstrating ~ 80% inhibition of LDL in vitro

in blueberry vinegar beverage (Table 6.2).

A further study found that the dietary supplementation of 60 mg lycopene per day
in six males for 3 months was associated with a 14% reduction in plasma LDL
cholesterol concentrations (Clinton 1998) which was in agreement with the results of in
vitro LDL oxidation (Table 6.2). Thus, scientists also suggest that the cholesterol
lowering effect of lycopene may be due to the inhibition of 3-hydroxy-3-methyl-glutaryl-
coenzyme-A reductase (HMGCoA reductase), the rate-limiting enzyme in cholesterol
biosynthesis (Clinton 1998) or the oxidative ability of LDL which, leads to its uptake by
the macrophages inside the arterial wall and the formation of foam cells and

atherosclerotic plaque (Riccioni et al. 2008).

In the literature, the ACE inhibition ability of plant extracts, berries and apple has
been recorded (Balasuriya and Rupasinghe 2011). Thus, blueberries demonstrated an ICs

value of 46 pg/mL for ACE inhibition (Ojeda et al. 2010; Sakaida et al. 2007). This was
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evident from the results of the current study for both cranberry and blueberry vinegar
beverages, indicating higher inhibition percentages in vitro (Table 6.3). However, in a
recent study, researchers were able to demonstrate a concentration responsive enzyme
inhibition for apple peel extracts, with the ICsy value of 49 pg/mL (Balasuriya and
Rupasinghe 2011), confirming the current results for in vitro inhibition activity of ACE
(Table 6.3). Furthermore, researchers have found that anthocyanins and plant extracts
rich in anthocyanins exhibited ACE inhibition in both in vitro and in vivo, in model
systems of cells (Ojeda et al. 2010). It was further observed that the structure of the
cyanidin molecule plays a major role in ACE inhibition. This was supported through the
results of the current study, which demonstrated higher ACE inhibitions of both
blueberry and cranberry (Table 6.3) which were high in concentrations of 1.0% and

1.5%.

Precise knowledge of the antioxidant capacities and antihypertensive activities of
berries, apples and tomatoes are important to assess the effect of bio-active compounds
on human health and disease. However, to support the research finding of the in vitro
results, further research should include in vivo studies using an animal model or a human
clinical trial. The current results have identified that fruit vinegar beverages demonstrate
antioxidant and antihypertensive properties in vitro. Both blueberry and cranberry
vinegar beverages were more efficacious functional beverages in vitro when compared

with apple and tomato vinegar beverages.
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Table 6.1: Total Antioxidant Capacity of the Four Different Fruit Vinegar

Beverages”
Antioxidant Capacity
Type of Acetic acid FRAP' ORAC®
Vinegar Beverage concentration’ (mmol TE'/L) (mmol TE /L)
Apple 0.5 1.20+£0.01°  0.62+0.10®
1.0 0.97+0.01°  0.72+0.11°
1.5 0.78£0.03°  0.59 +0.08"
Blueberry 0.5 5.40+0.04°  6.73 +£1.23°
1.0 533+0.08*  3.56+0.68°
1.5 558 +0.05°  2.05+0.28°
Cranberry 0.5 2.08+0.04°  0.03+0.02°
1.0 2.11+0.08  1.15+0.34°
1.5 220+0.05°  1.41+0.17°
Tomato 0.5 0.14+0.00°  0.53 £0.09*
1.0 021+0.01°>  0.58+0.03
1.5 029+0.01°  0.59+0.03"

PMean values + standard deviation (n=3)
9mg acetic acid equivalents/g
'FRAP -Ferric Reducing Antioxidant Power

*ORAC - Oxygen Radical Absorbance Capacity
‘TE - Trolox equivalents

"“Means followed by a different letter within each column for each type of fruit beverage is

significantly different (Tukey’s studentized range test [P<0.05])
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Table 6.2: Inhibition of LDL Oxidation in vitro by Four Different Fruit Vinegar
Beverages”

Fruit Vinegar Beverage

% Inhibition of

Type . Acetic ac.id LDL oxidation

of Fruit concentration?

Apple 0.5 67.46 £ 1.88"
1.0 56.93 +2.07°
1.5 46.64 +1.94°

Blueberry 0.5 80.72 £ 8.71%
1.0 84.33 +£1.03°
1.5 84.76 + 1.46°

Cranberry 0.5 66.66 + 4.76°
1.0 67.05 + 4.09°
1.5 67.94+1.71°

Tomato 0.5 61.79 +£3.17°
1.0 50.48 + 1.89°
1.5 35.23 £3.47°

PMean values + standard deviation (n=3)

9mg acetic acid equivalents/g

"“Means followed by a different letter within each column for each type of fruit beverage is
significantly different (Tukey’s studentized range test [P<0.05])

Table 6.3: ACE Inhibition of Four Different Fruit Vinegar Beverages in vitro®

Fruit Vinegar Beverage

% Inhibition of

Type of Acetic ac'id ACE activity

Fruit concentratlonq

Apple 0.5 36.11 +1.79°
1.0 42.04 £ 0.44°
1.5 50.50 = 1.01°

Blueberry 0.5 50.94 + (.85°
1.0 50.90 + 0.89°
1.5 60.17 + 0.66°

Cranberry 0.5 53.93 +1.35°
1.0 66.51 + 0.62°
1.5 91.62+0.18°

Tomato 0.5 15.83 +£0.28*
1.0 25.63 +2.94°
1.5 29.35+4.22°

PMean values + standard deviation (n=3)

9mg acetic acid equivalents/g

"“Means followed by a different within each column for each type of fruit beverage is
significantly different (Tukey’s studentized range test [P<0.05])
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CHAPTER 7.0 REGULATIONS OF BLOOD PRESSURE AND
CHOLESTEROL METABOLISM IN
SPONTANEOUSLY HYPERTENSIVE RATS BY
FRUIT VINEGAR BEVERAGES

7.1 ABSTRACT

Elevated levels of blood cholesterol are positively correlated with hypertension and
cardiovascular diseases. Though there are prescribed drugs available to control hypertension
and hypercholesterolemia, there is a demand for functional foods and natural health products.
The fruit vinegar beverages introduced to the North American market as functional beverages
have shown the ability to reduce both the blood pressure levels and lipid levels. The present
study was carried out to investigate the effects of four vinegar beverages on the regulation of
blood pressure and cholesterol metabolism in spontaneously hypertensive rats (SHR). After
seven days of adaptation in individual cages with 12:12 hour light: dark cycle and free access
regular rodent chow and water, SHR rats were randomly divided into six groups and fed with
an atherogenic diet. One group was used as the normal control and the other five were treated
with vinegar beverages of apple, blueberry, cranberry, tomato, and acetic acid. Dietary
treatments were administrated by gavage feeding twice a day for 5 weeks. Results indicated
that after four weeks of treatment, the diastolic blood pressure was lower (p < 0.05) in rats
fed with blueberry, apple and tomato vinegar beverage of than the normal control group.
Further, serum total cholesterol and triacylglycerol levels of the all dietary supplemented
treatment groups were lower (p < 0.05) than the normal control group. All treatment groups
demonstrated higher (p < 0.05) serum HDL-cholesterol, compared to the normal control
group. In conclusion, fruit vinegar beverages reduced the blood pressure levels and regulated
the serum cholesterol levels of SHR. Thus, findings of the current study suggest that
functional beverages, such as fruit vinegar beverages, could be an alternative to drugs in
controlling hypertension and hypercholesterolemia upon the confirmation of the results,

using a human clinical trial.

Keywords: Fruit Vinegar Beverages, SHR, Blood Pressure, Total Cholesterol, HDL-

cholesterol, Triacylglycerol
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7.2 INTRODUCTION

Cardiovascular disease (CVD) (Krista et al. 2003; Kodavanthi et al. 2000) is one
of the major causes of death worldwide. Systemic hypertension is generally chronic,
developing throughout the entire life span and often leads to heart failure or stroke
(Kodavanthi et al. 2000). Atherosclerosis is one of the major cause for the development
of CVD, and a high level of low density lipoprotein (LDL) and oxidative modification of
LDL in the vasculature is believed to be a significant factor contributing to
atherosclerosis, and ischemic stroke (Lotito and Frei 2004; lizuka et al. 2010; Setorki et
al. 2011). Thus, a reduction in both systolic and diastolic blood pressure may be helpful
in the prevention of stroke and other adverse vascular events (Tanaka et al. 2009). Meals
containing high carbohydrates and fat could lead to exaggerated levels in blood TG
levels, which may cause an immediate increase in oxidative stress, which could
subsequently result in endothelial dysfunction, vasoconstriction, and systolic blood

pressure (O’Keefe et al. 2008; Potter et al. 2011).

Spontaneously hypertensive rats (SHR) are a genetic strain obtained by selective
in-breeding of Wistar rats (Kundu and Rao 2008). The blood pressure of SHR starts to
increase at around 5-6 weeks of age and the systolic pressures may reach 200 mmHg
between 40-50 weeks, where SHR start to develop the characteristics of CVD (Kundu
and Rao 2008). These SHR have been shown to develop increased vascular resistance,
systemic blood pressure, and overall activation of the renin-angiotensin system early in
their lives (Kodavanthi et al. 2000). Some antihypertensive drugs such as Captopril®

have a more significant lowering effect on the blood pressure of SHR than on normal
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Wistar rats due to the altered sensitivity of their cardiovascular systems (Vainionpaa et al.

1974; Triantafyllidi et al. 2004).

Flavonoids are polyphenolic compounds that occur ubiquitously in plants and are
consumed in the form of fruits (apple, blueberry, cranberry); they have shown an inverse
correlation with coronary heart diseases (Potter et al. 2011; Wiseman et al. 2011; Chong
et al. 2010; Galindo et al. 2012). Like other flavonoids, anthocyanins are powerful free
radical scavengers, and are known to exhibit antioxidant properties in vivo in lipid
environments (Kahkonen et al. 2003; Dillard and German 2000). Anthocyanins, quercetin
and catechin have demonstrated a better dose-dependent activity against platelet
aggregation and activation in a form of mixture than individuals (Shivashankara and
Acharya 2010; Chong et al. 2010), indicating the improved benefit of a mixture of dietary

polyphenols.

General interest in functional food products, especially functional beverages that
may be consumed as a part of a normal diet to prevent or treat cardiovascular diseases are
becoming more fashionable (Berry 2011). Fruit vinegar beverages are well known for
their medicinal properties from ancient times (Dogaru et al. 2009; Fushimi and Sato
2005). They have been reported to possess antihypertensive (Kondo et al. 2001;
Nakamura et al. 2010) and hypolipidemic properties (Setorki et al. 2010; Setorki et al.
2011; Ubeda et al. 2011). Other bio-active constituents, such as organic acids, vitamins
and minerals, present in fruit vinegar beverages could also act as antioxidants,
antihypertensive agents and LDL oxidation inhibitors (Kris-Etherton 2004; lizuka et al.

2010 Setorki et al. 2010; Zhang et al. 2011).
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Although few studies on fruit vinegar beverages have been conducted in Europe
and South East Asia, less scientific data has been reported in North America. In the
previous chapter, blueberry and cranberry vinegar beverages have shown over 50%
inhibition (Table 6.3) on the angiotensin converting enzyme (ACE) activity in vitro.
However, there were no direct scientific evidence related to the effects of fruit vinegar
beverages on lipid and blood pressure lowering effects which comprised the objective of
the present study. It is important to investigate the in vivo effects of these vinegar
beverages on hypertension and cholesterol metabolism. Therefore, the current study was
carried out to determine the effects of fruit vinegar beverages on (i) systolic and diastolic
blood pressure levels and (ii) cholesterol metabolism in an SHR model with diet-induced

hypercholesterolemia.
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7.3 MATERIALS AND METHODS

7.3.1 Experimental Materials and Chemical Reagents

Fresh apples and fresh tomato were purchased from the local grocery store
(Sobeys, Canada) and, cranberry juice (concentrated ~ 35° Brix) was purchased from a
commercial cranberry juice manufacturer (Cranberry Acres, Berwick, NS, Canada) and
blueberry juice (100% juice) was purchased from a commercial blueberry juice
manufacturer (Van Dyke, Caledonia, Queens Co., NS, Canada). Serum lipid profiles of
the rats were analyzed using commercial kits purchased from Pointe Scientific Inc.,
Canton, MI, USA and the liver lipids were analyzed using commercial kits purchased
from Biovison Inc., Milpitas, CA, USA. All the animals were gavage-fed using 15"
MED-RX feeding tubes (Benlan Inc., Oakville, ON, Canada). Iron (III) hexahydrate,
potassium phosphate, sodium phosphate, sodium acetate trihydrate, sodium carbonate, 6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), 2,4,6-Tris (2-Pyridyl)-
S-Triazine (TPTZ), and fluorescein were obtained from Sigma-Aldrich Ltd., Oakville,
ON. For the ACE inhibition assay, ACE extracted from rabbit lung, histidine-L-hippuryl-
L-leucine-chloride (HHL), NaOH, HCI, and ethanol anhydrous were purchased from

Sigma Aldrich Canada Ltd. (Oakville, ON, Canada).

92



7.3.2 Experimental Materials

All fruit vinegar beverages were prepared using the standardized procedure

explained in Chapter 4.0 and Chapter 5.0.

7.3.3 Evaluation of Antioxidant and Antihypertensive Properties of Fruit

Vinegar Beverages

All fruit vinegar beverages were assessed for antioxidant activity using the FRAP
assay explained in Chapter 6.0 and ORAC assays as described in Chapter 4.0 and

antihypertensive properties using the inhibition of ACE as shown in Chapter 6.0.

7.3.4 Animals and Diets

The experiment was conducted in the animal facility of the Atlantic Veterinarian
College, University of Prince Edward Island (UPEI), Charlottetown, PE, Canada,
subjected to the guidelines of the Canadian Council for Animal Care. Ethical approval
was obtained from the Animal Care and Use Committee (ACUC) at UPEI prior to the
experiment. Seventy-two male spontaneously hypertensive rats (SHR) weighing 175 g -
200 g were purchased from Charles River Laboratories Inc. (Quebec, QC, Canada).
Animals were housed individually in cages and were subjected to 12-hour light/dark
cycle with free access to regular rodent chow and water. After 7 days of adaptation, rats
were weighed and randomly assigned to six groups of 12 animals per group. The animals
were subjected to a five-week dietary intervention period. All rats were fed with a casein-

cornstarch-sucrose-based diet, prepared according to the American Institute of Nutrition
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93 Growth (AIN 93-G) formulation and modified to contain 2.0% cholesterol and 0.5%
cholic acid to induce hypercholesterolemia, (Table 7.1). The test diet for the animals was

prepared weekly and stored at -20°C.

Table 7.1 Composition of the AIN 93-G Diet”

Ingredients Amount (%)
Casein 20.0
Corn starch 28.0
Sucrose 36.3
Ooil* 5.0
Cellulose 4.9
DL-methionine 0.5
Mineral mixture” 4.0
Vitamin mixture” 1.0
Choline bitartrate 0.2
Cholic acid 0.5
Butylated hydroxytoluene (BHT) 0.02
Total 100.4

2% cholesterol was added to the standard AIN 93-Gdiet to induce hypercholesterolemia
in rats

*96% of the oil was lard and 4% was sunflower oil

YThe composition of the AIN 93-G mineral mix: 5000 mg Ca, 1561 mg P, 3600 mg K,
1019 mg Na, 1571 mg Cl, 300 mg S 507 mg Mg, 35 mg Fe, 6 mg Cu, 10 mg Mn, 30 mg
Zn, 1 mg Cr, 0.2 mg I, 0.15 mg Se, 1.0 mg F, 0.5 mg B, 0.15 mg Mo, 5 mg Si, 0.5 mg Ni,
0.1 mg Li and 0.1 mg V per kilogram of the mix

“The composition of the AIN 93-G vitamin mix: 20 mg Thiamin HCI, 15 mg riboflavin, 7
mg pyridoxine HCI, 90 mg niacin, 40 mg calcium pentothenate, 2 mg folic acid, 0.6 mg
biotin, 10 mg cyanocobalamin (B12, 0.1%), 4 mg menadione sodium bisulfite, 5000 TU
vitamin A palmitate, 50 IU vitamin E acetate, 2400 IU vitamin D3, 100 mg inositol per
kilogram of the mix.

All five beverage treatments (apple, blueberry, cranberry, tomato and acetic acid)
were prepared once a week and stored at 4 °C until used. Treatments were orally
administrated to the rats by twice daily gavage, based on their body weights. Total daily

dosages were calculated per rat of 200 g; 2.0 mL/kg BW per day. The normal control
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group received water via oral gavage as the control vehicle whereas the acetic acid
control group received acetic acid via the control vehicle of acetic acid. Rationale behind
the gavage volume calculation was based on an average human (body weight - 70 kg);
recommended daily allowance (RDA) of beverage consumption (350 mL twice a day).
The gavage was administrated using soft plastic gavage tubing to minimize the stress and
potential damage to animals. The behavior of the animals and their feed intake were
observed and recorded on a daily basis. Furthermore, 12 hour fasting body weights of the

animals were recorded at weekly intervals.

7.3.5 Collection and Storage of Blood and Tissue Samples

At the end of the dietary intervention period, rats were anesthetized by isoflurane
inhalation and sacrificed. Blood (6 - 8 mL) was collected into the serum tubes via cardiac
puncture, allowed to clot at room temperature for one hour and then placed on ice. Serum
of the blood was separated by centrifugation and was stored at -80 °C. Liver and kidneys
were dissected, cleaned by rinsing with phosphate buffer solution (1x PBS), weighed and

immediately frozen in liquid nitrogen and then stored at -80°C until the analysis.

7.3.6 Measurement of Blood Pressure of SHR

Blood pressures of SHR were measured with a CODA System (Kent Scientific,
Torrington, CT, USA) (Daugherty et al. 2009). Both systolic and diastolic blood
pressures were measured fifteen times, with 30 second intervals. All the readings were
taken after the rats were put on a warming platform (maintained at 37 °C) for 10 minutes.

The average of five readings was used for each animal, excluding the highest and lowest
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values using a scatter plot to minimize the measurement errors. Both systolic and
diastolic blood pressures were measured at the end of two weeks and four weeks of the

study, respectively.

7.3.7 Analysis of Serum Lipids of SHR

7.3.7.1 Analysis of Serum TC

Serum TC was measured using cholesterol (liquid) reagents (Pointe Scientific Inc.

Canton, M1, USA). The principle of the study was as follows (Allain et al. 1974; Tinder

1969):
Cholesterol Esterase
e Cholesterol Esters ------ > Cholesterol + Fatty Acids
Cholesterol Oxidase
e Cholesterol ---- ---> Cholestero-3-one + H,O,
Peroxidase
e 2H,0, + 4-aminoantipyrine + Phenol - > Quinoneimine (Red) +
4H,0

The intensity of the red color was read on a chemistry analyzer (Model Pointe
180, Pointe Scientific Inc., Canton, MI, USA) at 500 nm (standard concentration of 200
mg/dL). If the intensity was too high, samples were diluted 1:1 with saline. The intensity

of color is directly proportional to TC.

7.3.7.2 Analysis of Serum TG

Serum TG was measured using triglyceride (liquid) reagents (Pointe Scientific

Inc. Canton, MI, USA). This single reagent procedure quantified the total glycerides in
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serum including the mono- and di-glycerides with free glycerol fractions. The principle

of the study is as follows (Fossati and Prencipe 1982; Tinder 1969):

) Lipase )
e triacylglycerols ------------------ > Glycerol + Fatty Acids
Glycerol kinase
e Glycerol + ATP ---- > Glycerol-1-phospate + ADP
Glycerol phosphate oxidase

e Glycerol-1-phospate + O, -> diaminophenazone +

H,0,

) Peroxidase ) o

e 4-aminophenazone + H,O,+ Chlorophenol > Quinoneimine (Red) +

HCI + 2H,0

The intensity of the red color was measured as in the serum TG (standard

concentration of 200 mg/dL).

7.3.8 Analysis of Serum HDL

Serum HDL was measured using HDL cholesterol reagents (Pointe Scientific Inc.
Canton, MI, USA). When serum was combined with the cholesterol precipitating reagent
(Pointe Scientific Inc. Canton, MI, USA), dextrin sulfate and magnesium ions
precipitated the LDL and VLDL fractions, leaving HDL fraction in the solution. The
HDL cholesterol was determined using the same method for cholesterol. The intensity of

the red color was measured as for serum TC (standard concentration of 50 mg/dL).
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7.3.9 Analysis of Liver Cholesterol/Cholesterol Esters and TG of SHR

7.3.9.1 Analysis of Liver TG

Liver TG was estimated using a triglyceride quantification kit (Biovison Inc.
Milpitas, CA, USA). Approximately 100 mg of liver was weighed and homogenized in 1
mL of 5% nonyl-phenoxypolyethoxylethanol-40 (NP-40) in water. Homogenized
samples were heated to 80 - 100 °C in a water bath for 2 - 5 minutes until the solution
became cloudy, and then cooled down to room temperature. The heating step was
repeated one more time to solubilize all TG. All the insoluble materials were removed
using micro-centrifugation (Microlite, Harlow Scientific, Arlington, MA, USA) for 2
minutes. Supernatant was separated and diluted 20-fold before the assay. Five microliters
of the diluted sample was used in the assay. Test samples were prepared to a final volume
of 50 puL/well with triglyceride assay buffer in a 96-well plate (COSTAR 9017, Fisher
Scientific, Ottawa, ON, Canada). Samples were analyzed using a plate reader (Varioskan
Flash, Thermo Fisher Scientific, Nepean, ON, Canada) at an excitation (A 535 nm) and

emission (Aey 590 nm) wave lengths.

7.3.9.2 Analysis of Liver Cholesterol/Cholesterol Esters

Liver cholesterol/cholesterol esters were quantified using a cholesterol/cholesterol
ester quantification kit (Biovison Inc. Milpitas, CA, USA). Approximately 50 mg of liver
was weighed and homogenized (PowerGen 125, Fischer Scientific, Pittsburgh, PA, USA)
in 200 pL of chloroform: Isopropanol: NP-40 (7:11:0.1). Homogenized samples were

centrifuged (Microlite, Harlow Scientific, Arlington, MA, USA) at 15,000 g for 5 - 10
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minutes. The organic phase was transferred to a glass tube and air dried at 50 °C to
remove chloroform. The remaining trace amount of organic solvents was removed using
vacuum drying for 30 minutes. Dried lipids were dissolved with 1 mL of cholesterol
assay buffer (Biovison Inc. Milpitas, CA, USA) by vortexing (VWR Mini Vortexer,
Henry Troemner Ltd. Thorofare, NJ, USA) until homogeneous. Five microliters of
extracted sample was used in the assay. Test samples were prepared to final volume of 50
puL/well with a cholesterol assay buffer in a 96-well plate (COSTAR 9017, Fisher
Scientific, Ottawa, ON, Canada) and samples were analyzed using a plate reader
(Varioskan Flash, Thermo Fisher Scientific, Nepean, ON, Canada) at excitation (Aex 535
nm) and emission (A 590 nm) wave lengths. Liver total cholesterol (TC) and free
cholesterol (FC) was measured directly and cholesterol esters (CE) were determined by

subtracting the free cholesterol from the total cholesterol (TC = FC + CE).

7.4 Statistical Analysis

All the data were expressed as mean + standard deviation (n = 12). Data was
analyzed with ANOVA using the general linear model (GLM). Assumptions of normality
of error terms and assumptions of constant variance were checked (Montgomery 2005).
When the data was not normally distributed necessary transformations were done
accordingly to obtain the normality of data. Differences among means were tested by the
Tukey’s Studentized Ranged test (in vitro) and the least square difference (LSD) test (in
vivo) at a significance level of p < 0.05 (SAS Version 9.2 SAS Institute Inc., Cary, NC,

USA).
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7.5 RESULTS

7.5.1 In vitro Tests

Both FRAP and ORAC values of blueberry vinegar beverage were higher (p <
0.05) than all other vinegar beverages (Table 7.2). The blueberry, cranberry and apple
vinegar beverages had stronger inhibitory effects for ACE activity, even at a lower level
of acetic acid concentration (Table 7.2). Blueberry and cranberry vinegars showed higher
(p < 0.05) percentage inhibition of ACE as compared with the other two vinegar

beverages (Table 7.2).

7.5.2 Effect of Fruit Vinegar Beverages on Feed Intake and Body Weight of

SHR

Average body weights of the SHR were 237.3 = 0.2 g before their assignment to
the treatment groups. After five weeks of treatment, feed intake was not different among
the treatment groups (p < 0.05) (Table 7.3). The average feed intakes of the SHR were
13.7 £ 1.9 g per day in all groups at the end of the five week dietary intervention period.
Similarly, there was no treatment effect (p < 0.05) on the body weights of the SHR

(Table 7.4).
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7.5.3 Effect of Fruit Vinegar Beverages on Systolic and Diastolic Blood

Pressure of SHR

The systolic and diastolic blood pressures were not different (p = 0.42 and p =
0.28) in all the treatment groups after two weeks of treatments (Table 7.5). However,
after 4 weeks of treatment, the diastolic blood pressures of rats treated with vinegar
containing blueberry (90.9 = 8.7 mmHg), apple (90.7 + 12.4 mmHg), cranberry (97.8 +
10.4mmHg) or tomato (93.6 = 16.3 mmHg) were significantly lower ( p < 0.05) than the
normal control group (113.3 £ 15.9 mmHg) (Table 7.5). In addition, the diastolic blood
pressure of rats treated with vinegar containing blueberry (90.9 + 8.7 mmHg) and apple
(90.7 £ 12.4 mmHg) were lower (p < 0.05) than the acetic acid control group (102.4 +
10.2 mmHg) (Table 7.5). There was no difference (p = 0.23) in systolic blood pressure
level after four weeks of the treatment. Thus, there were no differences in the blood
pressure between the acetic acid control group and the treatment groups as well as normal

control group and the treatment groups (Table 7.5).

The results also indicate that fruit vinegar beverages have reduced the blood
pressure of the SHR by ~ 20% after four weeks of study, compared to the normal control
(Table 7.5). Furthermore, with comparison to the average increase of diastolic and
systolic blood pressure over two weeks of study, there was an increase (p < 0.05) of
average diastolic blood pressure in the control (22.7 mmHg), compared with the apple (-
1.1 mmHg) and blueberry (2.3 mmHg) vinegar beverages (Table 7.5). As well there was

an increase (p < 0.05) of average systolic blood pressure in the control (20.7 mmHg)
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compared with the apple (1.6 mmHg) and blueberry (-1.2 mmHg) vinegar beverages

(Table 7.5).

7.5.4 Serum Lipid profiles of SHR

The serum TC of all treatment groups were lower (p < 0.05) than the normal
control group (130.3 + 26.6 mg/dL) similar with the acetic acid control group (89.3 +
29.5 mg/dL) (Table 7.6). Furthermore, the treatment groups of blueberry, cranberry,
tomato and apple vinegar beverages showed higher (p < 0.05) serum HDL-cholesterol
levels compared to the normal control group (39.5 £ 12.3 mg/dL) similar with the acetic
acid control group (50.4 + 10.6 mg/dL) (Table 7.6). The cranberry and tomato vinegar
beverages demonstrated the highest values for the HDL-cholesterol (62.6 £ 6.4 mg/dL
and 63.2 = 9.1 mg/dL, respectively) higher than the acetic acid control group (Table 7.6).
The level of serum LDL-cholesterol depicted a similar pattern as per the serum TC where
all treatment groups were lower (p < 0.05) than both the normal control group and the
acetic acid control group (Table 7.6). The acetic acid control demonstrated a lower value
for serum non HDL-cholesterol (43.1 + 23.7 mg/dL) and the value was similar to those of
the other treatment groups (Table 7.6). The, TG levels of all four fruit vinegar beverages
and acetic acid group were lower (p < 0.05) than the normal control (105.7 £ 13.7 mg/dL)
(Table 7.6). Moreover, the apple and cranberry vinegar beverages had the lower TG
(59.4 £ 9.3 mg/dL and 61.5 + 18.0 mg/dL, respectively) than the acetic acid control group

(Table 7.6).
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7.5.5 Liver Lipid profiles of SHR

There were no significant difference among the six treatment groups for liver TC
(p = 0.95), FC (p = 0.66) and CE (p = 0.97) levels (Table 7.7). However, liver TG was
lower (p < 0.05) in all the treatment groups compared to the normal control (6.0 £ 0.9
mM) and the acetic acid control (6.4 + 0.8 mM) groups (Table 7.7). Furthermore,
blueberry (4.3 + 0.8 mM) and cranberry (4.0 = 0.7 mM) vinegar beverage groups had the
lowest levels of the liver TG, which was lower than the tomato and apple vinegar

beverages (p < 0.05).
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7.6 DISCUSSION

Bioactive composition of apples and berries contribute to their high antioxidant
capacities (Basu et al. 2010; Neto 2007; Stone et al. 2007). The FRAP and ORAC values
confirmed the higher antioxidant capacity of the fruit vinegar beverages which
demonstrated the higher bioactive composition among the fruit vinegar beverages. A
study conducted by Sablani et al. (2010) demonstrated that the total antioxidant activity
of blueberries ranged between 9.1 and 16.9 mol TE /kg fresh weight, further in agreement
with the results of the ORAC assay (Table 7.2). Dogaru et al. (2009) found that the
antioxidant capacities of fruit vinegar beverages depend on the type of fruits and the
highest antioxidant capacity was found in the order of raspberry > blackberry > bilberry >
apple. The above results were in agreement with the results of the current study (Table

7.2).

In addition, recent research has revealed that antihypertensive properties of fruit
bio-actives in vitro (Balasuriya and Rupasinghe 2011). This was evident from the in vitro
results for ACE inhibition in the fruit vinegar beverages which all illustrated a relatively
higher enzyme inhibition for the ACE inhibition assay (Table 7.2). Thus, cranberry and
blueberry vinegar beverages demonstrated a higher level of enzyme inhibition compared
to the other two types of vinegar beverages, confirming the in vitro antihypertensive

properties of the fruit vinegar beverages (Table 7.2).

After five weeks of treatment, feed intake (Table 7.3) and body weight (Table

7.4) of SHR were not different among the treatment groups (p < 0.05). Similar results
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were obtained by Wiseman et al. (2011), Elks et al. (2011), Decorde et al. (2008), and

Kondo et al. (2001).

SHR are a genetic strain of hypertensive rats which develop increased vascular
resistance, blood pressure, and overall activation of the renin-angiotensin system early in
their lives (Kodavanthi et al. 2000; Kundu and Rao 2008). Blood pressure of SHR starts
to increase around 5-6 weeks of age and the systolic pressures may reach values between
180 and 200 mmHg in the adult. Furthermore, between 40- 50 weeks, SHR develops
characteristics of cardiovascular disease (Kundu and Rao 2008). Furthermore, SHR
develop not only moderate to severe hypertension, but also typical complications of
hypertension such as stroke (Badyal et al. 2003). Thus, SHR were used in the current
study to evaluate the effect of blood pressure on treatments. The above statements were
further in agreement with a study conducted by Luo et al. (2008) confirming that there
was an increase in the systolic blood pressure of male SHR, consistently at a rate of 3.5
mmHg per week from 164 mmHg (at 9 weeks) to 185 mmHg (at 15 weeks) and then the

pressure would get plateaued at an average of 187 mmHg (during 16 - 28 weeks).

It was found that 8 weeks of blueberry supplementation (~ 350 g fresh
blueberries) could significantly reduce both the systolic and diastolic blood pressures
(Gavrilova et al. 2011). In addition, in another comparative study, researchers have found
that the SHR fed with blueberry-enriched diet (2% w/w) for 6 or 12 weeks compared to
control Wistar-Kyoto rats, exhibited lower blood pressure levels at the end of the study
(Elks et al. 2011). The above comparative research has demonstrated the SHR ability

towards the changes of systolic and diastolic blood pressures. The results of systolic and
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diastolic blood pressures of the current study was in agreement with the results of
Odahara et al. (2008) and Kondo et al. (2001), demonstrating the blood pressure lowering
effect of fruit vinegar beverages in SHR (Table 7.5). One of the suggested mechanisms
for hypotensive properties of fruit bio-actives is by improving the endothelium-dependent
vasodilation by acetylcholine (Kivimaki et al. 2011; Wiseman et al. 2011) of blood
vessels which helps in the reduction of blood pressure. Thus, the reduction of blood
pressure in SHR after four weeks of study might be due to the above mechanism, link to

in vitro results of ACE inhibition.

A major disadvantage of using the rats as an animal model is due to their
resistance towards atherogenesis. Further, ~ 80% of the total plasma cholesterol in rats is
composed of HDL particles and generally, the rats are hypo-responsive to dietary
cholesterol intake (Li et al. 2010). Due to the resistance ability of rats towards
atherogenesis, scientists used high cholesterol diets containing cholic acid (Li et al. 2010)
to induce hyperlipidemia. Thus, cholic acid, together with cholesterol, was used in this
study to induce the hypercholesterolemia in SHR. A previous experiment by Leontowicz
et al. (2007) demonstrated that in normal rats, apple peels and pulp slightly changed the

lipid profile in their plasma.

Alterations in blood cholesterol levels are associated with atherosclerotic lesions.
Briefly, high plasma LDL cholesterol concentrations, especially oxidized LDL (ox-LDL),
initiate the formation of the atherosclerotic lesions (Li et al. 2010) which leads to the
development of CVD. Therefore, LDL could be used as a biomarker to investigate the

effect of fruit vinegar beverages on plasma and liver lipid profiles. In Chapter 6.0, it was
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clearly demonstrated that fruit vinegar beverages possess both strong antioxidant activity
against inhibition of LDL oxidation, and antihypertensive properties in vitro. Moreover,
apples, berries and tomato have also been shown to lower lipid profiles in many animal
models. In 2008, Lee et al. reported a significant decrease in TC and LDL-cholesterol
(LDL-C) following a 12week administration of cranberry extracts (1500 mg/day) in a
human clinical trial. Furthermore, in a recent study, it has been reported that an 8week
feeding trial with low-caloric cranberry juice (27% juice, 480 mL/day) caused a
significant increase in plasma antioxidant capacity, measured by 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS) assay and decreased plasma oxidized
LDL in a human clinical trial (Basu et al. 2011). Furthermore, Basu and colleagues have
found that 8 weeks supplementation (~350 g) of fresh blueberries caused a significant
reduction in oxidized LDL in humans (Basu and Lyons 2012). Furthermore, in another
animal model of SHR, 8% wild blueberry supplementation had significant improvement

against vasoconstriction and endothelial dysfunction (Kristo et al. 2010).

These findings provide evidence of the role of berries, tomato and apple products
in attenuating dyslipidemia and they are biomarkers of atherosclerosis. In addition,
Decorde et al. (2008) and Boyer and Liu (2004) have shown that supplements of apple
and grape extracts prevent diet-induced atherosclerosis in hamsters and significantly
lower the plasma TC in treatment groups, compared to the control. This was evident from
the results of the current study where there was a higher level (p < 0.05) of TC in the
normal control and the acetic acid control, compared to the other treatment groups (Table

7.6). In another study, Sertoki et al. (2010) indicates that the use of high dose vinegar
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with cholesterolemic diet (1% cholesterol with 10 mL vinegar) significantly reduced the
TC and LDL-C levels in rabbits, compared to the control diet group. Furthermore,
another study conducted by Lam et al. (2008) found an increase (~ 15%) in the plasma
HDL-C in apple peel fed hamsters, compared to the control group. In a similar kind of
study conducted using rabbits, 1% cholesterol with 5 mL or 10 mL vinegar induced a
significant decrease in TC, compared to the control group (Sertoki et al. 2011). The
above results were in agreement with our findings, indicating higher (p < 0.05) results of
HDL-C level in treatment groups compared to the normal control group and the acetic
acid control group (Table 7.6). Even though some researchers have confirmed that a diet
containing acetic acid enhanced glycogen repletion (Fushimi and Sato 2005) and helped
in reduction in body weight, in this study there was no significant reduction of the body
weights of the rats after a 5-week treatment period in the acetic acid group and all the
other vinegar treated groups (Table 7.4). Although there was no significant difference in
the TC, CE and FC levels of the liver lipid profiles of SHR, there was a significant
difference in TG levels in treatment groups, compared to the control group. All the
treatment groups exhibited a lower (p < 0.05) TG level, compared to the both control
groups (Table 7.7). The above results confirm that the bioactive composition of apple,

blueberry, cranberry and tomato may regulate the serum and liver lipid profiles in SHR.

Consistent with epidemiological investigations and animal studies, the clinical
researches suggest that polyphenol-rich natural sources may also have a beneficial effect
on vascular function in humans (Kerth, et al. 2011). For the past two decades,

cholesterol-lowering and blood pressure lowering drugs have been the first-line
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therapeutics for the treatment of hypercholesterolemia and hypertension. Findings of the
current study demonstrated that the fruit vinegar beverages contain very high antioxidant
capacities, have antihypertensive properties and lipid lowering properties. This suggests
that functional beverages, like fruit vinegar beverages, could be an alternative to the
drugs in controlling hypertension and hypercholesterolemia, upon confirmation of results
using a human clinical trial. Furthermore, the mechanisms of the lipid and blood pressure

lowering effects of the fruit vinegar beverages await further investigation.
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Table 7.2: Antioxidant Capacity and Percent Inhibition of ACE® Activity of the Fruit Vinegar Beverages*

Antioxidant capacity
mmo mmo o Inhibition o
FRAP’ ( ITEY/L) ORAC'( 1 TE/L) % Inhibition of ACE

Type of vinegar beverage’

Apple 1.20+0.01° 0.62 +0.10° 36.11 +1.79°
Blueberry 5.40 £0.04° 6.73 £ 1.23° 50.94 + 0.85°
Cranberry 2.08 £0.04° 0.03 £ 0.02° 53.93 +1.35°
Tomato 0.14 + 0.00° 0.53 +0.09° 15.83 + 0.28°

01T

*Antioxidant and antihypertensive properties are expressed as mean £ SD (n=3)

YAll the vinegar beverages were containing the same concentration level of acetic acid (0.5%)

PFRAP - Ferric Reducing Antioxidant Power

'ORAC - Oxygen Radical Absorbance Capacity

TE - Trolox equivalents

*ACE - Angiotensin Converting Enzyme

*4 Means followed by a different letter within each column for each type of fruit beverage are significantly different (Tukey’s Studentized Ranged
test [P<0.05])

Table 7.3: Feed Intakes of SHR During 5-Week Dietary Intervention Period"

Dietary Intervention Period (weeks)

Treatment Group”

1 2 3 4 5
Atherogenic Diet (AD) + Water (Control) 16.24+1.37 13.76+1.83 11.51+0.83 12.24+0.86 15.31+0.86
AD + Acetic acid 16.18+0.83 13.14+1.61 11.33+0.84 12.16+0.60 15.57+0.78
AD + Blueberry Vinegar Beverage 1590+£0.73 15.02+433 11.51+0.98 11.54+0.80 14.43+1.32
AD + Cranberry Vinegar Beverage 16.60+1.20 13.43+0.87 11.43+£0.66 11.94+0.88 15.23+0.90
AD + Tomato Vinegar Beverage 16.65+1.30 13.61+0.88 11.66+1.53 1248+0.76 15.56+1.13
AD + Apple Vinegar Beverage 16.30+1.08 12.15+4.85 10.66+0.94 12.17+0.89 13.99+448

*Feed intake is expressed as mean + SD (n=12)
YAll the treatment groups were containing the same concentration level of acetic acid (0.5%)
Means within each column are not significantly different (p = 0.05)
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Table 7.4: Fasting Body Weight of SHR During 5-Week Dietary Intervention Period”

Dietary Intervention Period (weeks)

Treatment Group” 0 1 2 3 4 5

Average body weight in grams (g)

Atherogenic Diet(AD) + Water (Control)

237.56 £ 10.63

AD + Acetic acid

AD + Blueberry Vinegar Beverage
AD + Cranberry Vinegar Beverage
AD + Tomato Vinegar Beverage 237.20+10.20
AD + Apple Vinegar Beverage 237.20 + 10.00

237.10+10.00
237.47+10.52
237.32+10.37

262.79+£11.27
260.90 = 11.00
259.86 = 10.98
261.13 £8.38

263.30+11.10
259.80 + 10.50

280.45+ 12.56
277.20£11.90
277.37+11.43
277.98 £9.00

279.90 £ 10.70
276.40 £ 12.80

290.68 £ 11.92
285.78 £12.29
284.96 + 14.07
288.42+11.42
289.10+11.42
285.08 £13.23

300.47£11.32
29598 £12.16
294.50 + 13.03
297.64 £11.22
296.83 £ 12.72
294.01 £ 14.82

311.48+11.79
311.23 £14.33
306.61 £ 13.19
310.72 £ 11.52
310.55+12.79
307.95+ 17.80

*Body weight of SHR are expressed as mean + SD (n=12)

YAll the treatment groups were containing the same concentration level of acetic acid (0.5%)
Means within each column are not significantly different (p = 0.05)

Table 7.5: Systolic and Diastolic Blood Pressure of SHR During 5-Week Dietary Intervention Period*

Diastolic Blood Pressure (mmHg)

Treatment Group”
Week 2

Week 4

Systolic Blood Pressure (mmHg)

Week 2

Week 4

90.58 + 12.36™
103.17 + 25.88°
88.61+£20.11%°
90.34 + 11.65%
81.16+17.15"

Atherogenic Diet (AD) + water(Control)
AD + Acetic Acid

AD + Blueberry Vinegar Beverage

AD + Cranberry Vinegar Beverage

113.30 + 15.86
102.43 + 10.24°
90.92 + 8.71°
97.82 + 10.43%
93.58 + 16.25"

142.36 + 11.72°
155.73 £ 21.85*
149.69 + 18.13"
148.13 +18.18"
157.23 £23.25°

163.01 = 19.00°
156.78 + 15.96™
148.48 £ 11.37°
150.71 +9.58°

154.99 + 13.41%

AD + Tomato Vinegar Beverage

AD + Apple Vinegar Beverage 91.75 + 18.23* 90.68 + 12.38° 154.28 £ 20.79° 155.91 + 16.21*

*Blood pressure of SHR are expressed as mean + SD (n=12)

YAll the treatment groups were containing the same concentration level of acetic acid (0.5%)

*® Means followed by a different letter within each column for each type of fruit beverage are significantly different (least square difference test
[P<0.05])
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Table 7.6: Serum Lipid Profiles of SHR During 5-Week Dietary Intervention Period"

Serum Lipid Profile (mg/dL)
TC” HDL-C Non HDL-C TG

Treatment Group”

Atherogenic Diet (AD) + water (Control)
AD + Acetic Acid

AD + Blueberry Vinegar Beverage

AD + Cranberry Vinegar Beverage

130.31 £ 26.58° 3946+ 12.26°  90.85+25.00° 105.72 + 13.73°
89.30 + 29.50° 50.35+10.60° 43.11+23.72°  67.06 +34.77>
101.91 + 30.95° 58.57+13.53"  43.34+26.82°  79.63 +19.59"
85.93 + 14.24° 62.56 + 6.36" 2326+ 1334°  61.51 +18.03°
AD + Tomato Vinegar Beverage 102.58 £25.05°  63.15+9.08*  39.44+19.78"  74.10 £ 14.23"
AD + Apple Vinegar Beverage 9540 +30.66°  58.25+13.68° 37.15+30.97"° 59.35+9.25°

*Serum lipid profiles of SHR are expressed as mean = SD (n=12)

YAll the treatment groups were containing the same concentration level of acetic acid (0.5%)

“TC: Total Cholesterol, HDL-C: HDL Cholesterol, Non HDL-C: Non HDL Cholesterol, TG: triacylglycerols

"¢ Means followed by a different letter within each column for each type of fruit beverage are significantly different (least square difference test
[P<0.05])

Table 7.7: Liver Lipid Profiles of SHR During 5-Week Dietary Intervention Period”

Liver Lipid Profile (mM)
Treatment Group TC? FC! CE TG
Atherogenic Diet (AD) + water (Control) 11.70 + 3.39% 3.42+1.24° 8.24 +2.48° 5.99 +£0.92%
AD + Acetic Acid 11.80 £ 2.67* 324+1.19° 8.56 +1.94° 6.39 £0.79°
AD + Blueberry Vinegar Beverage 12.15+£2.66" 3.42+0.97° 8.54 +2.08" 430+ 0.77
AD + Cranberry Vinegar Beverage 12.09 + 3.29° 3.71£1.21° 8.44 +2.76" 4.00 £0.73¢
AD + Tomato Vinegar Beverage 12.55+3.12° 3.96 £ 0.87° 8.51 £2.42° 5.22 +£0.59¢
AD + Apple Vinegar Beverage 11.74 +£2.53° 3.16 +1.34° 8.09 + 2.64" 5.51 +1.28™

*Serum lipid profiles of SHR are expressed as mean + SD (n=12)

YAll the treatment groups were containing the same concentration level of acetic acid (0.5%)

“TC: Total Cholesterol, FC: Free Cholesterol, CE: Cholesterol esters, TG: triacylglycerols

P4 Transformations were done to obtain normality of data ("-square root)

=4 Means followed by a different letter within each column for each type of fruit beverage are significantly different (least square difference test
[P<0.05])



CHAPTER 8.0 CONCLUSION

8.1 ANTIOXIDANT, ANTIHYPERTENSIVE, AND LIPID LOWERING
PROPERTIES OF FRUIT VINEGAR BEVERAGES

Currently, hypertension and CVD are among the leading causes of death in the
world. Intake of high-caloric foods could elevate the blood glucose levels and triglyceride
levels, leading to CVD and hypertension. The scavenger receptor-facilitated mechanism
of oxidized LDL, by macrophages, leads to foam cell formation and this plays an
important role in the initiation and progression of atherosclerosis (lizuka et al. 2010),
while narrowing of blood vessels would lead to progression of hypertension. Fruit
vinegar beverages have become a great interest due to their positive effects on reducing
hypertension and regulation of blood cholesterol levels (Honsho et al. 2005; Budak et al.

2011).

In Chapter 4.0 of this study, four different fruit vinegar beverages were
produced, using a standardized procedure, to investigate the changes which take place in
bio-active concentrations, during the fermentation process. Strong correlations on
reduction of bio-active concentrations were observed during the alcoholic fermentation
process. Most of the bio-active compounds decreased during the alcoholic fermentation,
resulting in an approximate 10% - 30% reduction in bio-active concentrations in fruit
vinegar beverages. However, blending of fruit juices with vinegars could help to increase
the sensory, antioxidant and bio-active composition of the final product (Bastante et al.

2010). This was evident from the results of the sensory study, which is in agreement with
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that the fruit vinegar blended with higher content of corresponding fruit juices has better

sensory quality.

Fruit vinegar beverages are known to have higher antioxidant capacities (Bastante
et al. 2010; Su and Chien 2010). All four vinegar beverages demonstrated higher
antioxidant capacities in both FRAP and ORAC assays. LDL-TBARS assay was done to
investigate the human LDL oxidation ability of the fruit vinegar beverages. All the
vinegar beverages resulted in higher LDL oxidation in vitro for the TBARS assay,
confirming the strong antioxidant properties of the fruit vinegar beverages. Furthermore,
to investigate the ability of fruit vinegar beverages to reduce blood pressure, ACE
inhibition assay in vitro was conducted. The inhibition assay revealed the potential
antihypertensive properties of the fruit vinegar beverages in vitro. Apple, blueberry and
cranberry vinegar beverages exhibited stronger antioxidant properties and

antihypertensive properties than the tomato vinegar beverage.

To further evaluate the effect of fruit vinegar beverages on lowering blood
pressure under in vivo conditions, an experimental animal model of SHR were used. The
results of the current study demonstrated that reduction of high blood pressure and
hypocholesterolemia were successfully archived in the SHR model. All four vinegar
beverages exhibited strong antihypertensive properties after four weeks of the study.
Even though fruit vinegar beverages have exhibited strong antioxidant properties in vitro,
it has demonstrated very low biological activity in vivo since only a very low percentage
of the bio-active compounds reached the target tissues. The poor bioavailability may be

the reason for the low effectiveness of fruit vinegar beverages in vivo. Furthermore, all
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the four vinegar beverages demonstrated a reduction in serum TG levels, non HDL-C
levels and an increase in the HDL-C levels, after five weeks of treatments over the two
controls. Even though there was no significant difference in the liver, TC, FC, and CE
liver TG levels showed significantly lower values in all four vinegar beverage groups
than the both control groups. The literature suggests that the intakes of fruit vinegar
beverages are associated with lower risk of hypertension and hypercholesterolemia. This
was supported through the results of the current study. However, the antioxidant,
antihypertensive and lipid lowering properties of the fruit vinegar beverages merit further

evaluation in the development of new functional beverages.
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8.2 RECOMMENDATIONS FOR FUTURE RESEARCH

As a result of the current research project, many further questions evolved which
remained to be explored. All four fruit vinegar beverages have demonstrated relatively
higher antioxidant capacities in all the antioxidant assays used in this study. However,
during the alcoholic fermentation process a reduction in the concentration of the phenolic
compounds were observed. This could be either due to the ability of yeast to convert the
phenolic compounds into different forms, or may be due to the fact that metabolites of
phenolic compounds during the alcoholic fermentation could possess reducing power and
free radical scavenging ability. However, to have a better understanding of the different
phenolic compounds and their potency during fermentation, further research using pure

phenolic compounds are needed.

In the animal model study, certain findings with fruit vinegar beverages were not
consistent compared to the acetic acid control. Acetic acid control also demonstrated a
reduction in serum TC, non HDL-C and TG and an increase in the serum HDL-C
concentration compared to the normal control group. However, similar results were
observed with acetic acid and its ability to lower the plasma lipid concentrations in
another study (Setorki et al. 2010; Setorki et al. 2011). There were significant difference
in plasma lipid profiles among the treatment groups compared to the control groups; the
variations between the groups were relatively high. This might be due to the variations of
the bodyweight between the animals within each group and this could be avoided by

further extending the duration of the animal study.
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Therefore, it is necessary to discover the mechanism and the mode of action of
these functional beverages on the lowering of blood pressure and serum and liver lipid
profiles. However, these results indicated some interesting biological properties of
functional fruit vinegar beverages, and further research on mode of action of fruit vinegar
beverages in vivo in comparison to acetic acid is required to understand unique effects of

bio-actives.

It could be assumed that the effects of lipid lowering and blood pressure
regulating might be manifested through multiple mechanisms and mode of actions. It is
important to evaluate the absorption mechanism involved for bio-active compounds
(flavan-3-ol, chalcone, phenolic acids, anthocyanins, lycopene and carotene) present in
fruit vinegar beverages and acetic acid; the bio-transformation of bio-active compounds
and acetic acid in the digestive track; metabolism in liver, and; plasma concentrations of
bio-active compounds and their metabolites and acetic acid after consumptions. As all the
fruit vinegar beverages and acetic acid control markedly increased serum HDL-C and
reduced serum triacylglycerols in SHR, it is also worth to investigate mechanism of

action of fruit vinegar beverages on cholesterol metabolism.

In conclusion, results of the present study have indicated that functional fruit
vinegar beverages have potential antioxidant properties as demonstrated by the in vitro
assays of FRAP, ORAC and LDL-oxidation, as well as antihypertensive properties and
hypolipidemic properties as demonstrated using the animal study. The functional fruit
vinegar beverages might have future implication for treatment of hypertension and

atherosclerosis.
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APPENDIX A: SPE SAMPLE PREPARATION METHOD FOR JUICE/VINEGAR
SAMPLES

[ Conditioning of column (3 mL methanol) ]

1L

[ Washing (3 mL water) ]

]!

[ Loading (6 mL Sample) ]

!

[ Washing (9 mL water) ]

1L

[ Elute (3 mL methanol)

iy

[ Filter (0.45 um filters)

il

[ Bottle (2mL) ]

APPENDIX B: SOLVENT PROGRAM (FORMIC ACID IN WATER) FOR UPLC
FOR QUANTIFICATION OF NON-ANTHOCYANIN PHENOLICS
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APPENDIX C: EXTRACTION METHODOLOGY FOR LYCOPENE AND BETA-
CAROTENE

[ Tomato Juice (5 mL): Methanol (5 mL) ]

41

[ Centrifuge (3000 rpm, 5 min) ] .

E< Discard Supernatant ]

[ Pellet re-suspend with acetone: ethanol: hexane (1:1:2) 20 mL ]

il

Shake (180 rpm, 15 min)

[ )
1= \
[ Shake (180 rpm, 5 min) ]
[ ]
[ J

Add DI water (3 mL) ]

1=

6 mL of hexane top layer

4L

Dry under nitrogen flow

11

[ Dissolve in 500uL of acetone: ethanol: hexane (1:1:2) ]

Phase separation ]
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APPENDIX D: MRM CHANNELS OF SOME SELECTED ANTHOCYANIN COMPOUNDS (A) AND A BLUEBERRY

JUICE SAMPLE (B)
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APPENDIX E: SIM CHANNELS OF THREE PHENOLIC COMPOUNDS (A) AND OF A CRANBERRY JUICE SAMPLE
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APPENDIX F: MRM CHANNELS AND TIC OF SOME FLAVANOL STANDARDS
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APPENDIX G: MRM CHANNELS OF TWO DIHYDROCHALCONES

o e e G G e e e
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APPENDIX H: MRM CHANNELS OF THE MAJOR FLAVONOL COMPOUNDS
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APPENDIX I: PDA CHROMATOGRAMS OF LYCOPENE AND CAROTENE STANDARDS (A) AND A TOMATO JUICE

Diode Array

SAMPLE
A
100 ppm
Mix LB std1
878 Range: 6.791e-2
6.0e-2-
1 370
4.0e-29
:) -
2 0e-21
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5.00 10.00 15.00 20.00 2500

T3R3 J &
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2 40e2]

T
2082

0.0

B
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____"’JA’J\-/'& R
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APPENDIX J: APPROVAL LETTER FROM THE RESEARCH ETHICS BOARD

Nova Scotia
| Agricultural
%‘7 College

Research Ethics Board

November 7, 2011

Dear Ruchira Nandasiri:

Your project entitled, “Antioxidant and Cardioprotective Properties of Fruit Vinegar Beverages™

has been approved by the NSAC Research Ethics Board. The Board appreciated your response to

its concerns.

There are a few administrative details that you should be aware of:

1) If the methodology or instruments of the study change, then please send the revisions to the
Chair of the REB as soon as possible. The Chair will determine if the changes need to be

reviewed and approved.

2) If an adverse event occurs such as a violation of privacy or a complaint by a respondent,
please inform the REB within a week of the occurrence.

3) Please ensure that you keep a complete record of all material to this project in a secure
location accessible for review by the REB or Tri-Council auditors including a copy of the
submission, as well as correspondence with and from the REB such as those related to
adverse events and amendments. Please also keep copies of the original signed consent forms
and the data forms as outlined in the REB submission.

4) You are required to submit an annual and/or final report updating the REB about the progress

of the research study. The form on which this report is completed can be found on the REB
website.

Best of luck with your research.

Sincerely,

Steven Dukeshire
Chair, NSAC REB

cc Carolyn Terry

NSAC. Embrace Your World
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APPENDIX K: SCORE SHEET FOR SCREENING SESSION

Name (Print): ...................... E-mail: .................... Tel.no: ..o,

1. Please mention if any, food flavors, smells, or taste that you do not like?

2. Please evaluate the following products.
Instructions:

Taste samples from left to right in each row. Two of these three samples are identical, the
third is different. Identify the different sample and indicate by placing X in the box of the
sample. Code numbers are identified on the containers.

Odor

142



APPENDIX L (1): SCORE SHEET FOR SENSORY ANALYSIS TEST FOR
APPLE VINEGAR BEVERAGE

Please select your age range (please put X in the box):

20-30 31-40 41-50 above 50

Please evaluate and score the products using the code numbers identified on the
containers for odor, appearance, fruit flavor, acidity level, after taste and overall
acceptability.

1.Please rate the following for odor:

slight odor very high odor

2. Please rate the following for acidity:

slight acidity very high acidity

3. Please rate the following for aftertaste:

slight aftertaste very high aftertaste

4.Please rate the following for overall acceptability:

slight acceptability very high acceptability
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APPENDIX L (2): SCORE SHEET FOR SENSORY ANALYSIS TEST FOR
BLUEBERRY VINEGAR BEVERAGE

Please select your age range (please put X in the box):

20-30 31-40 41-50 above 50

Please evaluate and score the products using the code numbers identified on the
containers for odor, appearance, fruit flavor, acidity level, after taste and overall
acceptability.

1.Please rate the following for odor:

slight odor very high odor

2. Please rate the following for acidity:

slight acidity very high acidity

3. Please rate the following for aftertaste:

slight aftertaste very high aftertaste

4.Please rate the following for overall acceptability:

slight acceptability very high acceptability

144



APPENDIX L (3): SCORE SHEET FOR SENSORY ANALYSIS TEST FOR
CRANBERRY VINEGAR BEVERAGE

Please select your age range (please put X in the box):

20-30 31-40 41-50 above 50

Please evaluate and score the products using the code numbers identified on the
containers for odor, appearance, fruit flavor, acidity level, after taste and overall
acceptability.

1.Please rate the following for odor:

slight odor very high odor

2. Please rate the following for acidity:

slight acidity very high acidity

3. Please rate the following for aftertaste:

slight aftertaste very high aftertaste

4.Please rate the following for overall acceptability:

slight acceptability very high acceptability
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APPENDIX L (4): SCORE SHEET FOR SENSORY ANALYSIS TEST FOR
TOMATO VINEGAR BEVERAGE

Please select your age range (please put X in the box):

20-30 31-40 41-50 above 50

Please evaluate and score the products using the code numbers identified on the
containers for odor, appearance, fruit flavor, acidity level, after taste and overall
acceptability.

1.Please rate the following for odor:

slight odor very high odor

2. Please rate the following for acidity:

slight acidity very high acidity

3. Please rate the following for aftertaste:

slight aftertaste very high aftertaste

4.Please rate the following for overall acceptability:

slight acceptability very high acceptability
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