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ABSTRACT
Polyphenols are major dietary components in fruits and vegetables. Manyes®éhrc
epidemiological studies have reported that phenolic compounds, such as anthocyanins, may have
a protective effect against various degenerative diseases. Phenoligeinvgra have been
extensively studied but information on changes of phenolics in wine and vinegar made from
other fruit crops is limited, however. This research started with the objectiveeaint@ng the
effect of proteases in preventing phenolic and, specifically, anthocyanin degmadahe
ethanolic fermentation of black raspberries to reduce sugar content. lilhe oéshis study led
to investigations of changes of other polyphenols in persimmons and blueberries diring bot
ethanolic (vinification) and vinegar (acetification) fermentations.
Initial results showed that a 1% neutral bacterial protease could retaacyantin in open
vinification of black raspberries but the protease treatment provided no benefit wlosac
fermentation was used. Additional research using closed vinification followetkhfication of
persimmons indicated that phenolics were significantly affected by tbeseritations.
Phenolics in astringent persimmons were significantly degraded during bditaetion and
acetification while phenolics in non-astringent persimmons actually increlasmg vinification
but decreased during acetification. In blueberries, anthocyanin and epicatechineveased
during vinification but decreased during acetification.
The lipid-protective properties of fruit wine and vinegar was also investigatéusistudy of
antioxidant properties, blueberry vinegar was more effective than bluebieeyoy blueberry
wine in preventing EPA and DHA degradation in salmon oil-in-water emulsion madehsy
This thesis research provides informative insights concerning changdgpheywls, such as

anthocyanin, during vinification and acetification of some fruit crops. The infarmist



especially beneficial to the juice, wine and vinegar industries since polypleeradne of the

major health promoting constituents in fruit juices, wines and vinegars.



CHAPTER 1. INTRODUCTION
Phytochemicals in fruits, vegetables and grains have been extensively dtuoligghout
decades. Many of them have been identified and associated with the preventiwreqfloaart
disease and other diseases. Black raspberries have been long known to contain substantia
amount of anthocyanins and total phenolics (Torre and others 1977; Hong and others 1990;
Moyer and others 2002). The high antioxidant capability of black raspberrieshstatt to the
high anthocyanin and phenolics content. Black raspberries have been linked to many possible
health benefits such as acting as angiogenesis inhibitors, preventingmaflary effects,
protecting against DNA damage and exhibiting anti-cancer activityri@nd others 2001;
Lazze and others 2003; Liu and others 2005; Kresty and others 2006). Persimmons, though not
popular in Western countries, are extensively studied in Asian countries. Persroamtain
high amounts of biologically active compounds such as ascorbic acid, polyphenols and tannins
(Gorinstein and others 1994; Bubba and others 2009). Because of the high bioactive compounds,
persimmons have been associated with various health benefits such as argieaiciaod
antidiabetic effects, and prevention against rise in plasma lipids. (Kabmasothers 2003; Lee
and others 2006; Park and others 2008).
Blueberries are also one of the most popular fruits that are widely known to b rich i
phytochemicals such as phenolic compounds and flavonoids. Blueberry phenolics exhibit various
protective effects which include antioxidant, anti-inflammatory and antircagenic properties
(Wedge and others 2001; Sellapan and others 2002; Zheng and others 2003; Neto 2007). Several
phenolic acids such as gallic acid, caffeic acid, and others have been idemtifibditeye
blueberry and Southern highbush blueberries. Some anthocyanins have also been igdentified i

lowbush, highbush, rabbiteye and Tifblue blueberries. The major anthocyanins in lowbush and



Tifblue blueberries were cyanidin-3-arabinoside, malvidin-3-glucoside angsd@teahidi and

others 2004). These phenolic acids and anthocyanins are the major phytonutrients inddueberri
and have significant health promoting effects battro andin vivo.

Phenolic compounds are very important components in fruits, juices and wine because they
contribute to the sensory characteristics such as color, astringencyesstdiavor, and taste.
Furthermore, the phenolic compounds in juice products and wine are purported to have distinct
health benefits. According to several epidemiologic studies with wine, ragatierate

consumption reduces the risk of coronary heart disease, type 2 diabetes, cancaverarttie

risk of overall mortality (German and others 2000; Jackson 2008).

Vinegar has been used as a seasoning in cooking since ancient times. Howeverngdnstimi

or wine vinegar as a drink on a regular basis is becoming sicgha popular, especially in Asia,
because of the potential health benefits. According to the Nielson Company, Gakegar
increased 1.6% in 2006 with specialty vinegars, such as red wine vinegar and balsagarg vine
leading the way (Vinegar Institute 2010). Also, the Japanese market forninigds was

estimated at $559.6 million and is expected to grow 15% annually (Berry 2007). Recent
research has reported that vinegar has anti-glycemic effects on typet2<lahdts, anti-

obesity effects, anti-hypertensive effects, and anti-bacteri&itgictt reduces cholesterol and
triacyglycerols, inhibits cancer cells, and serves as a refreshing éenkxercise. (Kondo S

and others 2001; Fushimi and others 2002; Shimoji and others 2004; Fushimi and others 2006;
Medina E and others 2007; Kondo T and others 2009; Johnson and others 2010).

Wine vinegar beverages could provide potential health benefits from both the phenolic
compounds and acetic acid (vinegar) in the drink. However, little is known about the changes of

individual phenolic compounds during alcohol fermentation and acetification processes in frui



crops other than grapes. Also, the potential protective effect of wine vinegareistigulimited.

This research began with an industry supported project intended to produce black rasgeerry jui
with reduced sugars and high antioxidant content using a brief ethanolic ferorenfatiring
production, it was found that antioxidant content decreased and polyphenoloxidase was thought
responsible. Polyphenoloxidase (PPO) is found naturally in most plants including ntest frui
that have high commercial value. It accounts for catalyzing some undesinalghaatic

browning reactions and also degrading anthocyanins in some fruit (Labuza and others 1986;
Francis 1989). Many inhibitors such as sulfite and ascorbic acid have been usdaittthmhi

PPO activity; however, some research has indicated a more novel approach. Tihe prote
structure of PPO may be susceptible to protease enzymes which could altsrtRRObut
information about using proteases to prevent anthocyanin degradation is saldl lifrherefore,

the initial project was designed to investigate the effect of proteasesseryng anthocyanins

in a sugar-reduced black raspberry juice. Unfortunately, the total amount ofyamtimsan

black raspberry juice reduced during the brief fermentation process excegduusaive benefit

that could be provided by proteases.

The black raspberry project provided inspiration for the subsequent research. Upon completion
of the black raspberry project, it was clear that significant changes of phesmajioends could
occur with alcoholic fermentation. Furthermore, it was suspected that aeretification of the
wine to vinegar would affect phenols even more. Due to limited access to apprivpsiatieuit

at the time, persimmons were used for the next phase of the research. In tmspersi

research, total phenolics and antiradical activity were investigatathdheg persimmon wine

and vinegar fermentation processes, and a comparison was made betweemtatrthgen-

astringent persimmons.



The persimmon project improved skills and provided ideas for a more thorough investigation of
changes in phenolic compounds in blueberries during wine and vinegar fermentationtfete
summer when fruit was plentiful.

The major objectives of this research includes:

1) Investigating the effect of proteases in reducing PPO activity andimgtanthocyanins

during ethanolic fermentation of black raspberry juice

2) Screening changes of total phenolics and antiradical activity ingesttiand non-astringent
persimmons during ethanolic wine and subsequent acetification fermentation trvineg

3) Determining the changes in a select group of phenolic compounds in bluebermgsug

and vinegar production.



CHAPTER 2. LITERATURE REVIEW

2.1 Fruit Substrates

2.1.1 Introduction

Blueberries Yaccinium sp) and black raspberrieRibus occidentalis) are widely consumed
around the world, especially in the Western countries while persimmons are mo popul

Asia . The most common blueberries produced in the commercial scale include lowld)sh (wi
highbush and rabbiteye (cultivated) blueberries (Kalt 2001). Blueberries are anthbcyanins,
proanthocyanidins, phenolic acids, flavonols, and catechin (Kader and others 1996; Skrede and
others 2000; Smith and others 2000). The total contents of phenolics in blueberries ae affect
by the degree of maturity at harvest, pre-harvest environmental condition, pogtharves
environmental condition, and cultivars (Sahidi 2004).

Black raspberries are one of the richest sources of anthocyanins and polyphenolfaitsong
and vegetables (Tian and others 2006). The content of phenolic compounds in raspberries is
affected by cultivar, maturity, processing and geographic area ofl gRgmmel and others

1993; Wang and others 2000).

Persimmons have been studied and used in Asian countries for centuries. They m&weriokee

to contain high amounts of biologically active compounds that have been associatediauith va

health benefits.

2.1.2. Total Phenolics and Anthocyanins in Berries Species

After investigated 87 highbush blueberrigadciunium corymbosum L.) and species-
introgressed highbush blueberry cultivars, Ehlenfeldt and other (2001) reported thédlthe
content of phenolics in the fruit ranged between 430-1990 mg/kg of fresh weight egpress

gallic acid equivalents. The total anthocyanin contents ranged from 890-3310neghkgv&ight

-5-



expressed as cyanidin-3-glucoside equivalents. Sellapan and others (2002)atecestrious
Georgia-grown rabbiteye blueberry cultivav&g¢cinium ashel Reade) and reported that total
phenolics in these blueberries were between 127 — 1973.4 mg/kg fresh weight exprgakied in
acid equivalents and total anthocyanins were between 2700.2 - 6690.1 mg/kg fresh weight
expressed in cyanidin-3-glucoside equivalents. Gallic, caffeic, p-coumaulc f&nd ellagic

acids were identified in rabbiteye and Northern highbush bluebéevtiesr{ymbosumL.). Also,
Sahidi (2004) found rabbiteye blueberries contained higher levels of catechin{138.3.8

mg/kg fresh weight) than southern highbughdarrowii ) blueberries (98.7 292.8mg/kg fresh
weight).

The composition of black raspberry anthocyanins has been extensively studied. The
anthocyanins that have been previously identified and quantified include: cyanidin 3etgducos
cyanidin 3-sambubioside, cyanidin 3-rutinoside, cyanidin 3-xylosylrutinoside and pelangonidi
3-rutinosdie (Torre and others 1977; Tian and others 2006). Cyanidin 3-rutinoside and cyanidin
3-xylosylrutinoside are the predominant anthocyanins, comprising 24-40 and 49-58% of total
anthocyanins in black raspberries (Tulio and others 2008). The total anthocyanin in black
raspberries has been reported to be about 228 £54 mg/kg of fresh weight and as high as
1770mg/100g of freeze-dried black raspberries (Wang and others 2000; Harris anéQfifhers
The total phenolics in black raspberry have also been reported to be 1900+35 mg/kg fyesh wei
expressed in gallic acid equivalents (Wang and others 2000). Gallic acid, prdtocased, p-
Coumaric acid, ferulic acid, and hydrobenzoic acid are the phenolic acids that have bee

identified in black raspberries (Liu and others 2005; Wu and others 2009).



2.1.3. Health Benefits of Berries

Blueberries are rich in phenolics and anthocyanins as discussed in the previous secyion. Be
phenolics and anthocyanins are widely known to improve human health because of their high
antioxidant properties. Intake of anthocyanins from black currents resultgphificaintly
improved night adaptation in human subjects, and similar benefits were also obsenved af
administration of anthocyanins from bilberries (Nakaishi and others 2000; Muth and others
2000).Invivo andin vitro studies have shown that anthocyanins can reduce cancer cell
proliferation, inhibit tumorigenesis, reduce inflammation and enhance cagiltangth (Koide
and others 1997; Folts 1998; Hou 2003; Kang and others 2003). Other phytochemical
compounds from blueberries can reduce cancer risk by inhibiting cancer cellratiolifeand
inducing apoptosis (Yi 2005; Seeram 2006). Consumption of blueberries can promote

cardiovascular health by lowering blood cholesterol and lipid level (Kalt and QD@83.

Black raspberries have been extensively investigated and reported to bentbprelventive
dietary constituents. Liu and others (2005) reported that black raspberigt exlaractions
contain angiogenesis inhibitors that can potentially inhibit tumor growth. Consumptitackf
raspberries can help to prevent cancer development in colon, esophagus, andrigealida
others 2001; Kresty and others 2001; Reen and others 2006).

In summary, the phenolics and anthocyanins in blueberries and black raspberries prevent
proliferation of cancer cells, exhibit antioxidant effects and many dibehemical functions,
such as regulating the activities of metabolizing enzymes, repaiNdgdXidative damage and

modulating nuclear receptors, gene expression and subcellular signatnwgyp&beeram 2008).



2.1.4 Phenolics in Persimmons

Persimmon is one of the most popular fruit crops in Asian countries. China, Korea andrdapan a
the leading world persimmons producers, with production of approximately 2.5 million, 0.5
million, and 250,000 metric tons, respectively, in 2008 (FAOSTAT 2011). Persimmon is
generally categorized into two categories: astringent and non-astrimgennajor difference
between astringent and non-astringent persimmons is that astringeninpansicontain large
amounts of soluble tannins at maturity (Macheix and others 1990; Suzuki and others 2005) while
non-astringent persimmons do not. The pulp of the astringent persimmon is almosabigalat
before maturity but that of the non-astringent persimmon is sweetndemthe fruit is still firm.
Persimmons contain a rich source of nutrients such as ascorbic acid, condensed tannins,
carotenoids, and other polyphenols that are beneficial to human health (Homnava and others
1990; Gorinstein and others 1994; Gu and others 2008).

Persimmons are known to contain high amounts of phenolic compounds such as p-coumaric
(425-615u9/9), gallic acid (159-221u9/g), protocatechuic (63-241 ug/g), proanthocyanidins and
tannins consisted of catechin (0.8-3.33mg/100g dry weight), epicatechin (0.5-1.5mg/100g dry
weight), epigallocatechin (0.45-2.25mg/100g dry weight), catechin-gatjatiocatechin and
gallocatechin-gallate (Matsuo and other 1978; Haslam and other 1988; Gorinstein and others

1994; Suzuki and others 2005).

2.1.5. Health Benefits of Persimmons

Several researchers have reported the potential health benefits of persimnwitsdoigh
antioxidant properties. Studies show that persimmons possess antitumor and mugidtaigoe
reversal properties (Kawase and others 2003), antidiabetic effects (Ledarsd2906),

hypocholesterolemic and antioxidant effects (Gorinstein and others 1998), and firevesd in
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plasma lipids (Matsumoto and others 2006). Persimmon vinegar also exhibits antifectsr e
(Mishima and others 2000), antioxidative effects (Takeshita and others 2007) andsprevent
metabolic disorders induced by chronic alcohol administration (Moon and others 2008). Two
flavonol glucosides, isolated from persimmon, have been shown to have a hypotersivia act

rats (Funayama and other 1979).

2.2 Anthocyanins

2.2.1. Introduction

Anthocyanins constitute a special class of flavonoids. They are water-guilginlents that give
most plants the red, purple, and blue color. Blackberries, blueberries, red and spaekrras,
bilberries, cherries, currents, grape, pomegranates and cranberri@s sobssantial
anthocyanin. However, anthocyanins are not present in certain other red fruits, sucatas t
and hot pepper, in which carotenoids are the predominant pigments. The total content of
anthocyanins vary among fruits depending upon, fruit cultivar, growing tempeeatddight,

pulp pH, sugar content, and the presence of enzymes, ascorbic acid, oxygen, condensation

products, metals, and copigmentation (Francis 1989; Sahidi and others 2004).

2.2.2 Chemical Structures and Properties

About 260 anthocyanins have been identified and approximately 70 have been found in fruits
(Sahidi and others; 2004; Francis 1989). Six major anthocyanidins are commonly founddan natur
(1) pelargonidin, (2) cyanidin, (3) peonidin, (4) delphinidin, (5) petunidin and (6) malvidin. Of
these, cyanidin is the most common anthocyanidin (Heywood 1972).

Anthocyanins are glycosides of anthocyanidins with a typical A-ring benzo\B-aimd)

hydroxycinnamoyl as shown in Figure 2.1 (Harborne 1989). In other words, they are



hydroxylated and methoxylated derivatives of phetyplenzopyrylium (flavylium salt structure,
Figure 2.1). Anthocyanin molecules usually consfsin aglycone base on the flavylium
nucleus, a group of sugars and, sometimes, a grioagyl acids (Francis 1989). They are cations
in acid media and their structure is stabilizeddsonance with many mesomeric forms
(Macheix and others 1990). Table 2.1 shows thesitres of some naturally occurring
anthocyanidins.

Anthocyanins are unstable compounds. Their stglilBpends on many factors such as pH, heat,
storage temperature, contaminants, etc. Loss of cah occur during food processing of plant
products. Among the factors mentioned above, agtrons are especially sensitive to pH.
Anthocyanins exist in four different forms in soetut: neutral or ionized quinonoidal base,

flavylium cation or oxonium salt, the colorless pdebase and chalcone.

Figure 2.1. Basic structure of anthocyanindins
Source: Harborne 1989

-10 -



Table 2.1. Structures of naturally occuring anthaciins.

Substitution pattern?®

Anthocyanidin 3 5 6 7 3’ 4’ 5’
Common Structures

Pelargonidin OH OH H OH H OH H
Cyanidin OH OH H OH OH OH H
Peonidin OH OH H OH OMeg OH H
Delphinidin OH OH H OH OH OH OH
Petunidin OH OH H OH OMe OH OH
Malvidin OH OH H OH OMe| OH OMe

Rarer Structures

Aurantinidin OH OH OH OH H OH H
6-Hydroxycyanidin OH OH OH OH OH OH H
5-Methylcyanidin OH OMe| H OH OH OH H
Rosinidin OH OH H OMe| OMe OH H
Pulchellidin OH OMe| H OH OH OH OH
Europinidin OH OMe| H OH OMel OH OH
Hirsutidin OH OH H OMe| OMe| OH OMe
Capensinidin OH OMe H OH OMe OH OMe

®Numbering according to the anthocyanidin C-Numbgrgystem in the
structures scheme
Source: Harborne 1989

Figure 2.2 shows the pH effect on the predominant forms of anthocyanins. In term&bf vis
color, the flavylium cation which appears red is the most important. Most intehseloe of
anthocyanins occurs between pH 1 — 3 under the equilibrium condition between the flavylium
cation and colorless carbinol base. This is the reason most anthocyanin colorantg ban onl
used under pH 4

(Shahidi 2004; Francis 1989).
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et ne 5 35
Quinoidal Base Flavylium Cation
or Anhydrobase (red)
(blue)
_H*'
OCHjs
OH
e
HE O - OCHs H
ZNo—6
OH
Chalcone Carbinol Base
(colorless) or Pseudobase

(colorless)

Figure 2.2 Chemical structures of anthocyanin clojinores.
Source: Shahidi 200

2.3. Wine

2.3.1. Background
Wine is an alcoholic beverage made from fermeniexs, typically grape juice. The history of
wine can be traced back 7,500 years ago, withdheest residues of wine dating from early to

mid-fifth millennium B.C. (McGovern and others 199®any researchers believe that the
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discovery and development of wine originated in southern Caucasia, which includesgagse
northwestern Turkey, northern Iraq, Azerbaijian and Georgia. Most ancient arelededine
resemble today’s dry to semidry table wine. In these early yearss amed vinegary by spring
because the knowledge regarding methods of protecting wine from oxidation aodeasiaas
scarce. Therefore, prolonged shelf life of wine was rare in ancierd.tiexertheless, the

modern expression of wine started in the seventeenth century when the use of sulfur as a
disinfectant in barrel treatment was recognized and widely adapted Winthenakers. This
innovation increased the shelf life and quality of wine, allowing us to enjodewairiety of

wine throughout the year (Jackson 2000).

Many types of wines are available today. However, there is no generedigtad classification
system for wine. They may be categorized by alcohol cordergtness, carbon dioxide content,
grape variety, fermentation or maturation process, and geographic origin. Wiredsahe

divided into categories such as still table wine, sparkling wines and fortifiedifar taxation
purposes. Table wine has 9-14% alcohol content while fortified wine has 17 — 22% alcohol by
volume (Jackson 2000).

Wine is consumed in many countries worldwide. However, Europe is the region that produce
and consumes the largest amount of wine by volume in the world. According to the Wine
Institute (2005), Unites States, Italy, France and Spain are the top wine psoghierFrance,

Italy and United States were the top three wine consumers in 2008. Statistice gmaduction

and consumption for several countries are given in Figure 2.3.
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Figure 2.3. World wine production and wine consurmaptcountries (2008).
Source: Wine Institute (2010)

Continued from Figure 2.3.

Wine Consumption (millions hl)

5 B Wine Consumption
0 (millions hl)

AN AN A I RN
& VP & R .Q‘?S) & P ("0%
& F & € <
\)(\\ xQ
&

The process of wine making or vinification incurs multiple steps of fermenta@bmst
monitored in a well-controlled environment. Primary fermentation (alcohokefaation) and
secondary fermentation (malolactic fermentation) are the two majoegmes in wine making.
During primary fermentation, sugars in fruit must are rapidly transformediocbhol by yeasts.

Most of the sugars are converted into alcohol in the primary stage. Secondamnytétion takes
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place anaerobically often in different fermenting barrels. The priheffect of secondary
fermentation is the reduction in acidity since lower acidity gives winesisaide “mellow” and

“fat” characteristics (Peynaud 1984).

2.3.2. Wine Fermentation

2.3.2.1. Alcoholic Fermentation — Primary Fermentation

Alcoholic fermentation is the primary stage of the wine fermentation padesre sugar is
converted to alcohol and carbon dioxide by yeasts. Gay-Lussac gave a cliemmuabd to
explain the reaction:

Sugar (100) = Alcohol (51.34) + Carbon Dioxide (48.66)

However, Pasteur later showed that the Gay-Lussac equation is only valid for 9896 odar
transformed because the rest is converted into other organic compounds sucbrak gly
succinic acid, and acetic acid. More research was conducted and other bysonaatect
identified in the reaction: lactic acid, butyleneglycol, acetaldehyde, myaeul, higher alcohols,
ethyl acetate and some other substances present in minute quantities R98%.

Yeasts are very important in the alcoholic fermentation because they pletywarrale in
converting sugar into alcohol. Therefore, several important factors, sustmaarature, air and

nutrients, must be controlled and monitored in order to keep yeasts alive.

2.3.2.1.1. Yeasts

Yeasts are a collection of fungi that possess a particular unicellulahgnabit. Yeasts in grape
wine fermentation can be found in many shapes: elliptical or ovoid, elongate, dpdradica
apiculate. They reproduce in two ways: (1) vegetative reproduction by buddigni@tibn of

spores, which produces more yeasts after germination (Peynaud 1984; Ruf 2003).
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During natural fermentation of grapes, different species of yeasts prexderairer each other at
different stages. For example, apiculate start the fermentation iredutfitst and produce the
initial alcohol. However, apiculate yeasts can only tolerate 3% - 4% alcat&¢charomyces
ellipsoideus quickly takes over at this time and, by mid-fermentation, the initiation yedbts w
have disappeared. Toward the end of fermentation when higher alcohol contentisdachie
Saccharomyces oviformis, the less sensitive yeast becomes predominant and can toletat&8%p
of alcohol (Peynaud 1984).

Temperature, air and nutrients are the three major factors that affgeotiié of yeasts.
Temperature is the predominant factor that influences the yeast metabédiasts only develop
properly in a narrow range covering a maximum of twenty degrees. At wemperatures
(>20°C), the cells rapidly decline at the end of the fermentation; at colderrsorps (<14°C),
the start of fermentation is almost impossible. Yeasts require air or oxytalhy to multiply.
Without oxygen, they only reproduce a few generations and their growth stopsyesists need
oxygen biologically to synthesize sterol and to assimilate fatty agiddamg chain molecules
which they need. Therefore, oxygen is of great importance for sterol syrahddise initiation
of fermentation. In most fruit, yeasts normally have abundant sugars durirenfation as a
carbon source. However, their need for nitrogen is poorly satisfied becabsdinfited
resources in many common fruit musts. Yeasts consist of 25-60% nitrogenous sub$tances
need nitrogen to reproduce and form new cells. Often the addition of nitrogenousgstan
such as ammonium nitrate into the fermentation process is vital for the sunawvat gnd

multiplication of yeasts (Peynaud 1984).
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2.3.2.2. Malolactic Fermentation — Secondary Fermentation

Malolactic fermentation is the secondary fermentation process followdiogaic fermentation
in grape wine. Malolactic fermentation is also called the concluding aingfiermentation. It

is the biochemical deacidification or degradation of malic and other aciddefiisntation
process promotes the quality and improves microbial stability of grape Wiappears to be the
critical point that distinguishes the production of good wine from the production of é&sagipr

wine (Peynaud 1984).

2.3.2.2.1. Lactic Acid Bacteria

Lactic acid bacteria play an important role in malolactic fermentatiory ptoxvoke the

reduction of malic acid to lactic acid, creating a less acidic and bet&abiiity characteristic

in grape wine. Lactic acid bacteria can be found in various shapes which include roual or ov
pelleted, long or short and sometimes sinuous. The genera of wine bactedgacanestoc
(heterofermentive cocciediococcus (homofermentive cocci), arlchctobacillus (bacilli).

There are two basic kinds of lactic acid bacteria in wine. The first tygesisable and
predominantly decomposes malic acid and, secondarily, sugar, citric acid kartarat aicid

and glycerol. They are the normal malolactic fermentation agents and forrewaniplatile

acids. The second type is the noxious bacteria that decompose pentoses, tartarit ggateol.

They raise volatile acidity and usually cause wine spoilage.

2.3.2.2.2. Effects of Malolactic Fermentation

The effects of malolactic fermentation include reduction of acidityy@miting stability and
affecting sensory characteristics of the wine (Peynaud 1984; Ruf 2003).

Deacidification is the principal effect of malolactic fermentation. Thecton in acidity and
rise in pH increase the smoothness and drinkability of wine, making the wine more Singple
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reduction in total acidity in grape wine is not explained by the tartaricgpacon during
clarification but by the disappearance of malic acid. With the disappearancéohond the
level of lactic acid increases and the acidity decreases becausecitgpiossesses two acid
functions but lactic acid carries only one. This explains the decrease iy adiéiht malic acid is
transformed into lactic acid by lactic acid bacteria. The following shtbe overall reaction of
malolactic fermentation (Peynaud 1984):

Malic acid (1g) = Lactic acid (0.67g) + Carbon dioxide (0.339)

During malolactic fermentation, malic and citric acids are consumed. Treermorobially
stable tartaric and lactic acids are the only acids left afterdinsehtation process. Thus,
secondary fermentation is thought to promote microbial stability because obthetion of
more stable tartaric and lactic acids. On the other hand, malolactic fetiorectm actually
decrease microbial stability when the initial pH of the must is high. Spoilagaisngs will start
growing above pH 3.5. Therefore, it is important to keep the initial fermentation pH3i6der
prevent undesirable growth of spoilage microbes (Ruf 2003).

Deacidification decreases the acidity of the wine by replacing the agad that is more
aggressive on the tongue with the lactic acid that is milder and more palaiegl€xher than
the acids, many different volatiles are synthesized during fermentatioex&mple, diacetyl
compounds that are formed under an appropriate environment often provide a desiraiedragr
to the wine at the threshold of 1-4mg/liter. Above this threshold, the fragramcessdng and
is often considered as an undesirable off-odor. Temperature, pH, and variabildtycoddzd
bacteria are the factors that influence the taste of the wine. Differemnting temperatures,
variable pH and species of lactic acid bacteria will create differentlesléhereby influencing

the sensory characteristics of wine. For instaheegonostoc oenos often predominates during
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malolactic fermention at pH under 3.5 and this lactic acid bacteria speciss likédy to

produce undesirable off-odors (Ruf 2003).

2.3.3. Health Benefits of Wine

Excessive alcohol consumption (alcoholism) has long been associated with variousndakr
health effects such as liver damage, hypertension, stroke, digestive tracsctatal alcohol
syndrome. However, recent studies have concluded that moderate wine consumption could
lower the risk of all-cause mortality by 20-30% (Ruf 2003).

Phenolic compounds are an important constituent in wine. Not only do they contribute to the
sensory characteristics such as flavor, color and astringency in wine|dhgyavide some
potential health benefits to the consumers. The composition of phenolics in wineanaoieg

the types and cultivars of the fruits used, the extraction methods and the vinificatieagas.

For instance, longer primary fermentation favors greater extraction of ptgefrolin the fruit by
the ethanol produced during the fermentation process. In general, young wine contams |
medium molecular weight phenolics while aged wine contains relatively highecunhen

weight of polymerized phenolic compounds (Sahidi and others 2004).

The medicinal uses of wine can be dated back to the ancient Egyptians. Even thouggdwine
been widely used for medicinal purposes for thousands of years, the benefits of wine
consumption was reviewed and investigated in the late 1900s because of the seriousmalcoholis
at that period of time. It was not until recently that scientists becamested in the medicinal
uses of wine and started to investigate the potential health benefits in depth. Rtenpbands

in wine are the major components that have been extensively studied by sdmmpistential
health benefits such as cancer and heart disease etc. Scientists haveddhal.itie

antioxidant effects of wine phenolics have a positive influence in preventing variomscchr
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diseases, for instance limiting LDL oxidation and improving lipoprotein metabotisreby

reduce the risk of heart disease (Maxwell and others 1994; German and other 20@dathVall

and others (2002) reported that resveratrol, which is a polyphenolic compound in red wine,
accounted for the cardiovascular protective effattsvo. Recent studies have also shown that
moderate consumption of wine could significantly reduce various expressiondiofaacular
disease such as hypertension, stroke, and heart attack (Sahidi and others 2004; Cotuensand ot
2006). Ebeler and others (1996) have also shown that while moderate consumption of wine can
reduce the risk of certain cancers, excessive consumption can cause. ¢arstens, moderate

consumption of wine is encouraged for the potential health benefits.

2.4. Vinegar

2.4.1. Background

Vinegar is defined by Cruess (1958) as a condiment made from starchy and saigaigisn
obtained by alcoholic and subsequent acetic fermentation. Vinegar has been in thelietma
for thousands of years. The earliest descriptions of vinegar were made Wgrisais/in about
5000 BC. The Babylonians used dates, which are high in sugar content, to makestheir fir
vinegar. The sugar in dates can be turned first into alcohol and then into vinegar. Besatea us
condiment, vinegar was also prescribed by Hippocratesfdther of modern medicine”, for all
kinds of ailments in Greece (Diggs 2000).

Vinegar is a popular condiment, which is used as a flavoring ingredient and piigednva
cooking and food processing. Many types of vinegar can be produced using various types of
source materials such as rice, fruit musts, wine (red and white), barldigdisitohols, etc.
Vinegar plays an important role in salad dressings, pickles, ketchup, hot saugemarse and
other sauces. Acetic acid is the predominant flavoring ingredient and aobralccomponent in
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vinegar. As described by Diggs (2000), from a chemical standpoint, vinegar is, motaag
but a weak acid with small amounts of soluble extractives and mineral salteeddtaim the
raw materials. These extractives and salts give the vinegar itsctiisiflavor and quality.

Therefore, different kinds of vinegars have their own flavor and characteristic

2.4.2. Acetification Process

Acetification is the fermentation process where alcohol is converted into vinegeetic acid
bacteria in the presence of a\cetobacter, or so called acetic acid bacteria, are the major
bacteria involved in the acetification process. The methods of producing vinegafnanghe
traditional to the most current industrialized methods. To date, three typesifufadomt
processes, which include the Orleans process, submerged fermentation artdrgenera
fermentation, are used to produce many types of vinegar (Morales and others 200Y)edine O
method, which is also called the slow process, is the oldest way of producing vinegar. The
generator process and the submerged culture acetification are the quickgsrtitatsare used
for commercial vinegar production today (Tan 2005). Details of the Orleans greabmerged
fermentation and generator fermentation will be discussed later in sections 2.4.3.3.8 2.

respectively.

2.4.2.1. Acetic Acid Bacteria

Vinegar is primarily made by acetic acid bacteria calegtobacters. Acetobacters produce
vinegar by converting alcohol, which is produced by yeasts, to acetic aci@. Thes
microorganisms are biologically defined as aerobic and non-sporiferous nsicidlay are gram
negative, pleomorphic and reproduce by duplicating themselves. They are usuahgped but

they also exist in round, thread and other forAestobacters are motile and often use their
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flagella as the mean to move. However, their ntgtdepends on age, oxygen supply, medium,

etc. (Gonzalez and others 2004; Diggs 2000).

Figure 2.4. Acetic acid bacteria.
Source: Vinegar Connoisseurs International.

2.4.2.2. Mother of Vinegar

Mother of vinegar is also called the zoogloea, garebees, vinegar mat and mycoderma. It
appears as a mat floating at the top of the feringw~inegar when using the “Orleans” method.
It can be either thick or thin and the surface b@ygmooth or textured. The colors vary from
transparent to dark brown to black. The motherinégar is composed of cellulose and the
acetic acid bacteria. It is useful in converting #icohol into acetic acid; however, it is
sometimes undesirable in commercial production ee# clogs up machinery and slows down

the process (Diggs 2000).

2.4.3. Understanding the Vinegar Making Process

Vinegar making is a biological process where caydaddite is turned into acetic acid through a
multi-step fermentation processes. In general,ubldofermentative process (Figure 2.5) is used,
which starts with a sugar source which is convetitstito ethyl alcohol and then to acetic acid.

However, in some cases, a triple fermentative m®¢Eigure 2.6) is used such as in rice wine
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vinegar, where the rice starch is first broken damta fermentable sugars which are then

fermented to alcohol and then to acetic acid oegar.

Double Fermentation

Yeast Acetobacter
Sugar Alcohol Vinegar
Anaerobic Aerobic
Acetalaldehyde

Figure 2.5. Double Fermentation

Triple Fermentation

Amylase Yeast Acetobacter
Starch Sugar Alcohol Vinegar
Anaerobic Aerobic
Acetalaldehyde

Figure 2.6. Triple Fermentation.

Double or triple fermentation involve a three-stegour-step reaction involving the conversion
of starch to sugar by enzymes, conversion of stigathanol by yeast fermentation under
anaerobic conditions, conversion of ethanol to atett acetaldehyde, and finally
dehydrogenation to acetic acid by aldehyde dehyairage and the aid Atetobacter under

aerobic conditions (Nichol 1979; Canning 1985). Ke&l{1921) established the detailed
-23-



acetification reactions as shown below (Figure.2.7)

Theoretically, every 100 parts of sugar will prodapproximately 50 — 55 parts of acetic acid
under favorable conditions. In other words, to aehi5.2% acetic acid, the fermentation should
start with a 10% sugar solution (Diggs 2000). Témaining sugar metabolites are either lost

through volatilization or converted to other compdsi (Ghommidh and others 1986).

1. Formation of Acetakdehyde
OH
Alcohol Dehydrogenase //”
Cl,—C—H > CI,—¢ NS § S

>

H "

2. Hydration of Acetaldehyde
(8] OR
y v
CH, C +I,0__p CH,—C—0OH
1 “H
3. Foramtion of Acetic Acid

oH Aldehyde Dehydrogenase ,;.fo

CH,— C—OH CH, C LPH LY

»

H “olr
4. Electron Transfer

Cytochrome System
(1 + et 0, 4 HO
> x

Figure 2.7. Conversion of alcohol to acetic aciactmn.
Source: Kehrer 1921

2.4.3.1. Orleans Process

The Orleans process is the slowest and oldest mhelihig named after the French city famous
for creating good quality vinegars for many generet. The Orleans process is also the best
method of producing a good quality vinegar in laggantity compared to submerged

fermentation and generator fermentation (Diggs 20@his process, a wine solution greater
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than 5% alcohol is used for successful acetification. Phosphates and nitrogeneous nuisent
be added to the mash if the alcohol content in the fermenting liquid is less than 5kelMitc
1916). Wood barrels are usually used as the converter in this process and the alcoholic
fermenting liquid is filled to approximately % full of the barrel. Holes atleedrat the end of the
barrel. They are left opened for air exposure but are covered with a screen tdiewaiad

other insects. About 20-25% of fresh vinegar is added to the fermenting liquid tseatrea
acidity strength that provides optimum growth for the acetic acid bactéramash is then
fermented in the wood barrel at 21°C - 29°C for about 1 — 3 months. In this period, a slimy,
leathery and gelatinous layer of “mother of vinegar” is formed at the top ofjthe (Peppler
and others 1967). About 1/3 of the vinegar is drawn for bottling purpose and an equivalent

amount of alcohol liquid is added back to the fermenting liquid (Cruess 1958).

2.4.3.2. Generator Fermentation

Generator fermentation, also called quick process, was developed by the Geemést ¢
Schutzenbach in 1832. Vinegar generators are large barrel like containers médeeint dizes,
shapes and wood materials. The generators have a false bottom with holes, destheed for
entrance of air. Near the top of the generator, is a false top or perforatedipilateatating

sparger that provides uniform distribution of the vinegar stock. In this process, wood shaving
are usually used as a packed bed media where the acetic acid bactgreacand form a thick
slimy layer around the wood shavings (Peppler and others 1967). The re-circulaiemutifey

liquid trickles toward the bottom of the barrel while the air moves upward toward the tegp of t
generator. The process takes about 3-7 days under the optimum temperature of 29°C - 32°C.
Upon completion, only 2/3 of the vinegar is drawn for bottling and an equivalent amount of the

mash is added back to the generator (Hickey and Vaughn 1954; Diggs 2000; Tan 2005).
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2.4.3.3. Submerged Fermentation

Submerged fermentation is the most common vinegar-making method in commentieépra
today (Hickey and others 1954). In this process, the fermenting liquid is constardty and
aerated for the optimum growth of the acetic acid bacteria (DeLey and @8&4). The
temperature in the fermenter is also controlled and maintained at its optinelroye
refrigeration. It works more efficiently than generator fermentati@audrse of the improved
aeration, stirring and temperature control. Semi-continuous is a typicaliopematde in the
industrial scale. In this operation, a certain volume of the vinegar is dischargedkandradunt

of ethanolic mash is replenished at the end of each cycle (De Ory and others 2004).

2.4.4. Health Benefits of Vinegar

Vinegar has been used as a medicine since ancient times. Hippocrates, thef'fataern
medicine”, prescribed vinegar as an antibiotic to treat patients. He also toldidngspnat
oxymel (a combination of honey and vinegar) was a good remedy to clear up phlegm and
congestion. Hippocrates also prescribed it for other ailments such as respiisdodgrs and
others (Orey 2009). Even though many medicinal properties have been ascribed toovieegar
thousands of years, very few of these properties have been scientifically grouegh medical
trials to be effective for human health.

Today, the most common medical research about vinegar includes blood glucose control or
diabetic management, possible cholesterol and triacyglycerol effects &nthantctivity.
According to Ostman and others (2005), vinegar could lower glucose and insulin responses
healthy subjects. The Fushimi (2006) research group reported that dietaraeicetan reduce

serum cholesterol and triacyglycerols in rats fed with a cholestelotiiet. Shimoji and others
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(2004) also showed that vinegar made from unpolished rice can inhibit Azoxymethanetinduce

colon carcinogenesis in rodents.
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CHAPTER 3. MATERIALS AND METHODS

3.1. Wine Fermentation (Alcohol Fermentation)

Primary fermentation and secondary fermentation are two major fetmarggeps in wine-
making process. Primary fermentation, also called alcoholic fermamtédicuses on the
multiplication of yeasts and the conversion of sugar to alcohol. Temperaturmraemasts
nutritional needs, and acidity are the factors that influence the quality of wing gumary
fermentation. The optimum temperature for fermentation of red wine is betweena280CC.
For making white wine, a lower temperature is preferred, in the range of 18°C to 20°C
Appropriate oxygen and nitrogenous supply are important for the multiplication of tis.yea
The optimum pH should be controlled between pH 3 to 4. Secondary fermentation or malolactic
fermentation is another important fermentation step continued after prinnargrii@ation. The
principle effect of malolactic fermentation is to reduce the acidity tde improving the
drinkability and quality of wine. The conditions for malolactic fermentatioruohelthe influence
of pH, temperature, ethanol and other chemical and biological factors. During sgcondar
fermentation, the preferable pH and temperature are between pH 3 to 4 and 20°C to 25°C

(Peynaud 1984; Ruf 2003).

3.2. Vinegar Fermentation (Acetification)

The Orleans process, generator process and submerged acetificationtaeeth®in vinegar
fermentation processes in the vinegar industry. The Orleans process Gstheagitional and
slowest process among these. It takes up to 3 months for the completion of a bath of vinegar.
Nevertheless, it is also considered the best vinegar processing method for prgdadiogality

vinegars. Compared to the Orleans process, the generator process and suacedifgeation
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are less time consuming. These processes take only 3-7 days under optimuionsofi2iggs
2000; Tan 2005).

In the persimmon and blueberry experiments, the Orleans process was chogse ihéec#he
most non-destructive and natural method compared to the generator process and dubmerge
acetification. Since we were interested in examining the anthocyaning @nodilantioxidant
properties of the persimmons and blueberries during the acetification provess piteferable

to eliminate any unnecessary ingredients and harsh processing methods. ThHergeoeesss

and submerged acetification both require a large amount of oxygen incorporatidiorh a s
period of time and special cooling, both of which may greatly influence the quallitg einegar
due to excessive oxidation; therefore, the Orleans process was the mostgratthod in this

experiment. An overall process flow diagram can be seen in Figure 3.1.

3.3. Black Raspberries

3.3.1. Wine Fermentation Treated with Proteases

Frozen black raspberries were supplied by a grower in Washington stateuittheére thawed
overnight at 4°C and then ground into mash. Commercial proteases such as Neurgll Bact
Protease, Ficin, Liquipanol were obtained from EDC (New York, NY) and Beomé\cid
Protease, Fungal Protease, Neutral Protease were obtained from Bio-Catoy, VA). To
screen for the proteases that had the potential to retain anthocyanin in blackyappiteases
were mixed with black raspberry mash and incubated at 47° for 2 hours. Total selected
anthocyanin was quantified by HPLC and the most effective proteases (&®ypvwkre chosen
for the black raspberry fermentation experiment designed to remove sugatadiheaspberry

mash was mixed thoroughly with 1%, 0.1% and 0.01% of Acid Protease and Neutral Bacteria
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Proteaseln a volumetric flask, appropriate amount of dry yeast (Lallemand Inc, Ceaada
yeast energizer (L.D. Carlson, Ohio) were added to the treated black rasphshrand the
mixture was mixed thoroughly. The volumetric flask was then covered with cheésarmt! the
mash was subjected to primary fermentation for 2 days under room temperaten. deys of
fermentation, cheese cloth used to cover the volumetric flask was substittiteohair-lock
and the mash was subjected to further fermentation at room temperature for amater
Black raspberry wine for chemical analysis was obtained by squesmzihiitering the mash

through four-layers of cheesecloth.

3.3.2. Determination of Total Selected Anthocyanin

An appropriate amount of wine obtained from each treated sample was diluted 20ithmes w
methanol. An HPLC system was employed to isolate and quantify anthocyanins. T6e HPL
system consisted of a Supelco (Bellefonte, PA) Discovery C18 column (id 3 mm x,2b cm)
Waters 2690 separation module, a 996 photodiode array detector, and a Millennium32
chromatography manager. The mobile phase was a mixture of A: 10 % acetic agidriand

B: acetonitrile, with percentage of A: 10% acetic acid in water ranmped £00% to 55% in 45
min with a constant flow rate of 0.8 ml/min. The chromatogram obtained at a waveleBgth of
nm was used to quantify the anthocyanins. The total selected anthocyanins wasrihé@suof
the three detected peaks area, with the retention time 12.7, 13.2 and 15.2 minute, as shown in the
HPLC chromatogram (see Appendix A and B). The concentration of total anthocyanin was

calculated based on a standard curve.
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PREVIEW OF ALCOHOL AND VINEGAR FERMENTATION
De-sten - Pectinase (option:
Crust Yeast,

Yeast Energizer
[Frimey Fementaiod

Aerobic \l/ 5 days

23-25°C

Filter Press / Squeeze

l

Anaerobic 14 days
18°C

Vinegar Culture -

14 days, 80°C

Figure 3.1. Alcohol fermentation and acetification flow chart
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3.4. Persimmons

3.4.1. Alcoholic Fermentation - Primary Fermentatio

Astringent Diospyros kaki c.v. Tamopan) and non-astringenD{ospyros kaki c.v. Fuyu Imoto)
persimmons were harvested from Burden ResearcleC&8U Agcenter, Louisiana during Fall
2010. Figures 3.2 and 3.3 contain images of th&impenon cultivars used. The fruit were

cleaned and sepals were removed. Persimmons weaedwrush into mash by a commercial

grinder (W.J. Fitzpatrick Company, Chicago, IL).

Figure 3.2. Astringent persimmon tree (left) andtf(right) grown at Burden Research Center,
Louisiana.
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Astringent Non-Astringent Astringent Non-Astringent

Figure 3.3. Astringent and non-astringentpersiminoits.

The pH, titratable acidity and Brix of the fruit stuvere measured before primary fermentation.
The appropriate amount of dry wine yeast (Lallemkuag Canada) and yeast energizer (L.D.
Carlson, Ohio) were added to the persimmon mashedtind mixed thoroughly (Figure 3.4).
The fermenting vessel was then covered with foyesis of cheesecloth and the must was

fermented at room temperature (23-25°C) for 5 days.

Figure 3.4. Primary fermentation of astring@eft) and non-astringent (right) persimmon.
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3.4.2. Malolactic Fermentation - Secondary Fermenten

After 5 days of primary fermentation, young persiomwine was obtained by pressing and
filtering the must through four-layered cheeseclate fermenting liquid was then transferred
to a clean glass fermenting vessel and the opaegiitige flask was covered with an air-lock. The

fermenting liquid was fermented at 18°C for anothereeks.

Figure 3.5. Secondary fermentation of astrindlexfit) and non-astringent (right) persimmon.

3.4.3. Vinegar Fermentation - Orleans Process

The initial pH, titratable acidity, total phenoliasd total radical scavenging activities of
persimmon wine were measured. An active mothermagar was produced in a 1000ml beaker
(Figure 3.6) by adding 400ml of the persimmon wim&ed with the instructed amount of
vinegar culture - “Natural Mother of Vinegar, whitene” (Beer & Winemaking Supplies Inc.
Northampton, MA). The beaker was covered with aykets of cheesecloth and then fermented
under 24°C for 2 weeks or until the mother of tireegar was formed as a floating layer at the

top of the solution. The mother produced was tregduo produce a new batch of vinegar by
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transferring the mother to another 1000ml beakdr4®ml of persimmon wine was added. The
beaker was again covered with a 4-layers of chéstbeaind then fermented under 24°C for 2
weeks or until the desired acidity was achieveds Bhatch of persimmon vinegar made with the
in-house mother of vinegar was later analysed bgra¢ physicochemical analyses. All other
vinegars were produced in like manner using agaierated mother of vinegar to prevent any

possible interference that could later interveninwhe analyses.

Figure 3.6. Acetification of astringentf{Jeand non-astringent (right) persimmon.

3.4.4. Physicochemical Analysis

Titratable acidity, pH, brix, and alcohol conteng #he important parameters in wine and vinegar
fermentation process. These parameters are tih@atfactors that contribute to the quality of the
wine and vinegar.

A spectrophotometer is a device that can measermténsity of the lights at different

wavelengths. Total phenolics can be quantifiedg®csophotometer through the Folin-
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Ciocalteau method. Free radical activity can also be determined by this tteaegh DPPH

radical scavenging assay.

3.4.4.1. pH, Titratable Acidity & Brix

Titratable acidity (TA) and pH were measured using an Orion EA920 pH meter andd’h

Orion 915600 (Orion, MA) pH probe. Titratable acidity was determined as ml of 0.1 NaO

used to obtain an endpoint of pH= 8.20. Malic acid is the major acid in fresh persimmon fruit and
acetic acid is the major acid in persimmon vinegar (Daood and others 1991; Lee and other

2009). The formula to calculate %TA as malic acid and acetic is as below:

ml of NaOH x N of NaOH x 134.09
10 x sample weight

%TA (Malic Acid) =

ml of NaOH x N of NaOH x 60.05
10 x sample weight

%TA (Acetic Acid) =

Percentage of sugar (brix) was measured using BS RFM 80 digital oefietetr (Bellingham

Stanley Limited, England).

3.4.4.2. Total Phenolics

The total phenolics were measured by Folin-Ciocalteau microscalencetorimethod
(Waterhouse 2002). A 20 pl of sample or standard solution (gallic acid) was miketD@ifl

of Folin-Ciocalteau reagent (Sigma-Aldrich, St Louis, MO) and 1.58 ml ofldistiVater. The
mixture was mixed thoroughly by vortex and incubated under room temperature for 5 minutes
Three hundred pl of sodium carbonate solution (200g in 800ml of distilled water) was then

added to the mixture and the result was incubated at 40°C in a waterbath for 30 minpte. Sam
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was measured at 765 nm by Lambda 35 uv/vis speetasr(Perkin Elmer,CT, USA). Standard
curve was calculated using 0, 5, 10, 15, 25 anchgd.00ml gallic acid solutions. Results were
expressed as mg gallic acid (GAE) per 100ml of darfiag GAE/100ml). Figure 3.7 shows the

intensity of the blue color is proportional to @ncentration of total phenolics in samples.

A B C

| Total Phenolics decrease

Figure 3.7. Folin-ciocalteau microscale colorimetrgthod. Test tube A has the highest amount
of total phenolics while test tube C has the lowest

3.4.4.3. Antiradical Activity

Free radical scavenging activity or antiradicahaigt was determined with DPPH (1,I-diphenyl-
2-picrylhydrazil radical) assay. The antiradicativdty was evaluated according to Burda and
others (2001) and Heimler and others (2006) wigihsimodification. All products were diluted
5 times before preparing for analysis. A 20 plahple was mixed with 2 ml of DPPH solution
(0.025¢g/I methanol). The mixture was then incubateder room temperature for 20 minutes.
The absorbance was measured at 516 nm by Lambal/\8S spectrometer (Perkin Elmer,CT,
USA). The antiradical activity was calculated gseacentage of DPPH solution decoloration
versus methanol (blank). Figure 3.8 shows the atikintegration of the DPPH solution after 30

minutes. The lighter the color of the solution a8 minutes of incubation, the more powerful is
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the free radical scavenging activity.
% of Inhibition = {{[Absorbance of DPPH solutiontat Omin - Absorbance of DPPH solution at

t = 30min] / [Absorbance of DPPH solution at t =iifxx 100

10 minute later 30 minute later

Figure 3.8. Free radical scaveggictivity by DPPH solution.

3.5. Blueberries

3.5.1. Alcoholic Fermentation — Primary Fermentatio

Fresh blueberried/accinium ashei, (Tifblue Rabbiteye Blueberry) were harvested fidab R.
Jones-Idlewild Research Station, Louisiana, dutiregsummer of 2010 (Figure 3.9). A stalk
separator (BEI Incorporated, MI) was used to déskee blueberries in bunches (Figure 3.10).
Without any washing, the blueberries were packéa Irgallon Ziploc® bags after de-stalking
and kept frozen under -30°C until further use.

The frozen blueberries were thawed under 4°C oghtriiefore proceeding to primary
fermentation (Figure 3.11). After thawing, the Wegies were lightly crushed by hand and
transferred to a plastic fermenting vessel. Thetfithtable acidity and brix of the fruit must
were measured. The blueberry mash was subjectaihtary fermentationas indicated in 3.4.1.
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Idlewild Research Station, Louisiana.

Figure 3.10. Stalk separator (left) and the prooedd separatimj the branches and leaves from
the fruits.
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&N

Figure 3.11. Primary fermentation of blueberries iplastic fermenting vessel.

3.5.2. Malolactic Fermentation - Secondary Ferment#&n
After five days of primary fermentation, young bbheery wine was obtained by squeezing the
must by hand and filtering through four-layeredesexloth. Secondary fermentation (Figure

3.12) was performed as indicated in 3.4.2.

Figure 3.12. Secondary fermentation in glass fetmgivessel. Transferring and filtering
blueberry must (left) into a cleaned glass fernmgntiessel and the vessel was covered with an
air-lock (right).
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3.5.3. Vinegar Fermentation - Orleans Process
The initial pH, titratable acidity, anthocyaningj@techin, total phenolics and total radical
scavenging activities of blueberry wine were meaguBlueberry vinegar (Figure 3.13) was

made according to the method described in 3.2.3.

=00 —— 400

Mother of Vinega

200 — 300
300 —— 200

400 — 100

Figure 3.13. Acetificatiohlueberry wine in a beaker.

3.5.4. Physicochemical Analysis

High pressure liquid chromatography or high perfange liquid chromatography (HPLC) is a
commonly used chromatographic method that can aepadentify and quantify chemical
compounds. The amount of anthocyanins and epidatetblueberries can be quantified by
using HPLC.

Eicosapentaenoic acid (EPA) and DocosahexaenalgB&lA), components of marine fish oll,
are the essential omega-3 polyunsaturated fattis dBIUFA) that provides profound health
benefits such as preventing cardiovascular disaadeancer (Siddiqui and others 2004).
However, the use of marine oil is limited by thedative susceptibility. Lipid oxidation is a
major problem in food, neutraceutical and pharmacaiundustry. In this experiment, EPA and

DHA in the salmon oil-in-water emulsion (SOE) weneasured at 0 day and after 3 days to
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observe the oxidative degradation effects. A gas chomatrograph with flame iontacgde
(GC-FID) was used to determine the EPA and DHA in SOE. Gas chromatograpgensitare
instrument that is commonly used in chemical analysis. It can effgctgphrate the

compounds in the sample through the column and detect the compounds by its detector.

3.5.4.1. pH, Titratable Acidity & Brix

Titratable acidity (TA), pH and Brix were measured according to the methandicated in
3.2.4.1. Malic acid is the major acid in blueberry (Ashurts 2005) and acetic acid isjoheaic
in blueberry vinegar.

The formula to calculate %TA as malic acid and acetic is as below:

ml of NaOH x N of NaOH x 134.09
10 x sample weight

%TA (Malic Acid) =

. . 1 of NaOH x N of NaOH x 60.05
%TA (Acetic Acid) =m————— "=

10 x sample weight

3.5.4.2. Total Selected Anthocyanins and Epicatechin Profile

Appropriate amount of sample were centrifuged and supernatant was obtained in & Zml via
sample was then subjected to HPLC analysis for anthocyanins and epicatectiomiaol
guantification. The HPLC system (Figure 3.14) consisted of a Waters 2690 Bepistadule
equipped with a Waters 996 Photodiode Array Detector (Milford, MA), Supelco Discod&ry C
column (id 3 mm x 250mm) and a Millennium 32 chromatography manager. The mobile phase
consisted of solvent A: 10% acetic acid (concentrated acetic acid/distdted, 40/90, v/v) and
solvent B: acetonitrile, with percentage of acetic acid in water ramped from d00%ih 90

min at 2.0 ml/min. The injection volume was 100 ul. The chromatograms obtained at a
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wavelength of 520nm and 287nm were used to quaatifigocyanins and epicatechin
respectively. Total selected anthocyanins was uhengation of the seven detected peaks area,
with the retention time 13.3, 14.8, 16.2, 18.04120.7 and 22.2 minute, as shown in the HPLC
chromatogram (see Appendix D). Epicatechin wasctiedleat 12.0 minute of the retention time

(see Appendix E). The concentration of anthocyaaimd epicatechin were calculated based on

a standard curve.

Figure 3.14. High Performance Liquid Chromatogsa@tiPLC).

3.5.4.3. Total Phenolics

Total phenolics of the blueberry samples were nreasaccording to the method as indicated in

3.2.4.2.
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3.5.4.4. Antiradical Activity
DPPH antiradical activity and % of inhibition were measured and calculatedding to the

method as indicated in 3.2.4.3.

3.5.4.5. EPA and DHA in Salmon Oil-in-water Emulsion

Unrefined salmon oil was produced by processing salmon byproducts (viscera, heags, ski
frame, and discarded fish) obtained from a commercial plant in Alaska. Togtbhpail-in-
water emulsion, a 1% of salmon oil-in-water emulsion was made using 0.1% aiZQvee
(Sigma-Aldrich, St Louis, MO) as the emulsifier. Four gram of salmowasl mixed with

396ml of distilled water and 0.4g of Tween20. To create the oil-in-water emulsionixtioeem
was sonicated (Figure 3.15) (Cole Parmer Ultrasonic Processor, Vertgrilblifor 10 minutes
in a water bath filled with ice water. For each sample, 15ml of the emulsiorddad & a 50ml
glass vial with a stir bar at the bottom. One percent and 9.1% of blueberry juicendine a
vinegar were added to the emulsion. The samples were oxidized in a magmetgysater bath
(Lauda-Brinkmann, Delran, NJ) at 40°C for 3 days.

The docosahexaenoic acid (DHA) and eicosapentaenoi¢Eeil) were determined using the
method of Yue and others (2010) by GC-FID. Heptadecanoic acid (C17:0) was used as an
internal standard at 100ppm (0.1mg/ml) in hexane. One ml of the emulsion was mixed and
vortexed (Thermolyne Corporation, Dubuque, 1A) with 2ml of C17:0 hexane solution. The
supernatant was then transferred to another clean test tube. This step wad tepeafor

better oil extraction. The supernatant was then dried by nitrogen gas flowlustipernatant
evaporated. Two ml of BCI3-methanol and 1 mL 2, 2’-dimethoxypropane were added to the

dried test tube. The mixture was vortexed and heated in a water bath at 60°C for 3@nh&n for
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derivatization of fatty acid methyl esters. Afteat, the sample was incubated in tap water at
room temperature for 5 min. After cooling, 2ml @xane and 1ml of distilled water were then
added to the mixture. The mixture was vortexedaardrifuged (Clay Adam, Sparks, MD). The
upper layer of hexane was transferred to anotls¢étube, dried with sodium sulfate and then
transferred to a 2ml GC vial.

A GC with a FID detector (Hewlett Packard 5890, l&gi Technologies, Palo Alto, CA) was
used to determine the EPA and DHA concentratior. ddlumn was a Supelco SP2380 (30m x
0.25mm) (Bellefonte, PA). Helium was used as aieagas at the flow rate of 1.2ml/min. The
injection volume was 1 ul and the split ratio wal0D. The injector and detector temperature
was 250 and 27C respectively. The oven temperature was held &56r 3 min and then
increased to 25C at 4.0°C /min. The retention time of EPA and DHA were 48 &0 minute,
respectively (see Appendix F). The concentratioB®A and DHA were calculated using C17:0

(Sigma-Aldrich, St Louis, MO), the internal standlaais the reference.

Figure 3.15. Preparing salmon oil-in-waetulsion by using sonication.
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3.6. Statistical Analyses

All data was analyzed with the Statistical Analysis System (SAS, G&). The result of
anthocyanin, epicatechin, total phenolics and antiradical activity were eachktatistically for
differences using one-way analysis of variance (ANOVA). The BRAZHA value were also
statistically analyzed for differences between the control aneétteaimples using two-way
ANOVA. Significance of all tests was set akP.05. All results reported were expressed as

mean = standard error.
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CHAPTER 4. RESULTS AND DISCUSSION
4.1. Black Raspberry
Total anthocyanin content in the black raspberry juice was 207.72 mg/100ml as compared to the
reported range of 244.8 to 541.3mg/100ml (Dossett and others 2010). Many reasons could be
attributed to the variation found, for example the cultivars and other environmerdediis
(Ozgen and others 2008).
Plant proteases such as ficin, papain and bromelain have been reported to be effective
preventing enzymatic browning. Ficin was reported to be effective in prevdicigspot
formation in shrimp (Taoukis and others 1990). Papain and ficin were shown to be as edfective
sulfilte in slowing the rate of enzymatic browning in apple and potato slicesizhaand others
1992). In this experiment, seven different proteases were screened in an atternptol
destruction of anthocyanins in black raspberry: Acid Protease, Liquipanol, Neattatial
Protease, Ficin, Bromelain, Fungal Protease, and Neutral Protease. Agctoriible 4.1, Acid
Protease (AP), Liquipanol (L) and Neutral Bacterial Protease (NBR) thie top three proteases
that could potentially retain total selected anthocyanins in black rasplemgiare AP, L and
NBP were selected to study the effect of proteases in preventing anthodggradation in
ethanolic fermentation of black raspberries to reduce sugar content.
4.1.1. Total Selected Anthocyanins
Black raspberry mash was treated 1% Acid Protease (AP), LiquipanaidNeutral Bacterial
Protease (NBP) before the ethanol fermentation began. Figure 4.1 and table 4.hshotas t
selected anthocyanins remaining in black raspberry after 1 week of opemtation with and

without protease treatments compared with fresh juice. The open fermentati®mcastmon
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industry practice for removal of sugars withoutwoalating appreciable ethanol. The data of

Liquipanol treatment was dropped because of hugatian.

Table 4.1. Anthocyanins in Black Raspberry Afteedted with 1% Proteases.

Products BdtSelected Anthocyaningmg/100ml of juice)
Control 207.72+3.18

Acid Protease 237.09+8.37

Liguipanol 198.99+10.75

Neutral Bacterial Protease 197.04+6.98

Ficin 163.37£7.92

Bromelain 177.28+6.83

Fungal Protease 173.48+7.17

Neutral Protease 169.30+20.75

No protease was added in Control (black raspbeastin 1% of the proteases were added to
fresh ground black raspberry fruit mash and incedbait 47°C for 2 hrs. The mash was later
squeezed and filtered through 4-layered cheeskaddb obtain juice for analysis.

C AP NBP

Sample

140

120

2

o]
o

Anthocyanin
{mg/100ml)
(o)}
o

S
o

N
o

o

Figure 4.1.Selected Anthocyanins in Black Raspb@RB) Ferments After Treatments with 1%
Proteases. J: Fresh juice - no protease — no featiem C: Control — no protease; AP: Acid
Protease; NBP: Neutral Bacterial Protease. Produets fermented for 1 week in a beaker, with
the opening covered with cheesecloth. Values goeesged as mean + standard error.
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Results showed that NBP retained more anthocyanins than AP and control (C) — f@joieate

with no protease added. One percent NBP and AP retained 128% and 42% more anthocyanins,
respectively, compared to C; however, only NBP was statistically diffexentAP and C.

Fresh black raspberry juice contained the most anthocyanins among all saniples. W
anthocyanins in C were degraded by 63%, anthocyanins in black raspberry mash itbdted w
NBP were only degraded by 16% compared to J. It is clear that processing anchapelhicet
fermentation significantly affected the black raspberry anthcyanins atehpe treatments could
alleviate some of the destruction. A 1% NBP treatment was effective iningtanthocyanins in

fermented black raspberry mash.

Table 4.2.Anthocyanin (ACN) in Black Raspberry Fermentation Products Aftatetravith 1%
Proteases.

Sample ACN
(mg/100ml)

J 113.07+4.32b

C 41.39+3.60c

AP 58.71+8.81c

NBP 94.61+3.34b

J: Fresh juice with no treatment; C: Fermentation with no protease; AP: AxtehBe; NBP:
Neutral Bacterial Protease. Products were fermented for 1 week in a,bedkéine opening
covered with cheesecloth. Values are expressed as mean + standakfigrothe same
column, means followed by different letters are significantly differeRt<a0.05.

Figure 4.2 and table 4.3 shows the results of total selected anthocyanins remaitaicy i
raspberry after 2 days of aerobic (primary) fermentation continued byssoflapaerobic
(secondary) fermentation. The samples were treated with lower conaergrditan the previous

test, 0.1% and 0.01% of AP and NBP, respectively, before fermentation.
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Figure 4.2.Anthocyanin in Black Raspberry Ferméiter Treating with 0.1% and 0.01%
Proteases. J: Fresh juice - no protease — no featiam C: Control — no protease; AP: Acid
Protease; NBP: Neutral Bacterial Protease. Produets fermented for 1 week in a flask, with
the opening covered with air-lock. Values are esped as mean * standard error.

Clearly, closed fermentation helped retain moréaryanins than the open fermentation used
previously. Results showed that 0.1% NBP retathednost anthocyanins among all. It
preserved 8% more anthocyanins than the controlMi@ugh AP and NBP at 0.1% and 0.01%
were effective in retaining more anthocyanins,samples were not statistically different from
one another as shown in table 4.2.

Results in table 4.2 and 4.3 reveal that differenndermentation process critically affect the
total anthocyanin remained after 1 week of fermigmaFermentation that involved 2 days of
aerobic continued by 5 days of anaerobic fermesriatias more effective in retaining
anthocyanin than the one-week aerobic fermentatoned out in an opened beaker. Two
hundred and thirty two percent more anthocyanimfzared C in table 4.2 and 4.3) was retained
while shorter period (2 days instead of 7 daysgeybbic fermentation was introduced to the

fermentation process. Also, with 2 days of aeralnid 5 days of anaerobic fermentation, the
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fermented black raspberry juice (C) contained 22% more anthocyanin than thedoésh bl

raspberry juice (J) (table 4.3).

Table 4.3.Anthocyanin (ACN) in Black Raspberry Fermentation Produtts Afeated with 0.1%
and 0.01% Proteases.

Sample Concentration ACN
(%) (mg/100ml)

J - 113.07+4.32b
C - 137.44+3.53a
AP 0.1 141.31+8.52a
AP 0.01 140.58+3.51a
NBP 0.1 149.37+7.10a
NBP 0.01 142.91+5.02a

J: Fresh juice with no treatment; C: Control; AP: Acid Protels8#: Neutral Bacterial Protease.
Products were fermented for 1 week in a flask, with the opening covered withkaix&oes

are expressed as mean + standard error.Within the same column, means foll ovifeddny
letters are significantly different at<0.05.

In conclusion, while 1% of neutral bacterial protease effectively retameaidselected
anthocyanin in open fermented black raspberry juice by 128%, the results for closed
fermentation were much less dramatic. None of the 0.1% and 0.01% of proteasertreat
significantly differed from the control in closed fermentation. While compgatie fermentation
process that involved 2 days of aerobic fermentation followed by 5 days of anaerobic
fermentation to the process that involved 7 days of aerobic fermentation, shatéc aer
fermentation retained 232% more anthocyanin than the longer aerobic fermentatigs.proce
The results from this study indicated that while proteases may have a peldctgreventing
PPO activity and preserving anthocyanins, the fermentation process alsorbateaimpact on
anthocyanins. For this reason, further studies involving alcoholic and acetiafatiores impact

on fruit anthocyanins were warranted.

-51 -



4.2. Persimmon

4.2.1. pH, Titratable Acidity and Brix

Titratable acidity (TA) of persimmon juice and winere expressed in % malic acid since malic
acid is the predominant acid in persimmon (Daoati@hers 1991; Lee and others 2009). TA of
persimmon vinegar was expressed in % acetic acduse acetic acid is the major acid in
vinegar. pH of astringent and non-astringent parsam juice decreased 42.9% and 45.6%,
respectively, after wine and vinegar fermentatiWme and vinegar fermentation increased
titratable acidity of astringent and non-astringeetsimmon by 14 and 11 times respectively.
Brix of astringent and non-astringent persimmongudecreased 81.7% and 81.4%, respectively,

after primary wine fermentation. Detailed data whswn in Appendix D.
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Figure 4.3. pH, titratable acidity and brix of asfgent and non-astringent juice and fermentation
products. AJ & NJ: astringent and non-astringeitgjluAW1 & NW1: astringent and non-
astringent persimmon after primary wine fermentgt®Ww?2 & NW2: astringent and —non-
astringent persimmon after secondary wine fermemaAV & NV: astringent and non-
astringent persimmon vinegar. Values are expregsedean * standard error.
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4.2.2. Total Phenolics and Antiradical Activity

Figure 4.3, 4.4 and table 4.4 show the total phenolics (TPH) and antiradical activitgf(AR
astringent and non-astringent persimmons with both ethanolic and acetic acitd¢ions.
Astringent persimmon unfermented juice contained the most total phenolics andgubdsess
strongest antiradical activity among all treatments. Total phenal@stiingent persimmon juice
were about 90 times more than that in non-astringent. Antiradical activity3ua®es stronger
than non-astringent juice. Total phenolics in astringent persimmon juice igyeifecantly
degraded during the primary and secondary wine fermentation while antiradirc&y avas only
significantly degraded during the primary wine fermentation. Acetiingirocess also degraded
total phenolics and antiradical activity; however, TPH and AR of astringesibhpaon wine
were not statistically different from astringent persimmon vinegar.

The detected level of TPH and AR in non-astringent persimmon juice was lower thizn tha
non-astringent persimmon wine and vinegar. This was probably because TPH in myeiaistri
persimmon was susceptible to alcoholic extraction when alcohol was produced during the
primary wine fermentation; thereby significantly increased TPH in NW1.

According to our results, comparing astringent to non-astringent persinumce and
fermentation products, only astringent persimmon juice was significaffdyesht from non-
astringent juice. Astringent persimmon wine and vinegar were not stalystidddrent from

non-astringent persimmon wine and vinegar in terms of TPH and AR determined.
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Figure 4.4.Total phenolics in astringent and namiagent persimmon juice and fermentation
products. AJ & NJ: astringent and non-astringeitgjluAW1 & NW1: astringent and non-
astringent persimmon after primary wine fermentgtwW2 & NW2: astringent and —non-
astringent persimmon after secondary wine fermemaAV & NV: astringent and non-
astringent persimmon vinegar. Only AJ and AW1 whated 100 and 10 times respectively,
others were not diluted. Values are expressed as msetandard error.
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Figure 4.5.Antiradical activity in astringent andmastringent persimmon juice and
fermentation products. AJ & NJ: astringent and astringent juice; AW1 & NW1: astringent
and non-astringent persimmon after primary winenfartation; AW2 & NW2: astringent and —
non-astringent persimmon after secondary wine fatat®n; AV & NV: astringent and non-
astringent persimmon vinegar. Values are expregsedean * standard error.

Overall, in astringent persimmon, TPH was signifttadegraded in primary and secondary
wine fermentation but not in acetification procddswever, AR was only significantly degraded

during primary wine fermentation but not secondaiye fermentation and acetification. As for
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non-astringent persimmon, primary wine fermentation significantly isece@PH. Secondary
wine fermentation and vinegar fermentation degraded TPH; however, they werdistitaita
different. AR had the similar trend as TPH in non-astringent persimmon but théyag#sinot
statistically different. Determination of specific phenolic compounds whihklaundant in
persimmon, such as tannins and polyphenols (Piretti 1991; Gu and others 2008) is needed to
confirm either elevation or degradation of phenolic compounds was incurred duringéhena

vinegar fermentation in astringent and non-astringent persimmon.

Table 4.4.Summary of total phenolics (TPH) and antiradical activity (AR3tahgent and non-
astringent persimmon juice and fermentation products.

Products TP AR

(mg/100ml GAE) (%)
AJ 945.00+16.82a 607.77+36.56a
AW1 151.20+19.77b 27.88+5.05b
AW?2 26.83+1.90cd 10.07+0.72b
AV 1.15+2.11d 4.25+1.40b
NJ 10.50+1.50d 8.25+2.46b
NW1 97.94+2.22¢c 33.54+2.62b
NW2 32.66+0.48cd 22.44+2 91b
NV 17.62+0.95cd 18.69+3.34b

AJ & NJ: astringent and non-astringent juice; AW1 & NW1: astringent and nonegstt
persimmon after primary wine fermentation; AW2 & NW2: astringent and —nomgesiti
persimmon after secondary wine fermentation; AV & NV: astringent and nonegstt
persimmon vinegar. Values are expressed as mean +* standard error. Withindloelsann,
means followed by different letters are significantly different atdRO5.

4.3. Blueberries

4.3.1 pH, Titratable Acidity, and Brix

The pH of fresh blueberry juice was 3.10 (Figure 4.5 and Appendix C) and it decreased to 2.62
after wine and vinegar fermentation. Titratable acidity (TA) of bluebercg jand wine were
expressed in % malic acid since malic acid is the predominant acid in blugksryts 2005).
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The TA of blueberry vinegar was expressed in %i@eeid because acetic acid is the major acid
in vinegar. Titratable acidity in fresh blueberayge was about 0.8% but it increased to 1.5%
during primary and secondary wine fermentation.imuacetification process, TA in blueberry
must quickly multiplied 3.2 times in about 2 weekhke Brix of the fresh blueberries decreased

43%, from 9.8% sugars to 5.6% sugar at the endiwfgpy wine fermentation in 5 days.
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Figure 4.6. pH, TA and Brix of Tifbluerabbiteye bherry juice and fermentation products. TA
is expressed in % of malic acid for J, W1, W2 andf%cetic acid for V. Brix is expressed in %
of sugars. J: fresh juice; W1: fermentation prodafttr primary wine fermentation; W2:
fermentation product after secondary wine fermémad/: fermentation product after
acetification. Values are expressed as mean + atdreiror.

4.3.2 Total Anthocyanin

Total anthocyanin content (ACY) of the blueberricgiwas lower than that of the blueberry
wine and vinegar (Figure 4.6). Blueberry must,rgbtemary and secondary ethanolic
fermentation, had 266% and 169% more anthocyawin tihe fresh juice, respectively, while the
blueberry vinegar contained only 27% more anthoicytdran the juice. While total anthocyanins

were increased during the primary fermentatiowas later decreased 27% (W2) and then
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decreased another 53% (V) during the secondaryefgation and acetification process.

During primary wine fermentation, the anthocyaramtent peaked at 8.54mg/100ml of
blueberry must. This tremendous increase may bealtee ethanol produced during the
fermentation assisting in extracting the anthoaysufiiom the fruit pulp; thereby increasing the
amount of anthocyanins in the wine. Various solggesitich as ethanol, methanol, acetone,
trifluoroacetic, hydrochloric and phosphoric adidye been successfully used to increase
anthocyanin extraction (Mazza and others 2003; IMcand others 2007; Mane and others 2007).
Therefore, the ethanol produced during the prinfi@myentation could be the potential
extraction agent that is accountable for the anthoin elevation. Our findings are similar to the
results of Mazza and others (1999) who found thiall anthocyanins in grape wine increased
during the early stages of ethanolic fermentatm@aking at 2-3 days after the start of

fermentation and decreasing during malolactic fertiawgon.
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Figure 4.7. Total anthocyanin content of bluebguige and fermentation products. J: fresh juice;
W1: fermentation product after primary wine fernegitn; W2: fermentation product after
secondary wine fermentation; V: fermentation pradifter acetification. Values are expressed
as mean * standard error.

- 57 -



4.3.3. Epicatechin

According to Zhao (2007), epicatechin is the mépran-3-ol in blueberries and it is present at

a concentration of 1mg/100g fresh weight. Therefotieer than anthocyanin, it is also important
to determine and quantify the concentration of &geichin throughout the fermentation processes.
Epicatechin concentration (EPC) was highest irbtheberry must after primary fermentation

and lowest in the fresh blueberry juice (Figure 4Atter primary and secondary wine
fermentation, epicatechin in blueberry wine incegbby 227% (W1) and 157% (W2),
respectively, compared to that of the fresh juidee epicatechin content in blueberry vinegar
after acetification was 78% more than that in barepjuice. Although epicatechin was
significantly increased during primary fermentatigrwas later degraded during secondary wine

fermentation and acetification.
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Figure 4.8. Epicatechin of fresh Tifbluerabbiteyedberry juice and fermentation products. J:
fresh juice; W1: fermentation product after primanype fermentation; W2: fermentation
product after secondary wine fermentation; V: femtadon product after acetification. Values
are expressed as mean + standard error.
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4.3.4. Antiradical Activity

Antiradical activity (AR) of the blueberries wagpresented in percentage of inhibition of the
decoloration of DPPH solution. The free radicaiveraing activity was the highest in blueberry
must during primary wine fermentation and the lawedblueberry vinegar (Figure 4.8).
Antiradical activity increased by 28% during prim&rmentation and then decreased by16%
and 28%, respectively, during secondary wine fetaten and acetification compared to that of
the fresh blueberry juice. Even though the ovdratd was in line with the trend of total
anthocyanin and epicatechin, differences in anteddctivity throughout the fermentation

processes were not significant.
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Figure 4.9.Antiradical activity of Tifbluerabbiteyaueberry juice and fermentation products. J:
fresh juice; W1: fermentation product after primanype fermentation; W2: fermentation
product after secondary wine fermentation; V: femtagon product after acetification. All of the
samples were diluted 5 times. Values are express@tean + standard error.
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4.3.5. Total Phenolics

Total phenolics were the highest in fresh bluebgrige (Figure 4.9). Throughout the wine
fermentation and acetification process, only prinaine fermentation significantly reduced the
total phenolics in blueberry by 21%. The total phieas in W1, W2 and V were not statistically
different from one another. Also, the overall trexidhe total phenolics did not agree with that
of the total anthocyanin, epicatechin and antiraldactivity during the fermentation processes.
On the other hand, antiradical activity and totamolics of W1, W2 and V shared some
similarity and were not statistically different froone another. Other than anthocyanin and
epicatechin, this experiment did not account ftweophenolic compounds that could also be
part of the total phenolics in blueberry. Therefdihés could partly explain the disagreement
stated above. In addition, Folin-Ciocalteau col@&im method that was used in this experiment
has the disadvantage of responding to sugar afut slibxide (Waterhouse 2002). This could

elevate the apparent phenolic content in the fn@sk which contained sugars.
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Figure 4.10.Total phenolics of fresh Tifbluerabhé@dlueberry juice and fermentation products.
J: fresh juice; W1: fermentation product after parsnwine fermentation; W2: fermentation
product after secondary wine fermentation; V: femtagon product after acetification; GAE:
gallic acid equivalent. Values are expressed as\iestiandard error.
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4.3.6. Overall Changes of Phenolics and Antioxidant Activity

In general, the results of total anthocyanin (ACY), epicatechin (EPC) anadicdiractivity

(AR) of blueberry juice and fermentation products were in line with one anoth#t,. A&C, and
AR were increased during primary wine fermentation process but were leteasied during
secondary wine fermentation process. After that, they further decreasegl ttheracetification
process. During wine fermentation, most of the alcohol is produced during the primary
fermentation (alcohol fermentation). The increase of alcohol content during aleohehtation
significantly raised the ACY, EPC and AR of the fermentation products, byagagaihe
extraction from the fruit pulp. Initial alcoholic fermentation increased AERC and AR while
acetification responded oppositely. Our findings are in accordance with Su arsd(2€f) in

that blueberry wine contained more total anthocyanin and possessed stronger ardicadity
than that in blueberry juice and vinegar. Andlauer and others (2000) investigated the enfiluenc
acetification process on phenolic compounds in cider, red and white wine and vinegar. They
concluded that acetification process decreased the total phenolics in cider (408gpred

wine vinegar (13%) and white wine vinegar (8%). Also, Su and others (2006) compared the
antioxidant properties of blueberry juice, wine and vinegar pomace. They reporteththat w
pomace has the highest antioxidant activites while vinegar pomace has the loweatsd he
concluded that acetification significantly decreased TPH, ACY and anafaditvity. In short,

our conclusion is in line with that of Andlauer and others (2000) and Su and others (2006, 2007).
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Table 4.5.Summary of total anthocyanin content (ACY), total epicatechin (EPCpltetelics
(TPH), and antiradical activity (AR) of blueberry juice and fermentation preduct

Sample ACY EPC TPH AR

(mg/100ml) (mg/100ml) (mg/100ml) (%)
J 2.33+0.10c 19.13+0.93d 49.89+1.80a 32.17+2.07a
w1 8.54+0.16a 62.65+0.64a 39.60+0.84b 41.03+4.32a
w2 6.26+0.17b 49.07+0.60b 40.12+1.07b 27.09+3.14a
V 2.96+0.17c 33.99+0.89c 39.15+1.99b 23.27+4.13a

J: fresh juice; W1: fermentation product after primary wine fermentafitih;fermentation
product after secondary wine fermentation; V: fermentation product aftéication. All
values are expressed as mean + standard error. Within the same columrfphosees by
different letters are significantly different a&cr.05.

4.3.7. Changes in Concentration of EPA and DHA in Salmon Oil-in-water Emulsion
Eicosapentaenoic acid (EPA) and Docosahexaenoic acid (DHA) contents am salrare

reported to be in the range of 6.2-7.9% and 9.1-10.5%, respectively (Frankel and others 2002;
Barrow and others 2008). Salmon oil used in this experiment contained 9.20+0.75 (%) of EPA
and 8.10+0.60 (%) of DHA by GC-FID. The slight variation is probably because of theegrie

of the salmon species used and the discrepancy of the testing method applied in iimeetger
Nevertheless, the slight discrepancies can be considered insignifidaistéage while we are
comparing the salmon oil-in-water emulsion (SOE) internally insteadtefretly.

Figures 4.10 to 4.11 and table 4.5 show the EPA and DHA remaining in SOE after treatment
with 1% and 9.1% of blueberry juice, wine and vinegar. After 3 days of incubation in a warm
water bath, EPA and DHA in the control SOE (C3) degraded 87% and 91% respectively while
compared to that in the control at O days (C0). One percent of juice (J1), wine (W1) ayad vine
(V1) effectively prevented the degradation of EPA by 57%, 70% and 77%, respecinaly

DHA by 57%, 72% and 79%, respectively. In addition, 9.1% of juice (J10), wine (W10) and

vinegar (V10) prevented the degradation of EPA by 73%, 77% and 75%, respectively,and DH
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by 80%, 84% and 88% respectively. Even though QuE#tment was more effective than the 1%
treatment in preventing the degradation of EPARHKA, both the treatments were not

statistically different in terms of EPA. As for DHAlthough the results showed that 9.1% and 1%
treatments were statistically different with thécodated p-value of 0.034, the p-value was very
close to our significant difference level which waad?< 0.05. Therefore, 9.1% treatment was

close to having the same effect as the 1% in ptexgg®HA degradation. In other words, 1% of
treatment was sufficient enough to prevent EPARHA degradation in SOE. A similar finding

was reported by Luther and others (2007). Theystigated the inhibitory effect of black

raspberry seed extract on lipid oxidation in fishand reported that black raspberry seed extract

significantly reduced the degradation of n-3 pobkaturated fatty acid.

co Cc3 1 W1 Vi J10 W10 V10

Sample

15.00

10.00

00

EPA (mg/ 100mg of Salmon Oil)
5.

0.00

Figure 4.11. Eicosapentaenoic acid (EPA; C20:5re@jained in 1% salmon oil-in-water
emulsion (SOE) after 3 days of incubation. CO: oardt O day; C3: control after 3 days; J1, W1,
V1: blueberry juice, wine, vinegar at 1%; J10, W¥QQ: blueberry juice, wine, vinegar at 9.1%.
Values are expressed as mean + standard error.
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Figure 4.12. Docosahexaenoic acid (DHA; C22:6re®ained in 1% salmon oil-in-water
emulsion after 3 days of incubation. CO: contrd atay; C3: control after 3 days; J1, W1, V1:
blueberry juice, wine, vinegar at 1%; J10, W10, Vildeberry juice, wine, vinegar at 9.1%.
Values are expressed as mean + standard error.

Table 4.6. Summary of eicosapentaenoic acid (ERA)dmcosahexaenoic acid (DHA) remained
in salmon oil-in-water emulsion after 3 days ofdation.

Sample EPA DHA
(mg/100mg) (mg/100mg)

Co 9.20+0.75a 8.10+0.60a
C3 1.20+0.60c 0.70+0.50c
J1 5.20+0.55b 4.70+0.60b
w1 6.40+0.30ab 5.90+0.20ab
V1 7.10+0.30ab 6.50+0.30ab
J10 6.75+0.15ab 6.55+0.15ab
W10 7.05+0.35ab 6.85+0.35ab
V10 6.85+0.05ab 7.15+0.35ab

CO: control at 0 day; C3: control after 3 days;\W1,, V1: blueberry juice, wine, vinegar at 1%;
J10, W10, V10: blueberry juice, wine, vinegar dt%. Values are expressed as mean + standard
error. Within the same column, means followed Wiedent letters are significantly different at
P<0.05.
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In this experiment, blueberry vinegar contained less anthocyanin, epicatechirahpteablics
and possessed weaker antiradical activity; however, it was the stroggesinapreventing EPA
and DHA oxidation compared to blueberry juice and wine. Therefore, phenolics compounds,
such as anthocyanin and epicatechin, were not the only factor that influenced thetidegoadda
EPA and DHA in this oil-in-water emulsion system. Other factors, such asyhegHocation

of the antioxidant, its interaction with other food components and environmental conditions
have to be considered in a heterogeneous food system as well (Decker 2005).

In this experiment, other than the phenolic compounds, pH could be an important factor that
influenced the lipid oxidation in the SOE system. Few studies investigateffieitteo pH on
antioxidant compounds in oil-in-water emulsions but the results were contradistong show
that the rate of lipid oxidation increases with increasing pH in oil-in-veaterisions (Huang and
others 1996; Sorensen and others 2008) but others disagree (Shimada and others 1994; Donnelly
and others 1998). A food matrix is a very complex system; therefore, a lot of esesisauld be
taken into consideration before an established conclusion is made. Though sed&Eshstve
shown that pH has an effect in oil-in-water emulsions, it is clear that pH caatithpaxidative
stability of the emulsions in various way, such as its effect on the regctwitibility, size of the
droplets and partitioning of the reactive species involved (Mcclements and othe6208@sen
and others 2008). This may explain the inconclusive result of whether lower or highetapts
lipid oxidation. Therefore, further research has to be done to confirm the impact of pH on

specific antioxidant compounds in the complex oil-in-water emulsions.
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CHAPTER 5. SUMMARY, CONCLUSION AND FUTURE RESEARCH
“Phytochemicals and functional foods” is one of the hottest terms that hawteatsanificant
attention from scientists, health professionals and food manufacturers in reszetesde
Anthocyanin and other phenolic compounds from various fruits and vegetables are the major
constituents that are accountable for optimal health. This research stiéintaccwriosity to
know if proteases were capable in preventing anthocyanin degradation in sugac @ghen
ferment to reduce sugars) black raspberry juice. The curiosity led thectegeaup to search
and in searching, ideas about investigating the changes of phenolic compounds during
fermentation flourished. Though phenolic compounds in grape wine have been extensively
studied, the information about the changes in phenolic compounds of other fruit crops during
wine and vinegar fermentation is limited, however. Therefore, upon the completimnldatck
raspberry project, fresh persimmons and blueberries were used to investigaianipes of
polyphenols during alcohol and vinegar fermentation.

Our findings concluded that:

1) One percent of neutral bacterial protease can potentially prevent antimodggradation in
fermented black raspberries

2) Total phenolics in astringent persimmons was degraded throughout the alcohol and vinegar
fermentation processes. However, in non-astringent persimmons, alcohol &romnentcreased

but acetification decreased the total phenolic

3) In blueberries, alcohol fermentation increased but acetification dedra@is®cyanin and
epicatechin. While comparing the ability of blueberry juice, wine and vinagaeventing EPA

and DHA degradation, blueberry vinegar was the most effective agent arhong al

A more established research that focuses on the anti-oxidative effect of bjweinerand
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vinegar in preventing lipid oxidation of fish oil can be designed and conducted. Other than using
GC-FID to detect the concentration of docosahexaenoic acid (DHA) and eictzsapec acid

EPA (EPA) in salmon oil-in-water emulsion (SOE) before and after oxidatiatatbituric

acid (TBA) method could also be used to access the overall lipid imxidatSOE model system.
Though EPA and DHA are the major fatty acids in salmon oil, alpha-linolenic at&13)ds

also an important fatty acid in salmon oil. It could be quantified together with B RIHA by

GC-FID in future research.
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APPENDIX A. CHROMATOGRAM OF ANTHOCYANIN IN BLACK RA SPBERRY
FERMENTATION PRODUCTS AFTER TREATED WITH 1% PROTEAS ES IN

OPENED BEAKER
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APPENDIX B. CHROMATOGRAM OF ANTHOCYANIN IN BLACK RA SPBERRY

FERMENTATION PRODUCTS AFTER TREATED WITH 0.1% AND 0 .01%

PROTEASES IN VOLUMETRIC FLASK COVERED WITH AIR-LOCK
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APPENDIX C. SUMMARY OF PH, TA AND BRIX OF BLUEBERRY JUICE AND
FERMENTATION PRODUCTS

Products pH TA Brix

(%) (%)
J 3.10+0.03 0.80+0.03 9.90+0.10
w1l 3.10£0.01 1.50+0.03 5.60+0.05
w2 2.90+0.02 1.50+0.02 5.40+0.05
V 2.62+0.07 4.80+0.01 5.30+0.10

TA is expressed in % of malic acid for J, W1, W2 and % of acetic acid for V. Beixgressed
in % of sugars. J: fresh juice; W1: fermentation product after primary wimef¢ation; W2:
fermentation product after secondary wine fermentation; V: fermentation piaftierct
acetification. Values are expressed as mean + standard error.
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APPENDIX D. SUMMARY OF PH, TA AND BRIX OF ASTRINGENT AND NON-
ASTRINGENT PERSIMMON JUICE AND FERMENTATION PRODUCTS

Products pH TA Brix

(%) (%)
Al 5.59+0.05 0.28+0.10 24.10+0.01
AW1 4.44+0.01 0.72+0.06 6.30+0.04
AW2 4.39+0.01 0.69+0.02 6.10+0.01
AV 3.19+0.04 3.95+0.03 4.40£0.02
NJ 6.04+0.06 0.26+0.10 22.61+0.01
NwW1 4.47+0.02 0.60+0.06 5.60+0.03
NW2 4.32+0.07 0.72+0.08 6.10+0.01
NV 3.28+0.08 2.88+0.04 4.20+0.02

TA expressed in % malic acid for AJ, AW1, AW2, AJ, NJ, NW1, NW2 and % of acetic acid for
AV & NV. AJ & NJ: astringent and non-astringent juice; AW1 & NW1: astringardt non-
astringent persimmon after primary wine fermentation; AW2 & NW2: astinged —non-
astringent persimmon after secondary wine fermentation; AV & NV: astitrend non-

astringent persimmon vinegar. Values are expressed as mean + standard error.
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APPENDIX E. ANTHOCYANIN CHROMATOGRAM OF TIFBLUE RAB BITEYE
BLUEBERRY JUICE AND FERMENTATION PRODUCTS
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APPENDIX F. EPICATECHIN (EPC) CHROMATOGRAM OF TIFBL UE RABBITEYE
BLUEBERRY JUICE
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INCUBATION
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APPENDIX G. CHROMATOGRAM OF EPA AND DHA IN SALMON O IL-IN-WATER
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APPENDIX H. SAS PROGRAM OF STATISTICAL ANALYSES

SAS Program for the Analyses of Total anthocyaromtént of Blueberry Juice and
Fermentation Products

dm 'log:;clear;output;clear';
options nodate nocenter pageno=1;
=l PROC IMPORT OUT= WORK.Anthocyanin
DATAFILE= "C:\Thesis\SAS\Blueberry Data_ 1l.xls"
DBMS=EXCEL REPLACE:
SHEET="Antho_SAS":
GETNAMES=YES:
MIXED=NO:
SCANTEXT=YES:’
USEDATE=YES:
SCANTIME=YES:
RUN
=IDATA Anthocyanin;
set Anthocyanin;
ODS RTF FILE = 'C:\Thesis\SAS\Amanda Anthocyanin SAS':
=lProc Print:;
run:
=l PROC Mixed data=Anthocyanin;
Class Trct:
Model Anthocyanin = Trt / outp=ResidACY;
LSMEANS Trt / Adjust=Tukey:
ods output diffs=ppp’
ods output lsmeans=mmm;
ran:
$include 'C:\Thesis\SAS\pdmix800.sas"';
Spdmix800 (ppp, mmm, alpha=0.05, sort=no):;

= PROC UNIVARIATE data=ResidACY PLOT NORMAL:
Var Resid:
ran:
ODS RTF CLOSE:;
QUIT:

SAS Program for the Analyses of Epicatechin of Berey Juice and Fermentation Products

dm 'log:;clear;output;clear';
options nodate nocenter pageno=1;
=/PROC IMPORT OUT= WORK.Epicatechin
DATAFILE= "C:\Thesis\SAS\Blueberry Data_1l.xls"
DBMS=EXCEL REPLACE:
SHEET="Epicatechin_SAS";
GETNAMES=YES:;
MIXED=NO;
SCANTEXT=YES:
USEDATE=YES;
SCANTIME=YES;
RUN;
=IDATA Epicatechin;
set Epicatechin;

ODS RTF FILE = 'C:\Thesis\SAS\Amanda Epicatechin SAS';
=/Proc Print;
run;

=] PROC mixed data=Epicatechin;

Class Trt;

Model Epicatechin = Trt / outp=ResidACY;
LSMEANS Trt / Adjust=Tukey;

ods output diffs=ppp:;

ods output lsmeans=mmm;

ran;

$include 'C:\Thesis\SAS\pdmix800.sas';
$pdmix800 (ppp, mmm, alpha=0.05, sort=no):;

=/PROC UNIVARIATE data=ResidACY PLOT NORMAL;
Var Resid;
run;
ODS RTF CLOSE:;
QUIT:
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SAS Program for the Analyses of Total PhenolicBloEberry Juice and Fermentation Products

dm 'log:;clear;output;clear';
options nodate nocenter pageno=1;
=l PROC IMPORT OUT= WORK.TotalPhenolic
DATAFILE= "C:\Thesis\SAS\Blueberry Data_1l.xls"
DBMS=EXCEL REPLACE:
SHEET="Total Phenolic_SAS";
GETNAMES=YES:;
MIXED=NO;
SCANTEXT=YES:
USEDATE=YES:
SCANTIME=YES:’
RUN
=IDATA TotalPhenolic:;
set TotalPhenolic:;
ODS RTF FILE = 'C:\Thesis\SAS\Amanda Total Phenolic SAS':
=/Proc Print:;
run;
=/PROC Mixed data=TotalPhenolic:;
Class Trct:
Model TotalPhenolic = Trt / outp=ResidACY:;
LSMEANS Trt / Adjust=Tukey:
ods output diffs=ppp:’
ods output lsmeans=mmm;
run;
$include 'C:\Thesis\SAS\pdmix800.sas';
$pdmix800 (ppp, mmm, alpha=0.05, sort=no):

=/ PROC UNIVARIATE data=ResidACY PLOT NORMAL:
Var Resid:
ran;
ODS RTF CLOSE:
QUIT:

SAS Program for the Analyses of Antiradical Actywvaf Blueberry Juice and Fermentation
Products

dm 'log;clear;output;clear';
options nodate nocenter pageno=1;
=/PROC IMPORT OUT= WORK.DPPH
DATAFILE= "C:\Thesis\SAS\Blueberry Data_1.xls"
DBMS=EXCEL REPLACE:
SHEET="DPPH_SAS";
GETNAMES=YES;
MIXED=NO;
SCANTEXT=YES;
USEDATE=YES;
SCANTIME=YES;
RUN;
=/DATA DPPH;
set DPPH;
ODS RTF FILE = 'C:\Theszs\SAS\Amanda_DPPH_SAS':
=/Proc Print;
ran;
=/ PROC Mixed data=DPPH;
Class Trt:
Model DPPH = Trt / outp=ResidACY;
LSMEANS Trt / Adjust=Tukey’
ods output diffs=ppp:’
ods output lsmeans=mmm;
ran;
$include 'C:\Thesis\SAS\pdmix800.sas';
$pdmix800 (ppp, mmm, alpha=0.05, sort=no):;

=/PROC UNIVARIATE data=ResidACY PLOT NORMAL;
Var Resid;
ran;
ODS RTF CLOSE;
QUIT:
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SAS Program for the Analyses of EPA Remained im8al Oil-in-water Emulsion after 3 days
of Incubation

dm 'log;clear;output;clear';
options nodate nocenter pageno=1;
=/PROC IMPORT OUT= WORK.EPA
DATAFILE= "C:\Thesis\SAS\Blueberry Data_l.x1ls"
DBMS=EXCEL REPLACE;
SHEET="FA_SAS";
GETNAMES=YES;
MIXED=NO;
SCANTEXT=YES;
USEDATE=YES;
SCANTIME=YES;

RUN;
=/DATA EPA;
set EPA;

ODS RTF File = 'C:\Thesis\SAS\EPA Output';
=IProc Print;

run;
=/PROC Mixed data=EPA;

Class Group Trt;

Model EPA = Group Trt Group*Trt / outp=ResidACY;

LSMEANS Group Trt Group*Trt / Adjust=Tukey:;

ods output diffs=ppp:;

ods output lsmeans=mmm;

run;

$include 'C:hThESlS\SAS\pdleSOO.SaS';

$pdmix800 (ppp, mmm, alpha=0.05, sort=no):;
=/PROC UNIVARIATE data=ResidACY PLOT NORMAL;

Var Resid;

run;

ODS RTF CLOSE:

QUIT;

SAS Program for the Analyses of DHA Remained im&ed Oil-in-water Emulsion after 3 days
of Incubation

dm 'logsclearxrsyoutput:scleax';
options nodate nocenter pageno=1;
= PROC IMPORT OUT= WORK.DHA
DATAFILE= "C:\Thesis\SAS\Blueberxy Data_1l.xls"
DBMS=EXCEL REPLACE:’
SHEET="FA_ SAS":
GETNAMES=YES>
MIXED=NO:
SCANTEXT=YES:
USEDATE=YES’
SCANTIME=YES’
RUN >
= DATA DHA’
set DHA:

ODS RTF File = 'C:\Thesis\SAS\DHA Output':’
= Proc Print:
ran:

= PROC Mixed data=DHA>
Class Group Trxt:
Model DHA = Group Trt Group*Trt / ocoutp=ResidaC¥Y:
LSMEANS Group Trt Group*Trt / Adjusct=Tukey:’
ods output diffs=ppp:
ods ocutput lsmeans=Imm’
ran;’
$include 'C:\Thesis\SAS\pdmix800O.sas"';
Spdmix800 (pprpr, mmm, alpha=0.05, sort=no)
= PROC UNIVARIATE data=ResidACY PLOT NORMAT.
Var Resid:

ran’z
ODS RTF CLOSE:;
QUIT:>
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SAS Program for the Analyses of Antiradical Actvif Persimmon Juice and Fermentation
Products

dm 'log:;clear;output;clear';
options nodate nocenter pageno=1:;
= PROC IMPORT OUT= WORK.DPPH
DATAFILE= "C:\Thesis\SAS\Persimmon Data_1l.xls"
DBMS=EXCEL REPLACE:
SHEET="DPPH_SAS":
GETNAMES=YES;
MIXED=NO:
SCANTEXT=YES;
USEDATE=YES:’
SCANTIME=YES;
RUN
=DATA DPPH:
set DPPH:
ODS RTF FILE = 'C:\Thesis\SAS\Amanda PersimmonDPPH_ SAS':
=IProc Print:
ran;
=/PROC Mixed data=DPPH;
Class Trct:
Model DPPH = Trt / outp=ResidACY:;
LSMEANS Trt / Adjust=Tukey’
ods output diffs=ppp’
ods output lsmeans=mmm;
ran;
$include 'C:'\Thesls\SAS\pdm:.xSOO.sas','
$pdmix800 (ppp, mmm, alpha=0.05, sort=no):’;

=/ PROC UNIVARIATE data=ResidACY PLOT NORMAL:
Var Resid;
ron:

ODS RTF CLOSE:
QUIT:

SAS Program for the Analyses of Total PhenolicR@fsimmon Juice and Fermentation
Products

dm 'log:clear:;output:;clear';
options nodate nocenter pageno=1;
=/ PROC IMPORT OUT= WORK.TotalPhenolic
DATAFILE= "C:\Thesis\SAS\Persimmon Data_ 1l.xls"
DBMS=EXCEL REPLACE:
SHEET="Total Phenolic_SAS";
GETNAMES=YES;
MIXED=NO:
SCANTEXT=YES:’
USEDATE=YES:
SCANTIME=YES’
RUN:;
=IDATA TotalPhenolic:
set TotalPhenolic:
ODS RTF FILE = 'C:\Thesis\SAS\Amanda Persimmon Total Phenolic SAS';
=IProc Print;
ran;
PROC Mixed data=TotalPhenolic;
Class Trt:
Model TotalPhenolic = Trt / outp=ResidACY:;
LSMEANS Trt / Adjust=Tukey:;
ods output diffs=ppp:’
ods output lsmeans=mmm;
run;
$include 'C:\Thesis\SAS\pdmix800.sas';
$pdmix800 (ppp, mmm, alpha=0.05, sort=no):’

=) PROC UNIVARIATE data=ResidACY PLOT NORMAL:
Var Resid;
ran;
ODS RTF CLOSE:
QUIT:
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SAS Program for the Analyses of Total AnthocyarfiBlack Raspberry Juice and Fermentation
Products After Treated with 1% Proteases

dm 'logsclear;output:;clear':;
options nodate nocenter pageno=1;
=l PROC IMPORT OUT= WORK.Anthocyanin
DATAFILE= "C:\Thesis\SAS\BRB Data_1l.xls"
DBMS=EXCEL REPLACE’
SHEET="Antho_SAS":
GETNAMES=YES’
MIXED=NO:
SCANTEXT=YES:’
USEDATE=YES:’
SCANTIME=YES’
RUN
=IDATA Anthocyanin’
set Anthocyanin;
ODS RTF FILE = 'C:\Ihesls\SAS\Amanda_BRBAﬂChocya:l:_SAS':

=/ Proc Print:
ran;
=l PROC Mixed data=Anthocyanin;
Class Trct:
Model Anthocyanin = Trt / outp=ResidACY:;
LSMEANS Trt / Adjust=Tukey:
ods output diffs=ppp:’
ods ocutput lsmeans=mmm;
ran;
$include 'C:hThesls\SAS\pdm;xEOO.sas':
Spdmix800 (ppp, mmm, alpha=0.05, sort=no)

=l PROC UNIVARIATE data=ResidACY PLOT NORMAL:
Var Resid:
run;
ODS RTF CLOSE:
QUIT:

SAS Program for the Analyses of Total AnthocyarfiBlack Raspberry Juice and Fermentation
Products After Treated with 0.1% and 0.01% Protease

dm 'log;clear;output;clear';
options nodate nocenter pageno=1;
=/PROC IMPORT OUT= WORK.Anthocyanin
DATAFILE= "C:\Thesis\SAS\BRB Data_1l.xls"
DBMS=EXCEL REPLACE;
SHEET="Antho_SAS1";
GETNAMES=YES;
MIXED=NO;
SCANTEXT=YES:
USEDATE=YES;
SCANTIME=YES;
RUN;
=IDATA Anthocyanin;
set Anthocyanin;
ODS RTF FILE = 'C:\Thesis\SAS\Amanda BRBAnthocyaninl SAS';

=IProc Print;

run;
=JPROC Mixed data=Anthocyanin;
Class Trt;

Model Anthocyanin = Trt / outp=ResidACY;
LSMEANS Trt / Adjust=Tukey;

ods output diffs=ppp:

ods output lsmeans=mmm;

run;

$include 'C:\Thesis\SAS\pdmix800.sas';
$pdmix800 (ppp, mmm, alpha=0.05, sort=no):;

=/PROC UNIVARIATE data=ResidACY PLOT NORMAL;
Var Resid;
run;
ODS RTF CLOSE;
QUIT:;
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