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ABSTRACT

The study aimed at determination of antioxidant activities, bioactive
compounds and volatile compounds of fourteen Thai herbs and spices. Antioxidant
activities were used by two in vitro assays, namely DPPH radical scavenging activity
and ferric reducing antioxidant power assay (FRAP). Total phenolic content was
measured by Folin-Ciocalteu reagent and total flavonoid content by colorimetric
method. Identification of phenol compounds were performed using HPLC with the
UV-diode array detection. Volatile compounds were performed using GC-MS. The %
inhibition (DPPH radical scavenging activity) was in a wide range of 69% in leave
Cassia siamea Britt. to 87% in Ocimum sanctum L. cv. Khao. In leave samples, FRAP
value ranged from 245 umol FeSO4/g in Piper aurantuacum to 682 umol FeSO4/g in
Ocimum sanctum L. cv. Khao. The highest of total phenolic content (TPC) was found in
Cassia siamea Britt.(leaf) (502 (GAE)/g DW). The main phenolic acids in all analyzed
herbs and spices were ferulic acid, sinapic acid and p-coumaric acid. Ferulic acid was
the major hydrocinnamic acid derivative, ranging from 2 to 359 mg/g, followed by
sinapic acid (16 to 225 mg/g) and p-coumaric acid (1 to 130 mg/g). Eucalyptol was the
most prominent volatile compound in Alpinia galanga (rhizome) (68%). Based on the
antioxidant properties, Ocimum sanctum L. cv. Khao. (holy basil or kaprow khao) was
selected for further studies. Cytotoxic activity of 500 pg/ml kaprow khao crude was
48% in Human hepatocarcinoma cancer cell line (HepG2) and colon cancer cell line
(HCT) 46%.

Efficient processes have been proposed to lengthen the shelf life, and to add
value to the product as kaprow powder. The quality of the dried product is strongly
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dependent on the drying process and processing conditions. Hence, kaprow leaves were
dried using three different methods namely, hot-air drying (HA), low relative humidity
air drying (LRH) and combined far-infrared radiation with hot-air convection drying
(FIR-HA). The most appropriate drying method for kaprow khao was FIR-HA. FIR-
HA dried kaprow had higher content of bioactive compounds and antioxidant activities,
compared with fresh sample. After drying, eugenol, methyl eugenol and
B-caryophyllene were found to be significantly increased (p<0.05). Moreover, FIR
drying decreased the drying time without having any major effects on color, bioactive
compounds, volatile compounds and antioxidant activity of the extracts. Subsequently,
FIR-HA dried leaves were ground to powder for further use. Kaprow khao powder of
1%, along with other synthetic antioxidants was added in fish emulsion. Evaluation of
antioxidant properties and lipid oxidation of fish emulsion was performed. The results
showed that the combination of 1% kaprow powder, vitamin E (100 ppm) and BHT
(100 ppm) showed the highest antioxidant activities and lowest lipid oxidation,
compared to control.

In conclusions, this study has demonstrated that some of Thai herbs and spices
could be considered as valuable sources of bioactive components with high antioxidant
properties. Kaprow khao has demonstrated a potential herb and spice for functional
food. This could offer good opportunities for food industry in terms of food

preservation and product development.

Keywords: Herbs and spices; antioxidant activity; cytotoxic activity; drying process;

fish emulsion
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CHAPTER 1

INTRODUCTION

1.1 Background

Herbs and spices have always been valued forabéity to add flavor, color
and aroma to dishes, but before the advent ofgesfation they were also an important
means of food preservation and in some culturas tiedicinal and antiseptic
characterizes are revered. The regional cuisineds, Thailand, Indonesia and
Malaysia rely a great deal on herbs and spiceddHmnd spices, like vegetables, fruits,
and medicinal herbs are known to possess a varietgtioxidant effect and properties,
which could be obtained from leave, roots, rhizofleyers, fruits, seeds or bark. Herbs
and spices have also been recognized as havirajrckdalth benefit such as digestive
stimulant action, carminative action, antimicrobatti-inflammatory, anti-mutagenic,
anti-carcinogenic potential, etc. (Ceylan and F@@§)4). With small portion in our
dish spices could be an important source of phyotbals in our daily diet (Carlsed,
al., 2010). Flavor is usually the result of the pres of many volatile and nonvolatile
components possessing diverse chemical and phixscocal properties (Gramating,
al., 2010). Whereas the nonvolatile compounds cautiinainly to the taste, the
volatile ones influence both taste and aroma. A &agay of compounds may be
responsible for the aroma of the food productsh aascalcohols, aldehydes, esters,
dicarbonyls, short to medium chain free fatty acidsthyl ketones, lactones, phenolic
compounds and sulphur compounds (Urbach, 1997hddibecompounds have strong
invitro andin vivo antioxidant activities associated with their apito scavenge free
radicals, break radical chain reactions and chefels (Shahidi and Naczk, 2004).
Increased consumption of phenolic compounds has taeelated with a reduced risk
of cardiovascular disease and certain cancers {#haa00; Barreirat al., 2008).

Recently, the demand for ready- to- eat foodscwimclude herbs and spices
as ingredients, has been continually increase ([aswgj al., 2005). For Thai cuisine,
selected herbs and spices are among popular iegtedised in various dishes such as

Tom yum, Thai stirred fried, Chicken fried with gir, Curry and Thai spicy soups.



The leaves can be used fresh or dried as herbspaces. However, the fresh leaves
have very short post-harvest life of 3—4 days capaidepreciation in market price
(Jiang, 1997; Yuemingt al., 2002). A number of efficient processes have been
proposed to lengthen the shelf life and to addevéduthe product as herbs and spices
powder. In the case of Thailand, to preserve medishand spices, drying traditional
sun under drying is commonly used. Due to rewetbiidpe products during drying by
rain and also because of too slow drying rate ér#iny season, toxic substances
produced by moulds is often found in the dry pragduchis is one of the main
problems, which restricts the growth of exporthiefbs and spices to international
markets, hence a suitable and efficient drying wetib needed. Hot- air drying (HA)
is the most commonly employed commercial techniquerying of vegetables and
fruits and biological products (Praveen- Kumarlet2005). The processing
temperature mainly influences the quality changesd drying. The major limitation
of hot air drying is that it takes longer for drgirresulting in product quality
degradation. Drying is carried out in a mechanilice where food materials may be
either static or moving. HA is blown in from diffet directions, depending on the
nature of the products being dried (Mitcham, 20@3ay- infrared radiation (FIR)

has been reported to be successfully applied imggf foods (Sandu, 1986) and
agricultural products since the main componenth®fagricultural products (i.e.
proteins, starches and water) have the principadi®af far-infrared radiation
absorption (Meeso, 2008). FIR creates interndiimg&ia molecular vibration of the
material, i.e., molecules absorb the radiationesfatn wavelengths and energy, causing
excited vibration. Thus, the mechanism of far-irdchdrying is different from that of
hot air drying (Sandu, 1986), so that the electrgmatic wave energy is absorbed
directly by the dried food with reduced energy Id3R is thought to liberate and
activate low molecular weight natural antioxidaopounds, because it heats material
without degrading the constitutive molecules ongample surface and it transfers heat
evenly to the center of the material (Niwa et 8i88). Our previous study on mulberry
leaves drying has reported that total phenolice@anTPC) increases following
combined far- infrared radiation with hot-air contien drying (FIR-HA) of mulberry
leaves (75%) with comparison to fresh leaves (Waetyal. 2010). Low relative

humidity air drying (LRH) is the desiccant wheehieh represents one of the most



promising air humidification of airconditioning sgss (Subramanyaet al., 2004;
Mazzei et al., 2002; Zhareg al., 2003; Neti and Wolfe, 2000; Zhang and Niu, 2002)
may be considered an alternative way of drying fpamtiucts, by incorporation into a
conventional hot-air drying system. The mechani$memoving water vapor from the
air by desiccant material is analogous to watepowvapndensing on an evaporator
surface, and the latent heat corresponding toxtraated water liberated into the
surrounding air is analogous to energy recovemyutin the condenser of a heat-pump
dryer (Madhiyanon et al., 2007). It is well knowrat natural antioxidants extracted
from herbs and spices (rosemary, oregano, thyrag,hetve high antioxidant activity
and are used in many food applications (Hirasalak#masa, 1998). A number of
studies deal with the antioxidant activity of extsafrom herbs and spices (Cuvelie
et al., 1994; Kikuzaki and Nakatani, 1993; Lu arehy-Foo, 2001).

Although, some researchers have studied on hetbs@oes phenolic
compounds, volatile compounds and antioxidant digts/of herbs and spices, there has
been little information about herbs and spicesetes in Thailand on phenolic
compounds, antioxidant activities, antitoxic ad¢tivand product development from herb
and spice. Therefore, the aims of this study maimiynvestigate the antioxidant activity
of herbs and spices in Thailaadd identified their phenolic compounds.
Antiproliferative and phenolic compounds and antiaxit activities of selected herb
and spice were also investigated. The effectsftérént drying methods on the
amounts of antioxidant activities, phenolic compadsiand volatile compounds of dried
herbs and spices were examined. Furthermore, Effgubcess and stored time of
added kaprow khao powder in fish emulsion on amdienxt properties and lipid

oxidation at different storage time were examined.

1.2 Objectives of theresearch

The objectives of the study are:
1.2.1 To determine antioxidant activity, phenaienpounds and volatile
compounds in herbs and spices.
1.2.2 To determine cytotoxic activity, phenolangpounds and antioxidant

activity of selected herb and spice.



1.2.3 To study effect of different drying methaasantioxidant activity,
phenolic compounds and volatile compounds of pdtertbs and spices.
1.2.4 To evaluate the changes in antioxidant ptigseand lipid oxidation in

fish emulsion product (pla-yor) at different stogagne.

1.3 Outcomes

1.3.1 Obtained the knowledge of phenolic compoumd$uding phenolic
acids, volatile compounds and their antioxidanivégtof herbs and spices.

1.3.2 Obtained the knowledge of cytotoxic activatyd phenolic compounds
and antioxidant activity of selected herb and spice

1.3.3 Obtained the knowledge of effect differemning methods on antioxidant
activity, phenolic compounds and volatile compouafigotent herbs and spices.

1.3.4 Obtained the knowledge of stability on axitiant properties and lipid

oxidation in fish emulsion product (pla-yor) atfdiient storage time.

1.4 Hypothesis of theresearch

1.4.1 Extracts of different herbs and spices wasenave different antioxidant
activity, volatile compounds and phenolic compounds

1.4.2 Extracts of selected herb and spice on@yio@activity, phenolic
compounds and antioxidant activity.

1.4.3 Extracts of potent herbs and spices frofierdint processing have
different antioxidant activity, phenolic compouratsd volatile compounds.

1.4.4 The levels of antioxidant properties andlligxidation in different

storage time in fish emulsion product (pla-yor).
1.5 Scope of the resear ch
1.5.1 Analysis of total phenolic content, antiaad activities and volatile

compounds of 14 herbs and spices, nar@giys hystrix DC., Morinda citrifolia

Linn., Limnophila aromatica Merr., Piper aurantuacum), Gynura divaricata DC.),



Morus alba Linn., Cassia siamea Britt., Centella asiatica Linn.Urban),Ocimum
sanctum L. cv. Khao. andDcimum sanctum L. cv. Daeng, rhizomeZingiber officinale
Roscoe.)Alpinia alangal (Linn.) Swartz. Curcuma longa Linn. andBoesenbergia
pandurata (Roxb.) Schitro.

1.5.2 Analysis of cytotoxic activity, phenolic cpounds and antioxidant
activity of potent herb and spice.

1.5.3 Study effect of different drying methodsamtioxidant activities,
phenolic compounds and volatile compounds of pdtertbs and spices.

1.5.4 Product development of potent herb and sgnceevaluates the changes
in, antioxidant properties and lipid oxidation ishf emulsion product (pla-yor) at

different storage time.

1.6 Defined words

1.6.1 Herbs and spices: as herbs and spices framas&rakham province and
other. Examples in this studtrus hystrix DC., Morinda citrifolia Linn., Limnophila
aromatica Merr., Piper aurantuacum, Gynura divaricata DC., Morus alba Linn.,

Cassia siamea Britt., Centella asiatica Linn.Urban),Ocimum sanctum L. cv. Khao. and
Ocimum sanctum L. cv. Daeng, rhizomeZingiber officinale Roscoe.)Alpinia alangal
(Linn.) Swartz. Curcuma longa Linn. andBoesenbergia pandurata (Roxb.) Schitro.

1.6.2 Phenolic compounds: as compound posseg®@uatic ring bearing one
or more hydroxyl groups and their structures mangeafrom that of simple phenolic
molecules to that of a complex high molecular wemlymer. Examples in this study
are phenolic acids and flavonoids

1.6.3 Phenolic acids: are derivatives of benaegid and cinnamic acid with
hydroxyl groups and methoxy groups substitutedaaibus points on the aromatic ring.
Examples in this study are gallic acid, vanilliccacaffeic acidp-coumaric acid and
ferulic acids.

1.6.4 Flavonoids: are polyphenolic compounds @éhatabundant
in fruits, vegetables, red wine, tea and flowers.

1.6.5 Antioxidant activities: can act as scaveinge radicals, bind metal ions

are reducing the inhibition rate of lipid peroxiidat



1.6.6 Anti-proliferative activity: can inhibits ¢siluman cancer cell lines
(African green monkey kidney (normal cell line) (Vero), Hegmaa cell line (HepG2)
and Colon cancer cell line (HCT).

1.6.7 Potent herbs and spices: as spices podsesslic compounds and high

antioxidant activities.



CHAPTER 2

LITERATURE REVIEW

2.1 Herbsand spices

Herbs and spices have always been valued forabéity to add flavor, color
and aroma to dishes, but before the advent ofyesfation they were also an important
means of food preservation, and in some cultureis thedicinal and antiseptic
characterizes are revered. The regional cuisineds, Thailand, Indonesia and
Malaysia rely a great deal on spices. Herbs araksplike vegetables, fruits, and
medicinal herbs are known to possess a varietytidxddant effect and properties,
which could be obtained from leave, roots, rhizofleayers, fruits, seeds or bark.
Herbs and spices have also been recognized agghaasitain health benefit such as
digestive stimulant action, carminative actionjramdrobial, anti-inflammatory, anti-

mutagenic, anti-carcinogenic potential, etc. (Ceyad Fung, 2004).

2.2 Phenolic compounds

Phenolic compounds are a large and diverse grbomlecules, which
includes many different families of aromatic secaydmetabolites in plants (Harborne
and Williams, 2000). The presence of phenolic commais in epidermal tissue, cuticles
and accessories is customary. Phenolic compouediedined as substances possessing
a benzene ring bearing one or more hydroxyl sulestis, including their functional
derivatives (Waterman and Mole, 1994). Phenoliehaany favorable effects on
human health. They reduce the risk of heart diselgéenhibiting the oxidation of low-
density lipoprotein (LDL) (Bonilla et al., 1999). large range of low and high
molecular weight phenols exhibiting antioxidantgedies have been studied and
proposed to be used as antioxidants against Igabaton (Moure et al., 2001). This is
particularly true for those phenolics with multigigdroxyl groups that are generally the
most efficient for preventing lipid oxidation. Plodic compounds are also known to

posses antibacterial, antiviral, antimutagenic amiicarcinogenic properties



(Moure et al., 2001). Phenolic compounds, ubigtouplants are an essential part of
the human diet, and are of considerable interestaltheir antioxidant properties.
These compounds posses an aromatic ring bearingranere hydroxyl groups and
their structures may range from that of a simplerqatic molecule to that of a complex
high-molecular weight polymer. Phenolic compoundplants may generally and
conveniently be divided in to three major class&seld on their sizes. These are
phenolic acids, flavonoids and tannins. Structofesome phenolic compounds are
shown in figure 2.1
2.2.1 Phenolic acids
Phenolic acids are derivatives of bémacid and cinnamic acid with
hydroxyl groups and methoxy groups substitutedagibus points on the aromatic ring
(Marinova and Yanishlieva, 2003). Furulic agidcoumaric acid, caffeic acid, vanillic
acid and syringic acid are all examples of phermtids (Pratt and Hudson, 1990).
2.2.2 Flavonoids
Flavonoids (Figure 2.2) are polyphencbhmpounds that are

abundant in fruits, vegetables, flowers, red wira,and chocolate (Halliwell, 2001;
Henninget al., 2004). They display a multitude of biologicalestsin vitro andin vivo
after consumption of flavonoid-containing foodsidgmiologic studies showed that
increased consumption of flavonoids reduces tlkeafi€ardiovascular disease and
certain types of cancer (Arts and Hollman, 2005g&and Meydani, 2001frlavonoids
may exhibit antioxidant, antimutagenic, and fregigal scavenging activities (Moyers
and Kumar, 2004 Moderate consumption of red wine, which contaitsgh content of
polyphenols, is associated with a low risk of c@myrheart disease (Donoveiral.,
2002 ; Bravo, 1998). Consumption of soy and soylpects are related to biological
effects, including anticarcinogenic, antiatherosaie, and antihemolytic effects
(Moyers and Kumar, 2004; Bravo, 1998he daily verage consumption of flavonoids
as 1 gram showed higher antioxidant activity theeoebic acid and-tocopherol
(Bravo, 1998)

Flavonoids are a subset of polyphenol antioxislanhich bear the C6-C3-
C6 structure (Madhavi et al., 1996). The C6-C3asf cinnamic acid and the other C6

fragment is from 3 molecules of malonyl-coenzym@Hahn et al., 1984). The general



flavonoid structure may be described as consisifragbenzopyran nucleus with an

aromatic substituent at carbon number 2 of then@. ri
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Figure 2.1 Structure of phenolic compounds
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Benzopyran nucleus

4’
& L] g

7 "\

6 C [ 3 Aromatic substituent

Source : Sugihara et al. (1999)

Figure 2.2 Basic structures of flavonoids

The subgroups are classified based on the sustidtpattern of the C ring and
the position of the B ring. The major subgroupdude flavonols, flavanones, flavanols
(or flavans) and flavones (Figure 2.3). Flavonsigh as quercetin and kaemferol, have
a carbonyl at C-4, double bond between C-2 and &3 hydroxyl at C-3; flavanones
(e.g. taxifolin) have a carbonyl at C-4, no doubded between C-2 and C-3 no
hydroxyl at C-3; flavanols (e.g. catechin) havecadbonyl at C-4, no double bond
between C-2 and C-3 and a hydroxyl at C-3 and flagpsuch as apigenin and luteolin,
have a carbonyl at C-4, a double bond between @d22a3 and no hydroxyl at C-3
(Sugihareet al., 1999). Flavonones give rise to other family memiseich as
anthocyanins by undergo a series of transformahianaffects the heterocyclic ring
(Cao et al.,1996), which are responsible for theraof fruits, legumes and vegetables
(Mazza, 1998; Pascual-Teresa and Sanchez-Balk&08).
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Flavanone
(Naringenin)

Isoflavone Isoflavan
(Cyanidin) (Daidzein) (Vestitol)

Source : Aoki et al. (2000 : 475-488)

Figure 2.3 Flavonoid structures

2.2.3 Tannins
Tannins are substances of vegetable origialdamf transforming fresh

hide into leather (Hahn et al., 1984). Tanninsrantein phenolic hydroxyl groups. They
are divided into two classes, namely hydrolysahtains and condensed tannins
(Waterman and Mole, 1994). Hydrolysable tanningadenolic carboxylic acids
esterified to sugars such as glucose. They aredchildrolysable tannic since they
break down into sugars and a phenolic acid (galfliellagic acid) upon hydrolysis with
acid, alkali or hydrolytic enzymes (tannase) (Haha., 1984). Condensed tannins are
polymers of flavan-3-ol units and are also knowmpanthocyanins (or
proanthocyanidins) because they yield anthocyampas heating in acidic media
(Santos-Buelga and Scalbert, 2000).



12

2.3 Phenolic compounds as antioxidants and anticancer

Phenolic compounds have strangitro andin vivo antioxidant activities
associated with their ability to scavenge freeaaldi, break radical chain reactions and
chelate metals (Shahidi and Naczk, 2004). Increesadumption of phenolic
compounds has been correlated with a reduced friskrdiovascular disease and
certain cancers (Shahidi, 2000; Barrairal., 2008). Recent epidemiological studies
have suggested that increased consumption of vgnaies, herbs, spices, fruits,
vegetable and flowers are associated with redusks of chronic diseases (Hu, 2002;
Nielsen et al., 2002) such as cancer, cardiovasdidaase, stroke, Alzheimer’s disease
and age-related functional decline (Hu, 2003). Bhemcids are known to be
scavengers of oxygen species. The position of ydeolyl groups in the aromatic ring
Is important in the efficiency of phenolic acidsaagioxidants. For phenolic acids for
instance, the presence of hydroxyl group in the pasition is important for high
antioxidant activity (Pannala et al., 1998 ; Paaralal., 2001). Phenolic acids have
been used as strong inhibitors of carcinogenedigeanitiation and promotion stages
induced by different compounds (Kaul and Khandi§98).

The antioxidant activity of phenolic acids dependghe degree of
hydroxylation. The derivatives of cinnamic acide generally more effective than the
derivatives of benzoic acid (Marinova and Yanishdie2003). The presence of the
CH=CH-COOH group in cinnamic acid derivatives eesugreater efficiency than the
COOH group in benzoic acids (Madhavi et al., 1996 double bond has been
reported to participate in stabilizing the phenbbagical by resonance (Marinova and
Yanishlieva, 2003). Hydroxycinnamic acid ester seag antioxidann vitro, and it has
been suggested that they may serve as naturakalatis for lipidsn vitro (Rice-
Evans et al., 1997). Although more attention hanlgaid to flavonoids as potential
natural antioxidants (Yamasaki, 1992). Phenolid asiters, such as chlorogenic acid,
also perform well as antioxidant, particularly irofecting lipids from peroxidation
(Rice-Evans et al., 1997).

For flavonoids, structure features such as ttaelhthent of the 3-OH group to
the 2,3 double bond and adjacent to the 4-carbartile C ring (Rice-Evans et al.,
1997), 3,4 dihydroxy arrangement in the B ring #r&lmeta 5,7 dihydroxy
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arrangements in the A ring (Rice-Evans et al., 1296 important for high antioxidant
activity. Epidemiological studies suggest an ineaedation between flavonoid intake
and incidence of chronic diseases such as cordweany disease (Rimet al., 1996).
Current research has shown that flavonols and fles@re of particularr importance in
the human diet as there is evidence that theysaahtoxidants, and epidemiological
studies have indicated that their consumptionss@ated with a reduced risk of cancer
and cardiovascular disease. Consumption of fruitsve@getables has been highly
associated with the reduced risk of cancer. Flamtsi@s one of the most diverse and
wide spread group of natural compounds, are prgiithblmost important natural
phenolics (Prasad et al., 2009). Besides theioaid@nt activity, flavonoids have been
demonstrated a wide range of biochemical and phastogical effects including anti-
inflammatory, anti-viral, anti-allergenic, anti-carogenic, anti-aging activity (Htlya
Orak, 2007), anti-oxidant and anti-allergic effe@d¢Bean and Mohamed, 2001).
Phenolic compounds represent a particularly richilfaof phytochemicals, consisting
of more than 10,000 compounds. Many of these comgi®play an important role as
antioxidants which effectively reduce the oxidats#eess and act as chemo-preventive
agents. Polyphenol-rich diets arising from the comgtion of fruits and vegetables
have been associated with the decrease of carmdemtes (Bonolia et al., 2004).
Natural antioxidants occur in all parts of the plemood, bark, stems, pods, leaves,
fruit, roots, flowers, pollen, and seeds) (Pratt &ludson, 1990). It is well known that
natural antioxidants extracted from herbs and spicesemary, oregano, thyme, etc.)
have high antioxidant activity and are used in miamwog applications (Hirasa and
Takemasa, 1998). A number of studies deal withatit®xidant activity of extracts
from herbs and spices (Cuvelier et al., 1994; Kétaand Nakatani, 1993; Lu and
Yeap-Foo, 2001).

Tannins inhibit lipid oxidation by scavenging tinéial free radicals or the
lipid peroxide radicals. They are also excellerdlators of metals ions such as copper
and iron (Soleas et al., 1997).
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2.4 Antioxidant capacity assays

Antioxidants have been reported to prevent oxigati@mage caused by free
radical and may prevent the occurrence of diseaseer and aging. It can interfere
with the oxidation process by reacting with fredicals, chelating, catalytic metals, and
also by acting as oxygen scavengers (Buyukokureigal., 2001). Most natural
antioxidants are multifunctional in complex hetesngous foods; their activity cannot
be assessed by any one method (Frankel and Mé@0).2No single assay will
accurately reflect all of the radical foundatiomsath antioxidants in a mixed or complex
system, and it must be appreciated at the outaethre are no simple universal
methods by which antioxidant capacity can be meakaccurately and quantitatively
(Prior et al., 2005), also too many analytical noehresult in inconsistent result,
inappropriate application and interpretation ofagss and improper specifications of
antioxidant capacities. There are two reaction raeims in which antioxidants can
deactivate radicals. The first of these methodkessingle electron transfer assay (SET)
which detects the ability of a potential antioxidemtransfer one electron to reduce any
compound, including metals, carbonyls and radifAsght et al., 2001). According to
Prior et al. (2005), SET reactions are usually sdod require a lengthy time to reach
completion, so the antioxidant capacity calculagiare based on percent decrease in
product rather than kinetics. The second methdigeidiydrogen atom transfer (HAT),
which measures the antioxidant’s ability to quefrel radicals by hydrogen donation.
HAT reaction is solvent and pH dependent and isllisquite rapid. The presence of
reducing agents, including metals, is a complicatioHAT assays and can lead to
erroneously high apparent reactivity (Prior et 2005).

2.4.1 The 2, 2- diphenyl-1-picryhydrazyl (DPRH@thod a rapid, simple and
inexpensive method that has been developed tondieiethe antioxidant activity of
foods utilizes the stable 2, 2-diphenyl-1-picrytgziyl (DPPH) radical. The odd
electron in the DPPH free radical gives a stromgpgition maximum at 517 nm and is
purple in color. The color turns from purple tolget as the molar absorptivity of the
DPPH radical at 517 nm reduces from 9660 to 164éwthe odd electron of DPPH

radical becomes paired with a hydrogen from afaelécal scavenging antioxidant to
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form the reduced DPPH-H. The resulting ecolorizatgstochiometric with respect to
number of electron captured.

2.4.2 Ferric reducing ability of plasma (FRAP) assaFRAP assay, ferric
ions (FE") are reduced to ferrous (Feions by antioxidants (Benzie and Strain. 1996).
In this context, antioxidants are considered asgtht and the oxidant is modified by
Fe’*. The oxidizing species react with the antioxidastead of the possible substrate
and is reduced to a harmless species. Differentumag and solutions of antioxidants
can be investigated. In the reduction, an intenselgred ferrous- tripyridyltriazine
complex is formed and the absorbance of the solusioneasured. The values of
absorbance of the test mixture are compared teaghes of solutions of known

concentration of Fé in control samples.

2.5 Volatile compounds

Herbs and spices have been used throughoutatié mainly for their
flavoring and aroma properties. Most studies hapenrted changes in colour and
volatile compounds of the aromatic herbs aftermdyy{Diaz-Maroto et al., 2002).
Various physic-chemical changes of aromatic vaat(oxidation, evaporation) may
take during the drying process, influencing arontansity and the quality of the dried
product (Barbieri et al., 2004). The effect of diyion the composition of volatile flavor
constituents of various aromatic plants and vedesditas been the subject of numerous
studies, which show that the changes in the coretgms of the volatile compounds
during drying depend on several factors, such @sltiing method and parameters that
are characteristic of the product subjected tondyyVenskutonis, 1997). In certain
cases increases in the quantities of some of thigonents characteristic of a given
spice have been observed (Baritaux et al., 1998teyaand Jacobs, 2000) or the
formation of new compounds after drying has beeonded, probably as a consequence
of oxidation reactions, hydrolysis of glycosylafedms, or the release of compounds by
the rupture of cell walls (Huopalahti et al., 1985grtain compounds have been
observed to increase in different herbs after dyyfar example, eugenol in bay leaf
(Diaz-Maroto et al., 2002), thymol in thyme (Vensknis, 1997), and some

sesquiterpenes in different herbs (Baritaux etl&99; Yousif et al., 2000). Eugenol is
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the main component of kaprow grown in Bangladesbr{di&llo et al., 2002), Germany
(Laakso et al., 1990), Cuba (Pino et al., 198®)ytheastern Brazil (Machadal.,
1999), methyl eugenol from India (Kothatial., 2004). Most studies have reported
changes in colour and volatile compounds of thenatec herbs after drying (Di Cesare
et al., 2004; Diaz-Marotet al., 2002). Citronellal is the main volatile ggmond found

in kaffir lime leaves (Lawrence et al., 1971; Tmjand Jirapakkul, 2007). The other
volatile compounds found in kaffir lime leaves werpinene, campheng;pinene,
limonene, copaene, linalo@;cubebene, isopulegol, caryophyllene, citronelbdtate
and citronellol (Lawrence et al., 1971; Tinjan amcpakkul, 2007)

2.6 Infrared radiation

Infrared refers to that part of the electromagnsiectrum between the visible
and microwave regions. Electromagnetic spectruersdb the seemingly diverse
collection of radiant energy, from cosmic rays te@ays to visible light to microwaves,
each of which can be considered as a wave or [gattaveling at the speed of light.
These waves differ from each other in the lengthfaegquency, as illustrated in
figure 2.4

Frequencyy (nu), is the number of wave cycles that pass tjinapoint in
one second. It is measured in Hz, where 1 Hz =clefsec. Wavelengtli, (lambda), is
the length of one complete wave cycle. It is oftezasured in cm (centimeters).

Wavelength and frequency are inversely related:

{ s

v==<and A= £
A v

where ¢ is the speed of light, 3 x cm/ sec

Energy is related to wavelength and frequency byfeHowing formulas:

E:m::E

A
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where h = Planck’s constant, 6.6 x Tjoules-sec
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Figure 2.4 The electromagnetic spectrum

The IR region is divided into three regions: tleen mid, and far IR (Figure
2.5). The mid IR region is of greatest practica tsthe organic chemistry. This is the
region of wavelengths between 3 x“18nd 3 x 10° cm. Chemists prefer to work with

numbers which are easy to write; therefore IR speste sometimes reported in pum,

although another unity (nu bar omwavenumber), is currently preferred.
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Figure 2.5 The IR regions of the electromagnetexspim.

2.7 Drying by using Far - infrared radiation

Far-infrared radiation (FIR) has been reportedasuccessfully applied in
drying of foods (Sandu, 1986) and agricultural jprdd since the main components of
the agricultural products (i.e. proteins, starcired water) have the principal bands of
far-infrared radiation absorption (Meeso, 2008)R Ereates internal heating via
molecular vibration of the material, i.e., moleaussorb the radiation of certain
wavelengths and energy, causing excited vibrafibos, the mechanism of far-infrared
drying is different from that of hot air drying ($@u, 1986), so that the electromagnetic
wave energy is absorbed directly by the dried fodt reduced energy loss. FIR is
thought to liberate and activate low molecular Weigatural antioxidant compounds,
because it heats material without degrading thettative molecules on the sample
surface and it transfers heat evenly to the carftére material (Niwa et al., 1988). It is
widely used in agricultural, chemical, pharmacaealtitextile and many other industries.
Far-infrared radiation creates internal heatindhwiiolecular vibration of material, i.e.,

molecules absorb the radiation of certain wavelenighd energy, and cause vibration
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excitedly. Moreover, the mechanism of far-infradeging is different from hot air
drying (Mongpraneet et al., 2002), and the elecapmetic wave energy is absorbed
directly by the dried food with less energy loss pResent, various driers have been
developed by using far-infrared radiators. Thazdtlon of far-infrared radiation is a
novel process that could increase the drying efficy, save working space, and result
in a clean working environment, etc. (Ratti and dMugar, 1995). Yagi and Kunii
(1951) attempted to apply far-infrared radiatiorttte drying of agricultural materials
and improved results were reported. Combinaticiaeinfrared radiation with air
convection or vacuum drying had also been testde @nd Afzal, 1997; Hasatani et al.,
1983; Mongpraneet et al., 2002). Far-infrared raaiedrying of potato had attained
high drying rates by using infrared heaters of hegtissive power (Masamuehal .,
1988). Although significant product value increas@sild occur if vacuum or freeze
drying methods were combined with far-infrared aidin treatment, only studies
combining far-infrared radiation and vacuum operatias been studied (Iltoh and
Chung, 1995; Mongpraneet et al., 2002). Lin Tsehking (2005) studied effects of
far-infrared radiation on the freeze drying of styeetato. Previous studies found that
antioxidant activities and total phenolic contentgeased after exposure of rice hulls to
FIR radiation (Lee et al., 2003) and peanut hudiglet al., 2006) and mulberry tea and
mulberry leaves drying has reported that total phercontent (TPC) increases
following combined FIR-HA treatment of mulberry \es (75%) with comparison to
fresh leaves (Wanyo et al., 2011). Many antioxigdr@nolic compounds in plants are
most frequently present in a covalently bound ferith insoluble polymers /

(Peleg et al., 1991). If this bonding is not strénB treatment could liberate and
activate low-molecular-weighted natural antioxidaint plants (Jeong et al., 2004;

Lee et al., 2003).

FIR rays are biologically active (Inoue and Kabay289) and transfer heat to
the center of materials evenly without degradirggdbnstituent molecules of surface
(Niwa et al., 1988). FIR may have capability toasle covalent bonds and liberate
antioxidants such as flavonoids, carotene, tarasogrbate, flavoprotein or polyphenols
from repeating polymers (Niwa et al., 1988). Inyioes study (Lee et al., 2003)
showed that simple heat treatments could not cleavalently bound phenolic

compounds from rice hulls but FIR treatments could.
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2.8 Hot- air drying (HA)

Hot- air drying (HA) is the most commonly employamsmmercial technique
for drying of vegetables and fruits and biologipadducts (Praveen- Kumar et al.,
2005). The processing temperature mainly influeticegjuality changes during drying.
The major limitation of hot air drying is that @&kes longer for drying, resulting in
product quality degradation. However, HA drying hasy been used for agricultural
products, there are some limitations such as degrhdhange of color. Drying is
carried out in a mechanical device where food maltemay be either static or moving
(Syahral et al., 2003). Erbay and Icier (200@)t TPC and total antioxidant activity of
olive leaves were decreased by 9 and 44%, respécttter dried by using heat pumps
drying at 53°C, process time of 288 min. In additibhas been reported that outer
leaves of white cabbagBrassica oleracea L. var. capitata) dried under hot air drying
resulted in a decrease of total phenolic conteRQ)Tmore than 60% (Tanongkankit
et al., 2010).Longer drying time, damage to sensomaracteristics and nutritional
properties of foods, oxidation of pigments and desion of vitamins by HA, and
solute migration from the interior of the food tetsurface ardescribed as the main
disadvantages of HA drying (Afzal et al., 1999; Bewt al., 2010):00d processing can
improve the properties of naturally occurring axitiiants or induce the formation of
new compounds with antioxidant properties, so titoverall antioxidant activity
increases or remains unchanged (Tomaino et al5)20@erefore degradation of
polyphenol compounds by thermal process may ra@suiieasing antioxidant
compounds which have different chemical and biaalgbroperties (Tsai et al., 2002).
Effects could vary from little or no change to sfgrant losses, or even enhancement in

antioxidant properties (Nicoli et al., 1999).

2.9 Low relative humidity air drying (LRH)

Low relative humidity air drying (LRH) is the desant wheel, which
represents one of the most promising air humidificaof airconditioning systems
(Subramanyam et al., 2004; Mazzei et al., 2002nglet al., 2003; Neti and Wolfe,
2000; Zhang and Niu, 2002) may be considered amaltive way of drying food
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products, by incorporation into a conventional awtdrying system. The mechanism of
removing water vapor from the air by desiccant maltés analogous to water vapor
condensing on an evaporator surface, and the lagattcorresponding to the extracted
water liberated into the surrounding air is analegto energy recovery through the
condenser of a heat-pump dryer. (Madhiyanon e2@Q7).

2.10 Herbs and spices use in food product

Flavoring agents, herbs and spices are most aftdad to improve not only
the flavor, but also the shelf life, as many ofnthare potent antioxidants. They are
usually added in small amounts, about 1%, so Headdition of the antioxidant
fraction is much lower. Nevertheless, their effdobuld not be ignored, as they act in
combination with various native antioxidants orexgists. Sometimes, these additives
require stabilization, for instance, essential sidén citrus fruits. Lemon oil was
stabilized witha-tocopherol and citric acid (Sato and Sudo, 1969%ential oil from
Citrus hystrix from Indonesia and bergamot oil were stabilisetthwosemary extract
(Pudil et al., 1998). The activity of antioxidaimsveaker but still persists in mixtures
with proteins or polysaccharides (Volfod et al.98p simulating real flavored foods. A
combination of BHT or tocopherols with citric adids been proposed for the
stabilization of citrus essential oil (KieronczykdaKamiiski, 1999). The addition of
spices, such as extracts from lemongrass, clovese®lack peper leaves and turmeric
increased the shelf life of cakes and also congitbto their characteristic flavor (Lim
and Suhaila, 1999). The keeping quality of crackeis cookies is of great economic
importance since these products are often storegktended periods before before they
are consumed (sometimes after opening the pacKaagjthey are not protected from
oxidation. A soda cracker biscuit was processedguaifine powder of marjoram,

spearmint, peppermint and basil, and their purifiedhyl ether.



CHAPTER 3

METHODOLOGY

This research was experimental research to deterarid analyse phenolic
compounds, including phenolic acids, flavonoids aoladtile compounds in herbs and
spice as well as evaluate their antioxidant acséisitAntitoxic activity of selected herb
and spice was examined. In addition, determinaifgghenolic compounds, volatile
compounds and antioxidant activity of the extrdiisn potent herbs and spices of
different drying methods were investigated. Finatlyanges in antioxidant properties
and lipid oxidation in fish emulsion product (plafy at different storage time were
examined. Therefore, experimental design was fatbly:

3.1 Experimental plan

3.2 Instruments and equipments
3.3 Materials

3.4 Chemicals

3.5 Methods

3.6 Statistical analysis

3.1 Experimental plan

This research was divided into four experimenttuiting (1) determination of
phenolic compounds such as total phenolic conpdr@nolic compounds, volatile
compounds and evaluation their antioxidant actsitf herbs and spices, (2)
determination of antitoxic activity, antioxidantta@ties and phenolic compounds of
potent herb and spice, (3) analysis of antioxi@att/ity, phenolic compounds and
volatile compounds in potent herbs and spices different drying methods and (4)
determination of antioxidant properties and lipxddation in fish emulsion product
(pla-yor) at different storage time. All experimgmtere done in triplicate.

Experiment 1 was to determine phenolic compoundsi@ing total phenolic
content, phenolic acids and volatile compound®aofteen herbs and spices, namely

herbs and spices were analyzed, divided into yed of leave and rhizome are
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fourteen namely, leave: kaffir lim€itrus hystrixDC.), indian mulberryNlorinda
citrifolia Linn.), finger grassl{imnophila aromaticaMerr.), variegatumKiper
aurantuacuny, purple velvet plantGynura divaricataDC.), mulberry Morus alba
Linn.), thai copper poddassia siame8ritt.), asiatic pennywortGentella asiatica
Linn.) Urban), holy basil@cimum sancturh. cv. Khao and holy basiOcimum
sanctumL. cv. Daeng, rhizome: gingeZifigiber officinaleRoscoe.), galangaf(pinia
alangal(Linn.) Swartz.), turmeri¢Curcuma longd.inn.) and boesenbergia
(Boesenbergia pandurai@&oxb.) Schltro). and evaluation their antioxidaotivity.
Experiment 2 was to determine antitoxic activagtioxidant activity and
phenolic compounds of potent herb and sp@erium sancturh. cv. Khao).
Experiment 3 was to analyze antioxidant actiyityenolic compounds and
volatile compounds in potent herbs and spices (ba$jl or kaprow leaves) different
drying methods, namely low relative humidity aiyidig (LRH), hot air drying (HA)
and combined far- infrared radiation with hot-aangection drying (FIR-HA).
Experiment 4 was to evaluate antioxidant propgied lipid oxidation in fish
emulsion product (pla-yor) at different storagedim
For experimental plan used in this research wagptetely randomized design
(CRD). Analysis of variance was used to test affe@ince in resulting from these

methods. Duncan method was used to determine isigmifdifferences gt < 0.05.

3.2 Instruments and equipments

3.2.1 High performance liquid chromatography systéth diode array
detector (LC 20A, Shimadzu)

3.2.2 Gas chromatography system with flame ioronadetector (GC-2014,
Shimadzu) and GC/MS-QP2010 (Shimadzu, Japan)

3.2.3 Ultraviolet-Visible spectrophotometer (Larald®, Perkin Elmer, USA)

3.2.4 UV spectrometer (Anthos 2010; Biochrom, UK)

3.2.5 Centrifuge (Rotina 48 R)

3.2.6 Rotary evaporator (Buchi)

3.2.7 Column Inetsil ODS-3, C18 (4.6 mm x 250 nbnp,m)

3.2.8 Column DB-Wax (0.25 mm x 30 m)
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3.2.9 Hot air oven (Memmert)

3.2.10 Incubator shaker

3.2.11 A coffee blender (model CG-2, 230-240).
3.2.12 Beaker

3.2.13 Erlenmeyer flask

3.2.14 Volumetric flask

3.2.15 Pipette

3.2.16 Vial

3.3 Materials

Fourteen herbs and spices available in northee$teailand (Mahasarakham

province and other) were studied (Table 3.1).

3.4 Chemicals

3.4.1 2,2-Diphenyl-1-picrylhydrazyl , DPPH (Flgka

3.4.2 6-Hydroxyl-2,5,7,8-tetramethylchroman-2bzatylic acid, Trolox
(Fluka)

3.4.3 2,4,6-Tripiridyl-s-triazine, TBTZ (Fluka)

3.4.4 Folin-Ciocalteu’s reagent (Fluka)

3.4.5 Ferrous sulphate (Carlo)

3.4.6 Acetic acid (Fisher Scientific)

3.4.7 Sodium sulphate (Merck)

3.4.8 Absolute ethanol (BDH)

3.4.9 Acetone (BDH)

3.4.10 Phosphoric acid (BDH)

3.4.11 Methanol (Merck)

3.4.12 Hydrochloric acid (HCL)

3.4.13 Dimethyl sulfoxide (DMSO)

3.4.1.4 Acetonitrile (Merck)
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3.41.15 Standard phenolic acids (gallic acidjlferacid,p-hydroxybenzoic
acid, protocatechuic acig;coumaric acid, caffeic acid, syringic acid, siraacid,
chlorogenic acid and vanillic acid (Sigma)

3.4.16 Standard volatile compounds: eugenol (Fluk&xhyl eugenol (Sigma)
andp-caryophyllene (Sigma)

3.4.17 Fluorescence dye 4',6-diamidino-2-phergdie (DAPI) (Sigma-
Aldrich (USA)

3.4.18 Sodium bicarbonate (NaHCO?3)

3.4.19 Neutral red, 4-(4’-nitrobenzyl) pyridind&§P)

3.5 Methods

The experimental methods in this research stutlypidivided into four
experiments following: phenolic content, phenolenpounds including total phenolic
content, phenolic acids, antitoxic activity andatdé compounds and evaluation of
antioxidant properties and lipid oxidation.

3.5.1Experiment one: Determination of antioxidant a¢yivphenolic
compounds and determination of volatile compoundserbs and spices.

3.5.1.1 Fourteen herbs and spices were colléatednortheastern region
of Thailand (Table 3.1). The extracts prepared foyrad herbs and spices (1 g) were
extracted for 2 hr with 10 ml of 80% ethanol atmotemperature on an orbital shaker
set at 180 rpm. The mixture was centrifuged at 24§0@or 20 min and the supernatant
was decanted into a 30 ml vial. The pellet wasxteaeted under identical conditions.
Supernatant was combined and used for antioxiddaivityg and used for analyzing
antioxidant activityin vitro. All analyses were performed in triplicates.

3.5.1.2 Determination of phenolic compounds

1) Total phenolic content
Total phenolic content was determined usingn&iocalteu reagent

as followed by Abu Bakar et al. (2009) as adaptechfVelioglu et al. (1998). Briefly,
0.3 ml of extract was mixed with 2.25 ml of Foline€alteu reagent (previously diluted
10-fold with distilled water) and allowed to staaidroom temperature for 5 min; 2.25

ml of sodium carbonate (60 g/ |) solution were atittethe mixture. After 90 min at
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room temperature, absorbance was read at 725 mm sjsectrophotometer. Results
were expressed as mg gallic acid equivalents imfldgied sample (mg GAE/ g dry
weight).
3.5.1.3 Determination of antioxidant activity
1) DPPH radical-scavenging activity
The hydrogen atom or electron-donation abdityhe corresponding
extracts and some pure compounds was measuredHeonteaching of a purple-
coloured methanol solution of DPPH (Gullweteal, 2007). The antioxidant activity of
the extracts, on the basis of the scavenging actiwithe stable 1,1-diphenyl-2-
picrylhydrazyl (DPPH) free radical, was determirogcthe method described by Braca
et al. (2001). Aqueous extract (0.1 ml) was adde2l® ml of a 0.004% DPPH in
methanol. Absorbance at 517 nm was determined 2@tenin, and the percent
inhibition of activity was calculated as [(Ao-Ae)dfx100
(Ao = absorbance without extract; Ae = absorbanitie extract).
2) Ferric reducing antioxidant power (FRAP)aass
The FRAP assay is a method of nné&ag the ability of reductants
(antioxidants) to reduce Fe F&*. The formation of bluecoloured #e TPTZ complex
(FE”* tripyridyltriazine) increases the absorbance & 5%. The method of Butsat and
Siriamornpun (2009) was used with some modificatidrhe stock solutions included
300 mM acetate buffer, pH 3.6, 10 mM TPTZ solutiod0 mM HCI, and 20 mM
FeCk-6H,0 solution. The fresh working solution was warme@8&°C before using.
Flower extracts (100 ul) were allowed to react vitith ml of the FRAP solution. The
absorbance at 593 nm of the mixture was measuted&ff min of reaction (Butsat and
Siriamornpun, 2009). The results were calculatedthgdard curves prepared with
known concentrations of Fe@nd were expressed as pmol FgSI00 g DW.
3.5.1.4 Identification and quantification of plodic compounds
1) Phenolic compounds extraction
The phenolic compouirdthe samples were extracted using a
modification of the procedure described by Bengeaeh al (1997) as adapted from
Uzelacet al (2005). Each sample (5 g) was mixed with 50 mimethanol/HCI (100:1,
v/v) which contained 2% tertbutylhydroquinone,ieiinatmosphere () during 12 h at
35°C in the dark. The extract was then centrifuged000 rpm/min, and the supernatant
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was evaporated to dryness under reduced pres&#é(q3C). The residue was
redissolved in 25 mL of water/ethanol (80:20, \aayl extracted four times with 25 mL
of ethyl acetate. The organic fractions were comjmried for 30—40 min with
anhydrous sodium sulfate, filtered through the Whaat-40 filter, and evaporated to
dryness under vacuum (35-40°C). The residue wassaded in 5 mL of methanol/
water (50:50, v/v) and filtered through a 0.45 ilterf before injection (20 pl) into the
HPLC aperture. Samples were analyzed in triplicate.
2) High-performance liquid chromatography — di@dray detector

(HPLC-DAD) system for analysis of phenolic composind

RP-HPLC system for analysis of phenolic commsuHAPLC analysis
was performed using Shimadzu LC-20AC pumps, SPDAM&@h diode array detector
and chromatographic separations were performedLdsiNA C-18 column (4.6250
mm i.d., 5um). The composition of solvents and the gradiemi@h conditions used
were described previously by Bengoechea et al.qt ®chieber, Keller and Carle
(2001) and Butsat et al. (2009) with some modifareg. The mobile phase consisted of
purified water with acetic acid (pH 2.74) (solvéytand acetonitrile (solvent B) at a
flow rate of 0.8 mL/min. Gradient elution was penf®d as follows: from 0 to 5 min,
linear gradient from 5 to 9% solvent B; from 5 ®rin, 9% solvent B; from 15 to 22
min, linear gradient from 9 to 11% solvent B; fr@2to 38 min, linear gradient from
11 to 18% solvent B; from 38 to 43 min, from 18&9% solvent B; from 43 to 44 min,
from 23 to 90% solvent B; from 44 to 45 min, linggadient from 90 to 80% solvent B;
from 45 to 55 min, isocratic at 80% solvent B; fréto 60 min, linear gradient from
80 to 5% solvent B and a re-equilibration period ahin with 5% solvent B used
between individual runs. Operating conditions wasdollows: column temperature,
38°C, injection volume, 20L, and UV-diode array detection at 280 nm
(hydroxybenzoic acids), 320 nm (hydroxycinnamidagiand 370 nm (flavonols) at a
flow-rate of 0.8 ml / min. Spectra were recordedrfr00 to 600 nm. Phenolic
compounds in the samples were identified by compaheir relative retention times
and UV spectra with those of authentic compoundisvegre detected using an external
standard method. Standards namely: gallic, ferphgdroxybenzoic, protocatechuic,
p-coumaric, caffeic, syringic, sinapic, chlorogeaia vanillic acids were purchased
from Sigma—Aldrich Fine Chemicals (St. Louis, MO).
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3.5.1.5 Determination of volatile compounds
The samples were ground and @W2ag put in vials. The vials were
sealed with an aluminium—rubber septum (Supelctietdate, PA, USA) and analysed
by the headspace sampling technique (BarcarolcCasdon, 1997). GC-MS analysis
was carried out using a GC-2010 chromatograph eoupl a GC/MS-QP2010
(Shimadzu, Japan). Samples were analyzed on a-filsslcapillary column Rtx-5Ms
(5% diphenyl 95% dimethyl polysiloxane, 30 m lend25 mm internal diameter, 0.25
um film thickness; Restek, U.S.) and Rtx-5 (5% dipHe&5% dimethyl polysiloxane,
30 m length, 0.25 mm internal diameter, Ou®5 film thickness; Restek, U.S.). Carrier
gas, helium; constant pressure, 134.2 kPa; injéetoperature, 25%C; split ratio, 1:5;
temperature program, 80 to 280 at 10°C /min then held isothermal (2 min) at 250
°C; ion source temperature, 200, transfer line temperature, 290; ionization
energy, 70 eV, electron ionization mass spectrawequired over the mass range 35-
550 u. Standard namely: eugenol, methyl eugersbpasaryophyllene and others
volatile compounds compare in library.
3.5.2 Experiment two: Determination of cytotoxidiaity, antioxidant activity
and phenolic compounds of potent herb and spice
3.5.2.1 Plant Material
Ocimum sancturh. cv. Khaowas obtained from a market in the
Mahasarakham province of Thailand. Dried plantseweeit and macerated with 50%
ethanol and water (1 g:6 ml) for seven days witteas®mnal shaking. The solvent was
filtered, distilled in vacuo with a rotary evaparabelow 40°C, and freeze-dried to
obtain the crude extracts.
3.5.2.2 Determination of antioxidant activity
1) DPPH radical-scavenging activity
The hydrogen atom or electron-donation abdityhe corresponding
extracts and some pure compounds was measuredHeonteaching of a purple-
coloured methanol solution of DPPH (Gullweteal, 2007). The antioxidant activity of
the extracts, on the basis of the scavenging actiwithe stable 1,1-diphenyl-2-
picrylhydrazyl (DPPH) free radical, was determirgcthe method described by Braca
et al (2001). Aqueous extract (0.1 ml) was added tav@.6f a 0.004% DPPH in
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methanol. Absorbance at 517 nm was determined 20tenin, and the percent
inhibition of activity was calculated as [(Ao-Ae)dfx100
(Ao = absorbance without extract; Ae = absorbanitie extract).

IC50, the amount of sample extracted iniol solution necessary to
decrease by 50% the initial DPPH concentration aeaived from the % disappearance
vs. concentration plot. (Concentration here meag®hholy basil extracted into 1 ml
solution.)

2) Ferric reducing antioxidant power (FRAP) gssa

The FRAP assay is a method of measuring tHeyabi reductants
(antioxidants) to reduce Fe F&*. The formation of bluecoloured #e TPTZ complex
(F€"* tripyridyltriazine) increases the absorbance & &®. The method of Butsat and
Siriamornpun (2009) was used with some modificatidrhe stock solutions included
300 mM acetate buffer, pH 3.6, 10 mM TPTZ soluiiod0 mM HCI, and 20 mM
FeCk-6H,0 solution. The fresh working solution was warme@8&°C before using.
Flower extracts (100 ul) were allowed to react viith ml of the FRAP solution. The
absorbance at 593 nm of the mixture was measuted&if min of reaction (Butsat and
Siriamornpun, 2010). The results were calculatedthgdard curves prepared with
known concentrations of Feg@nd were expressed as pmol FgSI00 g DW.

3.5.2.3 Assessment of phenolic compounds
1) Total phenolic content

Total phenolic content was determined usingn~@iocalteu reagent
as followed by Abu Bakar et al. (2009) as adaptethfVelioglu et al. (1998). Briefly,
0.3ml of extract was mixed with 2.25 ml of Folin-eCalteu reagent (previously diluted
10-fold with distilled water) and allowed to staatdroom temperature for 5 min; 2.25
ml of sodium carbonate (60 g/ |) solution were atittethe mixture. After 90 min at
room temperature, absorbance was read at 725 mg sygectrophotometer. Results
were expressed as mg gallic acid equivalents imfldgied sample (mg GAE/ g dry
weight).

2) Total flavonoid content

Total flavonoid content was determined usirgydblorimetric method
described by Abu Bakar et al. (2009) as adapted Dewanto et al. (2002). Briefly,
0.5 ml of the extract was mixed with 2.25 ml oftillisd water in a test tube followed by
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addition of 0.15 ml of 5% NaNgsolution. After 6 min, 0.3 ml of a 10% A¥BH,O
solution was added and allowed to stand for andihem before 1.0 ml of 1 M NaOH
was added. The mixture was mixed well by vortexe &hsorbance was measured
immediately at 510 nm using a spectrophotometesulRewere expressed as mg rutin
equivalents in 1 g of dried sample (mg RE/ g drygivg.
3.5.2.4 Identification and quantification of plodic compounds
1) Phenolic compounds extraction
The phenolic compounds in the samples wet@cted using a

modification of the procedure described by Bengeaddt al. (1997) as adapted from
Uzelac et al. (2005). Each sample (5 g) was mixga 50 mL of methanol/HCI (100:1,
v/v) which contained 2% tertbutylhydroquinone,ieiinatmosphere () during 12 h at
35°C in the dark. The extract was then centrifuged000 rpm/min, and the supernatant
was evaporated to dryness under reduced pres$#é4(q3C). The residue was
redissolved in 25 mL of water/ethanol (80:20, \dayl extracted four times with 25 mL
of ethyl acetate. The organic fractions were comtbjrdried for 30—40 min with
anhydrous sodium sulfate, filtered through the Wieat-40 filter, and evaporated to
dryness under vacuum (35—40°C). The residue wassa@ded in 5 mL of methanol/
water (50:50, v/v) and filtered through a 0.45 ilteif before injection (20 pl) into the
HPLC aperture. Samples were analyzed in triplicate.

2) High-performance liquid chromatography —ddi@rray detector
(HPLC-DAD) system for analysis of phenolic composind

RP-HPLC system for analysis of phenolic compsuHAPLC analysis

was performed using Shimadzu LC-20AC pumps, SPDAARDN diode array detector
and chromatographic separations were performedLdsiNA C-18 column (4.6250
mm i.d., 5um). The composition of solvents and used gradiknitoe conditions were
described previously by Uzelac et al. (2005) ants&uet al. (2009) with some
modifications. The mobile phase consisted of pedifivater with acetic acid (pH 2.74)
(solvent A) and acetonitrile (solvent B) at a floate of 0.8 ml/ min. Gradient elution
was performed as follows: from 0 to 5 min, lineeadjent from 5 to 9% solvent B;
from 5 to 15 min, 9% solvent B; from 15 to 22 miinear gradient from 9 to 11%
solvent B; from 22 to 38 min, linear gradient framto 18%s olvent B; from 38 to 43
min, from 18 to 23% solvent B; from 43 to 44 mirmgrh 23 to 90% solvent B; from 44
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to 45 min, linear gradient from 90 to 80% solvenfm 45 to 55 min, isocratic at
80% solvent B; from 55 to 60 min, linear gradiewini 80 to 5% solvent B and a
re-equilibration period of 5 min with 5% solventuBed between individual runs.
Operating conditions were as follows: column terapee, 38 °C, injection volume, 20
ul, UV-diode array detection at 280 nm (for hydrogghoic acids), 320 nm
(for hydroxycinnamic acids) and 370 nm (for flavts)oPhenolic acids in the samples
were identified by comparing their relative retenttimes and UV spectra with those of
authentic compounds and were detected using amekstandard method.
3.5.2.5 Cytotoxic activity

The crude extracts were dissolved in dimethyfosudie (DMSO) at 20
mg/ml as stock solutions which were then dilutethid MEM to desired
concentrations ranging from 10 to 50§/ml. The final concentration of DMSO in each
sample did not exceed 1% v/v, to keep the cytottyxaf DMSO at less than 10%. The
Hepatoma cell line (HepG2), Colon cancer cell [HET) and normal Vero cell line
were used as cell models. Cytotoxicity testing pagormed with a neutral red (NR)
method (Fotakis and Timbrell, 2006). Briefly, thells were seeded in 96-well plates
(100 pul/well at a density of 3xT@ells/ml) and treated with various concentratiohs o
the samples for 24 hours. Then, cells were waskeg with 1x PBS and the
supernatant was discarded. A total of 10B8IR solution (50ug/ml) was added to each
well and incubated at 37 °C for another hour. NR teen dissolved by 1Q0 of
0.33% HCI. Absorbance of NR dye was detected hyad-aeavelength UV
spectrometer (Anthos, 2010; Biochrom, UK) at 520wt a 650 nm reference
wavelength. The percentage of cytotoxicity compaeetthe untreated cells was
determined with the equation given below. A plofetytotoxicity versus sample
concentrations was used to calculate the concentrahich showed % cytotoxicity.
Cytotoxicity (%) = [100x(Absorbance of untreatedgp—Absorbance of treated
group]/Absorbance of untreated group

The selectivity, which indicates the cytotoxétextivity (safety) of the
crude extract against cancer cells versus nornlial @&ayong et al., 2008), also
determined.
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3.5.3 Experiment three: Determination of antioxidaativity, phenolic
compounds and determination of volatile compoundsoient herbs and spices
different drying methods.

3.5.3.1 Plant Materials

Holy basil Ocimum sancturh. cv. Khao; kaprow khao) an@®¢imum
sanctumL. cv. Daeng; kaprow daeng and kaffir lime lea(@sgrus hystrixD.C.) were
bought from the market from Mahasarakham Provilbejland. Herbs and spices were
cleaned and the petals were separated. At eacletmadd kg samples were sampled
from three representative outlets. Single compasitaples for each representative
market, were prepared by combining about 500 goaidgenised single sample of the
same kaffir lime variety from three representatudtiets and then homogenising again
to obtain a uniform single composite sample. Leavere washed and drained.
Afterwards, the leaves were dried under hot-air Héw relative humidity air drying
(LRH) (21% relative humidity) and combined far-raafed radiation with hot-air
convection drying (FIR-HA).

3.5.3.2 Drying treatment

Samples were subject to threkedht drying methods, i.e., HA, LRH
and FIR-HA. For each drying method, 100 g of frlestve was used. The protocols
used in this present study were selected from piienal conditions of each method,
which were preliminary studied in our lab (Raksakag et al., 2011). A laboratory
scale dryer using combination of far-infrared R&idia hot-air convection and low
relative humidity air drying used in this study wadeseloped in the Research Unit of
Drying Technology for Agricultural Product, Facutt§ Engineering, Mahasarakham
University, Thailand, as shown in Figure 3.1. IRFHA drying, the kaffir lime was
FIR-HA dried in the FIR dryer at FIR intensity okB//m? (FIR energy irradiated per
FIR heater surface area).
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Figure 3.1 Combined far- infrared radiation withtaa convection drying, hot-air

convection and low humidity aryithg system

3.5.3.3 Drying instruments
1) Hot-air (HA)

A laboratory scale dryer using in this stuehs developed in the
Research Unit of Drying Technology for AgricultuRdoduct, Faculty of Engineering,
Mahasarakham University, Thailand. The sample (28y4 x 37 crf), the sample tray
was placed midway between, and parallel to, theatapbottom heaters, and the
distance between each set of heaters and a trafedsat 15 cm. The sample tray was
supported on a balance which enabled continuousdiag of the mass the product
throughout the test (Wanyo et al., 2011). Dryingperature was set at 40° C and air
velocity at 1.5 m/sec.

2) Low relative humidity air drying (LRH)

A hot air dryer integrating a desiccaneehoperates with two air
circuits: an air circuit carrying air for dryingehproduct, which can operate in closed-
system or partially open-system modes, and anrauitproviding hot air for silica gel
regeneration after adsorption. The desiccant wisasVided into adsorption and
regeneration sections that work simultaneously bams of continuous rotation
between the process humid air and a heated regiemea# stream. The process humid
air needing to be dehumidified flows through theagtion section; meanwhile, the
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heated air delivers energy to the desiccant img¢generation section, so that the vapor
pressure is greater than the surrounding air, ogugater trapped in the saturated
desiccant to be driven off (Madhiyanon et al., 2003rying temperature was set at 40°
C, air velocity at 1.5 m/sec and controlled relathumidity at 21%.

3) Combined far- infrared radiation witbttair convection drying
(FIR-HA)

A laboratory scale dryer using far-iné@ radiation in this study was
developed in the Research Unit of Drying TechnolfegyAgricultural Product, Faculty
of Engineering, Mahasarakham University, Thailafiae dryer consists of a stainless
steel drying chamber with inner dimensions of 3lx 50 cm. A far-infrared heater
was 12.2x6.0 chin area, and maximum power of 250 W (Sang ChaeMeéb., Ltd.,
Bangkok, Thailand) Two sets of three-FIR heatersevirestalled, one at the top and
nother one at the bottom of the drying chamber. HlReintensity was varied by
power regulator. The sample tray (25.4 x 37)ctie sample tray was placed midway
between, and parallel to, the top and bottom hgadéerd the distance between each set
of heaters and a tray was fixed at 15 cm. The saun@y was supported on a balance
which enabled continuous recording of the masgtbduct throughout the test.

The temperature of inlet air passing through adioheater was controller by a PID
controller (accuracy of +°C). The air was passed through the drying chamyper b
centrifugal fan. The hot-air temperature was measby K-type thermocouples
connected to a data logger (accuracy of@)1Besides, air velocity was measured by a
hot-wire anemometer (accuracy of = 0.1 m/s) (Wastyal., 2011). After drying, these
samples were allowed to cool to ambient temperdiafere extraction. Drying
temperature was set at 40° C, air velocity at Y$emand FIR intensity of 5 kW/fm
(FIR energy irradiated per FIR heater surface area)

3.5.3.4 Colorimetric parameters

Color changes in sample were detggohby a Minolta CR-300 Chroma

Meter (Minolta, Japanp L*, a*, b* color scale. Parametdrs, a* andb* determine a
three-dimensional color space, in whichrepresents brightness (on a lightness—
darkness scale) whereas positive and negativeuavdetermine the redness and
greenness, and positive and negative b valuesnieiyellowness and blueness,

respectively. The instrument was calibrated againghite-standard. Measurements



35

were individually taken for ten samples per treattraad the average of ten readings
was calculated. The color differena& was calculated from the*, a*, b* parameters,

using the Hunter-Scotfield equation:

p.l

AF* = 1_.-"::&1'_' ¥ + (Aa*) + (AD*)*

3.5.3.5 Determination of volatile compounds
The samples were ground and @Wag put in vials. The vials were
sealed with an aluminium—-rubber septum (Supelctetdate, PA, USA) and analysed
by the headspace sampling technique (BarcarolcCasdon, 1997). GC-MS analysis
was carried out using a GC-2010 chromatograph eoujpl a GC/MS-QP2010
(Shimadzu, Japan). Samples were analyzed on a-filsslcapillary column Rtx-5Ms
(5% diphenyl 95% dimethyl polysiloxane, 30 m lendil25 mm internal diameter, 0.25
um film thickness; Restek, U.S.) and Rtx-5 (5% dipH&5% dimethyl polysiloxane,
30 m length, 0.25 mm internal diameter, Qu25 film thickness; Restek, U.S.). Carrier
gas, helium; constant pressure, 134.2 kPa; injéetoperature, 259C; split ratio, 1:5;
temperature program, 80 to 280 at 10°C /min then held isothermal (2 min) at 250
°C; ion source temperature, 200, transfer line temperature, 290; ionization
energy, 70 eV, electron ionization mass spectrawequired over the mass range 35-
550 u. Standard namely: eugenol, methyl eugenopasatyophyllene and others
volatile compounds compare in library.
3.5.3.6 Assessment of antioxidant activity
1) Sample extraction

The extracts prepared from dried herb and qiigewere extracted
for 2 hr with 10 ml of 80% ethanol at room temparaton an orbital shaker set at 180
rpm. The mixture was centrifuged at 1400 x g fon#@ and the supernatant was
decanted into a 30 ml vial. The pellet was re-et&@ under identical conditions.
Supernatant was combined and used for antioxiddaivityg and used for analyzing
antioxidant activityin vitro. All analyses were performed in triplicates.

2) Ferric reducing antioxidant power (FRAP)aass
The FRAP assay is a method of measuring tHetyatsi reductants

(antioxidants) to reduce FeFe&*. The formation of bluecoloured #eTPTZ complex



36

(F€* tripyridyltriazine) increases the absorbance & &®. The method of Butsat and
Siriamornpun (2009) was used with some modificatidrhe stock solutions included
300 mM acetate buffer, pH 3.6, 10 mM TPTZ soluiiod0 mM HCI, and 20 mM
FeCk-6H,0 solution. The fresh working solution was warme@8&°C before using.
Flower extracts (100 ul) were allowed to react vitith ml of the FRAP solution.
The absorbance at 593 nm of the mixture was medsiiter 60 min of reaction (Butsat
and Siriamornpun, 2009). The results were calcdlbtestandard curves prepared with
known concentrations of Feg@nd were expressed as pmol FgSI00 g DW.
3.5.3.7 Assessment of phenolic compounds
1) Total phenolic content
Total phenolic content was determined usinigh~€iocalteu
reagent as followed by Abu Bakar et al. (2009)depéed from Velioglu et al. (1998 ).
Briefly, 0.3ml of extract was mixed with 2.25 mlBblin—Ciocalteu reagent (previously
diluted 10-fold with distilled water) and alloweal $tand at room temperature for 5 min;
2.25 ml of sodium carbonate (60 g/ |) solution wadeed to the mixture. After 90 min
at room temperature, absorbance was read at 725imy spectrophotometer. Results
were expressed as mg gallic acid equivalents imfldgied sample (mg GAE/ g dry
weight).
2) Total flavonoid content

Total flavonoid content was determined usirgydblorimetric method
described by Abu Bakaat al (2009) as adapted from Dewartioal. (2002). Briefly,
0.5 ml of the extract was mixed with 2.25 ml oftillisd water in a test tube followed by
addition of 0.15 ml of 5% NaNgsolution. After 6 min, 0.3 ml of a 10% A¥BH,0O
solution was added and allowed to stand for andihem before 1.0 ml of 1 M NaOH
was added. The mixture was mixed well by vortexe &hsorbance was measured
immediately at 510 nm using a spectrophotometesulRewere expressed as mg rutin

equivalents in 1 g of dried sample (mg RE/ g drygivg.
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3.5.4 Experiment four: Evaluation of antioxidanbvperties and lipid oxidation
of potent herb and spice at different storage time.
3.5.4.1 Plant Materials
Holy basil Ocimum sancturh. cv. Khao; kaprow khao) was bought
from the market at Mahasarakham Province, Thailkagrow khao were cleaned and
the petals were separated. The raw holy basil teaxeee washed and kept at room
temperature to drain. The samples were dried bybawed far- infrared radiation with
hot-air convection drying (FIR-HA). The samples @esed for fish emulsion product
(pla-yor) in experiment 4.
3.5.4.2 Fish emulsion processing
Fish were cleaned by rinsing in tap wateleEslwere separated and
coarsely ground in a food processor. Three sangbliish emulsion were produced
using a recipe. All ingredients were mixed in a bolopper while ice was gradually
added into the mix. The mixture was blended forrapinately 15 min until a
homogenous mass was obtained. We added kaprowpkiveater (1%) and 200 ppm of
vitamin E and BHT and combination of kaprow khaevder (1%), BHT(100 ppm) and
E (100 ppm). The products were cooked in a steatBd0°C for 45 min. Color values
of the cooked products were measured as mentidimaca
3.5.4.3 Colorimetric parameters
Color changes in sample were datezd by a Minolta CR-300 Chroma
Meter (Minolta, Japan L*, a*, b* color scale. Parametdrs, a* andb* determine a
three-dimensional color space, in whichrepresents brightness (on a lightness—
darkness scale) whereas positive and negativeuavdetermine the redness and
greenness, and positive and negative b valuesnieiyellowness and blueness,
respectively. The instrument was calibrated aganghite-standard. Measurements
were individually taken for ten samples per treattraad the average of ten readings
was calculated. The color differena& was calculated from the*, a*, b* parameters,

using the Hunter-Scotfield equation:

rl

AE* = 1L,.-"::i'~.L' ¥+ (Aa* ) + (AD*)?
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3.5.4.4 Determination of antioxidant activity
1) DPPH radical-scavenging activity
The hydrogen atom or electron-donation abdityhe corresponding
extracts and some pure compounds was measuredHeonteaching of a purple-
coloured methanol solution of DPPH (Gulluce et2007). The antioxidant activity of
the extracts, on the basis of the scavenging actiwithe stable 1,1-diphenyl-2-
picrylhydrazyl (DPPH) free radical, was determirgcthe method described by Braca
et al. (2001). Aqueous extract (0.1 ml) was adde2l® ml of a 0.004% DPPH in
methanol. Absorbance at 517 nm was determined 20tenin, and the percent
inhibition of activity was calculated as [(Ao-Ae)dfx100 (Ao = absorbance without
extract; Ae = absorbance with extract).
2) Ferric reducing antioxidant power (FRAP)aass
The FRAP assay is a method of measuring tHeeyabi reductants
(antioxidants) to reduce Feto F&*. The formation of the blue-coloured g PTZ
complex (F&" tripyridyltriazine) increases the absorbance & 5%. The method of
Butsat and Siriamornpun (2009) was used with somdifinations. The stock solutions
included 300 mM acetate buffer, pH 3.6, 10 mM TEBition in 40 mM HCI, and 20
mM FeCk-6H,0 solution. The fresh working solution was warme@7T °C before use.
Flower extracts (100 ul) were allowed to react viith ml of the FRAP solution. The
absorbance at 593 nm of the mixture was measuted&if min of reaction (Butsat and
Siriamornpun, 2009). The results were calculatedthgdard curves prepared with
known concentrations of Feg@nd were expressed as pmol FgSI00 g DW.
3.5.4.5 Proximate composition
Proximate composition analysis of the fish enounlsvas performed
according to AOAC (AOAC, 1999). Moisture, proteiat, fiber and ash parameters
were determined in triplicate from product of fesimulsion.
3.5.4.6 Measurement of peroxide value
Peroxide value (PV) was determined accordiitpé AOAC
International (2000). The sample (5 g) was weigheal 250-ml glass stoppered
Erlenmeyer flask and heated in a water bath a€&0r 3 min to melt the fat, then
thoroughly agitated for 3 min with 30 ml aceticdxethloroform solution (3:2 v/v) to

dissolve the fat. The sample was filtered undeuuactthrough Whatman filter paper.
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Saturated potassium iodide solution (0.5 ml) watkeddo the filtrate, which was
transferred into the burette. The titration waewaéid to run against standard solution of
sodium thiosulfate (25 g/l). PV was calculated ardressed as milliequivalent
peroxide per kg of sampl®OV (meqg/kg) =6 x N)/Wx 1000 whereSis the volume
of titration (ml),N the normality of sodium thiosulfate solutioN & 0:01), andV the
sample weight (kg).
3.5.4.7 Measurement of TBA value
The 2-thiobarbituric acid (TBA) assay was carriedl according to the
procedure of Schmedes and Holmer (1989). Fish eomussimple (0.15 g) was mixed
with 25 ml. of trichloroacetic acid solution (0.4 gf TCA in 100 ml/I n-Butanol
solution) and homogenized in a blender for 30 seAfltration, 5 ml of the filtrate
were added to 5 ml TBA solution in a test tube. Tést tubes were incubated at water
bath 95C in the dark for 2 h; then the absorbance was anedsat 530 nm by using
UV-VIS spectrophotometer (model UV-1200, Shimadiapan). TBA value was
expressed as mg malonaldehyde per kg of fish eamulBiank was no sample.
3.5.4.8 Textural profile analysis (TPA)
TPA was performed using a TA-XT@tture analyser (Stable Micro
Systems, Surrey, England) with cylindrical aluminprobe (50 mm diameter).
The samples were cut into cylinders (30 mm heighin2n diameter) and placed on the
instrument’s base. The tests were performed withdempression cycles. TPA textural
parameters were measured at room temperaturelveittolowing testing conditions:
crosshead speed 5.0 mm/s, 50% strain, surfacengeiosce 99.0 g, threshold 30.0 g,
and time interval between the first and the seamrdpressions was 1 s. The Texture
Expert version 1.0 software (Stable Micro Systegsyey, England) was used to
collect and process the data. Hardness, springioesssiveness, gumminess and
chewiness were calculated from the force—time @igenerated for each sample
(Bourne, 1978).
3.5.4.9 Sensory analysis
The sensory evaluation was peréatioy 30 untrained panelists, who
were the students and lecturer in Food Sciencél'ankdnology programme with the age
of 2048 years and were familiar with fish emulstmmsumption. Panelists were asked

to evaluate for color, taste, texture and overediiess of fish emulsion samples using a
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9-point hedonic scale (Mailgaad et al., 1999):i8like extremely; 2, dislike very much;
3, dislike moderately; 4, dislike slightly; 5, rfet like nor dislike; 6, like slightly; 7,

like moderately; 8, like very much; 9, like extrdge

3.6 Statistical analysis

3.6.1 Resulting data was expressed as meansarahed deviation of three
replicates.

3.6.2 Analysis resulting was presented in talidasand line graphs.

3.6.3 The F-test was used to test hypothesiataf idsults of dependence
variables.

3.6.4 Analysis of variance (ANOVA) and least siigant difference tests
were conducted to identify differences among meesirsg one-way analysis of
variance and comparison of paired samples mearcovahicted according to Duncan’s

multiple range test method. Theralues of < 0.05 were regarded as significant.



Table 3.1 Description of Thai erbs and spices aei tises

Common name /scientific name Thai name Food

Leave

Thai copper podQassia siame8ritt. Ke-lheg Light curry (Kaeng khe lhek) , Cunyth coconut milk

Asiatic pennywortCentella asiaticeLinn.) Bua-bog Side dishes, Salad, Drink

Urban

Kaffir lime/Citrus hystrixDC. Ma-grood Spicy chicken or beef salad, Fristl takes with cucumber
sauce, Tom yum, Hot Thai curry with chicken/beefip&Red
Curry
,Savory curry with fish/chicken/beef, Curried fishke, Seamed
fish

Purple velvet plantGynura divaricataDC. Patumpuang Side dishes

Finger grasslimnophila aromaticaMerr.  Kayang Soup Nor Mai (Bamboo Shoot Salad Neastern Style), Side
dishes

Indian mulberry Morinda citrifolia Linn. Yor Fish curry in banana leaves

Mulberry Morus albaLinn. Mon Steamed curried fish, Kaeng Kai Ban

Variegatum Piper aurantuacum Chaploo Kaeng Oom Kreueng Nai Moo (Northern Thacg Soup with

Pork Giblets)

14%



Table 3.1 (continue)

Common name /scientific name Thai name

Food

Holy basil Ocimum sancturh. cv. Khao Kaprow khao

Thai stirred fries, Starieied rice with kaprow, Thai spicy soups

chicken curry

Holy basil/Ocimum sancturh. cv. Daeng; Kaprow daeng

Thai stirred fries, Stirred fried neigh kaprow, Thai spicy soups

Rhizome

Galangal /Alpinia alangal(Linn.) Swartz.  Kha

Soup with chicken, galangaitrand coconut,Tom yum, Side

dishes

BoesenbergiaBoesenbergia pandurata  Grachay
(Roxb.) Schltro

Noodles with fish curry

Turmeric/Curcuma longd.inn. Kamin

Yellow curry

Ginger Zingiber officinaleRoscoe. Khing

Chicken fried with ginger, Gubns Dumpling in Hot Ginger
Syrup , Soft Bean Curd in Hot Ginger Syrup , Narmg

[AY4



CHAPTER 4
RESULTSAND DISCUSSIONS
The results of data analysis and describing weyaesd expressed followed by

4.1 Symbols used for data resulting expression

4.2 Phenolic compounds, antioxidant activitg &olatile compounds
of Thai herbs and spices

4.3 Results and discussions

4.1 Symbolsused for resulting data expression

In this study, expression of data analysis resudts conducted as various

symbols.
SD = Standard deviation
X = Means
df = Degrees of freedom
F = F-distribution
p = Probability

4.2 Phenolic compounds, antioxidant activity and volatile compounds

of Thai herbsand spices

The present study was to generate informati@utphenolic compounds
antoxidant activity and volatile compounds of 14ilherbs and spices from
northeastern Thailand. We expected to shed lighlthem potential health benefits that

could be useful for consumers and public healthkess:.
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4.3 Results and discussions

4.3.1 Results and discussion of experiment 1
4.3.1.1 Total phenolic content

Recently, phenolic compounds have beenvedeonsiderable
attention, due to their potential antioxidant aiti®¢ and free-radical scavenging
abilities, which potentially have beneficial im@itons in human heal{imeh and
Khokhar, 2002; Kaisoon et al., 2011). Ethanolic&ets obtained from the samples
plants were evaluated for the presence of phenohtgpounds. The samples were
evaluated using the Folin-Ciocalteu assay, whichk sugygested as a fast and reliable
method to quantify phenolics in foods (Konczakletz010).TPC was determined in
comparison with standard gallic acid and the resedpressed in terms of mg gallic
acid equivalent (GAE)/g DW. The levels of total pbc compounds (TPC) in the
evaluated spices varied significantly from 3 mg G#{EV in boesenbergia
(Boesenbergia pandurata (Roxb.) Schltrojo 19 mg GAE/gDW irLimnophila aromatic
(Lam.)Merr.(Figure 4.1). The highest value of TP&sviound thakimnophila
aromatica Merrill. (leave), followed byMorinda citrifolia L. (leave) andCurcuma
longa Linn. (rhizome), while boesenbergiBdesenbergia pandurata (Roxb.) Schitro)
(rhizome) contained the lowest TPC compared tordikebs and spices studied.

4.3.1.2 Identification of phenolic acids

RP-HPLC analysis was used to identify therjgtic compounds of
spices extracts, by comparison with standard comg&uPhenolic acids are
hydroxylated derivatives of hydrobenzoic acid agdrbcinnamic acid, which often
occur in plants as esters, glycosides and bounglexes (Germanet al., 2006). In the
14 spices varieties analyzed, it was possibledantity 10 phenolic acid: gallic acid,
protocatechuic acig)-hydroxy benzoic acid, chorogenic acid, vanilicda@affeic acid,
syringic acidp-coumaric acid, ferulic acid and sinapic acid. reribution of
phenolic acids in all spices is presented in Tdhle The highest value of total phenolic
acids was found i€assia siamea Britt. (leave) (502 mg/g DW), followed H¥iper
sarmentosum Roxb.(leave) (435 mg/g DWMorinda citrifolia Linn. (leave) (258 mg/g
DW) andCentela asiatica Linn. (leave)(123 mg/g DW). The smallest amourits o
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phenolic acids were found Mpinia galangal (Linn.) Swartz. (rhizome)Curcuma
Longa Linn. (rhizome) andsynura divaricata Subsp(leave) (Table 4.1). The main
phenolic acids (hydrocinnamic acids) in herbs grdes were ferulic acid, sinapic acid
and p-coumaric acid. Ferulic acid was the majorbgehnamic acid derivative, ranging
from 2 to 359 mg/g, followed by sinapic acid (16225 mg/g) angb-coumaric acid (1
to 130 mg/g). The highest content of ferulic acakviound inPiper sarmentosum
Roxb. (leave) (Table 2). High levels of ferulicdeare found in spices, herbs,
vegetables, fruits, cereals, and coffee. (ZhaoNoghadasian, 2008). Ferulic acid is an
abundant dietary antioxidant which may offer betiafieffects against cancer,
cardiovascular disease, diabetes and alzheimesesse (Zhao and Moghadasian,
2008).Morinda citrifolia Linn. (leave) had the most dominant contents radysic acid
(Table 4.1). The hydroxybenzoic acid, gallic asdnilic acid ang>-hydroxy benzoic
acid occurred in small quantities, but not in plkes investigated (Table 4.1).
The highest content of protocatechuic acid androglenic acid were found Bassia
siamea Britt. Natural antioxidants are important ingrediethat facilitate the control of
the oxidative deterioration of foods. Herbs andapiextracts, which exhibited strong
antioxidant activities, were found to contain haghounts of total and individual
phenolics that may contribute to this activity. Rblec compounds are commonly found
in plants and they have been reported to haveoagtntioxidant activity
(Elzaawelyet al., 2005; Mansouri et al., 2005). The antioxidaotential of phenolic
compounds is dependent on the number and arrangeifie hydroxyl groups as well
as the presence of electron donating substituetheining structure (Elzaawely et al.,
2005).
4.3.1.3 DPPH radical scavenging activity

DPPH radical is a free radical compound whiak been widely used to
test free-radical scavenging ability (Sakanakd.eP805). Anti-oxidants, on interaction
with the DPPH radical, transfer either an elecwohydrogen atom to DPPH, thus
neutralizing its free-radical character (Naik et 2003). The reagent colour changes
from purple to yellow and its absorbance at wavgle®17 nm decreases. The DPPH
radical-scavenging activity, percentage inhibitadriwelve Thai herbs and spices are
given in Table 4.2. The % inhibition (DPPH radisavenging activity) was in a wide
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range of 69% in leav&€assia siamea Britt. to 87% inOcimum sanctum L. cv. Khao,
while Curcuma longa Linn. (rhizome) had the highest % inhibition (DPRidlical
scavenging activity) of 86% (Table 4.2).
4.3.1.4 Ferric reducing anti-oxidant potentidR&P)

The FRAP assay directly measures reductardgateoxidants (Abu
Bakar et al., 2009) by determining the reducingptél of anti-oxidant reacting with a
ferric tripyridyltriazine (Fe3+-TPTZ) complex andoplucing a coloured ferrous
tripyridyltriazine (Fe2+-TPTZ) (Benzie and Stral996). Generally, the reducing
properties are associated with the presence of congs which exert their action by
breaking the free-radical chain via donating a bgeén atom (Duh, Du and Yen, 1999).
According to Benzie and Strain (1996), the reductdFe3+-TPTZ complex to blue-
coloured Fe2+-TPTZ occurs at low pH. FRAP valuetheffruit extracts are shown in
Table 3. In leave samples, FRAP value ranged frédunol FeS0O4/100 g iRiper
aurantuacum to 682umol FeS0O4/ 100 g irOcimum sanctum L. cv. Khao(Table 4.2).

4.3.15 Volatile compounds

The extraction of the volatile compounasrf herbs and spices were
carried out following the headspace sampling aradyars by means of coupled GC—
MS method. Forty volatile compounds were idenifie the leave (Table 4.3), while
fifteen volatile compounds were identified in tlizome (Table 4.3). There were
significant differences among different varietiested. Eucalyptol was the most
prominent volatile compound ldlpinia alangal (Linn.) Swartz(rhizome) (68%)Piper
aurantuacum (leave)had the highest content of 7-Hydroxy-5,6,7,8-tetdabind (67%)
(Table 4.3). Valeric aldehyde was the most domiwafdtile compound iMorinda
citrifolia Linn.(leave) (65%). Only one volatile compound fduroth leave and
rhizome was isoserinésoserine was found to be a volatileGarcuma longa
Linn.(rhizome) (34%)Cassia siamea Britt.(leave) (16%) andlpinia alangal (Linn.)
Swartz.(rhizome) (10%) (Table 4.3). Many compounds argaasible for plant flavor
and some of the herbs and spices are used by humaeason food yield (Quintavalla
and Vicini, 2002). Herbs and spices have been fggaloviding humans with tastes in
foods. In addition to taste, their beneficial heaffects have also been widely attracted

by food scientists.
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4.3.1.6 Summary of experiment 1
Thai herbs and spices are traditional foods istmaltures which play
important roles in human nutrition. This study kblasnonstrated the informative results
of phenolic compounds, antioxidant activity andatidd compounds. The main
phenolic acids in these spices were ferulic adgdsc acid ang-coumaric acid. There
were significant differences among different vaeetested. This study generated
useful information for consumers and many encouragearchers to utilize herbs and

spices as sources of bioactive compounds.
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Table 4.1 Phenolic acids of Thai herbs and spices

Herbs and spices Hydrobenzoic acids (mg/g DW) Hydrocinnamic acids (mg/g DW) Total
phenolic
GA PCCA p-HO ChA CFA SyA p-CA FA SNA acids
Leave
o _ 45.85+3.1 34.07£1.7 502.69+27.35
Cassia siamea Biritt. 1.91+0.15 273.83+27.12 26.93+1.26 83.48+2.48 g 41.40+8.58  7.14+0.59 e 23.81+1.48 .
o _ 2.38+0.09 60.76+9.4 . 123.5147.48
Centela asiatica Linn. 1.64+0.09  1.52+0.16  2.88+0.1f  21.92+0.68 . 10.87+0.96  2.53+0.06 o 19.01+1.12
, . 3.33+0.48 18.850.7 100.55+5.60
Citrus hystrix DC. 2.39+0.45  2.92+0.4f nd nd ) 24.08+0.34  8.29+0.32 o 31.73+1.368
o 5.39+0.02 . 52.81+2.38
Gynura divaricata subsp 6.02+0.16 nd nd 11.71+0.94 nd 8.75+0.08 1.44+0.08 . 18.96+0.09
Limnophila aromatica 25.43+3.5 103.44+9.42
1.83+0.20 nd 1.54+0.35 nd nd 2.11+0.07 nd j 72.53+9.47
(Lam.) Merr. 4
_ S 1.77+0.54 225.44+10.6 258.66x11.46
Morinda citrifolia Linn. Nd 2.7240.28  3.15+0.59 nd . 17.04+0.18  2.47+0.32 nd o
_ 4.25+0.09 75.72+12.17 112.27+8.72
Morus alba Linn. 1.7620.08  1.44+0.08 nd nd nd 21.62+3.48  2.33+0.2f ) )
Ocimumsanctum L. cv. 342.89+17.28
< 7.78+t1.24  1459+1.07  54.1+218  8.97+1.1§ nd 29.89+1.86 130.56+5.42 6.41+1.02 85.92+0.84 .
ao
Ocimum sanctum L. cv. 5.69+0.74 334.61+15.43
5 9.26+1.72  12.73+1.84  61.5+2.84  7.49+0.86 nd 31.36+2.04 127.8445.63 78.74+1.48 .
aeng g

6v



Table 4.1 (continue)

Hydrobenzoic acids (mg/g DW) Hydrocinnamic acids (mg/g DW)
Total
Herbs and spices phenolic
GA PCCA p-HO ChA VA CFA SyA p-CA FA SNA acids
Leave
Piper sarmentosum 2.53+0.06 359.29+22 435.51+24.63
2.85:0.10  3.71x0.18 nd nd nd 2.27+0.08  4.61x0.07 60.25+9.08 .

Roxb. ¢ 50°
Rhizome
Alpinia alangal 24.99+1.26

_ nd 1.72+0.29 nd nd nd 1.52+0.39 1.47+0.44 1.48+0.05 2.46+0.28  16.34%1.45
(Linn.) Swartz.
Boesenbergia 100.37+5.73
pandurata (Roxb.) nd 3.96+0.58 nd nd 3.35+0.3%4 1.70+0.27 8.34+0.5% 6.36+0.34 52.28+3.46 24.38+2.66
Schltro.
Curcuma Longa 26.40+1.18
L nd 1.65+0.05 nd nd nd 1.64+0.39 1.67+0.22 1.74+0.28 2.29+0.12 17.41+1.52

inn.
Zingiber 41.23+2.88

nd nd 1.79+0.19 nd nd Nd 17.58+1.37 nd nd 21.86+2.65

officinale Roscoe.

Values are expressed as mean = SD of triplicatesunement. nd= not detected; GA= Gallic acid; PCCrstdtatechuic acid; p-HO=p-hydroxy
benzoic acid; ChA= Chorogenic acid; VA= Vanilic é&cCFA= Caffic acid; SyA=Syringic acid; p-CAsCoumaric acid; FA=Ferulic acid,;
SNA=Sinapic acid

0S



Table 4.2 Antioxidant activity of Thai herbs andcgs at concentration 0.2 g/ml

Thai herb and spice

Antioxidant activity

DPPH (% inhibition)

FRAP ymol FeSQ/100g sample )

Leave

Cassia siamea Britt. 69.18+0.32 397.26+1.15
Centella asiatica Linn.) Urban 76.45+0.57 407.34+1.58
Citrus hystrix DC. 82.56+0.17 525.38+3.23
Gynura divaricata DC. 75.30+0.67 348.81+2.19
Limnophila aromatica Merr. 83.45+0.23 498.62+3.21
Morinda citrifolia Linn. 72.13+0.64 373.28+1.78
Morus alba Linn. 78.260.21% 325.38+2.43
Piper aurantuacum 79.09+0.38 245.89+1.28
Ocimum sanctum L. cv. Khao 87.16+0.87 682.43+4.18
Ocimum sanctum L. cv. Daeng 84.04+0.52 644.35+4.09
Rhizome

Alpinia alangal (Linn.) Swartz. 85.29+0.18 606.39+2.25
Boesenbergia pandurata (Roxb.)Schitro 78.26+0.74 421.24+1.78
Curcuma longa Linn. 86.42+0.32 563.09+2.48
Zingiber officinale Roscoe. 82.57+0.94 472.06+1.46

TS



Table 4.3 volatile compounds (% area) of Thai hetd spices

Thai herbs and spices

Volatile compounds

Leave

Cassia siamea Britt.

Cadinene (16.62%) Isoserine (16.07%) Car(6l56%) Furfural (10.01%) Oxymetholone
(8.52%) Selina-6-en-4-ol (8.24%) Spathulenol (6.84%
Farnesene (5.71%) 1-Heptadecene (5.67%) Spindda3fo)

Centella asiatica Linn.) Urban

3-Chloromethylfuran (53.39%) Tetradeal (19.42%) Citronellal (11.82%)
Octadecanal (7.27%)

Citrus hystrix DC.

Citronellal (53.76%) Propylenediamine (13.68hytol (13.55%) Linalool (10.58%)
Squalene (4.99%) Farnesene (3.44%)

Gynura divaricata DC.

Butanal (41.84%) Alpha-pinene (39.37%) Cadaélil.02%) Stellasterol (7.78%)

Limnophila aromatica Merr.

Stereoisomer (54.28%) Cycloheptene (19.9B8kha-pinene (16.47%)
Neodihydrocarveol (9.30%)

Morinda citrifolia Linn.

Valeric aldehyde (65.31%) Benzaldehyde (19%3Benzenacetaldehyde (10.25%)
Palmitaldehyde (7.90%) Cyclohexanol (6.15%)

Morus alba Linn.

n-Pentanal (42.73%) 2,3,3-Trimethyloctane (17.88%)4-Trimethyl (13.62%)
Columbin (10.16%) 1,3,7-Octatriene (9.70%) Farn€s@&3%)

[As]



Table 4.3 (continue)

Thai herbs and spices

Volatile compounds

Piper aurantuacum

7-Hydroxy-5,6,7,8-tetrahydroind (67.35%) Cystei@6.70%) 1,2,3-Butanetriol (3.69%)
Xexanol (1.16%) 2-propylheptanol (0.58%)

Ocimum sanctum L. cv. Khao

Eugenol (20.54%) Beta-elemene (7.08%) Methyl eulg@t5%) Benzene (4.94%)
Caryophyllene (23.3%) Alpha-humulene (4.62%) Bdtarene (4.77%)
Neophytadiene (5.58%) Phytol (4.26%) Hexasilox&nég%)

Ocimum sanctum L. cv. Daeng

4-Cyclopropyl-2-methoxyphenol (1.25%) Beta-elemhéd8%) Methyl eugenol (35.35%)
Caryophyllene (31.91%) Alpha-humulene (5.77%) Halimbgermacrene (6.88%)
Caryophyllene oxide (4.43%) Neophytadiene (5.94%)

Rhizome

Alpinia alangal (Linn.) Swartz.

Eucalyptol (68.80%) Isoserine @3%) Caryophyllene (8.02%)
4-Carvomenthenol (6.88%) Alpha-humulene (5.97%)

Boesenbergia pandurata
(Roxb.)Schltro

Alpha-tumerone (41.85%) Alpha-phellandrene (26.9&%Yiberene (16.06%)
Camphene (15.11%)

Curcuma longa Linn.

Isoserine (34.38%) 1-heptadecene (22.91%010h(12.65%) Alpha-phellandrene(10.85%)

Zingiber officinale Roscoe.

Zingiberene (26.84%) Eucalyptol (26.07%) Camphédi®e1©9%)
Beta-sesqulphellandrene (12.09%) Citral (8.55%)dl#ehyde (8.27%)

€g
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4.3.2 Results and discussion of experiment 2
4.3.2.1 Antioxidant activities, phenolic compouraagl cytotoxic activity of
crude kaprow khao
We investigated the compositions of antioxidaettvities, phenolic
compounds and cytotoxic activity of crude kaprovadh
1) Antioxidant activity
The DPPH radical-scavenging and FR&says were used to
evaluate the antioxidant capacities of kaprow KI#®PH is a stable free-radical
compound widely used to test the free-radical-segiveg ability of various samples
(Sakanaka et al., 2005). The FRAP assay measw@sdhcing potential of an
antioxidant reacting with a ferric tripyridyltriam (Fé'~TPTZ) complex and producing
a colored ferrous tripyridyltriazine (FeTPTZ) (Benzie and Strain, 1996). Generally,
the reducing properties are associated with theegpoiee of compounds which exert their
action by breaking the free-radical chain by dargat hydrogen atom (Gordon, 1990).
The reduction of FE&~TPTZ complex to blue-colored £eTPTZ occurs at low pH
(Benzie and Strain, 1996). DPPH scavenging acwitif kaprow khao are shown in
Table 4.4. The % inhibition (DPPH radical scaveggaativity) of kaprow khao was
87%.
The FRAP assay directly measures reductardstoioxidants
(Abu Bakaret al., 2009) by determining the reducing potentialastti-oxidant reacting
with a ferric tripyridyltriazine (Fe3+-TPTZ) compl@nd producing a colored ferrous
tripyridyltriazine (Fe2+-TPTZ) (Benzie and Stral®96). Generally, the reducing
properties are associated with the presence of congs which exert their action by
breaking the free-radical chain via donating a bgen atom (Duh et al., 1999).
According to Benzie and Strain (1996), the reductdFe3+-TPTZ complex to blue-
coloured Fe2+—TPTZ occurs at low pH. FRAP valuelsaprow khao are shown in
Table 4.4. FRAP value of the crude holy basil was pimol FeS0O4/100 g. It is well
known that natural antioxidants extracted from bexbd spices (rosemary, oregano,
thyme, etc.) have high antioxidant activity and ased in many food applications
(Hirasa and Takemasa, 1998). A number of studiabwi¢h the antioxidant activity of
extracts from herbs and spices (Cuvelier et aB41&ikuzaki and Nakatani, 1993;

Lu and Yeap-Foo, 2001). Previous study has shoainetinanolic extracts of kaprow
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exhibited strong antioxidant activity againgi-aarotene linoleic system, superoxide
anion scavenging activity, Fechelating activity and reducing power, and alsedas
radical scavenger and lipoxygenase inhibitors @hdte and Berghofer, 2005).

2) Determination of total flavonoid content @

Large amounts of natural phenolic coomuts are found in teas,
fruits, and vegetables. Flavonoids are the mostheomand widely distributed group of
plant phenolic compounds; they are characterized bgnzo pyrene structure, which is
ubiquitous in fruits and vegetables (Yao et alQ80 Total flavonoid content (TFC) can
be determined in the sample extracts by reactidimn sadium nitrite, followed by the
development of colored flavonoid-aluminum complextiation using aluminum
chloride which can be monitored spectrophotomdtyied 510 nm. The amounts of
TFC in kaprow khao are shown in Table 4.4. Thel ftasonoid content of kaprow
khao was 252 mg GAE/g DW.

3) Determination of total phenolic content (TIPC

Phenolic compounds have beenvedeionsiderable attention,
due to their potential antioxidant activities anekfradical scavenging abilities, which
potentially have beneficial implications in humagahh(Imeh and Khokhar, 2002;
Kaisoonet al., 2011). Ethanolic extracts obtained from the damplants were
evaluated for the presence of phenolic compounids.samples were evaluated using
the Folin-Ciocalteu assay, which was suggestedfast and reliable method to quantify
phenolics in foods (Konczak et al., 20IDRC was determined in comparison with
standard gallic acid and the results expresseerims of mg gallic acid equivalent
(GAE)/g DW. The total phenolic content of kaprowakhwas 10éng GAE/ g DW
(Table 4.4).
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Table 4.4 Phenolic compounds and antioxidant aets/of kaprow khao

Phenolic compounds Antioxidant activity
FRAP
TPC TFC ( | FeS@/100 pPPH IC
mol Fe
" 9 (% inhibition) %
sample)

100.38+3.03 252.21+5.16 725.88+1.24 87.16+0.871.05+0.02

4) Determination of phenolic acids

Natural antioxidaate important ingredients that facilitate the
control of the oxidative deterioration of foods.lfbasil extracts, which exhibited
strong antioxidant activities, were found to contigh amounts of total and individual
phenolics that may contribute to this activity. RPLC analysis was used to identify
the phenolic compounds of crude kaprow khao, byparmon with standard
compounds. Phenolic acids are hydroxylated devigatof hydrobenzoic acid and
hydrocinnamic acid, which often occur in plantseaters, glycosides and bound
complexes (Germano et al., 2006). In the crude bayyl analyzed, it was possible to
identify 9 phenolic acid: gallic acid, protocate@hacid,p-hydroxy benzoic acid,
chorogenic acid, vanilic acid, syringic acgdgcoumaric acid, ferulic acid and sinapic
acid. The distribution of phenolic acids in crudgyhbasil was presented in Figure 4.2.
The concentration of total phenolic acids was 28 %18/g. The main phenolic acids
(hydrocinnamic acids) in crude holy basil were proaric acid (140 mg/g) and
syringic acid (11 mg/g) (Figure 8). The hydroxybeiezacid,p-hydroxy benzoic (16
mg/g) acid and Chorogenic acid (10 mg/g) investidgfEigure 4.2)p-Coumaric acid
(CA) widely exists in fruits, such as apples andrpeand in vegetables and plant
products, such as beans, potatoes, tomatoes, antlisean intermediate product of

the phenylpropanoid pathway in plants. CA has Iseggested to exhibit antioxidant
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properties (Castelluccio et al., 1996). It was regmbthat CAn vitro can provide
antioxidant protection to LDL as a result of thaichbreaking activity of CA
(Castelluccio et al., 1996). Diet supplementatiotin\a crude extract of CA isolated
from pulses resulted in the reduction of esterestelrol, providing a protective
mechanism against the development of atheroscte(®barma, 1979). The ability of
CA to prevent excessive lipid peroxidation on thsib of its chain-breaking activity of
alpha-tocopherol oxidation has also been demoaesii@iaranjinha, 1996). More
recently, Castelluccio et al. (1996) reported thatwas effective in enhancing the
resistance of LDL to oxidation. If CA is an effiaieantioxidant for LDL, it may play a
key role in the purported effect of oxidized lipot®in on platelet activity to inhibit
atherogenesis. In addition, the dehydrogenatiopnpet of CA was reported to have
anti-human immunodeficiency virus activity (Shimjia993). Phenolic compounds are
commonly found in plants and they have been reddddave a strong antioxidant
activity (Elzaawely et al., 2005). The antioxidaetential of phenolic compounds is
dependent on the number and arrangement of the@xyldgroups as well as the

presence of electron donating substituent in thg structure (Elzaawely et al., 2005).
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Figure 4.2 Phenolic acids of kaprow khao

5) Cytotoxic activity of kaprow khao

In vitro cytotoxicity test is mainly performed to screengtially
toxic compounds that affect basic cellular funcsiohhis cytotoxicity is measured with
cellular damage using neutral red (NR) which iseamkvcationic dye that penetrates and
accumulates in the lysosomes of living cells (Fstakd Timbrell, 2006). Therefore,
NR assay was used to determine the cell viabilitynoother words, the toxicity of the
test compounds. Several studies of cytotoxicitherbal plants have been reported. One
example showed that the extr&hus kesiya had the highest selectivity and potent
cytotoxicity in the Hepatoma cell line (HepG2), lwan 1G, value of 52.0 £ 5.8g/ml
(mean + standard deviation). Machaaal. (2011) reported thaati mbium speciosum

exerted cytotoxicity with an I value of 55.7 + 8.11ig/ml. Crude extracts from
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Glochidion daltonii, Cladogynos orientalis, Acorus tatarinowii andAmomum villosum
exhibited cytotoxicity with IGy values ranging 100-5Q®/ml. The phytochemicals
present in several herbal products and plants tare shown to potential as preventive
or therapeutic agents against various human caStugty was also shown that Kaprow
khao was cytotoxic against Hepatoma cell line (H2p&hd Colon cancer cell line
(HCT) at 500 pg/ml with less cytotoxic against nafidero cells. The result indicated
the selective cytotoxicity of kaprow khao in cancelis tested. The % cytotoxicity of
500 pg/ml kaprow khao was 48% in HepG2 cells artd #46HCT cells (Figure 4.3).
4.3.2.2 Summary of experiment 2

Crude kaprow khao extracts, which exhibited sirantioxidant activities,
were found to contain high amounts of total andvididial phenolics that may
contribute to this activity. Study was also showattKaprow khao was cytotoxic
against Hepatoma cell line (HepG2) and Colon cacekitine (HCT) at 500 pg/ml
with less cytotoxic against normal Vero cells. Kaprkhao has demonstrated a

potential herb and spice for functional food.

100 -
90 -
80 -
70 -

60 -
50 —o—\Vero
—— HepG2

40 -
—A—HCT

%cytotoxicity

30 A

=

10

10 7)1 50 100 150 200 250 300 350 400 450 500 550

-20 -

concentration (ug/ml)

Figure 4.3 Cytotoxicity (%) of kaprow khao
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4.3.3 Results and discussion of experiment 3
4.3.3.1 Optimized drying of kaprow leaves forusttial production of holy
basil spice powder.

Three drying methods used were hot-air dryiktA)( low relative
humidity air drying (LRH) and combined far- infrareadiation with hot-air convection
drying (FIR-HA) drying. Quality assessment of kaprmade from the different drying
methods included antioxidant property, total flamimhcontent (TFC), total phenolic
content (TPC) and volatile compounds.

1) Drying efficiency

Moisture content was fixed& dry basis, according to the industrial
standards for herbs and spices dried product (dmar and Das-Gupi®95). For HA
drying, the drying process is conducted by usihgtaair dryer at 50C for 15-16 hr
and the dry kaprow had moisture content of kapraend and kaprow khao (6.2 and
6.6%). For LRH drying, the drying process is a deant wheel dehumidification
system to a conventional hot-air system had mastantent of kaprow daeng and
kaprow khao (6.8 and 6.9%). FIR-HA drying processktonly 27-30 min to achieve
dry kaprow containing 6.9 and 6.1% (daeng and kham¥ture content (Table 4.5).
Low relative humidity air drying (LRH); desiccamtaing and air dehumidification is a
good alternative to the conventional vapour congoessystem for air conditioning.
Therefore, the reduction in drying time decreasétiwthe regeneration temperature
(Madhiyanon et al., 2007) and far- infrared radiat{FIR) drying, the heat is generated
deep inside the kernel and tends to be selecthighest in the regions having the
highest moisture content. Thus the vapour pressatgd be largest in these regions,
and diffusion will be toward the areas of lower @appressure such as the kernel
surface therefore water is removed away rapidlyil&/hot air drying is a slow process
relying on heat conduction from the outer surfaxseerds the interior. The use of FIR
and air temperature resulted in much faster drgimgj considerable reduction in energy
than at comparable convective temperatures
(Afzal et al., 1999)
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2) Color parameters
Color is a psychological property of fqmeducts that affects to the
enjoyment of eating. Temperature during dryingrie of the causes of color
degradation in dehydrated products (Lozano and)Jd®97). Color parameters of
kaprow dried by different methods compared to fleslres are shown in Table 4.5.
Overall, when compared with holy basil fresh leawesmaller decrease lirf values of
the three methods dried kaprow khao than thosefdw daeng of FIR-HA dried was
observed. The total color differena&*, which is a combination of parametérs a*
andb* values, is a colorimetric parameter extensiveBdu® characterize the variation
of colors in food during processing. The resulisspnted in this work suggest that the
change iME* of LRH and FIR-HA dried kaprow daeng were smadigicompared to
HA drying. As the color of LRH and FIR-HA, driedregles of two cultivars, appeared
to be more like fresh leaf, these may imply thasthdrying methods could better
preserve bioactive compounds and activities. Ther @hanges in kaprow caused by
the thermal may be due not only the non-enzymatwhbing reaction, but also to the
destruction of pigments present in the leaf (Waeityal., 2010).
3) Effect of total phenolic content (TPC) antht flavonoid content
(TFC)
Phenolic compounds are Widéstributed in fruits and vegetables
(Li et al., 2006), which have received considerable attantioe to their potential
antioxidant activities and free-radical scavengibdities, which potentially have
beneficial implications in human heali@ovindarajan et al., 2007; Li et al., 2006;
Lopez-Velez et al., 2003). Ethanolic extracts obtained from the samples plants were
evaluated for the presence of phenolic compounds. The samples were evaluated using
the Folin-Ciocalteu assay, which was suggestedfast and reliable method to quantify
phenolics in foods (Konczak et al., 2010; Prioalet2005). TPC was determined in
comparison with standard gallic acid and the reseMpressed in terms of mg GAE/g
DW. The total phenolic content of the fresh kapaaeng was 19.12 mg GAE/g DW.
With different drying methods, the total phenolkcstents in the HA, LRH and
FIR-HA were 14.23, 20.62 and 22.36 mg GAE/g DWpessively, while the total
phenolic content of the fresh kaprow khao was 1Mmg8GAE/g DW. With different
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drying methods, the total phenolics contents inHAe LRH and FIR-HA were 12.47,
22.36 and 18.64 mg GAE/g DW, respectively (Tab&.Fhermal processing may
release more bound phenolic acids from the breakddwellular constituents.
Although disruption of cell walls also releases ¢xéative and hydrolytic enzymes
that can destroy the antioxidants in fruits andetalgles (Chism and Haard, 1996).
Therefore degradation of polyphenol compounds byntial process may result in
releasing antioxidant compounds which have diffeckiemical and biological
properties (Tsai et al., 2002). However, there vieeeeases in TPC following
combined FIR-HA treatment of mulberry leaves (Waretal., 2010). Sliced carrots
were dried by convective drying (CD), microwave-eective drying (MCD), infrared-
convective drying (IRCD), and freeze drying (FDYidd carrots of cv. Deep Purple
were characterized by an approximately 2.5 timghdr antioxidant capacity and
higher contents of anthocyanins and polyphenols tiieed carrots of cv. Purple Haze
(Witrowa-Rajchert et al., 2005).Food processingiogprove the properties of naturally
occurring antioxidants or induce the formation eivicompounds with antioxidant
properties, so that the overall antioxidant agfiuiicreases or remains unchanged
(Tomaino et al., 2005). Flavonoids are the mostroon and widely distributed group
of plant phenolic compounds, that are charactetzed benzo pyrene structure, which
is ubiquitous in fruits and vegetables. Total flag@ can be determined in the sample
extracts by reaction with sodium nitrite, followled the development of coloured
flavonoid-aluminum complex formation using aluminehioride which can be
monitored spectrophotometrically at 510 nm. The ditied of two kaprow cultivars
contained the lowest amount of TFC as compareledresh and two processed.
Amounts of TFC in kaprow daeng FIR-HA dried con&irhad the highest flavonoid
content (14.15 mg RE/g DW), followed by the kapidvao FIR-HA dried (12.76 mg
RE/g DW), and LRH dried kaprow daeng (12.37 mg RBW). Flavonoids, as one of
the most diverse and wide spread group of natmrapounds, are probably the most
important natural phenolics (Prasad et al., 20B8ides their antioxidant activity,
flavonoids have been demonstrated a wide rang@ohémical and pharmacological
effects including anti-inflammatory, anti-viral, teallergenic, anti-carcinogenic, anti-

aging activity (Hulya Orak, 2007), anti-oxidant aemti-allergic effects (Miean and
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Mohamed, 2001). Importantly, in our study, the eslof TPC and TFC were higher
after FIR-HA and LRH drying, compared to the restittr HA dried or even for fresh
kaprow.

4) Effect of Ferric reducing antioxidant poWERAP)

The FRAP assay measures the neglpotential of an antioxidant
reacting with a ferric tripyridyltriazine (Fe3+—TBYcomplex and producing a coloured
ferrous tripyridyltriazine (Fe2+-TPTZ) (Benzie aBttain, 1996). Generally, the
reducing properties are associated with the presehcompounds which exert their
action by breaking the free-radical chain by dawat hydrogen atom (Gordon, 1990).
The reduction of Fe3+-TPTZ complex to blue-coloufre@+-TPTZ occurs at low pH
(Benzie and Strain, 1996). FRAP values of theaexsrof kaprow different drying
methods are shown in Table 4.6. The FRAP valueffgrdnt drying methods indicated
that the FIR dried had the greatest reducing pdw#r kaprow daeng and kaprow khao
(872.59 and 916.8iimol FeSQ/100 g DW), followed by LRH dried (787.90 and
812.85umol FeSQ@/100 g WD), fresh (644.35 and 682 did10l FeSQ/100 g), and then
HA dried (513.57 and 543.36n0l FeSQ@/100 g). A significant decrease in FRAP value
was found in HA dried compared to fresh leaves.il@mesults were found iAlpinia
zerumbet andEtlingera elatior leaves which significant decreases of FRAP valtés
and 53%) were observed in HA dried samples (Chaih,e2009). In addition, HA
drying resulted in drastic declines of 80% for kesvofCurcuma longa and 71% for
leaves oKaempferia gala and 70-75 % for vegetables (Retyal., 2007) and 27% for
mulberry leaves (Wanyo et al., 2010). This behavemwld be related to drying process
at low temperatures, which implies long drying tenleat may promote a decrease of
antioxidant capacity (Garau et al., 2007). Losseantioxidant properties of heat-
treated samples have been attributed to thermahdaton of phenolic compounds
(Larrauri et al., 1997). Declines in antioxidantiaty are often accompanied by loss of
other bioactive properties (Roy et al., 2007). dl&erent drying methods of kaprow
showed significant (p<0.05) difference in FRAP \&lindicating that the drying
methods significantly influenced the ferric redgcpower evaluation.

5) Percentage losses or gains for sid@mt activity, total flavonoid

and total phenolic content
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Percentage losses or gains for TPC, ak€CFRAP of kaprow dried
by different methods compared to fresh leaves laoe/s Figure 4.4-4.5. There were
increases in TPC, TFC and FRAP value following L&td FIR-HA dried of kaprow
daeng (LRH: 7.85, 11.54 and 22.27 %, FIR-HA: 127759 and 35.42%) and kaprow
khao (LRH: 25.75, 12.54 and 19.11%, FIR-HA: 4.8B,62 and 34.35%), respectively,
while TPC, TFC and FRAP values decreased (kapr@mglé25.57, 27.77 and 28.12%)
and kaprow khao (28.12, 16.42 and 20.39%) of HAndyyOur findings are similar to
the data from previous studies by Erbay and 1@609) that TPC and total antioxidant
activity of olive leaves were decreased 9.77 an@3%4, respectively after dried using
by heat pumps drying at 53°C, process time of 288 m addition, outer leaves of
white cabbageBrassica oleracea L. var. capitata) by hot air drying found that TRGs
than 40% retention after dried (Tanongkankit et2010).
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Table 4.5 Total phenolic content (TPC), Total/tinoid content (TFC) and
FRAP value of kaprow.

TPC TFC FRAP
Drying (mg GAE/qQ) (mg RE/Q) (umolFeS@100 g)
method Kaprow Kaprow Kaprow Kaprow Kaprow Kaprow
daeng khao daeng khao daeng khao

Fresh  19.12+0.84 17.78+0.74 11.09+0.43 9.01+1.85 644.35+18.02 682.43+14.32
HA 14.23+0.69 12.47+0.38 8.01+0.27 7.53+0.48 531.57+16.21 543.25+12.61
LRH 20.62+1.08 22.36+1.24 12.37+0.3% 10.14+0.8% 787.90+13.12 812.85+18.83
FIR 19.46+0.98 18.64+0.1% 14.15+0.960 12.76+0.90 872.59+23.17 916.87+24.61

Values are expressed as means * standard devidieans with different letters in the

same column were significantly different at theelgy < 0.05.

Food processing can improve the properties ofralytoccurring
antioxidants or induce the formation of new comptsuwith antioxidant properties, so
that the overall antioxidant activity increasesemains unchanged (Tomaino et al.,
2005). Therefore degradation of polyphenol compsundthermal process may result
in releasing antioxidant compounds which have tiffé chemical and biological
properties (Tsai et al., 2002). Effects could Viaoyn little or no change to significant
losses, or even enhancement in antioxidant pr@seffdicoli et al., 1999). Importantly,
in our study, the values of TPC, TFC and FRAP viegaer after LRH and FIR-HA
drying, compared to the results for HA drying oeevor fresh leaves. FIR-HA creates
internal heating with molecular vibration of maédri.e., molecules absorb the
radiation of certain wavelengths and energy, andea&ibration excitedly. Moreover,
the mechanism of far-infrared drying is differerdrh hot air drying (Sandu, 1986), and
the electromagnetic wave energy is absorbed dyregtthe dried food with less energy
loss. FIR was thought to liberate and activate o@ecular weight natural antioxidant
compounds, because it heats materials without degyahe constitutive molecules of
the surface and contributes to an even transfheaf to the center of the materials
(Niwa et al., 1988). Previous studies found thaioardant activities and total phenolic
contents increased after exposure of rice hulRoradiation (Lee et al., 2003) and
peanut hull (Lee et al., 2006) and mulberry tearfydeet al., 2010). Many antioxidant
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phenolic compounds in plants are most frequentggnt in a covalently bound form
with insoluble polymers (Niwa and Miyachi, 1986 d&eet al., 1991). If this bonding is
not strong FIR treatment could liberate and activatv-molecular-weighted natural
antioxidants in plants (Jeong et al., 2004; Lesd.e2003).
6) Effect of volatile compounds

In this work, the extraction of the volatdempounds from kaprow
was carried out following the headspace samplirtjaaralysis by means of coupled
GC-MS method. Twenty one volatile compounds weeatified in the kaprow
(Table 4.7). Methyl eugenol, afidcaryophyllenewere typically found two varieties.

The main compounds wepecaryophyllendollowed by methyl eugenol and eugenol.

Drying brought about an increase in the concetnatof many of the volatile

components such @scaryophyllenavith HA, LRH and FIR-HA drying. Only kaprow

khao contained eugenol as a major compound (20)54t#e kaprow daeng had a high
percentage of methyl eugenol all drying methods5#,247.62 and 49.05 %,
respectively), compared to the results for fresivds. Certain compounds have been
observed to increase in different herbs after dyyiar example, eugenol in bay leaf
(Diaz-Maroto et al., 2002), thymol in thyme (Venskuis, 1997), and some
sesquiterpenes in different herbs (Baritaux etl@99; Yousif et al., 2000). Most
studies have reported changes in colour and wledinpounds of the aromatic herbs
after drying (Di Cesare et al., 2004; Diaz-Maratale, 2002). We found that eugenol
was a major volatile compound ranging from 18% A ditied to 23% in FIR-HA dried
samples in kaprow khao while methyl eugenol wasith&n volatile compound in
kaprow daeng ranging from 35% in fresh to 49% R-HA dried samples.Eugenol is
the main component of kaprow grown in Bangladesbr(ti&llo et al., 2002), Germany
(Laakso et al., 1990), Cuba (Pino et al., 198Rytheastern Brazil (Machaadal.,
1999), methyl eugenol from India (Kothari et abD03). Kaprow khao is an economic
culinary herb in Thailand, containing unique aram#avor. The predominant volatile
compound of kaprow was found to be methyl eugeRakgetha Vani et al., 2009).
Methyl eugenol is a chemical compound used extehsiu variousapplication
including perfumes, food seasoning dladoring, aromatheraphy and medicinal
application (Harborne and Baxter, 1993; Hopp andiM®93; Laskar and Majumdar,
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1998; Harris, 2002). Methyl eugenol also shows DNAding activities, spasmolytic
and gives muscle relaxant effects (Harborne andeBax993). Various physic-
chemical changes of aromatic volatiles (oxidatergporation) may take during the
drying process, influencing aroma intensity anddgbality of the dried product
(Barbieriet al., 2004). The effect of drying on the compositidivalatile flavor
constituents of various aromatic plants and vedesatras been the subject of numerous
studies, which show that the changes in the coretgims of the volatile compounds
during drying depend on several factors, such @sltiing method and parameters that
are characteristic of the product subjected tondyyVenskutonis, 1997).
4.3.3.2 Summary of experiment 3

The present study has demonstrated that diffelgmig methods resulted
in individual bioactive compound differently. Thapgrow khao samples with LRH
dried and FIR-HA dried had higher content of bioactompounds and antioxidant
activities, compared with fresh sample. FIR-HA ghaighest content of eugenaol,

methyl eugenol an@-caryophyllene Surprisingly, eugenol was only found in kaprow

khao as a major compound (20.54 %) while kapromddmad a high percentage of
methyl eugenol all drying methods (42.51, 47.62 4985 %, respectively), compared
to the results for fresh leaves. After drying, ex@emethyl eugenol and

B-caryophyllenewere found to be significantly increased. Morep¥R-HA drying

decreased the drying time without having any mejtects on color, bioactive
compounds, volatile compounds and antioxidant agtof the extracts. According to
the results from our present study, LRH and FIR4#&uld be considered as a suitable
drying method for kaprow with respect to presenitsgolor, antioxidant properties
and volatile compounds. The present study has geoviuseful information for

industrial use of dried kaprow or kaprow powderdurction. Further application is to
use kaprow powder as soup stock, curry paste adlddditive. This could offer good

opportunities for food industry in terms of foodepervation and product development.
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Table 4.6 Color parameters of kaprow of differemyirty method

Drying %MC Drying Color value %MC Drying Color value

methods ( dry basis) time Kaprow daeng (dry basis) time Kaprow khao
L* a* b* AE* L* a* b* AE*

Fresh 80.37+0.31 - 26.33+2.66 3.54+0.03 9.63+0.18 - 85.26+0.42 - 33.37+2.58 7.04+0.06 12.48+0.24

a a a

HA 6.19+0.15 15 hr 17.13+1.07 0.68+0.04 4.85+0.18 10.75+0.29 6.58+0.24 16 hr 29.34+1.07 2.02+0.0t 6.02+0.18 9.11+0.2%
d a

LRH 6.79+0.23 9 hr 24.36+2.03 1.28+0.08 6.27+0.87 450£0.12 6.93:0.28 9.5 hr 30.69+2.16 3.00+0.08 8.16+0.37 6.49+0.18
b

FIR-HA 6.86+0.18 27 min 23.22+1.05 0.19+0.02 7.85+0.73 4.90£0.16¢  6.07+0.1% 30 min 31.36£1.22 3.73+0.04 9.74+0.78 4.74+0.13

c

Values are expressed as means * standard devidieans with different letters in the same colurmerensignificantly different at the
level p < 0.05.

0L
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4.3.4 Results and discussions of experiment 4
4.3.4.1 Effect of process and stored time of addgutow khao powder in
fish emulsion on antioxidant properties and lipxidation
In this study, we investigated kaprow khao pemaf 1%, along with
other synthetic antioxidants was added in fish emual Evaluation of antioxidant

properties and lipid oxidation of fish emulsion waesformed.

Table 4.7 Sensory property of fish emulsion with added kapktnao powder
(0.5%, 1%, 1.5% and 2.0%)

Samples Likeness score
Color Taste Texture Overall acceptability
0.5% 7.04+0.67 6.34+0.48 6.85+0.42 6.74+0.58
1.0% 7.37+0.71 7.3410.62 7.2620.5% 7.31+0.64
1.5% 7.42+0.68 6.53+0.58 6.42+0.46 6.52+0.57
2.0% 6.75+0.62 6.42+0.52 6.27+0.49 6.41+0.59

Values are expressed as means * standard devidieans with different letters in the

same column were significantly different at theelgy < 0.05.

Table shows Sensory property of fish emulsiotmadded kaprow khao
powder (0.5%, 1%, 1.5% and 2.0%). Based on theelsigbverall acceptability, kaprow
khao powder (1%) was selected for further studibgrefore, we selected added
kaprow khao powder (1%) in fish emulsion (pla-yimr) study effect of process and
stored time on antioxidant properties and lipiddaion.

1) Effect of kaprow khao powder, BHT and vitar&mon color of fish
emulsion.

Color expressed bS,a*, b* and 4E* of fish emulsion added with
holy basil (1.0%), vitamin E and BHT at day O dirigeerated storage is shown in Table
4.9. After addition of holy basil, BHT and vitamif) there was change lirf (lightness)
values of the fish emulsion, compared to the coifpre 0.05). After addition of
kaprow khao powder (1%), BHT and vitamin E resultethe decrease in the

(lightness) and an increase in tit€yellowness)4E* values of the kaprow khao
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powder added samples were higher than those afileanexcept for sample BHT
(100 ppm).

Table 4.8 Color parametets, a* andb* values of fish emulsion at day O of

refrigerated storage.

Samples L* a* b* AE

A 71.59+0.07 1.89+0.03 14.73+0.04 2.24
B 66.75+0.08 -1.08+0.04 19.99+0.08 7.27
C 70.74+0.08 2.05+0.02 15.55+0.07 1.5¢'
D 69.78+0.07 2.50+0.04 18.16+0.08 3.18
E 69.50+0.08 -1.74+0.08 21.35+0.16 7.04

Values are expressed as means * standard devidieans with different letters in the
same column were significantly different at theelgwy < 0.05. A: control; B: kaprow
khao powder (1%); C: vitamin E (200 ppm); BHT (200 ppm); Ecombination of 1%
kaprow khao powder, vitamin E (100 ppm) and BHTO(pPpm)

2) Proximate compositions of the fish emulsiath kaprow khao

powder, BHT and vitamin E
Proximate compositions & flsh emulsion with holy basil, BHT and

vitamin E are shown in Table 4.10. The moistureteoin(71%-72%), protein
(19-20 %), lipid (1%), carbohydrate (2-3%), ash J2#d crude fiber (1%) of all
samples.

3) Effect of kaprow khao powder, BHT and vitari on lipid
oxidation in The oxidative process was evaluatethkyperoxide value (P\gnd
thiobarbituric acid (TBA)in fish emulsion order to determine how it was etiéel by
the different storage time. Impact of kaprow khawger (1%) (B), vitamin E (200
ppm) (C), BHT (200 ppm) (D), and holy basil (1%}B (100 ppm) and vitamin E
(100 ppm) (E) on lipid oxidation of fish emulsioarthg 28 days of refrigerated storage
is shown in Figure 4.6. A sharp increase in PV alaserved in all samples up to 7 days

of refrigerated storage (p < 0.05) (Figure 4.6.("pwever, decrease changes in PV
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were found in sample B, C, D and E during 14 and&#s (p < 0.05). Thereatfter, the
decrease in PV was found in those samples. Theasein PV was most likely due to
the decomposition of hydroperoxide formed intogkeondary oxidation products
(Boselli et al., 2005). During day 21-28 of storattpe constant PV was found in all
sample. This was plausibly due to the similar cdtdecomposition and formation of
hydroperoxide in this sample.

TBARS values no changes in TBARS were foundllisamples up
to 14 days storage (p > 0.05) (Figure 4.6 (b))d&y O, TBARS values of all sample
ranged from 0.2 to 0.25 mg MAD/kg of sample, indiieg that the lipid oxidation
occurred during the processing and cooking of isfedmulsion. Control samples (A)
showed the higher formation of TBARS throughoutst@age of 28 days, compared
with other samples (p < 0.05), which had the simildue during the 21— 28 days of
storage (p > 0.05). The results showed that thebgmation of 1% kaprow powder,
vitamin E (100 ppm) and BHT (100 ppm) showed thvedst lipid oxidation, compared
to control. Especially at higher was therefore ve&ifgctive in retarding the lipid
oxidation. Apart from acting as a radical scaverugerd chelate iron, which might be

released during cooking.
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Figure 4.6 Peroxide value (PV) (a) and thiobarimtacid-reactive substance (TBARS)

(b) of fish emulsion during 28 days of refrigexhstorage. Bars represents
the standard deviation (n = 3). A: control; Bpkow khao powder (1%);

C: vitamin E (200 ppm); IBHT(200 ppm); Ecombination of 1% kaprow
khao powder, vitamin E (100 ppm) and BHT (10@pp
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4) Antioxidant activity
4.1) DPPH radical scavenging activity

The DPPH assay is a preliminary test Westigate the antioxidant
potential of extracts. This assay has been widsdgluo test the free radical scavenging
ability of various samples (Shimoji et al., 2002k8naka et al., 2005). DPPH, a free
radical compound, is a stable organic radical &ittharacteristic absorption at 517 nm;
it was used to study the radical scavenging effefcextracts. As antioxidants donate
protons to this radical, the absorption decreasesoxidants, on interaction with
DPPH, either transfer an electron or hydrogen am®PPH, thus neutralising its free
radical character (Naik et al., 2003). The colarayes from purple to yellow and its
absorbance at wavelength 517 nm decred$esDPPH radical-scavenging activity
(percentage inhibition) of fish emulsion after drnt storage time is given in Figure
4.7.In the test with DPPH radical, there was a decreaaatioxidant activity during 4
weeks of storage at°€ in fish emulsion with added kaprow khao powdét)IBHT

and vitamin E and with a combination of BHT andawiin E.
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Figure 4.7 DPPH radical-scavenging activity shfemulsion at day 0 and 28 of
refrigerated storage. Different letters on dadfg bars indicate significant
differences between treatments (P<Q.85xontrol; B: kaprow khao
powder (1%); C: vitamin E (200 ppm); BHT(200 ppm); Ecombination
of 1% kaprow khao powder, vitamin E (100 ppmd &HT (100 ppm)
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4.2) Ferric reducing/antioxidant power (FRAR}ay

The FRAP assay measures the reducing potenial antioxidant
reacting with a ferric tripyridyltriazine (B&-TPTZ) complex, producing a coloured
ferrous tripyridyltriazine (FE=TPTZ) (Benzie and Strain, 1996). Generally,
the reducing properties are associated with thegmee of compounds, which exert
their action by breaking the free radical chaimtiygh donating a hydrogen atom
(Gordon, 1990; Duh et al., 1999). According to Berand Strain (1996), the reduction
of FE*~TPTZ complex to blue colored #eTPTZ occurs at low pH. In the test with
FRAP, there was a decrease in antioxidant actiatyng 4 weeks of storage at@ in
fish emulsion with added kaprow khao powder (1%).TBand vitamin E and with a
combination of BHT and vitamin E. The ferric redugipower of fish emulsion after
different storage times expressed as FRAP valuesl(geSQ/ 100 g) is shown in
Figure 4.8. Natural antioxidant can be used toa@pthe synthetic antioxidant in the
food industry such as BHT, BHA and vitamin, whichyrpossess mutagenic activity
(Skrinjar et al., 2007; Namiki, 1990).
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Figure 4.8 FRAP value of fish emulsion at day @ 28 of refrigerated storage.
Values are expressed as means + standard deviddifferent letters on /
different bars indicate significant differendegtween treatments (p<0.05)
A: control; B: fish emulsion with added holy baliPo); C: fish emulsion
with added vitamin E (200 ppm); Bsh emulsion with added BHT (200
ppm); E:fish emulsion with added holy basil (1%), vitamir{Z®0 ppm)
and BHT(100 ppm).
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5) Effect of kaprow khao powder, BHT and vitar on textural
property of fish emulsion
Texture profile analysis of the emulsialdad fish emulsion with
added kaprow khao powder (1%), vitamin E (200 ppng BHT (200 ppm) and with a
combination of 1% kaprow khao powder, vitamin EQJ@pm) and BHT (100 ppm) at
day O of refrigerated storage is shown in Tabld 4. There was no difference in all
textural parameters among all samples tested (5.0
6) Effect of kaprow khao powder, BHT and vitarimon sensory
property of fish emulsion
At the beginning of the storage, the samiéxture and overall
acceptability was found between the control andehoeated with holy basil, BHT and
vitamin E (Table 4.9). Hayes et al. (2010) repotteat overall texture, tenderness and
flavour in cooked pork sausage during storage®& were not significantly affected by
the addition of lutein, ellagic acid and sesamaohifarity tannic acid and ethanolic
kiam wood extract (EKWE) can be incorporated ingh £mulsion sausages without
having any detrimental effect on the organoleptialiy of products (Magsood et al.,
2012).
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Table 4.9 Sensory property of fish emulsion gt @af refrigerated storage

Samples Likeness score
Color Taste Textufe Overall
acceptability
(ns)
Control 7.09+0.72 7.07+0.62  7.02+0.64  7.06+0.71
Holy basil (1%) 7.20+0.88 7.51+0.68  7.12+0.71  7.16+0.72
Vitamin E (200 ppm) 7.11+0.78 7.19+0.64  7.06+0.83  7.08+0.69
BHT(200 ppm) 7.07+0.87 7.07+0.58  7.10+0.86  7.12+0.74
Holy basil (1%), vitamin E 7.21+0.84 7.45+0.68  7.03+0.84  7.14+0.71

(100 ppm) and BHT(100 ppm)

Values are expressed as means + standard devidfieans with different letters in the same

column were significantly different at the levek®.05.The panelists evaluated each

characteristic of the sample using a 9-point hexlecale (n=30).

4.3.4.2 Summary of experiment 4

Evaluation of antioxidant properties and lipiddation of fish emulsion

was performed. The results showed that the combmat 1% kaprow powder, vitamin

E (100 ppm) and BHT (100 ppm) showed the highesb:adant activities and lowest

lipid oxidation, compared to control.



Table 4.10 Proximate compositions of fish emulsabday O of refrigerated storage.

Samples Composition (% by weight)

Moisturé") Protein™ Lipid™® Carbohydrate Ash Fiber
A 71.65+0.84 20.16x0.41 1.74+0.09 3.64+0.21 2.16+0.02 0.65+0.0%
B 71.61+0.76 20.76+0.35 1.66+0.03 2.03+0.07 1.28+0.08 2.66+0.08
C 71.33+0.78 20.74+0.38 1.71+0.08 2.85+0.17 2.35+0.04 1.02+0.08
D 72.40+0.86 19.89+0.33 1.67+0.05 2.58+0.13 2.42+0.02 1.04+0.04
E 72.02+0.79 20.32+0.31 1.62+0.02 2.11+6.06 1.21+0.08 2.70+0.05

Values are expressed as means * standard devidieans with different letters in the same colunmerensignificantly different at the

level p < 0.05. A: control; B: fish emulsion witdded holy basil (1%); C: fish emulsion with addé@min E (200 ppm); Dfish emulsion
with added BHT(200 ppm); Eish emulsion with added holy basil (1%), vitamif{0 ppm) and BHT(100 ppm).

6.



Table 4.11 Textural properties of fish emulsiowlay O of refrigerated storage

Samples Hardness (N) Springiness (Bth) Cohesiveness (Ratio) Gumminess (N  Chewiness (N cnfj®
(ns)

A 34.37+0.14 0.79+0.18 0.49+0.15 19.35+0.36 17.14+0.36

B 35.68+0.27 0.81+0.17 0.50+0.17 20.17+0.38 18.82+0.38

C 34.85+0.18 0.80+0.19 0.49+0.14 19.78+0.33 18.21+0.35

D 35.94+0.21 0.81+0.21 0.52+0.18 20.65+0.37 19.47+0.39

E 36.27+0.2% 0.82+0.22 0.51+0.16 20.42+0.34 19.21+0.31

Values are expressed as means * standard devidieans with different letters in the same colunmerensignificantly different at the
level p < 0.05. A: control; B: fish emulsion witdded holy basil (1%); C: fish emulsion with addé@min E (200 ppm); Dfish emulsion
with added BHT(200 ppm); Bish emulsion with added holy basil (1%), vitamif{30 ppm) and BHT(100 ppm)

08



CHAPTER 5

CONCLUSIONS

In this study was to determine bioactive compouartts$ antioxidant activities
of fourteen Thai herbs and spices varieties. Intewig monitoring changes in bioactive
compounds, antioxidant activities and antitoxig\aigt of herbs and spices was also
investigated. Study thermal process of three drynethods namely, hot-air drying
(HA), low relative humidity air drying (LRH) and otbined far- infrared radiation with
hot-air convection drying (FIR-HA) drying. Finalliaprow khao powder of 1%, along
with other synthetic antioxidants was added in &sfulsion. Evaluation of antioxidant
properties and lipid oxidation of fish emulsion weesformed.

The findings of the present thesis can be condadefollows:

1. Thai herbs and spices are traditional fanasost cultures which play
important roles in human nutrition. This study kblasnonstrated the informative results
of phenolic compounds, antioxidant activity andatid compounds. Thai herbs and
spices are traditional foods in most cultures wialely important roles in human
nutrition. This study has demonstrated the informeatesults of phenolic compounds,
antioxidant activity and volatile compounds. Theimahenolic acids (hydrocinnamic
acids) in these spices were ferulic acid, sinapid andp-coumaric acid. There were
significant differences among different varietiested. This study generated useful
information for consumers and many encourage relees to utilize herbs and spices
as sources of bioactive compounds.

2. Crude kaprow khao extracts, which exhibggdng antioxidant
activities, were found to contain high amountsadék and individual phenolics that
may contribute to this activity. Antiprolificativef kaprow khao at 500 pg/ml was
found to be 48% in Hepatoma cell line (HepG2) aé%4olon cancer cell line (HCT).
The phytochemicals present in several herbal ptscaurad plants were have shown to
potential as preventive or therapeutic agents ag&arious human cancer.

3. The present study has demonstratedlifiatent drying methods resulted
in individual bioactive compound differently. Thapgrow khao samples with LRH

dried and FIR-HA dried had higher content of bioactompounds and antioxidant
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activities, compared with fresh sample. FIR-HA ghaighest content of eugenaol,
methyl eugenol anf-caryophyllene. Surprisingly, eugenol was only foum kaprow
khao as a major compound (20.54 %) while kapromddmad a high percentage of
methyl eugenol all drying methods (42.51, 47.62 49805 %, respectively), compared
to the results for fresh leaves. After drying, enmjemethyl eugenol and
-caryophyllene were found to be significantly iresed. Moreover, FIR-HA drying
decreased the drying time without having any majtects on color, bioactive
compounds, volatile compounds and antioxidant agtof the extracts. According to
the results from our present study, LRH and FIR4$#&uld be considered as a suitable
drying method for kaprow with respect to presenitsgolour, antioxidant properties
and volatile compounds. The present study has gedvuseful information for
industrial use of dried kaprow or kaprow powderdarction. Further application is to
use kaprow powder as soup stock, curry paste ardlddditive. This could offer good
opportunities for food industry in terms of foodepervation and product development.

4. Kaprow khao powder of 1%, along with othertbgtic antioxidants was
added in fish emulsion. Evaluation of antioxidardgerties and lipid oxidation of fish
emulsion was performed. The results showed thatdh#ination of 1% kaprow
powder, vitamin E (100 ppm) and BHT (100 ppm) showee highest antioxidant
activities and lowest lipid oxidation, comparecctmtrol.
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