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ABTRACT

The optimum microwave heating for germinated and non-germinated puffed rice was
investigated. Ten paddy rice varieties, both waxy and non-waxy paddy rice cultivated in the
northern and northeastern region were selected to study the effects of some physicochemical
properties on the puffing qualities of puffed rice (puffed yield, expansion volume, expansion ratio
and bulk density) using microwave at a frequency 2,450 MHz 800 watts. It was found that
amylose content (range 5.58-21.24%) was strongly negatively correlated with all qualities of
puffed rice; puffed yield (r=-0.95**), expansion volume (r=-0.82**), expansion ratio (r=-0.79*%*)
and bulk density (r=-0.78**). While the tightness of husk (lemma-palea) interlocking, thickness
of ventral region layer affected the expansion volume. Paddy rice variety (RD6) was used for
studying the effects of salt (0 and 2%), moisture content (10, 13, 16 and 19%) at microwave
power (600, 700 and 800 watts) on puffing qualities. The results showed that all the main factors
and their interaction significantly (p<0.05) affected the puffing qualities included total puffed
yield, fully puffed yield and small puffed yield, expansion volume, texture, color and
microstructure. Paddy rice soaked with 2% salt solution showed higher puffed yield than paddy
rice soaked with water. The higher moisture content and the microwave power produced puffed
rice which had higher puffed yield and expansion volume. The highest puffed yield and
expansion volume were produced at 13% moisture content soaked with 2% salt solution, puffed at
700 for 110 sec. or 800 watts for 90 sec. Germinated waxy paddy rice improved the bioactive
compounds especially GABA and total phenolics contents. The waxy paddy rice was soaked with
water to about 33% moisture content and then germinated in the dark cabinet at room temperature

for 0, 12, 24, 36, 48 and 60 hrs. At completed time embryos were cut to determine GABA



content, and the germinated paddy rice was dried in the tray dryer at 50°C, dehusked and
grounded for analysis. It was found that the germination process significantly affected GABA,
dietary fiber and total phenolics and antioxidant capacity increased (p<0.05). While fat, protein,
starch and amylose contents slightly decreased. There were changes in the early germination stage
which markedly increased after 36 hrs. Exception of GABA content increased after soaking and
gradually increased from 80 to 220 mg/100 g (fresh weight) from 12 to 60 hrs. Germinated paddy
rice at 0, 12, 24, 36, 48 and 60 hrs was dried in the tray dryer 50°C for 4.5-5 hrs. until the
moisture content decreased to 8-10%, then rehydrated the moisture with 2% salt solution up to
13% for puffing, puffed at 700 watts for 110 sec. It was found that germinated puffed rice, while
germination time increased, puffed yield, expansion volume, hardness, L* value and WAI
decreased; on the contrary, WSI and a* value increased. Moreover, drying and puffing caused the
GABA decreased 32.66 and 46.89%, respectively by comparing to germinated paddy rice at 36
hrs.

The optimal microwave heating for germinated and non-germinated puffed rice were
considered from puffed yield and expansion volume criteria. Because puffed yield and expansion
volume are both the represent of quantity and quality of puffed rice. Puffed yield criteria, paddy
rice adjusted with 2% salt solution at about 10-13% moisture content, puffed at 700 watts 110
sec. or at 800 watts at 90 sec. Microwave power at 700 or 800 watts, the quantity and quality of
puffed rice were not slightly different. This is because puffed paddy rice at 800 watts produced a
little higher puffed yield than puffed paddy rice at 700 watts. While puffed paddy rice at 700
watts made brightness (L* value) of puffed rice higher than puffed paddy rice at 800 watts. In the
case of expansion volume criteria, with 2% salt solution and the condition of microwave puffing
was the same as the criteria of puffed yield. As for the 13% moisture content, it produced an
expansion volume higher than the 10% moisture content. The suitable germinated condition for

germinated paddy rice for puffing should be the range of 36 hrs.
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CHAPTER 1

INTRODUCTION

Puffed rice (known in Thailand as “kow tok” or “kow Pong”) is a whole grain puffed
product from paddy rice or milled rice. It is commonly used in snack, cereals drink, ready-to-eat
breakfast cereal and infant food. Not only is puffed rice a staple in the diet for carbohydrate and
protein, it also contributes beneficial nutrients including dietary fiber, vitamins, minerals and
phytochemicals which have been linked to reduce disease risk (FDA, 2006; Seal, 2006).
Moreover, many researchers reported that germination of rice caused important changes in the
biochemical and the nutritional value of the rice by increasing y-aminobutyric acid (GABA),
oligosaccharides, dietary fiber, certain vitamins and minerals (Saikusa et al., 1994; Shoichi,
2004; Ohtsubo et al., 2005; Choi et al., 2006; Komatsuzaki et al., 2007; Watchraparpaiboon et al.,
2007). The most attractive aspect to consumers is the GABA, because many studies have
reported that GABA provides benefits to human health such as the inhibitory neurotransmitter in
the central nervous system (Jakobs et al., 1993), antihypertensive (Hayakawa et al., 2002) and
reducing plasma cholesterol levels (Miura et al., 2006).

Generally, rice is puffed with hot air, hot sand and gun puffing. In Thailand, roasting in
hot pan and frying in hot oil are generally used. Roasting has the risk of burning and producing
defects, while the oil from frying can be absorbed and easily turns rancid. Thus, a new method
has been developed. At the present there is an increasing trend to use microwave for food
processing due to the fact that microwave heating is more efficient than the traditional heating
process with benefits that include: quicker start-up time, faster heating, energy efficiency, space
savings, selective heating, final products with improved nutritive quality (Sumnu, 2001). It is
possible to use microwave energy for baking, puffing or popping. One of the most popular
applications of microwave heating is the popping of popcorn. However, the quality of popcorn
measured by popcorn expansion affected by various factors such as: variety, popping procedure,
pericarp thickness and kernel size (Lin and Anantheswaran, 1988; Dofing et al., 1990; Pordesimo
et al.,, 1991; Zhangand and Hoseney, 1998). Previous studies have found that the quality of puffed
rice measured by puffing expansion and puffed rice was affected by the maturity, variety, puffing
procedure, chemical and physical properties (Srinivas and Desikachar, 1973; Murugesan and

Bhattachaya, 1986; 1991). Murugesan and Bhattachaya (1991) reported that paddy rice had a



high degree of husk interlocking that was highly positively correlated with puffing expansion.
Srinivas and Desikachar (1973) found that good puffing paddy rice varieties showed a weak point
with a thin aleurone layer. Simsrisakul (1991) reported that puffing waxy paddy rice in hot air
provided higher expansion and puffed yield than high amylose paddy rice. Contrarily, Murugesan
and Bhattachaya (1991) found that amylose and protein had no relationship to puffing expansion.
The optimum temperature for maximum volume and kernel puffed percent was difference for the
hot sand puffing method (about 200°C) and the hot air puffing method ( 225°C) (Murugesan and
Bhattacharya, 1986). Moraru and Kokini (2003) explained that microwave expansion involves
both nucleation and cell growth. Nucleation depends on process parameters and volume of the
polymer and cell growth is governed by the rheological properties of the bubble walls. This was
consistent with Mariotti et al. (2006) reported that the quality of puffed cereals by gun puffing
such as puffed rice strongly was affected by the morphology of starch granules.

Although puffed rice has been produced for a long time in Thailand, there is a very little
scientific information, especially puffing paddy rice by microwave heating. This study was
investigated because the lack of research explains the effects of microwaving on the physical and

chemical properties of puffed rice and its effects on puffing qualities.

The objectives of this study were:

1. To investigate the effects of physicochemical properties of paddy rice varieties on
puffing qualities by microwave heating.

2. To study the effects of salt, moisture content and microwave power on the puffing
qualities of puffed rice.

3. To study the effects of the germination process on chemical compositions, GABA

content and antioxidant capacity of waxy paddy rice.

4. To study the effects of the germination process on puffing qualities and GABA

retention of germinated puffed rice.



CHAPTER 2

LITERATURE REVIEWS

The previous studies (Srinivas and Desikachar, 1973; Murugasan and Bhattacharya,
1986; 1991; Simsrisakul, 1991) found that the qualities of puffed rice such as puffing expansion

and puffed yield were affected many factors which are described as follows:

2.1 Factors Affecting on the Puffing Qualities

2.1.1 Moisture Content of Paddy Rice Before Puffing

One of the essential factors for a good puffing performance is moisture content creates
superheated high pressure to expand the kernel. Thus the proper moisture content is essential for
good puffing. Hoseney et al. (1983) explained that moisture creates superheated high pressure or
internal steam pressure that will eventually expand the kernel of popcomn. Previous studies have
found that the optimum moisture contents for puffing paddy rice by hot air and oil puffing were
13.5-14.5% (Murugesan and Bhattachachaya, 1986) while the microwave puffing was about 15%
(Phuaksawat, 2002). Depending on procedure, optimum moisture might differ. In case of
popcorn, it was generally observed the maximum moisture content for puffing range from 10 to
15.0% (Pordesimo et al., 1990; 1991; Song et al., 1991; Mohamed et al., 1993; Alired-Coyle et
al., 2000a). Emoult et al. (2002) reported that no expansion for totally dehydrated pellets (half-
product from extrude) while maximum expansion was at 10.8% moisture content, and collapse at
11.9% moisture content. Emoult et al. (2002) and Chen and Yeh (2000) observed the high
moisture pellets resulted in expanded products with a coarse structure and thick cell walls, while

at a lower moisture content of the pellets the structure was tender.

2.1.2 Physical Properties of Paddy Rice
It might sound puffing requires a delicate balance between proper moisture so that the
physical properties of cereal is an important factor. In corn, pericarp as a protective layer plays a
major role in puffing. If it is damaged, it ruptures earlier, when the temperature and pressure
increase it make less expansion or puffing may not occur at all (Wu, 1991; Hoseney et al., 1983;
Hoseney,1986). A kemel of paddy rice consists of the outer covering tissues as the husk (lemma

and palea), and the inner kemel that is the caryopsis or brown rice (Figure 2.1). The caryopsis is
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2.7 Important Factors for Grain Germination

Seed or grain germination depends on many factors, both internal and external factors. The
most important external factors include: water, air (oxygen and carbon dioxide), temperature and
light. The conditions depend on the individual seed variety and are closely linked to the

ecological conditions in the plants' natural habitat (Copeland and McDonald, 2001).

2.7.1 Water
Water is a basic requirement for germination. It is essential for enzyme activation,
breakdown, translocation and use of reserve storage material. In this resting state, seeds are
characteristically low moisture and relatively inactive metabolically. Soaking typically take 40 to
50 hours or complete when the moisture content of the grain is raised to 30-35% for brown rice
(Komatsuzaki et al., 2007) 18-30% for waxy paddy rice, 35-40% for non-waxy (Puangwerakul,
2005).

2.7.2 Air (oxygen and carbon dioxide)

Air is composed of about 20%, 0.03% carbon dioxide (oat grain). If carbon dioxide
concentrations higher than 0.03% this retards germination. Respiration increases sharply during
seed germination. Since respiration is essentially an oxidative process, an adequate supply of
oxygen must be available. If the oxygen concentration is reduced below that of air, germination of
most seed is retarded. Van Toai et al. (1988) demonstrated corn seed germination declined with
decreasing oxygen concentration below that of ambient air. Al-Ani et al. (1985) indicated that
maximum seed germination foremost crops including wheat, sorghum and corn occurred at
oxygen concentration close to those of ambient air. It has been postulated that anoxic conditions
lead to the production if increased ethanol in cells which is toxic to normal metabolism (Thomson
and Greenway, 1991). However, in case of Komatsuzaki et al. (2007) geminating brown rice

under gaseous conditions it was found that GABA content and some amino acids increased.
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2.7.3 Temperature

Seeds germinate over a wide range of temperatures, with many optimum temperatures.
The optimum temperature may be defined as the temperature giving the greatest percentage of
germination within the shorter time. The response to temperature depends on a number of factors,
including the species, varieties, cultivars, quality of seed, and duration of time from harvest. The
optimum temperature for most seeds is ranged 15 to 30°C. The maximum temperature for most
species is between 30-40°C. (Copeland and McDonald, 2001). Puangwerakul (2005) found that at
30°C and relative humidity 90%, most paddy rice had germination 95-98% and at 35°C under

gaseous condition for brown rice (Komatsuzaki et al., 2007).



CHAPTER 3

MATERIALS AND METHODS

3.1 Materials

Ten varieties of paddy rice were used in this experiment. Two non-waxy paddy rice varieties
were Suphan-Buril and Khao Dawk Malil05 and eight waxy paddy rice. Each variety was
purchased from Rice Research Center in each province of Thailand They were Suphan-
Buril(SPBR1): Pathumthani province, Niaw-Phrael (NPH1): Phrae province, Niaw-San-Pah-
Tawng (NSPT), Gam-Pail5 (GP15) and Sew-Mae-Jan (SMIJ): Chiang Mai province, RD6, RD10
and Khao Dawk Mali1l05 (KDML105): Ubon Ratchathani province, Hahng-Yi71 (HY71): Nong
Khai province and Sakon-Nakhon (SKK): Sakon Nakhon province harvested during September
2005 to May 2006 and September to October 2007. All paddy rice were cleaned and stored at 12-

15°C until used.

3.2 Chemicals
3.2.1 Gamma-aminobutyric acid (Sigma, USA)
3.2.2 Amylose from potato (Sigma, USA)
3.2.3 Iron (III) chlorides (Sigma, USA)
3.2.4 Ethanol 95% (Italmar, Thailand)
3.2.5 Ferulic acid (Sigma, USA.)
3.2.6 Acetronitrile (Sigma, USA)
3.2.7 Acetic acid (Merck, Germany)
3.2.8 DPPH (2, 2-diphenyl-1-picrylhydrazyl) (Merck, Germany)
3.2.9 Phosphoric acid (Merck, Germany)
3.2.10 Methanol (Merck, Germany)
3.2.11 Folin-Cocialteu reagent (Sigma, USA)
3.2.12 TPTZ (2,4,6-tripyridyl-S-triazine) (Sigma, USA)
3.2.13 Trolox (6-hydroxy-2,5,7,8-tetramethyl chroman-2-carbolic acid) (Sigma, USA)
3.2.14 Gallic acid (Sigma, USA)
3.2.15 Sodium chloride (Ajax Finechem, Australia)
3.2.16 Sodium hydroxide (Ajax Finechem, Australia)
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3.2.17 Sodium carbonate (Ajax Finechem, Australia)
3.2.18 Hydrochloric acid (Merck, Germany)

3.2.19 Acetic acid (Merck, Germany)

3.2.20 Sulfuric acid (Merck, Germany)

3.2.21 Potassium sulpate (Merck, Germany)

3.2.22 Boric acid (Ajax Finechem, Australia)

3.2.23 Petrolem ether (Ajax Finechem, Australia)
3.2.24 Glucoamylase (Sigma, USA)

3.2.25 D-glucose (Merck, Germany)

3.2.26 Trihydroxymethylaminomethane (Merck, Germany)
3.2.27 Phosphoric acid (Merck, Germany)

3.2.28 a-amylase, heat stable (Sigma, USA)

3.2.29 Protease (Sigma, USA)

3.2.30 Amyloglucosidase (Sigma, USA)

3.2.31 Others

3.3 Equipments
3.3.1 Tray dryer (Path OV663, Thailand)
3.3.2 Microwave oven (SAMSUNG, Model M1712N, Thailand)
3.3.3 Infrared thermometer (Chino, Japan).
3.3.4 Hot-air oven (Path OV663, Thailand)
3.3.5 Hygro meter (RT-102, Chaina)
3.3.6 Analytical balance (Mettler Toledo MP220, Germany)
3.3.7 Digestion block (Buchi, Switzerland)
3.3.8 Muffle furnace(LT40, Germany )
3.3.9 Colorimeter (Minalta CR 300, Japan)
3.3.10 Dehusker (Satake, Germany).
3.3.11 Ultra centrifugal mill (Retsch, ZM100, Germany)
3.3.12 Spectrophotometer (Shimadzu, 1700, Japan)
3.3.13 Scanning Electron Microscopy (SEM) (JEOL, JSM-5800LV, Japan)
3.3.14 Texture analyzer (Stable Micro System Model TA-XT2i, England)
3.3.15 High performance Liquid Chromatography (HPLC) (LDC/Milton Roy, USA.)



21

3.3.16 Centrifuges (Allegra X-12R, Beckman Coulter, USA)
3.3.17 Water bath (Memmert, Germany)

3.3.18 pH meter (Suntex SP701, Taiwan)

3.3.19 Autoclave (Tomy-SS-325, Japan)

3.3.20 Glass wares for analysis

3.4 Experimental Procedures

3.4.1 To Investigate The Effects of Some Physicochemical Properties of Paddy Rice
Varieties on Puffing Qualities of Puffed Rice by Microwave Heating.
3.4.1.1 Chemical Compositions Analysis
The paddy rice samples were dehulled and ground using a Retsch Ultra
centrifugal mill with 0.12 mm mesh sieve screen. Moisture and protein content were determined
according to AOAC (1990). Amylose content was determined using the method of Julino (1971).
The determinations are described in Appendix A.
3.4.1.2 Physical Properties Measurement
The physical properties of the samples were inspected by modifying the
method of Murugesan and Bhattacharya (1991).
1) The Degree of Husk Interlockil;g
The degree of husk interlocking or region overlaping of lemma and palea
was measured as follows. Each paddy rice was cut transversely at the center with a sharp razor
blade, fixed on a stups with the help of a double-side adhesive tape and sputter-coated with gold.
The samples were viewed with a scanning electron microscope (JEOL, JSM-5800LV) under high
vacuum conditions at an accelerating voltage of 15 kV. The degree of husk interlocking was

scored by the following scores.

(A) Hooking: Score
in both lemma and palea; 3
only in lemma; 2
nil. 1

(B) Length of the overlap of lemma and palea at hooking points:
high; 2

low. 1
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4. Dietary Fiber Determination (AOAC, 2000)

4.1 Apparatus
- Fritted crucible
- Vacuum pump
- Hot air oven
- Muffle furnace
- Shaking water bath
- pH meter

- Analytical balance, etc.

4.2 Chemicals and Reagents
- Phosphate buffer pH 6.0, 0.08 M: dissolve 1.4 g sodium phosphate dibasic, anhydrous
(Na,HPO,). Dilute to 1 L with distilled water check pH with pH meter.
- Protease, keep refrigerated
- Amyloglucosidase, keep refrigerated
- 0.275 M Sodium hydroxide solution,
- 0.325 M Hydrochloric acid solution,
- 95% Ethanol
- Celite, acid washed

- Acetone, etc.

4.3 Procedure

4.3.1. Weigh 2 g sample in duplicate test portions (difference in weight shold not >20mg) in
the flask.

4.3.2 Add phosphate buffer (0.08 M, pH 6) 50 mL, and add Ol-amylase 0.1 mL and close the
flask with aluminium foil, bring it to heat in shaking water bath the temperature is about 95-100 °C for
30 minutes.

4.3.3 The solution cools down until room temperature and adjust the pH of solution is
7.5+0.2 with Sodium Hydroxide 0.275 M which is about 10 mL.

4.3.4 For remove protein, add protease 0.1 mL and close the flask with aluminium foil, and

heat up the temperature is at about 45-55 °C | stir with magnetic for 30 minutes and cooling.
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4.3.5 Adjust pH of the solution up to 4.5+0.2 with hydrochloric 0.325 M by using dropper
about 30 drops.

4.3.6 For remove starch, add amyloglucosidase 0.3 mL and close the flask with aluminium
foil, heat up to 60-65 OC, stir all the time with magnetic for 30 min, and cooling. (final solution is about
70 mL)

4.3.7 Add 95% ethyl alcohol 280 mL, let precipitate form at room temperature for 60 min.

4.3.8 Collect the residues (soluble fiber+insoluble fiber) in pre-weight crucibles.

4.3.9 Filtration, one test portion for protein, using N x 6.25 as conversion factor.

4.3.10 Incinerate second test portion at 525°C for 5 hours.

4.3.11 Calculate the dietary fiber content as follows:

(R—P —A - blank) x 100

TDF(% =
(%) W
where:
R = average weight residue of duplicate test portion determinations(g),
P = weight of protein from test portion residue (g),
A = weight of ash from test portion residue (g),
w = average weight of two test portions (g).
Determination of blank:

Blank,g = R,-P,-A,

where:
R, = average weight residue of duplicate blank determinations (g),
P, = weight of protein from blank residue (g),

A, = weight of ash from blank residue (g).
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5. Starch Content Determination (AACC, 1990)

5.1 Apparatus
- Spectrophotometer
- Autoclave
- Water bath with shaker for glucoamylase reaction
- Erlenmeyer flask, 100 mL
- Pipettes 1-5 mL

- Test tubes, 18 x 150 mm

5.2 Chemicals and Reagents

- Glucoamylase free of transglucosidase activity under assay conditions, dissolved in distilled
water (10 mg/mL).

- Acetate buffer 4 M, pH 4.8 (120 mL) (glacial acetic acid and 164 g anhydrous sodium
acetate per liter).

- Standard D- glucose solution, 400 mg pure anhydrous D-glucose/L. Allow 4 hours for
complete mutarotation before use.

- Tris-phosphate buffer. Dissolve 36.3 g tris (trihydroxy methylaminomethane ) and 50 g
NaH,PO,H,0 in or 45.5 g anhydrous NaH,PO,H,0 in 500 mL water. Adjust pH to 7 with phosphoric acid
at 37 °C before bringing to 1 Lit with distilled water.

- Enzyme- buffer-chromogen mixture, (dissolve in 100 mL tris-phoaphate buffer: 30 mg
glucose oxidase (Type II); 3 mg peroxidase (Type I); 10 mg o-dianisidine dihydrochloride. Disperse o-
dianisidine with rest of enzyme-buffer mixture. This mixture can be stored at 4°C for 10 days

-H,S0, 18N

5.3 Procedure
5.3.1 Grind the sample to particle size smaller than 0.5 mm or 40 mesh.
5.3.2 Determine moisture content in ground grain to correct starch data to dry weight basis.
5.3.3 Weigh sample 0.5 g in Erlenmeyer flask.
5.3.4 Add 25 mL water with strring to disperse starch and adjust pH between 5 and 7.
Suspension is then boiled with gentle stirring for 3 minutes and pressure heated at 135 °C (autoclave) for

1 hr.
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5.3.5 Remove from autoclave, maintain temperature near 55°C, and 2.5 mL acetate buffer
and sufficient water to adjust tatol weight of solution to 45 °c1 g

5.3.6 Immerse Erlenmeyer flask in water bath with shaker at optimal temperature of
glucoamylase used and add 5 mL glucoamylase solution.

5.3.7 Hydrolyze 2 hrs with continuous shaking, filter through folded filter paper into 250 mL
volumetric flask, wash quantitatively, and dilute to volume.

5.3.8 Transfer 1 mL aliquots containing 20-60 Hg D-glucose to test tubes. To obtain this
rang of glucose concentrations, it may be necessary to dilute hydrolysate of step 5.3.7.

5.3.9 Add 2 mL enzyme-buffer-chromogen mixture, shake tubes, and place in dark at
3711°C exactly 30 min to develop color.

5.3.9 Stop reaction with 2 mL H,SO, 18 N and measure absorbance at 540 nm.

5.3.10 Prepare standard D-glucose curve from 0 to 60 Hg mL and blank for each series of
analyses.

5.3.11 A control sample of starch of know purity and from a similar source should be
included in analysis.

5. 3.12 Starch content calculate as follows:

% Starch = 0.9 M V25 100 X 100 _ _225xMxV,
106 1 vV, E MS V,xEx MS
Where:
E = weight in grams of sample,
M = weight in Llg of D-glucose obtained from standard curve,
v, = volume in mL of aliquot 250 mL flask,
MS = percéntage dry weight of sample
v, = volume in mL if extra dilution is done in step 5.3.8 Value of V, is 1.0 when

no extra dilution is done.
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6. Total Phenolics Content Determination (Singleton et al., 1999)

6.1 Apparatus
- Spectrophotometer
- Test tubes

- Vertex mixer

6.2 Chemicals and Reagents
- Gallic acid
- Folin-Ciocalteu
- Sodium carbonate 10%

- Distilled water, etc

6.3. Standard Curve of Gallic Acid
6.3.1 Prepare standard Gallic acid solution 400 pg/ mL
6.3.2 Pipette the standard Gallic acid solution and put into a test tube 0, 0.05, 0.20, 0.30 and
0.35 mL, respectively , adjust with distilled water up to 10 mL in each test tube.
6.3.3 Add Folin-Ciocalteu solution 0.5 mL and mix together with vortex mixer, let stand for
5 minutes at room temperature.
6.3.4 Add sodium carbonate solution 10 % 2 mL mix together with vortex mixer, let stand

for 10 minutes at room temperature and measured at 730 nm.

6.4 Procedure

6.4.1 Pipette the samples extracted 0.5 mL in test tube, adjust the volume with distilled water
up to 10 mL.

6.4.2 Add Folin-Ciocalteu solution 0.5 mL and mix together with vortex mixer, let stand for
5 min. at room temperature.

6.4.3 Add sodium carbonate solution 10 % 2 mL , mix together with vortex mixer, let stand
for 1 hour at room temperature and measure at 730 nm.

The concentration of total phenolics content expressed as mg of Gallic acid equivalents/g dry

matter, using the linear equation of standard curve of Gallic acid (Figure A3)
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1.20 4
1.00 4
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0.60 -
0.40
0.20 -
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ug Gallic Acid

y = 0.009x + 0.0088
R? = 0.9997

OD (730 nm)

Figure A3 Standard curve of Gallic acid for total phenolics acid calculation.

7. DPPH Radical Scavenging Activity (DPPH-RSA) (Ragaee et al., 2006 and Choi et al.,
2006)

7.1 Apparatus
- Spectrophotometer
- Test tubes

- Vertex mixer

7.2 Chemicals and Reagents
- 2,2-Diphenyl-1-picryl-hydrazyl (DPPH)
- 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox)
- Methanol 40%

- Distilled water

7.3 Procedure
7.3.1 Pipette the samples extracted (0.4 mL) into the test tube, 5 ml of 40% methanol and 0.6
mL of 0.8 mmolL" of DPPH solution.

7.3.2 The solution mixes together with vortex mixer, let it stand for 30 min under subdued

light.
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7.3.3 The absorbance of each sample extract containing DPPH (A,), measured at 517 nm
using a spectrophotometer.

7.3.4 The absorbance of each sample extract without DPPH (A)), and only DPPH solution
without extract sample (A, called control). The percentage of DPPH-RSA of each sample extract was

calculated using the equation.

DPPH -RSA (%) = M\s—) x 100
A,
where:
A, = The absorbance of the control solution (containing only DPPH),
A, = The absorbance in the presence of the samples extracted in DPPH solution and
A, = The absorbance of each sample extracted without DPPH used for error

correction arising from unequal color of the sample solutions, is the absorbance of the samples extracted
solution without DPPH.

The DPPH-radical scavenging activity expressed as 6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid (trolox) equivalents in mg/g dry matter was determined using the linear equation from

standard curve of trolox standard (Figure A4).

100.00 |
80.00

60.00 -
y =1.7745x
R?=0.9984

%RSA

40.00
20.00

0.00 : . | T . .
000 1000 20.00 30.00 4000 50.00 60.00

ug Trolox

Figure A4 Standard curve of Trolox for DPPH calculation.
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8. Ferric Reducing Ability Power (FRAP) (Wong et al., 2006)

8.1 Apparatus
- Spectrophotometer
- Test tubes

- Vertex mixer

8.2 Chemicals and Reagents

- Acetrate buffer, pH 3.6, 0.1 M (weigh sodium acetrate trihydrate 3.1 g. mixed with glacial
acetic acid 16 mL adjusting with distilled water up to 1 L)

- TPTZ (2,4,6-Tris (2-pyridyl)-s- triazine) 10 mmolL" in HCL 40 mmolL" (weigh 0.156 g
dissolve in HC1 40 mmolL", adjust volume up to 50 mL).

- FeCl,. 6H,0 20 mmolL" (weigh FeCl ;- 6H,0 0.27 g dissolve in distilled water and adjust
volume up to 50 mL).

- Hydrochloric acid

- Trolox

- Glacial acetic acid

- Sodium acetrate trihydrate

- Distilled water

- FRAB reagent: (mix the solutions by the ratio of Acetrate buffer: TPTZ : FeCl ,. 6H,0 is

equal to 10:1:1 by volume, respectively).

8.3 Procedure
8.3.1 Pipette the extracted samples 0.1 mL.
8.3.2 Add FRAP reagent 3 mL.
8.3.3 Mix together with vortex mixer, and let to stand for 8 min. at room temperature.

8.3.4 Measure with spectrophotometer at absorbance 593 nm.

8.4 Standard Curve Trolox
8.4.1 Pipette standard trolox into a test tube which each test tube has 6,12,18,24,30, and 36
pug/mL, and adjust the volume by distilled water for total volume in each test tube as 0.1 mL.

8.4.2 Add FRAP reagent 3 mL.
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8.4.3 Mix together with vortex mixer, and let to stand for 8 minutes. at room temperature,

measure with spectrophotometer at absorbance 593 nm.

The FRAP expressed as mg 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid

(trolox) equivalents/g dry matter was calculated using the linear equation from standard curve of trolox

standard (Figure AS).

1.20 -
1.00 -
0.80 -
0.60 -
0.40 -
0.20 -

0.00 T T r
0.00 5.00 10.00 15.00 20.00 25.00 30.00

ug Trolox

y = 0.0458x +0.0029
R? = 0.9994

OD (593 nm)

T — —

Figure A 5 Standard curve trolox for FRAP calculation.
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