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Induced Mutagenesis in Jatropha curcas L. Using Gamma Rays

and Detection of DNA Polymorphism through AFLP Marker
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Teinseree, N.' and Pankaew, Al

Abstract

The aim of this study was to examine the effect of gamma rays on morphological traits of Jatropha
curcas. Genetic variability of Jatropha curcas cv. Korat was induced on stem cutting by two gamma irradiation
procedures, single-exposure at 0 10 15 and 20 Gray and double-exposure at 0 10 15 and 20 Gray with 50, 100 and
150 Gray. The data showed that all cuttings survived from all irradiation doses. Morphological changes were
noticed from double-exposure irradiation i.e. leaf mosaic, petiole discoloration, malformed leaf shape and branch
length. One physic nut cutting exposed to 20 Gray flowered 11 days earlier than those in the control. 10 from 35
AFLP primers applied to detect genetic variation generated 550 polymorphic bands. The overall polymorphism
percentage was 44.82 %.

Keywords: mutation, physic nut, gamma irradiation, Amplified Fragment Length Polymorphism
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Figure 1 Morphological changes observed from double-exposure irradiation, leaf mosaic (b), petiole

discoloration (c) and malformed leaf shape (d) compare to the control plant (a).
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Table 1 DNA polymorphism of double-exposure irradiated 19 physic nut branches performed by AFLP
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Coconut Milk and Coconut Sugar Ready Mixed
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Abstract

Coconut sugar powder was produced by drying coconut sugar at 75°C for 48 h, and then grinding
into powder. Then, the appropriated recipe for Thai-dessert was selected from 3 different recipes which
consisted of 62% coconut milk, 31% coconut sugar, 6% sugar, and 1% salt, and was mostly accepted by
tasters. This recipe was used as a standard for production of coconut milk and coconut sugar ready mixed.
Based on moisture content of the raw mixture, dry mixture ingredients were calculated to produce coconut milk
and coconut sugar ready mix for Thai desserts. This mixture consisted of 27.53% coconut sugar powder,
48.76% coconut milk powder, 8.90% sugar, and 1.48% salt. After that, a sensory evaluation was conducted in
terms of preference to compare it with fresh coconut milk mixed with coconut sugar. Results showed no
difference in preference between the prepared mixture and the control.

Keywords: coconut sugar powder, Thai-dessert, coconut milk and coconut sugar ready mix, drying
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Table 1 Sensory score of fresh Coconut sugar and Coconut Milk with different recipe

recipe Color™ Flavor Taste™ Texture Overall like
1 7.45+1.17 7.37+1.25° 7.45%1.56 7.22+1.38" 8.10+1.46°
2 7.05+1.13 6.75+1.25° 7.05+1.62 6.62+1.39" 6.50+1.43"
3 6.82+1.63 7.1741.39% 7.00+1.33 7.02+1.32% 7.27+1.24°

" Means within the column are not significantly different (P>0.05)

““Means within the column followed by different letters are significantly different (p<0.05)

Table 2 Mixture of the instant coconut milk and coconut sugar ready mixed

Mixture Recipe (%)
Coconut Milk 48.76
Coconut sugar 27.53
Sugar 8.90
Salt 1.48

Table 3 Sensory score of fresh Coconut Milk, Coconut sugar and coconut milk and coconut sugar ready mixed

fresh coconut milk and coconut sugar coconut milk and coconut sugar ready mixed
Color™ 7.66+0.9 7.60+1.13
Flavor™ 7.39+1.06 7.36+0.96
Taste™ 7.85%1.2 7.830.79
Texture™ 7.40+1.06 7.76+0.97
Overall liking™ 7.760.97 7.86+0.93

" Means within the column are not significantly different (P>0.05)
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Effects of Emulsifier on Mixing Properties and Glass Transition Temperature of Zein-Starch Doughs

Murdiati1, Lumdubwong, N.? and Kuakpetoon, D.'

Abstract

When mixed maize protein (zein) with starch and water above room temperature (e.g. 35°C) can form
a viscoelastic dough like wheat flour. The effects of emulsifiers (PATCO" and sodium stearoyl lactylate (SSL)
on mixing properties and glass transition temperature (Tg) of zein-starch dough were studied. Corn starch
(90%, wiw), zein (10% w/w), emulsifier (4-6% PATCO® or 2-3% SSL) and water were mixed at 35°C into
dough. The optimum water amount for dough mixing was determined using farinograph. The Tg of doughs was
measured using a rheometer by small amplitude test at a cooling rate of 1°C/min from 35°C to 10°C. Doughs
with emulsifiers showed a lower optimum water amount and Tg. Depression of optimum water amount and Tg by
SSL were higher compared to PATCO®. The more emulsifier addition, the lower the optimum water amount
and the greater Tg depression. This study may help to mix viscoelastic gluten-free dough at room temperature.

Keywords: zein, starch, dough, glass transition temperature, viscoelastic

Introduction

Corn flour does not form a viscoelastic dough when hydrated. However, zein protein, mixed with
starch and water at above room temperature, can participate in viscoelastic dough formation similar to wheat
dough that is thought by far as the best dough properties to other cereal products (Lawton, 1992; Mejia, Oom
et al., 2008). Up to now, one of the limiting factor of zein-starch dough formation is that mixing temperature at
above room temperature is not a practical condition in regular food processing environments. Sodium stearoyl
lactylate (SSL) and calcium stearoyl lactylate (CSL) are commonly used as dough and bread improver (Nunes
et al., 2009). Its amphiphilic nature and emulsifying properties as emulsifier might influence the properties of
zein dough. Despite a few publications regarding their application in gluten-free cereal products (Lai, 2001;
Nunes et al., 2009), di Gioia and Guilbert (1999) showed that the addition of di-acetyl tartaric ester of
monoglyceride (DATEM) as emulsifier in corn-protein based thermoplastic resins could depress the glass
transition temperature (Tg). The objective of the research was to study the effects of emulsifiers (PATCO®, SSL)

on mixing properties and Tg of zein-starch dough.

Materials and Methods

Commercial zein was purchased from Flo Chemical Corporation (Ashburnham, MA, USA). Native
maize starch was donated by Friendship Corn Starch Co., Ltd. (Thailand). Sodium stearoyl lactylate (SSL) was
provided by Danisco Co., Ltd. (Thailand) and PATCO® was purchased from UFM Food Centre Co. Ltd.
(Thailand). Distilled water was used for all experiments. The control was blended zein-starch added with water.
Each treatment was employed in three levels based on dry flour weight (w/w); PATCO” at 4, 5 and 6% (P-4, P-
5, P-6 respectively) and SSL at 2, 3 and 4% (S-2, S-3, S-4 respectively).

Mixing properties: Dough mixing properties for all treatments were investigated by using a 150-g
Brabender farinograph (Brabender® GmbH & Co. KG, Duisburg, Germany). Starch (90%, w/w), zein (10%,
w/w), emulsifier and distilled water were mixed into a dough for 16 min at 35°C. All ingredients were pre-mixed
in a glass jar with a spatula and incubated to 35°C for 24 hr before dough formation. Mixing properties were

evaluated in terms of water absorption and dough development time. Mixing in farinograph was conducted

" Department of Food Technology, Faculty of Science, Chulalongkorn University, 254 Phayathai Road, Patumwan, Bangkok 10330
2 Department of Packaging and Materials Technology, Faculty of Agro-Industry, Kasetsart University, 50 Phaholyothin Road, Bangkok 10900
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according to AACC (American Association of Cereal Chemist) standard method 54-21 and was based on
dough consistency at the 475-500 FU (Farinograph Unit) line.

Determination of Tg: For sample preparation, a modified hand mixer (Kenwood HM320, from Kenwood
Limited, Havant, UK) was used to prepare all dough samples. The mixer was modified into a single kneader
mixer with a flat-bottom glassware as the mixing bowl (dimension was 3 cm diameter and 10 cm height). The
mixing speed was set at 28 rpm by using power inverter. The 12-g composite flour (as shown in Table 1) was
pre-mixed inside glassware and incubated at 35°C for 24 hr before dough formation. Then, distilled water
(35°C) was added gradually in a glassware sitting in water bath. The amount water added were based on
water absorption from farinogram, while the mixing time was adopted from the dough development time from
farinogram.

Small amplitude oscillatory testing (Schober et al., 2008) was performed to determine the T, of zein
doughs. Measurements were made in a rheometer (Bohlin C-VOR rheometer, from Bohlin Instruments Ltd.,
Gloucester, UK). Triplicate samples were analyzed with parallel plate geometry (20 mm diameter plate) at
35°C. After mixing at 35°C, dough samples were transferred to the plate with the gap of 3 mm. Sample
trimming using spatula was done to excessive sample and the exposed edges were covered with grease to
reduce water loss from the sample. In addition, coating was used to cover sample and plate. The tests were
performed in two modes: (a) stress sweep test and (b) temperature sweep test. The temperature sweep tests
were conducted to investigate changes in the sample as function of glass transition. Stress sweep tests were
conducted at a constant frequency of 1 Hz and stress range between 1 and 1 x 10° Pa to determine the linear
viscoelastic region. Based on the stress sweep test results, temperature sweep tests for all samples were
performed at 3 x 107 at 1 Hz. The measurements were started at 35°C and decrease to 10°C at the cooling rate
of 1°C/min. Results were expressed in terms of storage modulus (G’). The Tg was determined from the
temperature where the slope in G’ changed significantly, as described by Laaksonen and Labuza (2007). The
Tg was reported as the onset temperature where the slope of G’ just began to increase significantly, indicated
by the highest correlation coefficient (RZ), from the linear regression line of the initial storage modulus. The
moisture contents of doughs were determined according to AACC Method 44-15 A (at 130°C for 60 min).

Statistical analysis: One-way ANOVA with Post-Hoc LSD spss test was used to form statistical
grouping (0l=0.01) using SPSS Statistics 22.0 (IBM Corp., New York, USA) was used to evaluate the difference

among means.

Results and Discussion
Mixing properties

When mixed at 35°C by using a farinograph, addition of emulsifier was as expected affected the
mixing properties of zein-starch doughs (Table 1). Water absorption decreased for all dough with emulsifiers
and the change was greater with higher emulsifier addition. The development time of doughs with added SSL
was more prolonged than that of with added PATCO". Previous finding in wheat dough also showed the same
evident of decreasing in water absorption due to addition of SSL (Gémez et al., 2004).

The time needed to dough development was prolonged by SSL and PATCO®, and the effect was
more pronounced with increasing emulsifier concentration. This result agrees with previous findings showing
that SSL increased the mixing time of wheat dough (Lang et al., 1992, Gomez et al., 2004). In the case of ionic
surfactants, this effect could be attributed to their ability to form complexes with proteins through their charge
interaction, inducing protein-protein aggregation that could retard the dough development (Keller et al., 1997).

PATCO" is commercial emulsifier containing SSL and CSL in ratio of 50%:50% (as informed by the supplier).
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Likewise SSL, CSL is categorized as ionic surfactant, it is therefore assumed to have the same effect in water

absorption and dough development as SSL.

Table 1 Effect of emulsifier on mixing properties

Water absorption Development Time Water absorption Development Time
(%) (min) (%) (min)
Control 75 2.7
P-4 64.5 4 S-2 56.3 3.7
P-5 63.2 4.7 S-3 541 3.7
P-6 60.3 4.7 S-4 51.9 4.9

Glass transition profiles were obtained for each sample to study the influence of emulsifier on zein-
starch dough’s glass transition behavior (Figure 2 and Table 3). Figure 2 shows typical changes in the
dynamic-mechanical properties of the zein-starch dough. A significant increase in the G’ can be observed by
looking at the linear regression line. This change in G’ expressed the T, of the material as when the material is
cooled down, at the glass transition, a material becomes hardened and its ability to store energy is partially
increased resulting in higher G’ (Nikolaidis and Labuza 1996; Laaksonen and Labuza 2001).

Both PATCO” and SSL clearly showed the plasticizing effect of emulsifier, as shown by lower T,
(Table 3), and the greater effect was more obvious with higher level of emulsifier. Those observations
mentioned above were also in line with the finding of di Gioia and Guilbert (1999) showing that the addition of
di-acetyl tartaric ester of monoglyceride (DATEM), which is also anionic emulsifier, in corn-protein based
thermoplastic resins could depress the Tg. Furthermore, the control and all samples containing emulsifiers
exhibited significantly different dough moisture contents (P<0.01) (Table 2). With a significant decrease
(P<0.01) in moisture content between the control, P-4 and P-5 doughs, the Tg of those samples occurred at
close temperatures while for the rest of samples (P-6, S-2, S-3 and S-4), lower Tg were observed with
decreased moisture contents (P<0.01). The Tg depression was more pronounced at substantial decrease in
moisture content. Water is an important plasticizer of many biopolymers and the glass transition of various
cereal polymers have been widely studied as a function of water content which is typically that the lower water
content, the higher the Tg (Laaksonen and Labuza 2001). However, in this case, the similar Tg occurred at

lower water content, thus, this finding still demonstrated the decreasing T,asa function of water.

Table 2 Glass transition temperatures (Tg) of zein-
6.E+05 30
starch doughs with different
5.E405 25
agi0s N = b 20 % dough moisture (wb) T, (°c)

o 3805 e 58| Control 46.35 +1.12° 25.03 +0.85
2.E405 /// y= 1{{128:39;:3475 10 8 P-4 43.62 + 0.182 26.17 £ 0.92
LS e s P-5 42.90 £ 0.22 25.33 +0.98
- - 3 P-6 41.13 +0.49 24.50 +0.52

s o sgYgdddsdaegdadsd S-2 40.88+0.30° 22.53+0.85
& ot (o] s-3 38.90  0.21° 18.67 + 1.32
S-4 37.34£0.07° 13.93 £ 0.92

Figure 2 Example rheometer proflle for zein-starch Means followed by different letters within the same column were

dough containing emulsifier (P-6). significant differences (p<0.01)
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Summary
The emulsifiers influenced the mixing properties of zein-starch doughs, as indicated by distinctly
lower water absorption and longer mixing time. While effects of emulsifier on the T of zein-starch doughs
confirmed that zein-starch doughs are plasticized by emulsifier, resulting in a decrease in T . The study could

help to mix viscoelastic gluten-free dough at room temperature.
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Comparative Study on Anti-hypertension Potential of Thai Herbal Tea and

Conventional Tea (Camellia sinensis)
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Abstract

This study was aimed to investigate and compare the anti-hypertension potential of Thai herbal teas
and conventional teas (Camellia sinensis) through the inhibition of angiotensin-converting enzyme (ACE).
Fifteen Thai herbal teas and five conventional teas (green, white, black, oolong, and pu-erh teas) extracted
with either 50% (v/v) aqueous ethanol or hot (95 °C) water (tea infusion) were observed. Ethanolic extracted
stevia, cat's whisker and safflower teas exhibited the highest anti-ACE activities (86-89% inhibition) among the
herbal teas and provided comparable inhibitory activities to those of conventional teas. Likewise, the results of
herbal tea infusions suggested that stevia, Asiatic pennywort and cat's whisker exhibited high anti-ACE
activities (80-88% inhibition). These herbal teas infusion offered slightly greater inhibitory activities than those
of black, oolong and pu-erh teas. Teas with high ACE inhibitory potential could be promoted as sustainable
sources of anti-hypertensive agents for regulating blood pressure and suppressing hypertension.

Keywords: tea, hypertension, angiotensin-converting enzyme, Thai herbal tea
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Introduction

Hypertension is a chronic medical condition, in which the blood pressure is elevated to 140/90 or
above. This disorder is a major health problem worldwide and is an important risk factor for death.
Hypertension is primarily caused by the increase in activity of the sympathetic nervous system and insufficient
suppression of the renin—angiotensin-aldosterone system (RAAS). When the blood pressure is decreased, the
protease renin from kidney converts a preprotein, angiotensinogen, to a decapeptide, angiotensin I. This
peptide is then hydrolyzed to a hormone angiotensin Il (Angll) by angiotensin—converting enzyme (ACE), a key
enzyme in RAAS. Angll promotes the renal sodium reabsorption and vascular hypertrophy, thus resulting in
raised blood pressure (Khan et al., 2009). Therefore, the inhibition of ACE is considered to be the first line of

treatment for hypertensive patients.

T amiulntuing aunInenaeniing 999 aUUNWNENUNAANE 4 FIUAANAIZN SuNannsNuNa aninuasiga 73170
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Tea is currently a popular beverage associated with health promotion and lifestyle. Not only does tea
possess attractive flavor and aroma, but it is also a significant source of bioactive compounds with medicinal
properties. Tea could be produced from the leaves of conventional Camellia sinensis or from other parts of
herbal plants, including leaves, flowers, seeds, fruits, bark and roots. Conventional teas have been believed to
provide a positive effect on blood pressure relieving. Previous studies suggested that tea polyphenols play role
as anti-hypertensive agents, blocking RAAS through their ACE inhibitory activity (Hara et al., 1995).
Nevertheless, previous researches have only emphasized conventional teas, while the information on
anti-hypertension property of herbal teas has still limited. Thus, study was aimed to investigate and compare

anti-hypertension potential of Thai herbal teas and conventional teas through the inhibition of ACE.

Materials and Methods

Commercially available fifteen Thai herbal teas (bael fruit, Indian gooseberry, bitter cucumber, rosella,
safflower, chrysanthemum, white mulberry, Asiatic pennywort, pandanus, jiaogulan, stevia, cat's whisker, lemon
grass, jewel vine and ginger) and five conventional teas (green, white, black, oolong and pu-erh teas) were
ground into powders by a high speed miller (Cyclotec 1093, FOSS Ltd., Hoganas, Sweden). Tea extracts were
prepared in 50% (v/v) aqueous ethanol or hot water (tea infusion). The extraction with ethanol was achieved by
mixing each sample (1 g of dried basis) with solvent (60 mL). The mixtures were sonicated for 10 minutes before
being shaken in a water bath shaker at 30 °C for 2 h. In addition, tea infusion was performed in accordance with
the method of Deetae ef al., (2012), in which samples (1 g of dried basis) were extracted with deionized water
(100 mL) under 95 °C for 5 min. Ethanol and water extracts of Thai herbal teas and conventional teas were
filtered through Whatman No. 1 filter paper to derived the clear solutions being used in analysis.

Fluorometric assay for ACE inhibition was conducted according to the method of Schwager et al., (2006)
with some modifications. The assay consisted of the extracted sample, hippuryl-histidyl-leucine (0.57 mM in
potassium phosphate buffer, pH 8.3) and ACE (153 nM) in the 96-well black microplate. The reaction was
incubated at 37°C for 30 minute before being quenched with NaOH (0.17 M) and mixed with o-phthaldialdehyde
(20 mg/mL). The mixture was incubated for 10 minutes at the ambient temperature before adding HCI (0.25 M) to
stop the reaction. The enzyme reaction was monitored at an excitation wavelength of 360 nm and an emission
wavelength of 485 nm using a microplate reader (BioTek Instruments, Inc., Winooski, VT). The results were
calculated as a percentage of inhibitory activity using the equation; %Inhibition = 100 x (1 — ((B-b)/(A-a))), where
A is an initial velocity of the control reaction with enzyme, a is an initial velocity of the control reaction without
enzyme, B is an initial velocity of the enzyme reaction with extract and b is an initial velocity of the reaction with
extract but without enzyme. All data were expressed as mean of triplicate assays + standard deviation (SD). One
way analysis of variance (ANOVA) and Tukey’s multiple comparison tests were performed to determine the

significant differences between values with p<0.05. Statistical analysis was conducted using SPSS software.

Results

The inhibition of ACE activity of teas extracted with 50% (v/v) aqueous ethanol (0.84 mg/mL)
suggested that all conventional teas exhibited high anti-ACE activities (>85% inhibition) (Table 1). The results
of Thai herbal teas showed that stevia, cat’'s whisker and safflower exhibited the highest inhibitory activities
(86-89% inhibition). These herbal teas provided comparable anti-ACE activities to those of conventional teas.
On the other hand, bitter cucumber herbal tea exerted the lowest inhibitory activity of 19% inhibition.

Anti-ACE activities of different tea infusions (0.5 mg/mL) being presented in Table 1 suggested that
green tea and white tea exhibited the highest ACE inhibitory activities (>90% inhibition) among five

conventional teas, followed by oolong tea, black tea and pu—erh tea, respectively. Likewise, the results of
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herbal tea infusions suggested that stevia, Asiatic pennywort and cat's whisker exhibited high anti-ACE
activities (80-88% inhibition). These herbal tea infusions offered slightly greater inhibitory activities than those
of black, oolong and pu—erh teas. As well, stevia with the highest ACE inhibitory capacity among all herbal teas
might be the comparable source of anti-ACE agents as green tea and white tea. On the other hand, bitter

cucumber herbal tea was found to exert the lowest activity of 5% inhibition.

Table 1 ACE inhibitory activities of different teas

% Inhibition of ACE activity

Type of tea
Ethanolic extracted tea Tea infusion
Conventional tea
Black tea 95.90 & 1.34° 65.13 £ 1.79°
Oolong tea 93.02 £ 0.80° 76.64 +5.51°
White tea 92.35+1.19° 90.55 & 4.67°
Green tea 91.29 £ 2.09° 95.49 & 4.54°
Pu-erh tea 85.48 £ 0.11° 69.78 + 2.34°
Thai herbal tea

Stevia 89.28 + 0.59% 88.63 1+ 1.84%°
Cat's whisker 88.33 £ 3.53% 80.41 +0.83°
Safflower 86.04 £ 3.00% 26.54 £ 1.31°
Chrysanthemum 81.42 £ 5.42° 56.65  0.82°
Indian gooseberry 62.96 £8.27° 57.40 + 3.75°
Lemon grass 61.45 1 5.04° 41.87 £3.26"
Asiatic pennywort 57.89 = 2.03° 80.65 £ 0.76"
Bael fruit 50.82 & 1.65° 4559+ 0.12°
Ginger 48.74 £ 1.28° 4525+ 1.99°
White mulberry 39.46 + 6.27° 40.68 £ 1.70°
Rosella 37.35 £ 2.52° 40.56 £ 0.37°
Pandanus 30.27 +3.02° 41.24 % 1.63
Jiaogulan 30.03 £ 3.98° 35.00 = 3.89'
Jewel vine 26.14 + 4.47° 28.16 £ 0.77'
Bitter cucumber 19.11 £ 2.27° 5.53 £ 1.37°

Analytical data were mean values of three independent samples (n=3) + SD. Values with different letters within column of each
sample were significantly different at p<0.05. The final concentration of the ethanolic extracted teas and tea infusions used in this

study were 0.84 and 0.50 mg/mL, respectively.

Discussion

Manufacturing processes of tea define different categories of conventional tea as well as their
chemical compositions, which associate with teas’ biological properties. According to the results of ethanolic
extracted teas in this study, five conventional teas, however, exhibited the equivalence effective anti-ACE
activities. It was possible that the concentration of tea extracts was too high under the studied conditions, thus
limiting the enzymatic reaction and the differentiation of inhibitory potential of teas. In contrast, the results of
tea infusions suggested that ACE inhibitory activities were varied among five conventional teas. These finding
were corresponded to a previous study, in which anti-ACE potential of teas was affected by tea processing
methods as well as the abundance of catechin polymers and their oxidized products (Dong et al., 2011). The
anti-hypertensive effects of conventional tea infusions were also reported in several animal and human studies.
For instance, oral intake of green tea and black tea could suppress blood pressure in hypertensive rats
(Negishi et al., 2004), and consumption of green tea or oolong tea (>120 mL/day) for 1 year could reduce the
risk of hypertension in human (Yang et al., 2004).
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As for ethanolic extracted herbal teas, the results of stevia, cat's whisker and safflower teas with great
ACE inhibitory activities agreed well with several previous reports, where hypotensive properties of these Thai
herbs were mentioned. As well, these results were consistent to the results of tea infusions except for the
infusion from safflower, which showed only littte ACE inhibitory activity. Likewise, the results of tea infusions
showed that Asiatic pennywort possessed the potent anti-ACE activity in addition to stevia and cat's whisker
herbal teas. This finding was consistent with a previous study that Asiatic pennywort extracts could reduce
blood pressure in hypertensive rats (Muangnoi, 2007).

Interestingly, types of solvent and extraction processes affected inhibitory activities of teas remarkably.
It might be due to the difference in solubility of active compounds presented in each type of tea. The inhibition
of ACE was found to be greater in some herbal tea infusions, including rosella, white mulberry, pandanus,

jilaogulan and jewel vine teas, as being compared with their corresponding ethanolic extracted teas.

Summary
This study provided supportive evidence that Thai herbal teas and conventional teas may have a
potential mechanism to prevent high blood pressure through the inhibition of ACE. Teas with high ACE
inhibitory activity could be promoted as sustainable sources of anti-hypertensive agents for regulating blood

pressure and suppressing hypertension.
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Effect of Rotenone Extract on Snakehead Fish (Ophicephalus striatus) Control

a

fimfian ndapa’ ala A11hes’ 35ms nad’ seu AL’ uae Unyds wasy’
Vanichkul, K.", Champasri, S.", Kulkham, J.", Srimuang, S." and Polrob, B."

Abstract

This study was conducted to investigate the effect of rotenone extract (plant extract) on snakehead
fish control. Average size of fish used in the experiment was 3.69 centimeters and the amount of retenone were
0 (control), 3.5, 5.0, 6.5 and 8.0 ppm for 120 min. Cumulative mortality and response of fish were determined.
Results showed that cumulative mortality of 26.7, 60 and 100 % of snakehead fish was obtained with rotenone
extract at 5.0, 6.5 and 8.0 ppm, respectively. Extract of 0.0 and 3.5 ppm. (p<0.05) had no effect on cumulative
mortality. Also, experimental fish exposed to rotenone extract showed slow, abnormal swimming before dying.
Therefore, eight part-per-millions of rotenone extract can control snakehead fish at 100 % of cumulative
mortality.

Keywords: rotenone extract, snakehead fish
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Table 1 Cumulative mortality of snakehead fish were obtained rotenone extract during 120 min (percent)

Rotenone extract concentration (ppm)

Time (min)
0 3.5 5.0 6.5 8.0
0 0.0° 0.0° 0.0° 0.0° 0.0°
20 0.0° 0.0° 0.0° 0.0° 0.0°
40 0.0° 0.0° 0.0° 0.0° 0.0°
60 0.0° 0.0° 0.0° 17.0° 17.0°
80 0.0° 0.0° 13.3° 40.0° 63.3°
100 0.0° 0.0° 17.0° 53.3° 90.0°
120 0.0° 0.0° 26.7° 60.0° 100.0°

Means values (n=3) in the same column with different superscripts are significantly different (P<0.05)

Table 2 Temperature, pH and dissolved oxygen levels before and after test

Rotenone Temperature(°C) pH dissolved oxygen(mg/l)
extract
concentration
Before After Before After Before After

(ppm)
0 26.5+0.15 27.1+£0.15 8.2+0.06 7.6£0.21 5.19+0.40 4.68+0.30
3.5 26.4+0.06 27.0+£0.06 8.0+0.00 7.310.10 5.06+0.16 4.78+0.09
5.0 26.2+0.06 26.9+0.15 7.9+0.15 7.2+0.06 5.30+0.20 4.75+0.07
6.5 26.2+0.06 26.8+0.12 7.7+0.00 6.9+0.10 5.562+0.09 5.26+0.10
8.0 26.3+0.06 26.8+0.10 7.6+0.00 6.6+0.06 5.42+0.11 5.54+0.14
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Extraction of Dyes from Mycelial and Fruiting Bodies of Boletus spp. for Thai Silk Dyeing

Iwdun3 nilawun’ g5 ganiind’ uaz gns Fguna’
Karpilanondh, P.", Rutathip, S.'and Chikhuntod, U.'

Abstract

The mycelium of Boletus edulis and Boletus colossus were cultured in order to extract the color for
silk dying purposes. PDB medium supplemented with 0.2% malt extract and 2% glucose was the optimum
medium for mycelium growth after incubation at 30°C for 14 days. The mycelium and the broth produced a
dark brown color. The color measurements by Hunter Lab in L*, a*, b* were 16.15+0.01, 2.59+0.02, 16.11+0.02
and 14.27+0.03, 3.66.66+0.02 and 14.34+0.03, respectively. The optimum ratio of mycelium all fruitingboies
and water extraction for B. colossus was 1:10, while the ratio for B. potentosus was 1:5. The best condition for
silk dyeing was direct dyeing at 60°C for 60 min. When StarCat was used as mordant the dyed silk color was
bright and shiny. The dyed silk quality determination displayed in level 4, which indicated slightly change and
less discoloration. This value was an acceptable level according to Thai industrial standard (TISI 121).

Keywords: mycelial, boletus mushroom, thai silk, dyeing
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Figure 1 Boletus spp. fruiting body (a) Boletus edulis on PDB mixed with 0.2% Malt Extract and 2% Glucose
(b) and Boletus colossus on PDB mixed with 0.2%Malt Extract and 2%Glucose (c)
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Figure 2 Solutions of Boletus colossus from fruiting body (a) solutions of Boletus potentosus from fruiting body (b)
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Table 1 Thai silk dyeing at 90 °C, 60 minutes

Mordant
Control Salt StarCat

Type

Boletus edulis

Boletus colossus

Boletus colossus

Boletus potentosus
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Effects of Temperature and Storage Time on Physicochemical Properties of Glutinous Rice Culivar RD 10

AT INTTRALLAD WAS A5715RU atuAa’

Petsalabkaew, A and Anuntagool, J.1

Abstract
The objective of this research was to study the effect of temperature and storage time on
physicochemical properties of glutinous rice cv. RD 10. Rice paddies were packed in plastic sacks and stored
at different conditions; 8°C and 76 %RH for 12 months, 30°C and 58 %RH for 6 months, and 40°C and 37
%RH for 21 weeks, respectively. Result showed that head rice yield increased at 30 and 40°C storage, while
whiteness index decreased during storage at all test temperatures. For pasting properties, peak viscosity,
breakdown, and setback were recorded. The pasting properties changed gradually during storage at all
temperatures. More dramatic changes were noted for paddy rice stored at higher storage temperature.
Keywords: rice aging, rice storage, glutinous rice, physic-chemical properties
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Introduction

Glutinous rice cv. RD 10 (Oryza sativa L.) is one of commercial rice cultivar. As glutinous rice, it is
widely consumed in northern and north-eastern parts of Thailand. After harvested, rice is usually sun-dried for
reduced moisture content and then stored. Paddy rice undergoes changes in physicochemical properties
during storage. Moisture content, temperature and storage time are major external factors that affect physical
and chemical properties of rice kernels. Paddy rice was reported to possess moisture content reduction after
storage (Park et al., 2012). The hydrolysis of lipids that causes free fatty acids and the oxidation of lipids
(including free fatty acids) to produce hydroperoxides and other secondary products were reported (Gregory
et al., 2008). Protein reaction with oxygen molecules that results in disulfide bonds was reported to cause
changes in rice texture (Juliano, 1985). Further, the decrease in whiteness index of rice kernels was reported
to involve non-enzymatic browning reaction (Soponronnarit et al., 2008). Although a vast number of reports
have been produced regarding the aging of rice, few have focused on changes due to the aging of glutinous
rice.

The objective of the study was to compare the physicochemical properties of glutinous rice cultivar
RD 10 during aging at different temperatures (8°C, 30°C and 40°C).

" madrmalula@inieaimns AnzAnenAEns aWIsansaiNINEae auuwa v lwadvadu nsamwg 10330
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Materials and Methods

A paddy of glutinous rice cv. RD 10 was purchased from Udon Thani Rice Research Center. Amylose
content of RD 10 rice was determined by amperometric titration with potassium iodate solution (adapted from
Takeda and Hizukuri, 1987; Gibson et al., 1997) was 7.36 % (dry basis).

Rice paddy was cleaned and packed in a plastic sack (1.5 kg/sack). The paddy samples were stored at
low temperatures (8 + 2 °C, 76 %RH) for 12 months, room temperature (30 + 2 °C, 58 %RH) for 7 months and high
temperatures (40 + 3 °C, 37 %RH) for 20 weeks. The sampling interval was carried out following the schedule in
Table 1.

Table 1 Details of sampling plan for rice stored at different temperatures (8 °C, 30 °C and 40 °C)

Newly harvested rice 8 C 30 C 40 C
Number of sacks to be retrieved 2 12 14 28
Storage period - 12 month 7 month 20 weeks
Sampling interval = 2 month 1 month 1 week
Amount of sampling (sack/time) 2 2 2 2

Determination of milling quality : One hundred and twenty five grams of paddy rice were dehulled and
brown rice was polished for 20 seconds. Head rice was separated from broken rice. Rice milling and grading
machines (paddy husker, whitener and length grader) used in this study was manufactured by Sinthavee
Garage (Lopburi, Thailand) Head rice yield was calculated using equation (1).

weight of head rice (g)

U i i =
Y% Head rice yield weight of paddy rice (g) = 100 (1)

Determination of milled rice color : Milled rice color was measured in term of whiteness index (WI)
using a color-different meter (CR-400 D65 light source; Konica Minolta, Tokyo, Japan). The color values were
expressed as L* (lightness/ darkness), a* (redness/greenness) and b* (yellowness/blueness). WI was

calculated using equation (2) (Chen et al., 1999).
Whiteness index (WI) = 100 — [(100 — L*)? + (a*)? + (b™)?]%® (2)

Determination of pasting properties : Milled rice was ground with a blender and sieved through a 100
mesh sieve. The moisture content in flour was determined using AOAC Official Method 925.10 (AOAC, 2006).
Pasting properties of rice flour were determined by a Rapid Visco Analyzer (New Port Scientific Instrument and
Engineer, Warriewater, Australia) using AACC Method 61-02.01 (AACC, 2000).

Results and Discussion

Milling quality of paddy rice was mainly represented by head rice yield (HRY). HRY of newly
harvested paddy rice was 45.46 %. After storage at 40 °C for 20 weeks, HRY increased to 49.92 % while it
decreased to 36.38 % after storage at 8 °C for 12 months. At 30 °C storage temperature, HRY increased up to
3 months of storage (48.07 %) and decreased afterwards (39.72 %) (Figure 1). Wiset et al. (2011) reported
that during storage at 15 °C, 20°C and ambient temperature, glutinous rice cv. RD 6 had an increase in
hardness. They found that hardness of milled rice increased during 6 months storage. The samples stored at
higher temperatures had greater hardness. Also, the head rice yield increased when hardness increased.

The WI of newly harvested glutinous rice RD 10 was 61.94%. During storage, WI decreased at all
storage temperatures. WI decreased more rapidly at higher temperatures (Figure 2). Increasing yellowness of
rice kernels during storage have also been reported to result from acceleration of Millard reaction (Kim, 2002).
Park et al. (2012) determined WI of milled rice at 4°C, 20°C, 30°C, and 40°C during storage for 4 months.

They also reported a decrease in Wl at all storage temperatures.
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Pasting properties are one of the most sensitive indices for the aging process in rice. Changes in
pasting properties of milled rice during storage have been reported in terms of peak viscosity (PV),
breakdown (BD) and setback (SB). The result showed that PV changed slightly when stored at 8°C (Figure
3A). At 30°C and 40°C, PV showed a higher value as compared to that at 8 °C and it continued to increase
during storage at 30°C and 40°C. At 8°C, BD and SB did not change significantly (Figure 3 B and C). At 30°C
and 40°C, The change in BD and SB. BD was observed at a lower degree but SB was higher extent. The
results were consistent with that of Kaminski et al. (2013) who demonstrated that PV, BD, and SB of flour from
rice cv. BR-IRGA 410 continuously changed during storage at 0.5°C, 20°C, and 35°C for 180 days. Change in
PV, BD and SB during rice aging might be related to starch and protein molecules and their interactions. When
the protein molecular weight increased during aging due to oxidation of oryzenin, viscosity of the system could

increase. Moreover, it was hypothesized that protein and starch interaction was increased during storage.

Summary

Aging at 30 °C and 40 °C caused the rice quality, e.g. head rice yield, whiteness, and pasting
properties of glutinous rice cv. RD 10 to change. The changes were more pronounced at higher storage

temperatures.
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Figure 3 Pasting properties of glutinous rice cv. RD 10 during storage at different temperature and time;
(A) peak viscosity, (B) breakdown and (C) setback.
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Effects of Nitrogen Fertilizer Management on Growth and Biomass Productivity of Napier Grasses
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Muangpan, J.1, Thobunluepop, P.1, Lertmongkol, S.1, Sarobol, E.1, Tonmukayakul, N

Kamwan, P.ﬂ, Pongtip, A and Changkaewmanee, J.

Abstract

This experiment was aimed to study the effects of nitrogen fertilizer management on growth and biomass
productivity of napier grasses for renewable energy utilization. The experiment was conducted in a split plot
design with 3 replications. Main plots were six napier grass varieties (Pak chong1, King napier, Taiwan A148,
Chiang-Rai2, Chiang-Rai3, and Tifton), and sub plots were four levels of nitrogen application rates (15, 30, 45,
and 60 kg NH4+ rai'jyr'1). The experimental results were recorded 180 harvested days after first cut. Results
showed that King napier grass produced the highest leaf: stem ratio (8 leaf stem’w) and had the highest leaf area
index (5.31). Tifton grass produced the highest number stem: clump (25 stem clump-1). Moreover, Tifton grass at
nitrogen application rate at 30 kg NH4+rai'1year'1 produced the highest biomass yield (7.88 ton rai"1yr'1) and had
the highest crop growth rate (0.0137 kg m“day).

Keywords: biomass yield, nitrogen application rate, napier grass
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Figure 1 Monthly Rainfall in April 2014 — July 2015, P = Planting; F = First cut; H1 — H2 = harvesting
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Table 1 Influence of varieties on leaf: stem ratio, number stem: clump, biomass yield, leaf area index, net

assimilation rate (NAR) and crop growth rate (CGR)

varieties leaf: stem number biomass yield LAl NAR CGR
ratio stem: clump (ton rai'1yr’1) (g m?) (g m'zday'w)

Pak chong1 6.67bc 14.82bcd 4.05b 1.85bc 5.23b 6.9b
Taiwan A148 7.42ab 14.51cd 3.82b 1.10c 8.41a 6.7b
King napier 8.00a 18.05b 4.56b 5.31a 2.28¢c 8.2ab
Chiang-Rai2 7.38ab 17.44bc 3.78b 1.85bc 7.74a 6.6b
Chiang-Rai3 6.37c 12.95d 1.93c 1.19¢ 3.54bc 3.4c
Tifton 7.15ab 25.83a 5.76a 2.43b 5.26b 10.0a

- Means in each column with the same are not different at P<0.05

Table 2 Influence of nitrogen application rate on leaf: stem ratio, number stem: clump, biomass yield, leaf area

index, net assimilation rate (NAR) and crop growth rate (CGR)

nitrogen Leaf: number biomass LAl NAR CGR
application rate stem stem: clump yield (gm?) (g m“day’)
(kg NH, rai"yr") ratio (tonrai’'yr")
15 6.92a 15.00b 2.94b 1.53b 7.31a 5.49b
30 7.42a 18.11a 4.65a 2.98a 3.42b 7.98a
45 7.07a 18.09a 4.30a 2.81a 3.64b 7.44ab
60 7.24a 17.87a 4.04a 1.83b 7.27a 6.93ab

- Means in each column with the same are not different at P<0.05

Table 3 Influence of varieties and nitrogen application rate on crop growth rate (CGR) (g m~day™)

varieties nitrogen application rate (g NH4+rai4yr'1)
15 30 45 60
Pak chong1 5.3defg 6.6bcde 9.5bcd 5.8cdefg
Taiwan A148 6.4bcdef 7.1bcde 6.5bcde 6.9bcde
King napier 7.9bcde 9.0abcde 9.8bc 5.8cdefg
Chiang-Rai2 5.0efg 6.6bcde 7.7bcde 7.1bcde
Chiang-Rai3 1.6fg 4.9efg 1.69 5.2defg
Tifton 6.7bcde 13.7a 8.9bcde 10.7ab

- Means in the same letter are not significantly at LSD 0.05

Table 4 Influence of varieties and nitrogen application rate on biomass yield (ton rai'1yr4)

varieties nitrogen application rate(kg NH4+rai’1yr’1)
15 30 45 60
Pak chong1 3.03de 4.16bcd 5.67bc 3.33cde
Taiwan A148 3.36cde 4.06bcd 3.87bcd 3.98bcd
King napier 3.57cd 5.19bcd 5.80bc 3.70bcd
Chiang-Rai2 2.85de 3.78bcd 4.40bcd 4.08bcd
Chiang-Rai3 0.96e 2.83de 0.94e 2.99de
Tifton 3.85bcd 7.88a 5.14bcd 6.18ab

- Means in the same letter are not significantly at LSD 0.05
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Effects of Harvesting Interval on Growth and Biomass Yield of Napier Grasses
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Pongtip. A.1, Thobunluepop, P.1, Saropol, E.1, Lertmongkol, 8.1, Tonmukayakul, N.1, Muangpan, J.1,

Kamwean, P." and Changkaewmanee, J!

Abstract
The objective of this study was to determine the effect of harvesting interval on growth and biomass

yield of napier gasses for renewable energy. The experiment was a split plot arranged in a Randomized
Completely Block Design (RCBD) with three replications. The main plot were six napier grass varieties
(Pakchong 1; PC1, Kingnapier; KN, Taiwan A148; TA, Tifton; TF, Chiang Rai2; CR2 and Chiang Rai3; CR3) and
sub plot were three cutting intervals (120, 180 and 240 days). Results showed that napier grasses harvested at
120 days had the highest biomass yield of 5.85 ton r year‘w, Leaf Area Index (LAI) (7.67), highest Crop Growth
Rate (CGR) (16.64 g m'2day'1) and highest leaf: stem ratio (12 leaf stem™). Moreover, napier grasses harvested
at 180 days had the highest Net Assimilation Rate (NAR) (6.14 g m” day'1). Napier grasses harvested at 240
days had the highest number stems: clump (19 stem clump‘w). Tipton and Taiwan A148 had the highest Net
Assimilation Rate (NAR) of 6.18 and 5.82 Kg m” day ', respectively.
Keywords: biomass yield, growth, harvesting interval, napier grass
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Table 1 Comparison of varieties on leaf: stem ratio (L:S), number stem: clump (S:C), biomass yield, Crop
Growth Rate (CGR), Leaf Area Index (LAI) and Net Assimilation Rate (NAR)

biomass vyield NAR CGR
factor L:S S:C 4 4 LAl P P
(tonr year) (Kg m“day ) (Kg m“day )
PC1 11b 17 4.70 4.74 3.62 bc 15.53
KN 10b 15 3.45 4.78 242c 10.70
T™W 10b 16 3.60 3.51 6.18 a 10.96
TT 8¢ 20 3.25 2.65 5.82a 12.36
CR2 13 a 17 4.07 6.81 3.90b 13.66
CR3 10b 18 3.62 6.51 230c 12.70
F-test ** n.s n.s n.s * n.s

ns: no significantly different and **: significantly different at P<<0.01
a, b, ¢, d and e compared with LSD (P<0.05) PC1: Pakchong 1, KN: Kingnapier, TW: Taiwan A148, TT: Tifton, CR2: Chiang Rai2
and CR3: Chiang Rai3

Table 2 Comparison of harvesting interval on leaf: stem ratio (L:S), number stem: clump (S:C), biomass vyield,
Crop Growth Rate (CGR), Leaf Area Index (LAI) and Net Assimilation Rate (NAR)

biomass yield NAR CGR
factor L:S S:C 4 4 LAI P P
(tonr year) (g m~day ) (g m“day )
120 day 12.a 17 ab 558 a 7.67 a 2.75b 16.64 a
180 day 8c 16 b 3.69Db 3.15Db 6.14 a 11.59 b
240 day 11b 19a 2.08¢c 3640 3.23Db 9.73 b
F_test *% * *% * *% *

*: significantly different at P<<0.05 and **: significantly different at P<<0.01
a, b, ¢, d and e compared with LSD (P<0.05) 120 day, 180 day and 240 day; Harvesting interval 120, 180 and 240 day after first

cutting, respectively
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Crop Spacing Management on Growth and Biomass Yield of Napier Grass

o ¢ v o a1l ajla C4 o o 1 & 1 s 1
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eyt Awdu ansuns sy’ uaz anfind wesiing'
Changkaewmanee, J.1, Thobunluepop, P.1, Saropol, E.1, Tonmukayakul, N.1,

Kamwean, P.1, Muangpan, J." and Pongtip, A

Abstract

The study was aimed to evaluate the crop spacing of napier grass to improve crop growth and
biomass vyield for renewable energy. Split - plot in Randomized Complete Block Design (RCBD) with 3
replications. Was used as experimental design main plot was four crop spacing management (0.6x1.5x0.6m,
1.5x0.75m, 1.5x1m and 1.5x1.5m). Sub-plot was six napier grass variety (Pak chong1, King napier, Taiwan
A148, Tifton, Chiang-Rai2 and Chiang-Rai3).The parameters were recorded at 180 days after first cut. The
results showed that highest of and highest of Crop Growth Rate (CGR) was found in the spacing of the
0.6x1.5x0.6m (1.84 g m™). Net Assimilation Rate (NAR) was found in the spacing of 1.5x1 m (0.31 g m™). Pak
chong1, King napier, Taiwan A148, Chiang-Rai2 and Chiang-Rai3 has leaves per stem high is 8 and 9 leaves.
Pak chong1 and Taiwan A148 had high plant height is 4.05 and 4.13m. Taiwan A148 has high Net Assimilation
Rate (NAR) (2.98 g m™~) and Pak chong1 has high Crop Growth Rate (CGR) (1.52 g m?) and high LAI (1.28)

Keywords: napier grass, spacing, growth, biomass yield
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Table 1 The effect of crop spacing management on stem per clump, leaves per stem and plant height

Crop spacing(m) matter yield Number of Stem Number of Stem Plant height
(ton rai’ year’1 ) Stem per clump Leaves per stem (m)
0.6x1.5x0.6 4.28 11 8 3.88
1.5x0.75 4.10 15 9 3.81
1.5x1 3.87 15 8 3.78
1.5x1.5 3.24 19 7 3.66
F-test ns ns ns ns

ns: not significantly different

Table 2 The effect of crop spacing management on net assimilation rate (NAR), crop growth rate (CGR) and
leaf area index (LAI)

Crop spacing(m) NAR (g cm?) CGR (gm”) LAI
0.6x1.5x0.6 2.22 ab 1.84 a 1.13
1.5x0.75 1.23 bc 0.91 bc 0.77
1.5x1 3.1a 1.68 ab 0.73
1.5x1.5 0.74c 0.50 c 0.8
F-test * * ns

ns: not significantly different and *: significantly different at P<0.05 ; a,b, and ¢ compared with LSD (P<0.05)

Table 3 The effect of grass variety on dry matter yield, stem per clump, leaves per stem, and plant height

Variety Dry matter yield Number of Number of Plant height
(ton rai”’ year'1 ) Stem per clump Leaves per stem (m)

Pak chong1 4.51 15 9a 4.05 a
King napier 3.63 13 9a 3.51 cd
Taiwan A148 3.77 14 8a 413 a

Tifton 3.87 17 6b 3.39d
Chiang-Rai2 3.22 14 8a 3.87 ab
Chiang-Rai3 4.22 16 8a 3.74 bc

F-test ns ns * *

ns: not significantly different and *: significantly different at P<0.05; a,b, and ¢ compared with LSD (P<0.05)

Table 4 The effect of grass variety on net assimilation rate (NAR), crop growth rate (CGR) and leaf area index (LAI)

Variety NAR (g cm?) CGR (gm?) LA
Pak chong1 1.63 bc 152 a 1.28 a
King napier 1.00c 1.34 ab 1.04 ab

Taiwan A148 298 a 111 ab 0.56 b

Tifton 1.79 bc 1.17 ab 0.64b
Chiang-Rai2 1.84 b 0.94b 0.57b
Chiang-Rai3 1.69 bc 0.13 ab 0.86 ab

F-test * * *

ns: not significantly different and *: significantly different at P<0.05; a, b, and ¢ compared with LSD (P<0.05)
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Biomass Yield, Biomass Quality and Biogas Productivity of Bana Grass under Difference of Nitrogen

and Cutting Interval Management
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Thanyavachirawit, K.1, Thobunluepop, P." and Tonmukayakul, N

Abstract

The experiment was designed a Split - plot in Randomized Completely Block with three replications.
Main - plot was four levels of nitrogen application rate (0, 281.25, 562.5 and 937.5 kg of NH4+ ha' year'). Sub -
plot was four levels of cutting interval (30, 45, 60 and 120 days after first cut). The nitrogen was found at 937.5
kg of NHA+ ha” year'1 increased protein content (14.81% DM) and nitrogen content (2.37% DM), which at
281.25 kg NH4+ ha” year” the highest of sulfur content (0.62% DM). Cutting Interval at 120 days, highest of
cellulose content (52.90% DM). Bana grass with 30 day of cutting interval the highest of carbon (58.26% DM)
and sulfur content (0.63% DM). Interestingly, cutting interval at 120 days was the higher biomass yield (76.17
tons DM ha ' year™), biogas and methane yield (8,828.50 and 5,973.90 m” ha™ year™, respectively).

Keywords: grass, nitrogen, cutting interval, biogas
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Table 1 Influence of nitrogen application rate and cutting interval on biomass quality

(A) Nitrogen

Cellulose Hemicelluloses Lignin  Protein Ash H C N S
application rate C:N
. a0 (%) (%) (%) (%) (%) (%) (%) (%) (%)
(NH, ha year )

0 46.25 14.20 9.93 10.52b 13.81a 5.62 40.38b 1.68b 0.23b 25.45
281.25 35.26 14.60 9.96 11.22b 14.56a 6.33 40.80b 1.790 0.62a 23.58
562.50 42.80 18.35 1222  11.36b 10.42b 545 4884a 1.81b 0.17b 29.18
937.50 40.91 17.66 1143 14.81a 10.36b 552 50.71a 2.37a 0.20b 22.91
F-test ns ns ns * * ns * * * ns

(B) | - |

Cellulose Hemicelluloses Lignin  Protein Ash H C N S
Cutting Interval C:N
(%) (%) (%) (%) (%) (%) (%) (%) (%)
(Days)

30 22.04c 20.88a 8.25b 14.64a 9.99bc 560 39.20b 2.34a 0.29b 17.14b

45 47.40ab 14.03b 794b 9.90b 16.98a 546 40.77b 1.58b 0.20c 26.02a

60 42.89b 17.67ab 12.74a 13.49a 13.21b 592 58.26a 2.15a 0.63a 30.63a

120 52.90a 12.23b 14.62a 9.88b 8.97c 595 4251b 1.58b 0.11d 27.33a
F_test * * * * * nS * * * *
AxB * ns ns * ns * * * * *

ns: not significantly different, *: significantly different (P<0.05)
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Table 2 Influence of nitrogen application rate and cutting interval on biomass yield and biogas productivity

(A) Nitrogen

application rate

Biomass yield Biogas yield  Methane yield Biogas yield Methane yield

. y (tons DM ha” year ™) (m® tons ™) (m® tons ™) (m>ha” year) (m’ha’ year™)
(NH, ha year)
0 28.46 139.94 72.80a 3818.30 224210
281.25 33.22 133.82 69.67a 4130.80 2464.20
562.50 33.84 148.89 68.66a 4600.60 2407.70
937.50 37.77 131.88 54.92b 4495.60 2203.30
F-test ns ns * ns ns
(B) Cutting Interval Biomass yield Biogas yield Methane yield Biogas yield Methane yield
(Days) (tons DM ha” year'1) (m® tons ™) (m® tons ™) (m® ha” year'1) (m® ha” year'1)
30 17.52b 198.33a 72.37a 3,422.50b 1,261.50b
45 23.70b 129.02b 40.03b 3,062.20bc 948.90b
60 15.90b 115.90c 75.09a 1,732.10c 1,133.00b
120 76.17a 111.27¢c 78.57a 8,828.50a 5,973.90a
F-test * * * * *
AxB ns ns * ns ns

ns: not significantly different, *: significantly different (P<0.05)
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Purchasing Chemical Fertilizers of Rice Farmers in Ubon Ratchathani Province

301 A9Aum’ uaz Nie NaIALAA

Duangjinda, w." and Tongdeelert, p?

Abstract

The objectives of this research were 1) to study basic demographic factors, 2) to examine knowledge
on utilizing chemical fertilizers, 3) to indicate marketing mix in purchasing chemical fertilizers, and 4) to identify
the fertilizers purchased by rice farmers in Ubon Ratchatani Province. A Questionnaire was used for collecting
data. A total of four hundred rice farmers in Ubon Ratchatani Province were used in this study. Statistics to
analysis data included frequency, percentage, arithmetic mean, and standard deviation. Results showed that
most farmers were male, between 31-40 years old, attained primary education, held 11-20 rai of farm land,
earned an annual income less than 30,000 Baht, and had an overall knowledge of chemical fertilizer ultilization
at the moderate level. On the other hand, they had general knowledge on chemical fertilizers and the overall
marketing mix in purchasing chemical fertilizers at the high level. The purchasing channel was the most
importance. On the aspect of purchasing chemical fertilizers, it was found that most farmers purchased quality
fertilizers from commercial shops nearly.

Keywords: fertilizer, marketing factor, Ubon Ratchathani province
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Evaluation of Ochratoxin A in Green Coffee by Near Infrared Spectroscopy

217501 Windszialy waz A199950 uawan’

Pumprasert, J. and Bangwaek, C.

Abstract

The method of Ochratoxin A (OTA) determination in green coffee bean was modified by the near
infrared spectroscopy (NIR) technique. The wave length region 400-2500 nm was used. One hundred samples
of green coffee bean were used to create the effective model for OTA evaluation. Equation of OTA
determination in green coffee bean had high a regression correlation (R) of 0.94 and low standard error of
prediction (SEP) of 3.43 and the standard deviation (SD) was lower than the HPLC method at 8.27 and also low
standard error of calibration (SEC) of 2.88. Then, 20 samples of green coffee bean were analyzed OTA by the
NIR technique and compared with the laboratory HPLC method. The results of the two methods were quite
similar in OTA content. When the results of two methods were plotted, there was a high regression correlation
(R2) of 0.97 which indicated that both methods were related on the same trend of OTA content.

Keywords: green coffee, Ochratoxin A, near infrared spectroscopy
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Effect of Pretreatment of Grey Oyster Mushroom on the Quality of Chinese Sausage

Aau190 NTSUATTR’ FANTUA ANARG' UAS FNANA NAANT
Krasaechol, N.1, Somijit, c.' and Makasit, s

Abstract

In this research, the effect of pretreatment of grey oyster mushroom on the quality of Chinese sausage
was investigated. Chinese sausage was added 0% (w/w of pork) grey oyster mushroom (control), 10% (w/w of
pork) rehydrated grey oyster mushroom and 2.45% (w/w of pork) grey oyster mushroom powder were
replaced of pork. They were analyzed in physicochemical properties, texture profile analysis and sensory
evaluation. It was found that, adding grey oyster mushroom into Chinese sausage had effect on moisture
content, fiber, L* and b* (p<0.05), that were tend to increasing from control, but a, were not significantly
difference (p>0.05). However, Chinese sausage with 0% grey oyster mushroom (control) had the highest
hardness, chewiness, gumminess and cohesiveness both of before and after frying. Chinese sausage with
grey oyster mushroom powder had overall liking similar to the control, and score was 6.47 as slightly like level.

Keywords: Chinese sausage, grey oyster mushroom, rehydrated, powder
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ule waiBunaladunn nnsindiauiefinlunandenidedndaaiuganiianla inssifiaurailniiule
InfiRseinuas e duianfneilednd auivanuidetasaulanisdumiaueidnlunudsaiaianuaimig
Tngunslundndueinudes Tnanisdnsnanesnisezanduiiuiiaundisennninaeanudes

ansaiuazisnig
a =3 v A o < v v k24 a ) QI’ =3 ¥
nswRtinueinunAugl: dadiaunsinandcliiarenauaraugnuugll 65°C aunseiaminuiisuay
HAnauliiiu 7% (wu1.1176/2549) ussqlugeinaesauuaziiuinungumgi 41 °C neuliiniwdniiuiu 1
dalug udaunsiaeAsasunasuiisuiy 2 win ialludagauludunausialy (Aaulasainidees a0 uaz
KU, 2555)
a =3 v o < v v v ‘ﬂl a ol/ =3 ¥ =
NERENTABINTNILLNG: Bdauainundeliiazeauazeuigauugil 65°C aunseiaminuiiauazil
ANNTULHIAUN 7% LAKIELATINLABIUITUTNTL 2 W17 ULEATRUNIUAZLNIIIWIA 80 1T U593 g TnaeBauLA:
WuFneiguungd 41 °C iafluingavluduneusialy (Aaulasaindsaes ussn, 2541)
NaRUNHAR T m‘lﬁmﬂmLuwummmLLmLmLummmmwuumiwu@@nLLmummmmm
uaTifmunedusinuudnanrasguilay 0.5 luRmAs 2 A%t HaNdIuRAN T (Luwm 100%, fumyudis 25%,

v

1 C‘l’]@‘l/li']il 28%, \nae 2. 5%, Taenlulngv 0. 02% IsﬂLﬂﬂﬂJ’a‘iﬁ’ﬂL‘LW] 0.29% mmmﬁumuwu Iﬁﬂﬁ\lﬂdﬁnﬁﬂ'ﬂ\i

&
o

il Ranaaedd 1 nummmummmwxﬁ 0% ﬂ@quﬁuuﬂl,u@uu (FaAILIAN) dennaesii 2 ﬂummmmmm
WAL 10% mﬂqumumuwu uazAmanesd 3 nuidsaiindinunsiinug 2.45% m@qmuumuwu uIn
mummm\mmmmﬂufaimﬂummmﬂfmumu 30 Wl udarNueeq lEuyin liidaw AEuEuAuENATe 10,1 0%
Fafluviau prwenavieuas 6 19 i lduaulumneugungi 65°C wiw 20 g ussqluneinaesauuaziiy
o A a < o = o« s IS 1% ! < 2 oal
Fngoanil 4¢1 °C anturh lfieanzdesdilszneuniaaiuazniann un Pesnuaanuau duly And an
a,, Anmuziledida uaznisdsniiugnininnedszamdudasiuacuteulng s

NALAZIANTUNANITNARDY
o - = & v A = MY &
HANNIMAABIAILAASTY Table 1 uanvasflsznanisiadiaaaiinunainiinuniswsudusiuiuuaug
@ o . - N = Y 9 & o v
BazinuIainae TelesAdsznauntaalae eunos Tdsiu Tudu 181 waziduly (aatiusinuie) Tulsunmn
Indpeiuanifiuunuanuduiaiaueinninisssanduiiviuuaugtlaziaonmugaa 80.01% Tuanieiiiu
WNTRIHANTWNES 5.63 % wazidotn naniundndusinuiisafniauneiin 0% sesiiviniieny (59
ALIAN) NWEENANLTAWNTN ALY waznud@BaFNLiauNnNg HFNIMANTY 25.34 26.91 LAz 26.66%
ANHANL BazRBudule 0.01 0.82 WAz 0.79% ANAAUAIMARI U Table 2 aziiiulidnilainngiRninn 13
A a & o < | e A a @
nuEen B uanTuLasdulondundnaat N RN RN
91N Table 2 wudnudeANinuginaugl 10% sesinintenyuasnudsufninueine 2.45%
pe9tiniiany JAAINE99 (L) uazArasiludmaes (b*) wansnsiuatnelaifideddnynieals (P>0.05)
IneHAIANEING (L) 34.04 BaT 32.73 ANNANSL ANANNEIUAWADY (b*) 9.09 LAY 8.61 ANNATAL LATAINNIT
TpAAaaainuaiinnudiaeinadns (L% aeamiaunsinaugluaziiaunsilnueian 67.60 uaz 55.52 Aua AL
ALTuBLInEes (b*) HAn 25.84 waz 19.34 mua1ay (Fayaldliuanslumnsa) Mliinuidsediaiaaiuads (L7)
wazANANELEURWARY (D) NI

Table 1 Effect of pretreatment on proximate analysis of grey oyster mushroom

content (%)

Pretreatment - -
moisture protein fat ash fiber

Rehydration 80.10%0.13" 2.03+0.09" 1.35+0.07 5.06+0.62" 9.04+0.26

Powder 5.63+0.11° 3.96+0.58" 1.39+0.04 6.44+0.04° 8.56+0.35

*° Mean values in the same column with different superscript letters are significantly different (p<0.05)
"™ Mean values in the same column are not significantly different (p>0.05) protein, fat, ash and fiber contents were reported in %

of dry basis
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Table 2 Effect of pretreatment of grey oyster mushroom on physicochemical properties of Chinese sausages

Treatment moisture (%) fiber (%) a” L* a* b*
1 25.34:0.32°  0.0120.01° 0.85+0.01 29.26+1.46°  12.99+0.50°  7.43+0.22°
2 26.91+0.26°  0.82+0.07° 0.85+0.01 34.04+1.11°  11.04+0.41°  9.09+0.74°
3 26.66+0.12°  0.79+0.02° 0.85+0.01 32.73+0.62°  12.54+0.06°  8.61+0.34°

*° Mean values in the same column with different superscript letters are significantly different (p<0.05)

" Mean values in the same column are not significantly different (p>0.05)

AN Table 3 azwinlidnansnzilleduiaresnuiisesnaunan edsmiausinadllasualii hardness
chewiness gumminess Wa< cohesiveness TAanaq L‘fimmﬂLﬁmu’m%ﬁﬂ_ﬁ‘mmﬁﬁu‘m@q (Table 2) aziiulFan
winniAugluaziaunsineiinnudule 9.04 waz 8.56 muaay wainuneiindinllunsnagszudnaile
wy unuisiearinlilassaianansdnei g nineiudana idn oz iledudaueanuidissd A1 hardness chewiness
gumminess WAL cohesiveness Hagad Lazanuan1amasadaziiulfsnudasiniaueinaug J61 hardness

. . k4 U = a =3 2 :j d’/ A =3 v A a A
chewiness WAY gumminess HaENINNWITLLRNTAAWIIANNG HeHN1sAUIHrRUiAUeNNALgLINTAUgY
413.75% Fannndnsiaunaiinng fe 321.36% (lalduansdiagyalslunneg) liediaundinaugldinllunsneg

U d’j a o % 2 a o 1R o U v @ v = 1 a o
seudnatieny lunuidessazluiliitaseairand@admuailagainiziusinndinsldiiauisilang viseeananaiadnid
dJ Yo [~ v dJ a o | v I 1 a o o a v QI/ =2 U =3 v
wialdidnsldiaunsiineasdidnsoziiunsazdinllunsneg lussudrendndmusinuaslda fandmiauneiin
A = ° v = dl Y @ v = 1 3 1R o vl o dy o o Y 1 1 = ‘ﬂl ]
AugLAR liinu@ean i miaundinadasuuiuudaindrasmin iidnsosiile dudafusine nanndanuaesild
winunsinaug

u@ﬂmﬂuwmmumﬂwmwﬂmumanwmwumﬁ“wNmmnmﬁﬂummﬂ@umm waziieawnslifuanu
ifauwﬂummﬂiummim@m m@vrmafafaﬂmmﬂu@nmﬂumqmwmmmmmm Havtiensuiiauds (Hgen,
2551) muaﬂwm:m@@mmmu hardness chewiness Way gumminess V]N’mﬂm d7UA1 cohesiveness 14
nudeFANinueinmugl 10% ﬂﬂﬂﬂyﬁﬁﬁ’mﬁlﬂﬁg WASTUTEANIIAUINTHING 2.45% ?J‘ﬂdﬁyﬁﬂﬁm'ﬂ/@ﬁgﬁm
unnsineiuaenelidadAyn1eadia (P>0.05)

Table 3 Texture profile analysis of Chinese sausages added grey oyster mushroom at before and after frying

Frying Treatment Hardness (g ) chewiness Gumminess (g f) cohesiveness
1 13083.45+4.90° 7947 .66+4.37° 10037.96+3.35° 0.84+0.01°

Before 2 2213.57+0.08" 1714.34+0.08° 1843.44+0.06" 0.81+0.02°
3690.04+0.30" 2640.02+0.15" 2925.34+0.17" 0.79+0.03°

1 12716.96+1.14°  8901.26+1.36° 10142.52+0.83° 0.80+0.01°

After 2 9935.26+0.94" 6131.87+0.55" 7098.05+0.69" 0.72+0.02°
3 12785.80+0.67°  7912.01+0.53% 9034.45+0.59° 0.71+0.02°

*° Mean values in the same column with different superscript letters are significantly different (p<0.05)

Table 4 Effect of pretreatment of grey oyster mushroom on overall liking of Chinese sausages AZHULNT

No. Treatment Overall liking
1 Chinese sausage added 0% (w/w of pork) grey oyster mushroom (control) 7.43+0.86°
2 Chinese sausage added 10% (w/w of pork) rehydrated grey oyster mushroom 5.63+1.40°
3 Chinese sausage added 2.45% (w/w of pork) grey oyster mushroom powder 6.47+1.36"

*° Mean values in the same column with different superscript letters are significantly different (p<0.05)
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ANNN9UIRUAININNIS sz A MANTA (Table 4) WUINMWTEAN AW NE AT LLLANT DL
TngsanlndiReeiunu@saminminueiin 0% teswiviniiany (Faaauan) innndiminuneiinaugy

agiua

q’mma‘ﬁm:mmmmma‘m’?‘ﬂufuﬁmﬁmmq%ﬁi@@mmwmmquﬁm WUANTEARNITIAUNTN 0% (67
AALIAN) NITEFANITIAWNANAUIY 10% wasnui@esfnLiauiing 2.45% JamTin Lﬁ”ﬂmqu fiEunANIy
uaziulaidunnseriuedndilzdnAynneadia (P<0.05) Arpanadne (L) wazArpawiihudivaes (o) H
wualisduannuidssiiudiaunsiin 0% sasiminidems (FapauAm) A1 a, uansreiuednliild Ay
adim (P=0.05) nuidsiAnifiaunaiin 0% (Fapauaw) Sidneniiiedudaunniign areunesuazudamen uaz
annsdezifiunmuninniedssamdudanudnuidssfinmiaudineinzuuuponnteuingsanindipa iy
nuiFsafiniauneih 0% (Faerauay) nnfiga fe 6.47 Azuuu eslunusirendntias

LANANTANND
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Effect of Grey Oyster Mushroom Powder Content on the Quality of Chinese Sausage

Aau1T0 NTEUATTR TANUA ANARG WAz ANANA NNRNE
Krasaechol, N.1, Somijit, c.' and Makasit, s

Abstract
This research is aimed to study the effects of the grey oyster mushroom powder content on the quality

of Chinese sausage. The content of grey oyster mushroom powder was replacing 0 (control), 1, 2, 3 and 4% of
pork on Chinese sausage was evaluated. It was found that moisture content, protein, ash, L* and b* were
increased when grey oyster mushroom content increased, but a  were not significantly difference (p>0.05). On
the texture profile, hardness, chewiness, gumminess and cohesiveness before frying were decreased.
However, hardness, chewiness and gumminess of fried Chinese sausage were increased, except
cohesiveness was decreased. Chinese sausage with 2% grey oyster mushroom powder had overall liking
similar to Chinese sausage with 0% grey oyster mushroom powder (control), and score was 7.03 as moderate
like level.
Keywords: Chinese sausage, grey oyster mushroom, replacing, content
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NV E e N R T b AT R N r VT VG SR T MaR g AR T oY TV atg B T N TG TN o BT R N T WO T
wsineaunuidenyilu 0 (Faeauan) 1 2 3 war 4% vesuminileny whonamdunudes wudniEunn
dy = v ¥ | | { | a A
AN Tuladi i dule Aaangdng (L) wazArasuiu@nbes (b%) ) S uindumanBunnafinundiiug
mwmu WriRn a,, LLmnmqnu@miuuuﬂmmmmmmm (p=>0.05) 1u°nm”'1nm@ﬂwmwu@mummummLL°1N IESEN
AR AR LAs ANINNERANWIBI T aune AR LWl THinana dausnmuniledudasuanuuds
uselunsiaen LLZ%F]Q’]:HLL%ML%@“IJ@\?Q%L‘I]EI\W@\?WG@NLLLLQTLL&IL‘W:LI‘IIu anfudinuannunziniuiuunliinanas
wazannisdsziiugnin nnetszamdndasiulidnuidsainviauneling 2% sesimnindeny 1Afuazuuu
AugaulagsnlndAeTUNUENANWIAWNGANE 0% (Famauaw) wnfige Taedazuuy 7.03 avuuu agflu
WnadsiTaULunaNg

AdATy: nuidiss Wiauneiin nnsumun Peunn

AN

Wi lUsAuuazAmfuguideiidulaanniafautazaiadiauamalnmunisuansiresiuiuiusiases
Wi ailduleennsinassegun i asznng gy i ludeliing uenanileisesuannniniluituay
Plituan %1 es9390159 aaAEesantsAaNzSeAn 1AL (WRATUNE, 2549) Lﬁﬂmqi”/\lmﬂwfmqauﬁmiﬁ
fefnananunasdsagnuasifiuuasaasmialnmnmsmanilstiu dule witiBunadlefsn annisfne
VN mmﬁnﬁrumfﬁﬁmuﬁ (2556) wuainurainaelBunondule 8.56 % wininistinundiauneinnely gl
wamsine Azl ldnansnrndamAmalnsunnsdsaull nudsadludaiomldainnisulssiledns
dulmjaliidemanunnaetecunidadunsinlilassienduniloanausdeliiniadauulasluszdy
dilandaiile inlinuidadsnensidedudaiivenundldnsenaiisdladu uazilesannuides fundndusi
fuhsalauge mnfinadisdiulaemsanifinaziunindiugnamiadnsunnisliuinuidediunndedu
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o qg/l a o d’:ﬁ o =3 v a = d‘ QI 1 =2
paddseiasaulansidinunsiunin lunuasaineinauAmnelnguinig InensAnenasealsunn
Winunginese AN NI LT EN

ansaluazignig

nawsiseNLiinueiNa: fmLﬁmm\a%mﬁwiﬁmmmLmzfauﬁgmmﬁ 65 °C aunsiainutiouacd
ALl 7% UnBatisasunemMsuieun 2 17 uaseurnuAzUN T 80 W ussqlunsALeR AuLAT
Lﬁm"ﬂm‘ﬁ'@mmﬁ 411 °C Lﬁmﬂuﬁ”mmﬁulu%ummi@iﬂ (FAKUAIANNTTURS U990, 2541)

NS NNARITINWTE ANTEYeY AtindudinuasimuInsUAdnd (2555) mmmummmm
LmLumﬂ@mmwmmvvmuu@@ﬂLLmurﬂmmmmummmmmmumumummm\ﬁuﬂ@u 0.5 TURNAT 2 K WA
doungwTiavag (Luwaﬂ 100%, Wunyuls 25%, shanana 28%, e 2.5%, Tnaanlulain 0.02%, lniFeuoe
M 0.29% yesininilany TaafinsulsBunnudiaunsiions 5 526U Ae 0 (Fapauau) 1 2 3 uaz 4% 189
sy uqmmummmmmﬂmﬂu@imﬂumﬂLmﬂfmumu 30 W1¥ watNUs9q L& I aLdunng
ARENAN 120.1 n dawfluview pauEavieuas 6 19 filtumnulumengnmgfl 65 °C wiu 20 Falu us9qluga
nAeRAuuazAusnETignugd 4+1 °C e llAnnziesdilszneumanduaznianin snsusileduda
uaznislsziiununInndszamdndasuannteuingsu

HALAZANTUNANITNANDY

AN Table 1 WU NUEERALU FRuTIAWNANRGYINTD 0 (FapuAN) 12 3 uay 4% aeemuiniiany
fBunuanndu Tsdu i wazdule JuuaTiuinduusnsieaiued 9 SiadAnyneaia (P<0.05) axtiulfdn
A a o a £ o qu A o« g a o o < - @
Warniswnwiauein lulEuununawininuaaadilzunnaonnmy Ishu 1 Wwlesnnau esainin
WNHNERHL BN WANTY 5.63% T13AU 3.96% 113l 1.39% 16N 6.44% uazidule 8.56% (ANANA UATANIU,
2556) AsriiaENauei lunuaasluunununauasinliitesdlssnauniaadiva iiinausicaudiaziiu
n1auiisNIwdafinan uwananiinuideyngasiiuinlasiunuansiuedngldfldadAnyniead @ (P>0.05)
dl =3 v = o Y
WasannuiiausiiinediBunaladuesiiaauin

nnuaneaetaauandly Table 2 lumsiinnzia a, LmemmﬂummwLLﬂﬁ?‘Lﬁmmmmmqwq

w0 (FapuAN) 12 3 Uz 4% yasiwinideny nudnnudumnamesediian a liuansnaii dusuang
funwinen L* uaz b* Sraauansineiuetneiitddymneadia (P<0.05) smmu"l,mnﬁmmmmmwhmw;wmu
danaliiAnAnuadng (L) wazrnpaaifludvies (b)) sesnuidsdiranni

Table 1 Effect of grey oyster mushroom powder content on proximate analysis of Chinese sausages

Grey oyster content (%)

mushroom powder

moisture protein fat™ ash fiber™
content (%)
0 (control) 25.29+0.20° 26.27+0.36" 19.80+0.33 3.39+0.10° 0.01+0.01°
1 25.66£0.25°  26.47+0.39% 19.78+0.54 3.40+0.06° 0.14+0.04°
2 26.09+0.06"  26.72+0.32% 19.72+0.58 3.43+0.06™  0.51+0.04°
3 26.57+0.48° 27.11+0.52° 19.67+0.40 3.52+0.02"  0.80+0.05
4 26.64+0.47° 27.21+0.61° 19.59+0.88 3.55+0.02° 1.07+0.11°

2 Mean values in the same column with different superscript letters are significantly different (p<0.05)

" Mean values in the same column are not significantly different (p>0.05)
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Table 2 Effect of grey oyster mushroom powder content on a,, L*, a* and b* of Chinese sausages

Grey oyster mushroom

a,” L* a*"™ b*
powder content (%)
0 (control) 0.80+0.01 29.3440.17° 11.95+0.20 7.36+0.22°
1 0.80+0.01 31.43+0.31° 11.85+0.30 8.66+0.23°
2 0.79+0.01 32.81+0.35° 11.7320.12 9.46+0.27°
3 0.80+0.01 34.87+0.05° 11.70+0.36 12.02+0.13°
4 0.80+0.01 36.36+0.27" 11.5940.12 13.85+0.09°

a,be..

Mean values in the same column with different superscript letters are significantly different (p<0.05)

" Mean values in the same column are not significantly different (p>0.05)

Table 3 Texture profile analysis of Chinese sausages added grey oyster mushroom powder contents at before

and after frying

Grey oyster hardness chewiness gumminess cohesiveness
Frying mushroom powder (gf) (gf)
content (%)
0 (control) 5179.63+0.63°  4319.12+0.58°  4496.45+0.51° 0.87+0.02°
1 3704.14+0.11°  2628.72+0.09°  2618.05+0.09°  0.80+0.01°
Before 2 3365.15£0.28°  2011.99+0.12°  2218.04+0.12°  0.77+0.03"
3 2269.15+0.18°  1505.06+0.20°  1732.13+0.02° 0.74+0.02°
4 2056.78+0.42°  1355.22+0.11°  1614.26+0.12°  0.70+0.01°
0 (control) 5412.30+0.23°  4596.59+0.20°  4704.53+0.15°  0.89+0.01°
1 8810.50+0.17°  5359.00+0.16°  6020.12+0.14°  0.75+0.01"
After 2 9058.43+0.31°  5598.18+0.33°  6209.72+0.43°  0.71+0.01°
3 9934.70+0.40°  6329.32+0.17°  6665.40+0.07°  0.70+0.03%
4 11407.80+0.85°  7845.90+0.69°  8763.79+0.79°  0.67+0.03°

"% Mean values in the same column with different superscript letters are significantly different (p<0.05)

AINNANTNAAIAILAAS LY Table 3 wmmﬂwm%ummmmu hardness, chewiness, gummmess WaY
cohesiveness Tﬂﬂﬂumﬁlx‘m@u‘v}‘ﬂm%LL‘]J?LE‘N’]MLM@M’NW’WWHﬂU 0 (FamaLAN) 1 2 3 UAT 4% 89UNUNNLTEUY
unnsneiueenaliadAtynieaia (P<0.05) f-nq,l,uuvl,mmnwm:l,u@mummmqummn@ummmmummmw\hm
TuilBunainnauganalis hardness chewiness gumminess Uaz cohesiveness flAnanas asanniinunaiinds
fiBunnndule 8.56% (@udAna LAz THANIUH, 2556) Lu@miﬂLmsﬂ@mzmwLuwuluﬂummmiuiﬂwa
m@mmsvﬂwmLm‘vmmm@lu@nwm%u@ammmnummumwufm usalunsiAEe AL LAzAINHINNE
Aanuilasag

a?’ﬁm*qu?ﬂmm“qmmﬁuﬂmﬁmmﬁmmq%r:NL‘ﬂu 0 (fAuAN) 1 2 3 uay 4% m@qﬁwﬁﬂﬁ:ﬂm
unnsneiueenaldadAtynieaia (P<0.05) TnafiAn hardness chewiness Wa% gumminess Hunnltifinay e
FindiaunaimelulBin ity mmsileemslisunabewinliiimeluemaisen ﬁyﬂ%@:mmﬂﬂ@j
Mgy lfaNAuIesenTanas Bautinevsuiauds (B, 2551) waznisRiBunadulannniazdanalii
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a o o < -a' nﬁ” v v | . = v r-'l' = =1 v Aﬁ”
HARA TR A NI UANNINTUAIY BniiuAn cohesiveness  Huualiinanas ilalBunnudinueilnunesninau
dl =3 v dJ al oy v 1 U d’l a o v v a o 1R o
Wasanninueiingeiidula geazidinldunanagssndrationy lunudswinlilassainanansueiliganisi
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Physicochemical and Sensory Analysis of Herbal Guava Jam

1@atld Wenanaia |

1
leowsakulrat, S.

Abstract

The objective of this study was to investigate the effect of herb to guava jam quality. The 0.5, 1.0, 1.5
and 2.0% of colorful-herbal solution: 1) safflower (red-orange) 2) negakassar (yellow), and 3) sappan
heartwood (red) was substituted to 50% guava juice. Based on sensory tests, the only herbal jam that had
higher score of color and odor compared to control (p < 0.05) and the highest of overall acceptance (p < 0.05)
was the 1.5% sappan heartwood formula. Physicochemical properties and 4 weeks storage (in glass jar) at 30
+ 20C of sappan and control formula were studied. Moisture of sappan formula was high, but fiber, ash, sugar
and vitamin C were low. During storage, the 2 formulas were similar in that L* decreased, but a* and b*
increased (p < 0.05). The pH and texture values decreased and increased, respectively. Total bacteria and
osmophilic yeast were found on the 4" week and herbal formula had a lower count.

Keywords: guava, herb, jam
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Figure 1 Guava jam and herbal- guava jam

(a) Control formula (b) 0.5% Safflower formula (c) 1.0% Negakassar formula (d) 1.5% Sappan formula
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Table 1 Sensory evaluation of herbal- guava jam

Attributes Herbal - guava jam
0.5 %Safflower 1.0 %Negakassar 1.5 %Sappan
Texture ™ 5.95 6.55 6.55
Color 5.50° 5.70° 7.65°
Odor 5.55 6.00 6.40
Sweetness 5.60 6.25 6.50
Sourness 5.30" 6.50° 6.25°
Overall acceptance 5.45" 6.65° 7.10°

ab.c

: Values with different letter in same row significantly different. (0<0.05), ns : non significantly different (p>0.05)

Table 2 Chemical composition of control jam and sappan jam

Guava Jam Formula Moisture(%) Fiber(%) Ash(%) Sugar(%) Vitamin C(mg)
Control jam 39.35 1.55 1.308 34.29 0.776
1.5% Sappan-guava jam 54.02 0.965 0.979 25.99 0.69

Table 3 Result of shelf life studies: L* a* and b* values of control and appan-guava jam during storage at 30°C

Control guava jam Sappan — guava jam
Week L* a* b*"™ L* a* b*
0 39.71° 1.08° 26.95 32.04° 8.83° 28.22%
1 35.80° 4.51° 25.10 29.32% 10.74° 26.56°
2 37.16"° 4.36° 26.59 31.12%° 9.97™ 28.44"
3 27.96° 9.93° 25.06 27.33° 10.38° 29.64%
4 26.80° 10.49° 25.33 29.01% 13.97° 30.41°

ab.c

: Values with different letter in same row significantly different. (p<0.05), ns : non significantly different (p>0.05)

w

Hardness(N)
w  w
N S
pH

el 1.5%sappan

34
32 % === control formula
T T T T

2.8 4 ) 28 4 )
formula
wkO wk1 wk2 wk3 wk4 wk0 wk1 wk2 wk3 wk4
Time (weeks) Time (weeks)
(a) (b)

Figure 2 The change in (a) Hardness and (b) pH of herbal guava jam compared to the control.
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Readiness of Farmers toward Organic Vegetable Production Systems of Farmer

in Wangnamkhiao District, Nakhonratchasima Province

Tufin aan' waz Wde Nasnad’

Japichom, N." and Tongdeelert, p’

Abstract

The objective of this research was to study the readiness of farmers toward organic vegetable
production systems of farmers in Wangnamkhiao District, Nakhonratchasima Province. A total of 93 farmers
produced conventional vegetables were interview for data collection. The study found that the majority farmers
were female, age was between 41-50 years, and had primary education. There were 1-3 person household
workers with less than three rais of vegetable production area, most farmers did not own the land, had 5-10
years of experience in vegetable production and used their own funds. Most farmers produced vegetables in 3
steps: 1) Land preparation. 2) Control of diseases and pests. 3) Production planning. Farmers had knowledge
to produce organic vegetables at medium level. The percentage of farmers ready to produce organic
vegetables was 60.57% at the maximum and 39.5% at the minimum. Farmers received information about
production of organic vegetable from television at the most. Pest infestation was a major problem.

Keywords: organic vegetable production system, Nakhonratchasima province
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Genetic Diversity of Tropical Grass by Using AFLP Technique

azud Audn’ Udnes Tmiufann’ 1aduna ilad’ sunwa loauan’ ugd nasd’ uas un Auyaana’
3 u t bt
Kamwean, P.ﬂ, Thobunluepop, P.1, Phumichai, C.1, Chaisan, T.ﬂ, Thongkum, N and Tonmukayakul, N

Abstract

The objective of this experiment was to classify the genetics of tropical grass. Nine varieties of tropical
grasses were used in this study; Chiang-Rai 1, Chiang-Rai 3, Phitsanulok, Ang-Thog, Nong-Jok, King nepier,
Taiwan A148, Pak-chong 1, and Tifton. Classification of the tropical grass was done by using amplification
Fragment Length Polymorphism (AFLP) technique for investigating DNA fingerprint eight by a primer-pair
combination. A total of 299 DNA fragments were found. However, 296 DNA fragments were found differently.
The nine varieties of tropical grass used in this study were classification into three groups based on AFLP
technique. The genetic information from AFLP analysis is very useful for tropical grass breeding programs, and
the information will be applied in breeding program to improve biomass yield and quality.

Keywords: AFLP, DNA fingerprint, tropical grasses
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Table 1 Polymorphic bands by AFLP primers in nine accessions

Primer Number of bands Polymorphic bands
ER_AAG/MS_CTA 56 56
ER_AAG/MS_CAG 38 37
ER_AAG/MS_CAC 38 37
ER_ACA/MS_CTA 12 12
ER_ACA/MS_CAG 29 29
ER_ACA/MS_CAC 50 50
ER_AAC/MS_CTA 44 43
ER_AAC/MS_CAG 32 32

Total 299 296

Table 2 Similarity index of nine accession using AFLP markers

Accession 1 2 3 4 5 6 7 8 9
1 Chiang-Rai 1 1
2 Chiang-Rai 3 0.84302 1
3 Pitsanulok 0.10039 0.076305 1
4 Ang-Thong 0.53927 0.60116  0.033755 1
5 Nong-Jok 0.16912  0.14449 0.71338  0.090196 1
6 King napiar 0.81143 0.81818 0.089431 0.56497 0.16216 1
7 TaiwanA148 0.5508 0.56897  0.075893  0.71233 0.12757 0.55114 1
8 Pak-Chong 0.60847  0.55978  0.089744  0.70323 0.152 0.57692 0.72185 1

9 Tifton 0.66667 0.68362 0.081301 0.66667 0.13688 0.65556 0.65244 0.71687 1
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Figure 1 Dendrogram of nine accessions computed from 218 polymorphic AFLP markers using Jaccard of

genetic similarity and UPGMA clustering
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Physical Characteristics and Water Loss of Shallot during Storage

59781 wantuzde' uaz AN d91as’

Photchanachai, S.1 and Sungkajorn, C.1

Abstract

The information on characteristics of shallot (Allium cepa var. Aggregatum G. Don) for variety
identification is not well documented. Shallot bulbs were collected from 5 locations: Yasothon province
(Kutchum and Yangchum districts), Srisaket, Lampang and Chiangmai Provinces. Shallot bulbs from 5
locations had different shapes (length and width ratio), outer dried bulb color, size, weight/bulb and number of
bulbs/tiller. Those bulbs were cultivated and harvested at a field in Yasothon Province. Each of them had the
same shape and outer bulb color; however, they had different weights/bulb and numbers of bulbs/tiller
compared to their original bulbs. The harvested bulbs were bunched (1 kg/bunch) and hung on a stick in an
open room (28-30 °C) for 4 months. Completely Randomized Design with 8 replicates was employed. The
highest weight loss was observed in bulbs from Lampang, followed by Chiangmai, Srisaket, Yangchum and
Kutchum, respectively.

Keywords: physical characteristics, shallot, cultivated location, storage
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Table 1 Physical characteristics of shallot bulbs from 5 production locations

Location Dried Shape Bulb size (cm) Length : Width ~ Weight/bulb No. of
bulb diameter length ratio (9) bulb/tiller

colour

Kutchum, Red- round 2.14 2.68 1.25 4.479 3.6

Yasothon Orange

Kutchum, Red- Round - oval 1.85 2.93 1.58 2.743 24

Yasothon Orange

Rasisalai, Red- Oval 1.36 2.65 1.95 1.440 2.6

Sisaket Purple

Lampang Orange Round 2.16 2.42 1.04 4.151 1.3
Yellow

Chiangmai Red Round - flat 2.93 3.00 1.02 5.416 1.2
Purple

Table 2 Physical characteristics of shallot bulbs harvested from Maha Chanachai District, Yasothon Province

Bulb location Bulb size (cm) Length width ratio weight/bulb No. of
diameter length from 5 growing (9) bulb/tiller
locations
Yangchum 2.70 3.60 1.33 10.00 5.0
Kutchum 2.62 3.69 1.41 9.40 8.2
Rasisalai 2.62 3.51 1.34 8.25 10.1
Lampang 3.09 3.36 1.09 12.55 4.8
Chiangmai 3.05 3.51 1.15 12.82 10.5

Table 3 Weight loss percentage of shallot bulbs harvested from Maha Chanachai District, Yasothon Province

after storage for 4 months

Location Weight loss
(%)
Yangchum, Yasothon 61.67a
Kutchum, Yasothon 62.00b
Rasisalai, Sisaket 55.83ab
Lampang 41.33c
Chiangmai 47.50bc

Means in a column followed by the same letter are not significantly different by Fisher's Least Significant Difference (LSD) at P < 0.05.
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Qualitative and Quantitative Analysis of Natural Sweeteners in Three Plant Root Extracts
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Thamapan, K.ﬂ, Laohakunijit, N and Kerdchoechuen, O.1

Abstract

Root of three Thai plant species, Ixora (Ixora ebarbata Craib.), blady grass (Imperata cyclindrica L.)
and Raksamsib (Asparagus racemosus Willd.), were selected for extraction of natural sweeteners. Proximate
composition of the three plants consisted of carbohydrate, fiber, protein and lipid contents (% dry weight
basis), which ranged from 39.49 to 57.05%, 22.13 to 47.47%, 1.98 t0 6.73%, and 0.91 to 2.79%, respectively.
The ethanolic extract from blady grass had the highest yield (6.09%), and Ixora extract had the lowest yield
(3.01%). For agueous extracts, Raksamsib gave the highest percentage yield (6.08%), and blady grass had
the lowest percentage yield (4.80%). Qualitative and quantitative analysis showed that the main sweetness
compounds in the three plant species were flavonoids (0.440 - 1.044 mg escin equivalent/g), saponins (28.933
- 67.700 mg catechin equivalent/g) and sugars (37.438 - 304.333 mg/g). Glucose and fructose were the main
sugars in the three plant extracts, which were analyzed by High Performance Liquid Chromatography
equipped with an Evaporating Light Scattering Detector (HPLC-ELSD).
Keywords: blady grass, sweeteners, HPLC-ELSD
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Introduction

The use of low-calorie sugar-free products tripled in the final two decades of the 20th century. The
synthetic or alternative sweeteners have been used in low-calorie sugar-free products such as soft drinks,
baked goods and desserts (Nabors, 2001). However, the synthetic sweeteners consisted of sucralose,
aspartame, and acesulfame-K can cause adverse health effects such as lung tumor, dizziness, and leukemia
(Whitehouse et al., 2008). Therefore, the search for the perfect sweetener continues, the non-nutritive natural
sweeteners are alternative for substitute the synthetic sweeteners. The non-nutritive natural sweeteners are
divided into many groups including terpenoids, flavonoids and saponins (Surana et al., 2006).

In Thailand, many species of plants were used as ingredients, flavoring agents, flavor enhancers and folkloric

medicines. Various indigenous Thai plants, giving sweet taste were used as traditional medicine such as Ixora (Ixora
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ebarbata Craib.), blady grass (Imperata cyclindrica L.) and Raksamsib (Asparagus racemosus Willd.) However, these
plants have not been reported about the compounds that gave sweet taste. Therefore, the objective of this research
was to screen the main sweetness compounds from these plants in qualitative analysis by thin layer chromatography
(TLC), and quantitative analysis by spectrophotometric method. The sugar compositions in each plant were confirmed

by High Performance Liquid Chromatography-Evaporating Light Scattering Detector (HPLC-ELSD).

Materials and Methods
Sample preparations

Dried Root of Thai plants including of Ixora (/xora ebarbata Craib.), blady grass (Imperata cyclindrica
L.) and Raksamsib (Asparagus racemosus Willd.) were purchased from local market in Bangkok, Thailand.
Plant samples were grinded and sieved through a 40-mesh, then determined for the proximate composition as
follows: moisture, ash, protein, lipid, fiber and carbohydrate by the method of AOAC (2000). The dried powder
samples were used for extraction.

Solvent extraction

Root plant powders (10 g) were extracted with water (100 mL) at 80°C compared with 95% ethanol
(100 mL) at room temperature for 24 hr. The extracts were filtered with filtered paper (Whatman No.1) and
removed the solvent. The extracts were analyzed for percentage vyield, qualification of main sweetness
compounds by TLC and quantification of main sweetness compounds by spectrophotometric method.
Identification of sweetness compounds by thin layer chromatography (TLC)

Aqueous and ethanolic extracts were identified by TLC for screening the main sweetness compounds
consisted in forms of sugars, terpenoids, flavonoids, and saponins. The extracts were spotted onto silica gel
TLC plate (Silica gel 60 F,,,) using the method of Miroslaw and Monika (2008); Eljan et al. (2008); Sharma et al.
(2012); Hajnos (2008); Rita et al. (2008) and Thales et al. (2008), respectively.

Quantitative analysis the sweetness compounds by spectrophotometric method

Aqueous and ethanolic extracts were quantified the main sweetness compounds consisted as in
forms of total sugar (Dubois et al., 1953), total flavonoids (Dini, 2011), and total saponins (Hiai et al., 1976;
Chen et al., 2011) by spectrophotometric methods.

Sugar composition and contents by High Performance Liquid Chromatography equipped with an Evaporating
Light Scattering Detector (HPLC-ELSD)

The HPLC-ELSD condition was modified following the method of Jovanovic-Malinovska et al. (2015).
Briefly, HPLC analysis was performed on an Agilent system equipped with 1200 series quaternary gradient
pump and 1260 infinity evaporative light scattering detector. The aqueous extracts and standards were filtered
through 0.45 ym (Millipore) filters. Separation was achieved on Zorbax-NH, column (250 mm x 4.6 mm ID, 5
pum particle size) from Agilent (Palo Alto, CA, USA). The mobile phase was consisted of acetonitrile: water
(75:25, v/v) in isocratic elution with flow rate 1.4 mL/min for 30 min. The column temperature was kept at 30°C.
The drift tube and evaporator temperatures for ELSD were set at 50°C and 50°C, respectively and nebulizing

gas (N,) flow rate was 2.0 standard liter per minute (SLM).

Results and Discussion
Chemical composition of three Thai plants is shown in Table 1. Raksamsib had the highest protein
content (6.73%). Fiber content of Ixora was the greater (47.47%) than blady grass and Raksamsib (26.93 and
22.13%, respectively). Carbohydrate content of blady grass and Raksamsib had the highest yields (57.05 and
55.19%, respectively), but Ixora had the lowest yields (39.49%). Root of three Thai plants were extracted with

water and ethanol which gave the different yields shown in Table 2. Plant aqueous extract yields ranged from
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3.33% to 6.08%. Raksamsib had the highest yield (6.08%), but Ixora had the lowest yield (3.33%). The highest
yield of ethanolic blady grass extract gave in 6.09% and ethanolic Ixora extract had the lowest yield (3.01%).

The qualitative and quantitative analysis of main natural sweeteners are shown in Table 3 and Table 4,
respectively. All of plants contained flavonoids, saponins, sugars and terpenoids, but the contents were difference.
Mostly, the sugar contents in the aqueous extracts were higher than the ethanolic extracts because the sugar
molecules are polarity. Flavonoid and saponin contents in aqueous and ethanolic extracts were varied, depending
on aglycone and the number of glycones on the structures (Marston and Hostettman, 2006; Doughari, 2012).

The main sugars of all plant aqueous extracts were fructose and glucose (Table. 5). The minimal
amounts of ribose and xylose were found in Raksamsib extracts. Sucrose content was found the highest in
blady grass extracts (1,551.02 mg/100 mL). However, ribose and xylose were not found in ixora and blady

grass root extracts and galactose was not found in blady grass and raksamsib root extracts.

Summary
Aqueous and ethanolic extracts of Ixora, Blady grass and Raksamsib contained flavonoids, saponins,
terpenoids, which might be main natural sweeteners. The main sugar contents of all plants were glucose and fructose,
which might be the main glycone structure of natural sweeteners. However, more information is necessary to

investigate in sweetening properties and structure elucidation of these plants.
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Table 1 Chemical composition of root of three Thai plants as the natural sweeteners (%dry weight basis).

Parameters Moisture Ash Protein Lipid Fiber Carbohydrate
Ixora 7.390.10 0.88+0.16 1.98+0.28 2.79+0.29 47.47+2.00 39.49

Blady grass 8.14+0.06 2.83+0.31 2.64+0.28 2.41+0.22 26.93+£1.20 57.05

Raksamsib 8.98+0.03 2.47+0.45 6.73+£0.76 0.91+0.06 22.13+0.31 55.19

Table 2 Percentage yields of Thai plant root extracts.

Parameters Ixora Blady grass Raksamsib

H,0 EtOH H,0 EtOH H,0 EtOH

Yield (%) 3.33 3.01 4.80 6.09 6.08 3.96

Table 3 Qualitative analysis of main sweetness compounds from Thai plant root extracts by Thin Layer

Chromatography method.

Parameters Flavonoids Saponins Terpenoids Sugars
EtOH H,O EtOH H,O EtOH H,O EtOH H,O
Ixora + + + + + + + +
Blady grass + + + + + + + +
Raksamsib + + + + + + + +

Note: (+) present, (-) absent.

Table 4 Quantitative analysis of main sweetness compounds from Thai plant root extracts by

spectrophotometric method.

Parameters Flavonoids® Saponins.b Total Sugars®
EtOH H,O EtOH H,O EtOH H,O
Ixora 4.689+0.287 0.937+0.049 65.867+1.454 28.933+0.310 17.479+0.461 37.438%0.845

Blady grass  1.132+0.022 1.044+0.017 48.900+0.721 57.700£2.052 31.708+1.821 211.500£2.165
Raksamsib 0.500£0.021  0.444+0.014 30.033+£1.767 67.700£1.002 53.042+1.774 304.333+3.417

Note: a) Catechin was used as standard and expressed in mg catechin equivalent/g dry weight (mg CE/ g DW).
b) Escin was used as standard and expressed in mg escin equivalent/g dry weight (mg EE/ g DW).
c) Glucose was used as standard and expressed in mg/g dry weight (mg/ g DW).

d) Terpenoid content was not determined by spectrophotometric method.

Table 5 Sugar analysis of three plant aqueous extracts by HPLC-ELSD.

Parameters Ribose Xylose Fructose Glucose Galactose Sucrose
Ixora - - 206.20 547.70 149.48 75.61

Blady grass - - 683.26 803.73 - 1551.02

Raksamsib 13.33 15.32 556.38 295.40 - 1089.90

Note: Sugar content was expressed in mg/ 100 mL of extracts.



Agricultural Sci. J. 46(3)(Suppl.): 81-84 (2015) 2. g, N 46(3)(WiA): 81-84 (2558)

mainBnafluedn uazanusnslumailuassiuayyadass
LU IAARUIUNRLNNUADI NINTTAUALLNNAAIATNLUN
The Accumulation of Total Phenolic Content and Antioxidant Activity

in Suspension Culture of Glycine max by Methyl Jasmonate
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Abstract

Plant cell suspension culture combined with elicitor techniques has gained popularity. These
techniques can result in increased phenolic content and consistent quality. The objective of this investigation
was to monitor the effect of various concentrations (0, 50, 100, 150 and 200 uM) of methyl jasmonate (MeJA)
on total phenolic content (TPC), antioxidant activities including 1,1-diphenyl-2-picrylhydrazyl radical (DPPH)
and 2,2'-azino-bis 3-ethylbenzthiazoline-6-sulfonic acid (ABTS) of Glycine max cultured cell. It was found that
the dried biomass of cultured cell was lower than the control, but the intracellular TPC, antioxidant activity by
DPPH and ABTS increased when cells were treated with 50 uM MeJA (81.16 mg GAE/ 100gDW, 86.11 ug TE/
100 gDW and 143.75 pg TE/ 100 gDW, respectively). However, TPC, isoflavone, DPPH and ABTS activities of
intracellular cell suspension culture were higher than in extracellular cell suspension culture.

Keywords: methyl jasmonate, total phenolic, antioxidant activity, Glycine max cell suspension
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Introduction
Soybeans (Glycine max) are a rich source of phytochemicals, such as isoflavones and other phenolic
compounds including tocopherols, saponins, and phytic acids (Kim et al., 2012). Isoflavonoids are considered
functional foods since they are effective antioxidants (Malgorzata et al., 2005), antimicrobial, anti-inflammatory,
antithrombotic and immune modulation agents (Sakthivelu et al., 2008). Isoflavonoids can be synthesized by
plant cell suspension culture techniques (Gueve and Knorr, 2011). In addition, those techniques can be

combined with an elicitor for increasing compound content and achieving highly consistent quality. Methyl
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jasmonate (MeJA), one of the elicitors is a signal molecule in biotic and abiotic stress which regulates the gene
expression of defence-related protein (PR protein) for producing phytochemicals in a plant. In this study, we
investigated the effects of different concentrations of MeJA on biomass accumulation, total phenolic content,

and antioxidant activities in cultured cells of Glycine max.

Materials and Methods

Callus formation

Cultured callus were initiated from seeds of Glycine max cv. Nakhonsawan-I Thailand. The seeds
were surface sterilized with ethanol 75% (v/v) for 20 sec, then by NaOCI 10% (v/v) for 10 min and NaOCl 5%
(v/v) for 20 min, and finally rinsed three times with sterile distilled water for 5 min. The seed was subjected on
to a solid B5 medium (Gamborg, 1968) containing 3 mg/L 2,4-Dichlorophenoxyacetic acid (2,4-D), 20 g/L
sucrose and 0.8% (w/v) agar, observed until root and shoot protuberance or emergence which was around 10
days. When shoots and roots were 5-6 cm length, the explants were then cut into 3+1 mm segments and put
into B5 medium for initiation to callus. Cultures were incubated for 4 weeks at 25 °C with 16 h light.
Effect of Methyl Jasmonate (MeJA) on cell suspension culture

Methyl Jasmonate (MeJA) was used to stimulate phenolic production from cell suspension culture. To
investigate the effects of MeJA, suspension cultured cells with exponential phase of sigmoid growth curve
were added B5 medium with MeJA at different concentrations (0, 50, 100, 150 and 200 uM). Callus culture
were collected immediately (time 0) and at 3, 6, 9, 12 and 15 days after treated with MeJA. The harvested cells
were determined for dry cell weight, intracellular and extracellular phenolic content and antioxidant activity.
Analysis

Intracellular total phenolic and extracellular total phenolic was analyzed with Folin—Ciocalteu reagent
method (Slinkard and Singleton., 1977). The antioxidant activity was measured by modified
1,1-diphenyl-2-picrylhydrazyl radical scavenging (DPPH) method (Brand-William et al.,, 1995) and
2,2'-azino-bis 3-ethylbenzthiazoline-6-sulfonic acid (ABTS) method (Cai et al., 2004).

Results and Discussion

Results showed that the cell dry weight of cultured soybean cells was the highest when cells were
treated with 50 uM MeJA of 5.5 g/L DW. However, growth of suspension cells of soybean treated with MeJA
was lower than the control. It was also found that increase concentrations of MeJA decreased growth of cells
(Fig. 1). It indicated that the response of soybean cells to low levels of MeJA was a specific signaling effect
more than a toxic response (Staswick et al., 1992). After treated with all concentrations of MeJA (0, 50, 100,
150, and 200 uM), intracellular TP was higher than extracellular TP (Table 1). These results were similar to
DPPH" scavenging activity (Fig. 2C and 2D) and ABTS 'scavenging activity (Fig. 2A and 2B). The highest
intracellular TP of treated cells with 50 yM MeJA was 81.16 mg GAE/100gDW, at day 6, increasing
approximately 2-fold compared with the control (Table 1). Intracellular DPPH" scavenging activity was 86.11
ug TE/100 gDW and increased approximately 2.5-fold (Fig. 2C). Moreover, intracellular ABTS™ scavenging
activity was 143.75 ug TE/100 gDW and increased approximately 2.5-fold (Fig. 2A). MeJA could stimulate the
key enzymes; chalcone synthase (CHS) and phenylalanine ammonia lyase (PAL) in soybean to produce
phenolic compounds (Sembdnerand and Partheir, 1993) by transmitting signal of a gene in the phenyl
propanoid pathway (Gundlachet et al., 1992). Results showed that the intracellular TP, DPPH’, and ABTS™
scavenging activity were the highest on the day 6, whereas the extracellular were highest on the 9 days after

treatment. Since phenolic compounds are excreted, their extracellular content increased after 9 days.



'
o A

2. WYAIARTINERT 19 46 217U 3 (W) TueBU-FUNAN 2558 83

Summary
Methyl jasmonate at all concentrations (0, 50, 100, 150 and 200 pM) inhibited cell growth but
enhanced the phenolic contents and antioxidant activities in culture cells of Glycine max. The best condition to
enhance the phenolic content and antioxidant activity was 50 yM MeJA after 6 days of cell suspension

cultures.
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Figure 1 Effect of methyl jasmonate (MeJA) on cell growth of cultured soybean cells.

Table 1 Effect of methyl jasmonate (MeJA) on intracellular total phenolic and extracellular total phenolic of

cultured soybean cells.

Extracellular total phenolic (mg GAE/ 100 mL) Intracellular total phenolic (mg GAE/ 100 gDCW)
Days control 50 M 100 yM 150 uM 200 pM Days contol 50 uM 100 uM 150 yM 200 uM
3 0.547 0.903 0.775 0.727 0.592 3 44.381 64.115 63.707 58.419 55.000
6 0.557 1.005 0.880 0.794 0.611 6 45.308 81.161 72167 65.420 59.761
9 0.614 1.025 0.919 0.813 0.634 9 43.761 65.157  60.339 60.680 57.589
12 0.653 1.005 0.842 0.736 0.663 12 42.911 58.726  53.503 56.579 54.318
15 0.643 0.986 0.823 0.727 0.640 15 40.782 55.623 54.698 52.530 54.186
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Figure 2 Effect of methyl jasmonate (MeJA) on intracellular ABTS * (A, B) and DPPH’ (C, D) of cultured
soybean cells.
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Effect of Hydrocolloids on Stability and Shelf Life of Pandan Juice

WISUATY WARTAR NUTIS1 UNSEIL Uws Latga’ alguun Iaass’ uaz gie gnla’

Vongsawasdi, P.1, Nopharatana, M.z, Dejsuk, N.1, Wilawan, N and Suksai, S.1

Abstract

The objectives of this study are to investigate the effects of particle sizes and hydrocolloids on stability
and shelf life of pandan juice. Three different sieve sizes i.e., 40, 100 and 140 mesh were separately used to
filter pandan juice. Stability of juice samples were determined in term of transmittance at a wavelength of 540
nm during storing at 4+2 °C for 8 days. The results showed that the filtrate juice from 140 mesh provided the
best stability. However, its transmittance increased from 2.53% at the beginning to 34.84% at the end of shelf
life. Three hydrocolloids, namely xanthan gum (XG; 0.03, 0.05 and 0.07% w/v), carboxymethylcellulose (CMC;
0.1, 0.2 and 0.3% w/v) and gum arabic (GA; 1, 5 and 10% w/v) were used to improve stability of the juice. The
results indicated that the juice with 0.07% w/v of XG possessed the best stability with transmittance values of
2.35 - 2.54% throughout experimental period. Its viscosity was 0.0075 Pass. whereas its L, a and b were 26.53
- 57.13, (-10.84) to (-8.81) and 7.75 - 12.45, respectively. The pandan juices had shelf life of 8 days. The
custard which used pandan juice with 0.07% w/v of XG provided good appearance with yellow green color. It
had some pandan leaf aroma and proper consistency for spreading on bread. The pandan custard was
moderately liked by the panelists.

Keywords: pandan juice, hydrocolloids, xanthan gum, carboxymethylcellulose, gum arabic
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Figure 1 Transmittance (%T) at 540 nm of pandan juice during storage at 4+2 °C
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Figure 2 Transmittance (%T) of pandan juice during storage at 412 °C
(a) Pandan juice with XG (b) Pandan juice with CMC (c) Pandan juice with GA
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Figure 3 Lightness (a) Greenness (b) Yellowness (c) of pandan juice with XG during storage at 4+2°C
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Table 1 Sensorial evaluation of pandan custard prepared from pandan juice stored at 4+2 °C for 8 days

Attributes Control XG 0.07%(w/v)
Appearance™ 4.00+ 0.00 3.90+0.32
Odor 3.90°+0.88 4.50°+0.53
Taste™ 4.60 +0.49 4.70 +0.49
Texture™ 3.60+0.84 3.60+ 0.84
Overall acceptance™ 410+0.74 4.40 +0.52

*Mean values with different letters in row (a and b) were significant difference (p<0.05)
" Mean values in row were not significant difference (p>0.05)
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Antioxidant and Total Polyphenol Content Changes as Affected by Adding
Milk and Sugar in Oolong Milk Tea
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Pawongrat, R." and Poubol, J:

Abstract

The objective of this research was to study the changes of antioxidant and total polyphenol content of
Oolong milk tea after adding milk and sugar. Seven types of Oolong tea powder were prepared; plain Oolong
tea (A: control), Oolong tea plus sugar (B), Oolong tea plus milk (C), Oolong tea plus milk and sugar (D),
adding Oolong tea in sugar (E), adding Oolong tea in milk (F) and adding Oolong tea in milk and sugar (G).
Results showed that adding milk and sugar at the same concentration had an effect on antioxidant capacity
and total polyphenol content. Control sample had the highest antioxidant and total polyphenol content
(p<0.05). Therefore, the consumption of Oolong tea without adding milk and sugar had a nutritional value
higher than Oolong tea with milk or sugar.

Keywords: Oolong tea, milk, sugar, antioxidant, total polyphenol
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1. NMELEBaNAREN IR T UNgualnedLATaq Freeze dryer
mﬂm?ﬂuﬁq@ﬂ'ﬁwmu@uum ARLLAINIAINATNN3989 Sharma WATATLE (2008) TaeLfzeNmaasing
1511613 200 {adART (Table 1) 1w 2 10 Ao qmﬁ'Lﬁuquuwmum‘lumﬁmmﬁLﬁummiu@'wmm Tneutisaanidy
7 WU AR TgUal (A), Finrianaasium (8), Fisunalua (C), Lmuummwmmmﬂmﬁ (D), ANTIAalY
thana (B), dneacluun (F) wasiinadluuiuasinnia (G) mnuummmﬂmm@@wmmmﬂmﬂumma
Lﬁdilm freeze dryer

Table 1 Preparation of samples (total volume 200 ml) Table 2 The loss wigth of samples after freeze dryer
Treatment tea (g) sugar (g) milk (ml) water (ml) Treatment Loss wight (%) % Yields
A 4 - - 200 A 99.56 0.44
B 4 4 - 200 B 97.85 2.15
C 4 - 40 160 C 93.71 6.29
D 4 4 40 160 D 91.51 8.49
E 4 4 - 200 E 97.36 2.64
F 4 - 40 160 F 94.60 5.40
G 4 4 40 160 G 93.09 6.91

2. miﬁnmmﬂﬂgﬂuuﬂmmaLﬂﬁmmwamﬁméﬁmuugum

e meuiisaraneamnues 99.8% iialsdeuansazana 500 ppm Tngtingansazaneldiraanefiaeiu
nuan 99.8% liliaanuidindu 200, 100, 50, 25 ppm uazAnEMIANIFNUELYABASE (antioxidant) Aa8dT Ferric
reducing antioxidant power assay (FRAP assay) L‘ifiﬂ‘l_lLﬁﬂuﬁ’UﬂiWWmmngdemmﬁs\lgﬁumm ascorbic
acid AAuLaInINdsuea (Benzie WaT strain, 1999) wazInaNUea #1833 Folin-Ciocalteu method TagiilFeuiey
AuNaWuIATgIUIRIANTAZANE gallic acid LazuanauAnadg (+SD) mg/g (gallic acid equivalent) AnLLAY
ANNATUeY (Ketsa WAy Atantee, 1998)

3. NMFIATIEMLDYANNADA
ANLNUNITINAABNLUL Completely Randomized Design (CRD) NININARBIRNUIU 3 T Faiey
ANLRAETBIITNNINARRIAIY Duncan’s multiple range test NszAuANNTaWBaEaL 95 (p<0.05)

HALALAANTUNANITNARDY

1. nan1sLEBaNB NN IaITuNguadlaeldiAzaq Freeze dryer
ANNIIFTUNAI LN TIUNYUAT Wi 7 wu (A-G) TRsLAaeq Freeze dryer Tnedarinminsaasn iy
Table 2 Wu9N Tuﬁa@ﬂﬂwﬁgm\uﬁuuuLmz‘fiﬁmm (D, G) Wisnsarnudegeqn Javin 8.49, 6.91 nFu Audae
T1gUABANUN (C, F) Lmszgumﬁuﬁ”ﬂm@ (B, E) AN 6.29, 5.40 N5H waz 2.15, 2.64 n§u WANLANTY
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waslfiasanaudenige Ay 0.44 n¥u uaRlAdAIn&LAL9TUUASeRY Sharma uazARLE (2008) T4
PIENIUINTIANFNUN UATHIANAHANIATARINGIAR ATNAIETIAVURNUN UASTIAWFNTIAR

2. uarIMsIANUNLAzARR BRI MEsT U YYadas: uazBanalwaTluaaian

mﬂmiﬁﬂmmuﬂﬁ'ﬂuu,ﬂmmmiﬁfmﬂumamvmmmﬁmﬁmﬁm%ﬁmmuwmﬁmum?‘v‘h@wmﬂ
ey Weiuansunmsgu ascorbic acid laganeeueniiu FRAP value (mg/mi) wmmammwmmmmmu
UAIULIL A mummmwmu@um@mmmm u,muLLmTummeummmummmmu (Figure 1) uanannil
wuinduReuN AN uILazi Al a1 ey AB AT B NARS TSRS ANT U gUAT I a LTI T LAY
diadiudinariu (25, 50, 100, 200 uaz 5000 ppm) etiitud1AyN1eETA (p<0.06) ABAARBITLIIALTE
Sharma uazAME (2008) ‘wm’muLm”mm@um@m@mimu@um‘ﬂm”mmmmwmwLﬁumumaj (5,10, 20, 40
ppm) ieifBuufieufissiuanuidintufoatu

st alndfuesrasudafueliAtesiiusun guas nudignsaipaingiguaduun A 1
Psnnniiuedngean wazusinudiuuy D ﬁﬁ’]ﬁmmﬂuﬂaﬂﬁmm (Figure 2) ﬁqumfa%lﬂummxmnﬁmﬂﬁﬁ?‘m
Fafuuazfuszwinefueaniulsiiu alffefisanitusziaiiviaiusslanniaus (covalent bonds) uazitlaild
#WuszlA2 1817 (non-covalent bonds) dravnliiAanisanmzne uazniailauulaslasedinelilsiiumu
ﬁ@ﬁﬂﬁﬁm&i@ﬂﬁﬁ?ﬁmmﬁ (Tissa, 2004; NaNU, 2556)
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Figure 1 The content of antioxidant compared with standard ascorbic acid at the concentration of 25, 50,
100 200 and 5000 ppm
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Figure 2 The total polyphenol content in oolong tea without milk and tea (a) or contained milk or sugar (B — G)
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Effect of Drying Method on Quality of Pomelo Peel and Its Application for Pomelo Healthy Drink
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Pawongrat, R. and Poubol, J.2

Abstract

The objective of this research was to study on the effect of drying method on chemical changes
(moisture content and antioxidant), and the development of a healthy drink product from pomelo peel. Result
showed that drying method affected moisture content and antioxidant capacity of pomelo peel (p<0.05).
Drying with hot air oven had higher drying time than hot air oven combined with microwave drying. Drying
method varied with temperature and time. Hot air oven drying at 60°C combined with microwave drying at 200
watt for 15 seconds resulted in the highest content of antioxidants (6.96% and 15.89%), as compared to a
standard of ascorbic acid and 0-tocopherol, respectively. For the result of product development, consumers
accepted the drink from pomelo peel with ratio of pomelo peel : sugar : milk was of 1.5g : 3.5g : 15 ml.

Keywords: drying method, pomelo peel, healthy drink
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TiTlngtm

2. MaAnERATaRInsaLLTIRanTlAsunlasandy wazasiuayyaaasyluilfandula

NsFnERaesENseLuiaan 2 AL asrearnudulu Aendule nlnerinnldenduled e
TBanndia 1 $19m 5 N3 TnnTueiithunsdaiminGeassesuda mniseLuiEaeian1suansaiudIuu 10
7% (Table 1) fiusagnafiaan 60, 120, 240, 300, 360, 420 WAz 480 117 ML tivesinsldlulnganaudu
udadariiineegaitly Mnn1sAsinANATUTIMES LaYN1sANIHATeREN saLL AN At uuLlag
184ANIFNULYYABATTARLLAIAIN Benzie waz Strain (1999) Wreuiieuiua1suImns§1u ascorbic acid uay O-
tocopherol ANNANAL ImmmLﬂ@@ﬂmuiawmu@umemﬁmimmmmummm0 3% uunlfiazidunfag
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Table 1 The drying method of Pomelo Peel

method temperature (°C) microwave power (watt) time (mins)

1 60 -

2 60 90 40
3 60 90 50
4 60 200 15
5 60 200 30
6 70 -

7 70 90 40
8 70 90 50
9 70 200 15
10 70 200 30
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N9LEUNINARBALLUL Completely Randomized Design (CRD) $Nn1sMAaeda1uau 3 41 iFauiiiey
ANLRAETBIITNNINARBIAIE Duncan’s multiple range test NszALANNTNWSREAY 95 (p<0.05)
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ma@uLLWm@mmimu@um@mwnmmemmﬂ@@ﬂau‘imuum \WNgUALANINIMTFIU Ascorbic acid UAT -
tocopherol (Table 3) WmﬂLﬂimmmmLﬂ@ﬂﬂmu‘l}ammmf;”wammum LL@”‘lﬂjmﬂumiﬂumuummimu
fa%mﬂ@ixuﬂﬂmﬂummf;xmmmufm a2 1198711 NUTABANTeLLielUARR 9 RN lE AT A ES lH
200 q’fmﬁiqmﬁumi@mﬁ@uﬁ@mmﬁ 70 9ANLTALELE 1A 15 WA ﬁmmifiﬁmﬂumﬁmmmﬁm Anilugas
AT 6.96 Lu@mﬂmumimmmu ascorbic acid wazAniilugatas 15.89 Lufamﬂunumimmﬁm a-tocopherol
mﬂﬂuimvmmmﬂ‘luﬂmuLmquu@”wﬂmmmﬂuiunﬁifauLLmummummnmmmamﬂummmum WAZTE
gigrazinan NN Ta UL (zg@ﬂnm, 2547)

Table 2 The remaining moisture content of each drying methods

Time Drying methods
(mins) 1 2 3 4 5 6 7 8 9 10
0 100.00+0  100.00+0. 100.00+0. 100.00+0. 100.00+0. 100.00+0. 100.00+0. 100.00+0. 100.00+0. 100.00+0.
.00° 00° 00° 00° 00° 00° 00° 00° 00° 00°
41.11+3. 40.73+£3.6 37.44+0.9  36.56+3.7 37.50+2.2 39.41+£3.2  30.80+2.1 26.49+1.9  30.64+4.0 27.57+3.5
60 ,]Oa,b 8a‘b 3a,b 6a,b 6a‘b Oa‘b 2b‘b 2b‘b Ob,b 2b,b
120 25.00+1. 26.07£1.6  24.75x0.1 23.93+1.3  24.12+04  24.02+1.9  24.06x0.3 24.21+0.2 23.39+0.7 23.19+0.6
64 ab,c 1 ac 9 ab,c 9 ab,c 9 abc 4 abc 2 abc 2 ab,c 4 bc 9 bc
24.95+1. 23.71£0.2  23.72+0.1 23.56+£0.5 23.57+0.4  23.65+0.1 23.39£0.8 241005 23.44+04  23.12+0.8
1 80 42 ac 4 ab,cd 3 ab,cd 1 b,cd 8 bc 4 bc 3 b,cd 8 ab,c 6 abc 9 bc
24.50+0. 23.68+0.2  23.49+0.5 24.21x08 23.11+0.8 23.65+0.2 23.32+0.7  23.11+0.2 23.20+0.4 22.60+0.2
240 53 ac 7 abe,cd 8 abe,de 2 ab,cd 7 c.cd 0 abe,c 6 be,cd 9 c.cd 3 be,c 6 c.cd
23.38+1. 23.40+0.9  23.10+0.1 23.01£1.0  22.51+0.3 23.64+04  22.65x04  21.78x0.7 22.47+0.6 22.46+0.5
300 37 ac 3 ad 9 ab,de 7 ab,cd 8 ab,cde 0 ac 0 ab,cde 7 b,de 6 ab,cd 6 ab,cd
23.06=+0. 23.30£04  24.00+0.5 23.11+0.7  21.70+0.8  22.48+1.2 222909 21.18+0.1 213405  22.10+0.3
360 1 3 ab,c 6 ab,d O aef 2 ab,cd 5 cd,de 2 be,cd 5 bed,de 7 d,ef 6 cd,cd 2 bed,cd
22.90+0. 23.10+04  22.63+0.4 21.96x08 21.34+0.2 20.44+09 21.31+04  20.23+0.7  21.09+0.2 21.10+1.0
420 92 ac 4 ad 6 af 8 ab,cd 5 be,de 5 cd 6 bce 6 cf 6 be,cd 0 be,cd
480 22.81+0. 23.11+0.5  22.34+0.1 21.33+0.6  21.57x04  23.46+0.1 21.20+0.1 20.20+0.7  20.01+0.3 20.54+0.4

79 ab,c 3 ab,d 3 cf 9 de,d 9 cde 5 ac 9 dee 8 f.f 4 fd 6 efd

*Values in a column with different letters are significant difference at (p<0.05).
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Table 3 Efect of drying methods on the antioxidants

Drying methods

Control* 1 2 3 4 5 6 7 8 9 10

Ascorbic acid (mg/ml) 4.85 4.83 472 5.29 5.05 5.35 4.84 5.45 6.04 6.96 6.68

O-tocopherol (mg/ml) 9.08 1096 10.71 12.03 1147 1215 1098 1242 1375 1588 1525

*control = fresh pomelo pell

2. NANSANEINISNAIUINARAUNASRIANLILRandNTa
s o o 2 e oo d a -
aannsAnEddulsznaununzanlunIWmugasnandusiiasasanainilaandule Inawsaw
doutlsznauuansinani Insvinnimaseunisdsziduansgeulnasnsesgislna foadsnisusziliviuy Nine -
point hedonic scale (Table 4) WudinIsANTIANAIULENIUFN9" AnasiaAngauIng sl Aynig
aa o o A o A A & o Aa o <L o gvwy a - A
anm NezAuANNITaNU 95% TaaATadnnilaandnlendntinianinau MG lnAteuNINTW AUgRINE
gnandonrestinangizinafinnuianalaniniign Ae Winia 3.5 n3 Tnadsziuanuaaulngsauwingy 5.94

Table 4 Effect of sugar content on sensory evaluation of pomelo tea

Content of adding sugar (g)
0.5 15 25 3.5
Sensory acceptability 4.8+1.88" 5.6+1.50 5.6£1.26™ 5.9+0.93°

*Values in a column with different letters are significant difference at (p<0.05).

Parameter

dgiua
= ac £ 1 dl = dy ; % a
AINANHINATR3ENNTRLLIAAEN TR UULAMINAR (LFNIUAMNTY WAL ENNTFIUAYYATATY)
= o A o e A A A P 9 | aa % o ' o

wazAnEINIRINUNARA AL AIRNINegEN A NaendnTa wudnTanisauwiiviaa g lutasansaniunisey
arsaulun1reuuialaangule a1u1139enInIsaLLiale Bnvagaansatiuszazan NI LAY T4
nuANTunIasegnEndIaINNIse LAt aNsauatinRata il uan A iuatn ATy (p<0.05) 1
AINN9FUAULABATEEINIINNTRLL s axFaNesatngRLY wananBiUsnaliiaouianelan@nirsenu
anilaendulensmadruasnduloauuiie : mna c uN AB 1.5: 3.5 : 15 (0§ : n5N : HaRaR9)

ANUBLAM
nuddpilaFun1saiuayuanuibedda g InuazaNlaeaiuaeseuns e ldguddadinuas
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Antioxidant Potential of Cashew Apple Pulp Fermented with Lactic Acid Bacteria and Bifidobacteria

Fapnsel pvilszan’ asiy (ingTu’ tigg) iaunaans’ uas unsed am’

Kaprasob, R.1, Kerdchoechuen, 0.1, Laohakunijit, N.1 and Matta, F.B.2

Abstract

Fresh cashew apple (Anacardium occidentale) pulp is an agricultural waste from processed cashew nut.
Cashew apple can be a raw substrate for the production of probiotic cashew apple juice by lactic acid
bacteria (Lactobacillus casei and Lactobacillus acidophilus) and bifidobacteria (Bifidobacterium longum) for
0, 24, and 48 h. Changes in total phenolics, hydrolysable tannin, condensed tannins and antioxidant properties
(DPPH'(2,2-diphenyl-1-picrylhydrazyl) and ABTS ' (2,2-azino-di-[3-ethylbenzthiazoline sulphonate])) during
fermentation were investigated. Results showed that the total phenolics, condensed tannins, hydrolysable
tannins were decreased after 48 h of fermentation. The 24 h fermented cashew apple with L. casei, L.
acidophilus and B. longum had the highest vitamin C content. Moreover, fermented cashew apple with B.
longum had a high antioxidant capacity which did not differ (p>0.05) from that of lactic acid bacteria. Finally,
L. casel, L. acidophilus, and B. longum are optimal probiotics for fermentation with cashew apple.

Keywords: cashew apple, antioxidant activity, lactic acid bacteria, bifidobacteria

UNAREA

Hanaanuzinsfiumnudiiunanaesliannnsruaunisuansanzisfiuniud Adldvndonsanuzaiog
Funudiuansiedudiviunszusuntsuanlilslulefndiiusansiun1uddaunaiFansauanin
(Lactobacillus casei Way Lactobacillus acidophilus) waziWiauuARFe (Bifidobacterium longum) Wuman 0, 24
uaz 48 dalue AnmmisulasuulaseiBunauansszneniluedna lalasladunuiu rowaudinuiu uas
dszAnsninluniailuanssinueyyagass (DPPH' (2,2-diphenyl-1-picrylhydrazyl) waz ABTS™ (2,2-azino-di-[3-
ethylbenzthiazoline sulphonate)) TuszndnanszuaunIvein nudnansdseneviuedn Aswnudunuiu lalaslad
unufini Bunuaaaadean Ny 48 9alue uazinanlunisuin 24 4alus uzanefinnusfivingoe L.
casei, L. acidophilus Wz B. fongum SunadmiuTgeiiga wenaninzdasdiuwusivaingag 8. longum &
Usednininluninduansiitueyyasaszqa felaiunnanefunzdasfiuniuifvdnfaauuaiidansauandin
(p>0.05) Wax L. casei, L. acidophilus, Wag B. longum FhuldsluleRndR Nz auduiun szt siunnus
AANATY: Nealasiinnusd nasinuenyadase uuaEansauanmn TWlauuATGE

Introduction
The cashew nuts represents only 9.5% of the total fruit weight and after harvest large amounts of
cashew apples are left in the field to rot as an agricultural by-product, thus, 90.5% of this production is lost or
underutilized (Silveira et al., 2012). Cashew apples are an excellent source of nutritions include ascorbic acid,
vitamins, minerals, organic acid, phenolics (anacardic acids), carbohydrate, reducing sugars (fructose and
glucose), and some amino acids (Gyedu-Akoto, 2011). Cashew apple has been shown to be suitable for

fermentation, because of its unique taste, flavor, availability, high sugar and water content (moisture content),

! anzniwennsdannuazivalulad swdnensunalulagnszaanindnsuys 49 dasiisunsia 25 wadevindia aLeULFEY NN 10150
' School of Bioresources and Technology, King Mongkut's University of Technology Thonburi 49 Soi Tientalay 25, Thakham, Bangkhuntien, Bangkok 10150
2 Department of Plant and Soil Sciences, Mississippi State University, P.O Box 9555, Starkville MS 39762, fmatta@pss.msstate.edu
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and overall chemical composition (Ward and Ray, 2006). Moreover, cashew apple is also as a good medium
for cultivating probiotics despite the high level of tannin content.

The use of probiotic microorganisms to ferment food is traditional. Fermented products may be part of
a daily diet, improving the health and quality of life of consumers. Lactic acid fermentation has a well-known
role in improving nutritional and functional properties of many vegetable foods (Di Cagno et al., 2013). Most of
the probiotic bacteria used in commercial products today are members of the genera Lactobacillus and
Bifidobacterium (Daly and Davis, 1998). Recently, numerous lactic acid bacteria such as Lactobacillus
acidophilius, Lactobacillus plantarum, Lactobacillus casei, Bifidobacterium longum and Bifidobacterium lactis
have been used in fruits to produce probiotic beverage (Gardner et al., 2001; Yoon et al., 2006; Kun et al.,
2008). Therefore, the aim of this study was to characterize the antioxidant potential of cashew apple pulp

fermented with lactic acid bacteria and bifidobacteria for developing a probiotic cashew apple.

Materials and Methods
Preparation of the cashew apple fermentation substrate: Cashew apple was washed with water and then cut
into small pieces. The edible pieces were homogenized using a Waring blender for 5 min. The cashew apple
was pasteurized for 15 min at 70°C.
Preparation of probiotic lactic acid bacteria: Lactobacillus casei TISTR 390, Lactobacillus acidophilus TISTR
1338, and Bifidobacterium longum TISTR 2195 were obtained from Thailand Institute of Scientific and
Technological Research (TISTR), Thailand. Cell cultivation was carried out statically in an incubator until the
cell density spectrophotometrically determined reached 1.000 at 600 nm that corresponded to 15x10°
CFU/mL, using the McFarland scale (Chapin and Lauderdale, 2003).
Fermentation of probiotic cashew apple: Fermentation experiments were conducted in sealed Erlenmeyer
flask, each containing 20 g of pasteurized cashew apple, without supplementary nutrient or water and
inoculated with L. casei, L. acidophilus, and B. longum (2.0 mL of inoculum). The fermentation process was
performed at 37°C for 48 h. Samples were taken at 0, 24, and 48 h for chemical analyses.
Vitamin C content: Ascorbic acid analysis of sample extraction was done with 2,6-dichloroindolphenol
according to the Official Titrimetric Method (AOAC, 2000). Vitamin C content was expressed as gram ascorbic
acid equivalents (AAE)/ kg dry weight (DW).
Determination of condensed tannin content: Condensed tannins or proantrocyanidins were measured using the
modified Vanillin Assay described by Sun et al. (1998). Results were expressed as mg (+)-catechin equivalent /
100g dry weight (DW).
Determination of hydrolysable tannin content: Hydrolysable tannins were determined according to the method of
Saad et al. (2012). Results were expressed as mg tannic acid equivalent (TAE)/ 100 g dry weight (DW).
Determination of total phenolic content: Total phenolic content was measured using the Folin—Ciocalteu
colorimetric method (Huang et al., 2005). Results were expressed as gram gallic acid equivalents (GAE)/ 100g
dry weight (DW).
Methods to estimate antioxidant capacity
1) DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging efficiency: The scavenging effect was measured
according to the modify method of Bersuder et al. (1998).
2) ABTS (2,2'-azino-bis 3-ethylbenzthiazoline-6-sulfonic) radical scavenging activity: The scavenging activity

was measured according to Shan et al. (2005).
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Results and Discussion

The antioxidant contents (ascorbic acid, total phenolic, condensed tannin and hydrolysable tannin) of
fermented cashew apple during fermentation are presented in Table 1 and Figure 1. It was observed that vitamin
C content sharply increased after ferment for 24 h, and then decreased until 48 h of fermentation. The highest
ascorbic acid of fermented cashew apple with L. casei, L. acidophilus, and B. longum at 24 h fermentation was
18.11, 17.79, and 18.29 g AAE/100 g DW, respectively. The total phenolic content of fermented cashew apple
with lactic acid bacteria (L. acidophilus and L. casei) at the fermentation time of 0 to 24 h decreased slightly
and then increased after 48 h, which was not different than those of the control. Meanwhile, the total phenolic
content of fermented cashew apple with B. longum significantly decreased (p<0.05) during fermentation (Table
1). The condensed tannins of fermented cashew apple with lactic acid bacteria (L. casei and L. acidophilus) at
the fermentation time of 0 to 24h was sharply increased and then decreased after 48h. However, condensed
tannins of fermented cashew apple with B. longum for 48 h slightly increased. Meanwhile, the hydrolysable
tannins content of fermented cashew apple with lactic acid bacteria (L. acidophilus and L. casei) was sharply
decreased at fermentation time of 0 to 24 h from an initial value of 18.83 to 14.98 mg TAE/ 100 g DW and
remained steady until 48 h fermentation (Figure 1). The decrease in hydrolysable tannins content of fermented
cashew apple with B. longum was significantly different (p<0.05) from that with L. casei and L. plantarum
during 48 h of fermentation. Moreover, the decrease in antioxidant activity of fermented cashew apple with B.
longum did not differ (p>0.05) from that with L. casei and L. plantarum during 48 h of fermentation. A decrease
in antioxidant activity throughout fermentation (48 h) could be due to oxidation or degradation of compounds

with antioxidant (Johnson et al., 2011).

Summary
Fermentation of cashew apple with 10% of L. casei, L. acidophilus, and B. longum are the optimal

probiotics for the production of a health beverage.
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Table 1 Changes in total phenolic and vitamin C contents = 28
(=]
during fermentation of cashew apple g %
Total phenolic E '
Fermentation vitamin C E 10
content £
time (9/ kg DW) -
(mg GAE/ 100 g DW) £ °
Non-microbial 0 94.83 + 6.49™ 15.97 + 0.33" oo .
24 90.96 + 2.73™° 14.64 + 0.36% . | R
‘on-microbial . casel . acraophilus
abc e
48 9212+ 1.75 8.83+0.83 Condensed tannin B Hydrolysable tannin
L. casei 0 93.51 +3.92™ 15.19+0.36™" Figure 1 Condensed and hydrolysable tannins
24 88.02 + 3.74° 18.11 +0.82° content of fermented cashew apple for 0,
48 97.71 + 3.57° 8.37 + 1.00° 24 and 48 h fermentation
L. acidophilus 0 96.55 + 1.78° 15.82 +0.49% o orPH BARTS
24 88.44 + 3.42" 1779+ 0.71° SR - .
48 95.04 + 4.84™ 8.52 + 0.80° g
o 60
B. longum 0 96.27 + 3.84° 15.50 + 1.15™ % 50
> 40
24 80.99 + 2.50° 18.29 + 0.42° g
T 20
48 78.48 £ 6.72° 14.37 + 0.56° T
o
0
F-test 0 24 48 0 24 48 0 24 48 0 24 48
LSD 6.86 119 Non-microbial L. casei L. acidophilus B. longum
C.V. (%) 447 4.93 Figure 2 Antioxidant capacity (DPPH and ABTS)
The results are expressed as means + standard deviation (SD) with three
replications. Values with different superscript letters in a column are significantly of fermented cashew apple for 0, 24 and

different at p<0.05. 48 h fermentation.
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In vitro Propagation of Dendrobium pulchellum Roxb. ex Lindl

9N Anawasey Winunan' Bensal sudan’ Uity wdes’ uas Inen wiaAd’

Theanhom, (Arjcharoen) A.1, Tumnoi, T.z, Taywiya, P.2 and Kaesri, W.3

Abstract

Dendrobium pulchellum Roxb. ex Lindl was found at Mahidol University, Kanchanaburi campus,
however, it has decreased in number. Micropropagation is an excellent method to conserve and increase the
number of this species. A completely randomized design (CRD) was used in this experiment to find the
appropriate medium for shoot induction of this orchid. There were 5 treatments with 10 replication and data
were recorded every 14 day until 42 days. Results showed that Murashige and Skoog (MS) was a suitable
medium for shoot induction. Maximum number of leaves generated was 6 and average height of shoots was
2.51 cm. MS medium also induce the highest numbers of shoots. In addition, results showed that 2 MS was
the appropriate medium for root induction and resulted in the highest root number of 13 and the highest root
length of 1.20 cm.

Keywords: micropropagation, MS, VW, shoot induction
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Bhadra, S.K. and Hossain, M.M., 2003, /n vitro Germination and Micropropagation of Geodorum
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Li, Z.Y. and Li, X., 2009, /n vitro Propagation of Whiteflower Mutant of Rhynchostylis gigantea (Lindl.)
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6: 93-97.

Table 1 D. pulchellum shoot induction at 42 days under light condition

media No. of shoot No. of leaf Height (cm.) Canopy (cm.)

MS 4.1°41.45 4.9+1.10 3.37°+1.06 2.93°+0.77

MS+BA 3 mg/L 2.5°+1.08 5.7+1.42 2.40°+0.49 2.94°+0.40

VW 1.5°40.53 5.5+2.07 2.26°+0.39 2.21°+0.27

VW+BA 1 mg/L 2.7°+1.16 6.2+0.92 2.27°+0.22 2.52°°+0.47

VW-+BA 3 mg/L 2.2%+0.79 6.7+1.89 2.29°+0.40 2.69°+0.41

F-test * ns * *

C.V.(%) 25.48 38.69 23.43 17.57

ns and * indicatenon-significant and significantly different at P<0.05., respectively.

Table 2 D. pulchellum root induction at 21 days under light condition

Type of No. of Root length
media root (cm.)
MS 7.8+2.78 0.85°+0.09
v MS 13.0+4.37 1.20°+0.15
MS+NAA 1 mg/L 11.1+4.09 0.90°°+0.18
VW 9.1+3.41 1.04°+0.07
Yo VW 11.345.27 0.98°+0.19
VW+NAA 1 mg/L 10.045.89 1.10%°+0.25
F-test ns *
C.V.(%) 41.43 15.02

ns and * indicatenon-significant and significantly different at P<0.05., respectively.
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Figure 1 D. pulchellum at 42 days after culture on various media A) MS B) MS+BA 3 mg/L C) VW D) VW+BA 1
mg/L E) VW+BA 3 mg/L

Figure 2 Root induction of D. pulchellum on various media A) MS B) %2 MS C) MS+NAA 1 mg/L D) VW E)
VW F) VW+NAA 1 mg/L
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Correlation between RAPD Markers and B-Asarone in Acorus calamus

129 AURTde’ Nues uAane’ AR A3inen’ way adud Auwide’

Tontiworachai, B.1, Kearudoung, M.ﬂ, Jarikasem, S.1 and Tanpanich, S.1

Abstract

A study of the genetic relationships between random amplification of polymorphic DNA (RAPD)
marker and B-asarone content in Acorus calamus was conducted. Increase DNA content by RAPD and
extracted essential oil consisting B-asarone from A. calamus were studied by the Unweighted Pair Group
Method with Arithmetic Mean (UPGMA). The study showed that the genetic diversity within populations was
0.0560 and among population was 0.6543. The Dendrogram generated by UPGMA showed that A. calamus
was in two groups; Prachin Buri province, and Suphan Buri and Nakhon Ratchasima. By segmenting, the
population is consistent with the level of B-asarone. The level of B-asarone in A. calamus from Suphan Buri and
Nakhon Ratchasima was higher compared to -asarone levels in Prachin Buri.

Keywords: Acorus calamus, RAPD, B-asarone
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Figure 1 TLC Chromatogram analysis of A. calamus
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Figure 2 Dendrogram of the A. calamus species constructed using UPGMA method.

Table 1 Code and sequence of primer, the number of Total DNA bands, the number of Polymorphism bands

and the percentage of Polymorphic bands resulted from RAPD analysis of A. calamus

Code of Sequence of No. of Total No. of Percentage of
Primer primer DNA bands Polymorphism bands Polymorphic bands
OPA04 AATCGGGCTG 9 3 33.333
OPA14 TCTGTGCTGG 6 2 33.333
OPA18 AGGTGACCGT 9 2 22.222
OPBO0O7 GGTGACGCAG 8 2 25.000
OPB11 GTAGACCCGT 6 3 50.000
OPBGO3 GTGCCACTTC 8 4 50.000
OPK14 CCCGCTACAC 7 4 57.143
M119 ATTGGGCGAT 6 4 66.666
Total 59 24 -
Average 7.375 3 40.68
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Genetic Relationships in The Bamboo Inferred from the ITS2 and psbA-trnH Sequences Region

U295 AURISTE’ 1ANT FIATAUNIE NUET WA WAL FNEUA AUNITT

Tontiworachai, B.1, Satjeenpong, C.ﬂ, Kearudoung, M." and Tanpanich, s.

Abstract

A study of the genetic relationship of bamboo by analyzing the sequences in ITS2 and psbA-trnH from
six local sources was conducted. Samples were investigated by increasing the level of DNA for PCR reactions
in /TS2 and psbA-trnH. Results showed DNA band size of 500 and 700 base-pairs. Sequencing analysis was
compared with the GenBank and phylogenetic tree by the Neighbour-joining method. The study showed that
bamboo can be classified into two groups. The first group is bamboo from Sakon Nakhon, Dan sai, Lam
Takong, Nong Don and Trat which are from the Bambusa genus and the second is bamboo from Chiang Mai
which can possibility be classified by /TS2 and psbA-trnH as being from the Dendrocalamus or Bambusa
genus.
Keywords: bamboo, /TS2 region, psbA-irnH region
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anwnizaedly ANNE1UEeY TuATeIASiN ANUAes Areeansiu uaraumLeRlusiu uAANwMEAINAIaf
fyliannsnduunaiinaesllfignsiesingssiesendansasaivineunin  anworresnUiNafiunazdu
e resneniduinnst  (ngudrsaninennathlll, 2555)  arnwseadinainliinisinuunatinzedliann
ﬁnwmxnwu@ﬂﬁﬂﬁmﬂG”mﬂé”mﬂmmﬁﬁmmﬁmfmm@,q ﬁqfuﬁqﬁﬁmmﬁﬂmqﬁuqmmﬁuL@Q@mﬂszqﬂmﬂ%
iefnEnesuunafineedld asannteyafliaugnieuasisugn awnmnazyriissesitlFdnaunnnnd
Yoyansdnuginenfissetaden wiannmaineaidueuilielufedslidmuminesdsuaiiamnmli
\Huunftdalunisdnuunttialfadednauniiauludniuaza@umisd AstauAnmainaifuwanInngy 1 Aum
IneflenAnEnaInatsuLLaliy Nuclear DNA auuls Chioroplast DNA (Kress WazAtuy, 2005; Goh WAYARE,
2010) ﬁqfuﬁgmﬂizmﬁ"ﬂmmuﬁfi“ﬁ“f:ﬁ@miﬁﬁLLunitﬁiﬁﬁnwm:wqqﬁmgwuﬁwaﬂnﬁﬂu@ﬂﬂéwﬂﬁaﬁu faeinIg
Uszendlfimalianteiugraniluianalunisdnsziaduiuatisnn /7S2 1 Nuclear DNA UASANALILIALITLIM
psbA-trnH 13 Chioroplast DNA 2841
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ansaluazignig

vinnsAnesaeenelil 6 dardatsznaudinliuaniuainanaunas Tinanuniedlauainuuesiiaang i
wnusutiganae i uaIneaesanuAsTdnn  dduannamauaslinanuannd@eslvd Iaavinlullun
ANARLEILEALEATNN9184 Dellaporta (1983) iEun A wedasmalla PCR 130 TS2 Saellnsiues /TS2-F
(5'-ATGCGATACTTGGTGTGAAT-3"), ITS2-R (5-GACGCTTCTCCAGACTACAAT-3’) #7989 Chen WAZAU
(2010) 153 b+ pSbA-trnH-F (5'-GTTATGCATGAACGTAATGCTC-3)), psbA-trnH-R (5'-
CGCGCATGGTGGATTCACAAATC-3)) AMFULZI pPSbA-trnH LRRGN Sang WarAnde (1997) ATIARDUNAAN
ﬂgm‘m PCR #0238 Electrophoresis fin PCR  product ‘Lﬁmmmw'am”l,ﬂqme}qummummmmmmm
AnEsanann mmﬂmmmume”l,mmf;l,m‘qvmm Whaneuiugiudeys  GenBank  $anfunisiiAszid
mqmuwuﬁmqwuﬁmmmmﬁ Neighbour-joining Tmﬂ‘iﬂnmiu MEGA6 (Tamura WaZANY, 2013) NARALAINM
mauummmmmﬂmmmﬂm Bootstrap 21191 1000 %’1
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arpmSwaanlulill Genomic DNA dnufulfifudiBuefuuuylumafiu i afiSumekaa e
PCR ananduiug 2 snundaliuniiisions /7S2 wu PCR product 2W1m 500 AiuARAZLENN. psbA-trH WU PCR
product faunn 700 Fiass Figure 1 4rin PCR product WiqyisiietinliAinmzimensuuarnisBauidiey
AALILALEIIN ITS2 waz psbA-tmH fugudieys GenBank wudli 5 wnaatlsznavfiay Livemauanauns, 1
wrunuasiauvdalug, livanusiuing, Tdusmniuainzaes wazlddunmalaauiuaisnm /752 pdnanfeii
Al 3 mﬁmlugﬁu%g]@blﬁmici Bambusa Valida, Bambusa Surrecta Waz Bambusa sinospinosa lagiA1 Bit-
score, E-value WAy %ldentity NAWINTW @ua1AULALBN psbA-tmH HAuwiNewiuiuld Bambusa
vulgaris "MﬂN@ﬂ’]ﬁ‘L‘LE‘EI‘LILﬁﬂuﬁuﬁﬁu%@%@ﬁﬂﬁﬂ’mqiﬂ@oﬁLL‘LtLﬂVLN'ﬁQ;\‘i 5 uwasinesiuliluszauaialae dnag luas
Bambusa duFudFuumion /752 tedlivudedudidenoufiouiuguteya GenBank wudniiamn
1Ts2 Apauwdlaunuiulsl Dendrocalamus Iatiflorus ey Bambusa oldhamii taeiAn Bit-score, E-value WAy
%Identity NANWWNAU @UANAULLALBIN psbA-tmH Rpauwidewiuiuled Dendrocalamus pachystachys ann
fayasananalivonudeslnsasanasluaia Dendrocalamus 1se Bambusa liansnsnszylfiadnadaan i
ANFLLUALTNL /TS2 H13LATIETANNANAUSINUENITNENATE Neighbor-joining Faeililsunsu MEGAG lHnass
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Ineladuiuaes Bambusa valida AY839716.1 angudiaya GenBank TunsiFauiisuiuli 5 uwaslungu
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latiflorus AY839713.1 TunisuBauieuiulinanwd@eslusd a1nn13mazd Bootstrap &AWL 63 e fidus
wazyinnnssisasniaeld Thyrsostachys siamensis DQ131511.1 {4 Out Group &MUFLNNIIATIENARLML
psbA-trnH #28@5 Neighbor-joining l&nasa Figure 3 a1NNNTANHINLINAALILALTON psbA-trH AN
pénupdaTugaluliie 6 was sliflianansodnduunnguuszanslilaemsiaseidALLaBn. psbA-
trnH I ugnstapanusanuanEmIsiLgnesuTic LSt psbA-traH lulkfiFnE
Aansaiua

AMNNITANHINLIIAIAULUALBIOL /TS2 ﬁé”mﬁmmmmﬁuﬁ'mm%nd’m?mm psbA-trnH anu1snld
Auuasanata luntzauun il i luseruaiadenadeaineauiqaaeed Song uazALE (2012) FAnENA LTS
vesliluites Bambusinae Tneldnduiuarians /752 euania B fuwaidom /72 fugudeya
GenBank ﬁmwmﬁ“uﬁuﬁlﬂuﬁﬂmqLﬁmﬁuﬁuLLmuqﬁﬁuvLaﬁ%“éNﬁ%ﬁdﬁ Neighbor-joining Tnemugnll 5 uasdi
Anwaeluaa Bambusa asagdllfdnnisiimszdanauiuaisian /752 arunsolfluntsauunlililuse Auada
wALEns psbA-tmH  luldfiansuwandnaadaiuninligainisaldisnnsinanalunisanuunlild aqsas
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Figure 1 DNA bands of /TS 2(A) and psbA-tmH(B) regions from Bamboo (M=100 bp DNA ladder/
1,8,9=Sakon Nakhon/ 2,3,10= Lam Takong/ 4,5,13=Chang Mai/ 6,7,14=Trat/ 11,12=Nong Don)
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Figure 2 Neighbor-joining gene tree inferred from /TS2 sequences
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Figure 3 Neighbor-joining gene tree inferred from psbA-trnH sequences



Agricultural Sci. J. 46(3)(Suppl.): 113-116 (2015) 9. 306, N 46(3)(RiAE): 113-116 (2558)

memaqaﬂumsnmn'azlmaﬁ'uqnﬁu’l,uumzn'a TnansnagauANNATIN
LAZAMNIDNUBINCDRILNAT

A Study on Inbreeding Depression in Papaya by Testing of Pollen Viability and Germinability

a - o P2 1ac 1 a o & 71,2
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Srijanchom, N.ﬂ, Hawananda, T." and Thaipong, K."?

Abstract

Papaya is an outcrossing species, thus, inbreeding may have a negative effects on some
reproductive traits including pollen vigor. Therefore, pollen from elongata type flowers in S;, S, and S,
generations of 'Koko No.1’ and No.3 was investigated for viability and germinability to indicate the existence of
inbreeding depression in papaya. Viability was tested by the staining method using 1% acetocarmine, and
germinability was recorded using the hanging drop technique in 5% sucrose pollen media. Results showed
that pollen viability and germinability both in ‘Koko No.1’ and No.3 were decreased with increasing selfing
generations. In ‘Koko No.1’, one selfing generation resulted in a decrease of 1.86% pollen viability and 4.62%
pollen germinability. For 'Koko No.3’, one selfing generation resulted in a decrease of 6.09% pollen viability
and 7.71% pollen germinability. Therefore, the effects of inbreeding depression should be of concern in inbred
line selection in papaya.

Keywords: papaya breeding, self-pollination, inbred line
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Gl Wuﬁﬁuiiﬁ1N'w1_|dﬁLmﬁmmﬁﬁLﬂ@%LG’ﬁuﬁmm\i@nam@ﬂuéum@urﬁT@Lm‘ﬁ'L‘W'ﬁ”u AUt IUINAANNTIANBENT
WugN33: (Inbreeding depression) Tunzaznanguua’ley mmma@ﬂmqwuﬁmmmmslmnwmvmmmmwm
TRs19] uanseannn naaaauni LA Nud s INT HANAR LAY @ﬂwmvauj anas (g91F, 2553) IR
azaeungIaIatauaysaiiiunanasn taatnAudanisdnidaniuasinnsonaindneasmanisinensi
dAnyugaulvn 1My 1unaNas ﬁqﬁut’ﬁf]mﬂﬁﬁﬁﬂwmxﬁﬁLﬂummeﬁlumaﬁmLﬁﬂﬂﬁuﬁ: U AUNAKALAN NN 1
MTIRABLNITOANALNIHUGNTTN analinanisnmagauiiligenaieaiuasnufiuase luamei fneuzany
anysnfuaranuuiussassareaunasinlignilunoeiluni siarsandiniunisdniaaniug sarhuAaliin
FBNININARALANNATINUATAINNNANTBIAZADUNEAT H1Usegnd L Tunisnsaaaunisnanasn1esiugnasaly
N¥ATND

ansaiuazisnig

ARUABNLZAZNETHA Elongata Anganszanyluszazreunenuny 1 4u ellesfumsuiloues
@m@\uﬂmmﬂﬁuﬁ:ﬁ@?uﬁlu 7 lunzaznewuginiiiues 1 uazwuginifiues 3 lulssmnaiudiu (S,) FUNANFRLE
%éuﬁ 1(S,) uay éumuﬁqmﬁﬁuﬁ 2 (S,) mm‘fwﬁumamm:na‘luéuﬁiqﬂ gass 2 Wug Tuszazeanuiu
d2919@1 8.30 — 9.00 WY wmaReUANNETIRTesareenasiaeiBneliend (staining method) Haediezdln
ASuA i 1% Hhaean 5 w7t ieliiazesunasindaiy azeaunasiifioumnduncd susananin ma
oy Wil dnfluazesunasiaann (Figure 1A) uwaznARaLARENAEMATAVER LT (hanging drop)
Toe e nsdunmeiduiuiBeaazeanasgas Brewbaker uaz Kwack (1963) filanudindutinaglnsa 5%
Hunan 1 dalue azesunasiianivivenlFfeidnunizaemeenazessnasanysnl Tasdauenasemann
azaaundanniduiuguinastesazesanas (Figure 2A) TeinnImegaLANRTIALAZAYINIBNTE
@Vﬂmmmwmﬂamum 10 41 uazduiiumsAnduaznsventesazesunasizazna 3 e 1 alad aneli
nesqanasAiitdseny 400 win ARl A e N ERuazAeen Smiedlulefidus

Nonviable pollen
(@) p\

Figure 1 Pollen viability tested with 1% acetocarmine (A) and pollen germination tested with 5% sucrose media

(B) of papaya
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N19M399AUNNINANEENNALNITN IUNTAZNE WU AYNRTIRTRsazeasnasiuun TinanaluiuNay
Faiesiiindu Tnaefiduimnadiiinresareaaunasiuiu s, S, uaz S, reaiufinliued 1 flAwiniu 84.62,
85.42 uaz 80.90% MNA1AU (Table 1) uarluiuginiiues 3 dd1wiiy 90.31, 81.79 uay 78.13% AINAAL
(Table 2) @MUNANIINAFALAIINIEN WU LUBSTEURAIINIBNTBIAZEBINATHEAZNE 9097 2 Wi Huualii
anaguAeaiuefifuiauidinresaveaunas lnalefifudainutenaesazennaslufu S, S, uar S, 184
Wuginlfiued 1 AAwvinfu 50.99, 45.28 uay 41.74% ANa1aL (Table 1) wazWuginlfiwed 3 HAwindu 53.14,
47.82, 37.73% mN@1AU (Table 2) %'qwufhLﬂfa%l,%uﬁmmﬁ%?mﬁng\mfmﬂfaﬁ%uﬁmmmﬂLﬂj'ulﬁmﬁ“u‘lu
uvaznaa 2 v yatanalitesnanaresangsiiamslunneeiausnnanuiiheisareaunasllanmns
san'ls Lw]’ﬂ"\iﬁixﬁ'fmmmﬁﬂfrzn@um\imﬁ?{qm@ﬁ%ﬁﬂﬁlﬁmmiﬁmméﬁ (39, 2535) ﬁqfuﬁﬁﬁﬁ%mhmi
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(Stanley waz Linskens, 1974)

Table 1 Pollen viability and pollen germination of 3 generations of 'Koko No.1'

Generation Pollen Viability (%) Pollen Germination (%)
S, 84.62 £ 6.88 50.99 £ 15.92
S, 85.42 +7.25 45.28 + 22.68
S, 80.90 + 7.67 41.74 £ 9.61
P —Value 0.348 0.478

Table 2 Pollen viability and pollen germination of 3 generations of '‘Koko No.3'

Generation Pollen Viability (%) Pollen Germination (%)
S, 90.31 £6.52a" 53.14 + 11.66
S, 81.79+560b 47.82 +15.85
S, 78.13+8.48Db 37.73+£17.77
P —Value 0.002 0.065

" Generation means in the same column with the different letters are significantly different at P < 0.05 by Duncan’s New Multiple

Range Test

N19IAINZUNITDANBEN WNHUGNITNAENITIAIZUNITD AN L) i:udﬁqajuiuﬂixmﬁﬂiéuﬁu (S, TUNAN
rﬁTfJLm%;'uﬁ 1(8) LL@xium@uﬁfgmﬁqiuﬁ 2 (S,) 1eanzavna 2 wug Mun Wuginifiues 1 waziuginlfiues 3
lupruiiiRnuazersenetazestnds wuin Adudsrdninnsaduilinduay uwansualiiiwiviunmaden
ANTNATINUAZANNNBNTBNAZABINAT fSeuzazneusasiugiinisonnesvesdnnizanuanysnfiounes
AzRRUNAITLANGNTTL Tnaiuginifiiues 3 Lﬁmmiﬂmmﬂﬂmqﬁuqﬂﬁﬂm:ﬁuﬁ'meiﬁﬁuﬂﬂiﬁL‘Ufﬂ%f 1 Twitans
NARLAMNHTINLATANNENTEIAZRNAT IneWufinlfiued 1 Slanansiaaiin 1 PR NARN G PR of)
ANAY 1.86% HATAIINNBNANAY 4.62% (Table 3) dauiuginiiiues 3 Slanansiaaiia 1 31 danaliinuddn
ARAY 6.09% UAZAINANENANAY 7.71% (Table 4) AanARaTL @D (2550) AINGNA9IHANILNLAINNTHAL
FaisazifndunnyietiesunnsneiulGuedfuiiug wazdnuniziiiinisdnm

annafianisanneansiugnesn lunzaznevuginiiiued 1 waziuginlfiued 3 ﬁLﬂuﬁuﬂuﬂQu
nzaznanaluny Tldanndesiuniaesiuaes Hamilton (1954) ﬁd’]mimum”qmﬂuum:ﬂ@iﬂﬂmﬂgNmmmi
DANRENRENINWUGNITH TuA1EWUE Gynodioecious Tnamudnduazeasunasiunzaznangunalvanioglumiumia
fandnsemndsmeadie Asllenaiansnasding uenanudadiunalnilesiunisuansaiesetnamile ielsili
NnviseanlanaiiAN1s0ANBENIIRUENITH

HATBINITNANIIAANBENINUENITN  uanandnallanulefiiufanuidiauayainaeenaesazand
NATUAY S88AARBNNLNANIINARNDIUY Martinez-Garcia WazAnLy (2012) ﬁwudﬁnwanmm@ﬂmwﬁ”uﬁqmiﬂwé”@
NAUA (Prunus dulcis) wanaliiulnaiuallscannisimunveaudn Faluan manuiluasslunzazne a1l
mmﬂ'ﬂmizﬁmﬂLL@zma‘VTmmmmLmﬁmﬁiﬂmmtﬁ duawmndAyreinisanasrestefiduininusenteduan
nvavnaluiuginifwes 1 uaziugintAiwes 3 Tugunansa i
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Table 3 Regression coefficient (b), Intercept, Coefficient of Determination (RZ) and Standard error of the mean
(S.E.) of Pollen viability (%) in S, S, and S, generations of 'Koko No.1"' and 'Koko No.3'

'‘Koko' No.1 'Koko' No.3
Intercept 85.50 £2.10 89.50 £ 2.01
b -1.86+1.62 -6.09+1.55

R* 0.045 0.354

Table 4 Regression coefficient (b), Intercept, Coefficient of Determination (RZ) and Standard error of the mean

(S.E.) of Pollen germination (%) in S, S, and S, generations of 'Koko No.1" and 'Koko No.3'

'Koko No.1' 'Koko No.3'
Intercept 50.63 +4.80 53.93 +4.04
b -4.62 +3.72 -7.71+£3.13
R 0.052 0.175
dgiua
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