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Abstract

Background and Objectives : Nipa syrup, a concentrated product derived from the sap of the nipa palm, contains
a high total soluble solid content of 60-70 °Brix, making it often impractical for direct consumption. Therefore,
development of new jelly products made of nipa syrup would enhance its practicality and convenience for
consumption. The mixture of carrageenan (CG) and glucomannan (GM) as hydrocolloids has been shown to
enhance the gel strength and improved water retention, thereby rendering them highly suitable for jelly and gummy
jelly products. This study aims to evaluate the quality characteristics of nipa syrup and investigate chemical and
physical properties, including sensory evaluation of nipa syrup jellies. Additionally, these plant-based hydrocolloids
offer an alternative to gelatin-free gummy product. So, the potential of producing gelatin-free gummy jellies from
nipa syrup was also studied to create a value-added product for today's consumers.

Methodology : Local nipa syrup was analyzed for pH, total acidity, total sugar, moisture content, total soluble solid,
water activity (a,), color values (L*, a* and b*), and viscosity. Literature reviews and preliminary experiments were
investigated to obtain nipa syrup-based jellies (data not reported). The resulting basic ingredients were composed
of water, nipa syrup, sugar, brown sugar, citric acid and sodium citrate at 74.1%, 15.0%, 9.0%, 1.0%, 0.4% and
0.5%, respectively. CG and/or GM were added at 1% of the total mixture. The effect of CG:GM ratios (ranging from
10:0 to 0:10) on nipa syrup jellies was examined through chemical properties (pH value, acidity and moisture
content), physical properties (color and texture) and sensory attributes. The texture profile analysis (TPA) was
carried out using a texture analyzer, attached with a 10-Kg load cell. The textural properties of the jelly gel in
parameters of hardness, springiness, gumminess and chewiness were calculated with the help of software provided
along with the instrument. Assessment of sensory evaluations (appearance, color, odor, texture, taste and overall
liking) by 30 panelists was performed employing a 9-hedonic scale ranging from 1 (dislike extremely) to 9 (like
extremely). The optimal nipa syrup concentration (15-25%) was determined by analyzing chemical properties, color,
and sensory attributes. The feasible production of gelatin-free gummy jellies was assessed by drying jelly gel at
60°C for 0-8 hrs. The dried gel was then analyzed of chemical properties and textural characteristics.

Main Results : The results showed that the pH value of nipa syrup was 5.21 with a, of 0.80, and it consisted of
31.69% moisture, 1.26% total acidity, 28.09% reducing sugar and 78.27 % total sugar with total soluble solid of
67.8 °Brix. The color values of nipa syrup were recorded as L* 56.41, a* 21.15, and b* 34.37, with a viscosity of
135.3 cPs. The ratio of CG to GM at 6:4 increased in hardness, springiness, gumminess and chewiness of nipa

syrup jelly gel by using a texture analyzer. The sensory evaluations showed that the ratios of 6:4 and 8:2 were not
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significantly different (p > 0.05) in overall liking, ranging from moderate to very much liked score assessed by
sensory panelists. The jelly with 20.0% nipa syrup-based exhibited a pH of 4.06, 0.65% total acidity, 71.75%
moisture content and color values of L*, a* and b* were 21.96, 2.62 and 3.97, respectively. In addition, the highest
score of overall liking (7.73), ranging from moderate to very much liked was also obtained. Hot-air drying at 60°C
for 6 hrs effectively reduced the moisture content in the gel, resulting in higher hardness, chewiness, and
cohesiveness, while the pH and total acidity were stable. The drying gel demonstrated characteristics of gummy
jelly with a chewy texture that was easy to bite and not excessively firm. This drying method demonstrates potential
as a viable approach to produce gelatin-free gummy jellies from nipa syrup.

Conclusions : This research demonstrated that nipa syrup, derived from nipa palm sap, could be produced a nipa
syrup-based jelly product with the two mixture of hydrocolloids, CG and GM. The value added nipa syrup jelly with
CG and GM provided a stable structure and good textural properties. The gelatin-free gummy jelly was also possibly
produced. The results showed that the local nipa syrup revealed a pH of 5.21, 31.69% moisture content, 28.09%
reducing sugars, and 78.27% total sugars with a viscosity of 135.3 cPs. The jelly with CG:GM at a ratio of 6:4
provided a gel with desirable hardness, springiness, gumminess and chewiness, achieving the highest overall liking
scores by panelists, ranging from moderate to high preference but not significantly different with a ratio of 8:2. The
20% nipa syrup in jelly showed a pH of 4.06 and 71.75% moisture content with the highest overall liking scores.
For the production of gummy jelly, hot air drying at 60°C for 6 hrs effectively reduced moisture content in gel and
enhanced hardness, gumminess and chewiness, while the pH and acidity was maintained. These findings highlight
the development of jelly and gelatin-free gummy jelly products to commercially add value to nipa syrup.

Keywords : nipa syrup ; gel ; carrageenan ; glucomannan
*Corresponding author. E-mail : supaporn@sru.ac.th
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Methodology
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Table 1 Nipa syrup jellies with varying ratios of carrageenan (CG) and glucomannan (GM)

Ingredients F1 F2 F3 F4 F5 F6
(%)

Water 741 741 741 741 741 741
Nipa syrup 15.0 15.0 15.0 15.0 15.0 15.0
Sugar 9.0 9.0 9.0 9.0 9.0 9.0
Brown sugar 1.0 1.0 1.0 1.0 1.0 1.0
Citric acid 0.4 0.4 0.4 0.4 0.4 0.4
Sodium citrate 0.5 0.5 0.5 0.5 0.5 0.5
Ratios of

CG:GM 10:0 8:2 6:4 4:6 2:8 0:10

CG mixed with water

\

Heating and stirring until fully dissolved (90 °C for 2-3 min)

\

Adding sugar pre-mixed with glucomannan (90 °C for 2-3 min)

\J

Adding brown sugar and nipa syrup (90 °C for 2-3 min)

\

Reducing temperature to 70 °c

\

Adding citric acid and sodium citrate

\J

Pouring into trays and cooling to room temperature (28 °c ), then wrapping with plastic and leaving at +28 °C for 14 hrs

\J

Cutting into 2x2x2 cm® (for chemical and physical analysis)

and 1x1x1 cm® (for sensory evaluation)

Figure 1 Processing of nipa syrup jellies
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o

wi7199% (ANOVA) #2835 Duncan’s New Multiple Range Test (DMRT) fiszauAnuide i usasay 95 Mdldsunsy

g5a31 SPSS

Results

o a

= - ) =g o
1. FJ@’JM?’R‘;‘H@MﬂWWMWL%@JJ@ﬁﬂWZ%LﬁuQﬁﬂﬂU

T

v ' v
°

NANN9ALATIZHANTANIANIR9UTaNAN AN LINULTANANNR A pH WAL 5.211 501 unsaianum (Anly

o

sia89nIALANAN) FAnwindufesay 1.26 USu1asinmasndsasas 08.09 LazU3uNtIANaRInNATaaay 78.27
(Table 2) tBunnuaasudsnazatslaiianun windu 67.8 asau3nd (°Brix) HAnutuiasay 31.69 uay dA1 a, 0.80 &
Al

AR (L*, a* way b*) InaiANANa919 (L) Windu 56.41 ANANNINALAY (%) WNAU 21.15 wazA1 ANl WuAMAD

(b*) WinfL 34.37 wazdA1Auuiiawindy 135.3 cPs (Table 2)

2. HRYBNBATIAIUTENINAIFINAUULUALNG IAUNLULLAIAN 1 SHARLE AR TONAN
nsldnglansuiuuieadnaugeg (0:10) laiunsna¥eansnclassairweaald asAnednsdou

92U NANTINA LU (CG) uaznglalNuLUY (GM) TimdnzanfuNansuallaadumianan 5 gannmaass taeld
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CG:GM 8m91d91 10:0, 8:2, 6:4, 4:6 LAY 2:8 WLI1ERI142UU8d CC Nanadnay GM Mivnauliiuasas pH

UFuungarianne wazd3uiiAuduaedan InalAn pH 921919 4.09-4.12 UFu1unsasesas 0.61-0.63 LAz

1FUNANTUSREAY 74.25-74.66 WAz lLNNARBAN L* (24.13-26.48) WANLGN A1 a* waz AN b* Nuualtinanag

WanLes Aaldndlu Table 3

Table 2 Chemical and physical properties of nipa syrup

Chemical properties Values
pH 5.21£0.01
Acid content (%, Dw) 1.26+0.20
Reducing sugar (%, Dw) 28.09+0.89
Total sugar (%, Dw) 78.27+2.24
Moisture content (%, Fw) 31.69+0.28
Total soluble solid (°Brix) 67.8+0.17
a, 0.80+0.01
Physical properties Values
Color
L* 56.41+1.24
a* 21.15+1.63
b* 34.37+1.10
Viscosity (cPs) 135.3+1.15

Note: Mean + standard deviation (n=3); Dw = Dry weight; Fw = Fresh weight

Table 3 Chemical properties and color of gel at various ratios of CG:GM

Ratios pH Acid content Moisture content AR
of (%, wiv) (%)

CG:GM L a p*
10:0 4.12+0.00™ 0.62+0.01" 74.61+0.26" 24.13+1.80" 3.88+0.30° 6.45+0.87°
8:2 4.10+0.01 0.60+0.08 74.36+0.34 26.43+2.07 3.38+0.40% 5.17+1.38%
6:4 4.09+0.01 0.63+0.01 74.4120.15 25.13+1.58 3.33:0.21° 4.96+0.61%
4:6 4.12+0.00 0.67+0.07 74.660.18 26.48+2.42 3.26+0.25° 3.96+0.98°
2:8 4.09+0.00 0.62+0.01 74.25+0.58 25.73+2.76 3.04+0.67° 3.53+1.72°

Note: Mean + standard deviation (n

=3)

The different superscripts (a, b) in the same column are significantly different (p < 0.05)

The superscript (ns) in the same column is not significantly different (p > 0.05)
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nAaaL AL ANNANARANTIEARUITANAN 5 GANNTNAAEY (CG:GM WAL 10:0, 8:2, 6:4, 4:6 LAz

2:8) lfiATe93nLHadNTaTnA1ANLDS (Hardness) AR NEANEU (Springiness) ALY (Gumminess) WAYNNS

'
a

L?TEIQ (Chewiness) wudiieFun e GM L‘W'u'%u ﬂ"]ﬁfl’mLL’ﬁx‘l“ﬂﬂ\iL@mﬁ@?ﬁlﬁﬁﬁquﬁu Tnaiaaiddnadauzas
CG:GM 71 6:4 ﬁmmmlﬁqmnﬁqmﬁﬂﬁm 5.07 Nlansu (Kg) Loz BuiAanadiiefisnmdiutes CG:GM anadan
4:6 unz 2:8 MUAIFL GwRAEATUAAITEILAZATMSAEY TuETiA1AaEavEuTetRaT AR TUATAN L
dleiinunn M dandunnsld oM ludnsnsfieaaasduasieiiedudaduanuuds AHE AL A NLITIEY UAz

AN9LALn Aawanali Table 4

Table 4 Textural properties of gel at various ratios of CG:GM

Ratios Textural properties of gel

of Hardness Springiness Gumminess Chewiness
CG:GM (Kg) (mm) (Kg) (mJ)
10:0 1.51+0.08" 2.83+0.39° 0.62+0.16° 2.02+0.78°
8:2 3.19+0.17° 2.61+0.23° 0.81+0.55° 20.57+0.45"
6:4 5.07+0.51° 3.25+0.09° 0.82+0.79° 38.27+3.10°
4:6 2.08+0.12° 4.80+0.11° 0.60+0.17° 28.86+3.85°
2:8 1.00£0.17° 5.61+0.32° 0.45+0.38° 25.04+2.59°

Note: Mean + standard deviation (n=10)

The different superscripts (a, b, c, d, €) in the same column are significantly different (p < 0.05)

miﬂiuﬁumqﬂizmmﬁ”mﬁmé’ﬂuﬁﬂwmxﬂmﬂ{] A NAY WedNTa 38775 WAZAMNTEL AL TINUDINARNS U
dy  am Y . . 4 4 y o ds .

waasaadsn sliAzLuuAINTeY 9 szau (1 = ldgauniniign, 9 = seuniniige) Tnagvaaaudun fuiaa iy
NARADLIRANUIN 30 AL UIHANIFLATIZWNIARA WAL T UL LA N BANFNEAAILAA9 1 Table 5 WULNANARD
AZWUUANNTAUF LA FNER LazANTaUTnes9N 1RAaLAATNN CG way GM §nd01 6:4 TAAZWUUAINNTALANL
‘&I o o =S 1 Y o dl 1 1 1
WadudauazaanteulnesonlussAugeutunansieraunnn innndinslddnadonau o udliianuuansnmna
a0/ (p=0.05) Aun1slddndau 8:2 lae ldazuuumnugaua e duda uazanngauinesanlugae 7.10-7.60 uax
7.27-7.43 AMNAIAL W3 5 gan1snaaesiinzuuuAnteuA AN wuzrlsng et ludes 6.30-7.12 Tnaazuuu
ANNTALANUA (6.53-7.00) NAY (5.67-6.37) WAXIATA (6.10-6.70) Ml ANuuANANTuNI94D A aziiuiniladndau

2199 CG:GM Wiy 6:4 azilanwuznianian nidnlapenanudaniniign uasiinautauguininne i li

a7
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o o

gnagauduiinvingeulnasuuniga asldszAudnsdan CG:GM Wiy 6:4 TuntsAneFunuiiiianainy
winnzanlun1maaeedaly

3. HAYANLFNILU T ANAINFRNI1THARIAR

ANNNIIIATIZINUINLARNNLEHIUUNTANANNNLANANNAY 5 526U A Fa8as 15.0, 17.5, 20.0, 22.5 LAY
25.0 Auavn 1A pH uaziFunninsaiaunauansneiu (Table 6) InadAn pH aglugas 4.04-4.10 HuwiTiumnas

et maNaNNTY wazFununsaeg e 0.62-0.67 Huudliniinau HavnauanaailelTunnmndennay

@ A

ALTUINNUNTANFRLAY 15.0 LRAATHAIANINTUTALIAY 74.42 LATAAAUARTREAY 70.27 LHaNu I maNiatay 25.0

= oA ¥ oA ~ & A ' P Iy pry ¥ oA pRpap
ﬂ']@"ll'aﬂL'Q@WU')'TLN@TJ?‘?J']MH']Lm@NQWﬂLWN"ﬂu A1 L* HAN[AAY LA A1 b* NLLHQIHN@@@\? FIANHNRNNUILTANNNA

H L = y o &
Upna dauAn a* Huurvuiinaau

Table 5 Sensory evaluation of gel at various ratios of CG:GM

Ratios of Appearance Color Odor Texture Taste Overall

CG:GM liking

10:0 7.12+1.02° 6.90+1.18™ 5.73+1.51" 5.60+1.38° 6.32+1.13" 6.40+1.38°
8:2 6.80+1.27% 6.63+1.38 5.67+1.42 7.10+1.35° 6.23+1.01 7.2741.36™
6:4 6.70+1.32" 6.53+1.33 6.00+1.66 7.601.13" 6.2041.52 7.43+1.36°
4:6 6.87+1.41% 6.80+1.37 6.37+1.43 5.73+1.68° 6.70+1.28 6.60+1.22%
2:8 6.30+1.74° 7.00+1.20 6.30+1.39 5.40+1.22° 6.10+1.02 6.07+1.26°

Note: Mean + standard deviation (n=30)
The different superscripts (a, b) in the same column are significantly different (p < 0.05)

The superscript (ns) in the same column is not significantly different (p>0.05)

Table 6 Chemical properties and color values of gel with different % of nipa syrup

Nipa pH Acid content Moisture content Color

syrup (%, wiv) (%)

) L+ " b
15.0 4.10£0.01° 0.62+0.01° 74.42+0.10° 27.23+.1.48° 2.46+0.10° 5.36+0.16°
175 4.07+0.03" 0.65+0.03" 72.34+0.21° 25.73+1.56° 2.78+0.26™ 4.54+0.33°
20.0 4.0640.01° 0.65+0.01° 71.752£0.15" 21.96+1.44° 2.6240.25" 3.97+0.93%
225 4.0740.02° 0.66+0.11° 70.62+0.32° 20.30+1.23° 2.6410.07" 4.08£0.15"
25.0 4.04%0.03° 0.67+0.10° 70.210.80° 20.24+1.18° 2.89+0.20° 4.14£0.22%

Note: Mean + standard deviation (n=3)

The different superscripts (a, b ¢, d) in the same column are significantly different (p < 0.05)
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mﬁﬁﬁmwmerfiwﬁ”uﬁtmrﬁi'amuuum*mmrﬂuﬁmﬁmmcﬁwmmﬁu Inagnaaaudnlinzuuuetlugas
7.01-7.40 (39U UNAND9TaUNIN) (Table 7) mumuuummmuﬁwm‘ﬁ@ﬁmtTmLL@mm*]ﬁfﬂg’luﬁqw@uﬂ’mnmqﬁq
FaUMN (7.37-7.50 ua 7.25-7.57 AuaAL) wudnBunanidenienaz 20.0 IdfunzuuupnaauingsNgIgn
fia 7.73 uansnsatheiiluddyannganimeaadau

=

4. NATPNNITDLIFBAN TN NIANAS AN LR AU AUDNAA

a I3

e A A A ¥ o oo d a4 e A L4 Y

HARA U TN Aa s lanrusiledudanwiaoniluidaAaoninndnaad n13ld CG way GM luaay
Y o oA oa L & v ' ° £y a o @ a o = & Ve o
Wnduniaay annismaasaiisssunudiaziniiaaianisansioduiuliluasdensdilBunumoudugeat Mol
aa = a o o = a A ° Aay v Iy P pry H o 6 v
330199 lunNNsRAR AN ARU I AANNRANRLABN1TUN AR IPNNBLANSRY N1FRLANSRUNe T e naanasin i

A o o P o 2 o= & o Aaa an P A e o
Waduiaresaaiasunlacly saluas@nenavesniseuniasaaniseantimaniaaiiazanieduda lnanaaes
. - v A - - L . X . o o wm
UnaaadNauanFaunguugd 60 asAtadaa Wuwan 0-8 49Tue wudnanuisndfuiiledudaseaaarinlil
. O - ¥ 4 4 R s
AN LI WAL AN NUR AN L9 NUFHIUUIN A LAZIHaaRINAdaLNI9Llsva ANt aLlasdunudni

RI Adgl [~ v al ala EOI £ ‘igl U Aﬂl v QI d?‘/ 1 1
ANINUINUANT AN R WAL AURUAAR AU AN AT NTUALE 1R8N LLFLANTUAT pH wazALEHINIA
nanuaflAnlduans1eii AefiAn pH 4.06-4.09 Lazifununnsasas 0.67-0.69 WANNasaUTNNMANNTY (Figure 2)
IPgANANTUAI UL ANSREAT 75.11 HANanadwaniaas 56.68, 46.78, 36.81 WAL 30.85 LHBH1UNNTOLILIA

luiluseaziagn 2, 4, 6 waz 8 T2l MNANFL

Table 7 Sensory evaluation of gel with different % of nipa syrup

Nipa Appearance Color Odor Texture Taste Overall
Syrup liking

(%)
15.0 6.93+1.46°  7.27+1.20" = 6.43+1.50"°  7.37+#1.19°  7.30+1.41°  7.60+1.13°
17.5 747+1.28%°  7.40+1.13° 6.90+1.51°  7.37+1.03®°  7.53+1.07°  7.60+0.81°
20.0 7.23+1.19°  7.14+1.13% 6.55+ 1.71% 750+ 1.10°  7.57+1.16°  7.73+1.04°
22.5 7.07£1.18% 724+ 113"  6.57+1.50°°  7.50+1.29°  7.38+1.04°  7.57+1.10°
25.0 6.90+1.58° 7.01+1.49° 6.62+1.52°  7.31+1.13" 7.25+¢1.32°  7.52+0.91°

Note: Mean + standard deviation (n=30)

The different superscripts (a, b, ¢) in the same column are significantly different (p < 0.05)

P%
o o

y Ao, & . . c o & = o
HATA9TLLI0ANITALURNNAaA N AN ATR LA ALAAS 11 Figure 3 ANAAMNLLINLNNYUANN 5.24 Alansu

(0 Fql19) 1w 5.88 Alansu (6 T2lu9) WAZBENAIN ANAMHUTEANTWANN 1.27 Alansu (0 F2lua) W 2.11 Alansy
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(4 99Ta9) ANUUAIAST IhWREATUANISRNTIRNTNATN 37.81 HaAqu (0 F2Tu9) 1w 57.76 HaAqu (4 Falua) uay
- ~ v - LA \ P o A a a Py o
BFuA anuAtanBanguian lduansdeiulaeirnlszunn 3.25-3.71 Faameas n13ldaanseuaNiauaINI0an

S luaauarinased e duiaradan JUsNANHULI9AARNITEZIA N TaULTIAILARS T Figure 4

ns

pH
N W s

08 4 ns

0.4 4

Acidity (%)

0.2 4

80 - S
0 d
40 4 a

20 A

Moisture (%)

Drying time (hr)

Figure 2  Effect of drying time on pH, acidity and moisture contents of gel

Note: Means with different letters (a, b, c, d, e) are significantly different (p < 0.05), while means

marked as 'ns' are not significantly different (p > 0.05), with standard error in bars (n=3)
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Figure 3 Effect of drying time on hardness, gumminess, springiness and chewiness of gel

Note: Means with different letters (a, b, c) are significantly different (p < 0.05), while means marked

0 2 4 6

as 'ns' are not significantly different (p > 0.05), with standard error in bars (n=10)

8 hr

Figure 4 Characteristics of gel drying at different times
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Discussion

ISP

HANNTILAIIZRAANINITENANHAY pH WL 5.21 waztiununsananuaianviniuiasay 1.26 1iunm

v
o ¥

WnnaTANTIasas 28.09 uaviunnumaniuunianay 78.27 Winnasaaddeulvginuluinmenann laun nglaa

wazngning daurimnauerdaedfinuluindenainunniianierinanaglasa (Phetrit et al, 2020; Saengkrajang
et al., 2021) A" a,, Lﬂuﬂ'q‘ﬁﬂw@ﬂﬁqﬂ?u'1mﬁ’]@mizﬁaﬁum?ﬁrmu’1mﬁwiﬂiﬁﬂsz‘imﬂﬁmuﬁﬂﬂuﬂmﬁ UfTeN
51197 18 (Mathlouthi, 2001 )ﬂ?uwmmmﬁﬁmmmﬁﬂﬁ” ANTNEULAZAN a, A InALALsiuSaengkrajang et al. (2021)
FFsealdinidenaniFunnreaudaiazaneinldissano 70 asAEnd SAnAuTuesas 28.9-31.5 uaz

A1 a, 0.80

! IS o a ' 1 IS o

AN L* 1A 56.41 1414 100 tsuendndngiaangadne An a* 8a1 21.15 dAduuan tiuandndngiian

]

£
o a =2

- ' I I | . oA o 1 = R 5 .

Auns uazAn b* HAn 34.37 HAduuanisueandndngiieeadmaes aannidnAdresndentiaidAeudnadnuas
| o = o P P Py ¥ A Ay v A a Y
Aaudeanluniuasuaziaesidneusidudiinaiianesdaaaient dnzenanilduinudilinznauysnmiu
wperainantlshunieglutndensandoiuaisdszne utueanudasnaznauasniilefsielfidunaiuiu

(Apirattananusorn, 2021)

o

qmmiﬁmmﬁfﬁL%@mqﬂmﬂum?wm@mﬁﬂuqmﬁmmLLﬂ@\‘immﬂmaﬁm:mﬁuﬂiﬂmm@ﬂmamuﬁ@”ﬂ
Lmzmnmmﬁﬁm%m@zﬁmawmmLﬁaqﬁmuié’zﬁmﬁq@mﬁmmmu wuinngld CG:GM fidwandan 100, 8:2,
6:4, 4:6 Laz 2:8 lifluasafn pH Bunnsasanan wazi3ui A udurediaa Tnailan pH 721914 4.09-4.12
USsnaunsndenas 0.61-0.63 uariBnannsudonay 74.25-74.66 Seustin GM Saansuduina (Tye, 1991) usins

wnnsaasllun@ninelieaan ldiunalalasiaudest (H') 911 TaMunaandn pH 1e9uaniusiaslaianas

wazdian widunga GM yindisenAunsaunedauusiEunninsase H deasiinnndnaslufinasiedn pH uanannil

1
o

arslinonsdunsaiidnadllfensadninuaclanandingm dedoainesn pH iwadliaseyluanioznan

'
= aal

(Rochmawati & Ermawati, 2012) HaN19AaBNAILANAIA ARt Nd ldin 19 ANN 7a N9 W naiANT

2a3nglAuNBuLLIL AnavinliAn pH nawAnas (Tinakorn Na Ayutthaya & Putduang, 2016) BaxN13MAa@YH
=

NUIUFHIUNANTUTRS CGM F9nalsiAn b* HANaAaIa1aLla9dnaNn GM IHUNINRAT1R9Raa19A N T UE 1aea

PAIAIUNANDY CG hay GM AN Nan1dlun16aMALEAaa NTNANNAIUAWIZIF19 CC WAL GM A1H13049LETH

o

uantTRuazliulgslaseadaaasaalifau atnglsinudnadouszdng CG uar GM rinanudsnalifiladuialaa

A
HAuuANENiU (Utomo et al., 2014; Saengkrajang et al., 2020) NIANHIAALLARUNTANTII 5 TAN1INARBINLIFN

Namadon 6:4 Auavin iAo uudeilAniisaunnigamaian 5.07 Alanii uanndins’ld CG ievatinamng (10:0)
117001719 CG:GM Tudma49udu (Table 4) §M371891989 CG NAAAY TUUET GM WANTU (8:2, 6:4) Ruanilien

A 1 = dy ‘QI dg/ -dl a o o a 5 g a
AANNEANE W AITNLULEI UWASNTTIALILWNTRLUBNITALNANTITTINATNUIAINDALND TTSUIN CG uag GM un1e
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FRLALBILULIATNO VBN A NUdussTaRaiinTy GM fedaainilasaainetes CG HanwmsduuuLinge,
£ o o ' a Ao = 1y a ' aad o q v = @ - \
NN wazsansaiudumaaunasNnanFesluuuadie falasetnea nlmnnin eaalaanudausauastinveju
. L n e . o 2 d aye 4 R
(Li et al., 2024) agn9lsAmuAIANLdiIBuTAananlalEenId91 CG Nanaduay GM MANTUIUERINE9U 4:6
dl dl o v a o v v ?01 =3 v v =3 a 1
uay 2:8 \asaniFunnl CG Nanasvinlinnsinaanenziluaatiasas n1slauguiinastiasaasat InaasindnNeesy
g v lANAuudandnliueaaaanas (Imeson, 2009) ArAanEiauguilAisdudelddnsdounes GM LNTLLE
= a’f = v di = =< 90’ o 55 val
AMWtznuaznsAa LW Idianaiiean GM daruaiunsalunisgaduiiuaznessalui lan
m@msﬂixLﬁumqﬂazmwﬁuﬁmﬁmﬁnwmxﬂﬁﬂg A nau Weduda 94915 wazANTaLinesINYaY
NARAILEARAIEATNTIHALMUUAINTOL 9 72U WUIERTNE21T89 CG:GM depafanziuiaNgaluafuiie

o

fudanaraugaulnasan Ineeaan ld8ms1491 CG:GM winiu 6:4 TasuasiuuaNga L lussAusauUIunaana

1 =

TOUNIN T9gandranandanuan < aenlafinuazuuuianaqliiipmnuansimsaifed it dAndensauiay
TudnIdau 8:2 aziiiudiladndauaes CG:GM winru 6:4 Inggnaaauduliannuiiudiiaaazilaauudy uazanu
HangunuINIUADAARBITUANEUENINANNIdR Y Aldsvaudnsndan CG:GM Wiy 6:4 TunnsAnsniFunm
¥ - .
Ydananunnzanlunimeaeadall

AINNNFAATIZINLGN TN UL TRNANNALANAAY 5 32aU TauA $esaz 15.0, 17.5, 20.0, 22.5 WAT 25.0
danarami pH kazl3u1insnriannATeead (Table 6) Tnarn pH JuuaTHuanasua s Fu10insnsiausn AR AN AN
4 ¥ 4 22 ¥ 4 - . o X X 4 y
WAUF NN aNANNANTY a9 N N aNAINHUF N UNTALANTRY WANANNTNLIIANNTUIDILARAAAILND
PFunnuideniiadu iesanniliunuaesudsugnannau lnsunsenfonsy 15.0 wadlannduiesas 74.42 uas
AnAIARSRAY 70.27 Waldundensasay 25.0 A9UANENUINNITANUIN T Ndena AN L WasAn b* anad
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