Chapter 4
Results

Part I: The optimal method of Krachai-Dam honey wine processing.
4.1. Effects of Krachai-Dam cultivars and yeast strains on Krachai-Dam honey wine
qualities.

Physical and chemical qualities of wines mfluenced by 2 factors studied
(Krachai-Dam cultivars and yeast strains) were shown in Table 4.1. As for Krachai-
Dam cultivars (factor 1), there were significant differences in all quality parameters
studied. ‘Rom-Klao’ wines had the highest TP, AOI and a* and the lowest L* and b*.
As for yeast strains (factor 2), there were significant differences in 4 quality
parameters studied (alcohol percentage, pH, TA and TP). ‘Fermivin® wines had the
highest TA and the lowest alcohol percentage and pH whereas ‘Lalvin V1116” wines
had the highest TP, alcohol percentage and pH.

Table 4.1 Effects of Krachai-Dam cultivars and yeast strains on Krachai-Dam honey
wine qualities.

Physical and chemical qualities of wines
Factors Wine color Total

soluble solid Alcohol H Total titrable Total phenolic Anti-oxidant
L* a* b* (Brin) iesvwy P oacidity'(e) compounds index’
Krachai-Dam cultivars® (factor 1}
Rom-Klao 1697 ¢ 3326a 4350 b 6.3%9a [151a 3.83b 297a 219.38a 307a
Nam-Juang 33.14a 21.89b 10.98 a 6.11b 11.39b 383 b 2.65b 15895b 1.77b
Kheg-Noiff2 30.07b 2390b 9.70a 6.4] a 11.50a 3.97a 295a 138.83 ¢ 1.74 b
Yeast strains (factor 2)
Lavin V1116 2633ns  27.01ns 846 ns 630ns 1154a 3%0a 2.83b 179.03 a 2.09 ns
Fermivin 26.89 26.61 8.54 6.36 11.29b 3.83b 299a 169.86 b 232
Fermivin PDM 2696 2543 8.19 6.26 11.57a 3.90a 275¢ 168.29 b 2.17

# Means within the same column with different common letters differ sipnificantly by DMRT; *= p<0.05; ns=non-significant

! Total titrable acidity shown in the form of citric acid (g/)

2 Total phenolic compounds shown in the form of Gallic acid equivalent (mg/F00 ml of wines)

* Antioxidant index must be >1; if <1 shown then there is no antioxidative activity.

* Intemnal colors of Krachai-Dam rhizomes used as raw materials had 3 levels: Plurua-10 ‘Rem-Klao™ cultivar with a dark purple color, Phurua-5
*Nam-Juang” with a purple color and Phurua-12 ‘Kheg-Noi #2° with a pale purple color.

When 2-factor combinations (Table 4.2) were considered, there were
significant relations between the 2 factors studied related to qualities of wines: TSS,
alcohol percentage, pH, TA and b* (6.00-6.67°Brix, 10.93-11.73%, 3.80-4.03, 2.50-
3.20 g/l and 3.37-11.84 respectively)

The most important qualities (TP and AOI) of wines were considered. It was found
that the treatment combination of ‘Rom-Klao® cultivar and Lalvin V1116 yeast strain had
the highest TP and AOI (225.01 mg GAE/ 100 ml of wines and 3.28 respectively) which
were significantly higher than the treatment combination of ‘Rom-Klao’ cultivar and
Fermivin yeast strain (221.29 mg GAE/ 100 ml of wines and 3.11) and Fermivin PDM
yeast strains (211.79 mg GAE/ 100 ml of wines and 2.82) respectively.
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Table 4.2: Effects of factor combinations in experiment 1.2 on Krachai-Dam honey
wine qualities.

Factor combinations Physical and chemical qualities of wines
Yeast Krachai-Dam Tr Wine color Total soluble Alcohol Total Totat Anti
strains  cultivars' no. solid (°Brix) (% v/v) pH titrable phenolic - oxidant
M a* b* acidity'(g/l) compounds® index’
Latvin  RonKio 37 1714ns  3275ms  3.37¢ Gata 153be 3504 3.01 be 27508 ns 33Ens
viitg Namluang 4 3269 2006 10292 6.00¢ 11.50 be 3.87cd 2594 143.08 135
Kheg-Noi#2 9 2917 2621 11.728 6.43 2b 11.60b 4038 289¢ 168.92 167
Romi-Klso 31661 3439 475bc  6.67a 15.50 be 380d 3204 22129 31
Fermivin  NameJusng 44 3181 2085 1032 6.20 be 10.93 d 3.80d 271d 135,63 1.94
Kheg-Noif2 50 3025 2469 1004 6.20 be 1die 3.90 be 3.08ab 152.67 1.90
Fermivin  Rom-Klso ¥ 1717 3272 $35bc | 60 11.50be 350 bc 2714d 2179 282
PDp [Nam-Juang 45 3292 2277 11.34s 613¢c 11732 3.83 od 2.66d 13779 203
Kheg-Noi#2 51 3080 20.79 7.34b 6602 1147 be 397b 287¢ 155.29 1.64
CV % 795 9.60 1817 21.89 113 0,96 2.74 336 15.42

#Means within the same column with different common letters differ significantly by DMRT; * = p<005; ns=nou-significant

! Total titrable acidity shown in the form of citric acid (g/1)

2 Total phenolic compounds shown in the form of Gallic acid equivalent {mg/100 ml of wines)

* Antioxidant index must be >1; if <1 shown then there is no antioxidative activity.

* Internal colors of Krachai-Dam rhizomes used as raw materials had 3 levels: Phurua-10 ‘Rom-Klao® cultivar with a dark purple color, Phurua-5
*Nam-Juang® with a purple color and Phurua-12 *Kheg-Noi #2° with a pale purple color.

4.2, Effects of Krachai-Dam cultivars, types of honey and proportion of rhizomes in
must on wine qualities.

Physical and chemical qualities of wines included color (L*, a* and b*), total
soluble solids (TSS), alcohol percentages, pH, total titrable acidities (TA), total
phenolic compounds (TP) and antioxidant indexes (AOI) in each factor as shown in
Table 4.3. Proportion of rhizomes in must (factor 1): There were significant
differences in all parameters studied. TP, AOI and a* of wines increased
proportionally with the amount of rhizomes in must, whereas L* and b* decreased.
Types of honey (factor 2): There were significant difference in all parameters studied
except only AOI and a*. Sab-Seua wines had the highest TP and the lowest L* and
b*. Krachai-Dam cultivars (factor 3):. There were significant difference in all
parameters studied except the TSS and TA. ‘Rom-Klao’ wines had the highest TP,
AOI and a*, and the lowest L* and b*.

When each pair of factors combination (Table 4.4) was considered, the effects
of 2-factor combinations from 3 factors were studied, which were proportion of
rhizomes in must (factor 1), types of honey (factor 2) and Krachai-Dam cultivars
(factor 3). There were significant relationships between the 2-factor combination of
proportion of rhizomes in must (factor 1) and types of honey (factor 2) in 4
parameters of wine qualities studied, which were TSS, alcohol percentage, pH and
TA. As for TSS, the combination with 5% w/w of rhizomes in must and Sab-Suea
honey gave the highest TSS (6.88°Brix), whereas the combination between 15% w/w
of rthizomes in must and Lychee honey gave the lowest (5.44 °Brix). As for alcohol
percentage, the combination with 10% w/w of rhizomes in must and Lychee honey
gave the highest percentage (11.64%) which was nearly the same with 5 and 7.5%
w/w of rhizomes in must and Lychee honey (11.61 and 11.63% respectively), whereas
the combination with 15% w/w of rhizomes in must and Sab-Suea honey and between
15% w/w of rhizomes and Longan honey gave the lowest (10.54 and 10.60%
respectively). As for pH, the combination with 15% w/w of rhizomes in must and
Lychee honey gave the highest pH (4.08), whereas the combination with 5% w/w of
rhizomes and Sab-Suea honey gave the lowest (3.76). As for TA, the combination
with 15% w/w of rhizomes in must and Longan honey gave the highest TA (5.06g/1),
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whereas the combination of 5 and 7.5% w/w of rhizomes and all types of honey gave
the lowest (2.12-2.53 g/l).

Table 4.3 Effects of Krachai-Dam cultivars, types of honey and proportion of rhizomes in

must on wine qualities.
Physical and chemical qualities of wines
Factors Wine color Totat soluble Alcohol y  Total titrable Total phenolic Anti-oxidant
L* a* p+  solids (°Brix) (% vv) P acidity’(g/)  compounds® index’

Proportion of rhizomes in must (factor 1)

5% 3407 a 21.57¢c 8.62a 642 a 11.28b 3.80d 22 ¢ 14725 I[264d

7.5% 2571 b 27.52b 770b 636a 11.30b 397b 244c 181.92d 180¢

10% 19.12¢ 3l45a 539¢ 6.48a 1146a 4.03a 242¢ 21417 ¢ 225b

12.5% 15.63 d 3193a 1974 6.48 a 1131 391¢c 396b 285002 3.17a

15.0% 16.20d 31.88a 1.88d 568b 10.69¢c 393 be 4.2 2 27981 b 298a
Types of honey (factor 2)
Longan 2242a 2891 ns 557a 625b H20b 39%4a 324a 20539b 228ns
Lychee 225]a 29,09 4690 6.10¢ 11.48a 397a 285b 204950 223
Sab-Seua 21.50b 28.60 507b 64%a 1056¢  3.87b 3,103 217362 242
Krachai-Dam cultivars® (factor 3)
Rom-Klao 17.83¢ 3038a 213¢ 6.30 ns 1127b  392ns 297b 233.56a 257a
Nam-Juang 2281b 28.85b 564 b 6.23 I.14b 394 298b 20874 b 2250
Kheg-Noi#2 2581 a 27.37¢ 7.36 a 6.32 11.21a 392 324a 18540 ¢ 2.11b

#Means within the same column with different common letters differ significantly by DMRT; *= p<005; ns=non-significant

! Tatal titrable acidity shown in the form of citric acid (g)

% Tatal phenolic compounds shown in the form of Gallic acid equivalent (mg/100 ml of wines)

* Antioxidant index must be >1; if <| shown then there is no antioxidative activity.

* Intemal colors of Krachai-Dam rhizomes used as raw materials had 3 levels: Phurua-10 *Rom-Klao® eulfivar with a dark purple color, Phurua-5
“Nam-Juang® with a purple color and Phurua-12 *Kheg-Noi #2° with a pale purple celor.

As for the effects of 2-factor combination between proportion of rhizomes in
must (factor 1) and Krachai-Dam cultivars (factor 3) on wine qualities, it was found
that there were significant relations between the 2 factors studied in all parameters
studied. As for wine color, L*, the combination with 5% w/w of rhizomes and ‘Kheg-
Noi#2’ and ‘Nam-Juang® cultivars gave the highest L* (36.77 and 35.05,
respectively) whereas 12.5 and 15.0% w/w of thizomes and ‘Rom-Klao’ cultivar gave
the lowest ones (11.92 and 11.87 respectively). As for a*, the combinations with
7.5% wiw of rhizomes and ‘Rom-Klao’ cultivars, 12.5 and 15% w/w of rhizomes and
‘Nam-Juang’ and ‘Kheg-Noi#2’ cultivars gave the highest a* (32.40, 33.00, 32.18,
33.23, 31.56, 32.41, and 32.02 respectively), whereas the combinations with 5% w/w
of rhizomes and ‘Nam-Juang’ and ‘Kheg-Noi#2’ cultivars gave the lowest ones
(20.50 and 19.91 respectively). As for b*, the combinations with 5% w/w of rhizomes
and ‘Nam-Juang’ cultivar, 7.5% w/w of rhizomes and ‘Nam-Juang’ and ‘Kheg-
Noi#2’ cultivars and 10% w/w of rhizomes and ‘Kheg-Noi#2’ cultivar gave the
highest b* (8.70, 8.91, 8.35 and 9.01 respectively), whereas the combinations with
12.5 and 15.0% w/w of rhizomes and ‘Rom-Klao’ cultivar gave the lowest ones (-
2.51 and -2.12, respectively). As for TSS, the combinations with 12.5% w/w of
thizomes and ‘Rom-Klao’ cultivar and 5% w/w of rhizomes and ‘Kheg-Noi#2’
cultivar gave the highest TSS (6.91 and 6.87°Brix), whereas the combination with
15% wiw of rhizomes and ‘Kheg-Noi#2’ cultivar gave the lowest one (5.42°Brix). As
for alcohol percentage, the combination with 10% w/w of rhizomes and ‘Nam-Juang’
cultivar gave the highest percentage (11.59%), whereas the combinations with 15%
w/w of rhizomes and ‘Rom-Klao’ and ‘Nam-Juang’ cultivars gave the lowest (10.57
and 10.64%, respectively); pH the combination with 10% w/w of rhizomes and
‘Nam-Juang’ cultivar gave the highest pH (4.04), whereas the combination with 5%
w/w of thizomes and ‘Rom-Klao’ cultivar gave the lowest ones (3.68). As for TA, the
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combination with 12.5% w/w of rhizomes and ‘Nam-Juang’ and Kheg-Noi#2’
cultivars and 15.0% w/w of rhizomes and all cultivars gave the highest TA (3.90-4.47
g/l), whereas the combinations between 5, 7.5 and 10% w/w of rhizomes and all
cultivars gave the lowest ones (2.12-2.71 g/I). As for TP, the combination with 12.5%
w/w of rhizomes and ‘Rom-Klao’ cultivars gave the highest TP (339.71 mg/100 ml),
whereas the combinations with 5% w/w of rhizomes and ‘Kheg-Noi#2’ cultivars gave
the lowest one (133.76 mg/ 100 ml). As for AOI, the combination with 12.5% w/w of
rhizomes and ‘Rom-Klao’ cultivar gave the highest AOI (3.59), whereas the
combinations with 5% w/w of thizomes and all cultivars and 7.5% w/w of thizomes
and “Kheg-Noi#2’ cultivar gave the lowest ones (1.15-1 443,

As for the effects of 2-factor combination between types of honey (factor 2)
and Krachai-Dam cultivars (factor 3) on wine qualities, it was found that there were
significant relations between the 2 factors studied in 4 parameters, which were alcohol
percentage and wine color L*, a and b*. As for alcohol percentage, the combination
of Lychee honey and ‘Rom-Klao’ cultivar rendered the highest percentage (11.64%),
whereas the combinations of Sab-Suea honey and ‘Nam-Jung’ and ‘Kheg-Noi#2’
rendered the lowest ones (10.89 and 10.95% respectively). As for wine color, L*, the
combinations of “Kheg-Noi#2’ cultivar and all types of honey rendered the highest L*
(25.11-27.15), whereas the combinations of ‘Rom-Klao’ cultivar and Longan and
Sab-Suea honey rendered the lowest ones (17.89 and 17.10, respectively). As for a*,
the combinations of ‘Rom-Klao’ cultivar and Longan and Lychee honey rendered the
highest a* (30.80 and 30.79 respectively), whereas the combination of ‘Kheg-Noi#2’
cultivar and Sab-Suea honey rendered the lowest one (26.45). As for b*, the
combinations of ‘Kheg-Noi#2’ cultivar and Longan and Sab-Suea honey rendered the
highest b* (8.29 and 7.67 respectively), whereas the combination of ‘Rom-Klao’
cultivar and Sab-Suea honey rendered the lowest one (1.27).

When 3-factor combinations were considered (Table 4.5), there were
significant relations among the 3 factors studied in qualities of wines: TSS, alcohol
percentage, pH and TA (5.13-7.57°Brix, 10.37-12.00 %, 3.70-4.27 and 1.52-5.65 g/
respectively).

As the main purpose of Krachai-Dam honey wines consumption was to
produce herbal wines, the most important qualities considered were the TP and AOI.
It was found that the treatment combination of ‘Rom-Klao’ cultivar with 15%w/w of
rhizomes in must, Sab-Suea honey and Lalvin V1116 yeast strain, had the highest
AOI (3.83) which was not significantly higher for treatment combination of ‘Rom-
Klao’ cultivar, 12.5%w/w of thizomes in must, Lychee honey and Lalvin V1116 yeast
strain (3.76) and the combination of ‘Rom-Klao’ cultivar, 12.5%w/w of rhizomes in
must, Sab-Suea honey and Lalvin V1116 yeast strain (3.60) respectively. Whereas the
treatment combination of ‘Rom-Klao® cultivar, 12.5 and 15%w/w of rhizomes in
must, Longan honey and Lalvin V1116 yeast strain and the combination of ‘Rom-
Klao® cultivar, 12.5%w/w of rhizomes in must, Sab-Suea honey and Lalvin V1116
yeast strain had the highest TP (342.50 340.42 and 341.38 mg GAE/ 100 ml of wines
respectively).
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Table 4.4 Effects of each pair of 2-factor combinations in experiment 1.1 comparing the
3 factors, i.e. proportion of rhizomes in must, type of honey and Krachai-Dam

cultivars.
Physical and chemical qualities of wines
Factors Wine color Total Total Auti-
TO:.?; snc;n!ﬂe ?’}c:l;‘?)[ pH titrable phenolic  oxidant
Lx a* b+  SoRd (Brix) (% acidity'(g/) compounds’ index

3 % s SR e Hngios
5% .79 ns 6.32 bede 1.33bc 3.88 defg 2.12d 139.55 h
Lychee 21.31 .30 6,07 del’ 11.61a 3.77 gh 2.18d 142.27 h .22
Sab-seua 21.52 .78 638a 10901 3.76h 247d 159.94¢ 28
7.5% Longan 26,82 7.62 6.10 edef’ 11.27¢ 4.01 abc 2.43d 73.261g 191
: Lychee 27.05 1 6.36 bede 1163a 3.99 abed 2.39d 78.50 ef 205
Sab-seua 28.70 8.37 6.63 ab LLO| def 390 cdel 2.524d 94.00 de 173
10% Longan 31.64 6.11 6.43 abed 11,57 ab 4.06 ab 241d 20721 d 215
Lychee 32.09 4.67 641 abede 11.64 2 4.07 ab 2.33d 207.03d 2.13
Sab-seua 30.61 5,38 £.59 abe 11.18 cde 3.96 bed 2.53d 228.26 ¢ 2.47
Longan 32.14 236 6.49 abed .20 ed 3.96 bed 4.20b 287.42 3b .15
12.3% Lychee 3243 1.89 6,24 bede 11.57 ab 3.97 abed 3.52¢ 275.58 ab 3.08
Sab-seua 31.22 165 6.70 ab 11.17 cde 3.81 efgh 4.16b 202.00a 3.29
Longan 32461 2.98 592¢f 10.650 g 3.80 fph 5.06a 285.33 ab 291
15% Lyches 32.06 1.46 S44g 1093 F 408a 3.83 be 284.07 ab 2.69
30.96 1.19 S.67fg 10.54 g 3.92 cde 3.82bc 270.03 b 3.34
594 Rom-Klao 30395 24.29¢ 1.95 ab 6.53 abe 11.47 2be J68e 243¢ 156,62 ij 1.20e
Nam-Juang 35.052a 20,504 2702 5.87e I3ede  3.87cd 2.22¢ 151.38) Lise
Kheg-Now#i2  36.77a 18.914d 923 a 68748 1124 bed 3.86d 2i2¢ 133.76 k td43e
7.5% Rom-Klao 2031 32.40a 583¢ 5.96 de 11,34 abc 3.98 abed 240¢ 18999 h 2.20d
) Nam-Juang, 2748¢c 2595¢ 891 a 5.47 abe 11.36 abc 3.94 abed 243¢ 190.49 h 2054
Kheg-Noif2 2933 be 2423¢ 8.35a 65.67 ab $1.21 bed 3.98 abed 2.50¢c 165.291 144 ¢
10% Rom-Kiao 14,68 g 33.00a 1.53F 6,31 bed ll.44gbe 403 ab 2.39¢ 236531 2.66¢
Nam-Juang 19.23 ef 32.18a 564 cd 6.60 ab 15.59a 4.04a 21%7¢ 21060 g 2.10d
Khep-Moi#2  2347d 29.16 b 9.01a 6.52 abc 11.36 abc 4.00 abe 2.71¢c 19538 h 2.00d
Rom-Klao 1192 h L0 ab 251 g 691 a 11,54 sb 3.99 abed 3.31b 339.7a 359a
12.5% Nam-Juang 14.71 g 33.23a 1.561 641 be 11.00 de 3.87cd 4188 280.40¢ 2.99 he
Kheg-Noi#2  20.27e 31.56a 6.82 be 6.1 cde 11.40 abe 388 cd 4398 234891 294 be
Rom-Klac 11.87h 3121 ab -2.12¢g 5.80 ef 10571 3.94 abed 4.33a 321.90b 3.20ab
15% Nam-Juang 1756 F 32.41a 3ise 581 ¢f 10.64 1 3.96 abcd 150a 268,19d 301 be
Kheg-Npi#2 19.19 ef 3202a 4,40 de 5421 10.87 ef 3.90 bed 447a 24933 e 204 be
)
f
Longan Rom-Klao 17.89 ¢ 30.80a 2.55¢d 6.30 ns 11.t4 bed 3.94 ns 3.26 ns 233.36ab 2.4%9ns
L Nam-Juang 22.23 abe 2949 ab 5.87 ab 6.13 11,16 bed 3.94 327 198.51 cd 2,21
Kheg-Noi#2  27.15g 26.45b $.2%a 6.33 11.29 be 3.94 3.21 134,28 d 2.14
Rom-Klao 18.51 be 30.792 2.59cd 6.19 11642 393 278 229.98 ab 2.58
Lychee Nam-Juang 23.942b 28,09 ab 4.75 be 6.10 11.38 ab 4,01 2.67 205.10 bed 2.13
Kheg-Noif2  25.tia 28.47 ab 6.72 ab 6.03 11.4] ab 3.97 3.09 179.78 d 1.5
Rom-Kiao i7.10¢ 29.65 ab 1.274d 6,42 11.04 ed 3.90 288 237158 .64
Sab-seun Nam-Juang 22.25 abc 28.97 ab 6.29 3b 647 10.89d 3.85 3.00 222.60 nbe 2.44
Khep-Noif2 _ 25.16a 27.20ab 7.67a 6.59 10,95d 3.85 342 192.14d 219
[ 8,23 1.72 21.86 4.96 135 2.29 15.69 12.78 20,35

#Means within the same column with different commeon letters differ significantly by DMRT; *= p<0.05 ; ns= non-significant

I Tatal titrable acidity shown in the form of citric acid (/1)

? Total phenolic compounds shown in the form of Gallic acid equivalent {mg/100 ml of wines)

¥ Antioxidant index must be >1; if <1 shown then there is no antioxidative activity.

* Internal colors of Krachai-Dam rhizotmes used as raw materials had 3 fevels: Phurua-10 *Rom-Klao® cultivar with 2 dark purple color, Phurua-5
‘Nam-Juang’ with a purple color and Phurua-12 *Kheg-Noi #2° with a pale purple color.
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Table 4.5 Effects of 3-factor combinations in experiment 1.1 on Krachai-Dam honey wine qualities.

Factor combinations Physical and chemical qualities of wines
Propoctiond Typeol  Krachal-
Hhimmesia Dam Troutrment Wine color Total soluble Total titrahle Totad phenolic ~ Antl-oxidant
T ofids *Briz) AW OR) PH acidity'tg compond®  nder’
[£) ar b* :

Rom-Kla £ 3057 ns 240t ns X0¢ns 6,40 defghi 1150 cdel 3.%0h 2.57 hijklmno. 15123 ns 124ns
Longan Nam-Juang 64 3429 2079 464 5,60 kimn 11.23 (ghi 3.97 bedef 2.26 lmnop 12641 1.0%
Khep-NoW2 1 36.61 1929 9.65 6.97 bed 11.27 efghi .97 bedel 1.52p 141.00 150
Rom-KIao 5% 142 255 L8] 6.20 efghifk 11.77 sbe A6Th 2.24 mnop K133 LIE
S%wiw  Lychee Namnfumg 65 3775 895 L5 593 hijkim 1153 cde 183 elgh 212 nop ESR00 L6
Kheg-No#2 4 36138 20.95 219 6.07 hijkim 1053 cde 3.801gh 217 nop 12148 L3l
Rom-Klao 57 2907 FEEY) 685 1,00 bed TE13dkI 367k 2.50 jjkimno 17113 Lis
Sab-scua Nam-Juang 66 3 21,76 i 6.07 hijklm 10,63 nop 1300gh 2.16 linnop. 169.73 119
Kbep-Nold 5 37.53 1349 275 1.57a 10,93 jkim 3380 0gh 2.56 hijkimno 138.79 148
Rom-Klso 58 1¢.10 3280 529 3.ETijkim 11.I0Ekd 4,00 bade 2.43 jxtmnop 18817 205
Lovgant  Nam-Juwng &7 2619 26,71 9230 6.20 efghik 11.50 cdel 4.00 bede 247 ijkEnuiop 18258 228
KhegNo2 16 3243 2095 238 63 clghil __11.20gh)j 403 bed 2.40 kimnop 14904 1.39
75% Roca-Klac L 22,08 kIR 579 5.80 ifklm 1,930 4.0 bed 2.36lmnop 182.T1 281
!.\fw Lychee NamnJuang 68 3019 2130 195 6,20 efghijk 11,5} cde 3.93 cdef 2.52 hijklmno 180.75 190
Khep-Nobrg ekl 28.07 26.53 158 1.07 abe 11.43 defgh 4.00 bede: 2.29 Imnop 17404 145
Row-Kiao &0 1981 3300 5] G20efghgk 11,00 jjkim 1,90 defg 2.43 jkimao 201,68 11
Sab-seua Namnluang (13 2537 IR 900 7.00 bed 1103 jjkim 1.90 defp 2.31 Imnop 20813 Lk 7
Khep-Noi? bl 2950 2518 9.0 6. bedele 1100 [jkim 3.90 defg 2.82 ghigkImno 17279 149
Rom-Klao 61 1511 nn 22 6.03 hijktm 1147 edefg ENERTY 2.11 Imnop 216,63 2m
Longan Nannduang 70 19.02 n47 626 6.51bcdefgh  1E57cd 407 bed 2.24 nnap 213.38 150
Khep-Noid hid 24.713 29.27 236 6.73 bedelg 11.67 bed 3.97 bedel 2.68 hijkimno [RL.13 1.87
0% Rone-Kiso 62 13.99 3184 (X G40 defghi 11,63 ed 4,00 bede 2.4% jkimnop 23996 243
wiw Lychee Namnfuang n 18.66 1265 448 6.77 bedel 1.67bcd 410 be 2.17 nop 1998} [.9%
Nheg-Noii 80 B 139 #.55 607 hijkim 1163 cd 4.10be 2.38 Imnop 18129 200
Row-Kiao 63 139 3T [EL3 G.30cdefgh  11.23 fgha 3.97 bodel 240 kimnop 24360 28]
Sab-seus NamnJusng 12 20.00 .40 G617 6.50 cdefgh ELS3 ode 3.97 bodel 2.100p 21B0% 245
Khep-Noi 81 2192 2742 K60 6,77 bode! 19,77 mao 3.9 odef 3,08 fghijkdmn 23171 212
Rom-idno 163 1223 3169 193 70520 L117 higk 397 bedef .36 1ghij 34250 EX7]
Loiigan  Nem~Juang 169 14.69 33RT 1.63 6.13 ghijkl 10.93 jkim 397bedel A58 bede 27988 283
Khep-Now? 173 2113 3084 737 620 efghijk 1153 ode 3,93 cdef 469 bede 239.88 3.9
12.5% Rom-Kisg 64 1346 3221 66 6.80 bede 12002 1,00 bede 331 fghi 13515 376
whe  Lvchet NamyJuany 170 1546 33.21 1.69 603 ghijkl  1E17hijk 3.93 odef 3.34 tghijk 261.13 182
Khep-Now2 176 12,61 IR 363 3.80 ijklm 11.53 ede 3.97 bedel” 380 der 228.38 2.65
RoorKlio 168 1.7 29.13 -394 6.8 bede 1147 cdelg 4.00 bede 3,17 fghijklm 34138 360
Sab-scua NawJunng 17t 13.%9 1260 I ER) 6,97 bed 10.9% kimn 370h 4.6 bed 29321 33
KheplNo#2 177 2004 3194 746 6.33eehij  1LE3iK 3,T3gh 4,67 bed 23642 297
Ron-¥lno 156 12,45 hFET} 090 6,07 hijkIm 1047p 390 defp 5652 2042 3
Longan NarJuang 72 16.26 33.62 364 6.17 fghijk .57 op 3.70h 4300 26192 294
KnpNowt 178 20.86 3191 614 5,53 tmn 10,77 mno 3.80 fzh AHbe 253.67 276
15% Rom-Klso 167 1264 ETES) -1.08 573 jKim 10.87 Imn 3.97 bedel 3450gh 329.2% in
why Lychee Nam-Juang 173 1764 irdé 1.9¢ 547 mn 11.00 jfkim 427a 3,22 ghijki 0.9 i
KhepNoz 179 17.91 3219 157 5130 10.93 jkim 4.00bede 4300 252.00 2.55
Rom-Kiso 168 10.51 29.79 439 5,60 kimn 1037 p 3.97 bedef 3.90 cdef 96,00 38
Sabrseva Nam-Juang i 1239 3L 4.52 5.80 ifkIm 1037p 3.90 el 369¢clg 5 38
KhepeNo#d 150 13,79 31.95 3.4 5.80 kImn 10,90 Xlmn 3.90 defe 3.87 cdel’ 24233 .90
V% 813 712 1186 4.9 [R5 229 1S.69 1278 30.35

#Means within the same column with different common leiters differ significantly by DMRT; *= p<0.05; ns=non-significant

! Total titrable acidity shown in the form of citric acid (g/1)

2 Total phenolic compounds shown in the form of Gallic acid equivalent (mg/100 m! of wines)

* Antioxidant index must be >1; if <I shown then there is no antioxidative activity.

* Internal celors of Krachai-Dam rhizomes used as raw materials had 3 levels: Phurua-10 ‘Rom-Klao® cultivar with a dark purple color, Phunia-5
‘Nam-Juang’ with z purple color and Phurua-12 “Kheg-Noi #2° with a pale purple color.

4.3. Grouping of the treatment combinations

The selection of high quality Krachai-Dam wine processing must consider not
only gave the highest TP and AOI, but also should receive the highest acceptable
sensory evaluation scores of panelists. The limitation of sensory evaluation was that
the number of samples should not exceed 5, while our sample had 54. Thus this study
needed to use an unweighted pair group method cluster analysis (UPGMA) to group
these samples in accordance with 9 quality parameters. The result is shown in a
dendrogram (Figure 2). The Krachai-Dam honey wines processes can be classified
into 5 main groups as follows;

Group A can be classified into 5 subgroups which are subgroup A.l
consisting of 5 treatment combinations: 37, 38, 176, 39 and 179; subgroup A.2
consisting of 2 combinations: 58 and 60; subgroup A.3 consisting of 3 combinations:
61, 62 and 63; subgroup A.4 consisting of 5 combinations: 70, 71, 72, 59 and 80; and
subgroup A.5 consisting of 1 combinations: 173.

Group B can be classified into 4 subgroups which are subgroup B.l
consisting of 3 treatment combinations: 172, 177 and 171; subgroup B.2 consisting of
2 combinations: 58 and 60; subgroup B.3 consisting of 4 combinations: 178, 180, 174
and 179; and subgroup B.4 consisting of 2 combinations: 163, 164 and 165.
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Figure 4.1 Dendrogram obtained from 9 physical and chemical characters of Krachai-Dam
Honey wine using UPGMA.

Group C has 1 subgroup consisting of 3 treatment combinations: 163, 164
and 165.

Group D can be classified into 5 subgroups which are subgroup D.1
consisting of 2 treatment combinations: 73 and 75; subgroup D.2 consisting of 2
combinations: 69 and 81; subgroup D.3 consisting of 3 combinations: 43, 44 and 45;
subgroup D.4 consisting of 5 combinations: 68, 50, 67, 79 and 49; and subgroup D.5
consisting of 4 combinations: 76, 51, 77, and 78.



48

Group E can be classified into 2 subgroups which are subgroup E.1 consisting
of 3 treatment combinations: 55, 56 and 57; and subgroup E.2 consisting of 4
combinations: 65, 74, 64 and 66.

4.4, Sensory evaluation

4.4.1 Sensory evaluation in round 1

Sensory testing by at least 15-trained panelists was obtained and analyzed for
selecting the most optimal Krachai-Dam honey wine process that rendered the highest
total appreciation scores of each group (Table 4.6). The results were as follows:

Group A had a selected treatment in each subgroup, which were treatment
combination number 39 (total appreciation scores of 65.59) in subgroup A.1, number
60 (74.06) in subgroup A.2, number 61 (66.29) in subgroup A.3 with non-
significance, and number 71 (65.13) in subgroup A 4.

Group B had a selected treatment in each subgroup, which were treatment
combination number 171 (total appreciation scores of 48.47) in subgroup B.1 with non-
significance, number 167 (58.60) in subgroup B.2 with non-significance, number 178
(53.38) in subgroup B.3 with non-significance, and number 168 (53.59) in subgroup B.4.

Group D had a selected treatment in each subgroup, which were treatment
combination number 73 (total appreciation scores of 63.24) in subgroup D.1, number
69 (65.50) in subgroup D.2, number 45 (57.75) in subgroup D.3, number 79 (62.06) in
subgroup D.4, and number 77 (71.31) in subgroup D.5.

Group E had a selected treatment in each subgroup, which were treatment
combination number 55 (total appreciation scores of 74.46) in subgroup E.1, and number
66 (61.56) in subgroup E.2.

Table 4.6 Wine appreciation chart of Krachai-Dam honey wines by sensory evaluation of

15-23 panelists (round 1).
Wine appreciation scores
Group Treatment Appearance  Color V“g;:)"l:;:;'“a Flavor Acidity  Defect ‘:;‘;fi";' Total
(10) 5] 30) (15} (10) (10 (20) (100)
175 5.388¢ 147¢ 1412 ns 6.18¢ 506ns 4.12b 871b 45.53b
176 7.882 3.35b 18.71 247b 588 541ab 11.53a .
Al 7 6.24 be 347 ab 17.29 8.82 ab 6.59 624 12472
38 7.06 ab 3.76 ab 20.12 829b 576 647a 11063 5
390t LR00E - 4062 1729 - 1024a .~ .. 659 . - 6241 13088 o 26589
CV (%) 23.07 27.57 37.20 26.46 30.52 36.60 28.17
A2 58 7.56ns 38805 2118 s 9.18ns 565b  659ns  1224b
p S60 LIRS 38 e e D365 L T 6 8 6B e T R
CV (%) 17.61 7.87 17.78 23.10 15.02 19.55 18.61
LT 06 s I3TONE LU 2002 s o 4935 ns 00 fis; 282ins’ VI3 KRS DE62
%) 62 6.94 388 20.82 . . ' 1176
' 63 741 4.06 2047 , . X 11.29
CV (%) 12,29 11.64 28.64 3226 18,30 24.18 25.71
59 6.63 b 369a 15756 675 b 5.13ns  4.75ns 935 ns
70 : 14.63b 694 b 5.13 425 .50
Ad iy} FHEINRSERY L PR B o By 1 ¥ SRR { PR F507 T L0ms s
72 1538 b 7.13b 575 5.13 9.50
80 16,50 b . 10.50
CV (%) 35.66 30,20
571 R bETEN HSATS AL S 44T Ing
B.1 1 © 10246 494 412 341 .
177 4.94 2.53b 15.53 a 6.00 4.94 4.7 X
CV (%) 25.23 29.88 48.38 44.37 43.44 42.89 46.18 30,82

#Means within the same column with different common letters differ significantly by DMRT; *= p<0.05; ns=non-significant
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Wine appreciafion scores

Group Treatment Appearance  Color Va;:;zal:;:::n 4 Flavor Acidity Defect ('}]:r;fir‘;l Total
(10 5 30) as) (10 (10} (20) (100
167 L 5.87ns 34%ns- . 19.60 ns -820ns: - 547ns5 0 507ns 1093 ns - 58,608
B.2 169 5.60 3.13 18.00 8.00 493 5,20 10.40
170 5.87 3.67 18.00 7.20 5.07 520 9.87
CV (%) 19.05 20.05 2544 26.94 30.57 31,04 2532
174 475b 244b 13.13b 7.13ns 4.88 ns 4.38ns 9.50 ns
B3 178 .7 "7 "6.13a 350a 16.88a 7.13 4.00 525 10.50
: 179 6752 3.38a 16.13a 6.56 4.00 4,75 9.50
180 6.50a 363a 1763 a 6.38 3.63 4.88 10.25
CV (%) 26,49 18.52 25.60 27.87 33.96 23.97 26.12
B4 166 6.94a 3.65ns 14.82 ns 3.53b 1.77b 3.18b 518D
) 168" 5.59b 3.59 17.65 7.24a 494a  -47la 9.38 a
CV (%) 29.56 14.59 30.80 38.18 33.47 46.56 30,39
D 73 ".682a 3.65a 20,12 ns . 9.00a 624 a 6.12a 1129 %
i 75 5.18b 247b 16.59 688D 4.82b 4.82b 9.41
CV (%) 19,07 14.69 30.63 33.75 28.23 1133 32.22
D2 69 -875a 43la - 19.13ns -~ " 88la .  625a. 6&2%a  1200a .
i 81 4.75b 2.50b 16.50 6.56 b 463 b 4.63 b 9.00 b
CV{%) 24,19 24.20 27.45 35.61 33.18 31.80 37.46
43 738a 294 a [838a 7.88a 5.63b 5002 10.50 ns
D3 44 325¢  l94c 1425 619b  d463b  350b  BIS
ST CIE S¥bL v 238k 1832 v i l0d8al il 6,380 134071000
CV (%) 24.63 24.59 28.06 29.41 27.26 L 27.00
76 6.00b 3.06b [8.38ns 844 ns 513b 563b 10.25b
D.5 T eSO 3 ET T 2025 e N T CEIS e T 7258 L 1350 e
- 78 4.50¢ 281b 18.38 8.63 550b 5.00b 10.75b
51 6.25b 3.19b 19.88 8.63 6.13 ab 6.00b 11,50
CV (%) 29.04 21.17 20,79 25.56 23.99 26.16 2282
TSRS 831al T 43 a: 23.08a 7 T062a . 7T23a . 6.77d o 14,1540 446000
El 56 4.57b 3.00b 14.14b 6.21b 5290 4.14b 8.57b
37 8.14a 3.07b 18.00 ab 9.21a 6.43 ab 5.86a 1203 a
CV (%) 25.73 21.63 38.64 35.88 24.17 35.19 26.40
64 6752 3.13b 18.38a 88la 6,002 5.75 f1.75a
52 65 . 500b 281b 12,00 b L 7)3ab | 450b 4388 850b 448
- 1166 ©713a - -363a. 18.38a 8.8Fal -2 6.38ai - 575 - IE50a. -0
74 525b 281b 17.63 a 6.56b 4.50b 4.75 9.25h
CV (%) 21,67 17.96 29.30 29.17 29.79 32.53 27,36

#Means within the same column with different common letters differ significantly by DMRT; * = p<0.05 ; ns=non-significant

4.4.2 Sensory evaluation in round 2

When the selected treatment combinations in each subgroup that received the
highest total wine appreciation scores from sensory tasting in round 1 from subgroup
A.l to E.2 were identified, these selected combinations were selected in round 2 to
select the most optimal treatment combination in each group from A to E (table 4.7).
The results were as follows:

Group A had a selected combination of 39 (total wine appreciation scores of

71.20).

Group B had a selected combination of 178 (65.87).
Group C had a selected combination with non-significance of 163 (58.88).
Group D had a selected combination of 69 (61.93).
Group E had a selected combination with non-significance of 66 (57.53).
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Table 4.7 Wine appreciation chart of Krachai-Dam honey wines by sensory evaluation of 15-
23 panelists (round 2).

Wine appreciation scores

Group Treatment Appearance  Color Va;:;toa:::gtm ' Flaver Acidity - Defect (;E::il;;l Total
(10) &) G0 . {13 (10) (10) 0 (100)
60 6.53 be 3.40ns 20.40 ab 10.20a 6.27a 6.80 ab 1227 a 65.87 ab
61 7.33 ab 3.93 22.80a 10.00 2 6.67 a 6.27 ab 12.00a 69002
A 71 6.67 be 3.60 1840b 840a 6.53a 5.60b 10.93 a 60.13 b
173 627¢ 353 10.00 ¢ 540b 3.60b ,
39 T 3%a T 3877 400a T 9R0a. s 6.8018 755" 6,937
CVY (%) 15.12 20.12 26,55 29,72 28.95
167 533b 3.40ab 1240 480D 267b
B 168 7.07a 373a 10.80b 540b 347b
Lo 508 340b 307D
178t i8R0 b - L R bat it 1040 2
CV (%) 26.73 21.90 38.59 37.21
163 5880 381ns 19.50 ns 8.06ns 10.75ns  5838ns
C 164 6.88a 3181 10.50 57.31
165 6.88a 3.75 10.50 57.00
CV (%)

0

D :
E L AL 267ns. 6.4l0a . 820ms
B85 33 0 T 132060 940 i o 20 - Y35k
CV (%) 18.94 22.32 41,68 1545 25,09 25.96 29,88 21.64

#Means within the same celumn with different common letters differ significantly by DMRT; *= p<0.05 ; ns=non-significand

4.4.3 Sensory evaluation in round 3.

On the basis of treatment combinations in each group that received the highest
total wine appreciation scores from sensory testing in round 2 (from group A, B, D
and E), treatment combinations were selected for round 3 to select the combination
that would receive the highest wine appreciation scores (Table 4.8). It was found that
there were significant differences (p< 0.05) among the 5 treatment combinations in
this round in all wine appreciation parameters. The latter were appearance, color,
varietal aroma and bouquet, flavor, acidity, defects, general quality and total wine
appreciation. The combination which rendered the highest appreciation scores
approved to be combination number 39 (10% w/w of rhizomes in must, ‘Rom-Klao’
cultivar which gave a dark internal color of rhizomes, Longan honey, Fermivin PDM
yeast strain) that had a non-significant difference with combination number 163
(12.5% w/w of rhizomes in must, ‘Rom-Kiao’ cuitivar, Longan honey and Lalvin
V1116 yeast strain) but gave higher scores than combination number 69 (7.5% wiw of
rhizomes in must, ‘Nam-Juang’ cultivar which gave a purple internal color of
thizomes, Sab-Suea honey and Lalvin V1116 yeast strain), and combination number
178 (15% wiw of rhizomes in must, ‘Kheg-Noi#2’ cultivar which gave a pale purple
internal color of rhizomes, Longan honey and Lalvin V1116 yeast strain),
respectively. Therefore, treatment combination that rendered the highest appreciation
score was combination number 39, which scored higher than combination number
163, 69 and 178 respectively.
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Table 4.8 Wine appreciation chart of Krachai-Dam honey wines by sensory evaluation of 15-

23 panelists (round 3).
Wine appreciation scores
Treatment Appearance Color Vaz ;?1:;:::" % Favor  Acid ity Defect ﬁﬁ:f;;;’ Total
(10) 5) (30) (15) (10) 1o @) {100)
163 6.53 be 365b 21.71a 338a 3.41 ab 5.59 ab 10.47 ab 61.74a
66 547 cd 200¢ 11.12¢ 582b 447b 4,18b BO0b 41.06¢
69 5.12d 253¢ 16.94b 7852 5.12ab 41806 2350 51.09b
1718 7.00 ab 341% 16.06 b 5.56b 3.18¢ 429b 835b 47.85%¢
39 806a / 435a 21.35a L 944a- ‘5.88a o620 - AR dAEE S U 6T6R i

CV (%) 24.20 28.46 33.69 32.65 37.42 39.68 34.54 23.75
#Means within the same column with different common letters differ significantly by DMRT; *= p<005; ns=non-significant

4.5. Selection of the most optimal Krachai-Dam honey wine processing

The main criteria to select the most optimal Krachai-Dam honey wine
processing were chemical qualities (TP and AOI) and wine appreciation from sensory
testing. When we considered the chemical and pharmaceutical parameters, the
treatment combination number 163 gave the highest TP (342 mg GAE/ 100 ml) and
AOI (3.42), whereas combination number 39 gave a much lower TP (211.79 mg
GAE/ 100 ml) and AOI (2.82). However, when we considered the wine appreciation
scores based on sensory testing, combination number 39 gave the highest total
appreciation score (67.62), whereas combination number 163 had non-significantly
lower on the total score with but had a lower significance on the wine appearance and
color appreciation scores than the combination number 39. The final selection must
be determined by chemical, pharmaceutical qualities and wine appreciation of trained
panelists. Therefore, the most optimal Krachai-Dam honey wine processing was
freatment combination number 163 that was produced from 12.5% w/w of rhizomes
in must, ‘Rom-Klao’ cultivar, Longan honey and Lalvin V1116 yeast strain.

Part II: Study on the effects of certain factors on the qualities of Krachai-Dam
rhizomes used as raw materials for Krachai-Dam honey wine
production,

4.6 Effects of plantation areas and harvesting months of raw materials on wine

qualities.

Physical and chemical qualities of wines by each factor are shown in Table

4.9. As for plantation areas (factor 1), There were significant differences in 4

parameters studied, which were L* and b*, TP and AOIL TP and AOI of wines

increased as the elevation level of plantation area was higher, whereas L* and b*

decreased. As for harvesting months (factor 2), there were significant differences in 5

parameters studied, which were a*, TSS, alcohol percentage, TP and AOL The wines

produced from raw materials which were harvested at January (8 months after
growing) gave the highest AOI, TP and a*, but gave the lowest alcohol percentage
and TSS, whereas wines from raw materials which was harvested in November,

December and March rendered the lowest AOI, TP and a*.
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Table 4.9 Effects of plantation areas and harvesting months on wine qualities

Physical and chemical qualities of wines

Factors Wine color Total soluble Alcohol pH ti':‘;tz:e Total phenolic Anfi-oxidant
* * 3 H i H o, H
L 2 b solid (°Brix) (% viv) acidity\(2/) compounds®  index®
Areas (factor 1)
Nakhonphanom 1474 a 2771 ns 033a 6.35ns T34 ns 3.61ns 362 ns 287724 1.23d
Phrae 13.16ab 26,78 -346b 6.09 11.49 369 3.53 305.38¢ 136¢
Phurua 11091 2591 -4.36b 635 11.41 369 3.69 31635b [30b
Maechonluang 1095 b 25.52 -198b 6.37 11.34 3.53 3.64 35304 a 1.37a
Harvesting months {factor 2)
November 1132ns 2402b =341 ns 6.16 be 11.53a 3.68ns 3650s 28483 ¢ 125¢
December 119t 22300b -1.54 594¢ 11432 3.58 3.66 307.15b 1.25¢
January 13.70 29252 4.7 599¢ 1109b 364 3.64 33756a 1.37a
February 13.07 3l.16a -3.62 647b 11.55a 363 358 338852 1335
March 1243 25.66b -1.05 6.8%a 11.63a 3.62 3.57 309.73 b 126¢

#Means within the same column with different common letters differ sigmificantly by DMRT; * = p < 0.05; == non-significant
! Total titrable acidity shown in the form of citric acid (g/1)

2 Totat phenclic compounds shown in the form of Gallic acid equivalent (mg/100 ml of wines)

3 Antioxidant index must be >1; if <1 shown then there is no antioxidative activity,

When considered 2-factor combination was considered (Table 4.10), there
were significant relations between the 2 factors studied on 4 parameters, which were
TP, AOI, alcohol percentage and b* (254.50-389.50 mg/100 ml, 1.15-1.44, 10.70-
11.87%, -8.98-4.05 respectively).

Table 4.10: Effects of factor combinations in experiment 2.1 on Krachai-Dam honey

wine qualities
Factor combinations Physical and chemical qualities of wines
Wine color Tot Total Anti-
s Harsing T g e
»L* a* b ) y acidity'(gny <O"P° index’
November TR.2-17 13.44ns 28.01ns  3.72ab 647 ns 11.53 abe 1.50ms 163 ns 264,08 h 1.20 g
- December — TR2-21 1269 2657 -3.29 cdelgh 597 11.53 abe 357 377 2917 fg i.17g
b January TR2-1_1691 2683 _ {|7abed 603 11,17 abed 377 377 310.08 def 1.33 bed
F February TR225 1762 2906 -l.47abcded 617 11.60 abe 343 343 29658 T2 122efe
March TR.2-39 13.04 2806 130abe 703 11.77 2b 377 350 271.67h 123 efg
November TR.2-13 14.80 2293 ~1.96 abcdefg 593 11.37 abed 3.37 3.57 254.50h 1.15g
December  TR.2-22 1553 2441 -2.75cdefgh __ 5.60 11.63 abc 3.53 333 27133 gh 1.23 efy
Phrac  January TR22 1542 2776  -AG0ecdefgh 5.7 11.20 abed 3.60 333 32598 cd 1.30 cde
February TR226 996 3201 7734 6.27 11.40 sbe 377 3.60 370.00 ab 1.36be
March TR.2-30 1008 2677 -0.26 abede 6.67 11.87a 367 3.63 299.08 efe 1.27 del
November  TR2-19 7.00 23.13__ -8.36 gh 6.17 11,7736 377 380 323.67 cde 1.30 cde
December  TR.2-23 7.56 1945 4.7 cdelgh 593 16.70d 337 3.57 318,67 cdel 1.28 def
Phurus  January TRZ3 1267 2968  -6.43 clgh 6.13 1160 ed 3.60 377 32467 cd 1.40ab
February TR.2-27 1434 3266 0.18 abcde 6,57 11808 380 370 308.83 def 1,30 cde
Marei TR.2-31 1391 2463 _3.00cdelsh 683 11802 370 3.60 305,92 del 121 6
November  TR.2-20 1004 2199  -7.04fgh 6.07 11.37 abed 357 3.60 297.06 T3 1.33 bed
“ December _ TR.2-24 1188 1878 4.05a 637 11.67a 3.63 377 33643 ¢ 132¢cd
lasng  -SAmary TRI-4__ 980 3279 -B%8h 533 1100 cd 360 370 389.30n L44n
February TR2-28 10.35_ 30.93 5.7 defgh 677 11740 abe 3.53 360 380.00 2b 1442
March TR.232 1270 _23.19___-2.45 abcdeigh _ 6.93 11.07 bed 333 353 362.25b 132cd
V% 3682 1951 11835 6.59 311 5.08 474 34.50 3.26

#Means within the same column with different comman letters differ significantly by DMRT; *= p<0.05 ; ns=non-significart
! Total titrable acidity shown in the form of citric acid (/)

2 Total phenolic compounds shown in the form of Gallic acid equivalent (mg/100 ml of wines)

* Antioxidant index must be >1; if <1 shown then there is no antioxidative activity.

The most important qualities (TP and AOI) of wines were considered. It was
found that the treatment combination of Maechonluang area and a harvesting month
in January gave the highest of AOI and TP (1.44 and 389.50 mg/100 ml respectively),
whereas the combination of Phrae area and harvesting month in November gave the
lowest (1.15 and 254.50 mg/ 100 ml respectively).
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4.7 Effects of plantation areas and planting months of raw materials on wine
qualities.

Physical and chemical qualities of wines by each factor are shown in Table
4.11. As for plantation areas (factor 1), there were significant differences in 4
parameters studied, which were TP, AOI, pH and b*. TP and AOI of wines increased
as elevation level of plantation area was higher, whereas the b* decreased. As for
planting months (factor 2), there were significant differences in 4 parameters studied,
which were TP, TSS, pH and b*. The wines produced from raw materials which were
grown in May gave the highest TP and TA, whereas wines from raw materials which
were grown in July gave the highest pH and b*.

Table 4.11 Effects of plantation areas and planting months of raw materials on wine

qualities.
Physical and chemical qualitics of wines
Factors Wine color Total soluble  Alcohol Total titrable Total phenolic  Anti-oxidant
L+ a* b* sofid (°Brix) (% viv} acidity'(g/l)  compounds® index’
Areas {factor 1)
Nakhonphanom 1684 a 26.85ns 1.07a 58003 11.02ns 393a 3.52ns 30536 ¢ 1.30¢
Phrae 1344 b 28.55 -3.34b 6.03 11.19 370c 142 31916 b 1.23d
Phurua 13.22b 30.72 =531 be 6.10 11.00 381b 353 32383 b 141b
Maechonluang i1.87b 30,38 Llic 5.91 10.73 3.8% ab 3.67 351.33a 1.53a
Planting months(factor 2)
May 1370ab  3038ns 4.71b 599 ns 11,09 ns 364¢c 364a 337.56a 1.37ab
June 1279b 30.06 -4.64b 5.86 10.86 382b 3.56 ab 33054 a 141a
July 15.04a 25693 -1.69a §5.03 11.01 404 a 341b 308.17 b 1.32b

# Means within the same column with different common letters differ significantly by DMRT; * = p<0.05; ns=non-significant
! Total titrable acidity shown in the form of citric acid (g/1}

2 Total phenclic compounds shown in the farm of Gallic acid equivalent (mg/100 ml of wines)

3 Antioxidant index must be >1; if <1 shown then there is no antioxidative activity.

When 2-factor combination was considered (Table 4.12), there were
significant relations among the 2 factors studied on 4 parameters, which were TP

(293.50-389.50 mg/100 ml), pH (3.60-4.20), TP (293.50-389.50 mg/100 ml) and AOI
(1.08-1.58).

Table 4.12: Effects of factor combinations in experiment 2.2 on Krachai-Dam wine qualities

Physical and chemical qualities of wines

Factor combinations

Planting Wine color LG FobIE Alcohol Tetal titrable Total phenolic A.nh-
Areas months Tr. No. solid (% viv) acidity'(gl}  compounds® o_xldant
L* a* b* {(°Brix) index’
May TR2-1  169las 2683ns  |,17ns 6.03 ns 1117 08 3.77bed 377 s 31008 bede  1.33cde
[:ﬂ:: June TR2S (711 3044 353 5.53 .13 383bc 347 30583cde  133cde
July TR2-% 1649 23,28 5.56 5.83 10.77 4208 333 300,17 de 126¢
May TR22 1542 27.76 4,60 597 11.20 3.60d 333 32598 be [30de
Phrae June TR26 059 31.69 -1.68 6.00 10.83 3.80bc 3.53 322.58 bed 1,30 de
July TR.2-10 1432 26.18 374 6.13 11.53 3.70cd 340 308.92bcde  1.OSF
May TR2-3 12,67 34.20 643 6.3 11.00 3.60d 3,77 324,67 b 1.40¢d
Phurua June TR2-T 1358 28.2% .91 6.17 10.97 3,73 bed 347 322,75 bed 144 be
July TR2-11 1342 29.68 $2.59 6.00 11,03 4.10a 337 330.08b 1.40¢d
May TR24 980 3274 898 5.83 11.00 360d k] 339.502 144 be
MI:::S"“ June TR28 087 2983 6542 57 10.50 390k 397 371002 1582
July TR2-12 1594 28.58 -6.00 6.17 10.7¢ 417a 3.53 293,50 ¢ 1.55ab
CV % 18.15  14.56 83.86 7.48 3.09 2.65 6.7 378 473

#Means wilhin the same column with different common letters differ significantly by DMRT; *= p<0.05; ns=non-significant
! Total titrable acidity shown in the form of citric acid (g/)

% Total phenolic compounds shown in the form of Gatlic acid equivalent (mg/100 ml of wines)
? Antioxidant index must be >1; if <1 shown then there is ro antioxidative activity.

The most important qualities (TP and AOI) of wines were considered. It was
found that the treatment combination of Maechonluang area with a planting month in



May rendered the highest of TP (389.50 mg/100 ml) but the combination in June gave
the highest of AO! (1.58), whereas the combination of Maechonluang area and
planting month in July gave the lowest of TP (293.50 mg/100 ml), and the
combination of Phrae area and planting month at July gave the lowest of AOI (1.08).

4.8 Effects of plantation areas and number of year crops of raw materials on
wine qualities

Physical and chemical qualities of wines in each factor are shown in Table
4.13. As for plantation areas (factor 1), there were significant differences in 5
parameters studied which were TP, AOI, pH, L* and b*. TP and AOI of wines
increased as the elevation level of plantation area was higher, whereas L* and b*
decreased. As for year crop numbers (factor 2), there were significant differences in 3
parameters studied, which were AOI, pH and b*. The wines produced from raw
materials which were grown in 1-year crop rendered higher AQI than the ones grown
in 2- year crops but gave the lower pH and b*,

Table 4.13 Effects of plantation areas and number of year crops of raw material on
wine qualities.

Physical and chemical qualities of wines

Factors Wine color Total soluble Alcohol pH ti—{:;::e Total phenolic Anti-oxidant
* * * H R 0, : 3
L a b solids (°Brix) (% v/v) acidity'(e/) compounds’  index
Areas (factor 1)
Nakhonphanom 15892 28,69 ns 1.89a 6.22 ns 1113 ns 387a 3.57ns 30871 b 1.27h
Phrae £529ab 2747 -LHb 6,18 11.18 3.82a 348 304.08b l.26b
Phuruz 1387b 30,22 -6.06 ¢ 5.87 10.93 3600 3.78 31983 b 132ab
Maechonluang 12.04 ¢ 30.91 -3.5] be 6.12 10.67 3.78a 3.62 393.08a 1.35a
Year crops (factor 2)
1-year crop 13.70ns  29.25ns -4.71b 599 0s 11.09 ns 3.64b 3.64 ns 337.56 ns 1.37 ns
2-year crop 14.85 29.39 031a 6.20 10.87 38%a 3.58 32529 .23

#Means within the same column with different common letters differ significantly by DMRT; *= p<0.05; ns=non-significant
! Total titrable acidity shown in the form of citric acid (g/)

2 Total phenolic compounds shown in the form of Gallic acid equivalent {mg/180 ml of wines)

* Antioxidant index must be >1; if <1 shown then there is no antioxidative activity,

When 2-factor combination was considered (Table 4.14), there were
significant relations between the factors studied on 3 parameters, which were pH, L*
and b* (3.60-4.03, 9.80-16.91 and -8.98-2.62 respectively).

The most important qualities (TP and AOI) of wines were considered. It was
found that there were no significant differences between these values, but there was a
trend thereby the treatment combination of Maechonluang area, grown in 1-year crop,
would give the highest of AOI (1.44), whereas the combination of Nakornpanom area,
grown in 2-year crop gave the lowest one (1.21). Moreover, the combination of
Maechonluang area, grown in 2-year crops, gave the highest of TP (396.67 mg/100
ml), whereas the combination of Nakornpanom area, grown in 2-year crop, gave the
lowest one (307.33 mg/ 100 ml).
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Table 4.14 Effects of factors combinations in experiment 2.3 on Krachai-Dam honey wine

qualities.
Factoer combinations Physical and chemical qualities of wines
Aress  Yearcrops Tr.No. Wine color Totaslosl?c:uble ‘t/!’col;ol » Tot.al_ lit’rnble Total phe:;slic o:i::; t
L* a* 'Y {°Brix) (% viv) acidity’(gl) compou index®
Nakhon- l-yearcrop TR.2-1 169Ins 26.83ns 11708  603ns 11.17ns  3.77be 377as  31008ns 1.33 ns
phanom  2-yearcrop TR.2-33  14.86  30.55 2,62 6,40 11.10 3.97 ab 3.37 307.33 1.21
Phrge lyearcrop TR.2-2 1542 2776 -4.60 597 11.20 360¢c 333 325.98 1.30
2-vearcrop  TR2-34 1516 27.17 2.37 640 11.17 4.03a 3.63 282,17 1.22
Phurua LYearcrop TR.2-3 1267 29.68 543 6,13 11.00 360¢ i 324.67 1.40
Z-yearcrop TR.2-35 1507 30.76 -5.69 5.60 10.87 360¢ 3.80 315.00 1.25
Maechon I-yearcrop TR.2-4 980 3274 -8.98 5.83 11.00 360¢c 370 389.50 1.44
Iuang  2-yearcrop  TR.2-36 1439 29007 1.96 6.40 10.33 3.97 ab 3,53 396.67 1.26
CV% 10.92 1253 62.10 5.84 3.33 3.29 5.71 7.87 3.81

# Means within the same column with different common letters differ significantly by DMRT; *= p <005 ; ns=non-sipnificant
! Total fitrable acidity shown in the form of citric acid (g/1)

2 Total phenalic compounds shown in the form of Gallic acid equivalent (mg/100 m! of wines)

3 Antioxidant index must be =1; if <1 shown then there is no antioxidative activity.

4.9 Effects of (a) plantation area, (b) storage period and (c) storage method of
raw materials on wine qualities

Physical and chemical qualities of wines by each factor are shown in Table
4.15. As for plantation area (factor 1), there were significant differences in 6
parameters studied, which were TP, AOIL, pH, L*, a* and b*. TP, AOI and a* of wines
increased as the elevation level of plantation area was higher, whereas L* and b*
decreased. As for storage period (factor 2), there were significant differences in all
parameters studied. TP, AOI and a* of wines decreased as the storage period was
longer, whereas pH, TSS, L* and b* increased. As for storage method (factor 3), there
were significant differences in all parameters except the TA and b*. The cold storage
method gave the highest TP, AOI and a*, but rendered the lowest pH, TSS, alcohol
percentage and L*. Layout on the ground and keeping in net bags gave similar results,
in all parameters.

Table 4.15 Effects of plantation areas, storage periods, and storage methods of raw

material on wine qualities,
Physical and chemical qualities of wines

Factors Wine color Total soluble Alcohol Total titrable Total phenolic Anti-oxidant
e a* o solid (°Brix) (% v/v) acidity'(g/l) compounds®  index’
Areas (facter 1)
Nakhonphanom  19.86a 24270 1.00a 6.43 ns 11.24 ns 392a 3.55ns 27733 ¢ 1.24¢c
Phrae 18.06 b 2670 a -1.32b 6.43 11.36 3.83b 3.50 299.28b 1.24¢
Phurua 1484 ¢ 26.65 2 -207b 6.40 11.38 392a 3.55 293.02b 1.31b
Maechonluang 13.71d 28,56 a -293¢ 6.41 11.27 3.87 ab 3.61 350.11a 137a
Storage periods (factor 2)
0 month 13.70 ¢ 29.25a 4N 599b 11.09¢ 3.64¢ 364a 337.56a 1.37a
3 month 17470 25520 -0.52b 6.67 a 11.56a 354 b 3.58a 29671 b 1.30b
6 month 186%9a 24.87 b 124a 6.59a £1.291b 40842 344b 280.54 ¢ 122¢
Storage methods (factor 3)
Layout 17.24a 254%b -0.91 ns 6.41 ab 11.32ab 398a 357ns 286.55¢ 1.27b
Net bag 17.02a 25.57b -1.32 6.59a 1142a 3.86b 3.49 30127b 1.28b
Cold storage 1559 b 28.57a -1.76 625b 11.21b 3.8b 3.60 32699 a 1.33a

#Means within the same column with different comman letiers differ significantly by DMRT; *= p<0.05; ns=non-significant
! Total titrable acidity shown in the form of citric acid &N

2 Total phenolic compounds shown in the form of Gailic acid equivalent (mg/100 ml of wines)

* Antioxidant index must be >1; if <1 shown then there is no antioxidative activity.

Each pair of factor combinations was considered (Table 4.16). The effects of 2-
factor combinations and 3 factors, which were plantation area (factor 1), storage period
(factor 2) and storage methods (factor 3) of raw materials on wine qualities, were studied.
There were significant relation between the 2 factors combination of plantation area (factor
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1) and storage period (factor 2) in 6 parameters of wine qualities, which were pH, TA, TSS,
L*, a* and b*. As for wine color, the combination of Nakhonphanom area and storage
period of 6 months after harvest gave the highest L* and 6* (22.95 and 2.34 respectively)
and the lowest a* (21.21), whereas the combination Maechonluang area and storage period
of 0 months after harvest gave the highest a* (32.74) and the lowest L* and b* (9.80 and —
8.98 respectively). As for pH, the combinations of Nakhonphanom, Phurua and
Maechonluang area, with a storage period of 3 and 6 months after harvest; and Phrae area
with a storage period of 6 months, gave higher (3.97-4.17) than other combinations (3.60-
3.78). As for TSS, the combinations of Nakhonphanom area and a storage period of 0
month after harvest, and Phurua area with a storage period of 0 month, gave the highest
(3.77 g/l). The combination of Nakhonphanom area and 6 months after harvest, gave the
lowest (3.28 g/l). As for TP, the combination of Maechonluang area and a storage period of
0 month after harvest, gave the highest (389.50 mg/ 100 ml), whereas the combination of
Nakhonphanom area with a storage period of 6 months, gave the lowest one (240.28 mg/
100 ml).

The effects of 2 factors combinations of plantation area (factor 1) and storage
method (factor 3) of raw materials on wine qualities showed that there were
significant relations between the 2 factors in 3 parameters studied, which were
alcohol percentage, pH and TP. As for alcohol percentage, the combination of
Nakhonphanom area and keeping in net bags gave the highest (11.58%), whereas the
combination of Maechonluang area and cold storage gave the lowest one (10.87). As
for pH, the combination of Nakhonphanom area and layout on the ground gave the
highest (4.09), whereas the combinations of Nakhonphanom area and cold storage and
Phrae area and keeping in net bags gave the lowest ones (3.74 and 3.79 respectively).
As for TP, the combination of Maechonluang area and cold storage gave the highest
(380.60 mg/ 100 ml), whereas the combinations of Nakhonphanom area and layout on
the ground and keeping in net bags, and Phurua area and layout on the ground gave the
lowest ones (296.91, 271.24 and 268.49 mg/ 100 ml respectively)

It was found that the effects of 2 factors combinations between storage period
(factor 2) and storage method (factor 3) of raw materials on wine qualities had
significant relations between the 2 factors in 6 parameters studied, which were pH,
TA, TP, AOIL, L* and b*. As for pH, the combination of storage period of 6 months
after harvest and layout on the ground gave the highest one (4.23), whereas the
combinations between storage period of 0 month after harvest and all storage methods
gave the lowest one (3.64). As for TA, the combination of storage period of 6 months
after harvest and layout on the ground gave the lower (3.18 g/l) than other
combinations (3.51-3.64 g/l). As for TP, the combinations of a storage period of 0
month after harvest and all storage methods, and between a storage period of 3
months and cold storage gave the highest ones (337.56 and 328.92 mg/ 100 ml
respectively), whereas the combinations of a storage period of 3 and 6 months after
harvest and layout on the ground gave the lowest ones (264.51 and 257.59 mg/ 100 ml
respectively). As for AOI, the combinations between a storage period of 0 month
after harvest and all storage methods gave the highest (1.37), whereas the
combinations between a storage period at 6 months after harvest and layout on the
ground and keeping in net bags gave the lowest one (1.18, respectively). As for wine
color, the combinations of a storage period of 0 month after harvest and all storage
methods gave the lowest L* and b* (13.70 and -4.71 respectively), whereas the
combinations of a storage period of 6 months after harvest and layout on the ground
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and keeping in net bags gave the highest L* (19.74 and 18.82 respectively) and b*
(3.61 and 2.03 respectively). Moreover the L* of the combination of a storage period
of 3 months after harvest and keeping in net bags and the b* of the combination of
storage period of 3 months after harvest and cold storage, were also the highest ones
(18.55 and 1.34 respectively).

Table 4.16 Effects of each pair of factor combinations in experiment 2.4 on factors
(plantation area, storage methods and storage period) of raw materials on
wine qualities.

Physical and chemical qualities of wines

Wine color Total seluble  Alcohol T otal Total phenolic  Anti-oxidant
solid (*Brix) (% viv) rH fitrable compounds® index*
L* a* b* . acidity'(gf) "

skhon- 0 month 1691cd 2683bcde 1.172ab 603 ns 11.17ns 3.77b  377a 310.08 be 133ns
phanom 3 month 19736 24.78cdef -0.52b 6.73 11.34 397a  3.59abed  281.63de 1.25
& month 22952 21211 2.34a 6.52 11,22 4.03a 3.28d 240281 1.16
Phare 0 month 15.42d 27.76bcd -460¢ 5.97 11.20 360b 333cd 32598 be 1,30
3 month i838bc 2831 be -045b 6.64 11.51 3.78b  354abcd  300.73¢d 1.26
6 month 20.38b 2403 def’ 1.09 ab 6.67 i1.38 4.102  36labc 27113 L17
Phurua 0 month 126%e  29.68ab 643 ¢ 6.13 11,00 3.60b 377a 324,67 be 1.40
3 month 16.03d 2324 ef -064b 6.46 £.79 400a 346abcd 272,18 1.31
6 month 1581d 27.04 bede  0.87ab 6.52 11.36 4.17a 3.43 bed 282.20 de 1.23
Maechon 0 month 980f 3274a -8.984d 5.83 11.00 360b 3.70ab 389.50a 1.44
fuang 3 month 1573d  25.75bcde  -0.48b 6.86 11.58 40la 371ab 33231 1.35
6.56 4.01 a 3.42 bed 328.53 be 1.32

6m

T 29691¢c

2036ns 2433 ns 11.02¢cd

Nachon- Layout

phanum Net bag 19.95 22,77 139 6.45 11.58a 344 27124 e 1.23

Cold storage  19.28 25,72 0.22 6.31 11,13 bed 351 290.84 cde 1.28

Prare  Lavout 19.17 25,59 -0.56 6.29 11.43 abe 3.57 282.76de 1.23

Net bag 18.15 25.86 -1.20 6.68 11,32 abe 3.34 290,05 cde 1.22

Cold storage  16.84 28.67 -2.20 6.31 11.33 abe 3.58 325,03 be 128

Phura LAY0Ot 14.86 2533 -1.67 6.29 11.41 abc 352 26849 ¢ 1.29

Net bag 1491 26.40 -2.45 617 11.24 abed 3.60 299,18 cde 1.30

Cold storage _ 14.74 28.24 -2.08 6.16 11.4% ab 3.53 311.38 bed 1.35

Maechon Layout 14.58 26.74 -2.77 6.56 11.40 abe 3.49 325.05be 134
luang Net bapg 15.07 27.26 -3,04 11.53 ab 34459 b
Cold storage  11.48 31.68 10.87 ¢ 380,69 a

Layout 13.70¢ 29250  A471c 599ns  1109ns l6de 364a 337.56a 1.37a
O month Net bag 1370 ¢ 29.25 471¢c 5.99 11.09 36de 3.64a 337.56a 1.37a
Cold storage  13.70 ¢ 29.25 -4.71 ¢ 5.99 11.69 3.64e 3642 337.56a 1.37a
Layout 18.2%ab 2359 -1.62 b 6.66 11.53 408bc  3S51a 264.51d 1.26¢
3 month Net bag 18.55a 24.11 -1.29b 6.99 11.76 3.80d 3.66a 296.71 be 128¢
Cold storage  15.56 b 28.86 134a 6.37 11.38 394cd  3.56a 328.92 2 1.34ab
Layout 19.74 a 23.64 361a 6.59 10.33 423a 3.54a 257.59 d 1184
6month Net bag 18.82a 23,35 203a 6,78 11.41 413ab  3.18b 269,54 ¢d 1.184d
Cold storage 17.49 ab 27.61 -191b 5.40 11.14 3387d 3.59a 31448 ab 1.29 be
CV% 11.57 13.10 119.36 7.26 2.73 3.57 7.79 4.80 4.15

# Means within the same column with different commeon letters differ significanily by DMRT, *= p<0.05; ns=nonsignificant
! Tatal titrable acidity shown in the form of citric acid (g/)

* Total phenolic compounds shewn in the form of Gallic acid equivalent (mg/100 ml of wines)

* Antioxidant index must be =1 if <1 shown then there is no antioxidative activity,

When 3-factor combination was considered (Table 4.17), there were
significant relations among the 3 factors studied in qualities of wines: alcohol
percentage, pH and TP (10.70-12.13%, 3.60-4.30 and 213.72-389.50 mg/ 100 ml

respectively).
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Table 4.17 Effects of factors combinations in experiment 2.4 on Krachai-Dam honey
wine qualities.

Factor combination Physical and chemical qualities of wines

. Total .

Storage  Storage Wine color soluble  Aleohol Total Total Aati-

areas periods  methods Troo. solid (% viv) pH titrable  phenolic  oxidant
L a* b+ (*Brix) acidity'(g/) compounds®  index®
0 Layout TR.2-1 1691 ns 2683 ns 1.17ns 6.03 n: 11.17 efghi 3.77 fghi 3.77ns  310.08 bedef 133 ns

monthy Netbag TR2-t 1691 2683 117 603 1Li7efghi 377 fahi 377 310.08bodef 133
Cold storage  TR.2-1 16.91 26,83 1.17 6.03  11.17 efghi 3.77 fghi 377 310,08 bedel 1.33
Nekd Layout TR2-37 2008 2111 -1.50 6.57 1080 hi 4302 172 276.25 ghij 122
: 3 months Net bag TRI41 2033 239 13t 700 12.00ab 3.7 fghi 3.53 274,91 ghij 123
Cold stornge  TR.I-45 18,78 27.26 1.65 6.63  11.23 efghi 3.83 efghi 353 293.72 deight 130
Layout TR149 2409 2304 485 697 11.10cfhi  420ab 157 223.40Im 112
6 months Net bag TR2-53  226) 17.52 432 633 11.57abedef 4272 3.03 22873 Im L4
Cold storage TR.2-57 2215 23.06 -2.15 627 11.00 fghi 3,63 hi 3.23 268.70 hij 1.21

¢ Layout TR2-2 1542 2776 -4.60 597 11.20efghi  3.60i 333 32598 be 1.30

month  Neibag TR2-2 1542 27.7% -4.60 597 11.20efghi  3.60i 133 32598 be 130

Cold storage  TR.2-2 15,42 27.76 -4.60 597 1120 ¢fshi 3.60i 333 32598 bc 1,30
Layout TR2-38 2028 2696 142 663 11.50bedefg — 3.80 ighi 367 282.17 fghyj 124
Pheae 3 months Net bag TR.2-42 1868 2507 -0.48 700 1L37cdefgh  3.63hi 3.57 284.83 efghij 124
Cold siorage  TR.2-46 16.16 3291 0.55 630 11.67sbcde  3.90 defgh 3.40 335.20b 1.32
Layout TR2-50 2182 2204 433 627 11.60abedel 423 a 370 24013 ki 1Li4
6 months Net bag TR2-54 2036 2474 1.48 707 1140bodefgh  4.13 abed 313 259.35 jk L1
Coldstorage TR2-58 1895 2532 255 667 1l13efahi  3.93cdefz 400 313.92 bed 1.22

o Layout TR2-3 1267 2968 -5.43 613 1100 fghi 3601 3T 324.67 bc 1.40
ponth | Netbag TR.23 1267 2968 643 613 11.00 fghi 3600 377 324,67 be 1.40

Cold storage _ TR.2-3 1267 29468 643 6,13 11.00 fghi 3600 377 32467 be 1.40

Layout TR239 1566  21.03 -1.67 643 11.903bed 4,03 abodel  3.23 213.72m 1.29
puna 3 months Nei bag TR243 1710 2301 171 693 11.53bodef  4.07abcde 367 205,74 defgh 131
Cold storage  TR24Y 1532 2566 146 600 11,93 sbe 390 defgh 347 307.09bcdef 1,34
Layout TR.2-51 1625 3526 309 630 1133 cdefgh 4.37a 3.57 267.09 117
S months Net hag TR2-55 149 2649 0.79 723 11.20efghi  4.27a 337 277.13 ghij .19
Coldstorage  TR.2-59 1623 2037 -1.27 633 1153 bedel  3.97bedefy  3.37 302.39 cdefg 1.32
0 Layout TR.24 9.80 32,74 -8,98 5.83  11.00 fghi 3601 3.70 389.50 8 L.44

month Net bag TR.2-4 9.30 3274 -8.98 5.83 1100 fghi 3.60i 370 389.502 1.44
Cold storage  TR.2-4 3.80 3274 -%.98 583 11,00 fghi 3.60i 3,70 388.50a 1,44
Mach Layout TR2-40 1712 2324 -1.50 700 11908bed 417 abe 343 285.92defghi  1.31
kg 3months Netbag TR.2-44 18.08 24.41 -1.67 7.03 1213a 3.73 ghi 3187 331.33b 134
Cold storage  TR.2-48 11.9¢ 29.61 L71 6.53  10.70i1 4.13 abed 31.83 379.67a 1.42

Layout TR.2-52 16.82 24,23 217 6.83 11.30defghi 4.23a 333 269.73 cdefg 127

6 wonths Net bag TR256 1734 2464 1.52 6.50 11.47bedefy 3,87 efghi 317 312.93 bede 1.28

Cold storage  TR.2-60 12,65 32.69 -1.68 6.33 1090 ghi 3.93 edefpy 3.77 372922 140

CY% 157 1316 112.36 7.26 2,73 3,57 .79 4.30 4,15

# Means within the same column with different common letters differ significantly by DMRT; * = p<0.03; ne=non-significant
! Total titrable acidity shown in the form of citric acid (g/)

2 Total phenolic compounds showa in the form of Gallic acid equivalent {mg/100 m] of wines)

* Antioxidant index must be 21; #f <! shown then there is no antioxidative activity.

As the main purpose of Krachai-Dam honey wines consumption was to
produce herbal wine, the most important qualities considered were TP and AO!I of
wines. The following was found. As for TP, the treatment combination of
Maechonluang area, a storage period of 0 month after harvest and all storage methods
gave the highest TP (389.50 mg/ 100 ml), which were non significantly higher than
the treatment combinations of Maechonluang area, a storage period of 3 and 6 months
after harvest and cold storage (379.67 and 372.92 mg/ 100 ml respectively). However,
the combination of Phurua area, a storage period of 3 months after harvest and layout
on the ground gave the lowest one (213.72 mg/ 100 ml), which was non significantly
lower than the combinations of Nakhonphanom area, a storage period of 6 months
after harvest and layout on the ground (223.40 mg/ 100 ml) and keeping in net bags
(228.73 mg/ 100 ml). As for AOI, there were non-significant differences among the
treatment combinations studied. However, the treatment combinations between
Maechonluang area, a storage period of 0 month after harvest and all storage methods
rendered a trend with have the highest AOI with non-significant (1.44), whereas the
combination of Nakhonphanom area, a storage period of 6 months after harvest and
layout on the ground, gave a trend with the lowest one (1.12).
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4,10 Grouping of the treatment combinations of part II

The selection of high quality Krachai-Dam wine processing considered not
only gave the highest TP and AOI, but also received the highest acceptable scores
from sensory evaluations of panelists. The limitation of sensory evaluation is that the
number of samples should not exceed 5, while our sample had 56. Thus, this study
needed to use an UPGMA for grouping these samples by their similarities of 9 quality
parameters. Following that the result can be shown in a dendrogram (Figure 4.2). The
Krachai-Dam honey wines processes can be classified in 6 main groups as follows:

Group P: this could be sub-classified into 5 subgroups, which were subgroup P.1,
consisting of 3 treatment combinations: 2-46, 2-59 and 2-33; subgroup P.2, consisting of
4 combinations: 2-47, 2-56, 2-01 and 2-34; subgroup P.3, consisting of 5 combinations;
2-30, 2-31, 2-29, 2-27 and 2-17; subgroup P.4, consisting of 2 combinations: 2-40 and 2-
43; and subgroup P.5, consisting of 5 combinations: 2-38, 2-42, 2-45, 2-41 and 2-44,

Group Q: this could be sub-classified into 2 subgroups, which were subgroup Q.1,
consisting of 5 treatment combinations: 2-21, 2-22, 2-18, 2-10 and 2-25; subgroup Q.2,
consisting of 1 treatment combination: 2-57.

Group R: this could be sub-classified into 2 subgroups, which were subgroup R.1,
consisting of 5 treatment combinations: 2-37, 2-58, 2-52, 2-55 and 2-54; subgroup R.2,
consisting of 4 combinations: 2-50, 2-51, 2-49 and 2-09.

Group S: this had 1 subgroup consisting of 2 treatment combination: 2-39 and 2-53.

Group T: this could be sub-classified into 4 subgroups, which were subgroup T.1,
consisting of 5 treatment combinations: 2-05, 2-11, 2-12, 2-48 and 2-60; subgroup T.2,
consisting of 3 combinations: 2-03, 2-35 and 2-08; subgroup T.3, consisting of 3
combinations: 2-02, 2-07 and 2-06; and subgroup T 4, consisting of 4 combinations: 2-04,
2-26, 2-28 and 2-36.

Group U: this hadl subgroup consisting of 5 treatment combinations: 2-19, 2-20,
2-23,2-32 and 2-24.
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Figure 4.2 Dendrogram obtained from 9 physical and chemical characters of Krachai-
Dam honey wine (part IT from experiment 2.1 to 2.4) by UPGMA.
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4.11 Sensory evaluation

4,11.1 Sensory evaluation in round 1

Sensory testing by at least 15-trained panelists were obtained and analyzed to
select the most optimal Krachai-Dam honey wine processing, taking into account the
factors affecting raw materials, which would give the highest total appreciation scores
of each group (Table 4.18). The results are as follows;

Group P had 5 subgroups. The selected treatment combinations of each
subgroup were treatment combination number 2-33 (total appreciation scores of
62.38) in subgroup P.1 with non-significance, combination number 2-56 (65.12) in
subgroup P.2, combination number 2-31 (68.41) in subgroup P.3, combination
number 2-43 (66.29) in subgroup P.4 with non-significance and combination number
2-44 (60.35) with non-significance.

Group Q had 2 subgroups. The selected treatment combination of subgroup Q.1
was combination number 2-25 (total appreciation scores of 60.00) with non-significance,
whereas subgroup Q.2 had only one treatment combination, i.e. number 2-57.

Group R had 2 subgroups. The selected treatment combinations of each
subgroup were combination number 2-58 (total wine appreciation scores of 62.05) in
subgroup R.1 and combination number 2-9 (58.88) in subgroup R.2 with non-
significance.

Group T had 4 subgroups. The selected treatment combinations of each
subgroup were combination number 2-48 (total wine appreciation scores of 64.14) in
subgroup T.1 with non-significance, number 2-8 (70.22) in subgroup T.2 with non-
significance, number 2-7 (68.30) in subgroup T.3 and number 2-28 in subgroup T 4.

Table 4.18 Wine appreciation chart of Krachai-Dam honey wines by sensory evaluation of
15-23 panelists in crop year 2005-2006 (round 1).
Wine appreciation score

Yarietal aroma - General
&bouquet Flavor  Acidity  Defect

Group Treatmen Appearance  Color

(10) ® e as) 10) a T o0

P.1 2-4 .
2-59 725b
CV (%) 19.17
2-1 694 be
2-34 7.88ab

CV (%)

2-17 54l¢ 212¢ 15.88b 8.12ns 4.82ns 4820b
2-27 7.88a 3.88a 2047a 9.00 5.65 6.12a
2-29

P3

CV {%)
240

23.03

CV (%)
2-10 7.38bc 17.63 ns

2-18 7.75 b 18.38

Q.1 221 6004 15.75

EUEL 7!
CV (%) 17.17 29.92 30.82 36.14
#Means within the same column with different common letters differ significantly by DMRT; *= p<0.05; ns=non-significant
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Table 4.18 (continued)

Wine appreciation score

Group Treatmem Appearance  Color Vaz;t:;;:::n 2 Flavor  Acidity Defect (;;::irt;l Total
(10) )] 30) (15} (10 (10 (20} (100)
2.37 8.18a 3.64 ab 16.54 n3 8.18ns 527uns 518 ns 10,73 ns 57.82 ab
2-52 7.82ab 4002 19.36 8.32 5.55 4.9! 11.55 61,50 a
R.t 2-54 6.18¢ 3.23 be 16.64 7.23 5.27 445 10.36 53.36b

7.73 ab

CV (%)
2-5
2-11
T.1 2-12
SRR
2-60 2 .
CV (%) 32.12 26.07 28.42 29.78 26.29 20.21
2 8.17ns 5.44 ns 5.44ns 11.33ns 63.06 ns
T2 2 SR s b EEE BRI
2-35 . . 8.33 5.44 .
CV (%) 16.96 26.31 19.82 31.20 27.07 28.46
Significance * A ns ns ns
22 8.55ns 5.50ns 5.80ns 59.10b
T3 2-6 9,15 90 .
CV (%) 18.42 21.60 27.28 25,96 28.16 16.20
24 6.30b 3.65ns 8.70 ns 530ns 4,70 ns 5795b

3.45 9.75 5.80 5.70

A M gt
2-36 .. . 5.20 5.00
CV (%) 23.14 26.82 28.95 26.60 28.30 32.85
#Means within the same column with different common letters differ significantly by DMRT; * = p<0.05; ns=non-significant

4.11.2 Sensory evaluation in round 2

Once the selected treatment combinations in each subgroup that received the
highest total wine appreciation scores from sensory testing in round 1 from subgroup P.1
to T4, These combinations were sensory tested in round 2 to select the most optimal
combination in each group from P to U (Table 4.19). The results were as follows;

Group P had selected combination 2-33 (total wine appreciation scores of
67.11) with non-significance.

Group Q had selected combination 2-25 (70.44).

Group R had selected combination 2-9 (67.06) with non-significance.

Group 8 had selected combination 2-39 (61.45) with non-significance.

Group T had selected combination 2-28 (68.55).

Group U had selected combination 2-24 (65.05).
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Table 4.19: Wine appreciation chart of Krachai-Dam honey wines by sensory evaluation
of 15-23 panelists in crop year 2005-2006 (round 2)

Wine appreciation scores

Groups Treatment Appearance  Color - Va‘;ile]t(:: a:::" a Flavor  Acidity Defeet Gfll;;irt;l
w o Py as an gy 95

2-31 19.33 ns

" E50ns

P -2443 . 8.67 533 6.67 10.56 61.44
244 356 21.00 9.33 5.89 544 11.78 64.00
256 3.72 21.00 8.67 $.22 5.44 11.33 67.11
23.60 24.70 2615 3163 32.86 30.70 19.56
Q  ERRAmREEA e S AR 00 A A R O DO TS R B P RS T R L R
16.67b 533b 444 411 811b 4561b

47.07 41,87

R I RO e RIS R %
2.58 1.22b 3.56 22,00 9.50 5.44 5.56 12,33 65.61

cv 16.75 22.21 23.18 27.16 2190 28,53 24.62 19,13
5.55 0

32.98 38.75

T
7.50 510b
2-43 7.80 520b 5.30 12,20 58.95 be
28.37 27.48

U 400¢c 180¢c 4.60b 4.30 880¢ 40.75¢
224 7.80a 3.90a 6.10a 5.60 1240a 6505a
2-20 1.50a 3.80a 6,102 5.00 10.60 abe 58.65 ab

CV (%) 24.59 30.25 36.00 31.55 32,76 32.68 3106 23.15

#Means within the same column with different commen letters differ significantly by DMRT; *= p<005; ns= non-significant

4.11.3 Sensory evaluation in round 3.

Once the selected treatment combinations in each group that received the
highest total wine appreciation scores from sensory testing in round 2 from group P,
Q and R, and group S, T and U (Table 4.20) were identified, it was found that Group
PGR had the selected combination of 2-25 (total wine appreciation scores of 72.25)
with non-significance, whereas Group RST had the selected combination of 2-28
(70.89) with non-significance.

Table 4.20: Wine appreciation chart of Krachai-Dam honey wines by sensory evaluation

of 15-23 panelists in crop year 2005-2006 (round 3 and 4).
Wine appreciation_scores

Groups Treatment Appearance Colar Va;;?:a;::na Flavor Acidity Defect
(10) 5 oo (15) (10) (10)

3.35

" \ :

2-33 8.20 3.85a 68.55

CV (%) 11.55 17.71 13.71
3.28Db 67.78 ns

STU e i

64.61

CY (%) 17.55 23.32 25.12 22.14 27.28 22,97 15.89
Best 2-25 373ns 2I§..8_2 ns %}%;IAS ns 7.09 ns 6.73 ns 15,27 ns 7527 ns

CV (%) 1715 1347 23.16 18
#Means within the same column with different common letters differ significantly by DMRT; *= p <005 ; ns=non-significant
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4.11.4 Sensory evaluation in final round

Once the wine appreciation scores of the selected treatment combinations of
group PQR and group STU from sensory testing by trained-panelists were compared, the
final selected treatment combination of this research was treatment combination number
2-28 (wine produced from Krachai-Dam rhizomes with raw materials were grown at
Maechonluang area (1,450 m asl) in May, harvested in February, with a 1 year crop
growing storage period of 0 month after harvest and layout on the ground); this rendered
a total wine appreciation score of 76.73. However, combination number 2-28 had higher
non-significance than combination number 2-25 (wine produced from Krachai-Dam
thizomes with raw materials grown at Nakhonphanom area (200 m as!) in May, harvested
in February, a 1 year crop growing, with a storage period of 0 month after harvest and
layout an the ground), this rendered a total wine appreciation score of 75.27.

4.12 Selection of the most optimal Krachai-Dam honey wine processing using
raw materials affected by factors studied.

The main criteria to select the most optimal Krachai-Dam honey wine
processing were chemical and pharmaceutical qualities (TP and AOQI) and wine
appreciation through sensory testing. When we considered the chemical and
pharmaceutical parameters, treatment combination number 2-28 gave a much higher
TP (380.00 mg GAE/ 100 ml) and AOJ (1.36) than combination number 2-25 (296.58
mg GAE/ 100 ml) and AOI (1.23). When we considered the wine appreciation scores
from sensory testing, combination number 2-28 also gave a higher total wine
appreciation score (76.73) than combination number 2-25 (75.27) with a non-
significant difference. Therefore, this research concludes that treatment combination
number 2-28 was the most optimal process (wine produced from Krachai-Dam
thizomes with raw materials grown at Maechonluang area in May, harvest in
February, a 1 year crop growing, with a storage period of 0 month after harvest and
keeping rhizomes by layout on the ground, at room temperature).

Part III Factors that influenced Krachai-Dam rhizomes used as raw materials for
Krachai-Dam,

4.13. Quantitative yields

Quantitative yields of Krachai-Dam planted in crop season of 2004-2006 and
2005-2006 of each factor were studied and shown in Table 4.21. As for plantation
area (factor 1), there were significant differences in 2 parameters studied, which were
weight of rhizome and production per hectare. Krachai-Dam plants which were grown
in Maechonluang area gave the highest weight of rhizome and production per hectare
(38.52 g per rhizome and 3,977.81 kg per hectare respectively), whereas plants which
were grown in Phrae area gave the lowest ones (22.21 g per rhizome and 2,133.38 kg
per hectare respectively). As for year crops (factor 2), there were significant
differences in 2 parameters. The plants, which were grown in 2-year crop (2004-
2006), gave significantly higher weight of rhizome and production per hectare than
the ones grown in 1-year crop (2005-2006).



65

Table 4.21 Quantitative yield of Krachai-Dam in year crops of 2004-2006 and 2005-2006 by

each factor.
Quantitative yields of Krachai-Dam
Factors Weight of rhizome (g) Production per hectare
(kg)
Areas (factor 1)
Nakhonphanum 27.11b 2,377.81b
Phrae 2221c¢ 2,133.38b
Phurua 23.77be 2,340.75b
Maechonluang 3852a 3.9778la
Year crops (factor 2)
1-year crop 20.66 b 2,214.81b
2-year crop 33.8%a 3,200.00 a

#Means within the same column with different common letters differ significantiy by DMRT; *= p<005; ns=non-significant

When 2-factor combination was considered (Table 4.22), there were
significant relation between the 2 factors studied on 2 parameters, which were weight
of rhizome (16.42-44.23 g per rhizome) and production per hectare (1,792.63-
4,740.75 kg per hectare). It was found that the combination of plants which were
grown in Maechonluang area in 2-year crop gave the highest weight of rhizome and
production per hectare (44.23 g per rhizome and 4,740.75 kg per hectare
respectively), whereas the combination of plants grown in Phrae area and 1-year crop
gave the lowest (16.42 g per thizome and 1,792.63 kg per hectare respectively).

Table 4.22 Factor combinations between plantation areas and year crops on quantitative
yields of Krachai-Dam in crop season of 2004-2006 and 2005-2006.

Factor combinations Quantitative yields of Krachai-Dam
Areas Year crops Weight of rhizome (g) Productm(n k;;)er hectare
1-year crop 25.10¢ 1,985.19¢
Nakhonphanom 5 Year crop 31.75b 2,770.38 be
Phrae 1-year crop 1642d 1,792.63 ¢
2-year crop 26.27 be 2,474.06 be
1-year crop 20.28 cd 1,866.69 ¢
Phurua 2-year crop 2527 ¢ 2,814.81 be
1-year crop 21.3%9cd 3,21481b
Maechonluang 2-year crop 44.23 a 4,740.75 a
CV% 42.75 23.83

# Means within the same column with different common letters differ significantly by DMRT; *= p<0.05; ns=nom-significant

Therefore, the ‘Maechonluang’ area supplied the significantly highest quantitative
yields. In addition, the 2-year crop showed higher yields than the 1-year crop.

4.14 Qualitative yields

4.14.1 Effects of plantation areas and harvesting months on qualitative

yields of Krachai-Dam.

Qualitative attributes of Krachai-Dam rhizomes by each factor are shown in
Table 4.23. As for plantation area (factor 1), there were significant difference in all
parameters studied. TP, AOI and a* increased as the elevation level of plantation area
was higher, whereas L* decreased. As for harvesting month (factor 2), there were
significant differences in all parameters studied. The rhizomes which were harvested in
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January and December (8 and 7 months after growing respectively) gave the highest AOI
and TP, but gave the lowest b*, whereas rhizomes which were harvested in November
gave the lowest AOI, TP and L*.

Table 4.23 Effects of plantation areas and harvesting months on qualitative yields of

Krachai-Dam.
Physical and chemical qualities of rhizomes
Factors Internal color of rhizomes Total phenolic  Anti-oxidant

L* P b* compounds® index?
Plantation areas (Factor 1)
Nakhonphanum 37.06a 721¢ 421b 48.96d 1.35d
Phrae 3599b 717¢ 248¢ 58.08¢ 1.38¢
Phurua 3453¢ 1209 b 398b 61.06 b 1425
Maechonluang 34.30 ¢ 13.15a 4.87 a 6597 a 147a
Harvesting months (Factor 2)
November 3466h 929006 4.69a 5292d 1.30¢
December 3533 ab 1l.11a 354 b 61.32 ab 145a
January 35.84a 943 ¢ 3.36b 61.95a 145a
February 3584 a 1020 b 3.06b 60.53 b ldd a
March 36.01a 8.65d 497 a 55.88¢ 1.40 b

#Means within the same column with different common letters differ significantly by DMRT; * = p<0035; ns=non-significant
' Total titrable acidity showed in form of citric acid (/)

HTatal phenolic compounds showed in form of Gallic acid equivalent (mg/ ml of ethanolic extracts)

} Antioxidant index must be >1, if <1 showed that no antioxidative activily,

When 2-factor combination was considered (Table 4.24), there were
significant relations between the 2 factors studied on all parameters, which were TP,
AOIL, L*, a* and b* (41.93-69.38 mg/ml of extracts, 1.25-1.51, 30.03-38.61, 5.82-
14.48 and -1.15-7.69 respectively).

Table 4.24 Effects of factor combinations in experiment 3.1 on qualitative yields of
Krachai-Dam.

Factor combinations

Physical and chemical qualities of rhizomes
Internal color of rhizomes

Total phenclic  Anti-oxidant

Areas Harvesting L* a* b* compounds’ index’
months
November 36.56 be 7.29j 574b 41.93 h 1251
December 36.19 bed 862h 3.10 fghi 51.17fF 1.39 def
Nakhonphanom January 36.77 abe 8.25hi 586b 5212f 1.39 def
February 386l a 6.06 k 3.02 ghi 5112 fF 1.38 efg
March 37.06 ab 582k 4.06 defgh 4848 g 1.36 fg
November 35.46 bedef 645k 4,53 bedef 5545¢ 129h
December 35.78 bede 7.61 jj -1.15k 60,60 ¢ 1.44 be
Phrae January 37.01 ab 884h 0.78 6132¢ 1.43 cd
February 35.32 bedef 7714 1.96 ij 5840d 1.41 cde
March 36.46 be 592k 3.84 defgh 54.65¢ 1.34 g
November 33.13¢ 1133g 5.04 bed 56.12¢ 126 hi
December 34.71 cdefg 12,11 def 4.82 bede 64.50 b 1.49a
Phurua January 3350 fg 11.58 fg 1.73 i 64970 1.48a
February 35.63 bede 12.77 cd 2.69 hi 63.73b 1.47 ab
March 36.29 bed 1299 be 3.50 efgh 55.97¢ 1.39 def
November 3441 defg 12,62 cde 3.66 defgh 58.18d 1.38 efg
December 3499 bedefg  13.59b 4.20 cdefg 69.00 a 149a
Machonluang January 33.03g 12.03 ef 3.62 defgh 69.38a 1.50a
February 33.77 efg 1448 a 4.53 bedef 68.88a 1.51a
March 34,37 defg 12.26 def 7.69a 6442 b 1.4%a
CV% 11.80 12.20 81.37 2.10 2.25

# Means within the same column with different common letters differ significantly by DMRT; * = p< 0405 ; ns=not-significart
! Total titrable acidity showed in form of citric acid (g/1)
*Tatal phenolic compounds showed in form of Galtic acid equivalent {(mg/ ml of ethanolic extracis)
* Antioxidant index must be > 1, if <| showed that no antioxidative activity.
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The most important qualities (TP and AQI) of rhizomes were considered. As
for TP, it was found that the treatment combinations of Maechonluang area and
harvesting month in January, December and February (8, 7 and 9 months after
growing respectively) gave the highest of TP (69.38, 69.00 and 68.88 mg/ml of
extracts respectively). As for AOI, the combinations of Maechonluang area and
harvesting month in February, January, March and December (9, 8, 10 and 7 months
after growing respectively) and combinations of Phurua area and harvesting month in
December, January and February (7, 8 and 9 months after growing respectively) gave
the highest AOI (1.51, 1.50, 1.49, 1.49, 1.49, 1.48 and 1.47 respectively); whereas the
combination of Nakhonphanom area and harvesting month in November (6 months
after growing) gave the lowest TP and AOI (41.93 mg/ml of extracts and 1.25
respectively).

4.14.2 Effects of plantation area and planting month on qualitative yields

of Krachai-Dam.

Qualitative attributes of Krachai-Dam rhizomes by each factor are shown in
Table 4.25. As for plantation area (factor 1), there were significant differences in 5
parameters studied, which were L*, a* and b*, TP and AOL TP, AOI and a* of
Krachai-Dam rhizomes increased as the elevation level of plantation area was higher,
whereas L* decreased. As for plantation time (factor 2), there were significant
differences in 3 parameters studied, which were TP, AOI and b*. The rhizomes which
were grown in May and June gave the higher TP and AOI than one grown in July,
whereas rhizomes which were grown in July gave the higher b* than May.

Table 4.25 Effects of plantation areas and planting months by each factor.

Physical and chemical qualities of rbizomes

Factors Internal color of rhizomes Totfal phenolic  Anti-oxidant
I 7 b= compounds® index’
Plantation Areas (factor 1)
Nakhonphanom  36.76a 8.48b 623 a 51.52d 1.37¢
Phrae 38.11a 8.84b 1.38d 61.18¢ 1.42b
Phurua 33.53b 11.94 a 448 b 64.51b 148 a
Maechonluang 33.90b 11.54 a 293¢ 67.79 a 1.4%a
Planting months (factor 2) '
May 3587ns 9.44 ns 348b 6195a 145a
June 35.16 10.42 4.24 ab 61.63a t45a
July 35.81 10.31 475 a 60.18 b 1.42 b

#Means within the same column with different commen letters differ significantly by DMRT; *= p<0.05 ; ns=non-significant
! Totat titrable acidity showed in form of citric acid (g/1)

% Total phenolic compounds showed in form of Gallic acid equivalent (mgf ml of ethanolic extracts)

* Antioxidant index must be 1, if <1 showed that no antioxidative activity.

When 2-factor combination was considered (Table 4.26), there were
significant relations between the 2 factors studied on only one parameter, which was
L* (31.02-41.93),

The most important qualities (TP and AQI) of rhizomes were considered. It was
found that the treatment combination of Maechonluang area with a planting month in
May and June rendered the highest of AOI and TP (1.50 and 1.50; 69.38 and 67.35
mg/ml extract respectively) with non-significant difference, whereas the combination of
Nakhonphanom area with planting month in July gave the lowest of TP (50.52 mg/ml
extract) and AOI (1.33).
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Table 4.26 Factor combination between plantation areas and planting months on
qualitative yields of Krachai-Dam.

= Fatftor combinations Internal color of rhizomes Total phenclic  Anti-oxidant

a:::‘ia:‘tslen Planting months L* a* b* compounds’ index’
Nakhon May 36.86b 8.25¢ 5862 52.12h 52.12h
phanom June 36.94b 859¢ 6.03 2 51.92h 5192 h
July 36.33 bed 8.67 bc 7.10a 50.52i 50.52 1

May 37010 8.84 be 0.78 d 61.321fg 61.32 fg

Phrae June 36.50 be 821¢ 1.73 cd 61.90 ef 61.90 ef
July 41.93a 9.47b 224 cd 60.32g 6032 g
May 33.50 cde 11.58a 1.73 cd 64.97d 64.97d

Phurua June 33.31 de 12.07a 4.98 ab 6533 ¢cd 65.33 cd
July 3422bcde  11.90a 5.75a 63.22¢ 63.22¢
May 33.03¢ 12.03 a 3.62 bc 69.38a 69.38a
Maechonluang June 34.78bede 11351 2.54 cd 67.35b 67.35b

July 33.02¢ 1i.58 a 3.16 be 66.65 be 66.65 be

CV% 6.18 13.65 104,75 3.53 1.26

#Means within the same calumn with different commen letters differ significantly by DMRT; *= p<0.05; ns=non-significant
! Total titrable acidity showed in form of citric acid (/M)

2 Total phenolic compounds showed in form of Gallic acid equivalent {mg/ ml of ethanolic extracts)

* Antioxidant index must be 1, if <1 showed that no antioxidative activity.

4,14.3 Effects of plantation areas and number of year crops on qualitative
yields of Krachai-Dam.

Qualitative attributes of Krachai-Dam rhizomes by each factor are shown in
Table 4.27. As for plantation area (factor 1), there were significant differences in all
parameters studied. TP, AOI! and a* of rhizomes increased as the elevation level of
plantation area was higher, whereas L* and b* decreased. As for year crop numbers
(factor 2), there were significant differences in only one parameter which was a*. The
rhizomes which were grown in 2-year crop rendered higher a* than the one grown in
1-year crop.

Table 4.27 Effects of plantation areas and number of year crops on qualitative yields of

Krachai-Dam.
Physical and chemical qualities of rhizomes
Factor Internal color of rhizomes Total phenolic Anti-oxidant
L* a* b* compounds’ index’

Plantation areas (factor 1)
Nakhonphanom 37.00a 9.394d 543a 52.60d 140¢c
Phrae 35.88 ab 998¢c 0.89¢c 61.18c 142b
Phurua 3264 c 11.97b 1.38¢ 6185b 1.49a
Machonluang 34.74 b 12.67 a 4.35b 6942 a 1.51a

Year crops (factor 2)
1- year crop 35.60ns 943 a 347ns 61.94 ns 1.45 ns
2- year crop 34.50 12.50 a 2.88 61.56 1.46

# Means within the same column with different common letters differ significantly by DMRT; *= p<0.05; ns=non-significant
! Total titrable acidity showed in form of citric acid (/)

% Total phenolic compounds showed in form of Gallic acid equivalent (mg/100 m] of wines)

* Antioxidant index must be 21, if <1 showed that no antioxidative activity.
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When 2-factor combination was considered (Table 4.28), there were
significant relations between the factors studied on one parameter which was a*
(8.25-12.89).

Table 4.28 Effects of factor combinations in experiment 3.3 on qualitative yields of
Krachai-Dam.

Physical and chemical qualities of rhizomes

Factor combinations

Internal color of rhizomes Total phenolic  Anti-oxidant
Areas Year crops L* a* b* compounds® index’

1- year crop 36.77 ns 825¢ 5.80ns 52.12d 1.39 ns
Nakhonphanom , + arerop 3771 12832 434 53.08d 141
Phrae I- year crop 37.01 884c 0.78 61.32¢ 1.43
2- year crop 35.23 12.24 ab 1.13 61.05¢ 1.42
Phurua 1- year crop 33.50 1158 b 1.73 6497 b 1.48
2- year crop 3236 12.10 ab 1.27 62.65 ¢ 1.48
I- year crop 33.03 12.03 ab 3.62 69.38 a 1.50
Machonluang  vearcrap 3531 12.89a 4.60 69.45 1.51
CV% 15.93 11.72 72.84 1.5% 1.15

# Means within the same column with different common letters differ significantly by DMRT; *= p<005; ns=non-significant
! Total titrable acidity showed in form of citric acid (/)

2 Total phenolic compounds showed in form of Gallic acid equivalent (mg/ ml of ethanolic extracts)

? Antioxidant index must be 21, if <I showed that no antioxidative activity.

The most important qualities (TP and AOI) of rhizomes were considered. It
was found that there were no significant differences between these, but there was a
trend thereby the treatment combination of Maechontuang area, grown in 2-year crop,
would give the highest of AOI (1.51), whereas the combination of Nakhornphanom
area, grow in l-year crop gave the lowest (1.39). Moreover, the combination of
Maechonluang area, grown in 1 and 2 year crop, gave the highest of TP (69.48 and
69.45 mg/ml of ethanol extract), whereas the combination of Nakhornphanom area,
grown in 1 year crop, gave the lowest one (52.12 mg/ml of extract).

4.14.4 Effects of (a) plantation areas, (b) storage periods and {c) storage

methods on qualitative yields of Krachai-Dam

Qualitative attributes of Krachai-Dam rhizomes by each factor are shown in
Table 4.29. As for plantation are (factor 1), there were significant differences in all
parameters studied, which were TP, AOIL, weight loss, L*, a* and b*. TP, AOI and a*
of thizomes increased as the elevation level of plantation area was higher, whereas L*
and b* decreased. As for storage period (factor 2), there were significant differences
. in all parameters except the b*. TP and AOI of rhizomes increased as the storage
period was longer, whereas L* and weight loss decreased. As for storage method
(factor 3), there were significant differences in all parameters except the a*. The cold
storage method gave the highest TP and AOI, but rendered the lowest L*, b* and
weight loss, Layout on the ground and keeping net bags gave similar results, in all
parameters except b*,

Each pair of factor combinations was considered (Table 4.30). The effects of
2-factor combinations of 3-factors, which were plantation areas (factor 1), storage
periods (factor 2) and storage methods (factor 3) of rhizomes, were studied. There
were significant relation between the 2-factor combination of plantation area (factor
1) and storage period (factor 2) in all parameters of rhizome qualities. As for rhizome
color, the combination of Nakhonphanom and Phrae area and storage period of 6
months after harvest gave the highest L* (40.69 and 40.50 respectively), whereas the
combination of Phurua and Maechonluang area and storage period of 0 month after
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harvest gave the lowest ones (33.50 and 33.03 respectively). The combination of
Phrae and Maechonluang areas and storage period of 3 months after harvest gave the
highest a* (13.27 and 13.05 respectively), whereas the combination of
Nakhonphanom area and storage period of 0 month after harvest gave the lowest one -
(8.25). The combination of Nakhonphanom area and storage period of 6 months after
harvest gave the highest b* (6.85), whereas the combination of Maechonluang and 3
months after harvest gave the lowest one (-0.82). As for weight loss, the combination
of all areas and storage period of 6 month after harvest gave the highest weight loss
(21.86-24.39%), whereas the combination of all areas and storage period of 0 month
after harvest gave the lowest one (0.00%). As for TP and AOI, the combination of
Maechonluang area and storage period of 0 months after harvest gave the highest TP
and AOI (69.48 mg/ml of extracts and 1.50 respectively), whereas the combination of
Nakhonphanom area and storage period of 6 months after harvest gave the lowest
ones (42.18 mg/ml of extracts and 1.14 respectively).

Table 4.29 Effects of plantation areas, storage periods, and methods on qualitative yields

of Krachai-Dam.
Physical and chemical qualities of rhizomes
Factors 1 i ¢ i SO .
:temal c°l°:°f rh:zomei Weigth loss Total P"e“‘“;c Anti-oxidant index®
L a b compounds

Areas (factor 1)
Nakhonphanom 37.56a 9.80d 585a 12,14 a 46.75d 1.294d
Phrae 38.16a 11.04 ¢ 148 ¢ 11.80a 54.70 ¢ 1.34 ¢
Phurua 35220 11400 245b 963 b 60.20a° 1.3%a
Machonluang 35.40b i2.16a 1.93 be 1288 a 57.78 b 1.38 b

Storage periods (factor 2)
¢ month 3584 ¢ 9.43¢ 343b 0.00c 61.96a 145a
3 month 36.92 b 12.57a ld6ec 13.38b 5542 b 141b
6 month 38.98a 11.40b 534a 21462 47.19¢ 1.20¢

Storage methods (factor 3)
Layout 37.62a i0.79ns  3.51a 15.68 a 5242b 1.31b
Net bag 37.04 a 10.85 3.6%a 15.69a 52.35b 1.31b
Cool 36.03 b 11.06 2.490b 5.13b 5981 a 143 a

# Means within the same column with different common letters differ significantly by DMRT; *= p<0.05; ns=non-significant
! Total titrable acidity showed in form of cittic acid (g/1)

22 Total phenclic compounds showed in form of Gallic acid equivalent (mg/ m! of ethanolic extracts)

} Antioxidant index must be 21, if <1 showed that no antioxidative activity.

The effects of 2-factor combination of plantation area (factor 1) and storage
method (factor 3) of rhizomes showed that there were significant relations between
the 2 factors in all parameters studied. As for rhizome color, the combination of Phrae
area and layout on the ground and keeping in net bags gave the highest b* (38.84 and
38.56), whereas the combination of Phurua and Maechonluang areas and cold storage
gave.the lowest ones (34.44 and 34.46). The combination of Maechonluang area and
cold storage gave the highest a* (12.36), whereas the combination of Nakhonphanom
area and cold storage gave the lowest one (8.75). The combination of Nakhonphanom
area and all storage methods gave the highest b* (5.56-6.19), whereas Nakhonphanom
and Phurua areas and cold storage gave the lowest ones (0.56 and 1.27 respectively).
As for weight loss, the combination of Maechonluang, Phurua, Nakhonphanom and
Phrae areas and layout on the ground and keeping in net bags gave higher weight loss
(14.76-17.01) than other combinations. As for TP and AOQI, the combination of
Maechonluang area and cold storage gave the highest TP and AOI (68.07 mg/ml of
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extracts and 1.48 respectively), whereas the combination of Nakhonphanom area and

layout on the ground and keeping in net bags gave the lowest ones (45.20 and 45.12

mg/ml of extracts; and 1.25 and 1.26 respectively).

Table 4.30 Effects of each pair of factor combinations in experiment 3.4 on factors
(plantation area, storage periods, and storage methods) on qualitative
yields of Krachai-Dam.

Physical and chemical qualities of rhizomes

Factor combinati
actor combinations Internal color of rhizomes Weieht loss TRl phenolic _ Anti-oxidant
Plantation Area  Methods L* a* b¥* g compoundsz index®
Layout 38.25ab 2.99d 572a 1551a 4520 e 1.25¢
Nakhonphanom  Net bag 37.51 abe 1037d 6.19a 1575a 45.12e 1.26¢
Cool 36.67 bede 8.75e 5.56a 5.16b 49.92 de 1.36 abe
Layout 38.84a 10.50d 2.00be 14762 5292 cd 131 be
Phrae Net bag 3856a 10.39d 2.03bc 15.70a 52.85¢d 1.31be
Cool 37.25 abxed 12,05 ab 0.56 ¢ 493 b 5834 be 1.42 ab
Layout 35.96 cdef 11.47 be 300b 14.76a 55.13 bed 1.33be
Phurua Net bag 35.22ef 11.24¢ 3.02b 15.03a 55.30 bed 1.34 abe
Cool 34441 11.49 be 127¢ 508b 62.89 ab 148a
Layout 36.12 cdef 12,10 ab 1.79 be 1701a 56.41 bed 1.35abe
Maechonluang  Net bag 35.60 def 12.02 ab 1.77 be 16.29 a 56.12 bed 1.34 abe
Cool 3446 12.36 a 223 bhe 535b 63.07 a 148a
Plantation Aveas  Times R D e
0 month .77 be 825h
Nakhonphanom 3 month 36.44 be 11.90 bed
6 month 40.69 a 1148 de 6.85a 23.14a 42.18¢
0 month 37.01 b 884pg 0.78d 0.00c 61.27 be
Phrae 3 month 38150 13272 0.53 de 12.28b 56.20 cd
& month 40.50 a 12.10 b 4,30 be 23.12a 46.64 fg
0 month 33.50d 11.58 ¢de 1,734 000c 64.98 ab
Phurua 3 month 3588¢ 11.37¢ L62d 1371 b 5893 ¢
6 month 36.90 be 11.19¢ 4.35bc 26.86a 49,42 ef
0 month 33.03d 12.03 be 362¢ 0.00¢ 6048 2
Maechonluang 3 month 36.62 b 13,052 082¢ 1425b 60.59 be
6 month 36.12¢ 10,52 f 50.53 ef
Times Methods
Layout 3584 ¢ 943 d 336b 0.00f S8a
¢ month Net bag 35.84c¢ 9434 347b 0.00f 61.98a
Cool 3584¢ 943 d 347b 0.00F 61.98a
Layout 37.51b 12,41 ab 191 cd 1693 ¢ 53.28b
3 month Net bag 36.50 be 12.46 ab 1.55¢d 1734 ¢ 5272b
Cool 36.723 be 1290 a 0.83d 587e 60.25a
Layout 41.09a 1106¢ 6.02a 30.12a 4200 ¢
6 month Net bag 40.052a 11.22¢ 7.12a 2973 a 4234 ¢
Cool 3552 ¢ 11.98 b 2.66 be 9.52d 57.23ab
CV% 5,86 11.24 123.79 17.04 3.94

#Means within the same column with different common letters differ significantly by DMRT; *= p<0.0$; ns=non-significart
! Total titrable acidity showed in form of citric acid (g/1)

* Total phenolic compounds showed in form of Gallic acid equivalent (mg/ ml of ethanolic extracts}

* Antioxidant index must be 21, if <I showed that no antioxidative activity.

It was found that the effects of 2-factor combinations between storage period
(factor 2) and storage method (factor 3) of rhizomes had significant relations between
the 2 factors in all parameters studied. As for rhizome color, the combination of
storage period of 6 months after harvest and layout on the ground and keeping in net
bags gave the highest L* (41.09 and 41.05 respectively) and b* (6.02 and 7.12
respectively) but gave the lowest a* (11.06 and 11.22 respectively), whereas the
combination of storage period of 0 month after harvest and layout on the ground and
keeping in net bags gave the lowest L* (35.84 and 35.84 respectively) and a* (9.43
and 9.43 respectively). The combination of storing time of 3 months after harvest and
cold storage gave the lowest b* (0.83). As for weight loss, the combination of storage
period of 6 months after harvest and layout on the ground and keeping in net bags
gave the highest weight loss (30.12 and 29.73% respectively), whereas the
combination of storage period of 0 month after harvest and all storage methods gave
the lowest ones (0.00%). As for TP and AOI, the combinations of storage period of 0
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month after harvest and all storage methods, and the combination of storage period of
3 months after harvest and cold storage gave the highest TP and AOI (61.97, 61.98,
61.93 and 60.25 mg/ml of extracts; and 1.45, 1.45, 1.45 and 1.45 respectively).

Table 4.31 Effects of factor combinations in experiment 3.4 on qualitative yields of

Krachai-Dam.
Physical and chemical quzlities of rhizomes
Factor combinations Internal color of rhizomes Totat Anti-oxidant
Plantation ~ Storage  Storage o a* o Weightloss  phenolic index’
freas periods  methods compounds’
Layout 36.77 def 8251 5.55 bed 000f 52.12h 1.39g
0 month  Net bag 36.77 def 8251 5.80 bed 0.00f 5212h 139g
Cool 36.77 def 8251 3.80 bed 0.00f 52.12h 1.39g
Nakhon Layout 37.33 def 11.87 def 5.55 bed 1678 ¢ 43.50 jk 1.32h
phanom 3 month Net bag 35.58 defgh [2.98 be 5.45 bed 17.61 ¢ 43.60 jk 1.33h
Cool 36.41 defz 979k 4.09 cdef 5.46 de 50.72 h 1.39 fg
Layout 42.14b 11.61 efg 6.24 be 29.76 ab 39981 1.04 m
6 month Net bag 40.92 be 11.98 def 7.70 ab 29.64 ab 39651 1.061
Cool 36.52 defg 9.92 jk 6.25 be 10.04 d 46.92 § 1.31h
Layout 37.01 def 8841 0.78 ghi 0.00f 61.32d 1.43 de
0 month  Net bag 37.01 def 8.841 0.78 ghi 0.00f 61.32d 1.43 de
Cool 37.01 def 8.841 0.78 ghi 0.00f 61.17d .43 de
Layout 38.21 cde 12.97 be .78 ghi 15.15¢ 5543 g 1.41 efg
Phrae 3 month  Net bag 37.42 def 12.66 cd -0.28 hi 16.60 ¢ 54758 1.40 efg
Cool 38.81 cd 14.18 a 1.08 ghi 5.08¢ 5842 ¢ 1.42 def
Layout 45.01a 10.01 jk 7.69 ab 29.14 ab 4202k 1.0%k
6 month Net bag 4498 a 10.01 jk 10.00a 30.50 ab 42.48 jk 1.10jk
Cool 36.01 defgh 14.20 a -0.24 hi 9.71 de 5543 fg 1.40 efg
Layout 33.50gh 11.58 efg 1.73 fgh 0.00f 64.97 be 1.48 ab
0 month Net bag 33.50 gh 11.58 efg 1.73 fgh 0.00 f 64.97 be 1.48 ab
Cool 33.50 gh 11.58 efg 1.73 fgh 0.00f 64.97 be 1.48 ab
Phuraa Layout 36.33 defg [L18fgh  2.04 fgh 1753 ¢ 5697 ef 139 fg
3 month Net bag 35.62 defgh 10.85 ghi 2.88 defg 17.19¢ 5643efg  138g
Caol 35.71 defeh 12.12 de -0.15 hi 6.42 de 6340 ¢ 1.48 ab
Layout 3888 cd 11.63 efg 5.67 bed 28.84 ab 43.47 jk L1l jk
6 month Net bag 37.09 def 11.22 fgh 4.90 bede 27.89b 4447 j L15i
Cool 3441 fgh 10.64 hij 2.21 efgh 8.84 de 60.32d 1.46 be
Layout 33.03h 12.03 def 3.62 cdefg 0.00f 6948a 1.50a
0 month Net bag 33.03h 1203 def  3.62 cdefg .00 f 6948 a 1.50a
Cool 33.03h 12.03 def 3.62 cdefg 0.00 f 6948 a 1.5l a
Layout 37.58 def 12.98 be -0.67 hi 18.27¢ 57.20¢ 1.43 de
Maechonlvan 3 month  Net bag 36.95 def 12.57 cd -1.25i 17.96 ¢ 56.10 fg 141 efg
£ Cool 35.33 efgh 13.58 ab -0.56 hi 6.52 de 68.47 a 1.4%9a
Layout 37.29 def 1043 hijk  4.26 cdef 32.75a 42.55 ik 112
6 month Net bag 36.34 defg 10.91 ghi 5.32 bed 30.91 ab 42,77 jk 1.11 jk
Cool 34.64 fgh 10.21 ijk 6.22 be 9.52 de 66.27 b 1.45 cd
CV% 5.86 11.24 123,79 17.04 3.94 1,19

#Means within the same column with different common letters differ significantly by DMRT; *= p<0.05; ns=non-significant
! Total titrable acidity showed in form of citric acid (g/T)

2 Tatal phenolic compounds showed in form of Gallic acid equivalent (mg/ ml of ethanolic extracts)

* Antioxidant index must be >1, if <1 showed that no antioxidative activily.

When 3-factor combination was considered (Table 4.31), there were significant
relations among the 3 factors studied in all parameters which were L*, a*, b*, weight
loss, TP and AOI (33.03-45.01, 8.25 -14.18, -1.25-10.00, 0.00-32.75%, 42.02-69.48
mg/ml of extracts, and 1.09-1.50 respectively).

The most important Krachai-Dam rhizomes qualities considered were TP and
AOl of rhizomes. The following was found. As for TP, the combination of
Maechonluang area, storage period of 0 month after harvest and all storage methods
gave the highest TP (69.48 mg/ml of extracts), which were non significantly higher
than the combination of Maechonluang area, storage period of 3 months after harvest
and cold storage (68.47 mg/ml of extracts). However, the combination of
Nakhonphanom area, storage period of 6 months after harvest and layout on the
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ground and keeping in net bags gave the lowest ones (39.98 and 39.65 mg/ml of
extracts respectively). As for AQI, the combination of Maechonluang area, storage
period of 0 month after harvest and all storage methods gave the highest AOI (1.50),
which were non significantly higher than the combination of Maechonlung area,
storage period of 3 months after harvest and cold storage (1.49) and the combinations
of Phurua area, storage period of 0 month after harvest and all storage methods (1.48).
However, the combination of Nakhonphanom area, storage period of 6 months after
harvest and layout on the ground gave the lowest one (1.04).



