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ABSTRACT

Fresh roselle (Hibiscus sabdariffa L.) had the total anthocyanin content of 648.09
+1.80 mg cyanidin 3-glucoside/100 g sample, the total phenolic content of 15.91+£0.09 mg GAE/g
sample and the ascorbic acid content of 1.43+0.02 mg/g sample. While, roselle by-product, which
from the roselle juice processing, contained the total anthocyanin content of 455.79+7.25 mg cyanidin
3-glucoside/100 g sample, the total phenolic content of 11.62+0.08 mg GAE/g sample and the
ascorbic acid content of 0.18+0.01 mg/g sample, the soluble dietary fiber content of 3.00+0.19 %
and the insoluble dietary fiber content of 8.15+0.10 %. It was found that the fresh roselle had the
total anthocyanin content, the total phenolic content, the ascorbic acid content and the antioxidant
properties significantly (p < 0.05) greater than those of roselle by-product. However, the roselle
by-product still had quite high in the total anthocyanin content, the total phenolic content and the
antioxidant properties as compared to those of the contents of fresh roselle. Roselle by-product is a
source of soluble and insoluble dietary fiber. Thus, roselle by-product had high potential for food
production. In addition, roselle by-product, as a basic ingredient of roselle leather product, had no
coliform bacteria growth, total viable count lower than 250 CFU/g sample, yeast and mold count
lower than 10 CFU/g sample. These results showed that the roselle by-product was microbially
safe for food product production.

The development of product formulation for roselle leather products were carried
out. It was found that the addition of stabilizers (pectin, guargum and maltodextrin) in the roselle
leather product recipe was not necessary. Studies on the use of sucralose as sucrose replacement
were also carried out. The results revealed that the addition of the sucrose to sucralose ratio as
75 to 25 for the roselle leather product was an optimal formula for a roselle leather making recipe.

This recipe comprised of 78.54 % roselle puree, 2.75 % water, 7.07 % glycerol, 0.08 % citric acid,

(6)



0.06 % potassium metabisulfite, 11.49 % sucrose and 0.006 % sucralose, respectively. Roselle leather
product, was produced, and had the L* a* and b* values of 21.78+0.19 3.66+0.06 and 0.46+0.08,
respectively. The tensile force and cutting force values were 0.85+0.14 and 9.42+0.77 N, respectively.
The a,, total soluble solids and pH values were 0.53+0.00 13.38+0.14 *Brix and 2.54+0.01,
respectively. In addition, this roselle leather product had the average perceived liking scores in
color, roselle flavor, stickiness, sourness, sweetness and the overall liking characteristics were in
the range of 6.0-7.0 (like slightly to like moderately).

Determination the dietary fiber content of roselle leather product was examined.
It was found that the roselle leather product after production (0 day) had the soluble dietary fiber
content of 8.6120.05 % and the insoluble dietary fiber content of 25.4140.18 %. Studies on the quality
changes of roselle leather products with and without the addition of 750 ppm potassium metabisulfite
packed in metalized foil bags (39.0 um, 9.8x15.0 cm), 16 g each, storage at 8.0+2.0 or 27.0+£2.0 °c
for 60 days were performed. It was found that as the storage time increased, all roselle leather samples
had changes in the a* and b* values significantly (p < 0.05) increased. Whereas, the L* values, the
texture characteristics, the total anthocyanin contents, the total phenolic contents and the antioxidant
properties significantly (p < 0.05) decreased during storage. It was found that, at the end of 60 days
storage, the roselle leather products with and without the addition of 750 ppm potassium metabisulfite
storage at 8.0+2.0 °C showed changes in qualities in the color values, the texture characteristics, the
total anthocyanin contents, the total phenolic contents and the antioxidant properties, significantly
(p < 0.05) lower than those of the other roselle leather samples. The microbiological qualities of
roselle leather products during storage at 8.0£2.0 or 27.0£2.0 °C for 60 days, met the requirements
as notified in the industrial product standard of dried fruits by the Thai Industrial Standards Institute.
The sensory evaluations of roselle leather products during storage at 8.0+£2.0 or 27.0£2.0 °C for 60
days were also performed. The results showed that these roselle leather products had the average
perceived liking scores in color, roselle flavor, taste, stickiness and the overall liking characteristics
were in the range of 6.0-7.0 (like slightly to like moderately). The overall ingredients and package
price for 16.0 grams of roselle leather products, packed in 9.8%15.0 cm metalized foil bag, was

estimated at 6.83 baht/bag.
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The application of near infrared spectroscopy (NIRS) for determination the total
anthocyanin contents of roselle leather product was carried out. It was found that the optimal equation
for prediction of total anthocyanin contents, based on multiplicative scatter correction (MSC) method
prior to partial least squares regression (PLSR) analysis, provided the correlation coefficient (R) of
0.916, the root mean square error of prediction (RMSEP) of 45.220 mg cyanidin 3-glucoside/kg
sample and the ratio of standard deviation of reference data in the validation sample set to standard
error of prediction (RPD) of 1.646. According to the results of these studies, it may imply that there
is a feasibility to apply NIRS for apparently rapid determination the total anthocyanin contents of

roselle leather product.
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Table 1 Nutritional compositions of 100.0 grams of fresh roselle calyxes (Dry weight basis)

Nutritional compositions Values
Fat content (g) 2.01
Crude fiber (g) 4.69
Protein content (g) 4.71
Moisture content (g) 7.60
Carbohydrate content (g) 68.75
Total dietary fiber (g) 33.90
Soluble dietary fiber (g) 4.90
Insoluble dietary fiber (g) 29.04
Sodium (mg) 96.66
Potassium (mg) 49.35
Calcium (mg) 12.65

fan : aaulasan Adanlawo ez Ajibade (2006) Ltag Sayago-Ayerdi agAMe (2007)



Table 2 Chemical properties of 100.0 grams of roselle fruit (Wet weight basis)

Chemical properties Values*
pH 2.4940.00
Titrability acidity (g/100g malic acid) 2.42+0.03
Total soluble solids (°Brix) 3.30+0.12
Total anthocyanins (g/100g expressed as delphinidin 3-glucoside) 2.5240.05
Sugars (g/100g)

Glucose 1.29+0.15
Fructose 1.12+0.26
Sucrose 0.87+0.21

Organic acid (g/100g)

Succinic acid 0.51+0.08
Oxalic acid 0.43+0.05
Tartaric acid 0.17+0.03
Malic acid 0.12+0.03
Ascorbic acid (mg/100g) 141.09+22.54
B-carotene (mg/100g) 1.88+0.31
Lycopene (mg/100g) 164.34+70.10

* Determination was done in three replications

N : Wong Lazame (2002)
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aaeraalu Figure 2 1aliag Taauiiuilu 3 wiia Ao 02310 Tu'lasuau (Arabinoxilans) 1o Tanguaw
< a wa 1 %’ ]
(Xyloglucan) #tazn14an TNy UILY (Galactomannan) taliag Taalguaniia luazaioiua

azma"l@’ﬂumiazmadn (Schneeman, 1989)

a) Backbone Chain

H CHOH CHo0H
WA o HA o Ho A o

oH H AHOH oH oHAHOH OH H _AMOH
HO HO H

H OH H H H OK
D-Xylose D-Mannose D-Galactose

b) Side Chains

H COZH COZH
Kpe K KD

gu H _AH.OH SH H _AH.OH OH H _AH.OH
H cH¥ H

H OH H OH H OH
L-Arabinose 4-0-Methyl-D-Glucuronic Acid D-Galactose

Figure 2 Chemical compositions of hemicelluloses

3 : Schneeman (1989)

2.1.3 aniiu (Lignin)
a a < 1 o o { [l [ J o {
antwdudiulsznovveamiasaanesn lulyais lu'lamsasiivniinge 14
Y I < 9 2 A A oA 2 A a a 9 3 a 4
MU AANANNAINUUT I WAL TNV WA YNNI antiul Tasediailuneaes
= 9 4 A Aa 9 I 1 a a . a a
FIg3NNNLLANDIRaNAIFHANY In3aa3190 WIaur v U aoutlesa (Coniferyl) FUUINE
. 2 <3| 9 J = a a o . A a
(Sinapyl) 1130 (p-Coumaryl) 11ludu 89A1lsznoUMUANVOIANIY Aaaadlu Figure 3 antiu

A ] ?,‘ 1 1 an v . .
Ngaauia luazaini nuaensauaza1e (Wads 3 159, 2545; Higuchi, 1980)
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Sinapyl alcohol

Figure 3 Chemical compositions of lignin

131 : Higuchi (1980)

2.1.4 msilszpoumnau (Pectin substances)

a & a P DS o oA ¥
astseneumnduduasdsyaeunedusans lsany lumiuraaisias Fu
. o Y A A 1 o Qg YR Aa o
Middle lamellae mwmm%mzmnmagTaﬁuazwmwaaiwaﬂmmu (Schneeman, 1989)
a I
astsznoumnaud Inseade Tuanailluaionsaves (144)-linked-a-D-galactopyranosyluronic
Y
acid units Iaefiiia1ausy Tue (L-thamnose) 82311 1W@ (Arabinose) tay 1o Taa (Xylose) 11
1 3 ] 4 a <}
Pnadeamzegilumeonvus Taenyn1iuenda (Carboxyl group) TuTuanavesnsaniuan-
1510 (Galacturonic acid) V1 AIUILIUATO MO AMNDINIAFY (Esterification) AUHYINNA

< a J J @ I ] 4 a
(Methy! group) I8l ummendawaines (Methoxylester) ttaziiudmdinumaoiunymsuenda

8952 (Belitz and Grosch, 1999) Tasaa¥1aveaunnauaauansly Figure 4

O S OO0 H
200 COOCH,

Cr ’
g

aH

Figure 4 Basic structures of pectin

31 : McWilliams (2005)
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uazﬂmmuaﬂﬁmﬂ (Galacturonic acid) mmmamﬂmﬁumaxmauﬂﬂﬂ (Saenz et al., 2004;
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goodatslooms e Idgaunsdimsnigau TaTagnmsulsduiusuaudeomulsua
Yoegansztaznizqua 1d lng Iiinanmsduaiegense ldgens: hidwegumlud 1d1uy
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el ldesnunSemsnonzissioniioglugansziiTomanouziFalud 18 ng 18

224 quaviialumsuanilasumsiilszy omshlileomsnnenalinaaansgady
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Pnaimunzauiedownumsvnaussiiosninmstaviemsgaduvesleoinis
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2.3 uriaavadlee1ms

Teorswuminlusidniunndnaiduazdni Ine sesaaie Avaszgan?
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= ' v [ J o £ g 1w
Fafisunaleemnsgeanndnuazealll (a293uns 18eddaa, 2545) vonnniinuNsyisias
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Table 3 Dietary fiber content of some cereals, legume, vegetables and fruits (Dry weight basis)

Source Insoluble dietary fiber ~ Soluble dietary fiber Total dietary fiber

(% Dry weight basis) (% Dry weight basis) (% Dry weight basis)

Whole wheat 41.59 2.87 44.46
Rice 0.75 0.19 0.94
Whole soy 65.24 7.08 72.32
Whole corn 87.47 0.40 87.87
Beans 25.64 10.85 36.49
Potatoes 4.85 2.14 6.99
Onions 13.32 3.59 16.89
Apricots 44.92 26.43 71.35
Peaches 39.53 27.30 66.83
Apples 55.57 18.56 74.13

3 : aaulasn Jimenez-Escrig (182 Sanchez-Muniz (2000)

oV
2.4 lsornslunsziReunas
o a 4 g
Heureux-Calix 118 Badrie (2004) ¥imsansiziiSunaleonsvesnseiouas
=\ J g = ~ [ = g Y J g o
LAETNTZIRILLAIFUATINNNMITANANAUNTLREVIAIA U |93l Pectolase INHUING
a 4 1
In31e¥5118 18014115 1aeld Enzymatic gravimetric method 33584 A.0.A.C (1985) WU
g =\ 1 t;” 1 % % 1 v
PsunaleonislunszReuuauaziionsnszRouuas mny 1.3 nfuaeloo1ms 100 N5 uag
1.9 nFuaeaiunnuld 100 nFu awdau
o a 4 g
Sayago-Ayerdi tazaaz (2007) msuasznlsualeomsveinssReuuag
o
Taald A.0.A.C enzymatic gravimetric method M1335V04 Prosky tazame (1992) Taeldten lal
Protease Heat-stable o-Amylase 461i& Amyloglucosidase wanen TUsauuazuileenn vhasazate
A Y A 1 k) A ~ a =
n1dluenTdmdemmzdinvesleemsdronmsnyumdessigungi 25.0 ossuaaidod AW
< I =\ ?1, ) T 9 A A ~ =
159501 3000.0 g (Hura1 15 i nindwh lduenaeaienszurumsnuanaeansgaaely
4 L 2 4 3 dy y
p1msnazaeimuNidsinaleosnavua leeiisnazaieni uagleorvsh liazatei

1w [ g Y o w 8 a & =
M1NUY 33.9 4.9 wag 29.0 ﬂill@]@ﬂi%ﬁ]ﬂﬂ!,m\i 100 NTY AN Lﬁaﬂmﬂu%’aaazmmﬂsmm%
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2 1 H 90’ H 1 90’ 1] (%}
prnsnanuanuINls s leonsnazaeni uazleensn liazaienin midy 14.4 1ag 85.6 %
AN

3. woulnlaentiu

'
= ¥ 4

a . I @ dy IA
uou Inlase1iiu (Anthocyanins) Hussniaginuluiviasnesueusaanas (Cell
Y ?,‘ a [l Y] 9 . Aana [ 4 ] a
sap) M auas 13w tazueludnuazmalal (Francis, 1985; 1561 Sau1UUun, 2549) 15U 15a%
o (A 1 ' ¥ o =2 3 v A
nzraladnig veuuas ogu Ha ldasznawess nszRouuas itudu uouInlyeriiuawisn
4 o 1 1 v o A A 1~ ¥ 1 J A 4 =
azaiela luiua luazareludrmazaresian lisiv vy naslsesy Bmes edlau uaz
I aa 4 a
wudu fudu GAensel Uszysuiing, 2545)
a I 4 Y4
uouInlwertiuiulnalalea (Glycosides) vosoyius Ind lansonduas Twa-
NN (Polyhydroxy and polymethoxy derivatives) Y9 2- e Te Ins@ew (2-Phenyl benzo
. a . I 1 ] 4 .
pyrylium) W3otnasueIna1aen (Flavylium salt) Iasilunqudoslunailiuess (Flavonoids)
14 o { ] o o
Usznpudlron1suaU 15 i1 NINMIIATEIRUY C,C,C, aauanadlu Figure 5 (910 Figure 5 A0
WUHIU A WUHIU C LAZIHIU B 91388 181) (Mazza and Miniati, 1993; Stintzing and Carle 2004)
] [ A I o J {
viseenanan lauweu Inlyeniiwiulnalaledaelseneudearninilue: Inalau (Aglycone)
N =2 - J {3 4
iFon11 wouIn lae1tiau (Anthocyanidin) tazdruiluiiaa Tnseadwnugmluluanaves

ana 9 . 1 [ =
wou Inlyeniiauilsenauareraunnyuun T lwisy (Benzopyran ring) 2 29@enueunIUHia

(Phenyl ring) (Francis, 1985; UseN i"mmﬂuuﬁ, 2549)

Figure 5 Basic structures of anthocyanins

1301 : Castaneda-Ovando LAZ AL (2009)



wou In'laentiau

i
AY v A a

N30l 20 il

12

1A A A A a A 4 aa
f LL@I‘V]W‘UNWGIMW‘]SMWEN 6 ¥UA ND LWﬁﬁIﬂU@]u

(Pelargonidin) Tyeniiau (Cyanidin) A nuau (Delphinidin) TAGRE (Peonidin) T 1 UAU (Petuni-

dine) tazialIAu (Malvidin) (Mazza and Miniati, 1993) aanaalu Figure 6

Anthocyanins R, Ry s A, .. (nm)
Pelargonidin (Pg) H H 520
Cyanidin (Cy) H OH 535
Delphinidin (Dp) H OH OH 546
Peonidin (Pn) H OCH, H 532
Petunidin (Pt) H OCH, OH 543
Malvidin (Mv) H OCH, OCH, 542
Pelargonidin 3-glucoside Glc H H 516
Cyanidin 3-glucoside Glc OH H 530
Delphinidin 3-glucoside Glc OH OH 543
Peonidin 3-glucoside Gle OCH, H 536
Petunidin 3-glucoside Gle OCH, OH 546
Malvidin 3-glucoside Gle OCH, OCH, 546

Figure 6 Basic structures of anthocyanins and maximum absorption wavelength (&) in acidified

methanol

N Stintzing (48 Carle (2004)
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Tao lueuInlseniiauez lieglugldase luwad iz hitinnwasda

o H : & Y o <
(Wrolstad, 2000) 15:19a0nw Turanaveuiaadeorniu Ty Tuusanslsa (ng Tae nwanTae

J

usulua lolse ozs1d Tud wiensnlam) lausaadlsa & Tua uauyluTod Ta v lse) vie

U u

@ a

lasusanis lsa (1nauay) (Jackman and Smith, 1996) 3Jﬂﬂzgaamai"lWﬁfTumﬂamaﬂ%ﬁ
ASUEUTIHU T 3 (Stintzing and Carle, 2004) uaﬂmﬂfjwm'ﬂuLaqaﬂlmﬁmmmmﬁﬂﬁuﬁz
9% (Acyl linkage) AUATADUNTE¥TiA0ra¥AN (NTAXNAN NIADLEAN nsAaunTatin nIa
pONa1aN) HIewiaez I5W@An (NTALNAAN NTARUIIN nTAANDN) 11U 1 H0NINNI 1
Tuiana (Skrede and Wrolstad, 2002; Rein, 2005) FiauazaFanaweuInlsenfiuinylunalsf

119%UA aattanaluTable 4 1ag Table 5 AUAIAL

Table 4 Type of anthocyanins found in some fruits

Fruits Type of anthocyanins

Cranberries Cyanidin 3-galactoside
Peonidin 3- galactoside
Cyanidin 3- arabinoside
Peonidin 3- arabinoside
Raspberries Cyanidin 3-glucoside
Cyanidin 3,5-diglucoside
Cyanidin 3-diglucoside
Cyanidin 3-rhamnoglucoside 5-glucoside
Strawberries Quercetin 3-glucoside
Kaempferol 3-glucoside
Pelargonidin 3-glucoside
Cyanidin 3-glucoside
Grapes Petunidin 3-glucoside
Malvidin 3-glucoside
Malvidin 3,5-diglucoside

Cyanidin 3-glucoside

131 : aaualag91n Aurand 11ag Woods (1973)
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Table 5 Anthocyanin contents found in some fruits

Fruits Anthocyanin contents
(mg/100 g fresh weight)

Cranberries 20-360
Raspberries 20-220
Strawberries 10-80

Grapes 6-600
Blackberries 83-326
Blueberries 60-480
Bilberries 300-600
Blackcurrants 80-810

131 : aaalagn Rein (2005) 1az Wrolstad (2000)
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MSENA 2 35 A NMIANARBIBANNUU WAL T DUFYYINA NUNMTANAAIGIONTIUDA
Y

95.0 % UM IS uunFiateu ITn lae1fiuare LCMS (Liquid chromatography mass spec-
1 v J a A a A araa 4 Aaa

trometer) “W‘U’JW@HWU‘E%@QLL@HI%“%WHHN 2 BUA AD ma%luﬂu 3-!)L°]51J‘1§J'Vl‘1ﬂ’6hlc]5ﬂ uaz"lc]mmﬂu
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o = a a dw
Wong trazaaiz (2002) sihimsanywiiauazsmamenTn lvetiulunsziounas
@18 HPLC (High performance liquid chromatography) Iagsinmisanaueu Inloefiuanisves
' aaa J aa
Ancos ttazamz (2000) wagwuNUsmnaveunaiau 3-uauylulelea leeriau 3-uawyly
4 araa 4 [ o w dy A o
To lad naziaailiiau 3-ng Talad 10y 71.40 26.60 1az 2.00 % Awd 1Ay uenanTilioning
a J a ? 1A v W Y aaa J
sz uameu Inlsetunaianynilsua min 2.52+0.05 nfueadliau 3-ngTnled
AONANTZRYLLAY 100 ATN HIapAAdDINY Pouget azaale (1990 1418 Bridle and Timberlake,
A ' dm) =) alaa s aa
1996) N51091UN nszRounaatsmmvounadiau 3-usuy luTo lad nag lyeniian 3-uau
Jd 1w o w
TuTelod 111101 70.90 1az 29.10 % awdau
a o dy o a < Aa a ?x’/ an
nuATeiiimsaazilsuaneuInlseiunsiualugl lyeiau 3-nq
s [ A (J 1 {
Ta'ls@i@207% pH differential method TngiafInsganaunavesasazatsilodsiazalsly
= Jd v d 1A = a o g 1
Msazans InundiFouaae lsaviles miies 1.0 wazasazare TufenozHmsatinmles
=) d‘ d‘ 1 a Aa o aa 4
0% 4.5 NAMWEIAAY 520 taz 700 W1 Twas MenuraTumilelaaniy laeiiau 3-ngTalya
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ADAI9E1N 100 N51 5 MRSz HeIEanMsMsilasugiTassaieveseu Tnlentiuaaas
a da! d‘ 1 Y] s 1 A 1 Y] [ A o S 1A
mavuieagludisazarstilmosnumneranunanae luasazaretiives Arkies 1.0
uou In lyentiuszoglugilvesarideon uan lovou (Flavylium cation) FainnuenaaumeIny
1 U o Jd 1 a :
wldmmsganauuasgega aauluasazareivies miies 4.5 uouInleetiuszilasnlal
1 Ja : { 4 (% 1
pglugdvesnriduoa qla-1ud (Carbinol pseudo-base) HIA1MEIINAWRGINUIEIHAINT
v 9 9
ganauuaimiga aanaasly Figure 7 aaiudsadnnsomiuiatimaenIn lsoiunimua
) ! ' A = A~ o ' o s 1 A
lannwagsvesminisgandunaaianueaaufeInuszrIeasazaetiosndmiies
1 [ @ @ ' o a J
ANy Lazanms lgnannsaenandedui liasoaan1ssunIusz uDAINTIZ YD

A A 1 ] a 1 Yyasa o’dyd 1 o a P dg’
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(Giusti itag Wrolstad, 2001)
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2.0
1.8
1.6
1.4
1.2
1.0
0.8+
0.6+
0.4+

pH 1.0

Absorbance

0.2 pH 4.5
0.0 T T T I 1
260 360 460 560 660 760

Wavelength {(nm)

Figure 7 Spectral characteristics of purified radish anthocyanins (Acylated pelargonidin
3-sophoroside 5-glucoside derivatives) in pH 1.0 and pH 4.5 buffers

3N : Giusti 1Az Wrolstad (2001)

s = 1

3.2 thisdnyiinanennunsmnasdvoseulnlsetiv
a I [ A T = v & 1
pouIn lyeriuuseniagnluaseadesaniuluszvienszurumsusgal
1 ] 1% o Y a £ 3 o Y = o Y Y
A13 9] 15U MIana MM ITUTgns nszuumsualsgd wasmanusayaiuiimailn lnsaasng
pouIn lyentiwnanmslasunlasgalitedngflinasennuasinazmsaldeunlasdues
a A Y = a 9 1
uouInlaeriiu Ao Tasead1e mfites gurgluazanudeureenszuiumsulsgd udeding
a 1 ] 4 1 I'4 QQdy =) %’ v @ A
ponFu asnguludalid AnemesueaalauazUmaiiaia wazmIssauaInasou
. . < . ..
(Copigmentation) R (Jackman and Smith, 1996; Mazza and Miniati, 1993)
3.2.1 Tnssang
mafasulasTassaiwveseuInlsaivrzaawaliinamsnlasuulasdues
a [ Y] 1 A 9 Ara A o [l a
uou In lygntiusununanierinluTaseaiwaauniliia aumiu B) 5wy leasenda
A X ° Y ¥ 2 = a = 2 Y a =9 =
(-OH) tinyuzvh gl mdnIuuazdvosou In'lvertivsznldowiudihGuinniv uazwind
MsNTIUIUHNenda (-OCH,) unuiiny laasendafdumis Ry uag R, sz 1ddves

v Y
o In'lseninn)aowdluaaannyy (Deman, 1990) Aaandly Figure 8
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. shade of biue .
OH OH
ROOH r< Non r<¢ \oH
- — ~OH
pelargonidin cyanidin delphinidin
OCH, -g
R \OH B
“OH :ij’
petunidin
OCH,
rR-¢ \on
~OCH,
malvinidin |

Figure 8 Effect of hydroxyl (-OH) and methoxyl (-OCH,) on color of anthocyanins

301 : Braverman (1963 $alae Deman, 1990)
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quinonoidal base: blue flavylium cation (oxonium form): erange to purple
pH=7 pH=1
+H0O | | -Ht

R1
HO OH CH
L
= R
0]

O-gly O-gly
chalcone: colorless carbinol pseudo-base (hemiketal form): colorless
pH=45 pH=4.5

Figure 9 Predominant structural forms of anthocyanins present at different pH levels

30 : Giusti 1Az Wrolstad (2001)
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Figure 10 Absorption spectra of cyanidin 3-rhamnoglucoside in buffer solutions at pH 0.7 to 4.0.
The concentration of pigment is 1.6 10° g/l

1301 : Francis (1985)

Table 6 Absorption maximum and shade of color changes of anthocyanins at different pH levels

pH Absorption maximum (A___nm) Shade color of anthocyanins
4.0 520 Red

4.0-6.0 525-550 Violet red to Violet blue
6.5 570-575 Blue
9.0 590-600 Blue

131 : Counsell (1981 819 T 1153 aguef3, 2550)
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Figure 11 Reaction of anthocyanin pigments with bisulfite to form colorless anthocyanin-sulfonic
acid adducts

31 : Wrolstad Ltazaaig (2005)
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Figure 13 Chemical structures of high methoxyl pectin
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Figure 14 Chemical structures of low methoxyl pectin
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q‘ 9 J A Lg a [
NN : NAUTIAN ATTA Lasinona ']JEJ%?]BEJGIJ’J’EIJ (2550)

v W

o o = a o e A
INUN ﬂﬁﬁﬂmuimu uasaAme (2550) ﬁﬂB1G]51!ﬂmﬂﬂﬁ15ﬂ§ﬂﬂ§ﬂ!uﬂﬁNWﬁﬂlﬁiJTgﬁiJ
'

[ [

a a [ (o 1 é = a [ 2,‘ o &’ & dy
TumswaanaanuNdTwrHusaiaIunanlumsnaanaiminiionsa 100 NTV AN Tasa 6.0
9

o @

niu Wyalaalesal 1.8 3w nglasa a3 (uzuw) 5.1 0y ndwesoa 1.8 N3 11 10.0 N3N LAz

a a [ o 1 I 1 Aa
NIAYATN 0.1 NIV ‘V]1ﬂ1itlﬂﬂﬂﬂﬂ1§ﬂﬂaﬂﬂﬂﬂﬂtﬂu 3 YAN1TNADDY ﬁ'ﬂ (1) ‘]gﬂﬂ?ﬂﬂﬂﬁllllmm

y 2 o o 4 A y 2 o . -
aslSulyuileduda (2) gaminaassiduensdsljuilodurda Ao voalnangniu (DE 10)



45

[ J g o [ d’ a [ dy (3 o/ A a .
5.0 nFuaeIora 100 NTL waz (3) yamIneassnmuasUTVUullodurda Ao 1INNAY (Rapid set)
o ¥ @ o o ! o o da o 4
0.5 nSuABLHBATY 100 NSU MINHAVBIRUAN MO ANAANIINT1Z1A0IAT 01 Texture analyzer
4 ' { a Jd Aa o 1 4 @
118Z1AT04 Instron instrument WUFANTNAAD (2) MANVOA TNANTNTU 5.0 NTUABILOHTI
o ' . o ¥ ? A d A I 1
100 N33 1A Hardness 11ag Tensile strength a1 Natlitiosninuea Inandgnswiluaslungu
4 KX o Y a [ = 1 9 S A dy 1
s Tulamsavai ldwannuaiiinnuy (N8 1sed #3509, 2542) UONINUNLIIFANTNAADA
{ a a v 1 g Q'/ s 1
(3) MAMAAY 0.5 NTUABLLBHTI 100 DT A1 Hardness Shear stress 1182 Tensile strength g4
g LA a = d 1 S ° Y a A <
nattipamnauzuiluaslungulelasnoaaseainar liinananiinnundanss uazanwea
msdszitiugumunialseamduiaade35ms IfazuuuANUYB UL 9 SEAUAZLUUANUYOL
1 { A d A o 1 g o [ v
WUNYANIINAADY (2) NANVDA TNANTNTY 5.0 NTUABILOATI 100 NTY UAzLUURUANYUE

]
9 Q/ =

g @ 1 J I 1 J a I [ g
ieduraniga MnHanmynaaetnInauaasldimiuiwea lnandgnsuiluasilsulyuie
v o A 9 [ P a a @ (v 1
wigimingaud sl lumsnaanaaduain iy
5.1.3 a31AANNHINY (Sweetener)
5.1.3.1 glasa
3 S < 7 < s
9 1A5@ (Sucrose) Wsorhmanseiiu landna lsdnsznoudleTuTundnm lsq
2 Turana Ao nglad wazinIaa iFeuaenualewuse a-1.2 Inaladan auauiianililves
H n o o { @
g lase Ao ansnazaielda luihua luasi lumsazaneiitlunsa uazminldsuanuiouds

a

= a @ Y 3 JRPRES 1 4

Qutifil 210.0 oA UTATYd dziAamsaatd laitlun1suua (Caramel) TThana yaiszasd
a o J I o A

¥oam 3 199 Insalurndadusiosuennnez 1dduas ianurnnundiglasadununnm

9 A A o 1 < o A o Yya a Y ' A o s

Tunila 1NNANUAEI PwnuTayInausa Mlinadiea uazaan o, TunaaduNDINS

[T Sauuusi, 2549; gassan gausa, 2543) TnseadumanaiivesyInse dauaasly Figure

18
CH,OH
0
CH,OH
H 0 2
’ HO -
HOCH, ©

Figure 18 Chemical structures of sucrose

31 : Deman (1990)



46

5.1.3.2 gasilaa
v 3 ) A & & Y
431 Iae (Sucralose) Il Uy IianunNUnaunug Iasastianiladagnaiig
¥ 3 2 . ] a
vnms haagg lasedumnsasdundumuing lansonda (-oH) luTuanadionasivezaen
(€D S 3 wy i Id Tassadlianuaed quavtian lvesga Tad Ao aunsoazanslaa
g:‘ < J 1 a
luhuazueaneged UANUALAIZI LY 1.5-10.0 tazgungil -18.0-210.0 DR ALTY
Y )

wennniidaanse s wnums Itanunuaaou 9 14 Jed lumsldgaslad Ae awnsald

1 %’ 1 [l [ [
anununnIhaagIasa 600 i1 lulisavuanaemendannmssuilsemu (Aftertaste)

[l 1 [l IR g Y [ 1 " o Y [
lugndosaasluszundoserisvesnyydva luldndsaunsane luvi ldlus uas hine
a < J [ S o {
TinaTsauzi5e Tagesansemsuazenvesansgomsmiliemmuanoygalildyns lad
I 9 o [R4 9 =\ o
whuenslianuvnun ) qugeassa sssusuning, 2548) Tassaiumauniiveagai lad aq
ieaalu Figure 19
C1 0 0

OH
OH OH

Figure 19 Chemical structures of sucralose

31 : Joint FAO/WHO Expert Committee on Food Additives (2005)

5.1.4 naesea
I { aan a
nNaLre30a (Glycerol) W3 ONAIB3 U (Glycerin) il uensn lannlfnseon lalas laga
v 2 A o o wa o = A = '
lugfunannisuazdad guaviiani lvesndisesea Ao naeseaszegluglvesveunanla
== A A A 9 A A 3 v Y H
lifia hufindu Janudunila Tsavnuaniios nazansoazatelaa luii lugaaivnssy
= Y 3 @ X a J .. =
211M15iM3 IEnayesealluaIs S NEIANNFU (Humectant) @15 Wadd byisos (Plasticizer) 492
1 o g v a o L ] { o { < .
elsvljuilodudavesnaasua Hianudangu a1snvimihniulnssad e (Bodying agent)
dyq/ I A Y o = ?,‘ o Y a o =Y Y 2 %’
wennniduduasigedesnumsannanveainaia Mlvnansasiianvazude luwui uay
] =< A [ a &’ ~ d o YA 3 o d%’
AAf 2, WAAANVAIIADNTII YUBUFDIWALITA 1M UD1gNTIAVTNE UMY (Emerton,
2003 9131Ag 2139358 ﬁl‘ﬂiﬁﬁm%iyj, 2549; Joint FAO/WHO Expert Committee on Food Additives,
o @ a [ 4 1
2005) disulszmalnelimseyanaldldndmesea lundaduaionns Id lulsmaimmngau
(@D NUANLATIUMTOMITHAZE, 2547) TAssaiumaaiiveandsesoa aauandly Figure

20



47

CH2~OH
|
CH-OH

|
CH _-OH
Figure 20 Chemical structures of glycerol

M : D501 Sanuud (2549)

5.1.5 NIATAIN
A a L. . A I a A d a & 9
NIATATN (Citric acid) W3onsavzUINTUnIADUNE dstianilanuunluna ld
Y a Aa A o a o g
asznady JagiumswanniadasnluseaugaaunIsuIzNannINMImingemos1 (a9l To-
Fona uazauz, 2545) M3 lansades nien 15 lugveunae InReudinsa (Sodium citrate salt) 130
inde Inund1Feudiasa (Potassium citrate salt) (Emerton, 2003 819 1Ag 91575581 AN A5 TINWTY,
wa o a A a A 1 ] I 1
2549) amenniana lilvesnsadasn fe nsatasnazeg luglveananlaluligwiedlunedyr lul
2 Y y a a I
nau MsefSen vazeamnsaazaelaaluih lugaavnssuerisuenainagl¥nsagasmiilu
y A . v qIa [ I . a £
13 1¥naus e (Flavouring agent) 64 1l uensdiuanmanuilunsa (Acidulant) Hagase3ugns
w@lq AUty (Antioxidant synergist) (Joint FAO/WHO Expert Committee on Food Additives, 2005)
) [ a A a 1% 4 { o w
dmsulsamalnetimsoynnaln ldnsagasnlunaanusionns 14 lulSnaimungay (dnin-

ANUANLATTUMIONMITUAZEN, 2547) TATear 1 amaniiveansasasn aauaadlu Figure 21

CH, COOH
Hew—(C—==COOH

l
CH, COOH

Figure 21 Chemical structures of citric acid

31 : Joint FAO/WHO Expert Committee on Food Additives (1996)

5.1.6 Tnunan@asum lugalvla
TnunanGeuman Tuda'lild (Potassium metabisulfite) Tnaiarutian’ly fe idu
meazideadun nanvesdanied lavenlas tazausaazatoluir1ga Joint FAO/WHO Expert
Committee on Food Additives, 2005) luaaavnssuewinsiims 14 Tnumaidoumen luda il

9 a acd L. . A o . = o A A
@13A1UYAUNTY (Antimicrobial agent) HIOA1TNUYA (Preservative) Taetina lnmsvinau fe 1o



48

o 3 a g @ [ @ -
Twumadouman luda lidazarninnadiunsadaiea (1,80, luda lidlesou (HS0,) naz
v 9
a 1Wd lovau (S0,) FensadaySaannindudimsniyavlavesgaunsd I laeannsoiaie

a

. s a Ao q Y A Y o A W a = % ~
piuaduesgauns s ldgaunsdas1d (Goll dmumzwiyna, 2544) F9n5 15 Inunaidou-
@ 7 A o o v 3 ¥ a A Y o ' @ o ¥ A
wan ludia lwd lundadusionnsuenainz 1dilluasdugdunssudrasaenandgsimim
I o & a 3 . . { a Aaan 4 . .
Wuasduganisinaauieia (Antibrowning agent) ﬁmmmﬂgﬂi&nmamm (Maillard reaction)
[ o ] 4 9 Y 1 4 a 90’ aa A Ad
Tagwyda lavesansdsznouda lldazidsudnungaSvetiavesiaasaadaiiduas
)] A (aaa o 2 A o & Aa A & 2
Asduresmanalgnseuamia uennniluwaasusionnsniivou In leeiuiluesdlsznou
a a 9 a o ¢ A (% ' o
wannsamnadslsznoudigounou In laertiu-luda ld Mlinnunsargaas ligniae
Y Aaan a R o 9 Aa A %’ A Aa aan I'4 a dy 9 Y an
aeilfnie lalas lagadohldmanamihmannannldjnseunaamsamnaiudnasla (W5
[ 4
AU uuN, 2549; Jackman et al., 1987)
o [ Y o a Y] 4
dmsuilseme Inelimseyanald s Tmmadouwen Tuda v lumaasasina 1
ualudSmnagaga bimu 1,500 Tadniuaen Taniu (@ninnuanznIsuMIeIITIAZY, 2547)
é a a [ ' d‘d 1 [ L Y] " a c’d’ o dy ]
Fam3v3 Inanaanuaiensilasngy ludalia luszau linunasiangminesmuaiiag la
1 a ] [ 4 [ [ o I~ [ % 1
noliinaInbassameariioaninaisasnanszgnua lulad hlidludamanazdvoiseonnig
Jad1y Gyl dangwiiiyng, 2544)
= = [ 4
Sagar 118 Kumar (2007) Anyinaved Inuna@euman luda lWduagssezian
S o 1 a Y a o < (D ]
MsnusnE IR IMMaAltazmMIdssiiugaumwmalssamduiavenannandFaumy
1 a [} < (o 1 a a [ 4
TaoduwauvosnaasuaidswrHulsznoude 4 Tasd niagasn uag Tnunaouma lugalild
o [ I o a
17U 4 sEAUAMMTLTY A9 0.0 (YAAILAY) 500.0 7500 LA 1,000.0 WON TIMIHER
a [ 7 (& 1 o a a [l :: %’ % [ 1
paanasrswrudnhussy Tuge Indeiaurieanuvuiuiud) dminussy 200.0 nFuAega
3 o A Ay ~ 3 A VA <
NUTNMINUHANTD (17.0-34.0 Baraiied) (Juszezinal 9 18oU WUILDIZELIAIMIINY
o 1 Y = A A X AA A A
FOEUIU gaMInaasInInuarzlUTaaNUFRNIY TuvasntdSnansaueaaasin
=Y g’/ =y %’ Aa A =y %’ g’/ =Y Y] 4 4
Suansanivue Ysuianivaiaddye dSuanianivue vazlSuasanes lasonlua
9
NInuAanal LaznnHaMIUsziunumunelseamMauRaA1075 M5 IFALLUUANYO UL
@ 1 y 2 3 o I { A
9 SEAUAZUUUAMUFOL WU oA ugamsausnEilunal 9 ou yamsnaassiau Tnuna-
- o 4 A d A g Y o Y a A
@ouwan luga 1vld 750.0 70y 1ag 1,000.0 AN IHazuuuaudnyULAIUE NaUTE Loy
[ a Y] I'd 1 { A
AuanyuzAIUAMNFeU lagTINvBIHART UNUINNYANITNADINAN TN a1 Ho A 1-
@ 4 Aa g a o S (v Y] ] = Y [
Tudsa’lld 500.0 #ifidw wazyan1uan TasnaanuaidswHUAINaAZLUUAENBUZAIY
A 2 3 o 2 A 1A o 3 v o
ANuYeU Inssuladugam NS TUNaT 9 1hou agNszAUYOLIAN DY (STADASIUY

o w [ ' @ < ' a
ANNYIU 6.2 LA 6.3 ANAAY) Lm%iﬂﬂﬂﬁﬂTﬁ“VIﬂﬁ’ENﬂ\iﬂﬁ1ﬂﬁl\‘]uﬁﬂ\ﬂﬁ}mu’NﬂTﬁL@IMIWLmﬁ-



49

o % < o 4 I ' '
@ouwan luda Tvd 750.0 Afdw wiilsuudanios lavon leanaundosglulSuugaame
@ = a o J Y ' S o o Y Ao Ax 9 =
Sndveswaaduaina lduduluszniamanuing dmsuanudteiilins 1 TnmaFouma-

o 4 A g a a o J tg 1 ' = o
vl‘U“]fﬁle‘I@I 750.0 WNLON TUMTHAANAANUNNTLRIULASUHUITUIASINY

5.2 MIOUUHY

9
%

. g v { U
ﬂﬁi’]‘].l!,!,ﬁ}\i (Drying) ﬁ’f) ﬂﬁﬂﬂﬂ’JﬁJ‘]ﬂ!“’Ui’N@1W15%H§Q§$ﬂﬂﬁﬁ1m1iﬂﬂ‘ﬂﬂﬂ

D.

A

a a j’ a = YA A A %’ A & (. a a A J
mansay Invesyeyaunid lanetsanimiiulse TomilumadnTavesgaunidvion
= [ o 1 o Y A o 4 ~ S o ds! oA ~
3NN @, ANN 0.70 m“l‘wwa@mmmmmsumqmsmmﬂmanmumu (EIﬂUﬁ‘]ﬂ! AU, 2543)

5.2.1 ﬂﬁﬂﬂ]ﬁi’)ﬂ!!‘ﬁﬂi’)]‘ﬁ1i
Y I 9 Y 1 o Y a ] ]
ﬂ13f]‘UlL‘ﬁ\1LﬂuﬂigﬂﬂuﬂTﬁﬁlﬁﬂ'ﬂuﬁﬂullﬂ@ﬂ'ﬂﬁﬂﬂﬁlﬂﬂﬂTiﬂRlLﬂﬂ’NiJi@u‘mﬂ
a ' X v A ' ¥ Yy &
W’Ju@ﬂﬁjﬂ1ﬂﬁluluﬂﬂTﬁ151?’1Elﬁluéllﬂlzﬂﬂllﬁﬂﬂzﬂﬂ1iﬂ1m‘ﬂﬂ’ﬂui@uiﬁllﬂ@WﬁWﬁ 2 1YY Av NIT
o Y . = a dy 1 = 4 Y . =
UIANUIOU (Conduction) %q%zgﬂﬂmuiuﬁauﬂumaﬂtmaa HazNIINIANUITDU (Convection) ¥4
a X VoA ! ¥ o 9 gy ¥ A ¥ ¥
%$Lﬂﬂﬂluﬁluﬁﬂuﬂlﬂu‘ﬁ@\‘]’JNIﬂﬁlﬂﬁgllﬁﬁNiﬂu“‘ﬂ%‘W11’11/!11/1Gh‘iﬂ'NiJi’fJuL!a&ﬂa@u&ﬁll’lﬂlﬂ N3
A A ? a ~ 3 a o ¥ v = 2 o ¢
Lﬂﬁ@1!1’1"’ll@Qlﬂlﬂﬂ‘iﬂﬂﬂWiﬂuWiu@TﬁWﬁJfﬂiﬁgﬁllwﬁ\i\ﬂl!ﬂ']ﬁﬁ’f)ul!a'llﬂaEIUL“IJUW'GQQWH‘HQH

3’; 1 @ [ J 1 %’ Y o Y a A ~ %’ AAa
mﬂuuﬂxawmwaNmmﬂa”nll'ﬂgﬂmaqauﬂﬂamEmnﬂ‘mﬂﬂmimaaummm"lﬂmmuaﬂ
=2 o A ~ 2~ v A A A A v ] ' .
HFIANHUSNITIAADUNUBDIUIY 2 ANHUS AD NITIAADUNIUDIIINUIIAUNTUEDILAD (Caplllary

a 49! [ PR %’ o YA o Y A =
force) %zmmm“lummsﬂwuﬂ‘%mmuﬂummm1ﬂw11wua@151ﬂ1iamgmqa LAZNIFANADUN

1 T J . . a X A A A 2 Aa A o
YIUWUUUWITWNIULEaR (Diffusion) ILNAVUABDIUDININNITIAADUNVDIUINNALUDIVINLUTIAY
[ 1 & a 49! 1 d‘d =Y %’ 9 ?,‘ =1 d' d' 9 |d'
mmfmu,ﬂucmﬂmﬂmu“lumqmJﬂsmmuﬂummiuaaaﬂ%ummsmaauwmammwm
9 AAa (= Aa = Y %’ R a 49! 9 o Y o
6]5161\1%1!%11/]W’J@”IW”I§[13JLW8\1W@ NIDTIHITIILLUN ﬂ155$ﬁ’iEJ“'IJBQ‘L!”IiNLﬂﬂﬂlu%TaﬂTﬂiﬁ'ﬂ@ﬁ1ﬂ15

A 2 4 & 4 o X
@‘]_ILLﬁ)\TLﬁJﬂﬂﬂQ ﬂ1§@ﬂllﬁﬂﬁ]$ﬁ1&§fﬂﬂ\ﬂﬁi’]ﬂ'JﬁJGIleeUi’J\‘]i’]1ﬂ”l?ﬂum%'ﬂﬂﬂﬂllﬁﬂﬁﬂﬂﬂﬂﬂﬂ??%‘ﬂu
- ¥ £ e .
euaqammmzanmmwummmmsmmzumw ﬂ’J”IiJﬂmﬁiJﬁ]a (Equlhbrlum moisture content)

oA A

(Qfﬂu‘ﬁﬂﬂ! 391, 2543)
5.2.2 ﬂ1§®ﬂ!!ﬁﬁ!!ﬂﬂq€yiy1ﬂ1ﬂ
A X o Yy a o o 2 ) A v
\‘]TL!’J‘i]Elu‘l’nﬂWif]‘Ul,LT‘NWa@Iﬂﬂ!“ﬂﬂﬁm‘ﬂﬁl‘ﬂl!ﬂ%muﬂﬁﬂlﬂﬁ@Q@UlLW\‘]QﬂJﬂﬁﬂ1ﬁL!UU
Y 9 A g’/ @ Y o 1 = 1 9 Y
Glﬁmmmuwvmwaﬁa (Vacuum shelfdryer) Iﬂﬂﬂ13@ﬂllﬁﬂﬂ\‘lﬂaTJ%%NﬂWiﬂWEIWIﬂ'JHJi@HWJEI

o A v A o v o Ay Y & v A Yo

ﬂTﬁLLW'D'\‘]’c’fﬂ’JﬁJi@uﬁi@ﬂ15u1ﬂ31ui@uhlﬂEJ\??JWTHTVWI’E’JQﬂWﬁ@ULLﬁ\?GﬁQﬂ'JUJi@u‘V]@T‘rﬂiulﬂﬁ‘U
Y 4 ' '
Tihiusggmirl 15 lunsszmevenimeluemsainanae 1l Tasniseuudenieldanioz

o Lo qu ¥ A Y o ¥ A a
ﬂ'J”IiJﬂ‘l!fjilJiUu1ﬂ1ﬁu%11ﬂﬁ1ﬂ1§ﬂ‘l%qmﬁﬂﬂ‘luﬂ1§i’]‘]JLLW\W]”IENl1ﬂ Lu@ﬂil”lﬂ‘luﬁﬂ”l’wﬂﬂﬁﬂ”li

U

A %’ a d%’ A @ %‘ 1 o v ?X’J g a %’ &£ A v
Lﬂi’]ﬂ‘lli’]\ﬁ!"ﬁ]%l,ﬂﬂ‘llumi’]ﬂ'ﬂllﬂull'ﬂsllﬂﬂuu‘ﬂ1ﬂ1Jﬂ'313Jﬂ‘LlTlQ‘WiJﬂTJLlWLlW’J"IJ@Q‘L!1 PINAITUAY



50

¥
°o_ A

a 1T @ a %’ <3 a
U35eMAYNA N0V 76.0 rUANATLTON umztﬁaﬂuazizmaﬂmmﬂu%um’qmﬁgu 100.0

Y

]
[ o

PIFIFAFOA LADANUAUAININIANUAULTTNMAUNATUTINT ANUAUFYYINIA 119ZADA

=

< 3 Ao J a @
uazﬁzmﬂﬂmmﬂu%um UHHUAINI 100.0 mmwag%ﬁ ey ‘iJﬁTUi'IJ'@IQQ, 2521) LA AN

Q

Tu Figure 22

W0 ~—T1T T T T TTTT7
8OO |- .,
‘L 6001 . ]
=
g" 500} -
g 400} ¥
300 A -
i
200} =
100} -
0 1L [ ] 1 1 i 7 {1
20 40 6!1 80 100
punpli. C

Figure 22 Vapor pressure of water

1301 : aa)ag9n NUNVKHIINGIAs (2541)

5.2.3 iaduninanemsounti
Madeniinanemaounialiviateladeateny 18un 5550AU9991113 VIALAY
U o v Y Y a Y 1% I 9 =
3051990901115 A LMo 1Ms lukos0ULNe gunTvese1nas ou tazAuaY udl
d'dy 1 v o A 1 Y s A ~ a £ an
Tuntlaznarummnzilatednn 9 NinanemIouLne (@AUTTY A3 91, 2543; 1ls2@n3 oAlsena,
U ds‘
2527) Al

5.2.3.1 QauigivaseImadou

v
a a

X & A
51@1ﬂ1ﬁ§ﬂ313~l%1§ﬂ\11ﬂ ﬂ”lﬁLW1]@ﬂ!‘ﬁﬂll5]3L1Juﬂ13lW3Jﬂ’J13Jﬁ1ll”l§ﬂiu

Q Rl

D.

Y
=KX A

[ 3 o 9 J 3 ak Y v Y
ﬂTSiUllﬂu”ILLagﬂTGLWﬂTiLL‘Wiﬂigﬂ?ﬂﬂl@ﬂu”lﬂeﬂuilﬂllNaiﬁ@@ﬁ”lﬂTi@lluW\iaﬂaQ

5.2.3.2 AINAY

[ 4 2

9 '
ﬂ?ﬁJﬂuﬁﬂ’NNﬁNWH‘ﬁﬂUﬂTﬁ3$L°ViEIGIIﬂiu11ﬂﬁlﬁﬂ31uﬂugﬂgﬂﬁﬂ1ﬁu1

= v & Y

< ? A a5 Y o Y
%zizmElﬂmmﬂu”laumamﬁqmnm ﬂ\‘luuﬂ1iﬂﬂllﬁiﬂ181¢’ljﬂ’ﬂuﬂuiﬁyﬂJWﬂWﬁﬂgﬂ1ﬁlﬁI@¢li1

E]

vy g X
NIIDULKNLTIVU



51

¥ 4 1 %
Methakhup agame (2005) Andn1azmsouuianny letidousernsmny
AUAUA (Low-pressure superheated steam drying) LLEWmi@‘uLlﬁjﬂllﬂﬂqmumu1ﬂ1ﬂ¢i®ﬂmﬁﬂym$
Y A I a a o J Y| v ) [ Y
YINIDVUNA T azSuunsaueaasiiinvesnansuinzniloutruy (@miulslunis
9 & A a o 2 9 ' 2 ot £ 9 <
¥z o) FamsnaaraadunuzvuleuuruLNTIIIMNdIUH VeIV oNINT Y
g L o . 4 Yo g o, XA Y o , @
Ahudu s ldTudensealudunat 1 i ninduduiengauilewilu 40.0 n5u laluginsal
) @ 1 o ] & o a A 14 o Y Y 2,‘ 9 a ' o
dmsuladegaaiinnegiiisuods thounds Tasmseuuieuy lorhfousseinsunuy

anuaudazmysuud gy Ima e ldgumrgiilumseuns 2 szav fie 65.0 uaz 75.0

A 99 Q

DI ATed tazANuaUlUMIoUURY 3 52AUAD 7.0 10.0 Az 13.0 n ladhaaia nuNean1I

~ Y a a @ 4 Y ] Y ~ a

Nl lumskaanaasuuzyuonunuuelasnsouuMLUYYYINANGUKYN 75.0 BI-
= o a I = a @ 4 Y 1 A A

alFea ANAYN 7.0 nlaliaaa wunal 145 i (waasasuzuuenunuuialilsuia
g 9 1w < ~ o [ a a @ &Y [ A 9

ANVFUFANIY N 7.5 %) 1WA ANAIHIUMIHAANANAUNAINGTD 1HDI910 14
?x‘l = Y o Y A = =y da

naay (145 ) lumseuura 1vinisnlasunlasvesd aasasul/suansateanesin

tesniwansusiuzantleuurduushiriumseunieninyganiinaassdu

o =R 1 9 4

a a @ d o
Saencom azAME (2010) ﬁﬂmummﬂummamwammmwnmamwummu
I ' A = ax ~ @ T ' Y ? Y
LﬂuﬂTViﬁ’JNLWfJE:f"Uﬂ1W Iﬂ&lﬁﬂ‘]&ﬂ’]‘ﬁﬂﬁl@lﬁﬁmﬂ’)@m\‘lﬂﬂuﬂﬂu*ﬁ TIUMNNQUDINTTD UL WAL

andou (Hot air drying) HazM3oUUALUFYYINAROAUANHULYDINTOULR T AMENHUE

[ %

A Y 1 . ) ~ A o do
IUDTUNT ”lmm Hardness Toughness 8% Crispness uazl5uanuan 1SN UV IHAANUNAN
o =R 1 1 A G % 1 1 9 I~{ A d'
MaEU TasUIsMIIATeNAI08 19N UB LT NY U 4 YANTINAADI AD YANTINAADIN

v %’ { a I
HIUMIaINmetiNgungil 100.0£2.0 eerusaidod 1Hunal 1 Wil (ganIugy) gan1Inaaes

a

o o %’ 9 [ =Y {
numsaIndloasazatels@ounan lsa 1.0 2.0 uag 3.0 % ivinaeliuias Nguwgl

U

= 3 s o o Y 9 an Y 9y
100.0£2.0 D9 usaFed (Uural 1 un quhJVIHLW\‘]ﬂ’]fmﬁﬂ’lﬁ@’ﬂl!ﬁﬂl!ﬂﬂauﬁ@ullagllﬂﬂ

gaamelagldguvgilumsouuia 3 526U A 60.0 70.0 1Az 80.0 DIRUTATIE WUIAN1IZ

o =X

Aq Y a A o Jdu o K oA Y o v
ﬂi“ﬁiuﬂ1iwa@lwa@lﬂﬂl“ﬂWﬂﬁ1aQLLWH‘V]LWN1$ﬁNﬂ3$ﬂfJUﬂﬂﬂ NITAINHNAIAIAIYTITALANY

[
~ a

4 ?,‘ Y 1 = 3’/ o
T«m?wmaa”lm 1.0 % Wimunaedsuag il1ﬂLlLlLl”l@‘]_lLlﬁlﬂllﬂﬂqmﬂﬁﬂ”lﬂﬂﬂmﬁﬂu 80.0 93711-

Q U

=2 ]

= Y a 3 = 4 a o Jo o A A
IHAUFYE ANUAU 7.0 ﬂiaﬂ1ﬁﬂ1a Wuan 60 UIN AUNTENINAANMNHNA DN UNUT U8
&’ Y [} [ o Y a v d v 1 [ = Y =
mm%mjﬂmﬂagiumq 3.0-4.5% ‘Vni‘ﬁWa@]ﬂﬂ!"nﬂ\‘]ﬂa13ﬁ11115ﬂ5ﬂHTﬁLLﬂgﬂ%N”ImL?J@]"ILLﬂTﬁVIH
o [ 4

Y [ j‘ [ d'd =) v o =X ] d' 9 3’/ =
mamulwgmaﬂymzmaﬁuwawmmwa@mmmmmamwummmﬂl%nmﬁdu (60 U IN) Tu

ATOLLA



52

5.3 uyspiaedmSunansamina iy
3 o a o v o s A
msnusnymaasusienns 13luossyduailiaglszasdmoazainlumsvy
droomsnnuraiwan 1J8dus Tnn Yesnulildemnsdoudoguamidie aasasuannis

= Ia

& X a o o 3 o Y s Yt A
ﬂulﬂ@u%Tﬂlﬂf@i}au‘ﬂ g UNAN LASTRINN 9 ﬂ15lﬂ1]5ﬂ‘]&|ﬁl(1ulliiﬂﬂm ‘V]ﬂﬁQWfﬂWﬁ NAUIA

= =S a

1 a o 4 I A o o Y

uazgﬂﬁwmWammmmwmﬂullﬂmmlﬂmuﬂ (mma amuqm LL@%I‘H?’VHH 5INANYIA, 2543)
9w o JAq YD a o Y Y o v A o
ﬁmsumnﬂmmﬂ%m"lﬂuﬂ”ﬁmi@waﬁﬂmmNallmmuﬁ]zﬂmaﬂumi@ﬂmmmmWaﬁﬂmm
{ g o . 4 1 a o a

AWAMUBUA (Low moisture foods, LMF) 84 ) 13U Wau Ina Inswau (Polypropylene film) tiag

a a o s . . . g v ) v v

QQ@WNLM@]@QMHHNW@@H (Laminated aluminium foil bag) 3l uau (Irwandi ef al., 1998 9191ae Tau

[ dy [ v 1 9
oantly ey azaaiz, 2550) Honnil sau oaatl Ty tazame (2550) 31891491 @I 1999

Q

Y
=1

@ 14 . I @ J o @ a 1% 4 Y a o =< A Y
mwa"la‘w (Metallized) Lﬂuuimﬂmmﬁmiumi@mammmwa'lmmu mm%uwaaﬂ%qq
[ J . . I (% J
weia lasi (Oriented polypropylene/Metallized cast polypropylene, OPP/MCPP) wWuyss ﬂqﬂmmiu

A o o g v o v Jo 1 & v & A o
ﬂﬁ‘Uiiﬂanﬁﬂm“ﬂﬂi&%ﬂﬂl!ﬂ\ilmuwuﬂu Iﬂﬁmﬁi‘ﬂqﬂﬂl“ﬂﬂ\iﬂﬁTJlfiJH‘Uﬁﬁ‘ﬂﬂﬂl“ﬂWﬁWﬁﬁﬂ“ﬂﬂ’Jﬁﬂ
g’z A a a I a g’x = a o 1 = v A =
HAWTUNUWAITAN PP (YUA OPP) L“IJHWEﬂﬁﬁﬂ‘]fualuGINWﬁWﬁﬂﬂﬂ\iﬂﬁW?NﬂmﬁNU@l 9 UNIY
<3 = 1 o Al Y Y Y =< 1 Li’ Y AW
Glﬁ IRINIYsEAN g R 3 kil ﬂum"lmuuuazmimu"lﬂﬂ ﬂ@iﬂuﬂﬁ“]fllWWH"IIEN?]’JHJ‘]SH‘I@@ Iﬂﬁmf’ﬂ A3

1 %’ .. ° 1 v [ a A

mﬁc'fmmummulam (Water vapour transmission rate, WVTR) ¢11 41101 0.08-0.16 NN WAQLNAT
1 T W { a ¥ o v g‘/ I

ADANTTNINAT ADIU ﬁqmﬁ@,u 38.0 E)\iﬁ%“])’ﬁlc?fﬁlﬁ LLﬁ%ﬂ’JHJ%HﬁiJW“VI‘ﬁ 95.0 % ﬁ’)iJ“Vl\‘]flﬂ1@ﬁﬁ1
MIFURIUUBIDONTIIU (Oxygen transmission rate, OTR) Y1UNAIT 110D 2.96x10*-4.93x10™"°
Ty was AoM15 19T #0319 aviiania (Pascal) NYMHN 25.0 DIFU¥ATEA (Robertson,

= a Y 1 1 = = U a = a
2006) u,amQmwgmmﬂmmagiumq -20.0 94 200.0 DA UBALHY T (ﬂu ANIYLNYTA LASTUNT
Y
ﬂ\‘]l,iliilejlﬁﬂiﬁ, 2541) ﬁﬁu%uuﬂﬂﬂl'ﬂ\‘lﬂSiﬂﬂﬂl"ﬁ}ﬂﬂﬂa1'Jﬁﬂ1§ﬂi$ﬂﬂﬁ%@ﬂ”lmuﬁﬁl’.lﬂwa1ﬁ@]ﬂ PP
A A A Y A A o q ¥ IR o Y o =

(¥Um CPP) TIN”ILlﬂ”IiLﬂai’JTJﬂ’JEJIﬂ‘W%BQ11!,1!8111‘VIﬂﬁﬂiﬁgﬂmcﬂuﬂmﬁuﬂﬁiuﬂ”liﬂi’Nﬂuﬂ”ISGIﬁJ
] :&’ a = Y [ 1 1 9 dg! a 4
NIHUYBDIAINUT UL DDNHIIU S”mmmmia1Jmﬂumsammumamm”lmnﬂmu RNy

921303, 2550)

(Y] d o o a o I'4
54 snasgrunansaegammnysupaliuna (dninnunasgumaasusigadmngsy, 2532)
@ @ 1o a o 4 ]
Tulagiiutlszmaineds lusmuamasgrunaasamigaamnssuna ldunu a1

Au A= qu a o o Yy v g ¢ A a o @ )
ﬂ‘ﬂﬁlu‘ﬂxﬂﬂﬁﬂﬁiﬂﬂ!Waﬁﬂﬂl“ﬂ@.ﬂﬁTﬁﬂiiﬂJNﬁuliJLm\H“lJulﬂﬂ‘!Mf’;Iﬂ!ﬂWWGluﬂﬁﬂﬁ@mﬁﬁﬂﬂl“ﬂWﬁllll

) v dy
AW AU



53

5.4.1 anyaszin il

° Yy o X da N YAq Y o - ) o
m‘wuﬂclwmaﬂymzma‘nﬂmu%uﬂﬂjama%ﬂ%m "lmuml,ﬂuﬂau ANHMUS
= &’ &’ [~ FY = ' °
ﬂ1fJ‘L!i’]ﬂl13JLﬂEJﬂ‘]m L‘L!i’]llllu‘ll\iﬂigﬂ”lﬂ ugﬂsmmzmumammua

542 @
AaAa a YA 1 ast o
Nﬁ‘ﬂ@@nuﬁiﬁh“ﬁW@lﬂl@\?W'ﬁqN‘ﬂFﬂuﬂﬁiﬂﬁ‘ﬁfﬂﬁ’n

5.4.3 nausa
~ A Qld' Y o A A A (= J A 19
mamﬁmwwmmwa"luﬂ%m 'IJ31ﬁ%1ﬂﬂﬁuﬁﬁﬂuﬂ‘li~l‘1ﬁ|\1ﬂi$ﬁiﬂ WU DAaUDUY

¥

5.4.4 ANNYY
o g 1T Aa
fnualidSuaanudulumu 18.0 %

5.4.5 Iagreluermsiieyanaldlifuaiuman

[ v = [ o

4 <Y 1 a A a
agnudsInganles lasen lsadeoqlanu 1,000 Aoy

q

5.4.6 AMNIWMIYAUNSE

' '
A I

2 Y 9 9 1a I o 1 d"
yaunsdnasany luwa liudeded lumunausindmuasae 11l
a 4 ?x‘a A 1 % 1 [
Pnagaunieninuadeslumu 1x10° TnTafided20619 1.0 N5y
4 [ =Y 1 U | %
Psunadaduaydeslumu 1x10° Tnlailnedl0619 1.0 n5U
. . . an d adg 9 Y 1 T W [l o
Escherichia coli 1083510 N1OU (MPN) A09108n21 3 ADA10619 1.0 5N
Staphylococcus aureus #9329 lunu ludeene 0.1 ASY
Salmonella #9495 liny lude619 25.0 n3u

Clostridium perfringens 29493539 1iwulud0819 0.1 A5Y

= a o d Y 1 v [~
5.5 n1mJasjan'mfgmn1wmmwaﬂnmmwiﬂwmmzmnmsmmnm

5.5.1 mafaslasgamumamenn

=

5511 @

'
[ =}

A < a [ J Y ] Y Yy H Aaan
Lll@LﬂuNa@ﬂﬂlcﬂWa]'IJJLlﬂuqﬁlﬂulja1u1uﬁ]$ﬂ1‘lﬁuﬁﬂaT!u@\iﬂ1ﬂﬂgﬂiﬂ1

) v ' a

P Aan ] 1 a ° Aaa ] ¥ a A
Lllaa'ﬁﬂ%\‘]ﬂaﬂiﬂ']ﬂ\‘]ﬂa']jlﬂﬂ%']ﬂﬂ'liﬂ'lﬂaﬂ5815$1’7’31\‘]u1§na AP ‘U‘ﬁll@glljuﬁlujwlaf}a

U

aan A

a = Y Ao ¥ a v
"’U@\‘]ﬂiﬂ@$11Iullﬁ%I‘iJ3?5]uﬂWﬂi@lﬁﬂTJ%“Vlllﬂ’NllﬁﬂuLlagLﬂﬂ“lJ;]ﬂiEJWI@LHfJ\‘]%HVlﬂﬁWﬁﬂigﬂfJ‘U
a 9 = %’ ~ 1 a = ] %’ o Y a [ 4 Y 1 as %’ ! Y
IBIFDUFTUINALTIYNIT LU TUDYAU Glf\‘lulllﬁgﬁﬂﬁlu1 ‘wﬂﬁwaﬁﬂmmwa"lmmuuaﬂmﬁma%

Aa o d v 1 =\ ° LR~ A Y Y Aa J an = aa
Wﬁ@lﬂﬂl“ﬂﬂﬂﬂﬁW’JNﬂﬂlﬂWW@nuaz1“&ﬂuﬂ@l@ﬂﬂ1iﬂl@ﬂﬁj‘ﬂﬁjﬂﬂ (ulWIﬁ]u 34919, 2539; UIU

Sarniuu, 2549)



54

5.5.1.2 andazIoauNa

I =2

3 o a o 4 ] [ ] I~
wininusnewaasuaira iuuluussydusindmsFuiuveseinmailuna
a [ 4 9 P oAA A &’ :: [ &’ o Y &’
Wy waanusina lduduntUSnaanurudzgasuanuruanemainIilsunannuiu
a [ s A 49! 1 Y o g [ &% a (% 4 9 ] a d‘
vosransuuILLazdna s nyazitiduiavenansamina lilurwnanisilasunlas
[ o a Y] 4 [ I ¢ ana
wu Mldanumiletvesndasaaina lduruanas Wudu (Inlsed a3, 2539)

552 mafasulasgaumwmand

¥
aada

d
55.2.1 AIRIMDIUBARAIN (a,)
3 o a o J ' o I ' <
Tumsmusnwaasuaina ldudulunssynusindinsduriiuvesomeiuna
a o 4 Y ] Lg o Y a 1] S A ds! =\
wu wandueina ldunuazgaduanuiunnemaili o vosndanuaiiiuiu Iae o, ke
1w < aan a J aan a % a
nszNUABDATIS e eunlivateyia laun UfnsoeendatuveaenInleniiuaznsa
I a aaa a v aaa 4 3’/ a a
ueaApiln URNIe100 Inoandat (Autoxidation) itazllnisnuaalia IuNIMssaa Ie
a A J a d 1 an [ 14
YBIAUNTE (UNNG 21303, 2550; HTe1 TauJuumn, 2549)
5.5.2.2 maalfnseneendaty
3 o a o J 9 a o J Y 1 A a v
msnusnmaasusing ldudu Taommgraasuaina iudunsaanea 109
= a Ja Y3 v o v a
Hl5mnaweu Inlseriuuaz s munsaueanasinge 1idunanu msdudanuesndinuag
o Y a aaa a v X & o o A o Y a Ja
mldnalfnioeendadusailuaumadrngiiInfsnaueuIn lsaiuaznsauoansiin
a o Jd o ' an @ 14
lunannanaIna1anad (U581 Sauuu, 2549; Skrede and Wrolstad, 2002)
9
msalfniereendasuveou Inlyeriivamisomna ldnineasaazna
Y = a Aaan a @ A ~ a Y o aan [
PUTININAUYNIBPRNFIATUNATI AD M3 Tuanavetvndudilgnsenuteu In-
A A 14 o VoA A A 1 a a2 Aa o Y
lygnfiunasueudmmiian 2 wiohvy leasongavesrauniuilia (aunau B) i lduouTn-
a { 1 a : { 1 Ja
lwentiunegluglvosanideon uan lovou Fdiduas nfasu legluglvesmituea g la-wa
A = == A a R A 9| U Y= a [ ' E) 1 .
vioma laud lulld viseniuseaoa wd Faliaih dwalddvewdnsuaina ldumuees (Saint-
'
Gaulejac et al., 1999 8191a8 gWINs WA1VIIHANA, 2547) daumsinalfnservendadunidon
= ~ 4 o 2 & a [ PREPN Aana a Y
Ao mah lalasnulesoon lag (H,0,) Fuilundanuiinmasniljnsevensdmiuveinsauoa-
) o Y a Aa A Y o . ~ 4
apsdny ldinamsuaneenvesraunIu Insiden Taad9i1a1e (Nucleophilic attack) NA15 U0
o 1 d' a o Y a [] é A [ a
aumnia 2 vewou Tn laeniiuyh lduouTn loetiveylugvesna Taude Lulld uazaonuia
< a o AN 1A o o a . .
msuanaaeiluransusileames n luNa (Colorless esters) HALdYNUTANITU (Coumarin deriva-
. & a o d v 1 a A A a Aaan a 4 o a I
tives) FIHAANWAAINA O IMNAMTITOUTeWI oAU s o Tndmes lswsuuazinalluas

Usznpumadoudiiiaian luazaienin (Von Elbe and Schwartz, 1996; Jackman and Smith, 1996)



55

a Aan A o Ja a Yo A o
manalfnieeendatuvesnsateanes inamninesie lanail Taenalunsa
I a ] . . " A . . a 4 A I
uoanos Uinazog11g1/ve3 L-ascorbic acid t1Atllo L-ascorbic acid gnoond lagzaeowdlyu dehydro
. . : ann (G ' < aan o 1% ) .
-L-ascorbic acid #1fjnsedenarniulfnserdunauld (Reversible reaction) 1182 dehydro-L-
. . a J 1 . . . o J ] @
ascorbic acid %zgﬂaaﬂm"lﬂcmmﬂu diketo-L-gulonic acid TﬂElm'imﬂan"luﬁmmmmuazgﬂ
Aa Edl I a 1 4 Aa . . I ' 4 A
pand lagae lUiduansisenourateriia u nsames 1oiin (Threonic acid) 11udu Fuloina
aan o Aaan 4 Aa % a I Jd |
UfATea lamssunaz s endmsvendiadiyu (Decarboxylation) vzinaiiluaisiesysataz s
o [ a A 4 o I a 9 = %‘ 2 & ~ 1
ananna Inawes lssnaretluaisdseneudatoudiiinia (Deman, 1990) Fuduarsh lu
& 9 ¥ a X A o o q ¥ A o ¥ ¢
Walszaealdnadulundansuaingizi vguaiwveswdanusina ldunuanas (InTsed

aA =)

dy J A = a da 9
938919, 2539) ‘Lli’]ﬂi]"lﬂLlWTJ’J”IQI‘L!ﬁﬂTJx‘ﬂ]’liJiJ@@ﬂ%H]u NIALBAADIUNILIVITIN (Condense)
a2 1

Auveu Inlsetiuladlundasuysia insduaznadluaislsenoun luliaae 11 (Skrede and

Wrolstad, 2002)

]
=\

dy 1 a o o ) VoA I o A %’ v A
wonvntnuNlundanuaina lduiuntidrulseneudulviiuniodniuni
J I Y a A o v v W a o a
pentlsznouilunsaluiuwiialidusa (Unsaturated fatty acid) vinduianuoengousziihling
aana a = Aaaa o 1 o a a o s s 3
Ufnseee Invensatusgalfnsedinanyliinanaadusiniluuead leawson lau uaziiu
! o a A . 2 J A iy v L a A o s A o
aunannIiinanauiiu (Rancidity) Failunaun hivslszaed liina lundasuaiiiosninyi i
a [ 4 ] 'o [~ { a o a2
naanmaina liunuligunnd e hidluidesmsvesdus Tan (Inlse 350013, 2539)
5523 msthalfiseumamia
a ann 4 a o o Y o 3 Y
manalfnseaariavesrnaasusina ldudumerasnnmsiny 1dlunanu
a o Aaan 1 %’ a A 1 o o 1 a
maninmshlnsensgninaimaiaiae 1dun nglaa Winlad nazuea lna nunyesdTuluy
Tuanavesnsaozii Tunaz TdsAumeldanizhiinnwieu dnalnmsinalfnserdinand s
g an [ 14 @ dy
Yuapy (U581 saunluumn, 2549) Al
g ~ H Aa A v o ' A 9 & Aa = .
Fuaoui 1 1hmasarrazsauaanungesd uldidlulna ladaeliy (N-substituted
glycosylamine)
Y { a ann o I @ ]
unoud 2 nalfnsend lamseu (Dehydration) Taidlueiiv waglinisisoedalm
. 4 ] I
#91¥9i58031 Amadori rearrangement 1ddlunealameiiy (Aldoseamine) N30 laaneilu (Ketose
amine) iFan1 @151 1A3 (Amadori product)
?x’; { a Aaan ) a I
unoud 3 nalfnse1d Tulamwsu (Enolization) vesdisozu las Inidlu'lad Tna
= . . A a 14 . .
194U (Diketoseamine) Y13 a”lﬂazﬂucgmi (Diaminosugar)

Z { a aan % 1 < o . .
Tunoud 4 iNalnsend lewssuas Iailueyusyusy (Furan derivatives)



56

g A o a a J < Y I a g

YUADUN 5 ’E'JL}W‘H‘ﬁ12\!&!51!‘1]5LﬂﬂWfJﬁLNfJU]’iG}f@ﬂNi?ﬂLiQ‘lmﬂUﬁﬁ‘ﬂigﬂﬂﬂl“ﬁ%@u
= %’ A I 4 5 1 %’ )=} 1 a
ﬁmmam"luiﬂmmﬂumﬂﬂizﬂ'e)%uegmmzaz”luazmaumaﬂm atagaul

a ann J o Y a o J Y 1 oaa ¥ Y a o J
fﬂilﬂﬂﬂgﬂimmaﬁﬁﬂu@ﬂ‘Mﬂﬂﬂ‘ﬂNﬁ@lﬂﬂ!"l’lNa1NLLNHNﬁﬂﬁ1ﬁQNa1ﬁNa@Iﬂm“ﬂ

=

[ o o a ¥ A A X 1 ]
aananiguninanawardunldgudonsaozii Tunazihnaiaseggaina liauaimn

a 1% &Y 1 d a2
Tarumsvesnansusiaanaanadale (Inlsed 358913, 2539)

=

! d
553 mafasulasgaumwmaegaunsd

a o J Y 1 oAa o 1 3 o Y <
Nammmwallmmuwum a, 11071 0.60 ﬂxmmimﬂmﬂmlli'"lmﬂunmum

o I o = =2

1 Aa o J T W 1 s o ] a o 4
meﬂwammmwa"lﬁimumﬂa1’Jmmm=_4ﬂumii]ﬂmcnm JAUNITHUNTIUUDIDINIA NOANDN
9 1 o X o Y a o s A 2 a o =Dl
NalliJLLW‘lﬁlgﬂﬂ%’ﬂﬂ?1ﬂ%ﬂﬁﬂﬂ@1ﬂ1ﬁ‘ﬂ11‘ﬁﬂ1 a, VBINAADUNINHUYU LAaZHINHNAANUNUAT a

WINN1 0.60 DINNANTADUTEVINNT193 QAL IAUDI Osmophilic yeast 1A Xerophilic micro-

A v '

v Y H k4
fungi FIUBNMINFOYAUNI IR INA1IZII AL Taudmned luanmuaadenimunzauio

v
A o 1A

a a < 1 a 4 1
aunsomarilazlimaadnasiedal InuaeFInvoauybe 15U Aflatoxin 118 Ochratoxin

oD

I Y a o 4 Y oA A 1 a a a &’
Wuau uazmﬂwaﬂﬂmmwahlmmuum a, WWJUINN1I1 0.80 ’mmﬂﬂmimiiymiﬂmlml“v@iumz

S Jd o

9
@ a 1 I
daana 1y saunauaiiseuavtia 18uUn Staphviococcus Micrococcus Wag Vibrio Wuau Tag

J

wuTuaiGeaInanaunsontiaazsaay Ia ldna ¢, 1m0y 0.80-0.85 ausazdea
a a 9 A A [ Y d aa =) a 4
amwnsonsyau Tatazad wasiena o, 1m0y 0.60-0.85 (InTsa1l 330973, 2539; Yo Fyad-
4
IATHY, 2543)
5.5.4 mafasulasgaumwmalszamduda
[ < o Aa [ 4 1 {
Tusgminmsmnusnuwaasusinag luduziimanfdsunlasganmwmemenin
= 9 1 a A g d’i ann 4 a A A d’i aan a
uazdl laun managaduiiesnniljnseuuaaiia mananauiiuiesnnljnieios Inoond-
o = g a o s A 49! 9 I Y v o 9 '
sy uazdsuannudulusdasuinmuiudruilusaldguammalseamduda 1dun
o A A A o o & 9 ) '3 Y 1 Aa = 1o
Auanbuzd nausa uazoduda (Hudu vowwdanmaina llukmunamsasunlasniugiu
1 S o d aa
Tusgnnamanuiawi (InTsa 338913, 2539)
o [ = A a o d o
Sau oantlny Tey uazaae (2550) Anpmsnlasulasnannvesnaanamian lo
] 1 S o o a a o J o ] ° o 4
priulusgnimanuine Tasimswaanaanaaia louruudnihussyluguusia’last (opp
20.0 Tuaseu/MCPP 25.0 Tunson) ¥u1AAINAIE 60.0 HaBWAT 817 150.0 HAAUAT WU 45.0
S o Y aa = Li’ o o d I
+5.0 luaseu inusnuludaiuauguugniin 28.0-30.0 esruzaGod ANNFUTUNNT 87.0 % 1Tlu
o 1 3 o o a 4
32821781 0 30 60 90 120 1A 150 71 TUTEHINMIAUITNBIMINTUATIZHAUNINNIINIGAIN
A o % ' 4 I~ 3
il uazmslsziivguawnilseandudd WuILee1IgMTINUTNEIUIUAY QUNINNIY

' Y
NIYNTIN ﬁf] A1 L* afad Uagal a* LWN%‘H LL@IVlNﬁQNaWﬂﬂ1 b* A1 Tensile strength 1A A1 Shear



57

i a 1 4 S o 3 1 1 a %’
stress Lﬁ@WFiﬂiﬂﬂﬂﬂ!ﬂTW°VINLﬂfl‘W‘U'J1!ﬁﬂ@1§ﬂ13lﬂ’lliﬂ‘]sﬂu11ll$u%$ﬁﬂ1 a, HazMMsnagiing
A T [ J . . A ds! A A a
‘n"lumﬁmau"lcvu (Non-enzymatic browning) tWN YU LLﬁ%LN@W%WiﬂHﬂ13ﬂﬁgtuuﬂﬂ!ﬂ1w1ﬂ1ﬂ

Y a ] < o ] =y o
ﬂi%?ﬂ“ﬂﬁllWﬁﬂlﬂ\‘mﬁ@lﬂﬂ!"ﬂﬁWVlﬂLLWHﬁI’Jﬂﬁ%ﬂ151ﬁ}ﬂ$uuuﬂ'ﬂll‘15@ﬂllﬂﬂ 9 FELAUASHUUANUYDUY
v A 2 3 o @ a o J o Y] Yo [ Y a ~
NUIUNDAUFANITNUINH (150 Y1) Wﬁ@lﬂﬂ!cﬂﬁﬂulEILLWHENﬂQVlﬂﬁ‘Uﬂ138@ﬂ5ﬂﬂ1ﬂ@ﬂﬁiﬂﬂjﬂﬁm

@ 1A @ I (%
ﬂmuuﬂmaﬂymzﬁ)mmm*vaﬂﬂﬂmuagﬁ33%%%&%13’@8 (FELAUALLUUANUFOU 6.0+1.3)
6. matamnlnsalatlamlnaduviisa (Near infrared spectroscopy, NIRS)

6.1 MIgAnauuas NIR
A a ~ J
6.1.1 P3ganauuad NIR va3luanaa1sdunad
a I A A 9 o v a o ~ 9 )
maila NIRS (Jumatanlddmivannzvasiluanalszneudieiusy
% 1 I a a <
laTasou (X-H) Fsezaen X laun C 0N uaz s dludu Tagindudr Tumnavesssazinansau
' y o A g & {
(Vibration) agaanaizenmydusiaiiin msduluaniuziiv (Vibrational ground state) A28 210D
é S . 1 Yo o Aa 1 9 . é =
HINUAURNIY (Quantized frequency) uann lasusadsunsusagiulng (Near infrared, NIR) s§q3J
anue1nauluga 800-2,500 uTuiwas Wielis1uaaLEY U9 12,500-4,000 ABITUALAT
TuanNaveda 3 9zNAdUATNI N USIT NIR Tagazganausadninnudasanuanudaumney
° a @ . . . ' < @ ' '
ldinamsduluaniuznszqu (Vibrational excited state) 0619 Tsna Tuanasana 1 lienunse
' Yo uR v o o ¥ A q9 o oA &
agluamuznszduldvidesmonasnueeninluginasnuanudouielinduaugmsdulu
X o a A 3 A J ad s
anuziuauay Taosinamsganauuauiluldmungueaiios-uauiisa (Beer-Lambert 's law)

nanfemMIganaULEIlANNFNTIE N uANUT T UYEIANT (FUNNT, 2552) AsENMSh 1 Lag 2
NIAIAUEADIHIY: A = Ebc = log (1/T) = log (I,/1) aunsh 1
nididauasazion: A= Ebc=log (1/R) = log (I,/1) aumsi 2

A A ' A
1o A Ao AINITRANAULAY
= = J .. 2 g 1 ~ '
€ Av anmganau Iuans (Molar absorptivity) il umnanvenazais lag
1 a Aana L4 -1 -1
a1 € voauouInlaeiiu (lyertiau 3-ng Ta'les) = 26,900 L mol" cm
b A0 ANUHUIVDIAIDE
A Yy o A A
¢ A9 ANNTNVUYBIATNQANAULE
T A9 UAINHIUDDNUINAIBE

R fi® uﬁﬂﬁﬁxﬁ}@u@@ﬂNWWﬂﬁ’J@E}N



58

1, A9 ANUTNLAINANNTENUA29E19
1 A9 ANUATNUEINRIUEDNNININA29E19

I Ao AnuuLasNaz noUsoN19INAI9E19
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Transmission

Reflection Interaction

Figure 23 Measurement modes of NIR

31 : Kawano (2002)
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6.22 M3InnzHveyanldninmsiamsganaunasdiamaiin NIRS
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Figure 24 Flow diagram of NIR calibration and validation process
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Table 7 Interpretation of R

R Interpretation
+/-0.51-0.70 Poor correlation
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Table 8 List of chemicals for the experiment

Chemicals Grade Company Country
1. Sodium hydroxide Analytical Merck Germany
2. Potassium chloride Analytical Merck Germany
3. Meta-Phosphoric acid Analytical Panreac E.U.
4. 1,2 Phenylenediamine dihydrochloride Analytical Fluka Switzerland
5. Sodium acetate trihydrate Analytical Merck Germany
6. Boric acid, crystalline Analytical Merck Germany
7. Ascorbic acid standard Analytical  Ajax Finechem Australia
8. Acetic acid Analytical Merck Germany
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Table 8 List of chemicals for the experiment (Cont.)

List of chemical Grade Company Country
9. Charcoal activated decolourising PDR Analytical ~ Ajax Finechem Australia
10. DPPH (2, 2-Diphenyl-1-picrylhydrazyl) Analytical Sigma Germany
11. BHT (Butylhydroxytoluene) Analytical Fluka Germany
12. Absolute ethanol Analytical Merck Germany
13. ABTS [2, 2'-azino-bis (3-ethylbenzo
Analytical Sigma Germany
thiazoline-6-sulfonic acid) diammonium salt]
14. Potassium persulfate Analytical Fluka Germany
15. TPTZ (2, 4, 6-tripyridyl-s-triazine) Analytical Fluka Switzerland
16. Sodium acetate trihydrate Analytical ~ Ajax Finechem Australia
17. Iron (IIT) Chloride hexahydrate Analytical  Ajax Finechem Australia
18. Trolox (6-hydroxy-2, 5, 7, 8-
Analytical Sigma Germany
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19. Folin-Ciocalteu phenol reagent Analytical Merck Germany
20. Gallic acid Analytical Sigma Germany
21. Sodium carbonate anhydrous Analytical ~ Ajax Finechem Australia
22. Plate count agar Analytical Himedia India
23. Potato dextrose agar Analytical Himedia India
24, Brillient-green lactose bile broth Analytical Himedia India
25. Lauryl sulphate tryptose broth Analytical Himedia India
26. EC Broth Analytical Himedia India
27. Eosin methylene blue agar Analytical Himedia India
28. Peptone water Analytical Merck Germany
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Calculating and weighting of roselle leather ingredients
Roselle puree were added with sucrose
and stabilizers (3 types; g/100 g roselle puree) such as
v l v
Pectin Guar gum Maltodextrin
0.0, 1.0, 2.0, 3.0 0.0,0.2,0.4, 0.6 0.0, 2.0, 4.0, 6.0

Boiled to 65.0°C for 2 min
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Drying with vacuum shelf dryer at
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Packing roselle leather products (4.5x10.0 cm) in polypropylene bags

Quality measurements

Figure 25 The processing of roselle leather products
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Table 9 Formulations of roselle leather product (sucralose as replacement for sucrose)

Ingredients Ratios of sucrose to sucralose*

100 to 0 (Control) 75 to 25 50 to 50 25to 75
Roselle puree (g) 100.00 100.00 100.00 100.00
Stabilizer (g/100 g roselle puree) ok ok ok ok
Water (g/100 g roselle puree) 3.50 3.50 3.50 3.50
Glycerol (g/100 g roselle puree) 9.00 9.00 9.00 9.00
Citric acid (g/100 g roselle puree) 0.10 0.10 0.10 0.10
Potassium metabisulfite (g/100 g 0.075 0.075 0.075 0.075

roselle puree)
Sucrose (g/100 g roselle puree) 19.500 14.625 9.750 4.875

Sucralose (g/100 g roselle puree) 0.000 0.008 0.016 0.024

* Based on sucralose has the sweetness about 600 times greater than that of sucrose
** The optimum concentration level of stabilizer was selected form 2.2
All ratios of sucrose to sucralose contributed to the sweetness equivalent to that of 19.500 g sucrose

per 100 g roselle puree (Control)
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Table 12 Microbiological qualities of roselle by-product

Microbiological qualities Microbial count (CFU/g)
Coliform bacteria Negative
Total viable count <250 EAPC
Yeast and mold <100 Est

EAPC, Estimated Aerobic Plate Count

Yeast and mold < 100Est, the colonies of yeast and mold on plate less than 10 colonies

(Laboratory Center for Food and Agricultural Products, LCFA)
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Table 13  Physical and chemical properties of roselle puree

Physical and chemical properties Values*
L* 12.12+0.04
a* 31.49+0.38
b* 13.56+0.40
Moisture content (%) 95.1540.05
Total soluble solids ("Brix) 1.00+0.00
pH 2.54+0.01

*Determination was done in triplicate
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2.2.5 WAVRIMIIANMINNANINAIAIA T HANAZ ZAUANMTNTURDAMADHMZ
A o o a o dJ dw 1
(HRANNAVRINAAN UNNIZRYLUAIINY
9 a A @
nnmMsnaaedlude 2.2.1-2.2.3 asoaglHaveIMIANAITIHUAIINAIA]

1 a [ Y 9 1 @ ! o o a o J g 1 Y v
@mGmmLmzﬁmummwmummmaﬂymzlﬁ@ﬁwmmwamﬂmmﬂizﬁﬂmmmmu”lﬂmuﬁm
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i A @ 4 @ @ 4 g ' { a a
14 Table 22 Lﬁ@W%ﬁﬂHﬂﬂ!aﬂlﬂlﬂ!%&ﬁﬂﬁilﬁﬁ“ll’f)\ma@]ﬂﬂ!“ﬂﬂigL%fJ‘]JLLﬂQLLW‘L!ﬁﬁﬂ"IiWIMWﬂ@]u
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I A o J a { A 1 1

AuasiinanuaadInuNYsnsunaauiuIuaana 15a1 Tensile force 11aLAN Cutting force
Aa o ' g ' 2 2 1 A v o w 2 o Y a o 7 o 1 a A

VNNAANUNNISLVYUUAIUNULNHUUDY NN UYTIATY (» <0.05) ﬁ]\‘]ﬂ'lﬂlﬁwaﬂﬂﬂ!“ﬂ@ﬂﬂa']juluﬂ

[ o { I~ a 1Y 4 e ] 1 ]
duNaNmMeazuI TAsHANN MNNTSRBULAIHUIINYNGATUA Tensile force 11aA1 Cutting

[TK%

i1 Y
force ’e‘)g“lumq 0.29-1.03 U 1Az 10.81-17.13 UIAU MUY Lﬁﬂwmiﬂﬂﬂﬂmﬂ]&!ﬂl&ﬁﬂﬁuﬂﬁ

v

A o 4 g 1 A A I ={ A o 1 a v Jdo A
VDINAANUNNITLRIVUAHUNLNTANNITA T UAITINUANUAIAINU NS VIUNITAUN
A ds! 1 Y . a @ 4 g 1 A dy ] A v o W
NLAUAINA 11AT Tensile force YDINAANUNNIZRGVUAIHUINMIUDE NN BE1ATY (p < 0.05)
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@ o 1 . a 1% 4 1 1 ¥ o w
wazReIN U IHAT Cutting force YDINAAN MM NTZRBLALHUAAADENITBE R (p <0.05)
9 ] = o Y a [ d v 1 = dy o o A = 1 a [ 4 g ]
Moruny W rdasuaananliiloduranmiloaz iy TasNaNA UNNTLRIULAULNY
inﬂnﬂg’ﬁifl?h Tensile force LAZA Cutting force ?JEﬂL!"]%’N 0.64-1.07 HAU LAz 8.01-9.78 HIAU
) 9 (54 v
auday tazileinsannudnsusilodudavenansuainszRvutauRURTMIANLea In-
d Aa I 2 o 1 S A A A 49! [ Y .
wnEN3 Wl uasmuANuAIINUNUTINMNea TanENIUNNLIUAINa11iA1 Tensile force

9 @

a (Y] 4 g 1 1 1 o [ gl.:
tay Cutting force YOINAANUMNNIZRGVUAIUNUNAIBADI0E1NTTIEAY (p < 0.05) AU

a o gﬁd

= 1 oAA a S A a A A =
HaaAaINNIZREULAHLNTM ALY TnengnTu S naimvyuddanumiieranad

1 2 3 a o 4 g ] 1 1
pazlianujunuiu Taonaan uvinszReULAWNUIINYNEATHAT Tensile force 11AZA1 Cutting

force 081194 0.50-0.64 HIAU 1AL 4.94-12.10 TIAU WA A
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Table 22 Texture characteristics of roselle leather product at the different types/concentrations of

stabilizers
Stabilizers Tensile force Cutting force

(wiw)* N) N)

Pectin**
0.0 (Control) 0.29+0.06' 10.81£0.77°
1.0 0.39+0.03 12.25+1.51°
2.0 0.69+0.11" 14.67+1.37°
3.0 1.03+0.32° 17.13+1.44°

Guar gum***

0.0 (Control) 0.64+0.12" 9.78+0.78°
0.2 0.73+0.04" 8.14+0.29"
0.4 0.95+0.21° 8.39+0.56"
0.6 1.07+0.26" 8.01+0.27"
Maltodextrin****
0.0 (Control) 0.64+0.09" 12.1040.34°
2.0 0.64+0.09" 5.65+0.67¢
4.0 0.53+0.10" 5.55+0.61°
6.0 0.50+0.09" 4.94+0.81"

* Based on 100 g of roselle puree
** The results from section 2.2.1
*** The results from section 2.2.2

**%** The results from section 2.2.3
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Table 25 Changes in L* a* and b* values of roselle leather products packed in metalized foil

bags during storage at 8.042.0°C and 27.0+2.0°C for 0 30 and 60 days

Storage time (days)

L* values

KMS (ppm) / 8.042.0°C

KMS (ppm) / 27.042.0°C

0 750 0 750
0 21.1440.07"°  21.60+0.10™* 21.14+0.07"° 21.60+0.10™
30 20.98+0.06"  21.39+0.08"™" 20.52+0.08"" 20.83+0.07"
60 20.64+0.10"  21.10£0.09* 19.77+0.09 20.44+0.07°
Storage time (days) a* values

KMS (ppm) / 8.042.0°C

KMS (ppm) / 27.042.0°C

0 750 0 750
0 2.4120.09 2.210.107 2.41%0.09* 2.210.107
30 2.57+0.06™" 2.5240.07" 2.85+0.08"" 2.76+0.07""
60 2.81+0.08" 2.68+0.06"" 3.60+0.11"* 3.2240.08""

Storage time (days) b* values
KMS (ppm) / 8.0£2.0°C KMS (ppm) / 27.042.0°C
0 750 0 750
0 0.63+0.05 0.50+0.05 0.63+0.05 0.50+0.05
30 0.77£0.06"" 0.6120.06" 1.00£0.06™* 0.75+0.05""
60 0.94+0.06" 0.75+0.06"" 1.47+0.12"* 1.10+0.06™

Meanssstandard deviation within the same row with different letters are significantly different (p < 0.05)

a, b...with the same superscripts in different storage times in the same column are not significantly different

(p>0.05)

A, B... with the same superscripts compared between the storage temperatures at 8.042.0°C and 27.042.0°C

in the same row are not significantly different (p > 0.05)

SO, residues = 30.43 mg/kg of roselle leather product (LCFA)
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Table 26 Changes in water activity (a,) of roselle leather products packed in metalized foil bags
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Means+standard deviation within the same row with different letters are significantly different (p < 0.05)

a, b...with the same superscripts in different storage times in the same column are not significantly different
(»p>0.05)

A, B... with the same superscripts compared between the storage temperatures at 8.042.0°C and 27.042.0°C
in the same row are not significantly different (p > 0.05)

NS = not significant difference among storage temperatures at 8.042.0°C and 27.042.0°C (p > 0.05)

SO, residues = 30.43 mg/kg of roselle leather product (LCFA)
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Table 27 Changes in tensile force and cutting force of roselle leather products packed in metalized

foil bags during storage at 8.0+2.0 C and 27.042.0 C for 0 30 and 60 days

Storage time Tensile force (N)
(days) KMS (ppm) / 8.042.0°C KMS (ppm) / 27.0£2.0°C
0 750 0 750
0 2.3340.20"" 2.29+0.17"° 2.3340.20™ 2.2940.17"
30 1.79+0.10"* 1.84+0.09"* 1.53+0.14"° 1.45+0.16"
60 1.44+0.14" 1.38+0.14" 1.16£0.09”" 1.18+0.217
Storage time Cutting force (N)
(days) KMS (ppm) / 8.042.0°C KMS (ppm) / 27.042.0°C
0 750 0 750
0 21.26+0.84™°  21.19+1.06™  21.26+0.84™°  21.19+1.06"
30 18.60+0.92"* 18.56+0.71™"  15.1840.42"° 15.22+0.55"
60 16.76+0.41* 16.74+0.61°"  11.93+0.86" 12.05+0.81"

Meanssstandard deviation within the same row with different letters are significantly different (p < 0.05)

a, b...with the same superscripts in different storage times in the same column are not significantly different
(p=0.05)

A, B... with the same superscripts compared between the storage temperatures at 8.042.0°C and 27.042.0°C
in the same row are not significantly different (p > 0.05)

NS = not significant difference among storage temperatures at 8.042.0°C and 27.0+2.0°C (»p>0.05)

SO, residues = 30.43 mg/kg of roselle leather product (LCFA)
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Table 29 Changes in ascorbic acid contents of roselle leather products packed in metalized foil

bags during storage at 8.042.0 C and 27.042.0°"C for 0 and 60 days (Dry weight basis)

Storage time Ascorbic acid contents (mg/g sample)
(days) KMS (ppm) / 8.042.0°C KMS (ppm) / 27.042.0°C
0 750 0 750
0 0.012+0.001™  0.013+0.001™  0.012+0.001™  0.013+0.001™"
60 0.008+0.001"  0.010+0.002"* 0* 0*

Means+standard deviation within the same row with different letters are significantly different (p < 0.05)

a, b...with the same superscripts in different storage times in the same column are not significantly different
(»p=>0.05)

A, B... with the same superscripts compared between the storage temperatures at 8.042.0°C and 27.042.0°C
in the same row are not significantly different (p > 0.05)

NS = not significant difference among storage temperatures at 8.042.0°C and 27.042.0°C (p > 0.05)

SO, residues = 30.43 mg/kg of roselle leather product (LCFA)
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during storage at 8.042.0°C and 27.042.0° C for 0 15 30 45 and 60 days as determined

by DPPH’ scavenging activity (The EC,, of BHT standard = 22.92+1.72 pg/ml)

14
) (a)
2
= 12
£
3
S 10
=
2
;"
%) 8
=
-]
<

6

30
= (b)
=
= 26
(=)
=
3
&) N
= 22
&
[
E 18 -
=

14

0 15 30 45 60 75
Storage time (days)

—&— (ppm 8£2°C
—8— 750ppm 82 C
—+— gppm  27+2°C

—8— 750ppm 272 C

—4+— Oppm 8+2°C
—8— 750ppm 8+2°C
2= Oppm 2742°C

—8&— 750ppm 2702°C

Figure 27 Changes in antioxidant properties of roselle leather products packed in metalized foil bags

during storage at 8.0+2.0 C and 27.042.0°C for 0 15 30 45 and 60 days as determined by

(a) ABTS”scavenging activity and (b) Ferric reducing antioxidant power or FRAP



138

a ¢
3.4 AWUMNNINYAUNIE
A a 4 a A J a @ 4 dm) oA 1A
memammﬁmmmmwmmaumammNaﬁﬂmmﬂizmﬂmmmwum"lumn

a o ¢ a o ¢ =2 A a a o s
IWLLWﬁLWEﬂJLN@’]VlUGﬁﬁVlWﬁLLagNag’]ﬂﬂ!cﬂﬂﬁglﬂﬂﬂllﬂ\ulwuﬂLﬁuiwuﬂalcﬁﬂlllll@'lulucﬁﬁvlw% 750

=)

< @ a o A J ] Aa a
fon nenaimsnaa (Tuhn 0) wuasv linumssaauTaues E. coli S. aureus 1@z

v
A v

a g 1 a [ 14 g 1 [ 1 o 1" o
AUNTININUA ‘L!’E]ﬂiﬂﬂﬁ‘W“]_I’JWNﬁGIﬂil!°'Vlﬂigﬁ]fJ‘]_I!Lﬂ\‘i!LNuﬂQﬂﬁTJﬁﬂ%N1m§ﬁmLa$i1 NNy

oD

1T W 1 @ o w d a 4 a 4
30 o 20 Iﬂiaﬁﬁ@@ﬂ@ﬂ’m 1 AT AaIAY Llazlﬁﬂﬁﬁﬂﬂﬁlﬂi'lgﬂﬂmﬂ'l‘i/‘lﬂ'l\?ﬂﬁu‘ﬂdifl"]]ﬁ]\“l
a o J dcy ' @ J 1 3 o A a A
Na@ﬂmmmzmﬂmmmwumiiﬂuqamwa”lamzmwmmﬂymqmwgu 8.0+£2.0 1159 27.0 £2.0
a < o J a o 4 dcy VoA 1A
RNAGIE TG Lﬂuizﬂznm 0 15 30 45 uag 60U W‘]J'J'lwaﬁﬂmcﬂﬂigL%UULL@\TLLNH%VIJJMM

a o 5 A o & =2 A a a o s
IW!WIﬁ!GIfEJ‘JJLlJ@'I]’l‘]JGIfaVlWG]LLagNa@]ﬂﬂ!"ﬂﬂﬁglﬂﬂﬂllﬂ\ulwuﬂlﬁuiwuﬂﬁlcﬁﬂmlil@'l]’luclfﬁvh‘lﬁ 750

a ~ J

P ] ' @ 3w A A = A A a
NWHLBY TIUNUMTDUITAYINGUHHN  8.0£2.0 130 27.0+£2.0 93IA T ALFYE NUSumaunse

QU q

kS g = 4 ° Y A Y 1 Al W ] v R g
MINUA mmmﬂ%mmaﬁmmziﬂmwmummumauaﬂmw 30 IﬂTﬁu@@ﬁﬂ@ﬂN 105U Fuu

o a [ 4 o w a @ J
"lﬂmmsf@mwummmmgmwammmammwmsmaﬂﬂuﬁ’q (AUNANUUIATIIURNANAUN

E]

a0

{ o 1 a [ 4 a [ =Y
QAIMANTTN, 2532) NMmuan maanaaina lifudeezdeellsuagaunidnimuala lumu
1 o ] [ ?A}/ 4 Ta 1 o ] [
1x10* TaTatinod10819 1 n5U smnadSadaduazarla lumu 1x10° TaTatined10619 1 N5
) [ a 4 A o I'd g ] J S o o
AT UAUMNNNYAUNTIVOIHAAN UNNTZRUUANHUIZHNUAUT Y daaasTumanuan

o

3.5 msdsziivaamwmalssamauda
a v W a o J g '
mydsziiugaumwmalssamduiavonanfunNn I ZRsUUAHILTTY U
o @ = { a s
wiia lavisgnnaunusnefigaungil 8.0£2.0 uag 27.0+2.0 eerusamed 11uszezIal 030 1z

o [ 1 1 Aa a @ <
60 T a1 Table 32-34 wums lidursomadu InunaGeauma Tusa lnle 750 ARy

9 v

2 a S o 2 ] A o 1 a
'5’mmqm‘wgmmzizﬂznaﬂ,umimmﬂyﬂmwaamwuﬂmmy (p > 0.05) aonsUsziiu

(24
= 1

o % o a (9 14 4 ay
pumwnlszamdudalunnguanyuzvowdanuannzReuuaany Tasodugaizey
3 o I @ a o 4 g oA 1 a = o 4
NAIMSNUTnE N UIa 60 U wammmmzm&mmmwuw”lumaﬂwu,mm%mumvlucva"lV\l@l

a o J g T A a = o J A g J [ 3 o
LmzWﬁﬂﬂﬂ!MﬂiﬁlﬂfJ‘ULL@N!LN‘L!1’1LmJIWLmﬁL“]iEJiJLiJﬁWll‘U%aUh/‘IGI 750 WWLDY FINNUNITLNUINHYI

=1

NQuunnl 8.0+2.0 %30 27.0+2.0 ossuwaiFod Tnzuuuanuronlaomdsluaudnyuzaud

' I
9g 1459 7.3-7.5 NAUTANTREULAIRY 1LY 7.1-7.3 Sa1Ag 1UYI9 6.9-7.2 ANUHIEIDY 1

u

1 1 ] . [~ 1 H
F29 7.0-7.3 tazanuson Tagsaweglumsae 7.0-7.3 Ferzmunazuuuanureu Tasmaslunn

[

1 1 Y A = a o dyd 7 a [ 4
F1t ﬂymzagiu%aq 6.0-7.0 (‘Hﬂﬂu@ﬂ“ﬂq’ﬂﬂﬂ‘ﬁﬂﬂﬂWUﬂﬁN) mfmm%ﬂmmgﬂllmmammm

) 1

~ 1A 1A = @ J a o 4 g I A a
ﬂi%tfﬂfJ‘ULL@N!LW‘H‘HubJLGI&JIWL!‘I’]?(L%EJ?JL?JGH“U“]S&“WGILL’QZN@ﬂﬂﬂ!“l’lﬂi%!‘ﬂﬂmm%muwWI?JI“WL!“VI?{-



139

a

= @ J A d 3 o ~ A =~ 3
chﬂmum"lucm"lw 750 WWLBY INUINHINGUUNN 8.0+£2.0 1150 27.0£2.0 DIA UGG YT 11w

U

[ [ = v o ~ [ Y Aa
38821701 60 21U fJ\‘]ﬂ\iiJﬂﬂ!ﬂ’]W‘Vl”l\‘]ﬂiZﬁWﬂﬁNWﬁlﬂumﬂ@ﬂﬁﬂ‘uﬂﬂﬂﬂﬁjﬂﬂ



140

AJowonxd oY1 = 6 yonur AI9A I = § K1oreIopowt oI = £ Apysys ory=9
OYI[SIP JoU 1] JOYHON = G Apysis oyIsig = ¢ Ajoyeropow oNISI = € yonu A19A aYI[SIJ = ¢ A[owanxo oYI[SI(] =]  :SuedW ¢ 0} | ‘SunyI| Jo 0213ap oy,
(VAD'T) onpoid 10y3es| s[[as01 Jo 33/3uw ¢4 ()¢ = senpIsal {0S
(s00<4) D_0°TFO'LTPUBD 0TFO'SIE samjerads) 93eI0)s JUOWE SOUSIYJIP JUBOHIUSIS Jou = SN (50°0 < ¢) SoWI) 3Te10)S SUOWIE SOUIISFIIP JUBIGIUTIS J0U = SU

sysiioued paurenun g Sursn ‘(G0 > @) JURIAPIP A[JUBOIIUSIS QI€ SI0}39] JUISJJIP YIIM MOI SWIES J) UIY)IM UOIBIASD PIEPURISFSUBIIA

9'0FE¢’L LOFTL 90FI'L 8'0FCL 8'0FE'L LOFY'L 9'0Fr'L S0FS'L 09
SOFI'L LOFT'L 'IFP°L 6'0FE’L LOFCTL 8'0FCL L'OFEL 90Fr'L 0¢
6'0FCL 8'0FEC'L L'0F69 9'0FCL 6'0FLL 8'0FL'L L'OFS'L L'0F9'L 0
as0SL () as0SL () a0 L () a0 L -
0, 0cF0'LT/(Wwdd) ST D _0'¢F0'8 / (wdd) SN D, 0°TF0'LT / (wdd) SN D, 07708 / (wdd) SN (s&ep)
J0AB[J 9[[9S0Y / S9109S UeaW FuIyI] 10]0D) / S2109s ueaw JupI'] o a3e10)S

s&ep (9 pue g ( 10§ D 0°cF0o’'Le pue

D 0°7F0’'8 18 dFeI101s SuLmp s3eq [10J pazifelow ul paxded sjonpord Ioyjea] J[[9S0I JO (SIINQLIIE IOAR[J S[[SOI PUBR IO[0D) SII0S URdW JUII] 7€ dqBL



141

AJowonxd oY1 = 6 yonur AI9A I = § K1oreIopowt oI = £ Apysys ory=9

OYI[SIP JoU 1] JOYHON = G Apysis oyIsig = ¢ Ajoyeropow oNISI = € yonu A19A aYI[SIJ = ¢ A[owanxo oYI[SI(] =]  :SuedW ¢ 0} | ‘SunyI| Jo 0213ap oy,

(VAD'T) onpoid 10y3es| s[[as01 Jo 33/3uw ¢4 ()¢ = senpIsal {0S

(S000<d) D 0°TFO LT PUE D ('ZF0'S Ie sermeradurd) 95e10)S SUOWE SOUIIIP JuedHIUSIS Jou = SN (50°0 < d) SSwr) 33e10)S SUOWE SOUIISFIIP JUBIGIUTIS J0U = SU

sysiioued paurenun g Sursn ‘(G0 > @) JURIAPIP A[JUBOIIUSIS QI€ SI0}39] JUISJJIP YIIM MOI SWIES J) UIY)IM UOIBIASD PIEPURISFSUBIIA

8'0F0°L 8'0FEC'L LOFT'L LOFT'L 8'0FCL U'IFl'L 6'0FC’L 80769 09
6'0FC’L 90FI'L 0'1FS'L 0'1F0°L 6'0769 8'0F0°L CTIFEL 8'0FI'L 0¢
6'0FS'L LOFEL 8'0FC'L LOFS'L 6'0FC’L 9°0F6'9 LOFT'L SOFEL 0
as0SL () as0SL () a0 L () a0 L ()
0,0zF0'LT/(Wwdd) ST~ D _0'¢F0'8 / (wdd) SN D, 0°TF0'LT / (wdd) SN D, 07708 / (wdd) SN (s&ep)
SSQUINONS / S9100S ULaW FuIyI] Qse], / $9100s ueowW JuyI'] ouwn 93e10)S

skep (9 pue g ( 10J D 0°CF0°LT

pue D ('zF0'8 e oSe10)s Suumnp sSeq [10J pazijerow ur payoed sjonpoid I9Yed] [[ISOI JO (SAINQLINE SSIUINONS PUB J)SBY) SAI0IS UBIW FUDIT €€ qeL



142

AJowonxd oY1 = 6

ONI[SIp Jou oI PYPON = ¢ ApySus oIsid = &

yonur AI9A I = §

Ajoyeropow oNISI = €

Ajoreropow oI = Apyss oI =9

yonu A19A aYI[SIJ = ¢ Kjowanxa aI[si =]

:SUBOW @ 0} | “SUII[ JO 92139p oYL,

(VAD'T) onpoid 10y3es| s[[as01 Jo 33/3uw ¢4 ()¢ = senpIsal {0S

(S000<d) D 0°TFO LT PUE D ('ZF0'S Ie sermeradurd) 95e10)S SUOWE SOUIIIP JuedHIUSIS Jou = SN (50°0 < d) SSwr) 33e10)S SUOWE SOUIISFIIP JUBIGIUTIS J0U = SU

sysiioued paurenun g Sursn ‘(G0 > @) JURIAPIP A[JUBOIIUSIS QI€ SI0}39] JUISJJIP YIIM MOI SWIES J) UIY)IM UOIBIASD PIEPURISFSUBIIA

90F¢L 6'0F¢°L 6'0FC’L 90F0°L 09
8°0F0°L LOFI'L I'IFv°L 80FI'L 0¢
6'0Fr'L LOFrL LOFI'L 90F¢'L 0
w05 0 ou0SL 0

D,0TF0°LT / (wdd) SN D,0TF0'8 / (wdd) SN (skep)

SumI] [[BI9AQ / S9109S UBoW FUuII']

o a93e10)S

sAep (9 pue (¢ () 10J

D 0'TFO'LT Pue D (°ZF0'S I8 d3e10)s Sump s3eq [10§ pazifelow ur paxyoed sjonpoid 1oyied] 9[[as0l JO (INGLIe SUI] [[BIOAO) SII0JS URIW FUDI] € dqRL



143

d a a ¢ A a o a o d
4. fﬂi‘lli%fgﬂﬂ!‘ﬂﬂ‘uﬂ NIRS 1umﬂmiwﬁﬂm1mamui°n"lmmuumﬂuﬂmmwaﬂnmm

<4

NIZIVYVUAIIHNY
Y o a gl.l an
myasaumainelsnaneu Inleortiunsiue aaslugllooiian 3-
o a [ J e 1 o o ] gl.l g‘/ g‘/
ng Ia l9@) voawann i nszREVUAINUTINIY 74 §10819 TIUADUMIANBINLA 3 TUADY

A

[ [ I @ a [ a
A9 (1) ﬂ']ﬁ'lﬂﬂWﬂ'lﬁﬂﬂﬂﬁullﬁﬂ NIR Mviuatuaulsoase 2) msmﬂ?mmuﬂuiwqcﬁﬂmu

¥ o & o ¥ o = ) v
nanwa Muuauanlsay wag 3) ﬂ'l'iﬁﬁ']\‘]ﬁNﬂ"li“I/ITLHfJ“VILW?JT%ﬁNIﬂﬂﬂWﬁﬂlsﬁﬁlﬂﬂﬁﬁiJ
g}/ k) axy = = o 9 [ £ a g’/
MNUAANIYIT PLSR “KQ%%NﬂTSHTﬂI@QﬁﬁLﬂﬂﬁﬁN NIR Ltazmaym@mmuauiw"1%1uuwwm

lFlumsadeaunmsiuiesingn

41 mmsganauuas NIR
M08 1HAATUHNTZRIVUAWKUTINIY 74 20819 dzgmiTTIARIMIgaANaY
1 NIR 11929081381 1,100-2,500 11 T1mas dmsvalnnsuiFudu (Original NIR spectra)
a [ 4 < 1 N 4 [
VOINAANUNNTLRIVUAUAUNTIANE1IAAY 1,100-2,500 U1 TUuas aauaaely Figure 28
A a [ o A 9 a [ 4 dcy [ (=t A A %
NI MANHULANNATUEUAUVDINAAT UNNTLRIVUAIHUNYNTNIANTULEINIAUTA
~ A 2 A A o ' 3 o oA 3
ANUEINAY 1,450 uag 1,940 W1 1uas FananNenauasna1 it uiueon
[ Y o o [l A %} I 4 A @ 1
alnasuldaudaludiog1antiviniluesdilsenou (Osborne er al., 1993) HaziiivanNAIE14
a o s g Ao a Y A 9 1A ° = =
panNuMnIzRouLaIuR Ul anyuzAvihNaeudwugusy liGeuaduaue 39019l
A a 49! a [ 3’/ 1 9 o a
1515 NAAVUNMINTZRIVBAAR At UABUMI A3 WauM IS naen Tn lyeiiy
2’, a [ 4 tg " R 9 = [ T 9 o 1 a s A
NINUAVDIHAAN UNNIZIRIVLAINUIIABINM YT VAT adnATUNBUMTIATIZHIND

4 Al
aannuulsilsruneruneuu

1.6

— p—
N =
t t

=
<
.

Absorbance (log 1/R)

S
e
.

061 . ! !

1100 1500 2000 2500
Wavelength (nm)

Figure 28 Original NIR spectra of roselle leather products in the region 1,100-2,500 nm




144

& ¢
42 BwnaweuInlweniiunavna eraasluzillaseniiau 3-nglnlva)
@ 1 a [ ' g ] gl.l o ] o 1 I 1
A70ENANAUNNTZRIULAWHUNINUA 74 §20819 IR 2 NQu
Ao ﬂijjjJ Calibration sample set Lm%ﬂﬁjh Validation sample set Tuensiaau 75 % ao 25 % G115
ANNEADAVBINGN Calibration sample set 1Az NN Validation sample set FauaaslSuaumonIn-
a g‘; a @ I g ] [ [ 1
loeriiuniruavesnaasuaninssReULAIHY Aataadly Table 35 1INHANITNAABIAINGTD
Y I3 1 = a & 1 . . A
paasldimuinlsuanouInlyeiunivuauesngu Calibration sample set linsoUAQY
a 3’, 1 @ ] a [ I g
YsuaeouIn lsertiunivuavesngu Validation sample set IngA10g WHAANUMNNIZROVLAT
1 [ 1 = a gIJ =) 'D 1 %
uruganantUsnaneuIn lyeiiunivua ludSinadiganazgaga iy 5.84 uaz 263.01

aa J1 A v o 1 o w f o ' o 1 gl.: '
llaﬁﬂillll“lfﬁﬂuﬂu 3-ﬂ@jﬂ1¢]§ﬂ@]@ﬂiﬁﬂihﬁ?}®mﬁ fAuany uﬁ]ﬂiﬂﬂﬁENW‘]J’JW]’J@EJN‘VI\‘I’C‘f@\‘lﬂ@ll

=\ Z a 211 Y A [
aJmsﬂszmﬂmmmﬂ?mmuaﬂm%muumﬁm%amfmﬂu

Table 35 The statistic values of calibration and validation sample set for determination of total

anthocyanin contents in roselle leather products

Sample sets N Minimum  Maximum Mean SD

Total samples 74 5.84 263.01 121.07 82.56
Calibration sample set 56 5.84 263.01 116.18 84.48
Validation sample set 18 13.36 230.86 136.26 76.54

Total anthocyanin contents, expressed as cyanidin 3-glucoside (mg cyanidin 3-glucoside/kg sample)

N, sample number; SD, standard deviation.
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Table 36 The statistical values of PLSR models for determination of total anthocyanin contents

in roselle leather products

Pretreatment method F R, RMSEC R, RMSEP RPD
None 10 0.948 26.543 0.806 46.292 1.611
S. smooth 10 0913 34.204 0.800 45.410 1.640
MSC 8 0.916 33.605 0.822 45.220 1.646
SNV 8 0.918 33.201 0.810 46.252 1.610
S. smooth and MSC 9 0.941 28.228 0.787 46.934 1.588

Total anthocyanin contents, expressed as cyanidin 3-glucoside (mg cyanidin 3-glucoside/kg sample)

None: original spectra, S. smooth: Savitzky-Golay smooth (5 data point gap, second order), MSC: multiplicative

scatter correction, SNV: standard normal variate, F: the number of factors, R

. correlation coefficient of

cal®

calibration, RMSEC: root mean square error of calibration, R : correlation coefficient of validation, RMSEP:

root mean square error of prediction, SEP: standard error of prediction, RPD: ratio of standard deviation of

reference data in the validation sample set to standard error of prediction
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¢ .0
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The correlation between measured and predicted values of the total anthocyanin

content (TAC, mg cyanidin 3-glucoside/kg) from the prediction equation based on

none pretreatment method: (a) a calibration sample set and (b) a validation sample

set (cyd 3-glu means cyanidin 3-glucoside )
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Figure 30 The correlation between measured and predicted values of the total anthocyanin
content (TAC, mg cyanidin 3-glucoside/kg) from the optimum prediction equation
based on MSC pretreatment method: (a) a calibration sample set and (b) a validation

sample set (cyd 3-glu means cyanidin 3-glucoside )
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Figure 32 The roselle leather product from roselle by-product

Table 37 The overall ingredient and package price calculations of roselle leather product (16 g

each) from roselle by-product

Ingredients Weights Cost per unit ~ Cost per ingredient
(g/roselle leather (baht/g) (baht)
product)

Roselle paste comprising of:

Roselle by-product 10.84 0.09 0.98
Water 54.20 1.00x10° 0.05
Sugar 9.50 0.03 0.28
Sucralose (Sucrose replacement) 5.00x10° 34.50 0.17
Glycerol 5.85 0.48 2.81
Water 228 1.00x10° 2.00x10°
Citric acid 0.06 0.37 0.02
Potassium metabisulfite (KMS) 0.05 0.33 0.02
Metalized foil bag - 2.50 (per bag) 2.50

Total 6.83
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1. M5AAIZHUINUNNNFY (A.0.A.C., 2000)
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gilnsaazinIesiie
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4. w3eewa i
ad
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3. “If\il!’lﬁ“ﬂ@lﬁ@ﬂW\‘]ﬂﬁgiJWﬂl 1-2 N3 GlﬁaﬂﬁlUﬂ'l“]fugﬁWWiUWWﬂjWN%u (ﬁﬂﬁ’l‘ﬂhﬂﬁuﬂ

l
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uduew) thldenludouguamangumngil 70.0 ossuasaiFon aAuau 50.0 wuAATUsON

Q
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Wuna 5 91w shwennndeugyanmealaluTogannuiu Uaesns 1 irunseiigungi
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4, @U“If']l“]ﬂuﬂlmuVl@g]jwaﬁ']\isllaqu'lﬁuﬂﬁ“]f\‘]cﬂ\‘]ﬁ@\iﬂi\‘]@ﬂﬁ@ﬂuvlulﬂu 1-3 yaansy

° £
5. mmmﬂ?mmmmwmnqm

g %}‘ b U ) 1 2‘)‘ v U 1 v
UTununnueu (%) = HIMUNAIDYNNBUDY - UWINUNAIDY YA x 100

E4 L} 1
MNUNAIDE19NBUDY

2. M3IaMTite¥ (A.0.A.C., 2000)
¢ A A
gUnsamazinsesie
d‘ % L=
1. 1359399 NIDY
I'4 A Aaa
2. UnnesvUIn 50 Jadans
ad
ABMS
1. MawseudeddmMiumMIinsiaamumanil (Aaulasann Kirca et al., 2007b)

1.1 A5ZRIULAIEA

& Y <

= Y < 4 3 @ 2 o J = 4
°ViLlﬂi%lﬁ]ﬂ‘]_l!,Lﬂﬂﬁﬂiﬁlﬂu‘ﬂuﬂlu”lmﬁﬂ FIUTNUNDISIRYULUAITA 3 DTN ‘lﬁiuﬂﬂlﬂﬂﬁ

a 3 A A

Aa aa o a y L AA A a =~ 3
YU 50 WAaaaaT LANUINAU 10 Haaaa s Llagﬁﬂﬂﬂqﬂuﬂﬂﬂﬂﬂmﬁﬂﬂ 4.0 93 L e 1wWu

Q U

A o W 1 ~ J Y < < = @ i
139130 UN H'WI’JE]EJ'NN'ljajll%lluc]fﬂ?ﬂﬂ?']l]lﬁ?ﬁau 7,000 rpm 1Wuran s un lﬂ@lj@ﬂ']\iaﬁﬁlu

o o an 4 g’/ o 1 { A 4 %’ & A aa g’/
VIAT M UIFUATH I L!ﬁgﬂﬁ’lﬁ’lﬂﬁﬂx‘]ﬁﬁﬂ‘ﬁﬂlﬂﬂﬁﬁjﬂﬁlu1ﬂau Suanang W%@Nﬂ\ilﬂﬁ\ﬂuﬂnﬂ

a

) [ any S @ [] 1 a3 = ?,‘, o aay P
AT uaIManuaI10813 weilunal 2 N NN suasHIdNgUNYL 4.0 pIM-
=\ <3 I =\ o 1 1] 1 AN Y o an 4
syated ANNIEITOU 8,000 rpm 1 1aN 20 WA vazia i lavesdieean laraamsuas W e
AT EA A IS NRRICEY
[+ (4]
1.2 PINATLRIULAL IUASINUNSIHTINAIBENTLIRYUUAIAA
a [ 4 4 ] 1 [ % ] e
1.3 WAANMNNIZRIVUABINY [FUASINTNTIAIIUAIDIINTLIRYLLAIAA
a 4
2. MSAATIZH
[ 9 A v 1A Y (v 1 v Y Y] I'4
2.1 noulmasosiammeslilivamnaigiulumsiaaisasazatstivioivinigiu
d'd 1 = 1 (%]
AUATILDY 11NV 4.0 7.0 1A 10.0

Y
2.2 @Nﬁ?]ﬂﬁl@ﬂfﬁﬂiﬂﬁ?@ﬂﬁ 2IUMNLOY W%IﬂiJTN‘LILlﬁﬂﬂ1ﬂ\1ﬂa”l’J
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3. madamfFnaveandeiiazanglanaving (A.0.A.C., 2000)
d A oA
gUnsamazinseie
Lﬂ% 93 Abbe-refractometer
Aaxn
ABMS
1. MSIHTINAIDEN
g ] =) [ = % [] 9
1.1 NILRIVUAIAA FUASINTNTIANTINAIDEN 11D 2
g ] =) [ = % [] 9
1.2 PMINNTLRIVLAL UASINUMSIHTINAIDE19 TUTD 2
a [ ' g ] 1 =) @ =) @ 1 9
1.3 WAANMNNIZROVUAINY IFUASINTNTIAITINAIDE1N 1UYD 2
2. MIVATIER
' ¥ A Y (o ~ A ) ) ' '
2.1 noul¥IATo9 Abbe-refractometer 1¥1USUAMNWNSINTIVDUATDIAGUINDY (BI1UA
9 1w a o
18 m1du 0 09mUS ne)
(Y 1 d’i U Y =)/ 1 o 1 é
2.2 MeaRI9e13 1-2 vea aeuijulaglndiunuveanauaiegludumianinaiaves

1 < A RS 9 ¥ o = 1w 1
NINUIN @AIUTJ‘%NAImGU@QLHNV]a$a1ﬁ|llﬂcﬂ\ﬁ/illﬂ NIBDUVNUUNNATIANINAD

¢ by
4. mydmnzilSinansanarualuzilnsainan (A.0.A.C., 2000)
¢ A oA
gUnsamazinseie
1. Uusa
d‘ U L=\
2. 1AT0AMTILDY
1 [ I~
3. UNLNKian (Magnetic sterrer)
4. Unnesvua 50 Hadans
5. vaglwuyvina 250 aaans
=
ARG EY
=) 4 4
1. esazaronasgu lxden leason leq (NaOH) 0.1 uoiuea
o
2. Wuoarinau (Phenolpthalein)
3. Tnunaieutedaniniuan (KHCH,0,)
MSMIANMINTUNNUUOUVDITTAZAIWNINTF 1Y NaOH
o ~ a [ A ~ a = I
1. i wumadeutedarimuanlanszaniunitn sungumgil 110.0 serusasad 11umal
o 1 <3 g
1-2 % T YaeeliiguluToganuin
y ¥ a 1) 1 ] A aa
2. Fuhmin Inunaseuuedaninuan 0.8 n5y Taluviagisuivina 250 Nadans

a 3 ) A aa
3. LG]EJH”Iﬂﬂ"L!ﬁliJ 25 yaaansg
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4 I Aa A 14 o %’
4. Tawsndre 0.1 N NaoH Tagldiuodunmaudluduamass (v 3 1)
5. 9151193 0.1 N NaoH 15 1ums lesasn Afunna vazfmuiauanuusunuiusy

VDITTALAWUINTIIU NaOH 1nga s

Y
mmLéi’fm’fmamﬁazawu1mg1u NaOH = i in Innengeuuedannian (n3)

(Mosuen) PSmasansaza1vu1nsg1u NaOH 7% (Wa.) x 0.2042

NUIBING): AUYAVDI INUNTITINUDTANINUAN = 204.216
axn
M3

1. MSIHTINAIDEN
dm, ] = o ~ Y ] 9
1.1 AIZRIUUAIEA (FUIASINUMTIATENAI0819 1 UYD 2
g ] =) [ = % [] 9
1.2 PINNTLRIVLAL UASINUMSIHTINAIDE19 TUTD 2
a 4
2. MIAATIEH
a o 1 Aa aa 1 =\ 4 a %’ o a Aaa
2.1 iladr08149 5.0 Uaaaas laasluiinnes uazi@uiiinau 50 ¥aaans
' 1 ] < Jd o ' . EA] v o 4 @

22 ldunaimanuazelinneiaieg19uy Stirrer wounIgurIafisuounInin
L= = Y 1
AMitesasludnnoIAI0819

= 4 = <3 Aa A I'4
2.3 vigauoannau 2-3 vea lWuouanmes
2.4 loensndae 0.1 N NaOH aUnIeNIaiies 1101 8.1
1 d‘ 9 v K 1 o g‘/
2.5 91131195 0.1 N NaOH 114 1ums laussn tfuinna nagmunalsmansanavua

luzilnsauanaingas

nansanaualugilnsenan %)= N MW 4,

(X) (1000)

A A Y 9
e N A9 ANUVNTIUINTITAZAWUINTIIH NaOH (mEqg/ml)
A\ ﬁ’f] ﬂ‘%mmmmmsaxmammgm NaOH (ml)
¥ a
Mw 9 ﬁmuﬂimaqammmﬂmaﬂ (Eq. Wt. of malic acid, mg/Eq) = 67.05

X  #0 U51u103820819 (ml)
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5. msannzifSinameulnleefiunamualugllaeniinu 3-nglalea (Wrolstad, 1976)
d A oA
ginsamazinesile
1. 19389 UV-Visible spectrophotometer
2. 1930usUAIING
=
A RIGEY
1. e582a18 KCI (Potassium chloride buffer) AU uEU 0.025 M AditoY 1.0
2. @1582819 CH,COONa+3H,0 (Sodium acetate buffer) AN 0.4 M Aiit0% 4.5
3. nia'lalasaaosnmudu (ANUAUTU 37 %)
Y] d
msasenivles
1. @1582a18 KCI (Potassium chloride buffer) AUITNAY 0.025 M A1ii19% 1.0
< @ Y ¥ < a aa o 1A Y a Y 9
%3 KCI 1.86 N5 azangdieniing 980 aaans Usumiesdrenialalasnass mdudu
o 1A 1w 9 [ I A aa 9 ?,‘ &
AUNTLNIATDY (M1AU 1.0 ud21TuSuasilu 1,000 Hadaas drerinau
2. @1582819 CH,COONa+3H,0 (Sodium acetate buffer) AUANYY 0.4 M A1iit0% 4.5
v v Y 1
%9 CH,COONa*3H,0 54.43 n5u aza1eai011nau 960 aaans USumiieyalonsa
a o 1w @ 3 Aa aa 3 &
laTasnaosmduduaunssnamiiey iy 4.5 udnlsutSuasilu 1,000 Haaans a1e11nau
ad
M
1. MSIHTINAIDEN
dm, ] = o ~ Y ] 9
1.1 AIZRIULAIEA FUASINUMIEToud19813 Ut 2
dm, ] = o ~ Y ] 9
12 MANTZRIVLAL IFUASINUMIeToud10819 Ut 2
A @ Pd dm, [ 1 = Y] =) @ 1 9
1.3 HAAAUMNIZREUUAIHY (FRINUMTeToua19813 1ud 2
2. MIVATIER
2.1 hawlavesdiedrs 100 Tulnsans waunuaisazals KCl (@10 1.0) 2,900
o 22 fa g
TuTasaas aana B luniatlumar 15 un
22 haulavesdiedis 100 luTasaas waunuasazals CH,CONa-3H,0 (A17iloy 4.5)
o 22 fa g
2,900 luTnsaas aana3lunsiadunal 15 wi

23 damMIganauaeia e 2 5zaU Av MNY 1.0 1az 4.5 Tagian1sganauid

(A) NANNIIAAU 520 LA 700 U1 TUUAT
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3. MUY

9
annafiunaeuInlsntiunimuanngas
A
NMIAANAUUTI (A) = [(AyA,)PH, ;(AsyAs)PH, ;]

WSuaweuInlseiiuniviue Uaansuaoans)= (A x Mw x DF x 1000)

€x1

A . aa 4
118 Molecular weight (Mw) ve4 laseniiau 3-nglalea = 449.2 g/mol

Molar extinction coefficient (€) = 26,900 L.mol .cm’

a

Dilution factor (DF) = 1U31assiuaaiie (Wadans) = 30

51asdree19an 1y (Giaaans)

6. MIAATEHIUTINUNsALeanasinde3F Microfluorometric method (A.O.A.C., 2000)
ansalazin3esiie
1. Lfﬁ'm Spectrofluorophotometer
2. Lﬂém Vortex mixer
3. Yulawina 2 5 g 10 Haaans
4. WIagdyNvIIa 125 uaz 250 Naaans
5. vdSudsuasvuia 100 Uaaans
6. Glass filter funnel 15-20 [FUALUAT
7. NILATNITO Whatman 1107 42
8. vaoanaasrngY?
9. ezgilflonvlode
a5ndl
1. Meta-phosphoric acid (40-44% (HPO,), 56-60% (NaPO,))
2. 1,2 Phenylenediamine dihydrochloride (> 99%)
3. Sodium acetate trihydrate, NaOAC+3H,0 (> 99.5%)
4. Boric acid, crystalline, H,BO,
5. Charcoal activated decolourising PDR (WD)
6. Acetic acid 100% (98191109 99.8%)

7. Ascorbic acid standard
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IBEMS
1. MsMseNEITazaly
1.1 @15a¢a18 A (Metaphosphoric acid, 3 % W/V) Iﬂﬂﬂ?\i Meta-phosphoric acid 30 N3
avaeiingu 500 Taaans AunTAozdAn 80 Tasans uazaliiFinasdly 1,000 Haaans A

a

¥ < 3w Y o A =
HInauy (Lﬂﬂiﬂ]&l]llﬂ 10 93U NYUNHN 4.0 DIA AT )

u

1.2 @15a2a19 B (Sodium acetate solution) Tae%9 Sodium acetate trihydrate 500 N5 azalY

a

g < @ I a Aaa %’ & < @ {
aetinau uazalSudsmasiiu 1,000 Tadans areviinau nusn 14 1 Rou Ngungl 4.0
P=|
SRGAIG BIG L)
1.3 @1582a19 C (Boric acid-Sodium acetate solution) T894 Boric acid 3 A3 AzaIAe
Aa Aaa =~ [] g’z ~ 9
d130¥a1e B 100 Uanans (wionlrinnasanlean)
1.4 @1392a18 D (O-Phenylenediamine solution) Taes O-phenylenediamine 40 Hadnsu
) 9 F & A aa = o A 9
(0.04 N5Y) azA1BAYUINAY 200 Haaans (wTeununneulaan)
] A A Aa o ]
1.5 @150¥a1¥ E (Ascorbic acid standard) TagFansausanasun 100 Yaansuy (0.1 NFY)
9 [ <3 Aa aa 9 = 1 ?,‘,
azaeaeaIsazals A uazlTulsuasilu 100 Uaddns Areaisazats A (waonlninnas
nl4a1)
a 4 A
2. MIVATIERATALABNINITIUNIALDAADITUN
2.1 Tuearsazate E 91191 0.2, 0.5, 1.5 uag 3.0 ¥aaaas ra luviadsudsuiasuuia
Aa aa @ 3 Aa aa T v
100 Hadans uazl5u1Sinasilu 100 Tadaas aeaisazats A (ANMTNTUgARI IMND 2,
5,15 uaz 30 lulnsnsudeiiadans)
o 1 9 9 1 1 Aa Aaa d‘d
22 hsazaenesgiuuaazanututulaluviagdsuvina 250 Hadans NIHS
81U 1-2 N3N HyuVIAgU UYL 9 2 WA
Y J J ] A aa Y <
23 nsesdenszaunseutes 42 laluviagisuyving 125 Tadaas lailuasazaie
la
a 1 d' [ Y 9 1 Y 9 a Aaa
24 Mulamsazavinasgiuaiulanszauanuiduiuai o anududuag 5 iadaas

Taasluralsulsunasvua 100 Tadaes @uaisazate B 1w 5 Hadaas UsudSuenilu

Y
[

A Aaa 9 %’ < ) I 3’/ 2 Y I =1
100 Haaans arernay (ehadluasinin) aaneldidumar 15 un
a ~ @ Y 9 1 ! 9y 9
2.5 dulamisazmenesgiunszauanuauiuaee laluvasanaaes aAnunduay
3 1a9A Yavaag 2 Uaaans wua1sazals D adlunaanaand vasaas 5 Uaaans [EIaIe

9 Y ' ' 9 ' 9
Vortex mixer mm"lﬂuﬁﬁ@ 35 UM (LFHAVNASUALTHIVIVIADANAADIATILLIN)
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) Y
2.6 Alamses Spectrofluorophotometer 1913 15 wd (Warm up)Gl“f)'jm Excitation wavelength
(Ex) (110U 350 W1 TUINAT agA1 Emission wavelength (Em) 11101 430 11 T1uas uagiiuin
f1 Fluorescence intensity
o da
3. 19971 Blank U93@150S018UIRMTIIUNTALBDTADIUN
a 1 d’ [ 9 9 1 9 9 A Aaa
3.1 ﬂlﬂ@l?ﬂiﬁgaﬁm1@55211!@1"31!61?{1’13$ﬂ‘Uﬂ'J13JL6Ul|GUu@]N S ANVVNVUAL 5 UaaaAT
[ @ ~ A aa a ) a aa [ I
“lﬁaﬂum’mﬂiuﬂimmmum 100 Yaaaasg INa1Taza1y C 3MUIU S Yaaaag (LGUEJT]_QIINL']JH

2 L2y
a39ns1) aeng 1idlunal 15 wii
[ I Aa aa g ) 1
32 USuilSuaadlu 100 Tadans Arsinaunaziue
33 1l Blank vesasazateuasgiuuaazanuduiulaluvasanaaes 3 naoa

a A

naonaz 2 Uaaans wua1sazats D adlunaanaasd ¥aoaay 5 Naaand LE1AI8 Vortex
Y

Y Yy v v Y v
mixer mmll’?lu‘ﬁﬁﬂ 35 mﬁ (LT HAUNDIOUALT UV HADANAADIATILLIN)
3.4 JafA1 Fluorescence intensity A8A3 04 Spectrofluorophotometer Taglda1 Ex 1Ay
350 W1 THwAs A1 Em (10D 430 W1 Tuas taziuiingn Fluorescence intensity No1u 1@
4. MsaATIEded1
v o ' v & 3 4 ¥ v W 1 o ' = s
4.1 WuﬁﬁﬂﬁlNiﬁLﬂu“ﬁuﬂluWﬂlﬁﬂ HAgBIUIUNAIDYIN 20 NI “lﬁaﬂu‘uﬂmaisumﬂ

100 Hadans
3 2

v o 1 9 Aa aa A A = I
42 ANAAI0819A8AITAYANY A 50 Haaans aana 3 luniia (4.0 osrusadea) 1y
= & o = <Y < I = ) '
nan 15 Wi v Ta1ad lugaiennussen 7,000 rpm iunal 3 win udawnlaasly
ValsudsuIasvee 100 Yaaaas

@ 3 Aa aa 9 [~1 =1
4.3 5sudsuasiilu 100 vagans Aleasazaty A vaswenunal 15 WIn

a

4.4 1 luasihdneamai 4.0 ssrnwaiFea AWEI50D 8,000 rpm 1511131 20 W1

Q U

[ % ] ~ 9 [ a A 4 ] A Aaa A 1
mdaulavesiieded lanaimamuasiadasluviagdsunuuia 250 Hadaas AmInIY 1-2
9 1 4 % ]
N3N MUIAZUBLNLST 9 2 1T HaznTeIRIeNTEAENTOULS 42 3¢ Iddsazatedaedsla
45 nlemisazarearedeaiulasiuiv s vaaans laadluvialsulsuiasvuia

A aa a o A Aaa o I A aa %’ &
100 Yaaaas IKUE1TALa18 B 91UIU 5 Uaaaas LLE%TJTLI']J%?J”I@]?L']JH 100 yaaaag @’hamﬂau

Yy 9
v A

] I
!ﬂlﬂ“!ax@mﬂﬂll%}!ﬂuna'] 15 uTﬁ

a

4.6 nlagrentlaluviaeanaaee 3 viaoa viaoaaz 2 Haaans WMNAITaZA1e D adlu
Y Y Y

NAOANAADI HADAAY 5 UAAANT 1UE1AI8 Vortex mixer 11nUUAING 1T 1uddia 35 w1n (Susv

s v Y
PRI UIVETHADANADDIATILTN)
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4.7 @M Fluorescence intensity PIIGEGN Spectrofluorophotometer Tagldan Ex mny

350 11 TUWAT A1 Em 10U 430 11 Tumas 1azaiuinan Fluorescence intensity 91418
5. P39 Blank Y09670814

5.1 tulearsazareasgnaaiulasnuiu s vaaass laasluvialsulsuasvuia 100
A aa a ° Aa aa vy 3 g’/ g‘/ 2 Y3 =}
Haaans wuasazals C 31U 5 Haaans (veihnatlunsaniin) aane1idlunal 15 ui

[ I Aa aa g & 1
52 USulSuasidu 100 Jadaas areunautazue
5.3 1ala Blank vosaed1alaluviananaaed 3 viaea viasaay 2 Uaaans NAITATAN

Y Y H ]
D asluriaeanaany vaoaas 5 iaaans LGUEJK%I’JEJ Vortex mixer ﬁ\i‘ﬂ\i"l’ﬂLlﬁﬁﬂ 35 W1 (s

ewe

NAAABUIVEABANARDIAS T N)
5.4 A Fluorescence intensity ﬁjﬁﬂlﬂéﬂﬂ Spectrofluorophotometer Taeldan Ex iinu
350 W TuImAs A1 Em 91100 430 11 Tuas naziiudfing Fluorescence intensity 181114
6. MIAUIN

6.1 nsinasgiuvesnsaueanesiin

0.25
020 -
;a
"
g
2
L0145 -
=]
£l
e
=
20.10 - ¥ =0.0057% +0.0298
& 2
g R =0.9911
& 0.05 -

0.00 . . . . . .

0 5 10 15 20 25 30 35

C oncentration of ascorbic acid (ug/ml)

Appendix Figure 1 The standard curve of ascorbic acid

Y

o da @ 1 =1
6.2 mMundsuansateanosUn lua10e19 A9l
n51NATTIUYBINTAUDEABS TN Y = 0.0057X + 0.0298
A VoA 9 [ 9 % 1
%1ﬂﬂﬁW‘IllWIiﬁTH"U@Qﬂiﬂl!ﬂﬁﬂﬂﬁﬂﬂﬂWﬂ@WHVlﬂ =X hllljﬂiﬂﬁu l¥a15azaron10819 5

taaaas lumsilgnsen
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@ i A aa I a [
f15a2a18@10619 5 Uanans JdSuunsateaneidn =X ulﬂJIﬂﬁﬂﬁll

@ I A aa I a [ a aa
f1502a18@20619 100 Haaans NUSuunsauedaailn = X ulﬂJIﬂﬁﬂﬁll x100 Yaaans

5 Uaaans
158201919819 100 Uaaan5 ¥191NAI0819 A A5Y (wb.) = B N5 (db.)

[ a

@ ' [ = I a aa
1798 B NJU (db.) Nlsununsateaaosin = X ulﬂJIﬂﬁﬂﬁll x100 Yaaans

CLGIGE

)

5

#9819 1 n5U (db.) NSuansauedaasin =X lulasniu x100 Haddas x 105U

53aaaas B n5u
Y

1 o = I a o 1 v v 1
JUUAIDYN 1 DTV (db.) Hlsununsateaaesin =C lliJTﬂSﬂSiJG]@ﬂﬁJ@]’J@EJN

7. PSmnaesilszneulueaninainad 833 Folin-Ciocalteu method (Miliauskas ef al., 2004)
¢ A oA
gUnsamazinseie
1. TuTastlavuna 10-200 tag 20-1,000 luTasans
2. VAOANYUINIBIVLIA 15 Hadans (d1151119919010019)
3. luTasman (Microplate) YH1@ 96 ¥iqu
4. 19504 Microplate reader
=
ARG EY
1. @13a201¥ Folin-Ciocalteu phenol reagent
2. nsaunaan (Gallic acid)
I'4 [
3. TamReumsueiua tou'leasd (Sodium carbonate anhydrous; Na,CO,)
4. 1®NT1UDA (Absolute ethanol)
ad
IBMSs
1. MSIHTINAIDEN
dm, ] ~ o ~ Y ] 9
1.1 AIZRIUUAIEA (FUASINUMTIATENAI0819 1 UYD 2
dm’ ] ~ o ~ Y ] 9
1.2 ANATZRIVLAL IFUASININTIHTaNAIDE1a 110 2
A @ Pd dm, [ 1 = Y] = @ 1 9
1.3 HAAAMNATZRIVLAINY IFUIAINUMTIATONAI0819 1 UVD 2
2. MSWITINAITAZANY
~ a ' 9y 9 s < a o
2.1 wIguansazane IsAguAS U ANNAUNTY 0.71 Tuas Taexa la@eunsusiua

[ Y] < a aa %’ <
7.5 05y azaneuazlSudSunasidu 100 Jadaas drernau
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2.2 I9383815a2a18 Folin-Ciocalteu phenol reagent ANNANTY 10 % lasa1stila
. . A aa o I A aa 3 <
Folin-Ciocalteu phenol reagent 10 aaans tazl5udsuasdlu 100 Jadans sreinau
3. MIEENAITAZAeNIATIIUNIALNAAN
= a Y Y 9 [ 1 A aa
WisuaITara1ensaLnaanIniAINtY 1,000 lulasniudeiianans laons

a a o

] v
FInsaunaan 10 Jaaniu (0.01 n5W) YSu1Surasdreensiuea 10 Jadans 911NHUIND19
o ' Yy Yy 9 v 1 a aa 9
aed1aliinnududu s, 10, 20, 40 uaz 80 luTnsnsuneiaaans A1 Absolute ethanol
4. MIWATIEH
4.1 Unladree19 20 TuTnsans aslungquaes Microplate
42 1@NA1502810 Folin-Ciocalteu phenol reagent 100 luTasans uazanasazats Ty@on
4 a
mMsvotua 80 luInsans
o [ ~ a %‘ ) a a
43 Blank ¥09820813 16300 Tastlinlatiinau 20 1ulnsans aalungu Microplate 1w
a a 4
#1582a10 Folin-Ciocalteu phenol reagent 100 JuInsans uaziduasazais Is@ounivoma
80 lulnsans
¥ L AA g A o o 1 A A A
4.4 aanalundiaduna 30 il hiaamsganaunasianuenaau 765 Tuwas
PIGELN Microplate reader

4.5 ’c’f%JNﬂiW‘Ill1ﬂi§1uﬂlﬂiﬁ1ia$ﬁ1ﬁlﬂﬁﬂl!ﬂaaﬂiﬂEllhﬁﬁazﬁWﬂﬂiﬂLLﬂﬁSﬂLl@iﬁ%ﬂ?ﬁJ

Y 9 o a Jd = v 9
FHUVUMNTUNITIENIBURAYINUUD 4.1-4.4

Y
a 2

4.6 suulsnamsdszneuiueannanualudiedialasnSeumeunin lanunsi
a 1 A A o o a [ ] Y] 1
MasgIunsaunaan s1eua lugiiaanivanyadnsaunadnaoniu@1ve19 (mg GAE/g

sample)
MANIN N-3 MIIRTTHaNTAMsMUeYyadasy

1. mﬁmswﬁauﬁ’ﬁms%’uagga DPPH’ (DPPH.scavenging activity) (Yamasaki et al., 1994)
¢ A A
gUnsamazinseie
1. TuTastlulavina 10-200 uag 20-1000 luTnsans
2. VMAOANYUINIBIVLIA 15 Hadans (d1151I1991900019)
3. luTaswan (Microplate) Y119 96 iqu

4. 19504 Microplate reader
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=
anny
1. 1®@N51UDA (Absolute ethanol)
2. DPPH (2,2-diphenyl-1-picrylhydrazyl)
3. BHT (Butylhydroxytoluene)
ad
IHNI
1. MIATIUAIDE1
g ] =) [ = % [] 9
1.1 DILVYUVLAITA L%Htﬂ&lﬁﬂﬂﬂﬁlmEmm’e)mﬂwua 2
g ] =) [ = % [] 9
1.2 MNNILRIVLUAN L%Htﬂ&lﬁﬂﬂﬂﬁlmEmm’e)mﬂwua 2
a [ ' g ] 1 =) @ =~ @ 1 9
1.3 HANNUNNITLLRYUUANLNU L‘Bulﬂﬂﬁﬂ‘ﬂﬂ15l§liﬂllﬁ']’f]fl’l\‘]ﬁluell@ 2
2. ﬂ’lil@%ﬁlﬂﬁ’lﬁagﬁﬂﬁl DPPH

w3sueIazate DPPH 1daanududu 6x10° Tua1s Taesa DPPH 2.4 Haansu (0.0024

H
a2 a

@ o I A aa Y < A
i) azaeuazlivafSinasniu 100 Hadaas Meenswea iy 1 lunlafguigil 4.0 ogen-
~ A A Yy d ' a )
waed asazatenwsounannyld limu 3 Tu
3. MIMITONANTAZDIWNIATYIU BHT
=3 I 9 9J [ 1 a Aaa &
WIsuaIsazals BHT Iuanuaudy 1,000 lulasnSuseiiadans Iagsa BHT 10

s
a Y

Jaansy (0.01 NS) azaedlsNs U0 10 Haaaas 1INUUIINAITazaIe BHT 1A
WU 1A 5, 10, 20, 100 tag 200 Tulasniuneiadans
4. MIVATIER
4.1 Mlemsazarsaiediavesuaazanududy anusutuaz 100 lulasans aslu
WUV Microplate IANA8a150za10 DPPH 100 luTnsdns
42 Blank ¥93e15aza8d20614 teion Tastlilaasazarsdlrosausaaaz ANyt
Yy 9 a a F) %’ < A .
anuauduaz 100 Tulasdas muderhnau 100 Tulnsaas aslungu Microplate
= A\ %’ < a a 9 a
43 Control 5i58uTagtlnlaingu 100 lulasans wudeasazats DPPH 100 lulasaas
aﬂuﬁ’qu Microplate
Y v
4.4 Blank control i Tagtlilaensiuea 100 luTasans @udleviinau 100 lulasans
aﬂuﬁ’qu Microplate
y 2 da g oo " 4 A
45 asna 3 lundaiiuna 30 wii ihiadimsganduuasinnuenaau 520 uluwas
ABIATOY Microplate reader

9 o o ' [ { J ] 3
4.6 A1MIUAITASDPUINGI U BHT mwu@ﬂaﬂu% 4.1-4.5 Iﬂﬁllﬂaﬂu%1ﬂ¢l3@81\‘llﬂu

#159221001A57 11 BHT NANUANIUALT 9
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4.7 fUIUAT % Inhibition IINYAT

% Inhlbltlon = (ODcontrol_ODblank,comrol) - (ODsample_ ODblank,Sample) x 100

(OD OD

control blank,comrol)

4 1 a v 90’ Q'J
iie OD ., AP AINITRANAULAIUDIFITAZA18 DPPH 100 1uInsaas nuinau

Control

100 TuTnsans

1 =) (=% %’ Q'/
oD Ao MMsganauLaIveuensIUea 100 lulasans nuthnau 100

Blank control

Tulasans

oD . A0 AMIganAULEIveIAIDgRaNMENTUA1 9 100 TuTnsans M)

Sample

f3aza1e DPPH 100 luIasang

A A o oA Y Y
OD o ﬂ1ﬂ15§]ﬂﬂau&LﬁQﬂl@QﬁTﬁ@3@81\17]?]’31%&%%%u@n\i 9 100 lllliﬂﬁ

Blank sample

a7 NUUINAU 100 "llliﬂiﬂﬁi

o 1 .. Suon (o ' . . & =
4.8 U1A1 % Inhibition w”lﬂ"lﬂmmmmm EC,, (Efficient concentration) FIHNU1YDI AU

Wuduvesensaled1ei llamFunaeysya DPPH a1 50 % e lugi luTasniuneiiadans

(ng/ml)

2. MIIRTHaNTANIIVRYYA ABTS  (ABTS' scavenging activity) (Re et al., 1999)
¢ A A
qﬂnsm!mz!mmue
1. 'luTasthalavina 10-200 uag 20-1,000 lulasans
2. NADAMYUIKIBIVIA 15 Hadans (d1M5U0919AI08619)
3. AN
4. 19309 Spectrophotometer
=
a3y
1. ABTS (2, 2" -azinobis [3-ethylbenzothiazoline-6-sulfonic acid])
2. T‘V]iaﬂﬂﬁ? (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid, Trolox)
3. TWLLV]?[@EJEJUJB%GBJ@LW@ (Potassium persulfate, K,S,0,)
4. 1®N51UDA (Absolute ethanol)
ad
I5NI
1. MIATENAI081

g ] =) [ = @ [] 9
1.1 NIZRIVUASHA FWAGINUMTATINAI0819 TUYD 2
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[+
1.2 MANTZREVLAL [FUAIINUNTISI sua0819 1uTo 2
a [ ' g ] 1 =) @ =) @ 1 9
1.3 WAANNNIZROVUAINY IFUASINTNTIAITINAIDE1 1 UYD 2
2. MIwIoNEITazaeeYYa ABTS
~ Y L)) a A J ) o
2.1 1958ua15a2A18 ABTS IMUANNANTY 7 Uaa 1uali 1agxa ABTS 91194 0.0384
) @ 3 A aa F ]
A5y azanauazlsulsuasldidlu 10 Hadans rerinau
d v Aa Aa 4 ]
22 wsenasazars lnunaFeulessamlaldianuaudy 140 1ad Tuars Tagsa
J @ o [ [ I~ a aa ?,‘ <
TnunadeulosFamasiuiu 0.9461 nSu azaeuazlSuLSuasilu 25 Jadans areuinau
o A aa (% 4
23 WaNa1sazals ABTS (10 2.1) 142U 5 Haaaas nuaisazats lwunaseuilos
[ o a . o d v
Fale (T 2.2) $1u2u 88 TuTasans @G ldasazate Tnunadennlos samlaiianududu
A a s 2 2 { & ] o
ganelszum 2.45 Tad luan$) aena Bluddadszana 12-16 d2Tuenewir i ldau (@3
o A ~ v 3 v o A A Y
azaweyya ABTS” iawmssuudrcdnsanu Idiluszeznanlszina 7 1u iguugiew)
A o+ 9 ) YA A ]
24 @RINMITATAWIYYA ABTS (19 2.3) Argensiuea lniainsganauuaiegluy
574 0.70+0.02 NANWEIAAU 734 W Tuiwas Taenauaisazaivoyya ABTS” 119U 1 adans
AUENTIUBAIIUIY 89 HaaanT
o
3. MIWTENTITAZAINIATI UV INTa0NT
= Jq YA ) a a 4 ] ? o
3.1 95eNE1592a18 INTaeNF 1HNANVTLIY 2.0 Jad luals 1agwse Insaonsa1uIu
0.0050 NN
@ I A Aaa
32 azaenazlSulSuasiu 10 Tadaas dreensiuea
A Y Yy 9 a A J
3.3 wovnNaIsazae I¥uAMUUNUY 0.10, 0.25, 0.50, 1.00 ag 1.50 Haa luals
a 4
4. MSAATIZH
4.1 Unlamsazarediodisdau 20 lulnsaas asluAann @udsazaiveyya ABTS
o a Aaa g’/ Qy AA g AR o A ~ A
119U 2 Tadans uazasne Blunfiadunar 6 w1l Jeianimsganauudsianuenau 734

w Twuas

v
v o

' %‘ a a
42 Blank ve3A70819 taseuTaelHinausiuau 20 lulasans mWuasazarveyya
o+ o A aa ¥ & AA g AR v = A
ABTS" $1u7u 2 iadans wazaana Blunfiaidlunar 6 ni f9ianimsganauuasiiany
A
170U 734 W1 Tuwas
Y o ° Jd Y 9 o
43 adnnnuasgIuvedInsasnd lagiiasazais Insaonduaaz AT NIUmN

a g = v Y
NITUATIEUIFURAYINVUD 4.1
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4 o a a
4.4 Blank vo3Insaond wisulasldensiueasiuiu 20 lulasans @uaisazaie
o+ o A aa g’/ 2 A A I AR o A A
pyya ABTS" $1uau 2 Jadaas uazasna R luddailunar 6 il edamnisganauuah
ANVEAAY 734 U1 TUUNT
o A [} o+ =) 1 d' Y o
45 umduianisdveyya ABTS  lasifSeufieuain lanunsiuiasgiuves
o 1 4 g ] % 1
Tnsaend s1eaunlugillulns TuaduyadInsaondaoniud19619 (umol Trolox equivalents

(TE)/g sample)

a d Aa d da . . . .
3. madmnzHanuanselumsIazdulesinlesen (Ferric reducing antioxidant power,
FRAP) (Benzie and Strain, 1996)
< A A
gUnsamazinsesie
1. luTasthdavuia 10-200 waz 20-1000 1uTasans
2. NADAMYUIKIBIVIA 15 Hadans (d1M5UIV0919AI0819)
3. AN
4. 19704 Spectrophotometer
2 -
5. 9111AUANYUNNN (Water bath)
=
GARIGEY
1. Twdou ozdasa laslaasa (C,H,Na0,*3H,0)
2. NIABTHAT AU
3. TPTZ (2,4,6-tripyridyl-s-triazine)
4. nsalalasnasin
a 4
5. wleinnan'lsa enwe lawsa (FeCl,«6H,0)
4
6. Insaond (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid, Trolox)
7. 1©®NT51UDA (Absolute ethanol)
ad
M
1. MIIAENAIDE1
dm, ] ~ o ~ Y ] 9
1.1 NIZROVUASEA IBUIRAYINUMSIATINAI0E19 TUYD 2
g ] =) [ = % [] 9
1.2 MNNTZRIVLAY IFUABINUNITIATINAIDEN 11D 2

a 1% 4 4 ] 1 [ % ]
1.3 WanAUINIZRVUAINY [FURSINUNIHTouaI0619 IudD 2
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2. @1302018 FRAP reagent
a Y] I'4
2.1 asazangezsmsa Ulies
= A ) 7 Yy A a S 1 A o
M3 NAITALeFATA VW DT ANUTLIY 300 Uad luals (ANBYF 3.6) Taadd
a % a a A A Aaa [ =y I
Tmden ozdasa laslawmsa 3.1 U RUNTADETATATNTY 16 Haaans uaziSulSuaniu
9y v
1,000 Haaans are1nau
2.2 @15aza1e TPTZ
=1 9 9 Aa A 4 < [
M38uA15aLa1e TPTZ ANUANYY 10 Jaa luais Jaewd TPTZ 0.031 NSU azale
Y a 9y 9 a A J o a aa
MonsalalasaaoInanududu 40 Jad Tua1s 311U 10 Haaans
a o
23 msazaremesnanan 15 3N lansa
a o a A 4 & a
wisuasazmeesnaao lsa s lamsa anueudu 20 Haa luas Tagsamesn
4 1) 1) I Aa aa 9 ?,‘ &
aao'lsa tanwe lamsa 0.1350 N3y azansuazlSuSuanilu 25 Jadans are1iinau
24 @1392019 FRAP reagent
a [ 4 =Y a aa (%
Taswnauasazargezdasa Wies (fo0 2.1) Usu1as 25 adans nuaisazale
a aa a o
TPTZ (49 2.2) 1511013 2.5 Hadaas uazasazaaoinaas laa wnae laasa (@9 2.3) 151103
Y
2.5 iaaans v llquldaisazate FRAP reagent liguvgiiilszuim 37.0 ossiwaidod
Aouri 1149
o
3. MIWTENTITAZAINIATT UV INTa0NT

= 79 YA Yy 9 Aa a 4 ] Pl
3.1 wseua1saza1g Insaonts IMUANMULIY 2.0 ¥ad luals 1agwd Insasnss 0.0050

o < A aa
32 azatenazdlSuiSuaniu 10 Jadaas Aroensiuea
A Y 9y 9 a A J
3.3 wevndisazareldianuudu 0.04, 0.08, 0.10, 0.25 Lag 0.50 Jaa lua1s
a 4
4. MIWATIZH
A K < a Aa o ] a a
4.1 Tnlainau 180 Tulnsaas wuarsazaiening1a 60 lulnsans taziuasazaie
9 v
FRAP reagent 1,800 1y 1a3aa5 aalufim (G2Auanuidon1avesdiod s miny 1: 34) aaneld
{ I o o 1 1 4
Tudtiadlumar 2 99 Tue Fedamnmsganauuasianueinay 593 uTuwas
1 g ) a a
42 Blank Y4a10819 1303 TaelHinau 240 lulasans agiiua1sazalo FRAP reagent
a a ¥y 2 AA g o K o 1 A A
1,800 luTnsans aslufanm asne I luniiadlune 2 42Tus Sedaaimsganaunasiinim

812931 593 U1 TUAS
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4 a ¥ ) a A
43 a¥unilasgiuvesinsaend Tasthilainau 180 lulasaas uesazaie
o [ a a a
Tnsaenduaazanuyuiu 60 luInsans uaziAuaisazals FRAP reagent 1,800 1ulnsans
a g 2 AA g AR o A ~ A
aslufam asne B luddaduna 10 wii Jeiasimsganaunasinnuenaau 593 wTumas
d A 9 %’ < a a a
4.4 Blank vaaInsaond wsenlasliingu 180 lulnsaas Wuensivea 60 lulnsans
a a a g’/ 2 A A I =
HazANa1Iaza1y FRAP reagent 1,800 Tulasans aslufnm asne I3 lundadlunar 10 wi
2 o 1 A ~ A
IAINTPANAULAINANNEIINAY 593 U1 TUINAT
o a 4 oA 1 { %
45 Muraanuausalumssardnliessnlessu (FRAP) TaanfFoumeuainldny
4 U o o1 [ J 1
nsmlinasguvedInsaend Menumlugilylas Tuacduyad Insaendaonsud10814 (umol

Trolox equivalents (TE)/g sample)

=

¢ d
MANUIN N-4 mﬁmswmmmwme@aumﬂ

1. MINUAZH Coliform bacteria Uy Escherichia coli (USFDA., 2002)
911’?15!583!‘%@
1. Lauryl sulphate tryptose broth (LST)
2. Brillient-green lactose bile broth (BGLB)
3. EC broth
4. Levine’s eosin methylene blue agar (L-EMB agar)
5. Plate count agar (PCA)
6. Tryptone broth
7. MR-VP broth
8. Koser’s citrate broth
9. asazaen)ilan 0.1 %
i
1. Kovac’s reagent
2. 5 % a-napthol
3. 40 % Potassiumhydroxide (40 % KOH)

4. Methyl red indicator
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ad
IB5MS3
9 Y
AN501379151 Coliform bacteria UaE Escherichia coli UT$naUAY 3 TUADU a3l
1. MIATIVUVIUNIN (Presumptive test)
J w 1 o [ a &’ a
1.1 @081 25 niu lalugenaradnnuioulasayeuduanasazateliTau 0.1 %
Aa aa o U 4 I @ v {
151105 225 Taaans 1 lAudenT o9 Stomacher (Huar 2 i a2 ldasazareddngran
FLAUANVADIN 10
A % ] Y % = -2 XK -3
1.2 9991@1582a199208 19 IMUTZAVANDDDE 10~ D4 10
1.3 nlaasazaiediedaanuaazszauauRe19u 1 Haaans laluvasaeinis
(Y] 19
LST Wiounaoaanig (Durham tube) 32AUANNIIOINAL 3 iAo
v A A a = 3 o
1.4 Uu¥eNguul 35.0+2.0 o3 uxaiied 1ual 24 47 1u9
@ a o v o ] @ ] A 9 ]
1.5 dunamanamalurasasnmauaaziaoanaanntude Kiiluma 24 ¥2Tuq
A 1a o i1 A 1 a ] 1A o
mnnaoalan lumams 1 Uureaedn 24 91 T4 ATIINAFURSIN
o $ a [ 1 [} 1 1
1.6 tiufinnanasanadeunnrasainaniay luuaaz szAUANNADIN DIUAIINAITI
I [ v o 1
MPN 51891uHatilu Presumptive MPN of coliform bacteria A9NTUAIDYY
2. MINTIVVUVHBUEY (Confirm test)
v R A Yy o 2y E 1
2.1 aeennrasaninmsadians luvunsnaalue1visi@eaus BGLB
[ &’ ~ Aa =~ I <
22 e NYUNYI 35.0£2.0 D IaFed (JUa1 48 ¥ 119
@ a o v o ] @ 1 yd ]
23 dunamanamslunasasnmaunaziaoaradnnuude 13ilunan 48 9 Tuq
o $ a o 1 Y] 1 1
2.4 tfufinwariasanagounnraoainanis luuaaz szAUANADII 9IUAIINATTI
s . . 1 -9 7 ]
MPN 518911~ U Confirmed MPN of coliform bacteria 10nIUAIDE1
7 & d o Ly
3. MIATIVUUVVUANYIM (Complete test) @143V Escherichia coli
1 Li’ Ao 9y 9] 3‘/ dy ,i’
3.1 grewednrasaninsas1ene lurunsnadlue1mis@eade EC broth

a

1 &’ ~ = I <
3.2 VUYONYUUIU 45.5 DIAUKALKYT Wuan 48 GIf')TlN

u

1 g { o
3.3 D199INHADAD1Y1T EC broth ﬁﬁﬂﬁﬁ%ﬁﬂﬁﬁ% HAZNINIG Streak AIVUDINIT

2 ¥ ' o d
(28410 L-EMB agar plate 1ie 1% 1@ In Tatiifen o

a

] &’ d' = Q'J
3.4 VUYDONYUNHU 35.0£2.0 DIFHAH YT ndJunm 18-24 3219

u

v

~A A v 1 g j’ . o A A =\ S o
3.5 e lalatinasdeniluie E coli lasdunalnlatunlanyazuuy Ugaaa
aanalnTall evadenie liashe Metallic sheen
s 4 Al o
3.6 1991l (Loop) Weieninlalatitesdoinilu £ coli 990 L-EMB agar plate aalu

PCA slant



188

a

] g ~ =\ 3 &
3.7 UNL%@%QQAWQN 35.0+£2.0 93FUH L YT nJuwm 18-24 “If’)jll\i
= Li’ a Y o w dy
3.8 HWINUIFDRIYVU PCA slant 9ZA93IN1ANU
9 v 491’ AA A @ ]
3.8.1 Gl“]f'gﬂﬂ'lEJL“Iff]%WﬂIﬂIﬁuﬂl‘ﬂﬁiUuUu PCA slant NW@iﬂﬂﬁ@Uaﬂngﬂ%‘]ﬁmﬁ'lu
a ¥ { v 1 a3 I 1 g’;
nedemsdondunsulaeeNasdeinilu £ coli wzifunnsuay yUveudu (Short rod) W30
nau (Cocci)
9 1 g A a J dy A o j‘ a S
3.8.2 ‘lﬂfgﬂﬂ1ﬂlﬂfﬂﬂlﬂiﬂejﬂu PCA slant 3J”If1\ﬂ‘l!ﬂ”l‘ﬁ”l§@l@l1ﬂulwﬂilnl,uﬂlflf@i]au‘ﬂ i
TagmMsnaaounN19FIAN (IMVIC Test)
=S =S d‘ o &’ .
4. MINATIUNNY UANINBDMUNYD (IMViC Test)
4.1 MINAAOY Indole production

a

& v E O ¢ T
D181 1 QTJ (Ve 3.8) aﬂummimmwa Tryptone broth HAZUNIFONQUNHY 35.0
= < o v Yy a a
£2.0 o9 uyaled 1Wunal 24 615'3111\1 LLaﬁﬂﬂﬁ@UﬂWiﬁﬁm‘lfJUIﬂaIﬂﬂmN Kovac’s reagent
Y 4 Y
0.2-0.3 Yaaans Lla31’11ﬂLﬂﬂ%t!ﬂQUiL?ﬂ!‘BHUHﬂI@Q@WWWiLaEl\il%@&&ﬁﬂ\i’ﬂﬁﬂWiﬁ%}NﬂuIﬂa
42 MINAADU Voges-Proskauer (VP)-reactive compounds

a

& 3 £ & T g
DIYLYD 1 Q“lJ (U9 3.8) a31u0111519891%0 MR-VP broth HagUuIsanguUnu 35.0

U

k4
= A

I @ Y a 4 ¥ i
+2.0 oeruzaded 1Junal 48 111w 1nuuThidae11s@eause MR-VP broth NUNIFOATL
48 1139 31 1 Hadans orgaslunasanageuvuia 13 x 100 Haduas UAUAY 5 % o-napthol
=y Aa aa Aa Aaa 1 Qy PR =
31105 0.6 Hadans uae 40 % KOH USuas 0.2 ladans wawazne3iflunar 10-15 wi
U a < ' f . .
Y901uwa aunadyuyz Idwaitluuinuaasiuielinisa319 Acetylmethylearbinol (Acetoin)
I a @ 4 Y @
HunaadunganennszuIumsninng Ind (VP test)
4.3 N1INATOU Methyl red-reactive compound
[ Y dy g ~ A

MINAIMINATOU VP test 1HUNNADADIMITAYUTO MR-VP broth NMinas luviaon

(¥ 4.2) Nguinigil 35.0+2.0 osrusaHod ao launsunal 48 51 Tua udUANAITAZA18 Methyl
4 1 j‘ I a 1% @
red indicator 5 ¥ea tenageuINFelmIasunsatlundadurigaiionnnszuIumsnin
[l a I a I
nglnawnseli (MR test) dunaduasaz Tiwailuuin wazdunadimasses Idnaitluay
4.4 MMInaaoU Citrate utilization
1 i‘ g &’ . [ ] 1
oo 1 g1l (10 3.8) asluem151@ese Koser’s citrate broth (3733 T T msaju)
1 i‘ ~ a =) I o Y 1 dy j‘ ] '

Az NNl 35.0+2.0 peruwaBod (H a1 96 2 1ua SNV MTDEUFDYUIAAIIN

9y Y
. I
1m31% Citrate Tuomns@euyerz Iinaitluuin
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4.5 MTLAAING

a

A 4 v 3 v o & ~
451 yowenawsolshmavaalaauazaiaunanielu 48 ¥ 1ue Ngungl
35.042.0 DA NS DIHOE
4” ~ &' < [ A w <3 1 A
452 wennadounnyeluunsuay liadwales lanvuzilunou vsenau
= = . < A A 1 g
453 WAMINATOUNWBUAY (IMVIC Test) 11U ++-- W50 -+ 002U E. coli

1 1 I 1 [ '
21UA191NA1519 MPN 51891UNall) it MPN aonsual0e19

¥
A ¢

a d a d . Y A
2. ms’amswwﬂ%mm«qaumﬂm‘ﬁm (Total viable count) #8735 Pour plate (USFDA., 2001a)
2111312819130
1. PCA
2. arsazanet/lIan 0.1 %
ad
IB5Ms
v o 1 o 1 a &’ a
1. %3d0619 25 n§u ldluganaradnnudoulasaveudnanasazatendlau 0.1 %
A Aaa o [ 4 I o [ {
151103 225 Taaans 1 laludenT o9 Stomacher (Hua1 2 1 2 ldasazarediegran
JLAUAVADD 10
A o ' Y o A 2 X 5
2. 1999915819081 11 NTLAVANUITDIE 10 D4 10
a % 1 1 Y A Aa Aaa dy g d'
3. ulaa1sazaenl108199NUAAYIEALANLDBINNNT 1 Haaans adluaumIziaeuisn
2
1aoaro
v 9 Aa aa dy g Y g‘/ £ Y
4. MWDMBD111T PCA 152181 15-20 aaans NyuauwIzineusewn 9 uaiasne 1314
Y 9
3 o
DIMITABUFOLUIA)

a =

[ ¥ $ o ° ¥ ¥ I

5. tureNgmugil 35.0:2.0 ovmusaidea Tudnyauzainnumzipoudoiluna 24-48
¥ T34

% o = 139’ dy d’d o = ] 1 =

6. a3tuIINIalatvunumnzi@saieniiiuiula laliad 119 30-300 Ialall

3 ° A v W ]
srwnuratlusiuiulalalinensuaieds (CFU/g)
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a d d
3. mywanzvidSinadiaduaz d1835 Spread plate (USFDA., 2001b)
3 X
211151289150
1 [ 1 [ J a
1. Potato dextrose agar (PDA) AUMIUSUAINEY NN 3.5 ﬁ?ﬂﬂiﬂ‘ﬂ”ﬁ‘ﬂﬁﬂ 10.0 %
2. asazanellIau 0.1 %
ad
IBMs
o o ' @ ' A 9 A Y a
1. $3970819 25 3N ldluganaradnnuseuasarauauaudisazarollau 0.1 %
Aa aa o U 4 I Y ' {
151105 225 Taaans 1 lAudenT o9 Stomacher (Huar 2 i g ldasazarediegran
FLAUANVAADIN 107
A o ' Y o A 2 X 3
2. 1999915819081 11 NTLAVANUITD1E 10 D4 10
a % 1 1 [ A a Aaa dy &’
3. ulaa1sazanenI108199NUAAIEAUANLIRBINN 0.1 Vaaans adluauwiziaeuds
A dy j’ & 3 o Y
NT0111512891%0 PDA HIUUIA LA
Yy 1 v A A o Y a v ES 1
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manuan a mataadnlnsalatleulnadunusa (Near infrared spectroscopy, NIRS)

Appendix Table 1 Interpretation of RPD

194

RPD Classification Application
0.0-23 Very poor Not recommended
24-3.0 Poor Rough screening
3.1-49 Fair Screening
50-64 Good Quality control
6.5-8.0 Very good Process control

> 8.1 Excellent Any application

i : daulaanin Williams (2007 819 1ae @503 WA, 2551)
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Appendix Table 2 Antioxidant properties (by DPPH’ and ABTS" scavenging activity, FRAP) of fresh fruit and fruit by-product

Sample DPPH’, EC,, TEAC (umol TE/g) Reference
(g/g DPPH) ABTS" FRAP

Assai 598.00+£164.00 64.50+19.20 - Rufino et al., 2010
Acerola 49.20+2.50 953.00+34.10 -
Cashew 906.00+78.20 79.40+15.70 -
Black mulberry - 11.40£2.40 12.90+2.70 Ozgen et al., 2009
Bilberry - 45.50+2.30 87.00+17.80 Garzén et al., 2010
Brazilian guava - 44.80+1.98 39.90+0.92 Contreras-Calderén et al., 2010
Guava apple - 50.20+0.42 61.90+0.38
Banana passion fruit - 131.00+0.64 114.00+3.28
Red grape by-product (Merlot variety) - 318.16+1.90 169.19+0.62 Rockenbach et al., 2011
Red grape by-product (Isabel variety) - 193.36+2.14 117.79+1.33

Meanzstandard deviation

DPPH.scavenging activity, expressed as EC, (g/g DPPH); ABTS.+scavenging activity and FRAP, expressed as TEAC (Trolox equivalents antioxidant capacity, pmol TE/g)

L6l



Appendix Table 3 Antioxidant properties (by ABTS™ scavenging activity) of dried fruit product

Type of dried apricot ABTS™", TEAC (umol TE/g) Reference
Kabaasi 12.29+0.45 Giiglii et al., 2006
Soganci 9.45+1.56
Zerdali 15.81+2.44

Meanzstandard deviation

ABTS.+scavenging activity, expressed as TEAC (Trolox equivalents antioxidant capacity, pmol TE/g)

861
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Appendix Table 4 Changes in antioxidant properties of roselle leather products packed in metalized
foil bags during storage at 8.042.0°C and 27.042.0 C for 0 15 30 45 and 60

days as determined by DPPH’ scavenging activity

Storage time DPPH’, EC,, (ng/ml)
(days) KMS (ppm) / 8.0£2.0°C KMS (ppm) / 27.042.0 C
0 750 0 750
0 760.59+6.88  741.37+5.99%  760.59+6.88°* 741.37+5.99"
15 781.79+6.91°C  763.99+6.45""  814.48+10.18""  796.04+9.19"
30 817.88+7.73°C  802.28+14.95"  848.56+9.08* 831.36+8.36"
45 844.51+10.47°  834.40+6.92°  908.9129.77"%  890.56+10.87"
60 886.01+7.72°°  862.83£9.78"  961.99+7.71°*  937.14+10.24"

Means+standard deviation within the same row with different letters are significantly different (p < 0.05)

a, b...with the same superscripts in different storage times in the same column are not significantly different
(p=0.05)

A, B... with the same superscripts compared between the storage temperatures at 8.042.0°C and 27.042.0°C
in the same row are not significantly different (p > 0.05)

DPPH. scavenging activity, expressed as EC,; and BHT as positive standard

EC,, Efficient concentration, the amount of roselle extract (ug) needed for 50% decreasing in the initial

50°
DPPH.concentration per 1.0 ml of initial solution; The EC,, of BHT standard = 22.92+1.72 ng/ml

SO, residues = 30.43 mg/kg of roselle leather product (LCFA)
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Appendix Table 5 Changes in antioxidant properties of roselle leather products packed in metalized
foil bags during storage at 8.0+2.0 C and 27.042.0°C for 0 15 30 45 and 60 days

as determined by ABTS”scavenging activity

Storage time ABTS"', TEAC (umol TE/ 2)
(days) KMS (ppm) / 8.042.0 C KMS (ppm) / 27.0£2.0 C
0 750 0 750
0 10.62+0.11° 10.95+0.10" 10.624+0.11° 10.95+0.10™
15 10.43+0.11" 10.78+0.14™* 10.13+0.13 10.51+0.10™
30 10.24+0.12°" 10.53+0.10 9.60+0.16° 10.16+0.15""
45 10.04+0.07" 10.34+0.09"* 8.99+0.10" 9.81+0.09°
60 9.74+0.09°" 10.12+0.11* 8.58+0.12% 9.50+0.10°

Means=standard deviation within the same row with different letters are significantly different (p<0.05)

a, b...with the same superscripts in different storage times in the same column are not significantly different
(p>0.05)

A, B... with the same superscripts compared between the storage temperatures at 8.042.0°C and 27.0+2.0°C
in the same row are not significantly different (p > 0.05)

ABTS.+scavenging activity, expressed as millimoles Trolox equivalents per gram extract using Trolox
standard curve; TEAC, Trolox equivalents antioxidant capacity

TE, Trolox equivalents, millimolar of Trolox solution having an antioxidant capacity equivalent to 1.0 gram
of the substance under investigation

SO, residues = 30.43 mg/kg of roselle leather product (LCFA)
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Appendix Table 6 Changes in antioxidant properties of roselle leather products packed in metalized
foil bags during storage at 8.0+2.0 C and 27.042.0°C for 0 15 30 45 and 60 days

as determined by Ferric reducing antioxidant power or FRAP

Storage time FRAP, TEAC (umol TE/g)
(days) KMS (ppm) / 8.0+2.0°C KMS (ppm) / 27.042.0°C
0 750 0 750
0 23.63+0.11"  23.97+0.15" 23.63+0.11" 23.97+0.15"
15 232620.19"  23.63£0.09"  21.36+0.13" 22.9840.11%
30 22.55+0.17"  23.19+0.09°" 20.730.08" 22.25+0.10°
45 22.2240.10%  22.85+0.14"  20.12+0.12" 21.85+0.11
60 21.91£0.04"  22.39+0.06™ 19.38+0.05" 21.30+0.13°

Means=standard deviation within the same row with different letters are significantly different (p<0.05)

a, b...with the same superscripts in different storage times in the same column are not significantly different
(p>0.05)

A, B... with the same superscripts compared between the storage temperatures at 8.042.0°C and 27.042.0°C
in the same row are not significantly different (p > 0.05)

Ferric reducing antioxidant power (FRAP), expressed as millimoles Trolox equivalents per gram extract
using Trolox standard curve; TEAC, Trolox equivalents antioxidant capacity

TE, Trolox equivalents, millimolar of Trolox solution having an antioxidant capacity equivalent to 1.0 gram
of the substance under investigation

SO, residues = 30.43 mg/kg of roselle leather product (LCFA)
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Appendix Table 7 Microbiological qualities of roselle leather products packed in metalized foil

bags during storage at 8.042.0°C and 27.0+2.0°C for 0 15 30 45 and 60 days

Storage time (days) Total viable count (CFU/g)
KMS (ppm) / 8.042.0°C KMS (ppm) / 27.042.0°C
0 750 0 750
0 <30 (ND) <30 (ND) <30 (ND) <30 (ND)
15 <30(20) <30 (ND) <30 (ND) <30 (ND)
30 <30 (ND) <30 (ND) <301(20) <30 (ND)
45 >30(30) <30 (ND) <30 (20) <30 (ND)
60 <30 (ND) <30 (ND) <30 (20) <30 (10)
Storage time (days) Yeast and mold (CFU/g)
KMS (ppm) / 8.042.0°C KMS (ppm) / 27.042.0°C
0 750 0 750
0 >30(30) <30 (20) >30 (30) <30 (20)
15 <30(10) <30(10) <30(20) <30(10)
30 <30 (ND) <30 (ND) <30 (ND) <30 (ND)
45 <30 (ND) <30 (ND) <30 (ND) <30 (ND)
60 <30(10) <30(20) <30 (20) <30(20)

ND = not detected
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Appendix Table 8 Analysis of variances in properties of roselle calyxes and roselle by-product

Levene's test for

equality of variances

T-test for equality of means

95% Confidence Interval of

Sig. Mean Std. Error
F Sig. t df the Difference
(2-tailed) Difference  Difference
Upper Lower
L* Equal variances assumed 400 541 74.329 10 .000 12.23667 .16463 11.86985 12.60348
Equal variances not assumed 74.329 8.176 .000 12.23667 .16463 11.85845 12.61488
a* Equal variances assumed 1.984 189 -35.735 10 .000 -5.71167 15983 -6.06780 -5.35553
Equal variances not assumed -35.735  7.083 .000 -5.71167 15983 -6.08872 -5.33461
b* Equal variances assumed 14.380 .004 -17.415 10 .000 -3.43333 19715 -3.87261 -2.99406
Equal variances not assumed -17.415  5.599 .000 -3.43333 19715 -3.92423 -2.94243
pH Equal variances assumed 3.788 .080 -29.530 10 .000 -.27667 .00937 -.29754 -.25579
Equal variances not assumed -29.530  7.140 .000 -.27667 .00937 -.29873 -.25460
Acidity Equal variances assumed 14.148 .004 94.376 10 .000 .60542 .00641 59112 .61971
Equal variances not assumed 94.376 6.222 .000 .60542 .00641 .58985 .62098

r0C



Appendix Table 8 Analysis of variances in properties of roselle calyxes and roselle by-product (Cont.)

Levene's test for

equality of variances

T-test for equality of means

95% Confidence Interval of

Sig. Mean Std. Error
F Sig. t df the Difference
(2-tailed) Difference  Difference
Upper Lower
Anthocyanin Equal variances assumed 24227 .001 63.042 10 .000 192.30533 3.05044 185.50854 199.10213
Equal variances not assumed 63.042 5.615 .000 192.30533 3.05044 184.71542 199.89525
Phenolic Equal variances assumed 242 .633 86.251 10 .000 4.29333 .04978 4.18242 4.40424
Equal variances not assumed 86.251 9.851 .000 4.29333 .04978 4.18220 4.40447
Ascorbic Equal variances assumed 9.000 .013 143.806 10 .000 1.25000 .00869 1.23063 1.26937
Equal variances not assumed 143.806  6.674 .000 1.25000 .00869 1.22924 1.27076
DPPH Equal variances assumed 4.096 .071 -22.098 10 .000 -52.25500 2.36471 -57.52390 -46.98610
Equal variances not assumed -22.098  6.672 .000 -52.25500 2.36471 -57.90290 -46.60710
ABTS Equal variances assumed .652 438 92.722 10 .000 22.20833 .23951 21.67466 22.74201
Equal variances not assumed 92.722 9.607 .000 22.20833 23951 21.67169 22.74498
FRAP Equal variances assumed 5.493 .041 232.947 10 .000 72.81667 31259 72.12017 73.51316
Equal variances not assumed 232947  7.537 .000 72.81667 31259 72.08806 73.54528

S0T
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Appendix Table 9 Analysis of variances in physical and chemical properties of roselle leather

product at the different concentrations of pectin

Sum of Squares df  Mean Square F Sig.

L* Between Groups 16.953 3 5.651 15.262 .000
Within Groups 7.405 20 370
Total 24.358 23

a* Between Groups 1.019 3 340 920 449
Within Groups 7.382 20 369
Total 8.401 23

b* Between Groups 588 3 .196 2.717 .072
Within Groups 1.443 20 .072
Total 2.032 23

Tensile force ~ Between Groups 4.016 3 1.339 44,784 .000
Within Groups 1.315 44 .030
Total 5.331 47

Cutting force ~ Between Groups 266.294 3 88.765 53.341 .000
Within Groups 73.221 44 1.664
Total 339.514 47

a, Between Groups 011 3 .004 2.861 .063
Within Groups .025 20 .001
Total .035 23

TSS Between Groups 1.091 3 364 5.499 .006
Within Groups 1.323 20 .066
Total 2414 23

pH Between Groups 136 3 .045 723.444  .000
Within Groups .001 20 .000

Total 137 23
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Appendix Table 10 Analysis of variances in physical and chemical properties of roselle leather

product at the different concentrations of guar gum

Sum of Squares df  Mean Square F Sig.
L* Between Groups 12.197 3 4.066 68.061 .000
Within Groups 1.195 20 .060
Total 13.392 23
a* Between Groups 11.491 3 3.830 110.686  .000
Within Groups .692 20 .035
Total 12.183 23
b* Between Groups 4.431 3 1.477 44.608 .000
Within Groups .662 20 .033
Total 5.093 23
Tensile force ~ Between Groups 1.402 3 467 14.761 .000
Within Groups 1.393 44 .032
Total 2.795 47
Cutting force ~ Between Groups 23.955 3 7.985 29.529 .000
Within Groups 11.898 44 270
Total 35.853 47
a, Between Groups .037 3 012 49.822 .000
Within Groups .005 20 .000
Total .042 23
TSS Between Groups .049 3 .016 172 523
Within Groups 427 20 021
Total 477 23
pH Between Groups .000 3 .000 1.852 170
Within Groups .000 20 .000

Total .000 23
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Appendix Table 11 Analysis of variances in physical and chemical properties of roselle leather

product at the different concentrations of maltodextrin

Sum of Squares df  Mean Square F Sig.
L* Between Groups 21.866 3 7.289 220.974  .000
Within Groups .660 20 .033
Total 22.526 23
a* Between Groups 29.146 3 9.715 147.734  .000
Within Groups 1.315 20 .066
Total 30.462 23
b* Between Groups 133 3 .044 2.002 146
Within Groups 443 20 .022
Total 576 23
Tensile force ~ Between Groups 168 3 .056 6.242 .001
Within Groups 342 38 .009
Total 510 41
Cutting force ~ Between Groups 410.046 3 136.682 344513 .000
Within Groups 17.457 44 397
Total 427.502 47
a, Between Groups .040 3 013 38.100 .000
Within Groups .007 20 .000
Total .047 23
TSS Between Groups 11.508 3 3.836 84.655 .000
Within Groups 906 20 .045
Total 12.414 23
pH Between Groups .020 3 .007 227.571  .000
Within Groups .001 20 .000

Total .020 23
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Appendix Table 12 Analysis of variances in physical and chemical properties of roselle leather

product at the addition of 1.0 pectin and 0.4 guar gum

Sum of Squares df  Mean Square F Sig.
L* Between Groups .690 2 345 10.429 .001
Within Groups 497 15 .033
Total 1.187 17
a* Between Groups 1.255 2 .627 10.253 .002
Within Groups 918 15 .061
Total 2.173 17
b* Between Groups 210 2 .105 5.205 .019
Within Groups 303 15 .020
Total 513 17
Tensile force ~ Between Groups 1.563 2 782 13.515 .000
Within Groups 1.909 33 .058
Total 3.472 35
Cutting force ~ Between Groups 198.169 2 99.085 142.518  .000
Within Groups 22.943 33 .695
Total 221.112 35
a, Between Groups 025 2 013 22.538 .000
Within Groups .008 15 .001
Total .034 17
TSS Between Groups .007 2 .003 200 821
Within Groups 260 15 .017
Total 267 17
pH Between Groups .143 2 .072 2477.500  .000
Within Groups .000 15 .000
Total 144 17
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Appendix Table 13 Analysis of variances in texture characteristics of roselle leather product at

the different types/concentrations of stabilizers

Sum of Squares df  Mean Square F Sig.
Tensile force ~ Between Groups 7.721 11 702 29.844 .000
Within Groups 3.105 132 .024
Total 10.826 143
Cutting force  Between Groups 1878.793 11 170.799 216.551 .000
Within Groups 104.112 132 .789
Total 1982.905 143
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Appendix Table 14 Analysis of variances in physical and chemical properties of roselle leather

product at different ratios of sucrose to sucralose

Sum of Squares df  Mean Square F Sig.
L* Between Groups 7.034 3 2.345 69.987 .000
Within Groups .670 20 .034
Total 7.704 23
a* Between Groups 73.564 3 24.521 173.974  .000
Within Groups 2.819 20 141
Total 76.383 23
b* Between Groups 14.833 3 4.944 101.614  .000
Within Groups 973 20 .049
Total 15.806 23
Tensile force ~ Between Groups .037 3 012 763 521
Within Groups .681 42 .016
Total 718 45
Cutting force ~ Between Groups 2.079 3 .693 1.616 .199
Within Groups 18.869 44 429
Total 20.948 47
a, Between Groups .096 3 .032 206.167  .000
Within Groups .003 20 .000
Total .099 23
TSS Between Groups 7.937 3 2.646 169.333  .000
Within Groups 313 20 016
Total 8.250 23
pH Between Groups 016 3 .005 188.030  .000
Within Groups .001 20 .000

Total .016 23
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Appendix Table 15 Analysis of variances in L* of roselle leather products packed in metalized

foil bags during storage at 8.0+2.0 C and 27.0+2.0°C for 0 30 and 60 days

Treatments Sum of Squares  df  Mean Square F Sig.
0 ppm Between Groups 771 2 .386 64.895 .000
8.042.0 C Within Groups .089 15 .006
Total .860 17
750 ppm Between Groups 762 2 381 45.093 .000
8.042.0°C Within Groups 127 15 .008
Total .888 17
0 ppm Between Groups 5.688 2 2.844 408.194  .000
27.042.0°C Within Groups .104 15 .007
Total 5.792 17
750 ppm Between Groups 4.171 2 2.085 329.685 .000
27.0£2.0°C Within Groups 095 15 .006
Total 4.266 17
Storage time (days) Sum of Squares df Mean Square F Sig.
0 Between Groups 1.270 3 423 58.615 .000
Within Groups 144 20 .007
Total 1.414 23
30 Between Groups 2.378 3 793 142.882  .000
Within Groups 11 20 .006
Total 2.489 23
60 Between Groups 5.529 3 1.843 230.593  .000
Within Groups .160 20 .008

Total 5.689 23
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Appendix Table 16 Analysis of variances in a* of roselle leather products packed in metalized

foil bags during storage at 8.0+2.0 C and 27.0+2.0 C for 0 30 and 60 days

Treatments Sum of Squares  df  Mean Square F Sig.
0 ppm Between Groups 492 2 246 39.645 .000
8.042.0 C Within Groups .093 15 .006
Total .586 17
750 ppm Between Groups .692 2 346 55.438 .000
8.042.0°C Within Groups .094 15 .006
Total 786 17
0 ppm Between Groups 4.381 2 2.191 267.837  .000
27.042.0°C Within Groups 123 15 .008
Total 4.504 17
750 ppm Between Groups 3.121 2 1.560 228.975 .000
27.042.0°C Within Groups 102 15 007
Total 3.223 17
Storage time (days) Sum of Squares df Mean Square F Sig.
0 Between Groups 240 3 .080 9.081 .001
Within Groups 176 20 .009
Total 416 23
30 Between Groups 430 3 143 29.908 .000
Within Groups .096 20 .005
Total .526 23
60 Between Groups 3.164 3 1.055 150.953  .000
Within Groups .140 20 .007

Total 3.304 23
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Appendix Table 17 Analysis of variances in b* of roselle leather products packed in metalized

foil bags during storage at 8.0+2.0 C and 27.0+2.0 C for 0 30 and 60 days

Treatments Sum of Squares  df  Mean Square F Sig.
0 ppm Between Groups 277 2 138 42.287  .000
8.042.0 C Within Groups .049 15 .003
Total 326 17
750 ppm Between Groups .188 2 .094 28.017  .000
8.042.0°C Within Groups .050 15 .003
Total 238 17
0 ppm Between Groups 2.119 2 1.059 159.091  .000
27.042.0°C Within Groups .100 15 .007
Total 2219 17
750 ppm Between Groups 1.098 2 .549 184.460 .000
27.0£2.0°C Within Groups 045 15 .003
Total 1.142 17
Storage time (days) Sum of Squares df Mean Square F Sig.
0 Between Groups 107 3 .036 13.284 .000
Within Groups .054 20 .003
Total .160 23
30 Between Groups 465 3 155 46.587 .000
Within Groups .067 20 .003
Total 532 23
60 Between Groups 1.694 3 565 91.225 .000
Within Groups 124 20 .006
Total 1.818 23
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Appendix Table 18 Analysis of variances in water activity (a,) of roselle leather products packed

in metalized foil bags during storage at 8.0+2.0 C and 27.0+2.0° C for 0 30

and 60 days
Treatments Sum of Squares  df  Mean Square F Sig.
0 ppm Between Groups .025 2 .013 515.877  .000
8.042.0 C Within Groups .000 6 .000
Total .025 8
750 ppm Between Groups .027 2 .014 1598.273 .000
8.042.0°C Within Groups .000 6 .000
Total .027 8
0 ppm Between Groups .061 2 .031 1335.204 .000
27.042.0°C Within Groups .000 6 .000
Total .061 8
750 ppm Between Groups .067 2 .033 2196.876  .000
27.0£2.0°C Within Groups .000 6 .000
Total .067 8
Storage time (days) Sum of Squares df Mean Square F Sig.
0 Between Groups .000 3 .000 2.182 .168
Within Groups .000 8 .000
Total .000 11
30 Between Groups .007 3 .002 485.661  .000
Within Groups .000 8 .000
Total .007 11
60 Between Groups .016 3 .005 280.777  .000
Within Groups .000 8 .000

Total .016 11
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Appendix Table 19 Analysis of variances in tensile force of roselle leather products packed in

metalized foil bags during storage at 8.042.0 C and 27.0+2.0° C for 0 30 and

60 days
Treatments Sum of Squares  df  Mean Square F Sig.
0 ppm Between Groups 2.999 2 1.500 63.033 .000
8.042.0 C Within Groups 452 19 024
Total 3.451 21
750 ppm Between Groups 3.097 2 1.549 78.789  .000
8.042.0°C Within Groups 373 19 .020
Total 3.471 21
0 ppm Between Groups 5.646 2 2.823 130.378  .000
27.042.0°C Within Groups 455 21 .022
Total 6.101 23
750 ppm Between Groups 5.321 2 2.660 80.529  .000
27.042.0°C Within Groups 694 21 033
Total 6.014 23
Storage time (days) Sum of Squares df Mean Square F Sig.
0 Between Groups .013 3 .004 125 .944
Within Groups 954 28 .034
Total 967 31
30 Between Groups 788 3 263 16.404 .000
Within Groups 416 26 .016
Total 1.204 29
60 Between Groups 437 3 146 6.276 .002
Within Groups .604 26 .023
Total 1.041 29
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Appendix Table 20 Analysis of variances in cutting force of roselle leather products packed in

metalized foil bags during storage at 8.042.0 C and 27.0+2.0° C for 0 30 and

60 days
Treatments Sum of Squares  df  Mean Square F Sig.
0 ppm Between Groups 77.095 2 38.547 65.208 .000
8.042.0°C Within Groups 11.823 20 591
Total 88.918 22
750 ppm Between Groups 75.696 2 37.848 55.968 .000
8.042.0°C Within Groups 13.525 20 .676
Total 89.221 22
0 ppm Between Groups 358.547 2 179.274 332.357 .000
27.042.0°C Within Groups 11.327 21 .539
Total 369.875 23
750 ppm Between Groups 344.623 2 172.312 250.148  .000
27.042.0°C Within Groups 14.466 21 .689
Total 359.089 23
Storage time (days) Sum of Squares df Mean Square F Sig.
0 Between Groups .036 3 .012 .013 998
Within Groups 25.452 28 909
Total 25.489 31
30 Between Groups 91.507 3 30.502 66.871 .000
Within Groups 12.772 28 456
Total 104.279 31
60 Between Groups 169.009 3 56.336 113.400  .000
Within Groups 12.917 26 497
Total 181.925 29
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Appendix Table 21 Analysis of variances in total soluble solids of roselle leather products packed

in metalized foil bags during storage at 8.042.0 C and 27.0+2.0 C for 0 15

30 45 and 60 days
Treatments Sum of Squares  df  Mean Square F Sig.
0 ppm Between Groups 3.042 4 .760 91.250  .000
8.042.0 C Within Groups .083 10 .008
Total 3.125 14
750 ppm Between Groups 2.600 4 .650 17.333 .000
8.042.0°C Within Groups 375 10 .038
Total 2.975 14
0 ppm Between Groups 6.567 4 1.642 56.286  .000
27.042.0°C Within Groups 292 10 .029
Total 6.858 14
750 ppm Between Groups 7.475 4 1.869 74.750  .000
27.042.0°C Within Groups 250 10 025
Total 7.725 14
Storage time (days) Sum of Squares df Mean Square F Sig.
0 Between Groups .021 3 .007 .667 .596
Within Groups .083 8 .010
Total .104 11
15 Between Groups 141 3 .047 3.000 .095
Within Groups 125 8 .016
Total 266 11
30 Between Groups 932 3 311 7.458 011
Within Groups 333 8 .042

Total 1.266 11
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Analysis of variances in total soluble solids of roselle leather products packed
in metalized foil bags during storage at 8.042.0 C and 27.0+2.0 C for 0 15
30 45 and 60 days (Cont.)

Storage time (days) Sum of Squares df Mean Square F Sig.
45 Between Groups 1.182 3 394 37.833 .000
Within Groups .083 8 .010
Total 1.266 11
60 Between Groups 1.438 3 479 10.222 .004
Within Groups 375 8 .047
Total 1.813 11
Appendix Table 22 Analysis of variances in pH values of roselle leather products packed in metalized
foil bags during storage at 8.0+2.0°C and 27.0£2.0°C for 0 15 30 45 and 60
days
Treatments Sum of Squares df  Mean Square F Sig.
0 ppm Between Groups .030 4 .007 34812  .000
8.042.0°C Within Groups .002 10 .000
Total .032 14
750 ppm Between Groups .030 4 .008 113.350 .000
8.042.0°C Within Groups .001 10 .000
Total .031 14
0 ppm Between Groups 124 4 .031 132.857  .000
27.042.0°C Within Groups .002 10 .000
Total 126 14
750 ppm Between Groups 117 4 .029 141.855 .000
27.042.0°C Within Groups .002 10 .000
Total 119 14
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Appendix Table 22 Analysis of variances in pH values of roselle leather products packed in metalized

foil bags during storage at 8.042.0 C and 27.0+2.0 C for 0 15 30 45 and 60

days (Cont.)
Storage time (days) Sum of Squares df Mean Square F Sig.

0 Between Groups .000 3 .000 1.200 .370
Within Groups .001 8 .000
Total .001 11

15 Between Groups .004 3 .001 12.972 .002
Within Groups .001 8 .000
Total .005 11

30 Between Groups .020 3 .007 157.867  .000
Within Groups .000 8 .000
Total .020 11

45 Between Groups .029 3 .010 32.724 .000
Within Groups .002 8 .000
Total .031 11

60 Between Groups .048 3 .016 42.000 .000
Within Groups .003 8 .000
Total .051 11




Appendix Table 23 Analysis of variances in ascorbic acid contents of roselle leather products packed in metalized foil bags during storage at 8.042.0°C

and 27.042.0°C for 0 and 60 days

Levene's test for
T-test for equality of means

Treatments equality of variances
95% Confidence Interval of
Sig. Mean Std. Error
F Sig. t df the Difference

(2-tailed) Difference  Difference
Upper Lower
0 ppm Equal variances assumed .024 .881 7.064 10 .000 .003833 .000543 .002624 .005042
8.042.0°C Equal variances not assumed 7.064 9.912 .000 .003833 .000543 .002623 .005044
750 ppm Equal variances assumed 1.710 220 2.655 10 .024 .002833 .001067 .000455 .005211
8.042.0°C Equal variances not assumed 2.655 8.982 .026 .002833 .001067 .000418 .005248
0 ppm Equal variances assumed 4.321 .064 29.481 10 .000 .011833 .000401 .010939 .012728
27.042.0°C Equal variances not assumed 29.481 5.000 .000 .011833 .000401 .010802 .012865
750 ppm Equal variances assumed 9.434 .012 20.608 10 .000 .012667 .000615 .011297 .014036
27.042.0°C Equal variances not assumed 20.608 5.000 .000 .012667 .000615 .011087 .014247

Y44
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Appendix Table 23 Analysis of variances in ascorbic acid contents of roselle leather products

packed in metalized foil bags during storage at 8.042.0°C and 27.042.0 C

for 0 and 60 days (Cont.)
Storage time (days) Sum of Squares df Mean Square F Sig.
0 Between Groups .000 3 .000 .859 478
Within Groups .000 20 .000
Total .000 23
60 Between Groups .000 3 .000 121.025  .000
Within Groups .000 20 .000
Total .001 23
Appendix Table 24 Analysis of variances in total anthocyanin contents of roselle leather products
packed in metalized foil bags during storage at 8.042.0 C and 27.0+2.0 C
for 0 15 30 45 and 60 days
Treatments Sum of Squares  df  Mean Square F Sig.
0 ppm Between Groups 54.541 4 13.635 69.259  .000
8.042.0°C Within Groups 4.922 25 197
Total 59.463 29
750 ppm Between Groups 51.494 4 12.873 53.890  .000
8.042.0°C Within Groups 5.972 25 .239
Total 57.466 29
0 ppm Between Groups 204.134 4 51.033 282.061  .000
27.0£2.0°C Within Groups 4.523 25 181
Total 208.657 29
750 ppm Between Groups 249.098 4 62.274 369.748 .000
27.042.0°C Within Groups 4211 25 168
Total 253.308 29
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Appendix Table 24 Analysis of variances in total anthocyanin contents of roselle leather products
packed in metalized foil bags during storage at 8.042.0 C and 27.0+2.0 C
for 0 15 30 45 and 60 days (Cont.)

Storage time (days) Sum of Squares df Mean Square F Sig.

0 Between Groups 20.959 3 6.986 56.002 .000
Within Groups 2.495 20 125
Total 23.454 23

15 Between Groups 28.235 3 9.412 48.717  .000
Within Groups 3.864 20 .193
Total 32.098 23

30 Between Groups 75.363 3 25.121 142.620  .000
Within Groups 3.523 20 176
Total 78.886 23

45 Between Groups 87.563 3 29.188 109.851  .000
Within Groups 5.314 20 266
Total 92.877 23

60 Between Groups 108.688 3 36.229 163.481  .000
Within Groups 4.432 20 222

Total 113.120 23
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Appendix Table 25 Analysis of variances in total phenolic contents of roselle leather products

packed in metalized foil bags during storage at 8.042.0°C and 27.0+2.0 C

for 0 15 30 45 and 60 days

Treatments Sum of Squares  df  Mean Square F Sig.
0 ppm Between Groups .060 4 .015 28.404  .000
8.042.0 C Within Groups .013 25 .001
Total .073 29
750 ppm Between Groups .076 4 .019 50.982  .000
8.042.0°C Within Groups .009 25 .000
Total .085 29
0 ppm Between Groups 456 4 114 987.457  .000
27.042.0°C Within Groups .003 25 .000
Total 458 29
750 ppm Between Groups 266 4 .066 209.700  .000
27.0£2.0°C Within Groups .008 25 .000
Total 274 29
Storage time (days) Sum of Squares df Mean Square F Sig.
0 Between Groups .012 3 .004 49.592 .000
Within Groups .002 20 .000
Total .014 23
15 Between Groups .030 3 .010 35.924 .000
Within Groups .006 20 .000
Total .036 23
30 Between Groups .095 3 .032 145971  .000
Within Groups .004 20 .000
Total .100 23
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Appendix Table 25 Analysis of variances in total phenolic contents of roselle leather products
packed in metalized foil bags during storage at 8.042.0°C and 27.0+2.0 C
for 0 15 30 45 and 60 days (Cont.)

Storage time (days) Sum of Squares df Mean Square F Sig.
45 Between Groups 120 3 .040 77.380 .000
Within Groups .010 20 .001
Total 130 23
60 Between Groups 250 3 .083 146.882  .000
Within Groups 011 20 .001
Total 262 23

Appendix Table 26 Analysis of variances in antioxidant properties of roselle leather products
packed in metalized foil bags during storage at 8.042.0 C and 27.0+2.0 C

for 0 15 30 45 and 60 days as determined by DPPH’ scavenging activity

Treatments Sum of Squares df  Mean Square F Sig.
0 ppm Between Groups 58891.808 4 14722.952 234.042  .000
8.042.0°C Within Groups 1509.778 24 62.907

Total 60401.586 28
750 ppm Between Groups 59193.378 4 14798.344 166.429  .000
8.042.0°C Within Groups 2222.922 25 88.917

Total 61416.300 29
0 ppm Between Groups  149236.088 4 37309.022  480.600 .000
27.042.0°C Within Groups 1940.753 25 77.630

Total 151176.841 29
750 ppm Between Groups 142345.593 4 35586.398 430.346  .000
27.042.0°C Within Groups 2067.313 25 82.693

Total 144412.907 29
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Appendix Table 26 Analysis of variances in antioxidant properties of roselle leather products

packed in metalized foil bags during storage at 8.042.0 C and 27.0+2.0 C

for 0 15 30 45 and 60 days as determined by DPPH’ scavenging activity

(Cont.)
Storage time (days) Sum of Squares df Mean Square F Sig.
0 Between Groups 2216.450 3 738.817 17.785 .000
Within Groups 830.845 20 41.542
Total 3047.295 23
15 Between Groups 8257.866 3 2752.622 39.676  .000
Within Groups 1387.544 20 69.377
Total 9645.409 23
30 Between Groups 6973.953 3 2324.651 21.336  .000
Within Groups 2179.058 20 108.953
Total 9153.011 23
45 Between Groups 22461.172 3 7487.057 81.510 .000
Within Groups 1745.235 19 91.854
Total 24206.408 22
60 Between Groups 37343.108 3 12447.703 155.783  .000

Within Groups 1598.084 20 79.904

Total 38941.192 23
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Appendix Table 27 Analysis of variances in antioxidant properties of roselle leather products
packed in metalized foil bags during storage at 8.042.0 C and 27.042.0 C

for 0 15 30 45 and 60 days as determined by ABTS”scavenging activity

Treatments Sum of Squares  df  Mean Square F Sig.
0 ppm Between Groups 2.798 4 .700 68.007  .000
8.042.0 C Within Groups 257 25 010
Total 3.056 29
750 ppm Between Groups 2.619 4 .655 56.580  .000
8.042.0°C Within Groups .289 25 .012
Total 2.908 29
0 ppm Between Groups 16.391 4 4.098 262.317  .000
27.042.0°C Within Groups 391 25 .016
Total 16.781 29
750 ppm Between Groups 7.764 4 1.941 159.817  .000
27.0£2.0°C Within Groups 304 25 .012
Total 8.067 29
Storage time (days) Sum of Squares df Mean Square F Sig.
0 Between Groups .647 3 216 20.688 .000
Within Groups 208 20 .010
Total .855 23
15 Between Groups 1.284 3 428 29.179 .000
Within Groups .293 20 .015
Total 1.577 23
30 Between Groups 2.768 3 923 51.201 .000
Within Groups .360 20 .018

Total 3.128 23
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Appendix Table 27 Analysis of variances in antioxidant properties of roselle leather products

packed in metalized foil bags during storage at 8.042.0 C and 27.0+2.0 C

for 0 15 30 45 and 60 days as determined by ABTS”scavenging activity

(Cont.)
Storage time (days) Sum of Squares df Mean Square F Sig.
45 Between Groups 6.042 3 2.014 249.121  .000
Within Groups 162 20 .008
Total 6.204 23
60 Between Groups 7.751 3 2.584 238.413  .000
Within Groups 217 20 011
Total 7.968 23
Appendix Table 28 Analysis of variances in antioxidant properties of roselle leather products
packed in metalized foil bags during storage at 8.042.0° C and 27.042.0 C
for 0 15 30 45 and 60 days as determined by Ferric reducing antioxidant power
or FRAP
Treatments Sum of Squares  df  Mean Square F Sig.
0 ppm Between Groups 12.384 4 3.096 172.837  .000
8.042.0°C Within Groups 448 25 .018
Total 12.832 29
750 ppm Between Groups 9.322 4 2.330 194.808  .000
8.042.0°C Within Groups 299 25 .012
Total 9.621 29
0 ppm Between Groups 63.212 4 15.803 1525.886 .000
27.042.0°C Within Groups 259 25 010
Total 63.471 29
750 ppm Between Groups 25.838 4 6.459 442.692  .000
27.0£2.0°C Within Groups 365 25 015

Total 26.203 29
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Appendix Table 28 Analysis of variances in antioxidant properties of roselle leather products

packed in metalized foil bags during storage at 8.042.0 C and 27.042.0 C

for 0 15 30 45 and 60 days as determined by Ferric reducing antioxidant power

or FRAP (Cont.)

Storage time (days) Sum of Squares df Mean Square F Sig.

0 Between Groups .667 3 222 13.129 .000
Within Groups .339 20 .017
Total 1.005 23

15 Between Groups 18.079 3 6.026 330.167  .000
Within Groups .365 20 .018
Total 18.444 23

30 Between Groups 19.571 3 6.524 486.294  .000
Within Groups .268 20 .013
Total 19.839 23

45 Between Groups 24.605 3 8.202 613.544  .000
Within Groups 267 20 .013
Total 24.872 23

60 Between Groups 31.431 3 10.477 1595.078  .000
Within Groups 131 20 .007

Total 31.562 23
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