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Abstract

The purpose of this research was to study the extraction, retention and utilization
methods of 13 active substances extracted from 8 agricultural produce-and agricultural waste
materials; Capsaicin and carotenoids from chilis, lemon juice, essential oils and pectins from
lemon, anthocyanin pigment from butterfly pea flowers, carotenoid pigment from carrots,
chlorophyll pigment from pandan leaves, bromelain enzyme from pineapple waste, xanthones
from mangosteen peel, lignin and nanocellula ‘from: durian husk. and anthocyanin group
indicator color from butterfly pea flowers. Including the introduction of important substances
that have been developed into products such as digestion products from bromelain enzymes,
capsaicin massage gel and powder color from foam mat drying. The experiments were carried
out at Postharvest and Processing Research and Development Division from during 2017-2021,
as follows:

Capsaicin and Carotenoids from Chilis: The Huarua Chilis extracted with 95% ethanol,

ratio 1:5 w/v has the highest capsaicin content at 2374.35 lg/g. Prik Chee Fah chilis extracted

with rice bran oil yielded showed the highest total carotenoid content and antioxidant capacity

of 229.42 lg/mt and 97.62 Jumoles Trolox/ml. Capsaicin and carotenoids by spray drying ratio
capsaicin extract: carotenoid extract: maltodextrin 0.5:10:40 v/v provides the highest amount of
extract powder. The extract can be preserved in aluminum foil pouches and the capsules are
stored in glass vials for use as a dietary supplement for 180 days. The capsaicin extract
extracted from the superhot chili peppers was then used as a capsaicin massage gel at 1.5%
amount. It was found that the massage gel contains 0.0123 capsaicin (% by sample weight),
total phenolic content of 2.83 (mg gallic acid/g) and antioxidant activity (SC50) were 10.11
(mg/ml). lIrritation test in 15 volunteers, 11 volunteers showed no skin irritation at the
application site. While four of the volunteers had slight redness and swelling where the product
was applied, the symptoms resolved within 24 hours.

Lime juice, essential oil and pectin are prepared from Pan Phichit and Pan lemon

varieties that can be used both water and peel. Ready-to-drink lime juice is produced in retort
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pouches. It can be preserved for 6 months. The lemon powder is produced by spray drying
technique, that contains 40.54 mg/100 g of vitamin C. Lemon peel is used to extract essential
oils, that contains essential oils in the range of 1.40-4.9% and 3.63-8.47%. Pectin from peel was
22.40% and 13.82%, the resulting pectin has methoxy content of 11.80% and 12.94%, degree of
esterification was 56.21 and 76.52, equivalent weight was 358.48 and 782.19, which have been
applied in cosmetics to help products smell of lemon and benefit from vitamin C from lemon.

Natural color powder obtained by extracting pigment from butterfly pea flowers, carrots
and pandan leaves. The color from butterfly pea flowers was extracted with 0.15 M
concentration of citric acid solution and dried by spray drying to get pink powder, that content
of anthocyanin was 40.02 mg cyanidin-3-glucoside/100 g. Optimum content in jelly product was
2.5% w/w. Carrot powder is extracted from carrot by a juicer. It was spray.dried to get orange
color powder with carotenoid content 8.98 mg/100 g, suitable amount in jelly product was 0.1
w/w. Powder color from pandan leaves, start by extracting pandan leaves with a juicer and then
spray drying. The color of the powder is green and the smell of pandan-leaves. The content of
chlorophyll was 103.63 mg/100 ¢. The amount used in custard cream product was 2.0% w/w.
When the color powder was kept in the aluminum foil bag for 12 months, the moisture and aw
values increased. The microbial quality was within the standard and the amount of important
substances decreased. Then take the color powder extracted from butterfly pea flowers to dry
like a foam mat. The extract was mixed with ‘maltodextrin 20% w/w and 2.5% methocel
foaming agent. Beat to foam for 15 minutes. Dry.in a hot air dryer at 70 °C for 3 hrs. The powder
was pink with a moisture content of 4.50%, the aw value was 0.239, the color values L* a* and
b* were 42.11, 15.90 and -1.45, respectively. Solubility 86.92% and anthocyanin content 19.37
mg cyanidin-3-glucoside/100g. The optimmum amount for application of sorbate products is 2.5%
by weight of the total ingredient. When storing the powder paint for 4 months in an aluminum
foil bag. It was found that the color powder had a slight change in moisture content but not
different from the beginning, while the anthocyanin content was decreased.

Hydrocolloids from Yanang leaves were extracted from solids that were insoluble in
alcohol with water. Hydrocolloid content from Yanang leaves was 5.45%, gray color, euronic

acid content 11.47%, total sugar content of about 55.68%, antioxidant capacity was 12.63
Leg/ml, and total phenolic content 1.42. mg GAE/100 ml has a structure similar to that of xylan.

It can be used as a stabilizer in chili sauce products and baby food products in puree form by
using 1.5% in chili sauce and 2.0% in baby food supplements because the product's viscosity
and stratification value are close to adding xanthan gum.

Bromelain enzyme is extracted from by-products of pineapple processing industry,
including crown, peel and core of Batavia pineapple. The peel was the most abundant residue
and bromelain activity values were 111.36 CDU/g fresh weight and high enzyme purity.
Extracted by blending at room temperature for 1 minute, squeezing the juice and extracting the

pulp. The juice was extracted for protein separation by precipitating the protein with ethanol. It
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was then centrifuged at high speed under 4 °C to obtain light yellow bromelain enzyme

powder. The enzyme activity of bromelain was 19,832.661£5128.13 CDU/g, yield of 0.2410.09%
/fresh weight, and was applied in meat tenderizer for marinating sauces. The optimal amount is
0.1% by weight of meat and takes no more than 30 minutes to marinate. The enzymes are then
used to produce a digestive aid in the form of effervescent granules. The formula with the best
liking score was citric acid 0.80 ¢, tartaric acid 0.40 g, sodium bicarbonate 0.90 g, bromelain
powder 0.20 g, PVP 0.15 g, foaming agent 0.036 g, sucralose 0.007 g, xylitol 0.80 ¢ and 0.12 of
pineapple flavoring agent were then prepared by dry granulation method. The effervescent
granule product with good rheological properties of the medicinal powder was obtained and
retained bromelain enzyme activity at 87.9% and g¢ood water solubility. It takes 94 seconds for
the bubble to form.

Alpha-mangostin is the main constituent in mangosteen peel extract. Extraction of dried
mangosteen peel in powder form will get Alpha-Mangosteen 55.749%,; It can.inhibit the growth of
bacteria Staphylococcus aureus. The average diameter of the clear zone was 12.25 mm.
Therefore, it was added to the polyvinyl alcohol (PVA) film. The film added 70,000 ppm extract
was able to resist the growth of bacterial Staphylococcus aureus., that the diameter of clear
zone was 13.25 mm. It can be applied as an antimicrobial film. The Properties of film shown;
tensile strength 329.69 kef/cm? and elongation of 387.10%. It can be applied as a food wrap
film. Because it is higher than the standard polyethylene stretch film according to the TIS 1136-
1993 standard.

Lignin and nanocellulose extracted. from agricultural waste. In this research, the
extraction from durian peel was chosen because of the high discarded volume. The pulp was
boiling with a solution of potassium hydroxide and filtering the black ligour. It was found that
39.5% of lignin was extracted, 10% of nanocellulose was extracted, and it was used as an
additive in biofilm fromistarches. Cassava starch that biofilm with 3% lignin added (L3) showed
the best properties for use in dry food packaging. The properties of film shown; tensile strength
was 142.51 kgf/em?, elongation was 10.81%, oxygen permeation rate 109.1 cm’/m?%/day, film
surface roughness 0.40 ym and UV and visible light resistance at a wavelength of 400 nm.
Prepared a bag of 10x10 cm? packed cashew nuts compared with commercial bags for 3
months storage. It was found that the cashews could be kept as biofilms good as those of
commercial bags. The value of the cashew nut peroxide in L3 bags and the oxygen content in
the package were lower than those in the commercial bags.

Natural indicator color using color from anthocyanin group by extracting color from

butterfly pea flower with 0.15 M acetic acid. The extracted indicator has pH 2.50, brightness L*

25.54, redness a* 6.50 and blueness b* -5.83 showed good color change performance in
various pH buffer solutions and was stable. Used to prepare a film for measuring acidity -
alkalinity by adding in a composite film between PVA and chitosan. It is effective in measuring

the acidity - alkalinity. This is because the film changes its color significantly when exposed to
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buffer solutions at different pH and in contact with ammonia vapors. The general public can
differentiate the film. Applied to measure the deterioration of fresh fish meat quality, it was
found that the film color value changed corresponding to the increase of microorganisms in the

fish meat and the increase of ammonia gas inside the package.
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Abstract

The purpose of this.research was to study the extraction, retention and utilization
methods of 13 active substances extracted from 8 agricultural produce and agricultural waste
materials; Capsaicin and carotenoids from chilis, lemon juice, essential oils and pectins from
lemon, anthocyanin-pigment from butterfly pea flowers, carotenoid pigment from carrots,
chlorophyll pigment from pandan leaves, bromelain enzyme from pineapple waste, xanthones
from mangosteen peel, lignin and nanocellula from durian husk. and anthocyanin group
indicator color from butterfly pea flowers. The experiments were carried out at Postharvest and
Processing Research and Development Division from during 2017-2021, as follows:

Capsaicin and Carotenoids from Chilis: The Huarua Chilis extracted with 95% ethanol,
ratio 1:5 w/v has the highest capsaicin content at 2374.35 Hg/g. Prik Chee Fah chilis extracted
with rice bran oil yielded showed the highest total carotenoid content and antioxidant capacity
of 229.42 Hg/ml and 97.62 dmoles Trolox/ml. Capsaicin and carotenoids by spray drying ratio
capsaicin extract: carotenoid extract: maltodextrin 0.5:10:40 v/v provides the highest amount of
extract powder. The extract can be preserved in aluminum foil pouches and the capsules are

stored in glass vials for use as a dietary supplement for 180 days.
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Lime juice, essential oil and pectin are prepared from Pan Phichit and Pan lemon
varieties that can be used both water and peel. Ready-to-drink lime juice is produced in retort
pouches. It can be preserved for 6 months. The lemon powder is produced by spray drying
technique, that contains 40.54 mg/100 g of vitamin C. Lemon peel is used to extract essential
oils, that contains essential oils in the range of 1.40-4.9% and 3.63-8.47%. Pectin from peel was
22.40% and 13.82%, the resulting pectin has methoxy content of 11.80% and 12.94%, degree of
esterification was 56.21 and 76.52, equivalent weight was 358.48 and 782.19, which have been
applied in cosmetics to help products smell of lemon and benefit from vitamin C from lemon.

Natural color powder obtained by extracting pigment from butterfly pea flowers, carrots
and pandan leaves. The color from butterfly pea flowers was extracted with 0.15 M
concentration of citric acid solution and dried by spray drying to get pink powder, that content
of anthocyanin was 40.02 mg cyanidin-3-glucoside/100 g. Optimum content-in jelly product was
2.5% w/w. Carrot powder is extracted from carrot by a juicer. It was spray dried to get orange
color powder with carotenoid content 8.98 mg/100 g, suitable amount.in jelly product was 0.1
w/w. Powder color from pandan leaves, start by extracting pandan leaves with a juicer and then
spray drying. The color of the powder is green and the smell of pandan leaves. The content of
chlorophyll was 103.63 mg/100 g. The amount used in custard cream product was 2.0% w/w.
When the color powder was kept in the aluminum foil-bag for 12 months, the moisture and aw
values increased. The microbial quality was within. the standard and the amount of important
substances decreased.

Hydrocolloids from Yanang leaves were extracted from solids that were insoluble in
alcohol with water. Hydrocolloid content from Yanang leaves was 5.45%, gray color, euronic

acid content 11.47%, total sugar content of about 55.68%, antioxidant capacity was 12.63
Llg/ml, and total phenolic.content 1.42. mg GAE/100 ml has a structure similar to that of xylan.

It can be used as a stabilizer in chili sauce products and baby food products in puree form by
using 1.5% in chili sauce and 2.0% in baby food supplements because the product's viscosity
and stratification'value are close to adding xanthan gum.

Bromelain enzyme is extracted from by-products of pineapple processing industry,
including crown, peel and core of Batavia pineapple. The peel was the most abundant residue
and bromelain activity values were 111.36 CDU/g fresh weight and high enzyme purity.
Extracted by blending at room temperature for 1 minute, squeezing the juice and extracting the
pulp. The juice was extracted for protein separation by precipitating the protein with ethanol. It
was then centrifuged at high speed under 4 °C to obtain light yellow bromelain enzyme
powder. The enzyme activity of bromelain was 19,832.66+5128.13 CDU/g, vyield of
0.24+0.09%/fresh weight, and was applied in meat tenderizer for marinating sauces. The optimal
amount is 0.1% by weight of meat and takes no more than 30 minutes to marinate.

Alpha-mangostin is the main constituent in mangosteen peel extract. Extraction of dried

mangosteen peel in powder form will get Alpha-Mangosteen 55.74%, It can inhibit the growth of
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bacteria Staphylococcus aureus. The average diameter of the clear zone was 12.25 mm.
Therefore, it was added to the polyvinyl alcohol (PVA) film. The film added 70,000 ppm extract
was able to resist the growth of bacterial Staphylococcus aureus., that the diameter of clear
zone was 13.25 mm. It can be applied as an antimicrobial film. The Properties of film shown;
tensile strength 329.69 kgf/cm? and elongation of 387.10%. It can be applied as a food wrap
film. Because it is higher than the standard polyethylene stretch film according to the TIS 1136-
1993 standard.

Lignin and nanocellulose extracted from agricultural waste. In this research, the
extraction from durian peel was chosen because of the high discarded volume. The pulp was
boiling with a solution of potassium hydroxide and filtering the black ligour. It was found that
39.5% of lignin was extracted, 10% of nanocellulose was extracted, and.it was used as an
additive in biofilm from starches. Cassava starch that biofilm with 3% lignin-added (L3) showed
the best properties for use in dry food packaging. The properties of film shown; tensile strength
was 142.51 kgf/cm?, elongation was 10.81%, oxygen permeation rate=109.1 cm’/m?%/day, film
surface roughness 0.40 pym and UV and visible light resistance at a wavelength of 400 nm.
Prepared a bag of 10x10 cm? packed cashew nuts compared with commercial bags for 3
months storage. It was found that the cashews could be kept as biofilms good as those of
commercial bags. The value of the cashew nut peroxide in L3 bags and the oxygen content in
the package were lower than those in the commercial-bags.

Natural indicator color using color from anthocyanin group by extracting color from
butterfly pea flower with 0.15 M aceticracid. The extracted indicator has pH 2.50, brightness L*
25.54, redness a* 6.50 and blueness b* -5.83 showed good color change performance in various
pH buffer solutions and was stable. Used to prepare a film for measuring acidity - alkalinity by
adding in a composite film. between PVA and chitosan. It is effective in measuring the acidity -
alkalinity. This is because the film changes its color significantly when exposed to buffer
solutions at different pH and in contact with ammonia vapors. The general public can
differentiate the film. Applied to measure the deterioration of fresh fish meat quality, it was
found that the film color value changed corresponding to the increase of microorganisms in the

fish meat and the increase of ammonia gas inside the package.
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WU nendaydu neva1Udng tavnaliinsznaiuess iudu (Shahidi and Naczk, 2004 uag Giusti and
Wrolstad, 2005) filAsaas1e LUy Ao flavylium cation, quinoidal base, carbinol pseudobase &g
chalcone (Wojdylo etal, 2009) Ferunsivasdtuiulaseadne pH wazgauunil lagluaniznse weou
Inlwenliuazeglugy flawlium cation (@un3) o pH WiuTu flavylium cation aziAnnisUasuLas
1A iqa%wqagiugﬂ carbinol pseudobase, chalcone (l3131&) waz quinoidal base (5‘1}1 W) (Tsao and
McCallum, 2010) 13y miaﬁ’mmﬂﬂwé’mﬁﬁLmezﬁ%umLﬁ'aagﬂumsazmam@LLaxLﬂﬁauLﬁuwaﬁu
Lﬁaag'lumiazmwm ansatnnendytudie acidified ethanol THauasfl pH 1-2 F1afl pH 3-6 uas
10-11 waz@ilend pH 7-9 uay 12 (@3WuazAMy, 2552) LLazLﬁaaﬁ’maﬂé’zg%'ué’wﬁ’] ansafinaziUdsy
ndunadudiing Tugae pH 13 Judu TnedmddeatndannaensaydusetuazdupH whitu 4 uay
a1svievin 2 vila fie lensendalnsiawuviawaglaauazaniu ihluviuiauunudeslaeiinamaiay
Saun 130 °C Wu:h%mmﬂﬂaﬂé’@%’uﬁ%’waflauﬂumsﬁaﬁmﬁmmmﬁamm'jw (Angkana et al., 2008)
aaalsilad Wunduailissaing@idedluiiy Tnslanzesddudiuvedy Wudilinslagua
gaumgdl szeznanduiladuddysentsivdvudnaslsilad naslsiiaduuadu 2 naufe raslsilad a uay
naolsilag b msdenanmuesraslsitadazsiliAnnsivdsuulanndidoaisluduiidonimaiiu
LAZANYNIATIAATUTEMINNTEUINATNeAN L SouRTHAsaN 1SS s uEde (Dennis, 1998) laadl
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mATordandunelasatalumedaet 1:6 thansatniild 600 ¢ naufuttulndy 240 ¢ uealaufing
yi3u 136 g leifeniadiun 24 g thluvhussuuusiunesiigamaiandouid 170-200 °C wuingaumgiily
mMsuaiiangande 170 °C Juihlinslumefinaunmaian (Loh et al, 2005)

7. fuviselalasnaanssd [unedwesangsntunldifleusunmnmueseninunuasdi
voslalnsneasaduiazyin dusltiumsifiuanunein arsifinanumin dfadlnduelaud arsdiels
AevauazansiiliAniidy s lnglelnsreaasediiaiaaniividaiuiaulaielfiduingdevy
91115 Beldunaindusneg vesiie T Wi 819 wu Auensidn 510 ddu Wy wils weannamse
yieia iU A1$T3uun vieldandnd wu lafiu viennnszuiunavinlaedeqdunds wu uruumudy
(@561, 2509) Tavgunadufivayulnsilfiduomsuandusundudluna deduhanludiunsagls
asazaneifinutuniatainanlelnsnoaassdieglulugng fnuanticdelouauiiadalian
amsrengia lasasAusznoumaadiiuiinaimanmunsnfnsnglsiaadaadstuiniadnuly
louauannuinn leuauanlEnaaiuaglouauanuinie funalslsadvesdtszneundn Gng,
2550) usnaniluguedaiiamamgnuailuyiinags 1iud arsndusamanes salaused uiuiuuas
f11UTu Imﬁqm%‘éfma%aamz DPPH(EC50) 9.63 ppm kax3d FRAP 17U 0.7343 (mmol/mg
extract) @13Wanlauess Winiu 18.67 mg quercertin equivalent/g of extract (Rattana et al, 2010)

8. useditau (ueulwiisinsdosaaelsiu Tnnhluldlugramnssumansdiu wu 1o
furrumurendesnzfiuinm issnssuaunaiimiivan uaylansiivievilmdoysdu (valles et al.,
2007) 1Jusiu lnensudnlasieulzduseliaunianmsaivzudn ldanivedafier Ao duuzsn (Annanas
comosus (L.) Merr.) SspmasdAveseulesiazunnidlmtunasinueuluduaziusvesdulzsn lng
hihdulzsnanEunszuaunnaaatedunet tiun sansflumsiy wuedihg waglalelawdiu 3
wlsusediaunifignuayfunslusiudimies (Coelho et al, 2013) uagilsAgs (Ramli, 2017) msadin
Laulézi:ﬁmaﬁLﬁﬂia'ﬁxﬁﬁﬁ@ﬂﬂﬁﬁ’ﬁmw‘fﬂﬁiﬂanﬁﬁfjué”aaﬁwwamﬁwLL%aUmﬁmﬂlaau (1119, 2530) N15A
Jussarsavaretminesfidulketnawa, 2011) nsdusagieiaiaslalngsn (ﬁ:ﬁmﬂqmé 2530) 1}
dutzsmuhliuianslneduisswondailiazaretieonudradaouleiusediaulnennaznoudaed
vazangezdlau/oniueaiiy @ud, 2530) Wudy ndsantuthazneusiliurs Inensyuraiuuny
Bonudazlndosazualivesdifonssueulyduseiaugs (Devakate, 2009) n1sueuleiiusediauun
Usegndlfiitovliilodn iutulnsmsmnninidowaznisduut toulesiusefiauaslinoaaiaud
Husssusznovveadedniludrundudeaedounmninas vinlhidedutaveniednidouty uas
deosannlnedugranduizsasolngvedlan deudgnduvzsariusinnnisdidsanuiioudssy
(R13uS, 2526) f\]sﬁﬂﬁlﬁmwmﬁaﬁwmmsu%gﬂﬁﬁasaz 70 (113, 2521) Aavdy 7.17 ausused
MnsaUEen lududzsauasyn (@udhnazane, 2537) Fadumdefaannsainadneulsiuseiauld

9. waulnu (Huarslunquwediluea Jansusznoundn fo ueavi-uudlnadiu uavarseanguns
Bu 1wy 1lUdu siaTuesd uazwoulvleeniiu Hudu Sauauifvu Ao Fudodunidléd auns
afaldnane s Tnemsadadondsgauisnelenusaldansadavetusnniign 26.59% uazansarinain
Waenilimpantianaifuseionusaiusyannmlunmstiudinaiaydulevenis s. aureus laf (gau
Snwalnazane, 2549) Tngaunsadudauuafiounsuuin wu S. aureus teaniuuafiSounsuay wu
E. coli (Palakawong et al., 2010) uaﬂmﬂﬁﬁqﬁmiﬁwmiaﬁmmﬂLﬂﬁaﬂﬁmmwmﬁa‘uuu?\léu LDPE
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Wt lUvietulan wudﬁxléuﬁﬂazﬁw%mwiumiamﬂ%mwaﬁumwmmlufﬁuﬂaﬂﬁ (YuNIHazAME,
2554) wansliiuinanunsadiansatnanudendigeuUssandlfiduussydurisugdunsdle

10. Anfiu Junediwestrnmansssund dulngldunandulyl Fdusuasnnuazausati
ndualdlnadle Wudaguszinnnedmesa lassadrminadifunuvezlsunfia (Aadil et al, 2016a)
UsgnaudgaynALuuaIsTuInTedugiukarlasudnaitne Anduliuyilsituiivarnuats THud
lonsonda wnenda A1suelia uaza1iuenda (Aadil et al, 2016b) Insdrusnnidureamdeiisly
onamnssunandeuaznzay dsdiuSinadniuda 50 dusu Tasdniu 98% Qﬂﬁﬂmwémﬂuﬁmwﬁq
delindanumudeu udiiidedifanisimaivasnsussandldituTan (Nair et al, 2017) uenainil
anfdufivanyfivouthuazlivouth FeannsnthanssgndlimsinuTananls anduaunsodfuld
wiluduvesnedimesAiluasduniduazanseiunid (Acosta et al,, 2016) aansnuiduszlovdly
NsAALINeAWes a158aia asieieu Arsuauliues aududud iy uwaslansszauayniauily
(Aadil et al., 2016a) an3Aw Talans arsiduuss luTaguedmosndaunzsiunndisiu 1wu wedlla
Loanesed nedlofiauesnlud wazneduaninuedn uarersvziduasidiadiuifioiduarsiueyya
dase a1sreiudunsd annsdeauiedyd suluisineyvemindueiomas 3nn1s3eau wuidl
msldaniiuuinnin 1 arusiulundndaeianie (Aadil et al., 2016b)

11. fulewaglagaindaganlugaglas n1sunldusslevuasaerIunszuIuNITAILA
dnflunufusliwaglaavsewagladedugiulaenisusuaninmena el Menn wasdanimeagioulesl
ua¥qAuY3E (Narkchamnan and Chularat, 2012) Tnslwaglaaifunedmesianunsatndusldlnale
annsondnldie 7.5x10" du dnsianlfluasiduusdawarafinussinniidutansam (composite)
dulowaglaanfnlagldigdenasinnisldusaidaunionisdessiansa dwmalivuianisoyniadnas
dulefildazogluguveslassaieidundnlussivunluaina lnslanzqasuvesuluvaglaa Ao iy
autAnanienmuagiadivesian gyt @y unluwaglaautseendu 3 Ussian @ cellulose
nanocrystals (CNCs), nanofibrillated cellulose (NFC) uag bactenal nanocellulose (BNC) Tae) CNCs
waslnsmstwaglaaingessionsadulsfldfivunsedunm. Jusgfusiinia NFC nanlasnisiidu
lonaanuadaeiEdana ynsdldmfuouleduieansied dileTlnmmemssulilasans sl
10-100 nm. I¥Ansamisnuusiduaalut maluladildlumandnd 3 uuu fe Telusluedu lulag
dalatdu warnisuaszaululasimicrogrinding) @ BNC wanlasnisuiduleuianvuinlaeldiuaiise
\Wu Acetobacter e. xylinus \Ju@u Imaﬁ’mLﬁaﬂmsJWuﬁ:ﬁamwsa"[,ﬁl,méwaam%uauLLaz"LuT,mmu 3l
Aunveaduleteundt 100 nm. waziliduriuaudnats 2-4 nm. (Youssef, 2014)

a1ssIATa 11 wia ansnsnthunldselevildvidugramnssuems ewnaaiugunm
nvd1e19 Wy Wduasfiuauduniae 10uanslid ndu uarsdisdes wavarsiaTuguam
uonndduhluldlusssusiievilvussyfuridauautifiauiu 1wy fugdunis uiedtmmnn
vosownaneluvsTatasilinsnaiudsudvesiidy fail

a

UTIRUIFIUAUNTE Ap SeUUNITUTIIAENTaIae/Eudinsasyiulnveqaun3dninly

3
a6 1

amsiddeuazqdunidnelsaivudoulue sl Wunisivansdiugdunidasluluiidy lneldans
AuAUNISNTY 0.1-5 lngumidn (Erinveayauazaugasaumaineimansiazimalulag:R3l,

A eaa

2555) Ingansiuadunsdndeslduazlnsunisoyd@ann FDA loun Fanesleouwaralelna uwailsanas

o

Fanldansadnanidondagaldazidunisansununisuds Yasadeuasiiuyarliudendsnn n1s

q
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a 6a

fimunussgdusiinugaunigleliwaaindesaaneliduansiefidy ilesanilulinssrodaundon 1wy
wodlhilausanesed (PVA) Taeiinsi1 PVA ieynauiludaies Weldiduussedusidugdunid
wuinilduansnsaduide Salmonella typhimurium 9@ (Tripathi et al., 2018)

uss9fauTiaan (ntelligent Packaging) (Aawus, 2552) lWuussgdnsinanansalidoyaviousans
annzuazAuANYeNanSusiiegnelu 1wy UsuenamnmuazauUaoady Wy dfnsaianis
Lﬂ?{auLLanaﬂL’JmLLazqmuQﬁ (time-temperature indicators; TTls) miLﬁfy‘rJaﬂﬁ;auvﬁé LAZHTIVIN
amiunsa-ss (pH indicators) Wleliemazanaunsuguilan lnalnnswasudislonnzeomns
AYULUTIY videanznsuAWABUIaslY (nuiing, 2550) Tnglidndusioadanussgssioond1e
W Budnwmesnsrriaaudunsa-aig ausananddiguilnansivianunimveswdndasiniunis
\Waswdves pH Indicators lnedufiriaes fie arsiilduenarulunsn-ane vesas WWuansiudeudls
7l pH w1z 1wy witaise Sdunaileglumsazaronsa wazivdsududindeudeegluasazaresing
dnafvsuazane (2568) Idauuauausdogmaivinvnaliandaurmauuilnelaslflusluly
woavg witaisauasludelalanauamivowndudufiames nuianusatsinmsvineguassdnios
1§ wenvnansduv3ouda Tusssunaddansfianunsalddudumnmesly wu AxuaUding rendaiu
wagnavou \Hudu wu ssatngfiliduns Fiae wazdinbu Ao avsnguieulnlseniu fesnnnSuuas
Az (2015) lonanTlaududiamesialag1u/PVA nautoulnlgpiduaingsdnilng 2.626 mg wuinilau
Wasudanauneaidondudion pH ivduan 1-8 wazdleilunaassunsindevesUaneuzuazla
faudsudfuaidonduosdnmuiiofuinmuuiu Ssemsldimadnideveatovauasiils

uenanifadiniUsuUsananRvesiiduanulsiruanifdnauazaudumun i
lasnausunodiuositlivoui wu anfiu IeAnduiiautfannuveuinluuduasiiuauuduss
YoTlaN (Acosta et al., 2016) s sinuluaglaa sxtefinautRidnatazantitunsuny
yosinauarlotlgsndae (Priyanka and.Vigneshwaran, 2019)

seiululassnstasaudunu 38 wasiauiiomnssuiunmsuasmeluladfivanzanluns
afiavsoulsguanssssumfanfivmieTanmdeldangnamnssuinensuindndueims emsiasy
aunw ansiiuudsluemas Tlugsamnssuemisuagnvdions uazussedn lnedanaliGsnmandd
wazdstloviivesansssaunitey aiduasy uanau® wefuyaaVindnsusifitasataan
sssumAluly sudasiumiuvaendeliunguslan

52 08U35N15998

gauiinsdde: nefifeuasimuiineinsmdsnisifuiieinasuUssUnannainyns
NSUIVINTTINYAT
sTEzIaa iU gaau 2559 - Augngu 2554
gunsaluazaAdl
1. wdomanieniainues T wintuy wintih ssuiusuiuuasuduiies dudzsatusdamde
wAsen lune Aendgytunug 7-1-16 Sudsvawiug 5 wiil Waenyiseu wWaendiam
2. Lﬂ%@dﬁ@l@fuﬂ' GC-MS, HPLC, UV-VIS, FTIR, Spray Dryer, Centrifuge, pH meter, Universal

Testing, Evaporator, Freeze dryer, Texture Analyzer, Mixer Stomacher, Thickness gauge,
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Hydraulic press, 1@30s3nd L3asinadnuviln, e3esinnn aw fouaniou 1a3esds taTasun
osduuennn desiiy infesiualad sramuaugamgl wdeanuusimanln

3. Tanuavaisiail laun PVA, STPP, HCL, KOH, NaOH, PDA, L-Tyrosine, tonuea Uulines anilu
lalngnu avdlau N3Tw3n Nsnesdfn nsnlnsraslsesdin laludaulalalasiaunaama wiu
loisulawosnasls ndwesea wniwy arsavarsueuluiile a1suiasgiukearinuuslnafuuas
woulesiusediau gudeidentin wiueya3an aunsung

F’/N1TANTUNIT

Tassms39e7 1 Uszneusae 8 maneaes Faa 8 msvaaes iAsmsslunuuandneiy fai
mevaaadii 1.1 nswdnuaulefunsuazualsiiuasdrennndnldlundadustamsesa
1. msafnasuaUleduainnin (autasann Gudeva et al, 2013) Tngthndnuiadn adliazen
W&eufl 70 °C 24 cm. ualaziBen Whluadadaseniuea 95% 7 75 °C WinusaenIuea 1:5 1:7.5
WaE 1:10 (w/Av) MuRELT 600 rpm 5 cm. Senal37 RT 3 $u nsesusnmnuditihasazangluszimeunsia
i %yield Siasreviusanauadledudae HPLC
2. A5ANAENSHALIAUBEAANNNIA (FRLUaI9n Guadarrama-Lezama et al., 2012) Tagi nsnunLin
2 &rdlazenn aufl 70 °C 24 v, unldaziBen Wilvafadaetity Ghduusndnn ditfusidn ues
ddudalnm) Snsdan 1:2 uay 1:2.5 wiv 71 60 °C nunaddl 600 pm 5 wiit saal3A RT 1 2. thly
Juiesil 3,700 rpm 25 °C 15 wndl wivdla udrnhlvimggianuanunsalunisdnueyyadase lne
33 ABTS radical scavenging activity uazU3snaiansialsfiuossiaunma3aves Daugan (2011)
3. n15%1 encapsulation ansatawaUledukazansatawalsiiuaes Inawsoudiatuvesaisada 7
dnsrdruansanauaUledu: ansadaualsiusea: Nuers1dn WA 0.5:10:30 0.5:10:35 0.5:10:40
0.5:10:35 waz 0.5:10:40 v/v 9wl encapsulation #eLa3es Spray Dryer ﬁqmwgﬁmwﬁﬂ 170 °C
11980 80 °C thansadausiildutiiasizy %yield \ivlugsesgiifloamosdd 25+2 °C
4. Anwmsussyansanauadluduiasualsiiuesdns Tnoussgasainlugeezgiionlosd uaUyadi
wAnnaAuLuUla wuutu waskauganaglaa antufuluriauialadnatinfuna 180 fu
dudtagneansanann s JainsenUsnanalledu Usinuualsiivesd auaiusalunisiiu
DUNADESY AT AT aw Solubility aﬁ’wmuaﬁuw%ﬁ%mm LagIIUIUAALAE T
5. AiaseidununsNanYo INEnSusiald

MINAABT 1.2 NMIHBANZLIING BSTUVBNST VY wazmaRuanuzudlugulalas-unluwalya

1. wisnhuzunuazhdiuneussmeaniudenuzun fedthusumiuduiuuasutufidnsndiehany
ave1n aandaenniou Yoniuden Autidieiaias Hydraulic press Inntuiiasigiganain fail A1 pH
US1nainse@msnuardnfiug antutdenuzuniunatninsiunenssme lngnisndudaeletnsnsidiu
Waondhndu 1:60 Wi 1 7a. pntunsI9deUsIRUsENEUTBMNTUMENTEMEAIELATDS GC-MS

2. MsanawaRuINUFanuaznInuzun tngdudenusunidiudvnlveuliuie ualiasiden wan
afnene aa 1 way 2 fail 1) afndnensAdRsn 50% waslenuea: SIIAIUUABN:NTATASA 1:12 Wiy
2) afadhethuagionuea: ShardnudFen: dindu 1:12 wi Tads 2 38 afludnsmunugamgd 95 «C
60 U9 NTDIWAIUIFITATANIUINNALNDUNARUAILLDNIUDALTVNTY 95% 9ns1dIu 1:1 v/v aulAgniu
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FaalA7 RT 1 Au nseauenmzneumaiy d1efoloniusa 95% 2 as uasdlaududu 50% 2 ads 1
waRulUaUlHUT R 60 °C wdunlhduns wardsd 3) thnnfiduniuazatnuintunoussiouda wazi
Fuannsadaisfurensemesnatmmeiu Tnenisandndaethilannnsaudiatnaiseniuea 95%
4. nMFAIATIZRIANNINYBANARY NMsRTIadaUAILenTlnstuneRuNsild 0.5 ¢ lAuenLea 2
ml azaneseinaufiduuds 100 ml waalidiu neafluednmau 5 ves thlulansagivansazans
NaOH 0.5 N Sufinu3uinsves NaOH uusuinsii 1 \iuaisazats NaOH wWudu 0.5 N 10 ml wweh
w39 993 15 w1t WBnansazanensn HCL 0.5 Tuand 10 ml wgnaudsuymiely veafluorindu 5 ven
wanhlUlamsndae NaOH 0.5 Tuas watufinu3unns NaOH WuuSunnsit 2 thandiuaem DE

5. NMSASELUINZUNINIRIBIAT LT UUTuey fiil 1) Anwvidasidiuvesinuzuniuazueals
Winde3u DEL0 Minasievuineynia saviAlagnauvessansiae 3 msnd 70:30 50:50 uag 60:40

2) wissninugunang e Spray Dryer lasfnwigamnivndnd 130 uag 150 °C gaumgiinnsen 90 °C
6. nasougELTAvasuzUING WA sty A3 werUiafnfuddeeses HPLC

7. nsUszgndldfundnsaet @il duzunng diduveuseive wasmaiuulSlundadusions i
\oshLzuINANTR LT Ly laRurunaTnineRy DN INanT uav T NEn Sy
\3esd1019U N 5-15% Wy wiludiiadu Alutigein Wit wazansdwenuii Wudy

8. ATIVFBUAMININVBINANAAITIDIMTUATLATEF1819 TnemaaBuegNTLiusne YuIneynALAY
ANUAIITEINENS MY uaznvaaeunsTuuleelduuusudidogy Wusu

nsneanddl 1.3 nswandrsannfivnawnuddansieilundedusionns
1. nMsafiaasaaneandydu lngldnondyduuns

1.1 affnddeiindu Snsdmdadudndu 1:20 wy afafigumail 30 40 50 60 70 80 uAY
90 °C wagseezianana 30 40 50 way 60 w1t YSuuSunsidu 25 ml Awesigiusunaseuinloeniy
Hamundeds pH differential (Giusti and Wrolstad, 2005) titefmdonaniisnsataiivanyay

1.2 @NnP8ATANTATAINAMULUNTU 0 0.05 0.10 0.15 Uag 0.20 M 3MIUNUNTNAABILUU CRD
4 1 Tneldannefivnnzanande 11 wseivsinaueulnlsaduiedonamudiudureinsafivsnze

1.3 afnlagan el msneganainde 1.1 uag 1.2 Adasdrunendyduuisiodviazais 1:20
1:30 1:40 1:50 ua¥*1:60 wi Inwaringn 2 A%t insevivsinaueulnlviuiiodensnaruiivnzay
2. nsannarsaanuasan Tnovualaduasen uaudiuennindeiniosrutwaldly avldansania
wasenddy ntuthansanaluvilrduduauiiuinamesudefiavaretild 25 Brix
3. mataasdaniune lnedalumeduiudng undeniesuasedn uennndeiniesautwald
Igansaralumediden fusnamewdsitazanstiléuszann 5 Brix
4. pMsAnwan e vanzanlunsiutswuuudes Tngldansatnande 1-3 dl

4.1 ihasaianauuealanndniu 20% w/w dildviuisuunudeslagldaungiauioudy
140 180 ° thwedflldunAnszieudu e aw %yield frd Ymiamesdsiiaraneiile f1 pH A1
azane wazUSinaumsdAny wddengumniivanza

4.2 FnwUSunamealadingviufivanya Inowauasadaiuuealaing 10 20 wag 30% w/w
iluviuiauvunudeslngldgumgifivmzanain 4.1 tnedildluinmeinnuidu d aw %yield
Usnameadaitazanenile en pH AIN1sazay wazUiunmuansdrngy
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5. m3Uszendldanslunanfausiomns lns 1) Uszgndlddnsmnaensdaydulunaniasiead Tasusu
mﬂqmwa?ﬂ'ﬂsm%au (wsfiua, 2545) 198k 0.0 0.5 1.0 1.5 2.0 way 2.5% laguwein 2) Uszenalddns
Mnuasoylundnfusioad lnsfuangnseadduissanauuasen (wsiua, 2545) 1480e 0.0 05 1.0
1.5 uay 2.0% lnemiin wag 3) Ansanluelundndariesudmen Inelddne 0.0 0.5 1.0 1.5 2.0 waw
2.5% Tngvhuein a1ntutwandasiuinseiing ApH Usinamewddiazareihld Usunaanséday
uaznagouvnIUszamALalagl38 hedonic scale (7 point) 1w 30 A W@ongmsianga

6. MsAn1@1gn1RAuSnEdne Tneussqans 50 ¢ lugananafnduuuulauazgeezglidouvesd Ju
nan 12 e duifiufiegnamn 2 iew ulinseiamnmeAnd autu 1 aw Annsazate Usuna
voaudeftazaneiiild A pH wazamNNALRALYEE

7. AMUIAUNUNITHER

mevaaasil 1.4 msndnlalasreanssdnsanlugundddiduansidanunsitlundasudionms

1. msanalalnsroaasesainlugiung Tneilugunadududng diluduneaduemusadudu 95%
U313 2 whwosimiinlugiuns Ienudeud 70 °C mudiunauiindasi$a.400 rom 45 undi 91niiy
Juwsneniusasen ladiuvewieiiliazarsluseaneased (alcoholinsoluble solid, AlS) §uyly
afadaEung 70 uay 80 °C Fasrdau AIS: 11 Wiy 1:20 way 1:25warlunnsatia 60 war 90 wadt 1
ansfiatalaludumiod 9500 rpm 40 wiit 25 °C andwihdlaluvlrdudulivdousinnsasmils
udtluanaznoumslonIuea 95% Usuns 3 wirvesdsuanTansana 24 su. dnzneuluviunieeae
1384 Freez Dryer udthrsansainluualiazidesvdldansanalalasroaasssainlugiung w1 % Yield
2. Anszinuanifvasansanalalasnaansgnainlugiung el Ustnasmuduna3s AOAC (2005)
USnaniarauanaiSues Dubois et-al. (1956) USnaunsnglsiinmuis Melton and Smith (2001)
wagAdENIaluNTAUeYYadasy 1035 ABTS radical scavenging activity

3. AnwauaudAdaiiivasarsadalalnsaeaasssainlubiune fill anaudiduaumia A
uwdausweaaa lnefinnsaniatfefidnaneades fe arududuvesasadalalasnoaassdanlugiung
Tufounaslss wazanududureniing

4. Fnwlaseadsvasdrsanatalnsneasaadainlugiune Tnglnseidiendes FT-R

5. msUssyndldiansannlalasnoaasesainlugunslundadaeionns fil 1) 1duasliauah
lundnduggeanin lasinaisanin 0 0.5 1.0 ua 1.5% Wisuliiguiunisi@ulaunnudy 0.5 1.0 uag
1.5% wazAuezs10n 0.5 1.0 way 1.5% "3Lﬂiﬂ%‘iﬁﬂMﬂWW‘l/lNC:\JTUﬂ’NNﬂng’JIWEJ’ajﬂﬂﬁLLEJﬂ%u (percent
serum loss, SL) #1135v89 Hardeep et al., (2002) kagAudunilnvaswoann 30 u finanisiiu
$hw 6 Weou waginsigianuaiusatunsiiueyyadaszvesdndue 2) Thduasiauasdaly
Hanfusiomsasudmiudnlugluuy puree Tngifivansann 0 1.5 2.0 uag 2.5% Wisuiiisuiuiiu
WL 1.5 2.0 way 2.5% wariuers1On 1.5 2.0 uay 2.5 Mnduianiswendusazanuduniinues
Fhegnamandnsinn 30 Tu fnaimaiAuinm 6 iWeu uwarinnevinrmansalumsiueyyadass

6. AnTenununsuanlalasreaasnainlugiung

a a (3 a v o o Y &
N1INA[RIN 1.5 mswamLaulsuuusauLauaﬁnwawaa8191611@eqmmwnﬁmmigﬂauﬂzmLwa‘lmﬂu

meat tenderizer

28



1. ﬂnmﬂmamanmmmuJuNawaaalmmnmmﬂss‘ﬂa‘uﬂusﬂi‘umswamLaulsuawiamau lngly
dudzamiuglnaide &esneiansararenasiu ppm mﬂuuLLsmaaﬂuJu 4 du lolurl 9n i wden
mmuaﬂum LagNu ammazmuimﬂmmam Faudazau 1 ke memﬂauwu (4-8 °C) 500 ml Aty
2 wnit ihluSuduihmdeuuennin afndidnads samthdu nsesfetunung deimdnuasfausunns
‘imiwﬁﬂmﬁmﬁammﬁﬁy’u Igun Aveudsiiazansld A1 pH Ysunadusiudieidiania (AOAC 981.10,
2016) a13fivANA1N1INITINYAT AsrarevAansTueulsiuseiinuvasiiAu lngUsudsaisann
Ketnawa (2009) Amdendruvesdutzsniilvinuautfuazafanssuouleiifianlunaaadutusely
2. Anwnanziimanzauluataeulvsiuseiiau

2.1 gaungiifingaslunisitiu lnethawiidadenldainds 11 1 kg wiutindu 500 ml Uy
ERITHTRRITHI fatl 1) YagRuutidu 0 °C namtiuds (0-2 °0) 2) TanAvunifu 4 °C nautiudu (52 °0)
3) w3sudagAudl RT Adudaeundl RT (30£2 °0) 4) w3eutngAudl RT iiatigu Uslld 3542 °C
5) wieningAud RT Wistgu Uslildgangdi 452 °C yadeitu 2 undl ilududmennin Faiwin
foines uarliesgvinmautiidunude 1

2.2 swornadinglunisity neldingAu 1 kg Wanindu 500 mtvurieusuguminais
fidenldainde 2.1 amifuii fedl ity #du 1 2 3 4w dldEUTennn Faduiin Tausanes
uardiasevinuandithdunude 1

2.3 anaznaulusiudeiomuen Taethaudlainliluataatin 4 < 2 4. WolFueuds
flsiazangtmnaznou Suedndlasen Wuemusainsaewsdudn (0 °C) Samdiu 26:74 vA Ui
W57 4 °C 30 60 90 way 120 Wit Y1luduwiegadt 10,000 rpm 15 Wi Aelagungll 4 °C uaiTu
wenasazatseenIuaengnaulUsiufifurn Wvasazateveamatumes pH 7.0 9m51du 1:15
/v titearanemzneulusiuild udlinsinnautivesansadanude 1
3, AnwmsvineulusindaedSnsiatuuindiBonuds Tnodadudiudulyse 1 kg AU 1 unil uds
ilududumfenusnnin dithduluiwmesiauantinude 1 uasilvadaeulsivsefiaulae
Wsanezneulusiumeemuea WWuma 1 v, aude 2.3 wdnhlusfuldwisuuugidonuds
4. Anwmsuszgndldioulssifiadaldlundasusidmiunindedas vieuledusefiaumsnaamdy
goaviinilovygnaanny taelddevyduuoniulifiouin 1x2 in? 0.5 cm. 500 g i1 15 g Wi
waoulwsl 0 0.1 03.uar 0.5 Tngtmiinidonyan agniadlidniu Wedosssadug fil diduves
21.25 ¢ #3717 10 ¢ thmanse 12.5 ¢ \nde 0.36 ¢ Winlve 0.5 ¢ utlednalng 4 ¢ waRdlaak 1.65 ¢
thudn 15 g wagiifun 9.5 ¢ agniedilmdriudnass winelia RT 30 wift dilushldanlaeainty
thauidionuu 1wt sinliazdaih tiwidolunaseuidodudialng texture analyzer uaznamouNIg
Uszamduiaiuguslnalagds hedonic scale (7 point) 91438 30 AL

= a a d v a ~ ¢ v a
N15NARB9N 1.6 NMSHAANANAIUIAUNIIINANFTAIAIINGTTUUA
1. w3gaasanaanUaendenn (AnuUasisveslszasAuasany (2552) wag Kusmayadi et al. (2018))
lngdnudeniannauuieil 60 °C KUUFUUN WUURI Lazldandananemianisa wudlumeleniues

1%
v o

WUTU 95% BRIIEIU 1:6 WiV 48 Y. NTDLATANAYIDNASI Unduvanralluseemvinazaleaani
60 °C AWINUSINENSANAVIIUT b9
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2. Anszdnmantifvasansaianenu fuil Sinseilassainsdenios FTIR wWisuieufuasnsgu
woar-uslnafiu wagdinsziuiinuansueulnuionunniaisves Aisha et al (2013) #eia3es UV-
VIS Spectrophotometer ﬁwmmﬂ%mmmﬁLLsauImw;l'jwmImai%’amwamﬂﬂﬁ'nxxlmmgm

3. nagauUsEANSAINN1IA1ugAUNTdvasansanina lneds agar disc diffusion lnednuuasisves
fiadunsuazaivan (2561) fall inzidsadouunii3e S. aureus ATCC 6538 Tua s Mueller Hinton
broth (MHB) 5 ml Usil 37 °C 18 %, dndeiildunusuanugulsiiuiinande 1.5x108 cfu/ml lngifiey

U McFarland standard No. 0.5 91ntuiide 100 UL 11 spread plate UWeI1s MHB 11 paper disc
YuadURUgUEnans 6 mm. fuadluasazansvesansada dslsiuis thunnsasuuimiienmsiings
Folduduisufuiinduuazmmiuea dluund 37 °«C 18 wu. unauinmdiuie udrindusii
audnanaadlavasnsduds

4. w3sudud1ugdun3d lasiharsadnanidoninaviailiuinaasadanevuaz Ui
ansddyanniian weeiiusydvsamlunisiuidegdunidafian widuluiidy Pva adu 4% wiv 300
ml iiundigesea 30% mulidndu Alilidu ansataaniudentiinn (udadisvesaiaduazase,
2554) WiUsinaasaaludoiduysuna 0 10,000 30,000 50,000 Wag- 70,000 pprm tnansazateun
wiadlumanozadanuuin 30x30 cm? fidlfemdail RT auliuadefieuausoud 60 °C 24 .

5. nadaumantAvasiludugdund Milfinneilasadmesiiaudeinios FTIR wWisuifisuiy
Hauliivansaiawagansannaniuiondenn Jaanuvu) AId AN A1 aw Nsaranell Mt ves
Tongdeesoontom et al. (2011) AMUAUNTULTIPIVIAUATAITEARIAINUINTFIY ASTM D 882-10

6. nagauUszANS WA IEuRAunIdvasildu Wulieadude 3 TaethilduiwIeulsande 4. vun
uruguinans 6 uu. umsuuRavtemasfiindeideliuds duil 37 °C 18 wu. Suinwalasdung
Ui udeuuaiiSeudr inunduihumusnansdavaamsiiuds

a a a éd A a a 1 o/ = v

N15NAARIN 1.7 MINAANANIININNKENEIANLARINTAMEAD IIN19NISINYAT
1. MskARFNSIANLARINTagWaalIN1INTINEAS

1.1 nswananiiu lagiuinn (black liquor) :nn1saubawaglaaainidentialng wWaendy
WaenyiSeunarAundie fgdisazate KOH windu 18% w/w 300 ml 7 80 °C 4 wy. U5uly pH 1Ju 2
Aea1arae HS0 LUNdU 50% N 1w, 7 55 °C nyeaudiivetulenlaludsieuinau au pH
Wiy 7 dsznauluadnmeezdlaou Tnaniu 1 sy, wadnhluwiesdn 6500 rom 10 uil dinzneulusu
‘NI = o & v A g ¥ a a_ a ! ) wa
#1 80 °C 12 %y. Wonianuadsliniinisinuns 1 ¥ila Alilsuadniuaanluneassie udidnuiauds
Yosdnfunlaieuiuaniiunianisan Al A1d Aty nyieantuvesasnie FTIR AmEwIuauiou
wazganiivean sy DSC MswdsuiUasimingeminuseuvedansmy TGA LavAuuNIINGn

1.2 psudaurluwaglag lneuianmaelinienisinuasvdivung 1-2 17 auluriai 80 °C
24 43, fdosmeasavaly KOH tWudu 18% 300 ml 91 80 °C 4 vy, arudensiinauliazen 1y
A& 8 e a a _a P o oA Ay A o oA o A qydg ¥ oa
dwundudiiluwieudniy vdwdnigenls edndenanmasldnlvusunuwaglaagsluen lag
T8 10 ¢ mearsazarsleifvuladosnaslsiidutu 100% 300 ml 1 80 °C 30 W1 A199BNA2EUN
NAU 5 59U Wi HSO4 lLTU 64% 100 ml 7 80 °C 1 3. haztfisu HySOq Wudu 40% 100 ml a1
FOUN 80 °C B 1 vy, FvialaN RT 24 v, anduduuIngu 10 wveslsuiansn annsalaedumiey
#1 6,500 rpm @1foRlsuInauay pH wirdu 7 Ingldgabeidentiu antuilulaludludg 10 uv
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Anwnaudivesulueagloadls 1un ad arwdu sunounia Snvusvondulede TEM Jnsigh
arunfundnvendulese XRD wariinszisnunsiiuivesiande AFM wasinseidununisside
2. mandauduisudanmlagldunluwagladuazaniuluansiiuus

2.1 nMawsguansvsiudUsva (Finuuadain Tsakama etal. (2010) Ingdanidondud1usnas
suazndluhduaey 5% Fulidusiuwdifusndoniosduiingg Wodudwdnininfindeuna
dhdnsd 1:2 hludusnsnada vhensn 2 ade dnhuteanlddmarainusuusumsidving fu wudh
K 2 Tu 3 drumasds defielid RT 12 v omindis Windewsidiuvowutl ifutidneds nulsidniu s
Blianagnaudl RT 6 9u. ntifis igraunzneuutindudun thleudl 50 °C 24 v thudsldun uas
Aaseiusunueglilaanuisves Santisopasri et al. (1996)) lnainadia HPSEC

2.2 mandausududanin lnoinarsfuuddduiiduanss fd ldfvasfds Wuunly
waglad 12 wag 3% w/w uaniu 1 2 uaz 3% w/w uuilugaglaa 1% wavdnily 1% wuuily
waglad 1% wazanilu 2% Wuwluwaglaa 1% wavanilu 3% Wuuluwaglaa 2% Waganiu 1% Wiunly
waglad 2% wardniu 2% Wuuluwaglaa 2% wazaniiu 3% Wnwilueaglaa 3% anilu 1% wuuily
\wag Lo 3% uazinilu 2% Wanluaglaa 3% wagdniu 3% wiv Lamﬁwaiaa 30% w/w nulagli
mmaaum 75 °C GzJuiiJLLmuWamLauaw 60 °C 4 . nadouawRvesiiay fafl TS, %E, AE, OTR, A1
s1un AL MIazanen dnwaiiuinvestan nsfufidyiloskasiinondiuld wasdununiawae
3. Anendnenmuszanaldiduussyios ImﬂmLaaﬂﬂ/\lamamwﬂmmqummﬂsua 241 1 w38y
Juwesvuia 10x10 cm? Uss9eImswesas 5 ¢ Unnilnfeauideu usnwd RT 3 1feu Wisuiiiou
fuussadneinanisé aniunaaeunnantivemandusineluses Wiud Adeseenled uaziuns
YaafgoanBauluuIIing nFeuInT iU UNITHEAUTI e

mMsvaaesdl 1.8 Mndaildunsrainaansudunsa-ang
1. wssndduAARDS
1.1 wlenddufimnasannudnnanuns 3 v liun nendydu navdeu waznznd Uit lng
afnddunames fall 1) donaendutu afndetilagldsnsdiu 1:40 wiv @ 60 °C 30 Wit wavarn
Feansazaensndndndudu0.15 M Snsnau 1:50 wiv Ianudeuit 60 °C 30 undl aniurile
dudutulaensssmefsinazaiseen (1ssniuagame, 2563) 2) FanuandeunazngvaUding:
wisndainihduiarannisatnge acidified ethanol Inedushegraududlueniusadudu 70%
Sasndan 2:1 wiv ntuUSu pH dae HCLWaudu 1M awwiiy 2 ildwandenil 4 °C 24 . thiludu
Wil 2000 rpm 10 Wi nsewazvlidudutulnesymesvihazateen (Pereira Jr et al, 2015)
AnsziUsinameulnlseniiuimusludfiedd pH differential suiswes Giusti and Wrolstad, 2005
1.2 vegeunsiasunlasduaranunsivesddufnwesile pH Wasy Tnevendludvimesfiden
PH 2479 10 uay 12 Sasdrud-triaes 1.2:100 v ungnswdsuulasdvesarsazats 9nntuiily
usnwnd 4 uag 25 °C unan 6 3u admsiuAsundasdvesasazanenniu (e3wilazany, 2009)
Fadenddufianesanudnnanunseiafiinisiudsuwlawesddaau e pH vesaisazaty
Wasy wagdanuasiivesdinniigalu@nwide
2. wssuiauns1naudunsa-ane (FanUasisvas Ma et al,, 2018) 1ag
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2.1 w3sua1saraty CHNPS Tnamsaulalag1uldudu 0.3% w/v lunsaos@Rnidudy 1% vAv
Auansazany STPP Wudy 1% wiv asluansazanslalaenuu3una 4% vv nuldarsazaieduile
LAEINU

2.2 wasnidunsiatneudunsa-ang lnetdsuinmesfidmdonainds 1 unduluaisazaiy
PVA W1 5% w/v 300 ml U3unes 0 2 4 6 way 8% w/w antiauiiyl CHNPS 91040 2.1 6% w/w i
nALw0T08 30% ww MNTUUTY pH Yesansazae sy 6 e NaoH wudu 1M Jusulasis
Casting falil¥usftonmndivios WisuifisuussavBnmiuiidudldnnasazanefiduliuiu pH
3, nadauUNAFEUUsTANEAMNISAsIaSAnMuTunsa-Asvasildy wazdufindeya feil

3.1 maasuulasdvesildusoasazaredives (Aunduuazanie, 2015 uaz Musa et al,
2020) Tnednfldulidaun 1.5x1. cm? wdaudluriatwiesaisian pH 2-11 Usu1ms 3 ml 10 il

3.2 malasunlasdvesildurolossmevensnesdin lnsthaisazaionsnosd@n 99% 15 ml
Teluran vial Daseeianggnssnansuasiindeiidunsaanemdunsa-ag deieli RT 2 v

3.3 m3asuwlasdvesiiduselosyine NH; (Wannawisan et aly 2019) Tapiansazats NHs
i 0 0.01 0.02 0.04 0.06 0.08 waz 0.1 M 10 ml ldlurumzdsuuIMduEIUAUGNaTa 9 13, Tn
Fern e uRRnTldunsI9 AT unsA-Ag wunn 1x1 cm? Usnalldea wansl3d RT Wunan 0.5 1 1.5
LAy 2 .

3.4 3 WEANINTD 3.1 3.2 WAy 3.3 UNINUULNANAV1LAIAAE L* a* b* viuf Inelideseuli
wiks antusuandn AE ndeutufinnmildy mndudndenfiduiisinnsdsuudaddaeuiione e
alan wagiian AE 11nnn 3.5 lunaaauiundn s
4. nagouAnanlAveiauduRAmas Fail Ammun eudu e aw 919NNl RT way 4 °C
nsazatet TS %E WVTR wag OTR MINNINIZI1U ASTM D3985-05
5. ﬂqsﬂszqﬂﬂ%’?\léummﬁ'ﬂmmu‘flunim—ﬂ'wﬁwﬁmﬁm%mmmizmmé‘lamﬁﬂéw 14 9unainust
amuanvetieUan Tnstieuanssnsaauaiile 200 ¢ U559luNa8d PP A3113 500 ml Unndaenier
PRnTldunsratnmudunsa-A1e BLEASUAARES 0 2 4 6 uaz 8% wun 1.5x1.5 cm? ulurinaes
Fusnwil 4 °C ifunan 8 Fu dudtenaniu Juay 3 ndes tanlinszsinunin il mMawAsuuyag
aunmilauan ldur Snuagatsuenannnisusadugieniuar wieutufinnwee dn pH auisves
Ezati et al. (2019) U%mm%ﬁum%‘&jﬁgmum wagU3u1 Pseudomonas spp. (Kuswandi et al., 2012)
Vsunalulnsiauszmeldstanun (Total volatile nitrogen — Base, TVB-N) #2833a0uiad (Conway
microdiffusion) (Ng, 1987) wazn1siUasuwlasdiiduduimnes Tnatifiduduinmesfinnusas
nasssaznaeInAd wavAmuwiandua AE Wisueuiuildunaunadau

Nan153IeLazanUINeY
= a a = I3 a a Y 3 a
nsneaadd 1.1 nsuanuallodunsnazualsivasansainwinldlunaniusionnisiasy
1. nmsanaaswaUleduainnin
NSOUNINEATN 70 °C 24 w3, WuIwWInuaseuutsiitutnuely 70-75% finnudu 3.0-3.5%
nsannalsuaUleduaInnInTnyiugIunl guiasaen Mo ysan JuA AN.84 LATERAEAY F3Y
uea 95% Leansanmiuresvaitunila duimaung A Figure 1
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Figure 1 Capsaicin extracts (crude extract)
from Chilis

Table 1 Capsaicin and dihydrocapsaicin contents in Chilis

Dihydrocapsaicin content

Treatment Capsaicin content (mg/g)
(mg/g)
Jinda Chilis : ethanol ratio of 1:5 2147.177a 1252.13a
Jinda Chilis : ethanol ratio of 1:7.5 1216.75b 922.96b
Jinda Chilis : ethanol ratio of 1:10 1022.17c 703.56¢
CV (%) 8.62 7.64
Superhot Chilis : ethanol ratio of 1:5 2213.54a 1355.563a
Superhot Chilis : ethanol ratio of 1:7.5 1439.69b 1020.539b
Superhot Chilis : ethanol ratio of 1:10 1059.50c 744.14c
CV (%) 8.55 9.53
Huarua Chilis : ethanol ratio of 1:5 2374.35a 1772.05a
Huarua Chilis : ethanol ratio of 1:7.5 1923.25b 1549.23b
Huarua Chilis : ethanol ratio of 1:10 1769.40c 1174.80c
CV (%) 9.12 7.87
Petdum Chilis : ethanol ratio‘of 1:5 1490.00a 1224.21a
Petdum Chilis : ethanol ratio of 1:7.5 1200.96b 861.17b
Petdum Chilis : ethanol ratio of 1:10 943.96¢ 685.12c
CV (%) 10.51 8.84
Jinda sor kor 84 Chilis: ethanol ratio of 1:5 1431.86a 1191.03a
Jinda sor kor 84 Chilis : ethanol ratio of 1:7.5 987.61b 803.11b
Jinda sor kor 84 Chilis : ethanol ratio of 1:10 714.13c 604.11c
CV (%) 11.78 9.57
Yodson Chilis : ethanol ratio of 1:5 2244.49a 1607.64a
Yodson Chilis : ethanol ratio of 1:7.5 1500.62b 1250.49b
Yodson Chilis : ethanol ratio of 1:10 1373.9c 867.70c
CV (%) 8.07 9.40

Values with the same letter in column are not significantly different (p<0.05)
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Tngwuimsadaninisnndruvemdnusisioionuea 1:10 w/v liuSinuasafaningedian
sesmsnAensanalagldsnsidiunsnuiesiaieniuea 1:7.5 way 1:5 w/v AUa1aU Tngnsniugnasen
Tnaansatngsiian sosaundeninifugoonau Wide Juan Jum An 84 uavyiesaen Wiy
23.60 21.06 20.32 19.05 19.00 waz 17.40 ¢ auadiu ensrvaevarswalleduluasasandnlaonis
AAsIEeae HPLC wulinisanalaglddnsndiunsnuissiooniuea 1:5 w/v lusunaaswaUlsduuas
lalalasunUleBugaiign sesasnfe 1:7.5 uag 1:10 w/v lewIeuifisuiugwiniadnlaglisnsidy
winuisdetenuoawindu nudminiusiiselivinaaisuatlsduazlnlalnsuavledugadian
semunAenIniugeanay guilasaen Iua Inysen ag Jual An.84 auadu (Table 1)

2. mMsafinasualsfiuaenaINnin

n1seUNENARTl 70 °C 24 Y. wuiwinudteuuraitminmely 75-80% TA2uTU 6.0-9.0%
ansaftaualsfiuesdildannindih winuuiusauns uasninuuitusivdes f8nvazuangdu
yasvaladduonuas vouvarladiimasudu wazveunailadindes smudiu (Fisdre 2)

“ % <« 4 Figure 2
] I i i (5 Carotenoid
WgA “ A LARMGL AN

47 extracts (crude
L extract) from

Prik Chee fah Red sweet pepper Yellow sweet pepper Chilis

meleseivinauelsfiussdtamuauasainuausalumsnueyyadaszvesarsataainnin
4 3 wiln fafnlathdunendn didudning sasthifusidn Snsdumindettusinty 1:2 uas
1:2.5 w/v wuhmsiausinahiutgndng dsudning wesiiushidnildlunsadainayiilia
uAlsfiuasdismuauayaudsisalumadueyyadasy iutusgslitoddry (Table 2) Tasnisadia
windreinduimldasataiiivisualsiussdtomnuazanuaunsalunisiueyyadasy geiian
sosasnfeansatandniiliannutduinlng wasiifugninauddy ideifleufuusinuualsiiuesd
samalutsfuszndaadiiudninn wegtitusinm fu asadeninludduis 3 9da nuiansad
winluthiiuita 3 viadiusinauelsiussdiomngendniifuiivds 3 9da wandiifuinthiufivannss
arnualsiiussdntegluninosnunld aenadosiunanisnassues Guadarama-Lezama et al. (2012)
fisrenuinsliifufieiddadunensalutudusgenidatoualsiuasdeananninldunni
ihifufiviifiessusenovvamnsnlududuiasing e suuenin difusidn uashifudninedldads
walsfiussdlunuddoiidnduvosnsaluiududusindu 65 15 wag 13% mud1dy Fawanismaaos
wuasataualsiuosdaniiusinuasituininedivinuualsussdtmungsn iasainan
ihifungnineradesntimauelsiues flasssumpidogluihiusinuasituinineildatng
UTuna 60.21 uag 48.51 mg/L %ﬂgjqﬂ'jﬂuﬁfﬂﬁumw%aﬁﬁﬂ%mm 40.25 mg/L MliuSinauualsiiussa
Fomeiiaredldgandt Ssasataanniniidvunauelsiussitamuauaganuansalunisi
ouyABATEaITgn TeIawNARANTARNIINYENUTUSALAS wazndnyuiusdinaes muadu Tagans
walsfiuesafinuluarsadandnd irfiadadievaiiusidaa Usenaudae capsanthin 29.15 pg/ml
zeaxanthin 4.10 pg/ml beta-cryptoxanthin 3.55 pg/ml Wag beta-carotene 17.20 pug/ml
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Table 2 Total carotenoid content and antioxidant activity of carotenoid extracts

Total carotenoid Antioxidant activity

Treatment
content (mg/L) (Lmol Trolox/ml)

Prik chee fah : coconut oil ratio of 1:2 (w/v) 152.82e 60.15f
Prik chee fah : coconut oil ratio of 1:2.5 (w/v) 185.37c 71.52e
Prik chee fah : corn oil ratio of 1:2 (w/v) 179.63d 76.54d
Prik chee fah : corn oil ratio of 1:2.5 (w/v) 191.12b 84.73c
Prik chee fah : rice bran oil ratio of 1:2 (w/v) 189.20b 89.47b
Prik chee fah : rice bran oil ratio of 1:2.5 (w/v) 229.423 97.62a

CV (%) 20.56 18.65
Red sweet pepper : coconut oil ratio of 1:2 (w/v) 133.67d 52.80d
Red sweet pepper : coconut oil ratio of 1:2.5 (w/v) 154.73c 61.43c
Red sweet pepper : corn oil ratio of 1:2 (w/v) 150.90c 61.40c
Red sweet pepper : corn oil ratio of 1:2.5 (w/v) 174.27b 72.45b
Red sweet pepper : rice bran oil ratio of 1:2 (w/v) 171.97b 70.22b
Red sweet pepper : rice bran oil ratio of 1:2.5 (w/v) 198.78a 87.83a

CV (%) 23.76 26.81

3. 11991 encapsulation d@sanauallvBunazaisannualsivasn
Mnuansafauayledunuimdniugiaienadalagldwinuwiioloniuea 1:5 w/v Ui
arsundledugeiian uasnanisadauelsiiuasdnudmindidatelngundusiinidnmduninse
thifu 1:2.5 wiy fUSnaualsfiuesdvismungsiian SudenarsatauaulefuanniniusiiFeuarans
afnunlsiivessanndndafiaialngannazsang 1y encapsulation Ingldansiadou 2 win Ae
uealyiindvuidudu 35% wagftezdnidudu 35% daduvesasadniildiidnvazidureanardy
niladdu Wovrdadun1vitencapsulation feinsesiuanuudnnunesigungfivndr 170 °C
aaumgiviesn 90 °C agldasannuallsdunazansainualsiivesndunsddu (Figure 3) dnsidauans
afpuadledu asuelsiiuouilazansindeuNoalyindyisu 0.5:10:40 v/v) 19 9%yield gefian (Table 3)

- s

R . Figure 3 capsaicin (A) and carotenoid (B) powder

Table 3 Yield of capsaicin and carotenoid powder

Biopolymer Ratio of capsaicin: carotenoid: biopolymer Yield (%)
Maltodextrin 0.5:10:30 27.32c
05:10:35 29.15b
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0.5:10:40 31.46a
gum Arabic 0.5:10:30 25.64c
0.5:10:35 27.86b
0.5:10:40 28.39a

Values with the same letter in column are not significantly different (p<0.05)

a A

4. nmsussyansanaualledunasualsiivesnndlugesgliiivanesduazualya
Wansainuaulefunazualsfiuesansussylugeesgidounaduaziaya 3 via laun wauea

yiavianeaiundnanlunseaniwuula wuuty wazwalgaviavinanisndnainaglad vuin

v

wadgaLues 0 flvwin & 7.62 ua. AIME1Y 20.00 Y. AIUNLITBIRTILAUTA 0.213 LY. TUINUTIY
ansanaualleBunasualsfiuesdns 500 mg/ualea (Figure 4)

v / Figure 4 Capsaicin and carotenoid

» \ Ay o
J M /n\
v ‘

= "R

powder contain in clear gelatin
capsules (A) Turbid gelatin capsules

(B).and Cellulose capsules (C)

nansAnuUsInaEsuadledunasualsiuvess munlundefusiasatauaylsdunas ualsd
WREAKUURIMULVUTIRLULAYYS 3 vlin nudituwalgalaaiauuuula 1 wavga dusuiaaswadleduy
Taman 525.0 pe/e ansualsiiuessmun 34.12 (/e luwaUgalrafukuugu 1 uauea duTuiaans
wadle@ustonun 5283 pe/s ansualsfiuosgiivun 36.56 ug/s warluuaUgaiwaglaa 1 uadya &
UsnauansuadlaBuianan 526.8 Lig/e drsuAlaniuessmmn 33.73 ug/s waziuSinuanadntesiiio
Audne 6 e 7 RT TnefivnanfushwndulsnaaswaUlsdunas Lmiiﬁuasﬁﬁgwmﬁmiﬂu
mamuwﬂaaaua wassﬂmmwam 3 %ila 13JLLGmGH\‘1ﬂ‘L! (Table 4) muanusalunisazane
AUTY warAn aw vewandaeiUasunUandndes Woifiushw 6 e TnennuauTRvenan fousii
usTgluergiiilluneaduarussqluwadya 3 wiln Fnandushviiuliuansiady (Table 5)

Table 4 Capsaicin andtotal carotenoid content of capsaicin and carotenoid powder in aluminium

foil pouch and contained in capsules in clear glass bottle for 180 days

capsaicin (ug/g)

Dihydrocapsaicin (ug/g)

Total carotenoid (mg/L)

Treatment

0 45 90 135 180 0 45 90 135 180 0 45 90 135 180

day days days days days das days days days days day days days days days

Aluminium 650.24 64834 64733 64592 64440 38745 38636 38581 38521 38358 6575 5953 5316 49.76 4681
foil pouch

Clear gelatin 653.14 65297 65228 649.86 64874 38897 38776 38655 38623 386.12 6823 6278 5773 5353 50.14
capsules

Turbid gelatin 65563 65396 65332 65120 6502 39240 39211 39159 38995 38925 69.12 6345 5982 5824 5532
capsules

Cellulose 654.21 65347 65284 65190  649.8 389.21 38874 38817 38693 38578 6745 6281 5864 5462 5293
capsules
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Table 5 Chemical and physical properties of capsaicin and carotenoid powder in aluminium foil

pouch and contained in capsules in clear glass bottle for 180 days

Moisture content (%) Water activity (aw) Solubility (%)

Treatment 45 90 135 180 0 45 90 135 180 0 45 90 135 180

day days days days days das days days days days day days days days days

Aluminium 649 652 654 658 664 0468 0471 0473 0485 0498 9872 9744 97.12 9633 9578
foil pouch

Clear gelatin 6.48 650 651 656 6.61 0466 0467 0469 0482 0493 9873 98.05 97.3¢ 97.12 96.89
capsules

Turbid gelatin 6.47 650 651 655 659 0464 0468 0470 0480 0487 9875 9820 98.16 9793 97.82
capsules

Cellulose 6.48 651 652 658 6.63 0465 0469 0471 0483 0495 9875 9832 9825 97.02 96.34
capsules

5. fununsnan suvunisuanaisaiauallefulazaisualsiueunng Windu 1.78 Un/g Laghununis

nanansainuallefulazaisualsiusuanaussThukAYgaTuIR500 mg Wiy 1.15 uI/uauga gnni

asanauaUlsBuussaluuaugavuin 450-500 mg MAavieluviosnann Fudisan 4-12 un/uauga

MSMARBST 1.2 NSWAANSUIING TNuvosZive uaziwafuInuzulugUlilas-uiluuauya
1. WIPUADENNTUN

NaN1SANYILEU 2 Wus WU wruRusuliuRiag 100 gn Suhndniads 12.50 kg T

WU 4.62 kg Uazillden 6.45 kg wazurunnusududenuie 100 gn fminiede 6.19 ke T

1zUN 2.20 kg wazdliudon 3.40 kg Imsmamimiafﬂaa‘uﬂimmammwﬂuumvunml@mﬂwumtﬁuwam
wagiusuiuudonuislagiBnislamsvuayldiades HPLC sauvieAn pH luthuzunian ‘WU’J']U’]&IU‘L!’TJ
wHufidnsiiusunadnfind 69.89 me/100 ¢ USunainsa@n3n 7.53% fpulunsanis 2.51 dauth
NzuMLdudUSHNaIMINUY 62.32 mg/100 ¢ HUINUNTATRIN 7.40% A pH 2.27
2. afntnfuneusamswaswARLANUEaNNZUT

nsafnidunenssimeLaznARy NWUINEUINUTL U U TR fUsuhuveusse R
1.06% v/w wagiiUsinauwafiuads 1.59% wiv uzuniiudutiu Susinaiduvenssmeads 0.38%
viw uagilUFaiwaiuade 2.73% wiw tnsuzguniuduiuiing 100 kg Susinahuzunaniads
28.35% n1nuden 51.30% TUSunanisfunensune 1.4-4.9% uaziuSunannaiu 5.56% dnuzu
fuguiiufuiinaugunan 32.11% madon 67.93% lHuSuiathifunenssme 3.63-8.47% uas
USinaunafiu 2.48% fs donRdafUsIeIuTed Terpstra et al. (2002) fAifnwinisafmmafuainiudon
Funavnavasnnudunsalunmsadanafulnenuin nsadameiuanudenduluanied pH 1 a1
%yield imadu 45.5% Tuaniaeiifien pH 1.5 a¢1¥ %yield wafu 22% waznuinarsaeiulunsade
wARuTl %yield g1 Ao thilldinmanduselethwonddondu Fslvinaiu 46.46% luvasiinisaiin
mARunUAendunisliinaiiu 39.08% duewuszneumanivenifuneussnendenuzun
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MNMINATIFBIATEI GC-MS 11Ut uzumiuuiuidnsuazuzuniuduiuiosiussnouiiddnyie
D-Limonene 52.63 wag 48.28% gamma-terpinene 15.42 uae 14.72% beta-pinene 11.68 lLag
10.21% alpha-pinene 9.88 ey 8.54% LLazms?ﬁuq 10.59 uay 18.25%
3. ATIZRRUNTNNARY

HanisanamARuIINUaenuzuIRUgRUIURINs nudndusunannaiu 22.40% AUSu
Methoxy Content 11.80% #A1 Equivalent weight 328.48% WazilA1 Degree of Esterification 56.21
a9 druddenuzunnusuduadamadiule 13.82% fiA1 Equivalent weight 782.19% HU3u1wu
Methoxy Content 12.94% uagilAn Degree of Esterification 76.52
4. nawsutuzunanslaeldiedesiukuuuviudes

NANTWRENTE LN NuThangiafian fo Samdniuzunuealadingiu DE10 Wiy
50:50 Aniufigunadand 150 °C Wururang 45.91% SanuveuuagsaiUisuniiounzunian i
US1naunsavianun 20.58 198¢/100 gUUINY flaautiu 3.129% (Table 6) AMATNNILAYUINITVDY
ULUNIKG 100 g Av TN Y 407.61 Alawnass da1slulamsn 88.95 ¢ le@111s 0.44 ¢ upaldal
61.38 mg luifo 24.78 mg wardniiu 40.54 mg Fsanunsnilundmitedamingld lasluussqlu
yosogiifloumesdndonld ilodurdesiunaziniesusesa Inanzunusianuaza Figure 5

Table 6 Physico-chemical properties of lime powder (Paen Pichit) with different maltodextrin

DE10 content produced by Spray dryer.

Maltodextrin (% of lime powder, w/w)

Properties
30 40 50

Yields (%) 30.51 37.89 45.91
Moisture (%) 3.26 3.71 3.12
Mg total acid /100 g lime powder 10.8 15.96 20.58
" 4 88.94 90.64 91.51

Color a* 1.72 1.73 1.72

b* 13.51 12.97 12.86

Figure 5 Lime powder

5. nMsUssanaldnunanine
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5.1 wansuUsgUiuzumanduuzundouds WWnanduurunindoniuussqlugdnedn
w9 wutanssafiusnwlduuiu Ineusinansedasnseninsmafiuinm 6 ieu fdanaudndes
971 0.89% TuSurdndu 0.70% ludoud 6

5.2 nansWaILgasHanSusilaIosdroafiedlulasuaugainfiug ARLuazihTuvou
sumevosmzu syl fxd
_ ysémenuth Usyneusae 1h ndwesu mady propylene-glycol wazlulasuAUgaInndiug 5-15%

_ p3ulrludenn Usznausie ditusidna/anduasndng adesauedn Wunadeulansenles wiia-
WISUUU 1,3 butylene-glycol, gMS, Abc 45%, Amilite, ﬁmél’uu%qwé waglulasuaugaInniiug 5-15%
- 198819911 Usenauniey lansendefiaLeya gﬂa @ Lauryl glucoside (nonionic surfactant),
Cocamidopropyl betain, Propylene-glycol, Ammodium lauryl sulfate, glydant, triethanolamine
uewazlulasualgaIniiug 5-15%
- L%%M%G\’lﬁu%ﬂﬁﬁ? Usgnaunag ﬁﬂﬂéﬂlﬁ?ﬁﬂé NALweIU cetearyl alcohol, phynoxyethanol way
LulasuaUgadnniiug 5-15% (Figure 6)
- 198310 U% Uszneunie ﬁwné"uu'%qw%‘ weuunuiy linoulansenlan propylene-glycol,
methylparaben lalafies-EDTA waglulasualgainiiug 5-15%
Tnedndudlutuzundqnifueyyadase diffuneussmelianunen vilfuan s
widpadens fnmandivhlifowssamutu nsvandla uasaniy

Figure 6 Cosmetic products

and from lime powder (a)

and Nano-emulsions from

4 @)

lime essential oil (b)

5.3 nan1sassuRans s unludiadu nelduiifunensyine 1000 mg NaufU Tween60
U1 6 8 war 10 ¢ viliiidmin 15 ¢ feeviuea 95% rauiulaeld Hand Homogenizer 15 Wil
sumslenusasenlngliiTesssieasayne agldndndusilvianuveunauuzun wuiidsfadud
Armssalaiuendy denvunnoyniafeiedes DLS nuirddatuiivuineynielude 46.9-47.7 41.7-
44.6 uag 54.2-55.8 1l zeta potential Tuwae 8.29-8.47 10.30-10.57 wag 17.24-18.54 auasu

ANSNAARN 1.3 A1SHANFNIINNUVNAUNUFTUATISHIUNANN UIIDINNT
1. NM3anAE1EIINABNDRYTU
1.1 nanmsfinwgamiinaziiailun1sanaansd wanwes Table 7

Table 7 Anthocyanin content of butterfly pea extract (mg cyanidin-3-glucoside/100 g dry weight basis)

Temperature Timing of extraction (minute)
@) 30 40 50 60 AVG
30 239.36 224.57 218.82 221.87 227.65¢c
40 229.22 232.57 231.26 218.54 227.90c
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50 254.39 257.08 245.04 249.49 251.50ab

60 258.86 253.76 249.71 258.56 255.22a
70 244.51 241.17 250.97 259.99 249.16ab
80 232.19 234.96 23277 242.65 235.64bc
90 240.56 239.56 241.37 238.12 239.90abc
AVG 242.73 240.52 238.56 242.17 241.00

In a column, means followed by a common letter are not significantly different at the 5% level

wuin nanliifinadensade Jadenailumsadafitesiign Ae 30 uni drugumgiiinadenis
aftn Tnansanad 50 60 way 70 °C fuSunameulnlvenfuliwanseiy dWefinsanaiadsvesuiua
woulnlwendi wuindl 60 °C fUSmaueulvlseniuinniian fuuanmefimunzanlumsataasdan
aensautu Ao afndl 60 °C 30 w17l (Table 7) Fagonndasiu Marpaung et al. (2013) fisneeinisadn
ansdnneendydusieansazatensa HCL A pH 4.5 Inslwgmdeniussssaiiogiufiingl 60 °C 30 undi
Huanneiivaneaudmsunsatnansdainaendayiu

1.2 mamsansanududureansadsinfivanzaslunisatnasuweulnlseniu wuin defiuainy
duduresnsndnin ansafaiilddl pH anas msatnanswerulvleenfiuduasazatensndesnidudu 0.20 M
TFusmnaueulnleeniugean wiliuandafunisasadensndsinanududy 0.15 M fuiadenld
asazanenIndnsnidutu 0.15 M Tunsafinaisuaulnleeniu (Table 8)

Table 8 Anthocyanin content of butterfly pea extract in different concentrations of citric acid solution

Anthocyanin content

Concentration of citric solution pH
(mg cyanidin-3-glucoside/100 g dry weight basis)
0.00 M 6.14 220.95bc
0.05 M 2.29 216.36¢
0.10 M 2.14 229.13b
0.15M 2.07 243.56a
0.20 M 2.00 244.67a

In a column, means followed by‘a common letter are not significantly different at the 5% level

1.3 nMsfnwIsnsaduinzaussnianendydunisedvhazateildatna1sd nuinisada
adeit 1 Adnsndau 1:50 lausuaueulnleeniugegn 219.11 mg cyanidin-3-glucoside/100 g (dry
basis) ALy 95% vosUSinameulvleenduviavan (228.75 mg cyanidin-3-glucoside/100 g dry basis)
idlethninunadnefedt 2 wavefedt 3 wuirUSunaeuTvlvenduiildivsuadosunnuasliunnsneiy
Friudadendnsiaiumsada 1:50 wazataios 1 ads Wusnsdufimzanlunisadin
2. msafnasdainuasen wWeduiuaruenmnuasendeirsesrutinalsldasatnunsenddy e
ihluilndudulnenissemeieonayldansatauasendudy fusunamesdiiazaneild 25 *Brix fn
d L* a* uaz b* iU 35.11 13.68 Uaz 6.67 muasu A1 pH 5.93 Usunaualsiiuees 22.00 mg/100 ml
3, prsafaansaainiume Wedulumeliasdoauasuonnindrewrdesauinnalsl agldansanalumes
Bendy fusuiuvewdafiavatotnld 4.9 Brix A1 L* a* way b* wiafu 27.17 2.35 way -2.22
ALEIRU A1 pH WiNAU 5.39 USunamaslsilad 16.37 mg/100 ml
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4. wansAnnanazivunzanlunisyiuiauunuiae

4.1 wansAnwran1zivanzaslunisiuisuuunudssasatanandydu wuindnadivia
whuuniudesdesgamgdauieud 160 °C fanudutosniinisldgungiauioudn 150 way 140 °C
(Table 23) iflasannsldgamgilunsviuisigduasdmadednnnssemedoudigoyniauntu
vlinsemeiatu denalindndneiilautiuanaseg1esinia (Kha et al, 2010) Imaﬂmmwmaﬂﬁmﬁﬁw
whauuuesfegungiausoud 140 150 uaz 160 °C faanmduad Uinavesudeiiazaneuls
A1 pH warUSinameulvleendulndfostu Sansdenanmefimuzaslunsiuiauunules asfileds
Uaanaumsuvesdndaeidundn Wemninadesgmaiuinm deiuanmefivanzau e grunilay
$ouitn 160 °C msfnwUinamealadindviufioangay wuin Ansfinausoalaiindvu 30% darwiu
uazA" aw tioefign (Table 9) Lilpsainnsifisuealadndviuazluivduiifuveudazandiuiu
1 vilnanSusidanutuanas (Kha et al, 2010) upid %yield mnﬁqm"tﬂﬁlﬁmﬁumiwauuaaimﬁﬂéﬁ
vi3u 20% laodAnsfinauuealafindmiu 10% fdduniniinan 20 uay 30% 1ieseinildnd L* desdian
A1 a* uay A1 C* 1Innd fanutiugs fenisazanetiosiian woriivsmnaeulnleiunniian diua
wefinanmealmindniu 30% dusuanoulnlsendudesiian dufunslduealnindniu 209 du
Usinauiimangaslunmsiusiauunulosdrsannaansaydu

Table 9 Quality of butterfly pea powder in different drying temperature (140-160 °C) and quality of
butterfly pea powder in different maltodextrin content (10-30%)
Maltodextrin (%)

Drying temperature (°C)

Qualities
140 150 160 10 20 30
moisture (%) 5.74b 530b 4.80a 8.61c 4.46b 3.25a
water activity 0.253 0.224 0.206 0.302 0.280 0.200
yield (%) 13.88 14.07 15.05 9.63 16.02 16.49
color value L* 47.50 48.14 47.22 44.93 46.32 47.95
a* 15.23 14.96 15.43 16.68 15.67 14.75
b* =3.77 -3.66 -3.47 -2.71 -3.08 -3.22
cx 15.68 15.41 15.81 16.90 15.96 15.10
h* 346.08 346.25 347.33 350.79 348.89 347.71
total soluble solid (°Brix) 10.2 10.3 10.3 10.2 10.3 10.2
pH 2.83 2.83 2.84 2.76 2,77 2.83
water solubility (%) 95.45 96.39 96.43 91.93 97.13 97.19
anthocyanin content 45.553 44.97a 43.98a 71.24a 42.45b 28.30c
(mg cyanidin-3-glucoside/
100 g dry weight basis)

In a row, means followed by a common letter are not significantly different at the 5% level
4.2 nMsAnwan1zueeanlun1 U A UUNUN 8 YRIESANALATEN WUITIARINIIUIAS
wuunuNeemegavilansewdn 180 °C danuautesnian lunndsiunisldonmall 160 wag 170 °C
1A aw ndlAgaiuegluyie 0.27-0.28 wazdl %yield agfluyag 12.72-12.87% (Table 10) WA 14%
A A o v I % a v v o S A = ¢ = 1
ANAINNUIEHSTYIWAIL U U UH B Ag g g lauFauldn 160 °C Iusmaualsivesduiniiga
uwansinaiumsldgamail 170 °C luvagndnsivnuismsgumgilauseuti 180 °C dusinaualsiueeioy
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a

fian Sufuanmeflivanzas Ao gumgliaufeuidh 170 °C dutiinamealadindniufivangan wuihdsns
frnauvealafindniu 30% daruduuasUSmaualsiivessdesiian nsiinausoaladndniu 10% I
dundidusiinay 20 uaz 30% VsinavowdsiiaraneiléfialndiAsiuaglurag 8.33-9.33 *Brix A1
pH ogluras 4.99-5.08 Ansfinanuealafndyiu 10% fidnsazartiosiian uiiuiunaualsiuoss
wazANTUINNTian dadutiinamealadindviu 200 Wuuafivngaslumsiuiauurulosdng
NUATON

Table 10 Quality of carrot powder in different drying temperature (160-180 °C) and quality of

carrot powder in different maltodextrin content (10-30%)

N Drying temperature (°C) Maltodextrin (%)
Quialities
160 170 180 10 20 30
moisture (%) 3.19a 3.04a 2.98a 5.24b 3.13a 2.80a
water activity (aw) 0.28 0.28 0.27 0.29 0.28 0.28
yield (%) 12.72 12.87 12.73 8.76 12.64 15.76
color value L* 34.44 34.41 34.84 34.56 34.92 34.87
a* 8.26 8.43 7.41 7.81 7.54 6.83
b* 6.95 7.33 7.04 6.77 7.26 6.94
C* 10.84 11.18 10.23 10.34 10.48 9.74
h* 40.17 41.55 43.74 40.84 44.06 45.55
total soluble solid (°Brix) 9.22 9.24 9.80 8.33 9.33 9.31
pH 5.28 528 5.19 4.99 5.05 5.08
water solubility (%) 77.15 77.84 79.79 70.87 74.63 80.08
total carotenoid 62.23a 61.68a 51.50b 56.75a 43.68b 29.85¢

(ug/g dry weight basis)

In a row, means followed by a‘common letter are not significantly different at the 5% level

43 asenwrantaziivanzanlunsiuiuuuriudesvesasataluine wuidnadiviuis
wuunuHesfeguvniiausoudn 170 °C Sanudutiosdian udliunndrstunisldgungd 160 °C
(Table 11) wonantAnsfvuisfeguugdauseudiia 3 guvgil & wyield A1 aw A1d U3uw
vowudsfiaransiild A pH uazdnsararelndifsstu Tnsdnsdiviuiswuunulesdegangianiou
i 160 °C fUTunaslsiaduniignualiuandsiudnsiiviussiegumngd 150 uag 170 °C Faifu
anmzfmnzaslumsviuauuriues fe guvgliandeulin 160 °C drunsAnuiSinamealafing
yEufl wuihAnsfinauealadindviu 30% daruduliondian (Table 11) InsAnsinaumoaladndviu 10%
fadanIndnsiinas 20 uay 30% wdsldnisazanetiosnin Fednefinanuealaifndniu 10% UTua
Aaelsfladinniian uwildunnsnefuansinausoaladindniu 200 fefuufinamealadindviu 20% Hu
USinauivngasdmiumsiasansniumg

Table 11 Quality of pandan powder in different drying temperature (150-170 °C)

Drying temperature (°C) Maltodextrin (%)

Qualities
150 160 170 10 20 30
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moisture (%) 3.41b 3.24ab 3.10a 5.19¢ 2.93b 1.65 a

water activity 0.27 0.27 0.25 0.32 0.24 0.20
yield (%) 12.56 11.70 12.03 8.90 13.73 16.47
color value L* 43.27 43.46 43.61 41.69 44.16 47.25
a* -1.53 -1.00 -1.02 0.37 -0.82 -2.03
b* 7.90 7.89 8.15 6.70 8.68 10.87
Ccx 8.05 7.97 8.23 6.71 8.72 11.06
h* 100.68 97.35 97.06 86.70 95.48 100.60
total soluble solid (°Brix) 9.49 9.59 9.28 9.12 9.83 10.01
pH 4.53 4.55 4.48 4.26 4.32 4.37
water solubility (%) 82.57 81.31 83.52 68.13 82.87 89.46
total chlorophyll 150.25a 152.46a 137.65a 185.95a « 154.21ab  128.90b

(ug/g dry weight basis)

In a row, means followed by a common letter are not significantly different at the 5% level

PNNTNNRINANANININASaTanenSyTy uasen uarlune Muan1sTiangay Ansiildd
asfUsznaumaniivazansUudousad ansannendyduiligraudy Tusiu aslulawmsa (saule
91119) loo1ms wagluiiu AU 0.66 4.33 2.05 92.53.1.06 uaz 0.43% AINEIRU FNIAINLATEN
87 Audu Wiy ansulewse (aaleemng) loewis waglusiu winfu 2.57 1.64 6.3187.68, 1.68
waz 1.80% mudsu dnsnnlumeiién arnuty Tusiu msiulawse (adleenmns) leems wazluf
WU 1.36 2.64 4.88 90.18 1.83 uaz 1.14% aauadiu Wnednwis 3 ofia fusunaansuudou toun
asvyuarazi eglunasiumsgudulumsdiorimnaunmsomasgudsivasaialidaindiu
veufiynIednd An dUSuiaatsvy Liiw2 me/kg wazUsuraunsda Ty 1 meske (@1neu
AMEATIUNITOIMISHAYE, 1.U.4.)

5. nsussendlddndlundndnueionis

5.1 m3Uszgndldansannnensyiulundnfasioad wuineadiidnuass Figure 7 lneilodns
innTuiinavilien pHaedgadanas esnludndinsndnsnidudiuszneumszatiangensndndn
nAnfusneaailddnmanSainsndnindudnuusynevinniy dafundnsasioadildang 2.5% Sadld
pH shitan ueld fuleadfiladng 1.5 wag 2.0% uonaindnislddnaTummniuilieadifdude
TneAd L* uaz b*drnanas Tuaisitend a* uay C* faniindu dmsuid h* nuimdnsausiead fild
e 1.0-2.5% fianandlduandiety diuvsuiaueuinlesniiu arsuszneviiuedniaiunuas
avuanansalumssnueyyadasrreaeadiiladnai 5 gus Srunndetuiaalilddng uagnslddng
dindurliiadtansddgiistunuiiu Tnowadilddng 2.5% duiinuddyis 3 siinuiniian
(Table 12) namsnaasuyaUsTamdnda nuiguslaelyiniseensuleaalddnsnnninillddng lne
waditladng 2.5% Tezuuunnurougsiian il fundu savd eduda wazanuveulneiu iy
5.2 5.43 4.50 WAy 537 AzuUY ArtugnaieaaTnandns 2.5% Judugnsiivmnzan
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Figure 7 Jelly product in different butterfly pea powder 0.0, 0.5, 1.0, 1.5, 2.0, 2.5%)

Table 12 Quality of jelly in different butterfly pea powder (0.0-2.5%)

Butterfly pea powder (%)

Qualities
0.0 0.5 1.0 1.5 2.0 2.5
total soluble solid (°Brix) 29.83 29.97 30.13 30.73 29.83 29.67
pH 7.61d 3.35¢ 3.11b 2.85a 2.76a 2.70a
color value L* 51.13d 43.44c 27.68b 26.89ab 25.99a 25.88a
a* 1.80c 4.46b 5.01a 5.17a 5.19a 5.23a
b* 0.81d -5.57c -6.47b -6.48b -6.29b -8.93a
cx 1.98d 4.59¢ 7.13b 8.14a 8.18a 8.33a
h* 24.27c¢ 300.14b  308.68a .307.69a  308.90a  309.3%9a
anthocyanin content 0.00f 0.28e 0.51d 0.73c 0.96b 1.16a
(mg cyanidin-3-glucoside/100 ¢)
total phenolic compound 3.62f 8.25e 13.95d 18.16¢ 22.90b 26.25a
(mg gAE/100 g)
antioxidant capacity by DPPH 0.32f 3.66e 5.71d 6.77c 8.00b 8.31a

(mg VCEAC/100 g)

In a row, means followed by a common letter are-not significantly different at the 5% level

5.2 wamsUsegndltansanuasenlundniamioad nuieadlidnuads Figure 8 Tnamslda
nanniuiinaviliieaaiiend a< it and b* anas Usinamewditavaneinld wasen pH veawada 5
gns ArlndiAgeiy ddsuiuaisdiny laun Ysuuuwalsiueed asUsznauiiuedniimun waz
Arwannsolumsiueyyadasy Tieadfldduuesendaunnnineadlaladug laoidelddnafiuiy
UsinaasdAnyfiatu s Table 13 namsvagoumatszamdudia nuifuilnalinisseuiuiaailda
w0 ndilailddng Tagloadiilddens 1.0 1.50 wag 2.0% Hazuuumnuveunnsusnnieaddilalddng
ueiloadilddne 1:0% FazuuunnuveumudnuuzUsng & nau savd uazarwweulagsingadign
Wiy 5.80 5.85 5.20 5.70 Waw 5.70 Azwuu AuEIFU FetugasTinandns 1.0% iugesivanzay

Figure 8 Jelly product in different carrot powder 0.0, 0.5, 1.0, 1.5, 2.0%)
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Table 13 Quality of jelly in different carrot powder (0.0-2.0%)

Carrot powder (%)

Quialities
0.0 0.5 1.0 1.5 2.0

total soluble solid (°Brix) 23.32 25.27 25.67 26.05 24.87
pH 3.35 3.43 3.5 3.55 3.61
color value L* 27.76a 28.30b 28.96c 29.34cd 29.60d

a* 4.57a 4.65ab 4.94bc 5.20c 5.64d

b* 6.37a  -0.49b -2.89¢ 206d  -1.29%

c* 7.84a 6.43b 5.72c 5.59¢ 5.80c

h* 305.64a  31633b  329.72c  338.33d  347.33e
total carotenoid (ug / ¢) 0.lle 0.30d 0.44c 0.62d 0.77a
total phenolic compound (ug gAE/ g) 116.25a 116.41a 116.21a 122.243 126.47a

antioxidant capacity by DPPH (ugVCEAC/g) 54.78c 56.79%bc 5612c 59.91ab 61.44a

In a row, means followed by a common letter are not significantly different at the 5% level

5.3 nan1suszandlddansnntuwelundndudasudwganudaasudeniidnuvaeds Fisure 9
TnonslddnsUSunannturiliadudmend dd L* and a* war A1d b* ane tuile fadendudy
USnaansdndy Wud YSuiaeaslsilad Usinaasussneviiuedniemn wavenuanunsalunisinu
oyuadasziiintudiofudnuniunudidu & Table1d mavnaeunmsszamdusia wuinduilnaly
nsvensuaiudenladnmnnninililddn iesmndusindunenveduwe nduvesdnidsdivannau
Ivesdudaven Inoaiudsenilddug 1.5 2.0 uay 2.5% flaguuuniuveuyndiuliiunnsiaiiu usdesy
Favenilddng 2.0% SAvuuuANvaUAIUEA 5.55 AvUUY SR 5.55 AzLL wazAutaulausId 5.50
AT gaTign é’aﬁ?ugmmmém‘%ué’wmwamﬁmmﬂ%Lma 2.0% 1Wugnsiivanzandign
BN —

Figure 9 Custard cream product in different pandan powder 0.0, 0.5, 1.0, 1.5, 2.0, 2.5%)

Table 14 Quality of custard cream in different pandan powder (0.0-2.5%)

Pandan powder (%)

Qualities
0.0 0.5 1.0 1.5 2.0 2.5
total soluble solid (°Brix) 40.47 42.37 379 43.43 38.62 43.93
pH 7.22 7.32 7.31 7.22 7.24 7.1
color value L* 44.29d 40.70c 40.70c 379 b 37.54b 34.95a
a® 0.37d -1.04c -1.61b -2.12a -2.09a -2.05a
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b
c*
h*

total chlorophyll (ug/ ¢)

total phenolic compound

(ug gAE/Q)

antioxidant capacity by DPPH
(ug VCEAC/g)

8.94d
8.95cd
87.59d

1.5%
84.21c

16.10e

8.46¢ 8.7cd 7.85b
8.53bc 9.03d 8.12b
96.98c¢ 103.50b 103.55b
2.95de 5.85cd 7.70c
95.60bc  104.39abc  103.26abc
20.64de 24.34cd 30.17bc

8.00b
8.26b
104.89a
11.41b
116.77ab

37.05ab

6.69a

6.88a
104.39a

14.72a
125.67a

44.17a

In a row, means followed by a common letter are not significantly different at the 5% level

6. M3fnw1@18nsAUSnEEN Wuaan 12 Whau
6.1 gNsNUNANIINAENdY Y wuindnslidnuads Figure 10 lngnasnangn1sinusng

Ad L* Sunlduanas A1 AE Tnsinsenineiieg i uing19unsgu 1n1snusne 2-6ieeu dante

N11 2.3 WARIINANEURIANININSIAUSNY 2-6 oy llunna1siueAIAYesdrs AU oL AUSN YA 8

Wouduly wuln AE ZA111nn31 2.3 kangindvesdnaiadwnnenaiuaAldvesdnasudy 1eeainminan

AE 2 2.3 u@ne11i19e19launnni1aiufieg1wnnsgu (Sharma, 2003) N5 AUSNYIARIUILTUYN

Tiauduuazan aw Wity newdloiusnw 12 weu @l aw Wigvudu 0.372 widtegluinaeives

HANAINDIMNTWAS FadoellAn aw AN 0.6 (USeuavandie, 2546) AIn1sazanekasUsuinaean Ay

oA USinaweulnleeniiu a1suseneviiuednvimuaiazaiidaiunsalunmsiueyyadaseiinianas
AN URAUNTEVDIENIN 0-12 LRow aglunueiunsgd (Table 15)

Table 15 Quality of butterfly pea powder was kept at ambient temperature for 12 months

Shelf life (month)

Quialities
0 2 4 6 8 10 12
color value L* 5736 5722 5584  56.28 54.49 5461 5239
a* 1602 1607 1645 1492 16.01 1603 1597
b* 269 267 23 1.15 1.99 2.11 1.82
AE 0 0.15 1.63 2.18 2.95 2.81 5.05
moisture content (%) 4.31a 4.66ab  5.02bc 5.16¢ 5.29cd 5.61d 6.71e
water activity 0.255a  0.292ab  0.260a  0.305abc  0.315bc  0.353cd  0.372d
water solubility (%) 98.71a 97.73ab 97.16b 9699  96.92b  9556c  93.56d
oH 226a  227a  234b  2.40c 2.42¢ 243c  2.42c
anthocyanin content
- . 40.02a 3539  3459b  32.37c  31.42c  31.19c  28.70d
(mg cyanidin-3-glucoside/100 g)
ol
total phenolic compound 694.32a 64556b 516.22c 491.25cd 461.88de 460.20de  434.24e
(mg gAE/100 g)
antioxidant capacity by DPPH 50 010 211156 206250 19146c  183.30cd  17672de  16634e

(mg VCEAC/100 g)

In a row, means followed by a common letter are not significantly different at the 5% level
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Figure 10 Appearance of butterfly pea powder was kept at ambient temperature for 12 months

2 o = I A Av v o o . 8 A & 2 a

6.2 IYMIAVINWIEANIINUATEN NUNFRINATAN LA Figure 11 Tnanailiu 2-6 LHou &

A1 AE 198071 2.3 Lananiana lukansatUENGSUAY AMUTUVDIANIT 2-6 LHDU kAT AN aw VDIANS
7 2-4 1Hou TANALTULALUILANAIRINARNITUAY weliialAusne 12 1oy A1 awnidiu 0.30 wAnsI9

fuanasusy wideglunugivendn fugiomsuis N13aragvesdnil 2-10 aeu da1anas wely

! a v 1 2 o £ o o § Y a = s a a &
LLAIARINATALIUAU u@ﬂﬁnﬂUﬂqiLﬂ‘Uﬁﬂ@ququmumNa‘i’]'ﬂ%ﬂill']m%ﬂiimu@ﬂﬂ @15U2NaUNUBANYINUA

LaYANANNTANIIUDYLADATTANSY ANNINATUAUVEIVRIERDEIaNSAUSIY 0-12 WWou o

lunauiunnsgiu (Table 16)

Figure 11 Appearance of carrot powder was kept at ambient temperature for 12 months

Table 16 Quality of carrot powder was kept at ambient temperature for 12 months

Shelf life (month)

Qualities
0 2 4 6 8 10 12

color value L* 52.44 52.33 53.1 52.74 53.14 533 53.61

a* 8.52 7.74 7.38 6.82 6.82 6.5 5.62

b* 11.97 13.11 12.52 12.47 13.79 12.84 14.01

AE 0 1.39 1.43 1.80 2.59 2.36 3.73
moisture content (%) 1.65a 1.76a 2.01a 1.96a 2.42b 2.88c 3.10c
water activity 0.27a 0.28ab 0.27a 0.29b 0.31c 0.30c 0.30c
water solubility (%) 84.51a 83.53a 81.65ab 82.87a 80.6lab  81.62ab  78.3db
pH 5.31ab 5.33b 5.32ab 53ab 5.28ab 5.22a 5.28ab
total carotenoid (mg /100 g) 8.98a 8.60ab 8.30bc 8.34bc 8.11c 7.36d 7.51d
total phenolic compound 180.30a 168.26ab 162.13bc  152.66bcd  150.72cd 147.43cd  139.88d
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(mg gAE/100 )
antioxidant capacity by DPPH  67.8dab  71.020a 64.08b 57.08c 53.53¢ 45.46d 42.35d
(mg VCEAC/100 g)

In a row, means followed by a common letter are not significantly different at the 5% level

6.3 019 afunudnsaniume wuindnsiliTdnuasdaniw Figure 12 Tagd1 AE naen 12
o fuvaltidiutu usliifu 2.30 uansiAadinsdsuuuaudliunndefuanaiui auduves
Ansfl 2-12 1oy Senfiutuuanasandnadudy A aw vesdrefiongninfuinw 0-12 ou Senlal
uansau Msazaneesined 2-8 iWou dananas udliumndrsandGusiu venanideifiusnuu
Juusinunaelsiiad asUssnoviluednimunuazeuanansolunsiueyyedasA1anas warAmnIn
suqduvissvesEnaiiongnsiuinw 0-12 e eglunasiannsgiu (Table 17)

Figure 12 Appearance of pandan powder was kept.at ambient temperature for 12 months

Table 17 Quality of pandan powder was kept at ambient temperature for 12 months

Shelf life (month)

Qualities
0 2 q 6 8 10 12

color value L* 52.43 52.11 52.53 5291 53 53.13 53.3

ar -5.54 -5.31 -5.12 -4.99 -4.62 -4.4 -4.33

b* 12.67 12.65 12.68 12.15 11.74 11.2 10.98

AE 0 0.39 0.43 0.9 1.43 1.99 2.25
moisture content (%) 1.18a 1.71bc  1.71bc 1.50b 2.17de  1.96cd 2.40e
water activity 0.20a 0.22a 0.24a 0.22a 0.21a 0.22a 0.23a
water solubility (%) 91.88a 87.53ab 88.08ab  87.30ab  83.46abc 80.00bc  75.24c
pH 4.61a 4.61a 4.57bc 4.59% 4.56¢ 4.58bc 4.53d
total chlorophyll (mg /100 g) 103.63a  98.63b  9591c 92.54d 93.01d 89.04de 83.00f
total phenolic compound 340.91a 316.54b 291.73c  279.56d  226.21e  174.16f 171.03f
(mg gAE/100 g)

antioxidant capacity by DPPH ~ 74.07a  74.37a  60.48b 72.90a 58.94b 57.10b  43.25c
(mg VCEAC/100 g)
In a row, means followed by a common letter are not significantly different at the 5% level

[

7. MISAMUIUAUNUNITNAATNS Al Anganeendududsunn 1.25 kg HauvuUnIsHan 680 UM 3l
AONSaYFUUIAT 1 kg 400 UM NSATAIN 1.5 kg 105 UM NealeAndv3u 2.5 kg 175 UM Ewsa1nuasen
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USuay 1.25 kg HAUNUAITHER 1,675 U™ el uAsan 60 ke 1,500 U uoalaindnsy 2.5 kg 175
U Aneantumeusunn 1.25 kg ddunun1snGs 1,175 um &ail Tuwme 40 kg 1,000 U Uaalalang
¥13u 2.5 kg 175 U1 Feduyunsnandnamnaddldrudmdsmudomasiliflunszuunsnie
mavaaasii 1.4 mswdnlalasreaassdrennlugiundddiduasidanunsialundasuaionns
1. msanalalnsreaassdanlugiuns Tneulugrunaduiudng wazdlaiadeenueadudy
95% 2¢lgvediiliaransluneanased (AIS) (Fisure 13) anntuadin AIS fheth wuinilogumgiiuay
nanlunsafnintuiinariild wyield voslalnsaeaasedanlugiunaiiniulneanneilmunyaues
Ansafe Ao 80 °C 90 W1l SnsdIu AU 1:20 thansadnlussmetiesn wdhlunnnzneugie
omueadiudy 95% axldansaninge Fieure 14 9niuildyiudedenissiutuuuudidenuds 16
lelnsnoaasedainlugiung 5.45% Sdnvasdunsdm (Fisure 15) finnudy 7.32% (Table 18)
dew3sudisunisatinlalasreaasesannlugnunswesinsuazane (2550) adadeing 85 °C
180 w#l 8nsdu 1:5 nuinldlelasmeaaserainlugiung 4.51% uansliiiuiinnsdnalelnsnoaassn
mnlugnlaganzananddeily seyield snnnda

Figure 13 Alcohol-insoluble solid (AIS) of Yanang leaves extract

Figure 14 Yanang leaves extracted after filtrate from ethanol

Table 18 Yield of hydrocolloids extracts from Yanang leaves with different extraction conditions.

Extraction conditions

° Ratio of alcohol-insoluble Time Yield (%)
Temperature ("c) solid : water (w/v) (minute)
70 1:20 60 3.52f
70 1:20 90 3.84e
70 1:25 60 3.06h
70 1:25 90 3.37¢
80 1.20 60 5.12b
80 1:20 90 5.45a
80 1:25 60 4.25d
80 1:25 90 4.63c

Note *f Values with the same letter in column are not significantly different (p<0.05)
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Figure 15 Yanang leaves Hydrocolloids

2. M3dmszinuautanuaiivasaisanalalasaeaasenainlugune nuinaisaialalasnoasesn
nlughunsiinnutiu 7.32% SuTunsnglsie 11.47% wagdiviinaniaiomn 55.68% IndiAes
fulsuaunansiiiiusinaunsaglsiaUsaia 8.7-12.8% warUsuiaminianaanysanal 60-80%
Tneusinmnsnglsiauarudinamanamuavesansadalelnsneaassdainlugiunsuaslouaunis
mMsf wanssfudntdesiiesainunasuesingiivuandeiu anuamisalunisiiueyyadase IC50
wazUIunuansfiuednimunvesansainlalasneanessar nlugrunsannadadi 15% wirdu 12.63
(mg/ml) wag 1.42 (mg GAE/100 ml)

3. MidnwguantAaBwdiivesarsadalalasaeaassdanlugiuig wuiideanududuvesans
afofinduain 0.5 10 1.0 15 wag 2.0% Aanuniiouasauuiuswenaaiutuunnsisiusgnad
Hodfgy fall Armudunila Wiy 9.1d 14.7¢ 18.6b waz 22.7a cPs MUY AL wsIwaea
Wiifu 0.054d 0.085¢ 0.124b waz 0.187a N mud iy ifesnifleanududuvesansadaiiud il
lelasnoaaesdannsndufuilduiniu Vsinasihdassdsanasdssaliamumiauazanuudaussveaa
ity Grsuazang, 2550) dunaiiutina sucrese dwalvimauniianazanuudusivean
dintudesainiiaaaunsadusuinasidliviinaddaszanasisdmalidauniawasay
whawssvonaaifisdu il Wothaa suctese WnTuatn 0 18y 10 20 30 uay 40% w/v AvAImiln
WU 14.7e 16.1d 17.8c 19.2b W@z 21.3a cPs AIUEIAU AIAIULTILITIVOLAE WIIAY 0.085e
0.097d 0.132c 0.156b uaz 0.479a N ®IuawU drunisiiiu NaCl danalirinuniiauasaauudus
voaaanas Fuininleseu Na® ldugsdufuivhlianysingnisaifiGent salting out wieenaiin
9nnsitlessu Na* iinmswdniuvessaiuestadunailimumiauazanuudisivesananas
(Whistler and Bemiller, 1993) w9l 1l NaClifinaiuain 0 Wy 1.0 3.0 5.0 way 7.0% w/w A1AA
wiln M1 14.78 13.4b.12.3¢ 11.5d Uag 10.2e cPs MIUAIAU AIAIINLTILTIVOILAA 1A 0.085a
0.075b 0.063c 0.051d uag 0.04de N AAINU

4. miAnulassairsvasansannlalasaeasasdainlugiune felnies FT-R Wisuifsuiuleuaums
13 (lewauarnduga) nuinlassadavesansadaii 2 wia fesdusznaundnmioutu Ao thnia
lalsa Tngnufiadidumistndifsatu 5 dumis Ioua myileddu C-O fimaenindutag 1039.65 (Table
19) Fausuanienusy B (1—>3) linkage waz B (1—>4) linkage JauszAinaInseiulnssas1anes
”LGULLaumqmimwmImqaiNLﬂummaisﬂsaLsziamaﬂumawuﬁv B (1—>3) lmkage 5H B(l—)4)
linkage wagifiafidumidlndidssiuiidulassadrsvosindugaailsd liun fnfivasnaueindu
3363.86 ™ Faluiusy O-H vowylansenda vsvenisiustlnaladdndaduiusslasiaiianand]
voslndueanlsn wavdiilaseasavemyguiia (C-H) 939 2891.3 cm™ \Jussdusenaumie wandliiy
Tansainlalasreaassdaintugruisinasiduaisloway dlassadmaadiduasnguindusnailsg
uardthenalelsaduesdsznou
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Table 19 FTIR wave number and functional groups of hydrocolloids extracts from Yanang

leaves and xylan

Wave number (cm™)

Functional groups

Hydrocolloids extracts from Yanang leaves xylan
O-H Stretching 3363.86 3288.63
C-H Stretching 2891.3 2916.37
C=C Stretching 1598.99 1598.99
CH, Bending 1382.96 1384.89
C-O Stretching 1039.63 1043.49

5. Mmyvszenaldansaninlalasaeaasenainludiundlundnduaianis
nan1stansanalelasaeaassdanlugruraduansliainuasilundadusiveansniay
Handueiemsasudmsunnlugluuy puree Wisuiiisudumsldanslvienuasdaninisdn fe wau
wnuiulariue1s1On wunnsiinlalasaeaasenainlugnung weuununil bagnueysidn 0.5 1.0 uay
1.5% Tugeansn Tanwargeansnss Fisure 16 Tnsmuduninveweansniiiuiunaznisuendu (%
Serum Loss) anad 89 %Serum Loss 9w UsUaNANNAIFTeHAR AN HITgauanswandnsisinanm
Asann lelfiuinw 6 oy waglinnginuantinn 1 ey nuiweaniniifulslnsreaasssainly
grunsuwazansliaunsdimsnisifeududuwirdulsa et unidaanuinlutesuas %Serum
Loss andesluanniSesmudisu fidl seafiiuwsuunuiy voaiiiulelnsaeassssainlugiung uas
goanfuiuezszin lnegeatifulelasroaasasanlugiung 1.5% fanaudunia uaz %Serum Loss
In&Aesfureadiiuueuunuiy 1.0% (Table20) fatuaunsaldlalnsaoaassdainlugiuisiinng
Wutu 1.5% Juanslimnuasilunan sadigeansnld Tnodlefiusne 6 Wweou nuiweaiiulslng
avaanefanlugue 1.5% dranuduninanas 8.21% wazAinisuenduvesmeafiuiu 9.41% Indifes
Fugoansnfifuusuunuiy 0% @nArnnuduniinanas 4.87% wazilAinisuenduvesweaiiug u
5.46% MuaeU uazweansniiulelnsaeasssnanluguisauduty 1.5% fanuaunselunis

AueudaBaTY 1C50 Wiy 13.57 mg/ml

Figure 16 Chili sauce with xanthan gum, chili
sauce with gum arabic and chili sauce with
hydrocolloid from Yanang leaves with different
concentration of stabilizer during refrigerated
storage (4+2°C) for 180 days.

nansitansanalalasreaassnaintugrunaduansliaiunsiilundndusormsiasudinsuin
luguuu puree wulmsidulelasaeaaseiainlugiung ueuunuiu wagiuezs1dn Ysuna 0.5 1.0
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waz 1.5% luamsiaiudmiuiniianvazusingas Figure 17 Tnaviliaranudunidavesdnseuai
Findunaz %Serum Loss anas WawIsuiitsuomaadudmivinluguuuy puree ifinlalng
AoARBERANlUE IS Wruumufl uazduesdniiszeznaifving 6 Wou lnoliasziqaandinn 1
Wou nulmdnsasinaulalasroassssainlugiunsazanslianuasiamisnsfianududumiaty
Tauduniadesanuinludesuazan %Serum Loss 13osantesluannauddudsl wansasiiia
wuunuiy ndnsuaiiiulslnsneaasssanlugiung wasndasuanBusuezszdn Inowdnsueionms
wsuidulalnsneansssainlugiunsu3unn 2.0% Sarrnuduniln waz %Serum Loss Tnaids iy
FrogeTiBuuguunuiy 1.5% wasiuiue1sidn 2.5% saunseldlelnsneaasssainlugiunsdiniy
Wty 2.0% Wuanslianuasilundasusiomisasudmsudnle (Table 21) doiusnwnduna 6
Hou wuiomnsiasudmiuindnnuduninanas 7.90% %Serum Loss WiLTY 7.64% WAl
ANHEnsaluNMIFUeYLABaTY IC50 Wiy 24.31 mg/ml

— - -I — ||I |||II|I Figure 17 Baby food puree with Yanang leaves
llll l II I I.'._ hydrocolloid, baby food puree with gum arabic

and baby food puree with xanthan gum with

-m- ml_ different concentration of stabilizer during

refrigerated storage (4+2°C) for 180 days.

6. NM13ATIENAUNUNTSHAR lalasAaaaaaAIINTuEIUe NUTTAUNUAITKER 7,800.46 Um/kg (Ll
muegunsal edesdio wasndsnuidomds) lnefneasdendunuuasingivuaransiadl dail Tuguns
1071 18.35 kg 3107 1,101 YAN-LONIUDA 95% $1uU 36.70 BN 51A1 5064.60 UMW 11 297.25 A3
31A1 1,634.86 S?fﬁﬂmqqﬂ’jﬁlsejLLaumNmiﬁ’]ﬁﬁﬁm 3000 - 3500 U1n/kg
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Table 20 Serum Loss and consistency of chili sauce with yanang leaves hydrocolloid, chili sauce with xanthan gum and chili sauce with gum arabic

with different concentration of stabilizer during refrigerated storage (4+2°C) for 180 days.

Sample Serum Loss (% w/w) Consistency (g)

Day 0 30 60 90 120 150 180 0 30 60 90 120 150 180
control 71.15a 73.54a  75.65a 77.43a 80.3da 82.54a 84.73a 5974.21¢ 5869.39¢ 5722.75¢ 5693.59¢ 5612.17¢ 5592.28¢ 5514.73¢
0.5 % Yanang leaves hydrocolloid 16.71e 20.48e  22.62e 26.8de  30.33e  33.64e  35.87d  12680.53d 12343.80d 11954.82d 11387.94d 10649.41d 10175.76d 9863.75e
1.0 % Yanang leaves hydrocolloid 7.63¢ 8.45¢ 9.21g 10.68¢ 12.77g 13.48¢ 14.36f 14954.51c 14683.92c 14469.25c 14325.83c 14021.49c 13943.36¢ 13782.84d
1.5 % Yanang leaves hydrocolloid 5.82h 5.91h 5.96h 6.17h 6.21h 6.29h 6.36¢ 16843.94b 16639.02b 16583.58b 16253.20b 15975.51b 15784.32b 15461.06c
0.5 % Xanthan gum 9.73f 10.94f 11.29f 11.82f 13.64f 14.58f  15.73e 14296.29c 14138.29c 14056.39c 13904.58c 13864.62c 13254.41c 13092.43d
1.0 % Xanthan gum 5.02h 5.09h 5.14h 5.18i 5.21i 5.26i 5.29h 17054.82b 16953.65b 16753.32b 16582.65b 16490.82b 16332.84b 16224.25b
1.5 % Xanthan gum 3.64i 3.86i 3.92i 4.18j 4.32j 4.39j 4.49i 18384.63a 18293.59a 18201.03a 18143.54a 18033.29a 17984.73a 17850.38a
0.5 % gum arabic 50.78b 58.70b  60.48b  62.87b  67.3db. 68.12b.  69.65b 8485.79f 8068.18f 7893.48f 7781.23f 7626.22f 7542.34f 7386.39f
1.0 % gum arabic 39.75c 43.65c  45.68c  46.31c  46.87¢c . 47.51c  48.32c 10539.48e 10187.47e 9982.65e 9759.36e 9606.2%e 9518.48e 9469.93e
1.5 % gum arabic 29.68d 32.17d  3296d  3318d  34.05d" 34.83d 35.16d  12407.45d 12039.68d 11805.9d 11286.5d 10974.5d 10583.42d 10253.87e

Note *’ Values with the same letter in column are not significantly. different (p<0.05)

53



Table 21 Serum Loss and consistency of baby food puree with yanang leaves hydrocolloid, baby food puree with xanthan gum and baby food

puree with gum arabic with different concentration of stabilizer during refrigerated storage (4+2°C) for 180 days.

Serum Loss (% w/w)

Consistency (g)

Sample
0 30 60 90 120 150 180 0 30 60 90 120 150 180
control 22.45a 29.25a 34.25a 36.3da 38.37a 39.26a 39.85a  2757.67i 2596.25h 2482.63i 2374.86i 2296.48i 2209.56h  2125.56j
1.5 % Yanang leaves hydrocolloid  16.84c  21.43c  23.73c 26.55c 28.38c  29.57c 30.12c  3945.49¢ 3831.46f  3772.48¢  3694.48¢  3623.39¢g 3584.32f  3475.53h
2.0 % Yanang leaves hydrocolloid — 6.15f 6.29f 6.47f 6.51f 6.54f 6.59f  6.62e 5748.92d  5686.54d 5595.46d  5543.10d  5496.49d  5362.01d  5294.57e
2.5 % Yanang leaves hydrocolloid  3.65¢ 3.76¢ 3.82¢ 3.88¢ 391¢ 3.96¢ 399f . 6357.93c  6296.53c  6132.07c  6107.59c  6083.52c  6048.65c  6011.39¢
1.5 % Xanthan gum 6.03f 6.08f 6.14f 6.22f 6.27f 6.35f  6.40e  5984.72d  591856d 5849.42d  5811.74d  5792.58d 5729.36d  5704.48d
2.0 % Xanthan gum 3.64¢g 3.69¢ 3.75¢ 3.79¢ 3.83¢ 3.89¢ 392f  7820.27b  7784.58b  7725.43b  7688.53b  7649.43b  7637.86b  7612.65b
2.5 % Xanthan gum 1.38h 1.41h  144h  1.49h . 1.51h. 1.57h 1.6g 9717.59a  9695.57a  9660.56a  9632.68a  9614.68a  9592.65a  9524.86a
1.5 % gum arabic 19.54b 24.37b 28.27b 30.38b 31.48b 33.22b 35.63b 3157.93h  3042.47g 2956.25h  2914.67h  2864.57Th  2815.36¢ 2773.69i
2.0 % gum arabic 12.63d 17.82d 20.46d 24.38d 26.59d 27.35d 29.21c  4232.32f 4127.49f  4089.53f  4015.69f 3986.45f  3905.84f  3884.73¢g
2.5 % gum arabic 8.3%e 9.12e 9.24e 9.35e  10.46e 12.64e 14.37d 4931.86e  4895.38e  4853.48e  481236e  4793.57e  4775.49e  4716.39f

Note *' Values with the same letter in column are not significantly different (p<0.05)
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meat tenderizer

1. nsAnwpuautivesingaviidunanassldainnisuussuduizsaluniswdaeulesiuseiiay
Tnefnuduuzsaiustinnide wuirdudzen 1 na Usenoudae 9n wWienfnuledum wnu uasfung
WU 7.76 35.61 9.56 waw 4.66% suay Wethaiusag induimdennennin warinsziansiy
pnEIINIsineas wuiithAuanynanlifinisuuiouesasfivnenisinuaslunguansum ees
nslusleailn oasnlunaeiu warlninsosd lasthdulinmaudids Table 22 fio fAvosudazatet
oglug29 3.3-6.1 *Brix warAn pH agluta 4.39-4.95 Farduandrudenfnidefuniuazunud
‘UimmsumLmaumamaumuum pH AnindugnuariunasesidedAgmaaia lnegnuasfinusa
Avosudsazaneiiuag pH lduandsiy manisnsadevuiualusiu nuiluiduangniviinugs
Ad1duBu WU 8.77 me/e dminan Tnsarudondnilofunn unu wazAauna fusuialusiy
Wiy 4.30, 3.51 waz 4.23 mg/g umiinan mudiu Seldsnaiu thauilaiiaRenssueuluduseiiay
U 139.00 111.36 waw 106.12 CDU/g thwitinan 21n9n wWienfnuideruen uaguntl audisy uslliny
fanssuoulsfluthdudufuna oradlonnndunaduduiigndaonanadurinlifnthduta
pInAMeuenIEIIUEarsostherlheuludres doan iy Taedenssueulaiannidu
dugniiviinasnniigausliuandsandrudienaaitetun et dumeAanssudumiediuans
fepnnuudanivesoulednuiduunuuasiudoninidofunifidAansausunnzgdlivandistufe
30.51 wag 26.14 COU/melusiu TuvagdiarfanssisumazuesqnivinAy 16.13 CDU/melusiu 34
uAnFsaINADsEILfuINn wiidiugnazdaAanssuetluiugsianusnduidfanssudumzes
wansliifuidldananludesudans Snvedaduiuduilifowslon Ssfemmaaeuniuvasndese
fuslnafindu deduiadenimuinsruiunasnaneulevsefiaunndiuudeninitletum fesaind
AnfanssueulsduarAAnsss gy woelufuduilunanassnnnisussludnduiigeae

Table 22 Properties of pineapple fragments as a by-product of its processing in terms of

bromelain extract production.

Fragments of pineapple

Parameters
Crown Peel Core Stem

Proportion (%) 7.76+2.21b 35.61+9.98a 9.56+1.73b 4.66+3.20b
Total soluble solid (Brix) 3.5+0.2c 4.8+0.3b 6.1+0.2a 3.3+0.6¢
pH 4.7+0.05a 4.39+0.12b 4.37+0.09b 4.95+0.11a
Protein content (mg/g fresh weight) 8.77+1.39a 4.30+0.06b 3.51+0.60b 4.23+1.02b
Bromelain activity (CDU/g fresh weight) 139.00+8.85a  111.36+21.41ab  106.12+16.08b ND
Specific activity (CDU/g Protein) 16.13+2.35b 26.14+5.50a 30.51+4.01a -

In a row, means followed by different letter are significantly different (p<0.05) by turkey’s test, ND = Not detectable
2. msAnwanziimsnzadluataeulvsiuseiiau
2.1 mafnwdrvasgaugiiiuangaulunisituludiudulzan
wulsluasiluanafidosdudunsneldgumapiisifiedesiunisidanin annsdng

Y
a

wuIeulgiuseiiiauaIu1savinulaaws 10 °C Taeda1fanssunmbuga 40-60 °C wandliiiudn
wulwlusediauiiiadssnndenisihnulanseunaulugiteumginning nan1sAnwigamgiivansay

Y
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Tunsilududidonfndledumm 5 gumall fie samgfitiadn 0-2 °C gamalisn 5+2 °C gangiivies

302 °C wargunNNge 35+2 way 45+2 °C wu31 WAuiladivsunalusiu Afanssueuledusediay
wazAanssudnwizldunnsiaiy 69 Table 23 e1aisanaineuledusediauiiiaissnmiiiganese
a a Jeu a0 1 o Y a 1 W S Y o= oA v
gauniiee anvisldsveznantunisidulduuililavsunaeuledlduanseiuunn dmudsdenld
n3susAtuiamaiivies Weaanszuiunsfgwenuaznslindtaglidndulunsinyiduneusely

Table 23 Properties of the juice from pineapple peels on an effect of extraction temperatures.

Extraction Protein content Bromelain activity Specific activity
temperature (mg/g fresh weight) (CDU/g fresh weight) (CDU/mg Protein)
0-2 °C 4.02+0.60a 148.95+9.85a 37.36+2.96a
4+2 °C 4.79+0.98a 148.53+4.84a 32.15+8.52a
30+2 °C (Room temp.) 4.51+0.65a 161.04+9.37a 36.13+5.35a
35+2 °C 4.28+0.50a 159.59+3.50a 35.17+1.16a
45+2 °C 4.59+0.91a 165.11+£3.06a 36.81+6.22a

In a column, means followed by different letter are significantly different (p<0.05) by turkey’s test

2.2 msfnwszeznafivanglunsituludiudulssa

dlorndudmiudeniaidlefununftuiuiindudl RT wagnuszeriaa 012 3 uay 4 unil ag
IghAuiifinuautfsuandy Table 24 Fawuidleldnarituumduarlduimalusiugaduaunaly
nshthudl 2 wiitulagldusinalusiudliunndasiy Tugaeiinisitudy 1 wf darRansaaeulsd
asfignuazganinisldftuegedideddny deldnaftiuuniudfanssueulsivsefiauazanas
puddu enaiflesnnanidenalunsituiiuhifuanaveseulsignieulnglufinveasiosun
duisilteuleideussansnmlunmsyinau wennninslifdusasity 1 it wsdidAanssusime
figauazanaudniosnmdify Lilandtsty (p>0.05) uiidlefduutudus 2 unfituly agyiiliien
Aanssusumzanasegaditidinn teswnnfiannesinanldusinadusiuinntuusanfonssuoule
anas Wle3suLioy %yield wesaulusiilitunuuianianasnafnssudumeluduneuidy
fufunstufuuennia Sadenanngnsiduingavdeinduun 1 wit 9 RT dewirluSududndu
anmgimnzan toelihnnnduuying,

Mnmsfinmtastesgnmninaysrezinailumsiduiudmnduussaiivangan wandmifuiing
aﬁ’mLmﬁwﬁgué’mLmL%aﬂaﬁSm'ﬁwaaiaﬂ'%mml,aulezjﬁmaﬁLauLLaﬂUiaumﬂﬂdwmamaaqmmﬁ WWS13ATS
sliwadideifounneenazannsnanudesioulesioanuldunn deaenndosiuaiforesen (2554)

Table 24 Properties of the juice from pineapple peels on an effect of extraction time

Extraction time Protein content Bromelain activity

(CDU/g fresh weight)

Specific activity

(mg/g fresh weight) (CDU/mg Protein)

0 min 2.61+0.35b 151.54+4.22c0 58.67+7.50a
1 min 2.95+0.27b 166.58+3.69a0 56.79+5.73a
2 min 3.88+0.45a 163.71+5.75ab 43.46+2.68b
3 min 3.69+0.35a 154.02+6.81bc 40.60+3.64b
4 min 3.59+0.24a 150.01+7.06c0 41.43+3.75b
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In a column, means followed by different letter are significantly different (p<0.05) by turkey’s test

pA v
v a 1 [

2.3 nsnwrszezadildlunisadaeulesiusefiauaniiduiudiuduzsalnedsnng
annznaulusAuAEENIUDA
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wulwlliansnsnarasegluasararonanils Inedupouddoninneldonmaidifioanmsmudidoves
wulas] (U, 2530) Fandsanifsenusaasiuthaundilusnlaa a oc Lﬁ@iﬁtﬁmmﬂauamgimﬂu
1981 30 60 120 uag 240 W7 wuitansazatemeneulUsAuldiusalusiuuazAAansultunneg
fusthedlfdfi uwidmanomuulsusiuwesAnfanssusmeldiimunnsetu feiudadenldinan
60 Wil iunanfivnzidesanifunaiitesandilsiifanssusumzgs (Table 25)

Table 25 Properties of protein extraction solution on an effect of precipitation time.

L . Protein content Bromelain activity Specific activity
Precipitation time .
(mg/ml) (CDU/m\) (CDU/mg Protein)
030 min 1.40+0.14 201.68+21.27 134.45+£14.18 a
060 min 1.20+0.28 218.97+4.33 156.41+£3.09 a
120 min 1.25+0.21 214.82+6.79 153.44+4.85 b
240 min 1.65+0.07 211.72+£12.71 121.93+8.03 b

In a column, means followed by different letter are significantly different(p<0.05) by turkey’s test
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Figure 18 The bromelain powder produced from this research
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Table 26 Texture profile of pork after marinating with varying amounts of bromelain powder

Enzyme Shear Hardness Springness Adhesiveness  Cohesiveness  Chewiness
powder (%)  Force (N) (N) @) (N)
0.0 26.61c 20.36b 1.44 -0.00116b 0.45 12.81c
0.1 17.68b 15.10a 1.50 -0.00058ab 0.46 10.27b
0.3 14.07a 13.13a 1.51 -0.00069ab 0.45 8.94a
0.5 11.81a 12.13a 1.38 -0.00014a 0.48 7.92a

Means witin same colume followed by different letter are significantly different (p<0.05) by DMRT
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Figure 19 Sensory results of pork after marinating with varying amounts of bromelain powder
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(a)

Figure 20 Appearance of slices of dried mangosteen peel (a) dried mangosteen peel

powder (b) and commercial mangosteen peel powder (c)
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voduwulnu (Netata et al., 2014) (Figure 21)
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Figure 21 Wave number-of FTIR spectra of Qi-mangostin standard (a) crude extract from slices of
dried'mangosteen peel (b) crude extract from dried mangosteen peel powder (c) and

crude extract from commercial mangosteen peel powder (d)
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Figure 22 Inhibitory effect of water(1) methanol (2)
extract from commercial ' mangosteen peel powder
(3) extract from slices of dried mangosteen peel (4)
and extract from dried:mangosteen peel powder (5)

against Staphylococcus aureus
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Tdndwesoaluasiiumnulavey wuinfdunddnwasluswas ddmdosduiuauusuiaaisaina
Baneulad fa Figure 23 TAIAI0@I9 (L) wasfidnanududivies (b*) wiiadu e Table 27

R

Figure 23 PVA films appearance at
various mangosteen peel extract

_ various content: 0, 10,000, 30,000,
e e T gm0 50,000 and 70,000 ppm (left to right)

' O ppm

Table 27 Properties of PVA films incorporated with mangosteen peel extract.

Film Properties

Extract
Moisture Water aw Tensile  Elongation Color Score
Content Thickness
(pprm) (mm) Content  Solubility Strength (%) . 5
(%) (%) (kF/cm?)
0 0.11 10.05a 96.58a 0.367b  292.40bc 316.00c 924  -0.1 4.1
10,000 0.12 9.8%a 96.15a 0.410a 279.49c 291.98c 89.0 0.3 16.4
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30,000 0.12 9.5%ab 93.21b 0.409a  304.5%abc 424.00a 86.7 1.9 29.3
50,000 0.12 9.07ab 93.69b 0.419a  322.76ab 379.58b 80.8 6.6 47.6
70,000 0.13 7.71b 94.28b 0.412a 329.69a 387.10ab 76.6 104 563

Means within the same column followed by different letter are significantly different (P<0.05)

WAL LATIAS19VINAUAILATET FTIR wunaunmsuvasilauiiuansanatueie 2500-
2000 cm™! fanuuvesdUnaSuiiuT Ul oUSunuvesansanmiudu wazliiaunensulugag 1714-
1713 cm™ Tuawnesuvesansaiaunilluaiunnsuuesiian fg Figure 24
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Tngulodaseiiumisesaiunasuieuiiisuiunudy fidu PVA Aliiduasadauaziuans
afn fanadudidunis 3286 way 3266 cm’ Fudusumisues -OH stretching Y99 PVA G99z
Tua9 3550-3200 Aslaiusngluannitvesansadn duanasuvesansainiidiumia 3298 cm™ &
AsauAqEiiiAefuiulufumieas-OH stretching vasngulansondavosuaulny (Aisha et al,
2015) d3u23 3000-2840 crn M i¥ugsuitisues CH, stretching waz C-H vibration vangutuiialu
lassasnaveaneain-wuslnafiu wagngudafaved PVA (Machmudah et al,, 2014 wag Mansur et al,,
2008) fistums 2359-2342 \Jurunusves C-O stretching (Netata et al., 2014) vosusulnuluans
afm dlivsnglualuanfuvesilduilsidnarsadin LLazmmLsi’fw‘%ammqmaaLﬂﬂmi"uﬁ'ﬁwLmﬂm‘i
dudulufldufiduasafauiinuunnty uasfidunds 1714 cm ™ Genulufiduiaiiduuayladvans
afiawslanuluansaiafinainnis stretching vibration ¥83 C=0 vesnguarsusiavenedliiaevding
finaandeainujiselelnsladaveanealifiaozdinniilewnIen PVA (Korbag et al, 2016) uansloiifiu
Tansafiaiu PVA Raussnssvhssainetu slfAeaunadulumumimesiiansadauay PVA Tufldu
NNNTUIT u,az?\lé:uLLamauJﬂm%'uﬁL%’m%u/qq%uﬁlmﬁ’ﬂLmu'qsuaqmsaﬁ’ﬂLﬁau%mmmiaﬁ’mﬁm%u

SenaaeunuaAvesiidy wuiwdudauandRuandstunmliumsadiafiiu fa Table
27 Tneildaumnnssuisiaumuilndideatuogludag 0.11-0.13 uu. faufuanaaiiouiuuansadn
dadudulvlufiemadsfunisazaisihiiasaaiotiiamsasaifiatu Wesnide PVA inuss
nsgyhivansadarilinglensondalufiduanas Jnfaussnsevhiulnanavesesildtenas daduis
anautuldtesatuarazatstinanas Insautuvesiidunnnssnisoglugag 7.71-10.05% dauns
avanpunvesilduiiinansatn 30,000-70,000 ppm Senliwansraiusgraditediy agluae 93.21-
94.28% drufiduliifuansatnwasifuansadn 10,000 ppm Fenlduansneiu fe 96.58 waz 96.15% &9
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1%
saa o [

naannITazate i vesiidulRllivang fundn fusidduduesddsznou udimunefunisuses
91U uaranauaniBnsazateldiTeiliiidudenaaelinid@aunm a1 aw Wuerdivends
Uinanheaalufiduiidesdunidanunsmilulflunsaiagdviauarldlunsifinuiaseieg Tae
wuaiiSeiieunnuialiaunsnniyiulaldian aw i 0.9 warsdningjazhinigiiuladidn aw
#1n31 0.7 Fanuiflduiidnansaiaynnssadsian aw liunnsiefu eglutis 0.409-0.419 Faunnsing
fuitdulahfuansaradifien aw 0367 wanslidiuindordunisnaesiliamsonsydulnufiauls
anautAiBana Wuafuansdsanuudasauasaudaneguesue sildudamniingefiannsa
iluuszgndlfiduussafudlad Tasauudusswesiiduintunnusinssviianielunagnneuen
lanarwiuselalasiauvewylansendavedluananefiues nawesea wagasann WUt TS ves
fauilrgedudoUimuasadafisty Wosnarsadadarslunguueulnudsdnlonsondadiaruns
Anusanszhiunylansendaves PVA 18 uasidlefiUsinuasatadiud uusenseyhiiuduinlvfldud
Auudusafindu Tneflduiiuansadna 30,000 50,000 waz 70,000 ppm faaliinnsraiy Wiy
304.59 322.76 Way 329.69 kef/cm? auadu wansliiiuitasadndseiinartund sl dule
uana1nil PVA fiflauantdnsdaldd Inefduildduansainannsofdaligeia 316% voafidy uas
anauflewfivansatn 10,000 ppm Wiy 219.98% waliluansieiy raiiawunanaisatadiludnaan
nsAnaussnsgyiiuluaelowediues waznisiausnsgyiiszninmediuesiundweseaduiuans
dueuBangu uavansatnivinatoaiuluieztoadiuslitunediues uniofuamsatauniy
\Ju 30,000 ppm wudwilindufsdalagada 424% anedatsataiintuanunsaiausanszyifu
PVA ledgu Wiuanstheasuussdsmeawesly Tnsdloifuarsatn 50,000 uay 70,000 ppm WU %E &
Aliiuansafuilduidivansaia 30,000 ppm (Table 27)
Mnnan1snaaeunuaAvesiduiivasain wultawsalussendlfduidudalaiiieuin

[y

AUfdy PE Woa91nunsgunandueignavnssy “Waudnvureainns” (Wen.1136-2536) laszyliin

3

Wanvlla PE 92/09llmuaumunsaeevIntaog1ates 30 MPa #iaUssua 306 kef/cm? Laza1ulsa
= [ 1 = a e A a va i ] A o o & v ° A a v
fAedaleeegnatay 120% Feauinioulatimaaindiuinsgiuniivun Niagdeuinmegoudiisfitey
Anudaendaiiisazinluldussyenms

5. nagauUsEansAWN1IATALNSEvasHEN TngtuadeunsiuBLUATISY S. aureus Wuinly
a a a s d‘ L% = L 1 ¥ 1 a6 al g.JI

\Ain clear zone USMTBYY Wau WesanansainanUisnieaalilawnseanunainildy 8nvs PVA
azaeinlan Wasute sy liauazatween lnsauliduasaiauaziinaisadn 10,000 ppm Ll
ansasmunsiasiAulaveadels Wesn@eiasydulalan luaunizieaulesldiiuiiay duiiay
Wuansana 30,000 wag 50,000 ppm @mNsafiunstasaivlnvendslaiantes eswindewunis
W3AUlR YRR UURINENVOINAY drullduinalsana 70,000 ppm @1 IUAISasYLRULRTEY
Welad tiesannlinunisiesyivlnveateuuiininveswduilay lnefivuiadiiugudnaiavedls
WwAgiY 13.25 3. 69 Figure 25 Aatiudsatunsndmlau PVA Wnansadnanifendeaausunu

70,000 ppm luuszynaldiluussginaisnugdunsdls

63



Figure 25 Inhibition zone of PVA films incorporated with
various content of dried mangosteen peel powder
extract: 0 10,000 30,000 50,000 and 70,000 ppm against

Staphylococcus aureus (left to right and top to down).

6. AsziduuNsEn Wuduyuainnisainaisdidyainudendenn 12 uin/g PVA 1n5n190156
230 um/kg Nawesea 1 um/ml dsiuluniswIsuilay PVA Wivasadnainwdendsnn 70,000 ppm
HuuAInansAiviavae 17 Umn/msieen viseuszana 0.60 vim/cm?

nsnAaedil 1.7 nMswaailduinmilnaumafuudniaamaeldnienisinuas
1. MINAASITANLARINTANUA LENINTNYAT

1.1 nswandniy dhiaguislininisinuns 4 via Ae WasnyiSed dunale wWaend1ilne
wazidendy wwdndelasnisiudie KOH wWudu 18% lauideiifuasiidadias eswiniinufisen
55wIne KOH wazesiusznauvesity dsanusowenldidudulovazdimiBonin “black liquor” Tngly

¥
o o A

whilansuseneulusuindesieg ansusenaumsiulawnse wagdniu (Cardoso et al., 2009)

Durian husk Banana tree

Cornhusk

B

(b)

Figure 26 Black liquor obtained from pulping (a) and extracted lignin (b) from agricultural waste

materials

% o & A D2 1% T & | [ = 3

W1en Wuvennalnmaedinnisauide Useneunisdndudiulng Nwvdeiduvouds
Uszneumeansdunsduasaniiy saudsaseiiunid wu ludew Wudu Sauaudflivoudn fduimarh
niiindeniy Badulelifniu aansaldduingfunfyaaile wu maamduiud arsddy wedwes
Jeineeans ansusznoudedousingg Wudu (Aadil et al, 2016a) 91nn15VAaes wu31 Wefldan
nsrugelanuand1eiu lngdvesdisaniuaeniseu Aunate waziudendu JaNuniItUden
917lne (Figure 26 (a)) AstulutaAddidunInazdusuuasduniduazdniiuiuinnia lnguia1ain

ke A a a a a a A 20, o v = ¥ ¥ ¥

nsauldeniseulivsinudniugega 39.5% sesaanfe UrAnnsauUaending Aundiy uay

64



Waondy fUsinadniu 13.5 3.0 way 2.0% muddu fdnvandurends Siana ddounianiums
M3t fesandniudildunaniivssilafunnuduvesddunnmaiu (Fisure 26 (b))

IngunRaznudniuainiieniesnisinenseglugag 10-40% (Li et al., 2015) wandliiiuinuden
y3ouianiuUinngs wandssnidenyidouiiviinunisisge Jumneaunagdualunsiandu
Togaulumsndnunluaglaaiardniu uazUszendlylugnavnssumuussasiumn

SofnwautAivanenmyesdniuusuiiouiuaniumnanisd wuindvesdnduniainisinia
Wundnanduainwdenyiseu a1 L* 33.62 a* 4.79 uag b* -3.32 anfiuaniuienyseudlen L* 35.80
a* 5.00 uay b* -1.43 Anfiunamsfniimniu 7.93% dudnduainidonydeu wihiu 2.89%

5
z
E
3
ES
o
g
s |\
3\
z
x
z
g
Z
|

i
o
S 'l“\ Figure 27 ATR-FTIR spectra of
commercial lignin and lignin

T W E # | from durian husk

HaNITIATIERLASIEs1esdndy wanads Fieure 27 IagiflaiTouiisuanasuvesdniiuni
mMsfuardniuaniudenyidou nuiiingilsiduiilndfesiu lnsauaniuvosanseglurag 1300-650
cm Beansinveglugasil 1dud C-O stretching 929 1019 uag 1039 cm™ #11¥ur23 4000-1300 cm'’
Juudnauweamyilaiduazsingfind dyremailaddu ldun C-H stretching 933 2925 wag 2935 cm’
L CO, 979 2359 cm! ag C=C (alkenes) stretching 979 1633 cm™ (Awal and Sain, 2011 and Cao
et al,, 2013) fefunansdianeidemata FTIR uandidiuinansiidunseild Ao aniu

nansiaTgsiUnnalarmieuikuiwiooenanszuulunszuunsfinufuAsisY DSC
wuin AnfluiadalfanniudenyBou Tamdsau 71.22 J/g snndidndunssmidamgaanu 69.85
J/g ¥liianfiuadalsanudenyiFeuiimmasiuazannsaiwunduiaginuln amieu videtagi
Tondssnldganitdndiumentsi widndumamsiiigamasumad (T,) genindniuiiadnldanniden
yi3ou Wiy 220.2 waz188.8 °C dmfunislnavesauieuvesdniuiigumgiilunisveaey 10-250
*C Mfelulasiaudl 40 mU/min wud1 U§ATeniliintufulfAsewuuganiuou (endothermic
reactions) L‘l‘jmmmﬁmmwaaummﬁf\;mm‘gwqmmﬂmw (Tipduangta and Jakkapan, 2018) Nan1s
Ansghimidnidannuieu (TGA) vesdniiuuarnsidsuulasimiin (OTG) mslnavesaudeu
(Heat flow) wagnsgaydeninntin (Te) Tnevinsnnasuwndniuiidasgami 30 - 200 °C (Snsnsli
Ao 10 °C /min) neldifng N, 89571 30 mUmin wudn msdsuuiasivinvesdniunienisdn
Antuil 65.00 °C Idadesuaraumndmninaniuandonyidou dsdiagamgd 190.00 °C uansly
Fuindniumamadnaaesldiiniudleldunnuieu dmiumslvavesaudougsanvesiniuti 2
A0g9lAYINAU Ao 183.00 °C LLazﬂﬂiquﬁaﬁwmﬁﬂ (Tg) VsvendesuSunaininvesdniufindesinnis
e famuUiinaninan (Tg 29) wansirfinisaaudedmidndes Taeandunenisénd Te 87.05% g
anfluanidenyiSeuiil Tg 86.01% dwiutieumailunisaaresvesdniiugag 30-150 °C 1inain
5ﬂﬁag1u§ﬂﬁuimaaaﬂlﬂ 21 150-200 °C Anannsaaneivesdniunusvasuduaisusznou
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Sun3dfiszmedne Wy CO, CO, uag CHy tudu 91nn1siseisag TGA uanslifiudianduain
WaenuiSeu dd1 DTg geandeandinndrdniiunianisan suvunisuandniiudenniseu wiiiu
15.52 Unn/g (BNTunaNISA 30 UI/g) (”Ls,iﬁamﬁmqausﬁqLﬂumawaaalé’iauﬁgqmwé’mmt,azqﬂa’mi)
1.2 nsuaauluaglas Andeniagunasldnisnisinens 4 wila fie WUAeNISEU AUNAIY
Wasniminauazidendy ndndelasnisdudie KOH 18% wuit wasndalwaliuiuandegege
43.18% T09041"A8 Fiunday 24.35% Waendu 21.78% wazidenySou 14.06% lnedefiadaldda
ssfusenluniuesdusenevvasansifieglufivuiazeda (Figure 28) usiBonnidouiiuTumnisi
gsgalagianizanmsuilaaluriaggniaiifinandnoengnaindsnelifnilyvives (Charoenphun et
al, 2020) wagdliildiluldusglovildunnuiiiians ansnsashuiamunduiaguilueaglaaseluls
dusunfrouaziudendrilnednniludiAsedn g vliuTnueavieiisiosndt (suiamindan
NARNUKATOYSNYNSNIU, 2563 uay Prapatigul et al., 2021) drudendunuindeilaisnvasiuga
Fusmiudufeu e1aiinannsdessaseitliauysal Ssbivansfiasthamdnduianuluaglas

Durian husk Banana tree Cornhusk Orange peel

Figure 28 Characteristic of pulp from agricultural waste materials

nansanaulugaglaa wuln nisldanswendlagldusunalafenlaesnaslsviitudy 100%
19nsa H,S04 WWudu 40% lansuluigaglaadus wesannisldusunaludsulawesaaslsviduduy
100% inufiseeentinduiudulolnegivanysal (Heggset et al,, 2017) wanIRs Figure 29

Figure 29 Nanocellulose powder from durian husk

Han1TiaTERandanmen nvesluwaglaa wudn den L* 42.36 A1 a* 2.06 b* 8.96 uax
AU 7.05% vwiaveseynaulugaglaaniUiennSeudeiinseiieiniedinsgituinoynia
wuin nsldmnunduduvesnsa H,504 40% agldunluiwaglaaiifivuineynia 0.05 nm. nsldaam
Wutuveensadesnit 30% nsaldannsagesidulylaauysal diunsldnsauinndt 40% wduleaglngd
genduden lianansotanldls iesannslinsalutinaiidesnsiniisevesnsafuiduleialelsl
auysal viseunauAulumMaihuisewensadudule dwalilassairadulegnihanesiensa (Liu et
al, 2016) Woinszsidnuazveadulelagld TEM Midsvens 50 wih nuindulesiuumdn nszqnddu
Jungu lasawngiddlefvuadninanmigessensa nisldasend uaznisldusadsnalunisan
vadulelimngsunmandndunlugagloa doliemeginadeiuresddidndiomeudundn
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vo9ans wuihuluwaglaaildiuimaanudundngs Tnefianudundnda 94.30% anudundngsas
Predfiuauifdnavesiidutanmliaitu feituegiuuimaimunzanlunnfiuge nanslnsei
ANNYIVTEVIUNUEAGLAEAIE AFM WUTT ANVTUsEYesuluwaglaaial 6.278 nm. wduleding
nszandufungu aenadesiunsly TEM Adsweny 50 wih mnuvsvseimdsaliaansadlulddu
ansiinwssRandmiundailaudininle dununisudasaulugaglaanindenyiseu wiidu 141.93
um/g gnniunluleaglaanianisddifisian 1,050 Um/g
2. mandauduisudanmlaeldunluwaglaauaziniuduasifuus

2.1 nsinssuudsanrfusudrznds nuitan$ildiiaenn ndsaineuuazuaudiaziduns
azldendv1d dd1adnuadne (L) wiadu 106.55 Ysuaezlulaa windu 22% aenndesiu Rolland-
Sabaté et al. (2012) fimonuiesamiviudendsiiorlalaaiiiu 21.5%

2.2 manAausiuduaniw lnenaaosdusuusufidudnim wuildusiuiidudnmiidnvue
amesanseiuesnlum YR AR F Figure 30 Inefldulandi fail

1) audAgena lawn TS waz %E wudn msdndndunazuilugaglagluidudaningen TS
weeninfduginmgnnIuau (C) egrslduddny IneTldaudinmaynniuay 1A TS geis 229.36 kgF/cm’
Anarnnsianiufingiladduiivoviuagliveuin dwalinssaidudedoasuiiduantivlill
auysal (Acosta et al., 2015) drwunluwaglaaiinainnsnszaissivesunlumaglaahiaiiaueuy
wiuTldNTInw denalsiuinnvesiiduiiinanszanmvesiluwaglaaviadudiduusn efiansaune
TS vesilaudinmidnunluwaglaaN) Aauginmiandndul) wasiidaudinmdnuluwaglaguaz
AnAuNL) wuin Adudinmiduulueagloa dadanasileUsuaulumaglaaiuiu Tnefamgadi
93.71 keF/cm? LisnuUimnaesunluwaglaaiiinduvidun sisefutaamdnanas dawaliaa
wdaussvasiiduanas (Chen et al, 2019dldu@nwiAnEny fanfutudousunuaniudfiuiy 3
Agegn 151.51 kgF/cm’ MUSuauaniugss (L2) wazanaadloiudniuze (L3) isiznyilsdduludmui
southsswinamsuasintufadnlallsssunis dofuuiinadniuduenty sunsisernisin

a

Anfuszninansvuasiniudeunoas dwmaliniuudusesiiduanas (Bhat et al., 2013) wagildy
Fanmidnuiluwaglaauazaniy fle1 TS gean 131.98 keF/cm? fiUSanaunlulwaglaazoe/andiusoe
(N2L3) MafnUsinaiilumaglaaiinasgdslunsiuiuvioanasmwesnuudussesdiidy Tasns
wuuluiwaglaait uusyimadniy 12 uas 3% aruuduswesiiduanas usdeiisyIunaunly
waglad 2 uay 3% Auudussvesdiiduiuiu enaiinannisiingfsiduludiuiiveutissniteunly

a a = .a P a A | ' < as  a & vy
L"’Uﬁ'@ﬁﬁﬁLLagﬁﬂUUS@IG}@I‘l@@IUUﬁJW&lWL‘Vill']gﬁll ﬁﬂNaﬁ]@ﬂ’mﬂJLLsUﬂLLﬁQm@QW@NLWNQQGUUIW
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1% nanocellulose
1% lignin

2% nanocellulose 29 na
19 lignin

Figure 30 Photograph of different compositions of lignin, nanocellulose containing biofilms

HAYIA %E VauHUTduTIN AL luwaglaa HaudiawiRuaniiy lasilduginmianunly
waglaauardniu wui Adudanwduulumaglon fdenauileiinulueaglaaifisdy osan
Tassasdluanauuuiuniindudidanisedeulmansldlumagaamsvuazulumaglad (Chen et al,
2019) fduTanmiAuanduianiut uidevsunadnduiisdy Weswnnsnszaredliaiianoves
aun1Aaniu AN sTINdnuluu1eavesilay (Bhat et al;2013) waviaudinmidnuiluagladuas
anfiuND) tnemsiaudniuuazuilugagladlunsuilduginmilifosazn1sendiasanis 25.16% aea
fitfodndny dewSeuiisufuwduildudinmgnatuay inannsilasaiiwesansvgnyinateyinli
sunnvesdniunazunluwaglaaiiluumsnlassasrsvesaniiold dsmalinsmieniseniisiuse
lelasurasanisydninas iian1sddudulassadislng lunazifariuaisleluanavesanisyuuy
odugu Wiaunsanyuniedaflasaildwuioaiuiusylelasiouvesaniiy viliAnnsideuse
vasaglgnadiwaiuazdnsasiivadluanalnilusyuu Gndu-unlugaglaa-Taquan) (Yang et al,,

2020) deraliNuidunda (stiffness) AuBaneuveiiduanas (Espinosa et al., 2019) s Figure 31

250,00
20000

15000

illlll[lllu.l[lll

N1B Nzl1 Nzl2 N2L3 N3LL N3L2

g

Treatment
Figure 31 Tensile strength and elongation at break of biofilms

2) @UURNINIBATN bALA AUNAUT WU mil,muuﬂulfziaaiaal,t,avaﬂuuaawamamimmu
GuaqmwgmuwmLLNW\IammmwLuaLUsaumaunwmmmu osnnisiuarsaslunaui vl
USunsveauiuilduiiniy (Nagar et al., 2019) lngWduinurlugaglas 3%/anfiu 3%(N3L3) 3
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§ A 1

Agaan Ao 0.228 eesilfadndny WewSeuiisuiuildutinwyanuguuHuTdNT I WAL U TY
waglaa uasuiuTidudinmiliiudniu lneenutuvesiidudielidlaisdunsitomesosdsznaunie
dunalunmsidniidunasravesihifidelidy nuifiduTnmiliiuuTuwaglaadauduiugedund
wruduTnmgnmuauLaziuaniy Inefidudanmifsuluwaglaa 3%(N3) famudu 13.01%
waNARAULRUTRLTINIMNNNTsHITegitud Ay Inewluwaglaadnegluasussinnlalnsronassn
Fafunedweifveurn (Tan et al, 2018) n1siinlelnsnoanssdsaniuindmanonisiiaiuss
lelnsiausndu Srfansszmevesieonanidiautls esnlelasrenassdazidnluverudautamy
Tnevhlulslnsneaasusilautfveutnmusssumi Eiqmasiami@@%’uﬁ%ﬁmnﬂ%u (Nagar et al., 2019)
navassnIarasthreskuTiduTn A Tugaglea Adudnmidudniu uaziidudanin
Fuuluwaglaauazaniu nuiiidadinmiuulusaglaa fearaadeuimaulusaglaadfiaiy
\esnifnnindeuiuseszninsunluwaglaauazuiluiwaglaaldd siudeusluwaglaadsuiuy
Tassadauuuinoun aunsadavremsunsiiuresindig Taquanld (Pelissari etal, 2017) Wdudanm
WAudndu(L) fananas Tnensidnaniuzoe(L2) wazdndiuzoe(3) liuaneisiu lnsdniusingiledidud
livputhsiliusdliiazarsth suferudriuldvesansysznetitusntosaniufudulsznay
aviilaavesnds wagnisadrviusyseninduanawdsivaisusenauiuean (Bhat et al., 2013) uasildy
FinmnanwiluwaglaawaraniuiNL) liwanseiuynnssulds wanminsisunluwaglaawasaniuly
yhlimmsaraethessiuiidniansdsuanintundoanas lasidewieuidiouamsazais
Y5935 nuiiduanminantuL) MRnandu2oe2)uas 3%(L3) fnwanmnsalumsiumiunis
avanothegedidedndny Inefiduianminaniuzse(l2) daiman Ao 3.80% & Table 28

Table 28 Physical properties of biofilms

Symbol Treatment Thickness (mm) Molsture Solubility (%)
content (%)

C control 0.110+0.000g 6.93+0.21e 14.383+0.875a
N1 1%nanocellulose 0.142+0.004f 6.93+0.24e 14.160+0.339a
N2 2%nanocellulose 0.159+0.001ef 9.18+0.48d 13.673+0.540a
N3 3%nanocellulose 0.169+0.009def 13.01+£1.00a 12.180+0.85%ab
L1 19%lignin 0.144+0.005f 7.48+0.32e 8.327+0.887c
L2 2%lignin 0.161+0.001ef 7.49+0.02e 3.806+2.482d
L3 3%lignin 0.185+0.005bcde | 7.97+0.18e 4.887+0.657d
N1L1 19%nanocellulose+19%lignin 0.180+0.003cde 7.03+0.55e 10.463+0.392bc
N1L2 1%nanocellulose+2%lignin 0.189+0.004bcd 10.25+0.42bcd 10.303+0.686bc
N1L3 1%nanocellulose+3%lignin 0.210+0.007ab 10.82+0.12bc 10.690+0.644bc
N2L1 2%nanocellulose+1%lignin 0.229+0.017a 11.29+0.25b 9.883+1.962bc
N2L2 2%nanocellulose+2%lignin 0.217+0.012a 10.14+0.17bcd 9.577+0.559bc
N2L3 2%nanocellulose+3%lignin 0.203+0.009abc 10.08+0.26cd 10.883+0.473bc
N3L1 3%nanocellulose+19%lignin 0.207+0.003abc 11.05+0.32bc 8.777+1.059c¢
N3L2 3%nanocellulose+2%lignin 0.226+0.006a 10.82+0.29bc 10.999+0.977bc
N3L3 3%nanocellulose+39%lignin 0.228+0.028a 10.75+0.48bc 10.227+0.819bc
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Means within the column followed by different letters are significantly different (P<0.05)
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——C =8Nl N2 =H=N3 =w=—L1 12 =—=l3 =——NIl s
——N112 =#—N113 == N211 —d—=N212 ==N213 =%—N3L1 N312 —+—N313 (AE) Of b|oﬂ[m5

NATBIANALUANANYDIELAB T (AE) WU FduTinmiluulumaglaadian AE dfudy
Antienideifieutugamunu iesanuiinauvesanslelasneanosdiiududssasoniuiamagadunas
Yo9WauTINN (Nagar et al., 2019) druilduTanninaniuila1 AL Lﬁuﬁuaéwaﬁﬁaﬁwﬁ@ dio
Wisuifisufuiidudinmiiduunluwaglaauazyanuau(C) lasWauganmiisuluwaglaa 30/
Anfiu 3%(N3L3) S AE gan ilesandniueglugundimiadiilefadduiiduianimudadinadu
Sma Sy MsiinUsinaanduluiduTinmaawal i AE Windugae (Shankar et al, 2015) 910
mMafusnuildudinmiiefnumen AE Wuan 6 Wew wudaaT AE wWasuudaudntios & Fisure 32

3) NAYaIANUTTUTTVRSHURIRS N T RNl agTaa(N) HfuTanwiAuBniu(l) was

= a

auganmAnun luwaglaguazaniu(NL) wuda laudinmdnunluwaglaaN) daA1nnuvivseves

a

fuiduiuduleUSinauluwaglaaiiudu eannifianissiumivisenisnszandivesnilugaglaa

pe =D

'
a

WiNgelu (Yuan et al, 2020) fduTinanandniu(L) da1anuessvesiuiiiduiinduiliousum

Y

Anfuiiny Uy Lo nnsudnftuuininuludananen1ssiualserinaiidunasdntuyinlvly
auanainnsuenadule ANNYgTEYesTiANTuiiuaalu (Zhang et al., 2020) wagilduTin mKay
wilugaglaauaraniuiNL) ATNYTYsEYesiuRuNUiaN TN IUHUTANTININYAAINAN(C) kaEaN

NInAaeINUd wiullauiiamaduuluwaglaaiNz) dr1anuivsevesiuiusiuildugagn 0.49

Y 9
A a

lulasiuns mnndmnuilandinmyaauau() 0.42 lulasuns Famsiduuluwaglaavieaniuly
USinauisnantaoifivandivesunuildudinim wazsiludnnilsdadeiiddydmiunmsiauiuisg
fauet iosnnanaugussresiuintaniinasonudnduldansiiiuasiulusiafagudn 210 Figure 33
wansliiudnnisiuunluwaglaaN) aniul) wazwiluwaglaauazanfuNy) Tuilduganmdarudn
fuldFfuTanmdn mInszaremvesnluwaglaaviedniuaiiausliiSeuriovsvszanuladunils
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Figure 33 Micromorphology and

roughness of biofilms measured by AFM

4) 3NIINIFUNUVRIALRNTLAU: A1 OTR VaLHUTENTINIW WUda HauTInmRNUITY
waglaa(N) Saufsdudlovsianlumaglaaiintu vilfiansgeduBaanavesfeuuiiuinvesiidy
msunsimluanavesisneluiidy warnmsaaneiluanavesfisntgluflidurinudnduvesiiduldfity
(Espinosa et al., 2019) #duTanmidnaniu() ddranauiioviumaniuiuiy iesaneyninves
dnflutisangniuvesiidy fweendaudaulatead (Espinosa et al., 2019) wagilaudin nnauuly
waglaawazdnduNL) liuandradunnnssuds wasnudnfaudinindudndu(Ls) e 109.1
cm®/m?/day Indidesiuilandinimganiunu(C) 109.5 cm’/m”/day lngfldudinmduuilugaglas
2% WagAniu1%(N2L1) fiAgean195 cm?’/m?/day eehsiifodiny WelTeuiisuiuusiuiidudin e

;

) A 1A S a a a Aa 1w = ! 23 a o o <
AIUAN(C) Aty onuNUTdNTINIANENTULS) NilA18RTINTTUNIUVRITgeaNTIauA g (U
Uadeniaiiannldduianussaduadmsuussguaniusionmsuia uanads Fisure 34

250.0

200.0

L3 NIL1 NI1L2 NIL3 N2L1 N2L2 N2L3 N3LL N3L2 N3L3 transmlSSIOH rate (OTR)

Treatment

cm3/m2/day

=}

of biofilms

5) nsfuidyiuazuasiiuaniuld: navesainsiuiidsazuasiiveadiulfueausiuiidy
P Tnsutstasemenaaudu 3 seiu lein 300 400 wag 700 nm. wuinsAsulueaglaauas
anfludenaronsiuddgiuazuasiueaiiuldlifniinsfvuluwaglaaniedniuifisseeafion
idesandniudiandilunsiuisdyiasuasiiveadiuld Insunluwaglaaeafusviifivandinig
frudedgiuaruasiiveadiuldftelu wssuluwaglaadandundngs annsafanisinuua
azviouveaadldd aonadesiu Castillo et al. (2013) indninsifinsziuaududuresans fuuss
deraliifiunruanunsavesnsiuiidyiuasuasiiveadiuldvesiidgumeslumanadinamsy Jaimihd
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Hushsuniu ansnsoifiuauifsunuddeiuasuasiivoadiuld muddealvndvesiiduiugsdude
Tunsnaassdonaiuendudl 400 nm. undnw iesnduramuenedudifianuddalunig
Uszendldiuussydusionmsussinnilaunaiain wunisfinwiiuegnisiiuinyvewdndasiomns
fifiuaaniadyiie (UVA) Budusaiidesinuuuiiufialanta 95% wansd Figure 35

100 = I

£ I Figure 35 Blocking
£ : - oo effect of biofilms
B T L
L e e pectraat 300,
e 400 and 700 nm)

2.3 Funun1suda AiduvLIn 30x30 cm? Wity 5.00 v Keil Anfusiidznda 9 ¢ 0.22
U nAwasen 2.7 ¢ 0.59 U Anflu 0.27 g 4.19 U FrugeuuIn 10x10 em? Tfuyu 1.11 uw
3. Anundnenmussgndliifuussadudt TnsdndenuiufiduTin milviausinian fo Tidudanmiu
andiu 3% (L3) wtusuiduussydasiluguuvugauin 10X10.cm? vssqidiaugainafiumiud 5 g
(Figure 36) Unnilndheanudou Wushwiduna 3 Weu wudn Aneseenledveafinuziisfiuniudd
usseluge L3 fendedeanladiidinifluranfioud 1 uag2 (1.31 uay 1.58 meg/ke) LilaLfisuiugs
ynamsfn wilidngetulutiadioud 3 uarUSinastesfnresndinuluussyfarididul lumadetuiy
Andaseanled Tnsidauzarefiunuinussgiuge L3 fusunsvesiweondiauluussaineifining
Turaaieudl 1 uay 2 (39.99 uax 48.24 m) ilaieufugmnansdn willdngedulutiaieud 3 (Table
29) \ilesaneynevesdniiutivangniusesuduiidutanm Mesendiaudwiiuldtien (Espinosa et al,,
2019) wazidlaifivinulilusseznafiunildadinmasuSuannavesuiuiidulsiauiulndifey
deuhAwndeunsuendmaliimeondauihudi U luturesfidudinmldnny

Figure 36 Photograph of cashew nut packed in
the bioplastic (L3 bag)

Table 29 Peroxide value (PV) and oxygen exchange of cashew nut packed in the bioplastic (L3

bag) compared commercial plastic

Peroxide value (meg/kg)

Months of cashew nut The volume of oxygen gas (ml)

Commercial plastic bioplastic (L3)  Commercial plastic  bioplastic (L3)
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1.44 1.31 43.97 39.99
1.70 1.58 51.67 48.24
1.78 2.15 54.17 65.49

dmsuilduiia il Tusaglaaiy) wangdmivdufuedeundesnseamsduludfioussy
uzidamaedanannsaifvinuuzidomaeianlduinnit 10 fu ewisuiisusunisussandes
nsgawitliiadou dufidadinmilfinuTuwagladuazaniuil) ingdwiudutuadounszne
dnfuiuaudilvinsgany Ssanunsofuthuasfseendauldfdu (Rojo et al., 2015)

nsnaaesii 1.8 mandaildunsraiannnudunsa-aa
1. HANSIASENEDUALALADS

1.1 Han1sideuddufiamesainnendydu nevaiUdting wasnavsieu Lansdnumzsingss
Figure 37-39 disi] ddufimnasanaendyduiatadeinasiidlnuinbu f'pH 4.93 Ad Lx 26.22 a*
5.69 waz b* -7.10 dleadndieansazanensndnin 0.15 M aefialnuaaadu §i pH2.50 A1d L* 25.54 a*
6.50 WAz b* -5.83 (Figure 37) @eandasiu Scordino et al. (2004) fie 4l pH oeflutias d-6 aziiFluag
1i8-Faiae wazgae pH 1-6 avilalutag was-aie SuiliadildesnTmniGuidosanilasadves

asvangyilneysiunu Ao Flavylium cation (@WA9) Neutral quinoidal base (d314) wag Carbinol

pseudobase (L3ifi&)

Figure 37 Appearance of indicator color
from butterfly pea flower; water

extraction (a) and acetic acid 0.15 M

extraction (b)

’ ’

Figure 38 Appearance of indicator color

from red cabbage; hydrauric press

machine (a) and acidified ethanol

FBudamesanindungnaudiesiidlnudseeu 3 pH 6.14 A3 L* 25.95 a* 7.13 wag b*

-7.49 fidlnuvungeau Weadame acidified ethanol fd1 pH 2.30 A& L* 26.74 a* 9.35 uaz b* -5.10
(Figure 38) tiasanniile pH agluyie 1-6 waulnlwenfiuazilassasiaegluguvas Flavylium cation
(Huwn9) uaz Neutral quinoidal base (d3149) (1<pH<6) Yusgiuen pH

extraction (b)
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Figure 39 Appearance of indicator color
from mulberry; hydrauric press machine
(a) (b)  (a) and acidified ethanol extraction (b)

Fsuntmmosanntihdunansou i pH 3.50 ANE L* 25.32 a* 6.51 uag b* -7.64 uaznanuouana
#e acidified ethanol & pH 2.83 AN L* 25.54 a* 6.34 wae b* -7.60 dedlndiAeatu Inefidlnuwaady
&4 Fisure 39 \flesan@duianessl pH Junsauazilndideeiu vlrddlndidestu Wesnlaseadi
vaaulnleenfiusgluzures Flavylium cation (1<pH<4) (@A) kag Carbinol pseudobase (L)

wansliiiuinddudiamesannendydunazngnaudindidnvususnguosduandnetuiile
W3sLMEansfiwanaty wielmafiuanaatuden pH vesansazateunniaiu dwdduinmes
Mnifunanieukazramiouiiafagie acidified ethanol fdnuvarusngvesdladifsstu osin
ansavareilan pH 1unsauReniu

1.2 Han1sAnseivianasindngluddufiames nuiasatnainaendndu ngvauaag
wagnamiou Tieduasdnuurusngesduandaiu Tnsdildanosafnluaniigninagiaidund
nsafindetuazindu (Figure 36-38) aenadoafuAuiinussadng fe ileuTinusainggeniasla
fidund1 Tnessndngludduiinnesinioulfainnondaytu namd1Uasg uasnavsiou Wussainguie
Feadu fe woulnleendu wud1 Fufiamesindealiainnisadananouse acidified ethanol
Ussnaunoulnle-1diugsiian sesaanie ddudamesfinsoulfainnisafnnyvaiudiieie acdified
ethanol uazddufiameiMnieuldainnsatamendydudensnesdin 0.15 M wiidu 914.21 431.34
wag 273.05 mg cyanidin-3-glucoside/100 g Yhuinuis ausey

1.3 nan1snagaun1aAsuLUasvasddufiamadille pH wWasy lnsveaddufiameslu
asazanetiines pH 2 4 7 9 10 wa 12 wui dduimmesanaendaduiatadetiuazatndiense
fnsdsuulasdlndidssiuluansazare e’ pH wiriu Tnewdleseshenivadusnnguesddudie
wosinsiasuulasdeglutas unssirs-dh-Terih-doundes-Beaumnios &1 Figure 40

Figure 40 Color change when
pH changed of indicator colors
from butterfly pea flower
extracted with water. (a)

Butterfly pea flower extracted
with 0.15M citric acid solution.
(b) Red cabbage extracted by

hydrauric press machine. (c)

Red cabbage extracted with
acidified ethanol. (d) Mulberry

extracted by hydrauric press
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machine (e) and mulberry

extracted with acidified ethanol
(f), in order of pH 2, 4, 7, 9, 10
and 12 from left to right.

(e)
= o Al A o v o ~ = o 5 = T3
dannenaAdnnainme acidified ethanol In1sidsuuwdasddaaunituinu lagdanuieu

= A [ | i i 2 i = = = v v P 1

finsiwagundategluyie was-uneeu-fgou-maesdau-Wed-nies uazdannisaiamensaildlugie

] % a ' a Aa a ¢ 1 A v v R a a

WAS-LASEBU-UIRU-119--1 T80 ABuAlamesInNavideunaingle acidified ethanol dmsiudeuudas

daaunitdnniisu lnedanunaueglutig was-unadu-lifid-wasgeu-igeu-teigeu dudnania

MENINEYLUYI UAS-UASEBU-1IUA-FL-1e-1nky neddudiewesninainnsadamediiasale

nilannzdunsaliniswfeunlasdndnaunindnlanniiaunasnisaiameus Gsdenndosivusunn

seringluddufiames uandliiiuimwdananisnisinensng 3 sieaunsatanldudduimnesld
1.4 HaN1SNAFBUANNALIVDIEDUAAMES [ Tun1snedsuliiadnidendngiunazisnisadai

Tiddudmmesiinnnunsiiinan ddnvuzusinguesdidenesiennvanlasuwladesigailioiv

o < [y a a ° ! P <8 @ [ HAa. a s a a 1

Shwulunan 6 Ju 9 RT wazd 4 °C wudndafusnwly 1 Ju ddusamesinisidsunuasdedis

Faulutinesnian pH a1 wasidouwdaniisndnioslutiiwasnian pH a1 1197 RT wagi 4 °C

wazdlanusnuilunm 6 Ju wuinddunrmesynulindidmilowiui 1 uklidsauas fa Table 30 way 31

[ (%
Y v v [

Msfusnunddufianesd RT dufiamestnrondyduiatnieotiuaznsnasdfniinng
Wasuulasdegedmauludvines pH 12 dedivshvaduna 1 u uwasfinswdsunlanddoudedis
Fovaulutvles pH 10 wae 12 Waifusnw 6 5u asuntmmodannihdunznaUdiasimsasundas
Fognetmaulutiines pH 9 10 war 12 agdnsdsuwlasvesdegadmauludimes pH 79 10
way 12 ieafnsie acidified ethanol MR 1 uay 6 vesmsifiusne dsuRiemedainrandewia

%

AULazaineie acidified ethanol Anastuasunlasdognstmauluduies pH 7 9 10 waz 12 vslu

A
a v a @ [ =
9N 1 WaZIUN 6 VBIN1SLNUINW (Table 91 30)

u
nMafiusnudduiaewash 4 °C ﬁ%uﬁLﬂma%mmmaﬂﬁmﬁuﬁgﬂﬁﬁﬂé’aaﬁwLLazﬂimaz%aﬂﬁms
WasuwUasdesnestn@uludmles pH 12 dediusnunfunan 1 waz 6 Ju dufiamesainnsnaUa
sheiilgaminduiiiasiasundadednadmaulutiines pH 10 war 12 uwazinsWdsuulaesdedng
Favauluted pH 79 10 uas 12 leafade acidified ethanol stalusuil 1 uaziudl 6 veansiiu
S FBuRamesniAuravdeudinmsUGsuulasdesedmaulutviies pH 9 10 way 12 Tufuil 1
goensfiusne wasdeiusnuiluidunan 6 Yu fnsdsuutategsdaaulutimes pH 7 9 10
wae 12 drunansleuiiaingie acidified ethanol Sn1swWdsuudasdegadmauludmes pH 7 9 10
way 12 welufuil 1 waetudl 6 veamsfiusnw (Table 7 31)
wansliiiuinddudiamesannsatanendydusensnozdin 0.15 M Tauasiivesddian
wazmBfushed 4 °C avthelFalinuasinnnimsdiuil RT ddudsdadonauduamesainnis
afanensudusensalumssaiidunsainnnudunsa-ss Tutuneusioly
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Table 30 Color change of indicator colors at pH 2-12 after storage 6 days at room temperature.

agricultural Do b1 Dé

produce
pH 2: & 7 B 100042 2 4. T 2910 32 (24 T 19: 10 312

water
extraction
Butterfly
pea flower
acetic acid
015M
extraction

hydrauric
press
machine
cabbage
addified
ethanol
extraction

hydrauric
press
machine
mulberry
addified
ethanol

extraction

agnculmml7 D&
produce
pH 2 4 77T 9 10 12 2« 4 “T 9. 10: ;12
/ G
)
pea fl
etic

15M
ion

hydrauric
press.
machine

addified
ethanol

extraction

hydrauric
press
machine
mulbermry
adidified
ethanol

extraction
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2. nanmsseudaunsInAMlunsa-a1e wasauautRvasilay lnwnseuildunauszning PVA
waglalng iundiwesea 30% umsifiuanuBandu wasiiuddufiawmesainnisatanensyfusie
a1snsadasnidudu 0.15 M USua 0 2 4 6 war 8% tneansazatefldudildusu pH asdian pH veq
asaranefidunoutugy Wiy 5.93 4.84 4.46 4.11 way 3.83 sy dnfiduiiusu pH Tvind 6
fheansavate NaOH 1M fien pH windu 5.93 (ldu5u) 6.02 6.00 6.00 uaz 6.07 MUY WUTENT
#Sdnwarla Wias Tadituiahs Sangulda Tumndetunuinudsuinmes Tasdiduiude
USinaddumamestiiutu & Figure 41

pH 5.93 pH 4.84 pH 4.46 pH4.11 pH 3.83

(a)  Figure 41 Appearance of pH Indicator
films with indicator color 0, 2, 4, 6 and 8%

. were added, in. order from left to right,
where pH of the film-forming solution is
8%
PH 6.07

not adjusted (a) and adjust to 6 with 1 M.
L (p) NaOH(b)

pH 6.02 pH 6.00 pH 6.00

Table 32 pH Indicator film properties where pH of the film-forming solution is not adjusted

Properties
Indicator
Thickness Moisture Water Solubility Color
content (%) aw
(mm) Content (%) (%) L* a* b*
0 0.14 10.94b 0.297b 23.55¢ 87.13 -0.27 -5.00
2 0.14 7.82a 0.313a 23.22¢ 81.05 -6.67 -5.05
4 0.15 7.71a 0.313a 24.49b 75.95 -3.80 -12.55
6 0.15 8.32a 0.313a 24.94b 71.35 -2.35 -15.80
8 0.14 9.12a 0.316a 26.89a 69.35 -0.55 -16.25

Means within the same column followed by different letter are significantly different (P<0.05)

mamwmaammawmmﬂawLmﬂumﬂmia ranefldulaiusu pH Tanununlndifssiued
Tuv24 0.14-0.15 1. feruduanasiloifudduiiames Tnefiduldifudbuiiamnosinmutugean wihiy
10.94% unnsnseehsiidoddiuildudndsudiames tnefldufndduiiamesiuumsiieg T
dy 1 ! (% i 1 26’ a6 a dy d‘ a aa a s a dy
ANnuTuliuaneeiy aglugie 7.71-9.12 nsagateuvesilduindullioUsunuddudinnesiiiuiuy
waneafiuneadia egluye 23.55-26.89% laeilauliiudsudiamesaraeuilatesian uasiiquiivd
a a s Svy = | | aa i a ¢ I a da a s
JudlAwes 8% avanguileuniign diuddla1niuaivanasan 87.13 luilduldiuddusinmes 1Uu
69.35 luilduifnddudiames 8% wazliAauluduiduintudleUsinaddufiawesiiingniu de
Table 32 Fsaonnnesdnunizusinglu Fisure 41(a)
druilauusu pH danununlndifssiuegluyag 0.14-0.17 mm. danuduanadilaliudbudia

a6 a

wod lnefldulifuddusiamesinnnuduagn windu 11.09% unnd1sedrelidedAgyiuilduiud

)}
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Buitaumes Tnedunasufiameiiusmuseg Waaaduliunndeiunaada oglugag 7.88-8.51
nsarasthvesiidufistuilouiinudbufiawosifintu unnsefunisadn ogludas 26.36-30.55%
Tneiduliifuaduiinwesarmoildtosiian uasiiduifudduiiewes 8% avanethléunniign dauen
dfFmnuainianadnin 86.90 luilaulddAuduawes W 65.15 Tulduinddunnmes 8% wavile
arundudiiuuaraenududidenfutudouinaddufiamefifiuinndu & Table 33 aenndas
anwagUsnglu Figure 41(b) Faraidulaludu pH uazUsu pH finuantdululufienisfieniu uans
Tiitudnnsusu pH vesasavaeiidunoutugyduwiu lidswasionautfvesidy

Table 33 pH Indicator film properties where pH of the film-forming solution is adjusted to 6 with

1 M. NaOH
Properties
Indicator
Thickness Moisture Water Solubility Color
content (%) aw
(mm) Content (%) (%) L* a* b*
0 0.17 11.29b 0.314a 22.36e 86.90 -0.28 -4.90
2 0.14 8.11a 0.313ab 25.11d 80.43 -6.53 -6.07
4 0.14 7.88a 0.311b 27.51c 74.27 -11.10 -9.10
6 0.14 8.47a 0.307b 28.64b 71.27 -12.70 -9.80
8 0.14 8.51a 0.304d 30.55a 65.15 -15.53 -11.57

Means within the same column followed by different letter are significantly different (P<0.05)

nnuuhilduluAnwegnisusnwegnsiuasundasdvesiidulaesudisunisiiuiidy
Tugeduasqeede wazinuinwafl RT waz 4 °C 90 Ju wudnflanuilauuiudu Wdudniswdsuwdasd
p819tAULlpuBIIEALUAN #9 Table34-37 TnansiAusnwdl RT viailanliusu pH uagUsu pH &

msiUasuwlasesddnaunasannnainisiuined ¢ °C nilugedluazganlode
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Table 34 Appearance of pH unadjusted pH Indicator film after storage in zip bags and foil bags

for 90 days at room temperature.

Storage in zip bags
Storage time

(Day)

(Indicator color content 0 2 4 6 and 8% from left to right)

Storage in foil bags
(Indicator color content 0 2 4 6 and 8% from left to right)

0 2 a4

8 o 2 a4 6 8

pH 593 a8q a.46 411

383 5.93 4.84 a.4a6 4.11 383

e

AE/M 0/4.73PB 0/3.508 0/197PB  0/3.50PB

.71/3.33B  2.16/2.10PB  1.63/3.33PB
126/373B  236/2.10PB 2.64/3.33PB

" ----

AE/MH 0.59/4.47PB  1.45/3.108  2.78/1.50PB 2.70/3.30PB

- ----

AE/H 0.67/4.23PB  1.64/3.038 3.28/1.40PB 4.00/3.00PB

v H
0.7

AEM 0.54/4.83PB

AE/M 0.51/4.77PB

- ---

AEMH 1.30/4.53PB  1.77/2.938  4.08/1.60PB .10PB

- - -

AE/M 175/4.50PB  2.62/2.038 4.18/1.50PB

AE/M 1.75/4.50PB  2.70/0.978  4.29/1.50PB

D60
AE/H 4.72/6T7BG  6.00/1.30PB
D90
AE/H 181/4.53PB 5.00/6.638G 6.89/1.20PB

4.63/0.50PB  0.66/4.30PB

4.72/4.57PB  1.05/4.50PB

4.60/3.00PB

5.13/4.50PB

5.87/4.10PB

7.30/2.90PB

7.90/0.3PB

8.76/2.47PB

0/5.00PB 0/4.7PB 0/3.838 0/180PB  0/350PB  0/4.80PB

e |

0.54/4.90PB 031/450PB 1.17/3.838  0.30/1.80PB 2.79/4.20PB 0.94/4.73PB

185/4.80PB 0.55/0.40PB 159/4.17B 133/1.70PB 2.89/4.10PB 122/4.73PB

220/4.63PB  0.59/4.57PB  1.64/4.838 1.71/1.60PB 3.03/3.13PB 1.60/4.60PB

3.00/1.60PB

3.46/1.57PB

4.42/2.87PB  3.89/0.20P

r

1.76/3.608

1.04/4.53PB 3.70/1.50PB

5.02/4.20PB

8.00/0.20PB

9.91/3.77PB

1.27/4.43PB

/7.20BG  6.28/1.20PB  9.56/2.20PB

Table 35 Appearance of pH unadjusted pH
for 90 days at 4 °C.

Storage time

(Day)

left to right)

ilm after storage in zip bags and foil bags

Storage in foil bags
(Indicator color content 0 2 4 6 and 8% from left to right)

8 o 2 a4 6 8

0.22/3.408

0.50/4.37PB

0.39/3.308

0.40/1.70PB

D8
AE/H 0.65/0.20PB  0.57/3.27B  0.48/1.67PB 0.40/3.40PB
D18

AE/M 0.69/4.00PB  0.81/3.20B 0.78/1.63PB 0.71/3.40PB

R

AE/H 1.30/4.00PB  0.96/3.20B 0.86/1.63PB 1.04/3.40PB

D26

AE/M 147/4.27PB  097/3.10B  1.02/1.63PB 1.08/3.40PB

D30

AEMH 157/4.37PB  1.80/3.07B 1.08/1.70PB 1.30/3.40PB

g

AE/H 161/4.37PB  196/193B 140/1.70PB 1.73/3.30PB

g

AE/M 1.70/4.27PB  2.98/0.33B 2.72/1.70PB 1.84/3.30PB

0.36/3.40PB

383 593 446 383

0/1.80PB 0/3.53PB

0.40/1.80PB  0.23/3.40PB

0/4.90PB 0/4.40PB 0/3.408 0/2.00PB 0/3.50PB 0/4.90PB
0.38/4.80PB 0.61/6.80PB 0.28/0.53B 0.38/2.63PB 0.60/4.30PB 0.17/4.80PB

0.64/4.80PB 0.61/4.40PB  0.43/1.938 0.47/2.50PB 0.94/4.33PB 0.53/4.80PB

0.80/4.80PB 0.67/4.30PB 0.45/3.238 0.41/1.87PB .30PB 1.32/0.77PB

1.02/4.80PB 0.81/3.97PB  0.66/2.77B  0.77/1.80B 1.09/3.30PB 1.32/4.73PB

1.14/1.93PB  1.95/3.30PB 1.44/4.50PB

0.92/3.
1.16/3.60B

1.19/4.80PB  1.00/4.23PB

1.26/4.80PB  1.00/4.40PB 141/1.83PB 2.14/3.30PB 1.84/5.00PB

134/4.90PB 1.14/4.27PB  1.64/307B 1.44/190PB 222/3.40PB 2.26/5.10PB

295/0.938 214/4.17PB  2.53/2.03B 175/1.80PB 2.31/3.30PB 4.23/4.90PB

?i= i -

3.53/4.40PB 2.13/4.30PB 3.41/1.30B 2.08/1.90PB 3.68/3.30PB 5.27/4.50PB
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Table 36 Appearance of pH adjusted pH Indicator film after storage in zip bags and foil bags for

90 days at room temperature.

Storage in zip bags Storage in foil bags

Storage time
(: ) (Indicator color content 0 2 4 6 and 8% from left to right) (Indicator color content 0 2 4 6 and 8% from left to right)
ay)
o 2 4 6 8 o 2 a 6 8

pH 593 6.02 6.00 6.00 6.07 593 6.02 6.00 6.00 6.07

AE/H 0/0.67PB 0/0.778 0/0.008 0/3.808 0/3.008 0/0.6PB 0/5.478 0/0.108 0/3.608 0/3.208

A | .
AE/H 1.12/4.50PB  3.04/3.778  2.65/2.778  3.04/2.038  2.64/2.508 0.4 l}d.SDPI! 0.93/0.478  2.04/2.408 2.01/9.208  3.02/1.478
. I
AE/M 1.95/6.10PB  3.37/3.10B 3.09/2.338 5.44/1.238 577/1.10B 0.48/4.30PB 1.09/5.178 3.18/2.17B 2.13/2.00PB 5.68/9.93BG
B .
AE/H 1.72/4.50PB  3.52/3.00B 3.06/1.30B 7.31/9.77BG 7.87/8.60BG "0,50/!1.‘57!?[} 1.82/0.638  3.05/1.60B 3.64/1.238 7.05/9.10BG
- NN e
ST
AE/M 1.40/0.07PB  3.80/9.37BG 6.89/5.87BG  9.84/4.63BG 10.75/5.27TBG 70.83/4.20?[? 2.42/2.00B  6.13/7.77TBG 6.74/7.37TBG 8.54/6.63BG
T EE
=
AE/M 2.02/4.50PB  4.56/7.47TBG 7.47/4.77BG 10.29/2.80BG 11.46/3.87BG 0.71/4.57PB  2.89/1.13B  7.18/6.20BG
e | I
AE/H 232/4.40PB  520/6.038G 8.84/2.33BG 12.05/8.77G 12.95/1.57BG 0.98/4.57PB 3.81/9.53BG  8.45/4.43BG
e |
AE/H 2.30/4.00PB  5.80/5.07BG 9.77/9.67G  12.98/6.63G 14.11/9.67G 1_0B/’I.50 4.04/7.60BG
rEEEE 7
AE/M 2.33/4.47PB  8.31/5.63G 15.26/9.70GY 20.62/7.33GY 23.47/8.57GY 1.11/4.50PB 6.’.”/9&_7(-
-
AE/M 2&5/4;0;!; 9.22/2.60G  16.93/7.50GY 22.91/5.50GY 28.40/5.60GY _37/4_50;“ :FWB.ZSG 17.78/8.20PB 21.86/5.70GY 26.91/533GY

Table 37 Appearance of pH adjusted pH Indicator film-after storage in zip bags and foil bags for
90 days at 4 °C

Storage time

bags Storage in foil bags

©ay) (Indicator color content 0 6 and 8% from left to right) (Indicator color content 0 2 4 6 and 8% from left to right)
Day.
o 2 4 6 8 0 2 a 6 8
pH 593 6.02 6.00 6.00 6.07 593 6.02 6.00 6.00 607
" - - - - - -
AE/H 0/4.20PB 0/5:138 0/4.03B 0/3.938 0/3.778 0/4.60PB 0/5178 0/3.938 0/3.50B 0/2.878
AE/H 0.67/4.20PB | 0.55/0.90B  2.55/2.438  2.33/2.67B 1.02/2.808B 0.59/4.50PB 0.63/4.30B 131/2.33PB 2.00/2.038 1.41/2.20B

- --

AE/M 0.68/0.10PB  1.33/0.13B  2.65/2.138  2.38/2.388 181/237B 127/4.40PB 0.68/4.208 2.22/1.90B 2.80/1.90B  2.30/1.00B

. --

AEM 1.14/4.10PB  1.28/357B 3.16/1.70B 250/1.77B 2.89/1.67B 1.40/4.07PB 1.23/3.838 2.44/1.938 3.60/1.10B 3.87/9.838G

1 .
AE/H 144/4.10PB  182/3.53B  333/068B  3.74/0.43B 5.05/10.00BG 1.65/3.70PB 133/370B 3.02/1.10B 5.20/9.60BG 5.01/9.20BG
. .
AE/H 1.57/4.10PB  1.97/3.538B 3.39/0.77B  3.84/0.40B 5.29/9.80BG 1.84/4.20PB 1.55/3.50B 3.48/1.088 5.31/9.80BG 5.58/8.53BG
1 .
AE/H 177/4.23PB  231/3.20B  3.53/0.37B 4.84/10.00BG 6.86/8.80BG 184/4.20PB 157/3.50B 3.56/1.00B 5.87/9.10BG 6.02/8.90BG
- -

AE/M 190/4.23PB  2.72/2.57B  4.12/9.73BG 6.01/9.13BG 7.32/8.57BG 1.89/4.07PB  1.57/3.50B 4.24/10.00BG 6.44/8.93BG

” - -

AE/H 204/4.53PB  2.92/230B 5.15/8.43BG 8.04/7.17BG 9.72/6.40BG 1.96/4.40PB 3.11/2.40B 5.35/8.07BG 8.05/6.87BG 8.76/6.63BG

- B HE .

AE/M 2.07/4.4TBG 3.92/8.63BG 7.15/5.67PB 9.07/4.83BG 11.29/4.60BG 1.97/4.27PB  3.19/1.13B  6.35/6.40BG 9.58/6.40BG 10.06/4.80PB

o
&
3
b=
&
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fi RT fldulsiuiu pH 1Avlugeduidudduiemed 2% iiulduinndt 30 Su usliiiu 60 Yu Wdu
Wad 4% ulsunnnida 18 Ju ualiiiu 22 Ju dwilduiud 6 uay 8% ulsunnnia 8 Tu ualdifiu 18
Su dlesnnidlest AE wanndn 3.5 auiluanusasuunanusanswedlddienndan (Mokrzycki
and Tatol, 2011) duiiduiAvlugeleds wuinorgnaAusnuilndifesiu fe TduAud 2% \Auld
1N 30 T ualdiiu 60 Ju AduAud 4% ulaunnni 22 Ju ualdiiiu 26 Tu duiidupud 6 uay
8% tnulaunnnin 8 Ju waldiiu 18 Ju Ineflaudsnsfiiandinilouin Ao PB (Table 34) duflduusu
pH 1fiufl RT finnsBsuulasa@ifininfidulidusu pH &l Weufusnulugedy Adudud 20% fiuld
1NN 4 U ueliiiy 8 Tu Aaudnd 4% wnulduinnan 8 Ju waldiiu 18 Yu duilauiug 6 uay 8%
Auldunnd 2 $u usliifu 4%y dufiduiiulugenede suiniulduiutu Taefiduing 2% duld
1NN 22 Tu weldiiu 26 Yu dAud 6% ulauinnit 4 Ju ualiifiu 8 Tu druilaudud 4 uay
8% iAuldvirfunsiulugsdu Teeidesn AE 11 3.5 Tduagasuandan B BG (Table 36)

druflduiniui 4 °C nunilduusu pH dnmsiwasusUasddaiaunagsimiininilavlilsy pH

fail Wdulaiu$u pH MAndduaimes 2 4 wag 6% Waiiulugeddannsafiulsuannii 90 3u iflesan
AE §slsitAn 3.50 drwlduiiing 8% wiuldunnnit 60 Yu usliiAu 90 3u daniiAvlugaleds wuin
WauANd 2 uaz 4% uldunndn 90 Tu dwildudnd 6% ulanannin 60 Ju waldiiu 90 Juilay
Wud 8% wuleinnnan 30 Ju waliiiu 60 Tu dwilduusu pH1RLE 2% Tugedy wiuldunndt 60 Tu
usilsiiu 90 $u uasfuldunnndt 90 Fu Weifufnulugwiede fduing 4% sisffulugsduuazgs
wlods iuldunnnin 22 Yu usiliiiu 26 Fu Wiy dufldning 6 uas 8% TamiAvlugduuazgavead
duldunnds 8 Ju usiliiiu 18 Ju Wit (Table 35 uay 37)

wandliiiuimaAuinniidalugstuliazamedslifinasonsifuinwiesnnnsiasuulas
Aanauluansnduunauaniwesdlfmeniareglusseznalndidsstu asfiusnuiidy
Vigaumadl 4 °C iiionsliTedvesiidy lazmsTdonmlaunielu 1 ey dmiuildulivsu pH wazlify
18 Ju dwiuilduUsu pH ndsnnuankieldLTUsEAVE A Tarulunse-rsanniiga
3. iamvadaunagaulszansAmNATIvInaNudunsa-asuasilau

3.1 wan1smadaunadaudszdniaimnisnsiadiaaulunsa-ansvasilay lnevadounis
Wasuulasdvesiidusoasazanedumes A pH sineq wuiilduiawdsuluidesglumsaranstlesd
fidnanudunsa-aeuananstu & Table 38 Tnefiduliudu pH linsdsuulasddaauniiiduusu
pH Woneshenian Wazdsuddaauiesglumsazaetiimesidaudunsa-rs g Tnefidudy
FBumlameTUTINM 4 6 uay 8% IrmadsuuUasddniaundt 2%
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Table 38 Photograph of pH indicator films after immersed in buffer solutions at different pH

values 10 minutes

pH indicator films that the pH of the film forming pH indicator films that adjust the pH of the film
solution is not adjusted, at various color indicator forming solution to 6, at various color indicator
content; 0 2 4 6 and 8% (left to right) content; 0 2 4 6 and 8% (left to right)
0 2 4 6 8 0 2 4 6 8

5.93 4.84 4.46 4.11 3.83 5.93 6.02 6.00 6.00 6.07
solution

Start

pH 2

3.2 wan1snadaulszandninvesildaunsiadnanulunsa-Aas relessineusininesdin
s 99% wuinfiduiinsiasudedeiaau Tnefiduliusu pH asasuaninudes-si Wdulng
uy drwildufiviu pH asdsuaninuderludulnuguying Tnefduidvinadduinmes
inniaziunsasunlamesddaauniy @ Figure 42 wamgbiiuinannsoiflduludssgndliiile
prrinamanvesnalifld wu i1 ogu wazansewesd esnilonalignazanldesnsndunid
sumeldeanun Wy nsnezdin nsnunasn wazasanmsn Wudy Sdlessmevesnsndunigniintuay
lfAnnsasuduesfidunsrataainuidunsn-r1a (Kuswandi et al, 2013 and Kuswandi and
Murdyaningsih, 2017)

Acetic acid Figure 42 Color change of pH-indicator
based film in response to 99% acetic
vapor . -
acid vapor at 2 hours; (a) pH indicator
films that the pH of the film forming
Start solution is not adjusted and (b) pH
indicator films that adjust the pH of
Acetic acid the film-forming solution to 6 at
vapor various color indicator content; 024 6

and 8% (left to right)

3.3 NANSNAERUNAFBUUSLENSNINN15A522IAAUTUNSA-A9vR WAL Tnennaaunis
Wasuulasdvasiidusiole NH; Tnansdsle NH; fienududu 0.01 0.02 0.04 0.06 0.08 waz 1.0 M 1y
1981 0 0.5 1 uag 2 9y Fannwansneaeulude 3.1 Sadenfiduvdialiviu pH umagdeuse wuiinig
Wasuwlasdvesfiduiianudunusfussesiailunisdudaiule NH, wazaududuves NHs Ineidle
ANt uDs NH; Asil Tduasiinisiasuulasddniaudionasionnlanieossozinanlunisss
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lossimeuudu wasiandudaiulesumewiiuilduisslosee NH; ienududugaaziunisdioud

a

gosfldudaaunindensssiennuan Ineflduniiaduinmesiesnitasiudsudiionit §3 Figure 43
donAnediuNaNIIAdRUNITHaUaNaiale NH; vesiaunauasaindueulvleenivainaennraiuuns
Kang et al. (2020) Fanuirnsasudvediduluniedne fe Wasusndiraduiitusazden
AUAIU Imaﬂa‘uﬁLaumsaﬁmmaﬂqwmuﬁaEJmh%LﬁﬂﬂﬁiLﬂﬁauLLanﬁL%ﬂdﬁ esnnnsiuasuudas
dvasneulnlosduinanninudsunladlassaiannnsiufisendulelasiauloseu (H+) uaz
lansonleslossy (OH-) vMIFAduATiUSuImaIsadauIndosnisusuialansonleslonaulunis
Wasuwadassadsveseulnlesnduunnnit wuiertusieanududures NH; ity fdusainns
Wasuulasdidaiu esnnusunalensenlessuiiniu lunisdneinisnevausssolossie NH, 7
AU TULANASAUVDITANDUALALR B SHANETANALABSAINUVDY Wannawisan et al. (2019) wanslu

WAUINEIDANUTUTUYDY NH; WiNTY Avasiiduiinisidsuwlasdluniemng As andwdeadudy
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Figure 43 Color change of pH-indicator based film in response to ammonia vapor at different
concentrations: (A) 0.01 M (B) 0.02 M (C) 0.04 M (D) 0.06 M (E) 0.08 M and (F) 0.10 M
Fousahildunnatannudunse s AldUsu pH vesesazaneiidy Wuddufiamesainnis
afanonsytuiiensadnin 0.15M 0 2 4 6 uag 8% lUuszendldfunanfusienns lnoilloTinszs
AuaNTRING @1 WVTR wazA1 OTR wuiidleddufinmesiindudsualdfiduiian TS anas wazilen
%E Winty udldumnenetunisadia audisu feil Sen TS 437.15a 401.44ab 387.13ab 381.17ab uaw
364.64 kF/cm?® wawdl %E 544.63a 561.47a 571.67a 572.67a Wag 573.53% A1 WVTR AA1anas
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N

AU §9i 2,878 2,701 2,703 2,768 uay 2,571 g/m2/day wazA1 OTR fA1aNad AIUAIAU A9l
0.738 0.538 0.413 .0520 Way 0.410 cm*/m?%/day

4. wan1sUszandlifaunsiainanulunsn-asiundadueionns lnetildunsiataanudunse-
e Uszgndldnsaianisderendovanan iudnwd 4 «C 8 Su nudndaiAudnuuiuiuuue
fideiRaufusiuanasdevaaneiieidorecan vilianinduusetu Wouadutu wariidudeu Ine
Tgufinsasuulasmesdedadnauiiessornainisifiusnuunuiu &1 Figure 44 way 45 donades
fumsudevoaiiovaran U'%mmagéuw'%éﬁy’wm wazUSunamuaiise Pseudomonas spp. Tiiistuly
Wovanan fadl U'%mmaﬁuw'%ﬁﬁgwumﬁu%umﬂ 5.36 log CFU/g Tuudi 0 18u 9.32 log CFU/g Tufud
8 veen1siiusnwn wazuSunu Pseudomonas spp. Wisduan 5.24 log CFU/g TwSudi 0 Ju 9.44 log
CFU/g Tufudi 8 vasn1sifiudnen danaliminfie NHs FNIINTY B9 NH, Juanslunquaisusznau
lulnsiausemeld fisdulunssurunmsudevessandasiusiuannsiyeniunis fwedns
Uaogansngululasiauszmels (TVB-N) sanun wiu NH; teswiiatediu lawdiatediu iWusu (aneydmu,
2561) LLasLﬁaqmmmﬂﬁﬁaaqa Pseudomonas spp. annsaaen Trimethylamine oxide lutdu las
wiatedluly denadosfuusinauwuniide Pseudomonas spp Ty Wagen TVB-N Miindu 210
8.30 mg/100g Tudud 0 u 21.21 me/100g Tufuit 8 vesnsiiusiwT satlessimevos NH, Afiady
danaliiidunsratanrudunsa-saddsudiludlmuder wazdlan AE Wutuogredaau (Table 39)

Figure 44 Change in
appearance of packed

seabass fillet with pH

indicator label during 8 days

DAY 6 N DAY 7 DAY 8 storage at 4 °C.
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11.0

10.0 4 —@— Total Plate Count

90 = =A==+ Pseudomonas spp.

go 4 A

70 A

==

60 oo e m - - = = Minimum total plate count spo lage __ |

50 !

Log count (CFU/g)

—> 2%
zz : :’:’t [ | _"_"-: E _ s —> 4% Figure 45 Comparision color
¥ B N OB - x- e | ; =7 transition of pH-Indicator film
. *- R = i - Fe E ; %% ™ label to quality of packed
° 1 ; ; . 5 ) ; ) seabass fillets during 8 days

Storage time (days)

storage at 4 °C.

Tngfldunsaiaarudunsa-ane Wuddufinmesainnendyduynaadudu Fuinns
WasuuUasdvesdidudusTuil 1 vesnsiivine widuiiud 20 dunaiiunisddsudlidaaude
weameaUan esaniduianudualnuden waviledudaiuloseme NHs fidusns woulyleeniu
arlialmuAdendufedtudndud dufiduiidud 4 6 uar 8% iumsilasudlddaauilonaswinen
Wan Tnewasuaininuinidu/ahe Wdulnudvides daassly Fieure 45 waz Table 39 Tagnas
Wasuwaafnuinavesiiduiiduiatunsyauioudl dndudu oraillesnnseaugadulesyimeves
ﬁ”wuazgw%ulaﬁmmﬁ denalifiduduiatuanutusaglosaneldunnni

Sefiansananuduiussenitninudsudvesiidgutuamamuonievar wuiniduaud
4 uay 6% finsdsunlasdaenadosiuinasinninmnmaiiinewesnansusida fthanudiun
Usgniansuingrmansnisunmdimunuiniign fe dnsidsudidleusunagaunisimuniiueii
MuuA 6 log CFU/g (NSNANEIANAASNTSLNNE, 2560) e?iamﬂmimamwudwu‘faﬂmﬁa%w%éﬂgﬂwm
Wifiu 6.30 log CFU/g Tutuil 1rean1sidvinu wariduSuinuaualnudsinsainatsvesildy uansls
Wiandldusis 2 %ummmmuwmﬂaamLamauuaﬂa’mmaumeﬂm wiTlduAnEBuRAmesiaanin

arlsiensiasudnnnit i iduiang 8% aglvien AE wnnd1 wildunsiwasuudasaalnesas
Adugnadidnuiy Wifunisiudsuudasiitnaudenssieniva
wanslifiuinfidtnsataanudunsn-aeildddufinmesannensyduadadensadnsn
Wt 0.15 M Usinaddudiaimes 4 uag 6% annsnihundszgndldiduaannsainauainnisides
FeveswdnfsideUaan Tafnmadendelnadesdunisuarlanudeslessmerasuoiludels
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Table 39 Quality of seabass fish fillet and color response of pH indicator film during 8 days storage at 4 °C

Color response of pH-indication

pH of Microorganisms Total color of pH indication film label (AE/H/L*/a*/b*)
Time fish TVB-N film label
is
(days) (mg/100¢9) TPC Pseudomonas count
filltet 2% 4% 6% 8% 2% 4% 6% 8%
(Log CFU/9) (Log CFU/9)
= 0.00/6.098/ 0:00/2.56PB/ 0.00/3.57PB/ 0.00/4.90PB/
0 6.64bc 8.30a 5.36 +0.47 5.24 +0.36
88.30/-0.60/-2.13 74.61/-4.82/-20.63 67.14/-3.37/-27.21 65.44/-0.40/-23.81
s _:z! 0.62/6.10B/ 1.22/2.72PB/ 0.75/3.59PB/ 2.74/3.97PB/
1 6.45e 8.29a 6.30 +0.40 6.57 +0.80 n
81.77/-8.09/-8.30 74.81/-4.60/-20.83 67.77/-3.41/-27.42 66.07/-2.30/-25.23
— 2.45/3.72B/ 1.94/1.71PB/ 2.42/2.87PB/ 4.51/3.17PB/
2 6.51de 10.20a 7.05 +0.44 7.32 £0.22
82.17/-8.20/-6.17 74.19/-6.49/-20.57 67.96/-4.96/-27.02 63.51/-3.99/-27.04
4.39/2.64B/ 2.23/1.72PB/ 2.94/2.33PB/ 4.86/3.42PB/
3 6.50de 12.67b 7.38 £0.33 7.76 £0.43
81.74/-8.61/-4.04 72.62/-6.91/-20.70 68.21/-6.16/-26.80 64.63/-3.49/-27.20
F 4.37/5.098/ 3.70/1.42PB/ 4.20/1.86PB/ 6.01/2.26PB/
4 6.55d 13.16b 8.68 +0.47 8.46 +0.62 2
81.23/-8.42/-4.80 72.53/-7.31/-20.83 66.30/-7.19/-26.53 62.79/-5.88/-26.22
’ 5.49/5.41B/ 6.91/7.59PB/ 5.26/1.97PB/ 8.00/2.82PB/
5 6.59cd 17.32c 8.55 +0.49 8.41 +0.15
81.48/-8.27/-3.20 75.89/-11.01/-16.37 69.93/-6.71/-26.07 65.51/-4.92/-26.37
; " 6.27/5.87B/ 8.20/2.43PB/ 6.27/1.73PB/ 8.50/4.62PB/
6 6.71b 18.82c 8.87 £0.28 8.98 +£0.38 ~
— 81.66/-8.19/-3.70 73.43/-8.97/-15.45 66.94/-7.61/-26.59 61.61/-8.09/-26.83
| 0 1 EEEG 11.99/8.59PB/ 12.84/1.30PB/ 15.69/8.41PB/
7 6.83a 19.02¢ 9.34 +0.10 9.40 +0.04 .
o Y 8222/7.47/301  75.19/-1253/-12.99  68.96/-1093/-19.36  64.76/-13.16/-17.92
v
- 7.36/4.96B/ 16.95/6.62PB/ 20.92/7.59PB/ 21.75/4.99PB/
8 6.88a 19.30c 9.32 £0.09 9.44 +0.03

81.96/-7.98/-1.08

76.16/-11.86/-5.72

69.86/-17.19/-11.67

64.44/-18.12/-16.37

Remark: TPC - Total Plate Count
Means within the same column followed by different letter are significantly different (P<0.05)
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Abstract

The objectives of this research were to study the production. of natural products from
the natural materials, for its application in food and cosmetic products. Three natural products
were the digestive aid supplement drink with bromelain enzyme in the effervescent granules’
recipe, the capsaicin massage gel and the powder color from butterfly pea flowers.

Production of the digestive aid supplement drink with bromelain enzyme in the
effervescent granules’ recipe. The enzyme bromelain powder was produced by crushing and
squeezing pineapple fruit to get the juice. then the bromelain extraction was driven by
precipitation of the proteins with cold ethanol and was drying by freeze-drying technical to
produce the effervescent granules. product. The suitability of the organic acid and sodium
bicarbonate ratio that source of the effervescent effect, amount of bromelain powder, the
proportion of effervescent agents, amount of sweeteners were studied. The favorite formulation
by consumer testing contained citric acid 0.80 ¢ tartaric acid 0.40 g sodium bicarbonate 0.90 g
with the bromelain powder of 0.20 g, sucralose, and xylitol was used as sweeteners at 0.007 ¢
and 0.8 g respectively. Polyvinylpyrrolidone 0.15 g, anti-foam agent 0.036 ¢, and flavoring agent
0.12 ¢ were used as the additive’s agent in this product also. The granule product can be
prepared by the dry granulation method which the good flowability properties were obtained
and the bromelain activity was maintained at 87.9%. The product was good water-soluble and
takes 94 seconds for effervescent time.

Production of the capsaicin massage gel product from capsaicin crude extract. Capsaicin
crude extract obtained from extraction condition using ethanol:Chilis (Superhot) ratio of 1:5
(w/v) gave capsaicin content of 2,374.35 (pg/g). Subsequently it was developed into three
massage gels were formulated with 1.0, 1.5 and 2.0 % of capsaicin crude extract. The results
showed that the massage gels with 1.5 % of capsaicin crude extract gave the best results. The
capsaicin massage gel with 1.5 % of capsaicin crude extract had capsaicin content of 0.0123 (%
weight of sample), total phenolic content of 2.83 (mg gallic acid/g) and antioxidant activity

(SCsp) was 10.11 (mg/ml). Then, skin irritation test of the capsaicin massage gel was carried out
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on 15 volunteers. The results showed that there was no irritation in 11 volunteers and 4
volunteers had slight redness and swelling on the area were applied capsaicin massage gel,
which the symptoms disappeared within 24 hours.

Production of the powder color from butterfly pea flowers by foam-mat drying method.
Extraction of butterfly pea flowers used 0.1 5 molar citric acid solution, the ratio of dried
butterfly pea flowers to citric acid solution was 1:50 (weight by volume). The optimal condition
of extraction was at 60 ° C for 30 minutes. An extract was evaporated water, the total soluble
solid content of extract was 8 ° Brix and mix with 20% maltodextrin by weight. Then, 2.5%
methocel was mixed by weight, to beat until foam was forming for 15 minutes and placed a
plastic bag into strips 0.5-0.7 cm wide, 34-36 cm long onto the tray. It was dried by using oven
dryer at 70 ° C for 3 hours. Powder color extracted from butterfly pea flowers had pinkish, that
moisture content was 4.50%, water activity value was 0.239, color values'L* a* and b* were
42.11, 1590 and -1.45, respectively. The sample expressed as the solubility 86.92%, total
anthocyanin content 19.37 mg and equivalent of cyanidin-3-glucoside /.100g. Powder color has
been applied for sorbet products. The optimal formula to produce sorbet product was powder
color from butterfly pea flowers 2.5%. Afterward, the powder color was kept at ambient
temperature for 4 months in an aluminum foil bag. It was found that moisture content changed
slightly but not different from the initial quality, ‘while. the amount of total anthocyanin was

decreased.
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capsaicin figndnandsiner ussmtin annsdniau Smeeunsideindinasld capsaicin TugUuuu
ﬂ%‘uLLazLLN'uLL‘UzLQW’I%ﬁLﬁEﬁﬂH’]ﬂdN@’]ﬂ’liU’JG]L%IE]%J\‘l 1w 15AUszaIm post-herpetic Urnndnnieuas
nszan Tsmduszamdnauanuiu lsadesniaugunesd uasdawdiden uonanidildifiasng
amsanni Tsnazifindu WWudu (Reyes et. al, 2011) Tng Zimmer et. al. (2012) l@@nwU3una
astszneuiiuedniuaiazgrdnisfueyyadassvesasatnuadleduainniniiadalaseniuen
wuansaiaualleduanninilnuaudfduasiueuyadassuazansdunisdnay lagasadauaule
Fuanwinianalaiusunaansusznauiluaaniaun 180.08 mg GAE/g LLasqm'éﬂﬂiﬁﬂua%aﬁmz
uanadupn ECso 1ne3T DPPH winfiu 267.58 pg/ml LLazé’J’aﬁqwéLﬁumséhumié’ﬂLauﬁﬁﬂsxﬁm%mﬂu
MtnuUsEynAlinIasundainet Thayne et. al. (2003) Anwinisldasuavleduiiionsedunis
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veremvemasndeniiimimuinasuadleduannsonsedunisivaiouveadonls Tnsarsuaulsdu
gnsefudulszamiifands vlivaendenuinuimilaeted wasdoaluidssiamilsldday
ueNINH Ghita et. al. (2017) lAnwnsldasuaulefumuinafilwesnguivaaeusiui 27 au
uazaTvauMsvaisuresdonnelududendosusnniniisludisnaidous 0-60 i wudns
Inafouveadenmelududondesusnaimlafiutuoiitodfyndanmansuauleduiinand
W1uly 25 uil IngangnIsunisenuasewesansgewimssensulvliuaulsdudusnane lilae
LidesiTludauwnng TagmenisifiaTuuadlsdudminofiaanudadu 0.0123 0.025% wag 0.075 %
ﬁaﬁ?umiﬁﬁmiaﬁ’mLmﬂlszj%umﬂw'%ﬂ%qLﬂuaﬁaﬁmmﬂﬁsmmﬁmﬂizqﬂm‘ﬁmuwﬁmﬁmeﬁlfmﬁwmqgﬂLLUU
wa azfumsiauidesonauids neliAandndueilel Saduwumamisunsinanuidoanld

Usglevulaanndu

'
= v ]

dsssuvad (Uudnlaanfivdennunainualevesdiuedfusiaingluiintug swningdmdu

a A

a1sUszneviivedndauaudfiluasiusendinduiiuszlonilunistedesiuuarannisialsaizess

o

#1199 1 aendgydu Wuayulng fahRuduvierntuensiie ansaaneensadufeansueulnleeiy
Jduansuszneviluednilandiduasiuoyyadaszansssumnd adseansamlunmsueadiu uf
91M13911e anda adenannlsmuamu lsadeiiu Tsadenszan Rensytudiedudinssiusives
ndaiden Paeduilaans wasdwielouranendnile uam]1ﬂﬁLLaquvLszisJﬁﬁué’qﬁqwéﬁmaaﬂ%Lm%’u
vodladu vrasnisialsnladugadulunasnidantazlsanasmdenilandedn (Ruviiiguazdsen,
1.4.4.0) nsliusslevtiresnandydu wu Wanndusendudiunaluemis wasedesiu 19y
drunanlue3asdons wu Mvhenassnuuinuse aondgduddaduiidenegranndmsugeins Tnaden
nondayduin Blue Magic Water thanugsewmanauifuimieslsidiitu vidueiesiu Wy vnen
Syt wionaufunsundladuiih wesihunaufudnsiinsneg ddunendytunasnandngiann
aondduiaduduianussmelnediaunsainsverenainluinsUszmals (@dnnudaadunisén
TusingUseinegaany, 2560)
nsviutaduisitenldlun1sdaengninfvinuindananianisinens Wesanduisa
trwanUinuauiudssalirmeaweiuoniifidesas dufunsdesiunatiyvesanisailiiia
Aswnde wenaniinisiaudtsdadunisantdminvewansudiiedsninuarusendadunu

q
o

Tunsuuds (Ratti, 2009) n1sviuieitlananeds wu nsviuiauuuiBenuds (Freeze drying) 1unisvia
wisiuuldanudu nsviusiawuuviueles (Spray drying) L‘flumsﬁwLLﬁﬂLLUU‘LGﬁI’mm%uqa Tae 2 3504
AUYUNITNARABUYTIES NMSvIualagdaTvluuam (Foam-mat drying) Wunsyiwsrauunlganusaull
gunnuardIsnsndelddudounddiisuunisainlia

Ayl uuTaLun (Foam-mat drying) Wuni1sidnenniausefnalituveanaduduiie
nolimAnlnunsinuasdaneuin luvinuge (Morgan et al., 1961) nszuaun1sinliialnuyinlalagin
DIMISUAIUVN AT UTY 91Rua1sTe TR AaNasadlULadIRNT09n DN ARSI AIYAUYDINAILNA
(9 I~ 1 g.)/ = ) al' I~ 1 2 ) ) v v % = v 4'
anwaztJuneluse 3nNHUIN DI AU T ULNUUUDIALAI U MUV WA 99188050 UNTDDINAS DU 11D
pnsuitsariidnwarluse wWee annsavhlruaniduidudng vseunazidenladie lassas1weso s
I3 dy = 1 QIJ = ) = 2 Y ) Y & 1 q' (v ) ¥
Ane 4 avlgnguegily Juhunfuuladie defvesnisilndulnuasdieiiudnsinisiuiaues
219113 vlesnlassasiilugnsuvedivy vilidnuAR WU 0 demaliiisemelainsuassitu
msAsduiaiuauTeuluszuziandu Yrann1sagidsnunIme1ns InglanIzai unay saves
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813 (Andney, 2536) lneiigAnvnimeaianisviuianuulnuwanludssgndldlunsWaundndous
gwsvanuanewin Wy nsuandinsuiisunessiandaenisiutauuTnuwen tneldansazane
Methocel™ fiszsuanundudiu 0.9% Tagtmin saufusealadingmiu 10 ¢ Ihrauasifivunzay
wavanzfmunzaslunsiuisegamadl 50 °C 1unan 6 wa. (Fund uaznilan, 2551) nswand
uaasInnszissuunalasldlusivlian 15% lagtwidn uagviusisiigungd 50 °C Wunan 6 wu.
(Tan and Sulaiman, 2019) n1suamigndnlstueivmiouiudniagy MWlusiulianyium 2.5%
wagldgaumgiilunisiuia 65 °C 90 Wil (lwens uwagay, 2562) N1sHARMITETUATAINAINTTILNA
Hnanlngunundalnaddrsmanfunealadndmiu 20% Usuia 200 ¢ iuansazais Glyceryl
monostearate : methocel KAM (§m51dau 1:1) Avwidudu 2% Ui 75 ¢ yiuvsilgamad 70 °C 90
Wl (ANadssal Lazany, 2558)

Tnedeshanddlundasnsilonniu vloandy Wundnsususedanisfinaunsutdonuds Ine
ginvesleAnsumunsysvlyaRa1nis w.a. 2556 wisloan3adu 5 ¥da lowa Torn3uun lorn3u
Faudas loandunan lernSuriinmandewiions warloandumudy uansininisudwinves
lodn3u o1adnundnwazlodnsumuauNaukaz Sl (Rniiiey tagdSen, u.d.Ua) wu Jad
lod wosium gesiun waila Teanduleiisn lnevofiunduleansuiiffdunauve waliviewals &
Snwardidundaiuds samnu Vinaveshmaszdesmodneiiasudetildd dwnuduluidedy
lomnsuasuaviduiidenuasuendilenly 5’1‘1316]7@‘13@81‘1JQ:5L5@N5ﬂ51LL‘%QIMQJ (@3n, 2540) @4
anunsathansaneendydusnladudiunanlundniuila laglornsu

Fadudsddny Tneusegndliinalulading iy Bmsataasdifyuagnsiludszgndlilu
wAnfsiomsuazvd101e agiildmaluladmandnndndueiiiogunindsazneliinysglovise
qunmeesfuilng saadumaiiuyadimes@anainuns duasulidnslifmgRunnadmmainunsly
Usgmalidudselond Sudunsthoduneldlinuasns gaamvinssinuns uazdsumaudneld

sxgulsINY

gauiinside: nedisouassimumineinismdsnisifuiieinasuussUnannaLnyns
NIUAYINATLNYAT
52E2IANANHUNY: AaAN 2553 - AuggU 2564
gunsaluazasAd
1. wdanamImnnuas Tiud dulssaiuidnnide uaswinluyiusyuileseeninnnainlyuay
pamdusiies pondnyduiug 7-1-16
2. w3osdle léun Centrifure, HPLC, UV-VIS, Freeze dryer, Evaporator, 1A309UR/U LASpIRUT
waldl 8101pans infesduwdssuindn ndesdassuuussiuay Induesidin in3esdanin
anInA feuauieu LAseanuans 3esTnd Aesind aw srsthAUANggd
3. Jaguazaisiadl leun Glyceryl monosteatate (GMS), Methocel, Silicon dioxide, KCl,
BNUBANIADIMT NIATRSNLBULENSANTADIMNT NTAMTNIFTANTARINNT LetAesluaTusLum
nsae s gaslaa lwdfia asuimsgueulsiusediau Indlhdalnlsalou ndunauemisyin

NaNAUAUULA Ualadngnsu lv1ine nsadnsn laheuszdien Uinia nsalalaspaasn

ASN15AIUNIS
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Tasams35eil 2 Usznoude 3 n1sveass Faiis 3 manaaes SREMsiLlueuwansety il

nsMAARsil 2.1 nMsHanNanfusivIsgasanieulusiuseiiauluzuuuunsyanasy
1. nmswaneulvduseliaunslaeIviuiauuudiionuds

1.1 wissndulzsaiuglnnie Ineanenignaaiududy 50 ppm wdifinwene1dugnkasiiu
gan Tudulrsnsamadion Weuavunulududng uddetudulzsandas 1 ke tluatusenies
uadu 1 unit udhduduimfeunennindreniesduinglsl nsesdediunauie mnduinlSluwieiide
alndl 4 °C §ifu) 2 vu. Wivewdeiliazarsinnngneu wéFuonhdudnlanldatnouleiused
wau Tngmnazneusasemueansnemsdudu 95% fudidudn Shsndiy 26:74 TneuSunns aandusin
Tvimnnzneuanysalil 4 °C 1 vu. Aeuthlumdssdl 10,000 rpm 15 wait 4 °C ud3umsazanednla
gon iunzneulusiuildnazarsmeindusasiluiufuuuudidonuds

1.2 aaeunmautiveseuludusoiiauns Tiud Arnudu A aw %yield A3 uazAanssy
wulzduseiivau (USuU39359n Ketnawa, 2009) lnewn3euaisazaenaouleduseditay 10 mg/ml Tu
asazareneamaiwines pH7 waanauansazatu@Ing e 50 ul Avansgazatgwoanaiviines pH7
400 pl wazansazas 1% Casein 100 pl lunasananafnuuin 2 mL @e&aULd 37 °C 10 wilugns
ﬁﬂmmmqmmﬁ Mniuinasazats 5.8% (wAv) nsalnsaaslses@in 1,000 pl wdnwgruasiumiss
71 10,000 rpm 10 wnii shetaTesdumisssuinidn gaansazansdnlaluinnisganduuadlugis 250-
350 nm lagfansanedn Amax 71 275
2. Anwdandunaudmunisnisuaneseshnluguituunsiyanos

2.1 Anwvflauazdnsdiuvesdrunanfiugiudviunoaniieess) (Effervescent base)
TneAnwdnsndrunauveansnduniduas uadluieyluafuaunfingliidugnsfiugudmiuieaniog
Wouil lnganaunun1snaaeawuy CRD wuw2 U3dy 15 n5suis st

P39l 1 nsndundd tun n3nBesn:nsanisnasa 1:0 2:1 1:1 1:2 uag 0:1 wiw

Padeil 2 Uunaunsedufissnn 7 0.61 0.77 uaz 1.03 ¢ seluiielupisuaiun 0.77 ¢
Tnouanssuiseziiioulsdusefiaumnasgiu 0.1 ¢ [udiunay

2.2 Anwrdndmeuleiusofiiaunafiiminzanveslugnindniue lnodnidonsnsdiu
Effervescent base 9148 2. 191w 2 g3 udmanfunseulesiusediaulneudsusinmi 0.1 0.2 0.3
LAY 0.4 ¢ WAAANNIN 0.15 ¢ wazansanluly 0.036 ¢ USuUSumsdIuNaldu 3 ¢ meuealafndnsu
QENKUUNSNARBILUU CRD $1uIU 8 N35333 4

2.3 AnwSinadusauiiuguansieannewoslugnsnan st Ingldsnadau Effervescent
base 9048 2.1 §1uu 2 gas wazUiuunaeulyivsediauildainde 2.2 uduususum
Effervescent base 71 50 60 70 uaz 80% sauutinuandaainwmiun WHuRIH 0.15 ¢ uazatsanly
0.036 ¢ USuUSanmsarunaalu 3 ¢ Meuoaladindnsu 1eununIsAaoUY CRD 4 81 8 n3913a

2.4 WsyyAUNANNEN S usarN IAdeURANaLTR nenIeudIuNaNvRINERiMIItuTe 2.1-2.3
vlaedsdrunausiigg ausnsandisivun wdmadlunsedemanainuinnineiivaaidna wuuiuluun
Judnwanawudn 5 il wasnauuuuiieansiiavdiu mLmaﬂumwgummimvmumﬂmuauwmﬁu

&

9 nelaliiy 50% way ’e]iLWmiJ‘M@\‘i 25+1°C mﬂuuuﬂﬂmaammamum YU
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- Fnwarnmaifnannzuuunes) TnsmdusanluSninesuunn 250 mL st 100 mL futianlu
nsiinUfAseImsuatuty Iﬂﬂﬁ}uﬁﬂizﬁm’m?GQ?QLLGIIL%MLVI&’H]WWSS%@WENQUGT’J (efferverscent time)
waziitudvesansazanedaiau

- Fnvarnisazats Tasnsdaunaudaliazuuudnumgnisazats (solubility score) AUsINgWda

[

Auanufisenuisenasueiuty nusvesrnns Aslani (2013) fail

5 = aganglanunn lillngneumieet 4 = azanelan Inzneuwideegidntos
3 = avauldl Ingnouvdeaguiunans 2 = avanglalan dnvnouviongegunn
1 = lazany

- A1 pH YBsETAzaenla
3. nagaunslszamaulaiuduilan lneAndonansimunzan warlunaaeunisUseamdudaniy
HUsLaa 1ae38 7-point hedonic scale fuguslnaduiu 30 Au

4. Anwimswanundndueivuunsiya

4.1 \Benlignsiiazuuunureuannmmaaeunisuszamdiiatuguilanifign seSemdy
ARSI UUNTIYAAULUY Tnedsarunanniag audasianimnug winaslunsedomatainaiy
F3n1slute 2.5 antumneranasiulnssesiinudualasdon wdhsaduuiy stug TneldTudass
wafuipdesdnsyuvanlunan 2 il s1uau 2 ads dudislug fildununlvasidensnads uavsouriy
pzunss LunansusinldlugsezgiifloamesduazUandngagme

4.2 naaeunmuantAnislrarensy (Flow property) Ineussandizued w1ian (2557) uag
W (2564) vildlaemen weil

- s (bulk density; Poud IaoAsiRNRIHER e Tid i rudueuwds (mass; m) ag
Tunszuonmisruin 10 mL Inefseidlailine iiansdauiu wdsuaiunsvesmes fussgly
NTxUaNAMg (bulk volume; Vo) LLazf-ﬁ’ﬁmmmugm Pouk=m/Vy (g/cm3)

- AMUNUIMUY tapped (tapped density; Prapped) I@mmzmwaﬂmqﬁmﬁgmw mﬂ%’jumumim
ANLVLLLIUTI uEenukazUdosnTzUnmsfinNg afisafuduam 5 % gruUsInsveINe 7
U35uEn YieBnseuds 5 AsrausuldUTIIRTaaTinerautiensil (final volume; Vo) uasuInmL
4AT Prappea=m/Vp-(g/cm’)

- Compressibility index 31ng® 3 compressibility index = (Prapped = Pouk)/Prapped) X 100 AN
Usslumautinsimanussiuana dil

auUAnisiva (Flow property) Compressibility index

Excellent <10

Good 11-15
Fair 16-20
Passable 21-25
Poor 26-31
Very poor 32-37
Very, Very poor >38
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nadeufanssueuletiuselitau lnvazaroninandug 6.83 ¢ Tuun 100 mL walthlumnanssy
wulwduselaunulude 1.2 wazgdnwarnsinaniizwuunesiiudnvugnisazaienisazalenuis
Tute 2.5

nsnaaedil 2.2 nMsuszgndliasataualedulundnindiaauin

1. maataasuadleduainnin Tasasandninyiugygiossondiaeniueaitudu 95 % Snsdmn
VBINTNUWIFDIONIURE 1:5 w/v ﬁqmm:ﬁ 50 °C 1uian 5 ¥u. (FauUasain Gudeva et. al. 2013)
PnuthansatnanEfilduvhmes e 8 USunaansildanmsaria (%yield) Usunauasuaule
Fu 1ne33 HPLC (Zimmer et. al. 2012) ansituedniimua 1ne33 Folin-Ciocalteu method (Zimmer et.
al. 2012) wagAUEITAlUNNTAUBYYadATE (Antioxidant activity) 1ag8 DPPH Radical Scavenging
Assay (Zimmer et. al. 2012)

2. myvszgndldasaiauauledulunnineiiaauln lngwSeundndunaugnsiinsgu waufeas
afuavledutiina 1.0 1.5 wag 2.0% tagvuiin lngansunsgIunsndnnaadueiaauinwayledy
Ao A1slunea 5.0% lasteniluailui 3.5% nawesu 6.0% arsanataulsdu 1.0 1.5 uag 2.0% lag
it fuiazealidumauiusinuasy 100% widinsgdaduimauaauledu dai Yo
a1suaUledu 1ne33 HPLC (Zimmer et. al. 2012) ansfuadnvianag ne33 Folin-Ciocalteu method
(Zimmer et. al. 2012) arua1uIsalun1sAueyyadase 1ne3s DPPH Radical Scavenging Assay
(Zimmer et. al. 2012) Ainszrnuaniivewandniiaauinialledu laginAl pH wazAudunile
NAdUANUAIIvBINARS eilRawInwaUleTY 10875 Freeze and thaw cycle

3. mInadauauluie (cytotoxicity) 289nansuaiaauInuaUlsdudeiwadlnlusuataiiimis
uywd Tngansuinsgrudlfiuieuifiou fie Sodium lauryl sulfate waznageuaadufivvesvad
Aaviauyedmedsnisdoud sulforhodamine

4. N1INAHIUNITILABLADIABAINUS Inenageulusiaiadasveswdndugiaauianalledy a1s
ey fldiuieudiou Ae sodium lauryl sulfate Tnefuuniudiiandausnaiddluvesenaasias
WU 15 AU (18 6 AU 19 9.AY) §183EnINe 21-58 U aen erythema index meiain Mexameter
VuRIiIenanains a1 sugY (0 ) ntunaauaualleduusina 0.2 ¢ Wiguiguiun1InNg
aaAs ULl 232 cm? wdRedAusuuuRiviliunniidvundung 4 24 48 uaz 72 B
Wisuieun1sUAsuuUase erythema index vesiinuinaiivmauauadleadufuinfimansuinsgu
wariuinaildldmanslag Tnefuiaumaniadennuund (erythema index) Mudeuulas

5. ApTEnduUNIHanvaNaniudaaulIauwaUlgu

n1snnaei 2.3 nsuandrdaedSnsiuieuuTnuwum

1. Anwrvinarsnoliufvunzay 219UHUN1SMAABILUY CRD 112U 5 91 &1 3 n3suds Taun
Methocel AGM 91314 (ege albumin) waz Glyceryl monostearate (GMS) tagi3uainnisafinansa
Pneendyduniidieasararensadnindudu 0.15 M 7 60 °C 30 Wil Susdrunendayduwisdasan
avany 1:50 wiv thansarndildssmeinoenauiivunamewd sfiazanstnld 8 °Brix wauuealaindvnIu
20% Tagtiwidn Wsansnelaly 2.5% FlwAala 15 urit anduldgefududuntte 0.5-0.7 cm o
34.36 cm asuuan Yikloudl 70 °C w3 W, LaATIVERUAMAINYBILYY Tl AUALFT AN
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MUy N30y WaznTIadeUANAMYesERe 1Hud A1d ANty n1azany Sopasuandn A1 aw
USunauweulvleendiy
2. Anwranrzfimanzanlunisviuke 1Maunun1MAaeswUY RCB $119u 5 91 8 4 n35uds 1iun
QauUN 60 °C S¥uEiIan 2 Uag 3 Y. gl 70 °C 58881381 2 way 3 YU, lnglwsuudieg1anuyiln
yosasnoliufminzanainde 1 thiegseuuisfigumniiuazszeznainunssuis AsIvaeuaMAm
1#un A Anudu Msazane Aewmesioniin uarUiinueulvleendy
3. Anw1gN1IRUTIYIARS 1UKLNITVIARILUY CRD 4 81 5 n33335 TduA o1gn1sfiudnw 0 1 2
3 wag 4 1feu laewdouiiedadniusigldgeozgiifloaosd usnuiil RT duifudesmsananm
yin 1 deu Téun A mnndy nsavans a1 aw Uiinnuwenlnlesiu uaznmnwdugdunie
4. Anennisuszendldanslundndusivasiunuazatgmsiiuinenvasndnie

4.1 AnwinmsUszgndldFudundadusisofiun wisudeduvesiunlagldgnsnnnisudni
yfundounuidrunaude 11 81.5% 1A 16% wardnd 2.5% 9nmInadeunisUsyandudaves

e e

a

fuslaalidelauauuzindsaunfiuioni aadiusaninu Jeuiuges ngld sseduuiimuinia
5 3¢ YHUNLNITVIARDILUY CRD $1uau 3 61 31 5 neuids fall Usuianmae 16 17 18 19 uay 20%
A3RAMANNEAS U9 Lo fd USunaansueulnleeniiu uasnageumaszamdudanieds hedonic
scale (7 point) Avuaazuuu 1= liveuuin 2 = liveuliunals 3 = liveuldnies 4 = 1aeq 5 = ¥au
\Bntles 6 = vouUunana way 7 = veun ldEmaaey 20 A LileAnidengasivnzan

e

4.2 ﬁﬂmmqmﬂﬁu%’ﬂwwmNﬁmﬁmsﬁ%ai‘wm TaBa 9iHUNINAREILUY CRD 11U 3 91
5 159435 loun e1gmaiiusnw 0 1 2 3 way 4 @ik InoiwSeundndueive flunnugnsivazay
ussyegswefiunasludenanainuunn 3 soud.iuiionmgil -20 °C guiiudegmn 1 dai ile
AsIRNNKERAe laln Ad Usinaesueululeeniiy wasnaaeunsUsvamduda

NaNNINAaDILaZaAUEY

nsMaARsdl 2.1 nsnannaafusivigesanieulvsiuseiiauluzuuuunsyaniassy
1. nsuaneulasiusafiaumns

wulwiusefidunsiinanldanmsidusazdutinnadulese thunasmeulsflnennasnou
Tsiugheomasmiu udnhezneullsiuilaluyhutuuuutidonuds 5§ syield 0.37% detminan
Hunslusiufiidwiossou 613 L* a* b* waz H Wiy 42.4 0.5 5.1 waz 3.0Y audidiu A1 aw way
AT 0.15 uag 4.6+0.3% HRanssuteulwiusefiiau 32,253.35+809.29 CDU/g
2. nflsﬁnmn'\swﬁmﬂ?mﬁﬂugﬂqunsmaWaaw;

Lﬁaqmﬂaqﬁmgﬂausuaamﬁ(ﬁ'iy’wi’ﬁ'un%ﬁm%%ﬁmﬂaﬂ%ﬂsmauﬁaaawsﬁwﬁmiuﬂ13aaﬂqw§ thy
fo wulwiusefiaunsiifinuanifdesTusiulussuumaiue msld nefidiunauiiugiudiviy
relfiAnan1izeay e arsnguarsusiunnaznindunid daileviufAsendraziduundeveg
asueulnoanles wavanstassue Wy @15ty asusnause wavansiiuusine selddnwsed

2.1 msﬁnwwﬁﬂLLazé'm']?i'amJaqd'mwauﬁugmé’m%’uﬁaamqzWaaw; (Effervescent
Base) nan15Anwiufinvasnsadunisnuiinsaiidenldliun nsadn3n Giyatmi, 2019) iflesa1n
Lﬁmﬂﬁﬁ%mamﬁuiﬁﬁ”wmﬁuauiéfﬁa (wsdnm, 2547) azansinldmunn "Lajammms??uasmﬁﬁaﬁflﬁag 7
AT UFLTNG 75% lu3Uve9 Monohydrate LaNIANANTENINNIATATAAUNTANIINTA Jassim,
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2018; SURINI, 2017; Naji-Tabasi, 2021) dsazanetléfisuiu ligaanuduedaiiteddyfinnuiy
Fuiussinin 65% Taensamsmieienundunsadesniuasliilsaniuseafiunnssannsadnsn an
Wl limionnnauivly Tngldmmualdnsansndnsanauifunsaninisaiensiday 1:0
2:1 1:1 1:2 waz 0:1 Auleipenlumsusiun 0.77 ¢ udwUsUSUIUNTABUNIIRAINGT 3 S¥AU tawn 0.61
0.77 way 1.03 ¢ azldsnmdiunandndnniinidnludeuluaisueiun wia CT:Na &1 Table 40 Seus
azdnsdnudeulaivsefiaududiunay 0.1 ¢ Wethdunausnanludundy 100 mL 2zneliiia
UfAsemsusuutuanmsasiiuleifenluasveiuniiensndunsd azlandanduaiduniodingn
indeniman luanatuagesianiveulnoenlefludnumeilunesmuiuiu nanedudaoy
ponInasazateviuil uarlidnuasndunodntasseguuRivivesasarats ndmnturesazAen
guirumdeiduamsazatsla duandlu Figure d6a lnsilofinnsananszeznatlunisiinannewo)
(Table 40) Wui1nsABun3E 1.03 ¢ fisnsdunsadninnsansnida (CT) W8y 10 Wszeznainisia
amawlawﬂL%iﬁquLﬁiﬂsméuw'%‘é 0.77 ¢ Adwsrd CT 18U 1:0 waznsnduvnse0.61 ¢ sns1du C:T
Ju 2:1 $indregraditeddny Turueiidnsdimdun Isgeziannsiiedngne vl liuandenany
Samdudndmedniiteddy uasnndanduegluinasifiveusuldimue fodestiosnin 5 und
(Giyatmi, 2019)

0 sec 120 sec uanfmsizULuunsIYA
a

Figure 46 Appearance of a) an effervescent effect b) effervescent granule powder

1 Al v o W a a a a6 a g P a2 N

A1 pH P83aENTazATIAIZanaRNAIAULLDUIINAUNIABUNS OLINTU LTI nUINanIATiNIn
Wunevzyhliasazaneilsamiusenantos-wWieunn WeuSunansndunsdwintu 0.77 wag 1.03 g
anwEUIINUeIETaZa1eva 18R Tduaza1elareutneRila1 solubility score 4-5 lneiingnauinge
AnTulntes Aealududenanneilinsndunsd 1.03 ¢ lneildnsdiuvensadnsn:nsanisnise wiiu
1:0 \Wuanngngauinis uagdnsndiuaensndninnsaniinisaldu 2:1 Wuannzmungaud 2
= a a | Y v A oo a & A a a 9« | a
Weamnfissegnanlunisifinanenesilndifissiu Bnnsllsarfiernniinsndniniiiesogiaimen

& ¢ a o = A a Ay a o &
weanInilnsansnisndsangdadenldlulsunamliinniugndy

Table 40 Results of the effervescent effect by varied the weight of organic acid and the citric

acid-tartaric acid ratio with 0.77 ¢ of sodium bicarbonate

Weight of Acid ratio Effervescent pH Solubility
total acid (g)  (Citric acid : Tartaric acid) time (sec) score
0.61 1:0 195.0+17.7ab 5.7 5
2:1 210.3+12.6b 6.2 5
1:1 187.7x11.7ab 6.4 5
1:2 195.3+15.6ab 6.0 5
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0:1 201.3+21.2ab 6.2 q
0.77 1:0 205.7+22.2b 53 5
2:1 198.3+£16.2ab 54 q
1:1 189.3+15.3ab 538 4
1:2 198.7+11.9ab 53 5
0:1 173.3+26.3ab 50 3
1.03 1:0 166.0+37.2a 4.8 5
2:1 187.7+4.2ab 4.5 5
1:1 195.7+23.7ab 4.6 q
1:2 189.3+16.2ab 4.4 4
0:1 195.7+13.9ab 4.2 q

In a column, means followed by different letter are significantly different (p<0.05) by DMRT

iesnmisiinufAsernisueiuduilfiAnrlossvesineansusulasenled dawalsioules]
vseiaududulalasindnlusiunesudunesiny (Ackermann, 2003) s?iuﬁaﬂﬁﬁ%mm%ual,u%’uﬁam
anas Medlvufazdesyuiias uinuindsdweslriuudndsdareilivun aseguuivesaisazany
wazinnzdnanvug Adawalsifuslaaidnliuniudsemy daldinnsfsaisannisnelnluinine1nis
USnal 1.2% (0.036 ) AdlludTmnaiimnganlundniusiasionmns AINUTENIANTZNTIEIGI TG
(atfuil 418), 2563) adlugnsnismnaesiusioly

2.2 msAnwdasdrueuleduseliaunsiianzaslugnsuandael lnoudsuuanouledi
0.1 0.2 0.3 uaz 0.4 ¢ ludruwauvesansioaniznes] (Effervescent Base) FaUsznausionsndunid
1.03 ¢ lwenluAisuaiun 0.77 ¢ drsrdaunIATBASNAUNTANISNISA (C:T) WU 1:0 way 2:1 WIN (PVP-
K30) 5% waransaniiy 1.29% lasunaiin Usuuiuendu 3 g dreusalmfndniu 13 8 gas (Table
41) wuimdninuiiseansueunduarldansazanedndeatutumuuimanouleiiunnty waedl
3383Laaﬂumilﬁ®aﬂnzWaaw;mﬂﬁuasmﬁﬁﬂﬁﬁ@LSduLﬁmﬁuﬁuﬂgaﬁaa Effervescent Base 199910
Usnalusiudannagsiiliiinnesriamun guinlddhas TnegnsidieulesiusediaunsyUSuna 03 uaz

0.4 g nuATIUKAENENNaUYRoUldY Nazanalalivuasyiu 3-4 (Figure 47)

Table 41 Results of the effervescent effect by varied bromelain powder 0.1-0.4 g with 60% of
the effervescent based (1.03 g of total acid and 0.77 g of sodium bicarbonate)

Acid ratio Bromelain Effervescent time pH Solubility
(Citric acid : Tartaric acid) powder (g) (sec) score
1:0 0.1 74.0+9.3 a 4.8 5
0.2 115.0+10.2 bc 4.9 4
0.3 98.8+25.3 b 4.9 4
0.4 153.8+11.2 d 4.9 3
2:1 0.1 74.0+7.2 a 4.5 5
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0.2 1255172 ¢ 4.5 5
0.3 2213103 e 4.5 4

0.4 250.0+16.4 f 4.6 3
In a column, means followed by different letter are significantly different (p<0.05) by DMRT

State Citric acid : Tartaric acid 2:1 (w/w) Citric acid : Tartaric acid 1:0 (w/w)

Figure 47 Appearance of of
After

carbonation

the effervescent effect by
varied 50-80% of the
effervescent based with the
Bromelain 0.1 0.2 03 0.4 0.1 0.2 03 0.4 acid -sodium bicarbonate

der (g)
powder (g ratio as 1.03:0.77

effect

al

Tuvuzfignsideulss 0.1 uaz 0.2 ¢ azazangldfininfisesu d-5%s7 0.1 ¢ flszovinainisiin
anmeWesiduiiaauazazaeldfian egndlsfignindnsusirdpsivTunueulivsefiaunsiiuniignd
qranunsoazangldvunnieliannzdeineiu Fedenlfouluiusefiaun 0.2 ¢ WuvSunafivnzas

2.3 nsdnwUiiudiunauiugiuaisneaniszwesilugasndnfual esinuiunm
drunaNva Effervescent based fnarouiumnifusuldsenludfiintu muiidnumenisaransuas
sawi 39lFuUsUTINQ Effervescent based vsnganlugnsnangtost 50-80% vesthmiinudntosizam
Inerfvundnsdiuveansndunsd:ludadluasvendu 1.03:0.77 wazdnsndunsadninnsnnsm
3a (€T Ju 1:0 uag 2:1 MuUNaNITNAABIUD 2.1 U%mlLauMﬁLLazmiﬁuﬁ] AIUNANITNAADITO 2.2
MntuUsuimiingu 3 ¢ feusalafindniu 1us1uau 8 gms (Table 42) wud1U3aa Effervercent
base 1‘7iL‘v‘?im%uf\]ziﬁé’ﬂwmzmmﬁmamagﬂaqﬁﬁ@mmLLameLﬂumﬁummﬁﬂﬁU (Figure 48) uf
szognanlumsiinannzlessjazanasedsiitodfquilousuia Effervercent based 1 70 waz 80 %
SnidaelinsazandvesaauraLsng Aoy (5EU 4)

Table 42 Results of the effervescent effect by varied 50-80% of the effervescent based with the

acid -sodium bicarbonate ratio as 1.03:0.77

Acid ratio Total Effervescent time pH Solubility
(Citric acid : Tartaric acid) effervescent (sec) score
based % (w/w)
1:0 50 131.5+9.04 bc 4.83 3
60 129.5+11.12 bc 4.82 4
70 126.0+7.39 bc 4.63 il
80 96.3+5.12 a 4.55 a4
2:1 50 141.8+10.72 c 4.26 3
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60 119.3+13.38 b 4.37 4
70 97.3+23.20 a a.4r q
80 85.3+16.82 a 4.53 4

In a column, means followed by different letter are significantly different (p<0.05) by DMRT

State Citric acid : Tartaric acid 2:1 (w/w) Citric acid : Tartaric acid 1:0 (w/w)

Carbonation
effect

After
carbonation Figure 48 Appearance

effect

of an effervescent effect

Effervescent | 509% 60% 70% 80% 50% 60% 70% 80% on the.amount of

base
effervescent base

wiU3uas Effervercent base 71 50% livissnefiazviildiunassigg azarelduun (sedu 3)
uaziilesann Effervercent base 80% lan1aznisiinwegyivuiituiuly e1edawaliidusenain
aruzldiloluld fefuiadonyimadiunauasioanenowi 70% gt mdnuansoel 0y
Uiinafnzandediunausiuianuaniiiu 3 g Segnsvediunanansieanitzrleaifdndiu
299 C:T 1:0 Usenauniensa@nsn 1.20 ¢ wazlaneuluaisusiun 0.90 g LLazqmﬁﬁé’m’]mu CT 21
UsENaumensadnsn nsan1sniia wagleimedluaisueiun 0.80 0.4 Lag 0.9 ¢ AUAIAY
3. nMsnagaunUsEaMmdulaiuguilan

ﬁwaa‘u‘lmﬂlsﬁqmﬁauwaumsdaamawlaaﬂﬁﬁé’mwéau C:T AU 1:0 (N3AFA3N 1.20 ¢ waY
loreulua1susium 0.90 g) LLazqmﬁﬁé’mwdau CT windu 2:1 ( nTA%R3n 0.80 g NIANIINIZA 0.4 g
waglafsuluasuaiun 0.9'9) ImaﬁaaaaqmﬁLaulézjﬁmaﬁl,aum 0.2 ¢ 3% 0.15 g LALAITAANIIAD
Trl 0.036 ¢ udaingralsaduanslinrumu @arumundninaglasa 600 W) Usum 0.007
¢ Faduvsinannnigailiinude fruanaudszniansensisasisagy @Uud 418) U 2563 (Lidu
2400 mg/Kg Tundndauaiiasuemis) nundilinnuvuliiiiganesenseeuiuresuilan Jaduled
neadaduansliauinudnaiianiedn 0.8 ¢ v‘fﬁﬁiﬁmmmmL“ﬂuﬁsam%’mmﬂﬁim wonaniis
Fanslindudulzaamenisiiitelindnsusiindusaintu Sdddgnsndntamifiovnngausum 2 gas
(Table 43) fiUsuas 3.41 ¢ savdlamtheuilag

Table 43 The suitable formula for effervescent granules production

Recipe 1 Recipe 2
Component Ratio (%) Quantity per Ratio (%) Quantity per
serving 3.41¢ (g) serving 3.41g (g)
Citric 23.4 0.800 35.2 1.200
Tartaric 11.7 0.400 11.7 0.400
Sodium bicarbonate 26.4 0.900 26.4 0.900
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Enzyme 5.9 0.200 59 0.200

PVP 4.4 0.150 4.4 0.150
Antifoam 1.1 0.036 1.1 0.036
Sucralose 0.2 0.007 0.2 0.007
Xylital 23.4 0.800 23.4 0.800
Flavor 35 0.120 3.5 0.120

nuthluneaeunisszamdudatuduslng 30 au #1638 hedonic scale (7 swdiv) fitsony
21-50 Tagiduadluth 100 ml wéliuslnadunadnuasUnnguennieshunuuosy) uasvaaoudy
savdvdamaduasazatsgui wuingnsil 1 fazuuummweudunudnuuziiuing & sand nau
wazauvoulaesin 1u 5.8 5.48 5.67 589 uag 593 MuAINU Lazgnshl 2 HlAzuuuauvaUiIY
AuudnuarvIINg @ 3avA nau uazamveulaeaw 10U 5.04 5.19 5.78 533Uag 5.74 AEEU
Tnoazuuufud savid uazauveulassiuisaosgasliunndsessiidod iy Uagnsd 1 dazuun
ANNYBUSUAMANYETIUIINg uazndusa (flavor) Andnegailiddgy wikiaziuuauveulaesiy
laisinafuusignsifdunanveansaminidnenadaaiuliindusaiing
4. mandndundndugivuunsiya

osa1ngnsil 1 veswmdndusiiniesiutiedesdaniouleiusediauly Table 43 fazuuy
ANuTEUINNNIgRST 2 FaldiFonwSsundnfusignai adundndasidunuulugunsyanesy Tag
Wenldisn1seseunsyaunia (dry granulation) LLasﬂizqﬂm‘iﬁﬁmﬁé’mﬁwLﬂ%aé’mwmmﬁ’uammu
nsmenidavesn slug fMersuunames (Rakte, 2014) evwanfusiuuuninsiya (Figure 46b) uay
nuusaNanlisunszuIumM Y yalunaaes ugaantnneg azldnasaansy Table 44 Tnong
nsyaiudnldsl Compressibility Index 18y 11.14+1.40 seglutrsantfnislnaseanssniia (Good
=11-15) d@2unsnauil Compressibility. Index v 21.25+3.31 aglugatand@inisivavesnssiwuy
nel#ld (Passable = 21-25) wdnsliituingnandndusidausondnlfogluguuuunsyanolfads
Aglanszuiunsvinsgawnsenas laedsseznarlunsiinaneresiliuandsluanidueeng
HpdAguazfinsianssueulsivsetiiaulilans 87.9% (Euinainiovazvesrfanssutouladusol
auRInTIYaRonINEL) Setumsnannantusledesiutasgosneuliusedaulusuuuunsyanes
fansnolimnnnanssuteuleivseliaulad Wunaliaiusaasianssunisdesluszuumadvermsla
Wi (Hale, 2004)

Table 44 Properties of effervescent product form.

Product Bulk density Tapped Compressibility Flow Bromelain activity Effervescent

Form g/cm’ density g/cm’® Index characters (CDU/mg) time (sec)
Mixing 0.61+0.01 0.77+0.03 21.25+3.31 Passable 21.91+1.58a 102.75+10.53
powder
Granule 0.43+0.00 0.48+0.01 11.14+1.40 Good 19.06+0.26b 94.00+5.48
powder

Means witin same colume followed by different letter are significantly different (p<0.05) by t-test
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4. AUNUNITHER
- fununsaaeulsdiuseiauns wihiu 75.21 un/s lnglifnAmaany
- fUYUNIRERINgATTIlasuNsEaNTuIINdUIInANINTIgR Wiy 15.96 uv/laa

nsnaaedil 2.2 nMsuszgndliasatauaUledulundnindiaauin
1. mafaasuadlaguainnin

nsafnansuauleduanninyililngsundnanilgamgd 70 °C 24 v, Mntuatnndngae
lovuea 95% Snsndn 1:5 agldansadauaulsdulugureamariunilediGonitleslelsdu (oleoresin)
(Figure 49) & %yield 13.85 % flusunmansuauledy 2213.54 me/s astuadniianun 1964.56 (mg
gallic acid/g) avauansalun1sAueULABasE (DPPH %) SCso 41.29

|

Figure 49 Capsaicin extracts (crude extract) from Chilis

dlewSouiieufunisataualleduves Gudeva ef. al. (2013) fiadnuauleduainndnlngldn
FazaneenIuea 96% (vAv) wuiansatailaienududuresasuaUledu 12.712 me/ml dsifosnin
asatauadleduildnnauided Veloradeansniugwinifldlunisadn Sadnuazinaiiviina
asuaUleulanmneiu
2. msVszandldarsanauailedulundadusiaauin

Anwinisudaauiaualledudiuiy 3 ansleaiduarsadauadlefuanninuuaunnsdiaiy
18ur 1.0 15 uay 2.0 % lugnsivaaa eddrunau fail a1slunea 5% laseniluaniiu 3.5% nAlweiu
6% uazinazenn Ienansussauaiilisnvaesduealaddy (Fisure 50) wevimsinsizaiusunmans
Lmiﬂezj%uiuwammﬁgﬂamqm Wudﬁqmﬁﬁﬂﬂﬁﬂmm Ao wanawaUly FuiiivarsasauaUleduys
e 1.5% osaniidSunaasueadledu 0.123% setndndiedne Indifssfundndnainiansadi
USsnaasuadle@u 0.0125% drmwauingasiiiuansatauadledy 1.0 wag 2.0% JUmauaulsdy
0.0086 uaz 0.0182% servingetis

< 2 Figure 50 Capsaicin massage gel with

Capnicn 1% copcn 1% Capmicn 2% capsaicin extracts 1.0 %, 1.5 % and 2.0 %

Tnendndaaniaauaualleduiliuasatauadledul3anm 1.5% farsiuedniomn 2.83 (mg
gallic acid/g) LLazﬂ'gmmmsaﬁlumiéfma%a%asz (DPPH %) SCso 191111 0.11+4.34 mg/ml Antdu
0.001 Whwadanfiud Fadlen SCs WU 0.012000 fifn pH 6.9 wasdinnuduniawingu 248 ¢ ey
NSNAABUANNAIFIVOINANTUIIAUINLIALIT Freeze and thaw cycle NWUIMRANAUTLAUAIAIA bl
Aamsueniy
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3. nsnagauanuliuivvasndndueinaulnuauledu

nsnageuaulufivvewdn sudaauinuaulsduiowadiWlusuaraviivdeuyud (Table
45) nuikansuaieauinuaUlsduanududy 0.001-1 me/ml laiidufivdswaglnlusuaianiiimils
vosuywd InefiedidudnssonTinetsewing 95.07-101.13% Tuvaziimnududu 10 mg/ml iudiv
fowwas Wnediuosiiudn13sentinedsening 55.30+0.57% d@u Sodium lauryl sulfate iluiivwsowad
fiennandudu 0.1 uaz 1 mg/ml Tnefiefdusinissendinwintu 21.1540.80 uaw 19.61+1.32%

Table 45 Cytotoxicity test on dermal fibroblast of capsaicin massage gel

Sample Cell viability (%)
Concentration
0.0001 0.001 0.01 0.1 1.0 10
(mg/ml)
Capsaicin massage gel ND 101.13+£1.32  99.59+3.74 99.93+3.98 95.07+5.72  55.3+0.57
Sodium lauryl sulfate 103.99+£1.57 101.79+2.75 97.05+2.45 21.15+0.80 19.61+1.32 ND

4. NMINAFBUNNSIZANYIABIRBRIMLN U dalATvINAnA aiaauInLAU 9T

HANISNAGBUNITNBNITILANULADIVOINAN AlgiaauanuIauaUledu (Figure 51) Wuin
granadAsTIuIL 11 au (74%) linunisszaneiesifndausnaivieawiauedledu vusfinomds
Y0907@aTATTIUIY 4 AU (26%) Anteauinwallsdudonainull ¢ gu. flennisuinsasuaaie
Funadealan wieinismanidmeldidletiamiull 24 wu. (Fieure 52) dauRnusnafing 20%
sodium lauryl sulfate fipv1uunsuaziinsomiiergu Tuaneziiiausnadldldniasialiinig
WasuuUawnaenszeznamadeu (vu.dl.d, 24,48 uay 72)

Figure 52 Skin characteristic of 1 volunteer after

WD INANULASUBININIYIIIN Mexameter VB9 IMII01@1@1IAT (Table 46) WUIIALRRYAIY

applied capsaicin massage gel for 2 hours

wAsURIRINEaRsTaeawInLAllsTunaensTTIa AR (B9 4, 24, 48 WAy 72) hLANANa
AUNOUNIAI8E1INAADU TUVUENRID1@18TATINT 20% sodium lauryl sulfate TALQRAYAIIULAS
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WINPT ULANAEE 19 TaE Ay MaIIuIL 4 . WelisuduneunIdieg1s fetuawiawalladulyl
nelmiinnissemeifssreRinislusaainsdiulng egrelsinumauiauadleduetanelminnis
szABLARdlUEANATUNAY LU U upduazAl 19

Table 46 Erythema index of 15 volunteers after applied capsaicin massage gel, 20%

Sodiumlauryl sulfate and control (no sample) for 4, 24, 48 and 72 hours

sample Erythema index
0 hour 4 hours 24 hours 48 hours 72 hours
Capsaicin massage gel 164.21+39.05 227.88+47.36 169.08+30.72 162.21+27.85 164.63+33.07

20% Sodium lauryl sulfate  163.75+32.45 239.13+37.33 172.50+40.89 172.42£24.53 167.75+26.70

control 167.17445.18 165.75+40.21 168.50+56.78 164.25+52:22 165.29+47.93

5. Ainszidununisnanvasnansasiaaulauadledu (hiswuaeunsal indosile uazwdanu)
suunsanasaiawaUledu USuna wiiiu 8.75 uw/15.g
suunseaneawIawAUledy wihiu 18.88 UIM/100 g gnNI ARSI IRaNTARANTNNINTS
1 fidisaUszanas 150 Un/100 g

nsMAasdl 2.3 nsHanarslaeAsn1siuauulnuwm
1. msAnuadaasneIuivunzaulunisnaadng
nsasrnunmaestiudnensytulasldasnelnuiiunnd sty 3 via lfwads (Table 47)
wun Wuanansnelua methocel fintmnsia (Uinuvesmarfiuendieenainlnuiilonarinly
2 911.) ffign AefiAinuasiidnfian 1.70 ml uanainlwuain methocel finmasiaannnitliluain
Igymmsuaglnuain GMS thiie methocel ansnsatiednifuemelilduusivlinglsigusuga (Fisure
53) Tnluanldenansdianmuindutios figauazdnistugunian uddiamasi dooniilnuain
methocel uansilyluainldvansanunsadnifvormallfunnfiaausdazy uiandanitlnuen methocel
dmsulnuain GMS Tenaunaiags (13.34 mU) wagdimsdugindiliuain methocel waglwuainld
YIS wanIIlLIan GMS awnsadniueinialadesuazliuiu vililnuldasduazguiag Tnaen
AITUNLULAEUSNAINsLenFIvassmaIvelyiy (Amnuasi) fauduiudiu Aeluudislini
munuiutesiiviumsuendivasesviaiin uansiitiuduiinuasiags fafuandoyanmuaimyos
Tnla@dnydu uan methocel Wulnsifinrmnswafiign Liesain methocel Wuiiiinuasd@iduiaa
yhuthildusnanusadiein elunisBanizuagilidtatunsi Wueuaudifflunisiduaisdels
Anlnunazauasd lunan Suafdoan 159wt suulnuwuy (Sharma and Gujral, 2011) wiah
Tuarnansnella 3 ¥dia audl 70 °C 3 wa.nudn uan methocel Fanuasiad ligu Iluutaniely
nan 3 v, Iwanlvvneeuianigly 3 v, uiAnnsguiseninseuwidluvaeiiliiunin GMS innns
guaduth wagdedldinareuniunit 3 wu. (Figure 53) uaznsifudedlnludnondytuninasie
Iy GMS vilaganninlvludainaisnelna methocel Wagldv1Ing 1INNTATIIAMAINVBIARNT WUINF
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wanatsiely GMS SAdufign Inefiand L* sandndnsainansnelvildeninauas methocel Anudy
yoadnanInarsieliy GMS dergaaausilaiiu 5.0% dslagilundndaeing Wy uuRs (15895129
AN51504EY, 2556) NMUNENFIFU (NT8NTIA513048, 2543) ssruplsdianuulaliAu 5.00% msavans
Yosdnanansnelny GMS fenunfian uansindnaanansnelny GMS avaneiildd dnsainansrelv
3 gl A mandnlndifssiuegluyae 15.33-16.41% a@nsnaisnaliy methocel Usunauueulnle-
endusnndigausliiunndnafudnaanansnolualduninay GMs

Table 47 Quality of butterfly pea foam and butterfly pea powder at different foaming agent

Type of foaming agent

Quality methocel egg albumin GMS

Butterfly pea foam
foam stability (ml) 1.70 4.35 13.34
foam density (g/ml) 0.16 0.11 0.23
foam overrun (%) 561.06 844.43 365.80
Butterfly pea powder
color L* 43.28 40.04 39.42

a* 15.02 12.88 13.13

b* -1.07 -1.57 -0.52
moisture content (%) 3.83 371 4.50
water activity 0.20 0.17 0.21
water solubility (%) 80.16 79.27 91.96
yield (%) 15.89 15.33 16.41
anthocyanin content 18.22 a 17.69 a 16.90 a
(mg cyanidin-3-glucoside/100 ¢)

In a row, means followed by a common letter are not significantly different at the 5% level by DMRT

foam stability

foam before drying

foam after drying

butterfly pea powder
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methocel egg albumin GMS

Figure 53 Appearance of butterfly pea foam and powder at different foaming agent

2. Msenwranzimanzanlunisviuislnsdaendydu
MIATIRAUNMYBIARITIVIUKTBan e Tiuan1afy Iekada Table 48 wud Ansfiviuvisse
oagdl 70 °C 3 v, fennutudesfianusliunninefudnedivuied 70 °C 2 v uay 60 °C 3 vy, A
shufsneanets 4 anne fedlndiAesiu ad L aglutag 43.24 fs 44.18 A1 a* aglutas 15.36 9
15.47 uagend b* oeflutag 1,50 fis -1.42 Ansiiviuiiedt 70 °C 3 v, fensazaneuniian wilsiunnsng
fudnsTiviusissnegamgil 70 °C 2 v, wagnaivhuiaegumadl 60 °C svevnan 2 uag 3 v,

Table 48 Quality of butterfly pea powder in different drying condition

Drying temperature (°C)

Qualities
60°C2h 60 °C 3h 70°C2h 70 °C 3h

moisture (%) 6.09b 5.60ab 5.16ab 4.50a
water activity 0.245 0.234 0.227 0.227
color value L* 43.24 43.78 44.18 44.14

a* 15.47 15.42 15.36 15.36

b* -1.53 -1.54 -1.47 -1.42
water soluble (%) 84.16a 80.71a 84.53a 85.95a
anthocyanin content 16.18a 16:28a 14.40a 14.33a
(mg cyanidin-3-glucoside/100 ¢)

In a row, means followed by a common letter are not significantly different at the 5% level by DMRT
o Ao v v a o e a = M o o w oA Ao v
Anavuianegaumnil 60 °C 3 vu. dUsuaueulnlreiuiniaausliwnndafudnsiviie
AgUnndl 60 °C 2 u. uay 70 °C 5¥88LIa1 2 Uag 3 Y. IINToYaANNINYBIERIILABNUNY
70 °C a1 3 wu. Wuanmsfivanzadlunsyiuiadnsuulnuium 1WesRindnainnsiwieian 1zl
ANUIUAINTT 5%
3. M3fn¥@1ENsNVINYIENSINABNSYTU
dnsanneendayduimiusnuilunal 4 Weou Tdnvasidunsdsuy (Figure 54) N15M5I19AMAIN

YOIANITENININSAUSDEN ToRase Table 49

Table 49 Quality of butterfly pea powder was kept at ambient temperature for 4 months

Shelf life (month) Reference
Qualities
0 1 2 3 4 standard*
color value L* 42.11 42.19 42.53 42.18 42.55
a* 15.90 15.72 15.39 15.88 15.84
b* -1.45 -1.48 -1.66 -1.51 -2.16
AE 0.00 0.20 0.69 0.10 0.84
moisture content (%) 4.50 a 4.63 a 4.68 a 4.69 a 472 a
water activity 0.239 0.240 0.245 0.263 0.268
water solubility (%) 86.92 a 86.49 a 85.64a 8456a 84.1la
anthocyanin content 19.37 a 1821ab  16.49bc 15.09 c 14.28 c
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(mg cyanidin-3-glucoside/100 ¢)

arsenic (mg/kg) ND - - - - <2.0
lead (mg/kg) 0.05 - - - - <1.0
mercury (mg/kg) 0.01 - - - - -
Salmonella spp. (per 25 g) ND - ND - ND ND
Clostridium perfringen (per 0.01 g) ND - ND - ND ND
Escherichia coli (MPN/g) <3.0 - <3.0 - <3.0 <3.0
Staphylococcus aureus (CFU/g) <10 - <10 - <10 <100

In a row, means followed by a common letter are not significantly different at the 5% level by DMRT
ND = Not Detected

* Quality and standards on color extraction from plant or animal

Figure 54 Appearance of butterfly pea powder was kept at ambient temperature for 4 months
) A @ w = & a T a Y a ' ' a
WU Lo NUSNEENS 4 wou Ansluinisiuasuniuaewnud 1nefansananAIRNLLANA1IU9E
1A8571581919090819 U A0 19NIAITIU (AE ) 01 AEIAWINAUNTENINNTT 2.3 Daddiageiliaay
WANANAURIEINATEIU (Sharma, 2003) AnsiaTgnIsAUSNY 1 2 3 uay 4 ey fia1 AE Ueunin 2.3
A Ay ' a v & A g o a = = ' & = = Yy a X
wAMIINNANE L LANAMINEUAY (0 HBw) WIBNUSNEIANLUUNAUIUIY AANLTUBIE NI WA LAY
W LA NA A UANLTUVDIFRISUAY A1 aw VoENT LU T LR LT W ULA A UANLAY AR US N 4
Wau dANsazatvanads kisns i uanasudy Ysunaeuinlseduvesdnadwunltiuanas lnedlowiu
o a & a A A a | o a v a X 9
Snwndna 2 Wou AnallUSinaweululveinanaunnsinsiuanesuiu USinaamsiuidouuazaunmau
Auv3dvesdnmaonengmsiusne 4 wew eglunaueidervunnuninusennsgudmsuansaialing
PNAMVBINVSRdR I @EinnuAnenssuNSeINSHaren, 1.U.4)
4. nsuszgnalddnsanaandydulundainsivasiun
4.1 mMsuszgndldfnlundndingionnis wivundndurgesiunlagldgasnnnisuanundydu

o
LYY

wioufuTdrunaiysznouse 1 81.5% in1a 16% uardng 2.5% 21nnsnagouNIsUsTaTMdia
vosfjuslaaliifolauouuyhilsaumfionh esfiusamniu 3uihnsuiugeslaensiuiinudma
ogluta 17-20% w/w nd191nn3U5ugRsLaznTIaAoUANAIN NARANeiwesunfildTdvuyousiig
(Figure 55) ¢uaga Table 50 wuin iieldvmatsunanfisTuiinavilvusinamewd Wiavansduiiuty

Table 50 Quality of butterfly pea sorbet at different amounts of sugar (16-20%)

Amounts of Sugar (%)

Qualities
16.0 17.0 18.0 19.0 20.0
total soluble solid (°B) 18.17 a 19.27 b 20.40 ¢ 22.30d 23.23 e
pH 2.71 2.75 2.67 2.67 2.63
color value L* 26.82 26.87 26.46 25.58 26.08
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a* 10.84 9.87 10.56 10.92 8.61

b* -5.10 -4.89 -5.02 -5.23 -4.52
anthocyanin content 0.47 a 0.50 a 0.50 a 0.49 a 0.49 a
(mg cyanidin-3-glucoside/100 g)

In a row, means followed by a common letter are not significantly different at the 5% level by DMRT

16% 17% 18% 19% 20%

Figure 55 Appearance of butterfly pea sorbet in difference amounts of sugar (16-20%)

A1 pH vowdndusgesiundalnaiAsaiueglugae 2.63 s 2.75 @rdvewdndusiilalndifes
fiu A1d L* agludae 25.58 s 26.87 Ad a* agluyie 8.61 83 10.92 Uay Aad b* agfluyae -5.23 fi -
4.52 Usinaweulnleendusielndifesiuegluyi 0.47 83 0.50

nsnadeumMeUsEamduiavemAnusinefiun (Table 51) wuin nanfasigesiuniia 5 gns
(Wiina 16 17 18 19 uay 20%) Srzuuuauvousdliwnnd1eiu ndnfusiosiuniladina
19% flezuuuarareusudnunzUng nau sand wnfiaaudbiusndsiusdadasivefuniladiaa
20% Tuvmeiindafusivesiundildinia 20% Saziuuaiuveuduiedudia uazauveulngsam
g9an wiliunnssiundndusisosiunilaiigna 19% andeyadunuainuaznisnadeunisUszam
Suifavowdn tamivosiun Judennanfasitesiungnsiilaiina 19% dwmsuAnwengninfuinw

Table 51 Sensory evaluation of butterfly pea sorbet at different amounts of sugar (16-20%)

Amounts of Sensory evaluation
Sugar (%) appearance color flavor taste texture overall
16% 584 b 6.12a 4.80 ab 436 b 4.96 c 472b
17% 580 b 6.16 a 452 b 5243 5.64 b 536 a
18% 584 b 6.16 a 4.88 ab 5243 576 b 548 a
19% 6.20 a 6.16 a 504 a 5443 592 ab 5.64 a
20% 6.04 ab 6.12a 4.92 ab 540a 6.24 a 5.84 a

In column, means followed by a common letter are not significantly different at the 5% level by DMRT

4.2 NM1IATIVFBUANNNYBIHARA T RS IURTTEZIIAN 4 §UA (Figure 56) Taeifufigumadl
-20 °C #wads Table 52 wuin Ardvesndndueigefiunliinisdsy Tnsfia1sanainal AE vaq
wanSausigesiuniiongnsiiuinu 12 3 uaz 4 dUai flen AE teunin 2.3 uansindveswdnsasives
we laduandneduiFudu 0 dawi) a1 pH veswdndusiwesiuniiengnisfiuinw 0 G 4 §Uansidlan
Tn&iAssfuagluta 2.63 fv 2.8 Usinuvessudeiiavaneninoglut 23.96 s 24.61 Usinaueulvilzeniiu
mmmémﬁmeﬁ%a%mmhjLﬂﬁauLLanﬁﬁiwaguJIusziaa 0.54 814 0.55 mg cyanidin-3-glucoside/100g AMAIN
AuRaUnIgaaaneenAuinw 4 duamieglunaeininsgiu
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Figure 56 Appearance of butterfly pea sorbet was kept at -20 °C for 4 weeks
Table 52 Quality of butterfly pea sorbet was kept at -20 °C for 4 weeks

Shelf life (week) Reference
Qualities standard
0 1 2 3 q

color value L* 25.35 24.76 25.00 24.89 25.05

a* 593 6.28 6.27 6.08 5.80

b* -4.15 -4.08 -4.09 -4.00 -3.99

AE 0.00 0.69 0.49 0.51 0.36
pH 263 2.71 275 273 2.84
total soluble solid (°B) 24.61 23.96 24.08 24.59 24.19
anthocyanin content 0.55a 0.55a 0.55 a 0.54 a 0.55 a
(mg cyanidin-3-glucoside/100 ¢)
Total Plate Count (CFU/g) <10 25 <10 80 65 -
Bacillus cereus (CFU/g) <10 <10 <10 <10 <10 <100**
Escherichia coli (per 0.01¢g) ND ND ND ND ND ND*
Listeria monocytogenes (per 25g) ND ND ND ND ND ND**
Staphylococcus aureus (per 0.1g) ND ND ND ND ND ND**
Salmonella spp. (per 25¢) ND ND ND ND ND ND**

In a row, means followed by a common'letter are not significantly different at the 5% level
ND = Not Detected

* Notification of the Ministry of Public Health (No.354) B.E.2556
** Notification of the Ministry of Public Health (No.364) B.E.2556

mMsvadoumMWszamaudavesndnineivesiuniiengnisiiuine 4 dai (Table 53) wuin
paeno1gMniuinw 4 fawi nandasivesiuniiazuuuamveunni liusndrsaniEusiu lned
AziuufudnuazUIIngeglugie 5.90-6.10 dudegludis 5.90-6.20 sunaueglugag 5.00-5.30
savifogflutag 5.75-6.00 iledurianglurag 5.80-5.95 wazdunnuvoulaesmoglurag 5.80-6.10 1
ynnsudazuuulininii 5.00 Jadusziuveuidnies waznanisiinneiguamslaruInIsves
HARAUYYRIIUR (Table 54) WU WARAMIIUSIUR 100g WAt 88.64 kcal WanAtusiasiunliiilvsiu
uarARaLadAeTen WamwanauAmdlaTuInste 1 miheudlng 80 ¢ awldTundsnuianua 70 keal
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Table 53 Sensory evaluation of butterfly pea sorbet was kept at -20 °C for 4 weeks

Shelf life Sensory evaluation
(week) appearance color flavor taste texture overall
0 6.15a 6.20 a 515a 580 a 595a 580 a
1 590 a 590 a 5.00 a 575a 590 a 580 a
2 6.10 a 6.00 a 530 a 6.00 a 590 a 6.00 a
3 6.05 a 6.15 a 520 a 590 a 580 a 6.10 a
4 6.10 a 6.00 a 525a 6.00 a 580 a 6.10 a

In column, means followed by a common letter are not significantly different at the 5% level by DMRT

Table 54 Nutrition information of butterfly pea sorbet per 100 ¢ sample

[tems Unit Result
Total Energy kcal/100g 88.64
Energy from fat kcal/100g 0.00
Total Fat g/100g 0.00
Total saturated fatty acid g/100¢g Not Detected
Cholesterol mg/100g Not Detected
Protein (N x 6.25) ¢/100g 0.27
Total Carbohydrate g/100¢ 21.71
Total Dietary Fiber 9/100¢g 0.18
Moisture g/100¢g 77.78
Ash g/100g 0.06
Total sugar g/100g 20.0
Sodium mg/100g 6.41
Calcium mg/100g 6.47
Iron mg/100g 0.24
Total Vitamin A ug/100g Not Detected
Vitamin B1 mg/100g Not Detected
Vitamin B2 me/100g <0.04

d5UNaN15738

Trsams3dei 2 ffoaganuanisidena 3 maeaos dall
1. MIndanandasitsgasanauluiuselitaulusuuuunsyanay
nswaunsnduvIsuadlnfeslumsvaiualugnsasliAn fisemuounduiione ey
neliAnnesingasueulneanladlsiluanzuuuresuazizrosy anasauiluasazargliingnou
vieineneudntos Fedamdunsndunidiuladouluasuaiunvesdiunaiugudmivieany

114



Weay] (effervercent base) Ao 1.03:0.77 Adn31d1uNIATAIN:NTAMIINGA (CT) WU 1:0 wag 2:1 10
anmeiEuduivanzay Viinaeulsiusediaunsivanzando 0.2 ¢ iosnifuvinasnnneiiiuag
1ﬂ1u§jmLLé"gmmiaazmwmLﬁ'aéjufjmﬂﬁﬁ%m NaNsANYIUTI effervercent based WU 70%
Imaﬁmﬁfﬂ%aqmémﬁm%ﬁgﬂwm (3 ¢) fimsdIu C:T 1:0 (1503930 1.20 o) wasluianlupisueiun 0.90
g UazgnInRnTEI C:T 2:1 (NSATH3N 0.80 g NFAMNINT3A 0.40 o) wazluifesilunsusiun 0.9 g 1Ty
Uhinuiungan TnedeliAnanneemfisunsuarAugauifseietnemniga daeliansdng avans
195 nan1snaaeunasvamdudanuguslaalagldansiianuminugeanlsasiuivleaneawagldanslv
nduduvzsn ayldgnsndazuuuanureuainnsmaaeumalszamduiavesuilangs Ae nsndnin
0.80 g N5AN15113A 0.40 g lepenluasueoium 0.90 g toulesiuseditauns 0.20 ¢ WAN 0.15 g @13
ann1sielly 0.036 g ¥AA1lsa 0.007 g lwdnea 0.800 g wazanslinaudulesn 0.120 ¢ Faiivhudngay
3.41 g sondlmheuilaa annsasdadunsnasmeinsinsyaurslnonssamenanlmnduusuuds
wazualAldndndasinsya deflant@nnsinavosnsenlusedud (Compressibility Tidex 11.14+1.40)
uazdsasaniansaueulsdusefiaulild 87.9% annsoazatsluth 100mL 167 Raanierowuas
Auanldmingalung 94 sec uay Wsavfvmueuuie waeiindududyss
2. msuszgnaldasaiaualledulunbnduaiaauin

nsatnasuadladuanndniusguilosoandoieniuea 95% Ndnsd 1:5 ayldasarde
waUledufidusunananan 13.85% fusunaansuaUledu 2,213.54 me/s ansTuoAnTnun 1,964.56
(mg gallic acid/g) WazAIUAINITAtUNITAIUBYLABATE(DPPH %) SCso WNfiU 41.29 dlaviinisuan
nandudiaawinuaUledu lnaduarsadauaule@udiuom 1.5 % nuimdadudiaauwiauaulegul
Usuasansuadledu 0.0123 (% sevintdngiodas) a1siuednianun 2.83 (mg gallic acid/g) uag
ALEIalunISAILeYLadasy (DPPH 9%) SCsp tinfiu 0.11+4.3¢ mg/ml Antdu 0.001 witvesiniiy
& nanegeuanuduiivrewdndusisaunwauledunowadllusuananfovilaywd wuiwdndoe
wauauavUledy anududu 0:001-1 mg/ml Lifufivdeiwadinlusuaavinomilaosuyud Tuvnei
AMILNdU 10 mg/ml Wufivdowwad nsnaaeunisnanisseAsLAssaInansuTaawInLaUlsduny
Mawanalledulineliinnissgaeifssnerinisluetaainsaiulg)
3. NINANTNIIINABNDYTULABITNTVIMAIUUTNULLUN

Funsunisuanae shnsatanendytuuiesasararensadnsnaudut 0.15 M S
nandayfuuiwiamsazmensedainilu 1:50 (wA) shnsafindiaaumgdl 60 °C szagian 30 Wi thans
afnfildssmetesniieliasataiuinuveudsiiazaneilfivintu 8 °B nausoalauindviiu 20% e
thwin anthuduansrelnayiina 2.5% AlnAslvudune 15 nit Tagedulidudurunnti 05-0.7
cm. 871 34-36 cm. asuuann thluiuiehedevaudeuiigumgdl 70 °C Wunan 3 v, dnadudusy
wazdsaien mafudnvdnsszezing 4 oy figaunmaiugdunidegluinmsininigiu n1s
UsgyndldFnslundnfusisefiuniignsfivanzauie 1 78.5% uiana 19% uas Ana 2.5% winds
gefluniilafiuunameulnlesiiu 19.37 mg cyanindin-3-glucoside/100 g waziiloiiusnunan fousi
gosiunTigamnil -20 °C ilunan 4 et nandusimefiundinanmiudurideglunmsiumsgu
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unasUuazdaiauauug

Han1svslusNLIIUERY “ITanazimuansainaInassssuen” uanslndiuinluiivuasian)
wieldnisnisinuas farsddyifianantising aunsoataeransddnyluldselondlaily
9AAINNTIUBINT LTA1DN WazUTIYINI Ineasana 5n1sain nsinfivansdidey waznisiians
afnluuszgndlfuazsiosenlundn et e
1. uaule@unsuasualsiiuagansnnwinldlundndugiomisiasy

waUlgBuannninanunsoanalasisieniuea 95% snsd 1:5 wiv lnensniugiiseiusunm
arsuaulsBuuarlalelnsuaulsfugeiian daunalsfiuesdainwinadalddotiiusidng dadudnilna
wazthifungndn Tnenindihatndethiiusdn Snsnd 1:2.5 wi fivsinaualsitussdimunuas
mnuanansalunsiuoyyadaszaeian Wethluvaauarussgluuatgamaniuuuula warfuuuugy
uazuAUgalwaglad Usua 500 mg/uauya ileldueivaiaiuguniw annsaifulé 180 Yu dunums
NARans 1.15 vm/uadga gnnitansatnuadleduluiesmanniifisiausesnn d-12 0 w/uauea
2. upunang tsuvenszve uazwaRunuzulugUlalas-uluuauga

15117 ANNINLHERTNLEY Brumng afmiduseuseTaFen atamwaRuannn B
annsaiteliuselovlinndin Tuthuzuna 100 ¢ fimiud 69.89'mg Tnsn3n3n 7.53% A1 pH 2.51
Waenuzumatamaduld 1.50% w/v wazadaiifunosszmeld 1.06% vw lngtsfuvoussmed
D-Limonene gsfia 52.63% waduldliuasifinanuvila a1sioina uazansasialuemis uzunsusls
w3 407.61 Alaunaed/100 ¢ Tnedsasdiamuyisanasiindunzun aunsoldusomauagnan iy
wiesdnuzuld Tnondnsneifldannsusgandldatsasnainuzun WWun dausunmdoudalugs
Inosamnd mathlulasuaugainiiud diduvsussmeussmaiunldlueiesdons wu wsdwennii
paulWudenii wadamth uasiedu eriumnuguidlifiuasshlifiansyansda
3. Awsaniynaunudduaseilunandiaeiannis laun

dneanaendtu lnannsannnendyduauaIsarasnIngn3nutu 0.15 M 8nsidunen

yiusioasaraenInTezn WU 1:50 w/v afiaiigamadl 60 °C Wuaan 30 wdl diluviuiauuuriudey

9
figuvnfiandeudi 160 °C taanaduduy fansdrdnymdn fo uoulveriu Sauauifdueyyadass
annsoululszgndl flundndosioadls TneUSuaivnzauie 2.5% taedwidnvesduna
drsniasen anmsatnuasenseieiomsnnin dluviuiauuriunosfiguvgiiauieuldi
170 °C Ifanaduddy fansddy Ao walsiiuesd annsailuvszondlilundndusioadld TneUiua
fumngaufo 1.0% lasthwiinvesdunay
dnsanlume Ifannsadnlumesioinisaennin diluiukauuuriudesfiguvgfiaudeulii
160 °C l@dnadudiforuaziindunenluny fa1sd iy Ao raslsilad arunsnurludszgndldly
wAnSuTasudels TnsUSinaiivnzaude 2.0% Tasthwiinvesdiuses
4. lalasnaaaseansainlugundddiduaslianuasialundniasions
afnlelnsneaassdainlugiunsseieniusaninududu 95% azldveudsitliazanslu
Loaneged (AIS) 9ntuaiea AIS feunil 80 °C Smsrdau 1:20 wiv szziaatlunisada 90 und 16
lelasnoanoefainlugiung 5.45% Saaudu 7.32% fUsurunsaglsia 11.47% waeduimainia

MINUA 55.68% TnaAesdulanauniinisan lnelalasaeaassnainlugiuieminududu 1.5% 3
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AruaansaluNIFuoYLadaTy 12.63 warduuinansiluaniiemun 1.42 mg GAE/100 ml dununis
WA AU 7,800.46 U/kg anunsatnunUszyndldiluansliaiiuasiilundadudgeaninuas
wandasiomnasudmiuinlusiuuuifisusnaunuaniiuauduniianianisdi Ineusuwd
wanzaslundnsasiveansn fo 1.5% wazUTinafimnzaslundniasionsadudmiuinlugiuuy
Weas Ao 2.0%
5. lulwsiusefitauannnanasylfvesgravnssunysguduuzsaielidu meat tenderizer
nanaeylsvosgnamnIsuUsUdUUrsafiansnsawanoulusdusediauls liud gndudzn
Wiendaidetumuazunu lnsdudendnidetunuazunuidnenmluniswdneuludusediay
wnnddiugn wildidendnidefuaidutngfunanidesnidndiuiivdefisgenitdudug uaa
ulullneftuingiufionmgives 1 wift tlududud dnihdunmnegnouvesudsiliazaretioon
wazatmouluilnedsanaznoulUsiumseniuoasnsIdiu 26:74 vA uiu 1 v, Jumiesdt 10,000
rpm 15 Wi (Fesinneldaamgl 4 °C) iluvhuiwuuudidenuds azldouletdusafiaudundivios

gou Naenanssuoules 19,832.6645128.13 CDU/g fiUsunaunandn 0.2410.09% Aetnvnan
Ussgndldieulsiusoinunaureaninidedenygnsai-vy g vshaioulesinaimangay
somsusinguieviuuns whitu 0.1% sethwidnidedn inliiu 307 azvilhidedniyuiu
6. Ndudrurduvidinauasannainsssua
wseuldusugdunsdlagld PVA Wuasnetldu uadldansainandonilsnpeuuiauunaiy

a139UAUNIENUINTSY PVA iinansannaindendagauiann 70,000 ppm duseansamlunisiiu
WanuASevia S. aureus Fudunuaisenalsaluatmisuazynlvorvsindslaanan auisavluly

q
= A

Duidugavierinomislel iesandauduniuusfeun 329.69 kef/cm? wazfsBald 387.10% g9
mfwmmgm?\la‘u%%ﬁﬂwa&aﬁﬁu ANLINTZIU UDN.1136-2536 yonantdudulnssedaninasuiilo
fanuanansalunisazaiuun 94.28% TRUNUNITHER 17 UIM/A1379%0
7. WauB M ARENAIRNLAIINTARUAD [N 19N TN EAST
P P 2 o = P Aaa a = a v

Wasnnisewdudanwnelininisinuasnianiugeds 39.5% uazarunsandauluwagladle
10% anunsaiulszgnaldiduasifuuasluiidudinmanansydudiuzudsls lneflduTnmiliy
anflu 3% TaudRlenawaznignmmnsdmsunisiaunduussyduridmsiuemsuis Inewdisiun
A dugaussgulieugiinnudiisuiuganienisa wudi adeseenledidauziinsiuniudussgga
PN AN TUTAIAINIINIAITANADUN 1 wag 2 (1.31 uay 1.58 meg/ke) Usuinsingeandiaulu

'y} ¢ a v w1 ¢ & = | a ¢l A a &

ussdauadululumadsiduiuandeseanled Tnawdausiiiuniudnussalugs L3 dusuinsvesing
20nTUluUITT TN I IUTIGEUN 1 Uag 2 (39.99 uay 48.24 ml) Lawiguiuganieanisen

AununsHanantukaruluwaglagainiuaeniiseu windu 15.52 /g wag 141.93 Um/g
AUVUAIHEATRUTINTWANENTU 3% WA 30x30 cm? Wiy 5.00 UIW/uiu
8. Haunsrataadnudunsa-ang

Wduns1aTaaudunsn-ang wssulaaniduasulndnsesning PVA wazlalpeu nundwesea
Juansiiueudaveu lneddufrmesiiuunzaufedainnendgyduainiiansnasdfnidudy 0.15M
wissnansarateflduneun1stugulaglifeausu pH annziunzanlunsinusnuildy fe ivlugdy
= a o 2 w % A A6 A | a e I a aa a ¢
Mgaumadl 4 °C ansaiusnuila 1 e Hdudaianuainanasain 87.13 luildulimuddudinwes
Wu 69.35 Tuildudnddudiamas 8% wazilaranududtikuiude Aduiniswasuwlasuesdasng
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Fonnuiledudatuansazatefi pH sy losuimerensnesdfinuazlosuiveveonlunis awnsathdy

luuszendnmaiannuanuessaliifivanldesnsndunidsemelfidoan 1wu i3 equ wazanselue’

uazemsivasUdosfnawenlindeideiinmaiindy Wy emmmea
dorhuntszgndlifionsnianindedenmunmidevatan wuinUadsudiamesfimansa

[

Winduluiiouan way

=

f0 4 waz 6% e nfiduinindsunlasindaenndestuliinuteqdurid

Uiinafauesludefifivtuneluussy g

9. MInAanaRiuIidIedasanauletluseitauluzuuuunsiyanasy
riaunrdndiutesdunauiugiudmiudeaniiznleay (effervercent base) fungay fo

gnsdunsadunsdiulafenluasvaiunyiiiu 1.03:0.77 das1aunIngasn:nsanisnisn (CT) wiriu

1:0 war 2:1 Usunaseuleiuseliaunafivinzaude 0.2 ¢ Usunn effervercent based fiuiunzay fe

70% Tnevhninvewdndauaiiomn (3 ¢) iUsuansa@nsn 1.20 ¢ waslaieuluansusiun 0.90 ¢ uay

a
il

qmﬁﬁﬂ%mmmm%m‘%ﬂ 0.80 g N3ANISNI3A 0.40 ¢ wazlaauluaisusiun 0.9-¢ Tnuneliinaniiy
soafisunssuarduanufiseresasinia wazavaneldd grsfifazuurmiigetannimeaounis
Uszanmduiiavesiiuslnagadloldansiimnuviugaalsasiuiulvdnsanazanslinauduuzsn fie nan
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nalilAnnsszAELAeR R tsluaainsa Ul g
11. MInaadnINAandgyTulaeIsn1svikiakuulnLIn

Angnaend gy Tuwne lannsannnend ytulieiigaTazansnIngasnAUUNTY 0.15 M
Smsdau 1:50 wA) afnfigumnd 60 °C 30 unit viliansatadviinuedsiiasaerildvinty 8 *Brix
wausoalaLingvEy 20% Tneniudn Wuansraliy 2.5% FliiAalna 15 wiit ldgedulfduduasuunia
ilushuisdegouaudoudl 70 °C w 3 su. IFEnadudsamuasdsaion amrsadiunulduy
4 \fou Tnefinanmiugduniddsegluinusiuinigiu Ussgndldandundndusivesiunignsi
wanzdaufe 11 78.5% 1nna 19% uardng 2.5% wanduailédvsinaneuinlseniu 19.37 me
cyanindin-3-glucoside/100 g 1usnwle 4 &A1k flgaunandl -20 °C Tasaunnsugdunidsseglu
NOUTININTIY

118



a o

daluauuy  dmsuukuiugdesil Ae deweassannansdfynnyinluseduvegruavseysunamuin

[

Pu wiounsfnwUsuuansiils auautivesansdrdy waznisunlulglundniue niay

<

[y

VIAUUNITHER WeTasTularannsalidalauenusiugnaulalundavedmuneids

Y

WIRYEY

119



U3FTIUYNIU

nsudasunsnEas, 10U, Auustf 120 13998NEN0IMIS9INEITUTR. NAUNUANNANYAT
NOINAIUINITUIINTNUWNYAT. 22 Wi,
NILNTNABITUFY. UT2NIANTZNTNEITITUGY (aUufl 197) wa. 2543, Fo9nu,
N3ENTHATITAUGY. UTeNANTENTIas15agn @UUfl 350) w.a. 2556, (3esusila. 519A991UN
i 130, noudite 87 9 (a3Tuil 24 nsngIAy 2556)

NITNTNABITUGFY. UT2N1ANTZNTINESITUE (Ul 350) wa. 2556. 3odlonnda.
sieaunY 18w 130, Aeufilay 87 ¢ (asTufl 24 nsngnAw 2556).

NIENTNENSITUAY. USAANTENTIENS TR (RUUT 364) WA, 2556 (309ATFILIMNINY
QauvEsMlRAclse. s1eRaaiune 1y 130, Aoufiiay 148 1 (aatufl 31 nanAu 2556).

Anfned 1195, 2536. NTEUIUNITHUITIUDIMNT. a1U1IY1QAAIMNTUNEAT ANTAFINNTTUNYAT

anumalulagnszasunandnnunmsatanseds. nFumne

AR winaewn. 2549, Msiaunsnannsdanuaseasasnisinluldlugaaamnssuems. Inendnus
WMEEEANTUMITMIN a1V ITRIL NGRS UTIIRAIVINTTU ANLRRFININT TN YAT
UATINGITUNATAIERS. NTUNN. 168 .

AU Asusna vaan Tua wazawls vastiniiugan. 2015. waaiinlalngiu/wie Hdunauiaulnly
gnduandadnlnadihaiiolifuduiinmesidu Chemical Engineering Project. 6 1ti.

Aundn nandan wagnian SmulAnsal 2551 iinssdemesianddasnisvhurauuulnbum

UANG galseu. 2550, MIUTIFOINS. USEN 0@, .LaN. n1sfun 1im. ngamne,

1S NodwaY. 2526. dulzsanaranamnssudulesalulsumalng. n1Adufivaiu AznYns
UATINGIFENUATAIERS, NTUNNT 158 7.

9ya390] Fhuanasssy AAMNA AAUART ST L93s uay gUTeN AuIAEL. 2563, NMaKARFRIaINTIY
naunuAduaneilundndosieis. MerunamAfedendu U 2563, nefiduuayian
Inenmsndamsiiuifsmasulsgundnnainuns. 22 wi

Innziu nluan uazeme. 2561 mandaidegnanaanaslasnisiukuuulnuusnuagnisssandld

Tusuy vy, 15aN13N151nR55947). 17(1): 17-26.

031 Awines abang Teduus uay Steve W. Cui. 2550. nsfinwnisannesruseneunasamaudRii
wihivesasadalugiuns. Ingrdnuduigginermansumdadia. MalvgraimnIsiineas
ANZINYATANENT. UNINEFEEUATIVEH, BUATIUEIH.

Waufel 0303vANa 2547 w3n : fiwfiens. 2.unsUgy uwaluladwdniugiy dheujifnisideuas
1SoUURNNYNAGDY LLANWYATAIART NIUNILEY

louns WUKRY, 281 ASTWUIUUY WAy Buis) aJunsws. 2562. HAYBIa1TNOLNUABANAIN
n13an1ea N Ladl uaraiseanguinisdanmvesiiendiilsdiueivimdenfudniagy,
U. 673-682. [y N15UsEYIBINITEUBHANITE TEAUTUIAANBIWMIYA psdl 20.

MUY ARTYINUS Uag 973U WALNTEIA. 2530. NTLUIUNTANALNOULALAIUAIRIYBIUTEIIAL.
1NERsAERS(ng.) 21: 289-294.

ViAuY Wingasned. 2564. nsnaaeuniai Bulk density uar Tapped density ¥a4knsya. dUAUIIN:

https://www.youtube.com/watch?v=lw1xoPiQivQ [fua1au 2564].
120



https://www.youtube.com/watch?v=Iw1xoPiQivQ

Yung ndlu algn1ud ind uavdunian ensy. 2554, Ussdnsnnvesilauniouasanawfonsding
Tunséudagaunisivuiieutulan. 21.3ne.ny. 42:1(Rimw). 599-602.

UTENIANTENTIEATITUGY (atufl 418) n.a. 2563 penauAUluNsyITYRREIS WA, bdbl

Foa Avuavdninust Beuly 333l wagdnsduvesingideuuems (@duil 2).

U3en Juadiaseg wazgaane #31iv. 2546, Ruvisgluemis, w.4s-74. T Anenmansuavinalulad
N353, ANANNINTINEIRBINYATAIERS. NTHNNL.

Rusitiey wsladuned uay 9581 Saunvuui. 1.U.U.n nendydu. FuAuain:

http://www.foodnetworksolution.com/wiki/word/2975/butterfly-pea [11 nTNHIAU 2562].
Ruviviiey wseauwsd wag 9881 Shunvuun. uu.da lernIu. duauain:
Aayiand assnna. 2561, NMsUTILUULeNivlazBumadiaud: NMsUanUdesnasn1sitade.

UAINYITUNUATAIART. NTANN.
WA 15mAA. 2521, MsldusElevivenAwnanaINTuINNSLUTTUdUUESA. YEsinenseans
23(6):44.
2583 Seufiuaed essoms Juisde wavesnide Anine. 2508, maanLAUAUR N T AUSHwEn
waliandnuianiouuilnaludondes. msussguinmsfianingmnid adedl 5. 26-29 wwioy
2548 f lsausuafuveuLieudy e 3min vays. i 239. (276 ).
25581 wvina (2545) endnusd BosmsiannnssAsmandausininuaznsUssduengmaiiuinm
e nAlulagdInIm uninedeinunsaans
NsaFIermaniinuas U7 36 atuil 3(dilew); 515-518.
WaITIN TAIUIING, aUTen AUNBY, Flad3 duUneay, anfiug NAadvsuns was Usves GIETRNY
2558. MsUseiliuasUsznauiluednuazauauisalunisiueyyadasylunssulunisuan
o aaiuguamandnIneilagn, u. 577-593. Ty senunanuidoizeaduusydt 2558 nos
WeuarimuringnadinsiufieuasuUssUunannaneas TRINTNYRS.
aunen Taaye. 2540. W3n capsicums wagUselevtivesans capsaicin, lUsWNsu3n I3IneUssend
ANYINYIANENSINALLLABLAZNITINYAT WININEIEETIA ez,
aunyie IndnfuAuniiaanie(2549) mavaunsatamaiunudenusumlitauudaduey
USuausnnhnganngine.
ffus AuRsium. 2566, wEniSeadindeuiiung. aduil 191, wihil 45-54,
d11inN1IANEUAT NTULATININTANTENIUSENA. 2564. FUAYTEULATNANS M. S189UADIUNITAINTT
HanSeuvedlne wasn1susinansludseina. 14 vt
drinnuaAnensTUNITeIMISWazeN. 1.U.4. TefmunnunnvseNnsgIudmsuasanaliaainadiuves
Wyn3eded. dUAUIN: http://www.fda.moph.go.th/sites/food/FoodAdditives/Extract-from-
the-Plant-or-Animal.pdf [11 Wns1AN 2562].
drilnnudaaiunsmluinssemagens. 104, seumseaia: lenavesdumayulnslugesns,
AUAUAIN: https://www.ditp.go.th/contents_attach/160350/160350.pdf [11 weAdn1ew 25621,
gt Alve Andna 9eAluRTA wagdsysal Anvia. 2554. nsiinasainnraUiondennluildy

ASUBNTTIaaglaaDAIUANALYALIALOULNSNLLA. 138Ny, 42:1 (TiAw): 583-583.

121


http://www.foodnetworksolution.com/wiki/word/2975/butterfly-pea
https://www.ditp.go.th/contents_attach/160350/160350.pdf

B3WN L¥IUATR AlsTn aAve13ny a513nt AWIBY uaTEYWY YUTENY. 2552, NANTENUDY pH Uay
gunfl siofuazanuasinresasatininnssdsuuardydu. Nsansinemandinuns 40(3)
(beiy). Ui 5-8.

913 qudysal. 2554. nsudneuledlusivuanaiduvesdlssanasnailulduselonilunisvimeg
sfidlovy. nyaumamuns : auzinenmans anisumelulainszemnduitnunms
GRIZQEFAINS

QAudNY gUanng glaIssal AanAantiun Usedaas $na1ns a3ns 3990 wasnauu
fienfiesiuns. 2509, msafpuazniseangrstudaderdurisvesasatininiudendang. Fousy
N15UTEINNIVINITVRIUMING NN UATAENS psdl 44 : anuinenaans. 700 uth.

A.O.A.C. In Association of Official Analytical Chemists, 17th ed. A.O.A.C. Inc. Arlington, Virginia,
USA. 2005.

Aadil, K. R., Anand, B. and H. Jha. 2016a. Synthesis and characterization of Acacia lignin-gelatin film
for its possible application in food packaging. Bioresources and Bioprocessing (3)27: 1-11.

Aadil, K. R., Dolly, P. and Harit, J. 2016b. Improvement of physcio-chemical and functional
properties of alginate film by Acacia lignin. Food Packaging and Shelf Life 10: 25-33.

Ackermann, D. & Stedman, Matthew & Ko, Samuel & Prokop, Ales & Park, Don-Hee & Tanner,

Robert. 2003. Effect of invertase on the batch foam Fractionation of bromelain.
Biotechnology and Bioprocess Engineering. 8. 167-172.

Acosta, J. L. E., Patricia, I. T. C., Benjamn, R.; Luis, A" B., Alejandro, V., Ros, Elizabeth, C. M.,
Maribel, P. J. and A. I. L. Osuna. 2015. Mechanical, thermal, and antioxidant properties of
composite films prepared from durum wheat starch and lignin. Starch/Stérke 67: 502-511.

Aisha, A. F. A,, Abu-salah, K. M., Isamail, Z. and Majid, A. M. S. A. 2013. Determination of total
xanthones in garcinia Mangostana fruit rind extracts by ultraviolet (UV) spectrophotometry.
Journal of Medicinal Plants Research. Vol.7(1). 29-35.

Aisha, A. F. A., Majid, A. M. S. A, Ismail, Z., Alrokayan, S. A. and Abu-Salah K. M. 2015.
Development of Polymeric Nanoparticles of garcinis mangostana Xanthones in Eudragit
RL100/RS100 for Anti-Colon Cancer Delivery. Journal of Nanomaterials. Vol.2015. 12p.

Angkana, T., W: Pornpen, J. Pacharaporn and M. Kasorn. 2008. Preparation and stability of
butterfly pea color extract loaded in microparticles prepared by spray drying. Thai J.
Pharm. Sci. 32: 59-69.

Aslani A and Jahangiri H. 2013. Formulation, characterization and physicochemical evaluation of

ranitidine effervescent tablets. Adv Pharm Bull. 3(2):315-22.

Awal, A. and M. Sain. 2011. Spectroscopic Studies and Evaluation of Thermorheological
Properties of Softwood and Hardwood Lignin. Journal of Applied Polymer Science 122:
956-963.

Balakrishnan, V., Hareendran, A. and Nair C. 1981. Double-blind cross-over trial of an enzyme

preparation in pancreatic steatorrhoea J. Assoc. Phys. 29:207-209.

122



Bhat, R., Nurulismah, A., Rozman. H. Din and g.-S. Tay. 2013. Producing novel sago starch based
food packaging films by incorporating lignin isolated from oil palm black liquor waste.
Journal of Food Engineering 119: 707-713.

Cao, J., gang, X., Xiao, X., DeKui, S. and B. Jin. 2013. Study on carbonization of lignin by TG-FTIR
and high-temperature carbonization reactor. Fuel Processing Technology 106: 41-47.

Cardoso, M., Eder, D. O. and M. L. Passos. 2009. Chemical composition and physical properties
of black liquors and their effects on liquor recovery operation in Brazilian pulp mills. Fuel
88: 756-763.

Castillo, L., Olivia, L., Cintia, L., Noemi, Z., M. Alejandra, ¢., Silvia, B. and M. Villar. 2013.
Thermoplastic starch films reinforced with talc nanoparticles. Carbohydrate Polymers 95:
664-674.

Charoenphun, N., Sakchai, S. and S. Sai-Ut. 2020. Chemical Composition and-Trends in Utilization
of By-products and Wastes from 4 Types of Tropical Fruit Processing.” Thai Science and
Technology Journal (TSTJ) 28(1): 114-128.

Chen, Q., Yayun, L and g. Chen. 2019. A comparative study on the starch-based biocomposite
films reinforced by nanocellulose prepared from different. nonwood fibers. Cellulose 26:
2425-2435.

Cisneros-Pineda O., Torres- Tapia L.W., Gutie rrez- Pacheco L.C., Contreras- Martin F., Gonzalez-
Estrada T., Peraza-Sa nchez S.R. 2007. Capsaicinoids quantification in chili peppers
cultivated in the state of Yucatan, Mexico. Food Chemistry 104: 1755-1760.

Coelho, D.f., Silveira, E., Pessoa Jr. A. and B.'N. Tambourgi. 2013. Bromelain purification through

unconventional aqueous two-phase system (PEg/ammonium sulphate). Bioprocess Biosyst.
Eng. 36: 185-192.

Daugan, E., H. A. Sani, A. Abdullah, H. Muhamad, and A. gapor. 2011. Vitamin E and beta-
carotene composition in four different vegetable oils. Am. J. Appl. Sci. 8: 407-412.

Dennis, D. M. 1998. Food Chemistry A Laboratory Manual. John Wiley & Sons Inc. USA.

Devakate, R.V., Patil, V.V.; Waje, S.S. and Thora, B.N. 2009. Purification and drying of bromelain.
Separation and Purification Technology 64: 259-264.

Dubois, M., gilles, KA., Hamilton, J.K,, Rebers, P.A., & Smith, F. (1956). Colorimetric method for

determination of sugars and related substances. Analytical Chemistry, 28, 350-356.

Espinosa, E., Isabel, B., Antonio, R., Fernando, P., Gary, C. and A. Rodriguez. 2019.
PVA/(ligno)nanocellulose biocomposite films. Effect of residual lignin content on
structural, mechanical, barrier and antioxidant properties. International Journal of
Biological Macromolecules 141: 197-206.

Ezati, P., Tajik, H., Moradi, M. and Molaei, R. 2019. Intelligent pH-sensitive indicator based on
starch-cellulose and alizarin dye to track freshness of rainbow trout fillet. International

Journal of Biological Macromolecules 132: 157-165

123



Ghita M. A,, Caruntu C., Rosca A.E., Caruntu A., Moraru L., Constantin C., Neagu M., Boda D. 2017.
Real-Time Investigation of Skin Blood Flow Changes Induced by Topical Capsaicin. Acta
Dermatovenerol Croat 2017; 25(3) :223-227.

Giusti, M.M. and Wrolstad, R. E. 2005. Characterization and measurement of anthocyanins by
UV-Visible spectroscopoy. p. 19-31. In: Handbook of Food Analytical Chemistry. Wiley-
Interscience, Hoboken, New Jersey.

Giyatmi and Lingga, D. 2019. The effect of citric acid and sodium bicarbonate concentration on
the quality of effervescent of red ginger extract. IOP Conference Series: Earth and
Environmental Science. 383. 012022. 10.1088.

Gothoskar, A. & Kshirsagar, Sanjay. 2004. A Review of Patents On Effervescent Granules.
Pharmaceutical Reviews.

Guadarrama-Lezama A. Y, Alvarez. L. D, Jaramillo-Flores M. E., Alonso C. P.; Niranjan K., sutierrez-
Lopez a ¢. F., Alamilla-Beltran L. 2012. Preparation and characterization of non-aqueous
extracts from Chilis (Capsicumannuum L.) and their microencapsulates obtained by spray-
drying. Journal of Food Engineering 112 (2012) 29-37.

Gudeva, L. K., Mitrev S., Maksimova V., Spasov D. 2013. Content of capsaicin extracted from hot
pepper (Capsicum annuum ssp. microcarpum L.) and its.use as an ecopesticide. Hem. ind.
67 (4): 671-675

Hale, L.P. 2004. Proteolytic activity and immunogenicity of oral bromelain within the
gastrointestinal tract of mice. Int Immunopharmacol. 4(2):255-64.

Heggset, E. B. Gary, C. C. and K .Syverud. 2017. Temperature stability of nanocellulose

dispersions. Carbohydrate Polymers 157: 114-121.

Hikisz, P. and Bernasinska-Slomczewska J. 2021. Beneficial Properties of Bromelain. Nutrients.
13(12):4313.

Jassim, Z.A., Rajab, N.A.«and & Mohammed, N.H. 2018. Study the effect of wet granulation and
fusion methods on preparation, characterization, and release of lornoxicam sachet
effervescent-granules. Drug Invention Today (10)9:1612.

Kang, C.K. and Rice, E.E. 1970. Degradation of various meat fractions by tenderizing enzymes. J.

Food Sci. 35: 563-565.

Kang, S., Wang, H., Xia L., Chen, M., Cheng, M., Li, L., Cheng, J., Li, X. and Jiang, S. 2020.
Colorimetric film based on polyvinyl alcohol/ okra mucilage polysaccharide incorporated
with rose anthocyanins for shrimp freshness monitoring. Carbohydrate Polymers 229
(115402): 1-10.

Ketnawa, S., Chaiwut, P. and Rawdkuen, S. 2011 Aqueous Two-phase Extraction of Bromelain
from Pineapple Peels (‘Phu Lae’ cultv.) and Its Biochemical Properties. Food Sci.
Biotechnol. 20(5): 1219-1226.

124



Kha, T.C., M.H. Nguyen and P.D. Roach. 2010. Effects of spray drying conditions on the
physicochemical and antioxidant properties of the gac (Momordica cochinchinensis) fruit
aril powder. Journal of Food Engineering. 98: 385-392.

Korbag, I. and Saleh, S. M. 2016. Studies on the formation of intermolecular interactions and
structural characterization of polyvinyl alcohol/lignin film. International of Environment
Studies. from http://dx.doi.org/10.1080/00207233.2016.1143700. [10 January 2020]. 9p.

Kusmayadi, A., Adriani, L., Abun, A., Muchtaridi, M. and Tanuwiria U. H. 2018. The effect of
solvents and extraction time on total xanthone and antioxidant yields of mangosteen
peel (garcinia Mangostana L.) extract. Drug Invention Today. 10:12. 2572-2576.

Kuswandi, B. and Murdyaningsih, E. A. 2017. Simple on package indicator label for monitoring
of grape ripening process using colorimetric pH sensor. from

https://www.researchgate.net/publication/318623188 Simpleon package indicator label f

or_monitoring_of grape_ripening _process using colorimetric pH sensor.

Kuswandi, B., Jayus. Larasati, T.S., Abdullah, A. and Heng, L.Y. 2012. Real.time monitoring of
shrimp spoilage using on-package sticker sensor based on natural dye of curcumin. Food
Analytical Methods 5: 881-889.

Kuswandi, B., Maryska, C., Jayiu. Abdullah, A. and Heng, L.Y. 2013. Real time on-packaging

freshness indicators for guavas packaging. Food Measue. 7:29-39.

Liu, C., Bin, L., Haishun, D., Dong, L., Yuedong, Z., suang, Y., Xindong, M. and H. Peng. 2016.
Properties of nanocellulose isolated from corncob residue using sulfuric acid, formic acid,
oxidative and mechanical methods. Carbohydrate Polymers 151: 716-724.

Loh, SK,, Y.B. Che Man, C.P. Tan, A. Osman and N.S.A. Hamid. 2005. Process optimization of
encapsulated pandan (Pandanus amaryllifolius) powder using spray-drying method. J. Sci
Food Agric. 85: 1999-2004.

Machmudah, S., Shiddigi, Q. Y. A.; Kharisma, A. D., Widiyastuti, Wahyudiono, Kanda, H., Winardi, S.
and Goto, M. 2014. Subcritical Water Extraction of Xanthone from Mangosteen (garcinia
Mangostanarkinn) Pericarp. J Adv Chem Eng. 5:1. 6p.

Marpaung, A.M.;"N. Andarwulan and E. Prangdimurti. 2013. The optimization of anthocyanin
pgment extraction from butterfly pea (Clitoria ternatea L.) petal using response surface
methodology. Acta Hort. 1011: 205-211

Melton, L.D. and B.G. Smith. 2001. Determination of the uronic acid content of plant cell walls using
a colorimetric assay, pp. E3.3.1-E3.3.4. In RE. Wrolstad, T.E. Acree, H. An, E.A. Decker, M.H.
Penner, D.S. Reid, SJ. Schwartz, C.F. Shoemaker, D.M. Smith and P. Sporns, eds. Current
Protocols in Food Analytical Chemistry. John Wiley & Sons, Inc., Hoboken, New Jersey.

Mokrzycki, W. and Tatol, M. 2011. Color difference delta E - a survey. Machine graphics and
Vision 20: 383-411.

Morgan, Jr., A. I, Graham, R. P., Ginnette, L. F. and Williams, G. S. 1961. Recent developments in

foam-mat drying. Food Technology. 15(4): 37-39.

125



Murachi, T. and Neurath, H. 1960. Fraction and specify studied on stem bromelain. J. Biol Chem.
235: 99-107.

Musa, M.N.I., Marimuthu, T., Rashid, H.N.M. and Sambasevam, K.P. 2020. Development of pH
Indicator Film Composed of Corn Starch-glycerol and Anthocyanin from Hibiscus
Sabdariffa. Malaysian Journal of Chemistry. 22:1. pp. 19-24.

Nagar, M., Vijay, S. S., Yogesh, K. and L. Singh. 2019. Development and characterization of
elephant foot yam starch-hydrocolloids based edible packaging film: physical, optical,
thermal and barrier properties. J Food Sci Technol: 1-11.

Nair, S. S., Pei-Y. K, Heyu, C and Ning, Y. 2017. Investigating the effect of lignin on the
mechanical, thermal, and barrier properties of cellulose nanofibril reinforced epoxy
composite. Industrial Crops and Products 100: 208-217.

Narkchamnan and Chularat. 2012. Organosolv of Nanoscale Natural Fibers from Rice Straw by
Organosolv-High Shear Homogenization System. KKU Res J. 17(2): 267-277.

Ng, C.S. 1987. Determination of trimethylamine oxide (TMAO-N), trimethylamine (TMA-N), total
volatile basic nitrogen (TVB-N) by Conway’s method. /n: Hasegawa, H. ed, Laboratory
Manual on Analytical Methods and Procedures for Fish and Fish Products, Marine Fisheries
Research Department, Southeast Asian Fisheries Development Center, Singapore, 1987,
pp. 1-8.

Palakawong, C., Sophanodora, P., Pisuchpen, Siand Phongpaichit, S. 2010. Antioxidant and
antimicrobial activities of crude extracts from mangosteen (¢arcinia mangostana L.) parts
and some essential oils. International Food Research Journal. 17. 583-589.

Pelissari, F. M., Margarita, M. A. M., Paulo, J. A. S. and F. C. Menegalli. 2017. Nanocomposites
based on Banana Starch Reinforced with Cellulose Nanofibers Isolated from Banana Peels.
Journal of Colloid and Interface Science 505: 154-167.

Prapatigul, P., Wallratat, I. and S. Sreshthaputra. 2021. The Seeking of Roughage Sources from
Agricultural Wastes in-Community for Beef Cattle Raising: A Case Study of Beef Cattle
Raising group at Pua District, Nan Province. Journal of Community Development and Life
Quality 9(2): 278-288.

Priyanka and Vigneshwaran. 2019. Mechanical, antibacterial and biodegradable properties of
starch film containing bacteriocin immobilized crystalline nanocellulose. Carbohydrate
Polymers. 222: 1-8.

Rakte, A.S., and Nanjwade, B.K. 2014. DEVELOPMENT AND CHARACTERIZATION OF NOVEL
ENZYMES. WORLD JOURNAL OF PHARMACY AND PHARMACEUTICAL SCIENCES. 3(8):1600-
1620.

Ramli, A.N., Aznan, T.N. and Illias, R.M. 2017. Bromelain: from production to commercialisation. J

Sci Food Agric. 97(5):1386-1395.

Rao, J. and McClements, D.J. 2014. Impact of Lemon Oil composition on formation and stability

of model food and beverage emulsion Food Chemistry 134. 749-757.

126



Ratti, C. 2009. Advances in Food Dehydration. CRC Press, New York.
Reyes- Escogido, M. L., Gonzalez- Mondragon, E. G., Vazquez- Tzompantzi, E. 2011. Chemical
and Pharmacological Aspects of Capsaicin. Molecules 16: 1253-1270.

Rojo, E., Maria, S. P., William, W. S., Ingrid, C. H., Jari, V., Janne, L. and O. J. Rojas. 2015.
Comprehensive elucidation of the effect of residual lignin on the physical, barrier,
mechanical and surface properties of nanocellulose films. The Royal Society of Chemistry
17: 1853-1866.

Rolland-Sabaté, A., Teresa, S., Alain, B., Paul, C.,, Benoit, J., Hernan, C. and Dominique, D. 2012.
Structural characterization of novel cassava starches with low and high-amylose contents in
comparison with other commercial sources. Food Hydrocolloids 27; 161-174.

Santisopasri, V., Kanjana, K., Opas, B. and Klanarong, S. 1996. Influnce of Water Stress During
growth to Quality and Physiochemical Properties of Cassava Starch. The 37" Kasetsart
University Annual Conference: 154-161.

Scordino, M., Mauro, A.D., Passerini, A. and Maccarone, E. 2004. Adsorption of flavonoids on
resins: cyanidin 3-glucoside. J. Agric. Food Chem. 52: 1965-1972.

Shahidi, F. and Naczk, M. 2004. Phenolics in food and nutraceuticals. CRC Press, New York.

Shankar, S., Jeevan, P. R. and Jong-Whan R. 2015. Effect of lignin on water vapor barrier,
mechanical, and structural properties of agar/lignin composite films. International Journal
of Biological Macromolecules 81: 267-273.

Sharma, G. 2003. Digital color imaging. CRC-Press, New York.

Sharma, ¢. 2003. Digital color imaging. CRC Press, New York.Szaloki-Dorko, L., . Végvari, M.
Ladanyi, g. Ficzek and M. Stéger-Mate. 2015. Degradation of anthocyanin content in sour
cherry juice during heat treatment. Food Technol. Biotechnol. 53 (3): 354-360.

Sharma, P. and H.S. Gujral. 2011. Effect of sand roasting and microwave cooking on antioxidant

activity of barley. Food Research International. 44: 235-240.

Sitti R. H. S., Sugita, P., Ambarsari, L. and Rahayu, D. U. C. 2018. Antibacterial Mangosteen
(garcinia mangosteen Linn.) peel extract encapsulated in Chitosan. IOP Conf. Series:
Journal of Physics: conf. Series 1116. 7 p.

Surini, S., Wardani, M. R. W., & Sagita, E. 2017. EVALUATING OF EFFERVESCENT TABLETS
CONTAINING GRAPE SEED (VITIS VINIFERA L.) EXTRACT AS A NUTRACEUTICAL. International
Journal of Applied Pharmaceutics. 9:150-153.

Tan, C., Chee, K.C,, Lin, L. and g. Wong. 2018. Enhancing 3D printability of puree food by
addition of hydrocolloids. Proc. Of the 3™ Intl. Conf. on Progress in Additive Manufacturing
(Pro-AM 2018): 662-666.

Tan, S.L. and R. Sulaiman. 2019. Color and rehydration characteristics of natural red colorant of

foam mat dried Hibiscus sabdariffa L. powder. International Journal of Fruit Science.

[online: https://www.tandfonline.com /loi/wsfr20.]

127



Taussig, S.J., Yokoyama, M.M. and Chinen A. 1975. Bromelain: a proteolytic enzyme and its

clinical application: a review. Hiroshima Journal of Medical Sciences. 24(2-3):185-193.

Terpstra, AH., J.A. Lapre, H.T. Vries, A.C. Beynen. 2002. The hypocholesterolemic effect of
Lemon peel, Lime peel, and the waste stream material of lemon peel in hybrid FIB
hamster. Eur. J. Nutr. 41 (1). Pp19-26

Thayne, A. Munce and Larry Kenney, W. 2003. Age-Specific Skin Blood Flow Responses to Acute

Capsaicin. Journal of Gerontology: BIOLOGICAL SCIENCES. Vol. 58A, No. 4, 304-310.

Tipduangta, P. and Sirithunyalug, J.2018. FUNDAMENTAL PRINCIPLE AND APPLICATIONS OF
THERMAL ANALYSIS BY DIFFERENTIAL SCANNINg CALORIMETRY IN PHARMACEUTICAL SOLID-
STATE FORMULATIONS. Thai Bulletin Pharmaceutical Sciences 13(2): 129-143.

Tongdeesoontorn, W., Mauer, L.J., Wongruong, S., Sriburi, P. and Rachtanapun, P. 2011. Effect of
carboxymethyl cellulose concentration on physical properties of biodegradable cassava
starch-based films. Chemistry Central Journal. 5:6. 8p.

Tripathi, R. M., Pudake, R. N., Shrivastav, B. R. and Shrivastav, A. 2018. Antibacterial activity of
poly (vinyl alcohol)-biogenic silver nanocomposite film for food packaging material. Adv.
Nat. Sci.: Nanosci. Nanotechnol. 9. 5p.

Tsakama, M., AM. Mwangwela., T.A. Manani and N.M. Mahunsu. 2010. Physicochemical and
pasting properties of starch extracted from eleven sweetpotato varieties. African Journal
of Food Science and Technology. 1(4):90-98.

Tsao, R. and McCallum, J. 2010. Chemistry of Flavonoids, pp. 131-153. in L. A. de la Rosa, E.
Alvarez-Parrilla and g. A. Gonzalez=Aguilar, eds. Fruit and Vegetable Phytochemicals:
Chemistry, Nutritional Value and Stability. Wiley-Blackwell Inc., India.

Valles, D., S. Furtado and A.M.B. Cantera. 2007.. Enzyme and Microbial Tech. 40(3): 409-416.

Wang X., Chen Q., Lu X. 2014. Pectin extracted from apple pomace and citrus peel by
subcritical water Journal of Food Hydrocolloids. 38, 129-137.

Wannawisan, N., Pathanasriwong, K., Wilaipun, P., Runglerdkriangkrai, J., Sane, A. and Suppakul, P.
2019. An intelligent colorimetric indicator based curcumin-methylcellulose for detecting
status of sea bass fillets during chilled storage condition, pp 33-38. In Proceedings of the
29th IAPRI Symposium on Packaging. 11-14 June 2019, University of Twente. Enschede,
The Netherlands.

Whistler, R.L. and Bemiller, J.N. 1993. Industrial gums. California: Academic Press, Inc.

Wojdylo, A., Figiel, A. and Oszmianski, J. 2009. Effect of drying methods with the application of
vacuum microwaves on the bioactive compounds, color, and antioxidant activity of
strawberry fruits. J. Agric. Food Chem. 57: 1337-1343.

Yang, W., suochuang, Q., José, M. K., Debora, P. and P. Ma. 2020. Effect of Cellulose Nanocrystals
and Lignin Nanoparticles on Mechanical, Antioxidant, and Water Vapour Barrier Properties
of glutaraldehyde Crosslinked PVA Films. Polymers 12(6): 1-15.

128



Yuan, T., Jinsong, Z., Bin, W., Zheng, C., Wenhua, g, Jun, Xu. and K. Chen. 2020. Silver
nanoparticles immobilized on cellulose nanofibrils for starch-based nanocomposites with
high antibacterial, biocompatible, and mechanical properties. Cellulose 28: 855-869.

Zhang, X., Weifeng, L., Wengjiang, L. and X. Qiu. 2020. High performance PVA/lignin
nanocomposite films with excellent water vapor barrier and UV-shielding properties.
International Journal of Biological Macromolecules 142: 551-558.

Zimmer, A. R., Leonardi Bianca., Mirona D., Schapovala E., Oliveirac J. R., Gosmanna G. 2012.

Antioxidant and anti-inflammatory properties of Capsicum baccatum: From traditional

use to scientific approach. Journal of Ethnopharmacology 139: 228-233.

129


https://www.sciencedirect.com/science/journal/01418130

