& a ¥ o [ N ~ = 'Y ' Y o N o -
wnanstiuenansianubidmsunmslynuiionsfinvimiiu lueuygralmiluluysslosuaunism

lunnsallaqnsdu nvinudndaudasiilon uaznetendediauaivesenasynasandnisualuly



a a d
m&m%smuazn1igthi;hummamm‘mqﬂjmﬁlu"limma

PREPARATION AND FORTIFICATION OF FUNCTIONAL

INGREDIENTS IN ‘RICE BALL’

A5Y5 Hanuma

Sarayuth  Nilkamhaeng

a a ¢ : L% a v A
Ingnsinusiiuaiurisvesmsanmmuvangasfiyainnmansumiudia
a A d
NUIFINENAANTNITOINIS
AMZQATIHNITNINYAS
aotiumalulagnszoeana udAuNiITaIAnsz L

N.71.2562

KMITL-2019-A1-M-053-326



PREPARATION AND FORTIFICATION OF FUNCTIONAL

INGREDIENTS IN ‘RICE BALL’

Sarayuth Nilkamhaeng

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF SCIENCE IN FOOD SCIENCE
FACULTY OF AGRO-INDUSTRY
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2019

KMITL-2019-A1-M-053-326



COPYRIGHT 2019

AGRO-INDUSTRY

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



& a ¥ o [ N ~ = 'Y ' Y o N o -
wnanstiuenansianubidmsunmslynuiionsfinvimiiu lueuygralmiluluysslosuaunism

lunnsallaqnsdu nvinudndaudasiilon uaznetendediauaivesenasynasandnisualuly



Y a a d a J a
’J%i’)?‘ﬂﬂﬂﬂ/‘ﬁ—!ﬁ fﬂil@]%ﬂﬂllagfﬂilﬁiuﬁﬁuWﬁiJfJ']ﬁ']ﬁL‘]NquﬂWWGluulicgiJﬂa

AN WIBATIYS NN
stiadszd1a 60608031

Syan MeMaAINHITUNG
MU INeansMIeIns
Al 2562

¢ a a dJ =
i’)'l‘i)'l‘ifl‘i’l‘l]%ﬂ‘ﬂ'nﬂﬂ']uwuﬁ WA.AT.YNT NFNYNT

[

2 = a P 2 ¥ ) @ oA

NRE ﬂuﬁﬂy1mswa@]"lwmmmmimugﬂmqﬂammummn"lwmesﬂﬂ&

= an ~ H 9 A 1 v A = 9 J o= ~
L‘]F.ifJ’]Jl,‘V]EJ‘]J’J‘ﬁﬂﬁLG]iEJSJlHH?JﬂJTJ“V]LW]ﬂG]Nﬂ‘Ll o ﬂﬁmiﬁllﬁﬂﬂﬂﬂ’ﬂi%mﬁ]iﬁjﬂﬁﬂ LAagNITLNTaN
) @ x| o = a A 1 1 7 e
flﬂﬂllﬂx‘l‘lﬂ?ﬁli“]ﬂﬂ@ii Lmzmmiﬂﬂmwammmimmnaauazmma@aﬂmmwmaﬂwma TIUMN

= a 1 a a a a P =\ a
ﬁﬂ‘]&ﬂWﬁGUENﬂ'lil,ﬁ'ﬁJﬁ"JuNﬁiJE]1%15L%QQ"’U§‘I1W (ama!au, REEARIIRPRER ﬂQIﬂclﬂiJ‘Ll ngﬂiﬂi‘ll\laﬂ)

@

4 2 = = J = 3w 4
a\'i(luhliclﬁ_l@a HONIINU Q?Jﬂ'liﬁﬂy’]@\iﬂﬂﬁgﬂ@Uﬂ’]QlﬂNLLaZ@TQﬂ']ﬁLﬂ‘UiﬂH']GU@Qhli“]ﬁ_]@ﬁ

v A

a J v 1 ?:’ A g [ o
Tagdinsizrianyuzn1anenn laun vura hwiin & quavianwanieduda Tassadi
4 [ = 9 1 a2 1 a ~ a 9 ~
meluveslsduea nazanvuzniuail ldun Usuadriunduermadiguamiad il
A 1 4 Y a o
vaundosglulsduoatazanuansalumsduesndadu
Yy a P o q Y1 < a &
mslgnegnlumssaalsgueaInaanuuidaazdsuameuls lsoiiuniuaves
@ o w aa I ax A
lsdupagenimsldudsinediiiodnynieada (p < 0.05) uennniluismsndonazazain
2 A a 9 o o A Y A v '
Isduoaiimsonaindnlsduessyegnizgnidonldlumnaass iiesnnldquaimalnrsuinig
[ 4 A A 9 o P a A 2,’ 1 1 [
gannlsgueanmsenanuiladnlsduess maduniouaziimatz dawasodnyuzNINNIEN N
voelsduea Tammzviiauaz MmN Tis sy daumanunssanaeieiitsd YN Nana
A a a = 4 ' 9 o o A X =
(p <0.05) matausuyauuazng Insivaslulsduearz dwaldumnauaziminmuiu ualin
[ v o w aa [ < =y a o~
anundsanasedaiiisdinyneana (p < 0.05) aghalsAay MaaIuNIIEIBII0TIATAIA
Aa (BN 1 %,‘ ] va 9 dy [ @ 4 1 U 1 =
Tanaz ludamasovuia Himiin tazauiadnilodunauedlssusa udvzdinanoa1duo

1 v Y
lli"]?"]Ji’Ja mimiummm’oma?sﬁﬂﬁ’mmmmm‘lumiéﬁu a@ﬂﬁmwumu%u Nﬁﬂ?i?!ﬂiTSﬁ



II

4 ~ 4 A a 1 a 1A dy =
pensznoumuniives lsguoaidsudiunanonnadegunmuu TdSuunnuiu Tisau

@ 1Y 14 ¥ 4
lusiu 1d1 leormisuazarslulamsasiunauadovas 89.61, 1.59, 0.80, 1.66, 0.62 1AL 5.72
awd1ay tazilsznoudionon s leeiiuming 4.73 Taansuae 10 nfuAI0619 ng Taaniivminy
34.84 iaansuAe 10 NSUAI0619 uaznsallanminy 25.05 lulasnSude 10 nTuAIDE19
Anuamsalumsduoyyadasz DPPH Iauminudoony 68.14 (% Savenging Activity) 1Az

I Y a v A L4 (Y ] ~ (Y
anueusalumsituasdiuesndasuIns 1z lag FRAP 11190 56.79 Tulasnsufeuminy
o v o ] 4 A s A S o I

d1501a3g1u Insaendae 10 NFUAI0619 lsgueafirmiumsniane lsd Womnmuinyuilunan

[

§ a ' { ¥ Y 1 < A
579U cﬁqmﬂgll 4 @Qﬁ’l!‘ﬂfﬂl%ﬂﬁ WU'J’lﬁﬂ’lﬁlﬂaﬂuuﬂa\‘lsll@\imu'lﬂ HINUD LASATAITUHUIULNNUIN

—_

K ' ' 4 A 2 3K I 4 a '
UU ﬂ’lﬂ'J’lilﬁ'J’l\‘]GU@\j"lﬁ“D'U’[’)aLWNN']ﬂsUu Ll@ﬂ’]ﬂ’nulﬂuﬁllﬂ\im@qlli“]ﬁ_l't’)aaﬂa\i ﬂﬁﬂ1ﬂlﬁ'§uﬂﬁu

@ an

a ~ a IS ' =) o @ '
paFegumuiasvaslUifSunaasasedsiliisdragneddd (p < 0.05) lugiusnueans
3 o o A [ g A A @;a A s o ' a
MNUITNET (AUN 0-3) ﬁa\1fl]'lﬂuuﬂzlﬁll111J3N1mﬂﬂﬂﬁaﬂﬂ@1§m'ﬁlﬂﬂiﬂlﬂl'] LlagﬂiﬂﬂthWUﬂTﬁL%ﬁﬂJu

dy a A JdAa 4 <3 o [ g’/ o A [l dy 9
VOUPDIAUNTUNUINUNUIATIIUAADATSYSLIATNITINUINE ﬂ\iuu]‘lﬁcﬁﬂﬂaVIW'IHﬂ'Iﬁ(‘JJ']L“]f@ﬂ'JEJ

9 s I Y a A v ' Y} o
ﬂ'JTJJ?E]uLHJUW1ﬁli]ﬂuliﬁﬁ'lu'liﬂlﬂﬂhlﬂﬂqmﬂgll 4 DA UK ALY ]lmﬂunm’am\maﬂ 159U



I

Thesis Preparation and fortification of functional ingredients in ‘Rice ball’
Student Mr.Sarayuth Nilkamhaeng
Student ID. 60608031
Program Food Science
Degree Master of Science
Year 2019
Thesis Advisor Asst. Prof. Dr. Yuporn Puechkamutr
ABSTRACT

This research studied the production of rice ball from Riceberry rice milk by spherification
technique. The effect of rice milk prepared from cooked rice and rice flour on the quality of
the rice ball were elucidated. Study on the effect of salt or sugar on the rice ball characteristics was also
examined. The fortification of rice ball by functional ingredients such as inulin, acai berry powder,
glucosamine and folic acid was studied. Also, a study of chemical composition and shelf life of the
resulted rice ball were examined. Internal structure, chemical characteristics, including the amount of
functional ingredients that remain in rice ball and also antioxidant capacity were studied.

The production of rice ball by cooked rice increased the hardness and total anthocyanin
content more than the use of rice flour. Besides being a simple and convenient method, rice ball
prepared from the cooked rice was selected due to higher nutrition value.
The addition of salt or sugar affected the physical properties of the rice ball, especially the size and
weight were increased and the hardness was decreased significantly (p < 0.05). Fortification with
inulin and glucosamine into rice ball resulted in increasing of size and weight while the hardness was
decreased significantly (p < 0.05). However, fortification with acai berry and folic acid did not affect
the size, weight and texture properties of the rice ball. On the other hand, they affected the color value
of the rice ball. The antioxidant capacity of the rice ball significantly (p < 0.05) increased after added
acai berry powder. The result of the chemical composition of the fortified rice ball including moisture

content, protein, fat, ash, fiber and total carbohydrates were 89.61 %, 1.59 %, 0.80 %, 1.66 %, 0.62 %



v

and 5.72 % respectively. The anthocyanin, glucosamine and folic acid content of the fortified rice ball
were 4.73 mg/10g sample, 34.84 mg/10g sample and 25.05 pg/10g sample, respectively.
The antioxidant capacity detected by DPPH and FRAP method of the fortified rice ball were 68.14 %
scavenging activity and 56.79 pg Trolox eq./10g sample, respectively. Moreover, pasteurized rice ball
that stored at 4 degree celsius showed significant (p < 0.05) changes in size, weight and hardness of
rice ball. The lightness of the rice ball was increased but the redness of the rice ball was decreased.
The amount of fortified functional ingredients except inulin were decreased significantly (p < 0.05) in
the first period of storage (day 0-3). After that, they remained constant throughout the storage time.
Furthermore, the detected microorganisms was not exceeded the standard. Therefore, the fortified rice

ball could be stored at 4 degree celsius for at least 15 days.



Pafnssudsema

a J < U

a dyo Yy = Yo J ' =2 9
Ineniinusatviiduiegarell1ddrefmsz 1asuanweyasizoinrateniy Jedes
A A Jq Y A a I <Y a a 4
YONTIVOUNITLAY HALAT.GWT NynyNs N 1A TTResAuTuesddaiguinetinug aaeaauy
TdmuSne seneannd uuifa Tdoguonuz lumsduiums vazquatorlalalumsii
a a Ll ya =2 1T A a 4 o Ay Y Y o
Ineiinusedalndsa swdamsasiadeund luauineinusaiuilIdgndesduysel
o A a =
YONTIVVOUNTZAM 5A.A5. Usznus JuAlsan AuvAAmzgATIMNITIINYAT LAz
a a Jd a 4 4 o o = Y
HALAT.ANTNIA UALIULN 81915015z InmzgAa NI TIINEAT do1uma Tu Tadwszaouna

@ a J

9 Y] 4 a I [ ~ Y A Aa Q3
MANITUI UAS TALYNIANHU FIWNUTNAYY L‘]_]u@‘(’JNq\‘] ﬂqmﬁlﬂﬂiﬁlﬂuﬂmgﬂiillﬂ'liﬂluﬂTiﬁ’f)U

a a9

a a 4 Y Y o o £y 2 ' = EON o
neriwut uaznganlianug vz asremuud ly Suuzaieg sudulszleminenis
a a J a a J dy <] o
Inetiwus vuImentinusmintiasoauysol
Y Y Aa sdq Yo 0 Y A A g = ¥ g A
oo U1 Inemans nlidmuzihlunsldiasedloarsg saudusmii
o a ua 1 { ] o I ]
Uszdesfuanisyniunldanusiemiae uazdursanuazaindueded nazvevounm
A ~ 9 Aq ¥ ' A a oa a a 4
oy 19 Hoeq Alianutiemaeaasamsdfiianuineriinusiaueun
a o { o ] a o=
YOVOUAMUIHN Acai Berry (Thailand) Co.,Ltd N1#A1UNT0 0 UAI0619HI019181U05
4 av o Aav o & '
ol luauade Jehlianuisediseganeluded

] ] [ { 1 I o o
UDNITUVDUWISAU AUND ALY LASATDUATT ﬁﬂﬂﬂ%jﬂlwﬁﬂ llaglﬂUﬂ’]a\jﬁlﬁ]n']T@EJ

2131309

ATNYS U



a31ey

UNARATDNTEN LT oo e seee s ee s
UNAATDATH IO oo sesss s esensseeeeeeeees

T YT R R R US| EE AR L: AT

ATUTYNTT N
ANTUUANTNIDIANUIN oo
TVTUTYN Moo e
ANTUUA VA TANUIN oo
d o
VNN T UM
L1 ANUEIAYUAZNNIUDNTUIY. ..o
@ 4 aov
1.2 T00UTEAIAVDIIUIVY oo

13 UDUIUAIIUIVY oo s s

4 A no dd
UNTN 2 NOURUAZOUITINNGITOU. oo
4 o
pI IR TN O YT L = 2O
2.2 DDTU oo
3
2.3 MITVUFUNTINAL oo
2A TUAMNGUAL ...
25 DUUAU. oo
a o=l
DG 8 1N VL £ S
DT N
28 NIATTAN . ..ottt

@ 9

av oA
29 AMUABYTUNYTUDN ... e

III

VI

IX

XI

11

13

14

18

22

24

29

VI



VII

15118y (D)

9
U1

d' [ a a o A
UNN 3 AAYAVLASITAUUUNITNAAD ..o 35
B FADAL ..o 35

3 BT RN oo 35

¢ 4 Y A

3.3 9Un3aitatn5 oI N IF IUNITNABD oo 36

A A A 4 4
3.4 1A3DINDUATIEHUALQUATILcooooooeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 38
an o A
3.5 ABMIAUHUII . oo 39
UNN 4 HAMINAADIALDAUTWHANITNAADL ..o 45

= Aaxy ~ %,’ 9 1 4

4.1 HAMIANHIHAVDIITNSIATONTIUN1IADANINUDL 1TFUOR. ..o 45
=< a ad 1 4

42 wamsfneINavRIM AN TU§IsaNANdInanenun Mo lsduoa......... 50

43 HANITANHINAYOINITIATUAIUNAUOIHITITIGUAINADAUNINYD
4
T DB e e 55
= 4 = 4 A A 1 a
4.4 NamiﬁﬂuWmﬂﬂizﬂ@umﬁmumeﬂwuaamﬁﬁuﬁauNﬁumm’ilﬂmqmmw 66
=2 A 4 ~ a 1 a
4.5 NamiﬁﬂH1mi.i!,ﬂaslml,ﬂmﬁumlliclmﬂa‘1/1L’dnlﬁ’mwaummﬂmqmmwiu
[ g o
A 0 I N 1Y 1 I 2 T 66

= ~ 4 A 1 [ dal 9 a 4
4.6 WﬁﬂWiﬁﬂ‘H'lﬂWilf]JﬁEJ‘L!LL“]Jﬁ\‘]"ll@\?vl,‘i‘;]fﬂﬂﬁ!,‘llf]WTL!ﬂ1§‘il~l'llf]5@ﬂ')ﬂﬂ1iﬁm’f]iuliﬁ.. 78

UNN S AFUNANITNAAD .o 81

T TE AT L2 LN YT TS 82

UTTUIUNTU e 83



VI

15178y (D)

LTI NN IANUDIN oo 103
U VI VAU I N oo 108
~ 4
AT TN LT UOD oo 110
VT UAT VTN IV NN oo 115
a 4 =1
R R PRI R TR (R 1 R UUUETU U 119
@ a A Jd g’;
2 MIavialsinagaunidnivua 138

U8 TR AU oo 139



a3IUYMIN

~ ]
A13197 i
wa S 9 v s o=
2.1 AUANLANI 13N INaAT 1IN0 1THUDTT oooooeeeeeeee 6
22 Y5109 B-glucan YOIUHAINNUAUANA NN ..o 14
1 d’da a <3 o
2.3 A9 NNDUY AU UOIAUTENDU o 16
Y] 1 o A a FY
2.4 A10819mM 51 UYAL 1 1F I UgA N TTUOIMIT oo 17
a’ = ~ 1 1 a P
2.5 A1500NNFNNFIMNANY TUTIUAIE] YDIDIBIDIUDTT e 20
Q( Aa o"
2.6 ANNEINTD IUNTEBNYNTNNFINMVOIHALAE TUVDI0IHIDIUDTT ... 21

1 H 9

27 Psununsalianius Inadeiulaei liinalsnTe5e Recommended Dietary

ALOWANCES (RIDAS). ettt e e et e eeeeseeeseeeeeseeeseeesaeesaeeessenees 26
28 PinansalilanhusIna'ldgeganoiu (tolerable upper intake lever: UL) ........ 27
29  swavesmisasunsaldanaslueirisvesszmaninmsosnngruie

VLR oo ees s 29

a g’/ 4 A
41 quanvuznemoenuazlsinaueuls lseiunivuaveslssueaning
~ 9 ax J @
IATHUAIIIDNTTUANA TN M. 46

@ 4 {1 a 3 A
4.2 aﬂymzmemﬂmwmeﬂwma’ﬁmumsmmnﬁeuazmmammmﬁwﬁu

LEIIA TN oo eeeeeeeeseeseeeeee s eee s e e s ees s ees e ees s eeseeees s ees s eeseeeeseeeeenes 51
[ 4 ~ a A A A 1 o
4.3 an‘ymz‘ﬂNmamwmaﬂwmawﬁmimmauy}auwﬂ’nwﬁ}wffummu.......... 56
[ 4 Aa a A a 9 a
4.4 ﬁﬂ’]&!il!g‘ﬂNﬂ18ﬂTWﬂl@ﬂllimﬂﬂﬁﬂuﬂTiLﬁﬂJ@uHﬁu3ﬂﬂﬁ$ 2 HAZANDIT1D
o= A 9y 9 "W
LUBTINAITULUVNUHLO DI TN U e e e e e e e e e e ees 59

v
4.5 ﬂsumuauh"l«vmuumﬁmua:mmmmsaiumsﬁ’maaﬂ«mmwmm
4 A A a a Y a a o A 9 9
”lwmamﬁsmugamaﬂaz 2 UASIATUNIDIHIDIUBDITNAINNIVNUU
BONANINIU oo eesssees e 59
o = =) -4 Aa a A a
4.6 aﬂymzmqmﬂmwuaz‘ﬂsmmﬂgiﬂ«nmumaﬂs«vmawuﬂmﬁimugau

) a o ¥ A A Y 9 o
39U 2 ANDIWIDLUDITIDYAL 0.4 uazﬂgTﬂmmu‘wmmufummuﬁﬂemﬂu ...... 61



131N 319 (519)

A ]
AT N Hun

a 9

@ Y A A - o
4.7 aﬂymgﬂ']\?ﬂ']ﬂﬂ'lwsllﬂﬂulicgﬂﬂaﬁﬁﬂ'lﬁlﬁﬁilﬂuuauﬁﬂﬂag 2 WIDIBIDIUDTT

U

) oy a A Y 9 o
I0yas 0.4 ﬂgjﬂ“]ﬂiJ‘Lliﬂﬂaz 0.75 uazﬂmMaﬂm’smwmmmnmmu .......... 63
v 4 ~ Yy Aa 1 a
4.8 aﬂymz‘mqmamwmEN"lﬁGlmaaﬂ"lw"lmﬁiumuwmmmmwqmmwuaz
4 { A ' a
”lwmaﬁmﬁumuwﬁummiwmqmmw ............................................................... 64
s a s A a a
49 'E]\‘Iﬂﬂigﬂ@'i.l‘]/l'NLﬂ‘JJ"UENVl'iGBUE]aﬂLﬁiiJfT'JuWﬁiJﬂ'lW'lﬁL“]f\iqmﬂWW ...................... 66

410 dnpaznimonmved lsdueai@SuaunaueImsBgUNIMARIUMS

=

3w a I @
NUINEINIUNIN 4 'E]\iﬁ’]!ﬂfﬁl%ﬂﬁ L‘]J‘L!!'JQW IS AU e 73

E]

o { A 1 a {1 S o
4.11 aﬂymzmﬂmﬁmm”lscﬁmaﬁmmmuWﬁmmmmqmmwﬁmumsmmﬂm

~ a ~ I @
NQUHQN 4 DIFUFATHA 1TUIAY 15 Moo 74
A:; [ I 1 a g’; =Y a =4
412 mafasuudasamanuiilunsaas Usnansanivve uazilsnagaunsd
?1‘/ 4 [ S o
NINUAVD 1TFUBA TUTEH I IAITOUS O e 78

o - ¢ A v Xy v v
4.13 aﬂﬂmgﬂ'l\?ﬂ'lflﬂ’]WL!aglﬂllgll’f]\‘lhli“]fﬂﬂaVlW'luﬂ'lim'll%@ﬂjﬂﬂj’lniﬂu@jﬂ

Aan 1 [
BOVTO NN U 79



=
ATTINN

n. 1

n. 2

.3

n. 4

.5

msﬁ’mumﬁnmﬂwmn

'
a a

1 3 {0 a @ ' (Y
mmmwﬁmmumwﬁ’nﬁmumﬁm’%auﬁ'am%uazmaﬂummmmqnu

q

U A %’ 9 [ v Aa A = 9 an [ a A
ATNIMUHUAVBDIUIHUVIINUBAIUUANNIUNITLIATIUAIYITUASINDAUN

LRTIAIIN Moo s e eee e ee s ee e s e

[ 4 ~ a ~ Y 9 ax a

aﬂymx‘mﬂmEmTWﬂJfNlliclm’aamﬁimumﬂguﬂuﬂmmmmmu AFNITLFTY
? Aqu 1 P Vo

wannguny LLﬁziJW%LW'lWU@ﬁLL@ﬂmﬂﬂu ...................................................

@ 4 A A a a a 2 A Yy 9

ﬁﬂEﬂ!3‘VI’Nﬂ’lflﬂ’l‘w5]]’0\‘]15“111]’t’]fl‘VILﬁiﬂJ’t’]‘Lll“jlauL!ag’t’]'l“lﬂalﬂﬂiiﬂﬂj'lﬂlmuﬂlu

LU PIO TN oo

[ 4 { A A a 9 a P 9
ﬁﬂ‘}:lmgﬂWQﬂWﬂﬂ’]WGU’@\‘lhliclfﬂﬂaﬁlﬁiiJ'E]‘Llua‘hﬁﬂﬂﬁg 2 N\?@’l%’l@kﬂ@'ﬁdﬁﬁﬂﬂﬁg

U

0.4 118z g TAT T UNAITUTULANA NI

103

104

105

106

107

XI



=
NINN

2.1
22

23

24

2.5

2.6
2.7
2.8
2.9

2.10

4.1

4.2

4.3

44

AUy MN

3 9 o o
VALK R R N CE T8 112 2T U TS U RTR
Tagaa 319U 5 LT e
[ 9 v A 4 v Aa 9
anvaz In39a3519U99aUN: a) ¥ TUINOIVOITATUA ; b) TATaadegiae
1 @ <
T 2 €) MITATEDIIAIUDIUADN oo
AITIADAVDIDATEUD oo
a o S Y E1 dy a o s Y
n) waanman Idenmstuglnseanasnuuiugu ; ¥) waanuan ldvinms
d’l 9 [
YUFUNTINAUUVUIOUNG ..o
T3 983 19UDUUAINGUAUDINTYNY .oooeooeeeeeeeeeeeeeeeeee e

a

TATIAE N UDIDUYA U oo
@ o ¥ a ot
ANHUEAIAULAZNAUDTOTIEIDELDTT ervereeoeeeeee oo eeeee e
A A a A

0eU 15 L AU NNUIIA T UHAD BB T oo
TATIA319U09NQ TAB MU ..o
TATAAF19UBANTATHRN oo

a ~ o Aq Y (A 3 ¥ A ' ™
msfFeunsuvuiavedlsdueanlddsuiasiiuuiniiuanaiany:
$18) 2 Haaans; AA19) 1.5 HAAAAT ; YI) 1 HABAAT cvveeeeeeeeeoeoeeeeeoeeeeo

9 4 ~ = ?:' 9 3’/ An A o o
Taseasraneluvealsdusanassuainiituudinniasisnnaaves

' 7 A a P o A A D)
10,000 111: 0) lsdFupaiwzonnndagegn ; ) lsdueaimssuinuiedin..
o A A ]
15U MAT NIV VIIIEN .o
J { a a { o w

Taseadrumeluveslsdueaiidnarsdyssamaemisimiasvers 10,000

' P An o Y a A a3 P A a A
m1: 0) lsfueanluldimumasnietiiaia (control); v) lsFuean@umnae 1 %

4 A a aol
;A1) lli“]f‘]Ji’)ﬁTlL@]ﬂJl!"lﬁWﬁ 8 0ttt ettt sttt st

11

12

13

15

18

19

23

24

45

48

49

52

XII



=
NINN

4.5

4.6

4.7

4.8

4.9

4.10
4.11

4.12

aIUYMN (519)

90’ a a o o
Thin-layer chromatograph Y93U191aNIATIIU BUYAY waz lssueanmiums

A A

isudugaunanududuaeny: ) nglaa; 2)vynlad; 3) glase ;

a a

a a 4 d' = 4 d' a A a
4) duyau ; 5) ladueaidSuduyau o %, ¢ lidueaidSuduyau 2 % ;
4 d' a a a 4 d' Aa A a
7) lsduoaiidsuduyau 4 % uaz 8) lssuoaMa5uduUyaun 6 %...............
o {0 o ' o { A
Tassadrameluvedlssuoaniiasvers 10000 11: n) lsFusantasy
[ a J 4 ] a ] a
AIURTUDIITTIGUN N ; ¥) sFuead luaFudiunauemsBgun ...
o - < Y] 1 @ v A v A I
YAV 155 U0aN01gNTINUTNBIANAL: 1) TUT 0 ; ¥) TUT 3 ;A) Tud 6 ;
D AUN 9 ;D) IUN 125 R) AUN L5 e,
o = %’ ~ 9 [ o ~ 3 o [ Y] v A v A
anvuzdveuihnlduylsdueanogmanusnyaienu: n) uh o ; v) Tui 3
S IUN 639 TUN 9 0) TUTN 125 R) TUN 15+,
ao' a a o g [
Thin-layer chromatograph ¥09111A1a11A5 11 dUYaAY waz lsdueannusny
A a = I [
Noungl 4 esmusaised 1Wuszeza1nee: 1) nglad; 2) Wynlea;
3) g lasa ; 4) Buyau ;5 N 0;6) TUN 3 ;7) Ui 6;8) IUN 9;9) TN 12
S10) U 15,
Y] 4 A 1 dy 9 9 9 ay a o
vinauazanyuzved lsgusanmum N uFea1enus ous18I 5 aaes 134...
@ < 4 A 1 49' 9 9 9 Aax a 4
anvazmeluveudalssusanmumsauoasn NN oUA T AN 15 4.

v Y

o a Y Aqy 1 P A v K v ) Y ax a s
amslmzﬁmmum%uﬂwuaa1/1mumsmwamammsaumanﬁmaﬁ‘liﬁ

57

65

68

75

77

80

80

80

XII



ASUYNMWNANUIN

= 9
NN nin
v < 9 A a 3 dq v )
vl anvazveandatyegniasuumnguarasluihnlelumsyadn............ 108
) o o = ) ] o Y A o 3 o 1
a1l m3ldmwnasazasdalumsldanudoununiedn dnauivihludasiau
%’ v 1 301 v
110 (HIWUNADUTHUN o 110

Y ]
a2 asaevguvglueniuud IR le 85-90 osruaaided Jasurhimstunal 110

4 y ao‘ I ¥ @ [
f.3 m3lfaseaiuiiedolumsnauiundnldidudio@enu lusgniemsld
9 a =
ANUTOUNN 10 WA VUATU 40 UIMWeoeooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 111
e Y A v P Y
A4 UM IS T AT O e 111
Y
f.5 MIHANEIUNT IRV AITAZ 1S TBIRAGUO AT oo 111
) P o
f.6 AR C YR N G Yk = 112

Y9 A Y o ¥ dq9d
a7 mstudmlsdwesstmumsyadnuinlsduman.. ... 112

Y r v
A8 MINANIIUNTIINUAITAZ 100 AUARIIATOIT UMM oo 112
3 \ % v Aa
A9 MITUTUNTINANVBIVRINANTENININUNT LaganTaya1edadiun
oYl C R L S 113

1 4 = 4 Yy 9 9
a.10  msgulsdueandluasazarounaFounan lsa anuuiuiovas 1.7s
UDQUDTH U oo, 113
v 7 y 3 o ' P ~
A1l mIgnlssueamoinazeiameraamius lssuea luasazaiounadon
< 3 =~
ABD LT AU UIIAY 20 UM 113

IR I T 112 WO 114

XV



ﬂTW’ﬁ
3.1
3.2
2.1

.2

M UYMNNNANUIN (71D)

F
HanIMIIAanyIlo T UNa

1A399IANUNIIA Brookfield §U DV-TIT ULTRA..............coeommmmemmeeeeeeeeeeeeee

NTINUIAITIUVDIATALANY Trolox (Ug/mL)

NIMATgINYRIEIIazaIeng Inaniu

116

117

124

128

XV



L1 anudngazNNYesnuId

a g . . I a = a 4 ~
MANANTUNIUNTINAN (spherification) 1T umatanilavesumaalarsunalas Tull
3 o A A~ I YA I3 <
(molecular gastronomy) 1Humsdsuasusimisnuaoiuziluveunarlvilanvaziuveoanas
A R 3 3 < A < Y ' A vy
wionaveaie luglunuiludanansenavilvinaanaaie lidar niensanavvualugadie
] 1Y a d' a gy v A d’d A
Tlaiyn Taverdunszurumsinanangungiiosvesds lalasnoanosasadua Tuanmhliinge
~ AN Y= ' Ay ¥ s 2 A ' H < Yo
uaaFon van 1avealinnunsou uazuiu wan ldvzauyssinnvwionslui uazinu1in
ad [ Y]
guuQOY (Herrera HazAMET, 2012) a1N1505UYI2NMIUAILGNVOIMISAINI001MI15HIU 1A
A ’q Y o J a [ a
¥301/32gnA 1FNUMIANIAIIUDIMT TUFINIMITAUAZUTNITO1HIS
9 I v A Ao w a & = a a I
11 (Oryza sativa) Wusgnsnangyriavtisveslan deilszanstiowus Inadluoims
o . 1 3 v W
wan TaommzlunItiode (Bhattacharjee et al., 2002) Uszmalnelinsaseoniiuilududuaes

[

Y o 1A a a Aa 1 I & F)
6lJE]x‘lIiflﬂ Uszanm 11.6 Muauaol 509N INdUReNUNMsaIoanluouaUrHe Uszuia 12.5 au

v 1A o o= 2 v & { ) a
Aunoil (FAOSTAT, 2018) 911 1511033 (riceberry rice) iHusiugiman lasuanutionlulszina

& ¥ 9 v o ) v A o 9 a A P} Y o
Ine galdnnmswauduiugsz viedimvontanudnuivennza 105 LFurudundieny
A 1 == a A Y dal 9 =\ as =
Hae33 JU91aNaaiEe817 Wveuasnidnl uaziiiev1duas InaWuea (polyphenol) tazi
" Y 9 A o I [ I'4 9 A A A 1
Mso1sganNIndesrenuzana 1 iunvasuesms Tulamsa iduleems Janiiv indous
uazuouls lase1iu (anthocyanin)  Iaemwiz lunguued cyanidin-3-glucoside 11ag  peonidin-3-
. . e { va
glucoside (Waiyawuththanaporn et al., 2015; Shao et al., 2014; Pitija et al., 2013) e BICISIAN
aMsAueyyaddsz(ichikawa et al, 2001) NUsz@nTamaesasauoyyaddszogh 229-304.7
9 4 o= A [} @ g‘; a 4 <3
umole/g (112 l5d1U055 HazdssnnauiogunIn, 2560) @1130%0GVEINTRTYUDUFATULIF
(Leardkamolkarn, 2011) floanuTsannnu 1sarale anlaaamesea (fiaa1, 2552) aasyall
90} =) Y Y A 1 9) [ .
ihanaluwden anszay luiiuluden Lazae@ 1Mo NIaY (Prangthip et al., 2013)

Tuthgiiusiiounsus Tnnennsiimsnlasumlasly us Taalimsvs Tanemsszan

c’ﬂ A ¥ o g ] o g YU a ulslw '
‘V\hﬁﬂ mﬂﬁi@@']ﬂ'liWi@lli‘Uﬂi%1/]']ull°lfllsll\111'lﬂellu W11Wﬂﬂiiﬂﬂ ATUFITDINITUIIDYY



[\S]

Re

(= 1 Y U = a A a 1 A o & = ya
llllL‘WEN‘W’E]G]@ﬂ’J'IllG]@QﬂTiﬂJ’ENﬁTQﬂ'lEJ uazummmmmzm@ﬂmmmquqwu @N‘L!‘L!"l]\?llﬂﬂJ

a 1 A Yy a Yo =\ J [ = 1 o

M3EFuENIeIIsAadlue s e 19§US na lasuasennsiisane luuaagu Feazaeih
Y d 2 a g A A A . '
Tlguamwamnvu 1N ueIMIININANHIDDIMITINBFUAIN (functional food) A9 MINUTY
Y

TuilagiiudinisiasuansemisasluemisediaunsnalsnaziannalenInIy (Kam uasas,
2012c; Lyly uagAme, 2004; Girones-Vilaplama UazANe, 2012a) UNAI0E1UFU NITLEATY
A15AM0YYADA5Y (antioxidant) 8lue1115 1FIvaREYYaddszTUS19NE aaAUITLIRENS

k4
Lﬂﬂiiﬂﬁﬂﬁ\i HazaANIONLE Y (Girones-Vilaplama UazAMe, 2012b)

a o J =® Y a 9 o a o 7 R g Y Y 4 o=l o
AINUUIAAAINATT i]\?hlﬂllﬂ'lﬁﬂ@ﬂuW@Ju’lWﬁ@lﬂm"ﬂiﬂﬂJ “H\?L‘]JUﬂ']iGlGHGUTJ]liGIﬂ‘U@ﬁﬁlITVI'I

Y
3 9 ) =

3 o 9 a da! a [ J Y A FY =
Whnhuwdn wazihuhmssunsanay Tagldmatiamsduginsenay waanusganien lavzl
[ 1 I 4 o Y] a 4 [
anvazadioluyn Tlassadrauiuma snnsomeasulsemunueimstnald 391490
4 a o 1:9{’& axy G 4 = a ! a A~
“Isguoa” Tasauateligny At mawson lssuoauazAnBIMT AT WA IUNTUIMITTIGUA WAL
Jd ] a a a P
U5z TorUADGUAIN 15U DUYAY (inulin) KIDI1FI1DIUOSTS (acai  berry  powder) NglAXILY
. a . . o a 4 4 =1 4 dy
(glucosamine) wazngalwlan (folic acid) Mmmsdlnziesntlszneumaniivedlsfusa uonanil
v KR A a o o 4 1 S o = =
garnuimsnlasuulasveanaasual lssuealuserinamanusner saudemsnlasunilasues
2 A ¢ ' v A 9 aa ay o a ¢ A Y
lsguea e lsduea lurunmssinredreiTaaes lsd niswan lsdusangaualodiuney
A A ] I A ' Yo 9 I A o 70 YA
91 aFIguMn N Teyraosameunsuyaa Idnuinuazml syl unaanusi 14
[ 1 o o o a [ L 1
anvazutanlmi ihllszgndldnumaanmaildinnunainnate dunsoldlumsanuasaiu
a [ a A o I [ Y A g}/ v A 1
9113 lugsnamsdanaz UM msHsesudszmuilueisvan la snnsduilunmsiiuguen

naTnrnms Ignurdasusiieimunzaududus Tnailala lugunn



v dJ a v
1.2 Jnglszaanvesnuise

A = an = 3 Y s
1.2.1 L“W’é]ﬁﬂ‘]slWlaéll@\n‘ﬁﬂ']ﬁlﬂﬁ‘t’JiJ“LJTHNﬂJT?ﬂfJﬂmﬂWWﬂlﬂﬂqﬁ“ﬁU@a
A = 1 a Aa 4
1.2.2 L‘W’E]ﬁﬂkl1WasllENﬁ"liﬂj\umﬂiﬁ"]ﬂﬁ@"l‘ﬂ"li‘l/lllﬁﬂﬂmﬂ1W"UE]\111§°I$‘UE]E1
4 a 1 a ' 4
1.2.3 Lﬁ@ﬁﬂ‘]&l1Wﬁ‘ll@\1ﬂ']'ilﬁﬁiJﬁ’)uWﬁiJ’t’JTI’ﬂiL‘KﬂqmﬂWWﬂﬂﬂﬂ!ﬂWWﬂlﬂﬂqﬁcﬁUﬂa
A = J = 4 A a 1 a
1.2.4 L‘W@ﬁﬂH1@\1ﬂﬂ§$ﬂ®‘]_l1ﬂNmiJ"UENhli“]ﬁJ@ﬂ'mﬁillﬁ]uNﬁ'?JEﬂTﬂiHNﬁfUﬂWW
A = = 4 A a ' a J
1.2.5 LWﬂﬁﬂ‘H1ﬂT§Lﬂaﬂull‘ﬂﬁ\i‘u@\‘]lli“]iﬂ@ﬁﬂlﬁiﬂﬁ')uWﬁiJﬂWﬁWﬁL%Q@ﬂJﬂWWiUﬁZﬁ?NﬂWﬁ
3 o
INUINH

4 4 @ i o P v Ay ay o
1.2.6 tiodnyimslasuulasveslssusa tierh lsdusa llauyedre3smsmaos 15 d

1.3 VB UUAUIVE

'
a a

Aa o g dy A:; o [ = ax [ 9
VDUUAVDINTUIVYUISATOUAQRULUDNING flJu‘lJ’f)\iﬂﬁﬁﬂ’]&!"l?‘ﬁﬂ'lillﬁ%)ﬁﬂﬂll‘Vlal‘;b'cluﬂﬁ

Q

a 4 v A as ~ = 1 A A 9
Wﬁﬁhliclf‘ﬂ@ﬁ LLaZﬂ@La’Oﬂ')‘ﬁfﬂi‘]/l’ﬁz@1’Jﬂl,!,ﬁgllﬂmﬂWWW\“ITﬂ“]ﬂHﬂ'liiﬂﬂ“ﬂ’q@ L‘W’OSL“D'GlUﬂTJTIﬂﬁE]\‘I
= a 1 a ] A ao) A:; Yy 9 1 [ d‘l 1 [
ﬁﬂlﬂl']ﬂ?ilﬁllﬁ?iﬂ?ﬁLLﬂQiﬁ‘?ﬂﬁ’fﬂ‘Vﬂi IFU NAD LAZUIATE NANVUVUVUANNIUNTINAADANYUS

a

4 =Y 1 a { J ] a
nmenmued lsduea msasudIunduoMInFIgunwntilse Tewinos1an1e Ae duyau
a o~ = a 4 A Y 9 1 [ A =
#90191910055 nglawiiu uaznsalddan avlulsdueananududuuanaieny iegdanis
= 4 ~ A 1 A s A
wasunlasmeamenimves lsdueanaziSunaivasnioeguosmslsznouniidse Teminauas
[ = { a 4 4 4 ~ a
T nagaa@endSuanmuizay 92009015 1AT 12 09alsEnoUNMIUAT VDI 1T FUDaNLE TN
1 a dyo/ = d' [ =Y d'
AIUFAUDIMITIFIGUNIN UBNINUSIANMINSAsumlasanyaznameninuazsuiun
A 1 ~ a o 1 3 o o =KX K
vauraveguesdslsznoviasuas ldveslsduealuszrimanuinelsduea saudedny
1 49’ 9 ad a P 1 @ a ~ a
AMINUFPAEIT AR lsdNadInanoanyaznIImMenIntazlsuavesarsmasuaslyluy

ls5uoa



YN 2

%

= a d' d' k%4
‘YIE]‘H;]!!@%Q]H? gNINEYIVDI

¢ da
2.1 2 lsduess

9 4 o= . I 9 Y o I 1A Yo v A ] v J
Gll']')llﬁclﬂllﬂﬁi (riceberry) L[]J'HSU']'JW']WU'EG];CH?JVlllﬂﬁUﬂqﬁﬂﬂlaaﬂllagwwu'lwugﬁ Iﬂﬂfﬂi

[ 9 a

o 4 1 a a [ J v 1
HEUIILEIOHUEIE I A1 s veniia uuInedeInEaTaas (Wuiwe) AU 11 1euNZa

s A

9 a v aov Y o 4 [ A o =
105 (V1Y UNLA) INTDIVUIVYUIY (WHTLLY) Taogisunauiusiied w.a. 2545

a

Ia 4 a [ 4 a o o
W gUEIMeImaasig v Inedenyasmans  Inguvanmanay v.unslyy Mldduny
9 Y a0 9 3 A A A 9 a = 1 = =
udnradn waaisens Alasaueyyaddszgwazliguaimia lasuins laesawa luil
i o 2 s o=l o s A oa
we. 2548 Tagldgeriugi lsduess (gudinermaasiionazveslfianisduninas 14
o ]
sz Temisudn, lidsingd))

[ H Y
Tuthpiudnlsdwess lasuanuaulinndus Iaauaziinisys Inadna lsfueisuniu

Y
v o A

4 A 1 vy o
Lﬁ@\?ﬁ]']ﬂflﬂauwall ﬁﬂm‘ﬂ']ﬂ']\cla']W']ig\?ﬂj']ell'ljsu']jﬂjhlﬂ %ﬂﬂ\?ﬂ\?ll‘ﬂj']llﬁ']ll'lji‘ﬁLUﬂ']i

Y o o A a

a r) @ { 2 = Yo o o o
AMUDUYADATEY ‘Vl']ﬂlﬁsu']'Julﬁ‘ﬁﬂﬂﬂﬁﬁllﬂ'liﬂﬁiﬂﬂiﬂﬂﬂlu i'Jllﬂx‘lﬂ']ﬁulﬂﬁUﬂ”IiNﬁ?JWH‘Eﬁ]”lﬂWl!ﬁW@

a

o & 1 o q YY s o ' ) ) Sy o qu o
HASWUHTLY Vl'lslﬁslﬂﬁuliqﬂﬂf’)ﬁi‘ﬂu@]ﬂjﬁﬂllﬁll L!ﬁgﬁ'lll']iﬂﬂgﬂulﬂﬁﬁ@ﬂﬂﬂﬂ ﬂﬂﬂ?iﬁlﬂyﬁﬁﬂﬁﬁu

[

9 a da/ dsf =2 o Y Y 4 o= A 1 a
MWﬂQﬂﬂlTJﬂfUﬂU HUINUU i]WHEl,WGUTJVl‘iG]ﬂU@iﬂJﬂﬂ1Qﬂ’d\1 (NTNTAUFATUNTINYANT, 2554)

~ 3 9 @ P
NNN 2.1 LiJfIWU"I’JUlS‘?]SL‘]J@ii



2.1.1 Qammalarnms

a

9 s I A < Y A = A
417 lsdueislisguanuazaisdiueyyadaszge (a151h 2.1) leormishoglu

4
U °

o 1 < ¥ o Y A dﬂ! Y ' 2 Y LY
19 TJ?N \1 AWFSANIATNUIAG 1/]']6],1’753ﬂ‘UuWﬂWaiumfJﬂGUL!Gb"]ﬂ'J']ﬂWﬁ‘UﬁIﬂﬂsU']'JﬂafNLlﬁg

U

£ o @ = v Y = ' o o
GIITJGU']’JGUWV]’Jllﬂ ﬂ\‘ll‘l’iiﬂ%ﬂ‘ﬂlﬂﬂ?‘t’JLUWﬁ’Nu 1Jﬁﬁ3‘1/‘!?]ﬂ!%ﬁﬂaﬂizﬂﬂllﬂluuLLQZﬂﬂLaﬁlﬂ@ﬁﬂa
. 1 o Y £% 1 o 9 1 =~ a A 49! v Aav
(Prangthip et al., 2013) G]f’JfJVH{l‘PTi%TJTJGUUﬂWfJ‘V]NTL!llﬂ’E]EJNiJﬂigﬁ”V]TJﬂTWiﬂﬂ‘U‘Ll UNIYIIN
a [ J a @ a 1 @ o
3J°Vi1'31/lfﬂaﬂ!ﬂ‘HﬂﬁﬁWﬁ@]iLLagﬂJﬁ']'J‘VIﬂ?ﬁﬂuﬁﬂﬁqﬁlﬁﬁuﬂUﬁﬂE']Wﬁﬂl’fNﬂWiﬁU‘]JﬁSVl']uGﬁ}']'J

@ o Y ! : o 3 A ga XA )
lli“ﬁlﬂ@iﬁiu@ﬂ']ﬂiiﬂ&ﬂ?‘ﬂ']’lu W'LI’J'lﬁ'?ll'lﬁﬂ‘lf?flﬂ?ﬂﬂlli%@UUTGHa‘lum'E]ﬂvl@ﬂellu IHDINUII

[ [

AP ~ 3 ° 1Y v A v JIA Al o oY o 1 Y s
Isdwessiarihinmaminidniadiuiifertu msmuensidmaatihmadezaeldivad
J A a a v & J o 3 <3| [
s1ameldeugaulatilszans Somntu fufuadersuhaaludea 119 undan 1dun

[ N W

o q ¥ 1 Y o g A T A Ao
uﬂ11W§$ Uuimaﬂlum@ﬂaﬂmm ‘lJnul'iGlﬂ‘UfJi’iﬁN%ﬂLﬂuVINmeﬂﬂlwmwmjellmWﬂﬂﬂluiszzﬂn

2De

o A YA ¥ ¥ o oa s Y v A oA
ﬁ?ﬁﬁﬂﬂﬂ?ﬂjﬁﬂlﬂ']ﬁﬁ']ul!agﬁj @]@Qﬂ?iﬂ?ﬂﬂﬂu’]ﬁuﬂ (ﬂuEJTVIfJ']ﬁ']ﬁ'ﬁﬁaU']'Jlmgﬁﬂ\iﬂ;]Uﬁﬂ'ﬁ

= 3’;9) 4 I W

Aunag s Texioudn, hidsingd) 8ansdnlsdiueisdiganludroneouls leeriiu
Tﬂﬂmww“luﬂa;mm cyanidin-3-glucoside 8% peonidin-3-glucoside (Waiyawuththanaporn et al.,
2015; Shao et al., 2014; Pitija et al., 2013) éaﬁﬂmﬁuﬂmuﬂﬁé’l’mauyaaﬁiz (Ichikawa et al., 2001)
aAMIoNIEY (Hu uazAme, 2003) AU139 (Chen HaZANME, 2006) Lazroauay luiulieglu

SLAUNNOIMNE (Guo azaue, 2007)

]
= 1

o [ a A Y a A 9 4 o 2 A Y
ﬁTﬂiUﬂi%ﬁﬂ‘ﬁﬂTWﬂluﬂTﬁ@]TuﬂHgﬁﬂﬁi%ﬂWUiuﬂﬂ’lhlﬁ“]f!f]_l’f)iﬁ FIUTUINUVUATY

[l 9
FITUFIA E]Qﬁ 229 —304.7 umole/g M3ANEININA87T ORAC (oxygen radical absorbance capacity)

l
=

~ Y A o = [ A A =~ Yo 1 9 A Y
L‘iEJﬂulﬂ’J1L3J6u13J1L1GfJ‘]Jl,‘VIfJ‘]Jﬂ’]JLﬂ‘i’E]\‘]@iJG]ﬂLGUEJ’WIVlﬂT]Jfﬂiﬂﬂﬂflﬂiuﬂ1uﬁii1ﬁlﬂmﬂ%’3&lﬁ1u

a

A Y} P} 2 a ' ™ A ' 9 P A
ﬁ?ﬁ@uﬂuﬁ@ﬁigllﬁﬁ Elualﬂ'JGD'uﬂuNﬂmﬂ?iuﬂ’]ﬁﬂ@ﬁﬂuq@ﬂ?ﬂlﬂ@ﬂ 100 1N (GU']'Jhlﬁ“])'L‘]J'E)ﬁﬁ Lae

4 y 4 oA o a a H ]
ATTNAUNOFUAIN, 2560) BnN9911 lsduessdalimsduoyyadaszytiaazainimas luazaie

1w

H . . o_w Ia J
UUNINY 47.5 U 33.4 mg ascorbic equivalent/100 g @1UAIAY (g{umwmmﬁm%’nuax
a oa o ]
Wosluamsdunaz 19l Temisudn, lulsingi)
s 1 = Y1 9 7 o Y A o o
nngulsz Teninnanu eagl1dn dnlsdmvessitludnmmzaunuauynnwannis
o 4 4 o {0 o 1 a a A
Tagmmz ludegeorgiiosnindnlsduesiliarsemsnaieiingesanme idsuadalszansnm
= A 1o 2
Tunislvailouvendon szaoaliuun Migeaieainazszuvlszdin uonainil

YA Yl ¥ v g o 9 P Y Y
@mﬂuiimmmm Llaxﬂ‘ﬂﬂ?mﬂlluiﬂuﬂﬂf‘ﬁlﬂiﬂi’ﬂ‘ﬂizVl"lu“llnlliglﬂﬂﬂii]lﬂ 5]5’3811!ﬂ"|5ﬂ’3‘]Jﬂ11

v [ U

¥ ¥ A o Yy & o B 7 A g °
FEAUUINA INTICUATU UWH’dﬂGHﬂ’NGUTJ‘VI’JUhJ Lla$1ﬁ1ﬂiﬂﬂ§'$ﬂ1uﬂﬂ’3hli“lﬂ‘ﬂ@53Lﬂuﬂi%%1



1 Y1 Yo < 1 o a o 1 Y
waieldinenmelasuasers Tasmmzsiaman srelunistgelaria uazahgesreaneln

< P 7 o= A
LLUNLLTN (GIITJUliGlfL‘UE]iﬁ uamﬁimmmaqmmw, 2560)

~ . 3 v ¥ P o
A3 1N9N 2.1 ﬂiHﬂTVINTﬂ"]fu'lﬂﬁ‘lumaWUTJﬂﬂENllﬁ“]f!,‘]_lﬂii

AUMMAATINS ilsdweds v
Man (mg/ke) 13-18 2

F9aned (mg/ke) 31.9 4.90

TowM 3 (mg/100 g) 25.51 0.000076

00U (ug/100 g) 678 40
Tniaa (ug/100 g) 48.1 3
WA 15U (ug/100 g) 63 -
Tnavluoa (mg/100 g) 113.5 -
UNUHY (mg/100 g) 89.33 -
upuun-Te'lssuea (mg/100 g) 462 -

Y o Ia J a wa o
s aauasnn guiinemansinuazieslfianisauninaz 19se Teyidudin

(laitls WﬂgﬁJ) 118 United States Department of Agriculture (2016)

2.1.2 wou) s lwentiu

a I o ~ o 1
uou s laeniiu Wumuannnieinin Iasu191na131 Anthos Hunedeaen 1l 1ag Kyanos

P} v
A o A K

= a g = A a & Y o ] =
HNUIWYDITUINU mu@uiﬁ"lmmumﬂumwWuﬂluwswmwuﬂ Vlﬁﬂ@ﬂ”lll Nﬂlm$Nﬁ]13J TIUDY

[ A a <3 9 J I A d s va 3
sy esuouls lsertduveuriuareanysd uamsnllse Temiaoguninlasliauiiailu

Y a o a I o A %’ Y o ] v
1T UDDNKIAYU (Kong uagame, 2003) Ll’é]uI‘ﬁll“]ifﬂuuLﬂu3ﬂﬂ3ﬁi}ﬂﬂ$ﬁ1ﬁlu11ﬂ ﬂﬂagiuﬂqn

WaTaueed Wuemslddausssumna Tasdveaeu s lasiuaznldasunilasldamaninzany

3 ' A < R g
Lﬂuﬂiﬂ-@N (Bhawamai UAZAS, 2016) LL’E)’L!I‘ﬁ1%U1uuﬁiﬂiﬂﬁ%1\1!ﬂullﬂﬂ C6-C3-Co6 G?NHJ'H

14 { % a 1
TnaTn'lsavedq 2-phenylbenzopyrylium  #3® flavylium cation NUAIEAUNAWFHA UATIDE

G

S H 1
6 vHamiunnuLes laun pelargonidin, pyrimidin, delphinidin, peonidin, petunidin 8¢ malvidin

3 { o N o { g
Aludy (MR 2.2) (Hiemori tazaniy, 2009) luasazaiteddnaia ueu 15 laeriiuazsimrnnglu



Y. A A

a a J o I ' . . = Y A o =~ 3 <3|

ﬂuﬂlﬂlﬁﬂﬁ]ﬂﬂﬁnﬂﬂuﬂ5&5]-@1']\1 (pH indicator) A® 1Wﬁllﬂﬂ% pH M 1wﬁu1gqumﬁﬂ1aztﬂuﬂmmaz
lddd‘ [ d’d L= =) a A [ = ara 4

thﬂJﬁ“Vl pH g\‘] Iﬂﬂﬂ%‘ﬂﬂ‘ﬂNWQ@]@Z’flla$ﬂ'313JLﬁﬂﬂiﬂl@ﬁll@ui‘ﬁmﬁﬂTuu ) ﬁ%‘ﬂﬂﬂﬂlﬂulmmﬁlﬁﬂﬁ
] 9 a I 1 I a %’ o A

LYU Iﬂi\?ﬁ§1\1 Qﬂ!ﬂ{]ll ﬂ'ﬂlllﬂuﬂiﬂ-ﬂ'lﬂ NIALDAADIUN UINA Llazﬁﬂi}ﬂﬂu"] (Delgado-Vargas

Aa A wAa 1 o 2’, v A a A ] I
Hagnue, 2000) LL@UI’Eulﬁlifﬂuuuﬂﬂ‘!ﬁuﬂﬂuﬂﬂﬁ'lﬂﬂuVl\?Vl']\?Lﬂﬁ‘]f'J“l/lfﬂLlag‘])"J'JVlﬂ'] LU HJ'L!
I'd
mieaﬂqmmﬁamw (biological activity) maé’]’mawaaﬁﬁz (antioxidant) (Kim (tazaae, 2007)
A11150aA0IN1TONIAY (anti-inflammatory) (Hu  wazaay, 2003) ¥einilesviasaiion

{ < @
aﬂﬂ@laﬁ!ﬂ@ﬁﬂaﬁlulaﬂﬂ (Guo tlaznale, 2007) aﬂﬂ'311]!,%8\161]@\115?]113!ﬁ\ulaggﬁuulqiﬁ (Chen ttag

1A

1 wa a a A Y a
A, 2006) l,msi]mfdlm@muwﬁmmueuiﬂ%mu ﬁ't’] ﬂ‘igﬁ‘ﬂ‘ﬁﬂ1W1uﬂ1i@1u@uHa@ﬁi$ Iﬂﬁ]

Q Q

wouTs leeriuidszdninmlumsduoyyadaszgeniniailiuduazdne 2 1 YSumes

a d' 4 a 9 d' A a a [ J [
L!E]ui‘ﬁulc]fﬂ1uu1/llllél‘]elﬂﬁ1h1iﬂﬂiiﬂﬂ1@tﬂﬁﬂ’gﬁq’ﬂﬂ@ 200 WaansueoIu

Anthocyanin R, R, R3

Cyanidin OH OH OH
Cyanidin-3-glucoside OH O-B-D-glucose OH
Peonidin-3-glucoside OCHj3 O-B-D-glucose OH
Cyanidin-3,5-diglucoside OH O-B-D-glucose O-B-D-glucose

MM 2.2 Tasaardaveauou 15 laeniiu

30: Hiemori HazAg (2009)



2.2 9ANUA

[

a < A s A ! o { g s
aAUA (Alginate) nJuwaammm"lm%uﬂwﬁa ﬂ1ﬁﬁ}1ﬁlﬂu@\1ﬂﬂ5$ﬂ@ﬂiﬂﬁﬂﬁ%ﬁxﬂu

9

@ 4 1 A o 1 A =
HUGFaaaIMI1eT UM (Brown  algae) Tagegluzdaisdsznouinfeonanvesunalfoy
a A = = v AaAa . . é 1 Bol g £

uunihFon Ts@on uaz InunaFouvoinsaoadin (algenic acid) 39 liaza1eii iminTuana
9 I 1 a o a I J A

20,000 — 60,000 Da Tassai1uiluTuanacmelasd luniswandavuaiugaa1nssy a1ms1en

v 9y
19 18un Macrocystis  pyrifera Tivavualsznuiosas 14 — 19 Ysmainuazdunlsiuegny
UAVOIA NI §ANIA LaguraINamIeIyay Ta (W1, 2557)

o A wa

4 v Aa { a o ] Y FY ¥ '
Lﬁ@\ﬁ]’lﬂ’ﬁ]ailluﬁﬁW'ﬁG’Iﬁ]1ﬁu’lﬂﬂ’lﬁﬂ’l§ﬂ1ﬁﬂﬁ’lﬂﬂuwu‘ﬁ ll’ﬁll’ﬂ@ﬂ’lﬁaga'lﬂ]lﬂsluu']u@]ﬂ@]']\?

A

[ 1 @ 4 = = = A
U LYY mgwuwmmaaimmau Twuneatsoy voulutfon LLﬁ%TWiWﬁuulﬂaﬂ@a

De

o '

s v & ?y I A Ay vX Vo
IDAINDT auwumwmui}zazaw”lﬂwﬂumiauuazmwu ﬂ'JnJW‘Ll@EUENfT'Iiﬁgﬁ'lfl‘ﬂhlﬂsl]u@gﬂ‘ﬂ

Q

oY

9 Y]

a v A a 14
UMY ANMTUTY 1M Tmaqamawamuﬂwammi LLﬁzﬂﬁﬁTﬁﬁzﬂizﬁg‘UJﬂ (polyvalent
. o o ' < 1 1 12 1 A

metal cation) @A NuTunsaaalugis s — 1092 lulinanenunilavesasazaiy
v Aa VY < ' ° ' = ° 9 A A X A = o
2a3UA LA UNTAAIAINTIT 4 92 UNaI IHANUHHANNUY 11199910 UN1TNTLIIAIANAY
HAZDINNNMIANATNBUVBINTADAIUN (HFEN, 2557)

v A I a 4 a A A % o Y

aamumﬂuweamaiwauﬁvuﬂﬁwmwnumuﬂTmaqaqq Usgnevualonsa

a A a J
LLiJL!‘Lu!Ti‘Llﬂ (1,4-B-D-mannur0nic acid) LLﬁZﬂiﬂqgjiuﬂ (Ol-L-guluronic  acid) WORANBIUDY
v Aa o A 1 A o 1 Y @ aa
aduaazesulasms¥ouszrinaluTuwmesndwnua C1 uaz c4  arenuselnalasan
. . 1 ] 1 {2 a 14
1l degree of polymerization (DP) 0g1ua9 180 — 930 luTwanaiszneudlredruniluneawes
a A I a 4 a a g’/ a v o
3 ¥UA AD Lﬂuwaammmmﬂimmugiﬁuﬂ ™) ﬂiﬂQQTSUﬂ (G) azmigadrUaLInaaunNU (MG)
{ [ 1 1 1 v 1 A

(MWA 2.3) BATIFIUTEHIN M/G dzuanad Tilauanesiusvesaniie AMAUUANITAZ YA
ANUKHA (Lee 11ag Roger, 2013)

1

Y

M block 1/52n0UA28 B-D-mannuronic acid vzegludnyus Insegluumhid 'c, wazms
v W J 4 < < @ aa a I o
unuszrIve Tuwesluvden M azilwiuse B - 1,4 Tnaladn mewedweildnvue
9 ¥y a £
duasInd eI Ui

9
G block U32nNoUAIY O-L-guluronic acid AN axial group 94 C1 waz C4 i liane

a I » A A o v Ao o w1 a
Wﬂaln@iuaﬂym$ﬂ@1ﬂn1lﬂuﬂuﬂula@ﬂ aﬂlﬂmzl“]fuui]ﬂa']llﬁ']ﬂmuﬂﬂﬂ'ﬁlﬂﬂma

MG block 1/52nouRY B-D-mannuronic acid t1a¢ Ol-L-guluronic acid



O

v '
A Y

v Aa ' { < <3 @ a
TumeTuanavessaduadiuiiluuaon G Tanvus Tasegiuuusudungniuldagli
3 = A = Y v a Ao a o q ¥ < AN Y
ANUUIIAY waesen Idandavuaiiingagg Tstinun s lianuudassveusage wah 141

< =) A ] .. 1 [ I [
AMUT TS lutinmdangu (Mancini 182 McHugh, 2000) ua luuaen M agiluanvaz Tasegl

e

£

a =\ a Y1 1 < A A ) v A Aa a
JUUUIIU (flat) umwma"lmwmmaaﬂGmammau‘lﬂmﬂaamuﬁmﬂﬁﬂzmugiiuﬂum

—9

Y A 1 1 =\ A 1 1 < =\ <=
2 IUIANUAITNODUYN UANNIATYY uaﬂumuuaeﬂ MG £ UANUUTIAIYIUNA9 Iﬂﬂ

v J

a { %} [ 1 1 1Y
davuaniUT U MG block 110 azaNTaaza11i11da 99T 1dIUTZTHIN M/G d2iaNuduius

nuaNuaI lumstandsulszynuseeu lavy (3530, 2549)

H [ v A 4 v A 1
Ml 2.3 dnpaz Tnsead19ve9daiig: a) uo Tumweiuesdasiua ; b) Tnsaadwgareles ;
@ <
) NMINTEAIVBILADN

1301 Selimoglu and Elibol (2010)

]

gadiuadivisor ¥ lundasusionisvareyialaslfiduaisinaiuniia

v
Jya o o @

v Y
ATNNANNAIa i lddasunedd a1svildinama taza1sdugIinTNaTuILeI Ba (RINT,
2546) MItnaaveoadua o ldlulSuaios Gosaz 05 — 1.0) uazilovouvonaaiGa

pgale dzInAlaninuNso UL naza ldvgasnuaonuiou (155w, 2549) Oadtua

v
=1

a g 4 I { I a g 1
aunsanailuna ldiliosgluaisazaeni looouveslanziilunedraun wu ca™, Ba™, cu’

+

o [ G}

uaz Mg’ (Kohn, 1975; Yalpani, 1988) looousiiailszauan (cation) NiinlFdmiuwsonmanin
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v Aa

A 2+ a Y < v W [ Y
avUUAND Ca Tﬂﬂmww CaCl, %3ﬁ’nlﬁmﬂﬂLi]allﬂ’E]fJNiiﬂliiuazﬁnﬂiﬂﬂﬂﬂﬁﬂa’ﬂﬂ G hlﬂﬂ

v
1 a A

(Lee  u@g Roger, 2013) uan'lossuszinanissaudrnuaiunilszraululaseadie
v a a 1 J aa o a
aUA 7D ﬂmqgisuﬂmwymm@ﬂcﬁaﬂ (carboxylic acid) Aeviuse loooiin (ionic bond)
[ a I 1 % { [ [ 1 H
mlmnadusaunludnvaznadionuoialaly (m 1w 2.4) (Stevens et al., 2004; George and
Y
Abraham, 2006; Puguan et al., 2014; Paques et al, 2014) UBNINUDONFIUDOADNIN
A o a @ 1] Y v . .
nsanglsindsansamnanuse laTasounulooeunin 1donaie (Kashima uaz Imai, 2012;
Selimoglu 1A  Elibol, 2010; Kithbeck tazaaiz, 2015) wavasdaduan ldazinanunedin
a 9 A a =~ a 4 a
gUUYNKRe MoaduanldiuveInsang 1slinuin uazlinuevesdensdmesuedng 13tin
9
129 A W1I0UNULAAToN IAR (high calcium  reactivity) N15IAANATUDGHUNITUNTVD
Y v ] 9 T
unaFeu losowdigsuna nazezuldsnldeu ldammarsunsgianuaiunozilfnsenld
v Aa 3w .
DAVDILLADHFINDAUUALYIAT (Glicksman, 1983)
a g o 1 I ] v Aa 9 < =1
MINANALVUAVFIUVDIVADN G IUa1e T5U890adt LA D1ANNEIVDIVADN G HYUIA
< "w A = Y] < ~ [} = =\

MUZAN VADN G vodae T¥oadiuanilanzlsenunuuaen G veddnata Tawnila Iasll lessuuss
24+ o A [ [ ) 1 A o 9 ° Y a I [ A
2’ i denszrede anyazAd1enand19 lindunaden i ldinatluveuivaseeneise
. . A A ] 9y ~ 3 ] o Y Yy A & A 2 a
junction zone MFoN A998 nazlihednielu 14l Tnseadeiudws wngsu awnsome

19aNQUNYIUA (Nussinovitch, 1997)
9 1 2+ (= a v Aa o Y A g ~ 1
it leeeuves ca” luaisazareaz lulimsinana sadmaszimihndluiesansse
A A 9 v 2 24+ v Aa = 1w A
uaNnurdalrasazaromiiy mskay Ca” aallluasazaiedadiue vzlinanodnyaziai
<3 a ~ [ 4 I ¥ = o 1 A I 3
18 dwaudunu i wan 1dve liseiouiluiio@enu uavgimailuga (spot gelation) Iu LazIa

A a o a < A m v A Yo v . . A \
V]Lﬂﬂﬁnﬂ@a{ﬂluﬁlﬂumﬁﬂ UN ‘llllllllﬂlll@llﬂﬁ‘llﬂ'nuﬁﬂu (thermoirreversible) HHABDNUADAINY

Fou (”lajazmﬂ) (Nussinovitch, 1997)
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MNN 2.4 MSNALAVBIDAUA

i3 Kashima 118¢ Tmai (2012)

2.3 msYugUnsanan

A 2 A "y v v g & a
mmmmﬁlugﬂmﬁﬂan o ﬂﬁé‘ﬁ‘]J'J‘Llﬂ’lﬁWf]H3JGU@Qlﬂﬁjﬂjﬂlﬂai?ﬂﬂuﬂiﬁﬂﬁn Lﬂumﬂuﬂ

' !, P o ' ' < {
witsMaulalumsidszgnaldluermisaio v (Modemist cuisine) W31z s enauana i lave

=\ 1 dal o % 9 ] S Jd A ] =) Y [ Y
3J:.'i’]JiNl,l,fwLu’f]ﬁiJN’ﬁﬂﬁWEJulﬁllﬂa1ﬂ1L’JEJ‘i ‘Hi@ﬂidﬂﬁhﬂlu1@1'ﬂﬂﬁ$naﬂHmZﬂaWSﬂUﬁﬂ!,!,ﬂ’J

u

=

o [ Y o o t%l A A @ 1 < [
131501 IN19AIUDIHIT IRNUFNIUINIUNT 0 NITINAUI “Molecular” Taatluaiuilsenouluy

Y
IWYBIMITNIAIAEH I (Vega Uag Castells, 2012)

Y

Lg S A 9 A o’é’ ]
ﬂ”liallugﬂ‘ﬂ5\‘1ﬂflllllW‘l!*ﬁ?l!ﬂ”lﬂﬂ”liiﬂfﬁﬂ‘ﬂ@]ﬂl@\iﬁ”li"l8Tﬂiﬂ@ﬁﬁ@8ﬂ6\]u§lﬂ@1ﬁﬁmﬁ’l YU

%9

3 [ 4 I 1 1

Wna 1 ersanainnTeound sea uazun 1Judu MMigUsrenan 15y nsldles@en

v Aa ' = J a g

sadunazalelue Misval veadiuraueIMsmalasluasazateunadounan lsa el

= v Aa =2 Ao = ] o Y

unaFeNdaduaFIlianyaznay (Lee 102 Roger, 2013) ¥3msyuginsanavamisori il
1 @ 4 AA A ' o Yy 2 J . 1 Y A .

yoansInanuana1enu 1@ uaziiveSonuanarenu 1dun a1des (caviar) 14 (egg) HoAT (gnocchi)

a 1 I 2 <
577108 (ravioli) 1JUAW (Myhrovold tazamez, 2011) Msvuginsenaun lligewn fo
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2.3.1 mﬁugﬂmanammuﬁugm (basic spherification)
g dy I A Aq Y 1 A Aa =
MsvugUnsnanuuuNugIe Wumaianlgmguueunainioormismaing ls@ow
v A U = = o v @ v A a 3 1
anuanduinaslumsazarouaaFeon unadon losouszihinisiunudatuanailulng i
amaeneluluana MANTzUIUMINANATOIAAITINOATUA (Nilkamhaeng 1A% Puechkamutr,

(3

A g a I A Y a a 49! Y 1 A Y o
2018) H]a‘Vlﬂ@G]’J"’IJu%z&ﬂmﬂulﬂﬁ]‘kjlﬁ@ﬂﬂiﬂﬂaﬂ ﬂ15lﬂﬂﬁ]ﬁ"ﬂ$&ﬂﬂGU‘LlllﬂE)EJNG]E)LuEN HUITUIDDN
= A 9 v ! v d < 2 o ¥ '
INT1IASANYUAALFINN IDANNUAINAY mwaﬁlwmﬂﬂauummuwmmmu muuwm‘lu
Y Y I Y = A o A ad [ <3 Y o w d%l
@@Qﬂﬁ‘l‘ﬂ‘ﬂiﬂﬂallL‘JJ‘L!Li]a‘VNLll@ﬂ’Jii‘]Ji‘]JiJi%‘ﬂ"lu ERIGRA CLANERGIER "’IJ’E]i]"IﬂW”IJ’ENﬂWiﬂJHE‘]JVIiQ
dy A A Y (= = I J 1 Y v
ﬂ?lML!UUWHE@TL!FI@ﬂlﬂﬂlﬁﬁﬂﬁiﬂ@ﬂ’ﬂiH’iﬁ’Jﬁ]g@]@\‘l"l,iJllL!ﬂm“IflelLﬂuﬁ’JuﬂSZﬂ’ﬂU "lummsa‘lsvﬂu
a o JA A 7 Yy g A A A <
Wﬁ@]ﬂﬂ!"ﬂ‘]/llll!@ﬁﬂ@88@?]'3'13“61]%"]]‘1!1;(\1 LLEIZGU’ENLW’@’JWi8@1W15LWEI’J‘1/]3J?]’J13JL‘]JUﬂ§@Q’Q

1 a a 4 1Y I
Lmﬁ"]il’]ﬁﬂLﬁﬂi%kaﬂﬂ"lﬂ@ﬁﬂaQiuﬂ’]ﬁ’]ﬁlﬁaﬂlﬁﬂaﬂﬁzﬂ‘ﬂﬂ'J']lllﬂﬂﬂﬁﬂiﬂ@']ﬁ'ﬁ

2.3.2 mﬁugﬂmanammué’auﬂé’u (reverse spherification)
4%1 9 @ I A A o Y- 1 A
ﬂ15ﬂlu§ﬂﬂ5\1ﬂﬁhllﬂﬂﬂ’ﬁ]uﬂaﬂ L‘]J‘leﬂ‘L!ﬂ‘I/]’ff'liJ'lii]‘l/nVlﬂT@EJﬂ'liﬂhﬂl@ﬁlﬂﬁﬂ]ﬂﬂ\lﬁﬂ]uW’(?fiJ
= A ] A = = v Aa ° Y
ﬂlﬂﬂ!tﬂﬁl‘ﬂfﬂﬂﬂ@?ﬁ]ﬂgiugﬂﬂlﬂﬁﬂgjﬂlu@ mau,ﬂm%mmm@m“lumiazmﬂimmamamu@wﬂw
a 9 a an 2 o ' ° Y a 4 [
Lﬂ@&%ﬁﬁﬂhi@ﬂﬂi\‘]ﬂﬁMLLﬁZﬂWiLﬂﬂL%ﬁI@S’J‘ﬁﬂWiU I@EJ‘V]’Jul,ﬂUliJﬁnJTiiWnﬁl,WLﬂﬂﬂﬁiw@ﬂJlﬁ]ﬁ‘1/N

2 Y [ 2 9 a A
f ﬂ”liﬂll!gﬂ‘ﬂﬁﬁﬂﬁllllﬂﬂﬂ@uﬂﬁ‘UﬁTNTiﬂﬂlugﬂGTW13!,1'?@’1'3]1@1(7?3186])'14@ IﬂﬂmWT&’ﬂTﬁTﬁ‘ﬂﬁJﬂ’n&l

zZa

)

WuduvesAnFeug tazesnildIunaNveeaneges dusarganIsinama laietun

asy

Y dal o 1 o 1 % v
19101 38 Hansoi 18 ananeuuy wu s lddn 1y uaziniuuznon $udu

D

) )

a a o sy ¥ k] X
NN 2.5 ) Wﬁﬁﬂﬂ!"l/‘l‘i/lllﬂﬂ?ﬂﬂ?iﬂlﬂgﬂﬂiﬂﬂﬁhllﬂﬂ?‘lﬂﬁ?ﬂ;

v 2

a o I 9 @
) Waﬁﬂmmm"lﬂmﬂmsﬂmgﬂmﬂﬂammuﬂﬂuﬂa‘u

131: Myhrovold Ltagane (2011)
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2.4 wmnguay (B-glucan)

< A aaa a

A s & v & o s Y
Fuaisdseneuneauawani lsa danyland il lumiusadvesdalidiavaresianaiy
a a1 g s Y o & a2 ' J o = .
HAZYAUNTI 1FU 91IV151ad 112100 1A Taa A 11919 1az0 Aaad1un151990 2.2 (Buckeridge
I . ' o 3 .
uagame, 2004) uazilu dietary fiber lunguueslviwesnamnsoazate’laluiii (soluble dietary
. 49! % A [T @ [
fiber) (Perry 11a Ying, 2016) Tagisenauauainiiaiang laavaie luana reunualgwuseyian
= . o A ' v '
fio 3-(1.3) linkage-P-D-glucopyranosyl Haziuszsosinanalesnulimuuvasvesuainguau
~ [ = Y 901
(Ahmad tazamy, 2012) wanguauinulusyirezdszneulUdremesnvenimianglaa
1 1Y 4 1 4 J
aonuade B-(1.3), B-(1,4)-P-glucan (Ayhan, 2005) (M IWh 2.6) uauaInguaAu laaIndanz
[ 9
Usznovdie B-(1.3), B-(1.6)-B-glucan Feazvir 1% Tasead1alivauaaniu (Gardiner, 2000)
{ @ 1 [ { (% [ 1 [
Pinwinis lasudefuvesumnguauiana ldnnidn1salszunmedinios 3 niu daaz
tanwannsolumsannoadaosoala (FDA, 1996; 1997) azdalinsAnyINISANILAINGUAY

A = 19 a g o 9 ' .
ﬁiliu’ﬁﬂﬂ?ﬁﬂﬂﬁ’lﬂﬂﬁ’lﬂ G]NﬁW?JWﬁﬂG]’EWI’Iuﬂ’]iLﬂ@llgﬁﬁaWUlﬁ'GleUu (Dongowsk1 uazame, 2002)

Y
¥IFLADANUHI NIMIUveIa ldaau (Valle-Jones, 1985) a@f1 Glycimic index (Jenkin a1
A, 2002) waziloanumsinalsarasa@entizle (Wang tiagaue, 2002)
a Y~ G Y da!
mimmumﬂgLmuaﬂummi”l@umiﬂsz‘qu161511@%1%ﬂimmmiwmnwmﬂmmmu
v I @ o a 1 v W
Faasalamiuas anunada as ianuduniia a5 liinama tazais¥eldidiadu
o & a ' ' A A 2 .
A9 FITWI0ANaI U0 IMITAI) 15U AT 09N YU g1l yuuVLIRY) LAz (Dawkins
. A Y = o é’ 9 J
118 Nnanna, 1995; Burkus 118 Temelli, 2000) tio1do1m1sugaanianInvuluaiuguaInig
A g v 3 o Ay .
91115 wmgﬂumimuﬂm‘gmmwmmmmﬂmﬂu”lﬂ@maﬂymmmmi (Tudorica tazAME,
4

o Y 9 I 1 o A = a a [
2004) 1uﬂ%§uu”lﬂnmsMmmﬂggmmﬂumuwmmWﬁuaﬂumms FITTHITONAANAANUN

Tniiq oangaaialdundu (Temelli, 2001)

M 2.6 Tasaas e uumINguANIING Y

31: Ahmad tazaae (2012)
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= oA A "o
919N 2.2 YSnvey B-glucan U9UUANNNUNLANANAY

Source B -glucan content (%)
Beans 2.4-3.5
Canary seed 1.1-2.3
Corn/maize 0.1-1.3
Flax 0.3-0.7
Lentils 0.4-1.1
Millet 0.5-1.0
Peas 0.3-0.7
Rice 0.4-0.9
Rye 0.7-2.4
Spelt 0.6-1.2
Spring wheat 0.6-1.1
Winter wheat 0.4-1.4
Hulless barley 3.7-9
Barley 5-10
Oat 3.7
Barley mutant 7-12

31 Ahmad tazAAE (2012)

2.5 9UYAU (inulin)
ouyaudlumiTulansaiil Inssafrailudunse (linear polydisperse carbohydrate) 1161y

TuanalszneudleynTaaaenualeiuse B-(2,1) fructose linkage 112U 2-60 (n) Twiana
4 Yy 9 '
(mwi 2.7) istiennfing TneiuTuanaiudueziSendt G F, [glucopyranosyl-(fructofuranosyln-

9 9
a % IS

a 1 3 I 1 4 A
fructose] Tﬂﬂﬁ%ﬁwm@uuaum’dml,muumﬁmﬂum’iNﬁmzijmﬂullé’lm'mvmmman

U

Tmaqmmﬂaaiﬂma% (oligomers) uazwedwes (polymers) 93] degree of polymerization (DP)

[

' ' =} v =
UBYNUUNAIVOINY (OY¥A, 2555)

]
U
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suyauwnluianaroyiia laun Waveow, $10a18, wie 1915 (sparagus officianalis),

ﬂix!ﬁﬂu, Jelusalem artichoke (Helianthus tuberosus) 348%310 chicory (Cichorium intybus) (Bornet,

'
a A

Y
2008; Roberfroid, 2007) 5maduyaulunyaie martuaailuaisng 2.3 asanasuyauioig

u

theaaulna 181910310 chicory (Cichorium intybus) 1azu198u’ 14910 Jerusalem artichoke

[

) v A a { . J a <3 J
(Helianthus tuberosus) §WMIUBUYAUNTNAINTIN chicory TosAllsznovveslod Inudnalsa

Uszana 30 Wosidud uazliosdsznouglnsa Wynlaa sauiuszana 10 wefidud Uszimalu

a ]

1y Tsdvaldouyduedlunguuesasanasisund luvazhanigowimialiouyauoglu

U u

1439 Generally Recognized as Safe (GRAS) (5@%?1, 2555)

CH,OH

M 2.7 Tassadavesduyan

30: Braz de Oliveira HazANE (2011)
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d' U Asa a 3 4
139N 2.3 Lmaﬂmmﬁmeugamﬂumﬂﬂixﬂe‘u

Inulin source Plant part Inulin content
(g/100g)
Yacon (Smallanthus sonchifolius) Roots 35
Sweet Leaf (Stevia rebaudiana) 18-23
Garlic, Chinese garlic (Allium sativum) Bulb 14-23
Barley (Hordeum vulgare) Grains 18-20
Chicory (Cichorium intybus) Roots 11-20
Jerusalem artichoke (Helianthus tuberosus) Tuber 12-19
Asparagus (Asparagus sp.) Roots 15
Agave (Agave sp.) Stem 12-15
Dendelion (Taraxacum officinale) Roots 12-15
Dahlia (Dahlia pinata cav.) Tuber 10-12
Suma (Pfalia glomerate) Roots 11.45
Onions (Red & White), shallot (4llium cepa, Allium sp.) Bulb 5-9
Burdock (Arctium sp.) Roots 8.3-9.9

301: Shoaib LaZAML (2016)

msnouyaulilassaduireuaenudrowuse B-2,1) i ldtauaniiaadioleoiis

a a 1

] v ' { o
Naza1e1in 1@ (soluble dietary fiber) THWAINUANIN 189 1.4 UABDTADATY DUUAUFIBAIVA

QU q

[

¥ 1 U o 1 lO %
LA Frvaasavved iy (Letexier tagaale, 2003) 11 GI (glycemic index) 911 Hazda

N

A

I a X I a S I o d
audautaduns luTean (prebiotic) Fuiluormisuesgaunioniidse Towiludr 1dveuyud wu

q

Aany . . 2 v . < . .

9 Tauuais e (bifidobacteria) Hag wan lauFaas (lactobacillus) 11 UAY (Karimi tazaue, 2015;
. g‘/ YL a A J1 A a gy o Yo ~ 9
Roberfroid,  2000) 9835180 aUNTIND 150 tazNu)NANAuIRAUI19n18DnA8 (Kelly-

. a a I~ Ao o AquUd J
Quagliana tlagAae, 2003) lasauyawiluarsndgnlaiudivlszneulueimisnainraie
a A I Y o d‘ Y a d’ Y 3
siia doruTomalinui9nsgaaIMnIsue111s NABINITHANDIMITINDFYNIN aran1Tiilu

9y S Y A 3y @ A Y = o 9
LﬁuiﬂmWﬁ 21M1IAIUANUIVUN BIWIINTIIAIUANUIATD U,azl'hmu ﬂ?ﬁ?iﬂﬂizﬂu?‘a%wawqﬁ
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@

I 9 an dyq a o 9 A A

iWhudu (@ ws uazame, 2555) wennntouyaudignillldgaamnssuonsimoguantiaig
1 wa A a I a R wa

Uszns wu auantialumsiuninleo1nns quauialumsduws luTedn (prebiotic) AmaNLA

< o wa < e
Tumadluaisnaunu luiu (fat replacer) ﬂiummMumnﬂummmmumma (sugar replacer)

a a

I . o ] ° o
(Judu (Shoaib uazams, 2016)  aavgremsiiouyau il lugaamassuormsauaaslu

U

A
M1TNN 2.4

a

M519h 2.4 dedrumaihduyau Tl ¥ lugaamnssuerns

U

Application Function Concentration

level (Y%ow/w)

Bakery foods (bread, cakes) Prebiotic and fiber 2-15
preservation of moisture
Sugar replacer
Breakfast cereals Fiber and prebiotic 2-25
Crispiness and increase in size
Dairy products Replacement of fat 2-10
Sugar Synergy with sweetness
Texture and mouth feel

Foam stabilization

Fiber and prebiotic
Meat products As a fat replacer Texture and stability Fiber 2-10
Frozen desserts Replacement of fat and sugar 2-10

Improve texture
Melting behavior
Fiber and prebiotic

Less energy value

301: Shoaib LAZAME (2016)
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a dal
2.6 919¥18IU033 (Acai berry)
a A 4 = A & ~ 1 =Y =y =4 U
prpdiesTiluiauesIutianile (MM 2.8) ogludie Eurerpe 184 28 a1lad wu'ld
a Aa Aa 9 L A 4 ' ' A A A A
Tuglimaenanmnais esmlauasnunlutovguineziyou Tasaulvgzliiesauatladn
Y A . . ] 1< s A 1 a v 2
W‘Ullﬂ‘UfJfJ f® E. oleracea, E. precatoria Qe E. edulis ﬂfJNlliﬂmiJ TUINYIIUATDIVUALINUNIUU
A a Y a 3 ] . . 9 s = =
nenlds Inaluwaldl (de Lima Yamaguchi tagamg, 2015) duihaweziinugada 20-30 was

=<

. Y I o 1 X o
(Janick 118g Paul, 2008) tazaziinuiusiuninlundaznig Feevaziinaweisng 900 gnlu

1 o A

1 a o’l
UABT NN (Campos AZANE,  1991) HAVYDIBI1BIDIUDTI Ve NTUIA NG NILazIEHUYUIA

q

Usgana 2 5 uUANT

MW 2.8 éa“mgmzﬁﬁmmzwammmm&m%’%

nn: Schreckinger (oAU (2010)

4
' o a

~ I A A o == YA a = =
mM3nawessiaNaed Ve v ineouls lveriugesiudearsoongniniedanin
. . = = ! < = o =2 a
(bioactive substance) ONWINXIY WT1BNIUNNUAITOONHNTNINTINN IUNAILOTION 90 FHA
X 1 4 =1 a
FalsznovldrearsTunguuesnsiTauesa (flavonoids) Yszanadooay 31 a1silszneuilusadn
. 9 (=Y 4 . . Y
(phenolic compound) sguusovay 23 mﬂuﬂquaﬂuﬂaﬂ (lignoids) sguusosaz 11 uag
a a 1 A o
uouls lyentiulszanmdooaz 9 uouls lsetunwuuinigalurnaiuess Ao cyanidin-3-glucoside

18 cyaniding-3-rutinoside (Gallori (gAML, 2004; Schauss LagAMUE, 2006; Pacheco-Palencia Lo



19

o

= 1 £ = 1A A o
A, 2007) (NIWN 2.9) ‘Ll’E]ﬂi]1ﬂ‘LlfN?N‘W‘]JE‘ﬁiﬂ’ﬂﬂi]‘VITJ‘V]N‘H’JﬂWWiHﬂQN@H“’]@u aangaslu

A
NITNN 2.5

O. _CHs

OH
OH HO OH

OH

cyanidin 3-glucoside *° cyanidin 3-rutinoside * o
d' a d' a rf'd'
M 2.9 wou Is leentiufinuunlunaeandiwess

3: de Lima Yamaguchi tiagame (2015)

HAUDID11DN T I IUNTmANNE T Tumsdueyyadasy (ORAC value) Uszanal
{ @ 3 v o
1,027 mmol TE/g INWAIUBIIUII 100 N§U (Krasovskaya, 2012) gulusuduaeiiodnin

A 1 1 1 1 o
Maqui berry Lgazﬁmiﬁ’ma%a@mz (antioxidant) §94N2109U 10 N gqmwmﬁmaﬁ (raspberry)

o~ 1

] [ i = = ) Y a o v 1 g Y 1 Y
411 1Az gIN QDI 0d 2 11 v Ierandiessgnaadniluma lilunguuesgasoana il

v o

(super fruits) tazdvogluduay 1 Tunguueseninshldarsdiueyyadase (Grange 1z Bennert,

v . ! a . . . . ..

2011) uazwﬂuwa"lﬁ’ﬁﬁﬁqmmwa"lﬁ’ 15 ¥UA (abiu, acerola, acai, arassa-boi, bacaba, bacuri, buriti,

caja, cajarana, cupuassu, cashew, graviola, murici, noni and tamarindo) VDDLU HEDU 111999101

9 a A ) am aa o =

mmﬁm1'5‘51114mimumgga’aﬁﬁzmamﬂﬁ@uman ABTS ﬂ‘ﬂq@ LLﬁ%ﬂQﬂﬁNﬁTiﬂﬁZﬂﬂU
r'd

?\Iu@aaﬂagﬂawﬁ’wmﬂ (Canuto tiazA, 2010) ANNAWITD TUMTERNNENNTINMLTAITU

A £ = Y A o = a A 19y

TN 2.6 UBNIINTITIONYNTN WY INTINLAD Gl,uNasllE’NL1Ji’)ﬁiﬂﬂﬂﬂuﬁiﬁ@iﬁ"ﬁﬂfnﬂ@u@gﬂ’m

] a a a o a a a =} 4

Y N5AD 1Uaen n5alomon nsal1au1an n3Aa 1uailn (Schauss LazAME, 2006) 1A 15NUBYA

Y
a 1 a a a a VI~ 1

FHAAE) INNUD INIWUT (Costa LazAME, 2010; Ribeiro LazAme, 2010) nNIguiuuriasves
A A d 1 o = = [ 2 < I 9y

ﬁ?iﬂizﬂﬂﬁﬂuuﬂiﬂﬁ”lﬁﬂ LBU V\I@ﬁ‘i/\l@iﬁ LAY Iglﬂﬂflll NS LYian L‘]J‘L!@“I‘L! (Costa LlazAuy,

2013; Rufino tagaue, 2010; Souza LLazaAMe, 2010)
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H Q'{ H [ ] a P
15199 2.5 @150 nEN 1T MAND TuaIua199 Yes019101U055

Phytochemical constituent (phenolics) Plant part used

Catechin, quercetin-rutinoside, peonidin-rutinoside, Fruit
protocatechuic acid, procyanidin dimer, procyanidin trimer,

procyanidin tetramer

Cyanidin-3-glucoside, pelargonidin3-glucoside, ferulic acid, p- Fruit
hydroxybenzoic acid, gallic acid, ellagic acid, vanillic acid, p-

coumaric acid

Homoorientin, orientin, isovitexin, cyanidin-30-glucoside, Fruit
cyanidin-3-O-rutinoside

Protocatechuic acid, procyanidin dimer, procyanidin trimer, Seed
procyanidin tetramer, procyanidin pentamer, procyanidin

pentamer, epicatechin

Au: Schreckinger itaznae (2010)

=

a a e a o= Y @ A g A A
"]ﬂ')lli'lc]fallﬂ'liﬂiiﬂﬂlu@"ll@\‘]Wa’f]'lclf']@lﬂaiiﬁl,uaﬂHﬂ!$"U@Q’f]'lw'ﬁ?iaﬂwa@lﬂ‘l:llﬂiﬂﬂﬂn

= A I v o v o 3 A a I @ A A X
llﬂ']ﬁWﬁllluﬂlﬂﬂﬁﬁﬂﬂllﬂﬁﬂuﬁ']ﬂzﬁﬁ\1ﬂllu’]@nﬁlW@UﬁTﬂﬂlﬂuﬂ’]ﬁTﬁﬁﬁﬂ NIDUNITHANUIUD

@

o=l o 1 d’} =
wesiaelulasonnnalifn19e (Menezes tlazame, 2008; Pagliarussi, 2010) HBAIINHEIM

W]

a

a A a 1 A A o 1 1 A Y a Aa
mJsgﬂawwam@iimummwuﬂmm ‘Irii@llfﬂiNﬁiJﬂ‘U@WﬂiﬂluﬂfqﬂJﬁN‘] L‘Wi’)sl‘mﬂﬂiﬁslfwwm

A A ao’ @

E9 A s 9 ' o e a vy 9 & A =
YU visoiouause Termineauguaw iy msiuiluine sy y oo dauaua 1y
o= ~ ad = a 9

INHAIIDIT (Sabbe UATAVE, 2009; Schauss, 2010) 1oAATY TeINSA ATH LB DIFIDH 1H1A1IN
a A g o a I Y . .

DIBIDIVDTT UNTLHIUINUD191D 1y 11 UAY (Alexadre 118 Cunha, 2004; Heinrich tagame,

2011; Homma LI8¥AIZ, 2006; Pagliarussi, 2010) W3 oMNNAMANLAUN0619 1RO 15U MTIAY
a o A A S o 9 dy A = A

9191010053 89 TUP 1M ITNNTADINITINUTNHIVDI014I5 IAuIUAY osnlauduialunis

a o I
Muoanmatu 1aa (de Lima Yamaguchi tlagaag, 2015) uag Il udnanening
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3 £ a o=
A1519h 2.6 ﬂ’JHJﬁ"liJ'lﬁﬂﬁluﬂﬁﬂﬂﬂi]1’1‘ﬁ“l/lN%’JﬂWW‘UfNNﬁllﬁ%iﬂﬂlﬂ\‘lﬂ'l%W@LU@idﬁ

Species Part of Biological activity evaluated
plant
E. oleracea Pulp Scavenging free radicals and inhibition of the oxidation activity of
liposomes
Pulp Inhibition of activity in cultured MCF-7 cells stressed by H,O,
Pulp Inhibition of the nitrite oxide production and expression of iNOS
Pulp Reduction in oxidative damage and inflammation in brain cells
Pulp Reduction of coronary disease risk due to the vasodilation effect
Pulp Inhibition of pro-inflammatory cytokines through regulating
inflammatory mediators
Pulp Antigenotoxic effects
Pulp Protective effect against rat colon carcinogenesis
Pulp Protective effect by reducing pulmonary harm induced by cigarette
smoke
Pulp Inhibition of adenocarcinoma cells of HT- 29 human colon
Pulp Antiproliferative activity by brain glioma cells and MDA-468 human
breast cancer cells
Pulp Antiproliferative activity and pro-apoptotica against HL-60 cells
responsible for leukemia
Pulp Antinociceptive effect
Pulp Atheroprotective effect
Pulp Hypocholesterolemic effect
Flowers Inhibition of nitric oxide production from RAW 264.7 cells in culture
and pulp stimulated with bacterial lipopolysaccharide (LPS) and interferon-

alpha (IFN-alpha)
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Species Part of Biological activity evaluated

plant

Pulp Reductions in lipid peroxidation during oxidative stress and cellular
protection from reactive oxygen species in humans

Pulp Antioxidant capacity in plasma

Root Immunomodulatory activity

Root  Antiplasmodial activity

E. precatoria Seed Antioxidant activities against the oxidation of linoleic acid and free

radical-scavenging

Pulp Free radical-scavenging and antioxidant capacity by cellular models

Pulp Potential anti-inflammatory effects

Root  Cytotoxic and antioxidant activity

131: De Lima Yamaguchi siagae (2015)

v

2o a 4 9 ' ~ o ]
UDNITNU QiJﬂ'ﬁGl(’]ﬁfjﬁl,u’Qﬁﬁ'lﬂﬂiiiJl‘ﬂ%@\jﬁ']f]']\‘] VYU LB ATHUIANY Ta(’]fu‘ﬂ'lﬁj lﬂuﬁ}u

1119991N919181ANUANNTD TUMsAUe YYD A T2 e WIeszasnULN HazsIelun1T11FIA7

@

Y
(Frasson 1@ Canssi, 2008; spada LasAME, 2009; Herculano, 2013) HONIINUTINNT]

Re

a AR =Y 1 = Y 1 = <] a A 1 v o
’E]'l“]ﬂ’E]LU’E]E‘EL’]JH’E]WWWELZTENG]NG] G]Nul,ﬂ3Ji'lfJ\1TN’NUliJ3Jﬂ'NiJHJUWHW§’E]Waﬂi$ﬂﬂﬁ@’ﬁ§l3ﬂ@ﬁﬂﬂ

J 4
HASIWNMINYBEY (Clewell itaznMe, 2010; Bobio LazAME, 2000)

2.7 nglAT 13U (Glucosamine)

= I sg { .
ng w11 (glucosamine) 1Wuessznavilszianiiiaialuanamed (monosaccharide)

9

(2-amino-2-deoxy-D-glucose) (ﬂW\l‘ﬁ 2.10) ﬁﬁTﬁﬁﬂINLaQaLﬁTﬁﬂ 179.2 Da (Huskisson, 2008)
I J & 9 . a o Y o J
Wudiunilavealnseae polysaccharide vodladuuaslalawiu ewsaana lavindainoan

J < 1
TAT95190IN1UDN LFU fj'e 1 5939912 MinA28 (Heath-Heckman 4@ McFall-Ngai, 2011)

0/3}19/

Tagdnang Inanfiunulustemevesuysduazifludasdulunmsadraldsduuay T 14

A o N Yq 1 o v d Y ]
nglaanludnsadunsizi ldluswnmenazazgmi ) iddumsasdulumsadwasvina
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Turanalnn) wu TdsaTeInauau (proteoglycan) nalaTlulsdAu (glycoprotein), lnalaaiilulna
1AY (glycosaminoglycan), ﬂﬁﬂ"lﬁlmgiif!ﬂ (hyaluronic acid) (Simanek ttagaae, 2005) a151rail

I U dy A A a 1 9 ~ 1 .
LTJ‘L!ET’J‘L!‘]J5gﬂ’ﬂﬂ1‘1.!Lu@Lﬂ@Lﬂ@Unﬂﬂfu@ﬂJ’E}\ﬁW\iﬂ'lﬂ T@EJ?]%WTJVlﬂll'lﬂ“]/lﬂigf]ﬂ@E]u (cartilage)

' Y
=) 1 ! %

[ A Y ' a 4
FarzagNusnuaIudarevenszanlasmnizidons nizgneoululsznouR BN NFUD

v
raa

wduloaoaauauniilsalelnauauegniolu TaslysdTe lnauawiluars Tuanalvaidl

= ¥ 9 o Y &R o Y 1 = A 1 [
mmmmsa“lumsmuummmmmﬂﬂ@ %mﬂwmzﬂﬂaaunmmaﬂwqu LHAagaIuITnIodsy

Y

@

A 9 1 YR o I o = A o Y
ﬂ?ilﬂa@uqﬁﬁmﬂﬂﬂigﬂﬂﬂlﬂﬂﬂulﬂ %QﬂﬂlﬂuUﬂUTﬂﬁWﬂﬂJﬂlﬂﬂﬂaIﬂﬁlﬂuuﬁluliﬂﬂﬂTﬁ“I/INWl!GII’éNGUfJ

o U

(Huskisson, 2008) ¥11vng Taaniiudinalunissaeussmilsadeidon (Osteoarthritis) (Reginster
LagANY, 2001; Pavelka agANy, 2002) M3sULszniung lasluiuag 1200-1500 Haaniuaeiu

1 o 9 4 U
Neanuninalumssav lsatodon’ld (Black iazaniz, 2009)

mwi 2.10 Tnseadrevesng Tnaniiu

fiu: Salazar HazAe (2014)

Tsadeidon (Osteoarthritis) 11uTsaniludlymsvulszansveslandszana 15% voq

Y
(% (4

[ = a X Y A 1 ~ & , L, .
Uszmns Tannanua I lemainavunuggiotgniiengasua 65 Uvu'l (Guia Clinica, 2007) 1az 9z

a 1 1 ] X o a
w Id luduajaunndngmedsenum (Spector 118z MacGregor, 1999) fio lainilulsnizesriia

& 2 A =) ! ' 9 1 o Y dy a v 9 1 1 1
UUI BIUNTFULIFTINTEANDOUIECHINVDADUDINTEAN Tlﬂﬁiiﬂuﬂmﬂﬂ’mﬂﬂlﬂﬁﬂﬁﬂc] LBU

Y v U U

YRR < o - ! ' .
Wi Teiie oz Tnn Wudu Mliifaeinisidradies ndeulMid1u1n (Salazar Hazany, 2014)

Y 9
wenanting Inandiudilinagudamsianuvesasonay ldvateyiia Jalinaannsoniauvoato

a9
NANY
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(% =~ 1 d‘ [ S Y A (% A
M3svdszmung lasiludeiioanniu yonanszldenlun1sinyvioszsanlsn
4 1 < @ 1 { @ a A a o 1 1
doion lauda odralsnamwdslisieaungnldsung TasdiudSuim 1,500 Hadnsuaoiu
Uszia 3.5 % nngnadoy 1,208 AU 92l01MsNeInDszuuMsgoseIns 1y Joanes foude
4 < 1 = { a
i@oatos nauld 1Wudu (Tapadinha nazamz, 1982) 019 lsnaw ng Inantiuinaaninldonves
v o = Yo v YA Yo A 2 = a A
dainzia o1dinmsuidmsudnuidainziandonuds ¥99ziMae1n1saniy (Matheu tAZAME,

1999) 1AL HOUHA (Tallia 1Az Cardone, 2002) 1Hudu

2.8 nsallan (Folic acid)

nsalldn (Folic acid) Hvinalumanavinadn Huiidsnsuluie nsaldan Taseads
Turanavesnsa Ianidszneu'lidne 3 d2u Av Glutamic acid (Glu), p-aminobenzoic acid (PABA)
e pteridine (mwﬁ 2.11) @IUVD4 pteridine ﬁ]ZLG?;‘meTTJ PABA 929 methylene bridge {ta8s PABA 92
Four Glu #o peptidic bond ioiailuTaseatisueansalian (Vora tazamy, 2002) nsallan
ﬁmﬂumsﬂizﬂauﬁgﬂé’f'qmmzﬁ?ﬁu pnlfluonnsaduniemaadualuens Fedeud siies
wrdesnnii Tdiaa dauTianvzny1dlusssumndnazedludindsznouvese s
s35uaanalu c'?'iqamwmﬁ%qﬂgﬁmﬂ1ﬂ1u5$w510ﬂ15gﬁu§ﬂyw"lﬁ’ (Eitenmiller 118 Landen,

1999; Marchetti tazamz, 2014)lasiinsaldandszum 20-75 % Anuluermisazgamielal

1 a3 g
i$‘ﬂ:1Nm‘imummmaﬂumumummﬁsm (Spallholz uazaue, 1998)

N N/\ﬂ/\L S Q {5:0

Folic acid (FA)
H HO o
b N\H/ N\] =\ POH HoN
y HoN 2
N \‘/\ N’ N %
I ~0
HO
Pterin PABA Glu

A 2.11 TassadveansaInan

31: Gazzali tazAne (2016)
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a g A o 1 1 a A AaA ¥ Pl 9 '
nsa anilumsomsivaeglunguimiuinawsoazaieni ldnoudiede Uszuna
= A A L. A v
0.01 mg/mL Fseansaiiumsazaie 14 Insazaielunsanson s (Aratjo tazAme, 2011) Vanywe
< 2 A A 2y o Y Y A 1A ' 1 o
Wuwdnmmaes nunsa dngninaemeanuionlumsazareniuais Ianulaeuds uaneds
1 9 A d [
aoanuiouluannzidlunsa (o, 2544)
a o 1Y 4 a [} a
TasnaudmuaiFelud ldarmisodunsizdinsa Trlan1d e lulidym luauilng
2 < a o A a o 2 L
Fasnumeveusvznunsalvan 3 ludulszunm 5 Haaniy uemingniuoisesnumatlaaiz

@

9
@3Wug, 2547) lusssumnansaIdanszwueglugzlveavian (folate) Tnewurisluiy daf uay

~ [ =) % 1 o

a o AA A Y 1A = ' v A
Fl].au‘ﬂ Y E]’lﬁ’lﬁ‘VUJ‘]JiiJ’lmIV\llﬁﬁg\? hlﬂll,ﬂ WG])'Gl'LlLGUfJ'J@'NG] Wa]lll ﬂuJ‘W(’]f NEATSNADNI LBUH DILAN

U

v ~ 2 =S 4

< A J a [ 4 @ dy a o’d‘ A an
oundaes oraas ludateznuludy la vazitiodad gaunidnnululSuugene daq (W51,
o Y ) ’ d A o oAy Y vy ¥
2537; Allen UazAMy, 2006) tazdaasany lalundle luuas 07 vazransuain ldu11nd1Ina
<3 [l < = a A a dy == 1 1
wan 081915 MsgaFunialiane19aaa 91N NITAAMTOLUANGIAIIS 1FU
. . . A a o A a s& o oqw = A
Giardia lamblia W30MIAAADNNHUFNITN HIONMIAALDANDIDATDII 11 1He 19 Tyr1 T uiT 04
a Y
voamsnanialnanld (Allen ttagnle, 2006)
a 1 3 [ {
msviansalande lainiludymi lvgjveslan Tdszvnsdszmnmdosas 30 Alidym
A a . . = ! Y a2
(509130190350 1W@n (Lindenbaum 118 Allen, 1995; Seshadri, 2001) @49znd lvnanals oy
é g’/ = A d' 1 a a a a d‘
UMW HHITUTUADMIINYVOINNWTBINDANNAAUNATTAFULIIVBIMINUINIAAT
~ [ = A & o Ao o w
3o viaealszamilaieila (neural tube defect, NTDs) Miluilgymidagy luilszmanmasnmmn
U Y a A a Aaa A a a 1 =
(Off az M, 2005) dawalin1snusninAlMSFEeFIANTOANUAAUNABE199195D9 300,000 518
@91 (Shibuya 118 Murray, 1998) Us1gaunNmsnusninailfyriinnuialnavesriasalszam
Yaneitla (NTDs) 94 10.6-17 cases /19 10,000 ALYBINITNUTAAA (Berry LazAME, 2010) 1SRN
Tudszmanmaawau @y Yssmaiananund ¥51894MsnusnnaiauAalnavessianie
A& [ A a K . o ¥ =< =
w3t uounIaiesnInmMsvIansa INanda 8,000 AY (Seshadri, 2001) AsHU IuvategUszimavell
a a PR A I o o a a
msasunsa lnanadluemnsninisys Inalluemsvan sevasmsiasunsalanaslueinig
Isenuniinsasasvestymanuralnavesasalszamilaieila (NTDs) Uszunadosas
19-32 Tudsemaavigomanmluil 1998 (Williams uazame, 2002; Boulet tazAmg, 2003)
Y
wonnnidimumsanasveslymanuialnAvesnasalszamiaraie (NTDs) Uszanmdoesas

19-55 Tulszmauauial ¥3 eauAL U5 I%a Aoaai3n as1d 9Ad8 (Chen 1ag Rivera,

2004; Hertrampf 1482 Cortes, 2004; Sayed tiagAale, 2008; Ray (azams, 2002)
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= 1 =\ =~ 3’; = Y

INMITANYT Wongkham tazamz (2016) wunludlszms Ineliaaiasnassatnnuglums
Sudsemunsaldaniotdoanuanuiinisuanuiiaios Tieadeeas 1370 uaz 38.16
Ao a [ 3‘; 4 A 1 gl.: = ~ gl.: Y
AsvdszmunsallannouaInssn 3 Wmouuaz IUTTHINMIAINTTA HAAINIATINI08AL 53.33
= Y a = g 4 = A 1 a Aa a o
uanuiNMaviansalian luaaininssaszinnuassdomsinanuralndve iaINI T3

[ g’/ a a g}J =R

dupanazszuulszam aaiumsnansa Ianveslszmsu Taomwizrgaainssaoudulamn

dnguesszmet Ing

v v ' Y
519 27 PSuansaldannusInaseiulaenlunalsni3059 Recommended Dietary

Allowances (RDAs)

Age Male Female Pregnancy Lactation
Birth to 6 months* 65 ng/day 65 ng/day
7-12 months* 80 pg/day 80 pg/day
1-3 years 150 pg/day 150 pg/day
4-8 years 200 pg/day 200 pg/day
9-13 years 300 pg/day 300 ng/day
14-18 years 400 pg/day 400 pg/day 600 pg/day 500 pg/day
19+ years 400 pg/day 400 pg/day 600 pg/day 500 pg/day

* Adequate Intake (AI)

31: Institute of Medicine (1998)

Sinavensa Tlannasns Tnnaedu Ao 350 luTasnsy ludlvadeamnsatlesiums
2 . . [ ) [ ~ A IR
inalsn homocysteinemia (deBree Uazaae, 1997) thag 400 lliJIﬂiﬂill TINTUAATUATINEININITD
Hosnumsana Joyminnuralndvesnasalszamiatedla (NTDs) (Hao uazamiz, 2008;
Mastroiacovo 48 Leoncini, 2011; Centers for Disease Control and Prevention, 1992) Usuunse

=) H =) 1 % H L= j’ v
TWannus Inaaeiulaen linalsnisese W30 Recommended Dictary Allowances (RDAs) ttaadlu
A ] <3 a a 1 a 1 1T o
M131990 2.7 oe1alsAan nMsvs Iaansaldan luaisnu 1,000 luTasniunedu (tolerable upper
4

intake lever: UL) (Mastroiacovo WAz Leoncini, 2011) aanaaalua1i1ail 2.8 gamnidinigaionn

nalyinasunsie A0 5,000 Julasnsuu o9 ld uaiamsviadaiiud 12 18 (nstitue of
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1 1 <3 a a I o o
Medicine, 1998) uang1al5na1u msus IaansalnanluiSuanamise 150-1,000 lulasnsu/su
1 I a [ 1
vz linuanuiunysaesiame (Hunter 8% Barnes, 1970; Gibberd {tagaMe, 1970) Yang LLasAME
(2010) Imsdrsandszrnsluanigomimilsuamslasunsalianaeiu wui imslasy
Aa o v R d A 9 T Y a I a 1
asalandszuna 138 lulasnsu/iu sauiluilsunaidesuinuazey luneldinaanuiluiyde

51971

M13199 2.8 ﬂ?nmﬂiﬂiﬂﬁﬂﬁfﬂm"ﬁqqqmai’u (tolerable upper intake lever: UL)

Age Male Female Pregnancy Lactation
Birth to 6 months Not possible to Not possible to
establish* establish*
7-12 months Not possible to Not possible to
establish* establish*
1-3 years 300 pg/day 300 pg/day
4-8 years 400 pg/day 400 pg/day
9-13 years 600 pg/day 600 pg/day
14-18 years 800 pg/day 800 pg/day 800 pg/day 800 pg/day
19+ years 1,000 pg/day 1,000 pg/day 1,000 pg/day 1,000 pg/day

* Breast milk, formula, and food should be the only sources of folate for infants

3: Institute of Medicine (1998)
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HAUNPNATIN Glfﬁflaﬂﬂ’ﬂlllﬁﬂﬂ@]@ﬂ’ﬂllWﬂﬂﬂ@%uﬂ?uuﬁﬁﬂ?ﬁﬂlliﬂlﬂﬂcﬂlﬁﬂﬂ’ﬂ Wﬁ@ﬂﬂﬁgﬁﬂfl
SIGREE (neural tube defect, NTDs) (Smithells tiag e, 1983; Mulinare laz A, 1988; Bower LAY
Stanley, 1989; Czeizel 1ia¢ Dudas, 1992)

2)  aannudssnnmadulsaiile Tsannuduladia Isauzise Tsaauoudon

(Alzheimer dementia) 1141’3@@@184 (Wald tazaug, 2002; Allen tagAe, 2006)
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3) Wulaeulaindrnglunisadr9e1sWasu (purine) TWS AU (pyrimidine) d11151
o 4 1 a a
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AU, 2006)
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ANURAUNAVDINMITNUTNINA (Centers for Disease Control and Prevention, 2010) ADU19UD

Uszmavazilsnamsasunsalnanasluemsaaaadluaisian 2.9

q‘ a a d‘d
M319N 2.9 PSnavesmsiaiunsa Ilanasluemsveaszmaniinsesnngruuneaiugy

Country Fortification level Date of implementation
United State 140 pg/100 g 1998
Canada 150 pg/100 g 1998
Costa Rica 180 pg/100 g 1998
Chile 220 pg/100 g 2000
South Africa 150 pg/100 g 2003

13: Crider azaaLe (2011)
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(Gerhardt, KB-8S, Germany)

(Gerhardt, Vapodest VAP30, Germany)
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Properties Acai 0 % Acai 0.1 % Acai 0.25 % Acai 0.4 %
Size (mm) ™ 14.70+0.04 14.74+0.09 14.75+0.11 14.73+0.06
Weight (g) 1.60+0.03 1.62+0.02 1.60+0.02 1.63+0.03
L* 31.4440.16" 32.39+0.14° 32.45+0.09" 32.4840.08"
a* 8.4340.15" 9.30+0.10" 9.39+0.38° 8.9120.55"
b* 1.75+0.09° 1.95+0.14" 2.12+0.25" 2.1940.30"
Hardness (geforce) ©  1401.01£32.43  1397.44+46.76  1408.97+14.11  1415.17+£23.46
Springiness (mm) " 0.85+0.01 0.85+0.02 0.85+0.01 0.86+0.01
Cohesiveness " 0.660.00 0.6620.01 0.65+0.00 0.65+0.01
Gumminess (N) 898.82+18.17°  893.51+17.62  897.33+4.50"  878.2446.53"

Chewiness (N) 742.76+5.79"

748.52+5.83"

745.33+8.55"

733.5443.36"
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Properties Acai 0 % Acai 0.1 % Acai 0.25 % Acai 0.4 %
Anthocyanin (mg/10g sample) ~ 3.2289+0.18"  3.7367+0.15°  4.4530+0.15°  4.7314+0.22°
DPPH (% Scavenging activity) 46.53+2.34" 59.48+2.60 62.711.61° 68.14+0.86°
FRAP 29.57+1.89"  37.07+1.48 45.13+1.10° 56.79+3.07°

(ug Trolox eq./10g sample)
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3 | o A X o {
uwtaneuiugiilulsduea vildSuang Tasiululsdueaiviu dedrusu lsdueai

a 4 1w a a o [ 1
5ung Tneiiudesaz 0.75 wznung Inanfiululsduoaminy 34.84 Taaniuse 10 NFuAIE19
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Properties Glu 0 % Glu 0.5 % Glu 0.75 % Glul %

Size (mm) 14.65+0.07" 14.68+0.05" 14.69+0.02" 14.74+0.02°

Weight (g) 1.5240.03° 1.53£0.01" 1.55+0.02" 1.57+0.01°
L* 33.18+0.11° 32.9440.30° 33.22+0.12° 33.29+0.26"
a* 8.89+0.30° 9.03+0.10" 9.2120.12" 9.15+0.20"
b* 0.97+0.06" 0.85+0.04" 1.00+0.12° 1.00£0.07°

Hardness (geforce)

1450.95+25.67"

1383.96+32.36°

1332.75+20.03"

1300.60+23.96"

Springiness (mm) 0.85+0.01° 0.860.01" 0.87+0.01" 0.87+0.01"
Cohesiveness 0.64+0.00" 0.64+0.00" 0.65+0.00" 0.66+0.00°
Gumminess (N) 952.01£25.26"  919.76+4.46° 866.61+18.73" 826.03+11.42°

Chewiness (N)
Glucosamine content

(mg/10 g sample)

785.32+10.95°

9.81+0.07"

790.69+9.88°

26.34+0.37"

755.1149.70°

34.84+0.54°

713.76+4.14°

50.54+0.41°
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v & o 4 { a 1 {
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(@0 (Black Ltazn, 2009)
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a

3 @ 4 { a a a o=
ﬂ]’i]\?ﬁ 4.7 aﬂymzmqmﬂmwmm"lwuea“ﬁﬁmﬁmimuuau%}aﬂaz 2 WQ@TWW@LU@?%%@EJQ% 0.4

U

ng Inanfiudesas 0.75 waznsalvl@nfianududuuanaieny

Properties Folic acid Folic acid Folic acid Folic acid

0% 0.0007 % 0.0010 % 0.0012 %

Size (mm) ™ 14.70+0.04 14.71+0.05 14.70+0.05 14.71+0.02

Weight (g) 1.56+0.02 1.55+0.02 1.56+0.03 1.56+0.02

L*" 33.1240.19 33.11+0.29 33.19+0.25 33.16+0.19

a* " 8.57+0.13 8.57+0.16 8.57+0.06 8.56+0.13

b* " 0.52+0.07 0.58+0.06 0.57+0.09 0.56+0.10
Hardness (geforce)  1322.20£26.36" 1355.33+17.59°  1334.51£26.00°  1340.60+16.81"

Springiness (mm) 0.87+0.01 0.87+0.01 0.86+0.02 0.87+0.01

Cohesiveness " 0.66%0.00 0.66+0.00 0.66%0.00 0.67+0.00

Gumminess (N) " 863.12+12.53  859.13+15.70 867.66+11.88 857.64+13.81

Chewiness (N) ™ 753.41£13.39  757.57+12.75 745 .84+18.25 758.46+6.27

2 o

Wanenyg :  vuneda Aundevesdoyalunuiveunanaunuegiiisdinyneanan (p < 0.05)
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1w duyanuazng Inaniu 019 llsundrunisadinlasadndes]y ildlaseadresroum
(BN} A < a 1 [ [ Y 1 = o Y <3 4
anon lideriiod JunagesiesznInlaseadng i 3 dmanuudevelsdueaaaas

v A ~
aanuanalunisnan 4.8

Y v 4 { 1 a 1 a
M519h 4.8 dnvaznumen e lsdueahn bildmSudunauermsiigunimnas

l5fusaiasudIUNTNO I TIFIGUAMN

Properties Rice ball without fortified Rice ball with fortified
Size (mm) 14.48+0.06° 14.70+0.05"
Weight (g) 1.5240.03" 1.5620.03"
L* 32.44+0.08" 33.19+0.25"
a* 7.40+0.40° 8.57+0.06"
b* 1.87+0.15° 0.570.09°
Hardness (g*force) 1528.01+40.61" 1334.51+26.00"
Springiness (mm)” 0.85+0.02 0.86+0.02
Cohesiveness 0.65+0.00 0.66+0.00
Gumminess (N) 1000.58+22.57" 867.66+11.88"
Chewiness (N) 855.11+20.81° 745.84+18.25"

A o

Wanenya : 7 vuneda Aundevesdoyaluuuiveuuanaunuediivdinyneadan (p < 0.05)
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(p = 0.05)
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4 A a 1 a 1
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Chemical composition (%) Fortified rice ball
Moisture 89.61+0.06
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a =

Y @ 4 { A U a 1 S o { < @
m‘snﬁ 4.10 ﬁﬂBﬂ!g‘V]1\1ﬂ185]1W“IJ@\‘]115“Iﬁ_lE)aﬁLf’fﬁﬂf’nuwﬁuﬁ]TﬂTiHﬁqmﬂWWﬁNTL!ﬂTﬁLﬂTJiﬂ'HTﬁqmﬁﬂu 4 pamaed 1uman 159U

G

Properties Day 0 Day 3 Day 6 Day 9 Day 12 Day 15
Size (mm) 14.67+0.04° 14.73+0.04° 14.76+0.02" 14.77+0.05" 14.810.02° 14.85+0.02°
Weight (g) 1.56+0.02" 1.57+0.03" 1.58+0.02" 1.62+0.04° 1.61+0.00" 1.62+0.02°
L* 32.2620.34° 32.51+0.10" 33.7240.09" 32.78+0.52" 33.3840.10° 33.89+0.17"
a* 9.59+0.19° 8.94:0.54" 8.8340.21° 8.40+0.33" 7.98+0.29" 7.5140.14"
b* 1.15+0.36" 1.260.20" 1.55+0.26° 1.62+0.09° 0.8620.14" 1.56+0.18°
Hardness (g+force) 1347.62+35.61° 1505.67+7.05° 1524.58+26.28" 1544.92+30.34°  1547.29+10.86° 1529.47427.75"
Springiness (mm) 0.87+0.01° 0.85+0.01" 0.85+0.01" 0.85+0.01" 0.84+0.01" 0.84+0.01°
Cohesiveness 0.63+0.00 0.63+0.00 0.63+0.01 0.62+0.00 0.62+0.01 0.6240.00

Gumminess (N)

Chewiness (N)

894.61+13.72°

744.05+13.35"

919.92+15.21"

756.06+5.37"

923.98+9.07°

761.10+£16.54™

C

958.64+16.94

777.72+8.41°

957.50+12.01°

C

765.51+27.04"

948.76+17.17°

763.78+11.45™

2 o

WEHg : 7 eia Anndsvestoyalunuiveunana N e aiiied

ns = 1 d' 9 1 (% ] a2 o
NUIYDI FnﬁmEJGU’EN‘IJ@JJ“ﬁGL‘L!LL‘L!’JMEI‘L!LLG]ﬂG]Nﬂu?JfJN]lllllufJ

(p = 0.05)
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M3 4.11 dnvauzmaniiveslsdueafieiudunanemuFgunmiiumaiusnuigungd 4 ssrusadue Hunar 15 5u
Properties Day 0 Day 3 Day 6 Day 9 Day 12 Day 15
Anthocyanin (mg/10g sample) 4.5059+0.28° 2.0707+0.29" 1.3693+0.18° 1.4806+0.07° 1.2691+0.22° 1.1021+0.19°
DPPH (% Scavenging activity) 63.74+0.45" 56.82+1.23" 54.86+2.99" 58.87+2.45% 57.46+4.22° 58.19+4.37"
FRAP (g Trolox eq./10 g sample) 53.05+0.98" 29.85+0.73° 24.85+4.75" 22.97+0.12" 21.52+1.39" 18.74+1.62°
Glucosamine content 32.00+1.72° 17.85+0.27" 17.69+0.31" 17.74+0.27" 17.77+0.06" 17.80+0.02"
(mg/10 g sample)
Folic acid content (ug/10 g sample) 25.05+0.21" NA NA NA NA 17.20+1.27°

a-d = 1 >~ 9 1 (Y 1 A v o w aaa
WA : WY mma8611aa611’aya11,!uu’mauummmuammuﬂm UNNWADAN (p S 0.05)
1 { J { 2
ANNDY £ mmﬁmmummgm 1NNITNAAD 3

=3 m Yo a 4
NA 1118949 hi'ldvimsdasiey



1) TN 0

V) TN 3

- d'
f) IUN 6
d' @ = Y dqu v 4 A S o 1 o v A
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3) TUN 9

) N 12
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N) IUN 15
~ o a Y dqu v s A 3 o VW '
HNN 4.8 amgmxaeumum“lmm”lic]maawmqmimmﬂyWmﬂu (919):

1) IUN 0 9) TUN 3;A) IUN6;9) TUN9;9) TUN 12; 9) TUN 15
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6) TUN 3;7) IUN 6:8) TN 9;9) TUN 12 ; 10) WA 15

a I A a a 4 {

MmNz Sunaduyaulaelszu1auaae7s Thin layer chromatography ¥4 lsdusaf

s o A a = I 1 o ~ '

MUFnEINguUNYN 4 eaAuwarFed 1JUTze217019199) HAAIAINING 4.9 HANIITNAABINYIN

HANANIINTIUATUDIMIIFIGUANFUADU NA1IAD VLNHUIIANUTUVD IO DT M ALTAD
a a 4 A 3 o =~ ° Y 3 o

Psmaduyduves lsdueaidumanuinulianuduaiuduondionunasnoignisnuing,

g’/ 1 o d' =< % d' Ad' d' é Y =Y a a d‘ A ]
AILAIUN 0 DAIUN 15 (UDIN 5 — 1IN 10) Gmm%53yllmmimmaugaumwmmaaagiu

4 a A a 3 o A 3 1 dy a a a I 9 A
lli‘ﬂ)"]J@a3J‘]J§NTmﬂﬁ%@]ﬁﬂﬂ@WEJﬂWilﬂ‘]JiﬂH"l msmﬂumuummﬂmWﬂaugamﬂumuiﬂmmsm

[
1 2 A

Taseardr9vualva) (Roberfroid, 2005) MIUNTHIUBININ IATIas 19vBUIaDON 1N 1H1%

G

= o Y vV a A A v a A a
mm"lmnﬂmmauwanmwmmqmn1wﬁu@au LYY ﬂiﬂi“l/‘l’dﬂ mauauh”lmmuu

[ o Y

a L] 9
UONNAUMNNWMENNLAZAMNINNINAT guawdugaunsailutsediay ludu

9

a

[ a a 4 4 4 { = J
anulaeansueinisyus lan wams’Jms1zwgmmwﬁ'mgauﬂ%maﬂwmaﬁmsumuwﬁu
a I3 o A 1 o ~ 1 g’/ A o
IMIIIFUAWINUINHINTININTIANE LFAAIGNAITNN 4.12 W‘U’Nﬂ%iﬂmﬂiﬂﬂﬂﬁuﬂﬂﬂTu’)miu

a 1 1 1 9 o A 1 ] 9 S ] [} I =
g‘]Jﬂsmmﬂ@mﬂgiummﬂuwm ﬂi’)@é}‘lusﬁﬂl\ﬁ@ﬂﬁz 0.03-0.04 UM pH agiumuﬂumw 7.17 N



78

a ~ J Y AAa S Y 3 o [ 9 1 ~
7.33 uazlSuuaunioniuanin sz lMaaeaszeznamanuine 15 7 esnin 10 Talail
[ I = 'o 1 I'd A A ~ L) a A J
ADNTN FIAINIUNUNUIATTIUVOIAUNINNINYATITNGIVDI0IHIT NTLYNTIUIUJAUNTI
Y
nanuadeslinu 1x10° TaTalldoniu (NeIguIALI014I5, 2540) VINHANITNAADILTAIIT
o A a A A ] ] o 3 o Y,
lsdueandsuaunauomadigumwidums Idanudounuuwiane lsdemnsanusnula
] 9 (%
981910y 15 MU
~ 5’3’/

$ { ' I 1 2 a
M1 4.12 msnlasunilasmanuilunsaas WSnansanavua uazSugaunignivue

4 1 3 o
Gum"lwuaasluizmnmsmmnm

Storage Time pH Total acidity Total Plate Count
(Day) (%) (CFU/g)
Day 0 7.33+0.01° 0.03+0.00" ND
Day 3 7.33+0.02° 0.03%0.00° ND
Day 6 7.31£0.02" 0.04+0.00° ND
Day 9 7.27+0.01" 0.0420.00" ND
Day 12 7.2840.01" 0.03+0.00" ND
Day 15 7.17+0.02° 0.03+0.00" ND

SIS

H Y H
Wanenya : * vuneda Aundevestoyalunuiawanannuediivedwymeadan (p <0.05)

A J

ND 1116049 A529NUSIIUauvsotiesnd 10 Inlaitlnensu

1 { U { %’
ANNQY + mmﬁmmummgm 1NNITNAADY 3 K

= d' J d' v ] &' % a d
4.6 wamsﬂmsl1manam!mJawm"lscnmeamawmmmmamanﬁama{’lsﬁ

{ a 1 a o ' ! g
Isdupaiaiudiunaueissigumussgluviaudgniudiumsaiurealons 19

9 9 any a 4 a 4 4 A a 4 =3
ﬂfﬂﬂJ’ii’)uﬂ’Jﬂ’J‘ﬁﬂﬁﬁmai]liﬁ Naﬂﬁ’llﬂﬁ%ﬁﬁﬂmﬂiwsllﬂﬂll’i"]fﬂﬂaﬂNTUﬂTiﬁL@ﬂiqiﬁllﬁﬂﬂm&U

o

1] 4 A 1 g 4 @ ~ 1 a 4 Y
ﬂﬂul,iG]ﬁJ'E']ﬁ‘1/]W’]uﬂ’lﬁm’ll“b"f]lLUUWWﬁL%ﬂqiﬁLlﬁﬂﬁﬂﬁﬁ'ﬁ'Nﬂ 4.13 W‘]J'J’lﬂ’]iﬁl@]f]'ivlﬁﬁﬂflﬂﬂmﬂ']w

q

o = 9 1 < 4 o A a1 <
maa"lwuamﬂaﬂuuﬂaﬂunﬂmu TﬂEJmwwmmmmwm‘ls%maaﬂmawm A9 UATAITULU

@ I o ? 4 A a J a
AAANIIN 1347 NIV hl‘]JL”]J‘L! 243 NTYLIN iﬁuﬂﬂllicﬁﬂﬂa‘ﬂNTuﬂﬁﬁmaiuliﬁqmuLﬁﬂ



79

A 1 A a v 4 A a J [ A
ANYANYU miawinsanfumaﬂymzﬂimgmaﬂwmammumiamas"limmmmmww 4.10

d' @ = 4 A ] Ay kY 9 9 ad
M1319N 4.13 aﬂflslﬂ!%“I/INﬂTc’JﬂWWL!a%LﬂiJéll@Quli“]f‘U@aﬂWTLJﬂﬁ“JﬂL“If’E]ﬂ’]fJﬂﬂiJﬁﬂuﬂﬂfJ’J‘ﬁﬂﬁ

ANNU
Properties Pasteurization Sterilization
Size (mm) 14.68+0.04° 15.28+0.07°
Weight (g) 1.56+0.02° 1.74+0.01°
L* 32.09+0.26" 31.28+0.16"
a* 9.59+0.19" 10.7540.12°
b* 1.15+0.36" 2.9240.13

Hardness (geforce)
Springiness (mm)
Cohesiveness
Gumminess (N)
Chewiness (N)
Anthocyanin (mg/10g sample)

Glucosamine content (mg/10g sample)

1347.62435.61°
b
0.87+0.01
0.63+0.00°
894.65+13.78"
744.05+13.35"
4.5059+0.28"

32.00+0.75"

a

243.65+24.78
0.56£0.05"
0.34+0.02"
88.78+11.45"
47.72+11.31°
0.6012+0.19"

11.71+£0.23"

vaneme : ** nuneda Aundsvesdeyaluuuiuuiuanaenuedieiive

Aunanan (p <0.05)

1 { U { H
ANNDY + mmﬁmmumm;@m 1NNITNAQDN 3 41

[ o < A I Aa A A dy 9 4 [ Y
wun lsdueanaiiaiisesduinai vaziiennsuuiediuluveslsdueanua Tassadanmelu
< ¢ o ~ IR A & DI
vouflawa lsdueagniiaie sesunasliainaue (nwi 4.11) wanisnaaesiinaasdfiiun
Y o Ay IR a ) Y 1 Y v o q ¥ y_ o 4
anudouszauamaes lsd aelimsldanudeugesunuanuauinlilassadesanveslsduea
= A Y 4 ~ ° 1 a ?:}/ v
@oann uazille Inseaiaved lsduead@edanmgniiiais dIUHTUIMITFIGUATNT NN TN
s g Ay @ o = 13 dAqy oy o
wa lsdueamsazargoanuiog g lsdusaduaaslunini 4.12 sgwuanhnlduslsduoa
A ] j‘ Y 9 9 ax a A== 3 = < o 1
MUMIAUFAIIANNIBUAEITAIABS 1AL TTLAUINN LagNUNTAZNOWANNTENEAI0Y
S a J {1 a J o
T Auma il mnaeuls leertivuazng Tasiulu lsdueaniriunsdaes lidaadaawn

A - o @ A ) v 7 2 ] o o
L?JE’JL‘LEEJ’]_IWIfl’]_lﬂiJllﬁ‘ﬂﬁJ'ﬂa‘ﬂW"I'Llﬂ"liGLWﬂ'TI?Jii’JHLL”U”UW"Iﬁﬁ]@"liGB uﬂﬂﬁ]”lﬂuﬂ”liiﬂfﬂ?”lllﬂuqq'f)"ﬁ]‘ﬂ"l



&0

GLﬁ’uauTﬁllmmﬁuqaumaw"lﬂ (Bakowska Uagame, 2003; Francis, 1989; Gradinaru {tazae, 2003)
g}/ =\ A = A Y A Y [ a J
sanang Tasrfuiierslinslasuntaslnssairade lauanuieugeluszaumans lad

(Kraisangsri i8¢ Nalinanon, 2017)

~ o @ A v Ay ) Y an ay o
MNN 4.10 ﬂlu?ﬂl!ﬁgaﬂﬂmzﬂlﬂﬂqﬁ“ﬁﬂﬂﬁﬂW']‘Llﬂ']ﬁ"JJ']LGIf’f)ﬂﬂﬂﬂﬂTNﬁﬂuﬂﬂﬂ?‘ﬁﬁlﬂ@iqﬁﬁ

~ o < J A ] dy Y Y Y ax a 4
MNAN 4.11 aﬂi&lm$ﬂ181umﬂﬂlﬂﬂqicﬁﬂﬂaﬂW'I‘Llﬂ’l’i‘il»l'llf]f’f]@38ﬂ31ﬂ5@u@383ﬁﬁl@@315ﬁ

d' [ = ao’ d’ 9 1 4 d‘ 1 ] g 9 9 Y amy a 4
NNN 4.12 aﬂymzﬁﬂli’)ﬁu"m‘l%u%lli%’ﬂ’ﬂa‘ﬂWTLJﬂh"“JJ1LGIJEJﬂ?ﬂﬂ??ﬂiﬂuﬂ’sﬂl‘ﬁﬁmi’)iqiﬁ



&1

UNN 5

asiwanmsnaans

¢ = 2 3 ¥ ¢ 2 ' v
lsdueawiouninnisyuginsinanveniiuudnlsmuess nanisnaaeanuiny s
9 & 2 9 I ax G = < Y '

1179990 TumsessuinuuiuduIsmsmisunazain srasuaz Ingaainalasuinsves
o 1 =l 3,’ 9 9 4 A a [ a ]
lsdueaninnnmsmsomimudanuddnlsduess maauasluassanaoing

A % o 9 %‘ o 1 < 4 A dy a A A Bo’ o 9
inde hima i ldvina dmin tazmanuudsvves lsdueamuiu msmunaensoimaila
Y 1 S 1 1 dy a 1 a 9 1" a a
Tasead i umveuraligoslawndu madsudIundueImsFguan Taun duyau uas

a o v s A < A 2 ~ A v
nglaaniin vz ld lsdueaiimanuudsanawazivialvguu luvazinsasudig
a P a = [ 1 < 1 1 a = 1 o Y
HIo1a1Btessuaznsa Ivlan lulinadeninnuuidsvousa uan1s ldwae1adios3 9z 52091 19
9 a LY 4 A da! [] A v o W aa
anuansn lumsdesndatuves lsdueamuauedliivdiagniada (p < 0.05) #ans
] A a a 9 a o Y S 9
NAABINUNANTIATUDUYAUI 08D 2 HID1HIBIVBIII0BAL 0.4 NglawNUTosaY 0.75 LAy
a 9 4 Y A 3 o 4 A A 1 Aa A
nsalnl@ndosaz 0.0010 aslulsdueald WemusnulssvoaneSudiunauemiaFiguaIn
a = 1 ¥ o 1 < s A X A
gl 4 osswaiBod wu lagsamaua Wiiin uazannuudeves lsduoainiu ieszes
3 o 2 1 @ 3 o ~ a @ kS
ManusnEIUIY Taamuz lugeauiuusnueamsinuinyimsnlasuuilainn vdasniu
' A A a ' 9 a A LY~ ] e A L
A0 TUAIN wamsIasIzin A Iugaunsduaaslimulsdueaniunswidne lss
3 o Y 9 o ' <3 a J o 9 J
amnsainusn Idedatios 15 u 061 lsnaw mymaes lsdansoaeIaseadvedlsduea
A =) 1 a Y o 9 4 = A ] 1
AumsasudIuRaueITIFIgua g i ld lsdueagyidennudanguuazquainig
4 A a J a A o J
Tnvuims lsgueanmumaasudunauoisdsgummaiunsonezildlszgnaldluns

1 a 1% a I a
‘1Ji$ﬂ@ﬂ@?ﬁ?iﬁ%@@]ﬂuﬂﬁnuiuﬁﬁﬂi]ﬂiﬁﬂﬂllﬁgﬂiﬂ1§@1ﬁ1§ gazdunsasuauaInig

L)

Y a = ¥

TasuinsIinulsduea iy Temiaedus Inailalalugunimuazdgaeg snisduily

U

[ 5

maiuyaa linudn lsduessnlgnludszmalngdnaae



82

k4
{RIGTGITNIE
Y a < . 1 a A Yy |dy

1. o1 ldmatinduunilagan (encapsulation) drumauaIMITIFIgUIN tie IHTvualngy
=< o FY) 4 v 1 a 9 9 1R 1 ]
Fao19i 1 lssueadnsanninudunauesFaguan 1ineluld luguruesnuieglu
3 gy
IRVTRE AL
o o w1 o Y 9 Y Y

2. 1MInaaeL Home Use Test Tagtiadedalsdueali1d diermnagniesdiueing mm swes
Y A I’q ¥ J A o o
F1uo s ienaaedlszynaly lssuealunisdsznoue1isnieiaaue1H1s tagi

= q 9 =

m3nsenuuudeUn I IRaziuuANane 1y

Yan v ) a s A ¥ A Y1 '
3. ‘1/]@66Qi%?‘ﬁﬂﬁi‘l’iﬂ?}uﬁﬁ]uLlﬂﬂﬁmﬁlivli’ﬁ ‘1/]’@(']3J150ﬁ@1ﬂ1‘51‘]ﬂ,’m1 LW@iWﬁqwamaﬂmnwwmaq

@ Y A
lsduoadooiiqa



&3

UIIUIUNIN

' Aa P P o
ATUAUATUMTINEAT. (2554). #11nan9ent11l551u055. Fudussulaiain:

URL:http://http://www.moac.go.th (27/11/60)

~ =

NOIFUIALIADINIT. 2540. §iONTFUIALIADIMITAMT U MIIN. AT9R 1. nFUNNa: paAns

ee

=

AUATITHNMITHIUAN.
@ a A o v Aa ' 4 a
YIYWIA WINEIN HazATIYS Hadwne. 2560. “Ueveninaaonuninued lsduea”. Tyninies
a v a a 4
Hyaninenaaitiuda. aninomaasuazinaluladnsenis. AngaaIMnssu
1y = Yy 9 4
inbas. doniuma Tuladnszaoundusganmsaanszi,
7 = 4 Fs

91215510055 uazasswguiNogunIn. 2560. [looulail. wnalden:

http://www.honestdocs.co/riceverry-and-its-benefits. (i’uﬁ?mﬁ’mi’em: 11 @911AY 2560)

U

=~ aa o v ¢ A a =~ 1 9 4 P 9 a

a3 aveduysal wazdszius JudTsau. 2559. “mawsonlayndnlsdiness lasldmaiin
MsvugUnsnayr”. Tun1sdszguinmsnunbasuEsals AT 14 ¥MINe1ae
w3, g lan.

a I'4 ] Y] a 4 9 Aa o 4 [ @

USUNTAN FI9M3, BIFT 1IMNaIad, 9iedssal gusdualid, Ansnm vanlnea tazwiow
[ 4 Jd a A 9 4 AN A =
anval auyseidyanna. 2556. ansnavewthin lsdiueisaeauianunil-nea

LY o =~ @ :) a 4

wazmalszamdudaved leansu luiiud. NsasImeenansinuas. 44(2): 589-592.

A Ia o 4 9 9 ] 4 9

AR MaAIIANI. 2552, 1190409 NHADITIDIMITAIUTIA. UAIUAN. NFANNA.,

Aan o 4 a 4 ¥

651 Saunluun. 2537. nsalwan (Folic acid). Inyumdaiiiosdu. vl 165-167. ngunna: To

2 2 9y 2

O WIUAL 1.

aa [y 4 =\ = 4

B8 TauluuN. 2557, 19001115, NFUNNA: TorReuea a3,

[T A a o o A a 9 a g}/ A

MBI sudAsauzna uazdlsziius YudAlsan. 2554. 11111 661-669. Tun131lszguIang ATIN 8

UHIINNAVINHATANAAT INGUVATLNILEAY. WHINBUNEATAEAS. UATLTY.

S¥fl  dumzmiyna. 2544. 1ale1M13. MAIYIAN ANLINGIMEAT UNINOET TN,

NFUNNUHIUAT. 404 Wi,

o @ a ¢ & 4 @ a o
3TN AQYTEY. 2549. mﬁmmimmmﬂﬂamm. WlJWﬂi\iﬁ 1. YWIAINTUNNIINGIAY. NTIUNNA.


http://http/www.moac.go.th
http://www.honestdocs.co/riceverry-and-its-benefits

&4

v

@ d o [ 4 4 a a a 4 a 3
ATUIANT YITITYANYA LATIONNWIY NITANUYNA. 2559. ﬂ15Nﬁ@qicﬁﬂﬂaiﬂﬂi%}LﬂﬂUfﬂﬂ1§%u

q

a a d v A a J =
suvunsanan. JymneilSyyrimamaniiuda. avimamansiazma lulag
N1391%13. ANZQATINNTININBAT. an1fuma TuTadnszroundudigunns

A1ANTZIN.

@ a

an @ a J o a a
ATNT AUID, ATIVA ‘gﬂﬂigﬁﬂﬂ, FUUNA ll‘]ffJIﬂ Hag gUU 0nNavy. 2555. oUYauLaL

WnTaledTnuaanlsa lunnuaz Sumeoiugaies. NIasIvoumInerdovouLnu.
17(11): 25-34.

a a [ =3 U a 4 g‘/ d' J a =

AN AIIYY. 2546. 109U (laN 1). WUNATIN 1. gUIduaTuLAsINDUIUNIINYAT
WA, uATUgu.

gudinmansdaziealfuanisaunaz1dss Tewmisudn. lilsingdl. dhlsdwess,

. Y =X Y . . .

[aau'lau]. W ldan: http://www. http://dna.kps.ku.ac.th/index.php/articles-rice-rsc-
rgdu-knowledge/29-2015-03-27-02-04-15/53-riceberry. 11 TINIAN 2560

o

ana 4 [ 4 ¥ 9 a 4 g’/ 1 a Y] 4
INUT  JanIdnae. 2547. Iﬂ%uﬁ?ﬁ@ﬁlﬁ@ﬁ@u.WﬂJWﬂiﬁﬁ 4 NTUNNA: UN1INYAUNHATATAT.

G a

& AISUTRY. 2555, OIMNIIWOGUAN eNITDIMITIFTINUTAINLAZNA 1anITHTIaI0. AJUNN:

g

2°

PNAINTUUMIINGED.

Ahmad, A., Anjum, F. M., Zahoor, T., Nawaz, H. and Dilshad, S. M. R. 2012. Beta glucan: a valuable
functional ingredient in foods. Journal of Food Science and Nutrition. 52: 201-212.

Ahmad, A., Munir, B., Abrar, M., Bashir, S., Adnan, M, and Tabassum, T. 2012. Perspective of B-
glucan as functional ingredient for food industry. Journal of Nutrition and Food Science.
2:2.

Alexandre, D., and Cunha, R. L. 2004. Conservagido do agai pela tecnologia de obstaculos. Ciéncias e
Tecnologia em Alimentos. 24(1): 114-119.

Allen, L., de Benoist, B., Dary, O. and Hurrell, R. 2006. Guidelines on food fortification with
micronutrients. Switzerland: WHO Press.

Aratijo, M. M., Marchioni, E., Bergaentzle, M., Zhao, M., Kuntz, F., Hahn, E. and Villavicencio, A. L.
C. H. 2011. Irradiation stability of folic acid in powder and aqueous solution. Journal of

Agricultural and Food Chemistry 59: 1244—1248.


http://dna.kps.ku.ac.th/index.php/articles-rice-rsc-rgdu-knowledge/29-2015-03-27-02-04-15/53-riceberry.%2011%20สิงหาคม%202560
http://dna.kps.ku.ac.th/index.php/articles-rice-rsc-rgdu-knowledge/29-2015-03-27-02-04-15/53-riceberry.%2011%20สิงหาคม%202560

&5

Ariandi, Y. and Meryandini, A. 2015. Enzymatic hydrolysis of copra meal by mannanase from
Streptomyces sp. BF3.1 for the production of mannooligosaccharides. HAYATI Journal of
Biosciences. 22(2): 79-86.

Ayhan, D. 2005. B—glucan and mineral nutrient contents of cereals grown in Turkey. Journal of Food
Chemistry. 90(4): 773-777.

Bakowska, A., Kucharska, A. Z. and Oszmianski, J. 2003. The effect of heating, UV irradiation, and
storage on stability of the anthocyanin-polyphenol copigment complex. Food Chemistry.
81: 349-355.

Benzie, I. F. F. and Strain, J. J. 1996. The ferric reducing ability of plasma (FRAP) as a measure of
“‘antioxidant power’’: The FRAP Assay. Analytical Biochemistry. 239: 70-76.

Berry, R. J., Mulinare, J. and Hamner, H. C. 2010. Folic acid fortification: neural tube defect risk
reduction—a global perspective. In Folate in Health and Disease, 2nd ed.; Bailey, L.B., Ed.
USA: CRC Press: Boca Raton. pp. 179-204.

Bhattachaejee, P., Singhal, R. S. and Kulkarni, P. R., 2002. Basmati rice: A review. Journal of Food
Science and Technology. 37(2): 1-12.

Bhawamai, S., Lin, S. H., Hou, Y. Y. and Chen, Y. H. 2016. Thermal cooking changes the profile of
phenolic compounds, but does not attenuate the anti-inflamatory activities of black rice.
Food and Nutrition Research. 60: 32941.

Black, C., Clar, C., Henderson, R., MacEachern, C., McNamee, P., Quayyum, Z., Royle, P. and
Thomas, S. 2009. The clinical effectiveness of glucosamine and chondroitin supplements in
slowing or arresting progression of osteoarthritis of the knee: a systematic review and
economic evaluation. Health Technology Assessment. 13(52): 1-148.

Bobbio, F. O., Druzian, J. 1., Abrao, P. A., Bobbio, P. A., and Fadelli, S. 2000. Identification and
quantification of anthocyanins from the acai fruit (Futerpe oleracea) Mart. Ciéncia e
Tecnologia de Alimentos. 20: 388—390.

Bornet, F. R. J. 2008. Fructo-oligosaccharides and other fructans: chemistry, structure and nutritional

effects. pp. 480-493. Advanced Dietary Fibre Technology. Blackwell Science.



86

Borradale, D., Isenring, E., Hacker, E. and Kimlin, M. G. 2014. Exposure to solar ultraviolet radiation
is associated with a decreased folate status in women of childbearing age. Journal of
Photochemistry Photobiology B. 131: 90-95

Boulet, S. L., Yang, Q., Mai, C., Kirby, R. S., Collins, J. S., Robbins, J. M., Meyer, R., Canfield, M. A.
and Mulinare, J. 2008. Trends in the postfortification prevalence of spina bifida and
anencephaly in the United States. Birth Defects Research Part A: Clinical and Molecular
Teratology. 82: 527-532.

Bower, C. and Stanley, F. J. 1989. Dietary folate as a risk factor for neural-tube defects: evidence from
a case-control study in Western Australia. The Medical Journal of Australia. 150: 613—-619.

Braz de Oliveira, A. J., Gongalves, R. A. C. and Chierrito, T. P. C. 2011. Structure and degree of
polymerisation of fructooligosaccharides present in roots and leaves of Stevia rebaudiana
(Bert.) Bertoni. Food Chemistry. 129: 305-311.

Buckeridge, M. S., Rayon, C., Urbanowicz, B., Tine, M. A. S. and Carpita, N. C. 2004. Mixed linkage
(1-3) (1-4) - B—D—glucans of grasses. Journal of Cereal Chemistry. 81: 115-127.

Burkus, Z. and Temelli, F. 2000. Stabilization of emulsions and foams using barley B-glucan. Journal
of Food Research International. 33: 27-33.

Campos, S. D. S., Bovi, M. L. A. and laderoza, M. 1991. Characterization of palm heart harvested
from several crossing combinations between E. oleracea Mart and E. edulis Mart growing
under different conditions. 1. Raw-material. Pesquisa Agropecuaria Brasileira. 26:637—646.

Canuto, G. A. B., Xavier, A. A. O., Neves, L. C., and Benassi, M. T. 2010. Physical and chemical
characterization of fruit pulps from Amazonia and their correlation to free radical
scavenger activity. Revista Brasileira de Fruticultura, 32: 1196-1205.

Centers for Disease Control and Prevention. 2010. CDC Grand Rounds: Additional Opportunities to
Prevent Neural Tube Defects with Folic Acid Fortification. Morbidity and Mortality
Weekly Report. 59: 980-984.

Centers for Disease Control and Prevention. 1992. Recommendations for the use of folic acid to reduce
the number of cases of spina bifida and other neural tube defects. MMWR

Recommendations and Reports. 41: 1-7.



&7

Chantorn, S. T., Pongsapipatana, N., Keawsompong, S., Ingkakul, A., Haltrich, D. and Nitisinprasert,
S. 2013. Characterization of mannanase S1 from Klebsiella oxytoca KUB-CW2-3 and its
application in copra mannan hydrolysis. Science Asia. 39: 236-245.

Chen, L. T. and Rivera, M. A. 2004. The Costa Rican experience: reduction of neural tube defects
following food fortification programs. Nutrition Reviews. 62: S40—S43.

Chen, P. N., Kuo, W. H., Chiang, C. L., Chiou, H. L., Hsieh, Y. S. and Chu, S. C. 2006. Black rice
anthocyanins inhibit cancer cells invasion via repressions of MMPs and u-PA expression.
Journal of Chemico-Biological Interactions. 163: 218-229.

Chinprahast, N., Tungsomboon, T. and Nagao, P. 2016. Antioxidant activities of Thai pigmented rice
cultivars and application in sunflower oil. International Journal of Food Science and
Technology. 51: 46-53.

Choi, S. and Manson, J. 2002. Folate status: effects on pathways of colorectal carcinogenesis. Journal
of Nutrition. 132: 2413S-2418S.

Chrastil, J. 1991. Gelation of calcium alginate. Influence of rice starch or rice flour on the gelation
kinetics and on the final gel structure. Journal of Agricultural and Food Chemistry, 39: 878-
876.

Clewell, A., Qureshi, 1., Endres, J., Horvath, J., Financsek, 1., Neal-Kababick, J., Jade, K and Schauss,
A. G. 2010. Toxicological evaluation of a dietary supplement formulated for male sexual
health prior to market release. Regulatory Toxicology and Pharmacology. 57: 55-61.

Costa, A. G. V., Garcia-Diaz, D. F., Jimenez, P., and Silva, P. I. 2013. Bioactive compounds and health
benefits of exotic tropical red-black berries. Journal of Functional Foods. 5: 539-549.

Costa, P. A., Ballus, C. A., Teixeira, J., and Godoy, H. T. 2010. Phytosterols and tocopherols content
of pulps and nuts of Brazilian fruits. Food Research International. 43: 1603—1606.

Crider, K. S., Bailey, L. B. and Berry, R. J. 2011. Folic acid food fortification-Its history, effect,

concerns, and future directions. Nutritions. 3: 370-384.



&8

Crispin-Isidro, G., Lobato-Calleros, C., Espinosa-Andrews, H., Alvarez-Ramirez, J. and Vernon-
Carter, E. J. 2015. Effect of inilin and agave fructans addition on the rheological,
microstructural and sensory properties of reduced-fat stirred yogurt. LWT- Food Science
and Technology. 62: 438-444.

Czeizel, A., and Dudas, 1. 1992. Prevention of the first occurrence of neural tube defects by
periconceptual vitamin supplementation. The New England Journal of Medicine. 327: 32—
35.

Dawkins, N. L. and Nnanna, I. A. 1995. Studies on oat gum [(1-3, 1-4)-B-D-g1ucan]: composition,
molecular weight estimation and rheological properties. Journal of Food Hydrocolloids. 9:
1-7.

DeBree, A., vanDusseldorp, M., Brouwer, I. A., vanhetHof, K. H. and SteegersTheunissen, R. P. M.
1997. Folate intake in Europe: recommended, actual and desired intake. European Journal
of Clinical Nutrition. 51(10): 643—660.

Delgado-Vargas, F., Jimenez, A. R. and Paredes-Lopes, O. 2000. Natural pigments: carotenoids,
anthocyanins and betalains-characteristics, biosynthesis, processing and stability. Journal of
Critical Reviews in Food Science and Nutrition. 40: 173-289.

De Lima Yamaguchi, K. K., Pereira, L. F. R., Lamarao, C. V., Lima, E. S. and de Veiga-Junior, V. F.
2015. Amazon acai: Chemistry and biological activities: A review. Food Chemistry. 179:
137-151.

Petkova, N. and Denev, P. 2015. Methods for determination of inulin. International Scientific-Practical
Conference "Food, Technoloogies & Health" Proceedings Book.

Dongowski, G., Huth, M., Gebhardt, E. and Flamme, W. 2002. Dietary fiber-rich barley products
beneficially affect the intestinal tract of rats. Journal of Nutrition. 132: 3704-3714.

Draget, K. 1., Steinsvag, K., Onsegyen, E. and Smidsrad, O., 1997. Na- and K-alginate; effect on Ca’ -
gelation. Carbohydrate Polymers. 35: 1-6.

FAOSTAT, 2018. The FAO Rice market monitor on April. Volume 21, Issue No.l. [Online].

Available: http://faostat.fao.org/economic/RMM. 25 Sep 2018.


http://faostat.fao.org/economic/RMM.%2025%20Sep%202018

&9

FDA. 1997. Final rule for food labeling: health claims: oats and coronary heart disease. Federal
Regulations. 62: 3584-3681.

FDA. 1996. Food labeling: health claims: oats and coronary heart disease. Food and Drug
Administration, proposed rule. Federal Register. 61: 296-313.

Francis, F. J. 1989. Food colorants: Anthocyanins. Critical Reviews of Food Science and Nutrition. 28:
273-314.

Frasson, A. P., and Canssi, C. M. 2008. Analise da qualidade de cremes com hidroquinona 2%
manipulados no municipio de Ijui/RS. Revista de Ciéncias Farmacéuticas Basica e
Aplicada. 29: 197-201.

Gallori, S., Bilia, A., Bergonzi, M., Barbosa, W. and Vincieri, F. 2004. Polyphenolic constituents of
fruit pulp of Euterpe oleracea Mart. (Acai palm). Chromatographia. 59: 739-743.

Gardinaru, G., Biliaderis, C. G., Kallithraka, S., Kefalas, P. and Garcia-Viguera, C. 2003. Thermal
stability of Hibiscus sabdariffa L. anthocyanin in solution and in solid state: Effect of
copigmentation and glass transition. Food Chemistry. 83: 423-436.

Gardiner, T. 2000. Beta-glucan biological activities: a review. 1-39. [Online]. Available:
http://www.usa.glycoscience.com. 7 August 2005.

Gazzali, A. M., Lobry, M., Colombeau, L., Acherar, S., Azais, H., Morden, S., Arnoux, P., Baros, F.,
Vanderesse, R. and Frochot, C. 2016. Stability of folic acid under several parameters.
European Journal of Pharmaceutical Sciences. 93: 419-430.

George, M. and Abraham, T. E., 2006. Polyionic hydrocolloids for the intestinal delivery of protein
drugs: Alginate and chitosan — a review. Journal of Controlled Release. 114(1): 1-14.

Gibberd, F. B., Nicholls, A., Dunne, J. F. and Chaput de Saintonge, D. M. 1970. Toxicity of folic acid.
Lancet. 1: 360-361.

Girones-Vilaplana, A., Mena, P., Gracia-Vigera, C. and Moreno, D. A. 2012a. A novel beverage rice in
antioxidant phenolics: Maqui berry (Aristotelia chilensis) and lemon juice. Journal of LWT

Food science and Technology. 47: 279-286.


http://www.usa.glycoscience.com/

90

Girones-Vilaplana, Valentao, P. A., Moreno, D., Ferreres, F., Gracia-Vigera, C. and Andrade, P. B.
2012b. New beverages of lemon juice enriched with the exotic berries maqui, acai and
blackthorn: bioactive components and in vitro biological properties. Journal of Agricultural
and Food Chemistry. 60: 6571-6580.

Glicksman, S. 1983. Food Hydrocolloids. Volume 2. USA: Boca Raton Press.

Gouvea, A. C. M. S., Araujo, M. C. P., Schulz, D. F., Pacheco, S., Godoy, R. L. O. and Cabral, L. M.
C. 2012. Anthocyanins standards (cyaniding-3-O-glucoside and cyaniding-3-O-rutinoside)
isolation from freeze-dried agai (Euterpe oleracea Mart.) by HPLC. Ciéncia ¢ Technologia
de Alimentos. 32: 43-46

Grange, K. and Bennert, J. 2011. The miracle of superfruit. 2" edition.

Guia Clinica. 2007. Tratamiento M edico en personas de 55 a™nos y m’as con Artrosis de Cadera y/o
rodilla, Leve o Moderada, Minsal, Santiago. Chile. http://web.minsal.cl/
portal/url/item/a01c4b10a7¢52192e04001011£017145.pdf.

Guisti, M. M. and Wrolstad, R. E. 2001. Characterization and measurement of anthocyanins by UV-
Visible spectroscopy. Current Protocols in Food Analytical Chemistry. (F1.21-F1.2.13).
New York: John Wiley & Sons.

Guo, H., Ling, W., Wang, Q., Liu, C., Hu, Y. and Xia, M. 2007. Effect of anthocyanin-rich extract
from black rice (Oryza satiVa L. indica) on hyperlipidemia and insulin resistance in
fructose-fed rats. Journal of Plant Foods Human Nutrition. 62: 1-6.

Hao, L., Yang, Q. H., Li, Z., Bailey, L. B., Zhu, J. H., Hu, D. J., Zhang, B. L., Erickson, J. D., Zhang,
L., Gindler, J., Li, S. and Berry, R. J. 2008. Folate status and homocysteine response to
folic acid doses and withdrawal among young Chinese women in a large-scale randomized
double-blind trial. American Journal of Clinical Nutrition. 88(2): 448—457.

Heath-Heckman, E. A. and McFall-Ngai, M. J. 2011. The occurrence of chitin in the hemocytes of
invertebrates. Zoology. 114(4): 191-198.

Heinrich, M., Dhanji, T., and Casselman, 1. 2011. Agai (Euterpe oleracea) — A phytochemical and
pharmacological assessment of the species health claims. Phytochemistry Letters. 4:

10-21.


http://web.minsal.cl/

91

Herculano, F. E. B. 2013. Produg¢ao industrial de cosméticos: o protagonismo da biodiversidade vegetal
da Amazonia. Tese. UFAM, 146p.

Herrera M. G., Lozano-Esquivel L. E., Ponce de LeOn-Ramirez Y. R. and Martinez-Padilla L. P. 2012.
Effect of added calcium chloride on the physicochemical and rheological properties of
aqueous mixture of sodium caseinate/sodium alginate and respective oil-in-water
emulsions. Food Hydrocolloids. 29: 175-184.

Herrmann, W. and Obeid, R. 2011. Vitamins in the Prevention of Human Diseases. Walter de Gruyter
GMBH, Berlin.

Hertrampf, E. and Cortes, F. 2004. Folic acid fortification of wheat flour: Chile. Nutrition Reviews. 62:
S44-S48; discussion S49.

Hiemori M., Koh E. and Mitchell A. E. 2009. Influence of cooking on anthocyanins in black rice
(Oryza sativa L. japonica var. SBR). Journal of Agricultural and Food Chemistry.
57:1908-14.

Homma, A. K., Maia, C., and Nicoli, L. 2006. Acai: novos desafios e tendéncias. Amazonia: Ciéncia &
Desenvolvimento. 1: 7-23.

Hu, C., Zawistowski, J., Ling, W. and Kitts, D. D. 2003. Black rice (Oryza satiVa L. indica) pigmented
fraction suppresses both reactive oxygen species and nitric oxide in chemical and biological
model systems. Journal of Agricultural and Food Chemistry. 51: 5271-5277.

Hunter, R., Barnes, J., Oakeley, H. F. and Matthews, D. M. 1970. Toxicity of folic acid given in
pharmacological doses to healthy volunteers. Lancet. 1: 61-63.

Huskisson, E. C. 2008. Glucosamine and chondroitin for osteoarthritis. The Journal of International
Medical Research. 36(6): 1161-1179.

Ichikawa, H., Ichiyanagi, T., Xu, B., Yoshii, Y., Nakajima, M. and Konishi, T., 2001. Antioxidant
activity of anthocyanin extract from purple black rice. Journal of Medicinal Food. 4: 211-
218.

Institute of Medicine. 1998. Food and Nutrition Board. Dietary Reference Intakes: Thiamin,
Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic Acid, Biotin, and

Choline. Washington, DC: National Academy Press. pp. 196-305.



92

Janick J and Paul R. 2008. Arecaceae. In: Encyclopedia of Fruits and Nuts. CABI, Cambridge, MA, pp.
128-130.

Jenkins, A. L., Jenkins, D. J., Zdravkovic, U., Wursch, P. and Vuksan, V. 2002. Depression of the
glycemic index by high levels of beta-glucan fiber in two functional foods tested in type 2
diabetes. European Journal of Clinical Nutrition. 56: 622-628.

Kam, K., Murray, J., Arcot, J. and Ward, R., 2012c¢. Fortification of rice with folic acid using
parboiling technique: Effect of parboiling conditions on nutrient uptake and physical
characteristics of milled rice. Journal of Cereal Science. 56, 587-594.

Karimi, R., Azizi, M. H., Ghasemlou, M. and Vaziri, M. 2015. Application of inulin in cheese as
prebiotic: fat replacer and texturizer: a review. Carbohydrate Polymers. 119: 85-100.

Kashima, K. and Imai, M. 2012. Advanced membrane material from marine biological polymer and
sensitive molecular-size recognition for promising separation technology. INTECH Open
Access Publisher.

Kelly-Quagliana, K. A., Nelson, P. D. and Buddington, R. K. 2003. Dietary oligofructose and inulin
modulate immune functions in mice. Nutrition Research. 23(2): 257-267.

Kim, M. J., Hyun, J. N, Kim, J. A., Park, J. C., Kim, M. Y., Kim, J. G., Lee, S. J., Chun, S. C. and
Chung, 1. M. 2007. Relationship between phenolic components, anthocyanin content and
antioxidant activity in colored barley germplasm. Journal of Agricultural and Food
Chemistry. 55: 4802-4809.

Klucinec, J. D. and Tompson, D.B. 1999. Amylose and amylopectin interact in retrogradation of
dispersed high-amylose starches. Cereal Chemistry. 76: 282-291.

Kohn, R. 1975. Ion binding on polyuronates-alginate and pectin. Journal of Pure and Applied
Chemistry. 42: 371-397.

Kong, J. M., Chia, L. S., Goh, N. K., Chia, T. F. and Brouillard, R. 2003. Analysis and Biological
activity of anthocyanin. Phytochemistry. 64: 923-933.

Kraisangsri, J. and Nalinanon, S. 2017. Effects of sterilization times on physicochemical properties of
canned gruel produced from red jasmine brown rice fortified with D-glucosamine. Journal

of KMITL Science and Technology. 17(2).



93

Krasovskaya, V. 2012. Antioxidant properties of berries: review of human studies and their relevance
in the context of the European food safety authority. Ph.D.Thesis Of Hogeschool van
Amsterdam.

Kiihbeck, D., Mayr, J., Haring, M., Hofmann, M., Quignard, F. and Diaz, D. D., 2015. Evaluation of
the nitroaldol reaction in the presence of metal ion-crosslinked alginates. New Journal of
Chemistry. 39: 2306-2315.

Leardkamolkarn, V., Thongthep, W., Suttiarporn, P., Kongkachuichai, R., Wongpornchai, S.,
Wanavijitr, A., 2011. Chemopreventive properties of the bran extracted from a newly-
developed Thai rice: The Riceberry. Food Chemistry. 125(3): 978-985.

Lee, P. and Rogers, M. A. 2012. Effect of calcium source and exposure-time on basic caviar
spherification using sodium alginate. International Journal of Gastronomy and Food
Science. 1: 96-100.

Letexier, D., Diraison, F., and Beylot, M. 2003. Addition of inulin to a moderately high-carbohydrate
diet reduces hepatic lipogenesis and plasma triacylglycerol concentrations in humans.
The American Journal of Clinical Nutrition. 77(3): 559-564.

Lindenbaum, J. and Allen, R. 1995. Clinical spectrum and diagnosis of folate deficiency. In L. Bailey
(Ed.), Folate in health and disease (pp. 43-50). New York: Marcel Dekker.

Liu, H. H., Chien, J. T. and Kuo, M. 1. 2013. Ultra high pressure homogenized soy flour for tofu
making. Food Hydrocolloids. 32: 278-285.

Lu, T. J, Jane, J. L. and Keeling, P. L. 1997. Temperature effect on retrogradation rate and crystalline
structure of amylose. Carbohydrate Polymers. 33: 19-26.

Lyly, M., Marttila, M. S., Suortti, T., Autio, K., Poutanen, K. and Liisa L. 2004. The sensory
characteristics and rheological properties of soups containing oat and barley B-glucan
before and after freezing. Journal of Lebensmittel-Wissenschaft und Technologie. 37: 749-
761.

Marchetti, C., Palaia, 1., Giorgini, M., De Medici, C., ladarola, R., Vertechy, L., Domenici, L., Di
Donato, V., Tomao, F., Muzii, L. and Panici, P. B. 2014. Targeted drug delivery via folate

receptors in recurrent ovarian cancer: a review. OncoTargets and Therapy. 7: 1223—-1236.



94

Mancini, F. and McHugh, T. H. 2000. Fruit-alginate interaction in novel restructured products. Journal
of Nahrung. 44: 152-157.

Mastroiacovo, P., and Leoncini, E. 2011. More folic acid, the five questions: Why, who, when, how
much and how. Biofactors. 37(4): 272-279.

Matheu, V., Gracia Bara, M. T., Pelta, R., Vivas, E. and Rubio, M. 1999. Immediate-hypersensitivity
reaction to glucosamine sulfate. Allergy. 54: 643.

Menezes, E. M. S., Rosenthal, A., Sabaa-Srur, A., Carmargo, L., Calado, V., and Santos, A. 2008. High
hydrostatic pressure effect on enzyme activity of acai pulp. Ciéncia e Tecnologia de
Alimentos. 28: 14-19.

Mulinare, J., Cordero, J. F., Erickson, J. D. and Berry, R. J. 1988. Periconceptional use of
multivitamins and the occurrence of neural tube defects. JAMA. 260: 3141-3145.

Murakami, M., Yamaguchi, T., Takamura, H. and Matoba, T. 2004. Effects of thermal treatment on
radical-scavenging activity of single and mixed polyphenolic compounds. Journal of Food
Science. 69(1): 7-10.

Myhrovold, N., Chris, Y. and Maxime, B. 2011. Modernist cuisine: The art and science of cooking,
volume 4 ingredients and preparation. USA: Bellevue: The cooking lab.

Nilkamhaeng, S., Puechkamutr, Y., 2018, February. The production of rice ball from black Jasmine
rice using sodium alginate. Proceeding presented at International Conference on Food and
Applied Bioscience, Chiang Mai University, Chiang Mai. 38-44.

Nussinovitch, A. 1997. Hydrocolloid Application; Agronomy and Utilization. New York: Academic
press.

Off, M. K., Steindal, A. E., Porojnicu, A.C., Juzeniene, A., Vorobey, A., Johnsson, A. and Moan, J.
2005. Ultraviolet photodegradation of folic acid. Journal of Photochemistry and
Photobiology B: Biology. 80: 47-55.

Ottenhof, M. A., Farhat, I. A. 2004. Starch retrogradation. Biotechnology and Genetic Engineering

Reviews. 21: 215-228.



95

Pacheco-Palencia, L. A., Duncan, C. E. and Talcott, S. T. 2009. Phytochemical composition and
thermal stability of two commercial acai species, Euterpe oleracea and Euterpe precatorai.
Food Chemistry. 115: 1199-1239.

Pacheco-Palencia, L. A., Hawken, P. and Talcott, S. T. 2007. Phytochemical, antioxidant and pigment
stability of acai (Euterpe oleracea Mart.) as affected by clarification, ascorbic acid
fortification and storage. Food Research International. 40: 620—-628.

Pagliarussi, M. S. A. 2010. cadeia produtiva agroindustrial do acai: estudo da cadeia e proposta de um
modelo matematico. 65f. TCC, Escola de Engenharia de Sao Carlos, Universidade de Sao
Paulo.

Paques, J. P., Van Der Linder, E., Van Rijn, C. J. M. and Sagis, L. M. C. 2014. Preparation methods of
alginate nanoparticles. Adv. Journal of Colloid and Interface Science209: 163-171.

Pavelkd, K., Gatterov’a, J., Olejarov’a, M., Machacek, S., Giacovelli, G. and Rovati, L. C. 2002.
Glucosamine sulfate use and delay of progression of knee osteoarthritis: a 3-year,
randomized, placebo-controlled, double-blind study. Archives of Internal Medicine.
162(18): 2113-2123.

Perry, J. R. and Ying, W. 2016. A review of physiological effects of soluble and insoluble dietary
fibers. Journal of Nutrition and Food Sciences. 6(2).

Petkova, N. and Denev, P. 2013. Evaluation of fructan contents in the taproots of plants Lactuca serriol
L. and Sonchus oleraceus L. 2013. Scientific Bulletin. Series F. Biotechnologies. 17: 117-
122.

Pitija, K., Nakornriab, M., Sriseadka, T., Vanavichit, A. and Wongpornchai, S. 2013. Anthocyanin
content and antioxidant capacity in bran extracts of some Thai black rice varieties.
International Journal of Food Science & Technology. 48(2): 300-308.

Prangthip, P., Surasiang, R., Charoensiri, R., Leardkamolkarn, V., Komindr, S., Yamborisut, U.,
Vanavichit, A. and Kongkachuichai, R. 2013. Amelioration of hyperglycemia,
hyperlipidemia, oxidative stress and inflammation in steptozotocin-induced diabetic rats

fed a high fat diet by riceberry supplement. Journal of Functional Foods. 5(1): 195-203.



96

Puguan, J. M. C., Yu, X. H. and Kim, H. 2014. Characterization of structure, physic-chemical
properties and diffusion behavior of Ca-Alginate gel beads prepared by different gelation
methods. Journal of Colloid and Interface Science. 432: 109-116.

Pumpho, W. and Puechkamutr, Y. 2015. Tofu-ball production from spherification technique using
sodium alginate. The 53" Kasetsart University Annual Conference. Kasetsart University.
Bangkok.

Rakkimuthu, R., Palmurugan, S. and Shanmugapriya, A. 2016. Effect of temperature, light, pH on the
stability of anthocyanin pigments in coccoulus hirsutus fruits. International Journal of
Multidisciplinary Research and Modern Education. 2(2): 2454 — 6119.

Rattanaratkul, N. 2017. Study on the production of sesame tofu by spherification technique. (Master's
thesis). King Mongkut's Institute of Technology Ladkrabang, Ladkrabang, Bangkok.

Ray, J., Meier, C., Vermeulen, M., Boss, S., Wyatt, P. and Cole, D. 2002. Association of neural tube
defects and folic acid food fortification in Canada. The Lancet. 360: 2047-2048.

Reginster, J. Y., Deroisy, R., Rovati, L. C., Lee, R. L., Lejeune, E., Bruyere, O., Giacovelli, G.,
Henrotin, Y., Dacre, J. E. and Gossett, C. 2001. Long-term effects of glucosamine sulphate
on osteoarthritis progression: a randomised, placebo-controlled clinical trial, The Lancet.
357(9252): 251-256.

Ribeiro, J. C., Antunes, L. M., Aissa, A. F., Darin, J. D., De Rosso, V. V., Mercadante, A. Z. and
Bianchi-Mde, L. 2010. Evaluation of the genotoxic and antigenotoxic effects after acute
and subacute treatments with acai pulp (Euferpe oleracea Mart.) on mice using the
erythrocytes micronucleus test and the comet assay. Mutation Research. 695: 22-28.

Roberfroid, M. B. 2000. Prebiotics and probiotics: are they functional foods?. The American Journal of
Clinical Nutrition. 71(6): 1682—1687.

Roberfroid, M. B. 2005. Introducing inulin-type fructans. The British Journal of Nutrition. 93: Suppl
1:S13-25.

Roberfroid, M. B. 2007. Inulin-type fructans: functional food ingredients. The Journal of Nutrition.

137(11): 2493S-2502S.



97

Rufino, M. S. M., Alves, R. E., Brito, E. S., Pérez-Jiménez, J., Saura-Calixto, F. and Mancini-Filho, J.
2010. Bioactive compounds and antioxidant capacities of 18 non-traditional tropical fruits
from Brazil. Food Chemistry. 121: 996-1002.

Salazar, J., Bello, L., Chavez, M., Afiez, R., Rojas, J. and Bermudez, V. 2014. Glucosamine for
osteoarthritis: biological effects, clinical efficacy and safety on glucose metabolism.
Hindawi Publishing Corporation.

Sabbe, S., Verbeke, W., Deliza, R., Matta, V., and Van Damme, P. 2009. Effect of a health claim and
personal characteristics on consumer acceptance of fruit juices with different
concentrations of acai (Euterpe oleracea mart). Appetite. 53: 84-92.

Sayed, A. R., Bourne, D., Pattinson, R., Nixon, J. and Henderson, B. 2008. Decline in the prevalence of
neural tube defects following folic acid fortification and its cost-benefit in South Africa.
Birth Defects Research Part A: Clinical and Molecular Teratology. 82: 211-216.

Schauss, A. G. 2010. Acai (Euterpe oleracea Mart.): A macro and nutrient rich palm fruit from the
Amazon rain forest with demonstrated bioactivities in vitro and in vivo. In D. R. Watson &
V. R. Preedy (Eds.), Bioactive Foods Promotion Health (pp. 479-490). Oxford: Academic
Press.

Schauss, A. G., Wu, X., Prior, R. L., Ou, B., Huang, D., Ownes, J., Agarwal, A., Jensen, G. S., Hart, A.
N. and Shambrom, E. 2006. Antioxidamt and other bioactivities of the freeze-dried
Amazonian palm berry, Euterpe oleracea Mart. (Acai). Journal of Agricultural and Food
Chemistry. 56: 7796-7802.

Schierbaum, F., Radosta, S., Vorwerg, W., Yuriev, V., Braudo, E. E. and German, M. L. 1992.
Formation of thermally reversible maltodextrin gels as revealed by low resolution H-NMR.
Carbohydrate Polymers. 18: 155-163.

Schreckinger, M. E., Lotton, J., Lila, M. A. and de Mejia, E. G. 2010. Berries from South America: a
comprehensive review on chemistry, health potential, and commercialization. Journal of
Medical Food. 13(2): 233-246.

Seale, M., Morris, E. R. and Ress, D. A. 1982. Interactions of alginates with univalent cations.

Carbohydrate Research. 110: 101-112.



98

Selimoglu, S. M. and Elibol, M. 2010. Alginate as an immobilization material for Mab
production via encapsulated hybridoma cells. Critical Reviews in Biotechnology. 30(2):
145-159.

Seshadri, S. 2001. Prevalence of micronutrient deficiency particularly of iron, zinc and folic acid in
pregnant women in South East Asia. British Journal of Nutrition. 85(Suppl. 2): S87-S92.

Shao, Y. F., Xu, F. F., Sun, X., Bao, J. S. and Beta, T. 2014. Phenolic acids, anthocyanins, and
antioxidant capacity in rice (Oryza sativa L.) grains at four stages of development after
flowering. Food Chemistry. 143: 90-96.

Shibuya K, Murray, C. J. L. Congenital anomalies. 1998. In: Murray CJL, Lopez AD, eds. Health
dimensions of sex and reproduction. USA: Harvard University Press: 455-512.

Shoaib, M., Shehzad, A., Omar, M., Rakha, A., Raza, H., Sharif, H. R., Shakeel, A., Ansari, A. and
Niazi, S. 2016. Inulin: Properties, health benefits and food applications. Carbohydrate
Polymers. 147: 444-454.

Simanek, V., Kren, V., Ulrichova, J. and Gallo, J. 2005. The efficacy of glucosamine and chondroitin
sulfate in the treatment of osteoarthritis: are these saccharides drugs or nutraceuticals?.
Biomedical papers of the Medical Faculty of the University Palacky, Olomouc, Czech
Republic. 149: 51 — 56.

Simonovska, B. 2000. Determination of inulin in foods. Journal of AOAC International. 83(3),
675-678.

Sipahli, S., Mdhanlall, V. and Mellem, J. J. 2016. Stability and degradation kinetics of crude
anthocyanin extracts from H. sabdariffa. Food Science and Technology. 37(2): 209-215.

Smithells, R., Nevin, N., Seller, M., Sheppard, S., Harris, R., Read, A., Fielding, D., Walker, S.,
Schorah, C. and Wild, J. 1983. Further experience of vitamin supplementation for
prevention of neural tube defect recurrences. Lancet. 1: 1027-1031.

Sompong, R., Siebenhandl-Ehn, S., Linsberger-Martin, G. and Berghofer, E. 2011. Physicochemical
and antioxidative properties of red and black rice varieties from Thailand, China and Sri

Lanka. Food Chemistry. 124: 132-140.



99

Souza, M. O., Silva, M., Silva, M. E., Oliveira, R. P., and Pedrosa, M. L. 2010. Diet supplementation
with agai (Futerpe oleracea Mart.) pulp improves biomarkers of oxidative stress and the
serum lipid profile in rats. Nutrition. 26: 804—810.

Spada, P. D., Dani, C., Bortolini, G. V., Funchal, C., Henriques, J. A., and Salvador, M. 2009. Frozen
fruit pulp of Euterpe oleraceae Mart. (acai) prevents hydrogen peroxide-induced damage in
the cerebral cortex, cerebellum, and hippocampus of rats. Journal of Medicinal Food. 12:
1084—1088.

Spallholz, J. E., Boylan, L. M. and Driskell, J. A. 1998. Folic acid. In Nutrition Chemistry and Biology.
2nd ed. CRC Press LLC. pp. 95-100.

Spector, T. D. and MacGregor, A. J. 1999. Epidermiology of rheumatic diseases. In: ABC of
Rheumatology, 2nd edn (Snaith ML, ed). London: BMJ Books. pp. 82 — 86.

Steven, M. M., Qanadilo, H. F., Langer, R. and Shastri, V.P. 2004. A rapid-curing alginate gel system:
Utility in periosteum-derived cartilage tissue engineering. Biomaterials. 25(5): 887-894.

Sutharut, J. and Sudarat, J. 2012. Total anthocyanin content and antioxidant activity of germinated
colored rice. International Food Research Journal. 19(1): 215-221.

Tallia, A. F. and Cardone, D. A. 2002. Asthma exacerbation associated with glucosamine—chondroitin
supplement. The Journal of the American Board of Family Practice. 15: 481 — 484.

Tamime, A. Y. and Robinson, R. K. 1999. Yoghurt: Science and technology (2nd ed.). Cambridge:
Woodhead Publishing.

Tapadinhas, M. J., Rivera, I. C. and Bignamini, A. A. 1982. Oral glucosamine sulphate in the
management of arthrosis: report on a multi-centre open investigation in Portugal.
Pharmatherapeutica. 3: 157 — 168.

Temelli, F. 2001. Potential food applications of barley beta-glucan concentrate. Barley country. Alberta
Barley Commission.

Tudorica, C. M., Jones, T. E. R., Kuri, V. and Brennan, C. S. 2004. The effect of refined barley B—
glucan on the physic-structural properties of low-fat dairy products: curd yield,
microstructure, texture and rheology. Journal of the Science of Food and Agriculture. 84:

1159-1169.



100

United States Department of Agriculture. Basic Report: 20445, Rice, white, long-grain, regular,
unenriched, cooked without salt. National Nutrient Database for Standard Reference
Release 28 slightly revised May, 2016. https://ndb.nal.usda.gov/ndb/foods/show. 26
November 2017

Valle-Jones, J. C. 1985. An open study of oat bran meal biscuits (“Lejfibre”) in the treatment of
constipation in the elderly. Journal of Current Medical Research and Opinion. 9: 716-720

Vega, C. and Castells, P. 2012. Spherification. In: Vega, C., Ubbink, J., van der Linden, E. (Eds.), the
kitchen as the laboratory. New York: Columbia University Press. pp.25-32.

Vora, A., Riga, A., Dollimore, D. and Alexander, K. S., 2002. Thermal stability of folic acid.
Thermochimica Acta. 392: 209-220.

Vorobei, A. V. and Vorobei, P. A. 2011. Photosensitized degradation of folic acid. Journal of Applied
Spectroscopy. 78: 614—-616.

Waiyawuththanapoom, P., Waiyawuththanapoom, W. and Tirastitam, P., 2015. Social media as a
distribution channel for Thailand’s rice berry product. International Journal of Economics
and Management Engineering. 9(3): 904-907.

Wald, D., Law, M. and Morris, J., 2002. Homocysteine and cardiovascular disease: evidence on
causality from a meta-analysis. British Medical Journal. 325: 476—482.

Wang, J., Rosell, C. M. and Benedito de Barber, C. 2002. Effect of the addition of different fibres on
wheat dough performance and bread quality. Journal of Food Chemistry. 79: 221-226.

Williams, L. J., Mai, C. T., Edmonds, L. D., Shaw, G. M., Kirby, R. S., Hobbs, C. A., Sever, L. E.,
Miller, L. A., Meaney, F. J. and Levitt, M. 2002. Prevalence of spina bifida and
anencephaly during the transition to mandatory folic acid fortification in the United States.
Teratology. 66: 33-39.

Wongkham, J., Ratanasiri, T., Paibooll, M., Chatvisedl, P., Suttaseel, N., Saksiriwuttho, P. and
Wichajarn, K. 2016. Maternal Knowledge and Attitude on Folic Acid Intakes to Prevent

Birth Defects of Pregnant Women. Journal of Srinagarind Medical. 31(4).



101

Wu, Y., Hussain, M. and Fassihi, R. 2005. Development of a simple analytical methodology for
determination of glucosamine release from modified release matrix tablets. Journal of
Pharmaceutical and Biomedical Analysis. 38: 263-269.

Xia, W., Liu, C. M., Luo, S. J., Xu, X. F. and Fu, G. M. 2015. Effect of low temperature on the
retrogradation behavior of rice gels with defferent millimg degrees. Starch/Stérke.
67: 1044-1052.

Yalpani, M. 1988. Polysaccharides: Systheses, Modifications and Structure/Property Relations (Studies
in Organic Chemistry). Amsterdam, Netherland: Elsevier Science.

Yang, Q., Cogswell, M. E., Hamner, H. C., Carriquiry, A., Bailey, L. B., Pfeiffer, C. M. and Berry, R.
J. 2010. Folic acid source, usual intake, and folate and vitamin B-12 status in US adults:
National Health and Nutrition Examination Survey (NHANES) 2003-2006. The American
Journal of Clinical Nutrition. 91: 64-72.

Zhang, H. C., Zheng, H. H., Zhang, Q. Z., Wang, J. J. and Konno, M. 1998. The interaction of sodium
alginate with univalent cations. Biopolymer. 46: 395-402.

Zhao, C. X., Zhang, C., Kang, H. L., Xia, Y. Z. and Sui, K. Y. 2017. Gelation of Na-alginate aqueous
solution: A study of sodium ion dynamics via NMR relaxometry. Carbohydrate Polymers.

169: 206-212.



102

HMANUIN



103

MARUIN N.

MINNANUIN

'
a A

~ ' A Y Y A = 9y  ax o ' o
ANTNNNIANUINN N.1 AN NUUUAVDIUTUNUIINNIUNITINTINAIIITUALINDNAUNLUANAINNU

Q

Properties RPM Toque (%) Viscosity Shear stress Shear rate
(Cp) (D/CM,) (1/sec)

Rice flour 10 1.70 911.8 22.2 2.20
20 3 749.8 32.7 4.40

25 3.6 691.1 39.0 5.50

30 4.2 655.9 433 6.60

35 4.6 630.7 49.6 7.70

40 4 479.9 433 8.80

45 52 554.9 54.9 9.90

50 4.8 460.7 50.7 11.0

55 5.5 479.9 58.1 12.1

70 6.24 425.1 66.5 15.4

100 6.9 340.7 75.0 22.0

150 8.7 268.6 87.6 33.0

Cooked rice 10 0.2 144 2.1 2.20
20 1 239.9 10.6 4.40

25 1.4 268.7 15.8 5.50

30 1.3 192.0 13.7 6.60

50 2.7 230.4 253 11.0

60 2.8 216.0 28.5 13.2

70 3.2 226.2 33.8 15.4

80 3.56 228.0 40.1 17.6

100 4.5 266.8 443 22.0

120 54 212.0 53.8 26.4

150 5.7 185.6 62.3 33.0
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q

HANATN
Properties RPM Toque (%) Viscosity Shear stress Shear rate
(Cp) (D/CM,) (1/sec)

Rice flour + Al 10 32.6 16173 357.9 2.20
20 50 12021 530.0 4.40

25 61.2 11729 645.1 5.50

30 66.9 10702 706.3 6.60

35 74.6 10242 779.3 7.70

40 79.3 9514 830.0 8.80

45 88.6 9427 933.3 9.90

50 90.9 8696 956.5 11.0

55 98.1 8551 1035 12.1

Cooked rice + 10 62.6 30138 667.5 2.20
Al 12 77.0 30893 815.1 2.64
14 86.6 29856 921.6 3.08

15 91.4 29402 972.6 3.30

16 98.5 29634 1047 3.52

WINEIYR: Al HH18D9 6aTIuA
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- w 7 A4 a A Y ¥ ax A Y dqy g < "V w
MINNNIANHUINN N.3 ﬂﬂHmz‘V]1\1ﬂ"|flﬂ11/‘l"’l]@\1vlj‘;]ﬁ_|@a1ﬂlﬁﬁiJﬂJﬂ"lﬂQLmuT]ﬂ’J"lﬂJHﬂJ"Uu ATNISLATNUAINGLAY uazu1‘1n°lmf’]flimmamﬂﬁwﬂu

Condition Size Weight L* a¥ b* Hardness Springiness  Cohesiveness Gumminess Chewiness
(geforce) (m) (N) (@)

Control 14.62+0.08°  1.64£0.03°  32.30£0.11°  834+0.12" 2.25+0.06° 1509.97+19.98™  0.86+0.01"  0.66+0.00° 973.25+12.78""  859.16+22.91
CRO.5%inW  15.00£0.04  1.67+0.01°  32.924043™  7.39+0.05° 1.64+0.13"  1528.70+21.69°  0.86+0.01°  0.66+0.00° 953.10+45.62°  848.29+6.50""
CR05%inB  15.16+0.14"  1.80£0.01"  32.94+026™" 7.19+0.03° 1.87+0.13°  1484.39+4421°  0.90£0.01  0.67+0.00° 951.08+12.40°" 859.53+4.63
BW0.5%inW  14.72£0.02°  1.58+0.02°  32.53+0.78"  829+0.15" 2.66x0.08'  1624.29+67.85°  0.83+0.02" 0.64+0.00"  1008.39+61.11®  867.99+17.85°
BWO0.5%in B 14.9440.39° 1.69£0.02°  32.74£0.19°  7.65+0.04° 2.37+0.17°  1585.17+152.60°  0.85+0.02" 0.66+0.11° 1033.23+79.99* 933.62+36.99°
CR15%inW  14.69+0.08°  1.64+0.02°  33.51x0.11° 7.07x0.11°  1.60£0.19"  1423.64+114.74°  0.87£0.01°  0.66+0.01°  943.57£62.99™"  817.75+43.93"
CR1.5%inB  15.1240.07"  1.73£0.03°  33.35+0.12°  6.84+0.19" 1.7740.15"  1417.12481.53"  0.89+0.01°  0.67+0.00° 943.50+55.34™"  826.19+39.28"™
BW 1.5%in W  15.05£0.11°  1.69£0.02°  33.09+0.04  8.40+0.09° 2.69+0.11®  1431.88+42.44  0.88+0.00" 0.66+0.00° 959.06£22.96°  854.02+14.78"
BW 1.5%inB  15.35+0.08°  1.8140.03"  33.06£0.05  7.65£0.06" 2.32+0.18°  1295.62+16.10°  0.91%0.00" 0.68+0.00° 887.08+8.02" 821.95+8.73"
CR 3% in W 14.5040.03"  1.58+0.00"  32.55£0.50"  6.76£0.15° 1.75£0.13"  1443.49+93.45"  0.86+£0.02°  0.66+0.01° 959.03+49.93°  845.52+27.40™
CR 3% in B 15.03£0.53°°  1.7640.02°  32.7240.52"°  6.75+0.10°  2.12+0.06'  1324.46+76.49"  0.89+0.02°  0.68+0.00" 894.71£19.44™  792.36+24.34"
BW3%inW  15.10£0.12""  1.72£0.06°  32.30+0.70"  7.97£0.06° 2.84+0.15°  1498.65+76.49°  0.88+0.01°  0.69+0.00° 1024.94+49.59%  914.27+42.86°
BW 3% in B 15.49+0.08"  1.83+0.02"  32.87+0.36"  7.58+0.20° 2.41+0.18°  1242.50+83.18"  0.92+0.01° 0.69+0.01" 870.53+50.41" 806.94+47.63"

[l 9
Waneng : ' nned Anndevesteyalunuaawmna i ueg el

v o

aa 1 { ' { 3
UIAIAYNNADN (p=0.05); AUNDY £ ﬁ’JuL‘ﬁEJQL‘]JI!iJW]iﬁTHi]"IﬂﬂﬁVIﬂﬁ@Q 3 91
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Properties In 2% In 4% In2%, A0.1% In2%, A0.25 %  In2%, A0.4% In4%, A0.1% Ind4%, A0.25% Ind4%, A0.4%

Size (mm) 14.70+0.04" 14.98+0.15" 14.74+0.09" 14.75+0.11° 14.73+0.06" 14.99+0.11° 15.00+0.10° 15.01+£0.07°

Weight (g) 1.60+0.03" 1.67+0.05" 1.62+0.02" 1.60:0.02° 1.63+0.03" 1.67+0.03" 1.69+0.06" 1.69+0.02°
L* 31.4440.16" 31.74+0.14° 32.39+0.14° 32.45+0.09° 32.48+0.08° 32.51+0.08° 32.58+0.29° 33.34+0.18"
a* 8.43+0.15° 8.98+0.19™ 9.30+0.10% 9.39+0.38° 8.91+0.55™ 9.22+0.16™ 9.25+0.09° 8.65+0.26"
b* 1.75+0.09" 1.96+0.18" 1.95+0.14™ 2.1240.25™ 2.19+0.30° 1.87+0.21° 1.96£0.13"™ 2.05+0.30"

Hardness (geforce)

Springiness (mm)
Cohesiveness
Gumminess (N)

Chewiness (N)

Anthocyanin (mg/10g sample)

DPPH (% Savenging Activity)

FRAP

(ng Trolox eq./10g sample)

b

1401.01+32.43
0.85+0.01"
0.6620.00"
898.82+18.17"
742.7645.79"
3.2289+0.18°
46.53+2.34"

29.57+1.89"

a

1241.22+40.58
0.87+0.01%
0.67+0.01°
814.47+22.52"
700.60+19.65"
3.2830+0.16°
47.3242.72°

28.67+1.08"

b

1397.44+46.76
0.85+0.02"
0.66+0.01%
893.51417.62"
748.52+5.83"
3.7367+0.15"
59.48+2.60°

37.07+1.48"

1408.97+14.11"
0.85+0.01°

0.65+0.00°

b

897.33+4.50

b

745.3348.55
4.4530+0.15°
62.71+1.61°

45.13+1.10°

1415.17+23 .46
0.86+0.01"

0.65+0.01°

878.24+6.53"

733.54+3.36

4.7314+0.22°
68.14+0.86°

56.79+3.07"

a

1257.46+37.14
0.88+0.02°
0.66+0.01"
794.51+15.26"
686.43+5.77°
3.7962+0.13"
59.4243.41°

35.68+2.47°

a

1234.84+22.43
0.88+0.01°
0.67+0.01°
813.43+22.90"
697.91+26.25"
4.4863+0.22°
62.45+0.20°

44.70+2.66°

1259.16+18.15"
0.88+0.01°
0.66+0.01"
808.94+20.01"
696.72+10.82"
4.5702+0.24°
66.93+1.04°

57.35+6.20"

Wy :  nunede Andsvesdeyalunuiueunanaenueg e liisd Ay ana (p<0.05);
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Properties Glu 0 % Glu 0.5 % Glu 0.75 % Glu1% Glu1.25 % Glu 1.5 %
Size (mm) 14.65+0.07° 14.68+0.05" 14.69+0.02" 14.74+0.02" 14.78+0.06° 14.87+0.03"
Weight (g) 1.52+0.03" 1.53+0.01° 1.55+0.02" 1.57+0.01" 1.59+0.03" 1.62+0.02°

L* 33.18+0.11° 32.94+0.30° 33.2240.12" 33.2940.26™ 33.48+0.11° 33.59+0.08°

a* 8.89+0.30° 9.03+0.10 9.2140.12° 9.15+0.20" 9.03+0.15" 9.25+0.12°

b* 0.97+0.06" 0.85+0.04" 1.00+0.12" 1.00£0.07" 0.98+0.09" 0.98+0.07"
Hardness (geforce) 1450.95+25.67" 1383.96+32.36° 1332.75420.03" 1300.60+23.96° 1269.554+20.92° 1144.54420.91°

Springiness (mm)
Cohesiveness
Gumminess (N)
Chewiness (N)
Glucosamine content

(mg/10 g sample)

0.85+0.01"

0.66+0.00"
952.01+25.26"
785.32+10.95°

9.82+0.07"

0.86:0.01°

0.67+0.01°
919.76+4.46°
790.69+9.88°

26.34+0.37"

0.87+0.01°

0.66=0.01"
866.61+18.73°
755.119.70"

34.84+0.54°

0.87+0.01°

0.65+0.00°
826.03+11.42°
713.76+4.14°

50.54+0.41°

0.87+0.01"
d
0.65+0.01
780.67+22.81"
692.05+15.95"

57.55+0.66°

0.90+£0.01°

0.66+0.01°
693.99+32.77"
656.67+8.76"

68.78+0.52"

A o

1 d' 1 % ) o v an 1 d' 1 d' z
HUELHA : e Wiﬂﬂﬁ\? mmaameqelﬁl’ayacluumuammﬂmNﬂuammuﬂm YNNADA (p<0.05); AURAY + TIUUYAUVUNIATTIUNNITNAND 3 K1
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1.1 Mg (Chroma meter; Minolta CR-300, Japan)
~ @ [] 4
1.1) w5 ausiee1e 15500
1 A . . Y 1T .
1.2) U5vua3g1unTe (Calibration) TaelBUNUTUIININTFIU (White blank; L*= 97,
a*=-0.18, b*=1.84)
) d’ [ 1T [ % 1 g’/ g’/ 1 t:‘ [
1.3) HUATDIIAA TV UUUNUNIDYIWNNIHUA 10 ATI HIAURAYUDINITIA
= = 1 1
1.4) Junna@luai L*, a* uag b* lagan
A 1 1 = ] ] =
L* A9 A1ANUEIN NﬂWﬂQGluG]f’N 0939100
A = A A A U~ I =
a* 19 ATUAILDS TV o a* Uandluurniluauag
A =~ I a2 A
Wo a* Uanduaviluawen
Y

[ o Aa 4 [ I
b* fip AMAMABAZ AR (e b* Fautuuiniludmaos

a2 a

4 A d ]
e b* uandluavdluminkGu

Y v

1 v A 1] A . . 9 1A .
ﬂ@uﬂ'ﬁﬁﬂﬁnﬂﬂﬁ\i@]@Qﬂﬁﬂll']ﬁﬁi']umﬁﬂﬁ (Calibration) Tﬂﬂmlmmuﬁﬂlnmmjm (White

blank; L*= 97, a*=-0.18, b*= 1.84) HA13930TV0INAAS UN
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1.2 msdaeduialaglinIeadaieduAa Texture Analyzer

(3

° I 4 o < 1 v f o o N
U1 QEJ‘EJN"liGIi‘UEJa UIU 10 WAADNITNANDY quﬂaﬂymglﬁaﬁul}lﬁiﬂﬂlﬂéﬂq Texture

Analyzer jU TA-XT Plus Taal¥iiadanseanszuenvinadurugudnaia 35 Taawas (p/35) 11

[
' Ao

. sd Ja @ ) . o o
5282 (stain) 50 osiua 1AI12HAINIA 11U Texture profile analysis (TPA) UsuaNuEINGg

[

A 4 1
I UNUD Load cell AU

Pre-Test Speed 1.0 JaQWATADININ
Test Speed : 5.0 HaamasaeIuIN
Post-Test Speed : 5.0 HadwAsABIUIN

H o 4 &’ v CY
MNAMANUIN 4.1 LEFAINTIAaNBUIH 0T UNE
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1.3 MIIAANUHUAGENATDY Brookfield
Y A

0o 3 ' a Y an ] y & v a = A
1!']1!']1!“61]1']1/]WTL!ﬂ']ﬁl@lﬁfJiJﬂ'JfJ'J‘ﬁ%Wﬂell']'J?jQQfﬂllagllﬂ\iéllTJ mulﬁhlmﬂuaﬂmqmﬁgu 40

perIraIFed N1IanNilalaeiAT 09 Brookfield ju DV-III ULTRA Taoldiaia 63

MNANMANYLIN 9.2 1AT0IIAADINNIIA Brookfield 314 DV-ITT ULTRA
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a ¢ d A
1.4 MIAANEHIATIa1veslsHusadeinIed Scanning Electron Microscope (SEM)

(eau1lag9n Liu wagaue, 2013)
o = [ 1 o
1.1) msseual0619 l59uea
v o [] 4 Y Aa A 9 =\
1.2) daaree19 lsgusalitvuna 2.5 x 2.5 x2.5 Haawas adelulialnu
o w 1 o w g 9 [ ~ Y 9 1 v
1.3) 11@20619 msaiheanatensus e s1usana NNt uLas TL oAU
I~ <
Ethanol 20 %  ®umal 1 %2 1ug
I~ <
Ethanol 30 %  ®umal 1 %2 1ug
I <
Ethanol 50 %  Junal 1 % lug
< <
Ethanol 70 %  luan 24 214
H H <
Absolute Ethanol 3 A54 AS9aL 1 %2 114
Y M
Absolute Ethanol 1 A59 12]111a1 24 %2119
1 H 1 o Q 901 4
1.4) tharedranmumsmsatiiesn TUwaTeq Critical point-dried with automated critical
. A ) Y v ' Y
point dryer W0 1HAI081941 4
1.5) e lnsuuunu uaziih llindsudieneos
o & a @ Yy 9 A . . ) =
1.6) a9 1Az laseadeaienio high vacuum scanning electron microscope

15 kV 4agiadvengi 10,000 (11
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MARUIN D

MIAATIZHM AN

a d A o
2.1 msdmszrmdSinamenlsleeniunaviua (Aa111a991n Sutharut 11ag Sudarat, 2012)
1. MISAILNAT
1.1) 0.025 M Potassium Chloride buffer pH 1.0

Y v Y ] A aa ° o Y
% KCI 1.86 n31 asluiinines lavinaufSuns 980 iadans uazairldsu pa 1dmidy

Y o WY a y ¥ 4
1.0 A28 HC1 uazﬂiuﬂ?mmiﬂﬂ 1 899 MBYUINAU

1.2) 0.4 M Sodium Acetate buffer pH 4.5

< [ =} 4 ) o A Aaa o [
%1 CH,CO,Na*3H,0 54.43 n5u asluiinines laihnauiffunas 960 diaaans 1 lllsy pH

1 (%] Q =) 90' Q'J
T 4.5 @29 HCL uazl5u1l5unas 191 1 8as dretinau

2. MISANIBNAVENS
o 4 o y Y = Y A 1
2.1) i lsgueaniimstuliezideaaienios laboratory blender TagiiLig
< % < o A A 9 g9 3 o & a a
anui lumstdueeniu 2 52AU Ao FuauaeaE a1 1Hunal 30 Jun
Y < a =
naglenuEge 30
< 4 { y ~ a o '
22) Flsdueanmumsiulidazideandifsum 10 0y asluvaagiauy
Y
US1as 125 Yaaans NUWANNEIUea 30 Haaans
° ' ' . ~ a ¥ 1w
2.3) hwagiauey Tuslu water bath with shaker NAugaIvglveLiUNINY
60 DIAUF AT
o o A k4 A A A <3
2.4) ihdsazate Il svyuimIesalenI o nyUImIes N3350 9000
] a ~
souaouN (Hunal 10 win
o 1 Y 9
2.5) thaulaldnsesdss vacuum pump Taelensza18nI99 Whatman No.1

a

< Ay YA = [ a 4
2.6) Lﬂ’]Jﬁ'liﬁ%ﬁWElﬂulﬂﬂ’qmﬂﬂiJ 4 NAUFALKYT VUNINVSUATIEN

Y
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a d a a o
3. m3rangHimuSnanenls lseiuale3s pH-differential method (fAL1/a391n
Giusti (tag Wrolstad, 2001)
3.1) Unlaensazarediedanana lai3unas 1 1adans asluvasanaasa 2 viaea
3.2) vaoah 1 111713199919A38 Potassium Chloride buffer pH 1.0 ¥iaoaf 2 113
A v . Y A Y
199919728 Sodium Acetate buffer pH 4.5 1¥ifn139ANaUIAI0g 1159 0.2-1.2
o 1 (Y] 1 ~ a9y I A o o [ A
3.3) himstuiedeigurgiveuiluna 15 wii neumsih ldasinsganau
~ A ¥v? 4 2
HEaNAMNEINAY 510 W1 lwwas waz 700 v lwwas  Jeelgiinawily
Blank

o 1 { o Y o 9y
3.4) thamsganauueanda laundnm Taoldgas

A= (A510 - A7oo) pH1.0 ~ (Asm' A700) pH 4.5

o 1 { o Y 9 o a
3.5) u’]‘ﬂ’]ﬂ’ljﬂ@ﬂaul!ﬁQﬁﬂqujmqﬂﬁ]Tﬂm@ 2.4 3J1ﬂ1u’3m1/f1ﬂ5111m61160

9
uou s leentiunavua Tagldgas

A XMW XDF x1000
e X1

Anthocyanin pigment (mg/10 g sample) =

= I = a 4 A (= 1 I Aa a o 1 o 1 o
FasrenuiutFnanenls lseduniuanlogimiraiuiiadniuaoa0619 10 niu
o D) A3 o v .. . A
Tasmnuald MW Ap Wmiin Tuana 449.2 NUAD 1A V04 cyaniding-3-glucoside, DF AD A1N13

A A .. 1 o A [ A A o
19031, , € AD molar absorptivity = 26,900 LiaZ 1000 minumsilasuan nsuduiaansy
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a\ d a a [ . . .
2.2 mﬂamwwﬂ‘%mmauyau (ﬂmrﬂmmﬂ Simonovska, 2000; Ariandi, 2015)
= U \
1. MSIAIBNAIDENT
< 4 A = 1% = o '
1.1) velssueanmiumsvaazdoaudiliuim 4.5 nsu asluviagldsurvua
125 Hadang
a %’ a Aa aa ) ]
1.2) i ouguuigil 70 esraaiFod Usuas 50 daaans uazii e lagly
A . . & -
11394 Multitple stirrer wWunal 15 wn
o 1 = ~ <3 1 A )=}
1.3) 111¢10619 llvyumlesinnuE 5o 9,000 seuaowi Wunal 10 wid
1.4) halalUnsesdrenies Vacuum pump Tael¥nsza1unseq Whatman No.4
iag No.1 #1ua1ay

a

3 v Ay YA P ' ° a P
1.5) umsanai languygi 4 osruwadod aunazii ) ins iz
a d a a
2. mnmﬂ:ﬁmﬁugauiﬂm?ﬁ Thin layer chromatography (TLC)
a A % =) a ) o g}/
2.1) Ydlaasanatsuias 4 Tulasaas asuuury Silica gel 60 plate $14IU 7 AT
v
parillaensmasgiulSuines 4 Tulasaas 1w s ase Taeldesuiasgiu
yosdsazateng Iad Wynlad uazgylnsa anududuedivas 2 Taaniuae
ladans wazasazaleduyauANUINTY 3 Tadniuaoladans
o ' Y Aa o . . @ 1
2.2) W s TuToud M Ta15@ W19 n-butanol : acetic acid : water JUSRIITIU
A 1 =) (% =R A d' o 9 1
2:1:1  (Swasaediviag)  Aw@ITAIDUANMHUAA U UYDILLANY
Silica gel
23) vy Silica gel Tdquaslumsiilviined Taeld Sulfuric acid weruny
Ethanol (Chantorn tagAmz, 2013) taziileufiguugil 120 osrsaidod

<3 =
wunal 10 wn
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a d a a o
9.3 M3AATZHANNANINIAUMIMUBYYABAI2AI8IT DPPH (fa11/ad91n Murakami

uagae, 2004)
=
1. MIAILNATS
1.1) 0.8 mM DPPH
@ @ ~ d o Y Yy 9 9
%9 DPPH 151181 0.0316 n5u asluiinnes ¥n15aza19@29 Ethanol ANMUNIUTOAE 95
@ I A aa Y Yy 9 Y
wazliuisuaailu 100 4aaans A8 Ethanol ANNAINTUIOEAL 95
2. MSIASENAI0EN9 (AAL1/a9910 Sutharut 1AL Sudarat, 2012)
° s ° ) 4 '
2.1) hlsdueanviimsiuliaziBeadiensed  laboratory blender lagiidg
< 4 < o A A 9 g 2 o & a a
anuE lumsdueoniu 2 s2au Ao HuaualsAUE I 1W1a1 30 N
9 3 a =
nazl¥nnuisage 30 i
@ J {1 4 a 1% 1
22) FelsdueanmiumstuliaziBoaudifsuim 10 nfu asluvaagilyuy
v
YT1as 125 Haaans MNUUANNEIUEA 30 Haddns
o [ ] ~ a %’ LY
2.3) hwagdauy TUuslu water bath with shaker NAngavigivewiuNINY
60 DaFFAITY
o o A Y A A ~ <]
2.4) dresazate ldviimsnyurlesaionTosnyunaes 1nu52500
1 =] =
9,000 50LUABUIN U1 10 YN
o ! 9 Y
2.5) hdamlaldnsesdds vacoum pump Iael¥nsza1¥nses Whatman No.4
1ag No.1

a

3 AN YA ~ ' A P
2.6) Numsaza1eN laNgungil 4 oerumadod 1NN IATIZH
a d a
3. MIINTIHANNENIAIUMINU YDA L
Unladregaasanadlsuigs 02 Yaaans adluriasanaasd 1y Ethanol AN
Yy 9 9 A aa a Aa aa o 1
WuTUdosaz 95 131195 5.2 Yaaans uazi@uaisazale DPPH USu1as 0.6 Haaans yimsuuly
A A I =\ o v 0 A ~ A 9
afadunar 30 wid vazihlidamimsganauuasianuenaau 517 wiluwas Iaeld Blank
A A 1% A A a v [ 1 A 9 o ] Y] %’ <

TagNa s U UTITNANNDUNATILHADE19 uanlaeua1nnis l¥a1ee9asanailuiinay

enumamsnaasslugivesdosazvosnnuamsnlumssueyyaddse (% Scavenging activity)

Taeldgas

1 - Asample
% Scavenging activity = | — ] x 100

Acontrol
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2.4 M3INTTAANNEINI0 UMM U YNABAIZAIBIT FRAP (faulasnin Benzie 1oz
Strain, 1996)

1. MSIAENEAS

1.1) 300 mM Acetate buffer pH 3.6

Tula Acetic acid 151105 4.3 Tadans aaludinmed udrlSulR1d5ues 250 Hadans
Srenhndu Faas CH,COONa 1311 0.6152 n¥u asluiinines mmsazaedroihinguifiings
25 0aAans  MINTHANAITAZA18YDI Acetic acid TW193 231.25 Naaans NUAITALAI8VDY
CH,COONa 1313 18.75 daaans MinmsdSu pH 14 18m1AY 3.6 Aea1503018909 Acetic acid

30 CH,COONa

1.2) M3@3euans 10 mM TPTZ 11 40 mM HCI
sy 40 mM HCI Tasdlitle HCL US11a3 0.33 Uadans uaaihunlsudsuasdlreinau
118 100 Haaaas ¥1MI¥Ia1s TPTZ USuae 0.0781 N5 a1lu 40 mM HCI US11a3 50 Haaans

2218 TPTZ 10 mM 11 HCI 40 mM

1.3) M39TENE5 20 mM FeCl,

9013 FeCl, USuar 0.0811 n3u asluhnauilsuag 25 Nadans

1.4) msm’%aumsmmgm Trolox 250 pL/mL
3 Y = 7 o 9 Y 9 Y
¥4 Trolox 31191 0.0125 N1 a4luTNNDT 1N15A2A19AY Ethanol ANMUNTUTDYAL 95

Y ]
1351103 5 Haaans uazlsulSuasaretinaulila 50 iadans

2. MSIAIBNAIVEN (AALa991n Sutharut (1AL Sudarat, 2012)

o 7 o 4 Y = Y 4 1
2.1) hlsdueauviinisuliaziBeado1m509  laboratory blender Tagiig
o y 3 v A A g g 3 o 3 a A
anuElumstiueenilu 2 szAy Ao (TRAUAIIANNITIA 11UIa1 30 FuN

9 <3 a =

naz 19159949 30 W9
o J {1 Y a [ 1
22)  Filsdueanmiumsiuldazideandfsurm 10 0y asluvaagiauy

9
US1as 125 Yaaans NNUWANNEINEA 30 Haaans
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] 1 $ a %’ [
2.3) hwaagisuy luglu water bath with shaker NgugangiueiuMINY
60 DR U AITE
o o P ) A A ~ <3
2.4) ihasazate Il svyuimlesalons o anyUmIes NA550U 9000
] a3 ~
souaou N (Hunal 10 wn
o 1 k4 Y
2.5) haanla'ldnseade vacuum pump Iagl¥nsza1unTe Whatman No.4 tag
No.1 Mua AL

a

I AN YA = J a 4
2.6) inua1sazaen langurgll 4 sruvaiBod aUn1192 IATIZH
a d %4 a
3. MIVNTHANNANITUMINIUR YYD IE
YJuladesasanadsuing 0.1 Jaaans avluriaeanaasd Al FRAP reagent
A Aaa o ] { I o v 0 H 4
Y5u1a3 3 Taddas mmsunlundaduna 8 wii uazih liiamnmsganaunasiinnuennnau

9 d‘ A [ d' a a d v ] 1 d' 9
593 uﬂumm Tﬂﬁlcl"]f Blank T@]EJ‘VI’ﬁ'1ilfﬂ3JE]uﬂ“]_lﬁ?i%lﬁ]ﬂ@]ﬁ]l&’)tﬂi?gﬂﬁ’)@ﬂN uarasuanns s

o ] [ o o
R RIAN AEE (LI AT VR TRYaE

0.6

y =0.0048x + 0.1754

0.5 R? = 0.9863 P

. —

§ /
[8)
c
(5}
2 02
o
[7,]
X
< 01
0 T T T 1
0 20 40 60 80

Trolox concentration (pg/mL)

MNANMANYIN 2.1 ﬂiW\lﬂJWli;@WH"ﬂ@ﬂﬁﬁagﬁﬁ"m Trolox (pg/mL)
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5
Y v A 4 Y 1 v
vinns oz IReuns y = 0.0048x + 0.1754 Tagiasinmsganauudsves lssuoalaminy
0.485 MMIUNUA 0.485TuaumsioNIAT x
y = 0.0048x + 0.1754
0.432 = 0.0048x + 0.1754
0.2566 = 0.0048x

x =53.46 pg Trolox eq./ 10 g sample
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2.5 m3anszFimfSinamglaaniiu daulasnn wu nazaaie, 2005)
1. MRS
1.1) 0.2 M Phosphate buffer pH 6.0
IA38U1502019 0.2 M monobasic sodium phosphate (NaH,PO,*2H,0) 31.2 bty Glm?lmﬁ"u
1,000 Ta@ans 11niuazaty 0.2 M dibasic sodium phosphate (Na,HPO,*12H,0) 71.7 n§u luthnd
1,000 Uaaans 1191582018 0.2 M monobasic sodium phosphate 13511015 39.0 aadns WauNy

0.2 M dibasic sodium phosphate U51105 61.0 Haaans

1.2) MIAITONAI15a2A19 0.8 % Ninhydrin

o [ %‘ < [ I A aa
%3 Ninhydrin 0.4 N33 w1azatelusinau udlsudsuasdu 1,000 Tadans

2. Mymnavlinasgiuvesmsazaanglawiiy
2.1) 193831582218 Glucosamine Standard NANUITUTUIEAL 0.035, 0.040,
0.045, 0.050, 0.055 taz 0.060 IAsnN13¥INg IABINY 0.060 NN Waza1ely

v
v a A

v ~
11AAY 100 Uaaans 9218 Glucosamine Standard NANMALTUT DAL 0.060
g qua v Yy 9 A9
nnu iR 1 laanumudundoanms
2.2) Yalamsazareng lnaniu 151103 4 Uadans asluviasanaasd Mmsiay
0.2 M phosphate buffer pH 6.0 U51195 0.5 Uadans 1az 0.8 % Ninhydrin
Y v
51105 0.5 Hadans waulmaniude Vortex (19583 Blank Taeld1iindu
UNUEISaza1enNg IAsIuY  + 02 M phosphate buffer pH 6.0 U@z
0.8 % Ninhydrin U30105MuNMHUA)
° v P ~ a 3 ~ A \
2.3) 1l ldanudeun 100 serwamea Wumal 30 w1n anvuwi lluylu
2 3 g ~ Ly oy Ay g ~
gy et 5 i wazia Bngamgiveuilunal 20 wi
A

o [ 1 A d' 4 9 A
2.4) il iamimsganauuasianueaau 570 wiluwas Tagldainsganau

uergod luye 0.2-1.2
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3. MIIAENAIVENT (AAL1)a991n Sutharut 1AL Sudarat, 2012)
° s o ) ¥ a v A '
3.1) i lsdueaniiinsduliiazideaaioinTes  laboratory blender TAgiLLa
< 4 < v oA A 9 g 3 o & a a
anuE lumstdueoniu 2 s2au Ao HuaudlsAUE A 11181 30 TN
Y < a =
waglenuEIge 30 N
o J i 4 a [ 1
3.2) HlsgueaimumsiuldazidoaudrfSum 5.5 nsu asluvaagiauy
a Aaa g}z a 901 9 a = D
31105 125 Hadans NUWANINToUUNYN 50 3R usaFed YSuag 50
Haaans
° ' ] 4 . I
3.3) naglauy lwer Tael4n3 9 Hot-plate stirrer 1111201 20 w1dl Tagaugu
QUNYIININY 50 DIF AT
o o a Yy A A A 3
3.4) thensazae TimsvyumIesden3ory UK Iee 19152501 9000
1 A g ~
FOUABUIN 1TUNa 10 WIN
o 1 kY 9
3.5) whaulalUnsesd s vacuum pump Tael¥nsea18nIee Whatman No.4 11ag
No.1 gua1au

a = 4

<} { § 1 a
3.6) tnuasazaeh langungil 4 ossaaiFod aunI92 AT
a d = Y \ J
4. mynnzimfBinanglaaniivvesiieilsduea
4.1) Yalaasazarvesaiedaniiumsanang Inaniy U5n1as 4 Jaaans aalu
NaoANAADY MIN1TIAN 0.2 M phosphate buffer pH 6.0 1311013 0.5 Uadans
. . =Y A Aaa Y I o 9 =
taz 0.8 % Ninhydrin U51105 0.5 Uaddas weru1¥1Aua28 Vortex (19593
o y =
Blank Tnalfinauunuaisazaiong Iaw1liu 1ag 0.2 M phosphate buffer pH
. . N
6.0 t1az 0.8 % Ninhydrin YTuasaunmvua)
o ¥ Yy A = < ~ ¥ . !
42) 'l 1danudoun 100 sseaFod (Junat 30 Wi antui lduylu

2 3 g ~ Ly v Ay g ~
HUYU L‘]_]Ll!fm”l 5 UIMN LLEI%‘VNTJT]Q‘EI!‘I’TQ?Jﬁ@QL‘]JUL’JﬁT 20 UIMN

A

o [ 1 A d' 9 A
4.3) il iammsganauuasnanueaau 570 wiluwas Tagldainsganau

weraeg 114929 0.2-1.2
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1.2
y =0.2901x - 0.683
R?=0.9987
. //

__ 08
=)
< /
g o6
c
(5]
5 /
[
@ o04
Q0
<

0.2

0 T T T T T T 1
0 1 2 3 4 5 6 7
Glucosamine (mg)
a a
MANNIANUIN 0.2 ﬂ'ﬂV\IilWIi;’ﬁ?u‘llﬂxiﬁ’”lﬁﬁgﬁwﬂgiﬂ“h’”mu
as o
AFNIIAUIN

nnnswlz Idaums y = 0.2901x - 0.683 Tagdanimsganduudsueslsduea laminy
0.631 fszfuanueata 7 imsunum 0.631 Tuaumsiiteria x
y=0.2901x - 0.683
0.631=0.2901x - 0.683
1.314=0.2901x
X =4.529 mg/ 5.5 g sample

1 1guAInuN 0919 (4.529 mg/ 5.5 g sample)(7 1911) = 31.70 mg/ 5.5 g sample
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2.6 MIIANzTAFnamsanamua (AOAC, 2012)
1. MIeIaNaI AN
1.1) @1302a18 NaOH 1193911
MsIAseudITazate NaOH 0.1 uo3uoa (Iaoilsyane) %1 NaOH 2 ndu azarelmingdu
500 iiadans 1111 standardize ﬁ”wmsazmﬂmmgm potassium phathalate (KHC,H,0,)
3% standardize @1302a10 NaOH 1hTavazats KHC,H,0, Arum3seuusiad 120 saeh
waiFed uin 2 99 Tue nazsi 1iduly Desicator U313 0.6000-0.7000 ¥ Turhina
50-70 Ua@dnT ¥ieAA15a2a1Y phenolphthalein 1 % lua13azaly KHCH,0, 311U 2 1o

il lamsnavaisazeats NaoH  fussyluduse sunsgnsdisazareiilgnseudasuain

v
1 =

12 3 A @ o ? =] Aq ¥
ulililﬁ!,ﬂuﬁﬁb’llW@@uﬂﬂW]’J Tﬂﬂmms"lmmw 3 A5 Junndsuasvesarsazate NaOH 1%

QU

twnsn KHCgH,0, X 1000
waaans NaOH x 204.229

Normality ves NaOH =

1.2) 1502018 phenolphthalein 1 %
22219 phenolphthalein 1 n5u TwemiueannuuIudosaz 95 $1uU 100

Uaaans

ada d
2. 35UA M
¥ Y 1 a aaAa a
2.1)  @29UInau 50 Yadaas Tuvaagdruyayuia 350 Nadans tvaisazale
phenolphthalein 2-3 ¥iga
Y Y = a
22) lalasndrearsazatoniaigiu NaOH  aulddsunaiee tuiindSuasves
{ 2 3 ]
d15aza18 NaOH 7 1931t ua blank
Y ' 4 9 A < = ¥ o o ~ s a 3
2.3) Fafeta lssueasiunIeeteazidearimiindseuna 25 nfu asluiinnes @i
< a aa o A o 9 d' (% 1 =Y
naulszua 250 Haaans Mn13ATuAIEIATDA stomacher gAAI08191/31195 30
Naaans avluvinglsuly uazveaasazals phenolphthalein 2-3 g
14 Yy =
2.4) laimsnaneansazats NaOH au ladsuna1es uiiniSuasvesdisazals NaOH

4 . y oz
214 TaeMINININAa09E 3 A5
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Y Y
2.5) Mudamsunansanivualuaieg1901115991

(V)(N) (eq. wt)(100)

v
Psnansansnualugnsauandn (%) =

(1000)(v)

& =q 9

e V=15masvesasazaeu1nsgiu NaOH nl¥lums lamsa
N = Normality ¥096150221811A5§ 11 NaOH
v=151asvesiedenly (Jadans)

¥ Y I [ a 1w o
eq.wt = umunﬁummmmmﬂumu (DIALAANININD 90 NTN)

130
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a d | v
2.7 msamnzhnndunsa-ag
Y ' 4 Y A o = H Y [ = J Aa o o
Hai10819 lsGueadieniossiazideninminyszim 25 n3u avluiinnes Winnau
a Aaa o y 4 (% ] Aa aa 14
szanm 250 Haddans 11N15ATUARI81A5 09 stomacher gaAIE19Y5U1AT 20 Tadans aslulinnes

° o 1 < vy A
L!agu']ul‘lhﬂﬂ']ﬂ'J'qu‘]Juﬂﬁﬂ'ﬂ']\iﬂ'Jﬂ!ﬂﬁ@\? pH-meter
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a A
2.8 MIINTITINANNTU (AOAC, 2012)

4
gilnsal
1) gou 'l (Hot air oven) NuANgUUYH 1A
2) 1A309%azBoA 4 dumia
3) ’E]Qﬁlﬁflll 1AU (Aluminium can)
4) To@AANTY (Desicator)

5.) G (Tong)

35M5NAan

a

° a A = @ ° a A '
1.) magmuﬂmmuvlﬂamnqmwﬂu 105 o9 usassad HUIU 3 ‘lf'JIlN magmuﬂmmuia

A 2 Y Y o J 3 v A 13 '
Toganawdu fe 3 lnauudnhundaihminfimiveu 4 dumiia)
4 3 v W ] 4 A Y o o 2 Y a
2) Fuhmindredielssueanidiumsvaud 3-5 n3u (1 3 41) Teseuludeuguiigil 105
] a a 4 a o <
peruaaidod uiu 3 2 Tue Taaarogiiieunanld Weasunartlad i ldiauly
dy =1 g Y] l-ﬂ' 1
Tagannuay Yunmihminiuiuey

1 S 3’; ?)I £ { o ! % v g’/ g’/ ra
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2.9 M3annzmfFanand (AOAC, 2012)
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2.10 Mm3ansizdSanadsau (AOAC, 2012)
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a d Y
2.11 msdanzrinallviiu (AOAC, 2012)
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