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ABSTRACT

Rhizoclonium hieroglyphicum (C. Agardh) Kutzing and Spirogyra
neglecta (Hassall) Kutzing are freshwater green macroalgae in the north and
northeast of Thailand. They were extracted with distilled water as algae aqueous
extract (R. hieroglyphicum extract; RE and S. neglecta SE). The total phenolic content
of RE and SE were determined using Folin-Ciocalteu reagent method and abundance
of important component were analyzed wusing liquid chromatography-mass
spectrometer (LC-MS). The antioxidant activities of RE and SE were evaluated before
the algae product was formulated. The RE and SE were mixed to obtain the united
algae extracts (RSE). RSE is a functional ingredient in new algae product or RSP. The
RSP was formulated into four formulas and evaluated with the sensory test
for colour, flavour, texture and overall satisfaction for the developed product. The
RSE and RSP were estimated based on pharmacological effects on blood glucose,
triglyceride, cholesterol and oxidative stress enzyme levels in rats. The results
established that the yield of RE and SE were 46.97% and 35.51%, respectively. The
total phenolic content of SE (107.02 mgGAE/g extract) was higher than RE (8.58 mg
GAE/g extract). The isoquercetin were found in RE and SE which are possessed out of
the phenolic compound known as antioxidant agent. The isoquercetin contents of RE
and SE were 264 and 288 mg/kg extract, respectively. In ABTS radical scavenging
model, the antioxidant capacity found in RE and SE were 4.95 and 379.01mM TEAC/g
extract, respectively. RSE presented the antioxidant activities as ABTS, DPPH and



superoxide radical scavenging activities (1,115.28 mM TEAC/¢ extract, 33.17 and
139.44 mg GAE/ ¢ extract, respectively). The results of sensory evaluation found that
the 0.5% RSE recipe accepted high to very high levels on participants aged over 35
years. Moreover, the results of the blood chemistry parameters at the end of the
experiments established that RSE and RSP at the dose of 500 mg/kg for 8 weeks
decreased glucose (38.53% and 41.28%), triglycerides (2.96% and 36.84%) and total
cholesterol levels (25.98% and 21.07%). Compared to the diabetic control group, the
biomarkers of oxidative stress, such as malondialdehyde and antioxidant enzyme,
including superoxide dismutase, displayed a significant increase in RSE and RSP.
Moreover, RSE and RSP contain phenolics as active compound as well as antioxidant
which restored insulin sensitivity, reduced cholesterol absorption and increased
antioxidant enzymes. These findings indicate that RSE and RSP can be considered as
potential dietary supplement to attenuate hyperglycemia, dyslipidemia and oxidative

stress in diabetic patients.

Keywords :  Rhizoclonium hieroglyphicum, Spirogyra neglecta, antioxidant, anti-

hyperglycemia, anti-hypercholesterolemia
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Freshwater green algae 2 species

(Spirogyra neglecta and Rhizoclonium hieroglyphicum)

Preparation and Extraction of algae

[ Heavy metal contamination

Active compounds analysis

Anti-oxidant activity assay

Jelly product formulation

[ Anti-oxidant activity assay

Sensory test

Jelly-functional food prototype product

Anti-oxidant activity assay
(In vitro study)

Shelf life stability test

Sensory test

Anti-oxidant activity assay
(In vivo study)




UNN 2

NOBIUALNITATIVNBNGT

£

Uszinalnemdeglugdinisasusudngdany

Y Y

geoglauanysal (aged society)
lag3a1ndoyaved United Nations World Population Ageing wu31 na431nd 2552
Uszrnnsioglutefieidldun Wnuazggeony azdidnumnnivssnnsluioussau uazly
1 2560 anifuafausnlulsefimanifivssanaintosniifaseny anunisaiiifunaun
MNMARNANIEITAUSEENI9IAT) wazn1sanaeesrelloswassiunmImeYealseung
ylsisnuasdndiuuszrnsgeenguesUssmelng Wintuegesnig ndeyauserns
vosUssinelngl 2556 Usgansineddiuiu 64.6 duau Wudaereninds 9.6 duau A
Il 2573 azliduiuggeeny 17.6 auau (Feuag 26.3) uazl 2583 Azdld1uiuia 20.5
&uau (Gogay 32.1) Semhonuianiady uasonsu Tdusudulinuiodunses duady

uagatuaAYUANIUAII UNUIM LazAansTuvedaeny uazileddeyauseunsineiilieny

of

m1n31 15 Yiuuseunsnioneasusd 60 TAulduieudaaiuisunaus w.e. 2553-2583 (21w
1) Tt w.p. 2561 Usewnsne 2 9a9egsddngdinimyingy uwaslivuiliiinguussvinsnd
a1gnaud 60 YAuluaziidndiuiigeluagienelilos (Foundation of Thai Gerontology

Research and Development Institute, 2017)

Proportion of the Population under Age 15 and 60 Years or Over:
2010 - 2040
‘ Age 60+

04 Age <15
! Elderly > @
35-4 Children
first time in
history

30-4

2040

2010 2] 8 2030
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anUsenuf (United Nations: UN) Talvitenuly siadl

1%

179918 (older person) vanefa Ussynsriamaviglayndganienguinnil 60 Vau
iy

denugeany (aging society) nunedis dsaundussvinseny 60 Yulunegasdly
funseUszynImndwegluiuiivediu ludnsivinduniauinnindesas 10 Juld niad
Uszrnseny 65 Vulunegasdunuiseyssuinsyndrergluiiuineiu ludnsuiniy

y3auINNINSeay 7 YulU

denugfasenglagauysal (aged society) aedia feauniduszvinseny 60 Yyulun

[ '
A =

agassluiuiraussnnyndweigluiuifeidu Tudaswidunseunnindesas 20 July
&
3

wseiluszuinseny 65 YUuly Negasaluiuiireussyinimnyueiglunuiibeiiu ludns

Winiunsaunninsesay 14 Yuly
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1980 . o -
50+
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104 ] 151 = 150
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[ I 59 ‘- 59
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1000
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A 2 Usfindseannsnelutngd a.6. 1980-2020
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Weatumalulsaliifinse wu lsaumin anudulaings wWsa@unn 5 Y (15719 1 uag

2) orlunaunannngAnssusauineuivateny 1w N1s5uUsEnIueImns n1seenmainiy
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¥

M1319 1 Jewavvewlgeengnllymimuaunaineielsaluiminu U 2545-2560

o

439018 (@)

" 60-69 70-79 80 Fuld MmNy
2545 8.8 8.0 6.0 8.3
2550 135 13.9 105 133
2554 14.7 16.0 13.8 15.0
2560 152 193 163 16.5
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439018 (¥)

e 60-69 70-79 80 Fuly smneny
2545 18.9 22.0 21.1 20.0
2550 28.9 36.0 34.6 317
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2560 29.1 39.6 40.2 33.6
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Non-Communicable Diseases (NCDs) LLawamwumﬂﬂdmIiﬂ NCDs 1107737 300,000

a5l vise Anu 73% veensidetinvesszannsinenaunuaziuualingaudn

¥
1 S o/

naulsalifinsalzads

naulsaliifindeisess wsongulsa NCDs (Non-Communicable diseases) 1Uude

a ' av v va a & a & 1 a Y =
Lﬁﬁﬂﬂﬁjﬂiiﬂﬂl&l‘l@maqLﬁﬁllnf\]']ﬂﬂqifﬂ@L‘Yf@‘VﬁEJL‘TI@Iﬁ@ VL@Jﬂ'uﬂiﬂﬁ]@@@N']Uﬂ'ﬁﬁﬂJNﬁ ARNAR

a 1 I

W3oRAARD HIUAIUILTA (WIKE) NIDEITAANAINIL winustinaIndadenies a1glusieniy
FedwlndunaanisnisledinniingAnssuiviareau nan Wy n1siuweanased n1sgu
Y

13 9IPN1500NAIEINTY NNTTUUTENIUDIMNTTAMINUIULANTA LaLAINULASEATINNAIIE T

1 a

rdwnaregunImNMeuazdaluszezen Wneduaimsuainisiingnisiinngulsa NCDs wu

Y
[

Tsauzi$a 1sAw1vy wazlsasiu Wudu anawSsuisuduauidasnwaasdulsinauysal

9 Y

1%
A o

wagsulinuisanIsumleuauniaguammenazinnldauysel deudwaliiinlsaizes
A199 muuale (1w 3) FadunisauakazShuiguanauwsisinnugeulzdinaian1si
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HEALTHY MIND
g HEALTHY KIDNEY
HEALTHY LIVER

HEALTHY HEART i
i) HEALTHY EYES

HEALTHY LUNGS

NORMAL WEGHT e <= NOZMAL BLOOP CHOLESTEROL

EAT HEALTHY MEALS
(5 servings of fruits POSAIVE ATIMUDE

and vegetables)

MOVE FOR HEALTH
EREATHE OXYGEN = (30 mins of physical
(stop smkm.;J DRINK WATER octivity in a day)
(rot alcohol or kava)

AN 3 amRuazkaanEIINNIsialsAngulifnsialesy

i - Ministry of Health and Medical Services, 2017

(%
1 A o = 1

MNNTTIENUYessIAnsewdelanivanunisaivesngulsnlifindesess vsenguy

9

a

15a NCDs Twiaifensiusonidedld et 2008 wuin a1mnean1sidedin 65% AdueTin
9nngulsa NCDs Faussimeduiaidulssmaninudy f8nsinsiiiutuvesddedindengy
lsalunfign tnetiuaduain 32% Tul 1995 10u 479% Tul 2004 (World Health
Organization, 2011)

Injuries

1% Cardiovascular diseases
25%

Communicable diseases,
maternal, perinatal and
nutritional conditions

5 Chronic respiratory
SA b diseases/ asthma
10%
Cancers
8%
Other NCDs D'azt;?tes
10% o

AW 4 @vsnsideiinvesUsennsiulediens Tuaanidedld U a.e. 2008

i1 - World Health Organization, 2011
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Uszindlneduuszimanilsifinisdedinvesuszvnsmeanmgainngalsa NCDs
Tnelsn NCDs Aifisnsgtheuaziidedingaan 6 1sa loun
1sAmu (Diabetes Mellitus)
Isavaandenauottaziiala (Cardiovascular and Cerebrovascular Diseases)
sageauldanes (Emphysema)
TsAuzi5s (Cancer)
lsapudulaiings (Hypertension)

-15A9IUAINS (Obesity)

1AL

IsAumu (diabetes mellitus) Wulsaraulsviswazilulsaniinauiinun@iniausn
Uoady ddnuuzddgyvedsane dsedunglagluienginituni (hyperglycemia) Uaanay
Uad (polyurea) AuUUDY (polydipsia) Suusen1ueImngy uddminanas lnedaiveiin

aa a . . £ 1 a | 1 a 1 [
INNITNDUYAU (insulin) uaamwﬂﬂmmamimauauamaawgaua@aﬂm’lﬂﬂm wualy 4

mjm (American Diabetes Association, 2015) A9t

1 wwwnuaiai 1 (type 1 diabetes mellitus) Snwulupuniongios {Hina1niinis
a1e beta cell vesiiuaaulay cellular mediated autoimmune vilvin1sasnsduyiuan
v A A Ao a Y] a . . !
degas auiiluiuimuviaiilaniaifinnigninadunszuaiion (ketoacidosis) g4n7

WNNUTRAN 2

2. wmutiag 2 (type 2 diabetes mellitus) niinfuauiiienguinnin 40 U 4

! 14 = a A a & ! < ! A 1 [ v A va

sUs1edunsaund denisiindunuudssiluasglunielifionnistaau dniusein

Isavuvnuluaseuaid dnnuidseavdugduludenunduseengralatesamnitaumsizd
AMENNADBUYAU (insulin resistance)

(%
U 12

3. WINUYNEFIATIA (gestational dibetes mellitus) VeUEENTAIATIA UNTIELAN
A1TUINIUTUY LARIINNaTegsluuLanlniay (lactogen) annsnuazlnsuaniiy
(prolactin) NgeuluvaefanTss Fallgnsaugnsvesduyiu eansdnmendnaenusly

Y9518 M lUiduiuimnuaiian 2 Teluniends

4. wwnuridedue Wunquaimsivmnuidunauiainlsanseanuiiaunfiaug

LU LUIUAINTIARUUSNIEULTESS (chronic pancreatitis) luavuaInlsadanliviodus
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11 Cushing’s syndrome anglnsesmduniy (thyrotoxicosis) LUIMITUIINYINTOAITNY
Dudu

a

N1SVAIVDIDULAY

u

a

lsAumuiiai 2 (type 2 diabetes mellitus) tNgadesiun1snasdugau (insulin)

' 1% [
¥ a o o

Fadugesluunaduaznaannuiwaduesiueey fnthnuninanglaadigiiiodesie

| [

Y9I319NY MINTNNBVINBULEN 1138 N15eeNaNSUedugaulls s1anefasliaunsaen
wnalldle viliszavinaaludengeld sedvvenglaalunseuadonduiaivnunis

U a a Y 1% P Y] 2 i v o ¢
MIBUYAUIN Winead Inelleszaungladluidengandt 70 me/dL aznsedunsduaTIZ

a

dugdulaelfiunszuiunis translation Antulenglaaingiusiwadvesiugaunis GLUT2

Y

glucose 9¥gn phosphorylated Ing hexokinase t# Glucose-6-phosphate 31N UUH1Y
A3EUIUNS metabolite fe9 sudglalnaeuaiels ATP o ATP Tuiudiwadifiuanndy
aglUUn ATP-sensitive K+ channel vi11#LAn membrane depolarization wag voltage-

gated calcium channel 1Ua vl calcium Tviaiingiwad BevinliiAn exocytosis vidausn

a v v

wadeanul (N 5) WeduyAuduiu receptor 3xNTEAUNITTINIUYDNRUlY tyrosine

Y

kinase %wzmzﬁu signal transduction 6199 lLAAN1I5U Glucose transporter 4

(GLUTY) Whilwdevuwas yhlviiunmsaedunglaa wWidiwad

w8 g ATP-sensitive
glucose' s 2 GLUT2 potassium
uptake channel

glycolysis,
respiration

o
“a
.
.
Guccainasa
*Fa
.
P

. voltage-gated
ingulin release 4 calcium channel =

storage granules

@zeod BETA CELL EIOLOGY CONSORTIUN

AN 5 MINAWBIBULAUIINUA AT VRIRUTDY

s : https://numob.wordpress.com/2009/07/25/insulin
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n153fadelsaumulaen1insivinseaunglaglulden (American Diabetes
Association, 2015) ANUNUNTDATENT AIT
1. MI51958AUIMa U DANEI91NIABINI T (fasting plasma glucose; FPG) 1y
o 1% o o.'/ & % Qll = a1 1 a a % 1 aa
M1 IANOUTIME1ADMS 8 TiluavSevidaiiesiu dan FPG gand1 125 Jafinsusondans
flaus 2 Asaruly
2. 113953338 UAatuienaila q (random plasma glucose) diA1ganda 200
JaansumawnTans sauiudeIn15ve9lsALUINITY
3. 11971539 oral glucose tolerance test (OGTT) lA8A1TRTIVTLAVUIN QNS INAL
a1sazatenglaa 75 n3uludy 300 1addnT Lazla1LiEennTIAINERINUY 2 Tl dsedu
nalaa gend1 200 TadnsurownTans
= I ra 1 dy [ [ = I
Weosnlsawimnudulselidfindeisass nsshwilsauimnuiadunisaivau
o o & v I3 a 1Y) a a v a
szavinnaludenliegluinueiund iedesiunsevsrasmsiinn1izunsndeuvedlsa 4 2
WUINIY (Wongyai et al., 2017) Agil
1. m3snwwuulailde lnguSuldsuguuuunisaniuddn laua n15AIvaNems
N1999NANAINTY WATNISIANITAINLATYA
2. M3snwwuulden wWeansyauiisasinsulseniueiadwunaiunalnnisasn
guislondu 4 Uszian e
21 919052 AUNITNFIBUYFUIINLUANGadVeIRUBaY (Insulin
secretagogues) antunguilfasutagoslailu 2 Uszuan fe
Q‘ % % d' 4 6
- Sulfonylureas aaﬂqwﬁimmiﬁmﬂu sulfonylurea receptor NUALYAR
YDIFUDIU EJWﬂEjNﬁIﬁLLﬁ chlorpropamide, glibencamide, slipizide, sliclazide, gliquidone
Wag glimepiride

a

- Non-sulfonylurea insulin secretagogues aaﬂqw'ﬁﬂizﬁumwﬁ@u%u

Y

YBIAUTRUIULALITY sulfonylurea watisunuas1eiu e1lunguillaun repaglinide way

nateglinide

[
a a

2.2 gnilannizhenadugau (insulin sensitizer) loun

Y

- Metformin aanguialaenisduginisaianglaaanduidundn uenainilds

Higlvinseangnsvesduyiuiinauilontusme
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- Thiazolidinediones 8angu GERREREE él:‘u peroxisome proliferator

a

activated receptor gamma deegiwadlusiudundn uazinavinlvinisesngrivesBumaud
Fuaiwadnamnileuazwadluiy miumjmﬁ laun rosiglitazone wag pioglitazone

23 gaileangnidu Faeulasl alpha-slucosidase fintaa 14 (alpha-
elucosidase inhibitors) ¥l#n1sgadunglaaanmaiueimaiiatuinas srlunguildun
acarbose Wag voglibose

2.4 Dipeptidyl Peptidase (DPP) IV inhibitors ilugniidudueuleddildlunis
ansgesluufindaninaildfe slucagon-like peptide-1 (GLP-1) uay glucose-dependent

insulinotropic polypeptide (GIP) El’ﬂUﬂEjJﬁflﬁLLﬁ sitagliptin wag vildagliptin

wnnasiy

wlesiin (metformin) WWuegnsnwilsauimulungy Bigsuanide azgnaadusdi
& o Y < v A = a & [ & [
ssalddn seaveluidonasiugand 2 Fluamdssuuseniu erllannsnanseau

Wnnaluienlauszann 60-70 Tadnfuden@ans wunzdmsudUlsnaruauemsiila

wiangdmsugnduuimnulirossuuss enasinammzindseiviinaludengainitun

Y

v
a s

o )~ A % = Y = I 0o § Y a ° & 5
wazaghiresdnailiniinaluidondngund erlifslivlninnriziiaialuidions way

1%
[y o

sgaviimaluiiennanasinazlianuduiusiussduvinmaludonneulden ddsawinns
anasazdann gUisiuimuaiied 2 Alasunisnwisiswunnesiuusiiieseg1used ag

anunsamuaulisduinmaludenlvisindt 140 fadnTusewnddng wvvlesiudanineiu

a a

AR 2 Felln1izAeBuyau (Dumitrescu et al., 2014) wazilszAuiinialy

Y

YJQ‘QII ¥

donligunnin (Weenin 180 NadnTuseinddng) aznevauessesvilaillaangn JUeni

9 Y

sgAudaluldonanng dnazdin1sviedugdusiuniy nslduniesiiuazlanaseaunis

(%
(-

winty vulludenisedu creatinine ludiengeunndt 1.5 adnsusend@dns wazlinls

[y Ao

AU duNnTg

wnngldenguiiiluendusnludreumnuniinneluduludenas (Weanssiv
Tasiuluwden) selin1zuntneiy (reanuinin) wara1u1saleaIuiueIs YUY

oA ¥ ! A Y U a a Y a A
nauduq tennnau viseldsindudugaulalugUlisiumueiind 2

aumulsAuIueitsEwalng sneauiaisnuudiendulsaumanuly

Uszwmalnelul 2557 f81u7uUszann 5 a1UAUanUsEuINTiaue 64 atupunse Anwdy
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8% uazdagiunuin lsamaueilad 2 Wurdadiwuuiniian Wszanm 90%) Tugiae
memﬁy’wm (Diabetes Association of Thailand, 2016) Gﬁanmewquaﬂﬁmmi
U3lnremsilignanuvdnlavuinmaindunnglsadiu suduavemnanvesnisiiung
N19ialsAlUIMITY kagngulsa NCDs #1399 m1Us1 2INA15I1891UV8S Kaufman wagany
(Kaufman et al., 2011) fstladeidsavesnisinlsangu NCDs vosuszwnslneToviau
(01gis 35 FulY) wudnisiinnegdrundethudniiu Wudatedsmanveniniala
NCDs Fsuanatnlsaiummuuda Sedlsadoddug Aduuldugdulusemelne 1éun 1sa

P o < ~ [
STUUViaandanwariila lsaugiss waglsanelnuszuumela

M1319 3 Yadeideavesnisiinlsangy NCDs luusenalney

Jaduides Frunudszrnsive oresous 35 Jauly 9)
%18 AN POt
AMzANURULATIngS 21 20 21
NMILABLAALABTONEN 14 21 18
UM 9 10 9.6
amgdruAhmdniA 28 43 36
miquq‘w‘é 48 3 25

‘1'71Im : Kaufman et al., 2011

agludiuludangs

amgluduludengs (dyslipidemia) 1Wun1ziisnsniedszauluduludonaininung
a1aluszaunsiaaLnasoa (cholesterol) n3aszaulnsndwelsd (triglyceride) geadnsle
1 a'> =l 5 a I [ d' c{' o o Y a Ly & dl’ I
agenils segenia 2 viia 1Wuladeidumddgyviiiiinlsaiilauasvaendon Feo1adu
dunTefwnTin vndnoaawesealuidonguniznntdmasniien agviliiAnnsdniay
waznIznaanaanLaILls(Miller et al, 2011) Wian15azaUNNLINTUNADALEDALAILY
$1MEEIUAIN 9 TNTAUNTEYAAU LYU NaeALEeAala nasndanaue vilvin
¥ dy LY} = ¥ dy Y} o Y aa gj % 6 1 a
ndulleilaviaden nanutiewlanevilndedin saunsdungnedunis lneaunives
ABLAALBTOALULADALIAISIAY 200 TadnSUADIATARS wazseaulnsnawalsaluLdand
winzaulia9iiu 150 Jadansunondans (Lee and Siddiqui, 2019) vistnzladuluiden
gallamnunannnisuslnpemsniireaaneseags wiesuusemuemsuiniuaiuindu

Y99319N8 LANNIZDIUNTOUIMUNLAY wazNgANTIUNIIANTUTINLUURAY 91AN1509N



15
fdsne msdwaswideguyvisluuszdn medsnanhliAnmsazaulesulududonuas
iluglsalaunsnaonidonluiian newaamesoalustsnisanninadisluouardunis
l@suaine s wualu 2 ¥iln fie Aslaawmeseavlinueafuea (Low Density Lipoprotein;
LOL) mndisziugaiulvazazaniideysnuluvemaonidenuas iliiAnnnzvaoniden
wi(atherosclerosis) Aunsagnasu dnviinfie Aoladwmeseaviinlevduea (High Density
Lipoprotein; HOL) uwfiafifiusslon vimiinfiihnewmameseadivioluvanefidu wax
deafunsifinnmzidosunds oildsnunngluiuludengaieanseiuluiuludon us
ooniu 4 ndu 1#ud ndu Statins, Bile acid-binding resins, fibrate wagedudan1snady

sterol 1nanléan (Catapano et al., 2016)

g1nau Statin w3oSundnded1 HMG-CoA (3-hydroxy-3-methylglutaryl-CoA)
reductase inhibitors Emﬂfcjuﬁlﬁtj'u lovastatin, atorvastatin W& g simvastatin ﬁqwéé’u i
ouleal HMG-CoA reductase vilinisdaiasizinelagdinasealuduanas (0w 6) vinlvian
NMSFUATIERILEaRLDE ABLAINBTEa (Very low-density lipoprotein cholesterol; VLDL)
wan3Ad (bile acid) LAAnTsRTIuIL LDL receptor anszau LDL Tuidon Fafuia
flaaitu atherosclerosis uananiussdigniiduasiuoyyadasy viliannisdniauiings
vaoaldon waziiunsvinuveusadyndmasnidonlindudugund 1wy msdaasie
Nitric oxide Vilnaenidenvenesuazdudinisynureandmdon Statin MWlunissne
type lla hypercholesterolemia dm§unadadiss Asvileulellusuifindy nduuile
Snuau (myolysis) wazA1IY rhabdomyolysis Aen1saanenduieatnesing vilvilans

#1199 viasdidenaulanseseanlaviu viliiAnanglanedoundy wasddinasonisnluassd

(Bonetti et al., 2003)

naveInTsiinlsalungu NCDs dniduanmeresnisiialsaliizesidus) wu lsaiile
wagvaeniien lsalauaglsalumiuld dsdunsguaaninldlalaguinmslivansauduie

LAYAINNADINITYRITNNTAIzALITadeTaIRuNIsAnlsARINa e
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Acetyl-Cos —— 3.hydroxy-3-methylglutaryl-CoA

{(HMG-CoA)
Thiolase HMG-Cod -
symthase HMG-Cod reducfase
’ STATINS
Acetoacety-CoA Mevalonic acid
ATP
Mevalonale kinase
Mevalonate-5-phosphate

Fhosphormevaionaie kinase
Mevalonate-5-pyrophosphate

Jevaionale-5-pvrophosohate
Isopenfeny PP i;;:":;"\":ré’ vrophosohat
isomerase Co, arboxyias

Dimethylallyl-PP -4— Isopentenyl-6-pyrophosphate (FF)

/ i Farnesyl-PP synihase

BISPHOSPHONATES
Geranyl PP

Farnesyl-PP synihase
BISPHOSPHONATES
Geranylgeranyl-PP -4——— Farnesyl-PP

Geranylgerarmyl-
PP synthase

Squalene synthase

Squalene

Squalene
monooxygenase
2.3 oxidosqualene

NADPH Sgualene
HEME A . # epoxydase

PRENYLATED  DOLICHOL  Lanosterol
PROTEINS UBIQUINON | 19 reactions

CHOLESTEROL

AN 6 NAlNN1308NANTYRLINGY statin

i https://numob.wordpress.com/category/antihyperlipidemia-drugs

Tagunsdwmsuiedlneg

Tuisary19918v9IAY dAUfeIN1saNsomsikaneiy nsueundelduuinguau
Ineungulng 4 ndusuene laud Jemisn (5-11 wew) Jewin (1-8 ) Jo3u (9-18 V) 38

o o o

flvg) (engdaust 19 IulY) TnsUTanmuansemsuuzdiliuiinadsedriudmivaulng
(N3eMasTEaY, 2559) umdnsdefidinnunnenssunisemsuare1 iy e
TgAmurnwazkandluaaIntnvuInig IgARIINAINUABINITNANIUILAY 2,000 AlakAass
Andudndrunes Wk 10% aslulawnsn 60% wazlasiu 30% vesermsisuseniug
U USinaensitfulssmuluwsasfuduladendnveinisnnesiu wieweu Tneanizéiu

(obesity) 1un1EN519181ASUNGIULINATT 3,000 AlawAanIAeTy WANISALENTBS
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Tusilugnanie (155680 hazAny, 2559) UaNAINNThalATadlnvuINIThalfasndundasinis

sanmaINeegamnzauauglumeliialillaun niudousg

derulvedagiudastuisaiunsinau waznslddin sildaulvenldlaguan usily

fnan wardanunieumaasegialonvsinandndueiasuiogunin vieo misileidy

= o

\aU139gun 1w Ingemnsilaidu (functional food) nunedis nansiueiemisndieuslaaw

d319n1eudEunsavimtfiegeaulviusenieg wenmtieansaduia (sensory function)

[y

nslaaAmMslawuINTg (nutritive function) uagntindus W Wunliaufulisanie s

q

UszanSnmnsyinaulsianie Jdesdulse ana1n15ve9lsaiinannANuRaUNRve9519018
LaLvranAINEaNY89319n18 WAL (Luangpituksa, 2009) Al8E19Y0INARAUINDINNT
ATy WU wdad9nanuy WU wiuTen Tewnse diTuvan wissruvndnuals Wudu
Tagtuomsitandu delasuanutisunnndulunnd lngarnwanisfinwdnanimuaslonia
‘vrmmimmmmqmammimmﬂmﬂ 2560 Y9dn1UUBIMS AIENTNYAAINNIIY 1897971
= 1 Y} 1 o 1 1 v al & o
AANITANYINGUAIDYNITUIU 1,036 AU NUIT UINNIIDYRAL 56 LBV ENABIMNSHINTU
wInAgaomeuiuamsuinngsudu degndnduao i sussanilendy wu ndndue

@SuasesruugiAuiy 0 m1siEsuLsIIuNInUanndie uudueyyadase Wudy

9 9

(National Food Institute, 2019)

L lUn1sinlsAr3eAINEeNYRII NN ILANTY (WallagNgeluy AutIvIe
Fawesrnudenduiuladevaiedne vianglunaznieusnsanie wu uawuen 593 uay
nzUIuNITU-Nueddu Wusu vnliAneuyadasy dwasenisidouvessianiewaziiung

nsiinlsaluign

UNADEHTY

a a = Aaa c{' I fsa v
@Hﬂﬂa@aiz RN IllLaqa%ﬁ@ﬁqiﬂigﬂ@UmﬂJ@Laﬂ@]i@‘ULmEJ’J@%JJIU@@?UW@'NU@ﬂ

[ [ d‘ [

gaiflszAunaugs (Vajraguta et al., 2007) eyyadasyaziinsogluaniizilunalanig

I wazeyyaluan1ieniuszauinvsedszaau lnveyyaniiuminluananazlsienis

9 9 9

¥ '
o CY A 1

AU iserunninluanaifivinidngs ierindiaanseunedazliiades uasneleuiue

Y

v a a

MudlaAnsoueIdy vilnvetouyadassuazansiingitasnuayyaniunumluni@aine,

wusdu 3 nqulue fie
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1. ﬂﬁjuﬁﬁaaﬂ%muLﬁuaﬂﬁﬂizﬂauﬁ’lﬁ'iy (Reactive Oxygen Species, ROS) 12U
Superoxide, Superoxide anion, Hydroxyl &g Peroxyl

A o

2. mjwmluimLﬁ]uLﬂuaqﬁﬂssﬂaUﬁﬁmm (Reactive Nitrogen Species, RNS) 14

o

Nitric oxide La¢ Nitrogen dioxide

3. naufifiras3udussfusznauidfey (Reactive Chlorine Species, RCS)

NSINAOYLADHTY

auyadasylusnnisuyediinannsmIRayve wgadlagnisideandiau ayya

gueseenluduoudesu (0,”) wazayyalansend (OH) iusyyainuluwadunnniteyya
Juq euyadasuduluanailiiafosuazniensiagyiufasordulaanaddu vinliiing
vaneiliededenalivadlatuanudome bidusumswesnisiialsa (Hallivell et al,,
1992; Vajraguta et al, 2007) a1597laanalusrantedilidonisgnesndlad liud ddin
sy waziiduie Wowadiinnnuidsmeagililsainmsimuinseganniuaziai
suussBaty lnglanglsafiisrfuanudeunazauunniosonsadusyam ssuvde

[ 1 o

Uszamluaues LarnMewnaenveseilsid1AuAen1IANSITIn Wy mlauavausd

o

AUsTVsRRYlYInn1Tgnaandladlagayyadase (Vajraguta et al., 2007)

ayyadasslianubigsianiaiinufisen Wunaliiinnnefiwaduazsiniegnesnd
ladauiAuauna (oxidative stress) imdulsasng 9 Asliunisiszauniizgneendladituin
4 Ql o 4 [ (% IS a a (% (% a)l 6 v
Weeiiedla vilvinislesiu uassnwilseiiusednsna nisinsedunnizgneendladinlaain
Auaansatunistesiuniefmumudunseaneuyadaserseinlnainusunudiluanai

(%
o LYY [y

dAgluwad vsesenenianmunnseademevsegniinatelageyyadase AelusEAuNs

v
o w ] |- % SLWQIU

sondladituaunadddduau@niaduinie@inin (biomarker) Nddgdmsulddinns

o

NalsAkarANTULTIvedlsn

aa v v aa o v 1 & a ¢ a o v v aa A
'Jﬁﬂ'ﬁ’(]@@‘m«ﬁnﬂme'sljU\'isUﬂnggﬂ@@ﬂ"?ﬂ)@sﬁmqﬂLﬂuaNﬂaaqmqﬁﬂm'}l@‘ViaqUﬂﬁ 3]

a s

1. Iadsuneyyadassuazanniferdesniianulhiadeense lneldiasediediiens

1309L0d0s

2. IadsunaansinueyyadaseviseansiueentinduileglusenenusTINYF 1w

a a aa a [ v
Fon3iug Indud ngmilnlew usu
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[ a a

3. Invsuaneuleinviwiiindneuyadassuaransineates nsevimtindn
auavsesueanBndy WU oulesisuperoxide dismutase (SOD) woulasiiuaseandina

o

4. YaUunaanudsmeiinadudluananddglusnne lowa nisinasiidu

NAnraINNNITIaTe WsAY waziduegneendladlaseyyadasy viondnuasneyyadasy

5. dausgansamvisenuansalaeTidlun1siueua vserueendindu (total
antioxidant capacity, TAC) lngn1sinifen wanauviseansiueandniuiminuause
Tneslunisiueyyadaselng3sniseng q laun 38 FRAP (Ferric reducing antioxidant
power), ORAC (Oxygen radical absorbance capacity) a8 & TEAC (Trolox equivalent
antioxidant capacity) fen1siliiAneyyadaseiunaziinden vienaauifuadlunds

Pnduinruaansatunsdudieyya Inedausuneuyananamsenvae

A13AURYNADATE

a1sfueyyadasy viearsuoufeanduaud Wuaisuianieiidneyya (radical

<) =i [ aaa o a A o o 4 =
scavenger) kaziluansiianunsaviuiseniveuyadasslaense emdalinualy visevan

a o

Uisegnleladlvaiiiusie arsvineuyaniegnusssueid 1wy nsagsn Ua30u awidn
Y
19

a a aaa

a dIMAuT InnIud ngantnleu wawalsiiu wazglailuw ssngau)iseranigues

Y

3]

(%
| 1Y

nsiineuya ansiueyyangunaaunumdAglunshlvaiaesesnginduduanas g
Undlusrenedarsiueyyadaszegaisluead taun teulwdguieseanlenfaina
(Superoxide dismutase; SOD) teulasingaiaa (Catalase) uazioulasingmlnlouilesoand
10 (Glutathione peroxidase; GPx) simthillunismdnoyyaguideseenleddsduoyya
Sudu uazoyyaeseonludneuiiagyiufizede tneilavedudusewfser silidn

= Ao £ £ I a
ai\é%awjaaqimmf]Wﬁ?uuiQGUUﬂquL@N (ﬂ’lW 7)
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Water (H,0)
+ Oxygen (0,)

Hydrogen
Peroxide
(H;0,)

Reduced Oxidized
Glutathione Glutathione
(GSH) (GSSH)

J

Glutathione
Reductase
(GRd)

Superoxide
Anion Radical
(0,7)

Hydroxyl Radical
(‘OH)

AN 7 nsiineyyadasznaznisminlagieuleiguivasesnlys azaaa uazngiilnlou
\Weseandina

a1 - (Kadsanit et al, 2011)

toulwsl superoxide dismutase (Rahman et al., 2012)

]
= L

ouleyl superoxide dismutase (SOD) yintiniudnoyyadaseisudu

'
=

indulu

aaa

$19Me Ae gueseenludueudesu (0, *) lagissljiteraaiunalunisiudeueyya

guileseanlyrueudenu Iidulalasiaudesosnlen

SOD

wulydazaagd (Rahman et al,, 2012)

ulgidnzaaa (Catalase, CAT) WWuweuladfegluguwessondlon 480 Ao
ferriprotoporphyrin 1ussrlseneu lassadrveulainsnaglsznoumieniiogesues
Ushudy 4 mihedesnuilounu oulwinzaaaviminnlisulalasiauleseenlonliuidu

luanavea LAz 0aniauy

CAT
2H,0, + 2H° — 2H,0 + O,
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ulwinganlnlouasoanding (Rahman et al,, 2012)

=]

wulgiwesoantinarziisndadentuesrusenavdrdyeglulaseasienoules

ulydngailnlewleseanding (Glutathione peroxidase, GPx) 3g¥M LS 1UJATEN

v v a

Sanduvesansusenaulalasilaseantan Wwwn annaseanlasn (ROOH) wazlalnsiaulas

aaa

sonled tnelingdnlnlow (Glutathione; GSH) sauluufAsen Wunisaarglalasiaules
sanlgaliliiinuisengnle eulsdiasundeawadvesdniidesgnmeuulilignyiaievse

= a al ¢ A a a
demeanangnimegneendlad vielleyyadassunniiuly

GPx
H,0, + 2GSH —— GSSG + H,0

GPx
ROOH + 2GSH — ROH + GSSG + H,0

asfusyyadaszdsiing1m aansadaduunldiiu 2 ndulng) fe ansiueyya
pasyUgunll (primary internal antioxidants) Tawn toulesl superoxide dismutase Lol
Azaied wazioulevingnlvleuesoonding iWueulusifissneadstuuaznduasiu
oyyadase lnefanuusevesnisudneyyadaslfuiniian Ae toulwsl superoxide
dismutase 5098931 Ao toulwsingniaa uaziouleingailinlowaseanding nuadu an
naufAe ansdnueyyadaszfissneldsuidiunainnieuen (secondary dietary antioxidants)
i ngdnlnlou 3aniiud Fndiud valauess wazussinsne WeiSsuiisuanuannsaly
naduansfuenyadaszagnuin ouludfisenisairstuaganinsniineuyadasy
wnnddnngu (nm 8) wiidlosnniflosniefiengfiivdueulssiend s asgnadeld
tiowas vinleyyadaszlusnainieliannsafidalévun damavesniiziseniegnesndlad
viseiloyyadasiiuauna (Sund1 A3 oxidative stress vilvilinAudeniesadiluana
Aanmsmeveusaduaziiede snsluismdensliiinlsaiieg 16 wu lsaneaiuile aues

Lagsyuulsean
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THE PYRAMID
OF ANTIOXIDANTS

PRIMARY INTERNAL

SN\ ANTIOXIDANTS:
AN Complete the internal

peGligitione defense system.

Glutathione, CoQIO SECO
ECONDARY DIETARY
Carotenoids, Vitamin E ANTIOXIDANTS:

Flavenoids, Vitamins A & C Play a buffering role, but
are rapidly saturated.
Minerals, Protein

AN 8 drruaNuanTavesasuaziauleliueyyadasyluseny
731 : AN5I3, 2560

a a

WBFAATIRNTAIUYLABETZITIUTUN

Fiesgindeulaun Mlaseigrsiusyyadaseaigismsiangeuyadassai
Wiy (DPPH*) F8n1sWendeyyadaszioliliea (ABTS®) uaznslasienauausalung
A sa v a 2 2 ax o % a =i
Smdileinvesansinueuyadasy (FRAP assay) Baluisnisniinisaieeuyadasennsu
AU TUL LR LLaY AT IEIANANTAlUNTEUgmTeNAn oL ABATE YR IR0E19

a a

lnginusunueyyadaseNanamseninasaNAINITANAULEY a1seyyadasenideuly 1w

ABTS*" liag DPPH* msAuiamnUsunnansiuayyadasenilaaindnindiuveinisanas

YBIAINIAANAURAIVDIATAIBENAUAITUINTTIW 1WU InTaend In1dud uag ferrous

Ly

sulfate ¥I8UBINITIATIERNTAUBUYATATETIUTUILEAILY 2 WUU AB wuUUTu
asdutuvesansiuoyyadaseifluiiesns Ssifiavgauansindquiiuoyyadaseqq
LLazLLUUU%mmmmL%’u%’uéuaqmié"sasi'mﬁﬁﬂﬁaﬁa%aﬁaizamaq 50% (ICso, 50% of
inhibitory concentration) Ingffalausiuansinfiqridueysadaszgs Uadid et al,, 2017)

aaa

1. MTIATIVgVEATUeYYadaTEaIgTsINangayyadasEAfiiley (DPPH)

MsATgigMEFueyyadaseiieiinisinatveyyadaseAfifiiey (diphenyl-
picryhydrazyl (DPPH) radical scavenging assay)L‘ﬂumiwmaaU51".18"3%‘1/1’1&Lﬂﬁiﬂ&lﬁﬂ’]iﬁﬁ
Qmamﬂﬁﬁ‘]ua%aﬁmﬂuﬁﬁ A BUUABATEANTNIEY (DPPH®, diphenyl-picryhydrazyl
radical) dauduasdaasziioglusUouyadasziinnuasiidiausaganaunadligaan

Tagldinsosaiunlalulnsfiines (spectrophotometer) ANE1IAAYE 515 WIlULLAT LD
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DPPH* viUjAseniivansiueyyadasy (ansfilidianasew) azviliduaeensasy feiialinda
[ A D aaa ] ° Y = o § v &

unan 30 wiiieliiaugiseineudiuninfinisganduuas yilvaiunsaninisiuans
AueuyadaTrYeIasfiIegelanINNTALINENINaeINsdudteuLadase DPPH gns
Awaliannnisiieinisgandusasianasannisldiiegaieuiuainisganiunanany

il

e

DPPH radical scavenging (%) = ((Ao —As) /Ao) x100
lng Ao = MsgaAnduuasFusiu

As = ﬂ'ﬂmi@mﬂﬁuLLaqmwé’qmﬂLamwiéhaei’m

mimmgmﬁiﬂuﬂﬁLﬁaquééfmauuﬁaéais Ao Insaend (trolox, 6-hydroxy-
2,5,7,8-tetramethylchlorman-2-carboxylic acid) wansadu TEAC (trolox equivalent

antioxidant capacity) fivtigidu mM/mg %30 uM/mg TaRAveasl Ao 18 d@¥ain uag

' (%
a a a =

< £ = A ! ¥ a ! ! aaa P '
590157 Joide A DPPH* Aeudraateshilieufiseonmilousuyadassninvulusienie
a = 0§ ¥Ya aaa YY o § v a ¢ Ly a Ao vyy i &
339 FuhAAaUAsenlady ilvirnsieseignsdueuyadassninlniesnitamudy

939 wazdeinluufiseiluweansged Geazvililusfunnmznauddiamnsaiinseily

&

ag19dudonls saudsansniinisuulaunazlansazsuniu (interfere) Faaunsatdud?

o_)e

¥ o

SA9uAYIN AV DPPH® 9n9adlaaiuiy

a

2. MIAATIRVVEI UL ABaTEmun sWendoyyadasziaUiiiea (ABTS)

Y 9

n19AsIEgnEAueyLadasEien1sendsyyadassiediiiea (ABTS radical
. . . @ ad v = a A
cation decolorization assay) {Wuisn1sinanuaiuisalunisendeuyyadasviediies
(ABTS**, 2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radical) 1Juansdaasig
Ao A T a = 1% = P - =
TAduRuausagandunaslageanaiueIniy 734 unluuns 1Heendves
ABTS*" UnfivedlA1n1snanfunasgs 39ieeinn15i38319 ABTS™ sevleaiatuines anntdu
11 ABTS** vUA3eniuansfiegnafiazaienistneasyinlnd 91989 wazaaiialiielv
AnUdAsen anusavianuluasiueyyadaszaesarsmeddliannisiuiudinaias
o O a ot = _ad ° = Y ¢
Y8IN38udaeyLadase ABTS™ d93snsaAuinuaznsiigufivaisunsgiuinsasnd (6-
hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid)

[ (%
a A o 1%

TofAr0335n151 Ao ABTS™ azanelaluin wagdvinazateduvsd Jevihujisela

9819510157 wazyUfAzelaatugag pH ni1s daudeide fe ABTS™ Lliluanssssue A
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wulusamenieluwaduesddldin wazdedinsviufiserduansduneudsaziinilueuya

dasy

3. MATIERANansalunsImdiesinvesansinueuyadasy

a

n153AsIEAaINsalunsIAIfinesTnvesasaueyyadase (ferric ion
reducing antioxidant power (FRAP) assay) 35n115Hl01A81dnN15989a15A1uaYLadasy

anunsnaemdianaseuliiuansuszneudsdeu [Fe(ll) (TPTZ),* vibiianiswdeuguidu

'
=

[Fell) (TPTZ),J** &3 [Fe(l)(TPTZ),)** ﬁmmmmmlumsg}mﬂﬁuLLm‘ﬁ'mmmmﬁ"u 593 un-

v
a a =

Tuuns Usunauaes [Fel)(TPT2),1% AdnduanusaUssanaauaiisatunsiiuasdnu

auyadaszlalugy FRAP value Weuiunsmanasgiuveslesiadamn (FeSO,)

Junauvadisni1sl tawn n1syilmiieaisusenausdadau [Fe(ll)(TPTZ),]*"
Usgnausie Wransazay TPTZ (2,4,6-tri (2-pyridyl)-striazine) fiaganemensalalaspassn
I o aaa % a U 1 a 13
WeawiujAsenduansazatgasBimadies wazaisazareeinlasnaslsnianss -
lawnsn a1ntwinissmdmesn lnunisivaisazateunsgiuessadale viaansdiegnd
(ansPueyyadase) warasalilunile

%
N & adal

357115 TJ1ASNe Tonatey TUkng hazau1saving LAl lNamL o ULALLATDLEE

A aaa A a = < aaa aNay 1A ¥ [y | e vy a v
A UQﬂﬁUWWLﬂ@%uLﬂUUQﬂﬁUWLﬁll‘V]lelLﬂEJ'NJENﬂ‘Uﬁﬂ'T]%i’NﬂWE’J wazd1azaneflien989neg

TgunUs1aanlessu (deionized water)

arsusznauuean

a15Usznouiusdn (phenolic compounds) filassas1enanniaaiusznounae

lnssassimduneglsunfnuaziingunuindunylansend edrsties 1wy WJu secondary

metabolites 1Y uansnausanuldniusssnvfluiivnatesia wu dn wald iaIomd
< 3 v & o o« a a a va & v a

ayulng auudauis Wwansyiiy arsusenavilusdniiandmluaisiueyyadase

(Pourmorad et al., 2006) fgnIN9TFINNUAIBBL1S WU AuLUATIEE Fulisa d1unis

antaukaziiaiiauiulviiusnenie (Ghasemzadeh and Jaafar, 2011) AuNSWH Hedany

Auden dunisneuzise wazanausulanie Ludu
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OH OH

or

A2 9 1AS9Es9naNMLATvIE1sHUDa

Aaegearslunguansusenauiludn wWu wamdu nsauwndn nsaunuin wnediiu

LAZLANLNDTDR L"flwﬁu

OH
HO COOH

HO 0] OH

OH OH

OH catechin gallic acid

Quercetin

AW 10 fegranslunguansusenauiiuedn

a1susgneviiuedn uaisiueyyadassiiauisanuldluivnaieviin wu wald

a

n3znaLues nalll wneunakaziivayulnsvareyda \Wudu venaindfisneaunisive

Y

v '
1 o A a A =

WedvatneuIdIndeannule 1wy amsnewmd wazainsieln adaisiuesdndy

%4

29AUITNOUNAARYDNE
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#1%518L00

91811 (Spirogyra neglecta (Hassall) Katzing) Wuamsierindndileanuannly
AANTLD ﬁmamwﬂgmﬁau‘ﬂm fmsifunandnarsiman (nn 11A) wagyiusis (nmw
11B) ilod1vring fiqauamslavuinisdadsenevldelusiu 23-25% asluleinsa as-
55% lagiu 5-7% L@uly 7-11% (Peerapornpisal, 2013) miaﬁ’mﬁwmamémLmﬁqwéiu
NIAUBYYADATY fgvitostunisiinunanszsinizemng grsdiun1sdniau wazdsfinang
UaenAslunssulsgnulaglinueimsiisunivesyvnidenaaouniundufiwdoundu
(Amornlerdpison et al., 2011; Peerapornpisal et al., 2006; Peerapornpisal et al., 2012)
amsawniiansinausannlsefiannsatunlfdunslulendld Tneawnsadudadenelsa
wiin Salmonella enteritisis Way Escherichia coli l9ansaiamUNIuoausd@InsIeLmIauIse

(%
o [

gudadalia HSV-1 wagHSV-2 ﬁLﬁuawmaﬁuaqmnﬁﬂisﬂSmlé’ﬁﬂc’ha (Phinyo, 2012)

[

wenanfdalainisihasaiaiianamsiewmiuiaundundadusiduwuuoinsagunn

&, B d' a as I Yo P Y a =
LUULQ?@\?@QJ“UU@Lf\]aLLagiﬁlLﬂﬁm W'U']ql@ﬁUﬂ'J’]ﬂJW\?W@Iﬁ]ﬁ]’]ﬂQUiIﬂﬂ LAZANNNIIANYIAINU

o <ol =

Aean13vesRuslnanidenindusiinsesnuslaRananansadinainamsgininuii nau

Tuwelasumnullsunniiga (Kulsiimathanon, 2015) saudsfinisAinganiizmmanzanlu
1% ' % A A4 9gvd o a a °

nsn1seuwisamsewmeaaululasan weldduingivlunisudnermsuaziivdions

59108 (Assawarachan, 2013)

AN 11 @ eienan U1uuan SvInung (A) waganseinLi (8)
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fisenumsiTeludninaaomuin arsafnivesamsiomiluwun 1 ndu/nn/Su
gntloulunyfignnseduliduummudung 12 & aunsnanssdutinawagluiily
\Fonfigilvianaseglusziuund Tneinaifiuauillunisnevaussiedugduuazannisiia
AMzeiEnoandady (oxidative stress) PretasfunnzunsndeussuzSuunsnniuiile
vasmLdonuaylalunyrafignnszduliifuiumam (Lailerd et al, 2009; Ontawong et al.,
2013) wonnifmuirarsatnihamiendaediuseduioulsififquidueyyadass
1AuA catalase, glutathione reductase ag glutathione peroxidase LLazﬁﬂwquéiuﬂﬂi
ﬂaﬂﬁ'umsﬂawﬁuﬁjLLazmiLﬁmmL%q‘ﬁ?fu (Thumvijit et al., 2013a; Thumvijit et al., 2014;
Thumvijit et al., 2013b) TN TANPAMIIBNITIANTOVITAANTAATUABIAALNDTOA LY
aldladnaay (Duangai et al,, 2016) uanainn1sAanwIludninaaosiagluwaaiaaddl
F1E9UNATANWIVOID T TR WAz (2555) WUIINITLESLAMTI8LN UM TUA2E
Tifinsanasessyduafinuefendindu saufuiinsiviuessedungalnlousau (total
glutathione) kazteulediueuyadaseyin superoxide dismutase lutanila Jadredosiv

AmzeanBntuls dwalila1iidnsinissenas wazasalaulalag

HaN13ANY1813 polyphenolic compounds 91n@15aAAUIAINIIBANTgNTATU

a ¥

Y3 avdT8n8 High Performance Liquid Chromatography (HPLC) GRIREREEAIE 1LY

3

[

a15d1@ 1l lug i nsrgmiUsenaunie isoquercetin, catechin, hydroquinin, rutin,
kaempferol, gallic acid, tannic acid, quercetin Wag eriodictyol (Janthip, 2013) LAz gIny

a15d1Aynay sulfated polysaccharides 8n¢e (Thumvijit et al., 2013a)

awseln

aws1eln (Rhizoclonium hieroglyphicum (C. Agardh) Kiitzing) uansne3nd
B8 a¢lu Division Chlorophyta fidnuwasiduiduane Tuunnuaws amsevdaillulszme
Ingagnuunnlu 2 wnras Ae wiiuu Jwinuiu wazudunles uShueLnodeswes J9min
Wees1e Tunsiseassiiihansiglnunannuauiuiu Urunuesta savatinl 8L TN
(% [ 1 | a o [ A a 1d
Janiouu awsglnleudansudsemulalaeenswavlunamtetouunusaluemis
wu viedlsln 1n8 anT189un@nYIves Peerapornpisal Lazaady (Peerapornpisal et al.,
2009) wud awmelnilnuamisdaruinisgs Ing dlusiudeudnegadia 20% wduly 21%

v aa a

wazdalinnduiazussindnvaneydn wu Inndue Juazd weadey wunilden wazman

o <

(Utmaungkam, 2009) wazdaiigalondadundousiinnuaiunsasumsiineyyadasslu
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Uanwiigs (Peerapornpisal, 2013) fiansdfyifinuautiduarsduoyyadass laun
a1sUszneuiiuedn uavansddyngulndusanlsd annisiilimaaeugnimmaundaine
WU msaﬁ’@amiwEﬂ,ﬂﬁqw'éiuﬂﬁéfﬁua%aﬁaisﬁgﬂwaaﬂmaEN wagludninnans fand
Josfunsiinuaanszinize1ms gnsinunsdniay uwazdidanuaeadelunisiuuseniu

InglainuonisiinUnfAveanyurifienageuanuduivideundu

AW 12 anwazavsielnan (A) wazansiglnuie (B)

HaINNSANYIMNSIERHamglndensesydulanasn1slesiunizeendinduy
Tudamifsgnuay thamelnunaiuluemsuaniotisduaiuguainvosaliday
ilesnmsifinszuuiueyyadasznnauaniRvesamsielnaztiehlsand glsund
nuseanmwndenlivnzauld vinliliidulsade g Snsnissengs silldnanan

Umﬁﬁﬂmmw (Amornlerdpison et al., 2015)

arsafainamsielnnuansuseneviluedniivssnaudas catechin, gallic acid,
quercetin FsUSanuveIansUsEneUTueAndauduius fugvdiuoyyadass TneUTuw
asUszneviiuvednvesamselnfifiuanundssssued it fwinun) wazainms
zides (Wnnerdewsils Smiadednl) Liflaanauandneu (Amornlerdpison et al.,
2015) uammm’fﬁumiaﬁmﬁmmiwaiﬂé’ﬂwumiﬁﬂﬁ@ﬂdu sulfated polysaccharides i
Usznaulusednnia rhamnose, xylose, arabinose uax galactose Tnefamuautiilunisne

WakazyIsURIlaRdlaieuiuans hyaluronic acid f13is1Auns (Mungmai et al., 2014)

nadfdIugUlsmelsaussawingieg wudn uzswmaenenaduiinunin 1 lu
10 dusiuvezssluusemelny (National Cancer Institute, 2016) {Uaeaziidgymilunis

nau lag
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4' a0 '

DNTVTONAN S NMINERIPsianwaziTulanwdnaval Tilleduldaiined dusanis

=1 a X Y] Y1 o= va = Aa  aa
LAYILLAZNITINAUY Esljﬂ'lﬁaqﬂiqiﬂiUﬂigwqut@ﬁqﬂ‘ﬂﬂsﬁﬂ?JI‘VI&I.Q']'Jziﬂsﬁuqﬂ'ﬁLLa%Nﬂmﬂq‘WsﬁijIfﬂ

wa aa I

P (@a1dulnyuinis unInendeuiing, 2555) nauaulanfven1snaavesamsglnds

Ao & @ ot

winziazihuimundundadasionmsnidnvasiudfuaiwasivsslovisegunin
Tagn1sad1ansanauindndue 3dudeelinnsuseiun1seausuvoINaniue e lla

a LY s & A v Y oa 1 Y a
Nﬂmﬂm%%LUu%ﬁ]@ﬂﬂ’ﬁﬁ@%UﬂﬂF’]@?JNLL‘V]‘UN

11’lﬂiﬁ’luﬂ’)’]uﬂﬁﬁ]ﬂﬁﬂ%ﬂﬁ@ﬁ%ﬁ’i

1%
Y 1,

Usemalnglsuin1sdnssuuAuUannf gaI1uaImISLAIsIAfLaly 2542 Tagiinis

Y a 4

eAulgnguuie GMP (Good Manufacturing Practice) Wia g nana11158e9Ujusa

Y

[%
Y |

WolviAnainudaeadeuwazdulasienisusine FeasounquiLdanIunAIvesanIu
U58NBUNIT 81ANT SPUUNITHEAKEENITUUEAS L n18lAN1IAIUANYRINTENTIEITITUAY
Usznouniunulgugesaifg aun @1dndIuAmenIIsuN1IT0InIThaz Y

NIUINYIAAATNITUINNE NTUBUITE NTUAIUANLIA LagIINNITRAITUITRIMUALNEAIY

'
0 =X = Aa

Uanassluamsidendaaldlanazaiadsdaduivnuuidousivis anausznaumedadu

o/ '
(% a adada 1 a a6

A & v A 3 [ £ = 1 a &
WYNMLUUAILTIN LU AUNIY VL'Jiﬁ gaALALIY WUAU @15LA LU @NTNWANNLIDT @13

=)

[ Y]

Mdndngity Taneudn wazansiudunsed Judu dedudsfesdinsmuaussduaududy

Y04n15UulaUYRI TN eauUaenievausLan

n1sUulauvadlansuiin

dUNUANENTIUNITOINITHALET NTENTIETITUAVLITUTENANTENTI
A1515048Y atiufl 98 (w.a. 2529) L'%iaa:umsgmmmsﬁﬁmsﬂmﬁau wazatuil 273 (n.a.
2546) Bownasgiuesiitlansiuidion @iufl 2) dvunUiinalavemiinaniigafiannsn
pranuldluens msvudeuluems enuluiy wesinusiuesgrufteygyelinuly

91115 (M54 4)
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M1519 4 viavedlanzndn nsvudeuluemis amuduiiviasinasiuinsgiunmsduidou

Tavigniin n1sUuauluens AUy NAIININTFIU
Aun 9mM1sussInselasiiadey  Unfsur aduld Laivfin 250 un./nn.
(Tin: Sn) aagfun LAnUAsedn 2w ans

nsewvibivuadluems  Weems
faned 915UssYnsrles uazn1s  downde Jedeudswr Ay 100 un/nn.

. Tinvuzindoudensdld waye1n15v109599

(Zinc; Zn)

91115Munsn wiens

MINDIWNTUUNUTINZE
MDA wudSurauinluemis aduld endeu tiens Ll 20 un/nn.
(Copper; Cu)  wzia dntauludesviosuas

k%4 & o VY
AATULUD mwﬂmﬂu

1salafinang

he (Lead;
Pb)

nswneUanviseldesdnily
USUNUNISUULUDUVD Y
LN N5k uglunig
HAADIMTUAZAITULUTTY

nlilaunsgu

U199 Y1nunan
= A v
oo 1115 Aauld

=]
28U UTed1niiaau

1Y =2 Y o

Fu lusdanda 9

Y

DUNIN FAUALDND

deTnle

TadvAu 1 wn./nn.

GURNA"
Y

(Arsenic; As)

Ana1nn1sledenazengn
LuasluNITINYAT 81113

#n7 WareIMTNLLa

MANYTTUVUANDI Ay

AU AUDNLAU

TaiAu 2 un./nn.

Usan

(Mercury; Hg)

o o ¢ % o &

gnwuludniyun Masgely
% Aa X

LaIUINUN1TUUU DUV DS

Usan

= v a
Jowazlunuiwia
< <
21N15VULLAELAU LU
DUNIM 189599 SLUU
narutilegnyinang

Uszamen uagyiden

TaiiAu 0.5 un./nn.

137 : 0fiugn, 2558
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gavuluamg

[ a [

Taguieuuluomis mneda dngiiauundldleldidusmsviediuusznouidfyy

q o

0 v oA A & = a o | a
189917115 wildIouuluarmsiveyuselovinanaluladgnisndn nsweied n1sugeusenau

FADINIT N15UTIY NMITNUSNE W30N15VUES TellnadonnAINeINITNIBUINTFIUNSO

[ A

anvaurvetems suneingnlilaevuluemis willnwuzussyliiameldsuiuems

WeUseleviianan wu Tngiuu Tngaeeendiau Wudu wildsiwaisomsifuiiewiy

q

wseUTulvinsAnAmnI1la¥LIN15V89819MS (Food and Drug Administration, 2016) wiangy

v a Y = a ) 2 I3 ! Y
WWNVU’WWHQ@’]UWWIUIaEJﬂ’]ﬁNaG]SUE]\T]WQLﬁ]aﬂuaqﬁqia@ﬂLUu 27 ﬂfjll NP N)

M1319 5 Nguvainglaluom Ik U untnaunalulag

nguAIUNEN

gy

Y Ay =
wuIAunAlulag

1. ﬁ?iﬂ’lUﬂﬁJﬂ’J’]ﬂJL‘ﬁUﬂi@

(Acidity regulator)

a = &
WasunsamuANANUTUNTA

YIDANIVDIDINNT

acidity regulator, acid,
acidifier, alkali, base,
buffer, buffering agent,
pH adjusting agent

2. astastunmsvuiu

noU (Anticaking agent)

annN153uATuA oV

ANUNANYVDIDINIT

anticaking agent, anti-
stick agent, drying agent,
dusting agent

3. @150U99NUNSNANDY

(Antifoaming agent)

Jo9iUNI 98AN1SNAN DY

antifoaming agent,

defoaming agent

4. gnsUpanunsuin

29nTLATY (Antioxidant)

#no18veI91mMs Wngdaariuy
ANSLEULAEINNNTDDNTLATU
Wy NsAuveelytukasnig

WAL UAYDIDIMIS

antioxidant, antioxidant
synergist, antibrowning

agent

5. @151end (Bleaching

agent)

TageluemsNlddmIU
Wond1usvtndue BNty

Lt

bleaching agent
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M1314 5 (sie) Nguvesingiievuamsiudsmunifiiumalulad

NENAIUNTIN

Hey

Y oy =
wUNeIumAlulag

6. ansiiuy3una (Bulking

agent)

AN5TIUDNULDIINDINIANI DN
FIYRLUSU VRIS IAY

LaiflNaf oA NaI9UYRID1MIS

bulking agent, filler

7. @1slinne
Asuaulaeanlan

(Carbonating agent)

% A

Taguisvuommsnivasly

=~ Yey & &
Walnngasuaulnaanlas

carbonating agent

8. & (Colour)

UMD NWIEVDIDINNS

colour, decorative
pigment, surface

colourant

9. ANSAIANINYDIA

(Colour retention agent)

ASANINITDS NS DL NLEYD

[0k

colour retention agent,
colour fixative, colour

stabilizer, colour adjunct

10.81592891N82a78 %30

380 (Carrier)

U A Y o U 1
Tngevuemsiddmsutagly
Asarany ¥sevinlminnIs
AS¥AN8F0 ANananISUSUENIN
VMEAINYBLINGIBUU NS
A dll [ Y a
y3eansonsaulnglinaliin
NanN19nAbuladwa et ey
maiusnwsesumslding

199UUDIMIUIDAITOINTOU

carrier, carrier solvent,
nutrient carrier, diluent
for other food additives,

encapsulating agent

11.9157a% w03

(Emulsifier)

SNWNAIUNALVBIANTNTINAINU
Wy Wwazunduluems vl

ANUALLEUD

emulsifier, plasticizer,
dispersing agent, surface
active agent,
crystallization inhibitor,
density adjustment,
suspension agent,

clouding agent
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M1314 5 (9) nauvesingiievuamsiudsmunifiiumalulad

=

NENAIUNN

ey

Y oy a
BN IuNAlUlag

12.\n30diadlndem

(Emulsifying salt)

Watasiuniswansvedlusiy
Toednlusauluuendalunis

a @ 1
nanLuaudade vl

emulsifying salt, melding

salt

13.a@5vn Ay (Firming

agent)

Snwnvisevin el owlunay

G o aaa U ¥

nsau visevhufAseniuansl
A o v a - v

WaLiayinlALiALaEa 11s8laa

[
bbU

firming agent

14.8415:WuUsa%6 (Flavour

enhancer)

WAL SEYIRNIDNAUVDIDINNG

flavour enhancer, flavor

synergist

15. ansusuusenannwla

(Flour treatment agent)

arsiiuluTuldaiawiig

AuaudRlun1soukazNIAnd

flour treatment agent, flour
bleaching agent, flour
improver, dough
conditioner, dough

strengthening agent

16. @5y lminnes

(Foaming agent)

MIANAN9IBAINITNTLANE
FaInAluaIMIsIL T

?JENL‘VT@']‘VI%EJ“UENLL%Q

foaming agent, whipping

agent, aerating agent

17. @15y AnNALea

(Gelling agent)

T leduNavesamsiaenis

d519,98

gelling agent

18. @siAdeuia (Glazing

agent)

ansgailslaiuiineusnues
2IMNIUAT FeTanwaizUsIng
d' I a LY} & 1 = a

MUURITY YI50978LARDUR?

Wataeniu

glazing agent, sealing
agent, coating agent,
surface-finishing agent,
polishing agent, film

forming agent

19. ansvilviinauuy

(Humectant)

U9 UNNSWIAIUDIDINNS

= Aa &
LUBDNAINUITYINIANUAITUYU

'
[J

28|

humectant, moisture-
retention agent, wetting

agent
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M1314 5 (9) nauvesingiievuamsiudsmunifiiumalulad

NENAIUNTIN

Hey

Y oy =
wUNeIumAlulag

20.fefeelunisiAusne

81913 (Packaging gas)

Tnguieuuomsiidumel i
adlulunmugussgianay
FENINNTUTIY UATWRINIT
Ussiflenegnaiusnw

113

packaging gas

21.@15nuLde

(Preservative)

A U
EJG]E]’]E;“UENE]'WW]iI@EJﬂ’ﬁ‘{jENﬂU

NSLERUANIINAUNTE

preservative,
antimicrobial
preservative, antimycotic
agent, bacteriophage

control agent

22 Anenlagdusi

(Propellant)

ATNUBNMUBIINBINA I

JUAUBIMTBBNINANYULUTT]

propellant

23.a13%381 (Raising

agent)

AN 0VDINAUYDIDNTAVINIA
onAksNA T udasZLALLNY

Ysunauveaandavinvuuts

raising agent

24.815%8duDuyalany

(Sequestrant)

[

g e INIEIUiUaNN
fUszguan weldesiuns

AnUAsevedlangntin

sequestrant

25 @15V ARIE7

(Stabilizer)

YMIANITHYIUADEVDIAITAILG
2 ¥8a Nlusauiuluenisd

ANNFLLALD

stabilizer, foam stabilizer,
colloidal stabilizer,

emulsion stabilizer

26. @15 WIANUIIU

(Sweetener)

dl 1 901 1 v 1
asnbdlinmawalAsanIuLn

[0k

sweetener, intense
sweetener, bulk

sweetener

27a75 AN duwiten  Tranuniannannig

(Thickener)

thickener, bodying agent,

binder, texturizing agent

#i111 : Food and Drug Administration, 2016
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N15193VaYaUNTE UM

nsasveILUATFsLazdadulawadiiedlusinis azaaneadanuitaiyluams
BT LU N1TL3YURsdn TR INITluNTHERD I TUNTHR LU Lot WTen1siaTey

YoauuANSy Minlro1sideuidsusevinluenmsiduiy Feaziianunaneisiuluaiuvie

a

Y9498Un3duaramsUsznane) Tuannznmsiasgy e auvsddesnisandndune

o aa 14 ! 1 % 1 aa o I ! 4
N15A159%70 2 Useenn IWLLﬂ EAAINAIINULAL BN AIVOIATLANNI U UADN1TATY

v |

29AUTENOUNAIAYAINY VONLTaE LBlsensuAUINE1591115 (nutrients) Feaauniduunly

q

a &4 o e a a A X a o Yy o~
IUﬂ’liLﬁ]iiyLLazﬂ’lia‘UiNuq IfﬂElﬁ;aUVliEWl‘UuL‘UE)uiu’ej’lﬂﬁf\waﬂuﬁaLﬁ]iigiﬂﬁ]zmaﬂu

P0NTIU FAUNIEVTADUC UavansEduds (Kongbangkerd, 2003)

a 1

wadyaunsdlesAusenaunaniivessiuazansialivlinengg NdAyuazInduse

l
Tnssadanaznisinuressad Wnenuisgaisveudusiniiduinian uazsimeandiau

lulasiau lelasiaunagsindug dUsunusesasnauainy lun1suusussinndunidany

a

ANUADINTITANTOINT d 2 Useinn Av 2aunsguszinulnlneslalnsy (photoautotroph)

q

a

P a A ¢ o ¢ Y . a6 a
ARRAUNIENaLTaduATILasle (photosynthetic) wazadunIdninalaannelsingy
(cheroheterotroph) Huflununinnfeiugadvineinieeins Wumniivihliemsidey
= ! @ a o A Y o o a ¢ = =
‘e nolsa ownaluily wagminilineatesiunisvdneneg ydunsdwinaluiennelsinsud
nsldansemnsansinasueuluansdunsdunldunndieiueenly wuaiise Baduasiyes
) v g & ' s Y ° P Ao ] 3
drulngiinldnglealuuvasnnsueundnuaznglaaszgniunlyneulunsaniiuvasaisueu
o 5% | % Y 19 % ¢ ‘:4 < v
auq agade wWu Urmainlidldnglaag viniaueanesed wls uaslusiu udy

(Kongbangkerd, 2003)

N13AUANYAUNIITUDIMNT

n1sfugamsoriatgadunidarunsansevinlanateds wu nsldainusoutu (wet

heat) ANU50ULYKS (dry heat) N13la@n51ATIAgY WU @1591%0 (disinfectants) @5AuLde

[ [y

(preservatives) waga15U{¥IUe (antibiotics) N15UFUAT pH N1sane$ad (W Sddaniille

(%
v aa aad

an Seddesuludnsalulasian) nsanaUsuiauiluenisuseaeamasheniin (a,) N3

1A < [ o Y a Y ¥ 4 & v LY <
uwiLganuds nMsudidu (liAn cold shock) Mslddansieniud saunansldanudugs Wu

%

AU
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nsaeaunIdillesainainuieu (thermal death) nsldauseulunisauen
$nwromns luvieadslisndudosindoqdunisimun wu msvhlian (cooking) wiens
e a o

a1 (blanching) tevianuioulesl wifdnarinligdunidandiuiuas nielianuiouun

[

013 Wevhlonsfinnulasassandelse muwvhaneqaunisivilmaanisdeude

Bnseivegdunidlusimg

nssuITAMFoA8ANSaUNITIUNITHANDIMS el mnsUsIANEBlsATL Ty

ad ¥

sunsedefuslaa uiagdSindnaunsadenldmuanumnizanvemdniug Inelinssuis

Y

1%
v

PNU

A15WaLRalsd (Food and Drug Administration, 2016)

N3NaLRelsd (pasteurization) ¥N188 NTINABUNTOAILAUTDULNDAAYINB

N o A

a a (% ! Y a v o o e o 14 =
ﬁ;aumeﬂmEf[,uimwﬂaammma@uﬂm LLEWEJ‘UEl\‘iﬂ'ﬁﬁ/ﬂ\‘i']usﬂaflL@uvLGZIQJVWl’]Iﬂ@']V’]iLﬂ@M

Y

el 1

¢ v & o vl av 1 a =
e wansarfsnunsnareslsd deaduinulifgumailifu 8 ssrwaidea (°C) nasn

JrUELIaMEUTIIUAWUTINA UagsrueaInsusnmazduiiesandsliqdunidaunl

Tupsgusaavi v denaandesy Inelidnvaenisifeungivaziiaiegidlaegranis

(%

aauniiliania 63 uavasegioaumgiilitesndn 30 urd wdwilibuaiuia

av 1 ' ady 1w 1 a = £% o Y @ v aa
qm‘maﬂ,m ’]ﬂ'ﬂ 72 Way SANBYN Qmmmulmaﬁmﬂ 15 U7 Ui lAEuasiuan

gaunil 5 °C 30R1NI1 Y38

gamgiiuazianfibinalunisendeld waihliduawiuiineamad 5 °C wiednI

n1samastad (Food and Drug Administration, 2016)

1%
=

nsaLneslad (sterilization) NU18NY NTTUT I’]L“U@@’JEJF’YJWZLIiEJuLW@VHS[,%EﬂM’]i
‘Ui’]ﬁ’ﬂﬂﬂL%@IiﬂWLUuaumi’]Eﬁ]@NUﬂﬂﬂ waglud Q‘LWI 6ﬁLUUﬁWL%(§]‘U8\‘1ﬂ’]iL‘UWLﬁEJ‘Nﬁ’lll’liﬂ

L"ﬂiﬁylua’]ﬂ’]iﬂ’WEJELG]?mWﬂzamﬁﬁmﬂﬂmﬂaﬂﬂ’ﬁLﬂUiﬂw’] IQSIEJGIE]QLLSULSH ll’e]'lEJﬂ’TﬁLﬂUﬁﬂ‘w’]

9

[

YIUNIMHARN UNTNIUNTITNNALDS5LSE Tnedianuazaall

1. nanfaueiAnemasieniln (water activity; a,) 11031 0.85 wazussIluN1vUL

Aa a ) v v o &
NUAAUN ﬂu@']ﬂ']ﬂLGU']@@ﬂ'lﬂ NUY
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nauzlane NUaNdnmenziduansty (double seam) Wi nsedad Yu 1u

Al
MUzt NantineeresnwuunediuUnvin AeludveiiTantaveu
MnNTUS (sealing compound) 1aiduuau (gasket %38 liner) uavfiiadounsovanin

Aurlanss (plastisol) nenUantinuuuainalenisldidunarainvisegiillounases

andliue lagldpnuseunasulvazansdafniulinein (heat sealing)

AuENaIARn nusioangnsenide 1y gamgiuazarudiluados
{78 (retortable plastic packaging) Iandinuvuiuenadsenlddonuiou (heat seal)
WU 19 (pouch) a1ANIoRIENAERAN (semi-rigid tray and bowls) #3e Uaniinaae
nzifuaedu (double seam) 1w drewanadniurlans wielaninderioenuuuuily

a v =2

a1unsadesiunissiduveteniale Navienitaauntdn wasdsialditanunidntuly Audn

1 9 9 9

WULABLIITINA (plug seal cap)

2. Maueulunisande Tneldgumgiivasnarfingantuieudunsasiig
YOINANS NS
onsifinnmidunsasn msawmeIladuaniasiomsianuidunsasing
wnn 4.6 Mgaumgfimasnidolisngy 100 °C Tngldaimanyan
o1nsiviuanmnsn Msamesladnansausiomsifinruidunsaniiniu

a

nsUSvan ARl uNIAAINRENIUIBWINAY 4.6 1A8N1SRLNTANS DLRLAIUNALNL]
< a 1 [ :.’/ 4 a a6 ) v 9
ANULduNIAlAESIIUNIF Feasdedudiniseenvesalasvesgiunidnelsa viliaunsald
Al 1 'y} 1 d’lj a & I3 a = ¥ a ol d’l’ NS Y v |
gaungilldganninluniseneniduwadueqdun3dla lnsgamaliddenlddnazdesnin
100 °C
291911570ANUTUNTA N5 LadNAN AN DI TR EFITUB AL AIAIL
a6

Junsaratieenimsewiniu 4.6 Fsagtiedudinisenvesalesvesqaunidnelsa vl

anunsoldgamaiiligannin (Jeendt 100 °0) Tun1sedenluwadvegaunsd

gl,a‘ljﬁ (Food and Drug Administration, 2016)

g1l (Ultra High Temperature ; UHT) vangad1ude n3uiseiidenieninuioui

gaunillinind 133 °C litdeundn 1 3wl uwaussalumaugluannenusannie
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Ny e/ aln/ussaualea (Food and Drug Administration, 2016)

A5V A 35N15AUBUBIMISNIAEAAAIUTU (Mmoisture content) VBIBINNT
AIUNITIZINEUT N1TOULI (dehydration) n15nea (frying) nian1ssziinuaiuluglu
21915090 YNtesUasade tesannn1sanusunuunlue1ung e nisia1iames
WaATIA (water activity; a,) Hon31 0.6 AUTUAINI 15% Faduseauivasnioain
qaun3dnolsa (pathogen) GUEIN158319813M wUBULYDTY (mycotoxin) LYU Aflatoxin

2 P ~ A v A Y & A1 2 A v <
ansaiulilauuiioamgiivies lagliuinde ludeawdidu uwinslinisnulunuiuasdu
iesne AN MLa AU BIUUTI AT ITIMNIZaY wazaUANANUTUENTNS (relative
humidity) Tviiivedesiunisgaungu

NALWIA AD N1SUIEIUUTENOUVDIDIMNSNL AN WU WAIUHNANN Y IngIAIan By
WA

m3daudla (pelleting) 1WuN15UIL1INGAUSIMITIUALEINSONANALFBINTT U1ARN
PufuudrsaiuaIowmandia ¥segazunss vwinveulinomsivuiadnuioruiatng
YUY AMUFUNUTVRIIALUNTI ANTOU WATLTITALTIAILLUY FINRCITNITHENDIMNT
v & 1 v 2 ¢ v A & I A o v ~
antlavisedugUnsouan (emaandngn) lneldinaendniines (extruder) Nvilvionnnsd
ANWULLIAG

usswalga Heuldiundndueiaiueims e nsdidiulsenaunlanyuzun

= P ¥ o ¥ a I3 = v | ° v,
vseveswamudniiu (WvIsueansses azarewdenualyals Jslianunsaiuiussla)

fuaUga 2 viin fie waugawds (hard capsules) wsauaUgalu (soft capsules)

AsvilANgY (Food and Drug Administration, 2016)
A15Y MUY (concentration) UN889 NSV TALIUTUAIENITHENUIUIIEIUDBN
1NMISNAINTUSUIULININ 98N21ND1S M TTRE LMD UYeILTILINTUL 9115HAIY

s

LTI danaliernsilan water activity 8089 3992AIVANNTIATYVDRAUNIINVINIA
d' a . . . a a6 aa ° Y v |

\@ouLds (microbial spoilage) LLazf\;aumaﬂdm (pathogen) I5N151DIUISIVUVY LYY N1T
5318 (evaporation) N5y lAdudusmen1sudBenuds (freeze concentration) N15n5849

fELEa (membrane filtration) LUU reverse osmosis

nsuttdanuds (Food and Drug Administration, 2016)
Nugdenuds Aie NTsUITNITANENEIMNT AIEN1TaRNNTvete111T T AN

-18 °C vl lua v sazivasuanusduinnga
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A1susin (Food and Drug Administration, 2016)

a a6 1 = i3

@ . = g v N a
A15KUN (fermentation) LUUﬂ'ﬁﬂu@ﬁJ@']Vi'ﬁVﬂsU‘ﬂqauwsﬁJG’nﬂG] LUU LLUANLIY U&R

e

=1

v3o31 WWuieFusiu (starter) awﬁJm%aU%qw%‘ Honau Ly gnudslad iadeiivuiou
NnssTIvAATUIUasEn SBuvluemsiAniduanssneg wWu nduleanssed nsndun3d

nsninatusaiialévisluaniagfiiionnia (aerobic fermentation) 3elifionaa
(anaerobic fermentation) Sskavasnisndnianunsndudmiesrasnisiniguesnauniod
vilwemsidenide (microbial spoilage) wagqauvFdivinliiAnlsa (pathogen) ilemis
Uaonfe Baengmsiiusne annsaiiusnuemsiiiouslanuenggnia nszanedudils
nfermanniu

a6 1 [y a

NTIATIENUTUURAUNTE99 Ty siunszuIunIsHEs Tngaunieluaniiz

9

(%
a wa

nsnanuuduisaldaruaununmlulssnuagnamnssuemsaige saisiesy jURnas

NefvaveulislaraudnyereIeINig lgausaiATenuTINLasYinTeIaunsens

TutngAuuezndndue weldluunsgiumiuvasndevosmadnsioe

ASANYINENISNUVDINANA UM

918N15NUVRINAN A 90115 Nuedle Frnarfindadudisinisdaiinaig
Uaaaduson15i1anuilng wasdaunImausigg Wy AunnnsUsEaIdula nenmuas
widaufiguslnadeanis lnenisdenlddiunan nszuINn1swUsU NMSUITY wazNISNY
Snwnilimungau (Wangcharoen, 2006) fuidutladeiiinanenisiasuuiasnnninves
a o ¢ - - a A - = o P
Hansdeie1s Msiiuinwluanieiansaninidewseanaudeindadenigueniiil
NasoAUNNYBINAA MY TokA wae eandiau audu wazaamnd Judu Fadiaauddy

98 1UNADBINIAUVBINGRNS U

msfinwegnIsinuveINdndngions dvuneudwelull

£
U 1A

1. @enujizevsoniswdsunlasiaslidusiu@nisdeununinveindndo
2. AnwgnsnsivesUisemsenisilasuudasiientl
3. MVUARMAINAIARYBINERS TSI sseuTule

4. M5LULIAMILANNTUNISUAULUAITIAATY AIWALSUAUIUDIIATAN AU LY

9

Y & Y

2 aaa = d' = =1 = a o ¢
ﬂqiLaaﬂﬂﬁﬂiﬁn‘Vﬁ@ﬂqiL‘UaEJ‘L!LLU@QV]"US&LGULUUG]’J‘UQGUﬂ']iLa@llﬂﬁuﬂ']‘v\m@ﬂ NN EUN

a111509 A laeN1SAINSUNNISERULASVDINAR A1 Hanwalzedals wasdnwuzlady
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dnvaziinadeniseouivvesiuilanuiniian lnevaluisannsolideyanisivinigi
Rerdessznoumsdndulals madundndasidliaunsovdeyadnanls 01ald35h
mMannasaileiiudeyates Ssenadedlinaruunalunmsiiudeya esuftRnsdnlngis
floal¥an1nzi3s (accelerated shelf life test) Saufunsmaassfianzdndiitednuidoya

AINAINIEY (1519 6)

M1319 6 gauniinldlunismegeunisidouAMA NYBINEND

HARSUTULT HANSuTIUEITTY At nARAYINT DS
-40 °C (control) 0 °C (control) 5 °C (control)
-15°C 23 °C (room temp.) 23 °C (room temp.)
-10 °C 30 °C 30 °C
-5 °C 35 °C 35 °C
40 °C 40 °C
45 °C

i Wangcharoen, 2006

nsUsEuANAIWNINSUsTEMMEUEE

n13UsziuRuAImnIsUsEamaula (sensory evaluation) Ae N1595933ATIEN
Aunmese1s tnelduszamdudadis 5 veeTu lHud nsues n1sils n1sau T was
msduifa T uBuinnneauans Uszinanaseiseada wazulanasg1eiindninas
(Pornchaloempong, 2017) Lﬁaﬁ%uﬁwmsmaau zUszliunua sl ssamdudalag
msliazuu luASmsmegeuiielimusziuanuduvesnudnuasnassamduda
fi1a9 vesiiegns Ssldanatazansaventuinveseuanaaly aunsaldanaluns

[%
YY)

VAAOU LU WUUABAY (numerical scale) InetavnsanzwuunvzseyasiUluusazseauiy

a -

AziSeasuInteylumuin vieannunlumtesile Hnegeuainsalvimlenuiveyaven

AMENYUENIUTEEMANNENSUSEY 9 19 AzuuunldiunssAumuuideIn1snagey

9 Y

N A Ay o a v a 1 X
f"’nillLW‘ENWE)V]IZJJVI@E‘?@UR]SW@&UIQI@Q']EJ I@ﬂﬂ%LLuu@?iu@Uqﬂu@U 5-7 ?]SLLUU'TJUIU

Znsnaaeuildlunisusafiuamisuszamduda (methods of sensory testing)
wuadu 3 Uszlan (Attabhanyo, 2001) fie
1. UszLnumadaununela/n1sueusu (preference/ acceptance test) Ju

nsnadeuLieyANUNelIvenaaeuTNNifiieg Insldnuianvesnaaeudulaenss
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2. USTLANNAABUAIIULANGANS (discriminatory test) un1svadautiio¥n
ANNLANFsTEINeEne gnaaeuduaylithaudandumilufuauveunieliveui
fofieg19 g luNTInALLANANTENINAI0E

3. Usznnmaaouldanssaiunlams (descriptive test) 1unisveaeuiiotn
ANBAUZLATANUTUTUVDIAMULANFN

ANSNAFBUNISEBNSU (SAu, 2544)

Y 1

mManegeunseensy Wunsvageuiiienianunelavesnaaeuduiifidiess og

AEunU 4 WUy

1) WUU Paired comparison test Wun1snadeuiignageuldsudiedis 2
megranfeuiuludnvuzunln waglivanitveudiegislauinndt lemangnageuiiante
gnaadlagdadayil 50% NTIATIERan1sainly Chi square

a0

2) WU Hedonic scale Wunsmaasuiiieinniseensunazanuwelaiiiive
Fogsnensiinzuuy lnsulsainanzuuuesnlunuauwelanninnigalusuiades
flgn N ZYinan19adifld Analysis of variance waznsiIsuiiisuadevesiegidld
Tukey’s test %139 Duncan’s New Multiple Rang test #89n15MA&8ULUU Hedonic scale
MNABININIIUTIAN1UesdnwaznEn Ausifinszdunieusuuse enaldnmmaaeuuuy

just-right scale

Feg1vanaInAUNeA (Just right scale)

ApENEINaINAMNER (Just-right scale)
dna 3 sEAU D D D
(3 point scale) dauly woR wuly
(Too weak) (Just-right) (Too strong)
dLna 5 sEAU N O O ] n
(5 point scale) ainaly won fialy
(Too light) (Just-right) (Too dark)
dna 7 52AU [ [ N H O O [
(7 point scale)  sawdiulluin noi Wanduluun
(Much too weak) (Just-right) (Much too strong)
ana 9 sTau O O o0 o 00 0 0O O
(9 point scale) livnuas non wuiuluan
(Not at all sweet enough) (Just-right) (Much too sweet)




a2

o

[ a . . < e Yo £ YA
anadanuned (ust-right scale) Wuananldinainudesnisvesguslnaniise
AUV DIANWAENUSEAMEUNAN AUV INAR AU VN IAE LTV ANULTUTLN T EL
Yosdnwaznue wWelildteyadniunsiauindndun indeyanlaiundnsginalaens

NAABDUAT t-test NIaN1TATILNAMUBUTUTIU WHANSUNITIATIEVNARNATAANUNDA 3

=

JEAU AITTONITIATIEIURYalAsMMUANMNNIIT YN UINENSuaTiANITNYD I v
aulaegluseduned laenalumsiianUssunudosas 70 mnwanageulauinninvziodnned

wavdmeranvzliaulateyadiunivie (Wangcharoen, 2006)

3) WUV Facial hedonic Wunsvaaeuilénsuansoonvestiduainanis
gou3u lnelddruuainanth 5-7 nii wihiilddosliuanana uansuddnvuzanumela
vidolinelauntes lagldiniemneadutomsamii msvsaduaglinguuumimsinean
Juazuuuau nimsnduasiuuuinniasinanassuindugud Tinszinanaadnly
ANOVA

a0 Y 1

. < o v v
4) wuu Ranking LJun1snageuiildmianunelavesdnageunlsiediagig
Argn1sULaUemeg1 e Aiegranseuiuludnuuzunla uailignaaeuludiegig

ANUANPUYDINITUEUD AINUULSH9IBE1UaRUANUNBLaanNalaun

Bnsnaaounisseniuiildduauiisunindian e 9-point hedonic scale 3o
degree of liking scale n15M hedonic scale @ ULNENNTAIN mwmawaa;ﬁuﬁmﬁu
a1unsagninduunlalaeAivainisnauaues (A1uveuLatliyey) fAntu (Lawless and
Heymann, 2010) YoA289n154 9-point hedonic scale A Tguagn1sulanaladne 1oy
nseeusulunsUsedivenns nsesnunasnandaeidu q fldlvenmsegrsunsvats nsl

AZLUUNITEOUSU (hedonic score) LHunsiAzuunLa s UALTaUlUFIDE19TY 816U

(%
v A

ANTOULUU 9-point hedonic scale Azilanuuzsall
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%’e)UiJ’]ﬂﬁEjﬂ 9 Like extremely
YDUUN 8 Like very much
FBUUIUNANS 7 Like moderately
Youldnties 6 Like slightly
QY 9 5 Neither like nor dislike
lalauidniios q Dislike slightly
lalpuuiunans 3 Dislike moderately
laleusnn 2 Dislike very much
lﬂ%aumm‘/ﬂl‘qm 1 Dislike extremely

mslasginiseensu Jwismsiguilaawinduvents wasinlaedsnainenmans

Lile vseenadalaudlimunzanlunisuszendld Wewinteyanisueusuunantuneuns
AOUAUDIVOINY WY 13U1NN135U3 WeuaR AnuAaiu auveu/Miveu aulddeyans
@ a v & = Yy o o Y A& v - 1%
gousu/Uias aeludsneddiguilan (consumer) imthiilugvaaeu (assessor) titaly

HansugieandnannlansaiunIuABINIsTaeEuIlaaA (Anprung, 2008)
ANUULVRILNATAUNITEBNIU (Anprung, 2008)

ATRATANIINToyanua1e 9 63 TauA

U

1) Juslaa/eld (user group) lagiansana1ndnsN1suslae wu ldlivee

Y

(light user) TdupaUunas (moderate user) w3oldUseuin (heavy user) din15d152900U

Pntuindnsziuaun uadnnguuuanguely

2) Wi (sex) nandugiuaUssinmilundadaeianizdmsunguine
\A30ed10N4 oK duemsAsut1lidaan eniuensaunmMuIile Wy 81vsATUAY

WWiin 81M13AIUANALTIONTGNA 81915UN5aAs3A s

3) 118ld (income) Toyaneldazuanianuduiusivenlosludnaduduslaad

iM&s%e (purchasing power) a1113053U5 AN STRUUAR U NTBY AT 8 lAf DR DY
VERLLN

[y

4) Ty (age) Yoyamuivuivanisanuaulasendnduailuguuuusiig g fu

ad o Y L3

1 [ < | v A 1A d' a v
WU FELeN (4-12 U) A9INITANUAATU UEHU 2 E_TLWEUW danuaularanelsos nansuai

D

fosnsdnvzdidnvaeiidnsagy avaon vselnaseaunin [usu
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5) 1W9U1H WUNeI1AY A1dU1 N1TANEI 115919974 (nationality, region,
religion, education, employment) 1Julladenedianuasdanndauniniglunazaiguen

Y a Aa a Yy o U a U a o &
voeRustnanfiduietesiunmsindulasensundasdue wu emmnsenata (halal food)

[
¥ = U

ToyaUewiuvesinagevasidunuimidlunisdnnsesdvaaeuditetasondn i

Y

v

Winlrladouanunaswazmunzausan1sun lUNmuNanSuaaeld

Y

1% [%
o & Y a

ndeyatnssudsdmnudululilumsihamieindanaesiia Ao amsielnuay

avewnuimudundnduviemsaunmeiiaeg Adauamlauinsazignsnig

q

Frnmvangusenis Wy anaudRdueyyadase Jestunisiinnnsineneandinduy

(oxidative stress) Fuduannnvaanisiialsnnieg laemniglsaiiialunguisvinnuuas

4

Ageony leun sy suluniuiveddsalifindeisasidus uenaindudniuaieims

guamriiaeaainamsty dulundedudnamnsanduldie vinlagnddeymilunisndu

o

anu1sasuuszmuladnednee
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ATN1TANHUNITNIAADY

[

AnAY (Raw Materials)
a8 (Spirogyra neglecta (Hassall) Kutzing)

awsuln (Rhizoclonium hieroglyphicum (C. Agardh) Kiitzing)

#15A3 (Chemicals)

ABTS radical scavenging assay
2,2"-Azino-bis (3-ethylbenzthiazoline-6-sulfonic acid (Sigma-Aldrich, USA)
Potassium persulphate (Sigma-Aldrich, USA)
Deionized water (RCl Labscan, Singapore)

Trolox (Sigma-Aldrich, USA)

DPPH radical scavenging assay
2,2-diphenyl-1-picry-hydrazyl (Sigma-Aldrich, USA)
Methanol (RCl Labscan, Singapore)

Gallic acid (Sigma-Aldrich, USA)

Superoxide anion scavenging assay
Nitroblue tetrazolium (Sigma-Aldrich, USA)
Nicotinamide adeninedinucleotide (Sigma-Aldrich, USA)
Phenazine methosulfate (Sigma-Aldrich, USA)

Determination of total polyphenolic content
Folin-Ciocalteu reagent (Merck, Germany)
Sodium carbonate (Sigma-Aldrich, USA)
Gallic acid (Sigma-Aldrich, USA)

Deionized water (RCl Labscan, Singapore)

Total plate count
Nutrient broth (HiMedia, India)
Agar (HiMedia, India)

a5



a6

Enzymatic assay kit
Glucose (Biotech, Bangkok, Thailand)
Triglyceride (Biotech, Bangkok, Thailand)
Cholesterol reagent (Biotech, Bangkok, Thailand)
TBARs assay kit (Cayman, USA)
Superoxide dismutase assay kit (Cayman, USA)
Catalase assay kit (Cayman, USA)
Glutathione peroxidase assay kit (Cayman, USA)

509l neAEans (Apparatus)

Hot air oven (UF55, Memmert, Germany)

Rotary evaporator (R-124, Buchi, Switzerland)

Freeze dryer (FreeZone 4.5Liter Benchtop Freeze Dry System, Labconco,

Missouri, USA)

UV-Visible Spectrophotometer (Evolution 200 Series, Thermo Scientific,
Finland)

Microplate Spectrophotometer (Multiskan GO, Thermo Scientific, Finland)

Inductive coupled plasma-mass spectrometer (7700 Series ICP-MS, Agilent,
USA)

Liquid chromatography-mass spectroscopy (1100 Series, Agilent, USA)

Texture analyzer (TAXT.plus, Stable Micro System, United Kingdom)

ASn1sanunisnnaag

3.1 NISLHSPNEINIIBUIAN
3.1.1 @M

M8 (Spirogyra neglecta (Hassall) Kutzing) #lalun153deinuiann
g fuaaiudeu dunewdios Jmiauwns tnensudwildlumswienduingfu a

gnunanigatiendnualniglindesganssml ieaugnfAesvesaeiug antudiuvinli
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wiasedauauseu (hot air oven) Ngaumngll 55-60 ssrngaidea tulan 48 4alus 1iu

usiyldgeteaiiilleunased ienluldlumsadasely
3.1.2 amseln

ams18ln (Rhizoclonium hieroglyphicum (C. Agardh) Kiitzing) Fldlunis
FWerannusdiin dunuests suneviran Smiatiu asgnianfigationdnual
aeldndesganssmi eanugniesvesaneius thamsielnuwhliursiodevanioud
goumQil 55-60 ssrwalTua Wuan 48 $lus ivussgldvesegiillonviases (iethluld

9 Y

Tunsanasaly

3.2 N1SLM58NETENAEINIIBUIAN

32.2.1 MSANYIRIVINALANYMLAUITEL

nsanwsviazateiunzadlagldivinazate 4 vila loun wnigu oxd-
AU LonIUea wazi (90 ssAmsalded) @1u3sn15ve9 Janthip Janthip, 2013) Tun1sada
arsdfgluanitenin emdinazareimunzanlunisana wagliusunuansiuedny

A
Y
3.2.2 NSANAENINEUIINAILUN

amsguwazanieln auneusaseiauainlagdsnisaunieuli

gaund 90-100 aernwardea Wuran 1 Falus 9IndunseIwennInaInsIgeen Winin

AM18UNENATIDN 2 58U W1a15ara18NlANInuaNISINAY NNUULININTDINIUNTLEAY
a v & ! ° H P Y a

N304 8% Whatman we$ 1 fewiilussmaionuiesn n1eldan1isgyainiAnisnied

Rotary evaporator aulaa1sazatgidudu inluvinlinisaisinies Freeze dryer aulaans

afnansewia uddahluifulineangd 20 esrnwadea Weshwinuninvesaisadin

nouluneaausaly

= @ v !
3.2.3 NMTANYINITENUINWYIFTINIY

e~ o

arsafnvesamseundagniuniuliuig 12 Weu unau w.e. 2559 -
uns1au 2561) luaniziiunas wagldiaiuiu Ngungiivies (25-33 eerivaliea)

ApTgiUTunuaTiuedn efnw1ANUAIRIYeIENTAAY
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3.3 N159AsIzIn1sULlauvedlansuiin

n5IAs1ern1siuleuredlangnin (determination of the heavy metal conta-
mination) town arsenic (As), lead (Pb), mercury (Hg), cadmium (Cd) wag chromium (Cr)

luansannainsiominazainiielnaleiaios Inductive Coupled Plasma Mass Spec-

a

trometer (ICP-MS) 898 Agilent U 7700 Series ICP-MS (Agilent technologies, Germany)
TnefidunouniswieusiodnmuiBunsgiu AOAC (2000) fail Fadredns 0.2 nu wdaily
WA 500 sarwaidea Wuan 16 alus auldidrfiedne anduazanediogneiae 1
luasvesnsalalasrassa USuns 10 Aadans uarusuusuinsidu 25 Tadans mevinusu
U103 1ntuiaidedislulinsegiseedes ICP-MS Wisuifisufuansunngg uudy

AurUsualangntnnvulaulusioeng

3.4 NMSANYININITININVBIENNS18UIIN

3.4.1 YSuauansusznauiluedn (determination of total phenolic content)

N13M5193ATERUSIIMENTUSEne U ueAnlua TR IE I RI 18R LAY
asneln AMe3TN15999 Hammerschmidt wag Pratt (Hammerschmidt and Pratt, 1978)
FauUasa1nas Folin-Ciocalteu method sl nawansafn 0.2 Tadans fuaisazane 10%
Folin-Ciocalteu 1 fiadans uavansazans 7.5% latioumsueiun 0.8 fiadans edrunaui
1615 1 $2Tua NoaungfiKes Tadganduuasil 765 ualumns (1w 13) Auduyiuim
a13Usznauilusdnlaaiiieuiuaisuinggiu Ae nsawnadn (callic acid) lunuas mg GAE/g
extract Famunedauiunnansuseneviluednluaisadn 1 ndu dedlsufuuSua callic

acid [Wullaansy

0

0.2 ml sample
+1.0 ml Folin-Ciocalteu reagent

0

0«

+0.8 ml sodium carbonate solution

Jr incubate 1hr., RT
Absorbance 765 nm

AN 13 MFATIENUTUUa1sUsENaUNUaan
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3.4.2 qrisvIneuyadasvieliiiea (ABTS™ radical scavenging activity assay)

mMmnaeuqvvineyyadastiediilen $1989n1u38n15U89 Re wazAm (Re
et al., 1999) Imaﬁﬁﬂzumauﬁﬂf: LG]%EJ&J%EWEH 2, 2’-azino-bis 3-ethylbenzthiazoline-6-sulfonic
acid (ABTS) lasniswau 7 lulasluansves ABTS 5 daddns nvu 140 lulasluaisves
Tnuna@ouosdama (K,5,0,) 88 lulasans wivludiile 16 421ue thuidoansdaeing

[

Us17m31nleeau (deionized water) lun1snaaaugnsvdineyya ABTS™ neaule1 1.8

adans adlunasaiilaisnaasunsaurnusiaainlessu waulmdniu Al 6 w19 Yaan

aanduuasit 73¢ wlums Tagldindu blank (m 14)

0.2 ml sample
+1.8 ml ABTS** solution

incubate 6 min, RT
Absorbance 734 nm

AN 14 nsnadeunsvineyyadasieliiea

[

Awagnsvineuya ABTS udevavarnaunissil
QMdUIRBUYR ABTS™ (%) = [1- (Arsq sample / Agsq control] x 100

118 Avsg sample Wag Az control WuAINISgANGULET 734 unluwng ¥eeans
nadaukardNUsIAaNteesy mua1ny Wisuieuanuutuvesdsnadauluauin 1
n¥u AuAududuas Trolox Fudusyiusvesiniiud Nuansgndiviadu (Trolox

equivalent antioxidant capacity, TEAC)
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343 qw%‘%ﬁﬂayuﬂaaaizaﬁﬁm% (DPPH radical scavenging assay)

aaa

NS VINBUYADATLANNLEY MUNNTNAFBUVDY Zhang UagAMy (Zhang et

a [ a

al,, 2007) lngnauansannaInsng 0.4 Iadans nuansazalgayyadasyafiiiiey (DPPH®,

diphenyl-picryhydrazyl radical) 1.6 fiadans aeslindadunan 30 urd antuinAinis

AANFURAITIAIINETIARY 517 ULULRT (1N 15)

0.4 ml sample
+1.6 ml DPPH solution

Absorbance 517 nm

l' incubate 30 min, dark room

AN 15 MINAFBUANSVIReLYADATE ALY

AINSYINeULadasy DPPH qmﬁm’gmvl,éfmﬂmiﬁﬂﬂ'wmi@@ﬂﬁuLLmﬁammmﬂ

NSWALAIRENN WBURUAINITAANAULEIRIAY el
DPPH radical scavenging (%) = ((Ao - As) /Ao) x100

1y Ao Uag As Mg AINITAANTULEAIIHAY LAZAINITAANTULAINENEIRINLANATT

a

Meog1e asunsgunldlunisiieugnsvineuyadaseaiiitey A nsawNaan
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3.4.4 grisvineyyadaszyUietoenlas (superoxide anion scavenging assay)

gninisvineyyayUilosennled n1uisn1sues Nishikimi uazams
(Nishikimi et al., 1972) Tasin 156 lulasluaisvesansazany nitroblue tetrazolium (NBT)
U3uns 1 Hadans waz 468 lulasluasvesaisazaiy nicotinamide adeninedinucleotide
(NADH) U311015 1 Jaddns nauduaisadnainsiedsuing 0.1 Jaddns waiu 60 lulas-
lua13109a1358a18 phenazine methosulphate (PMS) U5uns 0.1 daddns waulwidniu
fisld 5 undt wdnhluTadmsgandunasiianueniadu 560 uiluns (o 16) Tagldnse

wnadniluansuinsgu

0.1 ml sample
+1.0 ml NBT solution
+1.0 ml NADH solution

+ 0.1 ml PMS solution

incubate 5 min., RT
Absorbance 560 nm

(I -G )-8 ]

AN 16 NIAaeUnNSUIReULadasEyUlUatoenlys
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3.4.5 N13LATITRA1T00Ng SN Ay AemAlla Liquid chromatography-Mass

spectroscopy (LC-MS)

A15IATIETRIRUTENBUVRIANSUSENaURNLaanAmemAla LC-MS tnganada
353As1¥VBY Penarrieta wazAly (PeRarrieta et al., 2007) InedianneAldlun1siasie

samalul

Column Zorbax SB C18 150x4.6 mm 5 micron, Agilent technologies
USA
Column oven: 40 °C

Flow: 1.0 ml/min.

Mobile phase A = Acetonitrile
B = 10 mM ammonium formate buffer pH 4 with formic acid
0-5min  100% B
5-10min 0-20% A
10 = 20 min 20% A
20 - 60 min  20-40% A

Detector Diode array monitor at 270, 330, 350, 370 nm

Mass detector system

Nebulizer pressure: 60 psi

Gas Nitrogen flow: 13 L/min

Gas temperature: 320 °C

Capillary voltage: 4000 V (positive) 3500 V (negative)
Mass scan: 100-700 m/z

Step size: 0.20

Interface: API-ES mode
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3.5 MINAILIGATNEAN9MNTUN N BLALRAINEMNIBUIIN

3.5.1 MIAISUNAUINERA B (formulation of jelly-functional product)

3.5.1.1 NMsANYIUSUIUAISANAAINI1 N AN UIZANADNISLAALIAVD

a LY L3

NANN U AULUU tnawUsUSuansanaamsieln 4 seau (1%, 2%, 3% way 4%) AnnNUNE

lneAnwinuandiniuiledudanisiaias Texture analyzer Welvladnwauzinaivangay

TneSeuigUNUNANA UNLATBINNIRALIANLVILAUTBINAA

3.5.1.2 nsUsuusansuanduiduwuy Tasldarsadnamaeln (RE) way

] & ! a o ¢ a N 9
amsew (SB) Wudiunanlundnduanomisquainyidaiag 4 gnsidnisuauansanio
ams1ens 2 ila (RSE) Tudnsndiu 1:1 Asgduaududu 4%, 2%, 1% uag 0.5% (11319
7) wWelilasunisausuaindunuduslaavisuazgeengaus 35 Yyul (@i 40 Ay
nogns) Ingldainanaf (Just About Right scale) s1eaziBandanin 17 iivalvlandnsdua

AULUU (RSP) d1usunisneassiutusall

M99 7 gasHandaeionsguamailaag 4 aasilinaaeuluemadasineldananad

AnSHARSua RSE (%) asneaa (%) a@1shinuvu (%)
1 4 1 5
2 2 1.2 5
3 1 195 5
4 0.5 15 7

wuudeuanuN1sBaNTUNARfMIaISgUAMTIAREINaMTIEUITA

AL IVINLATBIVUNYAIL U1 NauTUM g9l uLna Uy

WAL BV AREGE ST

WAFIDL......... aauly WM vyl

o = a o I
@nwm:ﬂim{] (RUBDINARNLUMN)

naw (A1/gw)

T . - 2 -
deduda (Aantln/ wila)

UDLAUDLUY (5’]33) .................................................................................................................................. YDVDUAMUAY

AW 17 LUUADUNIUNITERUTUNENA 91011583 MY TARAINAMIIEUARAILANANDR




54

3.5.2 MInedeuNsEaNTuMsEAamANaveewuLlaa (Sensory evaluation)

PINARNN N AURUU (RSP) MASUNNS8USULNAABUNISEBUSUNIUSEA™N

dudfa liud Snvagiivsing & ndu sawd Weduda wavnisvensulassu freaina
AIUYDU 9 38R (9-point hedonic scale) lufuilnaoigaud 35 Yduly uvadudrseng
Fail 92901y 3504, 45-50 wag 55 VTUlU Truautasenyas 100-135 AU T AIAdTAS
favun 390 au onarounsseuiuresuslnanaulug tnelduuvasunuiineandonds

AN 18

WUUHDUAINNISNAFBUNSEBNFUNAAN NN THUATNTLALIAINEINTIBUIIN
ALUEN : NFNFVININBUNIAFRUMAIBENY kavUseliuAmnuyauvawiuluiusigeg lngvin

w3y v aslutes

dnwmzUng O a a O O O g g g
livouun ldwvounan  luveu Tdwou  venlylddn  weu Yau YauNIn  YaUNIN
ot vunane  éntdes  veuwdeld  \Andes  Yaunans atnable
nAusd O O O O O O g O O
Tivouuan ldweuuan  ldweu luivau  venllddn  weu You Yauuan  YauuINn
atnsile Yrwnae  Antes  veuwdeld  @ndes  viunana aeabl4
X o
aduia O O O O O O O O O
Tivouun lLiveuun hiweu Liveu  venlil@dn  weou Yau 4oUNIN  YaUNIN
o81984 dhunans  Antes  wouudeld  Antfew  Utunang atads
ATUYDUTIU 0 0 O O O U O 0 U
Livouun lhwevun luweu Taveu  venlulédn  weu Yau YauNIn  YIUUIN
281484 Yrwnaw  ntles  wauwdald  \Andes  viunana at4d4

Y Y
VDI UDUUL (D)

AN 18 WUUABUANNNNTERNSURARA TN TEUN N TARAAINEMIEUITAAUKUY

nsUsziiiuauianelanslszamdulanie 9-point hedonic scale Hinauanlunas
Az LUUAD YoUNINDENNET = 9 AZLUY VOULIN = 8 AZLUY YaUUIUNAIY = 7 AZLUY
¥ouUldntes = 6 Azkuy vankilainveunseld = 5 azwuy lveurdndes = 4 Azhuy Ly

YaUUIUNAN = 3 AzluY BYaULIN = 2 Azkuu TUYeuNINesNeEe = 1 AZLUY
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3.5.3 NsfnweeNMBNuRGnsioel (shelf life)

a

Anwo1gn1snuvaIaniasiiuLUy lnenaasununandiualingungl 4

Y

2IMLYALTYA Lazauniivies AnmunalagiansuINsasulUaesdnyaEn1aNIenIm

(%
a Y

(@ warAUALFIVRINEAA NN FIIUIUFAUNTENMUA (total plate count) ANHAINTOLY
n1sAueYYadasy uarUsuuarsusenauiluednvemdndue antuideyanlaunlyly

NM9UTEUU0IENTAUTDINEA ST

= Q‘ =S v a v = =)
3.6 NM3AnwIgNENITIlunIsitueLLadasEuazN1IAITATIAN LUEIA YR IYYD
3.6.1 @nnmad (Animals)

n1snaaedlasuniseudAanAngnssUNIsAAUgLanIsiaesdn lkaznsly

dninaaes AnsLNNEAEns unIine1deidedlal vuneaalasanis 30/2561 tagldnyunn
AR @neug Wistar d9@0anguddninaasduianid unninerdeuiing dhsnuiudiluries
o & aa a a = o A v %
doivpaeaniinisatuangamgl 25 « 1 asewaldoa Wwian 7 Ju dnnsliemisuasy
AADALIAT WUy minluYae 180-220 n3u senillu 6 nqus av 6 f fadl

naud 1 : nguvylasuemnsuniniuaukazdInay (normal control; NC)

1 d' 1 Y a a U I's

naud 2 : ngunylasuemsuniniuaukaskEnsine (normal control + product;

NP)

[
I o

mjmﬁ 3: ﬂqu}mmaxlmﬁaﬂqﬂmuamLLazﬂauﬁwﬂa‘;’u (diabetes mellitus control,
DQO)

ngudl 4 : ngunytaaluidenguarld$y RSE vuia 500 un./nn. (diabetes
mellitus + RSE; DE)

ngudl 5 ngunyiiaialufongeuazld$u RSP aua 500 un./nn. (diabetes
mellitus + algae product; DP)

oA ' H N Yo .
nauyl 6 : ngunylIaludenguazlasueiann1slumIu (metformin) u7A 50

un./nn. (diabetes mellitus + metformin; DM)
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3.6.2 Nstledn ANz U (Diabetes induction)

nynaudl 3-6 azgnivdeatliiannnziianaluidongs (hyperelycemia)
PENITAN streptozotocin 1NURYIDY Turun 40 Hadnsusdenlansu (Srinivasan et al,,
2005) w&sntiu 10 Tu "'imzé’uﬁwmaslul,ﬁamm MNIAEINI1 200 TadnSuselndans
uanafansiinmziumu WeiEuteumsaaeunguiild Sunisiou RSE waziumvesiiu o
gminanaganedeiindu tasagtouluasina 8.00 wrewniu naen 8 dUni dninnaes

o

nnquazlasuainisuaziiegiaiisans vinistudindmdn uaziinsiiuiiegradend

5=

UShaanemamydiunng 0.5 Taddns ieliasiziadadlunataun seavanasulnda-

flee wazioulwimusandndusald (AW 19)
3.6.3 NSHAIILINT AT ULGDA

n13nsIvdnseiunataun nalea lnsndiwelsa Astadaneseasiy
ADLAALADTOATYUA low-density lipoprotein (LDL) kazADLAALADIRaYUA high-density

lipoprotein (HDL) Tngltinatin enzymatic test Imaﬁﬁmwmaau commercial kit

Male Wistar rat (180-220 g)
|

Iy ¥
Normal rats Diabetic rats

Citrate buffer (i.p.) STZ 40 mglkg BW (i.p.)

Group 1 : Normal Control (distilled water); NC Group 3 : Diabetes mellitus control (distilled water);, DC

Group 2 : Normal Control +500 mg/kg RSP; NP Group 4 : Diabetes mellitus + 500 mg/kg RSP ; DP
Group 5 : Diabetes mellitus + 500 mg/kg RSE ; DE

| Group 6 : Diabetes mellitus + 50 mg/kg metformin ; DM

—_—

Induction of
DM

Sacrification

Blood collection
]

+—— 8Wks —> «——

v ! l
Blood chemistry : MDA Antioxidant enzyme :
SOD, CAT, GPx

glucose, triglyceride, cholesterol, HDL, LDL

AN 19 WNUNISNAFRUVENNTINNERTNAGDS
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N15A572IATTAVUINNG

N15As1RsERUTIMatunataulaetiinataul 3 lulasans wuasludnemeasu

nglad (glucose reagent) Usuns 300 lulasdns andunawlidiiu #eld 5 wil Aewinly

[

AAINIIAANAULEIIAINETIAGY 505 UIluluns Weuduasunsgiunglag antdudian

NRANAULATAWINIMUTINUNgLAadsl
Glucose (mg/dl) = (Abs. of test/Abs. of calibrator) x concentration of calibrator(mg/dl)
nsasavdnlasnaalsn

nsnsavinlasniwelsd (TG) lagld@suainideavyusuns 3 lulasdns nauduuien
nageuUsung 300 lulasdns wauliidaiu 9al3 10 wiil waniludnenisaanduunai

ANE1IAAY 500 Wlums themsgandunasdildndnalnindiwelss fil
Serum triglyceride (mg/dl) = (Abs. of test / Abs. of standard) x 200

1ng Abs. of test uag Abs. of standard fi® AINITAANAULENYDIFIDENUALAITUINTTIY

200 Ao AAIULTLTUVBIATUINTFIY (Me/dl)
N131392INABLAGLADTOR

nsnsidnneamesea (CHOL) dsnsasilld@suanideanyysuns 3 lulasdns
wauiuiigmaaauUIung 300 lulasdns waulidniu 9ald 15 wdt udnhluindins

AANFULEITNIAINEIARY 505 WIlLAT YA saanaulailaunmuIn Al
Cholesterol (mg/dl) = (Abs. of test / Abs. of standard) x Cs

lng Abs. of test iag Abs. of standard A AIN1IAANTULAIYBINIBENLALANTUINTTIU

Cs AB AIAMUTUTUYDIENTUINIFIU (Me/dl)
N150572IAABLAFLNDTOAVUALDVALDALALHIAN DA

nInsIvinneladneToaviaeviiea (HDL) wagieaduea (LDL) ld¥suainiienny

Aipszilagldinios Mindray BS-380 (Shenzhen, China)

3.6.4 M3nTvinszavLasuladanilantunataumeuiisevensallounsdysn

Y

(Thiobarbituric acid reaction substance assay 39 TBARS assay)

n153nUSuauaeulasailes (Malondialdehyde; MDA) Tuwanaun wile

Usz1liunnae oxidative stress 91nU AN TRaNTWMTY (lipid peroxidation) lngin
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Fonsneganiumissiianuiia 10,000g Liuwanen mﬁngﬁ%mﬁ’uﬁwmmaauﬁ%%gﬂ
(TBARS assay kit, Cayman chemical, USA) §9i wausledamaaoy 100 lulasang uag
d15a¥a18 sodium dodecyl sulfate (SDS) 100 lulasans Ty iy color reagent 4
lalasAns ndutludul 100 ssmieadea w1 92lus thiegnansuutiudeu 10
uit Aewthlutumilesit 1,600¢ guvindl 4 ssriwaidoa Wuian 10 wifl wénianiarinig

A - 44' v o v v
AANAULATIAINENIATY 530 UlunT WagiafigunaududuaInnTninsgy
3.6.5 mylasgieulvddueuyadase
3.6.5.1 MyATIEAeUlel superoxide dismutase (SOD) activity

nsinszaunsiauyeteulsd SOD ludndonunimuisnisves
Concetti et al. (1976) Yanan1sdudamsateuyagtivasoonlsduoulossu (0,) Tasth
fedanagaeu 10 llasdns nandu radical detector Usuams 200 lulasdns Tidniu
ntutyiUfASeU xanthine oxidase 20 lslasans Uuflgamgiivesunu 30 w1l uén

Y] & a =
IAAINITYANFULENNAIINYIAGY 460 UNLULUAT
3.6.5.2 MyATIwAeUlY catalase (CAT) activity

nsineulell catalase Mm11AEN15U8e Johnson et al. (1972) gl
fredrmadau 20 lulasdns wvirufasendulalasiaudeseanles 20 lulasans vuwas
gy 20 wiiiguugiivies ntudinunadeslansonles 30 lulasing uae catalase
purpald (Chromogen) 30 lulAsans Unuaziug UL 10 U9l waRu catalase potassium
periodate 10 lulasans Unuaziwgsiodn 5 uni udrinAnisganduuasiiniuenindy 540

PR

3.6.5.3 n3ineuleiinganlnlouaseanding (glutathione peroxidase,
GPx)

o w 1

whdegmeaeu 20 lulasdans vinUfAseniu co-substrate mixture
20 lulasans wauliidniu Ha cumene hydroperoxide 20 lulasans waulidniu anntu

lUinAnsganfulasnaueaay 340 WluuAs WBAWIUMAT GPx activity
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A0AN Y IUNITAATIEN

Tayan173degnsvinauyadasrwarUIuiaaisusenauiluedn asgnuanslusy

'
! a

Aadey + AdeauuuInIgu (mean = S.0.) dayanisideludninaassazgnuanlugy

+

AREY + ATAIIUARIALATOUNINTFIUNITIA (Mean + S.E) NTIATIBAAIULANGIIVDS

ﬂﬁju‘maaﬂ 1% One-Way ANOVA A1UAY Post Hoc Test 98¢ Duncan

amuﬁmaammlﬁu%’aga
1) HosuFtRnisnans anzmalulaBnisUssauasyinensmnail wningndoudld
2) ¥oeUURNIINANN AMEIMINTTULAZRAAVINTTUNYAT WM INe1aeuly
3) AAIVIAITINGT AUTUNNYFANERNS UNINLIEeLTealny
4) Maudld 2477 aarnduninensuasnney AnIne1aeLily

5) NUNERTHULY 85U UrINe1aELULY
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una 4

NANISNARDILAZIANTAINANITNAADY

4.1 MIARENINQAULAZNITLATNETTANR

a1vsneln (Rhizoclonium hieroglyphicum (C. Agardh) Kiitzing) 21nusiu111u
FUAYINTIINT AU Wazaus18Le (Spirogyra neglecta (Hassall) Kitzing) 910U U
A Bunakles Famdnuns awseusazyiiadiunfigadiendnualniglandeqansseml (nm
20) ngamsigln (A) fdnwasduduasldunnwous waddilderzunsenssuen wluwad

) o gy & oy . gy < v
AU WULDUTUE wagNEsmNeIdanyustdund “H” d@uainsionn (B) dsianuwaziduldu
a1 ldunnuaus wadddengunsinseuen migadiidlaniy aaslswaradtnduinden

Adgsuluegiiwas (Peeraporpisal, 2013)

AW 20 dnwzwanvesEImIeln (A) uaza e (B) neldndesganssmiindaveny
400 Wi

MNTBURANITANYTEavesdihazaminzaulunisainanszdiAyngy
fueAnarnaminewn Tagldiuvusawazi aliusinuensadauaransfiuedniigandnar
azangdu UJanthip, 2013) faiulumsinuediiasldldsvinazane 4 via lun e osd
T emuea wazt (90 °C) afnansdrfaluamsieln dWenmdazanefiuanzay wagii
Tustameisuuudenuds (freeze dry) laansananerulsuiausesasnananansain (%oyield)
Windu 1.34, 2.17, 6.71 uaz 46.97% auaidu lasdnwazaisainainsielniieianiau
(A 21A) wazexdlau (1w 21B) danwuzimidsitunile Jd0sdu druasainaeLen

a v I Y A A ¥ v Y goj IS I Y a 9;
UANANYULLUUNILNIATEVN (AN 210) Laga15anNan8UIdaN YUl UUNILAIAUIRA
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i (nw 21D) wansvAdUgMEREyYaBaTEresasatave 4 viln feTEnsudnouya
Seasz1ed7Lod (ABTS radical scavenging activity) Wwu3n a1safnaiminelndreun i
Aua1nnsalun1svineyyadasege diuarsannamsielnatgieniueaiivsuin
asUszneufluedngenindavinazaisuindu (ms1a 8) MnuanIsAnwIinuin nsafn
amglndethuazieniues dadufhazaieiifitags Iuarufosunsataameem
wiidlavansannuaratefetmudn asatadeiiannsaaranetldfuinniuarlfios
avansartngs Tufedaraendemniulfiduduuszneuluemng fafunsinuaded

= BJQOJ [~ Y] ) [ 1 1
lgindudrvinazatelunisannainiiglnuazainsiewmn

AN 21 ansanmannsglnaleeney (A) axdleu (B) wn1uea (C) wazul (D)
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a

A1319 8 YSuauansana (%yield) qwﬁsuamau yadasviediliea wazUSuiuaisusenay

Huednvesansannamseln (R. hieroglyphicum)

asane YSinans  qrismsvdneyyadasy  USunaansuszneuiluein
ane (%) oUed (mM TEAC/ (mg GAE/ g extract)
g extract)

S. neglecta*

WUNIUDA 35.77 10,456.68 + 203.76 346.58 + 1.16
11;1 49.40 1,916.58 + 46.32 589.77 + 1.18

R. hieroglyphicum

LN 1.34 0.00 + 0.00° 1.30 + 0.00°
pxalau 2.17 119.14 + 4.99° 3.85 + 0.06"
LONIUDA 6.71 141.40 + 8.44¢ 7.37 + 0.40°
1 46.97 600.16 + 12.66° 4.16 + 0.15°

WUBLe * Janthip (2013)

ALadY + ANUE9UNLINIEIU (mean + S.D), n=3

o o

Snusfimnafulupedudiiontu Senuusnstuegefitudfunieeada (o< 0.05)

INNTAfAMmERYaraIeNiseImIumINaINIsatunIsazatein (polarity) aguladn

5 & o o ‘:4' Y a ) N g ° v a £ =
unduimhazamenmungaulagliuiinumsanings Ialdee lvusunuasesngrsuasi
granedinmlumsiueyyadaselan lauSinaasanauiamsigln (RE) uazamsiewn
(SE) Anduesidudasanniila (%eyield) winiu 46.97% wag 35.51% vesiwminainsieg
4 o w LY ' a o [ Y o o ¥ ! [
Wi auafu Tnsansadnasielnddnvauzidunsmadiiaacdy (nw 22A) druansadin

A8 NI UNIWAIF DTN (NN 22B)
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AN 22 dnwalzavsglnuraazaisanaiiansngln (A) wazains g wAILazaSEN AN

avsewe (B)

4.2 n153AsIznsUuiUauvadlaneuiinluaiusiglniasansiegwnn

AsanmEININBRATN RE uay SE gﬂﬁmﬁmswﬁmiﬂmﬁauimwﬁﬂ oA a3
ny (arsenic; As) mﬁ"l (lead; Pb) Useavn (mercury; Hg) wAALL YN (cadmium; Cd) way
Tasula (chromium: Cr) daemaila ICP-MS Wudn ansafnainsiens 2 sida linunis
Vuiouwedlangniingsnan (3719 9) Larmanasin1seeNuYed TN UAMIYATIUNS
91MIUaren (98.) §1989U5NANTENT A5 ITAIGY aUUR 98 (W.A.2529) atiudl 273 w.a.
2506 uazatuUsuU wa. 2562 Fesunasgiuemnsiitaisuuteu Sufunstusuldians

afmanngens 2 vianadameiniimiuvasnsdy aursathunldidudiunanvamansuats

A1519 9 NTIASIzINIsUNUauvedlaneninluansataainsieln (RE) wazannsiewe (SE)

Usuey @adnsusiantansy)

Tavignin —

NUiERUT U BY. RE SE
@131y (arsenic; As), <2 laimy laimy
i (lead; Pb), <1 lainu lainu
Usem (mercury; Hg), <0.5 lainu Tainu
wAALiley (cadmium; Cd) <2 Tainy Tainy
lastiiew (chromium; Cr) <2 lainu lainu

NHYLYAE n=3
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vV

awseglnlusssuwd Ineniluasnuannlugiegavunl wagduggsou vieagnuuin

Y

Uszaun 4-5 wauwitiulunist adrelsAmudsunanandnvasainsiglnglrawlannnuluwe

avTazduogfuanmuasdaunndonlasiamearuy uargumnivead Seduadmiunis
Fuaswiuas mswsyivinvesamsglnazerfonsruiumsdansziuandundn fedu
nsiiunandnainamsedsliaiunsavildegaiiaue Jedesinisifvamielnlugia
qaniafidamieln itelinaunurggiidameslndwiutosas deuisddnuamaim

yosgmselniiuliuig 12 weudisluiiinghuiiosedmsuldlunisndandndueisigg 1o

I 1

9l Fawudrannsieln (KO) wazaiusiglndiiivliuiy 12 e (K12) Sallqarinig

TA9UIN5 wazUSunaa1sUsenauRUeananLs wane19iuee 9 luived1Aun19ans (1979

o

10) wilaginsasunlasuaadaingnenia (Ko, K12) wavdvesansana (KA, KA12) Aniy

(NN 23)

AW 23 Snwauzansnelnuiiad 2559 (K0) amsielnusisd 2559 filiunu 12 Wweu (K12) as

afmansnglnd 2559 (KAO) wavansatnamsielnusiad 2559 fl5unu 12 e (KA12)

(%
LY

feiulunisifusnuamielauisluszeziian 12 Weu fnvsidsuudasives
amse wilidsnaseuinunuamidaruns Yinumsuseneufiuedn uazgvsnisiu
oyyadasy mahamsolausluinundundadusiomnsguamldieuisggnaifiuife
daly

draunsinuinwiamiewn Tuanneiivuas Uaatin ludiaauau inungumgives

A o -3 ] J ] v ] v o &
wudeiunisiiuinmamsgln wud amsgnInie (11 23A) Laga gLy
Tuu 12 iew (aw 23B) lufinsivdsuwdasesdidogmenilan wazilletiainsignn

WAl UANAAI81 WAIATIEAUSINUA1SUSENaUTURANIUETTENA WUTT TANULANAIDENS
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o

Ll Ayn1eadii (0>0.05) fam1s19 10 wanslsiiudn nmsiivauselnuazamsiemily

o

[ a

Y ! o v & Y a | N ° o
dN13¢NINATD QSWWIWLﬂUQG}ﬂﬂ‘U‘l@IUWU 12 U I@Eﬂllllﬂ'ﬁl,ﬂaEJULLUaQSU@Qa'ﬁa']ﬂiyJW'N

9

' [
aa = Y

I 6 1 [y @ @ a Y a 1 a a [y 1% IS
ane "?N"UgLUUU?SIEJGU‘UME]H’WQG]LﬂU’JG]Q@UIMLW?NW@ME)ﬂ’]iNa@Nﬁ@mm‘mﬂ 3U

AN 24 SNUAILERTIOMILITY 2559 (A) @MsSIeLuied 2559 fil5unu 12 Weu (B)

A1519 10 WisuisuUsuuasuseneuiiusanvesasannainsialn (RE) Laga1mIneLn

(SE) AAuliuy 12 ey

g USunaansusznauiiuean (mg GAE/g extract)
JTYLLIANUIAY™

RE SE
el 0 6.16 + 0.11 107.02 + 1.03
Aeud 12 597 + 0.11 105.03 + 1.81

neme Anede + Andgauu (mean + S.D), n=3

N o

™ syeziian (Weuhl 0, 12) dualiAnauunnaisegeluiidedfgnieeda (o> 0.05)

= £ I~ . 3 o
4.3 NSANYINNTNINYININVBIENI18UIIN
4.3.1 MyiaTziUTunuasUsznauiiusaniazUTunal isoquercetin

a1susznauiluadnaiunsanulaluiuvatesia wu in wald Jaudmiduans
Auauyadase (Pourmorad et al., 2006) HgNENTINNNALDELN 1WU AUKUATILTEY AU

Ta¥a dunisenauwasiiugiiduiulyiiusienie (Ghasemzadeh and Jaafar, 2011) kazain

3189MUNTIATANRAUIIEeLazaImMIElNAeU1 Wundansusznauiliuedniilgnsaiu
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a%aﬁaimﬂuaaﬁﬂwﬂau Tagdans gallic acid, eriodictyol, kaempferol, quercetin,
hydroquinin, rutin, catechin, tannic acid &g isoquercetin Gﬁqwuiuﬂ%mwmmﬁqmiuﬁ13
a2 i (319 1) lunsanwasdldinssivsinaansuseneuiiueansiuves RE
wag SE wulndansusyneuiluedansiuluuTuna 8.58 way 107.02 me GAE/g extract
AIuaIfU wazidledasiziusuna isoquercetin Tuansadn RE waz SE drewaila LC-MS
(liquid chromatography mass spectrometer) Wua1 dU3u16 264 Lay 288 dadniume
Alan3uansafin (nw 25) azffuledn SE fiuTaansuszneviluednsandiganin RE fa 12

i1 danalviduIuna isoquercetin figandneag

A1519 11 YSuneansuseneuiiuednuaasaianinuluansana SE uag RE mewmaia HPLC

J3uu @adnsusiailansy)

Polyphenolic compounds

SE RE
gallic acid 565.29 578.25
eriodictyol 347.68 Not detected
isoquercetin 5500.44 7875.57
kaempferol 621.40 138.55
quercetin 386.73 1014.58
hydroquinin 1118.32 1086.89
rutin 700.40 629.85
catechin 3531.08 2196.34
tannic acid 548.91 1278.03

91NN153AT1¥9% SE Wag RE Al LC-MS wuansusznouuodanviln
isoquercetin (quercetin-3-glucoside) LAAINALATUNINILATUAININ 25 uaﬂmﬂﬁ@mamﬁa
Juansiusyyadassudl Saunsatisanseiunsiaamoseauazlniniwelsnladndiy
(Huang et al., 2017; Zhang et al., 2007) Iﬂiaa%ﬁqﬁugfmﬁuaq isoquercetin (AW 26) Az
Tnssasmveseglsinfndousioi 99nm1519 11 aufiulédn isoquercetin Wuansiiuednii
wuluUSnaigsninansvilady fetfuans isoquercetin anseldiduansuinsgiuvesansann
amsglnuazamiton Weldfvungunmuesarsataneuaztluiaundundn s

uq sely
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A
e B -

=]
-
=
[
=]

30 40 o min

8013
@®

isoquercetin

0

°
5

1

e

30 a0 50 min

isoquercetin

- M W

10 20 30 40 50 min

NN 25 Iﬂ'ﬁmﬂmLLﬂimaamsmmgm isoquercetin (A) Wag isoquercetin U89 SE (B) tag
RE (C) shematin LC-MS
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isoquercetin

AN 26 1AS3as19LASveY isoquercetin

M1319 12 USunaansusenauiluedin Usunal isoquercetin gnsvdneyyadasviediiea uaz

A1 Water activity vasansannamsnem (SE) wazansannaimseln (RE)

asane

NINAEDY

SE RE
USunauansusznauiluedn 107.02 +1.03 8.58 + 0.10
(mg GAE/ g extract)
Usuu isoquercetin (mg/ kg extract) 288 264
qvisvineyyadasvieliiea 379.01 + 3.08 4.95 + 0.08
(mM TEAC/ g extract)
A1 Water activity (a,,) 0.106 + 0.002 0.103 + 0.001

neme Anady + AndeauunInggiu (mean = S.0), n=3

ANFIPUNNTIFYVBIENIELA AL AN YN NTUNNDUNTNT WU @UI AR
amselniiseduaududy 1,000 dadnsuneilansy anunsaanseduiinialunyy1ing
AMzlumUle (Lailerd et al., 2009; Srimaroeng et al., 2015) AstulunIsWLINARA A

9INTFVNMIINAMTIENT 2 vila Felatinenansadaln 1,000 fadnFuwazamsenn 1,000

[ [y

fadnsunwauiu Insordunuaudfinisnaanfaanamseln wazgranisdinimlunisan

¥ 14
o Ao

sEAunaaaIna e ILazausieln welilauszansninniseangnduesansainifd

nimsldavaafissdafer wanhlvimszigndmeatannneuhluwaundundndue
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4.3.2 NMIANYIONETININUBIANTATAR AL

ns@nwgnsTInmvesansainay RSE nensiaseiusinuasusznauiiuedn
WU SUSunanansUszneuTiuedn 42.31 mg GAE/ g extract wlawlSauiiiauiu RE wuin
RSE 9zliiUTinaiansuseneufluedniigndn 6 i annismegeuauansalunisuda
ayyadaszeliiea ANfiey wazguWeosoenles dwanslumsne 13 waz 14 wansliliugi

RSE flgnSudneuyadasziolfieaimiuasduannnidt RE wag SE iesuiniied

A58 13 gudvIneyadasyesansananay RSE

QRENIEEDIY AINNSYINDYLADATY
visvinouyadasziefiiea (mM TEAC/ g extract) 1,115.28 + 23.11
qwém%’mawa@aszﬁﬁﬁw% (mg GAE/ g extract) 33.17 + 0.62
ovisvineyyadasyyUieteanles (mg GAE/ g extract) 139.44 + 3.39

i A oA
WNeEme Ay + ANUBIUUNINTEIU (mean + S.D), n=3

A1579 14 YSanaansuseneuiiuedn wazgsvineuyadasvieliies vesansannamsiom)

(SE) asannamsieln (RE) wazansananay RSE

qusMeTINM SE RE RSE

USunuansusznauiuedn 107.02 +£1.03 8.58 + 0.10 42 31+ 0.30
(mg GAE/ g extract)

qvisvineyyadasieliioa 379.01 £3.08  4.95+008  1,115.28 +23.11
(mM TEAC/ g extract)

Meme Anade + ANdeuuunnggu (mean = S.0), n=3

21NINUNIANBIGNTELEYYABATTYRIE MBI TaN U1 @mnsadiunng
NaufAsendfiaeseandndu vdnayyadastlansenda warayyaguileseanlen
(Peerapornpisal et al, 2012) ayyaguiladeenles Wuoyyadasziinuldlusranieniu
A1L1RY0INITANN1IE oxidative stress iWlUvaswadlusenigaudilugnisialsale
(Rahman et al,, 2012) fstunsnavansataamitedugas RSE Ifumsatnifinmuauds

msluansdinueuyadassiivszslevisesnanie wazarusailuimunlundadusionms

guamla
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4.4 PMINAUIgAINaAT e MNsUA M BTaLRE

msiagRsNERSurisuINMIUTInamsatinamsielniiannsadeaals Ty
T¥snvaziaavemdnsagnuvioman @veras) Wusunuu essndundnsuriilasy
anufeulunainialy Taeviuniaainundsvesndnsuaaionies Texture analyzer
(AW 26) WU T 45.41 + 6.11¢ Mntuhansataansieln (RE) ssiumnududu 1-4%
(1w 27) Tneansadafianunsanewaald fe innududu 4% RE undiouluinnuudves

1wa WU lanunsadaele sadusududesldatsnomaidudiunan e lildanuuziaana

=
VU

= N L -~ e
k 1% 2% 4% /

AN 28 ANBAZNNTNBLAATRIETANNAINTE A TIANUTLTUTEAUASS)
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Tumsiaungnsuaniasiommsguanvdagg [asduuuduingdeuusims 7
wliAnea wilrennsiifedudaiiutu msduuuduasnonadiouthuldidudiune
Tuomsnaneviia (Hotchkiss et al,, 2016) Han13AnwIdNBAZNITNBLAAT0IAITITLULTY
seduaundusingg Sdnuwazdanim 29 wiillesnluasadnanielniidnuvandua
fedulumsitaungnsiadontfummduduresasduuu Addudrumauantosluun

(0.5-2.0%) iRuaslugnsnandugiaulirnududuivangay

AN 29 ANYAUZNITNBLIATOIATITLUUTNAMUTNTUIZAUAE

4.4.1 MINAFDUNISBONSUNANAMUNAIY Just About Right scale (JAR scale)

nsnadeusERUANIduTuvesansainamsslnuagamIggasHaNSRITIEIY
1:1 (RSE) 71 4% (Recipe 1), 2% (Recipe2), 1% (Recipe3) way 0.5% (Recipe 4) Tun@nsiua
o1wnsgvamadamaanamsis (nm 30) Ingld JAR scale lewamngnsuansnsilndud
pausuraauslae lnsthusazgnslunasouluoanadasmemeuasudsiifotgiaud 35-50

9

U 91143 40 AUragnS

Recipe 1 Recipe 2 Recipe 3 Recipe 4

AN 30 SnwENAnuTIMTEUAMALAAE 4 ans Nldveaeunseeusuluetanaing
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HANITNAADYU Recipe 1 (RSE 4%) N1580uvusINand uluanwalzvo9d sav@ 1o

v o

Ve warANYeulnesIn 9nsuIued@1EdAs 40 au lumAre 11 Ay L‘Wﬂ‘ViilJ?fl 29 AU

A1sinIseeNsU lidesndn 27 AU (A1INgR7 o = 0.05) ®as91Ine1a@IddATNAdOUTY

faA a L

HANA Y Recipe 1 WU wanAugidslidlasuniseausu nandweild savd waziiledy

€

d

ee X2

AurnAuly (nw 31) wenandflenaiasiaslinuiuiuuindnsueidlsaeuiuly deiu
Jaiinsiaungnsi 2 lngan RSE auniio 2% (Recipe2) udmaaaunisgauiuluaiaiadns
40 A WumAvie 5 AU AR 35 AU WU KARSURLATUNMSEENSULNNTUNIN Recipe 1

wadslalleagluinaeisunisueusu (nm 32)

[] Too light [l ust-right [] Too strong

30 -
23

§ o | 19 17 19
© 14 13
= 8
¢ 10 L
S 3 4
(V2]

0 1 1 J

colour flavour texture

Recipe 1

AN 31 nan1sgeuTuNAniTiaIMNTaYA NYHnLRa Recipe 1 Mg JAR scale

[] Too light i Just-risht [] Too strong

30 - 24
= 21
2 20 L 16 17
g 11 11 :
0] 7
6 10 - 5
A

0

colour flavour texture
Recipe 2

N 32 HANNTEOUTUNENAMINIMNTAUN I NBTEALIR Recipe 2 Mg JAR scale
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v

VRIAINIUIEAT Recipe 1 Uag 2 Iaguiuan RSE a9 WU N38auSURERTILAY

[

Wu widslaildeglunaeisuniseeusu wenanionaadinsdinddidoiauawugiiiufiudi

e

anwagveniedudawman asvilvliilovewanduaiuiniuy wassaviadensdaiiuuued

£

AatuIefpsUSuAudutuTes RSE asdnasalu 1% (Recipe 3) Wonannansuandunuin
NARAUTNLINwULYaUladUNaNNa) n1snleaanas 3 AAlnsIiualsnetaaluy
NANA I ANTUINLAN 1.2% DU 1.5% wan1snadeulueianaing 40 AY v 11 A
WARER 29 AW WU TasunseensuiLTY Tastanzileduia (naw 33) uilldotausuus
1 a [ 6 v = a <@ 4 (% 5 z.ﬂ' Y a [ [y [ = o = gj
1 nanfundsadisavfvuanes deuielindaduanlasunisseusu Iniaugnsdnas
Uy RSE 0.5% (Recipe 4) wagiinanstiminumnulaeldiiniausansged (sorbital) 210

5% LU 7%

30 -~ [] Too |ght Il Just-right |:|Too strong
520 |
@
&
g
] H H H
2]
0 ’_‘ |
olour flavour texture
Recipe 3

AN 33 HANTSERNTUNENUNEIMTAVANTTALIR Recipe 3 A8 JAR scale

Tunsnageundingdot Recipe 4 lasinmsiiinannumanudu 7% duiulunsifiudeya
NNEETATINAYIY 8 AU AN 32 Au FaldliinisgauTulTeInIMITUYRIHARS Il

1 . < av Yo o A [l 6 gj v Y = a
WU Recipe 4 Lﬂuqmwimumiaamwaqhmm% (NN 34) NANTEBNIUATUR TEAVG

&
A (%

Weduda uazanuviu lumsiaundnduaiemsguamlagnaaeudnyuenisseam

[y |

dudalundanuae elinaronmun nvendn dusuazn1seensuresuilag Feenaliaiunse

9

TalaneiaTesiianiegunsalniaingiemans (Watts et al., 1989) ansilasuniseousuds

I3 v Y
L‘Uuqmi‘mmiaﬂqawqﬂﬂqimaqﬂﬂjﬂ
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[] Too light [ Just-right [] Too strong

“or 31 31
_ 30 28
§ 30 |
320 |
< 7 7
S 10 b 6 ) 6 q 5
0 1 I | |_| 1 |_| l_l 1 |_| |_| J
colour flavour texture sweetness
Recipe 4

AN 34 HANNTEOUTUNEN ATV NBTEALIR Recipe 4 A8 JAR scale

nsnadeunsvansulueanainsongsius 35 YAulU Aae JAR scale wudn Recipe

Y v v

4 fiansans RSE APnudutusasas 0.5 kagtAuanslial1umIuain 7% bwsuniseausuly

faa A Y = o

anasins 1neNAnA LR AR NTUDIAN FududssTuvIRYRIEITANNa1nIIY wiiasinisUSy
anAuNtuvesanTaings nandnedlldilendunafuvinligaigaieninaianaliun
Y | v A ) A & A a o

Suusenu uivasnegeulaTuataNaluTosdnysvesdn dudessuyd oraadnsinig
wWhlauargeusulauinu Wedwindueing 4 gnsunined L* (A1anuadnevesduninai)
a* (AANUIUVBIFLILIDILAY) b* (A1ANULTUVDIAUNRURUME DY) WU TAd L* a* b*

o w a

a Y L3 g.J/ a ! U a v a v
VDINARNUNNY 4 qmmmmmemﬂﬂulmuusmmymmm (p>0.05) AaLLanIn1319 15

M1919 15 gasnaninaesaun nsinigg wage1d (Lxa*b*) vesnansio

Recipe  RSE  @1snewa  a@1shiAiu AN
(%) (%) 11U (%) L* a*" p*"e
1 4.0 1.0 5 0.00 £ 0.00 0.48 +0.05 4.28 +0.09
2 2.0 1.2 5 0.00 £ 0.00 0.48 +0.06 4.20 +0.09
3 1.0 1.5 5 0.00 £ 0.00 0.48 +0.07 4.35+0.08
4 0.5 1.5 7 0.00 £ 0.00 0.48 +0.08 4.39 +0.09

newe ARy + ANJELULNINTEIU (mean + S.D), n=10

"™ Auadglulnazaeanl wansnsegelidtdedAyians (o> 0.05)
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4.4.2 nMsnadaun1sEaNsuNannuauLuUluadiasA8 9-point hedonic scale

a v 6

HAnSuToITEUA M IALRaAULU (RSP) 1AFun1sEaNUINNITNAGEY JAR
scale gnunumaaauNIsEauTuNIUsEamdNda taun dnuaeiiusing & ndu savid wile
duda warn1sgausulaesiudlg 9-point hedonic scale Tuguslaaaigdaus 35 Yauly

wUasdutaeny 35-44, 45-54 uaz 55 Puld S1uam 390 Au

HanIsAaauNandug RSP lunguaianadinsvianAyiguasnge 91907y 35-44 Y
71U 140 AU (21 35) Uazaieeny 45-54 U 117U 145 AU wudn eranadasis 2 ngudl

YOUTUNAN AU UNUNTZAUYDULINDIVUUINDE1989 (LU 8-9)

mo 8 W7 M6 5 4 m3 W2 1

80
g 0 r 47.14
o 37.14
®a |1 3629 3357
o
N
L 20 I I I

0 1 1

colour flavour texture overall liking

Sensory test

AN 35 N1sgauTunanduaisuluy RSP luenanadasyiieny 35-44 T

80 - mo 8 W7 M6 5 W4 m3 m2 1
= 60 L 53.79 5172 53.10
> 46.21
0]
& a0 |37 33,10 35.86 36.55
@
O
& 20
O 1 1 | !
colour flavour texture overall liking

Sensory test

AN 36 NMTERUTUNENSUTIAULUY RSP lueanadinsyieny 45-54 Y
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13 (Y IS £ g.}/ ! = IS N v 1 ) 1

Hgeegdnazdileymauan dunsuslindeasiiluilonaasy indig vieldilulasy
Fafidgymnsienisipgininuaznsusavglifiuiniaag Jaeenedinifenemisianize sy
& ! o £4 o & ! a a a A ! & o B
\gde i lrvinansemsndnly wu Tusiu Ianilu indeus uenaniinisuasiigeses
nszinIzamITAnas lin1sgeguazn1sgatemisanadluiig inn19En1591RemM1s N3

imdeulmvansEnzamns uavdlddavas yilvddnidesas uazllgwvnviewsn delunis

Y
rala

nagaundnduel RSP Tuanaadasnguylngiflongaeus 55 Yuuld Fslasuniseeusuly

o

naueiRuINTian 1nndn 509%) dlnglimnudiuiisduicmude limiu waslisafa

80 EO WS E7THS Smim3m2ml
66.67 6381

60

8

&

£ 40

[

(0]

o

&
20
0

colour flavour texture overall liking

Sensory test

MW 37 Nsgausunandueisusuy RSP lueaadnseny 55 Yauld

a [ &

= = = @ o o ]
WoSuullgunan1IMAaeUNITEaNSURNEAA M RSP Yotenanadasne 3 ngy
97U 390 AU WUIN AnRREAzLUNlaaIneIaadasieneuInndt 55 U In1seeuiuse

nansuel RSP u1nndngueny 35-64 Yuas 45-54 T (01w 37) uandbiiuiwdndauslasu

o =

auaulaannquiinauazigeeny dadunguiuilaadmunsuazidunguiiianinudssie

]

[

A15.AalsA NCDs TagtanizlsAunmiNug satuUNanA s RSP 3UUUNAA A9 NasIAuAI1L

Aoin1svesiuslnandotydaus 35 Yauly
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colour
9
8.5
. e 35-047
overall liking flavour —05-547
—>55
texture

A 38 n1siSeuliieunaniseenundasiae RSP Tunguetanadiag 3 nquene

[ ¢

4.4.3 N15IATITAVBUATNVUINITVDINANS U9

Y

AUTENIANTENTIESTUEY aTUTl 182 w.a. 2541 dimualiiinisuansaain
Tnwunnis ielideyanurmislasuinisvesensudguslan werdunisdunsesiuiing
Frugmsuarlnrunig (N5eN929a5150AY, 2562) Feifundniaet RSP Auandluniw 39
YuIAU55Y 200 adans wazidugasildsumseeuiulumaadinsisgnihuinsidiels
gnAem1usEleuTeINIENTI NANITIATIEINGR Aualagan1tuusn1InSIAERUANA N
WazaASIUNAAS U9 Audinalulagyinin unIngraewdld uansnuAImMlaTINISLAE

A15919115722 195 UNNSTUUTEUNERA L9 1 999 (200 Hadans) A9l

AW 39 WA RSP YW1IAUTTY 200 Hadans
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ToyalAYUINIT
USunauand 200 dadans
wilavtaguslan : 1: 1 983 (200 Tadans)

UIUNUIYUSLNARDTDY : 1

AuAMNSlnUINTSRevidanlsusLaa

PAIUNIAUA 70 DlakAas

SpuarvalSunuNwuLne U

lasfustavn 0 n 0 %

TUshu 4 n.

aslulawmsasianun 14 . 5 %
e 15 .

JCTECHY 20 . 1%

*SovazvoaUsunarsemsnuusinliuilnadeTudmsuaulveoigdaus 6 Yauld (Thai

RDI) IngAnannAusadn1snasnuivay 2,000 Alawaass

ANAMIIATUINITHD 1 BBY

AITHUINIU 1 ASY

2N YR N Y2
GEN! 1ena Ty Taife
70 15 0 20

* Anlufosavvesliunaasganuilnaladeiu
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4.5 MIANWIYNSNUVDINANTN

4.5.1 nMsnaaeuUsNaunIslundnsine (Total plate count)

nsmUSunaRdunsdlundndoet RSP vuemsidenide vnsmaasulugie
Wousuau 2561-Twan 2562 WieldUszdiuergnsinundndueifenmgl 4 esmwadea

= a v ! ] a o a v =3 v 1
wazfigauniivies wudl nisiunandaueililugamgiiviesanunsaiulauiy 14 Ju (1w 40)

=

Tuguziinisinundadueililudidu auisanulauiuds 1 dew Inglifinisuuilouves

& e I a o ¢a & o a v a =« = o
L%@Qﬁﬁumiﬂ (W 41) LLWNa@ﬂm%VILﬂU‘lQQMMQNV@Q Liilllﬂ']ﬁL'lJaHULLUaﬂiuaﬂ@mgsﬂaﬂwa

Taenuln aneauuulelaiuuInTUlUIUN 5 AU AR AugAanNINLAL AITLAY

Snwluannvenmgiindninaamaivies

9 Y

A 40 YSunagdun3dlu RSP ndsnsifiusnwniud 1, 5 uay 15 Ju Neamgiivies
Tuvarinsiusnwmdndudlugiiu aunsatisBneignisiiving uazasanin
v a o val ' A a & 1a a = a o & [ =3 o
dnwzveINaninalaandt WellnsenuTunaaunsdlundndue RSP ndanisiiu 15 Ju
1 a 95 4” a dy a a (% 6 a % 3 =3 .
WUILITUUNYAUIVULUBDLIDNUVY TAVINVDINAANUNAIAN AIUUDIYN1TLNU (shelf life)

Yosudnsiae RSP wiiu 14 Ju tneiuliludiau

'
a v A

7w 41 USinagdunadlu RSP vdanisiiusnunfiaamgll 4 °C Tuil 1, 15 uaz 30 Ju

Y
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=]

WWosannsiAusnuInans et RSP deldanunsafusnunlauiune dusun1saia

[ '
§ v o a a 6a U a

Wilwd deiulavinnis@nwimn3snisiaregdunidnmunzauiunandueiiieliaiuise
ganainisiiusne Felaldisnisendermeaiuiou Ingldieses Autoclave (gaungill 121

sarwaded w15 W) nudtanansausnvwdndaailauiu 3 Weu Neumgliviedlas

a Y L3

LifinnsUudouvesiioqduniduasnandmeinsgnin (A 41) uagarunsaiundnsiueila

= ! dil dil a a 6 ! a U ! a U
w1y 5 weu laglinun1suniloureitodunis wandniuallnsaniniy lned nwuzves

q

[ I
&Y

Weduaszianiariinuuimvtuny daldsnmisldanuiougs anunsasiedunsdly
A v € 0¥ a o & < v = 1 < D = a a oA o«
wansiuel inlvinandaueianunsaiulauay egrulsinuazdedinsfinuiiufuiedneny
nandusiwararnsaiuldnioamgivesduiu 1 ¥ fwesdianudululdlu@omndivg wu
38l LTanITaNasled (sterilization) 81M1159984AT8939N85A (retort) HRAINNUTIAY

UssauaiUantinatin viseqesnesamd (retort pouch)

AW 42 FnuUTNAATUY RSP IN1UN1TALT 0875 ameslad LaslAuuIu 3 Lhoun

¥

RRIVRIITON

4.5.2 minageuUTinaasuszneuiluedn uazanuannsalunisvineyyadasy

VDINANNUG RSP

HAN1TAATIEVUTIIMETTUSENRUTUEAN LavauaIu1Talun1sATUeYLa
Basvvomdasud RSP Wondn (Jufl 0) waznendinisifiusnendl 4 esmwadea uiu 14
Fu nun finsdsuulaswesUSinauansuseneuiiuednanandniios Turaefiauanunse
Tunsvineuyadasziodfoaisnfinduninindntos fanuuandstusehlififoddy
N9adR (p>0.05) FI91519 16 HaneaeuRanauandliiuindnsuel RSP Mfusnwild

Wy 14 Ju fensansdrdnuazgrsnueuyadassla
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M1319 16 YSunauansusenauiiuedn uavansudneuyadasziodiiloaves RSP

NNINNdaU RSP

JUN 0 JuN 14

USunauansusznauiluedn (mg GAE/200ml of product)™  42.75 + 0.93  41.51 + 1.41
qvisvdneyyadasvielioa 122.95 + 4.16  127.33 + 2.66

(mM TEAC/200ml of product)™

Mnewe ALady + ANJELULNINTEIU (mean + S.D), n=10

" syggaInsiusne (Tuf 0 uay1d) dwalviimnuuananseeslifidoddamisadia (o> 0.05)

< o a
4.6 ﬂ']’iﬁﬂU']i]‘VlﬁVl"l\‘i%’Jﬂ’]WﬂlB\‘iNaﬂﬂ msﬁmmiqﬂjmmjuﬂLfoaiuwgm'a

4.6.1 MFAATITANTATTULEDA

n1snaaeuUsEanianvesasadanausenIamsglnuazansenn
(RSE) uagnaningiomnsguameiaieaainaivnsie (RSP) vuia 500 ladnsusenlandy uiu
8 dUai TunmyrmifignnilenhliiAnnnzuimu Tasvliissduinaludontouns
VAdauNINNTT 200 fadnsusewdans niedn1az hyperslycemia $ae streptozotocin 34
wiluhaeuiwadludugeudaiminidungiua snansesluudugau Juiliae
AMFIMLTY HANMINAFEUNUT naumyUnR (NO) nduvyun@itlésu RSP (NP) uazngy
MYUIMIUAIUAY (DC) NANMYUIMINUTLAFY RSP (DP) nguvyiumaudilésu RSE (DE)

m e

waznauilasunisUeusnunesiiu (OM) Insisduresinindegnslifidudfynisads

(p>0.05) Wosanlumsnaasuduniswieadliminnnziinialudenguiissegiaies

(%
LY ¥

wazldwidgathliiinaediu Awusesazvesmisiinduvesimindinyynnguiel

q

LANA19AU (H1579 17)
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A19719 17 dnine Sesazvsaininiiniiudy wardndiuvesbviulutewissiulining

YOWMYUNALALNULUIMITUARDATTELIAMAFOU 8 FUAY

Group Body weight (g) %Weight gain  Visceral fat/ body weight
NC 460.00 + 14.14 60.89 + 4.35 0.0608 + 0.0035
NP 463.75 + 20.35 58.58 + 5.97 0.0598 + 0.0055
DC 428.33 + 38.25 45.30 + 10.75 0.0447 + 0.0162
DP 445.56 + 17.49 55.28 + 4.04 0.0569 + 0.0043
DE 447.78 + 14.02 64.10 + 5.06 0.0579 + 0.0073
DM 443,33 + 9.43 55.21 £+ 5.02 0.0590 + 0.0024

1189 mean = S.EM. (n=6), p>0.05, NC = nguvyunf, NP = nguvydniiuazlasu RSP 500 un./nn,
DC = NEUAYUIMNUAIUAY, DP = Ngunyiunmiuuazlasu RSP 500 1n./nn, DE = NGUVUUNMIULAL

195U RSE 500 un./nn, DM = ngunyuininuuaglasue metformin 50 wn./nn.

nan13tou RSE way RSP Tumyunfuazvyiunmnu wuin nasmyunanlesu RSP
flﬂﬁL‘U?ﬂl‘EJULL‘Uaﬁ‘U@\‘]i%ﬁUﬁ’W]’]aﬂQIﬂa a9 nlAsU RSE wag RSP WWuan 8 dUasi (nm
a2A) luvmeiinyuaungu DE uay DP Slsgduthnialuidonanas 38.53% way 41.28%
AUAINU WATUYLUINIIY DM fsesuthaludonanas 42.03% eisufunyiuiminy
DC asn1snageu 8 dUan

wwﬂﬂaﬁlﬁ%’u RSP w1 8 dUni ldnun1sildeunavessefunaladinesoasi
drunani1sdeu RSE waz RSP Tumluminiu wudn DE Uag DP fiseaunaladinaIonsilanas
25.98% Wag 21.07% aud1nu Lﬁal,ﬁauﬁuwt,mmm DC ag9iltiudAyneada (p<0.05)
‘lumjwwmmmﬁlﬁ%’usmzmvxla%ﬁu (DM) ldignansnansziumsiadmoseals (AW 42B)
Tnsnalnnisoongnives RSE lunisanthaaluidentnasfeadostusesluudugiu wsned
INYIUANTITENUIN ‘VIHL“U’]‘VDWuﬁléﬁJ%UﬁﬂiﬁﬁﬂﬁﬂﬂﬂﬁiﬂEJLG]WJ‘LH@ 1,000 faansusanlansy

'
[y a a 1 a LY

Aadeiu 12 dUa fnasemsifiuanillunsnevausisesluudugdu wazieifinsesiu
Laulszjﬂﬁﬁqm%réhuawaaasz (Ontawong et al., 2113) uenINEIUISefinuIansade
AMINANNTAYILAANIANTUABLAAWMBTEAL (Doungjai et al. 2016) Tuyausiiansann
awselngethuune 1,000 fadnsurenlandy aunsaansyduinaanaslnsnawelsdle
AU (Srimaroeng et al., 2015) wandlilfiuinans RSE au1a 500 dadnsusenlansy

A111508A5EAUEIAA LT UAEINUANMSI8LaZ @IS LN
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e 8nwIfisneiu dauunndsiunisatifeg1alidedfty (p< 0.05), NC= ngunyund, NP=nqunyuniuazlasu
RSP 50011./AN, DC= NUMYUIMINUAILAL, DP=Nauunyumimuuaglasu RSP 500 un./nn, DE=ngumiumimuuazlisu

RSE 500 un./nn, DM= nguvyuiviukazlasuen metformin 50 un./nn.

A 43 sgduienanglea relaameten wazlnsndwelsnlunyv1iiilasu RSE wag RSP Tu

#UAN9N 0, 4 waz 8
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A13519 18 S2AUADLAALADIBATIN ADLAALNDTDaTTALTALEA (HDL) uazAsladinasoaviln

wearuea (LOL) Tunywniunfuasnyluminumasannlasu RSE was RSP lunian 8 dUn

Group Total cholesterol HDL (mg/dL) LDL (me/dL)
(mg/dL)
NC 48.03 + 2.25° 60.80 + 4.47° 13.00 + 0.71%°
NP 51.36 + 1.74° 50.80 + 4.32° 15.40 + 0.93°
DC 67.90 + 4.31° 55.40 + 3.17° 10.00 + 0.84¢
DP 53.59 + 1.84%° 56.20 + 3.92° 11.60 + 0.87™
DE 50.26 + 1.20° 49.40 + 3.70° 11.40 + 0.98"
DM 57.64 + 1.64° 59.60 + 3.61° 11.80 + 0.92"

W89 mean = S.EM. (n=6), 8nwsnasiulupeduiifiediu danuwandresiunsaifegrfived Aty
(p< 0.05), NC= ngumyund, NP=nqunyunfuazlasu RSP 5001n./nn, DC= NGUVYUIMIUATUAY, DP=
nauVYUIMIILLAELATU RSP 500 1n./nn, DE=nguniuimiuuazlasu RSE 500 un./nn, DM= ngumy

iz lasuen metformin 50 un./nn.

na991NUUIIUlASU RSE kag RSP U1y 8 dUansi wudniinnsanasuesseau
ABLAELNBTRATIN LAUSUINABLAALNDTDATNALLTALDS (HDL) LarABLAALNDIDaTNALDAR
waa (LDL) lufianuuanmneniy (11919 18) wamain RSE way RSP Anaanmoiaasoasiy wely
flnasieseu HDL uay LDL Gssziunataanasoais 2 slafieadestunisiinlsasyuunaen
Foauaztila (Miller et al, 2011) winilszéu HOL fuay LDL qwzﬁﬂﬁﬁmwmﬁmﬂmﬁm

lsAfenaIgelume

lun1sfinwiasell wud Insanasveslasnfwelsalunyiuvnunlasu RSE uag
RSP AflduNaNv8Ia1SannaIns1ena 2 ¥ia Inga1nsiglnuazavsigminuansiusanyde
isoquercetin Tua s 2 ¥ Fearsanuenyadase UJanthip et al, 2017) wazdad

FI8UNITIFEANU isoquercetin HAuaudRvIvanszauiinig (Zhang et al, 2007) 1913

' [
v € o =

nawwelsn wazAoladimesea (Huang et al,, 2017) Jadumstudulainnansuannmuiau

Mnamesnaninuaudianiinig lnsndiwelsn uazaoiaamaseals



4.6.2 mynaTeieuleiiueyyadase

85

HaNTIRTEviUSIaeulesidueyyadase 3 vl loud guiuaseanladaa

fwa (superoxide dismutase; SOD) AxALad (catalase; CAT) uagngilslouosandina

(slutathione peroxidase; GPx) Tunya13UnAuagnylu1niy wuin vyuninlasyu RSP

u1m 500 fadnsusentansy huflnamaseaulauley SOD, CAT (A 43) way GPx (AW 44)

:4' = = Y} ! A P Y] P a v !
LN@L‘U?EJ‘UW]EJ‘Uﬂ‘Uﬂ'GjﬂJﬂ'J‘UﬂﬂJ IU?JWZVIWHL‘U']W'NU DC QB@J?Z@I‘UL@UI"UNWQ 3 GUUWU@EJFI'J']‘V]H

UMNUNALDNS LAENULUIMIUNLATU RSE way RSP d5edu SOD NiiuduegelitadAgy
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b ab

DC DP
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DE

ab

DE

cd

DM

ab

DM

e 8nysnaneiu danuuandsiunisatifedaldedifny (p< 0.05), NC= ngunyund, NP=ngunyuniuaglaiu

RSP 500%n./nA, DC= NANVYUIMITUAIUAY, DP=naunyu1viuwazlasu RSP 500 un./nn, DE=ngumyiumauuazlasu

RSE 500 n./nn, DM= ngamyu1ninuuazlisugn metformin 50 an./nn.

AW 44 sysfuteulasl SOD way CAT Tumyw1afilé3u RSE wag RSP 1Hunan 8 dUai
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auyadasemiAntulusaneazgnmdnlalageulssl Superoxide dismutase (SOD)

Catalase (CAT) uaz Glutathione peroxidase (GPx) siwmtiilunisidneyyaiiinduidy
nauwsn (Vajraguta et al, 2007) Faseiuioulesl GPx IHMHLU’]M’Muﬁlﬁ%U RSP way RSE
Wu31 Ysunaseuleyd GPx lunyuimnuilasu RSP wuia (OP) Wifinasieseduiouleyl GPx

Tuvauevylumunlasu RSE 500 me/kg An15iHinTuY0I5EAU GPx MiNTUBE1NE

o

WodAgynsada lnseuleyd GPx agviuiissjAsensantuvesaisusenaulalasies
gonlen weliliAnufisegnle yilidudnisinanseuyadaseiindu auianneeien

20NBATU (Oxidative stress) wazilufu1venisAnlsals (Sies, 1997) Faiun1SIHLTUVDS

[y

520U GPx 3udunNaffes19nN187192YI8A1UN12E oxidative stress wazdainun1siAnlse

[
A v

o5 e

200 ~
160 L |a a a

a
| | | I [
NP DC DP DE DM

NC

s
(@]
T

(@]

GPx activity (nmol/min/ml)
(0]
(@]
T

Group

e 8nwsneeiy danuuandiunisainedaldedfny (p< 0.05), NC= nqunyund, NP=ngu
wyunAwazlasyu RSP 5006n./0N, DC= NGUNUIIMITUAIUAN, DP=nquuyiuInituwaslisu RSP 500
un./nn, DE=nguvyumuuaglasu RSE 500 un./nn, DM= nguvyuininuuazlasuen metformin 50

un./nn.

A 45 seauteulesl GPx Tunynafilasu RSE wag RSP wJuiaan 8 dUam
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4.6.3 NINSINIATEAULADULADRR Lan

wraeuladadlas (Malondialdehyde; MDA) Wlunandnuesufiisen lipid

. . [ Ao [y a A a X = a [
peroxidation tUuansustiieszRuveteyyadassiinlu nndloyyadaseas MDA aifagga
muluaag (Wirasorn et al., 2014) Tuns@nwrinseaures MDA Tunyunalasunansioe

'
! a

RSP way RSE luflnamasssdu MDA TuveRnaumnuuIninunlasunansaet DP wag DE

9 Y

o (%

WUAIEHU MDA anauilaSeuieuiunaunyuy egreidudAynieadia (0w 45)
f5189°UN13TeNUI asainamsigensiiussiueulsNligussueyyadasy uazan

ziu MDA Tunyiumiuls (Ontawong et al., 2013)

25 . c

20 +
= a b ab ab
= 15 }
GJ a
>
2 10
- B
=

0

ND NP DC DP DE DM

Group

e 8nwIfisneiu danuuandsiunivadifed1alidedifty (p< 0.05), NC= ngunuun, NP=nqunyuniuazlisu
RSP 500%n./nA, DC= NANVYUIMIUAIUAY, DP=nauniuIviuiazlasu RSP 500 ain./nn, DE=ngumyiumauuazlasu

RSE 500 un./An, DM= ngumiyiuvinuuazldsuen metformin 50 un./an.

A 46 szauinaeulaadlanlunyuniuaynyuviy

mamaﬁamqwémN%'mwwmmmamﬁmsﬁmmiqﬁummﬁﬂwamﬂmwﬁwium@n
UNRALAENYLUITITY WU mﬁmﬁmsﬁmmmamzﬁuﬁwmaﬂQIﬂa ADLAALADTDA LAZTEAUNN
aoulndailed uenaniduaeiiinseiuioules Superoxide dismutase (SOD) wae
Glutathione peroxidase (GPx) Fadueuluiduesnindulusanigldsnsae

Lo

INNANMINAFBUYNSTINMVBINEAS MR M TgUA M TARaIINa M8 TunYY1
u1a 500 Aadnfudedlandu nuitaunsauanignddainnld Wedwiaiisuruie
Sulszmudniuay (Reagan-Shaw et al,, 2007) nui1 Usinaansadnfiaslasusoiuluau
thwitin 50 Alansusaslésuansanin 4 n¥u Fefudodiousunanfusivunussy 200 Seadns

mssulseu 4 galseelasuansanansunuvafisengnsia
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q
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=

Auddednuranluniswauindndudlndineurunldlunisdesiulsa NCDs Ingianiy
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Tl w38 RSE Wluarsadanauaimsneniaisusznaviiuedniiingsiuninnisidansadin
amselniiessiiafes wasdllnuaudalunisiueyyadasslunseaeug s vineuya
a N Ao 13 yaa v o - Y =i
daszieliiiea ALY wazeuyagUeseenlydldndnie lngansnimuidududugnsy
anunsoandunuingaulaasds 50% 91nn1sun RSE luimunlundndusieonsavnineda

g RSP aulasuniseensuluenanadasiiiengisus 35 YulU 91w 390 Ay egluseau
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q q

INNINAADUYUTEANSNINUBIASHEY RSE Wagnaniwal RSP A8N1SNAdaUgNG
1l unryLluIMIIY Panudn RSE wag RSP @1u1sauanignianseiuiinia (anti-

hyperglycemia) uazgnsansyiunaLaaLnesea (anti-hypercholesterolemia) lunyiiiniie

'
a =

wWvueila 2 1 uenainlidanudnie RSE way RSP dananinuandalunisiiuseau
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Abstract

Soirepra megiecta and Rhizocionium higrogiyphicum are feshwater preen macroalgas
HMorthern of Thailand and hawe been used for the radimonal foods according o their oofmiemns.
These alzae exmacts displayed the biological activities, inchiding ant-inflamuratery, aot-exidant
and amii-diabetic activities as well as reduced bloed glucose and mghyceride. The previous ressanch
reported the phenolic compounds are the actve components m the Teshwater preen alzae. This
research aimed to determing the heavy metal conmmination nsing ICP-M5 (mductive coupled
plasma mass specitrometer) and biochemical properties of aqueons extracts of both algae. The
results showed the percenfaze yield of agueous extracts of 5. negiecta and R hierogiphicum were
35.51% and 38.41%, respectively. The contents of beawy metals which are arsenir, lead, meroury.
cadmium and chromium were met detected in bath of the alzae extracts. The appearance of 5.
negiecty eximact was dried dark zreen powder and R higreglphicum exmact was dred brown
powder. The foml phenolic confents were determined wsmz Folin-Ciocalten reapent method and
analyzed ammdmnce of impertamt component using LC-M5 (liquid chromatography mass
specirometer). The resuls showed that the 5. megiecra aqueous exmact (53A) and & erosiyphicam
aqueous exmact (FLA) confained 107.02=1.03 and 2 38010 mzGAE' g extmact, respecovely. The
izoquercetin confents of 5A and BA were 288 and 2584 mz kg extract, respectively. The antioxidant
capacity found m 54 and BA were 379.01+3.08 apd 4 05=0.08 TEAC g extract, respectvely m
ABTY radical scavenzing model If can be conchaded that beth of the alzae extracts were safe for
consumprion and bave antieidant potendal which have been nsed as fimotional ineredients n foad.

Eeywords: Rizaclonum higroghphicum, Spiragyra neglecra, phenolic confents, isoquercetn,
antexidant capacity

INTRODUCTION

Soiremra neglecta is a gemas of fllamentous green algas of the Chlorophyta division. It is
commenly found in freshwater areas and there are more than 406 species of Spirogyma in the wearld
SpiramTa . is an edible feshwater macroalza, consumed as madiconal food in the north and
nonbeast of Thailand due to its high poment content inchuding vifamins, mimerals and pheoolic
cootent [1]. Rifzoclonium higrcelyphicum has been natually srown in the north of Thailand It &
commenly known in Thai as “Eal.™ Local people have maditionally used this alza as an ingredient
in several porthern Thai dishes. The alza exhibic maximum growth dunng the dry season
(Movember-March), when the temperamre and velocity of water are low [2]. The numtienal vake
of dried algas consists of protein 16.7%, carbobydrate 55.7%, lipid 18.1%, fber, vitamin (A, B, C
and E) and mimerals [3,4]. Thess algae exmacs d:.-,-plavthebmlnzxalmmtﬁ mchiding ans-
inflammatory, anti-gastric ulcer, anfi-bacterial, anfi-exidant, anfi-cancer, anfi-mutagendc and anfd-
diabetic activities [5-13] as well as reduced blood glicose and miglyreride [14] Besides, the
fresbhwater algae exmacts are loaded with bioacove compounds such as polysaccharide and
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pelypbenolic components {Fallic acid ispquetcefing guercefin, catechin and farmic acid emc ) [13].
Phenolics which are the secondary metabolife and the apfi-exidant substance displayed the
hiological properties. The chemical smactare of phenolic conzizts of a hydroxy]l proup bounded
directly fo apn aromatic bydrecarben proup [15]. They were found in plane, fruits, vegetables and
beverages [15]. Isoguercetin and catechin displayed the main phenolic components in 5. negiecia
exmact [13], [17]. This stody was oo determine the beavy metal confaminaton and biechemical
properties of aquesus exmacts of fechwater gresn macroalzae for safery of consumprion and
antdesidant potental which have been used as functional inpredients m food

MATERIALS AND MEFTHODS

Chemicals

Folin-Crocalten reagent (Merck, Germany), Sodium carbonate, Gallic acid, 1.2"-azine-bis
{3-ethylbenzthiazoline-§-sulpbonic acid). ABTS (Sipma-Aldmch, TSA), Posmssium persulphate
(Sigma-Aldrich TISA), Trolox (Siema-Aldrich, TSA), isoquencetin (Sigma-Aldrich, Gemmany). Al
ather chemical regent nsed in this stdy were of analyscal prade.

Preparation of algae extracts

5 merlecta was collected from Makuba village, Muans dismict, Phrae province, Thailand. &
ligroghphicum was collected from Wongtuea willaze Thawangpha disinct, Wan province,
Thailand. The macrealzae were dried in the oven at 53 to 60°C for 48 hours. Each of dned alzae
was boied with disdllsd water at 95 w0 100°C for 1 bour. The alzss extract solutionm was
concenmated using a refary evaporacer and was lyvophilized with a freeze dryer o obfain the dned
enmact They wers kept at -20°0C uotl use.

Fig 2 {a) Characteristic of fresh R. .&Iﬂﬂg.'}-ph‘cm and (4 c&ilu:tlﬂ:!erﬂ:emj:msmpe (40%)

Determination of the heavy metal contamination

The determimation of heavy metals (arsenic (As), l=ad (Po), mercury (Hg), cadmium {Cd)
and chromium (1)) contents in alpae extracts were analyzed using inductive coupled plasma mass
spectrometar (ICP-M3) on an Agflent 7700 Series ICP-M5 (Agilent technologies, Garmany). The

1]
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dry ashinz method was used for sample preparation according to the AQAC method (2000). The
sample test {0.2g) weigh into aucible and dry at 500 °C (tempertore-conirelled firnace and slowly
raize fenperanme to 300 “C) for 16 hours. Femove the sample ash, let cool to mdom femperamre and
added 10ml IM bydrochloric acid to dissolve ash by heatng oo hot plate. Transfer to 25ml
vohmetric flazk and added 1M hydrochlaric acid to vohme 25ml and mixed The standard curves
of mized standard seloton were used fo evahmate the heavy metal confents.

Deferminaton of the total phenolic contents
Tmmnlmm:mmﬂalgaEMEEmmmdmgﬂeFulm{mcm
meﬁn-d.[lﬂ]Sam;:lemhm(ﬂ mal} was miwed with 1.0 md of 10%: Folin-Ciocaltean reagent and
0.8 ml of 7.5% sedum cabomate. The absorbance of the reaction mixtme was measured
specirophitometer af 755 mm affer 1 hour of moubation at room temperaiure. Fesulis were

expressad as gallic add equivalents ((GAE) per zram of exiract

Determinaton of Isogquercefin

The determination of isoquercetin comtent Was anahyvzed using liquid chromatograply and
mass specoomery techmiques oo an Aplemd Techoelogies 1100 s=rmss, equipped with a
LiChrpC ART EP-182 cohmmn (480 % 150 nom % Spom) and diode armay detector recording at 270,
330, 350 and 370nm. The mobile phases were a hinary solvent system consisting of acetonimile (A)
and ImM Aryoriom formate, pH 4 (B). The pradient used was jmin 10098, Soin 20%04,
10mein 20954, 40min 40%A . The isoguarcstin confents were generated and caloulated from the peak
ar=a of chromatneram

ABTS radical scavenzing activity

'IheABTSmiu:al:mm [ABTS") scavengmg method was modified. [19] The ABTS was
produced by meacting 7 mM ABTS stock sofubon with 245 mM postassium persulphate and
ﬂmgd&mehsﬂmimtedaﬂﬂrmmwmﬁxlﬁ-lﬁhmb&imm The
ABTS" solufion was diluted with deionized water to an absorbance of 0070 (=0.03) at 734 nm. Each
af extracts (200 pl) was mixed with 1.8 ml of difoted ABTS™ sohmtion. The decreaze of absorbance
was recorded affer mixing Trolox was wsed as sandards. The remlts were expressed in mb Trobos

equivalents (TEAC) per zam of exract. The aszay was performed in riplicate.
EESULTS AND DISCTSSIONS

The results showsd the pevcentaze yield of aquecns extacts of 5 megiecta and R
higrogiyphiceon were 33.51% and 38.41%, respectvely. The appearance of 5. mesiecta extmct was
dried dark green powder and & uerogpficim extrad was dred brown powder. (Tablel) The both
alpae exiracts bave been dizsohved in water. The contents of heavy metals as arsenic, lsad meromy,
cadoimm and chromium were apalyzed wsimg ITP-MS were oot detecied n the both of alme
exmacts. 5. megiecis and B ieroghpiicum have been consumed as traditional food in the north of
Thailand They could be contamvirnated with a mmvber of beavy metals. The arsenic. lead meroury,
cadmium and chromium are well known that an overdose of trace elements is harmfil to health Tt
was reparted in fapan that consuming cadmium contaminated rice coudd cause Iai-Itai disease [20].

191

103



o ]ﬁ_,] MenbTRTTE e e mered e A ree R . I

el Tr-1n vEpETRE 2eE
. fibrpameeERifames TR doobo

Table 1 Percemtage wyield (%) and the appearance of macmoalzae (5 meglecss and R
BRI

ki ryphicm)
Sampl= Percentage of yield (=) Appearance
5 neglectz 3551 cairk green poscer
R. hieroghyphicum Ll brown powder

Alge, a goup of marine or freshaater organisms provided the fotal phenolic confents and
amfipxidant capacity that they have besn associated the quality of exiract incheding color, flavar,
properties, and momiton [1]. The toml phenolic contents were determined nsing Folin-Clocalten
reagent method fomd that the 5. neplecir aquecns extmct (54) and B hisoghiphiomm aqueous
eximact (FA) cootmined 107.02=1 03 and 8 38+0.10 meGAE p exoact, respectively. The phenolic
substances are known o possess the ability to reduce oxddative damage [22), probably by tmpping
free mdicals divectly or scavenping them thoough a senes of coupled readions with antsoxidant
enzymes [23]. Phenolic compounds were reporied fo have many phammacolegical properties (e g.
amfi-inflanymaiory, ant-gasiric, ant-momgenic and mb-cancer actvities [5-12]. The amisoxidant
capacity found that 54 and B A were 379.01+3 08 and £ 95=0 08 mM TEAC/z exmact, respectively
in ABTS radical scavenping medel (Table I). The ABTS radical scavenging method has been
widsly nzed fo evahmie the antioidant capacity of compmmds due to the simpls, rapsd. sensimve,
and reproduciile procedure [24]. This, 5A and BA displayed the anfioxidant capacity of phenalics
were exiracted by hot water and the phemolic ydroxy] zroups are good bydmogen donors. They are
alzo atiribated to their abilify to chelate metal ions impalved in the production of free radicals [25].

Table 2 Total phenolic contents, Isoguercetin contents and ABTS adical scavenzing capacity of 5.
meglocta and B eroshphicnm) exiracts.

Ewtracts Totzl phenolic contents  Isoquercetin ABTS radicl scawvenging
imgGAE: E ewtract; comtents  mg kg capacity gmbd TEAD g
extract) Exfract
5 neglectz 10702 +103 228 375.00:3.08

R hieroglyphicum  E5E:0.10 264 4.55:008

a2
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Fig 5 Isoquercetin chromatozram of & Hrereshiphiciom agueous exiract using LC-MS

The LC-M5 (hgoid chromatography mass speciomester) analysis of 54 and BA showed m
Fig 3-5. They found that the isoguercetin content of 5A and BA were 138 (at retention time (B.T)
16013 and 264 (at BT 16.045) mgkp extract, respectively. Isoquercetin (guercetn -3-O-
glucopyraneside) is one of the mest common glycesides of quercetin ccouming in vanms ot and
vegeiables, and cumrenthy one of the mest popular favenoids nsed m varioos food supplements with
a large mumber of potential health bemefits [25,27). However, 5A and FA were indicated the
iomarker of exiract for fmctone] ingredients n food.

CONCLUSIONS

This shady indicated that macoalgae exracts fom 5. megleci and R Hieroshiphicum are
ﬂefmmmpmnmﬂmtﬂrtaw;mmlmﬂmﬂmmhﬂmrm lead, meroumy,
cadmium and chromium The LC-MS analyses of phenalic compounds indicated the presence of
isoquercefin a3 bepactve compomds. The extacts of 5 megiecio and R Hiroghpivoom
demonstrated anfioxidant actwity. It can be conclodsd that both of the alme exmacs were afe for
consumption and have antioxidant potential which have been used as finctional ineredients i food
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Abstract

Ahizoclonium heroplyphicwm is 2n adible freshwater maoroalga, consumed as traditional
food in north and rortheast of Thaland. R/ wes collected from Man rwear, Man provinoe. Four
edracts theare, aetone, ethenol and aqueows (30°C)) were used in guantity the phencolic
conterds and amticeddant capacity using ABTS radical scavenging activity aswy The results of
exdtraction were 1.34, 217, 471 and 46.97%, respectively. The results of anticoddant activity found
that the agueous autract had the highest antioxidant activity was S00U1ET1Z.66 mM TEADS ¢ extract
(FE005). The etharal exdract contained the highest polyphenalic content was T.37% 040 mg GAER
eedract (FE0L05L | can be concluded that the ethanol and aqueous extracts have hich antiocdant
potential and polyphenolic content which have been used as functional ingredients in nuirsoeutical
and cosmeceutical products.

Eeywords:  Ahizoclonivm heoplyphvoumn, sohvents, anticgdant, AETS, polyphenolic
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Table 1| Pemertage yicld and appearanoe of R hioroplypivom adracts

& higroglyphicum extract Pescentage yeeld (36] Appearance
Hszgarss 1.34 wiscous, dark graen
Arctone 17 wisoous, dark green
Ethanaol E.TL dark green powder
ATURDUS 0E.57 dark brown powder

liexane BoElone arthianicd AL

Fgure 2 Charactenstic appearanoe of R hemosyphicum exiracts with 4 vanous solvaris

{hexana, acetone, ethanal and agueous)
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rrapmnEundsls [Table 2, Figure 3)

Table 2 ABTS radical scavenoing acthvity and Polyphenalic content of . hemoplypfvoum adracts
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Aqquanis EO0L1EE12.55 8.16HL15
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wccatling i Cuncan's Multiple Range Terb.
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Abstract
Ftwzndonum hemaiyphoum, freshwater green algas that are commonty found in the norhem
part of Thailsnd and has besn consumed by kocals as radidonal eodls for years. The polyphenolc
ompounds and polysamcharide were e main adive componens of K. herogivphoum which has he
polenial for phamacolagical and biclogical adivifes. The alga was colleck:d fom Man river, Man grovince
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i 2017, Ten the dried alge was dvided inke 2 park wheth are dried alga (B0} and 12-rmonih-old dried
alga [M1Z]. The= dresd alge MDD amd K12 were defermmined for e nuinfonal valus. In addifon, e K3 and
KAZ were siracted with hot disilled warier o obimred he oude sadrac of KD (KAD) and K12 (HA1Z) for
eodogical =valuafons. The il phenohc oomients wers dsfsmmined by wsing Fobn-Ciocalbsy  reagesnt
method and anfimsdant acivity was analyeed with ARTE mdical seawenging acivily 2ssay. The resuls of
o= nuiriSoenal vakes showed fof e confent of eoisin, fat and Sbher has no Sffersnce bebvesn KD and
K1Z. The yield of aguecus extracion of KAD and KA1Z wers 58.4E8% and 26.53%, respecively. The ol
phenokc cont=nts and anboidant aciwy of KAD and KAL2 display=d no diflerent results. Therefore, it c2n
be conduded et e dricd aiga was kept for 12 monhs an be usad efecively a5 an ingredient in
nutaceutical and cosmec=ulical produds.

Kaywords: RRizsosnam hemqpiecum, Mutitonal Valus, Phenoic Comntents, AnSoidant Acivsy
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Abstract: Rhizoclmium hieroglyphicum and Spirogyra neglecta are feshwrater green
macroalmae that have exhibited biological fmnctions, such as antioxidant, ant-inflammatory and anti-
dizbetic properdes, m our previous studies. The ehjectves of this work were to evahmte the tofal
phenolic content of & hieroghphicum exmact {BE) and 5. meslecra exmact (SE) using a Faolin-
Ciocalteu colorimetmic assay with additenal amalyss throogh the liguid chrematepraphy- mass
spactromatry (LC-M5) teckmigue. Afterwards, the BE and SE were mixzed to obtain the united alzae
exmacts (RSE). B5E is finctional inpredient in algae products or RSP, The BSP was foromilated indo
four fornmalas and evaluased with the sensory test by the Just- About-Right (TAR) scals in 160
partcipants for the developed product. The BSE and BSP were estimated based on pharmacological
effects on blood chemistry in s, The results established that the yield of BE and 5E were 32 41%
and 35 51%, respectively. The total phenolic content of BE and 3E were £.58 and 107.02 maGAE 7
enmact, respactively. The ispquercetm were found in BE and 5E which are posseszad of the phenalic
compond and anfiowidant agent. The results of the bloed chemisiry at the end of the experiments
established that BSE and RSP decreazed glucese (38.33% and 41.28%), miglycerides (2. 96% and
35.84%) and total cholestere] lewels (25 98% and 21.07%). The biomarkers of oxidative stress, such
a: malondialdeshyde and andowidant envymes:, inclding superowide dizmutase, displaved a
sigmificant imcTease lnR.SEandRE‘-Pgrmrpswhmcumpmdmthuquheﬁabed; canfrol Sroup.
Mareerer, ghutathione peroxidass m the BSE group was found o simnificantly rise in terms of
ConCeniraton when :un:q:aredmdlﬂ::edubew: group. Thess finding mdicated that the RSE and RSP
possess and- hyperglycemic, anfi-lipidemic and amfioxidative smesz effects They can be used

beneficially and effectively as an ingredisnt in maraceatical products.
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INTRODUCTION

Type 1 diabetes mellitus (T2DM) is a metabolic disarder dafined by high blood glucass levels
over 200 mg'dl A personof Asian origm aged over 35 years suferng from being overweight obesiy
and dyslipidemia is expected to be at risk for T2DM [1). The main canse of dyslipidemia is food
hahits (salry, sweet, high far), lifestyle, and physical activity. The prevalence and rends of T2DM in
thie Thai pepulation are contimying to nse In 2014, the percentage of That deaths from diabetss was
102 [2]. which is therefors evidence of a major public bealth problem in Thafland However, pablic
health mterventions have fornzed on reducing the mumber of disbetes patients with regular exercize,
weight loss, and a bealthy dies.

Dhizbetes mellias is associated with an increase m Tee dicals and oidative siress that &5 a
celbular condifion as a result of a phystelogical imbalance between antionidants and free radicals 3.
The main antewmdant celloly enzyme: are soperoside diswutaze (SOD), catalase (CAT) and
ghntathions peroxidaze {GPx). They are the body s namural antexidant defences that scavenge active
fres mdicals to balance malecuwles. While the production of fee radicals excesds the relevant lewels,
it haz been sazgested that elevated mrake of antiowidant-rich foods ar andorddant supplements will
enbance the body's potental to mnimize the risk of fee radical-related health problems [4).
Intsrestingly, freshwater preen marroalzas, ke B hieroelyphicum and 5. neglecna, have nuimtional
and antioxidative propemies.

R hieragiyphicum and 5 neglecns are part of the Chlorophyta divizion They are commanly
used for local food in Marth and Mortheast Thailand Previous research has reported that these alzas
exhibit antoxidant. anfimflammatery, anfi-cancer, ant-bacteral, anii-gasimic wioer and anti-diabstc
activites [ 5, 4. 7). In addition, they fearare cerfain bicactive components, such as polyphenolic
componds and pelysaccharidss. Ontrwone et al. [2] and Snmareens et al [0] described 5 neelacna
and R hieroelyphicum at dosages of 1,000 mg kg should enhance their antionddant and anti-diabetic
properties. The water extract of R Rierogiypficum presents gelling as cammageenan [ 10]. Thersfore,
the combmation of alpae exmacts was developed to vield a new algae product in arder to estimats the
potential effeces on the levels of blood chemizimy and antioxidant enzymes.

MATERIALS AND METHODS

Exiract preparation

Dried R. higrogiphicum md 5 . meglects were collected fom Nan prowince and Phras
province, Thailand The macroalgae were dried in a bot air oven at 55 to §0°C for 48 hours - Each of
the dried algae was boiled with distilled water at 85 to 100°C for one howr [11].  The algae extract
solution was concenirated by a rotary evaporator and lyophilized with a freeze dryer to produce the
dred extract They were then stored at 4% prios to sabsequent expenments.
Determination of total phenolic content

The total phenolic contents of alzae exmacts (R deroghphicum exzact: BE and 5. meglecta
exmact, 5E) were determined uzing the Folin-Ciecalteau method [12]. The sample sohation at (.2 ml
was mixed with 1.0 ml of 10%: Folin-Ciocalteau reagent and 0.8 ml of 7.5% sodium carbonate. The
absorbance of the reacion mixhme was measured spectopbotometerically at 755om after one hour
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of incubation at room temperatore. Results were expressed as gallic arid equivalents (GAE) par pram
of exiract .
Determination of isoquercedin content

The soquercetin content of BE and S5E was assessed using hquid chromatography and mass
spectrometry techniques on an Agilent Technologies 1100 seres, equipped with a LiChmCART BB-
122 cobmn (4.6fmm = 150om % Smm. 5um) and diede amray defector (Agilent Technolagies,
Waldbroon, Germany) recarding at 270, 330, 350 and 370 nm .The mobile phases were a binary
solvent system consisting of acetonimile (A) and 10 mM Ammonium formate at pH 4 (B) . The
eradient usad was 5 min 100%E, 5 min 30%A 10 min 20%:A apd 20 min 4094 [13]. The
ispquercetin confents were generted and caloolated from the peak area of the chromatesTam.
Formulation and preparation of alzae products

The combination exract of BE and SE af the mitte 1:1 or BSE was used as the ingredient for
alzae product (BL5F) that varied four concentrations of BE5E (4, 2, 1 er0.5%:) for sensory evaloation.
The RSP comsisted of BSE (4. 2, 1 or 0.5%:), swestener 7%, stablizing agent 1.5% and water.

Omne hundred and sixfy paricipants from Chiang Mai Thailand participated as a consumst
eroup. They wers both male and female aged over 35 years. They wene mstracted o evabiate based
oo physical appearance {colour, flavour, tewture) and overall liking wsing Fost-About-Fight (TAR)
scaling [14]. Numerical scores of the ideal intensity level was used for the calculation of “Too Lifle™,
“Tust Bight™ and “Too Muoch™ The results should be presented mn terms of 2 percentape. Scores of at
least 70 meant sensary acceptance [15].

Animals

Male Wistar albine mts (120-130g) were purchased fom the MNatiomal Labomtery Animal
Center, Mahidal Univerzity, Salaya, Thailmd The experimental procsdure and protocols wens
approved by the Laboratery Arnimal Care and Use Commidttees at Faculty of Medicme, Chiang Mai
University, Chiang Mai, Thafland. (Certificate of Ethics no. 302361, dated 7 November 2018).
Amimals were housed m a room and maintyined at 25 £ 1 °C on a 12-hoor Eehi'dark cycle. Further,
the anirnals had free access to water and food.

Animals were randomized and divided iobo s groups:

Group |- normal conirol and recsived disglled water, WC
Group 1 normal conimol and received 500 mg ke RSE, NP
Group 3- diabetic conmol and received distilled water, DC
Grroup 4 diabetic and received 300 mgkz RSE, DF
Group 5 diabetic and received 500 mpkeR5E; DE
Grromp & diabetic and recerved 30 me kg metformin; DM

Groups 3-8 were indoced into diabetes by mraperitonsal injsction of 40 mz'ke sreptozoiocin
(5TZ) [15]. and afier 10 days, mats with fasting plasma glucose lewvels of 2200 me'dL were classified
a3 diabetic and wsed in this sady. The duration of the experiment was eight weeks, after which the
amimals were sacrificed and blood samples were collected for assessment of fastng plasma ghicoss,
mighycendes, cholesterol and amtoxsdant enzymes (50D, CAT and GP).

Determination of glucose, triglycerides, and cholesterol level

The bleod samples were collected fom the il vein (onder light sther anassthesia) m the
microcenmifuge mube confaining sodbmn fluoride as an anficoagulant agent for determination of
pluce:e kevels and another non-anficoagulant microceninifuge tobe for defermmation of mglyceride
and chalesterel concenmations. They were measured using the commerrial enrymatc colorimetric
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assay kit The hiph density Bpopretein (HOL) and low density Epoprotzin (LDL) levels in sepom were
established by antomatic apalysers (Mndray BS-380, Shenzhen China)
Determination of malondialdehyde levels

Malondinldelyde [ MDA) &5 a product of bpid peroxidation The determination of
malondialdshyde concenfration nsing thiobarbibanc acid reactive substances {TBARS) assay kbt
{Cayman, USA) was according to the mamfacnrer”s protocel The blood sampls was collected using
an anticeagilant (EDTA) and centrifiaped at 1.000g for 10 min Pipetting off the yellow plasma
samples was infended for testing. The sample wial was mixed with sodium dodecy] sulphate {505
soluiton and colowr reagent. Newt, they were incubated for one bour at 100°C and placed in an ice
bath o siop the reacion. They were cenirifoped at 1,600 for 10 mim The supernatant of the sample
was measured using a specirophotometer at 540 nm.
Determination of antiomidant enrymes

The 500, CAT and GPx aciiaties were defermined in sepom samples usmg a 500 assay kit
CAT azsay kit and GPx assay kit (Cayman, T5A).
Degrminaton gf SOD activity

Blood samples were callecied without wsing an anticoagulant. Cenirifuration of the blood was
at 2000 g for 15 min Next. the yvellow ssrom layer was pipetted off the top and stored om ice.
Thereafier, the senum sample was added to the radical detector and xanthine oxidase to nidaie the
reaction with carefnl shaking to mix and mcubated for 30 min In what followed. the sample
absorbance was read at 460 om. The resules of the SO0 activify were sxpreszed as Uim]
Deigrminaton g CAT acinay

The senm of the sample was used to determine CAT acivafy. The sample was mixed with
phosphate buffer (pH 7.0) and formaldshyde reagent. and the reaction was inidated by adding dihated
pofassium bydroxide Then, incubaton and shaking for 20 min took place af room temperatore.
Parpald reagent and potassiom periodate were added to each sampls and incubated for five min befors
rzading absorbance ar 540 mm. The results wers expressed as nmol/minml.
Deigrminaton g GPx acivity

The blsod sample was collected using an antcoagalant (EDTA), which was then cenmifuged
at 1,000 g for 10 min at 4*C. The vellow plasma layer was then pipetted off the fop and added to the
Tris-HCL tuffer (pH 7.46) and co-substate miwhms, which consisted of nicotinamide adenins
dmucleatide phosphate (WADPH) ouidase, glutathions and ghotathions reductase. The reaction was
imfiated by adding cumene bydroperoside. The activify of the reaction was read at an absorbance of
340 nm The resules are expressed as nmolmin'ml
Diata analyss

All data from the animal experiments are expressed as mean + standard emor of the mean
(SEM.). Statstical comparssons were performed by ooe-way amalysi of varaoce [ANOVA)
followed by Dumcan’s nultiple moee tests. Differences were comsidersd to be significant when
o005

EESULTS AND DISCUSSI0ON

The vield of BE and 5E inhot water were 38.41% and 35.51%:, respectively. The total phenolic
content found in BE and 5E contained 8.58 and 107.02 mgGAE g extract, respectively [Table 1). The
total phenalic content of 5E was higher than BE in 12 instances. The resulis indicated that SE had
hisher antioxidant activity than BE. The water extraction of freshrater alzae bad a high vield valus,
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low cost and reliable safefy according to our assessment. The alzae exiracts were employved for
muraceutical and pharmacentical products. In addition, the sandadization of exmacdon was
important for gualicy conmol of the new product. The prewious stody repomed that the phenolic
compounds of BE and SE consisted of gallic acid, eriodicryol, isoquercetin, kaempferol, quercetin,
hydroquinin, notin, catechin and tanmic acid . In particalar, isequercetin and catechin featured the main
phenolic components in & higreghmhicum and 5 neglecta [4, 8. 17, 18]

Table 1 Percentage of yield. total phenolic confents and isequercetin content of FE and SE

Sample Tield (™a) Total phenalic contents Lspsquercetin content
(mezAES g exmact) (mg' kg exiract)
£ higroghphicum 3E41 B35 2000 154
5 meglocta 3551 107022103 188

Diafa expressed as mean = 500, o=3

Phepalic components have besn reporied for ther effective antioxidant, anfi-cancer, anfi-
bacterial, cardioprotective, anfimflamation. immune system-promoting and skin protection
activities and are imteresting candidates for pharmacewtical and medical applications ;19. The
furctional group amangement, configuration and oumber of hydrosoyl groups were also miluenced by
anfioeadant actwify of phenolic compoumds, for example, mdical-scavenging and mefal ion chelation
abilittes ;200 In this sudy, the LC-MS techniqoe was applied to the analysis of 5E and BE as per Table
1 and Fipure 1. The resolts establizhed that the isoquercetin content of SE and BE were 288 and 254
mekE exmact af retention times of 15.013 and 15043, respectively. Isoguarcetin i a type of phenolic
compnd known as an antioxidant agent, preventing or slowing down the exidation process in feods.
Mloreower, oquercetin of quercetin-3- glycoside decrease cholesterol and tmghycenides while also
promofing ghacose consumpiion m diabetic mis and rabbits (21, 22, 23;. Therefore, the isoguarcetin
cootent of both extacts indicated the actve compounds were present - they have been used as
fancitonal inpredients in numacentical product.
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Figare 1 LC-MS chromatogram of standard isoquercetin (A), isequercetin of 5E (B) and isoquercetin
of RE (C)

The algae praduct (FL5F) formulas comsisted of BSE (mtio RE:SE = L1 at4, 2. 1 and 0.5%,
and were evaluated in terms of the prodoct’s colour, and it was foumd that all forpmilas had a dark
Ereen colour a5 well as the alpae exmact’s colour. The pamicipants af aged over 33 years disliked the
product’s colour that presented the scored “TAR. scaling™ that was 60% for all 5P formuolas. The
cobour, flavour, texhore and overall liking at (.5% of B.5E were accepted for participants at a rage of
meare than 70%. Thus, RSP fornmlas (0.5% F.3E) were wiilised for ingredients of the alpae produoct
(F5F) and used in the animal testing, which investigated the blood chemistry and owidative stress
enzyme levels.

Table 2 The sensory evaluation of four BSF formlas in the parficipants by JAR. scaling

RSP fommmla Agceptance fest ()
coloar flavour teTe overall liking
4% 3500 4750 47,50 30.00
2% 000 250 42.50 3000
1% 250 57.50 &0.00 55.00
0.5% 0,00 73.00 T30 7750

n=1&)
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The percentage of weight main and rate of visceral fat weizht body weight in all experimantal
eroups mormal and diabetic mats are showm m Table 3. Ddabetic mats were oot obese in iz smody.
Addionally, increases in weighi and visceral faf in normal and diabefic zroups were not siFnificantly
different ar the end of the mial period

Table 3 Percentage of weight sain and visceral fat in the normal and dizbetic rat at the 5 wesk

Group % Weizht Fain Viscenal fatbody weisht
KC 5089 £433 0.0608 £ 0.0035
NP 5858 %507 0.0508 £ 0.0055
DC 4530 £10.75 0.0447 £ 0.0152
DP 5538404 0.0569 £ 0.0043
DE 5410 %506 0.0579 +0.0073
DM 5531 £5.02 0.0500 £ 0.0024

Diam expreszed as mean * SEM =6y, pr=0.05, NC-nommal conirol mats, WP-pormal control s and
received 300mpke RSP, DC=diabetic conirol mis, DP=dabedc rats and eceived 5mgkg RSP,
DiE-diahetic rats and received 500mg kg FSE, DM= diabetic rats and received 50me kg metformin

Blood samples were collected and evaluated for ghacese, miglycende and cholesterol levals at
0. 4 and B weeks. The nommal mats that received RSP exhibited po significant mcrease m fastmg
ghncose lewals when compared to the WC group at & weeks. The diabedc rat groups that received BSP
and R3E had siznificant decreases in fasdng ghucoss levels m terms of DF and DE when compared
to the O, Achmally, TIDM is represented by fasting ghacese kevel =2 me/dl (hyperglvoasmmial),
imsulin resistance and dyslipidemia. Meformin is a medicine that medulates the lowermz of phicoss
conceniTations. In Figure 24, the dimimiteon of fasting phicose levels was 41.18 apd 38.53% m DP
and DE, respectively, and DM was found fo be 42.03%: when compared with DC at the end of the
experiment. IhefasnngghmseLw&lsufDPndDEmd::nadLhaTﬂleRSPdeSEmndﬁageof
500 mg/kz decreased the ghicose level as well as those in the DM

InFigu:eZB.LherEuJEfm[{talmnlesmlhrdsshnwedthatthemmdﬂcgm‘upsdid
not bave significant differences (po-0.03), though o diabetic proups, it was found that the total
cholesteral of DE and OP were decreased (25.98 and 21.07%:, respectively) when compared fo the
DCgmp.‘J.ure-ammglfm-iﬁliamaﬁdmﬂmDPaTngemmemmDE{SﬁM' and 2 95%:,

) by the 8% week (Figare 2B and 2C). Previows studies have found that 5 merlecro at a

dmenflﬂm‘kgﬂ‘ii. ‘day did not have any effect on glocoese or lipid levels in pormal ras [R]. T]J.e
Cladophora glomera (R, hieragiyphicum) was able to reduce blood glncose and trighycerides while
restamng insulin resiktance under diabetic conditions [9]. Maoreover, manne alzae. such as Sargassum
fyrrix, at a dose of 300 mzkg decreased the comcenirations of tmighycernides and chalestzral in
disbetic mts [24]. Zaremsrim olipoysrum experienced decreased fasting blood zhucose and
irighycerids levels [25]. Hence, BSE and B5P at a dose of 300 mekg can be dimirdish ghacese and
lipids in cases of diabetic mallias.
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in normal and diabetic rts at 0, 4 and & wesks Different letters indicate

differences between groups <0 05 according to Duncan-s Multiple Range Tests; NC=normal contmal
rats, NP-nomal conirol rats and received 50mgkg RSP, DC=disbetic control rats, DP-diabetic rats
and received 500mgkg RSP, DE-diabetic ratz and received 50mgkg RSE. DM-= diabetic rats and
received S0mgky metformin
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Interestngly, the fotal cholesteral of the DF and DE groups were significantly decreased to
normal levels by the B* week However, the level of HOL across all proups was not siznificantly
different. In addifion, LDL in all diabetic groups was lower than nommal groups (Table 3: High
triglycende levels combined with hizh LDL cholesterol or low HOL cholesterol are linked with fatty
mzldup within the artery walls, which inrreases the mzk of heart aftack and smoke, mchiding
cardsovasoolar and heart diseases (34 From these resulfs, it was shown that RSE and RSP can elicit
anti-byperchalesterel activity.

Table 3 Efect of RSE and RSP on total cholestered, specifically HDOL and DL levels, at the 8% week

Group Tatal cholesteral HDL g dl; LDL medl;
mgdly
N 4305 2225 G0E0 T 44™ 1300 £ 071
NP 5136174 S0E0E 43 1540 003"
oC G780 =430 S34031™ 1000t 084
op 5350+ ]84 5620+ 300 1150+ 0ET™
OE 5026 120" 4040 370 1140k D.0B"
DM 5764 21540 5960+ 161 1180+ 0o2™

Diata expreszed as mean + SEM @=f), The same letters within each column mdicate stfistcally
sipmificant differences <105 according to Chncap-s Multiple Fange Tests; WC=normal cantrol mis,
NP=normal contrel rats and received 500mg ks RSP, Dil=diabetic conitol rats. DP=diabetc rats and
received 3Mmgkg RSP, DE=diabetic miz and received 300mpkeg RSE. DM-= diabetic mats and
received S0meke metformin

MDA s the end-product of lipid peroxidatien, and is the most frequently used biomarker of
oxidative smess in vamous diseases despite it wide variations even i healthy people [217).
Furthermore, high levels of MDA lead o high oxidative siress, and oxdairve damages are imvolved
in both physielesical and major pathological processes (28, The present stody foumd that the MDA
levels of the DC group were greater than the meated zroups (DP, DE and DMy, The MDA levels of
DPF, DE and DM were sigmificantly reduced when compared to the DC group. Therefore, BSE, 5P
and metformin can defend apamst oxidagve siress in diabetic rafs.
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Fizmre 3 MDA levels of normal and diabetic rat groups. The varsous Letters indirate smtistcally
sipmificant differences betwesn groups @<0.0% according to Dupncans Multple Range Tests:
N =pormal control rts, WP=pammal conirol mats and received 500mgke RSP, DC=diabetic conmal
rats, DP=diabetic ats and received 500meke RSP, DE=diabetic rts and received 500mgkp RSE,
DiM= diabetic rts and received 50mz kg metformin

Free radicals are formed dispropordonately in diabetes by ghicose oxidation, non-ensymatic
elycation of protein: and the subssquent exidatve degradation of glycated proteing. The high lewel
of free radicals and sipmitansons decline of antiowidant defemce mechamisme lsad to damage of
celbolar organelles and enzymes, increased bipid peroxidation and development of nsulin resstance
[20). The antioxidant enzymes, SO0 and CAT, featured significantly lower activities, and the same
was the case for GPx activity in DC s (Figure 4). The proimary product in the course of oxyzen
metabolism & superoride mdical (0}, which is highly reactive. Superoxide is comverted o a far less
reactive product, bydregen perocade (H:0:), by a family of metalloenzymes known as superoide
dismmstase [25]. n addstien, the $0D and GPx activity of the DF and DE gmoups rose significaniy
when compared to the DC group. It was reporied that the phenolic compounds of 5 neglecta and B
higroghphicum have antionidant, anti-nflammatory and anti-diabetic properties [8, 9, 17]. According
to these findings, RSP and F.5E may have anticeddant agents that can reduce the amount of aupenoxids
radicals or free radicals while restoning insulin resistance.

10
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Fizure 4. The levels of antiowidant enzyme (300, CAT, and GPx) activity. The same letters indicate
statistically sippificant differences (p<00l05) according to Cuncan’s Multiple Fange Tests;
NC=pommal conirol mats, WP=permal contrel rats and received 500mg/kg RSP, DXC=diabetic coniol
rats, DP=diabetic rats and recefved 500mz kg RSP, DE=diabetic rats and received 300meks BSE,
Divi=diabetic rats and received 50me ks metformin

CONCLUSIONS

Freshwater zreen macroalzas, B hisroghphicim and 5 meglecta, were exmmacted with hot
wiater and were foumd to contain isoquenceting a bioactve compound  Baoth algas extracts, BE and S5E,
were mixed as FSE and developed into a new algae produoct (RSP for determination of the effects



oo ant-diabetic activity m rats, BSE and RSP exhibited a decrease m ghucose, miglycende and tofal
cholesterol levels m digbetic rats, Moreover, E5E and BSP can defend azainst oxidative stress i the
diabetic s owing to lowering MDA concentrations and elsvating antioxidant enzyme activity,
especially superonide dismuatase, and glutathions peroxidase These ndings indicated that RSE and
ESP hawve been found to pessess anti-byperglycemic, anfi-Epidemic and ang-owidative sress. It can
be wsed bensficially and efectively as funciional inpredients in noiracendcal products for diabetic
mellirus.
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