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Academic Year 2009 |
ABSTRACT

Fresh roselle (Hibiscus sabdariffa 1inn.) has the total anthocyanin content as
cyanidin 3-glucoside of 842.63::14.66 mg/liter of fresh roselle, the total phenolic content of
39.6940.49 mg GAE/g of fresh roselle and the ascorbic acid content of 2.89+0,11 mg/g of fresh
roselle. The 50.07+0.37% and 10.98+0.41% yields of fresh roselle (89.20% moisture content) and
dried roselle (10.38% moisture content) were observed, respectively. Fresh roselle was dried in a
rofary air dryer at 50.0 C for 36 hours. Dried roselle contained the total anthocyanin content as
cyanidin 3-glucoside of 727.91+5.14 mg/liter of dried roselle, the total phenolic content of
38.1240.89 mg GAE/g of dried roselle and the ascorbic acid content of 1.13£0.22 mg/g of dried

roselle. It ~was found that the fresh roselle had the total anthocyanm content as cyanidin

-glucos;de the total phenohc content the ascorbic acid content and. the ABTS radical cation

sc'wengmg activity sngmﬁcantly (p=0. 05) greatet than those of Eirted 1oselle Whtlc the DPPH
radical scavenging activity and the ferric reducing ability power (FRAP) were not significantly
different (p=0.05). The water extraction procesé was then performed by soakiné an.d mixing drtcd
‘rosel]c to water rtttio (weight by volume) of 1 to 10 at the temperature of 50.0°C for 30 minutes.
The extract was concentrated using a vacuum steam jacket evaporator at 70.0°C, 44.0 emHg to
achieve total soluble solids of 25.0 Brix. The extract from dried roselle had the total anthocyanin
content as cyanidin 3-glucoside, the total phenolic content, the ABTS radical cation scavenging
activity and ferric reducing ability power (FRAP) significantly (p<0.05) higher than those of
concenirated roselle extracts. However, concentrated roselle extract had the ascorbic acid content
significantly (p<0.05) greater than that of dried roselle extract. In addition, the extracts from dried
roselle and concentrated roselle extract had no significant difference (p=0.05) in the DPPH radical

scavenging activity.

(6)




The concentrated roselle extract product was prepared by mixing 50.00% roselle
extract, 31.98% fructose, 10.00% honey, 8.00% oligofructose, 0.0035% vitamin A and 0.0013%
vitamin E, The mixture was subsequently heated at SSDC, then filled in a lug cap 70 ml glass
containers and pasteurized with a steam water spray automated batch retort at 101.0'C for §
minutes to meet the microbial quality requirements by law as the industrial food product standard
for “Fruit Juice Beverage” and the notification from the Ministry of Public Health for “Beverage
Product filled in the hermetic sealed container”. It was found that the product before
pasteurization had the total acidity as malic acid, the total anthocyanin content as cyanidin 3-
glucoside and the ascorbic acid content significantly (p<0.05) greater than those of products after
pasteurization. While, the products both before and afler pasteurization had no significant
(p=0.05) differences in the DPPH radical scavenging activity and the ferric reducing ability power
(FRAP). It was also found that the products after pasteurization had the total phenolic content and
the ABTS radical cation scavenging activity significantly (p<0.05) greater than those of products
before pasteurization. In addition, the concentrated roselle extract products in lug cap bottles also
had the microbial qualities and metallic contents (Pb, Fe and Sn) after pasteurization following
the requirements as notified by the “Food filled in the Hermetic Sealed Container” by the
Ministry of Public Health. The 70 ml concentrated roselle extract product had the calories of
140.0 kcal,, the carbohydrate content with the addition of dietary fiber of 11.0%, the vitamin E of
50.0%, the vitamin A of 15.0% and vitamin B1 15.0% as compared to the Thai Recommended
Daily Intake (Thai RDI) for nuirient consumption per day based on Thai people at the age of > 6
years old.

The study of the effects of storage conditions on the qualities of concentrated
roselle extract products stored under the conditions of light (fluorescent lamp, 18 watt) and no
light at the temperature of 27.0£1.0°C for 0,2,4,6,8, 10 and 12 months was conducted. It was
found that as the storage time increased, the changes in total anthocyamn confent as cyanidin 3-

glucoside, total phenolic content, ascorbic acid content and ant1ox1dant actlvmylgmﬁcantly

(p<0.05) decreased. The concentrated roselle extract products storage under no hght condition
T

had the ascorbic contents, the total phenolic contents, the total anthocyanin content as cyanidin 3-

glucoside and the antioxidant activities significantly (p<0.05) greater than those of the products

stored under the light (fluorescent lamp, 18 watt) condition. The microbial qualities of

(D




concentrated roselle extract products, stored at both 4.0+1.0 and 27.0+1.0 C for 12 mbnths, met
the requirements of the notifications as announced by the Ministry of Public Health. In addition,
the sensory evaluation of concentrated roselle extract products during storage at 4.0£1.0 and
27.0+1.0°C for 12 months was also performed. The results showed that the average perceived
liking scores in color, sweetness, sourness, mouthfeel and the overall acceptance characteristics
were in the range of 6.0-7.0 (like slightly to like moderately). With regard to the microbial
qualities and the sensory evaluation of concenirated roselle extract products stored for 12 months,
it was found that the concentrated roselle extract products still had the acceptable qualities for

conswimnption as compared to the commercial product.

(8)




AaRnssndszmea

= =Y o o r:go o T NYY a sa -
Woiinusmivigseganll1dd e HlvguvenIuve Uz ulsesuA

o
a oA o T o Y IS { = s i
FneInuiinus §oromans1onsd as.dgvd 45168 nssumsfitTnminedinus 714
3 a 9 kY o aw 2 - = ¢ d‘v

nzanladuuaihlunsduadaseaszoznamsiisuuaz@eudnoivudatius vens

T o = e o -1
YOUNTTAY JFI0e1an310150 as.inTadl wasnsas dsgsunssunisdununny

o ay = o @ & A @
QAN TNINYAT (oM ans915d asifusAdng maad nssumsfunuiudininede
nnganaazar lunisaey Wwuzid wusuuz uazud ledeunnieedis e ld
~ =Y & o dy 14 ¥ a 43
Iniinuinduilauysaluazgndestaiiu
o s 4 A o & W o
veveUvITzRMAMARLAZRaNNG wemleys RYnmbe Tumslgningaulu
o aw o oo 4 o o { =
M1y veveunsuuTiv wdummny $1a AldaeyasedTedInlga nalums
s A = = o a o =, P
W398 YevsuNTZAUMIAINGUAN AusInomens uninndussunuasund Aldanw
o 4 o o 1
oAy Ign 1ums 1910509 Spectrofluorophotometer lumsvin3smedau
P A 35 o P Yo o q 3

Yoy UNITRUHY (Heu doaq Wnfauinaui Widaletaz Idaay
waein lumitinsnaaesnasnu

YBNTIVVBUNITZAM JUND UUN AN eIty uazaTeUnTuT oS 7

3 |
afuayumsAnmuazIfanudsmde lunaqdn saumaiufmdaleitddalunisdn
=}

= =) P { ¥ = 1 iy 1
Innimusaduilaasau qateiiddvuveveunszguyaviwd ldawnsandiounld

J

3 ' ¥
nevualuiil 13 o Toemaiiaa

Hloyes Fosfs

©




#wih

DU D e vevvsasieersessssersessesssssssses st resses st b8 R R b (10)

LIST OF TABLES. .ooovvcvevveveeereesessosseesressesssosesesessmsesssstosssssissass st ssasssssasssomsssssssossasmsossissarsan (11)

LIST OF APPENDIX TABLES. ..covorveeossoreeseermessessesseesomsossossassesssssississossasssossasssesssssessassssnss (13)

LIST OF FIGURES ... iviiiiiieeiesrnicismersersrenretnserisstessssiontsassess sssiassssspasionsssossstessesmsssssiessensasian (15

LIST OF APPENDIX EIGURES....oovcovoossesesesscccreesessesrsssessessosmssomsesssassssssssssssssssass s (16)
uni

I UM N ceresscoesis s sas s s e s abe st 1SR R R RS et 1

T IRUIT B osoeeseesesssesesesss s s eesere s s ssesssis 1

T TT AT DTN T crcorrrneereeseseescereesrersersssssssseessesssmessesessstsssassassssas s ssssesees 2

FOQUTZEI e s rsssss s s e e 57

2 B RTT I e estessec s esee st bt AR s 58

FAAUNTOAZTEMNT. oo ssssesssses s snssrescssnes 58

B N T A UTTHAIT IV e eeveeeevereerrseemsesss s sssssssms s s sssssrsssssstssssns 61

3 HAUAZIVITMHANTINADEDL. erverrereomes it sissess s messensssesesserssssssssssosssesssste 69

4 UNAFUHIZ VB UBUUL s OO 106

Y a8 Lo L PO OO 109

VTN 1 esvvevssessenssessssseseese oo ese s essmt ettt e e R 124

UTEIRGIVILL ..o s s s s st s esnesenses e 167

(10)




Table

o

10.

11,

12.

13.

14,

15.

16.

7.

LIST OF TABLES

Page
Nutrient composition of 100.0 g fresh roselle calyxes (wet weight basis)......c.ccvvrenre. 4
Anthocyanidins found in fruits and vetgetables.........coveriiicinninn. 9
Absorption maximum and shade of color changes of anthocyanins at different
PH IBVEIS....c oottt e e e s 18
Maximum absorption wavelength and molar extinction coefficient of anthocyanins
415§ T 4= T OO S OO OO UTUU PP 19
Antioxidant properties of dried roselle 100 gramh......cvvivvanmieo, 29
List of chemicals..ovvnionnnoin. C RO USSR TS PPTOUN 58
%Yiclds of fresh and dried roselle CalyXes.....ccvvererivceercninirncctis s 69

Physical and chemical properties of fresh and dried roselle juice (dry weight basis).... 71
Changes in antioxidant properties (by DPPH, ABTS and FRAP assay) of fresh and

dried 108elle CAlYXES. . it s s 73
Physical and chemical properties of dried roselle extract and concentrated

TOSEILE CRITACE. .. cvieiiiieiiriieiieiiiesscissisenterrerrnr e erarsrertentsbasiasiasrres0obessonetaserentessossonsantentrntenns .75

Changes in antioxidant properties (by DPPH, ABTS and FRAP assay) of dried roselle

extract and concentrated roselle extract.........ooooiiiici 79
Pasteurization conditions of concentrated roselle extract product........coeonvisccinnnnns 80
Nutrition Facts of concentrated roselle extract i)roduct .................................................. g1

Vitamin A and E contents of concentrated roselle extract products before and after

PASICULTZATION. 1.1 ie sttt sa e s b b n e s 81
Microbiological qualities of concentrated roselle extract product after
PASTEUTTZALION ..ttt aiis it s e s r s r e b 0 82
Heavy metal content of concenirated roselle exctract product after

PASTEULIZALION. cvvevesereererecr oo reresene s res s e bbb o b st e e bbb b bbb et b b0 83
Effect of pasteurization on physical and chemical properties of concentrafed

roselle extract product before and after pasteurization........covvriivsnin. 84

(11)




Table
18.

I9.

20.

21,

22,

23.

LIST OF TABLES (Cont.)

Page

Changes in antioxidant properties (by DPPH, ABTS and FRAP assay) of products
before and after pasteuriZation.... ... cernirnecicsnr s resnsverersescssesenressesesnsasiens
Changes in color (£ * a* b*) of concenirated roselle extract products during storage
in the presence and absence of light at 27.0°C for 0, 2, 4, 6, 8, 10 and 12 months.......
Changes in pH values and total acidity (% as malic acid) and total soluble solids
(oBrix) of concentrated roselle extract products during storage in the presence
and absence of light at 27.0°C for 0,2,4,6,8, 10 and 12 months.....cccecevvrcrvnversennens
Changes in ascorbic acid (mg/g sample), total phenolic contents and total
anthocyanin contents of concentrated rosetle extract products during storage
in the presence and absence of light at 27.0+1.0°C for 0,2,4,6,8, 10
and 12 months......ccciimmmnen ............................................................
Changes in antioxidant properties (by DPPH, ABTS and FRAP assay) of
concentrated roselle extract products during storage in the presence and absence of
light at 27.041.0°C for 0,2,4,6,8, 10 and 12 months.......ccuivieiiinrernneen.
The sensory evaluation of concentrated roselle extract product during storage at

4.0°C and 27.0°C for 0 and 12 months............ ettt s st e e et ereareas

(12)




Table

10.

11.

12.

LIST OF APPENDIX TABLES

Page

Analysis of variances in physical and chemical properties of fresh and dried

FOSEHE JUICES . cuvirurrieerenreeristiceerrernse st sre s st rte et reb e saseeneseese s e s be et e serenbesmansanranens 145
Analysis of variance in physical and chemical properties of dried roselle
extracts and concentrated roselle extracts........ C U PR 147
Analysis of variance in physical and chemical properties of concentrated roselle

extract product before and after pasteurization.........cccevvrcrcrvnnvmi e 149
Analysis of variances in physical, chemical and antioxidant properties

concentrated roselle extract products during storage in the presence of light at

27.0°C for 0,2,4,6,8, 10 and 12 mOmthS.......ivvevieieniemrmerinssmsesrmisinmmsiecssresierierseies 151
Analysis of variances in physical, chemical and antioxidant properties

concentrated roselle extract products during storage in the absence of light at

27.0°C for 0,2,4,6,8, 10 and 12 Mmonths.....cvviieivciinieccir s sere e s seeeenes 153
Analysis of variance of concentrated roselle extract product during storage at

4.0°C £0r 0 ANA 12 MOMIS..evvvrvvrereereeror e reosaeesiessesessressessessesosesssneessessessesessessessessreseon 155
Analysis of variance of concentrated roselle extract product during storage at

27.07C £0r 0 AN 12 MONHS.ovveveveememr oo rereomeeresesessesessesseossesseesessessessessesssssesesrossesson 156
Analysis of variance of concentrated roselle extract product during storage at

4,0°C and 27,07 C FOr 0 MONMNS.co.vvevevvcvorssevesssecsesesreesessesesesessessesssessosssnseesscene 157
Analysis of variance of concentrated roselle extract product during storage at

4.0°C and 27.0° C £0r 12 MONS.1vrsvvvrvrsvevrsesssrrsssssssssssssssssssssssassssssssssisssssnsins 158
Total phenolic contents (mg GAFE/g sample)} of each ingredient from concentrated

roselle eXtract ProduCtS. ... i et ners 162
Total anthocyanin contents (mg/l sample) of each ingredient from concentrated

105elle EXtIACt PIOAUCES. . vvv i e en st s r s se st e sa et s besrameas 163
The antioxidant properties (by DPPH assay) of each ingredient from concentrated

10SEH1E EXEIACT PIOAUCTS..evvvii it enrnsr ettt st aa st e sa s st sebe bbb eteas 164

(13)




LIST OF APPENDIX TABLES (Cont.)

Table | Page
13, The antioxidant propertics (by ABTS assay) of each ingredient from concentrated
roselle extract products.......c.cimiinineny U USROS ORI 165
14.  The antioxidant properties (by FRAP assay) of each ingredient from concentrated

roselle exXtract ProduetS. .. i e 166

(14)




LIST OF FIGURES

Figure Page

1. Basic structures of flavonoids (Cg-C,-Cg, flavan)......ccvveeriiinncreisnenssnsensincon: 7

2. Basic structures of anthoCYanins. ..o it 7
3.  Basic structures of anthocyanidins and maximum absorption wavelength (}\,m) in

acidified MEthANOL.....cveecrrrrecr i e s 8

4.  Effect of hydroxyl (-OH) and methoxy! (-OCH,) on color of anthocyanins.............. 13

5. Structure changes of cyanin molecule according to pH changes from 3.0 to 8.5 and

8.5 10 11,011 mvrverivetereeeseniacrensannreeassensasenssrereseetest e ba st it s st e bbb e e R e R R e e e 14
6.  Predominant anthocyanin structural forms present at different pH levels................. 15
7.  Absorption spectra of ¢yanidin 3-rthamnoglucoside in buffer solutions at pH 0.71

to 4.02. The concentration of pigment is 1.6 x 1 0’ 114 DU 18

(15)




Figure
1.
2.

LIST OF APPENDIX FIGURES

Page
Concentrated roselle extract product...o i e e 160
The concentrated roselle extract products during storage in the presence of light

at 27.0£1.0°C for 0, 2, 4, 6, 8, 10 and 12 MONAS.c.ccorerrereresemesssnssnesnasessscrinice 160
The concentrated roselle extract producis during storage in the absence of light

at 27.0:I:I.O°C for0,2,4,6,8, 10 and 12 mOonths.....c.cceereniricreencrmnnnienmren. 161
The concentrated roselle extract products during storage in the absence of light

161

at 4.0+1.0 and 27.0£1.0°C for 020G 12 MONENS....ovvvrveoveeesrsesesssoesessseessesssseesmsseees

(16)




o ¥ A
UNHIAULITE

=

g I3 ¥ . a0 o
aszivvuuas Saflufisayulnsiithlsz Tonidequain dsznovdae
a s _y lé [ & Ad ey L= lg
asdidyvatsyia Geasdidyifiamniaduasdneyyadass lunszidvuuas fis
= 4 oy ey F=9
souTn lenilu (Anthocyanin) Failsznevudiunen Tnlee1ilan (Anthoeyanidin) 3y lasenil-
¥ =
AU (Cyanidin) sazaaflilan Delphinidin) (Hudy uazthas nseRvuualszneudionsa
A o a ' ¢ . . o oo . . a ,
DUNTINMUFINA 194 NFALOAADTIIN (Ascorbic acid) NIATATN (Citric acid) NIANIAN (Malic
, ¢ = 4 e 2 y ’
acid) KAYNTANIINITN (Tartaric acid) FansamariniilinseSvuuasiisalseo uenviniily
[}
nsgRoNAdeTniiiue (Vitamin A) MAFAY (Pectin) HAaZUITINTIIAA19Y 19U unaiFoy
o v
voarlofa nozunniidon Mudy aszRevuadiaswgulumsannimdulain e
Aed Y -g ¥ a Ly a u’ul o P g ﬂ = ] I'4 d
Lunfiiso MU%e s an lusuuazan lnsndwes 1sa lwdes Mumadluiiudomaduzse uas
wiunsagInluilaans dudu aluniu yuonlszdas uazesyy Toadomgns, 2541)
g =Y o a @ s 7 ~ g
nszievuas Tuninnulsgdiuniadusidie Wy wounszRonuat wadnszouuas
:, g o c? Y I's ‘:? o 9y A ﬂ aoow &
WnszRouuae Tinsedouuag uaskdnsanssuuiasaiadudy Fuilundadudion
.:5" =1 A Ao 9 =y ﬂ o ow et 9 & = e
nszvuuasbnjUnuunilaiidnonmlumsinnedadiundaduninlddse Tond aialu
ﬁ qf = =g g -:fd =y S A =y o o o g
nmsilumsdueyyadass nudseluasditdiiaglizasdtiodmsrdonandusinszdoy
N gf  gi 3 =i o 9/ o
uasafaduduussguaaudwlundoifon udrdnuravesnszuiunmsualsgduaznisiny
o
ShyrmenanIun1dumeniv il uazaulifnisdueyyadasyvesnszRouuasdn
(2] o o
NILIROULAIUTT asadaInNTEReUARs msadanszRsunaududy uazefafaw
kg Qs o’j o a0 o 7
nizRuuuAAtAudININBULATHANIZVIUM IS 15T naBaIuHENSaYiRTZRYY
ar 5 PR o o o 1 M oted 1 o =Y
uasadaduduiidusau luannedlugsaaas liinaeadne figungil 27.0£1.0
Iy
or ~ o
parnafod 5321981 0,2, 4, 6, 8, 10 Ay 12 1HBY 3INNINTANYIRUAMNIRIUYAUNTD
& o o oW s t"i-‘ o g g A d w Au 1
gazmalszamdudavowmantuninszRouuasadadudy deamuiav lueanizn litiuas

979 QNI 4.0£1.0 UA% 27.0+1.0 DI UFATYT U 0 Uag 12 o




MIAITIVBNAI

Py
1, AL
g ad A o 1
ATERYULALIYO INNF TN I Hibiscus sabdariffa Linn, var, sabdariffa RipT
i 1 c!l;l o o T
‘ﬁ%‘ﬁﬂglumi&'f_}ﬁ Malvaceae WFITTUYMEI9INYH I Jamaican Sorrel, Roselle H50 Red
& 7 o [] 3 1
roselle Lﬂuﬁmamﬁmnuﬂeuﬁa"lm (Hibiscus sabdariffa L. var, altissima) %aﬁmﬁmﬁm
3 | g i g v o & % & d “
YOIATLRYUUA 19U neRewlTor, szEoy (MAna), ANAUARY FUIAUAL (N1AIMiB),
11 @ ¢ g { o
Fuaziaanss . n1n) wazdi (. wideamew) Mugnsydvuuasidenlgnludsameing
w d w o @ o o o o o a
flo suggany, siugusida, Wuflea-2760 uaziufied 60-18u 35 (Tundu ymorlsedns

unzoTyy TendunSyns, 2541; qsnay n3Ysn uozAnlz, 2545)

1.1 anyswnangaYman’
g o ﬂ A gl = a 3 ' L =]
asziRuuuas Sadiuftrdugn aszgaifeaduyu Yo uazthe danmindrduil
ot
Fiasenuas uaziinssxfudanse galszana 50.0200.0 isufmas ludnozueniiy 3-5 uan
] L d

wntu@eraduiu fidulufuuuniide 37 du WaluTunawniseenidu 3 unn naz

] ¥
fweuluGen amenssnfiern mudimly Ausendu inrsdrd vazinasdaudiveyluaen

5

@oadu mafldnvasffusnlgadion s nszahe vedudionduasnil 2 uq az 5 ady

¥
o o d A w
) szunn 5.0-8.0 wuRwas IRuasgind (g5ney Iy uazaue, 2545)

w ¢

1.2 #IAINEN H0EnINTENWAUY

¥
1w o

1 - 1 a =t o o
unaednlngoghdeniagasfnd anys aszyd uazdivaniuila dune

1 o o o = 1 & Ao = & 1 [
ey fandamavar Alludauvadaniisfiiinsdgnnszivouag nszivuuad i Ingilgn

4 1 3 .-d‘ﬂ o A ~ Y A ¥ 3 = v 4
Yuansjasngnidiudnunse nieynanmay yeuemaieu nieaeudision iduanguin
£ Ted :’ e 9 g) = o 3 ' 3/ ¥ Pt
a laifhinde deamsiiszoy 12 @euusn ndsnmiuasonudennuududa1da
EY =] o = g} o &

- msnszneiud Wbamiz Tanlgavieduilszinm 50.0 isudniag sadhivaznde inuasns
) c? 1 1 =l =Y I=1
Hougnnszeuuas Tugredarsgaedusennadsunsngiaud @iy mazinom

a & o 9 e ot o e y ¢ 5 1 9 &2
iy Tamedduiivanonsgnannivasn ldgage dilgnyrsduggriumaunianda
] ] ] o
fiquisw) wiedsuszeznardgnitminzans Idnandad ilesnnnszlsuunszil
Y g Y (& = Y g a d o @ v
n1aduing ualdSinuasnuaznduaentes nszeuuasiiergnisnuines laoia

ot o o { T = { !
Vszana 110-120 Jundetyn Aafinifed 1dlurafeugmaudaigeimeu niemuineaie




o
nanszdsuuanda lasviinsuennduaenaonvinnszahziud Tl Iddunau mszuin

Ve I Atudussifuonnduaennn uazi@ounainm (gsvey nigyso uaznoez, 2545)

o o
1.3 msingylunsziuuuas
& = e A ¥ P P a A -
Aszivnuae Ja1sfuauilosninuou In laeiiiy uasiinsadunidvateyia

=3 '3

e ==Y = = 1 dvo
(1 NTAUDEADSLN NSATASH ATANIAR waznTan1s IS Wudy nsadunsdmariiv i

¥
o A )

L 3
= ) lé [}
nszRouuaelsmlTer yenvnildaiiiariiue | madu wazuIs1gou 1¥Y uaaFeou
]

o o o ' Ao ' &
oorlose uazuuniliidon dudu Fadrmlszneuiifinuninitennsveanszdouuaida
danaraau Table 1

WunSu yaozlszdas uazesys TyadomTgws (2541) Mo msd Ry
{ w g 1 aa & .

fnvluaisadavinnszitouuas 1ud Tooriday 3-uasuylulelaa (Cyanidin

o = = . . <& =

3-sambubioside) IADTIHNH (Quercetin) ATALNANA (Gallic acid) AIANITNIIA UASNIA

weanvsiin Wudy nszdvuuasignimandsine Hassugulunsaannuaulatia
1Y 4 e 3 4 b o =1 Il Il & & ﬂ a0

dndenuafiFe Anudest aalviuuazan lasnfwes lsalwden dumsitluiivde

< o a = S .
wadude wazmvnsayinluilaane dudu venninil torahim waznme 1971 S1elas
[ <
Wein mavuus, 2538) lddnuigutianeduadveansyRouuas vud1 maafanIstouua
3 [ 5 Iy

Frni ludasrdinvesnszRovunanianeii midu 1 de 100 (hwntinael51as) 8nnso
1 b4 o T

adauon In'lsodlu uazasouq Jdunnirdevas 60 veuiminnszRuuuasute uazile

a r'd o du—i' oA :’ = o a1y
SJnsgdmradansziouuas vud himesassilueeddszaey 2 ¥ia 1dud nglaa
ar

uazezsii Tua wonuniniifanuniaezidlu o ¥ia 1dun asausawiifin ngniiln iweiu
\l = =1 = ¥ <t = =t ﬂ v dy ¢ o e

nadu azariiu Tusau wnlsToflu g% uazms lotu Wudu wenani gy wigsa
Qs ' g @ o = a8 a o

uarAny (2545) Sa51001u nszvuuasda duUSmansaneanaiin Uszuna 7.12 aaniy
] ) dﬂ 3/ 9 = ad a 1 nyeY =

A8 100 PTNVEININIERVLLAIUR S nazdszneudtunsadunIdyiiantee 1Aun nsaunan

1
L ] o

= o0 A 1 3 o ﬂ? ol =1
NIADBNYIND NIAYARITN °1Nﬁ\’lf‘lﬁiﬁﬁﬁﬁﬂﬂﬂ35&%6“&?}0%19%‘?]11‘“’6%&1 l5E3191 2.00-3.00




Table 1. Nutritional composition of 100,0 g fresh roselle calyxes (wet weight basis)

Nutrients Values
Water (g) 86.60
Total energy (Calories) : 460.00
Crude fiber (g) 1.30
Total fat (g) 0.30
Total carbohydrate (g) 9.40
Protein (g) 1.40
Calcium (mg) 151.00
Phosphorus (ing) 59.00
Iron (ing) 1.00
Vitamin B1 {mg) 0.01
Vitamin B2 (mg) 0.24
Niacin (mg) 1.80
Vitamin A (1U) 10,833.00
pH 2.00-3.00
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Figure 1. Basic structures of flavonoids (C,-C,-Cq, flavan)

Ay Spanos I0Y Wrolstad (1992 #1410 Skrede and Wrolstad, 2002)
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Figure 2. Basic structures of anthocyanins

#1317 : Wrolstad (2004)




wouTnlvoriiau nioozlnalay fegilszinn 20 wila udfvuiald udn
wazwa 13 11 6 wila Ae laeniiau watiiau ﬁmﬁnﬁﬁu (Pelargonidin) filetlau (Peonidin)
ﬁuﬁﬁu (Petunidin) 1ia¥i a1y (Malvidin) (Mazza and Miniati, 1993; Mazza, 2007) fauaagly
Figure 3 uazsdnetiaen InlemiaudiiivesslssnonuTnsesadsveauen nlwrduludn

waenHa WU19%iin aaueaadly Table 2

Anthocyanidins R, R, R ?\,vis_m( {nm)
Pelargonidin (Pg) H H H 520
Cyanidin (Cy) H OH H 535
Delphinidin (Dp) H OH OH 546
Peonidin (Pn) H OCH, H 532
Petunidin (Pt) H OCH, OH 543
Malvidin (Mv) H OCH, OCH, 542
Pelargonidin 3-glucoside Gle H H 516
Cyanidin 3-glucoside Gle OH H 530
Delphinidin 3-glucoside Gle OH OH 543
Peonidin 3-glucoside Gle OCH, H 536
Petunidin 3-glucoside Gle OCH, OH 546
Malvidin 3-glucoside Glc OCH, OCH, 546

Figure 3. Basic structures of anthocyanidins and maximum absorption wavelength (?Lm) in
acidified methano!

fn: Stintzing §L51% Carle (2004)




Table 2. Anthocyanidins found in fruits and vetgetables

Fruits and vegetables Anthocyanidins
Apple Cyanidin

Blackcurrant Cyanidin and delphinidin

Blueberry Cyanidin delphinidin malvidin petunidin and peonidin
Cranberry Peonidin

Cherry Cyanidin and peonidin

Grape Cyanidin malvidin peonidin delphinidin petunidin and pelargonidin
Orange Cyanidin and delphinidin

Peach Cyanidin

Plum Cyanidin and peonidin

Radish Pelargonidin

Raspberry Cyanidin

Strawberry Pelargonidin and cyanidin

131 : Deman {1990)
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Figure 4, Effect of hydroxyl (-OH) and methoxyl (-OCH,) on color of anthocyanins

31 : Braverman (1963 51@1?\&! Deman, 1990)
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Figure 5. Structure changes of cyanin molecule according to pH changes from 3.0 to 8.5 and
8510 11.0

#1171 : Aurand Ua% Woods (1973)
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guinonoldal hase: blue flavylium cation (oxonium form): orange to purple
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Ry
HO OH OH
)
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O-gly o}
chalcone: colorless carbinol pseudo-base {(hemikstal form): coloriess
pH=4.5 pH = 4.5

Figure 6. Predominant anthocyanin structural forms present at different pH levels

117 : Giusti 1182 Wrolstad (2001)
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Figure 7. Absorption spectra of cyanidin 3-rhamnogtucoside in buffer solutions at pH 0.71 to
4.02. The concentration of pigment is 1.6 x 10° gfL.

U1 : Fennema (1985)
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AANVEIIRAUgIgaIsiinYwionfilergelu (335ny udilsednt uarang, 2545)
Asuaaalu Table 3 MldnnisganduudevewonInleafiuanas 1iuldvnains
= ¥ aa o o el o o
gandunaved leoriiau 3-usuTungInled luaisazarviiefAsednvosmiioy
T o T o . ar o e o
e (drfitey 0.71-4.02) Asuaasly Figure 7 uazfalim € dualsawepiusvoes

e Tn'lweniiu dauaaslu Table 4

Table 3. Absorption maximum and shade of color changes of anthocyanins at different pH levels

pH Absorption maximum {nm) Shade color of anthocyanins
4.00 520 Red

4.00-6.00 525-550 Violet red to Violet blue
6.50 570-575 Blue
9.00 590-600 Blue

{ o a & '
a1 9950y ufilsE ANt unsaaz (2545)
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Table 4, Maximum absorption wavelength and molar extinction coefficient of anthocyanins

derivertive

Pigment Solvent system }umu (nm) A1E
Cyanidin 0.1% HCl in EtOH 510 24600
cyanidin 3-glucoside Buffer solutions (pH 1.0) 510 26900
0.1% HCI in MeOH 530 34300
cyanidin 3,5-glucoside 0.1 N HC! 520 30175
Delphinidin 0.1% HCI in EtOH 522 34700
delphinidin 3-glucoside 0.1% HCI in MeOH 543 29000
Malvidin 0.1% HCI in EtOH 520 37200
malvidin 3-glucoside 0.1% HCl in MeOH 546 13900
malvidin 3,5-glucoside 0.1% HCI in EtOH 519 10700
Pelargonidin 0.1% HCl in EtOH 504 17800
pelargonidin 3-glucoside 0.1% HCl in EtOH 516 31620
Peonidin 0.1% HCl in EtOH 51 37200
peonidin 3-glucoside 0.1% HCl in EtOH 536 11300
Petunidin 0.1 N HCt 520 33040

1 ¢ daL)ad9n Giusti 4ag Wrolstad (2001)
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2.3.6 Intermolecular copigmentation
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ayyasase hiftanyduiufihuduesifuanududuvesmisdiedis Tagsrwaud
avmamnsalumsdneyyadaseiiialdlugim ke, Fomnoie smduduvosasada
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3.2.2.2 audams ﬁlumgﬂ;l,ﬁ ABTS (ABTS radical cation scavenging assay)
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2.1 vlgaing (51;%811‘131‘1;?1?% 42.0%)
22 thils (rEafusinTassmsd nimszesd aandasan)
2.3 lod InvignIna Fomamsf Frutafi®CLR, w33 iwdmmnysy $15a njamia)
2.4 Tniiud (50% dl-alpha-tocopheryl acetate, DSM Switzerland)
2.5 IA1HUIB (Dry vitamin A acetate type 325 CWS/F, DSM Switzerland)
3. msnfiazennsiEoude

Table 6. List of chemicals

Chemicals Grade Company Country
1. Sodium hydroxide Analytical Merck Germany
2. Potassium chloride Analytical Merck Germany
3. Meta-Phosphotic acid Analytical Panreac E.U.
4, 1,2 Phenylenediamine dihydrochloride Analytical Fluka Switzerland
5. Sodimn acetate trihydrate Analytical Merck Germany
6. Borie acid, crystalline Analytical Merck Germany
7. Ascorbic acid standard Analytical  Ajax Finechem Australia
8. Acetic acid Analytical Merck Germany
9. Charcoal activated decolourising PDR Analytical ~ Ajax Finechem  Australia
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Table 6. List of chemicals {Cont.)
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List of chemical Grade Company Country

10. DPPH (2, 2-Diphenyl-1-picrylhydrazyl) Analytical Sigma Germany
11, BHT (Butylhydroxytoluene) Analytical Fluka Germany
12. Absolute ethanol Analytical Merck Germany
13. ABTS [2, 2’ -azino-bis (3-ethylbenzo |

Analytical Sigma Germany

thiazoline-6-sulfonic acid) diammonium salt]

14, Potassium persulfate Anatytical Fluka Germany
15. TPTZ (2, 4, 6-tripyridyl-s-triazine) Analytical Fluka Switzerland
16. Sodium acetate trihydrate Analytical  Ajax Finechem Australia
17. Iron (1) Chloride hexahydrate Analytical  Ajax Finechem  Australia
18. Trolox (6-hydroxy-2, 5, 7, 8-

Analytical Sigma Germany

tetramethylchroman-2-carboxylic acid)

19, Folin-Ciocalteu phenol reagent Analytical Merck Germany
20, Gallic acid Analytical Sigma Gerinany
21. Sodium carbonate anhydrous Analytical  Ajax Finechem Australia
22, Plate Count Agar Analytical Himedia India
23. Potato Dextrose Agar Analytical Himedia India
24, Potato Dextrose Broth Analytical Himedia India
25. Acid Broth Analytical Himedia India
26, Malt Exfract Broth Analytical Himedia India
27. Nutrient Agar Analytical Himedia India
28. Brillient-Green Lactose Bile Broth Analytical Himedia India
29. Lauryl Sulphate Tryptose Broth Analytical Himedia India
30. EC Broth Analytical Himedia India
31, Eosin Methylene Blue Agar Analytical Himedia India
32. Baird Parker Agar Analytical Himedia India
33. Brain Heart Infusion Broth Analytical Himedia India
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Table 8. Physical and chemical properties of fresh and dried roselle juice (dry weight basis)

Physical and chemical properties Fresh roselle juice  Dried roselle juice
L* 11.65+0.87" 3.83:£0.80°
a* 5.400.56" 6.2940.52°
b* 0.8440.45° 0.54+0,27"
pH | 2.4440.02° 2.420.01"
Total soluble solids ( Brix) 1.300.11° 7.9340.10°
Total acidity, as malic acid (%) 0.7840,03 2.98+0.05°
Total anthocyanin content (ing/l roselle extract) 842.63+14.66" 727.9145.14"
Total phenolic content (mg GAE/g roselle calyxes) 39.69+0.49° 38.12::0.89"
Ascorbic acid (mg/g roselle calyxes) 2.89+0.11° 1.13:£0.22°

Means+standard deviation within the same row with different letters are significantly different (p<0.05)
GAE, Gallic acid equivalents

Total phenolic contents, expressed as milligrams of gallic acid equivalents per gram of roselle calyxes using
gallic acid standard curve (based on dry weight basis)

Total anthocyanin contents expressed as cyanidin 3-glucoside milligrams per liter of roselle extract
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Table 9. Changes in antioxidant properties (by DPPH, ABTS and FRAP assay) of fresh and

dried roselle calyxes

DPPH, EC,, TEAC (umol TE/g)
Sample
(ng/ml) ABTS FRAP
Fresh roselle calyxes 37.20+3.07° 154.5541,73" 425.21+8,97
Dried roselle calyxes 37.48+1,98" 187.63+1.32° 427.03+3.80°

Meantstandard deviation within the same column with different letters are significantly different (p<0.05)
DPPH and ABTS radical scavenging activity; FRAP, Ferric reducing antioxidant power

DPPH assay, expressed as EC,; and BHT as positive standard

EC,,, Efficient concentration, the amount of fresh roselle extract {1ig) needed for 50% decreasing in the initial
DPPH concentration per 1.0 ml of initial solution

The EC,, of BHT standard = 13.82+0.38 ug/m!

ABTS and FRAP assays, expressed as millimoles Trolox equivalents per gram extract using Trolox standard
curve

TEAC, Trolox equivalents antioxidant capacity

TE, Trolox equivalents, millimolar of Trolox solution having an antioxidant capacity equivalent to }.0 gram of

the substance under investigation




74

4
2. Nﬁ‘Ut’l\‘iﬂi”H?NﬂTﬂ!‘l}‘igﬂﬂﬁﬁN‘U?I'ﬂNﬂWfﬂ'l‘N my uauqﬂ? u@g%{ﬂﬂﬁ‘%‘ﬂ@@aﬁﬁﬂﬂ

N nnsumﬂmmalmauayrm mnm'-"n ﬂﬁumﬂ‘]]llﬂ&ﬁﬂﬂ!‘lm‘ﬂu

2.1 saveamsiiliiududeganmmanieain sadl nozauiAnsdeyyadaszves
o & y
AIANRDINNTLIVLUUAUIHS
auifAnanennaziniivesdsadannnizitouuawiaazmaia
o [}
nszipusaududy feaaily Table 10 IANINARBINIT TsafAINATZRLULAINAY
yazasananseitutaadud a8 Lr o uaz b+ liupadruduedisihisdne (>0.05)
tH ¥ of o
Aifusuiienndlumne fvesmsadannnssfouunants uazmsasanszovuaaduduil
e o é T 1 Q4 1 T
dnvuzlnngiiudusuduruiieduad Fermnuainvewiotn € annuiudung

(@ wazdmanudmdos (o #ialdtdudlndgud

f=d '

= ¢ Y & ar
{ f)'.llﬂ?13ﬁﬂﬂlﬂ’l‘}'ﬁ’l1\uﬂﬁ“dﬂﬁﬂ'ﬁﬁﬂﬂﬂ']ﬂﬂi%ﬁ)ﬂﬂllﬂ\i!lﬁq Haga1Tana

2

nsisunaadud ot msﬁﬁ’@ﬁ:1nn'szi%aﬁttﬂ«t_t‘ﬁaﬁﬁ'lﬁm%qan’j'lfnsﬁﬁ’ﬂﬂs:n%ﬂmmq
Wudueireiivedfsy (p<0.05) fenfiey Taonae 1y 2.7540.03 UDY 2.69+0,02 AW IAY
Failiftosmnmsasanseisuuaadudy fimsszmorinnsdaneenTy luduneuueanisi
Wfudy nazidofinanySinamenTn leoilufamaluglseiau 3-ngTaled nuh
A afnannszavLnate SSmamou T lsniudansalug) leoiiay 3-nqlaled
'qqﬂi'rmsﬁﬁ’ﬂﬂ531’%%uﬂm’fmﬁ’uatiwﬁﬁﬂﬁﬁtg (p<0.05) TagliAUnINY 457.63:£17.40
fadnfudednsnszRoULAIARA Uaz 417.8142.37 findnudoansnszRouuasadaduty
adsy Tag Yong-Tu iiag Howard (2003) s1wamid quuugiif 1 lumsada vaznshld
L%’uaﬁ'uﬁnﬁnqagugu awﬁlzﬁw‘h?’ﬂﬁﬂmiqtyuﬁaﬂ?n1muau'1v1"l°ﬁmﬁmﬁm‘fu &alaovial
udaiisuvinsafauazsiududumsuen Inlseriiulugregungil 20.0-50.0 sernadoa

ms1zn1ngungigendt 70.0 svwafed sxdumungilbifiansgyideline

e

5 - =] s 3 g <t ) Y = 4 T =
wou T lwefiusradatu MaildannsgudslTnaueuin lontiussivegiugungi

e 2D

nazszezaanlunsldanuiou Iﬂﬂﬁﬂﬂwm’iﬁﬂﬂﬂﬂﬂmgﬁﬁﬁ zoz1I81dY (HTST)
b4
=

wwswligasimsgadslTinauouTnlyeiinluna lWddatulddae aoandesiy oy Haft
fiftoaya (2549) finwaudt msiﬁm'm%’auufiﬁymxLﬁmﬁqﬂmqﬁqaswmmgu (HTST,
£5.0 saruwaimod une 11i) wlddamsgaydorTnemenInlaniudesninId
mm%’auﬁqmﬁgﬁeﬁﬁzUzmmum (LTLT, 75.0 saruraiiiod w1 15 wih) Hems A

3 :l o5 [ s o 3 gJ a oS 1 Y = " e
Joungargil 85.0 9IRUSTIHOH UM 1 WM mldimeiReaiilSuamenInlesyiiin wvy




75

11.62+0.01 'l TnsTuadeiiadaas gendinsldniwdoungungil 75.0 esruwaor W 15

¥ ¥

A Aa 1 ¥ = LY v ] A aa -1 o o
wf AfidTunaweuInloeriiu midy 11.2420.02 lulnsluakedanes viall yasriad

1 L

¥ ) 9 =y 4 = l-é’ - ar
A0Fe (2545) 31097471 aa lnmsaaiwdavowey In leorhuiesningungingaviniuge
[\ i!] = "o (= ¥ A §) P A& o oo .é’ © 3
liidufusida uail 2 na'lnfiRoados fe tiogungilifiugediy 929119 Heterocycle
é \r-v-1 ar
dasendiulnseairelugvesralay #elufif (Chandra er al, 1993 81¢lan uﬂsﬁmﬁ
y 3
Ao, 2545) wieoAnnnMsaateddved Taolda15@eduns 3,5-di-(O-8-D-glucosyl)-7-
lfé U o 3 Ci
hydroxycoumarin FawudnalnnisaaivAunesin Flavylium form wgmﬂaaugﬂ‘lﬂﬁ‘lu
L
Anhydrobase U0¥ Intermediate structures 'il]ﬂﬁlﬁﬁlﬁﬁﬂ’l'a‘LLGlﬂ‘ﬁuﬁ:iud]u Coumarin derivative
. g - L) dyd 9 .Y [} San
uaz Bring voawew Inlemiidu lasmsaawdrvesnalniifinomiewiudusalgiso

(Hrazdina, 1971 $19Tav Yrrriad meide, 2545)

Table 10. Physical and chemical properties of dried roselle extract and concentrated roselle

extract
Dried Concentrated
Sample
roselle extract roselle extract
L* 0.0940.00° 0.0940.00°
“a* 0.0240.01° 0.0240.01°
b* 0.01£0,01° 0.0120.01°
pH 2.7540.03" 2.69+0.02°
Total soluble sotids ( Brix) 4.6740.14° 25.27£0.41°
Total acidity, as malic acid (%) 4.2240.08" 10.28+0.09°
Total anthocyanin contents (mg/l sample) 457.63+17.40° 417.814237
Total phenolic content {mg GAE/g sample) 54.74:0.56° 19.83+0.24°
Ascorbic acid (ing/g sample) 51.9848.74° 81.44+4,03"

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

GAE, Guillic acid equivalents

Total phenolic contents, expressed as milligrams of gallic acid equivalents per gram of sample using gallic acid
standard curve (based on dry weight basis)

Total anthocyanin contents expressed as eyanidin 3-glucoside milligrams per liter of sample
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Table 11. Changes in antioxidant properties (by DPPH, ABTS and FRAP assay) of dried roselle

extract and concentrated roselle extract

DPPH, EC,, TEAC (umol TE/g)
Sample
(Hg/mi) ABTS FRAP
Dried roselle extract 31.78+1.50° 254.5646.12° 494.08+7.87
Concentrated roselle extract 40.83+2.31° 38.77:1:0.97b 55.46%0. 19°

Meansstandard deviation within the same column with different letters are significantly different (p<0.05)
DPPH and ABTS radical scavenging activity; FRAP, Ferric reducing antioxidant power

DPPH assay, expressed as EC_, and BHT as positive standard

EC,,, Efficient concentration, the amount of fresh roselle extract (pg) needed for 50% decreasing in the initial
DPPH cencentration per 1.0 ml of initial solution

The EC,, of BHT standard = 13.82+0.38 ug/ml

ABTS and FRAF assays, expressed as millimoles Trolox equivalents per gram extract using Trolox standard
curve

TEAC, Trolox equivalents antioxidant capacity

TE, Trolox equivalents, millimolar of Trolox solution hiaving an antioxidant capacity equivalent to 1.0 gram of

the substance under investigation
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Table 12. Pasteurization conditions of concentrated roselle extract product

Pasteurized condition Values
Bottle size 70 BG.
Maximun filling weight 70 ml.
Net weight 70 ml.
Initial temperature 324 °C
Come up time 10 min,
Processing temperature (retort) 101.06 ° C
Processing time (retort) 5 min,
Coldest point processing temperature & time 85.0°C & 5 min.
Cooling temperature (retort) 40.0°C
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Table 13. Nutrition Facts of concentrated roselle extract product
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Value per | serving size  Percent Thai RDI

Energy (kilocalorics) 140 -
Carbohydrate (add Dietary fiber) (g) 34 11

Sugar (g) 30 -
Sodium (mg) 10 -
Vitamin A (ug RE¥¥) .. 105 15
Vitamin B1 (ing) 0.21 15
Vitamin B2 (mg) 0.01 -
Calcium (mg) 33 4
Iron (mg) _ 0.8 6
Vitamin E (ing 0-TE**¥) 4.9 50

* Thai RDI (Percent Thai Recommended Daily Intakes for population over 6 years
2,000 kilocalories diet.)
#¥ RE = Retinol equivaient, | RE =1 ptg retinol

#+% (1-TH = (-Tocophero| equivalent, 1 4-TE = | mg D- 0~ Tocopherol

Table 14. Vitamin A and E contents of concentrated roselle extract products be

of age are based on a

fore and after

pasteurization
% Percent
Pasteurization Vitamin Value per 1 serving size .
Retention  Thai RDI
Before Vitamin A (ug RE*%) 182.00 - 23
Vitamin E (mg ¢.-TE**¥) 5.14 - 51
After Vitamin A (ug RE*¥) 105.00 57.69 15
Vitamin E (g o-TE***) 4.90 95.33 50

* Thai RDI {Percent Thai Recommended Daily Intakes for papulation over 6 years of age are based on a 2,000

kilocalories diet.}
** RE = Retiinol equivalent, [RE=1 pg retinol

*¥5% (I-TE = (~Tocopherol equivalent, | 0-TE =1 mg D- ¢- Tocopherol
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Table 15. Microbiological qualities of concentrated roselle extract product after pasteurization

Microbiology Values (CFU/ml)
Aciduric flat sour types None
Coliform bacteria None
Staphylococcus aureus None
Total viable count None
Yeasts and Molds None
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Table 16. Heavy metal content of concentrated roselle extract product after pasteurization

Heavy metal content Values (ing/concemrated roselle extract 1.0 kg)
Lead (< 0.5 mg/ sample 1,0 kg) Not detected
Iron (< 15.0 mg/ sample 1.0 kg) 10.58
Tin (< 250.0 mg/ sample 1.0 kg) 0.92

*Based on limited of detection (LOD) = 0.025 mg/1.0 kg
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Table 17. Effect of pasteurization on physical and chemical properties of concentrated roselle

extract product before and after pasteurization
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before after
Sample o o
pasteurization pasteurizaiion
L* 0.0940.00° 0.09+0.00°
a* 0.02+0.02° 0.01x0.01°
b* 0.01£0.01° 0.00£0.00°
pH 2.7040.02° 2.800.01°
Total soluble solids (" Brix) 45.93%1.35" 43.77£0.23"
Total acidity, as malic acid (%) 2.1040.06" 1.98+0.08"
Total anthocyanin contents (mg/l sample) 407.9542.90" 279.5445.82"
Total phenolic content (mg GAE/g sample) 18.6540.28" 21.54+0.21"
Ascorbic acid (mg/g sample) 29.10+4.79° 22.70+2.65"

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

GAE, Gallic acid equivalents

Total phenolic contenis, expressed as milligrams of gallic acid equivalents per gram of sample using gallic acid

standard curve (based on dry weight basis)

Total anthocyanin contents expressed as cyanidin 3-glucoside milligrams per liter of sample
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Table 18. Changes in antioxidant properties (by DPPII, ABTS and FRAP assay) of products

before and after pasteurization

DPPH, EC,,- TEAC (pmol TE/g)
Sample
(ug/ml) ABTS FRAP
Product before pasteurization 336.81+21.88° 27.3140.68" 55.77£0.15"
Product after pasteurization 350.86+42.37° 32.65+0.85° 56.310.84°

Meansstandard deviation within the same column with different letters are significantly different (p<0.05)
DPPH and ABTS radical scavenging activity; FRAP, Ferric reaucing antioxidant power

DPPH assay, expressed as EC and BHT as positive standard

EC,,, Efficient concentration, the amount of fresh roselle extract (jig) needed for 50% decreasing in the initial
DPPH concentration per 1.0 ml of initial solution

The EC,, of BHT standard = 13.82+0.38 ug/ml

ABTS and FRAP assays, expressed as millimoles Trolox equivalents per gram extract using Trolox standard
curve

TEAC, Trolox equivalents antioxidant capacity

TE, Trolox equivatents, miflimolar of Trolox solution having an antioxidant capacity equivalent to 1.0 gram of

the substance under investigation
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T&dumsazawla
2.4 Tlamsazamnesgdnlafseduanudududien amnduduaz
5 iadans laaaluwradfuilSuimsvuia 100 Haddes @uaisazatw B $1wau 5 adang
3 3 3 ¥y
UHnl5aassly 100 Tadaas derhnau uithaiiundens) denalduw 15 i
2.5 Tulaeisazamnasguiszdvanudududieg ldlunasananss

anudutuay 3 vaea vaoaas 2 Tafans WuE1sazaiw D avlunasananed Hanaaz

v ¥
@ o

1 3 k4 ]
s Safang weday Vortex  mixer 99941 lunila 35 wrh (Sudvandausisuel

k4
HADANANDINTILTA)




131

2.6110a (Warm up) Lﬂéﬂx‘i Specirofluorophotometer ‘17]{‘1"1% 15 w1H 1dan
Excitation wavelength (Ex) 911710 350 W lUe s waee Emission wavelength (Em) I
430 1 Tumas uaziufina Fluorescence intensity

3. 3711 Blank YDIT13ALAWINATTTUATAUDAADI TN

3.1 Tlamsazaromnspudmlafiseduarnduduing snududuoas
5 fiaaans laasluvandSudSuins vum 100 dadaas Wuaisazats ¢ $nou s Tadaas
cuhaiunfansio) daialunm 15 nd

3.2 151n/53as @l 100 Taddns ¢’1’gﬂﬁg1n€;’uuammsh

3.3 Sla Blank vesmsazarmnaspuuaazanududy ldlunasanaass
3 yaoa Hasaay 2 flaaaas Humsazain D aslunasanaans nasaay 5 addas woidae
Vortex mixer fana 1 ludtfla 35 11 (L%;u%’m’amgaueiféuwdmaaﬂmamﬂ%usﬂ)

3.4 1981 BEx (91180 350 1ilumas uagal Em 91101 430 11 10mas uay

LY

1{17inf1 Fluorescence intensity
4, MINATIEHAI0E19
or d.rJI ] =) Ly =y = Aaa
4.1 AFOIETANANITZIVHUUAIHTIHEG U lﬁﬂiiﬂﬂi 20 Haaanid

42 HJulagsafanseitounas 10 Jadaes udaafadroarsazais A

o T

30 adans VI 2 ate

4.3 Y51f5unasdlu 100 Tadans drwmsazais A wazwenu 15 Wi

4.4 mansafansziouuasldluvngilung vina 250 Gaddas Afiead
1-2 n$ myuvagUsNEiae 2 Wi uaznseadionszmunse wed 42 Tdasluvaagilyuy
U9 125 Nodaas

4.5 Hulagisazatedietiadiula $1uru 5 Taddas ldasluvamlsy
US1nas ¥u1a 100 dadaas Buaisazatw B S 5 adans udalfurTuandu 100
fadans Srorhindu uaziwd danalSim 15 wdt

4.6 Jilagrod1aldluviosannane 3 vaoa naoAaz 2 1aAnas

¥y
Guaisazats D adlunananaaed vasaay s saaang te1d8 Vortex mixer #9719 13 luitila

' Ed 1 E
35 m‘ﬁ (¢3UOM AR UV RDANAABINTAUITN)

4.7 1981 Ex A 350 w1 Tutua s uagal Em 19150 430 w1 Tuwag waz

r

= 1 . .
UNNA1T Fluorescence intensity
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5. 113911 Blank Y94@79079

5.1 Tidamsnzarofaediadanle $1au s Taddans ldasluvmlfy
USu1as vua 100 Jadaas Wiyasazals C $149U 5 Hnddes (wfhﬁmﬁuﬂ?qmn) Fafa
Py 15 wifd

5210535 i 100 faddns drehnduuazie

5.3 Tla Blank v9dr0g19ldluinonnanss 3 vaoa vaoaay 2 Iadans
Fuaisazats D aslumasanaass naoaag s Tadans we18a8 Vortex mixer deiia 1T ludile
35 W (s%"n%’una'lgaawiﬁ"umtimaeﬂ‘maam‘?msﬂ)

5.4 19A71 Ex 10w 350 i Twmas uaga) Em  m10v 430 urTuwns uas
UTNA1 Fluorescence intensity

6. MIATHIB

9 ) da
7]‘]ﬂ5’|1'h]’]¢]3§'iu‘ﬂﬂ\?ﬁ’liﬂ&'ﬁ’lﬂﬂﬁﬂllﬂﬂﬂﬂiﬂﬂ

40.0
35.0 4
30.0 4
25.0
20.0 1
15.0 1
10.0 -
5.0 4

0- O T T T T T 1
o 10 20 30 40 50 80

Concentration of ascérbic acid (ug/ml)

Fluorescence Infensity (mg/ml)

+ yYafiayai y = 0.3636x + 16.978
— o (yediayat) R? = 0.998

o = & o 1 1 R 1T s A
dAnnaSuunsausanesinludiedis wihuiluiadnsudoladdas
nnashnaIunsaueResin snumaiiy dadnfiudeniudiodis
= da o T { a A e 1
Psmnunsaueansilinvesiiodaiens ldonnawinasyv X Tadindi

ﬂS”ﬁ'JMWl‘ig‘lu y =0.3636X + 16.978 o y 9 A1 Fluorescence intensity
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o ny 1 ow . 3} ot 1 o Aoy
nanssiasguafen @iy X Gadnsy ldarsasatedsedia 5 dadtns
Tumsinlgnie
o 0 0 =y & ey [ Y a5 oa oo
sacaiodaed1e 5 danaas YUsuansaueanaiiin My X daaniu

o ] o aa = & o s aa -~ e o
HITAEAWAIBYY 100 WARaNT ﬁﬁﬁu1mﬂ5ﬂllﬂﬂﬂﬂ5ﬂﬂ Wi'iﬂ‘l.] 100 Unaaand x X vaansy

5 iaaaas
A17ALAI0819 100 Hadans ¥19NdI0819 10 NN

or ] o o o T o oy oy = oA
NI88d 10 NN ﬁﬂiﬂ?ﬂ!ﬂiﬂllﬂﬁﬂaiﬁﬂ Wl 100 06T x X Yainiy

5 Haaansg

Fot19 A ndu thlSuanseusanasiin iy 100 dagans x X 4a8n5u x A n5u

53anaas x 10 N5y

Qs 3 ar 1 e o a = Voo = n L | [
AU W'Jﬂﬂ’l\'i?l?lﬂ'i'}%?’f%eﬁﬁﬂﬁﬂ'miﬂ'ﬁﬂliﬂﬁ'ﬂﬂgﬂﬂ I B yaaniuaensy
e & 2 . @t W . | .
Ho A A9 N UNVBINIDU (NTY) 1143‘1_’ dry weight basis

6. ﬂ%iﬂ‘é‘uﬁﬁﬂﬁa'iﬂﬂ‘ljﬁuf)aﬂ%&ﬁﬂﬂ #283% Folin-Ciocalteu method (Miliauskas ef al., 2004)
gilnsel

1. lssTnstnla v1a 10-200 wag 20-1000 luTasdas

2. VRBANYUIMIL: YA 15 Tadans @msudeniadant)

3. luTnstian (Microplate) U319 96 QX

4, !.ﬂ%aﬂﬁ Microplate reader _
a151All

1. 91988019 Folin-Ciocalteu’s reagent

2. AFAUNAAN (Gallic acid)

4
3. TastRuan13Uein (Sodium carbonate anhydrous; Na,CO,) aandudu 0.71 Tuas

4. Absolute ethanol
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ey
ATms
1. MINTOUARIDENS

o oo W

1.1 $sesadansziounnante 10 Fadndy (001 niu) azarsdasiindy
10 adans (danududu midy 1,000 luTasasudoiaaans)
1.2 Bonedndialfidanumduduiidesnis dronisiluladredauazidv
Frothndu Wkaudid 1,000 uag s00 lulnsniusiodadans
2. MIRTENEITAZaY
2.1 1036 Na,CO, solution JAun1591 Na,CO, 7.5 n¥y azarsuazd§uilSuns
1 100 fiaddns daohindu
2.2 (0583 Folin-Ciocaltew’s solution Tawn151iii)a Folin-Ciocalteu’s reagent
10 fadans ezl fudinasdhy 100 Tadaas drohady
3. NSMTBUAITAZAIVNINITIUNTANAGDN
Frarazanasyunsaunadn 10 Jadndy (0.01 n$1) YSuSinasday
ensuea 10 Jadaas (Idandudu widy 1,000 Tulasnsuneiindang nmingona
dredralitinanndudu 250, 200, 100, 50 uaz 25 luTasniuneiiadians A6 Absolute ethanol
4. M3daTed
4.1 Taladante 20 Tulnsing Assfunamndududie ashmgy Microplate
&2 Folin-Ciocalteu’s solution 100 Ty Tasans uaéaﬁné’ha Na,CO, solution 80 T Tnsang
4.2 Blank vaada0gh iw3owTasTulaindy 20 lulasias aslungu
Microplate (#1420 Folin-Ciocaltew’s solution 100‘11317',?15 A0 HazudAY Na,CO; solution
80 lulnsans
4.3 daia A luftfla 1n 30 wf
4.4 FARIN15GANAULEN fanwenndu 765 Ty §1eiSes Microplate
readet ‘
4.5 adunsnhinasgivesmsazaensaunain Tamhimsasatonsaunadin
ugazanududu fmsdinsziisu@edude 4.1-4.4
4.6 fnalSinumnalszneyiiuednviaavesiaedis Tasmsaliouion
a1t 18 sunsrunsgmasensaunadn swauatiia 1 lugadnsuauyadusensa

unadndensudandis Tnensiieid e unyluaumsdnnammanududuveseasazay

#7081
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AuMsNANT 1
y=mx+¢
x=y-c/m
& = Y ar 1
e x fie Anududuvesaisazanediedig
y o mimsgandvuasvasarsazaeiiediaiamndudugie

fos y=0D__,~OD,., o muazcfe niadi

sample

7, ﬁﬂﬁ)ﬁmiﬁﬂm&a DPPH #2835 DPPH scavenging assay (Yamasaki ef al., 1994)
gun7al
1. Ty Tasdula vure 10-200 wag 20-1000 lulnsdas
2. vineanyIwAss e 15 daaans (Gmfudenediedng)
3. TuTnsman (Microplate) Y119 96 HgH :
4, Lﬂ%iﬂ\‘! Microplate reader
CREIY
1. Absolute ethanol
2, DPPH (1, 1-diphenyl-2-picryhydrazyl)
3. BHT (Butylhydroxytoluene}
SEINE: '
1. MSHTEUAIBYIN
1.1 fﬁﬁnﬁﬁﬂnigéﬂmmqmuﬁa 10 a0y (0.01 AT) azawdaihngu
10 fiadans (1@nrndudu vhdy 1,000 duTnsnsudedadans) il stock solution
1.2 m‘%‘Uumiazmﬂﬁ’mdwﬁﬁxﬁuémmﬂ?m’m AU 200, 100, 50, 10 Laz 2
Tlasniudeiiadans 910 Stock  solution Aiduduas 2 Hadfag Taoldihndwudy
Fahazane (anududugathe mifu 100, 50,25, 5 uaz 1 lulasniudeiianans amHAY)
2. MInTeNEITaza1y DPPH 11 Absolute ethanol
m3ouasazats DPPH 1u Absolute ethanol ¥ilndmududu 6xi0” Tuand
Tauss DPPH 2.4 Slaandy (0.0024 nf1) azatsnaziuisuanilu 100 fiaddas 42y

G | d o 1o o i o
Absolute ethanol A1 1 ludiila (irazmeiiwmTouudunu 1 linu 3 Ju Agamgi 4.0

DIRUF AN )
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3, MIATOUITAZAIWNINTFIE BHT

3.1 wSeuesazatw BHT 1dilawududiv 1,000 Tulasnfuneiiadans
Tausq BHT 10 Ta8n3y (0.01 n$u) aza1eda Absolute cthanol 10 Tadfns

3.2 w3onasasawiasgiu BET Iiseduamidudu iy 200, 100, 20,
10 waz 2 ' iasnuseiindaas arududuns 2 fadans Tavld Absolute cthanol 151
Faiazat (rnuddugaiie whiu 100, 50, 10, 5 uas 1 lulnsniudeiiadans mudnn)

4. AT

4.1 Tulamsazaiwdleinlundasszduanududy aaduduaz 100
luinsang aalungy Microplate BiA30a15a3818 DPPH 11 Absolute ethanol 100 Tulnsang

42 Blank ¥99m15a2010828619 103 ou Tavtnlaersazarvdaedaluusas
sedunmdud aannduduay 100 lTnsaes @udroindu 100 luTasdas aslungu
Microplate

4.3 Control ta3onTaw Tularindy 100 lulnsdns Hiudivarsazars DPPH
134 Absolute ethanol 100 luInsfias aa‘luﬁqu Microplate

4.4 Blank control 16303 1a8 T1ln Absolute ethanol 100 Tnlnsdas & Fudand
ndu 100 T3 Tasdas aslungy Microplate

4.5 faia 13 ldtdla 1 30 1idl

4.6 FAFIMIAANAULES finmenandu 520 unTuims §201A799 Microplate
Reader

4.7 AMEman % Inhibition Tuudazaududu 1d21i1 11041 Linear regression
Lﬁ‘ﬂmmmﬁfu%’ummmsﬁ'aadwﬁmu1snaﬂﬂmm%’wﬁuwm%a DPPH 8950% ¢ |
Taaaasvesmsazanefetiaudi)

5. 15148 % Inhibition

% Inhibition = (0D, 7 ODy.s comeatd = (O pie Db,m'mple)x(IOO)

(ODcaanl_ ODblank.comrol)

conirol

iis oD fin AIMIANAMLEIYDIEITALAW DPPH 11 Absolute ethanol 100

Control

oy Y .? & t =
TuTasans Midndy 100 lulasans

¥ 1
oD fio An1sganduuasveusnsien 100 lulasdns Auhnau 100

Blank conirol

TuTnsBag
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oD fin smsgandunasvesiaediefinudududien 100 lulasdns fu

Sample

a13azane DPPH 134 Absolute ethano! 100 lluiﬂ’:' ans

OD Ao Amsganduuaevesaisdasiieiaudududeg 100

sample

b T
Tunsaas fsuindu 100 lulasaas

8, auAmsdueyyn ABTS dt35 ABTS radical scavenging activity (Re et al., 1999)
gilnsel
1. luTastlale vie 10-200 wa 20-1,000 tulasdns
2. navANyUINIBA 15 Tadans (@msuideviadiod)
3. AN
4. Lﬂ%iﬂx'i Spectrophoiometer
RETGEY
1. ABTS (2, 2 -azinobis [3-ethylbenzothiazoline-6-sulfonic acid])
2. Iﬂiaﬂﬂﬁ:(Trolox)
3. Tnunad@ounleddanls (3,0,
4, Absolute ethanol
5ms |
[, MIMSuNE1TaLa18 ABTS
L1 wdumesazat ABTS” Wiarandudu 7 Taaluatd Tavnmisde ABTS
0.0384 ¥ avarwuazlfan/Sinaniy 10 Taddns Saovind
1.2 whovansazare TmaSouossama MTarmndudu 140 Tadluand
Taun 5% K,8,0, 09461 n§y azme uazilSunlSinasidu 25 Taddas Srovhnda
13 Haua1Isaza1s ABTS (d8:1.1) $1u7u 5 Hadans AUdIsasaly
TunmdoualoiFana (o 1.2) S 88 lulasdas @i ldmsazaeTnunadounled
Fanla iandudugaio Uszna 2.45 Tadluas) drva I3lufiiarszanm 12-16 $aTus
domilfiFon  (wsazaw ABTS™ dlewSonuds annsaiivldu 7 Su Agumgll
559117 NA)
1.4 Wenismsaza1o ABTS” (90 3) 490 Absolute ethanol 1HiTiAINMsgAnaAY
weraegluadae 0.70£0.02 finamenandu 734 nTuwas Iaorauemisazats ABTS $11au 1

finaans N Absolute ethanol 89 laaang
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2, MIATENANTAZAUNIATIIUABS Trolox
2.1 wSenaisazaioInsasns Wianududu 2.5 fadTuars Tasnisds
Tnsaond 0.0626 nu
2.2 neaouasiSulSuasiiy 100 Ga8d0s 420 Absolute ethanol
2.3 Seveasazmeliiinnududu 1.5, 1.0, 0.5,0.25 waz 0.1 Tad luany

3. MINTENAI0E19

' o E v '
FeamsaranTs@ouUaraut 0.0663 N3u azanodvinau 8.2875 dadans

1&nududiu ity 8,000 Tulasnsuneianans
4. mywnsed
4.1 lnsazarodaedie 20 lulasdas adlufum
“ [ IS L= ) 3 c? 1§ = oy
4.2 Buaisazaiw ABTS' 2 fladans dene Midlunar 6 wnd luidla
4.3 adn1sgananuas Haoieniu 734 wiuluiuas d10inieq
Spectrophotometer
5 1
4.3 1hiandu 20 T insans Buaisazats ABTS” 2 Haddas (U Blank veq
¥ ]
#9813 (Set zero AININGL)
4 Y o 1
4.4 ghenslaspineesTnsaend laohaisazawinsaend unazad
Yy g ¢ 1 o [ 3
Wudu IngifeIfiude 4.1-4.3
a e at = 4 1 el 3t g
4.5 fuamauiianisduoyya ABTS  Taenisu/Touivuanlddiunsw

o Il kU o a oy
nasguvedInsaond srwmaidaldlugllulnsTuaauyadvesInsaendroiadang

f70819

9. mmmamn‘lunﬁ‘%‘i‘ncﬁn-*lﬂ%?n‘leaau G’]J’JEJ?J%‘" Ferric reducing antioxidant power
(FRAP) (Benzie and Strain, 1996)
qilnsel

1. luTnstilavina 10-200 waz 20-1000 lyInsdas

2. naeanyuIssTA 15 aaans @miudevidiedi)

3. flarm 7

4. Lﬂéﬁ]& Spectrophotometer

¥
5. 91MINTURANY MY (Water bath)
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RPIHY
1. Tandow azdinsa Ins lamse (C,H,Na0O,3H,0)
2. NIRDLIATAIUTH
3. TPTZ (2, 4, 6-tripyridyl-s-triazine)
4. nin lolasnanin
5. WleSnnae'lsd wnazlawmsn (FeCL6H,0)
s

1. 91595018 FRAP reagent
wisnmsazawesdase tiled anndudu 300 Hadluard (Aifiey 3.6)
Taumsd C,H,Na0,3H,0 3.1 niu idunsaozdnindudu 16 faddas U5 mlSunaadu 1,000
fadans fauthndu
2. 15azay TPTZ
winasaza1s TPTZ aanidudhs 10 Fadluans Tasnsea TPTZ 0.062 N3
avavdnonsalalasnaesn anmdudy 40 Tad Tuar S 20 Taddas
3. 4138%a1Y FeCL6H,0
wiouasazan FeCl6H,0 st 20 fad Tuard Tavnsds Fecl6H,0
0.1350 n3u azeouazilfulSuasidu 25 Tadans Gaohndu
4, 91792078 FRAP reagent
Taonseay g1sazawezdinga Yiiles (o 1) UTuias 200 daddas 4
@13aga1s TPTZ (Yo 2) YSuas 20 Toddang uazaisavary FeCLEH,0 (T 3) USu1as 20
flafans aulddhdu uazihllguldaisazars FRAP reagent Hgaingil Uiz 37.0
seriwatiod nowii 1l g
5. MINTOUAI91
Foasasanseisouuaarats 10 Fadndu 0,01 nfi) azarodaoingy 10
fiagdas C(dnnududy wiiu 1,000 tuinsniudeiiadans)
6. MITATIZH
6.1 Tnlne15azat FRAP reagent 1,800 1Insang shindy 180 Tulasans

yaza1sazatedies1d 60 Iuinsdns adlufaam GEaun1UE9119Y89R 20879 IMIAY

1 910 34)
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14
o

& ! & . : A
6.2 fana 13 lufisla wiy 2 2 Tue Sadinsganiiunas AANNUIIRGY 593

W Tumas A101nT09 Spectrophotometer
0 A a 4 da 1
6.3 a1uamaNanselun1sTaldilessnloosu (FRAP) launis

alEsuiousitldfunsinasgiueeTnsaond swamaridaldlugylylasTuamnad

yo9InsaondraniudlIodia
a d = e ¢
7-3 MIVANLHRUAIIMIgaUNTE

1. 3“‘15131"1‘ Flat sour bacteria (USFDA, 2001a)

E)Wﬁ'lﬁlgﬂﬁl‘%fﬂ
1. Acid broth
2. Malt extract broth
3. Nutrient agar

4. Potato dextrose agar (PDA) fiiumaiusifiles whiu 3.5 d90 10.0% nIANISMIA

1015
o Vo Aa = N '
A3al AeehiinFie 4101 4.6
1. ldded1991115a4 110 IMTIMa7 Acid broth 11U 4 AR UDE Malted extract
broth 2 naea (Ifivt19enIs 2 Hadansdonasa)

; 4 4
2. UNOIMI5(ABAUYD
- T34 Acid broth $1u33 2 naea Uufigangdl 55.0 seruwaiFus 11w 48 ¥ 13

4
1
=)

- 131 Acid broth $132 2 aea UnTigangd 30.0 esruraFua 111 96 ¥ Tue
~3 Malted extract broth §11421 2 Moo UuAiquugil 30.0 samiaaiive wIn
96 42 1144
=4 = = .-é’ A e ; ﬂv i
3, winiimseTyiu Tnvoubeuuansudman Flat sour 0IM15IA8UTOITYY
Y L4 3 (Y T el 3 o
4. a3rvaeulavldndssqansimi Taold Loop Judandemsnuntouudlod

¢y 9/ =] d o 3/ 1 -y 3 S v A e 1
ﬁﬂlﬁuﬁ\‘lllﬁ?ﬁﬁﬁlcﬁﬁﬂ NINTYBUIUATU ﬂﬂqaﬂﬁﬂﬂaﬂ\?‘gﬁﬂiﬁﬂ’u Uuﬂﬂﬂﬂﬂﬁlgzﬂﬁ'}\? Uag

Ao = <
AsAndveIgAUNTY
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2. 315124 Coliform bacteria (USFDA, 2002)
pMIAtAe

1, Brillient-green lactose bile broth (BGLB)

2. Lauryl sulphate tryptose broth (LST) 2X tag 1X

3. EC broth

4. Eosin methylene blue agar (EMB)

5. Nutrient agar (NA)

M3

msmwﬂ'uﬁmma’?uuﬁn (Presumptive test)

1. wiwedhalfidhiu gadanditldvasneims LST @X) wasaaz 10 faddns
$1U7 5 waen druMaeAnINII LST (1X) gadaede vasaay | iaddns 1149 5 noea
ung 0.1 Hannas 11U 5 Haon

2, tlunasaB IR fgainaf 37.041.0 serusaiBud w1 24 ung 48 2T

3. ﬁamnmimﬂmm‘iuﬂaaﬂﬂﬂmeu‘lumﬂﬂmw15Lma~waﬂwmmﬂmu‘ﬁa"lmm
24 27w winwaeala lidataldUudedosn 24 $Tu arronafiuad

4. fuinfruanasafidaialuudasnaoa shludanise MpN seaunaily
MPN veindrleHnuniiGedunsndeiiafang

msas iy (Confirmed test)

b 3
L diedennrasafiifane luduusnyeuaagvass adlue1mavMa) BGLB Haoa

foHaad
] = P I~ &
2. UNnaeaeInis Agangil 37.0£1,0 pasyalod 1Wunan 48 92 1ue

LY

3 sTufinsanasafnanis 1llilass1a MEN saunasiy MPN vosTadsedy

5
A ow Ao 1 Ao

yuafGeTutuiuselanans
9

asns ity sal (Conpleted test)

1. umaaﬂmnﬂmcﬁ‘luwauﬂu TR IRR! Lma‘lsﬁqﬂwmumsmwwm e
Mnvasadinad llanuuauue g EMB 'l,uaﬂymﬂﬂiamﬂmwaamﬂummﬂ

2. il fguingd 35.037.0 ssrnaiuer iihunan 24 §2Tus asnglalafifdly
o = 'd el 1
Snumzminzues Inavedy lavlnTafliiady enfidunwmsediaduy

1 d? d;!'d Qr Qr 1 A
3 gmden lalaiindanKazmIzaana 1 aeluemi1simad BGLB #3e LST uag

UYHUBINIT NA
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« A4 s o ﬂ & oo
4. Himde figaungil 35.0-37.0 eesruraiBued (Tua1 24 FTus gmstiamauemis
9 v
man §rilfadaduldindennes N T)¥euiunsu gdvondeaganssml hrdad

F4
unsuaw gusieudu hiahalef uaavindhulndvesuuundicy

3, 3mswﬁ Staphylococcus aureus (USFDA, 2001b)
4 &

DIHITLANITD

1. Baird parker agar

2. Brain heart infusion broth (BHI)

3. HaTU

4. ysazaoid Inu fovas 0.1 (0.1% Peptone water)
IS

=t

1. Sidadedn 1 fanans ldlunasanaassitienyazmenhl Tau 9 Tadans nauld
i @reten lddau@enaming 10
2. [Hevnadrazaedisdnedreaisazarnld lay Wisedunnuidone mdy 107
09 107 udnaydeonaldidh i
-3 e/ 1 Cl < oy =y = e =
3. 1hdedefianuidevimnszal 151 0.1 adfas 1 Spread PRI
81175 Baird Parker agar
3 ] '
4. udraNgamgil 35.0 sameniiod dlunan 24-48 7T
.7} =l [= qy o ~
5. anvazIn Tatlvoa Staphylococeus awrews TanvaziBuyy ddwevvs wasi Ty
50u9 Inlall
P ' A =
6. uoninlafifmaiilude Staphylococcus aureus VTAATBY Coagulase test JEYICE

wonatden 1 gt aslusns BHI AlYTuns 0.2-0.3 Hadans

¥
o)

7. Damanann Buaslal 0.5 Taddns vindehigungil 35.0 esrnraBoa iJunm
3

o ] 1 @ o T A
6 52 T4 130001 MnvuIwatesnuied wanelefinaaey Ao Staphylococcus aureus
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4
Nd

4, YSanaBun3diianun (Total viable count) #3675 pour plate (USFDA, 2001c)

4 &
BTHITINYIYD

el
)il

1, Plate count agar (PCA)

2, wrvazatonliTau $evaz 0.1 (0.1% Peptone solution)

W
1. wehdaee udilarhdromaiialasaiie

2. fmseenadaedsldiiu 10107 rwesazanenlyTau Fevaz 0.1

L

. ¥ ¥
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Appendix Table 4. Analysis of variances in physical, chemical and antioxidant properties
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concentrated roselle extract products during storage in the presence of light

at 27.0°C for 0, 2, 4, 6, 8, 10 and 12 months

Sum of
df  Mean Square F Sig,
Squares

L* Between Groups 464.176 6 77.363 8868.969  .000
Within Groups 305 35 009
Total 464.482 41

a* Between Groups 6,210 6 1.035 298.572 000
Within Groups Jd21 35 003
Total 6.332 41

h* Between Groups 14,259 6 2.376 463,596 000
Within Groups 179 35 005
Total 14.438 41

pH Between Groups 024 6 .004 24.879 060
Within Groups 006 35 000
Total 030 41

TSS Between Groups 5.183 6 864 10.029 000
Within Groups 3.015 35 086
Total 8.198 41

Total acidity Between Groups 037 6 .006 2.682 030
Within Groups .080 35 002
Total JA17 41

TAC Between Groups  329468.083 6 54911.347 2579.833  .000
Within Groups 744.970 35 21.285
Total 330213.053 41




Appendix Table 4. Analysis of variances in physical, chemical and antioxidant properties
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concentrated roselle extract products during storage in the presence of light

at 27.0°C for 0, 2, 4, 6, 8, 10 and 12 months (Cont.)

Sum of
df  Mean Square F Sig.
Squares
Ascorbic acid  Between Groups  1708.089 6 284.682 80.675 000
Within Groups 123.5006 35 3.529
Total 1831.596 41
Phenolic Between Groups  1157.719 6 192,953 3024299 000
Within Groups 2.233 35 064
Total 1159952 41
EC,, Between Groups 229424261 6 38237.377 43,340 .000
Within Groups 30879.587 35 882.274
Total 260303.848 41
ABTS Between Groups 805.465 6 134.244 192,579  .000
Within Groups 24.398 a5 697
Total 829.863 41
FRAP Between Groups  1272.347 6 212,658 702,532 .000
Within Groups 10.565 35 302
Total 1282912 41




Appendix Table 5. Analysis of variances in physical, chemical and antioxidant properties
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concentrated roselle extract products during storage in the absence of light

at27.0°C for 0,2, 4, 6, 8, 10 and 12 months

Sum of Mean
df F Sig.
Squares Square
L* Between Groups 451.028 6 75.171 12207.864 000
Within Groups 216 35 006
Total 451.244 41
a* Between Groups 5.173 6 862 174.221 000
Within G;oups 173 35 005
Total 5.346 41
b* Between Groups 12,256 6 2.043 435.785 000
Within Groups o4 35 005
Total 12.420 41
pH Between Groups 014 6 002 15.863 000
Within Groups .005 35 .000
Total 019 41
TSS Between Groups 3.320 6 553 21.051 .000
Within Groups 920 35 026
Total 4,240 41
Total acidity Between Groups 048 6 008 . 2,961 019
Within Groups 095 35 .063
Total 144 41
TAC Between Groups 53760.69
322564.140 6 o 1327.049 .000
Within Groups 1417.901 35 40.511
Total 323982.041 41




Appendix Table 5. Analysis of variances in physical, chemical and antioxidant properties
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concentrated roselle extract products during storage in the absence of light

at 27.0°C for 0, 2, 4, 6, 8, 10 and 12 months (Cont.)

Sum of Mean
df F Sig.
Squares Square
Ascorbic acid  Between Groups  8795.665 6 1465.944 98.287 000
Within Groups 522,022 35 14.915
Total 9317.686 41
Phenolic Between Groups  1123.841 6 187.307 3946.426 000
Within Groups 1.661 35 047
Total 1125502 41
EC,, Between Groups 170092.725 6 28348.787 32277 000
Within Groups 30740.229 35 878.292
Total 200832954 41
ABTS Between Groups  718.425 6 119,738 80.254 000
Within Groups 52.219 35 1.492
Total 770.645 41
FRAP Between Groups  1181.964 6 196.994 864.083 .000
Within Groups 7.979 35 228
Total 1189.943 41
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Appendix Figures 1. Concentrated roselle extract product
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Appendix Figures 2. The concentrated roselle extract products during storage in the presence of

light at 27.0+1.0°C for 0, 2, 4, 6, 8, 10 and 12 months
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Appendix Figures 3. The concentrated roselle extract products during storage in the absence of

light at 27.0&1.0°C for 0,2, 4, 6, 8, 10 and 12 months

9-3 aanasmafiudnun Quanzhitduasadng degamwmagiunid uesmalszen

Fufavesndnsaminsziduuuasadadiudu

Appendix Figures 4. The concentrated roselle extract products during storage in the absence of

fight at 4.0+1.0 and 27.0+1.0°C for 0 and 12 months
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Appendix Table 10. Total phenolic content (mg GAE/g sample) of the each ingredient from

concentrated roselle extract products

Total phenolic content

Ingredients
(mg GAE/g sample)

0.65+0.06
9.94+0.03
7.8640.04
6.75+0.08
6.70+0.05
6.66:£0.11
20.54+0.32

o oo B > BN - I we B o S v = B2

19.570.24
1 1 6.78+0.06
J 6.74+0.02

* Determination was done in triplicate
GAE, Gallic acid equivalents
Total phenolic contents, expressed as milligrams of gallic acid equivalents per gram of freeze-dried sample

using gallic acid standard curve

A: Concentrated roselle extract (CR) G: CR+Honey

B: CR+Fructose H: CR+Oligofructose
C: CR+FructosetHoney I: CR+ Vitamin A

D: CR+Fructoset+Honey+Oligofructose I: CR+ Vitamin E

E: CR+ Fructose+Honey+Oligofructose+Vitamin A

F: CR+ Fructose+Honey+Oligefiuctose+Vitamin A+Vitamin E
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Appendix Table 11. Total anthocyanin content {mg/l sample) of the each ingredient from

concentrated roselle extract products

Total anthocyanin contents
Ingredients
(mg/1 sample)

439.18+24.22
529.68+1.73
571.60£2.17
588.22+1.07
608.34+4,10
619.95+43.74
525.10+1.40

« o # B > B v 5 B o B 0 T v B

473.66+3.53
I 431.83£2.55
J 425.32+0,95

* Determination was done in triplicate

Total anthoeyanin contents, expressed as cyanidin 3-glucoside milligrams per liter concentrated roselle extract

A: Concentrated roselle extract (CR) G: CR+Honey

B: CR+Fructose H: CR+Oligofructose
C: CR+Fructoset+Honey ' I: CR+ Vitamin A

D: CR+Fructose+Honey+0ligofructose J: CR+ Vitamin E

E: CR+ Fructose+Honey+Oligofructoset+Vitamin A

¥: CR+ Fructoset+Honey+Oligofructose+Vitamin A+Vitamin E
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Appendix Table 12. The antioxidant properties (by DPPH assay) of the each ingredient from

concentrated roselle extract products

Ingredients DPPH, EC,, (ug/ml}

438.634+23.70
318.694+8.39
321.07£19.20
500.99+6.51
402.61434.39
360.9549.34
147.42+£4.87

T o 9 m W g o =

110.03:+£3.60
1 40.01+£1.29
i 388.90+13.51

* Determination was done in triplicate
DPPH radical scavenging activity, expressed as EC,, and BHT as positive standard

EC,,, Efficient concentration, the amount of roselle extract {lig) needed for 50% decreasing in the initial DPPH

concentration per 1.0 ml of initial solution

The EC,, of BHT standard = 13.8240.38 ug/ml

A: Concentrated roselle extract (CR) G: CR-+Honey

B: CR+Fructose H: CR+OCligofructose
C: CR+Fructoset+Honey I: CR+ Vitamin A

D: CR+Fructose+Honey+Oligofiuctose ‘ J; CR+ Vitamin E

E: CR+ Fructose+Honey +Oligofructose+Vitamin A

F: CR+ Fructose+Honey+Oligofructose+Vitamin A+Vitamin E
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Appendix Table 13. The antioxidant properties (by ABTS assay) of the each ingredient from

concenfrated roselle extract products

Ingredients ABTS, TEAC (umol TE/g)
A 243254211
B 38.50+0.73
C 31.84+1.01
D 25.45+1.00
E 27.11+0.89
F 28.57+0.86
G 94,75+0.69
H 82.74+2.49
I 251.72+1.43
J 258.94:+0.63

* Determination was done in triplicate

ABTS radical scavenging activity, expressed as millimoles Trolox equivalents per gram of freeze-dried sample

using Trolox standard curve

TEAC: Trolox equivalents antioxidant capacity

TE: Trolox equivalents, millimolar of Trolox solution having an antioxidant capacity equivalent to 1.0 gram of

the substance under investigation

A: Concentrated roselle extract (CR)

B: CR+Fructose

C: CR+Fructoset+Heney

D: CR+Fructose +Honey+Oligofructose

E: CR+ Fructoset+Honey+OligofructosetVitamin A

F: CR+ FructosetHoney+Oligofructoset+Vitamin A+Vitamin E

G: CR+Honey

H: CR+Oligofructose
I: CR+ Vitamin A

J: CR+ Vitamin E
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Appendix Table 14. The antioxidant properties (by FRAP assay) of the each ingredient from

concentrated roselle extract products

Ingredients * FRAP, TEAC {umol TE/g)
A 467.26+5.12
B 67.34+0.47
C 56.63+0.30
D 48.2042.36
E 46.21+0.34
F 366.23+0,97
G 299.56+3.18
H 304.44+2.69
1 434.3143.94
J " 458,03+3.60

* Determination was done in triplicate

FRAP: Ferric reducing antioxidant power, expressed as millimoles Trolox equivalents per gram of freeze-dried
sample using Trolox standard curve

TEAC: Trolox equivalents antioxidant capacity

TE: Trolox equivalents, millimolar of Trolox solution having an antioxidant capacity equivalent to 1.0 gram of

the substance under investigation

A: Concentrated roselle extract (CR) G: CR+Honey

B: CR+Fructose H: CR+Oligofructose
C: CR+Fructose+Honey I: CR+ Vitamin A

D: CR+Fructose+Honey+Oligofructose . J: CR+ Vitamin E

E: CR+ Fructose+Honey+Oligofructose+Vitamin A

F: CR+ Fructoset+Honey+Oligofructose+Vitamin A+Vitamin E
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