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Table 7 % Yields of fresh' and dried roselle calyxes2
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Roselle calyxes % Yields
Fresh (86% moisture content) 47.45+0.71"
Dried (10% moisture content) 9.58+0.77

" Determination was done in triplicate.
! (Means weight of fresh roselle calyxes after remove the seeds / weight of fresh roselle fruits) x100
? (Means weight of dried roselle calyxes after drying in a rotary air dryer / weight of fresh roselle calyxes before
drying ) x 100
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Table 8 Physical and chemical properties of fresh roselle juice

Physical and chemical properties Values
L 0.09+0.01
a 0.020.01

b 0.05+0.01
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Total acidity, as malic acid (%) 4.20+0.01
pH 2.16+0.05
Total soluble solids ("Brix) 5.83+0.04

Determination was done in triplicate.
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Table 9 Properties of fresh roselle extracts with various ratios of fresh roselle to water at 60.0°C for 60 minutes

Properties of fresh roselle extract Ratios of fresh roselle calyxes to water (g : ml)
1:2 1:5 1:10
L 6.930.30 ° 27.021.79" 40.18+2.78°
a 36.09+0.40 ° 61.23+1.77" 68.7040.85 °
b 11.79+0.52 ¢ 48.28+0.94 ° 70.54+2.33
Total acidity, as malic acid (%) 1.43+0.07 " 0.68+0.06 " 0.36+0.05
pH 2.26+0.02 2.3240.01" 2.44+0.03 °
Total soluble solids (*Brix) 2.1240.04 0.80+0.00 ° 0.40£0.00 °
Total anthocyanin contents, as cyanidin 3-galactoside 65.12+0.07 ° 38.86+0.05 b 35.60+0.05 ©

(mg/100 g fresh roselle calyxes)

Total phenolic contents, as gallic acid (mg/g roselle extract) 22.3940.02 ° 22.1240.10 b 22.08+0.04 b

EC,, (ug/ml) 42.1540.18 ¢ 51.5240.79 > 60.82+1.23 "

Means =+ standard deviation in each row with the same letters are not significantly different (p > 0.0.5).

EC,,: The amount of fresh roselle extract (ng) needed for 50% decreasing in the initial DPPH concentration per 1.0 ml of initial solution.
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Table 10  Properties of dried roselle extracts with various ratios of dried roselle to water at 60.0°C for 60 minutes

Properties of dried roselle extract Ratios of dried roselle calyxes to water (g : ml)
1:5 1:10

L 0.03=0.02 ° 0.75:0.16 *

a 0.28+0.09 " 52241.16°

b 0.06-0.04 ° 1244027
Total acidity, as malic acid (%) 3.29+0.14" 1.8540.05 "
pH 2.79+0.02 " 2.86+0.02°
Total soluble solids (°Brix) 9.80+0.52 " 5334016 "
Total anthocyanin contents, as cyanidin 3-galactoside 400.67+0.82 b 445.02+1.54°

(mg/100 g dried roselle calyxes)

Total phenolic contents, as gallic acid (mg/g roselle extract) 17.53+0.56 b 40.39+0.72 °

EC;, (ug/ml) 50.4840.94° 45.05+40.67 "

Means =+ standard deviation in each row with the same letters are not significantly different (p > 0.05).

EC,,: The amount of dried roselle extract (ug) needed for 50% decreasing in the initial DPPH concentration per 1.0 ml of initial solution.
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Table 11  Properties of fresh roselle extracts with various temperatures and times for extraction

Properties of fresh roselle extract Extraction temperatures (°C) / times (min)

50.0°C /30 min 50.0°C/ 60 min 60.0°C /30 min 60.0°C/ 60 min

L 14.08+0.16 * 13.24+0.87 5.88+0.76 4.1040.79 ©
a 47.69+0.29 46.09+1.61" 33.45:2.15 " 28.7442.63
b 24.25+0.25 " 22.7441.52"° 10.12+1.31 ¢ 7.06+1.37 ¢
Total acidity , as malic acid (%) 1.58+0.08 ° 1.60+0.16 1.63+0.09 1.64+0.22 "
pH 2.3340.01 2.3840.00 " 23540.01 2.30+0.01 ¢
Total soluble solids ("Brix) 1.4040.00 " 1.40+0.00 " 1.80+0.00 * 1.800.00 *
Total anthocyanin contents ,as cyanidin 3-galactoside 45.13+0.08 * 38.64+0.04 b 35.5240.07 35.18+0.08 ¢

(mg/100 g fresh roselle calyxes)

Total phenolic contents, as gallic acid (mg/g roselle extract) 22254031 " 21.21+0.97 b 21.06+0.52 b 20.75+0.57 b

EC,, (ng/ml) 27.87+1.27° 37.13+1.58 " 42.39+0.58 " 43.34+0.67 "
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Means =+ standard deviation in each row with the same letters are not significantly different (p > 0.05).

EC,,: The amount of fresh roselle extract (ng) needed for 50% decreasing in the initial DPPH concentration per 1.0 ml of initial solution.
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Table 12  Properties of dried roselle extracts with various temperatures and times for extraction

Properties of dried roselle extract Extraction temperatures (°C) / times (min)

50.0°C/30min  50.0°C/60min  60.0°C /30 min  60.0°C/ 60 min
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L 0.750.10 ° 0.24+0.15 * 0.54+0.08 " 0.39:£0.05 °
a 5.14+0.69 " 1.86+1.10 3.9540.55 2754033 ¢
b 1.23+0.13 ° 0.40+0.25 ¢ 0.80+0.13 " 0.65+0.10"
Total acidity, as malic acid (%) 1.7120.02 ¢ 1.96£0.12 % 2.00£0.02 ° 1.90+0.03 "
pH 2.95+0.01 ° 2.93+0.02 " 2.9140.02 2.91£0.01 "
Total soluble solids (°Brix) 5.97+0.08 ¢ 6.23+0.08 * 6.07+0.16 ™ 6.13+0.10
Total anthocyanin contents, as cyanidin 3-galactoside 502.33+0.52 " 498.93+0.41 " 457.74+0.04 ¢ 455.08+0.09

(mg/100 g dried roselle calyxes)

d

Total phenolic contents, as gallic acid (mg/g roselle extract) 43.00+0.97 ° 43.06+0.53 ° 41724049 " 41.78+0.47°

EC,, (ug/ml) 44.78+0.49" 45.02+0.63 ° 44.77+0.50 ° 44.96+0.72 "

Means =+ standard deviation in each row with the same letters are not significantly different (p > 0.05).

EC,,: The amount of dried roselle extract (ug) needed for 50% decreasing in the initial DPPH concentration per 1.0 ml of initial solution.
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Table 13  Properties of concentrated fresh roselle extracts using vacuum and atmospheric evaporation

Properties of concentrated fresh roselle extract Methods of evaporation
Vacuum Atmospheric
Total acidity, as malic acid (%) 12.73+0.09" 11.58+0.24"
pH 2.7740.02° 2.79+0.02"
Total soluble solids (°Brix) 25.07+0.10" 25.07+0.10"
Total anthocyanin contents, as cyanidin 3-galactoside 37.67+0.02" 32_56i().()2b

(mg/100 g fresh roselle calyxes)

Total phenolic contents, as gallic acid (mg/g concentrated roselle extract) 31.26+0.75" 29.22i().33b

EC,, (ng/ml) 39.3740.61 51.5540.98"

Means =+ standard deviation in each row with the same letters are not significantly different (p > 0.05).
EC,,: The amount of concentrated fresh roselle extract (ng) needed for 50% decreasing in the initial DPPH concentration per 1.0 ml of initial

solution.
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Table 14  Properties of concentrated dried roselle extracts using vacuum and atmospheric evaporation

Properties of concentrated dried roselle extract Methods of evaporation
Vacuum Atmospheric
Total acidity, as malic acid (%) 11.96+0.34" 10.37£0.30"
pH 2.8940.05" 3.01£0.04"
Total soluble solids ("Brix) 25.07+0.10" 25.10+0.09"
Total anthocyanin contents, as cyanidin 3-galactoside 340.97+0.15" 318.68+0. 16b

(mg/100 g dried roselle calyxes)

Total phenolic contents, as gallic acid (mg/g concentrated roselle extract) 31.18+0.62"

EC,, (ug/ml) 47.53+0.85"

29.1620.68"

52.94+1.20"

Means =+ standard deviation in each row with the same letters are not significantly different (p > 0.05).

EC,,: The amount of concentrated dried roselle extract (ng) needed for 50% decreasing in the initial DPPH concentration per 1.0 ml of i

solution.
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Table 15  Sensory evaluation of concentrated roselle extract product with different of formula

Formula Mean scores of sensory evaluation / sensory attributes
Color Sweetness Sourness Mouthfeel Overall acceptability
1 7.73+0.69 7.17+0.83 6.97+0.93 * 7.07+1.05 7.230.68 "
2 7.73+0.83 ° 6.87+1.14" 6.831.18 6.671.37" 7.00£0.98 °
3 7.70+0.75 ° 6.43+1.00 " 6.07+1.11" 6.23+1.16° 6.3741.10 "

Means =+ standard deviation in each column with the same letters are not significantly different (p > 0.05).

SL



77

v 44
5. gamgiuaznmInzanlumsHannszReuIaIanaTNYY
wva = a o o =2 v 9 9 J o
Auauliamaniiveandaasuannsz@eutasaiaduiuneumsmane s da

{ 1 a o 4 g o
e luas1an 16 1NNITNAADINUIN Naﬁﬂmcﬂﬂizl,%EJ‘]JLLﬂ\‘]E‘TﬂﬂL%}N%}uﬂiiﬂﬂljﬂllﬁlﬁ VUIA

a A

a [ d A1 A a 3 A alc?xl a
70 Yaaang ﬂ@uﬂ15W1ﬁL%®‘liG]5 UATNLDY ﬂimmmmumwazaw%mwm tazlsuunsa

9
a

@ a 1w a 4 o w o
mwmiugﬂmwman miny 2.79, 44.50‘U3ﬂ615 uag 2.24% auanay L!ﬁ$u1NWﬁﬂH1Qﬂ!WﬂﬂJ

U

9

A 1 dy a S o o a a o J ,3 @
nammmzﬁﬂumwu%afgaummmuwmma"liqflumiN’cmNa@mmmmzmammmﬂmw

Y Y @ A 1 Y Y Y A 1 dy
YUUITTYVIALNTD aauaadlumsnen 17 Wy MyliaNusouAIunTo93T0 steam water

a

~ A v & 0 a3 A o Y a
spray automated batch NYUNHUIATOINUFDININY 101.0°% HIU 5 UIN Lﬂuﬁmﬂzﬂﬂﬂﬁwaﬂ

U

= a

@ J g @ { 1 o
fusinszRouuasanauiuussguaudligurgll o asouiniga Ay 85.0°% uu 5

Q U

a = 1A 9

= J 1 dy A I a ' A 1w
UM (USFDA., 2001d) @nmﬂﬂ!“ﬂﬂﬁ“lﬂl“b"e)%ﬁu%iﬁlﬁlUGWﬁﬁﬂiJﬂWWLE)G]SuE]EJﬂﬂWiE]mWﬂ‘U 4.0

Q

o '
a Yy 9 =

4 o a L4 o a o 4 @ e
uazLﬁa‘w1miami1$mauw?aiuwammmmzﬁ]ﬂmmmﬂmﬂlmu NNATADY sterility test Tag

q

9
%

a 4 4 [
N139379 Flat sour spoilage bacteria, Coliform bacteria i]qau‘lﬁtl IMUA DAALALTT MYHAINT
[ di’ a aJd 1 [ a a a A d o 1 £ g Y o
%JTL‘H@?‘Q‘HTISEJ NWUIN ﬁi’JilulN'W‘]_Iﬂﬁﬁliﬂglﬁﬂjﬁﬂl’f}mﬂu%ifl dNAa11 mgﬂu"l,ﬂmmamwuﬂ
A A A Aa A
GUB\‘]ﬂixﬂ“’fﬂi%‘ﬂ5'J\iﬁ1ﬁ”l'§ﬂ!fi"l]&§@\1ﬂ”l@]i§"lulﬂiﬂﬂﬂﬂiuﬂi%uxﬂiiﬂﬂﬂﬂﬁuﬂ (‘]J'i%f‘ﬂﬂ
] [ 1 ] a [ 4 g
ﬂS%Tl'i'Nfﬂ‘ﬁ”liﬂquU, 2543) 1¥UNY uaxﬂswwgmmmimmumm%’aummNammmmzﬁau
[ U J o 1 1 a a a
LLﬂQﬁﬂﬂL%M%Mi%W'JNﬂi%‘]J’J"L!ﬂ”IiW"Iﬁﬁ]@"liGB ﬂ\‘lllﬁﬂ\ﬂuﬂTWﬁ 12 ﬁ’J‘l!‘]JS?J”Iﬂ!’JG]”I?JUL@LL@%
a Aa A Aa @ 4 dw [ F ) U [ J o ~
”mmuasumwammmﬂsszmumaﬂmmmuﬂauuazwmmswmmﬂ”lw ﬂ\iuﬁﬂ\i‘luﬁﬁﬁ‘ﬂ
1 U d Aa [ 4 g [ a a a 1 @
18 UM ﬂaumiwmma"li«mammmmz %Emumﬁﬂm%’u%'uﬁﬂsmmamumammu 182.00
lulnsnsu/70 HadansveanansuminsziRsuuaIaiadutuionansuinI@sILAANA
Y Y Y s 9 ! A o = o Y Y A (a a a
mmullﬂmumswmmallscmm WU NANNUNNILLAYULUAITNAULUNUU uﬂimmmmum
A 1 o [ a aa a o 4 dw o Y 9 B
afadtviaainIny  105.00 "liJTﬂiﬂillWO UAAANTUDINAANUNN T ULUAITNAUUVNUU Y

a

Y
a a a a a 1 ] 4 1 1 a
IMUULDAAAY  5-50% Gllﬂﬂﬂﬁiﬂﬂ!’]@nlluLﬂﬂ@uﬂﬁ‘ﬂﬂl‘dﬁﬂﬂaL!“VI%EI u,mmﬁsﬁuagﬂuqmﬁ@,u

=S

Y
1 a 4 1 a %
uazizElznaﬂuﬂizmumimn%i).aumﬂ{fhtl muNaﬂnmmmzmﬂuumﬁﬂmsﬁ}wffuu

)
[ a

a a a 1 4 [ a a aa a o 4
ﬂiu1ﬂl3ﬁ1hu%ﬂﬂuﬂ15w1ﬁﬂﬁ]@ulﬁ“lf MINY 5.14 UaaniIw/70 uaaammmmammmmzﬁw
o 9 9 A4 A o o = v Y Y P 7 Y ' a
U NALUNUY !JJf]Nﬁ@mﬂ‘l"l’lﬂﬁglﬁ]ﬂﬂllﬂﬂﬁﬂﬂlmﬂﬂluqﬂWWUﬂWiWWﬁL%@UliGﬁLLa'J WU Han
@ J ,3 @ Yy 9 A a a a A A 1w a Aa o a aa
AUNNIZRIVUAIANAUNTY  WUTINUINMTUDAAaUWADIMAY 4.90 HAdnTW/70 Naaans
a o 4 g @ $ J
Gumwa@mmmﬂizﬁammmﬂm%}wﬂlu ‘g\i Tannenbaum tAaZAMS (1985) 51891UIN ﬂWﬁIiUULﬁEJ

a A A a Aaan a Y] £ dy 9 tg @ Y 9 9
’J@nllHﬂlﬂﬂﬂ1ﬂﬂ§]ﬂ381@ﬂﬂcﬂlﬂ‘]§u Glf\?ﬂ1i°ﬂﬂﬁﬂ\1uulﬂ‘Ui31]1ﬂi&%ﬁlﬂllﬂ\‘lﬁﬂﬂﬂmﬂluﬂlmgiﬂu



78

4 1 a a [ 1 ¢ o
Glu"’lljﬂllfg{’g le@ula@']ﬂ'lﬁﬁt;ﬂ@@ﬂqﬂ%ul]3lqm%ﬂ\‘]’J'Nlﬁﬁf]@']ﬁ']ialuéugﬂl!ﬁjq Gﬁﬂlﬂuﬂﬁaﬂ

U NTe100NFIAFUYDIINTUD

msunle  AuaviamuniiveswdnsuainszRouuasaiaudunoumsmmae g

Table 16 Chemical properties of concentrated roselle extract product before pasteurization
Chemical properties Values
pH 2.79
Total soluble solids (OBrix) 44.5

Total acidity (% as malic acid) 2.24
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Table 17 Temperature and time for pasteurization of concentrated roselle extract product

Pasteurized condition Values
Bottle size 70 BG.

Max. Filling weight 70 ml

Net weight 70 ml

Initial temperature 32.2°C

Come up time 10 min.
Processing temperature (retort) 101.0°C
Processing time (retort) 5 min.
Coldest point processing temperature & time 85.0°C & 5 min.
Cooling temperature 40.0-50.0°C
Sterility test Negative

- Coliform bacteria Negative

- Total viable count <30 CFU/ml
- Yeast and mold <30 CFU/ml
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Table 18 Vitamin A and E contents of concentrated roselle extract products before and

after pasteurization

Pasteurization Vitamin Value/1 serving size  Thai RDI

Before Vitamin A (ug RE™) 182.00 pg 23%
Vitamin E (mg O-TE ) 5.14 mg 51%

After Vitamin A (ug RE” ) 105.00 pg 15%
Vitamin E (mg O-TE ) 4.90 mg 50%

“Thai RDI (Thai Recommended Daily Intakes: Percentage of Thai recommended daily intakes
based on the demand of energy of 2,000 kilocalories.)

“RE = Retinol equivalent, 1 RE =1 ug retinol

"0-TE = Ol-Tocopherol equivalent, 1 OI-TE = 1 mg D-0Ol-tocopherol

1 serving size = 70 ml
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Table 19 pH of concentrated roselle extract products during storage at 4.0+1 .0°C and

27.0+1.0°C for 0, 15, 30, 15 and 60 days

Storage time (day) pH values
4.0£1.0'C 27.0+1.0°C
0 2.80%0.01 2.80+0.01
15 2.80%0.01 2.80+0.00
30 2.79+0.01 2.80+0.00
45 2.80%0.01 2.80+0.01
60 2.80+0.00 2.80+0.01
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ns = not significant difference among storage time (P>0.05).

NS = not significant difference among storage temperatures (P>0.05).
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Table 20 Total acidity (% as malic acid) of concentrated roselle extract products during

storage at 4.0+1.0°C and 27.0+1.0°C for 0, 15, 30, 45 and 60 days

Storage time (day) Total acidity (% as malic acid)
4.0£1.0°C 27.0+1.0°C
0 2.24+0.03 2.24+0.03
15 2.24+0.03 2.23+0.02
30 2.23+0.03 2.23+0.02
45 2.25+0.02 2.25+0.00
60 2.24+0.02 2.24+0.01
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NS rene lifinnuuanaeduiivednyszningamgi lumsinusne (P>0.05).

ns = not significant difference among storage time (P>0.05).

NS = not significant difference among storage temperatures (P>0.05).
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Table 21 Total soluble solids (OBrix) of concentrated roselle extract products during

storage at 4.0+1.0°C and 27.0+1.0°C for 0, 15, 30, 45 and 60 days

Storage time (day) Total soluble solids (OBrix)
4.0£1.0'C 27.0+1.0°C
0 44.56+0.01 44.56+0.01
15 44.56+0.01 44.56+0.01
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60 44.56+0.01 44.56+0.00
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NS = not significant difference among storage temperatures (P>0.05).
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Table 22 Sensory evaluation of concentrated roselle extract products during storage at 4.0+1.0°C and 27.0+1.0°C for 0 30 and 60 days
Storage Mean scores of sensory evaluation / sensory attributes NS
time Color Sweetness Sourness Mouthfeel Overall acceptability

(day) 4.0+1.0'C  27.041.0°C  4.0+1.0°C  27.041.0°C  4.0+1.0°C  27.041.0°C  4.0+1.0°C  27.041.0°C  4.0+1.0°C  27.0+1.0°C

0 8.08+0.67 8.08+0.67 7.58+0.51 7.58+0.51 7.83+0.72 7.83+0.72 7.83+0.72 7.83+0.72 7.8340.58 7.83+0.58
30 7.92+0.90 7.83+0.83 7.75+0.75 7.58+0.90 7.75+0.87 7.33£1.07 7.67+0.89 7.33+0.89 7.83+0.72 7.67+0.78
60 8.00+0.85 7.67+0.78 7.58+0.10 7.33+0.89 8.00+0.95 7.42+0.10 8.08+0.79 7.50+0.80 8.08+0.67 7.50+0.67

ns Mnene hitinnuuandediiedifysgninszeznamaiusng (p>0.05).
(=) ' 1 A v o W 1 a =

NS rinene lifinnuuanaediivedinyszningamgilumsinusne (9>0.05).

ns = not significant difference among storage time (P>0.05).

NS = not significant difference among storage temperature (P>0.05).
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