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ABSTRACT

Peeled fresh ginger (mature stage) had the moisture and ash contents of
92.4620.36 and 0.12:£0.01%, respectively. After drying (55+2°C, 11 hours) dried ginger contained
the moisture content of 9.32+0.23 %. Yields of fresh ginger after peeling and drying were
64.95+1.01 and 5.35+0.19%, respectively. Peeled fresh and dried ginger contained the phenolic
contents of 22.56+0.45 and 17.67+0.24 mg gallic acid equivalents (GAE)/g sample (dry weight
basis, dwb) and [6]-gingerol contents of 25.18+0.20 and 22.18+0.15 mg/g sample (dwb),

respectively. In addition, peeled fresh ginger had DPPH (expressed as EC,, Efficient

500
concentration) and ABTS radical scavenging activity also with ferric reducing antioxidant power,
FRAP (both ABTS and FRAP expressed as TEAC, Trolox equivalents antioxidant capacity)
greater than those from dried ones. The supercritical CO, extraction of dried ginger was
performed at the extraction column with the pressure of 200.0 bar, at the temperature of 35.0°C,
followed by series of separation into 1™ and 2™ separating columns with the conditions of 60.0
bar, at 35.0°C and 50.0 bar, at 20.0°C, respectively. Each separating column, crude ginger extracts
were subsequently taken after starting the extraction process for 10 min, 1, 2, 3, 4, 5 and 6 hours.
Crude ginger extract from 1™ and 2" separating columns with the yields of 2.13 and 0.74% were
achieved. Crude ginger extracts from the 1" separating column had contents of phenolic
compounds, [6]-gingerol and antioxidant properties greater than those of the 2" separating
column. Crude ginger extract from the 1" separating column at 2 hours of extraction times
contained the highest contents of phenolic compounds and [6]-gingerol of 331.90+2.97 mg
GAE/g crude ginger extract and 491.804+2.42 mg/g crude ginger extract, respectively. This crude

ginger extract had DPPH radical scavenging activity as ECy, of 5.66+0.26 ug/ml, ABTS radical
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scavenging activity and ferric reducing antioxidant power as TEAC of 2.67+0.05 and 3.14+0.04
mmol Trolox equivalents/g crude ginger extract, respectively. As the supercritical CO, extraction
combined with the ethanol co-solvent was performed by using ginger residues in the extraction
column, it was found that 0.24 and 0.19 %yields of crude ginger extracts from the 1" and 2"
separating columns were achieved. The ginger residues after completed extraction process also
retained some contents of phenolic compounds, [6] gingerol and antioxidant properties. In
additions, crude ginger extracts from supercritical CO, extraction, both separating columns, had
the phenolic compounds, [6]-gingerol contents and antioxidant properties significantly (p < 0.05)
greater than those from the methanol immersion method. Furthermore, crude ginger extracts from
both separating columns of supercritical CO, extraction and methanol immersion had the same
exhibited antimicrobial properties, expressed as the minimum inhibitory concentration (MIC) of 8
mg on S. aureus. Whereas, the crude ginger extracts from all samples did not exhibit in the
inhibitory effect on E. coli. It was also found that crude ginger extract from the 2 separating
column showed the minimum inhibitory concentration of 8 mg on 4. niger.

The stability of selected crude ginger extracts from the 1" separating column
stored at the temperatures of -20.0, 4.0+1.0 and 27.0£1.0°C for 0, 1, 2, 3 and 4 months were
conducted. After 4 months of storage at -20.0, 4.0£1.0 and 27.0+1.0°C, crude ginger extracts
contained 1.31, 1.95 and 2.04% less contents of phenolic compounds as compared to those of the
initial contents. However, it was implied that the storage temperatures and times did not
significantly (p >0.05) effect on qualities, including the [6]-gingerol contents and the antioxidant
properties, of crude ginger extracts

It was found that the optimum selected primary formula of milk ice cream
comprised of 40.70% skim milk, 28.60% cream, 6.40% skim milk powder, 10.00% sugar, 8.00%
glucose syrup, 0.30% stabilizer and emulsifier and 6.00% water, respectively. 0.065% crude
ginger extract of mixed ice cream weight was the optimum selected content for making the milk
ice cream added with crude ginger extract. It was found that the control (0.000%) and ice cream
with the addition of 0.065% crude ginger extract had the same pH value of 6.25+0.01, the total
solids contents of 42.19+0.06 and 42.61+0.04%, fat contents of 12.09+0.27 and 12.08+0.21%, the
overruns of 35.37+5.22 and 37.264+2.42%, and melting rates of 0.10+0.03 and 0.06+0.01

percent/minute, respectively. Also, the ice cream added 0.065% crude ginger extract contained
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the contents of phenolic compounds, [6]-gingerol, and the antioxidant properties significantly
(p < 0.05) greater than those of the control. Studies on the quality changes of the control and ice
cream added 0.065% crude ginger extract during storage at -20.0°C for 0, 15, 30, 45 and 60 days
were performed. As the longer the storage time, it was found that all ice cream samples had
significantly (p < 0.05) less and greater in the L* and b* values, respectively. Whereas the total
solids contents, melting rates and hardness were not statistically different during 60 days of
storage. In addition, no statistical difference was observed in the contents of phenolic compounds
and [6]-gingerol of ice cream added with 0.065% crude ginger extract during storage for 60 days.
The antioxidant properties of both the control and ice cream added 0.065% crude ginger extract
slightly decreased during 60 days storage. The microbial qualities of all ice cream samples after
60 days storage were in an acceptable amount as the ice cream product standard announced by the
Ministry of Public Health (2001). According to the sensory evaluation of the control and ice
cream added 0.065% crude ginger extract, storage at -20.0°C for 0, 15, 30, 45 and 60 days, it was
found that the storage time did not significantly effect on the observed sensory evaluated results.
The control and ice cream added 0.065% crude ginger extract had the average perceived sensory
scores, evaluated on the color, appearance, hardness, smoothness, sweetness, ice cream flavor and
the overall acceptance characteristics, in the range of 7.00-9.00 (like moderately to like
extremely). The ice cream added 0.065% crude ginger extract exhibited the antioxidant properties
significantly (p < 0.05) greater than those of the control and commercial ones. The production
cost of crude ginger extract was estimated at 28.25 baht/g based on the overall observed crude
extract. The production costs of 55 grams ice cream added 0.065% crude ginger extract and the

control, packed in plastic cup, were estimated at 7.37 and 6.35 baht/cup, respectively
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Figure 1. Sketch of the ginger plant (AS: Aerial shoot, R: Rhizome, F1: Flower, P: Peduncle
(scape), S: spike)

31 : Ravindran 1agAME (2004)

Table 1. The cultivation area and production of ginger in Thailand during May 2004-April 2005

Regions of Thailand Cultivation area Productions
(Square meters) (Tons)
The north 52,993,600 82,781
The northeast 15,236,800 23,088
The east 1,062,400 1,673
The south 184,000 230
Total 69,476,300 107,772
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Table 2. Provision of ginger rhizomes by sizing concern

Classes Weights of ginger rhizomes (Grams)
Extremely small Less than 100

Small 100-200

Medium 200-300

Large 300-500

Extra large More than 500
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Table 3. Nutritional values of tender and fibrous ginger rhizomes base on 100 grams of edible

parts
Compositions Tender ginger Fibrous ginger
(Harvesting time 4-6 months) (Harvesting time 8-10 months)
Moisture (%) 96.40 93.50
Fat (%) 0.30 0.60
Fiber (%) 0.60 0.80
Protein (%) 0.50 0.40
Carbohydrate (%) 1.90 3.80
Energy (kcal) 12.00 22.00
Calcium (mg) 34.00 18.00
Phosphorus (mg) 5.00 22.00
Iron (mg) 0.40 1.20
Vitamin A (I.U.) Traces 30.00
Vitamin C (mg) Traces 4.00
Vitamin B1(mg) 0.20 0.02
Vitamin B2 (mg) 0.05 0.02
Niacin (mg) 0.14 1.00
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Figure 2. Transverse section of plant root (a) showing cortical parenchyma (b) showing cortex
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Figure 3. Structure and relationship among the pungent principles of ginger
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Table 4. Approximate dosages of ginger oil for typical applications

Type of food Dosages (ppm)
Nonalcoholic beverages 17
Ice cream 20
Candy 14
Baked goods 47
Condiments 13
Meats 12

1301 : Balakrishnan (2004)
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Table 5. Approximate dosages of ginger oleoresin for typical applications

Type of food Dosages (ppm)
Nonalcoholic beverages 79

Ice cream 36-65
Candy 27
Baked goods 52
Condiments 10-1000
Meats 30-250

1301 : Balakrishnan (2004)

2.1 M3nau (Distillation)

o & 0 A  aoed Y, J Yy o A o
manamﬂumwummmumemizmel”lﬂ UAZUIDDNUIAIYNU F1INNAU

v
an [~

Y A 9 1 dy = v W 2’ 3 a A A P4 3' )
78 ‘ﬁuﬁ@ﬁ%ﬁﬁmﬂuluﬂlﬂﬂ?ﬂuﬂ‘Ulﬂ Iﬂﬁl‘ﬂﬂﬁ’fﬁﬂu‘ﬂiﬂﬂi&ﬂﬂqﬂ Hagusgnnauaanin

v
a

o 1 &Y . v & aas [
Qqunmmmmﬁemmumm (Balakrishnan, 2004) fﬂiﬂﬁu!ﬂuﬁ%ﬂlﬂﬂW%ﬁiﬂuﬂWiﬁﬂﬂ

Q

=D

v
o o a o

A v A v & ax Aq ¥ Yy <
umummzmﬂﬁluww LW]L‘LA’EN%Wﬂﬂﬁﬂﬁu!ﬂu’)ﬁﬂﬁﬂﬁl“ﬁﬂﬂlﬁﬂuﬁﬂ ’f)T‘ﬂﬂﬂﬁﬂﬁﬂﬂﬁgﬂﬂ‘U

QU QU

=

mandu1adsgmanlasuuaaslyd 39wz lumsinadassn luaamudeanuiou

1 <3 o [V 3 an A A o v A 9 A 9 )
’E]EJNll‘iﬂﬁnJﬂTiﬂau Il uIsNsnuANulasane ﬁﬁﬁﬂﬂ‘ﬂulﬂuluilwy@]ﬂ‘ﬂN*ﬂWﬂ@l’JVﬂ

=

a A R o Y dy EY a o J 4 Y o a
asa1YvUNITY mmmmmmiﬁﬂﬂwaﬂuVlﬂﬁl“ﬂuWaﬁﬂmmmmim@ﬁmmw% (U1 BUNI

q
E4
[

G4 . o i I an =1
Wn3al, 2547; Hinneburg ez al., 2006) M3nautisoanilu 3 35 Al
Q‘J Z: I o 1 % g’ a [
2.1.1 msnaulaeldiin (Water distillation) 1 umsdudioganuiii deulddunasia
A d' [} d' 9 ax dyw ] ] ] g’ A
sazas uiad luaaeie Taunuion 35id100199zur0g i uAoanaoATZez1181013
v Y Y Y
naunazazgnlinnuioulasass Tasdruveslothwaziiniuvenszinevzszimedumn
[l Y Y
AU 1UIATRIAIUUY (Condenser) 1A IUAIBUL TS MMM UONT LMY
Y
HENAI90n1NY 1A IAIHANAIINLANANYBIAND I NS (Balakrishnan, 2004)
v v 9
2.1.2 msnaulaeld1e1in (Steam distillation) 357 1 uiNyaa Tagrhdedialdasly
k2 1 g’ (7 1 Qall oy oy o (% A ]
Myuzudru lothagllludred1a 9miu lehwewihduveuszmve ldduasesnruuiv

Y v o g A Jd A 4
tanauaniuveurad (AT99U NTANA, 2534)



€

v
o Y %

2.1.3 manaulagl¥iimaze1in (Water and steam distillation) 3311 1% |an N saaLaz

] v v
Y axa °

A Y & [ Y 4 o w 1 | v oA Y
WL “KQ@T%Qﬂ%TﬁTﬂUlﬂQTﬂLM@Qﬂ@N siihdee ldaclumyue indwauiilvnou

e

Y 3’ o 1 2 Y o w Y ] g’ v '
!,La'JW'l‘L!UlEJ‘Lﬂﬁ\‘lvl,ﬂGlu@]ﬂ]’f]EJ'I\‘ILW'&’JGlWH'IiJHWEJ3J§$WiEJ’E]’E'JﬂlITWi?JlIﬂ‘]J]’l'ﬂ‘LlHmﬂ]ﬂ'fﬂlluuaﬁ‘lu

NMFULIO95U (Balakrishnan, 2004)
a a =1 =1 a g’ % a d' v Y
NHANT 13RS5 (2548) 1WFsuiieulsuaniiuronszmennlegananaae
v Y v Y v Y Y
manauTasldin waznmsnaulasld lowir wua1 mandulasmsldias leain 195w
Y [ Y v v
AnTureuszramiy 0.27 tag 0.05% Mud1dy FalSunaveainiurneussvenndu Taelsd

Y v v Y ¥ v Y Y
TorhazdnimsnduTaelinii iisanin manduale lerhneliarusuiaveslorimenodiy

9 v o Y 9 Myow o o o ' A o 3 Y =X a ~ :} o
Wllf)ﬂ’du‘ﬂﬂ“ﬁﬂ’ﬂll'i’E)LlhlllhlﬂﬁiJNﬁﬂ“]J@]’Jf]ElNW%IﬂElﬁi\i ANUUNTVIDIUTIUNTEATUUINU

Y

s R v A AA o o = o
‘Vi@mzmwmmaawwuﬂuhlﬂhlﬂfnﬂ TﬂEJmWEWG]ﬁ/]3Ju111u1/ian’i$mElagaﬂa\i”lﬂﬂm%u

)
LEFAaNT

2.2 myanalaglainazang (Solvent extraction)

=

3| [ v o a J
L‘]_Iuﬂ'lﬁ16191}14aﬂsllﬂ\?ﬂ'ﬂll'ﬁWll']ﬁﬂsluﬂTiaSﬁ']ﬂﬂlﬂQ@]'JVI"IE’I%ﬁTEl@uTI%EJ 13

PN

[

[ = { o v o A I 09}1
Msusazrie lasasndeamsana uazdiiiazarerzdeadauiannuiuiindiendan
uagaaiiazateadsinnuansalumsazateansndesniseonuiuiniiga uag liazaie

A g A PR L. o a 7 a 7o
maazmﬂmﬂﬂizﬂamm N RE (Selectivity) (391U aummﬂﬂim, 2547; fUINT WA
o Y=} = = Yo o a =4 a @ [ a []
%o, 2544) 1ainsAnE10ams l¥diazaredunsdvaterialumsanaaisanainya iy

a I
ensIUea WNs1uea oz Iau lolaInswivea waz lanas Tslimu Wudu (Spiro et al,
1990; Surveswaran ef al., 2007) Had1azasudazsiavzilszaniamlumsanaiuanaig
@ A =\ vAa Ay 9 1 @ 1 < A Yo o
iy ileannTauialumsazarsansidesns lauanarany edra lsnaulumsiaenlddlnia

a =4 9 o =R KR [ aaAa [] Y a @ 4
araeduNs frzdoamianinnuiasase luliny uag luandalundasaan

Nobrega Az (1997) Anyinavesddiiazarehn lsananolsuaans
o a o 4
[6]-gingerol  luansainanda laely ensiuea lo Ty Inswivea uazmsveu lasen lua
a 4 4 Y] 1
man Anszresnlszneuuesmsanalagld GC-Ms s1e91uarlugll %relative peak area
1 o 1 Aa o 1 o o I
NI 71519 99.80% 1oNT1Uea 1USATIEIUTL 10 NTU @B 1ONTIUBA 75 AT afailu
o'/ Y a . d' | -Y 1 [ 9
52821701 6 92 109 1MTua [6]-gingerol  ganga 1111 3.81% aumsanalagly 95.00%
] 1 Aa @ 1 ] o 3
ToTasTnswinea ludasiaiuag 10 n3u ae loTasTnsmiuea 75 nsu afaluszezina 6

#2Tua 11510 [6]-gingerol  gaiga 191U 1.29% drunsanalasldnivonlaoon lad

{ a @ J @ 4
1Man ﬁqm‘n@.u 16.0 D4R LS ALFIT AIUAY 70.0 VIS Llﬁ$®ﬂ§1ﬂ151ﬁﬂﬂl@ﬂﬂ13ﬂ@uqﬂ



S 1w o s s A o ) Y (a
200 lara 191111 5.30 nFuveensuou laoen lsa/ani analuszezina 2 ¥ Tue 1915w
[6]-gingerol T;Nﬁfqﬁﬂ N 80.71%
Zaeoung (2004) AnEIWAvRIfIazaeazITMIana aelTnanald wag
wvAa Y A Aa ] I v A 9 A 09} 3
autiamsaueyyadaszyeddd laguiseanlumsanaveaalaglmunsivea niernilu
Y v Y
fiazane uazanaiiureusyivie dremsnaulasldnii wud msanaasadanialaeg
Y [ Y Y
ldumsiuea 11 uazmsnduTaslein 19mald mifu 2.60, 1.90% uag 0.10% Tagiimiin
aud iy WorhmadeuaiansTueyyadase DPPH 51901ua11u31 %inhibition Wi
v A Y v Y = va Y a Aa 1 v A 4
msanan lannmsaiadiswnsivealianiadiveyyaddasznannaisanai lavinnms
Y Y I
anaae11 uaz1i T uMeNIIMe 393 %inhibition 1171 86.60, 61.50 UAE 4.10 MUSIF 1AL
AuInA1 EC,, (Efficient concentration, Y31N190401567081900 1 HadaA3 (VoIa13azaly
DPPH utaze13azaeni0e1) 1 lasanududuvesoyyadase DPPH a3 50% 910A27M
Yy A v o Ay Y v 9 Y 1w
[WuYuYeIasaza1e DPPH  15UAY) vodasanan laanmsanadliomumnsiuea laminy

a

35.60 TulasnSu/diaaans WSowieunuarsuiasgiuiiesin = 1A EC, iM1ny 8.20

=

luTasnsy/ Tadans Wea1sanain 1aa1nnN15an AR UNT 1L AV IVINEN TS
dAfyuaznadouauianIsdVeyyadass DPPH WU A1 EC,, Y03a13 [6]-shogaol,
[6]-dehydrogingerdione  LQ1¥ [6]-gingerol WAL 4.00, 4.4 1Az 4.7 luTasnsw/iaaans

AN

2.3 myanalaglfveslnamiednga

matamsanadloved lnavilednga laiduniunumaemsaiaaisen

a o 4

A A -4 [ I Y] A = a 4
Namm@vmﬁummwwmﬁu hlll’Jﬁ]%LﬂUﬂiiﬁﬂﬂﬂﬁu G 71990NHNTIINTITUYIA Lﬁ?ﬂ%

o 4

o @ a o d o A a3 A A ~ va A ~
TINITUY AAANUNUITINUN WTBDINITNATY 61]6\1hl’ﬂﬁWiu?J’Jﬂi]@]i]%iJfTiJU@]iHﬂ?ilﬂﬁﬁ]uﬂ
' Yy 1 = @ < 9y < o A
Llazﬂﬁu‘Wiﬂi$%1ﬂllﬂﬂﬂ7ﬂ‘l]@ﬂl,ﬂa3 i]\1Z"fﬂ@1ﬁTiE]@ﬂ“’lﬂﬂ“lJ?Nl!"lel@i’Jﬂlﬁ’J UazgIunNINy
] 9 £ I A 1 = A Y Y v Y (=}
HUWHUADVDUHAIFI T UMSIHNAINITazaY u.mm:mmuﬂuaﬂﬂmﬂﬂuﬂwuazllm
2K a K di A 9 9 A Y = 1 A a A
uiqmmmmmimﬂaauwmumw"lﬂ‘luTmaﬁsnw3Jgw:gu"l,mwcmﬂzﬂnmwuﬂsmmmw

9
lumsana uenviniinendimsanaditiazatodmisoszivessnaindignazale ladi

3 VoA Y v Ay Y an v W =2 A Y
520151 uag himideanAe msanan ldaniTnmsanadinanidinnuilasaioaegunin
< o ~ Y4 a Jdou Aou Aa 4
(Y 950 Mg, 2541; auTe VITFWAUFW 1aze1Nad SIHAUANUUN, 2546)
2.3.1 nanmsvesvadlramitedIngn
A a . . A =
vod InaluaneimileInga (Supercritical fluid, SCF) Ao 15 1a9 Tuan1ign

Nguugilegmiloguuniinga (Critical temperature, T,) tazlinnuauagMilannuauInga



9
[ 1 1 [ 3

(Critical pressure, PC) ﬁmaxﬁmsmﬂan%z"lummmu nanetuveavan ‘ﬁ?’ﬂigl‘ﬂﬂ
I o oA a A J . = A o Y
naredume Tuan1zyuiued Fenn ﬂlf]\‘lulﬁﬁ (Fluid) MINUMSINNANNAUVOIET ¥

d?’ A a ~ [} 1 A va Y (9 1 wa A 9
(NRY! guifvesasvzsinamsiasundasesenoiitosninguianaieny hlﬂq@’filﬂ@]‘ﬂﬂa'lt’l
VUMD FIFIW1T00FUIOAINHNI0VD9UDY Inaluan1iziieInga lase 1deoid
o @ o < )
laozunsunsounuRainnIn (Phase diagram) adnaaslu Figure 4 alaozunsuiunsii

o 17 4 ' [ a [

ﬂiw\lmm’cm‘wu‘ﬁswanmwmuua:qmwgmmmﬂm 3ADIULTIUNUY ﬁ’f) EREL

ANuFUITUT Iz HINANNAUIe QUM A M UAN VR ILT-VYDIMAT YDAKWAI-MIY LAY

U
[

3 o . a ~ 1 o3| < 4 9y
VOILUI-N1Y 910 Figure 4 memnmmmaag“luﬁmuzmummmm VDI LN LT
I 9 1 a A [ < %) ~ 9 dyl 9 a
AC Lﬂu!ﬁuﬁﬂ\lﬂaizﬂ’J'N“LI5L’Jﬂ!‘ﬂﬁ"li’i]gﬂl!ﬁﬂ'lﬂ%‘ll’ﬂﬂ!ﬁlﬂ!&ﬁgﬂ'l“]f YN UUI LT UNTISING
I v a { 1 <
(Sublimation line) 1§14 BC Lﬂmé‘r’uﬁm;aizmnmnmﬁmiagiuamuzmmmmammmm
~ Y -dyl 9 . . Yy I Y ' a A v
FINFEUUIN LTUNTHADULYIA (Fusion line) Lagiedd DC Lﬂu!ﬁuﬁﬂﬁ]ﬁigﬁ’J'l\i‘].lil’.]ﬂ!‘i/lﬁ'liﬁ]&“l

Y 9}l {
Tugouzveuraluaziy Send@uiiin 1ldunsiAea (Vapor line 1150 Boiling line) Nalag

Q

(33

vudumaril veded szuulsznendieaealaiiodluaugaiu gafiegszrinansdy

A A ' a a . .
a01ue NTen1 9an3iia (Triple point, TP)

B

[=]
T =
8 3
L CRITICAL
14
x POINT
w
0
ut TRIPLE
a POINT

P, =73.8 bar
LIQUID e
e B GAS | T, =31.06°C

TEMPERATURE (°C)

Figure 4. Phase diagram of carbon dioxide

N : Az TU BaI gy (2543)



o A I Y  aa A A o A
mmmmimﬂaﬂuﬁmumﬂummmaﬂﬂ 2177 A Tﬂﬂmsmummm 1nio

'
a A

@ 4 o 1 1 %)
ANYUNHY INDAANAINUIAU (Kinetic energy) ‘1/1ﬂﬁ}’izEJzvm'izmwﬂmaqammm%awm

Q U

=2 1 [ a 1

a g o g 1
LﬂﬂlLNﬂ\‘iﬂﬂi&‘H’JNﬂumm"ﬁu ﬂUﬂﬁzcn\jﬁ'uJ’]ﬁﬂﬂjUHuulﬂum@\uﬁaj lLﬁﬁQﬂ!ﬁﬂNQQﬂ’g

QU QU

Aan 2] AW L4 Y A o 1 <3 ] o Y
UNJUINGA IlllflQﬁﬂli’)\?ﬂ']‘:lﬁ]glJWﬁQQ']ufﬂauiﬂﬂ LLN%%LWNQ?TN@HL‘VH%? ﬂllllﬁ"]ll']iﬂvnblﬁ

[+ a

Aa ] I 9 Ao o [l I
m%m@msm‘uuumﬂummmaﬂﬂ IﬂﬂqmWﬂlquif!ﬂ‘ﬂfﬂG]ffNﬁ?u?ﬁﬂﬂ?ﬂlluulﬂuﬂl@ﬁ!ﬁﬁ?

u

-

v E4
A 39011 QUNAINDA (Critical temperature, T,) 1AZANNAUNYATIFENIT ANWAUINGA

(Critical pressure, P) d1M519aNNnQumIAY T, 1agANNAMNINY P, (38071 393099

(Critical point, CP) 10QuuQNuINAI T, HagANUAUNINNI P, ensozegluaniugi b

o Y 3 A ~ A 2 A a
'ﬁ11ﬂ§ﬂiﬂllu’ﬂ1ﬂ’ﬂlﬂu’ﬂ1“ﬁ NIDUDIUNAD Llazliﬁlﬂﬁ1iﬂﬁ)g1uﬁﬂ1uzuﬂ "lJENllﬁamuﬁJ’Jﬂi]@

' 3| ' { o va Y [
(Supercritical fluid) 991 T, uag P, aziumnanuaziiuauiifmuizvoadns (ziu RATY

[ [

i, 2543; aule vasBwiugaw vazeniing S dudnuu, 2546) dauaaslu Table 6

Table 6. Physical properties of several solvent used in supercritical extraction

Solvent Normal boiling Critical constant
point C) Pressure Temperature Density
(bar) (C) (g/em’)
Carbon dioxide -78.50 73.80 31.10 0.47
Ethane -88.00 48.80 32.20 0.20
Ethylene -103.70 50.40 9.30 0.20
Propane -44.50 42.50 96.70 0.22
Propylene -47.70 46.20 91.90 0.23
Benzene 80.10 48.90 289.00 0.30
Toluene 110.00 41.10 318.60 0.29
Trichlorofluoromethane 23.70 44.10 196.60 0.55
Nitrous oxide -89.00 71.00 36.50 0.46
Ammonia -33.40 112.80 132.50 0.24
Water 100.00 220.50 374.20 0.28

13 : aau1/as91n Mukhopadhyay (2000)
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Table 7. Range values of physiochemical properties of gases, liquids and supercritical fluids

State of fluid Density Diffusivity Viscosity
(p, g/ cm3) (D, cmz/s) (1, g s/cm)

Gas

p =1.0atm; T=21.0"C 10° 10" 10°

Liquid

p=1.0atm; T = 15.0-30.0°C 1 <10° 10°

Supercritical

p=p;T=T, 0.3-0.8 10°-10" 10°-10"

301 : Herrero azaale (2006)
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Table 8. Solubility of botanical compounds in liquid and supercritical carbon dioxide

Solubility Botanical compounds

Very soluble Nonpolar and slightly polar low M.W.(<250) organics
e.g. mono and sesquiterpenes, thiols, pyrazines, acetic acid,
benzaldehyde, hexanol, glycerol, acetates

Sparingly soluble Higher M.W. (<400) organics
e.g. substituted terpenes and sesquiterpenes, water, oleic acid,
decanol, saturated lipids up to C,,

Almost insoluble Organics with M.W. above 400
e.g. sugar, proteins , tannins, waxes, chlorophyll, carotenoids,

citric, malic acid, amino acids, nitrates, pesticides, insecticides,

#1311 : Mukhopadhyay (2000)
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Figure 5. Diagram of a supercritical fluid extraction pilot plant. (1) CO, pump; (2) modifier
pump; (3) solid sample extraction cell; (4) fractional cell 1; (5) fractional cell 2; (6)
valve
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Table 9. Review on investigation of supercritical carbon dioxide extraction of ginger

Extraction conditions Extraction yield and active compounds References
P’ T p’ Time'’ Modifier Flow rate’ Separator
(bar)  ('C)  (kg/m) (hr) (kg/hr) (P'T%)
- 40.00 850 0.50 - - [6]-gingerol = 7.00% (w/w) Bartley (1995)
[6]-shogaol = 0.20% (w/w)
250.00  40.00 - - - 0.90 - Extraction yield = 4.00% (w/w) Yonei et al. (1995)
250.00  60.00 - - - 0.90 - Extraction yield = 4.00% (w/w)
295.00  80.00 - - - 0.90 - Extraction yield = 4.50% (w/w)
246.00  40.00 - - - 0.90 1" (79.0/60.0)  [6]-gingerol = 16.00% (w/w)
2'(45.0/30.0)  [6]-gingerol = 7.00% (w/w)
246.00  40.00 - - - 0.90 1(109.0/60.0)  [6]-gingerol = 24.00% (w/w)
2 (45.0/30.0) [6]-gingerol = 6.50% (w/w)
500.00  80.00 - - - - 1(250.0/65.0)  [6]-gingerol = 13.95% (w/w) Nguyen et al. (1998)
2(30.0/18.0) [6]-gingerol = 1.43% (w/w)
300.00  40.00 - - - - - Extraction yield = 8.40% (w/w) Catchpole et al.

Oleoresin = 54.40% (w/w extract)

Gingerol = 24.40% (w/w extract)

(2003)
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Table 9. Review on investigation of supercritical carbon dioxide extraction of ginger (Cont.)
Extraction conditions Extraction yield and active compounds References
P’ T p’ Time'’ Modifier Flow rate’ Separator
(bar)  (C)  (kg/m) (hr) (kg/hr) (P'T®)
100.00  40.00 - 5.00-5.25 - 0.09 - - Leal et al. (2003)
300.00  30.00 - 5.75-6.00 - 0.07 -
200.00  35.00 866 - - 0.21 - Extraction yield = 2.65% (w/w) Zancan et al. (2002)
Gingerol;Shogaol = 50.70%
200.00  35.00 866 - 1.17% 0.15 - Extraction yield = 2.48% (w/w)
EtOH’ Gingerol;Shogaol = 49.40%
250.00  35.00 901 - 1.17% 0.19 - Extraction yield = 2.19% (w/w)
IsoC3" Gingerol;Shogaol = 42.30%
200.00  40.00 841 1.00 - 0.20 - MT' =3.60; ST" =37.90; HC"=35.10  Martinez et al. (2003)
200.00  40.00 841 2.00 - 0.20 - MT = 5.20; ST = 37.60; HC = 40.20
250.00  40.00 881 1.00 - 0.20 - MT = 3.50; ST = 35.00; HC = 39.10
250.00  40.00 881 2.00 - 0.20 - MT =4.10; ST = 38.60; HC = 37.40

Remark: “Extraction pressure; *Extraction temperature; ‘Carbon dioxide density; ‘Extraction time; ‘Flow rate of carbon dioxide; fSeparator pressure (bar);

*Separator temperature ('C); "First separator; 'Second separator; jEthanol; kIsopropyl alcohol; lMonoterpene; "Sesquiterpene; "Hydrocarbon
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Table 10. Free radicals and theirs formulas

Free radicals Formulas
Hydrogen atom H*
Hydroxyl radical HO®
Hydroperoxyl radical HOO*®
Alkyl radical R’
Alkoxyl radical RO’
Alkylperoxyl radical ROO’
Glutathiyl radical GS®
Methyl radical ‘CH,
Nitric oxide ‘NO
Nitrogen dioxide 'NO,
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3.3.1 mséfmawaaaizﬂﬁmﬁ (Primary antioxidants)

a9 U

Aaaa a A

Wuasingalfaserveseyyadaszlaonmsiioyyalelasiaunie

< o &

ad 1 a Y A = dgl A

@Lﬁﬂ@]iﬂuuﬂ@uyjﬁﬂﬁi%IﬂEJG]?QL‘]JL!Nﬁiﬂ@HHﬁHUﬂaﬁJLﬂuﬁ1i'i/lilﬂ31lllﬁﬂﬁlﬁﬂ'lﬂ6llu q1INY
vAa o 1 [] = a A Y a d‘ 9 [ 4 ]

FAUUAAINATI LBU ﬁ1iﬂi$ﬂ@ﬂ7\|u@ﬁﬂ Wi@fﬂiﬁ11!@1§3J“ﬁ®ﬁ§$%hlﬂi]1ﬂﬂ1iff\ilﬂi'lﬁ’ﬂ LBU

Tfrana lansond Ingdu (Butylated hydroxy toluene, BHT) failiaiaalaasondozil laa

Aa A

(Butylated hydroxy anisole, BHA) uazmesiieTionalalasad Tuu (Tertiary  butyl

. 4 v
hydroquinone, TBHQ) tHuau

a a

332 @ nﬁma%aaa IENAYHU (Secondary antioxidants)

U
Y a J 1o aan [ a 1 o
asdueyyasaszlsznnii luilgaser Tasasanueyyadasy uavzi
nihnaaelslasmesoonlad vosluiu Iinadluaisnianuades wu nsalnleo Insi

Toiln (Thiopropionic acid)

v
U U a
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3.4.1 MINNIVBYYADE T (Radical scavenging)
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Figure 6. The structure of bacterial cell wall and cell membrane (a) Gram-positive cell wall (b)
Gram-negative cell wall
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Ascorbic acid 0.0-317.0 Mpyristic acid 180.0-1650.0
[-carotene 0.0-4.0 p-coumaric acid 0.0-19.0
Camphene 28.0-6300.0 Palmitic acid 1200.0-11220.0
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Table 12. A typical compositional range for the components used in ice cream mix formulations

Component Range (%)
Milk fat 10.0-16.0
Milk solid not fat; MSNF 9.0-12.0
Sucrose 9.0-12.0
Corn syrup solids 4.0-6.0
Stabilizers/Emulsifiers 0.0-0.5
Water 55.0-64.0

301 : Goff (1997)
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Table 13. Times and temperatures for pasteurization of ice cream mixes

Methods Times Temperatures ("C)
Batch 30 min 69
High Temperature Short Time (HTST) 25 sec 80
Higher Heat Short Time (HHST) 1-3 sec 90
Ultra High Temperature (UHT) 2-40 sec 138

301 : Marshall and Arbuckle (1996)
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Figure 7. A schematic representation of the structure of ice cream
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Table 14. Average values for fat and total solids contents, overrun among the categories of ice

cream
Components Categories of ice cream
Standard Premium Superpremium
Fat content (%) 10-12 12-15 15-18
Total solids (%) 36-38 38-40 >40
Overrun (%) ~100 60-90 25-50

301 : Goff uaz Hartel (2004)
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Tablel5. List of chemicals used in the experiment

Chemicals Grade Company Country
1. Absolute ethanol Analytical Merck Germany
2. Methanol HPLC grade Analytical Lab Scan Thailand
3. Acetonitrile HPLC grade Analytical Prolabo France
4. Water HPLC grade Analytical Lab Scan Thailand
5. [6]-gingerol standard Analytical Wako Pure Japan
(5-hydroxy-1-(4 hydroxy-3-methoxyphenyl)-3 Chemical

decanone, Code NO. 077-02871)




Tablel5. List of chemicals used in the experiment (Cont.)

Chemicals Grade Company Country
6. Ammonium hydroxide Analytical JT Baker USA
7. Diethyl ether Analytical Prolabo France
8. Petrolium ether Analytical Lab Scan Thailand
9. DPPH (2,2-Diphenyl-1-picrylhydrazyl) Analytical Sigma Germany
10. BHT (Butylhydroxytoluene) Analytical Fluka Germany
11. ABTS [(2,2’—azin0—bis (3-ethylbenzo Analytical Sigma Germany
thiaoline-6-sulfonic acid) diamonium salt]
12. Potassium persulfate Analytical Fluka Germany
13. TPTZ (2,4,6-tripyridyl-s-triazine) Analytical Fluka Switzerland
14. Sodium acetate trihydrate Analytical ~ Ajax Finechem  Australia
15. Tron (IIT) Chloride hexahydrate Analytical ~ Ajax Finechem  Australia
16. Trolox (6-hydroxy-2,5,7,8-tetramethyl Analytical Sigma Germany
chroman-2-carboxylic acid)
17. Folin-Ciocalteu phenol reagent Analytical Merck Germany
18. Sodium carbonate anhydrous Analytical ~ Ajax Finechem  Australia
19. Gallic acid Analytical Sigma Germany
20. Plate Count Agar Analytical Himedia India
21. Potato Dextrose Agar Analytical Himedia India
22. Potato Dextrose Broth Analytical Himedia India
23. Lauryl Sulphate Tryptose Broth Analytical Himedia India
24. Baird Parker Agar Analytical Himedia India
25. Nutrient Agar Analytical Himedia India
26. Nutrient Broth Analytical Himedia India
27. Mueller Hinton Agar Analytical Himedia India
28. Mueller Hinton Broth Analytical Himedia India
29. Tween 80 Analytical Labchem Australia
30. Potassium dihydrogen orthophosphate Analytical ~ Ajax Finechem  Australia
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Figure 8. Schematic diagram of supercritical fluid extractor consisted of extraction column (E),
separator 1 (S1) and separator 2 (S2)
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Table 16. Formulations of ice cream (per 100 grams)

Ingredients Formulas

1° 2 3 4 5 6
Skim milk 63.20 63.20 40.70 40.70 64.70 64.70
Cream 22.60 22.60 28.60 28.60
Butter 14.20 14.20
Skim milk powder 3.70 3.70 6.40 6.40 4.00 4.00
Sucrose 10.00 10.00 10.00 10.00 9.00 9.00
Glucose syrup 8.00 8.00 3.80 3.80
Locust bean gum 0.30 0.30
Lecithin 0.20 0.20
Stabilizer/Emulsifier’ 0.30 0.30 0.30 0.30
Water 6.00 6.00 4.00 4.00
Crude ginger extract’ 0.05 0.05 0.05

*Stabilizer/Emulsifier KELGUM" 280, consisted of guar gum, xanthan gum, carrageenan, momo and diglycerides, polysorbate 80 and citric acid

°Crude ginger extract was obtained from part 3.1

‘oI 1 90 Yywe uzdren (2547), ‘qain 3 daniasnin Liou HazGrun (2007), “gasn 5 aauiasnin Stampanoni HazAmz (1996)



Calculating of ice cream ingredients

Combining of liquid ingredients (Skim milk, cream and water) and heating up to 60.0°C

l

Blending of dry ingredients (Skim milk powder, sucrose, glucose syrup, stabilizer/emulsifier) into

liquid ingredients, stirring and heating up to 75.0°C

l

Homogenization of ice cream mix at 3,000 Lb/in’

l

Pasteurization of ice cream mix at 80.0°C for 2 min

Cooling of ice cream mix to temperature lower than 4.0°C

l

Aging of ice cream mix at temperature of 4.0°C for 24 hours

l

Freezing of ice cream mix using a batch freezer

l

Filling 55-60 grams of ice cream into plastic cup

l

Harding and storing of ice cream at temperature of -20.0°C

Figure 9. The processing of ice cream

An: aauad91n Marshall t1ag Arbuckle (1996)
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Table 18. Chemical compositions and antioxidant properties (by DPPH, ABTS radical scavenging activity and FRAP) of fresh and dried gingers

Ginger Moisture contents Ash Total phenolic contents  [6]-gingerol contents DPPH, TEAC (mmol TE/ g dry weight)
(%, wet basis) (%, wet basis)  (mg GAE/ g dry weight) (mg/ g dry weight) EC,, (ng/ml) ABTS FRAP

Fresh 92.46+0.36" 0.12+0.01 22.56+0.45" 25.18+0.20° 55.44+3.50" 0.24+0.00" 0.25+0.00"

Dried 9.32+0.23" - 17.670.24" 22.1840.15° 61.85+5.36" 0.20+0.01" 0.21+0.00°

Means+tstandard deviations in the same column with different letters are significantly different (p < 0.05)

- = not determined

GAE, Gallic acid equivalents

DPPH and ABTS radical scavenging activity, FRAP, Ferric reducing antioxidant power

EC,,, Efficient concentration, the amount of sample (ng) needed for 50% decreasing in the initial DPPH concentration per 1.0 ml of solution
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



Table 19. Heavy metal residues in fresh ginger

Heavy metals Residues (mg/kg)
Arsenic ND
Cadmium ND
Lead ND
Mercury ND

ND = not detected

Based on limited of detection (LOD) = 0.025 mg/kg
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Figure 10. Appearances of crude ginger extracts from separation 1 (a) and separator 2 (b) with

different extraction time using supercritical carbon dioxide (SC-CO,) extraction
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Figure 11. Accumulative extraction yields (%) of crude ginger extracts from separator 1 and 2
with different extraction time using SC-CO, extraction

‘grams of crude ginger extract/100 grams dried ginger, dried ginger contained 9.32+0.23%

moisture content ; Separator 1 and 2 were carried out under pressure of 60.0 bar at temperature of

35.0°C and 50.0 bar at temperature of 20.0°C, respectively
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Figure 12. Total phenolic contents of crude ginger extracts from separator 1 and 2 with different
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Figure 13. [6]-gingerol contents of crude ginger extracts from separator 1 and 2 with different

extraction time using SC-CO, extraction
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Table 20. Correlation coefficients (r) of antioxidant properties (by DPPH, ABTS radical
scavenging activity and FRAP), total phenolic and [6]-gingerol contents from 10 min,

1,2, 3,4, 5 and 6 hours crude ginger extracts

DPPH ABTS FRAP Total phenolic
ABTS -0.985%*
FRAP -0.931%* 0.977%*
Total phenolic -0.939%* 0.982** 0.996**
[6]-gingerol -0.841* 0.900** 0.917** 0.936**

** Correlation is significant at the 0.01 level, *Correlation is significant at the 0.05 level
DPPH radical scavenging activity, expressed as EC, and using BHT as positive standard
ABTS radical scavenging activity and FRAP, expressed as millimoles Trolox equivalents per

gram extract using Trolox standard curve
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Table 21. Comparison of extraction yields, chemical and antioxidant properties (by DPPH, ABTS radical scavenging activity and FRAP) of crude ginger

extracts obtained from separator 1 of SC-CO, extraction by using dried ginger and SC-CO, combined with co-solvent extraction by using ginger

residues
Crude ginger extract Yields of extraction ~ Total phenolic contents  [6]-gingerol contents DPPH, TEAC (mmol TE/g extract)
(%) (mg GAE/g extract) (mg/g extract) EC,, (ug/ml) ABTS FRAP

SC-CO, extraction:
Separator 1* 1.78 196.55+2.59 294.92+1.46 8.72+0.65 1.97+0.04 2.22+0.02
SC-CO, with co-solvent
extraction of ginger residues:
Separator 1** 0.24 195.27+£5.04 248.37+0.54 7.90+0.80 1.92+0.07 2.17+0.03
Separator 2*** 0.19 145.934+3.92 215.61+£2.99 13.70+1.32 1.42+0.05 1.64+0.03

*According to SC-CO, extraction of dried ginger, the values in the same row represent the extraction yields, chemical and antioxidant properties of the
accumulated crude ginger extract obtained from separator 1 at the extraction times of 10 minutes, 1 and 2 hours.

o x*According to SC-CO, combined with co-solvent extraction of ginger residues, the values in the same row represent the extraction yields, chemical
and antioxidant properties of the crude ginger extracts obtained from separator 1 and 2 at the extraction times of 90 minutes.

GAE, Gallic acid equivalents, EC,,, Efficient concentration, the amount of sample (ng) needed for 50% decreasing in the initial DPPH concentration per 1.0

ml of solution, TEAC, Trolox equivalents antioxidant capacity
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Table 22. Comparison of chemical and antioxidant properties (by DPPH, ABTS radical scavenging activity and FRAP) of crude ginger extracts obtained

from SC-CO, extraction and methanol extraction (immersion method)

Crude ginger extracts Total phenolic contents  [6]-gingerol contents DPPH, TEAC (mmol TE/g extract)

(mg GAE/g extract) (mg/g extract) EC,, (ug/ml) ABTS FRAP
SC-CO, separator 1 * 331.90+2.97° 490.28+1.98" 5.66+0.26° 2.67+0.05" 3.14+0.04'
SC-CO, separator 2 ** 327.40+4.68" 430.97+1.38" 6.93+0.54° 2.45+0.04° 2.65+0.03
Methanol *** 169.30+3.63° 101.30+1.63° 9.13+1.48" 1.61+0.07° 1.93+0.02°

Means+standard deviations in the same column with different letters are significantly different (p < 0.05)

* Crude ginger extract, contained highest antioxidant properties, obtained from separator 1 using SC-CO, extraction, ** Crude ginger extract, contained
highest antioxidant properties, obtained from separator 2 using SC-CO, extraction, *** Crude ginger extract from methanol extraction

GAE, Gallic acid equivalents

DPPH and ABTS radical scavenging activity, FRAP, Ferric reducing antioxidant power

EC,,, Efficient concentration, the amount of sample (ng) needed for 50% decreasing in the initial DPPH concentration per 1.0 ml of solution

502
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
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Table 23. Antimicrobial properties of crude ginger extracts obtained from SC-CO, extraction and

methanol extraction, using disc diffusion method

Microorganisms Extracts Clear zones (mm)
32 mg/disc 16 mg/disc 8 mg/disc 4 mg/disc
S. aureus S, 9.37+0.11 9.17+0.15 8.22+0.19 -
(TISTR 1466) S, 11.77+0.19 9.64+0.20 8.79+0.14 -
M 9.95+0.41 9.01+0.31 7.71+0.17 -
C - - - -
E. coli S, - - - -
(TISTR 780) S, - - - -
M - - - -
C - - - -
A. niger S, - - - -
(TISTR 3245) S, 10.34+0.49 9.21+0.42 7.90+0.62 -
M - - - -
C - - - -

S, = Crude ginger extract, contained highest antioxidant properties, obtained from separator 1
using SC-CO, extraction

S, = Crude ginger extract, contained highest antioxidant properties, obtained from separator 2
using SC-CO, extraction

M = Crude ginger extract from methanol extraction (immersion method)

C = Control (Methanol), - = no inhibition
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Ministry of Public Health, 2000)



Table 24. Changes in total phenolic and [6]-gingerol contents of crude ginger extracts during storage at -20.0, 4.0 and 27.0°C for 0, 1, 2, 3 and 4 months

Storage time

Storage temperature CC)*

(months) Total phenolic contents [6]-gingerol contents
(mg GAE/g crude ginger extract) (mg/g crude ginger extract)
-20.0°C 4.0°C 27.0°C -20.0°C 4.0°C 27.0°C
0 196.55+2.59"" 196.55 £2.59™° 196.55+2.59"° 294.92+1.46""° 294.92+1.46"™° 294.92+1.46""°
1 196.88+3.37"" 196.97+2.50""° 195.55£1.26"° 296.54+3.33""° 294.95+2.86™"° 294.76+1.40™"°
2 196.97+3.11"™" 194.88+3.08"™" 196.97+3.38"° 294.22+2.20™° 295.47+1.49™"° 295.06+0.95"°
3 195.22+1.51™" 193.05+1.55™° 196.22+1.47"° 295.3742.69"° 294.98+0.74™"° 295.36+0.82""°
4 193.97+1.91™" 192.7242.52™° 192.55+3.05™° 295.69+0.91""° 294.49+1.35™° 295.33+0.94™°

*Storage temperature of 4.0£1.0°C and 27.0+1.0°C

“*Means+standard deviations with the different superscripts in the same column are significantly different (p < 0.05)

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

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

GAE, Gallic acid equivalents
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Table 25. Changes in antioxidant properties (by DPPH, ABTS radical scavenging activity and FRAP) of crude ginger extracts during storage at -20.0, 4.0

and 27.0°C for 0, 1, 2, 3 and 4 months

Storage time

Storage temperature ('C)*

(months) DPPH, EC,, ABTS, TEAC FRAP, TEAC
(pg/ml)nSNs (mmol TE/g crude ginger extract)” (mmol TE/g crude ginger extract)”
-20.0°C 4.0°C 27.0°C -20.0°C 4.0°C 27.0°C -20.0°C 4.0°C 27.0°C
0 8.7240.65 8.72+0.65 8.72+0.65 1.97+0.04 1.97+0.04 1.97+0.04 2.22+0.02 2.22+0.02 2.22+0.02
1 8.94+0.57 8.91+0.45 8.47+0.37 1.96+0.03 1.96+0.05 1.96+0.05 2.20+0.01 2.20+0.02 2.19+0.02
2 8.77+0.15 9.01+0.28 8.82+0.48 1.95+0.02 1.96+0.04 1.95+0.03 2.23+0.05 2.17+0.02 2.21+0.03
3 8.3440.26 8.44+0.37 8.53+0.86 1.89+0.06 1.91+0.07 1.95+0.03 2.19+0.02 2.20+0.04 2.21+0.02
4 8.15+0.44 8.59+0.11 8.65+0.35 1.96+0.05 1.95+0.02 2.01+0.03 2.18+0.05 2.21+0.04 2.20+0.02

*Storage temperature of 4.0£1.0°C and 27.0+1.0°C

ns = not significant difference among storage time (p >0.05), NS = not significant difference among storage temperature (p >0.05)

DPPH and ABTS radical scavenging activity, FRAP, Ferric reducing antioxidant power

EC

TEAC, Trolox equivalents antioxidant capacity

5» Efficient concentration, the amount of sample (ug) needed for 50% decreasing in the initial DPPH concentration per 1.0 ml of solution

TE, Trolox equivalents, millimolar of Trolox solution having an antioxidant capacity equivalent to 1.0 gram of the substance under investigation
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Table 26. Chemical properties of ice creams obtained from different formulas

Formulas pH Total solids (%) Fat (%)
1 6.37+0.02° 31.76+0.13" 8.40+0.09°
2 6.35+0.01° 31.75+0.16" 8.46+0.02°
3 6.25+0.01° 41.50+0.14" 12.09+0.27"
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5 6.35+0.02" 37.05+0.09° 12.29+0.42"
6 6.31£0.01° 37.02+0.06° 12.46+0.22"

Meanststandard deviations in the same column with different letters are significantly different

(p < 0.05)
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Table 27. Physical measurements and total viable counts of ice creams obtained from different formulas

Formulas Viscosity Overrun Color Melting rate** Hardness Total viable counts
(ps) (%) L* a* b* (%/min) N) (cfu/g)
1 11.98+0.96°  29.07+#3.00°  93.84+£0.21°  -0.27+0.28"  12.78+0.11°  0.94+0.09" 55.1749.66° 4.07x10°
2 11.77£1.07°  31.13£1.67°  94.02+0.19°  -0.87£0.08° 15.54£0.07°  0.31+0.07°  120.44+18.80° 3.90x10°
3 48.61+5.38"  36.86+6.17°  95.65£0.24"  -0.23+0.03°  10.95+0.25"  0.13+0.05°  154.04+22.15" 3.70x10°
4 46.95£4.05°  37.34+5.68°  95.62£0.36°  -0.89+0.07°  13.88+0.36° 0.13+0.04° 147.47+30.19" 3.63x10°
5 32.5341.52°  45.53+5.54" 95404032  0.43+0.04"  12.19+0.46°  0.06:0.02" 62.99+6.82° 4.40x10°
6 32.48+1.18° 46274551 95264020° -0.2140.02°  14.39+0.29°  0.08+0.03"  69.07+14.61° 3.20x10°

Means+tstandard deviations in the same column with different letters are significantly different (p < 0.05)

** Melting rate = (weight of melting ice cream divided by initial weight of ice cream) per minute



Table 28. Average acceptance scores of ice creams obtained from different formulas

Formulas Average acceptance scores
Color Appearance Hardness Smoothness Sweetness Ice cream flavor ~ Overall acceptance
1 7.73+0.64" 7.53+0.57" 7.17+0.75" 7.50+1.22" 6.60+1.40° 6.43+1.52" 6.70+1.24"
2 7.60+0.89" 7.57+0.68" 7.3340.84" 7.40+0.89" 7.13+0.94' 6.63+1.10" 6.47+1.11°
3 7.77+0.73" 7.50+0.90™ 7.47+1.04° 7.97+0.93" 7.00+1.11° 7.17+1.15° 7.30+1.09°
4 7.73+0.78" 7.67+1.06" 7.20+1.35" 7.83+1.15" 6.97+1.03" 6.83+1.02" 7.03£1.16"
5 7.73+0.64" 7.63+0.76" 6.97+1.19" 7.80+0.92" 7.37+0.96° 7.17+0.91° 7.27+0.87°
6 7.63+0.81" 7.57+0.73" 7.43+1.07° 7.60+1.07" 7.23+0.86° 6.90+0.80" 6.83+1.05"

Means+tstandard deviations in the same column with different letters are significantly different (p < 0.05)
ns = not significant difference among formulas (p >0.05)

The degree of liking, 1 to 9 mean:

1 = Dislike extremely 2 = Dislike very much 3 = Dislike moderately
4 = Dislike slightly 5 = Neither like nor dislike 6 = Like slightly

7 = Like moderately 8 = Like very much 9 = Like extremely
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Table 29. Total phenolic, [6]-gingerol contents and antioxidant properties (by DPPH, ABTS radical scavenging activity and FRAP) of ice creams

containing different concentrations of crude ginger extracts

Crude ginger extracts  Total phenolic contents  [6]-gingerol contents DPPH, EC,, TEAC (umol TE/g ice cream)
(%w/w) (ng GAE/g ice cream) (ng/g ice cream) (mg/ml) ABTS FRAP
0.000 0.00+0.00" 0.00+0.00° 41.1242.56° 0.42+0.02° 0.59+0.08"
0.050 151.54+8.32° 133.12+0.25° 17.31+1.33° 1.28+0.06° 1.28+0.02°
0.065 205.39+12.15° 175.11%1.20" 14.7141.48¢ 1.63+0.02" 1.69+0.08"
0.080 248.97+12.00" 218.53+0.55" 11.73+0.98" 2.01+0.09" 1.90+0.05"

Means+standard deviations in the same column with different letters are significantly different (p < 0.05)

GAE, Gallic acid equivalents

The [6]-gingerol was identified and quantified by HPLC using external standard of [6]-gingerol

DPPH and ABTS radical scavenging activity, FRAP, Ferric reducing antioxidant power

EC,,, Efficient concentration, the amount of sample (mg) needed for 50% decreasing in the initial DPPH concentration per 1.0 ml of solution
TEAC, Trolox equivalents antioxidant capacity

TE, Trolox equivalents, micromolar of Trolox solution having an antioxidant capacity equivalent to 1.0 gram of the substance under investigation
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Table 30. Physical measurements and total viable counts of ice creams containing different concentrations of crude ginger extracts

Crude ginger Viscosity Overrun Color Melting rate** Hardness TVC
extracts (ps) (%) L* a* b* (%/min) N) (cfu/g)
(%w/w)

0.000 47.75¢1.77"  3537+5.22" 94.57+027°  -0.1740.05°  12.914028°  0.10£0.03"  154.04+22.15"  4.13x10°
0.050 47.25¢325"  3535+3.33"  95.2040.34°  -0.82+0.14°  13.1940.28°  0.1240.03"  147.47+30.19"  3.40x10°
0.065 47.03+3.13"  37.2642.42" 95.05+0.41° -1.16£0.07°  15.71¢0.22°  0.06+0.01°  171.93+32.77"  3.23x10°

0.080 47.97+1.18"  31.42+1.97° 94.71+0.48°  -1.24+057°  16.31+0.20" 0.05+0.01" 171.43+26.33" 3.60x10°

Means+standard deviations in the same column with different letters are significantly different (p < 0.05)
ns = not significant difference among formulas (p >0.05)
** Melting rate = (weight of melting ice cream divided by initial weight of ice cream) per minute

TVC = Total viable counts



Table 31. Average acceptance scores of ice creams containing different concentrations of crude ginger extracts

Crude ginger extracts Average acceptance scores
(Yow/w) Color Appearance Hardness Smoothness Sweetness Ice cream flavor ~ Overall acceptance
0.000 7.8340.65"  7.5040.68"  7.2741.28°  7.77+0.82°  7.40+ 138"  7.47+1.28" 7.33+0.92°
0.050 7.7740.77°  7.43+0.82"  7.57+0.90°  8.00£0.59"  7.43+0.82" 7.17+0.95" 7.43+0.68"
0.065 7.67+0.92"  7.57+0.94"  7.67£0.96"  8.00+0.64"  7.33+1.15" 7.10+0.88" 7.2740.91°
0.080 7.7740.66"  7.67+0.66"  7.63+0.85°  7.90+0.71°  7.43+0.97" 7.03+1.22" 6.87+1.17"

Means+standard deviations in the same column with different letters are significantly different (p < 0.05)
ns = not significant difference among formulas (p >0.05)

The degree of liking, 1 to 9 mean:

1 = Dislike extremely 2 = Dislike very much 3 = Dislike moderately
4 = Dislike slightly 5 = Neither like nor dislike 6 = Like slightly

7 = Like moderately 8 = Like very much 9 = Like extremely
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Table 32. Changes in the pH and total solids of ice creams containing crude ginger extract (0.000

and 0.065%) during storage at -20.0°C for 0, 15, 30, 45 and 60 days

Storage time pH Total solids (%)

(days) 0.000% crude 0.065% crude 0.000% crude 0.065% crude

ginger extract ginger extract ginger extract ginger extract

0 6.28+0.01° 6.28+0.01° 41.54+0.38 41.96+0.25
15 6.3120.04" 6.30+0.04" 41.77+0.06 41.85+0.09
30 6.33£0.01° 6.34+0.00° 41.59+0.12 41.59+0.17
45 6.33£0.01" 6.33+0.01" 41.59+0.16 41.8140.15
60 6.34+0.01" 6.34+0.01" 41.4440.16 41.94+0.20

Means+standard deviations in the same column with different letters are significantly different

(p <0.05); ns = not significant difference among storage time (p >0.05)

Table 33. Changes in total phenolic and [6]-gingerol contents of ice creams containing 0.065%

crude ginger extract during storage at -20.0°C for 0, 15, 30, 45 and 60 days

Storage time Total phenolic contents [6]-gingerol contents

(days) (ug GAE/g ice cream)” (ng/g ice cream)”
0 213.28+15.09 189.43+1.66
15 210.21£11.12 185.4842.16
30 205.08+17.76 186.18+0.83
45 206.36+7.75 189.63+1.80
60 201.74+6.40 186.25+5.98

ns = not significant difference among storage time (p>0.05)
GAE, Gallic acid equivalents
The [6]-gingerol was identified and quantified by HPLC using external standard of [6]-gingerol.
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Figure 16. Changes in L* values of ice creams containing crude ginger extracts (0.000 and

0.065%) during storage at -20.0°C for 0, 15, 30, 45 and 60 days
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Figure 17. Changes in a* values of ice creams containing crude ginger extracts (0.000 and

0.065%) during storage at -20.0°C for 0, 15, 30, 45 and 60 days
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Figure 18. Changes in color b* values of ice creams containing crude ginger extracts (0.000 and

0.065%) during storage at -20.0°C for 0, 15, 30, 45 and 60 days
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Table 34. Changes in melting rate and hardness of ice creams containing crude ginger extracts

(0.000 and 0.065%) during storage at -20.0°C for 0, 15, 30, 45 and 60 days

Storage time Melting rate (%/min)" Hardness (N)”

(days) 0.000% crude 0.065% crude 0.000% crude 0.065% crude

ginger extract ginger extract ginger extract ginger extract

0 1.13£0.13 0.75+0.09 142.95+28.10 160.54+30.54
15 1.29+0.13 0.80+0.13 147.82+24.51 170.94+18.37
30 1.27+0.12 0.90+0.14 158.57+£19.06 171.62+25.60
45 1.25+0.13 0.79+0.10 133.32+16.70 181.50+12.66
60 1.10£0.15 0.89+0.18 140.28+23.47 143.76+16.48

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

6.3 ANUANINHOUYADAIZ

d‘ Z 9 a = dl a [
ﬂ']ﬁ!‘]_]aEJL!!!,‘]_]iNﬁll‘]_lG]fﬂiﬂTUleg‘JJua’f)ﬂ'i$EU’ENulf)ﬁﬂiiﬂlmuﬁﬁﬁﬂﬂﬁfﬂllﬂ"lﬂ

a =

a ' g o { [
U4 (0.000 118 0.065%) ﬁzﬁ')’mﬂ’]ﬁlﬂﬂﬁﬂy']ﬁqmﬂﬂu -20.0 o9y oE 1WUsTaZIa 0, 15,

Ll

A

@ @ a J B2 @ a
30, 45 1ag60 U ﬂﬂllﬁﬂ\‘iﬂlu Figure 19 uag 20 WDAUATIENAUUANITIUBYYAaDd5E DPPH
' S o < @ 1 1 1 o
wun manusne leansuganiuamiluszezing o, 15 uaz 30 Tu a1 EC,, liuanaianu
1 S w o % 1 = dgl 1 = -7 [} U 3 tﬂ'
YNUUIAINTY (»p 20.05) UpITUA EC,, guUUagNNyUIdInY (» <0.05) Gl‘L!'J‘Ll“VI 45 YNNI
<3 [ ~ S o A A a o Aa
INUINHI GlusllﬂlgﬂﬂTiLﬂ‘UiﬂH1]1@ﬂﬂﬁEJ‘VIL@]llﬁ"liﬁﬂﬂﬂfﬂﬂﬁnﬂ"ll\uﬂuﬁgEJSL'JE“H 0, 15, 30,45
(% S ] 1 U 1 S w o v
iag 60 U WA EC,, "liJlmﬂglNﬂuﬂﬂNiJufJﬁTﬂﬂJ (p 20.05)
y a va Y a T 3 o
Lﬁﬂ’f]lﬂﬂﬁ"ISﬁﬁ?J‘U@]ﬂ']iiﬁJ@lg%lﬁﬂﬁﬁS ABTS WUMN ﬂTiLﬂ‘]JﬁﬂH"lh],@ﬂﬂ?ll‘]gﬂ
< [ ' [l ' o ' v o W 1
AIUAN Wuszeza 0, 15 uag 30 7Y ﬁﬂ'] TEAC nlllll@]ﬂ@]"l\?ﬂu@ﬂ"lﬂﬁlmﬁTﬂﬂJu (»p 20.05) us

[

[ A [ v o [y { S o 1
92iif1 TEAC anasninAlniuduedeiiodidny (p <0.05) Tuiui 45 veamsnusnu diu



IS

a3 [ { A [ a I [
manusnu leansun@uansadareuanvuiluszeznal 0, 15, 30, 45 uag 60 Ju Han
TEAC anad08WN1ied 1Ay (p <0.05)
2 A A s ya ' 3 o
UONIAUNDIUATIZHANNEINITD UM 1T IaAATN WU MTINUTNH
I @ 1 1 ' o 1
loan3uyaniuniniluszezinai 0, 15, 30, 45 uaz 60 1u a1 TEAC  hiuana1eniuediedl
v o W A 3 o A A a [ a g
Wedwgy (p > 0.05) luvazimsnusne leansui@uasananeunniuiluszozinai o,
15,30 1Az 45 U Wy A1 TEAC linanannuedeitiod A (p > 0.05) uavziinl TEAC
v A g 1 A v o W o A 3 o 1% ] Y A
anasnAlsuANesNted Ry (p <0.05) Tudud 60 vesmsnusnu asazmiu laauia
nmsdueyyasaszvedleaniuganiuguuas loansuni@uasananeuniiinianas
S ' 4 o o A A A wa )
@anosluszrinamanusnyl Matioaiiownnnmsgadsaisniantialumsaiueyya
a 4 a a [ Y] 1 < v a Y] an
daszitindnnmanasenFasuved luiuluserniemanusay1 ¥5e019NAdUATNS 81
1 = a [ Y 4 = [] =
seriaslsznouuednvosmsananeruanvenussalsznoulu'loansy wu Tasau
A a < J I Y =] o Y = a ~ vAa Y
wiewodausna lsa udu Jservi ldarsdszneviluedngadoauialunsdveyya
daszla
F991NNI1TNAADIVOI Wegrzyn  LATAME (2008) WL UNTNANEITANAIN
ay < o ~ a = I~ o d A
welilavazinuinyinguyigl 20.0 uag 30.0 earusatFea tHuszezinal 12 dila1v i
a g A o w
anuavsalumslioidansouanadnnausudy Uszuna 19.00 1ag 38.00% AINAIAL
3 dy d‘ va 9 a 09/’ d‘ a = o
neiimslasuunlasaniadueyyadasziuoraniloswininmsina Indwe lsiyduves
a1sdszneviluedn ¥z lfinadedwmisdlinnuaimisalumsidisil §asersy
a 9 3+ a 4 ya g A
715152 nouFIFOUVDY Fe' -TPTZ 1UMsUasIzHaNuaInisalumslviomaasey ¥30e19
Y
fnaneanuasalumsldlalasnuozaon vonanilmsinasuasnIeIveIaslsznow
~ a s A ' A A a & s I v X
Wuodn uazeanlsznevdug luems wu TUsau wSeneaugnnilsa Wudy Faauise

Y o

o a aaa 1o s o 1 1 a o J
ﬁiNWl!‘ﬁ%llaiﬂiﬁ]uﬂu ‘Vi?@i’ﬂ‘fllﬂﬂﬂ{]ﬂiEﬂﬂli’Nﬁi;lj‘l/\lx‘iﬂ“lﬂ.!‘]JNﬁ%lj LB MITINANUTSIDFIND T

Y
1 ] 4 a a a a 1
sEnIengmsvenda uaz leasonda uenaniimsnaaisisznouFedouludiuveangh
Y
lsiveui1 (Hydrophobic complexation) ¥84lUsAuiinamlisnasdszneviluesanien 1414
] [ =& a o Aana 1 dy o Y a a A 9 a
[BUAU Famsnaduasnssuraazihliinania/asunilasvesaniamsaveyyadasy
9
1 I~ @ a a a A
1& 1on1nTl Smet HAazAML (2009) 3189111 MU UL UVIANaIEANFIa TnaeNaY
anurududl melduaandanudunes 1000 Ix  Iwai ¥ uauearh-TnTalosoa
A 1 < o
uaz'ls Tuwanuluuuaaasldluserinamsnusne Tasueavh-InTamleseoarzanatau

a

@ { S @ 1 wa @
ﬁnﬂiuauﬁ 60 YRINITLNUINY FIUFANUANTIVBYYADe TS DPPH LLa%ﬂ'ﬂllﬁnJ”liﬂiuﬂ”ﬁ

e

a3 ' y 3 o A @
1ﬁataﬂﬁiﬂumaduu ﬁ?ﬂﬁﬂa\uﬁﬂﬁgﬁ83&3@1Lﬂ‘].]3ﬂ1&”!'1/‘|1ﬁ]1«!£51ﬂ1lﬂu



70.0

60.0

E

£ 500

g

= 40.0

Q

=

= 300

&

2  20.0
10.0
0.0

0 15 30 45 60

Storage time (days)

75

—*— 0.000% ginger extract ——=— 0.065% ginger extract

Figure 19. Changes in antioxidant properties of ice creams containing crude ginger extracts

(0.000% and 0.065%) during storage at -20.0°C for 0, 15, 30, 45 and 60 days as

determined by DPPH radical scavenging activity
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Figure 20. Changes in antioxidant properties of ice creams containing crude ginger extracts

(0.000% and 0.065%) during storage at -20.0°C for 0, 15, 30, 45 and 60 days as

determined by (a) ABTS radical scavenging activity and (b) FRAP
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storage at -20.0°C for 0, 15, 30, 45 and 60 days

Table 36. Average acceptance scores (color and appearance attributes) of ice creams containing crude ginger extracts (0.000% and 0.065%) during

140

Storage time

Average acceptance scores

(days) Color Appearance
0.000% crude 0.065% crude Control* 0.000% crude 0.065% crude Control*
ginger extract ginger extract ginger extract ginger extract
0 7.80+0.56"™" 8.00+0.65"™" 7.87+0.74"° 7.80+0.41™" 7.73+0.80"" 7.53+0.64"
15 7.87+0.64™" 7.80+0.68"" 7.800.77"° 7.87+0.64"™ 7.47+0.64™" 7.73+£0.70"
30 7.87+0.52"™" 7.87+0.74™" 8.00+0.53" 7.87+0.64™" 7.40+0.83™" 7.87+0.52"
45 7.53+0.92"™" 7.53+0.92"" 7.93£0.70"° 7.67+0.62" 7.60+0.83"™" 7.80+0.68"
60 7.80+0.68"™" 7.800.56"™" 7.73£0.70"° 7.67+0.62" 7.60£0.51™" 7.87+0.52"

*Ice cream containing 0.065% crude ginger extracts was freshly prepared within a day before conducting the sensory evaluation

*Means+standard deviations with the different superscripts in the same row are significantly different (p < 0.05)

ns = not significant difference among storage time (p >0.05) NS = not significant difference among formulas (p > 0.05)

The degree of liking, 1 to 9 mean: 1 = Dislike extremely 2 = Dislike very much 3 = Dislike moderately 4 = Dislike slightly 5 = Neither like nor dislike

6 = Like slightly 7 = Like moderately 8 = Like very much 9 = Like extremely



Table 37. Average acceptance scores (hardness and smoothness attributes) of ice creams containing crude ginger extracts (0.000% and 0.065%) during

storage at -20.0°C for 0, 15, 30, 45 and 60 days
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Storage time

Average acceptance scores

(days) Hardness Smoothness
0.000% crude 0.065% crude Control* 0.000% crude 0.065% crude Control*
ginger extract ginger extract ginger extract ginger extract
0 8.00+£0.65™" 7.87+0.64™" 7.27+0.46" 8.47+0.52""° 8.00+£0.76"" 7.67+0.98"°
15 7.73+0.59™™ 7.53+0.74™" 7.80+0.77" 8.07+0.80""° 7.87+0.83"" 8.13+0.74™
30 8.07+0.59™" 7.80+1.01™" 7.67£1.05" 8.40+0.63™" 7.67+1.23"" 8.33+0.62"
45 7.87+0.88"™" 7.67+0.98"™" 7.87+0.83" 8.07+0.88™"° 7.80+1.21"™" 8.00+0.85"
60 7.80+0.68"" 7.53+0.64™" 7.80+0.68" 8.13+0.64™"° 7.73+0.59"™ 8.00+0.85"

* Jce cream containing 0.065% crude ginger extracts was freshly prepared within a day before conducting the sensory evaluation

*Means+standard deviations with the different superscripts in the same row are significantly different (p < 0.05)

ns = not significant difference among storage time (p >0.05) NS = not significant difference among formulas (p > 0.05)

The degree of liking, 1 to 9 mean: 1 = Dislike extremely 2 = Dislike very much 3 = Dislike moderately 4 = Dislike slightly 5 = Neither like nor dislike

6 = Like slightly

7 = Like moderately

8 = Like very much 9 = Like extremely
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Table 38. Average acceptance scores (sweetness, ice cream flavor and overall acceptance attributes) of ice creams containing crude ginger extracts

(0.000% and 0.065%) during storage at -20.0°C for 0, 15, 30, 45 and 60 days

Storage time

Average acceptance scores

(days) Sweetness Ice cream flavor Overall acceptance
0.000% crude  0.065% crude Control* 0.000% crude  0.065% crude Control* 0.000% crude  0.065% crude Control*
ginger extract  ginger extract ginger extract  ginger extract ginger extract  ginger extract
0 7.67+0.82™"°  7.80+0.68"""  7.80+0.56"  7.73+0.80"° = 7.40+0.74™  7.27+0.59"°  7.80+0.68"  7.47+0.74™"°  7.27+0.59"
15 7.3320.72""  7.40£0.59™™  7.40£0.74"°  7.87+0.74™"  7.2740.59™°  7.27+0.80°  7.87£0.74™°  733+0.62"™"° = 7.53+0.74"
30 7.60£0.99™°  8.00£0.76"™"°  7.53+0.92"  7.67+0.98""°  7.67+0.82"""  7.40+0.74"  7.80+0.68""  7.60+0.83""°  7.33+0.72"
45 7.80£0.56""°  7.93+0.88"™"°  7.73+1.03"  7.9320.96™°  7.67+0.90""  7.53+0.64"°  7.80+0.68"  7.60+0.83""°  7.53+0.74"
60 7.93£0.96™"°  7.87+0.64"™°  8.00£0.65  7.80+0.68"°  7.33x0.72""°  7.53x0.64"  7.87+0.74™  7.47+0.52"™"°  7.60+0.63"

* Jce cream containing 0.065% crude ginger extracts was freshly prepared within a day before conducting the sensory evaluation

*Means+standard deviations with the different superscripts in the same row are significantly different (p < 0.05)

ns = not significant difference among storage time (p >0.05) NS = not significant difference among formulas (p > 0.05)

The degree of liking, 1 to 9 mean: 1 = Dislike extremely 2 = Dislike very much

6 = Like slightly

7 = Like moderately

8 = Like very much

9 = Like extremely

3 = Dislike moderately 4 = Dislike slightly 5 = Neither like nor dislike
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Table 39. Cost calculation of crude ginger extract obtained from SC-CO, extraction

Details Cost (baht/gram crude ginger extract)
Fresh ginger rhizome 10.825
SC-CO, extraction 17.422
Total 28.247

Figure 21. The ice creams containing 0.000 and 0.065% crude ginger extracts



Table 40. Cost calculations of ice creams containing crude ginger extracts (0.000 and 0.065%)

Ingredients Weights Cost of Cost (baht) of ice creams

(per 55 grams ingredients 0.000% crude  0.065% crude

of ice cream) (baht/gram) ginger extract  ginger extract
Skim milk 22.380 0.039 0.873 0.873
Skim milk powder 3.5200 0.200 0.704 0.704
Cream 15.730 0.121 1.903 1.903
Sucrose 5.500 0.020 0.110 0.110
Glucose syrup 4.400 0.028 0.123 0.123
Stabilizer/Emulsifier 0.170 0.500 0.085 0.085
Water 3.330 0.0005 0.002 0.002
Crude ginger extract 0.036 38.000 - 1.017
Plastic cup - 2.550 (per cup) 2.550 2.550

Total 6.350 7.367
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4. mmnzHSnamsdseneuiluean (Miliauskas ef al., 2004)

GREIGEY
1. 15082018 Folin-Ciocalteu phenol reagent
2. NIALNAAN (Gallic acid)
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A9 (AanagITN5910 Cai et al., 2004 11a2 Zaeoung, 2004)
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= Y] M ° v A Jd Ia = a A Y a
MansgNRIRE I S VIR IzHS MM sdszneviuednuazaniamsmueyyadaselu

Toran3u (AanasIsnsa1n Hwang ez al., 2008)
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a d A
MANLIN N-2 MIIATZHANTANIAIUBYAdA IS

d. (Y]
1. MIAIAILHNINTINMIIVBYNADA5: DPPH (DPPH radical scavenging activity)

(Yamasaki et al., 1994)

a31ail
L. tunsIuea
2. 19N91UDA
3. DPPH (2,2-diphenyl-1-picrylhydrazyl)

4. Dowh (Butylhydroxytoluene; BHT)
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5. ATUIUAT %inhibition AIFAT

%inhibition = (OD OD )—(OD OD x 100
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(OD OD

Control Blank control)
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2. MTIRTIHDINIIUMIIVEYYAdAsT ABTS (ABTS radical scavenging activity)
(Re et al., 1999)
=
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1. ABTS (2,2'-azinobis [3-ethylbenzothiazoline-6-sulfonic acid])
2. T‘ﬂiaﬂﬂ“}? (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid; Trolox)
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0.5

A734

y=0.2766x + 0.0029

R’ =09999

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Trolox concentrations (mM)

Appendix Figure 1. The standard curve of Trolox with absorbance at 734 nm
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a d
3. MIIATIEHANNEINIaIUMSIHioannseY (Ferric reducing antioxidant power, FRAP)

(Benzie and Strain, 1996)

Ml
1. Tfon ozdiase las lamsa (C,H,NaO,e3H,0)
2. NIADLBAIN
3. TPTZ (2.4,6-tripyridyl-s-triazine)
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5. lo3naae’lsd enys lansa (FeCl,.6H,0)

6. Insae ﬂ“]?} (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid; Trolox)
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Appendix Figure 2. The standard curve of Trolox with absorbance at 593 nm
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5. M3TaANNIUUNTIve oAl (FAuaddIEN391n Guinard ef al., 1997)
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Appendix Table 1. Antioxidant properties of standard [6]-gingerol as determined by DPPH,

ABTS radical scavenging activity and FRAP

Compound DPPH, EC,, ABTS, TEAC FRAP, TEAC

(pg/ml) (mmol TE/g ) (mmol TE/g )

[6]-gingerol 5.76+0.12 3.05+0.03 3.45+0.07
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log cfu/g
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Appendix Figure 3. Growth curve of S. aureus and E. coli (a) absorbance (A,,) and incubation

time and (b) microbial population and incubation time
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Appendix Figure 4. Clear zones of S. aureus, E. coli and A. niger by crude ginger extracts

obtained from SC-CO, extraction and methanol immersion extraction

SCFE 1 and SCFE_2 = Crude ginger extract, contained highest antioxidant properties, obtained
from separator 1 and 2, respectively, using SC-CO, extraction

MeOH_EX = Crude ginger extract, obtained from methanol immersion extraction
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Appendix Table 2. Chemical and antioxidant properties (by DPPH, ABTS radical scavenging activity and FRAP) of ice creams containing crude ginger

extracts (0.000% and 0.065%) and commercial ice creams

Ice creams pH Total solids (%) Fat (%) Total phenolic contents DPPH, EC;,, TEAC (umol TE/g ice cream)

(ug GAE/g ice cream) (mg/ml) ABTS FRAP
0.000% crude ginger extract ~ 6.34£0.00°  41.44£0.16°  12.09+0.27° 0.00+0.00" 54.63+2.85" 0.25+0.00" 0.31+0.01°
0.065% crude ginger extract ~ 6.34+0.01° 41.94+0.20° 12.08+0.21° 201.74+6.48" 13.45+0.75" 1.45+0.02" 1.53+0.02"
Brand 1 6.67+0.01° 41.55+0.10" 14.80+0.55" 287.64+10.24" >62.5" 0.90+0.02" 1.00+0.03"
Brand 2 6.40+0.04° 38.16+0.53° 13.57+0.38" 110.72+3.03° 41.48+2.87° 0.38+0.01° 0.46+0.02°

Means+standard deviations in the same column with different letters are significantly different (p < 0.05)

Brand 1 = Vanilla flavored ice cream, milk ice cream

Brand 2 = Vanilla flavored ice cream, milk ice cream

GAE, Gallic acid equivalents

DPPH and ABTS radical scavenging activity, FRAP, Ferric reducing antioxidant power

EC,, Efficient concentration, the amount of sample (mg) needed for 50% decreasing in the initial DPPH concentration per 1.0 ml of solution, TEAC,
Trolox equivalents antioxidant capacity

TE, Trolox equivalents, micromolar of Trolox solution having an antioxidant capacity equivalent to 1.0 gram of the substance under investigation
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Appendix Table 3. Analysis of variance in chemical compositions and antioxidant properties of fresh and dried ginger

Levene's Test for

Equality of Variances t-test for Equality of Means
Sig. Mean Std. Error 95% Confidence Interval
F Sig. t df (2-tailed) Difference Difference of the Difference
Lower Upper
[6]-gingerol Equal variances assumed 4.182 .068 29.049 10 .000 3.0000 .10327 2.76989 3.23011
Content Equal variances not assumed 29.049  8.940 000 3.0000 10327 276614 3.23386
Total phenolic Equal variances assumed 1.229 294 23.517 10 .000 4.8917 20801 4.42820 5.35514
content Equal variances not assumed 23517 7.662 000 4.8917 20801 4.40829 537504
EC,,, Equal variances assumed 2.777 127 -2.456 10 .034 -6.4150 2.61215 -12.23522 -.59478
DPPH Equal variances not assumed -2.456  8.602 038 -6.4150 2.61215 -12.36598  -.46402
TEAC, Equal variances assumed 20.000 .001 11.000 10 .000 .0367 .00333 .02924 .04409
ABTS Equal variances not assumed 11.000  5.000 000 0367 00333 02810 04524
TEAC, Equal variances assumed 1.607 234 16.745 10 .000 .0450 .00269 .03901 .05099

FRAP Equal variances not assumed 16.745  9.494 .000 0450 100269 03897 05103
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Appendix Table 4. Analysis of variance in chemical and antioxidant properties of crude ginger

extracts obtained from SC-CO, extraction and methanol extraction

Sum of Squares df Mean Square F Sig.
[6]-gingerol Between Groups 527233.803 2 263616.901 86778.011 .000
contents Within Groups 45.567 15 3.038
Total 527279.370 17
Total phenolic  Between Groups 102909.240 2 51454.620 3518.265 .000
contents Within Groups 219.375 15 14.625
Total 103128.615 17
EC,, Between Groups 43550 2 21.775 26.691 .000
DPPH Within Groups 12.237 15 816
Total 55.787 17
TEAC, Between Groups 3.714 2 1.857 665.263 .000
ABTS Within Groups 042 15 .003
Total 3.756 17
TEAC, Between Groups 4383 2 2.191 2160.115 .000
FRAP Within Groups 015 15 .001
Total 4398 17
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Appendix Table 5. Analysis of variance in [6]-gingerol contents of crude ginger extracts during

storage at -20.0, 4.0 and 27.0°C for 0, 1, 2, 3 and 4 months

Type III Sum
Source of Squares df Mean Square F Sig.
TEMP 1.935 2 967 304 739
TIME 2.715 4 .679 213 930
TEMP * TIME 17.510 8 2.189 .687 701
Error 238.891 75 3.185

a R Squared = .085 (Adjusted R Squared =-.086)

Appendix Table 6. Analysis of variance in total phenolic contents of crude ginger extracts during

storage at -20.0, 4.0 and 27.0°C for 0, 1, 2, 3 and 4 months

Type III Sum
Source of Squares df Mean Square F Sig.
TEMP 18.217 2 9.108 1.414 250
TIME 163.178 4 40.794 6.332 .000
TEMP * TIME 45.922 8 5.740 .891 528
Error 483.208 75 6.443

a R Squared =.320 (Adjusted R Squared =.193)

Appendix Table 7. Analysis of variance in antioxidant properties of crude ginger extracts during

storage at -20.0, 4.0 and 27.0°C for 0, 1, 2, 3 and 4 months as determined by

DPPH radical scavenging activity

Type III Sum

Source of Squares df Mean Square F Sig.
TEMP 370 2 185 .848 432
TIME 1.998 4 .500 2.288 .068
TEMP * TIME 1.249 8 156 715 .678
Error 16.377 75 218

a R Squared =.181 (Adjusted R Squared = .028)
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Appendix Table 8. Analysis of variance in antioxidant properties of crude ginger extracts

during storage at -20.0, 4.0 and 27.0°C for 0, 1, 2, 3 and 4 months as

determined by ABTS radical scavenging activity

Type III Sum

Source of Squares df Mean Square F Sig.
TEMP .005 2 .003 1.707 .188
TIME .010 4 .003 1.694 .160
TEMP * TIME .011 8 .001 914 510
Error 11 75 .001

a R Squared = .189 (Adjusted R Squared = .038)

Appendix Table 9. Analysis of variance in antioxidant properties of crude ginger extracts during

storage at -20.0, 4.0 and 27.0°C for 0, 1, 2, 3 and 4 months as determined by

FRAP
Type III Sum
Source of Squares df Mean Square F Sig.
TEMP .001 2 .000 456 .635
TIME .003 4 .001 .969 430
TEMP * TIME .015 8 .002 2.296 .029
Error .060 75 .001

a R Squared = .236 (Adjusted R Squared = .093)
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Appendix Table 10. Analysis of variance in chemical properties of ice creams obtained from 6

different formulas

Sum of
Squares df Mean Square F Sig.
pH Between Groups .071 5 .014 71.888 .000
Within Groups .006 30 .000
Total .077 35
Total solids Between Groups 598.533 5 119.707  9493.820 .000
Within Groups 378 30 .013
Total 598.911 35
Fat Between Groups 115.415 5 23.083 375.506 .000
Within Groups 1.844 30 .061

Total 117.259 35
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Appendix Table 11. Analysis of variance in physical measurements of ice creams obtained from

6 different formulas

Sum of
Squares df Mean Square F Sig.
Viscosity Between Groups 7800.773 5 1560.155 182.968 .000
Within Groups 255.808 30 8.527
Total 8056.580 35
Overun Between Groups 1518.806 5 303.761 12.832 .000
Within Groups 710.187 30 23.673
Total 2228.993 35
L* Between Groups 19918 5 3.984 59.847 .000
Within Groups 1.997 30 .067
Total 21915 35
a* Between Groups 7.273 5 1.455 395.085 .000
Within Groups 110 30 .004
Total 7.383 35
b* Between Groups 81.362 5 16.272  193.963 .000
Within Groups 2.517 30 .084
Total 83.879 35
Melting rate  Between Groups 3.438 5 .688  229.080 .000
Within Groups .090 30 .003
Total 3.528 35
Hardness Between Groups 59480.528 5 11896.106 33.842 .000
Within Groups 10545436 30 351.515
Total 70025.964 35
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Appendix Table 12. Analysis of variance in average acceptance scores (color attribute) of ice

creams obtained from 6 different formulas

Type III Sum

Source of Squares df Mean Square F Sig.
PANALIST 64.467 29 2.223 9.298 .000
TREATMENT .667 5 133 558 732
Error 34.667 145 239

a R Squared =.653 (Adjusted R Squared =.571)

Appendix Table 13. Analysis of variance in average acceptance scores (appearance attribute) of

ice creams obtained from 6 different formulas

Type III Sum
Source of Squares df Mean Square F Sig.
PANALIST 55.244 29 1.905 4.925 .000
TREATMENT 578 5 116 299 913
Error 56.089 145 387

a R Squared = .499 (Adjusted R Squared = .381)

Appendix Table 14. Analysis of variance in average acceptance scores (hardness attribute) of

ice creams obtained from 6 different formulas

Type III Sum

Source of Squares df Mean Square F Sig.
PANALIST 101.561 29 3.502 5.410 .000
TREATMENT 5.294 5 1.059 1.636 154
Error 93.872 145 .647

a R Squared =.532 (Adjusted R Squared = .423)
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Appendix Table 15. Analysis of variance in average acceptance scores (smoothness attribute) of

ice creams obtained from 6 different formulas

Type III Sum
Source of Squares df Mean Square F Sig.
PANALIST 102.117 29 3.521 5.957 .000
TREATMENT 7.117 5 1.423 2.408 .039
Error 85.717 145 591

a R Squared = .560 (Adjusted R Squared = .457)

Appendix Table 16. Analysis of variance in average acceptance scores (sweetness attribute) of

ice creams obtained from 6 different formulas

Type LI Sum
Source of Squares df Mean Square F Sig.
PANALIST 93.050 29 3.209 4.434 .000
TREATMENT 10.583 5 2.117 2.925 .015
Error 104.917 145 724

a R Squared = .497 (Adjusted R Squared = .379)
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Appendix Table 17. Analysis of variance in average acceptance scores (ice cream flavor

attribute) of ice creams obtained from 6 different formulas

Type III Sum
Source of Squares df Mean Square F Sig.
PANALIST 73911 29 2.549 2.647 .000
TREATMENT 12.711 5 2.542 2.640 .026
Error 139.622 145 963

a R Squared = .383 (Adjusted R Squared = .238)

Appendix Table 18. Analysis of variance in average acceptance scores (overall acceptance

attribute) of ice creams obtained from 6 different formulas

Type LI Sum
Source of Squares df Mean Square F Sig.
PANALIST 82.200 29 2.834 3.292 .000
TREATMENT 16.133 5 3.227 3.747 .003
Error 124.867 145 .861

a R Squared = .441 (Adjusted R Squared = .309)



Appendix Table 19. Analysis of variance in properties of ice creams

concentrations of crude ginger extracts

203

containing different

Sum of
Squares df  Mean Square F Sig.
pH Between Groups .000 3 .000 .071 975
Within Groups .002 20 .000
Total .002 23
Total solids Between Groups 1.789 3 596 304.274 .000
Within Groups .039 20 .002
Total 1.828 23
Fat Between Groups .031 3 .010 .162 921
Within Groups 1.293 20 .065
Total 1.325 23
Viscosity Between Groups 3.401 3 1.134 .168 917
Within Groups 135.269 20 6.763
Total 138.670 23
Overun Between Groups 111.557 3 37.186 3.101 .050
Within Groups 239.859 20 11.993
Total 351.416 23
L* Between Groups 1.912 3 .637 4.326 .017
Within Groups 2.947 20 147
Total 4.859 23
a* Between Groups 4.298 3 1.433  16.278 .000
Within Groups 1.760 20 .088
Total 6.059 23
b* Between Groups 53.758 3 17.919 298.314 .000
Within Groups 1.201 20 .060

Total 54.959 23
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Appendix Table 19. Analysis of variance in properties of ice creams containing different

concentrations of crude ginger extracts (Cont.)

Sum of
Squares df Mean Square F Sig.
Melting rate Between Groups .019 3 .006 11.303 .000
Within Groups 011 20 .001
Total .031 23
Hardness Between Groups 2758.193 3 919.398 1.160 .349
Within Groups 15847.078 20 792.354
Total 18605.271 23
[6]-gingerol Between Groups 160617.665 3 53539.222  118522.590 .000
contents Within Groups 9.034 20 452
Total 160626.700 23
Total phenolic Between Groups 212141.356 3 70713.785 784.023 .000
contents Within Groups 1803.870 20 90.193
Total 213945.226 23
EC,,, Between Groups 3260.752 3 1086.917 379.536 .000
DPPH Within Groups 57.276 20 2.864
Total 3318.028 23
TEAC, Between Groups 8.353 3 2.784 891.975 .000
ABTS Within Groups 062 20 .003
Total 8.416 23
TEAC, Between Groups 5.980 3 1.993 541.082 .000
FRAP Within Groups .074 20 .004

Total 6.054 23
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Appendix Table 20. Analysis of variance in average acceptance scores (color attribute) of ice

creams containing different concentrations of crude ginger extracts

Type III Sum
Source of Squares df Mean Square F Sig.
PANALIST 50.967 29 1.757 9.536 .000
TREATMENT 467 3 156 .844 473
Error 16.033 87 184

a R Squared =.762 (Adjusted R Squared = .675)

Appendix Table 21. Analysis of variance in average acceptance scores (appearance attribute) of

ice creams containing different concentrations of crude ginger extracts

Type III Sum

Source of Squares df Mean Square F Sig.
PANALIST 38.542 29 1.329 3.573 .000
TREATMENT .892 3 297 799 498
Error 32.358 87 372

a R Squared =.549 (Adjusted R Squared = .383)

Appendix Table 22. Analysis of variance in average acceptance scores (hardness attribute) of

ice creams containing different concentrations of crude ginger extracts

Type III Sum
Source of Squares df Mean Square F Sig.
PANALIST 74.867 29 2.582 5.105 .000
TREATMENT 3.000 3 1.000 1.977 123
Error 44.000 87 .506

a R Squared = .639 (Adjusted R Squared = .506)
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Appendix Table 23. Analysis of variance in average acceptance scores (smoothness attribute) of

ice creams containing different concentrations of crude ginger extracts

Type III Sum of

Source Squares df Mean Square F Sig.
PANALIST 41.167 29 1.420 8.289 .000
TREATMENT 1.100 3 367 2.141 101
Error 14.900 87 A71

a R Squared =.739 (Adjusted R Squared = .643)

Appendix Table 24. Analysis of variance in average acceptance scores (sweetness attribute) of

ice creams containing different concentrations of crude ginger extracts

Type LI Sum
Source of Squares df Mean Square F Sig.
PANALIST 100.800 29 3.476 7.598 .000
TREATMENT .200 3 .067 .146 932
Error 39.800 87 457

a R Squared =.717 (Adjusted R Squared = .613)
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Appendix Table 25. Analysis of variance in average acceptance scores (ice cream flavor

attribute) of ice creams containing different concentrations of crude ginger

extracts

Type III Sum

Source of Squares df Mean Square F Sig.
PANALIST 78.842 29 2.719 3.912 .000
TREATMENT 3.292 3 1.097 1.579 .200
Error 60.458 87 .695

a R Squared = .576 (Adjusted R Squared = .420)

Appendix Table 26. Analysis of variance in average acceptance scores (overall acceptance

attribute) of ice creams containing different concentrations of crude ginger

extracts

Type III Sum

Source of Squares df Mean Square F Sig.
PANALIST 47.175 29 1.627 2.612 .000
TREATMENT 5.558 3 1.853 2.974 .036
Error 54.192 87 .623

a R Squared = .493 (Adjusted R Squared = .307)
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Appendix Table 27. Analysis of variance in properties of control ice cream during storage at

-20.0°C for 0, 15, 30, 45 and 60 days

Sum of
Squares  df  Mean Square F Sig.
pH Between Groups .014 4 .004  10.990 .000
Within Groups .008 25 .000
Total 022 29
Total solids ~ Between Groups 337 4 .084 1.970 130
Within Groups 1.070 25 .043
Total 1.408 29
L* Between Groups 8.698 4 2.174  19.935 .000
Within Groups 2727 25 109
Total 11.425 29
a* Between Groups .057 4 .014 2.465 .071
Within Groups 144 25 .006
Total 200 29
b* Between Groups 2.239 4 .560 3.465 .022
Within Groups 4.038 25 162
Total 6.277 29
Hardness Between Groups 2124.395 4 531.099 1.028 412
Within Groups 12914.412 25 516.576
Total 15038.807 29
Melting rate  Between Groups .190 4 .048 2.677 .055
Within Groups 444 25 .018
Total 634 29
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Appendix Table 27. Analysis of variance in properties of control ice cream during storage at

-20.0°C for 0, 15, 30, 45 and 60 days (Cont.)

Sum of
Squares  df  Mean Square F Sig.
EC,, Between Groups 116.181 4 29.045 6.682 .001
DPPH Within Groups 108.665 25 4.347
Total 224846 29
TEAC, Between Groups 015 4 .004  39.786 .000
ABTS Within Groups 002 25 .000
Total 017 29
TEAC, Between Groups 013 4 .003 4.437 .008
FRAP Within Groups 018 25 .001

Total 032 29
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Appendix Table 28. Analysis of variance in properties of ice cream containing 0.065% crude

ginger extract during storage at -20.0°C for 0, 15, 30, 45 and 60 days

Sum of
Squares df  Mean Square F Sig.
pH Between Groups .016 4 .004 13.439 .000
Within Groups .007 25 .000
Total .023 29
Total solids Between Groups 281 4 .070 2.293 .088
Within Groups 765 25 .031
Total 1.046 29
L* Between Groups 4.409 4 1.102 16.719 .000
Within Groups 1.648 25 .066
Total 6.057 29
a* Between Groups 902 4 225 12.905 .000
Within Groups 437 25 .017
Total 1.338 29
b* Between Groups 11.005 4 2.751 14.491 .000
Within Groups 4.747 25 .190
Total 15.752 29
Hardness Between Groups 4919.456 4 1229.864 2.609 .060
Within Groups 11784.943 25 471.398
Total 16704.399 29
Melting rate ~ Between Groups 104 4 .026 1.433 252
Within Groups 453 25 .018
Total 557 29




Appendix Table 28. Analysis of variance in properties of ice cream containing 0.065% crude

ginger extract during storage at -20.0°C for 0, 15, 30, 45 and 60 days
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(Cont.)
Sum of
Squares df  Mean Square F Sig.
[6]-gingerol Between Groups 93.637 4 23.409 2.486 .069
contents Within Groups 235.452 25 9.418
Total 329.089 29
Total phenolic Between Groups 485.734 4 121.433 .790 .543
contents Within Groups 3844.824 25 153.793
Total 4330.558 29
EC,, Between Groups 2.766 4 .691 2.257 .091
DPPH Within Groups 7.658 25 306
Total 10.424 29
TEAC, Between Groups 124 4 .031 61.462 .000
ABTS Within Groups .013 25 .001
Total 136 29
TEAC, Between Groups .023 4 .006 4.562 .007
FRAP Within Groups .032 25 .001
Total .055 29
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Appendix Table 29. Analysis of variance in average acceptance scores (color attribute) of control

ice cream during storage at -20.0°C for 0, 15, 30, 45 and 60 days

Type III Sum
Source of Squares df Mean Square F Sig.
TIME 1.147 4 287 .646 .632
PANALIST 7.147 14 510 1.150 338
Error 24.853 56 444

a R Squared = .250 (Adjusted R Squared = .009)

Appendix Table 30. Analysis of variance in average acceptance scores (appearance attribute) of

control ice cream during storage at -20.0°C for 0, 15, 30, 45 and 60 days

Type III Sum

Source of Squares df Mean Square F Sig.
TIME .613 4 153 409 .801
PANALIST 3.547 14 253 .676 787
Error 20.987 56 375

a R Squared =.165 (Adjusted R Squared =-.103)

Appendix Table 31. Analysis of variance in average acceptance scores (hardness attribute) of

control ice cream during storage at -20.0°C for 0, 15, 30, 45 and 60 days

Type III Sum

Source of Squares df Mean Square F Sig.
TIME 1.147 4 287 .589 672
PANALIST 4.747 14 339 .697 768
Error 27.253 56 487

a R Squared =.178 (Adjusted R Squared = -.086)
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Appendix Table 32.Analysis of variance in average acceptance scores (smoothness attribute) of

control ice cream during storage at -20.0°C for 0, 15, 30, 45 and 60 days

Type III Sum
Source of Squares df Mean Square F Sig.
TIME 2.213 4 553 1.084 373
PANALIST 6.347 14 453 .888 575
Error 28.587 56 510

a R Squared = .230 (Adjusted R Squared =-.017)

Appendix Table 33. Analysis of variance in average acceptance scores (sweetness attribute) of

control ice cream during storage at -20.0°C for 0, 15, 30, 45 and 60 days

Type II Sum
Source of Squares df Mean Square F Sig.
TIME 3.067 4 767 1.019 406
PANALIST 5.467 14 390 519 912
Error 42.133 56 752

a R Squared = .168 (Adjusted R Squared =-.099)

Appendix Table 34. Analysis of variance in average acceptance scores (ice cream flavor

attribute) of control ice cream during storage at -20.0°C for 0, 15, 30, 45

and 60 days

Type III Sum

Source of Squares df Mean Square F Sig.
TIME .667 4 167 240 915
PANALIST 10.400 14 743 1.068 405
Error 38.933 56 .695

a R Squared =.

221 (Adjusted R Squared = -.029)



214

Appendix Table 35. Analysis of variance in average acceptance scores (overall acceptance
attribute) of control ice cream during storage at -20.0°C for 0, 15, 30, 45

and 60 days

Type III Sum

Source of Squares df Mean Square F Sig.
TIME .080 4 .020 .041 997
PANALIST 7.147 14 510 1.039 431
Error 27.520 56 491

a R Squared = .208 (Adjusted R Squared =-.047)

Appendix Table 36. Analysis of variance in average acceptance scores (color attribute) of ice
cream containing 0.065% crude ginger extract during storage at -20.0°C

for 0, 15, 30, 45 and 60 days

Type III Sum
Source of Squares df Mean Square F Sig.
TIME 1.733 4 433 968 432
PANALIST 11.200 14 .800 1.787 .064
Error 25.067 56 448

a R Squared = .340 (Adjusted R Squared = .128)

Appendix Table 37. Analysis of variance in average acceptance scores (appearance attribute) of
ice cream containing 0.065% crude ginger extract during storage at

-20.0°C for 0, 15, 30, 45 and 60 days

Type III Sum of

Source Squares df Mean Square F Sig.
TIME 1.013 4 253 526 717
PANALIST 10.480 14 749 1.553 123
Error 26.987 56 482

a R Squared = .299 (Adjusted R Squared = .073)
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Appendix Table 38. Analysis of variance in average acceptance scores (hardness attribute) of

ice cream containing 0.065% crude ginger extract during storage at

-20.0°C for 0, 15, 30, 45 and 60 days

Type III Sum

Source of Squares df Mean Square F Sig.
TIME 1.387 4 347 567 .687
PANALIST 12.720 14 .909 1.487 .146
Error 34.213 56 611

a R Squared = .292 (Adjusted R Squared = .064)

Appendix Table 39. Analysis of variance in average acceptance scores (smoothness attribute) of

ice cream containing 0.065% crude ginger extract during storage at

-20.0°C for 0, 15, 30, 45 and 60 days

Type III Sum
Source of Squares df Mean Square F Sig.
TIME .987 4 247 .259 .903
PANALIST 10.987 14 785 .823 .642
Error 53.413 56 954

a R Squared = .183 (Adjusted R Squared =-.079)

Appendix Table 40. Analysis of variance in average acceptance scores (sweetness attribute) of

ice cream containing 0.065% crude ginger extract during storage at -20.0°C

for 0, 15, 30, 45 and 60 days

Type III Sum

Source of Squares df Mean Square F Sig.
TIME 3.333 4 .833 1.563 197
PANALIST 4.800 14 343 .643 817
Error 29.867 56 .533

a R Squared = .214 (Adjusted R Squared =-.039)
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Appendix Table 41. Analysis of variance in average acceptance scores (ice cream flavor attribute)

of ice cream containing 0.065% crude ginger extract during storage at

-20.0°C for 0, 15, 30, 45 and 60 days

Type III Sum
Source of Squares df Mean Square F Sig.
TIME 2.133 4 533 872 487
PANALIST 6.267 14 448 732 734
Error 34.267 56 612

a R Squared =.197 (Adjusted R Squared =-.061)

Appendix Table 42. Analysis of variance in average acceptance scores (overall acceptance

attribute) of ice cream containing 0.065% crude ginger extract during

storage at -20.0°C for 0, 15, 30, 45 and 60 days

Type III Sum
Source of Squares df Mean Square F Sig.
TIME 747 4 187 353 .841
PANALIST 6.347 14 453 .856 .608
Error 29.653 56 530

a R Squared =.

193 (Adjusted R Squared = -.066)
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Appendix Table 43. Analysis of variance in properties of ice creams containing crude ginger

extracts (0.000% and 0.065%) and commercial ice creams

Sum of Mean
Squares df Square F Sig.

pH Between Groups 443 3 .148 362.737  .000

Within Groups .008 20 .000

Total 452 23
Fat Between Groups 30.974 3 10.325 73.150  .000

Within Groups 2.823 20 141

Total 33.796 23
Total solids Between Groups 56.553 3 18.851 210.854  .000

Within Groups 1.788 20 .089

Total 58.341 23
Total phenolic Between Groups  273990.885 3 91330.295 2342.509  .000
contents Within Groups 779.765 20 38.988

Total 274770.650 23
EC,,, Between Groups 8347.396 3 2782.465 660.601  .000
DPPH Within Groups 84.240 20 4.212

Total 8431.637 23
TEAC, Between Groups 5.390 3 1.797 7839.436  .000
ABTS Within Groups .005 20 .000

Total 5.394 23
TEAC, Between Groups 5.198 3 1.733 134.986  .000
FRAP Within Groups 257 20 .013

Total 5.454 23
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