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Table 13 %t}

Table 1. Physical properties of ginger essential oil (20°C)

Liquid CO Vapor distillation

Properties

~ 0.882
1488 ~ 1.494

0.87

0.950 ~ 0.975

Relative density

1.500 ~ 1.520

-15

Refractive index

-28 ~ -45

-35

Specific rotation
70% Alcohol (V/V)

1:9

1:1

sesquiterpene

=
K3

ojty. 1
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monoterpenes % ¢ AT} sesquiterpene hydrocarbon®l = a-zingiberene
o] 15~30%, B-bisaboblene 6~12%, arcurcumene 5~19%, a-farnesene
3~10%, B-sesquiphellandrene 7~10%7} *¥3t%5 o] At} NeralE Al <] 3s}t
a1, FEH o] Y2 monoterpene hydrocarbonsi= ¢F 2%%F &f-5 o] ¢
Ishimur 9+ ZA3¥ 8-cineole, linalool, citronellyl acetate, borneol,
geranial, geraniole] A7 &S W= F8 AR Aoz T (31).

2) Gingerol

Gingerols7} FZ o|& A &Eo] gingerolo]th. A7 mjLuls Y=
AEoly tdst =42 FAAH E3E0|t. gingerolo] & 3-methoxyl
Hol vt 7le I AAdE Ay

ot

-4-hydroxylphenyl 7] ] X
u}2} gingerolE shogaols, zingiber officinale roscoediones, gingerdiols,
gingerols, zingiber officinale roscoeones, paradols® 67} = #a& I
At " FAELS 6-gingerdione, 6-gingerol, 8-gingerol, 10-gingerol,
6-shogaol, 8-shogaol, 10-shogaol® & Y& & Ut} o7 A+ A
gingerols®= A7 Y8 ¥3xo] ¢om zingerones® shogaolse A7

& AAstAY ZhEsts FANA BT = ARl B Hv (32).

3) Diphenylheptane

Diarylheptanoids= 1, 7-diphenyl®] $F%¥ o] 3 heptane &F24 o %
o]Folz ylole] FFE FHo|th. AT A diarylheptanoidsel] AL
3} 7150l e Aew wEgam, 1996l A7 dichloromethaned] 4]

diarylheptanoids 57}# & Egl&) Wt} (33).



2. 3749 A4 284 7%

1) #4871

1980t S RF Chene Aol Z#H3 3d4kst 7lso] das TdAH
(34). L & W& st A dAkst A&l gk &g A5 319
gtk (5, 7. 35). 19943 Aeschbach® Ao <std, A 4kstA <l
butylated hydroxy anisol(BHA)W butylated hydroxytoluene(BHT) G ©]
FbAe] olf' A&l Aol Uttes AS nHT W AFoA d&
T A gingerols®= HIEHIE A& 43}t Ve & ¢ e, A &

AEtAE A F dS Aew FAHAY (36). SukEB. &= Aol A

A

7F AT (37).

Kikuzaki= A% dichloride®] 4] gingerols& 57}# ¢} diphenylheptane
3t & 137FAE F=3lar ferric  thiocyanate — assay(FTP)$}
thiobarbituric acid (TBA)H <= AR&3] I4tst @4 =E SAHIAHE33).
Kota &% A&2Ql A4 H&ol Ax7 AstE T3 vss A= A

S A vt Ba skt (38).

2) 284714 7%
W7ol P74 Aute] Fom AR/ B AFH el BuE F5a,
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curcumino] A#HE F A H9 A3t & A(saccharase, lipase,

a3 Al Platel &
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A& FAYT (46). Surh.Y.] ICRAEE # IAF TISe o]&3)

6-gingerole] T A= QA9 FHES 9E F des Lokt =
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6-gingerols =5 -0 Ap&3tW 7, 12-bis-phenylanthracene = <1l A
4A ICR 29§ A #5383 2FL AT & AeS WA

(47). Lee's < 30~50 uM<e] 6-gingerol® HL-60A|3 <] DNAZAY I &5
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Penna®l A7 A3 47 4me FEBS BEF FNA Agsd

(carrageenan)®} 5-HTOo. 2 <Qlgh o] R7|e} i FFo] AA A=

Ades & F dATt. o]EA A9 &7} 5-hydroxy-tryptamine(5-HT)
FE&A Ay FAYSES & F AT (49). Youngs < 6-gingerol”7t

cycloxygenase?} lipoxygenase®] &4 EE Y33 prostaglandin® 343
AEgds T F Aus AL oyt
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sl A8k 57 m = Ewmol AFES sk = o] Vb =3I a9 2
A S Weolt} (86).
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544 2ol
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Aol FfrEo e FHHZH FEEZAN Fol stol=FAHd FEo] 2
+dl 9 Al polyphenoloxidase(PPO) Zull 2F-&o ozl 4 A wk-g-go} (87).
2 712 71d, B, Abae] 37HA 23l dastt VELe Fl
w2l 24 F2 ¥HEF EZo|Y, phenolic hydroxyl groupel wheh
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Ut old dAeF 2242 A UAEEdE F2 E5stE it
A, Z4WS do7]E= §4E polyphenoloxidase (PPO), phenylalanine

ammonialyase (PAL), peroxidase (POD), catalase (CAT) %o] ¢4
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AL gFE 7]Eo] ExFHo] i, PPO= M aAdl 4]
stol =240 9F 8¢l glol= PPOS 7[Ho]l w3 4 gl7] wjEolth
HukS o = 7lx] @A E o] Fo] x]=4d], monohydric phenol
o] dihydric phenol® <4Fs} ¥ 31, dihydric phynol®] ©A] diquinone®l =
AbstE . PPO= o= A= WdA el o, &71=, %3+, metal ion

chelating agent, #Hl& 7| dF 4o 93] A= o+ JAvh(87, 88, 89).

3]

-
o] A E EIAIIAY AAYE F3 pHE =43ste] =
Ay A& 5A 2 345 A] metal ion chelating agent 58 7}l AF

A5 A7skE B Sol ARSETRES, 89, 90).
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Fig 2. Picture of the microwave vacuum drying system
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Fig 3. Picture of the microwave vacuum freeze drying system
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Fig. 5 Qualification of 6-gingerol with HPLC result
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Table 2. Analysis condition of HPLC for 6-gingerol

Column Zorbox, C-18 (4.6x250)

Mobile phase Acetonitrile-water (38 : 62, v/v)
Column temperature 40T

Flow rate Iml/min.

Detector UV detector(wave length : 280nm)

A7 A A 6-gingerol®] #F& #k(Fig. 52 20.77 min. &=
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2) 5% 4% 299 I+ A4

i
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M
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@ A A7} Flash Chromatography &
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APAARES 5 AT & FEF b MgSO2 GFA7]aL &ujE A
ke ! 1.1g9] oil’d = Ao Adojzl oildES flash

chromatography(®2.5x70cm, silica gel 70-230 mesh, Merck)ZE o] & &}
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Fig. 6 Drying curve of peeled ginger using various drying methods
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Fig. 7 Drying curve of ginger patty using various drying methods
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Table 3. Composition of peeled ginger and ginger patty with various drying

methods
Composition (%, dry basis)
Treatments Crude Crude
Crude fat Crude ash
protein fiber
SSD 5.1 £ 0.02 2.2 £ 0.01 4.2 = 0.25 3.3 £ 0.08
peeled SSHA
8.6 = 0.00 2.6 £ 0.47 5.1 £ 0.26 4.2 + 0.18
ginger D
HAD 10.0 + 0.01 3.6 = 0.20 5.6 £ 0.24 4.8+ 0.00
SSD 6.0 £ 0.13 2.7 £ 0.32 51 = 1.18 4.0 £ 0.12
Ginger SSHA
8.7 + 0.01 3.2 + 0.06 5.2 + 0.52 3.8 £ 0.05
patty D
HAD 11.7 + 0.02 3.9 + 0.36 6.1 £ 0.15 5.4 + 0.00
® A%
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WATh A 7] FollA 1 AXAZEe] ofel ARste] ofafA whe

b #te Hel Zom Andn AxHow Fig. 93 #Zo] #dF7] &

X 7A%E 3 SSHADO =3y A7) L'zke] 72.97 , a"gto] 0.38
283 b gko] 20182 AY T Ut L F A AEE Ued Ao
2 poE

Table 4. CIE color of peeled ginger and ginger patty with various drying

methods
CIE color
Treatments
L*-value a-value b-value
SSD 67.69 = 0.32 4.60 = 0.16 27.22 £ 0.29
peeled SSHA
72.97 + 1.03 0.38 + 0.21 29.18 = 0.59
ginger D
HAD 77.21 £ 0.81 0.52 £ 0.11 23.33 + 0.17
SSD 60.80 = 0.62 6.70 = 0.37 23.12 = 0.44
Ginger SSHA
67.84 =+ 0.44 2.56 = 0.21 25.53 + 0.32
patty D
HAD 78.42 + 0.55 0.43 = 0.13 19.62 + 0.28
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Fig. 8 Chromaticity comparison of peeled ginger(a) and ginger patty(b) with

various drying methods
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Table 5. Results of the microwave vacuum drying and the microwave freeze

drying system

Product name

Ginger Weight Weight MC Drying Max Pressure MW-
before after before time Temp Power
MW-Vacuum-
drying*
Trial 1 500g 1159 74% 10% 2h 100°C- | 25mbar- 3kW —
Tuber, 120°C 17mbar 0,6kW
temperature
detection error
Trial 2 500g 1259 74% 3% 1h 80°C- 23mbar- 1KW —
Tuber, Faster 45min | 100°C 16mbar 0,2kW
drying
Trial 3 500g 1229 74% T% 2h 80°C- 19mbar- TKW —
Tuber, Slower 40min 90°C 13mbar 0,1kW
drying
Trial 5 350g 105g 74% 2,5%- 1h 80- 15mbar- 1kW-
Slices 1-3mm , 3,8% 100°C 20mbar 0,2kW
fast drying
MW-Freeze-
drying**
Trial 4 42g 74% 4.5% 4h 40°C- | 0,7mbar- | 0,2kW-
Tuber, lower 10min 50°C 2,5mbar 0,1kW
power
Trial 6 200g 529 74% 5,7%- 3h 50°C- | 0,7mbar- | 0,3kW-
Tuber, higher 6,9% 30min 60°C 3,5mbar 0,2kW
power
Q@ AW AxE9 5
AAE o] g3t MFax g Ao 542 Fig. 120] AAl# wvf
b 2ol AL vehla YA ol ANe ARt ZAHW
A AR A A qhgo] 7]l Aow HWlY, T3 Solg
AP A EWO] AYA = =84 Wdo] yErwth e A o
Fol AiEs et d7lel dEAAIE Bl AEHe Aol
ALt ol d g Edtol~ g AAdAME vEyH H S dx
Sre e 4 mud AR HF 9 A9s A4 A f4b
shAl YEFRtH(Fig. 13) 2 Ad@eA 7H o dyaes dA9 54
Az Ae Ao, durHd B4 Az 3 AEAA} 2ol 47
of FEjvt Qe Wyo] v Hu ALY EAS IR HAT A
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Fig. 12 Morphology of the whole bulb of ginger before (left) and after

microwave vacuum drying (right)
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Fig. 13 Morphology of the sliced ginger before (left) and after microwave

vacuum drying (right)
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Fig. 14 Morphology of the whole bulb of ginger before (left) and after

microwave vacuum freeze drying (right)
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Microwave-freeze-drying

Fresh Ginger

Microwave-vacuum-drying

Fig. 15 Morphology change of dried ginger (left: before drying, middle:

microwave vacuum drying, right: microwave vacuum freeze drying)
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Fig. 16 Profile of the moisture content of ginger drying: IR drying and

vacuum IR drying
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Fig. 17 Chromaticity comparison of ginger after IR drying (A) and vacuum

IR drying (B)
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Fig. 19 Browning index results of various drying conditions
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Table 6. Chromaticity changes by hot air drying at different air velocity

Air velocity (m/s)

Color 0 m/s J m/s
IL-value 68.901+0.12 69.17 +£0.20
a-value 2.50+0.08 2.53 1£0.17

b-value  24.031£0.05 23.27 £0.31

6 m/s
70.07 £0.09
2.43 £0.26
24.43 £0.12

_49_




Table 7. Chromaticity changes by IR drying at various IR intensity

IR Intensity (V)

Color 100 150 200
L-value 68.20 +0.36 58.20 +0.24 55.13 £0.12
a-value 3.23 +0.09 8.60 10.12 9.90 +0.24
b-value 25.40 +0.16 26.17 £0.12 24.43 +0.12
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200
49.37 £0.27
6.97 +0.17
17.77 £0.17

150
71.77 £0.12
2.67 £0.12
26.03 £0.05

in vacuum drying

100
73.93 £0.12
0.90 +0.08

IR Intensity (V)
24.03 £0.09

Table 8. Chromaticity changes by vacuum IR drying at various IR intensity
Color
L-value
a-value

_ b-value
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Az § dAAg BHem {718 E o 3 Sl

(Soxhlet) =W AldstAH(Table 9). 7]
=¥ HAAYoAME n-hexanes H|j2 AE3¥S uw 126 ppm,

diethyl Ehter= 122 ppm, cloroform<> 255 ppm, ethanol< 335 ppm<

2 et gfe] SAe] Skl weEk FE0] o A& o R o Fo
Az Aoz BAHT Ee acetones o] &3 44 Y (Soxhlet) F&
o2 HAg g Az AE 6-gingerol o] 14 ppmo = w5 A

HE Ao Ye

"
oy

Table 9. Quantification of extracted 6-gingerol from ginger using two

extraction methods with various solvent
6-gingerol
Extraction methods Organic solvent

(ppm)
Reflux n-Hexane 122
Reflux Diethyl Ether 126
Reflux Chloroform 255
Reflux Ethanol 335
Soxhlet Acetone 14

AA A& SoxhletFEFHEU= SFFaWe FE5a80° 5%

Ao veion, $9% #FFEE A4S 49 F AUsow
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=Alo] =2 ethanololA FEF2&°] 335 ppme & 7} =t uet
A EESE o83 FFFEFHE IAHY Ho=z ALEst= Aol AT

shsich.

@ A=
Ex 0 ml& 77 7718 v& ol&ste] Al
s AHe] wep ZeFEHa pAFEAY R dA s A8

At (Table 10).

%QH' ELE A 71}%0“ 5

"

TAFEHS &we] FEE8&S Hluws7] 9389 n-hexane,
diethyl ehter : n-hexane (1:1)&3%-8& <  diethyl ehterE &vwlZ A}&
3to] F&E3 5 6-gingerole] #2413 Ay zHzF 27.08 ppm, 34.41 ppm,

pmO & ERY diethyl Ehteroll A 71 & &4 o= FZE ¥t

p
A% 2 AW Fo 4¥el vF Ffue] A Amt 4% 4%
[ex]

o WA Jda Ao FFH 6-gingerol®] FEF E&S H Y]
sty &E28ujE  ethanol®} methanols AF&3te] M a3 T

EthanolS €#&wj& AL83tH S wofi= 257 ppm, Methanol & 13.05

ppm O 2 FEF o] 6-gingerol©] ethanol® thi methanolol A © &
o8 dx3EE Aor FAHA
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Table 10. Quantification of 6-gingerol from squeezed ginger juice and

extracted ginger with hot water using two extraction methods with

various organic solvents

6-gingerol
Extraction Pretreatment Solvent
(ppm)
Ginger juice Liquid
n-Hexane 27.08
50 ml separation
Ginger juice Liquid n-Hexane :
34.41
50 ml separation Ethanol (1:1)
Ginger juice Liquid
Diethyl Ether 47.45
50 ml separation
Hot water Absorption/d
extract esorption Ethanol 2.57
50 ml using resin
Absorption/d
Hot water
esorption Methanol 13.05
extract 50 ml
using resin

A A&+ Table 1004 H=vle} 7o) diethyl ether® £vwj= 9]

&3k BE N FZ0] 6-gingerol?] F=o E& %< Ao 2 YEYT

rot

Aol wmeE wA A9} AA Az AAY L FE AH}E F
al A7 W 6-gingerol®] ¥4 Fig 209 o] ZFdhsle] IHHA

.
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® ®Fst @ AR dAy #4

a) AE 50 g& 7A%x3te] 20 mesh® 3 T 3FWzhax o
ethanol 100 mle} A Yo &= 5 1 3

2
b) FEEHE&Ae oFsta FATHFHE o8t s AA

g & Ao FHF 59 acetonitriles £33 & o] 33k h
c) acetonitrile 50 ml= F-&3to] FAAEE AFE3FA T

b. A A=
a) A& 50 ml¢ diethyl ether 50 mlE FHZu7|o] Wi =3
5 Holslo] diethyl ether®S Rt}
) ThA] =8 A =3} diethyl ether 50 mlS A Z 7)o Y11 &
st & R3] diethyl ethersg R4t}
!

o

1-1:1
lﬁ

c) diethyl ether=< =% ASHFHE o] &3t diethyl

ether& A 7 3} o}
d) 25 mIiZ AL3e] A gz AL,

c. A% % AW J¥ol GF FHE AANE

a) AlEE 97l Y3 3000 rpme = 30 w3+ A 25t

b) Aol WA odall 4+ 100 g& %L ethanol 500 ml2t

S 500 mlE 47 S8 FATh
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Fig. 20 Scheme of the analysis process for 6-gingerol in ginger
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GC/MS X423 Fig2lol A et o] FoAdFo=2=
camphene(3.4%), 6-methyl - 5-heptan-2-one (3.3%), B-phellandrene
(8.7%), Curcumene (1.5%), Zingiberene (22.5%), B-Sesquiphellandrene

(3.4%), zingernone (1.1%), hexadecanoic acid (3.8%), linoleic acid

(34.4%) o2 A=}

jundance TIC: 10011301.D\data.ms
35.548
16000
14000 60578
12000
10000
8000
6000
13.394
22.263
4000 9.504 -
20.474 !
4.490 1.220 .
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L ;m;..‘.u}ml ‘1‘1 l — TR ‘\ ‘ll’ ‘m,lrjhyl{ b . 4 ﬁ\v Hl]wnu‘l g b LT !
ne-> 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 60.00 6500 70.00

Fig. 21 GC result of the recovered oil from distillation of sliced ginger
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@ Flash Chromatography 2

undance TIC: 10010405.D\data.ms
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400000
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200000 ‘

52.853

| l |
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Fig. 22 GC result of the recovered oil using flash chromatography and n-

hexane : diethyl ether (9:1) fraction method from SDE extraction of blended

ginger
GC/MS X4y FeARoZE camphene (35%), sabinene
(6.1%), a-curcumene (5.8%), zingiberene (50.2%), a-farnesene

(6.5%), B-bisaborene (12.3%), B-sesquiphellandrene (14.7%)% ©°]3 <2

H 53] zingiberened o] =A il H AT
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a) n—hexane b) n-hexane/ether(1:1) c) diethyl ether

Fig. 23 GC result of the recovered oil using n-hexane, n-hexane/ether(1:1),

and diethyl ether from hot water extracted ginger slice

GC/MS #4 Ay EE gvoA 6-methyl-5-heptan-2-one,
1,8-cieneol, 1,2-diethyl benzene, 1,3-diethyl benzene, 3-carene, ¥
~terpinene, borneol, (+)-limonene, B-myrcene% ©] T2 EYE

© 1 zingiberene< 7 & % A %oktt.
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Abi o TIC: 10011103.0\data.ms
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Fig. 24 GC result of the concentrated recovered oil using ethanol reflux from

hot water extraction of dried ginger slice

SENL A W&ol e o5 LC +4 A gingerol ¥
2ol 335 ppm o.% YEWT. GC % GC/MSZE XAy FaAFE o
2+ terpene +¢ a-pinene (2.8%), camphene (7.4%), sabinene
(13.8%)3 curcumene (2.2%), zingiberene (48.8%), a—-amorphene
(2.6%), a-farnesene (6.0%), B-bisaborene (7.0%), B
-sesquiphellandrene (9.4%)%s ©|™ 53] zingiberene® 3% &o] wjg =

A eSO
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Fig. 25 GC result of the recovered oil from decompressed distillation of

extracted ginger juice

AFAS A TF F A4S ARE GC ¥ GC/MSE 443 F
QAAE S 2= 6-methyl-5-hepten-2-one(17.6%), 1,8-cineole(13.5%),

3-carene(3.2%), (+)-limonene(4.5%), citral(5.7%), curcumene(12.2%),
zingiberene(14.8%), a-amorphene(1.6%), a-farnesene(2.5%), B-bisabo

-rene(6.4%), B-sesquiphellandrene(5.5%)% ©] %l t}.
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Table 11. Comparison of flavor and taste of ginger juice and vacuum distilled

ginger juice based on 9 point scoring method

Spicy Ginger flavor
Condition
taste (positive)
Ginger juice 8.6 3.1 Juice: Screw press method
Distillate after 00 Q7 Distillate: Distillation with
squeeze reduced pressure

S
of GE AEs B ekt g 3FY g FHEZPE QefA
L FRAe 4% guue o ge] s Ao YAt
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3. 87 LA FAHE o] &F BYE=ES Y &F A=

1) DPPH radical scavenging activityS ©| &3 3434 7}

Vit. E¢} A7 e de F%o uE radical scavenging activityol A ek
U= Aol wiste gixzae] FAdA HFaMo=m wstdlth(Fig. 28,
29). AEE §%¥% 517 nmolA FAg IAst &3E Fig 30, 31 o #
ZF et ek A ede] ggatkst a3E vE Y] s AFEE vit. E
o] 4§ ICs #tel 0.018 mg/mLoz 2FEHAL A7 U F$ 366
mg/mL ©] Tt . ATl YEIG A o de FUd LA Vit E

Control  0.003 0.007 0.010 0.013 0.017 0.020 0.027 0.033 0.040 mgmL

Fig. 28 Chromaticity change of DPPH radical scavenging test using various

concentration of Vit E
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Control 0.667 1.333 2.000 2.667 3.333 mg/mL

Fig. 29 Chromaticity change of DPPH radical scavenging test using various

concentration of ginger oil
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Table 12. Comparison of chromaticity changes between cooking oil and ginger

oil added cooking oil

CIE color
Formulation
L*values a*-values b*-valiez
Grape seed oil 58.33+0.70 2.734+0.38 21.77£0.67
. . \ i + 3
Original oil Canola oil 60.50+1.13 1.40+0.50 10.47+0.15
Olive oil 50.20+0.46 5.93+0.25 25.83+0.80
Brown rice oil 56.13+0.35 4.50:+0.82 26.47+0.47
Grape seedoil ~ S6:550.26 2.43£0.15 21.1+0.17
_ ‘ Canolaoil 57.53+0.38 1.27+0.29 12,97 +0.31
Mixed Oil
Olive oil 48.33+0.67 4.17 +£0.06 22.77+0.38
Brown rice oil 55 80+0.10 2.00+0.26 22.53+0.23
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Abstract

Study on the drying processes and extraction methods of ginger

and the application of anti-oxidative substance

Park, Mi-Hye
Department of Food and Nutrition
Graduate school

Sungshin Women's University

In this study, three different researches were conducted in order to increase
the application of ginger. To improve the preservation properties, drying methods
were tested. To obtain the ginger oil, which is the most useful flavor substance
in the ginger, various extraction and recovery methods were tested. In addition,
anti-oxidative activities of ginger oil were quantified, along with combination of

ginger oil and salad oils.

1. Peeled ginger, and ginger patty were treated with three different drying
methods; superheated steam drying, hot air drying, and superheated steam drying
followed by hot air drying. The superheated steam drying had the shortest
drying time. Hot air drying showed the best results regarding general
composition. Hot air drying after superheated steam drying showed the best

results for CIE color and chromaticity. In general, hot air drying after the



superheated steam drying enhanced salability and drying time.

2. When the whole bulb of ginger and sliced ginger were treated with
microwave + vacuum drying and microwave + vacuum freeze drying,
microwave + vacuum drying had shorter drying time than the microwave +
vacuum freeze drying; however, they induced greater morphological and
chemical changes. Indicating that the microwave + vacuum freeze drying was
better.

3. IR drying, IR + vacuum drying, and hot air drying methods were compared
for ginger drying. IR + vacuum drying showed faster drying time than other
methods. As a results, vacuum drying after the 150 V IR drying was the most
economic drying method.

4. For the extraction of 6-gingerol, reflux extraction using ethanol was the best
for solid samples. Separated extraction using diethyl ether was the best for
ginger juice samples. Upon the purification of the extracted oil, all the methods
resulted in different yields. The fraction of flavor substances, the recovery from
the vacuum distillation of extracted ginger juice, and the recovery using
distillation from the supernatant of centrifuged extracted ginger juice showed the
greatest yield.

5. Anti-oxidant performance of ginger oil was compared with Vit E standard
using DPPH radical scavenging test. Ginger oil showed 0.5% anti-oxidant
performance of the same volume of Vit E; however, considering other useful
substances and micro-nutrients needed for human body, ginger oil still possessed
the applicability. Therefore, solubility, CIE, and the comparison of flavor and

taste of ginger oil added to salad oil were tested and showed positive results.
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