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ABSTRACT

From studying the effect of different solvents in flavoring substances extraction from
citron peel, it was found that using the mixed solvents of petroleum ether and diethyl
ether (1:1) gave more extracted substances than when only diethyl ether was used. For
the effect of extraction method on extracted substances, the result showed that
extraction with the mixture of petroleum ether and diethyl ether (1:1) gave no significant
on kinds of substance when steam distillation was used, but it gave higher amount of
extracted substances. Solvent extraction also gave more kinds and higher yield of
extracted substances than carbondioxide super critical fluid extraction and cold pressing.
When the optimum amount of extracted substances in food sample was studied, the
sensory evaluation showed that when using 2% of extracted substances (3% in glycerol),

the sample was accepted with no significantly different from when fresh peel was used.

keywords: Citron, extraction, essential oil
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2
21 ( , 2556)
(Citrusaurantium var. aurantium) Rutaceae
7-10 7.5-
10
2.2 ( , 2547)
(metabolism) 2 (catabolism)
(anabolism) (fixed oil) fatty oil
(chromatography)
2.3
1

( , 2550)



231 (distillation)

3

2311 (water distillation/hydro-distillation)

21

( , 2547; , 2550)
....... —
-mfflbnfci
21
, 2547

23.1.2 (water and steam distillation)

2.2 ( , 2547)
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,-2547)
2.3.2 (pressing)
3 sponge process, ecuelle method machine process
sponge process 2
ecuelle method
sponge process
machine  process
( , 2552)

2.3.3

(liquid-liquid extraction)

(solvent extraction)

(solid-liquid extraction)

( 2552
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extraction, SFE)

(73 , 1072.80

)

( ,2551)

235

24

isoprene

concrete
absolute
( , 2550)

(supercritical carbondioxide fluid

(31.1 )

(extraction by animal fat)

24
7-10

(2552

( , 2550)



isoprene 2 10 monoterpenes
(cyclic chain) limonene, a-terpineol, y-terpinene, a-

phellandrene, thymol, menthol, carveol (acyclic chain)
citronellal, (3-myrcene, ocimene, lavandulol, linalool 25 2.6
isoprene 3 15 sesquiterpenes

humulene, guaiol, farnesol, zingiberene, caryophyllene, a-bisabolene 2.7
isoprene 4 20 diterpenes

diterpenes
CH-*

2.4 isoprene unit

, 2550
limonene a-terpineol
2.5 monoterpenes
; , 2550
Hj
citronellal (3-myrcene

2.6 monoterpenes

, 2550



humulene guaiol

L J€

2.7 sesquiterpenes

, 2550
6
aromatic ring, benzene ring phenyl ring
aromatic ring 3 phenylpropanes
2.8
eugenol
2.8 phenylpropanes
, 2550
25 ( , 2550)
3
25.1 monoterpenes essential oils
2511 monoterpene hydrocarbon essential oils

monoterpene hydrocarbon limonene, pinene, myrcene, sabinene



2.5.1.2 ketone essential oils

carvone, enthone, camphor, thujone

2.5.1.3 aldehyde essential oils

citral, citronellal, garanial

25.1.4 ester essential oils

linalyl, acetate, methyl salicylate

2.5.1.5 alcohol essential oils

linalool, citronellol, geraniol, menthol, terpineol

2.5.1.6 phenolic essential oils
thymol, carvacrol
2.5.1.7 oxide/peroxide essential oils

(oxide/peroxide) cineole, linalool oxide

2.5.2 sesquiterpenes essential oils
25.2.1 sesquiterpenes alcohol essential oils
sesquiterpenes alcohol bisabolol, zingiberol,
santalol
2.5.2.2 sesquiterpenes essential oils

chamazulene, caryophyllene

2.5.3 phenylpropanes essential oils

2.5.3.1 eugenol/cinnamic aldehyde

2.5.3.2 anethole/estragol

2.6 ( , 2550)

(ketone)

(aldehyde)

(ester)

(alcohol)

(phenol)

patchouli alcohol,

sesquiterpenes
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2.6.1 aliphatic compounds

alcohol, aldehyde, ketone, acid ester
2.6.1.1 aliphatic hydrocarbons
[,3-trans-5-cis-undecatriene
|,3-trans-5-trans-undecatriene

2.6.1.2 aliphatic alcohols

1 3-octanol (mushroom-earthy  odor)
3-octanone

2. 9-decen-l-ol (rose
odor) ,

3. cis-3-hexen-I-ol leaf alcohol

50% 30%

4. 2-trans-6-cis-nonadien-I-ol violet leaf oil, violet

blossom oil

2.3.1.3 aliphatic aldehydes

1 hexanal
(fruity odor)

2. octanal

3. nonanal

4. decanal

5. tridecanal
2.6.1.4 aliphatic ketones

3-hydroxyl-2-butanone 2,3-butanedione

2.6.1.5 aliphatic acid and esters
3-8 4 6-12



trans-2-hexenyl acetate
cis-3-hexenyl isobutyrate

2.6.2 acyclic terpenes

2.6.2.1 acyclic terpene (C10

butyl acetate -

11

isoamyl acetate

cis-3-hexenyl acetate

10-15

sesquiterpene hydrocarbon (c1§

; myrcene,
ocimene beta-farnesne
2.6.2.2 acyclic terpene (C10 sesquiterpenealcohol (€15
1 geraniol
2. nerol trans isomer geraniol
3. linalool (rosewood oil)
80% 60-70% lily of the
valley
4, citronellol (+)-citronellol (-)-c
(+)-citronellol Boronia  citriodora
80% Eucaluptus citriodora 15-20% (-)-citronellol
50% 50%
2.6.2.3 acyclic terpene (C10 aldehydes
neral geraniol cis isomer nerol trans isomer
85%
2. citronellal (+)-citronellal (-)-citrone
(+)-citronellal 45% ' (kaffir lime leaf
oil) 80-90% (-)-citronellal java
lemon (refreshing odor)



2.6.2A acyclic terpene (c1) esters

12

linalyl acetate 30-60% (lavendin
oil) 25-50% 30-45%
2.6.3 cyclic terpenes
2.6.3.1 cyclic terpene hydrocarbons ,
1 limonene
90% (+)-limonene (-)-limonene
(-i-)-limonene (citrus odor)
(-)-limonene (mint odor)
2. terpinene
3. pinenes a-pinene |3-pinenei
Pinus palustris 65%, Pinus pinaster 70% Pinus caribaea
70-80%
2.6.3.2 cyclic terpene alcohol ethers
1 menthol (cornmint oil)
menthol
(-)-menthol (-)-menthol
2. terpinen-4-ol
3. bomeol (+)-borneol (-)-borneol
(-)-borneol (+)-borneol
olibanum
2.6.3.3 cyclic terpene ketones
1 carvone (+)-carvone (-)-carvone
(+)-carvone (-)-carvone

2. camphor

(+)-camphor



3. pulegone

4, fenchone

2.6.34 cyclic terpene esters

acetate

2.6.4 other cycloaliphatic compounds
terpene
cis-jasmone, menthyl jasmonate
dihydrojasmonat
2.6.5 aromatic compounds
2.6.5.1 aromatic alcohols

1 benzyl alcohol

2. phenylethanol

3. cinnamic alcohol
(balsam)
2.6.5.2 aromatic aldehydes

1 benzaldehyde

2. anisaldehyde

3. dihydrocinnamaldehyde
(balsam)
4. cinnamaldehyde
75%
2.6.5.3 aromatic ketones

1 4-methylacetophenone

2. benzylacetone

13

menthol

menthyl

styrax

90%



2.6.5.4 aromatic esters

1 benzyl acetate

2. phenylethyl isobutyrate

3. methyl benzoate
1
4. benzyl benzoate

concrete absolute

5. methyl cinnamate
80%
6. benzyl cinnamate
(balsam)
2.6.5.5 aromatic acid

1 benzoic acid

2. phenylacetic acid

2.6.5.6 aromatic miscellaneous compounds

anthranilate

2.6.6 phenols phenol derivatives

2.6.6.1 thymol

2.6.6.2 anethole
90%

2.6.6.3 carvacrol

2.6.6.4 eugenol
70-90%

14

Peru balsam

Alpinia
balsam oil
methyl
, 80-90%
70-95%



15

2.6.6.5 isoeugenol

2.6.6.6 safrole 80%
2.7
(2008)
1.21% 1.20%
1.05% 0.40%
citronellal citronellol limonene
(2547) 2
Ferhat (2006)
microwave accelerated distillation microwave
accelerated distillation 30 180
microwave accelerated distillation 0.42%
0.39% microwave accelerated distillation

oxygenate compounds

Hosni (2010) 4
GC GC-
MS 1.06-4.62% (
/ )
4 70 monoterpene hydrocarbons (97.59-
99.3%) limonene (92.52-97.3%) (3-pinene (1.37-1.825%)
: (<1%)
Mira (1996)

supercritical C02 extraction 313 K 323 K 1 25 MPa



0.1-10
0.5-35 /
Qiao (2007) 3
Wase Owari HS-SPME GC-MS

584.67, 505.29 494.63 |ig.g 1

3 29 3
12 5 2
limonene, linalool,y-terpinene, (3-myrcene, a-pinene octanal
Miyagawa Wase Owari
Rezzoug Louka (2009)
instantaneous controlled pressure drop DIC
D.I.C 4
D.I.C
Saharaoui (2011)

Microwave steam distillation

distillation 6

distillation

16

Guoging | Miyagawa
7371 63

Guoging |

100

Microwave steam
2

microwave steam
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3.3
331
( , 2554)
2
11 GC-
MS
Completely Randomized
Design (CRD) Duncan’s New Multiple Range Test
SPSS version 17.0
3.3.2
4
- ( , 2547)
: ( , 2549)
40 120 0.5
/
- 331
GC-Ms
331
3.3.3
(2552)
( 3% ) 1152 2.5%
hedonic
test 7 10
Randomized Complete Block Design (RCBD)
Duncan’s New Multiple Range test SPSS version

17.0
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4.1

41

Alcohols
l-penten-3-ol
ds-2-pentenol
octanol
I-linalool

Isopulegol

neoiso(iso)pulegol

(X-terpineol
f3-citronellol
trans-geraniol
nerolidol
Ketone
I-penten-3-one
Aldehydes
4-pentenal
hexanal
trans-2-hexenal
citronellal
octanal
nonanal
decanal

neral
undecanal
geranial
Hydrocarbons
a-thujene

a-pinene

, 41

0.78+0.30b
1.35+0.30b
0.33+x0.00 b
59.13+3.56 b
0.90+0.30 b
0.75+0.30Db
0.27+0.03b
32.34+x0.30 b
3.96%0.30b
3.51+0.00b

1.110.3Db

0.51+0.03b

38.64+4.16b
7.53+0.51 b

1214.22+32.11b

6.99+0.79b
3.08+0.60 b
0.30+0.49b
0.18+0.06b
3.00+0.52b
0.93+0.32b

0.18+0.03b
1.59+0.27b

2.60+0.10a
4.51+0.84a
1.10+0.00a
197.34+11.28a
3.00£1.00a
2.50+1.00a
0.90+0.10a
107.95+1.21a
13.22+0.98a
11.72+0.40a

3.71+0.09a

1.70+0.10a

128.99+14.13a
25.13+1.60

4052.56+93.75a

23.33+£2.63a

10.26x£1.97a
1.00+0.16a
0.60+0.20a
10.00+1.71a
3.10+1.07a

0.60+1.00a
5.31+0.87a

(D

20



4.1( )

sabinene

(3-pinene

P-myrcene
a-phellandrene
d-3-carene

I-imonene
cis-(3-ocimene
trans-P-ocimene
y-terpinene

a -terpinoleners
P-elemeners

cyclo isosativene"5
a-copaene
P-cubebene
trans-P-caryophyllene
epibicyclosesquiphellandren"5
a-selinene
trans-P-farnerene
a-humulene
aromadendrene
c-cadinene
d-cadinene
germacrene
rans/trans-a-farnesene
bicyclogermacrene

d-guaiene

4.1
(1:1)
(p+0.05)

49

(2554)

34.20+2.99 b
1.92+0.05b
14.76+0.24b
0.21+0.30b
0.48+0.08b
2.91+0.93b
0.33+0.10b
9.15+0.62b
3.00+0.54b
0.69+0.54
1.02+0.54
0.54+0.39
u.55+0.54b
9.69%0.54b
54.54+0.54b
0.93+0.54
0.45+0.06 b
0.45+0.05b
6.51+0.54b
0.21+0.30b
1.62+0.48b
11.74+4.14b
6.95+2.41b
10.30+3.62 b
18.94+6.76 b
0.25+0.09 b

“like dissolves like”

10

(ppm)

10

I-linalool

(1:2)

114.13+9.58a

6.41+0.15a

. 49.26+0.67a

0.70+1.00a
1.60+0.26a
9.71+3.08a
1.1+0.34a
30.55+2.17a
10.00+1.76a
2.30+1.79
3.40+1.78
1.80+1.30
38.55+1.66a
32.34+1.69a
182.04+1.18a
3.10+1.79
1.50+0.20a
1.50+0.17a
21.72+1.72a
0.70+0.10a
5.41+1.61a

39.20+13.98a

23.21+8.12a

34.39+12.22a
63.25+22.81 a

0.84+0.31a

(p<0.05)

21

(9

28

citronellal
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4.2

4.2

4.2

Alcohols
|-penten-3-ol
cis-2-pentenol
octanol
I-linalool
Isopulegol
neoiso(iso)pulegol
a-terpineol
P-citronellol
trans-geraniol
nerolidol
Ketone
I-penten-3-one
Aldehydes
4-pentenal
hexanal
trans-2-hexenal
citronellal
octanal
nonanal

decanal

2.60+0.11a
4.51+0.84a
1.10+0.00a

197.30+11.28a

3.00+1.00a
2.50+1.00a

0.90+1.00

107.95+1.21a

13.22+0.98a
11.72+0.41a

3.71+0.94 a

1.70+1.00 a
128.99+14.13 a
25.13+1.60 a
4052.56+93.75a
23.33+2.64a
10.26+1.97a
1.00+0.16 a

28
(2:1) 1
11
(1:2)
(ppm)

1.17+0.05b 0.78+0.03 c 0.00d
2.03+0.04b 1.35+0.30c 0.00d
0.50+0.00b 0.33+0.00c 0.00d
88.80+5.08b 59.13+3.56¢ 0.00d
1.35+0.45 b 0.90+0.30kc 0.00c
1.13+0.45 b 0.75+0.30 kc 0.00c
0.41+0.44 1.17+1.59 0.00
48.58+0.55 b 32.34+0.30c 32.38+0.36¢C

0.00c 3.96+0.30 b 0.00c

0.00c 3.51+0.00 b 0.00c

0.00c 1.11+0.03 b 0.00c
0.77+0.44 b 0.51+0.03c 0.00d
58.05+6.36 b 38.64+4.16 c 0.00d
11.31+0.72b 7.53+0.51¢c 0.00d

1823.05+42.36b 1214.22+432.11c 1215.77+28.13c

10.50+1.19 b 6.99+0.79c 0.00d
4.62+0.89b 3.08+0.60 b 0.00c
0.45+0.07 b 0.30+0.49 b 0.00c

22



42 ( )

neral
undecanal
geranial
Hydrocarbons
a-thujene
a-pinene
sabinene
P-pinene
P-myrcene
a-phellandrene
d-3-carene
I-limonene
cis-p-ocimene
trans-P-ocimene
Y-terpinene
a -terpinolenens
P-elemenens
cyclo isosativenens
a-copaene
P-cubebene
trans-P-caryophyllene
epibicyclosesquiphellandren
Q-selinene
trans-P~farnerene
a-humulene
aromadendrene
c-cadinene
d-cadinene
germacrene
rans,trans-a-farnesene
bicyclogermacrene

d-guaiene

4.2
(ps0.05)

(1:1)
0.60+0.20 3
10.01+1.71 a
3.10+1.07 a

0.60+0.10a
5.31+0.87a
U4.13+9.58a
6.41+0.15a
49.26+0.67a
0.70+0.10a
1.60+0.26a
9.71+3.08a
1.10+0.34a
30.55+2.17a
10.01+1.76a
2.30x1.79a
3.40x1.79a
1.80+1.30a
38.55+1.66a
32.34+1.69a
182.04+1.183
3.10+1.79a
1.50+0.20a
1.50+0.17a
21.72+1.72 a
0.70+0.10a
5.41+1.61a
39.20+13.98 a
23.21+8.12a
34.39+12.22a
63.25+22.80a
0.84+0.31a

(ppm)

0.27+0.09 b
4.50+0.77 b
0.00b

0.00c
0.00c
51.36+4.31 b
2.89+0.07 b
22.17+0.30 b
0.00c
0.00c
0.00b
0.00 b
0.00c
4.50+0.79 b
0.00 b
0.00b
0.00b
17.35+0.75 b
14.55+0.76 b
81.92+0.53 b
0.00b
0.00c
0.00c
0.00c
0.00°
2.44+0.73 b
17.64+6.29 b
0.00 b
0.00b
0.00b
0.00

0.18+0.60 ke 0.00°
3.00+0.52b 0.00°
0.93+0.33b 0.00 b
0.18+0.03b 0.00°
1.59+0.27b 1.59+0.26 b
34.20+3.00c 34.24+2.87°
1.92+0.05¢c 0.00d
14.76+0.24c 14.78+0.20°
0.21+0.03b 0.00°
0.48+0.08b 0.00°
2.91+0.93b 0.00 b
0.33+0.10b 0.00b
9.15+0.62b 0.00°
3.00+0.54b 3.00+0.53 b
0.69+0.54a 0.00 b
1.02+0.54 b 0.00 b
0.54+0.39ab 0.00 b
11.55+0.54c 11.56+0.50°
9.69+0.54° 0.00d
54.54+0.54° 54.61+0.35°
0.93+0.54b 0.00 b
0.45£0.06b 0.00°
0.45+0.52b 0.00°
6.51+0.54b 0.00°
0.21+0.03b 0.00°
1.62+0.48Ic 0.00°
11.74+4.141 0.00°
6.95+2.41b 0.00 b
10.30+3.62b 0.00 b
18.94+46.76b 0.00 b
0.25+0.09b 0.00b
(p+0.05)
(1:2)
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120 Mira (1996)
10-250
250
(2554)
(2)-3-hexenyl tiglate
4.2 26
8 f
49 Uinalool citronellal
(1:2)
4.3
4.3
4.3
1152 2.5%
1% 1.5% 2% 2.5%
2.77+1.34b 2.81+1.21 b  4.15+1.053 3.55+1.56a
'B 3.06+1.79 3.11+1.78 3.71+1.53 2.97+1.78

2.72+1.49b 2.78+1.10 4.20+1.la 3.56+1.69a

: 5 (p>0.05)
(p<0.05)
4.3
2%
2.5% 1 1.5%
2 2.5%

, 1

1.5%



4.4

4.4

2.5%

2%

4.4

2%

3.83+0.70

3.57+£0.76

3.79+0.64
(p>0.05)

2%

1 1.5%

2.5%

2%

3.68+0.80
3.51+0.89
3.84+0.76

2%

25
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D
51
511 2
(1.1
GC-MS 49
I-linalooL citronellal
5.1.2 4
(1:1) 1
GC-MS
49
26
8 4 -
linalool citronellal
5.1.3 (3% )
1152 2.5%
2 2.5%
; 2% ,
514 2%
5.2
521

522
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' -penten-3-ol

SOV

Error

cis-2-pentenol

SOV

Error

octanol

SOV

Error

I-linalool

SOV

Error

0.521
0.214
0.735

14.938
0.016
14.954

0.893
0.000
0.893

S
28651.818
279.797
28931.615

(ANOVA)

df

df

df

df

(1:1)

MS
0.521
0.054

14.938
0.004

.893
.000

MS
28651.818
69.949

sig
0.036

sig
0.000

sig
0.000

sig
0.000
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isopulegol
Sov

Error

neoiso(iso)pulegol

SOV

Error

OOterpineol
SOV

Error

(3-citronellol
sov

Error

trans-geraniol

SOV

Error

nerolidol

SOV

Error

§S
6.632
2.168
8.800

4.604
2172
6.776

0.597
0.021

0.619

SS
8574.114
3.110
8577.223

SS
128.518
2.090
130.608

SS
100.998
0.003
101.001

df

df

df

df

df

df

6.632
0.542

MS
4.604
0.543

0.597
0.005

MS
8574.114
0.777

MS
128.518
0.523

MS
100.998
0.001

sig
0.025

sig
0.044

sig
0.000

sig
0.000

sig
0.000

sig
0.000
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I-penten-3-one

SOV

Error

4-pentenal

SOV

Error

hexanal

SOV

Error

trans-2-hexenal

SOV

Error

citronellal

SOV

Error

octanal

SOV

Error

10.099
0.019
10.119

2.132
0.021
2.152

SS
12245.181
433.894
12679.075

SS
464.617
5.644
470.262

SS
1.208E7
19639.537
1.210E7

S
400.481
15.146
415.628

df

df

df

df

df

df

MS
10.099
0.005

2.132
0.005

MS
12245.181
108.474

MS
464.617
1411

MS
1.208.
4909.884

MS
400.481
3.787

sig
0.000

sig
0.000

sig
0.000

sig
0.000

sig
0.000

sig
0.001

36



nonanal

Sov

Error

decanal

SOV

Error

neral

SOV

Error

undecanal

SOV

Error

geranial

SOV

Error

(X-thujene

SOV

Error

77.418
8.515
85.933

0.737
0.056
0.793

0.265
0.086
0.351

73.703
6.360
80.063

7.075
2.509
9.583

0.265
0.021
0.286

df

df

df

df

df

df

~S-

MS
77.418
2.129

0.737
0.014

MS
0.265
0.021

MS
73.703
1.590

7.075,
0.627

0.265
0.005

sig
0.004

sig
0.002

sig
0.025

sig
0.002

sig
0.028

sig
0.002
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(X-pinene

oV

Error

sabinene

SOV

Error

J3-pinene
SOV

Error

P-myrcene

SOV

Error

(X-phellandrene

SOV

Error

d-3-carene

Sov

Error

20.702
1.666
22.369

S
9582.936
201.233
9784.169

30.215
0.053
30.268

SS
1785.796
1.021
1786.818

0.361
0.021
0.382

1.885
0.147
2.032

df

df

df

df

df

df

20.702
0.417

MS
9582.936
50.308

30.215
0.013

MS
1785.796
0.255

0.361'
0.005

1.885
0.037

sig
0.002

sig
0.000

sig
0.000

sig
0.000

sig
0.001

sig
0.002
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[-limonene

Sov

Eror

cis-b-ocimene
Sov

Eror

trans-J3-ocimene
sov

Error

y-terpinene
sov

Eror

(X-terpinolene
Sov

Eror

j3-Elemene
sov

Brror

8§
69.272
20.749
90.021

0.891
0.258
1.149

SS
686.645
10.216
696.861

73.693
6.788
80.481

3.883
6.976
10.859

8.500
6.949
15.449

df

df

df

df

G I NS o}

df

MS
69.272
5.187

0.891
0.065

MS
686.645
2.554

73.693
1.697

3.883-
1.744

8.500
1.737

sg
0.022

g
0.021

sg
0.000

sg
0.003

9
0.021

sg
0.091
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cyclo isosativene

SOV SS
2.383
Error 3.696
6.079
Ot-copaene
SOV ss
1093.274
Error 6.115
1099.388
(3cubebene
sov ss
769.462
Eror 6.258
775.719
trans-(3-caryophyllene
sov SS
24383.715
Error 3.337
24387.052

epibicyclosesquiphellandrene

sov s
7.063
Error 6.957
14.020
ot-selinene
sov ss
1.659
Error 0.083

1.742

df

df

df

df

df

df

2.383
0.924

MS
1093.274
1.529

MS
769.462
1.564

MS
24383.715
0.834

7.063-
1.739

1.659
0.021

sg
0.184

S8
0.000

s9
0.000

sg
0.000

sg
0.114

sg
0.001
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trans-|3-famerene

Sov

Error

(X-humulene

SOV

Error

aromadendrene

SOV

Error

c-cadinene

SOV

Error

d-cadinene

SOV

Error

germacrene

SOV

Error

ss
1.659
0.063
1721

Ss
347.236
6.507
353.742

0.361
0.021
0.382

21.556
5.643
27.199

SS
1131.655
425.352
1557.007

SS
396.624
143.351
539.974

df

df

df

df

df

df

1.659
0.016

MS
347.236
1.627

0.361
0.005

21.556
1411

MS
113,1.655
106.338

MS
396.624
35.838

sig
0.001

sig
0.000

sig
0.001

sig
0.017

sig
0.031

sig
0.029
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trans-Ot-farnesene

Sov

Error

bicydogermacrene

SOV

Error

d-guaiene

SOV

Error

SS
870.979
324.788
1195.767

SS
2946.173
1131.424
4077.597

0.521
0.214
0.735

df

df

df

MS
870.979
81.197

MS
2946.173
282.856

0.521
0.054

Si§
0.031

Si§
0.032

sig
0.036
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2.
I-penten-3-ol
Sov
Error

cis-2-pentenol

SOV

Error

octanol

SOV

Error

L-linalooL

SOV

Error

10.718
0.030
10.748

32.096
0.019
32.115

1.918
0.000
1.918

S
61564.204
331.314
61895.518

(1:1)

(ANOVA)

df

df

oo

df

df

3.573
0.004

10.699
0.002

.639
.000

MS
20521.401
41.414

sig
0.000

sig
0.000

sig
0.000

sig
0.000
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isopulegol

SOV

Error

1neoiso(iso)pulegol

SOV

Error

(X-terpineal

SOV

Error

j3-citronellol

SOV

Error

trans-geraniol

SOV

Eror

14.253
2571
16.824

9.896
2575
12.471

2.436
5.047
7.483

SS
11607.068
3.967
11611.035

S
349.786
2.090
351.876

df

1

df

df

df

0o

df

MS
4.751
0.321

3.299
0.322

0.812
0.631

MS
3869.023
0.496

MS
116.595
0.261

sig
0.001

sg
0.004

sg
0.343

sg
0.000

sg
0.000
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nerolidol

Sov

Error

I-penten-3-one

SOV

Error

4-pentenal

SOV

Error

hexanal

SOV

Error

trans-2-hexenal

SOV

Error

SS
274.862
0.003
274.865

27.486
0.019
27.505

4.580
0.024
4.605

SS
26305.982
514.760
26820.742

SS
998.342
6.684
1005.025

df

(0]

df

df

df

df

1

91.621
0.000

9.162
0.002

MS
1.527
0.003

MS
8768.661
64.345

MS
332.781
0.835

sig
0.000

sig
0.000

sig
0.000

sig
0.000

sig
0.000
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citronellal

SOV

Error

octanal

SOV

Error

nonanal

SOV

Error

decanal

SOV

Error

neral

SOV

Error

8§
1.636E7
24781.056
1.638E7

SS
860.471
17.958
878.429

SS
166.385
10.092
176.477

1.584
0.067
1651

0.570
0.102
0.671

df

11

df

1

df

df

(o]

df

MS

5453117.826

3.097.632

MS
286.824
2.245

MS
55.462
1.262

MS
0.528
0.008

MS
0.190
0.013

sig
0.000

sig
0.000

sig
0.000

sig
0.000

sig
0.001
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undecanal

Sov

Error

lgeranial

SOV

Error

(X-thujene
SOV

Error

(X-pinene

SOV

Error

sabinene

SOV

Error

SS
158.392
7.538
165.931

19.266
2.509
21.774

0.722
0.021
0.743

45.597
1.803
47.401

SS
12974.041
254.871
13228.912

df

1

df

(0]

df

df

df

52.797
0.942

6.422
0.314

0.241
0.003

15.199
0.225

MS
4324.680
31.859

sig
0.000

sig
0.000

sig
0.000

sig
0.000

sig
0.000

a7



(3-pinene
Sov §S
64.921
Error 0.062
64.983
(3-myrcene
SOV SS
2417.539
Error 1.286
2418.825
oC-phellandrene
SOV SS
0.983
Error 0.021
1.003
d-3-carene
SOV SS
5.133
Error 0.147
5.280
I-limonene
SOV SS
188.639
Error 20.749

209.388

df

11

df

1

df

11

df

11

MS
21.640
0.008

MS
805.846
0.161

0.328
0.003

1711
0.018

62.880
2.594

sig
0.000

sig
0.000

sig
0.000

sig
0.000

sig
0.000
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cis-b-ocimene

sov SS
2.426
Error 0.258
2.685
4rans-f3-ocimene
sov s
1868.438
Error 10.216
1878.654
y-terpinene
Sov ss
99.781
Error 8.604
108.385

(I-terpinolene

sov ss
10.583

Emor 6.976
17.560

(3-Elermene

sov ss
23.155

Error 6.949

30.104

df

(0]

df

df

1

df

af

(o]

MS
0.809
0.032

MS
622.813
1.277

MS
33.2690
1.076

3.528
0.872

7.718
0.869

S8
0.000

S8
0.000

sg
0.000

sg
0.051

sg
0.006
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cyclo isosativene

SOV SS
4.348
Error 5.341
9.689
-Ot-copaene
sov sS
1480.083
Error 7.734
1487.817
| 3-cubebene
sov ss
1653.341
Eror 7.408
1660.748
trans-J3-caryophylleri'e
sov ss
33009.557
Error 4.4145
33013.701

epi-bicydosesquiphellandrene

SOV S
19.244
Emror 6.957

26.201

df

1

df

11

df

df

df

1.449
0.668

MS
493.361
0.967

MS
551.114
0.926

MS
11003.186
0.518

6.415
0.870

sg
0.169

sg
0.000

sg
0.000

S8
0.000

sg
0.011
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(X-selinene

sov

Eror

trans-(3-farerene

SOV

Eror

ot-humulene

SOV

Eror

aromadendrene

SOV

Eror

c-cadinene

SOV

Eror

8S
4515
0.083
4.598

4.516
0.063
4.578

SS
945.139
6.507
951.645

0.983
0.021
01.004

46.292
6.694
52.985

df

B

BRe¥o T o B o w g

B o o g

MS
1.505
0.010

1.505
0.008

MS
315.046
0.813

0.328
0.005

15431
0.837

S8
0.000

S8
0.000

S8
0.000

sig
0.000

sig
0.001
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d-cadinene

Sov

Error

germacrene D

SOV

Error

SS

2430.031
504.533
2934.564

SS
1078.701
143.351
1222.052

rans/trans-Ot-famesene

SOV

Error

bicyclogermacrene

SOV

Error

d-guaiene

SOV

Error

S
2368.792
324.788
2693.580

S
8012.612
1131.424

9144.036

1417
0.214
1.631

df

df

1

df

df

1

11

MS

810.010
63.067

MS
359.567

17.919

MS
789.597

40.598

MS
2670.871
141.428

0.472
0.027

sig
0.002

sig
0.000

sig
0.000

sig
0.001

sig
0.001
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SOV

Error

SOV

Error

SOV

Error

20.386
29.352
67.102

116.84

5.501
37.738
140.107
183.346

23.758
39.789
72.875
136.421

(ANOVA)

df

53
63

df

53
63

df

53
63

1152

6.795
4.193
1.266

MS
1.834
5.391
2.644

7.919
5.684
1.375

2.5%

Si8
0.003
0.005

sig
0.560
0.067

sig
0.002
0.001
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SOV

Error

SOV

Error

SOV

Error

0.959

12.520
82.855
96.334

0.122
26.898
95.519
122.539

0.133

18.692
68.440
87.266

2%
(ANOVA)

df

29

149
179

df

29
149
179

df

29
149
179

0.959
0.432
0.556

0.122
0.928
0.641

0.133
0.645
0.459

sig
0.191
0.785

Si§
0.664
0.081

sig
0.591
0.099
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5,400.00

47,640.00
61,792.50
146,093.05
255,525.55

7,940.00 7,940.00 7,940.00 7,940.00 7,940.00

14,712.50

7,940.00
6,955.00
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