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Background: Pollinators help plants to reproduce and support economically valuable 
food for humans and entire ecosystems. However, declines of pollinators along with pop-
ulation growth and increasing agricultural activities hamper this mutual interaction. Nectar 
and pollen are the major reward for pollinators and flower morphology and volatiles me-
diate the specialized plant–pollinator interactions. Limited information is available on the 
volatile profiles attractive to honey bees and bumblebees. In this study we analyzed the 
volatile organic compounds of the flowers of 9 different plant species that are predomi-
nantly visited by honey bees and bumblebees. The chemical compositions of the volatiles 
were determined using a head space gas chromatography-mass spectrometry (GC-MS) 
method, designed to understand the plant-pollinator chemical interaction.
Results: Results showed the monoterpene 1,3,6-octatriene, 3,7-dimethyl-, (E) (E-β-ocimene) 
was the dominating compound in most flowers analyzed, e.g., in proportion of 60.3% in 
Lonicera japonica, 48.8% in Diospyros lotus, 38.4% Amorpha fruticosa and 23.7% in Rob-
inia pseudoacacia. Ailanthus altissima exhibited other monoterpenes such as 3,7-dimeth-
yl-1,6-octadien-3-ol (β-linalool) (39.1%) and (5E)-3,5-dimethylocta-1,5,7-trien-3-ol (hotrien-
ol) (32.1%) as predominant compounds. Nitrogen containing volatile organic compounds 
(VOCs) were occurring principally in Corydalis speciosa; 1H-pyrrole, 2,3-dimethyl- (50.0%) 
and pyrimidine, 2-methyl- (40.2%), and in Diospyros kaki; 1-triazene, 3,3-dimethyl-1-phe-
nyl (40.5%). Ligustrum obtusifolium flower scent contains isopropoxycarbamic acid, ethyl 
ester (21.1%) and n-octane (13.4%) as major compounds. In Castanea crenata the preemi-
nent compound is 1-phenylethanone (acetophenone) (46.7%).
Conclusions: Olfactory cues are important for pollinators to locate their floral resourc-
es. Based on our results we conclude monoterpenes might be used as major chemical 
mediators attractive to both honey bees and bumblebees to their host flowers. However, 
the mode of action of these chemicals and possible synergistic effects for olfaction need 
further investigation.
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Introduction

Given the growing global human population, there is a 
need to assure food security (Khalifa et al. 2021). With this 
necessity, there have been many researches dealing with 
plant-pollinator interactions. However, consequences of 
plant-pollinator interactions are geographically variable 
(Hiraiwa and Ushimaru 2017; Johnson et al. 2017; Ollerton 
2012; Ollerton 2017; Zanata et al. 2017), and this variation 
is still not well documented and difficult to elucidate ow-
ing to various factors associated with pollination (Ollerton 
2012). While many gymnosperm plants depend on the 

wind and water for their pollination (Funamoto 2019; 
Khalifa et al. 2021), animal pollinators including insects, 
bats and birds have contributed to pollination and seed 
production of angiosperms. Most of f lowering plants are 
not dependent on just one pollinator, but involve a broad 
spectrum of pollinators. Among which bees are the major 
and most important contributors for the production of sev-
eral leading agricultural crops worldwide (Klein et al. 2007; 
Proctor and Yeo 1973). It is an accepted fact that bee-polli-
nated crops contribute approximately one-third of the total 
human dietary needs.

The reason bees are significant pollinators is due to their 
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effectiveness and availability. Literature reports indicate 
that 87 global crops such as cocoa (Theobroma cacao), kiwi 
(Actinidia deliciosa var. deliciosa), passion fruit (Passiflora 
edulis), and watermelon (Citrullus lanatus), used directly 
for human consumption in the world, are bee pollinators 
dependent (Khalifa et al. 2021; Klein et al. 2007). Addition-
ally, bee pollination has a considerable impact for crop 
quality and quantity, improving economic and dietary 
yields (Khalifa et al. 2021). Therefore, the decline of bees 
endangers the supply of crops based on insect-pollination. 

Exploring the causes of the declines of bees along with 
their host plants requires identifying signals that mediate 
their interactions. Foraging bees help moving pollen from 
one flower to the other and at the same time getting floral 
rewards such as pollen, nectar, oils, and resins. For getting 
rewards, bees use visual, olfactory, and tactile floral cues to 
locate their host plants (Dobson 2017; Giurfa et al. 1996; 
Kevan and Lane 1985; Lacher 1964; Menzel 1985; Vareschi 
1971; Whitney et al. 2009). They are also capable of learn-
ing floral signals during their foraging periods (Beekman 
2005; Kaiser and De Jong 1993; Menzel et al. 1974; Smith 
1991; Zhang et al. 2006). In general bees depend mainly on 
olfactory and visual cues during their early foraging trips 
with visual cues becoming increasingly important in host-
plant finding for experienced bees due to their learning ca-
pability (Dobson 2017).

Volatile organic compounds from host plants are known 
to influence the interaction, communication, and recruit-
ment between active and inactive workers in the colony of 
honey bees, bumblebees, and stingless bees (Arenas et al. 
2007; Arenas et al. 2008; Díaz et al. 2007; Dornhaus and 
Chittka 1999; Free 1969; Getz and Smith 1987; Jakobsen et 
al. 1995; Johnson 1967; Koltermann 1969; Lindauer and 
Kerr 1960; Molet et al. 2009; Reinhard et al. 2004a; Rein-
hard et al. 2004b; Ribbands 1954; Wenner et al. 1969). Each 
bee colony might forage on different f lowers and thereby 
acquire different odours that result in the development of 
colony-specific patterns of floral odours (Smith and Breed 
1995). For example pheromones that contain floral scents 

such as 1,8-cineole, (E,E)-farnesol and (Z)-β-ocimene were 
reported to be most important in recruiting bumblebees 
(Granero et al. 2005). Benzaldehyde, limonene, β-ocimene 
and linalool are volatile organic compounds which are 
common and constitute major components of the f loral 
scents of several species of crop plants (Farré-Armengol et 
al. 2020). Filella et al. (2013) assume that β-ocimene serves 
as a generalist pollinator attractant, because it was report-
ed as the predominant volatile compound emitted by plants 
such as Muscari neglectum, Ranunculus gramineus, Eu-
phorbia f lavicoma and Iris lutescens. Dobson (2006) has 
reviewed all available data until 2006 on the use of floral 
scent by food-seeking bees and found that flowers visited 
by bees emit odour bouquets which, taken as a group, en-
compass a huge variety of compounds and compound 
blends. However, their roles in bee–plant interactions re-
main poorly understood. Deepening of our knowledge on 
how plants communicate with pollinators is the basis for 
more intricate applications of the information in a more 
sustainable agriculture. 

The main aim of the current study was to identify vola-
tile organic compounds scent bouquets, and to character-
ize which of these compounds might eventually be com-
mon or distinct in different flower scents of bee-pollinated 
plants. Our final goal is to analyze chemical compounds 
responsible for the attractiveness of these scents to the var-
ious bee species.

Materials and Methods

Collection of flowers
Bees hosting flowers were collected from the surround-

ings of Andong National University, Andong, Gyeongsang-
buk-do (Republic of Korea), during spring and summer 
seasons in 2018. We collected 9 different plant species that 
are predominantly visited by honey bees and bumblebees 
in each flowering season (Table 1). The plant flowers were 
selected for this study based on our field observation of 

Table 1 List of 9 selected plants studied and their flower characteristics 

Family Plant species Common name Code
Flower

Color Shape Nectar* Pollen*

Papaveraceae Corydalis speciosa* Corydalis Lilac CS Yellow Galeate N N
Ebenaceae Diospyros lotus Persimmon DL Yellow Open E E
Ebenaceae Diospyros kaki Persimmon DK Yellow Open E E
Oleaceae Ligustrum obtusifolium Border privet LO White Tubular T T
Fabaceae Robinia pseudoacacia Black locust RP White Papilionate E G
Fabaceae Amorpha fruticosa Indigo bush AF Purple Open G G
Fabaceae Castanea crenata Chestnut CC White Open E E
Simaroubacceae Ailanthus altissima Ailanthus AA Green Open R R
Caprifoliaceae Lonicera japonica Honeysuckle LJ Yellow, White Tubular R R

E: excellent; G: good; T: temporary; R: rarely; DL: Diospyros lotus; LJ: Lonicera japonica; CS: Corydalis speciosa; AA: Ailanthus altissima; CC: 
Castanea crenata; DK: Diospyros kaki; LO: Ligustrum obtusifolium; RP: Robinia pseudoacacia.
*Corydalis speciosa is an herbaceous plant selected for the study based on our observation in the field this plant flower is a host for bumblebees.
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frequent visitation of honey bees and bumble to these flow-
ers. Eight of these plants were trees and only Corydalis 
speciosa is an herbaceous plant. Flowers of Corydalis spe-
ciosa are frequently visited by bumblebees. Flowers from 
each plant were collected at the flowering stage (when they 
were completely open and stigma and anthers were fresh 
and colored). The flowers were collected in the early morn-
ing and immediately transported to the gas chromatogra-
phy-mass spectrometry (GC-MS) laboratory. Five random-
ly selected flower samples (2 g) of each were put in 20 mL 
headspace vials, and immediately sealed with silicone rub-
ber septa and aluminum caps. The sample vials were then 
placed in the headspace tray. The headspace analysis was 
done using a GC-MS system which has a headspace au-
to-sampler, heater and agitator.

GC-MS analysis
GC-MS analysis was done by using a GC (7890B; Agilent 

Technologies, Santa Clara, CA, USA) coupled with an MS 
(5977A Network; Agilent Technologies). The GC had an 
HP 5MS column (non-polar column, Agilent Technolo-
gies), 30 m × 250 μm internal diameter and 0.25 μm film 
thickness and injection volume was 2 μL. The carrier gas 
was helium flowing at a rate of 1 mL/min. The tempera-
tures of the Headspace-GC transfer line and the injector 
were 160°C and 250°C, respectively and the injection mode 
was a split mode with split ratio 2:1. The initial oven tem-
perature was 40˚C held for 5 minutes. It was raised to 
250˚C at 6˚C/min. The total run-time was 40 minutes. 
Mass spectra were recorded in electron ionization mode at 
70 eV, scanning the 50–550 m/z range. Run method for li-
brary search: Threshold value 100, scan speed (u/s) 1.562, 
frequency (scan/sec) 2.9, cycle time (ms) 342.63, step size 
(m/z) 0.1. Analysis method for library search: Integration 
parameter peak width value 0.05, threshold value 18.0. The 
identification of the volatile compounds was performed by 
comparing the mass spectra of the compounds with those 
in the database of NIST11 and literature data. 

Statistical analysis
Amount of volatile of organic compounds (VOCs) can 

potentially be affected by the flower species. Thus, the de-
tected amounts of VOCs of each plant were transformed to 
compositional proportions to compare between plant spe-
cies. To classify plant species by extracted VOCs, principal 
component analysis (PCA) was conducted with the “pr-
comp” function in R. 4.1.1 (R Core Team 2021). We used 
proportional values (> 1%) of VOCs from each species for 
analysis. A hierarchical cluster analysis (HCA) was also 
performed to evaluate similarity between proportional 
chemical compositions of sampled species. Ward’s variance 
minimizing method was applied for this analysis (Ward, 
1963) and the result was visualized as a dendrogram. The 
analysis was conducted using the “hclust” function in R 

4.1.1 (R Core Team 2021).

Results

In this study we analyzed the chemical composition of 
the floral fragrances of nine flowers of different plant spe-
cies belonging to 7 families. These plants were selected 
based on our field observation as host f lowers of mainly 
honey bees and bumblebees. The VOC compositions of the 
floral scents are shown in Table 2. We identified 173 differ-
ent VOCs from 9 plant species through the GC-MS analy-
sis.

Out of a total 173 identified VOCs, 83 VOCs, which rep-
resents at least 1% in one species, were used for PCA and 
HCA. Biplot created by principal two components poten-
tially represented that VOC proportion can differentiate 
flower of plant species (Fig. 1). In Figure 1, 1,3,6-octatriene, 
3,7-dimethyl-, (E) (E-β-ocimene) (X68), 1H-pyrrole, 2,3-di-
methyl- (X27), 1-phenylethanone (acetophenone) (X69), 
pyrimidine, 2-methyl- (X32), 3,7-dimethyl-1,6-octadi-
en-3-ol (β-linalool) (X80), 1-triazene, 3,3-dimethyl-1-phe-
nyl- (X16) and (5E)-3,5-dimethylocta-1,5,7-trien-3-ol (hot-
rienol) (X85) were influential in classifying plant species. 
In particular, compositional values of E-β-ocimene were 
important to discriminate between f lower types (rich or 
not) in HCA (Fig. 2, Table 2). Other major compounds 
(X16, X27, X69, X32, X80, and X85) detected by PCA were 
specifically found in each plant (Fig. 2, Table 2).

In order to compare the VOC profiles of 9 bee pollinated 
flowers and aggregate those with similar profiles, the hier-
archical clustering method was applied as a dendrogram 
plot shown in Figure 2. A cut-off distance level indicated a 
distribution of the flowers in three homogeneous classes. 
The first cluster includes Amorpha fruticosa, Diospyros lo-
tus, and Lonicera japonica which containing β-ocimene as 
a common and principal compound in these flowers. Co-
rydalis speciosa was clustered separately due its unique ni-
trogen containing principal compounds, 1H-Pyrrole, 
2,3-dimethyl- (50.0%) and pyrimidine, 2-methyl- (40.2%), 
which is absent in other flowers (Fig. S1, Table 2). The third 
cluster, which includes Ailanthus altissima, Castanea cren-
ata, Diospyros kaki, Ligustrum obtusifolium, and Robinia 
pseudoacacia was classified based on their compositional 
proportions of β-ocimene (Figs. S1–3) and plant-specific 
compounds such as β -linalool, hotrienol and acetophe-
none. The plant species classified as second and third clus-
ter showed generally lower compositional proportions of 
β-ocimene than the first cluster (Table 2, Fig. 2).

Ligustrum obtusifolium f lowers scent constitutes iso-
propoxycarbamic acid, ethyl ester (21.1%) and octane 
(13.4%) as predominant compounds. Principal volatile 
compounds in flowers of Robinia pseudoacacia were acet-
amide2-fluoro- (22.5%) and E-β-ocimene (21.1%) Castanea 



Page 4 of 14Dekebo et al. 	 Journal of Ecology and Environment (2022)46:07
Ta

bl
e 

2 
Pe

rc
en

ta
ge

 co
m

po
sit

io
n 

of
 vo

la
til

e 
or

ga
ni

c c
om

po
un

ds
 o

f b
ee

 h
os

t f
lo

w
er

s

RT
 (m

in
)

N
o.

C
om

po
un

ds
C

S
D

L
D

K
LO

R
P

A
F

C
C

A
A

LJ

1.
78

7
X

1
B

is
(d

ip
en

ty
lc

ar
ba

m
od

ith
io

at
o-

S,
S'

)-
-

-
-

-
-

-
-

1.
0

-
1.

81
X

2
8-

M
or

ph
ol

in
o-

4-
cy

cl
oo

ct
en

-1
-o

ne
 o

xi
m

e
0.

7
-

-
-

-
-

-
-

-
1.

86
1

X
3

3 β
,2

1α
-d

ia
ce

to
xy

-1
8,

22
,2

2-
tri

m
et

hy
l-1

7,
27

,2
9,

30
-te

tra
no

r-c
-h

om
oo

le
an

-1
4-

en
e

-
-

-
-

-
-

-
-

1.
1

1.
87

3
X

4
Pt

er
id

in
e-

8-
ox

id
e,

 6
-a

ld
ox

im
in

o-
2-

am
in

o-
4(

3H
)-o

xo
-

-
-

-
-

-
1.

16
-

-
-

1.
87

9
X

5
A

ce
ta

m
id

e,
 N

-is
ox

az
ol

o[
5,

4-
b]

py
rid

in
-3

-y
l

-
3.

8
4.

6
-

3.
8

-
-

-
-

1.
88

4
X

6
1,

3,
3-

tri
m

et
hy

l-2
-[

(1
E,

3E
,5

E,
7E

,9
E,

11
E,

13
E,

15
E,

17
E)

-3
,7

,1
2,

16
-te

tra
m

et
hy

l-1
8-

(2
,6

,6
-tr

im
et

hy
lc

yc
lo

he
xe

n-
1-

yl
)o

ct
ad

ec
a-

1,
3,

5,
7,

9,
11

,1
3,

15
,1

7-
no

na
en

yl
]

cy
cl

oh
ex

en
e

-
-

-
-

-
-

0.
89

-
-

2.
47

4
X

7
A

ce
ta

m
id

e,
 2

-a
m

in
o-

N
-e

th
yl

-2
-th

io
xo

-
-

-
-

-
-

-
-

-
1.

8
2.

53
7

X
8

Et
hy

l e
th

an
oa

te
-

-
-

-
-

-
-

-
2.

7
2.

62
2

X
9

(Z
),(

Z
)-2

,4
-H

ex
ad

ie
ne

-
-

-
-

-
-

-
10

.9
-

4.
10

5
X

10
H

yd
ra

zi
ne

, 1
,2

-d
im

et
hy

l-
-

-
-

4.
9

-
-

-
0.

3
-

4.
49

4
X

11
H

yd
ra

zi
ne

, 1
,1

-d
im

et
hy

l-
-

2.
6

-
-

-
-

-
-

0.
3

4.
80

3
X

12
Is

op
ro

po
xy

ca
rb

am
ic

 a
ci

d,
 e

th
yl

 e
st

er
0.

5
-

-
21

.1
-

-
-

-
-

4.
53

4
X

13
Et

ha
no

ic
 a

ci
d

-
-

7
-

-
-

-
-

-
4.

64
8

X
14

D
ia

m
in

om
et

ha
no

ne
-

-
-

-
2.

2
-

-
-

-
5.

20
9

X
15

Pr
op

an
e,

 2
-c

hl
or

o-
2-

ni
tro

-
-

18
.0

-
-

-
-

-
-

-
5.

25
5

X
16

1-
Tr

ia
ze

ne
, 3

,3
-d

im
et

hy
l-1

-p
he

ny
l-

-
-

40
.5

-
-

-
-

2.
2

-
5.

36
3

X
17

A
ce

ta
m

id
e,

 2
-fl

uo
ro

-
-

-
-

-
22

.5
-

-
-

-
5.

42
1

X
18

H
ep

ta
ne

, 2
,4

-d
im

et
hy

l-
-

-
-

-
-

6.
76

-
-

-
5.

60
9

X
19

Et
hy

l c
ar

bo
no

ch
lo

rid
at

e
-

-
-

-
-

-
-

-
1.

5
5.

94
7

X
20

1-
O

ct
an

e
-

-
-

13
.4

-
0.

17
2.

2
0.

6
0.

7
6.

59
4

X
21

1H
-Im

id
az

ol
e,

 1
,4

-d
im

et
hy

l-
-

-
-

-
-

-
1.

08
-

-
6.

81
1

X
22

Fu
ra

n-
2-

ca
rb

al
de

hy
de

-
-

-
-

-
-

0.
2

-
-

7.
26

3
X

23
4-

H
ex

en
-1

-o
l, 

(Z
)-

-
-

-
-

-
-

0.
39

-
-

7.
27

5
X

24
3-

H
ex

en
-1

-o
l, 

(Z
)-

-
-

-
4.

7
-

0.
19

-
-

5
7.

69
8

X
25

1-
H

ex
an

ol
-

-
-

-
-

-
-

-
1.

8
8.

21
3

X
26

1,
3,

5,
7-

C
yc

lo
oc

ta
te

tra
en

e
-

-
-

-
-

-
0.

38
0.

8
-

8.
55

1
X

27
1H

-P
yr

ro
le

, 2
,3

-d
im

et
hy

l-
50

-
-

-
-

-
-

-
-

8.
59

6
X

28
H

ep
ta

na
l

-
-

-
-

-
-

-
0.

4
-

8.
64

2
X

29
1-

N
on

an
e 

-
-

2.
7

-
-

-
0.

3
-

-
-

8.
65

4
X

30
2-

Fu
ra

nm
et

ha
no

l
-

-
-

-
-

-
0.

27
-

-
8.

67
1

X
31

2(
3H

)-F
ur

an
on

e,
 d

ih
yd

ro
-4

,5
-d

im
et

hy
l-

-
-

-
-

-
-

-
-

0.
2

8.
72

2
X

32
Py

rim
id

in
e,

 2
-m

et
hy

l-
40

.2
-

-
-

-
-

-
-

-
9.

36
9

X
33

9-
A

za
di

sp
iro

[3
.1

.3
.0

]n
on

an
e

-
4.

2
-

-
-

-
-

-
-

9.
43

2
X

34
2-

Pr
op

an
on

e,
 1

-(1
-c

yc
lo

he
xe

n-
1-

yl
)-

-
-

2.
5

-
-

-
-

-
-

9.
60

9
X

35
O

xi
m

e-
, m

et
ho

xy
-p

he
ny

l-_
-

4.
7

10
.9

1.
3

4.
3

-
-

-
0.

2
9.

62
1

X
36

(1
R

)-2
,6

,6
-T

rim
et

hy
lb

ic
yc

lo
[3

.1
.1

]h
ep

t-2
-e

ne
-

-
-

5.
6

-
-

-
-

-
10

.0
61

X
37

B
ic

yc
lo

[2
.2

.1
]h

ep
ta

ne
, 2

,2
-d

im
et

hy
l-3

-m
et

hy
le

ne
-, 

(1
S)

-
-

-
-

5.
8

-
-

-
-

-
10

.3
99

X
38

Ph
en

yl
fo

rm
al

de
hy

de
0.

3
-

-
-

-
-

0.
16

-
0.

1



Page 5 of 14Dekebo et al. 	 Journal of Ecology and Environment (2022)46:07
Ta

bl
e 

2 
Co

nt
in

ue
d

RT
 (m

in
)

N
o.

C
om

po
un

ds
C

S
D

L
D

K
LO

R
P

A
F

C
C

A
A

LJ

10
.7

08
X

39
2-

Fu
ra

nc
ar

bo
xa

ld
eh

yd
e,

 5
-m

et
hy

l-
-

-
-

-
-

-
0.

63
-

-
10

.8
51

X
40

2H
-P

yr
an

, 2
-e

th
en

yl
te

tra
hy

dr
o-

2,
6,

6-
tri

m
et

hy
l-

-
-

-
-

-
-

1.
17

-
-

10
.9

48
X

41
B

ic
yc

lo
[4

.1
.0

]h
ep

t-3
-e

ne
, 3

,7
,7

-tr
im

et
hy

l-
-

-
-

-
1.

0
-

-
-

-
10

.9
08

X
42

B
en

ze
ne

, 1
-a

zi
do

-4
-m

et
hy

l-
-

-
-

-
-

-
-

-
0.

4
10

.9
37

X
43

(1
S,

5S
)-6

,6
-D

im
et

hy
l-2

-m
et

hy
le

ne
bi

cy
cl

o[
3.

1.
1]

he
pt

an
e

-
-

-
2.

2
-

0.
5

-
-

-
10

.9
65

X
44

1-
H

ex
en

e,
 3

,5
,5

-tr
im

et
hy

l-
-

-
-

-
-

0.
13

-
-

-
11

.1
54

X
45

1-
O

ct
en

-3
-o

l
-

-
-

-
8.

1
1.

41
-

-
-

11
.2

74
X

46
1-

Pe
nt

an
ol

, 2
,2

,4
-tr

im
et

hy
l-

-
-

-
-

-
0.

29
-

-
-

11
.3

6
X

47
1-

H
ep

te
n-

6-
on

e,
 2

-m
et

hy
l-

-
-

-
-

-
-

-
-

0.
2

11
.4

92
X

48
1,

6-
O

ct
ad

ie
ne

, 7
-m

et
hy

l-3
-m

et
hy

le
ne

- 
-

-
-

-
-

4.
68

-
-

0.
1

11
.5

03
X

49
Fu

ra
n,

 2
-p

en
ty

l-
-

-
-

-
1.

0
-

-
-

-
11

.5
66

X
50

5-
H

ep
te

n-
2-

ol
, 6

-m
et

hy
l-

-
-

-
-

-
-

-
-

0.
2

11
.7

89
X

51
O

ct
an

al
-

-
-

-
-

0.
2

0.
87

-
-

11
.9

44
X

52
3,

6-
B

is
(N

-d
im

et
hy

la
m

in
o)

-9
-e

th
yl

ca
rb

az
ol

e
0.

2
-

-
-

-
-

3.
36

-
-

11
.9

5
X

53
7H

-D
ib

en
zo

[b
,g

]c
ar

ba
zo

le
, 7

-m
et

hy
l-

-
-

-
-

-
0.

85
-

-
-

11
.9

55
X

54
tra

ns
-4

-(2
-(5

-N
itr

o-
2-

fu
ry

l)v
in

yl
)-2

-q
ui

no
lin

am
in

e
-

-
-

-
0.

4
-

-
-

-
11

.9
78

X
55

1,
3,

8-
p-

M
en

th
at

rie
ne

-
-

-
-

-
-

-
1.

0
3.

1
11

.9
9

X
56

3-
H

ex
en

-1
-o

l, 
ac

et
at

e,
 (E

)-
-

-
-

8.
1

-
-

-
-

-
12

.1
84

X
57

1,
3-

C
yc

lo
he

xa
di

en
e,

 1
-m

et
hy

l-4
-(1

-m
et

hy
le

th
yl

)-
-

-
-

-
-

-
0.

25
-

-
12

.4
47

X
58

ci
s-

5,
8,

11
,1

4,
17

-E
ic

os
ap

en
ta

en
oi

c 
ac

id
-

-
-

-
-

-
-

0.
3

-
12

.4
7

X
59

Py
rid

in
e,

 3
-m

et
hy

l-
0.

7
-

-
-

-
-

-
-

-
12

.5
39

X
60

(4
R

)-1
-m

et
hy

l-4
-p

ro
p-

1-
en

-2
-y

lc
yc

lo
he

xe
ne

-
-

-
2.

2
-

-
1.

6
0.

2
-

12
.5

73
X

61
2,

4,
6-

O
ct

at
rie

ne
, 2

,6
-d

im
et

hy
l-

-
-

-
-

-
0.

43
-

-
0.

3
12

.7
56

X
62

U
nd

ec
an

e,
 4

,7
-d

im
et

hy
l-

-
-

-
-

-
0.

1
-

-
-

12
.7

62
X

63
Ei

co
sa

ne
-

-
-

1
-

-
-

-
-

12
.8

76
X

64
1,

3,
6-

O
ct

at
rie

ne
, (

Z
,E

)-
-

-
-

-
-

-
1.

8
-

-
12

.9
39

X
65

2-
ph

en
yl

ac
et

al
de

hy
de

 
-

-
-

-
-

-
-

0.
6

-
13

.0
48

X
66

Ph
en

yl
m

et
ha

no
l 

-
-

-
-

-
-

0.
59

-
1.

1
13

.1
63

X
67

4,
7,

7-
tri

m
et

hy
lb

ic
yc

lo
[4

.1
.0

]h
ep

t-2
-e

ne
 

-
-

-
-

-
8.

61
-

-
-

13
.1

68
X

68
1,

3,
6-

O
ct

at
rie

ne
, 3

,7
-d

im
et

hy
l-,

 (E
) -

-
48

.8
11

.1
1.

3
23

.7
38

.4
0.

94
1.

3
60

.3
13

.5
4

X
69

1-
ph

en
yl

et
ha

no
ne

 
-

-
-

-
-

-
46

.6
8

-
-

13
.6

03
X

70
Et

ha
no

ne
, 2

-h
yd

ro
xy

-1
,2

-d
ip

he
ny

l-,
 o

xi
m

e
-

-
-

-
-

-
-

0.
5

-
13

.6
84

X
71

2,
6,

10
-D

od
ec

at
rie

n-
1-

ol
, 3

,7
,1

1-
tri

m
et

hy
l-

-
-

-
-

-
-

-
-

0.
3

13
.8

09
X

72
2-

hy
dr

ox
y-

1,
2-

di
ph

en
yl

et
ha

no
ne

-
-

-
-

-
-

2.
26

-
-

13
.8

2
X

73
5-

(3
,3

-d
im

et
hy

lo
xi

ra
n-

2-
yl

)-3
-m

et
hy

lp
en

t-1
-e

n-
3-

ol
 

-
-

-
-

-
-

-
1.

9
-

13
.8

21
X

74
1-

O
ct

an
ol

-
-

-
-

-
0.

45
-

-
-

13
.8

26
X

75
2-

Fu
ra

nm
et

ha
no

l, 
5-

et
he

ny
lte

tra
hy

dr
o-

. α
,.α

.,5
-tr

im
et

hy
l-,

 c
is

-
-

-
-

-
0.

9
-

-
-

-
14

.0
32

X
76

3-
Et

hy
l-1

,5
-o

ct
ad

ie
ne

-
-

-
-

-
-

-
-

0.
5

14
.2

38
X

77
3,

7,
7-

tri
m

et
hy

lb
ic

yc
lo

[4
.1

.0
]h

ep
t-2

-e
ne

-
-

-
-

-
0.

27
1.

82
-

-
14

.2
55

X
78

Et
hy

l 2
-(5

-m
et

hy
l-5

-v
in

yl
te

tra
hy

dr
of

ur
an

-2
-y

l)p
ro

pa
n-

2-
yl

 c
ar

bo
na

te
-

-
-

-
-

-
-

0.
8

-



Page 6 of 14Dekebo et al. 	 Journal of Ecology and Environment (2022)46:07

Ta
bl

e 
2 

Co
nt

in
ue

d

RT
 (m

in
)

N
o.

C
om

po
un

ds
C

S
D

L
D

K
LO

R
P

A
F

C
C

A
A

LJ

14
.5

82
X

79
1,

3,
7-

O
ct

at
rie

ne
, 3

,7
-d

im
et

hy
l-

-
1.

5
-

2.
6

16
.6

-
-

-
0.

1
14

.5
87

X
80

 3
,7

-D
im

et
hy

l-1
,6

-o
ct

ad
ie

n-
3-

ol
 

-
-

-
-

-
-

-
39

.1
-

14
.5

7
X

81
1,

6-
O

ct
ad

ie
n-

3-
ol

, 3
,7

-d
im

et
hy

l-
-

-
-

-
-

-
6.

61
-

-
14

.6
67

X
82

1-
M

et
ho

xy
-3

-h
yd

ro
xy

m
et

hy
lh

ep
ta

ne
-

-
-

-
-

-
1.

19
-

-
14

.6
79

X
83

N
on

an
al

-
-

-
-

-
1.

46
-

-
-

14
.6

9
X

84
7-

O
ct

en
-1

-o
l, 

3,
7-

di
m

et
hy

l-,
 ( S

)-
-

-
-

-
-

-
-

-
0.

3
14

.7
X

85
(5

E)
-3

,5
-d

im
et

hy
lo

ct
a-

1,
5,

7-
tri

en
-3

-o
l 

-
-

-
-

-
-

-
32

.1
-

14
.7

02
X

86
1-

C
yc

lo
he

xy
ln

on
en

e
-

1.
1

-
4.

3
-

-
-

-
-

15
.0

28
X

87
2-

Ph
en

yl
et

ha
n-

1-
ol

 
-

-
-

-
0.

8
0.

94
-

-
1.

6
15

.0
39

X
88

Fl
uo

re
n-

9-
ol

, 3
,6

-d
im

et
ho

xy
-9

-(2
-p

he
ny

le
th

yn
yl

)-
-

-
-

-
2.

6
-

0.
72

-
-

15
.0

45
X

89
1,

7-
O

ct
ad

ie
n-

3-
on

e,
 2

-m
et

hy
l-6

-m
et

hy
le

ne
-

-
-

-
-

3.
5

-
-

-
-

15
.1

82
X

90
2,

6-
D

im
et

hy
l-1

,3
,5

,7
-o

ct
at

et
ra

en
e,

 E
,E

-
-

-
-

-
-

-
-

0.
8

-
15

.2
62

X
91

O
ct

an
oi

c 
ac

id
, m

et
hy

l e
st

er
-

-
-

-
-

-
-

-
0.

2
15

.3
6

X
92

B
ic

yc
lo

[3
.1

.0
]h

ex
-2

-e
ne

, 4
,4

,6
,6

-te
tra

m
et

hy
l-

-
-

-
-

-
9.

2
-

-
-

15
.4

05
X

93
1,

4-
C

yc
lo

he
xa

di
en

e,
 3

-e
th

en
yl

-1
,2

-d
im

et
hy

l-
-

-
-

-
-

-
-

2.
6

-
15

.5
31

X
94

2-
ph

en
yl

ac
et

on
itr

ile
 

-
-

-
-

-
-

-
-

3.
4

15
.7

03
X

95
C

yc
lo

pr
op

an
e,

 tr
im

et
hy

l(2
-m

et
hy

l-1
-p

ro
pe

ny
lid

en
e)

-
-

-
-

-
-

0.
28

-
-

-
15

.9
43

X
96

1H
-In

do
le

, 1
,3

-d
im

et
hy

l-5
,6

-d
im

et
ho

xy
-2

-(3
,5

-d
im

et
ho

xy
ph

en
yl

)-
-

-
-

-
-

-
0.

21
0.

4
-

16
.0

06
X

97
C

yc
lo

bu
ta

ne
, m

et
hy

le
ne

-
-

-
-

-
-

-
-

0.
2

-
16

.2
18

X
98

5H
-N

ap
ht

ho
[2

,3
-b

]c
ar

ba
zo

le
0.

3
0.

5
-

4.
4

-
0.

68
3.

74
-

-
16

.2
24

X
99

N
,N

-D
im

et
hy

l-N
'-(

10
-p

ro
py

l-1
0H

-a
cr

id
in

-9
-y

lid
en

e)
-b

en
ze

ne
-1

,4
-d

ia
m

in
e

-
-

-
-

0.
5

-
-

-
-

16
.4

01
X

10
0

B
en

zo
ic

 a
ci

d,
 e

th
yl

 e
st

er
-

-
-

-
-

-
-

-
0.

4
16

.4
98

X
10

1
3-

D
ec

yn
-1

-o
l

-
-

-
-

-
-

-
0.

6
-

16
.5

61
X

10
2

4-
(4

-C
hl

or
op

he
ny

l)-
2,

6-
di

ph
en

yl
py

rid
in

e
-

-
-

-
-

-
0.

15
-

-
16

.9
05

X
10

3
2-

(4
-m

et
hy

lc
yc

lo
he

x-
3-

en
-1

-y
l)p

ro
pa

n-
2-

ol
-

-
-

-
-

-
3.

55
0.

4
-

17
.5

34
X

10
4

6-
M

et
hy

l-2
-p

yr
id

in
ec

ar
ba

ld
eh

yd
e

-
-

-
-

0.
6

-
-

-
-

17
.5

46
X

10
5

3-
C

yc
lo

he
xe

ne
-1

-a
ce

ta
ld

eh
yd

e,
 α

,4
-d

im
et

hy
l-

-
-

-
-

-
-

0.
56

-
-

17
.8

72
X

10
6

3,
7-

di
m

et
hy

lo
ct

-6
-e

n-
1-

ol
-

-
-

-
-

0.
13

-
-

0.
1

17
.8

55
X

10
7

5-
A

m
in

o-
7-

(4
-m

et
ho

xy
-p

he
ny

l)-
2-

ph
en

yl
-p

yr
az

ol
o[

1,
5-

a]
py

rim
id

in
e-

6-
ca

rb
on

itr
ile

-
-

-
-

-
-

0.
23

-
-

17
.9

52
X

10
8

2,
4-

H
ex

ad
ie

ne
, (

E,
Z)

-
-

-
-

-
-

-
0.

24
-

-
17

.9
58

X
10

9
3-

H
ex

en
e,

 2
,5

-d
im

et
hy

l-,
 ( E

)-
-

-
-

-
-

0.
21

-
-

-
17

.9
63

X
11

0
C

yc
lo

he
xa

ne
, c

hl
or

o-
-

-
-

-
-

-
-

-
0.

1
17

.9
8

X
11

1
2-

Th
io

ph
en

em
et

ha
na

m
in

e
-

-
-

-
-

-
-

0.
2

-
18

.0
72

X
11

2
1,

3-
Pe

nt
ad

ie
ne

, 2
-m

et
hy

l-,
 ( E

)-
-

-
-

-
-

-
-

-
0.

2
18

.4
84

X
11

3
(2

-N
on

yl
ox

y-
be

nz
yl

)-p
he

ny
l-a

m
in

e
-

-
-

-
-

-
1.

02
-

-
18

.5
58

X
11

4
2-

Th
ia

zo
lin

e,
 5

-m
et

hy
l-2

-(2
-p

yr
id

yl
m

et
hy

l)a
m

in
o-

-
-

-
-

-
-

-
0.

2
-

20
.0

92
X

11
5

(E
)-H

ex
-3

-e
ny

l (
E)

-2
-m

et
hy

lb
ut

-2
-e

no
at

e
-

-
-

-
-

-
-

-
3.

7
20

.2
29

X
11

6
3-

M
et

hy
l-2

-b
ut

en
oi

c 
ac

id
, o

ct
ad

ec
yl

 e
st

er
-

-
-

-
-

-
-

-
1.

9
20

.3
15

X
11

7
1-

he
xy

l-3
-(n

ap
ht

ha
le

n-
1-

yl
m

et
hy

l)-
1H

-in
do

le
3.

1
5.

5
11

.8
9.

2
-

0.
86

3.
78

-
-



Page 7 of 14Dekebo et al. 	 Journal of Ecology and Environment (2022)46:07

Ta
bl

e 
2 

Co
nt

in
ue

d

RT
 (m

in
)

N
o.

C
om

po
un

ds
C

S
D

L
D

K
LO

R
P

A
F

C
C

A
A

LJ

20
.4

24
X

11
8

1S
,2

S)
-1

-e
th

en
yl

-1
-m

et
hy

l-2
-(p

ro
p-

1-
en

-2
-y

l)-
4-

(p
ro

pa
n-

2-
yl

id
en

e)
cy

cl
oh

ex
an

e
-

-
-

-
-

0.
04

-
-

-
20

.7
04

X
11

9
4,

10
-d

im
et

hy
l-7

-(p
ro

pa
n-

2-
yl

)tr
ic

yc
lo

[4
.4

.0
.0

]d
ec

-3
-e

ne
-

-
-

-
-

0.
28

-
-

-
21

.2
88

X
12

0
(1

S,
6S

,7
S,

8S
)-1

,3
-d

im
et

hy
l-8

-p
ro

pa
n-

2-
yl

tri
cy

cl
o[

4.
4.

0.
02,

7 ]
de

c-
3-

en
e

-
-

-
-

-
0.

37
-

-
0.

1
21

.4
88

X
12

1
1-

m
et

hy
l-5

-m
et

hy
lid

en
e-

8-
(p

ro
pa

n-
2-

yl
)tr

ic
yc

lo
[5

.3
.0

.0
²,6

]d
ec

an
e

-
-

-
-

-
0.

07
0.

1
-

-
21

.7
17

X
12

2
1,

1,
4,

7-
te

tra
m

et
hy

l-1
H

,1
aH

,2
H

,3
H

,4
H

,4
aH

,5
H

,6
H

,7
bH

-c
yc

lo
pr

op
a[

e]
az

ul
en

e
-

-
-

-
-

0.
08

-
-

-
21

.7
34

X
12

3
2-

C
yc

lo
pe

nt
en

-1
-o

ne
, 3

-m
et

hy
l-2

-(2
-p

en
te

ny
l)-

, (
Z)

-
-

-
-

-
-

-
-

-
0.

9
22

.0
26

X
12

4
2,

4-
Q

ui
no

lin
ed

io
l

-
-

-
-

-
0.

14
-

-
-

22
.2

21
X

12
5

1S
,6

R
,7

R
,8

S)
-1

-m
et

hy
l-3

-m
et

hy
lid

en
e-

8-
(p

ro
pa

n-
2-

yl
)tr

ic
yc

lo
[4

.4
.0

.0
]d

ec
an

e
-

-
-

-
-

0.
07

-
-

0.
2

22
.2

32
X

12
6

(1
R

,4
E,

9S
)-4

,1
1,

11
-T

rim
et

hy
l-8

-m
et

hy
lid

en
eb

ic
yc

lo
[7

.2
.0

]u
nd

ec
-4

-e
ne

-
1.

4
4.

7
-

-
2.

86
-

-
-

22
.4

32
X

12
7

4-
m

et
hy

l-7
-m

et
hy

lid
en

e-
1-

(p
ro

pa
n-

2-
yl

)-1
,2

,3
,4

,4
a,

5,
6,

7-
oc

ta
hy

dr
on

ap
ht

ha
le

ne
-

-
-

-
-

0.
23

-
-

0.
1

22
.6

78
X

12
8

C
yc

lo
he

xe
ne

, 6
-e

th
en

yl
-6

-m
et

hy
l-1

-(1
-m

et
hy

le
th

yl
)-3

-(1
-m

et
hy

le
th

yl
id

en
e)

-, 
(S

)-
-

-
-

-
-

0.
23

-
-

-
22

.7
87

X
12

9
4,

7-
di

m
et

hy
l-1

-(p
ro

pa
n-

2-
yl

)-1
,2

,3
,4

,4
a,

5-
he

xa
hy

dr
on

ap
ht

ha
le

ne
.

-
-

-
-

-
0.

08
-

-
-

22
.8

79
X

13
0

B
en

ze
ne

, 1
-m

et
hy

l-3
,5

-b
is

(1
-m

et
hy

le
th

yl
)-

-
-

-
-

-
0.

17
-

-
-

22
.9

41
X

13
1

2,
5-

H
ep

ta
di

en
e,

 2
-m

et
hy

l-6
-(4

-m
et

hy
l-3

-c
yc

lo
he

xe
n-

1-
yl

)-,
 ( E

)-
-

-
-

-
-

-
-

-
0.

01
23

.1
02

X
13

2
H

ep
ta

de
ca

ne
, 2

,6
,1

0,
14

-te
tra

m
et

hy
l-

-
-

-
-

-
1.

42
-

-
-

23
.1

13
X

13
3

H
ex

ad
ec

an
e

-
-

-
-

0.
6

-
-

-
-

23
.4

17
X

13
4

N
ap

ht
ha

le
ne

, 1
,2

,4
a,

5,
6,

8a
-h

ex
ah

yd
ro

-4
,7

-d
im

et
hy

l-1
-(1

-m
et

hy
le

th
yl

)-
-

-
-

-
-

1.
15

-
-

-
23

.5
14

X
13

5
Tr

ic
yc

lo
[4

.4
.0

.0
2,

7]
de

ca
ne

, 1
-m

et
hy

l-3
-m

et
hy

le
ne

-8
-(1

-m
et

hy
le

th
yl

)-,
 

(1
R

,2
S,

6S
,7

S,
8S

)-r
el

-
-

-
-

-
-

1.
92

-
-

-

23
.5

14
X

13
6

1,
6-

C
yc

lo
de

ca
di

en
e,

 1
-m

et
hy

l-5
-m

et
hy

le
ne

-8
-(1

-m
et

hy
le

th
yl

)-,
 [ S

-(E
,E

)]-
-

-
-

-
-

-
-

-
1.

5
23

.5
88

X
13

7
1,

6,
10

-D
od

ec
at

rie
ne

, 7
,1

1-
di

m
et

hy
l-3

-m
et

hy
le

ne
-, 

(Z
)-

-
-

-
-

0.
4

-
-

-
-

23
.6

8
X

13
8

5,
5,

11
,1

1-
te

tra
m

et
hy

ltr
ic

yc
lo

[6
.2

.1
.0

1,
6 ]

un
de

ca
-2

,6
-d

ie
ne

-
-

-
-

-
0.

2
-

-
-

23
.8

34
X

13
9

1H
-C

yc
lo

pr
op

[e
]a

zu
le

ne
, d

ec
ah

yd
ro

-1
,1

,7
-tr

im
et

hy
l-4

-m
et

hy
le

ne
-

-
-

-
-

-
-

-
-

0.
4

23
.8

17
X

14
0

2-
(3

-Is
op

ro
py

l-4
-m

et
hy

l-p
en

t-3
-e

n-
1-

yn
yl

)-2
-m

et
hy

l-c
yc

lo
bu

ta
no

ne
-

-
-

-
-

2.
17

-
-

-
23

.8
97

X
14

1
2-

B
en

zo
[1

,3
]d

io
xo

l-5
-y

l-8
-m

et
ho

xy
-3

-n
itr

o-
2H

-c
hr

om
en

e
-

-
-

-
-

2.
59

-
-

-
23

.9
77

X
14

2
tra

ns
-4

-D
im

et
hy

la
m

in
o-

4'
-m

et
ho

xy
ch

al
co

ne
1.

9
3.

3
-

5
-

-
2.

0
0.

2
0.

2
23

.9
83

X
14

3
2-

B
en

zo
[1

,3
]d

io
xo

l-5
-y

l-8
-m

et
ho

xy
-3

-n
itr

o-
2H

-c
hr

om
en

e
-

-
-

-
2.

1
-

-
-

-
24

.0
46

X
14

4
1,

6-
di

m
et

hy
l-4

-p
ro

pa
n-

2-
yl

-1
,2

,3
,7

,8
,8

a-
he

xa
hy

dr
on

ap
ht

ha
le

ne
-

-
-

-
-

0.
22

-
-

-
24

.0
46

X
14

5
1,

3,
6,

10
-D

od
ec

at
et

ra
en

e,
 3

,7
,1

1-
tri

m
et

hy
l-,

 (E
,E

)
-

-
-

-
1.

7
0.

05
-

-
0.

5
24

.1
09

X
14

6
2,

6-
bi

s(
1,

1-
di

m
et

hy
le

th
yl

)-4
-m

et
hy

lp
he

no
l

0.
5

0.
7

-
2.

4
-

0.
18

-
-

-
24

.1
78

X
14

7
N

ap
ht

ha
le

ne
, 1

,2
,3

,4
,4

a,
5,

6,
8a

-o
ct

ah
yd

ro
-7

-m
et

hy
l-4

-m
et

hy
le

ne
-1

-(1
-

m
et

hy
le

th
yl

)-,
 (1

a,
4a

a,
8a

a)
-

-
-

-
-

-
0.

74
-

-
0.

3

24
.3

55
X

14
8

Tr
ic

yc
lo

[4
.4

.0
.0

2,
7]

de
c-

3-
en

e,
 1

,3
-d

im
et

hy
l-8

-(1
-m

et
hy

le
th

yl
)-,

 (1
S,

2R
,6

R
,7

R
,8

S)
-

-
-

-
-

-
-

-
0.

2
24

.3
55

X
14

9
N

ap
ht

ha
le

ne
, 1

,2
,4

a,
5,

6,
8a

-h
ex

ah
yd

ro
-4

,7
-d

im
et

hy
l-1

-(1
-m

et
hy

le
th

yl
)-,

 (1
a,

4a
a,

8a
a)

-`
-

-
-

-
-

2.
66

-
-

-
24

.5
38

X
15

0
N

ap
ht

ha
le

ne
, 1

,2
,3

,4
,4

a,
7-

he
xa

hy
dr

o-
1,

6-
di

m
et

hy
l-4

-(1
-m

et
hy

le
th

yl
)-

-
-

-
-

-
0.

24
-

-
-

24
.8

53
X

15
1

C
yc

lo
un

de
ca

di
en

e,
 1

,4
,4

-tr
im

et
hy

l-8
-m

et
hy

le
ne

-, 
(E

,E
)-

 
-

-
-

-
-

-
-

-
0.

2



Page 8 of 14Dekebo et al. 	 Journal of Ecology and Environment (2022)46:07

Ta
bl

e 
2 

Co
nt

in
ue

d

RT
 (m

in
)

N
o.

C
om

po
un

ds
C

S
D

L
D

K
LO

R
P

A
F

C
C

A
A

LJ

25
.1

33
X

15
2

2,
6,

10
,1

4-
H

ex
ad

ec
at

et
ra

en
-1

-o
l, 

3,
7,

11
,1

5-
te

tra
m

et
hy

l-,
 a

ce
ta

te
, (

E,
E,

E)
-

-
-

-
-

0.
6

-
-

-
-

25
.4

25
X

15
3

Is
ol

on
gi

fo
le

ne
, 9

,1
0-

de
hy

dr
o-

-
-

-
-

-
0.

16
-

-
-

25
.7

17
X

15
4

2,
2,

4a
-tr

im
et

hy
l-8

-m
et

hy
lid

en
e-

2a
,3

,4
,5

,6
,7

-h
ex

ah
yd

ro
-1

H
-c

yc
lo

bu
ta

[i]
in

de
ne

-
-

-
-

-
0.

83
-

-
0.

6
25

.7
74

X
15

5
2-

N
itr

op
he

ny
l n

-b
ut

yr
at

e
0.

3
-

-
-

-
-

-
-

-
26

.1
52

X
15

6
1H

-3
a,

7-
M

et
ha

no
az

ul
en

e,
 2

,3
,4

,7
,8

,8
a-

he
xa

hy
dr

o-
3,

6,
8,

8-
te

tra
m

et
hy

l-,
 

[3
R

-(3
a,

3a
b,

7b
,8

aa
)]-

-
-

-
-

-
0.

09
-

-
-

26
.3

69
X

15
7

1,
2-

B
is

(b
ic

yc
lo

[2
.2

.1
]h

ep
t-2

-y
l)e

th
an

e
-

-
-

-
0.

4
-

-
-

-
26

.3
98

X
15

8
(1

R,
2R

,5
S)

-2
,6

,6
,8

-te
tra

m
et

hy
ltr

ic
yc

lo
[5

.3
.1

.0
1,

5 ]
un

de
c-

8-
en

e
-

-
-

-
-

0.
11

-
-

-
26

.4
61

X
15

9
2-

Is
op

ro
pe

ny
l-4

a,
8-

di
m

et
hy

l-1
,2

,3
,4

,4
a,

5,
6,

7-
oc

ta
hy

dr
on

ap
ht

ha
le

ne
-

-
-

-
-

-
-

-
0.

1
26

.6
38

X
16

0
1,

1,
4,

7-
te

tra
m

et
hy

l-1
a,

2,
3,

4,
5,

6,
7,

7b
-o

ct
ah

yd
ro

cy
cl

op
ro

pa
[e

]a
zu

le
ne

-
-

-
-

-
0.

12
-

-
-

27
.2

39
X

16
1

D
ib

ut
an

oy
lm

or
ph

in
e

-
-

-
-

-
0.

35
0.

96
-

-
27

.2
45

X
16

2
2,

4(
1H

,3
H

)-Q
ui

no
lin

ed
io

ne
, 3

-b
en

zo
yl

-3
-(p

he
ny

lm
et

hy
l)-

0.
4

0.
8

1.
4

-
-

-
-

-
-

27
.2

5
X

16
3

Py
ra

zo
le

, 3
-te

rt-
bu

ty
l-5

-(4
-c

hl
or

op
he

ny
l)-

1-
(4

-n
itr

op
he

ny
l)-

-
-

-
-

1.
1

-
-

-
0.

1
30

.0
88

X
16

4
3 β

 -A
ce

to
xy

-1
6-

is
ot

hi
oc

ya
na

to
pr

eg
n-

5-
en

-2
0-

on
e

0.
2

-
-

-
-

0.
11

-
-

-
30

.0
54

X
16

5
C

ho
le

st
an

-7
-o

ne
, c

yc
lic

 1
,2

-e
th

an
ed

iy
l a

ce
ta

l, 
(5
α-

)-
-

-
-

-
-

-
1.

51
-

-
30

.8
67

X
16

6
3-

A
m

in
o-

4-
m

et
hy

lb
en

zo
ic

 a
ci

d
0.

3
-

-
-

-
-

-
-

-
31

.6
16

X
16

7
m

et
hy

l h
ex

ad
ec

an
oa

te
-

-
-

-
-

-
-

-
0.

7
32

.6
29

X
16

8
9,

10
-M

et
ha

no
an

th
ra

ce
n-

11
-o

l, 
9,

10
-d

ih
yd

ro
-9

,1
0,

11
-tr

im
et

hy
l-

0.
1

-
-

-
-

-
-

-
-

35
.3

18
X

16
9

Ph
en

yl
ac

et
ic

 a
ci

d,
 2

-(1
-a

da
m

an
ty

l)e
th

yl
 e

st
er

0.
1

-
-

-
-

-
-

-
-

37
.0

86
X

17
0

Th
io

cy
an

ic
 a

ci
d,

 5
α-

ch
ol

es
ta

n-
3β

.-y
l e

st
er

-
-

-
-

-
-

0.
41

-
-

39
.1

12
X

17
1

5-
M

et
hy

l-2
-p

he
ny

lin
do

liz
in

e
-

-
-

-
-

-
0.

32
-

-
39

.2
43

X
17

2
B

en
zo

[H
]q

ui
no

lin
e,

 2
,4

-d
im

et
hy

l-
-

-
-

-
-

-
-

0.
3

-

C
S:

 C
or

yd
al

is
 sp

ec
io

sa
; D

L:
 D

io
sp

yr
os

 lo
tu

s;
 D

K
: D

io
sp

yr
os

 k
ak

i; 
LO

: L
ig

us
tru

m
 o

bt
us

ifo
liu

m
; A

F:
 A

m
or

ph
a 

fru
tic

os
a;

 C
C

: C
as

ta
ne

a 
cr

en
at

a;
 A

A
: A

ila
nt

hu
s a

lti
ss

im
a;

 L
J: 

Lo
ni

ce
ra

 ja
po

ni
ca

; R
P:

 R
ob

in
ia

 p
se

ud
oa

ca
ci

a.



Page 9 of 14Dekebo et al. 	 Journal of Ecology and Environment (2022)46:07

crenata has acetophenone (46.68%) as the principal com-
pound (Table 2, Fig. S2).

Amorpha fruticosa was identified to have the most di-
verse VOCs of the 9 plants through this study (Fig. S2, Ta-

ble 2). This species was classified as a β -ocimene rich 
group, but also have other montoterpenes [4,7,7-trimethyl-
bicyclo[4.1.0]hept-2-ene (4-carene), 3,7,7-trimethylbicyclo 
[4.1.0]hept-2-ene (2-carene), 1,6-octadiene, 7-methyl-3- 

Fig. 1 Biplot created by principal 
component analysis (PCA) using 
compositional proportions (> 1%) 
of VOCs from plant species. Xn 
represents the chemical number 
assigned to each VOC in Table 2. 
VOCs: volatile of organic com-
pounds; AF: Amorpha fruticosa; 
DL: Diospyros lotus; LJ: Lonicera 
japonica; CS: Corydalis speciosa; 
AA: Ailanthus altissima; CC: Cas-
tanea crenata; DK: Diospyros kaki; 
LO: Ligustrum obtusifolium; RP: 
Robinia pseudoacacia.

Fig. 2 Dendrogram created by hi-
erarchical cluster analysis (HCA) 
using compositional proportions 
(> 1%) of VOCs from plant species. 
VOCs: volatile of organic com-
pounds; AF: Amorpha fruticosa; 
DL: Diospyros lotus; LJ: Lonicera 
japonica; CS: Corydalis speciosa; 
AA: Ailanthus altissima; CC: Cas-
tanea crenata; DK: Diospyros kaki; 
LO: Ligustrum obtusifolium; RP: 
Robinia pseudoacacia.
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methylene (β-myrcene), (1S,5S)-6,6-dimethyl-2-methylen-
ebicyclo[3.1.1]heptane (β -pinene)] and sesquiterpenes 
(1S,2S)-1-ethenyl-1-methyl-2-(prop-1-en-2-yl)-4-(propan-2-
ylidene)cyclohexane (γ-elemene), 4,10-dimethyl-7-(propan-
2-yl)tricyclo[4.4.0.0]dec-3-ene (α-cubebene), (1S,6S,7S,8S)- 
1,3-dimethyl-8-propan-2-yltricyclo[4.4.0.02,7]dec-3-ene 
(α-copaene), 1-methyl-5-methylidene-8-(propan-2-yl)tricy-
clo[5.3.0.0]decane (β-bourbonene), 1H,1aH,2H,3H,4H,4aH, 
5H,6H,7bH-cyclopropa[e]azulene (α-gurjunene), (1S,6R,7R, 
8S)-1-methyl-3-methylidene-8-(propan-2-yl)tricyc-
lo[4.4.0.0]decane (β-ylangene), (1R,4E,9S)-4,11,11-trimeth-
yl-8-methylidenebicyclo[7.2.0]undec-4-ene (caryophyllene), 
4-methyl-7-methylidene-1-(propan-2-yl)-1,2,3,4,4a,5,6,7-
octahydronaphthalene ((+)-epi-bicyclosesquiphellandrene), 
4,7-dimethyl-1-(propan-2-yl)-1,2,3,4,4a,5-hexahydronaph-
thalene (cis-muurola-3,5-diene), tricyclo[4.4.0.02,7]decane, 
1-methyl-3-methylene-8-(1-methylethyl)-, (1R,2S,6S,7S,8S)-
rel (β-copaene), 5,5,11,11-tetramethyltricyclo[6.2.1.0]unde-
ca-2,6-diene (neoisolongifolene), 1,6-dimethyl-4-pro-
pan-2-yl-1,2,3,7,8,8a-hexahydronaphthalen (epizonarene), 
1,3,6,10-dodecatetraene, 3,7,11-trimethyl-, (E,E) (α-farnesene), 
naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-7-methyl-4- 
methylene-1-(1-methylethyl)-, (1a,4aa,8aa) (γ-muurolene), 
naphthalene, 1,2,4a,5,6,8a-hexahydro-4,7-dimethyl-1-(1- 
methylethyl)-, (1a,4aa,8aa)- (α-muurolene), isolongifolene, 
9,10-dehydro, 1H-3a,7-methanoazulene, 2,3,4,7,8,8a-hexa-
hydro-3,6,8,8-tetramethyl-, [3R-(3a,3ab,7b,8aa)]- (cedrene), 
(1R,2R,5S)-2,6,6,8-tetramethyltricyclo[5.3.1.01,5]undec-8-
ene (7-epi- α-cedrene, isoledene)].

Discussion

Our results showed there are differences in the emission 
of floral volatile organic compounds among the nine bees 
host flowers investigated in this study. However, monoter-
pene, E-β-ocimene was the principal component in volatil-
ities of Lonicera japonica (60.3%) Diospyros lotus (48.8%), 
Amorpha fruticosa (38.4%), and Robinia pseudoacacia 
(23.7%) (Table 2, Figs. S1–3). Similar studies also indicated 
that Ranunculus acris (Farré-Armengol et al. 2013), Mira-
bilis jalapa (Effmert et al. 2005), snapdragon (Antirrhinum 
majus) (Dudareva et al. 2003) f lowers have a f loral scent 
dominated by β -ocimene. It was reported that E -β -
ocimene acts as a brood pheromone of bees like Apis mel-
lifera and by sending signals to worker bees to carry out 
foraging activities, food collection, storage and processing 
for colony and larvae (Maisonnasse et al. 2010). E-β -
ocimene was also identified to act as primer pheromone on 
worker bees by inhibiting maturation of their ovaries. 
Emission of E-β-ocimene by honey bee larvae may prevent 
workers (especially nurses) from utilizing food into egg 
production instead of taking care of the larvae (Maison-
nasse et al. 2009). 

Several reports indicate a role of β-ocimene in pollinator 
attraction in addition to its high occurrence in f loral 
scents. Research conducted on β-ocimene shows it can ef-
fectively attract honey bees and bumblebees (Granero et al. 
2005; Pecetti et al. 2002). We believe the reason for the 
honey bees’ attraction to flowers which have β-ocimene as 
a major volatile organic compound might be due to their 
correlating the aroma of the flower’s volatiles with those of 
their brood pheromone in the hive. There was a report that 
emission rates of trans-β -ocimene from the f lowers of 
snapdragon and Satsuma mandarin vary depending on the 
f loral growth stage. Maximum emissions were recorded 
when f lowers were fully open, but decreased emissions 
were observed in later stages until fruit development 
(Dudareva et al. 2003; Shimada et al. 2005). Therefore, it is 
assumed that emitting β-ocimene might be a strategy of 
the plant such as the first cluster in Figure 2 for attracting 
bees for pollination during its flowering period.

Dötterl and Vereecken (2010) reviewed floral scent elicit-
ing positive behavioral responses in bee species such as 
Apis mellifera, Bombus terrestris, and Euglossini sp. These 
workers reviewed mainly monoterpenes that showed posi-
tive responses to bee species. In the current study, Ailan-
thus altissima also contained monoterpenes such as β-lin-
alool (39.1%) and hotrienol (32.1%) as predominant 
compounds. Similar studies indicated linalool is a princi-
pal compound in Daphne mezereum (95%). Linalool might 
be a general attractant of solitary bees, acting both as a 
food and a sexual attractant of male bees (Borg-Karlson et 
al. 1996). It was also reported that β-linalool was a major 
compound in alfalfa (Fabaceae) f loral volatile eliciting a 
positive behavioral response to Apis melifera (Henning 
and Teuber 1992). We believe that this might be the reason 
for the frequent visits of Ailanthus altissima by honey bees. 
Solitary bees and bumble-bees produce linalool in their 
mandibular glands, i.e., a pheromone that causes the males 
to aggregate (Borg-Karlson et al. 1996). Ocimene was re-
ported to elicit positive responses to Bombus terrestris and 
linalool elicited positive responses to Apis mellfera (Dötterl 
and Vereecken 2010), observations that support our find-
ings.

Major components in VOC of Corydalis speciosa, Dio-
spyros kaki, and Ligustrum obtusifolium are nitrogen con-
taining compounds, namely 1H-pyrrole, 2,3-dimethyl- 
(50.0%) and pyrimidine, 2-methyl- (40.2%) in Corydalis 
speciosa and 1-triazene, 3,3-dimethyl-1-phenyl (40.5%) in 
Diospyros kaki and isopropoxycarbamic acid, ethyl ester 
(21.1%) in Ligustrum obtusifolium. Nitrogen bearing com-
pounds such as phenylacetonitrile amounted to 0%–11.8% 
and 0%–6.8% in male and female inflorescences of Salix 
caprea (Dötterl et al. 2014). Additionally, the nitrogenous 
compound indole was determined as 0-1.5% and 0.4-3.2% 
in male and female inflorescences of Salix caprea (Dötterl 
et al. 2014).
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Although not identified as ‘major’, some volatile organic 
compounds in the current study were reported to elicit 
positive behavioral responses in experienced bees or those 
for whom experience was not investigated (Dötterl and 
Vereecken 2010). These compounds include benzyl alcohol 
identified in the flower scent of Castanea crenata and Lon-
icera japonica and were previously reported to elicit posi-
tive response in Apis mellifera (Dötterl and Vereecken 
2010; Williams and Whitten 1983). 3-Carene identified in 
Robinia pseudoacacia. (E,E)-α-farnesene and phenylethyl 
alcohol identified in flowers of Lonicera japonica, Robinia 
pseudoacacia and Amorpha fruticosa were reviewed to 
elicit positive responses of Apis mellifera. 

Floral emission of volatiles is a complex phenomenon 
that leads mixtures of organic compounds, having a high 
variable constituents and high relative amounts of com-
pounds. Both these two aspects may play important roles 
in pollinators, especially insects’ attraction. It has been 
noted that some monoterpenes including β -pinene and 
(E)-β-ocimene (Gong et al. 2015) may elicit strong anten-
nae responses in some insects. D-Limonene, Benzaldehyde 
and O-cymene, the three compounds in male flowers that 
were significantly attractive and α-pinene repellent to hon-
ey bees (Fernandes 2019). In the current study even though 
it is not major, Ligustrum obtusifolium, Castanea crenata, 
and Ailanthus altissima constitute D-limonene in the rela-
tive percentage of 2.2%, 1.6%, and 0.2%, respectively. The 
amount of this compound in these plant flowers might be 
sufficient to attract the bee species which need further 
studies.

Additionally, apart from a species-specific response, rel-
ative percentages in blends may play a crucial role and even 
non-active compounds can enhance the attractiveness of 
other volatiles by lowering the active threshold dose of ac-
tive ones (Chen and Song 2008).

Conclusions

Insects use both olfactory and visual cues to find flowers 
(Raguso and Willis 2002), offering pollinators decoupled 
cues or a combination of both cues. Some insects respond 
more to visual (Balkenius et al. 2006; Dötterl et al. 2011; 
Omura and Honda 2005; Roy and Raguso 1997) and others 
more to olfactory cues (Dötterl et al. 2011), but it would 
seem that in many species a combination of both cues is 
needed to elicit specific behavioral responses. The study 
results from the visual, olfactory and combined experi-
ments on Salix caprea by (Dötterl et al. 2014) showed that 
visual and olfactory cues are also important for naive hon-
ey bees to find their host. Bees distinctively respond to de-
coupled olfactory and visual cues of the flower, but olfacto-
ry cues were more attractive than visual cues alone, but 
most honey bees were attracted to a combination of both 

cues rather than either of them alone.
Based on our results we conclude that monoterpenes 

might be used as major chemical mediators for honey bees 
and bumblebees in locating their host f lowers. Among 
monoterpenes, E-β-ocimene was found as a common and 
major compound in most plant flowers that we analyzed. 
However, whether scents of major compounds or synergis-
tic effects of mixtures of compounds identified in the flow-
ers are responsible for olfaction needs to be further investi-
gated.
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