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A B S T R A C T  

Es sen tial oils from plants rep re sent a rich source of new an timi cro bials that are able to over come the mi cro bial 
vir u lence. The pre sent study was de signed to de ter mine the chem i cal com po si tions and as sess an timi cro bial 
po ten tials of es sen tial oils de rived from Ae ol lan thus cu cul lathus (Ry d ing) , Ae ol lan thus he liotro pi oides (Oliv.) and 
Plec tran thus glan du lo sus (Hook. F.) against Can dida species biofilm for ma tion. Es sen tial oils were ex tracted us - 
ing hy drodis til la tion fol lowed by the chem i cal com po si tion de ter mi na tion us ing gas chro matog ra phy cou pled 
with mass spec trom e try (GC - MS). The min i mum in hibitory con cen tra tion (MIC) was de ter mined us ing a mi - 
crodi lu tion method. Then, the an tibiofilm as say was per formed in two stages; germ tubes and ma ture biofilm 
for ma tion by a mi cro biofilm in hi bi tion as say. Ex trac tion yields were 0.0001%; 0.07% and 0.04%, re spec tively 
for Ae ol lan th hus cu cul lathus (ACap), Ae ol lan thus he liotro pi oides (AHap) and Plec tran thus glan du lo sus (PGl) es sen - 
tial oils (EOs). The chem i cal analy sis re vealed the pres ence of naph tha lene, 1,2,3,4,4a,5,6,8a - octahydro - 4a,8 - 
dimethyl - 2 - (1 - methylet henyl) - , [2R - (2.alpha.,4a.alpha.,8 a.beta.)] - (6.71%), caryophyl lene ox ide (5.12%), 2 - 
Isopropyl - 5 - methyl - 9 - methylenebicyclo [4.4.0] dec - 1 - ene (4.95%) in ACap EOs; linalool (25.67%), far ne sene 
(13.20%), caryophyl lene (6.02%) in AHap EOs and ger ma crene D (9.90%), (E) - 3 - hexenyl bu tyrate (9.30%), l - 
fenchone (8.75%) in PGl EOs. MIC val ues ranged from 0.31  mg/ mL to 5  mg/ mL re spec tively for AHap and PGl 
EOs. The in hi bi tion of pseudo - hyphae for ma tion re vealed an ac tiv ity up to 0.03  mg/ mL for AHap EO on C. al - 
bi cans . All the EOs in hib ited the ma ture biofilm for ma tion at subin hibitory con cen tra tions. This study high - 
lighted the pos si ble uses of A. he liotro pi oides, A. cuc cu lathus and P. glan du lo sus for ther a peu tic agen t's de vel op - 
ment. 

1 . Introduction 

The im pact of fun gal in fec tions is in creas ing with the num ber of 
im muno com pro mised peo ple, es pe cially those liv ing with HIV ( Binder 
and Lass - Flörl, 2011 ; Ortega et al., 2011 ; Vandeputte et al., 2012 ). 

The rate of HIV/ AIDS in fected peo ple is higher in Sub - Saharan Africa 
than the other world re gions, which makes such pop u la tion more vul - 
ner a ble to op por tunis tic can didi a sis ( Unaids and Who, 2009 ). Can dida 
al bi cans ( C. al bi cans ) in duces more than 60% of in fec tions, which 
leads to 40% of death de spite the use of con ven tional drugs ( Mensa et 
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al., 2008 ; Richardson and Medicine, 2008 ; Zaoutis et al., 2005 ). 
Among the lim ited classes of an ti fun gal drugs avail able, most of them 
have pro duced an timi cro bial re sis tance ( Sardi et al., 2013 ; 
Spampinato and Leonardi, 2013 ), which is me di ated by the ex pres sion 
of vir u lence fac tors, es pe cially with biofilm for ma tion ( Fanning and 
Mitchell, 2012 ). Biofilms are sets of mi cro bial com mu ni ties, which 
con sti tute a com plex three - dimensional struc ture, help ing the mi - 
croor gan isms to strengthen their path o genic ity ( Ramage et al., 2006 ). 
The ex pres sion of path o genic mi croor gan isms as biofilms is a kind of 
mi cro bial pro tec tion al low ing their de vel op ment, a sym bi otic re la tion - 
ship and sur vival in hos tile en vi ron ments ( Davey and O'toole, 2000 ). 
Biofilms main tain the path o genic ity of fungi by evad ing host im mune 
mech a nisms, re sist ing an ti fun gal treat ment which leads to a high level 
of an ti fun gal re sis tance of or gan isms ( Ozkan et al., 2005 ). The rise in 
the preva lence of an ti can di dal re sis tance has in creased the need for 
new and ef fec tive al ter na tive treat ments, which specif i cally tar get the 
re sis tance fac tors im pli cated in Can dida drug tol er ance. 

The World Health Or ga ni za tion (WHO) has stated that 80% of the 
world's pop u la tion de pend on tra di tional med i cine for pri mary health - 
care ( WHO, 2002 ). There is sig nif i cant knowl edge about the use of 
med i c i nal plants in Cameroon. More than two hun dred plants are 
used to treat in fec tious dis eases in the coun try ( Nkongmeneck et al., 
2007 ; Jiofack et al., 2010 ). In gen eral, EOs from tra di tional plants and 
those from Lami aceae fam ily in Cameroon have been widely stud ied 
for their an ti fun gal ac tiv i ties ( Dongmo et al., 2008 ; Hzounda Fokou et 
al., 2014 ; Ngo Mback et al., 2016 ). Plec tran thus and Ae ol lan thus plants 
are com monly used for med i c i nal pur poses to treat in fec tious dis eases. 
Also, these plants have not been ex plored fully ( Bouquet, 1969 ; Gradé 
et al., 2009 ). Thus, the pre sent study has hy poth e sized that the EOs 
from Ae ol lan thus cu cul lathus ( A. cu cul lathus ) , Ae ol lan thus he liotro pi oides 
( A. he liotro pi oides ) and Plec tran thus glan du lo sus ( P. glan du lo sus ) which 
are rich in mul ti ple bioac tive com pounds that act syn er gis ti cally to 
pro duce the de sired ac tiv ity and fight against the re sis tance phe nom - 
ena could con sti tute a vi able al ter na tive. The main ob jec tive of the 
pre sent study was to de ter mine the chem i cal com po si tions and an - 
timi cro bial po ten tials of A. cu cul lathus, A. he liotro pi oides and P. glan du - 
lo sus EOs. The spe cific ob jec tives were to de ter mine the chem i cal 
com po si tion of the EOs by GC - MS and to de ter mine the an tibiofilm 
ac tiv i ties of EOs on Can dida species via mi croplate biofilm as say. 

2 . Materials and methods 

2. 1 . Plant material and yeasts 

Veg e tal ma te r ial from Cameroon was har vested in Fongo Tongo 
(Ouest Re gion), Obala (Cen tre Re gion) and Mayo - Darle (Adamaoua 
Re gion) re spec tively for A. Cu cul lathus (24622S R F CAM), A. he liotro pi - 
oides (42756HNC) and P. Glan du lo sus (7656/ SRF/ Cam). These plants 
have been iden ti fied at the Na tional Herbar ium of Cameroon (NHC/ 
HNC) by com par i son with the spec i mens recorded pre vi ously. The 
two yeast mi croor gan isms used were ob tained from Yaoundé Cen tral 
hos pi tal ( Can dida glabrata ( C. glabrata ) 44B and C. al bi cans 141S ), 
which were iso lated from HIV/ AIDS pa tients. 

2. 2 . Extraction of EOs 

Fresh leaves of P. glan du lo sus (PGl) and aer ial parts of A. he liotro pi - 
oides (AHap) and A. cu cul lathus (ACap) were sub jected to a hy drodis - 
til la tion ex trac tion for 3 – 4  h us ing a Cle venger type ap pa ra tus as de - 
scribed in pre vi ous stud ies ( Ndoye, 2001 ). The plant ma te r ial was 
boiled in wa ter. Dur ing steam dis til la tion, the volatile plant con - 
stituents were va por ized and then, con densed on cool ing to pro duce 
an im mis ci ble mix ture of an oil phase and an aque ous phase. Then, 
the EO (oil phase) mix ture was re moved by de canta tion. The oil phase 
ob tained was pu ri fied over an an hy drous sodium sul phate col umn. 

The dried EOs were then kept in opaque bot tles at 4  °C un til use. The 
yield of EOs was cal cu lated as a per cent age (w/ w (%)) ac cord ing to 
the to tal weight of the ini tial, fresh plant ma te r ial. 

2. 3 . Chemical analysis (GC/ MS) 

GC - MS analy sis was per formed on an Ag i lent 5977A MSD and 
7890B GC Sys tem, Chemetrix (pty) Ltd; Ag i lent Tech nolo gies, DE 
(Ger many) with a Ze bron - 5MS col umn (ZB - 5MS 30  m  ×  0.25  mm x 
0.25 μm) (5% - phenylmethylpolysiloxane). The fol low ing col umn and 
tem per a ture con di tions were used: GC grade he lium at a flow rate of 
2  mL/ min and split less 1  ml in jec tions were used. The in jec tor, source 
and oven tem per a tures were set at 280  °C and 70  °C, re spec tively. The 
ramp set tings were 15  °C/ min to 120  °C, then 10  °C/ min to180  °C, 
then 20  °C/ min to 270  °C and held for 3  min. The iden ti fi ca tion of the 
EO com pounds was per formed us ing GC - MS - HP 6890 (GC - MS - HP 
6890) and a mass se lec tive de tec tor (HP5973). The in ter pre ta tion of 
data was per formed us ing NIST on line li brary and Ko vats in dex was 
also cal cu lated ( Adams, 2007 ). 

2. 4 . Microdilution for determination of MIC 

A 96 well - plate mi crodi lu tion method was used with sabouraud 
dex trose broth (SDB) medium as de scribed by CLSI (2008) and 
Omoruyi et al. (2014) with some mod i fi ca tions. Dif fer ent con cen tra - 
tions of EOs, rang ing from 0.005 to 5  mg/ mL, were poured into the 
wells. A so lu tion of 0.5 Mc Far land fun gal cells was pre pared to reach 
the fi nal in oc u lated con cen tra tion of 2.5  ×  10 3 CFC/ mL in the wells 
ex cept those with ster ile medium (blank). All the treat ments were per - 
formed in trip li cates. The growth of the fungi was de ter mined by mea - 
sur ing the ab sorbance at 600  nm and vi sual ob ser va tion was per - 
formed. The plates were in cu bated at 37  °C for 48  h. The low est con - 
cen tra tion at which no vis i ble growth was ob served and was con sid - 
ered as the min i mum in hibitory con cen tra tion (MIC). For per form ing 
the in hi bi tion of germ tubes and biofilm for ma tion as say, subin - 
hibitory con cen tra tions were pre pared from vi sual MIC val ues ob - 
tained. 

2. 5 . Inhibition of pseudohyphae development 

The ef fects of EOs at dif fer ent subin hibitory con cen tra tions on 
pseudo hy phae de vel op ment abil ity of test mi croor gan isms were stud - 
ied us ing ster ile fe tal bovine serum (FBS). A so lu tion of 100  μl of C. 
al bi cans sus pen sion (2.5  ×  10 3  CFU/ mL) was in tro duced into FBS in 
the ab sence and pres ence EOs, re spec tively. The as - prepared mix tures 
were in cu bated at 37  °C for 4  h; and pseudo hy phae for ma tion and 
mor pho log i cal changes were sub se quently ob served us ing an op ti cal 
mi cro scope ( Kretschmar et al., 1999 ). 

2. 6 . Inhibition of mature biofilm formation 

The ef fects of EOs at subin hibitory con cen tra tions on biofilm form - 
ing abil ity of test mi croor gan isms were in ves ti gated us ing a mi - 
croplate biofilm as say as de scribed by Ngo - Mback et al. (2019) with 
some mod i fi ca tions. Briefly, 100  μL of overnight cul tures of iso lates 
was added into 100  μL of fresh SDB sup ple mented with 6% glu cose 
and cul ti vated in the pres ence and ab sence of EOs, and, then in cu - 
bated for 48  h  at 37  °C. The wells con tain ing SDB  +  cells served as 
con trol. Af ter in cu ba tion, the wells were washed with dis tilled wa ter 
to re move the plank tonic cells. The re main ing yeasts were sub se - 
quently stained with 0.1% crys tal vi o let so lu tion for 20  min  at room 
tem per a ture. The wells were washed once again to re move the crys tal 
vi o let so lu tion. The plates were dried at room tem per a ture for 2  h fol - 
lowed by the ad di tion of 250  μL of 33% glacial acetic acid into the 
wells. Af ter 20  min, the op ti cal den sity (OD) of each well was mea - 
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sured at 590  nm (Thermo Sci en tific Mul ti skan FC, Van taa, Fin land). 
Then, the pro por tional op ti cal den si ties were recorded at 590  nm and 
were plot ted against the cor re spond ing sub frac tion con cen tra tions. 

3 . Results 

3. 1 . Extraction of EOs 

The re sults from Table 1 have shown that the yield of EOs ranged 
from 0.0001% to 0.07% for 100  g of veg etable ma te r ial used. AHap 
EO (0.07%), has shown a higher ex trac tion yield than PGl EO 
(0.004%) fol lowed by ACap EO (0.0001%) which showed the low est 
yield. 

3. 2 . Chemical compounds 

From the GC - MS analy sis of the EOs, 88, 74 and 76 com pounds 
were iden ti fied in ACap, PGl and AHap EOs re spec tively. The ma jor 
com pounds are pre sented in Table 2 . The sec ondary metabo lites iden - 
ti fied in these sam ples are aro matic com pounds mainly monoter penes 
and sesquiter penes. The pres ence of linalool (25.67%), far ne sene 
(13.20%), caryo phyl lene (6.02%), ter pi neol (4.88) and ger ma crène D 

Table 1 
EOs ex trac tion yield. 

Plant parts EO Extraction Yield (%) 

AHap 0.07 
ACap 0.0001 
PGl 0.004 

AHap: Ae ol lan thus héliotro pi oides aer ial part; ACap: Ae ol lan thus cu cul lathus aer - 
ial part; PGl: Plec tran thus glan du lo sus leaves; EO: Es sen tial oil. 

(4.14%) as main com pounds in AHap EO was ob served. Con cern ing 
the sec ond sam ple (ACap EO) from the same genus as the AHap sam - 
ple, five ma jor com pounds were high lighted. They in cluded naph tha - 
lene, 1,2,3,4,4a,5,6,8a - octahydro - 4a,8 - dimethyl - 2 - (1 - methylet henyl) - , 
[2R - (2.alpha.,4a.alpha.,8 a.beta.)] - (6.71%), caryophyl lene ox ide 
(5.12%), 2 - Isopropyl - 5 - methyl - 9 - methylenebicyclo [4.4.0] dec - 1 - ene 
(4.95%), 2 - methyl - 3 - (3 - methylbut - 2 - enyl) - 2 - (4 - methylpent - 3 - enyl) ox - 
e tane (4.88%) and caryophyl lene (4.71%). For PGl EO, the main com - 
pounds ob tained were ger ma crene D (9.90%), (E) - 3 - hexenyl bu tyrate 
(9.30%), l - fenchone (8.75%), caryophyl lene (8.39%) and Z - ocimene 
(7.55%). These three EOs from the Lami aceae fam ily plants shared 
two hy dro car bon ated sesquiter penes stereoiso mers (C 15 H 24 ) as 
caryophyl lene for all the analysed EOs and ger ma crene D for AHap 
and PGl EOs. Hence, AHap, ACap and PGl EOs from the same fam ily 
had some chem i cal sim i lar i ties with re spect to their sec ondary 
metabo lite con tent. More over, it was ob served that ACap EO was con - 
sti tuted of ter penes with higher mol e c u lar masses (Tri a con tyl ac etate 
C 32 H 64 O 2 ) than the other EOs. ACap EO also high lighted a great com - 
plex ity be cause of its higher num ber of com pounds (88 com pounds) 
fol lowed by AHap EOs (76 com pounds). These re sults showed that the 
Ae ol lan thus EOs were very com plex com pared to P. glan du lo sus species 
stud ied. 

3. 3 . Minimum inhibitory concentration (MIC) 

The ob tained re sults shown in Table 3 , re veal the an ti can di dal ac - 
tiv ity of the tested EOs. The min i mum in hibitory con cen tra tion (MIC) 
as say was per formed us ing the mi croplate reader spec tropho tome ter 
and with the ob ser va tions of vis i ble growth. The MIC val ues ranged 
from 0.31  ±  0.00  mg/ mL to ˃5  mg/ mL. AHap EO was the most ac tive 
with a MIC value of 0.31  ±  0,00  mg/ mL for C. al bi cans and 0.62  mg/ 
mL for C. glabrata . PGl EO ex hib ited a mod er ate ac tiv ity from 

Table 2 
Ma jor com pounds of EOs de ter mined by GC - MS analy sis. 

S·NO Compound Chemical 
Formula 

KI Percentage of composition (EOs) 
(%) 

    AHap ACap PGl 

1 Bicyclo [3.1.0] hexane, 6 - methylene - C 7 H 10 – – – 4.16 
2 3,4 - Dimethyl - 3 - cyclohexene - 1 - carboxaldehyde C 9 H 14 O 1256 – 3.93 – 
3 (R) - α - pinene C 10 H 16 920 2.69 – – 
4 Z - Ocimene C 10 H 16 979 – – 7.55 
5 β - Ocimene C 10 H 16 984 – – 7.00 
6 beta. - Myrcene C 10 H 16 961 – – 3.82 
7 l - Fenchone C 10 H 16 O 1005 – – 8.75 
8 Citral C 10 H 16 O 1075 2.28 – – 
9 Linalool C 10 H 18 O 1006 25.67 – – 
10 alpha. - Terpineol C 10 H 18 O 1061 4.88 – – 
11 Geraniol C 10 H 18 O 1086 3.05 – – 
12 (E) - 3 - hexenyl butyrate C 10 H 18 O 2 1045 – – 9.30 
13 (E) - .beta. - Famesene C 15 H 24 1106 13.20 – – 
14 Humulene C 15 H 24 1112 3.12 – – 
15 Bicyclo [4.4.0] dec - 1 - ene, 2 - isopropyl - 5 - methyl - 9 - methylene C 15 H 24 1160 2.98 – – 
16 Alloaromadendrene C 15 H 24 1114 – 3.01 – 
17 2 - Isopropyl - 5 - methyl - 9 - methylenebicyclo [4.4.0] dec - 1 - ene C 15 H 24 1161 – 4.95 – 
18 Caryophyllene C 15 H 24 1102 6.02 4.71 8.39 
19 Germacrene D C 15 H 24 1119 4.14 – 9.90 
20 β - Bisabolene C 15 H 24 1122 – – 6.62 
21 Dodecane, 2,6,11 - trimethyl - C 15 H 32 1169 – 2.99 – 
22 Caryophyllene oxide C 15 H 24 O 1148 – 5.12 – 
23 2 - methyl - 3 - (3 - methylbut - 2 - enyl) - 2 - (4 - methylpent - 3 - enyl) oxetane C 15 H 26 O 1165 – 4.88 – 
24 β - Dihydroagarofuran C 15 H 26 O 1127 – 4.37 – 
25 4 - epi - cubedol C 15 H 26 O 1128 – – 3.91 
26 Triacontyl acetate C 32 H 64 O 2 – – 3.38 – 
27 Naphthalene, 1,2,3,4,4a,5,6,8a - octahydro - 4a,8 - dimethyl - 2 - (1 - methylet henyl) - , [2R - (2.alpha.,4a.alpha.,8 

a.beta.)] - 
– – – 6.71 – 

AHap: Ae ol lan thus héliotro pi oides aer ial part; ACap: Ae ol lan thus cu cul lathus aer ial part; PGl: Plec tran thus glan du lo sus leaves; KI: Ko vat In dex; EOs: Es sen tial oils - : Un - 
de ter mined. 
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Table 3 
Min i mum In hibitory Con cen tra tion (MIC) val ues (mg/ mL) of EOs. 

MIC Visual observation (mg/mL) MIC Microplate Reader (mg/mL) 

V 
C. glabrata 

V 
C. albicans 

DO 
C.albicans 

DO 
C. glabrata 

ACap ˃5 c,d ˃5 c,d ˃5 c,d ˃5 c,d 

PGl 5  ±  0.00 a,d 3.75  ±  1.77 a,d 5  ±  0.00 a,d 5  ±  0.00 a,d 

AHap 0.62  ±  0.00 a,d 0.31  ±  0.00 a,d 1.25  ±  0.39 a,d 0.62  ±  0.24 a,d 

NYST* 0.06  ±  0.00 b,d 0.03  ±  0.00 b,d 0.03  ±  0.00 b,d 0.06  ±  0.00 b,d 

V: Vi sual ob ser va tion; DO: Op ti cal den sity read with a mi croplate reader at 
600 nmwave lenght; (a, b, c, d) the same let ter mean there is no sig nif i cant 
dif fer ence P˃0.05; NYST*: Nys tatin. 

3.75  ±  1.77  mg/ mL on C. al bi cans to 5  mg/ mL on C. glabrata ; while 
ACap EO was the less ac tive one with val ues greater than 5  mg/ mL on 
both pathogens. There were sig nif i cant dif fer ences (P - value˂0.05) be - 
tween the tested an timi cro bial agents. How ever, there were no sig nif i - 
cant dif fer ences be tween the two MIC rev e la tion meth ods (Mi cro 
reader plate and vi sual ob ser va tion) used (P′ - value˃0.05). 

3. 4 . Inhibition of pseudohyphae development 

The start ing in hibitory con cen tra tion for ACap EO to in hibit germ 
tubes and biofilms for ma tion was set at 30  mg/ mL; be cause its MIC 
was greater than 5  mg/ mL. The pseudo hy phae for ma tion in hi bi tion 
was as sessed by the re duc tion of germ tube for ma tion by EOs at dif - 
fer ent con cen tra tions. The EOs from the Ae ol lan thus genus were more 
po tent on pseudo hy phae in hi bi tion up to 4 times re duced MIC val ues. 
Ae ol lan thus species EOs have shown the best in hi bi tion po ten tials on 
the for ma tion of pseudo hy phae. Ac cord ing to the pre vi ous mi cro graph 
( Fig. 1 ), it was ob served that A. he liotro pi oides and A. cuc cul lathus EOs 
re spec tively at 0.078  mg/ mL and 1.25  mg/ mL led to the in hi bi tion of 
biofilm for ma tion. For P. glan du lo sus EOs, the min i mum in hibitory 
pseudo hy phae con cen tra tion was the same as the MIC con cen tra tion 
(3.75  mg/ mL) at which no fil a ments were vis i ble. 

3. 5 . Inhibition of mature biofilm 

The in hi bi tion of ma ture biofilms for ma tion is recorded in Figs. 2 – 
4 . A. he liotro pi oides EO has shown the best an tibiofilm ac tiv ity. The re - 
sults ob tained also con firmed the higher vir u lence and re sis tance of C. 
glabrata iso lated from HIV  +  pa tients than C. al bi cans. C. glabrata ex - 
hib ited greater growth in com par i son with C. al bi cans as in di cated by 
the higher op ti cal den sity (OD) val ues greater than 1 ( Figs. 3 and 4 ). 
How ever, the in hi bi tion of its biofilm for ma tion was ef fec tive up to 
0.06  mg/ mL by us ing AHap EO as shown in Fig. 2 . It was ob served 
that C. al bi cans re quired more stress con di tions and pro duced a well - 
developed biofilm net work. Fur ther, PGl and ACap EOs also ex hib ited 
in hi bi tions of C. glabrata biofilm for ma tion re spec tively at con cen tra - 
tions up to 0.5  mg/ mL and 3  mg/ mL. 

4 . Discussion 

It has been shown in the lit er a ture that the dried leaves of Ae ol lan - 
thus genus pro duced more EOs ( Maia et al., 2003 ). The leaves of an - 
other Ae ol lan thus species ( A. pu bes cens ) ex hib ited a great ex trac tion 
yield of EOs up to 1.5% ( Alitonou et al., 2013 ). The EO ex trac tion 
yield from the dried leaves of P. glan du lo sus from Cameroon was 
0.46% ( Nukenine et al., 2010 ) while Plec tran thus in canus has shown 
0.6% of EO yield ( Pal et al., 2011 ). Some au thors have high lighted 
that the quan tity of EOs in a plant could be in flu enced by the species, 
the har vest ing time and site, cul ti va tion con di tions, mor pho log i cal pa - 
ra me ters of the plant and the com po si tion of the soil where the ma te - 
ri als have been har vested ( Aminzadeh et al., 2010 ). How ever, to the 
best of our knowl edge, there are no avail able stud ies on the ex trac tion 
of EOs from A. cu cul lathus. Al ter na tively, this low yield could be due 
to the de lay in the time of ex trac tion. There was no avail able hy - 
drodis til la tion ap pa ra tus in the har vest ing site and the plants have 
been sent to an other town for ex trac tion lead ing to a re lease of a 
greater quan tity of volatile com pounds. The fin ger prints of AHap EOs 
ob tained were the same as those of the re view; linalool (38.5%) and 

Fig. 1 . Ef fect of EOs on pseudo - hyphae for ma tion on C. al bi cans . 
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Fig. 2 . Ef fect of AHap EO on C. al bi cans and C. glabrata biofilm for ma tion. 

Fig. 3 . Ef fect of ACap EO on C. al bi cans and C. glabrata biofilm for ma tion. 

Fig. 4 . Ef fect of PGl EO on C. al bi cans and C. glabrata biofilm for ma tion. 

Far ne sene (25.1%) were the ma jor com pounds ( Ngo Mback et al., 
2016 ). There were some dif fer ences in terms of mi nor com pounds. 
These dif fer ences could be due to the pe riod of har vest ing, which was 
not the same. It has been shown that the chem i cal com po si tions of 
EOs could vary ac cord ing to the pe riod in which the veg e tal plant has 
been har vested ( Goudoum et al., 2012 ). For PGl EOs, the ma jor com - 
pounds were sim i lar to those ob tained by oth ers from a species har - 
vested in Cameroon. The au thors have demon strated fen chone 
(29.81%), al pha - terpinolene (28.29%), piperitenone ox ide (11.08%) 
and beta - Myrcene (5.13%) as ma jor com pounds. The fin ger prints 
were also con served with sim i lar i ties on two com pounds that have 
been also iden ti fied in this study (fen chone (8.75%) and beta - myrcene 
(3.82%)). How ever, there were some com pounds such as ger ma crene 
D (9.90%) which are found in a small amount (1.62%) in pre vi ous 
pub li ca tions. Glob ally, the chem i cal con tent would be quite sim i lar as 

re ported in the lit er a ture. Among the ma jor com pounds of ACap EOs, 
the main one was naph tha lene, 1,2,3,4,4a,5,6,8a - octahydro - 4a,8 - 
dimethyl - 2 - (1 - methylethenyl) - , [2R - (2.alpha.,4a.alpha.,8 a.beta)] - 
(6.71%),a naph tha lene de riv a tive com pound, which did not match 
with any of the stan dard li brary com pounds. 

Naph tha lene is a com pound, which is found in some plants and 
used as a pos i tive con trol or ref er ence prod uct for re pel lent ac tiv ity. 
There fore, EOs from plants could con sti tute a greater source of naph - 
tha lene or its de riv a tives ( Yuan et al., 2003 ). EOs from Cit rus gran dis 
at Cameroon has been char ac terised by the pres ence of cis - decahydro - 
naphthalene (16.09%) a ma jor com pound that would in hibit the 
growth of Anophe les gam biae at a low con cen tra tion of 400  ppm 
( Akono et al., 2016 ). Some re search ac tiv i ties on Chi nese plants have 
also men tioned a high con tent of naph tha lene de riv a tives in Meconop - 
sis punicea (49.4%) and Meconop sis delavayi (42.6%) ( Yuan et al., 
2003 ). Be cause of the pres ence of naph tha lene de riv a tive as the ma jor 
com pound in ACap EOs, it could be pos si ble for it to pos sess a con sid - 
er able re pel lent ac tiv ity. 

Some sci en tific works have re ported the an ti fun gal ac tiv i ties of 
AHap EOs on 19 yeast pathogens and the MIC val ues ranged from 0.6 
to 5  mg/ mL ( Ngo Mback et al., 2016 ). This MIC in ter val was al most 
sim i lar to the one ob tained in the pre sent study (0.62  mg/ mL to 
1.25  mg/ mL). It was ob served that the AHap EOs ex hib ited bet ter ac - 
tiv i ties on C. al bi cans (MIC  =  0.31  mg/ mL) than the oth ers. The an - 
timi cro bial ac tiv i ties of AHap EOs could be at trib uted to the pres ence 
of its ma jor com pounds namely, linalool and far ne sene. Some other 
pa pers have high lighted the an ti fun gal ac tiv i ties of linalool and far ne - 
sene against C. al bi cans ATC C10231 strains ( Thakre et al., 2016 ). 
Linalool, par tic u larly, acts at the level of mem brane trans port by in - 
hibit ing H+ ex tru sion from pro ton pumps. How ever, it is also demon - 
strated that the ac tiv ity of EOs is not only due to their ma jor com - 
pounds. It is the rea son why some pure com pounds tested alone ex - 
hib ited less an ti fun gal ac tiv ity com pared to their cor re spond ing EOs. 
From the ob ser va tion of MIC val ues, PGl EOs have also ex hib ited an ti - 
can di dal ac tiv ity (3.75 mg/ mL - 5 mg/ mL) against C. Al bi cans and C. 
glabrata . Some stud ies have re ported al most the same MIC val ues 
rang ing from 0.8  mg/ mL to 2  mg/ mL ( Aoudou et al., 2010 ). Rice et 
al. (2011) have also men tioned plants from Plec tran thus genus with 
huge eth nob otan i cal us age ( Rice et al., 2011 ). Con cern ing ACap EOs, 
to the best of our knowl edge, there are no re ported sci en tific stud ies 
on the an timi cro bial ac tiv i ties of ACap EOs. The ma jor com pound of 
ACap EOs was a naph tha lene de riv a tive; naph tha - 
lene,1,2,3,4,4a,5,6,8a - octahydro - 4a,8 - dimethyl - 2 - (1 - methylethenyl) - , 
[2R (2.al pha.,4a.al pha.,8 a.beta.)] ( Simões et al., 2010 ). Some stud ies 
have re ported that the naph tha lene de riv a tives have re pel lent ac tiv i - 
ties against Anophele gam biae , the vec tor for malaria ( Akono et al., 
2016 ). There are many an timi cro bials man u fac tured with naph tha lene 
as ac tive com pounds such as terbinafine, which is ac tive against fungi 
( Rokade and Sayyed, 2009 ). How ever, in the pre sent study, the ma jor 
com pound of ACap EOs was a naph tha lene de riv a tive, which did not 
ex hibit a strong an ti fun gal ac tiv ity com pared to the oth ers. This could 
be due to an an tag o nis tic in ter ac tion be tween all the com po nents of 
EOs. Hence, in fur ther stud ies, this main com pound could be ex - 
tracted and tested alone to screen its an ti can di dal po ten tial. How ever, 
some re searchers have in ves ti gated the sol vent ex tract of A. cu cul - 
lathus and found its an ti can di dal biofilm ac tiv ity up to 0.06  mg/ mL 
( Ngo - Mback et al., 2019 ). 

The re sults ob tained high lighted the an tibiofilm ac tiv i ties of Lami - 
aceae plants through the in hi bi tions of vir u lence fac tors. Es pe cially, 
AHap EO ex hib ited the great est an tibiofilm po ten tial (0.06  mg/ mL) 
fol lowed by PGl EO (0.5  mg/ mL) and then, A. cuc cul lathus (3  mg/ mL) 
on C. glabrata . In the same way, sev eral plants have shown an tibiofilm 
ac tiv i ties and some of them are tra di tion ally used to treat re sis tant 
can didi a sis. Men tha piper ica ex hib ited min i mum an tibiofilm prop erty 
at the con cen tra tion of 0.38 – 2.5  mg/ mL for C. al bi cans and C. dublien - 
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sis while Ros mar i nus of fic i nalis ex hib ited an tibiofilm po ten tial at 1  mg/ 
mL and Moringa olifeira at 0.42  mg/ mL, re spec tively ( Onsare and 
Arora, 2015 ; Saharkhiz et al., 2012 ; Sandasi et al., 2011 ). In com par i - 
son to these pre vi ous re sults, the ac tiv i ties ob tained with the tested 
plants were more ef fec tive with lower an tibiofilm in hibitory con cen - 
tra tions up to 0.0625  mg/ mL. More over, the an tibiofilm ac tiv i ties of 
the tested EOs could be at trib uted to their ter pene con tent. Some re - 
searches in the same field have il lus trated the ef fects of ter penic com - 
pounds in volved in the biofilm in hi bi tion process. Pre vi ously, cas - 
bane, a diter pene, was iso lated from Cro ton nepetae folius and its an - 
tiyeast biofilm po ten tial was re vealed ( Carneiro et al., 2010 ). More 
specif i cally, Z . mul ti flora is a plant which in hib ited biofilms at the low 
con cen tra tions of 1.5  mg/ mL and 0.84  mg/ mL. It was dis cov ered that 
their ma jor com pounds were linalool, thy mol and car vacrol, which 
could be in volved in the biofilm in hi bi tion process ( Rahimi et al., 
2014 ). It is known that the ter penes from EOs can tar get phos pho - 
lipids of the fun gal mem brane lead ing to its dam age, which dis turbs 
cel lu lar growth ( Bakkali et al., 2008 ). On the other hand, the re spec - 
tive hy droxyl and oxo - groups of linalool and fen chone could be re - 
spon si ble for the an ti can di dal ac tiv ity ( Kim et al., 2007 ; Koroch et al., 
2007 ). Par tic u larly, the hy droxyl group of linalool could in ter act with 
the amino acid residues and in crease the an tibiofilm ac tiv ity of ter - 
penes ( Takaishi et al., 2014 ; Ultee et al., 2002 ). It is also worth to 
note the an tibiofilm ac tiv ity of Plec tran thus am boini cus which showed 
ac tiv ity against Staphy lo coc cal biofilms up to 0.25  mg/ mL sug gest ing 
that its EOs acted by at tach ing to biofilms and re duc ing the ex pres - 
sion of quo rum sens ing ac ti va tion of genes ( Vasconcelos et al., 2017 ). 

5 . Conclusion 

The pre sent study high lighted the an ti can di dal and an tibiofilm ac - 
tiv i ties of Ae ol lan thus and Plec tran thus EOs. The data ob tained in this 
study could rep re sent per spec tives for an ti fun gal drugs dis cov ery by 
ex tract ing lead com pounds on a bioas say ba sis and/ or per form ing a 
com bi na tion ap proach to look for more syn er gis tic an ti fun gal ef fects. 
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