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Table 1 Phytochemical analysis, total phenolic content, total flavonoids content and antioxidant activity
of the Citrus aurantiumessential oil

Chemical Verification method Observation Occurrence

Flavonols Shinoda test Orange color +

Flavonoids Shinoda test Red solution +

Phenolics Ferric chloride Green-bluish ++
ICs - - 102.85 +0.60 pg/ml
B-CL - - 65.60%
TPC - - 41.35 +0.46mg GAE/g DM
TFC - - 2.98 £0.50mg QE/g DM
BHT - - 14.45 £0.35 pg/ml

Control - - 0

+present in small concentrations; ++present in moderately high concentrations; 1Csq, the half maximal inhibitory
concentration; 3 —CL, B-carotene linoleic acid; TPC, total phenolic content; TFC, total flavonoids content;BHT,
butylated hydroxyl toluene;GAE, gallic acid equivalents; QE, Qercetin equivalents; DM, dry matter.

Table 2. Chemical compositions of the Citrus aurantium essential oil

NO Compound Retention time (min) %
1 1R-a-pinene 6.74 0.55
2 Sabinen 7.62 1.11
3 B-pinene 7.87 5.35
4 D-limonene 9.26 12.48
5 B-ocimene 9.56 4.32
6 Linalool 11.55 21.29
7 a-terpineol 15.09 2.01
8 Linalyl anthranilate 17.22 20
9 Nerol acetate 21.54 3.66
10 Geranyl acetate 22.41 6.44
11 Caryophyllene 24.40 2.21
12 E-nerolidol 29.92 10.31
13 Famesol 35.71 8.61
14 Famesol acetate 39.67 1.66
Total 100

* 306355670.55

*253110352.16

ML_LLAJMHJ,JM“MMMM Wl

4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58

Time (min)

Fig 1The chromatogram of the Citrus aurantium essential oil.
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Table 3 Mean inhibition zone diameters (mm) of Citrus aurantium essential oil on some food-borne
pathogens by well diffusion agar (WDA)method

Concentration

. - 15 mg/ml 25 mg/ml 35 mg/ml 45 mg/ml
Microorganism
Pseudomonas aeruginosa - - 7.00 +0.59% 10.20 +0.25"
Escherichia coli - 7.00 +0.59% 8.10 +0.43 11.00 +0.64°
Salmonella typhi - - 7.10 +0.58 9.80 +0.43"
Bacillus cereus 7.60 +0.70° 8.80 +0.66° 12.00 +0.50" 14.10 +0.85°
Staphylococcus aureus 7.00 +0.50° 8.90 +0.50" 13.20 +0.35° 15.90 +0.50°
Listeria innocua 8.80 +0.55% 11.50 £0.50°  14.40 +0.65° 16.80 +0.85"
Candida albicans 7.00 +0.50°% 9.20 +0.50" 11.60 +0.50° 12.10 +0.50°

Values are expressed as mean tstandard deviations, n = 3; different letters (a, b, ¢ and d) in each row show
significant difference at P <0.05
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Fig 2 Inhibition zone diameters of Citrus aurantium essential oil onEscherichia coli andStaphylococcus aureusat
concentration of 25 mg/ml.

Table 4 Minimum inhibitory concentration (MIC) and minimum bactericidal/fungicidal concentration
(MBC/MEFC) of the Citrus aurantium essential oilon some food-borne pathogens

Microorganism MIC (mg/ml) M(ﬁ(;//l\nﬁlll;C

Pseudomonas aeruginosa 50 100
Escherichia coli 50 100
Salmonella typhi 100 200
Bacillus cereus 25 50
Staphylococcus aureus 6.25 12.5

Listeria innocua 3.125 3.125
Candida albicans 25 50

Fig 3 MIC of the Citrus aurantium essential by microdilution broth method.

a- 5 (%0 24/77 © 0/77)linalyl acetate (% 65/97
&L e Sl bl sl (0 12/12 6 9/29) terpineol
odi plols SLS 5 Ol Ol sl cpiizes opl  AEL o
il Ol ( (S5 S) sbasli 4 | =00 e elal 2
Oes 5 ol [16] sy s 5 sy (sles dsa 5
bl s 1 26 Sle bl pled s 5 (2013)

298

e oS S, olewd Sls s (1893) OKes 5 eils
S sl olis oL Keasy ol ml LS gLl | L
oolel CS 5 o jri s 53 3241 jluis L Linalool s 5
st S5 (2012) 0 iSs 5 31 [19]55 0 e
Ol sl S s 3y e gla b s ) 50 Dl
G 43/2) Linalool .55 3 ws wsls 218 ol Kiaysn



1398 Cz.i-@.:—l))\ c16 092 c87b)La-i'

k;\.l.'c GW}(}LG

(1998) 0,5l 5 poS o5 ol andllae L3 [19]s 5 55158
b Dl Sl el g oslas 3 A E M Sy Lsls el
Shst g1 cdlo (2012) o SKan 5 o3 5L[25] wz aut
Sk Sl glais, bocdlsee gla b s | =L Dl
O Rass ol s S (6, Se3ll ABTS UKl 5 JICsl,
BN e bl ST ST e Ol &S L5 S 518
Oedie (pl g Cien s Ol Joad s Jle J s ples s
-l hals ol s ) ks oS 5 ol i
(2012) o, Ken 5 s [16] s ses B b e s
ol sty 13 s 3se 1y @b Ll GleST BT s
Il sy w0 b =0 Lle SMHeSI ST Cdls Ol
DS ke Sk 6721 41, 1Cy —m, ABTS
5 S OlsS s Ol (2012) OLGs 5 eSS
oS e 155 s a bl Il eslas s
2 e S o S ke BIB3 5 Sax 055 0 8 ded SJE
(012) 0iKen 5 il 28luis 5 o5 St 0555
Jos kel o L =0b Ll L SMHeSI ST s
O S eagsy cpl o isls I3 sty 3550 Jspl (Sosda
3 S il e bl SlaSI BT 55 oS L S 55158
cld 3 sl tasnh s g Japl Saoka Js
FAF Sarka [ 3l S 20U e el Sl
SISl s (2013) OLes 5w alu[26] 55
WTT 1 sl Sosdos Sl Gy o b e ol
il ol adlas Lol Kiassy ol m LS S
(S| sl el (2013) O Kan 5 gl [27] ozl
A om0t Dl S 5 b oS s
SlS 5 5l e me ol e O KEasn s isl
o O ST ST Sl 5 sl o A3 5500 5 s
5 s n mbe » p 855 303/33 L L, 1Cs
awalie 53 ) =50 Ol St T b (2013) S5k
5 ool Sades Ls 5 Sedka S b
O sass cpl il ols 513 bl 5se el S Sl
- S b aslis s =L e St o1 cdled oS sls olis

299

Sol s> 1y Linalool s 5 ol Koagsn ool wasls 13
leasl b Olais ool il i S 5018 0L e el
(2016) oo smsliadh[20]cils e ol tass
350 L b e b 5 ey Sy S plerd DS S
C 4 aS sl olas ol Kaass ol @ Ll HE )
e b s edeny Gy S bl 3 s 521 539 34
s Linalool bs olul sles 55 Jool S 5 osls 5405 =L
ols s (2013) Kok s s [21]55 Limonene
G5 BS5bs S oKaws L1 b Sl bl plend
S sl ol O Kiass ol @B Ll L3 gl s
ol g pelul stias S5 sl > Limonene s s
e bl D3 G sd 5 L LS 5 sy Oldds
obsy (2012) ols 5 slee 225 b L
ol @l sl I3 e s b EU Lle sl
ol o551 27/5 L Limonene s sls olis o Kiass
(2016) CLlSen 5 (3,550 [23]ss =L Lle L
&L e Ul Lol limonene s 5 o5 sy 5158
wlie glatags ol b sl asy mls alia[24]5
Linalool s 5 ol jiass 5o op alie ook 55> b
S isse S5 nl o @b Dle (bl ol
S5 Lope w S Gl s ar s el A s e b
gl ee ol VL s Seds cJls glls il
L B-pinene ; Caryophyllene «a-pinene il sLs 5
bl cedls 55 SUI Olse 0 25,0 g eilisl 53 Syl o5
P SLSS Gl S A Ol OSES sl tas
e gla Luilal 5 bojlas o9 Swds C b 5 Glodas
Slaes S w ciliie O Kiasn 1 el ol Sle agls OlalS
sl L ols 5l &8 sl e Sl promen 5 JenS 5oden

J16] lanasls Lo e a8 o sloel bl 55 552 50 gl
sl s el 5 I o (1393) ohles 5 edle
ol Ll B sy e 1 b e oS S
711 b e bl S 5 Dl oS sls DL 01 Sty
By SiE Oy cm p SIE sl gl e S L
ol Gl ST b O O Sk s3 ol es
Ao 2 e S he 0061 L 1y ECsp o o 1 00



2 OG5 S5l 3l 2 b sl il 05 S A S

OLes 5 Sleg oslide 55 ¢

S 2 s Sents Sl (2016) o sasls;a50[30] s s
Ghilen 0Kl 2 1 @b Dl ol 5 odew) Sy
Gt (A kit ¢ 51 o 55 55 bl « s e sl
R 2030 e eelo g Bl 5 i SUsedler (5, 5lugs
Sl wlal ol aSsls Olis ol iy opl Lol 13
2 Sedke Sl 5 en o5 S dS gLl =00 e
ol oy e 08 S Sl ie Cte 5 Gl e
XLl Olse w4 Eb Sle bl S eslinad Ol
Js ol Kz ys 181 [21] s 3 slgiy 136 Cmis 3 aulb
05 Sl Sl @ el e 05 Gl SL Log S el
Gl ,SL tiles S 83 Jsbu oyles Odltl 5 36 1, i
WY S ok 4w WY s e Gl ae b S
Bl o 6 slad 3 e p 8 slas S SIS sz,
wlas ol glis 5 b glis Jobas) ol s
Al (3t e S ey s slad 0T @ oS 3l 3
Sl sl s Sl sy a3l Gblid aher Sl il sl
“sSge 5 LS 5 ks 530 45 SIS sl oSy i
S 02 S e ) ey (5 sld 4 el el sla
e 5 2l sy plad i Cute 05 GlagSL 2 &S
3 Pk olnn aly Klg e a4l 4 s Seeds
A3 S Lol 5, e 5l Gl s el el glis
2 p S Slas L s I ol Olale (el ca
Bl 5 s e 5l Cute p 8 lag SL BV
a8t VL Caslie Ol e a3 el odd JSUAS
lis s @ oS Gbeelas 5 b ulul 4 s de p S
s SLSS o w e JB e L ol g sind

J31 5 7]sls s s
[31 5 7]sls 5

Z £
S S 4 - 4
Eb ol lel 8 5,8 Ol Ol5 e IS gy mer S 0
£S5 Sl SL 2 VL Sl 4 s Seeds Sl 6Ll
(o lS 5oy il i (’J§ S st a cald Clle
e el s Aab U Sl bl 5 S 50 5 02

oolel Jol S s s LS 5 b G'UU

300

ety GMeSI AT i s S Olpe 4 L

.[28].)&;1:
O3 b s St clb (1396) LLn 5 esly
Wb sl st LB Ule elas o8
skl s sl eSSl i S elise s e
Blas 5 Shslee chle Bl gl gy, 4 osl
O Saass ool ls Lols S5 ) 3p50 Siis chile
e osbas o8 o3 U Sis cll Blas o sl ol
ol @l [8]ss Swusilee chile Bl 5l S5 b
OLKen 5 il Jlpras ol Gags L oadlas
Sl b L @b sle pulel s Sl e (2012)
Slaa s Sl golas Sl Akl s See 5 O o> S
O @l sl LI e 3e (08 Rl 5 b
S SL 4 S e 5 (slags L oS sls Ol Ol Sk,
SAL rmer 5 en Sl e oS b
e el e 03 1 Gl o 50T sl o sS sS shSlen
S Wals 518 wizeen el ol QLIS 3 G'JLS
o505 e b Dl b 09 Snds Ll 4 a5 L
6] o e Cmo 3 ol IS Olge 4 usld
2 @b e glelas oy Saas I (2012) JL S
5 e [29]50 L3 Al sse Bl 0Ky, (g3l
ol @l Lle Rl s Sl Sl (2012) O1Sen
Ll 3 53 olen 0Kl S5l soliss ST Salr iy,
dla s o Soagsy cpl sls D3 s 3550 AL
e oS wse p o mb Lle bl o S S, eds
2 [ s 83 meke 1901 L i lisess g
rlsesdse 8L Glp edd edalie k3 S ags
(2016) oer 5 edlosy sebe 10120 f0is
b il Slaay g 1) =00 Dl ol s Snds b
s sl sSSl) Lis el elisess e (S
O Snssy cnl gl sl 513 s 2550 i e sboel
5 sl S sS sl Se p S Glags SL oS sls 0L
A L) e o S Slag L 4 s (s sl
OLSG clle 55 5 Loy Fomba (L s olisesssm s
GRSz Ky pde Al kB gl =06 le oslas



1398 Ca-u:\.-éa:-i:)‘ c16 69 c87a)l.a.j:

k;\.l.'c GW}(}LG

[5] Haghiroalsadat, B.F., Vahidi, AR,
Azimzadeh, M., Kalantar, S.M., Bernard, F.,
Hokmollahi, F. 2012. Chemical Assessment of
Active Ingredients and Anti-oxidant Effects of
TrachyspermumCopticum's Seeds harvested In
Yazd Province. Journal of Rafsanjan
University of Medical Sciences, 11(3): 197-
206.

[6] TabatabaeiYazdi, F., Alizadeh Behbahani,
B., HeidariSureshjani, M. 2014. The
Comparison of Antimicrobial Effects of Chevil
(FerulagoAngulata) Extract with a Variety of
Common Therapeutic Antibiotics In Vitro.
journal of Arak University of Medical
Sciences, 17 (3): 35-46.

[7] Alizadeh Behbahani B. 2016. Production of
an antimicrobial edible coating based on
Plantago major seed mucilage in combination
with dill and tarragon essential oils: its
properties and application in beef.PhD Thesis,
Ferdowsi University of Mashhad. 1-176.

[8] Heydarzadeh, S., and Yaghoubi, H. 2017.
Green synthesis and antibacterial effect of
silver nanoparticles by using extract of Citrus
aurantium. Razi Journal of Medical Sciences,
24(4): 9-24.

[9] Kalani, Z., Emtiazy, M., Lotfi, M., and
Dehghan, K. 2015. Comparison of citrus
aurantium and oxazepam tablets efficacy on
preoperative anxiety in patients undergoing
coronary artery bypass graft surgery. The
Journal of Shahid Sadoughi University of
Medical Sciences, 23(3): 1968-1975.

[10] Alizadeh Behbahani, B., and Shahidi, F.
2019. Melissa officinalis essential oil:
Chemical compositions, antioxidant potential,
total phenolic content and antimicrobial
activity.  Nutrition and Food Sciences
Research, 6(1): 17-25.

[11] Vimalkumar, C., Hosagaudar, V., Suja, S.,
Vilash, V., Krishnakumar, N., and Latha, P.
2014. Comparative preliminary phytochemical
analysis of ethanolic extracts of leaves of
oleadioicaroxb., infected with the rust fungus
zaghouaniaoleae (ej butler) cummins and non-
infected plants. Journal of Pharmacognosy and
phytochemistry, 3(4): 69-72.

[12] Tajik, S., and Zarinkamar, F. 2017.
Evaluation of antioxidant activity and phenolic
content from saffron organs (Crocus sativus

301

Sy L hass ool s ot 21/29 .. L Linalool
Cod $ 508 SMeSI ST Sl sl B e Sl s
Caslis 5 il SIS Seds s w
S e el 4 e ol OG5
bl 3 S sl g A Misells 5 ISl L a
SLosasl pemen 5 sslen 0K, 2l b ok
5B il 31015 6 35S il 03 5 Sy as il

LA J“.‘A"J‘G'f 6‘)@}‘)‘} 9 LS.J‘J\..P cL«ﬁ DL CJ)[J )L@.g QWLN]

,gma:"‘gﬁ.\i? -5

2047363 S L pmae hasy ook Sl 2 S ol Wl
fJY;}éﬂde@M}J.mpJJ«_.i./a&.upjéelf.bb);
L}A:A{J@ijéjé ¢L<,ij\> L;‘:"‘-Aj}i QAJL&A)\‘SJ\AJ\)&

e -6

[1] Lattanzio, V., Kroon, P. A, Linsalata, V.,
and Cardinali, A. 2009. Globe artichoke: a
functional food and source of nutraceutical
ingredients. Journal of Functional Foods,
1(2):131-144.

[2] Negi, P. S. 2012. Plant extracts for the
control of bacterial growth: Efficacy, stability
and safety issues for food application.
International Journal of Food Microbiology,
156(1): 7-17.

[3] Lacuna, M. L., Carmona, M. L., Amparado,
B. B., Daclan, M. A., and Ranido, L. A. 2013.
Antimicrobial activity of supercritical fluid
extracts of two Philippine medicinal plants,
Psidium guajava and Euphorbia hirta:
Implications to community health. Advances
in Agriculture and Botanics, 5(1): 1-13.

[4] TabatabaeiYazdi, F., Alizadeh Behbahani,
B., Vasiee, A. R., Mortazavi, S. A., Shahidi, F.
2018. Evaluation  antioxidant  activity,
phytochemical constituents and antimicrobial
of Mentha Piperita essential oil on some
infectious and poisonous microorganisms.
Journal of Food Science and Technology,
15(76):67-76.



2 OG5 S5l 3l 2 b sl il 05 S A S

OLes 5 Sleg oslide 55 ¢

Nutrition and Food Sciences Research, 3(1):
43-50.

[22] Karoui, 1.J., and Marzouk, B. 2013.
Characterization of bioactive compounds in
tunisian bitter orange (citrus aurantium I.) peel
and juice and determination of their
antioxidant activities. BioMed Research
International, 2013: 1-12.

[23] Ammar, A. H., Bougjila, J., Lebrihi, A.,
Mathieu, F., Romdhane, M., and Zagrouba, F.
2012. Chemical composition and in vitro
antimicrobial and antioxidant activities of
citrus aurantium I. Flowers essential oil (neroli
oil). Pakistan Journal of Biological Science,
15(21): 1034-1040.

[24] Dehkordi, A., Sedaghat, M. M,
Vatandoost, H., and Abai, M. R. 2016.
Chemical compositions of the peel essential oil
of citrus aurantium and its natural larvicidal
activity against the malaria vector anopheles
stephensi (diptera: Culicidae) in comparison
with citrus paradisi. Journal of Arthropod-
Borne Diseases, 10(4): 577-585.

[25] Cooper, M., and Washburn, K. 1998. The
relationships of body temperature to weight
gain, feed consumption, and feed utilization in
broilers under heat stress. Poultry Science,
77(2): 237-242.

[26] Majnooni, M.-B., Mansouri, K., Gholivand,
M. B., Mostafaie, A., Mohammadi-Motlagh,
H.-R., Afnanzade, N.-S., and Piriyaei, M.
2012. Chemical composition, cytotoxicity and
antioxidant activities of the essential oil from
the leaves of citrus aurantium. African Journal
of Biotechnology, 11(2): 498-503.

[27] Benamrouche, S., and Madani, K. 2013.
Phenolic contents and antioxidant activity of
orange varieties (citrus sinensis I. And citrus
aurantium 1.) cultivated in Algeria: Peels and
leaves. Industrial Crops and Products, 50: 723-
730.

[28] Moulehi, 1., Bourgou, S., Ourghemmi, I.,
and Tounsi, M. S. 2012. Variety and ripening
impact on phenolic composition and
antioxidant activity of mandarin (citrus
reticulate blanco) and bitter orange (Citrus
aurantium 1.) seeds extracts. Industrial Crops
and Products, 39: 74-80.

[29] Gopal, P. V. 2012. Evaluation of anti-
microbial activity of citrus aurantium against

302

L.). Biotechnology TarbiatModares University,
8(3): 127-138.

[13] Chang C., Yang M., Wen H., Chern J.
2002. Estimation of total flavonoid content in
Propolis by two complementary calorimetric
methods. Journal of Food and Drug Analysis,
10: 178-182.

[14] Kartal, N., Sokmen, M., Tepe, B., Daferera,
D., Polissiou, M., and Sokmen, A. 2007.
Investigation of the antioxidant properties of
Ferulaorientalis L. using a suitable extraction
procedure. Food Chemistry, 100(2):584-589.

[15] Dapkevicius, A., Venskutonis, R., Van
Beek, T. A, Linssen P. H. 1998. Antioxidant
activity of extracts obtained by different
isolation procedures from some aromatic herbs
grown in Lithuania. Journal of the Science of
Food and Agriculture, 77: 146-140.

[16] Ellouze, I., Abderrabba, M., Sabaou, N.,
Mathieu, F., Lebrihi, A., and Bouajila, J. 2012.
Season’s variation impact on citrus aurantium
leaves essential oil: Chemical composition and
biological activities. Journal of Food Science,
77(9): T173-T180.

[17] TalebiVarnosfaderani, F.,
MohammadiSichani, M., and Amjad .2017.
Antibacterial activity of essential oil and
extracts of achillea tenuifolia against
pathogenic bacteria. Qom University of
Medical Sciences Journal, 11(7): 30-37.

[18] Attarpouryazdi, M., Kamalinejad, M., and
Falvaeikouchak, N. S. 2010. Comparison of
antimicrobial effects of cucuma longa extract
and selective antibiotics against bacteria
isolated from infected burn  wounds.
Daneshvar Medicine, 17(84): 1-10.

[19] Hashemi, Z., Hojjati, M., and Tahanejad,
M. 2015. Evaluation of antioxidant activity of
essential oil from citrus aurantium leaf
compared with TBHQ in edible oil. Innovative
Food Technologies, 2(2): 43-57.

[20] Sarrou, E., Chatzopoulou, P., Dimassi-
Theriou, K., and Therios, |. 2013. Volatile
constituents and antioxidant activity of peel,
flowers and leaf oils of citrus aurantium I.
Growing in greece. Molecules, 18(9): 10639-
10647.

[21] Azhdarzadeh, F., and Hojjati, M. 2016.
Chemical composition and antimicrobial
activity of leaf, ripe and unripe peel of bitter
orange (citrus aurantium) essential oils.



1398 Ca-u:\.-éa:-i:)‘ c16 69 c87a)l.a.j:

k;\.l.'c GW}(}LG

yoghurt stew during refrigerated storage.
Journal of Food Safety, 36(2):153-161.

[31] Duffy, C. F., and Power, R. F. 2001.
Antioxidant and antimicrobial properties of
some chinese plant extracts. International
Journal of Antimicrobial Agents, 17(6): 527-
529.

303

some gram positive and negative bacterial
strains. Pharmacia, 1(3):107-109.

[30] Hashemi, S. M. B., Amininezhad, R.,
Shirzadinezhad, E., Farahani, M.,
&Yousefabad, S. H. A. 2016. The
antimicrobial and antioxidant effects of c¢
itrusaurantium flowers extract in traditional



JEST No. 87, Vol. 16, May 2019 ABSTRACT

Antimicrobial effect of Citrus aurantium essential oil on some food-
borne pathogens and determination of its chemical compounds, total
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In this study, the antimicrobial effect of Citrus aurantiumessential oil was evaluated on Bacillus
cereus,Listeria innocua, Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Salmonella
typhi and Candida albicans. The chemical compounds, total phenolcontent, total flavonoids content and
antioxidant potential of the essential oil were determined. The results of the phytochemical analyses
(Ferric chloride and Shinoda) showed that phenol, flavonoids and flavone existed in the essential oil.
Based on gas chromatography—mass spectrometry results, 19 compounds were identified in Citrus
aurantium essential oil and Linalool (21.29 %) was the major one.The total phenolic content and total
flavonoids content of the essential oil were equal to 41.35 + 0.46 mg GAE/g DM and 2.98 +0.50 mg QE/g
DM respectively. Based on radical Scavenging and p-carotene linoleic acid, the antioxidant potential of
theessential oil was equal to 102.85 + 0.60 pg/ml and 65.60% respectively. The longest and shortest
diameters of the inhibition zone at a concentration of 45 mg/ml pertained toListeria innocua (16.50 +0.66
mm) and Salmonella typhi (9.80 +0.43 mm) respectively. The minimum inhibitory concentration of the
essential oil ranged from 3.125 mg/ml to 100 mg/ml, while its minimum bactericidal/fungicidal
concentration ranged from 3.125 mg/ml to 200 mg/ml. Based on the present research, the antioxidant
potential and antimicrobial activity of Citrus aurantium essential oil were tested on several food-borne
pathogens; thus, it can be used in food products.

Keywords:Citrus aurantium, Pathogenic microorganisms, Microdilution broth, Phytochemical analysis.
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