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A B S T R A C T  

Zinc ox ide nanopar ti cles (ZnO NPs) are gain ing in ter est due to their mul ti func tional prop er ties and de sir able 
bi o log i cal ac tiv i ties. The pre sent study re ports the for mu la tion and char ac ter i za tion of ZnO NPs us ing an aque - 
ous ex tract of dry onion peels ( Al lium cepa L) and fur ther in ves ti gates their pho to cat alytic, in vitro an tipath o - 
genic ac tiv ity and cy to tox i c ity against hu man lung can cer A549  cell line. The re sults of XRD analy sis showed 
the pres ence of nine in tense peaks in di cat ing the crys tal lized hexag o nal phase of ZnO NPs with a size of about 
35  nm. Field - emission scan ning elec tron mi cro graphs and the re sults of EDS showed the hexag o nal mor pho - 
log i cal fea ture, and the pres ence of zinc and oxy gen in phy to geni cally syn the sized ZnO NPs. The syn the sized 
ZnO NPs showed po tent cat alytic ac tiv ity in the degra da tion of or ganic dyes (crys tal vi o let and meth yl ene 
blue). The for mu lated ZnO NPs in di cated a sig nif i cant bac te ri ci dal ac tiv ity against Bacil lus sp., Es cherichia coli, 
Staphy lo coc cus au reus, Vib rio cholerea, Corynebac terium sp., and Sal mo nella sp. that are com mon food borne 
pathogens. In this study, the ob tained IC 50 con cen tra tion of 51.25  μg/ mL ex hibits sig nif i cant an ti cancer ac tiv - 
ity against A549  cells than other tested con cen tra tions be cause of the re lease of zinc ions, which in duce the 
cell apop to sis. Fur ther more, stud ies on cell cy cle val i date that ZnO NPs ar rest the cell cy cle at the sub - G 1 
phase of A549  cells. These re sults sug gest the util ity of phy to genic ZnO NPs for var i ous bio med ical ap pli ca - 
tions. 

1 . Introduction 

Nanopar ti cles have im mense po ten tials due to their di verse bi o log - 
i cal func tional spec trum, ther a peu tic ef fi cacy, and safety ( Ovais et al., 
2018 ). In re cent times, much of the re search stud ies fo cus on de vel op - 
ing novel mul ti func tional nanopar ti cles (NPs) with im proved func - 
tions and a range of met als such as gold, sil ver, cop per, alu minum, 
metal ox ides like zinc, ti ta nium and mag ne sium ox ides have been ex - 
plored for wide - ranging fea tures in clud ing an tibac te r ial and an ti - 
cancer prop er ties ( Cai et al., 2018 ; Hoseinnejad et al., 2018 ). In the 
med ical field, NPs are used as a coat ing ma te r ial for pre vent ing the 
mi cro bial bloom and act as an anti - bio - film agent ( Pugazhendhi et al., 

2018c ). Nanopar ti cles pre pared from Zn, Fe, and Cu metal ox ides 
have mer its over the no ble met als such as sil ver and gold ow ing to 
their techno - economic vi a bil ity by means of for mu la tion and util ity 
( Yang et al., 2018 ). Among these metal ox ides, ZnO NPs have re - 
ceived much at ten tion in re cent times, and are con sid ered as one of 
the most promis ing ma te ri als be cause of their high cat alytic and op ti - 
cal prop erty, bio - conductivity, an timi cro bial and an ti cancer ac tiv ity 
( Darroudi et al., 2014 ; Malakootian et al., 2019 ). Zinc is an es sen tial 
mi croele ment for cell di vi sion, growth, and break down of en zymes 
and pro teins in hu mans. It is needed for the im mune sys tem and pro - 
tects the skin from ag ing, sun, and wind ( Prasad, 2014 ). ZnO is con - 
tem plated as "gen er ally rec og nized as safe" (GRAS) by food and drug 
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Ad min is tra tion (FDA) of the USA ( Rasmussen et al., 2010 ). In ad di - 
tion, to this ZnO NPs are used as an in gre di ent in plas tics, glass, ce - 
ram ics, rub ber, bat tery, a di etary source in the food, an ti fun gal, and 
an tibiofilm agents ( Ma et al., 2013 ; Pugazhendhi et al., 2018b ). In ter - 
est ingly, physico - chemical at trib utes such as wide band - gap (3.3  eV), 
high ex ci ton bind ing en ergy (60  eV), high tem per a ture, and UV sta bil - 
ity and non - toxicity en able re searchers to opt ZnO NPs over other 
metal ox ides. Sev eral strate gies have re ported the syn the sis of NPs in - 
clud ing phys i cal and chem i cal meth ods. How ever, this meth ods suf fer 
lim i ta tions such as the re quire ment of high per for mance equip ment, 
processes in volv ing high tem per a ture, pres sure and ther mal evap o ra - 
tion and more im por tantly, the gen er a tion of toxic by - products or use 
of toxic chem i cals for prepa ra tion of NPs pos ing threat to en vi ron - 
ment, health and safety ( Rajkumar et al., 2016 ; Shah et al., 2018 ; 
Sukhanova et al., 2018 ). 

These lim i ta tions as so ci ated with con ven tional physico - chemical 
meth ods ne ces si tate re searchers to de velop nano - approaches us ing 
greener routes in clud ing the syn the sis of NPs by phy to genic method, 
which has high ef fi ciency in per for mance, show non tox i c ity, and pos - 
sess eco nomic and en vi ron men tal vi a bil ity ( Khan et al., 2019 ; 
Mayedwa et al., 2018 ; Seabra, 2018 ). Be sides, phy to genic syn the sis of 
NPs pos sesses not only bio med ical po ten tial but also the de sired char - 
ac ter is tics such as vary ing struc ture and func tional fea tures es pe cially 
phy to chem i cal as so ci ated ther a peu tic na ture and cir cu la tion sta bil ity, 
and high pro ces siv ity with prefer able ADME phar ma co log i cal fea tures 
( Iqbal et al., 2019 ; Khalil et al., 2018 ; Rahman et al., 2019 ). The mer - 
its of phy to genic NPs are not only at trib uted to the metal com po nents 
in NP syn the sis but also to the plant metabo lites such as al ka loids, 
phe no lic acids, pro teins, ter penoids, and polyphe nols, which fa cil i tate 
the re duc tion of metal ions and sup port the size and sta bil ity of NPs 
( Dzul - Erosa et al., 2018 ; Fakhari et al., 2019 ; Nasrollahzadeh et al., 
2019 ). 

Crys tal vi o let (CV) and Meth yl ene blue (MB) are syn thetic or ganic 
dyes that are ex ten sively used in tex tile, pa per, and rub ber in dus tries 
as colour ing in gre di ents, and they are cationic and an ionic ( Saha et 
al., 2017 ). These dyes are be ing dis charged from in dus tries with out 
any treat ment, and it can cause ad verse ef fects on the health of the 
aquatic ecosys tem. There fore, we need to de velop an eco - friendly 
method that can ef fec tively de grade the dye ef flu ents. Metal ox ide 
nanopar ti cles are known to ex hibit bet ter cat alytic ac tiv ity due to 
their large sur face to vol ume ra tios and light - absorbing prop er ties 
( Gnanasekaran et al., 2017 ; Rodrigues et al., 2019 ). Metal ox ides po - 
ten tially cat alyze the or ganic dye pol lu tants in so lar and UV lights 
( Pugazhendhi et al., 2019 ). The nanocat a lyst which is re cov ered from 
the dye so lu tion, can be reused a num ber of times ef fi ciently ( Saratale 
et al., 2018 ). 

Can cer is one of the ma jor causes of death ( Siegel et al., 2014 ) in 
both male and fe male world wide, and the in ci dence and mor tal ity of 
lung, cervix, stom ach, prostate, and breast can cer are higher among 
the pop u la tion. Ther a peu tic syn thetic drugs cause side ef fects by dam - 
ag ing the healthy tis sues dur ing treat ment. Be sides, con ven tional 
chemother a peu tics have lim i ta tions in clud ing bioavail abil ity, drug re - 
sis tance, tox i c ity, tu mor - targeted de liv ery, and sol u bil ity 
( Pugazhendhi et al., 2018a ; Sun et al., 2014 ; Wang et al., 2014 ). 
Metal ox ide NPs have been em ployed to min i mize sev eral lim i ta tions, 
and metal ox ide NPs syn the sized through the phy to genic greener ap - 
proach could be the best al ter na tive drug due to the en hance ment of 
an ti cancer func tion through bioac tive con stituents. 

Al lium cepa, an in dus tri ally im por tant hor ti cul ture crop cul ti vated 
through out the world, has a range of nu tri tional and med i c i nal prop - 
er ties in clud ing its use in Ayurveda, an an ces tral dis ci pline of med i - 
cine in In dia ( Mhaskar et al., 2000 ). The onions are known for their 
heal ing po ten tial against dys p nea, angina pec toris, cough, dysen tery, 
and bronchial con di tions. It is re ported that the use of onion in hu - 
man life can re duce the risk of stom ach car ci noma, an timi cro bial, an - 

ti fun gal, hy po glycemia, an ti hy per ten sive and an ti spas modic ef fects 
( Ali et al., 2000 ; Elnima et al., 1983 ; Sakakibara et al., 2008 ; 
Yamamoto et al., 2005 ; Yin and Tsao, 1999 ). The dry outer layer of 
the onion is rich in cal cium, di etary fiber, fruc tooligosac cha rides, 
flavonoids, and alk (en) yl cys tein sulphox ides and quercetin with an - 
tiox i dant prop er ties ( Prakash et al., 2007 ). Though re ports are avail - 
able on the syn the sis of NPs that con tain onion phy to con stituents, the 
syn the sis of ZnO NPs us ing onion peels has not been re ported 
( Khalilzadeh and Borzoo, 2016 ; Sahni et al., 2015 ; Stan et al., 2015 ). 
In this re port, the ZnO NPs were syn the sized us ing onion peel (Brown 
skin) ex tract as a re duc ing and cap ping agent be cause the onion peel 
ex tract pos sesses an tiox i dant ca pac ity and detox i fi ca tion ef fect ( Kim 
et al., 2013 ). 

Hence, in this pre sent study, ZnO NPs are syn the sized by adopt ing 
a phy to genic ap proach us ing onion peels, which is dis carded as waste 
ma te r ial. Syn the sized ZnO NPs were fur ther eval u ated on the pho to - 
cat alytic and an tipath o genic ac tiv ity of syn the sized NPs against food - 
borne ill ness - causing bac te r ial pathogens and cy to tox i c ity on hu man 
lung can cer A549  cell line. 

2 . Materials and methods 

Zinc ni trate hexa hy drate, yel low tetra zole, 3 - (4,5 - dimethylthiazol - 
2 - yl) - 2,5 - diphenyltetrazolium bro mide (MTT), di methyl sul fox ide 
(DMSO), dul bec co's mod ifeid ea gle medium (DMEM), fe tal bovine 
serum (FBS), an tibi otic so lu tions (peni cillin and strep to mycin), 
Hoechst 33258 and acri dine or ange were pro cured from HI ME DIA, 
Mum bai, In dia. Chem i cals and sol vents used for the prepa ra tion of 
plant ex tract were of an a lyt i cal reagent grade. Hu man lung can cer 
A549  cell line was ob tained from Na tional Cen tre for Cell Sci ence 
(NCCS), Pune, In dia. 

2. 1 . Preparation of plant extract 

Five  g of dry brown outer onion peel were washed with run ning 
tap wa ter fol lowed by rins ing with dis tilled wa ter and soaked in a 
250  mL Er len meyer flask con tain ing 50  mL of dou ble - distilled wa ter. 
The so lu tion was boiled at 70  °C for 15  min. The peel broth was fil - 
tered through What man No 1 (0.25  μM) fil ter pa per, and the fil trate 
was stored for fur ther ex per i men tal pur poses. 

2. 2 . Synthesis of ZnO NPs 

ZnO NPs were syn the sized by dis solv ing 0.1  M of zinc ni trate 
hexa hy drate (HI ME DIA, Mol. Wt. : 297.49) slowly in 20 mL of dou ble 
dis tilled wa ter in an Er len meyer flask kept un der vig or ous stir ring at 
60  °C for 60  min. About 5  mL of the plant ex tract was added to the 
aque ous so lu tion, and the so lu tion was made up to 100  mL. The pH of 
the aque ous so lu tion was main tained at 12.0 by adding 2.0  M NaOH 
drop wise un til the so lu tion be came pale white color and stirred con - 
tin u ously for 3  h by the same con di tion. The re sul tant pale white pre - 
cip i tate was washed with dis tilled wa ter sev eral times, fol lowed by 
ethanol wash ing and cen trifuged at 8000  rpm for 15  min. The pre cip i - 
tate was dried in a hot air oven. The dried pale white pre cip i tate pow - 
der of ZnO NPs was care fully col lected and used for fur ther stud ies. 

2. 3 . Characterization 

The crys talline struc ture and size of the dried ZnO NPs were de ter - 
mined and con firmed by XRD analy sis. The pat terns of XRD was 
recorded us ing a PAN a lyt i cal X'Pert Pro Pow der X'Cel er a tor Dif frac - 
tome ter, Nether lands. The ex per i ments were per formed at the wave - 
length of 1.5406  Å and op er ated at a volt age of 40  kV and 40  mA. It 
was done in the re gion of 2θ from 20 to 80°. Fourier trans form in - 
frared (FT - IR) spec troscopy analy sis was per formed to analyse the 
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func tional groups of the syn the sized ZnO NPs. The dried NPs were 
mixed with potas sium bro mide (KBr), and the FT - IR spec tra were 
recorded in PerkinElmer Spec trum 2 in the wavenum ber fre quency 
ranged from 4000 to 500  cm −1 . 

The mi crostruc ture and size of the ZnO NPs were as sessed by field - 
emission scan ning elec tron mi cro scope (FE SEM), Carl Zeiss, UK. The 
el e men tal com po si tions of ZnO NPs were an a lyzed by en ergy - 
dispersive x - ray spec troscopy. The op ti cal prop er ties of ZnO NPs were 
char ac ter ized by Syn ergy HT Mul ti mode Reader (BioTek In stru ment, 
Winooski, VT, USA), with ab sorp tion spec tra of the wave length range 
of 300 – 700  nm. 

2. 4 . Photocatalytic dye degradation 

Pho to cat alytic ac tiv ity was in ves ti gated by the degra da tion of CV 
and MB so lu tion at var i ous con cen tra tions of ZnO NPs (0.5 – 10  mg). A 
10  mg/ L stock so lu tion of CV and MB was pre pared, suit able con cen - 
tra tions of ZnO NPs were added to 100  mL of both CV and MB so lu - 
tion un der con stant stir ring at the dark con di tion of equi lib rium of 
work ing so lu tion for 30  min be fore sun light and UV (Philips TUV 
30  W - UV light) ir ra di a tion. A con trol setup was also main tained with - 
out NPs. The dis per sion was ex posed to both light ir ra di a tion, and the 
sus pen sion mix tures were with drawn at se lected time in ter vals (0 to 
240  min for sun light and 0 to 300  min for UV light). The rate of dye 
degra da tion was de ter mined by us ing ab sorbance spec trum of so lu tion 
and was mea sured in UV – visible spec tropho tome ter of Syn ergy HT 
Mul ti mode Reader. Fol low ing for mula was used to cal cu late the % of 
pho to cat alytic dye degra da tion 

Here, C 0 is the ini tial con cen tra tion of the dye so lu tion, and C t is the 
fi nal con cen tra tion of the dye so lu tion af ter ex po sure in both light 
sources. 

2. 5 . Antipathogenic activity of ZnO NPs 

The an tipath o genic ac tiv ity of syn the sized ZnO NPs was eval u ated 
us ing agar well dif fu sion method against food borne pathogens such as 
Bacil lus sp., Es cherichia coli, Staphy lo coc cus au reus, Vib rio cholerae, 
Corynebac terium sp. and Sal mo nella sp. (clin i cal iso lates). Fresh cul ture 
of each strain was swabbed uni formly over the agar sur face, and ap - 
prox i mately 6  mm di am e ter wells were made by gel punc ture. The 
dif fer ent con cen tra tion of ZnO NPs (25, 50, 75, and 100  μg/ μL) so lu - 
tion was added to the wells. Com mer cial an tibi otic (Strep to mycin, 
10  μg/ μL) was used as a pos i tive con trol. The zone of in hi bi tion di am - 
e ter was mea sured af ter overnight in cu ba tion at 37  °C. 

2. 6 . Cytotoxicity assay 

In vitro cy to toxic ac tiv ity was as sessed by MTT as say ( Mosmann, 
1983 ), which de ter mines the pro por tion of ac tive hu man lung can cer 
A549  cells treated with ZnO NPs, and NPs un treated cells were used 
as con trol. Prior to the cell vi a bil ity as say, the ZnO NPs were dis - 
persed in DMSO at the con cen tra tion of 0 – 200  μg/ mL and dis pensed 
into the 96 well plate con tain ing 5  ×  10 3 den sity of A549  cell line. 
Af ter 24  h in cu ba tion, 20  μL of MTT was added to each well and in cu - 
bated for 4  h fol lowed by the ad di tion of 100  μL of DMSO to sol u bi - 
lize the MTT for mazan crys tals. The mea sure ment of each well op ti cal 
den sity was car ried out on Bio - Rad iMark reader at a wave length of 
570  nm. The per cent age of in hi bi tion was cal cu lated us ing the fol low - 
ing for mula: 

2. 7 . AO/ EB double staining study 

Apop totic mor phol ogy of A549  cells treated by ZnO NPs was de - 
ter mined by acri dine or ange (AO) and ethid ium bro mide (EB) dual 
stain ing method as de scribed by Spector et al. (1998) . A549 cells were 
grown in 96 - well plate (5  ×  10 5  cells/ well) for 24  h fol lowed by in cu - 
ba tion of cells at IC 50 dose of ZnO NPs for 24  h. Then the me dia was 
dis carded, and the cells were trypsinized and washed with PBS. Af ter 
wash ing, the cells were stained with 25  μL of AO/ EB, placed on a mi - 
cro scopic glass slide and viewed un der a flu o res cent mi cro scope (Carl 
Zeiss, Ax io scope2 plus) with ex ci ta tion and emis sion wave lengths of 
450  nm and 490  nm re spec tively. The live cells, apop totic cells, and 
necrotic cells in con trol and treated group were in ves ti gated. 

2. 8 . Assessment of nuclear morphology 

Cy topathol ogy was stud ied by stain ing the nu clear chro matin of 
A549  cells (5  ×  10 5 ) with 1  μL of Hoechst 33258 (1  mg/ mL) for 
5  min  at 37  °C ( Kasibhatla, 2006 ). Af ter 5  min in cu ba tion, a drop of 
cell sus pen sion was placed on a glass slide and ob served in a flu o res - 
cent mi cro scope (Carl Zeiss, Ax io scope2 plus) fit ted with a 377− 
355  nm fil ter. The num ber of cells re flect ing patho log i cal changes was 
counted. 

2. 9 . Measurement of mitochondrial membrane potential (MMP) 

The mi to chon dr ial mem brane po ten tial of apop totic cells was in - 
ves ti gated by Rho damine 123 stain ing, ac cord ing to the method de - 
scribed by Baracca et al. (2003) . Af ter the ex po sure of ZnO NPs at ob - 
tained in hibitory con cen tra tion, the cells were har vested and washed 
with PBS, which were re sus pended in PBS at the con cen tra tion of 
5  ×  10 5  cells/ mL and mixed with 25  μL of Rho damine 123 dye 
(1  mg/ mL). The mi to chon dr ial de po lar iza tion pat tern (Δψm) of 
A549  cells was ob served un der the flu o res cent mi cro scope. 

2. 10 . Cell cycle arrest 

Cell cy cle ar rest of ZnO NPs treated cells was in ves ti gated us ing 
flow cy tom e try to mea sure the % of var i ous phases of the cell cy cle 
us ing pro pid ium io dide (PI) DNA stain ing. Briefly, A549  cells were 
seeded (5  ×  10 5 ) in a six well plate and al lowed to at tach. Sub se - 
quently, the cells were ad min is tered the IC 50 con cen tra tion of ZnO 
NPs for 24  h, washed with PBS, fixed with 70% ice - cold ethanol for 
4  h, and stored at 4  °C. Ethanol fixed cell sus pen sion was cen trifuged 
at 1000  rpm for 5  min and washed with PBS, the sus pen sion was 
again cen trifuged, and the pel lets were col lected for flow cy tom e try 
analy sis. Cell pel lets were re - suspended in 750  μL of PBS, and 5  μL of 
RNase A was added and in cu bated at 37  °C for 30  min. Af ter the in cu - 
ba tion, the cells were stained with 75  μL of PI (1  mg/ mL). The PI 
stained cells were in cu bated at room tem per a ture for 15  min, and cell 
cy cle pro files were ob tained us ing FAC SCal ibur (Bec ton Dick in son, 
USA). 

2. 11 . Statistical analyses 

All re sults data were ex pressed as mean  ±  stan dard de vi a tion (SD) 
and an a lyzed us ing SPSS 16.0 soft ware (SPSS, Chicago, IL, USA). Trip - 
li cate ex per i ments were car ried out, and the sta tis ti cal eval u a tions 
were per formed by one - way analy sis of vari ance (ANOVA). Sig nif i cant 
dif fer ences be tween ex per i men tal groups and con trol were de ter - 
mined at p  <  0.05. 
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3 . Results and discussion 

3. 1 . X - ray diffraction 

Fig. 1 a. Il lus trates the XRD pat tern of the bio - fabricated ZnO NPs 
ob tained from zinc ni trate and aque ous ex tract of onion peel. The ob - 
tained XRD peaks were iden ti fied as (1 0 0), (0 0 2), (1 0 1), (1 0 2), 
(1 1 0), (1 0 3), (2 0 0), (1 1 2) and (2 0 1) cor re spond ing to the scat - 
ter ing an gles (2 θ ) of 31.87, 34.52, 36.35, 47.62, 56.68, 62.93, 66.45, 
68.03 and 69.18 re spec tively. The ob tained lat tice planes are in good 
agree ment with the pre vi ous re port of ZnO NPs syn the sized by Al 
Abdullah et al. (2017) . All of these lat tice planes of fer a face - centered 
cu bic (fcc) hexag o nal wurtzite struc ture of the bio - synthesized 
nanopar ti cles ( Hassan et al., 2015 ; Jamdagni et al., 2016 ). The pat - 
tern of ob tained peaks is in agree ment with the hexag o nal phase 
(JCPDS File No. 79 – 0205). By em ploy ing the fol lowed De bye – 
Scherrer equa tion, the av er age par ti cle size of bio - synthesized 
nanopar ti cles was cal cu lated: 

where: D – par ti cle size in nm, λ – wave length of the X - ray ra di a tion, 
β – the line width at half - maximum height (FWHM), θ Brag g's an gle of 
dif frac tion ( Cullity and Stock, 2001 ). The av er age size of syn the sized 
ZnO NPs was found to be ~35  nm. Table 1 rep re sents the par ti cle 
size, and the FWHM value for each peak was used for par ti cle size cal - 
cu la tion. Pre vi ous stud ies con firm the bi o log i cally syn the sized ZnO 
NPs size rang ing from 40 – 74  nm, and the use of plant ex tract re - 
stricts the growth of NPs ( Miri et al., 2019 ; Stan et al., 2015 ). In ad di - 
tion, to this some im pu ri ties are pre sent in the XRD analy sis, which 
peaks may be from un re acted mol e cules of Zn ni trate and phy to chem - 
i cal con stituents of onion peels. 

3. 2 . FT - IR spectra 

The func tional groups of syn the sized ZnO NPs were an a lyzed by 
FT - IR. In Fig. 1 b, the IR re sult shows the spec trum at 3383  cm −1 in di - 
cat ing the pres ence of al co hols and phe nols (O – H stretch) ( Miri et al., 
2019 ). The peak in the re gion of 2959  cm −1 is at trib uted to alka nes 
(C – H stretch) ( Dobrucka and Długaszewska, 2016 ). The bands at 
1606, 1405, 1241 and 1113  cm −1 are cor re spond ing to pri mary 
amines (N – H stretch) of H 2 O mol e cules ad sorbed on ZnO par ti cles, 
aro mat ics (C – C stretch) and aliphatic amines (C – N stretch) re spec - 
tively ( Ambika and Sundrarajan, 2015 ; Šarić et al., 2017 ). The spec tra 
band at 920  cm −1 in di cates the pres ence of car boxylic acid (O – H 
stretch). The spec tra recorded at the re gions of 771 and 650  cm −1 

were at trib uted to alkyl halides (C – CI and C – Br stretch). The char ac - 
ter is tic peak at 602  cm −1 is as signed due to Zn – O with wa ter and or - 
ganic mol e cules ( Šarić et al., 2019 ). These re sults show the pres ence 
of sec ondary plant metabo lites func tion al ized on the sur face of ZnO 
NPs and sug gest ing sur face cap ping by the bio mol e cules ( Zheng et al., 
2019 ). In ad di tion, ow ing to the pres ence of hy droxyl and car boxyl 
groups in the peel ex tract, fa cil i tated the for ma tion of ZnO NPs. This 
process is started when the ni trate de com posed to ni tro gen diox ide 
and oxy gen dur ing the vig or ous stir ring at 60  °C, which re moves the 
ni tro gen diox ide from the com pounds ( Khorsand Zak et al., 2013 ; Yan 
et al., 2015 ). Thus, from the FT - IR spec trum, it proves the syn the sized 
NPs con tains phe nols, al co hols, pri mary amines, and car boxylic acid. 
These bioac tive com pounds were re spon si ble for the re duc tion for the 
sta bi liza tion of NPs ( Dobrucka and Długaszewska, 2016 ; Senthilkumar 
and Sivakumar, 2014 ). 

Fig. 1 . (a) XRD pat tern of ZnO NPs. ( b ) FTIR analy sis of ZnO NPs syn the sized us ing Al lium cepa peel ex tract. 



Biocatalysis and Agricultural Biotechnology 22 (2019) 101436

5

K.S. Rajkumar et al. 

Table 1 
Cal cu lated av er age par ti cles size of the syn the sized ZnO Nanopar ti cles. 

2θ Values FWHM (β) h k l D (nm) 

31.87 0.21336 1 0 0 40.47 
34.51 0.20828 0 0 2 41.75 
36.35 0.22366 1 0 1 39.08 
47.64 0.24948 1 0 2 36.38 
56.68 0.27027 1 1 0 34.91 
62.93 0.30189 1 0 3 30.53 
66.45 0.349 2 0 0 28.44 
68.03 0.3221 1 1 2 31.10 
69.18 0.3340 2 0 1 30.20 

3. 3 . FESEM with EDS 

The ex ter nal mor phol ogy, topog ra phy, and par ti cle size analy ses of 
the phy to genic NPs were car ried out by field emis sion scan ning elec - 
tron mi cro scope. Fig. 2 a and b rep re sent the FE SEM im ages of ZnO 
NPs of the study at dif fer ent mag ni fi ca tions. From the im ages of FE - 
SEM, it could be ob served the hexag o nal shape of ag glom er ated mor - 
phol ogy with the par ti cle di am e ter in the range of about ~50  nm. 
These ob ser va tions were con firmed by ear lier re ports of nanopar ti cles 
syn the sized by bi o log i cal routes ( Jamdagni et al., 2018 ; Jayabalan et 
al., 2019 ). An in di vid ual cu bic shaped ZnO nanos truc ture was ob - 
served in the FE SEM im age. The el e men tal com po si tion of the ZnO 

NPs was stud ied by the EDS, which con firms the pres ence of metal lic 
zinc ox ide in phy to genic ZnO NPs ( Ganesh et al., 2019 ; Vasantharaj et 
al., 2019 ). Ac cord ing to the EDX re port, Fig. 2 c re veals the pre dom i - 
nant peaks rep re sent ing the syn the sized NPs atomic weight per cent - 
age of Zn and O were found to be 51.29 and 48.71% re spec tively in 
the syn the sized nanopar ti cles. The higher com po si tion of oxy gen in 
NPs shows the fact that the pre pared NPs are in ox ide form. Aksu 
Demirezen et al. (2019) re ported that the pres ence of a high amount 
of oxy gen in the Fi cus car ica me di ated iron ox ide NPs sug gest that the 
NPs are in iron ox ide form. These two el e ments were higher in the 
per cent age when com pared with other el e ments, which arises from 
the re duc ing agents. 

3. 4 . Ultra violet – visible absorption spectroscopy 

The Ul tra vi o let vis i ble ab sorp tion spec troscopy was used for the 
analy sis of op ti cal prop er ties of bi o log i cally syn the sized ZnO NPs be - 
cause this is the most widely used method for the char ac ter i za tion of 
nanopar ti cles. The UV – visible spec tra of the syn the sized ZnO NPs 
were shown in Fig. 3 . The spec trum of syn the sized ZnO NPs shows a 
strong ab sorp tion peak at 370  nm, which in di cates the for ma tion of 
ZnO NPs and no other ab sorp tion peak ob tained in the vis i ble range 
of 300 – 700  nm. This typ i cal ab sorp tion edge falls at a lower wave - 
length or higher en ergy due to the de crease in the size of the ZnO NPs 
( Gupta et al., 2015 ). Also, a strong ab sorp tion peak at 370  nm which 

Fig. 2 . FE SEM mi cro graph of syn the sized ZnO NPs and EDX spec trum ( a ). 200  nm scale, ( b ). 100  nm scale and ( c ). El e men tal com po si tion analy sis. 
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Fig. 3 . UV – vis ab sorp tion spec tra of ZnO NPs - synthesized by phy to genic method. 

at trib uted to the in trin sic band - gap of ZnO due to the tran si tions of 
elec trons from the va lence band to the con duc tion band (O 2p → Zn 3d ) 
( Khorsand Zak et al., 2013 ). The as - prepared ZnO NPs so lu tion shows 
a UV ab sorp tion edge shift ing with re spect to Zn ma te ri als. Efafi et al. 
(2013) and Šarić et al. (2019) re ports, the pre cur sor ma te ri als have 
sig nif i cantly in flu enced the re la tion ship be tween op ti cal and par ti cles 
size. This con firms the pres ence of ZnO NPs, which is in good agree - 
ment with the ear lier re ports ( Jayabalan et al., 2019 ; Mohamed et al., 
2019 ). 

3. 5 . Dye degradation activity of ZnO NPs 

Pho to cat alytic dye degra da tion ac tiv ity of ZnO NPs was ex am ined 
us ing the CV and MB un der so lar and UV light for dif fer ent time in ter - 

vals. The cat alytic degra da tion of dyes in the pres ence of NPs was ob - 
served vi su ally. The dye so lu tion (with out NPs) ex pressed no changes 
in ab sorp tion upon ex po sure to sun light fol lowed by UV - light, while 
the test so lu tion hav ing NPs with dye ex pressed a grad ual de crease in 
ab sorbance. Fig. 4 shows the ab sorbance spec tra of time - dependent 
degra da tion of CV and MB. A suit able con cen tra tion of NPs for CV/ 
MB (0.5/ 1 and 2/ 3  mg) for so lar and UV ir ra di a tion was found. Faster 
dye degra da tion oc curred in the so lar ir ra di a tion method in com par i - 
son to other ir ra di a tion meth ods with nanocat a lyst ( Panchal et al., 
2019 ). The dye degra da tion per cent age of CV/ MB us ing ZnO NPs was 
cal cu lated as 74.82/ 94.04 and 54.10/ 36.64% for sun light and UV 
light ir ra di a tion re spec tively. Singh et al. (2019) re ported that the cat - 
alytic ac tiv ity of yel low dye (93.38%) was at trib uted to a wider band 
gap of phy to genic ZnO NPs. Gen er ally, it is known that ZnO is a semi - 

Fig. 4 . Dye degra da tion ac tiv ity of ZnO NPs. so lar ir ra di a tion of CV and MB ( a and b ), UV ir ra di a tion of CV and MB (c and d). 
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con duc tor that has a con duc tion band (CB) valance band (VB) and 
elec trons (e). These bands and elec trons were pro duced by ZnO un der 
so lar, and UV il lu mi na tion. The pho tons, and elec trons are trans ferred 
from ir ra di ated ZnO mol e cules and gen er ate su per ox ide rad i cal an ion 
(•O − 2 ) and hy droxyl rad i cals (•OH) in the pres ence of wa ter and O 2 
mol e cules ( Ahmed et al., 2017 ). The ex cited hy droxyl rad i cal mol e - 
cules fur ther ox i dize the dye pol lu tant mol e cules ad sorbed by 
nanopar ti cles and de grade as its by - products ( Khalafi et al., 2019 ). 
The re sults were com pa ra ble to sim i lar stud ies that showed the time - 
dependent ac tiv ity of nano ma te ri als is syn the sized by var i ous routes 
( Iqbal et al., 2019 ; Jaffri and Ahmad, 2018 ; Nagaraju et al., 2017 ; 
Zhang et al., 2018 ). Be sides, re cent stud ies re ported that the pho to cat - 
alytic ac tiv ity could be strongly de pen dent on the shape, size of the 
nanopar ti cles, and a growth tem per a ture ( Hariharan et al., 2018 ; Li et 
al., 2014 ). This re sult in di cates that the eco - friendly syn the sized ZnO 
NPs have higher cat alytic ac tiv ity against CV and MB dyes com pared 
with other re ports. 

3. 6 . Antipathogenic activity 

Agar well dif fu sion method was em ployed in this study for an - 
tipath o genic ac tiv ity as say to eval u ate the ef fi cacy of ZnO NPs against 
food borne bac te r ial pathogens such as Bacil lus sp., E. coli , Staphy lo coc - 
cus au reus, Vib rio cholera , Corynebac terium sp. and Sal mo nella sp. 
Strep to mycin (10  μg/ μL) was used as a pos i tive con trol (PC), and the 
an timi cro bial ac tiv ity of ZnO NPs was eval u ated by mea sur ing the 
zone of in hi bi tion. The ob ser va tions demon strate the an tibac te r ial ac - 
tiv ity against all tested pathogens dose - dependently ( p  <  0.05). Fig. 5 
and Table 2 shows the max i mum zone of in hi bi tion by NPs against 
bac te r ial pathogens. The an tipath o genic ac tiv ity of ZnO NPs mainly 
de pends on the size and shape of the NPs ( Li et al., 2010 ). The mech a - 
nism of the ac tiv ity might be due to the re lease of Zn 2+ ions into the 
bac te r ial cells by sur face ac tion of ZnO, re sult ing in cell mem brane 
dam age, leak age of cel lu lar com po nents, and even tu ally cell death 
( Kasemets et al., 2009 ; Li et al., 2008 ). Re ac tive oxy gen species (ROS) 
(OH − , H 2 O 2 , and O 2 ) is an other co - factor for cell dam age. In ter ac tion 
be tween elec tron and hole with H 2 O to pro duce • OH and H + ions, in 
ad di tion O 2 mol e cules pro duce su per ox ide an ion ( • O 2− ), which re acts 
with H + and gen er ates HO • 2 . The gen er ated HO • 2 in ter feres with elec - 

Fig. 5 . An tibac te r ial ac tiv ity of ZnO NPs against food borne pathogens of ( a ) Bacil lus sp., ( b ) E. coli , ( c ) Staphy lo coc cus au reus , ( d ) Vib rio cholerea , ( e ) Corynebac - 
terium sp. and ( f ) Sal mo nella sp. 

Table 2 
Zone of in hi bi tion of ZnO NPs at dif fer ent con cen tra tions. All the val ues are Mean ± SD of three repli cates (Sig nif i cant at p < 0.05) 

Pathogens Zone of Inhibition (mm) 

 Sterptomycin (μg/μL) ZnO NPs concentration (μg/μL) 

 10 25 50 75 100 

Bacillus sp. 21.00  ±  4.00 a 13.66  ±  2.08 b 17.00  ±  1.73 ab 17.33  ±  1.52 ab 20.33  ±  1.52 a 

E. coli 21.00  ±  2.00 a 13.00  ±  2.00 c 16.33  ±  2.51 bc 18.33  ±  2.51 b 20.33  ±  1.52 ab 

Staphylococcus aureus 24.66  ±  1.52 a 9.33. ± 3.51 d 15.66  ±  1.15 c 17.33  ±  1.52 bc 20.00  ±  1.00 b 

Vibrio cholerae 23.33  ±  3.05 a 12.66  ±  1.52 c 15.66  ±  0.57 bc 16.33  ±  1.52 b 18.33  ±  0.57 b 

Corynebacterium sp. 20.66  ±  4.04 a 9.33  ±  4.50 b 13.33  ±  3.78 ab 14.33  ±  3.78 ab 16.00  ±  3.46 ab 

Salmonella sp. 19.00  ±  4.00 a 9.00  ±  3.00 b 14.00  ±  2.00 a 15.66  ±  1.52 a 17.00  ±  1.73 a 
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trons and pro duce hy dro gen per ox ide ( • HO 2 ), which com bines with 
H + and gives hy dro gen per ox ide (H 2 O 2 ). These H 2 O 2 mol e cules pass 
through the bac te r ial cell wall lead ing to death ( Zhang et al., 2007 ). 
Pre vi ous stud ies re port the mech a nism of an tibac te r ial ac tiv ity is 
based on the gen er a tion of ROS from the sur face of ZnO NPs re sult ing 
in ox ida tive stress to bac te r ial strains through DNA dam age, as well as 
dam age to the cell mem brane and cel lu lar pro teins ( Kadiyala et al., 
2018 ; Tiwari et al., 2018 ). 

3. 7 . In vitro cytotoxicity by MTT assay 

In vitro cy to tox i c ity of ZnO NPs against A549 hu man lung can cer 
cell line was car ried out by MTT as say. A549 cells were seeded in a 96 
well cul ture plate, and cells were ex posed to dif fer ent con cen tra tions 
(0 – 200  μg/ mL) of ZnO NPs for 24  h. In this pre sent study, the vi a bil - 
ity of A549  cells was de creased when the ZnO NPs con cen tra tion was 
in creased and the IC 50 value of ZnO NPs was found to be 
51.25  ±  0.5  μg/ mL ( Fig. 6 ). The re sults show that there is a dose de - 
pen dent cy to tox i c ity of ZnO NPs in treated cells ( Surapaneni et al., 
2018 ). Chung et al. (2015) re ported sim i lar dose - dependent cy to toxic 
ac tiv ity of ZnO NPs on Hep - G2 cells. The cy to tox i c ity ef fects of 
nanopar ti cles on cells and tis sues de pend on the size, shape and cell 
type. The fea tures such as in duc tion of mem brane leak age, DNA frag - 
men ta tion and abil ity to ac ti vate the apop totic mech a nism by ROS 
gen er a tion of ZnO NPs treated cells were due to the toxic ef fects of 
NPs ( Prashanth et al., 2015 ). Sev eral stud ies re veals that cer tain metal 
ox ide nano ma te ri als po ten tially ex hibit the ROS spon ta neously based 
on the com po si tion and sur face of the nanopar ti cles ( Long et al., 
2006 ; Xia et al., 2006 ). 

3. 8 . AO/ EB dual staining 

To ex am ine the mor phol ogy, an tipro lif er a tive and cy to toxic ef fects 
of NPs be sides the as sess ment of apop to sis in duced by NPs in 
A549  cells, the cells af ter treat ment were stained with AO/ EB. The 
cells were treated, based on the ac quired IC 50 con cen tra tion of NPs 
and stained with AO/ EB, fol lowed by ob ser va tion un der a flu o res cent 
mi cro scope. Fig. 7 a shows the nor mal nu clei of un treated cells (con - 
trol) and their in tact shape. ZnO NPs treated cells showed ( Fig. 7 b) 
apop totic bod ies and other apop totic fea tures such as cell shrink age, 
chro matin con den sa tion, necro sis and frag mented nu clei ( Ho et al., 
2009 ). Ox ida tive stress is the most ar gued par a digm for the cy to tox i c - 

ity of ox ide NPs, which can be at trib uted by the small size and large 
sur face area. These prop er ties gen er ally pro duce ROS and ox ida tive 
stress ( Xia et al., 2006 ). Sharma et al. (2012) pro posed the mech a nism 
of ZnO NPs cy to tox i c ity of hu man liver cells (HepG2) and that cell 
death was me di ated by apop to sis, which trig gers the ROS. These re - 
sults sug gest that ZnO NPs ef fec tively in duced apop to sis in treated 
can cer cell lines. 

3. 9 . Nuclear staining 

Hoechst 33258 is widely used to stain the nu clei of both the 
healthy and dead cells, es pe cially when the DNA of apop totic cells 
were in con densed state; how ever, this dis tinct fea ture is not known 
to oc cur dur ing necro sis ( Zhivotosky and Orrenius, 2001 ). The un - 
treated con trol A549  cells ( Fig. 7 c) showed nor mal nu clei when 
viewed us ing flu o res cence mi cro scope. Nu clear stain ing of treated 
cells shows dis tin guished apop totic changes in clud ing the fea tures 
such as chro matin con den sa tion, nu clear frag men ta tion and ab nor mal 
nu clei when the cells are treated with re spect to the in hibitory con - 
cen tra tion ( Fig. 7 d). A pre vi ous re port ( Bai Aswathanarayan et al., 
2018 ) shows that the cy to tox i c ity ef fects of dif fer ent metal ox ide 
nanopar ti cles sug gest that the apop to sis has to be the ma jor mech a - 
nism for the cell death, es pe cially ZnO NPs has more cy to toxic ac tiv - 
ity com pared with other NPs. This re sult sug gests that the ex po sure of 
ZnO NPs could in duce apop to sis in A549  cell line. 

3. 10 . Mitochondrial membrane potential (Δψm) 

Mi to chon dria play a cru cial role in pro vid ing en ergy for cell sur - 
vival by means of syn the siz ing ATP. The in tact ness or func tional in - 
tegrity of mi to chon dria is es sen tial for cell sur vival and is de ter mined 
by mi to chon dr ial mem brane po ten tial (Δψm). Re sults of the mi to - 
chon dr ial mem brane po ten tial analy sis showed that Δψm de creased 
when the cells were treated with IC 50 con cen tra tion of phy to genic 
ZnO NPs. Rho damine 123 is a cell - permeable flu o res cent dye, which 
en ters into mi to chon dria of live cells. As shown in Fig. 7 e, the con trol 
cells emit green flu o res cence at a high in ten sity of A549  cell, whereas 
the treated cells show the de pleted flu o res cence ( Fig. 7 f) re veal ing the 
loss of mi to chon dr ial mem brane in tegrity of cells treated with ZnO 
NPs. The loss of Δψm could be due to the gen er a tion of ROS through 
ox ida tive stress orig i nated in treated cells al ter ing the lev els of ATP 
re sult ing in cell death ( Maity et al., 2018 ; Surapaneni et al., 2018 ). 

Fig. 6 . In vitro cy to tox i c ity ef fects of phy to genic ZnO NPs on hu man lung can cer A549  cell lines analysed by MTT as say. 
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Fig. 7 . Flu o res cent mi cro scope im ages of 24  h ZnO NPs treated A549  cell line ( a and b) Ao/ EtBr stain ing, ( c and d ) Hoechst 33258 stain ing, ( e and f ) Rho damine 
123 stain ing. 

3. 11 . Cell cycle analysis 

PI stain ing was used to eval u ate the cell cy cle dis tri b u tion of con - 
trol and ZnO NPs treated A459  cells ( Fig. 8 ) by flow cy tom e try. ZnO 
NPs treated cells showed cell cy cle pro file with sig nif i cantly in creased 
cell cy cle ar rest was found in the sub - G 1 and S phase com pared to 
con trol cells. Most of the cells were ar rested at the G 1 and S phases, 
and a com plete ar rest was found at the G 2 phase. These re sults sug - 
gested that the in hi bi tion of cell growth was re duced due to Sub - G 1 
phase ar rest re sult ing in the in duc tion of apop to sis. ZnO NPs could ex - 

hibit cell cy cle ar rest in var i ous phases but the ex tent may vary from 
one phase to an other. The ZnO NPs in duced apop to sis was due to ROS 
gen er a tion, chro matin con den sa tion, cell shrink age and frag men ta tion 
of nu clei ( Zhang et al., 2013 ). 

4 . Conclusion 

The study about the for mu la tion of ZnO NPs from dried onion 
peels, which are usu ally re garded as waste ma te r ial is a new re search 
topic. The syn the sized ZnO NPs were char ac ter ized us ing var i ous an a - 

Fig. 8 . Flow cy tom e try analy sis of A549  cells. ( a ) Con trol and ( b ) ZnO NPs treated cells in ves ti gated af ter PI stain ing. 
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lyt i cal tools. Phy to genic ZnO NPs showed ex cel lent pho to cat alytic ac - 
tiv ity in the degra da tion of CV and MB dyes. The syn the sized NPs dis - 
played less tox i c ity as shown by in vitro stud ies. Fur ther, the ef fi ciency 
of an tipath o genic ac tiv ity of ZnO NPs against food borne bac te r ial 
pathogens at low con cen tra tion sub stan ti ates the po ten tial of the syn - 
the sized NPs. It could be used as an ef fec tive ther a peu tic op tion along 
with the con ven tional an tibi otics. As the study ZnO NPs are syn the - 
sized us ing waste phy to prod ucts, the study en vis ages a par a digm shift 
in the nanosyn the sis by means of waste to wealth gen er a tion due to 
its promis ing bio med ical ap pli ca tions. 
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