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Article Info ABSTRACT
Avrticle type: Nanotechnology has seen significant advances in nanomaterials today, with the
Research Article development and discovery of new methods, concerns about environmental pollution by
nanoparticles through chemical and physical methods have increased. So the need for
Avrticle history: green chemistry methods that are non-toxic and environmentally friendly is felt. Hence,
Received 10 August 2024 the aim of the present project is to synthesize silver nanoparticles in an environmentally
Received in revised form 02 friendly way using Laurencia caspica (L. caspica) hydroalcoholic extract and evaluation
October 2024 its antioxidant and antibacterial properties. To do this research, the red algae L. caspica
Accepted 22 October 2024 was collected from the beaches of Tonekabon and used the microwave assisted extraction

Published online 01 July 2025  (MAE) method to make the extract. Then, in order to identify the bioactive compounds
(secondary metabolites) in the extract based on Pharmacopoeia, available methods such

Keywords: as trease and evans were used. Next, the measurement of the total amount of phenolic and
Antioxidant properties, flavonoid compounds of the extract was determined by the folin-ciocalteu and aluminum
Environment, chloride colorimetric methods respectively. An environmentally friendly phytosynthesis
Escherichia coli, method was then used as a reducing agent for the center of silver nanoparticles and was
Laurencia caspica, characterized by UV-VIS, FT-IR, XRD and TEM synthesized nanoparticles. Next, the
Silver nanoparticles. antioxidant properties were then calculated by DPPH? and finally the diffusion disc

method was used to evaluate antibacterial activity against bacteria Staphylococcus aureus
and Escherichia coli. Phytochemical screening of L. caspica hydroalcoholic extract
confirmed the presence of secondary metabolites such as flavonoids, phenols, tannins,
quinones, terpenoids and saponins. The total amount of phenolic and flavonoid
compounds of L. caspica hydroalcoholic extract was calculated at 95.61+4 and 69.23+2
mg/mL respectively. The images and patterns of the peaks obtained from the devices
showed that silver nanoparticles have a roughly spherical shape and with a nanoparticle
size of 15 nanometers. The percentage of free radical inhibition related to L. caspica
hydroalcoholic extract and silver nanoparticles synthesized 76.35+0.5 and 88.54+0.1
respectively, and their 1Cso value was also obtained 0.47 and 0.32 ug/ml respectively. The
results of the antibacterial activity revealed that in each of the two strains of bacteria, the
zone of inhibition (mm) in the sample related to silver nanoparticles increased
significantly compared to pure extract, and this amount was higher in both samples in
gram negative bacteria than in gram positive bacteria. Therefore, according to the results,
the proposed phytosynthesis method, which is environmentally friendly and can be used
in various fields as an antibacterial and antioxidant agent, taking into account the
secondary metabolites present in L. caspica and its significant bioactivity by conducting
supplementary studies.
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2Fourier-transform infrared spectroscopy (FTIR)



v OylKas g log) [ Ay ot 8 ylias 1 o0l b Consy jlasmo b STl (9, 045 S ySgili i

S 35) T oyme 595 LgSwg e 9 (X Pert Pro MPD:olKiws Jse PANaIYLICA tossjlo 8 b)Y uSS!) (6955
el L. caspica Isdlg,un 5,lac | eslatul b osds jiww o,d5 <l )3gil (EM 208:0Kess Jao PIlips 053l
A Ay 0,8 Gldgl  Sbdasuie g by, 5l S e a4 ladl 4 sy cpl g slate pa LA
ot gl e b
Syl it oSy bsle (S5 s J) o ess ol 52 ool 0 ik S5 Lo 5 45l et S5
(Asif, et al., 2022) 8,5 )5 wyp 3y90 yiogliAee BYer oo Job 13 65 ke ol Apusgds 0,
)98 Jai—e 8 ke (il
5 = o35 cogale rbuocie oyt it 01 Stk D39 (35 G Sy o JLols slong S (plolids plaion
.(Basolgu and Iskefiyeli, 2023) 1 plovl jiogil Feve b Fre 83900t 3 4y 98
‘oSl sgn Ve
N4y 535 Slaole 6 g5 g (b IS eyt gl oS Sl slasel BB g pytelae gy Sl 550 B 090))
5 0l Suis Lyl L. caspica SUly)uus b lac i oolatwl b i st 6,8 &l)dgil 4y basye diges ¢jgkain ity 39y o0
Ae b Ve B3gaome 9 15 Y dygly b (sl s (595 Ai905 5 (50209005 (siloodlel 1 gy 0b Atg 1397 900y g
(Balazova et al., 2022) 13,5 plox! a5 )5
169 (998 oSy See
88 )9l a4y bgrye Biges jl 0jlad Sy slaieiyds il oMl (6)ge (S9SN sSg)Se sl o3Il g IS o)
PLsl (30905 (5y9e8 (59 ySIl gSusg e olSiwd Sl ool b (b Sid I g 5 €85 )8 )5 g9y 00b ik
.Nie, etal., 2023) s
o9y & L. caspica  JSU1g,ua b,las I ool b ouwd jw 2, @l,39il  glimnS T 51 (olgd cmard
DPPHC
B s y9e Jihaem bSe = Vo) = B 2V 5 ¥ I, e b (ySoiluil o)k 5l Sl 5l ol
JosSo =VoV= b (3 Y 9V Voo Juo o/ Jole il Lo V cjslaio pay (Brand-Williams et al., 1995) cé 5
(L. caspica _ISUly,um 5,las 5| odlitnl b osd jiw 3,8 <l)36b) aiges 51 yid oo V 0 (ledl oyl L) Joslyan
zse Job 50 yiegidg Sl olSiwd jl oslaiwl b bolsre Cida s .0 030> )13 )b Laes )0 4d 80 Ve oy ¢ 5 a8l
o3lisl St J S lsieds (plol] eyl LaSw) dpualSpsSal Sl tomio ol 53 3,5 2818 Jgilio SOV b jogils VY
23,5 dusle 5 Jge,d 5l oaliwl L DPPHY JIGal, (oiluslals 4 jlade ccoles ,> .0
RSA= (As-As) / As X100
AB= e J5S 5)95 Sl (i
As= bl 3)90 sladiges (5)95 Dl ljee
RSA= il oS Y 9)= Jed 2V 5 ¥ JI2) jlae 20
Loy B el oS ol dges 5 abale Baims L 1Cso @dly ,d 33,5 o o 1Cs0 Hlaie &yt ShanST 5l el
.(Sharma and Bhat, 2009) 53,5 » sl JIGal, cud b )3  Sx5)l50
ovgy 4 L. caspica U1y am bylas 5l ool b oud Fikw B85 Ol,3930 U pSLbas Culled ow,p 23
Swwd HLis!
Sl bl 25 b ygal g 3 (S B il x9S0 (6l eI S s 5] i 550 (sl ST
IS L webygl wsS oS sldlin] Cute p)5 58k S (g9 o L. CaSpICA  ISUlgynun 5)las l edlatel b ol jiiw 5,8

3X-ray diffraction spectroscopy (XRD)
*Transmission electron microscopy (TEM)
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