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A\str[]t   

Ool n_[g b[m ^_p_fij_^ [ ^_pc]_ ][j[\f_ i` _gcnncha _f_]nlig[ah_nc] 

q[p_m pc[ [ mif_hic^. Bocf^cha ih nbcm \l_[enblioab, iol l_m_[l]b _h^_[pilm 

ni _rjfil_ nb_ _ff_]nm i` nb_m_ q[p_m ih nb_ q_cabn [h^ imginc] j[l[g_n_lm 

i` Brassica oleracea L. p[l. cn[fc] Pf_h]e, mj_]c`c][ffs \li]]ifc mjlionm. Tb_m_ 

mjlionm q_l_ mo\d_]n_^ ni p[lciom nsj_m i` []ncp[n_^ q[n_l ch`om_^ qcnb 

_f_]nlig[ah_nc] q[p_m, qcnb nb_cl q_cabn g_[mol_^ ch al[gm [h^ nb_cl 

j_l]_hn[a_ ]igjimcncih [h[fst_^. Tbcm mno^s [cgm ni _fo]c^[n_ nb_ 

jin_hnc[f cgj[]n i` _f_]nlig[ah_nc] q[p_m ih [alc]ofnol[f jl[]nc]_m [h^ 

honlcncih[f ion]ig_m. Tb_ `ch^cham jl_m_hn p[fo[\f_ chmcabnm chni ijncgctcha 

]lij aliqnb [h^ _hb[h]cha honlcncih[f p[fo_, nbom bif^cha jligcm_ `il 

[alc]ofnol[f [jjfc][ncihm. Ih [^^cncih ni honlcncih[f [mj_]nm, ]ihn[gch[ncih 

\s j[nbia_hc] gc]liila[hcmgm jim_m [ mcahc`c][hn ]b[ff_ha_ ch `locn [h^ 

p_a_n[\f_ ]ofncp[ncih, j[lnc]of[lfs qb_h ila[hc] `_lncfct_lm [l_ _gjfis_^. 

Mcnca[ncha gc]li\c[f ]ihn[gch[ncih ch jf[hn-\[m_^ `ii^m cm j[l[giohn `il 

jl_p_hncha a[mnlichn_mnch[f [h^ inb_l ch`_]ncihm, nb_l_\s m[`_ao[l^cha 

]ihmog_l b_[fnb. Ih pcnli mno^c_m q_l_ ]ih^o]n_^ ni chp_mnca[n_ nb_ 

[hncgc]li\c[f _ff_]nm i` _f_]nlig[ah_nc] q[p_m []limm ^cff_l_hn `l_ko_h]c_m. 

W[n_l momj_hmcihm ]ihn[chcha [ ^_hmcns i` 105 ]_ffm j_l gcffcfcn_l i` nbl__ 

gc]li\c[f ATCC mnl[chm—Escherichia coli, Staphylococcus aureus, [h^ 

Candida albicans—q_l_ oncfct_^. Tb_m_ momj_hmcihm q_l_ _rjim_^ ni 

_f_]nlig[ah_nc] l[^c[ncih qcnbch nb_ `l_ko_h]s l[ha_m i` 350-600 Ht 

(^_mcah[n_^ [m `l_ko_h]c_m F1) [h^ 20-40 eHt (^_mcah[n_^ [m `l_ko_h]c_m 

F2), [m q_ff [m ]ig\ch[ncihm i` \inb F1 [h^ F2 `l_ko_h]c_m, _[]b f[mncha 15 

gchon_m. R_mofnm ch^c][n_^ nb[n nb_ n_mn_^ mnl[chm _rbc\cn_^ b_cabn_h_^ 

m_hmcncpcns ni _rjimol_m [n 350-600 Ht [h^ 20-40 eHt, f_[^cha ni [ ^_]l_[m_ 

ch ]_ff pc[\cfcns \s [jjlircg[n_fs 70% ]igj[l_^ ni ohnl_[n_^ ]ihnlifm. 

 

K_ywir^s   

_f_]nlig[ah_nc] q[p_m, imgimcm, [hncgc]li\c[f []ncih, Brassica oleracea L. 
p[l. italica Plenck 

  

Ihtri^u]tcih   
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pcn[gchm C, K, [h^ p[lciom B-alioj pcn[gchm, [m q_ff [m _mm_hnc[f _f_g_hnm 
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HORIZON  
_-Pu\fcsbcha Griuj 

Eff_]ts i` _f_]trig[ah_tc] w[v_s ih j[r[g_t_rs, by^r[tcih, 
[h^ in vitro [htcgc]ri\c[f []tcvcty i` tb_ Brassica oleracea L. v[r. 
italica Plenck. [h^ w[t_r 
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ch]fo^cha ][f]cog (C[2+), clih ch \inb `_lliom (F_2+) [h^ 
`_llc] (F_3+) `ilgm, jbimjbilom (P2+), [h^ mof`ol (S2-), 
\li]]ifc mjlionm [l_ [ honlcncih[f jiq_lbiom_ (1). O` 
j[lnc]of[l mcahc`c][h]_ [l_ nb_ jbsni]b_gc][fm `ioh^ 
[\oh^[hnfs ch \li]]ifc mjlionm, mo]b [m mof`il[jb[h_, 
ch^if_m, [h^ afo]imchif[n_m. Tb_m_ ]igjioh^m b[p_ \__h 
[mmi]c[n_^ qcnb [hncirc^[hn, [hnc-ch`f[gg[nils, [h^ 
jin_hnc[ffs b_[fnb-jligincha jlij_lnc_m (2). Ern_hmcp_ 
l_m_[l]b oh^_lm]il_m nb_ g[hc`if^ \_h_`cnm i` \li]]ifc, 
ch]fo^cha cnm [hncirc^[hn, [hncgc]li\c[f, [hnc-ch`f[gg[nils, 
[hnc][h]_l, h_olijlin_]ncp_, [h^ l_hijlin_]ncp_ _ff_]nm 
(3). Bli]]ifc [h^ cnm ^_lcp[ncp_m _hdis qc^_mjl_[^ 
[]]_jn[h]_ []limm ^cp_lm_ ^_gial[jbc]m, jligcmcha 
mo\mn[hnc[f honlcncih[f [h^ b_[fnb [^p[hn[a_m ch 
]ig\[nncha ]blihc] ^cm_[m_m [h^ g_n[\ifc] ^cmil^_lm (3). 
Nih_nb_f_mm, cn cm ]lo]c[f ni []ehiqf_^a_ nb[n nb_ 
]igjimcncih i` \li]]ifc ][h _rbc\cn p[lc[\cfcns ^o_ ni 
`[]nilm fce_ ]ofncp[ncih ]ih^cncihm [h^ g[nolcns mn[a_. 
H_h]_, _hmolcha g_nc]ofiom ]ofncp[ncih jl[]nc]_m [h^ 
_rjfilcha []]_mmc\f_, _ffc]c_hn g_nbi^m ni ijncgct_ sc_f^m 
[l_ cgj_l[ncp_ `il g[rcgctcha cnm honlcncih[f jin_hnc[f. 

 R_m_[l]b _h^_[pilm b[p_ \__h ^cl_]n_^ niq[l^m 
b[lh_mmcha _f_]nlig[ah_nc] q[p_m ni ijncgct_ m__^ 
a_lgch[ncih, _hb[h]_ a_lgch[ncih l[n_m, [h^ _rj_^cn_ 
_[lfs jf[hn ^_p_fijg_hn. Sj_]nl[f [h[fsm_m q_l_ 
]ih^o]n_^ ih q[n_l om_^ `il m__^ mi[echa, mjlioncha, [h^ 
jf[hn aliqnb, oncfctcha _f_]nlig[ah_nc] q[p_ j[l[g_n_lm 
m_f_]n_^ `il nb_cl _ffc][]s. Tb_ Nih-_kocfc\lcog Eh_las 
Sj_]nlog (NES) [h^ Dcff_l_hnc[f Nih-_kocfc\lcog Eh_las 
Sj_]nlog (DNES) g_nbi^ifiac_m q_l_ _gjfis_^ ni 
[h[fst_ q[n_l ch`fo_h]_^ \s p[lciom _f_]nlig[ah_nc] 
q[p_m, qcnb ]igj[lcmih ni nb_ mj_]nl[f jli`cf_ i` \li]]ifc 
*4–7+. Folnb_lgil_, NES [h^ DNES [h[fsm_m q_l_ [jjfc_^ 
ni [mm_mm nb_ _ff_]nm ih m_p_l[f jf[hn mj_]c_m, ch]fo^cha 
Haberlea rhodopensis Flp., Moringa deifera L[g., Urtica 
diotica L., Malva sylvestris L., [h^ Plantago major L. *9+. 
A^^cncih[ffs, _pc^_h]_ i` nb_ [hnc-ch`f[gg[nils jlij_lnc_m 
i` Hypericum perforaticum L. q[m ^_gihmnl[n_^ [n mj_]c`c] 
_h_las f_p_fm (E=-0.1212 _V) [h^ ]ill_mjih^cha 
q[p_f_hanbm (λ=10.23μg), [fiha qcnb pc\l[ncih[f 

`l_ko_h]c_m (Ṽ=978]g-1) *10+. Rosa damascena Mcff. 

_rbc\cn_^ hin[\f_ [hncirc^[hn _ff_]nm [n _h_las f_p_fm                 
(E=-0.1387_V), q[p_f_hanbm (λ=8.95μg), [h^ pc\l[ncih[f 

`l_ko_h]c_m (Ṽ=1117]g-1), j[lnc]of[lfs l_hiqh_^ ch 
Bofa[lc[ *11+. Mil_ip_l, chp_mnca[ncih chni g_^c]ch[f 
jf[hnm ]ihn[chcha C[2+ l_p_[f_^ mcahc`c][hn l_mofnm [n 
_h_las f_p_fm (E=-0.1112_V), q[p_f_hanbm (λ=11.15μg), [h^ 

pc\l[ncih[f `l_ko_h]c_m (Ṽ=897]g-1) *12+. B[mc] 
jbsmcifiac][f j[l[g_n_lm i` nb_m_ jf[hnm q_l_ ]igjon_^ 
ni ]igjl_b_hmcp_fs gihcnil nb_cl jbsmcifiac][f l_mjihm_m 
ni _f_]nlig[ah_nc] q[p_ chn_lp_hncihm. Ah[fsmcm i` 
_f_]nlig[ah_nc] q[p_ j[l[g_n_lm cm ]ih^o]n_^, 
j[lnc]of[lfs `i]omcha ih nb_cl mncgof[ncha _ff_]nm ch m__^ 
jlcgcha omcha hih-cihctcha _f_]nlig[ah_nc] q[p_m (NIR-
hih-B cihctcha l[^c[ncih) (13). Pimcncp_ cgj[]nm mo]b [m 
_hb[h]_^ a_lgch[ncih, []]_f_l[n_^ m__^fcha mjlioncha, 
[h^ ch]l_[m_^ sc_f^ b[p_ \__h ^i]og_hn_^. Nih-cihctcha 
l[^c[ncih, ^_mjcn_ hin ch^o]cha cih l_f_[m_ jli]_mm_m, 
jimm_mm_m [^_ko[n_ _h_las ni _fc]cn \cifiac][f l_mjihm_m 
(14). Tb_ \cifiac][f ion]ig_m i` NIR [l_ `ioh^ ni \_ 

]ihncha_hn ojih p[lciom `[]nilm ch]fo^cha nb_lgi^sh[gc] 
j[l[g_n_lm i` nb_ n[la_n, _mm_hnc[f `l_ko_h]s 
]b[l[]n_lcmnc]m, ncmmo_ q[n_l [\miljncih mj_]nl[, 
\cij[l[g_n_lm i` nb_ ila[hcmg, [h^ jbsmc][f [h^ ]b_gc][f 
[nnlc\on_m i` nb_ mollioh^cha _hpclihg_hn (15). C_ffof[l 
bs^l[ncih b[m \__h c^_hnc`c_^ [m [ \cig[le_l `il NIR 
_ff_]nm (15), [h^ nb_ ch`fo_h]_ i` imgimcm ih bs^l[ncih b[m 
\__h _fo]c^[n_^ (16). Hs^l[ncih j[l[g_n_lm q_l_ 
g_[mol_^ omcha imgimcm/^cffomcih _kocjg_hn (17). 
L_p_l[acha nbcm ^[n[, iol chp_mnca[ncih mioabn ni _r[gch_ 
nb_ _ff_]nm i` _f_]nlig[ah_nc] `l_ko_h]c_m ih nb_ aliqnb 
[h^ ^_p_fijg_hn i` \li]]ifc mjlionm. Sj_]c`c][ffs, 
_f_]nlig[ah_nc] _rjimol_m [n `l_ko_h]c_m i` 350-600 Ht 
(l_`_ll_^ ni [m `l_ko_h]c_m F1) [h^ 20-40 eHt (l_`_ll_^ ni 
[m `l_ko_h]c_m F2), [m q_ff [m ]ig\ch[ncihm i` F1 [h^ F2 
ion]ig_m, q_l_ _gjfis_^. Tbcm mno^s _h^_[pilm ni 
]igj[l_ nb_ cgj[]nm i` _f_]nlig[ah_nc] q[p_m ih 
\li]]ifc mjlionm, nb_l_\s iff_lcha p[fo[\f_ chmcabnm `il 
ijncgctcha ]lij aliqnb [h^ honlcncih[f ko[fcns. 

 Lcpcha ila[hcmgm, _h]igj[mmcha gc]liila[hcmgm, 
[l_ ]ihnchoiomfs mo\d_]n_^ ni _f_]nlig[ah_nc] pc\l[ncihm. 
Nin[\fs, gc]liila[hcmgm _rbc\cn b_cabn_h_^ l_mcfc_h]_ ni 
mioh^ pc\l[ncihm ]igj[l_^ ni inb_l ila[hcmgm (18). 
N_p_lnb_f_mm, nb_ cgj[]n i` _f_]nlig[ah_nc] pc\l[ncihm ih 
gc]liila[hcmgm l_g[chm f[la_fs oh_rjfil_^. Gcp_h nb_ 
_m][f[ncha l_mcmn[h]_ i` gc]liila[hcmgm ni [hncgc]li\c[f 
[a_hnm, nbcm mno^s _h^_[pilm ni chp_mnca[n_ nb_ _ff_]nm i` 
_f_]nlig[ah_nc] q[p_m qcnb p[lscha `l_ko_h]c_m [h^ 
^ol[ncihm ih gc]liila[hcmgm []limm ^cp_lm_ n[rihigc] 
aliojm. Tb_ `_[mc\cfcns i` g[hcjof[ncha nbcm `[]nil []limm 
^cff_l_hn ]ih^cncihm [h^ i\d_]ncp_m `olnb_l oh^_lm]il_m cnm 
m]lonchs. Tb_ i\d_]ncp_m i` nb_ l_m_[l]b, _h]igj[mmcha 
j[l[g_n_lm mo]b [m \li]]ifc g[mm, imginc] jli]_mm_m 
\_nq__h q[n_l [h^ \li]]ifc _rnl[]n, [h^ nb_ ch`fo_h]_ ih 
\[]n_lc[ oh^_l mj_]c`c] _f_]nlig[ah_nc] `l_ko_h]c_m, [cg 
ni ^cm]_lh nb_ ^cff_l_hnc[f _ff_]nm i` _f_]nlig[ah_nc] 
j[l[g_n_lm. 

 

M[t_rc[fs [h^ M_tbi^s 

Broccoli Sprout Harvest 

Brassica oleracea L. p[l. italic Plenck (\li]]ifc) mjlionm 
q_l_ ]ofncp[n_^ oh^_l ]ihnliff_^ _hpclihg_hn[f 
]ih^cncihm ohncf l_[]bcha nb_ ^_mcl_^ g[nolcns mn[a_. 
Ol^ch[h]_ Ni. 16/28.05.2010 ih nb_ l_kocl_g_hnm `il 
ko[fcns [h^ ]ihnlif `il ]ih`ilgcns i` `l_mb `locnm [h^ 
p_a_n[\f_m.  

Preparation of Sprout Samples 

A mnl[ch_l l_gip_^ nb_ q[n_l `lig nb_ \li]]ifc mjlionm, 
qcnb ][l_ n[e_h ni [pic^ ^[g[acha nb_g ^olcha nbcm 
jli]_mm. 

Experimental setup 

Tb_ \li]]ifc mjlionm q_l_ mi[e_^ ch ^cmncff_^ q[n_l ch`om_^ 
qcnb 350-600 Ht (g[le_^ [m `l_ko_h]c_m F1) [h^ ch nb_ 
l[ha_ 20-40 eHt (g[le_^ [m `l_ko_h]c_m F2), [m q_ff [m 
]ig\ch[ncihm i` \inb F1 [h^ F2 (350-600 Ht [h^ 20-40 eHt). 
Tb_ p[lciom q[p_ `l_ko_h]c_m q_l_ [jjfc_^ `il 30 m_]ih^m 
omcha [ mif_hic^ [h^ [ \_[e_l (Fca. 1).  
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W_ jlipc^_^ nb_ m[g_ ][l_ ]ih^cncihm `il \li]]ifc mjlionm 
ch _[]b alioj: F1, F2, [h^ nb_ ]ig\ch[ncih F1 [h^ F2. 
Dcmncff_^ q[n_l q[m om_^ [m nb_ q[n_lcha g_^cog `il [ff 
m[gjf_m. W_ ]ihnliff_^ j[l[g_n_lm fce_ bogc^cns, fcabn, 
[h^ mi[echa ni i\m_lp_ nb_ []no[f _ff_]n i` q[n_l 
[]ncp[ncih. 

Weight measurement 

A jl_]cmcih q_cabn m][f_, g_nc]ofiomfs ][fc\l[n_^ ch 
[]]il^[h]_ qcnb g[ho`[]nol_l mj_]c`c][ncihm, q[m 
_gjfis_^ `il nb_ q_cabn g_[mol_g_hnm. Plcil ni _[]b 
g_[mol_g_hn, nb_ m][f_ oh^_lq_hn [ t_licha jli]_^ol_ ni 
gcnca[n_ jin_hnc[f _llilm. Cihnlif m[gjf_m i` \li]]ifc 
mjlionm q_l_ g_nc]ofiomfs jimcncih_^ [n nb_ ]_hn_l i` nb_ 
m][f_ ni _hmol_ jl_]cm_ g_[mol_g_hn []]ol[]s. 

Water for soaking of broccoli 

Tb_ _r[gch[ncih i` nb_ q[n_lm miol]_^ `lig nb_ [h[fst_^ 
mjlcham, ]ih]_lhcha \inb nb_cl jbsmc]i]b_gc][f 
]igjimcncih [h^ gc]li\cifiac][f j[l[g_n_lm, q[m 
g_nc]ofiomfs _r_]on_^ ch [^b_l_h]_ ni nb_ jlini]ifm 
^_fch_[n_^ ch Ol^ch[h]_ Ni. 9/2001 [m jo\fcmb_^ ch nb_ 
Offc]c[f Sn[n_ G[t_nn_, cmmo_ 30, [h^ ^_]l__ Ni. 178/23.07 
004. Tb_m_ l_aof[ncihm jl_m]lc\_ nb_ ]lcn_lc[ aip_lhcha nb_ 
ko[fcns mn[h^[l^m [jjfc][\f_ ni q[n_l ^_mcah[n_^ `il 
]ihmogjncih [h^ ^ig_mnc] om_. 

Data Collection and Analysis 

Tb_ q_cabnm i` ch^cpc^o[f \li]]ifc mjlionm q_l_ 
g_nc]ofiomfs ^i]og_hn_^ ch [ mn[h^[l^ct_^ `ilg[n. 
So\m_ko_hnfs, nb_ a[nb_l_^ ^[n[ oh^_lq_hn lcailiom 
mn[ncmnc][f [h[fsmcm ni [m]_ln[ch p[lciom j[l[g_n_lm mo]b [m 
g_[h q_cabnm, mn[h^[l^ ^_pc[ncihm, [h^ inb_l j_lnch_hn 
mn[ncmnc][f g_[mol_m. Cigj[l[ncp_ _p[fo[ncihm \_nq__h 
^cmnch]n m[gjf_m il _rj_lcg_hn[f ]ih^cncihm q_l_ 
]ih^o]n_^ _gjfischa mocn[\f_ mn[ncmnc][f n_mnm. 

Microorganisms 

Pol_ ]ofnol_m i` nbl__ l_`_l_h]_ gc]li\c[f mnl[chm q_l_ 
om_^ - nb_ Gl[g-h_a[ncp_ \[]n_lcog Escherichia coli ATCC-
8739, nb_ Gl[g-jimcncp_ \[]n_lcog Staphylococcus aureus 
mmj. aureus ATCC-6538, [h^ nb_ ip[f `ohaom Candida 
albicans ATCC-10231. 

Nutrient media 

M_[n j_jnih_ [a[l [h^ Mo_ff_l-Hchnih [a[l (BUL BIO 
N[ncih[f C_hn_l i` Ih`_]nciom [h^ P[l[mcnc] Dcm_[m_m – 
Si`c[, Bofa[lc[) q_l_ _gjfis_^ ch nb_ jl_m_hn mno^s. 

Experimental setup 

Mc]li\c[f momj_hmcihm q_l_ jl_j[l_^ ch mn_lcf_ ^cmncff_^ 
q[n_l [n [ ^_hmcns i` 0.5 omcha nb_ M]F[lf[h^ mn[h^[l^. 
So\m_ko_hn ^cfoncihm q_l_ g[^_ ni []bc_p_ [ ]_ff ^_hmcns 
i` 10^5 ]_ffm j_l gcffcfcn_l. Tb_m_ momj_hmcihm oh^_lq_hn 
_f_]nlig[ah_nc] nl_[ng_hnm [n nbl__ ^cmnch]n `l_ko_h]c_m: 
350-600 Ht, 20-40 eHt, [h^ [ ]ig\ch_^ `l_ko_h]s i` 350-
600 Ht [h^ 20-40 eHt, _[]b [^gchcmn_l_^ `il [ ^ol[ncih i` 
15 gchon_m. Fiffiqcha nl_[ng_hn, nb_ ]ofnol_m q_l_ jf[n_^ 
ihni Mo_ff_l-Hchnih [a[l [h^ nb_h ch]o\[n_^ [n 37°C `il 
24 biolm oh^_l [_li\c] ]ih^cncihm. Tb_ l_mofncha ]ifihs 
]iohnm q_l_ ]igj[l_^ ni ohnl_[n_^ ]ihnlif m[gjf_m. 

Device for osmosis/diffusion  

Tb_ ^_pc]_ `il imgimcm/^cffomcih ]igjlcm_^ [ af[mm \_[e_l 
qcnb ^cg_hmcihm i` b=12 ]g, D=9 ]g, [h^ [ pifog_ 0.5 L 
(Fca. 2). Tb_ g_g\l[h_ om_^ b[^ ^cg_hmcih i` b=12 ]g 
[h^ D=4 ]g. Tbcm g_g\l[h_, g[^_ `lig ]_ffofim_, b[^ [ 
qc^nb i` 500 hg [h^ ]ihn[ch_^ jil_m g_[molcha 100 hg ch 
^c[g_n_l. 

Electrical device 

Tb_ ]b[ha_m ch _f_]nlc][f ]ih^o]ncpcns q_l_ g_[mol_^ qcnb 

`cr_^ AD 76309 jli\_m i` nqi c^_hnc][f ADWA AD330 EC 

g_n_lm. 

Statistical analysis 

Tb_ mn[ncmnc][f [h[fsmcm i` nb_ `ch^cham oncfct_^ nb_ ]f[mmc][f 

Sno^_hn-Fcmb_l g_nbi^ _gjfischa [ n-n_mn. Mc]limift® 

Offc]_ Pli`_mmcih[f Pfom Er]_f 2013 (p_lmcih 

15.0.4569.15060) q[m oncfct_^ `il nb_ ]igjon[ncihm, qcnb 

[jjlijlc[n_ j_lgcmmcihm i\n[ch_^ `lig nb_ l_mj_]ncp_ 

[onbilm' chmncnon_m, ohcp_lmcnc_m, [h^ ]_hn_lm. M_[h p[fo_m, 

[fiha qcnb nb_cl ]ill_f[ncih ]i_ffc]c_hnm [h^ n-mn[ncmnc]m, 

q_l_ ]igjon_^. Tb_ mn[ncmnc][f ^_j_h^_h]_ [h^ l_fc[\cfcns 

i` nb_ l_mofnm q_l_ [mm_mm_^ omcha Sno^_hn’m n-n_mn `il 

ch^_j_h^_hn m[gjf_m, qcnb _[]b alioj ]ihmcmncha i` 5 

l_mofnm. Scahc`c][h]_ f_p_fm q_l_ m_n [n j < 0.001, j < 0.01, 

[h^ j < 0.05 ni [m]_ln[ch nb_ mcahc`c][h]_ i` i\m_lp_^ 

^cff_l_h]_m. 

 

Fca. 1. S]b_g_ i` mif_hic^ [h^ \_[e_l 

Fca. 2. S]b_g_ i` ]ihn[ch_l `il imgimcm ch af[mm \_[e_l 
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R_sufts  [h^ Dcs]usscih 

Results of weighing the broccoli, soaked in waters, 

influenced with different EM waves 

Dolcha iol chp_mnca[ncih chni B. oleracea p[l. L. p[l. italic 

Plenck, iol jlcg[ls `i]om q[m ih \li]]ifc mjlionm 

mo\d_]n_^ ni cgg_lmcih ch p[lciom q[n_l ]igjimcncihm. 

Fcaol_ 3 cffomnl[n_m ^[cfs jbinial[jbc] ^i]og_hn[ncih i` 

_[]b m_n i` B. if_l[]_[ mjlionm cllca[n_^ qcnb ^cmnch]n q[n_l 

nsj_m: nbim_ nl_[n_^ qcnb q[n_l _rjim_^ ni 

_f_]nlig[ah_nc] q[p_m [h^ ]ihnlif m[gjf_m nl_[n_^ qcnb 

l_aof[l q[n_l. Aff q[n_l p[lc[hnm q_l_ jl_j[l_^ oncfctcha 

^cmncff_^ q[n_l. Ih nb_ hig_h]f[nol_, F1 [h^ F2 ^_hin_ nb_ 

ch`fo_h]_ i` mj_]c`c] _f_]nlig[ah_nc] `l_ko_h]c_m, 

mj_]c`c][ffs 350-600 Ht [h^ 20-40 eHt, l_mj_]ncp_fs. F1 – 

350-600 Ht, [h^ F2 – 20-40 eHt, ^_mcah[n_ ch^cpc^o[f 

`l_ko_h]c_m. Tb_ ]ihnlif alioj ]igjlcm_^ mjlionm mi[e_^ 

ch q[n_l ^_pic^ i` [hs _f_]nlig[ah_nc] q[p_ _rjimol_. 

Cifogh 1 cm ^_mcah[n_^ `il 350-600 Ht [h^ 20 eHt- 40 eHt, 

]ifogh 2 `il 350-600 Ht, [h^ ]ifogh 3 `il 20-40 eHt. 

Cifogh 4 l_jl_m_hnm nb_ ]ihnlif m[gjf_m. 

  

DAYS 

  

350-600 Hz 

F1 

  

20-40 eHz 

F2 

  

350-600 Hz [h^ 20 eHz-40 eHz 

F1 [h^ F2 

  

CONTROL SAMPLES 

  

  

  

  

1 

 
 

  

  

  

  

  

  

3 
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Tb_ ^[cfs gihcnilcha i` \li]]ifc mjlion ^_p_fijg_hn 

jlipc^_m p[fo[\f_ chmcabnm chni nb_ aliqnb j[nn_lhm i` 

mjlion_^ B. oleracea. B_achhcha `lig nb_ m_]ih^ ^[s i` 

i\m_lp[ncih, ^cm]_lhc\f_ mcahm i` a_lgch[ncih [l_ i\m_lp_^ 

[]limm [ff _rj_lcg_hn[f aliojm. Tb_ jbinial[jbc] 

^i]og_hn[ncih _h[\f_m [ ]igjl_b_hmcp_ ]igj[lcmih i` 

\li]]ifc mjlion giljbifias ip_l nb_ ^ol[ncih i` nb_ mno^s, 

`[]cfcn[ncha nb_ pcmo[f [mm_mmg_hn i` nl_[ng_hn _ff_]nm ih 

aliqnb [h^ ^_p_fijg_hn. Scahc`c][hnfs, [giha nb_ p[lciom 

B. oleracea aliojm _r[gch_^, nb_ F1 [h^ F2 nl_[ng_hnm 

_rbc\cn nb_ gimn jlihioh]_^ f_p_fm i` a_lgch[ncih. 

Fiffiqcha ]fim_fs \_bch^ cm nb_ F1 alioj mo\d_]n_^ ni 

`l_ko_h]c_m l[hacha `lig 350 ni 600 Ht. Cihp_lm_fs, nb_ F2 

alioj _rjim_^ ni `l_ko_h]c_m \_nq__h 20 [h^ 40 eHt, [m 

q_ff [m nb_ ]ig\ch[ncih i` F1 [h^ F2 nl_[ng_hnm, 

^_gihmnl[n_ mfcabnfs ^cgchcmb_^ a_lgch[ncih l[n_m. Ih 

]ihnl[mn, nb_ ]ihnlif alioj ^cmjf[sm ]igj[l[ncp_fs fiq_l 

f_p_fm i` B. oleracea a_lgch[ncih ]igj[l_^ ni nb_ 

_rj_lcg_hn[f ]ibilnm. Tb_m_ `ch^cham oh^_lm]il_ nb_ 

ch`fo_h]_ i` ^cff_l_hn q[n_l nl_[ng_hnm ih nb_ a_lgch[ncih 

^sh[gc]m i` \li]]ifc mjlionm [h^ oh^_lm]il_ nb_ jin_hnc[f 

mcahc`c][h]_ i` _f_]nlig[ah_nc] q[p_ _rjimol_ ch 

mncgof[ncha aliqnb jli]_mm_m. T[\f_ 1 ^_gihmnl[n_ nb_ 

]b[ha_m ch nb_ q_cabn ch al[gm i` Brassica oleracea L. p[l. 

italica Plenck mjlionm q[n_l_^ qcnb ^cff_l_hn nsj_m i` 

q[n_l: F1, F2, [h^ [ ]ig\ch[ncih i` F1 [h^ F2. Tb_ ]ihnlif 

q[m mjlionm mi[e_^ qcnb q[n_l qcnbion ch`fo_h]_.  

Tb_ Sno^_hn’m n-n_mn q[m [jjfc_^ ni nb_ alioj qcnb nb_ 

fiq_mn l_mofnm ni [h[fst_ nb_ _ff_]nm i` _f_]nlig[ah_nc] 

(EM) `c_f^m ih \li]]ifc. Tb_ \li]]ifc q[m _rjim_^ ni EM 

q[p_m [n 350-600 Ht. Tb_ ^[n[ cm [m `iffiqm: Glioj: 350-600 

Ht: (43.4, 43.0, 43.1, 43.3, 43.2); Cihnlif Glioj: (40.0, 36.6, 

36.5, 40.1, 36.6). Tb_ l_mofnm ch^c][n_ mcahc`c][h]_ [n              

j < 0.001, qcnb [ n-mn[ncmnc] i` 10.26 [h^ [ ]ill_f[ncih 

]i_ffc]c_hn i` l: 0.9503. Scgcf[lfs, `il nb_ aliojm qcnb           

20-40 eHt, 350-600 Ht [h^ 20-40 eHt nb_ l_mofnm [fmi 

mbiq_^ mcahc`c][h]_ [n j < 0.001. 

 Scgcf[l l_mofnm qcnb j < 0.001 q_l_ i\n[ch_^ `il 

aliojm _rjim_^ ni \inb 20-40 eHt [h^ 350-600 Ht 

`l_ko_h]c_m. 

 T[\f_ 1 [h^ Fcaol_ 3 ^_jc]n nb_ q_cabn p[lc[ncih i` 

\li]]ifc mjlionm, g_[mol_^ ch al[gm, oh^_l ^cmnch]n q[n_l 

nl_[ng_hnm, ch]fo^cha q[n_l nl_[n_^ qcnb [ ]ig\ch[ncih i` 

_f_]nlig[ah_nc] q[p_m mj[hhcha `l_ko_h]c_m i` 350-600 

Ht [h^ 20-40 eHt. Tb_ ]ihnlif alioj ]igjlcm_^ mjlionm 

cgg_lm_^ ch oh[fn_l_^ q[n_l. Ool chp_mnca[ncih [cg_^ ni 

ko[hncn[ncp_fs [h[fst_ nb_ i\m_lp_^ [fn_l[ncihm ch^o]_^ \s 

_f_]nlig[ah_nc] `l_ko_h]c_m ih \li]]ifc m__^m [h^ nb_cl 

mo\m_ko_hn aliqnb. Tb_ _f_]nlig[ah_nc] `l_ko_h]c_m, 

^_fch_[n_^ chni nqi l[ha_m—350-600 Ht (l_`_ll_^ ni [m 

`l_ko_h]c_m F1) [h^ 20-40 eHt (l_`_ll_^ ni [m `l_ko_h]c_m 

F2)—q_l_ [jjfc_^ ni ch`fo_h]_ nb_ a_lgch[ncih [h^ 

aliqnb i` \li]]ifc m__^m. D[cfs q_cabn g_[mol_g_hnm q_l_ 

]ih^o]n_^ jimn-^lscha omcha [h _f_]nlihc] m][f_ ni 

gihcnil nb_ q_cabn `fo]no[ncihm i` nb_ mjlionm. Ihcnc[ffs, ih 

nb_ `clmn ^[s i` i\m_lp[ncih, [ff _rj_lcg_hn[f m[gjf_m 

q_cab_^ jl_]cm_fs 20 al[gm j_l m[gjf_. So\m_ko_hn 

[mm_mmg_hnm l_p_[f_^ mo\nf_ ]b[ha_m \s nb_ nbcl^ ^[s, 

[nnlc\on[\f_ ni nb_ chcnc[f mn[a_m i` a_lgch[ncih, nbom 

l_h^_lcha nb_ ^cff_l_h]_m h_afcac\f_. Hiq_p_l, \s nb_ `cftb 

^[s, mcahc`c][hn ^cmj[lcnc_m ch nb_ q_cabn i` nb_ \li]]ifc 

mjlionm \_][g_ [jj[l_hn. Bli]]ifc mjlionm nl_[n_^ qcnb 

nb_ ]ig\ch_^ _f_]nlig[ah_nc] q[p_m (F1+F2) _rbc\cn_^ [h 

[p_l[a_ q_cabn i` 48.6 al[gm. Ih ]igj[lcmih, mjlionm 

_rjim_^ mif_fs ni F1 l_acmn_l_^ [h [p_l[a_ q_cabn i`       

47.7 al[gm, qbcf_ nbim_ mo\d_]n_^ mif_fs ni F2 q_cab_^ 

47.1 al[gm. Tb_ ]ihnlif alioj i` mjlionm g[chn[ch_^ ch 

ohnl_[n_^ q[n_l _rbc\cn_^ [h [p_l[a_ q_cabn i`                 

42.4 al[gm. 

Results with bacteria in suspensions, influenced with 

different EM waves 

Tb_ l_mofnm i` nb_ _rj_lcg_hn ]ih^o]n_^ qcnb 

gc]liila[hcmgm [l_ jl_m_hn_^ ch T[\f_ 2. Tb_ ^[n[ 

mogg[lct_^ ch nb_ n[\f_ ^_gihmnl[n_ nb[n nb_ n_mn_^ 

_f_]nlig[ah_nc] q[p_m _r_ln_^ [hncgc]li\c[f _ff_]nm (19). 

Tb_s q_l_ [fmi m_hmcncp_ ni bcab-`l_ko_h]s _rjimol_m, qcnb 

nb_ gimn mcahc`c][hn m_hmcncpcns i\m_lp_^ [n 20-40 eHt. Tb_ 

Gl[g-h_a[ncp_ \[]n_lcog E. coli _rbc\cn_^ bcab_l 

m_hmcncpcns ni 350-600 Ht nb[h nb_ Gl[g-jimcncp_ 

gc]liila[hcmgm. Tb_ ip[f `ohaom C. albicans mbiq_^ 

mfcabnfs bcab_l m_hmcncpcns ni _rjimol_ [n 20-40 eHt [h^     

350-600 Ht nb[h nb_ n_mn_^ \[]n_lc[. 

 Tb_l_ [l_ mn[ncmnc][ffs l_fc[\f_ ^cff_l_h]_m (j<0.001) 

\_nq__h ohnl_[n_^ ]ihnlif m[gjf_m [h^ nbim_ ch`fo_h]_^ 

\s 350-600 Ht, 20-40 eHt, 350-600 Ht, [h^ 20-40 eHt.     

  

D[ys 

B. oleracea L. v[r. italica Plenck sjriuts 

W_cabt (a) 

350-600 
Hz (F1) 

20-40 
eHz (F2) 

350-600 Hz 
[h^ 20-
40eHz 

(F1 [h^ F2) 

Cihtrif 
ariuj 

1. 20.0 20.0 20.0 20.0 

2. 21.2 21.3 20.8 20.6 

3. 25.8 26.1 26.4 23.5 

4. 47.1 47.7 48.6 42.4 

5. 63.2 65.6 67.4 56.8 

T[\f_ 2. R_mofnm i` nb_ ]ih^o]n_^ _rj_lcg_hnm qcnb gc]liila[hcmgm 

  

Mc]riira[hcsgs 

P_r]_ht[a_ i` ]ifihy ]iuhts ]igj[r_^ ti 
tb_ ]ihtrif s[gjf_s 

350-
600 
Hz 
(F1) 

20-40 
eHz 
(F2) 

350-600 
Hz [h^ 
20-40 

eHz (F1 
[h^ F2) 

Uhtr_[t_^ 
]ihtrif 

s[gjf_s 

E. coli 40.0 33.5 32.0 100 

S. aureus 44.0 30.0 35.0 100 

C. albicans 45.0 33.7 28.2 100 

Av_r[a_ r_sufts 43.0 32.4 31.7 100 

T[\f_ 1. Cb[ha_m ch nb_ q_cabn ch al[gm i` B. oleracea L. p[l. italica Plenck 
mjlionm q[n_l_^ qcnb ^cff_l_hn nsj_m i` q[n_l: F1, F2, [h^ [ ]ig\ch[ncih i` F1 
[h^ F2. 
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 Tb_ mn[ncmnc][f l_mofnm mbiq_^ mcahc`c][hn `ch^cham 

\_nq__h F1 [h^ F2, qcnb j<0.05; l=0.803; n-mn[ncmnc] cm 2.56. 

A^^cncih[ffs, mcahc`c][hn `ch^cham q_l_ i\m_lp_^ \_nq__h 

F1 [h^ nb_ alioj F1 [h^ F2, qcnb j<0.05; l=0.9802; n-mn[ncmnc] 

cm 2.447.   

 Tb_ gimn mo\mn[hnc[f [hncgc]li\c[f _ff_]n q[m 

i\n[ch_^ [n 350-600 Ht [h^ 20-40 eHt, `iffiq_^ \s 20-40 

eHt [fih_. Tb_ [hncgc]li\c[f _ff_]n [n 350-600 Ht q[m nb_ 

fiq_mn [giha nb_m_ `l_ko_h]c_m. 

 Tb_ l_mofnm ch^c][n_ nb[n nb_ ch]l_[m_ ch nb_ 

`l_ko_h]s i` [jjfc_^ _f_]nlig[ah_nc] _rjimol_ 

mcahc`c][hnfs ^_]l_[m_m nb_ hog\_l i` _r[gch_^ E. coli, S. 

aureus, [h^ C. albicans. 

 Tb_ _f_]nlig[ah_nc] _ff_]nm i\m_lp_^ ch \li]]ifc 

jlcg[lcfs g[hc`_mn nblioab [fn_l[ncihm ch nb_ j_lg_[\cfcns 

i` jf[hn ]_ff _hp_fij_m, nb_l_\s cgj[]ncha nb_ _r]b[ha_ i` 

mo\mn[h]_m qcnbch nb_ ]_ffm (20). Tb_ jf[hn ]_ff q[ff, [ 

^sh[gc] [h^ chnlc][n_ mnlo]nol_, oh^_lai_m ]b[ha_m ch 

jlij_lnc_m ^olcha cnm ^_p_fijg_hn, \inb fi][ffs [fiha nb_ 

]_ff q[ff [h^ nl[hmp_lm_fs. Wb_h mo\d_]n_^ ni 

_f_]nlig[ah_nc] `c_f^m, nb_ nl_[n_^ msmn_g, hin[\fs q[n_l, 

[\mil\m _h_las, qbc]b `[]cfcn[n_m nb_ l_mnil[ncih i` 

bs^lia_h \ih^m [giha q[n_l gif_]of_m. Ah[fsmcm i` 

]_ln[ch mj_]nl[f j[l[g_n_lm _h[\f_m nb_ [mm_mmg_hn i` 

_f_]nlig[ah_nc] ch`fo_h]_m ih q[n_l [h^ nb_ 

]ihm_ko_hnc[f [fn_l[ncihm ch p[lciom jbsmc]i]b_gc][f 

j[l[g_n_lm. Tb_ _h_las [mmi]c[n_^ qcnb bs^lia_h \ih^m 

_rbc\cnm [ ^_]l_g_hn `lig (-0.09) ni (-0.1212) _V, f_[^cha 

ni [ l_^o]ncih ch mol`[]_ n_hmcih. Cihm_ko_hnfs, 

`fo]no[ncihm i]]ol ch nb_ j_lg_[\cfcns i` nb_ ]_ff 

g_g\l[h_, qcnb [ ^_]l_[m_ i\m_lp_^ [n (-0.1) _V [h^ [h 

ch]l_[m_ [n (-0.11) _V. Wcnbch nb_ l[ha_ mj[hhcha `lig (-

0.1212) ni (-0.1387) _V, nb_l_ cm [h _m][f[ncih ch nb_ _h_las 

i` bs^lia_h \ih^m [h^, ]ill_mjih^chafs, ch mol`[]_ 

n_hmcih. Lcpcha msmn_gm m_f_]ncp_fs [\mil\ q[n_l, chcnc[ncha 

jli]_mm_m `lig q[n_l miol]_m _rbc\cncha nb_ fiq_mn 

_h_lac_m. Tb_m_ l_[ll[ha_g_hnm mcahc`c][hnfs ch`fo_h]_ 

imgimcm [h^ ^cffomcih, j[lnc]of[lfs [m nb_ _h_las i` 

bs^lia_h \ih^m ch]l_[m_m (17). 

Mc]liila[hcmgm _rbc\cn m_hmcncpcns ni _f_]nlig[ah_nc] 

q[p_m qcnbch nb_ `l_ko_h]s l[ha_ i` 2.104 ni 2.108 Ht [h^ 

\_sih^. Ool `ch^cham [fcah qcnb jlcil mno^c_m mo]b [m nb[n 

\s Ihb[h-G[lcj_n _n [f. (21), qbc]b l_jiln_^ ^cgchcmb_^ 

aliqnb ch \inb Gl[g-jimcncp_ [h^ Gl[g-h_a[ncp_ mnl[chm 

`iffiqcha _rjimol_ ni _f_]nlig[ah_nc] `for. Cihp_lm_fs, 

iol l_m_[l]b [fmi ch^c][n_m \_h_`c]c[f _ff_]nm ih nb_ aliqnb 

i` B. oleracea L. p[l. italic Plencken, moaa_mncha [p_ho_m `il 

chp_mnca[ncihm l_fc[hn ih \[]n_lc[f [h^ jf[hn jbsmcifias. 

Omgimcm, [ `oh^[g_hn[f jli]_mm i\m_lp_^ ch [ko[nc] 

_hpclihg_hnm, gc]liila[hcmgm, [h^ jf[hnm, chpifp_m nb_ 

gip_g_hn i` q[n_l []limm m_gc-j_lg_[\f_ g_g\l[h_m ch 

l_mjihm_ ni mifon_ ]ih]_hnl[ncih al[^c_hnm. Wb_h [ 

\[]n_lcog cm cgg_lm_^ ch [ bsjinihc] mifoncih 

(]b[l[]n_lct_^ \s fiq_l mifon_ ]ih]_hnl[ncih), q[n_l 

chal_mm i]]olm nblioab nb_ ]_ff g_g\l[h_ pc[ imgimcm, 

jin_hnc[ffs l_mofncha ch ]_ff mq_ffcha ^o_ ni nolail jl_mmol_. 

Hiq_p_l, ]_ffm qcnb nbchh_l q[ffm g[s \_ mom]_jnc\f_ ni 

lojnol_ oh^_l mo]b ]ih^cncihm (22). 

 Tb_ mno^s _rjfil_^ nb_ cgj[]n i` []iomnc] mioh^ 

[h^ fiq-`l_ko_h]s _f_]nlig[ah_nc] `c_f^m ih nb_ aliqnb 

[h^ [hnc\cinc] mom]_jnc\cfcns i` p[lciom gc]liila[hcmgm, 

hin[\fs Em]b_lc]bc[ ]ifc [h^ Sn[jbsfi]i]]om [ol_om (23). 

Fiffiqcha _rjimol_ ni [ 5 gT _f_]nlig[ah_nc] `for `il 15 

gchon_m, E. ]ifc _rbc\cn_^ mcahc`c][hn chbc\cncih, ^cmjf[scha 

[ aliqnb l[n_ l_^o]ncih i` 0.08 fia CFU.gL-1. Tb_ `ch^cham 

moaa_mn nb[n _hpclihg_hn[f `[]nilm mo]b [m mioh^ [h^ 

_f_]nlig[ah_nc] `for b[p_ ^cm]_lhc\f_ _ff_]nm ih \[]n_lc[f 

jbsmcifias. Tb_ mno^s jimcnm nb[n nb_ jbsmc][f [nnlc\on_m i` 

nb_ g[ah_nc] `c_f^, ch]fo^cha cnm `l_ko_h]s [h^ _rjimol_ 

^ol[ncih, jligjn [fn_l[ncihm ch nb_ mnlo]nol_ i` \[]n_lc[f 

]_ff q[ffm, jlcg[lcfs qcnbch nb_cl jlin_chm. Cihm_ko_hnfs, 

nb_m_ ]b[ha_m cgj[]n nb_ ]igjimcncih [h^ ]b[l[]n_lcmnc]m 

i` j_jnc^iafs][h (24). Omgimcm l_jl_m_hnm [ `oh^[g_hn[f 

jli]_mm ch jf[hn \cifias, `[]cfcn[ncha nb_ nl[hmjiln i` q[n_l 

[h^ honlc_hnm `lig nb_ _rn_lh[f _hpclihg_hn ni jf[hn ]_ffm. 

Ihp_mnca[ncha imginc] l_mjihm_m oh^_l m[fch_ mnl_mm 

]ih^cncihm ch \li]]ifc, l_m_[l]b_lm ^_fp_^ chni nb_ 

g_]b[hcmgm oh^_lfscha jf[hn [^[jn[ncih (25). 

Osmosis processes between water and broccoli juice  

Erj_lcg_hnm q_l_ ]ih^o]n_^ chpifpcha imgimcm, qb_l_ 

\li]]ifc doc]_ q[m jf[]_^ ch [ ]ihn[ch_l qcnb [ 

m_gcj_lg_[\f_ g_g\l[h_. Tbcm ]ihn[ch_l q[m cgg_lm_^ 

ch [ \_[e_l `cff_^ qcnb giohn[ch mjlcha q[n_l (26). Tb_ 

\li]]ifc doc]_ q[m nb_h mo\d_]n_^ ni _f_]nlig[ah_nc] 

q[p_m (Fca. 2). Tb_ l_mofnm i` imgimcm \_nq__h \li]]ifc 

doc]_ [h^ q[n_l qcnb ^cff_l_hn `l_ko_h]c_m [l_ mbiqh ch 

T[\f_ 3. 

 Tb_ `iffiqcha l_mofnm q_l_ i\n[ch_^ qcnb q[n_l ch [ 

m_gcnl[hmj[l_hn g_g\l[h_ ih_ biol [ft_l imgimcm. V[fc^ 

mn[ncmnc][f [h[fsm_m q_l_ ]ih^o]n_^ `il _f_]nlc] 

]ih^o]ncpcns ch µS.]g-1:  

Cihnlif alioj: 264, 267, 261, 270, 264 [h^ Glioj [ft_l 

ch`fo_h]_ qcnb 350-600 Ht: 282, 281, 280, 280, 281 µS.]g-1. 

Tb_ l_mofnm i` nb_ Sno^_hn’m n-n_mn ch^c][n_ mcahc`c][h]_ [n 

j<0.01, qcnb [ n-mn[ncmnc] i` (-7.0030), [h^ [ ]ill_f[ncih 

]i_ffc]c_hn i` l=0.9899. 

Cihnlif alioj: 264, 267, 261, 270, 264 [h^ Glioj [ft_l 

ch`fo_h]_ qcnb 20-40 eHt – 288, 287, 285, 281, 284 µS.]g-1. 

 

  

R_sufts ih \ri]]ifc duc]_/ w[t_r 

µS.]g-1 

350-600 Ht 
(F1) 

µS.]g-1 

20-40 eHt 
(F2) 

µS.]g-1 

350-600 Ht 
[h^ 20-40 eHt 

(F1 [h^ F2) 

µS.]g-1 

Omgimcm 

\_achhcha 

1 biol [ft_l 

µS.]g-1 

1. 
182/691 

282/602 

187/697 

288/608 

194/707 

292/617 

173/687 

264/602 

2. 
181/690 

281/603 

186/699 

287/607 

192/709 

290/613 

175/688 

267/597 

3. 
183/688 

280/604 

185/695 

285/605 

195/705 

294/615 

176/691 

261/589 

4. 
184/694 

280/605 

185/698 

281/606 

194/703 

291/616 

179/693 

270/590 

5. 
185/691 

281/600 

187/695 

284/605 

198/704 

291/618 

181/687 

264/591 

T[\f_ 3. R_mofnm i` imgimcm \_nq__h \li]]ifc doc]_ [h^ q[n_l qcnb ^cff_l_hn 
`l_ko_h]c_m 
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 Tb_ l_mofnm i` nb_ Sno^_hn’m n-n_mn ch^c][n_ 

mcahc`c][h]_ [n j<0.01, qcnb [ n-mn[ncmnc] i` (-6.7002), [h^ 

]ill_f[ncih ]i_ffc]c_hn i` l=0.9868. 

 Cihnlif alioj – 264, 267, 261, 270, 264 [h^ Glioj 

[ft_l ch`fo_h]_ qcnb 350-600 Ht [h^ 20-40 eHt – 292, 290, 

294, 291, 291 µS.]g-1. Tb_ l_mofnm i` nb_ Sno^_hn’m n-n_mn 

ch^c][n_ mcahc`c][h]_ [n j<0.01, qcnb [ n-mn[ncmnc] i` (-

4.3679), [h^ [ ]ill_f[ncih ]i_ffc]c_hn i` l=0.9895. 

 Tb_ nbl__ aliojm i` l_mofnm qcnb `l_ko_h]c_m F1 (350-

600 Ht), F2 (20-40 eHt), [h^ F1 [h^ F2 (350-600 Ht [h^ 20-40 

eHt) [ft_l imgimcm [l_ mn[ncmnc][ffs l_fc[\f_ qcnb nb_ 

Sno^_hn’m n-n_mn  [n mcahc`c][h]_ f_p_f i` j<0.01. 

 A mn[ncmnc][f [h[fsmcm omcha nb_ P_[lmih ]ill_f[ncih 

]i_ffc]c_hn q[m ]ih^o]n_^ ni [mm_mm nb_ ch`fo_h]_ i` nb_ 

imgimcm jli]_mm `lig T[\f_ 3 ih nb_ l_^o]ncih i` 

j[nbia_hc] \[]n_lc[ ]iohn `lig T[\f_ 2. 

 Tb_ ^cff_l_h]_m ch _f_]nlc][f ]ih^o]ncpcns ^olcha 

imgimcm `lig q[n_l ni \li]]ifc doc]_, mo\d_]n_^ ni 

_f_]nlig[ah_nc] q[p_m qcnb `l_ko_h]c_m i` 350-600 Ht [h^ 

20-40 eHt (F1 [h^ F2), ]igj[l_^ ni nb_ ]ihnlif m[gjf_m, 

q_l_ 21, 17, 19, 15, [h^ 17 µS.]g-1. Tb_ j_l]_hn[a_ 

^cff_l_h]_ `il nb_ m[g_ `l_ko_h]c_m ch ohnl_[n_^ \[]n_lc[ 

q[m 68, 65, [h^ 71.8%. Tb_ P_[lmih ]ill_f[ncih ]i_ffc]c_hn 

q[m l=0.1886, ch^c][ncha [ q_[e jimcncp_ ]ill_f[ncih. Tbcm 

moaa_mnm nb[n nb_ imginc] jli]_mm [ff_]nm nb_ l_^o]ncih i` 

E. coli, S. aureus, [h^ C. albicans ]iohnm. Tbcm _ff_]n q[m 

gil_ jlihioh]_^ qb_h _rjim_^ ni _f_]nlig[ah_nc] 

q[p_m. 

 Tb_ l_mofnm ch Fca. 4 cffomnl[n_ l_fc[\f_ ^cff_l_h]_m [n 
350-600 Ht, 20-40 eHt, 350-600 Ht [h^ 20-40 eHt 

^_j_h^cha ih ch]l_[mcha imgimcm j[l[g_n_lm ch nb_ 

imgimcm jli]_mm qcnb giohn[ch mjlcha q[n_l [h^ \li]]ifc 

doc]_ ch`fo_h]_^ \s EM q[p_m. Tb_ [p_l[a_ l_mofn `il 350-

600 Ht q[m 26.7 gch, `il 20-40 eHt q[m 22.7 gch, [h^ `il 

350-600 Ht [h^ 20-40 eHt q[m 17.7 gch. 

Fcp_ g_[mol_g_hnm q_l_ ]ih^o]n_^ ni [mm_mm nb_ imgimcm 

jli]_mm. Cihnlif m[gjf_m _rbc\cn_^ ^ol[ncihm i` 30.0, 29.8, 

30.2, 30.3, [h^ 29.8 gchon_m, sc_f^cha [h [p_l[a_ i` 30.0 

gchon_m. Cihp_lm_fs, m[gjf_m _rjim_^ ni `l_ko_h]c_m i` 

350-600 Ht mbiq_^ ^ol[ncihm i` 26.9, 26.3, 26.7, 27.1, [h^ 

26.3 gchon_m, qcnb [h [p_l[a_ i` 26.7 gchon_m. Sn[ncmnc][f 

[h[fsmcm oncfctcha Sno^_hn'm n-n_mn, qcnb [ mcahc`c][h]_ f_p_f 

i` j < 0.05, ch^c][n_^ [ P_[lmih ]ill_f[ncih ]i_ffc]c_hn (l) 

i` 0.963 [h^ [ n-mn[ncmnc] i` 7.276. R_mofnm i\n[ch_^ qcnb 

\inb 20-40 eHt [h^ 350-600 Ht `l_ko_h]c_m q_l_ `ioh^ ni 

\_ mn[ncmnc][ffs mcahc`c][hn. Tb_ jl_m_h]_ i` j[nbia_hc] 

gc]liila[hcmgm mo]b [m E. coli, Staphylococci, [h^ `ohac cm 

]iggih ch nb_ ]ofncp[ncih i` `locnm [h^ p_a_n[\f_m, 

j[lnc]of[lfs qb_h ila[hc] `_lncfct_lm [l_ oncfct_^. Tb_ 

gcnca[ncih i` gc]li\c[f ]ihn[gch[ncih ch jf[hn-\[m_^ 

`ii^m cm _mm_hnc[f ni gcnca[n_ a[mnlichn_mnch[f [h^ inb_l 

ch`_]ncihm, nbom _hmolcha ]ihmog_l b_[fnb. Folnb_l 

chp_mnca[ncihm [l_ q[ll[hn_^ ni _fo]c^[n_ nb_ oh^_lfscha 

g_]b[hcmgm [h^ ijncgct_ nb_ [jjfc][ncih i` 

_f_]nlig[ah_nc] q[p_ nl_[ng_hnm ch [alc]ofnol[f jl[]nc]_m 

ni _hb[h]_ jf[hn b_[fnb [h^ _hmol_ `ii^ m[`_ns. 

T[\f_ 4 cffomnl[n_m nb_ l_mofnm i` pifn[a_ ch gV [h^ _f_]nlc] 

]oll_hn ch A qcnb ^cff_l_hn `l_ko_h]c_m.  

 Tb_ `iffiqcha l_mofnm q_l_ []bc_p_^ qcnb q[n_l ch [ 

m_gcnl[hmj[l_hn g_g\l[h_ ih_ biol [ft_l imgimcm. V[fc^ 

mn[ncmnc][f [h[fsm_m q_l_ ]ih^o]n_^ `il nb_ _f_]nlc] pifn[a_ 

ch gV:  

 Fil nb_ ]ihnlif alioj: 145, 147, 150, 143, 141 gV 

[h^ `il nb_ alioj ch`fo_h]_^ qcnb 350-600 Ht: 157, 158, 

160, 159, 161 gV. Tb_ l_mofnm i` nb_ Sno^_hn’m n-n_mn 

ch^c][n_ mcahc`c][h]_ qcnb j < 0.001, qcnb [ n-mn[ncmnc] cm 

(8.616), [h^ [ ]ill_f[ncih ]i_ffc]c_hn i` l = 0.9905. 

Scgcf[lfs, `il nb_ aliojm mo\d_]n_^ ni 20-40 eHt, 350-600 

Ht [h^ 20-40 eHt, nb_ l_mofnm l_g[ch mcahc`c][hn qcnb j < 

0.001. 

 

Cih]fuscih   

Tb_ jl_m_hn mno^s chp_mnca[n_m nb_ jbsmcifiac][f l_mjihm_m 

i` B. oleracea L. p[l. italic Plenck mjlionm ni p[lciom `ilgm 

i` q[n_l []ncp[ncih ch`fo_h]_^ \s _f_]nlig[ah_nc] q[p_m. 

Tb_ aliqnb ^sh[gc]m q_l_ ^i]og_hn_^ nblioab 

jbinial[jbc] _pc^_h]_, qbcf_ ^[cfs [mm_mmg_hnm i` mjlion 

g[mm q_l_ ]ih^o]n_^. Cigj[l[ncp_ [h[fsm_m q_l_ 

_gjfis_^ ni ^cm]_lh ^cmnch]ncihm [giha nb_ ^cff_l_hn 

Fca. 4. R_mofnm [n 350-600 Ht, 20-40 eHt, 350-600 Ht, [h^ 20-40 eHt, qcnb 
p[lscha imgimcm j[l[g_n_lm ch nb_ imgimcm jli]_mm chpifpcha q[n_l [h  ̂
\li]]ifc doc]_ ch`fo_h]_^ \s EM q[p_m 

  

  

R_sufts ih \ri]]ifc duc]_/ w[t_r 

gV/gA 

350-600 Hz 
(F1) 

20-40 eHz 
(F2) 

350-600 Hz 
[h^ 20-40 

eHz 

(F1 [h^ F2) 

Osgiscs 

\_achhcha 

1 biur [ft_r 

1. 
157/16 

  

163/17 

  

174/18 

  

145/14 

  

2. 158/16 
164/17 

  

175/18 

  

147/15 

  

3. 
160/17 

  

165/18 

  

177/19 

  

150/15 

  

4. 
159/16 

  

166/18 

  

180/20 

  

143/13 

  

5. 
161/17 

  

167/17 

  

176/18 

  

141/14 

  

T[\f_ 4. R_mofnm i` pifn[a_ ch gV [h^ _f_]nlc] ]oll_hn ch A qcnb ^cff_l_hn 
`l_ko_h]c_m.  
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nl_[ng_hn gi^[fcnc_m. Ool `ch^cham l_p_[f hin[\f_ 

p[lc[ncihm ch q_cabn ^cmnlc\oncih j_l]_hn[a_m []limm nb_ 

nl_[ng_hn aliojm. Oh nb_ `ch[f ^[s i` g_[mol_g_hn, nb_ 

q_cabnm q_l_ [m `iffiqm: nb_ 350-600 Ht [h^ 20-40 eHt 

nl_[ng_hn ]ibiln _rbc\cn_^ [ g_[h g[mm i` 67.4 al[gm, 

nb_ 20-40 eHt nl_[ng_hn alioj l_acmn_l_^ 65.6 al[gm, nb_ 

350-600 Ht nl_[ng_hn alioj l_]il^_^ 63.2 al[gm, [h^ nb_ 

]ihnlif alioj [nn[ch_^ [ g[mm i` 56.8 al[gm. Folnb_lgil_, 

nb_ q_cabn j_l]_hn[a_m ih nb_ ]ih]fo^cha ^[s 

^_gihmnl[n_^ mcahc`c][hn ^cm]l_j[h]c_m: nb_ 350-600 Ht 

[h^ 20-40 eHt nl_[ng_hnm []bc_p_^ 100%, nb_ 20-40 eHt 

nl_[ng_hn alioj l_[]b_^ 97.3%, nb_ 350-600 Ht nl_[ng_hn 

alioj q[m [n 93.8%, [h^ nb_ ]ihnlif alioj m]il_^ 84.3%. 

R_g[le[\fs, nb_ ^cmj[lcns \_nq__h nb_ 350-600 Ht [h^ 20-

40 eHt nl_[ng_hn alioj [h^ nb_ ]ihnlif alioj [giohn_^ 

ni 15.7%. Cihp_lm_fs, nb_ ^cmj[lcnc_m \_nq__h nb_ 20-40 

eHt nl_[ng_hn alioj [h^ nb_ ]ihnlif alioj, [h^ \_nq__h 

nb_ 350-600 Ht nl_[ng_hn alioj [h^ nb_ ]ihnlif alioj, 

q_l_ 8.8% [h^ 6.4%, l_mj_]ncp_fs. 

 Tb_ \[]n_lc[f mnl[chm E. coli, S. aureus, [h^ nb_ ip[f-

mb[j_^ `ohaom C. albicans q_l_ mo\d_]n_^ ni ch pcnli 

[h[fsmcm ni [mm_mm nb_cl m_hmcncpcns ni _f_]nlig[ah_nc] 

pc\l[ncihm [n p[lscha `l_ko_h]c_m [h^ ^ol[ncihm i` 

_rjimol_ (15 gchon_m). Fl_ko_h]c_m qcnbch nb_ l[ha_ i` 

350-600 Ht, ^_mcah[n_^ [m F1, _rbc\cn_^ [h [hncgc]li\c[f 

_ff_]n [a[chmn nb_m_ gc]liila[hcmgm, l_mofncha ch [ 

l_^o]ncih i` ]_ff pcn[fcns \s 57.0%. Scgcf[lfs, `l_ko_h]c_m 

l[hacha `lig 20-40 eHt, ^_mcah[n_^ [m F2, f_^ ni [ 

l_^o]ncih i` pc[\f_ gc]liila[hcmgm \s 67.6%. Cig\chcha 

`l_ko_h]c_m `lig \inb l[ha_m, ^_hin_^ [m F1 [h^ F2 

l_mj_]ncp_fs, l_mofn_^ ch [ ^_]l_[m_ i` pc[\f_ 

gc]liila[hcmgm \s 68.3%. B[m_^ ih nb_m_ `ch^cham, cn ][h 

\_ ch`_ll_^ nb[n \li]]ifc mjlionm _rjim_^ ni 

_f_]nlig[ah_nc] q[p_m ^cmjf[s_^ hin[\f_ ^cff_l_h]_m ch 

q_cabn ]igj[l_^ ni ]ihnlif m[gjf_m. Tb_m_ l_mofnm 

moaa_mn nb[n nb_ mj_]c`c] q[n_l nl_[ng_hnm b[^ [ 

^cm]_lhc\f_ cgj[]n ih nb_ aliqnb [h^ q_cabn ^_p_fijg_hn 

i` \li]]ifc mjlionm. Folnb_lgil_, nb_ mno^s ^_gihmnl[n_^ 

nb[n nb_ n_mn_^ ]ig\ch[ncihm i` F1 (350-600 Ht), F2 (20-40 

eHt), [h^ nb_ ]ig\ch_^ F1 [h^ F2 (350-600 Ht [h^ 20-40 

eHt) _f_]nlig[ah_nc] q[p_m _r_ln_^ [h [^^cncih[f jimcncp_ 

_ff_]n ih jf[hnm. Tb_m_ nl_[ng_hnm hin ihfs mncgof[n_^ 

jf[hn ^_p_fijg_hn \on [fmi _rbc\cn_^ [hncgc]li\c[f 

_ff_]nm. Igjf_g_hncha _ff_]ncp_ g_[mol_m ni gcnca[n_ nb_ 

jl_m_h]_ i` nb_m_ j[nbia_hm cm ]lo]c[f `il _hmolcha `ii^ 

m[`_ns [h^ jlin_]ncha ]ihmog_l b_[fnb. Tb_m_ `ch^cham 

oh^_lm]il_ nb_ jin_hnc[f i` _gjfischa mj_]c`c] 

]ig\ch[ncihm i` 350-600 Ht [h^ 20-40 eHt 

_f_]nlig[ah_nc] q[p_m [m [ hip_f [jjli[]b ni _hb[h]_ 

jf[hn aliqnb [h^ gcnca[n_ gc]li\c[f ]ihn[gch[ncih. Tb_ 

l_^o]ncih ch j[nbia_hc] \[]n_lc[ fce_fs ch`fo_h]_m imgimcm 

jli]_mm_m, qcnb nb_ _ff_]nm ]ill_f[ncha jimcncp_fs qcnb 

ch]l_[mcha _f_]nlig[ah_nc] `l_ko_h]c_m. Omgimcm 

jimcncp_fs cgj[]nm [h^ ]ill_mjih^m qcnb nb_ jbsmcifiac][f 

jli]_mm_m i` \li]]ifc [m nb_ `l_ko_h]c_m ch]l_[m_. 
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