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Abstract:  16 

Arial parts extracts of Beta vulgaris subsp. Cicla (BV) along with their novasomes coated with hyaluronate formulations 17 

(BV1 and BV2) were investigated for their antimicrobial activity against Staphylococcus aureus ATCC 6538, Escherichia 18 

coli ATCC 25922 and Candida albicans ATCC 10231 and their scavenging potential against (DPPH) radical.  The selected 19 

formulation BV1 was tested for encapsulation efficiency, particle size zeta potential, FTIR and TEM., Fifteen 20 

chromatographic peaks were identified by GC/MS analysis represented (89.64%) from BV dichloromethane fraction, the 21 

most abundant compound was oleic acid (30.52%), followed by Palmitic acid (21.92%) and Stearic acid (10.50%) 22 

triterpenes and sterol also identified. LC/MS/MS of total ethanol extract results the identification of 33 compounds 23 

including flavonoids, phenolic acids and their derivatives which represented the major compounds also coumarin, fatty 24 

acid and amino acid were identified. In addition to isolation of four compounds Oleanolic acid and campsterol from 25 

dichloromethane fraction while isovitexin and Apigenin-O- hexoside from ethanol extract. The crude extract showed 26 

antimicrobial activity against C.albicans only while novasomes formulations BV1 was active against both bacteria and 27 

yeast. As for BV2, it was active against bacteria only. Regarding antioxidant activity, crude extract together with both 28 

formulas showed ability to scavenge DPPH free radical.    29 

 30 

Keywords: Antimicrobial • Antioxidant• GC/MS • LC/MS/MS • Novosomes  31 

 32 

Abbreviations: BV, Beta vulgaris subsp. Cicla; BV1, Formula 1; BV2, Formula 2; FTIR, Fourier transfer infra-red; TEM, 33 

transmission electron microscope; GC/MS, Gas chromatography- mass spectroscopy; LC/MS/MS, Liquid 34 

chromatography- mass spectroscopy; DPPH, 1,1-diphenyl-2-picrylhydrazil.  35 

 36 

Introduction 37 

Microbial infections occur when pathogenic microorganisms such as bacteria, viruses, and fungi enter the body and 38 

multiply, leading to illness. These infections can cause a range of symptoms, including fever, pain, and swelling, and 39 

their severity varies from mild to life-threatening. 40 

The development of bacterial resistance to drugs and the side effects associated with the use of chemical therapeutic 41 

agents made it essential for scientists to search for natural alternatives for such hazardous chemicals. Plants secondary 42 

metabolites are being thoroughly investigated for their bioactivities. Oxidative stress as a result of pollution and cellular 43 

metabolism occurring in living cells due to accumulation of reactive oxygen species such as H2O2 and OH. may lead to 44 

chronic diseases including cancer, atherosclerosis and Alzheimer in addition to autoimmune diseases. Thus, the 45 

administration of antioxidant agents especially those driven from natural sources is crucial to avoid such drawbacks[1]. 46 

One of the significant botanical families is the Chenopodiaceae, or goosefoot, family.  Widely found in the steppe, desert, 47 

and saline-alkaline regions of southern Africa, Central Asia and South America as well as along the Mediterranean and 48 

Red sea coasts, it is one of the most interesting flowering plants in terms of taxonomy and diagnostics [2,3]. 49 

https://orcid.org/0000-0002-9076-3102
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One member of Chenopodiaceae family, Beta vulgaris L. Subspcicla, is an edible plant from Egypt that is referred to as 50 

Swiss chard in English. 51 

Although many Mediterranean populations are annuals, it can flourish as a biennial or a perennial under the right environ52 

ments.It lacks a swollen root and has long, wedgeshaped leaves arranged in a rosette [3]. Beta vulgaris subsp. cicla is 53 

well known for its high bioactive compounds and minerals content. Thus, it is believed to have potential as antioxidant 54 

and antimicrobial in addition to other biological activities [4,5]. It is one of the healthiest vegetables and considered a 55 

good source of fiber, betalains, flavonoid, saponins  , b-carotene, vitamin K, minerals like potassium and magnesium. 56 

Numerous investigations have demonstrated the antioxidant properties of several Swiss chard extracts and their 57 

constituents, The flavonoids, 2’’,2’’’-di-O-α-rhamnopyranosyl-vicenin II, a di-C-glycosyl flavone, and herbacetin 3-O-β-58 

xylopyranosyl- (1”’→2”)-O-β-glucopyranoside, were isolated from the leaves of Beta vulgaris subspecies cicla L. subsp. 59 

flavescens, additional to flavonoids, 6-C-glucosyl isoscutellarein, vitexin-(1”’→2”)-O-β-xylopyranosyl, vitexin-60 

(1”’→2”)-O-α-rhamnopyranosyl and vitexin also the hepatoprotective and hypolipidemic activities of aqueous 61 

methanolic were evaluate [3] in addition to their antimitotic and antiproliferative effects on human breast cancer MCF-7 62 

cells and human colon cancer, as well as their hypoglycemic [6,7] Betavulgarin isolated from Beta vulgaris sduppresses 63 

breast cancer stem cells through Stat3 signaling [8]. Chard may provide a natural source of antioxidant and 64 

antiacetylcholinesterase , immnomodulatory hepatoprotective, hypoglycemic , lipid-lowering effects  activities and 65 

proline content [9,10]. Assumed to have improved liposomal or niosomal structure, novasomes are usually composed of 66 

a combination of cholesterol, free fatty acid (FFA), and polyoxyethylene fatty acid monoester [11]. Novasomes are 67 

multi-bilayered vesicles that may transport a large amount of active substances because of their high-capacity central 68 

core in a small size range. To achieve the structural surface modification of the generated novasomes, one polymeric 69 

polysaccharide was studied. The polymer hyaluronic acid (HA) comes from nature. HA is bacteriostatic, but not 70 

bactericidal, and exhibits dose-dependent effects on different microorganisms in the planktonic phase. Concerning to 71 

possible orthopaedics applications, the analysis of different coatings on titanium surfaces has shown that HA 72 

significantly decreased S. aureus adherence [12].  It is an anionic glycosaminoglycan polymer made up of N-acetyl-D-73 

glucosamine, D-glucuronic acid, and disaccharides. For functionalizing nanovesicular systems including liposomes, 74 

niosomes, spanlastics, and novasomes, HA offers a flexible polymer [13]. HA surface-modified nanovesicles can 75 

improve stealth qualities, prolong the action, prevent drug leakage, and slow drug clearance [14,15]. HA modified 76 

nanoparticles compete with native HA to provide effective drug transport into cells [13] . 77 

Results and Discussion 78 

I. Phytochemical investigation 79 

 80 

GC/MS identified metabolites of dichloromethane fraction of aerial parts of Beta vulgaris subsp. Cicla   81 

 GC/MS analysis of dichloromethane fraction of arial parts of Beta vulgaris subsp. Cicla represented in Table (1) revealed 82 

the identification of fifteen oxygenated compounds representing (89.64%). the most abundant compounds oleic acid 83 

(30.52%) which is a mono-unsaturated omega-9 fatty acid followed by saturated fatty acid Palmitic acid (21.92%) that 84 

previously identified before in Swiss chard [16]. 85 

followed by Stearic acid (10.50%) triterpenes and sterol also identified in the plant (Ursane-3,12-diol, Cholesteryl benzoate, 86 

Stigmast-5-en-3-ol, oleate, R1-Barrigenol and Olean-12-ene-3,15,16,21,22,28-hexol)  87 

Table (1): Identified compounds by GC/MS analysis of the dichloromethane fraction of arial parts of Beta vulgaris 88 

subsp. Cicla 89 

https://www.sciencedirect.com/topics/engineering/orthopedic-application
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Relative 

Area% 

M.F M.WT RRt Name No 

21.92 C₁₆H₃₂O₂ 256 0.89 Palmitic acid 1 

5.38 C19H36O2 296 0.97 Elaidic acid, methyl ester 3 

5.51 C19H30O2 290 0.98 Nonanoic acid, 9-(o-

propylphenyl)-, 

methyl ester 

4 

5.25 C19H38O2 298 0.99 Methyl stearate 5 

30.52 C18H34O2, 282 1 Oleic Acid 6 

10.50 C18H36O2, 284 1.01 Stearic acid 8 

3.80 C19H34O2 294 1.02 6,9-Octadecadienoic acid, 

methyl ester 

9 

1.85 C19H36O3 312 1.03 Oxiraneundecanoic acid, 3-

pentyl-, methyl ester 

 

10 

1.61 C30H52O2 444 1.24 Ursane-3,12-diol 11 

0.66 C34H50O2 490 1.35 Cholesteryl benzoate 12 

1.04 C47H82O2 678 1.43 Stigmast-5-en-3-ol, oleate 13 

0.65 C30H50O6 506 1.52 R1-Barrigenol 14 

0.95 C30H50O6 506 1.62 Olean-12-ene-

3,15,16,21,22,28-hexol 

15 

89.64 Total identified compounds 

RRt.: relative retention time relative to Oleic Acid          M.F: molecular formula 90 

M.wt: molecular weight  91 

 92 

Metabolites identified by LC/MS/MS of arial parts of Beta vulgaris subsp. Cicla 93 

 94 

The crude ethanol extract of Beta vulgaris subsp. Cicla arial parts was subjected to LC-MS-MS under the previous 95 

conditon, commonly used technique for the identification of different metabolites. Metabolites were assigned based on 96 

comparing the retention time (Rt), MS data highly accurate mass, molecular ion fragmentation pattern, the predicted 97 

formulas data in the literature and databases listed in the authorized websites; PubChem and Mass bank of North America 98 

(MoNA) together with the data base (Peakview software program). The ionization of compounds in th our study was 99 

performed in the negative ionization mode. The identified compounds and their mass fragments as well as molecular 100 

formula are listed in Table (2). Annotations of different chromatographic peaks allowed the identification of   33 101 

compounds belonging to various metabolite classes were derived including flavonoids, phenolic acids and their derivatives 102 

which represented the major compounds also coumarin, fatty acid and amino acid were identified.  103 

Table (2): Metabolites identified by LC/MS/MS of arial parts of Beta vulgaris subsp. Cicla in negative ionization 104 

mode. 105 
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References  Chemical class M.F. Product ion Parent 

ion (M-

H) 

Rt. Identification No. 

 [17] Phenolic acid 

 
C10H12O4 

177(M-H-

H2O),162(M-H-CO2-

CH3),136 (M-H-H2O-

CH3) 

195 

1.31 

Dihydroferulic acid 

1 

 [17] Phenolic acid 

 
C10H10O4 

178(M-H-

CH3),149(M-

HCOO),134(M-H-

CH3-CO2) 

193 

1.35 

Ferulic acid 

2 

 [17] Phenolic acid 

 C11H12O4 

192(M-H-

CH3),177(M-H-

2CH3),133 

207 

2.28 

Sinapaldahyde 

3 

 [18] Phenolic acid 

C7H6O4 

135[M-H-

H2O],109[M-H-CO2], 

112 

153 

3.1 

Protocatechuic acid 

4 

 [19] Phenolic acid 
C9H8O 

145[M-H2O],119[M-

H-CO2] 
163 4.09 P-Coumaric acid 

5 

 [17] Phenolic acid 

 

C8H8O4 152(M-H-CH3)123(M-

H-CO2),108(M-H-

CH3-CO2) 

167 4.27 Vanillic acid 6 

 [20] Phenolic acid 

Derivative 

  207, 163,

 145, 119 

325 5.26 p-Coumaric acid 

hexose 

7 

 [17] Flavonoid C27H30O14 341(M-H-90-

146),323(M-H-90-

146-18),293 

577 5.30 Isovitexin 2''-O- 

rhamnoside 

8 

 [17] Flavonoid C-

glycoside 

 

C21H20O10 413,341,311,283 431 5.49 Isovitexin (Apiginin 

6-C glucoside) 

9 

 [10] Flavonoid C26H28O14 413,293,311 563 5.54 apigenin -C 

pentoside   -  

C-hexoside 

10 

 [17] Flavonoid C- 

glycoside 

 

C21H20O10 341,311,283 431 6.28 Vitexin 11 

 [21] 
Flavonoid  C21H20O10 

269[M-H-hexoside], 

227 
431 6.28 

Apigenine-o- 

hexoside 
12 
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 [22] 

Flavonoid C21H19O12 

301[M-H-GLU], 

271[M-H-GLU-

CH2O], 255[M-H-

GLU-CO-H2O] 

463 6.35 
Quercetin-O- 

hexoside  
13 

 [17] Flavonoid 

C27H30O16 

 

301[M-H-

rutinoside],271[M-H-

rutinoside  -

CH2O],255[M-H-

rutinoside-CO-

H2O],179,151 

 

 

 

 

609 

6.4 Rutin 

14 

 [17] Flavonoid 

 
C34H25O10 

473(M-H-

120),429(M-H-120-

CO2), 413(M-H-120-

60), 298,297 

593 6.54 

Diosmetin 8-C-

Glucoside-6-C-

pentoside 

15 

 [17] 
Flavonoid  

 
C27H30O14 

457(M-H-

120),311(M-H-120-

146),293 

577 6.86 
Vitexin-2'-O-

rhamnoside 

16 

 [17] 

Flavonoid 

 
C27H30O15 

285[M-H-rutinoside], 

255[M-H-rutinoside-

CH2O],227[M-H-

rutinoside-2CHO] 

 

593 

 
6.9 

Kaempferol-O-

rutinoside  

17 

 [23] 
Flavonoid 

 

C27H30O15 473(M-H-

120),327(M-H-120-

146),298 

593 6.97 

Luteolin-8-C-β-D-

glucopyranoside-7-

O-rhamnoside 

18 

 [17] Flavonoid  O-
glycoside 

 285, 255, 227 
 

447 
7.16 

Kaempferol 7-O-

hexoside 

19 

 [17] 

Flavonoid 

C21H20O11 

401,285, 267, 255, 

447 

 

 

7.16 
Luteolin-O- 

hexoside 

20 

 [17] Flavonoid  251,225,197,149 269 8.17 Apigenin 21 

 [17] Fatty acid 

  

 309,229,211,171 327 8.35 Trihydroxy 

octadecadienoic acid 

22 

 [17] Flavonoid  

 
C15H14O6 245(M-H-CO2) 

289 8.51 Epicatechin 23 

 [24] 
Flavonoid C15H10O7 

273,255, 151,179 

 

301 9.46 Quercetin 24 
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 [25] 
Phenolic acid 

derivatives 

 

C26H26O12 

 

367, 353,193 529 10.33 

Dicaffeoylquinic 

acid  methyl ester 

isomer 

25 

 [26] Betaxanthins 

derevatives 

C14H16N2O6 283, 195 309 10.67 Proline-betaxanthin 26 

 [17] Flavonoid C16H12O6 284(M-H-CH3),137 299 10.71 Chrysoeriol 27 

 [17] Flavonoid 

 

C17H14O8 330,315,276 345 11.42 Limocitrin 28 

 [27] Catechols C18H11O7 321,307,295,265 339 12.57 Grevilline B 29 

 [17] Phenolic acid 

 

C9H10O5 182(M-H-

CH3),179(M-H-

H2O),153(M-H-

CO2),129,113,85 

197 13.11 Syringic acid 30 

 [17] Coumarin 

glycoside 

 

C15H16O9 321,293,177 339 12.75 Esculin (6,7- 

dihydroxy coumarin 

6- glucoside) 

31 

 [28] Amino acid C14H17N3O7 

 

321, 277 340 13.33 Glutamine-

betaxanthin 

32 

 [17] Flavonoid 

 

C15H10O4 235 (M-H-CH3),209 253 20.22 Chrysin (5,7-

Dihydroxy flavone) 

33 

Rt: retention time, M.F.: molecular formula 106 

 107 

Isolation and identification of the major compounds from dicloromethane fraction 108 

The dicloromethane extract was loaded repeatedly to TLC chromatography then, the collected bands were examined under 109 

UV at λ max 254 and 365 nm. The bands were further purified several times resulting in isolation of two compounds (1-2) 110 

that showed positive Salkowski's results and attained different colors with 10% sulphuric acid as spraying reagent 111 

Compound 1: (Oleanolic acid) 112 

White crystals soluble in chloroform (Rf= 0.54) 113 

The 1H-NMR spectrum of Oleanolic acid shows numerous methyl groups at 0.80, 0.85, 0.90, 0.92,.98, 1.10, and 1.18, and 114 

a characteristic olefinic proton of C12–C13 double-bonde pentacyclic triterpenoid at 5.40 (1H, brs, H-12). This suggests 115 

an olea-12-ene skeleton. One methyl proton at 3.34 (1H, t, J = 8.2 Hz, 3_-H) is compatible with at least one hydroxyl group 116 

on the Oleanolic acid olean-12-ene-skeleton. On the other hand, the 13C-NMR spectrum displays signals related to an 117 

oxygenated 118 

carbon signal at 78.88 (C-3), one tri-substituted double bond at 122.18 (C-12) and 144.45 (C-13) and one carboxyl group 119 

at 180.64 (C-28). Further, 13C-NMR signals from C-18 to C-22 at (41.68 (C-18), 46.35 (C-19), 30.52 (C-20), 32.88 (C-120 

21) and 31.55 (C-22)) indicates that Oleanolic acid derives from the oleanyl carbocation.The MS spectra for OA obtained 121 

by LC-ESI-ITTOF, finding that the five most prominent peaks corresponded to the m/z molecular fragments 122 

457,203,191,218,75 [29,30]. 123 

https://pubchem.ncbi.nlm.nih.gov/#query=C26H26O12
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Compound 2: (Campesterol) 124 

It had a melting point of 160-164 0C and was obtained in the form of a white powder. EI-MS showed characteristic peaks 125 

at an m/z of 400, with molecular ion and fragment ion m/ z values of 382,367,273 and 255 indictaing a molecular formula 126 

of C28H48O. The H- NMR spectra data was almost identical to that of campesterol in the literature, with 1H - NMR  127 

displaying dH for one olefinic methine proton (dH 5.46 H 6), one hydroxyl proton (dH 4.49 OH), six methyl protons (dH 128 

0.76 H-18, 0.63 H-19, 0.76 H-21, 0.73 C-26, 0.79 H-27, and 0.62 C-28), ten methylene protons (dH 1.94 H-1, 1.78 H-2, 129 

1.56 H-4, 1.10 H-7, 1.09 H-11, 1.16 H-12, 2.09 H-15, 1.86 H-16, 2.15 H-22, and 1.04 H-23), and eight methine protons 130 

(dH 3.48 H-3, 1.76 H-8, 0.95 H-9, 1.42 H-14, 1.75 H-17, 2.23 H-20, 0.85 H-24, and 1.22 H-25). 131 

 The 13C NMR and DEPT revealed 28 carbon signals for six methyl carbons (dC 15.54 C-18, 12.14 C-19, 14.22 C-21, 132 

21.23 C-26, 19.88 C-27, and 15.54 C-28), ten methylene carbons (dC 37.40 C-1, 31.79 C-2, 42.43 C-4, 32.08 C-7, 23.18 133 

C-11, 39.88 C-12, 24.42 C-15, 26.18 C-16, 34.16 C 22, and 34.10 C-23), eight methine carbons (dC 70.01 C-3, 31.06 C-8, 134 

49.42 C-9, 54.93 C-14, 53.10 C-17, 35.30 C-20, 38.21 C-24, and 31.86C-25), three quaternary carbons (dC 143.41 C-5, 135 

35.66 C-10, and 43.95 C-13), and one olefinic methine carbon (dC 121.92 C-6) Compound 1 was identified as campesterol 136 

in accordant with the spectral data that stated in the literature [31].  137 

Compounds isolated from ethanol extract: 138 

Compound 3: (Isovitexin) 139 

Yellow powder soluble in methanol, Rf. 0.73 In system (CH2CL2: MeOH 9:1) UV λ max in methanol 334,270 which indicate 140 

flavone class, sodium methoxide 395,327,280 that revealed the presence of free 4' OH, HCl/ ALCl3 390,344,304,278 which 141 

showed that there is no ortho dihydroxy group and in NaOAC/ Boric acid 344,304,272.1H NMR (400MHz, MeOH) 142 

7.96(2H, d, J= 8.6 2',6'H), 6.92 (2H, d, J= 8.6 ,3',5'H), 6.60 (1H, s, 8-H), 6.26 (1H, s, 3-H), 5.00 (1H, d, J=9.92 H1‶) C-143 

sugar, 4.84(1H, s). TOF/MS-ESI (431)- (M-H) ,413(M-H-H2O),341(M-H-90),311(M-H-120). From 1H-NMR, ESI-MS 144 

spectral data and by comparison to published data compound 4 could be identified as isovitexin. It was also identified by 145 

UPLC/MS/MS peak (9). Isovitexin has also been shown to have anti-oxidant, anti-inflammatory, anti-Alzahimar properties 146 

and antiviral activity similar to that of its isomer vitexin [32]. 147 

Compound 4: (Apigenin-7-O-β-D glucoside) 148 

 White powder soluble in methanol compounds 5 (flavone) was identified as flavonoidal glucoside. UV showed 149 

bathochromic shift with NaOMe in band I indicate the presence of hydroxyl group at C-4' but no bathochromic shift with 150 

NaOAc/H3 BO3 indicated the absence of hydroxyl group at C-3' and occupied hydroxyl group at C-7. The presence of 151 

singlet proton at δ 6.92 ppm (H-3) confirmed the flavone nature of compound 5. Signals at δ 5.01, δ 5.13 ppm (H-1'') and 152 

δ 3.5-4.15, δ 3.223.91 ppm (H-2'', 3'', 4'', 5'' and 6'') confirmed the presence of β-D glucose at C-7 for compounds 5. 13C-153 

NMR showed anomeric carbons at 99.13and 103.19 (C-1''). The compound 5 confirmed to be apigenin-7-O-β-D glucoside. 154 

That is confirmed by UPLC/MS/MS peak (12) [33] ESI/MS: 431,269,227 155 

Antimicrobial Activity 156 

Beta vulgaris extract showed concentration dependent activity against C.albicans and no activity against Gram-positive or 157 

Gram-negative bacteria Table (3) Fig (2).  As for the novasomes, formula 1 (BV1) showed activity against all tested  158 
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organisms at the highest concentration (100 %) and against E.coli at (50 %). Formula 2 (BV2) showed concentration 159 

dependent activity against bacteria and no activity against yeast.  160 

Table (3): Antimicrobial activity of Beta vulgaris and its nano-formulas 161 

 162 

Antioxidant Activity 163 

Beta vulgaris crude extract showed concentration dependent antioxidant activity against the free radical DPPH Table (4), 164 

Figure (3). BV1 was the most potent as antioxidant where it inhibited DPPH by 91±2.02 % at concentration 100% followed 165 

by BV and BV2 166 

Table (4): Antioxidant activity of Beta vulgaris against DPPH. Data are presented as mean±SE, (n = 3). 167 

Sample Concentration (%) %  DPPH Inhibition 

BV 100 85± 2.21 

50 40± 1.52 

25 32± 1.9 

IC50 55.2 

BV1 100 91±2.02 

50 60±1.50 

25 45±1.36 

IC50 33.4 

BV2 100 58±1.15 

50 32±1.80 

25 13±1.15 

IC50 82.6 

 168 

Sample Concentration (%)  S.aureus E.coli C.albicans 

BV  

  

100 0 0 3.4±3.2 

50 0 0 3±2.8 

25 0 0 0 

12.5 0 0 0 

BV1  
 

100 1.1±2 3.5±2.1 1.5±1.9 

50 0 2 0 

25 0 0 0 

12.5 0 0 0 

BV2  
 

100 2.2±1.08 2.3±2 0 

50 1.5±2 2±2.5 0 

25 0 1.8±2.3 0 

12.5 0 0 0 

DMSO 100 0 0 0 

Antibiotic    4.5±2.5 5±1.79 3±2.4 
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Characterization of the selected hyaluronate coated novasomes: 169 

1- Extract content % measurements, Particle size, zeta, and PDI 170 

The amount of extract retained within selected coated novasomes is referred as drug content. The drug content of the 171 

selected system was 62.03 % (table 5).  All the results clearly indicated that the novasomes stabilized hyaluronate and 172 

prepared with mixed SAA and FAA at percent of 2:1 of (span 60: Oleic acid) respectively could effectively 173 

nanoencapsulate the extract after preparation.  174 

 The results of zeta potential, particle size, PDI of the prepared novasomes are presented in table (5). Particle 175 

size value was in the nanorange (340.2 nm). Value of the zeta potential often indicate how stable the nanoparticles are 176 

[34] The zeta potential value was negative. This could be due to the anionic nature of sodium hyaluronate. The selected 177 

formulation zeta potential values are higher than – 30 suggesting the high stability of the prepared systems.  PDI value 178 

was below 0.5 indicating narrow size distribution. So, Formulation (F1) showed high EE, high zeta potential and low PDI 179 

values, reasonable particle size suggesting it as a successful system to encapsulate the extract. 180 

2-TEM 181 

The morphological structure of the selected formulation (F1) was visualized by TEM (figure 4). They were 182 

spherical in shape and free from aggregations. The nanovesicles showed very homogenous morphology with porous surface 183 

including tiny dark stained dotes referring to the extract successful enclosing in the selected nano system cavities plus to 184 

its quite uniform particle size distribution. The particle size diameters obtained by TEM imaging were around 91.49 nm. 185 

The average hydrodynamic size (Table 5) determined by the DLS particle size analyser was larger than the TEM images 186 

because of the tendency of the nano coated vesicles to aggregate. TEM images offer lower aggregation of nanoparticles 187 

and easier observation of the size and shape of nanoparticles.  188 

Table (5): PS, ZP and PDI of the selected hyaluronate coated novasomes 189 

Formulation Drug content 

(%) 

PS 

(nm)±SD 

ZP (mV)± SD PDI 

F1 coated 62.03 ±0.12 340.2±1.58 -34.05 ±3.28 0.455 

 190 

3. FTIR 191 

Figure (5) displays the FTIR spectra of extract and extract-loaded formulation F1. The reported characteristic peaks of 192 

extract come in agreement with the present results suggesting the purity of the extract under investigation.  The formation 193 

of novasomes loaded with extract is confirmed by the FTIR spectra of the formulation F1 comparing the spectra of the 194 

crude pure extract with the spectra of F1. FTIR spectra showed changes in peaks intensity and position of extract after 195 

inclusion in F1. The successful development of these nano-systems and the beneficial substance encapsulated within them 196 

may be demonstrated by the decrease in the band's intensity of the prepared nanovesicles and the elimination of other bands. 197 

Disscussion 198 

The current study targeted to investigate the phytochemical composition of aerial parts of Beta vulgaris subsp. Cicla ethanol 199 

extract and its hyaluronate coated novasomes as antimicrobial agent.The previous studies suggested the antimicrobial 200 



 

10 

 

properties of flavonoids, phenolic compounds, and flavonoid glycosides, predominantly present in Beta vulgaris subsp. 201 

Cicla, can be attributed to their interaction with bacterial membrane proteins or lipids. This interaction leads to the 202 

stabilization and disruption of the bacterial membrane, inhibition of membrane-bound enzymes, modulation of the immune 203 

response, and disruption of lipid rafts. Conversely, another recognized mechanism of the antibacterial activity of 204 

kaempferol and quercetin involves membrane permeabilization and rupture. This process is facilitated by an increase in 205 

bacterial membrane permeability, interference with bacterial energy metabolism, and a reduction in pathogenicity, which 206 

ultimately results in cytoplasmic leakage [35]. 207 

 Mohammed et al. [36] isolated five flavone C-glycosides from n-butanol extract of B. vulgaris subspecies cicla L namely; 208 

(vitexin) showed a promising antibacterial activity, 2''-Oxylopyranosylvitexin, acacetin 8-C-β-D-glucopyranoside, acacetin 209 

8-C-α-L-rhamnoside , and vecinin-II. also confirmed that the plant could be used as a natural source of antibiotic. 210 

Numerous studies have assessed the extract from B. vulgaris subsp. crassa was found to have low effectiveness against 211 

breast cancer but potential cytotoxicity against cervical and prostate cancer. Furthermore, it has been demonstrated that the 212 

plant extracts are highly efficient against infection-causing bacterial and fungal species [37]. 213 

 214 

Agar well diffusion method was used to test the potential of BV extract and its novasomes (BV1 and BV2) as 215 

antimicrobial on S.aureus, E. coli and C.albicans.  The crude extract showed activity against C.albicans and no activity 216 

against both tested bacteria. Meanwhile, BV1 exhibited antimicrobial activity against both S.aureus and E. coli in addition 217 

to C.albicans. As for BV2, it possessed antibacterial activity against tested bacteria only.  218 

Several studies have been conducted on the antimicrobial activity of Beta vulgaris. Saani et al. [5] tested the methanolic 219 

and ethanolic extract of Beta vulgaris against Gram-positive and Gram-negative bacteria where both extracts possessed 220 

antibacterial activity against tested bacteria. Beet root peel methanolic extract was found to possess antimicrobial activity 221 

against E. coli, S.aureus, K.pneumonia and S.flexneri  this indicates that it can be employed in functional food [38]. 222 

DPPH (1,1-diphenyl-2-picrylhydrazl) is a stable nitrogen free radical which changes its colour from purple to yellow upon 223 

being neutralized by potent antioxidants [39]. 224 

Upon testing Beta vulgaris crude extract and its novasomes for their antioxidant activity using DPPH assay, they were 225 

found to have antioxidant potential that increases with increasing the concentration. BV1 showed the highest activity with 226 

IC50 33.4% followed by the crude extract (IC50 55.2%). 227 

Beside exerting antimicrobial activity, Beta vulgaris have shown antioxidant activity according to previous studies. John 228 

et al. [38] compared methanol and acetone extracts of beet root regarding their antioxidant activity. It was found that both 229 

exerted activity where methanol extract showed more potency than acetone one. Čeryová  et al. [4]compared total phenolic 230 

content (TPC) in different parts of Beta vulgaris and correlated it with their antioxidant activity. It was found that TPC of 231 

leaves was higher than stems accordingly, the antioxidant activity of leaves was higher than stems. 232 

 233 

Formula BV1 showed remarkable antioxidant activity than formula BV2 as it contains double the amount of span 60. Span 234 

60 is not an antioxidant itself, but it can enhance the antioxidant properties of other compounds by acting as a surfactant in 235 

drug delivery systems  to improve their delivery and stability. By forming these delivery systems, Span 60 helps protect 236 

and deliver potent antioxidant molecules, such as folic acid, increasing their effectiveness in various applications [40]. Also 237 

span 60 has no inherent antimicrobial activities but it is reported that upon using it in drug delivery systems it enhancing 238 

the antimicrobial activities of the antimicrobial drugs [41] This comes in agreement with our results.  239 

Conclusion: 240 

This study introduces a novel and eco-innovative strategy to combat microbial infection by developing hyaluronate coated 241 

novasomes with ethanolic extract of beta vulgaris subsp. Cicla arial parts . The formulation of choice showed remarkable 242 

encapsulation efficiency , reasonable particle size and zeta potential. FTIR spectra showed absence of some peaks in the 243 

spectra of the selected formulation meaning successful encapsulation of the extract in the novasomes. The morphology 244 

showed complete spherical novasomes with a coating layer of hyaluronate. The findings of the research revealed that 245 

ethanol Beta vulgaris subsp. Cicla arial parts extract exhibited remarkable antimicrobial) and antioxidant capabilities 246 

(extract and selected hyaluronate coated novasomes). The hyaluronate coated novasomes emerges as a promising candidate 247 

for future development as a safe, effective, and environment friendly therapeutic  intervention for antimicrobial therapy. 248 

This work underscores the therapeutic and industrial potential of nanotechnology-based delivery of botanical actives for 249 

sustainable skin health solutions. the crude extract showed antimicrobial activity against C.albicans only while novasomes 250 

formulations BV1 was active against both bacteria and yeast. As for BV2, it was active against bacteria only So BV1 was 251 

selected for characterization.  252 

 253 

 254 

 255 

 256 

 257 

 258 

 259 

https://www.google.com/search?client=firefox-b-d&sca_esv=b4e332f294b324c3&cs=0&sxsrf=AE3TifNlRmxVwW1dubSPM_c1_4CLlihWmQ%3A1756297998367&q=folic+acid&sa=X&ved=2ahUKEwj4s7zy_6qPAxVf87sIHQbyNi4QxccNegQIBRAC&mstk=AUtExfAyKucAvp068FzNkAnj9A-03sNF5PNeVfzOpyzZR6Spb3mDC6EEiPyaVzkH1djuovg9IbSK-LVWWzgeCoCxVB8QgW6nHhkWimvip8IGC6sv5ZZNN39BGI8qZsVEns6n5ARUaa4PM2yMffmhq2mw8u91yUKqgyBBB-pycEKhcM1wlOk&csui=3
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Materials and Methods 260 

I. Phytochemical investigation 261 

Plant Material 262 

Fresh arial parts of Beta vulgaris subsp. cicla. were collected from local market, Giza, Egypt in January 2023. The 263 

identification of the plant material was confirmed by Ms. Therese Labib, Botanical specialist and consultant Orman 264 

Botanical Garden, a voucher specimen 265 

(M 275) was deposited at Pharmacognosy Dept., National Research Centre, Cairo, Egypt. The collected arial parts (3 Kg), 266 

was air dried, powdered and kept in tightly-closed containers. 267 

 268 

 1.2. Preparation of the extract 269 

The dried powdered arial parts of Beta vulgaris subsp. cicla have been extracted with ethanol then extracted with 270 

dicloromethane each extract concentrated by using rotary evaporator, dried and kept in well closed containers. 271 

 272 

Chemical evaluation of the dichloromethane fraction using GC/MS 273 

At the Department of Medicinal and Aromatic Plants Research, National Research Center  and under the subsequent 274 

conditions, the dichloromethane fraction was subjected to GC/MS analysis using a gas chromatography-mass spectrometry 275 

instrument presented: TG-WAX MS column (30 m x 0.25 mm i. d., 0.25 μm film thickness), coupled with an ISQ Single 276 

Quadrupole MS Spectrometer as detector, and a TRACE GC Ultra Gas Chromatographs (THERMO Scientific Corp., 277 

USA).  Helium was employed as a carrier gas with a flow rate of (1.0 mL/min) using the following temperature program: 278 

60 °C for 1 minute, followed by a rise of 4 °C/min to 300 °C and a 15-minute rest. Both the injector and the detector had a 279 

temperature of 280°C. At 70 eV, MS spectral measurements were collected using (EI). The analytical approach of mass 280 

spectra (genuine chemicals, Wiley spectral library collection, and NSIT library) was used to recognize the substances. 281 

 282 

LC-ESI-MS/MS  283 

Instrument 284 

The analysis of the sample was performed using liquid chromatography–electrospray ionization–tandem mass 285 

spectrometry (LC-ESI-MS/MS) with an ExionLC AC system for separation and SCIEX Triple Quad 5500+ MS/MS system 286 

equipped with an electrospray ionization (ESI) for detection in chromatography laboratory at Center of Scientific 287 

Excellence, National Research Center   288 

 289 

 290 

Method of LC-ESI-MS/MS in negative ionization modes: 291 

a Ascentis® Express 90 Å C18 Column (2.1×150 mm, 2.7 µm) was used for separation. Two eluents, A: 5 mM 292 

ammonium formate pH 8 (-ve) and B: acetonitrile (LC grade), made up the mobile phase. 5% B at 0-1 min, 5-100% B 293 

from 1-20 min, 100% B from 20-25 min, 5% at 25.01, and 5% from 25.01-30 min were the planned mobile phase 294 

gradients. The injection volume was 5 µl, and the flow rate was 0.3 ml/min. Negative ionization mode was used for 295 

MS/MS analysis using a scan (EMS-IDA-EPI) for MS1 between 100 and 1000 Da with the following parameters: 25 psi 296 

of curtain gas IonSpray voltage: -4500 (-ve); source temperature: 500°C; ion source gases 1 and 2 were between 50 and 297 

1000 Da for MS2 with a declustering potential of -80; collision energy: -35 (-ve). 298 

 299 

Isolation and identification of the major compounds  300 

The dichloromethane fraction was loaded on preparative TLC using benzene - ethyl acetate (8:2 v/v). spraying with 10% 301 

H2SO4. The colored bands were marked and gathered. Also, the ethanol extract was loaded on preparative TLC using 302 

Dichloromethane: methanol (9:1v/v). The plates were examined under the UV light at 254 nm and 365 nm The Rf values 303 

of the isolated compounds were determined. The structure elucidation of some the obtained compounds was confirmed by 304 

different spectral analyses (H1-NMR, C13-NMR and MS)  305 

 306 

Preparation of sodium hyaluronate coated novasomes: 307 

Oleic acid, span 60 (Sorbitan monostearate) and cholesterol were obtained from sigma Aldrich Co. USA, Sodium 308 

hyaluronate (molecular weight 90–100 kDa) was obtained from Shanghai Yuanye Bio-Technology Co., China.  Tego care 309 

450 (polyglyceryl-3 methyl glucose distearate) was donated from Goldschmidt (Now Evonik, Essen, Germany). 310 

Dichloromethane (HPLC grade) was supplied by Fisher Scientific, UK. 311 

With a few adjustments, the ethanol injection procedure was used to prepare extract-coated novasomes. To manufacture 312 

0.1% (w/w) extract-loaded novasomes, the extract was dissolved in dichrolomenthane and injected into a water phase that 313 

contained 10 milliliters of distilled water. Cholesterol (100 mg) and various ratios of surfactants (SAA) (Span 60 and 314 

tegocare 450) to oleic acid (FAA) were also added (2:1:1, 1:1:1; respectively). 0.5% sodium hyaluronate [42] was 315 

magnetically stirred until fully dissolved.  Following that, the produced novasomes were magnetically agitated at 1000 rpm 316 
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while the sodium hyalorunate solution was added.  To reduce variance, the containers were maintained consistent. For 317 

stability, the finished product was agitated for a further half hour. 318 

I. Biological investigation methods: 319 

Antimicrobial activity:    320 

Antimicrobial activity of Beta vulgaris extract (BV) and its novasomes formulations (BV1, BV2) were tested using agar 321 

well diffusion method against, Staphylococcus aureus ATCC 6538 as an example of Gram-positive bacteria, Escherichia 322 

coli ATCC 25922 as an example of Gram-negative bacteria and Candida albicans ATCC 10231 as yeast [43,44,45]. Tested 323 

microorganisms were obtained from American Type Culture Collection (Manassas, VA, USA) and maintained on Luria-324 

Bertani agar at 4°C. An inoculum of each organism was made and adjusted to 1.5 × 108 CFU/mL (0.5 McFarland standard) 325 

from which (100 µL) were spread on petri dishes containing (20 mL) nutrient agar in case of bacteria or potato dextrose 326 

agar in case of yeast [46] In each well (0.9 cm), (100 µL) of each sample concentration (100, 50, 25, 12.5 % in DMSO) 327 

were placed and incubated for 24 hrs at 37oC. DMSO (100 µL) was used as negative control while chloramphenicol and 328 

nystatin as positive control for bacteria and yeast successively.  At the end of incubation period, antimicrobial activity was 329 

determined by measuring zone of growth inhibition around the wells in cm [44]. 330 

 331 

Antioxidant activity 332 

DPPH radical scavenging ability, DPPH (2,2-diphenyl-1-picrylhydrazyl) assay was employed to test the antioxidant 333 

potential of different concentrations (100, 50 and 25 %) of crude extract (BV), novasome 1 (BV1) and 2(BV2) in DMSO 334 

according to [47] with some modifications. From each concentration, (100µL) was added to (900µL) of (0.1 mM) DPPH 335 

solution in methanol, mixed well and left in dark for 30 min at temperature 37oC. Percent of decolorization of DPPH was 336 

determined spectrophotometrically by measuring the reaction mixture absorbance at 517 nm and applying the following 337 

equation:    338 

% Scavenging activity = (DPPH absorbance-Reaction mixture absorbance/DPPH absorbance) x 100 339 

All the tests were performed in triplicate. Activity against DPPH free radical is represented as % inhibition ± SD. One 340 

formulation was selected based on the antimicrobial and antioxidant activities for further evaluations.  341 

II. Characterization of the selected formulation:  342 

Extract Content (%): 343 

One gram, of the extract vesicles was taken in order to determine the encapsulation efficiency (EE)%. Dimethyl sulphoxide 344 

(DMSO) was used to dissolve the vesicles finely, and they were then agitated for 24 hours using a magnetic stirrer [48]  345 

samples were withdrawn, filtered, diluted suitably and measured spectrophotometrically [49] for extract content at a 346 

wavelength of 745 nm. In summary, 1 milliliter was sampled, followed by the addition of 5 milliliters of diluted Folin 347 

Catechaeau Reagent (folin/water 1:9 v/v) and (4 mL) of 7.5% sodium carbonate (w/v). After a 24-hour dark incubation 348 

phase, the mixture was mixed with a vortex mixing and examined [50].The EE% was defined as the ratio of the quantity 349 

of extract entrapped in these generated vesicular systems to the initial extract added content of the formulation.    All 350 

experiments were performed in triplicates. Encapsulation efficiency (EE) % was calculated using the equation [51]: 351 EE% = quantity of extract entrappedTotal quantity of extract added X100 352 

Particle size, PDI and zeta potential measurements: Particle size, PDI, and zeta potential (ZP) were evaluated using 353 

photon correlation spectroscopy using the Malvern Zetasizer Nano ZS. The dispersion was doubly diluted with room 354 

temperature distilled water and then briefly sonicated in a bath before measurement. Before the sample was put in a quartz 355 

cuvette for room-temperature analysis, one milliliter of each vesicular system was appropriately diluted with up to ten 356 

milliliters of double-distilled water [52,53]. 357 

Transmission electron microscope: The morphological characteristics of the selected vesicular system were assessed in 358 

order to quantify structural aspects, such as size and shape homogeneity. The selected formulation was diluted with 1:10 359 

bi-distilled water just prior to the investigation. Each sample was placed on a carbon-coated grid with a mesh size of 300 360 

and left to air dry at room temperature. Before the film had completely cured, 1% phosphotungestic acid severely stained 361 

it. A TEM (JEOL, JEM-1230, Tokyo, Japan) operating at room temperature and 80 KV of acceleration was used to 362 

evaluate the film before micrographs were taken at the proper magnifications. 363 

FTIR: An FT-IR spectrophotometer (JASCO 6100, Tokyo, Japan) was used to perform spectral analyses of the extract 364 

and the selected lyophilized system in order to identify any potential interactions between the formulation components.  365 

Potassium bromide (KBr) and solid samples (the extract and the freeze-dried sample) were combined separately [40] and 366 

compressed for two minutes at 200 kg/cm2 pressure to create compact discs. All samples were scanned between 4000 and 367 

400 cm-1 Hz against a blank KBr pellet background [53]. 368 
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Figures 526 

 527 

Figure (1): Structures of isolated compounds from dichloromethane fraction and total ethanol extract from BV arial 528 

parts 529 
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 531 

 532 

 533 
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 536 
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 538 
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 541 

 542 
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 544 

 545 

 546 

Figure (2). Antimicrobial activity of different concntrations of BV and its nano-formulations. Data are presented 547 

as mean±SE, (n=3) 548 
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 551 

 552 

 553 

Figure (3): Graph representing the % inhibition of DPPH versus samples. Data are presented as mean±SE, (n = 3) 554 

 555 

 556 

Figure (4): TEM Image of the prepated hyaluronate coated novasomes 557 
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Figure (5): FTIR spectra of the crude extract and the selected prepared hyaluronate coated novasomes 562 
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