
1

Bioformulations of Sage-Aloe Vera-PVP 

and “smart” triiodides with 

antimicrobial properties

Zehra Edis1,2*, Samir Haj Bloukh2,3, and Hamed Abu Sara2,3

1 College of Pharmacy and Health Science, Department of Pharmaceutical Sciences, 
Ajman University, PO Box 346, Ajman, United Arab Emirates 
2 Center of Medical and Bio-allied Health Sciences Research, Ajman University, Ajman, 
United Arab Emirates
3 College of Pharmacy and Health Science, Department of Clinical Sciences, Ajman 
University, PO Box 346, Ajman, United Arab Emirates; s.bloukh@ajman.ac.ae; 
h.abusara@ajman.ac.ae

* Corresponding author: z.edis@ajman.ac.ae 

mailto:s.bloukh@ajman.ac.ae


Graphical Abstract

Bioformulations of Sage-Aloe Vera-PVP and “smart” triiodides with 
antimicrobial properties
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Abstract:
The worldwide Covid-19 pandemic highlighted the importance of developing new 
generation of sustainable, low-cost and easy accessible bio-antimicrobial agents. 
The worldwide confusion and pressure on the health care systems, overwhelmed 
healthcare workers, peaking mortality rates and suffering in emergency rooms 
traumatized the world population. Enforced isolation, standstill of all normal daily 
activities, the sudden lack of basic drugs and commodities even in industrial 
countries left scars in the human mind. There is an urgent need for remedies, 
known since centuries and available in every household as alternative 
bioantimicrobials against multidrug resistant ESKAPE pathogens. We prepared 
formulations of well known microbicides Aloe Vera Barbadensis Miller (AV), Salvia 
officinalis (Sage) and iodine (I2) and stabilized them with polyvinylpyrrolidone
(PVP). These biohybrids were tested against 10 pathogens on discs and polyglycolic
acid (PGA) surgical sutures by disc diffusion methods. Our bioformulations showed 
excellent to intermediate inhibitory action against our selection of microorganisms 
on discs and sutures. AV-PVP-Sage-I2 biocompounds can be used as low-cost, non-
toxic microbicides, disinfectants and agents to stop surgical site infections.
Keywords: Antimicrobial resistance; Aloe Vera; Sage; Iodine; biohybrids
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Introduction
New classes of antimicrobial agents based on natural plant
extracts offer valuable solutions due to their naturally
evolved synergistic mechanisms in the fight against
microorganisms.
Aloe Vera-biosynthesized composites within smart triiodides
may have potential for developing new generation antibiotics
and antimicrobials. These materials may disable microbial
defense mechanisms, which usually lead to resistance.

Our compounds are easily accessible, one-pot, bio-
synthesized biopolymers
with iodine.
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Introduction
Medicinal/herbal plants are sources of phenolic acids,

polyphenols, flavonoids, terpenoids and further

phytochemicals.

Phytochemicals can reduce biofilm formation inhibit quorum

sensing, prevent bacterial attachment on mucosal surfaces, cell

surface hydrophobicity and glycolytic enzymes.

Aloe Vera and Sage contain many phytochemicals and therefore

are excellent alternatives for drug development.

The antimicrobial activity of plant constituents is ruled by

morphology and structure of the target pathogens.

This finding is in agreement with our previous investigations on

complexes of “smart” triiodides, which were produced with the

addition of molecular iodine (I2).
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Results and discussion
In this work, we encapsulated freshly extracted AV gel with 
polyvinylpyrrolidone (PVP) and incorporated iodine (I2), as well 
as Salvia officinalis L. (Sage) into the polymer matrix.

• AV-PVP-Sage-I2 formulations and their dip-coated PGA 

sutures were tested against 10 reference strains of 

microorganisms

• compared to the antibiotics gentamycin and nystatin

• by zone inhibition with disc-diffusion methods. 
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Results and discussion

We impregnated 

multifilamented, sterile 
PGA (polyglycolic acid) 
sutures into 50 mL of AV-
PVP-Sage-I2 solution with 
a concentration of 

11 µg/mL 

at 25 °C and for 18 h 

dried them for 24 h under 
ambient conditions. 

We soaked 

2 mL of AV-PVP-Sage-I2 with 
concentrations of 

11 µg/mL, 

5.5 µg/mL, 

2.75, and 

1.38 µg/mL 

on sterile filter paper discs for 
18 h and dried them for 24 h 
under ambient conditions.
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Results and discussion
Strain Antibiotic A 1 + 2 + 3 + S

S. pneumoniae ATCC 49619 G 18 14 11 10 3

S. aureus ATCC 25923 G 28 20 15 14 5

S. pyogenes ATCC 19615 G 25 14 12 10 2

E. faecalis ATCC 29212 G 25 15 12 10 2

B. subtilis WDCM 00003 G 21 13 12 11 3

P. mirabilis ATCC 29906 G 30 0 0 0 0

P. aeruginosa WDCM 00026 G 23 0 0 0 0

E. coli WDCM 00013 G 23 11 0 0 1

K. pneumoniae WDCM 00097 G 30 13 9 0 2

C. albicans WDCM 00054 NY 16 52 41 19 * 15

+ Disc diffusion studies (6 mm disc impregnated with 2 mL of 11 µg/mL (1), 2 mL of 5.5 µg/mL (2) and 2 
mL of 2.75 µg/mL (3) of AV-PVP-Sage-I2. A = G Gentamicin (30 µg/disc). NY (Nystatin) (100 IU). S suture 
and M mask tissue dip-coated with 2 mL of 17 µg/mL AV-PVP-Sage-I2. Grey shaded area represents Gram-
negative bacteria. 0 = Resistant. * Further dilution to 1.38 µg/mL yielded ZOI = 10 mm. No statistically 
significant differences (p > 0.05) between row-based values through Pearson correlation.
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Results and discussion

• AV-PVP-Sage-I2 formulations showed excellent to 

intermediate antimicrobial activity in discs and sutures. 

• The iodine within the polymeric biomaterial AV-PVP-Sage-I2

and the synergistic action of the two plant extracts enhanced 

the microbial inhibition. 
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Conclusions

• AV-PVP-Sage-I2 formulations have strong potential for use as 

an antifungal agent against C. albicans

• disinfectant especially against Gram-positive bacteria 

• coating material on sutures to prevent surgical site infections.

• Smart bio-antimicrobials are interesting alternatives as 

sustainable basic disinfectants and coating materials. Such 

biomaterials may serve the public during health care system 

failures.

•
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Conclusions
Smart materials based on synergistic antimicrobial action are 
interesting alternatives against resistant microorganisms.

We proved, that our compounds have strong antifungal as well 
as antibacterial activity against Gram-positive pathogens.

We confirmed the composition of AV-PVP-Sage-I2 by UV-Vis, FT-
IR, Raman, XRD and microstructural analysis by SEM/EDS. 

Important factors are stability and long-term effectiveness of 

the new compounds. The controlled, slow release of free 

Iodine, as well as iodide ions, enhance the antimicrobial activity. 
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Conclusions

Plant Polyphenols incorporated into polymer or complex 
matrices have been tested as antimicrobial agents in several 
studies. These hybrids enhance the antimicrobial activity on 
microorganisms.

Our compounds are easily accessible, one-pot, bio-synthesized 
biopolymers with iodine. 

Our hybrids can be used to coat sutures to prevent the 
development of Surgical Site Infections (SSI).
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