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Abstract 

This study investigated the potential of artichoke (Cynara scolymus L.) processing waste as a natural 

biological resource for pharmaceutical and cosmetic applications. For this purpose, acetone extracts 

were obtained from artichoke waste under hot (AWAC-H) and cold (AWAC-C) conditions. The 

antimicrobial activities of the extracts were examined against Staphylococcus aureus, Escherichia coli, 

Pseudomonas aeruginosa and methicillin-resistant Staphylococcus aureus (MRSA). According to the 

disc diffusion test results, the inhibition zone diameters for the AWAC-H extract were determined to be 

in the range of 7.57–12.32 mm, and for the AWAC-C extract, in the range of 9.45–11.64 mm. The 

minimum inhibitory concentration (MIC) values of the extracts were found to be between 12.5–50 

mg/mL, and the minimum bactericidal concentration (MBC) values were between 25–100 mg/mL. The 

study also evaluated the sun-protective properties of the extracts. Spectrophotometric analyses revealed 

sun protection factor (SPF) values of 18.81 for AWAC-H and 25.67 for AWAC-C. Furthermore, the SPF 

and antimicrobial properties of cream formulations prepared using artichoke extracts and the probiotic 

bacterium Lactobacillus fermentum MA-7 were investigated. The highest SPF value with 24.99 was 

obtained in the cream formulation containing AWAC-H extract and probiotic. Based on antimicrobial 

activity test results, higher inhibitory activity was observed in both the extract and probiotic-containing 

cream groups. The results indicate that the acetone extracts from artichoke processing waste may be 

evaluated as natural ingredients in pharmaceutical and cosmetic formulations. 
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Introduction 

Artichoke (Cynara scolymus) is native to the Mediterranean region and is widely used as a food 

source and as a medicine in traditional medicine [1]. The United Nations Food and Agriculture 

Organization (FAO) stated that 1.516.955 tons of artichokes were produced worldwide in 2020 [2]. 

Artichokes are a valuable food source thanks to their significant health benefits, but their production, 

harvesting, and processing generate a substantial amount of waste, leading to sustainability issues [3].  

Crop waste, such as leaves, husks and roots, constitutes a notable amount of organic waste, estimated 

to be between 2.800 and 3.800 million tons annually [4]. Food processing waste management is 

becoming a very serious environmental problem today [5]. Agricultural waste of plant origin has 

significant potential as a biological resource due to the secondary metabolites it contains, namely 

phenolic compounds, flavonoids and phenolic acids [6.7]. The waste generated during processing can 

make up to 60% more than the edible portion of the artichoke. This waste is rich in secondary 

metabolites, therefore evaluating its ecological and economic aspects is important [8]. If the waste is 

not decomposed or reused, it can cause significant soil and water pollution [9]. These secondary 

metabolites are attracting considerable interest in cosmetic, pharmaceutical, and biomedical 

applications due to their antimicrobial and antioxidant effects [10]. Due to these characteristics, plant 

waste is not only a potential environmental problem, but also a sustainable and low-cost resource 

[11]. Therefore, artichokes are a noteworthy agricultural product due to both the quantity produced 

and the large-scale plant waste generated during processing [12]. 

Ultraviolet (UV) radiation causes oxidative stress in the skin and is a significant environmental factor 

that can lead to biochemical damage such as photoaging [13]. UV-B rays, particularly those in the 

290-320 nm range, cause oxidative damage and DNA mutations in the epidermis, triggering various 

dermatological problems [14]. However, prolonged exposure to UV-B rays from the sun can be 

harmful because it can damage DNA, cause sunburns, and significantly increase the risk of skin 

cancer [15,16]. Additionally, UV-B can weaken the immune system and cause premature aging [17]. 

Therefore, using topical sunscreens against UV-B rays from the sun protects the skin from photoaging 

and sunburn, and reduces the possibility of skin cancer [18]. Although synthetic sun filters containing 

chemicals have been used for many years, they have disadvantages such as loss of photostability, 

allergenic potential, and environmental toxicity [14]. This situation has necessitated the development 

of organic and natural sunscreen components. Plant extracts are rich in polyphenols, flavonoids, and 

tannins, and can provide both chemical and biological protection thanks to their absorbance harmful 

UV rays and neutralize free radicals [19]. Artichokes contain secondary metabolites such as 

flavonoids, anthocyanins, pectin, inulin, and vitamins; these components have beneficial effects on 
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various diseases [20]. These secondary metabolites exhibit anti-inflammatory, antimicrobial, 

antioxidant, and anticarcinogenic properties, as well as photoprotective effects [21-23]. The skin 

protects the body from external factors and harbors a complex microflora consisting of numerous 

microorganisms on its surface [24]. When this microflora balance is disrupted, pathogenic 

microorganisms such as E. coli, S. aureus, Candida species and P. aeruginosa can cause infections 

[25]. The concerns about the side effects of skincare products have made the exploration of new, 

natural, chemical-free treatment approaches an urgent need [26]. Various studies have shown that 

probiotics and their metabolites have a significant effect in the treatment of skin disorders. Therefore, 

probiotics are a suitable natural option for strengthening the skin microflora [27]. 

The potential of the extract from the artichoke processing wastes (outer leaves, bracts, and stems) as 

a natural bioactive compound was aimed to determine in the pharmaceutical and cosmetic areas. 

Therefore, the antimicrobial potential of the acetone extract (AWAC) from artichoke by-products 

against various test bacteria was investigated. The sun protection factor (SPF) values of probiotic 

cream blends containing AWAC-H and AWAC-C have been tested to determine their potential as 

cheaper and safer alternatives to dangerous chemical substances in sunscreens. The antimicrobial 

potential of creams containing AWAC and probiotic blends was tested against test bacteria for 

pharmaceutical purposes. 

Materials and methods 

Plant Material 

Artichoke waste fractions were sourced from a local market in Adana (Türkiye) in July 2025. The 

plant material consists of outer leaflets, outer leaves, and other inedible parts such as stems unsuitable 

for consumption. 

Preparation of Extract from Artichoke Waste Products 

Artichoke waste was washed with distilled water. After drying at room temperature, the artichoke 

waste was powdered and stored in brown glass bottles in a dry and dark environment until extraction. 

Two different extraction methods at cold and hot conditions were applied using the dried plant 

material. Cold acetone extraction was carried out for two days; during this process, the samples were 

subjected to ultrasonic treatment for 10 minutes and kept at 4°C. The hot acetone extraction method 

was applied for two days, with extraction in a hot water bath for 6 hours a day. Acetone was used as 

a solvent in both methods. After the extraction processes, the solvent was evaporated. The acetone 

artichoke extracts obtained by the cold extraction method was named AWAC-C, and the acetone 

artichoke extract obtained by the hot extraction method was named AWAC-H. After dissolution with 
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dimethyl sulfoxide (DMSO), the extracts were sterilized using membrane filters (0.45 µm) and then 

kept at 4°C. 

Determination of Antimicrobial Activity 

Test microorganisms 

In the studies, active cultures of E. coli, MRSA, S. aureus, and P. aeruginosa were grown at 37°C in 

Nutrient Broth (NB) and agar media. Additionally, L. fermentum, as a probiotic, was cultured at 37°C 

in Man-Rugose-Sharpe (MRS) medium. Before use in the experiments, the test bacteria were 

standardized to a 0.5 McFarland standard. 

Disc diffusion method 

The extracts were evaluated for their antibacterial activity against test microorganisms using the disc 

diffusion method [35]. Briefly, the extracts were dropped onto sterile disc placed on agar medium 

inoculated with test bacteria. After incubation, the inhibition zone was measured using a caliper. 

Microdilution method 

Minimum inhibitory concentrations (MIC) and minimum bactericidal concentrations (MBC) of the 

extracts was tested using the two-fold microbroth dilution method [36]. Briefly, the extracts were 

prepared in serial concentrations (100–6.25 mg/mL) using liquid culture medium. The bacterial 

inoculum was added serially to tubes. After incubation, the extract concentration at which no visible 

microbial growth was recorded as the MIC. Then, the samples were dropped onto appropriate agar 

media. After incubation, the concentrations at which no microbial growth on the agar medium were 

recorded as the MBC value. 

Determination of Sun Protection Factor (SPF) 

The sun-protective effect of the extract was determined by spectrophotometric method [37]. After 

dilution with ethanol, the absorbance was obtained by spectrophotometer. The measured values were 

evaluated in SPF calculation using Mansur equation [34].In addition, the sun-protective effect of 

artichoke extracts was also analyzed by formulating them together with a probiotic and a commercial 

cream. SPF values were determined by dissolving the prepared sunscreen formulations at 

concentrations of 2.5-10.0 mL. The absorbance values of the prepared samples were measured, and 

the SPF values were calculated using the Mansur equation [34]. 

Determination of Antimicrobial Activity of the Developed Cream Formulations 
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Antimicrobial cream groups developed with AWAC and/or L. fermentum were prepared in a 

commercial cream using methods developed by Handali et al., [39] and Chen et al., [40] with some 

modifications [41,42]. The antimicrobial activities of the developed cream groups were tested on 

microorganisms using the well diffusion method. The cream formulations were placed in 6 mm 

diameter wells with a volume of 100 µL on agar medium inoculated with bacteria [43]. The Petri 

dishes were incubated at appropriate temperatures. The inhibition zone was measured using a caliper. 

Statistical Analysis 

The mean and standard deviation (SD) of three separate measurements are given. Analysis of variance 

was performed using GNU SPSS software. Three-Way analysis of variance (ANOVA) was used to 

obtain significant differences. Significant differences between means were analyzed using Tukey's 

post-hoc test. A p-value < 0.0001 was considered statistically significant. 

Results 

Antimicrobial Activity 

The acetone extracts (AWAC-H and AWAC-C) from artichoke processing waste produced inhibitory 

activity on all tested microorganisms (Table 1). The inhibition zones formed by the AWAC-H extract 

ranged from 7.57 mm (MRSA) to 12.32 mm (S. aureus). The inhibition zones of the AWAC-C extract 

were determined to be between 9.45 mm (E. coli) and 11.64 mm (S. aureus). The disc diffusion test 

results show that the acetone extracts obtained from artichoke waste can inhibit both Gram (+) and 

Gram (–) bacteria. Statistical analysis based on letter grouping revealed that the inhibition zone 

diameters differed significantly both among the tested microorganisms and between the extracts 

(*p<0.0001). Overall, the AWAC-H extract showed higher inhibition activity on some tested 

microorganisms. 

Table 1.  The results of disc diffusion method 

Microorganisms 
Zone Diameter of Inhibition (mm±SD) 

AWAC-H AWAC-C P AM 

E.coli O157:H7 10.11±0.55a1 9.45±0.39a1 17.8±0.11a2 19.72±1.18a3 

P. aeruginosa ATCC 

27853 

9.55±0.54ab1 10.21±0.80a1 18.44±0.37a2 23.65±1.13b3 

S. aureus ATCC 

25923 

12.32±0.66c1 11.64±1.36a2 21.41±0.53b3 23.85±0.76b4 

MRSA ATCC 43300 7.57±1.33b1 9.92±0.23a1 8.59±0.34c1 0±0c2 
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Column Factor values are lettered and Row Factor values are numbered to express statistical 

significance (p<0.0001, Three-Way ANOVA). For artichoke extracts, F(3,16) = 6.673 (rows) and 

F(3,16) = 12.70 (columns) 

b AWAC-H: Artichoke hot acetone extracts, AWAC-C: Artichoke cold acetone extracts 

c  P: Penicillin (10 µg/disc), AM: Ampicillin (10 µg/disc) 

The MIC and MBC values of the extracts against the tested microorganisms were found to be between 

12.5-50 mg/mL and 25-100 mg/mL, respectively (Table 2). 

Table 2.  Micro-dilution test results of the artichoke extracts  

Microorganisms 
AWAC-H (mg/mL) AWAC-C (mg/mL) 

MIC MBC MIC  MBC 

E. coli O157:H7 25 50 50 100 

P. aeraginosa ATCC 

27853 

12.5 25 25 100 

S.aureus ATCC 25923 12.5 25 25 50 

MRSA ATCC 43300 12.5 25 25 25 
a AWAC-H: Artichoke hot acetone extracts, AWAC-C: Artichoke cold acetone extracts 

 

The Sun Protection Activity 

The sun protection factor (SPF) of AWAC-H and AWAC-C extracts was determined in vitro using a 

spectrophotometric method. According to the results obtained, the SPF of the AWAC-C extract was 

obtained as 25.67, and the SPF value of the AWAC-H extract was determined as 18.81 (Figure 1). 
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Figure 1. SPF values of the artichoke extracts 

a AWAC-H: Artichoke hot acetone extracts, AWAC-C: Artichoke cold acetone extracts 
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At a concentration of 10 mL, the SPF values were determined as 23.96 in cream formulations 

containing AWAC-H extract (CE) and 24.99 in cream formulations containing AWAC-H + Probiotic 

(CEP), respectively. The SPF values were determined as 6.96 in cream formulations containing 

AWAC-C extract (CE) and 19.39 in cream formulations containing AWAC-H + Probiotic (CEP). 

SPF values were found to be quite low in the control cream group (C) (0.36-0.81-4.7) but showed a 

limited increase in the probiotic-containing cream formulations (CP) (0.69-1.36-7.34) (Figure 2). 

Higher SPF values were obtained in cream formulations where both extract and probiotic were used 

together. Specifically, the formulation containing AWAC-H extract and probiotics was found to 

achieve an SPF value of 24.99. These results indicate that the addition of artichoke extracts to the 

cream base enhances the photoprotective activities of the formulation. Statistical analyses revealed 

significant differences in SPF values among the cream formulations (****p < 0.0001). Furthermore, 

the formulations containing extracts showed significantly higher SPF values compared to the control 

group (****p < 0.0001). 
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Figure 2. SPF values of cream formulations containing artichoke acetone extracts and probiotic 

bacteria at different volumes (2.5, 5 and 10 mL).  

a C: control cream, CP: cream + probiotic, CE: cream + extract, CEP: cream + extract + probiotic. 

Antimicrobial activity of the developed cream formulations 

The antimicrobial activities of the developed cream prepared using the artichoke acetone extracts and 

the probiotic bacterium L. fermentum were investigated on test microorganisms. The cream group 

(C), which did not contain extract or probiotics, showed no inhibition on E. coli, but exhibited low 

inhibition zones compared to other test groups. The cream containing only probiotic bacteria (CP) 

showed low antimicrobial activity on E.coli and MRSA. The cream formulations containing artichoke 

acetone extract (CE) produced higher inhibition zones compared to the control and probiotic groups. 

However, the cream formulations containing both artichoke extract and probiotic bacteria (CEP) 

showed higher antibacterial effect against all tested bacteria. In the cream containing hot acetone 

extract (AWAC-H), the highest two inhibition zones were determined to be 22.53 mm on S. aureus 
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and 21.37 mm on E. coli. In the cream containing cold acetone extract (AWAC-C), the highest 

inhibition zone from CEP group was measured as 24.38 mm on S. aureus (Tables 3). Overall, the 

cream formulations containing both extract and probiotic showed a broader spectrum of antimicrobial 

activity. 

Microorganisms 

AWAC Inhibition Zone Diameter (mm±SD) 

C CP 
CE CEP 

AWAC-H AWAC-C AWAC-H AWAC-C 

E.coli O157:H7 0a1 
8.54±1.5

2a2 

10.12±0.82a

2 

11.68±0,9

5a3 

21.37±1.26a

3 

17.72±0.9

4a4 

P.aeraginosa 

ATCC 27853 

5.10±1.0
b1 

11.64±1.

21b2 

15.19±1.09b

3 

15.28±0,7

7b3 

18.22±1.83b

4 

19.11±1.7

0ab4 

S. aureus ATCC 

25923 

7.32±1.0

3bc1 

16.10±1.

62c2 

14.44±0.78c

2 

11.62±1.2

3ac3 

22.53±2.08a

c3 

24.38±1.0

9c4 

MRSA ATCC 

43300 

3.58±0.4

2bd1 

5.5±0.52
d12 

12.85±2.33a

d2 

11.82±1.0

4ac3 

20.35±0.20a

bcd3 

20.89±0.3

2bd4 
a Column factor values are lettered and row factor values are numbered to express statistical 

significance (p < 0.0001, Three-Way ANOVA). For cream formulations containing artichoke 

extracts, AWAC-H, F (3.16)= 12.70, for AWAC-C, F (13.16)= 6.673 

b AWAC-H: Artichoke hot acetone extract and AWAC-C: Artichoke cold acetone extract. 

c C: control cream, CP: cream + probiotic, CE: cream + extract, CEP: cream + extract + probiotic. 

Discussion 

In this study, the antimicrobial activity of artichoke waste extracts was determined on test 

microorganisms as a first step. The hot acetone extract (AWAC-H) generally produced larger 

inhibition zone diameters compared to the cold acetone extract (AWAC-C). This suggests that 

extraction conditions may affect the biological activity of the extracts (Table 1). Zhu et al., [28] 

reported that the artichoke leaf extracts formed good inhibition zones against E. coli, P. aeruginosa 

and S. aureus. Their study emphasized that the observed antimicrobial activity was related to the 

phenolic compound content of the extracts. 

Artichokes and their waste products have been reported in previous studies to be rich in flavonoids, 

phenolic compounds, and these compounds may contribute to antimicrobial activity [20,21]. Phenolic 

substances present antimicrobial effects against microorganisms using some mechanisms such as 

altering cell membrane permeability, suppressing enzymatic activities, and influencing cellular 

metabolic processes [10]. Therefore, it is thought that the antimicrobial activity observed in AWAC-

H and AWAC-C extracts may be related to the phenolic compounds found in artichoke by-products. 
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Results obtained using the microdilution method showed that the acetone extracts from artichoke 

waste showed various MIC and MBC values on the tested microorganisms (Table 2). The lower MIC 

values indicate that the extracts can suppress microorganism growth at lower concentrations. A study 

determined that Ramalina fastigiata has an MIC value of 312 μg/mL against the S. epidermidis strain 

and 156 μg/mL against the E. coli strain [29]. It is thought that the MIC and MBC values determined 

in AWAC-H and AWAC-C extracts in this study may be related to the biological activity of phenolic 

compounds found in artichoke waste. 

Findings obtained from disc diffusion and microdilution methods indicated that the artichoke acetone 

extracts have an inhibitory effect on both Gram + and Gram − bacteria. Based on the results, AWAC-

H and AWAC-C extracts have potential in terms of naturally derived antimicrobial compounds and 

can be evaluated in cosmetic and pharmaceutical applications. 

It is known that prolonged exposure to sunlight can lead to various dermatological problems such as 

skin aging, photodermatosis, and skin cancer [16]. Therefore, plant extracts containing natural 

compounds that can absorb UV rays have become an important research area in the development of 

sun protection products [19]. The photoprotective effects of plant extracts are generally associated 

with the UV absorption properties of some compounds such as flavonoids, phenolic acids, and 

polyphenols [30]. Artichoke plants are reported to be rich in chlorogenic acid, dicaffeoylquinic acid 

derivatives, and flavonoids [31,32]. Therefore, it is thought that the UV absorption capacity of 

artichoke extracts may have an effect on the obtained SPF values. 

In terms of UV-B protection, an SPF of 15 provides approximately 93.3% protection, while an SPF 

of 30 provides approximately 96.7% protection [33]. These results show that the extraction method 

may affect the photoprotective properties of the extracts. There is a direct relationship between SPF 

value and UV-B protection, and increasing the SPF value also increases the level of protection against 

UV-B rays [34]. In this context, the SPF value determined in the AWAC-C extract in particular 

suggests that the acetone extracts obtained from artichoke waste could be an alternative to synthetic 

UV filters and provide sun protection. 

The findings indicate that the acetone artichoke extracts can contribute to the UV-B absorption 

capacity of cream formulations. A significant increase in SPF values was obtained when the extracts 

were added to the cream base, and this effect was further enhanced in some formulations when used 

in combination with probiotic bacteria. The higher SPF values obtained, particularly in the cream 

groups containing both extract and probiotic, suggest that these components may contribute to the 

photoprotective properties of the formulation. These results indicate that the cream formulations using 
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extracts from artichoke waste and probiotic bacteria together may be evaluated for the development 

of natural sun protection products. 

Several studies have reported that artichoke plants are rich in phenolic compounds, and that these 

compounds can contribute to antimicrobial activity [20,21]. It is known that plant-derived extracts 

can exert inhibitory effects on microorganisms through mechanisms such as disrupting cell membrane 

integrity, affecting enzymatic activities, and suppressing metabolic processes [10]. Therefore, the use 

of plant extracts in different formulation systems has become a noteworthy research topic in recent 

years in the pharmaceutical and cosmetic areas. 

The use of plant extracts in various carrier systems or formulations is important both for increasing 

antimicrobial efficacy and improving the functional properties of the products. The results obtained 

in this study show that the acetone extracts and probiotic bacteria obtained from artichoke waste can 

exert inhibitory effects on the tested pathogenic microorganisms when used in cream formulations. 

This suggests that artichoke waste may be a valuable resource in terms of naturally occurring 

antimicrobial compounds. 

Conclusions 

The AWAC-H and AWAC-C extracts exhibited good antimicrobial activity against E. coli, P. 

aeruginosa, S. aureus, and MRSA. The fact that the AWAC-C extract showed a higher SPF value 

than the AWAC-H extract suggests that the difference in extraction method may affect the bioactive 

compounds. This suggests that the extracts obtained from artichoke waste may be a natural source 

contributing to the absorption of UV-B rays. Also, higher inhibition zones were obtained in the cream 

groups containing the extract and the probiotic strain. This indicates that the combined use of plant 

extract and probiotic bacteria can enhance the antimicrobial effect. In conclusion, AWAC-H and 

AWAC-C extracts obtained from artichoke waste were found to possess antimicrobial and 

photoprotective properties. Furthermore, the use of these extracts in the cream formulations 

containing probiotic strain shows that they may be potential candidates for the development of natural 

pharmaceutical and cosmetic products. This study demonstrates that the artichoke waste may be use 

as a source of biologically valuable substances in pharmaceutical and cosmetic, as well as offering a 

solution to environmental problems caused by waste accumulation. 

Supplementary Materials: The following are available online at www.revistabionatura.com/xxx/s1, 

Figure S1: title, Table S1: title, Video S1: title. 
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