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Abstract. This study aimed to investigate the effect of Moroccan saffron (Crocus sativus) floral by-pro-
ducts on the causal agent of bacterial canker of tomato caused by Clavibacter Michiganesis subsp Michi�
ganesis (CMM). This work intends to replace chemical treatment methods with ecological, safe, and less 
expensive methods using extracts of saffron by-products. The phytochemical screening and the antioxidant 
activity of saffron by-products were studied. Moreover, the antibacterial activity of ethanolic extracts of 
saffron by-products was determined using the agar well diffusion method. The minimum inhibitory concen-
trations (MIC) of the saffron by-product extracts were determined by the dilution method using 96-well 
microplates. The results showed that the ethanolic extracts of saffron by-products constitute a significant 
source of bioactive molecules endowed with antioxidant activity. Further, all the tested saffron extracts inhi-
bited the bacterial growth of (CMM) with an inhibition zone diameter ranging from 3 to 31 mm. Thus, this 
study aimed to valorize the saffron by-products generated after the harvest of the stigmas, in the biological 
treatment of tomato diseases.

Keywords: Saffron by-products, biopesticide, tomato, bacterial canker, Clavibacter michiganensis subsp 
michiganensis

ــل  ــى العام ــي )Crocus sativus( عل ــران المغرب ــرة الزعف ــة لزه ــر المنتجــات الثانوي ــى دراســة تأثي ــذه الدراســة إل ــدف ه الخلاـصـة: ته
 )Clavibacter michiganesis subsp michiganesis (CMM ــا ــن بكتيري ــبب ع ــم المس ــى الطماط ــري عل ــرح البكتي ــبب للتق المس
.يهــدف هــذا العمــل إلــى اســتبدال طــرق المعالجــة الكيميائيــة بطــرق بيئيــة وآمنــة وأقــل تكلفــة باســتخدام مســتخلصات منتجــات الزعفــران 
الثانويــة. تمــت دراســة الفحــص الكيميائــي النباتــي والنشــاط المضــاد للأكســدة لمنتجــات الزعفــران الثانويــة. علاوة علــى ذلــك، تــم تحديــد 
ــزات المانعــة  ــد التركي ــم تحدي ــة انتشــار الآجــار. ت ــة باســتخدام طريق ــران الثانوي ــا للمســتخلصات لمنتجــات الزعف النشــاط المضــاد للبكتيري
الدنيــا )MIC( لمســتخلصات منتجــات الزعفــران الثانويــة بواســطة طريقــة التخفيــف. أظهــرت النتائــج أن مســتخلصات منتجــات الزعفــران 
ــع  ــك، أدت جمي ــى ذل ــم. علاوة عل ــدة مه ــاط مضــاد للأكس ــع بنش ــي تتمت ــا والت ــات النشــطة بيولوجي ــا للجزيئ ــكل مصــدرا هام ــة تش الثانوي
مســتخلصات الزعفــران المختبــرة إلــى منــع النمــو البكتيــري لـــ )CMM( حيــث تــراوح قطــر منطقــة المنــع مــن ٣ إلــى١ ٣ ملمتــر. تهــدف 

ـهـذه الدراـسـة إـلـى تثمـيـن منتـجـات الزعـفـران الثانوـيـة الناتـجـة بـعـد حـصـاد الوصـمـات ـفـي المعالـجـة البيولوجـيـة لأـمـراض الطماـطـم
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Introduction

Pesticides used in a growing area are 
intended to prevent potential crop losses 
and poor products. Nevertheless, chemical 

pesticides are destructive to the environment, 
affecting the surface and groundwater quality 
soil health, and reducing aquatic and terrestrial 
species (Rani et al., 2021). However, naturally 
occurring pesticides are less toxic and safer 
than chemical pesticides due to their high 
biodegradability (Agboola et al., 2022). Several 
natural substances have been used for the 
production of bio-pesticides including plants, 
microbes, and nanoparticles (Ayilara et al., 
2023). Due to their varying levels of secondary 
metabolites, plant extracts, and their essential 
oils have been widely used as biopesticides for 
controlling various agricultural crop diseases 
(Khursheed et al., 2022).  

	 Morocco is listed among the top 15 to-
mato-producing countries in Africa (Isaac Kojo 
Arah et al., 2015). In 2019, tomato production 
in Africa was estimated at 6731.22 million tons 
(Ofori et al., 2022). However, the tomato crop is 
frequently affected by several diseases that are 
caused by various kinds of microorganisms (Cho-
han et al., 2017). The most destructive diseases 
in tomato production is the bacterial canker of 
tomatoes caused by Clavibacter michiganensis 
subsp. michiganensis (CMM) (Peritore-Galve et 
al., 2021). The phytopathogenic agent is sympto-
matic on the leaves (wilting), on the fruit (spots) 
and stem (canker) (Gartemann et al., 2003). 
However, the use of chemical pesticide in toma-
to cultivation appears to be dangerous for users. 
Several health risks are due to pesticide expo-
sure, such as headaches, skin burns, dizziness, 
itching, muscle and abdominal pain (Hernán-
dez and Aguilar, 2023). Furthermore, scientific 
research focuses on using various biological 
sources, such as microorganisms, that present an 
effective option for the control of plant diseases 
avoiding thereby health and environmental risks 
(Anusha et al., 2019). Besides, nanoparticles had 
been used as biopesticides against plant pathoge-
nic bacteria. Copper, silver, selenium and other 

metallic nanoparticles have been investigated 
against CMM ( Perfileva et al., 2018; Cumpli-
do-Nájera et al., 2019; Vera‐Reyes et al., 2019). 
Furthermore,  plant extracts and plant essential 
oils have been extensively studied. (Amkraz et 
al., 2014) investigated the impact of aqueous 
extracts of several plant species harvested from 
the Souss-Massa Draa region in Morocco, on the 
bacterial agent CMM. The antibacterial potential 
and the content of secondary metabolites in the 
different plants tested had been positively corre-
lated. 

	 Crocus sativus, also known as saffron, 
is one of the traditional medicinal and aromatic 
plants known for its antioxidant and antidepres-
sant properties (Mzabri et al., 2019). The main 
area of saffron cultivation in Morocco is located 
in the Taliouine and Taznakht regions. Taliouine 
region, that is belong to the province of Tarou-
dant in the Souss Massa region, is characterized 
by a continental climate with an annual average 
rainfall of 119.5 mm and a temperature with an 
annual average of 14.7°C (Dubois, 2010). Seve-
ral communities which produce much more saf-
fron in Taliouine regions are illustrated in Figure 
1. However, the pruning operation of saffron 
stigmas produces an important quantity of floral 
residues such as petals, stamens and leaves (Du-
bois, 2010). However, these by-products contain 
various chemical compounds such as phenols, 
flavonoids, anthocyanins, etc. (Jadouali et al., 
2018). Furthermore, saffron by-products have 
excellent antimicrobial activity against diffe-
rent bacteria and fungi including foodborne pa-
thogens (Kakouri et al., 2017; Zara et al., 2021). 

	 In this regard, the present study aimed to 
assess the effect of Moroccan saffron (Crocus 
sativus) floral by-products on the causal agent of 
bacterial canker of tomato (CMM). Herein, we 
analyzed the chemical profile of ethanolic ex-
tracts of saffron by-products namely, phenolic, 
flavonoids, and anthocyanins content. Moreover, 
we tested, for the first time, the antimicrobial ac-
tivities of saffron by-product extracts against the 
tomato bacterial canker caused by CMM.
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Materials and Methods 

Plant Materials Collection

Saffron by-products were collected during the 
period of saffron harvest, (November 2022) in 
the Askaouen farmers in the Taliouine region, 
Province of Taroudant, Morocco. The pruned 
flowers of saffron have been separated manual-
ly in the laboratory. Saffron floral parts (petals, 
stamens, and pruned flowers) were dried in an 
oven at 30°C for 3 h. Then, the samples were 
crushed and placed in clean glass bottles and se-
parated as petals, stamens and pruned flowers as 
indicated in Figure 1A.

﻿Plant Extracts Preparation

Hot extraction was performed using a soxhlet 
system. In Brief, 10 g of each part (petal, stamens 

Figure 1. Saffron by-products preparation (a), and extraction apparatus (b) 

  Pruned Flowers  Petals Stamens Soxhlet apparatus 

Saffron by-products 

B A 

and pruned flower) were placed in the cellulose 
cartridge, then 200 ml ethanol was filled into a 
flask and heated to boiling using a heating mant-
le. Soxhlet apparatus is illustrated in the Figure 
1B. Then, the ethanolic extracts were centri-
fuged twice at 2000 rpm for 10 min to remove 
any form of impurities. The solvent has been re-
moved under vacuum. The concentrated ethano-
lic extracts were stored at 4°C and subsequently 
screened for phytochemical substances.

Phytochemical Screening of Saffron by-pro-
duct Extracts

Total Phenolic Content (TPC): Polyphenols 
content in saffron by-products (petals, stamens 
and pruned flowers) was determined  using Folin 
Ciocalteu method (Tajik et al., 2019). Extracts 
were mixed with the Folin-Ciocalteu (10%; v/v) 



Research Paper 90

Zineb, Rachid, Mohamed, Hajar, Abdelghani, Youssef, Redouan, Agnes, Reine

reagent and sodium carbonate (Na2CO3) solu�
tion (7.5%). After 2 h in the dark, the absorbance 
of each sample was measured by a UV-vis spec�
trophotometer at 765 nm. Gallic acid was used 
as a standard to draw the calibration curve.

Total Flavonoids Content (TFC): Flavonoids 
content in saffron by-products was determined 
using the Aluminium chloride colorimetric me-
thod (Tajik et al., 2019). In this method, each 
ethanolic extract (0.5 mL) was mixed with Alu-
minium chloride (100 µl, 10%; (v/v). Samples 
were diluted using ethanol. Absorbances were 
measured after 30 min in the dark at 415 nm 
using a UV-visible spectrophotometer. Rutin 
was used as a standard. 

Total Anthocyanin Content (TAC): The mea-
surement of the total content of anthocyanins 
was carried out for the ethanolic extracts of two 
samples: petals and pruned flowers, using the pH 
difference method (Khazaei et al., 2016). Two 
buffer solutions were used for the pH change: 
(KCl, 0.025 M, pH 1) and (CH3COONa, 0.4 
M, pH 4.5). Briefly, 0.5 mL of each extract was 
mixed with 2.5 mL of each buffer solution. Ab-
sorbances were measured at 520 nm and 700 nm 
by a UV-Vis spectrophotometer after 15 min in 
the dark. The total anthocyanins content (TAC) 
was determined by the following formula:                                                                                                 

                                                                                                                                     (1)

A = [(Abs 520nm – Abs 700nm) pH=1] - [ (Abs 
520nm – Abs 700nm) pH=4.5], MW: molecular 
weight of delphinidin 3-glucoside (500.84 g/
mol), DF: Dilution factor, ε:  Molar absorptivity, 
b: Thickness of the cuvette (1 cm)

Antioxidant Activity 
The measurement of the antioxidant activity was 
carried out using the 2,2-Diphenyl-1-picrylhy-
drazyl (DPPH method) (Idris et al., 2022). Brie-
fly, the DPPH solution (1.5 mL, 6x10-5M) was 
mixed with 50 μL of each extract. The absor-
bance was measured at 515 nm using a UV-vi-

sible spectrophotometer. Ascorbic acid was the 
positive control. The inhibition percentage of 
DPPH was determined using the following for-
mula: 
                                                                                                                                (2)

Antibacterial Activity 

Wel l Diffusion Test: Clavibacter michiganensis 
subsp. michiganensis was provided by the mi-
crobiology laboratory of the Regional Centre of 
Agricultural Research of Agadir, National Insti-
tute of Agriculture Research, Inezgane, Agadir, 
Morocco. The agar well diffusion method was 
used to evaluate the antibacterial activity of 
ethanolic extracts of saffron by-products. Af-
ter activation of CMM in Nutrient Broth Yeast 
(NBY) agar medium. The optical density of the 
bacterial suspension was adjusted to 0.7 at 600 
nm (which is equivalent to a concentration of 108 
CFU mL-1) (Aksoy et al., 2021). Thre e concen-
trations have been prepared using ethanol 30 % 
as a dilution solvent (3 mg/mL, 20 mg/mL and 50 
mg/mL). Thereafter, 100 μL of the bacterial sus-
pension was spread on the surface of the culture 
medium. 50 μL of each concentration of the pre-
pared extracts was placed into the wells. After 2h 
of pre-incubation at 4°C, the dishes were incu-
bated at 29°C for 48 hours. Ethanol (30%) was 
used as a negative control. The diameter of the 
inhibition zones around the wells were measured 
with a ruler.

Min imum Inhibitory Concentration: The mi-
nimum inhibitory concentrations (MIC) of the 
saffron by-product extracts were determined 
using the dilution method using 96-well mi-
croplates. Indeed, the wells were filled by 100 
μL of NBY media. The concentration of the 
initial stock solution (SS) of each extract (PF: 
Pruned Flower, P: Petals, S: Stamens) was 50 
mg/mL. The bacterial suspension was adjusted 
to 106 CFU/mL (Mastrogiovanni et al., 2011). 
The wells in the first vertical line are filled with 
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200μl of the stock solution (SS) of each extract. 
The wells in the last vertical line (numbered 12) 
are filled with 200µl of the106 CFU/mL bacte-
rial suspension as a control for bacterial growth, 
and the wells in the vertical line (numbered 11) 
are filled with 200μl of NBY broth as a sterility 
control. A successive dilution series was carried 
out to have final concentrations ranging from 
(25 mg/mL to 0.0977 mg/mL). Finally, the mi-
croplate was incubated at 29°C for 48 h. 

Statistical Analysis 
All experimental tests were carried out in tripli-
cate. Data were subjected to analysis of variance 
and the means were compared by the Tukey test 
(P <0.05) using IBM SPSS Statistics version.21.

Results

Phytochemical Screening of Ethanolic Ex-
tract of Saffron By-Products 
The total phenolic, flavonoid, and anthocya-
nin content of the ethanolic extracts of saffron 
by-products are shown in Table 1. The etha-
nolic extracts of the petals and pruned flowers 
of saffron have a high content of anthocyanins 
with 15.8 ± 0.8 mg Delp/g DW of extract and 
14.1±1.2 mg Delp/g DW of extract, respectively. 
While the saffron stamens contain a low content 

Samples Total Polyphenols1 Total Flavonoids2 Total Anthocyanins3

Petals 1.10a ± 0.11 4.91a ± 0.14 15.77a ± 0.78 

Stamens 2.48a ± 0.90 2.56c ± 0.17   2.41b ± 0.99 

Pruned flowers 1.38a ± 0.32 3.90b ± 0.99 14.13a ± 1.16 

Table 1. Phytochemical screening of ethanolic extracts of saffron by-products

of anthocyanins: 2.41 ± 0.99 mg Delp/g DW of 
extract. Besides, the total flavonoid content in 
the three saffron parts tested is higher than the 
total polyphenols content. For example, the fla-
vonoids content of saffron petals was 4.91 ± 0.14 
mg RE/g DW, while their polyphenols content 
was only 1.10 ± 0.11 mg GAE/g DW. 

Antioxidant Activity of Saffron by-Product 
Extracts  
The antioxidant activity of ethanolic extracts 
of saffron by-products is presented in Table 2. 
The results show that the concentration of etha-
nolic extracts of saffron by-products influences 
their antioxidant activity. As the concentration 
of saffron by-product extracts increased, their 
antioxidant potential also increased. The highest 
inhibition percentage was attributed to saffron 
petal extracts (68.93% ± 0.81), followed by saf-
fron flower extracts (69.79% ± 0.59) and saffron 
stamen extracts (71.10% ± 0.59). Moreover, 
the highest antioxidant activity is attributed to 
ethanolic extracts of saffron petals with an IC50 
value of 5.48 ± 0.31 mg/mL, followed by etha-
nolic extract of stamens with an IC50 of 5.64 ± 
0.21 mg/mL, and then of the pruned flower with 
an IC50 of 6.13 ± 0.12 mg/mL. Therefore, the 
saffron petal extracts present high antioxidant 
activity compared to other extracts of saffron 
by-products. 

All results are expressed as the mean ± SD of three replicates. 
Significant statistical differences (p < 0.05) are marked by small letters
1mg GAE/g DW: mg of Gallic Acid Equivalent per gram of dry weight.
2mg RE/g DW: mg of Routine Equivalent per gram of dry weight.
3mg Delp/g DW: mg of Delphinidin 3-glucoside per gram of dry weight.
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﻿Antibacterial Activity of Saffron By-Product 
Extracts  
The inhibition zone diameters of saffron by-pro-
duct extracts against CMM are represented gra-
phically in Figure 3.I, while the petri dishes 
images of the antibacterial test are shown in Fi-
gure 3. II. The results showed that the diameters 
of the zones of inhibition increase as the concen-
trations of extracts of saffron petals and pruned 
flowers increase from 9 mg/mL to 50 mg/mL. 
The highest inhibition was attributed to pruned 
flowers extract (34.67 mm ± 7.62), followed 
by petals extract (31.67 mm ± 0.66) at 50 mg/
mL, respectively. While  saffron stamens extracts 
showed a high inhibition zone dimeter (10 mm ± 
5.13) at a low concentration of 9mg/mL, while at 
50 mg/mL the inhibition zone dimeter was 7.66 
mm ± 4.09.

	 On the other hand, the minimum inhi-
bitory concentrations (the lowest concentration 
of a substance that can inhibit the growth of a 

microorganism) of ethanolic extract of saffron 
by-products are shown in Figure 4; the color 
indicator was used to reveal bacterial growth in 
each well. The red color indicates the presence 
of CMM, while the other colors indicate the ab-
sence of CMM. The three lines on the microplate 
indicate that the antibacterial test was performed 
in triplicate. The results show that wells numbe-
red 6 (PF), 2 (S), and 4 (P) present the minimum 
concentrations required for inhibition of CMM 
growth. Table 3 presents the concentrations of 
ethanolic extracts of saffron by-products contai-
ning in each plate well. In fact, the ethanolic ex-
tracts of the saffron pruned flower (PF) showed 
a maximum antimicrobial effect against CMM 
with a minimal inhibitory concentration of 1.56 
mg/mL. While the minimal inhibitory concen-
tration of ethanolic extracts of saffron petals (P) 
was 6.25 mg/mL. The lowest antimicrobial ef-
fect against CMM was attributed to the ethanolic 
extract of saffron stamens, with a MIC value of 
25 mg/mL.

Figure 2.  Graphical representation of the zone inhibition of saffron by-product extracts against CMM (I), 
and petri dishes images of saffron pruned flowers (A), petals (B) and stamens (C) extract against CMM at 
different concentrations: 1 (3mg/ml), 2 (20 mg/ml) and 3 (50 mg/ml).
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Table 2. Inhibition percentage and IC50 of ethanolic extract of saffron by-products

All results are expressed as the mean ± SD of three replicates. 
Significant statistical differences (p < 0.05) are marked by small letters.

Figure 3.  Minimal Inhibitory Concentration of saffron by-products extract against CMM (PF: Pruned 
Flower; P: Petals; S: Stamens; SS: Stock Solution)

﻿ % of inhibition of ethanolic extract of saffron by-products

Concentration 
mg/mL Petals Stamens Pruned flowers

1.66 21.96ab ± 3.01 19.51ab ± 1.86 16.80a ± 1.45 

6.66 23.59ab ± 4.47 18.75ab ± 1.00 16.16a ± 0.43 

13.33  37.00b ± 10.87 20.33ab ± 1.14 15.03a ± 1.11 

16.66 25.49ab ± 4.64 21.42ab ± 1.31 16.84a ± 1.15 

25.00 29.30ab ± 6.54 22.50ab ± 1.25 21.05ab ± 2.29 

33.33 31.83ab ± 7.65 23.73ab ± 0.60 21.73ab ± 1.97 

50.00 68.93c ± 0.81 71.10c ± 2.53 69.79c ± 0.59 

IC 50 mg/mL 5.48a ± 0.31 5.64a ± 0.21 6.13a ± 0.12 
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Table 3.  Concentrations of ethanolic extracts of 
saffron by-products containing in each well

Well number Concentration (mg/mL)

SS* 50
2 25
3 12.5
4 6.25
5 3.125
6 1.5625
7 0.7813
8 0.3906
9 0.1953
10 0.0977
11 NBY*
12 BS*

SS*: Stock Solution; NBY*: Nutrient Broth Yeast; BS*: 
Bacterial Suspension.

Discussion 

Our study aimed to replace chemical pesticides, 
especially those used to treat bacterial canker of 
tomatoes caused by CMM, with ecological, safe 
and less costly methods using extracts of saf-
fron by-products. The phytochemical screening 
and antioxidant activity study of saffron bypro-
ducts were conducted to improve the study and 
explain the reason for antibacterial activity of 
extracts. Saffron flower, petal and stamen ex-
tracts were tested against the growth of CMM. 
Results showed that the highest inhibition was 
observed with the pruned flower extract (34.67 
mm), followed by the petal extract (31.67 mm), 
then saffron stamens (7,66 mm) at a concentra-
tion of 50 mg/mL. In a similar study, 90% of all 
the plants harvested in southern Morocco had 
a significant inhibition activity against CMM. 
The best inhibition zone diameter was obtained 
with Lavandula coronopifolia (4.88 cm) due to 
its bioactive compounds, especially the linalool 

and acetate of linalyl (Talibi et al., 2014). Fur-
thermore, among seven plant harvested in Pa-
kistan, Peganum harmala showed the maximum 
inhibition of CMM growth (14.40 mm), due to 
its hight content of alkaloids including harmine 
which has a powerful antibacterial effect against 
pathogens (Siddique et al., 2020).
	 In contrast, saffron pruned flowers ex-
tract (PF) showed maximum antibacterial ac-
tivity against CMM with a MIC of 1.56 mg/
mL, followed by saffron petal (P) extracts with 
a MIC of 6.25 mg/mL. The extract of saffron 
stamens with a MIC of 25 mg/mL was found 
to have the lowest antimicrobial effect against 
CMM. The comparative study of the antimi-
crobial activity of saffron petals and stamens 
against food borne pathogens was carried out by 
(Asgarpanah et al., 2013). The MIC of metha-
nolic extracts of saffron petals were higher than 
those of saffron stamens. Furthermore, saffron 
petal extracts showed strong inhibitory activity 
with MIC of 15.63 µg/mL against the gram-ne-
gative bacteria Escherichia coli (ATCC 25922), 
and the fungi strain Candida albicans (Wali et 
al., 2020). Moreover, saffron leaf extracts were 
effective against the growth of Staphylococcus 
aureus with a MIC of 6.5 mg/mL (Ökmen et al., 
2016).

	    The mechanism of action behind the 
inhibition of bacterial growth is currently under 
discussion. Generally, bacterial growth could be 
inhibited through several actions that target va-
rious cellular structures (Zheng et al., 2020). The 
benzoic acid, hydroxy-methyl-furfurole, anionic 
acid, nicotine and sterol compounds contained 
in the methanolic extract of Nicotiana plumba�
ginifolia leaf are responsible for their antibac-
terial effect against plant pathogenic bacteria 
(Javaheri et al., 2022). Moreover, the growth of 
plant pathogens can be inhibited by a group of 
antimicrobial peptides, so called bacteriocins, 
produced by bacteria and plants (Mirzaee et al., 
2021). 

	 Concerning the phytochemical screening 
of extracts of saffron by-products, the extracts of 
saffron petals and pruned flowers are rich in an-
thocyanins (15.77 and 14.13 Delp/g DW extract, 
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respectively). Saffron stamens, on the other 
hand, are low in anthocyanins (2.41 mg Delp/g 
DW extract). In addition, flavonoid compounds 
in the three saffron parts tested were more domi-
nant than polyphenolic compounds.

	 Our results are similar to those reported 
by (Jadouali et al., 2017), the ethanolic extract 
of saffron petals contains a flavonoid content 
of 42.56 mg CE.g-1 dry weight and a polyphe-
nol content of 30.26 mg GAE.mg-1 dry weight. 
Moreover, (Turcov et al., 2022) reported that the 
saffron waste extracts obtained by heat reflux ex-
traction contained significantly more flavonoids 
(197.84 mg QE/g) than phenolics compounds 
(29.47 μg GAE/g). Similarly, the saffron stamen 
samples contain three major components of fla-
vanol glycosides, namely quercetin-3-O-sopho-
roside, kaempferol-3-O-sophoroside, and kaem-
pferol-3-O-glucoside (Mottaghipisheh et al., 
2020).  

	 Food colors are determined by the pre-
sence of several types of pigments, including 
chlorophyll (green), carotenoids (yellow-orange) 
and anthocyanins (red-purple) (Kutlu et al., 
2022). These pigments are endowed with divers 
therapeutic, antioxidant and antimicrobial pro-
perties (Molina et al., 2023). Several studies have 
been carried out on the extraction and phytoche-
mical analyses of various medicinal and aroma-
tic plants in order to assess the enormous effects 
of their active compounds (Nortjie et al., 2022).

	 With regard to the antioxidant study of 
saffron by-product extracts, the highest inhibi-
tion percentage was attributed to saffron petal 
extracts (68.93%), followed by saffron flower 
extracts (69.79%) and saffron stamen extracts 
(71.10%). Various plant parts such as leaves, 
fruits, flowers, roots etc. are considered as rich 
sources of antioxidants. The chemical com-
pounds present in these biological products 
contain several phytochemicals component that 
have various functional groups, including hy-
droxyl groups (OH), aromatic rings (CH), car-
bonyl and carboxyl groups (CO) (Waisundara, 
2021). Flavonoids act as electron donors to the 
DPPH molecule. This reaction produces uns-

table radical species of flavonoids and DPPH, to 
restore their stable state, the radical flavonoids 
are converted into a stable quinoid structure, and 
the radical DPPH forms a stable yellow form 
(Warsi and Sholichah, 2017). Thus, in our study, 
the high content of flavonoids in saffron stamens 
and petals explains their high antioxidant acti-
vity (Table 1 and 2).  

	 According to these results, ethanolic ex-
tracts of the saffron pruned flower, which com-
bines two parts (stamens and petals), inhibit the 
growth of CMM with at a higher level than etha-
nolic extracts of the separate petals and stamens. 
Thus, the synergistic effect of all the bioactive 
compounds present in the different parts of saf-
fron conferred significant antimicrobial activity 
on the by-products of this plant (Rahaiee et al., 
2015) . Some combinations between natural 
substances, and other antimicrobial agents such 
as antibiotics, have been demonstrated to have 
a synergistic effect towards the inhibition of 
bacterial growth (Regueira et al., 2017). It can 
be concluded that the direct use of the pruned 
saffron flower obtained after cutting the stigmas, 
without going back to separating the petals and 
stamens, remains more effective in obtaining sa-
tisfactory results in inhibiting the proliferation of 
the causal organism of tomato bacterial canker.  
These results appear to be very useful and prac-
tical for the development of biopesticides for 
the treatment of tomato crops. In a similar stu-
dy, saffron by-products have been used to treat 
eggplant cultivation, the water extract of saffron 
petal was regularly used as a foliar spray (Khou-
lati et al., 2020).  Besides, the aqueous extracts 
of cut flowers, petals and stamens of saffron 
have been studied for germination treatment of 
winter durum wheat seeds (Mikolajchuk et al., 
2023). 

Conclusion 
Saffron by-products present a very rich source of 
active compounds. Due to their chemical profile, 
the application of saffron by-products has been 
extensively investigated as antimicrobial agents 
for the control of plant diseases. This study aims 
to evaluate the antibacterial effect of the diffe-
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rent floral parts of saffron, in particular petals, 
stamens, and pruned flowers against Clavibacter 
michiganensis subsp michiganensis, the tomato 
canker’s pathogen. Following the results of this 
study, saffron by-products contain a remarkable 
and important content of polyphenols, flavo-
noids, and anthocyanins. The flavonoid content 
was higher in the stamens. The pruned flowers 
contained a high content of polyphenols while 
the anthocyanin content was higher in the petals. 
Furthermore, saffron by-products have a signi-
ficant antioxidant activity with an IC50 ranging 
from 5.48 mg/mL to 6.13 mg/mL. However, 
there was not a considerable difference between 
the antioxidant potential of the saffron by-pro-
ducts. Regarding antimicrobial activity, the inhi-
bitory activity of saffron pruned flower against 
CMM was higher than that of petals and stamens.  
The diameters of the inhibition zones of saffron 
by-product extracts range from 3 to 34 mm. The 
diameter of the inhibition zone of saffron pruned 
flower, and petal extracts increases with increa-
sing extract concentrations. These results were 
approved by the MIC test, in which the MIC of 
saffron pruned flowers was lower than that of the 
stamens and petals. Hence, the synergistic effect 
of all the bioactive components contained in the 
stamens and petals of saffron has conferred on 
its pruned flower an important antioxidant and 
antimicrobial activity against the causal agent 
of tomato canker: CMM. From the following 
results, it can be concluded that saffron by-pro-
ducts present a potential biopesticide to protect 
tomato crops. 
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