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Abstract
Plant extracts are now being used to improve animals’ hematological activity, biochemistry, and 
immunology. This study aimed to assess the antimicrobial activity of Ziziphus nummularia against 
E. coli bacteria, which causes bovine mastitis in cattle. In this study, the experimental animals were 
divided into four groups. The control group (Group 0) was fed a normal diet throughout the experiment. 
In contrast, Groups 1, 2, and 3 received 100 g, 200 g, and 300 g of Ziziphus nummularia with their 
normal diet, respectively. At the end of the experiment, hematological parameters showed significant 
differences in the experimental groups. Biochemical parameters had significant differences in creatinine, 
ALT, and bilirubin; however, albumin values were moderately significant. The antimicrobial activity of 
Ziziphus nummularia extract was also assessed at different dilutions (0.6 ml, 0.8 ml, and 1 ml), with 
the 1 ml dilution showing a larger zone of inhibition compared to the others. Analysis of somatic cell 
count in milk revealed that Groups 2 and 3 showed a significant decrease compared to the control 
and Group 1. Therefore, incorporating Ziziphus nummularia into the regular diet of dairy animals is 
recommended to boost immunity against diseases like bovine mastitis, enabling farmers to manage 
mastitis effectively and enhance milk production in dairy cattle.
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INTRODUCTION

 The livestock sector in Pakistan is 
classified as a subsistence sector. It provides a 
stable source of income and employment for 
small-scale farmers, landless settlers, and large 
corporations.1 Even farmers with limited land 
often have 3 to 4 milk-producing animals, which 
meet their daily needs and cover other routine 
expenses. This sector is crucial for both small 
farmers and large companies, offering a reliable 
source of income and jobs.2 The population of 
major milk-producing animals in the country is 
growing at a steady annual rate of 3.6 percent.3

 The primary issue farmers deal with is 
a variety of bacterial, viral, or fungal infections 
that can drastically lower their rates of output.4 
Mastitis, in particular, is caused by physical or 
microbial pathogens that inflame the mammary 
gland. Dairy cattle experience physical injuries 
and chemical irritations in their milk-secreting 
tissues when pathogenic (mostly bacterial) 
invaders enter into their teat canals. This invasions 
lead to bacteria multiplying in the milk-secreting 
tissues, producing toxins that cause further injury.5 
Numerous bacterial pathogens are implicated in 
mastitis development, which can be classified as 
contagious, opportunistic, or environmental based 
on their epidemiological and patho-physiological 
characteristics.6 Mastitis is characterized by 
abnormal milk production (e.g., watery milk or 
the presence of flakes) and udder inflammation, 
resulting in swelling, redness, and hardening.7 
According to widely accepted standards, normal 
mammary glands in dairy animals have a somatic 
cell count (SCC) lower than 1×105 cells/ml and 
are free from bacterial infection.8 Animals with 
subclinical mastitis have an SCC greater than  
1 × 106 cells/ml of milk and are contaminated with 
bacteria.9 In some cases, bovine mastitis caused 
by Escherichia coli can present as a subclinical 
infection of the mammary gland or as a severe 
systemic disease. Currently, there is limited 
evidence supporting the efficacy of antimicrobial 
treatment for E. coli in mastitis.10

 Studies have found that numerous herbs 
possess varying degrees of antimicrobial activity, 
indicating that natural medicinal plants may have 
the potential to be used as antibiotics.11 Several 
studies have demonstrated the antibacterial 

activity of natural plant extracts and their 
compounds, which have proven effective against 
bacterial isolates obtained from mastitis cases. 
Many breeders and veterinarians have successfully 
used phytotherapy to prevent and treat mastitis.12 
Medicinal ointments or herbal solutions are 
applied tropically, while green or dried plants are 
administered orally for treatment. In the case of 
cattle mastitis, E. coli is one of the most common 
pathogenic organisms. The use of phytotherapeutic 
medications has shown satisfactory results in its 
treatment.13

 P lants  contain  numerous act ive 
compounds, including phenolic acids, alkaloids, 
flavonoids, steroid hormones, volatile oils, tannins, 
resins, glycosides, and fixed oils, which can be 
found in specific parts of the plant such as flowers, 
leaves, fruits, seeds, roots, and bark. The beneficial 
medicinal effects of plant materials are often due 
to the combination of these secondary products. 
Usually, these substances function by specifically 
blocking the activity of biological targets.14 
 Ziziphus nummularia, commonly known 
as jangli beri in Pakistan, belongs to the family 
Rhamnaceae and is found in Africa, Australia, 
America, and predominantly in Asia. This plant is 
primarily used to treat inflammation, relieve pain, 
promote healing, and reduce bacterial infections.15 
Additionally, it serves as a remedy for fever, a 
hypoglycemic agent for diabetics, a mild sedative, 
a treatment for insomnia and dental infections.16 
In Arabia, the seeds and leaves are used to treat 
old wounds in camels.17

 The use of antibiotics against disease-
causing bacteria eventually leads to the 
development of resistance. This natural process 
of adaptation and antimicrobial resistance renders 
antibiotics less effective for treating diseases. 
In recent years, antimicrobial resistance has 
increased, primarily due to the overuse and misuse 
of antibiotics, especially in treating infections. 
Consequently, numerous bacterial strains have 
undergone hypermutation, spreading resistant 
bacteria throughout the environment. There is 
an increasing interest in separating, evaluating 
and using the antibacterial properties of natural 
compounds made from plants as they are an 
inexpensive and plentiful source of secondary 
metabolites for pharmaceutical research. This 
study examined the antimicrobial activity of 
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Ziziphus nummularia against the pathogenic 
bacteria E. coli, which causes mastitis.17

Hypothesis
 Ziziphus nummularia helps prevent and 
treat bovine mastitis by improving hematological, 
biochemical, and immunological parameters, 
lowering the somatic cell count in milk, and 
demonstrating antibacterial action against 
Escherichia coli.

Objectives
1. To examine the effect of Ziziphus nummularia 

on milk’s somatic cell count, especially in 
relation to cow mastitis caused by Escherichia 
coli.

2. To investigate the possibility of using Ziziphus 
nummularia as a food supplement to boost 
immunity and treat mastitis in dairy cattle.

MATERIALS AND METHODS

 Twelve cattle infected with E. coli-
induced bovine mastitis were selected for the 
experiment from various villages in the district of  
Khushab, Punjab, Pakistan. After sampling, they 
were divided into four groups, each consisting of 
three cattle. Three groups of the cattle received 
a powdered extract of Ziziphus nummularia 
(Jangli beri) for 21 days at concentrations of  
100 g, 200 g, and 300 g, respectively, along 
with their normal diet. The fourth group (G0) 
served as the control and received a normal diet. 
Additionally, to assess the antimicrobial activity of 
Ziziphus nummularia, an E. coli strain was obtained 
from the microbiology laboratory at The University 
of Lahore, Punjab, Pakistan.
 Fresh Ziziphus nummularia plant leaves 
were gathered, cleaned, and allowed to air dry 
in a shaded area. The dried material was then 
ground into a fine powder, extracted using a 
solvent (ethanol) through maceration, and filtered. 
The dried powder of Ziziphus nummularia leaves 
and 200 ml of ethanol were mixed in a flask to 
form a solution, which was then incubated at 37 
°C overnight. After incubation, it was centrifuged 
at 1000 rpm for three minutes. Finally, the total 
extract was filtered using Whatman No. 1 filter 
paper to remove impurities. To evaluate the 
bioactivity and potential compounds in Ziziphus 

nummularia, the following components were 
analyzed experimentally.

Total flavonoids
 To analyze flavonoids, 1 ml of the filtered 
sample mentioned earlier was mixed with 30 ml 
of distilled water. From this solution, 3 ml was 
transferred to another test tube, to which 70 µL of 
sodium nitrite was added and left for 10 minutes. 
Afterward, 145 µL of aluminum chloride was 
added and left for another 10 minutes, followed 
by the addition of 45 µL of sodium hydroxide. The 
absorbance of the solution was measured using a 
spectrophotometer at a wavelength of 510 nm.

Total phenols
 A prepared 400 ml sample was put into 
various test tubes. A total of three triplicates of 
each sample were prepared. 100 µL of 10% Folin-
Ciocalteu reagent was added to each test tube 
and the tubes were left for 8 minutes. After that, 
1500 µL of 15% Na2CO3 was added and left it for 40 
minutes at 25 °C. A spectrophotometer was used 
to observe the absorbance at 750 nm. 

Alkaloids
 In a 300 ml beaker, 5 g of powdered 
Ziziphus nummularia was mixed with 200 ml of 
acetic acid and 10% ethanol. The solution was 
covered with aluminum foil and allowed to stand 
for 5 hours. Afterward, the solution was filtered 
by using filter paper to obtain a concentrated 
extract. Ammonium hydroxide in concentrated 
form was added dropwise until precipitation was 
complete. The resulting precipitate was washed 
with ammonium hydroxide and filtered again. The 
filtrate, containing alkaloids, was dried and then 
weighed using a weighing scale. 

Blood sampling and parameters
 A sterilized syringe was used to collect 
5 ml of blood from the tail region of the cattle, 
which was then stored in EDTA tubes. The blood 
samples were analyzed for complete blood count 
(CBC) using a BC-2800 analyzer. 

Biochemical analysis
 For biochemical analysis, blood plasma 
was obtained by centrifugation of blood at 4000 
rpm for 8 minutes. Aspartate aminotransferase 
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(AST), alkaline phosphatase (ALP), alanine 
aminotransferase (ALT), and urea levels were 
determined using the calorimetric technique 
described by Dachs and Bertoldi. Additionally, 
creatinine, bilirubin, and albumin levels were 
measured using methods outlined by Moore and 
Sharer, HPLC and the bromocresol green (BCG) 
method, respectively.

Milk sampling and Somatic Cell Count 
 Milk samples were collected and tested 
for mastitis using the California Mastitis Test 
(CMT), which is widely recognized as the most 
reliable method for determining somatic cell 
count.

Antimicrobial activity of Ziziphus nummularia 
against E. coli
 The minimum inhibitory concentration 
(MIC) and zone of inhibition were determined 
using the broth micro-dilution method and the 
Kirby-Bauer test. Nutrient media was prepared, 
autoclaved, poured into petri dishes, and allowed 
to cool and solidify. Extracts were diluted to 
concentrations of 0.6 ml, 0.8 ml, and 1 ml. E. coli 
bacteria were streaked onto the petri dishes using 
the streak method and then incubated at 37 °C 
for 24 hours to promote bacterial growth. After 
bacterial growth, sterilized filter paper discs were 
placed on the plates, and the prepared sample 
dilutions were applied to the discs. The plates were 
returned to the incubator at 37 °C for another 24 
hours. The zone of inhibition for each extract was 
measured after 24-48 hours. This experiment was 

repeated for each group of animals as previously 
described.

Statistical analysis
 The data obtained underwent statistical 
analysis using SPSS software (version 16). Analysis 
of variance (ANOVA) and calculation of mean 
standard error were applied to the data. Tukey’s 
multiple range tests were used to compare the 
means of all treatments. A significance level of  
P < 0.05 was adopted.

RESULTS 

Antioxidant activity of Ziziphus nummularia
 The antioxidant activity of Ziziphus 
nummularia extract was examined, revealing the 
presence of antioxidants (Table 1). Quantification 
of these compounds was achieved by comparing 
their peak areas to those of standard compounds. 
Gallic acid, caffeic acid, tannins, quercetin, and 
kaempferol were detected at retention times 
in the HPLC analysis of the extract, shown in  
Figure 1.

Haematological analysis of cattle affected by 
mastitis
 Different hematological parameters are 
presented in Table 1. The control group showed 
no differences after the experiment. In contrast, 
Group 1, exhibited moderate differences in some 
hematological parameters. Similarly, Group 2, 
showed more significant differences compared to 
Group 1 in their hematological parameters. Group 

Figure 1. Phytochemical analysis of Ziziphus nummularia
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3, exhibited significant results for all hematological 
parameters, as detailed in Table 1. 

Antimicrobial activity of Ziziphus nummularia 
against E. coli
 Figures 2 and 3 illustrate the average zone 
of inhibition for all three dilutions.

Somatic cell count 
 The detailed results of the somatic 
cell count (SCC) for all groups are presented in  
Table 2. 

DISCUSSION
 
 This research aimed to investigate the 
effects of Ziziphus nummularia, a natural product, 
on bovine mastitis caused by bacteria commonly 
found in domestic animals such as cows, cattle, 
and buffaloes. To reduce bacterial infection rates, 
Ziziphus nummularia was incorporated into the 
animals’ fortified feed in varying amounts, serving 
as an antimicrobial agent against E. coli, a bacterium 
involved in mastitis. The aim of this research was 
to determine the antibacterial properties of plant 

extracts. The herbal remedies not only replace 
antibiotics but also enhance growth, improve 
body composition, and strengthen the immune 
system of animals against viral, bacterial, and 
fungal infections.18 The results of the present 
study align with findings by Avancini et al.,19 which 
investigated the use of various plant extracts, 
including Foeniculum vulgare, Sida rhombifolia, 
Aloe arborescens, and Alternanthera brasiliana, 
for the prevention and control of bovine mastitis 
in Southern Brazil. 
 According to studies by Mohammed 
et al.,20 and Girling et al.,21 the analysis of key 
biochemical and hematological parameters 
provides insights into metabolic activities and 
potential illnesses, whether in a latent or clinical 
state. They conducted research on bovine 
mastitis in cows, collecting blood samples from 
20 non-mastitic cows and 20 infected individuals. 
The results indicated that all hematological 
parameters showed no significant differences (p > 
0.05) except for MCH, which exhibited significant 
variation. Additionally, the biochemical parameters 
showed that all values were not significantly 
different except for total protein, AST, ALT, and 

Table 1. Hematological analysis of control and treated groups 

Para-  Group 0 (control)  Group 1   Group 2   Group 3
meters
 Before  After p- Before  After   p- Before  After  p-  Before  After  p-
 test test value test test value test test value test test value

WBC 7.7 7.8 0.9 7.2 9.5 0.005 7.0 10.1 0.01 7.30 12.1 0.001
LYMP 2.9 2.7 0.006 2.3 3.3 0.000 2.6 4.80 0.000 2.70 5.00 0.009
MON 0.86 0.79 0.14 0.93 1.23 0.005 0.76 1.69 0.03 0.85 1.95 0.01
GRA 5.74 6.20 0.02 5.73 6.83 0.001 5.71 7.50 0.004 14.72 18.5 0.004
LYMP% 31.7 32.8 0.21 30.86 32.86 0.07 31.4 34.33 0.01 32.23 37.5 0.005
MONO% 3.94 4.0 0.05 3.54 5.55 0.04 3.84 5.90 0.03 3.984 7.98 0.01
GRA% 64.13 63.03 0.008 63.46 65.23 0.03 63.56 66.53 0.04 63.68 70.0 0.01
RBCs 5.46 4.63 0.08 5.23 6.7 0.001 5.6 6.4 0.05 5.7 7.63 0.01
HGB 13.53 11.9 0.04 13.3 13.93 0.2 13.33 14.7 0.09 13.7 16.7 0.07
HCT 42.07 39.2 0.04 39.32 41.62 0.002 40.65 43.6 0.000 38.6 46.00 0.000
MCV 93.46 91.8 0.09 94.83 95.86 0.03 93.66 97.8 0.01 94.9 98.9 0.07
MCH 13.7 11.3 0.07 13.3 14.8 0.1 13.7 14.7 0.1 13.7 17.7 0.000
MCHC 27.3 26.3 0.03 27.8 29.0 0.1 28.4 30.1 0.005 28.6 30.3 0.06
RDW 22.1 20.1 0.05 21.3 22.5 0.1 21.8 24.7 0.01 21.7 25.8 0.008
PLT 290.7 288.3 0.02 290.4 291.3 0.1 289.0 295.6 0.01 291.3 297.6 0.01
MPV  7.6 7.5 0.1 8.2 9.7 0.004 8.1 8.8 0.008 7.2 9.7 0.003
PCT 0.2 0.2 0.3 0.4 0.9 0.000 0.4 0.5 0.06 0.1 1.1 0.008
PDW 31.9 30.0 0.02 32.3 32.9 0.1 32.6 35.8 0.002 32.9 38.5 0.003
ESR  1.8 1.6 0.01 1.9 2.0 0.2 1.9 2.9 0.002 1.6 3.5 0.003
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Figure 2. Average Zone of inhibition by each dilution against E. coli involved in mastitis

Figure 3. Effect of Serial Dilutions on Inhibition of E. coli Isolated from bovine mastitis

globulin, which showed significant differences  
(p < 0.05). The findings of our study align closely 
with these observations. Any discrepancies noted 
could be attributed to differences in species 
or seasonal variations. Mastitis encompasses 
bacteriological, physical, and chemical changes 
affecting milk production and pathological 
alterations in udder glandular tissues, impacting 
both milk quality and quantity.
 In our study, the analysis of somatic cell 
counts in milk showed a significant decrease was 
observed in Groups 2 and 3 compared to both 
the control and Group 1. Moreover, the results 
of the methanolic extract at a 1 ml dilution were 
more significant compared to the other dilutions. 
Sharma et al.22 attributed the antimicrobial 
activity of Ziziphus nummularia to the presence 
of alkaloids, flavonoids, glycosides, and saponins 
in the leaf extracts of the plant, proposing that 
leaf extracts may be an effective agent for the 
treatment of several diseases. Antioxidants 

sourced from plants offer an additional avenue 
to investigate important plants that could help 
mitigate the prevalence of this chronic bacterial 
disease. 
 P r e v i o u s  s t u d i e s  b y  S h a r m a 
et  a l . 23 reported that  acetone extracts 
of A. nilotica had antibacterial activity with MIC 
of 6.25 mg/ml and 12.5 mg/ml against S. aureus, 
for leaves and bark respectively. This study exhibits 
the methanolic extract of Z. nummularia has 
antibacterial activity with MIC of 13.66 mg/ml 
against E. coli.

CONCLUSION

 Th is  study  emphas izes  Z iz iphus 
nummularia’s potential as a natural supplement 
to raise cattle productivity and health. The plant’s 
abundant phytochemical content increased 
biochemical markers including creatinine, ALT, 
bilirubin, and albumin, as well as hematological 
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parameters like hemoglobin and red blood cell 
count. Strong antibacterial activity was shown by 
the methanolic extract of Ziziphus nummularia, 
especially against Escherichia coli, the main cause 
of cow mastitis. The largest zone of inhibition was 
seen in the 1 ml dilution. Additionally, the extract 
demonstrated efficacy in reducing inflammation 
and supporting udder health by drastically 
lowering somatic cell counts in milk from animals 
with mastitis. These results imply that Ziziphus 
nummularia is a natural and sustainable substitute 
for synthetic antibiotics, offering a workable way to 
treat mastitis and improve the general well-being 
and output of dairy cattle.
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