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Connecting Science and Public Trust
Editorial

Vaccine Development in Pakistan: Connecting Science and Public Trust

Hassan, A. (2025). Vaccine Development in Pakistan: Connecting Science and Public Trust. Futuristic Biotechnology, 5(1), 01. https://doi.org/10.54393/ 

fbt.v5i1.165

A R T I C L E I N F O

1Amber Hassan

¹European School of Molecular Medicine, Italy

amberhassan⁷@gmail.com

How to Cite:

Creating vaccines in Pakistan shows human ingenuity but also the challenge of building public trust. The biotech �eld is 

growing, but limited funding and poor communication is slowing the progress of vaccines in Pakistan. The COVID-19 

pandemic showed how crucial vaccines are, but it also exposed gaps in explaining science to people. For Pakistan to lead in 

biotech, it must link vaccine innovation with public con�dence through better dialogue.

The polio crisis in Pakistan explains this issue. Pakistan is one of the countries where, polio still exists despite many efforts. 

Lack of con�dence is the problem, not lack of scienti�c expertise. It is considered that Vaccines cause infertility, which is a 

false notion. Authorities' health efforts are distrusted by rural populations, which are frequently disregarded. It will be 

success of science once these social and cultural problems are addressed.

The media shapes perceptions and trust of common people. The bene�ts of vaccines were contradicted by headlines during 

COVID-19. However, media can also restore trust. Scientists in Punjab who collaborated with local leaders reported a 20% 

increase in vaccine enrollment in 2021.

Not only just facts are built by understanding but also trust. Scienti�c topics  should not  be the main focus of the media as 

they are topic of scientists. It can be bene�cial to have public conversations with scientists and religious leaders, see 

production of vaccines process, and encourage participation in science education initiatives in schools. Common platforms 

and large media sources  must directly address public concerns and exchange knowledgeable viewpoints.

F o l l o w i n g  m a i n  a c t i o n s  a r e  n e e d e d  f o r  P a k i s t a n  t o  b e c o m e  a  v a c c i n a t i o n  l e a d e r : 

1. Educate scientists on how to clearly communicate their work.

• Health-related subjects should be accurately covered without any exaggeration. 

• Universities should train students to create effective communication and understanding between labs and societies.

• Provide immunizations to prevent local diseases, i.e hepatitis and dengue. 

• Make sure trials are transparent by involving local people. This increases con�dence and guarantees that solutions 

address real demands. 

• There must be a team that includes social media, scientists, and religious leaders to solve false images build by people 

against Science. 

In order to save lives and establish itself as a global health leader, Pakistan must combine research with attempts to gain 

trust. Collaboration among specialists, the media, and communities is essential for using scienti�c advancement for the 

common good.
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Review Article

Overview of Marburg Viral Disease

1 1 2 1 1Rameen Atique , Ha�za Arshi Saeed , Hafeez ur Rehman Ali Khera , Areesha Naveed , Javeria Sharif , Ha�za Rida 
1 1 1 3*Fatima , Ayesha Haidar , Aqsa Perveen  and Abdul Samad

Marburg viral disease induced by the Marburg virus. It is a constituent of the Filovirus family, 

which also encloses the Ebola virus. The disease �rst came into light in 1967 during episodes of 

the virus in Marburg and Germany. After that, the infection caused high CFR in Angola, Uganda, 

and Congo. The disease includes the sudden outset of symptoms, including high fever, vomiting, 

intense headache, abdominal pain, and rash. In patients with severe infection, it leads to 

bleeding, jaundice, organ collapse, and eventually death. Fruit bats of genus Rousettus are 

considered to be the biological pool of the Marburg virus. This disease destroyed African 

countries with high death rates. The virus can be transferred from green African monkeys or 

fruit bats. It can be transmitted through human-to-human interactions via blood, body �uids of 

diseased people, and contaminated surfaces. MVD can be diagnosed by technical laboratory 

tests incorporating enzyme-linked immunosorbent assay (ELISA), reverse transcription-

polymerase chain reaction (RT-PCR), and virus seclusion. Supportive maintenance has been 

done to demonstrate some e�cacy in controlling the symptoms and improving the probability 

of survival. Adequate management and care have been taken to prevent the unusual spread of 

disease, such as the separateness of infected patients and suspected individuals, which should 

pertain to quarantine measures. Because of the high casualty rate and lack of a certi�ed vaccine 

or any antiviral cure, the only way to keep MVD in check can be through prevention. This review 

brie�y overviews the Marburg virus, including diagnosis, pathogenesis, transmission, and 

treatment.

A R T I C L E I N F O A B S T R A C T
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Hipposideros caffer.The monkeys were imported from 

Uganda by scientists conducting experiments to produce 

polio vaccines [2]. The latest update of Marburg viral 

disease was reported from Ghana in 2022. This disease is 

highly associated with the destruction of the body organs, 

such as the liver, brain, and tissues of the renal system. The 

virus detected in the oral route and the fecal samples of 

bats proved that the Marburg virus can be transmitted from 

the infected bats to the in-contact bats. MARV is highly 

infectious; it can spread rapidly and cause death [3]. The 

infection can be transferred to humans and non-human 

primates (intermediate hosts) from the discharge of bats. 

The recent explosion of the Marburg virus was reported in 

I N T R O D U C T I O N

The Marburg virus causes Marburg viral disease. It is a 

member of the �loviridae family. It is a rod-like shape, as 

shown in Figure 1. This disease was �rst reported in 1967 

when a hemorrhagic fever outbreak occurred in Germany. 

At that time, rephrase: thirty-one patients were prevalent, 

out of which seven patients developed severe disease with 

a fatal outcome. It has caused several outbreaks in sub-

Saharan Africa and can cause illness with a high (88%) 

fatality rate [1]. The outbreak was reported initially in 

African countries like Kenya, Uganda, Angola, and South 

Africa. The primary sources of infection were African green 

monkeys (Chlorocebus aethiops) and various species of 

bats, which may include Rousettus aegyptiacus and 

1Department of Pathobiology and Biomedical Sciences, Faculty of Veterinary and Animal Sciences, 

Muhammad Nawaz Shareef University of Agriculture, Multan, Pakistan
2Department of Clinical Sciences, Faculty of Veterinary and Animal Sciences, Muhammad Nawaz 

Shareef University of Agriculture, Multan, Pakistan
3Division of Applied Life Science (BK21 Four), Gyeongsang National University, Jinju 52828, Korea 
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Equatorial Guinea in January 2023, and the laboratory 

con�rmed the victim of the Marburg virus in West Guinea on 

February 13, 2023. A total of 17 cases were reported, out of 

which 12 passed away (these cases were con�rmed on 8 

June 2023). Remove these lines or rephrase from an Indian 

point of view, the Marburg virus disease is a cue to prepare 

ourselves to tackle various infectious diseases because 

they have encountered the recent episode of the Nipah 

virus in 2018, which took several vitalities in the southern 

state of Kerala [4]. A virus becomes resistant as it can 

transform into different forms and has distinguishable 

effects in various areas. The highest CFR was recorded in 

Angola during the viral attack in 2005 because the Marburg 

viral Angola strain emerged as more pathogenic and 

i n v u l n e r a b l e  t h a n  o t h e r  M A R V  s t r a i n s  w h e n 

experimentation was done on non-human primates [5, 6]. 

Marburg virus is similar to the ebolaviruses in structure. It is 

an enveloped, non-segmented, single-stranded, and 

negative sense RNA virus that belongs to the �lovirus 

family. One difference between the Marburg virus and the 

E b o l a  v i r u s  i s  t h a t  t h e  M a r b u r g  v i r u s  i s  n o t 

immunosuppressive, grammatically wrong but the Ebola 

virus is. The Marburg virus has a single species, “Marburg 

Marburgvirus,” which includes two viruses: Marburg (MARV) 

and Ravn virus (RAVV). There are two known variants of the 

Marburg virus: Marburg Musoke and Marburg Angola. The 

latter one is the most pathogenic and causes rapid illness in 

non-human primates. The glycoproteins on the cell surface 

are an essential feature of this virus and are the 

fundamental target for examining viral vaccines. The 

disease results in hemorrhagic fever along with the 

disability of organs like infection of the brain and spleen. 

The involvement of the central nervous system may result 

in confusion, excitability, and aggression in behavior [7]. It 

is a zoonotic disease transmissible to humans by bats, 

monkeys, and other intermediate hosts. Marburg virus can 

be transferred by direct contact with infected patients' 

blood and body �uids. The incubation period of the Marburg 

virus is two days to 3 weeks. The Ebola virus is also a 

member of the et family and resembles the Marburg virus's 

clinical features and transmission route. Presumably, the 

Marburg virus was thought to be less dangerous than the 

Ebola virus, which has caused two large explosions with 

high fatality rates. The �rst deadly outbreak happened in 

1998-2000, which caused 128 deaths in the Democratic 

Republic of the Congo (DRC), and the case fatality rate was 

83%. It was followed by the largest lethal population 

outbreak in Angola from 2004-2005, resulting in 329 

deaths with a fatality rate of 88% [8, 9]. Different variants 

were associated with the spell of the Marburg virus 

infection in the DRC, but only one version caused disease in 

Angola [8, 10]. The investigation was done on miners who 

developed an infection after a visit to the Kitum Cave; the 

MARV was found in Egyptian fruit bats. Viral RNA was 

noticed in the liver, spleen, and lung tissue of a healthy 

female R. aegyptiacus (fruit bat) in July 2007. Phylogenetic 

variations of the viruses displayed that they were very 

different from the strains obtained from Kenya (Musoke 

and Ravn) but analogous to the cases unraveled in Europe 

in 1967. The strains of the Marburg virus isolated from bats 

and humans in 2007 belong to obscure lineages [11]. When 

histopathological inspection of the liver of the infected 

bats was done in the laboratory, there were no lesions that 

could cause the Marburg virus infection. On performing the 

immunohistochemical study, there were no traces of the 

Marburg virus. Diagnostics tests for evaluating the Marburg 

virus disease are reverse transcriptase polymerase chain 

reactions (RT-PCR) and enzyme-linked immunosorbent 

assay. Speci�c probes can be made for the sequencing of 

the MARV genome [12]. Indeed, the Marburg virus was 

unveiled about 50 years ago, but technicians have 

performed clinical trials to analyze it properly. Since there 

is no recent large-scale outbreak of MVD, less is known 

about it. The MARV outbreaks are unusual, which is why 

there is not enough information to evaluate and generate 

treatment options for MVD. Detailed disease studies and 

investigations may help in future medical trials and improve 

curative management of Marburg virus disease. Today, no 

authentic treatment is available for MARV infection. 

Therefore, supportive care can be done as a primary 

treatment for the patients of Marburg viral disease. 

Suspected patients of MVD can be managed by running 

their blood and urine tests. After con�rmation of infection, 

patients must be quarantined. Proper precautionary 

measures should be taken to prevent infection (clean 

clothes and utensils). In poultry, several treatments have 

become successful with prolonged or increased survival 

rates on broiler chickens. The tested treatments may 

include cytokine inhibition and antibody transfer, but these 

treatments proved useless in the non-human primate 

(NHP) model. Drugs such as hydroxyzine and pentazocine 

are bene�cial in monitoring. The treatment or therapy 

against the viral infection depends upon the host's immune 

response and the actions taken to control virus replication. 

Antibodies can be used for treatment because they target 

proteins of �lovirus. An anti-EBOV convalescent serum 

with coordination of interferon and supportive care can be 

used for treating infection. However, the role of antibodies 

in serum for the patient's survival is anonymous [13]. 

Antibody-based treatment's success was �rst informed in 

2012 when researchers used polyclonal immunoglobulin G. 

It was re�ned from the convalescent serum of NHPs, 

          DOI: https://doi.org/10.54393/fbt.v5i1.82
Atique R et al., 
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indications are sudden fever, diarrhea, nausea, chills, 

vomiting, and headache. The disease is divided into three 

primary grades: You have stated different information 

above in introduction the initial phase may continue for four 

days; next is the organ phase, which longs for 5-13 days; and 

at the end, the recovery phase, which continues for 13 days 

[16]. This virus can deteriorate the organs and occasionally 

cause jaundice. It may lead to a rash of the pancreas and 

strenuous weight loss. A person with MVD can experience 

pain in the limbs, and the temperature of the body falls 

slowly. A patient can develop a rash on the face that can 

progress to the trunk and limbs. Some of the victims 

develop conjunctivitis and photophobia as well, and 

swelling of lymph nodes is also observed in the cervical and 

axillary regions. The disease usually lasts for 15-20 days. 

During this period, the patient may feel nausea, tumult, 

disturbance in the autonomic nervous system, fainting, and 

eventually die in a deep coma. Prophylactic and protective 

policies must be considered while dealing with the Marburg 

virus [17]. We should use personal protective equipment to 

prevent contamination and work in a biosafety cabinet to 

maintain hygiene and exposure to self-contamination. The 

particular epidemic can be controlled by proper laboratory 

equipment and awareness of the many risk factors. In areas 

of the outbreak, avoiding contact with non-human 

primates is appreciated. Humans should avoid frequent 

visits to mines and caves as fruit bats (carriers of the virus) 

live there. Adequate care should be taken to dissuade 

contact with the person having indications of MVD. 

I n fe c te d  a re a s  s h o u l d  b e  d e co n t a m i n ate d  w i t h 

disinfectants, and the affected neighborhoods' public 

should be educated about the precautions, signs, and 

symptoms. Training hospital staff and front-line workers is 

essential to tackle the disease more e�ciently. Proper 

care should be taken in the case of a pregnant woman 

because a fetus can contract a virus from the mother, and 

high fetal casualty rates highlight the need to concentrate 

on the treatment of the pregnant mother. The virus can 

also be excreted in breast milk, and the affected mother 

should avoid breastfeeding for at least 15 days [18]. Explain 

that till today, there is no approachable treatment available 

for the Marburg viral disease. However, possible trials and 

investigations are carried out in laboratories to determine 

the safe and protective therapies. Some are being tried out 

on nonhuman primates, while other trials were sampled on 

humans. Antiviral drugs (Galidesivir and Favipiravir), 

monoclonal antibodies, and interferons may be remedies. 

Considering vaccines, various laboratory practices are 

executed for the vaccine production of MARV. Currently, 

ongoing investigations focus on the recombinant vectors 

to produce genes that provide immunity against the 

immunized with exploratory MARV vaccines that endured 

subsequent �lovirus infection [14].The term “viremia” 

refers to the presence of viruses in blood, and post-

exposure treatments are evolved against �loviruses, 

among which monoclonal antibody-based strategies have 

appeared. It displays an elevated level of protection as 

these monoclonal  antibodies target  the v irus's 

glycoproteins. The �rst outbreak of the Marburg viral 

disease was in two areas of West Germany; “Marburg a der 

Lahn” and “Frankfurt am Main” [2]. The virus was destroyed 

for the �rst time in August 1967 and ceased in November 

1967. At �rst, 29 people were diagnosed with the infection, 

out of which seven patients grammatically wrong 

surrendered to the deadly virus. As we all know, the Marburg 

viral disease is caused by the Marburg virus, which belongs 

to the Filovirus family. Before developing the disorder, all 

suspects may have a direct connection with the sources of 

infection, which may be green African monkeys or various 

species of bats. The eruption of MVD took place among the 

laboratory manufacturers attempting to produce vaccines 

for poliomyelitis. Some past studies highlighted that 

infection �rst occurred when researchers sought to 

develop green monkey cell cultures using their tissues. The 

workers became infected with the Marburg virus while 

dealing with the tissues of infected green monkeys 

imported from Uganda. In addition to the two areas of West 

Germany, the Marburg virus also caused devastation in 

Belgrade and Yugoslavia (Serbia), and the carriers were the 

same Ugandan primates. The Marburg virus rendered 

devastation worldwide. The morbidity and mortality rates 

depended upon the intensity of the spell and virus strain, 

but the standard case fatality rate was about 50%. 

According to the World Health Organization (WHO) 

analyses, the Marburg virus causes a highly virulent disease 

and can develop hemorrhagic fever in humans and animals. 

In the �rst outbreak of 1967, laboratory staffers were 

exposed to the Marburg virus through the meat and organs 

of sick green African monkeys (Chlorocebusaethiops). A 

young man traveled from Zimbabwe to Johannesburg and 

contracted the virus in February 1975 and developed a 

primary infection. Kenya experienced an outbreak of the 

Marburg virus disease in 1980 when a doctor developed an 

infection in Nairobi, resulting in brutal haematemesis. In 

1987, a 15-year-old boy fell prey to the infection and passed 

away. He reportedly confronted the Ravn virus (responsible 

for MVD) in a cave colonized by fruit bats. After that, the 

Marburg virus caused devastation from 1998-2000 in the 

Democratic Republic of Congo, 2004 to 2005 in Angola, 

2012-2017 in Uganda, and recently in August 2021 in Guinea 

[15]. Marburg is a dangerous zoonotic virus that can spread 

disease in humans and non-human primates. Clinical 
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expression proteins of the Filovirus. The vaccine trials have 

been done on the Marburg virus by using inactivated 

Marburg virus particles, growing them in a Petri plate, and 

killing them with warmth or chemicals. So, several methods 

have been investigated to use a live-attenuated version of 

the Marburg virus as a vaccine. Protein-based vaccines 

that appear to be effective in the case of MVD and mRNA-

1,360 have been formulated and produce adequate viral 

protein utilizing mRNA technology. In various in-vitro and 

in-vivo studies, black seeds (Nigella sativa) have proved to 

be antiviral, antioxidant, and immunomodulatory in 

treating patients infected with the Marburg virus disease. 

The anti-viral effects of N. sativa help to reduce the viral 

load in MARV patients, and it is also effective against other 

viral diseases such as HIV, HCV, HBV, and EBV. Primary 

prevention and management measures are essential to 

regulate the Marburg viral disease. Sanitation and hygienic 

steps should be followed to avoid contact with blood and 

other body saps. Wildlife animals should be carefully 

supervised with protective gloves [19]. Several plasma 

treatments have been experimented on clonal antibodies 

and demonstrated more promising results. In the future, 

MVD can be deterred and governed by in�uential diagnostic 

techniques, training of healthcare workers, and supplying 

helpful control criteria for infection. Scientists or 

researchers from all over the world should share 

information to enhance public awareness of the virus in 

public to control death rates in outbreaks. To recover from 

the harmful virus, supportive care is essential because 

people living in shallow areas cannot afford high-quality 

treatments and diagnoses. It usually includes maintenance 

of the body hydration, medication, physio-social consent, 

and nutrition. Drugs taken orally are bene�cial to degrade 

the symptoms of infection, like nausea, fever, confusion, 

and headache. Patients can intake intravenous �uids to 

keep the body hydrated and vitamins to meet the body's 

nutritional requirements. 
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Figure 1:  Virion Structure and Genome Organization of Marburg 

Virus

The Marburg virus structure, along with depicting the 

structural proteins. Bottom, an illustration of the genome 

organization of the Marburg virus. This seven-gene strain 

of the Marburg virus has been drawn roughly to scale. The 

light blue boxes indicate noncoding areas, and the colored 

box code regions for genes. The red arrows demonstrate 

the position of the transcriptional start signals, while the 

pale brown bars highlight conserved transcriptional stop 

signals. Intergenic regions segregate the genes, indicated 

using black arrows, except the overlapping sequence 

(black triangle) between VP24 and VP30. At the extreme 

ends, the 3' and 5' trailer sequence is shown in Figure 2 [20].
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Figure 2:  Pathogenesis is of Marburg Virus

Marburg virus can be transmitted from human to human 

and animal to human as well because it is a zoonotic 

disease, as shown in Figure 3.

Figure 3:  Mode of Transmission of Marburg Virus [19]

When a person gets infected by the Marburg virus, the 

manifestations are unclear and complicated to diagnose 

clinically. With time, the progression of the disease occurs. 

This information is wrong or wrongly written It becomes an 

epidemic with distinctive signs and symptoms [21]. At the 

onset of the infection, the patient feels severe headaches 

and bother in the lumber region. Besides this, the eyes of 

many patients become prudent, painful, and pressurized. 

Proper diagnosis and the isolation of patients are 

necessary because the virus can be transmitted easily 

from one person to another, like in healthcare workers and 

doctors. The headache and fever are pursued by chest pain, 
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fatigue, puking, and diarrhea. The doctors may doubt 

Marburg's infection because the patient displays a papular 

rash and instantaneous cachexia, but the commencement 

of hemorrhagic fever con�rms the disease. All these signs 

lead to considering Lassa fever, which includes sore throat 

and facial edema in the late stage of illness. The blood of 

infected individuals is examined, and it depicts malarial 

parasites associated with chills and headaches [22]. 

Patients also develop secondary infections like bacterial 

infections, typhoid fever, hepatitis, and yellow turmoil. 

Samples for diagnosis of the viruses are taken from the 

acute and convalescent phase of the incubation period and 

by performing liver biopsy and throat washing. After 

sampling, they are sent to a laboratory for serological and 

virological testing. The serum is collected from the 

infected person, and complement �xation tests are 

conducted for viral  con�rmation as an antigen. 

Immunohistochemical techniques are also used for the 

detection and identi�cation of viral particles. In the 

diagnosis process, virus isolation is a sensitive method, 

and the Marburg virus shows enhanced growth in Vero cells 

and Vero E6 cells. Remove this One technique of RT-PCR 

formulated by researchers uses the dye SYBR green with a 

set of primers Filo-A (5`-ATCGGAATTTTTCTTTCTCATT-3`) 

and Filo-B (5`-ATGTGGTGGGTTATAATAATCACTGACATG-3`). 

They are concocted to intensify the L genes of the MARV 

virus. Another method of using real-time quantitative RT-

PCR was evolved by investigators in which a �uorogenic 

TaqMan probe is tagged with dye 6-carboxy�uorescein at 

the 5` end of DNA and quencher tag at the 3` end. 

Transmission electron microscopy can be manipulated to 

detect the Marburg virus in tissues and body �uids. Viral 

antigens can also be diagnosed with the help of 

immunochemistry by examining tissue lacerations and 

determining vision con�guration. Operators deduce by 

performing these techniques that viruses reside in 

pancreatic cells and hepatocytes. MARV is aimed at 

macrophages as �broblasts, vital replication sites for the 

Marburg virus [23]. Although no known treatment is 

present for the Marburg virus disease, some therapies are 

considered to increase the survival rate of infected 

persons. Filoviruses are deadly viruses and have caused 

destruction worldwide. As we discussed earlier, the Angola 

strain of the Marburg virus causes 85% of death rates [24]. 

Viral infections resulting in hemorrhagic fever can be dealt 

with with various therapeutic schemes comprised of 

immunization, management of antibodies, and use of 

antiviral medications for therapy. Different classes of 

antivirals are used based on the molecule they target, 

speci�c proteins that destroy virus particles, interferon, 

and immunomodulatory substances [25]. In case of a 

proper remedy for MVD, the disease is overseen by diverse 

pharmacological aspects and supportive measures to 

prevent organ failure and prolong a patient's life. The cases 

of the Marburg virus disease can be regulated by strict 

guidance of preventive techniques and isolation. Rephrase 

or remove When a patient experiences septic shock, 

he/she is divulged to the ICU to get the intrusive antidote 

for prevention and surveillance of ailment. Sometimes, the 

p at i e n t  c a n  b e  t re ate d  w i t h  d e ce n t  s u p p o r t i ve 

maintenance and administering a distinct antiviral cure. In 

�loviruses, clinical strategies can be split into three 

grades, i.e., incubation of virus, pre-coagulopathy, and 

coagulopathy [26, 27]. In the foremost phage, the organism 

is exposed to a viral particle until it shows symptoms, and at 

this stage, the infected patient gets a vaccination and an 

antiviral treatment [28]. Next, in the second step, the virus 

begins to replicate and provoke diseases, and in this phase, 

virostatics are in�uential. The �nal and last phase is 

portrayed by coagulation irregularities caused by defects 

in the cytokine grid. At this set, interfering and 

proin�ammatory cytokines are the only choices left to 

evaluate the infection. Non-human primates can be dealt 

with by using disease-modifying mechanisms such as 

h u m a n  r e c o m b i n a n t  p r o t e i n  C  ( r h A A P C ) ,  d 

chemotherapeutic procedures are used to cope with 

coagulation disabilities and nematode dicoumarol protein 

c2 (rNAPc2) are clotting substances [29, 30]. It is valuable 

to obstruct the activity of tissue factor VIIa (a protein 

complex). PMOs (phosphorodiamidate morpholino 

oligomers) are inhibitory molecules that prevent the 

replication of �lovirus particles. Positively charged PMOs 

and short interfering RNA (siRNA) can be used as a 

victorious vaccine to be administrated in non-human 

primates for persuasive restorative of �loviruses [31, 32]. 

siRNA marks speci�c genes through RNA machinery and 

inhibits viruses that induce hemorrhagic fever, such as 

MARV. Mannose is a sugar present in cells that has a 

receptor CD206 present on the exterior of dendritic cells 

and macrophages. siRNA combines with CD206, resulting 

in GalNAc-siRNA and mannose forming a complex with 

siRNA that is mannose-siRNA [33, 34]. These two 

complexes are studied in non-human mod that target the 

MARV proteins and provide security [35, 36].

Despite being identi�ed more than �ve decades ago, 

M a r b u rg  v i r a l  d i s e a s e  ( M VD )  re m a i n s  re l a t i ve l y 

underexplored compared to other �loviral infections such 

as Ebola. The sporadic nature of outbreaks and their 

geographic concentration in sub-Saharan Africa have 

limited large-scale clinical investigations and therapeutic 

trials. Furthermore, gaps persist in understanding 

reservoir dynamics, viral evolution, effective antiviral 
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Appropriate knowledge of each aspect of the deadly virus is 

essential as the published articles from pioneer writers are 

followed. The MARV infection has been disregarded for 

many years, but it has recently gained the interest of 

scientists and researchers because controlling it has 

become a challenge for them. The highest number of cases 

was monitored between 2004 and 2005 in Angola, where 

the case fatality rate was 90%. Different episodes of the 

Marburg viral disease were reported in Uganda from 2007 

to 2017, where 100% CFR was recorded in 2014. Recently, 

this deadly virus played a game of demise in West Guinea in 

2023. Disease-modifying narcotics and inhibitors of viral 

proteins have shown more promising consequences in 

patients [37, 38]. Viral RNA and IgG antibodies in vectors 

(bats) are detected by serological data and screening of 

bats by RT-PCR. The broad-spectrum drug “favipiravir” is 

bene�cial as an intervention for �lovirus conditions. 

Designation of the reservoir host should permit the 

development of risk-lessening parameters to mitigate the 

possibility of coming disease outbreaks. Control and 

proper management are necessary to prevent infection 

[39]. Formal governance and supportive therapies can 

treat some cases with fewer viral loads. Kalonji (black 

seeds) is bene�cial in the treatment of the Marburg virus 

disorder because of its anti-in�ammatory e�ciency as a 

MARV attacks lymphocytes and macrophages, and these 

contaminated cells facilitate the synthesis of human 

necrotic factor and Nigella sativa (kalonji) destroy alpha-

tumor necrotic factor [40].

This review is limited by reliance on previously published 

literature and available outbreak reports, which may not 

fully capture unpublished data or evolving epidemiological 

trends. The rarity and unpredictability of outbreaks restrict 

large-scale clinical trials and comprehensive therapeutic 

validation. Future research should focus on strengthening 

surveillance systems, advancing rapid diagnostic tools, 

accelerating vaccine and antiviral development, and 

promoting One Health approaches to better understand 

zoonotic transmission. International collaboration, data 

sharing, and investment in outbreak preparedness will be 

critical to mitigating the global threat posed by Marburg 

viral disease.

After worldwide devastation caused by COVID-19, the 
Marburg virus appears to be a rising challenge in front of the 
world. Because of the high case fatality rates, MVD was 
con�rmed to be a deadly infection challenges to manage 
due to the undersupply of vaccines and insu�cient cures. 
Endeavors are made globally by researchers, healthcare 
professionals, and epidemiologists so that humanity can 
tackle the Marburg viral disease more effectively. Although 
Africa has been speci�ed as the prospective source of the 
MARV, most outbreaks have been caused by animal spillage 
to the human population. Vaccine studies have been 
continuous for the past few years, and the virus is being 
investigated on various animal models, including NHPs, 
hamsters, poultry, and mouse samples. N. sativa is a spice 
used traditionally to treat different ailments.  The 
discourses learned from the past outbreaks emphasized 
the signi�cance of preparedness and creation to address 
the threat of MVD to public health. The explicitness and 
sensitivity of these diagnostics are bene�cial in 
epidemiological analysis and examination of �lovirus 
infections.
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The Role of Lifestyle in Modulating the Gut Microbiome
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The human gut, a dynamic and diverse ecosystem of trillions of microorganisms, plays an 

essential role in the host's health and disease. This review explores the in�uence of lifestyle 

choices like diet, stress, physical activity, and environmental factors on gut microbiome and 

their broader societal implications. Studies have reported that plant-based and Mediterranean 

diets enhance microbial diversity. At the same time, a sedentary lifestyle, chronic stress, 

processed foods, and alcohol consumption badly impact on the gut microbial composition and 

lead to many diseases like dysbiosis, obesity, and cardiovascular diseases. Geographic and 

ethnic factors also in�uence the gut microbiome. The consumption of fermented food and a diet 

high in �ber has a positive impact on the gut microbiome. The gut microbiome also has many 

societal implications, and the targeted intervention can help to reduce economic losses and 

public health costs and improve the overall health of everyone. This comprehensive review 

focuses on the links between lifestyle, gut microbiome, and societal well-being and suggests 

integrative strategies to promote sustainable health practices.
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pathogens. Alteration of gut microbiome badly affects 

human health and leads to diseases like type II diabetes, 

in�ammatory bowel syndrome, and cardiovascular 

diseases [5, 6]. Short-chain fatty acids (SCFA) like 

propionate, butyrate, and propionate, produced by gut 

microbiome as a byproduct, are the primary energy source 

for epithelial cells of the intestine and strengthen the 

mucous layer. Studies on germ-free mice have shown that 

gut microbiome enhances the immunity of the intestine by 

affecting antigen-presenting cells, expression of toll-like 

receptors, lymphoid cells, and differentiated T cells [7] and 

by altering systematic antibody expression and immunity 

via raised splenic CD4+ cells [8]. Because of these facts 

about the gut microbiome, researchers are getting more 

I N T R O D U C T I O N

An abundant and diverse microbial community resides in 

the gastrointestinal tract of humans. Greater than 100 

trillion microbes and about 2000 species have been 

reported within the intestine [1, 2]. Both pathogenic and 

symbiotic microorganisms are inhabitants of the human 

intestine, while around 1014 microbes reside in the colon of 

humans, making it one of the most populated habitats [3]. 

More than 3 million genes are encoded by these microbes, 

which are known to produce a large number of bioactive 

compounds, and these compounds play a vital role in 

human health [4] (Figure 1). Various bene�cial activities 

have been reported in the gut microbiome for host health, 

like producing short-chain fatty acids and vitamins, 

immune homeostasis, digestion, and activity against 
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interested in studying gut microorganisms. The gut 

microbiome changes quickly in response to the diet a 

person is consuming. For instance, if a person consumes a 

plant- or animal-based diet, the gut microbiome will 

change within 24h according to the diet [9]. 

Despite increasing evidence linking lifestyle factors to gut 

microbiome composition, the complex interactions 

between diet, physical activity, stress, environmental 

exposures, and microbial diversity remain poorly 

understood. Many studies focus on individual lifestyle 

factors in isolation, while integrative analyses considering 

multiple in�uences and their societal impact are limited. 

Moreover, most research has been conducted in Western 

populations, leaving a knowledge gap regarding gut 

microbiome modulation in diverse ethnic and geographic 

groups. Addressing these gaps is crucial for developing 

targeted interventions to optimize gut health.

Dietary Intake
Fats, Proteins, Carbs,
Polyphenols, Pro/Prebiotics

Altered
Gut Microbiome
Changes in
Lactobacili,
Bifidobacteria,
Akkermansia etc.

Diseases
DM 2 ,CVD, Dysbiosis,
IBD, Obersity, Metabolic and
autoimmune diseases

Biological Effects
Altered host metabolism,
Immune system production
of anti and pro inflamatory
metabolites

Figure 1: An Overview of Diet's Impact on Human Health, Diseases, 

and Gut Microbiome

There are many lifestyle choices that directly or indirectly 

in�uence the gut microbiome. Few of them are described 

below:
Geography and Ethnicity 

Gut comparison analysis of individuals from European and 

African children's samples Lee et al., reported that 

different countries gut microbiomes are not similar and 

have different compositions [10]. They also compared the 

USA and Korean twin pairs fecal microbiota and found 

different gut microbiome compositions between the two 

countries. This study revealed that environmental factors 

and diet in�uence the gut microbiome. They further 

reported a massive difference in microbiota in families 

consuming different diets and environments while staying 

within the same country. A signi�cant difference in the 

microbial composition of lean and obese patients was 

observed during their study in the USA and Korea. Fecal 

samples of 2084 persons from various ethnic groups 

residing in the same area were collected and analyzed for 

gut microbiome composition. The differences in the 

microbial composition indicate that ethnicity is one of the 

gut microbiota in�uencers Although other factors like 

person-speci�c genetic pro�le and some environmental 

factors might involve this variation, diet is the main 

contributor of gut microbial variation in these individuals 

[11]. Rothschild et al., reported a study in which they 

surveyed 1046 healthy persons sharing the same 

environment and belonging to different ancestors [12]. 

Their analysis revealed that the person-speci�c genetic 

pro�le has a limited role in determining the composition of 

the gut microbiome. The impact of country of residence on 

gut microbial composition has been studied in individuals 

who migrated to the USA from Thailand. The individuals 

who emigrated from Thailand to the USA faced many 

challenges like obesity, metabolic diseases, and quick 

changes in gut microbial composition were observed 

among them. The gut microbiome changes observed in 

these individuals include loss of microbial diversity, native 

gut species loss, and Bacteroidetes increased in the place 

of Prevotella species with the passage of time [13]. The 

reason for these changes can be a sedentary lifestyle, the 

adaptation of a Western diet, and food insecurity [14].

Pet-Friendly Living

Pet friendly life can be an environmental factor affecting 

gut microbial composition. Samples of 332 individuals 

living without and with pets were analyzed, and results 

showed no signi�cant difference in microbial diversity. 

Still, the abundance of speci�c phyla, such as Firmicutes, 

was signi�cantly higher [15]. A link between the gut 

microbiome pro�le of infants and furry pets has been 

observed, with the abundance of Oscillospira and 

Ruminococcus. Both phyla are responsible for various 

allergies and obesity [16]. As little literature is available on 

the relationship of pets and gut microbiome, more 

research must be conducted in this �eld. 

Physical Activity

Regular physical activity/exercise plays an important role in 

the regulation of gut microbiome and its functionality. It 

can protect from the microbes associated with CVD and 

many other metabolic disorders. Therefore, physical 

exercise is a polypill for many chronic diseases/infections 

[17]. Now, researchers are taking more interest in studying 

the impact of physical activity on the gut microbiome. They 

are looking for ways to improve physical health by 

modulating the gut microbiome, which can help �ght 

microbial infections and various chronic diseases and 

delay aging with the help of gut microbiome. The 

relationships between microbiome, nutrition, and physical 

exercise have been focused on in adults and professional 

and non-professional athletes. Physical exercise can 

enhance microbial diversity, which is evidence of good 

health [17]. But the problem is that persons with regular 
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Table 1:  Some of the gut microbes with associated diseases

exercise or athletes use different kinds of diets and have 

entirely different routines for sex sports periodization and 

might depend on a particular sport. That's why their routine 

is different from that of the public. Therefore, the link 

between diet and gut microbial diversity in individuals who 

practice regular physical activity is strenuous to be 

established [18]. A possible role of some gut microbial 

species has been established in physical activity. For 

instance, an increase in the abundance of Prevotella copri 

has been observed in the individuals following regular 

exercises. This bacterium plays a role in gene expression of 

genes involved in L-lysine metabolism. L-lysine is an amino 

acid not produced within our body and plays a role in 

muscular integrity [19]. Similarly, in a study, Scheiman et 

al., reported an increase in Veillonella atypica in marathon 

runners. This bacterial species is known to play a role in 

muscle recovery by degrading lactate produced during 

physical activity [20]. Likewise, in another study, Morita et 

al., reported an increase in Bacteroidetes uniformis in male 

long-distance runners, enhancing their performance [21]. 

These studies open new �elds of opportunities to develop 

prebiotics, probiotics, and various symbiotic combinations 

to improve physical activities via food supplementation 

[22].

Diet
Diet plays a key role in maintaining optimal gut microbiome. 
The composition and functionality of gut microbes depend 
on dietary patterns and the availability of micro and macro-
nutrients in the intestine. Several studies have been 
reported clinically and preclinically on the diet and stated 
that diet signi�cantly in�uences the gut microbiome. The 
Western diet normally consists of simple sugars, and 
saturated fats tend to increase Bacteroidetes sp. This diet 
promotes bile-tolerant microbes like Bacteroidetes sp. and 
Alistipes sp. and tends to decrease Firmicutes sp. in the 
gut. Although main bacterial species remain dominant, a 
change in the diet in�uences the gut microbiome within 
24h. [23]. Animal-based diets have less diverse gut 
microbiomes as compared to plant-based diets. The plant-
based diet has high �ber levels, promoting the growth of 
�ber-fermenting bacteria. These fermenting microbes 
increase fermented products like short-chain fatty acids 
(SFA) and improve blood circulation in the gut [24]. It is now 
an established fact that dietary interventions affect and 

change the gut microbiome, so changes in gut microbiome 
based on diet are not surprising anymore. For instance, the 
keto diet (KD) is known to in�uence the gut microbiome. Ma 
et al., stated that there was an increase in the Lactobacillus 
and A. muciniphila population, and relative abundance was 
observed for Turicibacter and Desulfovibrio in individuals 
given a ketogenic diet [25]. Both Lactobacillus and A. 
muciniphila are commensal bacterium known for SCA 
production [26, 27]. Many other studies have also reported 
a decrease in gut microbial diversity based on observed 
taxa and Shannon index among the persons given with KD 
[28, 29]. However, in a study, Swidsinski et al., reported the 
change in gut microbiome based on KD if biphasic, 
indicating that it reduces the gut microbial diversity 
initially, but when a person receives KD diet for extended 
periods of time, then the microbial diversity increases 
automatically [30]. However, gut diversity is not similar to 
that of individuals who have intermittent fasting compared 
to individuals with KD [31]. Long-term dependency on the 
Mediterranean diet (MD) impacts on gut health. An increase 
in the concentration of Prevotella, Prevotellaceae, and 
Bacteriodetes and a decrease in Lachnospiraceae and 
Firmicutes has been observed in the individuals given 
Mediterranean diets [32]. Furthermore, in the individuals 
who used to eat MD for a longer duration, an increase in the 
butyrate and propionate was observed. These SCFA were 
associated with higher microbial diversity when a 
comparison was established with the Western diet [33]. 
The utilization of omega-3 fatty acids found in �sh oil is 
associated with a higher level of docosahexaenoic acid 
(DHA) in the blood. This increased DHA level is associated 
w i t h  h i g h e r  l e v e l s  o f  R u m i n o c o c c a c a e  a n d 
Lachnospiraceae bacterial families. These families are 
involved in the dietary �ber fermentation, resulting in the 
production of SCFAs in the human gut [34]. Fecal 
metabolite N-carbamylglutamate can also be in�uenced by 
gut bacteria through dietary interventions [35]. The 
microbial community shaping can be managed by the 
dietary intake of vitamins, minerals, micronutrients, and 
polyphenols [36]. As gut microbial composition can be 
in�uenced by nutrit ional  inter ventions,  the gut 
microbiome can be modi�ed easily by diet modi�cation. 
Thus, a modi�ed gut can achieve many physical and general 
health bene�ts (Table 1).

Bacteria

Akkermansia 
muciniphila

Escherichia coli

Faecalibacterium
 prausnitzii

Key Characteristics Linked Disease Conditions Related Physiological Changes References

Gram-negative, oval-shaped, 
nonmotile obligate anaerobe

Gram-negative, rod-shaped
 facultative anaerobe

Gram-positive, nonmotile, 
rod-shaped obligate anaerobe

Reduced presence in IBD, obesity, 
and psoriatic arthritis

Overabundance linked to IBD, UTIs, 
gastroenteritis, and meningitis

Lower levels associated with IBD and 
obesity

Exhibits anti-in�ammatory effects

Activates TLR pathways

SCFA production and anti-in�ammatory 
properties

[37]

[38]

[39]
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microbiome at optimal conditions.

Prebiotics

Prebiotics, from the family of dietary �bers, play a 

signi�cant role in the gut microbiome. Prebiotics can be 

de�ned as substrates that can be utilized by host 

microorganisms that have health bene�ts for the host 

system [58]. The most common prebiotics are HMOs, FOS, 

galacto-oligosaccharides, and inulin. These prebiotics 

promote the growth of probiotic bacteria like Lactobacilli 

and Bi�dobacteria. These probiotic microbes produce 

SCFA and many other bioactive compounds that have 

health bene�ts for the host system [59]. Many studies have 

already reported that prebiotics can in�uence the ability of 

gut microbes to produce SCFAs. The SCFAs activate the 

GPR43/41 receptors of the L cells, thus promoting the 

secretions of PYY and GLP-1. They also promote the 

secretions of the BLP-2. This peptide maintains the gut 

barrier functions by stimulating blood �ow, stimulating 

proliferative epithelial cells of the intestine, and improving 

the integrity of tight junctions [60]. After all, the prebiotic 

and gut microbic interactions play a role in the reduction of 

intestinal permeability, and they also decrease food intake, 

prevent metabolic endotoxemia and hepatic steatosis, and 

improve sensitivity and secretions of insulin. All of these 

are known to reduce in�ammation (Figure 2).

Stress

Gut dysbiosis is often associated with stress, indicating 

that the gut microbiome also responds to chronic stress 

[49]. A study on germ-free mice showed the production of 

adrenocorticotropic hormone (ACTH) and corticosterone 

compared to the control when mild stress was given to the 

mice. This indicates that the gut microbiome responds to 

stress and is critical in hypothalamic pituitary adrenal (HPA) 

axis development [50]. The gut microbiome is also 

associated with behavioral and physiological changes in 

r e s p o n s e  to  ex p o s u r e  to  s t r e ss ,  l i ke  H PA  a x i s 

dysregulation, social and behavioral changes, impaired 

cognition, and intestinal barrier function, causing 

intestinal permeability, which leads to leaking gut and 

increased in�ammation [51, 52, 53]. Now, it is established 

that stress badly impacts the gut microbiome, damages 

the microbial community's ecology, and promotes 

dysbiosis [49]. Many clinical and animal-based studies 

have reported that stress negatively impacts gut health 

[49]. Various kinds of stresses like restraint conditions, 

maternal separation, crowding, heat stress, and noise were 

able to negatively change the gut microbiome in different 

animal model studies [54]. For instance, chronic restraint 

and maternal separation stress tend to lower the 

Lactobacillus level [55]. A survey of the animal model, 

which was kept under stress, showed improved cognition, 

behavioral, and biochemical results after administering 

Lactobacillus [56]. Under chronic stress conditions, a 

decrease in the Bacteriodetes abundance and an increase 

in the clostridiales family has been observed. Both of these 

correlate with changed pro-in�ammatory cytokines levels 

[57]. All these studies indicate that stress directly impacts 

the gut microbiome, which may be associated with various 

diseases l ike dysbiosis.  So, stress management 

techniques must be adopted in our daily life to maintain gut 
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Gram-positive, rod-shaped obligate
 anaerobe; spore-forming

Gram-negative, obligate anaerobe; 
urease-positive, bile-resistant, 

catalase-positive

Gram-negative, rod-shaped 
obligate anaerobe; bile-resistant, 

pigment-producing

Gram-negative, rod-shaped obligate
 anaerobe; variable motility

Gram-positive, rod-shaped
facultative anaerobe

Gram-positive, branched, nonmotile 
obligate anaerobe

Associated with diseases like 
tetanus, botulism, gas gangrene, and

 pseudomembranous colitis

B. wadsworthia linked to colitis, liver
 abscesses,gangrenous appendicitis, 
cholecystitis, FG, empyema, and HS

Found in cases of acute appendicitis, brain 
abscesses, and perirectal abscesses

Higher abundance linked to IBD

Contributes to reducing IBD

Lower levels observed in obesity

Supports TH17 cell generation

Stimulates pro-in�ammatory TH1 
immune response

contribute to the production of bene�cial
 metabolites

Activates CD4+ T cells

SCFA synthesis exhibits anti-in�ammatory 
and anti-cancer properties

Produces SCFAs, enhances gut mucosal 
barrier, reduces intestinal LPS

Clostridium sp

Bilophila sp

Alistipes sp

Bacteroides sp

Lactobacillus sp

Bi�dobacterium 
sp [48]

[43]

[44]

[45]

[46]

[47]

Enterococcus sp

Eubacterium sp

Roseburia sp

Gram-positive, cocci-shaped
 facultative anaerobe

Gram-positive, rod-shaped obligate
 anaerobe

Gram-variable, curved, motile
 obligate anaerobe

Includes pathogenic species causing 
UTIs, endocarditis, or bacteremia

Reduced presence linked to IBD

Decreased levels noted in IBD

Induction of anti-in�ammatory response

Produces SCFAs and bene�cial phenolic 
acids

SCFA production

[40]

[41]

[42]
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compounds, like gallic acid, ferulic acid, and caffeic acid, 

are produced by gut microbes using dietary polyphenols 

and have many health bene�ts [63].

Fatty Acids 

The function and composition of the gut microbiome are 

also greatly in�uenced by the dietary fat that any individual 

is consuming. For example, saturated fatty acids, usually 

present in processed food and animal fat, increase pro-

in�ammatory microbes and decrease gut microbial 

diversity [65]. Polyunsaturated fatty acids (PUFAs), like 

omega-3, usually present in �axseed and �sh oil, are known 

t o  e n h a n c e  t h e  g r o w t h  o f  A .  m u c i n i p i l a  a n d 

Bi�dobacterium, which play a role in health improvement 

[66]. Some gut microbes, like Clostridium, Lactobacillus, 

Enterobacter, and Bi�dobacterium, can metabolize PUFAs 

into keto and hydroxy derivatives. The bene�cial effect of 

HYA and CLA has been reported in the mice model of 

cancer, obesity, and colitis by activating PPARa, GPR140, 

PPARy, and GPR120 and using peristalsis via EP3 activation 

[67].  Dietary cholesterol is highly dependent on gut 

microbiome composition. Some cholesterol is absorbed in 

the upper portion of the intestine, and about 2g of 

cholestrol enters the colon daily. In the colon, cholesterol-

degrading bacteria convert the cholesterol to coprostanol 

and then, to a lesser extent, form the coprostanone [68]. 

Some cholesterol-degrading microbes,  such as 

Oscillibacter and Dysosmobacter, have been cultured and 

isolated, but overall, isolating cholesterol-degrading 

bacterial species is a complicated and challenging task. 

These microbes have shown activities to lower the 

cholestrol level in humans and have demonstrated the 

potential to convert cholesterol to comprostanone [69].

Arti�cial Sweeteners

Many non-calorie arti�cial sweeteners are used to enhance 

the quality and taste of packaged foods. Although food 

regulatory authorities approve of them, many of the 

arti�cial sweeteners are known to cause risks for various 

diseases. In research studies, aspartame, sucralose, and 

saccharin have been reported to cause greater glucose 

intolerance than glucose. Saccharin has more potential to 

cause glucose intolerance than other ones. Most of the 

non-caloric arti�cial sweeteners pass the digestive tract 

while remaining undigested. These undigested arti�cial 

sweeteners interact with the gut microbiome, changing 

their function and composition. Arti�cial sweeteners may 

also cause type 2 diabetes by upregulating the pathways 

involved in LPS biosynthesis, as revealed by metagenomic 

studies [70]. A positive correlation between metabolic 

indicators like blood glucose levels and hemoglobin A1c and 

arti�cial sweetener consumption in humans has been 

reported. Regular usage of arti�cial sweeteners and 

Polyphenols

Polyphenols abundantly found in plant-based diets, 

including tea, fruits, coffee, vegetables, and wine, are the 

most complex metabolic compounds. They are divided into 

two main groups: non-�avonoids and �avonoids. 

Flavonoids are divided into �avanols, anthocyanins, 

iso�avones, and �avanones. At the same time, non-

�avonoids are divided into lignans, stilbenes, and phenolic 

acids [61]. Polyphenols are not present in blood circulation 

because most of them are found in food as polymers, 

glycosides, and esters that may not be absorbed in their 

native form, so most of them work locally. Polyphenols have 

been considered for their ability to prevent different 

diseases that may be caused by oxidative stress, and they 

are also known for their potent antioxidant potential. Gut 

microbes are known for their ability to produce various 

enzymes that enhance the bioactivity and bioavailability of 

polyphenols in the intestine. So, the polyphenols affect the 

gut microbiome composition. The polyphenols strengthen 

the growth of gut microbes like Bi�dobacterium, 

Lactobacillus, A. muciniphila, Faecalibacterium, and 

Roseburia and inhibit  the growth of pathogenic 

microorganisms [61, 62]. The gut microbiota and 

polyphenols interaction also play a role in the gut barrier 

function anticarcinogenic and anti-in�ammatory effects. 

Phenyl propionic acid, a phenolic compound produced by 

the gut microbiome, has anti-in�ammatory activity and 

plays a role in the gut barrier using the dependent 

mechanism of aryl hydrocarbon receptor (AhR) [63, 64]. 

The polyphenolic compounds 4-hydroxyphenylacetic acid 

and Hydroxyphenylacetic acid have been known for their 

antioxidant and anti-in�ammatory potential and protect 

the body from obesity, cardiovascular disease, and many 

types of cancers [64]. Many other phenolic acid 
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re�ned sugar badly impacts the gut microbiome 

composition. This altered composition may lead to 

metabolic disorders like diabetes, impaired glucose 

metabolism, reduced microbial diversity, and gut 

microbiota deviation [71].

Emulsi�ers

The emulsi�ers are typically used to improve the shelf life 

and texture of food, but they also have a terrible impact on 

gut barrier function and gut microbiota. Although they are 

widely used in the food industry, safety concerns about 

emulsi�ers still need to be resolved. The emulsi�ers like 

polysorbate 80 and carboxymethylcellulose have been 

reported to induce many metabolic diseases. They mutate 

the intestinal mucus layer and thus lead to leaking gut by 

increasing gut permeability. Some emulsi�ers like 

carboxymethylcellulose disturber the gut microbial 

community by overgrowth of some bacterial species while 

many like polysorbate 80, play a role in microbial 

translocation [72]. These emulsi�ers have also been 

reported to cause metabolic syndrome and in�ammation in 

mice models. Furthermore, these emulsi�ers damage the 

mucus layer, making direct contact between intestinal 

walls and bacterial cells and leading to pathogenic 

infections. 

Alcohol

Alcohol is also known to cause changes in the gut 

microbiome. In alcohol-addicted individuals, the gut 

microorganisms play a role in alcoholic liver disease, and 

dysbiosis is commonly observed in alcoholic individuals. In 

patients suffering from alcoholic liver diseases, the 

abundance of Enterococcus and Bacteroidetes has been 

observed. A study conducted on mice models has reported 

o v e r g r o w t h  o f  s o m e  b a c t e r i a l  s p e c i e s ,  l i k e 

Enterobacteriaceae class. The study further reported the 

occurrence of intestinal in�ammation upon regular alcohol 

consumption for seven days [73]. The change in gut 

microbiome composition upon alcohol consumption does 

not seem to be in�uenced by ethanol: acetate production, 

but by the enzymes that the host produces also play a role. 

Some studies have suggested that probiotics may help 

improve liver-associated enzyme levels, which are affected 

by alcohol consumption [74, 75].

Cigarettes

Studies on e-cigarettes and cigarettes have reported that 

smoking contributes to low gut microbial diversity. They 

also reported that this leads to an imbalance between gut 

microbial species. The exact mechanisms that lead to low 

gut microbial diversity are unknown, but most likely many of 

the toxic chemicals in the cigarette might be responsible. 

Many of the compounds like aldehydes, benzenes, heavy 

m e t a l s ,  n i t r o s a m i n e s ,  a n d  p o l yc yc l i c  a r o m a t i c 

hydrocarbons may change the pH of the gut, affect the 

production of organic acid, and might act as antimicrobial 

agents for the gut microbiome, and can be metabolized by 

gut microbiome to produce further toxic substances. 

These compounds might inhibit some microbes' growth 

and promote others' development, thus leading to a 

dysbiosis state [76]. Nicotine, a chemical compound found 

in cigarettes, damages the gut microbial community by 

reducing the growth of Firmicutes and Actinobacteria 

while promoting the growth of Bacteroidetes and 

Proteobacteria [77].

Environmental Pollutants
Environmental pollutants like pesticides, dyes, and heavy 
metals have been reported to affect the gut microbial 
composition, leading to harmful health effects and 
dysbiosis. For instance, exposure of mice to arsenic, 
cadmium, and lead heavy metals causes damage to the gut 
microbial structure and relative abundance by altering 
ratios of Bacteroidetes and Firmicutes [78]. In response to 
heavy metals, gut microbes offer physical barriers to the 
heavy metal absorption and secret enzymes that detoxify 
heavy metals and convert them to less toxic substances. 
Probiotics like Bi�dobacterium and Lactobacillus, usually 
present in fermented food products, can detoxify heavy 
metals, limit their absorption, reduce the expression of 
metal transporters, and maintain gut barrier integrity [79]. 
Pesticides like fungicides, insecticides, and herbicides 
also affect the gut microbiome by promoting some 
microbes' growth while inhibiting others' growth. Still, 
sometimes they also show contrasting results [80]. More 
research should be conducted on the impact of pesticides 
on the gut microbiome to understand the exact role of 
these compounds on gut health.
Sleep and Circadian Rhythm 
The gut-brain axis not only plays a role in mental health 
disorders but also contributes to the sleep cycle. The 
immune system, vagus nerve, serotogenic system, and 
microbial metabolites are all communicating vehicles 
between the brain and gut, which regulate the sleep cycle 
[81]. Recently, studies have reported a rhythm in the gut 
microbiome and its metabolites that might be controlled by 
feeding patterns and circadian cues, i.e., light/dark cycles 
[82, 83]. Host circadian rhythm patterns in�uence the gut 
microbiome, and gut microbes produce metabolites to 
modulate host rhythm [83]. An equilibrium disturbance like 
traveling has been associated with gut microbiome 
changes. These changes might be caused by sleep loss and 
lag, which affect the diurnal rhythms and result in the shift 
in function and composition of gut microbes [84]. The 
state of dysbiosis has been observed in individuals having 
disturbed sleeping cycles. Dietary supplements like 
vitamins, probiotic intake, attention to feeding habits can 
potentially improve gut microbiome, sleeping cycle, and 
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circadian rhythm [83]. All these indicate that the sleep 

cycle and circadian rhythm in�uence the gut microbiome, 

which results in various health consequences.
Limitations and Future Prospects
This review is limited by the heterogeneity of study 
designs, population differences, and variations in 
microbiome analysis methods, which can affect 
comparability of �ndings. Future research should focus on 
longitudinal and multi-ethnic studies, integrating multi-
o m i c s  a p p r o a c h e s  t o  b e t t e r  u n d e r s t a n d 
lifestyle–microbiome interactions. Additionally, the 
development of personalized nutrition and lifestyle 
interventions, supported by rapid gut microbiome 
diagnostics, holds promise for improving individual and 
public health outcomes.
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The gut microbiome plays an essential role in disease 
prevention and promotes the individual's overall health. 
This review article focused on the multifaceted impact of 
lifestyle choices like physical activity, stress, diet, and 
environmental factors on gut microbial diversity and 
functionality. The gut microbiome helps �ght against 
chronic disease and improves mental health via the gut-
brain axis. The targeted interventions for gut microbiome 
can signi�cantly enhance health outcomes. Beyond 
individual health bene�ts, the societal effects of gut 
microbiome modulation are profound. A healthy gut can 
help us eliminate the economic burdens of healthcare 
systems. Using a plant-based and �ber-containing diet can 
improve gut health, which can solve many health problems 
worldwide, especially in underdeveloped areas. The �ber-
rich diet, physical activities and sustainable practices 
bene�t physical �tness and boost the gut microbiome. 
Advanced research and emerging technologies provide an 
opportunity to address many gut issues and quick tests to 
diagnose gut problems. These technologies can help to 
provide personalized gut health interventions and enable 
precise and practical strategies to improve public health. 
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Review Article

Genetics of Cotton Fiber Color: Unveiling the Mechanisms and Exploring Gene-Based
Approaches for Color Expression

1* 1 1 2 1 3Muhammad Naveed Anjum , Muqaddas Amna Qureshi , Maham Riaz , Rohollah Bostani , Azka Ahmad  and Nida Shabbir  

Cotton is a vital natural �ber, and its color signi�cantly impacts its commercial value and 

marketability. Traditional cotton cultivation focuses on white �bers, but naturally colored 

cotton (NCC) is gaining attention due to its potential for sustainable and environmentally friendly 

textile production. This review explores the genetics and molecular mechanisms underlying 

cotton �ber color, focusing primarily on anthocyanins and gossypol pigments. We discuss the 

role of key genes involved in pigment biosynthesis and regulatory pathways. Additionally, we 

analyze the potential of gene-based color expression approaches, including traditional 

breeding and genetic engineering. We highlight the advantages and limitations of each 

approach and discuss future research directions for developing NCC varieties with improved 

�ber quality, yield, and color diversity.
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surface of the cotton seed stretch outward. Inner structure 

breakdown during �ber maturation, and the cell walls 

shrink, leaving behind a �at, twisted shape [3]. Cotton is a 

key material in the textile industry. Different dyes are added 

during production to color fabrics. However, the use of 

these dyes is causing pollution, which is harmful to human 

beings [4]. Naturally colored cotton has its color built into 

the �bers [5, 6]. Scientists are creating improved versions 

by breeding white cotton with colorful cotton types to 

produce different colors in cotton �bers naturally. These 

plants have better color retention, longer �bers, and 

stronger material than the original colorful cotton. These 

days, naturally colored cotton is becoming popular 

I N T R O D U C T I O N

Cotton is one of the most important natural �bers in the 

world, and its color is a critical quality trait that in�uences 

its commercial value and marketability. Traditionally, 

cotton has been cultivated for its white �bers, but there is 

growing interest in developing colored cotton varieties for 

use in various textile applications. Gene-based color 

expression offers a promising approach to achieving this 

goal. Throughout the world, in the 1990s, polyester and 

other man-made �bers faced strong competition. This 

competition increased further in the early 2000s [1]. 

Cotton �bers or cotton lint are mostly used in fabrics today 

[2]. There is a unique way of �ber formation during cotton 

plant growth. Fiber is created when Smaller cells on the 
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because of the demand for organic, eco-friendly products. 

Its biggest advantage of naturally colored cotton is that 

there is no need to add dyes, which is the most polluting 

step in fabric production, so it is cleaner and safer for both 

people and the environment [7, 8]. There are many bene�ts 

of naturally colored cotton; it serves as a crucial raw 

material for eco-friendly textiles [9]. It may cut down on 

chemical residue, pollution, and processing costs. it may 

also be less �ammable and have a higher UV protection 

rating than regular white cotton [10, 11]. This colored cotton 

has been grown for many years, but it hasn't improved as 

fast as regular white cotton. The biggest reasons are that 

colored cotton plants produce fewer �bers than white 

cotton, and their colors look faded. These �aws are making 

them less practical for large-scale farming [9]. Scientists 

want to �x this by making the �bers stronger, longer and 

�ner [12]. When the cotton bowl opens, the color in the 

cotton �bers appears. These natural colors come from 

pigments which are mixed with the cotton's cellulose. This 

color trait is passed to the next generation through genes. 

However, traditional breeding struggles to improve both 

the cotton's quality (like �ber strength) and its yield at the 

same time; if one gets better, the other might get worse. 

These days, scientists are using genetic approaches to 

create these cotton varieties.

Although naturally colored cotton (NCC) offers a 

sustainable alternative to dyed fabrics, its cultivation faces 

signi�cant challenges, including low �ber yield, limited 

color stability, and weaker �ber quality compared to 

conventional white cotton. While key genes involved in 

pigment biosynthesis, such as MYB, F3H, and GhANR, have 

been identi�ed, the molecular regulation of color 

expression under varying environmental conditions 

remains insu�ciently understood. Moreover, most studies 

have focused on individual genes or pigment pathways, 

highlighting a gap in integrative approaches that combine 

genetics, breeding, and modern gene-editing strategies to 

achieve both improved �ber quality and consistent color 

expression.

Genetics of Cotton Fiber Color

The color of cotton �bers is determined by the 

accumulation of pigments, primarily anthocyanins and 

gossypol. These pigments are synthesized through a 

complex network of biochemical pathways that are 

regulated by genes. Several genes have been identi�ed 

that play important roles in cotton �ber color. For example, 

the MYB113 gene is a transcription factor that regulates the 

expression of genes involved in anthocyanin biosynthesis. 

Targeted Mutations in the MYB113 gene can lead to the 

production of brown or green cotton �bers [13]. Natural 

compounds called proanthocyanidins (PAs) and related 

substances are responsible for the brown color in cotton 

�bers. Early research found that these �avonoid 

compounds are responsible for the brown shades [14]. 

Brown shades, for example, come from compounds made 

through the plant's natural processes, similar to how 

�owers or fruits get their colors [15-17]. Pathways by which 

colored cotton is produced are shown in Figure 1.
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Figure 1: Genetic pathways in Cotton Fiber Coloration

Cotton gets natural brown or green shades from pigments 

in the �bers. There is a chemical pathway for the 

production of pigments. Proanthocyanins pigments are 

responsible for the brown color, and anthocyanins 

pigments are responsible for other colors. Gene directly 

controls the formation of these pigments. MYB, bHLH, and 

WD40 are important genes that switch to turn on the 

production of color-related compounds. Different 

enzymes such as F3H, F3'H, and F3'5'H add chemical groups 

to naringenin and create different forms of modi�ed 

naringenin, which results in the production of pigments like 

pelargonidin (involved in red color formation), cyanidin 

(involved in magenta color formation), and delphinidin 

(involved in blue color formation) [18]. In the anthocyanin 

pathway, one of the important steps of pigments like 

pelargonidin, cyanidin, and delphinidin formation is the 

addition of a hydroxyl group to naringenin to create 

dihydrokaempferol, which gives colors to �owers, and is 

added by �avanone 3-hydroxylase enzyme., F3H's role is 

most important in color formation, while other enzymes 

like F3'5'H modify pigments later [19]. These enzymes play a 

role in the formation of anthocyanins, which are involved in 

red, blue, and purple shades in plants [20]. When the F3H 

enzyme is less active, it changes the color of cotton petals. 

F3'H and F3'5'H enzymes are involved in red and blue 

pigments and use the same starting materials in a color 

production process. Different colors are produced by the 

rise and fall of the level of these enzymes.  For example, 

Brown cotton �bers have more active GhF3H genes linked 

to this color process as compared to white �bers [21]. In 

contrast to white cotton �ber, there is a greater level of 
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Table 1: Summarizing Key Genes Involved in Cotton Fiber 

Coloration

Gene

MYB113
Regulates anthocyanin 

biosynthesis
Anthocyanins [23]

ReferencesRole in Pigment Synthesis In�uenced Pigments

F3H
Catalyzes hydroxylation in 
the anthocyanin pathway

Dihydro�avonols, 
leading

 to pelargonidin,
cyanidin, delphinidin

[24]

F3`H
Involved in �avonoid 

B-ring hydroxylation for 
cyanidin synthesis

Cyanidins (red hues) [20]

F3`5`H
Facilitates hydroxylation
 for delphinidin synthesis

Delphinidins 
(blue hues)

[25]

GhMYB113
post-anthesis (DPA) 

�bers with tissue-speci�c 
promoter

brown mature �bers [26]

GhPIF4
Regulate the �owering 

time of cotton
� [27]

GhCHS Colored �ber formation �

�

[22]

GhANR, 
and 

GhLAR

affect anthocyanidin 
content and �ber color

[22]

GhF3H
anthocyanin biosynthesis 
and �ber color formation

� [15]

GhDFR1
brown color formation 

of cotton �ber
� [15]

GhANS
strongly associated with 

brown color
� [29]

Traditional Breeding

This approach involves crossing cotton varieties with 

different �ber colors to introduce desirable color traits into 

new varieties. So far, varieties of colored cotton have been 

developed mostly by selection and recurrent crossing 

approaches from the germplasm [30]. Selection, the 

discrimination among variability, is the oldest method of 

plant improvement [31]. However, this approach is time-

consuming and can be challenging due to the complex 

inheritance patterns of cotton �ber color. The use of 

statistical genetics and biometrical techniques such as 

principal component analysis (PCA) and correlation 

analysis can help in the selection and evaluation of 

breeding material, optimizing the breeding process, and 

identifying parental pairs for hybridization [32, 33]. 

Complex hybridization methods, such as double, complex, 

and double crossing, have been studied in cotton selection 

research and have shown promising results in collecting 

valuable traits from different genetic origins in a single 

genotype [34]. 

Genetic Engineering 

This approach involves directly introducing genes into 

cotton plants that control the production of pigments. The 

science of genetics revolutionized the selection process, 

taking the guesswork out of it, facilitating it and making it 

more e�cient [35]. Modern plant breeders follow standard 

methods to create variability, discriminate among the 

variability, and develop cultivars for release to farmers [36]. 

This approach can be more e�cient than traditional 

breeding methods, but many ethical concerns and 

regulatory hurdles need to be addressed (Table 2).

GhCHS, GhC4H, GhF3`H, and GhF3`5`H enzymes in brown 

cotton �ber expression during �avonoid synthesis. It is 

studied the expression of the GhCHS, GhANR, and GhLAR 

genes affects the concentration of anthocyanidin and �ber 

color [22]. Finding the key genes, their roles in pigment 

synthesis, and the speci�c pigments they in�uence in 

cotton �ber coloration (Table 1).

Table 2: Traditional Breeding and Genetic Engineering

Aspect Traditional Breeding Genetic Engineering

Time Required

E�ciency

Challenges

Potential 
Outcomes

Ethical and 
Regulatory 
Concerns

Time-consuming due to 
multiple breeding cycles

Variable, depends on 
genetic variability and
 inheritance patterns

Complex inheritance 
patterns, lower yield of 

colored �bers

New varieties with desired 
color traits and possible

 yield improvements

Generally accepted, 
no signi�cant ethical

 concerns

Faster, direct introduction
 of desired genes

Highly e�cient, precise 
targeting of traits

Regulatory approvals, public
acceptance, and possible

unintended effects

Consistent color expression, 
potential for enhanced �ber

 qualities

Ethical concerns require
 regulatory approvals

Limitations, Current status and Future Prospects

This study is limited by the variability in genetic expression 

and environmental in�uence on �ber pigmentation, which 

may affect reproducibility across different cotton lines. 

Future research should focus on integrating advanced 

genomics, transcriptomics, and gene-editing techniques 

like CRISPR/Cas9 to stabilize color expression while 

enhancing �ber quality and yield. Remarkable progress has 

been made in understanding the genetic basis of cotton 

�ber color throughout the world. Many key genes have been 

identi�ed that play important roles in pigment synthesis in 

cotton, and transgenic cotton lines with altered �ber colors 

have been developed by using advanced genetic 

engineering techniques. Large-scale colored cotton 

production would be possible if we could overcome the 

following challenges. Improving the color Expression: 

Improvement in stability and color expression is needed as 

the color of transgenic cotton �bers can be variable and 

sensitive to environmental conditions. Ensuring the safety 

of colored cotton: Colored cotton �bers must be as safe as 

white cotton �bers and must not cause any health or 

environmental risks. Addressing regulatory hurdles and 

ethical concerns: Genetically edited cotton cultivars must 

pass regulatory, safety and gain regulatory approval before 

they can be adopted on a large scale. Many more colors in 
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cotton can be produced once these issues are resolved, 

and in this way, consumers will be safe from the negative 

effects which are caused by arti�cial dyes. This could also 

lead to new opportunities for textile manufacturers, and it 

could reduce the extensive cost on use of using dyes.

If naturally colored cotton varieties are produced, it may be 

bene�cial  for  both the texti le  industr y  and the 

environment. By understanding the genetics of cotton 

�ber colors, their formation and applying advanced 

breeding and genetic engineering such as CRISPR Cas9 and 

RNAi techniques, scientists can overcome the limitations 

of traditional methods and can produce a wider spectrum 

of sustainable colors. Naturally colored cotton has the 

potential to reduce environmental pollution which are 

associated with dyeing processes, in this way it may be the 

eco-friendly solution for the fashion industry. Not only can 

above mentioned bene�ts be obtained from them they also 

have other qualities as well, such as improved �ammability 

resistance and UV protection. Once these issues are 

resolved and new genetic engineering techniques are 

used, gene-based color expression can transform the 

cotton industry so in the future, textiles will be eco-

friendly.
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Investigating the Usage of Random Forest Method on Next-Generation Sequencing 
Data to Predict MSH2 and MSH6 Associated Mutations
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Colorectal cancer (CRC) is one of the most prevalent cancers and the second leading cause of 

cancer-related deaths globally. Germline mutations in CRC are associated with the MSH2 and 

MSH6 genes, which prevent infection for the DNA MMR pathway. Objectives: To enhance CRC-

related prediction of mutations using the Random Forest algorithm on NGS data of MSH2 and 

MSH6 gene. Given the tremendous amount of genetic information obtained from NGS, a model 

for the early diagnosis and individual treatment of CRC is necessary. Methods: The raw 

sequencing data of MSH2 and MSH6 genes were meticulously downloaded from the NCBI's SRA 

database. The three datasets of 1000, 2000, and 3000 sequences were carefully analyzed to 

assess genomic features, including ORF count, nucleotide content, AT/CG ratio, G-quadruplex 

signal, and mutation rates, to understand their correlation with colorectal cancer. The data 

were then divided into a training set (80%) and a test set (20%) for model training and testing in 

Python, employing the Biopython package for mutation analysis and feature extraction. The 

model was rigorously evaluated using accuracy, confusion matrix, and classi�cation report, 

instilling con�dence in the research process for accurate CRC mutation prediction. Results: 

The Random Forest model yielded high accuracy of 96.25%, 98.37%, and 99. 5% for the datasets 

of 1000, 2000, and 3000 sequences, respectively. The confusion matrix showed that the model 

was very accurate in identifying true negatives, especially in the large data set. Conclusions: 

The study successfully applied the Random Forest algorithm to predict CRC using NGS data of 

MSH2 and MSH6 gene mutations. The model's potential to revolutionize CRC research is both 

exciting and optimistic.
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risk of developing this condition [3]. Complications 

associated with colorectal cancer include bowel 

obstruction, haemorrhage, metastasis to other organs, 

such as the liver and lungs, and systemic manifestations, 

such as anaemia and fatigue [4]. MSH6 and MSH2 genes are 

necessary for the DNA mismatch repair (MMR) system. This 

system maintains genomic stability by identifying and 

repairing base mismatches during DNA replication [5]. 

Microsatellite instability, or MSI, is distinguished by the 

accumulation of  inser tion or  deletion errors at 

microsatellite DNA sequences. These errors are brought 

on by mutations in the genes that control microsatellites. 

I N T R O D U C T I O N

Colorectal cancer (also known as CRC) is one of the most 

widespread cancers globally and has incidence rates that 

are on the rise in both developed and developing nations. 

Colorectal cancer is the second most common cause of 

death, and a rapid increase has been observed from the 

year 2000 to 2019 [1]. Colorectal cancer rates in several 

studies from different regions of Pakistan varied between 4 

and 6. 8% [2]. It is believed that genetic mutations, family 

history, and inherited syndromes all contribute to its 

hereditary nature. However, lifestyle factors such as food 

high in red and processed meats, laziness, obesity, 

excessive alcohol consumption, and smoking increase the 
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Due to the genome's instability, an environment conducive 

to neoplastic transformation is created [6]. Hereditary 

nonpolyposis colorectal cancer (HNPCC), also known as 

Lynch syndrome, is more likely to occur in people who have 

inherited mutations in either the MSH6 or MSH2 gene [7]. 

Next-generation sequencing (NGS) development was a key 

�nd in molecular biology, allowing knowledgeable 

scientists to understand broader aspects of the human 

genome quickly. This high-speed method can produce 

clear and in-depth images, decoding millions of DNA 

sequences simultaneously [8]. Machine learning and AI are 

taking on increased importance in the ever-changing 

healthcare industry, which is possible due to their �exibility 

in function [9]. Signi�cantly, the prospects of ML with next-

generation sequencing (NGS) for cancer prediction have 

advanced their way into human consciousness [10]. 

Random Forest (RF) is an ensemble learning approach that 

ensures dependable predictions from big genetic datasets 

by providing high accuracy and well-handling over�tting 

[11]. Its principal function is to build several trees during the 

training period. For classi�cation problems, it uses the 

mode of the classes, and for regression problems, it uses 

mean perdition [12]. Applying the Random Forest model to 

sequence data from next-generation sequencing (NGS) on 

colorectal cancer may signi�cantly raise prediction 

accuracy. The method advances the development of 

personalized treatment procedures by using NGS's 

massive genetic data to make diagnoses that are much 

more determined  [13]. 

Despite the rapid advancement of next-generation 

sequencing (NGS) technologies, translating large-scale 

genomic data into clinically actionable insights for 

colorectal cancer (CRC) remains challenging. Although 

several machine learning models have been applied to 

cancer genomics, limited studies have speci�cally focused 

on integrating detailed DNA sequence–based features of 

MSH2 and MSH6 genes with Random Forest algorithms for 

mutation prediction in CRC. Furthermore, comparative 

evaluation across varying dataset sizes to assess model 

scalability and performance consistency has not been 

su�ciently explored. Therefore, there is a need to develop 

and validate a robust machine learning framework that can 

e�ciently analyze NGS-derived genomic features for 

accurate CRC mutation prediction. This research aimed to 

predict CRC related mutations prediction based on 

different DNA features in MSH2 and MSH6 genes.

M E T H O D S

The current study focused on the Next Generation 

Sequences of Homo Sapiens based on the MSH2 

(Accession Number: SRR25243226 and SRR25243227)  and 

MSH6 genes (Accession Number: SRR1518357) from the  

NGS reads from NCBI's SRA repository in FASTA format 

[14]. These sequences were grouped into three sets with 

thousand, two thousand, and three thousand sequences, 

respectively. Reference sequences for MSH2 (Accession 

Number: NG_007110.2) and MSH6 (Accession Number: 

NG_007111.1) normal genes were retrieved from the NCBI 

database that was used to determine the mutation rates in 

NGS reads. Features including ORF count, average 

nucleotide (Cytosine, Guanine, Thymine, and Adenine), 

AT/CG ratio and its content, presence of G-quadruplex, and 

mutation rates were extracted from the collected 

sequences in this phase by comparing NGS reads with 

normal sequences.These eleven features were then stored 

in a .csv �le. Matrices selection was applied to input the 

construction of the classi�cation process. All the analyses 

were done on VS Code, but Google Colabs was used to 

compute the mutation rate. The total mutation rate was 

calculated per NGS read through Python library-assisted 

comparisons between NGS data features and reference 

sequences. The methodology of feature extraction was 

based on previously published work by Kurian and Jyothi. A 

random forest classi�er was used to evaluate the dataset's 

classi�cation performance. Initially, the necessary 

libraries, such as the Random Forest Classi�er and 

train_test_split, were imported from Scikit-learn for 

selection and functions for accuracy. The confusion matrix 

and classi�cation report from Scikit-learn were exported 

along with pandas for data operation. The dataset was 

loaded and split into features and target variables, with 

irrelevant columns removed. Python and biopython 

package were used for feature extraction and computing 

the mutation rate in this study. The data were then divided 

into training and testing sets with an 80:20 split using 

train_test_split. A Random Forest model with two 

estimators was built and �tted to the training set. The test 

set was used as input, and the model's predictions and 

accuracy were determined. A confusion matrix and 

classi�cation report were also generated to analyze the 

model's results and give a clear view of the model's 

performance. The data of mutation from the NGS reads 

related to MSH2 and MSH6 genes were analyzed and 

correlated with colorectal cancer prediction, employing 

the Random Forest model to assess the statistical 

signi�cance of these mutations (Figure 1).
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Table 1:  Classi�cation Accuracy Rate

a b c

Figure 2: Graphical Explanation of Confusion Matrix generated by 

VS Code after classi�cation. (a): On the �rst dataset of 1000 reads, 

the model correctly classi�ed 199 positive instances and 186 

negative instances. The model was misclassi�ed 15 times, 

predicting negative while it predicted positive, and there were no 

ML Model

Random Forest (RF)

Dataset Size

1000 2000 3000

96.25 98.37 99.5

Random Forest performs well on smaller datasets (1000 

samples) with average recall, accuracy, and F1-score 

values close to 0.96. RF performs admirably, and in the 

most extensive dataset, it achieves practically perfect 

results. Table 2 indicates the System Generated 

Classi�cation report of Random Forest. Precision refers to 

the proportion of accurate positive predictions among all 

positive predictions. The proportion of true positive 

predictions among all actual positive is called recall. F1-

score is used as the harmonic average of precision and 

recall, and thus, a balance between precision and recall. 

The support is the number of the actual occurrences of the 

class in the dataset. Table 2 shows the accuracy of the 

Random Forest model in classifying MSH2 and MSH6 gene 

mutations in CRC for different dataset sizes. The model's 

performance increases with the increase in the dataset 

size from 1000 to 3000 sequences, and the precision, 

recall, and F1-score for both MSH2 and MSH6 are closer to 

the maximum values. In the largest dataset of 3000 

sequence reads, the precision and recall for MSH2 were 

0.99 and 1.00, respectively, and MSH6 had a perfect score of 

1.00 in all the measures.

One way to get the classi�cation accuracy rate is to 
multiply the total testing data size by 100 and divide the 
result by the number of adequately indicated classes. Table 
1 presents the results of classi�cation accuracy rates of RF. 
Machine learning models showed clear accuracy patterns 
when evaluated on varying datasets of NGS reads. With a 
modest improvement with increasing dataset size, despite 
dealing with datasets of varied sizes, Random Forest 
attained excellent accuracy, ranging from 96.25 per cent 
for the smallest dataset to 99.5 per cent for the biggest.
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R E S U L T S

The study adopted the Random Forest (RF) ML algorithm 

for analysis. Random Forest (RF) is one of the most used 

techniques of the ensemble learning methodology, 

offering reliable outcomes from large genetic datasets as it 

offers high precision and manages over�tting. Thus, the 

presented software tool can help obtain accurate and fast 

results from next-generation sequencing data analysis. 

Total datasets were divided into training sets, and testing 

sets with a ratio of 80:20 for the progression of ML 

classi�cation. Different tendencies surfaced in this study 

that compared ML models trained on colorectal cancer 

NGS reads based on datasets of varying sizes. The same 

datasets are used for all four models. Confusion matrix is 

characterized as 2 × 2 matrix which signi�es the total 

number of classes to be classi�ed. The sum of sets for 

testing for each class was derived by using row summation 

from the confusion matrix. Figure 2 indicates the 

confusion matrix results of the Random Forest algorithm. 

Random Forest (RF) successfully identi�ed genuine 

negatives with high accuracy, especially in more enormous 

datasets, but struggled to classify real positives, especially 

in smaller datasets. The mutation rates in the MSH2 and 

MSH6 genes were found to be signi�cantly higher in 

colorectal cancer (CRC)-positive samples compared to 

normal sequences.

Figure 1: Architectural Diagram of Methodology for CRC 

Prognosis.

misclassi�cations where the model predicted positive while it 

predicted negative, (b): On the second dataset of 2000 reads, the 

model appropriately classi�ed 421 positive instances and 366 

negative instances. The model was misclassi�ed 12 times, 

predicting negative while it predicted positive, and there was only 

1 misclassi�cations where the model predicted positive while it 

predicted negative, and (c): On the third dataset of 3000 reads, the 

model correctly classi�ed 613 positive instances and 581 negative 

instances.The model was misclassi�ed 6 times, predicting 

negative while it predicted positive, and there were no 

misclassi�cations where the model predicted positive while it 

predicted negative.
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D I S C U S S I O N

The current study shows that it is possible to use machine 

learning, speci�cally Random Forest algorithm, to predict 

CRC based on the genomic changes in the MSH2 and MSH6 

genes. The current research approach based on the NGS 

data is a reliable method for �nding mutations that may 

cause CRC and thus, makes a signi�cant contribution to 

developing the concept of precision medicine. Combining 

NGS with machine learning can help in early diagnosis, 

essential for enhancing patient prognosis and developing 

individualized treatment plans. The results of the current 

study suggested that the Random Forest model achieved 

classi�cation accuracy rates of 96.25%, 98.37%, and 99.5% 

for the datasets of 1000, 2000, and 3000 sequences, 

respectively. These results suggest that Random Forest is 

a very e�cient method in terms of relevant mutation 

detection, and the accuracy of the method increases with 

the growth of data, which underlines the signi�cance of 

large datasets in improving CRC prediction.These results 

prove that the proposed model is effective and can be 

applied to analyze big genomic data, which can be used for 

the early diagnosis and personalized treatment of 

colorectal cancer because accuracy more than 90% is 

considered best as mentioned in previous studies [16, 17]. 

Another study focusses on using Random Forest (RF) 

algorithms to analyze NGS data for prediction of cancer-

associated genomic alterations [18]. Although current 

study aims to predict colorectal cancer using MSH2 and 

MSH6 genes, the former literature investigated multiple 

tumor types, such as colorectal, melanoma, lung, and 

glioma, based on a 27-gene panel. Both studies use RF 

because of its ability to handle large data and minimize 

over�tting. The classi�cation accuracy rates of our RF 

model were 96. 25%, 98.37%, and 99.5% for the datasets of 

1000, 2000, and 3000 sequences, respectively, which 

proves that the proposed method's performance increases 

with the dataset's size proposed method's performance 

increases with the dataset size. It was claimed that the 

accuracy of the RF model was 99.77% with an ROC-AUC of 

0. 99 indicates good predictability across a wider range of 

genomic changes [18]. Although the two studies have 

different emphases and dataset compositions, both show 

that RF is a useful tool for genomic data analysis and is 

highly accurate in predicting cancer-related mutations. 

Another study on the Lung Cancer Research obtained an 

accuracy of 87% in biomarkers for NSCLC and SCLC using 

RNA-Seq data. The biomarkers for NSCLC include BRAF, 

KRAS, NRAS, and EGFR, while those for SCLC include ATF6, 

ATF3, PGDFA, PGDFD, PGDFC, and PIP5K1C. On the other 

hand, the present study on CRC using MSH2 and MSH6 gene 

mutations and NGS data showed accuracy rates of 96%. 

25%, 98. 37%, and 99. 5% for the datasets of 1000, 2000, 

and 3000 sequences, respectively. Accuracy in the 

Random Forest method refers to the percentage of correct 

predictions (both true positives and true negatives) made 

by the model relative to the total predictions made. An 

accuracy of 96.25% means that 96.25% of the total 

predictions for the dataset were correct [19]. This implies 

that the Random Forest model in our study was more 

e�cient, probably because of the genomic interest and the 

feature engineering from NGS data as opposed to the 

general and intricate RNA-Seq data used in the lung cancer 

study. The Random Forest algorithm is a very e�cient and 

reliable tool in genomic data analysis for disease prognosis 

and personalized medicine. It can handle big and intricate 

data, does not overtrain, is suitable for genetic data, and 

has high prediction power [20]. The high accuracy of the 

Random Forest model in classifying mutations in MSH2 and 

MSH6 genes in colorectal cancer can be helpful in early 

diagnosis and treatment planning. Random Forest consists 

of multiple decision trees that enhance the overall 

prediction, making it a very e�cient method for predicting 

the relationships existing in genomic data. Consequently, it 

holds an essential position in forming precision medicine 

and individualized therapy [21]. The current study's 

research suggests some directions for enhancing future 

research in the academic �eld. Including other omics data, 

like transcriptomics and proteomics, could complement 

the current knowledge of CRC and enhance the prediction 
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Table  2: System Generated Classi�cation Report of Random Forest

Variables

Random Forest (RF)

MSH2

MSH6

Avg/Total

0.93

1.00

0.97

1.00

0.93

0.96

Machine Learning
 Model

Dataset 
Size

Class 
Label

Precision
 Value

Recall 
Value

F1- Score
 Value

1000

Support
 Value

Precision
 Value

Recall 
Value

F1- Score
 Value

2000

Support
 Value

Precision
 Value

Recall 
Value

F1- Score
 Value

3000

Support
 Value

0.96

0.96

0.96

199

201

400

0.97

1.00

0.98

1.00

0.97

0.98

0.98

0.98

0.98

422

378

800

0.99

1.00

1.00

1.00

0.99

0.99

1.00

0.99

0.99

613

587

1200

Precision is the ratio of true positive predictions over all predicted positive predictions. The recall is the fraction of all actual positives that 

are true positives. F1-score is the harmonic mean of precision and recall, thus balancing out the two. This is referred to as support and 

denotes the number of real instances of each class in the dataset, or how many instances of each class have occurred in the dataset.
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C O N C L U S I O N

The study effectively proves that using Random Forest 

algorithms for the NGS data of MSH2 and MSH6 genes can 

accurately predict mutations due to an accuracy of more 

than 90% in three different types of datasets. The Random 

Forest model obtained classi�cation accuracy rates of 96. 

25%, 98.37%, and 99.5% for the datasets of 1000, 2000, and 

3000 sequences, respectively. These results demonstrate 

the e�ciency and applicability of the model in dealing with 

big genomic data and thus can be used for early diagnosis 

and individualized treatment of colorectal cancer.

models. Further, the methodology could be used to predict 

other types of cancer by analyzing other genetic mutations 

and thus increase the applicability of this study. Clinical 

con�rmation through performing clinical trials is crucial to 

con�rm the model's predictions in clinical scenarios, which 

is signi�cant for the application of research outcomes in 

CRC diagnosis. In addition, creating systems that can 

sequence and predict in real-time may bring about a 

meaningful change in the diagnostic process since 

accurate interventions can be made at the right time, 

enhancing the patient's quality of life. One limitation of this 

study is the diversity of the datasets used. While the study 

utilized datasets of different sizes, the diversity of the 

sequences might still be limited. Additionally, the study 

primarily focuses on mutations in the MSH2 and MSH6 

genes, leaving out other genetic and epigenetic factors 

contributing to CRC, which might limit the model's 

comprehensiveness. Furthermore, the computational 

demands of processing and analyzing large NGS datasets 

can be signi�cant, posing a challenge in optimizing the 

model for resource e�ciency without compromising 

accuracy.

This study is limited by reliance on publicly available NGS 

datasets and a focus on only two mismatch repair genes 

(MSH2 and MSH6), which may not fully capture the genetic 

heterogeneity of colorectal cancer. The absence of 

external clinical validation datasets and experimental 

con�rmation of predicted mutations may also limit direct 

translational applicability. Future research should 

incorporate multi-omics data integration, larger and more 

diverse patient cohorts, and cross-institutional validation 

to improve generalizability. Additionally, optimizing 

computational e�ciency and developing real-time 

predictive pipelines could enhance clinical implementation 

for precision oncology.
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Effects of Episodic Administration of Gonadotropin-Releasing Hormone on Luteinizing
Hormone Concentrations and Libido in Pubertal Male Kundhi Buffalo Calves

1* 1 1 1 2 3Fayaz Hussain Jamali , Pershotam Khatri , Hira Sajjad , Faiza Rubab , Rani Abro  and Sadaf Ali

¹Department of Animal Reproduction, Sindh Agriculture University, Tando Jam, Pakistan  
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This study investigated the effects of gonadotropin-releasing hormone (GnRH) administration 

on luteinizing hormone (LH) concentrations and libido in pubertal male Kundhi buffalo calves. 

Objective: To determine the effects of GnRH administration on LH concentrations and libido in 

pubertal male Kundhi Buffalo calves. Methods: Eight calves, aged 16 months, were divided into 

two groups: Group A (treatment n=4), administration of GnRH analog (25ug lecirelin) and Group B 

(control n=4), there is not any administration. Each group consisting of four calves under a semi-

intensive management system, the calves were fed a diet including 2 kg/day/calf of cotton seed 

cake, along with wheat bran, wheat straw, and green fodder, at the Department of Animal 

Reproduction, Faculty of Animal Husbandry and Veterinary Sciences. Results revealed a 

signi�cant temporal change (P < 0.001) in the mean circulating concentration of LH over time 

after the intramuscular administration of GnRH analog (25ug lecirelin, Fatro®, International) 

three times.  Results: The LH pulse was highest after the second GnRH dose (29.46±1.828), with 

signi�cant differences in libido parameters, including mounting activity, erection, and sni�ng, 

between the treatment (Group A) and control (Group B) groups. Statistical analysis revealed 

signi�cant effects of episodic GnRH administration on both LH concentrations and libido. 

Conclusion: The episodic administration of GnRH signi�cantly increased LH concentrations 

and improved libido in pubertal male Kundhi buffalo calves.
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pubertal male Kundhi buffalo calves is imperative for 

enhancing reproductive e�ciency and optimizing 

livestock production, especially in regions where buffalo 

farming predominates, such as Pakistan. Sexual puberty in 

male buffalo calves represents the initiation of 

reproductive activities, which are oriented by a responsive 

fetal hypothalamus-pituitary-gonadal axis controlled 

hormonal cascade. LH is a key gonadotropin, and its 

secretion depends on the neuropeptide GnRH. LH, in its 

turn stimulates testosterone production impacting the 

development of secondary sexual characteristics and 

reproductive competence [2]. The general principles of 

GnRH action are understood and also LH elevation during 

I N T R O D U C T I O N

The Kundhi breed emerges as the second most signi�cant 

buffalo breed in Pakistan, primarily concentrated in the 

southern Sindh region. Its distribution spans from 

Kashmore to Shah Bandar along the Indus River, reaching 

urban centers such as Hyderabad, Karachi, Larkana, 

Nawabshah, Mirpurkhas, and extending into Quetta and the 

surrounding regions of Balochistan [1]. Attaining sexual 

maturity and optimal reproductive behavior in male Kundhi 

buffalo calves pose challenges, and limited research has 

delved into the effects of GnRH administration on 

Luteinizing Hormone (LH) concentrations and libido in this 

particular population. Examining the impact of episodic 

GnRH administration on LH concentrations and libido in 
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puberty but regarding effect at episodic administration of 

GnRH on LH in pubertal male Kundhi buffalo calves is a 

missing link. Kundhi buffalo is endowed with distinctive 

features and economical importance, therefore it serves 

as a good model to understand the reproductive physiology 

intricacies. These results will provide new insights into the 

role of episodic GnRH administration on LH concentration 

during pubertal male Kundhi buffalo calves and likely to 

contribute reproductive biology in this important livestock. 

This can help to both better breeding allotment and thus 

improve agricultural productivity (Herbison, 2018). GnRH 

plays a critical role in the Hypothalamic-Pituitary-Gonadal 

(HPG) axis, controlling LH and FSH biosynthesis and 

secretion. Pulsatile release of GnRH is essential to 

maintain normal reproductive function that drives the 

pulsatile secretion of LH and FSH from the pituitary gland 

[3]. In males' bulls, failure of the libido may be due to low 

testosterone levels which leads to not only slower 

response but also less mounts a successful ejaculation, 

smaller ejaculate volume and reduced sperm per ejaculate. 

Knowledge of hormonal and physiological complexities, 

which underpin puberty and reproductive performance will 

aid in exploiting best �eld practices to harvest the full 

potential productivity e�ciency from buffalo heifers into 

breeding system [4]. Conclusion Role of GnRH is well 

established in reproductive physiology among the species 

but here it may be proved and need to work more on certain 

effects like its stimulatory action upon libido in male 

pubertal Kundhi Buffalo calves. This research could be 

signi�cant regarding the hormonal in�uence on sexual 

behaviors in this breed, which might help to improve 

breeding strategies and productivity of Kundhi Buffalo.

Although the physiological role of gonadotropin-releasing 

hormone (GnRH) in regulating luteinizing hormone (LH) 

secretion is well established across livestock species, 

limited information is available regarding its episodic 

administration in pubertal male Kundhi buffalo calves. 

Most previous studies have focused on adult bulls or other 

breeds, with comparatively little attention given to 

hormonal responsiveness and libido modulation during 

puberty in this economically important indigenous breed. 

Furthermore, data linking GnRH-induced LH �uctuations 

with observable sexual behavior parameters in Kundhi 

buffalo remain scarce. Therefore, a systematic evaluation 

of episodic GnRH administration on LH dynamics and libido 

in pubertal Kundhi buffalo calves is warranted. The 

objective of this study was to evaluate the effects of 

episodic administration of gonadotropin-releasing 

h o r m o n e  ( G n R H )  o n  l u t e i n i z i n g  h o r m o n e  ( L H ) 

concentrations and to assess its impact on the libido of 

male pubertal Kundhi buffalo calves. By analyzing the 

hormonal response to GnRH administration, the study aims 

M E T H O D S

Management of Experimental Animals 
Eight Kundhi buffalo calves of age 16 months were used and 
divided into two groups i.e group A treatment and group B 
control group and each group had four number of calves. 
These animals  were kept  under  semi-intensive 
management system and were fed, and water was provided 
ad libitum to all experimental animals throughout the 
experimental phase at the Department of Animal 
Reproduction, Faculty of Animal Husbandry and Veterinary 
Sciences. Vaccination and drenching were given as per 
farm schedule. The calves in the treatment group (group A) 
received an intramuscular administration of 25ug lecirelin 
(GnRH analog) Fatro®, International. Administered the �rst 
dose on day 1, the second dose 48 hours following the �rst 
dose and the third dose after one month of second dose. 
Control Group (Group B): (n=4) – No administration.

Blood Sampling

Blood samples were drawn from the jugular vein then 

immediately transferred into the Sodium Citrate 

vacutainer tube with ± 3 mL blood. The blood samples were 

collected on day-0 from Group-B respectively, in order to 

obtain baseline LH measurements. On day 1, blood samples 

were collected from Group-A, this time, GnRH 25 μg 

lecirelin (GnRH analog) (Fatro®, International) was injected 

through IM immediately. Following giving injection, four 

times blood samples were collected for 2 hours at the 

interval of 30 minutes from animals individually. To 

increase the number of observations, the experiment was 

repeated after 48 hours and then after one-month interval. 

M e a s u re m e n t  of  L H  c o n c e n t r at i o n  a n d  L i b i d o 

Observation 

The serum of all collected samples was analyzed for the 

measurement of LH levels (concentration) commercially. 

The all collected Samples were sent to Asian Institute of 

Medical Sciences Diagnostic and Research Lab, Tandojam. 

The concentration of luteinizing hormone was determined 

by using method cobas-411 Roche immunoassay analyzer. 

Libido was observed twice a day, morning, and evening 

immediately after administration of GnRH injection. The 

sexual parameters were monitored i.e mounting, erection 

(protrusion), sni�ng, close contact (neck to neck), 

mounting with erection and mounting without erection. 

The study was conducted over three months at the 

Department of Animal Reproduction, Faculty of Animal 

Husbandry and Veterinary Sciences. Date collected was 
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to determine variations in LH secretion patterns, which 

play a crucial role in reproductive physiology. Additionally, 

the research seeks to observe changes in sexual behavior 

and libido in response to GnRH treatment, providing 

insights into its potential role in enhancing reproductive 

performance in Kundhi buffalo calves.



35
FBT VOL. 5 Issue. 1 Jan-Mar 2025 Copyright © 2025. FBT, Published by Crosslinks International Publishers LLC, USA

Table 1:  Standard Values of Libido 

In present study eight Kundhi buffalo calves were used and 

aimed to assess the effect of episodic administration of 

GnRH on luteinizing hormone level (concentrations) and to 

observe the in�uence of GnRH on the libido of male 

pubertal Kundhi Buffalo Calves.

Luteinizing Hormone Level (Concentration)

The �gure 0.1 shows that after episodic administration of 

GnRH, the level of luteinizing hormone in control group was 

0.922 ng/ml, on day-0 the level was 1.095 ng/ml. Whereas, 

after 48 hours the level was 1.385 ng/ml, after one month, 

the level was 1.057 ng/ml. The highest level was found after 

48 hrs. The signi�cant differences lie in the incremental 

increases in LH levels at each time point, with the highest 

level (1.385 ng/ml) observed after 48 hours, indicating a 

peak response to the GnRH administration. The decrease in 

LH level after one month suggests a return to near-baseline 

levels.

The Comparisons Between The Control and The 1st Dose 

Of GnRH

The �gure 0.2 shows that after episodic administration of 

GnRH, the level of luteinizing hormone was 0.922 ng/ml in 

the control group, whereas it was 1.ng/ml on day 0 after 1st 

dose, increased by 0.17 ng/ml or 18.5% from control. GnRH 

showed numerically the highest values after the �rst dose.

The Comparisons Between The Control and The 2nd Dose 

Of GnRH

The �gure 0.3 show that after episodic administration of 

GnRH, the level of luteinizing hormone was 0.922 ng/ml in 

the control group, whereas it was 1.385 ng/ml in 2nd dose of 

GnRH after 48hrs increased by 0.465 ng/ml or 42.4% from 

control and 0.295 ng/ml or 27.0% from Day 0), the 2nd dose 

of GnRH highest values of concentration was observed.

The Comparisons Between The Control and The 3rd Dose 

Of GnRH

The Figure 0.4 shows that after episodic administration of 

GnRH, the level of luteinizing hormone was 0.922 ng/ml in 

the control group, whereas it was 1.057 ng/ml 3rd dose after 

one month, increased by 0.13 ng/ml or 14.1% from control, 

but decreased by 0.335 ng/ml or 24.2% from 48 hours the 

signi�cate difference values were observed after 3rd dose 

of GnRH.

The Comparisons Between The 1st and The 2nd Dose Of 

GnRH

The Figure 0.5 show that after episodic administration of 

GnRH, the level of luteinizing hormone was 0.922 ng/ml in 

the 1st dose, whereas it was 1.095 ng/ml in 2nd dose, after 

48 hours +0.295 ng/ml 27% increase after the 2nd dose of 

GnRH showed numerically the highest values.

The Comparisons Between The 1st, 2nd and 3rd Dose Of 

GnRH

The Figure 0.6 show that after episodic administration of 

GnRH, the level of luteinizing hormone 1.095 ng/ml in 1st 

dose on day-0 whereas, after 48 hours it was 1.385 ng/ml, 

+0.295 ng/ml (27% increase) and after one month the level 

was 1.057 ng/ml, -0.335 ng/ml (24% decrease from 2nd 

dose) and Day 0 vs. 1 month: -0.04 ng/ml (4% decrease). The 

highest level of 1.385 ng/ml was found after 48 hours.

Libido Observation 

The mean of libido was observed from group A and B as 

shown in Table 1.1. The comparison of libido parameters 

between treatment group A and control group B reveals 

signi�cant differences, with group A showing numerically 

higher values across all measured parameters. The 

speci�c �ndings are: The behavioral parameters observed 

in the study indicate that Group A exhibited signi�cantly 

higher frequencies of mounting (2.82±0.054 vs. 

1.42±0.046), mounting with erection (2.37±0.043 vs. 

1.16±0.030), erection (2.07±0.057 vs. 1.05±0.018), close 

contact neck to neck (2.63±0.051 vs. 1.40±0.046), and 

sni�ng (2.92±0.055 vs. 1.38±0.045) compared to Group B. 

The result shows that treatment group A consistently 

exhibited higher mean values across all libido parameters 

measured compared to control group B. These differences 

were signi�cant and suggest that the GnRH treatment 

administered to group A effectively enhanced various 

aspects of sexual behavior. The consistency in the higher 

mean values for mounting, mounting with erection, 

erection, close contact (neck to neck), and sni�ng 

highlights the potential e�cacy of the treatment in 

increase male libido and sexual behaviors. Table 1 presents 

the standard values of libido (Mean ± % SEM) in Group A 

(GnRH treatment) and Group B (control), highlighting 

signi�cant differences in reproductive behaviors.

tabulated in Excel sheet and analyzed for statistical 
difference between group and with group using Excel state 
version statistics 8.1. Data analysis was performed using 
ANOVA LSD test and Descriptive statistics.

a.bDifferent Superscripts within the column show signi�cant 

difference (P<0.5)
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Observation

Mounting

Mounting with Erection

Erection (Protrusion)

Close Contact Neck To Neck

Sni�ng

Treatment Group A 
(Mean ± SD)

Control Group B 
(Mean ± SD)

b1.42 ± 0.046
b1.16 ± 0.030
b1.05 ± 0.018
b1.40 ± 0.046
b1.38 ± 0.045

a2.82 ± 0.054
a2.37 ± 0.043
a2.07 ± 0.057

2.63 ± 0.051a
a2.92 ± 0.055

Figure 1 shows a signi�cant difference between the control 

and all three doses of GnRH.

R E S U L T S
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Figure 6 shows a signi�cant difference among the �rst, 

second, and third doses of GnRH
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Figure 2 demonstrates a signi�cant difference between 

the control and the �rst dose of GnRH,

Figure 2: Signi�cant difference between control and �rst dose of 

GnRH
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Figure 3 highlights a signi�cant difference between the 

control and the second dose
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Figure 3: Signi�cant difference between control and second dose 

of GnRH

Figure 4 indicates a signi�cant difference between the 

control and the third dose of GnRH
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Figure 4:Signi�cant difference between control and third dose of 

GnRh

Figure 5 illustrates a signi�cant difference between the 

�rst and second doses of GnRH.
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Figure 5:Signi�cant difference between �rst and second dose of 

GnRH

1.095

1.385

1.057

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1st Dose on 0 Day 2nd Dose after 48 hours 3rd dose after one
month

L
H

 n
g

/m
l

Episodic Administration of GnRH 

Figure 6: Effect of Episodic GnRH Administration on Luteinizing 

Hormone (LH) Levels in Buffalo Calves

D I S C U S S I O N

In the present study the effects of episodic administration 

of GnRH on Luteinizing Hormone (LH) concentrations and 

libido in pubertal male Kundhi buffalo calves were 

investigated. In the treatment group, a notable increase in 

LH levels was observed compared to baseline levels and 

the control group. Speci�cally, the initial administration of 

GnRH resulted in a surge in LH concentration, peaking at 

1.385 ng/ml after 48 hours, suggesting a strong hormonal 

response to exogenous GnRH stimulation. Subsequent 

doses maintained elevated LH levels, although with 

�uctuations observed over time. The �ndings of this study 

show that administration of GnRH signi�cantly increased 

the level of LH and libido in the animals of the treatment 

group compared to the control group. The results of 

present study are consistent with Kumar BB et al., in 2016, it 

has been shown that in bull calves GnRH stimulated the 

secretion of LH [5]. Also, in other male animals like male 

rats studied by Funabashi T et al., in 2002 who given a 

subcutaneous GnRH injection (450 ng/100 g body weight) 

which resulted in enhanced libido, FSH, LH, and 

testosterone concentrations, testicular volume and 

testicular weight and scrotal circumferences were also 
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Figure 1: Signi�cant difference between control and 1st, 2nd, and 

3rd doses of GnRH
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increased [6]. Similar reports were documented in 

bubaline species that GnRH analogue administration has 

signi�cantly improved the endocrinological pro�les, libido 

and semen quality pro�les, by El-Khawaga AR et al., in 2011 

[7]. These results are consistent with previous studies 

indicating the stimulatory effect of GnRH on LH secretion 

in male Ganjam Goat Nayak J et al., in 2022 [8]. The highest 

LH level observed 48 hours after the �rst dose of GnRH 

suggests a temporal response to GnRH administration, 

which has implications for optimizing reproductive 

management in buffalo breeding programs. Our �ndings 

revealed the signi�cant variations in LH concentrations 

following episodic administration of GnRH. The hormonal 

and behavioral responses have important implications for 

understanding the process of puberty and reproductive 

performance in male buffalo calves. GnRH, originating from 

the hypothalamus, is at the top of a cascade that triggers 

LH secretion and in many ways serves as a master signal for 

reproductive function, so our results may also collectively 

suggest exogenous GnRH can be an effective means to 

stimulate LH release and thereby boost libido among 

pubertal males. This preprint explored how cholinergic and 

GABAergic co-transmission regulates GnRH neuron 

activity and luteinizing hormone secretion [9]. In another 

study, weekly injection of GnRH signi�cantly raised the 

g o n a d a l  a n d r o g e n  c o n c e n t r a t i o n  a n d  s c r o t a l 

circumference in bovine species Ali S et al., in 2012 [10]. The 

injection of exogenous GnRH resulted in a signi�cantly 

increased testosterone concentration in the bovine 

species, as reported by Kumar BB et al., in 2016 [5]. These 

�ndings suggest that GnRH administration may be a useful 

strategy for improving reproductive e�ciency in buffalo 

breeding programs. GnRH treatment has been suggested 

to in�uence male sexual behavior through the elevation of 

testosterone levels in the bloodstream McDonnell SM, in 

1992 [11]. Research indicates that in male rats, a rapid rise in 

testosterone levels, induced by GnRH treatment, promptly 

reduces the time taken to initiate mounting behavior 

(James and Nyby, 2002). In addition to hormonal changes, 

l i b i d o - r e l a t e d  b e h a v i o r s  i n  r e s p o n s e  t o  G n R H 

administration were observed. Mounting behavior, a key 

indicator of sexual arousal and activity, exhibited 

signi�cant differences between the treatment and control 

groups. Calves receiving GnRH demonstrated higher levels 

of mounting compared to the control group, indicating an 

enhancement of sexual behavior following hormonal 

intervention. This article provided a historical overview of 

methods and advancements in measuring GnRH levels in 

pituitary portal blood, highlighted their signi�cance in 

understanding reproductive neuroendocrinology [12]. 

These effects may contribute to accelerated sexual 

maturation and improved reproductive e�ciency in male 

buffalo calves, potentially facilitating breeding programs 

and livestock management practices, Kumar BB et al., in 

2016 [5]. It is important to acknowledge the limitations of 

current study, including the small sample size and the 

short-term nature of the intervention. Further studies with 

longer observation periods to fully elucidate the effects of 

episodic GnRH administration on reproductive physiology 

and behavior in male buffalo calves may be done. 

Additionally, investigating the long-term implications of 

GnRH inter vention on fer ti l ity  and reproductive 

performance would provide valuable insights into its 

potential applications in livestock breeding programs as 

stated by Kumar et al., 2016; Singh AK, in 2016 [5, 13]. This 

p a p e r  p r o v i d e s  a  d e t a i l e d  p h y s i o l o g i c a l  a n d 

pharmacological overview of gonadotropin-releasing 

hormone (GnRH), exploring its mechanisms of action and 

potential therapeutic applications [14]. In another study 

investigated the effects of episodic GnRH administration in 

buffalo bulls, showing that it stimulates testosterone 

secretion and testicular growth without negatively 

impacting semen quality [15]. These �ndings align with 

Herbison (2018), who underscored the critical role of the 

GnRH pulse generator in modulating reproductive function 

[16]. The broader implications of GnRH in animal 

reproduction have been extensively reviewed. Singh, 

(2022) discussed subclinical mastitis in dairy animals, 

drawing attention to hormonal in�uences on immune 

function and fertility [13]. Goodman RL et al., (2022) 

provided insights into how testosterone rapidly affects 

copulatory behavior, reinforcing the signi�cance of 

hormonal regulation in male reproductive strategies [17]. 

Hassanein et al., (2024) detailed the structural and 

biosynthetic aspects of GnRH and its role in estrous 

synchronization, a crucial aspect of reproductive 

management [18]. Additionally, Gupta and Barański et al., 

explored the effects of GnRH analogues on LH and 

testosterone concentrations in buffalo bulls, particularly 

during the non-breeding season [19, 20]. At the molecular 

level, Stamatiades and Kaiser (2018) elucidated the 

signaling pathways and gene expression changes induced 

by pulsatile GnRH administration, providing a mechanistic 

understanding of its regulatory role in reproductive 

endocrinology [21]. These insights collectively support the 

potential of GnRH therapies in optimizing reproductive 

e�ciency, particularly in managed breeding programs for 

buffalo and other livestock species.

This study is limited by its small sample size and short 

experimental duration, which may restrict broader 

generalization of the �ndings. Long-term effects of 

repeated GnRH administration on fertility, semen quality, 

and reproductive lifespan were not evaluated. Additionally, 

hormonal pro�ling was con�ned primarily to LH without 
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Utilization of Size Exclusion Chromatography for the Recovery of Microbial Pectinases
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Size exclusion chromatography (SEC) is an effective analytical technique employed for the 

puri�cation of biomolecules. In size exclusion chromatography (SEC), biomolecules are sorted 

according to their size. Objectives: To investigate the puri�cation of pectinases from a 

microbiological source by size exclusion chromatography (SEC). To evaluate the amount of 

pectinase and total proteins in the collected fractions through measurement and qualitative 

analysis. Methods: Utilizing Sephadex G-25 as the stationary phase and a 0.05 M sodium 

phosphate buffer with increasing concentrations of NaCl as the mobile phase. Using a 3,5-

dinitro-salicylic acid (DNS) assay and a pectin-containing agar plate assay, the existence of 

pectinases in the fractions that were taken was veri�ed quantitatively and subjectively. 

Results: The increasing order of salt concentration was 0.15, 0.5, 0.8, 1 and 1.6 M NaCl 

concentration. At 0.15 and 0.5 M salt concentrations, desired proteins were strongly combined 

to the stationary phase of the Sequential Injection Chromatography (SIC) column and eluted at 

the last fraction while at 0.8, 1 and 1.6 M sodium chloride concentration pectinases were eluted in 

the early fractions as compared to the buffers containing a lower concentration of sodium 

chloride. Conclusions: It was concluded that the suitable NaCl concentration for the 

puri�cation of pectinase enzyme through SEC was 0.8 M because at these concentrations 

pectinases can be separated very short time and at a low cost.
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all enzyme sales worldwide. Aspergillus niger is typically 

u s e d  t o  m a k e  i n d u s t r i a l  p e c t i n a s e  e n z y m e s 

(polygalacturonase, pectin esterase, and pectinlyase 

strains). Unexpected reactions may arise from the 

proteolytic or hydrolytic adverse effects of crude enzymes 

[9-11]. Commercial pectinases are used to extract and 

clarify sparkling clear juices (apple, pear, and grape juices), 

cloudy juices (citrus, prune, tomato, and nectar juices), and 

unicellular products by selectively hydrolyzing the middle 

lamella polysaccharides to preserve plant cell integrity 

[12]. But they do not have to be commercialized. 

Pectinases are among the most signi�cant industrial 

enzymes [13].

I N T R O D U C T I O N

Pectinases are the enzymes which can break down pectin. 

Pectin is a compound in the plant cell wall. It can lower the 

viscosity of the juice. The �rst commercial application of 

pectinases was to prepare wines and fruit juice in 1930 [1]. 

Pectinases are derived from different  k inds of 

microorganisms [2, 3]. Pectinases are also reported to be 

produced in combination with other industrially signi�cant 

enzymes by the same microbial isolate [4, 5]. Pectin 

enzymes can be classi�ed into three groups mention the 

name of groups. This enzyme's activity on protein results in 

the formation of extremely polymerized soluble pectin [6, 

7]. Approximately 70 million dollars were spent on 

pectinases worldwide [8], which accounted for only 5% of 
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Although microbial pectinases are widely used in food and 

industrial applications, puri�cation strategies that are 

cost-effective, e�cient, and scalable remain a major 

challenge. Conventional puri�cation methods often involve 

multiple steps, increasing operational cost and reducing 

enzyme recovery yield. Limited studies have systematically 

evaluated the in�uence of ionic strength variations on 

e n z y m e  e l u t i o n  b e h av i o r  d u r i n g  s i z e  exc l u s i o n 

chromatography (SEC), particularly using Sephadex G-25 

columns. Therefore, there is a need to investigate 

optimized salt concentrations for improved recovery and 

partial puri�cation of microbial pectinases using SEC. 

study aims to inoculate microorganisms to produce the 

enzyme pectinase. To use gel �ltration chromatography at 

various salt concentrations to separate the fermentation 

broth's supernatant from the microbial culture. To evaluate 

the amount of pectinase and total proteins in the collected 

fractions through measurement and qualitative.

M E T H O D S

An experimental design was held from August 2024 to 
January 2025. Balance, Falcon tubes, PH meter, pipettes, 
tips, Eppendorf tubes, centrifuge, burette, vortex, beaker, 
magnetic stirrer,  test tubes,  water bath,  racks, 
spectrophotometer, and cuvette. Sigma-Aldrich provided 
the isopropanol, ethanol, methanol, Tris, or sodium dodecyl 
sulphate. Merck was the supplier of ammonium sulphate. 
We bought sodium hydroxide from Riedel-de Haen in 
Seezle. Sodium chloride and yeast extract were bought. 
The supplier of glycine was Phyto Technology Laboratory 
Services, located in Shawnee, Kansas, in the United States. 
Hydrochloric acid was purchased from Scharlau , and Tris-
HCl. The presence of pectinases was con�rmed on nutrient 
agar plates. The agar plates were prepared using the 
composition NaNO3 (0.2%) KH2PO4 (0.1%) KCL (0.05%) 
MgSO4 (0.05%) Trypton (0.5%) pectin (0.5%) After the 
screening, 50 ml liquid broth medium having composition 
peptone (1%) yeast extract (0.5%) Nacl (1%) were inoculated 
by a loop full of the colony from the agar plate. The media 
were autoclaved at 121C °C for 20 minutes. The composition 
of the medium for pectinase production includes NaNO3 
(0.2%), KH2PO4 (0.1%), KCL (0.05%), MgSO4 (0.05%), 
tr yptone (0.5%) citrus peel powder (2.5%). After 
preparation of the media, it was autoclaved at 121°C for 20 
minutes. The freshly prepared inoculum quantity of 0.3 
mL/100 mL broth was added to the medium. The media was 
then incubated for at least 48 hours and then checked for 
the presence of pectinases. The cultured broth was then 
centrifuged at 7500 rpm for 10 minutes until a clear 
supernatant was obtained. Pectinase isolation was 
accomplished in several steps. The supernatant of a crude 
culture was applied to a Sephadex G-25 disposable column 
that was preequilibrated with 0.05 M sodium phosphate 
buffer. The protein elution and binding were performed 

with the same buffer. To check the effect of sodium 
chloride concentration on pectinase elution, sodium 
chloride concentration was increased stepwise. The salt 
concentration was further increased to 0.15, 0.5, 0.8, 1 and 
1.6 M of NaCl. Twenty different fractions in each run were 
collected and further checked for pectinase activity and 
total protein concentrations. The unbound enzymes were 
eluted �rst. The combinations were incubated in separate 
test tubes (a and b) at 70°C in a shaking water bath for 10 
minutes. After incubation, the test tubes were cooled 
under tap water, and only the control combination received 
0.3 ml of crude enzyme. After adding the DNS solution to 
test tubes a and b, they were incubated in boiling water for 
10 minutes. After incubation, the test tubes were cooled 
under tap water and transferred to 1.5 ml Eppendorf tubes 
for 5 minutes of centrifugation. Calculate pectinase units 
by comparing the difference in optical density (OD) at 575 
nm between test and control combinations using the 
formula: Pectinase unit = optical density × 22/3. 
Additionally, total protein was computed as (optical 
density- 0.0247) / 0.0487. In the chromatographic 
experiment, gel �ltration in group separation mode 
removed tiny molecules from bigger ones, such as salts or 
labels. Gel �ltration chromatography beads were placed 
into a commercial 1.0 ml column and equilibrated with 10 
column volumes of sodium phosphate buffer. Packing 
Column is a ver y peri lous stage in gel  �ltration 
chromatography. A well-packed column is vital for high-
resolution fractionation in gel �ltration chromatography. 
For column packing Sephadex G-25 as supplied, �ll up to 
one column volume and equilibrate with the help of 10 
column volumes of (0.15 M sodium phosphate) buffer. In the 
chromatographic experiment, a mobile phase consisting of 
0 .0 5  M  s o d i u m  p h o s p h a t e  b u f fe r  a n d  v a r y i n g 
concentrations of NaCl (0.15, 0.5, 0.8, 1, and 1.6 M) was 
utilized as both a binding and elution buffer. Key 
considerations included the buffer composition, pH, ionic 
strength, and the presence of denaturing agents or 
detergents, which could induce conformational changes in 
the target molecules. The protein sample was puri�ed and 
free from particulate matter through centrifugation. After 
pre-equilibration, 300 ml of the protein sample was loaded 
onto the column using a pipette, and non-bound materials 
were eluted with 10 column volumes of buffer, while 
compounds of interest were collected in fractions using a 
simple step elution procedure. Following protein loading, 
different fractions of up to 1 ml were collected via a 
stepwise increase of sodium phosphate buffer for 
subsequent analysis of protease activity. To regenerate the 
gel �ltration column, it was washed with 0.2 M sodium 
hydroxide (NaOH) and non-ionic detergents, then stored at 
4°C in the dark with an antimicrobial agent (0.02-0.05% 
sodium hydroxide or 20% ethanol). The protein amount was 
determined using the Bradford assay, which measures the 
capability of proteins to bind to Coomassie Brilliant Blue, 
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Table 1:  Standard Values of Libido 

The presence of pectinase enzyme in cultured broth was 

con�rmed on nutrient agar plates using the well diffusion 

method. The clear zones around the wells indicated the 

presence of pectinases in the broth. Results found that by 

increasing the supernatant, the diameter of the zone 

elevated signi�cantly, as shown in �gure 1. 

Figure 1: Plate assay for Pectinases: Zone Diameter After 48 

Hours of Incubation
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Results show that the fractions collected at the beginning 

h ave  l owe r  p e c t i n a s e  a c t i v i t y  a s  we l l  a s  l owe r 

concentrations of total protein. However, in the latter 

fractions, the pectinase enzyme activity was higher, as well 

as total protein. It was observed that a gradual increase 

occurred, and the highest activity (0.75) of pectinase 

enzyme was found in fraction no.19. The Pectinase enzyme 

unit and total proteins in the collected fractions using a gel 

G-25 column are presented in table 1.

Fractions Test Control Pectinase UnitOD Total Protein

1 0.06

0.08

0.06

0.01

0.04

0.05

0.06

0.06

0.01

2

3

4

5

6

7

8

9

0.04

0.08

0.02

0.09

0.06

0.00

0.05

0.02

0.02

0.02

0.01

0.04

0.00

0.00

0.05

0.01

0.04

0.00

0.14

0.04

0.27

0.00

0.30

0.38

0.08

0.29

0.00

0.00

0.00

0.25

0.00

0.00

0.56

0.00

0.29

0.00

0.04

0.08

0.07

0.05

0.03

10

11

12

13

14

0.07

0.02

0.02

0.02

0.02

0.00

0.06

0.05

0.03

0.01

0.00

0.42

0.40

0.25

0.06

0.00

0.66

0.60

0.19

0.00

0.09

0.07

0.03

0.08

0.13

0.10

15

16

17

18

19

20

0.02

0.02

0.02

0.02

0.02

0.02

0.07

0.05

0.01

0.06

0.10

0.08

0.48

0.37

0.10

0.41

0.75

0.56

0.83

0.54

0.00

0.64

1.59

1.05

Results illustrate the pectinase activity of the collected 
fraction through gel �ltration sephadex G-25 column using 
0.05M phosphate buffer along with 0.15 M NaCl, as binding 
buffer, as well as elution buffer elution pattern from G-25 
column with size exclusion chromatography utilizing 0.05 M 
phosphate buffer along with 0.15 M NaCl. Fractions 
collected after elution were then checked for pectinase 
activity as well as for total protein. Black bars represent 
pectinases activity while gray bars represent total 
proteins, as shown in table 2.

Table 2:  Table Pectinase Activity and Total Protein Concentration

Fraction No. Pectinase Activity (U) Total Protein (mg/ml)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

0.08

0.18

0.00

0.04

0.00

0.07

0.00

0.10

0.00

0.06

0.24

0.00

0.40

0.12

0.34

0.20

0.06

0.00

0.70

0.50

0.30

0.55

0.15

0.30

0.55

0.90

0.20

0.60

0.40

0.55

0.90

0.60

1.00

0.75

0.60

0.90

0.55

0.30

1.50

1.20

The �nding illustrates the pectinase activity of the 
collected fraction through gel �ltration Sephadex G-25 
column using 0.05M phosphate buffer along with 0.5 M 
NaCl, as binding buffer as well as elution buffer, shows 
puri�cation of pectinases through the chromatographic 
process of the G-25 column. Supernatant of the crude 
culture was applied for elution from a G-25 size exclusion 
chromatographic column by using 0.05 M Sodium 
phosphate buffer along with 0.5 M NaCl. Twenty different 

R E S U L T S

forming a complex with a signi�cantly higher extinction 
coe�cient than that of free dye. At 595 nm, absorbency 
was determined with a UV-visible spectrophotometer.  100 
mg of Coomassie Brilliant Blue G250 was dissolved in 50 
milliliters of 94% ethanol and 100 milliliters of 84% 
phosphoric acid to create the Bradford reagent. Then 
diluted to a �nal volume of 1 liter. To assess pectinase 
activity in the collected fractions, a DNS assay was 
performed according to standard procedures
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Table 3:  Pectinase Activity and Total Protein Concentration

Fraction No. Pectinase Activity (U) Total Protein (mg/ml)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

0.00

0.00

0.00

0.00

0.15

0.25

0.35

0.00

0.10

2.30

0.00

1.10

1.20

0.60

1.20

0.30

0.10

0.20

2.80

2.00

0.00

0.00

0.00

0.00

0.10

0.20

0.30

0.00

0.05

1.00

0.00

0.60

0.65

0.40

0.65

0.20

0.05

0.15

1.30

1.10

Results illustrate the pectinase activity of the collected 
fraction through gel �ltration sephadex G-25 column using 
0.05M phosphate buffer along with 0.8 M NaCl, as binding 
buffer as well as elution buffer, represents the elution 
pattern through sephadex G-25 column size exclusion 
chromatography using 0.05 M phosphate buffer along with 
0.8 M NaCl. The black bars illustrate pectinases activity 
while gray bars reveal total protein contents and �ndings 
shown in table 4.

Table 4: Estimated Pectinase Activity and Total Protein 

Concentration

Fraction No. Pectinase Activity (U) Total Protein (mg/ml)

1

2

3

4

5

6

7

8

9

10

11

12

0.00

0.00

0.00

0.90

1.10

1.40

2.30

1.00

1.40

0.70

1.00

0.80

0.10

0.00

0.00

0.45

0.60

0.70

0.90

0.40

0.60

0.30

0.50

0.40

13

14

15

16

17

18

0.60

0.90

0.50

0.70

0.20

0.60

0.30

0.45

0.25

0.35

0.10

0.30

19

20

0.10

0.00

0.05

0.10

Study illustrated the pectinase activity of the collected 
fraction through gel �ltration Sephadex G-25 column using 
0.05M phosphate buffer along with 1.0 M NaCl as binding 
buffer as well as elution buffer, showing elution pattern 
through size exclusion chromatography with G-25 column 
using 0.05 M phosphate buffer along with 1.0 M NaCl at PH 
8.0. The samples were loaded on a size-exclusion 
chromatography Sephadex G-25 column. The fractions 
were applied to a gel �ltration chromatography column. 
Twenty different fractions were collected and analyzed for 
pectinase activity and total protein content, and the results 
are shown in table 5.

Table 5: Pectinase Activity and Total Protein Concentration in 

Fractions

Fraction No. Pectinase Activity (U) Total Protein (mg/ml)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

1

1

1

2

2

3

3

3

4

4

5

5

6

6

7

6

5

4

3

1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.9

1.5

1.4

1.2

1.0

0.0

Illustrating the pectinase activity of the collected fraction 
through gel �ltration sephadex G-25 column using 0.05M 
phosphate buffer along with 1.6 M NaCl, as binding buffer as 
well as elution buffer, shows puri�cation mechanism from 
the sephadex G-25 column using 0.05 M phosphate buffer 
along with 1.6 M NaCl. Twenty different fractions were 
collected and then checked for pectinase activity and total 
proteins. Black bars represent pectinases activity while 
gray bars indicate total proteins, and results are shown in 
table 6.

fractions were checked for pectinase activity as well as for 
total proteins. Binding and elution of the target protein 
were performed with the same buffer. Black bars represent 
pectinase enzyme activity, while gray colored bars 
represent total protein concentration in the collected 
fractions, and the results are shown in table 3.
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The selected bacterial strain for pectinase production was 

con�rmed with the help of pectin-containing agar plates 

[14, 15]. The pectinase function in the supernatant is shown 

by agar plates with clear zones surrounding the wells [16]. 

The pectinase enzyme in the supernatant has broken down 

the substrate pectin, visible by the clear zone surrounding 

the wells [17]. The outcome demonstrates that the area of 

clear zones surrounding the wells grows with the volume of 

supernatant, indicating a rise in the pectinase enzyme's 

e�ciency. The hydrolysis zone produced on the pectin agar 

plates could be related to the results found in the literature 

[18]. In this investigation, gel �ltration chromatography 

was used to purify pectinases from fermented cultured 

broth. The stationary phase was a gel �ltration disposable 

column containing Sephadex G-25, while the mobile phase 

was 0.05 M phosphate buffer with increasing NaCl 

concentrations (0.15, 0.05, 0.8, 1.0, 1.6 M). Contact between 

the size exclusion stationary phase and proteins of interest 

separated them. The mobile phase pH and ionic strength 

we r e  c o n t r o l l e d  t o  e l u t e  t a r g e t  p r o t e i n s  f r o m 

chromatographic columns. Zones were not seen in total 

protein. Pectinase activity was measured by the DNS test 

and given as Soxhlet units, whereas total protein was 

measured by the Bradford assay [19]. Pectinase enzyme 

was found to be strongly bound to the stationary phase, and 

hence, pectinase was eluted in the last fraction, no.19. By 

increasing sodium chloride concentration up to 0.5 M, 

almost the same elution pattern of pectinase enzyme was 

observed. To examine how sodium chloride concentration 

affected pectinase enzyme elution, it was raised to 0.8 M. 

Pectinase activity at 0.8 M sodium chloride, with fraction 7 

having the greatest activity. In our study, fraction 15 had the 

greatest pectinase enzyme activity and total protein 

content with 1.0 M NaCl. The sodium chloride concentration 

was raised to 1.6 M to further test its in�uence on pectinase 

enzyme elution. Greatest pectinase enzyme activity and 

total protein content. NaCl compounds in the buffer 

determine their ionic strength, which may explain this 

behaviour. A thick dielectric double layer and reduced 

protein-protein interaction (aggregation) depend on ionic 

strength. Sodium chloride affected protein elution volume. 

Salt in the mobile phase delineated protein peaks and 

inhibited protein-matrix interactions, improving molecular 

size determination [20].

This study is limited to laboratory-scale puri�cation using a 

single chromatographic matrix (Sephadex G-25) and 

stepwise salt gradients, without evaluation of enzyme 

purity through advanced analytical techniques such as 

SDS-PAGE or molecular weight determination. Kinetic 

parameters, enzyme stability pro�ling, and industrial-scale 

validation were not assessed. Future research should 

focus on multi-step puri�cation strategies, optimization of 

�ow rates and column dimensions, detailed biochemical 

characterization, and pilot-scale implementation to 

enhance yield, purity, and commercial applicability of 

microbial pectinases.

C O N C L U S I O N

It was concluded that this study can be further pursued for 

further puri�cation of microbial pectinases by utilizing the 

same conditions for the pilot-scale puri�cation of 

pectinases.
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Table 6: Pectinase Activity and Total Protein Concentration in 

Fractions

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

1

2

2

3

3

3

4

4

7

5

6

5

4

5

7

4

3

1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.2

1.1

1.3

1.4

1.5

1.6

1.7

1.4

1.2

0.9

Fraction No. Pectinase Activity (U) Total Protein (mg/ml)

1

2

1

1

0.0

0.1
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Growth performance analysis under this study evaluated the dietary impact of β-galacto-

oligosaccharides (β-GOS). Scientists have established that prebiotic β-GOS promotes health in 

the gut tissue, thus leading to enhanced productivity alongside improved general health during 

dexamethasone-induced stress conditions. Objectives: To investigate whether the addition of 

β-GOS to rabbit diets would positively affect their physiology-linked weight gain as well as their 

feed e�ciency and developmental metrics. Methods: A 12-week experiment with 40 rabbits 

belonging to 3 ± 0.98 months of age and weighing 1.48 ± 0.41 kg allocated 8 animals to each 

dietary treatment group. Among all monitored aspects, live body weight and food intake, and 

feed conversion e�ciency (FCR) were ranked as signi�cant items. Rabbits received feed 

consumption measurements each day and underwent body weight assessment every week.  

Results: Feeding rabbits β-GOS under stress greatly improved their health and growth 

performance. Compared to Groups A-D, Group E (D-S15 + 0.3% β-GOS) had the greatest FCR and 

the largest gain in live body weight. The group that consumed the most feed was Group A 

(Negative Control). Group E. Conclusions showed the most e�cient feed conversion. 

Conclusions: It was concluded that supplementing stressed rabbits with β-GOS can 

successfully increase their growth, feed conversion e�ciency, and general health, providing a 

useful dietary strategy to alleviate growing de�cits caused by stress.
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effectively  inhibit  carcass contamination whi le 

augmenting immune responses among animals.  

Prebiotics, non-digestible dietary components, selectively 

promote the growth of bene�cial microorganisms in the 

colon.  Several functional oligosaccharides, including 

galacto-oligosaccharide, mannan-oligosaccharide, chito-

oligosaccharide, and fructo-oligosaccharide, have been 

shown to enhance growth performance and improve the 

well-being of rabbits [3]. β-Galacto-Oligosaccharide is 

widely acclaimed for its lacto-bi�dogenic property, which 

enhances gastrointestinal health structure & immune 

function across both humans and animals [4-6]. However, 

β-GOS failed to improve broilers' performance under 

I N T R O D U C T I O N

Rabbits are regarded as a prime candidate for meat 

production due to their brief life span, high proli�cacy, brief 

gestational duration and e�cient feed conversion capacity 

on both grain and forage-based diets [1].  These 

monogastric hindgut fermenters exhibit a distinctive 

digestive physiology that enables them to acquire proteins 

and vitamins via caecotrophy. However, the consumption 

of rabbits has experienced a worldwide decrease due to 

concerns regarding consumer approval and the extended 

duration needed for cooking [2]. Prebiotics and probiotics 

have emerged as promising strategies for mitigating 

digestive tract diseases in livestock and enhancing the 

productivity of the animals. These dietary supplements 
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t h e r m o n e u t r a l  c o n d i t i o n s  o r i g i n a t i n g  f r o m 

Bi�dobacterium galactosidase, suggesting variable 

effects between species [7]. Insu�cient information 

exists regarding the effects of β-GOS on rabbit growth 

performance in instances of heat stress [8]. 

Although β-galacto-oligosaccharides (β-GOS) have 

demonstrated bene�cial effects on gut health and growth 

performance in poultry, swine, and aquaculture species, 

limited information is available regarding their e�cacy in 

rabbits under physiological stress conditions. Most 

existing studies have focused on normal rearing 

environments, with insu�cient exploration of prebiotic 

interventions during dexamethasone-induced stress. 

Furthermore, dose-dependent responses of β-GOS on 

growth indices and feed conversion e�ciency in stressed 

rabbits remain inadequately documented. Therefore, a 

systematic evaluation of graded β-GOS supplementation in 

physiologically stressed rabbits is warranted. This study 

aims to evaluate the effect of dietary β-galacto-

oligosaccharide on the growth performance of rabbits 

undergoing physiological stress.

M E T H O D S

Experimental design was used in this study. The rabbits 

were housed at Animal House, Sindh Agriculture University 

in Tandojam for a comprehensive study conducted over 

twelve weeks. A total of forty rabbits, consisting of both 

male and female individuals aged 3 + 0.98 months old, with 

an average weight of 1.48 ± 0.41 kg. The rabbits were 

randomly allocated into �ve distinct groups, with eight 

rabbits assigned to each group [9-11]: namely, Group-

A=Negative Control (No stress; 0% β-GOS) Group-

B=Positive Control-Dexa-stressed 15 mg/kg (D-S 15+0% β-

GOS), Group-C (D-S 15+0.1% β-GOS) Group-D (D-S 15+0.2% 

β-GOS) Group-E (D-S 15 + 0.3% β-GOS). The rabbits were 

allowed adlib for water via the nipple system. Weekly feed 

consumption and body weight were recorded, while daily 

assessments of feed consumption, body weight increase, 

and feed conversion ratio (FCR) were computed by 

Abdelatty et al., [12].A basal diet comprising ingredients 

was administered as control, along with dexamethasone 

and varying percentages of β-GOS.The feed formula 

consists of 30% corn, 25% soybean meal, 9% wheat bran, 

30% rice husk, 3% �shmeal, 2% di-calcium phosphate, 

0.5% salt and 0.45% vitamin-mineral premix per kilogram. 

Methionine is present at a concentration of .03 % (per kg) 

while Lysine is present at a concentration of .02 % (per kg). 

The proximate composition includes metabolizable energy 

at a rate of 2744 kcal/kg, dry matter 870.47 g/kg and crude 

protein 180.16 g/kg.Additionally, the feed contains crude 

�ber (120.64 g/kg), ether extract (110.62 g/kg) and ash 

(120.05g/kg).Additionally, the antioxidant and carrier 

limestone CaCO3 [13].All male rabbits (n=8 per treatment) 

were utilized for the evaluation of growth performance.The 

weight of the rabbits was documented every week 

throughout the entirety of the 12-week experiment.The 

initial weight of each rabbit was recorded upon their arrival, 

and subsequently measured every week to track their 

weight gain progress within each group.Fresh food was 

generously given to the rabbit, and any instances of 

rejection were noted, measured, and then deducted from 

the total amount delivered.The �nal quantity of food 

consumed was then recorded using the following formula. 

Motor calculation of feed intake requires subtracting 

group-level feed denial (g/group/d) from total feed offering 

(gm).This operation yields the direct product of feed intake 

(g/b/d).The researchers estimated feed conversion ratio 

through precise measurements of personal weight growth 

and eaten feed weight during the 12-week evaluation period 

using the simple calculation: total consumed feed/total 

gained weight.The weekly feed intake calculation was 

performed using this data to compute the FCR ratio 

through the equation: Feed intake / Body Weight growth. 

The FCR calculation for each rabbit proceeded through 

DMI/ADG ratio assessment after researchers measured 

and recorded beginning and ending body weights and ADG 

and DMI data. A fully randomized design (CRD) was used to 

analyze the data collected through the statistical program 

for social sciences (SPSS version 20.0) by presenting mean 

± standard error of the mean (SEM).Tukey's Test evaluated 

group differences using p<0.05 as the signi�cance 

threshold.

R E S U L T S

Data indicate that signi�cantly maximum (p<0.05) live body 

weight (2400 ± 61g) was noted in group E (basal diet + D-S 15 

+ 0.3% β-GOS) as compared to Group-B (Negative control 

No stress, 0% β-GOS), group C (basal diet + D-S 15 + 0.1% β-

GOS) and Group-D (basal diet + D-S 15 + 0.2 β-GOS) with 

average live body weight (2200 ± 48g, 2300 ± 32g and 2350 ± 

40g), respectively. Signi�cantly minimum (p<0.05) live body 

weight (2100 ± 40g) was recorded from group A=Positive 

Control-Dexa- stressed 15 mg/kg (D-S 15+0% β-GOS). 

Statistical analysis of the live body weight data between 

groups revealed essential differences based on the p<0.05 

criterion. Five separate groups exhibited signi�cant 

differences from each other according to the Tukey HSD 

test results. The research �ndings indicated that β-

galacto-oligosaccharides reacted according to the body 

weight levels of the rabbits. The results regarding β-

galacto-oligosaccharides supplement impacts on rabbit 

live body weight, presented in Figure 1.
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Data indicates that signi�cantly maximum (p<0.05) feed 

intake (220 ± 4g) was noted in Group A=Positive Control-

Dexa-stressed 15 mg/kg (D-S 15+0% β-GOS), as compared 

to Group B (Negative control No stress, 0% β-GOS), Group C 

(basal diet + D-S 15 + 0.1% β-GOS) and Group D (basal diet + 

D-S 15 + 0.2 β-GOS) with average feed intake (215 ± 6, 210 ± 3g 

and 200 ± 4g), respectively. Signi�cantly minimum (p<0.05) 

feed intake (190±3g) was recorded from Group E (basal diet 

+ D-S 15 + 0.3% β-GOS). All groups showed distinct (p<0.05) 

differences in their feed consumption based on statistical 

eva l u a t i o n  o f  g a t h e r e d  d a t a .T h e  d a t a  a n a l ys i s 

demonstrated four distinct groups as separated by Tukey's 

HSD test to each possess a different level of signi�cance 

when compared to other groups This indicated that the 

effect of β-galacto-oligosaccharides was dose-dependent 

on the feed intake of the rabbits. Results on the effects of 

β-galacto-oligosaccharides supplementation on feed 

intake of rabbits are presented in Figure 2.

Figure 2: Effect of β-Galacto-Oligosaccharides Supplementation 

on Feed Intake (G) of Growing Rabbits
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Data indicates that signi�cantly maximum (p<0.05) body 

weight gain (80 ± 0.5 g) was noted in Group E (basal diet + D-

S 15 + 0.3% β-GOS) as compared to Group B (Negative 

control No stress, 0% β-GOS), Group C (basal diet + D-S 15 + 

0.1% β-GOS) and Group D (basal diet + D-S 15 + 0.2 β-GOS) 

with average body weight gain (60 + 0.8, 70 + 0.2 and 75 ± 

0.5g), respectively. Signi�cantly minimum (p<0.5) body 

weight gain (50 ± 0.4g) was recorded from Group A = 

Positive Control-Dexa-stressed 15 mg/kg (D-S 15+0% β-

GOS). Statistical analysis of data revealed a signi�cant 

(p<0.05) difference in body weight gain among all groups.  

According to Tukey's HSD test, there were �ve distinct 

groups which were signi�cantly different from each other. 

T h i s  i n d i c a t e d  t h a t  t h e  e f fe c t  o f  β - g a l a c t o -

oligosaccharides was dose-dependent on live body weight 

gain of the rabbits. Results on the effects of β-galacto-

oligosaccharides supplementation on body weight gain of 

rabbits are mentioned in Figure 3.

50
60

70
75

80

0

20

40

60

80

100

A B C D E

B
od

y 
W

ei
gh

t 
G

ai
n

 (
g

)

Groups

Figure 3: Effect of β-Galacto-Oligosaccharides Supplementation 

on Body Weight Gain (G) of Growing Rabbits

Data indicates that signi�cantly minimum (p<0.05) FCR 

(2.38 ± 0.2) was noted in group E (basal diet + D-S 15 + 0.3% 

β-GOS) as compared to Group B (Negative control No 

stress, 0% β-GOS), Group C (basal diet + D-S 15 + 0.1% β-

GOS) and Group D (basal diet + D-S 15 + 0.2 β-GOS) with 

average live body weight average FCR (3.58 + 0.02, 3.00 ± 

0.3 and 2.67 ± 0.2), respectively. Signi�cantly maximum 

(p<0.05) FCR (4.4 ± 0.01) was recorded from Group 

A=Positive Control-Dexa-stressed 15 mg/kg (D-S 15+0% β-

GOS). Statistical analysis of data revealed a signi�cant 

(p<0.05) difference in FCR among all groups. According to 

Tukey's HSD test, there were �ve distinct groups which 

were signi�cantly different from each other. This indicated 

that the effect of β-galacto-oligosaccharides was dose-

dependent on the FCR of the rabbits. Results on the effects 

of β-galacto-oligosaccharides supplementation on FCR of 

rabbits are mentioned in Figure 4.
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D I S C U S S I O N

Studies have shown that incorporating prebiotics in the 
diet of broiler chickens can enhance growth by using non-
antibiotic supplements, leading to improvements in growth 
parameters without any adverse effects on consumers 
[14]. Moreover, the discoveries regarding the bene�cial 
impacts of prebiotics on growth performance were 
observed [15]. Beta-Galacto-oligosaccharide (Beta-GOS) 
promotes the proliferation of bene�cial microorganisms in 
the gastrointestinal tract, particularly bi�dobacteria and 
lactobacilli, consequently enhancing gut health and 
immune response [16]. Improved gastrointestinal health 
can result in enhanced breakdown and absorption of 
nutrients, thereby leading to increased utilization of feed 
and, subsequently, enhanced growth performance. 
Research has indicated that incorporating β-GOS into the 
diet can enhance intestinal health, boost the immune 
system, and stimulate growth performance in poultry [17], 
pigs [18], and �sh [19]. The inclusion of dexamethasone in 
the rabbit's diet led to a reduced amount of weight loss 
when compared to the control group. Although previous 
studies have shown comparable effects on body weight in 
different animal species, our results differed from these 
�ndings. These variations may be attributed to individual 
differences and inconsistencies in the experimental 
approaches. Numerous variables, such as environment, 
diet, and heredity, affect the complex system of weight 
control [20, 21].Our results are in line with other studies 
that indicate stress has a detrimental effect on rabbits' 
ability to develop [22, 23].  Compared to the healthy control 
group, the rabbits in the positive control group gained less 
weight, fed less effectively, and had a higher feed 
conversion ratio.The study found that supplementing with 
β-GOS improved growth performance. When contrasted to 
the untreated stressed group, our research showed that 
the rabbits who got β-GOS supplementation had 
signi�cantly higher body weight growth and greater 

utilization of feed.A notable improvement in the feed 
conversion ratio suggests that feed resources are being 
used more e�ciently. As seen by Group B's slower growth 
rate than all other groups, our study's astounding �ndings 
exposed the detrimental impacts of stress on rabbits' 
development capabilities. This discovery aligns with prior 
research suggesting that stress can result in diminished 
weight gain, decreased feed intake, and reduced feed 
e�ciency [22, 23]. Rabbits in Groups C-E with β-GOS had 
higher body weights than Groups A-B with basal diet or 
basal diet with dexamethasone.Study �ndings are 
consistent with past research, showing prebiotics improve 
weight gain in animal models [24].Rabbits given Biotronic 
showed improved growth, consistent with the study [25] on 
prebiotics and animal growth.Prebiotic supplementation 
can lead to increased body weight in animals due to various 
mechanisms. Prebiotics act as substrates for bene�cial 
gut bacteria, promoting their growth and metabolic 
functions, resulting in increased fermentation and 
production of short-chain fatty acids. The energy usage 
e�ciency improved due to Biotronic consumption leading 
to weight gain in rabbits.  The use of prebiotics improves 
nutrient absorption that accelerates both growth and body 
weight increase. The scienti�c research on prebiotics 
reveals that they strengthen animal immunity while 
improving nutrient uptake in animals and reducing stress 
effects on growing e�ciency. This research shows 
Biotronic alongside β-galacto-oligosaccharide cause 
rabbits to gain more weight over 12 weeks. Biotronic acts to 
enhance immune response alongside energy management 
and nutritional uptake, thus supporting constant growth 
[26]. During a 12-week experiment, the rabbits fed with the 
standard diet (Group A-B) ate greater daily amounts than 
those consuming Biotronic prebiotic (Group C-E). Animal 
appetite and feed intake increase when prebiotics, 
including Biotronic, are added to the diet. The production 
of short-chain fatty acids increases through prebiotic 
support of gut bacterial growth. The research on rabbit 
populations indicates that Biotronic supplementation 
drives animals to consume more food because of its 
effects on both appetite and nutritional absorption. The 
supplements improve consumption by enhancing food 
taste as well as digestive performance. Professional 
studies verify that prebiotics enhance food consumption in 
animals, including pigs, through their effects on intestinal 
microorganisms and digestive processes. Research 
studies show that rabbits who receive prebiotic 
supplements in Biotronic eat more food because of hunger 
stimulation and better �avor absorption, and nutrient 
utilization [27]. Rabbits measure feed e�ciency through 
the analysis of feed conversion ratio (FCR). The FCR 
measurements for Group C-E subjects revealed better 
numbers than those recorded for Group A-B subjects.The 
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C O N C L U S I O N

It was concluded that supplementing stressed rabbits with 

β-GOS can successfully increase their growth, feed 

conversion e�ciency, and general health, providing a 

useful dietary strategy to alleviate growing de�cits caused 

by stress.
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feed conversion ratio improves according to these results. 
Oral consumption of prebiotics helps rabbits absorb their 
diet better and leads to a reduction in feed conversion ratio. 
Prebiotic supplements operate as a dual-purpose agent for 
both immune system enhancement and the treatment of 
stress-triggered e�ciency breakdowns. Research 
demonstrates that prebiotic consumption leads to better 
FCR according to [28]. The results of this study established 
that prebiotic dietary supplements produce favorable 
impacts on growth indicators. These substances both 
reduce the feed conversion ratio and enhance overall 
physical health. The New literature [29] established that 
prebiotics improve rabbit development as reported by [30]. 
To fully understand how these supplements affect the 
immune system and gut �ora, further study is needed.
This study is limited by its relatively small sample size and 
con�nement to growth performance parameters without 
detailed evaluation of gut microbiota composition, 
immune biomarkers, or intestinal histomorphology. 
Additionally, the experiment was conducted under 
controlled conditions, which may limit extrapolation to 
commercial rabbit production systems. Future research 
should incorporate molecular and microbiological analyses 
to elucidate mechanistic pathways, assess long-term 
health and reproductive outcomes, and evaluate economic 
feasibility under �eld conditions to strengthen the 
practical application of β-GOS supplementation in rabbit 
production.
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Original Article

Development of Plant-Based Milk by Combining Sesame Seeds, Pumpkin Seeds, 
Mango-Flavored Sesame, and Dates Flavored Sesame 

1* 1 1 1 1 1Saba Nadeem Dar , Aqsa Khalid , Tazmeen Aslam , Sheeza Ahsan , Maryam Sadaqat  and Chaman Batool

¹Department of Nutrition and Dietetics, University of Management and Technology, Lahore, Pakistan

Despite the increased demand for plant-based milk alternatives, there is a lack of sustainable 

and nutritious options that combine the nutritional bene�ts of sesame and pumpkin seeds. 

Objectives: To develop plant-based milk by combining sesame seeds and pumpkin seeds, 

assess the sensory and nutritional properties by using a hedonic scale and proximate analysis 

and do a cost analysis of this plant-based milk. Methods: A cross-sectional study took place at 

the lab of UVAS Lahore, Pakistan.Three samples were developed per 100ml (sesame and 

pumpkin seeds milk, mango �avored sesame and pumpkin seeds milk and dates �avored 

sesame and pumpkin seeds milk).Sensory evaluation was done using a hedonic scale. 

Proximate analysis was also performed to calculate dry matter, crude protein, fat and ash 

content of the three samples. Results: Date �avor was the most liked sample (40%) rating in 

appearance, 50% in odor, 50% in taste and 60% in texture. Proximate analysis of the �rst sample 

(sesame and pumpkin seeds milk) showed that it contained about 19.17% dry matter, 7.04% 

crude protein, 2.20% fat and 0.90% ash content. Proximate analysis of the second sample 

(mango �avor) showed about 13.00% dry matter, 3.60% crude protein, 4.00% fat and 0.46% ash 

content. Proximate analysis of the third sample (dates �avor) achieved 15.67% dry matter, 3.74% 

crude protein, 5.00% fat and 0.38% ash content. Conclusions: It was concluded that it is easier 

to make this plant-based dish using ingredients which are easily available from the local store.
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that sesame seeds contain 4.53% of moisture, 22.41% 

crude protein, 41.20% crude fat, 3.42% crude �ber and 

4.27% ash content. Sesame seeds are known not only for 

their traditional use but also for their pharmaceutical, 

nutraceutical and industrial roles [2].  Sesame milk 

contains nutraceutical properties such as anti-oxidative, 

hypocholesterolemia, anti-carcinogenic, anti-tumor and 

antiviral activities [3]. Sesame milk can overcome the 

restrictions of soy milk use, such as �atulence, allergy to 

soy proteins, and off-�avors [4]. Cold plasma processing is 

a non-thermal technique which can be used to reduce the 

Ige-mediated allergies caused by sesame milk [5]. 

Pumpkin belongs to the Cucurbita species and family 

Cucurbitaceae. There are 3 species of pumpkin, i-e. 

I N T R O D U C T I O N

The consumers have developed a great interest in 

consuming those products that are made from vegetable 

raw materials. Among the population, there is a great 

increase in the number of allergic diseases. These allergies 

affect both children and adults equally. Cow's milk protein 

or lactose allergy is one of the most prevalent allergies 

which due to some enzymatic changes, the body is not able 

to absorb lactose. These alternatives were being 

developed because the cow's milk contains up to 80% 

casein in its protein composition, while the plant-based 

milk alternatives do not contain lactose and casein [1]. 

Sesame seed is unusual in its composition, containing 

signi�cant levels of crude protein, moisture, crude fat, 

carbs, crude �ber, and mineral components. It is observed 
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cucurbita maxima, cucurbita pepo, and cucurbita 

moschata [6]. It is a diploid plant that usually contains 20 

pairs of chromosomes. The use of pumpkin seeds is 

different, as in domestic purposes, uncooked, cooked or 

roasted depending on the area and personal choices of the 

people [7].Pumpkin seeds consist of many bene�cial 

nutrients and nutraceuticals such as curcubitans, 

unsaturated fatty acids, amino acids, phyto-sterols and 

tocopherols.They also contain zinc, iron, calcium, 

potassium, copper, phosphorus, magnesium and 

manganese. The calories in pumpkin seeds vary, but they 

usually include 574 calories of energy per 100 grams, 49 

grams of fat, 6.6 grams of �ber, and 30 grams of protein. 

Pumpkin seeds are a fantastic addition to a healthy diet due 

to their high protein content.Pumpkin seeds also possess 

cyto-protective effects (the ability to protect the cells from 

metabolic attacks). Along with pumpkin seeds also have 

antimicrobial and wound healing effects [8].Pumpkin 

seeds have antioxidant properties.Thus, they are 

considered a valuable ingredient to be added to food 

products. Lack of bene�cial nutrients is a major concern in 

the world. To overcome this problem, food additives can be 

used, originating from plant sources, and pumpkin seeds 

are one of them. By adding pumpkin seed �our, the 

nutritional quality of the product can be enhanced or 

enriched [9]. By producing biscuits made with ingredients 

like pumpkin seed meal, konjac and maltitol, it is proven 

that biscuits can be made healthier, more nutritious and 

can be bene�cial for cardiac, diabetic and obese patients 

[10]. Pumpkin seed oil (PSO) is extremely bene�cial not only 

to diabetics, but also to hypertension and dyslipidemia [11]. 

Heat treatment is the most crucial step to enhance the 

stability, improve the physicochemical properties of food 

products such as pumpkin seeds [12]. Pumpkin seeds 

prevent stomach, lung, or colon cancers [13]. In Korea, 

pumpkin seeds are used for the treatment of depression 

[14]. The use of pumpkin seeds daily reduces the chance of 

Parkinson's and Alzheimer's diseases [15]. In previous 

studies, there was a lack of a plant-based milk which was 

made from combining two or more seeds. 

Although plant-based milk alternatives are increasingly 

popular due to lactose intolerance, milk protein allergies, 

and shifting dietary preferences, most commercially 

available products rely on single-source ingredients such 

as soy, almond, or oat. Limited research has explored the 

development of hybrid seed-based milk formulations that 

combine multiple nutrient-dense seeds to enhance protein 

quality, micronutrient pro�le, and sensory acceptability. 

M o r e o v e r,  c o m p a r a t i v e  e v a l u a t i o n  o f  s e n s o r y 

characteristics, proximate composition, and cost-

effectiveness of such formulations remains insu�cient in 

local contexts. Therefore, there is a need to develop and 

systematically evaluate a nutritionally enriched, 

economically feasible plant-based milk prepared from 

combined sesame and pumpkin seeds. This study aims to 

develop a plant-based milk by combining sesame seeds 

and pumpkin seeds, and also produces two more �avors 

using mango and dates. The sensory and nutritional 

properties were also evaluated by using the hedonic scale 

and proximate analysis. Along with that, a cost analysis of 

this plant-based milk was also performed.

M E T H O D S

This was a cross-sectional study in which a product was 

developed and given to the expert panel, then compared for 

differences based on sensory evaluation. This study took 

place at the lab of the University of Veterinary and Animal 

Sciences (UVAS), Lahore, Pakistan. All the ingredients were 

bought from the local market.For the preparation of the 

product, a blender, mesh �lter, measuring cups and bottles 

were used.A product was developed using two types of 

seeds.Along with that, two more �avors were produced 

using mango and dates.Four samples were produced. 

These samples were collected in 100 ml bottles. Quantities 

of ingrédients were sesame seeds (125g), pumpkin seeds 

(14g), mango (30g), and dates (72g).For the �rst sample 

(sesame and pumpkin seed milk), about 41.6 grams of 

sesame seeds, 4.6 grams of pumpkin seeds were taken. 

These seeds were roasted for 1 minute. Then blended with 

the help of a blender by adding 2.5 cups of water. After 

blending it, it was �ltered out with the help of a mesh �lter. 

Milk of thin consistency was obtained. For the preparation 

of the second sample using mango (Sindri), all the above 

steps were repeated. Mango pulp was extracted using a 

strainer. About 2.5 tablespoons of mango pulp were added 

to 1/2 cup of milk. Then the remaining pulp was strained 

using a mesh �lter. For a thin consistency, water was 

added.For the preparation of the third sample, dates were 

used. All the steps of the �rst sample were repeated. After 

that, about 3 dates were added to 1/2 cup of milk. Then it 

was blended using a blender.It was strained. To achieve a 

thin consistency, a few drops of water were added. After 

the development of the samples, sensory evaluation 

(appearance, texture, smell, taste) was performed by the 

expert panel of 10 panelists. The hedonic scale was used for 

sensory evaluation. Hedonic scale used ratings from 1 to 9. 1 

denotes extremely dislike, and 9 denotes extremely like. To 

calculate the dry matter, fat, protein, and ash content of the 

three samples, proximate analysis was conducted. For dry 

matter analysis, a dish was weighed before putting the 

sample on it (W1).All the samples were put into their 

respective dishes and weighed before drying (W2). After 
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weighing the samples, it was dried in the oven at 102 

degrees Celsius until the dry matter was obtained. Then the 

weight of the samples was recorded again, and dry matter 

was analyzed (W3). Dry matter = W2 − W3 ÷ W2 − W1 * 100. For 

fat analysis, the Gerber machine method was used.The 

Gerber machine uses centrifugal force to extract the fat 

content of the given sample. For this purpose, sulphuric 

acid of about 10 ml was taken and pipetted into the 

butyrometer. Along with that, a quantity of 10 ml of the 

sample was added to the sulphuric acid. Following this, 

about 1 ml of amyl alcohol was added to the mixture. It was 

shaken until the milk was completely absorbed by the acid. 

After this, the butyrometer was placed in a water bath for 

about �ve minutes at 65 degrees, and then it was 

centrifuged in a Gerber machine for �ve minutes. This step 

was repeated. The �nal reading of the fat content was 

recorded. SNF content (%) = Total solids (%) - Fat (%) (3). For 

the determination of ash content, a dish was weighed �rst 

(W1), then the sample was put into the dish after weighing it 

(W2), and the sample was heated in a furnace at about 500 

degrees until a grey colour of ash appeared. The �nal 

readings were calculated for the ash content. % Ash = W3 - 

W1 ÷ W2 - W1 * 100. All the data were analyzed by using SPSS 

version 26.0 computer software. The data were expressed 

in the form of pie charts, and bar charts were made with the 

help of MS EXCEL.

R E S U L T S

In the sensory evaluation of Sample A, out of all sensory 

characteristics, the appearance of sesame and pumpkin 

milk was liked by the majority (60%) (Figure 1). 

Sensory evaluation of Sample A

35%

18%

23%

24%

like very much like slightly

neither like or dislike like moderately

Figure 1: Sensory Evaluation of Sample D

For mango �avored sesame milk (Sample B), all the sensory 

attributes got an average rating of 30% from the panelists 

(Figure 2).

 

like very much like slightly

neither like or dislike neither like or dislike

Sensory evaluation of Sample B

25%

25%25%

25%

Figure 2: Sensory Evaluation of Sample B

For the dates �avour of the sesame and pumpkin seeds 

milk (Sample C), texture was the sensory quality that was 

liked by 60% of the panelists.But out of three samples, 

Sample C was the most liked one (Figure 3).

20%

25%

25%

30%

Sensory evaluation of Sample C

like very much like moderately

like moderately like moderately
Figure 3: Sensory Evaluation of Sample C

Proximate analysis of the sesame and pumpkin seeds milk 

(Sample A) showed that it contained about 19.17% dry 

matter, 7.04% crude protein, 2.20% fat and 0.90% ash 

content. Proximate analysis of the mango �avour (Sample 

B) showed about 13.00% dry matter, 3.60% crude protein, 

4.00% fat and 0.46% ash content. Proximate analysis of the 

date's �avor (Sample C) achieved 15.67% dry matter, 3.74% 

crude protein, 5.00% fat and 0.38% ash content. According 

to proximate analysis of the three samples, Sample A 

(sesame and pumpkin seeds milk) contains the highest 

amount of dry matter, crude protein, ash content and the 

lowest amount of fat as compared to Sample B and C 

(Figure 4).
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D I S C U S S I O N

In this research, an experimental study was conducted. A 
plant-based milk was produced from the combination of 
sesame seeds and pumpkin seeds. The purpose of this 
research was to develop a product which is an effective 
alternative or substitute for cow's milk. In this study, three 
samples were produced. The �rst sample was made of 
sesame and pumpkin seed milk.The second sample was 
mango �avored sesame and pumpkin seeds. And third 
sample was dates �avored with sesame and pumpkin 
seeds.These samples were produced to do a comparison 
among them in terms of sensory evaluation, proximate 
analysis and cost analysis. A study was done by Posokina et 
al., which compared sesame milk with cow's Milk. This 
alternative was being developed because the cow's milk 
contains up to 80% casein in its protein composition, while 
sesame milk does not contain lactose or casein. Sesame 
contains more than 20 % protein, 50 % fat, a signi�cant 
amount of dietary �ber (13.3 %) as well as a high content of 
minerals such as calcium, phosphorus, iron and zinc and 
vitamins such as A, E and folic acid.The results proved that 
the sesame milk is not inferior to the cow's milk and even 
surpasses it in some cases.In conclusion, the functional 
drink from sesame seeds contributes to the improvement 
of the body systems, and its main advantage is that it does 
not contain milk sugar.Thus, it can be recommended to 
those with lactose intolerance [1].Comparing this study 
with the current research, it was found that the past study 
only compared sesame milk with cow's milk.No plant-
based product was developed using sesame and pumpkin 
seeds [16, 17].Also, the current research developed two 
more �avors to enhance the palatability of the milk. In past 
studies, no other �avors were developed. After producing 
these samples, sensory evaluation was done using hedonic 
scale. Sesame and pumpkin seeds milk got an appearance 
rating of 60%. But it only scored 30% in taste due to its 
strong �avor [18, 19]. Mango �avored sesame and pumpkin 
seeds milk got an average of 30% in terms of appearance, 
odor, taste and texture [20].That was because it was 

Table 1: Cost Analysis of Sample A, Sample B and Sample C

Ingredients

Sesame Seeds

Pumpkin Seeds

Total

Sesame and Pumpkin Seed Milk per 100 ml

Quantity 
Used (g)

41.6

4.6

46.2

Price in Rupees 

300 per 250 g

1000 per 250 g

1300 g

Price in Rupees 
per Quantity Used

40

18.6

58.6

Sesame Seeds

Pumpkin Seeds

Mango

Total

Sesame Seeds

Pumpkin Seeds

Dates

Total

41.6

4.6

30

76.2

41.6

4.6

72

118.2

300 per 250 g

1000 per 250 g

500 per 500 g

1800 g

300 per 250 g

1000 per 250 g

800 per 500 g

2100 g

40

18.6

6

64.6

40

18.6

57.6

116.2

Mango Flavored Sesame And Pumpkin Seed Milk per 100 Ml

Dates Flavored Sesame and Pumpkin Seed Milk per 100 ml

In terms of calories, Sample A contains about 258.8 

kilocalories (Table 2).
Table 2: Calorie Content in Sesame and Pumpkin Seed Milk 

(100ml)

Variables

Carbohydrate

Protein

Fat

Total Calories

Quantity

11.9g

8.2g

21.6g

258.8 kcal

Sample B contains about 276.8 kilocalories (Table 3). 

Table 3: Calorie Content in Mango Flavored Sesame and Pumpkin 

Seed Milk (100ml)

Variables

Carbohydrate

Protein

Quantity

16.4 g

8.2 g

Fat

Total Calories

21.7 g

276.8 kcal

Sample C contains 461.8 kilocalories. Hence, sample C 

contains the highest number of calories compared to the 

other two samples (Table 4). 

Table 4: Calorie Content in Dates Flavored Sesame and Pumpkin 

Seed Milk (100ml)

Variables

Carbohydrate

Protein

Fat

Total Calories

Quantity

65.9 g

10 g

21.8 g

461.8 kcal
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Figure 4: Proximate Analysis of the A, B and C Samples 

15.67%

3.60%
2.20%

5.00%

0.46%

19.17%

13.00%

7.04%

3.74% 4.00%

0.90% 0.38%

0

0.1

0.2

Dry
Matter(Sample

A)

Dry
Matter(Sample

C)

Crude
Protein(Sample

B)

Fat(Sample A) Fat(Sample B) Ash(Sample B)

Proximate Analysis

Cost analysis of the sesame and pumpkin seeds (Sample A) 

showed that it costs Rs 58.6 per 100ml. Cost analysis of the 

mango �avor (Sample B) showed that it costs Rs 64.6 per 

100ml. Cost analysis of the dates �avor (Sample C) showed 

that it costs Rs116.2 per 100ml. After assessing the cost 

analysis of the three samples, it was found that Sample A 

was the cheapest one, with the price of 58.6 rupees per 100 

ml (Table 1).
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C O N C L U S I O N

It was concluded that with an increasing trend of producing 

plant-based products, there is a high demand for dairy 

alternatives.Several plant-based milks have been 

produced, but there was a lack of a hybrid product. This 

research project developed a hybrid plant-based milk by 

combining sesame and pumpkin seeds. This study 

provided insight on how to make a plant-based milk, how 

much it costs and what the sensory attributes are 

acceptable and which attributes need more work to be 

better. This study successfully met all three objectives 

(development of plant-based milk, sensory and nutritional 

analysis, and cost analysis). However, there were some 

limitations to it; for example, shelf life was not taken into 

consideration. Future researches need to further work on 

it.

tasteless.It was not liked by the panelist. However, dates 
�avored sesame and pumpkin seeds milk got the highest 
ratings in terms of appearance (40%), odor (50%), taste 
(50%) and texture (60%) without a single dislike.Hence, it 
was proved that dates �avored sesame and pumpkin seeds 
milk is the most accepted one. Proximate analysis of the 
three samples was done.Sample A showed that it 
contained about 19.17% dry matter, 7.04% crude protein, 
2.20% fat and 0.90% ash content. Sample B showed about 
13.00% dry matter, 3.60% crude protein, 4.00% fat and 
0.46% ash content. Sample C achieved 15.67% dry matter, 
3.74% crude protein, 5.00% fat and 0.38% ash content. 
These results showed that sesame and pumpkin seeds milk 
(Sample A) has the highest value of dry matter, crude 
protein and ash as compared to Samples B and C. Thus, 
Sample A is the most nutritious one. A study was done by El-
Bialy et al., to provide a nutritious and palatable 
replacement milk for lactose and casein sensitivity. 
Sésame Milk has higher amounts of potassium, copper, 
zinc, manganese and selenium.Sesame milk can over-
come the restrictions of soymilk use, such as �atulence, 
allergy to soy proteins, and off �avours. In the chemical 
composition, sésame Milk contains 13.38% protein, 26.52% 
fat, 1.19% ash, 58.91% carbohydrate, and 87.97% moisture 
[4].Compared to current research, it was found that 
sesame and pumpkin seed milk contained about 19.17% dry 
matter, 7.04% crude protein, 2.20% fat and 0.90% ash 
content. All these values are less because the product is 
made from two seeds.The carbohydrate content and 
moisture content were calculated, which are about 58.91% 
and 87.97% in the above study. Whereas in this research, 
the carbohydrate content and moisture content were not 
calculated. According to this study, the sesame milk had 
good sensor judging value in terms of taste, �avor, colour, 
texture, etc. But in the current research, the sensory values 
were not as acceptable as the dates �avored sesame and 
pumpkin seeds milk. Cost analysis of all samples was done 
to determine which sample cost the least.It was evident 
that the sesame and pumpkin seeds milk cost only Rs. 58.6, 
making it the cheapest sample out of all three. As 
compared to past studies, cost analysis of the plant-based 
milk was not performed.
This study is limited by its small sensory panel size and 
short-term laboratory-based evaluation, which may not 
fully represent broader consumer preferences. Shelf-life 
stability, microbiological safety, storage conditions, and 
large-scale production feasibility were not assessed. 
Additionally, micronutrient pro�ling and digestibility 
analysis were beyond the scope of this research. Future 
studies should focus on extended shelf-life testing, 
fo r t i � c a t i o n  s t r a te g i e s ,  l a rg e - s c a l e  c o n s u m e r 
acceptability trials, and optimization of formulation to 
improve taste and nutritional balance, thereby enhancing 
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