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ABSTRACT 

Emotional diets are described as immoderate ingesting behavior that reply to terrible emotions. Data 

accumulated from university college students and the very last pattern consisted of 250 participants (114 

women) and 136 adult males) with a mean age of 19.5 years (standard Deviation = 1.7). Participants said their 

weight in kilos and their peak in inches. These have been used to calculate the frame mass index. Emotional 

diets can regularly result in binge ingesting and may be without delay associated with weight advantage and 

self-esteem. When you may understand your emotional, nutritional patterns, you may discover the proper assist 

and remedy that will help you conquer them. When practicing from time to time, it does not always matter. 

However steady emotional feeding can result in a few aspect effects. Therefore, the cause of this observes 

changed into to decide whether or not the affiliation among strain, obese and emotional ingesting changed into 

mediated via way of means of meals deregulation.it changed into shown, that depressed temper changed into 

related to emotional ingesting in adult males, anxiety changed into additionally drastically related to emotional 

ingesting amongst adult males at he same time as women said better stages of strain and expanded emotional 

intake. The reveal in of strain changed into associated with the decrease ability of people to be attentive to their 

inner alerts of starvation and satiety, which in turn, changed into associated with better emotional intake.  
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INTRODUCTION 
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Emotional eating is described as inadequate ingestion behavior in response to terrible emotions. This is quite 

difficult for a person suffering from weight.it is recommended to eat an emotional diet as much as 60% of obese 

or overweight humans (Ganley, 1989). Emotional consumers do that especially sensitive to the consumption of 

fat, sugar and high calorie foods that respond to negative emotions (Elfhag and Rossner 2005). These dietetic 

forms united with increased body weight, expose emotional eaters to an increased risk of diabetes and heart 

disease (Melanson 2007; Wang et al., 2010). This population is also battling weight loss; emotional eaters are 

twice as likely as non-affective eaters to achieve the 10% weight loss target of standard weight loss treatment 

(López-Guimerà et al., 2014).Emotional diet is important for this study due to its negative effects on weight and 

overall health. Until now, very few interventions have integrated emotional diet treatment weight loss 

interventions. 

The most common definition of emotional feeding is a (on)diet in response to a negative outcome. (Thayer, 

2001), deprived of the specificity of specific moods (Faith, Allison and Geliebter, 1997). Numerous studies on 

obese populations have been undertaken because the study of emotional food was founded with the goal of 

explaining obesity (Faith et al., 1997; Ganley, 1989). Such as (Sims et al., 2008) in a sub-sample of overweight 

and obese subjects, perceived stress accounted for a higher proportion of variation in emotional feeding than in 

the total sample. However, little research has been done on individual emotions and their relationship to 

emotional eating. The absence of emotional specificity, it was believed, prevents the careful investigation of 

psychological precursors to overeating. (Arnow, Kenardy, andAgras, 1995) Furthermore, research that examine 

specific emotions tend to analyses dietary behavior in reaction to specific emotions/moods rather than the 

build-up from emotional eating. 

People who binge eat have long been associated with emotional eating, but recently it's come to be accepted 

that dieters aren't immune to the phenomenon. A person's emotional state may have a profound impact on 

their eating habits, yet this effect is often hard to foresee. Depending on one's temperament or other factors, 

there may be a variety of connections between one's emotional state and their eating habits. Individuals who 

are hungry and bitter are experiencing physical hunger, not emotional hunger. They may feel fuller after eating 



less since their stomachs and blood sugar have dropped. Contrast this calmness induced by hunger with the 

tenseness shown by emotional eaters. Some people find that snacking or eating low-energy items like 

vegetables and fruits helps them feel full. However, the opposite is true in terms of global hunger: the condition 

strikes suddenly and manifests itself in no outward ways. People will consume whatever they can get their 

hands on, particularly if it's rich in energy. Many ideas have been proposed to explain the impact of emotional 

state on food behavior, and various measures to describe the level of emotional behavior have been devised. 

Various theories have been proposed to explain emotional eating, its determinants and its results. The main 

theory associated with emotional feeding is the psychosomatic theory of obesity,  which claims that at times of 

distress, food acts as an emotional defense which, in turn, causes obesity (Kaplan, 1957). He also postulates that 

obesity is the result of overeating to cope with negative emotional conditions, including anxiety, depression, 

anger and boredom (no particular negative emotions are cited as the prime culprit). He adds that overweight 

people indulge in overeating in response to negative emotions, whereas persons of normal weight, have more 

appropriate coping mechanisms and do not eat in response to emotional distress (Faith et al., 1997). Therefore, 

research about emotional feeding, especially among adults, has often emphasized obese populations. 

Research on emotional eating has focused on the role of negative emotional arousal, including the feeling of 

stress, in explaining the occurrence of excessive eating(Greeno and Wing, 1994). College students believe that 

stress is the root cause of their emotional eating, according to a new qualitative research(Bennett, Greene and 

Schwartz-Barcott, 2013). Self-reports and controlled studies both found that those with higher stress levels 

tended to consume more calories and other nutrients(Torres andNowson, 2007). An investigation discovered 

that stressed-out emotional eaters ate more high-fat meals than their non-stressed counterparts when they 

were led to believe they would be giving a public address (Oliver, Wardle and Gibson, 2000). Despite the long-

established association between stress and emotional eating, very little research has been conducted on the 

mechanisms that maintain this delicate equilibrium. Food disruption, a structure potentially linked to both stress 

experience and emotional eating, was proposed as a potential mediator between stress and emotional dietary 

behaviors (Kaplan, 1957).If elevated stress levels cause people to eat emotionally, it's possible that their inability 



to control their eating (e.g., insensitivity to internal hunger and satiety cues, external eating) is to blame. As a 

result, it's plausible to assume that higher stress levels are linked to people's inability to control their food intake 

and, as a result, higher emotional eating. If increased stress causes people to commit to an emotional diet, it's 

possible that their incapacity to control their diet (for example, insensitivity to internal hunger and satiety 

signals, or external nutrition) is to blame. As a result, it's plausible to suppose that higher stress levels are linked 

to people's inability to control their food consumption, weight increase, and, as a result, higher emotional 

nutrition. 

 MATERIAL AND METHODS 

Participants were employed at a university of Sialkot situated in Sialkot Pakistan. Contestants filled out a 

questionnaire series. The ultimate sample consisted of 250 participants (114 females) and 136 males with an 

average age of 19.5 years (standard deviation = 1.7). Participants gave their weight in pounds and their height in 

inches, which were used to calculate their body mass index (BMI; kg/m2). The BMI of the participants was 

between 14.6 and 37.4 (M= 21.7, SD= 4.07). Most participants (61.2%) had a normal weight (BMI range from 

18.8 to 24.9), 22.0% were underweight (BMI score of less than 18.5), 12.8% were overweight (BMI score of 

25.0–29.9) and 4% were obese (BMI score of more than 30.0). 

The questionnaire was made up of three sections. The first section included a question about demographics 

such as age, gender and marital status. The second section includes questions on anthropometrics data such as 

weight and height. In this section also question about the mood of the respondents either they are depressed or 

not and are they experiencing manifestation of anxiety (i.e. Headache, sweating) and what thing they prefer to 

eat in emotional situations. The third section includes questions about the emotional factors that inclined 

respondents' eating habits. More precisely, eight different emotions were considered (sadness, boredom, anger, 

happiness, stress, depression, fear and solitude). In this section included the question on the type of food 

typically consumed compared to emotional consumption. Additional questions asked respondents in this 

section, about how much interval would they like to eat and are they eating for reasons other than hunger and 

do they keep on emotional eating despite overweight and do they have problems controlling the number of 

certain types of food they eat and do they prefer to have a partner while emotional eating, etc. Participants 



rated the points on a scale 1 (never) 2(Sometimes) 3 (Generally) and 4 (always). This component of the survey 

inquired about respondents' personal impressions of their emotional eating habit, such as whether they 

consider themselves to be emotional eaters, when it occurred, and whether they felt awful about it.  

Statistical analysis 

The statistical programmed SPSS version 22 was used to conduct the data analysis. The information was 

summarized using frequency and percentages, as well as the mean and standard deviation. For each 

demographic variable, descriptive statistics were calculated. Gender differences in emotional intake were 

assessed using the T-test. There was also a graphical representation of the data between distinct variables.  

RESULTS 

Descriptive and correlational analyses 

Ninety-nine percent of the 250 people who took the survey supplied detailed information on the factors that 

were studied. The averages, standard deviations, and correlations between the variables studied are shown in 

Table 1. Depressed mood was related with emotional eating in males, whereas anxiety was also substantially 

connected with emotional eating in males. Females reported higher levels of stress and increased emotional 

intake, according to gender differences and independent t-tests. Males, on the other hand, had a greater BMI 

than women. Higher levels of sadness, anxiety, and stress were linked to more emotional eating, according to 

the findings. BMI, on the other hand, was not shown to be significantly related to any of the other survey 

factors. 

Table 1  

Means, standard deviations, and correlations among study variables. 

                                                  Male                             female 

                                                 n=   136 (45.6%)          n= 144 (54.4%)                                                                     

Variables                              M           (SD)                  M             (SD)                      Gender differences 

Age                                  20.6          (1.74)              20.3          (1.85)                   t= 1.20   p=  .724 

Depressed                        1.63          (. 481)              1.57          (. 495)          t=  .980    p=  .604               

Anxiety                            1.52          (. 500)              1.45          (. 500)                t= 1.15    p= .650 

Stress                               2.28           (1.05)              2.35          (. 995)                  t= -.941   p=  .326 

BMI                                 22.6           (4.47)              20.7          (3.29)                   t= 3.71    p= .011 



Emotional eating             2.66           (1.06)              2.53          (1.09)                  t= .924   p= .467 

 

Consumption of emotional food 

The graphic depicts the similarities and contrasts between the emotions of concern regarding their impact on 

student food consumption. In emotional situations, it is clear that the majority of students prefer fast food. In 

emotionally charged settings, about 8% of men choose to smoke. Tea and coffee are preferred by both sexes, 

but females outnumber males in this scenario. In emotional situations, about 6% of males and females choose 
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severe negative emotions such as stress or depression, they prefer to eat less. 

DISCUSSION 

Emotional eating was linked to perceived stress and worry when researchers looked into the individual 

emotional states involved with it. In this study, there was no difference in the percentage of emotional eaters 



between boys and girls. Gender differences in moods connected with emotional eating were discovered. Boys 

and girls have different emotions when it comes to emotional nutrition, which is equally vital. Emotional eating 

in boys appears to be linked to a more extensive emotional melancholy mood and anxiety, whereas emotional 

feeding in girls appears to be linked to a collection of stress-related psychological states.As a result, therapies 

may be gender-specific. This could indicate that stress reduction efforts could be effective intervention methods 

for reducing overeating, especially among females, but tactics for reducing despair and anxiety may be more 

useful to guys. 

Many people are affected by emotional feeding, which can lead to overeating. This study establishes a 

theoretical foundation for investigating the impact of food advertising and related mediating variables on 

emotional consumption. This study's findings also show that persons who eat emotionally can do so since it is a 

taught behavior. Finally, despite legislative and governmental initiatives to better inform consumers by including 

nutrient content information on labels and packages, emotional consumers are not motivated to process this 

data. 

We have hypothesized that the many tactics that individuals employ to regulate these emotions are accountable 

for changes in dietary behavior in the current study, which focuses on the emotional experience as being 

responsible for increased food consumption. 

The generalizability of our findings is hampered by a number of considerations. Gender differences and 

independent t-tests revealed that sad mood was related with emotional eating in males, while anxiety was also 

substantially connected with emotional eating in males, whereas females reported higher levels of stress and 

increased emotional intake. As a result, we can't assume that those findings would hold true for all children. 

However, the literature evaluation reveals that because the vast majority of emotional feeding research is 

undertaken in adult males and females, and our survey revealed similar results, we believe this study 

contributes to the existing body of knowledge on emotional eating. 



A positive or negative association between mood and food consumption has been proven in numerous research. 

Emotional nutrition is intended to occur, particularly in overweight persons who establish excellent behavior in 

reaction to emotional situations, who are regularly on a diet, not to lose weight, or who are concerned about 

not losing weight despite being on a diet. A key risk factor for repeated weight gain is emotional and 

uncontrolled dietary behavior. 

The results of the study back up the theory that an unpleasant effect influences dietary behavior (Sims et al., 

2008). The necessity of addressing food dysregulation, the underlying cause driving the link between different 

emotions and emotional eating, was also discovered in this study. The findings have practical ramifications. It's 

critical to provide an intervention that teaches people how to use their internal cues to guide their eating habits. 

According to the findings, children who are taught to focus on their internal hunger and satiety signals during 

eating are better at controlling their food consumption than children who are taught to focus on exterior cues 

(Birch, McPhee, Shoba, Steinberg, andKrehbiel, 1987). Adults may be able to lessen their excess food behavior in 

reaction to stress if they are taught to be aware of inner hunger cues and to discriminate between excitement 

and hunger. To summarize, this study found that an individual's dietary dysregulation is a significant component 

in the relationship between stress and emotional consumption. More research is needed to see if these types of 

therapies can help people eat less emotionally. 

CONCLUSION 

In conclusion, our research shows that adolescents with negative emotional states are more likely to eat less 

and overeat in response to happy feelings. Recognizing that many facets of academic life can create stress, the 

findings back with previous research suggesting that time and stress management skills are essential factors to 

consider when examining emotional eating behavior among university students. Furthermore, to encourage 

healthy eating habits and lessen the effects of overweight and obesity in our society, intervention programmed 

that effectively target modifications to the university food environment should be adopted. 
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1 ABSTRACT  
Different essential mineral nutrients are required for the normal structure and functioning of the human body. 

One of them is an Iron. It is majorly present in red blood cells to carry oxygen throughout the body. Other 

different cellular mechanisms including DNA synthesis, energy generation and various enzymatic processes are 

carried out by it. However, its deficiency leads to retarded nutritional functioning in body and in extreme cases, 

of body iron stores depletion leading to decreased blood content in body. 

A study was conducted to assess level of Iron (Fe) in blood of school going children of age 3 to 17 years . The 

level  of Fe obtained in blood was correlated with health status of individual.  Major medical causes include 

blood loss, malabsorption, chronic diseases and genetic alterations. Whereas, insufficient intake and low 

bioavailability of iron are considered as main nutritional causes. Children are the most affected individuals of 

iron deficiency condition with 70% of prevalence in most parts of Asia. Anemia in children of growing age along 

with its diagnosis, prevention and control of the condition has also been discussed  

Keywords:  Anemia, blood, human subject.  

2 INTRODUCTION: 
Muscle myoglobin and red blood cell haemoglobin are both iron-based proteins. About 60% of the body's iron is 

found in haemoglobin and myoglobin. Enzymatic reactions, mitochondrial energy production, and DNA synthesis 

all need on iron to operate properly in the human body. The average adult has 3-5 g of iron in their bodies, but 

needs another 20-25 mg every day to make enough red blood cells. Iron reserves, the exchange of iron in iron-

containing enzymes, and recycling of aged erythrocytes in macrophages are all necessary for iron homoeostasis 

due to the low food intake (1-2 mg per day). Menstrual blood loss, urine excretion, perspiration, and 

desquamation each account for around 1–2 mg of daily iron loss. Due to the lack of an excretion regulatory 

mechanism, iron must be carefully managed via food intake, iron recycling, and intestinal absorption. Lopez et 

al. (2015) 

In particular, iron deficiency is a major public health issue in impoverished nations and the globe at large. It is 

estimated that between 30 and 40 percent of adults in affluent countries have ID, whereas the prevalence is 

much higher among pre-schoolers and pregnant women in underdeveloped nations. The World Health 

Organization (WHO) reports that 48% of children aged 5-14 are anaemic, and that 30% of toddlers aged 0-4 are 

anaemic (zdemir, 2015). 

There are three distinct phases to the development of iron insufficiency. 

1. Serum iron content, haemoglobin, and hematocrit are all within normal ranges throughout the 

prelatent phase. Serum ferritin levels and iron stores in bone marrow are both low at this point in 

iron insufficiency. 

mailto:aafiaislam37@gmail.com


2. During the second, latent phase, iron storage decreases and serum iron (SI) and transferrin 

saturation drop. Normal haemoglobin and hematocrit levels. 

3. Serum iron and transferrin saturation, haemoglobin, and hematocrit levels, and iron storage are 

all decreased in severe IDA (zdemir, 2015). 

Iron deficiency occurs when there is not enough of the mineral iron in the body. Hemoglobin, a component of 

the red blood cells that transport oxygen to our tissues, cannot be produced without iron (Anemia_ Causes, 

Symptoms, Diagnosis, Treatments, n.d.). 

As anaemia serves as the most widely-used indicator of iron deficiency, the two conditions are often discussed 

as if they were synonymous. Iron deficiency, however, may occur even in the absence of anaemia, and it may 

have deleterious effects on the body's tissues. There are several phases of iron insufficiency. Iron reserves are 

depleted if demand exceeds intake and vice versa. Iron deficiency, but not iron deficiency anaemia, may exist 

even if haemoglobin levels remain normal for an extended period of time after iron stores become inadequate. 

Only plasma ferritin and transferrin saturation have been shown to decrease thus far. Reduced haemoglobin 

levels are the result of a negative iron balance that persists even after iron reserves are depleted. The conclusion 

is that low iron levels in the body are associated with iron deficiency, and that the progression of this disease 

into anaemia is known as iron deficiency anaemia. It has been shown that 

Indicators of iron deficiency 
There are two primary causes of iron deficiency: 

1. Low iron storage capacity is the hallmark of absolute iron insufficiency. 

2. When the body's iron levels are adequate overall but the bone marrow does not get enough iron, 

the condition is known as functional iron deficiency. 

Both absolute and functional deficits may occur simultaneously. Deficiencies in functional iron are common in 

acute and chronic inflammatory diseases, and the hormone hepcidin, which controls iron homeostasis, plays a 

crucial role in the development of these conditions (Lopez et al., 2015). 

3 MATERIAL  AND  METHODS 
Iron deficiency was measured in a random sample of children from each school. The ages of the observed kids 

add up to less than seventeen. Blood was collected in labelled, sterile syringes. Children of reproductive age 

exhibiting signs of bleeding were recruited to provide blood samples. 

Patients with anaemia who suffer from symptoms like fatigue, dyspnea, headache, etc., but also from disorders 

like anaemia 

Restless legs syndrome, atrophic glossitis, Skin that is dry and rough, Lacking moisture, resulting in brittle, 

broken locks. 

Palpitations; Rapid heart rate; Brain fog; Chest pain; Dizzines 



4 RESULTS AND DISCUSSION  
Result on iron (Fe) analysis from blood samples are presented in following sections. 

Table 1. Collection of blood samples from various  location for the assessment of Fe 

Schools No. of children tested Iron deficient Prevalence 

School 1 117 71 60.7% 

School 2 741 353 47.6% 

School 3 763 328 42.9% 

School 4 63 26 41.7% 

 

Data on the relationship between iron levels and other blood indicators is provided in table form below. 

Table 2. Iron level in the blood of  anemic patient  

 Age  Serum Ferritin  (µg/ml) Transferrin (%) Erythrocyte ( nmol/L RBCs 

3-7 < 13  <12 .5 >1.25  

8-10 <15.2 <14 .2 >1.52  

12-14 <16.5  <15 .3 >1.32  

15-17 < 14 .2 <12 .5 >1.28  

 

The results of a study correlating blood with various diseases are shown in the following table 3. 

Table 3.   Iron level compared to other disorders  

Complete blood count hemoglobin and hematocrit values are 
checked 

Peripheral blood smear microcytic and hypochromic erythrocytes 
if anemia is there 

Reticulocyte high reticulocyte count indicates the 
increased RBCs degradation 

Serum iron Amount of iron the serum 

Ferritin Indicates the amount of iron stored in 
body 

 

Roots in Medicine 
The medical reasons of iron deficient anaemia include 



• Loss of Blood 

• malabsorption 

• Persistent Illnesses 

• Changes in genetic material 

Loss of Blood 
Colonic cancer, gastric carcinoma, benign stomach ulcers, and angiodysplasia all cause blood loss, which is the 

leading cause of iron deficiency anaemia. 

Trichuris trichiura (whipworm) and Necator americanus are two parasites that cause iron deficiency anaemia in 

impoverished nations (hookworm). The second most common reason is gynaecological causes. Iron deficiency 

anaemia may also result from excessive blood loss after surgery if it is not replaced. Other forms of blood loss 

are significantly less common and include haematuria, epistaxis, and hemoptysis.  

Malabsorption 
Coeliac disease, gastric bypass surgery, gastrectomy, and Helicobacter pylori colonisation are all major causes of 

malabsorption. 

Less than one percent of cases of iron deficiency anaemia may be attributed to other reasons such gut resection, 

atrophic gastritis, and bacterial overgrowth. Iron malabsorption is exacerbated in people with the eating 

disorder pica because they want inedible substances (such paper, clay, dirt, glass, or sand) that have no 

nutritional value. In the same way, having an ice appetite might cause problems. Additionally, medication use 

contributes to iron deficiency anaemia by either hastening blood loss (such as with nonsteroidal anti-

inflammatory medicines) or lowering iron absorption (eg, proton-pump inhibitors and H2 receptor antagonists). 

Constant Illnesses 
Inflammatory bowel diseases (IBD), chronic heart failure, chronic renal illness, cancer, rheumatoid arthritis, and 

obesity are all linked to iron deficiency anaemia. Anemia may be caused by malaria in a number of ways, 

including the destruction of both parasitized and non-parasitized erythrocytes (which has an effect on 

haemoglobin concentrations and causes iron to be released from damaged erythrocytes) 

Changes to the genetic code 
Anemia due to a lack of iron may also be inherited. Haemolytic anaemia and anemias caused by changes in 

genes involved in duodenal iron absorption (e.g. SLC11A2), systemic iron homoeostasis (e.g. TMPRSS6), or 

erythroid iron absorption and utilisation. Mutations in the TMPRSS6 gene, which produces matriptase-2, an 

enzyme that downregulates hepcidin, are the cause of iron-refractory iron deficiency anaemia, a microcytic 

anaemia. In this condition, there is an increase in hepcidin, which causes an iron deficit (Lopez et al., 2015) 

Anemia and its nutritional roots 
Deficiencies in iron or vitamin C3, both of which prevent the body from absorbing adequate nutrients, may lead 

to iron deficiency anaemia (IDA), which is also known as nutritional anaemia. 

Despite the existence of a programme and a strategy designed to reduce its incidence, the condition is still 

found in up to 70% of the world's young infants, including those in much of India and Asia. Among the 



irreparable harm anaemia may bring are anomalies in the brain, the body's fastest-growing organ in infancy and 

early childhood, which can have a negative impact on the children's intellectual growth. 

The anaemia caused by a lack of nutrients in children 
Nutritional anaemia encompasses those diseases in which the body's haemoglobin levels drop dangerously low 

due to nutritional inadequacies, such as an insufficient intake of iron, folic acid, or vitamin B12. Folic acid 

deficiency is also a thing, albeit it's far less frequent and often manifests with anaemia. Iron deficiency is the 

leading cause of nutritional anaemia across the globe, with vitamin B12 insufficiency being a far less common 

contributor. 

A recent poll found that IDA was the leading health issue, with negative effects on children's health, academic 

performance, economic output, and productivity. People who are malnourished, especially those who are 

anaemic, are at the greatest risk of developing IDA. Two billion people, or more than 30 percent of the global 

population, are already infected, and the problem is significantly worse in underdeveloped nations where it is 

compounded by malaria and worm diseases. However, with regular and suitable intervention, this may be 

avoided. Unfortunately, due to people's ignorance and the high price of treating anaemia, only a few of the 

symptoms of iron deficiency are detected and treated. However, it is vital that people understand that such a 

mindset may lead to potentially fatal cognitive impairments. As reported by (Kotecha, 2011) 

Causes 
During the early years, while children are undergoing fast development stages, there should be an adequate 

amount of iron to prevent iron deficiency anaemia (IDA). Other causes of anaemia include gastrointestinal 

diseases such chronic infection, chronic diarrhoea, celiac disease, or intestinal parasites, as well as giving a 

newborn unfortified formula or breastfeeding a baby for a long period of time without adding iron to the diet. 

However, the most prevalent cause is still insufficient iron intake 

Here are the three most important factors: 

1. Consuming absorption inhibitors leads to reduced bioavailability of taken iron. 

2. Inadequate iron intake while needing to fulfil minimum requirements 

3. The need for iron skyrockets during the period of fast development (Kotecha, 2011) 

5 DIAGNOSIS 
Generally speaking, a thorough history and physical examination are required for the diagnosis of any illness. A 

research found that the diagnostic accuracy for IDA was 71% and the specificity was 79%. Prenatal period, 

nutrition, length of breast feeding and solid meals, and bleeding history are the primary areas of emphasis. 

Following is a brief synopsis of some of the tests performed in the laboratory. 

The anaemia associated with malnutrition is characterized by a distribution of red blood cells (RBCs) that is not 

uniform. Anisocytosis on a peripheral smear and an expanded erythrocyte distribution width (RDW) in the blood 

are two ways to evaluate this. Nutritional anaemia is the term used when an increased RDW is accompanied 

with anaemia (N, 2022). 

Anemia in Children Younger Than Three: Pathophysiology 
Hemoglobin concentrations are typically highest at birth as a result of the fetus's adaptation to the external 

environment of the uterus; however, these concentrations are maintained by the neonatal reserves of iron 



storage and remain stable for the first four months of life before gradually decreasing to meet the body's steady 

iron demand. Therefore, around 0.8 mg of iron per day must be supplied by food or nutrition. Concentrations of 

serum ferritin may be monitored to assess the pace and severity of iron depletion from stored reserves. 

Absorption of iron from the food is relatively low during the first two months after birth, when the body relies 

mostly on its reserve of iron reserves, but it becomes the primary source of iron required for normal bodily 

function. In the event of a premature or low-birth-weight infant, the baby's diet should be supplemented with 

iron from a young age (Kotecha, 2011). 

Obtaining the Necessary Iron Intake 
In what quantity is iron needed? Whether an iron supplement is necessary for a newborn or a kid ages 3 to 6 

when the risk of anaemia is significant depends on the age group being discussed. In most cases, a greater 

dosage is required together with a longer treatment period in the first few years of life. As a result, the following 

factors affect the dosage that must be used: 

When a baby is born, what is the mother's iron status like, and how much iron was stored in the baby's body? 

It's unclear if the baby's birth weight is low or normal. 

How much iron is in the food supplied to the kid, and whether or not they are solely receiving breast milk. 

Iron bioavailability (excellent 15% or subpar 5%). 

The necessary iron intake may be determined in light of these factors (Kotecha, 2011). 

In what ways are iron deficiency anaemia treated? 

 

Until the body's iron stores are restored to a healthy level, treatment for iron deficiency will need continued 

supplementation with medical iron. Even if the root of the patient's anaemia cannot be pinpointed, the 

condition must be addressed with iron replacement therapy. The following methods may be used to enhance 

iron intake: 

Diet 
Beef, poultry, and fish, as well as dark green vegetables, legumes like peas and beans, cereals, grains, and rice, 

are all advised for the patient's diet. 

Ferrous Sulfate for Medical Use 
Multivitamins often include lower levels of iron than what is necessary to treat iron insufficiency. Typically, a 

daily intake of iron between 150 and 200 milligrammes is what the doctor will recommend. No studies have 

shown that one iron salt, liquid, or tablet is superior to the others, and the quantity of elemental iron varies 

widely across various preparations. The iron content of a product may be determined by looking at the 

packaging. Iron is absorbed by the body in the small intestine. This suggests that the efficacy of iron tablets with 

an enteric coating may be diminished. Vitamin C, also known as ascorbic acid, is utilised to aid in the body's 

absorption of iron, and many medical professionals advocate for daily vitamin C consumption in order to 

optimise iron absorption. Constipation, diarrhoea, nausea, and vomiting are some of the other negative effects 

of iron supplements. 

Ferrous Ion Infusion 



IV iron is recommended by medical professionals for intravenous (IV) treatment. Patients who have poor 

absorption of iron via the digestive system, those with severe iron deficiency or chronic blood loss, those on 

erythropoietin (a hormone that promotes blood formation), and those who cannot take oral iron may need 

intravenous iron therapy to address iron deficiency. There are a few distinct forms of intravenous iron: 

1. Incorporating Iron Dextran 

2. Iron sucrose 

3. Gluconate ferric 

An allergic response is a common problem associated with intravenous iron. Urticaria (hives), pruritus (itching), 

and muscle and joint pain are among the uncommon but serious adverse effects. 

A Blood Transfusion 
Patients with severe iron-deficiency anaemia who are actively bleeding or who have major symptoms including 

weakness, shortness of breath, and chest discomfort may be candidates for red blood cell transfusions. 

Transfusions are not a permanent solution since they just replenish the red blood cells that have been lost (Iron 

Deficiency Anemia 2, n.d.). 

PREVENTION AND CONTROL 

There are various programs and policies for its prevention and control but most of them have been limited by 

the fact that its practical implementation on such a large scale seems impossible because of the poor economy 

and the increasing malnutrition (Kotecha, 2011). 

The American Academy of Pediatrics, WHO and some other famous organizations are trying very hard to bring in 

new and effective policies whose main focus in on the supplying of foods that are enriched with iron, screening 

of the infants for the check and balance of iron status and avoiding cow’s milk during early year of life. But every 

method is limited by some controversial facts for example enriched food cannot be supplied to each and every 

portion of the world mainly to the third world countries likewise poor bioavailability is also a main concern. 

Conclusively, total eradication of IDA is not possible because of the above factors (Preventive and Social 

Medicine 2, n.d.). 

6 CONCLUSION  
Iron deficiency is considered most widespread and prevalent problem of nutrition in growing children the world 

which impose adverse  developmental effects and is difficult to treat and prevent. Prevention can be achieved at 

birth, postnatal period and pregnancy. New approaches are required to deliver iron to patients.  
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ABSTRACT:  
In the early 1900s, scientists discovered that antibodies and antigens are heritable, opening the door 

to the study of possible connections between blood type and food. As time went on, scientists were 

able to deduce the biosynthesis routes by chemically identifying the carbohydrate structure of surface 

antigens. In order to identify the various blood types, a research was set up to chemically examine the 

blood of volunteers. A person's susceptibility to disease might vary depending on their blood type. 

There is a chemical reaction that occurs in the blood when it comes into touch with certain foods, 

particularly the so-called ekt lectin getirmek protein. Different biochemical compositions of blood 

group antigens and their associations with illness risks suggest these variances may be useful markers 

for identifying patients in need of dietary intervention techniques or drugable targets.  
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INTRODUCTION  

 
The "blood group" word describes whole blood group system, that contains (RBC) antigens and Several 

genes, which may be allelic or closely related and located on the same chromosome, control the sensitivity of 

the organism. The word "blood type" means a certain reactivity arrangement to testing of antisera within a 

given system. In addition to transfusion-related difficulties, our knowledge of blood groups has expanded 

over time to identify specific illness connections with surface antigens of RBC. (Karl Landsteiner) attributed 

on developing system of blood group (ABO) in 1900. His huge research on serologic, built upon basic 

although powerful technical thinking, and the result identify the protocols of subsequent transfusion, 

compatibility testing and O, A and B major blood group types. Through year 1930, he received Noble Prize 

for this finding (Owen et al., 2000).  

In 29 blood group systems this (ABO) blood group system exists the extremely significant Four (A, B, 

O, & AB) antigens made this system (Danielset al., 2004). Many researchers have also explored the 

biochemical as well as structural properties of antigens of this system. The ABO blood type genes were 

discovered on chromosome 9 (Watkins , 1980; Bennett et al., 2016), structures were formed and cloned 

by (Yamamoto et al., 1995). So this was done genetic analysis of blood type ABO antigen by the use of 

method molecular biology (Ferguson et al.,1976). 

 

MATERIAL AND METHODS  

 In order to get blood from different individuals samples of blood were collected in sterilized bottles 

duly labeled with name and age of human subject. 



Organic solvents were used to disinfect the subject's finger tip. It took a daring piercing to open up the 

veins and allow the blood to flow freely. Only a little amount of blood was taken, and even that was 

diluted with 60% saline. A tiny slide had around two droplets of suspension poured on it. Both drops of 

cell suspension were combined with serum, but only one contained anti agglutinins and the other had 

anti B serum. Cells are allowed to agglutinate for a few minutes before being examined under a 

microscope to see whether they have clumped together. The presence of immunological responses in the 

serum and cells will be made obvious after cell clumping.  

RESULTS AND DISCUSSION  

  Results regarding  various blood groups are given in tables  1 and 2 

Table 1.  Analysis of bloods  

Red blood cells Sera 

(Groups) Anti-A Anti-B 

O – – 

A + – 

B – + 

AB + + 

The above illustrates the reaction that occur with each of the four different types of blood. 

Table 2.  blood groups system  

Symbol Name  Number of 

Gene  

Name  Chromosome 

antigens 

ABO ABO 4 ABO 9 

JK Kidd 3 SlC14A1 18 

FY Duffy 6 FY 1 

LE Lewis 6 FUT3 19 

KEL Kell 25 KEL 7 

LU Lutheran 20 LU 19 

Rh  Rhesus  49  RhD, RhCE  1  

P1  P  1  P1  22  

MNS  MNS  43  GYPA, GYPB, GYPE  4  

 



On the red blood cells surface existence of antigen, A and B, as well as the anti-body in the serum of 

both anti-B and A antibodies, determines ABO blood type. So, the A blood type contains an antigen and 

serum contains antibody B. In A.B blood type Antigen A with anti an anti-body found, and B antigens 

present into AB type of blood, there is not any anti-body are present. The O type of blood contains anti 

A and anti-body B, but antigens are not found in this type. These anti-bodies A and B typically IgM in 

nature which are not found in neonates however do arise into life’s 1st year. This is probable that these 

anti-bodies created in response to dietary as well as ecological antigen (plant antigens, viral or bacterial) 

that structurally like A and B antigens (Andersson et al., 1989).  

More than 300 antigens are now represented by 33 blood group systems, according to a list produced by 

the International Society of Blood Transfusion (Logdberg et al., 2004; Logdberg et al.,2010). Most have 

already been subjected to cloning and sequencing. Except for XG and XK, which are inherited from the 

X chromosome, and MIC2, which is shared by the X and Y chromosomes, all of these blood group 

systems are determined by autosomal genes. Polymorphisms in the amino acid sequence (such rhesus 

Rh and Kell) are what define antigens, which may be glycoproteins, glycolipids, or integral proteins 

(e.g., ABO). In the preceding line, we discussed many of the most important classifications (Tables 1-2). 

Due to the presence of anti-A and/or anti-B antibodies in the serum of every human over the age of six 

months, the ABO system remains the most crucial of the 33 systems when it comes to blood transfusion 

and organ transplantation. Type A blood carries an antibody in its serum that attacks B blood, whereas 

type O blood has neither the A nor the B antigen but has antibodies to both. 

To create ABO blood type antigens, H-antigen must first be made. It's found in every RBC and has 

nothing to do with the ABO system. H-antigen is not expressed on the red blood cells of HH individuals 

since they have two copies of the H gene. It's not often that you see a phenotypic as peculiar as the 

Bombay. The lack of antigens A and B may be inferred from the absence of H-antigen, since the latter 

acts as a precursor to these molecules. However, not only antigen A and B isoantibodies but also antigen 

H isoantibodies are produced by the human population. 

Landsteiner and Levine established the MNS antigen system in 1927. The two genes responsible for this 

mechanism are named Glycophorin A and Glycophorin B. The LM and LN alleles, which are co-

dominant, govern the blood group via an autosomal locus on chromosome 4. It is rare for M and N-

specific antibodies to be of the IgG subclass and associated with transfusion reactions. 

There are four possible combinations of allelic antigens in the Lutheran system, and each one 

corresponds to a single amino acid variation in the Lutheran glycoprotein on chromosome 19. In most 



circumstances, antibodies against this blood group are not considered to be clinically significant because 

of how seldom they occur. 

These erythrocyte antigens are distinguished by an immunological antibody termed anti-K and rank 

third in terms of immunogenicity, after the ABO system and the Rh system. It was found in Mrs. 

Kellacher's serum where it was discovered for the first time. Her hemolytic responses were caused by a 

reaction to the erythrocytes in her newborn child's blood. Since then, 25 Kell antigens have been found. 

Both severe hemolytic disease of the foetus and newborn (HDFN) and hemolytic transfusion reactions 

are caused by anti-K antibodies (HTR) 

 

Proteins and carbohydrates that are connected to lipids or proteins make up blood type antigens, which 

are surface indicators seen on red cells. A representation of the membrane components that transport 

blood group antigens (Reid et al.,1997). 

 

Chemical investigation of the carbohydrate structure of surface antigens in the 1950s was the first step 

towards elucidating biosynthesis routes. The blood type antigens are encoded by secondary genes, 

whereas the main genes code for enzymes involved in glycosylation. Oligosaccharide structures specific 

to antigens are used to identify blood type, and specific enzymes connect sugar molecules to the 

oligosaccharide chain. Blood group antigens can be found in their soluble form in bodily secretions like 

breast milk, seminal fluid, saliva, sweat, gastric secretions, urine, and amniotic fluid, in addition to their 

more common locations on red blood cells, platelets, leukocytes, plasma proteins, specific tissues, and a 

wide range of cell surface enzymes. Moreover, this is reflected on blood group antigens. Genetic 

research has recently shown links between blood type antigens and illness susceptibility, as well as the 

structure of blood type determinants including A, B, H, and Lewis and the enzymes involved for their 

synthesis. 

Combining conventional scientific methods with those of contemporary biochemistry and genetics. 

Targets for the development of dietary intervention approaches or the identification of targets that are 

responsive to pharmacological therapy may need more investigation to identify changes in the 

biochemical composition of blood type antigens (Ewald and Sumner, 2016). 

Studies in serology have been done to learn more about the characteristics and relationships between 

different blood types and serum antibodies. Blood groups were first identified by German physician Karl 



Landsteiner in the early 20th century. He noticed that certain people's red blood cells clumped together 

when mixed with the plasma of other people. 1 His classification of the ABO blood types, together with 

the research of others, established the heritability of antibodies and antigens. In the middle of the 1940s, 

the antiglobulin test was created to identify antibodies that did not clump together when exposed to a 

microscope. Concurrently, investigations of antigen specificity by biochemical and genetic methods 

revealed that oligosaccharide structures were crucial. There was no time between the two of these 

happenings. Thus, blood type antigens are secondary gene products; the primary gene products are the 

numerous glycosyltransferases that link the sugar molecules to the oligosaccharide chain. These 

carbohydrate moieties are recognised as foreign by other people's immune systems, prompting the 

production of antibodies that target and neutralise them. In 1957, thanks to extensive, arduous, and 

rigorous scientific investigation, the carbohydrate structure of a human red blood cell (RBC) surface 

antigen was accurately determined chemically. In 1959, hypotheses were put out on the biosynthetic 

routes of the known antigens. To think that this was accomplished with the research tools accessible in 

the middle of the twentieth century is remarkable. 2 Technological progress has accelerated at an 

exponential rate since then, and the human genome has been sequenced in its entirety. This has led to the 

identification of tens of thousands of blood type antigens, their classification into more than thirty blood 

group systems, their cloning and sequencing, and the identification of the genes they express (Cai et al., 

2014; Cusak et al., 2013). 

The enzymes that these genes need to operate have been identified, and the molecular genetic sequences 

have been deciphered, but there is still a great deal of research to be done before we have a full picture 

of the structure, function, and interactions of the antigens that these genes create ( Cusack et al., 2013; 

Salmon et al., 1990). 

Blood is perhaps the maximum vital and essential aspect of the human body. Blood is 7-8% of an 

ordinary human body. Blood in our frame A, B, AB, zero (rh) is a gift as one of the effective or negative 

organization. Sometimes a drop of blood can create drastic modifications in human lives. Another thing 

that creates important adjustments in human being lives is nutrients. Different blood companies could 

make people more or much less susceptible to sure situations. Some blood types recommend that 

multiplied pancreatic most cancers are related to accelerated chance of blood clotting and coronary heart 

assault. When the blood comes into contact with positive substances, it is particularly referred to ekt 

lectin getirmek protein, it produces a chemical reaction  ( Shachter et al., 1973;  Hakomori, 1984). 

Meanwhile type A blood employer has an additional sensitive immune tool, they should always eat 

sparkling and natural substances. B blood type organization corn, wheat, tomatoes, lentils and bird meat 

have to be prevented. It is suggested that blood group B should eat inexperienced vegetables, eggs, red 



meat and occasional-fats milk. The human organism has a daily rhythm that develops depending on 

physiological activities, vitamins, metabolism events and lifestyles conduct. In the light of these new 

records, a brand new weight loss plan is proposed and an idea, if human beings are fed according to their 

blood agencies (temperaments), they'll remove obesity and disease issues ( Hosoi, 2008; Larsen et al., 

1990).  



The ABO blood groups have maximum essential organization structures for transplantation or blood 

transformation medication. Though, the evolutionary importance of 11 . ABO blood group gene and its 

heterogeneity remain unidentified. An Integrative technique to attain perceptions to the significance of 

the evolution based system of ABO blood group genes, which includes the one associated not only 

phylogenetically but additionally functional. Experiment formed a key table that compare Amino Acid 

collection pattern of the ABO blood group gene programmed, glycosyl transferases through GalNAc, A 

or galactose B sensitivity and allocated A or B sensitivity to character ABO blood group genes of many 

species. Hence moving back to past, easy arrangement contrasts. . Composed genome evidences and 

polymorphic investigation, the project exposes initial A and B blood group gene arrangements present in 

developmental and potential anallelic occurrence with each gene orders of more or less mammalian 

class. Progression might have repressed rank quo with two neutrals, beneficial A and B blood group 

genes in maximum invertebrates endorsed A or B alteration through Amino Acid rejoin/exchange. A 

and B allomorphism must occurred in usual descendants of apes and bacterial ABO genotype 

established over vertical or horizontal genetic factor diffusion in 2 distinct companies coding glycosyl 

transferases by wonderful sugar specificities (  Watkins, 1995).  

The principle in the back of the blood-kind weight loss program suggests ABO blood group famous 

inherited nutritional habit that adheres to weight loss program specifically to at least one blood group. It 

can improve overall fitness and decrease threat of cardio metabolic and other diseases. Specially, people 

having O type blood group are called ‘Hunter’, and are suggested preservative primarily vegetarian food 

regimen. Persons having A type blood group are defined as bucolic so, suggested to comply with 

primarily lactovegetarian food regimen. Weight loss strategies for people that possess B type are called 

‘Nomad’ and endorse extreme consumption of dairy goods. While Persons by AB blood type are called 

12. 

 

 



Enigma’ recommended stick to in among eating regimen among A and B type diets ( Poretz and 

Watkins, 1972; Watkins, 1980).  

People with improved adherence score of type A blood group, food plan have reduced diastolic blood 

strain. Lower waist circumference changed into determined in persons with better adherence to the type 

B and AB type diets. Afterwards 6 month dietary interference, individuals through expanded adherence 

to the type A and type B diets had additional reductions in waist circumference and BMI 

correspondingly. Persons with growth in type O weight loss plan adherence, present decrease in waist 

circumference and BMI. Though, identical diets with the corresponding ABO genotype of every person 

did not change the effect length of any of these blood group system at baseline (   Adamo and  Whitney, 

2002).  

No indication presently occurs to authenticate the supposed health benefits of blood type diets. To 

authenticate those claims, research are required to examine the health effects among members adhering 

to a specific blood type weight loss plan ‘experimental organization’ and contributors ongoing an 

extensive diet ‘control organization’ in a particular blood type population (Cusack et al.,  2013).  

Genotype of blood group ABO does not change any association in blood type diets and biomarkers of 

aerobic metabolic elements in over weight adults. It suggests a principle at the back of this weight loss 

plan is not always authentic ( Daniels et al., 2014). 

 

CONCLUSION 
There is abundant data to indicate that illness risks are associated with the chemistry of blood, including 

the categorization of blood groups, the structures of A, B, H, and Lewis determinants, and the enzymes 

that generate these structures. [Citation needed] It has been shown beyond a reasonable doubt that the 

blood type is determined by oligosaccharide structures; hence, it is fair to think that disparities in the 

biochemical profiles of people may also be connected to differences in blood type, antigens, and secretor 

status. 
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8 ABSTRACT 

The living world has been formed by and will continue to be influenced by interspecific relationships 

between species. The range of these connections, from mutualism to parasitism, is enormous. There are 

a range of microorganisms that are essential for human existence. There are times when interactions 

aren't productive. Plasmodium species, which cause malaria, are only one example of a possible 

pathogen. In the same way that many other microorganisms have an adaptive advantage, they are 

Machiavellian in their capacity to design a range of reproduction techniques. A vital function that 

parasites plays in the ecology and evolution of all living things, including humans. Although humans 
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represent just one ecosystem out of many, neglecting to understand this has an impact on our overall 

image of the system, research on infectious diseases is really focused on humans. Our knowledge of the 

bacteria with whom  share our surroundings is poor. Contrary to this belief, parasite-induced changes in 

the human DNA are still taking place today. There is evidence that humans have been susceptible to 

parasitic selective forces during most of their evolution. However, what are the pathogen-inhabiting 

solutions? Why don't we learn how to better control and manage them? 

Keywords:Disease; parasites; human host-parasite interactions; associations; pathogens 
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10 INTRODUCTION 

As a result of parasitism, a parasite and its host may coexist. The parasite benefits from the host in some 

manner, but the host is always injured, and this injury may often lead to illness or death. Pelagic life 

began to emerge on Earth a hundred-million-year-old time period (Vournourin et al., 2015). Several 

Mesozoic helminthes and arthropods, as well as Paleozoic  

ectoparasites, have been found. Writings from ancient civilizations show that they were already familiar 

with parasites, parasitic illnesses, and parasitic treatments. When it comes to parasitism or parasite-host 

interactions, parasitology is an entirely new field of study. For millennia, parasites have been studied in 

isolation in zoological studies. As early as the 19th century, some parasite biological cycles were 

discovered; however, it wasn't until the twentieth century that Parasitology really took off, thanks to 

advances in in vitro culture, immunological techniques and the use of electron microscopy, which 

allowed for a more detailed understanding of parasitic protozoa to be gained(Das et al., 2015). Our 

knowledge of parasitism and parasites has been greatly enhanced since the 1980s because to new 

molecular biology methods. Genomes of parasitic species and drug-resistant mutations have been 

uncovered in large numbers. The complexities of parasite adaptation and evasion have been deciphered. 

It's called human parasitology when eukaryotic parasites, such as protozoas, helminths, and arthropods, 

are studied. More over a quarter of the world's population is infected by some kind of parasite. Due to 



the fact that their survival depends on them, the best parasites tend not to kill their host. With its long-

term course, parasitosis may have high frequency and morbidity, but low mortality rates (Chagas 

disease, schistosomiasis). Poor sanitation and hygiene in tropical countries has been a long-standing 

relationship to the spread of parasitic illnesses. This, however, is not the case. During the last several 

decades, a parasitosis emergency has arisen due to a combination of reasons such as increased migration 

and tourism, dietary traditions being brought in from other countries, and commerce being conducted on 

a worldwide scale(Li et al., 2013). We must also consider the increasing number of 

immunocompromised individuals who are parasitized by opportunistic parasites such as Pneumocystis, 

Blastocystis, Cryptosporidium, Toxoplasma, Isospora, Giardia spp., and all human Microsporidians, as a 

consequence of iatrogenic or viral causes (HIV): Even though it is hard to estimate the worldwide 

prevalence of parasitic diseases due to a lack of reporting requirements in many countries, many people 

in these countries are nonetheless affected by parasitic diseases. As a result, parasitosis may go 

undiagnosed in many cases because it is asymptomatic or has a generic clinical symptomatology. 

Parasitic protozoans like Cryptosporidium and Giardia, which are disseminated via water in rich 

countries, are the most common cause of human gastroenteritis and nutritional disorders. Some other 

protozoan species that may be transmitted by drinking water include Entamoebahistolytica, 

Toxoplasmosgondii, Balantidium coli, Cyclosporacayetanensis and Isosporamicrosporidia, Naegleria 

spp. and Blastocystishominidae. More than half of all cases of E. histolytica are found in the world's 

population. Amebiasis is more likely to occur in countries with subpar sanitation and hygiene standards. 

Death and disease are common occurrences in underdeveloped countries. Every year, more than half a 

billion people are infected with parasites, although only 10% get unwell. An issue with the intestines or 

liver may occur only in severe cases. Food may also serve as a vector for the spread of parasites. 

According to a study conducted by the FAO in 2014, fresh food, meat, and seafood consumption is a 

major vector for parasite transmission across the world. These include Cryptosporidium spp, 

Echinococcusgranulosus and Echinococcusmultilocularis, as well as Trichinella, Ophiostomatidae, and 



Ascaris spp. among the protozoans. According to WHO estimates issued in 2015, foodborne diseases 

caused by protozoa and parasitic helminths cause substantial morbidity and mortality in various regions 

of the world. These parasites include trematodes like Clonorchis, protozoans like Toxoplamagondii, 

tapeworms like T. solium, and nematodes like Trichinella spp. certain foodborne parasites, such as T. 

gondii and T. solium (pig tapeworm), may be found on every continent, although their distribution 

varies substantially by location. Both infections may be transmitted by the consumption of undercooked 

or raw meat. When it comes to the spread of T. solium in undeveloped countries, there are no health 

monitoring standards. T. gondii identification is difficult since the food-processing method is expensive. 

Even in prosperous countries, they aren't practiced. Anopheles mosquitoes transmit malaria, which is a 

parasitic disease caused by a variety of Plasmodium species(Ndjonka et al., 2013). Many experts are 

striving to better understand the parasite and develop a vaccine for malaria, especially in poor countries. 

The use of insecticide-treated mosquito nets has been the most effective strategy in the fight against 

malaria. Preventive treatment is also functioning effectively for children. 

We, the most advanced species on Earth, are unable to thrive on our own, without the help of our 

symbionts. This varied set of microbes known as the Microbiome is essential to the survival and 

reproduction of eukaryotic species in general. Because it has developed unique capabilities that 

complement human metabolism, they say, it plays an important role in human health. Immune system 

development, vitamin absorption, hormone production, and hormone regulation are all affected by 

intestinal bacteria. Symbiotic interactions are, nevertheless, quite complicated. Scavengers and possible 

pathogens, like Taur and others, aren't always friendly and cooperative with each other. Gut microbiota 

modification, notably a loss of microbial stability amongst humans, may lead to an overgrowth or 

dominance of dangerous bacteria, according to (Pamer, 2013) as with other drugs, antibiotics may 

decrease the body's natural defense mechanisms. Pathogens may cause intestinal problems when the 

microbiota is disrupted due to weakened host immunity. To understand how living creatures interact 

with one other is to understand their connections. Antibiotic resistance is on the increase as a 



consequence, which is a major issue. A public health problem has existed from the beginning of time. 

Before humans started employing medicinal herbs as medications, this resistance developed. Ancient 

bacterial sequences that correlate to resistance genes were found in the research, proving that these 

microorganisms were able to protect themselves against outsiders. 

In the vastness of host-pathogen interactions, it is easy to get daunted by the variety. Malaria, the earliest 

human parasite illness, serves as a good illustration of this idea. Malaria is caused by unicellular 

eukaryotes. Blood transfusions are still responsible for the deaths of over one million children each year. 

These parasites are protozoa of the Plasmodium genus. Because it has just one cell, scientists think it to 

be an extremely basic creature. In the Apicomplexa group of parasites, Plasmodium and Toxoplasma 

species are included. We can see that these parasites are closely related to ciliates when we examine 

their phylogenetic location in the evolutionary tree. Ciliates and dinoflagellates share morphological, 

molecular, biochemical, and pharmacological features with these species. Distinct gender differences 

exist only in humans; there are none in Plasmodium (female and male)(Perry, 2014). In any event, they 

are sexuated creatures due to the fact that the same genotype generates both male and female gametes. 

Hermaphrodites are creatures that can reproduce both male and female. Asexual mitotic reproduction is 

also a part of the parasites' life cycle. As a consequence, the parasites' biology of reproduction provides 

two advantages: asexuality and sexuality. In addition to out-crossing, they are capable of self-

fertilization (that is, combining gametes from the same individual with the same genotype) (union of 

gametes originating from two different genotypes). One-fourth of this parasite's reproduction is 

attributed to self-fertilization, while the other three-quarters is due to outcrossing. By self-fertilization 

and out-crossing, these organisms are able to preserve their genotype and propose novel combinations. 

This parasite may also alter its sex ratio (i.e., the uneven production of female and male gametes) in 

order to boost its chances of fertilization and subsequently its reproductive success fitness, according to 

another research(Goncalves et al., 2003). In order to distinguish them from other protozoa, they are 

often referred to as "Machiavellian" protozoa. Self-fertilization, out-crossing, and modifying the sex 



ratio are all feasible methods of reproduction, as are sexuality and asexuality. People have a tough time 

combating parasite populations because of the parasites' large reproductive populations and the fact that 

they have a significant advantage over humans in terms of choice. 

Throughout the history of parasites, humans have come into touch with a wide range of diseases. Human 

migrations and colonizations of more temperate locations were followed by the introduction of new 

parasites, even if the original hominids' environment was restricted to tropical savannahs. The dynamics 

and variety of parasite populations were also strongly influenced by the structure and size of these 

human settlements. Pathogen interaction has decreased considerably in numerous locations in recent 

years as a result of considerable socioeconomic changes. When cleanliness grew more prominent in the 

19th and 20th centuries, marsh drainage became more frequent, and agricultural techniques altered, for 

example. West European nations made significant progress toward malaria eradication in the twentieth 

century(Cox, 2010). Antibiotics have seen an uptick in popularity since the 1950s, mostly due to 

changes in personal hygiene and the surrounding environment during the course of the twentieth 

century. The parasite population is down to levels never before seen. As most parasites may cause 

severe harm, this is a positive result for the afflicted. Even if medical advancements have contributed to 

an increase in life expectancy, the decrease in parasite contact has been the primary factor in this gain. 

The degree to which parasite reduction has also led to other changes in the twentieth century, such as an 

increase in birth weight, a drop in fertility, and an increase in Q1, is uncertain, although this is being 

addressed. 

Throughout the course of their development, parasites have posed a danger to all living things. However, 

although humans have been able to wipe predators and rivals from the environment, illnesses have 

remained. A history of human connections with diseases, as well as those relationships themselves, is 

defined by events that may be traced back in time. Instead of going through all of the human genes that 

are affected by parasite contact, we'll look at the specifics of malaria transmission in this case study. An 

inherited disorder known as sickle cell anemia, or drepanocytosis, has a substantial public health effect 



in West Africa. Nearly a century has passed since this abnormality of the red blood cells was found. A 

single amino acid change at position 6 causes a point mutation in hemoglobin's beta chain, resulting in 

the disease. Researchers quickly realized that this illness, which is highly severe in homozygotes 

carrying the mutant gene, had an especially high incidence in Central Africa. In fact, this disease is a 

genetic burden that should never have been permitted to exist in a Darwinian setting in the first place. Is 

there a better way to convey something than with words? We think heterozygotes with one normal and 

one mutant allele will be more resistant to P. falciparum malaria infection than homozygotes with two 

non-mutated alleles, and this is the hypothesis we're working toward (Haldane, 1949). The "malaria 

theory" refers to this idea. An article by (Piel et al.,2010) showed that this genetic trait was selected for 

because it gives resistance to parasite infection by P. falciparum in 2010. 

METHODOLOGY 

In the current study  data obtained by different laboratories  about prevalence of parasites were used for 

research purposes.   Most studies on multiparasitism make use of data either from natural systems or 

from carefully monitored experiments in the lab. These data may be analyzed using either exploratory or 

mechanistic models. Furthermore, simulation may be used to investigate the features of these models. 

Based mostly on data gathered from natural and laboratory environments, multiparasitism research is 

conducted. These data may be examined using exploratory or mechanistic models. The attributes of 

these models may also be examined using simulations.  

Multiparasitism in natural systems may be studied using a variety of methods, one of which is 

longitudinal research. This approach has a number of limitations, the most significant of which is the 

need of tracking research volunteers throughout time. Simple, one-of-a-kind tags may be used to identify 

individuals. As part of CMR research, or as more sophisticated technology, they're being examined. 

Such gadgets include, for example, Argos transmitters and GPS chips(Banuls et al., 2013). However, 

these systems are not well suited to the task at hand. For example, arthropods, which are small creatures 



that may be monitored and function as disease vectors, are important epidemiologically. In long-term 

studies, sampling approaches are used. There must be no compromises in the host's fitness, hence only 

non-invasive or minimally invasive techniques should be used (ie. blood and/or faeces, or skin samples). 

It is difficult to do research on parasites. With the use of parasitic worm research, it is possible to 

investigate how the presence of one parasite affects infection, persistence, and transmission. Such study 

takes a long time to complete. Resources include money, manpower, and time. This kind of research 

examines a small sample of individuals across short time spans and provides information on the 

population at-large. Cross-sectional studies might use invasive or non-intrusive sampling techniques, 

depending on the nature of the study. It is still possible to acquire long-term data by altering cross-

sectional research. Samples may be taken from a specific group of persons in a study population to 

monitor their development, for example. The population has grown steadily throughout the years. 

Samples will be taken if this design is executed. The host's well-being must not be jeopardized. These 

studies look at a group of individuals and compare them to each other. It takes less time and money to 

do longitudinal research. Research into host-parasite systems involving novel illnesses is greatly aided 

by their capacity to analyze a large number of hosts.  

Laboratory experiments are necessary in order to gain a better understanding of the effects of 

multiparasitism and to highlight the synergistic and antagonistic interactions between the different 

parasite groups (for example, helminthes, protozoa, fungi, and viruses) that infect various host taxa, such 

as mammals, insects, and plants. In experiments, it is feasible to modify not only the characteristics of 

interest (for instance, common risk factors), but also a wide range of important parameters. [For 

example] (e.g. host growth, parasite establishment). Because of this, it may be challenging to draw 

parallels between the results of laboratory research and the consequences of illnesses that occur in the 

real world. Another restriction is that the studies were conducted using biological models (such as the 

mouse and the rat) that could or might not be vulnerable to parasites that were brought in by non-model 

species (e.g., humans, domestic animals, and wildlife)(Banuls et al., 2013). 



There are two main techniques to analyzing multiparasitism data: exploratory models and mechanistic 

models.An exploratory model is used to examine parasite co-occurrence, although it is unable to make 

firm conclusions on parasite interactions. When studying organisms, the biology of the creature is not 

considered. Exploratory models include the following characteristics: For one thing, they're fast and 

straightforward to use, and they may be used to cross-sectional data.There are a variety of models used 

to study parasite connections in more detail, such as deterministic and probabilistic models. providing an 

environment in which scientists may focus on potential interactions For example, researchers may 

examine the effects of micro parasite co-infection and macro parasite co-infection and look at the 

development of many parasite species. How virulence impacts transmission dynamics, how host life-

history aspects affect the role of host life-history traits, and how cross immunity affects parasites that 

exist in close proximity to each other. Compared to exploratory models, they are far more sophisticated 

simulations whose structure is heavily impacted by the particular circumstance under consideration. 

Because they're stronger, they're also better for your health overall. As a consequence, researchers will 

learn more about the methods they're looking at. 

11 RESULTS 

 Results  regarding prevalence of  parasites in various samples are given in following sections  

Table 1.  Parasites level in food 

Food source No. of bacteria 

Improperly frozen meat 600 

Unpasteurized milk 440 

Improperly cooked Fried rice 500 

Half cooked eggs 420 

Broth  740 

Table 2. Parasite level in blood 



Bacteria isolated from 

blood  

Frequency  Percentage 

Sample 1 66 29.3 

Sample 2 30  13.3 

Sample 3 29 12.9 

Sample 4 28 12.4 

Sample 5 24 10.7 

Sample 6 20 8.9 

Table 3. Parasite level in urine  

Bacteria isolated from urine Frequency  Percentage  

Sample 1 13 29.54 

Sample 2 9 20.45 

Sample 3 3 6.81 

Sample 4 4 9.09 

Sample 5 3 6.81 

Sample 6 2 4.54 

There will be 9–10 billion people on the planet by the end of this century if not more than that. In 

pathogen-host symbioses, there are many distinct factors to consider, ranging from aggressive 

interactions in which one party preys on the other to cooperative or mutualistic connections in which 

both sides profit from the association(Cummings and Turco, 2009). It is likely that diseases would 

remark, "We were not borne pathogens, we became," if they had the ability to do so, because they have 

no choice but to inflict damage to humans. The eukaryotic cell's mitochondrial endosymbiosis serves as 

an example of this. Why, on the other hand, do certain illnesses become lethal to humans? One of the 

most pressing issues in modern biology must be solved to ensure the safety of both the public and the 

animal. Fighting pathogen aggressiveness using pathogen diversity and environment is still a new idea. 

Medicinal chemicals generated from the richness of the vegetal world (mainly fungus and plants) and 

careful screening of this diversity by scientists to identify active principles include penicillin, 

artemisinin, paracetamol, morphine, and quinine, to name just a few. Humans are a host that diseases 



may interact with or compete with in. Humans are a host. The hosts, and it has been shown that these 

relationships. It is feasible to gain an advantage by creating imaginary enemies. Co-infections may 

actually reduce the virulence of a disease. 

It is our duty to understand how diseases interact with their hosts on an ecological and evolutionary level 

in order to profit from the biological variety that makes up Earth's natural treasure. We also need to 

know how infections interact with one another and how to take advantage of disputes they sometimes 

have with other parasites in order to favor the less harmful parasites. Rather than being utilized on a one-

on-one basis, this strategy must now be used on a global scale. We must alter our mindset, and this can 

only be accomplished via the collaboration of a variety of disciplines, including medicine, evolutionary 

biology, and chemistry, to mention just a few. In the battle against parasites, we can't wait until it's too 

late to begin treating infected individuals; instead, we need to execute a unified, global strategy for 

managing risk and infectious assault. This has a direct impact on human population increase. However, 

we must not forget that both the animal and plant worlds are equally affected. If a disease that is 

especially harmful to rice emerges, for example, the threats of starvation may cause as many lives as the 

flu. In the absence of a global equilibrium being built, the decline will be inescapable. 

12 DISCUSSION 

According to the number of intestinal parasite species per host, monoparasitism was more common than 

polyparasitism, which involves the presence of more than two parasitic species. Invasion by 

ectoparasites followed a similar route. Rather than the mere presence of other parasite species, parasite-

parasite interactions are controlled by parasite load, according to these results. Wild animals, including 

parasites, fight or cooperate with one another. Two ecological and evolutionary principles should be 

better used to better understand and manage viral diseases: competition and cooperation(Haque, 2007). 

We must acknowledge that no infectious disease has fully disappeared from the earth, with the probable 

exception of smallpox. As pathogen virulence and resistance are two phenotypic features of pathogens, 



the extensive use of antibiotics and other anti-pathogen medications favors them much too frequently. 

Humans, on the other hand, are not innocent. Those who practice medicine, on the other hand, must treat 

their patients so that they may be employed. This is a spiral with an unexpectedly happy finish. In 

summary, the increase in parasite frequency, density, and species composition identified in this research 

might reflect pollution in the environment and health care discrepancies between urban and rural areas 

in the United Kingdom. Research areas are plagued by zoonotic parasites such as trichuriscanis, A. 

caninum, and D. caninum. 

CONCLUSION 

Species development is regulated by a complex web of relationships that affects all living organisms. 

Because there are so many different kinds of life in our surroundings, the ways in which we might come 

into contact with them are innumerable; listing them all would take a whole life. It is necessary to use 

analytical methods that go beyond the single host/single parasite paradigm and take into account many 

hosts and multiple parasites at once. As a result of this study, we can highlight four major research 

avenues that aim to provide light on the interactions that take place during co-infections In order to 

uncover community-level interactions, there is a methodological difficulty that has not yet been solved. 

There will be a need to identify and account for common risk characteristics in parasite interactions in 

order to better understand parasite interactions. Network theory and association screening are two 

potential paths of investigation. However, the development of statistical tests that can be used with 

network analysis is essential. An attempt must be made to include non-independence across analytical 

models since parasite transmission dynamics are affected by multiparasitism. Fourth, fresh biological 

discoveries must be included into multiparasitism laboratory experiments if they are to improve. 

Researchers want to better reproduce natural systems in order to better understand parasite interactions. 

Finally, in order to better multiparasitism and its consequences, multidisciplinary methodologies and 

collaborations will be essential in any future research. 
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ABSTRACT  

Along with the technological unit processes of pretreatment, enzymatic hydrolysis, fermentation, 

distillation, and dehydration, the structural elements of the lignocellulosic biomass, such as cellulose, 

hemicellulose, and lignin, are provided.  A study was conducted to assess various biomass potential for 

production of bio ethanol by using  optimized fermentation conditions. 

The pretreatment step's goal is to reduce the amount of inhibitors present and increase the amount of 

carbohydrate surface area accessible for enzymatic saccharification. Carbon dioxide emissions from 

engine fleets can be decreased by using biofuels. The typical method for producing bioethanol is by the 

microbial fermentation of sugars for example C6H12O6 into C2H5OH. Cereal grains, sugar cane, and 

sugar beets are examples of traditional feedstocks (for example, first-generation feedstock). However, 

2ND generation and 3RDgeneration biomass have been researched due to worries about the sustainability 

of food. Numerous variables affect the amount of ethanol produced during fermentation. 

Keywords;   Biomass, Bio ethanol, Fermentation 

  

 



 

 

 

 

 

 

INTRODUCTION 

The issue over the buildup of greenhouse gases and their consequences on change in weather has grown 

along with the continued expansion of the world economy. Many nations are developing renewable 

energy in response, including the manufacturing of biofuels.Fuel which produced from biomass, such as 

waste materials, is referred to as a biofuel.(Xu et al.,  2015) 

To convert more complex organic compounds into simpler ones, fermentation is a naturally occurring 

process. Pretreatment procedures are necessary to get biomass ready for extraction and fermentation 

before alcoholic fermentation. Simple’s sugars produces by enzymatic breakdown. In subsequent 

metabolic activities that can take place with oxygen or without oxygen, yeast transforms thesimple 

sugars into ethanol, CO2, and other byproducts. For instance, during glycolysis, two molecules of 

pyruvate are created from one molecule of glucose. The two pyruvic acid molecules are subsequently 

broken down into 2 ethanol and 2 carbon dioxide molecules.(Huang et al., 2015) Pyruvic acid 

changeinto acetaldehyde and release carbon dioxide when it is processed without oxygen. Acetaldehyde 

can then be converted to ethanol in a subsequent step by alcohol dehydrogenase.(Malakar et al.,  2020) 

Food crops, such as wheat, corn, potatoes, beets, and sugarcane, have been employed in generally 

fermentationof alcohol as feedstocks because they are main origin of the readily available starch and 

sugar needed for fermentation. But there has been growing worry about fuel generation from food crops 

as the world's population rises and the amount of arable land remains constrained.(Tse et al., 2021) 



A huge variety of biomass raw materials may now be used to make ethanol, thanks to advances in 

ethanol production technology. A new generation of fermentation technology is frequently defined as 

one which enables the synthesis of bio-ethanol from an earlier unexplored biomass resource. 

Additionally, strategies for biomass generation are categorized according to elements affecting the 

fermentation environment. (Tse et al., 2021)Fermentation technology is categorized based on the 

amount of water and sugar present in the fermentation medium and whether batch or continuous 

methods are utilized. To increase ethanol production, additional methods can be used with the 

fermentation medium. The interrelated problems of global warming, dependency on fossil fuels, and 

food and energy security are foremost among the numerous difficulties that the modern world faces. 

Energy consumption rises as a result of population increase and expanding industrialization, yet 

traditional fossil fuels, especially petroleum, are limited resources that release greenhouse gases (GHG) 

when burned. In order to fulfil the world's future energy demands, sustainable and ecologically friendly 

energy sources are necessary (Chaudhary et al., 2017; Zhou et al., 2012). Researchers, business partners, 

and governments are consequently very interested in biofuels, namely cellulosic bio-ethanol, butanol, 

and biodiesel. (Demain et al.,  2005; Hill et al., 2006) Particularly, bio-ethanol is seen as a possible drop-

in fuel that might serve as a substitute for gasoline in the transportation industry. 

 

MATERIALS AND METHODS  

 

Collection of Agricultural Substrates  

A wide variety of samples, including wheat, rice, and cotton straws, in addition to corn stover wastes, 

were gathered from a variety of locations around the Punjab. After being dried and crushed, the samples 

were put through a sieve with a typical size of 40 mesh. 

Analysis of Biomass Samples 



The percentages of moisture, ash, dry matter, crude protein, crude fibre, and crude fat, in addition to the 

samples' respective dry weights, were determined for each and every sample (AOAC, 1990). The 

amounts of cellulose, hemicellulose, and lignin were determined with the use of a standardised approach 

that has been described by a number of writers, including Scharf and Tartar (2008). The pretreatment 

procedure was carried out using H2SO4 and NaOH (at concentrations of 1%, 1.5%, and 2%) at a range 

of temperatures, including 100, 110, and 120 degrees Celsius, and for a variety of timeframes (15, 30, 

and 45 minutes). During the experiment, the solid sample that was included in the reagent bottle 

contributed 10% (w/v). Following the completion of the pretreatment, the vacuum filtration assembly 

was used to filter the samples contained inside each bottle, and the contents of the bottles were then 

poured onto filter paper. Following the filtering process, the solid was removed by washing it with 300 

ml of distilled water in order to bring the pH level back to normal. The filter paper was then dried at 105 

degrees Celsius and weighed. After undergoing a pretreatment of 5% weight-to-volume, the biomass 

samples were hydrolyzed with cellulase and -glucosidases at a temperature of 50 °C and a rotational 

speed of 160 rpm for 72 hours in a water bath shaker containing 0.05 M buffer (sodium citrate) at 4.8 

pH. Chloromphenicol (100 g/ml) and ampicilin (100 enzymes derived from T. Novozyme A/S, located 

in Bagsvaerd, Denmark, has provided reesei, cellobiase from Aspergillus niger and Novozyme 188. This 

enzyme has an activity of (30FPU g-1). In order to find out how much sugar was present, samples were 

taken out of the reagent bottle at regular intervals of 12 hours ( Shields and Cathcart, 2010). 

Acid protease is a protein-digesting enzyme that has its highest level of activity and stability in acidic 

environments (pH 2.0–5.0) and becomes inactive at pH values that are more than 6.0. Following the 

completion of the enzymatic hydrolysis, either H2SO4 (l) or NaOH was added. The sample that had a 

greater quantity of sugar that had been released was chosen for the fermentation process, and the solid 

biomass was kept at a temperature of 4 degrees Celsius. 

After adding the crude enzymes obtained from various bacterial species, the ratio of substrate to enzyme 

was adjusted to be 1:1, and the mixture was then heated to 50 degrees Celsius for a period of three days. 



In order to evaluate the specific enzymatic performance of each enzyme, we tested a distinct reaction 

mixture after adding each enzyme separately. Also, both enzymes were mixed together at a ratio of 1:1 

in order to test the combined impact of the enzymes, and the sugar contents were analysed after the 

scarification process ( Tokud and Watanabe, 2007). 

 

At a temperature of four degrees Celsius, a strain of Saccharomyces cerevisiae was kept alive on an agar 

medium consisting of YPD (yeast extract 1% (w/v), peptone 2% (w/v), and glucose 2% (w/v)). 

According to Alfenore et al., yeast cells were cultured in a 5-mL tube of YPD medium that included 

0.9% (w/v) of sodium chloride while being shaken at 100 revolutions per minute on a rotary shaker at a 

temperature of 30 degrees Celsius ( 2002). 

RESULTS AND DISCUSSION  

Results  regarding this experiment are given in following sections  

Utilizing C allowed for the successful completion of the fermentation experiment. thermocellum was 

grown in a medium containing glucose yeast extract for forty-eight hours, and then 10% of the resulting 

inoculum was added to a fermentation medium containing a solution that had been saccharified 

previously. This mixture was then stored at room temperature for three days. The fermentation 

experiment was carried out at a temperature of five hundred degrees Celsius with a rotational speed of 

one hundred twenty revolutions per minute. Following the conclusion of the fermentation reaction, the 

obtained mixture comprised of methanol, butanol, ethanol, and acetone was subjected to a fractional 

distillation process, which was carried out in a fractional distillation apparatus on the basis of the boiling 

points of the respective solvents. 

After treatment with enzymes cellulase and acid protease, it was shown that a greater quantity of sugar 

could be extracted from wheat straw. There was no mention made of the fact that the quantity of sugar 



released by any of the chemical treatments depended on the natural substrates that are utilised for the 

analysis. All of the agricultural and urban waste substrates that were used for the research had a 

sufficient quantity of sugars ( Tables 2-3). Which is a useful predictor for the manufacture of ethanol on 

commercial scales, and findings very comparable to these have also been reported by (Zhao et al 2012) 

 

 

When it was subjected to a treatment with a dilute acid concentration for a period of 30 minutes, during 

which time the temperature of the reaction was kept at 110 degrees Celsius, the solid portion of the 

samples produced a greater amount of glucose. During the pretreatment process, increasing the 

temperature to a moderate level while increasing the acid concentration was shown to have a vital 

function in increasing the amount of glucose present. A discovery that is comparable about the acid 

hydrolysis of orange peel at a low temperature was reported by Talo et al (2014). 

 

The performance of celllases was actually enhanced (due to the absence of cellubioses), which resulted 

in higher sugar recovery after enzymatic hydrolysis (Yoon et al., 2007). The reason behind higher 

saccharification (80.54%) was achieved as there was no accumulation of sugar like cellobiose occurred 

although cellobiose was available in reaction mixture (Williams, 2009). The saccharification process of 

various biomass samples was carried out a number of times. The findings suggest that wheat straw is the 

most effective in releasing glucose, followed by rice straw, maize, cotton straws, and peel wastes ( table 

2-3 ). This sugar, after it has been liberated, may then be used further in fermentation research. 

 

However, up to a specific time limit, the concentration of ethanol increased while the glucose 

concentration decreased as the time period progressed (Tables 1-2). Nevertheless, the glucose content 



was insufficient to keep the ethanol synthesis going after 72 hours. Comparing the cellulose and lignin 

contents of cogon grass to those of Peel wastes revealed that the former is a more favourable option for 

the generation of ethanol than the latter because to its higher cellulosic concentration. 

Table 1. Pre treatment with 1 % H2SO4 

 

 

 

 

Chemical treatment of biomass samples for  sugar . Mean ± ST 

Table 2. Pre treatment with 1 % NaOH 

H2S

O4 

(%) 

Temp 

(C) 

Time 

( 

min)  

Wheat 

Straw 

Rice  

Straw 

Cotton  

stalk         

Corn stover 

1 105 10  10.9± 0.3 7.8 ± 0.5 6.7 ± 0.8 14.9 ± 0.4 

  15 11.2± 0.4 9.8 ± 0.4 9.2 ± 0.5 13.2 ± 0.7 

  20 11.5± 0.8 7.5 ± 1.5 8.8 ± 0.6 15.1 ± 0.7 

 115 10 8.6± 0.5 11.5 ± 0.4 10.3 ± 0.5 11.8 ± 0.5 

  15 6.9± 0.2 11.8 ± 0.3 11.7 ± 0.3 13.9 ± 0.4 

  20 8.1± 0,7 9.5 ± 0.1 9.8 ± 0.1 10.8 ± 0.7 

Chemical treatment of biomass samples for  sugar . Mean ± ST 

 

Spectrophotometric analysis and Comparison of sugar production in three 

agrowaste samples 

After 72 hours of enzymatic hydrolysis, wheat straw consistently produced higher yields of glucose than 

any other material in all of the studies ( Table 4). During the course of the experiment, it was discovered 

that elevating the concentration of H2SO4 from 0.5 to 1.5% resulted in an increase in the total quantity 

of sugar. A larger yield of glucose was also reported at a retention duration of 20 minutes rather than 10 

and 15 minutes, which was the case in all of the studies. The optimal parameters for the acidic 

pretreatment of wheat straw were determined to be 120 degrees Celsius, a retention duration of 20 

H2S

O4 

(%) 

Tem

p 

(C) 

Time 

( min)  

Wheat 

Straw 

Rice  

Straw 

Cotton  

stalk         

Corn stover 

1 105 10  11.9± 0.3 7.8 ± 0.5 6.7 ± 0.8 14.9 ± 0.4 

  15 11.8± 0.4 9.8 ± 0.4 9.2 ± 0.5 15.2 ± 0.7 

  20 11.5± 0.8 8.5 ± 1.5 9.8 ± 0.6 15.1 ± 0.7 

 115 10 8.6± 0.5 11.5 ± 0.4 10.3 ± 0.5 13.8 ± 0.5 

  15 7.9± 0.2 12.8 ± 0.3 11.7 ± 0.3 13.9 ± 0.4 

  20 8.1± 0,7 9.5 ± 0.1 9.8 ± 0.1 10.8 ± 0.7 



minutes, and 1.5% sulphuric acid. At this concentration, the amount of glucose present was at its highest 

point. During the alkaline pretreatment conditions, the glucose yield was improved by raising the 

temperature, and the highest yield was reported when the temperature was 120 degrees Celsius. During 

this time, using a NaOH concentration of 1.5% resulted in a significant yield of glucose being produced 

while maintaining the same temperature. Sugar yield was enhanced by prolonging the period of 

enzymatic hydrolysis from 0 to 48 hours, but sugar concentration was decreased when the time was 

raised further to 72 hours. The drop in glucose concentration was presumably related to the generation 

of inhibitors by greater acid concentrations. Rice straw has shown higher glucose yield in acidic 

pretreatment conditions at 110 0C, acid concentration (1.5%) and retention time 10 minutes was used. 

The optimum condition used for rice straw analysis in the case of alkaline pretreatment was temperature 

(100 0C), sodium hydroxide concentration (0.5% ), and retention time (20 min). Following enzymatic 

hydrolysis for seventy-two hours, a higher yield was achieved. During the acidic pretreatment process, a 

high yield of glucose was produced at a temperature of 1200 degrees Celsius and a concentration of 0.2 

percent H2SO4. 

Table 3.  Products obtained after fermentation process  

Substrate  Total 

concentration 

(g/L)  

 Total 

theoretical 

yield of 

ethanol (g/L) 

Actual yield 

of ethanol 

(g/L) 

Fermentation 

Efficiency  

(%) 

Wheat straw 22.7 11.7 11.3 93.4 

Rice straw 16.8 9.6 10.6 81.8 

Corn stover 15.5 7.8 9.5 92.5 

Cotton stalk 19.6 10.8 9.7 91.5 

Ethanol  production from biomass samples Mean +  standard  deviation 

When the bacteria are cultivated in the liquid substrate or submerged in the liquid, the process is referred 

to as submerged fermentation  ( Table 3).. As pulverized carbohydrate rich materials mixed with water 

and melt by heating and then breakdown by enzymes, this kind of fermentation is frequently utilized in 

the synthesis of 1stgeneration ethanol ( Sadh et al. 2018). As a result, a liquid medium is created in 

which different nutrients and carbohydrates are suspended as particle solids or dissolved. Since 



submerged fermentation may swiftly produce a large output of bioactive metabolites, it is used in 

various bio-industrial processes, such as enzyme manufacturing. Unfortunately, there may be drawbacks 

to this process, such as the need for energy and water inputs, the need for high-volume of 

bioreactors.Fortunately, the extra thin stillage from the waste by-product wet distillers' grains can be 

removed using centrifugation. The thin stillage can then be dried to distillers' soluble with a minor 

amount of efficiency, and the solids may then be dried to distillers' dried grain. Three products that are 

utilized as feed components result from these drying procedures are distillers' soluble, distillers' dried 

grains, and distillers' dried grain with soluble. Thin stillage can also be given to calves in neighboring 

feed lots as a water alternative, or it can be further processed fermentation by microbes to provide a 

high-quality protein feed. The transformation of low-value glycerol into the more valuable molecule 1,3-

propanediol is one advantage of the latter method (Ratanapariyanuch et al. 2017; Tse et al. 2020). 

Yeast is defined as a basidiomycetous or ascomycetous fungus that produces spores that are not 

enveloped in the fruiting body and reproduces by fission or budding (Kurtzman, 1996).  

The majority of yeasts are capable of glycolyzing a variety of hexose carbohydrates into ethanol. 

However, due to its durability and tolerance, Saccharomyces cerevisiae is perhaps the most popular 

yeast strain for the process alcoholic fermentation. As a facultative anaerobe that can thrive in both 

aerobic and anaerobic environments while being supplied with glucose, S. cerevisiae has various 

improvements over other yeasts strains (Marcus Krantz, 2004) (P. A. M. Claassen, 1999). In 

anaerobiotic states, S. cerevisiae will start to yield acetaldehyde, which further reduces ethanol 

production (P. A. M. Claassen, 1999). The basis for the generation of bioethanol without resorting to the 

final oxidation products, CO2, is the capacity of yeasts to catabolize six-carbon compounds (Siti Hajar 

Mohd Azhar, 2017). Alcohol dehydrogenase (EC 1.1.1.1), which is reliant upon bioethanol, is generated 

by the diauxic shift and alcoholic fermentation digestion, which is finally regulated by the ADH1 site. 

ADH1 catalyzes the fermentation of glucose, which results in the formation of ethanol and the reduction 



of acetaldehyde. In a similar manner, the reverse reaction can also be catalyzed, though with less 

catalytic efficiency: the conversion of ethanol to acetaldehyde (Siti Hajar Mohd Azhar, 2017). 

Yeast Stress 

Various stressors, comprising of biological, chemical (toxicity from ethanol along with its byproducts, 

pH), and physical stressors (e.g., heat shock, osmotic tension) are applied to saccharomyces cerevisiae 

during inoculation and fermentation. These stress factors have the potential to reduce bioethanol 

production (Graeme M.Walker, 2020). Stress can cause a rise in mutations, contamination due to 

microbes, changed yeast flocculation, increase in the production of glycerol, reduced production of 

ethanol, and development of undesirable chemicals (such as taste and aromatic composites in fermented 

drinks) (Jonathan ACray, 2015) (Quinten Deparis, 2017). 

The concentration of substrate ranging from 20 and 300 kg m-3 has an impact on the generation of 

ethanol. As seen in Figure 2, larger substrate concentrations can result in more production of bioethanol, 

however at temperatures of 30 C and higher starting glucose level over 80 kg m-3, a lengthier incubation 

period was needed. Additionally, whenever the pH value was not adjusted, larger initial levels of 

glucose, such as 300 kg m-3, may well have affected the productivity of ethanol conversion because the 

greater substrate and production concentration levels may have hindered the operation of bioethanol 

production (Yan Lin, 2012). 

After incubation for 48 and 72 hours at 30 C, Figure 3 demonstrates, the distinct ethanol production 

levels and ethanol conversion efficiencies at a variety of starting glucose concentration. The information 

shown above shows that a greater starting glucose content may result in a lower conversion efficiency of 

ethanol. After 72 hours of incubation, the highest rates of glucose conversion were noted to be 48.0 

percent, 59.9 percent, 28.3 percent, 13.7 percent, and 3.7 percent at glucose concentrations of 20, 40, 80, 

160, and 300 kg/m-3, correspondingly. When the pH value was not adjusted, addition of more substrate 

did not increase the particular ethanol manufacturing capacity. 



Optimizing a number of factors can result in better bioethanol production efficiency. pH is a significant 

element that influences ethanol fermentation along with temperature and substrate concentration (Kaja 

Kasemets, 2007). In order to quantify the efficiency of the capacity to produce ethanol with variations in 

PH, variations in ethanol and VFAs were examined.  In an anaerobic jar fermenter, this was tested at 

PHs 3.0, 4.0, 5.0, 5.5, and 6.0. 

The findings of the batch test performed to look into how pH affects production of ethanol are shown in 

fig. 6. The incubation period for the highest ethanol concentration was lengthened when the pH was less 

than 4.0, although the highest concentration was not very low. The amount of ethanol generated reduced 

significantly as the PH level was greater than 5.0. As a result, the operating limit for the anaerobic 

ethanol generation process may be thought of as a pH range of 4.0-5.0. 

With an ethanol energy conversion of 61.93 percent, pH 5.0 produced the greatest particular ethanol 

manufacture rate of all of the batch trials, which is 410 g kg-1h-1 of SS. At pH 4.0, the specific ethanol 

production rate was 310 g kg-1h-1 of SS, which is not materially inferior than the figure at pH 5.0. Thus, 

pH 4.0 may be thought as the functioning limit for the ethanol manufacture procedure while taking into 

account the chemical required for pH correction (Yan Lin, 2012). 

A reduced fermentation period results in insufficient microbial development, which ultimately results in 

an ineffective production. As a consequence of rising concentration of ethanol in the fermented broth, 

longer fermentation times have a harmful impact on microbial development, particularly when done in 

batch process.  

While studying sweet sorghum, Nadir et al. (N. Nadir, 2009) found that ethanol concentrations peaked at 

40.11 g/L after 64 hours of fermentation before falling to 37.24 g/L after 72 hours. Even though the 

ethanol production is lowest at lower temperatures, fermentation takes longer to finish. For instance, 

when fermentation was carried out at 15° C, only 44.0% of sugar was consumed in more than 240 hours, 

yielding the lowest amount of ethanol (A. M. Jones, 1994). 



Bioethanol derived from sustainable feedstock is a profitable and environmentally benign substitute for 

non-renewable hydrocarbons as the world's demand for energy rises. However, lignocellulosic inedible 

biomass (second-generation bioethanol) and algal resources (third-generation bioethanol) are grow into 

more and more appealing feedstocks for bioethanol production as concerns about the world's food 

supply rise. The refractory lignocellulosic structure and algal cell wall must be disrupted by pretreatment 

conditions in order to make the fermentable glucose available in second- and third-generation feedstock. 

The feedstock, cultivar, and organism employed all have an impact on fermentation productivity and 

bioethanol production. To achieve the best rate and extent of fermentation, biotic (like microbial 

contamination) and abiotic (such nutritional, trace metal, and vitamin shortages) aspects must also be 

taken into consideration. Yeast fermentation techniques, such as fed-batch and continuous fermentation, 

can be used to solve some of these issues and assist reduce yeast stress. Additionally, supplementary 

additives and adaptive reactions can boost yeast organisms' resistance to stress (such as heat shock and 

ethanol shock) and enhance fermentation efficiency. In order to choose a feedstock option, commercial 

bioethanol manufacturers should consider the necessary pretreatment parameters, take into account the 

various fermentation technical designs, and identify any potential fermentation-related difficulties. 

These actions improve fermentation efficiency and raise ethanol output when combined. To explore the 

viability and financial effects for the integration of these technologies in the upcoming manufacture of 

bioethanol, particularly in examining and encouraging the use of third-generation biofuels, techno 

economic considerations should also be assessed.The country ‘s energy demand  is expected to increase 

three fold by 2050, but supply position is not inspiring. Due to similar situation renewable and 

sustainable energy  resources are the best alternative  of conventional fuels and energy sources 

 

CONCLUSIONS 

A sustainable and cost-effective route is the bioconversion of lignocellulosicbiomass into alcoholic fuels 

(butanol and ethanol). While efforts must be made to further create more efficient and cost-effective 



fermentation techniques and have a firm grasp on the foundations of the different pretreatment 

procedures. More efficient microbial strains are also needed to produce cost-effective detoxification 

methods. The manufacturing cost might be reduced and the company could become more competitive if 

it integrated and optimized the process of lowering energy consumption and raising yields of alcoholic 

fuels from raw materials. 
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ABSTRACT 

Global pandemic has evolved in real-time due to SARS~CoV~2 infection and the resultant 

COVID~19. COVID~19 patients have high mortality risks partially due to cardiovascular co- 

morbidities. Cardiovascular co-morbidities are induced by inflammation, cytokine storm, 

lymphopenia, and cardiac-related markers especially cardiac troponin levels in the severe cases. The 

cytokine storm induced by inflammatory cytokines is pivotal in COVID-19 pathology and causes 

cytokine release syndrome (CRS). High levels of troponin and, cytokines increase COVID-19 

patient’s mortality rate and cause myocardial infarctions. The incidence of myocardial injury is 

almost 7% in infected individuals with SARS-CoV-2. This review targets to analyze basic role of 

inflammation in cardiovascular system dysfunction (myocardial injury, thrombosis, and vascular 

dysfunction) in COVID-19 patients, thus providing cardiovascular care recommendations for 

mailto:aitzazakram@yahoo.com
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suchpatients. 

Keywords: COVID-19, SARS-CoV-2, Inflammation, Cytokine storm, Cardiovascular dysfunction, 

Myocardial injury 

  



INTRODUCTION 

Coronavirus19 (COVID19), associate rising communicable disease acknowledged to be caused by the 

novel fibre RNA-enveloped severe acute metabolic process syndrome coronavirus2 (SARSCoV2). 

the primary case was according on Dec 8th, 2019 in Hubei Province of China (Andersen et al., 2020) 

and at intervals a brief time the disease quickly unfold to other components of the country and the 

opposite world (Bansal, 2020) and shortly the WHO declared it a worldwide pandemic . (MERSCoV) 

are 2 forms of very morbific  coronaviruses (Bonow et al., 2020). MERSCoV, SARSCoV, and 

SARSCoV2 share terribly shut genetic similarity thanks to SARSCoV2' ester similarity, that is 51.8% 

for MERSCoV and 79.0% for SARSCoV(Tersalvi et al., 2020). Non-segmented positive-sense RNA-

enveloped coronaviruses belong to a  family of Coronaviridae that's widespread in mammals and 

humans (Driggin et al., 2020). the primary case of this disease, referred to as Coronavirus illness 2019 

(COVID2019), appeared on Dec 8, 2019 in  Hubei province of China (Andersen et al., 2020).The 

high infectivity and transmissibility, though throughout the symptomless phase, and also the 

comparatively low virulence, light-emitting diode to speedy transmission across geographic regions 

and caused a pandemic. SARSCoV2 has been declared the official name of 2019nCOV by the WHO 

(Andersen et al., 2020). Below is that the graph showing the whole range of confirmed cases 

worldwide. 

 



Figure: Total cumulative count (97,316,823) of deaths and recovered or discharged patients 

 

Confirmed infection cases of 82,432 reported by china CDC (Chinese Center for Disease Control and 

Prevention), showed 80% patients with mild disease, and 14% with severe disease (showing hypoxia, 

dyspnea and lung involvement) and 5% patients were critical with multi-organ failure or respiratory 

failure (Clerkin et al., 2020). Chest tightness, palpitation and severe cardiovascular injury are the 

common symptoms experienced by the severe and critical patients except respiratory symptoms (Buja 

et al., 2020). The virus infection and cardiovascular system are both linked directly or indirectly and 

cause induction of many problems including venous thromboembolism, myocarditis, arrhythmias, and 

acute myocardial infarction (Fig.1) (Bonow et al., 2020). It has been shown that SARS-CoV-2 

infection could cause elevation of inflammatory markers including TNF-α, IL-6, IFN- γ, and CRP 

that contribute to the cytokine storm, and constant inflammatory response(Chen et al., 2020). 

2-Pulmonary Diseases 

The capacity of the lungs, which are one of the primary organs attacked by the SARS-Cov-2 

infection, to perform their normal function is severely hindered. In the latter stages of the illness, 

COVID-19 often causes patients to experience shortness of breath, symptoms similar to pneumonia, 

and hypoxia, all of which eventually result in the patient's death. This is one of the most prevalent 

clinical presentations of the disease. SARS-CoV-2 enters the pulmonary vasculature by endocytosis 

and stimulates ADAM metallopeptidase domain 17 (ADAM17), which in turn cleaves ACE2. This 

results in a lack of immunity against the renin–angiotensin–aldosterone system (RAAS), which is 

driven by cleaved ACE2 (Fan et al., 2020). [Note: In addition to pulmonary edoema, acute pulmonary 

inflammation and the influx of cytokines and leukocytes into the alveolar space are both triggered and 

caused by the activation of ADAM17 (Tersalvi et al., 2020). Cytokine storm is the outcome of 

overactive systemic inflammation that occurs as a reaction to COVID-19 infection. This storm causes 

breathing problems and is responsible for the majority of fatalities that occur towards the final stage 



of therapy (Huang et al., 2020). Pulmonary illnesses such as acute respiratory distress syndrome 

(ARDS), vascular endothelialitis, sepsis, pulmonary edoema, and pulmonary embolism are examples 

of the pulmonary consequences that might result from a COVID-19 infection (Huang et al., 2020). A 

multicenter cohort study that involved 235 hospitals from 24 countries and 1128 patients with 

confirmed cases of COVID-19 suggests that up to 51.2% of patients suffer severe pulmonary 

complications after surgery, and the majority of deaths are largely due to pulmonary embolism 

(Huang et al., 2020). The study included 294 cases of confirmed COVID-19. 

Lung autopsy results acquired from COVID19 patients who passed away from ARDS revealed 

extensive alveolar destruction as well as perivascular T-cell infiltration in the lung tissue. Histological 

study also indicated an increase in thrombus development, intussusceptive angiogenesis, and 

microangiopathy in individuals with COVID19 in comparison to those who had influenza (Huang et 

al., 2020). Gene expression study performed on RNA that was obtained from COVID19 patients 

revealed, among other things, that a large number of inflammatory markers and genes linked to 

angiogenesis were regulated differently in comparison to healthy lungs. The most noteworthy finding 

was that, in comparison to the control, the COVID19 tissues had a much higher positive count for 

ACE2. In COVID19 patients with ARDS, increased fibrin deposition and elevated expression of D-

dimers and fibrinogen were also seen, which suggests that fibrinolysis plays a role in determining the 

risk of death(Huang et al., 2020) . 

Figure 2.1: Deaths involving more than one condition(e.g., deaths involving both diabetes and 

respiratory arrest) were counted in bothtotals. 



Whilst pulmonary difficulties were the primary clinical indication of COVID19, underlying 

cardiovascular issues, as well as the acute cardiac damage that resulted from these complications, 

increased the patient's vulnerability to the disease. Patients affected by COVID19. 

15.1.1 3- Diverse cardiovascular manifestations and Covid 19 

Several experimental studies of severe inflammatory conditions and influenza indicated that patients 

with risk factors of coronary artery disease along with cardiovascular atherosclerotic disease are at 

greater risk during serious infection(Li et al., 2020). COVID-19 severe conditions as well cause 

serious cardiovascular complications, including heart failure. The cardiovascular symptom surged 

along with elevation of NT-proBNP, troponin-T,LDHandCKlevels in COVID-19 

infected individuals (Liu et al., 2020). Correlation of adverse outcomes and severity of the disease 

with elevated levels of NRL, serum chemokine and cytokines in COVID-19 patients showed a 

potential role for hyper-inflammatory responses to, increase disease severity (Liu et al., 2020). 

Patients with pre-existing CVDs could lead to ischemia due to acute inflammatory responses. 

Table 3.1: cardiovascular abnormalities during Covid-19 disease 

Manifestation 

 

Potential 

mechanism   

Incidence Reference  

Severe coronary 

event 
The Plaque 

brock out due to 

inflammation or 

increased shear 

stress. 

Worsening of 

pre-existing 

coronary artery 

disease. 

Very low 

rate 

observed  

(Zhou et 

al., 2020) 



Serious cardiac 

injury 
Direct 

myocardial 

injury 

Systemic 

inflammation 

myocardial 

oxygen demand 

supply 

mismatch 

Acute coronary 

event 

Iatrogenic 

8–12% on 

average 

(Lippi 

&Plebani, 

2020) 

Heart failure Each of the 

causes of 

muscular 

dysfunction of 

the most 

mentioned 

heart, as an 

acute 

conditioned 

metabolic 

requirement of a 

general disease 

is caused 

Reported 

in one 

study- 

52% in 

those who 

died, 12% 

in those 

who 

recovered 

and were 

discharged 

(Zhou et 

al., 2020) 

Arrhythmia Both 

tachyarrhythmia 

and 

bradyarrhythmia 

can occur but 

exact nature not 

described 

16.7% 

overall; 

44.4 in 

severe 

illness, 

8.9% in 

mild cases 

 

(Wang et 

al., 2020) 

Potential long-

term 

consequences 

Too early to 

determine the 

2019 

coronavirus 

disease. 

However, 

patients 

recovering from 

a similar 

previous illness, 

severe acute 

Too early 

to assess 

(Wu et al., 

2017) 



 

 

 

 

 

 

 

 

 

 

 

 

A more recognized complication of COVID-19 is the endothelial dysfunction that contributes directly 

to the cardiac effects (Fig.1) (Liu et al., 2020). COVID-19 patients might experience endothelial cell 

injury due to pyroptosis and apoptosis in response to systemic inflammatory activities (Chen et al., 

2020). Due to endothelial dysfunction, procoagulant activity could surge over ruptured coronary 

plaque, causing formation of thrombus (Driggin et al., 2020). Endothelial dysfunction plays an 

important role in the occurrence of coagulopathy, hypertension and capillary leakage events (Liu et 

al., 2020). This study focused on the severe inflammatory responses in the COVID-19 patients with 

preexisting cardiovascular disease that superimposed the cardiac injury and other cardiovascular 

complications. On the other side of spectrum, it aimed some important markers in the COVID-19 

patients that contribute to cardiovascular comorbidities, as well as important effective therapeutics to 

treat the infection. 

respiratory 

syndrome, 

continued to 

exhibit long-

term 

abnormalities in 

lipid and 

glucose 

metabolism and  

cardiovascular 

homeostasis. 



 

Figure 3.1:Possible mechanisms, invasion and outcomes of SARS-CoV-2 infection in the 

cardiovascular system 

 

Heart and lungs show highexpression ACE2 receptors that can bind through spike glycoprotein on 

viral surface, which is the main pathogenic mechanism for SARS-CoV-2 infection in COVID-19 

patients. Transmembrane protease serine 2 (TMPRSS2) causes the activation of this spike protein in 

SARS-CoV-2 (Nicin et al., 2020). COVID-19 patients experience lethargy (20-40%), cough (50%), 

fever (80-90%), and diarrhea as leading symptoms. 

The ratio of death is greater in older ages and patients younger than 50 years, 50-59 years, 60-69 

years, 70-79 years and above 80 years have mortality rate <0.5%, 2%, 4%, 8%, and 16% respectively 

(Rothan&Byrareddy, 2020). The binding affinity of SAR-CoV-2 S protein to ACE2 is 10 to 20 times 

more than SARS S protein, signifying that SARS-CoV-2 person to person transmission might be 

more readily (Tan &Aboulhosn, 2020). The human CoVs entry is facilitated by integral protease 

ACE2, a major physiological regulator in the cardiovascular system localized in the vascular 

endothelium as well as intestinal epithelium (Tan &Aboulhosn, 2020). SARS-CoV-2 suppresses the 

expression of ACE2, resulting in rise of angiotensin-II, causing pro-fibrotic, pro-inflammatory, 

vasoconstrictor, and pro-oxidant actions which may lead serious threat to the heart and vessels in 

COVID-19patients (Tersalvi et al., 2020). 



 

Figure 3.2: The balance between ACE and ACE2 in COVID-19. (A) Treatment with ACEI or ARB 

increases the expression of cardiac ACE2 and could further increase the risk of coronavirus 

infection. (B) Coronavirus infection can downregulate ACE2, further activate the RAAS system and 

increase the cardiovascular burden. ACE, angiotensin-converting enzyme; ACEI, angiotensin-

converting enzyme inhibitor; ARB, angiotensin receptor blocker; RAAS, renin-angiotensin-

aldosterone system. 

The virus of SARS-CoV-2 follows different pathways to cause infection in the COVID-19 patients. 

The invasion of the virus triggers multiple organ dysfunction, injury, and syndromes (Bansal, 2020). 

Sickness of the cardiovascular system is evidence in severely ill older patients with COVID-19 (Buja 

et al., 2020). Infections of SARS-CoV-2 in acute coronary syndrome (ACS) patients could reduce 

functional reserves leading to myocardial ischemia and infarction (Bansal, 2020). The infection is 

also linked with Kawasaki disease development especially in children which have been demonstrated 

by several studies (Li et al., 2020). Furthermore, the cardiovascular symptom in COVID-19 patients 

also involves mechanisms that are linked with the cytokine storm, facilitated via excessive interaction 

between the T-helper cell’s and hypoxia. These events encourage myocyte apoptosis by inducing 

extreme intra-cellular calcium and increase disease severity (Liu et al., 2020). Diagnosis is adverse in 

the SARS-CoV-2 infected individuals with underlying CVD. In patients who have underlying heart-

disease with cardiac insufficiency, infection of SARS-CoV-2 might respond like triggering issues for 

the degradation of condition and possibly cause death(Nicin et al., 2020). 



16 4- Myocardial injury and COVID-19 

 

The examination of 1527 COVID-19 patients in Wuhan, China showed the occurrence of 16.4% 

cerebrovascular and cardiac disease, 9.7% diabetes, and 17.1 % hypertension and sub-group analysis 

indicated that 16.7% cases of cardiac related conditions were in ICU whereas 6.2% cases were non-

ICU (Qin et al., 2020). The COVID-19 patients with pre-existing acute myocardial infarction, stress 

cardiomyopathy, non-specific myocardial injury, coronary spasm, and non-ischemic cardiomyopathy 

showed complex cardiovascular manifestations(Driggin et al., 2020). COVID-19 individuals 

withseverediseaseexperienceacuteheartinjuryandcardiaccomorbidity(Zheng et al., 

2020).Theinteractionamong ACE2 and SARS-CoV-2 change ACE2 signaling pathways and cause not 

only lungs injury but also, myocardial injury (Zheng et al., 2020). The histological study of 5 out of 

16 patients showed viral replication in both tissues (Qin et al., 2020). The target cardiac cell of 

SARS-CoV-2 might be pericytes with high expression ACE2. The viral infection causes the pericyte 

injury and this injury contribute to microvascular dysfunction and capillary endothelial cell 

dysfunction(Driggin et al., 2020). Furthermore, the cytokine storm attack on different organs could 

result in multi-organs failure (Qin et al., 2020), including heart failure(Andersen et al., 2020). In type 

I acute coronary events, plaque disruption, vascular endothelial dysfunction, cytokine storm, and 

increased stress cardiomyopathy, all contributes in SARS-CoV-2 infection related myocarditis (Fig.2) 

(Zhou et al., 2020). Increased levels of cytokine in infected individuals may possibly take part in 

endothelial dysfunction, myocardial injury, micro thrombogenesis, and coronary plaque 

destabilization(Driggin et al., 2020). 



 

Figure 4.1: Myocardial injury and potential path-mechanisms of release of cardiac troponin during 

COVID-19 infection 

The peripheral blood in COVID-19 patient also experiences changes in different cardiac-related 

biomarkers especially hs-cTnl (high sensitivity cardiac troponin I) which plays a key role in the 

myocardial injury development (Wang et al., 2020). The case study of 419 patients in Shenzhen, 

China which were separated as 383 non-ICU and 36 ICU patients showed that the ICU patients had 

elevated levels of hs-cTnI(Qin et al., 2020). The 187 confirmed COVID-19 patients study reported 

27% cases showing myocardial injury with consistent elevated levels of TnT(Zheng et al., 2020). 

Non-specific or less myocardial biomarkers showed different change patterns, such as creatine kinase 

myocardial band (CK-MB) isoenzyme, lactate dehydrogenase (LDH) and creatine kinase (CK) that 

were  also increased in COVID-19 patients with cardiovascular-related complications (Wang et al., 

2020). Several studies reported that ICU admitted older individuals with COVID-19 show elevated 

levels of LDH (lactate dehydrogenase) (Zheng et al., 2020). 

Inflammatory response and myocardial risk increase due to the direct entrance of the SARS- CoV-2 

virus into the blood vessels and myocardium. Cardiac arrhythmias, myocarditis, ACS (acute coronary 

syndrome), heart failure and sudden deaths could all result from myocardium inflammation caused by 

the viral infection (Fig.1)(Rothan&Byrareddy, 2020). Inflammatory pathogenesis of myocardial 

injury during disease progression has been demonstrated positively linked with the levels of plasma 



C-reactive protein and troponin(Zheng et al., 2020). COVID-19 with myocardial infarction 

confirmedthedeathrateof1in5patientsand50%survivalcouldbepossibleifthetroponin 

levels could be measured routinely. Therefore, physicians should pay more attention to the abnormal 

immune response and myocardial injuries in the COVID-19 patients(Rothan&Byrareddy, 2020). 

The circulating T-cells in peripheral blood showed significant reduction in SARS-CoV-2 infected 

individuals (Tan &Aboulhosn, 2020). Lymphopenia was reported in > 85% infected patients. During 

early infection, the most significant finding is the reduction in CD4+ and CD8+ T lymphocytes with 

relative increase of macrophages (Qin et al., 2020). Laboratory tests of patients died from COVID-19, 

showed over activation of CD8 and CD4 lymphocytes(Andersen et al., 2020). The CD8+ T-cells are 

considered the main cytotoxic cells and, morbid cytotoxic T-cells in severe patients resulted from 

hyper-action of CD4+ T-cells (Tan &Aboulhosn, 2020). While these diseased cytotoxic T-cells 

invade and eradicate the virus, they also cause lung and myocardial injury (Tan &Aboulhosn, 2020). 

Myocardial injury and viral myocarditis can be considered main causes of death in COVID-19 

patients (Qin et al., 2020). Furthermore, seriously ill patients experience decreased regulatory T-cells 

and proinflammatory T-cells hyperactivation along with severe lymphopenia which promote 

disturbance in immune responses (Tan &Aboulhosn, 2020). To summarize, abnormal immune 

response, ACE2 mediated viral infection, and oxygen demand, and supply to myocardium can be 

characterized as major reasons for myocardial injury along with other cardiovascular complications in 

COVID-19 patients(Wang et al., 2020). 

 



 

 

Figure 4.2:The direct and indirect mechanisms for myocardial damage in COVID-19 
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18 5- Thrombosis Outcomes in COVID-19 Patients 

 

The CRS (cytokine release syndrome) contributes to irregular coagulation functioning, tissue or organ 

dysfunction, and decrease in natural killer cells (NK cells) and T cells. Wang et al reported that 7 out 

of 11 patients admitted in ICU experienced coagulation dysfunction (Chen et al., 2020). Seriously ill 

COVID-19 individuals are at greater risk of bleeding and thrombosis. The non-critical patients are at 

low risk of major bleeding and venous thromboembolism (VTE) (Wang et al., 2020).Acute infection 

induces the cytokine release and this release contributes to activation of cells in pre-existing 

atherosclerotic lesions that increase the ischemic syndrome and thrombotic risk(Driggin et al., 2020). 

The vascular system inflammation causes thrombosis along with diffuse microangiopathy (Wang et 

al., 2020). Extreme inflammation, immobilization, hypoxia as well as diffuse intravascular 

coagulation (DIC) may influence on both arterial and venous thromboembolic disease due to COVID-

19 (Wang et al., 2020). Systemic inflammation and circulating intravascular coagulation in COVID-

19 patients could also induce pulmonary embolism and deep vein thrombosis(Driggin et al., 2020). 

Secretion of colony-stimulating factor of granulocyte-macrophage (GM-CSF) from microvascular 



endothelial cells of human pulmonary followed lipopolysaccharides (LPS) as an inflammatory 

stimulus, also plays a key role in acute respiratory distress syndrome (ARDS) of acute type (Tan 

&Aboulhosn, 2020). Individuals who experienced ARDS also show elevated levels of vascular 

endothelial growth factor (VEGF) that increase microvascular permeability by endothelial 

injury(Driggin et al., 2020). Renin-angiotensin system (RAS) induces the increased risk for 

pulmonary hypertension, embolism and cardiac fibrosis through the up-regulation of inflammation, 

vasoconstrictions, proliferation, and fibrosis events. This system also increases the concentrations of 

local angiotensin II and accelerates kidney and cardiac injury (Wang et al., 2020). Lymphopenia, 

prolonged coagulation profile, cardiac disease, and death could be the consequences of SARS-CoV-2 

infection(Rothan&Byrareddy, 2020). 

The infected individuals faced the elevation in levels of D-dimer and fibrinogen due to coagulation 

pathways abnormalities(Tan &Aboulhosn, 2020). Hypoproteinemiaand elevated levels of 

prolongation of prothrombin time (PTT) were also often reported in  COVID-19 patients(Wang et al., 

2020). Abnormal or increased C-reactive protein, cytokines, troponin, aspartate and alanine 

aminotransferases were also common in patients with high risk of venous thromboembolism (Wang et 

al., 2020). The natriuretic peptides and troponin along with cytokines (e.g IL-6) have extreme 

prognostication value in cardiovascular system involvement in the early phase of COVID-19 illness 

(Wang et al., 2020). System involved in SARS-CoV-2 modification of ACE2 expression by direct 

attack on vascular endothelial cells and cause of sepsis, abnormal coagulation are still not explored 

well (Tan &Aboulhosn, 2020). 

18.1.1 6-COVID-19 and coagulation abnormalities 

The unique features of disseminated intravascular coagulation (DIC) and  other pulmonary embolisms 

were characterized by  increased levels of D-dimer and also increased levels of fibrin degradation 

products, which are very common in COVID19. DIC was observed in 71.4% of non-survivors(Zhou 

et al., 2020). This may not come as a surprise given  the severe condition of those infected, although 



the  early onset features of DIC are often evident. Surprisingly, China's experiencereflects that 

elevated D-dimer was broadly predictive of an adverse outcome in COVID19. In a retrospective 

cohort study, significantly elevated D-dimer levels (> 1 g/L) were strongly associated with in-hospital 

mortality, and this association was maintained in multivariate analysis (OR 18.4, 95% CI: 2.6-128 

.6;P=0.)(Tan &Aboulhosn, 2020). 

19 6.1- COVID-19, Inflammation, and Cytokine Storm 

20  

The cardiomyocytes necrosis could occur due to inflammation and virus-induced injury in response to 

local inflammation induced by cardiomyocytes infection. The study of 99 cases in Wuhan reported 

that 38% of patients had elevated levels of neutrophils (Zheng et al., 2020). The neutrophils with viral 

particles indicate that the inflammation is induced by virus. The SARS-CoV-2 haematogenous spread 

to tissues and other organs could result in the infection of endocardium endothelial cells (Qin et al., 

2020). Infection preferentially targets the inflammatory responses in the patients (Zheng et al., 2020). 

The inflammatory process depends on the cytokines. Natural killer cells, macrophages, B and T-

lymphocytes, dentritic cells and many other immune cells take part in the production of 

cytokines(Chen et al., 2020). ARDS progression and development is directly concerned with 

inflammatory cytokine storm in COVID-19 patients experiencing increased levels of serum 

cytokines(Chen et al., 2020). The stimulation of immense production of macrophages-monocyte 

results in the broad cytokine synthesis and provokes extreme lymphocytes apoptosis. This situation 

can promote secondary infection by disturbing the immune system to increase the condition of 

immunodeficiency (Chen et al., 2020). Extensive lung damage and pulmonary inflammation in 

SARS-CoV-2 infected individuals are linked with elevated levels of pro-inflammatory cytokines [eg, 

inducible protein-10 (IP10), interleukin-12 (IL12), IL-6, monocyte chemoattractant protein-1 (MCPI), 

IL-1β, interferon-γ (IFNγ), inflammatory protein-1α of macrophage (MIP-1α), granulocyte colony- 

stimulating factor (G-CSF), and tumor necrosis factor-α (TNF-α)] (Qin et al., 2020). Resultant 



inflammation and elevated levels of circulating cytokines have a direct effect on cardiomyocytes, 

which may lead to myocardial injury as well as endothelial dysfunction, atherogenesis, and 

endothelial cells function reprogramming (Zheng et al., 2020). The vital cytokine GM-CSF initiates 

tissue inflammations produced by auto-reactive T-helper cells(Tan &Aboulhosn, 2020). The 

inflammations initiate the organ injury (i.e., lungs) and show their deleterious effects by increasing 

inflammatory responses on other organs such as the heart. Increased inflammatory biomarkers 

correlate with electrocardiographic abnormalities and cardiac injury biomarkers(Fan et al., 2020). The 

inflammatory cytokines alter the role of many cardiomyocyte ion channels including Ca++ and K+ 

channels and cause the prolonged ventricular action potential. These cytokines trigger serious 

arrhythmic events especially in Long QT Syndrome (LQTS) patients by inducing hyperactivation of 

the CSS (cardiac sympathetic system) through peripheral and inflammatory reflex 

pathways(Rothan&Byrareddy, 2020).Inflammatory and endothelial cell death occurs due to 

inflammatory cell increase along with viral elements present in the endothelial cells. These kinds of 

appearances are evidence and support the fact that SARS-CoV-2 involved in the endothelitiitis 

induction in different organs, as consequences of host inflammatory responses and direct viral 

involvement(Rothan&Byrareddy, 2020). The well- characterized mechanisms are used by cytokine 

storm to induce the development of endothelial dysfunction(Fan et al., 2020). The human endothelial 

cells increase adhesion molecule expression due to inflammatory cytokines; these cytokines also 

increase the release of IL-6 by stimulation of human macrophages with oxidized LDLs (oxLDLs)(Fan 

et al., 2020). Immune system abnormality  associated with pathogenesis and infection severity in 

COVID-19 individuals has been  confirmed by previous studies (Wang et al., 2020). Large amount 

production of cytokines (cytokine storm) due to virus infection may also cause vital organ injury by 

activation of severe immune responses (Zheng et al., 2020). Viral particles first attack the respiratory 

mucosa and then invade other cells, causing critical complications in infected patients (Wang et al., 

2020). Conversely, COVID-19 individuals also experience disease severity which correlated with the 



levels of interleukin-10 and interleukin-4 (Rothan&Byrareddy, 2020). Cardiac demand increases due 

to an increase in cytokine activity and vascular plaques destabilization by systemic inflammation(Tan 

&Aboulhosn, 2020). Infection process of SARS-CoV-2 through ACE2 and its cardiomyocytes 

invasion, insufficient oxygen supply to myocardium due to pulmonary infection, and cytokine storm 

syndrome all participate in cardiac injury(Tan &Aboulhosn, 2020). The inflammation- based cardiac 

injury was reported in heart biopsy by observing mononuclear inflammatory infiltrates in the 

individuals infected with SARS-CoV-2 but the, injury mechanism was uncertain (Wang et al., 2020). 

Cytokine release syndrome, hyper-inflammation, cardiac injury biomarkers elevation, and ARDS all 

can be used for the characterization of COVID-19 in serious cases(Wang et al., 2020). 

21 7- Effects of COVID-19 Therapeutic Drugs and Cardiovascular System 

 

The cytokine storm is the main contributor in response to infection and causes the disease progression 

and, severity by increasing expression levels of pro-inflammatory cytokines. Activation and secretion 

of pro-inflammatory cytokines such as IL-6 can be observed in the COVID-19 patients. The 

therapeutic effect of pro-inflammatory IL-1 and IL-6 family member’s suppression has been shown in 

several inflammatory diseases as well as viral infections (Tersalvi et al., 2020). Cytokine system key 

member is IL-6 which plays a vital role in severe inflammation (Tersalvi et al., 2020). IL-6 inhibitors 

have beneficial impact on prognosis of COVID-19 disease (Tersalvi et al., 2020). Tocilizumab (IL-

6Rantibody) treatment is being used to treat ARDS and hyper-inflammation in COVID-19 to reduce 

the disease activation potential biomarker IL-6. The anti-IL-6 targeted therapies (Sarilumab, 

tocilizumab both are IL-6 receptor targeting monoclonal antibodies) not only improve the multi- 

organ dysfunction but also attenuate the high arrhythmia risk in severely ill COVID-19 patients 

(Rothan&Byrareddy, 2020). Sarilumab and tocilizumab both target the signaling pathways of IL-6 

while Sarilumab shows higher efficiency than tocilizumab. Inspiring clinical results including 

respiratory function improvement and reduction in patient’s temperature has demonstrated the effects 



of blockage of IL-6 receptor by tocilizumab. Treatment with tocilizumab is helpful to reduce 

mortality and inflammatory storm in the serious COVID-19 patients. Tocilizumab has been proved to 

be a new effective therapeutic strategy to decrease seriousness of this fatal infectious disease. The 

trials of tocilizumab to check its impact on cytokine storm syndromes have been 

started(Rothan&Byrareddy, 2020). Except the monoclonal antibodies, the emerging infection SARS-

CoV-2 can also be prevented or controlled by several other options including interferon therapies, 

vaccines, oligonucleotide-based therapies, peptides, and small-molecule drugs. Neither anti-viral 

therapeutic agent nor vaccine has been permitted for the cure of any human CoV infection or 

COVID-19 to date. Supportive care should be focused on coronavirus disease management(Andersen 

et al., 2020). Different therapeutic drugs with possible outcomes have been used for the control and, 

prevention of COVID-19 which provide reference for advanced studies (Table1). 
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Table 1. Effect along with mechanism of COVID-19 therapeutic drugs on cardiovascular 

(CV) dysfunction 

 

8- CONCLUSION AND POSSIBLE TREATMENT OPTIONS 

The pandemic Coronavirus disease 2019 (COVID-19) has spread in almost 215 

regions/countries. The SARS-CoV-2 glutamine 394 residue recognizes lysine 31 on human 

ACE2 receptors and invades ACE2 receptor bearing cells (Qin et al., 2020), inducing COVID-

19 symptoms 
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aswellasmyocardiumdamageinthehost.Inflammationandendothelialdysfunctionincaseof 

SARS-CoV-2 was accelerated due to D-dimer, pyroptosis, apoptosis, and impaired 

microcirculatory function in the vasculature. In addition, reduced expression of ACE2 and 

pre-existing diabetes and atherosclerosis also play a key role in vasculature 

dysfunction(Driggin et al., 2020).  

Cardiovascular disease prevalence is greater in COVID-19 patients. 

Withdrawal of the renin-angiotensin aldosterone system (RAAS) inhibitors and move to 

alternate drugs in critically infected patients may increase cardiovascular deaths. 

Mineralocorticoid receptor antagonists (MRAs), angiotensin receptor blockers (ARBs), and 

angiotensin-converting enzyme inhibitors (ACEIs) therapies should be initiated and 

maintained timely in COVID-19 treatment to reduce the mortality (Zhou et al., 2020). The 

impact and understanding of ACEIs and ARBs medication demands clinical trials. Anti-

inflammatory and agents targeting the inflammasome also show different consequences 

against COVID-19. The therapeutic effect can be achieved by the suppression of pro-

inflammatory IL-6 and IL-1 family in many inflammatory diseases induced by viral infection 

like COVID-19. Chloroquine is an immunomodulatory drug that inhibits the interleukin-1 

beta (IL-1β) mRNA expression to reduce the secretion of mature IL-1β. Chloroquine also 

inhibits TNFα mRNA expression and reduces the IL-6 and IL-1 cytokines. The anakinra (an 

antagonist of IL-1 receptor) and canakinumab (an IL-1β monoclonal antibody) are currently 

used as IL-1 targeted drugs due to its auto-inflammatory effectiveness. These drugs are 

beneficial and increase the patient survival in case of increased cytokine production and 

hyper-inflammation. Some anti-inflammatory agents like corticosteroid may induce secondary 

infection and delay the virus elimination. IFN-α plays a key role in the host against viral 
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infections because it directly interferes with virus replications, increase adaptive and innate 

immune responses. IFN-α inhibits the SARS-CoV-2 replication in-vitro and should be a 

potential drug candidate for COVID-19 therapy(Andersen et al., 2020). The treatment with 

anticytokine therapies and glucocorticoids in COVID-19 patients with cytokine storm can 

decrease hyperinflammation by eliminating the chance of ARDS occurrence. The pro-

inflammatory cytokine targeting biological agents only inhibit definite inflammation factor 

and will not be effective to limit the cytokine storm in COVID-19 patients. The bevacizumab 

drug is also under trails to check its efficacy to treat SARS-CoV-2 infection. 

The trials of traditional Chinese medicines (TCMs) on COVID-19 treatment have been started 

in several hospitals. The inhibitory effect of Shuang Huang Lian Oral Liquid on SARS-CoV-

2andtetrandrine inhibitory effects on pro-inflammatory T- helper cells-1 (Th1), Th-2, and Th-

17 has been reported(Wang et al., 2020). Lianhuaqingwen drug also showed the anti-

coronavirus activity by reducing the cytokine release and inhibiting the virus 

replication(Rothan&Byrareddy, 2020). The treatment of the COVID-19 severe patients can be 

achieved by traditional Chinese medicines due to its inhibitory effects on the cytokine storm. 

Colchicine is also a useful drug to treat the COVID-19 with potential cardioprotective effects 

even in myocardial infarction, pericarditis, and atrial fibrillation. This drug mitigates the 

interleukin activation and inhibits NLRP3 inflammasomes(Driggin et al., 2020). Previous 

studies indicate that colchicine was also effective in IL-18, IL-6, and IL-1b suppression in 

case of acute coronary syndrome. Colchicine limits the pneumonia and myocardial necrosis 

development in COVID-19 patients after low dose administration. Colchicine and 

hydroxychloroquine with antiviral therapy lower the cytokine storm and viral replication 

trigger by SARS-CoV-2. Colchicine and anakinra trials to treat COVID-19 are ongoing or 
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being launched. 

The magnetic resonance imaging (MRI) can be helpful in case of suspected inflammatory 

cardiomyopathy or acute myocarditis if safe to perform in COVID-19 patients. The RAS 

inhibitors and heart failure medications should be considered for the heart failure patients. 

Consequently, diagnosis is adverse in the SARS-CoV-2 and CVD underlying patients, 

cardiovascular system demands particular concern and extra attention during the treatment of 

patients with COVID-19. 
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ABSTRACT 

Bio fuels appeared to be more climate-friendly than burning fossil fuels. There are different 

types of  alcoholic fuels that can be produced easily and may used as alternative source of 

existing fuels.  Butanol may be used as a fuel in an internal combustion engine and it is more 

similar to gasoline. Butanol is a drop-in fuel and thus works in vehicles designed for use with 

gasoline without modification. Both n-butanol and isobutanol have been studied as possible 

fuels.  Butanol  is produced from starch- or sugar-based  material such as corn grain , sugar cane 
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or from cellulosic feed stocks  Biofuel can play a great role in Pakistan because country is oil 

dependent.  Second generation cellulosic biofuels offers a solution to reduce carbon emissions of 

traffic   as well as generation of energy for  domestic and commercial uses. A study was 

conducted to develop a approach  for the management of  agriculture as well as  other  organic 

wastes  utilization   for  production of alcoholic fuels.  Therefore   cellulosic materials  like  

wheat and  rice  straws as well as  fruit wastes were used in this study.  Samples were analyzed 

for different parameters. Biological and chemical pretreatments were compared for each 

substrates. Efficiency of microbial   enzymes for saccharification of agricultural substrates was 

evaluated. It is expected that outcome  of this study  will help to increase production of  biofuels 

and to reduce burden of  imported fossil fuels.  

Key words;   Fossil fuels,  Bio butanol, Biomass, Green house gases, Climatic changes 

 

 

INTRODUCTION 

22 Exploration of sources for alternate energy have been increased because of increasing 

concerns about energy security and climate change. The transportation sector plays a 

significant role for emission of greenhouse gases due to uses of fossil fuels, However, 

replacement of oil derived fuels such as ethanol or butanol  could reduce environmental 

impacts and give advantages on social as well as economical levels .Various alternatives to 

generate sustainable biofuels are being investigated. Biological energy resources are like  

bioelectricity, biogases, biodiesel and bio alcohols. Among these sources, bioalcohol shows 

a great potential to reduce the emission of greenhouse gases, decrease the dependence on 

fossil fuel and act as a chemical feedstock and fuel for transport  (Dhamole et al., 2015).The 

production of  alcoholic fuels     has been improved extremely because many countries are 

trying to reduce the import of oil, improving the quality of air and growing rural economics. 

The global ethanol production is 51,000 million liters (Renewable Fuels Association, 2007). 

Ethyl alcohol has some advantages as a fuel as it has higher oxygen contents. The higher 

oxygen level permits improved oxidation of hydrocarbons with successive reduction in 

aromatic compounds and carbon monoxide emission. Ethanol has greater octane rating 
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properties (Thomas and wong, 2001). 

23 Biomass is a vital energy resource in Pakistan because of agricultural based 

country. The biomass produced in livestock and agriculture sector in the form of animal 

waste and crop remaining as sugarcane bagasse and rice husk (Amiri et al. 2014 ). Second 

generation biomass is mainly composed of lignocellulosic material. Lignocellulosic biomass 

is more plentiful organic substance on earth and consists of cellulose (35-50%), 

hemicellulose (20-35%) and lignin (5-30%) (Huber et al., 2006).Various renewable energy 

resources include different agricultural substances like green leaves, fruit shells, straws, nut 

shells and fruit seeds . Most commonly used feedstocks are wheat straw, wheat bran, corn 

stover, corn steep liquor and apple pomace (Ejezi et al., 2006).Now a day, agricultural waste 

is used for the production of biofuels like biodiesel, bioethanol, biohydrogen and methane as 

compared to energy crops because they have competition with food crops. As huge amount 

of agro waste is available and have discarding problem so, alternate option is the utilization 

of lignocellulosic biomass in order to reduce the competition between fuel and food (Mahro 

and Timm, 2007). The grasses are considered as reliable substance for extraction of ethanol. 

The utilization of perennial grasses is advantageous and possibly it further decreases the cost 

for the production of ethanol and its use as fuel (Gomez et al., 2008).  

24 The  grasses can be grown all over the year worldwide, particularly in subtropical as well as 

tropical countries. Cogon grass has been exploited to rise the soil stability and as fodder, it is 

recognized as worst weed and it is known as pest by almost 73 countries in all over 35 crops. 

The roots of cogon grass have secondary metabolites which have medical importance. It is 

known as perennial grass and could be cultivated in any soil which usually considered as 

unfit for production of crops.  

25   Cellulose is a major sugar in wood , it is broken down by bacteria available in gut of 

termite and finally converted into various products including  fatty acids and alcohol like 

ethanol etc.( Kim and Dale. 2005).Clostridium ,genus of rod shaped gram positive bacteria 

member of which found in soil, water and intestinal tract. Clostridium acetobutylicum 

ferments sugar to a mixture of organic solvents like acetone , butanol and ethanol. 

Saccharomyces  cerevisiae ( known as baker s years)  single celled eukaryotes which is 
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frequently used  in fermentation process for production ethanol and other alcoholic products. 

Therefore current study was undertaken for  Chemical and biological analysis of cellulosic 

biomass for various parameter required for alcohol fuels like biobutanol  production  

26 MATERIAL AND METHODS 

Collection of Agricultural Substrates 

Various  samples of  wheat and rice   straws as well as, peel wastes  were collected from  various 

areas  .   About 1 Kg samples of each samples were collected in fine plastic bags.  The samples 

were shad followed by sun  and oven dried for overnight at 55 °C. The samples were converted 

into fine powder form  by electric grinder and passed through 40 mesh standard size sieve.  The 

powder form of samples were saved in fine plastic bags duly labeled with the name and were 

stored in refrigerator at 4°C    till further uses.  

 

 

           Proximate Analysis of Samples   

All  samples were analyzed for ash contents, volatile matter, crude protein, crude fiber, crude fat 

and wet as well as dry weight . The standard methods were used for the estimation of total solids 

and moisture contents by drying at 105 ºC to remove moisture from the samples (  AOAC, 1990). 

Chemical  analysis of raw biomass 

The cellulose content of   sample was  estimated by using    reported method. The 

hemicellulose  was determined by computing ADF (Acid Detergent Fiber) and NDF (Neutral 

Detergent Fiber) differences .The lignin contents were determined by  standard  method as 

reported  by  AOAC (1990).   

 

Chemical Pretreatment  

For chemical pretreatment two chemicals were used such as acid (H2SO4) Pretreatment 

experiment was performed by using H2SO4 (1.0, 1.5 and 2%) at diverse temperatures such as 100 
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°C , 110 °C and 120 °C for different  times durations  (15, 30, and 45 minutes). Solid sample ( 10 

%)  (w/v) in reagent bottle was utilized during experiment. After pretreatment, the vacuum 

filtration assembly was used for filtration of sample in each bottle and the contents were emptied 

on filter paper. After  filtration, the solid  washed  away with 300 ml distilled water in order to 

neutralize the pH.  The filter paper was than dried at 105 °C and weighed. 

 

 

 

 

 

 

 

 Figure 1. Biomass  

 

 

 

 

 

Enzymatic Hydrolysis  

The biomass after pretreatment 5% (w/v) was hydrolyzed with cellulose and β-glucosidases at 50 

°C and 160 rpm for 72 hours in a water bath shaker with 0.05 M buffer (sodium citrate)  at 4.8 

pH. Cellulases having activity of (30FPU g-1). The samples were withdrawn from reagent bottle 
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after every 12 hours to determine the concentration of sugar. After enzymatic hydrolysis, H2SO4 

(µl) was added. Un-hydrolyzed sample was separated by centrifuging for 10 minutes  at 13,500g. 

Supernatant was collected by means of syringe filters for sugar analysis by dinitrosalicylic acid 

(DNS) method .The amount of sugar was analyzed by p-hydroxybenzoic acid hydrazide 

(PAHBAH) method. By using the concentration 1Mm-25mM of xylose the standard curve was 

drawn. Then by comparing the standard sugar concentration, the amount of sugar in pretreated 

sample was determined. The best pretreatment condition was selected after enzymatic hydrolysis 

process. The sample containing higher amount of released sugar was further selected for 

fermentation process. The solid biomass was stored at 4 °C which was then  used for 

fermentation process   (   Demirbas, 2001; Iram et al., 2021; Maria et al., 2021). 

Clostridium acetobutylicum function for butanol 

The clostridium specie Clostridium acetobutylicumwas maintained at at -20⁰C. Enzymatically 

hydrolysed sample was then used for fermentation. The pH was maintained at 6.5 with NaOH. 

1ml C. acetobutylicumspores were added in 100ml enzymatically hydrolysed solution in reaction 

bottle for separate hydrolysis and fermentation. These reaction bottles were placed in shaking 

incubator having 120 rpm at 37⁰C for 72 hours. The butanol concentration was determined by 

alcohol meter after 72 hours, and  values were expressed as  % butanol  obtained from wheat 

straw, from rice straw and  from corn stover. Among these three substrates wheat straw produced  

higher yield of butanol ( Xue et al., 2012 ). 

27  

28  

29  

30  

31  

32 Analysis of   sugar and alcohol by using HPLC 

33 All the samples and standard solution of glucose was passed through the 0.22 μm filter prior 
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to analysis. About 20 μl of  sample was injected through injection loop into HPLC system.  

In order to analyze the glucose,  enzymatically hydrolyzed  samples were run in the gradient 

mode for 10 minutes ( Shields and  Cathcart.2010; Sluiter et al., 2008; Tao et al., 2014; Zhao 

et al., 2012).   

34 RESULTS AND DISCUSSION 

35 Results regarding  chemical  analysis of biomass samples  as well as fermentation of sugars 

into  acetone-  butanol- ethanol  are given in  the  following sections. Therefore in current 

study acetone- butanol -  ethanol  ( ABE ) were produced   from  organic wastes  material of  

agriculture and municipal sources by using bacterial fermentation. 

           

 

  Biomass analysis 

Data in table 1 represents   various parameter found in  biomass samples. Whereas ligno-

cellulosic contents of the samples  are given in table 2. It was observed that  wheat straw has 

higher cellulosic contents as compared to other substrates used for analysis.  

Table 1.  Proximate analysis  ( %)  of biomass samples 

Substrate   Dry 

Matter 

 Moisture   Crude 

Protein  

Crude Ash   Crude  

Fiber  

Ash 

Wheat straw 91.12±0.48 7.83±0.25 8.15 ±0.24 8.17±0.33 34.45±0.43 5.36±0.2 

Rice straw 89.15±0.26 7.19±0.27 7.16 ±0.24 9.15±0.33 36.45±0.45 6.25±0.3 

Peel(wastes) 92.43±0.47 8.56±0.35 5.95 ±0.23 5.92± 0.43 34.86±0.36 4.76±0.4 

Analysis of organic wastes samples  
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Table 2.  Chemical analysis  (% )of  biomass samples 

Substrate   NDF  ADF Hemicellulose  Cellulose  Lignin 

Wheat straw 83.4±0.58 57.85±0.26 28.14 ±0.25 28.16±0.36 24.46±0.46 

Rice straw 84.16±0.27 54.13±0.26 26.15 ±0.23 27.16±0.43 26.48±0.46 

Peel(wastes) 79.5±0.56 51.1±0.35 25.2±0.35 26.6±0.65 23.4±0.46 

Mean ± standard deviation (n=3) NDF = Neutral Detergent Fiber and ADF=Acid Detergent Fiber 

  

Dilute H2SO4 pretreatment 

The samples of the various biomass  were pretreated with dilute  acid  1, 1.5 and 2% 

concentration,  an autoclave at  temperature of 105, 120 and 135oC for the  period of 15, 30 and 

45 minutes. The temperature  120 °C is considered best for both the samples while the retention 

time of 15 minutes  was suitable   for  peel wastes and 30 minutes for cogon grass at the 

concentration of 1.5% and 1% respectively, these are the optimized conditions that was used for 

enzymatic experiment ( Figures 2-5). 
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Figure 2. Glucose yield obtained from Wheat straw at H2SO4 pretreatment conditions at 120⁰C 

 

Figure  3. High glucose yield obtained from Rice straw at H2SO4 pretreatment conditions at 110 ⁰C. 
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Figure 4. Comparison of glucose concentration at various temperatures  after 

dilute acid pretreatment. 

 

 

 

 

 

 

Figure 5. Comparison of glucose concentration at various temperature 

0

1

2

3

15 30 45 15 30 45 15 30 45

105oC 120oC 135oC

glucose conc. mg/ml

Acidic conc. %

0

1

2

3

15 30 45 15 30 45 15 30 45

105oC 120oC 135oC

A
ci

d
ic

 a
n

d
 G

lu
co

se
 c

o
n

c.

Pretreatment  conditions

glucose conc. mg/ml

acid conc. %



103 
 

Saccharification  of biomass samples with enzymes   

Higher  maximum amount of glucose was released from agro waste  up to 36 hours so there was 

no need to run experiment for more hours (Fig.  6). This released sugar, can than further be used 

for fermentation experiments  ( Becerra et al., 2015; Dheeran et al., 2012; Garcia et al., 2011).   

Glucose (11.55 mg/ml) released during the first 48 hours after the addition of enzyme and after 

that sugar released and became constant as observed from the straight line ( Fig.6). 

 

                Figure 6.   Enzymatic Saacharification of sugar from biomass 

     Fermentation 

Significantly higher concentration of butanol was obtained from different substrates as shown in 

Tables 3 to 5. As the time period increases, glucose concentration was reduced  but ethanol 

concentration was enhanced but up to certain time limit. However,  after 72 hours glucose 

concentration was not sufficient  to  maintain the  ethanol production. Higher cellulosic   but  

lower  lignin contents  were found  and  these contents   make  agrowaste   a better candidate for 

alcohol fuel  production  ( Gregg and saddler, 1996; ; Hanifeng et al., 2015; Jiang et al., 2015). 

Fermentation with Clostridium acetobutylicum 

The major product of  this type of fermentation   is known as ABE (acetone, butanol and ethanol) 

fermentation. The ratio of the acetone, butanol and ethanol in the fermentation process ismostly 

3:6:1 as reported earlier by many authors. It was estimated that Clostridium acetobutylicum 
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yields higher butanol quantity at acidic pretreatment Among three substrates the yield of butanol  

was high in wheat straw because of number of factors i.e. the amount of carbohydrate  was  high 

in wheat straw as compared to rice straw and peel waste . Low lignin content in wheat straw is 

responsible for high glucose yield as well as high yield of butanol than other two substrates. 

Wheat straw contains low lignin contents as compared to rice straw. The higher butanol 

production from wheat straw may be due to its low lignin contents. Among three substrates 

wheat straw yields highest quantity of butanol at acidic pretreatment conditions. It was estimated 

from previous studies that wheat straw hydrolysate contain furfural and hydoxymethyl furfural 

that supported the production of biobutanol by fermentation ( Kathleen et al., 2015; eMoretti and 

Thorson, 2008; Quershi and Blaschek, 2000). 

 

 

 

 

 

 

Table 3.  Acetone, Butanol and Ethanol production ( %) from  various agrowaste by  

Clostridium acetobutylicum 

Samples Acetone% Butanol% Ethanol% 

Wheat straw 1.5 6.3 1.8 

Rice straw 1.2 6.2 1.3 

Peel wastes  1.0 5.2 1.1 

ABE production from Biomass samples 
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Table 4.  Acetone, Butanol and Ethanol production from agrowaste by Clostridium 

acetobutylicumat H2SO4 pretreated samples 

Samples Acetone % Butanol% Ethanol% 

Wheat straw 2.5 7.2 2.1 

Rice straw 1.7 4.9 2.2 

Peel waste  1.1 4.5 2.3 

ABE production from Biomass sample 

Table 5.   Acetone, Butanol and Ethanol production from agrowaste by Clostridium 

acetobutylicumat NaOH pretreated samples 

Samples Acetone % Butanol% Ethanol% 

Wheat straw 1.9 4.9 2.8 

Rice straw 1.5 4.6 2.4 

Peel waste 1.3 4.2 2.2 

ABE production from Biomass samples 

       HPLC Analysis of  reaction mixtures  

The enzymatically hydrolyzed samples of acidic pretreatment of wheat  and rice straws   

etc., were further analyzed by HPLC. For this purpose, the samples those have shown  higher 

amount of glucose at optimized conditions were used for analysis. The samples those were  with 

drawn at different time periods during enzymatic hydrolysis, then these were centrifuged at 

14,000 rpm, at 4 ⁰C for 15 minutes. Supernatant was separated and then filtered by using 0.22 

μm syringe filter. An aliquot of the sample (500 μl) was diluted with 1ml methanol to bring the 

concentrations of the samples within the range of calibration curve. Methanol was used due to 

the solubility of the sugars. The identification of peak as based on the retention time tR. 

Identification of glucose in three samples i.e. wheat straw, rice straw and corn stover were 
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confirmed by the known standard injected through HPLC and its only one prominent peak was 

observed at a retention time of 3.255 minutes (  Table 6 and Fig.  7 ).   

 

 Figure 7. Chromatogram of Wheat straw hydrolysate sugar at acidic pretreatment. Peak of glucose 

(retention time, 3.128). 

Table 6. Analysis of  wheat and rice straws  samples  for sugars   with HPLC 

 

Components  Retention  time  

( min)  

Concentration 

(mg/ml) 

Rice straw 

Concentration 

(mg/ml)  

Wheat straw  

Glucose 8.6 22.52 28.3 

Cellobiose 7.1 1.02 1.05 

Xylose 11.6 4.3 5.6 

Arabinose 12.0 1.4 1.8 

Mannose  13.2 1.5 2.8 

Galactose 15.5 1.2 1.5 

Furfural  42.5 1.4 2.65 

HMF 28 1.2 2.84 

Analysis of sugar with HPLC  
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DISCUSSION 

For the production of alcoholic fuels ( Butanol and Ethanol ) from lignocellulosic  feedstock 

required  various technological  steps  like acid  or alkali  pretreatment, saccharification and 

fermentation.  To  accomplish  an  cost effective   production of  biofuels, proper adjusting of  all  

units of  system   is of a great importance.  In the past different countries significantly improved  

alcoholic fuels production by refining   different process like   pretreatment, enzymatic 

hydrolysis, fermentation, and  higher level of ethanol recovery ( Zhao, 2012). The popular  cases 

of  biomass based  fuels  production  in developed countries  may be good references for the   

developing countries . In addition many novel ideas, such as biorefinery and the concept of 

oriented conversion of classified composition have been investigated for ethanol production.    

Similar technology are also    applicable for butanol production  fromlignocellulosic biomass 

(García et al., 2011; Demirbas, 2001 ). The cost of fuels may further  decreases when it will 

produce at industrial scale  and efficient combination of these processes will result in competitive 

biofuel  production from plant biomass, which is currently not being utilized effectively  ( Talo 

et al., 2014). 

Fermentation of available sugars in cellulosic biomass have potential to provides  

important products  like acetone, butanol, ethanol  and  similar other alcohols, that could  be used 

as   liquid fuels. Mostly  available source of biomass containing carbohydrates are  wood  wastes 

, agriculture crops  like wheat, rice and cotton   straws , corn covers, sorghum straws, fruit and 

vegetable wastes  and  similar other substrates ( Iram et al., 2021)   . Cellulose is considered as 

major  sugar for alcohol (fuel) production and  cellulose is complex   sugar present in plants 

materials. This complexcellulosic  material is break down into smaller units with help of acid 

treatment and enzymatic hydrolysis as well as bacterial/ fungal fermentation. These forms of 

alcohols is important because that may use as fuels. Therefore biofuels may provide solution of  

combating climate change, as it help to reduce level of carbon emission release from traffic etc. 

Therefore  various order of alcoholic fuels production    from cellulosic  substrates was obtained . 

Among all substrates of biomass used straws has provided better yields of alcoholic fuels as 

compared  to others material used.However, amount of acetone, butanol and ethanol  produced 

depends on nature of cellulosic biomass used as well as various  distillation process conducted 

after fermentation for purification of these type of alcohols ( Maria et al., 2021).  
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CONCLUSION  

Renewable and sustainable energy  resources are the best alternative  of conventional fuels and 

energy sources . Bioconversion of lignocellulosic biomass  into  alcoholic fuels (butanol and 

ethanol ) provides a sustainable and economical pathway  . While, a deep understanding of 

fundamentals of various pretreatment processes and development of more efficient and 

economical fermentation processes needs continuing efforts. Moreover, the development of cost-

effective detoxification, more efficient microbial strains are required. The process of integration 

and optimization to  reducing energy consumption  as well as to  increase   yields replace 

currently available fossil fuels those are already in process of depletion. Therefore   scientists all 

over the world are observing different cost effective methods for  alternative sources of energy 

especially by using cellulosic biomass. It is expected that  these  types of   research work could 

be   an important phenomena for the  development of country by using  indigenous resources in 

future. 
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