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Mehboob, R. (2023). Technology in Advancing Medical Practice. Pakistan BioMedical Journal, 6(02). https://doi.org/10.54393/pbmj.v6i02.849
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01

The role of technology in advancing medical practice and improving patient outcomes is increasingly vital in today's 

healthcare landscape. In the past few decades, we have seen rapid advancements in medical technology, which have 

transformed how we diagnose, treat, and prevent diseases. Medical technology has brought about remarkable 

improvements in patient outcomes and quality of life, as well as reducing healthcare costs. One of the most signi�cant 

advances in medical technology is the development of electronic health records (EHRs). EHRs allow healthcare providers to 

store patient information electronically, making it more accessible and easier to share between healthcare providers. With 

EHRs, healthcare providers can access patient records in real-time, enabling them to make informed decisions about patient 

care. EHRs also enable healthcare providers to track patient outcomes and improve the quality of care provided to patients. 

Medical imaging technology has also revolutionized medical practice. Medical imaging technology includes X-rays, CT scans, 

MRI, and PET scans. These technologies allow healthcare providers to visualize the inside of a patient's body, enabling them 

to diagnose and treat diseases more accurately and effectively. In addition, the development of 3D printing technology has 

allowed healthcare providers to create custom prosthetics and implants for patients, improving their quality of life. 

Telemedicine is another area where technology has advanced medical practice. Telemedicine allows healthcare providers to 

diagnose and treat patients remotely, reducing the need for in-person visits. This technology has been particularly useful in 

rural areas where patients have limited access to healthcare. Telemedicine also reduces healthcare costs by reducing the 

need for expensive in-person visits. In conclusion, technology has played a signi�cant role in advancing medical practice and 

improving patient outcomes. From electronic health records to medical imaging technology and telemedicine, medical 

technology has transformed how we diagnose, treat, and prevent diseases. While there are still challenges to overcome, 

such as ensuring the security and privacy of patient information, it is clear that medical technology will continue to play a 

critical role in improving healthcare outcomes and reducing healthcare costs. As healthcare providers and technology 

companies work together to develop and implement new medical technologies, we can expect to see continued progress in 

the years to come.

          DOI: https://doi.org/10.54393/pbmj.v6i02.849
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Orıgınal Artıcle

Iron de�ciency and iron de�ciency anemia (IDA) is a 

condition where hemoglobin (Hb) and red blood cell (RBC) 

numbers are lower than the normal range due to 

insu�cient iron, lacking to meet a person's physiological 

demands.  Iron de�ciency anemia is the most widely 

recognized kind of anemia [1]. In red blood cells, 

hemoglobin is the iron-binding protein that contains 

oxygen from the lungs to the tissues [2]. This ability can't 

occur when the body loses iron; accordingly, unique 

outcomes like inadequacy, exhaustion, and windedness are 

seen. It is most normal in females and children [2]. It 

in�uences about 33% of the total population of the world. 

Association Between Tea and Coffee Consumption and Symptoms of Iron 
Deciency Among University Students

1* 1 1 1 1 1Ha�za Madiha Jaffar , Bahisht Rizwan , Al Noor Naseem , Umm-e-Habiba Asghar , Zabreen Ghalib , Iram Tariq , Gull-e-
1 1 1 1 1Raana Najeeb , Tania Arshad , Aisha Ahmed , Maryam Munir  and Anum Azhar

¹University Institute of Diet and Nutritional Sciences, The University of Lahore, Lahore, Pakistan

Anemia is connected with extended grimness and 

mortality in women and children, poor birth results, 

lessened work effectiveness in adults, and crippled mental 

and social improvement in youth. Preschool youths and 

women of conceptive age are particularly in�uenced [3]. 

I r o n  d e � c i e n c y  i s  p r e s e n t  to  a  g r e a t  ex te n t  i n 

underdeveloped countries, with the inescapability of 43% 

more than in developed countries, with 9% of the total 

population [4]. World Health Organization (WHO) surveys 

that almost two billion people, or 25% of the all-out people, 

are anemic, and around half of them experience the severe 

impacts of IDA [5]. The World Health Organization (WHO) 

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

Excessive consumption of tea and coffee has been linked with dietary iron de�ciency in many 

clinical trials. People who consume tea or coffee with meal are at higher risk of developing 

dietary iron de�ciency. Objective: The aim of this study was to assess the prevalence of iron 

de�ciency in relation with tea or coffee among female university students. Methods: 150 female 

students at University of Lahore selected randomly. All participants were willing to participate 

in this survey. Questionnaires (on the base of 25 iron de�ciency related question) were used for 

the collection of data to assess the relation between consumption of tea and iron de�ciency. 

Results: 88 participants reported experiencing headache when not taking tea or coffee for long 

time. 41 desire to consume it all the time. 49 participants experience fatigue when not consumed 

tea or coffee. 31 participants consume tea or coffee with meal. 27 participants experience 

symptoms of anemia. 68 participants consume tea or coffee for mind relaxation. 54 participants 

take tea or coffee for better sleep. 83 participants consume for weight management. About 91 

participants take dietary supplement for iron less than 1-2 times a day. Conclusions: This study 

shows that all the participants consume tea or coffee on daily basis while majority of them take 

with meal. The participants revealed to have symptoms of iron de�ciency.  Consumption of tea 

or coffee with meal is one of the reasons of dietary iron de�ciency as chelates present in tea and 

coffee hinders the absorption of iron from food. 

A R T I C L E I N F O A B S T R A C T
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population suffers from iron de�ciency [8]. However, 

studies on the effects of coffee and tea intake on iron 

de�ciency are limited in Pakistan. We aimed to �nd the 

association of iron de�ciency and iron de�ciency anemia 

(IDA) with excessive tea and coffee consumption in adult 

populations like university students. This research will help 

in understanding iron de�ciency in association with coffee 

or tea consumption and its management among 

Pakistanis.

M E T H O D S

evaluated all around that 273 million young people under 5 

years of age were suffering from anemia in 2011, and about 

50% of them had Iron de�ciency anemia [6]. Anemia 

inescapability continues to be the most raised in South 

Asia and Central and West Africa. The Pakistan National 

Nutrition Survey coordinated in 2011-2012 reported that the 

presence of IDA in youths under �ve is between 40-70% [7]. 

The assistant assessment was performed using the 

National Nutrition Survey in Pakistan 2011-2012. The 

predominance of IDA was 18.1% among non-pregnant 

women of childbearing age [8]. The cause of IDA in 

adolescence might be a result of extended iron de�ciency 

or decreased iron intake, severe blood loss, iron 

malabsorption, pregnancy, or parasitic sickness, which 

signi�cantly reduces mental activity, poor daily life 

performance, and other health conditions and may 

continue in adulthood [4]. Few foods and beverages can 

interfere with iron absorption in the body, which is one of 

the leading reasons for iron de�ciency [9]. Tea and coffee 

are among such beverages which reduce the absorption of 

dietary iron. Tea and coffee are the most consumed 

beverages in the world [10]. Pakistan is one of the countries 

where tea and coffee are highly consumed; about 91% of 

Pakistanis prefer tea over any other beverage, while coffee 

is consumed about 0.8kg per person in Pakistan [11]. 

According to a survey, males showed a high ratio of tea 

consumption than females in Pakistan. The survey also 

reported that the professionals (both genders) drink more 

tea than the non-professionals. Tea and coffee have been 

known for their health bene�ts as they contain numerous 

anti-oxidants which prevent cancers and cardiovascular 

diseases [12].  But recent studies have shown that the 

overconsumption of tea and coffee can lead to many 

diseases like iron de�ciency, iron de�ciency anemia, 

diabetes, and osteoporosis [10]. Tea and coffee contain 

such nutritive elements that reduce the absorption of 

dietary iron from food. Reportedly, about 39% of iron 

absorption is reduced when tea or coffee is consumed with 

food [10]. Tea and coffee have the potential to inhibit the 

absorption of non-heme and heme iron from the gut [13]. 

There are two compounds, tannins, and oxalates, that are 

naturally present in tea and coffee, which are the reason for 

the inhibition of iron absorption from food. They bind with 

iron and excrete out of the body. Several studies have been 

done to �nd the health effects of tea and coffee. Many 

previous types of research have shown that drinking tea or 

coffee with meals can reduce iron absorption, which may 

lead to a de�ciency over time. In Pakistan, having tea or 

coffee with meals is one of the common practices. The 

black tea consumption in 2022 in Pakistan has an 

estimated 1,72,911 tones, which is expected to increase up 

to 2,50,755 in 2027. About 40% of Pakistan's total 

A population-based cross-sectional study was conducted 

on the association of iron de�ciency caused by tea and 

coffee consumption among 150 students at the University 

of Lahore. A purposive sampling technique was used. 

Questionnaires were used for the collection of data. 

Female University students aged 18-30 years who are 

consuming a minimum of 2-3 cups of tea or coffee were 

included according to the speci�c inclusion criteria. The 

targeted sample size was 150 females. Students aged 

below 18 and above 30 who do not consume tea or coffee 

and who were having any disease were not included 

according to the exclusion criteria. All participants were 

provided with written informed consent, which was 

attached. All information and data gathered were kept 

strictly con�dential. The administered questionnaire 

consisted of 43 questions, divided into 3 main parts. The 

�rst part included questions concerning demographic 

characteristics such as age, gender, marital status, 

educational level, BMI, residential status, and residential 

level. The second and third parts tackled iron de�ciency 

features or intake of tea or coffee such as feeling anemic, 

intake of Vit. c in diet, disturbed menstrual cycle, iron 

de�ciency has a relation with tea or coffee, disturbance in 

the digestive system, and regular consumption of tea or 

coffee in the diet. The survey was �lled out by the 

participants after reading questions to them. Data were 

analyzed by the application of statistical methods. SPSS 

version 25.0 was used to tabulate and data analysis. 

Descriptive and inferential statistics were used to report 

the data. The qualitative variables were reported in the 

form of frequency percentages. The association between 

the variables was found by using chi-square.

R E S U L T S

According to the Table 1, results showed that out of 150 

participants, 141 were of age between 18-24 years whereas 

9 were between 25-30 years, 89 belonged to the normal BMI 

(18.5-24.9), 3 belonged to the obese range of BMI (above 30), 

31 belonged to the underweight range of BMI (less than 18) 

and 27 belonged to the overweight range of BMI (25-29.9), 

145 participants were unmarried whereas 5 participants 

were married, 126 participants were doing graduate while 

03
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D I S C U S S I O N

The current study was conducted to �nd out the 

association between tea and coffee consumption and 

symptoms of iron de�ciency among university students. 

The participants were selected through a non-probability 

convenient sampling technique. In the current study, the 

results showed that 94% of participants were of between 

18-24 years of age group, and 6% were of between 25-30 

years of age group. In 2018, a similar study was conducted 

by Al-Alimi et al., who showed that 59.2% of participants 

were between 20-22 years of age group and 25% of 

participants were 17 to 19 years of age and 15.8% of 
 participants were 23-25 years of age group [4]. In the 

recent research, the results showed that 20.7% of 

participants were underweight having BMI below 18, 59.3% 

of participants were normal having a BMI of 18-24.9, 18% of 

participants were overweight having a BMI of 25-29.9 

whereas 2% participants were obese having a BMI above 

30. In 2018, a study was conducted by Mazhar et al., having 

similar outcomes. He reported that the BMI of 61 % of 

participants is in the normal range, 23.1% of participants 

have a BMI of less than 18, and 16% were a BMI of above 25 

[14]. The present study showed that 96.7% of participants 

were unmarried and 3.3% were married. In 2019, similar 

research was observed by Vibhute et al., which showed that 

a higher number of women were non-married and non-
 pregnant at the time of their studies [15].The current study 

showed that 10% of participants were pre-graduate, 84% 

were doing graduate and 6% were post-graduate. In 2019, 

Mahmood et al., executed a similar study which showed 

that students with age less than 20 were 20.6% whereas 
 students in the age group 20-30 were 44.4 % [16]. In the 

current study, 6% of participants belonged to lower 

socioeconomic status, 72.7% of participants belonged to 

middle socio-economic status and 21.3% belonged to high 

socio-economic status. In 2017, another study conducted 

by Cote et al., showed that 53% of participants belonged to 
 middle-class people [17].In our study, 100% of participants 

consumed tea or coffee regularly in their diet.  A similar 

study was conducted by Gaeini et al., who reported that 

90% of participants were tea addicted and 4% of 
 participants were coffee addicted [18]. In the present 

study, 70.7% of participants know that excessive intake of 

tea and coffee leads to iron de�ciency. Similarly, a study 

conducted by Fan et al., in 2016 investigated that drinking 

15 participants were in pre-graduate and 9 participants 

were in post-graduate, 109 belonged to the middle socio-

economic status where 9 belonged to lower and 32 

belonged to upper socioeconomic status, 122 participants 

belonged to urban areas whereas 28 participants belonged 

to rural areas.
Sr 

No.
Categories Ranges Frequency (%)

1.

2.

3.

4.

5.

6.

Age

BMI

Marital status

Education Level

Socio-Economic 
status

Residential level

18-24 years

25-30 years

Underweight below 18

Normal 18.5-24.9

Overweight 25-29.9

Obese above 30

Unmarried

Married

Pre-graduate

Graduate

Post-graduate

Lower Class

Middle Class

Upper Class

Urban

Rural

141 (94%)

9 (6%)

31 (20.7%)

89 (59.3%)

27 (18%)

3 (2%)

145 (96.7%)

5 (3.3%)

15 (10%)

126 (84%)

9 (6%)

9 (6%)

109 (72.7%)

32 (21.3%)

122 (81.3%)

28 (18.7%)

Table 1: Demographic Pro�le of Participants

According to Table 2, results showed that all 150 

participants consumed tea or coffee regularly in their diet 

whereas 106 knew that excessive consumption of tea or 

coffee may lead to iron de�ciency while 44 didn't knew 

about it. 84 participants didn't knew that excessive use of 

tea or coffee may disturb menstrual cycle while 66 

participants knew about it, 88 participants experienced 

headache while not consuming tea or coffee whereas 62 

participants didn't experienced, 95 was aware of the side 

effects of excessive consumption of tea or coffee whereas 

55 wasn't aware of it, 92 knew that tea or coffee has a 

relationship with iron de�ciency whereas 58 didn't knew 

about it, 79 believed that high intake of tea or coffee 

increases the risk of miscarriages in pregnant women 

whereas 71 didn't believed in it, only 55 participants used 

iron supplements whereas 95 didn't used the iron 

supplement.

6.

7.

8.

Tea or coffee has a relationship with iron 
de�ciency

High intake of tea or coffee in pregnant 
women has a higher risk of miscarriage

Use of Iron supplement

No

Yes

No

Yes

No

Yes

58 (38.7%)

92 (61.3%)

79 (52.7%)

71 (47.3%)

95 (63.3%)

55 (36.7%).

1.

2.

3.

4.

5.

Sr 
No.

Diagnosis Frequency (%)

Consumption of tea or coffee regularly 
in the diet

Excessive consumption of tea or coffee 
may lead to iron de�ciency.

Excessive use of tea or coffee may disturb 
the menstrual cycle

Headache while not consuming tea or 
coffee

Awareness about the side effects of 
excessive consumption of tea or coffee

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

0 (0%)

150 (100%)

44 (29.3%)

106 (70.7%)

84 (56%)

66 (44%)

62 (41.3%)

88 (58.7%)

55 (36.7%)

95 (63.3%)

Table 2: Attributes of intake of Tea or Coffee
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 tea or coffee leads to iron de�ciency [9]. In the current 

research, 61.3% of participants believed that there is a 

relationship between tea or coffee and iron de�ciency. In 

2019, a similar study by Mani et al., showed that ingesting 

too many tannins from coffee & tea sources can result in 

iron de�ciency in the body. Hence, there is a relationship 
 between tea or coffee and iron de�ciency [19]. In a recent 

study, 47.3% of participants believe that a high intake of tea 

or coffee increases the risk of miscarriages in pregnant 

women. A similar study was conducted by El-Saidy et al., 

who reported that consuming more caffeine (>200 mg/d) 

causes an increased rate of miscarriages in pregnant 

females [20].

C O N C L U S I O N S
Iron de�ciency anemia is a condition where there is an 

imbalance between the body's demand and dietary iron 

absorption. Our study concludes that there is an 

association between tea or coffee consumption and 

symptoms of iron de�ciency in the body. About 52% of 

participants are tea or coffee addicted. Most of the 

participants feel fatigued, have dizziness, shortness of 

breath, digestive issues, insomnia, and poor quality of life. 

It has been seen that there is a signi�cant relationship 

between excessive consumption of tea or coffee causing 

anxiety & menstrual disturbance through Chi-Square as 

their p–value is less than 0.05. Nutrition awareness is 

necessary to cope with the symptoms and side effects of 

iron de�ciency & the intake of supplements like iron & vit. C 

(which enhances iron absorption).  To treat iron de�ciency 

among adults,  IDA iron sulfate supplements are 

recommended at 60mg, and for children, 30mg.
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Orıgınal Artıcle

Plants are essentially the basis of life and offer an 

unrivalled, exceptional source of nutrition for both humans 

and animals. Due to the many chemical compounds that 

they contain, many plant species have medical bene�t (Ani 

and Abel, 2018) [1]. The best sources of natural antioxidants 

are fruits and vegetables. It is reasonable to hypothesise 

that increasing the purposeful consumption of these fruits 

would improve the intake of natural antioxidants. Since 

various fruits have varying antioxidant capacities, they may 

offer diverse protection against oxidative stress. 

Antioxidants are chemicals that can stop or postpone 

oxidative damage to lipids, proteins, and nucleic acids 

when they are present at low concentrations [2]. The apple 

(Malus domestica) is a member of the rose family 

(Rosaceae) and it is the fourth most produced fruit in the 

Physicochemical Characteristics, Total Phenolic Content and Free Radical 
Scavenging Activity of Apple (Malus Domestica) Peel Powder 
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world. In 2020, there were 84.6 million tonnes of apples 

produced globally [3]. Apple fruit and its products are a 

great source of natural antioxidants in our diet, 

contributing up to 22% of all dietary phenolics. Drinks and 

dietary supplements for the food sector are regularly made 

with apples which are signi�cant part of the human food 

chain and a complex of physiologically active phenolic and 

triterpenic chemicals governs their nutritional qualities. 

After citrus, mango, and banana, apple is the fourth most 

popular fruit in Pakistan and is consumed frequently. It is 

cultivated commercially in Pakistan's Gilgit-Baltistan, 

Punjab, Khyber Pakhtunkhwa, and Quetta  [4]. Apple peel 

has a variety of biological properties and in earlier 

research; apple peel extract was found to have an inhibitory 

impact on obesity related insulin resistance and type II 

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

Apple peel is considered as a waste product in many fruit industries but it is a noteworthy source 

of nutrients and phytochemicals, particularly polyphenols which have the ability to scavenge 

free radicals. Objectives: To study the physicochemical properties of apple (Malus domestica) 

peel powder, as well as its TPC and free radical scavenging activities. Methods: Proximate 

analysis of the apple peels powder was carried out. Total polyphenol content of apple peel 

powder was determined. The total content of phenolic compounds was expressed as gallic acid 

equivalent, i.e. mg GAE/100g of extract dry weight of sample. Results: The results of 

physicochemical characteristics moisture (7.65±0.88%), ash (2.50±0.35%), fat (1.18±0.02%), 

�ber (15.25±1.03%), protein (2.79±0.05%), carbohydrates (71.0±2.30%) and energy were 312±4.70 

Kcal/100g. The total phenolic contents in the methanolic extract of apple peel powder were 

320±5.4 mg GAE/100g while in H O extract 201±4.20 mg/100g. The �ndings of the apple peel 2

powder 's methanolic extract's capacity to scavenge free radicals varied from 

25.40±1.30—69.2±3.80%, while those of the water extract were 14.30±1.05—45.62±1.90%  and 

BHT were 17.8±1.15—51.62±2.15%  at concentration 20-100 µg/ml. Conclusions: The outcomes 

showed that both apple peel powder extracts had promising total polyphenols and have strong 

free radical scavenging activity. These �ndings suggest that the apple peel powder act as robust 

naturally occurring antioxidants and may be employed as a preventative therapy for several 

oxidative stress-related degenerative disorders.
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weight of sample. The free radical activity was performed 

according to the DPPH assay described previously by 

Brand-Williams (1995) method [10] with slight modi�cation. 

The percentage inhibition of DPPH radicals (%I) was 

calculated according to the equation: 

◦ (517) (517) (517)% Inhibition (DPPH ) = A — A   ⁄ A × 100control sample control   

517 517where: A : absorbance of the control sample, A : conrol sample

absorbance of the tested sample. The concentration of the 

extracts was plotted against the % inhibition. Version 21 of 

the Statistical Product for Service Solution (SPSS) was 

used to statistically evaluate the data that was collected. 

As means and standard deviation, they were expressed 

(SD).

M E T H O D S

diabetes in mice. In those mice, dietary treatment with 

apple peel extract lowered levels of cytokines during the 

early stages of pro-in�ammation, enhanced insulin 

sensitivity and decreased levels of oxidation in adipose 

tissue [5]. According to Raudone et al., 2017 study, 

hydroxycinnamates, �avanols, anthocyanins, and 

dihydrochalcones are polyphenolic chemicals in apple peel 

that contribute to antihypertensive and anti-in�ammatory 

and antioxidant properties [6]. Numerous factors, 

including as environmental factors, soil composition, the 

timing of harvest, varied storage conditions, etc., affect 

the quantity of polyphenolic compounds as well as their 

antioxidant activity in many apple cultivars and their 

content �uctuates [7]. Consumers' growing health 

consciousness has increased demand for functional foods 

that contain minerals, polyphenols, and antioxidants. Thus, 

the primary goal of the investigation is to concentrate on 

the apple peel nutrients, identify its phenolic contents and 

antioxidant capabilities.

All of the chemicals and solvents that used in this study 

were of the analytical grade and procured from Merk, 

Sigma Aldrich. Apples were purchased from a local Lahore 

market. The fruits were carefully rinsed under running 

water before being peeled with an apple peeler. Fresh peels 

were dried for 6 to 8 hours in a hot air oven at 50 °C. For 

further investigation, the dried peel was then ground into a 

powder using a grinding mill and packaged in a plastic bag. 

Proximate analysis of the apple peels powder was carried 

out as follows: Moisture content was determined using the 

hot air oven by drying at 60-70 °C till constant weight. Ash, 

protein, fat and crude �ber were determined. Carbohydrate 

content was determined by difference method. The sum of 

percentage moisture, ash, protein, fat, and crude �ber was 

subtracted from 100.

Percentage (%) carbohydrate = 100 – (% moisture + % ash + 

% protein + % fat + crude �ber).

The energy was calculated using the formula computed by 

multiplying the percentages of crude protein and 

carbohydrate by 4.0 and crude fat by 9.0 which was 

expressed as Kcal/100g [8]. To make the water and 

methanolic extract. 5 gram of apple peel powder was mixed 

with 200 ml of methanol and water by using of electronic 

blender. The mixture was then agitated for four hours in a 

thermostatic water bath set at 40°C. The residue was 

removed by �ltration using �lter paper and the �ltrate was 

used for antioxidant study. Total polyphenol content of 

apple peel powder was determined according to the 

method described by Singleton and Rossi (1965) [9]. The 

total content of phenolic compounds was expressed as 

gallic acid equivalent, i.e. mg GAE/100g of extract dry 

R E S U L T S

Table 1 shows the percentage of moisture, ash, fat, �ber 

and protein values of apple peel powder sample were 

7.65±0.88%, 2.50 ±0.35%, 1.18±0.02%, 15.25±1.03%, 

2.79±0.05%, respectively.  While the carbohydrates was 

measured by difference which was 71.0±2.30% and energy 

312±4.70 Kcal/100g.

Sr. No. Parameters Values (g/100g)

1

2

3

4

5

6

7

Moisture

Ash

Crude fat

Crude �ber

Crude protein

Carbohydrate

Energy (Kcal/100g)

7.65 ± 0.88

2.50 ± 0.35

1.18± 0.02

15.25 ± 1.03

2.79 ± 0.05

71.00 ± 2.30

312 ± 4.70

Table 1. Nutritional facts of fresh Apple peel 

Data are represented ± standard deviation

In the current study, it was discovered that apple peel 

powder extract in methanolic form had greater levels of 

radical scavenging activity than its water extract, as 

measured by the DPPH assay. As the concentration 

increased from 20—100 μg/ml, the % inhibition of the 

samples increased. Figure 1 shows the range of DPPH 

radical scavenging activity for methanolic extract of apple 

peel powder, which was 25.40±1.30—69.2±3.80% while 

14.30±1.05—45.62±1.90% with water extract and with BHT 

was 17.8±1.15—51.62±2.15%. 
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phenolic content of the apple peel was determined as the 

gallic acid equivalent. According to the �ndings, the total 

phenolic content of the powdered apple peel in methanolic 

extract was 320±5.4 mg GAE/100g and 201±4.20 mg/100g 

after the extraction in H O. El-Messery 2019 [21] said that 2

the overall polyphenolic content in apple peel 1141.92 ppm 

and this is con�rmed by Jakobek et al. (2013) [22] who 

mentioned PC in apple peel ranged from 672 to 3150 

mg∙kg−1. The TPC reported by Vasile et al. (2021) [23] varied 

from 2056 to 2723 mg GAE/kg among red skinned varieties, 

which was greater than the TPC found in yellow skinned 

apples. Moreover Khalid et al. (2021) [24] obtained grater 

TPC in apple peel than our results and he determined the 

amount of phenolic compounds in the apple peel as 

chlorogenic acid equivalents and demonstrated that it was 

832.05±0.05 mg GAE/100g. The antioxidant action of 

apples is established by phenolic compounds, which 

operate as reducing agents by donating hydrogen, 

quenching singlet oxygen, serving as chelators and 

trapping free radicals. This inhibits free radicals from 

harming DNA, proteins, lipids, and other biomolecules 

structures [25, 26]. The DPPH radical scavenging 

experiment shows a positive correlation between TPC and 

% inhibition. According to Ahmad et al., (2020) the overall 

free radical scavenging capacity of apple peels was 2.5 

times larger than that of the pulp [27]. 

D I S C U S S I O N

methanol extract of apple peel powder

Methanol extract had higher free radical scavenging activity than 

the synthetic standard antioxidant BHT followed by water extract 

(Figure 2). 

It is now widely acknowledged that apple fruits are a good 

source of phytochemicals, which are mostly concentrated 

in the peel. They in�uence the nutritional content, 

aesthetics, �avour, colour and texture of meals in addition 

to improving customers' health (Ou and Gu, 2014) [11]. 

According to Safdar et al. (2017) [12], estimation of 

proximate composition is important for determining the 

quality of raw materials. Apple peel powder contains 

moderate level of carbohydrate, moisture, low level fat and 

protein, moderate level of crude �ber and ash.  According 

to Henrquez et al. (2010) [13], apple peels include ash 

(2.4%), crude fat (2.7%), crude �ber (19.6%), crude protein 

(2.7%), and NFE (72.7%) and our �ndings are in line with this 

�ndings. In food processing, moisture content is one of the 

most signi�cant and often utilized parameters which 

affects both product's shelf life and the viability of 

microorganism development [14, 15]. The sample's ash 

content reveals how much inorganic materials and oxides 

are present. It is the factor that determines the 

composition of the sample's minerals  [16]. Fat provide 

great source of energy and also improves the transit of fat-

soluble vitamins, insulates, protects interior tissues, and 

supports essential cellular functions. However, it is �rmly 

held that excessive consumption of saturated fatty acids is 

to blame for men's propensity for coronary thrombosis and 

aortic atheroma. High quantity of polyunsaturated fatty 

acids signi�cantly decrease the blood cholesterol levels 

[17]. According to scienti�c data, increasing �bre 

consumption especially dietary �ber helps prevent, cure, 

and manage chronic illnesses as well as support 

physiological processes including blood lipid and glucose 

regulation [18, 19]. Energy generation is the main metabolic 

function of carbohydrates in diets. There are several forms 

of carbohydrates, but only total carbohydrates are taken 

into account in meals, which is what remains after protein, 

fat, moisture, and ash have been taken out [20]. The 

BHT

This study provides evidence that apple peel powder is a 

superior source of nutrients, especially �ber. They have the 

high free radical activity (% DPPH scavenging activity) and a 

high quantity of phenols. The polyphenolic rudiments 

found in apple peel powder may be linked to the antioxidant 

action.
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Figure 2: Free radical scavenging activity (% Inhibition DPPH) of 

water extract of apple peel powder
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Orıgınal Artıcle

In order for civilization to advance, education is essential. If 

the populace of the community is well educated, the 

society may be more enlightened and well-disciplined. 

Families are primarily responsible for integrating kids so 

they can contribute positively to society [1]. Certainly, 

research on academic achievement is a topic that 

teachers, psychologists, policymakers, parents and 

guardians, social workers, and others are interested in. In 

their endeavor to understand what controls students' 

academic performance, researchers come up with more 

questions than solutions. Prior research has recently 

revealed the importance of family, schools, society, and 

Impact of Poverty on Secondary School Academic Achievement among Girls in 
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motivation on learning outcomes [2]. A person is 

considered to be in poverty if they have more money or 

other quantitative resources than is normal or socially 

acceptable. When people lack the resources to satisfy their 

basic needs, poverty results [3]. Numerous studies have 

demonstrated that poverty in childhood, particularly 

persistent poverty, is associated with a number of 

signi�cant inadequacies in adulthood. Wagmiller claims 

that these obstacles for poor children include low 

academic achievement and degree of schooling attained, 

health issues, and lower wellbeing (which includes self-

worth and health) [4]. When compared to their peers who 

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

One of the most fundamental and obvious human rights in all countries is the right to an 

education. However, poverty has continued to be a stumbling block for the majority of people in 

achieving this fundamental right. Objective: To investigate how poverty affects academic 

performance of girls in secondary school. Methods: A cross-sectional study was conducted 

among 100 students of schools in District Faisalabad, Pakistan. The questionnaire designed for 

this study is self-designed, multi-section survey i-e. Demographic information including age, 

sex, educational level, family �nancial status. The (SPSS) version 22.0 was used to examine the 

data that had been gathered. Results: According to the current study, there were 100 total 

respondents, and all of them were women. About 39% of respondents' fathers were illiterate or 

had just a middle level of education, 28% had graduated, 21% had a middle to metric level of 

education, and only 12% had a high level of education. About 54% of respondents' moms were 

illiterate or had just a middle level of education, 21% had graduated, 17% had a middle to metric 

level of education, and only 8% had a high level of education. Conclusion: The study comes to 

the conclusion that poverty is a growing problem today and that the number of individuals living 

in poverty is always rising. The research also showed a strong correlation between children's 

academic success and their parents' socioeconomic level.
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and remaining 50 students from urban government schools 

were selected randomly. The questionnaire designed for 

this study is self-designed, multi-section survey i-e. 

Demographic information including age, sex, educational 

level,  family �nancial  status.  For accessing the 

participant's poverty, family information such as parent 

education and occupation, house structure, sanitation, 

nutrition, academic materials, academia, household 

amenities, activities, and parental involvement are 

required. The questionnaire was carefully constructed 

based on various real surveys from other studies, modi�ed 

for this research study, and evaluated by a supervisor. All of 

the recruits voluntarily completed the questionnaires. A 

letter of consent from the Head/Principal of school was 

allowed prior to the distribution of questionnaires. Verbal 

announcements in various classes were done to detail the 

subject, the goals of the study, and the questionnaire 

administration process. The gathered questionnaires Data  

was analyzed through the (SPSS) version 22.0. The results 

were tabulated in propor tions and percentages 

(descriptive statistics, i-e. mean, SD and frequency) and chi 

square test was applied to measure the association of 

academic achievement of children with Socio-economic 

status (SES).

M E T H O D S

are in a secure economic position, those who have lived in 

poverty since childhood or for an extended length of time 

are more likely to be unemployed, earn less money, and be 

impoverished. Family income is a key component of 

socioeconomic status and is usually used to gauge poverty. 

Income has a signi�cant impact on children's success, 

wellbeing, and conduct, and is closely related to results 

that are ability-related [5]. The growth of children is  

disturbed by socioeconomic shortcomings. Compared to 

temporar y poverty, persistent poverty has more 

detrimental effects on socio-emotional growth, adequate 

cognitive functioning, and academic accomplishment [6]. 

Recent studies on the effects of poverty argue that the 

severity and duration of poverty have signi�cant effects on 

academic achievement. Socioeconomic deprivation 

throughout the �rst �ve years of a child's life adversely 

affects scholastic success more than poverty during the 

transitional years between childhood and adolescence [7]. 

In comparison to children who never experienced resource 

deprivation, youngsters who persevered in deprived 

families scored 6 to 9 points worse on the various 

evaluations [8]. The severity of poverty has signi�cant 

repercussions. Children from disadvantaged homes with 

incomes below 50% of the poverty level scored 7 to 12 

points lower than those from near-poor families, while 

those from disadvantaged families with incomes between 

50% and 100% of the poverty line scored 4 to 7 points lower 

[8, 9]. The purpose of this study is to assess the effects of 

family poverty on secondary school students' academic 

performance in District Faisalabad (Pakistan). Additionally, 

to assess the impact of parental resources, education, and 

occupation on children's academic achievement. 

Additionally, to pinpoint the essential elements or 

elements that may help explain why students who live in 

poverty struggle academically and to offer a feasible 

s o l u t i o n  to  i m p r ove  t h e s e  s t u d e n t s'  a c a d e m i c 

performance.

A descriptive-quantitative study design was employed in 

this study. A self-administered questionnaire survey with 

close ended questions was designed to examine family's 

poverty, parent's educational level, parent's occupation 

level, availability of resources and secondary school 

academic achievement in District Faisalabad (Pakistan). 

The participants were selected by random sampling 

method from three different Government Secondary 

Schools in District Faisalabad (Pakistan). The study 
th th th included Grade 6 , 7 , and 8 students were included in the 

questionnaire survey. The total number of questionnaires 

was 100 that school students �lled out. In order to signify 

suitable sample, 50 students from rural government school 

R E S U L T S

According to the current study, there were 100 responders 

in all, and 100 percent of them were women. A little more 

than half of respondents' parents had monthly incomes of 

10,000 to 20,000, 22% had monthly incomes of 50,000 or 

more, 14% had monthly incomes of 20,000 to 30,000, and 

13% had monthly incomes of 5,000 or less in PKR. Parents 

of respondents made up of about 22% of those with high 

SES, 12% of those with intermediate SES, and 66% of those 

with low SES. About 39% of respondents' fathers were 

illiterate or had just a middle level of education, 28% had 

graduated, 21% had a middle to metric level of education, 

and only 12% had a high level of education. Mothers of 

respondents made up almost 54% of those who were 

illiterate or had just a middle level of education, 21% of 

those who graduated from high school, 17% of those who 

had a middle to metric level of education, and only 8% of 

those who had a high level of education. A little over 16% of 

respondents reported great achievement, 38% reported 

m o d e r a te  a c h i eve m e n t ,  a n d  4 6 %  r e p o r te d  l ow 

achievement (Table 1).

Variables

Monthly income

Frequency (%)

22 (22%)

11 (11%)

14 (14%)

40 (40%)

13 (13%)

Categories

50,000 or above

30,000 or above

20,000 and less than 30,000

10,000 and less than 20,000

5000 or less

13
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academic performance was 20% more impacted by the 

mother's education level than by the father.

D I S C U S S I O N 

According to the current study, there were 100 total 

respondents, and all of them were women. About 40% of 

respondents' parents had monthly incomes of 10,000 or 

less and less than 20,000, 22% had monthly incomes of 

50,000 or more, 14% had monthly incomes of 20,000 or less 

and less than 30,000, and 13% had monthly incomes of 

5000 or less. Approximately 22% of respondents' parents 

had a high SES, 12% had a middle SES, and 66% had a low 

SES. About 39% of respondents' fathers were illiterate or 

had just a middle level of education, 28% had graduated, 

21% had a middle to metric level of education, and only 12% 

had a high level of education. About 54% of respondents' 

moms were illiterate or had just a middle level of education, 

21% had graduated, 17% had a middle to metric level of 

education, and only 8% had a high level of education. As a 

result, there is a high correlation between children's 

socioeconomic position and academic accomplishment, 

with children with strong socioeconomic status 

performing better academically than those with poor 

socioeconomic level [10]. Students with both parents 

possessing college degrees are more likely to accomplish 

at the highest levels, according to studies linking parental 

education and socioeconomic status to student 

achievement. The results of a different study reached a 

similar conclusion: students with educated parents 

performed better on homogenous examinations than 

students with uneducated parents [11]. Kamal et al., study 

revealed that Children with no functional disabilities had 

better reading skills. Mothers with a higher level of 

education made a signi�cant positive contribution to their 

children's learning abilities. Children who were deprived of 

books in appropriate language had a negative impact on 

their reading abilities. Rich children were more likely to 

have good learning skills than poor children. Parents who 

Socioeconomic 
status

Fathers' education

Mothers' education

Marks Secured

22 (22%)

12 (12%)

66 (66%)

39 (39%)

21 (21%)

28 (28%)

12 (12%)

54 (54%)

17 (17%)

21 (21%)

8 (8%)

16

38

46

High SES

Middle SES

Lower SES

Middle

Middle to Matric

Intermediate to Graduation

Above graduation

Middle

Middle to Matric

Intermediate to Graduation

Above Graduation

High achievement (above 80%)

Middle Achievement (60%-80%)

Low Achievement (Below 60%)

Socioeconomic 
background Total

22

100.0%

12

100.0%

66

100.0%

100

100.0%

Marks secured in class

High SES

Middle SES

Low SES

Total

Table 1: Demographic Characteristics of participants

T a b l e  2  s h o w s  a s s o c i a t i o n  b e t w e e n  p a r e n t s ' 

socioeconomic status and academic achievement. Data 

show a strong connection between students' academic 

success and their parents' socioeconomic status (Table 2). 

High 
achievement

Middle 
achievement

Low 
achievement

13

59.1%

3

25.0%

0

0.0%

16

16.0%

9

40.9%

5

41.7%

24

36.4%

38

38.0%

0

0.0%

4

33.3%

42

63.6%

46

46.0%

Table 2: Association between parents' socioeconomic status and 

academic achievement

Chi- square= 51.83, D.F. = 4, p-value= .000***, Gamma= .872

Table 3 shows association between father's education and 

academic achievement of teenagers. Data shows that 

there is a signi�cant correlation between girls' academic 

success and their fathers' level of education

Father's 
education Total

39

100.0%

21

100.0%

28

100.0%

12

100.0%

100

100.0%

Achievement

Middle

Middle to Matric

Intermediate to
graduation

Above 
graduation

Total

High 
achievement

Middle 
achievement

Low 
achievement

0

0.0%

0

0.0%

10

35.7%

6

50.0%

16

16.0%

10

25.6%

9

42.9%

14

50.0%

5

41.7%

38

38.0%

29

74.4%

12

57.1%

4

14.3%

1

8.3%

46

46.0%

Table 3: Association between father's education and academic 

achievement

Chi- square = 45.08, D.F. = 6, p-value = .000, Gamma = .761

Table 4 shows that mothers' education had a signi�cant 

impact on children's academic success. Teenagers' 

Mother's 
education Total

54

100.0%

17

100.0%

21

100.0%

8

100.0%

100

100.0%

Achievement

Middle

Middle to Matric

Intermediate to
graduation

Above 
graduation

Total

High 
achievement

Middle 
achievement

Low 
achievement

0

0.0%

2

11.8%

9

42.9%

5

62.5%

16

16.0%

17

31.5%

8

47.1%

10

47.6%

3

37.5%

38

38.0%

37

68.5%

7

41.2%

2

9.5%

0

0.0%

46

46.0%

Table 4: Association between mother's education and academic 

achievement

Chi- square = 46.38, D.F. = 6, P-value = .000, Gamma = .798

14
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did not attend their children's school to discuss their 

progress had a signi�cant negative impact on their 

children's numeracy skills. In Punjab, Pakistan, parental 

involvement in various forms signi�cantly improved 

children's reading and numeracy skills [12]. According to a 

2012 study by Suleman et al., children with a high 

socioeconomic status exhibit  greater academic 

performance, whereas those with a low socioeconomic 

position exhibit subpar and subpar academic performance 

[13]. The �ndings are connected to earlier studies by Duke, 

(2000) [14] and Eamon, (2005), [15] who discovered a 

n e g a t i v e  c o r r e l a t i o n  b e t w e e n  p o o r  p a r e n t a l 

socioeconomic position and students'  academic 

achievement since it prevents access to learning 

resources for the person. The �ndings are consistent with 

studies by Jeyne's (2002) and Eamon (2005), which 

revealed that poor socioeconomic position has signi�cant 

detrimental effects on learners' ability to succeed in school 

because it prevents them from accessing essential 

resources and increases stress and anxiety at home [15, 

16]. It is evident from Hawkes' (1975) study that educated 

parents frequently contribute to their children's academic 

achievement and educational advancement [17]. Davis-

Kean, 2005 contends that parents with higher levels of 

education deliberately push their kids to have high 

standards for themselves. According to Peters & Mullis and 

Blau, Teenagers' academic performance was 20% more 

impacted by the mother's education level than by the father 

[19, 20]. 

C O N C L U S I O N S
The study's �ndings indicate that poverty is a growing 

problem today and that the number of individuals living in 

poverty is always rising. The degree of poverty indicates 

how dependent a person is on their things. Economic, 

emotional, intellectual, mystical, and physical resources 

might be included in the possessions or resources. It can 

also involve a�liations, mentors, social networks, and 

awareness of unspoken rules. The research also showed a 

strong correlation between children's academic success 

and their parents' socioeconomic level. In light of the 

�ndings of this study, there are some recommendations for 

the government and parents on how to support kids in their 

academic endeavors and how to lower secondary school 

failure rates. Given that poverty is predominantly a rural 

concern, government should try to develop rural societies. 

Since low socioeconomic status was discovered to have a 

signi�cant negative impact on students' academic 

performance, it is strongly advised that unemployment be 

reduced. For the impoverished, scholarships, free books, 

and other supplies should be made available. Additionally, it 

is advocated that government action be taken to improve 

people's socioeconomic standing.
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Developing countries can expand their economies by 

converting low-cost industrial and agricultural waste into 

valuable products using emerging scienti�c approaches 

[1]. Potato peel waste, which is generated due to increased 

consumption of manufactured edible potato products, can 

be converted into value-added compounds such as 

enzymes, biosorbents, biohydrogen, and biogas [2]. The 

global population is expected to reach 9.3 billion by 2050, 

and an increase in the standard of living will cause a 50% 

hike in protein demand and a 102% rise in demand for meat 

products [3]. Researchers all over the world are making 

efforts to control these issues by making technological 

progress [4]. One of the most bene�cial approaches for 

protein production is the production of single-cell proteins 

(SCPs) from agricultural  waste sources through 

Effect of pH and different Fermentation Time Intervals on the Production of Single 
Cell Proteins (SCPs) from Potato Peels

1*Hira Nadeem

¹Department of Zoology, University of the Punjab, Lahore, Pakistan

fermentation [5]. SCPs are dried cells of microorganisms 

such as fungi, algae, and bacteria that are used as protein 

supplements in human foods or animal feeds [6]. By using 

cheap feedstock and waste products as a source of carbon 

and energy, microorganisms can produce biomass and 

protein concentrates [7]. Potatoes are one of the most 

important components of human nutrition and are 

produced in large quantities worldwide. Substantial 

amounts of potato waste are created due to its broad use in 

different food industries [8]. Potato peel waste, which 

accounts for 15-40% of the total weight of potatoes 

depending on the peeling process used, has zero worth as a 

by-product of potato-processing industries [9]. Potato 

peel waste can be utilized as an antioxidant in the food 

chain due to its large phenol content, partial �our 

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

Dried cells of microorganisms such as fungi, algae, and bacteria, known as Single-Cell Proteins 

(SCPs), are utilized as a source of protein supplements in animal feed or human food. These 

SCPs can be produced through the use of low-cost feedstocks and waste materials as sources 

of carbon and energy, which can be converted into biomass and concentrated proteins. 

Objective: To optimize the yield and growth of dry cell biomass through the manipulation of 

fermentation conditions. Methods: A batch fermentation process was used to produce dry cell 

biomass from a microorganism. Different pH values, fermentation times, and reactor 

con�gurations were tested, and the resulting biomass was analyzed for its protein content. 

Results: The maximum yield of dry cell biomass was achieved at pH 4.5, with a yield of 1.951 g/100 

ml. The maximum dry biomass was achieved after 72 hours of fermentation, with a yield of 2.824 

g/100 ml. The maximum yield of dry biomass was achieved with an Airlift fermenter at an 

aeration rate of 1.0 vvm and a temperature of 35°C for 72 hours, resulting in a yield of 5.452 g/L. 

The protein content of the dried cell biomass was found to be in the range of 45-55%. 

Conclusions: This study demonstrates that the yield and growth of dry cell biomass can be 

optimized by controlling the fermentation conditions, speci�cally pH, fermentation time, and 

reactor con�guration. These �ndings may have implications for the industrial-scale production 

of dry cell biomass, as they offer insight into how to maximize yield and protein content.
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substitute, and as a solid substrate in fermentation [10]. 

"Green chemistry" techniques can be used to extract 

polyphenols from potato peels, which can have both 

environmental and economic bene�ts [8]. However, 

further research is necessary to improve processing lines, 

including the investment of capital, use of energy, yield, 

nature of solvent, and integration, to produce cost-

effective products at the industrial level [11].

The process of fermentation was carried out in mix broth 

with different pH and fermentation time intervals to 

determine the effect of these factors on the production of 

SCP. The effect of different pH levels on the growth of 

single cell biomass was investigated by adjusting the pH of 

growth media at 4.5, 5, 5.5, 6, and 6.5. All the �asks were 

then plugged and autoclaved at 121 °C for 15 minutes. 

Afterward these �asks were inoculated by adding inoculum 

at 2% v/v and incubated at 35 °C for 3 days. After three days 

the biomass was harvested and dried for further study. All 

the experiments were carried out in triplicates. To study 

the in�uence of fermentation time period on the cell 

biomass growth, seven �asks of growth media were 

prepared and adjusted their pH at 5.5 with 1M HCl/ 1M NaOH. 

These media were then autoclaved for 15 minutes at 121 °C 

and inoculated with 2 ml of inoculum prepared from 

Rhizopus oligosporous subcultures. These media were 

incubated at 35 ℃ for further study. The biomass from each 

�ask was collected after the gap of 24 hours for 

subsequent seven days through the process of �ltration 

and both wet as well as dry weight of biomass was 

measured each time. All the experiments were carried out 

in triplicates. For determination of reducing sugars 

Benedict's quantitative test was used [12]. The crude 

protein of single cell protein was determined by the 

Kjeldhal procedure [13]. The total protein in the growth 

media was estimated by following the Lowrey method [14].

R E S U L T S

Different pH values (4.5, 5, 5.5, 6, 6.5) of fermented media 

were investigated to obtain best yield of Rhizopus 

oligosporous biomass. The results mentioned in Table 1, 

showed that best qauntity of dry biomass (1.048 g/100 ml) 

was yielded at pH of 5.5. The total crude protein produced 

was 45-55 %. The statistical analysis con�rmed that the 

results of yield of dry biomass were signi�cantly different 

at 4.5 pH (p < 0.001). The clustered bar graph respresnting 

the total dry biomass, biomass yield and consumed sugar 

of mix media at different pH was shown in Figure 1.

Sr. 
No.

Nitrogen 
Sources

Dry biomass 
(%) 

Mean ± SD

Consumed 
sugar (%)
Mean ± SD 

Biomass yield 
(g/g)

Mean ± SD

1.

2.

3.

4.

5.

4.5

5

5.5

6

6.5

Signi�cance level (95%)

a1.95  ± 0.004
c1.01 ± 0.015

b1.05  ± 0.007
e0.71  ± 0.006

d0.90  ± 0.012

p < 0.001

d2.77  ± 0.004
c2.81  ± 0.003
a2.88  ± 0.005
e2.72  ± 0.009
b2.86  ± 0.005

a0.71  ± 0.004
b0.36  ± 0.006
b0.36  ± 0.004
d0.26  ± 0.005

c0.31  ± 0.005.

Means that do not share a letter are signi�cantly different

Table 1: Effect of different pH value on the biomass growth
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Figure 1: Effect of different pH levels on the total production of dry 

cell biomass and total sugar consumed in media

Seven �asks of mix media were inoculated to study the 

effect of different time periods on the process of 

fermentation. The biomass was harvested from each �ask 

after 24 hours time intervals. The results of bioprotein yield 

obtained from different time period was shown in Table 2. 

The maximum dry biomass (2.824 g/100 ml) was obtained 

after three days of fermentation. The statistical study 

showed that dry cell biomass yield was signi�cantly 

differenet at different time period (p < 0.001). The crude 

protein production after third day was not signi�cantly 

different. The clustered bar graph respresnting the total 

dry biomass, biomass yield and consumed sugar of each 

medium was shown in Figure 2, while the variation in total 

crude protein content with respect to fermentation time 

period was depicted in Figure 3.

1

2

3

4

5

6

7

0.26g ± 0.013

0.48f ± 0.004

2.82a ± 0.004

1.28b ± 0.006

1.16c ± 0.008

1.02d ± 0.013

0.98e ± 0.026

Signi�cance level (95%)

0.79d ± 0.019

1.48c ± 0.004

2.34b ± 0.007

3.00a ± 0.006

3.00a ± 0.009

3.00a ± 0.006

3.00a ± 0.005

P < 0.001

0.33d ± 0.004

0.33d ± 0.008

1.21a ± 0.005

0.43b ± 0.009

0.39c ± 0.007

0.34d ± 0.005

0.33d ± 0.007

23.67c ± 0.501

36.37b ± 0.39

50.21a ± 0.615

50.32a ± 0.142

50.37a ± 0.072

50.40a ± 0.043

50.45a ± 0.046

Means that do not share a letter are signi�cantly different in a 

column

Table 2: Effect of different fermentation periods on SCP 

production

Sr. 
No.

Nitrogen 
Sources

Dry biomass 
(%) 

Mean ± SD

Consumed 
sugar (%)
Mean ± SD 

Biomass yield 
(g/g)

Mean ± SD

a

d

a

c

c

b

b

a

e

e

d

d

b

c
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The aim of this study was to investigate the effect of 

different pH values and fermentation time periods on the 

production of biomass. The study found that the best yield 

of dry biomass was obtained at pH 5.5, with a total crude 

protein produced ranging from 45-55%. The highest yield 

of dry biomass was achieved after three days of 

fermentation, with no signi�cant difference in crude 

protein production after this point. The results of this study 

are consistent with previous research on the effect of pH 

on microbial growth. For example, a study by Qin et al., 

found that the optimal pH for mycelial growth of Rhizopus 

nigricans was 5.5 [15]. Similarly, a study by Dinarvand et al., 

reported that the maximum biomass production of 

Aspergillus niger was obtained at pH 5.5 [16]. The �ndings 

regarding the effect of fermentation time on biomass 

production are also consistent with prior research. For 

example, a study by Carboue et al., (2012) found that the 

maximum biomass production of Rhizopus oryzae was 

achieved after three days of fermentation [17]. Similarly, a 

study by Zhu et al., reported that the highest biomass yield 

of Panus conchatus was obtained after three days of 

fermentation [18]. However, the study did not investigate 

the effect of factors such as temperature or substrate 

concentration on biomass production, which could be 

important to consider in future research. Overall, the 

�ndings of this study suggest that pH and fermentation 

time are important factors to consider in the production of 

biomass. By optimizing these parameters, it may be 

possible to increase the yield of biomass and reduce the 

Figure 2: Effect of fermentation time period on the total dry cell 

biomass and consumed sugar as well as biomass yield

cost of protein-rich meals used as feed for animals, while 

minimizing environmental pollution [19, 20].
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Figure 3: Crude protein variation with respect to the fermentation 

time period

C O N C L U S I O N S

This research investigated various factors that impact the 

production of biomass from potato peels. Potato peels are 

a valuable substrate for producing single cell protein 

because they contain essential nutrients like sugar that 

microorganisms need to survive. To increase the yield of 

dry cell biomass, nitrogen can be added to the basic media. 

Moreover, using single cell protein from less expensive 

agro-industrial sources to feed animals can lower the cost 

of protein-rich animal feed, reduce waste, and decrease 

environmental pollution. Compared to traditional 

agricultural protein sources, single cell proteins offer a 

superior alternative.
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Septicemia, also known as sepsis, is a condition instigated 

by the regulation of toxicogenic microorganisms and their 

toxins in tissues or blood, leading to a systemic 

in�ammatory response. It is commonly produced by 

infections caused by bacteria, such as Staphylococcus 

aureus, and sometimes occurs in combination with viral or 

fungal infections [1]. Septicemia has become increasingly 

common among hospitalized patients in recent decades 

and is a major cause of morbidity and mortality, particularly 

in infants with very low birth weight [2-4]. Symptoms of 

septicemia vary but commonly include fever, diarrhea, and 

Variations in Biochemical Parameters in Diabetic and Non-Diabetic Patients of 
Septicemia
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vomiting. Low birth weight, prematurity, and complicated 

deliveries are among the risk factors associated with non-

nosocomial infection sepsis [5, 6]. Klebsiella species and 

Escherichia coli are the most common organisms causing 

non-nosocomial infection sepsis, while Klebsiella is the 

most common cause of nosocomial sepsis [6, 7]. 

Contaminated intravenous lines are a common cause of 

septicemia and are normally located at the lungs and 

urinary tract [8]. Diabetes is listed as a comorbidity in many 

hospitalizations, and adult respiratory distress syndrome is 

associated with septicemia and worsens prognosis [7, 9]. 

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

Septicemia is an infection caused by poisoning of blood by bacteria and is a prevalent disease in 

Pakistan. However, there is limited understanding of the pathogenesis of abnormal blood, liver 

and renal chemistry tests in septicemia. Objective: To determine variations in respective LFTs 

and RFTs and CBCs of diabetic and non-diabetic patients of septicemia. Methods: A descriptive, 

observational, cross-sectional research was directed, involving 101 participants diagnosed with 

septicemia. Study setting was Mayo Hospital Lahore. A specially designed Performa was used to 

record data, including liver function tests, renal function tests, and complete blood count for 

each patient. The data were analyzed using the latest version of SPSS. Results: In this study 

45/101 patients of septicemia had diabetes. LFTs were also same for both non-diabetic and 

diabetic patients except Albumin which was low in diabetic patients but normal in non-diabetic 

patients. CBC were equally deranged in all diabetic and non-diabetic patients. Conclusions: 

This research provides important understandings into the variations of LFTs and RFTs and CBCs 

in diabetic and non-diabetic patients with septicemia. The �ndings suggest that while LFTs are 

similar between the two groups, there is a difference in albumin levels, highlighting the need for 

further investigation into the role of diabetes in septicemia.
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Septicemia can be diagnosed using blood culture to isolate the microbial causative agents [10-12]. Septicemia is a common 

clinical condition in hospitals worldwide, with reported rates varying by age, gender, and race. In the United States, 

septicemia causes over 34,000 deaths per year and is more common among elderly patients and the Black population [13]. In 

India, septicemia is encountered in most hospitals, and in Pakistan, it is a leading cause of hospital mortality [5, 14]. Hence, 

septicemia is a serious condition that can have severe consequences, particularly in vulnerable populations such as infants 

and the elderly. There is a less human health awareness related to septicemia and its relation to diabetes. This study is aimed 

to enhance health awareness and avoid common pitfalls in the evaluation of septicemia. It is important to identify and treat it 

promptly to improve patient outcomes.

The research design of this study was observational, descriptive, cross-sectional study. Sample size was 101 participants 

diagnosed with septicemia. Study setting was accidental and medical wards of Mayo Hospital Lahore. The study included 

patients over the age of 30 years and excluded children, pregnant, and lactating women. The aim of the study was to observe 

the variations in RFTs, LFTs, and CBC of patients at the time of presentation by conducting careful examinations of the 

patients. Prior consent was obtained from the patients or their guardians, and all ethical considerations were taken into 

account during data collection. Ethical approval was taken by the Ethical Consideration board of KEMU. A specially designed 

Performa was used to record data, involving renal function tests, complete blood count and liver function tests for each 

patient. The data were analyzed using the latest version of SPSS.

R E S U L T S

Table 1 shows variations in RFTs in diabetic and non-diabetic patients of septicemia. Diabetes is a major risk factor of 

septicemia. In this study 45/101 patients of septicemia had diabetes (Table 1). 

Diabetes 
status

Bilirubin B. Glucose B. Urea Creatinine Na+ K+
TOTAL

L N h L N h L N h L N h L N h L N h

Diabetic

Non-Diabetic

TOTAL

0

0

0

36

47

83

9

9

18

0

7

7

5

33

38

40

 

56

0

0

0

9

20

29

36

36

72

4

15

19

14

16

30

27

25

52

17

25

42

25

29

54

3

2

5

5

7

12

40

47

87

0

2

2

45

56

101

Table 1: Variations in RFTs in patients of septicemia with and without diabetes

Table 2 shows variations in LFTs in patients of septicemia with and without diabetes. LFTs were also same for both type of 

patients except Albumin which was low in diabetic patients but normal in non-diabetic patients (Table 2).

Diabetes 
status

ALT AST ALP Albumin T. Protein
TOTAL

L N h L N h L N h L N h L N h

Diabetic

Non-Diabetic

TOTAL

0

0

0

Table 2: Variations in LFTs in patients of septicemia with and without diabetes

31

32

63

14

24

38

0

0

0

27

23

50

18

33

51

0

0

0

0

1

1

45

55

100

27

18

45

18

38

56

0

0

0

2

1

3

43

55

98

0

0

0

45

56

101

Table 3 shows variations in CBC in patients of septicemia with and without diabetes. RFTs and CBC were equally deranged in 

all diabetic and non-diabetic patients (Table 1, 3).

Diabetes 
status

WBC

L N h

Diabetic

Non-Diabetic

TOTAL

0

0

0

Platelets
TOTAL

L N h

Hemoglobin Male

L N h
TOTAL

Hemoglobin Male

L N h
TOTAL

5

11

16

40

45

85

18

19

37

27

32

59

0

5

5

45

56

101

21

22

43

3

5

8

0

0

0

24

27

51

15

21

36

3

8

11

3

0

3

21

29

50

Table 3: Variations in CBC in Diabetic and Non-Diabetic patients of septicemia

Septicemia is a serious and life-threatening condition that requires prompt diagnosis and treatment. In this study, the 

researchers aimed to determine the cause and etiology of septicemia in patients presenting to the medical wards and 

Accident & Emergency Department of Mayo Hospital Lahore. The study found that diabetes is a major risk factor for 

septicemia, as 45 out of 101 patients in the study had diabetes. The study also found that renal and liver function tests were 

similarly deranged in both diabetic and non-diabetic patients, while albumin was low in diabetic patients but normal in non-

diabetic patients. These �ndings are consistent with previous studies that have shown a high prevalence of diabetes in 

D I S C U S S I O N
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patients with sepsis. A systematic review and meta-

analysis of 26 studies by Liu et al., (2020) found that 

diabetes was associated with an increased risk of sepsis 

and septic shock [15]. Another study by Umpierrez et al., 

(2002) found that patients with diabetes had a higher risk of 

developing severe sepsis and septic shock and were more 

likely to require ICU admission and mechanical ventilation 

[16]. The �nding that liver and renal function tests were 

similarly deranged in both diabetic and non-diabetic 

patients is also consistent with previous studies. A study by 

Martin et al., (2003) found that patients with diabetes had 

higher rates of acute kidney injury and liver dysfunction 

compared to non-diabetic patients, but there was no 

s i g n i � c a n t  d i f fe r e n c e  i n  t h e  s eve r i t y  o f  t h e s e 

complications between the two groups [17]. The �nding of 

low albumin levels in diabetic patients with septicemia is 

also supported by previous studies. A study by Jaar et al., 

found that low serum albumin levels were associated with 

increased mortality in patients with sepsis, and that this 

association was stronger in patients with diabetes [18]. 

The study has some limitations, including its small sample 

size and the fact that it was conducted at a single center. 

Future studies with larger sample sizes and conducted at 

multiple centers are needed to con�rm these �ndings and 

provide a more comprehensive understanding of the 

relationship between diabetes and septicemia. In 

conclusion, this study found that diabetes is a major risk 

factor for septicemia, and that renal and liver function tests 

are similarly deranged in both diabetic and non-diabetic 

patients. However, albumin levels were lower in diabetic 

patients compared to non-diabetic patients. These 

�ndings are consistent with previous studies and highlight 

the need for early recognition and aggressive management 

of septicemia in patients with diabetes [19, 20].
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Septicemia is a serious condition that can have severe 

consequences, particularly in vulnerable populations such 

as infants and the elderly. Diabetes is a signi�cant risk 

factor for septicemia. This research offers important 

information about variations of LFTs and RFTs and CBCs in 

diabetic and non-diabetic patients with septicemia. The 

�ndings suggest that while LFTs are similar between the 

two groups, there is a difference in albumin levels, 

highlighting the need for further investigation into the role 

of diabetes in septicemia.
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Dietary Modi�cations in Patients with PCOS

Occasional periods or no menstrual periods at all are typical symptoms of polycystic ovarian syndrome (PCOS). It is due to an 

excessive synthesis of the hormone androgens, people with PCOS frequently have numerous ovarian cysts [1]. According to 

literature between 33 and 83 percent of women with PCOS who are overweight or obese shows signs of acne, hirsutism, and 

male pattern baldness and if not managed high blood pressure, cardiovascular diseases and endometrial cancer. Insulin 

levels in PCOS patients are frequently reported to be higher than usual. The pancreas is where hormone insulin is made [2]. It 

works with the body's cells in converting sugar (glucose) into energy. The sugar levels in blood may increase if your body 

doesn't create enough insulin [3]. This can also occur when you develop insulin resistance, which prevents you from 

adequately using the insulin that you do make [4]. The body may try to produce excessive amounts of insulin if you develop 

insulin resistance in an effort to maintain normal blood sugar levels. Your ovaries may start to create more androgens like 

testosterone if your insulin levels are too high [5]. The obese and overweight according to BMI can cause the insulin 

resistance [6]. Due to their insulin resistance, people with PCOS typically deal with this issue, which can keep reduced weight 

more challenging [7]. It could be more challenging to regulate insulin resistance and, as a result, weight reduction if you eat a 

diet high in re�ned carbs, which including starchy and sugary meals [8]. 

Dietary modi�cations in PCOs 

The use Carbohydrates: It is a primary source of energy that can be added to their which can reduce symptoms PCOS and 

balance their hormonal level. Give a low carbohydrate, high saturated fatty acid diet for at least 2 months to infertile and 

overweight women, their BMI drop, and ovulation process maintain and increase fertility [9-11]. 

The use of Protein: The protein is very like carbohydrates and fats so added in their diet as healthy protein sources and 

improve their insulin sensitivity and reduce their weight good source of protein whey protein that can be added to their diet 

and that can give 35 g of that supplements and after 7 days check their GLUT 4 response, that is an insulin-stimulated 

transporter and that was regulate glucose level and insulin level so whey protein helpful in alleviate PCOS symptoms [12]. 

The use of Fats and Oils: The diet related to saturated fats can cause dyslipidemia and then HDL level decreases and increase 

cholesterol and LDL level. Apo lipoprotein B increases because of insulin resistance and causes imbalance in androgens and 

corticosteroids hormones level and increase estrogen secretion. Healthy options of diet like monounsaturated fatty acids 

and poly unsaturated fatty acids like almonds and walnuts improve ovulation [13]. 

The use of Micronutrients: The utilization of vitamin D can be helpful in reproductive function and in insulin sensitivity. 

Inositol, folate, folic acid omega 6 fatty acid and omega 3 fatty acid added in their diet that can improve menstrual problems 

balance their hormonal level. Glycyrrhizin, vitamin Selenium and catechin effective in lowering testosterone level in�uence 
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proin�ammatory state in PCOS [14].
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