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SUMMARY 

 

Objective: There is strong evidence that a high fat intake causes cholesterol 

increases in human body. We all know high cholesterol levels causes 

cardiovascular diseases. This study was aimed to investigate the fat content 

in cheddar cheese which coagulated with Citrus reticulata Blanco crude 

flowers extracts (CFE) at four different concentrations (1, 2, 3 and 4%, v/v). 

Method: Flowers of Citrus reticulata Blanco were collected during 

blossom from Sargodha District nurseries. Buffalo milk was used for 

preparation of Cheddar cheese.  A control sample (T0) was coagulated with 

0.002% rennet (Rennet strength is 20 International Milk-Clotting Units, 

IMCU/mL) at 33°C for 45 minutes and  it  was obtained  from  Danisco  

Dairy  Cultures  (Paris,  France) while the other four samples were 

coagulated using Citrus reticulata Blanco CFE at different  concentrations 

of 1% (T1), 2% (T2), 3% (T3) and 4% (T4) (v/v) at 33°C for 45 minutes. 

Results: Results of statistical analysis of variance showed significant 

differences (p= 0.0001) among different concentration of CFE for Cheddar 

cheese fat contents. The cheese prepared from using 1% and 4% CFE cheese 

have higher fat contents while CFE cheese prepared with 2% and 3% have 

lower fat contents and less than control sample prepared with rennet. 

Conclusions: In this study, we determined the amount of fat in cheddar, 

which was fermented with citrum flower according to the rennet. In the 

future this study can be a guide to consume healty food and improving 

human health. 

Keywords: Cheddar cheese, Citrus reticulata Blanco, dietary cholesterol, 

health-promoting benefit, low-fat cheddar cheese  
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ÖZET 

Amaç: Yüksek yağ alımının insan vücudunda kolesterol artışına neden olduğuna dair güçlü kanıtlar vardır. Yüksek 

kolesterol seviyelerinin kardiyovasküler hastalıklara neden olduğu bilinmektedir. Bu çalışmada Citrus reticulata Blanco 

çiçek özleri (CFE) ile dört farklı konsantrasyonda (% 1, 2, 3 ve 4, v / v) koagüle edilen çedar peynirindeki yağ içeriğinin 

incelenmesi amaçlanmıştır. 

Yöntem: Narenciye çiçekleri, Sargodha Bölgesi fidanlıklarından çiçeklenme sırasında toplandı. Bufalo sütü, çedar 

peynirinin hazırlanmasında kullanılmıştır. Bir kontrol numunesi (T0)% 0,002 rennet (Rennet gücü 20 Uluslararası Süt-

Pıhtılaşma Birimi, IMCU / mL) ile 33 ° C'de 45 dakika koagüle edildi ve Danisco Dairy Cultures'tan (Paris, Fransa), 

diğeri 4 numune Citrus reticulata Blanco CFE kullanılarak 33 ° C'de 45 dakika boyunca% 1 (T1),% 2 (T2),% 3 (T3) ve% 

4 (T4) (v / v) farklı konsantrasyonlarda koagüle edildi. 

Bulgular: İstatistiksel varyans analizi sonuçları, çedar peyniri yağ içerikleri için farklı CFE konsantrasyonları arasında 

önemli farklılıklar (p = 0.0001) gösterdi. % 1 ve% 4 CFE peynirlerinden hazırlanan peynirler daha yüksek yağ içeriğine 

sahipken, % 2 ve% 3 ile hazırlanan CFE peynirler daha az yağ içeriğine ve peynir mayası ile hazırlanan kontrol 

numunesine göre daha azdır. 

Sonuç: Bu çalışmada süt mayasına göre narenciye çiçeği ile fermente edilen çedar peyniri içindeki yağ oranını belirledik. 

Gelecekte bu çalışma, sağlıklı gıda üretmek, tüketmek ve insan sağlığını iyileştirmek için bir rehber olabilir. 

Anahtar sözcükler: Citrus reticulata Blanco, çedar peyniri, kolesterol, narenciye çiçeği 

 

 

INTRODUCTION 

Cardiovascular disease (CVD) is a leading cause of 

death in the whole world. Atherosclerosis, a 

chronic inflammation, is often the cause of CVD. 

In pathophysiology, atherosclerosis occurs with the 

accumulation of cholesterol and fibrous tissues in 

the arterial walls, and as a result of this 

accumulation, partial or total occlusion occurs1. 

There are many risks for CVD that can be changed 

and cannot be changed. Risks that cannot be 

modified can be listed as age, gender, and family 

history. In addition, the modified risks; smoking, 

diabetes mellitus, dyslipidemia, hypertension, 

sedentary life, lifestyle and diet can be listed as 

known. The fact that CVD can be prevented in 

several different ways, for example, by statins and 

antihypertensive drug usage, smoking cessation, or 

other lifestyle modifications, is a reflection of its 

multifactorial basis.  In CVDs the diet plays a key 

role. Good cardiovascular health status is related to 

a balanced energy intake including whole-grain 

foods, legumes, seafood and fish, and rich content 

in fruits and vegetables and low intake of processed 

food and red meat, sugar added foods or beverages 

and refined grains. Polyunsaturated fatty acid ratios 

in diets are very important for cardiovascular 

health2,3. 

Dairy products are a major source of saturated fats, 

which have been presumed to adversely affect 

blood lipids and increase cardiovascular disease 

and mortality. In some studies, reducing 

consumption of whole milk products is 

recommended to prevent cardiovascular diseases4. 

Besides dairy products and dairy fat also contain 

potentially beneficial compounds; specific 

aminoacids, medium-chain and odd-chain 

saturated fats, milk fat globule phospholipids, 

unsaturated and branched-chain fats, natural trans 

fats, vitamin K1 and K2 and calcium5. Another fact 

that high intakes of saturated fats have been 

associated with an increase in LDL cholesterol 

concentrations an established risk factor in the 

development of CVDs6. Cheese is an important 

food for human health. It is rich in protein, minerals 

(Calcium and Phosphorous) and fat soluble 

vitamins7. It has become an important component 

of balance diet because of its high protein and 

calcium contents. In the past decade, cheese has 

become one of the most widely used food 

ingredients. Cheese is valued for its long life and 

differs from country to country in colors, flavor, 

and texture. Cheddar cheese (a hard ripened 

cheese) is produced by acidification and 

concentration of milk following curd formation 

with milk clotting enzyme8. Coagulation of milk by 

the action of better proteases on milk proteins is a 

major step to have better curd and rheology in 

cheese production technology. Processing 

conditions such as gelation temperature, 

concentration of coagulant, pH and cutting time 

also affects rheology of cheese9. The conversion of 

milk to curd occurs by specific hydrolysis of the 

peptide bond in the casein, which leads to 

accumulation of casein with calcium and 

proteolysis of milk proteins10. Traditionally, yeast 

is obtained from young calves. Due to the small 

amount of rennet obtained from young calves, 

microbial rennet obtained from bacterial, fungal 

and genetically modified microorganisms used in 

cheese production11. Several alternative proteases 

obtained from different vegetable and fruit sources 

(e.g., kiwi, melon and papaya), roots (e.g., ginger), 

latex (e.g., papaya fruit and sodom apple) and 

flowers (e.g., Citrus aurantium, Cynara 

cardunculus and Centaurea calcitrapa), have been 

recommended as milk-clotting agents in cheese 

processing12-14. Additionally, these plant extracts 
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have unique functional properties in flavor and 

texture, and will lead to innovative applications in 

new product development15. Citrus flowers are 

known for their pleasant, highly desirable aroma 

and their essential oils16. Kinnow has proteolytic 

enzyme which can be obtain from generative 

organs of flowering plants17. Plant tissues present 

in Kinnow contains a wide range of proteins 

varying in functional properties. Current study was 

designed to develop the Kinnow crude flowers 

extract as a new source of milk-clotting enzyme in 

cheese production technology. Rennet production 

is time consuming and costly, so CFE was used as 

economical and potential source for milk 

coagulation in Cheddar cheese production. CFE 

has typical aroma and flavor, it also contains citrase 

enzyme which has the activity to coagulate the 

milk. Centrifugation of extract with Tris–HCL 

buffer leads to the activation of citrase enzyme18. 

Low-fat cheeses were started to be consumed 

frequently by some countries due to their health 

benefits19. Although some new technologies were 

used to improve flavor, texture, and functionality 

of cheese, research has mainly focused on soft low-

fat and fresh cheeses20. Low-fat, semi-hard, and 

hard ripened cheeses have not been well studied. 

Generally, manufacturing procedures developed to 

improve low-fat, semi-hard, and hard ripened 

cheeses include processing techniques, use of 

additives, and starter culture selection21-23. 

However, technological improvements to 

cheesemaking processes do not necessarily apply 

to all cheese plants or cheese types, and they may 

incur financial costs. The use of additives, such as 

emulsifying and thickening agents, could improve 

cheese texture, but they might have adverse effects 

on flavor formation24. Cheddar cheese ripening is a 

complicated microbiological and biochemical 

transformation involving glycolysis, lipolysis and 

proteolysis25. All of these biochemical processes 

contribute to the overall structure change during 

maturation. However, the texture, flavor and 

physico-chemical properties of cheese are still 

largely governed by fat. The state of fat is also 

important in determining the complex sensory 

properties of Cheddar cheese26. The taste, hardness 

and content ratio of cheddar cheese may vary 

depending on the yeast type. In this study, we 

studied the fat content of cheddar cheese fermented 

with citrus. 

MATERIAL AND METHODS 

Procurement of samples:  

Flowers of Citrus reticulata Blanco were collected 

during blossom periods from Sargodha. Flowers 

were collected and stored in freezer in food grade 

bags at -20°C to keep them fresh. Five liters of 

buffalo milk was used for each treatment. Buffalo 

milk was procured from the Dairy Animals 

Training and Research Center, UVAS, Ravi 

Campus, Pattoki. 

Experimental Plan: 

Crude Flowers Extract (CFE) was prepared by 

blending citrus flowers with 5 parts of cold buffer 

(20 mmol/L of Tris-HCl having pH 7.20) in an 

electrical blender for 3 intermittent periods of 15 

seconds. The blended sample was filtered by using 

a cheese cloth and then centrifuged by centrifugal 

machine having 7500 rpm at 10°C for 30 minutes. 

Then separate the aqueous phase from pallet by 

gradually pouring in the plastic test tubes. Then 

aqueous extract was kept in a refrigerator (4°C) till 

it is used18. 

Treatments and Experimental Design: 

A control sample (T0) was coagulated with 0.002% 

rennet (Rennet strength is 20 International Milk-

Clotting Units, IMCU/mL) at 33°C for 45 minutes 

and it was obtained from Danisco Dairy Cultures 

(Paris, France) while the other four samples were 

coagulated using Citrus reticulata Blanco CFE at 

different concentrations of 1% (T1), 2% (T2), 3% 

(T3) and 4% (T4) (v/v) at 33°C for 45 minutes 

(Table 1). 

 

Table 1: Detail of the Experiments 

Sr. No. Treatments Coagulants with different levels 

1 T0 (Controlled) Rennet (0.002%) 

2 T1 CFE (1%) 

3 T2 CFE (2%) 

4 T3 CFE (3%) 

5 T4 CFE (4%) 
All treatments were evaluated for 63 days of storage intervals which were as followed: 

Storage periods 

S1 = 0 day    S2 = 7 days                    S3 = 14 days 

S4 = 21 days   S5 = 28 days                  S6 = 35 days 

                  S7 = 42 days   S8 = 49 days                  S9 = 56 days  S10 = 63 days 
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Product development and Storage: 

Buffalo milk (five liters for each treatment) was 

used for preparation of Cheddar cheese. First milk 

was pasteurized at 65°C for 30 minutes and then 

cooled at 33°C for inoculation. Then all treatments 

were inoculated with 2% of starter cultures 

(Lactococcus lactis subsp. Lactis and Lactococcus 

lactis subsp. Cremoris). Controlled sample was 

coagulated with 0.002% rennet at 33°C for 45 

minutes and other four samples were coagulated at 

38°C for 45 minutes by using Citrus reticulata 

Blanco crude flower extracts (CFE) at different 

levels of 1%, 2%, 3% and 4%. When curd was firm 

enough, it was cut, stirred and whey drained. Then 

it was cooked and milled at 38°C and turned the 

blocks up and down to separate more whey from 

the curd. 

This block of cheese was kept warm and then 

cheddaring of block leads to acid development. 

Salting was done at the rate of 2.5 % then by 

pressing the cheese blocks whey was removed. 

Storage and ripening of cheese was done at 10°C 

for 2 to 3 months27. Waxing of Cheddar cheese was 

done to preserve it from molds and other 

contaminants. 

Fat contents measurement: 

Fat percentage of Cheddar cheese samples were 

measured by Gerber method. Cheddar cheese 

samples were heated up to 40oC in water bath and 

then cooled to 20oC. 10 mL of sulfuric acid (90%) 

was added into butyrometer. 2.5 grams of Cheddar 

cheese sample was poured into butyrometer. Then 

1 mL fat free Iso-amyl alcohol was added in 

butyrometer and mixed thoroughly after placing a 

stopper on butyrometer. The butyrometer was kept 

in Gerber centrifuge machine. Centrifugation was 

done at 1100 rpm for 5 minutes. When machine 

stopped the butyrometer was taken out and reading 

was noted from scale of butyrometer. This reading 

was the fat percentage of Cheddar cheese.  

Statistical Examination: 

The collected data were analyzed by using one way 

Analysis of Variance (ANOVA) techniques under 

Completely Randomized Design (CRD) (Steel et al. 

1987). Duncan’s Multiple Range (DMR) Test was 

used for significant difference comparisons in this 

study (SAS 9.1 Statistical Software). 

RESULTS 

Results of statistical analysis showed significant 

differences (P = 0.0001) among different 

concentration of CFE for Cheddar cheese fat (%) 

after 63 days of storage. The cheese prepared from 

using 1% and 4% CFE cheese have higher fat 

contents while CFE cheese prepared with 2% and 

3% have lower fat contents and less than control 

sample prepared with rennet (Table 2). The results 

are showed in figure 1. 

 

Table 2: Effect of CFE and storage periods on Fat % value of Cheddar cheese 

Treatments Week 0  Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 

T0 35.17±0.17a 36.17±0.17a 36.17±0.17a 37.00±00a 37.17±0.17a 37.34±0.17a 36.17±0.17a 35.17±0.17a 35.17±0.17a 35.67±0.34a 

T1 35.17±0.17a 35.17±0.17b 34.17±0.17c 36.17±0.17b 35.00±00b 34.17±0.17c 34.84±0.17b 33.67±0.34b 34.67±0.34ab 34.84±0.44ab 

T2 34.34±0.33b 35.17±0.17b 35.00±00b 34.17±0.17d 34.17±0.17c 35.00±00b 34.00±00c 33.84±0.44ab 33.50±0.50c 34.17±0.17bc 

T3 35.17±0.17a 34.33±0.17c 35.17±0.17b 35.00±00c 35.17±0.17b 34.00±00c 33.00±00d 32.50±0.50b 32.50±0.29d 33.17±0.17c 

T4 34.17±0.17b 33.17±0.17d 34.17±0.17c 36.17±0.17b 35.00±00b 35.17±0.17b 34.83±0.17b 33.33±0.67b 34.00±00cb 34.67±0.44ab  

* All values are triplicate means of each treatment. 

**Different small alphabets showing significant differences among different treatments (P<0.05).   
T0= Controlled Cheddar cheese with no use of Citrus reticulata Blanco crude flowers extract 

T1= Cheddar cheese prepared with 1% Citrus reticulata Blanco crude flowers extract 

T2= Cheddar cheese prepared with 2% Citrus reticulata Blanco crude flowers extract 
T3= Cheddar cheese prepared with 3% Citrus reticulata Blanco crude flowers extract 

T4= Cheddar cheese prepared with 4% Citrus reticulata Blanco crude flowers extract 
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Figure 1: Graphical representation of the effect on fat % value of CFE coagulated Cheddar cheese with storage 

period 

 

DISCUSSION 

The aim of this study was to develop Cheddar 

cheese by using different levels of Citrus reticulata 

Blanco crude flowers extract (CFE) as coagulant 

and comparing it with rennet coagulated Cheddar 

cheese. Fat content of Cheddar cheese were 

analyzed. In our study cheddar cheese samples 

were observed for fat contents and the data was 

recorded. Average fat content of different 

treatments showed in table 2. Fat was 45% on dry 

basis resembling to rennet made Cheddar cheese. 

The cheese prepared from using 1% and 4% CFE 

cheese showed higher fat contents from 0 to 63 

days while CFE cheese prepared with 2% and 3% 

have significant fat contents and less than control 

sample prepared with rennet. In this study, fat % 

showed some variation ranging from 32 – 37 %.  

The results of this study showed that fat contents of 

cheese decrease in ripening process from 35% to 

34 % in rennet coagulated Cheddar cheese during 

ripening process as described by O’Mahony et al.28. 

While 3% CFE Cheddar cheese showed a decrease 

in fat percentage up to 33% after 63 days of storage. 

Also, this ripening process can be increased by 

storing cheese at 10oC. Fat contents lead to a fatty 

texture of Cheddar cheese, specific aroma and 

flavor development in Cheddar cheese as described 

by Singh et al.29. Some studies showed a non-

significant increase in LDL cholesterol with either 

higher intake of whole-fat dairy or low-fat dairy30. 

Another meta-analysis of small randomised trials 

showed that compared with tofu or fat-modified 

cheeses, cheese consumption increased LDL 

cholesterol concentration by a modest amount31. 

Current dietary guidelines recommend the 

consumption of two to four servings of fat-free or 

low-fat dairy. Our data are in agreement with a 

review of previously published human trials 

investigating the chronic impact of fatty acid 

modified butter/dairy products, which indicated a 

tendency toward a beneficial effect on the fasting 

cholesterol profile32. In another study, there was no 

significant effect on the concentration, or 

distribution, of particles within the LDL and HDL 

subclasses, which may be explained by the 

differential cardiometabolic health effects of dairy 

food sources33 and the relatively modest 

differences in saturated fat composition between 

the intervention products34. In a study by Wang et 

al., Cheddar cheese fermented with 

exopolysaccharide (EPS) -producing Lactobacillus 

plantarum JLK0142 is a new approach to 

improving the low-fat, ripening properties and 

bioactivity of Cheddar cheese35. Lombardi et al. 

showed that cheddar cheese coalgulated with 

32

33

34

35

36

37

38

Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9

Fat (%)

T0 T1 T2 T3 T4
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Aspergillus Niger extract had low fat composition 

from rennet coagulated cheddar cheese36. 

In the present work, we obtained the results about 

low fat % of Cheddar cheese fermented with Citrus 

reticulata Bianco crude flowers in T3 

concentrations (Cheddar cheese prepared with 3% 

Citrus reticulata Blanco crude flowers extract) 

with 49 and 56 days (7 and 8 weeks) in Storage 

periods. This result means that healty diet Cheddar 

cheese fermented with 3% Citrus reticulata Bianco 

crude flowers in storage periods during 7 and 8 

weeks for the low fat amount. It might be suggested 

to consume as the more safety dairy food to neutral 

or reduce risk factors in the development of 

cardiovascular diseases with Cheddar cheese 

fermented with Citrus reticulata Bianco crude 

flowers. High intakes of saturated fatty acids have 

been associated with an increase in LDL 

cholesterol concentrations, an established risk 

factor in the development of cardiovascular 

diseases and hypertension. Our finding with this 

study demonsrating that consuming dairy cheese 

with low fat ratios in diets may provide most 

beneficial for blood lipid and cardiovascular 

health. 

CONCLUSION AND SUGGESTIONS 

Presently, in producing Cheddar cheese, several 

alternative proteases obtained from different 

vegetable and fruit sources such as fruits, roots, 

latex and flowers have been recommended as 

rennet coagulant replacer in cheeses processing. As 

there is now decrease in slaughtering of young 

calves, natural rennet shortage occurs, so to fill it, 

sometimes alternates of rennet used in cheese 

production technology. The present work was 

designed to implement and introduce the use of 

Citrus reticulata Blanco crude flower extracts as an 

economical, easily available and rennet substitute 

in Cheddar cheese production. Citrus reticulata 

Blanco crude flower extracts was evaluated for its 

first time usage as coagulant in Cheddar cheese 

production and compared with rennet for its fat 

ratios and also as a safety diet in health reflections 

such as cardiovascular health. According to the 

rennet application in our study, differences were 

observed in the amount of fat in cheddar cheese 

fermented with citrum flower. The differences in 

the amount of fat varied according to the amount of 

coagulant and the fermentation time. It is important 

to keep the amount of fat optimal for human health. 

In this study, we determined the amount of fat in 

cheddar, which was fermented with citrum flower 

according to the rennet. With this study in the 

future, it may be beneficial for public health with a 

diet that is poor in fat. In addition to, it will give a 

benefit to the cheese industry by introducing a new 

economical, nutritional and easily available rennet 

substitute source of milk coagulation. Producing of 

Citrus reticulata Blanco, for usage as an alternate 

of rennet and to provide economic benefits. 

Furthermore, it will open new ways for researchers 

to find out the characterization of extract and 

enzyme of citrum flower to obtain the healty dairy 

foods. 
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