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Abstract 
Cheese is a dairy-product and obtained from milk by using starter cultures 

and enzymes to coagulate the milk through a chemical process. Cheese has one 
of the highest growth rates among dairy products manufactured in many coun-
tries. Cheese could be divided into two major categories based on the fat content, 
including full-fat cheese and reduced or low-fat cheese. The low-fat cheese term 
differs within cheese varieties, countries, and other factors. Generally, cheese 
with fat content less than the full-fat version is considered low-fat cheese for 
consumers. The consumption and marketing of low-fat cheeses have accelerated 
over the last two decades. Fat is important due to its major contribution to the 
flavor, body and texture of the cheese. Numerous low-fat cheeses are character-
ized as mild flavor, weak body and texture, and less functional characteristics. 
Intensive research on low-fat cheese has developed three basic strategies for ad-
dressing fat-related problems, such as modifications of procedures, adjunct cul-
tures, and fat replacers. This work aim is to highlight and review the characteris-
tics of two types of low-fat cheeses, such as low-fat process cheese (LFPC) and 
low-fat Cheddar cheese (LFCC). 
Keywords: Low-fat cheese, low-fat process cheese, low-fat Cheddar cheese, cheese sen-
sory, cheese functionality 

 

1. Introduction 
When the term "reduced fat", 

"reduced in fat", "fat reduced", "less 
fat", "lower fat", or "lower in fat" is 
used on the products label, it means 
the product or food must contain at 
least 25% less fat than the reference 
amount in the traditional standardized 
cheese (FDA, 2014). This fat amount 
is slightly different in other countries 
due to the differences in the regula-
tions. 

The production and consump-
tion of low-fat cheeses have elevated 
in the last two decades. As a result, 
many investigations have been con-
ducted on study the characteristics of 
low-fat cheeses (Bellisle et al., 1994; 
Gould et al., 1994; Solheim and 

Lawless, 1996; Ryhänen et al., 2001; 
Banks, 2004; Sánchez-Macías et al., 
2010; Wadhwani and McMahon, 
2012; Rashidinejad et al., 2013) to 
improve their characteristics as com-
pared to full-fat cheeses. 

Several methods have been 
studied to enhance the characteristics 
of low-fat cheeses, some of which 
include moisture control, starter se-
lection, removal of calcium, and con-
trol of amounts of lactic acid in 
cheese (Chen et al., 1991; Merrill et 
al., 1994; Nauth and Hayashi, 1995). 
Increasing the moisture of low-fat 
cheeses is a common approach to en-
hance the body and texture of these 
types of cheese. Even though there 
were improvements in the quality of 
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cheese with these approaches, the 
low-fat cheeses were still not similar 
to whole-fat cheeses.  

Decreasing the fat has a major 
impact on the organoleptic character-
istics of the cheese. It results in a 
body and texture that is hard and rub-
bery and lacks pliable characteristics 
of that specific variety of cheese 
(Mistry, 2001; Banks, 2004; Johnson 
et al., 2009; McMahon, 2010). It also 
affects the flavor of cheese adversely 
(Brown, 1989; Mistry and Anderson, 
1993; Metzger and Mistry, 1994; 
Mistry, 1995). 
2. Process cheese (PC) 

Process cheese (PC) is a dairy 
food prepared by blending and heat-
ing various dairy and non-dairy in-
gredients to produce a pasteurized 
product with an extended shelf-life 
(Meyer, 1973; Thomas, 1973; Kapoor 
and Metzger, 2008). There is a 
unique microstructure in PC which 
renders a variety of functional charac-
teristics (Kapoor and Metzger, 2008). 
Adding emulsifying salts, such as so-
dium citrate and sodium phosphate 
improves the emulsification proper-
ties of casein in natural cheese by 
displacing the calcium phosphate 
complexes that are present in the in-
soluble calcium-paracaseinate-
phosphate network in natural cheese 

(Gupta et al., 1984; Caric et al., 1985; 
Berger et al., 1998; Kapoor and 
Metzger, 2008), which results in the 
disruption of the natural cheese pro-
tein network and exposure of hydro-
philic and hydrophobic portions of 
the casein. Additionally, the hydro-
philic interact with the aquatic por-
tion while hydrophobic interact with 
the fat portion when shear and heat 
are applied (Marchesseau and Cuq, 
1995; Ennis et al., 1998; Lee et al., 
2003) to form a uniform closely knit 
protein network.  
  2. 1. Low-fat PC 

The chemical composition of 
whole or full-fat and low-fat PC is 
presented in Figure 1. The major 
source of fat in PC is natural cheese 
and it contributes more than 90% of 
the total fat in PC. Other dairy ingre-
dients such as butter oil, butter, and 
dried cream contribute the remaining 
fat in a typical PC formulation. As a 
result, in order to manufacture a low-
fat PC, utilization of a lower-fat or 
fat-free natural cheese is important. 
Previous studies on the manufacture 
of low-fat PC using low-fat natural 
cheese concluded that many func-
tional and sensory defects that are as-
sociated with the use of low/fat-free 
fat natural cheese (Muir et al., 1997; 
Gwartney et al., 2002). 
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Figure 1. The chemical composition of whole or full-fat and low-fat process cheeses. 
Adopted from (Mistry and Anderson, 1993) 

 
FDM= Fat in dry matter 
MNFS= Moisture in nonfat substance 
 
 
2.2. Sensory characteristics of low-
fat PC 

Sensory studies conducted on 
commercial available full-fat PC 
spreads (21 % fat), 60% low-fat 
(8.4% fat), and low fat (3% fat) from 
the same manufacturer concluded that 
acid and bitter sensory attributes in-
creased with decreased fat content 
(Muir et al., 1997). This study also 
observed increased graininess and 
stickiness of PC spreads with de-
creased fat content. The fat reduction 
also affected the spreadability and 
overall acceptability of the PC 
spreads. In order to decrease these 
perceivable sensory differences and 
to enhance the functional and sensory 
properties of low-fat or fat free PC, 
current approaches followed by many 
researchers involve manufacture of 
an acceptable quality fat free natural 

cheese that can be used as an ingredi-
ent in PC (Raval and Mistry, 1999; 
Mistry, 2001; Banks, 2004; Lee et al., 
2006; Hassan et al., 2007; Metzger 
and Kapoor, 2007; Lucey, 2008) and 
use of fat replacers that can enhance 
the functional properties of low-fat or 
fat free PC (Jones, 1996; Drake et al., 
1999). 
2. 3. The functionality of low-fat 
PC 

A study conducted on low-fat 
PC that were made with ultrafiltered 
buttermilk containing low-fat natural 
cheese (Raval and Mistry, 1999). 
Low-fat Cheddar cheese was manu-
factured with a combination of ul-
trafiltered buttermilk and regular 
cheese milk. These natural cheeses 
were then utilized to produce three 
different low-fat PC (15% fat) that 
differ in the level of emulsifying salt. 
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These 50% low-fat PC were com-
pared with corresponding conven-
tional 50% low-fat PC made with 
regular low-fat natural cheese. The 
conclusions drawn from this investi-
gation indicated that the ultra-filtered 
buttermilk Cheddar containing 50% 
low-fat PC at all levels of emulsify-
ing salt were less meltable, highly 
viscous, and had less free oil forma-
tion when compared to the control 
50% low-fat PC made with regular 
low-fat natural cheese. As per their 
discussions, the high viscosity values 
of low-fat PC made with ultra-filtered 
buttermilk natural cheese were due to 
the stronger emulsion that was 
formed by the ultra-filtered butter-
milk cheese incorporation. This study 
did not compare 50% low-fat PC with 
whole or full-fat PC. 

It has been announced that 35% 
low-fat PC produced with low-fat 
Cheddar made from exopolysaccha-
ride producing starter cultures had a 
smoother texture and more flow-
ability relative to a 35% low-fat PC 
control that contained no Cheddar 
made from exopolysaccharide-
producing starter culture (Hassan et 
al., 2007). This study concluded that 
35% low-fat PC made with 
exopolysaccharide-producing starter 
culture had a similar sensory percep-
tion with the 35% low-fat PC control 
containing no exopolysaccharide-
producing starter culture. Considering 
the improvements in the functional 
characteristics in the 35% low-fat PC 
produced with exopolysaccharide-
producing starter culture without 
showing any sensory differences with 
the control 35% low-fat PC that con-
tained no Cheddar made from 
exopolysaccharide-producing starter 

cultures, this study concluded the use 
of Cheddar made from 
exopolysaccharide-producing starter 
cultures may be a solution to improve 
the functionality of low-fat PC. How-
ever, the comparison was only done 
between low-fat PC but not with the 
full-fat PC.  
 2. 4. Use of the fat replacers to de-
velop low-fat PC 

Fat replacers are divided de-
pending on the materials from which 
they are derived into carbohydrate-
based fat replacers (pectin, gums, 
starch, dextrin, vegetable fibers, and 
carrageenan), protein-based fat re-
placers (modified whey protein and 
soy protein), and fat-based fat replac-
ers (mono and diglycerides, olestra, 
salatrim, and carpenin) (Napier, 
1997). 

Several different fat replacers 
have been shown to produce low-fat 
PC with improved functional charac-
teristics (Davison et al., 1993; 
Mehnert and Prince, 1996; Drake et 
al., 1999; Swenson et al., 2000). A 
study on the physical and sensory 
properties of low-fat PC spread made 
using a hydrocolloid fat mimetics was 
completed (Brummel and Lee, 1990). 
In their study, different hydrocolloids 
(xanthan gum, guar gum, carra-
geenan, pectin, and zooglan) were 
added at different levels to manufac-
ture two different low-fat PC spreads 
(40 and 50% reduced). The control 
full-fat process spread contained 25% 
fat in this study. The texture and sen-
sory characteristics of both the 40% 
and 50% low-fat PC were evaluated 
and compared to the control. This 
study compared the texture of 40% 
low-fat PC spreads with pectin to 
full-fat PC and concluded that the 
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firmness and melt values of the 40% 
low-fat PC spreads with pectin were 
low compared to the whole or full-fat 
PC spreads. 

The effect of different hydrocol-
loids (guar gum, carrageenan, gelatin, 
locust bean gum), when used at the 
2% level as fat replacers in fat-free 
PC, spread formulations was studied 
(Swenson et al., 2000). The full-fat 
PC spread was made with full-fat 
Cheddar whereas the fat-free PC 
spreads were made with skim milk 
cheese which did not have any hy-
drocolloids. These fat-free PC formu-
lations were compared with the con-
trol full-fat PC spread for firmness, 
melt, and spreadability. The results 
concluded that full-fat PC spreads 
had lower firmness, higher melt, and 
higher spread-ability than the fat-free 
PC spread formulations. It has been 
reported that 50% low-fat PC con-
taining lecithin had improved func-
tional properties (elasticity, firmness, 
and cohesiveness) relative to a 50% 
low-fat control that contained no leci-
thin (Drake et al., 1999). 

The effect of monoglycerides 
and diglycerides, when used as fat 
replacers in fat-free PC, was also 
studied (Lucey, 2008). His research 
study concluded the manufacture of 
fat-free PC with improved stretch, 
melt, and slice ability was possible. 
Earlier research studies on the use of 
fat substitutes also concluded that 
improvements in low-fat PC func-
tional and sensory characteristics 
were possible (Kong-Chan et al., 
1991; Mehnert and Prince, 1996). As 
an example, it has been reported that 
the employ of sucrose polyesters as 
fat substitutes in low-fat PC resulted 
in improved functional properties of 

low-fat PC (Mehnert and Prince, 
1996).  
3. Cheddar Cheese  

Cheddar cheese which origi-
nated in the village of Cheddar in 
England is hard, bacteria ripened 
cheese, and has a cohesive, waxy tex-
ture with a generally bland flavor 
(Kosikowski and Mistry, 1977). The 
Code of Federal Regulations (CFR) 
(FDA, 2014) defines Cheddar cheese 
as "cheese made by the Cheddar pro-
cess or by another procedure which 
produces a finished cheese having the 
same physical and chemical proper-
ties as the cheese produced by the 
Cheddar process and is made from 
cows' milk with or without the addi-
tion of color and with common salt, 
contains not more than 39% moisture 
and in the water free substance, con-
tains not less than 50% milk fat and 
conforms to the provisions of Defini-
tions and Standards of Identity for 
cheese and cheese products" (FDA, 
2014). 
 3. 1. Low-fat Cheddar cheese  

During the past three decades, 
the production and consumption of 
low-fat food products have risen 
sharply. The cheese industry has de-
veloped low-fat Cheddar cheeses to 
cater to these demands and thereby 
expanded the market of cheese. How-
ever, low-fat Cheddar cheese has low 
shelf-life and sensory characteristics 
compared to full-fat Cheddar cheese 
(Olson and Johnson, 1990; Johnson 
and Chen, 1991; Simard, 1991). 

The Code of Federal Regula-
tions (CFR) (FDA, 2014) requires 
that in order to be called reduced-fat, 
fat reduced, lower fat or lower in fat, 
reduced in fat,  less fat, the cheese 
must contain at least 25% less fat per 
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reference amount customarily con-
sumed. Products with serving size of 
30 g or less may be classified as low-
fat, low in fat, contains a small 
amount of fat, low source of fat, or 
little fat if they contain 3 g or less of 
fat per 50 g (FDA, 2014). Therefore, 
low-fat Cheddar cheese must contain 
6% fat or less. Cheddar cheese may 
also be classified as light or less. To 
bear this claim the cheese must be 
compared to the reference food (full-
fat Cheddar cheese). The label should 
claim the identity of the reference 
food and the percentage of the 
amount of fat decreased compared to 
the reference amount (FDA, 2014). In 

this review, the term low-fat is used 
to refer to cheeses lower in fat than 
full-fat cheese. 
3. 2. Functional properties of low-
fat Cheddar cheese 

The differences between full-fat 
and low-fat Cheddar cheeses are 
shown in Figure 2. The lower fat con-
tent in low-fat Cheddar cheese leads 
to several defects including poor tex-
ture, keeping quality, and flavor 
(LeRoux and Abbott, 1962; Simard, 
1991). The two most important prob-
lems currently associated with low-
fat Cheddar cheese are flavor and 
body and texture. 

 
Figure 2. Composition of full-fat and low-fat Cheddar cheeses. Adopted from (Mistry 

and Anderson, 1993) 

 
FDM= Fat in dry matter 
MNFS= Moisture in nonfat substance 
 
 3. 3. Sensory characteristics of 
low-fat Cheddar cheese 
  3. 3. 1. Flavor 

Milk fat plays a significant role 
in the flavor of cheese; it has a unique 

fatty acid profile including a large 
percentage of flavor-producing, short 
chain fatty acids (Olson and Johnson, 
1990; Simard, 1991). The develop-
ment of Cheddar flavor is not com-
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pletely understood; however, it is af-
fected by several factors including 
pH, salt to moisture ratio (S/M), milk 
composition, and bacterial growth. 
Optimum flavor development occurs 
in Cheddar cheese when the pH is be-
tween 5.0 and 5.2 after 24 h of manu-
facturing, with a range of 4 to 6% 
S/M (Lawrence et al., 1984). Low-fat 
Cheddar cheese typically has a pH of 
5.2 to 5.4 after 24 h of manufacturing 
and a S/M of 1.3 to 1.5% (Banks et 
al., 1989; Anderson et al., 1993). 
This altered environment in low-fat 
Cheddar cheese allows starter and 
nonstarter lactic acid bacteria (LAB) 
to grow to high numbers and lead to 
undesirable flavor defects, and poor 
keeping quality (Johnson and Chen, 
1991; Simard, 1991). 

Bitterness, the major flavor de-
fect in low-fat Cheddar cheese, is 
caused by the proteolysis of casein 
and subsequent formation of bitter 
peptides during ripening. Proteolysis 
of casein is classified as primary or 
secondary (Grappin et al., 1985; 
Rank et al., 1985; Hammam et al., 
2017, 2018). During primary prote-
olysis, chymosin hydrolyzes as casein 
and proteolytic enzymes, mainly from 
starter bacteria, degrade other caseins 
into peptides (Hammam et al., 2017; 
Hammam and Metzger, 2018). These 
peptides are further hydrolyzed to 
produce small peptides and amino 
acids by peptidases and aminopepti-
dases during secondary proteolysis 
(Olson et al., 1993; Pritchard and 
Coolbear, 1993; Hammam et al., 
2017). Rapid primary proteolysis is 
associated with the development of 
bitter flavor in cheese (Grappin et al., 
1985; Rank et al., 1985; Chen et al., 
1992). The development of starters 

having lower primary proteolytic ac-
tivity have helped improve flavor de-
velopment in Cheddar cheese and 
may play an important role in im-
proving the flavor of low-fat Cheddar 
cheese. Proteinase negative starter 
cultures, which lack the plasmid that 
encodes for the proteinase genes have 
low proteolytic activity (Richardson 
et al., 1983) and produce fewer inci-
dences of bitter defects in full-fat 
Cheddar cheese (Emmons et al., 
1962; Mills and Thomas, 1980). In 
addition to starter with low prote-
olytic activity, adjunct cultures such 
as Lactobacillus casei and Pediococ-
cus spp. may improve flavor and fla-
vor intensity of low-fat Cheddar 
cheese and decrease bitterness, 
through secondary proteolysis 
(Bhowmik et al., 1990; Simard, 
1991). 

Condensing milk prior to cheese 
making may also improve cheese fla-
vor and decrease bitterness in low-fat 
Cheddar cheese. Condensing milk 
increases the mineral to moisture ra-
tio of cheese which may inhibit ex-
cessive growth of LAB and prevent 
bitterness in low-fat Cheddar cheese 
(Anderson et al., 1993).  
  3. 3. 2. Body and Texture 

Cheddar cheese consists of a ca-
sein matrix containing embedded fat 
(Kimber et al., 1974; Jameson, 1990; 
Mistry and Anderson, 1993). The fat 
provides lubrication within the pro-
tein matrix and gives the cheese a 
"creamy" body, typically found in 
full-fat Cheddar cheese. When the fat 
content in Cheddar cheese is reduced, 
the casein plays a more dominating 
role in cheese structure. The optimum 
casein to fat ratio in milk for full-fat 
Cheddar cheese is 0.7 to 1 
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(Kosikowski, 1977) and in milk for 
40% low-fat Cheddar cheese it is 
1.6:1 (Johnson, 1988). The increased 
casein content results a firm and rub-
bery body and texture in the cheese 
(Rogers et al., 2010; Farkye and 
Guinee, 2017). These defects are 
partly overcome in low-fat Cheddar 
cheese by escalating cheese moisture 
content (Banks et al., 1989; Johnson 
and Chen, 1991; Simard, 1991; 
Anderson et al., 1993). 

The moisture in fat-free cheese 
ratio (MFFC) in low-fat cheeses is 
therefore generally similar to that in 
whole or full-fat cheese (Mistry and 
Anderson, 1993). This approach only 
marginally improves the body and 
texture of low-fat Cheddar cheese 
(Banks et al., 1989). Adjunct cultures 
which increase secondary proteolysis 
may soften cheese body (Banks et al., 
1989; Bhowmik et al., 1990; 
Hammam et al., 2018) but, the cheese 
tends to become weak and pasty dur-
ing ripening. Body and texture de-
fects, therefore, remain prevalent in 
low-fat cheeses.  
 3. 4. Modifications of cheesemak-
ing procedure 

Several modifications are made 
in the Cheddar cheese make the 
procedure to obtain a low-fat Cheddar 
cheese (LeRoux and Abbott, 1962; 
Walstra and Oortwijn, 1975). Tradi-
tional Cheddar cheese manufacturing 
procedures used with low-fat milk 
produce cheese with an extremely 
hard body (LeRoux and Abbott, 
1962). The modifications in the tradi-
tional procedure are therefore primar-
ily for the purpose of increasing 
cheese moisture. The cooking tem-
perature is reduced from 39°C to 34 
to 37°C and the cooking time is de-

creased by 15 to 30 min. These 
changes lessen the amount of whey 
expelled from the curd (Banks et al., 
1989; Johnson and Chen, 1991; 
Simard, 1991). The pH at mill is be-
tween 5.5 and 5.7 for low-fat Ched-
dar cheese (Johnson and Chen, 1991), 
whereas full-fat Cheddar is milled at 
pH 5.2 to 5.4 (Lawrence et al., 1984). 
This modification also limits whey 
expulsion from the curd (Johnson and 
Chen, 1991). An additional, but con-
troversial method to increase mois-
ture is washing the curd after cook-
ing. Washing reduces the lactose con-
tent and helps control pH (Johnson 
and Chen, 1991; Simard, 1991). 
However, washing decreases flavor 
intensity and promotes excessive bac-
terial growth by decreasing mineral 
content in the cheese (Metzger, 
1994).  
4. Conclusion 

The term "low-fat cheese" var-
ies depending on the type of cheese 
and country. Cheese with low fat than 
the full-fat version is considered as 
low-fat cheese. Demand for low-fat 
cheese has increased over the past 
two decades. Fat has a major contri-
bution in the flavor, body and texture 
of the cheese. Several low-fat cheeses 
are characterized by low flavor, weak 
body texture, and low functionality. 
The dairy industry's response to 
health-conscious consumers and gov-
ernment health authorities is to pro-
vide low-fat cheeses with low addi-
tives to consumers. The main chal-
lenge for cheese makers is manufac-
turing low-fat cheeses with typical 
texture and flavor characteristics sim-
ilar to the whole or full-fat cheeses. 
Approaches utilized for low-fat 
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cheese could enhance the texture but 
not the cheese flavor and vice versa. 
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 تكنولوجیا وخصائص الجبن منخفضة الدسم
 ٢مصطفى صالح إبراهیم احمد، ٢،١احمد رفعت عبد الوهاب همام

  الوالیات المتحدة االمریكیة بروكینجس - جامعة ساوث داكوتا-قسم األلبان١
   جمهوریة مصر العربیة-  جامعة أسیوط- كلیة الزراعة-قسم األلبان٢

 الملخص
بن و الج تج ه ن من ات م ان منتج ه األلب تم المعروف صول وی ا الح ن علیه بن م تخدام الل  باس

ن  الحلیب لتخثر المختلفه البكتریه البادئات مع االنزیمات ة  خالل  م ة  عملی تج  هى  الجبن . كیمیائی  من
ن  هر م ان منتجات  اش وده األلب ى  الموج واق ف ى  االس دل زادت والت تهالكها مع سبه  اس ره بن ى كبی  ف

د ن العدی دان م ف. البل صطلح ویختل بن "م ضة ج م منخف ى" الدس سب عل وع ح بن ن دان الج  والبل
ه  الجبن من أقل دهن هنسب على المحتوي الجبن یعتبر ، عام وبشكل. إلخ ، والمستهلكین م  كلمل  الدس

ق ا یطل بن علیه ضة ج م منخف سبه الدس ستهلك بالن د. للم تهالك زاد وق سویق اس بن وت ضة الج  منخف
الل الدسم  دین  خ دهون . الماضیین العق ة ال ساهمتها نظرا  مهم سیة  لم ي الرئی ة تحسین  ف وام نكه  وق

ز . الجبن وملمس د  تتمی ن  العدی ة  الدسم  منخفضة  الجبن  م وام  وضعف  ، ةخفیف  بنكه  ، والملمس  الق
ى باالضافه  عف ال صها ض ة خصائ ورت. الوظیفی ه األبحاث  ط ي المختلف بن ف ضة الج م منخف  الدس

دهون  المتعلقة المشاكل لحل أساسیة استراتیجیات ثالثة ل  ، بال دیل  مث ه  تع صناعه  طریق  خدامتواس  ال
وخ  الجبن  خصائص  ومراجعة عرض إلى العمل هذا یهدف. الدهون وبدائل ، مختلفه بادئات  المطب

  ). LFCC (الدسم منخفضة الشیدر والجبن) LFPC (الدسم منخفضة
ات  ة  الكلم بن : الدال ضة  ج م منخف بن ؛ الدس ه  ج ضة  مطبوخ م منخف بن ؛ الدس یدر  ج ضة  ش م منخف ؛ الدس

  الوظیفیة الخصائص؛ الحسیه الخصائص


