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Cheddar cheese, one of the earliest and most commercially significant dairy products, provides an 
excellent platform for functional food innovation due to its stable matrix and widespread consumer 
acceptance. This study explores the incorporation of Eucheuma cottonii, a nutrient-rich red 
seaweed, into Cheddar cheese and evaluates its effects on physicochemical properties during 
refrigerated storage. The research also aims to promote sustainable use of local marine resources 
and support the livelihood of seaweed farmers in Sri Lanka’s coastal regions. Cheddar cheese was 
manufactured using buffalo milk, with seaweed extract incorporated at three concentrations: 1%, 
3%, and 5% (v/v). A control sample without seaweed was also prepared. Over a four-week storage 
period, pH, titratable acidity, and protein content were monitored. Results showed a significant 
increase in pH values in seaweed-fortified samples compared to the control, with the 5% treatment 
exhibiting the highest values. This suggests that seaweed components may provide buffering 
capacity and influence microbial activity during ripening. Titratable acidity decreased across all 
treatments, with the 1% seaweed cheese showing the highest acidity at week four. Protein content 
declined over time, but the 3% seaweed treatment maintained the highest protein levels throughout 
storage. Cheese yield was not significantly affected by seaweed addition; however, the 1% 
treatment displayed the highest average yield. Although no sensory evaluation was conducted, the 
1% seaweed cheese exhibited the most favorable combination of pH, acidity, and protein retention, 
indicating improved overall quality. This study demonstrates that seaweed-fortified Cheddar cheese 
is both technologically feasible and strategically beneficial. It offers a value-added dairy product 
that enhances nutritional properties while providing economic support to Sri Lanka’s seaweed 
industry. Future research should investigate consumer acceptance, sensory properties, and long-
term storage behavior to further develop this functional food innovation. 
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Introduction 

Cheese is one of the earliest manufactured dairy 
products, developed as a way to preserve milk, which has 
a short shelf life due to bacterial contamination especially 
in warmer regions. Historically, nomadic tribes likely 
transported milk in animal-skin pouches, where natural 
fermentation and motion led to the separation of curd and 
whey (Walther et al., 2008). This curd, formed by the 
action of milk sugars and bacteria, became the foundation 
for cheese. Cheese ripening, the transformation of curd into 
a smooth, flavorful cheese, is a complex biochemical 
process. It involves microbial and enzymatic activity that 
breaks down proteins, fats, and lactose into smaller 
compounds, contributing to the cheese’s distinct flavor and 
texture over a ripening period that can range from weeks to 
years depending on the cheese type (Kheadr et al., 2003; 
Cogan and Beresford, 2002). 

The structure and consistency of cheese are largely 
determined by the modification of casein micelles through 
enzymatic coagulation using rennet in the presence of 
calcium ions. This is followed by processes such as 
acidification, cutting, heating, pressing, and salting, which 
manage whey removal and help form the final texture of 
the cheese (Moatsou, 2019).  

Making cheddar cheese involves two steps such 
including turning milk into curd in the first phase, which 
typically takes 24 hours, and turning the immature, “green” 
cheese into a mature cheese in the second. The milled-curd 
(MC) process has long been employed to create Cheddar 
cheese. The “cheddaring” procedure, which entails 
twisting and flipping heated curd loaves at regular intervals 
for one to two hours so that acid can develop and create a 
fibrous, “chicken breast-like” structure, is followed by 
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milling, hooping, and pressing in the 76 MC method. The 
stirred-curd (SC) method of production eliminates the 
conventional cheddaring and milling procedure by 
continually stirring the curds after whey drainage. Due to 
its relatively quick manufacturing process, the SC 
technique is preferred in highly automated cheese making 
facilities. One of the most crucial processes in the 
production of Cheddar cheese is acidification. To ensure a 
consistent and predictable rate of acid production 
throughout manufacturing, starters are introduced to 
cheese milk. Because the post-coagulation procedures for 
MC Cheddar and SC Cheddar are different, the 
development of acidity and the pace of starter bacterial 
growth may differ. Starter bacteria’s cell envelope-
associated proteinase and intracellular peptidases act to 
promote proteolysis during the ripening of Cheddar cheese 
(Singh et al., 2003). 

Cheese is one of the earliest manufactured food 
products derived from processed milk. Its invention is 
believed to have originated from early nomadic tribes who 
needed ways to extend the shelf life of milk, especially in 
warmer climates where bacterial contamination was 
prevalent. These tribes, who traversed regions from the 
Middle East to Western Europe and across South and 
Central Asia, are thought to have used animal-skin pouches 
as practical containers for transporting milk. The natural 
fermentation of milk sugars and the constant movement 
during travel likely led to curdling. This process would 
break the milk into solid curds and liquid whey, thus 
unintentionally creating an early form of cheese (Walther 
et al., 2008). 

Over time, this rudimentary curdling process evolved 
into sophisticated cheese-making methods. A key stage in 
modern cheese production is cheese ripening, where 
rubbery curds develop into cheeses with distinct textures 
and flavors. This transformation is a complex biochemical 
and microbiological process involving the breakdown of 
proteins, fats, and lactose into simpler components, which 
are further degraded into flavorful secondary compounds 
(Kheadr et al., 2003). The final quality of ripened cheese is 
largely determined by its flavor and texture, influenced by 
bacterial activity throughout aging (Cogan & Beresford, 
2002). Depending on the type, cheese can take from a few 
weeks (soft cheeses) to several years (hard cheeses) to 
reach its full maturity. 

The majority of cheeses are produced from casein 
micelles, which are enzymatically coagulated using rennet 
in the presence of calcium ions. Processes such as 
biological acidification, cutting, stirring, heating, pressing, 
and salting help control syneresis the spontaneous 
expulsion of whey from the curd allowing cheesemakers to 
achieve the desired moisture content and texture (Moatsou, 
2019). Among the many varieties, Cheddar cheese remains 
one of the most widely consumed globally. According to 
USDA figures, Cheddar accounts for approximately 44% 
of all cheese consumed in the United States, with a per 
capita consumption of 9.8 lbs (Me-Nsope & Larkins, 
2016). Advancements such as pasteurization in the early 
20th century enhanced Cheddar quality and consistency, 
enabling mass production with improved food safety 
(Price, 1927). 

Cheddar cheese is typically manufactured in two 
phases: converting milk into curd, followed by aging to 

transform the green cheese into a mature product. 
Traditional milled-curd (MC) methods involve 
“cheddaring” a technique that requires repeated flipping 
and stacking of the curd to allow acid development, giving 
the cheese its fibrous texture. This is followed by milling, 
hooping, and pressing. Alternatively, the stirred-curd (SC) 
method, which skips cheddaring, uses continuous agitation 
after whey drainage and is favored in large-scale automated 
production due to its efficiency. The acidification process 
is vital to both methods, as starter cultures are added to 
control bacterial growth and proteolysis during ripening 
(Singh et al., 2003). 

In recent years, functional food innovations have begun 
to incorporate non-traditional ingredients into cheese to 
enhance nutritional value and sustainability. One such 
promising ingredient is seaweed a nutrient-rich marine 
biomass. Seaweeds are broadly classified into three main 
groups based on their pigmentation: brown (Phaeophyta), 
red (Rhodophyta), and green (Chlorophyta) (Chan, Ho & 
Phang, 2006). They are a natural source of proteins, lipids, 
vitamins, minerals, and bioactive compounds, though their 
nutritional content varies by species, harvest time, 
environmental conditions, and geographic location 
(Marsham et al., 2007). 

Sri Lanka, an island nation with vast coastal resources, 
has recently recognized seaweed as a valuable resource for 
both economic development and food innovation. 
Traditionally reliant on fisheries, Sri Lanka’s coastal 
communities particularly in the northern districts of 
Kilinochchi, Mannar, Jaffna, and Mullaitivu have adopted 
seaweed farming as an alternative livelihood. Seaweed 
farming has been noted to generate income and create 
employment opportunities in marginalized and vulnerable 
regions, contributing to social development (Lankapura et 
al., 2017). However, despite its potential, Sri Lanka’s 
seaweed sector has faced multiple challenges, including 
sustainability issues, lack of market access, and limited 
product diversification. The role of seaweed in food 
innovation, particularly in dairy products, has not yet been 
fully explored in the local context. 

cheddar is one of the most widely consumed and 
commercially produced cheeses globally. Its neutral yet 
robust flavor profile, semi-hard texture, and predictable 
ripening process make it an ideal matrix for incorporating 
functional ingredients such as seaweed without 
compromising product quality or consumer acceptance. 
The relatively long shelf life and high thermal stability of 
Cheddar also support the integrity of bioactive seaweed 
compounds during processing and storage. From a 
manufacturing standpoint, Cheddar’s production methods 
especially the milled-curd (MC) and stirred-curd (SC) 
techniques offer practical points of intervention for the 
incorporation of finely milled seaweed. Unlike softer 
cheeses that rely heavily on moisture content and may 
exhibit structural instability when fortified, Cheddar 
provides a stable platform that allows for even distribution 
of additives without textural disruption. 

While other cheese types or food products (e.g., yogurt, 
processed cheese spreads, or plant-based alternatives) may 
also be viable carriers, Cheddar stands out due to its market 
familiarity, high consumer trust, and export potential, 
which are essential for product scalability and acceptance 
in both domestic and international markets. 
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Moreover, incorporating seaweed into Cheddar cheese 
contributes directly to supporting Sri Lanka’s developing 
seaweed farming sector. By creating a value-added, 
nutritionally enhanced dairy product, the study proposes a 
novel utilization pathway for locally farmed seaweed. This 
functional application can stimulate domestic demand, 
reduce reliance on raw exports, and help stabilize income 
for coastal farmers particularly in regions like Jaffna, 
Mannar, and Kilinochchi, where seaweed farming has 
emerged as a sustainable livelihood option. 

This integration not only provides economic incentives 
for seaweed farmers but also contributes to food security, 
marine conservation, and rural development goals, 
aligning with national strategies for blue economy 
development. Therefore, Cheddar cheese is not only a 
technically suitable but also a strategically impactful 
choice for seaweed fortification. 

In recent years, several studies have explored the 
incorporation of functional and bioactive compounds into 
dairy products to enhance their nutritional profiles. 
Fortification of cheese with plant-based ingredients such as 
herbs, spices, and fibers has been investigated for its 
potential to improve antioxidant activity, mineral content, 
and gut health benefits without negatively affecting 
sensory properties. For example, Kavas et al. (2004) 
evaluated the addition of dietary fibers into soft cheeses, 
while Shori and Baba (2014) studied the inclusion of 
medicinal plant extracts in fermented milk. These studies 
demonstrated that cheese could serve as a functional carrier 
for delivering health-promoting compounds. 

Regarding marine-based additives, seaweed 
incorporation has been explored to a limited extent, 
primarily in yogurt and soft cheeses. Pereira et al. (2011) 
reported on the use of Ulva lactuca in fresh cheese, 
observing an increase in mineral content and antioxidant 
activity. Similarly, Mouritsen et al. (2013) discussed the 
potential of seaweeds as sustainable umami-rich food 
ingredients but noted their limited application in 
mainstream dairy technologies. A few studies, such as 
Rosales Soto et al. (2012), have looked at algae 
incorporation into semi-hard cheeses, but these were 
conducted primarily in European contexts using imported 
or laboratory-grown seaweed species. Notably, very few 
studies have addressed the use of locally sourced tropical 
seaweed species in cheese, particularly in hard or semi-
hard varieties such as Cheddar. 

What sets the present study apart is its focus on 
incorporating Sri Lankan seaweed into Cheddar cheese, a 
semi-hard, aged variety with high commercial value and 
widespread consumer acceptance. This research is novel in 
its dual focus: (1) to evaluate the nutritional and functional 
impact of seaweed inclusion in Cheddar cheese and (2) to 
support Sri Lanka’s emerging seaweed farming industry by 
identifying new high-value applications for its products. 
Unlike previous work that primarily emphasized 
nutritional enrichment in fresh or fermented dairy, this 
study explores the technological feasibility and market 
integration of seaweed in a globally popular matured 
cheese variety. 

Furthermore, this study addresses a crucial gap in the 
literature—the lack of region-specific, value-added dairy 
innovations that leverage local marine biodiversity for both 
health and economic sustainability. The integration of local 

seaweed not only enhances the functional profile of the 
product but also provides a model for sustainable agri-
marine collaboration, creating economic opportunities for 
Sri Lankan coastal communities.  

So this study proposes the development of seaweed-
enriched Cheddar cheese, combining the rich history and 
technological expertise of cheese-making with the 
nutritional and economic promise of Sri Lankan seaweed. 
By doing so, it aims to address multiple objectives: 
enhancing the functional properties of Cheddar cheese, 
offering value-added products to consumers, and 
promoting the sustainable use of local marine resources. 
Moreover, it seeks to understand the perceptions of Sri 
Lankan seaweed farmers and identify the barriers they 
face, providing recommendations to strengthen the 
integration of seaweed into food production chains. 
Ultimately, the research aspires to contribute to sustainable 
coastal livelihoods and the advancement of functional food 
innovation in Sri Lanka. 

 
Materials and Methods 

 
Materials 
Main ingredient the buffalo milk was collected from 

livestock unit, Faculty of Agriculture, Eastern University, 
Sri Lanka. The Edible seaweed Eucheuma cottonii was 
collected from coastal areas of kaluwankeni batticaloa 
Eastern Province, Sri Lanka 

 
Methods 
Preparation of Seaweed Extraction 
Fresh sea weeds were collected and it was cleaned. 

Then the outer water content was removed. Then it was 
grained and 50g of sea weeds were mixed with 50g of 
water. Then the mixer was filtered and sea weed extraction 
was done through centrifuge procedure. 

 
Preparation of Cheese 
Raw fresh milk was gone through Pasteurization (63°C 

for min). It was Cooled to 31°C and transferred to stainless 
steel container. After 60 minutes starter culture was added. 
Then Coagulum formed and coagulated milk was cut with 
knife. It was stand for 15 minutes and it was mixed gently 
by spoon for 5 minutes. The temperature was gradually 
increased from 32°C to 40°C using a water- bath over 30 
min and held at this temperature for 1 hour to allow to cook. 
After cheddaring process, it was cut into small cubes and 
stirred for 15 minutes. Then Dray salt was added (1.5 % 
w/w of curd) and mixed thoroughly for 15 minutes. Curd 
was molded (using a mold, 1.5 kg capacity) and pressed by 
putting weight (10kg) on top curd overnight. Finally, the 
curd was cut into small pieces, placed in a vacuumed - 
packed nylon bag and store for 2 month at 7-8°C in a 
chiller. 

 
Statistical Analysis 
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 (DMRT) Test was used for 
significant difference comparisons in this study by using 
(SAS 9.1 Statistical Software). 
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Treatment Framework 
Preliminary trails indicated suitable amount of seaweed 

extract for cheese should be below 6% (v/v). Thus four 
treatments were designed namely .T1 cheese with 1% (v/v) 
of seaweed extraction, T2 cheese with 3% (v/v) seaweed 
extraction and T3 cheese with 5% (v/v) seaweed 
extraction. T4 cheese as the control treatment without 
seaweed extraction. Each treatment was carried out with 2 
replications.  The experiment was laid out in a Completely 
Randomize Design (CRD). 

 
Results and Discussion 

 
Cheese Yield  
Cheese yield is directly influenced by milk 

composition, coagulation efficiency, moisture retention, 
and curd syneresis. The addition of seaweed extract could 
affect these factors in multiple ways. Seaweed 
polysaccharides are known for their water-binding 
capacity, which might increase moisture retention in the 
curd, potentially improving cheese yield (Marinho-Soriano 
et al., 2006). Additionally, seaweed proteins may 
contribute to total solids, further enhancing yield. 

On the other hand, if seaweed compounds interfere with 
rennet coagulation or curd formation either by binding 
calcium ions or modifying casein micelle interactions this 
could negatively affect curd firmness and yield (Ganesan 
et al., 2019). No direct measurements of cheese yield were 
taken in this study; therefore, future research should 
evaluate yield quantitatively to determine whether seaweed 
fortification offers economic advantages in cheese 
production. Each treatment 1 %( v/v) seaweed extraction, 
3 %( v/v) seaweed extraction, 5 %( v/v) seaweed extraction 
and without seaweed extraction) had two replicates and the 
yields were recorded below as the average of those two 
replicates (Table 1). Treatments were derived by different 
concentrations and also it had as samples. There weren’t 
significant difference (p>0.05) between each treatment. 
 

pH Variation in Cheese during the Storage Period 
Table 2 presents the changes in pH of Cheddar cheese 

samples produced with varying concentrations of seaweed 
extract (1%, 3%, and 5% v/v) over a refrigerated storage 
period of four weeks. The statistical analysis revealed that 
there were significant differences (p < 0.05) in pH values 
among the different treatment groups throughout the 
storage period. 

In Week 1, the lowest mean pH value was observed in the 
control sample (T0, no seaweed extract), with a pH of 5.72 ± 
0.01. Among the treated samples, the 1% seaweed extract 
sample (T1) showed a slightly higher pH (5.74 ± 0.01), 
followed by the 3% (T2, 5.77 ± 0.01) and the 5% seaweed-
treated sample (T3, 5.81 ± 0.04), which recorded the highest 

pH value. This pattern suggests a dose-dependent increase in 
initial pH with increasing levels of seaweed extract. 

As storage progressed, all samples exhibited a gradual 
increase in pH, with the highest pH observed at Week 4 in 
the 5% seaweed-incorporated cheese (T3, 5.99 ± 0.01), 
while the control (T0) maintained the lowest final pH (5.91 
± 0.01). This trend indicates that the incorporation of 
seaweed extract slowed down the acid development or 
buffering capacity in cheese during ripening, possibly due 
to the presence of alkaline minerals or bioactive 
compounds in seaweed, such as calcium, magnesium, and 
certain polysaccharides. 

This observation is in line with previous findings by 
Singh et al. (2003) and Fox & McSweeney (2004), who 
noted that pH typically increases in surface-ripened and 
semi-hard cheeses over time due to proteolytic activity and 
microbial metabolism. However, unlike soft surface-
ripened cheeses, where pH shifts are directly linked to 
desired textural changes, Cheddar cheese ripening is more 
complex, and pH alone is not always a reliable indicator of 
ripeness or flavor maturity. 

The higher pH values in seaweed-treated cheeses may 
also reflect seaweed’s buffering action against lactic acid 
accumulation, a feature that can potentially influence 
microbial stability, textural softness, and ripening 
behavior. Seaweed contains polysaccharides such as 
alginate and carrageenan, which can interact with the 
cheese matrix and affect moisture retention and ion 
exchange, possibly influencing acidity levels. 

Furthermore, environmental conditions such as 
manufacturing season and milk composition may also 
impact microbial growth and acid production during 
cheese ripening. Although not directly assessed in this 
study, these factors could contribute to slight variations in 
pH trends observed across batches. 

In summary, the incorporation of seaweed extract into 
Cheddar cheese resulted in a statistically significant 
increase in pH over time, with higher extract 
concentrations correlating with higher pH values during 
storage. These findings suggest that seaweed extract 
influences the biochemical environment of cheese, 
potentially affecting microbial activity and proteolysis. 
Further sensory and microbiological evaluations are 
necessary to determine how these pH changes affect the 
overall quality, flavor development, and shelf life of 
seaweed-fortified Cheddar cheese. 

Table 3 shows the changes in titratable acidity (TA) of 
Cheddar cheese samples with varying concentrations of 
seaweed extract (1%, 3%, and 5% v/v) as well as the 
control sample without seaweed over a refrigerated storage 
period of four weeks. Titratable acidity, which reflects the 
total acid content primarily from lactic acid, is an important 
indicator of cheese ripening and quality. 

 
Table 1. Yields of Cheese in Different Treatments 

Treatments Yield(g) 
T1 325.51± 5.19a 

T2 323.2±14.7a 

T3 293.4±15.4a 

T0 293.6±14.6a 

T1 =sample with 1 %( v/v) seaweed extraction, T2 = sample with 3 %( v/v) seaweed extraction, T3 = sample with 5% (v/v) seaweed extraction, T0 = sample 
without seaweed extraction. The values are means of replicates ± standard deviation. Means with the same letters weren’t significantly different at (p<0.05) 
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Table 2. Changes in pH of the Cheese Prepared under Different Treatments 
Treatments Week 1 Week 2 Week 3 Week 4 

T1 5.74 ±0.01h 5.76±0.01gh 5.85±0.02fg 5.93±0.01bc 

T2 5.77±0.01gh 5.78±0.01fgh 5.90±0.03de 5.96±0.01bc 

T3 5.81±0.04fgh 5.82 ±0.01fg 5.91 ±0.02cd 5.99 ±0.01ab 

T0 5.72 ±0.01ef 5.73 ±0.01ef 5.78 ± 0.01bc 5.91 ±0.01a 

T1 =sample with 1 %( v/v) seaweed extraction, T2 = sample with 3 %( v/v) seaweed extraction, T3 = sample with 5% (v/v) seaweed extraction, T0 = sample 
without seaweed extraction. The values are means of replicates ± standard deviation. Means with the same letters weren’t significantly different at (p<0.05) 

 
Table 3. Changes in Titratable Acidity of Prepared Cheese under Different Treatments 

Treatments Week 1 Week 2 Week 3 Week 4 
T1 0.84±0.01bc 0.785±0.01e 0.76±0.01de 0.73±0.02e 

T2 0.845±0.01a 0.725±0.01ab 0.675±0.04b 0.625±0.02bc 

T3 0.75±0.01a 0.645±0.01bc 0.56±0.05cd 0.555±0.02de 

T0 0.71±0.01b 0.615±0.01d 0.615±0.03e 0.56±0.02e 

 
Titratable Acidity Variation in Cheese during the 

Storage Period 
At the first week of storage, the lowest acidity was 

recorded in the control cheese sample without seaweed 
extract (T0) at 0.71 ± 0.01%, indicating a comparatively 
lower level of acid development in the absence of seaweed. 
Among the seaweed-treated samples, the 3% seaweed 
extract sample (T2) showed the highest acidity at 0.845 ± 
0.01%, followed closely by the 1% sample (T1) at 0.84 ± 
0.01%. The 5% seaweed sample (T3) had a lower acidity 
than T1 and T2 but still higher than the control, measured 
at 0.75 ± 0.01%. 

Over the storage period, all samples showed a gradual 
decrease in acidity levels. By the fourth week, the 1% 
seaweed sample (T1) had the highest acidity at 0.73 ± 
0.02%, which was significantly different (p < 0.05) from 
the other samples. The 3% seaweed (T2) and control (T0) 
samples exhibited moderate acidity levels (0.625 ± 0.02% 
and 0.56 ± 0.02%, respectively), while the 5% seaweed 
sample (T3) showed the lowest acidity at 0.555 ± 0.02%. 

The observed decrease in acidity during ripening is 
consistent with the known biochemical processes in cheese 
maturation. Early in the ripening process, lactose is rapidly 
fermented by starter cultures into lactic acid, causing an 
initial rise in acidity (Anjum Murtaza et al., 2014). 
However, as ripening progresses, lactic acid is metabolized 
by secondary microbiota and converted into other 
compounds such as propionic acid, acetic acid, or carbon 
dioxide, leading to a reduction in overall acidity. This 
reduction can also be attributed to proteolysis and amino 
acid catabolism which consume organic acids and increase 
the cheese pH over time. 

The influence of seaweed incorporation on acidity may be 
linked to its bioactive components, such as polysaccharides 
and minerals, which can modify microbial activity and 
metabolic pathways during ripening. For instance, the higher 
initial acidity in the 3% seaweed sample might reflect 
enhanced microbial fermentation stimulated by nutrients in 
the seaweed extract. Conversely, the lower acidity in the 5% 
seaweed sample towards the later stages could be due to 
seaweed’s buffering capacity, which mitigates acid 
accumulation, or inhibition of certain acid-producing bacteria 
by bioactive compounds present in seaweed. 

Interestingly, the 1% seaweed sample consistently 
showed relatively higher acidity at the end of storage, 
suggesting that a low level of seaweed may encourage 

lactic acid bacteria activity or that the buffering effect is 
less pronounced at this concentration. The control sample’s 
lower acidity throughout indicates that seaweed addition 
generally influences acid metabolism during cheese 
ripening. 

In summary, seaweed extract affects the titratable 
acidity profile of Cheddar cheese during storage, with 
varying effects depending on concentration. This 
modulation of acidity may impact texture, flavor 
development, and shelf life, underscoring the importance 
of optimizing seaweed levels for desired cheese quality. 

T1 =sample with 1 % (v/v) seaweed extraction, T2 = 
sample with 3 % (v/v) seaweed extraction, T3 = sample 
with 5% (v/v) seaweed extraction, T0 = sample without 
seaweed extraction. The values are means of replicates ± 
standard deviation. Means with the same letters weren’t 
significantly different at (p<0.05) 

 
Protein Variation in Cheese during the Storage 

Period 
Table 4 presents the changes in protein content (%) of 

Cheddar cheese samples produced with varying 
concentrations of seaweed extract (1%, 3%, and 5% v/v) 
and a control sample without seaweed over a four-week 
refrigerated storage period. Protein content is a critical 
quality parameter in cheese, as it influences texture, 
nutritional value, and flavor development during ripening. 

At the first week, the sample with 5% seaweed extract 
(T3) exhibited the highest protein content at 20.25 ± 
0.51%, while the control cheese without seaweed (T0) 
showed the lowest protein value at 16.88 ± 0.04%. The 1% 
(T1) and 3% (T2) seaweed-incorporated samples showed 
intermediate protein levels of 19.74 ± 0.13% and 19.58 ± 
0.38%, respectively. These results suggest that seaweed 
addition contributes to an increase in the overall protein 
content of the cheese, likely due to the intrinsic protein 
content of the seaweed extract itself, which typically 
contains valuable plant-based proteins and peptides (Holdt 
& Kraan, 2011). 

Throughout the storage period, a gradual decrease in 
protein content was observed in all samples. By the fourth 
week, there were no statistically significant differences (p > 
0.05) among all samples; however, the 3% seaweed cheese 
sample (T2) maintained the highest protein content at 17.38 
± 1.61%, while the control sample (T0) remained the lowest 
at 16.32 ± 0.11%.  
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Table 4. Changes in Protein (%) of Prepared Cheese under Different Treatments 
Treatments Week 1 Week 2 Week 3 Week 4 

T1 19.74±0.13c 17.60 ± 0.48c 16.91±0.01c 16.46 ±0.25c 
T2 19.58 ±0.38ab 18.19 ± 0.84bc 17.90 ±1.12c 17.38 ±1.61c 
T3 20.25 ± 0.51ab 17.98± 0.94abc 17.24 ±1.13abc 16.61 ±1.39bc 

T0 16.88 ±0.04abc 16.73 ± 0.07bc 16.63 ±0.14bc 16.32 ±0.11c 
T1 =sample with 1% (v/v) seaweed extraction, T2 = sample with 3% (v/v) seaweed extraction, T3 = sample with 5% (v/v) seaweed extraction, T0 = sample without 
seaweed extraction. The values are means of replicates ± standard deviation. Means with the same letters weren’t significantly different at (p<0.05) 

 
The reduction in protein content during ripening is 

consistent with the proteolysis process, which is one of the 
most important biochemical changes occurring during 
cheese maturation (Thakur et al., 1975). 

Proteolysis involves the enzymatic breakdown of 
casein proteins into smaller peptides and free amino acids, 
which not only influence the texture and flavor 
development but also reduce the measurable total protein 
in cheese (Fox et al., 2000). This degradation is primarily 
driven by endogenous milk enzymes, starter culture 
proteases, and non-starter bacteria. The presence of 
seaweed extract may influence the proteolysis rate either 
by supplying additional protein substrates or by interacting 
with enzymes and microbial populations involved in 
ripening. 

The higher initial protein content in seaweed-fortified 
cheeses indicates a nutritional advantage by enhancing the 
cheese’s protein profile, which may improve its functional 
and health properties. Furthermore, the slight maintenance 
of protein content in seaweed-treated samples compared to 
control suggests that seaweed might also have a 
moderating effect on proteolytic activity, potentially 
through its bioactive compounds with antimicrobial and 
enzyme-modulating properties (Kumar et al., 2018). 

In conclusion, the incorporation of seaweed extract 
increases the protein content of Cheddar cheese initially 
and influences protein breakdown during storage. These 
findings highlight seaweed’s potential as a functional 
ingredient to improve both the nutritional quality and 
biochemical characteristics of cheese during ripening. 

 
Conclusion 

 
The incorporation of 1% (v/v) Eucheuma cottonii 

seaweed extract significantly improved the overall quality 
of Cheddar cheese during the storage period, particularly 
in terms of physicochemical properties such as pH 
stability, titratable acidity balance, and enhanced protein 
content. These measurable improvements suggest that 
seaweed fortification can positively influence cheese 
maturation and nutritional value without adversely 
affecting its compositional integrity. 

While seaweed’s impact on sensory properties was not 
directly evaluated in this study, Eucheuma cottonii is a 
locally available seaweed commonly consumed and 
accepted in Sri Lanka, which supports its potential as a 
culturally appropriate functional ingredient. Future studies 
should incorporate consumer acceptability testing and 
detailed sensory profiling to validate its market potential. 

The addition of seaweed also offers important 
functional advantages, including the enrichment of cheese 
with valuable minerals, polysaccharides, and bioactive 
compounds, which may improve cheese texture, extend 
shelf life through antimicrobial effects, and contribute to 

health benefits. Furthermore, this approach supports 
sustainable utilization of local marine resources, providing 
a value-added pathway that could economically benefit 
coastal farming communities engaged in seaweed 
cultivation. 

However, this study is limited by the lack of detailed 
microbiological analyses and consumer sensory 
evaluations. Moreover, the effects of seaweed on starter 
culture activity, cheese yield, and long-term ripening 
remain to be explored. Further research should focus on 
these aspects, including optimization of seaweed 
concentrations and processing conditions, to fully harness 
its potential in cheese production.In summary, fortifying 
Cheddar cheese with Eucheuma cottonii seaweed presents 
a promising strategy to enhance cheese quality and 
promote sustainable seaweed farming, contributing to both 
food innovation and coastal economic development. 
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