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Abstract 

This paper evaluated the effects of two hydrocolloids, pectin and carrageenan, on physical 

properties and lipid digestion of whipping cream. Hydrocolloids were added to the creams 

at 0.5, 1.0 and 1.5% by weight. Their physical properties and lipid digestion were 

examined. It was found that both pectin and carrageenan affected lipid droplet size and ζ-

potential of the emulsions, causing the volume-surface average diameter to decrease while 

the net negative charges of the lipid droplets increased. Hydrocolloids provided the key 

benefits to whipped creams as they improved foaming properties and delayed lipid 

digestion rate. Overrun and serum loss of the whipped creams were improved. 

Hydrocolloids reduced the rate of lipid digestion as evidenced by lipid droplet 

aggregations either by coalescence or flocculation mechanisms. The released free fatty 

acids which are the end products of lipid digestion were reduced as a consequence of 

hydrocolloid addition. The decrease of lipid digestion rate depended on the types and 

concentrations of hydrocolloids. Carrageenan was found to be more effective than pectin 

in terms of delaying lipid digestion.  

1. Introduction 

Whipped cream is a popular topping for desserts, 

cakes and pastries, as well as an ingredient in many 

dishes. It is an aerated emulsion which is formed through 

whipping dairy cream, an oil-in-water (O/W) emulsion 

with at least 35% fat content. In the whipping process, 

fat globules in cream were absorbed by serum protein 

and milk fat globule membrane fractions at the air/water 

interface (Dewettinck et al., 2008). These fat globules 

then form a partial crystal network cover air bubbles 

through a phenomenon called the surface-mediated 

partial coalescence (Hotrum et al., 2005; Nguyen et al., 

2015).  

Emulsion is an unstable system due to flocculation, 

creaming, coalescence, phase inversion and Ostwald 

ripening (Thanasukarn et al., 2004). Some food additives 

such as emulsifier, proteins or polysaccharides are 

usually used to improve the quality of dairy products. 

Emulsifiers play an important role in improving the 

stability of aerated food emulsions by absorption at the 

interface, thereby lowering the interfacial tension 

(Wollenweber et al., 2000). Proteins and polysaccharides 

are often applied in the emulsion as emulsifiers. Proteins 

are usually used for their surfactant and gelling 

properties to improve the textural characteristics and 

stability of the emulsion, while polysaccharides are 

usually added to increase the viscosity or to obtain a gel-

like product (Hemar et al., 2001; Pérez et al., 2007). The 

effect of emulsifiers depends on the type, blend and 

concentration. The best known and most well used of 

emulsifiers are that casein and carrageenan (Dalgleish 

and Morris, 1988). Recently, the effects of other 

polysaccharides or hydrocolloids on rheological and 

textural properties of whipped cream have been studied. 

These included locust bean gum (Camacho et al., 1998; 

2001; 2005), hydroxypropyl methylcellulose (Zhao, 

Zhao, Li et al., 2009), xanthan gum (Zhao, Zhao, Yang 

et al., 2009), and various seed gums (Farahmandfar et 

al., 2017; Farahmandfar et al., 2019).  

In recent years, the beneficial effects of a healthy 

diet on the quality of life, as well as on the cost-

effectiveness of health care, are widely recognized. The 

high amount of dietary fat is associated with increased 

risk of health hazards such as cardiovascular diseases, 

hypertension and obesity. These problems have 

prompted consumers to be more aware of high-fat diets. 

For this reason, there has been pressure on the food 

industry to develop food products with special health-

enhancing characteristics (Farahmandfar et al., 2017). As 

mentioned earlier, various hydrocolloids have been 

exploited in whipped cream as texture improving agents. 
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The basic property of hydrocolloids that lends them to be 

considered as a healthy food ingredient is that they are 

dietary fibers (Viebke et al., 2014). Therefore, these 

hydrocolloids may also affect the lipid digestion and 

retard lipolysis. It has been reported that hydrocolloids 

induced flocculation of lipid droplets in the 

gastrointestinal tract and consequently caused a decrease 

of the lipid digestion rate. The results depended on the 

type of hydrocolloids and simulated gastrointestinal tract 

model used for evaluation (Qin et al., 2017).  

In view of the importance of hydrocolloids, not only 

as emulsion stabilizers but also functional dietary fibers 

that could retard lipid digestion rate, this study aimed to 

evaluate the effects of several hydrocolloids including 

carrageenan and pectin on physical properties and lipid 

digestion of whipping cream. Carrageenan is an anionic, 

high molecular weight sulfated GRAS polysaccharide, 

obtained from certain species of red seaweed. While 

pectin is a complex anionic polysaccharide composed of 

β-1, 4-linked D-galacturonic acid residues, where the 

uronic acid carboxyls are either fully (high-methoxy 

pectin) or partially (low-methoxy pectin) methyl 

esterified. The mentioned hydrocolloids are commonly 

used in the manufacturing of whipped cream. In addition, 

most previous studies about the use of hydrocolloids in 

whipped cream focused on rheological properties and not 

much information about lipid digestion, the information 

obtained from this study could add up the knowledge and 

help the industry to design proper whipped cream with 

better functional properties. 

 

2. Materials and methods 

2.1 Materials  

Carrageenan (Satiagel™ ME 5, food grade) and 

pectin (Unipectine™, high-methoxyl food grade) were 

purchased from Cargill Inc. (Philippines). All the 

chemicals were analytical grade and purchased from 

Sigma-Aldrich (Thailand).    

2.2 Sample preparation 

The hydrocolloid solution was prepared by 

dispersing the hydrocolloid in distilled water and stirring 

with a magnetic stirrer at ambient temperature until full 

dissolution. The solutions were stored at 4°C overnight 

for complete hydration (Farahmandfar et al., 2017). 

Fresh cream with a fat content of approximately 30% 

was obtained from a local dairy factory. Fat content was 

adjusted by the addition of raw skimmed milk to 40% fat 

cream. Then, 0.5, 1.0 and 1.5% by weight of the 

hydrocolloid solutions were added to the cream. Samples 

were then pasteurized at 85°C for 5 mins in a water bath, 

homogenized at 50°C and 3,000 RPM for 1 min using 

Ultra Turex homogenizer (Ultra-Turrax® T18, IKA, 

Germany). The treated creams were refrigerated for 24 

hrs at 4°C to promote fat crystallization and support the 

formation of foam structure during whipping. After 

cooling, whipping cream was ready for aeration which 

was done using a stand mixer (Kenwood, Model KM 

280, China). In addition, the cream after refrigeration 

was also used to examine for their in-vitro lipid digestion 

properties. 

2.3 Particle size and ζ-potential measurements 

Particle size distribution of the emulsions after 

homogenization was measured by an integrated-laser 

light scattering instrument (Mastersizer 2000, Malvern 

Instruments Co. Ltd., Worcestershire, UK). Relative 

refractive index and absorption were set as 1.414 and 

0.001, respectively. The emulsion in the sample chamber 

was diluted 1000-fold with distilled water. The 

percentage of volume (%) was recorded. The average 

particle size (volume–surface average diameter, d3,2) was 

obtained from triplicate measurements.  

The electrophoretic mobility expressed as ζ-potential 

was determined using a Zetasizer Nano-ZS (Malvern 

Instruments, UK). The emulsion was diluted 1000-fold 

with distilled water to avoid multiple scattering effects 

before measurements. All the measurements were 

conducted in triplicate at 25°C. 

2.4 Foaming properties  

Foaming properties were evaluated based on overrun 

and serum loss. Overrun is mL of air per 100 mL of 

cream. It was measured by the method described earlier 

(Scurlock, 1986), by filling a tub to a set volume with the 

cream before and after whipping treatment. The overrun 

was related to the weight of this volume and the density 

of the cream before whipping. It was determined 

according to the following equation:  

Whipping was stopped when the foam reached 

maximum overrun, after which the weight of the sample 

began to increase because foam tends to collapse on 

continued whipping, leading to the formation of butter 

granules (Farahmandfar et al., 2017).  

Serum loss was determined using the method 

described earlier (Nguyen et al., 2015) with some 

modifications. The foam (20 g) was filled in a glass filter 

which was put above a 100 mL Erlenmeyer flask. The 

amount of liquid (mL), which separated from the foam 

by natural gravity collected in the flask, was recorded 

after 3 hrs. The serum loss was calculated according to 

the following equation: 
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2.5 Lipid digestion 

The in-vitro lipid digestion model used in this study 

was a modification of that described previously 

(Beysseriat et al., 2006; Klinkesorn and McClements, 

2009). The model was designed to simulate the pH 

variations that food experiences during passage through 

the human digestive system. The procedure was as 

follows: emulsions were prepared as described above, 

adjusted to pH 7.0 with NaOH (if necessary) and stored 

at 37°C for 1 hr. These emulsions were acidified to pH 

2.0 with HCl, then incubated at 37°C for 1 hr in a 

shaking incubator (95 rpm). The acidified emulsions 

were raised to pH 5.3 with NaOH, followed by the 

addition of the Lipex® lipase solution (Novozymes, 

Denmark) to give a final concentration of 0.05 mg/mL 

sample and incubated for 2 hrs at 37°C. Finally, the pH 

of the emulsion was increased to 7.5 with NaOH and the 

samples were incubated at 37°C for 2 hrs, shaking at 95 

rpm, to complete the intestinal phase of the in-vitro 

digestion process.  

Creaming stability was determined by measuring the 

percentage of the height of the cream layer formed at the 

top of the emulsion after 24 hrs storage at 25°C (Srikaeo 

and Singchai, 2016).  

The microstructure of the emulsions was determined 

via optical microscopy using a Nikon Eclipse E400 

microscope (Nikon Corporation; Japan). A drop of 

sample from each stage of the digestion model was 

placed on a microscope slide, covered by a coverslip and 

observed at a magnification of 200X.  

The free fatty acids (FFAs) released after digestion 

was determined by titrimetry using 0.25 N NaOH and 

phenolphthalein as an indicator to the endpoint (pink 

color). FFAs were expressed as oleic acid and calculated 

from a standard curve previously prepared using oleic 

acid as the reference (Mun et al., 2007; Srikaeo and 

Pradit, 2011). 

2.6 Statistical analysis 

All values are expressed as means ± standard 

deviations from triplicated data. Statistical analysis of 

data was performed using one-way ANOVA. Mean 

comparison was carried out using Duncan’s multiple 

range test. Differences were considered to be statistically 

significant when p≤0.05. 

 

3. Results and discussion 

3.1 Particle size and ζ-potential measurements 

The particle size distribution as evaluated by volume

-surface average diameter (d2,3) and ζ-potential values 

are shown in Table 1.  

Volume weighted mean diameter and ζ-potential are 

the important emulsifying properties. From Table 1, it 

was found that volume-surface average diameter of the 

hydrocolloid added samples were lower than that of the 

control. This indicated that both pectin and carrageenan 

enhanced the efficiency of homogenization causing the 

small emulsion droplets. Carrageenan added samples 

exhibited slightly lower diameter than pectin added 

samples. In terms of concentrations, the surface-

weighted mean diameters decreased gradually as the 

concentration of hydrocolloids increased. Both pectin 

and carrageenan exhibited similar behaviors. Previous 

studies have found that increasing concentration of 

several gums and sugar beet pectin decreased the 

emulsion droplets gradually until it reached a saturated 

surface coverage at where the diameter remained 

unchanged (Yao et al., 2016). Similar results were also 

reported in carrageenan (Chang and McClements, 2016).   

In terms of electrophoretic ability, the ζ-potential of 

emulsions increased as hydrocolloid concentrations 

increased. Both pectin and carrageenan are anionic 

polysaccharides and they adsorbed to the surface of the 

oil droplets contributed to the negative charges as 

evidenced by ζ-potential values.  

Oil droplet size and ζ-potential also influence lipid 

digestion rate. Studies have found that the lipid digestion 

rate does increase with decreasing droplet size since this 

would lead to an increase in the surface area of lipid 

exposed to the lipase (Yao et al., 2016). However, the 

nature and thickness of the interfacial layer surrounding 

the lipid droplets also play an important role in 

determining the rate and extent of lipid hydrolysis 

(Torcello-Gómez et al., 2012).   
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Samples 
volume-surface 

average diameter 
(d2,3) (µm) 

-potential values 
(mV) 

Control 3.74±0.04a -8.44±0.45a 

Carrageenan 0.5% 2.25±0.06d -13.41±0.11b 

Carrageenan 1.0% 2.15±0.06d -14.56±0.13c 

Carrageenan 1.5% 1.50±0.01e -14.75±0.18c 

Pectin 0.5% 2.88±0.03b -14.36±0.04c 

Pectin 1.0% 2.81±0.02bc -15.70±0.04d 

Pectin 1.5% 2.65±0.06c -15.93±0.08d 

Table 1. Volume-surface average diameter (d2,3) and ζ-

potential of the whipping cream emulsions 

Values are mean ± standard deviation (triplicate). Means with 

different superscript letters within a column are significantly 

different (p ≤ 0.05). 
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3.2 Foaming properties  

The effects of carrageenan and pectin on overrun and 

serum loss of the whipped cream samples are shown in 

Figure 1.  

From Figure 1, the overrun of whipped cream 

samples increased as the hydrocolloid level increased. 

The overrun of the control sample was 120% and then 

increased up to a maximum of 170% when added with 

hydrocolloids. Pectin generally exhibited higher overrun 

values than those of carrageenan. The concentration of 

both hydrocolloids did not significantly affect overrun 

values. Overrun is an indicator which gives information 

on the gas holdup or the percentage of gas in the 

whipped cream (Jakubczyk and Niranjan, 2006). 

Maximal overrun corresponds with the maximal stability 

and stiffness of the foam. The air bubbles are 

encapsulated by coalesced fat droplets which distribute 

well at the air/slurry interface. The emulsion with 

hydrocolloids could incorporate large quantities of air 

during whipping. Moderate hydrocolloid levels can give 

more opportunity for air incorporation. Once most of the 

air has been incorporated into the emulsion, the emulsion 

gives a strong combination and reinforces the 

stabilization of the already incorporated air cells (Allen 

et al., 2006).  

In terms of serum loss, it can be observed that the 

addition of gums plays a significant role in the reduction 

of serum loss. Mostly, foam is more stable at high 

viscosity because increasing the viscosity of the aqueous 

phase, leads to the creation of a network structure in the 

bulk phase that would keep the interfacial wall from 

easily breaking, which causes improved foam stability 

(Salahi et al., 2015). In this study, whipped creams with 

added hydrocolloids showed less serum loss indicating 

their high stability when compared to the control. The 

higher the hydrocolloid level the better foam stability 

(less serum loss). Hydrocolloids have been reported to 

affect foam stability, depending on the types and 

concentrations of the hydrocolloids. It has been reported 

that some hydrocolloids can either increase or decrease 

foam stability as the concentration increased. Foam 

stability is the key step in studying foam systems. Foam 

stability is influenced by the physical and rheological 

properties of the interface and the continuous phase. 

Thickness of the interface, bubble size distribution, 

interface permeability and surface tension are effective 

on foam stability (Farahmandfar et al., 2017). 

3.3 Lipid digestion 

Images of the emulsions in the test tubes prepared 

from carrageenan and pectin added whipping creams 

before and after passing through the digestion model (pH 

7.0; 2.0; 5.3; 7.5) are shown in Figure 2. Please note that 

only the control and 1.5% samples of both hydrocolloids 

are shown. The others provided similar patterns so the 

images are not shown here. Besides, the creaming 

stability values, as determined by measuring the 

percentage of the height of the cream layer formed at the 

top of the emulsion after 24 hrs storage at 25°C, are 

shown in Table 2.  
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Figure 1. Overrun and serum loss of the whipped cream 

samples 

Figure 2. Images of the emulsions with added pectin and 

carrageenan before and after passing through the digestion 

model 
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In addition, light microscopic images showing lipid 

droplets of the emulsions with pectin and carrageenan 

after passing through each step of the digestion model 

are shown in Figure 3.  

It was found that carrageenan and pectin provided 

similar patterns of results. In the presence of both 

hydrocolloids, the emulsions exhibited appreciable 

droplet flocculation and/or coalescence when exposed to 

pH changes through the digestion model. This resulted in 

creaming and phase separation of the emulsions (Figure 

2). Flocculation of the emulsions occurred from pH 2.0 

and the creaming stability values, as shown in Table 2, 

decreased as the digestion passed from pH 2.0 to 5.3 and 

the final pH of 7.5. From optical microscopy images, it 

was found that oil droplets became flocculated and/or 

coalescent depending on the types of hydrocolloids and 

pH changes during the digestion model. Moreover, the 

increase in the net negative charge on the oil droplets 

(refers to Table 1) in both pectin and carrageenan added 

samples would increase the electrostatic repulsion 

between the oil droplets and thus reduce the tendency of 

droplet aggregation to occur (Mun et al., 2007). 

Coalescence was obvious in the control samples as 

evidenced by large individual oil droplets. While 

whipping cream emulsions with the presence of pectin 

appeared to be more prone to droplet flocculation than 

coalescence as many clustered droplets were observed 

rather than large individual droplets (Figure 3). On the 

other hand, emulsions with carrageenan were highly 

prone to droplet coalescence with evidence of large 

individual oil droplets being observed (Figure 3). The 

origin of droplet aggregation in the emulsions during 

lipase digestion has been reported to depend on the 

ability of lipase to come into contact with the emulsified 

lipid as well as on the composition and properties of the 

interfacial layers surrounding the lipid droplets. Thus, 

the stability of the emulsions to droplet aggregation 

during digestion is strongly dependent on the emulsifiers 

or hydrocolloids used (Mun et al., 2007). The released 

FFAs which are related to the rate of lipid digestion are 

shown in Table 3.  
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Samples 
Creaming stability (%) 

pH 7.0 pH 2.0 pH 5.3 pH 7.5 

Control - 79.12±0.04a 57.50±0.12a 42.52±0.12a 

Carrageenan 0.5% - 72.58±0.11e 57.53±0.12a 35.42±0.08c 

Carrageenan 1.0% - 70.00±0.12f 55.75±0.14b 27.55±0.12e 

Carrageenan 1.5% - 52.08±0.15g 33.33±0.29f 17.92±0.27f 

Pectin 0.5% - 77.52± 00.08b 47.53±0.10d 35.00±0.02c 

Pectin 1.0% - 76.43±0.13c 45.24±0.06e 32.12±0.10d 

Pectin 1.5% - 75.05±0.15d 50.23±0.12c 40.10±0.10b 

Table 2. Creaming stability as determined by measuring the percentage of the height of the cream layer 

Values are mean ± standard deviation (triplicate). Means with different superscript letters within a column are significantly 

different (p ≤ 0.05). 

Figure 3. Light microscopic images (200x) of the emulsions 

with added pectin and carrageenan before and after passing 

through the digestion model 
Samples FFAs (% as oleic acid) 

Control 14.10±1.33a 

Carrageenan 0.5% 7.07±0.53b 

Carrageenan 1.0% 4.75±0.84c 

Carrageenan 1.5% 2.48±0.88d 

Pectin 0.5% 8.23±0.37b 

Pectin 1.0% 7.18±0.52c 

Pectin 1.5% 5.94±0.39d 

Table 3. The released FFAs of the whipped cream samples 

after passing through the digestion model 

Values are mean ± standard deviation (triplicate). Means with 

different superscript letters within a column are significantly 

different (p ≤ 0.05). 
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Both carrageenan and pectin showed a potential 

inhibitor of lipid digestion, resulting in the lower amount 

of released FFAs (Table 3) when compared to the control 

sample. Comparing both hydrocolloids, carrageenan 

provided slightly lower FFAs than those of pectin. This 

suggested that droplet coalescence (carrageenan) may 

provide better protection against lipase hydrolysis than 

droplet flocculation (pectin).    

It should be emphasized that lipid digestion is an 

interfacial-mediated process, which means that the rate 

of digestion is controlled by the ability of lipase to bind 

to emulsion interfaces. This process is mainly controlled 

by droplet size and interfacial characteristics (e.g. initial 

composition, thickness, and charge) surrounding the lipid 

droplets. Different hydrocolloids may influence the 

digestion of emulsified lipids by means of various 

mechanisms e.g. binding to various intestinal 

components, altering the aggregation state of the oil 

droplets, forming protective coatings around lipid 

droplets, or increasing the macroscopic viscosity of 

gastrointestinal fluids (McClements et al., 2008; Qin et 

al., 2016; Borreani et al., 2019). In addition, it can be 

concluded that lipid digestion may potentially be 

influenced by oil droplet size which influences the 

surface area available for lipase adsorption, macroscopic 

viscosity of the systems which affects mass transport, 

and the nature of the hydrocolloids/emulsifiers used in 

emulsions which influences interfacial phenomena 

(Borreani et al., 2019).  

In this study, both hydrocolloids at the studied 

conditions altered lipid digestion in whipped cream 

samples as evidence by droplet aggregations, either 

coalescence or flocculation patterns, as well as the 

reduction in released FFAs when compared to the 

control. Carrageenan seemed to be more effective in 

reducing the rate of lipid digestion than pectin, providing 

the lower FFAs.        

In accordance with the possible impact of droplet 

size on lipid digestion, the emulsions with pectin and 

carrageenan exhibited a smaller droplet size than that of 

the control (refers to Table 1). Therefore, they should be 

more rapid in the digestion rate. However, this study 

found that the droplet size or volume-surface average 

diameter of the emulsions with pectin and carrageenan 

inversely correlated with the digestion rate or released 

FFAs. This phenomenon has been studied and explained 

earlier. FFAs released from the emulsions were found to 

show no correlation to the initial specific surface area of 

the emulsions, nor to the values of the surface area at the 

end of gastric digestion. They concluded that the 

structural characteristics of the interfacial surfaces may 

be a key factor in explaining the differences observed in 

FFA release (Bellesi et al., 2016). It has also been 

hypothesized that factors other than oil droplet size may 

have a greater impact on the rate and extent of lipid 

digestion (Borreani et al., 2019). 

 

4. Conclusion  

Whipping creams are high in lipids. Hydrocolloids 

could be used in whipping creams, providing key 

benefits for not only as emulsifiers/stabilizers but also 

functional dietary fibers that retarded lipid digestion rate. 

In this study, pectin and carrageenan were found to 

improve the foaming properties of whipping cream, 

providing better overrun and serum loss. They also 

reduced the rate of lipid digestion as evidenced by lipid 

droplet aggregations and the decrease in released FFAs 

after the digestion process. The results from this study 

indicate that the rate and extent of lipid digestion may be 

controlled by adding certain types of polysaccharides, 

which may be useful for the rational design of functional 

foods and beverages. The choice of particle size and 

emulsifiers/hydrocolloids are therefore major factors to 

take into account when designing food to reduce lipid 

digestion. 
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