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Abstract 

 

Jam is one of the most popular fruit preserves, prepared by boiling fruit pulp with 

sugar and hydrocolloid. In the formulation the effect the blend of different 

hydrocolloids (carrageenan, guar and xanthan guar) and the concentration of sugar 

(45, 55 and 55 %wt) on the standardization of soursop (Annona muricata) jam and 

viscous properties were investigated. The samples tested by steady shear flow tests 

were carried out to characterize the viscous behavior of jam. All samples presented 

a non-Newtonian behavior type with shear thinning and flow curves that could be 

described by the Cross model. The interaction of mixtures of hydrocolloids with 

different concentrations of sugar in the interface plays a decisive role for the process 

of gelling and stability of the jams. The use of soursop (Annona muricata) in the 

formulation of products such as jams are an alternative for its exploitation and 

exploitation at an industrial level. 

 

Keywords: jam, soursop (Annona muricata), viscous flow, shear thinning, Cross 

model 

 

Introduction 
 

Soursop (Annona muricata) is a genus of tropical fruit trees belonging to the family 

Annonacea. It is an ovoid or heart-shaped fruit with dark green color, containing a  
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creamy white edible pulp and black seeds. Some studies have been conducted on 

the composition of soursop fruit pulp [1], [2]. Due to the easily get bruised and 

damaged conditions, the soursop fruit is usually manufactured into other form of 

products such as juice blends, concentrated juices, nectars, purees, syrups and 

shakes [3]–[6]. The processed pulp can be preserved by pasteurization or freezing. 

Jam is one of the most popular fruit preserves, prepared by boiling fruit pulp with 

sugar, pectin, acid, and other ingredients like preservative, coloring and flavoring 

materials to a consistency firm enough to hold the fruit tissues in position [7], [8]. 

Total soluble solids content of the finished jam should be between 60% and 65% or 

greater and the product should contain at least 45% fruit [9]. The addition of gelling 

agent is important to ensure that the jam product has a reasonable thick consistency 

and is firm enough to hold the fruit puree-sugar in position. Pectin is primarily used 

in food industry as a gelling agent for jams, jellies, and other foods [10]. Many 

studies are available on the elaboration of jams with an alternative gelling agent 

such as sago starch and carboxymethyl cellulose [11], gellan gum-guar mixtures on 

peach jams [12] however, there are no available studies devoted to the effect of 

using different hydrocolloids carrageenan, guar or xanthan gum gelling agent and 

the sugar concentration on a soursop jam. Alternative gelling agents could be used 

in the elaboration of new formulations of jam, it is important that the hydrocolloids 

do not alter the natural flavor of the product and are effective at the typical pH 

range. The development of new products contributes to the diversification of the 

market possibilities, especially if they are attractive, practical and have a long shelf 

life. However, jams incorporated with alternative gelling agent should have textural 

and sensory attributes that are similar to the traditional jam product [13]. The 

rheological behavior of solution added hydrocolloids is affected by structural 

features of the hydrocolloid backbone and its side chains, molecular weight and 

conformation of the hydrocolloid molecules as well as solvent conditions [14]. The 

modification of rheological characteristics is helpful to modifying food sensory 

properties.  

The objective of this study was to investigate the standardization of soursop 

(Annona muricata) jam with blend of different hydrocolloids and the concentration 

of sugar and viscous flow behaviour properties. 

 

Material and Methods 
 

Materials 

Soursop (Annona muricata) and sugar were purchased from local supermarkets 

(Cartagena, Colombia). Pectin, carrageenan, guar gum, xanthan gum, and citric 

acid, were purchased from Tecnas (Medellin, Colombia).  

 

Preparation of jams 

Ten soursop jam formulations were prepared with different hydrocolloids and 

sugars concentration. Three alternative hydrocolloids were used: carrageenan, guar 

gum, xanthan gum. A control with commercial pectin were done. The conditions 

and coding of prepared jams are represented in Table 1. 
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Table 1. Formulations for the different soursop studied. 

 

Sample Code Thickener agent 

SCP Pectin 0.5 %wt + Sugar 55 %wt 

SC45 Carrageenan 0.5 %wt + Sugar 45 %wt 

SC50 Carrageenan 0.5 %wt + Sugar 50 %wt 

SC55 Carrageenan 0.5 %wt + Sugar 55 %wt 

SG45 Guar gum 0.5 %wt + Sugar 45%wt 

SG50 Guar gum 0.5 %wt + Sugar 50%wt 

SG55 Guar gum 0.5 %wt + Sugar 55 %wt 

SX45 Xanthan gum 0.5 %wt + Sugar 45 %wt 

SX50 Xanthan gum 0.5 %wt + Sugar 55 %wt 

SX55 Xanthan gum 0.5 %wt + Sugar 55 %wt 

 

Soursop pulp was mixed with half the quantity of sugar and stirred at room 

temperature until dissolution of sugar. Then, pH was adjusted to 3 with citric acid 

10 %wt and the mixture was heated. When the temperature reached 75 ± 1 °C, and 

the mix reached 40 ºBrix the rest of sugar, previously mixed with the hydrocolloid 

0.5 %wt, was added and stirred. Soursop jams were cooked until the final product 

contained 65 ºBrix. Hot jams were poured into glass jars with screw caps and stored 

at 4 °C for 72 hours further analysis.  

 

Rheological measurements 

 

The rheological analysis was done following the procedures describes by Quintana-

Martinez et al 2018 [15]. Steady shear test were carried characterized using a 

controlled-stress rheometer (Modular Advanced Rheometer System Mars 60, 

Haake, Thermo-Scientific, Germany), equipped with Peltier temperature control 

and measuring system, using a stainless steel plate-plate geometry (Ø 35 mm) with 

1 mm gap [16]. Measurements were made in triplicate for each sample and 

conditions. The samples were loaded on the inset plate and left to rest at 25 ± 0.1 

°C for 10 min, for structure recovery. Shear flow test were carried out from 0.001 

to 1000 s-1. The conditions and coding of prepared jams are represented in Table 1. 

 

Results and discussion  
 

Viscous flow characterization 

 

Figure 1 shows the apparent viscosity of soursops jam, while the effect of 

hydrocolloids and sugar concentration on steady state rheological behavior was 

observed. The apparent viscosity drastically decreases at low shear rate, showing a 

shear thinning behavior. Similar results has been observed in soursop pulp [17] and 

juice [18], [19]. 
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Figure 1.  Apparent viscosity for jams prepared with carrageenan (SC), guar gum 

(SG), xanthan gum (SX) and control sample with pectin (SCP) at different sugar 

percentage (45, 50 and 55 %wb) at 48 h of storage adjusting to Cross model. 
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At the region studied, the degree of shear thinning was increased in relation to the 

sugar concentration (45 < 50 < 55 %) and the type of hydrocolloid (xanthan gum < 

guar gum < carrageenan) quantified by the slope of the viscosity/shear-rate curve, 

which exhibited concentration dependence. This behavior is explained by the 

structural breakdown of the pulp due to hydrodynamic forces generated and the 

increase in the alignment of the molecules that constitute it like sugar and pectin 

[20], [21].  

 

This result are according to [22] so the solutions of hydrocolloids are usually known 

to be a non-Newtonian shear thinning fluid which means the apparent viscosity 

decreases when the shear rate increases or that the fluid is shear thinning in nature. 

Then, the presence of sugar in the aqueous phase of liquid food systems containing 

hydrocolloids can change their rheological properties: the effect can be either an 

increase or a decrease in the system's viscosity because of increasing aqueous phase 

viscosity or reducing the hydration of hydrocolloid molecules, respectively [23]. 

Alternatively, the shear thinning region of the flow curves were correlated used the 

Cross model (Eq. (1)) to compare the hydrocolloids and the sugar concentration: 

 

𝜂 = 𝜂∞ +
𝜂0 − 𝜂∞
1 + (𝜆�̇�)𝑛

          (1) 
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where 𝜂𝑜, is the Newtonian viscosity, 𝜂∞ is the infinite-shear rate viscosity, λ is the 

relaxation time whose reciprocal accounts for the onset of the shear-thinning region 

and n is the shear-thinning flow index.  The values of these parameters obtained 

from the fitting of experimental curves to Eq (1) are listed in Table 2. The 

determination coefficients (R2), between the viscosity predicted by the Cross model 

[24] and the experimentally measured viscosity were >0.99 for all samples, 

indicating that this model was a good fit to the experimental results obtained.  

 

Table 2. The parameters of the Cross model steady shear rheology parameters and 

loss tangent for jams. 

Code sample 𝜼𝟎 𝜼∞ Λ n R2 

SPC 39690.53±1.33 6.25±0.77 246.51±0.57 0.91±0.01 0.99 

SC45 40675.54±0.84 7.43±0.56 180.14±0.50 0.94±0.01 0.99 

SC50 38312.59±3.10 3.81±8.89 263.15±0.42 0.97±0.01 0.99 

SC55 28237.54±2.45 2.91±1.83 505.53±0.30 0.92±0.01 0.99 

SG45 52729.72±6.14 4.72±4.99 502.23±0.63 0.90±0.01 0.99 

SG50 45655.14±3.34 3.33±4.60 636.82±0.50 0.90±0.01 0.99 

SG55 41778.98±4.83 2.98±1.09 1078.22±1.38 0.89±0.01 0.99 

SX45 82547.51±5.91 2.96±0.36 73.16±0.85 0.89±0.01 0.99 

SX50 5719.22±1.29 3.63±3.36 44.28±0.45 0.98±0.01 0.99 

SX55 6289.39±1.68 1.93±1.32 75.75±0.73 0.93±0.01 0.99 

 

As can be observed for all alternative hydrocolloids the values of 𝜂𝑜, 𝜂∞ and n 

decrease with the increase of sugar concentration, and λ increase with the increase 

of sugar concentration. The rheological parameters  𝜂∞, λ and n of carrageenan 

samples were higher than guar gum followed by xanthan gum; in the cases of 𝜂𝑜 

the behavior was the appositive. The control sample SPC present rheological values 

close to the samples evaluated, although the samples with similar values than SPC 

was the samples with carrageenan at 45 ºBrix (SC45). Lower n parameter shows 

stronger shear thinning behavior and higher n parameter creates more slimy mouth 

feeling [25], [26]. Then, for making high viscosity and good mouth feeling solution, 

the jams with lowest n values, at higher sugar concentrations could be consider. 

 

The rheological behavior of a fluid is influenced by several factors, mainly the 

intermolecular forces and the water-solute interaction which limit the movement of 

the particles at a molecular level [27]. Changes in the temperature and concentration 

can lead to significant changes in the intermolecular forces [28]. The barrier to self-

association of pectin chains into gel junctions is intermolecular electrostatic 

repulsion between charged carboxyl groups in pectin, and polymeric pectin–water 

interactions acting in competition with polymer–polymer interactions [29]. 

Progressive increase in sugar concentration partially reduces the water available in 

pectin–sugar–acid mix and thus reduces the chance of formation of hydrogen bonds 

and other possible association of water with polymeric pectin chain [29], [30]. In 

the case of gelling properties of hydrocolloids can be influenced by molecular 

weight and ionic content [31]. 
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Conclusions 
 

The rheological behavior of a jams is influenced by several factors, mainly the 

intermolecular forces and the water-solute interaction which limit the movement of 

the particles at a molecular level. In this study the dependence of parameter 

rheological on type of hydrocolloid and sugar concentration was observed; the 

ingredients affect the quality in terms objective, textural and rheological, attributes. 

The apparent viscosity drastically decreases at low shear rate, showing a shear 

thinning behavior and were correlated used the Cross model. The presence of sugar 

shown an increase in the system viscosity because of increasing aqueous phase 

viscosity or reducing the hydration of hydrocolloid molecules.  
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