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Abstract 

 

Legumes, such as pigeon pea (Cajanus cajan), are a group of foods appreciated 

for their nutritional quality. This work deals with the production of a spreadable 

pigeon pea paste - SPPP enriched with vitamins E and C, and its viscous flow 

characterization in rotational rheometers. The standardized SPPP was stable 

during the storage, showing no signs of phase separation. Although the spreadable 

paste had a darker brown appearance than those with lower antioxidant 

concentrations. The spreadable paste presented a non-Newtonian shear-thinning 

behavior and flow curves that could be described by the Ostwald–de Waele 

model. The spreadable pigeon pea paste and antioxidant should be considered a 

worthy product to be commercialized, based on its nutritional and sensorial 

quality. 
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Introduction 
 

Legumes are widely recognized as an important source of protein in many regions 

of the world and represent the main source of this macronutrient in the diet, which 

is the main reason for their nutritional relevance and socio-economic impact [1]. 

Its fresh and dried beans are a coveted food, and their roots, leaves and flowers 

are used in India as medicines [2]. Also, the grain is used in the culinary traditions  
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of the Caribbean and Central America, in countries, such as the Dominican 

Republic, Costa Rica, Nicaragua, Honduras, Venezuela, Cuba, Puerto Rico and 

Panama, where rice with pigeon peas is a national dish [3]. In Colombia, it is 

consumed in the form of cooked beans, stews, rice dishes and sweets, representing 

a cheap source of protein, carbohydrates, dietary fiber, minerals and vitamins [4]. 

It is most widely eaten in the form of split seeds. 

Pigeon pea seeds contain about 57.3–58.7% carbohydrate, 1.2–8.1% crude fiber 

and 0.6–3.8% lipid. They represent a good source of dietary minerals, such as 

calcium, phosphorus, magnesium, iron, sulfur and potassium. The seeds are also a 

valuable source of water-soluble vitamins, especially thiamine, riboflavin, niacin 

and choline [5], and their amino acid profile is similar to soybean. However, 

pigeon pea has a low human food preference, due to its extensive cooking time 

compared to other edible legumes, such as cowpea (Vigna unguiculata) [6]. 

Considerable efforts have been focused on legumes as alternatives to expensive 

feedstuffs, but most are of limited relevance in human nutrition [7]. On the other 

hand, recent food trends (fast food and ready-to-eat food) have resulted in a 

decrease in the consumption of fresh fruit and vegetables, especially among young 

people. Therefore, there is an increased interest in developing new processed 

products with sensory characteristics largely comparable to those of fresh legumes 

[8]. Considering that consumers base their food choices on the external aspects of 

the products, as well as on the nutritional and functional value, the best 

formulation of a spreadable product would be one that provides acceptable 

appearance and texture [9] but is also a source of antioxidants.  

To date, no scientific literature has published any results that involve testing the 

chemical, physical and rheological properties of spreadable pigeon pea pastes 

(SPPPs) formulated from lecithin and antioxidant compounds. Thus, the current 

study aimed to determine viscous flow behavior of SPPP with vitamins C and E 

were evaluated. The findings serve as a basis for future research, thereby 

advancing the knowledge related to this field. 

 

Material and Methods 
 

Materials 

Pigeon pea was harvested in the municipality of Arjona, Department of Bolivar 

(Colombia) and transported to the laboratory of complex fluid engineering and 

food rheology (IFCRA) at Cartagena University (Cartagena de Indias, Colombia). 

Pigeon pea was selected according to size, shape and color uniformity. Soy 

lecithin (emulsifier 322), ascorbic acid and α-tocopherol were purchased from 

Tecnas SA (Medellin, Colombia). Margarine, salt, sugar, sodium benzoate and 

spices, including garlic, pepper and oregano, were used for formulating the 

spreadable paste and obtained from a local commercial distributor. All other 

reagents were of analytical grade and used as received. 
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Standardization of spreadable paste  

 

Eight types of SPPP were formulated with different concentrations of margarine, 

lecithin and antioxidants as the processing variables: percentage of margarine 

(10–20%, w/w), lecithin (0.5–1.0%, w/w), ascorbic acid (0.5–1.0%, w/w) and α-

tocopherol (0.5–1.0%, w/w), and a constant amount of salt (1%, w/w), sugar (5%, 

w/w), sodium benzoate (0.5%, w/w) and spices, including garlic, pepper and 

oregano (0.5%, w/w), as shown in Table 1. Pigeon pea seeds were washed and 

soaked for 8 h. Afterward, the seeds were pasteurized by immersion in boiling 

water in a conventional pot at 95 °C for 50 min, to inactivate microorganisms and 

enzymes, and to facilitate the milling operation. The milling was done using an 

electrical mill (Cuisinart Prata Dbm-8), and the resultant powder was sieved to 

separate the epidermis. The pulp was mixed in a K45SS classic stand mixer 

(Kitchen Aid) with the margarine, soy lecithin, ascorbic acid, α-tocopherol, salt, 

sugar, sodium benzoate, garlic, pepper and oregano. Next, the mixture was 

homogenized at 10000 rpm for 10 min using a rotor-stator Ultra-Turrax T-10 (Ika, 

Deutschland, Germany), obtaining a spreadable product with consistency 

viscosity. Finally, the paste was packed in hermetically sealed plastic containers 

and stored under refrigeration at 4 °C for 48 h and 72 h, for further analysis. 

 

Table 1. Formulations of spreadable paste of pigeon pea (Cajanus cajan) – SPPP 

 

Samples 

Pigeon pea: 

Margarine  

(Ratio w/w) 

Lecithin 

 (% w/w) 

Ascorbic acid 

(% w/w) 

Alpha tocopherol 

(% w/w) 

F1 8:2 1.0 1.0 1.0 

F2 9:1 0.5 1.0 1.0 

F3 8:2 0.5 1.0 1.0 

F4 9:1 1.0 0.5 0.5 

F5 9:1 1.0 1.0 1.0 

F6 8:2 1.0 0.5 0.5 

F7 8:2 0.5 0.5 0.5 

F8 9:1 0.5 0.5 0.5 

5% of sugar, 1% of salt, 0.5% of Sodium benzoate; 0.75 of Spices 

 

Physicochemical attributes  

The physicochemical properties were determined according to procedures 

described by the Association of Official Analytical Chemists (AOAC) methods 

[10]. The pH was measured with a Thomson PHS-38W digital potentiometer. The 

acidity was established with a base and an alkaline titration with NaOH and 

expressed as a percentage of citric acid.  

 

Rheological measurements  

The rheological characterization of  SPPP formulated were doing following the 
methodology describe by Quintana et al, 2018 [11] using a controlled-stress rehome- 
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ter (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 [12]. 

Measurements were made in triplicate for each sample and conditions. The pigeon 

pea samples were loaded on the inset plate and left to rest at 25 ± 0.1 °C for 10 

min, for structure recovery. Flow curves were evaluated in controlled shear rate 

(�̇�) mode by increasing the �̇� over the range 0.01–100 s-1 for 300 s.  

 

Results and Discussion 
 

Standardization and physicochemical characterization of spreadable paste  

 

The standardized SPPP was stable during the storage 48 and 72 hours, showing no 

signs of phase separation. Although the spreadable paste had a darker brown 

appearance than those with lower antioxidant concentrations, its texture remained 

stable. The pH and acid data of the eight formulations (Table 2), revealed a 

slightly acid product with a pH ≥ 5. Formulation F2 had the lowest pH (5.14 ± 

0.01) and a high acidity (0.28 ± 0.42%). According to the measured composition 

of the formulations, F2 contained the highest content of pigeon pea (92%), 

ascorbic acid (1%) and α-tocopherol (1%). Barboza et al, 2012 [13] developed 

cream with pigeon pea (C. cajan), oats and Lactobacillus reuteri, and recorded a 

pH of about 5.5, corroborating the current values. 

 

Table 2. Physicochemical characteristics of spreadable paste of pigeon pea 

(Cajanus cajan) – SPPP 

 

Samples pH % Acidity 

F1 5.18±0.01 0.26±0.36 

F2 5.14±0.015 0.28±0.42 

F3 5.63±0.036 0.24±0.29 

F4 5.76±0.015 0.19±0.10 

F5 5.74±0.036 0.22±0.39 

F6 5.96±0.015 0.19±0.55 

F7 5.84±0.030 0.20±1.14 

F8 5.89±0.036 0.24±0.02 

 

 

Rheological characteristics – viscous flow behavior  

 

The variations in the apparent viscosity, η, of the different SPPP formulations 

were studied as a function of the �̇� at 25 °C. The flow curves (Figure 1) highlight 

the disparities among the samples. In all instances, however, η decreased with 

increasing �̇�. This shear-thinning behavior is characteristic of a non-Newtonian 

fluid [14].  
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Figure 1. Apparent viscosity versus shear rate of spreadable paste of pigeon pea 

(Cajanus cajan) - SPPP at 25ºC 
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Non-Newtonian behavior may be due to high molecular weight compounds or 

large particles and the composition of the SPPP. Spreadable paste has a two-phase 

system with complex rheology. The dispersed phase contains sugars, salts, acids, 

proteins and some soluble polysaccharides, but is by and large a Newtonian fluid 

and contains clusters of cells, single cells, fragmented cells or cell remnants, as 

well as colloidal dispersed polysaccharides. As such, the flow properties of the 

material are dominated by hydrodynamic forces and less by interparticle forces 

and Brownian motion [15]. Hence, shear-thinning occurs in the viscous flow 

region, due to the alignment of elongated particles, disruption of junction zones 

and break-up of flocculated particles [16]. 

Several models can be used to adjust the experimental data of η versus �̇�. In the 

current study, the experimental data were adjusted using the Ostwald–de Waele 

model, as shown in Equation (1), obtaining a minimum coefficient of 

determination i.e., R2 > 0.987:  

𝜂 = 𝑘(𝛾)n−1 (1) 

 

where η is the apparent viscosity, and k and n are the consistency and flow 

indices, respectively. The fitting parameters are provided in Table 3. All the 

spreadable pastes had a shear-thinning behavior, as mentioned above, with n < 1 

[17]. Sample F5 presented the highest consistency index and sample F1 the 

lowest. This finding can be explained because F5 contained less margarine, and  
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F1 more margarine, gum and antioxidants, a combination of factors that made it 

exhibit less resistance to flow. When comparing the power law parameters, the k 

value increased as the percentage of ascorbic acid and -tocopherol in the SPPP 

formulation increased. Furthermore, a decrease of flow rate with increasing 

portion of antioxidants and margarine was observed, which in turn, was associated 

with a decreased amount of lecithin. The viscosity variation depended on the 

shear stress in the samples. It indicated that the interactions of the particles 

dominating the flow at low �̇� were strongly affected by a surfactant (lecithin), 

where the lecithin showed shear-thinning and a transition to a Newtonian plateau 

at high �̇� [18]. Such behavior occurred because the hydrodynamic forces become 

more important than particle interactions at high �̇�, and solid particles are 

rearranged by external forces until flow resistance is minimized [19]. 

 

Table 3. Rheological parameter of power law model describing flow curves of 

spreadable paste of pigeon pea (Cajanus cajan) – SPPP 

 

Samples 𝒌 (Pa·sn) 𝐧 R2 

F1 293.45±0.54 0.051±0.02 0.994 

F2 1587.28±1.05 0.060±0.01 0.999 

F3 1330.40±0.09 0.059±0.03 0.987 

F4 1173.04±0.18 0.052±0.01 0.998 

F5 1624.91±0.71 0.028±0.01 0.999 

F6 1250.42±0.37 0.027±0.02 0.976 

F7 848.29±0.10 0.058±0.01 0.992 

F8 1359.75±0.30 0.055±0.01 0.996 

 

Conclusions 
 

The spreadable paste of pigeon pea (C. cajan) - SPPPs were standardized, using 

soy lecithin as an emulsifying and stabilizing agent, with the addition of vitamins 

C (ascorbic acid) and E (-tocopherol) as natural antioxidants. The products SPPP 

was stable during the storage until 72 hours and did not presented any 

phenomenon of the microstructural products such as phase separation. Although 

the spreadable paste had a darker brown appearance than those with lower 

antioxidant concentrations. The spreadable pastes were non-Newtonian with 

shear-thinning behavior and flow curves that could be described by the Ostwald–

de Waele model (R2 > 0.987). The stabilizers are indispensable in the design of 

food structure and functionality that are demanded by the consumer in modern 

society. The incorporation of antioxidants in food matrices gives an added value 

in the design of stable products. 
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