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Abstract 

The objective of this research was to investigate how the texture of pears is affected during heat treatment. 
The following parameters were varied: temperature t = 70÷100 °C and time τ = 5÷20 minutes. During heat 
treatment pears were immersed in sugar syrup (two variants of sucrose source were used – granulated sugar 
and brown sugar). The structure of heat treated pears was examined by stereomicroscope with digital 
camera. The dynamic viscosity was measured at 35, 45 and 55ºC with a rotary viscometer Brookfield LV–
DE with the objective of determining the influence of temperature on the rheological properties. A better 
firmness and a higher temperature in the center of the sample were observed for brown sugar syrup treated 
pears. 

Keywords: pears, sugar syrup, heat treatments, microstructure, viscosity, rheological properties 
______________________________________________________________________________________ 

 
1. Introduction 

The quality of processed fruit products depends on 
their quality at the start of processing; therefore, it 
is essential to understand how maturity at harvest, 
harvesting methods, and post harvest handling 
procedures influence the quality and its 
maintenance in fresh fruits between harvest and 
process initiation. 

Fruits are not only colorful and flavorful 
components of our diet, but they also serve as a 
source of energy, vitamins, minerals, and dietary 
fiber. The U.S. Department of Agriculture Dietary 
Guidelines encourage consumers to enjoy “five a 
day,” i.e., eat at least two servings of fruit and 
three servings of vegetables each day and to 
choose fresh, frozen, dried, or canned forms of a 
variety of colors and kinds of fruits and vegetables. 
In some countries, consumers are encouraged to 
eat up to 10 servings of fruits and vegetables per 
day [1,2]. 

 

 

The pear (Pyrus communis L.) is a typical fruit of 
temperate zones and is cultivated in Europe, among 
other regions. Due to its nutritive properties, good 
taste and low caloric level, the pear is a much 
appreciated fruit by the consumers. It has a low 
content of protein and lipids and is rich in sugars 
such as 54% fructose, 18% sorbitol, 15% sucrose 
and, in lower amount, glucose 13% [3,4].  

It has been found that pears contain 12.4% sugars, 
0.5% protein, 0.3% lipids, 2.8% fibre [5,6]. Apart 
from their richness in macronutrients, they also 
possess others nutritional components, such as 
vitamins, minerals and antioxidants as well as 
bioactive elements, that are important sources of 
health-beneficial compounds [5,6,7], they are a 
recommendable substitute for diabetics and the 
obese; moreover, dietary fiber together with 
phenolics helps to reduce the risk of developing 
cardiovascular disease [3,11-13]. 
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The fibre derived from fruits and vegetables also 
has positive physiologic effects due to the higher 
proportion of soluble dietary fibre, whereas cereal 
fibres contain more insoluble cellulose and 
hemicelluloses [5,8]. Since pears have a higher 
dietary fibre level than those of some common 
fruits and vegetables, their fibre can be seen as a 
potential food additive [5,9]. Although pears can 
be consumed fresh they are also commonly 
submitted to processing techniques as the 
conserves in syrup, purees for use in nectars, 
yogurts and drying [5,10]. The aim of this paper 
was to investigate how the texture of pears is 
affected during heat treatment. 

2. Materials and methods 

2.1. Materials 

- Pears purchased from a supermarket were 
washed under running cold water, and then 
excess was removed from pears surface using 
paper towels. Pears were then peeled, 
portioned and sized in the cube-shaped 
samples of 30 mm side; 

- Granulated sugar purchased from S.C. Agrana 
Romania S.A., Buzău; 

- Brown sugar purchased from S.C. Sano Vita 
S.R.L., Râmnicu Vâlcea; 

- Margarine Unirea purchased from S.C. Orkla 
Foods S.A. Romania, Bucharest; 

- Mineral water Izvorul Alb, acquired from SC 
Dorna Apemin S.A., Bucharest. 

To obtain the pears in syrup conserves the 
technological stages shown in Figure 1 were 
followed. 

 
Figure 1. Technological flowchart for manufacturing 

the pears conserves in syrup 

Two variants of pears conserves in syrup were 
fabricated and coded as follows: 

A: pear + granulated sugar syrup; 
B: pear + brown sugar syrup.

Heat treatment variants are presented in Table 1 
Table 1. Heat treatment variants 

Sample Technological 
variants 

Temperature, 
ºC 

A1 70 
A2 80 
A3 90 

Pears + granulated 
sugar syrup  

A4 100 
B1 70 
B2 80 
B3 90 

Pears + brown sugar 
syrup 

B4 100 

2.2. Methods 

The following parameters were analyzed: 

- internal temperature of product with an Amprobe 
TPP1-C1 Pocket Thermometer Immersion Probe; 

- product mass before and after heat treatment, 
using a digital balance Partner AS110/C/2, with 
an accuracy of ± 0.001 g; 

- heat - treated product structure, using a 
stereomicroscope with an integrated camera 
Leica EZ404.4:1, equipped with a magnification 
field 8×...35×; 

- dynamic viscosity of the product preserved in the 
syrup at different temperatures: 35, 45 and 55°C, 
with a Brookfield rotational viscosimeter LV-DE 
type; 

3. Results and discussion 

Figure 2 represents temperature variation in the 
center of heat-treated product with granulated sugar 
syrup and brown sugar syrup. 
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a) granulated sugar syrup 

http://www.google.ro/url?sa=t&source=web&ct=res&cd=1&ved=0CBoQFjAA&url=http%3A%2F%2Fwww.tequipment.net%2FAmprobeTPP1-C1.html&ei=_RL9S-C4BYv6_AbLkdTHAw&usg=AFQjCNGpimnao0BLvWraGp6xHxs7KMP85w&sig2=xbsUn6WEwE5mKWVigyloNQ
http://www.google.ro/url?sa=t&source=web&ct=res&cd=1&ved=0CBoQFjAA&url=http%3A%2F%2Fwww.tequipment.net%2FAmprobeTPP1-C1.html&ei=_RL9S-C4BYv6_AbLkdTHAw&usg=AFQjCNGpimnao0BLvWraGp6xHxs7KMP85w&sig2=xbsUn6WEwE5mKWVigyloNQ
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  b) brown sugar syrup 

Figure 2. Temperature variation in the product center 

Internal temperature increased rapidly in the range 
5÷10 minutes for both types of product obtained. 
Pears treated 10 minutes at a temperature of 100°C 
with granulated sugar syrup had a temperature of 
83.6°C, and pears maintained with brown sugar 
syrup register a temperature of 85.3°C. 
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a) granulated sugar syrup   
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  b) brown sugar syrup 

Figure 3. Evolution of mass product during heat 
treatment 

After that the internal temperature of the product was 
beginning to stabilize. Therefore, treated pears with 
granulated sugar syrup and brown sugar syrup, for 20 
minutes at 100°C, recorded an internal temperature 
of 90.2°C, respectively 92.7°C.  

From graphics, has been observed, that pears treated 
with brown sugar syrup had an internal temperature 
higher than the internal temperature of pears treated 
with granulated sugar syrup. 

As shown in figure 3, the mass of pears treated with 
granulated sugar syrup (7.1319g) for 10 minutes at 
100°C, was greater than the mass of pears treated 
with brown sugar syrup (6.3372g) at the same 
temperature.  

This means that the syrup made from brown sugar 
leads to the elimination of large quantities of water 
from product. After 20 minutes of heat treatment, 
treated pears with granulated sugar syrup had mass 
value of 5.9909g and pears treated with brown sugar 
syrup, 5.1511g. 
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Figure 4. Structure of heat-treated pears with syrup 

made from granulated sugar (a) 5'/70ºC; b) 5'/100ºC; c) 
20'/70ºC; d) 20'/100ºC) 

Structure of heat-treated pears with granulated 
sugar syrup is shown in Figure 4. It may be noted 
that for pears treated at 70°C for 5 minutes, heat 
treatment did not determine an important change 
of the product structure.  

The product treated at 100°C for 5 minutes had a 
similar structure as gels; the main component 
involved in gel formation being pectin. Structural 
changes occurred for heat-treated product for 20 
minutes at 100ºC, manifested by a tissue softening 
of pears caused by transformation more or less 
advanced in soluble compounds of insoluble pectic 
substances. 

Heat treatment applied to the product for 5 minutes 
at 70°C did not change the pears structure (Figure 
5), aspect highlighted by the fact that water 
removing has been made from the end toward the 
center of the product. The product heat-treated for 
20 minutes at 100ºC shown a more homogeneous 
structure compared with the sample treated at a 
temperature of 70°C.  

 

 

 

 

 
Figure 5. Structure of heat-treated pears with brown sugar 
syrup (a) 5'/70°C, b) 5'/100°C, c) 20'/70°C, d) 20'/100°C) 
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Rheological behavior of pears with granulated 
sugar syrup and brown sugar syrup has been 
shown in Figure 6 (shear stress variation/shear 
rate) and in Figure 7 (dynamic viscosity 
variation/shear rate). All samples have a 
rheological behavior similar to non-Newtonian 
fluids, independent of time, and pseudoplastic 
behavior. Pseudoplastic fluids are most common; 
pseudoplastic behavior is typical for biological 
fluids, being explained as follows: at low strain 
rates, shear stress and Brownian motion act on 
pseudoplastic fluid molecules without producing 
changes in fluid structure. At high strain rate, 
individual flow elements are gradually being 
directed to flow direction, which depends on the 
shear stress, the apparent viscosity being 
decreased. 
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b) brown sugar syrup 

Figure 6. Shear stress variation depending on the 
 shear rate 

 

 

For all samples, it was noted that for low values of 
shear rate, tangential shear stress variation depending 
on shear rate was increasing (regression coefficient 
R2 values ranging from 0.9522 to 0.999 for treated 
pears with granulated sugar syrup, and from 0.9602 
to 0.9901 for treated pears with brown sugar syrup). 

Shear stress variation depending on the shear rate had 
shown a development, especially at higher shear rate 
values 0.05 s-1. 

Dynamic viscosity for all samples decreased with 
increasing temperature. Decreasing dynamic 
viscosity with increasing shear rate, behavior 
detected for pseudoplastic fluids, was caused by a 
progressive increase of shear stress, which induces a 
breakage of intermolecular bonds within the fluid. 
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Figure 7. Dynamic viscosity variation depending on the 
shear rate 
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3. Conclusions 

Internal product temperature was higher for heat-
treated pears with brown sugar syrup than for pears 
treated with granulated sugar syrup. Syrup type, 
temperature and duration of heat treatment have a 
high effect on water content removal from the 
products obtained.  

Water content removal rate was greater as the 
syrup concentration and temperature were higher. 
Therefore, heat treatment for 20 minutes, at 100ºC 
using brown sugar syrup led to obtaining products 
with a more homogenous structure than for treated 
products in the same conditions, but using the 
granulated sugar syrup. 

Rheological point of view, the products obtained in 
the study were included in non-Newtonian fluid 
category with a time independent pseudoplastic 
behavior with high values of the regression 
coefficient R2. Temperature of samples influenced 
rheological behavior, dynamic viscosity decreased 
with increasing temperature. 
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