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Abstract 

The purpose of this study was to compare the stability during storage of apple puree specially designed for 
babies’ food, conventional and unconventional heat treated, packed in different types of materials like 
glass, LDPE and PP. 

The puree was made up IDARED apples variety, which had graded using a special robot. For conventional 
thermic treatment of apple puree was chosen as method the pasteurization, done in two steps, one step at 
93-98°C/4-5 minutes which had the role to inactivate the enzymes and  the second step was achieved using 
pasteurization on water bath at 90°C/20 minute. The storage was developed at refrigeration temperatures 4-
6°C. To determine the stability of apple puree during storage was analyzed the pH, the titratable acidity and 
the rheological properties at 0, 3, 6, 10 and 14 days. 

As a conclusion the most feasible type of packaging for storage the apple puree at refrigeration 
temperatures for a period of 14 days is LDPE. 
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1. Introduction 

The apple puree was made up from IDARED apples 
variety. These are apples with average/large size, 
have round-flat shape, are bright red with vague pale 
yellow stripes; are crisp, juicy and sweet when are 
ripe. IDARED variety apples are part of acidic 
varieties being more sensitive to cold. 

The chemical composition of apples, expressed in 
average values, is: sugar 12-14%, organic acids 0.7-
1%, pectic substances 0.7-1.2%, cellulose fibers 
2.1%, minerals 0.32% and C vitamin 5-10mg/100g 
fresh product [1].Because the apple puree is 
addressed to a special group of consumers, babies, 
being introduced into their diet during the 
diversification period after 6 month old, when the 
babies body is ready for the progressive adaptation at 
a new stage represented by the nutrition for babies 
[2]. 

 
These products support the baby’s development to 
complete his daily diet, to ensure his energetic and 
nutritional needs, given that the milk becomes 
insufficient qualitative and quantitative. 

Another purpose of diversification is the training and 
eating solid food habits with the significant role in 
teeth growing. This process is done with care in order 
to avoid the overcharge of baby’s organs and 
gradually, introducing one new food each day [2]. 

The fruits represent an important source of vitamins, 
fibers, minerals and aroma substances, that can be 
introduced in baby diet in fresh conditions, ripe or as 
industrial preparations (purees, cremogenate, 
powders, granules and juices) usually unsweetened. 
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Not all the babies tolerate fresh fruits, because the 
enzymes present in product may affect the baby’s 
digestive system, therefore the fresh fruits can be 
replaced with purees or cremogenate which 
enzymatic activity was inactivated through the 
thermic treatment applied. 

The glass utilization as packaging material involves 
some important advantages like: water insolubility 
and acid or base resistance, being inactive from 
chemical point of view over food contact. Is 
matching with the majority of foods due to it 
propriety as a liquids, steams, gases, aromas and 
smells barrier. It is useful for the transparency as the 
consumer can be in a continous visual contact with 
the product, it is a very easy to clean material and 
also it can be reused. Its resistance over the thermic 
treatment depends on the thermic shock value. The 
disadvantage of this material is the broken and 
fragile characteristic and the heavines [3]. 

Low Density Polyethylene (LDPE) is a plastic 
material obtained by high pressure and temperature 
processes since the color of the material become 
easy transparent white. 

LDPE is an excellent barrier for steam and water, but 
not so good for gases.    

Polypropylene (PP) is another plastic material with a 
lower density than LDPE and it is also transparent. 

The PP steam permeability is very low during for 
gases is medium. PP is very resistant for fats 
comparing with the LDPE which is softening in its 
presence and is absorbing a part of it. 

Both of the plastic materials have a good chemical 
stability, it are nontoxic and its have also reusing 
characteristics. The studies have determined that the 
glass is a very sensitive package over the light 
interaction with the content products, favoring the 
oxidative degradation of fats and vitamins more than 
the plastic packages [4].  

Rheology is defined as the science of deformation 
and flow of matter. The term itself originates from 
Greek rheos meaning to flow. Rheology is applicable 
to all types of materials, from gases to solids [5]. The 
rheological characterization for purees is therefore a 
fundamental step which importance ranges from 
speculative to more practical interests.  

 

 

For example, fluid characterization is relevant to the 
knowledge of the fluid dynamics behaviour and the 
heat transfer processes in pipe flow, which are 
fundamental to either improve or develop new 
industrial techniques.  

Viscolastic and semisolid foods have been 
extensively studied during the last few decades. 
Rheological characterizations of non-Newtonian 
foods have been in the form of τ versus γ curves, 
dynamic characteristic, time effect on η at constant, 
γ, etc. Values for these parameters were compiled by 
different authors [6]. 

In rheology, shearing of a substance is the key to 
knowledge of flow behaviour and structure. A 
sheared flow is achieved through flow between 
parallel planes, rotational flow between coaxial 
cylinders where one cylinder is stationary and the 
other one is rotating, telescopic flow through 
capillaries and pipes, and torsional flow between 
parallel plates. To enable study of the viscosity of a 
material, the shearing must induce stationary flow of 
the material. 

The flow occurs through rearrangement and 
deformation of particles and through breaking of 
bonds in the structure of the material.  

The Non-Newtonian fluids are materials, which 
cannot be defined by a single viscosity value at a 
specified temperature. The viscosity of these 
materials must always be stated together with a 
corresponding temperature and shear rate. If the shear 
rate is changed the viscosity will also change. 
Generally speaking, high concentration and low 
temperature induce or increase non-Newtonian 
behaviour. 

Apart from being shear rate dependent, the viscosity 
of non-Newtonian fluids may also be time dependent, 
in which case the viscosity is a function not only of 
the magnitude of the shear rate but also of the 
duration and, in most cases, of the frequency of 
successive applications of shear. 

Non-Newtonian materials that are time independent 
are defined as shear thinning, shear thickening or 
plastic. Non-Newtonian materials that are time 
dependent are defined as thixotropic, rheopectic or 
anti-thixotropic [5]  
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2. Materials and methods 

Materials: apples, knife, robot, lemon, water bath, 
thermometer, glass, LDPE and PP packing, 
reactives. 

Installations and equipments: robot, water bath, 
refrigerator, pH-meter, viscosimeter Brookfield DV-
E. 

Methods. The apple puree preparation.The raw 
material is represented by IDARED apple variety. 
The apples was washed under cold water, were 
peeled and the seeds home removed. The apples 
were graded with a special robot which functions 
similarly as industrial machinery-pasatrice. 

For the amount of apple puree obtained 1750 g were 
added 30 ml of natural citric acid from natural source 
represented by lemon juice to prevent the enzymatic 
browning phenomenon, a specific phenomenon of 
apples which have direct contact with the oxygen 
from the air. 

After obtaining, the apple puree it was thermic 
treated by using the pasteurization in two steps: the 
first step was made at a temperature between 93 and 
98°C for 4 to 5 minutes to inactivate the enzymes, 
followed by the second step which was achieved 
using pasteurization on water bath at 90°C for 20 
minutes. 

The purpose of the first pasteurization is to soften the 
fruit tissues and, especially, to inactivate the 
polyphenoloxidase, enzyme responsible for apples 
browning. The second step of pasteurization is 
applied to destroy the vegetative forms of 
microorganisms. 

After the pasteurization end a cooling take place at 
30°C. In laboratory conditions it was developed for a 
short time with tap water medium. 

The apple puree was packed into glass, Low Density 
Polyethylene (LDPE) and Polypropylene (PP) 
packages. There were chosen being the most 
common packaging used for fruit and vegetable 
purees for babies food specially designed. 

The product was stored at refrigeration temperatures 
between 4 - 6°C and kept for a period of 14 days, 
during which were made physical, chemical and 
rheological analysis. Physical and chemical analyses 
have the aim of monitoring the effects of packaging 
on apple puree treated by pasteurization and stored at 
refrigeration temperatures. 

The analyses were: the titratable acidity, the pH and 
the reological properties guided for a interval of 0, 3, 
6, 10 and 14 days. 

The acidity was determined by titrating 20 g apple 
puree with 1N NaOH solution until the pale pink is 
resistant 30 seconds. The results were expressed as g 
malic acid/kg product. The analyses were reproduced 
for at least 2 times and the results are represented by 
arithmetic average. 

The pH was determined using a device called pH-
meter IQ Scientific. For each sample were made two 
readings, at 20°C, making the average of the two 
values obtained. 

The rheological properties of apple puree were 
determined with a Brookfield DV-E viscosimeter 
with a LV2 spindle. 

The samples were temperature-equilibrated at 25 °C. 
Each sample was filled in a cylindrical cup. Each 
assay was carried out in duplicate. 

3. Results and discussion 

For each type of determination, the samples were 
analyzed at 0, 3, 6, 10 and 14 storage days. The 
storage temperature is 4-6°C. 

 

 
Figure 1. Variation of the pH parameter over the storage 
period of apple puree 

It can observe that the variation of the pH, throughout 
the storage, is different for each type of packaging: 
glass, LDPE and PP. The LDPE variation being the 
most uniform, being  a constant in the first 3 days, 
followed by a 0.1 pH units increase for the next 3 
days of storage, at the end the pH value is around 
3.7-4 (specific for this type of product 3.2-4 
associated with 30-32Brix). 
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The apple puree packed into PP has a similar 
variation of pH parameter with the LDPE one since 
the 3rd day of storage, but it is marked by a decrease 
in the final storage period which means an instability 
point.  
 

 
Figure 2. Acidity variation of apple puree stored at 

refrigeration temperature 

 

For the glass package the pH variation is larger in 
comparison with the other two types, increasing in 
the first 3 days, being constant since the 6 day in 
order to increase again with 0.2 unities and than 
being constant since the finishing of the storage 
period. 

Compared with variations of the pH, also the 
titratable acidity suffers different changes depending 
on the type of packing it was stored the apple puree. 

For glass packaging the titratable acidity of the apple 
puree has the same inflexions as for pH 
determinations. These chemical variations can 
favour the alteration processes or other undesirable 
changes like colour, smell and taste ones.   

The acidity of the apple puree packed in LDPE is 
constant during all 14 days of product storage. 

The apple puree packed in PP has the acidity 
constant in the first three days, followed by a 
decrease until the six day storage, and after is 
returning to the initial value. It behavior is similar to 
the glass package, the product being unstable over 
these packages containing. 

The technological reference values for acidity values 
are 5-7 g malic acid/kg apple puree. 

Another determination studied for the monitoring of 
the storage stability of apple puree thermic threated 
packed in three types of materials is viscosity.  

Many industrial food products show a non-
Newtonian rheological behavior of the shear thinning 
type with the presence of yield stress. From an 
engineering viewpoint, this latter is a characteristic of 
several food fluids [7, 16, 18]. 

The majority of the fluid foods doesn’t have a simple 
rheological behavior, the viscosity being an 
independent parameter in reference with the share 
rate and share stress and is not constant for 
temperature variations. The graphics are determined 
depending on the dynamic viscosity η, Pa*s, and the 
share rate γ, s-1. 

The following rheograms have the role to observe the 
apple puree rheological variation influenced by the 
used package materials LDPE, PP and glass.  

For the day 0 there were made rheological 
determinations also for the fresh puree even for the 
heated one. So in this graphic it can be seemed the 
variation of the viscosity of both kind of purees. The 
aim of it being their comparison. The difference is 
sensitive; the dynamic viscosity is bigger for the 
same share rate for the non heated apple puree. 

 
Figure 3. Apple puree rheological variation in day 0 

 

 
Figure 4. Apple puree rheological variation in  day 3   
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Figure 5. Apple puree rheological variation in  day 6 

In the first 6 days of storage, the apple puree packed 
in glass recipient has the biggest values for the 
dynamic viscosity (539 Pa*s), while those from the 
LDPE package are smaller (355 Pa*s). 

 

 
Figure 6. Apple puree rheological variation in  day 10 

 
Figure 7. Apple puree rheological variation in  day 14 

After 14 days of storage the dynamic viscosity has 
the biggest value for the PP package. From these 
rheograms it can be noted that apple puree includes a 
high content of fibers as a prior characteristic of 
fruits and also it have an internal structure typically 
associable to an agglomerate of un-coiled filament-
like particles scattered within a main heterogeneous 
liquid matrix.  

 

Such complex structure is responsible for the non-
Newtonian behavior. Indeed the non Newtonian 
characteristic is bring out by the exponential 
variation of the viscosity while the whole period of 
storage. 

The data obtained showed that the apple puree is a 
pseudoplastic liquid with yield stress like many other 
fruit pulps and purees such as mango pulp [8,18,20], 
strawberry pulp [9,14,17], and peach and papaya 
purees [10,13,15].  

The results showed that the apple puree rheological 
values are directly influenced by the package tipe and 
the storage period.  

Even the graphics are similar as allure it can be 
remarked that the best rheological behavior was 
assigned to the LDPE package. This rheological 
characteristic it seemed to be defined by stability. 

4. Conclusions 

From this study it can be seemed that the proper 
package that can be used for heated apple puree is 
LDPE which is maintaining the physical and 
chemical proprieties of the product. 

As for the pH variation the heated apple puree 
packed in LDPE has an uniform variation and it’s 
acidity was constant against the other two types of 
packages. 

Also the rheological values are supporting the 
conclusion from above. 

As a final conclusion the physical, chemical and 
rheological evaluations shall consider that the LDPE 
packages are more suitable for the heated apple puree 
safety during the storage period (14days/4-6°C). 

These results are matching with the US Food and 
Drug Administration provision which said consumers 
should not avoid food packaged in glass jars. “At this 
time, FDA’s preliminary conclusion is that the levels 
of semicarbazide reported in foods in Europe are very 
low and present no risk to the public health”, the 
acency said in a statement, “FDA is presently 
examining foods and is continuing to assess the 
potential toxicity of semicarbazide in food [11,12].  

Beyond the material and preservation process 
aspects, the study considers the entire packaging 
systems required to move the baby food from the 
point of production to the point of consumption. 
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