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1.( Introduction 
Canning is among the methods of preservation of green olives, it is a process which combines the 
preparation of food in limp of preserve tight and their pasteurization by heat. This heat treatment is applied 
in order to inactivate the enzymes and to destroy the micro-organisms, whose presence could make food 
unsuitable to consumption. However, absolute sterility does not exist; what one searches when a food is 
sterilized is commercial sterility where the risk of contamination is statistically improbable. In this objective, 
the food-preserving industry did not cease developing and seeking to diversify its methods and to make 
evolve its products [1]. The green table olives constitute the vegetable food product fermented most popular 
in Morocco [2]. Indeed the olive-growing sector, participant in 5% of the national GDP, with an annual 
production of 1 500 000 tons olives and 160 000 tons oil, remains one of these principal sectors [3]. 
Moreover, in the companies of preservation of green olives, stabilizing pasteurization is the heat treatment 
applied, especially for the acid products, to destroy the pathogenic germs. But this destruction of the 
microorganisms is made to the detriment of the nutritional and sensory qualities [4].In fact, many vitamins 
and proteins are not very stable at the strong temperatures and of the tastes of cooked and the modifications 
of texture can also appear. Otherwise, the ideal heat treatment is that which guarantees at the same time the 
medical and nutritional quality of food. Thus, the current will of the canners is to move towards a reduction 
of the scales of sterilization or pasteurization to preserve final quality of the products, but by maintaining the 
security microbiological. 
In the Moroccan companies of preservation of green olives, the heat treatment of olives is considered a point 
of risk to be controlled. Thus, the  aims of this article is to validate the scale of canning applied by the 
company to green olives and to evaluate its effect on organoleptic and nutritional quality of these 
pasteurized olives. 

 

2. Material and Methods 
This study was carried out in a company located in the Marrakech-Tansift El Hawz region. Among the 
company's activities is the pasteurization of green olives. For this purpose, according to the HACCP 
approach, the thermal pasteurization scale has been identified as a critical point to be mastered in order to 
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meet both the health and nutritional quality of the product [5]. The treatment designed by the company 
corresponds to a temperature plateau of 90 ° C for about 20 minutes. 

The metal cans containing the olives are arranged in layers in baskets and then introduced into an 
autoclave, the start-up procedures of which have been established. Thus, the temperature evolution in the 
boxes judged in the coldest zones in the autoclave or the points having the most unfavorable conditions for 
the penetration of heat was recorded. In the baskets containing the olives boxes, the heat transfer 
characteristics were determined and the sterilization value was calculated in each box, using mathematical 
models (Combination of the methods of Ball et al. [6] and Bigelow [7] cited by Couvert [8]). 

The pasteurization cycle in the autoclave was carried out in 3 steps: a first step of raising the 
temperature from about 20 to 25 min up to the operating temperature of 90°C; Followed by a pasteurization 
step of 20 min at 90°C; Then a cooling step of 30 min up to the temperature of34°C. 

The temperature in the autoclave is monitored by a HITEMP 140 recorder which uses the Evidencia 
Transit software to program, start, stop and download the data to be recorded. The test probes and the 
recorder are next to the mercury thermometer located in the middle of the autoclave, above the level of the 
baskets. The recorders were placed in the box in the center of the basket. 

 

2.1. Calculation method 
The pasteurization value represents the theoretical heating time of a required product at a constant reference 
temperature (T ref = 90°C, with Z = 10) equivalent to the time of the 3 phases (temperature rise, plateau and 
time Cooling) in order to reduce the microbial load in the desired proportions. First, for successive time 
intervals of duration ti = 1 min, the temperatures Ti: 

 

 !" = $ %&'()%&* $ ; are measured in the product. Thereafter, the lethality value L is calculated at the temperature 
Ti for one minute: 

+ = 10
[/0'12]

4  
Z: temperature difference allowing reducing the time of the heat treatment by a factor of 10 for the same 
efficiency. The value of Z is conventionally set at ten (with reference to the Clostridium botulinum value). 
Thus, for each time interval ti = one minute at a temperature Ti, the pasteurization value VPi can be 
calculated by the following equation: 

 
 

 
VPi: pasteurization value obtained at temperature T for one minute. 

The calculation of the total pasteurization value for the entire heat treatment is done by integrating the 
rectangles of the temperature measurement curve using time / temperature pairs (Bigelow's rectangles 
method [5], according to Formula: 

56 = VP" 
!

2.2. Methods of nutritional analysis 
The principles of the analytical methods used to evaluate the nutritional and organoleptic qualities are 
presented in the following Table 1. 

 
3. Results and discussion 
The heat treatment for the appertization of green table olives must have the aim of destroying or inhibiting, 
on the one hand the enzymes and on the other hand the microorganisms, the presence or the proliferation of 
which could alter these olives. It consists in placing the latter in the presence of a hot fluid during a certain 
timeand then to cool them by bringing a cold fluid into contact. In these two cases, heat will be exchanged 
between the fluid and the product through the wall separating them, from the warmest to the coldest. This 
heat will also have to migrate within the product. The thermal evolution in the product results from two 
phenomena: a) heat migration through a wall and b) heat migration in the product either by convection 
following movements or displacements of matter or by conduction through exchanges between the hottest 
and coldest parts. Thus, in order to present the different phases of a conventional batch heat treatment and 
how it can be designed, controlled and validated, it is useful to propose a very usual graphical 
representation: recording the temperatures in the autoclave at During the processing time that are taken at 
the critical point of the product in the 4 baskets. It is a representation of thermal treatment scales in semi-
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logarithmic coordinates, with the time t on the abscissa and the temperature at the critical point of the 
product at time t [16]. 
 

Table1: Analytical methods used to evaluate the nutritional and organoleptic qualities 
Compounds Methods References 
Protein Content Method of Kjeldahl Pomeranz et Clifton[9] 

Sugar content Method of Bertrand Browne et Zerban [10] 

Lipid content Method in Soxhlet Horwitz [11] 

Fatty acid Chromatographic method Varian 5890 European Standard EN 
ISO 12966-2:2011[12] 

Water Steaming Horwitz  [11] 

Mineral content Atomic absorption spectrophotometry (UNICAM 929 AA 
"ATIUNICAM" spectrometer) on filtrates prepared from total 
ash. 

Method of Osborne and 
Voogt [13] 

Phosphorus vanadomolybdophosphoric method Chang and Jackson [14] 

Vitamin C content Method using 2,4-dinitrophenylhydrazine Sadasivam and 
Manickham [15] 

 

The graphs (Figure 1 a, b, c and d) describe the temperature changes inside cans during the 
pasteurization cycle of green olives. They correspond to the temperature values inside the cans. One can 
very well distinguish the main stages. A phase of "Come Up Time" (CUT) which consists of a period of rise 
of the temperature of the enclosure approximately 25 min, to the temperature of regime (Tr = 90°C), 
followed by a phase of During which the steady-state temperature is kept constant for about 20 minutes, and 
then a "Come Down Time" (CDT) phase consisting of cooling which lasts about 30 minutes. Thus, the heat 
treatment scale chosen by the company applied in autoclaving corresponds to the constant high temperature 
range 90°C. To which the products are subjected for about 20 min in order to end up with a reduction to 10-9 
pathogen per box, or Rather a chance on a billion that a box contains a pathogen. This is the maximum risk 
accepted by the pasteurization standard for the marketing of the product. 

This scale is chosen according to the nature of the product, its pH, the packaging, the initial number of 
microorganisms, contained in the product before pasteurization, the type of autoclave employed, the heating 
medium (water or steam) and the time taken to put the autoclave into operation [17,18,19]. 
Thus, the design of a pasteurization scale combines at the same time: 

-! The definition of the objective of thermal intensity and decontaminating efficiency to be achieved. 
-! The definition of the area of the product where this minimum treatment is to be applied: concept of a critical 

point of the product. 
-! The rate of penetration of heat into the product, itself influenced by a possible agitation. 
-! The choice of the treatment temperature in step. 
-! The initial temperature of the product. 
-! The characteristics of the material (autoclave) used. 

As soon as the thermal characteristics of the product / packaging couple and the heat treatment equipment 
are known, the choice of the working temperature induces a scale time necessary to reach the objective of the 
pasteurizing value at the critical point. This scale duration can be determined by methods of predictive 
calculations (Ball method), by successive experiments (Bigelow or Flambert method) or by adapting an 
existing internal scale already validated for similar manufacturing conditions [20]. 
Taking into account, for example, the pH parameter, in products having a pH of less than 4.5 (between 3 and 
4) such as olive preserves, the spores of the microorganisms do not develop. All fruits, including pHvaries 
between 2 and 4.5, do not contain bacteria capable of generating spores. Unlike vegetables, meat and fish (pH 
5-7.5), spores develop up to 120 ° C only when their pH is above 4.5. Under this barrier of 4.5, it is 
considered that a temperature varying between 80 and 90 ° C. is sufficient to sterilize and pasteurize the food 
of the microorganisms with the exception of yeasts and molds which develop on products between pH 2 and 
10. 

However, there is an antagonism between the "high" heat treatment necessary to guarantee the stability 
of the product and the sensory result of the products [21,22]. The control of the heat treatment is therefore a 
paramount parameter to guarantee the organoleptic qualities. In order to allow knowledge of the lethal effect 
of heat treatment, the notion of Sterilizing Value (SV) or pasteurizer (VP) was introduced as a "heat treatment 
intensity scale". By definition, VP is a heat treatment time, expressed in minutes, at a reference temperature 
(Tref) which allows the destruction of an amount of target microorganisms whose thermal resistance 
characteristics are known. 
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Figure1: (Graphs a, b, c, d): Temperature recordings during the heat treatment applied for green table olives in the 4 
baskets 
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In the literature, F0 = 30 min is the pasteurizer sanitary value corresponding to the minimum heat treatment 
for acid preserves (pH <4.5) at a temperature below 90°C. Thus, this pasteurizing value should have reached 
the cans in the coldest zone and corresponds to the critical point according to the HACCP plan. 

Indeed, the key point in the design of a heat treatment is the knowledge and the quantification of the 
parameters describing the rate of heat penetration in the whole conditioned product (heating, and then 
cooling). In the process of appertization, the heat of the heating fluid, allowing the destruction of the 
microorganisms, is transmitted to the contents through the wall of the container and penetrates more or less 
rapidly inside the product to the slowest point at s which is generally the center or also the furthest away from 
the wall (Figure 2). 

From the mode of penetration of heat into the product, the notion of a "critical point" is also often called 
a "cold point": it is defined as the zone of the product that will receive during the complete thermal cycle The 
lowest intensity of treatment, i.e. the point of the product for which the pasteurizing value acquired is the 
lowest after treatment. It is of course in this zone that thermal measurements must be made for the monitoring 
of treatments. 

The graphs (a, b, c, d) (Figure 1) represent graphically and in writing the evolution of the temperature as 
a function of time and the pasteurizing value calculated at each time interval ti. The probes have been 
programmed to record the evolution every 60 seconds (our Δt is 1 min). Using these data, we were able to 
perform the calculations necessary to determine the pasteurizer value and the heat transfer characteristics 
across the product. Subsequently, after calculating the pasteurizer value F of the can which is at the center of 
each basket, a comparison is made between the values obtained in the different baskets and the reference 
pasteurizer value which is F = 30 min (Figure 2). These results allowed us to identify a VP value in all 
baskets greater than the reference pasteurizer VP value of 30. This shows the conformity and the validity of 
the scale (20 min, T°max 90°C) of heat treatment of green olives and the attainment of commercial sterility 
[23]. 

 
Figure2. Graphical comparison of the pasteurizing values F of the baskets with the reference value F (Ref VP) 
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that the main nutritional or organoleptic components to be tested show good nutritional, organoleptic and 
sanitary qualities of green olives with the pasteurization scale devised by the company. 

 
Table 2.Analyzes of organoleptic parameters carried out on green table olives 

 
Composition Quantity % AJR Average difference cat. 

Energetic value    Energy - Calories 136 kcal 7% -27% 
Energy - kilojoules  557 kJ  -28% 
Proteins 0.97 g 2% -58% 
Alcohol 0 g  -100% 
Water 74.8 g  +8% 
Carbohydrates: 0.54 g 0% -92% 
with sugar 0.54 g 1% -85% 
with starch 0 g  -100% 
Lipids: 13.2 g 19% -19% 
of which saturated fatty acid 1.75 g  -51% 
of which monounsaturated fatty acid 9.74 g  +42% 
of which Polyunsaturated fatty acid 1.13 g  -77% 
Minerals:    Sodium 1680 mg 70% +99% 
equivalent in salt 4233.6 mg   
Magnesium 19 mg 5% +4% 
Phosphor 10.6 mg 2% -79% 
Potassium 39.3 mg 2% -75% 
Calcium 61 mg 8% +31% 
Manganese 0.05 mg 2% -69% 
Iron 0.96 mg 7% +3% 
Copper 0.21 mg 21% +79% 
Zinc 0.23 mg 2% -33% 
Selenium 0.9 µg 2% -58% 
Iodine 4.5 µg 3% -66% 
Vitamins:    Vitamin A - Beta-Carotene 206 µg 26% -9% 
Vitamin A - Retinol 0 µg -100% 
VitaminD 0 µg 0% -100% 
Vitamin  E 1.99 mg 17% -48% 
Vitamin  C 0 mg 0% -100% 
Vitamin  B1 0.021 mg 2% -60% 
Vitamin  B2 0.007 mg 0% -94% 
Vitamin B3 0.237 mg 1% -50% 
Vitamin B5 0.023 mg 0% -87% 
Vitamin B6 0.031 mg 2% -66% 
Vitamin B9 4.7 µg 2% -68% 
Vitamin B12 0 µg 0% -100% 

 
Conclusion 
In this study, in order to determine the validity of the pasteurization scale (choice of the time /temperature 
torque of the heat treatment) in preserves of green table olives, it is necessary to know the temperature 
variations in the product over time. In practice, one follows the temperature at the coldest point of the product 
called "critical point" or center of the baskets located in different places. The validation of a heat treatment 
necessarily involves the calculation of the pasteurizing values VP. Indeed, the calculation of these VPs in the 
four baskets shows values higher than the reference pasteurizer value, which is a testament to the conformity 
and validity of the scale of green olives heat treatment applied by the company and the of commercial 
sterility. With the exception of basket 4, VP is excessive and can affect the organoleptic qualities of the 
product. Analyzes in this direction have been made and have confirmed that the nutritional and organoleptic 
qualities are not altered by this table of appertization while ensuring the sanitary quality of the green olives. 
Indeed, in order to optimize this heat treatment by taking into account these constraints and these 
requirements, other parameters deserve to be studied, namely the factors related to the product and to the 
packaging as well as the mastering of the cycle of autoclaving . 
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