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SHELF – LIFE DETERMINATION

Sorption Isotherm:


When the moisture content of a food is plotted against relative humidity or water activity (aw) at constant temperature, the curve obtained is called the sorption isotherm. Sorption Isotherm for different foods vary both in shape of the curve and in the water present at each relative humidity.

The water content of a food at a particular humidity is dependent on its water-soluble constituents and the presence of colloids. Any water-soluble material in a food reduces the water vapour pressure by lowering the amount of free water present. The degree to which this water activity is lowered depends to a large extent on the total concentration of all dissolved molecules and ions.

Most sorption isotherms for foods show a hysteresis i.e. two curves are produced, one slightly above the other, the upper curve being obtained as the food is dried down from an initially high moisture (the desorption curve), while the lower curve is obtained as the moisture content increases from the dry side (the absorption curve). 
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(Adsorption & Desorption Isotherm)

Frequently , changes brought about by moisture take place only when the moisture content reaches a critical level. “Critical Moisture Content” is defined for a product, with upper and lower limits within which the product is satisfactory.

The ratio of the actual amount of water vapour to that which would be present if the air was saturated expressed as a percentage is called the “Relative Humidity”. Water Activity is directly proportional to the vapour pressure and represents the ratio of water vapour pressure of the food to the water vapour pressure of pure water under same condition, expressed  as ratio. Thus a water activity of 0.7 corresponds to a RH of 70%.

Shelf Life of food product is the time elapsing until the packaged food has reached a critical moisture content where the rates of respective physical or biological or chemical quality changes are critical, for example, loss of crispness or desiccation browning. The critical moisture is the limit of 6% for biscuits, 11% for spices powder and 0.25% for oils.

Physical Changes: These includes hardening or caking, caused by wetting and subsequent drying out of crystalline products or loss of crispness that can take place  because of moisture gain.

Microbial Changes: Essentially, these are due to growth of molds or bacteria which can occur if the moisture content of the product rises above a critical level or if water droplets form within a package at any point, even if the moisture content of the bulk of the product is not high enough to promote growth.

Chemical Changes: These include Maillard reactions, solute effects and enzymatic reactions, which only occur in the presence of moisture and very slow in its absence.

Since most dry foods are intended to be crisp when consumed by the purchaser, a prime factor to be considered for such food packages in their ability to keep the moisture content of the food at a minimum. Low moisture content in foods, such as, dry breakfast cereals etc. is especially important when they are sugar coated and/or contain some type of freeze dried etc.

Knowledge of WVTR of the package component is helpful to some extent for predicting shelf-life. But their factors such as sealing effectiveness, storage conditions, time etc. make WVT values relatively unusable for predicting ultimate shelf-life.

For theoretical calculation of shelf life, it is necessary to consider the uptake or loss of moisture during storage, water vapour permeability of the package and environmental conditions. Although, actual field tests with packages of the product are desirable in order to find out the shelf life of a product, they are generally quite expensive and time consuming. Testing the package under accelerated conditions of high temperature and humidity provides the manufacturer with valuable shelf life data when correlated with previously run field tests. In addition, the cost of accelerated testing is relatively low and involves only short period of time.

 The quantity (q) of water vapour permeating through a packaging material is given by:

               P x (Area) x (time) x (Pressure difference)

 q = 

               
          (Thickness)

            P.A.T.P

q = 

                X

The water vapour transmission rate is expressed as gms. Of water vapour transmitted through 1 square meter per 24 hrs. at 38ºC and 90% RH differential for specific thickness.

With the assumption of tight seals, the shelf-life of moisture sensitive food stuff is given by:

          (X) (W) (m/a)           (ME-Mo)

T=                                  ln        

         (w) (A) (Po)                  (ME-Mc)

T=      shelf – life of the product

X=      thickness of the packaging material

W=     weight of the product

m/a=   slope of the straight line isotherm region

w=      WVTR of the packaging material

A=      area of exposure

Po=     water vapour pressure

ME, Mo & Mc = Equillibrium, initial and critical moisture contents of the food stuff.

In this case, it is assumed that the diffusion resistance of the packaging material to water vapour is far greater than that within the packaged food, where a moisture gradient is excluded.

Considering the water vapour transmission rate instead of permeability, the shelf life is indicated by:

        W.R               (Mc – Mo)                           ( Re – Ro )

T =                 X                         X  2.303 log  

        100w              (Rc – Ro)                            ( Re – Rc )

where R = RH difference under test condition and Re, Ro and Rc = Equillibrium relative humidity corresponding  ME, Mo and Mc. All other factors are the same in the previous equation.

Further simplification of the above equation is given as:

            W (Mc – Mo) . R.104
T = 

           100.A.w (90 – Mc+Mo/2)

Where     T = Shelf life in days


W = weight of the product in gms.


A = effective area of package in sq. cm


w = WVTR of the packaging material in gm/m2. day


Mo = Intial moisture content ( percent)


Mc = Critical Moisture Content (percent)

For calculation of shelf life and other conditions than at 38ºC and 90% RH gradient, it is necessary to have WVTR data under the required conditions.

To calculate the shelf life of a moisture sensitive product, at any RH and temperature condition, if data regarding WVTR are available, the same can be substituted in the shelf life equation.

An empirical relationship to extrapolate the shelf life values from one set of temperature / RH to another condition is given by:

T2  =  T1 (P1/P2)k  {R1 – Ro+Rc/2 }



 {R2 – Ro+Rc/2 }

where T2 and T1 are the shelf life

P1 and P2 are the saturated water vapour pressure

k is a constant depending on the packaging material

The “Half value period” (HVP) is the time required for the moisture content of the packed foods to move half-way between the initial value and the value that would be obtained when equilibrium has reached with storage conditions. It may be used either to compare the efficiency of two packs or to estimate the shelf life and is for practical purpose, a constant dependent only on the package.

PROCEDURE:

Make the packets/pouches/cartons of similar size with the packaging material under test. Fill these packages with product (biscuits) under test (almost equal quantities). Seal these packages properly. Weigh all the packages and record the weights. Store them at 38ºC and 92% RH (accelerated conditions). Weigh the packages daily for a week.

	Package No.
	Initial Wt. in Gms.
	Moisture gain in gms. after 'X' days storage

	
	
	2
	4
	7

	1
	72.0054
	72.2598
	72.5078
	72.8256

	2
	67.2785
	67.5649
	67.8674
	68.2594

	3
	66.4024
	67.1672
	67.9577
	68.7632

	4
	69.4364
	69.6025
	69.7708
	69.9942

	5
	67.5891
	67.8863
	68.227
	68.6372

	6
	68.7063
	69.0429
	69.4255
	69.8878

	Avg.
	68.5697
	68.9206
	69.2927
	69.7279


1. Initial wt. Of empty package   = 16 Gms.

2. Weight of moisture picked up by empty packaged exposed to 92% RH and 38ºC   = 0.434 Gms.

3. Initial moisture content of biscuits (Mo) = 1.8%

4. Equillibrium moisture content of biscuits (ME) at 92% RH and 38ºC  = 14.2%

Wo =  (Avg. initial wt. – Avg. initial wt. of empty package) +   Product Equivalent of package

“ Product Equivalent of package” is the amount of product that absorbs an equal amount of moisture as absorbed by empty package when it is in equilibrium with the storage conditions.

Then the moisture content of the product at any given time (t) is given by :

             MoWo + 100L

M    =                               %



Step 1 : Calculate Product Equivalent

                     Wo





Step 2 :  Calculate Wo








Step 3 : Calculate M (M2, M4, M7)

                                     




Step 4 : Calculate ME - M



          0.434

Product equivalent =                            =  3.5

Step 5 : Calculate log10ME - M

14.2 – 1.8

Step 6 : Plot a graph-log10ME – M Vs. 
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            Time


Step 7 : Obtain slope (s) from the graph

Wo = (68.5696 – 16) +3.5 = 56.0700

From above formula, M.C. of biscuit at any time is  as :

              MoWo + 100L

M    =                               %





                     Wo



M2  =    1.8 x 56.07 x 100 x 0.351

                                                            =  2.4260 %



56.07

M4  =    1.8 x 56.07 x 100 x 0.7223

                                                            =  3.0883 %



56.07

M7  =    1.8 x 56.07 x 100 x 1.1582

                                                            =  3.8657 %



56.07

	No. of days
	2
	4
	7

	Calculated M.C (%) - M
	2.426
	3.0883
	3.8657

	ME - M
	11.774
	11.112
	10.334

	log10 ME - M
	1.0709
	1.0458
	1.0143


Plot a graph between log10 ME – M Vs. Time
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From the Graph, s (slope) = 0.024348
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HVP (T) =    log210 
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HVP (T1) =    0.3010




= 12.36 Days
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If HVP at tºC is T1, then HVP (T2) at tºC is given by :

 { vap. Press. of H2O at t1ºC }k

 T2  = T1  {                                           }

 
 { vap. Press. of H2O at t​2ºC }

Here t1 = 38ºC  and t2 = 27 ºC




Where ‘k’ is constant and is:









k = 1 for wax paper and PE

Therefore HVP T2 = 12.36 {50/26)  = 23.7690 Days

k =  1.6 for cellophane (MSAT)








k = 1.9 for PVDC





Vap. Press. at 38ºC = 50
k =  0.5 for PVC




Vap. Press. at 27ºC = 26

Given EMC of biscuit at 65% RH,  ME = 10.4 %

Critical moisture content of biscuit (Mc) = 5.4%

Knowing HVP at t2ºC, plot a straight-line graph with two known points i.e.

log 10 (ME – Mo) at zero time and ,

           {            Mo+ME     }

log      { ME -                     }    corresponding to HVP at t2ºC

           {
               2            }

At 38ºC

log 10 (ME – Mo)   =  log 10 (14.2 – 1.8) = 1.093 at ‘0’ time

and

             {            Mo+ME     }

log        { ME -                     }    = log (14.2 – 1.8+14.2 }  = 0.794 at 23.7690 (T2)

             {
    2           }

       2

At 27ºC

log 10 (ME – Mc)   =  log 10 (14.2 – 5.4) = 0.9444 at ‘0’ time

log 10 (10.4 – 5.4) = 0.6989

log (10.4 – 1.8+10.4  }  = 0.6434 at 23.7690
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From the graph calculate log (ME – MC) at 38ºC and 92% RH


Log (14.2 –5.4 ) = 0.9444

Now time corresponding to 0.9444 is shelf life of sample at 38ºC  and 92% RH which is 15.5 Days

And time corresponding to 0.6989 is shelf life of sample at 27ºC and 65% RH which is 21 Days

FOOD PACKAGING TECHNOLOGY

INTRODUCTION:

The utilization of the surplus food production depends to a large extent on proper packaging. The fact that our food processing industry is utilizing only 12% of the Food materials produced as against 64% in US, highlights the vast scope for the growth of food processing industry and hence food packaging. Also, with increasing emphasis on export of value added processed foods, the potential benefits of high quality packaging cannot be ignored while competing in the International markets.

Packaging plays a vital role on the conservation, preservation and transport of food products. Food packaging is an integral part of food processing, and is the link between the food processor and the consumer. Preservation of food is achieved by various methods; however food that is preserved has to be properly packed for shelf stability. Thus, packaging of food prevents the contact of preserved food with the outside environment, thus preserving the food.

PACKAGING TERMINOLOGY:

Packing: It can be considered as that part of packaging concerning the selection of construction of shipping containers and assembling of items and packages, therein including blocking, bracing, cushioning, exterior decoration and marking of shipping containers for identification.

Packaging: It is broad term and is preparation of finish good for transportation, storage, distribution and merchandising. It covers the operation of cleaning, giving the protective packages, weighing, filling and closing, labeling, surface designing and printing, cushioning and bracing, containerizing and marketing. Thus includes material handling and warehousing

Package: It means quantity of items wrapped for storage or shipment.

Unit Package: Package which constitutes a unit of sale of a product at the consumer level e.g. a tin plate can, biscuit carton, a pouch, a glass bottle, single use package.

Shipping Container: The outer carton which contains the unit package of the product and which can be transported without any extra packaging. This may be fibre made box, a drum, a gunny bag etc. usually these are not well decorated and presented. They are unlike unit package. It is a bulk container.

IMPORTANCE OF FOOD PACKAGING

80% of the population is connected with food production, yet the availability of food is a major problem. For increasing the availability of foodstuff, suitable packaging plays an important role. about 25-35% of fruit and vegetables are lost during the transportation. This loss could be improved by suitable packaging. Packaging also helps in storage and preservation also it helps in transportation of marketable goods from production centre to marketplace.

Packaging plays an important role in maintaining hygiene conditions and preventing adulteration and pilferages. It helps in identifying the contents and easy handling. For import and export it plays a vital role.

The major role of packaging is to retain quality of the foodstuff. This is achieved by the barrier property of a package. A package prevents penetration of particular commodity like water, oil, organic vapours etc. A barrier material prevents or retains these materials outside or within the package.

“Permeability” is a measure of barrier property of the materials to gases, vapour and liquid media.
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P = Permeability

              qx



x = thickness of material
P = 




q = qty. of gas diffusing thro’a film of surface area A
            A.t.P


t = unit time

P = (P1 – P2) = difference between the partial pressure of the                 

        diffusing gas on the two sides of the membrane

Permeability coefficient or constant is expressed as amount of gas/liq./vapour, which penetrates through the material of unit area and thickness in a unit time at a specified partial pressure difference. The amount that penetrates is expressed as mass and for gas in vol. (ml.)

Permeability is of two types:

· A solubility affect by which the dissolves in the material of the film on one side, diffuses through and evaporates from other side. This may be described as true permeability. e.g. most organic films

· A pore effect in which gas flows through microscopic holes or channels in the membrane. e.g. metal foils and thin organic films.

AN OVERVIEW OF A PACKAGING OPERATION:
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PACKAGE FUNCTION : (Consideration of the requirements of a package)

1. To contain the product (the following must be considered):
· Adequate size to hold (flexible pouches etc.)

· Proper constructional features – non leaky, no spoilage and diffusion

· Should have enough strength to withstand handling, storage and transportation and internal stresses.

· Should be compatible with the product.

2. To protect the product :

· Against physical damages during handling and transportation. Physical damage results in breakage of the product, dusting and loss of shape. These can be avoided by proper blocking and cushioning. To withstand stack load, proper constructional features are required.

· Against storage hazards, stacking, warehousing resulting in compression, cushioning, spillage, contamination (protected by adequate strength and stability)

· Against biological damages like microbes, rodents, insects, birds etc. Cellulosic materials like gunny bags are more prone to insect attack.

· To protect the product against environmental damages (Chemical Damages):

      Usually 20-65% RH is good during storage. Above 65% RH, caking, softening,     

      microbial damages and insect damages occur. Also protection against oxygen and  

      light apart from moisture.

A.  WATER  VAPOUR  TRANSMISSION  RATE (WVTR):

WVT or MVT (Moisture vapour Transmission) is a measure of the weight of water vapour that will pass through a given area of packaging material every 24 hrs. It is expressed as gn/m2.24Hr. 90%RH and 38ºC.

The effect of sealing, creasing, machining has to be considered. The WVTR should be determined for the finished product rather than of material.

In case of fruits and vegetables, 12-15% loss is considered and is called Physiological loss of water (PLW). If the material is not permeable, there will be mold growth and if too permeable, the fruits will wilt. So material should have optimum permeability. Hence the absorption or desorption of water vapours result in physical, chemical and biological deterioration and this is protected by optimum permeability and inpackage desiccant.

OXYGEN TRANSMISSION RATE (OTR):

Almost all foods are affected by oxygen. It results in oxidative rancidity, loss of vitamins, loss of colour. Oxygen can be present :

· in the material (trapped)

· in the head space

· can enter from outside

To protect from oxygen, oxygen barrier material can be used or oxygen is removed either by vacuum or by inert gas. Gas package is preferred to vacuum package since it does not escape as the pressure is same (also acts as cushion)

OTR is expressed as ml/ m2.24hr.atm.at 27ºC

Vacuum packaging cannot be done for films with high OTR. Sometimes, inside the package, oxygen can be used (Oxygen scavengers) e.g. activated iron

LIGHT:

UV and visible light cause more deterioration effect. It leads to loss of Vitamins, pigments and development of off flavour. The pouches should be totally opaque or suitably coloured. Even fluorescent light has an affect on the pigments. Specific food has specific deterioration for light.

Butter is affected by light, so Al-foil may be used.

Beer is affected by light, so coloured bottles are used 

TEMPERATURE:

Temperature may change the concentration or the state of the product, increase WVT and rate of deteriorative changes. For every 10ºC rise in temperature, the shelf life of a product is reduced by half and vice-versa. So it can be protected by a package which can act as an insulator, poor conductor of heat, reflective surface. Al-foil radiates about 90% of heat

TIME:

All foods deteriorates with time. For that, optimum shelf life should be determined considering the kind of package used. Also quick sales turn over and rapid transportation should be emphasis upon.

3. To assist in Marketing (To sell):
It is mainly the identification. On the container, it should be mentioned what it contains. It tells about the intended use and mode of use. e.g. in case of weaning foods, ready mixes.

Also, it should have good appearance and gloss, good graphics/design. It should have convenience features (convenience shape, size, dispensing and reclosure)

4. Apart from these, a packaging material should have following properties:

· it should lend themselves to be operated on the machines.

· It should be economical and available (the cost must be in commensuration with the cost of the food product)

There are usually many materials and methods of packaging a product which adequately contain and protect a product under the various conditions of which it may be transported, stored, distributed and used. Consideration must be given to:

· The cost as related to containment of the product

· The cost as related to protection of the product

· The cost as related to selling of the product

All these factors should be assessed separately and a composite whole.

PACKAGING CRITERIA (PACKAGE DESIGN CONSIDERATIONS):

As we know that packaging is also a method of preservation, which eliminates physical contact between the food and contaminants. It varies depending on the nature and type of food, the expected shelf life of preserved food, the nature of function(s) of the package and visual characteristics of the packaging material.
The packaging material from which containers are made, should produced locally and assembled in a wide range of material combinations with possibility of moulding into different shapes. They must be cheap, easy to transport and have a maximum packaging economy for maximum product content capacity. They must satisfy environmental requirements. They should be light in weight and flexible.

The requirements of a container to be used for food packaging vary with the nature of the product. The general requirements include:

1. Nontoxicity and compatibility with the specific food

2. Ability to prevent contamination of food by microorganisms.
3. Protection of the food from moisture, gases and light.

4. Capacity to withstand stress of handling by humans or machines.

5. Temper proof characteristics.

6. Ease of opening

7. Transparency

8. Pouring features

9. Suitable size, shape and weight

10. Appearance and Printability

11. Ease of disposal

12. Low Cost

13. Special features for enhanced consumer convenience such as ability for dispensing aerosols, for use as stand-up pouches, as packages that fit into the microwave ovens for instant heating and packages that can be divided into portions and resealed.

Therefore, Packaging criteria is important to suit a particular product for particular function. Hence in order to design a package, the knowledge of the following is required.

      1. PRODUCT CHARACTERISTICS:

· The physical form of the product whether solid, liquid or paste etc. must be known. Also equally important is the shape of the product. Whether flat, smooth. The bulk density and quantity should also be known.
· Physical, Chemical and Biological characteristics – sugar may be in powder form but after absorption of moisture, it may become solid and lose its free flowing characteristics.
Chemical changes may occur due to water vapour absorption or desorption, chemical changes are brought about by oxygen e.g. in case of oils.

            It is difficult to pack refined oil than crude oil.

Biological characteristics whether the commodities are respiring (fruits and vegetables) should be known. In case of meat, it is prone to spoilage by microorganisms

· Deteriorative changes and their susceptibilities should be known e.g. rancidity and protein changes may be hydrolytic or oxidative, similarly browning. The extent of deterioration varies from product to product.

1. NATURE AND EXTENT OF CONDITONS BRINGING OUT DETERIORATIVE CHANGES

· Physical hazards: like transportation, handling and storage must be considered while selection of a packaging material.

· Climatic hazards: the effect of temperature, RH, air velocity are important for the selection of a material. 

In India the climatic conditions vary much so the packaging material should be able to withstand all such type of wide variations or the material could vary from place to place.

2. AVAILABILITY OF PACKAGING MATERIAL AND PACKAGE FORM

· It is dependent on the property of the packaging material, their cost, easy availability and mach inability. e.g.  Gunny bags are mostly used for packaging (almost 50%) since the material is easily available and has the required properties. In case of plastics, about 70% is LDPE and HDPE, but these are not used for Light, Oxygen and flavour sensitive foods. 
Smaller the package, more strict is the requirement

Machinability: Adoption for manual, semi-automatic or fully automatic filling. e.g. LDPE is soft so we need high strength material (high tear resistance)

3. MACHINERY: 

· Should be suitable and available for a particular job. It can be simple filling and sealing, form/fill/seal(ffs) or semi or fully automatic

PACKAGING MATERIALS:

The food wrapping material materials may be divided into following general classes:

1. Paper and its derivatives

2. Organic Films (Plastics films)

3. Metal Foils

4. Laminates and combinations of above

In the recent trend, it is mostly confined to organic films and laminates or combination of different films. The packaging material may be divided into following groups based on their physical appearance.

A. Rigid Containers: They are made up of Metals/Glass/ Plastics. These containers are moisture, oxygen and light proof. Due to fragility and heavy weight of glass containers their use is restricted.
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