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Abstract 

Determination of equilibrium moisture contents of hygroscopic food products at different humidity levels is 

an important aspect in order to determine at what humidity level that hygroscopic food product tends to 

exceed its maximum allowable moisture content, because which is very important for safe keeping of the 

product during shelf life. If hygroscopic food products tends to surpass the maximum allowable moisture 

content at low humidity level, those products need high moisture barrier packing material while same 

consequence happening at very high humidity level they need low moisture barrier packing materials. 

Hence, in order to determine this critical moisture content, five hygroscopic food products namely Rice 

flour, Black gram flour, Wheat noodles, Chili powder and Coffee powder were taken and these food 

products were placed under six, different equilibrium relative humidity levels (ERH) 32.5%, 43.1%, 54.2%, 

73.1%, 83.6% & 92.3% using six saturated salt solutions MgCl2.6H2O, K2CO3, Na2Cr2O7.2H2O, NaNO3, 

KCl & KNO3 respectively. Thereafter, equilibrium moisture contents (EMC) of each food product remained 

under 6 different humidity levels were determined. The data obtained from the study were used to plot 

isotherms EMC verses ERH in order to determine at what relative humidity level, the maximum allowable 

moisture content of each hygroscopic food product tend to surpass. According to the stipulated quality 

standard, the maximum allowable moisture content for safe keeping of Rice flour, Black gram flour, Wheat 

noodles, Chili powder and Coffee powder 13%, 12%, 12%, 13% and 8% respectively. 

The results revealed that wheat noodles can be packed with low moisture barrier packing material such as 

Low density polyethylene (LDPE) because noodles does not exceed its critical moisture content of 13% even 

if the product exposed to 92.3% ERH, relatively which is a highest relative humidity level, experienced by 

most of climatic regions in the country. However, coffee powder and black gram flour need high moisture 

barrier packing materials for long term storage because, they reach their maximum allowable moisture 

content of 8% and 12%  at 70% humidity level, beyond that level the product is not safe for long period of 

storage. Therefore, these products need high moisture barrier packing materials, preferably triple 

lamination combined either with LDPE, PET, PET (Low density polyethylene, Polyester, Polyester) or 

LDPE,PET, OPP (Low density polyethylene, Polyester, Oriented polypropylene). For rice flour and chili 

powder which need moderately high moisture barrier packing material, preferably double lamination 

combined either with LDPE, PET (Low density polyethylene, Polyester) or LDPE, OPP (Low density 

polyethylene, Oriented polypropylene, because these products exceed their maximum allowable moisture 

content of 12% & 13% respectively at about 85% relative humidity level, beyond that level, the product are 

not safe for longer keeping quality. 

 

Key words: Hygroscopic food products, equilibrium relative humidity, equilibrium moisture content, triple 

lamination, double lamination, humidity level, and moisture barrier.                                                 
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Introduction 

Even though the water vapor transmission between hygroscopic food products and its surrounding 

environment is a physical and natural phenomenon, this process may adversely affects the keeping quality of 

the product because, quality of most of food products is vulnerable at high moisture content (Deman, 1999). 

Therefore, the food processors must have an adequate knowledge on keeping quality of food products with 

regard to moisture ingress, because, usually food products are manufactured in one climactic region and they 

are kept on sale in diverse climatic regions; where water vapor pressure (Relative humidity) is different to 

each other. Under this circumstance, water vapor transmission between food product and its surrounding 

environment is taking place at different intensities (Bruin and Berg, 1981). Hence, selecting of an 

appropriate packing material for a hygroscopic food product is an important aspect in order to cope with the 

adverse consequences happening on the food product due to moisture migration (Cooksey, 2004). 

Therefore, a study was carried out to detect at what humidity level the critical moisture content of 

hygroscopic food products for safe keeping is surpassed. Therein, different types of hygroscopic food 

products are kept under control humidity conditions for couple of days and increment or decrement of 

moisture content of the product due to water vapor migration was measured. The results obtained from the 

study can be used to select an appropriate packing material for hygroscopic food products while taking into 

account of degree of moisture transmission into the product.  

 

Objectives of the study: 

To select of an appropriate packing material for hygroscopes food products to maintain the moisture content 

below the maximum allowable limit for long period of storage.  

To avoid costly over packing as well as harmful under packing to maintain the viability of the 

manufacturing organization  

 

Materials and Method 

 

Materials:  

Rice flour, Black gram flour, Wheat noodles, Chili powder, Coffee powder, Wet and dry bulb thermometers, 

PET Bottles, Chemicals, Distilled water, Psychometric chart, watch glasses, Tri pods, Triple laminate 

polyethylene pieces.    

 

Method:  

Five types of hygroscopic food products rice flour, black gram flour, wheat noodles, chili powder, iodized 

salt and coffee powder were represented by cereals, pulses, pasta products, condiment, salt and beverages 

respectively were taken and subjected to this study. Seven saturated salt solutions were prepared using six 

standard salts, by dissolving them in distilled water in order to get under mention humidity levels (Shpaton 

and Shapton, 1991).   

 

Chemical (Salt)      Relative humidity %              Chemical (Salt)                Relative humidity % 

MgCl2.6H2O                     32.5%                             NaNO3                                      73.1% 

K2CO3                               43.1%                             KCl                                           83.6% 

Na2Cr2O7.H2O                  54.2%                              KNO3                                        92.3%  

 

Three hundred milliliters of dissolved salt solutions were put into 1liter PET (Polyester) bottles and tight the 

lid lightly. The lids of the bottles were made a small hole to insert a wet bulb thermometer for the 



European International Journal of Science and Technology                    Vol. 2 No. 7              September 2013 

 

 

3 

subsequent step of the study. 15g of six types of hygroscopic food were taken and placed in a desiccators 

with silica gel with a view to remove presence of free water in the samples as much as possible. The food 

products were placed on zeroed weight watch glasses and weighed to 3g using a three decimal electronic 

balance.  Thereafter, these hygroscopic products were exposed to the saturated salt solutions in the PET 

bottles by placing them over the solutions using tripods made out of wood. The mouth of each PET bottle 

was tightly sealed with a triple laminate polymer piece using a layer of glue over the mouth and closed the 

bottle while turning the lid tightly. The bottles with the food products were kept under control environmental 

condition at 20
0
C for 3 days in order to stabilize the water vapor pressure between the food product and the 

salt solutions. The moisture content in the food product remained under stabilized vapor pressure 

environment (Enclosed environment in the bottle itself) is called as the equilibrium moisture content of the 

food product.   

After 7 days, a wet bulb thermometer was insert through the hole of the lid into the empty space of the bottle 

remained over the salt solution after tearing the triple laminate polymer piece and record the wet bulb 

temperature. Immediately after getting the temperature reading, weight of the food product in the respective 

bottle was recorded using the same three decimal electronic weighing scale. Thereafter, these samples were 

put into a hot air oven, maintained at 103 ±2
0
C for 3 hrs and record the decrement of weight. This procedure 

was continued until the difference between two consecutive weight measurements getting zero. Equilibrium 

moisture content of each hygroscopic food products were calculated using the formula given below.   

 

EMC= Weight of the sample (Before placing the oven) - Weight of the sample (After drying) x 100 

                                                 Weight of the sample before placing the oven 

 

All treatments were replicated thrice and dry bulb temperature of the corresponding wet bulb temperature 

was also recorded using a dry bulb thermometer. Wet bulb and dry bulb thermometer readings were used to 

validate the relative humidity levels of each salt solution by using a Psychometric chart.  Mean value of 

three replicates of the equilibrium moisture content (EMC) of each treatment pertaining to the corresponding 

equilibrium relative humidity (ERH) level was used to draw isotherms EMC verses ERH.       

 

Results and discussion 

Accomplishment of equilibrium moisture content of five hygroscopic food products kept under different 

humidity levels of six salt solutions are given in the table 1. 

 

Table 1 Equilibrium moisture content of five food products as against different humidity levels   

   

Humidity level % Equilibrium moisture content of the product % 

Rice flour Black 

gram flour 

Wheat 

noodles 

Chili 

powder 

Coffee 

powder 

32.5 

43.1 

54.2 

73.1 

83.6 

92.3 

Maximum allowable 

moisture content 

5.1 

6.9 

8.8 

11.2 

13.2 

15.4 

13.0 

5.5 

7.6 

9.4 

12.4 

15.3 

17.2 

12.0 

- 

2.8 

5.8 

8.8 

11.0 

12.8 

13.0 

- 

4.2 

5.9 

8.1 

12.5 

14.2 

13.0 

2.0 

2.7 

4.8 

8.0 

12.8 

14.1 

8.0 
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The data obtained from the experiment was used to plot the Moisture isotherms EMC (Equilibrium moisture 

content) verses ERH (Equilibrium relative humidity), which are given in Fig. 1, 2, 3, 4 and 5.   

  
Fig 1: Moisture isotherm of Rice Flour                   Fig 2: Moisture isotherm of Black gram Flour 

  
Fig 3: Moisture isotherm of Wheat Noodles         Fig 4: Moisture isotherm of chili powder 

 
Fig 5: Moisture isotherm of Coffee Powder 

 

The graphs given in Fig. 1, 2, 3, 4, 5 and 6 clearly indicate that there is a positive co relationship between 

ERH and EMC of hygroscopic food products. Therefore, this relationship can strongly be applicable in 

selecting of a better; polymer based moisture barrier packing material in packing of hygroscopic food 

product. If a hygroscopic food product tends to exceed its critical moisture content (Safe moisture content 

for longer keeping quality) at a low humidity level, the product is more sensitive to water vapor ingress 

(Deman, 1999) and it requires therefore high moisture barrier packing material for longer keeping quality. 

Whereas, if a hygroscopic food product will be able to withstand its critical moisture content at high relative 

humidity level, it requires a packing material with a low moisture barrier property. On the other hand, 

manufacturing as well as selling points of hygroscopic food products are concerned, which usually occur at 
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environments, experienced with different humidity levels (Fennema, 1975). Thus, selection of an 

appropriate, polymer base packing material for moisture sensitive food products is an important task as far 

as commercial scale food production is concerned.  

 

Wheat noodles      

Noodles is a hygroscopic food product, are made out of Wheat flour and salt, maximum allowable moisture 

content of which for safe keeping is 12%. However, noodles reach its maximum allowable moisture content 

12% at 85-90% relative humidity level, usually, which is the highest relative humidity level experienced by 

any part of the country. Hence, noodles can be stored under high humidity condition for a long time without 

disturbing to its keeping quality because, critical moisture content of wheat noodles 12%, does not exceed 

even at high humidity levels (Fig. 3). Moreover, noodles can tolerate to moisture ingress into the product, 

even at high humidity levels because, which is a low sensitive product for high atmospheric water vapor. 

Reason for this hydrophobic phenomenon of noodles is its well glued noodles strings with gluten. Therefore, 

wheat noodles do not require “high moisture barrier” packing materials and it can either be packed in Low 

density polyethylene (LDPE 300 gauge) or oriented polypropylene (OPP 200gauge) pouches, as which is 

more economical in the case of manufacturing process too. Unless the manufacturers do it so, the packing 

process may lead to over packaging.  

 

Rice flour and Chili powder 

Rice flour and chili powders are also different types of hygroscopic food products, critical moisture content 

of 13% of both of these two products for safe keeping is exceeding at 80 -85% relative humidity level. 

However, there is a great potential to exceed this humidity level (Beyond 80%) under different 

circumstances, particularly during rainy season and reciprocally, the corresponding moisture content is also 

increased as shown in table1. If safe moisture content of these two products is moved beyond 13%, the 

products are vulnerable in the market; particularly they can be susceptible for different types of quality as 

well as quantity degradation processes during shelf life. Therefore, these types of food products need 

moderately moisture barrier packing materials preferably double laminations in combination either with 

OPP/LDPE (Oriented polypropylene/Low density polyethylene) or PET/LDPE Polyester/Low density 

polyethylene) because, these type of products are moderately sensitive to  the atmospheric water vapor 

pressure.  If food manufactures tend to use very high or very poor moisture barrier packing material for 

these type of food products, the packing process may lead to over or under packaging, consequence of which 

is disastrous to the producer (Kapsails, 1981).  

 

Black gram flour and coffee powder 

Black gram flour and coffee powder are highly sensitive food products for atmospheric water vapor, because 

gummy materials available in black gram powder as well as very low water vapor pressure in the roasted 

coffee powder itself tend to absorb moisture from the external environment. The graph given fig. 2 and 5 

clearly indicate that critical moisture content of 12% (SLS 794) and 8% (SLS 258) of black gram and coffee 

powder respectively are exceeding at 70-75% relative humidity level. Occurrence of humidity level above 

70% is a common phenomenon in most of tropical countries and food products like coffee powder and black 

gram flour are highly endangered in the market due to moisture ingress into the product (Meloan and 

Pomeranz, 1996). Consequence of this transaction is deteriorating of physical, chemical and biological 

quality parameters of the food products. Therefore, selection of high moisture barrier packing materials 

preferably triple laminations are very important in order to arrest this situation. Hence, this type of food 

product can be wrapped with triple laminate pouches, combined with either LDPE/Met PET/PET or 
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LDPE/Met PET/OPP polythene films. If food processer tends to use poor moisture barrier packing materials 

for this type of food product, quality of them deteriorate very rapidly.  

 

Conclusion 

When selecting an appropriate polymer based packing material for hygroscopic food product, must be 

determined the relative humidity level at which, the critical moisture content for safe keeping of the food 

product is exceeding. The moisture isotherm with respect to equilibrium moisture content and equilibrium 

relative humidity of the respective food product is to be drawn using different type of saturated salt solutions 

in order to facilitate this process. 

If critical moisture content or maximum allowable moisture content of a hygroscopic food product for 

longer keeping quality does exceed at low humidity level, that particular food product requires high moisture 

barrier packing materials, preferably a combination of triple lamination.  

If safe moisture content or critical moisture content of a hygroscopic food product for long term of storage 

does exceeds at moderate humidity level, that particular food product requires packing materials with 

moderate moisture barrier properties, preferably a combination of double lamination. 

If safe moisture content of a hygroscopic food product for long term of storage does not exceed at very high 

humidity level, that particular food product requires just packing material for physical protection, rather than 

prevention of moisture ingress. Therefore, preferable packing material in this regard is either normal 

polyethylene or oriented polypropylene.  
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