


Investigating the Moisture Sorption Behavior of Biscuits under Controlled Humidity Conditions



Abstract 
Biscuits are ready-to-eat foods that are traditionally prepared mainly with wheat flour, fat, and sugar. In this study, the efficacy of temperature and humidity on the equilibrium moisture content (EMC) of biscuits was explored. The EMC was determined by static method at four different temperatures (20, 30, 40, and 50ºC) and five levels of relative humidity (20.1 to 93.2%). The equilibrium moisture content of the biscuit varied from 4.60 to 23.57% (dry basis) within the experimental range of temperatures and relative humidity. The EMC increased with the increase in relative humidity while EMC slightly decreased with the increase in temperature. The observed data was fitted to four selected EMC-ERH models. These models were modified-Henderson, Chung-Pfost, Halsey and Oswin. Based on statistical analysis, the modified Chung- Pfost model represented the experimental data more closely over the entire experimental range of temperature and relative humidity. 
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Introduction
“Many efforts have been made to develop food products that can improve people’s health” (Coutinho de Moura et al. 2014; Galanakis, 2020; Granato et al. 2010). “In developing countries, while overweight/obesity is increasing in all age groups, undernutrition persists and coexists with obesity and the burden of diet-related diseases” (World Health Organization 2021). “Furthermore, recent outbreaks of infectious diseases, such as malaria, Ebola virus disease, the HIV pandemic, and the recent COVID-19 crisis emphasize the need to adopt healthy diets” (Galanakis, 2020). “As a result, many health organizations have been incentivized to the development and consumption of improved food, such as food enriched with functional constituents” (French Ministry of Health 2006; Hercberg et al. 2008; World Health Organization 2015). “For this purpose, several popular or traditional foods have been used as vehicles in fortification strategies. Composite flour accelerates the further exploitation of native food crops toward producing ready-to-eat,  highly nutritious functional foods such as biscuits, bread, cakes, and pastries” (Merejewe, et.al 2024).  Quality preservation of complex multi-domain foods, such as biscuits, is a very complicated issue because of the different chemico-physical phenomena that simultaneously take place during storage, thus leading to severe changes limiting the product shelf-life (Romani et al., 2016). Among confectionery  products, biscuit   can   serve   as   a   vehicle  for   important nutrients (Ogunlakin et al. 2018).    

“Biscuits are a popular snack enjoyed worldwide due to the fact that they are products with a wide variety to meet the taste demands of consumers; they have a pleasant taste, a high nutritional value, and a long shelf life, and they are also products offering flexibility to the consumer since they are ready to eat and easy to store. The global sweet biscuit market had a value of $109 billion in 2023 and is expected to reach $192 billion by the end of 2033, showing a compound annual growth rate (CAGR) of 5.8%” (Lazou, 2024; Fact M. R (2023). 
Biscuits are manufactured in most countries of the world. Britain led the industrialization of biscuits and also popularized biscuits through her former colonies (Duncon, 2001). “On average, Indians eat 0.48 kg every year, while Americans eat 4.02 kg and the annual sales turnover of a popular biscuit brand is 179.9 million kg. It is generally recognized that these products are cereal-based and baked to a moisture content of less than 5%” ( Kumar, 2001).  “The cereal component is variously increased with two major ingredients, fat and sugar, but thereafter the possible composition is almost endless” (Vinay, 2023). “Sorption isotherms establish the equilibrium relationship, at a particular temperature, between the amount of water absorbed and the relative humidity of the environment. The sorption phenomenon in foods provides valuable information to characterize storage and packaging problems. Isotherm parameters are needed for evaluating the thermodynamic function of water sorbed in food and are essential in the prediction of drying time for foodstuffs and in appraising the shelf life of the food products in packaging material” (Sawhney and Kumar, 2003). “The hardness of the biscuits increased with an increasing proportion of peanut butter (PB). Biscuits with 50% vanaspati and 50% PB had greater sensory acceptability” (Gajera, et al. 2010). “The predicted responses in terms of crispness, hardness, cutting strength, and OAA were 45, 0.3N, 27.2N and 8.9, respectively. The desirability of the optimum conditions was 0.98” (Chakraborty, et al. 2011). “Relatively lower magnitudes of per cent root mean square error for both the sensory parameters indicated that the connectionist models were better fitted than kinetic models for predicting storage life” (Ruhil, et al. 2011). “The sensory properties of biscuits prepared by replacing refined wheat flour up to 20% each with plantain and chickpea flour were more or less similar to those of control biscuits” (Yadav, et al. 2012). The present study was undertaken to determine moisture sorption isotherms of biscuits. 

Materials and Methods
The standard biscuit was selected whose compositions (per 100g of product) were Carbohydrate-75g, Protein-7.3g, Fat-13g, Calcium-125mg and Energy-446 kcal per 100g of product. The initial moisture contents of each piece of biscuit were determined using the standard hot air oven method. The moisture content of the biscuit was measured just before the determination of equilibrium moisture content. The samples were weighed and placed in an oven at a temperature 60ºC ± 3ºC for six hours. The moisture boxes were taken out of the oven and placed in a desiccator containing activated silica gel. After 20 minutes, when the moisture boxes had been cooled down to room temperature, weight was recorded The adsorption equilibrium moisture content (EMC)was determined using static desiccator technique (Long et al., 1981).
Selected salts viz. potassium acetate, magnesium chloride, sodium bromide, sodium chloride and potassium nitrate were used to prepare saturated salt solutions. The saturated solutions of desired relative humidity were prepared by mixing the desired solute on a w/v basis with deionized water. Saturated solutions maintained relative humidity in the range of 20.1 to 93.2%. Samples of 5g each were weighed in a sample container on an electronic balance having least count of 0.001g and put in desiccators, containing saturated salt solutions which served as relative humidity control chambers (Spencer, 1926, Rockland, 1960). The desiccators were placed in a controlled air temperature cabinet maintained at 20, 30, 40 and 50ºC. Each sample was taken out after 6 or 7 days from the start of the experiment (Long et al., 1981). The samples, which were exposed to 20 to 50ºC temperature, were cooled to room temperature in an empty desiccator and weighed. After weighing, each sample was put back in its respective desiccators and controlled air temperature cabinet. Then samples were weighed at an interval of 24 hours until the weight was constant. The EMC was computed using the following mass balance equation. 

                                     …………… (1)
Where,


	 	=	 

		=	Final moisture content, % db

		=	Initial moisture content, % db

	 	=	Initial weight of sample, g

		=	Final weight of sample, g
A number of theoretical and empirical models have been proposed for calculating the EMC of different products. Four basic isotherms equations, namely modified Henderson, modified Chung Pfost, modified Oswin and modified Halsey equations were examined using experimental data. 

Modified Henderson equation:

                                    ……………(2)

Modified Chung Pfost equation:

	                                           ……………(3)

Modified Oswin equation:

                                        ……………(4)

Modified Halsey equation 

                                       ……………(5)





,, 	=	Constant

		=	Temperature (ºC)

		=	Relative Humidity (decimal)

		=	Moisture content (dry basis)
The observed data was fitted to four selected EMC-ERH models. These models were modified-Henderson, Chung-Pfost, Halsey and Oswin. On the basis of statistical analysis, the best model was selected. A program “NONLIN” based on the least squares method was written in FORTRAN-77 language to estimate the parameter for non-linear regression models. Model constants had been obtained from the NONLINEAR program for modified Henderson, modified Chung pfost, modified Oswin, and modified Halsey equations (Chen and  Morey, 1989). The validity of selected EMC models describing the EMC behaviour of selected food was tested using experimental data. Model constants of the EMC model were evaluated using mean relative percentage deviation (MRPD), standard deviation (SD) and regression coefficient (R2) value.
 
Results and Discussion
EMC of the biscuit was determined and the sigmoid-shaped curves had been obtained (Fig 1). EMC of biscuits varied from 4.60% to 23.57% d.b at 200C to 500C temperatures and 23.2% to 93.2% relative humidity (Table 1). EMC is dependent upon the relative humidity and temperature. With the increase in relative humidity from 23.2% to 93.2%. EMC increased from 5.42% to 23.57% (db) at 20 0C temperature. With an increase in temperature from 200C to 500C, EMC decreased from 5.42% to 4.60% (db). The comparison of four EMC models for biscuits is summarized in Table 2. The standard error (SE) and mean relative percentage deviation (MRPD) were found as 1.2705 and 4.203 for the modified Chung Pfost model which were less than other models. An R2 value was found as 0.96383 for modified Chung pfost which was greater than other models. Therefore, the modified Chung Pfost model fitted the experimental data more closely over the entire experimental range of temperature and relative humidity.
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Fig 1.  Moisture sorption isotherms of biscuit at different levels of relative humidity and temperatures






Table 1. Observed equilibrium moisture content (EMC) of biscuit at different relative humidity and temperature
	Temperature (°C)
	RH (decimal)
	Observed EMC (%db)

	20
	0.232
	5.42

	20
	0.336
	7.56

	20
	0.592
	11.27

	20
	0.755
	15.12

	20
	0.932
	23.57

	30
	0.220
	5.31

	30
	0.328
	7.30

	30
	0.563
	10.99

	30
	0.756
	14.89

	30
	0.907
	23.26

	40
	0.203
	5.00

	40
	0.321
	7.01

	40
	0.523
	10.62

	40
	0.754
	14.63

	40
	0.879
	23.01

	50
	0.201
	4.60

	50
	0.314
	6.82

	50
	0.501
	10.31

	50
	0.747
	14.11

	50
	0.850
	22.77




























Table 2. Estimated parameters and criteria for comparing EMC-ERH     models for biscuit
	S. No
	Model constants
	Modified Hendersion
	Modified
Chung-Pfost
	Modified
Halsey
	Modified
Oswin

	1
	A
	1.67E-05
	6802.02
	3.2220453
	9.4944262

	2
	B
	1.57677231
	0.16614086
	-3.02E-04
	2.23E-03

	3
	C
	1072.3871
	1845.4428
	1.615543
	2.3243796

	Statistical Parameters
	

	4
	S.E.
	1.3882
	1.2705
	3.844
	1.62

	5
	P
	4.724
	4.203
	11.667
	6.3715

	6
	R2
	0.95537
	0.96383
	0.65786
	0.93827


  

		A, B, C    = Model Constants 
 	 S. E.       = Standard Error
 	 P            = Mean Relative Percentage Deviation
  	 R2           = Regression Coefficient

Conclusions
The equilibrium moisture content of the biscuit varied from 4.60 to 23.57 per cent (dry basis) within the experimental range of temperatures and relative humidity. The EMC increased with the increase in relative humidity. EMC slightly decreased with the increase in temperature. The data between 20% RH and 80% RH can be represented by a straight line. The modified Chung- Pfost model represented the experimental data more closely over the entire experimental range of temperature and relative humidity.
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