



Impact of storage conditions and process variables on the quality of flatbreads prepared with maize flour

ABSTRACT

In the present investigation the effect of storage condition on the quality of maize flour based flat bread was studied.  The mechanized preparation of maize flour based flatbread using Roti making machine was standardized at optimum combination of blending with gram flour;  dough resting time 12.45 min, blending ratio  38.90% and temperature of water  31.47°C; likewise blended with wheat flour as dough resting time 20 min, blending ratio  20% and temperature of water  29.680C respectively. The flatbreads were stored in a zip lock packaging of HDPE packaging material 
at ambient and refrigerated storage condition. Different parameters like moisture content, browning index, color change, cutting force, free fatty acid, peroxide value, colony count and overall acceptability were measured at regular intervals of time. It was observed from the analysis that M
oisture content of flatbread decreases linearly with storage period in both the storage conditions. The free fatty acid and peroxide value also increase with the increase in storage period in both the storage conditions. The colony count was more pronounced in wheat flour blended flatbread at ambient condition. The gram flour blended flatbread was more acceptable than the wheat flour blended flatbread.   
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1. INTRODUCTION
Flatbreads, a staple food in many cultures worldwide, hold significant importance due to their versatility, ease of preparation, and nutritional value. Among the diverse array of flatbreads, those crafted from maize flour have garnered attention not only for their rich flavor profile but also for their cultural significance, particularly in regions where maize is a dietary staple. The quality of these flatbreads is influenced by various factors, including storage conditions and process variables, which can profoundly impact their texture, taste, and nutritional content (Kathuria et al., 2021)
Storage conditions play a crucial role in maintaining the freshness and quality of maize flour, which serves as the primary ingredient in flatbread preparation. Factors such as temperature, humidity, and exposure to light can affect the stability of maize flour, leading to changes in its chemical composition and sensory attributes. Research by Akinoso et al. (2017) demonstrated that improper storage conditions, such as high temperature and humidity, accelerate the deterioration of maize flour, resulting in decreased nutritional value and sensory acceptability.
Furthermore, process variables during flatbread preparation, such as mixing time, fermentation duration, and baking temperature, significantly influence the final product's characteristics. Studies conducted by Han et al. (2019) highlighted the importance of optimizing process parameters to achieve desirable flatbread texture, flavor, and shelf-life. Variations in these variables can impact the structural integrity of the flatbreads, affecting their volume, elasticity, and overall consumer acceptance.

Understanding the interplay between storage conditions and process variables is essential for ensuring the consistent quality of maize flour-based flatbreads. However, limited research has systematically investigated the combined effects of storage conditions and process parameters on the quality attributes of these flatbreads. Therefore, this study aims to fill this gap by comprehensively evaluating how different storage conditions (e.g., ambient, and refrigerated) and process variables (e.g., dough resting time, blending ratio and temperature of water) influence the sensory, nutritional, and physicochemical properties of maize flour-based flatbreads.

By elucidating the complex relationship between storage conditions, process variables, and flatbread quality, this research seeks to provide valuable insights for food manufacturers, policymakers, and consumers. Ultimately, this knowledge can contribute to the development of optimized storage and processing strategies that enhance the overall quality and nutritional value of maize flour-based flatbreads, thereby promoting their widespread consumption and cultural significance.

2. MATERIALS AND METHODS 
2.1. Preparation of flatbread 
The dough was prepared using a dough maker machine at optimum combination of blending with gram flour 38.90% and temperature of water 31.47°C; likewise blended with wheat flour 20% and temperature of water 29.680C. The dough prepared was further processed for making flatbreads in the roti maker machine. Dough 25g was rounded and placed in the centre of the roti maker for preparation of circular ‘chapati’
. The time taken to cook one flatbread under optimised circumstances was observed. The dough sheet (flatbread) was prepared and baked in a roti maker and were allowed to cool at room temperature. 

2.2. Quality evaluation of flatbread


Different physico-chemical quality parameters of flatbread like the moisture content, colour, browning index, free fatty acid, peroxide value and the texture profile was determined using standard methods.

2.2.1. Browning intensity

Browning intensity was measured by shaking 5 g maize flatbread sample with 100 ml 70% ethanol for 2 hr, filtering and measuring optical density at 420 nm with the help of spectrophotometer 
(Khan et al 2011).
2.2.2. Peroxide value (PV)


Approximately 5 grams 
of maize flour flatbread sample were dissolved in a blend of acetic acid-chloroform (in a ratio of 3:2 v/v), followed by the addition of 1 ml of saturated KI solution. The released iodine was then titrated using a sodium thiosulfate solution (0.01 N) with the aid of an indicator, as per AOCS 1990 protocol. The peroxide value is determined by the following formula:

Peroxide value = (S – B) ( N Thiosulphate ( 200

Where, S = Titration of sample


B = Titration of blank

2.2.3. Free fatty acid (FFA)


Weighing ten grams 
of flatbread sample into a flask, we added 30 ml of neutralized ethanol and a few drops of phenolphthalein indicator. Warming the mixture facilitated dissolution. Titration with NaOH solution (0.01 N) ensued 
until a stable pink color persisted for at least 20 seconds. (AOCS 1993) The free fatty acid value is determined by the following formula:

	FFA (%) = 
	Acid value 

	
	2


2.2.4. Texture analysis of flatbread

The cutting force of the flatbread was assessed using a texture analyzer
. Flatbreads, enclosed in polypropylene pouches, were unpacked and three strips measuring 4 cm × 2 cm were prepared. Each strip was individually positioned at the center of the sample holder, and the blade was permitted to slice through the flatbread strip. The force necessary to divide the flatbread strip into two pieces was then documented. Throughout the process, the speed was consistently maintained at 1.70 mm/s. (Szczesniak 1975).

2.2.5. Microbial profile of flatbread


The total mold count 
of the flatbread samples was conducted every two days during storage. Aseptic procedures were employed to retrieve flatbread samples, which were then homogenized in 99 ml of sterile 0.1% peptone water using a blender for approximately 2 minutes. Serial dilutions were subsequently prepared. One milliliter of each dilution was pour-plated in sterile Petri dishes. Dilutions ranging from 10-1 to 10-5 were achieved using 9 ml peptone water tubes, and plate count agar (PCA) was utilized. The plates were then incubated at 35°C for 48 hours to enumerate the total bacterial count
. Visible colonies were counted using a colony counter and expressed as log CFU/g of the original sample. (Olaoye et al 2006).

2.2.6. Sensory evaluation

Organoleptic characteristics were assessed by a semi-trained panel comprising both staff members and students, utilizing a 9-point hedonic scale ranging from 1 for extreme disliking to 9 for extreme liking. Flatbread samples were cut into small pieces and presented to the sensory panel, who sniffed the samples to discern their odor qualities. Subsequently, the panel engaged in a group discussion to collectively agree upon characteristic attributes. In a follow-up session, the samples were presented once more to the panel, who evaluated the intensities of predetermined odors and other attributes. (Premlatha et al 2012).

2.2.7. Storage of flatbreads

The flatbreads prepared under optimized conditions were packed in high density polyethylene (HDPE) of the thickness 200 gauge
, under refrigerated and ambient conditions
. The ambient temperature and relative humidity during storage was noted. The flatbreads were evaluated for change in moisture content, browning index, colour, peroxide value, free fatty acid, texture, overall acceptability and microbial load count at an interval of ten days for a total of thirty days of storage period under refrigerated and controlled conditions.

2.2.8. Statistical analysis

Analysis was done using ANOVA using Design Expert software
. Statistically significant differences among the means for the different methods were identified at 5% level of significance.

3. RESULTS AND DISCUSSION 
3.1. The quality parameters of maize flour based flatbreads during storage
Maize flour based flatbreads prepared at optimum combination of blending with wheat and gram flour were stored in a zip lock packaging of HDPE packaging material. The flatbreads were stored in refrigerated conditions as well as ambient conditions. The results regarding flatbread storage have been compiled as under:

3.1.1. Moisture content
The initial moisture content of gram flour blended and wheat flour blended flatbread was 42.11% and 51.38% respectively as shown in Fig.1. The moisture content of flatbreads decreased linearly with storage period in both the storage conditions; whereas the decrease was more prominent in ambient storage conditions. In case of gram flour blended flatbreads, the decrease in moisture content was 10.92% and for wheat flour blending, it was 8.14% after 6 days of storage. In refrigerated storage, the decrease was 6.83% and 7.04% for gram flour based and wheat flour based flatbreads respectively after 30 days of storage. This is due to the evaporation of moisture during cooking of flatbreads and furthermore with their storage. Similar findings were reported by Peluola-Adeyemi et al (2016) while measuring the moisture content of wheat flatbreads blended with cocoyam flour.
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Fig.1.  Effect of storage condiion  on moisture content of flatbread

3.1.2. Browning Index

The initial browning index of gram flour blended and wheat flour blended flatbread was 0.068 Nm and 0.076 Nm respectively as shown in Fig. 2. The browning index of flatbreads increased linearly with storage period in both the storage conditions; whereas the increase was more prominent in ambient storage conditions. In case of gram flour blended flatbreads, the increase in browning index was 0.011 Nm and for wheat flour blending, it was 0.006 Nm after 6 days of storage. In refrigerated storage, the increase was 0.008 Nm and 0.004 Nm for gram flour based and wheat flour based flatbreads respectively after 30 days of storage. The main reason for the increased browning index is the increased rate of oxidation of lipids. Similar findings were reported by Khan et al (2011) while doing the evaluation of shelf life of chapattis without the use of preservatives. 
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Fig.2 Effect of storage condition on browning index of flatbread

3.1.3. Color change assessment

The initial color change value of gram flour blended flatbread was 65.14, and for wheat blended flatbread, it was 66.45 as shown in Fig. 3. The decrease in color change value of flatbreads with respect to storage period was observed in both the storage conditions, whereas the decrease was more prominent in ambient storage conditions. This is due to the darkening of the flatbreads with the passage of time. Similar trend of recordings were observed by Khan et al (2014) while measuring the color change values while conducting the experiment on shelf life of potato stuffed paratha using thermal processing.
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Fig. 3 Effect of storage condition on color change of flatbread

3.1.4. Cutting force

The initial cutting force of gram flour blended and wheat flour blended flatbread was 4.6344 N/Kg and 2.5434 N/Kg respectively as shown in Fig. 4. The cutting force of flatbreads increased linearly with storage period in both the storage conditions; whereas the increase was more prominent in ambient storage conditions. In case of gram flour blended flatbreads, the increase in cutting force was 0.1098 N/Kg and for wheat flour blending, it was 0.1575 N/Kg after 6 days of storage. In refrigerated storage, the increase was 0.1017 N/Kg and 0.0.1751 N/Kg for gram flour based and wheat flour based flatbreads respectively after 30 days of storage. The main reason for increase in force required to cut the flatbreads is the loss of moisture in them with the increasing number of storage days. Similar trends were reported by Gujral and Pathak (2002) while measuring the cutting force of major Indian traditional foods.
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Fig. 4 Effect of storage condition on cutting force of flatbread

3.1.5.  Free fatty acid

The initial free fatty acid content of gram flour blended and wheat flour blended flatbread was 1.149% and 1.221% respectively as shown in Fig. 5. The FFA value of flatbreads increased linearly with storage period in both the storage conditions; whereas the increase was more prominent in ambient storage conditions. In case of gram flour blended flatbreads, the increase in FFA value was 0.014% and for wheat flour blending, it was 0.027% after 6 days of storage. In refrigerated storage, the increase was 0.012% and 0.017% for gram flour based and wheat flour based flatbreads respectively after 30 days of storage. This increase is mainly due to the rancidity in the flatbreads with the increase in storage period. Similar trends were reported by Bindu et al (2007) while evaluating the shelf life of ready to eat black clam product in indigenous retort pouches. 
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Fig. 5 Effect of storage condition on free fatty acid value of flatbread

3.1.6. Peroxide value

The initial peroxide value of gram flour blended and wheat flour blended flatbread was 6.51% and 6.32% respectively as shown in Fig. 6. The peroxide value of flatbreads increased linearly with storage period in both the storage conditions; whereas the increase was more prominent in ambient storage conditions. In case of gram flour blended flatbreads, the increase in peroxide value was 0.13% and for wheat flour blending, it was 0.19% after 6 days of storage. In refrigerated storage, the increase was 0.12% and 0.15% for gram flour based and wheat flour based flatbreads respectively after 30 days of storage. The reason for increase in peroxide content during storage is the primary oxidation of fats present in the flatbread. Similar trend in the peroxide content was observed by Khan et al (2011) while evaluating the shelf life of chapaties without the use of chemical preservatives. 

[image: image11.png]PEROXIDE VALUE (%)

6.7
6.6
6.5
6.4
6.3
6.2
6.1

Refrigerated condition

_— —
0 10 20 30
STORAGEDAYS

—¢—Gram flatbreads ~ —#—Wheat flatbreads




[image: image12.png]PEROXIDE VALUE (%)

6.7
6.6
6.5
6.4
6.3
6.2
6.1

Controlled condition

T

0 2 4 6
STORAGEDAYS

—¢—Gram flatbreads ~ —#—Wheat flatbreads





Fig. 6 Effect of storage condition on peroxide value of flatbread

3.1.7. Microbial analysis

The initial colony count of gram flour blended and wheat flour blended flatbread was zero as shown in Fig. 7. The colony count of flatbreads increased linearly with storage period in both the storage conditions; whereas the increase was more prominent in ambient storage conditions. In case of gram flour blended flatbreads, the increase in count of colonies was 50 
and for wheat flour blending, it was 51 after 6 days of storage. In refrigerated storage, the increase was up to 40 and 45 for gram flour based and wheat flour based flatbreads respectively after 30 days of storage. This is due to the contamination of flatbreads with time
. Similar readings were observed by Wahab et al (2003) while finding the effect of microbial count on overall quality of bread. 
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Fig. 7 Effect of storage condition on colony count of flatbread
3.1.8.  Sensory analysis
The sensory evaluation of wheat and gram blended flatbreads based on the standard 9 point hedonic scale was evaluated. The initial overall acceptability of gram flour blended and wheat flour blended flatbread was 8.5 and 8 respectively as shown in Fig. 8. The overall acceptability of flatbreads decreased linearly with storage period in both the storage conditions; whereas the decrease was more prominent in ambient storage conditions. In case of gram flour blended flatbreads, the decrease in overall acceptability was 4.5 and for wheat flour blending, it was 5.5 after 6 days of storage. In refrigerated storage, the decrease was up to 4.5 and 4 for gram flour based and wheat flour based flatbreads respectively after 30 days of storage.
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Fig. 8 Sensory analysis of flatbreads

4. CONCLUSION
The research study investigated the impact of storage conditions and process variables on the quality of maize flour-based flatbreads blended with gram flour and wheat flour. The optimization of blending ratios and process parameters resulted in the identification of optimum conditions for flatbread preparation using a Roti making machine. The study found that flatbreads prepared with a blend of maize and gram flour exhibited superior overall acceptability compared to those blended with wheat flour.

During storage, moisture content decreased linearly over time in both ambient and refrigerated conditions, indicating potential shelf-life implications. Additionally, the increase in free fatty acid and peroxide value with prolonged storage highlights the susceptibility of flatbreads to lipid oxidation, which can impact their sensory and nutritional quality. Furthermore, the analysis revealed a higher colony count in wheat flour-blended flatbreads stored under ambient conditions, suggesting a greater risk of microbial spoilage compared to gram flour-blended counterparts. This finding underscores the importance of proper storage conditions in preserving the microbial safety of flatbreads.

The flatbreads prepared at the optimized conditions were stored in HDPE packaging under refrigerated and controlled conditions
. Different parameters like moisture content, browning index, color change, cutting force, free fatty acid, peroxide value, colony count and overall acceptability were measured at regular intervals of time. The gram flour blended flatbread had a more overall acceptance than wheat flour blended flatbread. The flatbread can be stored in refrigerated storage conditions up to 30 days and under ambient storage conditions up to 6 days without deterioration in quality parameters.
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