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Studies on the Microbial and Oxidative Stability of Composite Flour Noodles during Storage


ABSTRACT
The present study reflects the preparation of a commonly consumed staple food, i.e., noodles, prepared by using composite flours such as wheat (Triticum aestivum), sweet potato (Ipomea batatas), and sago (Metroxylon sagu) flour that is nutritionally enriched with essential minerals and fibers having various health benefits. Noodles were prepared using blends of wheat, sweet potato, and sago in different proportions of 100:00:00, 90:05:05, 85:10:05, 80:15:05, 85:05:10, 80:10:10, and 75:15:10 to formulate seven samples named as S0, S1, S2, S3, S4, S5, and S6. These formulated noodle samples were subjected to shelf-life studies for microbial and oxidative analysis and packed in polyethylene bags for 0 days, 30 days, 60 days and 90 days at room temperature. Results showed that even after 90 days of shelf life, there was no remarkable change in the texture, flavor, yeast & mold growth, and E.coli. However, slight gradual increases were observed in total plate count, moisture content, free fatty acid, and peroxide value. Therefore, the prepared noodles exhibited shelf stability, preserving their quality for up to 90 days at room temperature and hold promise for popularity among health-conscious individuals.
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INTRODUCTION
Noodles are one of the most widely consumed conventional foods in Asian countries as it is convenient, take less time to cook, have a delightful taste accepted among different age groups, are easily affordable, have a stable shelf-life, and are widely availability (Ginting & Yulifianti, 2015). In many cultures, noodles (staple food) are made without leavened dough, which is rolled flat, stretched and then cut into one of various available shapes (Okoye et al., 2008). In traditional noodles, essential nutritional components such as dietary fiber, bioactive compounds, minerals and vitamins are absent. Therefore, a lot of researchers are examining the potential of noodle fortification to improve its nutritional properties and to make it an efficient public health intervention.
Cereal grains are a fundamental part of the human diet worldwide. Commonly known as "cereals," these staple foods belong to the Gramineae family. Hard wheat flour (Triticum aestivum L.) is the key cereal (Fu, 2008) used to prepare noodles, which is low in fiber and protein contents and also low in essential amino acids like lysine. As a consequence of this, the incorporation of lipids and protein from other sources that are rich in essential fatty acids (Nogueira et al., 2018) and amino acids (Rodríguez et al., 2018) becomes necessary to enhance the nutritional quality of food products such as noodles. Moreover, the addition of alkaline salts enhances the final product’s firmness by strengthening its structure (Zhang et al., 2024).
Sago is a natural type of starch that is extracted from one of the oldest tropical palms called Metroxylon sagu. Sago is considered a promising source of healthy food due to its high carbohydrate, calorie, calcium, phosphorus, and iron content. The starch derived from sago, a promising local raw material, can be ground into flour and utilized in place of wheat flour in a variety of culinary applications (Tata & Susmianto, 2016). It is also considered a potential source of carbohydrates, making it economically viable for development as an alternative food and energy source (Fetriyuna et al., 2024).
Sweet potato (Ipomoea batatas) is a starch-rich tuber crop widely available across the country. Orange-fleshed sweet potato (OFSP) is particularly rich in essential nutrients, vitamins, minerals, polyphenols, antioxidants, and anthocyanins. OFSP is characterized by high energy content and low protein content, and is considered to have good biological value. Additionally, it is a significant source of β-carotene, an essential nutrient for human health. The diverse array of nutrients present in sweet potato flour plays a pivotal role in advancing the development of staple food products and can be incorporated into various food formulations (Hal et al., 2000).
The development of composite or multi-cereal/grain products presents a significant opportunity to cater to customer needs and improve dietary diversity. Therefore, the present study was conducted to develop nutritionally enriched noodles by incorporating composite flour, which also does not affect the organoleptic properties of the formulated product, when kept for storage up to 90 days.
MATERIALS AND METHODS
Raw Materials and Their Preparations
The raw materials (wheat flour, sago flour, sweet potatoes, oil and salt) used in the present study were purchased from the local market at Prayagraj, Uttar Pradesh, India. Sweet Potatoes were subjected to processing to produce potato flour. Firstly, it was washed to remove dirt from the outer skin, then peeled off the skin, trimmed, sliced into thin pieces and then blanched for about 4-6 minutes in boiling water. Then, dried in a cabinet dryer for about 8-10 hours at 60-650C temperature and then, finally ground to make sweet potato flour, sealed in poly bags for further use.
Production of Noodles
All the prepared samples were sieved and weighed according to different formulations as shown in Table 1. The noodles were prepared by using a noodle extruder machine. All the flours, oil and salt used in the present study were first mixed to diffuse properly. The formulation of noodles is done through automatic mixing, continuous kneading and compaction into an extruder for about 10 minutes. Homogeneous noodle strands were then steamed for approximately 2-3 minutes and then dried in a hot air oven at a temperature of about 60°C for 5 hours. The prepared noodle samples were packed in HDPE packets and stored at ambient room temperature.
Table 1- Formulations for Noodle Preparation 
	Samples
	Ingredients

	
	Wheat Flour (%)
	Sweet potato Flour (%)
	Sago Flour (%)

	S0
	100
	00
	00

	S1
	90
	05
	05

	S2
	85
	10
	05

	S3
	80
	15
	05

	S4
	85
	05
	10

	S5
	80
	10
	10

	S6
	75
	15
	10


 
Shelf-life Study
The prepared stored samples were subjected to analysis for microbial and oxidative evaluation during storage at 0, 30, 60 and 90 days using AOCS (1990) methodologies. The samples were analyzed for changes in texture, flavor, yeast & mold growth, E.coli, total plate count, moisture content, free fatty acid content, and peroxide value content.
Moisture content-
Weight of sample = (W2 – W1) g
Moisture removed = (W2 – W3) g

 % Moisture Content =        
where, 
W1 = mass of the dish
W2 = mass of the dish and the sample before drying
W3 = mass of the dish and the sample after drying

Free Fatty Acid Value-
Free Fatty Acid (%) = 
where,
V = volume of ml of standard NaOH solution used 
N = normality of standard NaOH solution
W = weight of the material
Peroxide Determination-
Peroxide value (%) = 
where,
V = volume of ml of sodium thiosulphate solution used 
N = normality of sodium thiosulphate solution
Statistical Analysis
The collected data were examined statistically. Means and one-way analysis of variance (ANOVA) were computed using Microsoft Excel software. A 5% significance threshold was used to evaluate differences in mean values at p<0.05.
RESULTS AND DISCUSSIONS
Shelf-life studies of the prepared noodles
The noodles' shelf life was evaluated for microbial and oxidative analysis during storage, where 100g samples of each type were packed in high-density polyethylene bags. The results were assessed over 90 days at 30-day intervals at ambient room temperatures, 32- 370 °C, and are represented in Tables 2 and 3.
Table 2- Microbial evaluation of the prepared noodles during storage
	Samples
	Microbial Analysis (Total Plate Count) (cfu/gm)
	Remarks

	
	Storage Period (days)
	

	
	0
	30
	60
	90
	 (
Very Good
)

	S0
	2.20x102
	4.10x102
	8.20x102
	3.40x103
	

	S1
	3.60x102
	6.80x102
	1.60x103
	3.20x103
	

	S2
	4.10x102
	7.60x102
	2.10x103
	5.20x103
	

	S3
	2.60x102
	4.40x102
	7.60x102
	4.60x103
	

	S4
	3.10x102
	6.10x102
	2.10x103
	6.40x103
	

	S5
	4.20x102
	8.40x102
	1.20x103
	6.20x103
	

	S6
	2.80x102
	5.10x102
	8.10x102
	1.80x103
	


No yeast & mold growth and E.coli were found
The effect of the different samples during the storage period at room temperature, packed in an HDPE package, was observed for total plate count, mold growth and E.coli after every 30-day interval of time till 90 days. Despite the increase in moisture content during the storage period in prepared product noodles, no yeast and mold growth was observed after storage of 90 days period of time. Yadav et al. (2014) also reported similar findings. Also, no remarkable changes occurred in the taste, texture, flavor, and appearance of the prepared noodles after a 90-day storage period. The overall result of the microbial analysis of the prepared samples during the storage period revealed that all prepared samples remained microbiologically safe and were fit for human consumption.
	Samples
	Moisture (%)
	Free Fatty Acid (%)
	Per Oxide Value (mili eqv./Kg)

	
	Storage Period (days)

	
	0
	30 
	60
	90
	0
	30
	60
	90
	0
	30
	60
	90

	S0
	9.44
	9.62
	9.70
	9.82
	1.04
	1.08
	1.12
	1.20
	23.50
	24.80
	24.88
	25.10

	S1
	9.55
	9.62
	9.71
	9.79
	1.03
	1.05
	1.08
	1.13
	26.09
	26.38
	26.56
	26.87

	S2
	9.51
	9.59
	9.68
	9.73
	1.02
	1.03
	1.07
	1.12
	26.05
	26.32
	26.51
	26.78

	S3
	9.47
	9.52
	9.60
	9.68
	1.01
	1.02
	1.05
	1.10
	26.02
	26.28
	26.45
	26.68

	S4
	9.69
	9.76
	9.87
	9.95
	1.07
	1.08
	1.13
	1.16
	25.22
	25.56
	25.67
	25.92

	S5
	9.65
	9.72
	9.80
	9.91
	1.06
	1.05
	1.12
	1.15
	25.18
	25.46
	25.59
	25.88

	S6
	9.61
	9.69
	9.76
	9.83
	1.05
	1.06
	1.10
	1.14
	25.15
	25.38
	25.55
	25.76


Table 3- Oxidative Evaluation of the prepared Noodles during storage

Moisture Content (%)
The moisture content gradually increased over time. On the 0th day, moisture content ranged from 9.44% to 9.69% for samples S0 to S6. No remarkable changes were found in all the samples after 30 days of storage, ranging from 9.52% to 9.76% for samples S0 to S6. After 60 days of storage the moisture content was slightly increased this is found to be ranging from 9.60% to 9.87% for samples S0 to S6. After 90 days of storage, the prepared samples' moisture content increased, ranging from 9.68% to 9.95% for samples S0 to S6. During 90 days of the storage period, the maximum moisture content was found in sample S4 and the minimum was found in sample S3. The findings of this study aligned with those previously reported by Taneya et al. (2014).
Free Fatty Acid Value (%)
The free fatty acid content gradually increased over time. On the 0th day, free fatty acid content ranged from 1.01% to 1.07% for samples S0 to S6. No remarkable changes were found in all the samples after 30 days of storage, ranging from 1.02% to 1.08% for samples S0 to S6. After 60 days of storage, the free fatty acid content was slightly increased, this is found to range from 1.05% to 1.13% for samples S0 to S6. After 90 days of storage, the free fatty acid content of the prepared samples increased, varying from 1.10% to 1.20% in samples S0 to S6. During 90 days of the storage period, the maximum free fatty acid content was found in sample S0 and the minimum was found in sample S3. A gradual increase in the free fatty acid content of pasta occurred by enzymatic hydrolysis of the lipids with an increase in the storage period, as reported by Chaiyasit et al., (2007) and Jalgaonkar et al., (2017). 
Per oxide value (mili eqv./Kg)
The peroxide value (mili. eqv./kg) gradually increased over time. On the 0th day, the peroxide value (mili. eqv./kg) ranged from 23.50 to 26.09 for samples S0 to S6. After 30 days of storage peroxide value increases gradually which ranging from 24.80 to 26.38 for samples S0 to S6. After 60 days of storage the peroxide value (mili. eqv./kg) content was slightly increased this is found to be ranging from 24.88 to 26.56 for samples S0 to S6. After 90 days of storage, the peroxide value (mili. eqv./kg) of the prepared samples increased, which ranged from 25.10 to 26.87 for samples S0 to S6. During 90 days of the storage period, the maximum peroxide value (mili. eqv./kg) was found in sample S1 and the minimum was found in sample S0. Gotoh et al., (2007) reported that the changes in peroxide value in instant noodles stored at 40°C to 60°C gradually increased and then rapidly increased after exceeding approximately 30 (mili. eqv./kg), regardless of the oxidation temperature.
CONCLUSIONS
This study was conducted to develop nutritionally enriched noodles by incorporating sweet potato and sago flour into wheat flour noodles. All the prepared noodles were evaluated for their microbial and oxidative analysis during storage for 90 days. Comparing all the treatments for microbial analysis, it was observed that yeast & mold and E.coli were nil, while a minor increase in total plate count colony. Incorporated noodles contain moisture, free fatty acid and peroxide values in an acceptable range. No change in taste, texture and flavour was observed, indicating that the noodles have a longer shelf-life during storage at room temperature up to 90 days. Hence, this composite flour noodle has the potential to become widely popular among health-conscious individuals in society.
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