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Abstract
This paper explores the application of the osazone test in maltose detection. The osazone test is a qualitative method performed for the detection of different sugars in food products. When performed for maltose, the osazone test leads to the production of maltosazone. This paper investigates the use of the osazone test for various readily available food products, primarily those found in grocery stores and used in bakery products, which are suspected to contain maltose or maltodextrin. Maltose consumption can exacerbate diet-induced obesity and related health issues, particularly when combined with a high-fat diet. Malt is utilized in chocolate-based products as a thickening agent, which correlates to potential health impacts. Other detection methods used in industries, such as gas chromatography, HPLC, and enzymatic methods, are time-consuming and cost-ineffective. Five different packaged food products were used for the study. Maltosazone crystals were observed in four of them. The presence and morphology of these crystals confirm the presence of maltose. This research paper demonstrates the application of the osazone test in the detection of maltose. 
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Introduction:
Maltose is a disaccharide composed of two glucose units, commonly found in foods like raw cereals, vegetables, and chicken [1]. It is a reducing sugar that can be rapidly hydrolyzed in the human body, release it fast in blood as soon as consumption [1].
The effects of maltose on health are complex and context-dependent. In healthy individuals, maltose can moderate hunger sensations, even at lower dosages, suggesting it may play a role in appetite regulation [2]. However, its impact on blood sugar levels is less pronounced compared to glucose. In a study involving healthy subjects, intravenous maltose administration did not significantly influence blood sugar concentrations [3].
Maltose metabolism differs between healthy individuals and those with certain health conditions. In insulin-dependent diabetic patients, maltose metabolism is reduced, with only 3% of administered maltose being oxidized and 51% excreted in urine within 8 hours [3]. This suggests that maltose may not be a suitable carbohydrate source for parenteral nutrition in these patients. Children with glucose-6-phosphatase deficiency, maltose feeding has been shown to decrease blood lactate levels, in contrast to lactose and sucrose [4]. While maltose doesn't appear to have significant adverse effects on healthy individuals, its use as a sole substrate for parenteral nutrition is not recommended due to high renal loss and difficulty in achieving constant blood concentrations [5].

Ready-to-eat food processing companies use maltose in food products for several reasons:
Maltose serves as a valuable ingredient in food processing due to its unique properties and versatility. Maltose is a reducing sugar, which means it can form an aldehyde group in solution, contributing to flavor development and browning reactions during food processing [1].

One interesting aspect of maltose is its rapid biological hydrolysis in humans. When consumed, maltose is quickly broken down into glucose, which appears rapidly in the bloodstream after a meal [1]. This property makes maltose an attractive ingredient for food processors looking to provide quick energy sources in their products.
We can infer that its natural occurrence in many food sources, its role in flavor development, and its quick conversion to glucose in the human body make it a valuable ingredient in ready-to-eat food products. Additionally, maltose's importance in various scientific disciplines, including the food industry, suggests its continued relevance in food processing applications [6].
Effects of maltose on health: 
Maltose consumption can exacerbate diet-induced obesity and related health issues, particularly when combined with a high-fat diet. A study on male C57BL/6J mice found that adding 7.0% maltose to a high-fat diet (HFD+Mal) resulted in significantly higher weight gain compared to a high-fat diet alone after 6 weeks  [7]. The HFD+Mal group also showed higher body mass index, relative liver weight, blood glucose levels, and plasma cholesterol levels compared to both control and high-fat diet groups. Interestingly, the study noted that maltose content in raw sweet potatoes get increased by 40 times upon baking, suggesting that consuming maltose-rich cooked sweet potatoes as part of a high-fat diet might worsen diet-induced overweight [7]. This finding contradicts the common perception that sweet potatoes are a healthy food choice, highlighting the importance of considering food preparation methods and overall dietary context.
Maltose itself may not be inherently hazardous, its consumption in combination with a high-fat diet can lead to adverse health effects, including increased obesity, elevated blood glucose and cholesterol levels, and potential liver issues.

Osazone test: 
The osazone test is an important reaction in carbohydrate chemistry used to identify and characterize reducing sugars. It involves the reaction of reducing sugars with phenylhydrazine to form crystalline osazone compounds [8].

The mechanism of osazone formation has been the subject of many studies over time. Recent theoretical findings have helped explain the factors that direct the regiochemistry of osazone formation [8]. The reaction proceeds through several steps, including initial formation of a phenylhydrazone, conversion to an N-glycoside, Amadori rearrangement to a 1-deoxy-1-amino-2-ketose derivative, and finally dehydrogenation and transamination to form the phenylosazone product [9].
Osazone reaction has analogies to other chemical systems. For example, the reaction of squaric acid with phenylhydrazine produces compounds analogous to intermediates in carbohydrate osazone formation [10]. The osazone test remains an important tool for sugar characterization and continues to be an area of mechanistic study in organic chemistry. Its inclusion in organic chemistry education helps fill gaps in understanding of carbohydrate reactivity [8].
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Figure 1: Illustration of the morphology of maltose crystals formed in the osazone test, referred to as maltosazone.
Accurate estimation of maltose is crucial for ensuring food safety and quality:
Accurate maltose estimation is essential for food safety and quality due to its role in various food products. In quality control, accurate maltose measurement ensures consistent product quality, influencing taste, texture, and nutritional value, which are integral to quality management and assurance in the agro-food industry. For process monitoring, maltose levels indicate the effectiveness of food processing steps, such as fermentation or enzymatic reactions. While not directly a safety concern, maltose measurement contributes to broader safety protocols, as unexpected changes in its levels could indicate microbial activity or improper storage, potentially compromising food safety. Technological advancements, including the use of cutting-edge sensing methods like Aggregation-Induced Emission (AIE), offer improved sensitivity and accuracy in maltose detection [11], Accurate maltose estimation supports food safety and quality assurance goals, forming a vital part of comprehensive quality management systems essential for producing safe and high-quality food products.
Other methods like Gas chromatography (GC) has been used to analyze maltose in apple juices. This method involves forming silylated oxime derivatives in a two-stage reaction, which allows for improved maltose analysis [12]. GC is known for its high sensitivity and specificity.

Also the High-performance liquid chromatography (HPLC) is widely used for maltose determination in various food products. It offers advantages such as simplicity, specificity, and reliability over a wide range of sugar concentrations in different food matrices. Sample preparation typically involves water-ethanol extraction and mini-column cleanup. HPLC can separate and quantify multiple sugars, including maltose, in less than 45 minutes [13].
Enzymatic methods have also been developed for maltose analysis. These methods are more selective than standard non-enzymatic procedures and can be applied to a broad range of food products. For instance, the Megazyme enzymatic method has shown good repeatability and reproducibility for available carbohydrate analysis, including maltose, in various food matrices [14].
In comparison, the osazone test is considerably more straightforward and effective than the aforementioned methods of maltose qualitative estimation.
Although the osazone test is a reliable method for the estimation of maltose, there is limited research on its application in diverse food products. The aim of this study is to evaluate the efficacy of the osazone test for the qualitative estimation of maltose in a variety of food products.
The objective of this study is to evaluate the osazone test as a potential tool for screening maltose in various food products.

Materials and Methods:
Packed food products, both branded and unbranded, were categorized into solids (e.g., Chochalates, Coco powder, etc) and liquids (e.g., juices, chochalate syrup, etc). Solid samples were crushed and diluted to 10% (w/v), while liquid samples were diluted 1:1 with distilled water. The osazone reagent, comprising phenylhydrazine hydrochloride, sodium acetate, and glacial acetic acid, was prepared. Each diluted sample was mixed with the reagent and heated in a boiling water bath for 10 minutes, then cooled to room temperature. Formation of maltosazone crystals was observed under an optical microscope, and images were captured using mobile phones. The presence of crystals was documented and compared across different food products.
Various food products were designated as A, B, C, and D to maintain brand anonymity. The generic nomenclature of the products was utilized for product identification.

Results and Discussion:

Table 1: Morphometric variations of Maltosazone crystals in different food products

	Sr. No.
	Food Products
	Generic
name
	State
	Dilution
Factor*

	Morphometric observations of Maltosazone crystals


	
	
	
	
	
	Colour
	Crystal shapes
	Crystal pattern
	Inference
+/-
	Intensity
(+/++/+++)

	1. 
	A
	Choco syrup
	Liquid
	1:1
	Yellow
	Sunflower shaped

	5-6 tubular stellar structure
	+
	++

	2. 
	B
	Cold coco
	Liquid
	1:1
	Brown
	Long needle
Shaped
	5-6 tubular stellar structure
	+
	+++

	3. 
	C
	Almond shake
	Liquid
	1:1
	Black
	Asymmetric shaped
	Asymmetrical shape
	-
	+

	4. 
	D
	Cold coffee
	Solid
	1:10
	Peach yellow
	Sunflower shaped

	Fern like
Dendrites
	+
	++

	5. 
	E
	Coco powder
	Solid
	1:10
	Brown
	Sunflower shaped

	2-3 tubular Stellar crystals
	+
	+



{Note: *Dilution factor (Product: Distilled Water); Inference- + (matlosazone confirmed), - (matlosazone absent); Crystal Intensity- + (less dense crystals), ++ (more dense crystals), +++ (highest dense crystals)}
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Figure 2: Microscopic observations of Maltosazone crystals in different food products
{Note: Maltosazone crystals observed in; A: Choco syrup, B: Cold coco, C: Almond shake, D: Cold coffee, E: Coco powder}


Significant variations in crystal formation were observed across different food products analyzed in this study. Despite being categorized into liquid and solid forms, all products consistently exhibited sunflower-shaped maltosazone crystals. However, the color of the crystals varied among the samples. Choco syrup formed yellow-colored crystals, cold coco produced brown-colored crystals, almond shake yielded black-colored crystals, cold coffee exhibited peach-colored crystals, and cocoa powder generated brown-colored crystals. These color variations are likely attributed to the inherent differences in the color of the food products themselves.
Notable differences were also observed in the intensity of crystal formation. The highest intensity was recorded in cold coco, followed by choco syrup, cold coffee, cocoa powder, and almond shake. Crystals in almond shake were less defined, which suggests the possible absence of maltose in the sample.
Variations in crystal shapes were evident across the samples. In choco syrup and cold coco, 5–6 stellar-shaped crystals were identified, likely indicating the presence of maltose due to their similar composition. In contrast, almond shake exhibited asymmetric, undefined crystal structures, further supporting the absence of maltose in this product. Cold coffee showed clustered fern-like dendrites, representing the presence of maltose. Meanwhile, cocoa powder formed 2–3 tubular stellar crystals, also indicative of maltose.
Sugars exhibit close similarities in their properties, rendering the differentiation of various carbohydrate members challenging. Consequently, the osazone test is employed, reveals distinct crystalline structures under microscopic examination [15]. The acid hydrolysis of starchy products results in the formation of maltose crystals, demonstrating its extensive industrial applications [16]. The presence of maltose can also be detected effectively using osazone technique in the presence of other sugars like dextrose [17]. Research conducted by Percival and Percival (1937) [18] demonstrated that crystalline maltosazone formed two distinct types of needles: elongated lemon-yellow needles and pointed yellow plates, which aligns with our observations. This technique also demonstrates applicability in the detection of sugar in urine for glycosuria and maltosuria [19].
Osazone tests are potentially unreliable when analyzing mixtures of sugar samples, such as those found in plant cells. Additionally, these tests can result in various crystal aggregations due to combinations of sugar crystals [20]. Consequently, further research is recommended to investigate the complex crystal formations that occur in such scenarios.
These findings highlight the potential for using maltosazone crystal morphology and color as qualitative indicators of maltose content in diverse food products.

Conclusion:
The study demonstrates significant variations in maltosazone crystal morphology, intensity, and coloration across different food products, reflecting their unique compositions. While sunflower-shaped crystals were a common feature, differences in colour and structure can formed due to product nature and other compositions. Notably, cold coco and choco syrup exhibited the highest intensity and well-defined stellar crystals, confirming the presence of maltose, whereas almond shake lacked definitive crystal structures, indicating its potential absence. The observed variations highlights the utility of maltosazone crystal analysis as a simple and effective method for the qualitative estimation of maltose in diverse food products, clearing the way for broader applications in food quality control and screening.
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