DEVELOPMENT OF SUGAR SYRUP FROM COCONUT EMBRYO (Cocos nucifera) - A STUDY OF ITS FUNCTIONAL AND PHYSIOCHEMICAL PROPERTIES.
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ABSTRACT
Coconut embryo is derived from coconut tree, commonly called as tree of life. Normally these trees are widely cultivated in humid tropics occurring in coastal areas between the latitude 26°N and 26°S of the equator and at altitudes up to 1200m. Coconut embryos are basically a soft, spongy formation that is found inside mature coconuts. When the coconut is ready to sprout leaves, this formation takes place on the inside, the embryo is generally called as a cotyledon, it is from the family of 'Cocos Nucifera'. The scientific name of coconut embryo is "Cocos nucifera L". Coconut embryo is developed once it is sprouted the seed inside the shell begins to consume the water, developing into a solid spongy mass, "according to specialty produce, when opened, instead of seeing the hollow watery centre, and can see an embryo with large yellow mass is known as coconut apple or embryo. The collected coconut embryo tends to extract the juice, and the juice is kept to heat dried at a temperature of 24°C for one and half hour's a creamy brownish sugar is formed. The primary objective of this study is to extract sugar from coconut embryo and study its health benefits. Sugar obtained from coconut embryo has potential as a functional ingredient, especially for anti-obesity effects. It might help to control body weight by affecting insulin levels and reducing excess fat accumulation. Moreover, its antioxidant activity helps to scavenge free radicals, protecting the body from premature aging and a variety of degenerative diseases. The results suggest that coconut embryo sugar could be a healthier alternative to common table sugar.
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1. INTRODUCTION

1.1 Nutritional and Medicinal Potential of Coconut Sprouts
The majority of the world's tropical and subtropical regions are home to coconut [Cocos nucifera L]. Through its hundreds of items, it gives people food, shelter, and income. Over the past decade, the demand for coconut products has increased by up to fivefold, but production has not kept pace with this growth. The majority of the world's tropical and subtropical regions are home to coconut [Cocos nucifera L](Kalaipandian et al., 2021). Fresh coconut sprouts are an inexpensive, natural, and powerful dietary source for human health. They can also be used as a phytomedicine and nutrient supplement. (Valli et al., 2020).
To minimise nut water loss through evaporation, seed nuts are spread out in rows, with two-thirds of the nuts buried in coarse sand or soil (particularly critical for slow-germinating varieties). Directly adjacent to one another, the seed nuts are planted. It will be easier to remove seed nuts that are sprouting at weekly or biweekly intervals if there is a walkway every four rows. Depending on the variety, 75–80% of the seed nuts should have germinated by the 8-week mark, with germination starting 4–6 weeks after seeding. During this time, it's crucial to water the nut cavity frequently every other day to stop water loss from evaporation (Chan E et al., 2006).
Eating a nutritious diet is crucial for preventing a number of illnesses. During the sprouting process, the seeds produce sprouts. The sprouts are renowned for being a great source of vital nutrients, including vitamins, minerals, and proteins. When sprouts are eaten during their growing period, their nutrient concentration stays extremely high. The sprouts have a wealth of phytoconstituents in addition to the necessary nutrients. Since they are the most essential components for preserving human health, these phytoconstituents, vitamins, minerals, enzymes, and amino acids are extremely important (Punithavathi et al., 2023). They are thought to lessen the incidence of heart attacks and strokes by lowering LDL cholesterol and are an excellent source of omega-3 fatty acids. Additionally, sprouts' potassium lowers blood pressure. It has antidiabetic qualities and lowers the risk of heart attacks and strokes by widening blood vessels, which improves circulation and oxygenation. (Sreelekshmi et al., 2018)
1.2 Matured coconut: Coconut undergoes a maturation process, some physiochemical changes are done. During that maturation process, sucrose content gets gradually enhanced and it was more beneficial to make a natural sugar from that matured coconut. While maturation, polysaccharides compounds are increased as well as it involved in enzymatic changes. The enzymatic changes of the coconut during the germination process would able to alter the nutritional composition of the coconut.

1.3 Comparative study: While comparing the natural sugar (i.e.,) coconut sugar, which was obtained from the coconut embryo with commonly available white sugar. The comparative study plays a vital role for food product, to estimate the market analysis and along with the people mindset towards the novel products, which was introduced in the market to replace the emerged one. During this study, property comparison is done to conclude the exact composition. Physical property and sensory evaluation was done for this comparative study.
Scientific Classification 
Binomial name: Cocos nucifera 
Kingdom: Plantae
Division: Magnoliophyta
Class: Liliopsida
Order: Arecales
Family: Arecaceae
Genus: Cocos
Species: C. nucifera
2. LITERATURE REVIEW
2.1 Sugar Intake and Risk of Non-Communicable Diseases
Sugar is utilized all over the world, it is a strategic commodity. The world's population regularly consumes a variety of foods and drinks that contain sugar as an additive (Abdullah et al., 2014).
Overweight and obesity in children and adolescents have become more common place globally and have reached concerning levels. The main source of added sugar in children's and teenagers' diets at the moment is sugar-sweetened drinks (SSBs). The significance of sugar-sweetened beverages (SSBs) in the development of childhood obesity has been the subject of an ongoing dispute due to conflicting findings from reviews and research. (Della., et al 2016).
The burden of chronic diseases linked to nutrition and obesity has increased over the past few decades. Obesity and being overweight are significant risk factors for non-communicable diseases such diabetes, cardiovascular disease (primarily heart disease and stroke), and several types of cancer (Anari., et al 2017).
2.2 The Sucrose Dilemma: Functional Benefits vs Metabolic Risks
Customers use table sugar (sucrose), the gold standard of sweetness, to evaluate all other sweeteners. Among its many positive attributes are its preferred mouthfeel, texture, and volume. Table sugar also caramelizes, keeps well, and has a high shelf life. The flavours of other food elements, including the proteins and fats, are enhanced by table sugar, in contrast to other sweeteners. There is a growing interest in finding a safe and tasty sweetener because of the health risks associated with the sweeteners that are already on the market, including an increased risk of obesity and type 2 diabetes. (Mooradian., et al 2019) 
2.3 Coconut-Based Alternatives for Sugar Reduction in High-Risk Populations
Globally, the frequency of childhood and teenage obesity is rising annually, and the resulting burden of chronic diseases has grown to be a significant public health concern. Due to frequent consumption of table sugar, about 380 million children and adolescents globally suffer from obesity and associated chronic disorders(Yu., et al 2022). Higher rates of obesity are linked to sedentary lifestyles and high sugar intake. The non-linear relationship between sugar intake and the prevalence of obesity points to the need for efficient sugar reduction measures (Siervo., et al 2014).
The fruit coconut (Cocos nucifera L.) can improve food products' acceptability. A variety of byproducts, including flour, water, milk, oil, and flakes, can be made from coconuts. Asian cuisine uses coconut flakes (CF), a byproduct of making coconut milk, as a sweetener (Smith., et al 2018). India is the birthplace of sugar, the most widely used sweetener worldwide. In India, eating sweets is a traditional way to commemorate any occasion. After every meal, happy occasion, religious festival, social gathering, etc., it is also customary to "sweeten the mouth." There is a direct correlation between obesity and calorie intake. The prevalence of obesity is rapidly rising in India. In India, the prevalence of metabolic syndrome and type 2 diabetes mellitus (T2DM) is rising in tandem with the growth in overweight and obesity, and it has now reached epidemic proportions. India has the second-highest number of diabetics in the world, after China, with over 65 million (Gulati., et al 2014).
2.4 Anti-Diabetic and Cardioprotective Properties of Coconut Water
The three primary layers of the fibrous drupe coconut fruit are as follows: When the coconut is young, the middle mesocarp layer has a white, tough texture that turns into the fibrous husk as it ripens; the most internal endocarp layer has a hard, strong shell that encloses the kernel or endosperm; and the most external exocarp layer is smooth and ranges in colour from green to red-brown. The testa is a thin, brown seed coat that is securely affixed to the kernel between the endocarp and the endosperm (Angeles., et al 2018).
A highly valued plant species because of its medical properties is Cocos nucifera (L.), a member of the Arecaceae family known as the "coconut tree," it is a fruit that is widely available in Southeast Asia. The fruit portion of Cocos nucifera (L.) contains coconut water, which has a variety of pharmacological properties that can help both human health and tissue culture plants. As a result, many tribes worldwide have strongly linked coconut water to a variety of biological benefits for humans, including anti-inflammatory, antifungal, antioxidant, renal, and cardioprotective properties (Kamaruzzaman., et al 2018).
2.5 Hepatoprotective and Anti-Inflammatory Effects of Dietary Coconut Fat
Raw coconut embryos are very beneficial to your health. Impunity Booster. Nutrient-dense coconut embryos give your body a powerful defence against a number of harmful illnesses and infections. Because of its antiviral, antiparasitic, antifungal, and antibacterial properties, it protects you against a number of serious infections.
Its high fibre content is generally beneficial for gut health, digestion, and particularly for a smooth bowel movement. Consuming coconut embryos facilitates the absorption of vital vitamins, minerals, and nutrients and encourages a healthy metabolism. 
Coconut embryo and juice for weight management. Eating it helps one feel full, combat hunger pangs, and efficiently control weight because it is high in fibre. Eating coconut keeps you from gaining weight because it is low in calories. Eating coconut embryos increases your metabolic rate, which greatly controls diabetes and aids in weight loss. People with diabetes benefit greatly from eating coconut apples since they encourage and enhance the body's ability to store insulin, which helps to significantly reduce diabetes. Eating coconut apples demonstrated protection against the risk of cancer development. High nutritional content that reduces the risk of cancer, particularly bone cancer, which is brough on by insulin insufficiency. (Preethi., et al 2023)
3. MATERIAL AND METHODOLOGY
3.1 Optimization of coconut syrup by time and temperature
The coconut syrup was optimized by changing the temperature and time in order to get the product with desired physicochemical and sensory qualities. Viscosity, colour, total soluble solids and overall acceptability were significantly affected by the different combinations of temperature and time. Lower °Brix values at lower temperatures and shorter times were indicative of insufficient concentration, and the syrup remained thin. Thickness and total soluble solids gradually increased with temperature and time due to increased water evaporation. The optimum condition of 100 °C for two hours and thirty five minutes the syrup had perfect consistency and total soluble solids in the desired range. The product had a characteristic colour of golden to slightly dark brown colour due to controlled caramelization and Maillard reactions involved during prolonged heating. Compared to other trials this sample presented better flavour, aroma and general acceptance by sensory analysis, showing balance of sweetness and cooked notes. However it was found that lower processing settings produced underdeveloped syrup with poor texture and over-heating beyond this point resulted in over-darkening, burnt flavour and potential loss of nutrients. Thus the selected time-temperature combination resulted in effective removal of water, better shelf stability and desirable organoleptic qualities with no significant deterioration in product quality.
	Trials
	Temperature (℃)
	Time(min)

	1
	40℃
	10 min

	2
	60℃
	40 min

	3
	80℃
	70 min

	4
	100℃
	100 min

	5
	100℃
	125 min

	6
	100℃
	150 min


Table 3.1 optimization of coconut syrup by time and temperature
From the different time–temperature combinations studied, the most suitable condition for the preparation of coconut embryo syrup was found to be Trial 5 (96°C for 125 min). This particular combination of temperature and time was found to be effective in achieving the desired quality attributes of the final product.
The syrup was concentrated by evaporating the moisture at a temperature of 96°C, which was adequate for this purpose. The longer heating time (125 minutes) allowed for slow thickening and the viscosity was just right, not too thin or too thick. This balance is important for good texture and pourability, and for consumer acceptability. Regarding colour, Trial 5 yielded an ideal golden-brown hue, denoting proper caramelization and Maillard reaction. The Maillard reaction is beneficial when kept in proper bounds as it adds positively to flavour and colour. As opposed to this, the low temperatures did not supply sufficient thermal energy for proper evaporation of water, resulting in dilution and improper flavour development. However, in the case of higher temperature, that is, Trial 6, excess heating may cause over caramelization, formation of darker colours and even loss of nutrients due to denaturation of heat labile compounds. Taste, aroma and texture were also better in the sensory analysis for Trial 5. In all probability, the syrup produced during this trial had achieved equilibrium between sweetness and its inherent coconut aroma without developing any unpleasant burnt or other flavours.
This implies that Trial 5 is indeed the optimal condition for preparing the coconut embryo syrup. It provides an optimal balance between the temperature and time required, and guarantees desirable physicochemical properties like adequate viscosity, consistent coloration, and effective concentration while at the same time guaranteeing desirable sensory properties and minimal nutrient losses.


3.2 Methodology
Completely mature coconut embryos (25 embryos) were harvested from eight to ten months old coconuts. Mechanical means were used to take off the husk and hard covering of the coconut. Separation of the spongy embryo (haustorium) was done manually. Cleaning and washing was done using portable water on the collected embryos (≈3.2kg).Wet grinding was done on the embryos to produce a uniform slurry (particle size 0.5–1mm). This process was done in order to enhance sugar extraction. The quantity of juice obtained was 2.8L while the residual cake obtained was approximately 1.2kg. The filtrate was subsequently heated to evaporate the water and concentrate the sugars. Further heating led to the production of sugar syrup of the coconut embryo with the required viscosity.
4. RESULT AND DISCUSSION
Sensory assessment of coconut embryo syrup produced using various time/temperature combinations was done by employing a 9-point hedonic scale for determining the acceptability of consumers. A group of evaluators was utilized for assessing the samples based on their sensory properties, which include appearance, colour, aroma, taste, mouthfeel, and overall acceptability. 
Six trials were assessed in order to establish the most acceptable formulation. All the six trials indicated differences in the sensory properties of the samples, depending on the processing methods employed. The main objective of this study was to establish the most preferable trial among the six formulations, hence improving sensory properties. It was noted that Trial 5 yielded the highest scores for all sensory attributes considered, such as appearance, colour, odour, taste, mouthfeel, and total acceptability. These scores were very near the upper end of the 9-point hedonic scale, representing the category “like extremely.” This suggests that the syrups produced using Trial 5 conditions had managed to reach a balance of the desired sensory characteristics. The syrup was visually attractive, had a good smell, delicious taste, and consistent mouthfeel, all of which added up to make it highly acceptable.
4.1 Physiochemical properties
	Parameter
	Observed Value

	Total soluble solids
	65–75 °Brix

	Moisture Content
	10–20 %

	pH
	4.0

	Viscosity
	1500–3000 cP

	Reducing Sugars
	30–40 %

	Total Sugars
	60–70 %

	Ash Content
	0.5 – 1.5 %

	Phenolic Content
	50–120 mg GAE/100 g


After the product formulation, it is the very first thing to analyse the physiochemical properties of coconut sugar. Below are some of the physiochemical properties of coconut sugar mentioned for the purpose of research. Below is the table showing physiochemical properties of coconut sugar:
Table 4.1 Physiochemical properties
	Minerals
	Values (%)

	Phosphorus
	1%

	Calcium
	2%

	Magnesium
	8%

	Sodium
	1%

	Potassium
	4%

	Iron
	65%

	Zinc
	7%

	Manganese
	2%

	Chromium
	5%

	Iodine
	6%


On the other hand, the estimation of minerals in coconut sugar is done for physiochemical food analysis of nutrient values. The entire mineral composition of coconut sugar is illustrated:
Table 4.2 Minerals
	Nutrients
	Amount (per 100 g)

	Energy
	280 – 320 kcal

	Carbohydrates
	65 – 75 g

	Protein
	1 – 3 g

	Fat
	0.5 – 2 g

	Fiber
	0.5 – 1 g

	Vitamin C
	2 – 6 mg


The nutritional values for coconut sugar are determined in order to find the energy content of the coconut sugar that occurs naturally. Carbohydrate content is calculated according to the standard of 4kcal/gram, while the protein content is calculated using a standard of 4 kcal per gram. Nutritional contents including protein, carbohydrates, moisture, total sugars, and both reducing and non-reducing sugars are listed in the following table:
Table 4.3 Nutrients analysis
Biological activities
The presence of an antioxidant effect for coconut sugar could be established by virtue of its ability to provide electrons in addition to the scavenging effect against hydrogen peroxide, as the inhibition increased with increasing concentrations of the sample. The anti-inflammatory effect was relatively insignificant with low concentrations but was significantly high in concentrations exceeding 100 µl, showing that the effective components work mainly at high concentrations. The sample of coconut sugar also demonstrated significant activity against obesity, with inhibition increasing steadily with concentrations.
5. CONCLUSION
This study was able to produce a sugar syrup using the coconut embryo (Cocos nucifera) and conduct an assessment of its functionalities and physiochemical properties. It is evident from the findings of the study that coconut embryo can be considered as a promising source for producing natural sugar. As per the findings of the functional property assessment of the syrup produced using coconut embryos, there was concentration-dependent enhancement of functional activity, which suggests the presence of bioactive compounds in it, which can reduce oxidative stress and inflammation as well as assist in metabolism regulation. In summary, the research shows that sugar syrup obtained from coconut embryo is not just an added-value product derived from a neglected raw material but also a functional ingredient that could be beneficial to human health.
6. FUTURE SCOPE
Further study may be conducted to discover the full potential of coconut embryo sugar syrup in both food and medicinal applications. Research on glycaemic index and diabetic-friendly properties is required to prove that coconut embryo sugar syrup is indeed a better replacement than regular sugar. The bioactivity of its components and their mode of action should be thoroughly characterized to better understand its medical benefits. Furthermore, industrial scale-up and process optimization should be considered for better yield and economic viability. Inclusion of the sugar syrup from the coconut embryo in different functional foods, including drinks, candies, and bakery goods, could be considered. In addition, clinical and animal trials could be carried out to confirm the anti-obesity and therapeutic benefits of the sugar syrup, thus establishing its potential in the nutraceutical industry.
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