
		
			[image: 1.png]
		

	
		
			Research Article

		

		
			Physicochemical Properties of Dairy Creamer Stabilized by Hydrolyzed Goldband Snapper (Pristipomides Multidens) Visceral Oil 

		

		
			Ria Dewi Andriani1, Lilik Eka Radiati1, Teti Estiasih2*

		

		
			1Department of Animal Product Technology, Faculty of Animal Science Universitas Brawijaya, Jl. Veteran, Ketawanggede, Lowokwaru, Malang, East Java, Indonesia; 2Department of Food Science and Biotechnology, Faculty of Agricultural Technology, Universitas Brawijaya, Jl. Veteran, Ketawanggede, Lowokwaru, Malang, East Java, Indonesia.

		

		
			Abstract | Dairy creamer is a liquid or powder milk product for milk substitution or cream in coffee, tea, chocolate, or cakes. The dairy creamer powder should be stable after reconstituting in water and have a good stability emulsion. Therefore, emulsifiers are important ingredients in dairy creamer preparation to prevent separation. Emulsifiers with good emulsifying and stabilizing properties will improve the stability and consistency of dairy creamer. Usually, emulsifiers used for dairy creamer are mono and diglycerides that produced from edible oils and fats such as sunflower, soybean, and palm oil. These common sources usually lack of health beneficial omega-3 fatty acids. This study evaluated the capability of hydrolyzed goldband snapper (Pristipomides multidens) visceral oil (HGSVO) as the omega-3 fatty acid containing emulsifier for dairy creamer produced by spray drying method. This HGSVO was obtained by hydrolyzing the goldband snapper oil with goldband snapper visceral lipase. The glycerides composition of HGSVO was monoglyceride, diglyceride, triglyceride, glycerol, and free fatty acids, and contained omega-3 fatty acids comprising of docosahexaenoic acid (DHA) of 17.62% and eicosapentaenoic acid (EPA) of 3.60%. HGSVO was formulated in dairy creamer at concentrations of 0.2%, 0.4%, and 0.6% (w/v). The results showed that the differences formulated of HGSVO in dairy creamer had a significant effect (p<0.05) on moisture content, emulsifying activity index (EAI), emulsion stability index (ESI), and solubility, which increased from HGSVO concentration of 0.20% to 0.40%, but decreased at 0.60%. Meanwhile, increasing HGSVO concentration decreased the particle size. This study did not include the sensory analysis and consumer acceptance as a new developed dairy creamer stabilized with HGSVO. Consumer acceptance is very important for the further study in comparison with commercial dairy creamer.
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			INTRODUCTION

			Dairy creamer also known as coffee creamer or simply creamer is a milk product in liquid or powdered form. Dairy creamers are the substitutes for milk or cream for coffee, tea, chocolate, or cake to lighten or sweeten the flavor. Dairy creamer is mostly used to enrich the creaminess of coffee, therefore increasing coffee consumption is accompanied by the increased demand of creamer. The world demand on coffee is projected to grow by 2.99% (2024-2029) (Statista, 2024). Coffee creamer is used to create a creamy texture, smoother and making it more palatable. The addition of creamers to coffee performs several functions, there are reduce bitter taste, whitening color, contribute to the coffee with a cream-like flavor and give body to the coffee (Euston, 2010). 

			It is important that creamers added to hot coffee solutions have good stability against de-oiling and sedimentation. Destabilization of creamer in coffee solution may be considered unappealing with white flakes or curds float on the surface or sediments forms at the bottom of coffee (Chung et al., 2017). Therefore, emulsifiers are an important ingredient in dairy creamer manufacture and help to prevent the separation of the creamer from its constituent parts, such as water and fat. Emulsifiers with good emulsifying and s

			tabilizing properties can improve stability and consistency of dairy creamer. Rosida et al. (2016) reported that emulsifiers are substances that help blend two or more immiscible liquids, such as oil and water, into a stable mixture, maintain consistent texture and appearance, improve the creaminess and enhance sensory experience.

			One of the emulsifiers used in dairy creamers is monoglyceride, which is generally recognized as safe (GRAS) by regulatory authorities when used in food products. Fredrick et al. (2013) stated that the utilization of unsaturated monoacylglycerol in dairy recombined cream can reduce the churning time, overrun, serum loss, and increase the firmness of whipped cream. In addition, the use of monoglyceride in mayonnaise production showed the highest stability and decreases with decreasing amount of monoglyceride used (Erdogan et al., 2019). (Loi et al. (2019) reported that unsaturated monoglyceride can be used to manipulate the droplet size distribution of the emulsion, providing emulsion stability and prevent creaming compared to saturated monoglyceride. Mono- and diglycerides are used concomitantly in dairy creamer and able to prevent feathering and destabilization of creamer emulsion. Creamer powder is added to hot coffee should have good stability against feathering, sedimentation, or de-oiling. The instability leads to unappealing with curd floating or white flake on the surface, or sediments in the bottom (Chung et al., 2017).

			The amphiphilic nature of monoglycerides and diglycerides, containing hydrophilic hydroxyl and hydrophobic long-chain alkyl groups, contributes to their emulsifying properties (Sudibyo et al., 2020; Liu et al., 2023), which allows it to interact with both oil and water function to obtain stable emulsion. These properties are further enhanced by the aliphatic lipophilic chain and hydroxyl groups in their chemical structure, making mono- and diglycerides highly valuable when added to the dairy creamer. The hydrophobic and hydrophilic properties of mono- and diglycerides are crucial in stabilizing emulsions, particularly in products with different densities between water and oil. Water phase and oil globule lead to ring formation on the surface of the emulsion known as creaming (Samios et al., 2013; McClements, 2015). The use of low molecular weight of emulsifier like mono- and diglyceride is found to affect emulsion stability due to the capability to displace milk protein from the oil water interface. Their ability to displace milk proteins from the oil-water interface influences emulsion stability, making them valuable components in formulations requiring stable emulsions (Pace et al., 2010; Radzi et al., 2022). Mono- and diglyceride production can be carried out by hydrolysis, esterification of glycerol with fatty acids, and glycerolysis using catalysts such as MgO and Ca (OH)2 requires a high reaction temperature of 220 to 250ºC. 

			Pure solely mono- and diglycerides are sometimes used in food products together. Both emulsifiers are produced by interesterification of glycerol with triglycerides, and then purified with molecular distillation (Chen, 2015). The sources of triglycerides for mono- and diglycerides synthesis are vegetable oils (Nitbani et al., 2020) that lack of main health beneficial omega-3 fatty acids of EPA and DHA. The use of EPA and DHA containing oils as the materials for mono- and diglycerides preparation will provide mono- and diglycerides containing EPA and/or DHA. So far, the conventional sources of EPA and DHA are fish body oils, and exploring unconventional fish oil sources is a challenge. Among fish oils, fish visceral oil is still limitedly used in many fish oil application. Fish visceral oil contains higher polyunsaturated fatty acids than that from muscle and head fish (Rohim et al., 2024). One of the aims to hydrolyze of fat or oils is to obtain mono- and diglycerides (Menalla et al., 2024). The advantage for this hydrolysis is producing the mixture mono- and diglycerides that contribute as emulsifiers and the hydrolysis of fish visceral oil will produce EPA and DHA containing emulsifier. 

			In this study, the emulsifier for dairy creamer was HGSVO, which was prepared from goldband snapper fish visceral oil. This oil was supposed to be rich in omege-3 fatty acids, mainly DHA and EPA. Putri et al. (2021) reported that fish oil from red snapper head have polyunsaturated fatty acids of 21.22%. Goldband snapper visceral oil was hydrolyzed using semi purified lipase extract from the viscera of goldband snapper. The ability of this hydrolyzed fish visceral oil to stabilize dairy creamer has not been evaluated yet. This study aimed to evaluate potential of HGSVO as an emulsifier and the effect of HGSVO concentration on the physicochemical properties of dairy creamer prepared by spray drying method. 

			MATERIALS AND METHODS 

			Research Materials

			Goldband snapper viscera was obtained from a seafood processing industry, BeeJay Seafood, at Probolinggo, Esat Java, Indonesia. The ingredients for making creamer were maltodextrin DE 10-12, sodium caseinate, skim milk powder, anhydrous milk fat, and dipotassium hydrogen phosphate. All ingredients for dairy creamer are food grade. The chemicals used for emulsion stability index and emulsifying activity index analysis were analytical grade.

			Goldband Snapper Visceral Oil Extraction

			Goldband snapper oil was prepared by extraction of goldband snapper visceral using method proposed by Bonilla-Méndez and Hoyos-Concha (2018) with slight modification. The visceral was crushed using chopper. The crushed viscera than defatted using 1:30 (w/v) acetone, and stirring it in the plate stirrer for 45 minutes. The acetone than filtered using filter paper to remove the residual viscera. The defatting was continued until no yellowish color in acetone phase, marked all the visceral oil already extracted. The acetone phase than evaporated using rotary vacuum. 

			Hydrolyzed Goldband Snapper Oil Preparation 

			Hydrolyzed goldband snapper oil was prepared using a method described by Junior et al. (2018) by mixing goldband snapper oil and distilled water with the concentration of 1:4 (v/v). The mixture than homogenized using ultra turrax homogenizer. The pH emulsion than adjusted using phosphate buffer (pH 8.0) until it reaches pH 7.2, as the optimum pH of semi-purified lipase extract from goldband snapper viscera. After that, the 1% of SPLE was added to the mixture and homogenized by hand stirring. The hydrolysis was carried out in shaker water bath at 40°C and 100 rpm speed for 16 hours. After hydrolysis, the emulsion was separated using separation chamber to separate the upper phase (oil phase), middle phase (HGSVO phase) and lower phase (water or polar phase). This HGSVO contained of DHA 17.62% and EPA 3.60%. The composition of this HGSVO was 22.80% monoglyceride, 24.22% diglyceride, 21.46% triglyceride, 17.26% glycerol, and 14,27% free fatty acids. 

			Dairy Creamer Preparation

			Dairy Creamer Emulsion Preparation: The dairy creamer emulsion was prepared using a method described by Hedayatnia and Mirhisseini (2018), initially, a mixture (A) comprising of sodium caseinate (2.5% w/w), dipotassium hydrogen phospate (2.5% w/w) and skim milk powder (7% w/w) prepared by dispersing them on 30 ml of 70°C distilled water and rotated in a hot plate stirrer for 5 min. A mixture (B) was prepared by dissolving 25% w/w of maltodextrin on 100 ml in a hot plate stirrer. Mixture (C) also prepared by mixing the anhydrous milk fat (8% w/w) with HGSVO with different concentrations (0.2%, 0.4% and 0.6% w/v). Subsequently, the mixture (A) was added to mixture (B) gradually, followed by the addition of mixture C and they were mixed using a hotplate stirrer for 5 minutes. All the mixture were homogenized using ultra turrax.

			Dairy Creamer Spray Drying: The dairy creamer emulsion was fed into a lab scale spray dryer (Labfreez SD-18A). Before spraying, the emulsion was diluted with distilled water pH 7.0 until the viscosity reach below 4 mPa.s. The diluted emulsion than filtered through a filter cloth to eliminate the lump. Subsequently, the filtered emulsion was sprayed at the inlet temperature of 180°C, outlet temperature of 70°C, feed rate of 10% (4.5 ml/min), and 1 atm pressure, and concomitantly heated in a hotplate stirrer to keep the low viscosity. 

			Dairy Creamer Reconstitution: An emulsion preparation of reconstituted dairy creamer was conducted by dissolving the dairy creamer powder in water. Briefly, 1 g of powdered dairy creamer was dissolved in a 100 ml of water, then homogenized using a plate stirrer at room temperature. 

			Characterization of Dairy Creamer Powder 

			Moisture Content: The moisture content of non-dairy creamer was measured according to the oven-drying method (AOAC, 1997). The sample was weighed in a crucible and dried to a constant weight in an oven at 105°C. Then the moisture content was calculated according to the mass loss of powder. The calculation for moisture content were calculated using following equation:

			[image: ]

			Particle Size: Particle size analysis was measured the method with some modifications explained by Kastner and Perrie, (2016), Sample was prepared by dilution of 0.1 g sample to 10 ml aquadest solution. 650 µL of samples were placed into omega cuvette and the particle size was read using Anton Paar Particle Size Analyzer Literizer by dynamic light scattering. The measuring range set from 0.3 nm to 10µm with the accuracy and repeatability is better than ±2% on NIST traceable standard.

			Bulk Density: Bulk density of dairy creamer was measured using the method by Bae and Lee (2008), with minor modifications. Dairy creamer was placed to a measuring cylinder of known weight (W0) until it reaches known volume of the measuring cylinder (Vo). The cylinder was gently tapped to a flat surface to reach a constant volume until the sample have a flat surface. A measuring cylinder containing sample than weighed using analytical balance. The total weight recorded as (W1). The bulk density was calculated using following formula: 
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			W1= Total weight

			W0= Known weight

			Vo= Volume of the measuring cylinder

			Water Solubility: Determination of solubility referred to the (Pomeranz and Meloan, 2013) method by calculating the weight of the insoluble residue in a solution. Solubility was measured by dissolving 2 g of sample in 100 mL of distilled water and then filtering it with Whatman filter paper No. 42 which had previously been dried in an oven at 105℃ for 30 minutes and weighed (b). After filtration, the filter paper used was dried in an oven at 105℃ for 3 hours and then weighed (c) or until the weight was constant. Solubility is calculated as the percentage of the weight of the residue remaining on the filter paper to the weight of the sample. Solubility was calculated using the formula:
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			a= Weight of sample (g)

			b= Weight of filter paper (g)

			c= Weight of filter paper and residu (g)

			W = Moisture content of sample (% wb)

			Characterization of Reconstituted Dairy Creamer

			Emulsifying Activity Index (EAI): Emulsifying activity index is measuring the surface area that stabilized by an emulsifier. The EAI was analyzed from the reconstituted dairy creamer emulsion. Emulsifying activity index refers to the method of (Zheng et al., 2014) by measuring the turbidity of the solution using UV-Vis spectrophotometry. 2 g of dairy creamer was dissolved in 20 ml of distilled water using magnetic stirrer at room temperature. A 15 ml of the sample was taken and 5 ml of oil was added then homogenized using a hand mixer for 1 min 0.1 ml of the mixture was taken with a micropipette and added with 0.1% SDS (sodium dodecyl sulfate) until the volume reached 10 ml then homogenized with a hand mixer for 1 minute. The absorbance of the solution was measured using UV-Vis spectrophotometry with a wavelength of 500 nm. The emulsifying activity index is calculated using the formula:
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			C= Emulsifier Concentration (g/mL)

			Ø= Volume of oil fraction of the emulsion (v/v)

			A500= Absorbance

			Emulsion Stability Index (ESI): The emulsion stability indicates the ability of HGSVO to stabilize an emulsion. The ESI was analyzed from the reconstituted dairy creamer. Emulsion stability index determination referred to the method of El-Kheir et al. (2008) by measuring the turbidity of the solution using UV-Vis spectrophotometry. 2 gram of dairy creamer was dissolved in 20 ml of distilled water using a magnetic stirrer at room temperature. 15 ml of the sample was taken and 5 ml of oil was added then homogenized using a hand mixer for 1 minute. 0.1 ml of the mixture was taken with a micropipette and added with 0.1% SDS (sodium dodecyl sulfate) until the volume reached 10 ml then homogenized with a hand mixer for 1 minute. Solution was measured in UV-Vis spectrophotometry with a wavelength of 500 nm. The time first dissolved was calculated as T0 and the absorbance measured at that time was calculated as A0. Then the solution was left for 10 minutes at room temperature (T10) and the absorbance measured at that time was calculated as A10. The ESI is calculated as follows:
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			A0= Absorbance at T0

			A10= Absorbance at T10

			Statistical Analysis

			This study used completely randomized design with three replications. The data was expressed as the average with deviation standard. The statistical analysis was conducted with one way analysis of variance (Anova) with a 95% interval using SPSS, and further analysis of significant treatment by Duncan test by using Minitab 17.

			RESULTS AND DISCUSSION

			 

			Characteristics of Dairy Creamer Powder

			Moisture Content: Increasing HGSVO concentration during creamer emulsion preparation did not always devcrease moisture content. The moisture content of HGSVO stabilized dairy creamer was ranging from 4.76 to 5.30%. These values were higher than that reported by Liu et al. (2023) that the non dairy creamer stabilized with diglycerides from coconut oil was 1.78%. The higher moisture content presumably was related to the composition of HGSVO that not only comprised of mon- and diglycerodes but also contained glycerol which is very polar. 

			Table 1: Characteristics of dairy creamer and its reconstituted emulsions at different concentration of hydrolyzed goldband snapper visceral oil (HGSVO).

			
				
					
					
					
					
				
				
					
							
							Characteristic

						
							
							HGSVO Concentration

						
					

					
							
							0.20%

						
							
							0.40%

						
							
							0.60%

						
					

					
							
							Diary creamer powder

						
					

					
							
							Moisture content (%)

						
							
							5.30 ± 0.07a

						
							
							4.76 b± 0.07b

						
							
							5.29± 0.04a

						
					

					
							
							Average particle size diameter (чm)

						
							
							0.90 ± 0.19a

						
							
							0.72 ± 0.05a

						
							
							0.46 ± 0.01b

						
					

					
							
							Bulk density (kg/m3)

						
							
							320 ± 20

						
							
							360 ± 10

						
							
							350 ± 5

						
					

					
							
							Solubility (%)

						
							
							96.31 ± 0.27b

						
							
							97.81 ± 0.78a

						
							
							95.57 ± 0.59b

						
					

					
							
							Reconstituted dairy creamer

						
					

					
							
							Emulsifying activity index (EAI, m2/g)

						
							
							2.35 ± 0.04b

						
							
							2.82 ± 0.04a

						
							
							2.38 ± 0.05b

						
					

					
							
							Emulsion stability index (ESI, min)

						
							
							93.45 ± 3.10a

						
							
							108.06± 0.64b

						
							
							94.53 ± 1.00a

						
					

				
			

			Different superscript in the same column showed significantly difference (p<0.05).

			The moisture content decreased at HGSVO concentration of 0.20 to 0.40% but further increased in concentration also increased the moisture content (Table 1). HGSVO comprised mainly of mono- and diglycerides which are amphiphilic in nature, thus possess a polar head group that could interact with water. The interactions between monoglycerides and water possibly make a formation of mesomorphic phases (Vereecken et al., 2010). Mono- and diglycerides had a polar head group with a hydrophobic tail so that this type of molecule can easily form a lamellar lyotropic liquid crystalline phase and can assemble with each other by itself in an oil-water mixture. Monoglycerides form a multilamellar crystal shell around the oil droplets so that it can be stable in the water matrix (Marangoni et al., 2008). Water in small quantities might be the present in the monoglycerides (Vereecken et al., 2010). The HGSVO concentration of 0.20% has the highest moisture content. At this concentration, HGSVO to some extent had the ability to bind free water. These lipids swell and rearrange into the aqueous-organic interface and enhance their surfactant properties (Tawfik et al., 2019). At HGSVO concentration of 0.40%, the moisture content is the lowest. It was supposed that the concentration of 0.40 produces the most stable emulsion indicating by the highest EAI and ESI. The HGSVO efficiently stabilized and covered anhydrous milk fat thus lowered their interaction with water. However, increasing HGSVO concentration to 0.60% also increased the moisture content. HGSVO also contained glycerol which is very polar and able to bind water (Scheppers and Muzenda, 2015). At high concentration, the concentration of glycerol also increased thus increasing moisture content. 

			Moisture content can also be influenced by the type of drying used, in this study spray drying was used. The high amount of maltodextrin used will also affect the moisture content because of its tendency to bind with free moisture or its high hygroscopic properties (Hedayatnia and Mirhosseini, 2018). If the moisture content exceeded the 

			concentration which can cause the lamellar phase swelling, then a lamellar dispersion can form. This phase has a structure like liposomes consisting of concentric bimolecular shells of monoglycerides and diglycerides alternating with water shells (de Walle et al., 2008).

			Average Particle Size Diameter: Increasing HGSVO concentration decreased average particle diameter of dairy creamer powder particle significantly (p-value >0.05) (Table 1). It meant that higher HGSVO concentration produced smaller particle size. The particle size affected the solubility rate during dissolution in water (Awuchi et al., 2019). The smallest particle size was on HGSVO 0.6% (0.46 μm), followed by HGSVO 0.4% (0.72 μm). The largest was HGSVO 0.2% (0.90 μm). The particle size is directly influenced by the surface area, which is affected by the lipid sites at the oil-water interface (Liu et al., 2021). Unsaturated monoglycerides resulted in larger sizes particles and diameters (Méndez-Velasco et al., 2012). At low HGSVO concentration, the emulsifier of mono and diglycerides had a limitation to cover interfacial region in the emulsion. Méndez-Velasco et al. (2012) stated that there is a coalescence process occurs when emulsion droplets is uncovered properly leads to collide resulting a larger size formation. This can increase the average size over time (Awuchi et al., 2019). Emulsifiers like unsaturated monoglycerides can manipulate droplet size distribution in emulsions, providing stability and preventing creaming compared to saturated monoglycerides (Chung et al., 2017). In this study, HGSVO comprised mainly by unsaturated fatty acid including EPA and DHA, perhaps produced more stable emulsion and better dairy creamer particle.

			The HGSVO concentration played a significant role in dairy creamer particle size. The small and uniform particle size produced a smooth and creamy product (Chaves et al., 2024). HGSVO is supposed to maintain the particle size stability of dairy creamer. Proper covered anhydrous milk fat by emulsifier and other amphiphilic ingredients in the creamer, such as caseinate, will protect the expose of the lipid phase into the particle surface. The uncovered anhydrous milk fat in dairy creamer will make the lower solubility in water during dairy creamer reconstitution. It is also let exposes of the fat to the environment that can lead to fat oxidation.

			Hedayatnia and Mirhosseini (2018) reported particle size of 101.45 μm in reduced fat dairy coffee. Gassi et al. (2008) reported the cream particle size of 0.45 to 200 μm with 3 peaks with the median about 0.5 μm, 4 μm and 45 μm. The particle size of skim and whole milk powder was 83.87 and 128.76 μm (Pugliese et al., 2017). It can be concluded that the particle size of dairy creamer from this sudy is smaller than other dairy products, indicating the HGSVO was usitable to stabilized dairy creamer and produced tiny particles.

			Bulk Density: Bulk density of HGSVO stabilized dairy creamer was not affected by HGSVO concentration (p-value >0.05) (Table 1). Bulk density is a fundamental parameter in materials science and crucial for characterizing solid materials. Bulk density is volumetric density or apparent density which is defined as the mass of many objects such as particles in a material divided by the total volume. The total volume includes the particle volume, internal pore volume and interparticle cavity volume (Awuchi et al., 2019). The food industry wants high bulk density because it can reduce packaging volume and reduce shipping costs. The higher the bulk density of the powder, the smaller the volume packaging or storage space required (Putri et al., 2016). Bulk density also depends on several factors such as geometry, size, solid density, and surface properties (Iwe et al., 2016), density, the amount of air trapped in the particles (occluded air) and the amount of air between the particles (interstitial air). Besides those factors, the drying process affects the quality, high or low, bulk density of the product, including inlet temperature and outlet temperature of spray dryer (Putri et al., 2016).

			Data in Table 1 shows that bulk density tends to increase from HGSVO concentration of 0.20 to 0.40%, and further increasing concentration decreased the bulk density. Bulk density is an indicator of the powder compactness. Higher bulk density indicated that the powder was more compact. In this study, the bulk density may be affected by the moisture content. The highest bulk density was 360 kg/m3 at HGSVO concentration of 0.40%, which exhibited the lowest moisture content. 

			The bulk density of dairy creamer in this study was lower than other similar powder. Rosida et al. (2016) reported the bulk density of non-dairy creamer ranging from 550 to 650 kg/m3, depending on protein sources and sodium caseinate concentration. Ding et al. (2020) reported the commercial milk powder medium bulk density ranged from 409 to 494 kg/m3. Lower bulk density in this study possibly is related to the composition of the dairy creamer. The dairy creamer used maltodextrin as a filler in a considerable amount thus affected the bulk density significantly. Maltodextrin has a lower bulk density than milk protein, milk fat, and lactose as the major components in milk powder thus producing overall lower bulk density. The bulk density of maltodextrin was 330-490 kg/m3 (Takeiti et al., 2010), meanwhile, the bulk density of milk powder was 407–666 kg/m3. The increasing HGSVO concentration tended to increased bulk density, that meant more compact powder was produced. Smaller particle had less void among particles thus resulted in higher bulk density. According to Mohammed et al. (2019), bulk density may be affected by the particle size and also the moisture content of the materials.

			Solubility:Solubility in water is a key parameter for the quality of dairy creamer. High solubility of dairy creamer is expected to ease the mixing of dairy creamer with hot coffee. The HGSVO concentration affected the solubility significantly (Table 1). Similar to moisture content and bulk density, the solubility increased at HGSVO concentration from 0.20 to 0.40%, and further in HGSVO concentration (0.60%) decreased the solubility. The highest solubility was 97.81% at HGSVO concentration of 0.60%, and the lowest was 95.57% at HGSVO concentration of 0.60%. HGSVO acted as emulsifier that facilitate the joining of anhydrous milk fat with water. In the dairy creamer particles, milk fat was covered by low molecular emulsifier HGSVO and caseinate. Bota were able to be a bridge between milk fat with water. Increasing HGSVO concentration to 0.40% increase the ability of the dairy creamer particle to interact with water, hydrated, and then dissolved, thus increased the solubility. However, at the higher HGSVO concentration, the solubility decreased due to the more non polar compounds from HGSVO were present such as free fatty acids and residual triglycerides. The presence of non polar lipids can reduce the water absorption capacity of a food which can lead reduce solubility (Awuchi et al., 2019).

			High solubility in a food can effect on the food of high digestibility so that it is easy to digest and indicates excellent use as a formula in food (David et al., 2015). The solubility of dairy creamer in this study ranged from 95.57 to 97.81%. Rosida et al. (2016) reported the solubility of non dairy creamer was 32.33 – 42.05% depending of the leguminosae protein sources. This study revealed better solubility indicating HGSVO is suitable to stabilize dairy creamer.

			Characterisctics of Reconstituted Dairy Creamer Emulsion 

			Dairy creamer is used by mixing with hot water and then pour into the hot beverages such as coffee or tea. It is also used by mixing the dairy creamer powder directly into hot drinks. This process produced and emulsion drink which is desirable to be stable during serving. Therefore, the analysis of dairy creamer emulsion after mixing with water is very important.

			Emulsifying activity index (EAI): EAI is an indicator of the capability of HGSVO to produce emulsion that representing by the extent of interfacial area with the unit of m2/g. Table 1 showed that the HGSVO concentration affected the EAI significantly. Th increasing HGSVO concentration from 0.20 to 0.40% increased EAI, and then decreased at the concentration of 0.60%. HGSVO was able to stabilize emulsion and created interfacial area due to the presence of the amphiphilic nature of mono- and diglycerides. It is similar to milk, the presence of milk protein as one of dairy creamer ingredients also assisted in stabilizing the emulsion (Braun et al., 2019). At the higher low molecular surfactant concentration, the milk proteins were displaced from the interfacial region, which led to destabilization (Rouimi et al., 2005). This phenomenon occurred in reconstituted dairy creamer, which at high HGSVO concentration of 0.60%, the EAI decreased due to destabilization. The displacement of caseinate at the milkfat globule interface might take place. This displacement led to uncovered interfacial area which was susceptible to flocculation and then coalescence. This destabilization resulted in the interfacial area to decrease. 

			The highest EAI was observed at HGSVO concentration at 0.40% (2.82 m2/g) and the lowest at concentration of 0.20% (2.35 m2/g). Ay low HGSVO concentration of 0.20%, it seemed that the amount of HGSVO was not sufficient to stabilize fat globule interfacial are. HGSVO was not purified to have only mono- and diglycerides but also other fish visceral oil hydrolyzed produicts comprising of free fatty acids and glycerol, besides also contained unhydrolyzed triglycerides. Those compounds had no contribution for emulsion stabilization due to lack of amphipillic properties. The caseinate as the amphiphilic protein also contributed to stabilization of fat globules of reconstituted creamer. However, big molecular protein is less flexible than surfactants to migrate and self-arrange at the interfacial area of emulsions (Cabra et al., 2008; Zhang et al., 2022). Therefore, the contribution of HGSVO as an emulsifier was more significant.

			The EAI of reconstituted dairy creamer was ranging from 2.35 to 2.82 m2/g. Lajnaf et al. (2020) reported EAI of camel sweet whey was 2 m2/g, and 4.33 and 4.87 m²/g for whey protein isolate and sodium caseinate. The high EAI was obtained from soybean hydrolysate stabilized fish oil emulsion of 13.17 m2/g (Padial-Domínguez et al., 2020). The untreated milk phospholipids emulsion had EAI of with 32.2 m2/g and the EAI of milk protein concentrate stabilized emulsion was 28.1 m2/g. After ultrasonic treatment, EAI increased to 55.3 m2/g and 53.4 m2/g respectively. The soybean oil emulsion stabilized with saturated distilled monoglyceride had the EAI value of 12.62 m2/g (Liu et al., 2020). This study revealed that HGSVO is able to stabilize reconstituted dairy creamer emulsion and exhibited low EAI due to low purity of emulsifier in the HGSVO.

			Emulsion Stability Index (ESI): ESI is an indicator of emulsion stability due to destabilization process such as flocculation, coalescence, and creaming. Table 1 showed that the ESI significantly increased from HGSVO concentration from 0.20 to 0.40% and then decreased in further increased in HGSVO concentration. The most stable emulsion was obtained at HGSVO concentration of 0.40% (108.06 min) and least stable was observed at HGSVO concentration of 0.20% (93.45 min). The phenomenon of ESI was similar to ESI, which at HGSVO concentration of 0.20%, HGSVO was not sufficient to cover fat globule interface thus resulted in destabilization. At HGSVO concentration of 0.60%, the casein displacement from fat globule interface might to occur and produced uncovered interfacial area resulting in destabilization and decreasing ESI. One molecule of protein has some binding sites at fat globule interface in a polymeric form, thus covered wider regions than one molecule of surfactant (Relkin et al., 2002). The displacement of protein by the presence of high concentration of surfactant, such as HGSVO, creates to uncovered fat globule surface which is susceptible to flocculation.

			In this study, the HGSVO seemed to be able to stabilize reconstituted dairy creamer emulsion. This property is very important to assure that there is no destabilization during serving the drinks. The ESI in this study was ranging from 93.45 to 108.06 min. This value quite high compared to other previous studies on dairy emulsions. Sun et al. (2022) reported ESI of milk protein concentrate and milk phospholipid stabilized emulsions were ranging from 30-60 min. Liu et al. (2020) reported the ESI value of 265.54 min for soybean oil stabilized succinyl monoglyceride emulsion. This study exhibited high ESI of reconstituted dairy creamer emulsions, an important quality feature of the creamer. The good emulsion stability is needed to prevent the sedimentation, feathering, or de-oiling of the creamer during serving.

			The presence of abundant casein contributed to stabilize reconstituted creamer emulsion with HGSVO. The advantage of protein emulsifier is the ability to adsorb on the surface of oil droplets and prevent aggregation through repulsive forces (Sun et al., 2022). This can suppress the effect of protein in stabilizing the cream by creating a barrier layer around the oil droplets which is called the protein-lipid interaction effect (Nylander et al., 2019). 

			CONCLUSIONS AND RECOMMENDATIONS

			Hydrolyzed goldband snapper visceral oil was suitable as an emulsifier for dairy creamer. The increasing concentration of HGSVO decreased the particle size of dairy creamer powder, however the reconstituted dairy creamer emulsion stability decreased at HGSVO more than 0.40%. The concentration 0.40% also exhibited the highest emulsifying activity and emulsion stability and produced the best reconstituted dairy creamer emulsion. 

			This study proved that the hydrolyzed fats or oils without purification could be applied as an emulsifier in the dairy creamer. The advantage of using fish visceral oil is contributed by the presence of EPA and DHA, thus providing health beneficial emulsifier and dairy creamer. Further studies are important to compare the characteristics of HGSVO stabilized dairy creamer with the commercial one. It is also important to evaluate the sensory properties and consumer acceptance for this product, besides the oxidative and storage stability of the dairy creamer powder.
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Abstract | Dairy creamer is a liquid or powder milk product for milk substitution or cream in coffee, tea, chocolate, or
cakes. The dairy creamer powder should be stable after reconstituting in water and have a good stability emulsion. There-
fore, emulsifiers are important ingredients in dairy creamer preparation to prevent separation. Emulsifiers with good
emulsifying and stabilizing properties will improve the stability and consistency of dairy creamer. Usually, emulsifiers
used for dairy creamer are mono and diglycerides that produced from edible oils and fats such as sunflower, soybean, and
palm oil. These common sources usually lack of health beneficial omega-3 fatty acids. This study evaluated the capability
of hydrolyzed goldband snapper (Pristipomides multidens) visceral oil (HGSVO) as the omega-3 fatty acid containing
emulsifier for dairy creamer produced by spray drying method. This HGSVO was obtained by hydrolyzing the goldband
snapper oil with goldband snapper visceral lipase. The glycerides composition of HGSVO was monoglyceride, diglyc-
eride, triglyceride, glycerol, and free fatty acids, and contained omega-3 fatty acids comprising of docosahexaenoic acid
(DHA) of 17.62% and eicosapentaenoic acid (EPA) of 3.60%. HGSVO was formulated in dairy creamer at concentra-
tions of 0.2%, 0.4%, and 0.6% (w/v). The results showed that the differences formulated of HGSVO in dairy creamer
had a significant effect (p<0.05) on moisture content, emulsifying activity index (EAI), emulsion stability index (ESI),
and solubility, which increased from HGSVO concentration of 0.20% to 0.40%, but decreased at 0.60%. Meanwhile,
increasing HGSVO concentration decreased the particle size. This study did not include the sensory analysis and con-
sumer acceptance as a new developed dairy creamer stabilized with HGSVO. Consumer acceptance is very important
for the further study in comparison with commercial dairy creamer.
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INTRODUCTION Dairy creamers are the substitutes for milk or cream for cof-

ee, tea, chocolate, or cake to lighten or sweeten the flavor.
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airy creamer also known as coffee creamer or simply Dairy creamer is mostly used to enrich the creaminess of
creamer is a milk product in liquid or powdered form. ~coffee, therefore increasing coffee consumption is accom-
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