

  applsci-11-12091




applsci-11-12091







Appl. Sci. 2021, 11(24), 12091; doi:10.3390/app112412091




Article



Development of a Convenient Home Meal Replacement Product Containing Roasted Abalone (Haliotis discus hannai) with Honey Butter Sauce



Bertoka Fajar Surya Perwira Negara 1,2,3[image: Orcid], Hee-Jin Gong 1, Jae-Hak Sohn 1,2, Jin-Soo Kim 4,* and Jae-Suk Choi 1,2,*[image: Orcid]





1



Seafood Research Center, IACF, Silla University, 606, Advanced Seafood Processing Complex, Wonyang-ro, Amnam-dong, Seo-gu, Busan 49277, Korea






2



Department of Food Biotechnology, College of Medical and Life Sciences, Silla University, 140, Baegyang-daero 700beon-gil, Sasang-gu, Busan 46958, Korea






3



Department of Marine Science, University of Bengkulu, Jl. W.R Soepratman, Bengkulu 38371, Indonesia






4



Department of Seafood and Aquaculture Science, Gyeongsang National University, 38 Cheondaegukchi-gil, Gyeongsangnam-do, Tongyeong-si 53064, Korea









*



Correspondence: jinsukim@gnu.ac.kr (J.-S.K.); jsc1008@silla.ac.kr (J.-S.C.); Tel.: +82-557-729-146 (J.-S.K.); +82-512-487-789 (J.-S.C.)







Academic Editors: Abderrahmane AIT KADDOUR and Abdo Hassoun



Received: 18 November 2021 / Accepted: 17 December 2021 / Published: 19 December 2021



Abstract

:

Abalone (Haliotis discus hannai) has high nutritional value and market demand. However, it is generally sold as a raw product, which suffers from lengthy preparation, low commercial value, and a short shelf life. To address these problems, we processed abalone as a home meal replacement (HMR) product using superheated steam and quick freezing technology. Response surface methodology was used to optimize the roasting process. A test HMR product was produced by mixing roasted abalone with honey butter sauce at a ratio of 70:30 (w/w), then evaluated for its physicochemical, biological, and nutritional characteristics and shelf life. Roasting abalone at 220 °C for 2 min resulted in high scores for hardness and overall acceptance. The roasting process successfully maintained the chemical characteristics of abalone, including pH, volatile basic nitrogen, and thiobarbituric acid-reactive substances. The sensory characteristics of the test HMR product were maintained using quick freezing methods. Moreover, nutritional analysis revealed that the test HMR product contained macro- and micronutrients, amino acids, and fatty acids, which could contribute to meeting daily nutritional needs. The estimated shelf life of the product was 30 months. Therefore, this study successfully developed a high-quality HMR product containing abalone.
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1. Introduction


Abalone (Haliotis discus hannai) is a seafood product with a high market demand and excellent nutritional properties. It is classified as a gastropod of the Haliotidae family, which lives in the rocky coasts and reefs of temperate and tropical coastal areas [1]. Abalone is low in fat and contains high levels of nutrients that are beneficial for maintenance and growth of the human body, including proteins, minerals, amino acids, and fatty acids [2]. Moreover, abalone muscle is reported to contain minerals such as potassium [3]; thus, it is classified as a high-quality food source.



The global aquaculture production of abalone increases every year. In Korea, aquaculture production of abalone was approximately 23,815 tons in 2019 [4]. However, as a seafood product, abalone easily suffers from reduced freshness and spoiling; therefore, aquaculture production often includes processing methods to improve the shelf life and increase the scale of distribution. In East Asia, abalone is recognized as a popular and healthy form of seafood [5], where it is frequently consumed raw, steamed, grilled, semidried, and boiled. In Korea, abalone is commonly processed as buttery grilled abalone, which is known as jeonbog beoteogu-i. Moreover, abalone is currently processed into frozen, dried, and canned abalone products to prolong its shelf life and distribution range. However, all of these products are raw products that require further processing into food. Considering the increasing number of people who work and have little time for cooking, the demand for convenience food and long-shelf-life products, as well as home meal replacement (HMR) products, has also increased.



HMR products are designed to have high nutritional value, a long shelf life, and ease of preparation, with the ability to be distributed worldwide [6,7,8]. Nowadays, the market for HMR products, and particularly seafood HMR products, is rapidly expanding. Therefore, considering the popularity and high nutritional value of abalone, the development of an abalone-based HMR product has a huge potential market; however, to the best of our knowledge, none have yet been developed. Moreover, as the quality of seafood HMR products continues to improve, improvements in production technology are required to produce high-quality products. For example, Negara et al. [6] reported that the application of superheated steam enhanced the quality of seafood HMR products. Superheated steam has also been proven to reduce lipid oxidation and preserve food nutrient substances, color, and texture better than traditional cooking methods can [9,10,11,12]. Nevertheless, the optimum manufacturing conditions required to maintain the nutritional status of abalone during production have not yet been determined.



In this study, we develop abalone as an HMR product and determine the optimum manufacturing conditions. We also examine the physicochemical properties, nutritional characteristics, and shelf life of HMR abalone. The findings of this study are designed to be directly adopted by the seafood industry.




2. Materials and Methods


2.1. Preparation of the Raw Materials


Frozen abalone samples were provided by EBADA Fishery Co., Ltd. (Busan, Korea). Sample drip loss was measured using the filter-paper wetness method [13] under three different conditions: room temperature (18–20 °C), water temperature (22–24 °C), and high-frequency defrosting (HFD). A TEMPERTRON FRT-10 HFD machine (Yamamoto Vinita Co. Ltd., Osaka, Japan) was used to thaw the samples under HFD conditions.




2.2. Roasting Process


Thawed abalone was roasted using an Aero Superheated Oven DFC-560A-2R/L (Naomoto Co., Osaka, Japan). The temperature was set to 182 °C for 2 min, 190 °C for 1.4 min and 2.2 min, 230 °C for 1.4 min and 2.2 min, 238 °C for 2 min, and 210 °C for 1.3 min, 2.0 min, and 2.28 min. The temperature and time for roasting were optimized using response surface methodology (RSM) with a total of 11 experimental runs, consisting of low, central, and high factor levels. These experimental designs were used to evaluate the hardness and overall acceptance of the samples.




2.3. Preparation of Test HMR Products


Prior to the production of test HMR products, honey butter sauce was prepared using the ingredients listed in Table 1. The roasted abalone was cut into 4 mm slices. The test HMR product was then produced by mixing roasted abalone with honey butter sauce at a ratio of 70:30 (w/w). Mixed abalone and honey butter sauce were packed into a polypropylene plastic bowl (New Ecopack Co. Ltd., Jeonju, Korea) and covered with plastic film in a TPS-TS3T sealing machine (TPS Co. Ltd., Kyungkido, Korea) for 5 s at 180 °C. The packed samples were frozen using a QF-700 quick freezer (Alpha Tech Co. Ltd., Incheon, Korea) for 10 min at −35 °C. To estimate the shelf life, the frozen samples were stored at –13, –18, and –18 °C in a DF35035 deep freezer (IlShin BioBase Co. Ltd., Dongducheon, Korea) (Figure 1).




2.4. Analysis of Sensory Characteristics


To measure the quality of the test HMR product, we analyzed the sensory characteristics of the product using a hedonic scale (1–9 points). The sensory characteristics, including color, flavor, aroma, texture, and overall acceptability, were evaluated by nontrained panelists. Prior to the sensory analysis, the frozen test HMR product was reheated for 1 min 30 s (700 w) using a RE-M50 microwave (Samsung Electronics Co. Ltd., Seoul, Korea).




2.5. Analysis of Physicochemical Characteristics


Physicochemical characteristics, including pH, volatile basic nitrogen (VBN), and thiobarbituric acid-reactive substances (TBARS), were measured following the methods as described in previous study [6] to ensure the quality of the test HMR product. Briefly, each sample was homogenized with 3rd-distilled water in a ratio of 1:9 (w/v) using SHG-15D homogenizer (SciLab Co. Ltd., Seoul, Korea). Thus, An ST 3100 pH meter (Ohaus Co., Parsippany, NJ, USA) was used to measure the pH of the samples. VBN was analyzed using a two-way microdiffusion method. A WiseTis SHG-15D homogenizer (SciLab Co. Ltd., Seoul, Korea) was used to homogenize 5 g of the sample and 25 mL of distilled water. The supernatant of the homogenized sample was separated by centrifugation and filtration, then analyzed using Conway microdiffusion. For TBARS analysis, 5 g of each sample was homogenized with 12.5 mL of trichloroacetic acid (20%) in phosphoric acid (2 M), and distilled water was added to bring the total volume to 25 mL. The supernatant was collected by centrifugation of the homogenized sample for 15 min at 4 °C, then mixed with 0.005 M thiobarbituric acid in a ratio of 1:1 (v/v) and incubated for 30 min at 95 °C. Spectrostar Nano (BMG Labtech Ltd., Ortenberg, Germany) was used to measure TBARS at 530 nm. All physicochemical characteristics were measured in triplicate.




2.6. Analysis of the Nutritional Quality


The proximate, fatty acid, and amino acid contents of the test HMR product were analyzed as nutritional characteristics following the method of the Association of Official Analytical Chemists [14]. Shortly, fatty acid methyl esters (FAMEs) were extracted using ether. Thus, a GCMS-QP2020 gas chromatography mass spectrometer (Shimadzu Co., Kyoto, Japan) and a 30 m × 0.25 mm DB-wax capillary column (Agilent Technology, Santa Clara, CA, USA) were used, and EN 14,078 standard mixture (Paragon Scientific Ltd., Wirral, UK) was used to identify the peaks. For amino acids, HCL was used to hydrolase the sample at 110 °C for 24 h. Prior injection, the hydrolysates were diluted using 0.02 N HCl and filtered using a membrane filter. An amino acid analyzer (L-8900, Hitachi High-Tech Corp., Tokyo, Japan) was used to assess the amino acid profiles.




2.7. Analysis of the Microbial Characteristics


Microbial characteristics, including the total bacterial count (TBC), coliform Salmonella sp., and Staphylococcus sp., were also measured in this study. This evaluation was performed according to the methods described in a previous study [6]. An SIR-20 incubator (SciLab Co. Ltd., Seoul, Korea) was used for the microbial analysis. Difco plate count agar (BD Co., Franklin Lakes, NJ, USA) was used to analyze the TBC via incubation for 48 h at 37 °C. The number of coliforms was counted using EC medium (BD Co., Franklin Lakes, NJ, USA) via incubation for 24 h at 37 °C. Sanita-Kun plates (JNC Corp., Tokyo, Japan) were used to analyze Salmonella spp. and Staphylococcus spp. after incubation for 48 h at 35 °C.




2.8. Shelf Life Analysis


The shelf life of the test HMR product was estimated following the guidelines of the Ministry of Food and Drug Safety, Republic of Korea. In brief, the physicochemical, microbial, and sensory characteristics of the HMR product were measured for 90 days at three different temperatures (−13 °C, −18 °C, and −23 °C), and the shelf life was simulated using a program simulation (https://www.foodsafetykorea.go.kr, accessed on 21 September 2021).




2.9. Statistical Analysis


Minitab v14.0 (Minitab Inc., Birmingham, UK) was used to analyze the drip loss and physicochemical, microbial, and sensory data through one-way analysis of variance (ANOVA) at a 95% level of probability (p < 0.05). Minitab v14.0 (Minitab Inc., Birmingham, UK) was also used to analyze the RSM results, with temperature and time as independent variables and hardness and overall acceptance as dependent variables.





3. Results


3.1. Drip Loss


In this study, we used frozen abalone as a raw material to develop a test HMR product. First, we analyzed the drip loss of frozen abalone to ensure the quality of raw materials by comparing HFD with conventional thawing methods (air and water temperature). The results showed that the drip loss of frozen abalone was significantly (p < 0.05) reduced when using HFD compared to conventional methods (Figure 2). HFD also reduced the thawing time (15 min) compared to thawing at water temperature (55 min) and air temperature (85 min). Negara et al. [6] and Tirtawijaya et al. [7] also reported that the application of HFD significantly (p < 0.05) reduced drip loss and thawing time.



The results of this study showed that the shorter thawing time resulted in less drip loss, which affects the quality of abalone and prevents cell membrane damage caused by drip loss [15,16]. Moreover, rapid thawing reduces recrystallization effects and prevents mechanical damage [16]. The texture of thawed abalone was also maintained owing to the prevention of water position changes during rapid thawing. In addition to the texture, the nutritional characteristics of thawed abalone were maintained during rapid thawing (see Section 3.5). According to Otto et al. [17], some nutrients leach out with drip loss during thawing; therefore, less drip loss corresponds to less nutritional loss. Considering the low drip loss resulting from HFD, we selected this thawing method for use in further steps.




3.2. Optimization of Roasting Conditions


The test HMR product was produced by roasting the thawed abalone using superheated steam. To ensure the quality of the test HMR product, we optimized the roasting process using RSM and a set temperature (X1) and time (X2) as independent variables, with hardness and overall acceptance as the dependent variables. The combination of independent and dependent variables resulted in optimum conditions for steaming abalone. To attain these conditions, we ran a five-level central composite design with low, central, and high factor levels.



The results of the model equations for abalone roasting are listed in Table 2. These results showed that all model equations had an R2 value of greater than 95%, which indicated that the models were able to predict the ideal temperature and time. The hardness score decreased with increasing temperature and roasting time until the optimum conditions were reached (Figure 3a). At temperatures and roasting times above the optimum conditions, the resulting abalone exhibited a hard texture. The overall acceptance score increased with increasing temperature and time until reaching the optimum conditions; the abalone then became overcooked when the temperature and time exceeded the optimal conditions (Figure 3b). According to the RSM results, the optimum conditions for roasting abalone were 220 °C for 2 min, which resulted in the best hardness and overall acceptance scores. According to Beggs et al. [18] and Pappa et al. [19], the best combination of independent and dependent factors in RSM also resulted in optimum conditions with high scores for the dependent variables. Therefore, these roasting conditions were used to produce the test HMR product in subsequent steps.




3.3. Chemical Characteristics of the HMR Product


Processing of the raw abalone affected the chemical characteristics, including the pH, VBN, and TBARS. These parameters were evaluated to determine freshness and oxidation during the roasting treatment and ensure that the roasted abalone used in this study had good physicochemical characteristics. The chemical characteristics are shown in Table 3. Roasting increased the pH by approximately 0.06 from that of raw abalone. The same results were reported by Negara et al. [6], Tirtawijaya et al. [7], Mohibbullah et al. [11], and Sutikno et al. [12], who found that cooking processes increased the pH of seafood products. However, this increase in pH did not change the category of abalone, that is, the roasted abalone is still categorized as a fresh product [20]. During the roasting process, several factors that can increase the pH, including the decomposition of nitrogenous compounds, were also maintained.



The roasting process reduced the VBN content by approximately 20.1% from that of raw abalone, which indicates that the spoilage rate was reduced by roasting, as the activity of proteolytic bacteria and endogenous enzymes in food products increases the amount of VBN, leading to spoilage of the product. The roasting process can limit the activity of proteolytic bacteria and endogenous enzymes, protein and amine degradation, formation of trimethylamine-N-oxide, trimethylamine, dimethylamine, and formaldehyde, and the deamination of adenine nucleotides; thus, the amount of VBN is reduced [21,22,23]. Moreover, the same pattern was observed for TBARS, that is, the roasting treatment reduced the amount of TBARS by approximately 35.59% from that of raw abalone, indicating that lipid oxidation could be prevented during roasting. The results of TBARS indicated that roasted abalone can be categorized as a perfect product [20]. The chemical analysis showed that the abalone used to produce the test HMR product was in the fresh condition, and subsequent processing did not affect the freshness. Thus, a good raw material will result in a high-quality HMR product.




3.4. Sensory Characteristics


The sensory characteristics were evaluated to measure the sensory quality of the test HMR product. Slow and quick freezing methods were used to determine the best freezing method for test HMR products. Microwaves were used to reheat the frozen test HMR product prior to sensory evaluation. The color, aroma, flavor, texture, and overall acceptance of the test HMR product were evaluated by the panelists. The results of the sensory evaluation are displayed in Table 4. The color, aroma, flavor, texture, and overall acceptance values for quick freezing were not significantly (p ≥ 0.05) different between fresh and frozen test HMR products. However, for slow freezing, the flavor and texture characteristics differed significantly from those of the fresh product. The slow freezing method reduced the flavor and texture characteristics by 3.8% and 4.5%, respectively. Tirtawijaya et al. [7] and Negara et al. [6] also reported that the application of slow freezing methods significantly impaired the texture characteristics of seafood HMR products.



Thus, the application of freezing methods affects the sensory characteristics of test HMR products. The formation of ice crystals during slow freezing can affect the sensory characteristics. According to Samples [24], ice crystals form during slow freezing and affect membrane disruption. This phenomenon can impair the texture of the product and increase oxidation. Moreover, Hergenreder et al. [25] reported that the formation of ice crystals during slow freezing causes tissue damage in frozen foods. Furthermore, the muscle fibers of frozen products can be destroyed by ice crystals [16]. In contrast, during the quick freezing process, the faster rate of heat loss does not produce ice crystals [26], which minimizes disturbance to the cell walls and maintains the sensory characteristics of the product. Therefore, we employed quick freezing to freeze the test HMR product during the production process, thereby minimizing changes in the sensory characteristics and ensuring product quality.




3.5. Nutritional Composition of the HMR Product


The nutritional composition of the test HMR product, including the proximate analysis, fatty acid content, and amino acid content, is shown in Table 5, Table 6 and Table 7, respectively. Proximate analysis showed that the test HMR product contained some macro- and micronutrients, including carbohydrates, fat, calcium, fiber, protein, potassium, and iron (Table 5). These nutrients are essential for human health and are used as sources of energy in the human body [27]. In addition, the test HMR product contained trans fat that is still acceptable to consume. According to US Food and Drug Administration [28], the daily value of trans fat is 2 g/100 g. Thus, the test HMR product exhibited high nutritional value and contributed to daily nutritional requirements.



The total saturated fatty acid content represented the highest proportion of fatty acids in the test HMR product (55.55%), followed by polyunsaturated fatty acids (23.55%) and monounsaturated fatty acids (20.90%). The three most dominant fatty acids were palmitic acid, oleic acid, and linoleic acid, which have known beneficial effects on human health [29]. Moreover, the test HMR product contained omega 3 and omega 6, which indicates that the product is highly nutritious. We also observed EPA, DPA, and DHA in the product, which may contribute to human health by influencing inflammation, neuronal, immune function, retinal, peripheral artery disease, major coronary events, and anticoagulation [30]. Furthermore, omega 6 contributes to maintaining human health by lowering “bad” cholesterol levels, reducing total cholesterol levels, raising “good” cholesterol levels, and reducing the risk of cancer and heart disease [31]. Thus, the test HMR product exhibits good nutritional value for the human body and can be a source of daily fatty acid requirements.



Analysis of the amino acid contents showed that the test HMR products contained both nonessential and essential amino acids (Table 7). The nonessential amino acid content was 11.14% higher than that of essential amino acids. Glutamate, aspartic acid, and arginine were the three most dominant amino acids in the tested HMR product, which are an important source of energy for the immune system [32] and beneficial for human health. According to Li et al. [33] and Li et al. [34], glutamate is the dominant amino acid found in fishery products. Takahashi et al. [29] reported that amino acids can enhance the immune system and reduce the risk of cardiovascular disease. Moreover, Akram et al. [35] reported that amino acids act to support growth, provide energy, and repair tissue in the human body. The presence of amino acids, namely, glycine, alanine, aspartic acid, and glutamic acid, also contributes to the taste of food [36]. The amino acid content in the test HMR product will also contribute to daily amino acid requirements. Thus, the processed abalone product exhibits high nutritional value for daily life as well as various human health benefits.




3.6. Shelf Life Analysis


As an HMR product, the shelf life of the product should be known. Therefore, we estimated the shelf life of the test HMR product using a visual shelf life simulator from the Ministry of Food and Drug Safety, Republic of Korea. Several parameters, including the physical, biological, and chemical characteristics of the test HMR product, were analyzed during the estimation (Figure 4). For the physical characteristics, we used overall acceptance as an indicator, whereas TBC, Salmonella spp., and S. aureus were used as parameters for the biological characteristics. The VBN and TBARS of the test HMR were used to determine the chemical characteristics. The shelf life estimation was performed for 90 days at three different temperatures: −13 °C, −18 °C, and −23 °C.



The overall acceptance score decreased during the storage period; however, the physical and chemical characteristics increased with increasing storage time (Figure 4a). Specifically, the overall acceptance of the test HMR product decreased significantly (p < 0.05) on day 80 during storage at −13 °C. The same pattern was also observed when the test HMR product was stored at −23 °C; however, when the test HMR product was stored at −18 °C, the overall acceptance only started to decrease on day 120. Despite this decrease in overall acceptance, the test product scored 7.50–8.83, which corresponds to panelist scores of “like moderately” to “like very much.” Thus, the product maintains high sensory characteristics during storage.



The microbiological characteristics of the test HMR product increased with storage time according to the TBC (Figure 4b). However, Salmonella spp. and S. aureus were not identified during the shelf life estimation period. The TBC increased significantly (p < 0.05) on day 120 after storage at −13 °C. Moreover, no significant (p < 0.05) differences were observed for TBC throughout storage at −18 °C and −23 °C. These results showed that a lower temperature results in lower microbiological activities. Despite the increase in the TBC, it remained below 5 log CFU/g during storage. According to Miguéis et al. [37], products with a TBC under 5 log CFU/g can be categorized as satisfactory products.



Furthermore, the VBN and TBARS contents increased with increasing storage time (Figure 4c,d). Both VBN and TBARS increased significantly (p < 0.05) on day 60 at −13 °C. However, at −18 °C, the VBN content increased significantly (p < 0.05) on day 80, whereas TBARS did not differ significantly (p ≥ 0.05) throughout the storage time. No significant (p ≥ 0.05) difference was observed for VBN or TBARS throughout the shelf life estimation period at −23 °C. During storage, the VBN content was 5.73–7.88 mg%, whereas the TBARS content was 1.42–3.24 mgMDA/kg. According to these results, the test HMR product was categorized as a perfect product [20], despite the increasing VBN and TBARS values. Thus, the chemical characteristics of the products were marinated during storage. Moreover, the oxidation of lipids and proteins was also prevented.



According to the overall acceptance, TBC, VBN, and TBARS values, the shelf life of the test HMR product was 37.67 months. To estimate the expiry date of the test HMR product, we multiplied the Arrhenius calculation result by 0.8 to represent the safety factor [38]. As a result, the test HMR product had a shelf life of 30 months. Thus, the product will be acceptable for consumption and will continue to exhibit high nutritional value and good sensory characteristics during this period.





4. Conclusions


In this study, we developed an HMR abalone product that contains high levels of nutrients such as protein, calcium, fiber, potassium, amino acids, and fatty acids, which contribute to the daily nutritional requirements of humans. Moreover, the HMR abalone product also contains omega 3 and omega 6, which can maintain human health. The sensory characteristics of the HMR abalone product are maintained during freezing and reheating processes, thereby confirming the quality of the product. Furthermore, the estimated shelf life of the product, during which the physical, biological, and chemical characteristics of the product will be maintained, is 30 months of storage at −18 °C. Therefore, this study presents a novel abalone-based HMR product that boasts high nutritional value and a long shelf life.
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Figure 1. Process for developing abalone (Haliotis discus hannai) as an HMR product. 
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Figure 2. Drip loss (%) of frozen abalone (Haliotis discus hannai) after thawing using high-frequency defrosting (HFD) and at air temperature (AT) and water temperature (WT). Data are the mean ± standard deviation of the mean. Means with different letters differ significantly between thawing methods (Duncan’s test, p < 0.05). 
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Figure 3. Three-dimensional response surface plots of abalone (Haliotis discus hannai): (a) hardness and (b) overall acceptance during the roasting process using RSM. 
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Figure 4. (a) Overall acceptance score, (b) total bacteria count, (c) volatile basic nitrogen content, and (d) thiobarbituric acid-reactive substance content for the HMR product containing roasted abalone with honey butter sauce during storage at three different temperatures for 120 days. Data are the mean ± standard deviation of the mean. Means with different letters indicate a significant difference according to Duncan’s test (p < 0.05). 
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Table 1. Ingredients of the honey butter sauce used to produce the test home meal replacement (HMR) product.






Table 1. Ingredients of the honey butter sauce used to produce the test home meal replacement (HMR) product.





	No
	Ingredient
	Ratio (%)





	1
	Acacia honey
	0.70



	2
	Butter
	10.50



	3
	Butter scotch powder
	6.20



	4
	Butter flavor
	0.10



	5
	Black pepper
	0.20



	6
	Citric acid
	0.15



	7
	Dextrin
	7.30



	8
	Food Starch Modified
	0.20



	9
	Food coloring
	0.50



	10
	Garlic powder
	18.25



	11
	Grapefruit seed extract
	0.05



	12
	High fructose corn syrup
	5.00



	13
	Monosodium L-glutamate
	0.10



	14
	Purified water
	27.78



	15
	Refined salt
	2.60



	16
	Soy sauce
	2.80



	17
	Starch corn syrup
	8.80



	18
	Sugar
	8.77










[image: Table] 





Table 2. Response surface model equations for the abalone (Haliotis discus hannai) roasting process.
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	Variables
	Quadratic Polynomial Model Equations
	R2





	Hardness
	5,303,250 − 48,443 X1 − 95,850 X2 + 128.0 X12 + 180,818 X22 − 2860 X1×2
	98



	Overall acceptance
	−217.8 + 1.888 X1 + 27.40 X2 − 0.004054 X12 − 2.32 X22 − 0.0885 X1X2
	97
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Table 3. Effect of roasting process on the chemical characteristics of abalone (Haliotis discus hannai).
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Parameters

	
Treatment




	
Raw

	
Roasted






	
pH

	
6.02 ± 0.04

	
6.68 ± 0.06




	
VBN

	
9.13 ± 1.53

	
7.26 ± 0.20




	
TBARS

	
0.59 ± 0.20

	
0.38 ± 0.03








Note: VBN, volatile basic nitrogen; TBARS, thiobarbituric acid-reactive substances. Data are the mean ± standard deviation.
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Table 4. Sensory characteristics of the test HMR product before freezing and after quick freezing and slow freezing.






Table 4. Sensory characteristics of the test HMR product before freezing and after quick freezing and slow freezing.





	Treatment
	Color
	Aroma
	Flavor
	Texture
	Overall Acceptance





	Fresh product
	8.75 ± 0.10 a
	8.81 ± 0.02 a
	8.82 ± 0.07 a
	8.82 ± 0.05 a
	8.83 ± 0.01 a



	Quick freezing
	8.73 ± 0.04 a
	8.78 ± 0.05 a
	8.75 ± 0.06 a
	8.79 ± 0.04 a
	8.81 ± 0.04 a



	Slow freezing
	8.67 ± 0.04 a
	8.74 ± 0.04 a
	8.48 ± 0.12 b
	8.42 ± 0.13 b
	8.80 ± 0.04 a







Note: Data are the mean ± standard deviation. The means of each sensory property denoted with different superscript letters are significantly different according to Duncan’s test (p < 0.05).
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Table 5. Nutritional composition of the HMR product containing roasted abalone with honey butter sauce.
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	Compositions
	Unit
	Content
	Daily Value a





	Calories
	kcal/100 g
	123.61
	-



	Carbohydrates
	g/100 g
	14.02
	275



	Sugar
	g/100 g
	2.27
	50



	Trans fat
	g/100 g
	1.13
	2



	Saturated fat
	g/100 g
	0.63
	20



	Sodium
	g/100 g
	0.50
	2.3



	Cholesterol
	mg/100 g
	150
	300



	Crude fat
	g/100 g
	1.90
	78



	Protein
	g/100 g
	14.34
	50



	Calcium
	mg/100 g
	12.03
	1300



	Potassium
	mg/100 g
	12.39
	4700



	Dietary fiber
	g/100 g
	1.55
	28



	Iron
	mg/100 g
	1.24
	18







Note: a according to Nutrition Facts Labeling Requirements, US Food and Drug Administration [28].
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Table 6. Fatty acid profile of the HMR product containing roasted abalone with honey butter sauce.
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	Fatty Acids
	%





	Capric acid (10:0)
	1.72



	Lauric acid (12:0)
	2.61



	Myristic acid (14:0)
	8.62



	Pentadecanoic acid (15:0)
	1.13



	Palmitic acid (16:0)
	29.71



	Heptadecanoic acid (17:0)
	0.82



	Stearic acid (18:0)
	10.51



	Behenic acid (20:0)
	0.43



	Ʃ SFA
	55.55



	Myristoleic acid (14:1)
	0.51



	Pentadecenoic acid (15:1)
	0.74



	Oleic acid (18:1)
	19.05



	Eicosenoic acid (20:1)
	0.60



	Ʃ MUFA
	20.90



	Linoleic acid (18:2)
	10.09



	Linolenic acid (18:3)
	1.12



	Eicosadienoic acid (20:4)
	0.40



	Ʃ ω6
	11.61



	Palmitoleic acid (16:1)
	1.61



	Stearidonic acid (18:4)
	0.66



	Eicosatrienoic acid (20:1)
	2.69



	EPA (20:5)
	3.38



	DPA (22:5)
	1.32



	DHA (22:6)
	2.29



	Ʃ ω3
	11.94



	Ʃ PUFA
	23.55







Note: SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids.
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Table 7. Amino acid profile of the HMR product containing roasted abalone with honey butter sauce.
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	Amino Acids
	%





	Alanine
	6.77



	Aspartic acid
	10.48



	Cysteine
	1.58



	Glutamate
	16.98



	Glycine
	7.24



	Proline
	4.64



	Serine
	5.10



	Tyrosine
	2.78



	Ʃ Nonessential amino acids
	55.57



	Arginine
	8.07



	Histidine
	1.76



	Isoleucine
	3.34



	Leucine
	7.79



	Lysine
	7.70



	Methionine
	2.88



	Phenylalanine
	3.71



	Threonine
	4.36



	Tryptophan
	1.02



	Valine
	3.80



	Ʃ Essential amino acids
	44.43
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