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Abstract

:

Sea buckthorn pomace is a valuable industrial waste/by-product obtained after juice production that contains bioactive, health-promoting dietary fibres. This pomace finds usage as animal feed or simply discarded, owed to the lack of appropriate handling or processing facilities. The present study was aimed to evaluate the effects of green extraction technologies such as ultrasonic-assisted extraction on the yield of soluble dietary fibre (SDF) from sea buckthorn pomace. Response surface methodology (RSM) coupled with Box–Behnken design (BBD) was applied for optimization of SDF yield. The effects of sonication temperature (60–80 °C), sonication power (100–130 W) and extraction time (30–60 min) on the yield of SDF were also investigated. Furthermore, colour measurement and hydration properties of sea buckthorn pomace powder (STP) and dietary fibre fractions (SDF and insoluble dietary fibre, IDF) were also investigated. From the RSM results, the optimal sonication temperature (67.83 °C), sonication power (105.52 W) and extraction time (51.18 min) were identified. Based on this, the modified optimum conditions were standardised (sonication temperature of 70 °C, sonication power of 105 W and extraction time of 50 min). Accordingly, the yield of SDF obtained was 16.08 ± 0.18%, which was close to the predicted value (15.66%). Sonication temperature showed significant effects at p ≤ 0.01, while sonication power and extraction time showed significant effects at p ≤ 0.05 on the yield of SDF. The result on colour attributes of STP, SDF and IDF differed (L* (STP: 54.71 ± 0.72, IDF: 72.64 ± 0.21 and SDF: 54.53 ± 0.31), a* (STP: 52.35 ± 1.04, IDF: 32.85 ± 0.79 and SDF: 43.54 ± 0.03), b* (STP: 79.28 ± 0.62, IDF: 82.47 ± 0.19 and SDF: 71.33 ± 0.50), and ∆E* (STP: 79.93 ± 0.50, IDF: 74.18 ± 0.30 and SDF: 68.40 ± 0.39)). Higher values of hydration properties such as the water holding, swelling and oil holding capacities were found in SDF (7.25 ± 0.10 g g−1, 7.24 ± 0.05 mL g−1 and 1.49 ± 0.02 g g−1), followed by IDF (6.30 ± 0.02, 5.75 ± 0.07 and 1.25 ± 0.03) and STP (4.17 ± 0.04, 3.48 ± 0.06 and 0.89 ± 0.03), respectively. Based on our results, response surface methodology is recommended to be adopted to optimize the ultrasonic-assisted extraction to obtain maximum yield of SDF from sea buckthorn pomace. These results can be of practical usage while designing future functional food formulations using sea buckthorn pomace.
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1. Introduction


Sea buckthorn (Hippophae rhamnoides L.) is abundantly cultivated in various parts of the world including China, India, Russia and many parts of Northern Europe. This crop sustains hard growing conditions such as salty, sandy and dry conditions [1]. It is generally cultivated to tap the proved potentiality/usage in food and health sectors. In the growing regions, traditionally sea buckthorn berries are used to treat the common cold, cough, intestinal disorders, etc. Some of the food preparations include production of juice, jellies, jams, oil and dietary supplements, as well as use in cosmetics [2]. Sea buckthorn’s fruit, leaves and seeds are an abundant source of numerous bioactive compounds [3,4,5]. These are rich in essential nutrients and bioactive compounds. Sea buckthorn grown in India and Sweden have been reported to show the presence of sterols, polyphenolic compounds, tocopherols and carotenoids [6]. Besides, sea buckthorn fractions with low polarity have the ability to eliminate cancer cells [7]. Some of the potential therapeutic activities exerted by sea buckthorn include anti-diabetic, anti-cancer, anti-inflammatory, antimicrobial and antioxidant effects. Besides, they are effective in reducing the risk of cardiovascular diseases, stomach ulcers and skin disease [8]. Bioactive compounds extracted from sea buckthorn have been fortified in some of the bakery-based products. These products were reported to hinder the starch digestion, which is beneficial for the population with diabetes [9].



Fruits and vegetable wastes/by-products of the dependent processing industries are considered to be an underutilised resource and can be efficiently valorised to obtain value-added products [10]. With regard to sea buckthorn, after processing of the berries (to obtain juice, jam and jellies), huge amounts of processing wastes (pomace) are produced. This pomace finds usage as animal feed or is simply discarded, owed to the lack of appropriate handling or processing facilities. As a consequence, annually significant amounts of nutrients are untapped and lost [11]. The development of extraction techniques have validated the valorisation of pomace from fruits like sea buckthorn [12,13], raspberry [14,15], black chokeberry [16] and black currant [17].



Fruit processing wastes/by-products are considered to be a hidden source of bioactive compounds, including phenolics, carotenoids and dietary fibres, etc. [18]. Dietary fibres obtained from these wastes/by-products can be a potential source of functional dietary constituent, which can find potential applications in food and pharmaceutical industries as a reliable inexpensive raw material to produce value-added food products [10]. Many researchers have discovered that dietary fibre intake is linked to decreasing the risk of cardiovascular diseases [19], cancer [20], obesity [21] and diabetes [22].



On the other hand, effective application of optimization techniques like that of Response surface methodology (RSM) in the course of extraction might be alluring due to a lesser experimental trials requirement than that of a single-factor method. Moreover, RSM is capable of identifying interactions among various variables by establishing an applicable mathematical model/equation [23]. As per our knowledge, there are no studies conducted on sea buckthorn pomace to optimize the extraction yield of dietary fibres by an ultrasound-assisted extraction technique using RSM. Therefore, an attempt was made to identify/enhance the yield of dietary fibre by ultrasound-assisted extraction from sea buckthorn pomace by adopting three independent variables: sonication temperature (60–80 °C), sonication power (100–160 W) and extraction time (30–60 min). Moreover, in this study, techno-functional or hydration characteristics such as water holding capacity (WHC), swelling capacity (SWC) and oil holding capacity (OHC) were also determined. The outcome of the present study is expected to provide evidence for the valorisation of sea buckthorn pomace to obtain functional ingredients such as dietary fibre that can find potential applications while producing value-added products.




2. Materials and Methods


2.1. Material and Reagents


Sea buckthorn pomace was obtained from the Polli Horticulture Research Centre of Estonian University of Life Sciences, Viljandi County, Estonia. After removal of seeds, the sample were freeze-dried, ground and packaged in zipped airtight polythene bags. The freeze-dried powder of sea buckthorn pomace was stored at refrigeration temperature (4–7 °C) until further analysis. All reagents used in this study were of analytical grade.




2.2. Extraction of Dietary Fibre from Sea Buckthorn Pomace


The ultrasound-assisted extraction of soluble dietary fibre (SDF) from freeze-dried sea buckthorn pomace was carried out using Digital Sonifier® S450 CE attached with a 13 mm diameter disruptor horn (400 W Power, 20 kHz Frequency; Branson Ultrasonics Co., Danburry, CT, USA).



Previously reported methods of Liew et al. [24] and Wang et al. [25] were followed, with slight modification for the extraction process. Briefly, freeze-dried sea buckthorn powder was dispersed in 80 °C of 0.1 N citric acid solution, at a liquid:solid ratio of 25:1 (mL g−1), and mixed with the help of a magnetic stirrer. This mixture of extraction sample was then incubated at 80 °C for 1 h in a water bath with continuous magnetic stirring.



The glass beaker containing the extraction sample was then placed in an ultrasonic extractor chamber. Extractions were done at different sonication temperatures (60, 70 and 80 °C) for different time durations (30, 45 and 60 min) at a sonication power of 100, 130 and 160 W, respectively.



The samples were then centrifuged at 6000× g for 10 min and the supernatant was separated and precipitated with double the volume of ethanol (95%, 1:2 v/v). The sample mixture was then filtered under vacuum filtration with Whatman No. 1 filter paper. Filtrate was then separated, washed twice with 75% ethanol, freeze-dried and kept in desiccator at room temperature (25 ± 2 °C) prior to analysis.




2.3. Yield Determination


After extraction and drying process, the yield (%) of SDF was calculated as follows using Equation (1):


   Yield   of   soluble   dietary   fibre     %  =    Weight   of   extracted   fibre       Sample   weight    × 100  



(1)








2.4. RSM Design for Optimization of Extraction Yield


A three-level, three-factor RSM combined with Box–Behnken design (BBD) was used to examine the best order of variables to get the maximum yield of SDF from sea buckthorn pomace. Table 1 shows the coded levels and range of independent variables. The parameters including sonication temperature (°C), sonication power (W) and extraction time (min) were selected according to the results of single-factor experiment and were labelled as X1, X2 and X3. The yield (%) was taken as the response of the designed experiment. Table 2 lists the complete design of experiments, including 17 runs with independent variables at three variant levels.




2.5. Water Holding Capacity (WHC)


WHC of sea buckthorn pomace powder (STP) and dietary fibre samples was analysed in triplicate by adopting a previously used method by Raghavendra et al. [26]. Briefly, a known amount of the sample (1 g) was weighed into a graduated test tube. Distilled water (30 mL) was added and samples were then dehydrated at room temperature (25 ± 2 °C) for 18 h. The supernatant was then discarded by passing it through a sintered glass crucible under vacuum. The hydrated weight was noted and samples were then dried at 105 °C to obtain the residual dry weight using the following Equation (2):


   WHC    (    g   g    − 1   ) =   Wet /  hydrated   weight  −  Dry   weight   of   sample     Dry   weight   of   sample     



(2)








2.6. Swelling Capacity (SWC)


SWC of STP and dietary fibre fractions (Soluble dietary fibre, SDF and Insoluble dietary fibre, IDF) was measured by using the method of Raghavendra et al. [26]. A precisely weighed sample (2 g) taken in a test tube was mixed with distilled water (10 mL) and left overnight without disturbance. The final volume reached by samples was detected using Equation (3) given below:


   SWC         mL   g    − 1     =    Volume   occupied   by   the   hydrated   samples     Initial   sample   weight     



(3)








2.7. Oil Holding Capacity (OHC)


OHC of STP, IDF and SDF was quantified by using the previously described methods of Sangnark and Noomhorm [27] with slight modifications. In a centrifuge tube, an accurately weighed sample (5 g) was mixed with rapeseed oil (Oilio, EMB Grupp AS, Tallinn, Estonia) and left for 1 h at room temperature (25 ± 2 °C). This was followed by centrifugation at 1500× g for 10 min. The supernatant obtained after centrifugation was separated from the pellet by filtration. OHC was calculated using the following Equation (4):


   OHC    (    g   g    − 1   ) =    Pallet   weight  −  Dry   weight   of   sample     Dry   weight   of   sample     



(4)








2.8. Colour Analysis


The surface colour values of STP, IDF and SDF were measured using the X-Rite 964 spectrophotometer (RPimaging INC, Grand Rapids, MI, USA), and expressed as L* (L* = 0 (black) and L* = 100 (white)), a* (−a* = greenness and +a* = redness) and b* (−b* = blueness and +b* = yellowness) (X-Rite Model: 964). The X-Rite 964 spectrophotometer (RPimaging INC, Grand Rapids, MI, USA) was used as a standard reference in numerous studies [28,29,30] in order to evaluate the colour of various food samples as L*, a*, b* and ∆E* values. Triplicate values were taken for each set of samples and the colour difference among dietary fibre samples was calculated using the following Equation (5) [31]:


  Δ  E ∗  =   Δ  L  ∗ 2   + Δ  a  ∗ 2   + Δ  b  * 2      



(5)








2.9. Statistical Analysis


Design Expert 12 software (Stat-Ease Inc., Minneapolis, MN, USA) was used for statistical analysis to determine the obtained yield (%), while the results of hydration properties and colour analysis were statistically analysed with origin Pro 8.0 (Origin Lab, Northampton, MA, USA). Obtained results were represented as means ± SD, and the data were analysed by employing one-way analysis of variance (ANOVA), followed by LSD test.





3. Results and Discussion


3.1. Optimization of Ultrasound-Assisted Extraction of SDF


An ultrasonic-assisted extraction technique was selected to optimize the yield of SDF from sea buckthorn pomace. The number of independent variables that can generally affect the process were identified to be the extraction temperature, sonication time and amplitude, sample to solvent ratio, solvent composition, particle size of sample, vessel shape and horn size [32]. In the present study, the independent variables selected for the optimization of the extraction process included ultra-sonication temperature, amplitude/power and extraction time. RSM was used to generate a prediction model to optimize the conditions of extraction of SDF from sea buckthorn pomace. The coded values and corresponding results with predicted values and the design matrix of RSM experiments were used to evaluate the effects of the three independent variables on the yield. This is explicated in Table 2.



Further, the model summary for yield is provided in Table 3. Data obtained showed that the quadratic model was the best fit for yield of SDF based on p value of the model, lack of fit and R2 value. Previous studies described that a significant (p ≤ 0.05) p value and an insignificant (p ≥ 0.05) lack of fit with R2 value (at least 0.80) is suitable to fit into the model [33,34].



In total, 17 runs were performed to optimize each parameter in the BBD design. Besides, in order to acquire a regression equation that might predict the response (y), the dependent and independent variables were analysed. The mathematical equation describing the extraction yield (%) of SDF as a function of the test independent variables was given by following quadratic Equation (6) in terms of coded values:


  y = 16.94 − 1.89 X 1 + 0.86 X 2 − 0.46 X 3 + 0.49 X 1 X 2 + 0.12 X 1 X 3 − 0.61 X 2 X 3 − 0.61 X  1 2  − 1.03 X  2 2  − 2.13 X  3 2   



(6)







In the above equation, ‘y’ represents the yield of SDF, while X1, X2 and X3 are sonication temperature (°C), sonication power (W) and extraction time (min), respectively. A satisfactory fit of plot for experimental and actual value of SDF yield was shown in Figure 1. It was observed that the regression model was a significant model with an R2 value of 0.9373 and a non-significant lack of fit value of 0.801. The quadratic regression model indicated that R2 and adjusted R2 were 0.9726 and 0.9373, which indicated that 97.26% of the variation could be represented by the fitted model. The R2 value (0.9373) suggested that the fitted model could explain 93.73% of the variations (Table 4).



As shown in Table 4, the model F-test implied that it had a higher F-value of 27.56 with a very small p-value of p ≤ 0.0001. This indicates that the model generated was significant and could characterise the relationship between parameters well. The significance of each individual coefficient was assessed using F and p-values. In this model, the three linear terms (X1, X2 and X3) and one interaction term (X2X3) showed a significant effect on the yield of SDF. The quadratic terms X12, X22 and X32 were also important factors in the yield of SDF from sea buckthorn pomace.



The results elucidated in Table 4 clearly indicate that extraction conditions (temperature, power and time) significantly (p < 0.05) affect the yield of SDF. Previously, Chen et al. [35] reported similar results for ultrasonic-assisted extraction of dietary fibre from peels of citrus fruit. Another study conducted by Wang et al. [25] also reported the significant effects of sonication power and time on the yield of dietary fibre from corn pericarp.




3.2. Response Surface Analysis


The three-dimensional (3D) response surface plots were produced by the model (see Figure 2a–c) to show the visual effects of experimental variable levels on the response, relationship or interaction between two independent variables as well as to evaluate the optimal level of variables for optimized yield of SDF from sea buckthorn pomace. In each 3D plot surface, two variables were presented and other variables were fixed at 0 level. It is obvious from the 3D plot (Figure 2a) that sonication temperature showed a higher significant influence compared to sonication power and extraction time. The interactions between sonication temperature and extraction time, and sonication power and extraction time are elucidated in Figure 2a–c, respectively.




3.3. Optimization of Parameters and Verification of the Model


The results obtained from numerical optimization revealed that the optimized conditions were sonication temperature of 67.83 °C, sonication power of 105.52 W and extraction time of 51.18 min. Under the optimal conditions, the maximum yield of SDF predicted by the model was 15.66%. Nevertheless, considering the operability for actual extraction, the optimum conditions could be altered to a sonication temperature of 70 °C, sonication power of 105 W and extraction time of 50 min. In order to link the results of predicted yield with the results of experimental yield, triplicate extraction of SDF was carried out at modified optimum conditions. Under the modified extraction conditions, the yield (experimental) of SDF was recorded as 16.08% ± 0.18, which was close to the predicted yield of SDF. As a result, BBD design was found to be precise and a significant tool for predicting the yield of dietary fibres from sea buckthorn pomace by means of a green extraction technique such as ultrasonic-assisted extraction.




3.4. Hydration Properties and Colour Evaluation of Sea Buckthorn Pomace Dietary Fibres


Hydration characteristics including WHC, SWC and OHC of STP and dietary fibre fractions (IDF and SDF) extracted from freeze-dried sea buckthorn pomace under modified optimized conditions (sonication temperature of 70 °C, sonication power of 105 W and extraction time of 50 min) were also evaluated and the results are presented in Table 5. Hydration properties such as SWC of various dietary fibre fractions exposed its levels of ideal application for desired texture in numerous food products and use for beneficial physiological and functional characteristics [36].



All of the three samples indicated a significant (p ≤ 0.05) difference in the values of hydration characteristics. Highest values for WHC, SWC and OHC were recorded in the SDF sample [(WHC 7.25 ± 0.10 (g g−1), SWC 7.24 ± 0.05 (mL g−1) and OHC 1.49 ± 0.02 (g g−1)), followed by IDF (WHC 6.30 ± 0.02 (g g−1), SWC 5.75 ± 0.07 (mL g−1) and OHC 1.25 ± 0.03 (g g−1)), while the lowest values for hydration characteristics were found in the STP sample (WHC 4.17 ± 0.04 (g g−1), SWC 3.48 ± 0.06 (mL g−1) and OHC 0.89 ± 0.03 (g g−1)]. Earlier, Kurek et al. [37] studied the hydration properties of dietary fibres extracted from cereals and reported similar results for WHC and OHC. The results of the present research work are also in agreement with the findings of Zhu et al. [38] who studied the hydration attributes of dietary fibres extracted from buckwheat hulls. The results are also in agreement with the reports of Huang and Ma [39] who investigated the physicochemical properties water-soluble dietary fibre from sweet orange pomace and Tejada-Ortigoza [40] who studied the dietary fibre from orange peel.



While determining the acceptability of food products, colour plays a vital role. Any variations in the colour may also affect the sensory properties of the samples [36]. Light scattering and absorbance are different phenomena that can contribute to the colour of a material [41]. In sea buckthorn, carotenoids can absorb light, whereas any variation in the particle size can cause light scattering [42]. The results of colour attributes such as L*, a*, b* and ∆E* of STP and dietary fibre fractions (SDF and IDF) obtained under modified optimized conditions (sonication temperature of 70 °C, sonication power of 105 W and extraction time of 50 min) in this study are elucidated in Table 5. All of the three samples showed variations in the colouring values for L* (STP: 54.71 ± 0.72, IDF: 72.64 ± 0.21 and SDF: 54.53 ± 0.31), a* (STP: 52.35 ± 1.04, IDF: 32.85 ± 0.79 and SDF: 43.54 ± 0.03), b* (STP: 79.28 ± 0.62, IDF: 82.47 ± 0.19 and SDF: 71.33 ± 0.50) and ∆E* (STP: 79.93 ± 0.50, IDF: 74.18 ± 0.30 and SDF: 68.40 ± 0.39). ∆E* value shows the change of colour among samples, and this was a light orange/yellow colour, which might be attributed to a higher content of carotenoids in the sea buckthorn pomace. A significant (p ≤ 0.05) difference was also noticed in the colour among all three samples studied. Previously, Yan and Kerr [43] investigated the colour of vacuum-belt and freeze-dried samples of apple pomace powders, while Bendar et al. [44] assessed the colour of grape pomace skin flour. However, there are no specific studies available on the colour assessment of dietary fibres extracted from pomace of fruits.





4. Conclusions


In the present study, yield of SDF was optimized by an ultrasound-assisted extraction method by applying a three-level, three-factor RSM methodology engaged with BBD. Optimum conditions for extraction were determined based on response surface methodology. At the modified optimized variables (sonication temperature of 70 °C, sonication power of 105 W and extraction time of 50 min), by using RSM the optimal yield of SDF was 16.08%, which was much close to the predicted yield. Moreover, improved hydration properties were also recorded in the SDF sample with significant colour changes in STP and dietary fibre fractions (IDF and SDF). It is expected that the results generated from this study will be of practical help to provide evidence for effective valorisation of sea buckthorn pomace to obtain dietary fibre, which can find potential applications in producing novel, value-added products.







Author Contributions


Conceptualization, R.B.; methodology, formal analysis, S.H.; investigation, S.H. and M.S.; original draft preparation, S.H.; writing and editing, S.H. and R.B. All authors have read and agreed to the published version of the manuscript.




Funding


The theme of this research article is based on the ongoing project VALORTECH, which has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No. 810630. In addition, funding received from Mobilitas Pluss ERA-Chair support (Grant No. MOBEC006 ERA Chair for Food (By-) Products Valorisation Technologies of the Estonian University of Life Sciences) is also gratefully acknowledged.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


The lab facilities and working space provided at the Polli Horticultural Research Centre and at the Chair in Food Science and Technology, Estonian University of Life Sciences is acknowledged. In addition, the authors are thankful to Polli Horticultural Research Centre for providing sea buckthorn pomace to undertake this investigation.




Conflicts of Interest


The authors declare no conflict of interest in this article.




References


	



Guo, X.F.; Yang, B.; Cai, W.; Li, D. Effect of sea buckthorn (Hippophae rhamnoides L.) on blood lipid profiles: A systematic review and meta-analysis from 11 independent randomized controlled trials. Trends Food Sci. Technol. 2017, 61, 1–10. [Google Scholar] [CrossRef]

	



Kitrytė, V.; Povilaitis, D.; Kraujalienė, V.; Šulniūtė, V.; Pukalskas, A.; Venskutonis, P.R. Fractionation of sea buckthorn pomace and seeds into valuable components by using high pressure and enzyme-assisted extraction methods. LWT Food Sci. Technol. 2017, 85, 534–538. [Google Scholar] [CrossRef]

	



Chen, C.; Xu, X.M.; Chen, Y.; Yu, M.Y.; Wen, F.Y.; Zhang, H. Identification, quantification and antioxidant activity of acylated flavonol glycosides from sea buckthorn (Hippophae rhamnoides ssp. sinensis). Food Chem. 2013, 141, 1573–1579. [Google Scholar] [CrossRef] [PubMed]

	



Michel, T.; Destandau, E.; Le Floch, G.; Lucchesi, M.E.; Elfakir, C. Antimicrobial, antioxidant and phytochemical investigations of sea buckthorn (Hippophaë rhamnoides L.) leaf, stem, root and seed. Food Chem. 2012, 131, 754–760. [Google Scholar] [CrossRef]

	



Bal, L.M.; Meda, V.; Naik, S.N.; Satya, S. Sea buckthorn berries: A potential source of valuable nutrients for nutraceuticals and cosmoceuticals. Food Res. Int. 2011, 44, 1718–1727. [Google Scholar] [CrossRef]

	



Madawala, S.R.; Brunius, C.; Adholeya, A.; Tripathi, S.B.; Hanhineva, K.; Hajazimi, E.; Shi, L.; Dimberg, L.; Landberg, R. Impact of location on composition of selected phytochemicals in wild sea buckthorn (Hippophae rhamnoides). J. Food Compos. Anal. 2018, 72, 115–121. [Google Scholar] [CrossRef]

	



Marciniak, B.; Kontek, R.; Żuchowski, J.; Stochmal, A. Novel bioactive properties of low-polarity fractions from sea-buckthorn extracts (Elaeagnus rhamnoides (L.) A. Nelson)–(in vitro). Biomed. Pharmacother. 2021, 135, 111141. [Google Scholar] [CrossRef]

	



Xu, Y.J.; Kaur, M.; Dhillon, R.S.; Tappia, P.S.; Dhalla, N.S. Health benefits of sea buckthorn for the prevention of cardiovascular diseases. J. Funct. Foods 2011, 3, 2–12. [Google Scholar] [CrossRef]

	



Gani, A.; Jan, R.; Ashwar, B.A.; Ashraf-ul, Z.; Shah, A.; Gani, A. Encapsulation of saffron and sea buckthorn bioactives: Its utilization for development of low glycemic baked product for growing diabetic population of the world. LWT Food Sci. Technol. 2021, 142, 111035. [Google Scholar] [CrossRef]

	



Hussain, S.; Jõudu, I.; Bhat, R. Dietary Fibre from Underutilized Plant Resources—A Positive Approach for Valorisation of Fruit and Vegetable Wastes. Sustainability 2020, 12, 5401. [Google Scholar] [CrossRef]

	



Galanakis, C.M. Recovery of high added-value components from food wastes: Conventional, emerging technologies and commercialized applications. Trends Food Sci. Technol. 2012, 26, 68–87. [Google Scholar] [CrossRef]

	



Górnaś, P.; Pugajeva, I.; Segliņa, D. Seeds recovered from by-products of selected fruit processing as a rich source of tocochromanols: RP-HPLC/FLD and RP-UPLC-ESI/MSn study. Eur. Food Res. Technol. 2014, 239, 519–524. [Google Scholar] [CrossRef]

	



Górnaś, P.; Soliven, A.; Segliņa, D. Seed oils recovered from industrial fruit by-products are a rich source of tocopherols and tocotrienols: Rapid separation of α/β/γ/δ homologues by RP-HPLC/FLD. Euro. J. Lipid Sci. Technol. 2015, 117, 773–777. [Google Scholar] [CrossRef]

	



Bobinaitė, R.; Viskelis, P.; Bobinas, Č.; Mieželienė, A.; Alenčikienė, G.; Venskutonis, P.R. Raspberry marc extracts increase antioxidative potential, ellagic acid, ellagitannin and anthocyanin concentrations in fruit purees. LWT Food Sci. Technol. 2016, 66, 460–467. [Google Scholar] [CrossRef]

	



Kryževičiūtė, N.; Kraujalis, P.; Venskutonis, P.R. Optimization of high pressure extraction processes for the separation of raspberry pomace into lipophilic and hydrophilic fractions. J. Supercrit. Fluids 2016, 108, 61–68. [Google Scholar] [CrossRef]

	



Grunovaitė, L.; Pukalskienė, M.; Pukalskas, A.; Venskutonis, P.R. Fractionation of black chokeberry pomace into functional ingredients using high pressure extraction methods and evaluation of their antioxidant capacity and chemical composition. J. Funct. Foods 2016, 24, 85–96. [Google Scholar] [CrossRef]

	



Kapasakalidis, P.G.; Rastall, R.A.; Gordon, M.H. Effect of a cellulase treatment on extraction of antioxidant phenols from black currant (Ribes nigrum L.) pomace. J. Agric. Food Chem. 2009, 57, 4342–4351. [Google Scholar] [CrossRef]

	



Sagar, N.A.; Pareek, S.; Sharma, S.; Yahia, E.M.; Lobo, M.G. Fruit and vegetable waste: Bioactive compounds, their extraction, and possible utilization. Compr. Rev. Food Sci. Food Saft. 2018, 17, 512–531. [Google Scholar] [CrossRef]

	



Streppel, M.T.; Ocké, M.C.; Boshuizen, H.C.; Kok, F.J.; Kromhout, D. Dietary fibre intake in relation to coronary heart disease and all-cause mortality over 40 y: The Zutphen Study. Am. J. Clin. Nutr. 2008, 88, 1119–1125. [Google Scholar] [CrossRef]

	



Park, Y.; Brinton, L.A.; Subar, A.F.; Hollenbeck, A.; Schatzkin, A. Dietary fibre intake and risk of breast cancer in postmenopausal women: The National Institutes of Health– AARP Diet and Health Study. Am. J. Clin. Nutr. 2009, 90, 664–671. [Google Scholar] [CrossRef]

	



Han, S.; Jiao, J.; Zhang, W.; Xu, J.; Wan, Z.; Zhang, W.; Gao, X.; Qin, L. Dietary fibre prevents obesity-related liver lipotoxicity by modulating sterol-regulatory element binding protein pathway in C57BL/6J mice fed a high-fat/cholesterol diet. Sci. Rep. 2015, 5, 15256. [Google Scholar] [CrossRef] [PubMed]

	



Meyer, K.A.; Kushi, L.H.; Jacobs Jr, D.R.; Slavin, J.; Sellers, T.A.; Folsom, A.R. Carbohydrates, dietary fibre, and incident type 2 diabetes in older women. Am. J. Clin. Nutr. 2000, 71, 921–930. [Google Scholar] [CrossRef] [PubMed]

	



Maran, J.P.; Priya, B. Ultrasound-assisted extraction of polysaccharide from Nephelium lappaceum L. fruit peel. Int. J. Biol. Macromol. 2014, 70, 530–536. [Google Scholar] [CrossRef] [PubMed]

	



Liew, S.Q.; Chin, N.L.; Yusof, Y.A.; Sowndhararajan, K. Comparison of acidic and enzymatic pectin extraction from passion fruit peels and its gel properties. J. Food Process Eng. 2016, 39, 501–511. [Google Scholar] [CrossRef]

	



Wang, A.; Wu, L.; Li, X. Optimization of ultrasonic-assisted preparation of dietary fibre from corn pericarp using response surface methodology. J. Sci. Food Agric. 2013, 93, 2922–2926. [Google Scholar] [CrossRef]

	



Raghavendra, S.N.; Rastogi, N.K.; Raghavarao, K.S.M.S.; Tharanathan, R.N. Dietary fibre from coconut residue: Effects of different treatments and particle size on the hydration properties. Euro. Food Res. Technol. 2004, 218, 563–567. [Google Scholar] [CrossRef]

	



Sangnark, A.; Noomhorm, A. Effect of particle sizes on functional properties of dietary fibre prepared from sugarcane bagasse. Food Chem. 2003, 80, 221–229. [Google Scholar] [CrossRef]

	



Sharma, M.; Bhat, R. Extraction of Carotenoids from Pumpkin Peel and Pulp: Comparison between Innovative Green Extraction Technologies (Ultrasonic and Microwave-Assisted Extractions Using Corn Oil). Foods 2021, 10, 787. [Google Scholar] [CrossRef]

	



Zhang, X.; Cavender, G.A.; Lewandowski, K.R.; Cox, G.O.; Paton, C.M. Sensory Analysis of a Processed Food Intended for Vitamin A Supplementation. Foods 2020, 9, 232. [Google Scholar] [CrossRef]

	



Segura, L.I.; Salvadori, V.O.; Goñi, S.M. Characterisation of liquid food colour from digital images. Int. J. Food Prop. 2017, 20, S467–S477. [Google Scholar] [CrossRef]

	



Pauli, H. Proposed extension of the CIE recommendation on Uniform colour spaces, colour difference equations, and metric colour terms. J. Opt. Soc. Am. 1976, 66, 866–867. [Google Scholar] [CrossRef]

	



Pingret, D.; Fabiano-Tixier, A.S.; Chemat, F. Ultrasound-assisted extraction ‘in’ Natural product extraction: Principles and applications. R. Soc. Chem. Camb. 2013, 21, 89–112. [Google Scholar]

	



Zaibunnisa, A.H.; Norasikin, S.; Mamot, S.; Osman, H. An experimental design approach for the extraction of volatile compounds from turmeric leaves (Curcuma domestica) using pressurized liquid extraction (PLE). J. Food Sci. Technol. 2009, 42, 233–238. [Google Scholar]

	



Zzaman, W.; Bhat, R.; Yang, T.A. Application of response surface methodology to optimize roasting conditions in Cocoa Beans subjected to superheated steam treatments in relevance to antioxidant compounds and activities. Dry. Technol. 2014, 32, 1104–1111. [Google Scholar] [CrossRef]

	



Chen, K.; Yan, W.; Zhang, X.; Tang, X.; Han, X.; Li, J. Ultrasound-assisted extraction of dietary fibre from Citrus Changshan-huyou peels. J. Chem. Pharmaceut. Res. 2014, 6, 312–318. [Google Scholar]

	



Hussain, S.; Li, J.; Jin, W.; Yan, S.; Wang, Q. Effect of micronisation on dietary fibre content and hydration properties of lotus node powder fractions. Int. J. Food Sci. Technol. 2018, 53, 590–598. [Google Scholar] [CrossRef]

	



Kurek, M.A.; Karp, S.; Wyrwisz, J.; Niu, Y. Physicochemical properties of dietary fibres extracted from gluten-free sources: Quinoa (Chenopodium quinoa), amaranth (Amaranthus caudatus) and millet (Panicum miliaceum). Food Hydrocoll. 2018, 85, 321–330. [Google Scholar] [CrossRef]

	



Zhu, F.; Du, B.; Li, R.; Li, J. Effect of micronization technology on physicochemical and antioxidant properties of dietary fibre from buckwheat hulls. Biocatal. Agric. Biotechnol. 2014, 3, 30–34. [Google Scholar] [CrossRef]

	



Huang, Y.L.; Ma, Y.S. The effect of extrusion processing on the physiochemical properties of extruded orange pomace. Food Chem. 2016, 192, 363–369. [Google Scholar] [CrossRef]

	



Tejada-Ortigoza, V.; Garcia-Amezquita, L.E.; Serna-Saldívar, S.O.; Martín-Belloso, O.; Welti-Chanes, J. High hydrostatic pressure and mild heat treatments for the modification of orange peel dietary fibre: Effects on hygroscopic properties and functionality. Food Bioproc. Techol. 2018, 11, 110–121. [Google Scholar] [CrossRef]

	



Hutchings, J.B. Food Colour Mechanisms. In Food Colour and Appearance, 2nd ed.; Hutchings, J.B., Ed.; Aspen Publishers, Inc.: Gaithersburg, MD, USA, 1999; pp. 453–592. [Google Scholar]

	



Aaby, K.; Martinsen, B.K.; Borge, G.I.; Røen, D. Bioactive compounds and colour of sea buckthorn (Hippophae rhamnoides L.) purees as affected by heat treatment and high-pressure homogenization. Int. J. Food Prop. 2020, 23, 651–664. [Google Scholar] [CrossRef]

	



Yan, H.; Kerr, W.L. Total phenolics content, anthocyanins, and dietary fibre content of apple pomace powders produced by vacuum-belt drying. J. Sci. Food Agric. 2013, 93, 1499–1504. [Google Scholar] [CrossRef]

	



Bender, A.B.; Speroni, C.S.; Salvador, P.R.; Loureiro, B.B.; Lovatto, N.M.; Goulart, F.R.; Lovatto, M.T.; Miranda, M.Z.; Silva, L.P.; Penna, N.G. Grape pomace skins and the effects of its inclusion in the technological properties of muffins. J. Culin. Sci. Technol. 2017, 15, 143–157. [Google Scholar] [CrossRef]








[image: Foods 10 01330 g001 550] 





Figure 1. Correlation of actual and predicted yield of soluble dietary fibre (%). Blue colour indicates the lowest, while red colour shows the highest actual and predicted yields (%) of soluble dietary fibre. 






Figure 1. Correlation of actual and predicted yield of soluble dietary fibre (%). Blue colour indicates the lowest, while red colour shows the highest actual and predicted yields (%) of soluble dietary fibre.



[image: Foods 10 01330 g001]







[image: Foods 10 01330 g002 550] 





Figure 2. Three-dimensional response surface plots (a) showing the effects of ultrasonic temperature and power, (b) showing the effects of ultrasonic temperature and time and (c) showing the effect of ultrasonic power and time on soluble dietary fibre yield. Blue colour indicates the lowest, while red colour shows the highest yields (%) of soluble dietary fibre. 
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Table 1. Independent variable values with their corresponding levels used in the process.
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Independent Variables

	
Symbol

	
Levels




	
Un-Coded

	
Coded

	
−1

	
0

	
1






	
Ultrasonic temperature (°C)

	
X1

	
X1

	
60

	
70

	
80




	
Ultrasonic power (W)

	
X2

	
X2

	
100

	
130

	
160




	
Ultrasonic time (min)

	
X3

	
X3

	
30

	
45

	
60
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Table 2. Box–BehnkeBox–Behnken Design (BBD) design with observed responses and predicted values for the yield of soluble dietary fibre from sea buckthorn pomace.
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Coded Variable Levels

	
Yield of Soluble Dietary Fibre (%)




	
Run

	
X1

	
X2

	
X3

	
Actual Yield

	
Predicted Yield






	
1

	
−1 (60)

	
0 (130)

	
1 (60)

	
15.62

	
15.51




	
2

	
0 (70)

	
−1 (100)

	
−1 (30)

	
12.96

	
12.76




	
3

	
0 (70)

	
1 (160)

	
−1 (30)

	
15.52

	
15.71




	
4

	
−1 (60)

	
0 (130)

	
−1 (30)

	
16.76

	
16.66




	
5

	
0 (70)

	
0 (130)

	
0 (45)

	
16.40

	
16.94




	
6

	
−1 (60)

	
−1 (100)

	
0 (45)

	
16.52

	
16.81




	
7

	
0 (70)

	
0 (130)

	
0 (45)

	
16.96

	
16.94




	
8

	
1 (80)

	
0 (130)

	
−1 (30)

	
12.54

	
12.65




	
9

	
0 (70)

	
0 (130)

	
0 (45)

	
17.82

	
16.94




	
10

	
0 (70)

	
0 (130)

	
0 (45)

	
16.34

	
16.94




	
11

	
0 (70)

	
1 (160)

	
1 (60)

	
13.38

	
13.58




	
12

	
0 (70)

	
−1 (100)

	
1 (60)

	
13.26

	
13.07




	
13

	
1 (80)

	
−1 (100)

	
0 (45)

	
11.96

	
12.05




	
14

	
0 (70)

	
0 (130)

	
0 (45)

	
17.18

	
16.94




	
15

	
−1 (60)

	
1 (160)

	
0 (45)

	
17.64

	
17.55




	
16

	
1 (80)

	
0 (130)

	
1 (60)

	
11.88

	
11.98




	
17

	
1 (80)

	
1 (160)

	
0 (45)

	
15.05

	
14.76
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Table 3. Model summary of yield.
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	Response
	Source
	Sum of Squares
	df
	Mean Square
	F-Value
	Model p-Value
	Lack of Fit
	R2





	
	Mean
	3909.16
	1
	3909.16
	
	
	
	



	Yield (%)
	Linear
	36.13
	3
	12.04
	4.96
	0.0165 *
	0.0244 *
	0.4259



	
	2FI
	2.52
	3
	0.8387
	0.2885
	0.8328
	0.0146 *
	0.3131



	
	Quadratic
	27.22
	3
	9.07
	34.16
	0.0001 **
	0.80
	0.9373







Significant at * p < 0.05. Significant at ** p < 0.01.
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Table 4. One-way Analysis of variance (ANOVA) of model for the yield of soluble dietary fibre from sea buckthorn pomace.
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	Source
	Sum of Squares
	df
	Mean Square
	F-Value
	p-Value





	Model
	65.86
	9
	7.32
	27.56
	0.0001 **



	A
	28.54
	1
	28.54
	107.47
	<0.0001 **



	B
	5.93
	1
	5.93
	22.35
	0.0021 **



	C
	1.66
	1
	1.66
	6.24
	0.0411 *



	AB
	0.9702
	1
	0.9702
	3.65
	0.0975



	AC
	0.0576
	1
	0.0576
	0.2169
	0.6555



	BC
	1.49
	1
	1.49
	5.61
	0.0498 *



	A2
	1.59
	1
	1.59
	5.97
	0.0445 *



	B2
	4.5
	1
	4.5
	16.94
	0.0045 **



	C2
	19.04
	1
	19.04
	71.68
	<0.0001 **



	Residual
	1.86
	7
	0.2655
	
	



	Lack of Fit
	0.3748
	3
	0.1249
	0.3368
	0.801



	Pure Error
	1.48
	4
	0.371
	
	



	Cor Total
	67.72
	16
	
	
	



	C.V%
	3.4
	
	
	
	



	R2
	0.9726
	
	
	
	



	Adjusted R2
	0.9373
	
	
	
	







Significant at * p < 0.05. Significant at ** p < 0.01.













[image: Table] 





Table 5. Hydration properties and colour evaluation of dietary fractions of sea buckthorn pomace.
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Sample

	
Hydration Properties

	
Colour Measurement




	
WHC (g g−1)

	
SWC (mL g−1)

	
OHC (g g−1)

	
L*

	
a*

	
b*

	
∆E*






	
STP

	
4.17 ± 0.04 c

	
3.48 ± 0.06 c

	
0.89 ± 0.03 c

	
54.71 ± 0.72 b

	
52.35 ± 1.04 a

	
79.28 ± 0.62 b

	
79.93 ± 0.50 a




	
IDF

	
6.30 ± 0.02 b

	
5.75 ± 0.07 b

	
1.25 ± 0.03 b

	
72.64 ± 0.21 a

	
32.85 ± 0.79 c

	
82.47 ± 0.19 a

	
74.18 ± 0.30 b




	
SDF

	
7.25 ± 0.10 a

	
7.24 ± 0.05 a

	
1.49 ± 0.02 a

	
54.53 ± 0.31 b

	
43.54 ± 0.03 b

	
71.33 ± 0.50 c

	
68.40 ± 0.39 c








WHC—water-holding capacity; SWC—swelling capacity; OHC—oil-holding capacity; STP—sea buckthorn pomace powder; IDF—insoluble dietary fibre; SDF—soluble dietary fibre; L*—colour brightness; a*—colour in the range from green to red; b*—colour from blue to yellow; ∆E* —total colour difference between samples. The values are presented as mean ± SD (n = 3). Mean values were compared by employing LSD test. The values followed by different superscript letters (a–c) within the same column are significantly different (p ≤ 0.05) from each other.
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