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Abstract

:

The consumption of plant-based dairy alternatives has increased rapidly around the world as a result of numerous positive health effects. Little information is available about the potential use of watermelon seed milk in the manufacture of yoghurt. The present study was undertaken to investigate the remedial action of yoghurt enriched with watermelon seed milk in renal injured hyperuricemic rats. A new yoghurt, substituting cow’s milk with different proportions of watermelon seed milk was prepared, followed by evaluation of its acceptability and functionality. Four different types of yoghurt were prepared from cow’s milk containing 3% fat, with different proportions of blended watermelon seed milk (0.0, 25, 50 and 75%). Sensorial traits, i.e., appearance, flavor, body and texture, and overall acceptability demonstrated that the blended treatment (50% cow’s milk and 50% watermelon seed milk.) was the most acceptable. This blend was then tested as an anti-hyperuricemia agent in rats. In this respect, twenty-four male albino rats were assigned into four groups (n = 6). The first group was solely administered a standard diet, and served as the negative control. The other rats (n = 18) received a basal diet including 20 g/kg dietary potassium oxonate in order to induce hyperuricemia. The hyperuricemic rats were then divided into three groups; the first group did not receive any treatment and served as the positive control, while the second and third groups were administered 10% cow’s milk yoghurt and 10% watermelon seed milk yoghurt, respectively. Interestingly, the results showed that the hyperuricemic group receiving a diet supplemented with 10% watermelon seed milk yoghurt was not significantly different from the negative control in the measured biological parameters, and saw a significant improvement in renal function compared to the positive control. The biologically favorable action of watermelon seed milk yoghurt could be attributed to its potential promotion of antioxidant status via enhancement of the activities of superoxide dismutase, catalase, and glutathione transferase. Collectively, this study concluded that watermelon seed milk can be used in yoghurt manufacturing in proportions of up to 50%, and may improve kidney function as an anti-hyperuricemic agent.
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1. Introduction


Hyperuricemia is considered one of the most common metabolic diseases all over the world. Being associated with elevated blood levels of uric acid [1,2], it may lead to health problems such as gout (accumulation of uric acid crystals in the bones of the joints and toes), kidney stones, and kidney failure [3]. Uric acid is the end product of metabolized purine, generally synthesized within all body cells. Externally, food containing nitrogen compounds are a significant outsource of purines, potentially promoting the accumulation of uric acid in tissues and probably forming crystals. These crystals may lead to tissue damage and severe inflammation known as articular cartilage ulceration osteophytes and erosive lesions [4,5]. The reduction of uric acid levels in hyperuricemic rats may occur via the synergistic effect of both xanthine oxidase inhibition and uricosuric activities [6].



It is important to state that inflammation occurs as a result of excessive production of reactive oxygen species (ROS), which leads to tissue injury. Interestingly, the antioxidant activity of polyphenols depends on their functional groups. Plant-based dairy alternatives contain bioactive compounds, phenolic compounds, unsaturated fatty acids and dietary fiber, making them an excellent choice for people with chronic diseases. Taking this into account, the antioxidant activity of polyphenol depends on their functional groups; the number of hydroxyl groups greatly influences metal ion chelation ability and scavenging of radicals, confirming the hypothesis that the antioxidant activity of polyphenols is related to their capacity to scavenge a wide range of ROS [7]. As a result of the multiple health benefits of nutritional plants and their potential clinical applications, the pharmaceutical and nutritional sciences have witnessed a flourishing of scientific literature related to the potential use of these plants as novel medicinal remedies thanks to the presence of pharmacologically active compounds [8,9]. The use of fruit waste (e.g., fruit or vegetable peels) as functional food ingredients has recently gained growing scientific and technological interest due to their significant levels of dietary fiber, bioactive compounds and natural bio-antioxidants as possible substitutes of synthetic antioxidants [7,10,11,12]. Moreover, food waste is available in ample amounts as a byproducts of the manufacture of agricultural commodities [13]. Plant seed proteins generally have many biological activities in their native and chemically modified forms, including antibacterial, antifungal and antiviral actions [14,15,16,17,18,19], and their use in food systems may increase nutritional and biological added value. Watermelon seeds (Citrullus lanatus) are a valuable non-conventional food waste stuff with reportedly valuable antimicrobial, antihypertensive, antioxidative, anticancer and cardio-protective effects. These byproducts of watermelon consumption remain underutilized despite the fact that they show good functional and nutritional properties due to their high content of several nutrients, supporting their use as a dietary supplement or a food additive [20]. Additionally, melon seeds are rich in essential amino acids such as arginine, methionine, tryptophan, vitamins, such as B1, B2 and minerals such as calcium, magnesium, potassium, iron, zinc, sulfur, and phosphorous [21,22]. They contain moderate quantities of minerals and proteins in addition to a high content of lycopene, which has considerable nutritional and health benefits [23]. Watermelon seed oil contains 28.10% total saturated fatty acids (SFA) against 71.9% unsaturated fatty acids, which in turn comprises 14.50% total monounsaturated fatty acids (MUSFA) and 57.40% polyunsaturated fatty acids (PUSFA). Linoleic acid (C18:2) is the predominant fatty acid in watermelon seed oil, and represents 56.90% of the total fatty acids [24]. Increasing polyunsaturated fatty acids reduces oxidative stress and blood cholesterol levels, and prevents coronary heart disease [25]. These nutritional sources can be incorporated into popular food systems, e.g., yoghurt. Yoghurt is considered the most popular fermented dairy product consumed worldwide [26]. It is obtained by fermenting milk with lactic acid bacteria, and is preferred by consumers due to its effective health-improving and immune-boosting effects [27]. Reviewing the available literature, little is known about the potential benefits of adding watermelon seeds to the yoghurt manufacturing process. The present study aimed to investigate the impact on the manufacturing process and on the functional properties of yoghurt of replacing different proportions of cow’s milk with a vegetable milk manufactured from watermelon seeds. Furthermore, the yoghurt manufactured with a high proportion of the vegetable milk was tested for its potential biological action in Albino rats to assess possible use as a functional food in the treatment of hyperuricemia.




2. Materials and Methods


2.1. Materials and Reagents


Watermelon seeds were obtained from a local market at Zagazig, Egypt. The study employed fresh standardized cow’s milk (3% fat) obtained from the Dairy Technology Unit, Food Science Department, Faculty Agriculture, Zagazig University (Egypt). Yoghurt cultures containing Streptococcus salivarius subsp. thermophilus EMCC104 and Lactobacillus delbruekii subsp. bulgaricus EMCC1102 were obtained from the Microbiological Resources Center (MIRCEN), Faculty of Agriculture, Ain Shams University, Egypt. Gallic acid, potassium oxonate and 1,1-diphenyl-2-picrylhydrazyl (DPPH) were purchased from Sigma (St. Louis, MO, USA). The kits utilized for the biochemical analyses were purchased from Gamma Trade Company, Cairo Egypt. The basal pellet diet consisting of 10% protein, 15% casein, 5% cellulose, 10% fat, and 65% corn starch was obtained from the central animal house of the National Research Center, Dokki, Giza, Egypt. Salt and vitamin mixtures were added at a 4% and 1% ratio, respectively, following AOAC [28]. Water was available ad libitum. Male adult albino rats of the Sprague Dawely strain with a weight of 120 ± 10 g were obtained from the Agricultural Reached Center, Giza, Egypt.




2.2. Preparation of Watermelon Seed Milk (WMS-Milk)


WMS-milk was prepared according to the procedures of Chakrabarti and Gangopadhyay [29]. Seeds (100 gm) were cleaned, dehulled, and soaked in water containing 1% sodium hydroxide at a 1:4 w/v ratio overnight at room temperature. The soaked seeds were blanched in boiling water for 15 min and recovered from the water, then combining with 400 mL water and blended in a grinder. The resulting emulsion was filtered through a double-layer muslin cloth and boiled for 5 min with constant stirring.




2.3. Determination of Xanthine Oxidase Inhibitory Activity


The xanthine oxidase (XO) inhibitory effect of watermelon seed powder was spectrophotometrically assessed at 290 nm as per Yumita et al. [30] and Sunarni et al. [31], with minor modifications. Formation of uric acid was measured at 295 nm using the UV spectrometer; then, the activity of Xanthine oxidase was determined. The assay mixture contained 300 μL of phosphate buffer (pH 7.5), 100 μL of sample extracts (concentration range 50, 100, 150 and 200 μg/mL) prepared in 1% DMSO, 100 μL XO enzyme solution (0.2 units/mL in phosphate buffer, pH 7.5 at 25 °C), and 100 μL of distilled water. All instances of the solution were freshly prepared. After 15 min of pre-incubation at 37 °C, the reaction was started by adding 200 μL of xanthine substrate solution (0.15 mM) to the mixture. The mixture was incubated at 37 °C for 30 min. before the reaction was stopped by addition of 200 μL of 0.5 M hydrochloric acid. Absorbance was taken at 295 nm, and the xanthine oxidase activity of the assayed samples was expressed as percentage inhibition of XO. Allopurinol was used as a positive control and a blank was prepared in the same way. The inhibition percentage was calculated using the following formula:


% XO inhibition = (1 − β/α) × 100 (3)








where α is XO activity without extract and β is XO activity with extract; the results were expressed in μg/mL. Based on the value inhibition percentage at various concentrations, the IC50 values were determined.




2.4. Determination of Total Phenolic Compounds (TPC)


The total phenolic content (TPC) of the extract of WMS was determined by Folin–Ciocalteu assay using Gallic acid as the standard according to Kaur and Kapoor [32], with minor modifications. Briefly, 100 μL of different concentrations of a test sample was mixed with 1 mL of diluted FC reagent (1:10). After 10 min, 1 mL of 7.5% (w/v) sodium carbonate solution was added to the mixture and incubated in the dark for 90 min. The absorbance was recorded at 725 nm. The phenolic content was calculated from the calibration curve and expressed as gallic acid equivalents (µ GAE/100 g y).




2.5. Determination of Radical Scavenging Activity (RSA)


The method developed by Brand-Williams et al. [33] was used for the measurement of DPPH radical scavenging activity. The absorbance of DPPH purple-colored solution at 517 nm was measured using a spectrophotometer (Thermo Scientific, Wilmington, NC, USA). The scavenging activity was calculated by the following formula:


Scavenging activity (%) = 1 − (Abs sample − Abs blank)/Abs control × 100












2.6. HPLC Identification of Phenolic Acids


HPLC analysis was performed using an Agilent 1200 chromatograph (Agilent, Santa Clara, CA, USA), and chromatographic separations were performed on a LUNA C18 column (5 μm × 250 mm × 4.6 mm, Phenomenex, Torrance, CA, USA). The composition of solvents and gradient elution conditions as described by Mariod et al. [34].




2.7. Yoghurt Manufacture


Yoghurt samples were prepared from standardized cow’s milk (3% fat) as replaced by 0.0, 25, 50, and 75% of WMS-milk and coded as C, T1, T2, and T3, respectively. All milk samples were heated at 85 °C for 10 min and then cooled to 42 ± 1 °C before adding the yoghurt starter culture at a rate of 3%, then incubated at 42 ± 1 °C until obtaining uniform coagulation according to the methods described by Tamime and Robinson [35], with minor modifications. The developed yoghurts were cooled overnight at 5 ± 1 °C and evaluated by the following analyses.




2.8. Methods of Analysis


The total solids, fats, and proteins, crude fiber, ash content, and titratable acidity of the yoghurt samples were analyzed based on the methods of the Association of Official Analytical Chemists [28]. The changes in pH in the yoghurt samples during storage were measured using a laboratory pH meter with a glass electrode (HANNA, Instrument, Portugal).




2.9. Sensory Evaluation


The sensory properties of yoghurt samples were assessed by ten panelists from the Dairy Science Department, Faculty of Agriculture, Zagazig University, for evaluation of color and appearance, flavor, body and texture, consistency, and overall acceptability (nine points in all) as described by Nelson and Trout (1981) [36]. All of the trained panelists were experts in food technology and were subjected to two training sessions in order to study and discuss the various tested sensory descriptors, including the changes in color and appearance, flavor, body and texture, consistency, and overall acceptability of the yoghurt samples. The panelists were instructed to wash their mouths with low sodium spring water (Dasani water) during the sensory evaluation session, and they were encouraged to write down any criticisms on the tested products. Plain and treated yoghurt samples were presented in plastic cups coded with three-digit random codes. Each cup contained 100 mL of yoghurt samples freshly removed from the refrigerator. The sensory evaluation of the different descriptors relied on the pre-selected descriptors: color and appearance (wheying-off, white color, reddish color), consistency (ropy, uniform coagulum), body and texture (absence of curd homogeneity, lumps, bubbles), taste and flavor (sweetness, acidity, bitterness), and overall acceptability (the sum of all the character results). The sensory evaluation was conducted using a comparative test with fresh yoghurt as a reference sample. The data were collected in specially designed ballots.




2.10. The Biological Assay


This study was conducted with the approval of the Faculty of Agriculture, Zagazig, University and the institutional Review Board Number ZU-IACU/3/F/172/2021. After acclimation on a basal diet for seven days, Albino rats were classified into two main sections, with the first (n = 6) receiving only the standard diet and serving as the normal control group while the second (hyperuricemic rats, n = 18) received a basal diet containing 20 g/kg diet potassium oxonate in order to induce hyperuricemia following the protocol described by Mazzali et al. [37]. The Hyperuricemic rats were further allocated into three groups. The first did not receive any treatment and served as the hyperuricemic positive control. The second and third received 10% cow’s milk yoghurt and 10% WMS milk yoghurt (yoghurt manufactured from a blend of 50% cow’s milk and 50% WMS milk), respectively. The serum uric acid level was measured at the start of the experiment and after six weeks of taking potassium oxonate in order to confirm the occurrence of hyperuricemia.




2.11. Blood Sampling and Biochemical Analyses


At the end of the experimental period (five weeks), all rats were fasted overnight before sacrificing. Blood samples were collected from the hepatic portal vein into sterile plain tubes without anticoagulant and allowed to clot. Blood was left in a centrifuge tube at room temperature for 15 min before centrifugation at 2850× g (4000 rpm) for 10 min to recover sera in plastic vials; these were stored at −20 °C for analysis. Kidneys were separated and homogenized in super-cold 0.1 M phosphate buffer at pH 8.0 (1:4 w/v) using a homogenizer. The resulting homogenate was then centrifuged at 2850× g (4000 rpm) for 15 min and the supernatants were collected in order to estimate antioxidants enzyme activities.




2.12. Biochemical Analysis


Kidney function parameters including creatinine, urea, and uric acid were determined according to Bonsens and Taussky [38], Patton and Crouch [39], and Fossati et al., [40], respectively. Total protein, albumin, and globulin were determined as described by Young [41]. Superoxide dismutase (SOD), glutathione peroxidase (GPXs), glutathione transferase (GST), and catalase (CAT) were estimated using the method of Schumann and Klauke [42].




2.13. Histopathological Examination


Five rats from each group were sacrificed from each group six weeks post-feeding on different treatments. The kidneys and livers of the sacrificed animals were isolated and examined macroscopically, then fixed in 10% neutral formalin and embedded in paraffin. Sections with a thickness of five microns were prepared, stained by hematoxylin and eosin as mentioned by Suvarna et al. [43], then examined microscopically.




2.14. Statistical Analysis


Data were were expressed as mean ± SD and compared among treatment groups using one-way analysis of variance (ANOVA) followed by the least significant difference (LSD) test. Statistics version 9 (http://www.statistix.com/freetrial.html; accessed on 5 December 2021) was used for analysis of the data [44]. The differences between the means of the treatments were considered significant when LSD was greater than 5%. Each treatment included three replicates.





3. Results and Discussion


Hyperuricemia is considered one of the most common metabolic diseases worldwide. This study investigated the remedial action of yoghurt enriched with WMS milk on renal injured hyperuricemic rats. In this respect, yoghurt manufacture with blended milk (50% cow’s milk and 50% WMS milk) was tested as an anti-hyperuricemic agent in rats.



3.1. Proximate Composition of Cow’s Milk and Watermelon Seed Milk


Table 1 presents the approximate chemical composition of the vegetable milk derived from watermelon seeds (WMS milk) compared to the cow’s milk. WMS milk has a relatively slightly lower protein content (2.96% versus 3.12% in cow’s milk), while a higher lipid content (8.8%) was observed in WMS milk than in cow’s milk (3.68%). The vegetable milk is characterized by the unique presence of fibers and much higher levels of total phenolic (mg GAE/100 g) and DPPH inhibition % activity than cow’s milk, i.e., 1240 mg GAE/100 g and 52.6% for WMS milk compared to 3.9 mg GAE/100 g and 4.8% for cow milk, respectively. These results are in line with those reported by Bisla et al. [45], who found that the moisture, protein, fat and ash contents of WMS milk were 81.33, 2.80, 8.50 and 0.88 g/100 g, respectively. The low content of total phenolic compounds in cow’s milk was in accordance with Vázquez et al. [46], who reported a level of 49.00 mg GAE/L, while the high phenol content in WMS milk agrees with the results of Tabiri et al. [21], who mentioned that the phenol content ranged from 1494 to 5416 mg GAE/100 g. The WMS milk exhibited 53% Xanthine oxidase (XO) % inhibition activity, versus only 1.4% for cow’s milk. These results are in line with those reported by Hameed et al. [6].




3.2. Identification of Phenolic Acids


The typical chromatographic profile of phenolic compounds extracted from watermelon seeds using the HPLC method is shown in in the Supplementary Materials (Figure S1). Seven phenolic compounds, namely, gallic acid, 4-hydroxy benzoic, sinapic acid, caffeic acid, syringic acid, vanilic acid, p-coumaric acid and ferrulic acid were identified by comparing their UV–vis spectra and HPLC retention times with those of authentic standards analyzed under identical conditions. The results in Table 2 show the phenolic compound content in watermelon seed extract. As shown in this table, the phenolic compounds in WMSE range from 3.765 ± 0.46 to 138.410 ± 9.82 μg/100 g, and the predominant compound in WMSE is sinapic acid (138.410 ± 9.82 μg/100 g). Similar results were obtained by Fadimu et al. [47], who indicated that the methanolic extract of watermelon seeds had high content of sinapic acid and other phenolic compounds.




3.3. Chemical Composition of Yoghurt Made from Cow’s Milk and Watermelon Seed Milk


As depicted in Table 3, the control yoghurt recorded the lowest relative content of total solids (TS), ash, and fiber and had the highest protein content compared to WMS milk yoghurt. On the other hand, the TS, ash and fiber contents of yoghurt made from cow’s milk with partial replacement with WMS milk gradually increased (p ≤ 0.05) as a function of the replacement ratio, which could be attributed to the higher contents in the original WMS milk. These result agree with Bisla et al. [45], who found that partial replacement of cow’s milk with WMS milk increased the TS, ash and fiber content in the resultant ice cream. Ismail et al. [48] stated that partial replacement of cow’s milk with soy milk affects the chemical composition of resultant yoghurt.




3.4. Physicochemical Properties of WMS Milk Yoghurt


The data in Table 4 indicate that the control yoghurt’s titratable acidity (TA) level recorded the highest value. Replacing cow’s milk with WMS milk resulted in a significant (p ≤ 0.05) decrease in titratable acidity in a concentration-dependent manner. This reduction in titratable acidity may be due to antimicrobial activity associated with vegetable seed protein [14,16,49,50], which might inhibit starter activity and acid production [51,52]. In line with these findings, the pH values of all treatments showed a reverse trend to TA, expressing the level of alkalinity. Similar results were obtained by Uzuner et al. [53], who found that partial replacement of cow’s milk with rice milk decreased the TA values of the resultant yoghurt. The total phenolic content (TPC) of yoghurt supplemented with WMS milk significantly (p ≤ 0.05) increased when increasing the replacement ratio compared to control yoghurt (Table 4). For example, the TPC of the yoghurt manufactured from cow’s milk replaced with 25, 50, and 75% WMS milk was 7, 14, and 20 times that of the control cow milk yoghurt, respectively. These relatively higher TPC levels are attributed to the high total phenolic content of watermelon seeds [54]. As a result, the respective radical scavenging activity (RSA) of the WMS milk-manufactured yoghurt was 5, 6, and 7 times that of the cow’s milk yoghurt when the substitution level was 25, 50, and 75%. These results are in line with those reported by Atwaa et al. [55], who reported increases in total phenolic content and radical scavenging activity when fermented camel’s milk was fortified with oat milk.




3.5. Sensory Properties of Watermelon Seed Milk Yoghurt


The data presented in Table 5 show that the partial replacement of cow’s milk with WMS milk significantly (p ≤ 0.05) decreased the sensory attributes of the resultant yoghurt, especially its flavor and its body and texture, when compared with the control yoghurt; this decrement was proportional to the replacement ratios. However, all treatments gave acceptable sensory properties except when exceeding the ratio of WMS milk substitution up to 75% (T3). These results agree with those reported by Ismail et al. [48], who found that partial replacement of cow or buffalo milk with soy milk significantly decreased the sensory attributes of the resultant yoghurt. The deterioration in the sensorial properties when replacing cow’s milk with WMS milk might be attributed to the hypothesis that people are already used to the traditional yoghurt taste, and any change may negatively affect the sensorial score. However, by increasing consumer awareness of the health and nutritional aspects, this might influence consumption behavior to be based on the nutritional and health facts rather than mere sensorial attributes. Clearly, new versions of yoghurt with excellent health and nutritional characteristics may gradually convince the consumers to develop their eating preferences. The facts presented in this article may contribute to this trend.




3.6. Effects of WMS Milk Yoghurt on Renal Function and Serum Proteins


Table 6 illustrates the effects of feeding hyperuricemic rats a diet including yoghurt prepared from cow’s milk partially substituted with WMS milk on the levels of urea, creatinine, uric acid, total protein (TP), albumin, and globulin. The hyperuricemic control group (the positive control) showed significantly (p ≤ 0.05) higher uric acid, urea, and creatinine levels than the normal rat group (negative control) or other treated groups. The lowest mean values of urea, uric acid, and creatinine (34.72 ± 2.54, 3.44 ± 0.42 and 0.72 ± 0.02 mg/dL) were recorded by the negative control (group 1), while the maximum levels (70.30 ± 5.32, 8.96 ± 1.04 and 1.84 ± 0.04 mg/dL, respectively) were recorded with the positive control (group 2). As depicted in our present findings, administering of cow’s milk yoghurt and WMS milk yoghurt to the hyperuricemic rats induced a significant reduction in the markers of renal function compared to the positive control (hyperuricemic rats). Hyperuricemic rats exhibited significantly (p ≤ 0.05) reduced total serum protein (TP), albumin, and globulin levels compared to the normal rats (negative control). Administertion of cow’s milk yoghurt and WMS milk yoghurt to the hyperuricemic rats resulted in a significant (p ≤ 0.05) increase in these serum protein levels which was close to those of the normal rats. The group receiving WMS milk yoghurt showed only a small significant (p < 0.05) difference from the normal rats (negative control). This conspicuous change may be partially due to the richness of watermelon seeds in enzymatic activities, being considered a diuretic and beneficial agent in chronic or acute eczema [45]. Furthermore, watermelon seeds contain many bioactive components such as phenolic compounds, flavonoids, minerals, and vitamins [54] that may indirectly reduce uric acid levels and therefore keep the kidney safe from the damage potentially caused by oxidative stress. These bioactive components act as superoxide scavengers, resulting in the suppression of reactive oxygen species (ROS) and uric acid formation [56].



It is noteworthy to state that WMS milk may exert anti-hyperuricemic action in potassium oxonate-induced hyperuricemic rats. The underlying mechanisms of this action might be through the inhibition of xanthine oxidase activity and uricosuric activity, enhancing uric acid excretion in urine, which is supported by the natural action of watermelon seeds as antioxidants [21]. Natural antioxidants can reduce uric acid in the blood through direct uricosuric potential or through enhancing the glomerular filtration rate. Moreover, as a potent antioxidant, WMS milk can diminish oxidative stress and inflammation in cells, thereby reducing the synthesis and ultimately the blood level of uric acid [57,58]. Another probable mechanism is that any material can reduce uric acid in the blood by inhibiting the activity of the xanthine oxide enzyme, which reduces uric acid production. WMS milk inhibits on xanthine oxidase activity t a level about 38 times that of cow’s milk (Table 1). This distinguished action is probably due to the high content of bioactive constituents such as polyphenols in watermelon seed, which have been reported to have good inhibitory activity against xanthine oxidase [59]. Using WMS milk as vegetable milk at the expense of animal milk may protect against chronic kidney disease (CKD) [60]. Chiu et al. [61], studied the relationship between the cumulative impact of plant-based nutrition and serum uric acid level and found that vegetarians showed a lower mean uric acid serum concentration than non-vegetarians. Animal protein intake is significantly associated with a higher risk of developing CKD; therefore, substitution of red meat with plant protein may decrease the risk of CKD. In this respect, a higher intake of plant protein was significantly associated with a lower risk of prevalent CKD, as a 20 g increase in plant protein intake reduced the risk of developing CKD by 16% [62]. Taking this into account, purine-rich foods of meat origin are related to the risk of gout much more than plant proteins [63,64]. The current data align with previous reports [65,66] that watermelon seeds function as anti-hyperuricemic agents.




3.7. Effect of WMS Milk Yoghurt on Antioxidant Enzymatic Activities in Kidney of Hyperuricemia Rats


The data presented in Table 7 show that the hyperuricemic rats had significantly (p ≤ 0.05) lower values of SOD, CAT, GPXs, and GST than the normal rats. However, hyperuricemia in rat groups treated with cow’s milk yoghurt and WMS milk yoghurt showed significant (p ≤ 0.05) increases in SOD, GPXs, GST, and CAT activities compared with the hyperuricemic control. Watermelon seeds have bioactive components such as phenolic compounds, flavonoids, minerals, and vitamins which improve their biological functions [67]. Therefore, oxidative stress in body tissues can be removed by balancing antioxidants and free radicals. The rats treated with WMS milk yoghurt showed an increase in the activity of these enzymes, demonstrating their practical ability to prevent the harmful effects of free radicals; it should be stressed that caffeic acid is amongst the main antioxidant components of watermelon seeds [47]. These results are in harmony with previous studies elsewhere [68,69] which found that rats’ feed-induced oxidative stress was reversed by feeding on watermelon seeds which exhibited increased SOD, GPXs, GST, and CAT.




3.8. Kidney Histopathological Examination


The histopathological examination of kidneys in normal rats (negative control group) showed normal appearance of renal tubules and glomeruli, as depicted in Figure 1A. Figure 1B shows the renal tissue of the positive control rats (hyperuricemic group) throughout the experiment period, which showed venous fibrosis with increased hemorrhage and increased cellular space in the cortical region (the positive control group). On the other hand, while the histopathological examination of hyperuricemic rat kidneys treated with normal yoghurt showed restoration the corticomedullary junction structures there was still mild capillary congestion (arrows) and increased intertubuler cellularity (Figure 1C). The histopathological examination of hyperuricemic rat kidneys treated with WMS milk (50%) yogurt showed a significant improvement in the renal tubules and an increase in the cellular structure, as shown in Figure 1D. Reviewing the available literature, Ghalehkandi et al. [70] reported that hyperuricemic rats exhibited congestion or inflammatory cellular infiltration degeneration of kidney and altered kidney vessels vacillations due to toxin accumulation. It seems that the richness of watermelon seeds in antioxidants and dietary fiber can lower the level of free radicals. Several previous studies have reported the beneficial effects of these bioactive components and their role in prevention of ethanol-induced hepatotoxicity [71,72]. Additionally, watermelon seeds contain cucurbocitrin, which might play an important role in depressing of blood pressure and improving kidney function [47].




3.9. Liver Histopathological Examination


The histopathological examination of the liver in normal rats (negative control group) showed the normal appearance of hepatocytes, presented in Figure 2A. Liver of the positive control rats (hyperuricemic: second group) showed an accumulation of hepatocytes with the spread of several infections in the central vein area (Figure 2B). The histopathological examination of the liver in hyperuricemic rats treated with normal yoghurt showed restorion of the normal hepatic cords, with marked diplocytes and sinusoids and mild active kupffer cells beside a slightly dilated and congested center vein (Figure 2C). On the other hand, the livers of hyperuricemic rats treated with WMS milk (50%) yogurt showed a significant improvement in hepatocytes, with the appearance of mild infiltration and edema in the inflammatory cells of the central vein combined with the appearance of kupffer cells and a decrease in necrosis and fatty changes (Figure 2D). The high content of antioxidants and dietary fiber in watermelon seeds may help to reduce the level of free radicals [47]. Furthermore, watermelon seeds have been reported to improve liver function based on their high level of bioactive components [73].





4. Conclusions


Given the above information, watermelon seed milk could be considered a new vegetable milk which may have good health protective effects due to its high antioxidant components and plant protein nature. This vegetable milk can replace animal milk in some vital food products such as yoghurt. Substitution of cow’s milk with WMS milk at a ratio up to 50% during the manufacture of yoghurt slightly affected the total sensorial preference of the product, while adding numerous health benefits based on its high content of the total phenolic compounds (410 mg/100 g). WMS milk (50%) yoghurt proved to confer effective protection against hyperuricemia in Albino rats. The bioactive components of WMS milk were able to prevent hyperuricemia by lowering the concentrations of parameters relevant to kidney dysfunction and severe injury of kidney tissues, as confirmed by rat histopathological examination. Clearly, WMS milk can be recommended as a partial substitute for cow’s milk (up to 50%) in the manufacture of functional yoghurts.








Supplementary Materials


The following supporting information can be downloaded at https://www.mdpi.com/article/10.3390/fermentation8020041/s1, Figure S1: The chromatogram of watermelon seed extract phenolics. Peak numbers: (2) gallic acid; (3) vanillic acid; (4) p-coumaric acid; (5) caffeic acid; (6) 4-hydroxy benzoic; (7) sinapic acid; (8) Syringic acid.
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Figure 1. Photomicrographs of different H&E-stained kidney sections of different groups. (A) Negative control group showing apparently normal renal tubules (arrows) and glomeruli (stars); (B) positive control (hyperuricemic rats) showing necrotic glomerular tufts (star), thickening basement membrane (heads) and periglomerular fibrous bands (arrow), associated with interstitial hemorrhages (open star); (C) hyperuricemic rats treated with normal yoghurt (C) showing restoration of the corticomedullary junction structures other than mildly congested capillaries (arrows) and increased intertubuler cellularity (star); (D) hyperuricemic rats treated with WMS milk (50%) yogurt showing apparently normal renal structures except for lobulated glomerular tufts (star), partial thickening of basement membrane (heads), and periglomerular-extravasated erythrocytes (arrows). Hematoxylin and eosin stain, Magnification × 400. 
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Figure 2. Photomicrographs of different H&E-stained liver sections of different groups. (A) Negative control (A) showing normal hepatic parenchymal structures of the central vein (star), hepatic cords (circle) and sinusoids (arrows) containing kupffer cells; (B) positive control (hyperuricemic rats) showing engorged portal vein by blood and lymphocytosis (star) surrounded by edema (open star) and inflammatory cell aggregations (circle); (C) hyperuricemic rats treated with normal yoghurt showing restoration of the normal hepatic cords with marked * diplocytes (arrows) and sinusoids, mild active kupffer cells, and a slightly dilated and congested center vein; (D) Hyperuricemic rats treated with WMS milk (50%) yogurt showing apparently normal hepatic portal trades (circle) including vein, artery and bile duct, with slight congestion and inflammatory cells still present (thick arrow) as well as mild kupffer cell hyperplasia (small arrows). Hematoxylin and eosin stain, Magnification × 400. 






Figure 2. Photomicrographs of different H&E-stained liver sections of different groups. (A) Negative control (A) showing normal hepatic parenchymal structures of the central vein (star), hepatic cords (circle) and sinusoids (arrows) containing kupffer cells; (B) positive control (hyperuricemic rats) showing engorged portal vein by blood and lymphocytosis (star) surrounded by edema (open star) and inflammatory cell aggregations (circle); (C) hyperuricemic rats treated with normal yoghurt showing restoration of the normal hepatic cords with marked * diplocytes (arrows) and sinusoids, mild active kupffer cells, and a slightly dilated and congested center vein; (D) Hyperuricemic rats treated with WMS milk (50%) yogurt showing apparently normal hepatic portal trades (circle) including vein, artery and bile duct, with slight congestion and inflammatory cells still present (thick arrow) as well as mild kupffer cell hyperplasia (small arrows). Hematoxylin and eosin stain, Magnification × 400.
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Table 1. Approximate chemical composition, total phenol, % DPPH inhibition and xanthine oxidase inhibitory activity % of cow’s milk and WMS milk *.
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	Components (%)
	Cow’s Milk
	WMS Milk





	Moisture
	88.22 ± 0.2
	80.40 ± 0.5



	Protein
	3.68 ± 0.04
	2.96 ± 0. 03



	Fat
	3.12 ± 0.16
	8.80 ± 0.22



	Ash
	0.80 ± 0.01
	0.92 ± 0.03



	Fiber
	----
	4.20 ± 0.18



	Total Phenol (mg GAE/100 g)
	3.90 ± 0.1
	1240 ± 8.24



	% DPPH Inhibition
	4.80 ± 0.48
	52.60 ± 4.2



	Xanthine oxidase inhibitory activity%
	1.40 ± 0.06
	53.0 ± 2.22







* Watermelon seeds milk.
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Table 2. Chromatographic quantification of phenolic acids in watermelon seed extract.
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	Phenolic

Compounds
	Amount (μg/100 g)





	Gallic acid
	3.765 ± 0.46



	4-hydroxy benzoic
	52.84 ± 3.22



	Sinapic acid
	138.41 ± 9.82



	Caffeic acid
	26.33 ± 1.36



	Syringic acid
	15.11 ± 0.94



	Vanilic acid
	28.42 ± 1.02



	p-coumaric acid
	28.52 ± 1.14



	Ferrulic acid
	74.12 ± 4.18
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Table 3. Chemical composition (%) of different yoghurts prepared from cow’s milk substituted with different ratios of WMS milk at the first day of storage.
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Constituent (%)

	
Milk Type

	
LSD




	
C

	
T1

	
T2

	
T3






	
Total solids

	
13.54 ± 0.14 D

	
15.30 ± 0.12 C

	
17.13 ± 0.08 B

	
19.08 ± 0.10 A

	
0.0440




	
Protein

	
4.20 ± 0.48 A

	
4.06 ± 0.40 A

	
3.74 ± 0.52 A

	
3.38 ± 0.50 A

	
1.2786




	
Fat

	
3.31 ± 0.60 D

	
4.53 ± 0.55 C

	
5.72 ± 0.46 B

	
6.90 ± 0.34 A

	
0.1070




	
Ash

	
0.90 ± 0.04 C

	
0.94 ± 0.06 B,C

	
1.00 ± 0.10 A,B

	
1.05 ± 0.05 A

	
0.0718




	
Fiber

	
---

	
1.02 ± 0.01 C

	
2.05 ± 0.12 B

	
3.11 ± 0.08 A

	
0.0915








Means followed by different small letters in the same row are significantly different (p ≤ 0.05). Experiments were performed in triplicate with the following triplicate analysis of each yogurt. LSD: Least significant difference. C: yoghurt made from cow milk as a control, T1: yoghurt made from cow milk with partially replacement with 25% watermelon seeds milk, T2: yoghurt made from cow milk with partially replacement with 50% watermelon seeds milk, T3: yoghurt made from cow milk with partially replacement with 75% watermelon seeds milk.
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Table 4. Titratable acidity, pH values, total phenolic content (TPC) and radical scavenging activity (RSA) of different yoghurt prepared from cow’s milk substituted with different ratios of WMS milk at the first day of storage.
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Constituent

	
Milk Type *

	
LSD




	
C

	
T1

	
T2

	
T3






	
Acidity %

	
0.77 ± 0.05 A

	
0.71 ± 0.04 A,B

	
0.67 ± 0.06 B,C

	
0.62 ± 0.02 C

	
0.0648




	
pH value

	
4.72 ± 0.02 C

	
4.78 ± 0.01 B,C

	
4.82 ± 0.02 A,B

	
4.87 ± 0.03 A

	
0.0691




	
TPC (mg/100 g)

	
30.38 ± 1.66 D

	
212.31 ± 8.1 C

	
410.21 ± 14.20 B

	
604.49 ± 15.0 A

	
0.6925




	
RSA %

	
8.56 ± 0.32 D

	
43.90 ± 1.04 C

	
54.20 ± 1.72 B

	
58.76 ± 1.18 A

	
0.9318








Means followed by different small letters in the same row are significantly different (p ≤ 0.05). Experiments were performed in triplicate with the following triplicate analysis of each yogurt. LSD: Least significant difference. * Refer to Table 3 for details.
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Table 5. Sensory properties of different yoghurts prepared from cow’s milk substituted with different ratios of WMS milk at the first day of storage.






Table 5. Sensory properties of different yoghurts prepared from cow’s milk substituted with different ratios of WMS milk at the first day of storage.





	
Items

	
Milk Type *

	
LSD




	
C

	
T1

	
T2

	
T3






	
Appearance

	
6.54 ± 0.58 A

	
6.04 ± 0.55 A,B

	
5.82 ± 0.71 B

	
4.40 ± 0.77 C

	
0.5664




	
Color

	
6.02 ± 0.74 B

	
6.25 ± 0.48 A,B

	
6.48 ± 0.46 A

	
5.14 ± 0.62 B

	
0.3364




	
Texture

	
6.82 ± 0.46 A

	
6.24 ± 0.72 B

	
6.02 ± 0.50 C

	
5.12 ± 0.68 D

	
0.2013




	
Flavor

	
6.74 ± 0.50 A

	
6.32 ± 0.44 B

	
6.08 ± 0.54 C

	
4.48 ± 0.70 D

	
0.1925




	
Mouth feel

	
6.22 ± 0.44 A

	
5.94 ± 0.58 A,B

	
5.52 ± 0.72 B

	
4.30 ± 0.76 C

	
0.4486




	
Sourness

	
5.92 ± 0.60 A

	
5.40 ± 0.52 A,B

	
4.88 ± 0.74 B

	
3.32 ± 0.82 C

	
0.6143




	
After taste

	
6.18 ± 0.72 A

	
5.64 ± 0.48 B

	
4.76 ± 0.68 C

	
3.20 ± 0.78 D

	
0.2309




	
Total preference

	
6.34 ± 0.33 A

	
5.97 ± 0.42 B

	
5.65 ± 0.66 C

	
4.28 ± 0.82 D

	
0.1186








Means followed by different small letters in the same row are significantly different (p ≤ 0.05). Experiments were performed in triplicate with the following triplicate analysis of each yogurt. LSD: Least significant difference. * Refer to Table 3 for details.
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Table 6. Urea, creatinine, uric acid, total protein (TP), albumin, and globulin in hyperuricemia rats receiving watermelon seed milk yoghurt (WMS-milk yoghurt) compared to rats fed on cow’s milk yoghurt.






Table 6. Urea, creatinine, uric acid, total protein (TP), albumin, and globulin in hyperuricemia rats receiving watermelon seed milk yoghurt (WMS-milk yoghurt) compared to rats fed on cow’s milk yoghurt.





	
Parameters

mg/dL

	
Groups *

	
LSD




	
Normal Control

	
Hyperuricemic Control

	
Cow’s Milk Yoghurt

	
WMS Milk Yoghurt






	
Urea

	
34.72 ± 2.54 D

	
70.30 ± 5.32 A

	
49.64 ± 4.12 B

	
39.28 ± 2.02 C

	
0.0566




	
Uric acid

	
3.44 ± 0.42 B

	
8.96 ± 1.04 A

	
6.80 ± 0.58 A

	
3.62 ± 0.22 B

	
2.4330




	
Creatinine

	
0.72 ± 0.02 D

	
1.84 ± 0.04 A

	
0.90 ± 0.02 B

	
0.78 ± 0.03 C

	
0.0566




	
Total protein

	
8.68 ± 0.38 A

	
5.14 ± 0.14 D

	
7.74 ± 0.52 C

	
8.05 ± 0.40 B

	
0.0653




	
Albumin

	
3.96 ± 0.18 B

	
2.88 ± 0.08 D

	
3.68 ± 0.22 C

	
4.1 ± 0.16 A

	
0.0566




	
Globulin

	
4.35 ± 0.15 A

	
2.40 ± 0.18 D

	
3.96 ± 0.14 C

	
4.15 ± 0.12 B

	
0.0618








* Refer to materials and methods for details. Means followed by different small letters in the same row are significantly different (p ≤ 0.05). Experiments were performed in triplicate with the following triplicate analysis of each group. LSD: Least significant difference.
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Table 7. The levels of the antioxidant enzymes SOD, GPX, GST and CAT in the kidney of hyperuricemic rats receiving watermelon seed milk yoghurt compared to rats receiving cow’s milk yoghurt.






Table 7. The levels of the antioxidant enzymes SOD, GPX, GST and CAT in the kidney of hyperuricemic rats receiving watermelon seed milk yoghurt compared to rats receiving cow’s milk yoghurt.





	
Enzyme Activity

(u/mg)

	
Groups *

	
LSD




	
Normal Control

	
Hyperuricemic Control

	
Cow’s Milk Yoghurt

	
WMS Milk Yoghurt






	
SOD

	
95.18 ± 4.84 A

	
42.66 ± 3.04 D

	
68.32 ± 6.44 C

	
90.45 ± 5.22 B

	
0.0566




	
CAT

	
5.50 ± 0.18 A

	
1.10 ± 0.03 D

	
2.26 ± 0.12 C

	
5.17 ± 0.18 B

	
0.1131




	
GPX

	
96.22 ± 4.12 A

	
32.55 ± 1.64 D

	
86.51 ± 3.42 C

	
92.69 ± 3.20 B

	
0.0231




	
GST

	
4.98 ± 0.22 A

	
2.36 ± 0.28 D

	
3.62 ± 0.19 C

	
4.02 ± 0.14 B

	
0.0566








Means followed by different small letters in the same row are significantly different (p ≤ 0.05). Experiments were performed in triplicate with the following triplicate analysis of each group. LSD: Least significant difference. * Refer to materials and methods for details.
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