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			Quality enhancement of stirred yoghurt by adding fucoxanthin

			We investigated the effects of fucoxanthin isolated from the edible macroalga Dilophys fasciola on pathogenic microbes and probiotics in vitro and the antioxidant activity of fucoxanthin. The yield concentration of the obtained crude was 50.5% fucoxanthin. We found strong inhibition against Gram-positive Staphylococcus aureus and Listeria monocytogenes, and lower inhibition against Gram-negative bacteria and fungi. The probiotic strains progressed between 1.2 and 1.67 log cycles at a concentration of 30 µg/mL. The antioxidant activity ranged between 54.76% and 88.36% at a concentration of 40 µg/mL. The 50% lethal dose of algal fucoxanthin was shown to be more than 2511.88 mg/kg. The production of stirred yoghurt incorporated with 20 mg and 30 mg of fucoxanthin per kilogram of milk was evaluated through chemical, microbiological, and sensory analyses during storage for 21 days and compared with control samples. The maximum growth for probiotics (Bifidobacterium bifidum and Lacticaseibacillus casei) was found on day 14, but more viability counts were detected in the treatment with 30 mg/kg. All treatments were free from mould and yeast counts up to 7 days, and the small numbers of mould, yeast, and psychrotrophic counts appeared first in control samples. Also, the highest dry matter content was observed for treatments with 30 mg/kg. Moreover, the protein, fat, and ash content of all treatments increased with a progressive cold storage period. Greater reductions in the pH were found in treatments than in the control, and were consistent with the development of acidity. During storage, the amount of crude fucoxanthin had no significant impact on the flavour, colour, or appearance scores.

			Significance: 

			•Fucoxanthin is a type of carotenoid that offers many benefits to human health.

			•The fucoxanthin of edible Dilophys fasciola had a strong antimicrobial effect against Gram-positive bacteria, Gram-negative bacteria, and fungi. 

			•Stirred yoghurt fortified with crude fucoxanthin had good overall acceptability and the percentage of crude fucoxanthin had no noticeable effects on the flavour, colour, or appearance. Fucoxanthin, therefore, has potential benefit as a food additive.
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			Introduction

			A molecule produced by an organism is simply a natural product that can be classified as either a primary or secondary metabolite. Secondary metabolites are not directly responsible for the growth and reproduction of the organism and are produced from metabolic pathways that play an important role in drug discovery.1 Due to their unconventional growth requirements, algae have generated a great deal of curiosity. Seaweed (macroalgae) is a general term for a type of plant found in the sea. Seaweeds today fall into three main classes: Chlorophyta, Phaeophyta, and Rhodophyta. Fucoxanthin constitutes an important natural pigment derived from brown seaweed and is one of the major marine xanthophylls which are produced in large quantities only after exposure of the algae to a specific environment.2 Fucoxanthin is one of the four major carotenoids that are found along with violaxanthin, lutein, and neoxanthin. It accounts for more than 10% of the total carotenoids. Carotene is mostly found in the chloroplasts of brown seaweed but can sometimes be isolated in relatively larger amounts in diatoms.3

			The bioactive potential of fucoxanthin and the benefits from its use as a powerful nutrient have been consistently reported.4 The biological activity of the compound has been investigated, in connection with its combined and standalone use, in the treatment of specific conditions such as cancer and obesity.4 The remarkable biological activities are attributed to fucoxanthin’s distinct structure, which differs from that of most common carotenoids such as carotene and astaxanthin.5 The powerful biological activities of fucoxanthin include antioxidant, anti-inflammatory, anti-cancer, anti-obesity, anti-diabetic, anti-angiogenic, anti-malarial effects, and its protective power on the liver, blood vessels of the brain, bones, skin, and eyes as well.6 The formulations of brown seaweed have been developed by health supplement companies as raw substances in the form of gels, capsules, and patches.7 The emphasis could be on maximising commercial sources of fucoxanthin raw materials from established reservoirs. In view of these properties, fucoxanthin has a probable application in numerous industrial areas such as food, cosmetics, and pharmaceutical areas.8 As a result, using algae to improve fermented products like yoghurt or cheese represents an excellent opportunity to launch a new category of highly nutritional and healthy food products that combine a high number of lactic acid bacteria with rich quantitative and qualitative profiles of natural bioactive metabolites.9 

			Yoghurt is a generally accepted fermented dairy product that provides a sufficient level of proteins, carbohydrates, calcium, and B vitamins. Yoghurt (stirred yoghurt) is produced by two lactic acid strains: Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus, which are responsible for the fermentation.10 The addition of different types of probiotic strains (Bifidobacterium and lactobacilli) during yoghurt production can be attractive and beneficial to consumers, as some probiotic strains are able to increase the therapeutic value of yoghurt.11 So, prebiotic substances or other nutritional materials can enhance the growth of probiotic strains to reach the human colon in a sufficient amount to provide a beneficial effect. 

			Given this context, in the present work, we aimed to extract the fucoxanthin from brown algae common to Egypt (Dilophys fasciola) and to evaluate the antioxidant and antimicrobial activities of the crude fucoxanthin. A second aim was to add crude fucoxanthin to stirred yoghurt as a supplement and then evaluate its impact on probiotic growth, the chemical and sensory properties of the stirred yoghurt, and the ability to prolong the shelf life of its storage to 21 days.
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			Materials and methods

			Materials

			Collection of marine algal material

			The seaweed was collected from the Marsa Matrouh governorate during April 2020. Algae were identified as Egyptian isolates Dilophys fasciola. The sample was thoroughly washed to remove sand, debris, and epiphytes and then washed several times with both tap and distilled water. Finally, samples were spread in a dark room at room temperature for drying.

			Microbial strains and culture media

			The antimicrobial assay of crude fucoxanthin was investigated against Gram-positive bacteria (Staphylococcus aureus ATCC 6538 and Listeria monocytogenes ATCC 5980), Gram-negative bacteria (Escherichia coli ATCC 8739, Salmonella typhimirum ATCC 14028, Pseudomonas aeruginosa ATCC 27853), and fungi (Aspergillus niger ATCC 10404 and Aspergillus flavus  ATCC  9643). The bacteria were grown in tryptone soy broth at 35 °C for 24 h; whereas the fungi were grown using potato dextrose broth at 30 °C for 72 h. All tested strains were serially diluted to inoculate 0.5 McFarland (approximate cell density of 107 CFU/mL).

			The starter cultures of yoghurt and probiotic strains – notably Streptococcus thermophilus CH-1, Lactobacillus bulgaricus Lb-12 DRI-VAC, Lactobacillus acidophilus CH-2, Lactobacillus gasserii B-14168, Lacticaseibacillus paracasei NRRL B-4564, Lacticaseibacillus casei B-1922, Lacticaseibacillus rhamnosus NRRL B-442, Lactiplantibacillus plantarum B-4496, Bifidobacterium bifidum NRRL B-41410 and Bifidobacterium lactis BB12 – were activated individually. Streptococci were incubated in M17 broth at 37 °C for 24 h aerobically, Lactobacilli sp. in MRS broth at 37 °C for 48 h anaerobically, and Bifidobacterium sp. in Reinforced Clostridial Agar (Oxoid) with 0.03 g/L aniline blue12,13 These strains were activated before being used to study the influence of crude fucoxanthin extract on their viability in order to select some of them for the production of functional stirred yoghurt.
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			Methods

			Sample preparation

			Initially, the dried seaweed was ground by mixer without generating heat to convert it to a powder and then stored at -18 °C in the dark for further experiments.

			Extraction of fucoxanthin 

			Extraction and purification of fucoxanthin were done according to the method by Haugen et al.14 with little modification. Dried and ground brown seaweed was extracted by cold acetone-methanol (7:3 v/v) in a 1-L flask.15 The algae with solvent were homogenised on ice for 10–15 min, and then the mixtures were filtered through a filter paper. The extraction steps were repeated at least three times. The solvent extracts were collected and left at room temperature, under nitrogen, and in the dark until the extract became colourless. The extract was dried at 30–35 °C on a rotary evaporator, and the residue was dissolved in methanol. The methanol of residue was partitioned in a separation funnel between n-hexane and 90% (v/v) aqueous methanol three times until the hexane phase had been eliminated. Fucoxanthin from the aqueous phase was moved to diethyl ether. The diethyl ether phase was evaporated to dryness on a rotary evaporator. 

			Spectrophotometric assay of pigment

			Fucoxanthin concentration was determined by spectrophotometer according to Wang et al.16 Chlorophyll a and b and carotenoids were assayed according to Yang et al.17
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			Antioxidant activity of crude fucoxanthin from Dilophys fasciola

			In-vitro DPPH free radical-scavenging assay

			The ability of crude fucoxanthin extracted from Dilophys fasciola to scavenge DPPH was examined. The determination of free radicals was done according to Ye et al.18 Different concentrations of samples were added to 3 mL of ethanolic DPPH solution (0.1 mM). After incubation for 30 min in the dark, the absorbance was measured at 517 nm. The percentage of scavenged DPPH was calculated using Equation 1: 

			%Scavenged = [1 – (A sample – A blank/A control)] x 100	Equation 1

			In-vitro total antioxidant capacity assay

			A volume of 1 mL of crude fucoxanthin from Dilophys fasciola and standard ascorbic acid (10–40 µg/mL) were mixed with 3 mL of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium molybdate). Tubes were incubated at 95 °C for 90 min. After cooling, the absorbance of each sample was measured at 695 nm.19

			In-vitro hydrogen peroxide scavenging assay

			The antioxidant effect of crude fucoxanthin on hydrogen peroxide was determined according to Gulcin et al.20 Phosphate buffered saline (0.1 M, pH 7.4) was used to prepare hydrogen peroxide solution (10 mM). Volumes of 1 mL of different crude fucoxanthin concentrations (10–40 µg/ mL) were mixed with 2 mL of hydrogen peroxide solution. The mixtures were incubated for 10 min at 37 °C, after which the absorbance was measured by a UV spectrophotometer at 230 nm against a blank (without hydrogen peroxide). The scavenging percentage of hydrogen peroxide was calculated using Equation 2: 

			%Scavenged = ((A0-A1) / A0) x 100, 	Equation 2

			Where A is the absorbance of the tested samples and A0 is the absorbance of the control.
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			Antimicrobial activity of crude fucoxanthin from Dilophys fasciola 

			The antimicrobial activities of crude fucoxanthin were determined by conventional agar diffusion according to El-Sayed and El-Sayed21. The Mueller–Hinton agar medium (oxide) was poured into sterile petri plates and allowed to set. After that, 20 µL of different microbial suspensions (0.5 McFarland) were spread on the agar surface with a sterile swab. The wells were punched into the agar media (6 mm). The crude fucoxanthin was diluted by dimethyl sulfoxide solution (DMSO) to the concentrations of 10, 15, 20, 25 and 30 µg/mL, and the wells were filled with 100 µL of different crude fucoxanthin concentrations. The antimicrobial activity was identified after incubating the plates at 37 °C for 24 h for bacterial strains and at 30 °C for 72 h for fungal strains. For the positive control, gentamycin (100 ug/mL) was used for bacteria while clotrimazole (100 μg/mL) was used for fungi. The appearance of a clear microbial free inhibition zone around each well was then measured iZetres.

			The influence of crude fucoxanthin on probiotics and starter culture viability

			The effect of dye concentrations on the viability of lactic acid strains was evaluated according to the method of El-Sayed and El-Sayed22. Different concentrations of fucoxanthin from 15 µg/mL to 30 µg/mL were added to 10 mL of sterilised media broth (M17 for streptococci, MRS for lactobacilli and Reinforced Clostridial Agar with 0.03 g/L aniline blue for Bifidobacterium) individually, likewise, using media broth only as the controls. Each test tube was inoculated with ~ x106 CFU of a different test strain and was incubated at 37 °C for 24 h. The counts of the strains were evaluated using the pour plate method with selective agar media and they were then incubated at 37 °C for 48 h. The counts were expressed as log CFU/mL. All the media used in this study were provided by Oxoid Ltd., an agency in England.

			Determination of LD50 value by graphical method 

			The LD50 value of the extract was determined using the graphical method according to Miller and Tainter23. To determine the LD50 value, Wister albino rats (24 rats) of the same mass were divided into four groups (n=6). Each group was housed separately. Animal groups were orally administered the extract at different doses (1000, 1500, 2000, and 2500 mg/kg). The number of dead animals was recorded after 24 h. The percentages of death were corrected using the formulae: correction formula for 0% dead group = 100(0.25/n), and correction formula for 100% dead group = 100(n0.25/n), where ‘n’ represents the number of animals in the group. After correction, the percentages were converted into probits and the values were plotted against log dose. The LD50 value was determined by finding the dose that was intersected by probit 5.24
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			Production of stirred yoghurt fortified with crude fucoxanthin

			Fresh cow’s milk was heated at 80±1 °C for 15 min, then cooled and adjusted to 42 °C according to El-Sayed et al.25 The milk was inoculated with starting cultures (L. bulgaricus and S. thermophilus) with ratio 1:1%, (w/w) and probiotic strains of B. bifidum and L. casei with ratio 1:1% (w/w). The inoculated milk was then divided into three portions; the first was saved as the control, the second was complemented with 20 mg crude fucoxanthin per kilogram of milk, and the third was complemented with 30 mg crude fucoxanthin per kilogram of milk. All portions were incubated at 42 °C for 2–4 h until coagulation. After incubation the result yoghurt treatments were stirred with a glass rod and separately transferred into plastic cups (50 mL). The produced stirred yoghurt treatments were stored at 5±1 °C for 21 days and analysed during the storage period at 7-day intervals.

			Microbiological evaluation of stirred yoghurt

			The pour plate method was used to determine the microbiological activities of stirred yoghurt using decimal dilutions by sterile saline solution (NaCl, 0.9% w/v). The counts of B. bifidum were evaluated using Reinforced Clostridial Agar with 0.03 g/L aniline; the plates were incubated at 37 °C for 72 h anaerobically.12 The count of L. casei was enumerated using MRS agar medium supplemented with 0.15% bile salts and 0.05% cellobiose as a carbon source26 and the plates were incubated at 37 °C for 48 h. S. thermophilus was enumerated using M17 agar and the plates were incubated at 37 °C for 48 h aerobically.27 The count of L. bulgaricus was enumerated using MRS agar with 10% sorbitol and the plates were incubated at 37 ºC for 48 h anaerobically.12 The plate count agar was used to count psychrotrophic bacteria and was incubated at 5 °C for 7 days.28 The counts of mould and yeast were detected using Chloramphenicol Rose Bengal medium29 and the plates were incubated at 25 ºC for 4 days aerobically. All the microbiological populations were counted by log CFU/mL values.
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			Physicochemical analysis of stirred yoghurt

			Stirred yoghurt samples were analysed for dry matter, titratable acidity, fat and protein as previously described.30 The pH measurements of stirred yoghurt were carried out with a digital pH meter equipped with a combined electrode (Hanna Instruments, Italy). 

			Sensory evaluation of stirred yoghurt

			The sensory evaluation of different stirred yoghurt treatments was undertaken by 15 members in the Dairy Department, National Research Centre. The yoghurts were evaluated according to colour and appearance, body and texture, flavour, and overall acceptability.31 Stirred yoghurt samples were evaluated at fresh state (Day 0) and during storage at refrigerator temperature until 21 days. The assessment degree scale ranged from 1 to 5 with 5 being the most acceptable degree.

			Statistical analysis

			Descriptive statistics and significant differences were tested using Statistical Analysis System, SAS Institute Inc., Cary, NC. Differences were considered statistically significant when p-values were equal to or less than 0.05.

			Ethical clearance

			Ethical approval for this study was granted by the Medical Research Ethics Committee of the National Research Centre of Egypt (reference 8521212021).
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			Results and discussion

			Crude fucoxanthin

			The yield of crude fucoxanthin from Dilophys fasciola was 2.1±0.01 g/100 g dry weight. The crude extract of fucoxanthin has other pigments such as total chlorophyll (36.3%) and carotenoid (8.71%) as shown in Table 1. Yeni et al.32 found that the yield of fucoxanthin from S. polycystum, S. granuliferum and Sirophysalis trinodis was 1.24±0.01 g/100 g, 1.43 ±0.01 g/100 g, and 1.48±0.01 g/100 g, respectively. Pigments from brown algae extracted by DMSO and acetone were chlorophyll a (7.1%), fucoxanthin (56.5%), and chlorophyll c (65.5%) in Laminaria saccharina while Sargassum muticum pigments were chlorophyll a (10.7%) and fucoxanthin (78.4%).33

			Table 1:	Crude fucoxanthin and other pigments from Dilophys fasciola
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			Antioxidant activity of crude fucoxanthin from Dilophys fasciola

			The antioxidant properties of crude fucoxanthin were determined using three different methods: DPPH˙, H2O2 and total antioxidant activity assays.

			DPPH scavenging activity 

			Free radical scavenging of the tested extract was measured by DPPH˙ assay and the results are shown in Table 2. The results show significant differences in antioxidant activity. The highest activity of crude fucoxanthin was 54.76% at 40 µg/mL followed by 42.13% at 30 µg/mL compared to synthetic antioxidant vitamin C. 

			H2O2 scavenging activity

			The H2O2 method was used to determine the antioxidant activity of crude fucoxanthin. The results are shown in Table 2. Crude fucoxanthin reduced the level of pro-oxidants against hydrogen peroxide. The antioxidant effect of crude fucoxanthin against hydrogen peroxide ranged from 29.48% to 88.36% compared to controls. This antioxidant activity of crude fucoxanthin against hydrogen peroxide is higher than that of the control.

			Total antioxidant activity

			The total antioxidant activity of crude fucoxanthin followed the reduction of phosphomolybdic acid (Table 2). The results obtained show that the antioxidant activity increased relative to the concentration of crude fucoxanthin. Brown algae have high antioxidant activity. In-vitro antioxidant chemical methods confirm that the crude extracts, fractions, and pure components of brown seaweed are comparatively similar to synthetic antioxidants.34 The carotenoid and fucoxanthin present in brown algae possess a high antioxidant activity and they are widely used in applications in various nutraceutical and pharmaceutical arenas as commercially important bioactive compounds.35,36
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			Table 2:	Antioxidant activity of crude fucoxanthin from Dilophys fasciola against DPPH, H2O2 and phosphomolybdic acid
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			Data are expressed as a mean of three replicates. Means with the same lowercase letter superscripts indicate insignificant difference between samples (p>0.05).

		

	
		
			South African Journal of Science (Research Article)

			Quality enhancement of stirred yoghurt by adding fucoxanthin

			Antimicrobial activity of crude fucoxanthin from Dilophys fasciola

			Table 3 shows the results of the well diffusion test of crude fucoxanthin against some bacteria and fungi. Crude fucoxanthin had antimicrobial activity in all of the examined strains starting with a concentration of 15 µg/mL; at this concentration, the clear zone ranged between 3 mm and 8 mm and was enhanced with increased concentration. At a concentration of 20 µg/mL, the clear zone ranged between 8 mm and 15 mm. These zones increased to record 10–17 mm at a concentration of 25 µg/mL and recorded 17–27 mm at a concentration of 30 µL/mL. Compared with the positive control, where gentamycin was used as the antibacterial agent, the zones of inhibition ranged from 14 mm to 19 mm against all the bacterial strains. Where clotrimazole was used as the antifungal agent, the zones of inhibition were 19 mm and 20 mm against A. niger and A. flavus, respectively. On the other hand, there were not any detected clear zones against tested bacterial strains at a 10 µL/mL concentration of crude fucoxanthin. Gram-positive S. aureus was the most sensitive strain to crude fucoxanthin at all concentrations, followed by L. monocytogens. However, our results show little difference between tested strains at the same concentration. The results indicate that crude fucoxanthin had good antimicrobial activity when compared with the positive control, and this makes fucoxanthin suitable for use as a preservative in foods to maintain safety during food storage (as stated later when applying the extract to stirred yoghurt). Our results are in agreement with the findings of Karpiński and Adamczak37 who found that fucoxanthin had a stronger influence on Gram-positive than Gram-negative bacteria. Mean zones of growth inhibition for Gram-positive bacteria ranged between 9.0 mm and 12.2 mm, while in the case of Gram-negative bacteria, they ranged from 7.2 mm to 10.2 mm. 

			The influence of crude fucoxanthin on probiotics and starter culture viability 

			Primarily, it was important to study the effects of crude fucoxanthin on the viability of probiotics and starter cultures in vitro before integration into stirred yoghurt. The viability of different probiotics and other starter cultures was significantly enhanced in the presence of crude fucoxanthin concentrations, as shown in Figure 1. At the fucoxanthin concentration of 10 µg/mL, the viable bacterial counts were detected in the same log cycles as for the control (inoculated media without fucoxanthin), where the values ranged from 7.15 to 7.90 log CFU/mL. These bacterial counts were improved at a concentration of crude fucoxanthin of 20 µg/mL, where the counts were increased in range from 0.31 to 0.97 log cycles. 

			Further improvements in bacterial counts were found at the concentrations 25 µg/mL and 30 µg/mL, where the improvement was recorded in the ranges from 1.00 to 1.42 and from 1.2 to 1.67 log cycles at the concentrations 25 µg/mL and 30 µg/mL, respectively. Additionally, the Bifidobacterium strains and L. casei were the species with relatively more counts in the presence of different crude fucoxanthin concentrations. Liu et al.38 confirmed the effect of fucoxanthin on probiotics and indicated that fucoxanthin encourages the growth of intestinal microbes at low concentrations. Conversely, the high concentration of fucoxanthin promoted the growth of Lactobacillus and inhibited the deployment of E. coli. Finally, microalgae and other derivatives have been shown to stimulate the growth of lactic acid bacteria in fermented milk, as reported by many researchers.39-41
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			Table 3:	Antimicrobial activity of crude fucoxanthin from Dilophys fasciola
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			Data are expressed as a mean of three replicates. Means with the same uppercase letter superscripts indicate insignificant difference between rows (p>0.05), and means with the same lowercase letter superscripts indicate insignificant difference between columns (p>0.05).

			ND, not detectable inhibition zone; NA, not applicable
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			LD50 value of algal fucoxanthin 

			The LD50 value of algal fucoxanthin in rats was calculated as 2511.88 mg/kg (Table 4). Acute lethal toxicity tests showed that algal fucoxanthin is very safe for humans. Our LD50 results were in good agreement with those of Iio et al.42 who found that the 50% lethal dose of microalgal fucoxanthin oil was more than 2000 mg/kg in experimental rats. The authors did not observe any mortalities after a single oral dose of 2000 mg/kg.

			[image: ]

			Figure 1:	The influence of crude fucoxanthin (µg/mL medium) on probiotics and starter culture viability. Data are expressed as a mean of three replicates ± SD.
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			Microbiological evaluation of stirred yoghurt

			Probiotic strain counts in stirred yoghurt treatments

			The effect of crude fucoxanthin on the activity of the probiotics (B. bifidum and L. casei) in stirred yoghurt during storage is shown in Figure 2. It is clear from the figure that the counts of the two probiotic strains significantly increased over time and the maximum growth was found at 14 days of storage in all treatments. In the case of B. bifidum, a relatively higher viable count (9.30 log CFU/mL) was observed in T2 (stirred yoghurt with 30 mg crude fucoxanthin per kilogram milk), followed by T1 (stirred yoghurt with 20 mg crude fucoxanthin per kilogram milk) for which the count was 8.80 log CFU/mL. The lowest count (7.94 log CFU/mL) was observed in the case of the control at 14 days. The same trend was observed in the case of L. casei, in which T2 had the most viable count (9.98 log CFU/mL), followed by T1 (9.22 log CFU/mL), and the control showed the lowest count (8.35 log CFU/mL) after 14 days. A small drop in the viable counts of probiotic strains was found on day 21, likely related to the development of more acidity during the storage period. Notably, the counts of all probiotic strains in the stirred yoghurt treatments were higher than the recommended limit of 7.00 log CFU/mL. These results were confirmed by Liu et al.38, Hosseini et al.39, Beheshtipour et al.40 and Abu-Ghannam and Shannon43 who indicated different lactic acid and probiotic strains progress in the presence of microalgae and their derivatives. 
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			Table 4:	Determination of LD50 value of crude fucoxanthin

			
				
					
					
					
					
					
					
				
				
					
							
							Rat group

						
							
							Dose (mg/kg)

						
							
							Log dose

						
							
							Death

						
							
							Corrected death %

						
							
							Probit

						
					

					
							
							1

						
							
							1000

						
							
							3.00

						
							
							0

						
							
							4.16

						
							
							3.25

						
					

					
							
							2

						
							
							1500

						
							
							3.17

						
							
							1

						
							
							16

						
							
							4.01

						
					

					
							
							3

						
							
							2000

						
							
							3.30

						
							
							2

						
							
							33

						
							
							4.56

						
					

					
							
							4

						
							
							2500

						
							
							3.39

						
							
							3

						
							
							50

						
							
							5.00
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			Figure 2:	Counts of probiotic strains in stirred yoghurt treatments during storage. Control: plain yoghurt; T1: yoghurt containing 20 mg crude fucoxanthin / kg milk; T2: yoghurt containing 30 mg crude fucoxanthin / kg milk. Data are expressed as a mean of three replicates ± SD. 
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			Starter culture counts in stirred yoghurt treatments

			The counts of L. bulgaricus and S. thermophilus (yoghurt starter cultures) also showed the same trend, that is, the bacterial count was higher in the case of T2 (9.5 and 9.40 log CFU/mL), followed by T1 (9.00 and 8.89 log CFU/mL), on day 14 (Figure 3). The moderately lower count was detected in the stirred yoghurt controls (7.81 and 8.50 log CFU/mL, respectively). But after 21 days, the counts of starter cultures relatively decreased due to the development of acidity.26 Mok et al.44 found that milk products can be used as a food matrix for fucoxanthin application and that protein content in milk is an important factor for fucoxanthin stability.

			[image: ]

			Figure 3:	Counts of starter cultures in stirred yoghurt treatments during storage period. Control: plain yoghurt; T1: yoghurt containing 20 mg crude fucoxanthin / kg milk; T2: yoghurt containing 30 mg crude fucoxanthin / kg milk. Data are expressed as a mean of three replicates ± SD. 
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			Detection of other microbial counts in treatments

			The shelf life of the stirred yoghurt treatments was assessed through detection of moulds and yeasts and psychrotrophic bacteria. Table 5 indicates that all treatments were free from mould and yeast up to 7 days storage at 4 °C. On day 14, a small number of moulds and yeasts was detected in the control (1.20 log CFU/mL) and T1 (1.00 log CFU/mL) only. Additionally, the low count of moulds and yeasts was observed for T2 (0.89 log CFU/mL) on day 21, and the count was increased in the control to 2.18 log CFU/mL and in T1 to 1.23 log CFU/mL on day 21. Likewise, in the case of psychrotrophic bacterial counts, the count was detected firstly in the control in fresh samples for which a count of 2.00 log CFU/mL was recorded. Afterwards, the psychrotrophic bacteria were detected for T1 and T2 on day 7, where counts of 1.60 and 1.18 log CFU/mL for T1 and T2, respectively, were recorded. These counts significantly increased with the storage period in all treatments, but higher counts were recorded for the control (4.10 log CFU/mL) at the end of storage. Therefore, the lower counts of moulds, yeasts, and psychrotrophic bacteria in treatments than in controls could indicate a preserving activity of crude fucoxanthin as established by the antimicrobial activity mentioned before. The obtained result is in agreement with the findings of other studies that detected the antimicrobial activity of fucoxanthin.9,37,45

			Physicochemical analysis of stirred yoghurt 

			Table 6 shows that the dry matter content of stirred yoghurt was significantly (p<0.05) affected by crude fucoxanthin fortification and progression of the cold storage period. The increase in the dry matter content was more pronounced in the stirred yoghurt fortified with both levels of crude fucoxanthin (T1 and T2) than in the control samples (without the addition of crude fucoxanthin). After 21 days of storage, the highest dry matter content was found in stirred yoghurt fortified with 30 mg crude fucoxanthin (15.79%) while the lowest was in the control (15.09%). 
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			Table 5:	Counts of mould, yeast and psychrotrophic bacteria counts in stirred yoghurt treatments during the storage period

			
				
					
					
					
					
					
					
					
				
				
					
							
							Storage (days)

						
							
							Mould and yeast counts

						
							
							Psychrotrophic bacterial counts

						
					

					
							
							
							Control

						
							
							T1

						
							
							T2

						
							
							Control

						
							
							T1

						
							
							T2

						
					

					
							
							Fresh

						
							
							ND

						
							
							N.D

						
							
							ND

						
							
							2.00C

						
							
							ND

						
							
							ND

						
					

					
							
							7

						
							
							ND

						
							
							N.D

						
							
							ND

						
							
							3.70Ba

						
							
							1.60Bb

						
							
							1.18Bc

						
					

					
							
							14

						
							
							1.20B

						
							
							1.00B

						
							
							ND

						
							
							4.22Aa

						
							
							2.19Ab

						
							
							2.00Ac

						
					

					
							
							21

						
							
							2.18A

						
							
							1.23A

						
							
							0.89A

						
							
							4.10Aa

						
							
							2.00Ab

						
							
							1.94Ab

						
					

				
			

			Data are expressed as a mean of three replicates. Means with the same uppercase letter superscripts indicate insignificant difference between columns (p>0.05), and means with the same lowercase letter superscripts indicate insignificant difference between rows (p>0.05). 

			Control: plain yoghurt; T1: yoghurt containing 20 mg crude fucoxanthin / kg milk; T2: yoghurt containing 30 mg crude fucoxanthin / kg milk.
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			Table 6:	Chemical properties of stirred yoghurt during cold storage for 21 days

			
				
					
					
					
					
					
				
				
					
							
							Parameter

						
							
							Storage (days)

						
							
							Treatments

						
					

					
							
							Control

						
							
							T1 

						
							
							T2 

						
					

					
							
							Dry matter (%)

						
							
							Fresh

						
							
							14.50Bc

						
							
							14.89Bb

						
							
							15.51Ca

						
					

					
							
							7

						
							
							14.66Bc

						
							
							15.00Bb

						
							
							15.63Ba

						
					

					
							
							14

						
							
							14.91Ac

						
							
							15.49Bb

						
							
							15.68Ba

						
					

					
							
							21

						
							
							15.09Ac

						
							
							15.58Ab

						
							
							15.79Aa

						
					

					
							
							Protein (%)

						
							
							Fresh

						
							
							4.38Da

						
							
							4.32Db

						
							
							4.28Dc

						
					

					
							
							7

						
							
							4.44Ca

						
							
							4.39Cb

						
							
							4.33Cc

						
					

					
							
							14

						
							
							4.51Ba

						
							
							4.45Bb

						
							
							4.39Bc

						
					

					
							
							21

						
							
							4.58Aa

						
							
							4.50Ab

						
							
							4.46Ac

						
					

					
							
							Fat (%)

						
							
							Fresh

						
							
							3.8Ba

						
							
							3.7Ba

						
							
							3.6Bb

						
					

					
							
							7

						
							
							3.8Ba

						
							
							3.8Aa

						
							
							3.6Bb

						
					

					
							
							14

						
							
							4.00Aa

						
							
							3.8Ab

						
							
							3.7Ab

						
					

					
							
							21

						
							
							4.00Aa

						
							
							3.9Aa

						
							
							3.8Ab

						
					

					
							
							Ash (%)

						
							
							Fresh

						
							
							1.14Ba

						
							
							1.11Ba

						
							
							1.08Bb

						
					

					
							
							7

						
							
							1.15Ba

						
							
							1.12Ba

						
							
							1.10Bb

						
					

					
							
							14

						
							
							1.19Aa

						
							
							1.17Aa

						
							
							1.14Ab

						
					

					
							
							21

						
							
							1.22Aa

						
							
							1.19Aa

						
							
							1.17Aa

						
					

				
			

			Data are expressed as a mean of three replicates. Means with the same uppercase letter superscripts indicate insignificant difference (p>0.05) between columns, and means with the same lowercase letter superscripts indicate insignificant difference between rows (p>0.05). 

			Control: plain yoghurt; T1: yoghurt containing 20 mg crude fucoxanthin / kg milk; T2: yoghurt containing 30 mg crude fucoxanthin / kg milk 
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			The protein, fat, and ash contents of stirred yoghurt from all treatments including control samples increased significantly (p<0.05) with the period of cold storage, reaching maximum values after 21 days of storage. These increases can be attributed principally to the increase in the dry matter or water losses during storage. These changes in the chemical analysis of stirred yoghurt during storage are in agreement with those reported by El-Shibiny et al.46 However, the protein, fat, and ash contents of stirred yoghurt were significantly lower in the fortified stirred yoghurt compared to control samples, and this decrease was observed in proportion with an increase in crude fucoxanthin from 20 to 30 mg per kilogram milk. 

			Changes in the titratable acidity and pH values of stirred yoghurt

			The titratable acidity values of stirred yoghurt increased gradually, whereas the pH measurements decreased significantly with progressive cold storage in control and stirred yoghurt treatments compared to other treatments (Figure 4). In both fortified yoghurts, T1 and T2, the development of acidity was slightly faster than in control yoghurt samples during fermentation and storage. Moreover, it was noticed that the progress of acidity increased with an increased fortification with crude fucoxanthin from 20 to 30 mg per kilogram milk; the control stirred yoghurt had the lowest titratable acidity value compared to the other treatments. Mise et al.47 indicated in their research that inclusion of fucoxanthin with food that contains probiotic cultures may increase the acidity in this food, which may explain the present results.
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			Figure 4:	Changes in the titratable acidity and pH values of stirred yoghurt fortified with crude fucoxanthin during 21 days of cold storage. Control: plain yoghurt; T1: yoghurt containing 20 mg crude fucoxanthin / kg milk; T2, yoghurt containing 30 mg crude fucoxanthin / kg milk. Data are expressed as a mean of three replicates ± SD. 

		

	
		
			South African Journal of Science (Research Article)

			Quality enhancement of stirred yoghurt by adding fucoxanthin

			Sensory evaluation of stirred yoghurt 

			Figure 5 displays the overall acceptability scores of the control stirred yoghurt and stirred yoghurt fortified with crude fucoxanthin during 21 days of storage at refrigerator temperature. The overall acceptability of stirred yoghurt fortified with crude fucoxanthin at the concentrations of 20 and 30 mg per kilogram milk (T1 and T2, respectively) was approximately nearer to the control stirred yoghurt when fresh and after 7 days of cold storage. After 14 days of storage, the overall acceptability of stirred yoghurt in all treatments, including control treatments, slightly decreased and this can be attributed to the syneresis effect or the development of acidity in the stirred yoghurt treatments.48-50 The lowest total overall acceptability scores were given to the control stirred yoghurts after storage for 21 days. No chalkiness was detected in stirred yoghurts fortified with different ratios of crude fucoxanthin. Moreover, both storage time and percentage of crude fucoxanthin had no noticeable effects on the flavour as well as on the colour and appearance scores. The same trend was found by Prabhasankar et al.51 who reported the successful addition of fucoxanthin into semolina pasta and found no significant or discernible organoleptic differences between the control and the fortified pasta. The body and texture of all stirred yoghurt treatments were affected by the storage time, and these effects were amplified with advanced cold storage period, mainly due to syneresis and water loss during storage.
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			Figure 5:	The overall acceptability of yoghurt fortified with crude fucoxanthin during 21 days of cold storage. Control: plain yoghurt; T1: yoghurt containing 20 mg crude fucoxanthin / kg milk; T2: yoghurt containing 30 mg crude fucoxanthin / kg milk. Data are expressed as a mean of three replicates ± SD. 
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			Conclusion

			The fucoxanthin of edible Dilophys fasciola has a strong antimicrobial effect against Gram-positive bacteria, Gram-negative bacteria, and fungi. Furthermore, in the presence of 30 g/mL crude fucoxanthin, the probiotic strains progressed from 1.2 to 1.67 log cycles. Algal fucoxanthin is a safer pigment and a strong antioxidant functional food. The stirred yoghurt containing crude fucoxanthin that was produced was free from mould and yeast for up to 21 days. The overall acceptability of stirred yoghurt fortified with crude fucoxanthin at concentrations of 20 and 30 mg/kg was very near to that of the control stirred yoghurt and the percentage of crude fucoxanthin had no noticeable effects on the flavour, colour, or appearance scores during storage.
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