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Abstract
Catechins, belonging to the class of flavanoids, are present in greater amounts in green tea. They have attracted the interest of consumers owing to their health promoting properties, especially the antioxidant property. However, their food application is limited due to their low bioavailability, poor water solubility and stability under GI conditions. The catechins loaded niosomes were prepared using Tween 60 (CNT60) / Tween 80 (CNT80) and lauric acid by thin film hydration technique. The physicochemical such as photostability, solubility and storage stability at 30±2oC and 5±2oC were studied for three months. Samples were withdrawn at specified time intervals and analyzed for Particle size, PDI, Zeta potential, Entrapment efficiency and pH. Solubility of free catechins was found very low @ 22.58 µg/mL, whereas solubility of catechin loaded niosomes prepared with T60 and T80 increased to 46.82 and 46.02 µg/mL. The solubility of catechins apparently improved two fold by loading them into niosomes. Free catechins were highly photosensitive; nearly 69% was degraded after 360 min when exposed to artificial UV light, On the contrary, catechins in the niosomal form were degraded by 27.31 and 29.77% after exposure to the same time for CNT60 and CNT80. The catechins loaded niosomes when stored at 30 and 5oC increased the particle size beyond 100 nm and decreased EE to 50-65% after 90 days. The particle size, PDI and viscosity increased, whereas ZP, EE and pH decreased with increase in storage period up to 90 days at 30 and 5oC for CNT60 and CNT80.
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Introduction
Consumers have been showing a great interest for specific value added foods that provide a healthy diet beyond their basic nutrition. The research organizations and food industry also responded well to this demand and have been thriving hard to produce several functional foods, which provide health benefits and alleviate or prevent several life style diseases. Besides, micronutrients, several phytochemicals such as phytosterols, prebiotics, fibre, and polyphenols with therapeutic properties have been used to fortify foods to enhance their functionality.
Catechins, which belong to the class of flavan-3-ols, are abundant in green tea, constituting about 30% of its dry weight. Catechins are reported to have promising therapeutic properties including antioxidative, antiobesity, antihypertensive, antiinflammatory, antidiabetic, anticarcinogenic and antimicrobial activities (Granja et al., 2017; Wanda, 2017). But, they are met with limited efficacy in food applications due to several reasons such as low bioavailability and poor stability in GI conditions. The health benefits of polyphenols depend upon the amount of their consumption and bioavailability. The bioavailability of catechins is an important variable for evaluation of their biological activity within the target tissues. In humans, the plasma catechin concentration increased notably after 2 to 4 h of their consumption; however, the bioavailability of catechins is relatively lower, with plasma catechin concentration accounting only to 0.2 to 2% of the ingested amount in healthy people (Anandh and Liu, 2008). Catechins are also very sensitive and unstable to heat, alkaline pH and oxidizing enzymes. The brown colour, astringent taste, low aqueous solubility also limits the use of catechins for fortification.
Niosomes have a closed bilayer structure and are formed by self association of admixture of nonionic surfactants and stabilizer, most commonly cholesterol, in an aqueous medium. Since they have an amphiphilic bilayer structure, they can entrap both hydrophilic as well as hydrophobic compounds making niosomes as a  unique and promising carriers for bioactives (Swarnali and Dharampal, 2017), which improve the therapeutic performance of encapsulated polyphenol molecules by protecting them from harsh biological environments (Pei et al., 2017). Therefore, to alleviate these limitations, catechins are nanoencapsulated in the form of niosomes to improve their bioavailability. The present study was focused on determination of physicochemical and storage stability of green tea catechin loaded niosomes for food fortification. 
Materials and Methods
Green tea catechins (>97% HPLC) were obtained from TCI Chemicals Pvt. Ltd. Chennai, India. Tween 60 and Tween 80 were procured from Sigma-Aldrich Chemicals Co, (St. Louis, MO, USA). Dihexadecyl phosphate (DCP), ethanol, methanol and phosphate buffered saline (PBS) were procured from Sigma-Aldrich Chemicals Co, (St. Louis, MO, USA). Triton X-100 of analytical reagent grade were procured from HiMedia Pvt. Ltd., (Mumbai, India). All the reagents were freshly prepared before analysis. Milli-Q water and double distilled water were used wherever necessary. 
Preparation of catechin loaded niosomes
The catechin loaded niosomes were prepared by thin film hydration and high shear homogenization method developed by Song et al. (2014) with slight modifications. The flow diagram of catechin loaded niosomes is given in Fig. 1.
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Fig. 1. Preparation of catechin loaded niosomes by thin film hydration and high shear homogenization method
Aqueous solubility of catechin
Solubility study was performed to determine the aqueous solubility of catechins in water at 37 ± 0.5°C according to the procedure reported by Sravani (2018) with slight modifications. An exact amount of catechins (0.25 mg) was added to 5 mL of water to make a concentration of 50 µg/mL and was shaken using a thermally-controlled water bath shaker at 37°C. At different time intervals, namely 0, 0.5, 1, 2, 3, 4 and 5 h, 1 mL of the sample was withdrawn, filtered through 0.22 μm membrane and absorbance was read using a UV-Vis spectrophotometer at 273 nm. Solubility of catechin loaded niosomes was determined by dispersing niosomes containing catechin equivalent to 50 µg/mL.

Photostability of catechin 
Photostability study was carried out by freshly preparing the catechin solution with a concentration of 2.5 mg in 1 mL of ethanol and diluted with Milli Q-water to make a concentration of 50 µg/mL. The solution taken in a polypropylene centrifuge tube was exposed to UV light for 6 h with a fully opened lid. All the samples were brought to room temperature. The contents were then centrifuged at 14,000 rpm (1876 x g) for 10 min and the obtained supernatant was analyzed for catechin content using UV-Vis spectrophotometer. The photostability of catechin loaded niosomes was also assayed in a similar way by taking niosomal solution with a catechin concentration of 50 µg/mL and exposed to UV light for 6 h. The concentration of catechin was measured by complete disruption of the vesicles using 20% Triton X-100 in methanol.
 Storage stability of Catechin loaded niosomes
Catechin loaded niosomes were prepared and stored in screw-capped amber colored tubes at two different temperatures (30±2oC and 5±2oC) for three months. Samples were withdrawn at specified time intervals at 0, 5, 10, 15, 20, 25, 30, 45, 60, 75 and 90 days of storage and analyzed for particle size, PDI, Zeta potential, Entrapment efficiency and pH.
Changes in particle size, PDI and zeta potential were determined by using Zeta sizer. The amount of catechins retained in the niosomes by measuring the entrapment efficiency (EE %) was measured by dialysis method. pH of catechin loaded samples was determined by potentiometric method using digital pH meter (Swarnalatha et al., 2022). The pH meter was first calibrated using standard buffers of pH 4.0 and 9.2 and standardized using pH buffer of 7.0 at 20.0 ± 0.1°C. Absolute viscosity (cP) of catechin loaded samples was measured as per AOAC method No.974.07 (AOAC 2019).
Statistical analysis
Statistical analysis was performed using SPSS.23.0 (IBM SPSS, Chicago, USA) software, and the data were assessed using one-way or two-way analysis of variance (ANOVA) and the treatment means were compared using Post hoc Duncan’s multiple range test at 0.05 significance level. The results are presented as means ± standard deviation. All the experiments were performed in triplicate.
Results and discussion
Solubility of catechin niosomes  
Solubility of catechins in water is low, which affects their bioavailability (Liu et al., 2016). To improve the solubility, bioavailability and increase its concentration in food matrices, nanoencapsulation is proven to be a promising technique (Pradeep et al., 2017). The solubility of free and catechin niosomes is shown in the Fig. 2 (A and B). The visual observation as depicted in Fig. 2A (a and b) clearly demonstrates the difference in solubility of free and niosomal catechin. The solubility test was conducted at different intervals by taking same concentration of catechin @ 50 µg/mL as free and niosomal form. The free catechin showed low solubility in water @ 22.58 µg/mL, whereas it was 46.821 and 46.02 µg/mL after standing for 5 h for catechin niosomes prepared with T60 (CNT60) and T80 (CNT80), respectively (Fig. 2 B). The solubility of catechins improved significantly (p<0.05) by loading them into niosomes and therefore improves their bioavailability, protects the therapeutic properties, and helps in their utilization for fortification of milk. The significant improvement of solubility of tea polyphenol in nanoparticle form may be due to that acidic nature of tea polyphenols, which could be ionized to anionic compounds under alkaline conditions Lianga et al. (2016). No significant difference in solubility was observed between the niosomes prepared using T60 and T80. Li (2014) observed lower solubility of catechin and EGCG in water i.e., 3.03 and 5.79 mg/mL, respectively, at 25°C. Yen et al. (2017) nanoencapsulated resveratrol utilizing surfactants such as Tween 20 and Cremophor EL, and Capryol 90 oil which improved solubility 3.2 fold than free resveratrol. Sravani (2018) observed resveratrol loaded niosomes and querecetin loaded niosomes showed 2.7 and 30 fold improved aqueous solubility when compared to their respective free compounds. Lu et al. (2019) reported that the solubility of querecetin niosomes (261.9 µg/mL) improved than free querecetin when dissolved in water (0.21 µg/mL). 
Photostability of catechin niosomes
Catechins are highly sensitive to light and are readily degraded when exposed to UV light, which leads to reduction in activity and potential therapeutic effects (Bianchi et al., 2011). From Fig. 3 a, it may be seen that the concentration of catechin prior to UV exposure was 30 µg/mL; after exposure to 30, 60,120, 240, 300 and 360 min, it was degraded to 14.20, 13.27, 12.34, 10.34, 9.42 and 8.47 µg/mL for free catechin and the degradation percentage of catechin was 48.32, 51.64, 55.05, 62.33, 65.64 and 69.09%, respectively. The free catechins were degraded, which was reflected by colour change from colourless to yellow (Fig 3 b). The compounds responsible for generation of yellow products during photodegradation are mainly due to the quinone and ortho-quinone methides, which are commonly present in yellow to red colour (Shi et al., 2016). 
On the contrary, concentration of catechin was 26.20, 24.14, 23.31, 22.25, 21.04, 20.11 and 19.86 µg/mL for CNT60, 22.40, 21.36, 20.92, 20.56, 19.82, 19.71 and 18.95 µg/mL for CNT80, and their percentage degradation was 5.17, 11.90, 14.99, 18.46, 23.23, 26.61 and 27.31% and, 17.07, 20.70, 22.31, 23.97, 26.51, 27.37 and 29.77% after exposure to 30, 60, 120, 240, 300 and 360 min, respectively. Thus, the extent of photostability of catechin enhanced in niosomal form than in free form. These results clearly showed that niosomes protected significantly (p<0.05) the catechin against light-induced degradation. Sravani (2018) also studied the photostability of resveratrol and querecetin and reported that when compared to free compounds, the degradation was less in their respective niosomes and preserved the therapeutic properties of querecetin or resveratrol against sunlight degradation. Lu et al. (2019) reported that niosomes effectively protected the querecetin from strong light illumination; only 12% of querecetin degraded after exposure to 10 days.



Storage stability of catechin niosomes
The catechin loaded niosomes prepared using T60 and T80 were stored at 30 and 5oC for 90 days; the samples were withdrawn regularly and evaluated for physico-chemical characteristics such as  particle size, PDI, zeta potential, encapsulation efficiency, pH, and viscosity. 
Particle size, PDI and zeta potential 
The niosomes stored as above were subjected to analysis for characteristics such as particle size, PDI and zeta potential, which represent the physical stability of the niosomes. Data in Tables 1 and 2 show the effect of storage at 30 and 5oC on catechin niosomes. The results demonstrated that storage temperature had a significant effect on stability of catechin niosomes prepared with T60 and T80. Size of particles affects the vesicle stability (Richter et al., 2019). The particle size increased significantly (p<0.05) during storage at 30oC up to 90 days. It was observed that the particle size increased beyond 100 nm after 75 and 30 days for CNT60 and CNT80, respectively. In contrast, during storage at 5oC, the particle size decreased initially from 0 to 5 days from 58.25 to 36.65 nm and no significant difference (p<0.05) up to 20 days (40.05 nm) and then increased from 40.60 to 44.38 nm during 25 to 45 days and was stable up to 90 days for CNT60, whereas the niosomes prepared with T80 showed a slight decrease in size from 61.04 to 56.36 nm from 0 to 5 days. It was observed from the data, the size of CNT80 at 5oC was almost doubled from 77.15 nm (20 days) to 146.53 nm (25 days) due to high viscosity of T80. Higher increase in particle size was observed when catechin niosomes were stored at 30oC than at 5oC, which could be due to thermal energy imparted to vesicles at higher temperature of storage that might have increased force and rate of collision between the vesicles. The collision and aggregation of vesicles led to increased particle size. Li (2014) also reported similar findings; catechin or EGCG niosomes stored at 4, 25 and 40oC for a period of 90 days showed minimal changes in particle size for one month when stored at lower temperature than at higher temperatures. 
Polydispersity index increased initially up to 10 days from 17.80 to 19.62% and no significant difference was observed up to 45 days and then increased slightly to 26.33% at 90 days for CNT60 at 30oC, whereas PDI increased up to 25 days from 16.19 to 23.33 and then remained constant up to 45 days and later increased slightly to 28.50% for CNT80. Similar pattern of PDI was obtained when the niosome samples were  stored at 5oC; the PDI increased initially up to 15 days from 21.10 to 24.43% and no significant difference (p<0.05) was observed from 20-45 days and then slightly increased from 45 (24.78%) to 90 (26.43%) days. These results were suppported by Midekessa et al. (2020). Zeta potential decreased significantly (p<0.05) from 0 to 5 days; -31.90 to -27.54 mV and -30.60 to -27.37 mV, and no significant difference was observed till 20 days, -23.35 and -21.38 mV, later decreased up to 1 month (-19.20 and -19.00) and then found stable up to 90 days (-16.68 and -16.31 mV) for CNT60 and CNT80, respectively at 30oC. However, when stored at 5oC the ZP decreased slightly initially from 0 to 20 days i.e., -29.73 to -25.66 mV and later remained stable; -21.40, -20.30 and -19.85 mV after 30, 60 and 90 days for CNT60. In case of CNT80, ZP decreased from 0 to 5 days, -29.43 to -24.83 mV and found no significant difference up to 45 days and again slightly decreased up to 60 days (-16.73 mV) and then found stable up to 90 days. Lower zeta potential was observed for catechin niosomes when stored at 30oC, which indicates lower physical stability than storage at 4◦C. The possible reason for low stability at higher temperature of storage could be due to reduction of electrostatic repulsive forces, which may be attributed to shielding of surface charge of niosomes by the ions present in the solution (Hasibi et al., 2020).
 Entrapment efficiency 
Entrapment efficiency is another parameter studied to determine the stability of catechin niosomes during storage. The changes in EE were investigated as possibility of catechin leaching from niosomes at 30 and 5oC for 90 days and are presented in Table 3. From the results, it is evident that EE decreased significantly with increase in storage time at both temperatures. The niosomes were relatively more stable to leakage at 5°C than at 30°C. Higher leakage of catechin at 30oC might be attributed to the increase of bilayer fluidity from membrane because of electrostatic repulsive forces and decrease of entropic forces of surfactant head group (Gong et al., 2020). With increase in storage temperature, the high microviscosity of membrane was reduced, which may decrease the stability of niosomes gradually (Garcia et al., 2020). The high EE at 5oC is probably due to its strong hydrogen bonding between lauryl alcohol and Tween in the niosomal bilayer (Mahale et al., 2012). These results are in good agreement with Li (2014), who stored catechin niosomes at 4, 25 and 40°C for 90 days and concluded that the catechin niosomes were more stable to leakage when stored at 4°C and found no catechin was retained when stored at 40oC, whereas only 17 and 51% was retained at 25 and 4°C, respectively after 90 days. Similar findings were reported by Junyaprasert et al. (2012) for the EA niosomes stored at 4, 25 and 40oC for three months, which showed direct relationship between leaching of EA and increase in storage time and temperature. Hence from this study it may be observed that CNT60 showed lower particle size and higher entrapment efficiency than CNT80 during storage at 30 and 5oC. The catechin niosomes were stable upto 30 days at 30oC, and 90 and 20 days at 5oC for CNT60 and CNT80, respectively.

pH
Catechins are unstable at neutral and alkaline pH, whereas they are very stable at acidic pH (Pradeep et al., 2017). It may be observed from Table 4 that the pH of catechins loaded niosomes prepared with T60 and T80 was 6.67 and 6.79 initially. During storage at 30°C, pH decreased significantly (p<0.05) up to 15 days (5.74) for CNT60 and then showed no difference. CNT80 showed significant decrease from 6.62 to 6.43 up to 10 days. Storage at 5°C had shown no significant decrease (p<0.05) for 90 days (6.62 to 6.01) and up to 20 days (6.81 to 6.50) for CNT60 and CNT80, while CNT80 decreased slightly from 20 to 90 days (6.50 to 5.98). The pH of catechins niosomes prepared using Tween 60 and Tween 80 was in acidic condition throughout storage period, when stored at both conditions. This might be due to the niosomal excipients mainly Tween 60 and 80 whose pH was 5.5. Thus, the lower pH of niosomes may protect catechins from harsh gastrointestinal conditions, which may readily degrade the catechins under alkaline conditions (Liang et al., 2016).  Similar observations were reported by Isnan and Jufri (2017), who prepared niosomal gel using green tea extract using Span 60 by thin film hydration technique and evaluated the storage stability of gel. They observed that pH of niosomal gel was  in acidic medium and decreased significantly from 5.00 to 4.97, 4.96, 4.95 when  stored at 4, 25 and 45°C for 12 weeks. 
Viscosity
Viscosity of catechin loaded niosomes was analyzed during storage. It may be observed from the Table 5 that significant (p<0.05) increase occurred after 20 days of storage from 1.14 to 1.46 cP and then decreased from 1.48 to 1.38 cP after 25 to 45 days and remained constant for CNT60, whereas for CNT80, it increased after 15 days from 1.05 to 1.29 cP and showed no significant difference up to 90 days at 30oC. In contrast, significant increase was observed i.e., 1.29 to 1.35 cP and 1.18 to 1.29 cP from 10 to 30 days of storage at 5oC for CNT60 and CNT80, respectively and then remained stable. This data reveals a direct relationship between the particle size and viscosity.
Conclusion



The study concluded that the catechins nanoencapsulated in the form of niosomes improved solubility of catechins apparently by two fold by loading them into niosomes. Free catechins were highly photosensitive; whereas that niosomes protected the catechins against light-induced degradation. It was emphasized that depending upon the particle size and entrapment efficiency the catechin niosomes were stable upto 30 days at 30oC, and 90 and 20 days at 5oC for CNT60 and CNT80, respectively. The stability of niosomes was higher when stored at 5oC with lower particle size and higher EE than compared to storage at 30oC. The niosomes prepared with T60 showed good stability during storage than those prepared with T80.
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Table 1. Effect of storage on particle size, PDI and ZP of catechin niosomes at 30oC
	 
Days
	 (30±2oC) 

	
	Blank T60
	CNT60
	Blank T80
	CNT80

	 
	PS
	PDI
	ZP
	PS
	PDI
	ZP
	PS
	PDI
	ZP
	PS
	PDI
	ZP

	0
	78.35±0.86
	20.77±0.34
	-29.80±0.10
	58.62±1.02a
	17.80±0.17a
	-31.90±1.05a
	98.91±0.64
	17.10±0.15
	-28.12±2.3
	61.12±0.31a
	16.19±0.51a
	-30.60±1.5a

	5
	78.89±0.23
	22.23±0.57
	-26.69±0.72
	64.85±0.57b
	18.78±1.0ab
	-27.54±1.60b
	100.67±1.92
	18.77±0.57
	-23.50±1.8
	71.64±0.74b
	17.16±0.30ab
	-27.37±2.25ab

	10
	79.35±0.15
	23.59±1.73
	-20.78±1.74
	66.04±1.10b
	19.62±1.67b
	-26.08±1.96b
	102.19±0.32
	20.35±0.81
	-19.10±1.15
	72.40±0.72b
	19.21±1.15b
	-25.56±2.25ab

	15
	80.14±0.98
	23.26±1.52
	-18.49±0.52
	68.33±1.04c
	21.26±0.65c
	-24.07±2.02bc
	101.43±1.13
	21.23±0.20
	-18.16±0.23
	76.69±0.81c
	20.83±0.57b
	-22.62±2.84ab

	20
	81.20±1.55
	24.03±1.26
	-18.42±0.50
	68.65±0.21c
	21.52±0.75c
	-23.35±1.70c
	102.77±0.95
	21.44±0.77
	-17.92±0.45
	78.96±1.56d
	20.95±0.92b
	-21.38±0.86ab

	25
	82.40±2.8
	24.36±0.40
	-18.69±0.60
	71.43±1.44d
	21.82±0.75c
	-20.99±2.26d
	102.82±1.96
	21.70±0.58
	-17.24±0.92
	82.69±0.94e
	23.33±0.57c
	-19.10±1.35ab

	30
	82.26±2.74
	24.20±0.35
	-17.90±1.47
	74.56±0.41e
	21.60±0.40c
	-19.20±0.77de
	104.86±1.21
	21.80±0.40
	-17.22±0.55
	93.33±2.15f
	24.00±0.70c
	-19.00±0.75ab

	45
	85.82±0.69
	23.98±0.61
	-16.36±1.68
	92.30±0.44f
	25.59±0.98d
	-18.99±0.75def
	105.76±1.51
	23.03±1.94
	-17.19±0.52
	116.24±0.96g
	26.87±1.50d
	-19.24±2.2ab

	60
	93.25±0.72
	24.26±0.87
	-15.69±0.36
	95.82±1.50g
	25.86±0.40d
	-17.86±0.45efg
	106.50±0.71
	23.19±1.70
	-17.06±0.41
	119.47±1.20h
	26.58±1.11de
	-19.28±2.6ab

	75
	98.50±0.84
	25.29±1.11
	-15.67±0.81
	99.79±0.75h
	26.06±0.41d
	-16.92±0.46fg
	116.93±1.60
	23.58±0.70
	-16.19±1.83
	120.67±0.98h
	27.01±1.40de
	-19.20±2.8ab

	90
	106.79±1.64
	26.09±1.15
	-15.05±0.64
	103.65±1.10i
	26.33±0.50d
	-16.68±0.95g
	121.66±0.96
	24.28±0.88
	-16.15±0.68
	124.71±0.81i
	28.50±1.01e
	-16.31±0.98bc


Results are expressed as mean±SD, n=3. Mean in each column with different superscripts (a, b, c,d,e,f,g, h, i) is significantly different (p<0.05) from each other. Concentration of catechin in niosomes is 25 mg/100 mL


Table 2. Effect of storage on particle size, PDI and ZP of catechin niosomes at 5oC
	Days
	 (5±2oC) 

	
	Blank T60
	CNT60
	Blank T80
	CNT80

	
	PS
	PDI
	ZP
	PS
	PDI
	ZP
	PS
	PDI
	ZP
	PS
	PDI
	ZP

	0
	78.67±3.18
	20.93±3.13
	-29.39±0.88
	58.25±2.80a
	21.10±1.45a
	-29.73±0.85a
	95.77±2.56
	16.54±1.13
	-28.33±2.18
	61.04±2.83ab
	15.79±0.55a
	-29.43±1.85a

	5
	28.28±1.34
	21.86±2.00
	-26.49±1.35
	36.65±1.81b
	23.32±1.12b
	-28.36±0.92ab
	61.03±2.32
	5.86±0.40
	-26.60±1.04
	56.36±2.00a
	16.20±0.20ab
	-24.83±1.46b

	10
	28.51±1.33
	23.05±1.10
	-24.91±1.30
	37.34±2.13bc
	24.43±1.53c
	-27.30±0.55bc
	71.49±2.10
	9.59±0.60
	-24.50±1.55
	64.36±1.11b
	17.59±0.70bc
	-22.83±1.16bc

	15
	30.76±1.38
	23.36±0.85
	-24.59±1.41
	38.77±2.32bcd
	24.65±1.82cd
	-26.79±0.45bcd
	94.70±1.43
	11.68±0.75
	-16.82±0.70
	74.65±1.46c
	18.14±1.26c
	-22.66±1.91bc

	20
	32.81±1.70
	24.17±1.16
	-24.60±1.45
	40.05±2.29bcd
	24.79±1.05 cd
	-25.66±1.75cd
	166.63±3.26
	12.33±1.20
	-16.32±1.45
	77.15±1.79c
	20.57±0.52d
	-21.87±1.11cd

	25
	36.33±2.28
	24.53±1.45
	-24.27±1.25
	40.60±0.63cd
	24.78±1.08 cd
	-24.65±1.09d
	188.06±1.31
	16.48±1.08
	-15.80±0.76
	146.53±1.66d
	21.38±1.15de
	-21.60±2.18cd

	30
	36.89±2.15
	24.59±0.88
	-23.84±1.36
	41.30±1.91de
	24.78±1.15cd
	-21.40±1.66e
	188.71±0.77
	19.69±0.91
	-15.58±0.96
	210.50±1.82e
	22.29±0.91def
	-20.10±1.67cd

	45
	39.66±1.18
	24.91±0.45
	-21.48±0.95
	44.38±1.40ef
	24.78±1.15 cd
	-21.35±1.75e
	203.37±2.55
	21.54±1.09
	-15.35±0.66
	262.50±2.8f
	22.69±0.87ef
	-19.46±1.06d

	60
	40.71±1.68
	25.16±1.07
	-20.86±1.65
	45.68±2.49f
	25.60±0.73ef
	-20.30±1.32e
	194.37±2.78
	23.25±1.62
	-14.71±0.80
	265.53±2.3fg
	23.68±1.19f
	-16.73±1.06e

	75
	41.13±2.05
	25.19±0.78
	-19.57±1.10
	45.73±2.11f
	26.24±1.33f
	-19.26±1.47e
	197.86±3.24
	26.42±1.36
	-14.70±1.20
	268.24±1.9g
	25.35±1.88g
	-15.59±0.55e

	90
	43.80±1.34
	25.59±0.62
	-18.37±1.25
	47.83±2.04f
	26.43±0.49f
	-19.85±1.70e
	203.37±2.47
	28.09±1.62
	-13.77±1.05
	268.36±2.1g
	25.55±1.01g
	-15.19±1.36e


Results are expressed as mean±SD, n=3. Mean in each row with different superscripts (a, b, c, d, e, f, g, h, i) is significantly different (p<0.05) from each other. Concentration of catechin  in niosomes is 25 mg/100 mL
Table 3. Effect of storage on EE of catechin niosomes at 30o and 5oC
	 
Days
	 30±2oC
	5±2oC

	
	CNT60
	CNT80
	CNT60
	CNT80

	0
	85.54±1.18a
	83.61±0.99a
	85.54±1.18a
	83.61±0.99a

	5
	82.84±0.49b
	80.52±0.96b
	85.33±0.64ab
	82.13±0.30a

	10
	78.21±0.78c
	75.65±0.36c
	82.98±0.57bc
	80.85±0.32ab

	15
	72.60±0.73d
	71.47±0.58d
	80.95±0.86cd
	78.84±0.86bc

	20
	71.01±0.72d
	68.70±0.80e
	79.04±0.64de
	76.23±0.82cd

	25
	68.67±0.61e
	66.08±0.79f
	77.92±0.72e
	74.90±0.70d

	30
	64.63±0.63f
	62.64±1.01g
	75.43±0.79f
	73.63±0.55d

	45
	55.97±1.5gh
	58.53±1.01h
	68.53±0.89g
	67.60±0.83e

	60
	56.40±1.14g
	55.42±0.81i
	66.31±2.67gh
	66.59±2.8ef

	75
	54.20±2.08h
	53.43±0.99j
	66.46±2.56gh
	64.44±2.9fg

	90
	50.40±2.06i
	48.36±0.94k
	64.73±0.55i
	62.83±0.61g


Results are expressed as mean ± SD, n=3. Mean in each row with different superscripts (a, b, c, d, e, f, g, h, i) is significantly different (p<0.05) from each other.
 




11

Table 4. Effect of storage on pH at 30o and 5oC
	
      Days
	30oC
	5oC

	
	Blank T60
	CNT60
	Blank T80
	CNT80
	Blank T60
	CNT60
	Blank T80
	CNT80

	0
	6.53±0.34
	6.67±0.32a
	6.75±0.24
	6.79±0.22a
	6.64±0.38
	6.62±0.27a
	6.75±0.24
	6.81±0.23a

	5
	6.43±0.41
	6.08±0.34ab
	6.10±0.13
	6.23±0.60ab
	6.69±0.13
	6.44±0.46ab
	6.72±0.10
	6.66±0.24ab

	10
	6.01±0.25
	6.07±0.76ab
	6.03±0.76
	6.02±0.41bc
	6.66±0.35
	6.43±0.35ab
	6.69±0.16
	6.67±0.24ab

	15
	5.99±0.14
	5.74±±0.47b
	5.88±0.31
	5.85±0.39bc
	6.63±0.19
	6.41±0.38ab
	6.68±0.27
	6.53±0.18abc

	20
	5.85±0.25
	5.67±0.93b
	5.80±0.66
	5.82±0.75bc
	6.58±0.50
	6.38±0.36ab
	6.63±0.14
	6.50±0.19abc

	25
	5.83±0.39
	5.54±1.10b
	5.79±0.81
	5.71±0.70bcd
	6.01±0.29
	6.27±0.60ab
	6.19±0.31
	6.28±0.53bcd

	30
	5.70±0.34
	5.49±0.86b
	5.76±0.24
	5.60±0.72bcd
	5.87±0.40
	6.26±0.65ab
	5.88±0.10
	6.24±0.33bcd

	45
	5.66±0.41
	5.48±0.96b
	5.54±0.76
	5.59±0.90bcd
	5.87±0.37
	6.25±0.40ab
	5.87±0.19
	6.22±0.32cd

	60
	5.62±0.16
	5.42±0.01b
	5.49±0.71
	5.53±090bcd
	5.87±0.14
	6.16±0.44ab
	5.86±0.31
	6.19±0.16cd

	75
	5.29±1.26
	5.35±0.85b
	5.16±1.08
	5.30±0.99cd
	5.87±0.82
	6.14±0.42ab
	5.78±0.22
	6.18±0.35cd

	90
	5.21±1.13
	5.33±1.02b
	4.93±0.82
	5.01±0.76d
	5.63±0.23
	6.01±0.05b
	5.65±0.92
	5.98±0.64d


    Results are expressed as mean±SD, n=3. Mean in each row with different superscripts (a, b, c, d) is significantly different (p<0.05) from each other
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Table 5.  Effect of storage on viscosity (cP) at 30o and 5oC
	
Days
	30oC
	5oC

	
	Blank T60
	CNT60
	Blank T80
	CNT80
	Blank T60
	CNT60
	Blank T80
	CNT80

	0
	1.07±0.02
	1.14±0.01a
	1.03±0.01
	1.05±0.03a
	1.08±0.01
	1.13±0.01a
	1.03±0.17
	1.05±0.01a

	5
	1.12±0.03
	1.16±0.01ab
	1.08±0.07
	1.05±0.06a
	1.15±0.02
	1.22±0.02ab
	1.07±0.02
	1.06±0.05a

	10
	1.28±0.01
	1.26±0.05abc
	1.20±0.05
	1.08±0.01a
	1.30±0.01
	1.29±0.01bc
	1.14±0.03
	1.18±0.04b

	15
	1.34±0.02
	1.31±0.01bcd
	1.36±0.01
	1.26±0.01b
	1.44±0.06
	1.47±0.01d
	1.27±0.02
	1.37±0.01cd

	20
	1.37±0.05
	1.46±0.11cde
	1.37±0.02
	1.29±0.05b
	1.46±0.01
	1.43±0.11cd
	1.36±0.01
	1.38±0.04d

	25
	1.46±0.02
	1.48±0.07e
	1.46±0.03
	1.35±0.06b
	1.55±0.03
	1.42±0.14cd
	1.55±0.02
	1.40±0.09d

	30
	1.68±0.03
	1.49±0.02e
	1.56±0.02
	1.36±0.09b
	1.39±0.05
	1.39±0.06bc
	1.41±0.08
	1.35±0.02bc

	45
	1.75±0.3
	1.38±0.02abc
	1.58±0.01
	1.30±0.06b
	1.36±0.01
	1.39±0.03bcd
	1.38±0.11
	1.29±0.05bcd

	60
	1.77±0.14
	1.38±0.06bc
	1.64±0.05
	1.29±0.04b
	1.36±0.14
	1.35±0.09bcd
	1.37±0.02
	1.29±0.02bcd

	75
	2.09±0.38
	1.29±0.15cde
	2.00±0.18
	1.29±0.16b
	1.34±0.06
	1.35±0.06cd
	1.36±0.15
	1.29±0.12bcd

	90
	Solidified
	1.29±0.17cde
	Solidified
	1.28±0.17b
	1.31±0.05
	1.35±0.07cd
	1.34±0.39
	1.29±0.11bc


Results are expressed as mean± SD, n=3. Mean in each row with different superscripts (a, b, c, d, e) is significantly different (p<0.05) from each other
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Fig. 2.   A. Visual  observation  of solubility of  a) Free catechin  and  b) Catechin   niosomes, B.  Solubility of free catechin and catechin niosomes (µg/mL) in water with increase in time. *denotes significant (p<0.05) difference in solubilityof free catechin and catechin niosomes. # Represents significant (p<0.05) difference w.r.t. increase in time (h) when measured using post hoc dunnett test
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Fig. 3. 	Photostability of free catechin and catechin niosomes a) Concentration of catechins (µg/mL) after exposure to artificial UV light  and b) Images of photodegradation of free catechin and  CNT60 under UV light
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