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Therapeutic Efficacy of Ocimum sanctum L. and anti-mastitis herbal paste on subclinical mastitis in cow in different housing systems

ABSTRACT
Aims: The current study was conducted to assess prophylactic potential of O. sanctum and anti-mastitis herbal paste in subclinical mastitis in cow. 
Methodology:  24 subclinical mastitis affected HF cross cows was selected for therapy and 12 healthy cows form control groups. O. sanctum leaf powder was given orally twice daily for five days to the six cows from conventional and loose housing systems, which made up groups I and II, respectively. Similarly, groups III and IV, which represented the conventional and loose housing six cows each topically, applied anti-mastitis paste containing A. vera, C. longa, and lime twice daily for five days. 
Results: The SCC values of infected quarters considerably declined on day 28 following O. sanctum therapy as compared to values prior to therapy in both loose and conventional housing systems. The SCC values of infected quarters were also significantly lower on day 28 after the administration of herbal paste as compared to the value prior to therapy, in both housing systems. Following administration of powdered O. sanctum leaves in both a conventional and loose housing system, the effectiveness in improving the affected quarter was 83.33% and 83.83%, respectively. Similarly, the percent efficacy of herbal paste in the traditional and loose housing systems was 81.81% and 53.84%, respectively. 	Comment by Vivek Singh: Significantly different result. Add few lines in support of this result in disscussion.
Conclusion: In conclusion, the treatments of O. sanctum leave powder and anti-mastitis paste containing A. vera, C. longa and lime are having prophylactic potential to manage subclinical mastitis in cows under conventional and loose housing systems.
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1. INTRODUCTION
Mastitis, mammary gland inflammation, is one of the most serious diseases affecting dairy cattle globally which causes considerable losses to farmers hence preventive strategies including management practices need to be implemented to control of mastitis (Stanek et al., 2024). Based on clinical manifestation, mastitis is broadly categorized as clinical and subclinical. Generally, increased somatic cells count (SCC) in the milk due quarter(s) inflammation without obvious clinical symptoms is called subclinical mastitis (Constable et al., 2017). Subclinical mastitis is more important as it causes more economic loss around Rs. 832.517 crores (Singh et al., 2021). The prevalence of mastitis in cow is four times higher than clinical mastitis. Type of housing system is an important factor for occurrence of mastitis (Shaikh et al., 2018). 	Comment by Vivek Singh: Meaning of this line is not clear
Traditionally, various antibiotics are used to treat the mastitis. But use of antibiotics has emerged challenges like antibiotics resistance, bacterial bio-film formation and intracellular localization of bacteria which are critical health issues affecting humans and animals (Sahoo et al., 2023). In veterinary therapeutic practice, the presence of microorganisms that are tolerant to routinely used antibiotics has been found (Darby et al., 2023). As a result, the idea of employing non-antibiotic approaches for alleviating mastitis is becoming more popular. One such tactic entails enhancing the animal's natural defense system through the use of non-specific immunomodulators, such as plant components. Various non-antibiotic and ethnoveterinary preparations have been used for management of mastitis in animals (Shaikh et al., 2019; Shaikh et al. 2024).
Ocimum sanctum L. (Tulsi) is a medicinal plant native to the Indian subcontinent belongs to Lamiaceae family. The herb is used for the treatment of skin diseases, arthritis, and inflammation due to antioxidant, antimicrobial and anti-inflammatory pharmacological actions (Sareen et al., 2024). It contains tannins, glycosides, saponins and phenol (Kumar et al., 2022). Tulsi leaves are rich source of essential oil containing Eugenol and ursolic acid active ingredients which are having antioxidant, antimicrobial, anesthetic, anti-inflammatory, neuroprotective, anti-diabetic, and anti-cancer activities (Taleuzzaman et al, 2021). Leave of O. sanctum demonstrated potential antibacterial efficacy against Gram-positive pathogens including S. aureus and S. argenteus plus Gram-negative pathogens E. coli, S. typhi (Golani, et al., 2025). Also, O. sanctum showed antimicrobial activity against isolated multidrug-resistant Staphylococcus aureus from mastitis infected cow (Hosen et al., 2024).
Curcuma longa (Turmeric) is a rhizomatous herbaceous plant commonly used for management of various diseases like cancer, diabetes, arthritis, diarrhoea, inflammation, psoriasis, hepatobiliary diseases, gastric and peptic ulcers (Iweala et al., 2023). Curcumin is the major bioactive constituent of C. longa which contains various pharmacological properties including anticancer, antidiabetic, anti-osteoarthritis, antidiarrheal, cardioprotective, anti-oxidative, neuroprotective, hepatoprotective, anti-microbial, renoprotective and anti-inflammatory activities (Anas et al., 2024). C. longa demonstrated in vitro efficacy against S. aureus in subclinical mastitis (Singh et al., 2024). Aloe vera is a xerophyte plant belongs to the Liliaceae family. It demonstrated potential analgesic, anticancer, wound and burn healing, hypoglycemic, gastro-protective, antifungal, and anti-inflammatory properties due to its anthraquinones, enzymes, organic and inorganic contents (Sharma and Kaur, 2024). Aloe vera showed potential antibacterial effect against the different strains of bacteria of S. aureus and Enterobacterales (Naik et al., 2025). 
Considering the above facts, the present research work was conducted to evaluate the efficacy of O. sanctum and anti-mastitis paste on subclinical mastitis in cows in different housing systems.
2. MATERIALS AND METHODS
In the present research work, cow population in and around Parbhani area in different housing systems were screened using suitable diagnostic tests for detection of mastitis and various therapeutic regimen were employed for treatment of subclinical mastitis in selected cows. The research conducted with approval from Animal Ethical Committee of College of Veterinary and Animal Sciences, Parbhani and the experiment was performed in accordance with standard ethical guidelines for animal use and care. The plants used in the study were collected from local shop having botanical garden. The plant species were identified from Department of Veterinary Pharmacology and Toxicology, College of Veterinary and Animal College, Parbhani. 	Comment by Vivek Singh: Check grammer
2.1 Sampling and diagnosis
Milk samples were collected from each quarter of individual selected cows in sterilized bottles under hygienic conditions and performed various diagnostic tests viz. MCMT, EC, pH and SCC. Milk samples were analyzed to determine the health status of the quarter at days '0', 7th, 14th, and 28th in each group, for comparative evaluation of treatments.
2.2 Selection of animals
In the current study, 24 sub-clinical mastitis affected HF crossbred cows from conventional (n=12) and loose (n=12) housing systems, from the same region and herd were selected for treatment. 12 apparently healthy cows from conventional (n=6) and loose (n=6) housing systems were selected for control. The cows were in the early to mid stage of lactation, and weighing around 400 kg. 	Comment by Vivek Singh: Basis of identification of cow having sub-clinical mastitis??? Please include, how you judge the cow having subclinical mastitis	Comment by Vivek Singh: Standards you set in CMT and SCC for subclinical as well as clinical mastitis
2.3 Dose of O. sanctum
The dose of O. sanctum leaves powder was calculated based on the following calculations: 1) when administered as a crude powder, the herb’s dose was taken as four times the dose of herbal pure extract (Wynn et al., 2007); 2) for safety reasons, the maximum dose of a chemical should not be more than 1/10 of the 50% lethal dose (LD50) dose of that particular chemical; 3) the LD50 dose of O. sanctum (eugenol) pure extract was found to be 2 g/kg body weight in rats (Shokeen et al., 2008). To ensure safety, the dose was therefore set at 1/13 of the LD50, or 150 mg/kg body weight. The dosage of the herb was four times higher than that of pure extract since it was provided as a raw powder. The calculated dose was administered separately from the animals' usual feed in the morning and the evening, and the treatment had no negative impact on the health of the cows.
2.4 Preparation and application of herbal paste
The anti-mastitis herbal paste was prepared by proper mixing of 200g of Aloe vera, 50 g of C. longa powder, and 5 g of lime. Aloe vera leaves were chopped and pulp was collected. The pulp blended consistently in a glass cup with C. longa powder and lime. This paste was put in a bowel and diluted with 100 ml of potable water. The paste changed into an herbal solution after a short period with a pleasant bright red coloration (Fig. 1). A freshly prepared herbal paste was used daily for the study and any leftover solution from the previous day was discarded.
2.5 Treatment protocol
The selected cows were randomly divided into six groups, each group having six cows. Groups I and II constitute cows from conventional and loose housing systems, respectively, received a regimen of O. sanctum leaves powder @ 300 mg/kg BW orally twice a day for five days. While, anti-mastitis herbal paste containing C. longa 50 gm, Aloe vera 200 gm, and lime 5 gm applied twice a day for five days on cows from groups III and IV from conventional housing and loose housing systems, respectively. Groups V and VI were healthy control groups from conventional and loose housing systems, respectively, and they were kept on a regular diet without any treatment. 
2.6 Statistical analysis
The data collected in the research work was statistically evaluated using WASP (Web Agricultural Statistics Package) software (version 2.0) by CRD and presented as mean and standard error.
3. RESULTS AND DISCUSSION
The results of comparative efficacy of O. sanctum and anti-mastitis paste therapies on improvement in SCC, pH and EC values in subclinical mastitis affected cows in different housing systems is presented in table 1. In subclinical mastitis affected cows of all treatment groups, in both conventional and loose housing systems, the values of SCC, pH and EC were higher at day ‘0’ (pre-treatment). The SCC values of the infected LH and RH quarters in the conventional housing system were significantly (P 0.05) lower, near to the control group values, on day 28 after O. sanctum therapy as compared to the values on day '0' before therapy and indicating marked improvement in udder health. MCMT and SCC are reliable and efficient diagnostic tests for pinpoint diagnosis of sub-clinical mastitis in dairy animals (Shaikh and Siddiqui, 2024).
Similarly, in a loose housing system, the SCC values of infected LH and RH quarters were considerably (P 0.05) lower on day 28 following O. sanctum therapy compared to value on day '0' prior to therapy. The O. sanctum therapy successfully converted the subclinical quarter to a normal, healthy quarter with a significant drop in SCC. 
When compared to the corresponding control and from day '0' pre-treatment to day '28' post-treatment, therapy with O. sanctum leaf powder demonstrated a substantial (P 0.05) reduction in values of SCC, MCMT, pH, and EC in both conventional and loose housing systems (Table 1). After therapy with O. sanctum, no adverse effects were noticed. 
In both conventional and loose housing systems, application of an anti-mastitis paste containing C. longa, Aloe vera, and lime resulted in a significant (P 0.05) decrease in values of SCC, MCMT, pH, and EC when compared to the corresponding control and from day '0' pre-treatment to day '28' post-treatment (Table 1). After applying the anti-mastitis paste, no negative effects were noticed.
In a traditional housing arrangement, the SCC values of the infected LH and RH quarters were significantly (P 0.05) lower on day 28 following the administration of the anti-mastitis paste than they were on day 'O' before therapy. The SCC values of the infected LH and RH quarters in the loose housing system were also significantly (P 0.05) lower on day 28 following the administration of the anti-mastitis paste than they were on day 'O' before therapy.
India is one of the top nations in the world for producing milk and has an abundance of dairy cows. 13.9 million Cows live in the state of Maharashtra, which produces 14,300 metric tons of milk annually (BAHS-2022). Subclinical mastitis is one of the most expensive and hazardous conditions affecting the quality and quantity of milk in dairy animals while showing no outward signs of infection. Therefore, preventative measures and early diagnosis are crucial for the diary sector to succeed.	Comment by Vivek Singh: BAHS 2025 data is also available. Please include the recent one
According to Prakash and Gupta (2005) and Sarah and Lamia (2015), eugenol, flavonoids, and triterpenes are present in O. sanctum and have the ability to modulate immune function and reduce inflammation. According to studies by Singh et al. (2012) and Ali et al. (2014), eugenol (1-hydroxy-2-methoxy-4-allylbenzene) is O. sanctum's active ingredient and is what gives the plant its medicinal properties and anti-inflammatory properties. As reported by Bhatt et al. (2012), Mishra and Mishra (2011) discovered that O. sanctum leaf extract was equally effective against pathogenic gram-positive and gram-negative bacteria.	Comment by Vivek Singh: Check the grammer
Mukherjee et al. (2005) suggest that the crude aqueous extract of O. sanctum leaves possesses some biological active principals that are antibacterial and immunomodulatory in nature which enhance the mammary immunity. Shafi et al. (2016) found that O. sanctum leaves powder have anti-bacterial, anti-inflammatory and immunomodulation potential which can eliminate intramammary infection and decrease milk SCC. Similarly, Johri et al. (2017) reported good therapeutic potential of O. sanctum in treating subclinical mastitic cow.
Aloe vera is utilized as an antiseptic, anti-microbial, anti-ulcer, and anti-inflammatory agent and has the ability to actively repair the skin cells that have been injured. In order to treat a variety of skin diseases, it is frequently used externally (Dagne et al., 2000). Anthraquinones and their derivatives, which have analgesic and antibacterial characteristics, are found in aloe vera (Thiruppathi et al., 2001). Turmeric powder, also known as curcuma longa, has antibacterial, anti-inflammatory, antioxidant, and immunomodulatory effects (Mukherjee et al., 2014; Neamah et al., 2016). Although sesquiterpenes have also been identified from the rhizome of C. longa, curcuminoides are the main component of this plant. In addition, C. longa has demonstrated antibacterial activity against a wide range of microorganisms (Rakshit and Ramalingam, 2010). Swaroop et al. (2014) reported that Aloe vera and Curcuma longa extracts act synergistically to inhibit drug-resistant E. coli. Similar findings about Curcuma longa rhizome's antibacterial activity against Staphylococcus aureus were reported by Bhatt et al. (2013) and Gupta et al. (2015).	Comment by Vivek Singh: Scientific name in Italics
According to research by Minwuyelet et al. (2017), bradykinase, which lowers vascular permeability, neutrophil migration, and leukocyte adhesion and decreases edema production, is responsible for Aloe vera's anti-inflammatory effects. It has also been discovered to inhibit PGF2 and TB4 and reduce TNF production. According to reports, the active ingredient in C. longa, curcumin, inhibits NF-B, which reduces TNF, superoxides, COX-2, iNOS, and NO. Leukotriene production is reduced as a result of its inhibition of the LOX pathway (Rakshit and Ramalingam, 2010). It is well known that calcium hydroxide has anti-inflammatory properties, lessens the development of edema, promotes healing and repair (Agrawal, 2011; Ghoddusi et al., 2006). As a result, all three components work in concert to create immunomodulatory and antioxidant activity at different points along the inflammatory pathway.
Punniamurthy and Ramakrishnan (2015) investigated several extracts of the herbal remedy for mastitis that contain aloe vera, curcuma longa, and calcium oxide. E. coli, S. aureus, and P. aurogenosa did not grow when the extracts were diluted in water, ethanol, or ethyl acetate. Chloroform extract exclusively inhibited the growth of S. aureus, whereas petroleum ether extract inhibited both S. aureus and P. aurogenosa.	Comment by Vivek Singh: italics
As reported by Susanti and Wizia (2021), compression using aloe vera helps lessen breast engorgement-related pain. In a double-blind clinical experiment, Afshariani et al. (2014) discovered that topical curcumin formulations successfully reduced lactational mastitis symptoms such as pain, breast tension, and erythema after 72 hours of dosing without causing any negative side effects. According to Punniamurthy et al. (2017) and Shrivastava et al., (2016) mastitis can be treated with a topical application of C. longa, Aloe vera, and lime. Groot et al. (2015) and Thangadurai et al. (2017) achieved similar results using a combination of aloe vera, C. longa powder, and lime paste, which was found to be effective in treating mastitis in cows without any negative side effects.
The percent efficacy of groups I and II is 83.33 and 83.83, respectively, showing that intramammary infection could be cured with herbal therapy using O. sanctum leaf powder. According to the percent efficacy of groups III and IV, which are 81.81 and 53.84, respectively, an herbal paste containing C. longa, aloe vera, and lime might be effective in eliminating of intramammary infection. Therefore, it is evident that the effectiveness of O. sanctum leaf powder in a loose housing system is nearly equivalent to that in a conventional housing system, whereas the effectiveness of anti-mastitis paste in a conventional housing system is superior to that in a loose housing system.
4. CONCLUSIONS
The treatments of O. sanctum leave powder and anti-mastitis paste containing Aloe vera, C. longa and lime are having prophylactic potential to manage subclinical mastitis in cows under conventional and loose housing systems.
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Fig. 1: Anti-mastitis paste containing Aloe vera, C. longa and lime
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Table 1: Comparative efficacy of O. sanctum and Anti-mastitis paste on reduction in SCC (x103) in cows in different housing systems
	Group
	0 Day
	7 Day
	14 Day
	28 Day
	CD
(5 %)

	
	LF
	LH
	RF
	RH
	LF
	LH
	RF
	RH
	LF
	LH
	RF
	RH
	LF
	LH
	RF
	RH
	

	I
	cde
225.128 +
22.26
	ab
283.221 +
29.22
	bcd
236.021 +
19.01
	a
294.115 +
25.62
	cdefg
203.345 +
13.39
	bcd
236.023 +
19.82
	cdefg
203.343 +
16.56
	abc
254.176 +
22.96
	fgh
170.665
+
8.74
	cdef
210.606 +
12.15
	defgh
185.181 +
15.66
	cdef
210.605 +
20.79
	fg
145.241 +
7.26
	efgh
177.928
+
6.69
	fg
156.135 +
21.35
	efgh
174.298 +
18.65
	52.39

	II
	cd
228.758
+
21.60
	a
319.531
+
27.36
	cde
221.498
+
13.09
	ab
308.642
+
32.02
	defg
192.443
+
8.74
	bc
261.436
+
19.48
	defg
192.443
+
14.24
	bc
261.436
+
23.86
	efg
174.296
+
7.95
	cde
221.496
+
14.24
	fg
167.025
+
10.77
	cdef
214.236
+
15.31
	ef
156.133
+
13.09
	defg
188.811
+
15.57
	ef
152.503
+
13.77
	efg
174.298
+
20.28
	51.09

	III
	cdef
214.236 +
15.31
	ab
265.068 +
19.01
	bcd
228.758 +
21.60
	a
283.221 +
28.12
	defg
192.443 +
8.74
	bcde
221.496 +
14.24
	cdefg
199.703 +
15.31
	abc
243.283 +
22.08
	efg
177.926
+
8.74
	defg
196.071 +
9.74
	efg
177.926 +
8.74
	cdef
217.866 +
19.48
	fg
167.025 +
10.77
	fg
174.296
+
13.77
	fg
156.133 +
6.69
	      defg
196.073 +
21.04
	46.01

	IV
	abcde
236.021
+
22.08
	ab
272.331
+
28.54
	abcd
246.913
+
20.02
	a
283.223
+
22.50
	cdef
206.975
+
18.44
	abcde
239.653
+
23.86
	abcdef
228.758
+
18.44
	abc
254.175
+
19.21
	ef
185.185
+
16.63
	bcdef
221.498
+
17.26
	cdef
206.976
+
13.48
	bcdef
217.868
+
18.65
	efg
174.298
+
18.65
	ef
188.811
+
15.57
	def
196.071
+
16.87
	cdef
203.346
+
26.78
	56.83

	V
	163.395
+
14.61
	174.298
+
9.74
	163.395
+
12.25
	177.923
+
8.74
	174.296
+
11.25
	170.665
+
8.74
	156.133
+
6.69
	185.185
+
4.87
	177.926
+
8.74
	167.026
+
4.59
	163.396
+
7.44
	199.703
+
10.39
	181.554
+
11.63
	156.131
+
8.74
	159.763
+
9.18
	185.181
+
19.28
	

	VI
	174.296
+
7.95
	196.073
+
7.95
	181.554
+
12.15
	188.816
+
9.18
	177.926
+
11.82
	185.188
+
10.89
	159.763
+
12.15
	192.441
+
6.69
	188.811
+
10.77
	192.441
+
10.39
	170.668
+
8.74
	206.975
+
14.61
	185.185
+
16.63
	181.556
+
9.18
	159.763
+
9.18
	210.608
+
20.79
	


· Similar superscript indicates non-significant (p<0.05) variations

· 
Table 2: Comparative efficacy of O. sanctum& Anti-mastitis paste on reduction in pH in cows in different housing systems
	Group
	0 Day
	7 Day
	14 Day
	28 Day
	CD
(5 %)

	
	LF
	LH
	RF
	RH
	LF
	LH
	RF
	RH
	LF
	LH
	RF
	RH
	LF
	LH
	RF
	RH
	

	I
	bcd
6.650
+
0.05
	a
6.817
+
0.05
	cde
6.667
+
0.04
	a
6.750
+
0.07
	de
6.600
+
0.04
	abc
6.650
+
0.05
	de
6.600
+
0.04
	ab
6.750
+
0.05
	de
6.533
+
0.02
	bcd
6.617
+
0.04
	e
6.550
+
0.05
	bcd
6.617
+
0.04
	e
6.533
+
0.02
	de
6.567
+
0.02
	e
6.567
+
0.05
	de
6.567
+
0.05
	0.126

	II
	bcd
6.650
+
0.05
	a
6.833
+
0.05
	cde
6.633
+
0.03
	a
6.783
+
0.06
	de
6.550
+
0.02
	abc
6.750
+
0.05
	de
6.567
+
0.05
	ab
6.767
+
0.05
	de
6.533
+
0.02
	bcd
6.650
+
0.05
	e
6.517
+
0.02
	bcd
6.650
+
0.05
	e
6.517
+
0.02
	de
6.567
+
0.05
	e
6.517
+
0.02
	de
6.567
+
0.05
	0.126

	III
	cde
6.617
+
0.04
	ab
6.733
+
0.04
	bcd
6.650
+
0.05
	a
6.783
+
0.06
	de
6.550
+
0.02
	bcd
6.650
+
0.05
	cde
6.600
+
0.04
	abc
6.683
+
0.05
	de
6.550
+
0.02
	cde
6.583
+
0.02
	de
6.550
+
0.02
	bcd
6.650
+
0.05
	de
6.550
+
0.02
	de
6.550
+
0.02
	e
6.517
+
0.02
	bcd
6.633
+
0.05
	0.115

	IV
	abcd
6.683
+
0.05
	ab
6.733
+
0.06
	abc
6.700
+
0.04
	a
6.767
+
0.05
	cde
6.600
+
0.04
	abcd
6.683
+
0.05
	abcd
6.683
+
0.05
	ab
6.733
+
0.04
	cde
6.583
+
0.05
	bcde
6.633
+
0.04
	e
6.550
+
0.03
	bcde
6.633
+
0.05
	e
6.533
+
0.03
	de
6.567
+
0.05
	cde
6.583
+
0.03
	bcde
6.633
+
0.06
	0.133

	V
	6.533
+
0.02
	6.550
+
0.02
	6.533
+
0.02
	6.550
+
0.02
	6.550
+
0.02
	6.533
+
0.02
	6.517
+
0.02
	6.567
+
0.02
	6.55
+
0.02
	6.517
+
0.02
	6.517
+
0.02
	6.583
+
0.02
	6.550
+
0.02
	6.517
+
0.02
	6.517
+
0.02
	6.600
+
0.04
	

	VI
	6.533
+
0.02
	6.583
+
0.02
	6.550
+
0.02
	6.567
+
0.02
	6.567
+
0.02
	6.567
+
0.02
	6.517
+
0.02
	6.583
+
0.02
	6.550
+
0.02
	6.567
+
0.02
	6.517
+
0.02
	6.617
+
0.04
	6.567
+
0.05
	6.567
+
0.02
	6.517
+
0.02
	6.650
+
0.05
	


· Similar superscript indicates non-significant (p<0.05) variations
· 

Table 3: Comparative efficacy of O. sanctum& Anti-mastitis paste on reduction in EC (mS/cm) in cows in different housing systems
	Group
	0 Day
	7 Day
	14 Day
	28 Day
	CD
(5 %)

	
	LF
	LH
	RF
	RH
	LF
	LH
	RF
	RH
	LF
	LH
	RF
	RH
	LF
	LH
	RF
	RH
	

	I
	bcdef
4.848
+
0.19
	ab
5.242
+
0.17
	bcde
4.935
+
0.16
	a
5.360
+
0.18
	defgh
4.675
+
0.14
	abcd
4.997
+
0.16
	defgh
4.647
+
0.16
	abc
5.130
+
0.19
	gh
4.425
+
0.04
	cdefg
4.793
+
0.13
	defgh
4.592
+
0.16
	cdefgh
4.735
+
0.16
	h
4.325
+
0.04
	fgh
4.467
+
0.03
	fgh
4.428
+
0.19
	efgh
4.525
+
0.15
	0.423

	II
	bcde
5.048
+
0.18
	a
5.543
+
0.17
	bcde
5.048
+
0.19
	ab
5.442
+
0.20
	fgh
4.587
+
0.09
	abc
5.168
+
0.16
	efgh
4.611
+
0.14
	abcd
5.127
+
0.19
	fgh
4.427
+
0.05
	cdef
4.805
+
0.17
	fgh
4.550
+
0.15
	cdefg
4.777
+
0.16
	h
4.327
+
0.05
	fgh
4.522
+
0.16
	gh
4.331
+
0.05
	defgh
4.688
+
0.24
	0.449

	III
	bcde
4.805
+
0.14
	a
5.283
+
0.12
	bcdef
4.755
+
0.14
	a
5.307
+
0.19
	cdefg
4.622
+
0.10
	bc
4.888
+
0.15
	bcdefg
4.697
+
0.14
	ab
5.027
+
0.18
	efg
4.458
+
0.03
	cdefg
4.635
+
0.08
	defg
4.487
+
0.05
	bcd
4.838
+
0.17
	fg
4.423
+
0.06
	defg
4.500
+
0.09
	g
4.355
+
0.035
	bcdefg
4.708
+
0.18
	0.357

	IV
	abc
4.953
+
0.19
	ab
5.197
+
0.22
	ab
5.028
+
0.17
	a
5.287
+
0.16
	abc
4.790
+
0.22
	ab
5.147
+
0.21
	abc
4.923
+
0.20
	abc
4.930
+
0.19
	c
4.453
+
0.14
	bc
4.728
+
0.18
	c
4.445
+
0.16
	bc
4.678
+
0.13
	c
4.452
+
0.15
	c
4.463
+
0.15
	bc
4.690
+
0.18
	bc
4.742
+
0.25
	0.519

	V
	4.473
+
0.09
	4.480
+
0.05
	4.430
+
0.06
	4.515
+
0.06
	4.527
+
0.09
	4.429
+
0.05
	4.368
+
0.04
	4.492
+
0.01
	4.537
+
0.08
	4.440
+
0.02
	4.423
+
0.03
	4.632
+
0.09
	4.543
+
0.07
	4.385
+
0.04
	4.398
+
0.04
	4.618
+
0.16
	

	VI
	4.458
+
0.05
	4.625
+
0.09
	4.522
+
0.08
	4.572
+
0.07
	4.467
+
0.05
	4.563
+
0.08
	4.447
+
0.10
	4.582
+
0.08
	4.600
+
0.11
	4.632
+
0.10
	4.428
+
0.04
	4.757
+
0.15
	4.560
+
0.14
	4.473
+
0.04
	4.365
+
0.04
	4.855
+
0.18
	


· Similar superscript indicates non-significant (p<0.05) variations
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