


KINETICS OF COLOUR CHANGE ON MANGO SLICES USING DIFFERENT DRYING METHODS
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Colour is an important physical parameter used in determine consumer acceptability and is also save as one of the indicators that is use to determine nutrient losses in fruits and vegetables. It is used in optimizing drying technique that that will retain nutrient in food processing industry.  Thus, this study investigated kinetics of colour change on mango slices using different drying methods.
 Freshly harvested Julie variety mango fruits usually known as Ogbomoso mango were sorted, washed, peeled and cut into slice thicknesses of 3, 6 and 9 mm. The slices were dried using three drying methods: oven (40, 45 and 50 °C), solar and sun drying. Colour value (CIE L*, a*, and b*) was used to determine the colour change of the samples. The values l*, a*, b*, were determine while total colour change (ΔE), Chromaticity difference (ΔC), Hue angle, and Browning index (BI) were calculated from the L*, a*, and b* value. 
The values of l* at 40, 45, 50 ºC, solar and sun ranges from 29.77- 67.99, 25.66 – 69.07 27.09 -73.15, 44.54 – 71.51 and 35.28 -68.51, respectively. The value of a* ranged from 8.71 -70.71, 5.77 - 40.67, 7.85 – 45.92, 9.45 – 32.68 and 6.07 – 24.57 for 40, 45, 50 ºC, solar and sun, respectively. The b* value for 40, 45, 50 ºC, solar and sun were 53.99 – 95.42, 29.26 – 92.21, 21.98 98.64, 35.96 – 78.64 and31.95 – 75.64, respectively. The value for ΔE were 48.08 – 132.37, 52.27 – 127.70, 31.25 – 128.85, 27.11 – 107.02 and 43.28 – 102.71 for 40, 45, 50 ºC, solar and sun, respectively.   The value for ΔC at 40, 45, 50 ºC, solar and sun were 24.08 113.57, 30.26 – 108.15, 17.91 – 110.62, 23.50 – 85.14 and 20.05 – 81.23 for 40, 45, 50 ºC, solar and sun respectively. The values for hue angle for 40, 45, 50 ºC, solar and sun ranged from 62.25 – 74.22ﹾ, 89.56 -128.95ﹾ,  89.61 – 125.68ﹾ, 85.59 – 119.78ﹾ and 68.62 – 85.45ﹾ, respectively. Lastly BI values were 0.47 – 2.39, 0.47 – 2.15, 0.50 – 1.39, 0.34 – 0.90 and 0.41 – 0.89, respectively.
This study has shown that mango sample of slice thickness of 3 mm dried at 40 ºC and 3mm solar dried sample had better colour retention. Thus, the findings could be used in effective processing of mango slices.
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1 Introduction
Mango (Mangifera indica L.) is one of the most important tropical and sub-tropical fruits, widely appreciated for its characteristic aroma, attractive colour and high nutritional value. It is often referred to as the king of fruits due its rich taste and diverse uses in fresh and processed forms such as juices, jams and dried snacks (Yahia, 2011). Mango is a good source of carbohydrates, vitamins, minerals and dietary fiber. The fruit also contains significant quantities of phenolic compounds and antioxidants which contributes to its health promoting properties (Lopez-Cobo et al., 2016). According to Kapse et al. (2021), the major bioactive components of mango including b-carotene, ascorbic acid, polyphenols, and flavonoids which are responsible for its nutritional and therapeutic benefit such as boosting immunity, preventing oxidative stress and supporting eye health.
However, mango is highly perishable fruit with a short post-harvest life due its high moisture content which ranges from 80 – 85% (Fasogbon et al., 2019). To extend its shelf-life and preserve its nutritional quality, drying is one of the most effective preservation techniques applied. Drying is a moisture removal process that involves the transfer of heat and mass, resulting in reduced water activity and inhibition of microbial growth (Krokida et al., 2001). The main objective of drying is to produce a stable product that retains as much of the original characteristics of the fresh fruit as possible.
Despite its advantages, drying can lead to undesirable changes in the physical, chemical and sensory properties of food materials. Excessive exposure to heat or prolonged drying can degrade heat-sensitive nutrients such as vitamin C and carotenoids, cause case hardening, shrinkage and textural deterioration (Krokida and Maroulis, 2000). Furthermore, the oxidative and enzymatic reactions that occur during drying often result in colour degradation, which is the most important quality parameters influencing consumer acceptance (Maskan, 2001). Colour changes in dried mango slices are commonly associated with non-enzymatic browning, enzymatic oxidation of polyphenols and pigment degradation, particularly of B-carotene and chlorophyll (Pathare et al., 2013).
Colour serves as a critical indicator of quality and freshness in dried fruit products. It not only affects the visual appeal but also reflects the extent of chemical and nutritional changes during processing (Panjagari et al., 2017). Monitoring the kinetics of colour change during drying provides valuable information for optimizing drying parameters to minimize quality deterioration. The kinetics can be described mathematically using zero-order, first-order or higher-order reaction models to predict colour degradation and identify the influence of temperature and drying method on colour stability (Sogi et al., 2015). Therefore, studying the kinetics of colour change in mango slices under different drying methods is essential for designing drying processes that preserve both aesthetic and nutritional qualities of the product. Although series of work has been done on degradation of colour change in fruit and vegetable (Zhang et al., 2025; Dong et al., 2023; Haopeng et al. 2022 and Singh et al., 2018).  But there is little or no information on kinetic of colour change in mango slices. Therefor this work was focusing on kinetics of colour change on mango slices using different drying methods
2 Materials and Methods
2.1 Material
Freshly harvested mango of a variety julie mango usually known as Ogbomoso mango was purchased from a local farmer in Ogbomoso, Oyo State Nigeria, with latitude and longitude.1335ﹾN and 4.2538ﹾE, respectively. The fruit used was matured and partially ripe (stage three in ripping chart) mango.
2.2 Sample Preparation and Drying procedure of Mango Slices
Mango was sorted and good one was selected and washed to remove any dirty material, peeled, and then cut into different slice thickness of 3, 6, and 9 mm. The sliced mango samples was subjected to three drying methods namely: oven (40, 45 and 50 °C), solar, and sun drying methods. Sliced samples of 600 g was placed in drying trays of dimension 50 cm by 27 cm and was spread out in a thin layer. 
An oven dryer (Gallenkamp BS oven, UK) was used to dry mango at selected drying temperatures of 40, 45, and 50 °C, with air velocity of 2.5 ms-1. The dryer that was used has a dimension of 60 cm by 60 cm in length and thus has a total surface area of 3600 cm2. The oven was set at chosen drying temperatures and allowed to run for 1 h (before placing the mango sample in the oven) to allow the oven to equilibrate. After placing the samples in the oven the samples were taking at intervals of 4 h and the colour values was determined throughout the drying process until samples were completely dry.
A solar dryer made of a metal frame, that is located at Owoduni processing laboratory Food Engineering Department LAUTECH Ogbomoso was used for this experimental work. The drying trays which contain samples (3, 6, and 9 mm thickness) were placed inside the solar dryer and the dryer was located in apposition where sun ray can come in contact with the dryer. The drying duration was from 8 am – 6 pm daily which represents the sunlight hours in Nigeria (Olajire et al., 2018). The temperature of solar dryer was monitored by means of thermometer and ambient temperature was also monitored on daily bases. The drying operation was done on the month of April, at relative humidity of 84%. Samples were taking at interval of 4 h and colour values was determined until it was completely dry.
For sun dried samples, the slice thicknesses of 3, 6, and 9 mm, were spread on the drying trays and placed directly under the sun. The drying was between 8 am – 6 pm daily (which represents the drying period) the samples were taken at the same interval of time and colour values was also determined. The temperature of sun dryer was monitored by means of thermometer on daily bases.
2.3 Determination of Colour of the Sample
The method of Flaviis and Sacchetti (2025) was used to determine colour values of the mango samples. The colour value (CIE L*, a*, and b*) of the fresh and dried mango samples were determined with a Minolta Reflectance Chroma Meter CR 210 (Minoltal Japan). The L*(lightness), a*(redness-greenness) b*(yellowness-blueness) index of the colorimetric system was used to evaluate the colour change of the mango during drying.
This instrument was calibrated before each measurement with a white ceramic tile, which stands for the initial colour value of the fresh mango sample. The fresh and dried samples were chopped and ground, respectively to obtain small sizes. Three replicates of each sample was measured to get the average L*, a*, and b* values. Total colour change (ΔE), Chromaticity difference, Hue angle, and Browning index (BI) were calculated from the L*, a*, and b* value using Equation 1- 5 (Flaviis and Sacchetti, 2025).
				(1)
where, ΔL* = Li - Lf, Δa* = ai - af and Δb* = bi - bf, subscripts “i” and “f’ are initial and final colour value, respectively.    
		(2)
				(3)
					(4)
where, 					(5)
3 Results and Discussion
To study the effect of drying methods on colour parameters of mango slices, three different drying methods were used (oven at 40, 45, and 50 ºC, solar and sun). The initial value of L*, a* and b* for fresh mango samples were 38.11, 6.24 and 35.57, respectively.
The values of L*, a*, b* and total colour change ΔE was presented in Figures 1 - 3a-e. The L* values were shown in Figure 1a-e which indicates the L*(lightness), a*(redness-greenness) and b* (yellowness-blueness) index.  The values of l* at temperature of 40 ºC ranges from 30.99 to 62.28, 30.33 to 67.99 and 29.77 to 55.73 for slice thicknesses of 3, 6 and 9 mm, respectively. For 45 ºC, the values of L* ranges from 26.79 to 63.94, 25.66 to 57.96, 40.66 to 69.07 for slice thicknesses of 3, 6 and 9 mm, respectively. The values of l* for 50 ºC ranged from 40.37 – 73.15, 27.09 – 60.26 and 32.72 – 66.07, for slice thicknesses of 3, 6 and 9 mm, respectively. While L* values for solar and sun were 44.54 – 64.85, 52.47 – 71.51 and 46.67 – 63.12; 38.17 – 58.85, 42.83- 68.51 and 35.28 – 56.10, respectively for 3, 6 and 9 mm slice thicknesses.  It was observed that lightness reduced as drying temperature increased for all the drying methods used. This shows 


Figure 1: Graph of L*-values of mango slices for all the three drying method using (a) oven 40 °C, (b) oven 45 °C, (c) oven at 50 °C, (d) solar and (e) sun drying

Figure 2: Graph of a*-values of mango slices for all the three drying methods using (a) oven 40 °C, (b) oven 45 °C, (c) oven at 50 °C, (d) solar and (e) sun drying



Figure 3: Graph of b*-values of mango slices for all the three drying methods using (a) oven 40 °C, (b) oven 45 °C (c) oven at 50 °C, (d) solar and (e) sun drying


that as lightness reduce, browning increases to corroborate what was reported by Tijskens et al., (2001), who reported a gradual increase in browning with corresponding decrease in lightness for broccoli and green beans the values of a* for 40, 45, 50 ºC, solar and sun were 8.71 – 39.95, 36.09 – 70.71, 21.71 - 46.71; 5.77 – 29.99, 14.22 – 40.67, 3.11 – 22.66; 7.85 -34.69, 2.95 – 27.89, 16.81 – 45.92; 15.99 – 32.62, 9.45 – 22.57, 6.56 – 19.67 and 14.28 – 29.62, 10.06 – 24.57, 6.07 – 19.86 respectively and for slice thicknesses of 3, 6 and 9 mm. For a*(redness-greenness), initial colour of the samples was 6.24 which shows redness of the sample with no greenness. It was observed that a* value reduced but not up to negative value (Figure 2a-e), which shows that the sample did not lose its lightness during drying for all the drying methods considered. The values of b* for 40 ºC ranges from 53.99 to 88.44, 65.99 to 95.42 and 70.91 to 99.11 for slice thicknesses of 3, 6 and 9 mm, respectively. The value for b* for 45 ºC were 32.93 – 69.54, 61.99 – 92.21 and 29 26 – 56.57 for slice thicknesses of 3, 6 and 9 mm, respectively. The values of b* for 50 ºC were 55.78 – 86 17, 21.98 – 51.61 and 66.48 – 98.64, for same slice thicknesses, respectively. The b* values for solar and sun were 57.52 – 78.64, 35.96 – 53.13, 22.62 – 40.14 and  36.90 - 75.64, 31.95 – 57.13, 24.32 – 38.14 for slice thickness of 3, 6, and 9 mm, respectively.  It was observed that b*-values (yellowness-blueness) for all the samples reduced with increase in drying temperature as presented in Figure 3a-e. The reduction in b*value resulted into non-enzymatic Maillard browning which leads to formation of brown pigments in the samples (Maskan et al., 2002).  
Colour change (ΔE) for dried mango slice was presented in Figures 4a-e. The value of ΔE show the rate at with the colour was fading away from the initial colour of the mango slices. The range of values for ΔE at drying temperature of 40 ºC were 56.49 to 115.31, 48.08 to 132.37 and 66.79 to 123.63 for slice thicknesses of 3, 6 and 9 mm, respectively. The range of values for ΔE at   45 ºC were 52.27 to 97.71, 55.70 to127.70 and 59.10 to 89.85 for slice thicknesses of 3, 6 and 9 mm, respectively. For drying temperature of 50 ºC, the values of ΔE were 31.25 – 118.24, 55.08 – 81.10 and 37.40 – 128.85 for the same slice thickness, respectively. While that of solar and sun drying were 58.22 – 107.02, 27.11 – 91 90 and 53.30 – 104.54; 54.00 -102.71, 43.28 - 87.70 and 52.82 -72.84 for slice thicknesses of 3, 6 and 9 mm, respectively. It was observed that ΔE decreases as drying time increases for all the drying methods considered. This means that the colour of the mango samples faded away as drying time increase. This was in agreement with the finding of Ogunlakin et al. (2022), who reported a gradual decrease in colour change during the drying of okro slices. 

Figure 4: Graph of ΔE values of mango slices for all the three drying methods using (a) oven 40 °C, (b) oven 45 °C (c) oven at 50 °C, (d) solar and (e) sun drying

Furthermore, as slice thickness increase there was a higher degree of colour change, because the samples took longer time to dry and thus exposed to more heat than samples with lower slice thickness
Chromaticity Difference (𝛥𝐶), Hue Angle and Browning Index (BI)
The results of chromaticity difference (𝛥𝐶), hue angle and browning index are presented in Figures 5a-e, 6a-e and 7a-e, respectively. The values of chromaticity difference at drying temperature of 40 ºC ranges from 43.20 to 97.04, 24.81 to 113.57 and 52.76 to 110.35 for slice thicknesses of 3, 6 and 9 mm, respectively. The range of values for drying temperature of 45 ºC were 33.11 to 73.88, 30.93 to 108.15 and 30.26 to 57.47 for slice thicknesses of 3, 6 and 9 mm, respectively. For drying temperature of 50 ºC, the chromaticity difference were 17.91 – 92.89, 38.78 – 54.27 and 31.13 – 110.62, for same slice thicknesses, respectively. Likewise, the Chromaticity difference for sun and solar dried samples were 25.95 to 85.14, 23 50 – 57.73 and 22.64 – 42.15; 22.32 – 81.23, 21.05 – 54.75 and 21.42 – 39.66 for slice thicknesses of 3, 6 and 9 mm, respectively.  It was observed that chromaticity difference decreased with increase in drying temperature, for all the drying methods considered. There was a minimal change in chromaticity difference at the final stage of the drying process for the three drying methods and slice thicknesses. This shows how stable the yellowness of mango sample to heat during drying process.
 The results of hue angle of dried mango samples are presented in Figure 6a-e, and it ranges from 65.69 to 74.22, 62.25 to 71.89 and 64.97 to 72.93ﹾ at drying temperature 
of 40 ºC for slice thicknesses of 3, 6 and 9 mm respectively.  At drying temperature of 45 ºC, the values of hue angle ranges from 89.56 to 124.85, 89.59 to 128.95 and 89.82 to 115.74º for slice thickness of 3, 6 and 9 mm, respectively. At drying temperature of 50 ºC, the hue angle ranges from 89.61 to 120.60, 89.79 to 125.68 and 89.67 to 110.54º for slice thicknesses of 3, 6 and 9 mm, respectively. While that of solar and sun were 85.59 – 96, 98.58 – 119.78 and 89.66 - 102.82º; 68.62 – 78.92, 69.06 – 84.38 and 74.11 – 85.45º for slice thicknesses of 3, 6 and 9 mm, respectively. Hue angle was found to increase slightly with increase in drying time in all the drying methods and slice thicknesses considered. This means that the dried mango samples still have an element of redness with no greenness at all (90ﹾ< hue angle < 180ﹾ) (Dadali et al., 2007). Thus dried mango still has red colour similar to fresh sample. 

	 
Figure 5: Graph of Chromaticity difference values of mango slices for all the three drying methods using (a) oven 40 °C, (b) oven 45 °C, (c) oven at 50 °C, (d) solar and (e) sun drying


Figure 6: Graph of hue angle of mango slices for all the three drying methods using (a) oven 40 °C, (b) oven 45 °C (c) oven at 50 °C, (d) solar and (e) sun drying


Figure 7: Graph browning index of mango slices for all the three drying methods using (a) oven 40 °C, (b) oven 45 °C, (c) oven at 50 °C, (d) solar and (e) sun drying
Browning index (BI) for drying temperature of 40, 45, 50 ºC, solar and sun was presented in Figures 7a-e which ranges from 0.82 to 1.19, 0.47 to 1.28 and 0.92 to 2.39; 0.68 to 0.76, 0.49 to 2.15 and 0.47 0.57; 0.50 to 0.87, 0.61 to 0.71 and 1.22 to 1.39; 0.44 to 0.90, 0.46 to 0.56 and 0.34 to 0.37; 0.42 to 0.89, 0.45 to 0.55 and 0.41 to 0.49, respectively and for same slice thickness.  It was observed that browning index increase with increase in drying time for all the three drying methods.
4 Conclusion
Colour analysis, lightness, redness-greenness, and yellowness-blueness reduce as drying temperature increase for all the drying methods used. The values of colour change (ΔE), decreases as drying time increases for all the drying methods considered. Chromaticity difference decrease with increase in drying temperature, hue angle was found to increase slightly with increase in drying time. Browning index increase with increase in drying time for all the drying methods.
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3 mm 	4	8	12	16	20	78.64	72.88	68.989999999999995	62.86	57.52	6 mm 	4	8	12	16	20	53.13	49.43	44.98	40.659999999999997	35.96	9 mm	4	8	12	16	20	40.14	36.96	31.88	26.94	22.62	Drying Time (h)


b values




b

3 mm 	4	8	12	16	20	24	28	32	97.71	89.87	85.57	80.760000000000005	73.680000000000007	64.41	59.36	52.27	6 mm 	4	8	12	16	20	24	28	32	81.099999999999994	78.400000000000006	76.180000000000007	74.239999999999995	71.489999999999995	70.31	65.17	55.08	9 mm 	4	8	12	16	20	24	28	32	128.85	123.97	119.41	116.43	110.83	70.97	62.41	37.4	Drying Time( h)


ΔE




a

3 mm 	4	8	12	16	20	24	28	32	115.31	104.58	86.45	83.93	76.319999999999993	70.19	63.02	56.43	6 mm 	4	8	12	16	20	24	28	32	132.37	107.58	87.57	83.78	80.84	60.85	41.24	48.08	9 mm 	4	8	12	16	20	24	28	32	123.63	115.87	111.13	89.16	87.23	78.900000000000006	72.040000000000006	66.790000000000006	Drying Time (h)


ΔE




c

3 mm 	4	8	12	16	20	24	28	32	118.24	90.43	75.069999999999993	61.69	59.44	49.904000000000003	46.95	31.25	6 mm 	4	8	12	16	20	24	28	32	81.099999999999994	78.400000000000006	76.180000000000007	74.239999999999995	71.489999999999995	70.31	65.17	55.08	9 mm	4	8	12	16	20	24	28	32	128.85	123.97	119.41	116.43	110.83	70.97	62.41	37.4	Drying Time (h)


ΔE





e

3 mm 	4	8	12	16	20	24	28	32	97.71	89.87	85.57	80.760000000000005	73.680000000000007	64.41	59.36	52.27	6 mm 	4	8	12	16	20	87.7	77.459999999999994	70.459999999999994	49.05	43.29	9 mm 	4	8	12	16	20	72.84	71	66.680000000000007	57.84	52.82	Drying Time(h)


ΔE





d

3 mm 	4	8	12	16	20	107.02	79.319999999999993	76.739999999999995	67.33	58.22	6 mm 	4	8	12	16	20	91.9	81.48	74.5	52.2	47.11	9 mm 	4	8	12	16	20	104.54	72.959999999999994	69.510000000000005	60.65	53.3	Drying Time (h)


ΔE





a   

3mm 	4	8	12	16	20	24	28	32	97.04	85.4	63.7	62.04	52.94	44.1	43.66	43.2	6 mm 	4	8	12	16	20	24	28	32	113.57	89.06	69.05	65.12	63.03	43.89	26.51	24.81	9 mm 	4	8	12	16	20	24	28	32	110.35	105.3	100.28	76.37	75.069999999999993	65.39	57.54	52.76	Drying Time (h)


Cℎ𝑟𝑜𝑚𝑎𝑡𝑖𝑐𝑖𝑡𝑦 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (𝛥𝐶)




b 

3 mm 	4	8	12	16	20	24	28	32	73.88	68.88	63.88	58.05	53.94	48.26	42.2	33.11	6 mm 	4	8	12	16	20	24	28	32	108.15	102.98	83.71	70.06	67.489999999999995	66.23	52.01	30.93	9 mm 	4	8	12	16	20	24	28	32	57.47	56.31	55.16	53.01	41.81	40.86	39.76	30.26	Drying Time (h)


Cℎ𝑟𝑜𝑚𝑎𝑡𝑖𝑐𝑖𝑡𝑦 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (𝛥𝐶)




c 

3 mm 	4	8	12	16	20	24	28	32	92.891000000000005	65.95	55.404000000000003	39.69	32.000999999999998	21.99	20.213999999999999	17.91	6 mm 	4	8	12	16	20	24	28	32	54.27	51.738999999999997	49.722999999999999	48.14	46.14	45.09	43.023000000000003	38.781999999999996	9 mm 	4	8	12	16	20	24	28	32	110.621	109.404	107.44	104.44	100.86	56.158000000000001	52.97	31.132999999999999	Drying Time (h)


Cℎ𝑟𝑜𝑚𝑎𝑡𝑖𝑐𝑖𝑡𝑦 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (𝛥C)





e  

3 mm 	4	8	12	16	20	81.23	54.49	50.87	36.67	22.32	6 mm 	4	8	12	16	20	54.75	41.1	38.479999999999997	25.74	21.05	9 mm 	4	8	12	16	20	39.659999999999997	36.43	31.31	26.39	21.42	Drying Time (h)


Cℎ𝑟𝑜𝑚𝑎𝑡𝑖𝑐𝑖𝑡𝑦 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑐𝑒 (𝛥𝐶)




d 

3mm 	4	8	12	16	20	85.14	56.93	54.28	40.31	25.95	6 mm 	4	8	12	16	20	57.73	43.87	41.28	28.45	23.5	9 mm 	4	8	12	16	20	42.15	36.909999999999997	33.56	28.62	22.64	Drying Time (h)


Cℎ𝑟𝑜𝑚𝑎𝑡𝑖𝑐𝑖𝑡𝑦 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (𝛥𝐶)




a

3 mm	4	8	12	16	20	24	28	32	65.69	72.53	74.97	76.930000000000007	75.900000000000006	73.36	73.78	74.22	6 mm 	4	8	12	16	20	24	28	32	62.25	65.7	63.97	71.73	76.33	75.069999999999993	67.56	71.89	9 mm 	4	8	12	16	20	24	28	32	64.97	65.86	66.849999999999994	68.91	69.03	67.489999999999995	68.400000000000006	72.930000000000007	Drying Time (h)


Hue Angle (°)




b

3 mm 	4	8	12	16	20	24	28	32	89.56	90.557000000000002	96.558999999999997	98.64	105.82	120.81	214.85	124.85	6 mm 	4	8	12	16	20	24	28	32	89.59	90.61	97.66	101.62	110.63	119.66200000000001	120.83	128.94999999999999	9 mm 	4	8	12	16	20	24	28	32	89.820999999999998	89.99	92.822000000000003	95.828999999999994	99.781999999999996	106.78	109.79600000000001	115.736	Drying Time (h)


Hue Angle (°)




e

3 mm 	4	8	12	16	20	68.62	76.040000000000006	75.959999999999994	77.53	78.92	6 mm 	4	8	12	16	20	69.06	74.91	83.82	83.06	84.38	9 mm 	4	8	12	16	20	74.11	77.62	83.76	84.76	85.45	Drying Time (h)


Hue Angle (°)





d

3 mm 	4	8	12	16	20	89.59	90.72	93.73	95.72	96.71	6 mm 	4	8	12	16	20	98.58	99.67	111.77	115.74	119.78	9 mm 	4	8	12	16	20	89.68	94.72	97.84	99.84	102.82	Drying Time (h)


Hue Angle (°)




c

3 mm 	4	8	12	16	20	24	28	32	89.61	92.56	97.58	98.75	102.72	112.6	115.65	120.59699999999999	6 mm 	4	8	12	16	20	24	28	32	89.796000000000006	89.99	95.718000000000004	99.706000000000003	108.706	110.714	119.712	125.675	9 mm 	4	8	12	16	20	24	28	32	89.668000000000006	90.489000000000004	91.429000000000002	96.617000000000004	99.617999999999995	104.617	105.58199999999999	110.544	Drying time (h) 


Hue Angle (°)




a

3 mm 	4	8	12	16	20	24	28	32	146.47	196.47	198.23	251.17	257.05	302.35000000000002	455.29	517.65	6 mm 	4	8	12	16	20	24	28	32	95.29	152.94	229.41	314.7	321.17	341.17	447.64	572.35	9 mm 	4	8	12	16	20	24	28	32	340.82	358.23	382.41	420.41	492.35	542.94000000000005	0	752.94	Drying Time (h)


Browning Index




b

3 mm 	4	8	12	16	20	24	28	32	214.71	217.65	241.18	246.67	247.06	248.24	262.35000000000002	282.35000000000002	6 mm	4	8	12	16	20	24	28	32	103.53	213.53	324.70999999999998	325.88	352.94	494.12	540.11699999999996	561.529	9 mm	4	8	12	16	20	24	28	32	94.117000000000004	105.88200000000001	111.764	119.64700000000001	152.941	158.82300000000001	170.58799999999999	175.11099999999999	Drying Time (h)


Browning Index





c

3 mm 	4	8	12	16	20	24	28	32	42.941000000000003	70	72.941000000000003	114.11799999999999	156.471	234.11799999999999	241.17599999999999	326.471	6 mm 	4	8	12	16	20	24	28	32	154.70599999999999	157.167	159.41200000000001	162.941	168.23500000000001	168.82400000000001	174.70599999999999	233.53	9 mm 	4	8	12	16	20	24	28	32	302.35000000000002	517.65	535.29	638.82000000000005	640.82000000000005	645.94000000000005	660.25	663.23500000000001	Drying Time (h)


Browning Index





a 

3mm 	4	8	12	16	20	24	28	32	62.28	58.67	52.72	48.47	43.65	39.04	34.32	30.99	6mm 	4	8	12	16	20	24	28	32	67.989999999999995	62.55	57.61	52.72	42.65	38.44	34.450000000000003	30.33	9mm 	4	8	12	16	20	24	32	55.73	51.56	46.08	41.89	37.56	33.909999999999997	29.77	Drying Time (h)


L value




e

3 mm 	4	8	12	16	20	63.53	118.24	200	222.94	342.35	6 mm 	4	8	12	16	20	81.180000000000007	94.71	100	102.35	142.94	9 mm 	4	8	12	16	20	59.41	72.349999999999994	76.47	92.94	105.29	Drying Time (h)


Browning Index





d

3 mm 	4	8	12	16	20	347.06	76.47	129.41	276.47000000000003	282.5	6 mm 	4	8	12	16	20	88.24	105.29	105.88	108.24	147.06	9 mm  	4	8	12	16	20	17.649999999999999	24.71	25.88	29.41	35.29	Drying Time (h)


Browning Index





b

3 mm 	4	8	12	16	20	24	28	32	63.94	57.73	52.66	46.77	41.66	35.770000000000003	30.66	26.79	6 mm 	4	8	12	16	20	24	28	32	57.96	52.53	47.65	42.76	37.67	33.549999999999997	29.12	25.66	9 mm 	4	8	12	16	20	24	28	32	69.069999999999993	64.97	60.67	57.87	53.45	49.66	45.78	40.659999999999997	Drying Time (h) 


L values




c

3 mm 	8	12	16	20	24	28	32	73.150000000000006	68.430000000000007	62.68	57.55	53.39	49.45	45.74	40.369999999999997	6 mm 	4	8	12	16	20	24	28	32	60.26	56.91	51.72	46.52	41.61	36.93	31.95	27.09	9 mm	4	8	12	16	20	24	28	32	66.069999999999993	62.31	58.13	52.47	47.95	42.39	37.08	32.72	Drying Time (h)


L values
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