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ABSTRACT 22 

Several health benefits are currently attributed to natural pigments that give fruit and 23 

vegetables their inherently colorful properties. Color measurements might therefore serve 24 

as quick indicators of the potential health-promoting properties of such foods. 25 

Nevertheless, the relationship between color and pigment content depends on the type of 26 

matrix and pigment, as well as the factors affecting their interaction, which calls for 27 

further investigation. Hence, the aim of the present study is to investigate the relationship 28 

between color parameters and betalain content in three commonly consumed beetroot 29 

products (beetroot juice, beetroot puree and whole beetroot), subjected to thermal 30 

treatment. Our results showed a negative correlation between the total betalain content 31 

and the color parameters L*, a*, b*, chroma, and hue angle in beetroot juice, beetroot 32 

puree and whole beetroot. Two chromatic parameters, a* and chroma, are proposed as the 33 

best descriptors for the betalain concentrations of these products. Likewise, the 34 

tristimulus L/ab combination for the juice is also suggested as a good descriptor. Our 35 

findings highlighted that the relationship between color and total betalain content 36 

depended on the beetroot product under assessment, with the strongest correlations found 37 

for the juice. Squeezed beetroot was therefore suggested as an alternative to improve this 38 

relationship in more complex matrices such as whole cooked beetroots. Useful 39 

information from color determination sheds light on the relationship between color and 40 

betalain pigments in beetroot, suggesting that color determination could be used as an 41 

indicator of betalain content. 42 

Keywords: betalains; color; beetroot products; correlation.  43 

 44 

 45 
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1. INTRODUCTION 46 

Phytochemicals and their bioactive properties have been widely studied during the last 47 

decade and much of that research has examined the content and the kinds of bioactive 48 

compounds in vegetables as a marker of the health-related benefits associated with their 49 

consumption (Rodriguez-Casado 2016) . 50 

Extraction and subsequent determination of the bioactive compounds are the procedures 51 

usually applied to assess the bioactive value of a food product. Extraction procedures 52 

usually involve the disintegration of the food matrix together with the use of solvents with 53 

different polarities, followed by agitation, sonication or centrifugation steps, which 54 

implies costly and time-consuming procedures that are not always eco-friendly (Azmir et 55 

al. 2013). Interest is therefore increasing in establishing the bioactive value of food 56 

through quick, easy and non-destructive approaches. Since many of the bioactive 57 

compounds present in vegetables are natural pigments, color determination may be 58 

considered as a good indicator of the pigment content, which in turn is often  an index 59 

related to the potential health-promoting properties of those sorts of food (Francis 1995). 60 

The color of an object can be described by several color coordinate systems, which differ 61 

with regard to the symmetry of the color space and in the coordinate system used to define 62 

points within that space (Pathare et al. 2013). The most popular systems are RGB (red, 63 

green and blue), Hunter L a b, Commission Internationale de l’Eclairage’s (CIE) L*a*b*, 64 

CIE XYZ, CIE L*u*v*, CIE Yxy, and CIE LCH; CIELAB color scales are the most 65 

widely used system for color quantification in the food industry (Pathare et al. 2013).  66 

There are many intense food colors, among which the bright purple-red color of beetroot 67 

is highly distinctive. Red beetroot (Beta vulgaris) has a large and fleshy root that is edible. 68 

It belongs to the Chenopodiaceae family and is rich in polyphenols and water-soluble 69 
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nitrogen pigments known as betalains, that give the color to this vegetable. To date, the 70 

structures of 75 different betalains have been detailed. Betalain pigments are composed 71 

of a nitrogenous core structure of betalamic acid [4-(2-oxoethylidene)-1,2,3,4-72 

tetrahydropyridine-2,6-dicarboxylic acid]. Betalamic acid can either condense with imino 73 

compounds (cyclo-DOPA and/or its glucosyl derivatives) to form violet betacyanins (e.g. 74 

betanin), or with amines and their derivatives to form yellow betaxanthins (e.g. 75 

indicaxanthin) (Azeredo 2009a).  76 

Several health-related biological activities have been associated with betalain-rich foods, 77 

such as free radical scavenging, inhibition of DNA-damage, prevention of lipid 78 

peroxidation, gene regulation, antiproliferative, anti-inflammatory and antimicrobial 79 

activities (Esatbeyoglu, Wagner, Schini-Kerth, & Rimbach, 2015; Gandía-Herrero, 80 

Escribano, & García- Carmona, 2016; Gengatharan, Dykes, & Choo, 2015). In vivo 81 

studies suggest that supplementation with betalains could be a promising alternative to 82 

inflammation-, dyslipidemia- and oxidative stress-related diseases such as hypertension, 83 

stenosis of the arteries, atherosclerosis and cancer. Moreover, beetroot betalains could 84 

improve exercise performance independently of any physiological effects of nitrate. 85 

(Kanner et al. 2001; Butera et al. 2002; Azeredo 2009a). Therefore, the retention of 86 

pigments in beetroot is important not only for its visual appeal but also as a guarantee of 87 

its potential health benefits (Chandran et al. 2014). 88 

Beetroot is usually consumed as salads, purees or soups and as pasteurized juices. The 89 

vast majority of beetroot products currently consumed are submitted to thermal 90 

treatments. Betalains are known to be very sensitive to several factors including low pH, 91 

high-water activity and elevated temperatures (Herbach et al. 2006b). As a consequence 92 

of heat, several betalain degradation reactions occur, such as hydrolysis, dehydrogenation 93 
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and decarboxylation (Herbach et al. 2005), resulting in a gradual reduction of reddishness 94 

and the eventual appearance of a light yellowish-brown color (Huang and Elbe 1985). 95 

In this respect, the effect of thermal treatment on anthocyanin and carotenoids in relation 96 

to the visual color in a range of fruit and vegetable purees has previously been described 97 

(Ahmed et al. 2002, 2004), although very few studies have focused on betalains. 98 

Therefore, the aim of the present work is to investigate the relationship between color 99 

parameters and betalain content in three beetroot products (beetroot juice, beetroot puree 100 

and a whole beetroot) subjected to a thermal treatment, in order to establish a quick way 101 

to monitor the betalain content in commonly consumed beetroot products. 102 

 103 

2. MATERIAL AND METHODS 104 

2.1. Plant material 105 

Fresh beetroots (Beta vulgaris, cv. Monti) were used in the experiment within twenty-106 

four hours after purchasing. Three beetroot products were assessed, in order to elucidate 107 

the relationship between color and betalain content in thermally treated beetroot: beetroot 108 

juice, beetroot puree, and whole beetroots. 109 

Whole beetroots were washed and peeled before use in subsequent experiments. Beetroot 110 

puree was prepared by grinding peeled beetroot pieces in a domestic blender. The puree 111 

was packed into glass bottles and immediately subjected to thermal treatment. Beetroot 112 

juice was extracted from whole peeled beetroot, cut into pieces, and passed through a 113 

domestic juicer. The extracted juice was filtered through a cheesecloth to remove the 114 

remaining pomace, poured into glass bottles, and immediately processed.  115 

2.2. Thermal treatment 116 
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Beetroot juice, beetroot puree and whole peeled beetroots were treated in an autoclave 117 

(120°C) for 10, 20, 30, 40, 50, and 60 minutes. The purpose of this thermal treatment was 118 

to obtain beetroot products with different betalain contents, which was achieved by 119 

applying a constant temperature over incrementally lengthier treatment times. In this way, 120 

a range of thermally treated beetroot products over different lengths of time were 121 

subjected to pigment quantification and color determination tests, together with the 122 

subsequent correlation and regression analyses. The samples were cooled before color 123 

and betalain determination. 124 

2.3. Betalain extraction and determination 125 

The extraction of betalains was performed as described elsewhere (Ravichandran et al. 126 

2013). Briefly, 0.5 g of grinded fresh sampled beetroot was placed in a tube to which 5 127 

ml of ethanol-water solution (50:50 v/v) was added. The tube was thoroughly shaken (RT, 128 

15 min), centrifuged (5500 rpm, 10 min, 4°C), and the supernatant recovered. This 129 

procedure was repeated twice, and the three extracts were combined and stored at −40°C 130 

until analysis.  131 

The betaxanthin and betacyanin contents of the extracts were spectrophotometrically 132 

determined following the method described elsewhere (Nilsson 1970). The extract 133 

containing betalains was diluted with a phosphate buffer (pH 6.5) until reaching an 134 

absorbance of 0.4-0.5 at 538 nm. The samples were measured at 538 nm, 476 nm, and 135 

600 nm (UV-6300PC spectrophotometer). The measurement at 538 nm yielded a 136 

quantification of the betacyanins, while the betaxanthins were quantified at 476 nm. The 137 

reading at 600 nm was used to correct the absorbance of the impurities. The results were 138 

expressed in mg of betacyanin (in terms of betanin) per kg and mg of betaxanthin (in 139 

terms of vulgaxanthin) per kg (mg/kg). The total betalain content was calculated as the 140 
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sum of both betacyanins and betaxanthins and the results were expressed as mg of total 141 

betalains (TB) per kg.  142 

2.4. Color measurement 143 

A color evaluation was performed with a Hunter Lab colorimeter (Hunter Lab Color Flex 144 

EZ 45/0° color spectrophotometer, USA). The instrument was calibrated with a standard 145 

black and white ceramic tile before the measurements. The results were expressed in 146 

accordance with the CIELAB system with a reference to illuminate D65 and with a visual 147 

angle of 10°. Values of L*, a*, and b* were measured to describe a three-dimensional 148 

color space and interpreted as follows: L* indicates lightness read from 0 (completely 149 

opaque or ‘‘black’’) to 100 (completely transparent or ‘‘white’’); a positive a* value 150 

indicates redness (-a* is greenness) and a positive b* value indicates yellowness (-b* is 151 

blueness) on the hue-circle (Pathare et al. 2013). 152 

Two derived color parameters, the hue angle (hab = arctan(b°/a°)) and the chroma value 153 

(𝐶∗ =  √𝑎∗2 +  𝑏∗2), were calculated. The hue angle (hab) expresses the color nuance 154 

(Pathare et al. 2013) and the values are defined as follows: red-purple: 0, yellow: 90, 155 

bluish-green: 180, and blue: 270 (Pathare et al. 2013). The chroma is a measure of 156 

chromaticity (C*), which denotes the purity or saturation of the color (Pathare et al. 2013). 157 

Chroma (C*), the quantitative attribute of colorfulness, is used to determine the degree of 158 

difference of a hue in comparison to a grey color with the same lightness: the higher the 159 

chroma values, the higher the perceived color intensity of the samples to the naked eye 160 

(Pathare et al. 2013). 161 

The data of each measurement were constituted of the averaged quadruplicate measures 162 

on equidistant points of each sample. The measures were taken on the surface of whole 163 

beetroots and on a standardized glass recipient in the case of puree and juice. 164 
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2.5. Data Analysis 165 

All analyses were carried out in triplicate (n=3) and the results expressed as mean values 166 

± standard deviation. One-way analysis of variance (ANOVA), the LSD test, and the 167 

Pearson correlation and linear regression analysis were computed with the Statgraphics 168 

Centurion XVI software package (StatPoint Technologies, Inc., USA) at a minimum 169 

significance level of P<0.05. 170 

 171 

 172 

3. RESULTS AND DISCUSION 173 

3.1. Analysis of beetroot betalains 174 

The betalain content of beetroot juice, beetroot puree and whole beetroot subjected to 175 

incrementally lengthier thermal treatment times is presented in table 1.  176 

The three beetroot products under study (whole beetroot, beetroot puree and beetroot 177 

juice) showed a decreased amount of betalains as the treatment times increased (table 1). 178 

Temperature was the most important factor on betalain stability in food processing 179 

(Azeredo 2009b). Our findings were consistent with previous studies, demonstrating that 180 

red beet subjected to thermal treatments -blanching, boiling, drying or roasting- 181 

(Ravichandran et al. 2013; Paciulli et al. 2016; Carrillo et al. 2017) lost 6–81% of their 182 

betalain content, depending on the treatment time and the applied temperature.  183 

It is important to highlight that betacyanins and betaxanthins showed different 184 

sensitivities towards treatment (table 1). Regardless of the treatment, betacyanins were 185 

the predominant group of compounds, although the betacyanin/betaxanthin ratio was not 186 

stable throughout the treatment. The highest betacyanin/betaxanthin ratios were observed 187 
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after 10, 20, and 30 min of treatment for the juice, the whole beetroot, and the puree, 188 

respectively. The lower ratios corresponded to lengthier treatments in the three products 189 

under assessment. Contradictory findings regarding the thermal stability of both families 190 

of betalains, in beetroot, have been reported. According to some authors, the structural 191 

stability of betacyanin is greater than the structural stability of betaxanthin (Singer and 192 

von Elbe 1980; Herbach et al. 2004a) and betaxanthin pigments usually degrade faster 193 

than betacyanin pigments (Singer and von Elbe 1980; Ravichandran et al. 2013). 194 

However, according to other authors, betaxanthins are more stable than betacyanins 195 

(Gokhale and Lele 2011). Based on our findings, such contradictory results may be related 196 

to differences in the treatment conditions applied, since a different trend was observed 197 

during the short and long treatments. Although betacyanins are structurally more stable, 198 

which may explain their higher stability at the beginning of the treatment, they can also 199 

suffer degradative reactions as a consequence of heating. Such degradation mechanisms, 200 

which according to our findings, may begin after several minutes of treatment, have been 201 

reported to be mainly hydrolysis or cleavage (formation of betalamic acid and cyclo-202 

DOPA 5-O-glucoside), dehydrogenation and decarboxylation (Alard et al. 1985; Huang 203 

and Elbe 1985; Drdák and Vallová 1990). However, the degradation of betacyanins is not 204 

the only consequence of the thermal treatment. Betaxanthin formation from betacyanins 205 

was also observed in purple pitaya (Hylocereus polyrhizus) juice (Herbach et al. 2007), 206 

which might also explain the increased percentages of betaxanthins observed over 207 

lengthier treatment times. Betaxanthin formation may occur due to the condensation of 208 

free amino acids with the betalamic acid generated by betacyanin hydrolysis (Herbach et 209 

al. 2006a). 210 

3.2.Color analysis in beetroot 211 



10 
 

The chromatic characteristics of the three beetroot products under study are shown in 212 

table 2. 213 

There were significant differences between the color parameters L*, a*, and b* of the 214 

juices treated at different times (table 2). As the treatment time increased, higher values 215 

of L*, a*, b* were observed. Thus, the color difference for each parameter (ΔL*, Δa*, 216 

Δb*) was always positive. These observations indicate a color shift towards lighter and 217 

more yellow juices, as a consequence of thermal treatment, which are in agreement with 218 

previous findings for other betalain rich juices (Herbach et al. 2004a, 2007) and 219 

explainable by the aforementioned betacyanin degradation reactions. The hydrolysis 220 

reactions not only produce a decrease in tinctorial strength, but also a considerable color 221 

shift towards yellow (Herbach et al. 2006c). Betalamic acid and cycloDOPA 5-O-222 

glucoside are, respectively, bright yellow and colorless. Betacyanin dehydrogenation is 223 

also of special interest in terms of the color change of betacyanin-containing solutions, as 224 

red products are converted into yellow degradation products, among which neobetanin 225 

can be considered the most determinate (Alard et al. 1985). Dehydrogenation has been 226 

also reported as the main reason for the noticeable color shift observed during the thermal 227 

treatment of red beet juice, purple pitaya juice, and a pigment purified solution (Herbach 228 

et al. 2004b, a, 2006a, b). Betacyanins with different decarboxylation levels were also 229 

identified, together with their corresponding neo-derivatives as heating degradation 230 

products of betacyanins from red beetroot juice, shifting the color towards orange/red 231 

(Wybraniec 2005), and purple pitaya extract (Wybraniec and Mizrahi 2005). Moreover, 232 

neoformation of betaxanthins may have contributed as well to the yellowishness of the 233 

samples that was observed, although the degree of contribution from each reaction cannot 234 

be established based on our data. 235 
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However, the positive color difference also found for a* (Δa*) would indicate that 236 

samples were becoming redder as the treatment time increased, which would be 237 

incongruent with the betacyanin degradation discussed above. In this regard, 238 

interpretation of any qualitative color difference between both samples, based only on the 239 

representation a*-b*, would have to be treated with caution. A sample with a higher a* 240 

value on the red-green axis is not necessarily perceived as a redder color, as hue is not 241 

only defined by a* or b* values. According to Little (Little 1975) and McGuire (McGuire 242 

1992), hue angle and chroma parameters provide more information on the  spatial 243 

distribution of colors. 244 

In this regard, the hue angle of the juices gradually increased with lengthier treatment 245 

time (table 2), which indicates a trend towards yellowish and less red samples, although 246 

significant differences were only observed after 60 min of thermal treatment. These 247 

results are in line with previous findings in purple pitaya juice (Herbach et al. 2007), 248 

beetroot juice (Herbach et al. 2004a) and purified betanin, phyllocactin, and hylocerenin 249 

solutions (Herbach et al. 2006a). 250 

A significant increase in the chromaticity of the juice was observed throughout the 251 

treatment (table 2). As higher chroma parameter values indicate an increase in the color 252 

purity of the sample, our results would appear to show that juices with a lower betalain 253 

content resulted in more intensely colored beverages. Thus, based on our findings, the a* 254 

and chroma parameters showed similar behaviors that were contrary to the expectations 255 

in beetroot juice. Previous reports also presented controversial results between 256 

instrumental and subjective/visual analysis of color in other pigmented samples. Even 257 

though a trained panel identified redder samples as the pigment concentration increased, 258 

that same trend was not reflected by the colorimeter (Eagerman et al. 1973). 259 
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Eagerman et al. (Eagerman et al. 1973) described the difficulty of colorimeter photocells 260 

when adjusting to low luminosity, in a similar way to the human eye, in order to explain 261 

the behavior of color in relation to pigment content. Color analysis in dark liquids is 262 

related more to a lightness/darkness measurement than to a color judgement, so some of 263 

the color parameters (a*, b*, chroma and hue angle) might not be properly calculated. At 264 

high concentrations of pigment, some of those parameters might not behave as expected 265 

and, depending on the luminosity level, can even show an opposite trend in what is known 266 

as the “area of confusion” or the “area of inversion”. The area of inversion depends on 267 

the predominate color and thus, in samples where the higher value corresponds to a* (red), 268 

the inversion area could appear in that color parameter. The same phenomenon may 269 

explain our observations in beetroot: as the red pigments were lost, higher values of a* 270 

were registered. The inversion area for the chroma parameters was precisely at the 271 

inversion point of the scale parameter of the predominate color; when squared, the smaller 272 

factor contributes a relatively insignificant amount to the overall function (Eagerman et 273 

al. 1973). Gonçalves et al. (Gonçalves et al. 2013) also found higher chroma in cherries 274 

with lower anthocyanin contents, as dark pigmented compounds mask color and, in 275 

consequence, less pigmented samples result in higher color parameter values.  276 

No significant differences between beetroot puree treated during 10 and 20 min were 277 

observed for the color parameters L, a* and chroma (table 2). When the samples were 278 

heated for more than 20 min, a trend towards increased values of L*, a*, b*, chroma and 279 

hue angle was observed, although insignificant in the case of a*. A similar trend towards 280 

increased a* and b* values was reported in literature for beetroot puree treated at 120⁰C 281 

(Chandran et al. 2014). 282 

A trend towards increased values in all the color parameters assessed was still noted in 283 

whole beetroot, although no significant differences between samples treated for 10 or 20 284 
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min, 30 or 40 min, and 50 or 60 min were observed for any of those parameters (table 2), 285 

which may be explained by the heterogeneity of this matrix. Thus, the measurement of 286 

L*, a*, b*, chroma and hue angle on the surface of a whole red beetroot was insufficient 287 

to distinguish beetroots treated over incrementally lengthier treatment times. 288 

3.3. Correlations and regressions between betalain content and color 289 

The aim of the present work was to study the relationship between color and betalain 290 

content in beetroot. Accordingly, a correlation and a linear regression analysis between 291 

both variables were developed. Taking into account that positive physiological effects 292 

have been attributed to both betacyanins and betaxanthins (Kanner et al. 2001; Azeredo 293 

2009a; Gengatharan et al. 2015), the variable “total betalain content” was used in the 294 

statistical analysis as a marker of the pigment content in beetroot.  295 

The color parameters L*, a*, b*, chroma and hue angle correlated negatively with the 296 

total betalain content in the three beetroot products under assessment (table 3). The 297 

negative correlation between color parameters and pigment content was also evident in 298 

previous studies on cherry anthocyanins (Gonçalves et al. 2007). It is logical that lightness 299 

(L*) and yellowness (b*) may correlate negatively with total betalain content, as 300 

betacyanin levels diminish and are degraded into yellowish compounds as a consequence 301 

of the thermal treatment. However, the reason why a decrease in the pigments that cause 302 

redness should result in higher redness value readings is more difficult to understand. As 303 

discussed in the previous section, this phenomenon appears when a high pigment 304 

concentration darkens the sample, and has previously been discussed in connection with 305 

different red fruit products (Eagerman et al. 1973; Herbach et al. 2006b; Gonçalves et al. 306 

2007). 307 
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Chroma and a* showed high correlation coefficients with the total betalain content in the 308 

three beetroot products under assessment, although it is important to highlight that the 309 

strongest correlations were found in beetroot juice (r>0.96). The correlation coefficient 310 

between hue angle and pigment concentration was weaker in the three beetroot products 311 

(r<0.8) and cannot therefore be considered a good descriptor for monitoring beetroot 312 

pigments. 313 

Some authors (Paciulli et al. 2016) have reported that combinations of L*a*b* parameters 314 

correlated better with pigments than each single parameter alone, although the best 315 

combination depended on the food. Different combinations were therefore calculated and 316 

included in the correlation analysis (table 3), in order to evaluate whether such 317 

combinations add valuable information to the color analysis of beetroot and which are the 318 

most representative to monitor pigment changes in this product. Regarding the 319 

combinations of the different color parameters in the three products under assessment, it 320 

may be highlighted that the correlations between Lab, La/b, and Lb/a, and the pigment 321 

contents were negative, while L/ab and a/b showed positive correlations with the content 322 

of total betalains.  323 

The combination that showed the stronger correlation with total betalains depended on 324 

the beetroot product. L/ab presented a higher correlation with total betalains in the juice.  325 

Lb/a was the strongest in the case of the puree and Lab was the best for the whole beetroot. 326 

However, it is important to highlight that the tristimulous combinations only improved 327 

the correlation between the single-color parameters and the total betalain content in the 328 

case of beetroot juice.  329 

Although the Hunter ratio a/b has been reported by some authors to be closely correlated 330 

with pigments such as carotenoids (Ahmed et al. 2002), it could not be highlighted in the 331 

case of betalains for any of the three beetroot products that were assessed (r<0.8). The 332 
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same ratio was also considered a good indicator of color losses in beetroot puree 333 

(Chandran et al. 2014). It might perhaps be used in samples with constant L* values, 334 

which is not the case of our thermally treated beetroot products.  335 

Different tristimulous color combinations have already been suggested as good color 336 

descriptors in several foods. Ahmed et al. (Ahmed et al. 2004) reported that the Lab 337 

combination could describe the variation of total visual color with the anthocyanin 338 

content of plum puree during thermal processing. Rodrigo et al. (Rodrigo et al. 2007) 339 

found that the La/b combination was the best descriptor of the color change of tomato and 340 

strawberry puree during thermal and high-pressure thermal treatments, although those 341 

authors established no correlation with pigment content. Our results suggested that the 342 

best combination in beetroot depended on the beetroot product and showed the highest 343 

correlation with total betalains in the case of beetroot juice. When the beetroot matrices 344 

were of greater complexity, such as puree or whole beetroot, the correlation between color 345 

and pigment content decreased. 346 

Finally, a linear regression analysis was performed for each relationship between total 347 

betalain content (X-variable) and the color parameters (Y-variable) a* and chroma (which 348 

showed the highest correlations with pigments). Therefore, the total betalain content in 349 

each beetroot product could be estimated using the linear regression equations shown in 350 

table 4. 351 

3.4. From whole cooked beetroot to squeezed beetroot: an approach to 352 

improve the betalain–color relationship 353 

As the relationship between color and betalain concentration appeared to be dependent 354 

on the matrix, we finally checked whether the color measurement of a whole thermally 355 
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treated beetroot processed into a squeezed sample might be a better approach to elucidate 356 

the betalain content in cooked beetroots. 357 

As already discussed in section 3.2, when the color was measured on the surface of a 358 

whole beetroot, no significant differences were observed between every single treatment 359 

for any of the parameters under assessment. However, having squeezed each of the 360 

thermally treated beetroots, prior to color measurement, significant differences between 361 

treatments were observed for all the color parameters and the tristimulus combinations 362 

(table 5). 363 

Processing whole cooked beetroots into their squeezed samples improved the correlations 364 

between color parameters and total betalain contents; La/b, L/ab, a*, and chroma were 365 

the best color descriptors of pigment concentration in beetroot (r=-0.9932, r=0.9587, -366 

0.9872 and -0.9844, respectively). 367 

The linear regression analysis between the total betalain content (X-variable) and the 368 

color parameters (Y-variable) for the squeezed cooked beetroot gave a coefficient of -369 

0.0251 and -0.0264 (for a* and chroma, respectively); an intercept of 31.0346 and 370 

32.1813 (for a* and chroma, respectively); and a R2 of 0.9747 and 0.9690 (for a* and 371 

chroma, respectively). 372 

These findings suggest that the measurement of color in a squeezed cooked beetroot could 373 

be considered a good indicator of its betalain content and, therefore, an acceptable and 374 

efficient way of monitoring the potential health-promoting properties of cooked beetroot.  375 

 376 

4. CONCLUSIONS 377 
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Our results have established that the chromatic parameters L*, a*, b*, chroma and hue 378 

angle showed negative correlations with the total betalain content in thermally treated 379 

beetroot, beetroot puree and beetroot juice. Chroma and a* values have been suggested 380 

as the best descriptors of betalain changes in these products, although some tristimulus 381 

Lab combinations have also been proposed as good tools in that respect, mainly in the 382 

case of L/ab for the juice. Our findings have highlighted that the relationship between 383 

color and total betalain content depends on the beetroot product under assessment, with 384 

the strongest correlations found in the juice. Thus, squeezed beetroot is suggested as an 385 

alternative to improve this relationship in more complex matrices such as whole cooked 386 

beetroots.  387 

Our investigation has added useful information for a better understanding of the 388 

relationship between color and betalain pigments in beetroot. It has suggested that color 389 

determination could be used as a marker of the pigment concentration. 390 

 391 
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