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AbstractAbstractAbstractAbstract    
    
The consumption of fruits rich in antioxidants has increased in recent years, a clear example of this is 

the pomegranate (Punica granatum L.). The cultivation of the pomegranate shows great expectations due to 
its profitability and its adaptability to development in arid zones. In this research, ‘Wonderful’ pomegranate 
fruits from Coyame Chihuahua, México were used. Quality parameters and bioactive compounds were 
evaluated to characterize the pomegranate produced in the state of Chihuahua, six different lots from local 
producers were used. The results showed significance between the different treatments, lot 5 (L5) presented 
the best quality characteristics such as: weight, diameter, lower percentage of shell and cartilage, as well as one 
of the highest percentages of arils, in addition, it had a high Total Soluble Solids (TSS) content, a high 
Titratable Acidity (TA) and a low sugar-acidity ratio, however, lot 3 (L3) showed the highest antioxidant 
capacity. In general, the qualities and attributes of the Chihuahua pomegranates, obtained higher values in most 
of the evaluated variables in comparison with other reported results. On the other hand, as a result of this 
research, the implementation of the color index in the peel is proposed as a tool for the prediction of the 
maturity index of the pomegranate. This study contributes to the producers of this fruit tree because there is 
little information on the production and characterization of the pomegranate.  
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IntroductionIntroductionIntroductionIntroduction    
 
The consumption of fruits rich in antioxidants has increased in recent years, an example of which is 

pomegranate (Punica granatum L.), which is one of the oldest edible fruits that has been widely cultivated in 
tropical and subtropical countries. There are more than 1,000 cultivars of P. granatum, originating in the 
Middle East and extending throughout the Mediterranean, to eastern China and India, as well as in the 
southwestern United States, California, and México (Çam et al., 2009). 

The increase in demand for pomegranate is due to the benefits it brings to human health. Several studies 
have shown the therapeutic effect of pomegranate peel, arils and flowers, since they have contributed as 
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protection against hepatic oxidative stress, kidney damage, and anticancer activity. It is reported that 
pomegranate peel extract contains punicalagin and acid ellagic cells capable of inhibiting fatty acid synthase and 
adipogenesis, so they could have a potential effect in the prevention and treatment of obesity (Ambigaipalan et 

al., 2016). Moreover, pomegranate skin, seeds, and juice are reported to contain considerable amounts of 
phenolic compounds such as flavonoids, ellagitannins, mainly punicalagins, ellagic acid, and punicalins 
(Akhavan et al., 2015; Derakhshan et al., 2018), which is related to antioxidant activity. On the other hand, 
the quality parameters of the fruits play an important role in the concentration of bioactive compounds present 
in pomegranate (Mirdehghan et al., 2006). To determine the quality of the pomegranate it is necessary to take 
into account the size, the color of the shell as well as the absence of visual defects in it such as sunburn, cracks, 
cuts and bruises. Other characteristics that must be taken into account in the pomegranate quality are the color 
of the aril, sugar content and acidity (García-Pastor et al., 2020). It is important to mention that the quality of 
the fruit and the concentration of bioactive compounds will be affected by the cultivar, the growing region, the 
climate, the maturity, the age of the trees, the storage circumstances, the cultural practice and the irrigation 
(Çam et al., 2009; Tarantino et al., 2020). 

Data on total area and world production are currently not reported due to the rapid increase in 
cultivation in recent years. In 2014, an approximate production of 3 million tons (t) was estimated and in 2017 
the estimated production was 3.8 million tons (Karapetsi et al., 2021). In 2020, it was reported that Mexico 
has a planted area of 1,262 ha, of which 1,146.25 ha are harvested for a total production of 8,769.36 t. The state 
of Chihuahua has a planting extension for the cultivation of pomegranate of 45 ha, of which 40 ha are harvested 
with a production of 615 tons in 2020 (SIAP, 2020). 

It is important to mention that fruit growing in arid and semi-arid zones should be oriented towards the 
use of plant materials that are less demanding of water and more resistant to stress, which, together with deficit 
irrigation, will allow significant water savings and the profitable production of high-quality fruits (Prieto et al., 
2017). Pomegranate cultivation shows great expectations due to its profitability and its adaptability to 
development in arid zones with few water requirements, being developed and produced in conditions in which 
other fruit trees would not do so profitably (Moreno, 2010). Therefore, the pomegranate is about to become 
an option for sustainable agriculture in the face of water scarcity and the effects of climate change throughout 
the world. Regarding pomegranate production in the state of Chihuahua in the Coyame region, it has shown 
great adaptability, allowing adequate production. 

Based on the importance and demand of pomegranate cultivation, it is of the utmost importance to 
publicize the quality of pomegranates produced in the north of México, so the objective of this study was to 
characterize the quality parameters and bioactive compounds of the ‘Wonderful’ pomegranate produced in the 
state of Chihuahua. 

 
 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Sample collection and preparation 

The variety used in this investigation was ‘Wonderful’ (P. granatum L.). The samples were collected 
completely randomly on October 11, 2019, in six lots from different producers, in the Coyame area in the state 
of Chihuahua, the location coordinates are: Latitude: 28.6353, Longitude: 106.089 28° 38′ 7″ North, 106° 5′ 
20″ West. Agronomic management is given in a rustic way, with irrigation every 15 to 21 days and pruning, the 
latter generally to obtain propagation material. To identify the lots, they were named as follows: L1, L2, L3, L4, 
L5, and L6.  
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Experimental design 

The experimental design was carried out in completely randomized blocks, there were six treatments 
(lots of producers), eight repetitions (eight trees) at four points within each orchard, north, south, east and 
west, in which five fruits were collected for each point cardinal. For bioactive compounds, a composite sample 
was performed per replicate, each with three analytical replicates. 

 

Quality parameters 

Fruits were left at room temperature for seven days and subsequently, the following quality parameters 
were measured: 

 
Fruit weight (W) 
Fruits were weighed individually with a digital scale with a capacity of 5 kg and a precision of ± 0.1 g, 

the results were expressed in grams (g). 
 
Fruit diameter 
The fruit size was obtained from the equatorial (ED) and polar diameter (PD), measuring the largest 

part of the fruit from both poles, making the readings with a graduated vernier in millimeters, with a precision 
of ± 0.01 mm. 

 
Diameter-length ratio (D/L) 
It is a ratio between the equatorial diameter and the polar diameter, where the polar diameter represents 

the length. 
 
Percentage peel, cartilage, arils 
It is a ratio between the total weight of the fruit and the individual weight of each of the parts of the 

fruit, later converted into a percentage giving a total of 100%. 
 
The density of juice, juice, bagasse, and juiciness percentage 
30 grams of composite sample were taken per repetition, and they were processed in a juice extractor 

(Turmix, TUO5, USA), the juice was measured in a 50 ml graduated cylinder and left to stand until there was 
phase separation, to proceed to quantification of the amount of juice and bagasse. For the density of juice which 
was reported in g mL-1 and the percentage of juiciness obtained from the extract, the methodology proposed by 
Oviedo-Mireles et al. (2021) was used. For the calculations of juice (g mL-1) and bagasse (g), the following 
formulas were used: 

 

����� = ���	
��� �� ������ ∗ �% �� ���������
���        (1) 

!"#"

� = ��	
��� �� ����� − �����       (2) 
 
Peel and juice color 
For the color of the peel, two faces of the fruit were taken to perform the reading and later the average 

of both was taken, in the case of the juice 40 mL of juice were taken in a beaker and the reading was taken with 
a Minolta Chromatometer (CR-300, Minolta, Japan). Color parameters were expressed as tristimulus 
colorimetric measurements, L*, a*, b*, C and H°. Negative L* indicates darkness and positive L* indicates 
lightness, negative a* indicates the green color, and high positive a* indicates a red color, a high positive b* 
indicates a more yellow color, and negative b* indicates a blue color. The chroma (C*) value, calculated as C* = 
(a*2 + b*2)1/2, indicates the intensity or saturation of the color. Hue angle (H°), a parameter that has shown to 
be effective in predicting the visual appearance of color, was calculated using the formula H° = tan-1 (b*/a*), 
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where 0° or 360 ° = red-purple, 90° = yellow, 180° = green, and 270° = blue (Solomon et al., 2006). The juice 
color index (CI) was calculated according to Tzulker et al. (2007) with the following equation: 

%& = �'�()°
 +∗,-∗           (3) 

 
Total Soluble Solids (TSS) 
To determine the amount of sugar in the fruit expressed as total soluble solids (TSS), a Red Rooster 

90681 refractometer scale from 0 to 32 °Brix was used. Approximately 0.5 ml of the juice was taken, which was 
placed on the surface of the refractometer and the reading was taken (Zhang and Whiting, 2011). 

 
Titratable Acidity (TA) 
To determine the titratable acidity, expressed as a percentage of ascorbic acid, 10 mL of juice per sample 

were taken, six drops of 1% phenolphthalein indicator were added (0.5 g of phenolphthalein plus 70 mL of 
ethyl alcohol, calibrated to 100 mL with distilled water) and titrated with 0.1 N NaOH (2.15 g of NaOH, 97% 
purity, calibrated to 500 mL) until a wine color was obtained; the volume used was converted to the equivalent 
of ascorbic acid in percent using the following formula: 

 

.���/"0/� "������ = �1.3∗45
31  ∗67

��          (4) 

 
Sugar/Acidity ratio (TSS/TA) 
It was determined from the total soluble solids for each part of acid content, expressed as a part of sugar 

for one part of acid (Flores et al., 2018). For this process the following formula was used: 
 

Ratio =>?@A
BCDEDFG = H==

HB          (5) 

 

Bioactive compounds 

For the determination of the bioactive compounds, a sample composed of 5 fruits was made, and a total 
of 2 g of arils were taken and macerated manually in 20 mL of 80% methanol. The samples were left to stand 
for 24 h and then the supernatant was taken for the determination of total phenolic compounds and total 
antioxidants. 

 
Total Phenols (TP) 
Total phenol content was determined by the Folin-Ciocalteu method (Singleton and Rossi, 1965) using 

gallic acid (GA) as standard. For the determination, 750 µL of 20% Na2CO3, 1375 µL of distilled water, 250 
µL of the 50% Folin-Ciocalteu phenolic reagent, and 250 µL of the sample supernatant were taken. The 
mixture was then incubated at room temperature in the dark for 60 minutes. Absorbance was measured at 725 
nm on a DR 5000 Hach spectrophotometer. The results were expressed as mg of gallic acid per 100 g of fresh 
weight (mg GA 100 g-1). A calibration curve was drawn in triplicate, using reagent grade gallic acid, the value 
of the equation was Y= 7.4196x- 0.0154, with an r2 of 0.9967. 

 
Antioxidant capacity (AC) 
The DPPH radical (1,1-diphenyl-1,2-picrylhydrazyl) is a stable compound that has an intense violet 

coloration and absorbs radiation at 517 nm so that its concentration can be determined by spectrophotometric 
methods (Kim et al., 2002). The reaction was carried out by mixing 2950 µL of DPPH radical solution with 
0.50 µL of the sample extract. The mixture was kept at room temperature and protected from light for 30 
minutes. Subsequently, the absorbance at 517 nm was measured using a UV/Vis spectrophotometer. The 
results were expressed as mg of ascorbic acid per 100 g of fresh weight (mg AA 100 g-1). The blank used was 
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80% methanol and a calibration curve was made. Using a high purity reagent grade ascorbic acid standard, and 
the calibration was in triplicate, the value of the equation was Y= -24.261x + 0.9212, with an r2 of 0.9951. 

 

Statistical analysis 

Statistical analysis was performed in completely randomized blocks. The data obtained were subjected 
to an analysis of variance for the proposed experimental design and the separation of means with the least 
significant difference (p ≤ 0.0.5). For this process, the statistical package SAS (SAS Institute Inc., SAS/STAT 
Software: Usage and Reference, Version 6, First Edition, Cary, NC: SAS Institute Inc., 1989) was used.    

 
 
ResultsResultsResultsResults    and Discussionand Discussionand Discussionand Discussion    
 
The results obtained for the physical characteristics of the fruit are shown in Table 1, presenting 

significant differences in the different parameters evaluated. 
 
Table Table Table Table 1111. Physical characteristics of ‘Wonderful’ pomegranate 

Treatment 
W ED PD D/L % Peel % Cartilage % Arils 

<.0001W 0.0003 <.0001 0.4660 <.0001 <.0001 0.0211 
L1  345.3 ax 88.2 a 74.9 ab 1.175 a 43.7 abc 3.5 b 52.8 abc 
L2 312.8 a  83.2 ab 72.6 abc 1.146 a 45.4 ab 2.0 d 55.6 bc 
L3 231.4 b 81.3 b 71.4 bc 1.150 a 43.1 bc 3.5 b 53.5 abc 
L4 262.4 b 76.5 c 65.6 d 1.381 a 47.0 a 2.6 cd 50.4 c 
L5 308.2 a 87.0 a 76.1 a 1.144 a 41.3 c 3.0 bc 55.7 ab 
L6 261.3 b 80.0 bc 69.8 c 1.150 a 37.1 d 6.7 a 56.2 a 
MSDY 42.5 5.0 4.0 0.278 3.4 0.7 3.5 
µ 286.9 82.8 71.7 1.191 42.93 3.54 53.53 
CV% 14.58 5.92 5.45 22.96 7.83 20.88 6.48 
R2 0.6574 0.6069 0.6389 0.2264 0.5615 0.8581 0.3342 

ED, equatorial diameter mm; PD, pole diameter mm; D/L ratio equatorial diameter over polar diameter; % Peel, peel 
percentage; % cartilage, percentage of cartilage; % Arils, percentage of arils. probability analysis of variance= w, Pr > 
0.05 not significant, 0.05 ≤ Pr ≤ 0.01, significant, Pr < 0.01 highly significant; Xdifferent letters are statistically different 
(Pr < 0.05), YMinimum Significant Difference. µ general media, CV% coefficient of variation, R2 coefficient of 
determination. 

 
For the weight variable, the L1 pomegranates showed the heaviest fruit. Wetzstein et al. (2006) reported 

an average weight of 345 g for the ‘Wonderful’ variety in California, which coincides with the registered weights 
of the L1 treatment. Sarkhosh et al. (2009) mention an average of 271.08 g for Iranian varieties, which is close 
to our results. In the case of the equatorial diameter (ED), L1 recorded the largest value, with 88.2 mm, and the 
smallest value was presented by L4 with 76.5 mm. For the polar diameter (PD) L5 had the largest value with 
76.1 mm and the smallest value for L4 with 65.6 mm. Fawole and Opara (2013) report an equatorial diameter 
of 84.42 mm and a polar diameter of 74.81 mm in pomegranates of the ‘Ruby’ variety, meanwhile, Tehranifar 
et al. (2010) reported values of 64.98-86.88 mm for the equatorial diameter and 69.49-81.56 mm of polar 
diameter. If results are compared with the ones reported, L1 showed higher ED, while L5 higher PD. Al-
Maiman and Ahmad (2002) show in their experiment how the weight and both diameters increase at the same 
time from an immature fruit to one at full maturity, this can be attributed to the fact that the size of the fruit 
is related to the number and size of the cells present in the mesocarp. In addition, in pomegranate the size of 
the fruit is influenced by the quality of the flower and the pollination process, since each aril is the result of a 
fertilized ovule (Wetzstein et al., 2011). In the case of the diameter/length ratio (D/L) it indicates the shape of 
the fruits, the closer this value is to 1.0, the rounder its shape will be, in this case, the fruits evaluated did not 
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have significant differences between the treatments and showed oval tendencies. These values are similar to 
those reported by Tehranifar et al. (2010) where twenty varieties of Iranian pomegranates were compared. For 
the percentage of arils, the L6 pomegranates had the highest percentage of arils with 56.2%, and, therefore, a 
lower percentage of shell of 37.1%, despite being one of the smallest fruits. The pomegranates with the highest 
percentage of shell were for L4 with 26.68% compared to L6. On the other hand, L5 pomegranates were the 
second treatment with the lowest peel content and the highest percentage of arils, however, they had lower 
cartilage content compared to L6. The percentage of peel and arils in the Iranian pomegranate experiment 
ranged from 32.28-59.82% and 37.59-65%, respectively (Tehranifar et al., 2010). In this case, the percentage 
of shell in the results shown were lower than those reported, while the percentage of arils remained within the 
range of Iranian pomegranates. In turn, a study in pomegranates from Jalisco, México showed an average of 
46.42% of the inedible part for the pomegranate fruit and 51.73% for the edible part (Castañeda-Saucedo et 

al., 2012), while for the pomegranates from Coyame obtained an average of 46.47% of the inedible part and 
53.53% for the arils. However, Fawole and Opara, (2013a) mention that the content of arils represents 
approximately 52% of the total weight of the fruit, so only L4 fruits are below the estimated average. 

 
Table 2Table 2Table 2Table 2. Quality parameters of the pomegranate juice of the ‘Wonderful’ 

Treatment 
Density of 

juice 
% Juiciness Juice Bagasse TSS TA TSS/TA 

0.0784w 0.0020 0.0554 <.0879 <.0001 <.0001 0.0001 
L1 1.8 bx 78.1 bc 1.43 c 0.41 ab 18.2 ab 0.203 c 102.0 a 
L2 2.1 ab 74.2 c 1.58 bc 0.54 a 18.6 a 0.200 c 103.6 a 
L3 1.9 b 82.7 ab 1.60 bc 0.34 b 17.4 cd 0.253 b   70.3 bc 
L4 2.3 a 85.7 a 1.99 a 0.36 b 16.9 d 0.324 a   53.5 c  
L5 2.0 b 76.1c 1.52 c 0.48 ab 18.2 ab 0.295 a   62.1 c 
L6 2.1 ab 84.8 a 1.80 ab 0.33 b 18.0 bc 0.206 c   86.9 ab 
DMSY 0.3 6.3 0.26 0.17 0.6 0.041 22.5 
µ 2.06 80.26 1.65 0.41 17.88 0.2465 79.73 
CV% 16.40 7.76 15.34 40.13 3.15 16.40 27.80 
R2 0.3016 0.4527 0.4694 0.3152 0.6368 0.7131 0.5961 

Juice density (g mL-1), juice (g mL-1), bagasse (g), juiciness percentage (%), TSS (°Brix), TA (% ascorbic acid), TSS/TA 
(ratio TSS/TA). probability analysis of variance= w, Pr > 0.05 not significant, 0.05 ≤ Pr ≤ 0.01, significant, Pr < 0.01 
highly significant; Xdifferent letters are statistically different (Pr < 0.05), YMinimum Significant Difference. µ general 
media, CV% coefficient of variation, R2 coefficient of determination. 

 
Table 2 shows the qualities of pomegranate juice. For the first parameter, juice density, the fruits of L4 

had the densest juice with 44.44% more than L1, which had the lowest density, this refers to the grams of fruit 
used to obtain a milliliter of juice, therefore, L1 used 1.8 g to obtain 1 ml of juice, of which 1.43 were liquid and 
0.41 bagasse. In a study carried out on pomegranates of the ‘Taifi’, it is mentioned that of the total edible 
portion of the fruit, 63.58% represents the juice content, while 36.21% is seed waste (Maiman and Ahmad, 
2002). Castaneda-Saucedo et al. (2012) report in their study that the percentage of the seed varies from 9.38-
23%, so the density of the juice may depend on the size of the seeds of each fruit and therefore the percentage 
of juiciness. In this case, it could be speculated that the arils and seeds of treatment L4 were smaller than the 
rest of the treatments, since it required a higher content of grams for a milliliter of juice, in addition, it had the 
highest percentage of juice with 85.7% and with one of the smallest amounts of bagasse. The percentage of juice 
for the cultivar ‘Wonderful’ grown in Condobolin, Australia had an average yield of 37% of the total weight of 
the fruit (Fawole and Opara, 2013), while the cultivation of this variety in Israel had a range of 18-40%, which 
justifies it due to the differences in climatic conditions that explain the great variation (Fawole and Opara, 
2013a). Likewise, in a study of 14 pomegranate genotypes in Jalisco, México, a maximum mean of 39.7% was 
reported as a proportion of juice (Tapia-Campos et al., 2016), even so, L2 fruits being the pomegranates with 
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the lowest juice content are well above the data mentioned before. Regarding TSS, TA and sugar-acidity ratio 
(TSS/TA), the fruits of L2 were the sweetest fruits, and therefore with the lowest acidity content. Poyrazoglu 
et al. (2002) mention a range of soluble solids from 16 to 19 °Brix for pomegranate crops in Turkey, while 
Castañeda-Saucedo et al. (2012) and Tapia-Campos et al. (2016), report a maximum of 17 °Brix for 
pomegranates produced in Jalisco, in turn an increase from 10.30 °Brix in immature fruits to 19.56 °Brix in 
fully ripe fruit is reported (Zarei et al., 2011). Zaouay et al., (2012) mention a general minimum threshold for 
TSS of 12% required for commercial use of pomegranate, so all samples were above the threshold. In the case 
of California, TA of the ‘Wonderful’ harvest starts at 1.9% (Karapetsi et al., 2021), this agrees with what was 
reported by Fawole and Opara (2013) who consider a TA value of 1.8% as the standard of more satisfactory 
maturity. This parameter tends to decrease as the days after flowering increase, while the TSS increase, which 
denotes that these parameters are related to the physiological development of the fruit (Khodabakhshian et al., 
2017). In this study, AT ranged between 0.200-0.324% Similar results to those obtained by Zaouay et al., 
(2012) for sweet cultivars ranging from 0.1-0.4%, in this case, Mayuoni-Kirshinbaum and Porat (2014), 
emphasize the importance of acidity levels in the juice, since acidity influences the perception of pomegranate 
flavor, especially since it affects the stage of maturity and the time of harvest of the fruit pomegranates harvested 
early are more acidic and astringent than those harvested at optimum ripeness. Al-Maiman and Ahmad (2002) 
mention that ascorbic acid content decreases significantly with advancing maturity and total and individual 
sugars reach maximum levels, which can be attributed to starch hydrolysis (Kulkarni and Aradhya, 2005), so it 
could be elucidated that the samples were in advanced maturity. In the case of the TSS/TA ratio, it provides 
the maturity index, and is commonly used to define the “flavor” of the pomegranate fruit during development 
(Fawole and Opara, 2013a), the values obtained from the TSS/TA ratio in this study were 53.5-103.6, in 
Tunisia similar values are reported with a maximum of 104.9 in different pomegranate genotypes (Zaouay et 

al., 2012). Melgarejo and Salazar (2006) share with us a maturity index classification for Spanish cultivars where 
sour varieties have values of 5–7, 17–24 for bittersweet and 31–98 for sweet cultivars. Holland et al. (2009) 
reported that the 'Wonderful' is bittersweet, when comparing the results with these indices, it is observed that 
the samples had a similar maturity index to the sweet varieties. According to Boroychov-Neori et al. (2009) the 
TSS/TA ratio increases as the pomegranate matures, so in this case, it can be seen that the fruits were in an 
advanced state of maturity. 

 For the color parameters of the peel and juice, Tables 3 and 4 are shown, respectively. In the case of L*, 
this parameter tends to decrease during fruit ripening, indicating that the skin or fruit juice tends to darken 
during this process (Shwartz et al., 2009). The increase in the green-red coordinate, a*, is related to the increase 
in biosynthesis and the accumulation of anthocyanin pigments, responsible for the intense red color of ripe 
pomegranate fruits. Studies on the color of the 'Wonderful' variety have shown that the pigmentation increases 
during the ripening process (Shwartz et al., 2009), which continues to increase in intensity even when the TSS 
content reaches the maximum (Fawole and Opara, 2013a), this characteristic garnet color of the pomegranate 
is presents with high values of a* and C* and low values of b* and H° (Legua et al., 2016). In the case of the CI, 
it has been implemented to provide an objective criterion of the maturity index through color (Shwartz et al., 
2009), its increase or decrease during the progression of maturity may be due to the increase in the content of 
anthocyanins and the decrease in phenols, since it is reported that phenols are probably consumed in the 
biosynthesis of the flavylium ring during the formation of the anthocyanin pigment, which causes a reduction 
in its content. In addition, an additional increase in TSS and a slight decrease in the content of anthocyanin 
pigments are reported due to the progress in the maturation of the pomegranate. This onset of anthocyanin 
discoloration is associated with decreased acidity, which may be the cause of internal aril decomposition in 
overripe pomegranate fruits (Kulkarni and Aradhya, 2005). In short, as pomegranate fruits ripen, the color 
coordinates evolve (Manera et al., 2013). 
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Table 3. Table 3. Table 3. Table 3. Color of ‘Wonderful’ pomegranate peel 

Treatment 
Color  

C* H° CI 
L* a* b* 

0.0003w 0.0571 0.0151 0.0377 0.0159 0.0592 
L1 36.8 cx 34.0 ab 9.5 c 35.4 b 15.3 c 4.6 a 
L2 39.6 b 33.1 b   9.9 c 34.6 b 16.5 bc 4.7 a 
L3 39.6 b 32.8 b 11.8 ab 34.9 b 19.9 a 4.5 ab 
L4 43.3 a 34.8 ab 12.3 ab 36.6 ab 19.5 ab 4.2 ab 
L5 41.0 ab 36.4 a 13.4 a 38.8 a 20.1 a 4.0 b 
L6 39.4 b 32.4 b 10.8 bc 34.2 b 18.2 abc 4.6 a 
DMSY 2.46 2.77 2.36 3.07 3.14 0.48 
µ 39.98 33.94 11.29 35.83 18.24 4.43 
CV% 6.07 8.05 20.56 8.44 16.97 10.65 
R2 0.5098 0.3143 0.4044 0.3420 0.4103 0.3425 

L*(lightness/darkness), a*(green/red), b* (yellow/blue), C* (Chroma), H° (Hue angle) and CI (Color index). probability 

analysis of variance= w, Pr > 0.05 not significant, 0.05 ≤ Pr ≤ 0.01, significant, Pr < 0.01 highly significant; Xdifferent 
letters are statistically different (Pr < 0.05), YMinimum Significant Difference. µ general media, CV% coefficient of 
variation, R2 coefficient of determination. 
 
For L*, a mean of 39.98 was obtained, in this case, the fruits of the L4 treatment showed the highest 

reading, which was 43.3. This could indicate, in addition to the TSS/TA ratio, that these fruits were the most 
immature. For variables a* and C*, pomegranates from lot L5 showed the reddest fruits with 36.4 and 38.8 
respectively. Shwartz et al. (2009), report values of a* of 34.4-39.4 and for C* of 45.1-46.5 in ‘Wonderful’ fruits 
that were harvested on dates similar to those of this work, while Opara et al. (2009) mention ranges of 21.48-
39.16 for a* and 41.13-50.32 for C* in different pomegranate varieties. For the b* parameters it can be observed 
that the peel pigmentation tended to have a slight yellow pigmentation, which could be due to the 
heterogeneous color of the peel, while the H° values indicate that the peel color ranged from red to purple. 
Finally, the CI has a mean of 4.43 while Shwartz et al. (2009), report a maximum value of 2.3 in its most 
advanced stage of maturity, the differences in the color of the peel can be attributed to the area and climate in 
which the pomegranates were developed, as mentioned by Tarantino et al. (2020). However, based on the data 
obtained in this investigation, it is recommended to harvest when the CI is 4.0 in the peel, as in the case of lot 
L5, since it has better quality characteristics such as: weight, diameter, lower percentage of peel and cartilage, as 
well as one of the highest percentages of arils, in addition, it had a high content of TSS, a high TA and a low 
sugar-acidity ratio, which is an important index of maturity. However, if what is sought is a higher antioxidant 
capacity it would be better to harvest the pomegranates when the CI is 4.5 as shown by lot L3. 
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Table 4. Table 4. Table 4. Table 4. Color of ‘Wonderful’ pomegranate juice 

Treatment 
Color 

C* H° CI 
L* a* b* 

0.1870w 0.0036 0.0002 0.0037 0.0009 0.0020 
L1 28.9 ab 3.3 ab -0.77 c 3.4 ab -13.7 bc 45.2 bc 
L2 29.2a 3.8 a 0.65 b 3.9 a   -9.8 a 39.1 c 
L3 28.8 ab 3.1 bc -0.74 bc 3.2 bc -14.5 bc 47.6 ab 
L4 28.8 ab 2.5 c -0.75 c 2.7 c -17.1 c 54.6 a 
L5 28.6 b 3.5 ab -0.54 a 3.5 ab   -8.7 a 41.6 bc 
L6 29.1 a 3.6 ab -0.72 bc 3.6 ab -12.3 ab 42.8 bc 
DMSY 0.4 0.6 0.10 0.6 3.9  7.2 
µ 28.89 3.30 -0.6956 3.38 -12.67 45.17 
CV% 1.50 18.33 -14.23 17.03 -29.97 15.62 
R2 0.2631 0.4179 0.5393 0.4167 0.4721 0.4349 

L*(lightness/darkness), a*(green/red), b* (yellow/blue), C* (Chroma), H° (Hue angle) and CI (Color index). probability 

analysis of variance= w, Pr > 0.05 not significant, 0.05 ≤ Pr ≤ 0.01, significant, Pr < 0.01 highly significant; Xdifferent 
letters are statistically different (Pr < 0.05), YMinimum Significant Difference. µ general media, CV% coefficient of 
variation, R2 coefficient of determination. 

 
For the color of the juice, significant differences were observed in the color coordinates between 

treatments (Table 4). For L* there was a mean of 28.89, while Schwartz et al. (2009) reports a maximum value 
of 27.6 for pomegranate juice, L2 presented the reddest juice according to the parameters of a* with 3.8 and C* 
with 3.9, values that were similar to those reported by Shwartz et al. (2009) in completely ripe fruits a* 3.5 and 
C* 3.7, while the variable b* mostly had negative results, which indicates that the juices tended more to a blue 
than yellow pigmentation. These results together with the signs negatives of the hue angle (H°), suggested that 
the juices were dark, and could be purple. The CI showed values well above those reported by Shwartz et al. 
(2009), therefore, it is mentioned that the color of the juice is widely related to the conditions in which the 
crop develops (Shulman et al., 1984). 

 
Table 5. Table 5. Table 5. Table 5. Bioactive compounds of the pomegranate ‘Wonderful’    

Treatment Total phenols 
Antioxidant 

capacity 
W 0.0122 <.0001 
L1 196.1 b 57.8 a 
L2 208.6 b 58.2 a 
L3 246.3 a 60.0 a 
L4 191.7 a 48.2 b 
L5 209.9 b 39.5 c 
L6 206.3 b 45.2 bc 
DMSY 29.8 6.6 
µ 209.8 51.5 
CV% 13.99 12.72 
R2 0.4535 0.6871 

Total phenols (mg GA 100 g-1), antioxidant capacity (mg AA 100 g-1). probability analysis of variance= w, Pr > 0.05 
not significant, 0.05 ≤ Pr ≤ 0.01, significant, Pr < 0.01 highly significant; Xdifferent letters are statistically different (Pr 
< 0.05), YMinimum Significant Difference. µ general media, CV% coefficient of variation, R2 coefficient of 
determination. 

 
On the other hand, the fruits from L3 had the highest content of total phenols (TP) with 28.48% more 

than the fruits from L4. Reza et al. (2011) mention a range of 11.62-21.03 mg gallic acid equivalents per gram 
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of extract (mg GAE g-1), while Li et al. (2006) reported 24.4 mg equivalents of tannic acid per gram. The results 
obtained, including those of L4, are higher than those reported and these differences can be attributed to the 
different extraction methods, the varieties as well as the area where they were grown. However, Fredes et al. 
(2014) report a range of 3.8-4.0 g GAE kg-1 in the ‘Wonderful’ variety. These data are closer to the data obtained 
for Coyame pomegranates. In turn, it has been reported that in pomegranates, as well as in many other crops, 
the level of antioxidant activity can be attributed to the total phenolic level (Gil et al., 2000), where hydrolysable 
tannins represent 92% of its antioxidant activity. The group of hydrolysable tannins contains punicalagin 
isomers, which were suggested to be responsible for about half of the total antioxidant capacity of pomegranate 
juice, in addition to ellagic acid, gallic acid, and punicalin (Tzulker et al., 2007). 

Regarding the antioxidant capacity (AC), lots L1, L2 and L3 showed the highest levels with 57.8, 58.2 
and 60 mg AA 100 g-1 respectively, while the rest of the treatments had values below of the mean obtained, 
which was 51.5 mg AA 100 g-1. Mirdehghan et al. (2006) report values of 73.54 mg equivalents of ascorbic acid 
per 100 g in the variety Mollar de Elche, in varieties produced in California a maximum value of 5.79 mmol 
equivalents of Trolox per g is reported (Ambigaipalan et al., 2016). These differences between the reported 
values and those obtained in this research can be attributed, as in the phenol content, to the extraction 
conditions, analytical methodologies, and cultivation areas as mentioned by Raffo et al. (2006). Although the 
antioxidant capacity depends mainly on the content of phenols, the attractiveness of the fruit to consumers is 
mainly related to physical parameters and sensory quality, in addition to the benefits to human health that its 
consumption provides, which vary depending on the cultivation and climatic conditions during pomegranate 
ripening (Borochov-Neori et al., 2009). 

 
    
ConclusionsConclusionsConclusionsConclusions    
 
The quality parameters and bioactive compounds had significant differences between lots, in addition, 

the results obtained show that Chihuahuan pomegranates have qualities to compete in the national and 
international market, since most of the variables evaluated presented, better results compared to published 
studies in different parts of the world, with the advantage that agronomic management in the Coyame area is 
minimal. On the other hand, it is important to mention the implementation of the color index in the peel as a 
tool for the prediction of the maturity index of the pomegranate in a non-destructive way, being a support for 
the producers at the time of harvest. Despite the importance that this crop is acquiring in Mexico, there are 
very few studies on its production and characterization in the country, so it is recommended to continue with 
works that provide support to the producers of this crop. 
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