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Abstract:
							                           
In this study, we characterized the biochemical profile of orange-fleshed sweet potato genotypes for flour production. Flours from 26 sweet potato genotypes were evaluated, including 'Beauregard', a commercial genotype, used as a control. Two drying temperatures were analyzed in a forced air circulation oven: 50°C and 70°C. The content of total carotenoids, total phenolic compounds, and antioxidant capacity were analyzed by the DPPH, ABTS, and FRAP methods. Contents of total carotenoids increased in most of the genotypes studied after drying (mainly sweet potatoes with more intense orange flesh) and some genotypes showed great potential for antioxidant compounds. In the analyzes carried out, drying did not show a negative influence on the amount of bioactive compounds, showing good results in nutrient retention. '21-01', '21-27', '22-24', '29-19', '56-27', '60-25' stood out for containing higher levels of bioactive compounds than 'Beauregard'. 50°C was the best temperature to maintain the bioactive content in dried sweet potatoes. These genotypes should be better studied regarding the content of these pigments, since they can be important for nutrition studies, aiming to increase the content of pro-vitamin A supplied as flour.
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Resumen:
						                           
En este estudio caracterizamos el perfil bioquímico de genotipos de camote de pulpa anaranjada para la producción de harina. Se evaluaron harinas elaboradas a partir de 26 genotipos de camote, incluido el cultivar comercial 'Beauregard', utilizado como control. Se analizaron dos temperaturas de secado en estufa de circulación de aire forzado: 50°C y 70°C. Se analizó el contenido de carotenoides totales, compuestos fenólicos totales y capacidad antioxidante por los métodos DPPH, ABTS y FRAP. Los contenidos de carotenoides totales aumentaron en la mayoría de los genotipos estudiados después del secado (principalmente camotes con pulpa anaranjada más intensa) y algunos genotipos mostraron un gran potencial para compuestos antioxidantes. En los análisis realizados, el secado no mostró una influencia negativa en la cantidad de compuestos bioactivos, resultando en buenos niveles de retención de nutrientes. Los genotipos '21-01', '21-27', '22-24', '29-19', '56-27', '60-25' se destacaron por contener niveles más altos de compuestos bioactivos que 'Beauregard'. Los camotes secados a 50°C mostraron los mejores resultados. Estos genotipos deben ser mejor estudiados en relación al contenido de estos pigmentos, ya que pueden ser importantes para estudios de nutrición, con el objetivo de aumentar el contenido de provitamina A proporcionada como harina.



Palabras clave: compuestos bioactivos, biofortificación, harina, provitamina A.
                                








INTRODUCTION


Sweet potato (Ipomoea batatas (L.) Lam) is a common staple food in many countries, marketed most commonly in the form of fresh roots and consumed boiled, steamed, and fried, among others (Basílio et al., 2022) The tuberous root is a healthy food option, either after home preparation or in foods with high added value like industrialized products (Albuquerque et al., 2019).

Biofortification projects aim to enrich food nutrients, with the objective of selecting sweet potato genotypes with higher levels of micronutrients available to farmers and consumers (Embrapa, 2021). There are more than 300 varieties of colored-fleshed sweet potatoes registered in the Embrapa germplasm bank. Enriching food that is already part of the population's diet is a strategy to strengthen access to more nutritious products that do not require changes in their consumption habits. Enriched foods can favor the access of low-income classes to foods with high nutritional value.

Orange sweet potatoes have high levels of carotenoids (especially β-carotene) and are a source of provitamin A (pVACs) (Alam et al., 2016; Bechoff et al., 2011; Tang et al., 2015). The consumption of orange-fleshed sweet potato with a high content of carotenoids and provitamin A, such as 'Beauregard', can help to combat nutritional deficiencies, in addition to being included as a crop with potential contribution to food and nutritional security (Embrapa, 2021). However, most of the marketed sweet potatoes are white/cream pulp, with low levels of β-carotene. Thus, the introduction and popularization of orange pulp cultivars in the diet is important to reduce the deficiency and diseases caused by hypovitaminosis A (Alam et al., 2016).

Sweet potato flour is a source of energy and nutrients (carbohydrates and β-carotene (provitamin A), minerals (Ca, P, Fe and K) and can add natural sweetness, color, flavor, and dietary fiber to processed foods (Sukhcharn, 2008). Commercial use of sweet potato flour and starch has been limited, although it adds economic value and contributes to income generation for farmers and processors.

Genotype, processing steps and methods such as drying techniques, including temperatures (Dereje et al., 2020), are among the factors that affect the quality and retention of bioactive compounds such as carotenoids. Sweet potato flour is a way to maintain levels of beneficial compounds in the long term, as well as to facilitate storage and stability compared to fresh root (Ahmed et al., 2010).

The temperature used in the preparation of sweet potato flour is an important factor for the product to have high visual, nutritional and functional quality. Depending on the temperature used, the product may show browning due to the activity of enzymes such as polyphenoloxidase, the presence of ascorbic acid or other factors that influence browning, such as tissue damage (Roidoung et al., 2016). Temperatures above 55 °C promoted a decrease in browning during the preparation of sweet potato flour (Ahmed et al., 2010), as well as an increase in bioactive compounds and antioxidant activity (Ruttarattanamongkol et al., 2016). Drying in flour production can be an advantageous alternative to increase the shelf life of the product, as well as to use nutrients and reduce post-harvest losses (Rodriguez-Amaya et al., 2011). However, in the drying process, nutrients can be lost, and it is necessary to study the stability of interesting compounds after thermal processing (Tang et al., 2015) and the retention of these compounds. In this study, we analyzed the content of phenolic compounds, carotenoids, and in vitro antioxidant activity of fresh samples and flours prepared at 50° and 70°C, from orange-fleshed sweet potato genotypes.





MATERIAL AND METHODS


The roots were harvested in Vera Cruz – São Paulo, Brazil (22º13'11"S 49º49'10"W and 628 m altitude). The samples were sanitized and both pulp and peel were kept for the preparation of flour. Sweet potatoes were cut into cubes of about 0.5 cm2, homogenized, and taken to an oven with forced air circulation at temperatures of 50°C and 70°C (Figure 1). The dried samples were ground in a Willey mill, stored in hermetically sealed flasks, and kept at -20°C until analysis. For analysis of fresh samples, the tubers were powdered using a cryogenic mill (Spex Sample Prep 6770, MA, USA) and stored at -80°C until analysis. The experimental design was completely randomized and the analyzes were carried out in 3 replications.
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FIGURE 1



Image of 26 orange-fleshed sweet potato genotypes - fresh and dried at 50°C and 70°C.















The total carotenoid content was evaluated following the methodology proposed by Lichtenthaler (1987). The samples were homogenized in acetone, kept in an ultrasonic bath for 30 min, and centrifuged (5°C and 6,000 x g) for 15 minutes. Readings were performed in a spectrophotometer at wavelengths 661, 644, and 450nm. Results were expressed in mg/100g.

The total phenol content was analyzed using the Folin Ciocalteu reagent, as described by Singleton & Rossi (1965). The samples were homogenized in acidified acetone (acetone, acetic acid, and water, 80:1:19, v/v/v), submitted to an ultrasonic bath for 30 min, and centrifuged at 5 .C (6,000 x g, 15 minutes). Absorbance was measured in a spectrophotometer at a wavelength of 725nm. Results were calculated from a standard curve and expressed in mg of gallic acid equivalents (mg GAE/100g).

Total flavonoid content was analyzed according to the methodology proposed by Popova et al. (2004) with adaptations. The samples were homogenized in acidified methanol (MeOH, acetic acid, and water, 80:1:19, v/v/v) and submitted to an ultrasonic bath for 30 min. After the addition of 5% aluminum chloride, the samples were kept at room temperature, in the absence of light, for 30 min. After centrifugation (6,000 x g, 20 min.), the supernatant was removed and readings were performed in a spectrophotometer. Results were calculated from a standard curve and expressed as mg of quercetin equivalents per 100g (QE/100g).

The antioxidant activity of the samples was evaluated according to Brand-Williams et al. (1995) to reduce the DPPH radical (2,2-diphenyl-1-picryl-hydrazyl). The absorbance was measured in a spectrophotometer and the results were calculated from a standard curve with Trolox and expressed as mg Trolox equivalents (TE)/100g.

For the reaction with ABTS, we used the methodology proposed by Re et al. (1999). The samples were extracted in acetone, acetic acid, and water (80:1:19 v/v/v), and for the reaction, 30µl of sample was added to 3mL of ABTS radical. The samples were vortexed and after 6 minutes, the absorbance was measured in a spectrophotometer at 734nm. Results were calculated from a standard curve and expressed in mg of Trolox equivalents (TE)/100g.

The antioxidant activity by the iron reduction method was performed according to the methodology proposed by Benzie and Strain (1996). The samples were homogenized in acetone, acetic acid, and water (80:1:19 v/v/v), and 30µl of sample, 90µl of water, and 900µl of FRAP reagent were used for the reaction (using 2,4,6- tripyridyl-s-triazine (TPTZ)). The tubes were vortexed and, after 30 minutes, the absorbance was measured in a spectrophotometer (595nm). Results were calculated from a standard curve and expressed as means and standard deviation in mg of Trolox equivalents/100g.

The moisture was calculated considering the fresh sweet potato mass and the mass after thermal drying, based on the calculation of water loss. The calculation was performed according to the manual Principles of Food Drying (Celestino, 2010) and expressed in %.

Apparent Retention of Bioactive Compounds was calculated as described in Diamante et al. (2021) and was expressed in dry weight basis.
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All analyzes were performed in triplicate and the results were expressed as means and standard deviation. The data were submitted to analysis of variance (ANOVA), followed by the Scott Knott test to compare the means (p<0.05) using the SISVAR program.





RESULTS AND DISCUSSION


The 26 genotypes submitted to drying at both temperatures (50°C and 70°C), as well as the control (fresh sample), showed significant differences in the carotenoid content. In addition, there were also differences between the temperatures used for drying (Table 1). Among the fresh samples, '25-27' (19.3mg/100g) stood out for the highest content of total carotenoids in the fresh samples, while '60-05' (1.0 mg/100g) had the lowest content of these pigments. Regarding the color of the pulps, we noticed that the higher the carotenoid content, the more orange the pulp, confirming the results described by other studies (Basílio et al., 2020; Borges et al., 2019; Park et al., 2016).

Drying at both temperatures induced an increase in total carotenoid levels in most genotypes (Table 1). In '60-05' and '21-01 there was no variation; however, these genotypes contain low levels of carotenoids. In '24-06' and '56-23' there was a decrease after drying at 70°C. For 80% of the genotypes, the drying process at 50°C promoted the best results, when compared to drying at 70°. C (Table 1). Only in '35-35' dried at 70°C showed higher levels of carotenoids compared to the other treatments.

The drying process in an oven with air circulation did not promote losses in the content of total carotenoids in most genotypes, as described by Bechoff et al., (2009) in orange-fleshed sweet potatoes subjected to different drying processes using black polyethylene bags. The values found in our study are close to those described by Oloniyo et al., (2021) in orange-fleshed sweet potatoes dried at 60°C. The increase in carotenoid content found in most sweet potato genotypes after drying is due to the action of temperature on the cell wall. Heating usually induces wall disruption, facilitating the release of compounds from the cell-matrix and consequently, the extraction and detection of carotenoid content (Borges et al., 2019). Thus, the elaboration of flours of these genotypes would be a good source of carotenoids, important molecules for health, especially in places where there is low consumption of fruits and vegetables rich in provitamin A.

The 26 genotypes evaluated and submitted to drying (50°C and 70°C) showed differences in the content of total phenolic compounds (Table 1). In fresh samples, '21-01' (121.2 mg GAE/100g) and '22-24' (88.1 mg GAE/100g) showed higher total phenolic contents, and higher than 'Beauregard' (76.9 mg GAE/100g). 92% of the analyzed genotypes had lower total phenolic content than 'Beauregard', with emphasis on '24-06' (31.6 mg GAE/100g) and '24-22' (34.1 mg GAE/100g), which exhibited the lowest total phenol content.

Regarding the color, the genotypes that presented the highest total phenol content had a more yellowish pulp, that is, '21-01' (121 mg GAE/100g), '22-24' (88.1 mg GAE/100g), followed by 'Beauregard' (76.9 mg GAE/100g). Studies carried out by Borges et al. (2019) state that contents of bioactive compounds have a strong relationship with color intensity and bananas with lighter and yellowish pulp showed higher contents of total phenols (Borges et al., 2020). The total phenol content detected in our study in orange-fleshed sweet potatoes is higher than the levels described by Teow et al., (2007) and the difference may be due to plant material (genotypes), in addition to climate, cultivation methods, and harvest time. Sweet potato peels have high levels of bioactive compounds (Basílio et al., 2020) and the presence of peels in our analyses may also have contributed to high levels of phenolic compounds in our results.

The results show that in 100% of the genotypes, the content of total phenols in samples dried at 70°C was higher and this result may be important for obtaining flours with higher content of phenolic compounds. The increase in the content of total phenolic compounds was described by Olagunju et al., (2020) in samples of orange sweet potatoes dried at 60°C, a factor associated with the rupture of cell membranes, leading to greater release of compounds; in this study, it was also reported that the peel should be kept in the drying processes as it contributes to the retention of nutraceutical potentials.

The 26 genotypes evaluated and submitted to drying at both temperatures (50°C and 70°C), as well as the control, showed significant differences in relation to flavonoid content (Table 1). In the fresh samples, '21-01' showed the highest flavonoid content (28.5 mg QE/100g). The temperature influenced the levels of total phenols and total flavonoids. In fresh sweet potatoes, Ahmed et al., (2010) observed lower contents of phenolic compounds after the use of a spray-dryer. In our study, sweet potatoes exhibited higher levels of phenolic compounds that found by the authors.

Some genotypes differed from each other regarding the percentage of moisture, presenting moisture contents that varied between 74% and 84.4% (Table 1). '25-09' (87.1%) and '31-18' (87.8%) contain the highest moisture. It is known that the water content of a food is a preponderant factor for deterioration and reduction of shelf life (Celestino, 2010).




TABLE 1




Total carotenoids (mg/100g), total phenols (GAEmg/100g), total flavonoids (QEmg/100g) and humidity percentage of fresh orange sweet potato genotypes and after drying at 50° and 70°C
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In fresh samples, 64% of the analyzed genotypes showed a higher DPPH radical reduction capacity than 'Beauregard’ (15.1 mg TE/100g) (Figure 2A). '21-01' (69.8 mg TE/100g) stood out by exhibiting the highest antioxidant capacity measured via DPPH (Figure 2A). Regarding the comparison between fresh samples, dried at 50°C and at 70°C, in most genotypes (84%) and in 'Beauregard' (control), the higher temperature promoted an increase in antioxidant activity. With the exception of '21-01', '25-23', and '25-25', all other genotypes showed an increase in the antioxidant capacity, measured via DPPH, both dried at 50°C or at 70°C. Heating also favored an increase in antioxidant activity, measured via DPPH, in the study carried out by Kim et al., (2019) on different sweet potato genotypes grown in South Korea.

'21-01' (739.7 mg TE/100g) and '60-25' (657.2 mg ETE/100g) fresh samples showed higher antioxidant activity by ABTS (Figure 2B) compared to ’ Beauregard' (556.5 mg TE/100g). Comparing the thermal processing, in most genotypes (96%) and in 'Beauregard' (control), drying at 70°C promoted the best results for antioxidant capacity by the ABTS method (Figure 2B). As verified in the DPPH method, the highest antioxidant activity was found in '21-01' (ABTS), both in fresh and dried samples at 50° C. '29-19' which contain high levels of carotenoids and total phenols stand out in the analysis of antioxidant activity by ABTS.

The highest antioxidant activities measured by FRAP were detected in fresh samples of '21-01' (69.8 mmol FeSO4/100g), '21-27' (44.9 mmol FeSO4/100g), '25-09' (35.8 mmol FeSO4/100g), '35-01' (45.0mmol FeSO4/100g), '35-23' (35.9mmol FeSO4/100g), '52-23' (49.6mmol FeSO4/100g), '56-23' (39.4mmol FeSO4/100g) and '60-22' (39.3mmol FeSO4/100g) (Figure 2C). Lighter orange-fleshed sweet potatoes showed the highest values by FRAP. Comparing the two temperatures, the use of 70°C was efficient to promote the highest antioxidant activity in 72% of the genotypes.
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FIGURE 2



Antioxidant activity of orange-fleshed sweet potato genotypes fresh and after drying at 50° and 70°C by methods A) DPPH, B) ABTS and C) FRAP.















Regarding the Apparent Retention (% AR), there were variations between 23.8% and 198.7% (Table 2) in the 26 genotypes. Studies have reported losses of carotenoids after drying in sweet potato flour manufactured and the losses are attributed to the genotypes, drying pieces size, drying, and condition method (Bechoff et al., 2009; Rodriguez-Amaya et al., 2011). Other authors describe a high level of β-carotene retention (88.1%) in oven-dried orange-fleshed sweet potatoes at 60°C (Bengtsson et al., 2008). Results of carotenoid degradation after thermal processing were reported by Wu et al., (2008). The authors describe that sweet potatoes with colored pulp showed losses up to 40% in carotenoid content after drying in an oven at 50°C for 12 hours.




TABLE 2




Apparent Retention (% AR) of bioactive compounds in 26 orange-fleshed sweet potato genotypes after thermal drying processes at 50°C and 70°C.
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* Total carotenoids (TC), Total Phenols (TP), Total Flavonoids (TF), Antioxidant activity by methods DPPH, ABTS and FRAP.











TABLE 2 (cont.)




Apparent Retention (% AR) of bioactive compounds in 26 orange-fleshed sweet potato genotypes after thermal drying processes at 50°C and 70°C.
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* Total carotenoids (TC), Total Phenols (TP), Total Flavonoids (TF), Antioxidant activity by methods DPPH, ABTS and FRAP.








Heating thermal processing can lead to a decrease in phenolic compounds and antioxidant activity (Perla et al., 2012). Results reported by Xu et al., (2018) show that high temperatures can induce decreases or increases in the content of total phenolic compounds as a function of genotype (pulp color). In this study, '21-27' (AR 70°=146.0%), '25-27' (AR 70°-104.1%), '29-19' (AR 70°= 118.4%) and '25-01' (AR 70° = 118.7%) stood out due to the higher percentages of retention of phenolic compounds at 70°C. The increase in total phenolic compounds can be attributed to the release of phenolics during heating Olagunju et al., (2020), a thermal process that can induce cell wall softening and breakdown, facilitating extraction and detection (Borges et al., 2020). Studies report that orange-placed sweet potato genotypes that show good retention rates of phenolic compounds after heating already contained good levels in raw samples (Perla et al., 2012).

The retention of antioxidant capacity stands out for 25-27', '29-18', and '29-19'; however, a general analysis of the results shows that there were losses of antioxidant capacity between 10% and 70% (retention between 30% and 90%). The significant loss in free radical scavenging activity by DPPH in heating processes is related to the loss of phenolic compounds (Perla et al., 2012), or due to degradation, oxidation, and/or isomerization processes of bioactive compounds (Borges et al., 2019). Retention of phenolic compounds was higher at 70°C, while carotenoid content showed the best results in samples dried at 50°C.





CONCLUSION


Changes in the contents of bioactive compounds in orange-fleshed sweet potato were influenced by the genotypes and the color of the pulp and peel. In general, sweet potato genotypes with a more intense orange color were superior in total carotenoid content, while the yellowish (lighter) genotypes contain high values of phenolic compounds. Drying at 50°C promoted greater availability of carotenoids and the temperature of 70°C promoted greater availability of phenolic compounds.
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Ganotype Total Carotenoids Total Phenols Total Flavonoids Humidity
Fresh 50°C 70°C Fresh 50°C 70°C Fresh 50°C 70°C
1618 184:08< 3514119 3152047  S42:17K  77.1819%  1460£12%  178:04<  213:24%  364:17%  798:21°
21.01 412014 44208 27:02% 1212412 179.8:220%  2010:20%  285:04%  288:28%  432431%  795:15°
2104 253107 687:27%  SS9414%  SI3417° 735102 14284147 143106 184415  281418™  800:10°
2126 273103€ 3804144 317:17%  301$10  529:06"  838418%  143:02% 1241045 288124  807:26°
2127 185411€  293:184  261:20°  472415F  1125415%  2058419%  197:05%  227407¢ 6294054  79.1:20°
2224 151$11°  258414%  167:06°  8B1:04%  96.4:21¢  1336415% 103105 187124 2431214  782:11°
2406 304828%  3L1410%  236407°  316:10°  235:067 719604 104103  1524607%  19.0:03% 7641074
2022 86203 135:03% 119602  341314" 2482067 8335159  124#13°  189:18%  215:16%  824200°
25.09 91203 2091064 250:04% 496829 466£16° 2166412  158:06%  272605% 43815 8714390
2523 71406 3025:49% 1081070 374507 2524187  S59412%  106407¢  24.9609% 2468104  745:01%
2525 492048 51213 7.8:08* 49.1824% 2443077 532:08%  181:14¢ 1954129 2114114  750:06*
2527 339:25¢  643:25%  SISHLI® 408609 422628  139.1:13%  155:00%  170:03%  223:10%  818:06°
2918 1624145 40SH06%  3L4509° 411500 327425  1006:11°%  130:10°  200:05%  269+12"  766:03%
2919 286820%  661:34% 535020 650£21%  621:22  2764£16% 165412  265:11%  47200% 847413
3118 118410¢  326204%  290413°  S01:11%  430103F  2381331% 202412 30611  788£12%  87.8413°
3501 1384116 233104 204106°  482408°  281411%  1547:06™  167:11%  218412%  37.9415%  776812°
3510 153811°  204805% 222106 492:08°  342419°  1038804%  184+10< 300815  441:02% 813206
3521 201:05°  237:03% 240402 404101 338102 727415 162405  192:22%  27.3103%  797:00°
3523 309414%  337:03%  302405° 50832  241:017C  1037419% 159405 158415° 3381130 787:02°
5223 193823%  361410%  104:08°  616#06°  ST1:01€  773:06%  197:05% 17025 2143064  740:08%
56:23 13709 148:13%  107:06°  691:09%  522406"  1039:07° 210:04%  186:30% 2228224  77.9802°
5627 207810%  399829%  308417%  459:06F  232:04"C  676:18% 153105  167:07  237:11%  77.0405%
60-05 18024 174034 27:04™ 400417 2258037  1102415™  107:09¢  105:126  285108™ 844307
6022 173109%  211:09%  163:03° 4133089 206017 6713154  103:01€ 137505 1974154  769:10%
6025 205413 460:11%  380408% 707416 4294116 19174149 186106 1941209  440:15%  828410¢
‘Beauregard’ 242409 348415%  274415° 769309  454103°  1965:08% 184821 2560% _ 755:09%  804414°
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TC T T DPPH ABTS FRAP
16-18 In natura 100 100 100 100 100 100
Drying 50°C 704 530 443 634 503 576
Drying 70°C 54.7 86.0 653 101.0 167 150.6
21-01 In natura 100 100 100 100 100 100
Drying 50°C 356 95 334 333 505 109.4
Drying 70°C 238 614 55.6 286 405 59.4
2104 In natura 100 100 100 100 100 100
Drying 50°C 889 473 421 480 611 67.8
Drying 70°C 779 99.0 69.2 115.3 116.7 289.5
2126 Innatura 100 100 100 100 100 100
Drying 50°C 03 405 257 29 269 314
Drying 70°C 418 776 57.4 749 81.1 156.7
21-27 In natura 100 100 100 100 100 100
Drying 50°C 60.0 912 436 713 69.0 444
Drying 70°C 468 146.0 1058 929 1332 1005
22-24 In natura 100 100 100 100 100 100
Drying 50°C 65.9 424 69.6 463 355 1141
Drying 70°C 395 54.7 84.0 467 65.6 1186
24-06 In natura 100 100 100 100 100 100
Drying 50°C 423 308 50.9 529 304 675
Drying 70°C 308 9.2 716 636 59.7 1265
24-22 In natura 100 100 100 100 100 100
Drying 50°C 474 219 458 386 301 511
Drying 70°C 413 735 52.5 55.7 49.6 110.3
25-09 In natura 100 100 100 100 100 100
Drying 50°C 877 253 459 442 57.2 392
Drying 70°C 474 76.2 478 50.6 80.7 80.6
25-23 In natura 100 100 100 100 100 100
Drying 50°C 198.7 294 1017 387 56.7 55.5
Drying 70°C 65.7 65.4 101.0 465 90.3 524
2525 Innatura 100 100 100 100 100 100
Drying 50°C 448 217 46.5 303 303 66.8
Drying 70°C 67.1 458 49.0 241 63.6 52.8
25-27 In natura 100 100 100 100 100 100
Drying 50°C 60.1 331 346 62.9 777 483
Drying 70°C 46.1 104.1 434 103.2 188.4 1125
2918 In natura 100 100 100 100 100 100
Drying 50°C 101.0 522 61.7 59.6 215.0 102.6
Drying 70°C 76.6 97.1 813 136.1 646.0 231.0
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TC hid TE DPPH ABTS FRAP
29-19 In natura 100 100 100 100 100 100
Drying 50°C 56.9 236 »7 787 103.9 1323
Drying 70°C 520 1184 79.4 919 289.9 1386
3118 In natura 100 100 100 100 100 100
Drying 50°C 61.8 193 34.0 524 773 53.9
Drying 70°C 47.0 916 748 78.7 1394 995
35-01 In natura 100 100 100 100 100 100
Drying 50°C 66.6 233 514 53.8 95.0 410
Drying 70°C 54.1 187 832 105.8 1451 917
35-10 In natura 100 100 100 100 100 100
Drying 50°C 522 228 53.2 518 45.0 489
Drying 70°C 45.2 66.1 747 847 88.8 115.1
3521 Innatura 100 100 100 100 100 100
Drying 50°C 406 291 406 301 313 466
Drying 70°C 411 327 57.9 46.6 42.8 68.3
3523 Innatura 100 100 100 100 100 100
Drying 50°C 39.2 17.3 355 16.7 27.3 376
Drying 70°C 35.7 754 775 386 45.5 63.9
5223 Innatura 100 100 100 100 100 100
Drying 50°C 815 404 372 104.9 62.9 78.0
Drying 70°C 46.0 57.2 489 73.8 62.4 458
56-23 In natura 100 100 100 100 100 100
Drying 50°C 409 2838 335 57.3 47.6 876
Drying 70°C 29.1 56.5 394 50.8 49.6 449
56-27 In natura 100 100 100 100 100 100
Drying 50°C 53.5 202 434 63.9 341 40.0
Drying 70°C 399 572 50.6 828 53.9 415
60-05 In natura 100 100 100 100 100 100
Drying 50°C 240 146 252 562 280 489
Drying 70°C 414 764 731 1224 743 33.8
60-22 In natura 100 100 100 100 100 100
Drying 50°C 49.4 243 54.0 385 46.4 245
Drying 70°C 36.0 62.7 731 55.6 44.8 428
6025 Innatura 100 100 100 100 100 100
Drying 50°C 474 187 318 68.8 331 635
Drying 70°C 36.1 768 73.0 103.7 487 154.4
‘Beauregard’ Innatura 100 100 100 100 100 100
Drying 50°C 504 208 491 522 49.7 503
Drying 70°C 36.0 814 130.6 109.6 64.9 199.2
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