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Abstract

:

Fruit quality is strongly affected by genotype and harvest date. In this study, parameters regarding fruit quality, bioactive compounds, and antioxidant capacity of different strawberry cultivars at three harvesting dates were quantified to elucidate the influence of genotype and harvest date on strawberry quality. The results showed that harvest date was the major contributor to appearance color, TSS, TA, and TSS/TA ratio of strawberries, while genotype mainly affected firmness, anthocyanin content, and antioxidant capacity. Moreover, the interaction of genotype and harvest date had a primary influence on the content of ascorbic acid. The content of total phenolics and amino acids received the similar influence caused by genotype and harvest date. However, the interaction of genotype and harvest date significantly affected total phenolic content as well. These findings give a better understanding of the influence of the genotype and harvest date on strawberry, which might contribute to breed cultivars with more attractive fruits in terms of quality acceptance and nutritional value.
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1. Introduction


Strawberry (Fragaria × ananassa Duch.) is one of the most popular and commonly consumed small fruits worldwide. According to the Food and Agriculture Organization (FAO) of the United Nations, world production of strawberries exceeds eight million tons (FAO 2018). In addition to its unique flavor, attractive color, and preferred organoleptic properties, strawberry is particularly a rich source of a wide variety of nutritive and non-nutritive bioactive compounds, which exert a synergistic and cumulative effect on human health promotion and on the prevention of various diseases such as cancer, cardiovascular diseases, obesity, diabetes, inflammation, and neurological diseases [1,2,3]. Hence, the development of strawberry cultivars rich in bioactive compounds and better flavor is the objective of breeding.



Fruit flavor mostly depends on the contents of total soluble solids (TSS), total acids (TA), and their ratio [4]. TSS is a group of substances that can be dissolved in water, containing sugar, acid, vitamins, minerals, and so on, and sugar is a major constituent of total soluble solids [5,6]. It has been recognized that free amino acids also affect fruit flavor, since some of them are aroma precursors and taste key determinants during fruit maturation [7]. Strawberry fruits are good sources of various kinds of amino acids [8]. The ripe strawberry color is mainly triggered by the composition and contents of anthocyanins [9]. The bioactive compounds in strawberries such as ascorbic acid and polyphenol present high antioxidant capacity [10]. It has been documented that genotypic variation mainly determined these attributes, while harvest date was also an important factor influencing the chemical composition of strawberries [11,12,13,14,15]. For instance, Samykanno et al. [12] reported that both genotype and harvest date had a significant effect on pH, titratable acidity (TA), and TSS/TA ratio, but variations of pH and titratable acidity (TA) in strawberry fruits were mainly attributed to genotypic differences, while total soluble solid (TSS) content was largely related to harvest date. Chandler et al. [16] noted that cultivar rankings shifted for TSS, but not for TA between harvest dates. Winardiantika et al. [11] showed that the total anthocyanin and phenolic compounds received a significant synergistic influence from harvest date and strawberry genotype, which may give rise to the variation of antioxidant capacity [13].



Given the effects of genotype and harvest date on strawberry characteristics, the aim of this study was to evaluate fruit quality, bioactive compounds, and antioxidant capacity of three cultivars harvested at three different times, as well as to propose the genotypes and the harvest date to obtain better quality fruits.




2. Materials and Methods


2.1. Experimental site and Plant Materials


Three strawberry cultivars including ‘Kaolino’, ‘Benihoppe’, and ‘Hongyu’ (Figure 1) were grown in a plastic greenhouse under natural conditions in a commercial farm (Dr. Luo Agricultural Development Co., Ltd., Ya’an, China). Strawberry planting was accomplished on 20 August 2018. Fruits were harvested at commercial maturity (three-fourths to full red) on 20 January, 20 February, and 20 March 2019, respectively. These materials were quickly transferred to laboratory. Some samples were used to assess fruit surface color and firmness, and others were frozen in liquid nitrogen and then stored at −80 °C for nutrient composition and antioxidant capacity analysis.




2.2. Fruit Color and Firmness Assessment


The fruit color assessment was performed using a handheld chromameter CR-400 (Konica Minolta, Japan) determining L*, a*, b* color parameters. The L* scale ranges from 0 (the darkest black) to 100 (the brightest white) to represent lightness. The a* and b* scales indicate color composition; a* is the scale of green to red from negative to positive direction, whereas b* varies from blue to yellow. The fruit firmness was measured with a fruit firmness meter (FR-5105, Lutron, Japan). Each fruit was measured twice in opposite sides of its equatorial zone [17]. Results were recorded in newtons (N).




2.3. Total Soluble Solid, Titratable Acid, and Ascorbic Acid Content Determination


The total soluble solid (TSS) content of the squeezed strawberry juice was measured using a pocket refractometer (PAL-1, Atago, Japan) and expressed as a percentage (%). The titratable acid (TA) content was determined by titration method with 0.1 mol/L NaOH and expressed as the percentage of citric acid on a fresh weight (FW) basis [18]. The ascorbic acid (AsA) was determined according to the method of Zhang and Kirkham [19] and expressed as mg of AsA per 100 g of FW.




2.4. Total Anthocyanin, Phenolic Content, and Antioxidant Capacity Assay


Total anthocyanins were determined by a pH differential method at 496 nm and 700 nm in buffers at pH 1.0 and 4.5 [20] and expressed as mg of pelargonidin-3-glucoside per 100 g FW. Total phenolic content was estimated according to the Folin–Ciocâlteu procedure as used by Molan et al. [21]. Briefly, the extract was mixed with 2% sodium carbonate solution for 5 min. Then, Folin–Ciocâlteu phenol reagent (50%) was added and allowed to stand for 30 min. All reactions were conducted at room temperature. The absorbance was read at 650 nm with a plate reader (Varioskan LUX, Thermo Fisher Scientific, Waltham, MA, USA). Gallic acid (Sangon, Shanghai, China) was used as a standard, and the results were expressed as mg of gallic acid per g FW.



The 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical-scavenging capacity and the ferric reducing antioxidant power (FRAP) assays were used to evaluate strawberry antioxidant capacity. DPPH assay was conducted according to the method outlined by Brand-Williams et al. [22] with some modifications. Briefly, 2.8 mL of a 60 μM solution of DPPH in ethanol was mixed with 200 μL of sample solution. The mixture in the test tubes was shaken well and incubated in the dark for 30 min at room temperature. Then, the absorbance was recorded at 517 nm. The scavenging activity was estimated according to the inhibition percentage of DPPH using the following equation: % inhibition of DPPH radical activity = (absorbance Control − absorbance sample)/absorbance Control × 100. The FRAP assay was performed according to the method described by Benzie and Strain [23]. Briefly, 20 µL of extract was added to 1.8 mL of the working FRAP reagent consisting of 300 mM acetate buffer (pH 3.6), 10 mM TPTZ, and 20 mM FeCl3·6H2O in a 10:1:1 (v/v/v) ratio. Then, the reaction mixture was warmed at 37 °C for 30 min before use. The absorbance was measured at 593 nm. The results were expressed as mmol FeSO4·7H2O per 100 g of FW.




2.5. Amino Acid Content Measurement


Amino acids were detected by an amino-acid automatic analyzer (Hitachi L8900, Tokyo, Japan) according to the previous method [24]. Different amino acids were eluted on a sulfonic acid cation exchange column (4.6 mm × 60 mm, 3 μm) using several buffers with different pH and ion concentrations at 0.04 mL/min sequentially. The ninhydrin flow rate was kept at 0.35 mL/min. The reaction and separation columns were set at 135 °C and 57 °C, and channels 1 and 2 were set at 570 nm and 440 nm, respectively. The injection volume was 20 μL. The amino-acid standards were purchased from Sinopharm Chemical Reagent Co., Ltd.




2.6. Statistical Analysis


Data were subjected to analysis of variance using the general linear model procedure to determine the main effects and interactions, and means were compared using Duncan’s multiple range test at a significance level of 0.05. Moreover, principal component analysis (PCA) was analyzed using R package 4.1.1; FactoMineR was used to compute PCA, and factoextra was used to produce ggplot2-based visualization of PCA results.





3. Results


3.1. Source of Variation (F Value) in Quality Traits of Strawberry


To analyze the variation source of quality traits of strawberry across harvest dates, statistical F-tests were conducted. As shown in Table 1, both genotype and harvest date could significantly cause the variation in quality attributes except FRAP, while the interaction of genotype and harvest date significantly gave rise to the variation of multiple quality parameters, except antioxidant activities and TAA level. It also appears that the variation in L*, a*, TSS, TA, and TSS/TA ratio was mainly attributed to harvest date, while the variation in F, b*, ANT, and DPPH was primarily triggered by genotype, and only the variation in AsA was mainly due to genotype and harvest date interaction. In addition, the effect of genotype, harvest date, and their interaction on TP was similar, whereas genotype and harvest date had a similar effect on TAA.




3.2. Fruit Firmness and Surface Color


Fruit firmness and color are important factors that can affect consumers’ quality perception of strawberry fruit. Firmness in cultivars ‘Benihoppe’ and ‘Hongyu’ had no significant differences and showed a similar trend at different harvest dates. Cultivar ‘Kaolino’ showed lower firmness than the other two analyzed cultivars, especially in March. The value of L* decreased in three cultivars at the later harvesting date. ‘Benihoppe’ had a significantly lower L* value at each harvest date, compared with ‘Kaolino’ and ‘Hongyu’. Value a* was generally higher in February strawberries. Furthermore, cultivar ‘Kaolino’ showed a relatively higher b* value than other two cultivars over the harvest date (Figure 2).




3.3. TSS, TA, TSS/TA Ratio, AsA, Total Phenolics, and Anthocyanins


All genotypes had a higher TSS content in January and February than in March, especially for Benihoppe. There was a great seasonal variation for TA content, and the highest TA content was obtained in January in three cultivars. The TSS/TA ratio in ‘Kaolino’ or ‘Hongyu’ was highest in February and showed no significant difference between January and March. In ‘Benihoppe’, the TSS/TA ratio remarkably increased at the later harvesting date. The highest and lowest contents of AsA were obtained in January and February, respectively for Benihoppe. AsA content in ‘Hongyu’ noticeably increased at the later harvesting date, while AsA content in ‘Kaolino’ showed no significant difference in January and March. Clearly, harvest date did not affect the accumulation of total phenolics and anthocyanins in ‘Benihoppe’. The total phenolic content in ‘Benihoppe’ from harvest date to harvest date was generally lower than the other two cultivars. ‘Kaolino’ had lower anthocyanin content than ‘Benihoppe’ and ‘Hongyu’ for the three harvest dates, while ‘Benihoppe’ accumulated more anthocyanins than ‘Hongyu’ except for March (Figure 3).




3.4. Antioxidant Capacity


The antioxidant capacity was investigated using both FRAP and DPPH assays. The lowest antioxidant capacity was detected in February, but showed almost no significant difference from the other two harvesting dates in the same cultivar. The three cultivars were not significantly different at the three harvesting dates at the FRAP level. Interestingly, the antioxidant capacity of ‘Kaolino’ was lower than the other two cultivars at all harvesting dates except February ‘Benihoppe’ at the DPPH level (Figure 4).




3.5. Amino Acid


The amino acids of the three cultivars at three different harvesting dates are shown in Table 2 and Table 3. A total of 15 amino acids could be detected in this study. Of the eight essential amino acids, strawberries had five (Lys, Phe, Thr, Leu, and Val). Asp and Glu were the main amino acids found in the three cultivars. Their content declined at the later harvesting date, but was hardly affected by harvest date within certain cultivars. In March, ‘Kaolino’ had the highest levels of Thr and Ser, compared with ‘Benihoppe’ and ‘Hongyu’. The content of Gly in ‘Kaolino’ at all three harvesting stages was higher than the other two cultivars except for ‘Benihoppe’ in March. There was no significant difference for Ala among all genotypes at the same harvest date. Cys was almost undetectable in all samples. Harvest date and genotype had almost no impact on Ser, Val, and Phe. Leu, Arg, and Pro showed the highest levels in January for each cultivar, with almost no significant difference between February and March among the three cultivars. The change in harvest date did not obviously influence the Tyr accumulation in a specific cultivar. Lys content in January was highest in ‘Benihoppe’ and ‘Hongyu’, but the opposite result in ‘Kaolino’. The pattern of His accumulation was almost consistent in all cultivars across all harvesting dates. Obviously, the total amino acids (TAA) in ‘Kaolino’ were highest on all three harvest dates, while the TAA in ‘Benihoppe’ was lowest. Additionally, the TAA in ‘Benihoppe’ and ‘Hongyu’ gradually decreased at the later harvesting date.



Principal component analysis (PCA) was used for the investigation of necessary components to explain the greater part of variance with a minimum loss of information and to find the relationship between objects. The results explained that the first principal component (PC1) and PC2 accounted for 42.1% and 21.7% of the total variation, respectively. As shown in Figure 5, most of amino acids were grouped on the right side of PCA plot. By overlapping the positions of amino acids and analyzed samples, it was evident that ‘Kaolino’ and strawberries produced in January showed higher performance in terms of amino acids, indicating that the content of amino acids was co-regulated by genotype and harvest date.





4. Discussion


The quality of strawberry is a result of the complex balance among appearance, aroma, texture, and sweetness, which affects consumers’ liking and willingness. In recent years, the high content of health-promoting compounds such as anthocyanin, ascorbic acid, and polyphenol in strawberry has attracted more attention [25,26,27]. Several reports available in the literature indicate that the key factors affecting fruit quality attributes and bioactive compounds include genotype and harvest dates [28,29,30].



It is well known that different strawberry varieties display a wide range of fruit firmness [17,31,32]. In the present study, ‘Benihoppe’ and ‘Hongyu’ fruits were clearly firmer than ‘Kaolino’, although the firmness was affected by harvest date. The analysis of variance showed that the variation in firmness could be mainly attributed to genotypic differences since relatively large differences among the firmness of the three cultivars were observed for three harvest dates. Hence, it is a potential strategy to conduct strawberry classification with respect to firmness. Šamec et al. [13] reported that appearance color was more under the influence of genotype, whereas sampling dates did not affect the color of the cultivars. In contrast with that study, our results showed that both harvest date and genotype had a significant effect on color (L* and a* value), with harvest date playing a greater role. The value of L* decreased in ‘Kaolino’, ‘Benihoppe’, and ‘Hongyu’ at the later harvesting date, while the value of a* was generally higher in February strawberries.



In addition to firmness and appearance color, parameters such as TA, TSS, and TSS/TA have a critical role in determining strawberry fruit quality. In our study, TA, TSS and TSS/TA ratio depended on harvest date and genotype, consistent with the observations of other authors [12,33]. Moreover, their variance caused by harvest date appeared to be larger. However, some other reports showed that the variance of TA was mainly genetically determined, while the variance of TSS may have been predominantly due to the harvest date [12,16,34,35]. ‘Kaolino’ and ‘Hongyu’ were interesting for their higher TSS/TA ratio in February, while ‘Benihoppe’ had a higher TSS/TA ratio in March. For an acceptable strawberry flavor, a minimum TSS of 7% and a maximum TA of 0.8% are recommended [36]. Hence, continuously monitoring TSS, TA, and TSS/TA ratio across production season can individuate the optimum strawberry harvesting time for better taste quality to fulfill consumers’ expectations.



AsA, TP, and ANT in fruit play important roles in scavenging reactive oxygen species. It has been documented that they are controlled by genotype and external conditions [37,38,39]. Our results showed that cultivar and harvest date noticeably influenced their accumulation, and significant interactions between genotype and harvest date was also observed in these traits, in accordance with a previous study in strawberry [40]. Anthocyanin was more affected by genotype, as reported elsewhere [39,41], while AsA was more affected by the interaction of genotype and harvest date. In addition, FRAP data showed that the antioxidant capacity was not influenced by cultivars and harvest date, in contrast to the result of DPPH, which was significantly regulated by the two factors. Clearly, the antioxidant capacity of ‘Kaolino’ was lower than that of the other two cultivars across all harvesting dates except ‘Benihoppe’ in February at the DPPH level. The different results of antioxidant capacity given by the FRAP and DPPH method may be due to their different reaction principles.



Several studies have shown that amino acids influence plant resistance and fruit quality [42,43,44]. For instance, proline is involved in response to various environmental signals related to abiotic or biotic stress [45,46,47]. l-Glutamate is responsible for ‘umami’ or delicious taste; it was reported that glutamate is the principal free amino acid of ripe fruits of cultivated varieties in tomato [42]. l-Glycine, l-alanine, serine, and proline provide sweetness [7]. Hence, an investigation of the factors influencing amino-acid accumulation can contribute to strawberry breeding. It was shown that Asp and Glu were the main amino acids found in ‘Kaolino’, ‘Benihoppe’, and ‘Hongyu’, while different results were obtained in other strawberry cultivars [8,45]. The contents of Asp and Glu decreased at the later harvesting date, but were hardly affected by harvest date within a certain cultivar. However, the total amino acid (TAA) displayed a similar effect of genotype and harvest date. ‘Kaolino’ had the highest TAA across the three harvest dates, while ‘Benihoppe’ had the lowest TAA content. The TAA content gradually declined in ‘Benihoppe’ and ‘Hongyu’ at the later harvesting date. PCA results confirmed that the discrepancy in amino acids of strawberry was related to cultivar differences and seasonal collection.




5. Conclusions


The fruit quality, bioactive compounds, and antioxidant capacity of strawberries were jointly regulated by genotype and harvest date. In particular, the harvest date was closely influenced by environmental factors such as light, temperature, and water. Consequently, growers may make an effort to manage environmental factors during fruit production to achieve stability of the above properties after selecting a suitable cultivar.
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Figure 1. The ripe fruits of three cultivars. 
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Figure 2. Firmness and appearance color in three cultivars of strawberry fruits at three harvest dates. Values represent the mean ± standard error. Different lowercase letters indicate statistically significant differences at p ≤ 0.05 as determined by Duncan’s test. 
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Figure 3. Total soluble solids (TSS), titratable acidity (TA), TSS/TA ratio, ascorbic acid (AsA), total phenolics (TP), and anthocyanins (ANT) in three cultivars of strawberry fruits at three harvest dates. Values represent the mean ± standard error. Different lowercase letters indicate statistically significant differences at p ≤ 0.05 as determined by Duncan’s test. 
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Figure 4. Antioxidant capacity in three cultivars of strawberry fruits at three harvest dates measured by DPPH and FRAP. Values represent the mean ± standard error. Different lowercase letters indicate statistically significant differences at p ≤ 0.05 as determined by Duncan’s test. 
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Figure 5. Principal component analysis (PCA) showing interrelation of amino acids with the combination of cultivar and harvest date. 
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Table 1. Source of variation (F-value) in quality traits of strawberry.
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Quality Trait

	
F-Value (Significance)




	
Harvest Date

	
Cultivar

	
Harvest Date × Cultivar






	
F

	
21.183 **

	
40.416 **

	
17.339 **




	
L*

	
156.776 **

	
125.703 **

	
4.576 **




	
b*

	
16.537 **

	
89.085 **

	
12.414 **




	
a*

	
80.503 **

	
32.401 **

	
19.431 **




	
TSS

	
110.55 **

	
20.098 **

	
5.062 **




	
TA

	
692.841 **

	
183.217 **

	
170.539 **




	
TSS/TA

	
692.841 **

	
183.217 **

	
170.539 **




	
AsA

	
39.143 **

	
44.581 **

	
141.297 **




	
TP

	
6.942 **

	
5.719 *

	
4.457 *




	
ANT

	
19.979 **

	
274.147 **

	
12.206 **




	
DPPH

	
6.635 **

	
11.879 **

	
1.212




	
FRAP

	
2.634

	
2.947

	
0.396




	
TAA

	
12.073 **

	
12.328 **

	
0.502








*, ** F-values are significant at the 95% and 99% confidence interval, respectively. F, firmness; TSS, total soluble solids; TA, titratable acidity; AsA, ascorbic acid; TP, total phenolics; ANT, anthocyanin; DPPH, 1,1-diphenyl-2-picryl-hydrazyl; FRAP, ferric reducing antioxidant power; TAA, total amino acids.
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Table 2. Amino acid content in three cultivars of strawberry fruits at three harvest dates.
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	Harvest Date
	Cultivar
	Asp
	Thr
	Ser
	Glu
	Ala
	Gly
	Cys
	Val





	
	Kaolino
	1.06 ± 0.09 a
	0.15 ± 0.00 b
	0.18 ± 0.02 b
	1.48 ± 0.21 a
	0.18 ± 0.01 a
	0.20 ± 0.02 abcd
	0.01 ± 0.00 a
	0.11 ± 0.01 b



	January
	Benihoppe
	0.91 ± 0.04 ab
	0.11 ± 0.01 c
	0.12 ± 0.01 b
	1.19 ± 0.09 ab
	0.11 ± 0.00 cd
	0.20 ± 0.00 abc
	0.00 ± 0.00 c
	0.16 ± 0.01 a



	
	Hongyu
	1.05 ± 0.10 a
	0.11 ± 0.00 c
	0.17 ± 0.02 b
	1.37 ± 0.09 ab
	0.11 ± 0.00 bc
	0.21 ± 0.00 a
	0.00 ± 0.00 c
	0.15 ± 0.02 a



	
	Kaolino
	1.00 ± 0.02 ab
	0.10 ± 0.00 c
	0.12 ± 0.01 b
	1.33 ± 0.05 ab
	0.13 ± 0.01 b
	0.18 ± 0.00 cd
	0.00 ± 0.00 c
	0.11 ± 0.01 b



	February
	Benihoppe
	0.86 ± 0.06 b
	0.15 ± 0.01 b
	0.13 ± 0.01 b
	1.06 ± 0.10 b
	0.07 ± 0.01 e
	0.18 ± 0.01 d
	0.01 ± 0.00 ab
	0.10 ± 0.01 b



	
	Hongyu
	0.95 ± 0.03 ab
	0.10 ± 0.00 c
	0.13 ± 0.01 b
	1.14 ± 0.08 b
	0.10 ± 0.00 cd
	0.19 ± 0.00 abcd
	0.00 ± 0.00 c
	0.13 ± 0.00 ab



	
	Kaolino
	0.85 ± 0.05 b
	0.30 ± 0.01 a
	0.26 ± 0.06 a
	1.18 ± 0.02 ab
	0.17 ± 0.01 a
	0.20 ± 0.00 ab
	0.00 ± 0.00 bc
	0.12 ± 0.01 ab



	March
	Benihoppe
	0.84 ± 0.03 b
	0.11 ± 0.01 c
	0.14 ± 0.02 b
	0.74 ± 0.07 c
	0.19 ± 0.00 a
	0.18 ± 0.00 bcd
	0.01 ± 0.00 a
	0.11 ± 0.00 b



	
	Hongyu
	0.88 ± 0.04 ab
	0.12 ± 0.00 c
	0.12 ± 0.00 b
	1.05 ± 0.07 b
	0.09 ± 0.00 de
	0.20 ± 0.01 ab
	0.00 ± 0.00 c
	0.13 ± 0.01 ab







Values represent the mean ± standard error. Different lowercase letters in the same column indicate statistically significant differences at p ≤ 0.05 as determined by Duncan’s test.
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Table 3. Amino acid content in three cultivars of strawberry fruits at three harvest dates.
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	Harvest Date
	Cultivar
	Leu
	Tyr
	Phe
	Lys
	His
	Arg
	pro
	Total AA





	
	Kaolino
	0.11 ± 0.00 b
	0.07 ± 0.00 a
	0.18 ± 0.01 a
	0.11 ± 0.00 e
	0.07 ± 0.00 a
	0.12 ± 0.00 a
	0.11 ± 0.00 a
	4.13 ± 0.35 a



	January
	Benihoppe
	0.16 ± 0.01 a
	0.06 ± 0.01 ab
	0.17 ± 0.02 a
	0.13 ± 0.01 bc
	0.06 ± 0.00 a
	0.11 ± 0.01 abc
	0.08 ± 0.00 bc
	3.57 ± 0.18 bcd



	
	Hongyu
	0.11 ± 0.01 b
	0.05 ± 0.00 bc
	0.15 ± 0.01 ab
	0.15 ± 0.00 a
	0.07 ± 0.00 a
	0.12 ± 0.00 ab
	0.10 ± 0.01 a
	3.92 ± 0.15 ab



	
	Kaolino
	0.08 ± 0.00 cd
	0.06 ± 0.00 ab
	0.17 ± 0.02 a
	0.12 ± 0.00 cd
	0.05 ± 0.00 b
	0.08 ± 0.00 de
	0.08 ± 0.00 bc
	3.59 ± 0.07 bc



	February
	Benihoppe
	0.06 ± 0.00 d
	0.04 ± 0.00 c
	0.17 ± 0.01 a
	0.11 ± 0.00 e
	0.05 ± 0.00 b
	0.06 ± 0.00 e
	0.00 ± 0.00 d
	3.06 ± 0.13 de



	
	Hongyu
	0.08 ± 0.00 cd
	0.04 ± 0.00 c
	0.12 ± 0.00 b
	0.07 ± 0.00 f
	0.05 ± 0.00 b
	0.09 ± 0.01 cd
	0.07 ± 0.00 c
	3.26 ± 0.11 cde



	
	Kaolino
	0.09 ± 0.00 bc
	0.07 ± 0.01 a
	0.18 ± 0.01 a
	0.14 ± 0.00 b
	0.06 ± 0.00 a
	0.10 ± 0.01 bcd
	0.08 ± 0.00 b
	3.81 ± 0.04 ab



	March
	Benihoppe
	0.07 ± 0.01 cd
	0.07 ± 0.00 a
	0.18 ± 0.00 a
	0.11 ± 0.00 de
	0.03 ± 0.00 c
	0.09 ± 0.01 cd
	0.07 ± 0.00 c
	2.94 ± 0.13 e



	
	Hongyu
	0.08 ± 0.00 cd
	0.05 ± 0.00 bc
	0.15 ± 0.00 ab
	0.12 ± 0.00 de
	0.06 ± 0.00 a
	0.08 ± 0.00 de
	0.07 ± 0.00 c
	3.21 ± 0.08 cde







Values represent the mean ± standard error. Different lowercase letters in the same column indicate statistically significant differences at p ≤ 0.05 as determined by Duncan’s test.
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