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Changes in the content of water-soluble vitamins in Actinidia chinensis during cold storage
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Abstract
We assessed the effects of cold storage on nine water-soluble vitamins in 7 cultivars of Actinidia chinensis (kiwifruit) using high-performance liquid chromatography. Samples were collected at three time points during cold storage: one day, 30 days, and when edible. We found that vitamin C in most cultivars was raised with cold storage, but there was no consistent increased or decreased trend for other water-soluble vitamins across cultivars in storage. After one day of cold storage, vitamins B1 and B2 were the most prevalent vitamins in Control (wild) fruit, while vitamins B5 and B6 were most prevalent in the Hongyang and Qihong cultivars. However, B12 was the most prevalent vitamin in the Qihong cultivar after 30 days of cold storage. Vitamins B3, B7, B9, and C were detected at the edible time point in Huayou, Hongyang, Jinnong-2, and Control fruit. Vitamin contents varied significantly among cultivars of kiwifruit following different durations of cold storage. Out of the three durations tested, a period of 30 days in cold storage was the most suitable for the absorption of water-soluble vitamins by A. chinensis.
Keywords: vitamin B; kiwifruit; cultivar; storage; vitamin C
RUNNING TITLE: Water soluble vitamins in kiwifruits
Physical quantities and units: N·mm-1, 1 mm-1under pressure of Newton; μg g-1 FW, water soluble vitamin content in 1 g fresh kiwifruits; mV, and absorbance into a certain proportion of the electrical signal in Shimadzu SCL-10AVP.
Introduction
Water-soluble vitamins are found in very small amounts in edible foods, but they play an essential role in the metabolism of the human body. Their deficiency leads to a variety of clinical abnormalities that range from anemia to growth retardation and neurological disorders.1
 Vegetables and fruits are the major dietary sources for water-soluble vitamins in humans, and much research has been conducted on the vitamin content of various vegetables and fruits, such as six date palm, green leafy vegetables, Rhodiola imbricata root, black garlic, and okra.
 Changes to the water-soluble vitamin content of black garlic and six date palm cultivars were discovered following thermal processing or vegetable storage.
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Kiwifruits have a unique flavor and are rich in vitamin C, dietary fiber, and a variety of mineral nutrients, making them popular with consumers around the world. The most commonly cultivated types are Actinidia chinensis and Actinidia delicious. A. chinensis kiwifruits are endemic to China, and the Chinese public generally prefers A. chinensis to A. delicious. Though it has been found that kiwifruit may contain up to 9 water-soluble vitamins, little research has been performed to determine which factors influence vitamin content and, in particular, what the ideal cold-storage period is for vitamin uptake.
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Water-soluble vitamins can be measured with either liquid chromatography–mass spectrometry (LC-MS) or high-performance liquid chromatography (HPLC), though HPLC tends to be the more cost-effective method.
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 Thus, for this study, we assessed the effects of cold storage on the water-soluble vitamin content of 7 A. chinensis cultivars using HPLC. It is our hope that this research may provide a guide for how to maximize the uptake of water-soluble vitamins by kiwifruit. 
Experimental
Plant Materials

We selected 7 kiwifruit cultivars for this study: A. chinensis wild kiwifruit (here after referred to as Control), Wudang-1, Hongyang, Qihong, Huayou, Jinnong-2, and Cuiyu. Control (wild) kiwifruit were picked on the Qinling Mountains in Shaanxi province. Wudang-1 kiwifruit were obtained from the Institute of Economic Crop Research Center in Shiyan City (32°65′N, 110°79′E), Hubei, China. Hongyang and Qihong kiwifruit were retrieved from two well-managed orchards in Meixian (34°29′N, 107°76′E), Shaanxi, China. Huayou, Jinnong-2, and Cuiyu were acquired from the Kiwifruit Experiment Station of Northwest Agricultural & Forestry University in Shaanxi province. All plant materials were picked when total soluble solids were 6.5-9.5% on harvest term and carried to the laboratory immediately. They were then rapidly pre-cooled before being stored under refrigerated conditions.17
 Because some cultivars took over two months in cold storage(1±0.5℃) to soften, samples were collected from all cultivars at the picking period (Day 1), after 30 days of storage (Day 30), and then when they reached edible period (EP) for assessment of water-soluble vitamin content, storaged times as follows Control(56 days), Wudang-1(61 days), Qihong(61 days), Hongyang(62 days), Cuiyu(81 days), Huayou(71 days), Jingnong-2(61 days).
Reagents 
All chemicals were of analytical-reagent grade, and Milli-Q water was distilled and filtered through a 0.22-μm membrane filter. Thiamine hydrochloride (vitamin B1), riboflavin (vitamin B2), niacin (vitamin B3), pantothenic acid (vitamin B5), pyridoxine hydrochloride (vitamin B6), D-biotin (vitamin B7), folic acid (vitamin B9), cyan cobalamin (vitamin B12), and ascorbate (vitamin C) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Hexane sulfonate and phosphate were purchased from Kermel Chemical Reagent Co, Ltd. (Tianjing, China). HPLC-grade methanol was purchased from ThermoFisher Company(Waltham, USA). 

Sample Preparation

Samples (10 g) were prepared from the pulp of 5 kiwifruits for each cultivar and were then homogenized. Sample extracts were prepared with ultrasonic assistance in 30 ml of HCl (0.005M) for 30 min at 30oC. All extracts were centrifuged at 10,000×g for 5 min at 4oC, then ﬁltered through a 0.22-µm nylon membrane. All of the steps above were protected from light. Three independent replicates were prepared for each sample.
Determination of firmness and total soluble solids (TSS)

Firmness was measured in 5 kiwifruits, and repeated three times. TA-XT2i Texture Analyzer (Stable Microsystems, Godalming,UK)was used to determin firmness and the diameter was 8mm. Fruits were peeled at opposite side, and then firmness was determined for the peeled position.18

 TSS was assessed by juicing 5 kiwifruits and then using a PAL-1 refractometer (Atago, Japan). 
HPLC Analysis

The HPLC system used was a Shimadzu SCL-10AVP. The mobile phase consisted of (A) methanol and (C) 0.005M hexane sulfonate (phosphate was used to adjust the pH to 3.0). Column C18 (YMC-Pack ODS-A, 4.6×250 mm, 5 μm) was used for the determination of water-soluble vitamins. In all cases, using isocratic elution, the flow rate was 0.7 mL/min (A:C=3:7). The column temperature was set at 25oC, and injection volume was 10 μL. Dual wavelength was used detect vitamins simultaneously at the same condition: B5 and B7 were detected at 210nm, while the other 7 water-soluble vitamins were detected at 270nm.
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Statistical analysis

IBM SPSS Statistics software v.20 and SigmaPlot 12.0 were employed for data elaboration and statistical analysis. All analyses were run in three duplicates and the duplicate used 5 kiwifruits of each cultivar, the results expressed as means ± standard deviation (SD). One-way analysis of variance (ANOVA) was employed to assess differences in vitamin content for different storage times. Differences(Duncan) tests were considered statistically significant at p<0.05.
Results and discussion

Determination of firmness and total soluble solids 

Firmness is usually used as a proxy for the degree of maturity of kiwifruit, while total soluble solids (TSS) is important indicator of kiwifruit quality.17
 When kiwifruit picked period follow 6.5≤TSS≤7.5, and the firmness≤1 N mm-1 there was no need to store. The first period followed 6.5≤TSS≤7.5, the second was stored 30 days, and the last period was when the firmness≤1 N mm-1 (Table 1). When the kiwifruit we sampled were separated from the vine, their firmness decreased, while TSS increased in all cultivars with the duration of storage (Table 1). 
Table. 1 Changes in firmness and total soluble solids (TSS) during cold storage of kiwifruit. 
	
	Firmness, N mm-1
	Total soluble solids, %

	Cultivar
	Day 1
	Day 30
	EP
	Day 1
	Day 30
	EP

	Control
	6.47±0.07a
	1.58±0.06b
	0.36±0.02c
	6.46±0.05c
	12.9±0.13a
	12±0.11b

	Wudang-1
	6.29±0.06a
	3.96±0.05b
	0.89±0.02c
	6.52±0.06c
	11.8±0.08b
	13.6±0.15a

	Huayou
	6.23±0.05a
	5.3±0.07b
	0.96±0.07c
	6.66±0.07c
	9.68±0.12b
	12.5±0.12a

	Cuiyu
	7.37±0.08a
	7±0.05a
	0.71±0.03b
	7.46±0.15c
	11.2±0.08b
	16.5±0.12a

	Jingnong-2
	4.77±0.04a
	4.38±0.04b
	0.44±0.01c
	9.4±0.11c
	14.1±0.11b
	17.2±0.10a

	Hongyang
	5.33±0.06a
	5.28±0.07a
	0.75±0.02b
	6.86±0.16c
	11±0.10b
	17.2±0.10a

	Qihong
	6.59±0.08a
	4.37±0.09b
	0.97±0.02c
	7.12±0.15c
	15.3±0.13b
	20±0.12a


Each value represents the mean ± standard deviation. Different superscripts (a-c) within a row indicate significant differences at p<0.05 over three storage time points for each cultivar.

Changes of B1, B2, B3, and B5 in cold storage
For each of the 9 vitamins assessed, the water-soluble vitamin content ranged from undetectable to more than 2500 µg/g FW. Out of the 9 water-soluble vitamins previously reported in kiwifruit, only B9, B12, and VC were detected in all cultivars across all three periods. In most cultivars, these three vitamins became more prevalent in the fruit over time 
Vitamin B1 was not detected on Day 1 in Wudang-1 samples, while it was only detected on Day 30 in Cuiyu samples and only on Day 1 in Qihong fruit (Fig.1 A). In the Jingnong-2 cultivar, vitamin B1 content stayed constant over the three time points, indicating that cold storage had no effect on B1 content in this cultivar. Previous studies have found that B1 
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content increases over time, a phenomenon we observed in the Wudang-1 and Hongyang cultivars. In contrast, we found that the B1 content of Control and Huayou fruit faded with storage.
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Figure. 1 Changes of B1, B2, B3 and B5 content of A. chinensis during cold storage, µg g-1 FW. 
Each value represents the mean ± standard deviation. Different superscripts (a-c) within a row indicate significant differences at p<0.05 over three storage time points for each cultivar.
Vitamin B2 can be destroyed by light and heat; we therefore used rapid extraction in a dark room to avoid decomposition. The vitamin B2 content in all cultivars across the three points was found to be no higher than 0.1 µg/g FW (Fig.1 B), except for in the Control cultivar on Day 1. Vitamin B2 content increased in Huayou fruit over time, perhaps due to microbial growth.
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 B2 content decreased in the Control and Hongyang cultivars, while the others exhibited no significant differences across the three time points despite a low vitamin B2 content. This may be because B2 participates in physiological metabolism in storage
The Control, Wudang-1, and Qihong cultivars had the highest vitamin B3 content at Day 30, while the Huayou, Cuiyu, and Jingnon-2 cultivars experienced an increase in B3 content across the three time points (Fig.1 C). The maximum B3 content (over 0.2 µg/g FW) was found in Huayou fruit at the EP. 
Interestingly, the vitamin B5 content increased in three cultivars over time and decreased in three cultivars over time. Jingnong-2 was found to have the highest B5 content at more than 8 µg/g FW on Day 30 (Fig.1 D).
Changes of B6, B7, B9, B12 and VC in cold storage
Out of the 7 cultivars, vitamin B6 content was undetectable for only two cultivars: Huayou on Day 1 and Cuiyu on Day 1 and at the EP (Fig.2 A). The B6 content in some cultivars no detected, which could be attributed to the hydroxylation of B6 in the presence of VC. In general, except for Huayou, the B6 contents of the other 6 cultivars were lower at the edible time point than for Day 30. Similar results have been found with storage of green leafy vegetables.
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Biotin (vitamin B7) is involved in amino acid catabolism, gluconeogenesis, and fatty acid synthesis. The vitamin B7 content of 4 cultivars increased with the duration of cold storage. Jingnong-2, on the other hand, had the highest B7 content on Day 30, while other cultivars had their lowest B7 contents at that time (Fig.2 B). The highest B7 content in the study appeared in Hongyang fruit and was nearly 20 µg/g FW. 
We found a rapid increase in vitamin B9 content from Day 30 to the edible time point in 
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Figure. 2 Changes of B6, B7, B9 B12 and VC content of A. chinensis during cold storage, µg g-1 FW. Each value represents the mean ± standard deviation. Different superscripts (a-c) within a row indicate significant differences at p<0.05 over three storage time points for each cultivar.
Control, Wudang-1, and Huayou kiwifruit (Fig.2 C). In the same period, we found a rapid decrease in the Qihong cultivar. The highest B9 content (nearly 0.5 µg/g FW) was found in Control fruit at the EP.
For most cultivars, the vitamin B12 content increased with increasing duration of cold storage. The exceptions were Wudang-1, where B12 decreased over time, and Huayou and Qihong, where Day 30 exhibited the highest B12 content (Fig.2 D). 
Vitamin C was found to be abundant in kiwifruit, though no regular pattern was found across the 7 cultivars with cold storage. For example, for the Control, Wudang-1, and Qihong cultivars, the lowest vitamin C content was detected on Day 30, while the content decreased over time for Huayou fruit (Fig.2 E). For still other cultivars, vitamin C increased with increasing duration of storage.

For all cultivars of A. chinensis studied, we found that the Day 30 time point was the most suitable for absorbing water-soluble vitamins, as most of them could be detected in the 7 cultivars at this time (Fig.1, Fig.2). Though all water-soluble vitamins were detected at all three time points for the Control (wild) kiwifruit, these fruit had the lowest TSS content (Table 1), making the fruit less palatable for human consumption. Studies have found a significant depletion of vitamin C in fruit juice with cold storage



3

. Similarly, the effects of cold storage on other water-soluble vitamins were not similar to those seen in fruit juice; this perhaps be due to water-soluble vitamins in living plant materials having some activity.
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. In our study, however, the vitamin C content increased for many cultivars. This phenomenon has also been found in pea leaves, perhaps due to the bound form of vitamin C being released at different times HYPERLINK \l "_ENREF_22" \o "Salvia-Trujillo, 2011 #12" 
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The Hongyang cultivar is one of the most popular cultivars and high economic importance in northwest China, but it was also found to be rich in all water-soluble vitamins (Fig.1, Fig.2). It is therefore the most suitable cultivar for absorbing water-soluble vitamins out of the 7 cultivars. Some cultivars’ water-soluble vitamin contents were not able to be detected at some time points, and this corresponded to LC-MS determination.10
 The B1, B2, B5, and B6 contents in some cultivars increased over time. Similar results have been found during vegetables storage, indicating that these three vitamin levels reflect not only degradation but also synthesis.
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Some previous research has used LC-MS to detect water-soluble vitamins in green and yellow kiwifruit.

7

 In our study, we found that B6 and B9 content were lower and B7 content was higher than previous studies, perhaps due to differences in varieties studied or cultivation environments.

7

 Interestingly, we found that the B7 contents of two red kiwifruit (Hongyang and Qihong cultivars) were higher than those of green kiwi; red kiwifruit may have more efficient synthetic pathways in regards to this vitamin.

7

 In green leafy vegetables, the contents of several water-soluble vitamins change during storage, but B7 is not one of these. In fact, B7 sometimes could not be detected at all for it was often in bound form and not often in free form.
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Vitamin B9 was detected in all kiwifruit cultivars across the three time points. This is in contrast to stored vegetables, which do not have abundant vitamin B9.

3

 Similarly, stored vegetables have very low vitamin B12 content, while we found that A. chinensis cultivars contained considerable levels of B12.
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Conclusion
We found that the vitamin contents of 9 water-soluble vitamins changed over time in Actinidia chinensis. Different cultivars exhibited different trends for different vitamins. For example, vitamin C in most cultivars increased with storage, while the contents of other vitamins had no similar change trends. Some vitamins were undetectable in some cultivars for one or two time points. We found that, in general, more water-soluble vitamins could be detected following storage for 30 days, indicating this is the optimal duration of cold storage for uptake of water soluble vitamins. 
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Supporting Information

Supplemental Figure 1. HPLC chromatograms of a standard mixture for water-soluble vitamins.
1=Vc, 2=B3, 3=B5, 4=B12, 5=B6, 6=B9, 7=B7, 8=B2, 9=B1 (Wavelength—210 nm, --270 nm)
