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Abstract 

Vitamin D plays a critical role in regulating calcium and phosphorus homeostasis 

in the human body and deficiency of vitamin D can result in rickets, osteomalacia and 

other diseases such as cancers, diabetes and cardiovascular diseases. Currently, vitamin 

D deficiency or insufficiency is still common worldwide with an estimated total number 

of one billion people, and over 50% of the population in Asia. Edible mushrooms are a 

good source of various vitamins but have a low or negligible content of vitamin D. UV 

radiation has been found effective to stimulate the accumulation of vitamin D from the 

conversion of ergosterol in edible mushrooms. King oyster mushroom (Pleurotus 

eryngii) is one of the most popular and tasty edible mushrooms. However, the content 

and dynamic trend of vitamin D in king oyster mushroom during UV irradiation are 

still not well characterized. This study was focused on the accumulation of some 

important vitamin D species (e.g. D2 and D4) and their dynamic relationships in King 

oyster mushrooms during UV-B irradiation.  

Our first study was on the stimulation of vitamin D2 and vitamin D4 accumulation 

in the oyster mushrooms by UVB irradiation for various periods of time. The contents 

of vitamin D2 and D4 showed a linear increase with time (D2: y = 0.998x + 15.75, r2 = 

0.973; D4: y = 0.081x + 0.389, r2=0.834), and provitamin D2 a linear decrease (y = -

0.003x+2.09, r2=0.942) within 30 minute of UVB irradiation. The relationship between 

vitamin D2 and provitamin D2 can be fitted to a parabolic model (y=7127x2-

29150x+298311). Vitamin D2 and vitamin D4 showed a linear correlation (y=10.91 

x+13.58, r2=0.935), indicating a synchronic increase during UVB radiation. Another 
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major part of our study was to develop effective high performance liquid 

chromatographic (HPLC) methods for quantitative analysis of the vitamin D contents 

in the mushroom with simplified sample preparation. These HPLC methods showed 

high precision and repeatability and recovery for quantification of vitamin D2, 

provitamin D2 and vitamin D4.  

In summary, this study has developed effective HPLC methods for quantification 

of major vitamin D species in mushrooms, the dynamic trend of vitamin D2, provitamin 

D2 and vitamin D4 during UVB irradiation. These will provide useful references for 

enhancement of vitamin D accumulation in mushrooms by UV radiation and for 

quantitative analysis of the vitamin D contents. 
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Chapter 1 Introduction 

Vitamin D is a steroid prohormone substance with fat soluble property, which was 

discovered in the early 20th century in cod liver oil (McCullum EV, 1922; Zhang & 

Naughton, 2010). So far, several different series of the vitamin D, including vitamin D2 

to vitamin D7, have been discovered and identified in organism. However, only vitamin 

D2 and vitamin D3 show the strongest biological activities in the body and are closely 

related with human nutrition (Kubodera, 2009; Tsugawa et al, 1999). The other forms 

of vitamin D, such as vitamin D4, also show biological activities and nutrition values 

like vitamin D2 or D3 (De Luca et al, 1968). Nevertheless, the biological activities of 

other forms of vitamin D are relatively lower than vitamin D2 or vitamin D3 in human 

(Hirsch, 2000; Napoli et al, 1979). For instance, the biological activities of vitamin D4 

is about 60 % as active as vitamin D2 or D3 in rats (De Luca et al, 1968). Vitamin D5 

showed much lower biological activities, the biological activities of vitamin D5 is 

around 1/80 as active as vitamin D2 or D3 (Napoli et al, 1979).  

Vitamin D is a group compound of 9, 10-secosteroids, which is steroid molecules 

with an opened 9, 10-bond of the B-ring under UV environment (Dixon & Mason, 

2009). Vitamin D2 is come from steroid compound called ergosterol under UV 

environment, and vitamin D4 come from a steroid compound called 22, 23-

didydroergosterol UV environment. The chemical structures of ergosterol (provitamin 

D2), 22, 23-didydroergosterol (provitaminD4) and corresponded vitamin D2, vitamin 

D4 are showed in Figure 1-3. The chemical structures of other form vitamin D, 

including vitamin D2 to vitamin D7, are showed in Figure 1-1. The corresponded 
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provitamin D2-D7 name and relative information is listed in Table 1-1 (Hirsch, 2000; 

Phillips et al, 2012).  

 

 Vitamin D2 Vitamin D3 

 

 Vitamin D4  Vitamin D5 

 

 Vitamin D6 Vitamin D7 

Figure 1-1.The chemical structures of vitamin D2, D3…D7 
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Table 1-1. Vitamin Ds and related provitamin Ds 

Vitamin D  Provitamin D 

D2  ergosterol 

D3  7-dehydrocholesterol 

D4  22,23-dihydroergosterol 

D5  7-dehydrositosterol 

D6  7-dehydrostigmasterol 

D7  7-dehydrocampesterol 

 

Vitamin D plays several critical roles in regulating homeostasis of calcium and 

phosphorus as well as enhancing bone mineral density in the body. Calcium and 

phosphorus are necessary substance in growth and maintenance of normal health in the 

body, therefore vitamin D play a role like controller in regulating calcium and 

phosphorus in body (Hirsch, 2000; Perez-Lopez, 2007). Phosphorus absorption in the 

body is just around 60% if do not have vitamin D, but if have vitamin D in the 

environment. Vitamin D can help phosphorus absorption increase to more than 75% in 

the body. Similarly for phosphorus absorption, intestinal calcium absorption is just 

around 10% in the body if do not have vitamin D2, but if have existence of vitamin D, 

intestinal calcium absorption can increase to over 30% in the body (DeLuca, 2004; 

Heaney et al, 2003; Holick, 2007). The study demonstrated that the intestinal calcium 

absorption showed significantly decreased in the body, when vitamin D concentration 

in blood  was less than a level of 30 ng per mL (Heaney et al, 2003).  
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Recently, more and more research evidences indicate that vitamin play a wide and 

more important role in the body. Vitamin D2 deficiency does not just results in diseases 

related with rickets or bone health, but also related with incidence of other diseases, 

including cancers, hypertension, diabetes, infectious diseases, and cardiovascular 

diseases (Bilinski & Boyages, 2013; Burgaz et al, 2011; Dini & Bianchi, 2012; Ginde 

et al, 2009; Holick, 2007; Hossein-nezhad & Holick, 2013; Liu et al, 2012; Luczynska 

et al, 2013; Mohr et al, 2010; Pittas et al, 2010; Yin et al, 2013). The study demonstrated 

that data from over 900 women showed women with intake the highest vitamin D 

lowered 50% risk of breast cancer compared women with the lowers intake of vitamin 

D (Garland et al, 2006). A prospective study showed that there was an inverse 

relationship between 25-hydroxyvitmain D concentration and type 2 diabetes. The data 

collected from more than 3000 cases showed that when 25-hydroxyvitmain D level 

more than 30 ng per ml can reduce risk of type 2 diabetes compared with the level lower 

than 20 ng per ml level(Forouhi et al, 2012).  

Currently, it is widely accepted by people that the blood concentration of 25-

hydroxyvitmain D is the most useful marker to assess vitamin D status in the body. 

Although different societies may have little difference in definition for vitamin D 

deficiency, the standard of vitamin D deficiency from US Endocrine Society is widely 

used by most regions or countries. The US Endocrine Society recommended that 

vitamin D deficiency is defined as concentration of 25-hydroxyvitmain D in 

bloodlowerthan20 ng per mL; vitamin D insufficiency is defined as range of from 21 

ng to 29 ng per mL, and vitamin D sufficiency is defined as concentration level with 

higher than 30 ng per mL, or higher for children and adults, as showed in Table 1-2 

(Holick et al, 2011). Also, the society recommends that it is a better level to maintain 
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bone health that blood concentration of 25-hydroxyvitmain D is in the range from 40 to 

60 ng per mL. Thus, the concentration of 40 to 60 ng per ml was considered as an ideal 

level to avoid disease occurrence related with vitamin D2 deficiency.  

Currently, vitamin D deficiency or insufficiency is still common worldwide, 

according to the definition or assessing standard of vitamin D deficiency from US 

Endocrine Society(George et al, 2012; Holick et al, 2011). It was roughly estimated that 

around one-sixth people worldwide are vitamin D deficiency or insufficiency. All the 

peoples regardless of race and age showed phenomenon of vitamin D deficiencies or 

insufficiency (Lips, 2010; van Schoor & Lips, 2011;Wacker & Holick, 2013). In 

addition, vitamin D deficiency or insufficiency is highly prevalent in China. The studies 

showed that with more than 40% people in China are vitamin D deficiency or 

insufficiency (Du et al, 2001; Lu et al, 2012; Yu et al, 2015; Zhang et al, 2013;Zhen et 

al, 2014). 

Additionally, the research evidences demonstrated that around 78% to 98% people 

are vitamin D deficiency or insufficiency in Asia. Particularly, vitamin D deficiency is 

quite prevalent in India and Mongolia (Marwaha et al, 2011; Rich-Edwards et al, 2011). 

In Africa and Middle-east, vitamin D deficiency is very common (Gannage-Yared et al, 

2000; Prentice et al, 2009;Siddiqui & Kamfar, 2007). In Southern America, vitamin D 

insufficiency is quite common (Lips et al, 2006; Oliveri et al, 2004). Vitamin D status 

is only better in United States and Australia, which is estimated around 30% people are 

vitamin D deficiency (Looker et al, 2011; van der Mei et al, 2007). In summary, vitamin 

D deficiency or insufficiency is not rare, but still very common worldwide, particular 

in group of  young children, pregnant women, and elderly people (Lips, 2010). A global 

status of vitamin D deficiency is showed in Figure 1-2. Thus, it is necessary and 
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significant to daily supplement vitamin D for most of people in the world by 

consumption of dietary foods or health care products.  

Table 1-2. Definition of vitamin D deficiency 

Definition 
25-hydroxyvitmain D 

(ng/mL) 
Influence   

Deficiency Less than 20 Weak mineralization  

Insufficiency 21-29 Bone loss 

Sufficiency 31-100 Ideal range 

 

 

Figure 1-2. Global status of vitamin D deficiency in general population 

Several health or medicine organizations, such as Institute of Medicine committee 

of US, US Endocrine Society, WHO and FAO, have published daily reference intakes 

of vitamin D to provide guidance dosages of vitamin D2 intakes.  The Institute of 

Medicine (IOM) committee recommend dietary reference intake of vitamin D is 600 



 

7 

IU per day for children or adults. For the people with over 70 year, with 800 IU per day 

is suggested for intake, according to latest guideline of vitamin D intake of IOM 

released on year of 2010 (Ross et al, 2011). In addition, The US Endocrine Society 

recommendation in Practice Guidelines also has a reference intake of vitamin D. 

vitamin D intake dosage of 600 to 1000 IU per day is suggested for children and 

adolescents; but for the adults more than 18 year, vitamin D intake dosage of 1500-

2000 IU per day is suggested by US Endocrine Society (Wacker & Holick, 2013).  

In year of 2004, World Health Organization (WHO) and Food and Agriculture 

Organization (FAO) of the United Nations had a publication for vitamin D reference 

intakes. This reference intakes of vitamin D from WHO and FAO is lower than IOM 

dosage since it considers all people from world, but not for a particular country. Thus, 

it is suggested a lower reference intake dosage of vitamin D.  

The daily reference intakes for vitamin D from organization of WHO and FAO are 

suggested in range from 200 to 600 IU per day in general dosage. The WHO and FAO 

recommended that 200 IU per day of vitamin D for infants and children, 200IU per day 

for adults, and 600IU per day for individuals who are more than 65 years (World Health 

Organization. & Food and Agriculture Organization of the United Nations., 2004).  

In addition, the other organizations from other countries also have reference 

standard for daily vitamin D intake, such as Swiss Federal Nutrition Council, Belgian 

Health Council, Dutch Health Council, and DACH (Germany, Austria and Switzerland) 

Council etc. Although each organization may have a tiny difference in dosage of 

vitamin D intake, all of them follow a same principle which is the older people with 

over 70 years need to supplement higher dosage vitamin D compared with young adults. 

The dietary reference intake of vitamin D from another organization is showed in Table 
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1-3. (Balvers et al, 2015; Holick et al, 2011; Nutrition, 2012; Rizzoli et al, 2013; Spiro 

& Buttriss, 2014; World Health Organization. & Food and Agriculture Organization of 

the United Nations., 2004). 

In summary, daily supplement of vitamin D should be in range of 200-800 IU to 

avoid incidence diseases related with vitamin D deficiency, based on reference intake 

of vitamin D from all organizations. The people over 70 years should supplement higher 

dosage of vitamin D, with daily supplement should be more than 600 IU.  

European Society for Clinical and Economic Aspects of Osteoporosis and 

steroarthrisis (ESCEO) thinks it would be a basic level of 25-hydroxyvitmain D 

concentration of 20 ng per for osteoporosis patients to maintain healthy bone (Rizzoli 

et al, 2013). ESCEO thinks that the patients of high risk of fracture require a basic level 

for 25-hydroxyvitmain D is a concentration over30 ng per mL. The evidence and 

publications of these organizations show vitamin D plays vital role in the body. Those 

organizations provide a dosage for daily supplement vitamin D for maintain a health 

bone, and further demonstrate importance for supplement of vitamin D. 
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Table 1-3. Dietary reference: recommended intake of vitamin D by various 

organizations  

Organization 

  Recommended intake 

(IU) 
 

 Age 1-18  Age 19-60  Age 61-70  Age >70  

Institute of Medicine 

(RDA) 
 600 600 600 800 

US Endocrine Society  600-1000 1500-2000 1500-2000 1500-2000 

Swiss Federal 

Nutrition Council 
 600 600 800 800 

Belgian Health 

Council  
 400-600 400-600 400-600 600 

Germany, Austria and 

Switzerland 
 800 800 800 800 

WHO/FAO (2004)  200 200-400 400-600 600 

RDA= Recommended Dietary Allowance; IU= International Unit; 10 µg=400 IU.  

 

Currently, most people rely on health care products to supplement vitamin D. 

Nevertheless, health care products are relatively expensive. For some people, it is hard 

to keep consistency to supplement vitamin D by consuming health care products, since 

they are unaffordable. Additionally, health care products are also inconvenient way 

compared with food sources to supplement vitamin D. Mushrooms are considered as 

one of the good food sources for supplement vitamin D, since it contains abundant 

provitamin D2 (ergosterol) and shows other functions (Calvo et al, 2013; Feeney et al, 

2014; Jasinghe & Perera, 2005; Mattila et al, 2002; Teichmann et al, 2007).  
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It has been known that provitamin D2 undergoes photosynthesis to convert into 

vitamin D2 under exposure of UV environment or sunlight (Boomsma et al, 1977; 

Havinga, 1973; Havinga, 1960;Kalaras et al, 2012). UV light can cleave the B-ring of 

provitamin D2 to produce previtamin D2. Then, previtamin D2 is converted to vitamin 

D2 by thermally induced sigmatropic shift. Based on the theory of conversion between 

provitamin D2 and vitamin D2, UV light was therefore incorporated to enhance vitamin 

D2 enrichment in mushrooms. Similarly, vitamin D4 can be converted from provitamin 

D4 in the mushroom under UV environment or sunlight, showed in Figure 1-3.  

 

Figure 1-3. Conversional diagrams of vitamin D’s and provitamin D’s: (A) vitamin D2 

and provitamin D2; (B) vitamin D4 and provitamin D4 

B 
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Mushrooms may provide good source for supplement vitamin D2 for human. 

There were studies that reported vitamin D2 content and content dynamic trend in some 

mushrooms. King oyster mushroom (Pleurotus eryngii) is one of the most popular and 

tasty edible mushrooms. However, vitamin D2 content and content dynamic trend in 

king oyster mushroom during UV irradiation have not yet study so far. Vitamin D4 

content and content dynamic trend in king oyster mushroom during UV irradiation was 

never reported previous study. Provitamin D2 content dynamic trend in king oyster 

mushroom during UV irradiation is still unknown. Additionally, the relationship 

between vitamin D2 and vitamin D4 in king oyster mushroom was never reported, and 

the relationship between vitamin D2 and provitamin D2 was never studied in previous 

research. Thus, it is necessary to illustrate contents and content dynamic trends for 

vitamin D2, vitamin D4 and provitamin D2 in king oyster mushroom during UVB 

irradiation.  

Our study is to investigate vitamin D2 and vitamin D4 content in mushrooms and 

its dynamic trend in mushrooms and to evaluate content of vitamin D2 and vitamin D4 

in mushrooms upon exposure of UV irradiation. It will be quite significant for humans 

if could supplement vitamin D2 by consumption of edible mushrooms. It is not only 

save huge cost in buying supplement vitamin D2, but also provide convenient approach 

to supply vitamin D2 for human if this technology were applied for stimulating 

production of vitamin D2 in edible mushrooms. Finally, it would provide a convenient 

and low-cost approach to supplement vitamin D2 by consuming mushrooms for human. 

In addition, there are some methods to quantify vitamin D2 in mushrooms and 

some methods to analyse provitamin D2 in mushroom, but these methods are separately 

used for quantification of vitamin D2 and provitamin D2in mushrooms (Jedlickova et 
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al, 2008; Phillips et al, 2011; Tong et al, 2014). Hence, these methods suffer from 

several defects used for quantification of vitamin D2 and provitamin D2 in mushrooms, 

such as time-consuming, low-efficiency and low-accuracy, if used different methods to 

separately quantify vitamin D2 and provitamin D2 in mushroom. So far, there has not 

yet a method for simultaneous quantification of vitamin D2 and provitamin D2 in the 

mushrooms. Hence, it is necessary to develop a method to simultaneous quantification 

of vitamin D2 and provitamin D2 in the mushrooms.  

In our study, we first reported a new approach to simultaneously quantify vitamin 

D2 and provitamin D2 in mushroom by HPLC-DAD method. Our approach to 

simultaneously quantify vitamin D2 and provitamin D2 will provide a simple approach 

to show the content and content dynamic trend for vitamin D2 and provitamin D2 in 

the mushroom during UV irradiation. The methods were successfully applied to find 

the content dynamic trend vitamin D2 and provitamin D2 in mushrooms. 

Additionally, there has not yet a HPLC-DAD method for quantification of vitamin 

D4 in mushroom, and vitamin D4 content in king oyster mushroom is still unknown. 

Therefore, there is a need to develop a HPLC-DAD method to quantify vitamin D4 in 

mushrooms before unveiling content dynamic trend of vitamin D4 in the mushroom. 

Moreover, there was no study to focus on vitamin D4 dynamic trend and content in king 

oyster mushroom in previous research. Thus, it is significant to unveil vitamin D4 

content and content dynamic trend in king oyster mushroom.  

In our study, we first developed a HPLC-DAD method to quantify vitamin D4 in 

king oyster mushroom. The developed method provides an approach to demonstrate 

content and content dynamic trend for vitamin D4 in king oyster mushroom. Our study 
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demonstrated the vitamin D4 content and dynamic trend in king oyster mushroom. The 

developed method will provide a new approach to quantify vitamin D4 in mushrooms.  

In the present study, we develop a HPLC-DAD method to quantify vitamin D2 

and provitamin D2 in the mushroom, and demonstrate content and content dynamic 

trend for vitamin D2 and provitamin D2 in king oyster mushroom during UVB 

irradiation. We develop a new HPLC-DAD method to quantify vitamin D4 in 

mushroom, and demonstrate content and content dynamic trend for vitamin D4 in king 

oyster mushroom during UVB irradiation. In addition, we first demonstrate the content 

relationship between vitamin D2 and vitamin D4 in king oyster mushroom during UVB 

irradiation. Our study demonstrated content relationship between vitamin D2 and 

provitamin D2 in king oyster mushroom during UVB irradiation. The content and 

content relationship will provide a useful information and guidance for supplement 

vitamin D in king oyster mushroom.  
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Chapter 2 Objectives and significance 

The main aim(s) of the research project is to investigate effects of UV radiation on 

vitamin D2 and vitamin D4 in mushrooms irradiated by UV light, and to study on 

content dynamic trend and relationship for vitamin D2 and provitamin D2, as well as 

vitamin D2 and vitamin D4 in mushrooms. Additionally, our study is to develop a 

HPLC method to quantify vitamin D2 and provitamin D2, and to develop a method 

approach to quantify vitamin D4 in mushrooms by using HPLC-DAD method. We will 

pursue the following specific aims:  

(1) To develop a method to quantify vitamin D2 and provitaminD2 in mushroom 

using HPLC-DAD.  

(2) To investigate the effects of UV irradiation for both vitamin D2 and provitamin 

D2 in mushroom.  

(3) To develop a method to quantify vitamin D4 in mushrooms by HPLC-DAD.  

(4) To investigate the effects of UV irradiation on vitamin D4 in the mushroom.  

(5) To find content relationship between vitamin D2 and provitamin D2 in the 

mushroom during UV irradiation.  

(6) To construct content relationship between vitamin D2 and vitamin D4 in the 

mushroom during UV irradiation.  

Our study will provide basic information for content of vitamin D2 in king oyster 

mushroom after UV irradiation, and provide a content dynamic trend in king oyster 

mushroom. In our study, we showed provitamin D2 content dynamic trend in king 

oyster mushroom. In addition, we will demonstrate vitamin D4 content and content 
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dynamic trend in king oyster mushroom. 

Secondly, we developed a HPLD-DAD method to simultaneously quantify 

vitamin D2 and provitamin D2 in mushroom. The developed method will provide an 

approach to simultaneously quantify vitamin D2 and provitamin D2 in mushrooms. Our 

study developed a HPLC-DAD method to quantify vitamin D4 in mushrooms. The 

developed method will provide an approach to quantify vitamin D4 in mushrooms.   

Thirdly, our study will provide basic reference information for supplement vitamin 

D2 in mushrooms. We demonstrate that enhancement of vitamin D2 in mushroom by 

UVB light is feasible for supplement vitamin D2 in mushrooms. Vitamin D2 in the 

mushroom irradiated by UVB light can be significant enhanced in content. Our study 

will demonstrate content relationship vitamin D2 and vitamin D4 in mushroom during 

UV irradiation. Also, we will provide a content relationship between vitamin D2 and 

provitamin D2 in mushroom during UV irradiation. In this study, we will first provide 

a systemic and detail study for the relationship between vitamin D2 and vitamin D4, 

and vitamin D2 and provitamin D2 in the mushroom. Our study for both method 

development of vitamin D2, vitamin D4 and provitamin D2, as well as their content 

dynamic trend will provide useful reference for study on vitamin Ds in mushrooms.  

In addition, our study will pave a way for further study on biological activities of 

vitamin D in mushrooms. Vitamin D2 and vitamin D4 are closely related with in bone 

mineral intensity. Our study for vitamin D2 and vitamin D4 in mushroom provide 

important content information for further biological activities, such as bone mineral 

intensity.  
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Chapter 3 Literature review 

3.1 Physiological functions of vitamin D 

The nutritional and physiological significance for human health of vitamin D has 

been well known so far. Deficiency or inadequate level of vitamin D in the body can 

result in rickets and osteomalacia. Recently, vitamin D deficiency have been associated 

with incidence of other diseases, such as cancers, cardiovascular diseases and infectious 

disease (Cantorna et al, 2014; Dong et al, 2010; Forouhi et al, 2012; George et al, 2012; 

Holick, 2006; Holick, 2007; Holick & Chen, 2008; Hossein-nezhad & Holick, 2013; 

Judd & Tangpricha, 2009; Kumar et al, 2009; Reinhold et al, 2008; Reis et al, 2009; 

Skinner et al, 2006; Stolzenberg-Solomon et al, 2010; Welsh et al, 2012). 

In the early of last century, rickets was one of most popular diseases and 

widespread in children in Europe, with estimated that more than eight percent children 

in Europe had diseases related with bone problem since vitamin D deficiency (Holick, 

2005; Holick, 2006). The study demonstrated there was correlation between 25-

hydroxyvitmain D level and bone mineral density. The results showed that 25-

hydroxyvitmain D, a serum level of vitamin D status, can significantly increase bone 

mineral density, when level of 25-hydroxyvitmain D concentration is higher than 

concentration of 40 ng per mL or more higher level concentration (Bischoff-Ferrari et 

al, 2006).  

In recent years, vitamin D deficiency has been correlated with  bone loss or 

turnover, and a wide range of other diseases, such as cardiovascular disease, diabetes, 

hypertension and cancers etc. (Adewoye et al, 2006; Chien et al, 2015; Deleskog et al, 

2012; Forouhi et al, 2012; Garland et al, 2007; Holick, 2008; Hossein-nezhad & Holick, 
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2013; Judd & Tangpricha, 2009; Park & Lee, 2012; Shui et al, 2012; Spina et al, 2006; 

Wang et al, 2008; Weng et al, 2013). The study demonstrated that bone turnover 

showed higher signal, when 25-hydroxyvitmain D level was below than concentration 

of 10ng per mL. However, there showed a lower signal when 25-hydroxyvitmain D 

level more than concentration of 20 ng per mL in the body (Sai et al, 2011). A recent 

study collected more than 13000 cases, including over 6000 men and over 7000 women, 

with 8-year follow-up to demonstrate that correlation between 25-hydroxyvitmain D 

level and death of heart failure and cardiovascular diseases. The results found 25-

hydroxyvitmain D concentration less than 20 ng per mL showed more than 2-fold 

higher risk of heart failure death than those who blood 25-hydroxyvitmain D 

concentration was over 30 ng per mL. The study suggested there was a significant 

inverse correlation between blood 25-hydroxyvitmain D concentration and heart failure 

and cardio vascular diseases death (Liu et al, 2012). A study collected more than 450 

participants of pancreatic cancer, and control over 1000 participants, showed that 25-

hydroxyvitamin D level there was an inverse association between 25-hydroxyvitamin 

D level and pancreatic cancer. A lower 25-hydroxyvitamin D level indicated a higher 

risk of pancreatic cancer (Wolpin et al, 2012).   

In addition, vitamin D has been related to various infectious diseases, such as 

influenza, tuberculosis(Dini & Bianchi, 2012; Yamshchikov et al, 2009). In the last 

century, it had been reported that vitamin D was successfully used for treatment 

pulmonary tuberculosis(Phelan, 1947).A recent study showed that there was inverse 

associated between blood level of 25-hydroxyvitmain D and risk of active tuberculosis 

(Wilkinson et al, 2000).  Also, a few studies reported that vitamin D correlated with 

risk of autoimmune diseases (Antico et al, 2012; Grant, 2008).  A study collected more 
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than 400 cases showed that lower concentration of 25-hydroxyvitmain D in blood 

correlated with higher risk of multiple sclerosis (Munger et al, 2006).  

3.2 Ultraviolet classification 

Ultraviolet (UV) radiation was discovered in year of 1801(Barth, 1987). UV light 

can be divided as three different subclasses according to its wavelength range, which 

are UVA, UVB and UVC light. UVA is defined as in a range of 400-315 nm; UVB 

wavelength is defined in range of 315-280 nm; UVC wavelength is defined in range of 

280-100 nm (IARC, 1992). Medium wavelength UVB shows the capability to stimulate 

vitamin D conversion or production from provitmain D in the body or mushrooms. 

Recently, UVB technology has been used for enhancing vitamin D2 contents in 

mushrooms since it shows ability in stimulate conversion of vitamin D2 in mushrooms.  

3.3 Stimulation of vitamin D2 accumulation by UV radiation 

Several studies were conducted to enhance vitamin D2 enrichment in mushrooms 

by UV irradiation (Jasinghe & Perera, 2005; Jasinghe & Perera, 2006; Kalaras et al, 

2012; Ko et al, 2008; Mattila et al, 2002; Mau et al, 1998; Perera et al, 2003; Phillips et 

al, 2011; Simon et al, 2011; Teichmann et al, 2007). Mattila et al study found that 

vitamin D2 was almost totally absent in cultivated mushrooms, e.g. A. bisporus, P. 

ostreatus, and L.edodes, if did not irradiated by UV light (Mattila et al, 2001). However, 

they found that some of wild mushrooms, such as C. tubaeformis and C. cibarius, 

contained high concentrations of vitamin D2 relatively (Mattila et al, 2001). Jasinghe 

et al conducted a study which revealed that the highest vitamin D2 content was found 

in oyster mushrooms irradiated by UVB light, and the lowest vitamin D2 content was 

found in button mushrooms under the same conditions of irradiation (Jasinghe & Perera, 
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2006). Another study from Simon et al demonstrated that vitamin D2 content upon 

exposure to UVB light was basically comparable to content of vitamin D in the 

mushrooms exposed to sunlight for 2.5 h (Simon et al, 2011). Mau et al demonstrated 

that UVC light is also possible to stimulate vitamin D2 production in fresh mushrooms 

of Agaricusbisporus, Lentinula edode and Volvariellavolvacea. Vitamin D2 content in 

the mushrooms irradiated by UVC light could be enriched (Mau et al, 1998). 

Subsequently, Phillips et al conducted a detail study to quantify vitamin D2 and sterol 

contents in ten mushrooms from USA. They demonstrated that vitamin D2 content was 

in range from 0.1 to 0.3 μg in 100 g in white button, acrimini, portabella mushrooms. 

For mushroom of enoki, shiitake and oyster, the contents of vitamin D was between 0.4 

and 0.7 μg in 100 g. the study showed that mushroom of Chanterelle showed higher 

contents in vitamin D2. And content of vitamin D2 in portabella mushroom irradiated 

by UV was in 3.4 to 20.9 μg (Phillips et al, 2011). The some studies about vitamin D2 

in mushroom are listed in Table 3-1. 

Several studies have been conducted for stimulating vitamin D2 enrichment in 

mushrooms irradiated by UV light, and demonstrated that UV irradiation is an effective 

approach to enhance vitamin D2 enrichment. However, most these studies only focused 

on vitamin D2 enrichment in white button mushroom or oyster mushroom. Up to date, 

there has not yet a detail study was conducted for research on vitamin D2 enrichment 

in king oyster mushroom.  

In addition, vitamin D2 is come from provitamin D2 in mushrooms under UV 

environment. Up to date, most of those studies were either research on vitamin D2 

content in the mushrooms as showed above, or concentrated on those studies which 

only researched on provitamin D2 content in mushrooms (Chang et al, 2005; Koyama 
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et al, 1984; Liu et al, 2011; Tong et al, 2014). Most of those studies did not focus on 

the provitamin D2 content dynamic trend, but only quantification vitamin D4 content 

in mushrooms. Those studies did not focus on both vitamin D2 and provitamin D2 

dynamic trend in mushrooms during UVB irradiation. Also, there has not yet study to 

focus on provitamin D2 dynamic trend in king oyster mushroom during UVB 

irradiation. Thus, provitamin D2 content dynamic trend in the mushroom was never 

unveiled in previous studies. The relationship between vitamin D2 and provitamin D2 

in king oyster mushroom during UV irradiation was also never reported in previous 

studies focused on vitamin D content. It is therefore significant to unveil the relationship 

between vitamin D2 and provitamin D2 in the mushroom during UV irradiation.  

Also, there has not yet a detail study to focus on dynamic trend for both vitamin 

D4 and vitamin D2 inking oyster mushroom irradiated by UV light. It is still unclear 

that the content of vitamin D4 and vitamin D4 dynamic trend in king oyster rmushroom, 

and the relationship between vitamin D2 and vitamin D4 in the mushroom during UV 

irradiation. Hence, it is necessary to demonstrate the content and content relationship 

between vitamin D2 and vitamin D4 in king oyster mushroom during UV irradiation, 

and to unveil the content relationship between vitamin D2 and provitamin D2 in king 

oyster mushroom during UV irradiation.  
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Table 3-1.Vitamin D2 contents in mushrooms 

Mushrooms Scientific name Content (g/100g) 

Portobello Agaricus bisporus 11.15 

White button mushroom Agaricus bisporus 100*(68.6±4.90) (dw) 

Shiitake Lentinus edodes 100*(61.9±10.6) (dw) 

Maitake Grifola frondosa 0.08–63.2 

Wild Chanterelle Cantharellus tubaeformis 29.8 

Morel Morchella esculenta 2.18–8.41 

Wild Chanterelle Cantharellus cibarius 12.8 

Wild button Agaricus bisporus 0.7-2.3 

Wild Porcini Boletus edulis 58.7 

 

3.4 Analysis of vitamin D2 and provitamin D2 in mushrooms 

There have many methods to analyse vitamin D2 in mushroom and many methods 

analyse provitamin D2 in mushrooms(Huang et al, 2015; Kalaras et al, 2012; 

Koyyalamudi et al, 2011; Perera et al, 2003; Phillips et al, 2011; Tong et al, 

2014).However, all those methods are separately used for quantification of vitaminD2 

and provitamin D2 in mushroom. Those methods either quantify vitamin D2 in 

mushrooms, or quantify provitamin D2 in mushroom. It would be time-consuming and 

lower accuracy if used those two methods to monitor content dynamic trend for both 

vitamin D2 and provitamin D2 in mushrooms during UV irradiation. Up to date, there 

are not yet a HPLC-DAD method to simultaneously quantify vitamin D2 and 
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provitamin D2 in mushrooms to monitor content dynamic trend for both vitamin D2 

and provitamin D2 in mushroom. Hence, it is necessary and significant to develop a 

method to quantify vitamin D2 and provitamin D2 in mushrooms.  

In addition, most all these studies involve in saponification process in sample 

preparation, which is an expensive and time-consuming handling method. The 

saponification handling of vitamin D2 in mushrooms was used in many papers for 

vitamin D2 analysis (Kalaras et al, 2012; Ko et al, 2008; Mattila et al, 2002; Mau et al, 

1998; Perera et al, 2003; Phillips et al, 2011; Simon et al, 2011; Teichmann et al, 2007). 

The more detail step for saponification process was described in Jasinghe’s paper 

(Jasinghe & Perera, 2006). There are basically four steps in saponification sample 

preparation of vitamin D2 in mushrooms: the first step is to saponify by potassium 

hydroxide by heating 80℃ for one hour, and then to be extracted by n-pentane for three 

times. After that, to wash by 3% potassium hydroxide for three time, and then wash by 

de-ionized water for several times until neutral. Finally, to evaporate the organic solvent, 

and re-dissolved the sample by the solvent for further analysis.  

The process of saponification preparation is commonly used for the removal of 

ester forms in analysis of steroid compounds. This process can convert esterifies forms 

to the free form for steroid compounds (Slavin & Yu, 2012; Zak, 1977). However, these 

steps for sample preparation not only increase labour time and experimental cost, but 

also need good experimental skills to keep consistence in the operations for each step 

involving in the whole process. Also, these complicated preparation steps increase the 

probability of the error since sample loss and operational deviation during multi-step 

operations. There has not a simple method for sample handling and analysis of vitamin 
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D2 in mushrooms was reported so far. Thus, it is significant to quantify vitamin D2 by 

using simple sample preparation.  

Currently, those methods for quantification of vitamin D2 in mushrooms and 

another methods for quantification of provitamin D2 in mushrooms, but these methods 

are separately quantified for vitamin D2 and provitamin D2 in mushrooms (Jedlickova 

et al, 2008; Phillips et al, 2011; Tong et al, 2014). These methods cannot provide a 

simple and accurate an approach to monitor content dynamic trend for both vitamin D2 

and provitamin D2 in mushrooms during UV irradiation. Therefore, there is a need to 

develop an approach to simultaneously quantification of vitamin D2 and provitamin D2 

in the mushrooms. 

 The developed new approach to simultaneously quantify vitamin D2 and 

provitamin D2 in the mushroom by HPLC-DAD method, which will provide a simple 

approach to research on dynamic trend for vitamin D2 and provitamin D2 in king oyster 

mushroom.  

3.5 Vitamin D4 in mushrooms 

Although lots of studies were conducted to enhance vitamin D2 enrichment in 

mushroom, most of those studies did not focus on vitamin D4 content in mushrooms. 

Vitamin D4 is a form of vitamin D, known as 22, 23-dihydroergocalciferol. Vitamin 

D4 is converted from 22, 23-dihydroergosterol under UV environment. There have 

quite limit reports for vitamin D4 content in mushrooms. Vitamin D4 content in king 

oyster mushroom was not reported in previous study, and vitamin D4 dynamic trend in 

king oyster mushroom irradiated by UV light is unveiled. So far, there only has one 

paper which reported the content of vitamin D4 in the mushrooms. (Phillips et al, 2012). 
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Currently, the research evidences indicate that vitamin D4 show quite similar biological 

activities as vitamin D2 or D3 in the body. However, vitamin D4 exhibit lower 

biological activities compared with vitamin D2 or D3 in the body.  

For biological activity of increase bone intensity, vitamin D4 has showed 

biological activities as vitamin D3 or D2, which is around 60% as active as vitamin D3 

or D2 in rats or human (De Luca et al, 1968). Mushroom irradiated by UV light can 

produce vitamin D2, and also can stimulate production of vitamin D4. Thus, biological 

functions for increasing bone density from mushroom irradiated by UV light, which are 

not only contributed to vitamin D2, but also have contribution of vitamin D4 in 

mushroom. Hence, it is therefore significantly to quantify vitamin D4 content in the 

mushroom.  

In addition, quantification of vitamin D4 in mushrooms has been used by LC-MS 

method. But there has not yet a HPLC-DAD method to quantify vitamin D4 in 

mushroom so far. Hence, it is quite necessary to develop HPLC-DAD method for 

quantification of vitamin D4 in mushrooms, to provide a simple approach to 

quantification of vitamin D4 in mushrooms. Also, content and content dynamic trend 

of vitamin D4 in king oyster mushroom has never been reported in previous studies. 

Hence, it is very significant to develop a simple HPLC-DAD method for quantification 

of vitamin D4 in king oyster mushroom.  

  



 

25 

Chapter 4 General materials and methods 

4.1 Chemicals and reagents 

Vitamin D2 standard was purchased from International Laboratory (South San 

Francisco, USA). Provitamin D2 (ergosterol) standard was purchased from Sigma-

Aldrich (St. Louis, MO, USA). Vitamin D4 standard was purchased from Sigma-

Aldrich (St. Louis, MO, USA). Methanol for extraction and methanol for HPLC 

analysis was purchased from International Laboratory (South San Francisco, USA). 

Acetonitrile HPLC analysis was purchased from International Laboratory (South San 

Francisco, USA). De-ionized water was prepared by using a Millipore Milli-Q Plus 

system (Millipore, Bedford, USA). Sodium ascorbate (International Laboratory, South 

San Francisco, USA), potassium hydroxide (85% pure, International Laboratory, South 

San Francisco, USA), ethanol (International Laboratory, South San Francisco, USA), 

n-pentane (International Laboratory, South San Francisco, USA), Formic acid 

(International Laboratory, South San Francisco, USA).  

4.2 Materials 

The fresh mushroom listed following: Pleurotuseryngii (Product of Korea, Good 

Friend King Oyster MushroomTM, Shiu Pong TradingCo., limited), Agaricus bisporu 

(Product of Malaysia, Champ Fungi Sdn. BhD) and Pleurotuso streatus Product of 

China, Shenzhen YongJia Fresh Produce CO., LTD), baby protabello (Product of 

Malaysia, The Dairy Farm Company Ltd.) Ben Gu (Product of China, Shanghai 

Fangyuan Mushroom CO., LTD), Pleurotus eryngii (Product of Hong Kong, Tai Tong 

Organic EcoPark Ltd), Pleurotus eryngii (Product of China, Shenzhen YongJia Fresh 
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Produce CO., LTD), Lentinusedodes (Product of Taiwan, Wan Bang Trading Limited), 

Hypsizygustessellates (Tak Ling Trading Co., Limited). All the mushrooms were 

purchased from local market, and were prepared and used immediately after purchase. 

UVB light (Beijing Zhongyiboteng Tech CO., LTD. Wavelength: 285-320nm), or 

UVA light (Beijing Lighting Research Institute. Wavelength: 320-400nm), UVC light 

(Jiang Su Juguang Photoelectric CO., LTD. Wavelength: 253.7nm). Nylon membrane 

syringe filters (Heaion, China). 

4.3 Methods 

The fresh king oyster mushrooms were cut out cap and bottom, and then were cut 

into slices of 1cm2. The fresh sliced 1cm2 mushrooms were placed in Petri dish, and 

then transferred into UV chamber for irradiation. After UV radiation, the mushroom 

samples were transferred into vacuum-drier for dryness. The vacuum dried mushroom 

samples were kept in a vacuum-container until next step use of analysis. 

The sliced mushrooms were irradiated by UV light under various conditions. The 

sliced mushrooms were irradiated by different UV lights, including UVA, UVB, and 

UVC light. The sliced mushrooms were irradiated with six-time period from 10 minute 

to 150 minute, including 10, 20, 30, 60, 120, 150 minute. After the UV irradiation of 

the mushrooms, the HPLC method was used for quantification of vitamin D2, vitamin 

D4 and provitamin D2 in mushrooms to monitor content and content dynamic trend of 

vitamin D4, vitamin D2 and provitamin D2 in mushroom.  

Firstly, A HPLC method for quantification of vitamin D4 in mushrooms was 

developed using HPLC-DAD. This developed method will be used for research on 

content dynamic trend for vitamin D4 in the mushroom during UV irradiation. Secondly, 
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Another HPLC method for quantification of vitamin D2 and provitamin D2 was 

developed by HPLC-DAD. This developed method will be used for research on content 

dynamic trend for vitamin D2 and provitamin D2 in the mushroom during UVB 

irradiation. Based on those developed methods for quantification vitamin D2 and 

provitamin D2 as well as vitamin D4 in mushrooms, our study mainly focuses on effects 

of UV irradiation on content and content dynamic trend of vitamin D4, vitamin D2 and 

provitamin D2 in mushrooms during UV irradiation. The basic strategy diagram and 

work flow is showed in Figure 4-1.  

 

Figure 4-1.  The strategy diagram and work flow for study on content and content 

dynamic trend of vitamin D4, vitamin D2 and provitamin D2 in mushrooms.  
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Chapter 5 Effects of UV radiation on vitamin D2 in mushroom 

5.1 Method development of vitamin D2 quantification 

5.1.1 Sample preparation and extraction 

The sliced fresh king oyster mushroom (5g) were irradiated by UVB light and 

were vacuum-dried after UVB irradiation. The vacuum-dried irradiated mushrooms 

were kept in vacuum-container until next step use of analysis. Vacuum-dried mushroom 

samples were extracted with 7 mL methanol for one hour in boiling methanol by using 

reflux extraction, and then cooled down room temperature immediately. The extraction 

solution was then filtered through 0.45 m nylon membrane syringe filters (Heaion, 

China) before the HPLC-DAD analysis. For the saponification handling of vitamin D2 

in mushrooms, the saponification process was performed according to the procedure 

described in the Jasinghe’s paper (Jasinghe & Perera, 2006).  

5.1.2 HPLC-DAD Analysis 

HPLC analyses were performed on an HPLC system of Agilent Series 1100 liquid 

chromatography system (Agilent Technologies, USA). The HPLC analysis system was 

equipped with quaternary pump, a vacuum degasser, an auto-sampler and a diode array 

detector (DAD). The solvents which constituted the mobile phase included aqueous 

solution (A) and MeOH (B). The separation was achieved on Waters Atlantis dC18 

column (5 , 4.6× 250mm) at ambient temperature, and was carried out by gradient 

elution of 0–6 min, 80–90% B; 6-15 min, 90–100% B; 15–27 min, 100% B; and finally, 

reconditioning the column with 80% B isocratic for 10 min. The flow rate of mobile 
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phase was set at 1 mL/min. the detection wavelength was set at 265nm and the injection 

volume was 10μl.  

Identification of vitamin D2 in king oyster mushroom in two ways: firstly, we 

compared the retention time of vitamin D2 of mushroom samples with vitamin D2 

standard under the identical chromatographic conditions based on HPLC-DAD (Figure 

5-1). Secondly, HPLC-MS was performed to further confirmation (Figure 5-3). HPLC–

MS analysis was performed on Thermo Finnegan Surveyor liquid chromatography 

system, which coupled with an LCQ Advantage ion-trap mass spectrometer and an 

electrospray ionization (ESI) source (Thermo Fisher, San Jose, CA, USA). The 

optimized parameters of the mass spectrometer were showed as follows: Sheath gas 

flow rate (art), 10; Aus/sweep gas flow rate (art), 10; Spray voltage, 4.0 KV; Capillary 

temperature, 350 ℃; Capillary voltage, 3 V; Tube lens offset, 40 V. The full scan MS 

analysis was obtained in the range of m/z 200–600, and scan mode was performed in 

positive ion mode. The Xcalibur 1.3 software was used for control the HPLC-MS 

system. 

5.1.3 Calibration curve, limit of detection and quantification 

Methanol stock solution of standard compound was prepared, and then diluted to 

suitable concentrations. More than six different concentrations of the standard solution 

were tested in two replicates, and the calibration curve was plotted by the peak areas 

versus the concentration of vitamin D2. The linear regression equation of calibration 

curve was shown as following: y=24.61x-0.035 (x, Concentration; y, Area), r2=0.9999. 

Test ranges of calibration carve were from 160.00-0.63 g/mL. The limit of detection 

(LOD) and limit of quantification (LOQ) of vitamin D2 in the chromatographic 
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conditions were determined at an S/N of around three and ten, respectively. LOD and 

LOQ of the vitamin D2 were 0.08 g/mL and 0.22 g/mL, respectively.  

5.1.4 Precision, repeatability, stability and recovery 

Intra- and inter-day variations were tested for measuring precision of the 

developed method. For intra-day variation test, the standard solution was injected for 

six replicates for each level (n=6), and three levels were tested within one day. While 

inter-day variations, three levels were tested in two replicates for consecutive three days 

(n=6). The relative standard deviation (RSD) was used for the assessment of variation. 

The results showed that the RSD of intra-and inter-day precision were less than 0.20 % 

and 0.77%, respectively, see Table 5-1. 

The repeatability of chromatographic method was determined by testing three 

levels of extracted mushroom samples. The extracted mushroom samples of 4g, 5g and 

6g (fresh weight) were analyzed for three levels tests. Each level of the mushroom 

extracted samples was analyzed six replicates (n=6), and results were assessed by RSD 

(%). The results demonstrated that the repeatability of chromatographic method was 

less than 0.77%. Three test levels of low, middle, and high were less than 0.57%, 0.10%, 

and 0.77%, respectively, as showed in Table 5-2. 

The sample stability was tested by storing the mushroom sample at room 

temperature within 48 hours.  The extracted XBG sample was analysed at 0, 2, 4, 6, 8, 

20, 24 and 48 hours, respectively, after the store at room temperature. The results 

showed that the RSD of stability was less than 0.75%. The results of stability indicated 

that vitamin D2 was relatively stable within 48 hours. The recovery was tested by 

adding known amount of standard into amount of sample. The mixture samples were 
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extracted and analysed as according to in section 5.1.1. The recovery was performed by 

test three times of mixture samples.  The recoveries were calculated by using formula 

as following: Recovery (%) = 100 % × (amount found – amount original)/amount 

spiked. The average recovery was 96.04% from three replicates tests.  

 

Table 5-1. Inter- and intra-day precisions 

Concentration 

(g/mL) 
 

Intra-day 

(n=6) 

   
Inter-day 

   (n=6) 

 

Observed 

conc  

(g/mL) 

Accuracy 

(%) 

RSD 

(%) 

 
Observed 

conc 

(g/mL) 

Accuracy 

(%) 

RSD 

(%) 

80.00 79.92 99.90 0.06  80.74 100.93 0.77 

20.00 20.28 101.40 0.10  20.27 101.40 0.10 

5.00 5.20 104.00 0.20  5.22 104.44 0.43 

Accuracy (%) = 100%× mean of measured concentration/nominal concentration 

 

Table 5-2. The repeatability of chromatographic method  

Compound Weight (g) RSD (%, n=6 ) 

 4 0.57 

Vitamin D2 5 0.10 

 6 0.77 
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Table 5-3. Recovery of vitamin D2 

Original(g) Spiked(g) Found(g) Recovery (%) RSD (%) 

15.73 13.60 28.79 96.04 0.57 

Recovery (%) =100%× (amount found – amount original)/amount spiked 

 

Table 5-4. Comparison of vitamin D2 contents in three mushrooms  

Scientific Name Chinese Name 
Saponification 

Mean (g/g) 

Methanol  

Mean (g/g) 

Pleurotuseryngii Xing Bao Gu 59.82 63.23 

Agaricusbisporus Shuang Bao Gu 103.61 109.70 

Pleurotusostreatus Ping Gu 86.89 99.87 
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Figure 5-1. HPLC chromatograms of vitamin D2 standard and extraction sample of 

XBG: (A) Vitamin D2 standard; (B) extraction sample of XBG irradiated by UVB  

 

 

 

Figure 5-2. Representative HPLC chromatograms of mushroom extraction samples: (A) 

SBG sample; (B) PG sample  

 

C 

A 

B 

A 

B 

A 

B 



 

34 

 

 

 

A 

 

 

 



 

35 

 

B 

 



 

36 

 

C 

Figure 5-3. LC-MS chromatograms of vitamin D2 standard and extraction sample of 

XBG. (A) vitamin D2 standard the mass spectrum; (B) vitamin D2 mass spectrum of 

XBG mushroom sample; (C) methanol solvent control and mass spectrum at vitamin 

D2 retention time. 

 

Figure 5-4. Comparison of vitamin D2 contents in three mushrooms  

* 

** 

*** 

*p>0.05 

**p>0.05 

***p<0.05 
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5.2 Vitamin D2 contents in mushrooms 

5.2.1 Irradiation procedure 

The fresh king oyster mushrooms were removed cap and bottom, and then were cut 

into slices of 1cm2. The fresh sliced mushrooms (5 g) were placed in Petri dish, and 

then transferred into UV chamber for irradiation. The sliced mushrooms were exposed 

to UVB light (Beijing Zhongyiboteng Tech CO., LTD. Wavelength: 285-320nm), or 

UVA light (Beijing Lighting Research Institute. Wavelength: 320-400nm), UVC light 

(Jiang Su Juguang Photoelectric CO., LTD. Wavelength: 253.7nm), respectively. After 

UV irradiation, the mushroom samples were separately vacuum-dried and then kept in 

a vacuum-container until next step of analysis. 

With the developed method and mushroom samples, several irradiation conditions, 

such as, different UV light, irradiation temperature, irradiation time and UV intensity, 

would be changed to try to explore some factors which may affect vitamin D2 contents 

in mushroom.  

5.2.2 Vitamin D2 contents under various UV lights 

The sliced fresh king oyster mushrooms were subjected to three different types of 

UV light. The fresh sliced mushrooms were transferred into UV chamber for irradiation 

by UVA, UVB and UVC light, respectively. All the irradiations were performed at 35℃ 

for 0.5 hour.  

The results were shown in Table 5-5 and Figure 5-5. The results showed that the 

UVB light was most effective light for stimulating vitamin D2 accumulation in king 

oyster mushrooms. The UVC light also showed effect to enhance vitamin D2 

enrichment in the mushroom. However, vitamin D2 contents in king oyster mushroom 
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irradiated by UVC light was lower than UVB light. Vitamin D2 in the mushroom was 

irradiated by UVA light was undetectable. The result might imply that UVA light, 

which do not have effect to stimulate vitamin D2 production in the mushroom.  

 

Table 5-5. Vitamin D2 contents in the mushroom under various UV lights. 

UV type Mean(g/g) SD (n=5) 

UVB 5.79 0.52 

UVC 2.78 0.35 

UVA - - 

- Undetectable  

 

 

Figure 5-5. Vitamin D2 contents in the mushroom under various UV light. 
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5.2.3 Vitamin D2 contents in different time 

With comparison between different UV light, the UVB light showed maximum 

production for vitamin D2 in the mushrooms. The different time effects of stimulating 

vitamin D2 were performed with irradiation of UVB light. The sliced fresh mushrooms 

were placed into UV chamber (50cm×55cm×35cm, L×W×H)) for UV irradiation. The 

irradiations were performed under 35℃ at time period of 0.25 hour, 0.5 hour, 1.0 hour, 

1.5 hours, 2.0 hours, and 2.5 hours. After the UV irradiation, the mushroom samples 

were processed as described in section 4.3. Each tested samples comprised five samples. 

The results were shown in Table 5-6 and Figure 5-6. 

The highest content of vitamin D2 in the mushroom was found in irradiation time 

of 0.5 hour. The lowest content of vitamin D2 was found at irradiation time of 0.25 

hour. The content of vitamin D2 showed relatively stable trend when irradiation time 

more than 0.5 hours. The results showed that the content of vitamin D2 in the 

mushrooms upon exposure of UVB light from 1.0 hour to 2.5 hours were in relatively 

dynamic stable range. The results demonstrated that vitamin D2 content linear increase 

was occurred within 30 minute in the mushroom.
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Table 5-6.  Vitamin D2 contents in the mushroom with different time period 

Time (h) Mean (g/g) SD (n=5) 

0.25 4.92  1.45  

0.50 11.84  1.58  

1.00 10.74  1.41  

1.50 9.19  0.47  

2.00 10.51  0.92  

2.50 10.38  1.05  

 

 

Figure 5-6. Vitamin D2 contents in the mushroom irradiated with different time.  

5.2.4 Vitamin D2 contents under different temperatures 

The fresh sliced mushrooms were transferred into UV chamber, and then were 

irradiated in temperature of 35℃, 30℃ and 25℃ for 0.5 hour and 1 hour, respectively. 
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After the UV irradiation, the mushroom samples were processed as described in section 

5.1.1. Each tested samples included five paralleled samples. The results were shown in 

Table 5-7 and Figure 5-7.  

Vitamin D2 contents irradiated at 25 ℃ and 30℃ were lower than irradiated at 

35 ℃ under same time period. There were basically no different in vitamin D2 yields 

between irradiation of 25 ℃ and irradiation of 30℃. Our results demonstrated that the 

optimum UV irradiation temperature for enhancing vitamin D enrichment in king oyster 

mushroom was found under irradiation at 35℃.  

Table 5-7.Vitamin D2 contents in the mushroom irradiated with different temperatures 

Temperature (℃) Time (h) Mean (g/g) SD (n=5) 

35 

0.5 11.84 5.04 

1.0 10.74 1.41 

30 

0.5 8.23 1.39 

1.0 8.02 1.19 

25 

0.5 9.01 2.20 

1.0 7.35 1.16 
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Figure 5-7. Vitamin D2 contents in the mushroom under different temperatures 

5.2.5 Vitamin D2 contents on various UV intensity 

The fresh sliced king oyster mushrooms were transferred into UV chamber, and 

then were irradiated under UVB different intensity by 95 w/cm2, 148 w/cm2. The 

UV irradiation was performed at 35℃ for 0.5 hour, respectively. After the UV 

irradiation, the mushroom samples were processed as described in section 5.1.1. Each 

tested samples included five paralleled samples. The results were shown in Table 5-8 

and Figure 5-8.  

The results showed that vitamin D2 under irradiation of intensity of 148 w/cm2 

showed somewhat higher than irradiation of intensity of 95 w/cm2. However, there 

was no significantly different in vitamin D2 content between intensity of 95 w/cm2 

and intensity of 148 w/cm2. The results may indicate that higher UV intensity could 

improve efficiency of vitamin D2 accumulation.  
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Table 5-8. Vitamin D2 contents in king oyster mushroom 

Intensity (w/cm2) Mean (g/g) SD (n=5) 

148 12.60 2.17 

95 11.84 1.58 

 

 

Figure 5-8. Vitamin D2 contents in the mushroom irradiated by different intensity.  

 

5.2.6 Investigation of vitamin D2 contents in mushrooms 

With successful finding of optimum condition for vitamin D2 enrichment in king 

oyster mushroom, several different mushrooms were used for investigation the contents 

of vitamin D2 enrichment upon exposure of UVB irradiation. Eight mushrooms were 

investigated based on optimum irradiation condition; the mushrooms were listed in 

Table 5-9. All mushrooms were irradiated under optimum condition, which was at 35℃ 

* 

* p>0.05 
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for 0.5 hour. Each tested group sample included five samples. The results were shown 

in Table 5-9 and Figure 5-9.  

The investigation results found that they can be divide three levels for vitamin D2 

contents in the mushrooms: the highest level content of vitamin D2 was found in XBG 

and SBG mushrooms; middle level content was found in JZG, BG and XG; and the 

lowest level content was found in LZG and PG. 

The results showed that there was significant difference in vitamin D2 content 

between the highest level content and the lowest content. The results of vitamin D2 

contents among three XBG, including from China mainland, Hong Kong, South Korea, 

showed that vitamin D2 contents in XBG from South Korea higher than from China 

and Hong Kong.  

The highest content of vitamin D2 was found in XBG from South Korea among 

all investigated mushrooms, and lowest content of vitamin D2 was found in LZG. The 

investigation results found that XBG and SBG have showed higher contents in vitamin 

D2 after UVB irradiation; the lowest contents of vitamin D2 were found in LZG; and 

JZG showed middle contents in vitamin D2 compared with other mushrooms
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Table 5-9. Vitamin D2 contents in other mushrooms by the present method  

Chinese Name Abbreviation Scientific Name  Content (g/g) 

Ben Gu BG  Lyophyllumshimeji 
 

6.42 

Ping Gu PG  Pleurotusostreatus 
 

5.52 

HK Xing Bao Gu HXB  Pleurotuseryngii 
 

9.84 

Shuang Bao Gu SBG  Agaricusbisporus 
 

11.01 

Xiang Gu XG  Lentinusedodes 
 

8.32 

Korea Xing BaoGu KXB  Pleurotuseryngii  12.28 

Lin ZhiGu LZG  Hypsizygustessellatus  4.30 

Xing BaoGu XBG  Pleurotuseryngii  12.02 

 

 

Figure 5-9. Vitamin D2 contents in other mushrooms. 

5.3 Results and discussion 

5.3.1 Validation of HPLC-DAD method 
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The calibration curve of vitamin D2 showed good linear regression (r2=0.9999) 

within test range. The precision of the HPLC-DAD method was determined by intra- 

and inter-day precision. Intra-day precision was tested by determination of three levels 

of the standard solutions for 6 times within one day, while the inter-day precision was 

tested within consecutive three days. The RSD were used for assessment its intra- and 

inter-day precision. The RSD of intra- and inter-day precision was less than 0.20% and 

0.77%, respectively. The repeatability of chromatographic method was determined by 

measuring three levels of XBG extraction samples for six replicates. The RSD of 

repeatability of chromatographic method were 0.82 %, and the three levels at low, 

middle and high level were less than 0.50%, 0.59% and 0.82%, respectively. The 

developed method showed that good overall recovery of more than 95%. The stability 

results indicated that vitamin D2 in the mushroom with methanol extraction was relative 

stable within 48 hours. Validation tests of the method showed that this HPLC-DAD 

method is precise, accurate for determination of vitamin D2 in the mushrooms.  

Vitamin D is a group of secosteroid compound (Perez-Lopez, 2007), which is 

possible to form esterifies form in appropriate environment. Saponification handling is 

quite complicated process with many operation steps, so saponification process in 

sample preparation of vitamin D2 in mushrooms is a time-consuming, expensive and 

low-efficient. Moreover, the multi-step saponification process increases the possibility 

of sample loss in the multi-step sample handling.  

Herein, we developed one-step methanol extraction method for fast extraction of 

vitamin D2 in mushrooms, which can complete extraction within one hour. The new 

method maintains vitamin D2 yields comparable to conventional saponification method. 

Three different mushrooms were compared using saponification method and one-step 
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methanol extraction, our results demonstrated that the yields of vitamin D2 in the 

mushrooms using one-step methanol extraction was no less than saponification content.  

Our results indicated that one-step methanol extraction is feasible for extraction 

vitamin D2 in the mushrooms and maintain vitamin D2 yields comparable with 

saponification process. With one-step handling approach, the sample handling 

efficiency could significant to increase the sample handling efficiency compared with 

conventional method, which provide a new approach to fast quantification of vitamin 

D2 in the mushrooms. Additional, we noticed that vitamin D2 was almost undetectable 

in the mushrooms if they did not irradiate by UVB light.  

Three different mushrooms, including Pleurotuseryngii, Agaricusbisporus and 

Pleurotusostreatus, were compared by using the conventional method and our one-step 

extraction method, the HPLC chromatograms showed in Figure 5-1. The results showed 

very similar trend in comparison of two handling methods that vitamin D2 yields from 

conventional saponification handling was somewhat lower than our one-step extraction 

for the three mushrooms, see Figure 5-4. It may be due to methanol extraction can 

reduce sample loss in the sample handling, while saponification method experience 

more than 10-fold steps which increase the probability of sample loss. Therefore, 

vitamin D2 yield of one-step extraction showed somewhat higher than conventional 

handling method. The developed method will provide a simple method to estimate 

vitamin D2 content in mushrooms.  

5.3.2 Vitamin D2 contents under various conditions 

The results showed that the UVB light was most effective light for stimulating 

vitamin D2 accumulation in the mushroom. The UVC light had also showed effect to 
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enhance vitamin D2 enrichment in the mushroom. However, vitamin D2 content in the 

mushroom irradiated by UVC light showed lower vitamin D2 in the mushroom 

compared with UVB light. UVA light almost do not have effect to stimulate vitamin 

D2 enhancement in the mushroom.  

The results indicated there were basically no different for vitamin D2 content 

under irradiation of between UV intensity of 95w/cm2 and intensity of 148 w/cm2. 

However, the higher intensity of UVB irradiation showed somewhat higher vitamin D2 

content.  

Vitamin D2 contents in other mushrooms were measured under same UV 

environment. Our results found that vitamin D2 content in the mushrooms can be 

divided as three levels. The highest level content of vitamin D2 was found in XBG and 

SBG mushrooms.  The middle level content was can be found in JZG, BG and XG. The 

lowest level content was found in LZG. 

5.4 Summary 

In conclusion, we developed a HPLC-DAD method to quantify vitamin D2 in 

mushrooms. The validation test showed that developed method showed good linearity, 

precise and recovery. The developed method provides a simple method to estimate 

vitamin D2 content in mushrooms. 

In our study, the UVA, UVB, UVC light were applied for comparing effect for 

vitamin D2 accumulation in mushrooms. The results showed that the UVB light was 

most effective light for stimulating vitamin D2 accumulation in mushrooms. The UVC 

light had also showed effect to enhance vitamin D2 enrichment in the mushroom. 

Vitamin D2 in king oyster mushroom irradiated by UVA light was undetectable. Our 
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results showed that UVA light do not have effect to stimulate vitamin D2 enhancement 

in the mushroom 

Vitamin D2 contents in other mushrooms were investigation after UV irradiation. 

We found that vitamin D2 in the mushrooms can be divided as three levels in contents. 

The highest level content of vitamin D2 was found in XBG and SBG mushrooms. 

Middle level contents of vitamin D2 was found in JZG, BG and XG. The lowest level 

content of vitamin D2 was LZG. 

With exploration for affecting vitamin D2 accumulation under different conditions, 

the results suggested that irradiation time is one of most important factors to affect 

vitamin D2 accumulation in mushrooms. The results pave a way for further study on 

content dynamic trend for vitamin D2, provitmain D2, and vitamin D4 in the mushroom. 

Thus, the content dynamic trends of provitamin D2, vitamin D2, vitamin D4 in the 

mushroom will be symmetrically investigated.  

  



 

50 

Chapter 6 Effects of UV radiation on provitamin D2 and vitamin 

D2 in mushroom  

6.1 Method development for quantification of provitamin D2 and vitamin D2 

6.1.1 Sample preparation and extraction 

The sliced 1cm2  fresh mushrooms were irradiated by UV light and were vacuum-

dried after UV irradiation. The vacuum-dried irradiated mushrooms were smashed as 

around 850 m particle size. And then the samples were kept in vacuum-container until 

next step use of analysis. Vacuum-dried mushroom samples of 0.5 g were extracted 

with 7mL methanol for one hour in boiling methanol by using reflux extraction, and 

then cooled down room temperature immediately. The methanol extraction solution 

was then filtered through 0.45 m nylon membrane syringe filters (Heaion, China) 

before use of HPLC-DAD analysis.  

6.1.2 HPLC-DAD Analysis 

HPLC analyses were performed on an HPLC system of Agilent Series 1100 liquid 

chromatography system (Agilent Technologies, USA). The HPLC analysis system was 

equipped with a vacuum degasser, a quaternary pump, an auto-sampler and a diode 

array detector (DAD). The solvents which constituted the mobile phase included 

aqueous solution (A) and ACN/MeOH (8:2; v/v) (B). Chromatographic separations 

were performed on Thermo Accucore XL C18 column (4.6× 250mm,4) coupled with 

guard column of Agilent Eclipse XDB-C18 (4.6×12.5mm,5) at ambient temperature, 

and gradient elution as following: 0–19 min, 93–100% B; 20-45 min, 100% B; and 

finally, reconditioning the column with 93% B isocratic for 5 minute. The flow rate of 
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mobile phase was set at 1 mL/min of chromatographic condition. The detection 

wavelength was set at 265nm for vitamin D2, and set at 282 nm for provitmain D2.  The 

injection volume was 10μl.  

Identification of provitamin D2 and vitamin D2 from the mushroom by comparing 

the retention time and UV spectra of provitamin D2 and vitamin D2 of mushroom 

samples with standard compounds of provitamin D and vitaminD2 under the identical 

chromatographic conditions based on HPLC-DAD method. The chromatograms were 

showed in Figure 6-3.  

6.1.3 Calibration curves, limits of detection and quantification 

Ethanol stock solution of standard compounds was prepared, and then diluted to 

appropriate concentrations. More than six different concentrations of the standard 

solution were tested. And the calibration curves of provitamin D2 and vitamin D2 were 

plotted by the peak areas versus the concentration of the provitamin D2 and vitamin D2. 

The linear regression equations of calibration curve were shown in Figure 6-1 and 

Figure 6-2. The calibration curves of provitamin D2 and vitamin D2 were calculated 

using peak area (y) versus concentration (x).  The test range of vitamin D2 was in a 

range of 117.22 - 0.46 µg/mL, and provitamin D2 was in range of 317.30 -1.24 µg/mL. 

The linearity of the equation (r2) for both vitamin D2 and provitamin D2 were over 

0.9999, 0.9999, respectively, see Table 6-1.  

Ethanol stock solution were diluted a series of concentrations by using ethanol 

solvent. The limits of detection (LOD) and limits of quantification (LOQ) of provitamin 

D2 and vitamin D2 of the chromatographic conditions of were determined at signal-to-

noise ratio (S/N) around three and ten, respectively. The LODs of provitamin D2 and 
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vitamin D2 were 0.10 µg/mL and 0.07 µg/mL, respectively. The LOQs of provitamin 

D2 and vitamin D2 were 0.33µg/mL and 0.23 µg/mL, respectively. The results of LODs 

and LOQs for provitmain D2 and vitamin D2 were shown in Table 6-1.  

 

 

Figure 6-1. The calibration curve of vitamin D2 

 

Figure 6-2. The calibration curve of provitamin D2 
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6.1.4 Precision, repeatability and recovery 

The precision of the HPLC-DAD method was determined by intra- and inter-day 

precision. Intra-day precision was tested by determination of three levels of standard 

solutions for 6 times within one day (n=6). The inter-day precision was determined 

within consecutive three days and each day was determined three times (n=9). For 

precision of vitamin D2, the RSD of intra- and inter-day precision of vitamin D2 were 

less than 0.36% and 1.03%, respectively. The RSD of inter-day precision at three levels 

of low, middle and high level were less than 0.55%, 1.03%, 0.71%, respectively, see 

Table 6-2. For precision provitamin D2, the RSDs of intra- and inter-day precision of 

provitamin D2 were less than 0.06% and 0.50%, respectively. The RSDs of inter-day 

precision at three levels of low, middle and high level were less than 0.30%, 0.50%and 

0.34%, respectively (see Table 6-2).  The intra- and inter-day precision for both vitamin 

D2 and provitamin D2 at three level tests were less than 1.03% in RSD value.  

The XBG extracted samples were analysed to measure repeatability of 

chromatographic method. The repeatability was determined by three levels of XBG 

extraction samples and each level was measured for six replicates. The RSD of vitamin 

D2 repeatability of chromatographic method was less than 0.90%. The levels of low, 

middle and high tests were less than 0.90%, 0.54% and 0.74%, respectively. The RSD 

of provitamin D2 repeatability of chromatographic method was less than 0.98%. The 

low level, middle and high level tests were less than0.15%, 0.47% and 0.98%, 

respectively, see Table 6-2. 

The extracted XBG sample was stored at room temperature for stability test. The 

stability was performed by analysing the store mushroom sample of different time 

period. The extracted sample was analysed at 2, 4, 6, 12, 13, 25 hours for test of stability. 
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The results indicated that the RSD of stability for vitamin D2 and provitamin D2 was 

less than 0.79% and 1.98%, respectively. 

The recovery was tested by adding known amount of standard into amount of 

mushroom sample. The mixture samples were prepared, extracted and analyzed as 

described in sample preparation in section 6.1.1  and section 6.1.2. The recovery was 

performed three times according to the method described as above. The average 

recovery of vitamin D2 was 92.64% from three replicated tests. The RSD of recovery 

of vitamin D2 was 1.49%. The average recovery of provitamin D2 was 96.70% from 

three replicate tests, and RSD value was 3.68%. The overall recovery for both vitamin 

D2 and provitamin D2 was over 92 % from three replicate tests, see Table 6-3. The 

recoveries were calculated by using formula as following: Recovery (%) = 100 % × 

(amount found – amount original)/amount spiked. 

 

Table 6-1.  Calibration curves, LOD and LOQ of the standard compounds 

Compounds 
Regression 

equation 
r2 Range (g/mL) 

LOD 

(g/mL) 

LOQ 

(g/mL) 

Vitamin D2 y = 23.739x +1.465 0.9999 117.22-0.46 0.07 0.23 

Provitamin D2 y = 15.177x -1.950 0.9999 317.30-1.24 0.10 0.33 



 

55 

 

Table 6-2. Intra- and inter-day precisions 

 
Conc  

(g/mL) 

Intra-day (n=6)  Inter-day (n=9) 

Observed 

Conc  

(g/mL) 

Accuracy 

(%) 

RSD 

(%) 

 

Observed 

Conc 

(g/mL) 

Accuracy 

(%) 

RSD 

(%) 

 Vitamin D2         

 61.38  61.44 100.10 0.06  60.87 99.17 0.71 

15.35  15.27 99.47 0.08  15.05 98.07 1.03 

3.84  3.78 98.38 0.36  3.76 97.92 0.55 

 Provitamin D2         

 
148.68  147.99 99.54 0.06  148.50 99.88 0.30 

37.17  37.12 99.88 0.06  37.01 99.57 0.50 

 9.29  9.49 102.16 0.27  9.45 101.68 0.34 

Accuracy (%) = 100%×mean of measured concentration/nominal concentration. 
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Table 6-3. Recovery of vitamin D2 and provitamin D2 

Compounds Original (g) Spiked (g) Found (g) Recovery (%) RSD (%, n=3) 

Vitamin D2 9.28 10.34 18.87 92.64 1.49 

Provitamin D2 458.90 497.33 939.81 96.70 3.68 

 

Table 6-4. The repeatability of chromatographic method 

Compounds  Weight(g) RSD(%, n=6) 

 0.4 0.90 

Vitamin D2  0.5 0.54 

 0.6 0.74 

 0.4 0.15 

Provitamin D2 0.5 0.47 

 0.6 0.98 
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Figure 6-3. Representative HPLC chromatograms of standards and extract mushroom 

sample: (A) vitamin D2 and provitamin D2 standard; (B) extract irradiated mushroom 

sample; (C) extract the mushroom sample without UV irradiation. 
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6.2 Vitamin D2 and provitamin D2 contents in mushroom 

6.2.1 Irradiation procedure 

The fresh king oyster mushrooms were cut out cap and bottom, and then were cut 

into slices of 1cm2. The fresh sliced mushrooms were placed in Petri dish, and then 

transferred into UV chamber for irradiation. The sliced mushrooms were exposed to 

UVB light (Beijing Zhongyiboteng Tech CO., LTD. Wavelength: 285-320nm). After 

UV radiation, the mushroom samples were dried by using vacuum-drier. And then the 

mushroom samples were kept in a vacuum-container until next step use of analysis. 

6.2.2 Dynamic trend of vitamin D2 content in the mushroom 

The king oyster mushroom was irradiated by six different time period to evaluate 

contents dynamic process between vitamin D2 and provitamin D2 based on our method. 

The results indicated that vitamin D2 content showed a linear increasing trend (y = 

0.998x + 15.75, r2=0.973) under UVB irradiation within 30 minute as showed in Figure 

6-4. The results revealed that vitamin D2 content showed very slowly increase after UV 

irradiation of one hour. The results indicated that it is linear change in content for both 

vitamin D2 and provitamin D2 in the mushroom during UVB irradiation within 30 

minute. 

The result demonstrated that linear change of content occurred within the first 30 

minute for both vitamin D2 and provitamin D2. The content of provitamin D2 was 

relatively dynamic stable in a range with UVB irradiation between 1 hour and 2.5 hour, 

and vitamin D2 tended to be a steady trend between 1 hour and 2.5 hour, see Figure 6-6. 

Our study was the first time report to monitor content dynamic process for both vitamin 

D2 and provitamin D2 in king oyster mushroom during UVB irradiation. Additional, 

we noticed that vitamin D2 was almost undetectable in the mushrooms if the 
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mushrooms were not irradiated by UVB light, which indicate that UVB irradiation is 

an effective way to enhance vitamin D2 content in the mushrooms. 

For vitamin D2, the dynamic trend in the mushroom during UVB irradiation from 

our results showed quite similar figure compared with previous reported results 

(Jasinghe & Perera, 2006). All the results showed that high efficiency accumulation of 

vitamin D2 in the mushroom occurred within one hour, and vitamin D2 tended to be 

relative stable range after one-hour irradiation.  

6.2.3 Dynamic trend of provitamin D2 content in the mushroom 

The results indicated that provitamin D2 showed a linear decreasing trend (y=-

0.003x+2.09, r2=0.942) under  UVB irradiation within 30 minute, as showed in Figure 

6-4.The results indicated that provitamin D2 content maintain in a relative stable 

dynamic range after UVB irradiation of one hour. Provitamin D2 content showed a 

relative stable range between 1 and 2.5 hours.  

In addition, we constructed a content relationship between vitamin D2 and 

provitamin D2 in the mushroom under UVB irradiation within 30min, which can be 

express a parabolic equation showed as: y=7127x2-29150x+29831, (y=vitamin D2, 

x=provitamin D2), see Figure 6-5. The relation equation of between vitamin D2 and 

provitminD2 may provide a simple way to estimate vitamin D2 content exposed to 

UVB light within 30 minute when the provitamin D2 content have been known in king 

oyster mushroom. For provitamin D2, we were the first time to demonstrate provitamin 

D2 dynamic trend in the mushroom during UVB irradiation. Our study was the first 

time to show that provitamin D2 dynamic trend in the mushroom irradiated by UV light 

within 30 minute.  
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Table 6-5. Contents of provitamin D2 in the mushroom 

Time (min) 
Provitamin D2  

(mg/g) 
SD (n=3) 

10 2.06 0.01 

20 2.01 0.02 

30 1.99 0.01 

60 1.91 0.00 

90 2.04 0.03 

120 1.87 0.04 

150 1.99 0.03 

 

Table 6-6. Contents of vitamin D2 in the mushroom 

Time (min)  
Vitamin D2 

(g/g) 
SD  (n=3) 

10  26.68 0.81 

20  33.81 1.37 

30  46.64 0.54 

60  74.66 4.70 

90  67.80 1.79 

120  89.59 0.83 

150  78.60 1.32 
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Figure 6-4. (A) Vitamin D2 content dynamic trend within 30 minute; (B) Provitamin 

D2 content dynamic trend within 30 minute 
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Figure 6-5. The relationship between vitamin D2 and provitamin D2 in the mushroom 
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Figure 6-6. (A) Vitamin D2 content dynamic trend with 150 minute; (B) Provitamin D2 

content dynamic trend within 150 minute 

6.3 Results and discussion 

6.3.1 Validation of HPLC-DAD method 

The developed method showed good linearity within test range for both vitamin 

D2 and provitamin D2 with r2=0.9999 and r2=0.9999, respectively. The LODs were 
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extraction samples for six replicates. The RSD of repeatability of chromatographic 

method of vitamin D2 and provitamin D2 were less than 0.90% and 0.98%, respectively. 

The results indicated that the developed method showed a good repeatability for both 

vitamin D2 and provitamin D2 in mushroom. The stability of vitamin D2 and 

provitamin D2 was performed within 24 hours. The RSDs of stability for vitamin D2 

and provitamin D2 were 0.79% and 1.98%, respectively.  The results indicated that 

vitamin D2 and provitamin D2 are relatively stable within 24 hours. The recoveries of 

vitamin D2 and provitamin D2 were performed by measuring three times. The overall 

recoveries of vitamin D2 and provitamin D2 were between 92%-97%. The developed 

method showed a reasonable recovery for both vitamin D2 and provitamin D2.  

The results demonstrated the developed method showed good intra-and inter day 

precise, repeatability of chromatographic method, and recovery. Validation tests of the 

developed method showed that the HPLC-DAD method is precise, accurate for 

determination of vitamin D2 and provitmain D2 in the mushroom. The method was 

successfully used for quantification of vitamin D2 and provitamin D2 in the mushroom. 

The developed method will provide a new approach to quantify vitamin D2 and 

provitamin D2 in mushrooms.  

6.3.2 Dynamic trend of provitamin D2 and vitamin D2 

The king oyster mushroom was irradiated by six different time period to evaluate 

content dynamic process for both vitamin D2 and provitamin D2 based on our method. 

The results indicated that vitamin D2 content showed a linear increasing trend (y = 

0.998x + 15.75, r2=0.973) exposed to UVB light within 30 minute. Contents of 

provitamin D2 in the mushroom showed a linear decreasing trend (y=-0.003x+2.09, 

r2=0.942) exposed to UVB light within 30 minute. The content of provitamin D2 was 

relatively dynamic stable in a range with UVB irradiation between one hour and 2.5 
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hour and vitamin D2 tended to be a steady trend between 1 hour and 2.5 hour. Ourt 

study was the first time to report content dynamic process for both vitamin D2 and 

provitamin D2 in king oyster mushroom during UVB irradiation. Contents of 

provitamin D2 and vitamin D2 were showed in Table 6-5 and Table 6-6. 

Additional, we noticed that vitamin D2 was almost undetectable in the mushrooms 

if the mushrooms were not irradiated by UVB light. This result indicated that UVB 

irradiation is an effective way to enhance vitamin D2 content in the mushrooms. 

Vitamin D2 contents in mushrooms can be rapidly accumulated in high level after short 

time period UVB irradiation.  

6.3.3 The relationship between provitamin D2 and vitamin D2 

Our results indicated that there was a content relationship between vitamin D2 and 

provitamin D2 in the mushroom during UVB irradiation within 30min. The relationship 

can be expressed as parabolic equation: y=7127x2-29150x+29831, (y=vitamin D2, 

x=provitamin D2). Firstly, the parabolic equation between vitamin D2 and provitamin 

D2 demonstrated content relationship between vitamin D2 and provitamin D2 in the 

mushroom during UVB irradiation. Secondly, the parabolic equation can be used for 

calculation of content of vitamin D2 or provitamin D2 as long as known one of 

parameters. The equation provides a way to calculate the content for both provitamin 

D2 and vitamin D2 in the mushroom during UVB irradiation with the first 30 minute. 

Our study was the first time to demonstrate the relationship between vitamin D2 and 

provitamin D2 in mushroom during UVB irradiation. 
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6.4 Summary 

In conclusion, we developed a method to quantify vitamin D2 and provitamin D2 

in the mushrooms. The validation tests of the method showed that this HPLC-DAD 

method is precise, accurate for determination of vitamin D2 in the mushrooms. The 

method was successfully used for quantification of vitamin D2 and provitamin D2 in 

the mushroom. The developed method will provide a new approach to quantify vitamin 

D2 in mushrooms.  

The results indicated that provitamin D2 and vitamin D2 content showed a linear 

increasing trend (y = 0.998x + 15.75, r2=0.973) exposed to UVB irradiation within 30 

minute. Contents of provitamin D2in the mushroom showed a linear decreasing trend 

(y=-0.003x+2.09, r2=0.942) exposed to UVB irradiation within 30 minute. The content 

of provitamin D2 was relatively dynamic stable in a range with UVB irradiation 

between one hour and 2.5 hour and vitamin D2 tended to be a steady trend between 1 

hour and 2.5 hour. 

The relationship between vitamin D2 and provitamin D2 in the mushroom during 

UVB irradiation within 30 min can be express by an equation. The relationship can be 

expressed as parabolic equation: y=7127x2-29150x+29831, (y=vitamin D2, 

x=provitamin D2, r2=1). The parabolic equation provides a way to calculate content 

relationship between vitamin D2 and provitamin D2 in the mushroom during UVB 

irradiation. The parabolic relation equation provides an approach to calculate the 

contents for vitamin D2 and provitamin D2 in the mushroom in specific time from 10 

to 30 minute.  
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Chapter 7 Effects of UV radiation on vitamin D4 in mushroom 

7.1 Method development for quantification of vitamin D4 

7.1.1 Sample preparation and extraction 

The sliced fresh mushrooms were irradiated by UVB light and were vacuum-dried 

after UVB irradiation. The vacuum-dried irradiated mushrooms were smashed by 

homogeniser as powder around 850 m particle size, and then were kept in vacuum-

container until next step analysis.  

Vacuum-dried 0.7g (dry weight) mushroom samples added four ml of ascorbic 

acid sodium salt, a 10 ml solution of 50% potassium hydroxide, and 50ml ethanol (99%), 

and then formed a mixed solution. The ascorbic acid sodium salt solution was prepared 

as two gram of ascorbic acid sodium salt in ten mL of sodium hydroxide (1M). The 

mixed solution was refluxed at 80 degrees for one hour for saponification. After that, it 

was cooled down to room temperature, and was transferred into separation funnel for 

separation. The mixture solution was extracted by fifteen ml Milli-Q water and then 

fifteen ml ethanol, and then extracted by n-pentane with volumes 50, 50 and 50 ml, 

respectively. The pooled organic layers were washed by 50 ml of a solution (3% 

potassium hydroxide in 5% ethanol) for three times, and then washed by Milli-Q water 

for three times until neutralized. Finally, the organic layer was evaporated by rotary 

evaporator at 40 ℃. After the evaporation of organic solvent, the sample was dissolved 

in five ml ethanol.  

7.1.2 HPLC-DAD Analysis 

HPLC analyses were performed on HPLC system of Agilent Series 1100 (Agilent 

Technologies, USA). The HPLC system was equipped with a vacuum degasser, a 
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quaternary pump, an auto-sampler and a diode array detector (DAD). The solvents 

which constituted the mobile phase included aqueous solution (A) and MeOH (B). The 

solvents which constituted the mobile phase included 0.05% formic acid aqueous 

solution (A) and ACN/MeOH (8.2:1.8, v/v) (B). Chromatographic separations were 

performed on Thermo Accucore XL C18 column (4.6× 250mm,4) coupled with guard 

column of Agilent Eclipse XDB-C18 (4.6×12.5mm,5) at ambient temperature, and 

gradient elution as following: 0–19 min, 93–100% B; 20-27 min, 100% B; and finally, 

reconditioning the column with 93% B isocratic for 10 min. The flow rate of mobile 

phase was set at 1 mL/min. the detection wavelength was set at 265nm and the injection 

volume was 20μl. Identification of vitamin D4 from the mushroom by comparing the 

retention time of vitamin D4 of mushroom sample with vitamin D4 standard under the 

identical chromatographic conditions based on HPLC-DAD method.  

7.1.3 Calibration curve, limit of detection and quantification 

Methanol stock solutions of standard compounds was prepared, and then diluted 

to suitable concentrations. More than seven different concentrations of the solution 

were tested in two replicates, and the calibration curve was plotted by the peak areas 

versus the concentration of vitamin D4. The linear regression equation of calibration 

curve was shown as following: y = 31.957x - 0.418 (x, Concentration; y, Area, 

r2=0.9999). Test ranges of calibration carve were from 30.07-0.12 g/mL. The limit of 

detection (LOD) and limit of quantification (LOQ) of vitamin D4 in the 

chromatographic conditions were determined at an S/N of around 3 and 10, respectively. 

LOD and LOQ of the vitamin D4 were 0.04 g/mL and 0.12 g/mL, respectively, see 

Table 7-1.  
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Figure 7-1. Calibration curve of vitamin D4 

 

 

 

Figure 7-2. Representative HPLC chromatograms of vitamin D4: (A) vitamin D4 

standard compound; (B) The mushroom sample 
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and three levels were examined for consecutive three days (n=9). The relative standard 

deviation (RSD) was used for the assessment of variation. The RSD of intra-and inter-

day were less than 0.44 % and 0.63%, respectively. For inter-day precision, three levels 

of low, middle and high tests were less than 0.63%, 0.62%, and 0.63%, respectively, as 

showed in Table 7-2.  

 The different levels of extracted mushroom samples were tested for the 

repeatability of chromatographic method. Three levels of mushroom sample were test 

for assessment of repeatability.  The mushroom samples of 0.7g, 0.8g and 0.9gwere 

extracted and prepared according to procedure described in section 7.1.1. Each level of 

XBG mushroom samples was analyzed six replicates (n=6), and results were assessed 

by RSD (%). The RSD of repeatability of chromatographic method was less than 1.20%. 

The tests levels of low, middle and high level were less than1.16%, 0.65% and 1.20%, 

respectively, see Table 7-3.  

The stability was performed by testing extracted mushroom sample with 48 hours. 

The mushroom extracted sample was stored at 4 ℃, and then analyzed at 1, 3, 29, 32 

and 48 hours for stability test. The results showed that the RSD of stability was less 

than 0.85%.  

The recovery was tested by adding known standard into amount of the mushroom 

sample. The mixture samples were prepared and analysed according to the method as 

described in section 7.1.1 and section 7.1.2. The recoveries were calculated by using 

formula as following: Recovery (%) = 100 %× (amount found – amount 

original)/amount spiked. The average recovery was 90.16% from two replicates tests, 

see Table 7-4 . 
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Table 7-1. Calibration curve, LOD and LOQ of vitamin D4 

Compound Regression equation r2 Range (g/mL) LOD (g/mL) LOQ (g/mL) 

Vitamin D4 y = 31.957x - 0.418 0.9999 30.07-0.12 0.04 0.12 

 

 

Table 7-2. Intra- and inter-day precisions  

Conc 

(g/mL) 
  

Intra-day 

(n=6) 

   
Inter-day 

   (n=9) 

  
Observed 

conc 

(g/mL) 

Accuracy  

(%) 

RSD  

(%) 

 
Observed 

conc 

(g/mL) 

Accuracy 

 (%) 

RSD  

(%) 

30.07  30.09 100.07 0.07  30.06 99.97 0.08 

3.76  3.81 101.41 0.48  3.80 101.07 0.62 

0.94  0.88 93.54 0.44  0.87 92.84 0.63 
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Table 7-3. The repeatability of chromatographic method 

Compound Weight (g) RSD (n=6, %) 

 0.7  1.16  

Vitamin D4 0.8 0.65 

 0.9 1.20  

 

Table 7-4. Recovery of vitamin D4 

Compound Original (g) Spiked (g) Found (g) Recovery (%) 

Vitamin D4 1.46 1.89 3.16 90.16 

Recovery (%) =100%× (amount found – amount original)/amount spiked 

 

7.2 Vitamin D4 contents in the mushroom 

7.2.1 Irradiation procedure 

The fresh king oyster mushrooms were cut out cap and bottom, and then were cut 

into slices of 1cm2. The fresh sliced 1cm2 mushrooms were placed in Petri dish, and 

then transferred into UV chamber for irradiation. The sliced mushrooms were irradiated 

under UVB light at 35℃ for time period of 10, 20 and 30 minute, respectively. After 

UV radiation, the mushroom samples were transferred into vacuum-drier for dryness, 

and then the mushroom samples were kept in a vacuum-container until next step use of 

analysis. 
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7.2.2 Vitamin D4 contents in mushroom 

After the irradiation the mushroom samples were prepared according to the 

procedure described in section 7.1.1. And then the samples were analysed according to 

the developed method. The mushroom sample were irradiated by three different time 

period, including 10, 20, 30 minute. The result showed that contents of vitamin D4 in 

the mushroom was in a range from 1.42 to 3.06 g/g in king oyster mushroom within 

30 min irradiation, as showed in Table 7-5.   

Vitamin D4 contents showed a linear increase trend within the first 30-minute 

irradiation. The linear equation can be expressed as: y = 0.081x + 0.389, r2=0.834, 

(y=vitamin D2, x= time) as showed in Figure 7-3. The results indicated that vitamin D4 

showed a linear increase trend within irradiation of 30 minute. The linearity of vitamin 

D4 (r2=0.834) was not as good as vitamin D2 (r2=0.934) in mushroom during UVB 

irradiation.  

 

Table 7-5. Contents of vitamin D4 in the mushroom 

Time(min)  Vitamin D4 (g/g) 

10  1.42 

20  1.61 

30  3.06 
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Figure 7-3. Content dynamic trend of vitamin D4 in the mushroom 

7.3 Results and discussion 

7.3.1 Validation of HPLC-DAD method 

The calibration curve of vitamin D4 showed good linear regression (r2=0.9999) 

within test range. The precision of the HPLC-DAD method was determined by intra- 

and inter-day precision. Intra-day precision was tested by determination of three levels 

of the standard solutions for six times within one day, while the inter-day precision was 

tested within consecutive three days. The RSD of intra- and inter-day precision were 

less than 0.48% and 0.63%, respectively. The results indicated that vitamin D4 showed 

a good precision with the developed method. The repeatability of chromatographic 

method was performed by determining by three levels of the mushroom extraction 

samples for six replicates. The RSD of repeatability of chromatographic method was 

less than 1.16%. The three test levels of low, middle and high were less than1.20%, 

0.65% and 1.16 %, respectively. The results demonstrated that the developed method 

for quantification of vitamin D4 showed a reasonable repeatability with RSD value less 
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than 1.20%. The recovery was performed by adding known amount of vitamin D4 into 

the mushroom sample.  The two tested was tested for recovery. The overall recovery of 

vitamin D4 was more than 90%. The developed method for determination of vitamin 

D4 in mushroom showed that good overall recovery. The validation tests of the 

developed method showed that this HPLC-DAD method is precise, accurate for 

determination of vitamin D2 in the mushroom. The developed method for 

quantification of vitamin D4 in mushroom will provide an approach to determine 

vitamin D4 in mushrooms.  

7.3.2 Vitamin D4 in mushroom 

The results showed that contents of vitaminD2 was about 15-20 fold higher than 

contents of vitamin D4 in the mushroom. The results indicated that vitamin D4 in 

mushroom during UVB irradiation showed a linear increasing trend within 30 minute 

(y = 0.081x + 0.389, r2=0.834, y= vitamin D4, x= time). The dynamic trend of vitamin 

D4 in mushroom showed a similar trend compared with vitamin D2 increased trend, 

which all showed linear increase trend within the first 30 minute. However, increasing 

linearity showed by vitamin D4 was not as good as increasing linearity showed by 

vitamin D2 in the mushroom. The reason of vitamin D4 showed a relative weaker 

linearity may be due to the mushroom contained quite small amount of vitamin D4, 

which caused that it was not easy to form good linearity.  

7.3.3 The relationship between vitamin D4 and vitamin D2 

The results indicated that both vitamin D4 and vitamin D2 showed a linear increase 

with time within 30 minute. Therefore, vitamin D4 and vitamin D2 in the mushroom 

also have a potential relationship in contents. The results indicated that when vitamin 

D4 contents were increasing along with irradiation time, vitamin D2 contents were also 
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increasing along with irradiation time. Thus, both vitamin D4 and vitamin D2 showed 

a relationship with similar increasing trend in the mushroom. The relationship can be 

constructed as linear relationship between vitamin D4 and vitamin D2 in the mushroom 

during UVB irradiation. The relationship between vitamin D4 and vitamin D2 can be 

expressed as: y=10.91 x+13.58, r2=0.935. Firstly, the relation equation between vitamin 

D4 and vitamin D2 demonstrated content relationship of vitamin D4 and vitamin D2 in 

the mushroom. Secondly, the relation equation between vitamin D4 and vitamin D2 

demonstrated the synchronism in increasing trend between vitamin D4 and vitamin D2 

in the mushroom during UV irradiation. The equation indicated that there was a very 

good synchronism in increasing for both vitamin D2 and vitamin D4 in the mushroom.  

The results indicated that mushroom irradiated by UVB light can stimulate 

production of vitamin D2, but also stimulate vitamin D4 production in king oyster 

mushroom. Vitamin D2 and vitamin D4 in the mushroom irradiated by UV light showed 

a linear increase within 30 minute. There was a linear relationship between vitamin D4 

and vitamin D2 in the mushroom during UVB irradiation.  
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Table 7-6. Vitamin D4 and vitamin D2 contents in the mushroom 

Time (min) VD2 contents (g/g) VD4 contents (g/g) 

10 26.68 1.42 

20 33.81 1.61 

30 46.64 3.06 

 

 

Figure 7-4. Content and dynamic trends of vitamin D4 and vitamin D2 in the mushroom 

 

Figure 7-5. The content relationship between vitamin D4 and vitamin D2 in the 

mushroom 
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7.4 Summary 

In conclusion, we develop a HPLC-DAD method for quantification of vitamin D4 

in mushrooms. Validation tests of the method showed that this HPLC-DAD method is 

precise, accurate for determination of vitamin D2 in the mushroom. The developed 

method for quantification of vitamin D4 in mushroom will provide an approach to 

determine vitamin D4 in mushroom. 

The contents of vitamin D4 in the mushroom were in a range from 1.42 to 3.06 

g/g in king oyster mushroom within 30 min irradiation. The content dynamic trend of 

vitamin D4 in mushroom during UVB irradiation showed a linear increasing trend 

within 30 minute. The linear equation can be expressed as: y = 0.081x + 0.389, r2=0.834. 

Dynamic trend of vitamin D4 in mushroom showed a similar trend compared with 

vitamin D2 increased trend, which all showed linear increase trend within the first 30 

minute. Vitamin D4 and vitamin D2 showed a relationship with similar increasing trend 

in the mushroom. The relationship can be constructed as linear relationship between 

vitamin D4 and vitamin D2 in the mushroom during UVB irradiation. The relationship 

between vitamin D4 and vitamin D2 can be expressed as a linear equation (y=10.91 

x+13.58, r2=0.935, y=vitamin D2, x= vitamin D). 
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Chapter 8 General results and discussion 

8.1 The HPLC methods for vitamin D2, provitamin D2 and vitamin D4 

The developed method of quantification of vitamin D2 and provitamin D2  showed 

good linearity within test range for both vitamin D2 and provitamin D2 with r2=0.9999 

and r2=0.9999, respectively, see Table 6-1. The RSD of inter-day precision of vitamin 

D2 and provitamin D2 were less than 1.03% and 0.50%, respectively. The RSD of 

repeatability of chromatographic method of vitamin D2 and provitamin D2 were less 

than 1.27% and 0.20%, respectively. The overall recovery of vitamin D2 and 

provitamin D2 were between 92%-97%. The developed method showed good intra-and 

inter day precise, repeatability, and recovery. Validation tests of the method showed 

that this HPLC-DAD method is precise, accurate for determination of vitamin D2 in 

the mushrooms. The method was successfully used for quantification of vitamin D2 

and provitamin D2 in the mushroom.  

The validation testes of quantification for vitamin D4 in mushrooms showed good 

linear regression (r2=0.9999) within test range. The precision of the HPLC-DAD 

method was determined by intra- and inter-day precision. The RSD of intra- and inter-

day precision were less than 0.44% and 0.63%, respectively. The repeatability of 

chromatographic method of chromatographic method was determined by three levels 

of the mushroom extraction samples for six replicates. The three test levels of low, 

middle and high were less than1.20%, 0.65% and 1.16 %, respectively. The developed 

method for determination of vitamin D4 in mushroom showed that good overall 

recovery. The recovery of vitamin D4 was more than 90%. Validation tests of those 

methods showed that this HPLC-DAD method is precise, accurate for determination of 
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vitamin D4, vitamin D2 and provitamin D2 in the mushroom. The developed method 

will provide a new approach to quantify vitamin D2 and provitamin D2 in mushrooms, 

and provide a method to quantify vitamin D4 in mushrooms.  

8.2 Effects of UV irradiation on vitamin D4 

8.2.1 Dynamic trend of vitamin D4 in the mushroom 

The results indicated that vitamin D4 in mushroom during UVB irradiation 

showed a linear increase trend within 30 minute (r2=0.83). Dynamic trend of vitamin 

D4 in mushroom showed a similar trend compared with vitamin D2 trend, which was 

that both of vitamin D4 and vitamin D2 showed linear increasing trend within the first 

30 minute. However, increasing linearity showed by vitamin D4 was not as good as 

increasing linearity showed by vitamin D2 in the mushroom. The reason of vitamin D4 

showed a relative weaker linearity may be due to the mushroom contained quite small 

amount of vitamin D4. Thus it showed weaker linearity compared with vitamin D2 in 

the mushroom during UVB irradiation.  

The results indicated that mushroom irradiated by UVB light can stimulate vitamin 

D2 production, but also stimulate vitamin D4 production in king oyster mushroom. The 

results may imply that the biological activities for bone mineralization showed by 

mushroom, which not only contribute vitamin D2, but also contribute vitamin D4 in the 

irradiation mushroom.   

8.2.2 The relationship between vitamin D4 and vitamin D2 

The results showed that content of vitamin D2 was about 15-20 fold higher than 

content of vitamin D4 in the mushroom. Because both vitamin D4 and vitamin D2 

showed a linear increase with time within 30 minute, therefore, vitamin D4 and vitamin 

D2 in the mushroom also have a potential relationship in content. The results indicated 
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that when vitamin D4 content increased with time, vitamin D2 content also increased 

along with time. Thus, there was a relationship between vitamin D4 and vitamin D2 in 

the mushroom. The relationship can be constructed as linear relation between vitamin 

D4 and vitamin D2 in the mushroom during UVB irradiation. The relationship between 

vitamin D4 and vitamin D2 in the mushroom can be expressed as: y=10.91 x +13.58, 

r2=0.935. The linear equation indicated that there was a good linearity between vitamin 

D4 and vitamin D2 in the mushroom.  

Vitamin D2 and vitamin D4 in the mushroom irradiated by UV light showed a 

linear increase within 30 minute. There was a linear relationship between vitamin D4 

and vitaminD2 in the mushroom during UVB irradiation. The results indicated that 

contents of both vitamin D4 and vitamin D2 in the mushroom irradiated by UVB light 

was simultaneously increased and showed similar trend within 30 minute.  

8.3 Effects of UV radiation on vitamin D2 

8.3.1 Vitamin D2 content under different UV light 

In our study, we compared three different UV light for stimulate vitamin D2 

production. The results showed that the UVB light was most effective light for 

stimulating vitamin D2 accumulation in king oyster mushrooms. The UVC light had 

also showed capability to stimulate vitamin D2 production in the mushroom. However, 

the results demonstrated that vitamin D2 content in king oyster mushroom irradiated by 

UVC light was less than vitamin D2 content in the mushroom irradiated by UVB light. 

The results showed that vitamin D2 irradiated by UVA light was undetectable in the 

mushroom, which indicated that UVA light was almost no effect to stimulate vitamin 

D2 production in the mushroom.  
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Our results demonstrated that UVB is an effective light to stimulate vitamin D2 

production in the mushroom. UVC light showed less effective in stimulation production 

of vitamin D2. UVA light was almost no effect to stimulate vitamin D2 production in 

the mushroom.  

8.3.2 Vitamin D2 contents in other mushrooms 

In the present study, we investigated vitamin D2 contents in other mushrooms. 

The results demonstrated that the highest level content of vitamin D2 was found in XBG 

and SBG mushrooms. Middle content level of vitamin D2 was found in JZG, BG and 

XG; and the lowest level content of vitamin D2 was found in mushroom of LZG and 

PG. 

The results of vitamin D2 contents among three types of XBG, including from 

mainland China, Hong Kong, South Korea, showed that similar contents in vitamin D2. 

However, the XBG from South Korea showed higher content of vitamin D2 than from 

China mainland and Hong Kong. The results demonstrated that the highest content of 

vitamin D2 was found in XBG, and lowest content of vitamin D2 was found in LZG. 

The investigation results found that XBG and SBG have showed higher contents in 

vitamin D2 after UVB irradiation. The lowest contents of vitamin D2 were found in 

LZG; and JZG showed middle contents in vitamin D2 compared with other mushrooms.  

8.4 Effects of UV radiation on vitamin D2 and provitamin D2 

8.4.1 Dynamic trend of provitamin D2 in the mushroom 

The king oyster mushroom was irradiated by six different time period to evaluate 

content dynamic process between vitamin D2 and provitamin D2 based on our method. 

The results indicated that provitamin D2 showed a linear increasing trend (y=-

0.003x+2.09, r2=0.942) under UVB irradiation within 30 minute. The results 
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demonstrated that it is significantly change in content for provitamin D2 in the 

mushroom during UVB irradiation within 30 minute. The content of provitamin D2 

maintain in a relative stable dynamic range after UVB irradiation of one hour. 

The result demonstrated that content linear change occurred within first 30 minute 

for provitamin D2. The contents of provitamin D2 was relatively dynamic stable in a 

range with UVB irradiation between 1 hour and 2.5 hour. It was the first report to 

monitor contents dynamic process for both vitamin D2 and provitamin D2 in king 

oyster mushroom during UVB irradiation.  

8.4.2 Dynamic trend of vitamin D2 in the mushroom 

The results indicated that vitamin D2 contents showed a linear increasing trend (y 

= 0.998x + 15.75, r2=0.973) exposed to UVB irradiation within 30 minute. The results 

demonstrated that it is significantly change in contents for vitamin D2 in the mushroom 

during UVB irradiation within 30 minute. The results revealed that vitamin D2 contents 

showed very slowly increase after UV irradiation of one hour. The contents of vitamin 

D2 tended to be a relatively steady trend between 1 hour and 2.5 hour. All the results 

showed that high efficiency accumulation of vitamin D2 in the mushroom occurred 

within 1 hour, and vitamin D2 tended to be relatively stable range. 

8.4.3 The relationship between provitamin D2 and vitamin D2 

In our study, we demonstrated a relationship between provitamin D2 and vitamin 

D2 in the mushroom during UVB irradiation. Our results indicated that thecontent 

relationship between vitamin D2 and provitamin D2 in the mushroom under UVB 

irradiation within 30min could be expressed as y=7127x2-29150x+29831, (y=vitamin 

D2, x=provitamin D2). The relation equation of between vitamin D2 and provitmin D2 
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may provide a simple way to estimate vitamin D2 content exposed to UVB light within 

30minute when the provitamin D2 content have been known for king oyster mushroom. 

In this study, we were the first time to demonstrate that relationship between 

provitamin D2 and vitamin D2 in the mushroom during UVB irradiation, which can be 

expressed as parabolic equation. This equation can be used for calculation vitamin D2 

and provitamin D2 content in the mushroom within 30 minutes.  
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Chapter 9 General conclusions and future work 

9.1 Method for quantification of vitamin D4 in mushroom 

In the present study, we developed a method to quantify vitamin D4 in mushrooms. 

The developed method for determination of vitamin D4 in mushroom showed that good 

linearity, precise, repeatability and reasonable recovery. The validation tests of the 

method showed that this HPLC-DAD method is precise, accurate for determination of 

vitamin D4 in the mushroom. The developed method for quantification of vitamin D4 

in mushroom will provide an approach to determine vitamin D4 in mushroom. Vitamin 

D4 in mushrooms is relatively new, it is quite significant to determinate vitamin D4 in 

mushrooms. However, there has not yet a HPLC-DAD method to quantify vitamin D4 

in mushroom so far. Herein, we developed HPLC–DAD method to quantify vitamin 

D4 in mushroom. The developed method will provide an approach to quantification of 

vitamin D4 in the mushrooms. 

9.2 Vitamin D4 in mushroom 

In our study, the results indicated that vitamin D4 in mushroom during UVB 

irradiation showed a linear increasing trend within 30 minute. The dynamic trend of 

vitamin D4 in mushroom showed a similar trend with vitamin D2. Both of them showed 

a linear increasing trend within the first 30 minute.  

The results showed that content of vitaminD2 was about 15-20 fold higher than 

content of vitamin D4 in the mushroom. Vitamin D4 and vitamin D2 showed a linear 

increase with time within 30 minute. The relationship can be constructed as linear 

relation between vitamin D4 and vitamin D2 in the mushroom during UVB irradiation. 
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The relationship between vitamin D4 and vitamin D2 in the mushroom can be expressed 

as: y=10.91 x + 13.58, r2=0.935.  

There was a good linear relationship between vitamin D4 and vitaminD2 in the 

mushroom during UVB irradiation, which indicated that vitamin D2 and vitamin D4 in 

the mushroom irradiated by UV light showed synchronic increase within 30 minute. 

Our study was first to demonstrate that there has a linear relationship between vitamin 

D2 and vitamin D4 in the mushroom during UVB irradiation within 30 minute.  

9.3 Method for quantification of vitamin D2 and provitamin D2 

In our study, we developed a HPLC method to determine vitamin D2 and 

provitamin D2 in the mushroom. The developed method showed good linearity within 

test range, good intra-and inter-precise and accuracy for both vitamin D2 and 

provitamin D2. The validation tests of the method showed that this HPLC-DAD method 

is precise, accurate for determination of vitamin D2 and provitamin D2 in the 

mushroom. The developed method has been successfully used for quantification of 

vitamin D2 and provitamin D2 in mushroom to simultaneously quantify vitamin D2 

and provitamin D2 in the mushroom. The developed method for simultaneous 

quantification vitamin D2 and provitamin D2 will provide a new approach to quantify 

vitamin D2 and provitamin D2 in mushrooms. 

9.4 Vitamin D2 and provitamin D2 in mushroom 

In our study, the results indicated that vitamin D2 content showed a linear 

increasing trend (y = 0.998x + 15.75, r2=0.973) exposed to UVB irradiation within 30 

minute. Our results indicated that provitamin D2 showed a linear decreasing trend (y=-

0.003x+2.09, r2=0.942) under UVB irradiation within 30 minute. The results 
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demonstrated that it is significantly change in content for vitaminD2 and provitamin 

D2in the mushroom during UVB irradiation within 30 minute. The results revealed that 

vitamin D2 content showed very slowly increase after UV irradiation of one hour. The 

content of vitamin D2 tended to be a steady trend between 1 hour and 2.5 hour. The 

results indicated that high efficiency accumulation of vitamin D2 in the mushroom 

occurred within 1 hour. 

Our study demonstrated a relationship between provitamin D2 and vitamin D2 in 

the mushroom during UVB irradiation. In the present study, we demonstrated the 

content relationship between vitamin D2 and provitamin D2in the mushroom under 

UVB irradiation within 30minute. The relationship can be expressed as a parabolic 

equation: y=7127x2-29150x+29831, (y=vitamin D2, x=provitamin D2). Our study was 

the first time to show content dynamic process and relationship for both vitamin D2 and 

provitamin D2 in king oyster mushroom during UVB irradiation.  

9.5 Vitamin D4, vitamin D2 and provitamin D2 in mushroom 

In our study, we found a content relation between vitamin D4 and vitamin D2. The 

content of vitamin D2 was about 15-20 fold higher than content of vitamin D4 in the 

mushroom. They showed linear increasing trend within 30 minute for both vitamin D4 

and vitamin D2 in the mushroom. Vitamin D2 and vitamin D4 showed a linear 

relationship in the mushroom during UVB irradiation. The relationship between 

vitamin D4 and vitamin D2 can be expressed as: y=10.91 x+13.58, r2=0.935. The 

relation equation between vitamin D4 and vitamin D2 demonstrated content 

relationship of vitamin D4 and vitamin D2 in the mushroom. The equation indicated 

that the synchronism in increasing trend between vitamin D4 and vitamin D2 in the 

mushroom during UV irradiation. 
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Provitamin D2 in the mushroom showed a linear deceasing trend within 30 minute. 

Vitamin D2 showed a linear increasing trend in the mushroom during within 30 minute. 

The relationship between vitamin D2 and provitamin D2 can be expressed a parabolic 

equation, which could be expressed as y=7127x2-29150x+29831, (y=vitamin D2, 

x=provitamin D2). The parabolic equation between vitamin D2 and provitamin D2 

demonstrated content relationship of provitamin D2 and vitamin D2 in the mushroom 

during UV irradiation.  

In our study, it was the first time to demonstrate the relationship between vitamin 

D2 and vitamin D4 in mushroom, and the relationship between vitamin D2 and 

provitamin D2 in mushroom during UV irradiation. Our study will provide important 

content information of vitamin D2 and vitamin D4 in the mushroom, and pave an 

important way for further study on biological activities.  

9.6 Future studies 

Our study provides content information for vitamin D2, vitamin D4 and 

provitamin D2 in the mushroom. Also, we provide the content relationship between 

vitamin D2 and vitamin D4 in the mushroom, and relationship between vitamin D2 and 

provitamin D2 in the mushroom. Our study will provide important information for 

content of vitamin D2 and vitamin D4 in the mushroom, and provide important step for 

biological activities.  

In next step, other mushrooms can be used for test for vitamin D2 and provitamin 

D2 in mushrooms, and vitamin D4 to compare the contents between different 

mushrooms. 

In addition, it would be significant to conduct biological activities test. Vitamin D 

biological functions are closed related with bone mineralization and bone health. In the 
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future work, the mushroom irradiated by UV light can be used for test in vivo to further 

demonstrate its biological functions to evaluate the effects of mushrooms irradiated by 

UV light. The mushrooms with UV irradiation testes in vivo test will provide more 

systematic information for effects of the mushroom to increasing bone density.



 

 
90 

References 

Adewoye AH, Holick MF, McMahon LC, Ma Q, Steinberg MH (2006) Long-term 

vitamin D supplementation improves bone mineral density (BMD) in patients with 

sickle cell disease. Blood 108: 25b-25b 

Antico A, Tampoia M, Tozzoli R, Bizzaro N (2012) Can supplementation with vitamin 

D reduce the risk or modify the course of autoimmune diseases? A systematic 

review of the literature. Autoimmun Rev 12: 127-136 

Balvers MG, Brouwer-Brolsma EM, Endenburg S, de Groot LC, Kok FJ, Gunnewiek 

JK (2015) Recommended intakes of vitamin D to optimise health, associated 

circulating 25-hydroxyvitamin D concentrations, and dosing regimens to treat 

deficiency: workshop report and overview of current literature. J Nutr Sci 4: e23 

Barth J (1987) [Johann Wilhelm Ritter (1776-1810) and the discovery of ultraviolet 

irradiation 185 years ago]. Hautarzt 38: 301-303 

Bilinski K, Boyages J (2013) Association between 25-hydroxyvitamin D concentration 

and breast cancer risk in an Australian population: an observational case-control 

study. Breast Cancer Res Treat 137: 599-607 

Bischoff-Ferrari HA, Giovannucci E, Willett WC, Dietrich T, Dawson-Hughes B (2006) 

Estimation of optimal serum concentrations of 25-hydroxyvitamin D for multiple 

health outcomes. Am J Clin Nutr 84: 18-28 

Boomsma F, Jacobs HJC, Havinga E, Vandergen A (1977) Studies on Vitamin-D and 

Related Compounds .26. Over-Irradiation Products of Previtamin-D and 

Tachysterol - Toxisterols. Recueil Des Travaux Chimiques Des Pays-Bas-Journal 

of the Royal Netherlands Chemical Society 96: 104-112 



 

 
91 

Burgaz A, Orsini N, Larsson SC, Wolk A (2011) Blood 25-hydroxyvitamin D 

concentration and hypertension: a meta-analysis. J Hypertens 29: 636-645 

Calvo MS, Babu US, Garthoff LH, Woods TO, Dreher M, Hill G, Nagaraja S (2013) 

Vitamin D2 from light-exposed edible mushrooms is safe, bioavailable and 

effectively supports bone growth in rats. Osteoporos Int 24: 197-207 

Cantorna MT, McDaniel K, Bora S, Chen J, James J (2014) Vitamin D, immune 

regulation, the microbiota, and inflammatory bowel disease. Exp Biol Med 239: 

1524-1530 

Chang CY, Lue MY, Pan TM (2005) Determination of adenosine, cordycepin and 

ergosterol contents in cultivated Antrodia camphorata by HPLC method. J Food 

Drug Anal 13: 338-342 

Chien KL, Hsu HC, Chen PC, Lin HJ, Su TC, Chen MF, Lee YT (2015) Total 25-

hydroxyvitamin D concentration as a predictor for all-cause death and 

cardiovascular event risk among ethnic Chinese adults: a cohort study in a Taiwan 

community. PLoS One 10: e0123097 

De Luca HF, Weller M, Blunt JW, Neville PF (1968) Synthesis, biological activity., 

and metabolism of 22,23-3H vitamin D4. Arch Biochem Biophys 124: 122-128 

Deleskog A, Piksasova O, Silveira A, Samnegard A, Tornvall P, Eriksson P, Gustafsson 

S, Ostenson CG, Ohrvik J, Hamsten A (2012) Serum 25-hydroxyvitamin D 

concentration, established and emerging cardiovascular risk factors and risk of 

myocardial infarction before the age of 60 years. Atherosclerosis 223: 223-229 

DeLuca HF (2004) Overview of general physiologic features and functions of vitamin 

D. Am J Clin Nutr 80: 1689S-1696S 



 

 
92 

Dini C, Bianchi A (2012) The potential role of vitamin D for prevention and treatment 

of tuberculosis and infectious diseases. Ann Ist Super Sanita 48: 319-327 

Dixon KM, Mason RS (2009) Vitamin D. Int J Biochem Cell Biol 41: 982-985 

Dong YB, Stallmann-Jorgensen IS, Pollock NK, Harris RA, Keeton D, Huang Y, Li K, 

Bassali R, Guo DH, Thomas J, Pierce GL, White J, Holick MF, Zhu HD (2010) A 

16-Week Randomized Clinical Trial of 2000 International Units Daily Vitamin D-

3 Supplementation in Black Youth: 25-Hydroxyvitamin D, Adiposity, and Arterial 

Stiffness. J Clin Endocrinol Metab 95: 4584-4591 

Du X, Greenfield H, Fraser DR, Ge K, Trube A, Wang Y (2001) Vitamin D deficiency 

and associated factors in adolescent girls in Beijing. Am J Clin Nutr 74: 494-500 

Feeney MJ, Dwyer J, Hasler-Lewis CM, Milner JA, Noakes M, Rowe S, Wach M, 

Beelman RB, Caldwel J, Cantorna MT, Castlebury LA, Chang ST, Cheskin LJ, 

Clemens R, Drescher G, Fulgoni VL, Haytowitz DB, Hubbard VS, Law D, Miller 

AM, Minor B, Percival SS, Riscuta G, Schneeman B, Thornsbury S, Toner CD, 

Woteki CE, Wu DY (2014) Mushrooms and Health Summit Proceedings. J Nutr 

144: 1128s-1136s 

Forouhi NG, Ye Z, Rickard AP, Khaw KT, Luben R, Langenberg C, Wareham NJ 

(2012) Circulating 25-hydroxyvitamin D concentration and the risk of type 2 

diabetes: results from the European Prospective Investigation into Cancer (EPIC)-

Norfolk cohort and updated meta-analysis of prospective studies. Diabetologia 55: 

2173-2182 

Gannage-Yared MH, Chemali R, Yaacoub N, Halaby G (2000) Hypovitaminosis D in 

a sunny country: relation to lifestyle and bone markers. J Bone Miner Res 15: 

1856-1862 



 

 
93 

Garland CF, Garland FC, Gorham ED, Lipkin M, Newmark H, Mohr SB, Holick MF 

(2006) The role of vitamin D in cancer prevention. Am J Public Health 96: 252-

261 

Garland CF, Gorham ED, Mohr SB, Grant WB, Giovannucci EL, Lipkin M, Newmark 

H, Holick MF, Garland FC (2007) Vitamin D and prevention of breast cancer: 

Pooled analysis. J Steroid Biochem Mol Biol 103: 708-711 

George PS, Pearson ER, Witham MD (2012) Effect of vitamin D supplementation on 

glycaemic control and insulin resistance: a systematic review and meta-analysis. 

Diabet Med 29: E142-E150 

Ginde AA, Scragg R, Schwartz RS, Camargo CA, Jr. (2009) Prospective study of serum 

25-hydroxyvitamin D level, cardiovascular disease mortality, and all-cause 

mortality in older U.S. adults. J Am Geriatr Soc 57: 1595-1603 

Grant WB (2008) Hypothesis-ultraviolet-B irradiance and vitamin D reduce the risk of 

viral infections and thus their sequelae, including autoimmune diseases and some 

cancers. Photochem Photobiol 84: 356-365 

Havinga E (1973) Vitamin D, example and challenge. Experientia 29: 1181-1193 

Havinga EDK, R.J. , Rappoldt, M.P. (1960) The photochemical interconversions of 

provitamin D, lumisterol, previtamin D and tachysterol. Tetrahedron 11: 276–284 

Heaney RP, Dowell MS, Hale CA, Bendich A (2003) Calcium absorption varies within 

the reference range for serum 25-hydroxyvitamin D. J Am Coll Nutr 22: 142-146 

Hirsch AL (2000) Kirk-Othmer Encyclopedia of Chemical Technology: John Wiley & 

Sons, Inc. 



 

 
94 

Holick MF (2005) The influence of vitamin D on bone health across the life cycle. J 

Nutr 135: 2726S-2727S 

Holick MF (2006) Resurrection of vitamin D deficiency and rickets. J Clin Invest 116: 

2062-2072 

Holick MF (2007) Vitamin D deficiency. New Engl J Med 357: 266-281 

Holick MF (2008) Vitamin D and sunlight: Strategies for cancer prevention and other 

health benefits. Clin J Am Soc Nephrol 3: 1548-1554 

Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, Heaney RP, 

Murad MH, Weaver CM (2011) Evaluation, Treatment, and Prevention of Vitamin 

D Deficiency: an Endocrine Society Clinical Practice Guideline (vol 96, pg 1911, 

2011). J Clin Endocrinol Metab 96: 3908-3908 

Holick MF, Chen TC (2008) Vitamin D deficiency: a worldwide problem with health 

consequences. Am J Clin Nutr 87: 1080s-1086s 

Hossein-nezhad A, Holick MF (2013) Vitamin D for Health: A Global Perspective. 

Mayo Clin Proc 88: 720-755 

Huang SJ, Lin CP, Mau JL, Li YS, Tsai SY (2015) Effect of UV-B Irradiation on 

Physiologically Active Substance Content and Antioxidant Properties of the 

Medicinal Caterpillar Fungus Cordyceps militaris (Ascomycetes). Int J Med 

Mushrooms 17: 241-253 

IARC (1992) IARC monographs on the evaluation of carcinogenic risks to humans. 

Solar and ultraviolet radiation. IARC Monogr Eval Carcinog Risks Hum 55: 1-316 



 

 
95 

Jasinghe VJ, Perera CO (2005) Distribution of ergosterol in different tissues of 

mushrooms and its effect on the conversion of ergosterol to vitamin D-2 by UV 

irradiation. Food Chem 92: 541-546 

Jasinghe VJ, Perera CO (2006) Ultraviolet irradiation: The generator of Vitamin D-2 in 

edible mushrooms. Food Chem 95: 638-643 

Jedlickova L, Gadas D, Havlova P, Havel J (2008) Determination of ergosterol levels 

in barley and malt varieties in the Czech Republic via HPLC. J Agric Food Chem 

56: 4092-4095 

Judd SE, Tangpricha V (2009) Vitamin D Deficiency and Risk for Cardiovascular 

Disease. Am J Med Sci 338: 40-44 

Kalaras MD, Beelman RB, Elias RJ (2012) Effects of Postharvest Pulsed UV Light 

Treatment of White Button Mushrooms (Agaricus bisporus) on Vitamin D-2 

Content and Quality Attributes. J Agric Food Chem 60: 220-225 

Ko JA, Lee BH, Lee JS, Park HJ (2008) Effect of UV-B exposure on the concentration 

of vitamin D(2) in sliced shiitake mushroom (Lentinus edodes) and white button 

mushroom (Agaricus bisporus). J Agric Food Chem 56: 3671-3674 

Koyama N, Aoyagi Y, Sugahara T (1984) Fatty-Acid Compositions and Ergosterol 

Contents of Edible Mushrooms. J Jpn Soc Food Sci 31: 732-738 

Koyyalamudi SR, Jeong SC, Pang G, Teal A, Biggs T (2011) Concentration of vitamin 

D-2 in white button mushrooms (Agaricus bisporus) exposed to pulsed UV light. 

J Food Compos Anal 24: 976-979 

Kubodera N (2009) A new look at the most successful prodrugs for active vitamin D 

(D hormone): alfacalcidol and doxercalciferol. Molecules 14: 3869-3880 



 

 
96 

Kumar J, Muntner P, Kaskel FJ, Hailpern SM, Melamed ML (2009) Prevalence and 

Associations of 25-Hydroxyvitamin D Deficiency in US Children: NHANES 

2001-2004. Pediatrics 124: E362-E370 

Lips P (2010) Worldwide status of vitamin D nutrition. J Steroid Biochem Mol Biol 

121: 297-300 

Lips P, Hosking D, Lippuner K, Norquist JM, Wehren L, Maalouf G, Ragi-Eis S, 

Chandler J (2006) The prevalence of vitamin D inadequacy amongst women with 

osteoporosis: an international epidemiological investigation. J Intern Med 260: 

245-254 

Liu JJ, Huang WH, Lv ML, Si JP, Guo BL, Li SJ (2011) [Determination of ergosterol 

in Ganoderma lucidum from different varieties and cultured tree species by HPLC]. 

Zhong Yao Cai 34: 187-190 

Liu L, Chen M, Hankins SR, Nunez AE, Watson RA, Weinstock PJ, Newschaffer CJ, 

Eisen HJ, Drexel Cardiovascular Health Collaborative Education R, Evaluation G 

(2012) Serum 25-hydroxyvitamin D concentration and mortality from heart failure 

and cardiovascular disease, and premature mortality from all-cause in United 

States adults. Am J Cardiol 110: 834-839 

Looker AC, Johnson CL, Lacher DA, Pfeiffer CM, Schleicher RL, Sempos CT (2011) 

Vitamin D status: United States, 2001-2006. NCHS data brief: 1-8 

Lu HK, Zhang Z, Ke YH, He JW, Fu WZ, Zhang CQ, Zhang ZL (2012) High 

prevalence of vitamin D insufficiency in China: relationship with the levels of 

parathyroid hormone and markers of bone turnover. PLoS One7: e47264 



 

 
97 

Luczynska A, Kaaks R, Rohrmann S…Nieters A (2013) Plasma 25-hydroxyvitamin D 

concentration and lymphoma risk: results of the European Prospective 

Investigation into Cancer and Nutrition. Am J Clin Nutr 98: 827-838 

Marwaha RK, Tandon N, Garg MK, Kanwar R, Narang A, Sastry A, Saberwal A, 

Bandra K (2011) Vitamin D status in healthy Indians aged 50 years and above. J 

Assoc Physicians India 59: 706-709 

Mattila P, Konko K, Eurola M, Pihlava JM, Astola J, Vahteristo L, Hietaniemi V, 

Kumpulainen J, Valtonen M, Piironen V (2001) Contents of vitamins, mineral 

elements, sand some phenolic compounds in cultivated mushrooms. J Agric Food 

Chem 49: 2343-2348 

Mattila P, Lampi AM, Ronkainen R, Toivo J, Piironen V (2002) Sterol and vitamin D-

2 contents in some wild and cultivated mushrooms. Food Chem 76: 293-298 

Mau JL, Chen PR, Yang JH (1998) Ultraviolet irradiation increased vitamin D-2 

content in edible mushrooms. J Agric Food Chem 46: 5269-5272 

McCullum EV SN, Becker JE, Shipley PG (1922) Studies on experimental rickets. XXI. 

An experimental demonstration of the existence of a vitamin which promotes 

calcium deposition. J Biol Chem 53: 293-312 

Mellanby E (1919) An Experimental Investigation on rickets. The Lancet 193: 407–

412 

Mohr SB, Garland CF, Gorham ED, Grant WB, Garland FC (2010) Ultraviolet B 

irradiance and vitamin D status are inversely associated with incidence rates of 

pancreatic cancer worldwide. Pancreas 39: 669-674 



 

 
98 

Munger KL, Levin LI, Hollis BW, Howard NS, Ascherio A (2006) Serum 25-

hydroxyvitamin D levels and risk of multiple sclerosis. Jama-J Am Med Assoc 296: 

2832-2838 

Napoli JL, Fivizzani MA, Schnoes HK, DeLuca HF (1979) Synthesis of vitamin D5: 

its biological activity relative to vitamins D3 and D2. Arch Biochem Biophys 197: 

119-125 

Nutrition FCf. (2012) Vitamin D deficiency: Evidence, safety, and recommendations 

for the Swiss population. Zurich. 

Oliveri B, Plantalech L, Bagur A, Wittich AC, Rovai G, Pusiol E, Giovanelli JL, Ponce 

G, Nieva A, Chaperon A, Ladizesky M, Somoza J, Casco C, Zeni S, Parisi MS, 

Mautalen CA (2004) High prevalence of vitamin D insufficiency in healthy elderly 

people living at home in Argentina. Eur J Clin Nutr 58: 337-342 

Park S, Lee BK (2012) Vitamin D deficiency is an independent risk factor for 

cardiovascular disease in Koreans aged >= 50 years: results from the Korean 

National Health and Nutrition Examination Survey. Nutr Res Pract 6: 162-168 

Perera CO, Jasinghe VJ, Ng FL, Mujumdar AS (2003) The effect of moisture content 

on the conversion of ergosterol to vitamin D in shiitake mushrooms. Drying 

Technol 21: 1091-1099 

Perez-Lopez FR (2007) Vitamin D: The secosteroid hormone and human reproduction. 

Gynecol Endocrinol 23: 13-24 

Phelan JJ (1947) Calciferol in pulmonary tuberculosis. Lancet 249: 764-768 

Phillips KM, Horst RL, Koszewski NJ, Simon RR (2012) Vitamin D4 in mushrooms. 

PLoS One7: e40702 



 

 
99 

Phillips KM, Ruggio DM, Horst RL, Minor B, Simon RR, Feeney MJ, Byrdwell WC, 

Haytowitz DB (2011) Vitamin D and Sterol Composition of 10 Types of 

Mushrooms from Retail Suppliers in the United States. J Agric Food Chem 59: 

7841-7853 

Pittas AG, Sun Q, Manson JE, Dawson-Hughes B, Hu FB (2010) Plasma 25-

hydroxyvitamin D concentration and risk of incident type 2 diabetes in women. 

Diabetes Care 33: 2021-2023 

Prentice A, Schoenmakers I, Jones KS, Jarjou LM, Goldberg GR (2009) Vitamin D 

Deficiency and Its Health Consequences in Africa. Clin Rev Bone Miner Metab 7: 

94-106 

Reinhold U, Schmitz B, Kurbacher C, Nagel W, Schmidt M, Malaisse WJ (2008) 

Circulating 25-hydroxyvitamin D concentration in German cancer patients. Oncol 

Rep 20: 1539-1543 

Reis JP, von Muhlen D, Miller ER, Michos ED, Appel LJ (2009) Vitamin D Status and 

Cardiometabolic Risk Factors in the United States Adolescent Population. 

Pediatrics 124: E371-E379 

Rich-Edwards JW, Ganmaa D, Kleinman K, Sumberzul N, Holick MF, Lkhagvasuren 

T, Dulguun B, Burke A, Frazier AL (2011) Randomized trial of fortified milk and 

supplements to raise 25-hydroxyvitamin D concentrations in schoolchildren in 

Mongolia. Am J Clin Nutr 94: 578-584 

Rizzoli R, Boonen S, Brandi ML, Bruyere O, Cooper C, Kanis JA, Kaufman JM, Ringe 

JD, Weryha G, Reginster JY (2013) Vitamin D supplementation in elderly or 

postmenopausal women: a 2013 update of the 2008 recommendations from the 



 

 
100 

European Society for Clinical and Economic Aspects of Osteoporosis and 

Osteoarthritis (ESCEO). Curr Med Res Opin 29: 305-313 

Ross AC, Manson JE, Abrams SA, Aloia JF, Brannon PM, Clinton SK, Durazo-Arvizu 

RA, Gallagher JC, Gallo RL, Jones G, Kovacs CS, Mayne ST, Rosen CJ, Shapses 

SA (2011) The 2011 report on dietary reference intakes for calcium and vitamin 

D from the Institute of Medicine: what clinicians need to know. J Clin Endocrinol 

Metab 96: 53-58 

Sai AJ, Walters RW, Fang X, Gallagher JC (2011) Relationship between Vitamin D, 

Parathyroid Hormone, and Bone Health. J Clin Endocrinol Metab 96: E436-E446 

Shui IM, Mucci LA, Kraft P, Tamimi RM, Lindstrom S, Penney KL, Nimptsch K, 

Hollis BW, DuPre N, Platz EA, Stampfer MJ, Giovannucci E (2012) Vitamin D-

Related Genetic Variation, Plasma Vitamin D, and Risk of Lethal Prostate Cancer: 

A Prospective Nested Case-Control Study. J Natl Cancer Inst 104: 690-699 

Siddiqui AM, Kamfar HZ (2007) Prevalence of vitamin D deficiency rickets in 

adolescent school girls in Western region, Saudi Arabia. Saudi Med J 28: 441-444 

Simon RR, Phillips KM, Horst RL, Munro IC (2011) Vitamin D Mushrooms: 

Comparison of the Composition of Button Mushrooms (Agaricus bisporus) 

Treated Postharvest with UVB Light or Sunlight. J Agric Food Chem 59: 8724-

8732 

Skinner HG, Michaud DS, Giovannucci E, Willett WC, Colditz GA, Fuchs CS (2006) 

Vitamin D intake and the risk for pancreatic cancer in two cohort studies. Cancer 

Epidemiol Biomarkers Prev 15: 1688-1695 



 

 
101 

Slavin M, Yu LL (2012) A single extraction and HPLC procedure for simultaneous 

analysis of phytosterols, tocopherols and lutein in soybeans. Food Chem 135: 

2789-2795 

Spina CS, Tangpricha V, Uskokovic M, Adorinic L, Maehr H, Holick MF (2006) 

Vitamin D and cancer. Anticancer Res 26: 2515-2524 

Spiro A, Buttriss JL (2014) Vitamin D: An overview of vitamin D status and intake in 

Europe. Nutr Bull/ BNF 39: 322-350 

Stolzenberg-Solomon RZ, Jacobs EJ, Arslan AA, Qi D, Patel AV, Helzlsouer KJ, 

Weinstein SJ, McCullough ML, Purdue MP, Shu XO, Snyder K, Virtamo J, 

Wilkins LR, Yu K, Zeleniuch-Jacquotte A, Zheng W, Albanes D, Cai Q, Harvey 

C, Hayes R, Clipp S, Horst RL, Irish L, Koenig K, Le Marchand L, Kolonel LN 

(2010) Circulating 25-hydroxyvitamin D and risk of pancreatic cancer: Cohort 

Consortium Vitamin D Pooling Project of Rarer Cancers. Am J Epidemiol 172: 

81-93 

Teichmann A, Dutta PC, Staffas A, Jagerstad M (2007) Sterol and vitamin D-2 

concentrations in cultivated and wild grown mushrooms: Effects of UV irradiation. 

Lwt-Food SciTechnol 40: 815-822 

Tong S, Zhong H, Yi C, Cao X, Firempong CK, Zheng Q, Feng Y, Yu J, Xu X (2014) 

Simultaneous HPLC determination of ergosterol and 22,23-dihydroergosterol in 

Flammulina velutipes sterol-loaded microemulsion. Biomed Chromatogr 28: 247-

254 

Tsugawa N, Nakagawa K, Kawamoto Y, Tachibana Y, Hayashi T, Ozono K, Okano T 

(1999) Biological activity profiles of 1alpha,25-dihydroxyvitamin D2, D3, D4, D7, 

and 24-epi-1alpha,25-dihydroxyvitamin D2. Biol Pharm Bull 22: 371-377 



 

 
102 

van der Mei IAF, Ponsonby AL, Engelsen O, Pasco JA, McGrath JJ, Eyles DW, 

Blizzard L, Dwyer T, Lucas R, Jones G (2007) The high prevalence of vitamin D 

insufficiency across Australian populations is only partly explained by season and 

latitude. Environ Health Perspect 115: 1132-1139 

van Schoor NM, Lips P (2011) Worldwide vitamin D status. Best Pract Res Clin 

Endocrinol Metab 25: 671-680 

Wacker M, Holick MF (2013) Vitamin D-Effects on Skeletal and Extraskeletal Health 

and the Need for Supplementation. Nutrients 5: 111-148 

Wang TJ, Pencina MJ, Booth SL, Jacques PF, Ingelsson E, Lanier K, Benjamin EJ, 

D'Agostino RB, Wolf M, Vasan RS (2008) Vitamin D deficiency and risk of 

cardiovascular disease. Circulation 117: 503-511 

Welsh P, Doolin O, McConnachie A, Boulton E, McNeil G, Macdonald H, Hardcastle 

A, Hart C, Upton M, Watt G, Sattar N (2012) Circulating 25OHD, Dietary Vitamin 

D, PTH, and Calcium Associations with Incident Cardiovascular Disease and 

Mortality: The MIDSPAN Family Study. J Clin Endocrinol Metab 97: 4578-4587 

Weng S, Sprague JE, Oh J, Riek AE, Chin K, Garcia M, Bernal-Mizrachi C (2013) 

Vitamin D deficiency induces high blood pressure and accelerates atherosclerosis 

in mice. PLoS One 8: e54625 

Wilkinson RJ, Llewelyn M, Toossi Z, Patel P, Pasvol G, Lalvani A, Wright D, Latif M, 

Davidson RN (2000) Influence of vitamin D deficiency and vitamin D receptor 

polymorphisms on tuberculosis among Gujarati Asians in west London: a case-

control study. Lancet 355: 618-621 

Wolpin BM, Ng K, Bao Y, Kraft P, Stampfer MJ, Michaud DS, Ma J, Buring JE, Sesso 

HD, Lee IM, Rifai N, Cochrane BB, Wactawski-Wende J, Chlebowski RT, Willett 



 

 
103 

WC, Manson JE, Giovannucci EL, Fuchs CS (2012) Plasma 25-hydroxyvitamin 

D and risk of pancreatic cancer. Cancer Epidemiol Biomarkers Prev 21: 82-91 

World Health Organization., Food and Agriculture Organization of the United Nations. 

(2004) Vitamin and mineral requirements in human nutrition, 2nd edn. Geneva 

Rome: World Health Organization; FAO. 

Yamshchikov AV, Desai NS, Blumberg HM, Ziegler TR, Tangpricha V (2009) Vitamin 

D for treatment and prevention of infectious diseases: a systematic review of 

randomized controlled trials. Endocr Pract 15: 438-449 

Yin L, Ordonez-Mena JM, Chen T, Schottker B, Arndt V, Brenner H (2013) Circulating 

25-hydroxyvitamin D serum concentration and total cancer incidence and 

mortality: a systematic review and meta-analysis. Prev Med 57: 753-764 

Yu S, Fang H, Han J, Cheng X, Xia L, Li S, Liu M, Tao Z, Wang L, Hou L, Qin X, Li 

P, Zhang R, Su W, Qiu L (2015) The high prevalence of hypovitaminosis D in 

China: a multicenter vitamin D status survey. Medicine (Baltimore) 94: e585 

Zak B (1977) Cholesterol Methodologies - Review. Clin Chem 23: 1201-1214 

Zhang R, Naughton DP (2010) Vitamin D in health and disease: Current perspectives. 

Nutr J 9:1-13 

Zhang WG, Stoecklin E, Eggersdorfer M (2013) A glimpse of vitamin D status in 

Mainland China. Nutrition 29: 953-957 

Zhen D, Liu L, Guan C, Zhao N, Tang X (2015) High prevalence of vitamin D 

deficiency among middle-aged and elderly individuals in northwestern China: Its 

relationship to osteoporosis and lifestyle factors. Bone 71:1-6 

 


