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A Review of Factors Affecting Vitamin D, Contents in Edible Fungi Exposed to Ultraviolet
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Abstract: Vitamin D, an essential compound for humans, is derived from provitamin D by ultraviolet irradiation. The most
important members of the vitamin D family are vitamin D, and vitamin D;. Edible fungi contain a high amount of provitamin D,
(ergosterol), which can be converted to vitamin D, by ultraviolet irradiation. The contents of ergosterol and vitamin D, in
different growth ways of edible fungi are outlined in this paper, beginning with the mechanism of vitamin D, formation from
ergosterol. The emphasis is placed on discussing some major factors influencing the conversion of ergosterol to vitamin D, in
edible fungi subjected to ultraviolet irradiation, including edible fungi species, bands of ultraviolet, irradiation dose and time,
and irradiated parts, growth stage and moisture content of edible fungi, as well as reaction temperature, in order to provide a
reference to increase the yield of vitamin D, in edible fungi under ultraviolet irradiation.
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Fig.1  Schematics of ultraviolet photolysis of ergosterol
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Table1l Ergosterol and vitamin D, contents in several cultivated and
wild edible fungi®™"
8 ShE \DAE DAE,
%i Rl % i@%ﬁﬁ%ﬁ@ iﬁ;l%o@gﬁ%ﬁ@ ) <u;1Doof§/ﬁ>
g () Agaricus bisporushwhite 034 - - 021
g R () Agaricus bisporusrown 602 - - <002
Any T Pleurotus ostreatus 674 - 03 002
B Lentinus edodes 679 - | 01
Tl Cantharellus cibarius 304 - 84 128
EREN Cantharellus tubacformis m - 194 2982
AR RAK Russula paludosa - - - 58
AR Boletus edulis 49 - 5 291
ER Lactarius trivials 296 - 9 53
sk (7) Agaricus bisporusiwhite 642 363 - 0.1
LHE Flammulina veluptipes - 33 - 0.4
B Lentinus edodes 364 849 - 044
Titie Grifola frondosa - 79 - 3l

T Pleurotus ostreatus - 680 - 07

g R R
T (1) Agaricus bisporusiportabella - 6.1 - 035
B Cantharellus cibarius JA| 43 - 530

$itH Morchellaspp. - 23 - 515

HIFA Boletus edulis

FAOE Calocybe gambosa 361 - - -

T — CHORIGE. R,

Agaricus bisporuslcrimini - 614 - 0.06
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Table2  Ergosterol contents before UV irradiation and vitamin D,
contents after exposed to UV of different edible fungi®"*"

il T4, ZE i VD, &/
5 (mg/100 g TFE)  (pg/100 g T4F)
T Lentinus edodes — 539
g Pleurotus ostreatus — 184

fifi £, 75 Pleurotus abalonus — 80

pyg ki Agaricus bisporus — 57

pyioyea Agaricus bisporus 780 13

G4 0E Flammulina velutipes 68 19
P 1 Pleurotus ostreatus 440 45

if] 61 % Pleurotus abalonus 435 23
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Table3 Vitamin D, and ergosterol contents of several edible fungi
exposed to UV for different durations™

wREE  ATve mwwm meen ool RERIRAES

0 220 m9
05 449 165.62
1 6.00 9147
2 730 3393

ptiog Agaricus bisporus uv-C

0 401 5078
0.3 459 333
1 562 N
2 53 25488
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0 220 m9
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1 851 4039
2 1248 56.69
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0.3 3N 31661
1 469 RN
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Table 4 Ergosterol contents before UV irradiation and vitamin D,
contents after exposed to UV of different parts of several edible fungi ™!
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L trivialis PRI A 346
[k 235 7

3.6 B IAERKIIX VD, R I

B M SR UV -B 43 5 B A (7] A2 KB B 3 fi
4, RAHPLCER VD, & &, 48R/ KM, K&
UV-BIURI, 2675 U] ol A i A0 o8 B0 ) 005 R 2 4 e
TARAT I FIVD,, (EHLE % I 31 0 X0 R 26 T A VD, & &

B HA i VD, & 8143.473 1 pg/g. UV-BIR
SFFAS R BF IR) J 5 X3 i 465 1) A A 0 A 5 R I VD, 7 B
FRN,  Hoh AT s A E AR S B,
H23.309 3. 22.858 5 pg/g. XEHEHEKE BB
VD, & EMMAR K, SRR AT & HEAUV-BAL
Mg, HPhvD, AW m %, HAE e HEARAEK
M BEVD, & & 1B 50 i R LR IE
3.7 BRI A KRR BT VD, 7 ) R
Vayalil 5"l , SKA4M6R & 58 aE Lk,
HIIIVD, 26 fif . Perera Wi, 2 [E B 1)
VD, W RSB E KD & E~ET0% ~80% .
Jasinghe S5 SN B A TE . T . XA A0 755 P
ANFEE KR AR h, 25 B R IR R K 40
MR, RIS 35 °C, BHW/KD & & N80% I VD,
PR, PRI AMDEIRE S EVD LR — R, TEH
fib i B R 2 SRR . A TR B RS,
M REARF AR, WA A RE 2 B T & HEK > & &l &
1N IR EED o o N i 7 A Y (O N7 2 (392 e S ]
B RHE K SRR, AL tLRmARN, 258
VDA BT EHWEAGKSEES, Bk St
AN f [ B VD, F AL R AR K.

4 % WA

EAER, VDEkZ B 2 R R FBOR R, AER
fIE1016 AVDBRZHAE . B & VDR EMHFAZ, W
ST DR B AR 7 i AR — AR (K VDR, 84
28 PR TR B ISR AR BB R EEAT S AN B s R AR
BRI B 5 A RIS, XX R R UL — M
B, B E BRSO TN E VDR E EDRIE . H ALK
SIS AT VD, I k. RS SRR SN ) AR N B AR
BIESE™ . Ay R AL U 7E A T o £ B 59 B AN
KR, JIZRH T, B AR 2 AN

2% 30 -

[1] DELUCA H F. History of the discovery of vitamin D and its active
metabolites[J]. BoneKEy Reports, 2014, 3: 479. doi: 10.1038/
bonekey.2013.213.

[2] GALLAGHER J C. Vitamin D and aging[J]. Endocrinology and
Metabolism Clinics of North America, 2013, 42(2): 319-332.

[3]  GULSETH L, GJELSTAD M F, BIRKELAND I, et al. Vitamin D and
the metabolic syndrome[J]. Current Vascular Pharmacology, 2013,
11(6): 968-984.

[4] LEYSSENS C, VERLINDEN L, VERSTUYF A. The future of
vitamin D analogs[J]. Frontiers in Physiology, 2014, 5: 122. doi:
10.3389/fphys.2014.00122.

[5]  GIRGIS C M, CLIFTON-BLIGH R J, MOKBEL N, et al. Vitamin
D signaling regulates proliferation, differentiation, and myotube
size in C2C12 skeletal muscle cells[J]. Endocrinology, 2014,
155(2): 347-357.



XA ERA

E6mill=

2015, Vol.36, No.0O1 277

(6]

(71

(81

[12]

[18]

[19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

CURTIS E M, MOON R J, DENNISON E M, et al. Prenatal
calcium and vitamin D intake, and bone mass in later life[J]. Current
Osteoporosis Reports, 2014, 12(2): 194-204.

ROUX C, BINKLEY N, BOONEN S, et al. Vitamin D status and
bone mineral density changes during alendronate treatment in
postmenopausal osteoporosis[J]. Calcified Tissue International, 2014,
94(2): 153-157.

O’RIORDAN J L H, BUVOET O L M. Rickets before the discovery
of vitamin D[J]. BoneKEy Reports, 2014, 3: 478. doi: 10.1038/
bonekey.2013.212.

CHRISTAKOS S, DELUCA H F. Minireview: vitamin D: is there a role
in extraskeletal health?[J]. Endocrinology, 2011, 152(8): 1930-2936.
HOLICK M F. Vitamin D: extraskeletal health[J]. Rheumatic Disease
Clinics of North America, 2012, 38(1): 141-160.

BRENNER H, YIN L, RAUM E, et al. Vitamin D and cancer: an
overview of epidemiological studies[J]. Anticancer Research, 2011,
31(4): 1501-1502.

BONT L. Vitamin D, bronchiolitis and asthma[J]. Paediatric
Respiratory Reviews, 2013, 14(Suppl 2): 36. doi: 10.1016/S1526-
0542(13)70032-0.

FrAkp. 4 ERD L], T E 2515 R, 2002, 18(8): 30-32.
U, MW, RS, A 4R B R ALY B i LS BRI
MUHEFE IR FELT]. £ iR, 2009, 30(21): 343-347.

KPS, Wit s, SIAKHE. S5 a6 5E 2 0E o B Al KOS RHIELT]. &
AhELE, 2014, 35(5): 1-7.

BT, W, BEF oL ARV IFE SR ). iR
2, 2014, 35(6): 78-82.

HUANG Buhan, YUNG Kunghing, CHANG Shuting. The sterol
composition of Volvariella volvacea and other edible mushrooms[J].
Mycologia, 1985, 77(6): 959-963.

TR, XS, AR, 22 M [ ROE SO A 4R A 3D, LA
bRk TR 224417, 2003, 30(3): 39-41.

SR, k. T 4EA RD A A R AOBIEIC) L
WR T RL S S S R B Ix e SO AR il R T s 3R ATk W 2>,
2012: 152-156.

Tk, TS0, XIEER, 5. o4 m4EE D). K5 L s
fif, 2005, 13(5): 5-7.

YOUNG J C, GAMES D E. Supercritical fluid extraction and
supercritical fluid chromatography of the fungal metabolite
ergosterol[J]. Journal of Agricultural and Food Chemistry, 1993,
41(4): 577-581.

POREP J U, WALTER R, KORTEKAMP A, et al. Ergosterol as an
objective indicator for grape rot and fungal biomass in grapes[J]. Food
Control, 2014, 37: 77-84.

BARREIRA J C M, OLIVEIRA M B P P, FERREIRA I C F R.
Development of a novel methodology for the analysis of ergosterol in
mushrooms[J]. Food Analytical Methods, 2014, 7(1): 217-223.

T, A5FiE, TR, S mURRFLAR T B b 2 A S I Y g B A I
FEMED]. &RTFIETFR, 2010, 31(9): 131-134.

Gy, BN, 4RA5 W, 5. HPLCYE A I 4 vp 22 £ (6
H122,23- ZEFE A B A RLD). LR KR40 BR¥AR, 2014,
24(2): 126-128.

KALARAS M D, BEELMAN R B. Vitamin D, enrichment in fresh
mushrooms using pulsed UV light{DB/OL]. [2014-01-15]. http://
foodscience.psu.edu/directory/rbb6/VitaminDEnrichment.pdf.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

VILLARES A, MATEO-VIVARACHO L, GARCIA-LAFUENTE A,
et al. Storage temperature and UV-irradiation influence on the ergosterol
content in edible mushrooms[J]. Food Chemistry, 2014, 147: 252-256.
MATTILA P, PIIRONEN V, UUSI-RAUVA E, et al. Vitamin D
contents in edible mushrooms[J]. Journal of Agricultural and Food
Chemistry, 1994, 42(11): 2449-2453.

MATTILA P, KONKO K, EUROLA M, et al. Contents of vitamins,
mineral elements and some phenolic compounds in cultivated
mushrooms[J]. Journal of Agricultural and Food Chemistry, 2001,
49(5): 2343-2348.

MATTILA P, LAMPI A M, RONKAINEN R, et al. Sterol and
vitamin D, contents in some wild and cultivated mushrooms[J]. Food
Chemistry, 2002, 76(3): 293-298.

PHILLIPS K M, RUGGIO D M, HORST R L, et al. Vitamin D and
sterol composition of 10 types of mushrooms from retail suppliers
in the United States[J]. Journal of Agricultural and Food Chemistry,
2011, 59(14): 7841-7853.

TAKAMURA K, HOSHINO H. Vitamin D, of shiitake mushrooms[J].
New Food Industry, 1995, 37(8): 33-39.

AR RN AN B AT A A R ST RE S AN VDL I B T]. EA,
e HACE R T 5428, 1995, 42(4): 262-267.

Wil 77 46 28 AN IR T s In 4 AR RD & B (I, T E &,
2001, 20(2): 48.

MAU J L, CHEN P R, YANG J H. Ultraviolet irradiation increased
vitamin D, content in edible mushrooms[J]. Journal of Agricultural
and Food Chemistry, 1998, 46(12): 5269-5272.

SAPOZHNIKOVA Y, BYRDWELL W C, LOBATO A, et al.
Effects of UV-B radiation levels on concentrations of phytosterol,
ergothioneine, and polyphenolic compounds in mushroom powders
used as dietary supplements[J]. Journal of Agricultural and Food
Chemistry, 2014, 62(14): 3034-3042.

JASINGHE V J, PERERA C O. Ultraviolet irradiation: the generator
of vitamin D, in edible mushrooms[J]. Food Chemistry, 2006, 95(4):
638-643.

JASINGHE V J, PERERA C O. Distribution of ergosterol in different
tissues of mushrooms and its effect on the conversion of ergosterol to
vitamin D, by UV irradiation [J]. Food Chemistry, 2005, 92: 541-546.
KO J A, LEE B H, LEE J S, et al. Effect of UV-B exposure on the
concentration of vitamin D, in sliced shiitake mushroom (Lentinus
edodes) and white button mushroom (Agaricus bisporus)[J]. Journal of
Agricultural and Food Chemistry, 2008, 56(10): 3671-3674.

KRINGS U, BERGER R G. Dynamics of sterols and fatty acids during
UV-B treatment of oyster mushroom[J]. Food Chemistry, 2014, 149:
10-14.

BIMAY, BB, LRI, 5. SRANMR IR A R 1 o 4 AL 2K D, 5
M. WHE AL R, 2012, 51(13): 2758-2760.

VAYALIL P K, ELMETS C A, KATIYAR S K. Treatment of
green tea polyphenols in hydrophilic cream prevents UVB-induced
oxidation of lipids and proteins, depletion of antioxidant enzymes and
phosphorylation of MAPK proteins in SKH-1 hairless mouse skin[J].
Carcinogenesis, 2003, 24: 927-936.

PERERA C O, JASINGHE V J, NG F L, et al. The effect of moisture
content on the conversion of ergosterol to vitamin D in shiitake
mushrooms[J]. Drying Technology, 2003, 21: 1093-1101.

CALVO M S, BABU U S, GARTHOFF L H, et al. Vitamin D, from
light-exposed edible mushrooms is safe, bioavailable and effectively
supports bone growth in rats[J]. Osteoporosis International, 2013,
24(1): 197-207.





