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WA Al -80C ZA2Y%57] (DF8510, deep freezer,
Ilsin BioBase Co., Ltd., Yangju, Korea)ollX] 24x|7F FZA]
1 & FHAAZ7] (FDS8512, freeze dryer, Ilsin BioBase
Co., Ltd., Yangju, Korea)ollX] 72A17F 542 7AZsIg o, &
3] AxE AlEE E417] Micro hammer cutter mill type-3,
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"-adenosine diphosphate (FAD), riboflavin-5"-phosphate (FMN),
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SHA A8
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(St. Louis, MO, USA)IA et &3t &3 o5
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AZE $18] methanol, acetonitrile water 2 triethylamine
HPLC gradeZS J. T. Baker Co. (Phillipsburg, NJ, USA)°ll 4

sodium 1-hexanesulfonate, ©]'5732] pHE YA



Table 1. Mushroom samples used in this study.

Common name

Scientific name

Sample description

Cordyceps militaris with oats
Cordyceps militaris with silkworm
pupae

Cordyceps militaris with brown rice

Lion’s mane mushroom
Awi mushroom
Cauliflower mushroom
White jelly mushroom
Shiitake mushroom
Beech mushroom
Brown button mushroom
King oyster mushroom
Wood ear mushroom
Oyster mushroom

Enoki mushroom

Maitake mushroom

Cordyceps militaris (L.) Fr.

Cordyceps militaris (L.) Fr.

Cordyceps militaris (L.) Fr.

Hericium erinaceus (Bull.:
Pleurotus eryngii var. ferulae
Sparassis crispa (Wulfen) Fr.
Tremella fuciformis Berk.

Lentinula edodes (Berk.) Pegler,
Hypsizygus tessulatus (Bull.) Singer
Agaricus bisporus (J.E. Lange) Imbac (brown strain)
Pleurotus eryngii (DC.) Quél.
Auricularia heimuer F. Wu, B.K. Cui & Y.C. Dai
Pleurotus ostreatus (Jacq.) P Kumm.

Flammulina filiformis (Z.W. Ge, X.B. Liu & Zhu L.
Yang) PM. Wang, Y.C. Dai, E. Horak & Zhu L. Yang

Grifola frondosa (Dicks.) S.F. Cray.

Fruiting body cultivated on oat substrate

Fruiting body cultivated on silkworm pupae
substrate

Fruiting body cultivated on brown rice
substrate

Fr.) Pers. Fruiting body
Fruiting body
Fruiting body
Fruiting body
Fruiting body
Fruiting body
Fruiting body
Fruiting body
Fruiting body
Fruiting body

Fruiting body
Fruiting body

Flammulina filiformis (Z.W. Ge, X.B. Liu & Zhu L.

Brown enoki mushroom

Button mushroom

Yang) PM. Wang, Y.C. Dai, E. Horak & Zhu L. Yang
(brown strain)

Agaricus bisporus (J.E.Lange) Imbach

Fruiting body

Fruiting body

All mushroom samples were provided by the Food and Nutrition Division, National Institute of Agricultural Sciences (NIAS), Rural Development
Administration (RDA), Republic of Korea. Samples were classified at the species level and used for comparative analysis of vitamin B complex

composition among mushroom species.
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sodium 1-hexanesulfonate €< 25 ml & F7}slal 2539 =

7] (JAC 4020, KODO Technical Research Co., Ltd., Hwaseong,
Korea)S ©]-83l4 40Tl 3087 223 58 33514
t}. o]% FZ9%S Whatman No. 6 ¢J3}A] (GE Healthcare,
Amersham, England)E ©]&3lo] o33k & ofHS 5C =H
oA 1087} 21,124 x g2 2 Y42 (1730 MR, Gyrozen,
Daejeon, Korea)st$ial, 0.45 um syringe filter (polyvinylidene
difluoride filter media, Whatman Inc., Maidstone, England)
2 o35t} HPLC 4ol AME-sHiTh.

Vitamin B2 (riboflavin)e] 739 #Z3sle WA A& 1 g -
5 goll 254 FHS 50 S F7KE 5, 80TCollA 3087
35 FZ (reflux extraction)yS 33515t} ZZ°“8 Heog
Wz} & Whatman No. 6 ¢J3}4] (GE Healthcare, Amersham,
England)E ©]83}o] oJzslglon ofdlg 5T 27e0A 102
7F 21,124 x go 2 AAEE] (1730 MR, Gyrozen, Daejeon,
Korea)s13Z, 0.45 /m syringe filter (polyvinylidene difluoride
filter media, Whatman Inc., Maidstone, England)Z 33}
HPLC #2409 AR89
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4. HPLC M =X
‘ﬂ” AlEol g-t-¥ thiamine ¥
E23}7] 95ked thiamine 2
mcotmamlde)—g high performance liquid chromatography/
diode array detector (HPLC/DAD)E 2831311, Agilent?}2]
1200 series (Agilent Technologies, Inc., Wilmington, DE, USA)
= ARE3}Y] gradient elution system©.2 #2492 2183 TH
(Table 2).

SHA, riboflavin (FAD, FMN)2] 739~ high performance liquid
chromatography/fluorescence detector (HPLC/FLD)E %]-&-3}
993 Agilent AF2] 1200 series (Agilent Technologies, Inc.,
Wilmington, DE, USA)E ARM-3}4] isocratic elution system

niacin®] FS HFH S

niacin (nicotinic acid %

© 7 B39t} (Table 2).
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Table 2. HPLC operating conditions for the determination of thiamine (vitamin B1), riboflavin (vitamin B2), and niacin (vitamin B3).

Instrument HPLC/DAD (Agilent 1200 series)
Column YMC-pack ODS AM (250 mm X 4.6 mm, 5 pm)
Column temp 40°C
Detector Diode Array Detector (270 nm)
Injection volume 2010
Flow rate 0.8 md/min
) Solvent A 5 mM sodium T-hexanesulfonate containing 7.5m{,/ ¢ acetic acid and 0.2m/ ¢ triethylamine
Thiaming and  Mobile phase Solvent B MeOH
niacin
Time (min) A% B%
100 0
100 0
Gradient profile 20 75 25
30 55 45
31 100
45 100 0
Instrument HPLC/FLD (Agilent 1200 series)
Column YMC-PACK Pro C;5Rs (250 mm X 4.6 mm, 5 pm)
Column temp 40°C
Riboflavin Detector Fluorescence Detector (Ex = 445 nm, Em=530 nm)
Injection volume 20 pd
Flow rate 0.8 md/min

Isocratic elution

10 mM NaH,PO, (pH 5.5) : MeOH = 75 : 25 (v/v)
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Thiamine, riboflavin 2! niacin ¥4H2 AOAC (2002) 7

Z 7hol=glelel] wat (Woollard and Indyk, 2002) H41%8¢]

A8 (accuracy), H27 (precision), X414 (linearity), 7
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HEE A)7F (retention time)S 7]FOZ
shERl Aol A waske) Re) A
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precision, RSDR)E AF=33it). 7 AEA A E= coefficient

variation (CV, %)°-2 YER A (Jang er al., 2022).
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HIER B 4 Aol NS AR os AAsH] 9
sted, & AFollA A oo R AR vlE B AR
thiamine, total riboflavin & total niacinol|] thale] &3
o} Apjsshes AEASIT. 2 ARel B dare 38
W RAge] BRow ANSIOR, e Bae) UE E
THAE o] &

St ETEY % (experimental uncertainty, u)E
The Aol wet Alzkakict.
u=_8D/n

IIZ

_U-T':ll:_ih n HhE 'E"‘éi g&‘l‘ (n
=3)= % (expanded uncertainty, U= U
=k xuZ AR S Coverage factor (k)= Student's t-
distributions: 7]¥ko.2 ZAXsiglon], vhy 4 Sl upE
A (degree of freedom)o} 95% AlF|4=S sl &
Sk A= (df =20 E k=4.300] HEE9oH, o
© Mg oA NS By By og A6

218+ groltt.
A EAEZE (relative expanded uncertainty, U,g)= 2
BIEE Wi TR o] WEEE eI

Uy (%) = (U / mean) x 100

AZEA] 82 JEND)y B3% 4= didolx ALl
oh B Aellr AAGE dEdE e v 74 dEd
< 7o Sk A3H B3 wrigie s, B4 Axe] Ad
4 9 FEARE TH IS A 93 Bx AEE &
g3kt
8. SAIX2

718 FA9 FAE 2 Z= MicrosoftAl (Washington,

WA, USA)9] Office 365 Excel ZZ IS o]&slo] 4
A= 5HAA AENY 3 0E (n = 3] W H4H %
T} (means = SDYE FaFAth HE3F SPSS 23.0 (Statistics
Package for the Social Science, SPSS Inc., Chicago, IL,
USA) ZEIRE AHl] Al T8 o] AR el fold
Z}o]& Duncan’s Multiple Range Test (DMRT)E ©]-8-3}

5% F<eollAl ASse (p < 0.05).
HAL Fo] BlEll By 3 99 Hlw ¥ oy B4
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Heatmapper Program (Wishart Research Group, University
of Alberta, Edmonton, Canadays °©]83}e 433}t £4
He2 5 HEF thiamine, total riboflavin 2 total niacin 3
7S ARSI o™, EZE (Not Detected, ND) 3L H4]
A 00E thAISIAL 1 9 ASFe SAISHA] &tk A8
H ) fHS 7o 3 H|IE 18] scale type row=
A8l z-score T3S FHIIATE - E24S Pearson
ABAGTE APZ = (distance metric)Z, average linkageS
A2 WY (linkage method)©.2 A-83l9oH, 3= A=
(row) ¥3Fol| vt A-8-315 ). #<E heatmapollX= HIEF] Bi:
o dEe] AJZHA Hlael] 238 o] dendrogram A€
akaL A A s

FAEEA (PCAYS thiamine, nicotinic acid, nicotinamide,
total niacin, FAD, FMN, riboflavin ¥ total riboflavinS
T2 ARSI | 7 A ZJolE FHAskel] st
A A ZF Wge Z-score 573} [(x—mean)/SDIE A]-8-3F1
o AEHA 2 A ND)Y2 3l Aol Ak v
Zog 7HEete] 002 tiAlsl e, PCA dlolgAlloll= 3
7HA?] missing value= EA|SHA] 23kT).

PCA+= Microsoft Excel Office 365 (Microsoft Corporation,
Redmond, WA, USA)E o|&3le] :EFs) tlo|E] JHZRE
FTEA YE S Askelal, 5k (eigenvalue) 2 L E

BT} i BAXE M2

(eigenvector)5 AFESH § F4 A5 (principal component
scores)E A4l score plot# loading plotS 2HJ3tAT).
Total niacin nicotinic acid®} nicotinamide®] $Ho.2 A4ty
£ 3PS (derived variable)o] A9t & Lokl kS e}
e 9 AEE g AREER Ao E3tsidict ot
24 PCA A= total niacin®] HFHZA FFHHo= A
niacin 24 5745 Whdsh= 2102 sAsiict

Zip & oa

p L=

1. 175 WAle| HIEIZI B1, B2 ¥ B

17% WAle] vjelyl B, B2 ¥ B3 32 534 A&
&4 WHE NS 7INEe R AMEsla BAS A9 WAl FEE
TG MEAS eSO, ole 71 E3lelA HarE ¥
A HIERRIe] F FolF Zolot dAlshes S YR
(Furlani and Godoy, 2008; Kala¢, 2009).

HIER B1¢] 7% 0.000 mg/100 g - 0.553 mg/100 g *H
AollA BExaI o, TIMA (0.553 mg/100 g)} FolH
A (0.536 mg/100 g)°] 7FF =& S YEMIITE (Fig 1,
Table 3). o] A¥= 71¥ BEIE (0.004 mg/100 g - 0.08
mg/100 g) Al WAle] Bl &% (Furlani and Godoy, 2008)
Hth o 52 FF0E ZRIFon, o2id Atole WAl

3 gt

Table 3. Contents of thiamine (vitamin B1) and niacin vitamers (nicotinic acid and nicotinamide) in 17 mushroom species.

VitaminB1 VitaminB3
Mushroom samples Thiamine Nicotinic acid Nicotinamide Total"
Content (mg/100 g)
Cordyceps militaris with oats 0.203 + 0.009° 0.180 = 0.005’ 0.577 = 0.000“ 0.757 + 0.005’
Cordyceps militaris with silkworm pupae 0.233 + 0.025¢ 0.304 = 0.007' 0.956 + 0.000® 1.260 + 0.007°
Cordyceps militaris with brown rice 0.302 = 0.010" 0.000 = 0.000 0.785 = 0.014° 0.785 = 0.014

Lion’s mane mushroom
Awi mushroom
Cauliflower mushroom
White jelly mushroom
Shiitake mushroom
Beech mushroom
Brown button mushroom
King oyster mushroom
Wood ear mushroom
Oyster mushroom
Enoki mushroom
Maitake mushroom
Brown enoki mushroom

Button mushroom

0.241 = 0.000¢
0.091 = 0.001H¢
0.046 = 0.000
ND?
0.553 = 0.004"
0.148 = 0.004¢
0.074 = 0.004"
0.060 + 0.001"
0.205 + 0.002°
0.122 + 0.005"
0.118 = 0.007"
0.110 + 0.0007¢
0.078 + 0.002"
0.536 =+ 0.001*

0.000 + 0.000%
1.204 + 0.015F
1.173 = 0.001F
ND
1.341 = 0.019°
1.594 + 0.037¢
0.945 =+ 0.004
4978 = 0.011*
ND
4.479 + 0.004®
0.709 + 0.017"
0.762 + 0.015°
0.735 + 0.032M¢
0.989 =+ 0.002"

0.486 = 0.017"
1.170 + 0.009*
0.828 + 0.000¢
0.094 + 0.001M
0.374 = 0.004
0.426 + 0.019'
ND
0.282 + 0.013
0.289 =+ 0.003%
0.446 + 0.018'
0.640 = 0.013"
0.235 * 0.005"
0.356 = 0.013
0.689 + 0.001°

0.486 = 0.017
2.374 + 0.024¢
2.000 * 0.002°
0.094 = 0.001M™
1.715 = 0.023°
2.020 + 0.056°
0.945 + 0.004'

5.260 * 0.024"
0.289 + 0.003"
4.925 + 0.0228
1.350 = 0.004"
0.997 + 0.020'

1.090 = 0.019"
1.677 + 0.000"

Motal; niacin vitamer (nicotinic acid + nicotinamide). ?ND; not detected. Values are expressed as means =+ SD of three biological replicates (n = 3).
Columns labeled with distinct letters indicate statistically significant differences based on the Duncan’s Multiple Range Test (DMRT, ‘p < 0.05).
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Fig. 1. Representative HPLC chromatograms of vitamin B standards and mushroom extracts. (A); Standard mixture of thiamine

(R.T. = 32.86 min), nicotinic aci

(R.T. = 10.02 min), and nicotinamide (R.T. = 19.14 min), (B); representative mushroom

extract (Awi mushroom extract) analyzed under the same chromatographic conditions, (C); standard mixture of riboflavin (R.T. =
24.91 min), FMN (R.T. = 13.92 min), and FAD (R.T. = 8.16 min), and (D); representative mushroom extract (Brown button
mushroom extract) analyzed under riboflavin-specific chromatographic conditions.
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Table 4. Contents of riboflavin vitamers [flavin adenine dinucleotide (FAD), flavin mononucleotide (FMN), and riboflavin] in 17

mushroom species.

VitaminB2
Mushroom samples FAD" FMN? Riboflavin Total®
Content (mg/100 g)

Cordyceps militaris with oats ND? ND 0.138 = 0.000"™  0.138 = 0.000'
Cordyceps militaris with silkworm pupae 0.173 = 0.008" 0.070 = 0.001* 0.154 + 0.004° 0.288 = 0.011°
Cordyceps militaris with brown rice 0.118 = 0.000® ND 0.141 + 0.003" 0.195 =+ 0.005°
Lion’s mane mushroom 0.088 = 0.013P ND 0.216 = 0.002° 0.256 =+ 0.006
Awi mushroom ND ND 0.204 * 0.002* 0.204 + 0.003°
Cauliflower mushroom 0.023 + 0.001" ND 0.062 = 0.001 0.072 = 0.001
White jelly mushroom 0.042 = 0.012° ND 0.034 % 0.000¢ 0.053 + 0.008"
Shiitake mushroom 0.005 = 0.000¢ ND 0.239 + 0.001¢ 0.241 = 0.001"

0.104 + 0.0008¢
0.079 =+ 0.000°
0.030 = 0.000F

Beech mushroom
Brown button mushroom

King oyster mushroom

Wood ear mushroom ND
Oyster mushroom ND
Enoki mushroom ND
Maitake mushroom ND

0.102 =+ 0.000¢
0.175 =+ 0.002*

Brown enoki mushroom

Button mushroom

0.040 + 0.001¢
0.041 = 0.000°
0.023 + 0.000°

ND

ND

ND

ND

ND

ND

0.059 + 0.000'
0.236 + 0.000¢
0.167 = 0.001"
0.032 =+ 0.000¢
0.134 + 0.001'
0.340 = 0.002*
0.168 = 0.000F
0.150 + 0.001¢
0.270 = 0.000°

0.137 + 0.002'
0.304 = 0.000¢
0.198 = 0.001¢
0.032 + 0.000"
0.134 + 0.001'
0.340 + 0.002°
0.168 = 0.000"
0.196 + 0.001¢
0.349 = 0.002*

DFAD; flavin adenine dinucleotide, ?FMN; flavin mononucleotide, Total; total riboflavin = FAD X 0.4537 + FMN x 0.7869 + riboflavin,
YND; not detected. Values are expressed as means + SD of three biological replicates (n = 3). Columns labeled with distinct letters indicate

statistically significant differences based on the Duncan’s Multiple Range Test (DMRT, “p < 0.05).
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St} (Table 5).
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Table 5. Validation parameters and system suitability of the HPLC method for vitamin B analysis.

Sensitivity Selectivity Linearity
Vitamin LObT LoQ” N2 HETPY R Rs® Calibration curve R?
(mg/ €)

Thiamine 0.006 0.020 1,557,909 0.00016 0.971 48.28 y=1673.365x+0.978 0.999
FAD” 0.001 0.003 13,857 0.00108 0.998 - y=694.591x-0.018 0.999
FMN® 0.001 0.002 17,845 0.00058 0.993 16.98 y=5947.212x-0.003 0.999

Riboflavin 0.003 0.010 12,565 0.00047 0.994 18.81 y=7543.391x-0.014 0.999

Nicotinic acid 0.008 0.027 46,246 0.00541 0.973 - y=1946.667x-2.477 0.999
Nicotinamide 0.010 0.034 17,723 0.01411 0.981 29.28 y=1634.454x-0.723 0.999

YLOD; limit of detection, ?LOQ; limit of quantification, ?N; number of theoretical plates, HETP; height equivalent to a theoretical plate, °S;
Peak symmetry, ®Rs; Peak resolution, ”FAD; flavin adenine dinucleotide, ®FMN; flavin mononudleotide.

Table 6. Precision and accuracy validation of HPLC analysis for thiamine, riboflavin, and niacin using SRM 3280 and fortified infant formula.

Precision Accuracy
Vitamin Intra-day  Inter-day Material Reference value  Analysis value Recovery RSD
0/)2) 0,
RSD (%)" Content (2/100 g) %) %)
Thiamine 2.788 1.753 106 =12 103.6 = 0.1 97.736 0.097
Riboflavin 1.145 1.221 SRM-3280 132 £17 132 £0.3 100.000 0.227
Niacin 1.700 1.164 1410 = 23 1413.4 = 0.8 100.213 0.057

RSD (%) indicates relative standard deviation. Repeatability (intra-day precision) was evaluated from ten replicate analyses performed within a
single day (n = 10), whereas reproducibility (inter-day precision) was assessed from three replicate analyses conducted on each of five different
days (n = 15). Accuracy was assessed using Standard Reference Material (SRM 3280, multivitamin/multielement tablets, NIST, USA) by
comparing the measured values with certified reference values. Precision evaluation was performed using commercially fortified infant formula as
a quality control (QC) sample. Recovery (%) was calculated as follows: Recovery (%) = (measured value / reference value) x 100.
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Table 7. Coverage factors for the estimation of expanded uncertainty based on repeated analysis of thiamine, niacin, and riboflavin
vitamers in cultivated mushrooms.

Mushroom samples Thiamine  Nicotinicacid ~ Nicotinamide FAD FMN Riboflavin
Cordyceps militaris with oats k=2.00 k=2.00 k=2.00 ND ND? k=2.78
Cordyceps militaris with silkworm pupae k=4.30 k=3.18 k=2.00 k=2.00 k=2.26 k=2.78
Cordyceps militaris with brown rice k=2.00 ND k=3.18 k=2.00 ND k=2.00
Lion’s mane mushroom k=4.30 ND k=2.00 k=2.31 ND k=4.30
Awi mushroom k=2.00 k=2.78 k=2.00 ND ND k=2.26
Cauliflower mushroom k=2.45 k=2.31 k=2.31 k=2.45 ND k=4.30
White jelly mushroom ND ND k=2.78 k=2.45 ND k=2.57
Shiitake mushroom k=4.30 k=2.00 k=2.45 k=2.57 ND k=2.00
Beech mushroom k=2.00 k=2.00 k=2.31 k=2.00 k=2.45 k=2.31
Brown button mushroom k=2.00 k=2.57 ND k=2.00 k=2.45 k=2.00
King oyster mushroom k=2.31 k=2.00 k=4.30 k=257  k=2.57 k=2.57
Wood ear mushroom k=2.00 ND k=4.30 ND ND k=4.30
Oyster mushroom k=2.00 k=2.00 k=2.00 ND ND k=2.78
Enoki mushroom k=2.57 k=2.57 k=2.00 ND ND k=4.30
Maitake mushroom k=2.00 k=2.00 k=2.00 ND ND k=2.00
Brown enoki mushroom k=2.26 k=2.57 k=3.18 k=2.00 ND k=2.57
Button mushroom k=2.00 k=2.26 k=2.57 k=2.78 ND k=2.00

Coverage factors (k) were determined from Student's t-distribution at a 95% confidence level according to the degree of freedom associated with
repeated analyse of vitamin B components in cultivated mushrooms. Expanded uncertainty (U) was calculated as U = k x u, where u represents
the experimental uncertainty estimated from repeated analyses (u = SD /v, n = 3). The coverage factor was applied to estimate uncertainty at
an approximate 95% confidence level. ND indicates not detected.

Table 8. Expanded uncertainty estimated from repeated analyses of representative vitamin B components in selected cultivated mushrooms.

Representative  Mean content Expanded uncertainty,  Relative expanded

Mushroom samples component (mg/100 g) Sb k U (mg/100 g) uncertainty (%)
Shiitake mushroom 0.553 0.004 4.30 0.010 1.9
Button mushroom Thiamine 0.536 0.001 2.00 0.001 0.2
Cordyceps militaris with brown rice 0.302 0.010 2.00 0.012 3.8
Button mushroom 0.349 0.002 2.00 0.002 0.7
Brown button mushroom Total riboflavin 0.304 0.000 2.00 0.000 0.0
Enoki mushroom 0.340 0.002 4.30 0.005 1.5
King oyster mushroom 5.260 0.024 2.00 0.028 0.5
Oyster mushroom o 4.925 0.022 2.00 0.025 0.5
Awi mushroom Total niacin 2.374 0.024 2.00 0.028 1.2
Cauliflower mushroom 2.000 0.002 2.31 0.003 0.1

Mean content and standard deviation were calculated from three independent biological replicates. Experimental uncertainty (u) was calculated
as standard deviation (SD) / Vn. Expanded uncertainty was calculated as U = k X u, where k is the coverage factor determined from Student's t-
distribution at a 95% confidence level based on the degree of freedom of repeated analyses listed in supplementary Table S1. Relative expanded
uncertainty was calculated as (U / mean) X 100. ND values were excluded from uncertainty estimation.

3. Cii2E 24 Jjut HIERT B2 ™M TiE U 28 24 At (Fig. 2, 3, and 4) TP 242 78 Adie] ©e v
U Au) WAl vER] Bt ¥ EAS THHCE B wE Hol B4 AA 7+ 3y AR HEd wg 1 #AE
3}7] $15te] heatmap, FAJEEA] (Principal Component — 3o s4e 4= e @322 HWPHo|t} (Abdi and

X
Analysis, PCA) 2 Pearson &A= tpAz £48 4385}  Williams, 2010).
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Brown button mushroom
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Fig. 2. Heatmap visualization and hierarchical clustering of vitamin B complex composition in cultivated mushrooms. Heatmag
analysis was performed to compare vitamin B composition patterns among cultivated mushroom species. The heatmap was
generated using Z-score normalized total vitamin B1, B2, and B3 contents. Hierarchical clustering was conducted using Pearson
distance and the average linkage method. ND values were replaced with zero prior to analysis. Red and blue colors indicate
relatively high and low concentrations of vitamin B components, respectively. Mushrooms with high niacin (B3) contents, including
oyster mushroom and king oyster mushroom, formed distinct comﬁositional clusters, whereas mushrooms with relatively higher
vitamin B1 or B2 contents exhibited separate clustering patterns. These results demonstrate that vitamin B composition patterns
differ among mushroom species and contribute to compositional differentiation among cultivated mushrooms.

PCAScore Plot(Means as Points & Centroid)

3 @ Cordyceps militaris with oats

@ Cordyceps militaris with silkworm pupae
25 4 @ Cordyceps militaris with brownrice
® Lion's mane mushroom
@ Awi mushroom
@ Cauliflower mushroom
151 @ White jelly mushroom
@ Shiitake mushroom
@ Beech mushroom

B Total Riboflavin @® Brown button mushroom

PC2(33.7%)

@ King oyster mushroom

® Wood ear mushroom

0 9

® Oyster mushroom

® Enoki mushroom

©® Maitake mushroom

® Brown enoki mushroom
@ Button mushroom

M Variables (means)

Centroid

21 PC1(48.2%)

Fig. 3. Principal component analysis (PCA) score and loading plots of vitamin B components in cultivated mushrooms. PCA was
performed using Z-score normalized contents of thiamine, FAD, FMN, riboflavin, total riboflavin, nicotinic acid, nicotinamide,
and total niacin in cultivated mushrooms. ND values were replaced with zero prior to analysis. Total niacin was included as a
nutritionally relevant indicator representing the sum of nicotinic acid and nicotinamide. PC1 and PC2 explained 48.2% and
33.7% of the total variance, respectively, accounting for 81.9% of the cumulative variance. The loading plot indicated that
niacin-related variables (total niacin, nicotinic acid, and nicotinamide) contributed substantially to species differentiation alon
PC1, reflecting overall niacin composition patterns among mushroom species, whereas riboflavin-related compound%
contributed to compositional variation across both PC1 and PC2. Mushroom species with high niacin contents, including oyster
and king oyster mushrooms, formed distinct compositional clusters, suggesting that vitamin B3 may be useful as a candidate
quality marker for explaining compositional differences among mushroom species.
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Fig. 4. Pearson’s correlation matrix of vitamin B components
in cultivated mushrooms. The correlation matrix was
generated based on Pearson’s correlation coefficients
among vitamin B components in cultivated mushrooms.
Circle size and color intensity indicate the strength of
correlation, with red and blue representing positive and
negative correlations, respectively. Total riboflavin showed a
strong positive correlation with riboflavin (r = 0.92, p <
0.01), while total niacin exhibited a strong positive
correlation with nicotinic acid (r = 0.93, p < 0.01).
These results suggest that specific vitamers predominantly
contribute to total vitamin contents and may contribute
to explaining compositional differences among mushroom
species.
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