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chromatography, UPLC), Z54 ZI0Git s it & SRS EEmME R, Ak WER . #idk,
SN 3 AT A A FERSC R RR (B FTRIZS )L 30 HERRRREE S, SR UPLC [R] I E KRR | X
BRHEORHEE, BRI E. BRI C. BRI B, ERERTT 6 Flian & ik, a8 s AR I
F A4 43 (principal components analysis, PCA). 1E32 i #R/N I3 5153 H7 (orthogonal partial least squares
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ABSTRACT: Objective To establish a method for the simultaneous determination of 6 kinds of main components in
Gastrodia elata by ultra performance liquid chromatography (UPLC), and investigate the factors influencing the quality
of edible and medicinal Gastrodia elata using multivariate statistical analysis. Methods The total of 30 batches of
Gastrodia elata samples were collected from 11 locations across 3 producing regions (Shaanxi, Hubei and Guizhou) at
different harvest times (edible and medicinal). The 6 kinds of components—gastrodin, p-hydroxybenzyl alcohol,
parishin E, parishin C, parishin B and parishin were simultaneously determined by UPLC. Comprehensive evaluation
was conducted using fingerprint similarity analysis, principal component analysis (PCA), orthogonal partial least squares
discriminant analysis (OPLS-DA), two-way variance analysis and multiple comparisons. Results The fingerprint
similarity of the 30 batches of Gastrodia elata samples ranged from 0.945 to 0.998. The PCA extracted 2 principal
components with a cumulative variance contribution rate of 79.852%. The OPLS-DA model yielded a Q* value of
—0.0349, indicating highly similar chemical profiles between edible and medicinal Gastrodia elata. The two-way
variance analysis revealed that the harvest time effect on PC1 was statistically significant (P=0.048, partial #°=0.153).
The marginal estimated average value for edible Gastrodia elata was 0.167, while that for medicinal Gastrodia elata
was —0.334, with edible Gastrodia elata scoring significantly higher than medicinal Gastrodia elata in overall quality.
The origin effect was highly significant, with Shaanxi samples exhibiting the best quality. Multiple comparisons further
confirmed that PC1 scores of Shaanxi samples were significantly higher than those from Hubei and Guizhou (P<0.001).
Conclusion Edible Gastrodia elata harvestes at the optimal edible stage is significantly superior to medicinal
Gastrodia elata in terms of core functional components (gastrodin and barishins), while maintaining a highly consistent
chemical profile with its medicinal counterpart. It is recommended to prioritize Gastrodia elata from the edible harvest
time and the Shaanxi producing region for functional food development.
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Gastrodia elata
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BT, ARUFFOBCE TREVE . AL S 3 A
X1 AN 2 AR (B A2 3, 30 HEUOR RRAE
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CFARTT E. BRIZRT C. BRIFRTT B, EHFERTT 6 Fik
o3 1) B i OF B R RR F A, 454 43 (principal
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SRR EFAE ), EURIARTEEILS: 26010721, 407 97%). [
FIFRTF CELS: 20010722, 4R 98%)( L iff [F] HI A=y Fi A
HIRAT); EHBTT BALS: 20460155, 4l 98%). EF)
PR E@E S 20350602, £ 98%)( i 45 % A= ) = 2 R
2wl); ZNE(Ekat, K1 Sigma Aw)); LEECOMTAE, K
HETBRARHMERNE A PR Wl ); BERR (53 al, Wt il ik
WA PR AT

1 FH KRS 25 F KRR 7T 9548 v S e s A Al 24T
IS E N LB KR Gastrodia elata BLAYHZE, HAK
PR B 1,

®1 HmiER

Table 1 Information of sample

Kk 2 R R

pan ﬁg%w Tg%w
Tt HET T L RO X M AR S1 Y1
B A R T L R DG X R AR S2 Y2
S A B T bR ELP L S3 Y3
SN TR G RE S S4 Y4
A e T O BN e S5 Y5
i = N s BE AR Gl S6 Y6
WAL BB T 0 B R P S7 Y7
WL BT REE X RIS S8 Y8
W28 ST A bk X 21 HP4R S9 Y9
BTG 45 R i T PR G S10 Y10
BV 48 LT P B Si1 Y11
I DG 4 D HR T g B S12 Y12
B V8 28 L T S EL K T S13 Y13
Bk 4 4 D T I BH L A S14 Y14
BV 4 DL T T LR iz B S15 Y15

1.2 UE5EE

FEBR K Vanquish 8 E AR EIE I (SIS AR 25,
¢ [E FEBR KRB A F]); Waters BEH Cig /(2.1 mm
x100 mm, 1.7 um, 3&[E Waters /A ]); 1000C Z HIREM ALK
FRETTLL K BABLHL AT PR 2 F); ME204E HLF-RAF-CRSE 0.1 mg)
XPR2/AC BIHFRF-CREE 1 pg)(HHEF TR 2 [H brAT PR
73 +l); TST-UPB-40L JBZ/KHL(A FK T Z Wikp (a4
FRZAF]); KQ300DE i 7 i BEH L 1L AT 7 A A FR A
A]); SHZ-DIE I /K K 2 B4 5 (18 S R RS}
AR, TGI6WS i B O ALK T s O pL
HIRAF].
1.3 ZWITR

1.3.1 stIB SRk o4 &
A0 A S R BGE 6] BE A KR XK, B2

FIART E. BRI ¢ BEAZRT B, BRI AEK
(KN 3:97, V-V, FIR)ESE, Sl R s &

AL 6 R BESh G A TGS i, NI /K VTR, el
MR . WP, AT B, BAET C. ©
FIFRT B, BRI BTk B 43 51124 39.00. 39.33. 19.27,
38.52, 42.14. 33.30 pg/mL AYTR-A X IR SVATR . alad 5
TR AHR A ) IR SS R T AR R, R15 6 DRIV
TRA X HE SR
132 AR RIE R H &

BRBEMRGI=S2 2 g, WHFE, BHESRE
i, KA 60%Z 8 50 mL, M &, BAAMEh
H 120 W, HiE 60 kHz) 30 min, ¥, FEFERR,
60%Z FEAN LIRS A E 2, 4000 t/min #5.0 5 min, F5%
HBUETEW 10 mL, We4s 205 T IORERR, SR 2 /K iE
ViR, R R 25 mL D, QAR R R 2 2R
FEA], B, BIAE.

133 &iEsu

Waters BEH Cig 53145 (2.1 mmx100 mm, 1.7 pm), %
BIAHR 0.1%BEER /K (A)-Z i (B) 7 BB BE LE B (0~3 min,
3% B; 3~5 min, 3%~8% B; 5~12 min, 8%~12% B; 12~17 min,
12%~18% B; 17~23 min, 18% B; 23~28 min, 18%~95% B;
28~32 min, 95% B; 32~33 min, 95%~3% B); 33~40 min, 3%
B; Ui 0.2 mL/min, R 30 °C, ¥l 220 nm, #EFE
i3 ul,

1.4 HIEALIE

Blmze WPS B :(12.1.0.25225 )R BLG, KA 2
TR SUE AU PR REE(2012 4FO)IEAT B 43 #T,
Fr 45 R A GraphPad Prism 8 #E17 i 3 13 #, PCA | XX
HE T 28K SPSS 26.0 #7407, 1E3S s/ 3k
J) 51 43 #7 (orthogonal partial least squares discriminant
analysis, OPLS-DA)¥X ] Simca 14.1 #4743 .

2 HR55%

21 FHEFER
211 KEXEFE

B X R GRS R, 5 1.3.3 TiT kst
HERE, LA BRI BT VR B O R ABBR (X, pg/mL), UETH
BURPAEFR(Y), T8I 7 R F 2 b br e i 2k, 255 0
2, GARUILM IR RIF. Y8 3 5 10 f5EML
B A B9 R BR (limit of detection, LOD)FI %€ it fR
(limit of quantitation, LOQ). &5 B/R, KIKE . X FILE
HEE. EFIERTT E. ORIERTT . EFIFRT B, BRIZRTM
LODs 435125 0.018., 0.040., 0.044., 0.036. 0.035. 0.029 pg/mL,
LOQs 4314 0.061 , 0.134 . 0.146., 0.121, 0.116., 0.096 pg/mL.
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#1419 LODs Fil LOQs ¥4k FHARAKN-, W% Ir kR
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Table 2 Linear relationship investigation results of 6 components

LA B

o o N
Pt bR £k fe /(ug/mL) 2 2
KIFEE ¥=0.3483X-0.0753  0.98~31.20 0.9999

XFRFORHEE  ¥=0.6263X-0.1568  0.98~31.47 0.9997

WA E ¥=0.18X-0.0522 0.48~15.42 0.9980
EFFHEHF C 7=0.2814X-0.0609  0.96~30.82 0.9997
ERZFT B r=0.2404X-0.0704  1.05~33.71 0.9996

LRI AR T Y=0.2479X-0.0024  0.83~26.64 0.9998

212 HBHERBER

BURBRBLR AT, M 1.3.3 TR @i &t
FE, BELLUERE 6 I TINAE, I0SRRBRER . XHRIEAEFIEE
BRI E. BRI ¢ BRI B, BRI A0
1, AR AR HE R 22 (relative standard deviation, RSD)%>
124 0.12%. 0.16%. 0.09%. 0.21%. 0.19%. 0.22%, =
ARG 5 R AT
213 FTLMRBEER

HU ST HE R BRFE S 6 13, 4% 1.3.2 Ty kil 4, &8
1.3.3 T NS AR UEA T e, 1Lk 6 A B4 i T B
RSDs 735128 0.22%., 0.31%. 0.18%. 0.25%. 0.39%. 0.37%,
FZOT R E R R AT
2.14 FERMERBEFEK

HUSTHER RIBRKE S, ## 1.3.2 W7 il 4, #08 1.3.3
TR ERESAE T 0, 2, 4. 8. 12, 24 h FEREISE, i
SR 6 AT RIETR . R ER 6 ARG AL RSDs
S50HR 0.44% . 0.52%. 0.30%. 1.02%. 0.65%. 0.97%, #*

A

A SR VA RTE 24 h NFRE LI .
2.1.5 miEk EER

FEEFRIL ST MO KR K 6 1y, B2 2 g, Fiekf i
IS RER A 11 ARG ARIRE | SRR HEE . EA)
FRAF B BRI . BRI B, EAZRTEXT R, #1.3.2
W&, FEIR 1.3.3 TR st rilE . RIRE .
YHERFEE, BRI E. BAZE C. BRZF B, B
FIFEF AIANEE ISR A3514 100.53% ., 101.22% ., 102.07%.
99.87%. 99.65%. 101.69%. RSDs 4358 1.23% . 0.88%.
2.01%. 0.31%. 1.65%. 0.94%, FHH Ik fiEmf e 4t .
2.2 IBWEERIE S REIAEIEN

15 HEE RRBEAN 15 HEZG R KRR, #% 1.3.2 W7
AU AR, % 1.3.3 TR @i ghReiE, 0t
BIEEL, Sl (2R R SUR AR U T R 5 )
(2012 AR TEIE TR, e ST Y T R EREVE A
Z KRS, WA 55N 0.1 min, RAPREOEL S L5
WIE, #EAT eI e e, A g RE R e F B i ig . 15 #t
B RIRFR S E e 8 AN AT g, 15 2y R RRFE 8L
WEARE 7 A, ORI S B AIfME S S EULE
kb o IR ST HRAL LY, $8IAILH 6 ANk, Rkl
RIRF (g 1), RSORFRHEE0E 2), DFIZRTT E(0E 4), 1
FIZRTT C(9% 6). EFIZRTF BU& 7). ERIZRL (0% 8). 1541t
FEFRBRFN 15 Hk 2 FI R RRER SCR 1533 in P B Hovt iR de a0 &
TEDLIE 1, JRAS AR ETEILE 2, 15 #EE RS2 R
RS ) S 0T B RIS A TAR LB PPN A A, AR ILER 3, B
FIMRARLE A 0.959~0.998, 24 FH K MRARUE 47 0.945~0.997,
AR, AR T ORRRA AR IR

700t ;
630f 8
000
200F
350f 1 4
400t
30f ]2 5 7
YN S K | N . - R
R . s . 1 . S1s
030f b . s 1 . S14
S 10000 ab I P i S13
& 35§- o 1 i Ja R S S S V)
b 800F L4 1 O 1 si1
R N - - 510
6308 —aeg ‘ N 1Y . S9
So0f A X e e S8
3000 wd . A S
0F ld g 5 - o S6
30F { A : . S5
25;))* . X S U S4
2000 Alp o R * ~ S3
130F ‘ ‘ :
L i s . —
Ak A i L S1

AR ER 1 [A] /min

TE: LKA 20 XWRIEOR I 4. ERIARTT E; 6. BRIZRTF C; 7. EERIRRTT B; 8. EAIZRTY, I 2 7. R Xt Hisgalalif.
Bl1 15 HEE FIRRR(AYRT 15 41k 25 F R IBR (B4R S0 Pl % 2 fin el B s B s 480 el %
Fig.l Overlay of fingerprints and their reference fingerprints of 15 batches of edible Gastrodia elata (A) and 15 batches of medicinal
Gastrodia elata (B)
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5 § : thl : : § ; R S Y13
E o0 ; { Y12
o 3 . i - : Y11
i oo — S —1 4 — Y10
=~ 6300 s 1. fn Y9
00—k o —— Y8
5 [ ks 1 ~. S R - Y7
ﬁ L U I ; T - S — Y6
%8 [ by | PR N t a . S5
NP S N S . Y4
T . P N § | Y3
- « -~ ! Y2
L i - [ Y1

L B3 B[] /min

TE: 1 KRR 2. XPREEORHIEE, 4. DAIZRT B 6. LUAIZRTY C; 7. EFIZRT B; 8. BAIZRTY, ¥ 2 [Al. R Xy IRFE QA
Pl 1(EE) 15 HEEIIRIBR(AYR 15 SHE24 R RR (B )i S0 Pl 1 8 i Vel B JHC ) it el i
Fig.l1 Overlay of fingerprints and their reference fingerprints of 15 batches of edible Gastrodia elata (A) and 15 batches of medicinal
Gastrodia elata (B)
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Fig.2 Chromatogram of mixed reference substances

2.3 BEERIA

X TTAS 4 2 ASSRUGIIE 30 HEUCKFREE A% 1.3.2
TR kil s A A A, #1333 TR il S R
FE 6 A EERIT TR, RASMRETT R SR AR
7, BARBOHRIRIRIRER . EFIHRT E. DR C.
EUFIARTT B, AR S B LA AR T 2P B (A A b iy
TR (B 3), 52 2% FY e 5 7 A 2 [ B A £
o HE—BLL PCL 1350 (IR IR R S LRI AR TR LR G K
) R BRI T U 2y 22 432, 45 L R £ R Oy
LRG3 T 25 RO (P=0.048), KW KRR
TERZALIIRER Yy RAT Gt BRI

A e 4), BRI HIA RIS | AR C.
ELFIRRTE B ELAMIBRH | IR0 R R B R
A TR AR B3 bR SN . EARE R, M
PERIRETE R B AR R R, R AR L R

AR AR Y R AT PR AL .

24 ERSORER

K 30 HE IR 6 4> 2253 U THT RS- A SPSS 26.0
Ak dEAT 3 8043 23 M7 (principal component analysis, PCA),
BUREIE VI M1 80 (kaiser-meyer-olkin measure of sampling

®3 BERSHARMEOEITNG
Table 3 Similarity evaluation results of edible and medicinal
Gastrodia elata

ETRE) AR %' HALLE
S1 0.998 Y1 0.972
S2 0.961 Y2 0.945
S3 0.986 Y3 0.978
S4 0.992 Y4 0.996
S5 0.959 Y5 0.955
S6 0.988 Yo 0.997
S7 0.988 Y7 0.996
S8 0.975 Y8 0.982
S9 0.992 Y9 0.991
S10 0.994 Y10 0.984
S11 0.995 Y11 0.992
S12 0.988 YI2 0.989
S13 0.998 Y13 0.997
S14 0.980 Y14 0.993
S15 0.987 Y15 0.991
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Fig.3 Comparison of main chemical component content between
edible and medicinal Gastrodia elata

k%

T #0822 TR 3 (P<0.01).
P4 ASTR] P IR R 22 AL 24 o) B X b
Fig.4 Comparison of main chemical component content of
Gastrodia elata from different geographical origins

adequacy, KMO)K: K {H 4 0.580, Bartlett BRJEAG 5 P<0.01,
FIBAR AL PCA AYRTHR S, DIARIEME R T 1
MR e, JEAFE 2 A FERSY, ARAE S, -
F R ERE B 2 50 3.353 1 1.437, J7 2= TlkR A B
55.561%F1 24.264%, Fit T ZTTHkHEN 79.852%(F )&
WX B4~ PCA AT 30 HHE R IRAY KL o5 B -
RIKA PCA DA T2 i MR 25 SR L6 4, RIREE LRI
EAAH C. BAIFRY B 78 PC1 LM xHEi K, %%
SRR EEMEA AT E £ PC2 FEiT4MER K., &t
K E e, WD PCA MBS EMEM (R 5),
THLARIRE SR ERHEE . BRI B, BRI C.
BRI B, ERIARTT 6 A A& A2y F R eY 3 2
AN PR T TR, PCA 1840 (F\~Fy)il it A i
B F=Zyxt, B, Zy MAREAL IS BB R RE, ¢ A Al
RE, DLAS BT 22 SRR AL BB, TSR AR5

AT HEE, Bl F 5=0.55561xF,+0.24264%xF,, W3 6.

A4 RET A 2 R BRA5 25 TR R
4

3k

2_

FRIE(EL

—_
T

3 4
FHor
Bls  ERsiraE

Fig.5 Scree plot of principal component

FT 4 XKRH PCA ETFHFEM R HERBE

Table 4 PCA component matrix and variance contribution rates
of Gastrodia elata

% PCI PC2
EFZHT B 0.966 —0.054
BRI C 0.899 -0.043

WP 0.892 0.083

PN 0.882 0.227

BRI E 0.036 ~0.865

] R Y e -0.193 0.791

LSRN 3.353 1.437

T E TR % 55.561 24.264
St 2 TR % 79.852

R5 FEBEH PCA B FHT4ERK

Table S PCA factor loading matrix after rotation

% PC1 PC2
EARTT B 0.956 0.150
PN 0.900 —0.138
WY PASER 0.896 0.007
EAERT C 0.890 0.132
BRI E —0.051 0.864
Xof ¥ R H -0.113 ~0.806

2.5 IEXmEINZFRFIR S

30 HERRR 6 4~ E TSI AL Simea 14.1 44
W75 HE1T OPLS-DAPY, Z5 R ILE 6., 07 H-0.0349, 3
BHZAR T O, X —25 R, T 6 Rl EZRisr ik
TEIEAM XA E RS2 KRR, 5 PCA 2558 —5, B
TSR M KRR 114 Ak 22 R A 2 BE AL, B AR T & A 8, X
R &R IRAEAL 27 i3 b5 2 F KRR R A — Bohk,
AR R T REE S R A R AL T I A
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2.6 FHMERWAIAMNHWAESTS ZELLER 6 30 HRAAER PCA 59 RHF
. . L Table 6 PCA scores and ranking of 30 batches of Gastrodia elata
2.6.1 35 RIS PCL 89 A & 7 £ 97 samples
LI PC1 9350 (F ) R A8 i, DA™= h(Ber . i9db . 52 FE 7 7 Fe ¥
PDHFCRWIAE . 25 EEFE T, #17T 3x2 WHERTT Sl 1.13 0.36 0.90 5
2N . SRR 7)) B R MR i B R B K F S2 —0.99 2.75 0.15 15
(F=17.823, P<0.001, fiii n°=0.598), fi#hs T M5 51 59.8%, 83 —0.16 0.67 0.09 L
. o 4 ~0.01 1.06 0.31 10
WL PCL P BEUGE IR, BT 0 KRR 5 O o = .
P 0.854 H F11E-0.399 5 BE ™ 45-0.705; SRR 56 139 133 137 .
A FI B 25 K- (F=4.340, P=0.048, fii #°=0.153), ¥l s7 ~034 0.08 “021 19
BrAh B 349ME, & AHFEHME 0167, 28 HAFEHE N S8 -0.71 135 ~0.09 18
-0.334, LS RRBAMZEE RS B2 5 T2 R 9 ~0.66 ~1.36 —0.87 27
Wl 5 SR DB S A A i 3 KT (F=2.915, :if gz; °0-3372 g;z ;
— 2_ = = rs g TE KL T : - -
P=0.074, f} n°=0.195), {HBL EE’J%%;‘E B IERRIEE K Sk 023 yn 0.03 T
*&E%(P<0.00I), R2=0.652, 2% B AR SR U B A R T S13 0.51 _0.47 0.21 11
T LA IR T 65.2%M78 5% Si4 1.46 ~0.30 0.92 3
262 Py FORIR PC2 8 R E & 5 £ 5 s1s 0.68 099 0.17 14
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Fig.6 OPLS-DA score plot of 30 batches of Gastrodia elata samples
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