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Quantitative analysis of active components and comprehensive evaluation of
nutritional value between hybrid Gastrodia elata and its parent varieties

CUI Li-Li', GUO Hong-Ying', ZHAO Hui'", SONG Chao', REN Yu-He',
SHEN Chang', FENG Zhi-Wei*', WANG Ji-Yang®, SU Li-Min®

(1. Institute of Special Wild Economic Animal and Plant, Chinese Academy of Agricultural Scienes,
Changchun 130112, China; 2. Jilin Shenwang Plant Protection Co., Ltd., Baishan 134500, China)

ABSTRACT: Objective To quantitatively analysis and comprehensively evaluate the active component content
and nutritional value of hybrid Gastrodia elata and its parent varieties. Methods A combination of ultra
performance liquid chromatography, automatic amino acid analyzer and Dumas nitrogen analyzer was employed to

conduct a quantitative analysis and comprehensive evaluation of their active component contents and nutritional
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values. One-way analysis of variance was performed using SPSS. Results The hybrid Gastrodia elata exhibited

significant advantages in active component content. For instance, the total content of gastrodin and p-hydroxybenzyl

alcohol in WHO3 reached 1.082%, with a parishin content of 0.750%, both significantly higher than those of the

parent varieties. In terms of nutritional value, the total amino acid content and protein content of hybrid Gastrodia

elata were also superior to those of the parent plants. Specifically, the hybrid Gastrodia elata WHO03 exhibited a total

amino acid content of 7.604% and a protein content of 10.12%. Conclusion

This study establishes a

chemometrics-based comprehensive evaluation model for Gastrodia elata quality, revealing the chemical quality

improvement patterns of hybrid strains, and provides critical scientific evidence for the genetic improvement and

industrial development of Gastrodia elata.

KEY WORDS: hybrid Gastrodia €elata; parent varieties; active components; quantitative analysis; nutritional value;

comprehensive evaluation
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KW (Gastrodia elatayf: b — Rl 4t 14 25 & R J5 A4,
FE R 2GR S ATl 240 o e 5 4% 5 o P A7 o 7 B 2 4R,
RIRFT I RIRE . BRI E !, S
EWZ TR, TR RE . MR RIREEIE
ARCOL GO ST | WS 3R Y718 s J 1h JE B v 1
MAE, i v 2 05 50 R BRA e 2 285 2 W i S ) R
Bho MAER ST, RBR P A RE KU RN A D 8 2
Bk, AAUAT DL A A, AR TR R (IR . K
JRRTF 25 2 REAL A PR A £ 0 00, i L T AT R R A
IR

SR, AN [) S R RORRAE TG PR A i . PR BOE 37
BT WA B 25 22 UL SR R TR £
Pk o XFEFAMUFEHRBRSEAT, HLIESR
E BB L RN, AR BT R I R B 4 4 M
FEE LTl R | R AR R SR Je R A
h—FPA RO S, REfS I A R R SR R
AR, ALTE P R A BB AR, DT 7 HE 3% 1 B
ST SR AR T SO B TR R 2 S 2y
B, R REER T WS SR E R RS E T, R T 5
G771, RS TR M 1 AT RESE & JR HAT TR X,

FTFUIb, BUFR BERGEH LRI RIS 55
P RIRAEA S 1053 B B SR A5 T 22 5, TR AP 258
RIRAETE TR A . SR ER 5T & 55 5 i e g, LA
B UE A% 28 FIARTE R BRSO, R FORRAY i ke R A
PRI & B A R S B2 ARk 4

1 MR5ERZE

1.1 iR
¥ K Ff(Gastrodia elata f. elata)55I5% A = m AR
WANEI(4i5 WST), KHIBEHN@ES WIL), 42RKMK

(Gastrodia €lata f. glauca)>k B BEPEJHXE (45 HHZ), @
13X LR A R AC AR Y A2 ACF WHOT, WHO2 Fl WHO3
TR
1.2 KFIEMEE

KIEZE (7745 M11GB148059, 4l 98%). X%
LW (A2 7S RO9D8X 50333, 4l 98%) . MAIAT
A B.C.E(4E/5 4543 & MO9HB177711, F181B207357 ,
S01GB159666., M20HB178561, 4l 98%). F&FE (4™
5 I31D6H8442, 4lFE 98%). 18 Fha FEMRbRUEY) (4
BE 98%, EiIRMAYARA ), Wl shi(rrat, =
R FRAFN A BRA A, ZIE(EELE, £E Sigma 2
w)o

ACQUITY UPLC H-Class # =R AH A 154 . Waters
BEH Cjs H:(100 mmx2.1 mm, 1.7 pm)(ZEERER ),
L-8900 4= H h &M HTL(H 2% H 5223 F]); N-PRO #15h
W 8 AAL(HE E AR ISR A, SW-4 fUIE I A A (1 [
Berghof 7 Al); Milli-Q Advantage A10 #4fi/K #5 (3£ H
Millipore 23 F]); MS204S ML F4r A K F-CF B 0.1 mg, Hit:
MettlerToledo A ]); FW100 &5 3 7 BEMREHL (R HEZE 1T R
I A BR A, TP-100ST A FHBEAL M T i% U8
P VR A A FR A ), TGL-16M 253 85 AL R X
BDHLA BRA ) o
1.3 XWHE
13.1 EHRAL AL

SEA Sk T 5 B R 2y kU0 SR R RO
AR TEIE RFRE . WA RE, BEAIZRT AL B. C.
E FI&F B EEM & . iS4 @ik Waters BEH Cig
(100 mmx2.1 mm, 1.7 pm), ¥ 40 °C, Fishtih 2 0E
(A)-0.1%BEFR /K (B), et B YERL: 0~1.50 min, 3% A;
1.50~2.35 min, 3%~10% A; 2.35~3.75 min, 10%~12% A;
3.75~5.39 min, 12%~15% A; 5.39~6.89 min, 15% A;

s

6.89~8.39 min, 15%~25% A; 8.39~8.62 min, 25%~95% A i
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W 0.3 mL/min; #3220 nm,

RS 5 FRECRBRBI R (G 60 B )2.0 g(Hi#i %
0.0001 g), & FHIEEHM T, MAHE 50 mL, FRE R
i, HARE(00 W, 50 Hz) 2 h, $&BCRH I EE %,
M 2 h, FFREES, AP R A T, A,
Peat, BEMEEIEW 2 mL T 10 mL £ 4K E 2,
AL 0.8 mL iAW 25% F B E 25 28 10 mL 25 i, #2757,
FATALUEE(0.22 nm)IERL SRR, AL . AR5
3T
132 &AHAB ey 2

FIF 4 A ShE LRI E 18 FhaSEm &, o
TEAE ALK 4.6 mmx60 mm, HIFEYINHE FNE; dhRG
20 pL; % 1.2 2 5% 0.1 mL/min; #0035 K43 1 570 nm
1 440 nm,

FESRN £ RS TFRICRE S 100 mg (100 H)F /KR
H, A 20 mL 6 mol/L $R2, 110 °CHEA H /K fi# 22 h, HUH
BHIEER ., TSR 800 uL EEHAF, T 60~70 °CHL#
M T4, A 2 mL 0.02 mol/L $hEA&E ¥, WiEIRS, it
0.22 um K RUEME, LMK, HAFEM 3 4 F1T
133 E@fen i

%2 GB 5009.5—2016 &M & EHF R SRPE
FTRIINE ) 55 =3k BABE R L T 3 U130 U 2
B, FRBGREE 0.05 gORE#F] 0.0001 g), LA 4t
WHEFHERIUER R, EZAUR KM BREEE
980 °C. iR JHIREE 650 °C. A ikt 200 mL/min, A< H
¥ 1.2 mL/mg,

1.4 HIEAIE

iz FH SPSS 16.0 ¥4t 47 B [ 2 7 2% 53 i (analysis of
variance, ANOVA), F-¥ i Z MK P52 R P<0.05, ffif
Excel (2013 i) H TR Hil #AER .

2 FERES
2.1 EMRSFIRME

211 ZXREXKGBmERSTESEL

M (rhAe NRIEAEZ ) (2020 ROMUE, KRB

TEPEO LA R BR R 5 0 0 B8 TP B Y B i A% O dR R, T
TEFREATHIET 0.25%(TH ) o AWFSEBEI 7 Tl i 2 A
I3y B ROCR A8 1), 6 Al Rl il ks 0 45 51 15 18 2%
T M EEER D), Hb 3 MRS TFRIRRR &
(0.066%~0.113%) . 3 = T S RREA WST Al WIL, 4L
WRFEA HHZ 327t 1.06~1.82 £ 3l 1o AL AR M o3 B R
W, AR BER KRR R & & 5 L0 OR A 5 B3 1A
(R=0.78), KI5 U] Rl i 5 [N E 4 T 4 1T 200K
o KRR R A AR O A 67 B R, 0 0 RN TR
(phenylalanine ammonia-lyase, PAL) . & % MR ¥ 1k 1§
(tyrosine hydroxylase, TH)% 5 S lFIE PEXE 5, M4k
Ty 28 B 735 PR %

(o))
-2
S o 3
B E h 3 =
0.40 s E X8 o9 =
= g # ®Z # O o
< Zom gy X & <
= 0.30+ W X & o #m
FE:;‘I.\ ‘§‘ oy i = K;"ﬁ
2 020} R gl =
" h | k |
0——2r—0n S VS AN AN
0 2.00 4.00 6.00 8.00
PR ER B [5)/min

P RIBRER S PR e R 5
Fig.1 Chromatogram of gastrodin and other
standard solutions

N2 B RIS A o0 Bl 43 B, RRR 3 5 % 2 oK Y i
PR R 23 PE Ay, AR IHUE M2 ihn &y, I
Uil . ORISR S D R PE B R T R B4t
TR YE . PLZesg iR WHO3 ], HER R 5 X%
e BB M IR 1.082%, BEAR (FIME 0.528%) 3 I
105%, 3 10 1 1 B 43 4 iF o JHL A RO b 220 35 )
il CAI IR PR B AR B B i 3 7R i 4 R R B
ERH

#z1 EEMRHBESHEEXRREISXTEN=3)

Table 1 Comparison of the total content of gastrodin and p-hydroxybenzyl alcohol among different varieties (n=3)

KRR it il KRR % X 32 A R %% R % v [ 24 Mk AR A Ol
WST 0.008+0.001¢ 0.297+0.007° 0.305+0.008" Br.Y )
WIL 0.010+0.001¢ 0.482+0.015¢ 0.49120.016° BEY 7
HHZ 0.062+0.004° 0.808+0.049" 0.869+0.053° By Y Y 5
WHO1 0.066+0.004° 0.713£0.033° 0.779+0.035° TR
WHO02 0.078+0.001° 0.328+0.019° 0.406+0.022° Br.Y )
WHO3 0.113+0.001° 0.970+0.023" 1.082+0.024° 28 A

T SRR 5= B3R 4 A 25122 53 (P<0.05).
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2,12 R ARG EA) RFE RS EFHAE

LRI R 20 A 1 & A A B A7 A B2 2 S (I
2), HPLC E 4R, ZIMEA(HHZ) R B BRI R &
1#(0.365%+0.015%) i T LR EA, HrhZp SK(WST)E
B BRI B RERIE E(0.026%+0.007%), 1K

A (IR BRI AR 4Etkan . AR SRALE I iO)iE & b H.
AREIH T WHOL iEFZRH B F5 7 IER R, nlfgl
Ao V8T i T A A QT S (A e S P U7 PR 5 1), A T
K AR RE B bR BEHT 5 1 o

_ B EAZRE WARE W OB

L1 2 JBRCWIL) I A B R 254 C 197 75 5 (0.063%20.001%) gj B ARG B EAREA o
FHAE, 4878 2 bR B 08 U5 LA 5 R 2R S A 4L 2 R 0:6: Es
AR ERY . 252 T, WHO3 & R 9 BRI 2R B < 05l .
A0.750%, 7E B Al F 1 B (0.174%+0.005%) . C ﬂ\i 0.4F l
(0.082%+0.002%)F1 E (0.235%+0.001%) 3 204337280 1h 0.3F = o

BERER, TS5 R B, HE A o N i

T RE S 2201 R R e AR R AR B PAL Rl A B R -4- 0 :

¥4k B (cinnamic acid-4-hydroxylase, CAH)J4H Wik K 3¢ 1% WST WL HHZ ~ WHOL  WHO2 ~ WHO3

PNUNLE

A P AR RS, WHOL & R 0B BRI &
1 (0.288%++0.002%) 5 I 5 A [A] P 18t % R AE, HH 2 F]
FETF E & 8(0.036%+0.001%) 5 T 354 WST fil HHZ, %45
FPERR R AT e 5 R AT G0 s B A 2 B Asha
TR, RN, WHO2 M RMAH S T RHETE

B2 e R AR AL S AL [
Fig.2 Comparison of the composition of parishin compounds
among different varieties

22 REBRERSEFNE

0.110%+0.001%) 3K F WGE, $R1ZZL38H A A7
] 2R AP B, T Ao S AR O v k2% A8 2 A e Ak A s v A
FRU = AR BACR

T WA IR 0T, BRI RS

IR BIR(E 2), FEATZ M DRRWST) & L1
SR A% 5 (6.603%0.002%), i3 & T K A 1 FR (WIL)
(4.751%=0.015%) 5 BTG £ R (HHZ) (3.971%+0.022%), 7%
Zhh R OWHOL ., WHO02 , WHO3 [ % 3 iR i 2 50 3l N

6.665%=0.013% . 6.523%20.021% . 7.604%+0.006%, ¥J#
1k LRt o ShBE & S T & 0 B BRI R F A, RIS H XK RRE 55 50 E )58
B, WHO3 () LRI R AL, i et S b R R AVEH -

#z2 TEXKEMHPEEERESE(%, n=3)

Table 2 Amino acid content in different varieties of Gastrodia elata (%, N=3)

1 22 FEE AU 25 I Z2 80 s TR St st il B

AL ARG

WST WIL HHZ WHO1 WHO02 WHO03

KRAHIR 1.015 0.848 0.504 1.366 0.901 1.438
TRTR 0.289 0.197 0.178 0.264 0.299 0.304
2251 R 0.450 0.328 0.288 0.459 0.491 0.519
gy 1.392 0.960 0.855 1.258 1.271 1.431
TR 0.492 0.346 0.302 0.525 0.526 0.646
[E=Yivd 0.427 0.309 0.287 0.430 0.415 0.474
i zNicd 0.053 0.037 0.042 0.049 0.052 0.059
Y 0.361 0.268 0.250 0.359 0.403 0.411
HHER 0.057 0.040 0.035 0.045 0.056 0.051
IR 0.238 0.173 0.157 0.227 0.258 0.268
SLHEIR 0.454 0.323 0.278 0.420 0.467 0.500
i 2 R 0.143 0.048 0.073 0.100 0.178 0.143
RINE R 0.292 0.212 0.181 0.267 0.294 0.329
FIENivd 0.339 0.243 0.209 0.326 0.346 0.375
AR 0.081 0.049 0.041 0.071 0.056 0.062
LiTERN A 0.135 0.096 0.075 0.124 0.156 0.148
Jif R 0.385 0.275 0.216 0.375 0.354 0.445

S 6.603 4.751 3.971 6.665 6.523 7.604
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W R SRR N TCIE (AT, e A0 5 4%
WU E TR, AT PR IR & R IR BRI AR b 5 BHETR,
HAERR 238 A ORI RE BEA A i S AR 22,
SRR RS IR A 25 T (B B 2R bR . RIBRH A
W 17 PP SRR (A 3), 45 7 P @ERCF AR . 4
AR, EEAMR. AR . KNER . BERARLER) .
9 PR EEMOR TR AR . 248 MR . FEAMR . THEAMR
HER, WER, BER . AER. R — A HAbRE
BEETR . AR RRA PR SRR LA 4) 70 Hr s A5 b
Rl AN F A S T AR U R | e AR
R BRI AR SR AR R4, RV 2R3
AT RRIR TR N BE A SRR A R B e g

]
=
‘§=.
2
My g
L B i
100f & g
= 8
5 = S B
75t g [EE -
= g o o @ .
= =8 |9 5 ! g
v S I bS] ®
E 50 S8 < £
= s 5
= IN]
25} J\
0F— 1 L P - T .

1 11 T T : — I L) 1 1 1 1
0 25 50 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5
£ B3 B A /min

Bl 3 S SRR i 1]

Fig.3 Chromatogram of amino acid standard solution

W IR A
LRSI

= KA
m T MR 1

35.4 . 35.1 32.9

S st

WST  WIL  HHZ  WHOl WHO02 WHO3
PNUNLE

T AR RN 4 IR EAT 35 M 22 5 (P<0.05); bl 2k
FRAELAE: AR . WAL, HER . FRER. AR, KA
B2 AR
&4 AN[E) KRR Al BE R 20 5 b 7 AR 1R L]

Fig.4 Amino acid composition and essential amino acid ratios in
different varieties of Gastrodia elata

KRR a8 S TR AR R 5 U AR A W A A
FHSEME R A AR, PR AT AR, AR
TET R E IR A, 38 R RE N T 1 20 19 & B AR 41t

YAl . A SR R & SRR AE R A A AR AL,
AL (L M 2 5 K R RN 3 2 2R R Y AR A R,
HoE T 56 A B BRI G, AR S KK
% IR A VR R R A R N 4 R S VR A
AHEANTE o b 3R ARI8F 0 4% 19 B 15D 1 FH A B T 2% 28 KRR
TE S LR 5 06 Mk AR 43 (U B R R 28 L R E) Rl B 3 T
B0 G, $8 7R a5t A% 5 41 AT O Ak AR08 3 43 T DA S B 22 4
SR
23 EHRESELBRKIBEFHIRAR

A TR R ARG S BB R, R ETt
SRR EE . RFEFMEAEEERZ L, Pl
ZIRR(HHZ) . =M SHR(WST) . £ F 1S FR(WIL) R 5
TEHIN 6.07% . 8.24%F1 7.44%, TiZ<AZ & WHOL |
WHO02 F1 WHO3 (98 15T & it = TEA, 438 9.60% .
9.41% . 10.12%, H:fp WHO3 HEHR S EREART
22%~36%. \NELH (] 5) Enl DIE 1, A& A
b5 R 22 I B3 A A S (r=0.8405) 22 L 18R AT
PR 4> 00 2 e L IA r® B RN, RE fiR R AL Rl IR Y
12.98%~25.96%, TMFIARMIIUT 74%~87 %M AE S ICHE F i Fl
22 TR RE, T RER AR SRR . BRI RPN R
M 2R

288 1o VA B 10 0 kA R B M A3 1 B AR T 2
FIBER A AR, (R KRR . BRI R 2R AR5
Ao TR, B AT Y 2 R 2 - i T 3 4 s A
FEFRAE TR, SLIRIR I KRR B E FR N E A M A 5
qn, FE R P R R SRR L S T RE S T R RTE AR E 5
AT A ACR, AR TS A A 2 R AR
A REME— AP B R RRTEBUEAL . A 55 5 T A P88

O @ 2R @ 1 TERSY
12.000

1=0.8405
10.000 0 @O
£ 80w 0. °
{ coool @& e PN —
o 6000 g g Sy

4.000 C °
2:000 #=0.1298 _©
0 Ol‘a ........... @ o~ i :

1 2 3 4 5 p; 7
PN N

5 RIBREE TS 5 A i o3 Ak AR DG 20 #r
Fig.5 Correlation analysis between protein content and total
amount of other components in Gastrodia elata

3 Fw5itie

AT AF 5% 2 BH 2% 58 B R A 77 b KR B 4 o8 KRR
AR AR AR AT i A A e As R
JR(WHO1, WHO2, WHO3)5 352 By 7 P L 43 S8 TR A,
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T ZIAREE AR IR R . R, 2438 RIRTEB 26
AT (CRIRER . XPRERH R BAIRT) . M
SR T SR O AR R B L, HiR WHO3 Y
R R R W, HE MR B R AR Y E R T
105%, B EARE 22%~36%, M MHin(E sy K& h
AEPE A T R SR AE T ORI . WHOL 1 4 34 i 5
WHO2 By & RAmEetE, W3k 1L 5 b 25 &2y AR
T IREE PR T 2 AR 1

AR GE A B — AR B, BT IR R G R AL
RIRAE 25 & TR U5 vk b p SR A3 6 245 FJZ 11, WHO3
BRI ER SXREE PR R AR R, R & (1.082%) 2t
ZyLbRE, 254 R AR A 1 28 S AR, s
T2 R AR T B Y RS RE; e FR)2 1, L
KR B IEIR 5 e 30.0% L) F, FFABa ERE Rk
b £ /1 BT A 1 S o P B AR O, A4S AR % T
RETE S LR B 4, NECE M & REThRE M PR 50T
RARME T HIE ST SRR 2 sk IR R T B
W 24 A B AN ASCER, IR IE T 38 A% i R KRR Lk T
e S HRAE

JEARWE IS T R e 2R TR R R,
EAPAEAE T 3 23 ], 0, BTN A 3 NZess hh i
3 ANEAR, RS RY KEEASE R, 454 AR5 R 250
M PR B X6 43 B BB A S, A e ik PR AR - R AR PR 5
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