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FAN Jia-Kun'??, LIU Qian-Ting', LUO Hui"*?, LI Chong-Ping', TANG Qing-Yan***
ZHAO Ju-Run’, ZHANG Xin-Feng®, ZHAO Ming"*""

(1. College of Tea Science, Yunnan Agricultural University, Kunming 650201, China; 2. National-Local Joint Engineering
Research Center on Germplasm Innovation & Utilization of Chinese Medicinal Materials in Southwest China, Yunnan
Agricultural University, Kunming 650201, China; 3. Yunnan Provincial Key Laboratory of Medicinal Plant Biology,
Yunnan Agricultural University, Kunming 650201, China; 4. College of Food Science and Technology, Yunnan Agricultural

University, Kunming 650201, China; 5. Longling Institute of Dendrobium, Baoshan 678300, China; 6. China State Key
Laboratory of Subtropical Silviculture, Zhejiang A & F University, Hangzhou 311300, China)

ABSTRACT: Objective To clarify the nutritional value in flowers of Dendrobium officinale, and promote its
development and utilization. Methods Dried flowers of D. officinale were used as test samples, the total content of
protein, soluble sugar, polysaccharide and free amino acid were determined by a series of national standard methods,
and the content of free amino acid, soluble sugar, medium and long chain fatty acids, vitamins and minerals were

measured by high performance liquid chromatography, gas chromatography-mass spectrometry, liquid
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chromatography-mass spectrometry, and inductively coupled plasma mass spectrometry, respectively. Results The

content of free amino acids and soluble sugar in flowers of D. officinale were (23.73+£0.73) and (45.74+1.77)%,

respectively, 16 kinds of amino acids, 13 kinds of soluble sugar, 13 kinds of mineral elements, 8 kinds of long chain

fatty acids, 10 kinds of vitamins B, as well as vitamin E, vitamins C and K; were detected, respectively. Conclusion

Flowers of D. officinale are rich in methyl linoleate, adenine, vitamin C and other various nutrients, which can be

used as raw materials for the development of functional food.

KEY WORDS: flowers of Dendrobium officinale; nutrients; soluble sugar; fatty acids; vitamins

0 35

B 7 A il (Dendrobium officinale Kimura et Migo)f& 2%
#}(Orchidaceae) f7 fiit J& (Dendrobium)FIAE Y, HTHE2EH
FREZ SRk, YT 2020 RRZGIP, A RAT . BUE
R . PED7 . fRY s SR D) B A2 R
HBARMER, BRidklamy ZR AN TIERREY . &
& 2017 4, Ax[EER A A UL 0.8 U7 hm?, et
2.7 77 t, PA{E#E 100 12568,

TER BTN TR b A v, Bk B A b 28 T Kk
6o BIARFTE A, kA fHE S & ZRE IR BT
PERLY, AUdE 17 FhEER17, LI K. Ca, Na, Mg %4
L, Se. Co. Cu, Mn. Fe, Cr, Sr. Zn. B Zf#ifc
2O HE o2, EWEm I SR LR
AR Shi s R W, kB HE A B B
FENOZE A TR RE, BRI U AL | R L ) )
AU SRR B TR /N USSR | O A R
RN FFR Ak S RE T E S B T hREIR U™, kT I,
R A fRHE A Z R TIR, HAA BRI R,

HAT, kR A ke B 12 T 2 BE A0 3 2
It 2018 4F 6 A, FEISE I 2 A 454k A fRHE
R S JEURHA LAY, i O R A T A
Rl 5 WiiL(DB 33/3011—2020 #7148 £ b 42 4= oy b
Fhlek A RHE) ). fREL(DBS 35/001—2020 AREEA
MR ARE BRECABIE) ). TTPE(DBS 45/062—2019
(P PRI F A X S e A b SRz A e ) ). Bt
H(DBS 52/045—2020 { S M E &M FRIE 2 A
LTI Y ). =EG(DBS 53/030—2021 { A &%
SRR TR A BHE ) )54 ok B A X AHLE AT 5
St TR K A B B b B bR i, AR TR A R
WHIF R AR, B B2 00 25 A 4R B s 2
Ko HAET, B A BHER S IR R 5, Hog 54
TER AN L 461200 R RERL 2 T 2 w5 (A B i A FHAE 2
AEME = il ASIRSE DL 2 2k B A FHAE B 15T L K AE B9
TYREE RN &R, I O HT s . PR AR
AR . 4 R ARG SR TN, MR A RHEE TR
BN FE BB, IR AW FEF AR T 1 H

il

1 MR5ERZE

1.1 #R5ERF

Bk A BHEEAE T 2019 4 5 AR B s ek e
W% A M5 T LRI AR ZE L (AaF5: 98.696 °E, 24.593 °N),
BEAERAN G, 26 50 °CCHET, BEOBIRAT .

16 FREZEMRARERL: TNERA(Al) . K& R (Arg). K&
ZIR(Asp) . “FILEIR(Cys). HAMR(Glu). HEIR(Gly). 4
AR (His), @R (le), SR (Leu). HHRZRR (Met) .,
KNG (Phe). %R (Pro). #2482 (Ser). 75282 (Thr).
PSR (Tyr) . AEFR(Val)(LEEE>98%, 3L Hl).

36 Ml NAR H MebrdE sl CRRHER . FIRH N, XM
R, T—mRHER . HEEREFE. =Rl W ERH
g, WEEMRREE . TR EE . T IR EE . A%
RHERHIEG . PRAMER P ER . LA R . TLImmR IR
MEAEHR R . S-9-T /\ B R . TR PR . SO iR
S WA . AEAE BRI . R . 11-— 1B
IEERHEG . WRRER IR . — T —LemR MR . 11,14-— 1B —
ERHEE . (LT RR P . -8,11,14-— e =M I . JF
FRHER . WE-11,14,17-—F0 =R R . —F e IR |
T VUEIR HGE . — ik AT R . ARIEIRFER . —
R HIGTR R . MPAEIRFPER . —F BONAIRPER . cis-15-
DU H ERBR U (LB RE>98%, S£[E Supelco A H])o

23 B BTARERL: BE(Mg) | £5(Ca) . Hi(Mn). Bk (Fe).
BE(Zn). HA(Cd). #H(K). H(Cu). #(B). #H(Na). %i(Co).
HBA(NiD). fili(As). $H(Mo). #i(Pb). 4(Al). %5(Cr). #i(Se).
B(Sr), H(LD). BE(Be). BE(P). PUV)EEREE>98%, TRAHRE
Kedh, 241 PerkinElmer ELAN 2 +)); 14 Bl IS BbR e i
15 Fhde e ZhpiEdh: %5 (glucose, Glu) . F B (fructose,
Fru). FZ=Hi(rthamnose, Rha). ¥ ¥ (trehalose, Tre), 2%
Hi(maltose, Mal), Ff#ili(sucrose, Suc). &M (fucose, Fuc).
BT HL A H¥ (arabinose, Ara). FF|Hi(galactose, Gal), T EEHE
(mannose, Man) ., ##fi(ribose, Rib). FLH#(lactose, Lac). 7Kk
Bii(stachyose, Sta). HiF-#H(raffinose, Raf) . #ilii % (thiamine,
VB,). ##Z (riboflavin, VB,). B (nicotinamide, VB;).
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BRIZE4 (adenine, VBy). 1Z R (pantothenic acid, VBs), MLIEEE
(pyridoxine, VBg). %)% (biotin, VB;). 5'-FLHEMR I
(vitamin Bg, VBg) . M g (folic acid, VB) . % 4l ik
(cyanocobalamin, VB),). a-#E*: % E (a-vitamin E, a-VE), y-
#i: 2 E (y-vitamin E, p-VE), §-4EiE & E (d-vitamin E,
0-VE), 4E4EZ C (vitamin C, VC)FIZEEE K, (vitamin K,
VK))(4liE>98%, [ Sigma 24 H]).

HEE 20 R OEC ke (i al, 7EE Merck A7),
12 HF5RE

756CRT 48400l WA JE B (1 i AR R AU
BRZYFD); 1200 B i SR 3% REE(GEE Agilent 23 ));
A13204-N HL T3 87 K- (3% [ OHAUS /A 7]); Smart-Q30 52
B a Al R RGT( R AZR A R F); DHG-9140 B A
ST IRAA (R rh AR R A A FRA F]); Avio 200 HLJEK
A HFE TR R SHOEIS S (BT Y% PerkinElmer 23 ]);
Thermo DGLC M = i R AHIL . Q exactive =543 HE 5T
FEHI R 45(35 [ Thermo Fisher Scientific A7),
13 S

BREZATHERR BT 52 2 B GB 5009.5—2016€ f i
SEFE BRPRARMINE) P raaeERE,
ST B SR A S I GBIT 8314—2013 (4507 B 28 LR 1
TN AE ) o R =R LI e, R ST T YRR
& AH (2,372 (high performance liquid chromatography, HPLC)
07 i s SRR A 2, AR e 0l i R F R ARk i A T
SO HE; T VAR B AT 22 0 B R PR R T (2 3
FOEB R RRES I E, 0 HPLC & nlyAE TR 4R S5
ARG R AE R TR & AR UM T - BT 5 (gas
chromatography-mass spectrometry, GC-MS)Ili&; 4tk R &
7 % A 3 - BT 3% 2% (liquid  chromatography-mass
spectrometry, LC-MS)IZE; #4513 £ R T B & 55
FR T %9 (inductively coupled plasma-mass spectrometry,
ICP-MS)llsE; 534h, Wil GC-MS 1 ICP-MS A 22 2k fe
AfHET IR ZIRE . SRS FMESEE T,

1.4 HIRALESSH 20

BEAFERL I 3T, 1 % IBM Spss Statistics
22 F1 Origin 8.0 FEATECHE AL BE, LA Hh5 v 25 6 o

2 H#R55%

21 EAXERZEE

T ARk B A RHERE RN A, ABEE i SeE T8k
KA AR oK A N . U E AR G, sk
(4.74£0.07)%.. (0.93£0.48)%F1(23.73+0.73) mg/g, RFHAFA
FAB%(O-phthalaldehyde, OPAYfTA:, HPLC I AAFEANHGHIE] 16

Ty s BER, TEOLER |, AR A 0.03~1.51 mg/g Z[H,
ORI N2 EIR[(1.5120.09) mg/gl. ME SRR R,
FR PRI PR FHROR €33 H G ST A E AR B A A P RS
) 13 Fhaemg, mihdkBE | sk DR SRR [ 35
WSS A e RIS T 17 R 1R, 52 ML, AF
FEARKGN FBIZFR(Lys), X 7] REREE AR OPA ik,
MRS, OPA ARREATAE “GEIERR, MORKI R
CREAMIR RO HIET AL, SR ORHER D SR 17 Rk
T, S ETE 5654580 mgg X [A, 3% 4 & M (0.17~
1.00 mg/g) . 5 %% & MR (0.06~2.50 mg/g) . 7 & MR (0.04~
2,60 mg/g) . & & MR (0.18~4.50 mg/g) . R & AR (0.19~
0.37 mg/g). MEMR(0.17~2.90 mg/g). iz 2(0.05~2.90 mg/g)
FIRPAZ(0.10~2.50 mg/g)tt 8 Fi AJAUN T 2R .

W A PR B2 A fRAE 2 B8 1 R (5.7340.04)%, %45
SR 3 /N ST S AR VRO 300 B0 B R A A4 22 i T
BB (45.6£3.5) mg/g FI(55.3£5.3) mg/g, VAR B &
RGP T 1x6 I8 58 R EK F A fRHAE Z 05 TR &4 B0k
(56.70£0.19) mg/g AULERIEAMIST . HBAIE, RAGRE
MR 2 8 B,k Bk K A AR B R M R D
(45.74£1.77)% 8 T Bz g5 3%, t—2R A HPLC W& T
FE L AT PR B iR o AR B A SRR RS e
(Tre). A HEME(Fuc) . M (Rha)55 13 FoliatEfEGE 2), &
7 0.002~78.97 mg/g Z 1], HZjHE[(78.97+0.71) mg/g]FIE
BH[(24.45£0.38) mg/g) SRt H S . AIVEPEREVE At o dl
YWHEERNEZ Y, S S5EMRNEZELZNR
i AR [ B A 2 ek SR S R XU i 5 0 B AR
PR R B | EIEIR | A R AT AR A SR
OGBS EURLCO) L B RS R 7 b A S R L T
FIF A BsAL & b | Rk A P, Xk iz £ fHE A R XU
MEFRMEA EZE TR
22 HKEERREE

BT R — R HA EEIRENEY AT, | EAETE
HIPIARN, AR EEA A Bl R AE s
LRI . N WAL AR B AE SR, WAy g
BIEFMESZREE T . AN AEE A e AR5 8
R CEERRI AR, (45T Tokele . FRimg . REARER . VAR .
TIMER . 11-ZHiiie . WRIR RIS, & 2w i
WV IHER[(16.09+0.44) mg/g]. EMKBR[(6.28+0.11) mg/g] At
F2[(5.20+0.13) mg/g] (3 3). Hdiif, TREHEAIMER AT FEAIL
ORI R A, TRRIR R NS R T b i —
PR, A CmAE TRy YuE. ROy, B Beinm .
LR FPTAAAE T, BRI A R Z IR IiiR
—, HUH BRI 2 A T shkaynmis 7 Bl
RS LOIHER . ERRER FIARIRER A E AR IR R, 2
B HAHM IR, (A1 2Pl
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Table 1 Content of free amino acid in flowers of D. officinale
N S LR T 1 /(mg/g)

e BN FR P SERY HECIIR fiSoVI A
21 FR(His") 0.42+0.04 — 1.00 0.17
AR (Val') 0.05+0.002 0.28 2.90 0.24
Ja R (Thr") 0.040.003 0.31 2.60 0.39
FEE ") 0.06+0.005 0.26 2.50 0.18
SR (Leu’) 0.18+0.01 0.71 4.50 0.40
R 24 12 (Met) 0.190.02 — 0.20 0.37
AN (Phe’) 0.10£0.008 0.41 2.50 0.33
= R (Lys") — — 2.90 0.17
AR (Arg") 0.510.09 431 2.80 0.49
KA PR (Asp) 0.19+0.01 0.07 5.10 0.30
2B (Glu™) 0.07+0.03 0.37 6.20 0.87
H 4B (Gly") 0.17+0.02 0.10 2.40 0.08
2 (Cys®) 1.16+0.08 — 0.20 0.04
A B (Ala") 0.08+0.008 0.28 3.30 0.54
Jifi 2 82 (Pro®) 0.03+0.005 0.98 1.80 0.15
2258 R (Ser”) 1.51£0.09 0.22 2.70 0.30
fik 2 B2 (Tyr") 0.08+0.006 0.40 2.20 0.65
IR B (T) 23.73+0.73 8.70 45.80 5.65
Dot IR S (B) 1.04+0.09 1.97 18.10 2.07
T A AR B (N) 3.80+0.34 6.73 23.90 2.93
E/N/% 26.92+0.64 29.27 75.73 70.61
E/T/% 8.36+5.62 22.64 39.52 36.61

TE: T BIERR, # AR TR, —Ram AR, T 1A

R2 KEARHMERNEMFAMES S

Table 2 Content of soluble sugar in extraction of

flowers of D. officinale

b it /(mg/g)
AR (Tre) 1.02+0.02
& HEE(Fuc) 0.03+0.01
BLZH (Rha) 0.09+0.01

BTz F1 HE (Ara) 0.04+0.01
L FL B (Gal) 0.42+0.02
HEIHE(Glu) 78.97+0.71

JHEHE (Suc) 24.45+0.38
JBE (Fru) 7.710.12
B (Rib) 1.00 £0.09
FL B (Lac) 0.01+0.01
31 HE (Raf) 1.47+0.04
K I (Sta) 0.002+0.001
2 LR (Mal) 0.34+0.01

‘H & (Man)

23 HHEFREE

N HE TR I E 10 F B WidELE 2, f945 VB,
VB,. VB;. VB4, VBs. VBs. VB;. VBg. VBy, VB, HI#
4TI, b VB, S E[(530.78+29.37) ng/e)l, (G4 EZE B
SN 90.68%. 4EAEZ By RCHARIGI, RIS EA%R A AL
FIRIASIR, 7ERNZ5 RNA fil DNA A%, IRt A4
Hare, AT BA SRR G 2 ARSI RERY . VB, 7Rk
R e S i, JURE 3 FAEEE, H5E o-VE,
»-VE il 6-VE, HH1 a-VE Fitiem[(19.73+1.18) pg/gl; HE
»-VE F 6-VE. FrilZIEk A fbiedh vC &8 [(201.28+
0.01) pg/gl, BISh 20.1 mg/100 g, 44K BEN 24.76%, 5
WRFRE D RIEA L, SRR A HER VC & REi T a2 A
(9.46 mg/100 g). HJR(0.76 mg/100 ). ¥¥Z4(0.14 mg/100 g)F
B VC &8, Qs TAH(18.55 mg/100 g) H57+(15.38 mg/100 g)
AR C TE, IRTHRAM96.91 mg/100 g). FrmEsk
(68.09 mg/100 g)FIHH-(30.78 mg/100 g)F i VC &, Hilt
AL, SE LSS, S afiih Ve SRR,
BA TR ETNE.
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Table 3 Content of long chain fatty acids in flowers of D.

X, HbpHaocRasgedamaMKKA K
(18289.63~19600.00 mg/kg). Ca (9001.32~9785.00 mg/kg).

officinale
— P (3034.09+57.43 mg/kg). Mg (1360.00~2402.89 mg/kg).
HR i /(mg/g) o
Na (106.50~182.24 mg/kg), B0 H = AMREN 4TS, B
THR 0.35+0.03 GRHEGATS . 45, B, B B Bk BSTWR, AR
Pt 5.20£0.13 B NIRE5 RAF RN A
i 8 iR 1.98+0.07
ks 2.800.11 R4 SEOREELERSE
Wi 16.09-40.44 Table 4 Content of vitamins in flowers of D. officinale
I PN N AL
- 0.58+0.00 (azy?] o (ng/g) AL S/ (ngle)
AR R 1.73+0.02 VB, 5.61£0.06 VB, 0.0040.001
e VB; 29.86=0.60 0-VE 19.73+1.18
24 THYITES=E
) ) . . o VB 530.78+29.37 »-VE 4.60+0.22
TR R ARSI E R, RN AT )
PR ARG, U AN LY, SR AH BT 4R VBs 10.83+0.10 d-VE 0.14+0.04
B IE # LR A& 340 1% ICP-MS &k Bz 10 BHE rh i VB 3.61£0.06 vC 201.28+0.01
- R e o e A e
Mz 13 R PIOCEK, HWRE 5 FEYOCR TR VB, 0.00940.001 VK, 0.190.01
2.77~18289.63 mg/kg Z[A], & Hfx s B YR A H
. . VB 3.47+0.07 - -
[(18289.63+1398.96) mg/kg], 5 & HREHIST. HN ) -
HREE R, LSRR R ARIEEEA 13 Fu Yoo SRR SAV M AT
R5 HEAREPTYTESE
Table 5 Content of mineral elements in flowers of D. officinale
FriE/(mg/kg)
2551 TYILER
A5 B4 18 W Ll
K 18289.63+1398.96 — 19600.00600.00
Ca 9001.324295.68 — 9785.00+315.00
WERILE P 3034.09+57.43 — —
Mg 2402.89+52.48 — 1360.00+54.00
Na 182.24+1.52 — 106.504.50
Fe 129.97+£2.95 102.43+68.51 856.00+11.00
Al 56.25+4.35 — —
B 45.89+5.02 — —
Mn 44.93£1.01 52.54424.18 156.500.50
Sr 22.87£0.20 — —
EICHE
Cu 13.10+0.98 5.85+2.20 3.98+0.13
Li 12.77+0.06 — —
Ba 2.77+0.29 — —
Zn — 36.60£12.74 28.90+0.40
Se — 0.31+0.28 —
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ABI XS B AT HERIRTR RS . 7375 7K (as B 6)
L IAHESE 198 Rl 255R B AT TAGI, 7ERE S Ap UK
WF] 56 R (0.98 mg/kg), HEEMFA GB 2763—2019 (&
i A E AR R R AR R OR BRI R ) MELE . 5
Gh, TR EARHE PRGN B G EESEICRGEE . M. # .
B8 MRBATF S AR 25 5 T 4 Jm AR BR A I 45 5ok &, Akl
AHER N 24

3 g

R ABHEREN AR . WL, S dE . T AR
WA Z RS, HRTEZdaE 7 gl gyrle 24
Py N0 RN 55 L N e AN 70 G I TT T
M R K A MBS TR o (HR i TSRS . SR
e IREE R F IR, 4508 ) A A8 AR o iy 4 i 1)
RERE TR E ABETT A ER A EAS T
45.80 mg/g, MiSGZAHLL, U REAMGIEARRRET
=T I ER R AR AE R Y0 U R A R R 4 T o
8.70 mg/g. 5.67 mg/g. (23.73+0.73) mg/g, J5 3 FHIE K
W25 S35 5 dh Akl ki 25 SR 2= AR b A K, M E A
i 2 T 1L A ExS 20 A ) | N = o = O T N
FeBE X ARREEFD, DUBCOR RIS B R B A e S
Fr, ULRGEM R A BN E TR M H

ZECAMGE SAM R R, 7GR A e
FH N %ELANEA LK 8 Fb TR SERAEN I 17 Fha 3k
TR, &8 S%ZEA 2R A AR 00 FRERE S 321 13 FpaT
EPENE, IR . WRRIR AR AR A £ 8 Flh K ek ik
Wiliz, DL VB, M4EE2 C A EM 15 FidiAZE, LK. Ca,
P.Mg.Fe N M 13 Fi oo A h—Fa] g TS, &
BABHESH LR sy, B —ENERME, EH5RE
5% -

SE L
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