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Diversity and Nutritional Value of Amino
Acids in Eucommia ulmoides Male Flowers

DU Qing-xin, LIU Pan-feng, WEI Yan-xiu, QING Jun,DU Hong-yan "
Non-timber Forest Research and Development Center of Chinese Academy of Forestry,The Eucommia

Engineering Research Center of National Forestry Administration ,Zhengzhou 450003 , China

Abstract: To comprehensively give insight on the diversity and nutritional level of amino acids in Eucommia ulmoides
male flowers , the content and composition of amino acids were determined in male flowers of 193 germplasm materials. 17
amino acids were examined in E. ulmoides male flowers,in which the average content of total amino acids was 20. 62 g/
100 g and aspartic acid and glutamic acid were the 2 primary amino acids. In different E. ulmoides germplasms ,the vari-
ation coefficient value of methionine amino acid content was the highest (43.13% ) and the total amino acids the lowest
(12.56% ). The protein closeness degree of E. ulmoides male flower was 0.887. Among all the essential amino acids of
E. ulmoides male flower,the ratio of (Met + Cys) was lower than ratio the FAO/WHO recommended ,the RAA and RC
value were numerically close to 1 and the average value of SRC was 81. 42. The contents of children essential amino
acids, taste-active and therapeutic amino acids were evidently higher than the other 6 plant pollens including G. biloba.
Significant difference of E. ulmoides amino acids content was found in different origins, the content of total amino acids
and essential amino acids of the Guizhou germplasm were 21.32 ¢/100 g and 7. 50 g/100 g, respectively and were found
to be the highest. However, non-significant difference of amino acids nutritional value was found. Cluster analysis results
indicated that 193 E. ulmoides germplasms were divided into 4 groups,the average contents of the total amino acids, the
essential amino acids,the sweet amino acid and aromatic amino acids in the second group were higher than the other 3
groups, and respectively reached to 22.46,7.92,4.10 g/100 g and 1. 64 g/100 g. The amino acids in E. ulmoides male
flowers were considered to be of important nutritional value, and high genetic diversity was found in different germ-
plasms. The results of this study provided basic waterials for the further research and development of E. ulmoides male

flowers.
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#:4d ( Eucommia ulmoides Oliv. ) JJy#1ff R} %
TR, F—JE—Fh, 25 ML vk MR 205 B T3
[ 1 - 35t R A, 2 TR R R AT Y B R S R —
AR HEY) , BA R R 25 N E B SR E 25
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bRz — . BA BRI R R, K gz
TR 1T PR, NA LR AR 6 M B A B
IR AR, At E AR S s,
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2/100 g, JEAt ARz (1) 4. 66 £, AL ARI: (4 1. 45 ~2. 57
%, FE 53 UL R A e 48 BAT AR & 78 SR AN LR &
FIFHWRE ",
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1.1 s

PR AR AR 5k 193 003, 5k A A E MO
FHEWTFE BE B ARBIETE T A v O S BH X 8l Ao A
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2.1 #fEEEERSEREARIT
FEARSOMEAE 17 bR IR S B A LR 5 1

® 1o APPHEE IR & B, R R . BE S
W P340 20,62 ¢/100 g, 17 Fha B, 43
e i ey (4. 29 ¢/100 g) , oF B R R & R
20. 81% ; HL N KA 21K (2. 98 ¢/100 g) , o5 G4
*1

0> M A

SRR R 14, 45% | 32 W A% S R F1 R 4 A R 2 At
i AE b ) F B S SRR 5 e e AN AR R A
i & e 1 LU BRI, 2300k 1. 41% F10.73% At A
HEAETh T 2 LR 7 5 (6. 84 ¢/100 g) , i 2 Ak
fR &) 33.17% 7 F i AL, e /AR & &
Hfm (1,61 g/100 g) , HUOR#i 2R (1. 14 /100 g)
MR FR (1. 13 g/100 g) , 75 &R & 2 H PR
WS E R R TR AR RN R RSS2
i R R HAR

ANV () SR & B A AR R AR 5, Hovp
TR 1) A8 S BB R, o 43.13% , 78 SR By
0.20 ~2.15 g/100 g, Kk B4k 41.03 % , 45 7
WEEE 0 0. 14 ~20.85 ¢/100 g; R oo B AR MR
B & AR 5 R RCRR, 430 R 13, 08% Al
12.56% . AFSEUERE4> 14 9. 82 ~18.62 /100 g FlI
16.06 ~25.47 ¢/100 g, H'EEEMm S REREZK
HAE 15% LA L, Fe AL 48 2 3 iR A F & s 1L
AR SRR

MpEEIERSEREARSIT (/100 g)

Table 1 Basic statistic parameters of amino acids content in E. ulmoides male flowers (g/100 g)
P, . o . o

KA TR (Asp) 2.98 4.18 1.44 0.585 19.63
FRE R (Thr) * 0.89 1.30 0.52 0.164 18.43
2255 % ( Ser) 1.02 1.77 0.67 0.164 16.08
AEE(Glu) 4.29 7.56 2.18 1.109 25.85
HE# (Gly) 0.88 1.17 0.54 0.136 15.45
P& R (Ala) 1.05 1.53 0. 64 0.189 18.00
B4 2 (Cys) 0.29 0.85 0.14 0.119 41.03
AR (Val) * 1.13 1.61 0.72 0.188 16. 64
B (Met) * 0.15 1.02 0.07 0.053 35.33
SRR (le) * 0.96 1.46 0.66 0.160 16.67
Z R (Leu) * 1.61 2.43 1.13 0.295 18.32
R (Tyr) 0.46 0.84 0.24 0.104 22.61
FNENR (Phe) * 0.96 1.87 0.56 0.207 21.56
41 %% (His) 0.63 1.09 0.36 0.112 17.78
W (Lys) ™ 1.14 2.07 0.36 0.442 38.77
FE AR (Arg) 1.38 3.14 0.63 0.465 33.70
Hii &% ( Pro) 0.80 2.15 0.20 0.345 43.13
SRR (EAA) 6.84 9.43 5.06 1.107 16.18
RS HENR (NAA) 13.78 18.62 9.82 1.802 13.08
SEEERR (TAA) 20. 62 25.47 16.06 2.590 12.56

I« NRLTEIEMR

Note: # indicated essential amino acids.
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A SR (R DL AL Bl 48 2 AT AR e B 7 SR
@:O

x2 MMEEZMETEVEHESNNLE

Table 2 Closeness degrees of E. ulmoides male flowers and other pollen proteins

FPEMr 8 E For evaluation of protein 45 Codes L BE Closeness degree
AP IELE E. ulmoides male flowers u, 0.887
AR G. biloba pollen Uy 0.792
TMAATERS P. tabulaeformis pollen iy 0.875
P MRS P. bungeana pollen Uy 0.875
WIZSAEAEH Camellia pollen us 0.965
Fe AN Fagopyrum pollen ug 0.884

2.2.2  HAB AR B HCGETR A
2.2.2.1  AAKRDATREIERR M LH B 1L )

iR E AR E RN R RO TS A
T R SRR S B S A ), LA A
AT AR AT B SE R L 51), st U3 B o R e
FAO/WHO #1521 B AE 85 1 5 B9 AR TE S} EAA/TAA
=40% ,EAA/NEAA =60% "™ | 75286 pokk f i 46
EAA/TAA {H f 33. 17%, EAA/NEAA {4 N
49. 64% %3 FAO/WHO ¥l (.,

FATMERE 5 BRI AE R N R IL T R 1Y LE
1915 28 HE A A3 E’Jt[:ixﬁ'%ﬂ (AR + It
IR ) PR =, B AR o5 AR 1 LA
ﬁ]f@%”ﬁﬁéﬁa*ﬁéiﬁfé, 'ﬂ/ *ﬁ:‘?l‘ﬁﬂi {ERFAFER
S IR S W AR T R ML B R R ~3’%§
FEN WO IR '?TT{E*E%—E%%EE@Lﬁ PR g AL A
MEFEEE PPl R TR ) AR L A9 5 A 3 A, T A
AR B4 1 R B

x3 AMeFaRERSSEBRKRIERNLE (2100 g)

Table 3 Comparison of essential amino acids and amino acids pattern spectrum (g/100 g)

]fii?s Thr Val Met + Cys Tle Leu Phe + Tyr Lys

FAO/WHO fi3% FAO/WHO pattern spectrum 4.0 5.0 3.5 4.0 7.0 6.0 5.5

FARIELE E. ulmoides male flowers 4.3 5.5 2.2 4.7 7.8 6.9 5.5

HRASAERS G. biloba pollen 5.4 3.0 3.3 2.4 7.3 4.9 2.3

IHAAFERS P. tabulaeformis pollen 4.5 5.4 1.1 4.4 7.6 6.5 7.6

I ¥ATER) P. bungeana pollen 4.8 5.3 1.3 4.5 7.6 6.3 8.3

INZSAEAEKY Camellia pollen 4.5 6.1 5.2 5.2 8.1 8.0 7.3

$23 M Fagopyrum pollen 4.2 5.2 1.0 4.1 6.7 7.4 4.3

2.2.2.2 M FERAKIERL RAA RC .SRC
NIRRT AILFR ) RAA RC SRC W& 4, ¥ HIEFER, mLAAEEH b (AR + AR ) &5
1**11544:% SUILIR Y RAA M RC (EHIHEE 1,280 f0m, BIULrDRE AL AR EEAE 5 1L A0 B AN 4R =
XN E IR T T FAO/WHO RYHEREME; I FRMAE.

TEAERD T A AR RAA (E W] 5 1, R ITIL 25 4k KA AL SRC{E 5300y 81. 42 IR T Il &S 4E Ak
TERY b T S SE TR AR X 2k ), AN AE Ry (R 2R + e $3(90.30) , B B & TAR A A6 M AN A6 4 R 55 22 4K

IR Bk = ;s M MEAE (RERR + BEERR) i) RC {H
e/ R (EAR + AR AL HELE R 2 — R

By HET R 1A (81.83) 1 P (85.84) ' B R
H, i E SR ER R A E A
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x4 BHAELFREDR RAA RCSRC
Table 4 RAA,RC and SRC of essential amino acids

gﬁfﬂ leCA Thr Val  Met+Cys Il Lew  Phe+Tyr  Lys SRC

AP HESL E. ulmoides male flowers RAA 1.07 1.09 0.61 1.17 1.12 1.15 1.00 81.42
RC 1.04 1.06 0.60 1.13 1.08 1.12 0.97

HRASAER G. biloba pollen RAA 1.36 0.60 0.95 0.59 1.04 0.81 0.42 61.11
RC 1.65 0.73 1.16 0.72 1.26 0.98 0.51

THASAERD P. tabulaeformis pollen RAA 1.14 1.07 0.31 1.09 1.08 1.08 1.39 67.42
RC 1.11 1.05 0.30 1.07 1.05 1.05 1.36

AR P bungeana pollen RAA 1.20 1.07 0.38 1.13 1.08 1.05 1.50 68.15
RC 1.13 1.01 0.36 1.07 1.02 0.99 1.42

INZSAEAEHS Camellia pollen RAA 1.12 1.21 1.49 1.30 1.16 1.34 1.33 90.30
RC 0.88 0.95 1.16 1.02 0.91 1.04 1.04

FEHEAEM Fagopyrum pollen RAA 1.07 1.03 0.30 1.03 0.96 1.23 0.78 66.79
RC 1.16 1.31 0.33 1.13 1.05 1.35 0.85

2.2.3 IUELFRAR A RALRA R RIER
LH PR AT

JLEE AT 2 HE TR v 28 R 245 FH A LR %
HEILER S5 B 1, AR AR L T LR (His +
Arg) &1y 2. 01 ¢/100 g, (&5 & 2 JE R & 1 /Y
9.75% , WA S 5 T H AR AL A 5 A A AL S i 2 I
iz (Asp +Glu) &5k 7. 27 ¢/100 g, 5 B F e &
Y 35.26% , SERAAEA AR 2 5 TR 2 FE IR (Ser +
Gly + Ala + Pro) & E4E, R 3.75 /100 g, 5 B4
FERR T Y 18, 19% ; 35 F i 2 FE R (Tyr + Phe ) %
o 1.42 g/100 g, Y S SLHR o 1 6.89% |, WK
TIIZSACACRY , W1 & TR A A6y AN B RS FIFR 22 4K
Ko AL ARHEAL R 8 20 R 7 i A s EMIRAR R R o
it R 2 SR IR IR 7 TR LR . AL AE
2% HEAET sk R ) SR AT R e e Y R e 2
MRA UK R

PR b AL Th 2 & LR & m i, A
13.86 g/100 g, 7 fr LLEL A Th b 55 —17 , &

RS 67.22% EiB/VP”J‘?FHI:E TR T
R?}WO% ) U T (56% ) )G sk A it
BE(57.54% )17 LB R AR T 45 25 A (R 42
IR A
2.3 ARNKBEMHMHRELCIEBRSENERS
i

AN [R) A 5 L i o Al A 4% 28 Sl R 1% 1t L3R

o ANFDRIEF AP HEAE A R AR S & 2ZRA 51T
zéi o SRR T A R A A s (21,32 ¢/100
), T AR M DK R 5 06 T SRR et LA
S X AR (7. 50 ¢/100 ), B3 m T AR MK
Pl s LEE LT R IEER LA AR (2. 28 g/100 g) 5
(2.27 g/100 g) &t e (e, 025 (0 T W VL RN 22 P
Jt 5 SEE R S SE AR L) 7R L IX e fiK (4. 78 ¢/100 g) ,

RS INELESRER KRESERMGASERSE(2/100 g)

Table 5  Content of children essential amino acids, tasteactive and therapeutic amino acids (g/100 g)

FEATIELE

AR FERD FIBARER 2B

Arf:logfi ds E. ulmoides c f}%ﬁ(ﬁﬁ\len P. tabulaeformis  P. bungeana Camellia Fagfifngﬂillen
male flowers pollen pollen pollen
JLE T EFEAR Children essential amino acids 2.01 1.13 1.58 1.35 1.57 0.85
fif 1R 52 Umami amino acids 7.27 7.42 2.53 3.13 4.19 4.59
TR LR Sweet amino acids 3.75 8.31 2.79 2.46 5.12 4.15
I H A ILFR Aromatic amino acids 1.42 1.15 0.71 0.71 1.57 1.06
2 F & LR Therapeutic amino acids 13.86 12.77 6.83 7.37 11.39 8.61
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AT HoM M Il B, 5 (7. 76 /100 g) AL 50
(7.54 g/100 g) 5 ; Btk 2 IERR LA DY I Mo 1K 75 F
B (4.48 ¢/100 &), JL50 T35 TR 6 MUK ;
FE AL FM (1.57 /100 g) L5 (1. 46 g/

SPZIN

IIEYIANE S S

IEYFERER KESERNGASERSE

Content of children essential amino acids,taste-active and therapeutic amino acids

100 g) &, W3 T2 3O X AP BT ; ok | AL
50BN R R A ST 24 R R O R, A ik
F| 7 15.20 g/100 g.14.30 g/100 g il 14. 24 g/100
g, WS T AR X R

F1 FRKREMAEESEBRSELE (/100 g)
Table 1  Comparison of amino acids content among different origins (g/100 g)
JLERT
A U5 ISP N B IETR Children Umami Sweel Aromatic Therapeutic
Origins TAA EAA essential amino amino amino amino
amino acids acids acids acids
acids
Jb3T 21.10 £4.88ab  6.96 +3.33ab 2.09 £0.54ab 7.54 £1.73b 3.74 0. 86ab 1.46 £0.32ab 14.35 +£3.46b
VIL7n  18.73+4.02 ab  6.49 +1.36ab 1.64 +£0.50ab 6.48 +1.28b 3.41 £0.66a 1.33 £0.32ab 12.31 £2.72ab
Wm  20.83+4.10ab  6.72 £1.51ab 1.99 £0. 54ab 7.76 £1.25b 3.62 £0.57ab 1.37 £0.29ab 14.24 £2.92b
WM 21.32+5.11 b 7.50 £1.52b 2.27 +0.81b 6.87 +1.72b 3.84 £0.77abc 1.57 £0.21b 14.30 +3.66b
Wiyl 18.72+2.79 ab  6.17 £1.18ab 1.56 £0.26a 6.86 £0.79b 3.47 £0.48a 1.22 +0. 16ab 12.28 +1.86ab
wdL 20.33+4.99 ab  6.66 £1.52ab 1.97 £0.52ab 7.28 +1.81b 3.70 £0.93ab 1.38 £0.37ab 13.67 +3.44ab
pajil - 19.71 £0.99 ab  6.09 +0.68ab 1.88 £0.28ab 6.31 £0.65b 4.48 £0.75¢ 1.38 +0.28ab 12.36 £0.61ab
J°& 17.73 £1.87a 5.66 £0.23a 2.28 £0.07b 4.78 £0.52a 4.33 £1.00bc 1.42 £0.03ab 11.14 £0.77a
28 18.71+1.72 ab  6.03 £0.34ab 1.54 £0.10a 6.53 £0.99b 4.01 £0.23abc 1.16 £0.05a 11.83 £1.41ab
WH  20.65+4.61 ab 6.89 +1.48ab 1.98 +£0.60ab 7.30 £1.62b 3.75 £0.73ab 1.41 £0.27ab 13.82 +3.30ab

T A FIAR R F R R TE 0. 05 AR 25 B3

Note ; Different letters in the same column indicated significant difference at 0. 05 level.

2.4 FERFEEM#EEZESERE FNETN
ARTRI A TG A A S LR 8 F 0 (B VA 26 L3
7o ANIFDR UG AT P AL 0 75 2 3R RAA (RC {HAH
ZRK, KZEE 1, R X BT F MR T
FAO/WHO FHEFE(A 5 45 i IX 55 — PR i S S W 3k
Met + Cys, e J0db IRg AL VLIRHBIX () SRC
(ERS LT =I B D L) INANE N NEa  | 0  A W
X5, ¥978 0. 886 LU L
2.5 MIPERESERSERLSN
XiF 17 R SERbn AL A S | SR FH RSP i

BT ARG R TEIRALEE B 5.5 b 193 {5 A pf
FRETGEUR IR Ry 4 KEHE (K 2) , £ BBER AR L%
8.4 MEMKEARM T EERARITEE L, B 1
KRG 41 i Fh BT S A B L B T A TR
fif ke = SE R PN 24 SR 5 B B , A s 3 2.
39 ¢/100 g.8.74 /100 g il 15.87 /100 g, 1E 4 4
FHEP O RS L, H R 5 AR LR e, 1%
KA TR o A, PR M HMMERCR . 5
11 245 68 03 Pl J5T , 12 2 B ot o e S i
WA IR S i RIS R A DS T i A SR IR

A~ EL
[=REEEN
A EL

=]

B
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Table 7 RAA,RC,SRC and closeness degrees of essential amino acids among different origins

gy s 30 J3
ﬂéﬁi& RAA Thr Val Met + Cys Ile Leu Phe + Tyr Lys SRC Closeness
Origins RC
degree
b5 Beijing RAA 1.02 1.08 0.61 1.15 1.10 1.16 1.05 81.71 0. 886
RC 0.99 1.06 0.60 1.13 1.07 1.13 1.03
V.75 Jiangsu RAA 1.21 1.12 0.67 1.21 1.20 1.18 0.96 81.17 0.899
RC 1.12 1.04 0.61 1.12 1.11 1.10 0.89
I Hunan RAA 1.02 1.06 0.61 1.11 1.09 1.09 1.01 82.14 0.878
RC 1.02 1.07 0. 60 1.11 1.09 1.09 1.00
Ht M Guizhou RAA 1.06 1.10 0.72 1.18 1.22 1.23 1.12 83.93 0.900
RC 0.97 1.01 0.66 1.08 1.12 1.12 1.03
WL Zhejiang RAA 1.25 1.14 0.64 1.26 1.17 1.08 0.67 74.50 0. 886
RC 1.21 1.10 0.62 1.22 1.14 1.05 0.65
it Hebei RAA 1.08 1.09 0.62 1.10 1.07 1.13 1.01 82.60 0.884
RC 1.06 1.07 0.61 1.08 1.05 1.12 1.00
PuJi| Sichuan RAA 1.22 0.93 0.68 1.31 0.91 1.18 0.76 75. 64 0.872
RC 1.22 0.93 0.67 1.31 0.91 1.18 0.76
J” % Guangdong RAA 0.93 1.16 0.50 1.19 1.07 1.33 0.75 70. 88 0.875
RC 0.93 1.17 0.50 1.19 1.08 1.34 0.77
18 Anhui RAA 1.40 1.06 0.51 1.23 1.22 1.03 0.54 65.26 0. 865
RC 1.40 1.06 0.51 1.23 1.22 1.03 0.54
Y[ Henan RAA 1.08 1.07 0.56 1.14 1.09 1.10 0.94 79.75 0. 888
RC 1.07 1.08 0.55 1.14 1.10 1.11 0.94
#8 AELHERIERSELR
Table 8 Comparison of amino acids content among four groups
28 Groups
HIHMR WA e e e e
Amino acids Ttem S| ESiall 2 KBV
Group | Group I Group Ill Group [V
BERRR TAA YE + brifE 22 22.44 £1.50b 22.46 £1.73b 18.23 +£1.43a 18.26 £1.34a
A Z R (% ) 6.68 7.02 7.84 7.34
N - Y + brfE2E 7.00 £0.52b 7.92 +0.78¢ 6.01 £0.67a 5.76 £0.41a
A A L
U REB EAA AS SRR (% ) 7.43 9.85 11.15 7.12
JUH TG E R Y + AR 2.39 £0.42¢ 2.24 +0.44c 1.74 +0.31b 1.53 £0.25a
Children essential amino acids AR R %) 17.57 19.64 17.82 16.34
BER LR P + bR 8.74 +1.07¢ 7.35+1.11b 6.60 £0.99a 6.40 £0.76a
Umami amino acids R EE(%) 12.24 15.10 15.00 11.88
TR 2 ik PIH + brfE2E 3.50 £0.34b 4.10 £0.39¢ 3.21 £0.31a 3.95 +£0.56¢
Sweet amino acids 5% ) 9.71 9.51 9.66 14.18
IR AR P + b 1.52 +0.16b 1.64 +0.23¢ 1.22 £0.17a 1.18 0. 15a
Aromatic amino acids AR ZE(% ) 10.53 14.02 13.93 12.71
25 A Lk P + bR 15.87 +1.32d 15.01 £1.03¢ 12.38 £1.18b 11.53 +0.92a
Therapeutic amino acids AR FE(%) 8.31 6.86 9.53 7.98

T AT AR R 3R 1E 0. 05 7K 2R B3

Note ; Different letters in the same row indicated significant difference at 0.05 level.

TE 4 AR E, 4k 22.46 ¢/100 g.7.92 ¢/ 100 g.4.10 g/100 g 1 1.64 ¢/100 g, i 25 T4
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Fig. 2

B2 HFEEESERRERSN
Cluster analysis of amino acids in Eucommia ul-

moides male flowers
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T S AR P B RN BE TR L 2R B0 ) A A e
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XA CEZAR + Meame) sk = fh A EE 3R
(G R 0. 887 B2 bR 28 11, &5 TAM BB Fl4R
ALK s RAA J2 RC BYEUE K AR$E3E T 1, SRC ¥{E
R 8142 U BH A P A8 o T S LR 1Y 7 1 B
T FAO/WHO [EFE(E , B & 5 A 3547 5 1b Ak, F 4
HEAE s S R F 2 A R & e 5, LR
AR O, W s T I e YR 2 A
TR T, FRPAR AL B A 5 R S SR (E AN
M

X AN R A PR AE A fl A6 B2 R R B 1) LU AR 2 SR R
BH AN R VR [ B A i AR S R 25 S A e T 243
Horb e B SR b 5 b X AR P SRR R
GAHETR R 2 SE R AN 2 SR o R, R/
S fE, YR R o 12D XA AR YR A fh
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