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Abstract: The volatile components of Lentinula edodes cultivated in 9 different media were extracted by
headspace solid—phase micro extraction (HS=SPME ) and identified by gas chromatography—mass spectrometry
(GC-MS). The principal components were analyzed by soft independent modeling of class analogy (SIMCA )

software. The results showed that there was no significant difference among 9 kinds of volatile components, the
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number of volatile components identified was from 36 to 43, mainly including hydrocarbons, alcohols and
ketones. The results of principal component analysis showed that the volatile components of Lentinula edodes
produced by tussah and fruit wood were relatively large. The first two principal components represented 72.1% of
the total variability, and 3 —octanol, 3 —methyl —1 —butanol, 3 —Octanone, 2 —methyl =1 —butanol and 2 -
ethylhexanol were biggest contributor to the first principal component. Dimethyl tetrasulfide, 1, 2, 4—trithiolane,
dimethyltrisulfide and methyl disulfide were biggest contributor to the second principal component.

Key words: Lentinula edodes ; aroma components; culture medium; gas chromatography—mass spectrometry;

principal components analysis
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Table 1 9 different culture media for Lentinula edodes

' RIS K
1 T8UNEAR G +1.5% A1 +0.5% A1 JK+20% 7 5k
2 T8%ERANE +1.5% 41 F+0.5% A1 JK+20%7 %k
3 T8%HIAE +1.5% 41 F +0.5% 41 JK+20%3 %k
4 T8WMEAE +1.5% 41 +0.5% A1 JK+20% 7 %k
5
6

T8%HAE +1.5% 1 F+0.5% 11 JK+20% 4 %
39% ARG +39%MEARTE +1.5% 41 F +

0.5%41 JK+20% 4 5k

7 39% BN E+39% A EARE +1.5% 415+
0.5%A1 IR +20% 4 5k

8 399 A JE+39%AEAR B +1.5% 415 +
0.5%A471 JK+20% 4 %k

9 39% L ARJE+39% A EARE +1.5% 18+
0.5% 171 JR+20% % %k

132 FEAA

PRI 0.2 g #E4 T 15 mL AR TS R AR o E
TR 2 55 °C, AR AR E S5 AR atORURC T8 T
FKIE R, AT 20 min, KA B (phase micro extrac—
tion, SPME ) £ 3k ZF i B L B, TR AR T ZS
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SPME %1 LA A HERE E1, A iR A AR B, T 250 Co%
PRI 15 min, FURBURERT, #5644 SPME ZEHCL £
250 CZ&14 T &4k 30 min.
1.3.3 ok sff

%4 TG=5 ms(30 mx0.25 mm,0.25 pum); [# &
MRRC W BAR mai & A, W 1.0 mL/min;
HEFE TR E 250 C5 43U b 5 ¢ 1; MR IR 40 <C,
P-4F 3 min, L 4 C/min T3] 150 C, ££4F 1 min, FFL
8 °C/min 18 250 °C,{44%F 6 min.
134 R
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Table 2 Volatile flavor components and relative contents in Lentinula edodes from different culture media

W P ER )/ %
min FEAL T MR 2 FEMN3 MR 4 MRS FREM e MR FEMS FEM O
N 3.23 0.27
3-HIEE T 3.62 0.39 0.23 0.11 0.06 0.20 0.09 0.29 0.08 0.09
2- TR 378 0.10 0.16 0.04
-1 T 5.20 0.10 0.06 0.07 0.04 0.04 0.07 0.05 0.05
2-F - 1-TEE 5.30 0.14 0.05 0.02 0.03 0.04 0.03
TR TR 5.41 1.91 2.58 1.23 3.97 0.35 0.28 0.20 0.09
1,3, 5-3 B =5 6.01 0.02 0.03 0.01
15 6.10 0.01 0.03 0.01
CLE 7.06 0.04 0.06 0.04 0.02 0.04 0.02 0.04 0.04 0.03
1,3-F M 7.81 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.01 0.02
R 9.11 0.02 0.02
KN 10.2 0.05 0.03 0.06
- 10.7 0.03 0.03 0.02 0.01 0.02 0.01
3 L 10.9 0.03 0.02 0.03
B 13.3 5.30 491 2.47 5.35 0.73 2.67 0.41 0.50 0.15
1—2F -3l 13.7 1.11 31.48 20.56 16.65 9.80 15.74 34.00 23.15 32.49
3¢ 13.97 35.07 6.45 26.81 8.91 2522 16.26 15.44 17.61 12.45
3 14.3 8.35 2.65 5.42 2.01 6.75 4.50 6.59 6.20 3.97
|- 14.6 0.38 0.87 0.52 0.38 0.52 0.59 1.00 0.45 1.04
2-FE OB 15.6 0.28 0.12 0.18 0.04 0.12 0.13 0.15 0.09 0.05
2-REE T 16.2 0.28 0.47 0.55 0.51 0.38 0.27 0.68 0.17 0.23
R -2k 16.8 0.08 0.19 0.07 0.10 0.09 0.11 0.15 0.16
3-HIEE-2-PHf- 1 17.1 0.29 0.24 0.31 0.28 0.53 0.30 0.43
1 172 0.64 0.42 3.79 2.97
W R TR 17.2
TIEIA TR BE 172 1.64 1.42 1.79 1.17 2.18 1.41
1,2, 4-=fsede 18.1 14.51 10.08 12.89 16.91 13.84 14.97 6.63 9.82 8.45
2-RHLN 18.5 0.44 0.37 0.56 0.27 0.25 0.79 0.19
TR T 18.5 0.16 0.10
B EE 18.9 2.06 1.77 0.31 0.88 0.57 0.46 0.89 1.05 0.65
2,4,5-—HiARe 19.4 0.45 1.10 0.53 3.09 0.35 1.61 0.20 0.24 0.11
B[ FERE 20.5 0.95 477 1.97 4.94 2.53 291 456 1.68 2.39
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Continue table 2 Volatile flavor components and relative contents in Lentinula edodes from different culture media
Wi Exznal E%
. min Feml  BERN2 MR 3 FEMR 4 KERNS MERN e FEMN T FER8 KRR O
1-T-BE 21.0 0.10 0.44 0.09 0.12 0.19 0.30 0.06
- F-1-TNEE 21.1 0.37 0.06 0.08 0.06
4RI IR 21.1 0.03 0.04 0.04
1,2-2K Wil 22.0 0.07 0.70 0.03 0.48 0.50 0.67 0.69 0.60
1258 222 0.09 0.18 0.17 0.16 0.12 0.18 0.18 0.09 0.10
DY 22.7 2.74 0.66 0.84 1.17 0.12 0.75 0.05 0.17
1-45840-13- ke 23.1 0.21 0.15 0.12 0.14 0.09
(W) 2z 24.2 0.47 0.05 0.42 0.12 0.35 0.08 0.15 0.08
1= 24.5 0.10
AN LK Y ik 25.1 0.04 0.41 0.06 0.05 0.15 0.05 0.13 0.16 0.05
1,2,4,5-TUBRERC b 27.34 10.49 12.39 12.69 1317 21.02 16.53 12.40 19.75 18.56
2,2- " EAWI-2,4,5-=F Ok 27.4 2.13 4.41 1.32 9.19 0.73 6.41 0.26 0.47 0.14
4,5- " -6-H -2 A g IE 28.1 0.15 0.26 0.42 0.61 0.76 0.83 0.49 0.69 0.65
(RS B 322 0.58 0.14 0.86 0.58
1,2,4, 6Pt e 327 0.08 0.08 0.08 0.25 0.07 0.25 0.07 0.08 0.06
N-FIE-N-[4-(4-F5~1-7S SUEIE )- 34.7 0.04 0.09 0.06 0.06 0.09 0.07 0.06 0.06 0.06
2-THE- LRt
1,2,3,5,6-FBi 230 Bk 35.6 6.29 6.52 4.44 5.24 7.92 6.53 5.11 8.94 8.90
1,2,3,4,5,6-75 A2 ki 37.4 4.34 3.07 2.46 2.40 4.72 3.38 3.19 4.89 4.48
PR S R - N T 38.9 0.18 0.26 0.17 0.08 0.14 0.22 0.10 0.14 0.11
R3 AEAEFEFEELZERSHEESEE
Table 3 The groups and amounts of volatile compounds in in Lentinula edodes from different culture media
JRk [ (2 [IEES fi s [izES S FEGY HAb2E
- P =N A~ B =N =N A~ L =N P =N =X AL
FE ok E;}n/ K E.(;i/ K a;/ Tk E;}n/ K E.(;)u/ K a;/ Tk E;}n/ K E.(;)u/ ik a;/
Fefh1l 11 4825 10 1322 10 278 1 3507 1 004 1 027 1 018 0 0 2020
Fefh2 13 4803 8 3687 9 707 1 645 1 041 1 047 1 026 0 0 2035
FEAR3 13 4052 10 2788 9 401 1 268 1 006 1 005 1 017 0 0 2 048
Fedid 14 6342 9 2011 7 634 1 891 1 005 1 042 1 008 0 0 2 067
Fefhs 14 5127 7 1804 8 414 1 2522 1 015 2 015 1 014 2 007 2 085
BEf6 13 5602 9 218 9 432 1 1626 1 005 1035 1 022 1 003 2 09
ERR7 12 2868 11 4705 11 786 1 1544 1 013 2 012 1 0.1 2 008 2 055
Fedh8 14 4663 9 3163 9 287 1 1761 1 016 2 019 1 014 0 0 2075
FEARO 11 4105 11 4131 11 422 1 1245 1 005 1 008 1 011 0 0 2 071

16 A BE2E 13 Bl ESS 12 FP RS 1 FR BESS 1 D R
3 R 2 A D5 ARG 2 B T 2 Fh AR
i 1~9 54 SR 37 .36.38.36.38.38.43.39
3OMME LML, T SR IE R YEVI R R e % o
b 1 FIRESL 5, MRS i ey, HAROE B2
VI SR RS I 5 B 2 TP 2 T
fR, FLURO B Y o, i I 25 o A A, w1
SRR 2 SRR UK A e 25 5 R 3
JRIRY) T A, T2 ) o AR 2 ) o & s B AR
FEIT AR 4.6.8 R REL IR ot &t iR e, AR
SRS RS P B R IR] A 7 2R
S BRI IR SR T 0T A i 9 1Y

JRFBERY) R A e, il T A gk £
B, R A R RAR

FEO MRS, SRERBRA 3 R EmEE
EW 1 REERAAY) 1 KR LAY, Hp
TR A AR T, R =R —
LA 5 OSBRI, KL
R FE R AR Y, DR A A 2 B R XU ) R #E TP e
AR, AT, ZH B R L
T iR S A 4 SRR (515 R 3.979%H15.35%)
T EARAI R 9 SRER (4300 2R 0.09%F1 0.15% ),
AN TRV St T ) — B R i 0 R = o i 25 A
K, DR [ 35 7 5 1) A 0 4 8 1 XU LA Ak 22
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SN0 ABIFE Y O PR AF S RN 2 T F D,
Hop S ERm R 1 SRR (2.74%) , & 0 R
TS HE (0.05% ), 3 AT RE AN IR HE B 240 LA O 5 1-°F
Wi—3 - AR PRI i, ol A SR B BN A L AR
TSR, BT 25 BORERRSE | T LATEORE B R VK
B HERE S RBR S R ARG vh YA N, A
ST B A B R 7 SRR (34.00% ) , F e IR 1Y)
1SR (1.11%) 5 32 Bt 2 7 4 rh o LA —Fh )
Jo, H LA B A KR 5 UKD 5 B S A 1
SRR (35.07% ), S RIRARIIA 4 SFEA(8.91% ) ; TETIT
I 7 4 KR B BFFE 2, 2- 484 -2,4,5- =1
RROLEAR WHGE, ARG & RS R 4 SR
(9.19%), & AR N 9 SR (0.14% ), W R Y
FEA T RE A IR B A RN 0 o

2.2 R[RISSEFRIE T LT R AR B3 10 F2 100 oA

F A B TTRREE LR 4,

T BT R R B A ) — o,
FEASEARRBOE T — H D I E AR 25 G 18 b
HAREE IR AR 2 1 H A — M e br , FLE
e AR i RS R SR . HAT R ATE

F4 EHSHIEREAE
Table 4 Contribution and cumulative contribution of

principal components

EWr TR/ % STk %
1 443 443
2 27.8 72.1
3 7.8 79.9
4 5.2 85.1

SYIIEEE AT, Y R T AR A B A
AR50 (statistical analysis system, SAS)M g7 5
SR e % (statistical product and service solu—
tions, SPSS) ™ Winmuster"! 35 il 37 45 2 7325 (soft in—
dependent modeling of class analogy, SIMCA )4

TR EA BRI 2, T IXIT 9 T 4
Z IR M 22 R, T R S R B T A
ML ARG TR E T ik 2 DL E AR
REAAR S AT Y 48 Bl BRI ST, FIH SIMCA14.1 Fff
X HHERT R 3 M, A B — SRy B TR Ak 2
44.3% 5 . F MO W TTRRR D 27.8% , Bl 4 A~ FE o)
1 RPUTTHRAIAEN T 85%L (3% 4). T 2 D F sy
1) BRI TTRCRIR R T 72.1%, BERCIAARRREAR 1Y A
PO, RFRTPIAS TV —4ERUA A, S5 5R anTE 1 A
2.

R — R ZI0 o AT BOR BTz TS [R5 A SRR K1 AT LA Y, 1 5l R e R A R L R
10 1 ——— -
g 51 P Y [ 2o
* / -] -
< 0 #26@ PO i s )
— #70@ 4
S 5 nao@  OFE
g
~101 S _
-15 \ r ;
-15 -10 5 0 5 10
PCA1(44.3%)
1 PCABHE
Fig.1 PCA score chart
A -
0.3 R A=mEmE
= 22-=mitn2 P AZRES =
s 0.2 245 ERECA L ) 4 6.u ALERAS o 2ZEEW, an | 1
% 0.1 crma  ASSTESE A aqpm 2FE1EE-4mA
- AEREZE AR A A
S 0 ’ BgE Al xEm = 3BR1-TE
IS 014 ‘f(q’M)TﬁN.qagJﬁE‘u.ﬁﬁgxg 3 AR A 12345 35
§ _0-2 4.5-;;:2.&%. Az a :s SBa2ise oER Lazzm aemosm
—-0.24 1,245 o
0'3 Asmam Asm| AT
-0.4 -0.3 -0.2 -0.1 0 0.1 0.2
PCA1(44.3%)

2 ERSETEEREE
Fig.2 PCA loading plot
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Phosphorylation of Duck Egg White Protein by Dry—heating in the Presence of Pyrophosphate : Effect on

Protein Structure and Antioxidant Activity
LIU Zi-dan', YIN Chun-yan', LI Can-peng>”
(1. Honghe Health Vocational College, Honghe 661199, Yunnan, China;2. School of Chemistry Science and
Technology, Yunnan University, Kunming 650091, Yunnan, China)

Abstract: Duck egg white protein (DEWP )was phosphorylated by dry—heating in the presence of pyro-
phosphate. The antioxidant activity of DEWP, including ABTS* free —radical scavenging capacity, superoxide
anion radical scavenging activity and Fe®* chelating capacity, was then investigated before and after
phosphorylation by dry—heating in the presence of pyrophosphate. Furthermore, the effects of phosphorylation
on structure of DEWP were identified by spectra fluorescence, infrared spectra and circular dichroism spectra.
The results showed that the antioxidant activity of DEWP was slightly increased after heating in a dry state. The
results showed that the secondary structure and solubility of DEWP were almost unaffected under the effect
of dry—heating phosphorylation, but its antioxidant activity and heat stability were significantly enhanced. The
increased antioxidant activity of DEWP after dry—heating phosphorylation was mainly due to the introduction of
phosphate groups and the increase of the surface SH content.
Key words: duck egg white protein; phosphorylation by dry—heating in the presence of pyrophosphate; antiox—

idant activity; structure
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