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Abstract: In order to obtain endophytic selenium-rich yeast from Lycium barbarum with strong ability producing alcohol
and aroma, and then promote the selenium-rich fermentation products and improve the flavor, this study took the
endophytic yeast of L. barbarum stored in the laboratory as experimental materials, and the yeast with strong selenium-rich
ability was obtained through the initial screening of selenium-resistant method and red selenium methods. Atmospheric
room temperature plasma (ARTP) technology was used to obtain mutant strains and through TTC medium, Duchenne
tubule fermentation, alcohol production, ester and acid production, tolerance and other experiments to screen out the target
strains of aroma enhancement and high alcohol production. The content of selenium in yeast cell and fermentation liquid

was determined by hydride generation atomic fluorescence spectrometry. The results showed that M1 Saccharomyces
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cerevisiae and M16 Clavispora lusitaniae were obtained by primary selenium screening, the mutagenic strain M1-5 of S.

cerevisiae with higher alcohol production capacity and the mutagenic strain M16-28 of C. lusitaniae with higher aroma

production capacity were obtained through ARTP mutagenesis. The alcohol production capacity of M1-5 increased by
38.07% compared with M1, and the ester production capacity of M16-28 increased by 107.62% compared with M16, and
the genetic stability was good. The selenium contents in the intracellular and fermentation broth of the M1-5 strains were
204.8 and 1158 pg/L, respectively, and in M16-28 were 666.45ug/L and 1830 pg/L, respectively. Therefore, the selenium

enrichment capacity of M16-28 was higher than that of M1-5, and the selenium content of fermentation liquid was

extremely significantly higher than that of yeast cells (P<0.001). In conclusion, the selenium-rich yeast with mutagenic

strain M1-5 producing alcohol and M16-28 producing aroma were screened out, which had excellent fermentation

characteristics and potential application prospects in the development and mining of fermented food and selenium-rich

functional products.

Key words: Lycium barbarum; endophytic yeast; selenium-rich; ARTP; high alcohol production; aroma enhancement;

fermentation characteristics.
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VB 2~3 K, DA 4 mL JCEE /KB TR, WAL
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110, 120 so FFKAFHMIZE I XM IS 5 s, B2
=i, #H .

ARG B A RR M1 Rl M16 £E 28 °C %
3G %, 43 5 O F Bt 1 (16 h) IR 45 o e, T &
OD600 nm T IR, M BB M T 0.6~0.8, Wk
10 pL W T2 A b, 8BTS s Wi b, # Bk
RIS B 5 BV ] AR AR S, B A AT 102k 5y
FNAETEAR 1 mL 0.9% TR A ER/KAY EP B, 5
AR AP FHEE T F A EP A R A5 A8 T AR FH TR e IR
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C, & 0.1 mol /L ) HCI ¥ W& ¥ B, mol/L; V| i
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1.3 HIEALIE
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A TG T s E
2 HBRESH
2.1 EEEHFEAE

2 G PR O 0 EMAR S FRIL R I, Gk Y 9 Rk
KBTI, 8 JY-1. M. G2, M16. M19,
Gl1. M1, M17. B7, P AR B F= 015 . w2 2
T W TCHLAR g do i 5 H JOHLATG 4 A= 5
AHRE T BCIEARSE, RIS B AARTTIE B AR /)N, BT
TCHILATG SV TG P B4 1749 ThS 52 4 40 5 5 0T 325 e 3 T
A= A A= AL RE T S LT AR T R S AH o, B
PRARTIT D 00 AR AR A, DU P BT XTSIV A 72 4 114
ALBE S5 IS, e 1 T, 2SO B R v A
JINAST, 25K AT %) R AR 04 DL UE e B8 />, 7E 20.00 pg/
mL B E R, AR M. G2, M16 1 M1 A TRARTT
TEES H WIS RIS /)N, JUlEH
HRk M. G2. M16 F1 M1 X} ICHILIG VAt 1 40 (1 i 52
PEESR . S 2 AT, Bl DA BTG JoT B e B 1,
PR DLIE B A9 B0t % 2 T W S S W iR i B S,
TE 20.00 pg/mL BYARHR T, Ak JY-1. M16. G1
M1 B AL, FEAR B7 JCULHE, HALRE AR
AR, FREERR TY-1. M16. G1 1 M1 X fif§
FREN I FEALRE F1 0 o &5 A MR A AN LA vk, feidk
£ M16 Fl M1 FEN 52880 TR .

SIRELM) (/L) =

F 1 AR &R IR AR
Table 1 Precipitation amount of different yeasts in selenium-
rich medium

i 5 VA ¥ (pg/mL)
RS
0.00 5.00 10.00  20.00 30.00 40.00 50.00
JY_l seskoskok ke skoskosk sk k *kk * * *
M Hkckok seskoskok sesksksk kokok sk kokok sk
G2 Hkkokok sokokok seskoskok *kkok sookok *kkok sookok
M16 Hkkckok seskeoskosk sesksk kckok dk 3k *
Gl kckok sk ek ¥ * * *
Ml kkkok kokok sesksksk kkockok sdokck *kkok ko
M17 eskckok sfeskesk ek sk * ES *
B7 Hkkckok dkkok sdokck — — — —
T R TR 6/6 (B R BEZE IV S T P4 TTE S5 ) s R S A 02

SN LA, DA R RAEEHE ) 5 %" RIRS5/6, “#*7 RIR4/6; “*" R IR3/6,
“=FRIRTCULTE
2 NIRRT AE w0 R (0 LA
Table 2 Color comparison of different yeasts in selenium-rich
medium

il i Ve B (pg/mL)
10.00  20.00 30.00

k3% *k

5.00

.0
*
* *k
* k3%
* sk
* 3k
* * 3k
*

* k3% sk sk

M17
B7

VRIS A

— * 3k — —
**”*ﬁél@; « ***”21@; “

2.2 Btk M1 F1 M16 EKpizkiaE

X DL B AR A T A A B R 2 I, AR T 4y
HXPHUAER B, BTS2 2 MRiErE A K
£ an® 1 s . 75 0~8 h, Bk M1 4b T 4B,
MIFERR M16 Py LEMr BT 4 h /i, Z/5453EA
XPROY, BRRDE A K, A R B UK, Bz
BRI o R B 24 5552 ), 20~32 h PHRREE#R
PEATHREW. 32 h JeI92818 R, EA T,

1= PA
52

8-
74
6
E 5
8 3-
5
1-
-
0 4 8 12 16 20 24 28 32 36 40
IRFE] (h)
BT 2 BRINAEBERF BRI A R R
Fig.1 Growth curves of 2 endophytic yeast strain
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T HEE N, HEELGE K, S S0 T- R . 54
SURAE 2= . ARTP 5528 BB A] SO RAE 80%~95%,
AR TG 2L ik TAE, WREIER ST 95%
B, 25 S B PR AR I 2B R PR RESZ 40, X B T 19 XL
RS A AN A2 ) s TSR 28 AR g IR TE, &5
AR AR A E P, AR TR M1 FT M16 43
BITEXTEOT ] 16 h BF 22 ARTP 5548 5 S AE & i £&
WE 2 s . HEEAERR ], SRR K, Y
FASET A AT 40 s B, M1 IETER K 90.31%, TF
50 s B:f, M16 FYEIEZER K 90.26%, 110 s B, PIRRE
FIEBER A F] 100%, RKAEATERIAAE. HEUE
3 80%~95% B, TRIRE 58 AB M FR 58 15y, 58 A8 IR i 4%

) L )
SENENEINE SR NIE AN
VT TH] (s)

B2 OR[FEIEAERS R ERE M1 AT M6 Bt
Fig.2 Mortality of strains M1 and M 16 under different

mutagenesis times

Ko ik, M1 Fll M16 453% 40 s F1 50 s fE9 ARTP
AR B AR A

24 FEEBERYG

2.4.1 TTC ¥iaaELffizt TTC W7 HTHIREE
A SRS B0 2 A VR VR, T CE R R T, D R R T L Tl

OTE T ERIE R, PIRS BRI B5R . 48 ARTP i545)5,
PR UR TR AR M1 I HABARIRAR Y 44 BRIF5AE B RE 5
FIEF A RILE T TTC FER R L, &0fiE5 3|

Y 9 BRFIIIRE BE 1 BRI AS B AR, W OF AN 3

PRe JRIATEAR M1 2880, Bk M1-5. M1-11,
M1-13. M1-19, M1-24, M1-30, M1-34, M1-36 #l
M1-40 s AL,

2 ARTP 528 )5, 1R IR TR M 16 I HAFBAR AR
1519 58 BRIBAS PR ST NFFHEFRIZE T TTC T2
Brgest [, 20210 9 ARy TRS B T E5R 105
AREE AR, A NLANR 4 FioR. JEIRTERR M16 4T
10, AR M16-14, M16-17, M16-28, M16-40, M16-
41, M16-42. M16-44, M16-47 Fl M16-48 5 IE 4T
10, P e S 20y 9 BRSSP BRIUET T & BERE J1 i ik
5.

2.4.2 FRIR/NERBZEREJIONEE X M1 yiEAR1E 3]
M) 9 BRIFBAE BRARIEA T L FQ/INE K TR =S 5, 4501
Wk 5 Frn. 2 h BPER BAAR IR M1-5, M1-13,
M1-40 A5 M 7= A=, 18 B JHG A e 3 3 P, H M-

3 M1 ERERE S E 25 2R

Table 3 Determination results of alcohol production capacity of M1 strains

BRIk~ ITASRAP Bk B EgER Wtkgi's [ASET S Bk B Hitkgis AR
Ml + MI1-9 + MI1-18 + M1-27 + M1-36 +++
Mil-1 ++ M1-10 + M1-19 +++ M1-28 + M1-37 +
MI1-2 + Mi-11 -+ M1-20 ++ M1-29 + MI1-38 ++
M1-3 ++ Mi1-12 ++ M1-21 ++ M1-30 +++ M1-39 ++
Ml1-4 ++ Mi1-13 -+ M1-22 ++ Mi1-31 ++ M1-40 +++
MI1-5 +++ Mi-14 ++ M1-23 ++ M1-32 ++ MI1-41 +
MI1-6 ++ MI1-15 ++ M1-24 -+ MI1-33 ++ M1-42 ++
MI1-7 + Mil-16 ++ M1-25 ++ M1-34 +++ M1-43 ++
MI1-8 ++ M1-17 + MI1-26 ++ M1-35 + M1-44 ++
TE: B R 6 R A
4 MI6 HHRIREE I 45
Table 4 Determination results of alcohol production capacity of M16 strains
IR gk itkGis BAZER Witkgi's s itkGis BN Witkgi's AR
M16 +++ M16-12 +++ M16-24 +++ M16-36 ++ M16-48 ++++
Ml6-1 +++ Ml16-13 -+ M16-25 -+ M16-37 +++ M16-49 +++
M16-2 +++ M16-14 -+ M16-26 +++ M16-38 +++ M16-50 +++
Ml16-3 +++ Ml16-15 -+ M16-27 -+ M16-39 -+ M16-51 -+
M16-4 +++ Mil6-16 ++ M16-28 -+ M16-40 -+ M16-52 +++
M16-5 -+ Ml16-17 - M16-29 +++ M16-41 - M16-53 +++
M16-6 +++ M16-18 +H+ M16-30 +++ M16-42 - M16-54 +++
M16-7 +H+ M16-19 +++ M16-31 +++ M16-43 +++ M16-55 +++
M16-8 +++ M16-20 -+ M16-32 +++ M16-44 - M16-56 +++
M16-9 -+ M16-21 +++ M16-33 +++ M16-45 +++ M16-57 ++
M16-10 - M16-22 -+ M16-34 -+ M16-46 -+ M16-58 +++
M16-11 +++ M16-23 +++ M16-35 +++ M16-47 +H++

T T R T R
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13 F1 M1-40 Lt M1-5 B2EERE J1 45 76 3 h BF g3
AL RRER M1-36, M1-19 4b, HiATRRR A S
FEAE H M 1-13 1 M1-40 & FEEREJ15%, FLIG/INVE S
A B h 2/5; 76 4 h B, AR B AR M1-5. F M1-
11 Ak /NS SR A B R 2/5, M1-13, M1-40 X,
2B pl i SRy 3/5; M FEES h 5 AR AR M1-5.
M1-13, M1-30, M1-40 [ ARFE T #HEQ/NE; 55
FE 6 h JFAR B AR M1 F= A py ARt 5 /N, M-
19. M1-24, M1-34, M1-36 B2 724 4/5 54K; 7 h &
JIT A TRRR 2 R A LG /NS i FE 0 SR TR AR ML=
11 AR Pl B A~ S LS AR TR M1 —32. 25
HPE i, YRR ERE TP, & IHERE 158 05 AR TR AR
M1-5. M1-13., M1-30. M1-40 1EJy Z BT 32 1 . 48
A ENER T N SZ 4 . R A2 4 pH i 2 R Ee Y
H R BRI

®S5 MIEKRE I/ ME UGS

Table 5 Du's tubule gas production result of M1 strain
HiFritial (h)
7S
1 2 3 4 5 6 7
M1 - - + ++ - A
M1-5 - + + ++ -
MIl-11 - - + ++ R A
MI1-13 —+ 4+ -
MI-19 - - - + +++ - -
M1-24 - - —+ + +++ ++++ -+
M1-30 - - -+ + A
M1-34 - - + + +++ ++++ -
MI-36 - - - + +++ -+ -
M1-40 —+ 4+ A A e

T AR/ NVE P AR T T &L - RIRS/S; T RIRA/S; SR
TR3/5; “HHTRIR2YS; T FIRYS; T FRNT S R

XF M16 FUFEAS S RI1Y 9 MRiFs AR B ik AT AL
INE R R ARSEEY, G5 IR ANR 6 s . AR R AR
M16-41. M16-42. M16-44 3535 2 h FOWELEA <4k
7R A, U B 5 AR T AR R I RE ) VR ; 55 5% 4 h 555
AR ERER M16-17. M16-47 &b, HiATBRIAR A A
FEAL SR 6 h JEIEAR AR M16-42. M16-44, M16-
48 MR AR B AL R R B 22, 1557 8 h 5 USSR AR

6 MI6 AL/ ME G R
Table 6 Du's tubule gas production result of M16 strain

FrFrmti] (h)
L7 e
2 4 6 8 10 12

Mil6 - —+ + ++ - -
M16-14 - —+ + ++ +H+++ -
M16-17 - - + + -+ +H+++
M16-28 - —+ + +++ -+ -
M16-40 - —+ + +++ -+ -+
M16-41 —+ —+ + ++ - -+
M16-42 —+ —+ ++ +++ -+ 4
M16-44 —+ —+ +++ -+ 4+ R
M16-47 - - + +++ -+ -+
M16-48 —+ ++ -+ -+ s

e FET/IVE T AUR TR 3R S/5; T RR4YS; SR

TR3/5; AT FIR2/S; “H RS RN/ TS SRR TR A

M16-28, M16-40, M16-42, M16-47 & 7+ [C /N
drrEsl 3/5 4K, M16-44 . M16-48 CL7EAL G/ NG b
FEAR 475 SR 15 3R 10 h S BT W RRI EER AL G/
B FEIE A TRRR M16-14 Fréy e I s B AN =<
LS RIAET R M16 —3. 23658, HRmEaE
R, K TEERE IR AL AR M16-28, M16-40, M16-
42, M16-44 . M16-48 V£l L 5T 5274 . Ak enEhTs
W 52 . I A2 P L pH i 22 MR s 0y &
PRI

2.5 BT HERI 52 M7
2.5.1 LBEESZVE ALGEROARERIP I RE T 2 A i

SZVERAI, KA s o DRIk, 070 e P i =2 e
ARERTE I B, e — 3R E A R, [ e Sk
i XUBR B JBCI H0 o AS [R5 45 38 o B ke 348 A B i
Bl 3 ias. Bl SEEAS NS 2, Bk A KA
HIASSR . XFF M1 BEAR, WK EEFE 8%vol LA, 75
ARPEAR M1-30 B2 R AL ZLH0 T LA BE AR, TE0AG BE
£ 8%vol~16%vol, i754E B Bk M1-30 28 H B Y
ST 2, MWK R T 16%vol B, Fra AR L
SEAAER . M16 TRARTERE B AE 8%vol LAWY, JFUARTH
Bk M16 DL M55 AZ Ak M16-28. M16-40, M16-44 .
M16-48 X} 7, I {32 P AR L T 548 PR AR M16-
42; 9 K5 BETE 8%vol~16%vol, 75728 B Ak M16-48 %
PR B8 05 1) LB 520, MRS B R T 20%vol i,
T BRI A K

1.4 ML i
. ——MI1-5
. ——MI1-13
Lol —=—M1-30
Rt —e—M1-40
E 0.8
2
A 0.61
)
0.4
0.2
0 . . - T T
4 8 12 16 20
LT (Yovol)
1.0 MI6 o e
—— M16-28
—— M16-40
0.81 —— M16-42
g —e— MI16-44
E —x— M16-48
2 0.6
@)
)
0.4
0.2
4 8 12 16 20
1 (Y%vol)
B 3 AN[RIPTAS BE X B Rk A K A5 )

Fig.3 Effects of different alcohol content on the growth of
strains
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HA K LG8 o7 T e A4 N, 25 mekcAs
BB AF TG R IR 4 AT, B8 X R R K
B IR EIE . X M1 BRI, S EHk
JEA 2.5% B}, 45 BRI LB R4 a0 AR BRI s FE
SN ETE 5%~15% JuEI N, &8 X RGP
TR M1 DL A M1 A58 B AR 1 300 1 4V FH 32 g 356
M1-30 Py HIVE L AR, e EE N 15%
PA_EBsF, A AR LA A, X i85 R A i 52
PEZE TG XTT M16 BRI &, A 528 R
JRAGBEERE M16 T 32 PELy, HiBAS R M16-40 BT
ST H AT R s SR AR BE S 2.5%~5% B, 4%
PR MRS S 8 R A i AR IR, LS AR TR Ak M16-
40 F1 M16-44 5T HAL PR AR ; 7S LENIR BEEFE 5%~
20%70 Bl PN, =B B X R IR TR M16 LA M16 1)
175 A8 A AR 1 AT o A R B s > S AL AR TR B Sy
20% LA BB, BrA AR L AER S

0.9 M1

—a— M1
0.8 ——MI1-5
_ ——MI-13
0.7 \ —x—M1-30
g 0.67 —e— M1-40
E 054 \
S 044
g0
© 0.3
0.2
0.1
0 T T T T T
25 5 10 15 20
NaCIEHKEE (%)
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1.07 e M6
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: —— M16-40
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S 0.61
O
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0.2
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Fig.4 Effect of different NaCl solution concentration on the
growth of strain

2.5.3 WHEWSZME AR, B E K Sk R
20 M09 A RN BB B R X ] 2R P 00 T A2 P

5 . XFF M1 BERR, BEE VR EE (85 n, ek
PRI R S5 St in J5 v/ b, FERR SRR R 20% 1,
ALK M1-40 [ OD600 nm {HisE| N 1.774,
P B 1 2B ORI, R BE Sl 25% B, JRAR B
Bk M1, M1-5, M1-13 fl M1-30 f§ OD600 nm {E
KENR I, AR, M1-30 Xt 2B i 57 8 158
2%, XTIELA M16 BRI M16 B8 B kR BE
R R (I, PRAARIR B SBRHTRAAER, Al A K sz

AR P U0 R B ST G N, R BE SRy 5% B, ARG

AR FL T, TERHHRBE N 25% I, AR 1 2578 B S usi 55,
TR 2215 22, H. M16-48 BRI SE AT 5214
ﬁ%o
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Fig.5 Effect of different glucose mass concentration on the
growth of strain
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Fig.6 Effect of different pH on the growth of strain
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TE R A A KRB AN & 6 BT s o SR 4G B Bk ML A
M16 UL K A5 5 A8 RAR I AE pH oy 2 filiil ™ 5
4 pH K, T a AR KA T 858 A0
pH 7E 3~3.5 JLVL S P9 & AT S 4l 2w mb AR 1K, F)F
W s B BRIk, IR R M1 A M16 X H A 15
AR TR TE IR BE O s N B a2 K . Bt pH 93
o, OD {HI K. B M1 BARTZE pH i 2 DIF3EAR
AR, I M16 TRERTE pH o 2 DL N A K 2218,
TE pH 2 2 DL b, IR AR TR P A K. 7E
pH & 3~4 Z ], AR EAR M1, M16 LA X T A 155
AR PRI AR R

ZE TR, 456 BRIRIN 37 14047, 8728 B ik
M1-5, M1-13. M1-40 34778 77Tk Y 52 0 S0 55, 25
PEBEASH R M16-28. M16-40. M16-44 4T —2
FEEE I
2.6 FTEEEKETF
2.6.1 M1 BRIEEEREIE G M1 A 32 M5
i 3 BRIBASRIARE R B 8 d )T, I8 r~ ik & &, 10
27 N KRIERSSHRIE, YRR M1-5 1 SRR &
IR (P<0.05), 2 0.907%vol, P2k AE 1 4R
TG B Rk M1 3T T 38.071%; 75725 BRI AR M1-
40 H DR S B BAR A B R (P<0.05) , (H P
FERE ST LT M1 H2FH T 7.107%; M1-13 5 JF4A B
B M1 JC 3255 (P>0.05) ., RIS,
255 4 B e Y I ORE Be T B P Y 5 AR T bR
M1-5.

F T PRIERE TR ARG A R

Table 7 Alcohol content of the Saccharomyces cerevisiae

strains
73 k5 (%vol) B E (%)
Mil 0.657+0.0153° -
M1-5 0.907+0.0252* 38.071
MI1-13 0.673+0.0306" 2.838
M1-40 0.703+0.0208° 7.107

TE: AR FRFRR 22 53 13 (P<0.05)

2.6.2 MI6 FEFAENMEIEEREZ 0 Bedb S W7 R
RFREE 5200 K& 0 HAR i /K R FIAEA, A2 A
] XU R4S A5 AUV . X M6 Az LT 32 M 5 14
3 BRIBAS B RRAY S . SRS I, W 8 iR,
1538 3 d )5, WAS MR M16-28 KT T M E A AR

£ 8 PEAIRERA AR A, AR SR
Table 8 Total ester and total acid content of
nonSaccharomyces cerevisiae strains

173 S8 (2/100 mL) MR (g/L)

M16 0.98+0.007° 1.125+0.031°
M16-28 2.0347+0.041° 1.575+0.045
M16-40 1.05£0.073° 1.575+0.009
M16-44 1.06£0.058° 1.125+0.021°

if: Iﬁ]ﬂ%&%}&% [l hEFoR 22 5 B3 (P<0.05), AHR FREFRR 22 R A B3
P>0.05),

Y 2 TIRUA TR M16(P<0.05), 4351k 2.0347 g/
100mL. 1.575 g/L. 22k M16-40, M16-44 5
JRURTERE M16 FeliRE ) 22 5 0 35 (P>0.05), {H
R M16-40 Y7 FR 2 W 25 /& T IR 4R TR iR Mle(P<
0.05) o ZEA MY HG . P~ FRRE S, 43 BT i ik H
FEATRE T AL AE TR R M16-28

2.7 FTEMREEFRE MM

2.7.1 FAERAR M1-5 PRIRERE AR EYE KSR
PEAR M1-5 ZESALAR 5 U, X =G i 1 2547,
Wi 7 R . AR E AR M1-5 PRI BE 1 Ra e AE
0.877%vol~0.913%vol Z[fa], £ QAR BIPRS & 50
#2255 (P>0.05) . B, 7T LIIEBHEEAE PR R M1-
5 PR RE ) T AR E L .
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Fig.7 Genetic stableility test results of the M1-5 strain
T MR TR 227 AR5 (P>0.05)
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Fig.8 Genetic stableility test results of the M16-28 strain
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PAIX 3 A [R) 4 ) 22 5
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A BRI T T S I, anlEl 9 BT . FEA T
U E S 20.00 pg/mL B, BRI EER: M1 A HGSAR
Bk M1-5, #i25 F ety M16 M HBAS B RE M16-
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Fig.9 Selenium content of intracellular and fermentation broth
of primitive bacteria and mutagenic strains
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FHUAIX 73 AN ) 2L 18] 28 57, %327 4% F AN 2Z 1) 22 5 A o 35
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3 e

ASBIFFY A S0 25 AR A A N AR PR ML TR
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ARTP AR %€ M1-5 BIF=TKE R Itk M1 2= T
38.07%, M16-28 7 BE R RE J1X4A T 1& 5, 7 BE
eI M16 32T T 107.62%. ARTP 35 AR MM bEE
R R TR SEAS S T EER TR, B O g uER Al A
A 7 HAT R PEAR 00 25 Fh R BE S8 AR 1A, 5] vy
PR, T ek P R R P i B A 024200, Liu 280 5@
f ARTP ZE728 FYIfL, SEAF BRI Ak LAL-8a 19 LIk Lk
MS88 7L 14%., IH4h, LAL-8a MYTE 5 & % B i) b %
(0.28) /= F M14(0.16) . Wei &P 282 ARTP 15545 TR
T E: LF1, WS BRAR LF1-6 2290 HY i 55 19 58 (09 i
ZHE, LF6-6 ifiid ARTP AR EfCS AR, 6M-15 YK
PR () B, LI~ 3R e, 43928 28 h F1 0.525 g/
g/ho TEAAHERD X E AR - A R B 1 T By v
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R YK-29 Kk RS . BR & (2.15 g¢/100mL .
0.135% )00, F=FHFRESIFF R THETF. ERUMEEES A
WA R M EN Y6 FRMRUEIT ARTP 548, 1545 5
R Y6-8 MG . SUTRAE 143 R A T 28.13% i
214.93%, X Hrss A2 i d s A TARKIR T . A
FE, AR B M1-5 Fll M16-28 145565 Al r= 7 fE
J1r A T BT (P<0.05), H kR EE 54T
AR REEE, H R AL PN A B 9 AR SCiF gE 3,
JE £ AT LU MDA P AR 5 7= i v, LAUT R i 7
EMIACAR I & B it i T, i — A R TR AC i de
HUPERN = i XU ZAE 1

AT TN S 5o 28 BRAT (AT PN A R 2 e A
PNLTARG A TR A 21 B AT HE 1 B e RE B, -
TR T = WA = AU 3EAE_ L 2 1 M1, M-
5. M16. M16-28 14 I PN FN A Wk HH Aits & 52, A& 91
M16 M54 R M16-28 B Af & & P W 2w T
M1 B M1-5(P<0.001), H 7= P o o B Eiml i
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HLA 5828 AN 8 A5 RE A, I LUAR 31 09 155 28 AT BR
M16-28 fifi & F %A SRR AT, M H M1-5 B
RR AR & By o VRS AR N AU R R WX-
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&FAT 38.07% 19 M1 FEAE R Bk M1-5 F177 BERE
PETHT 107.62% 19 M16 IFHAEHIE M16-28, FfllxE
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22, X B A T e 7 o B I R NS P HLAE TR 1 N
FHRTR:
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