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Effects of Hot Air-drying and Vacuum Freeze-drying on Flavor
Components in Different Parts of Hericium erinaceus

ZHANG Yihang', FANG Donglu', ZHONG Lei', HU Qiuhui'?, ZHAO Liyan""

(1.College of Food Science and Technology, Nanjing Agricultural Univercity, Nanjing 210095, China;
2.College of Food Science and Engineering, Nanjing University of Finance and Economics, Nanjing 210023, China)

Abstract: In order to explore the changes of flavor characteristics of Hericium erinaceus before and after drying, the effects
of hot air-drying and vacuum freeze-drying on flavor components of pileus and stipe of H. erinaceus were studied using
high performance liquid chromatography (HPLC) and gas chromatography-ion mobility spectrometry (GC-IMS) in this
paper. The results showed that the contents of soluble sugar, 5’-nucleotide and free amino acid in H. erinaceus significantly
decreased after drying (P<0.05). And the loss of them in hot air-drying samples was higher than that of vacuum freeze-
drying samples. The total content of organic acids in different H. erinaceus samples increased in the order of vacuum
freeze-drying samples>hot air-drying samples>fresh samples. A total of 64 volatile compounds in fresh and dried H.
erinaceus were detected by GC-IMS, mainly alcohols (17) and aldehydes (14), followed by ketones (11) and esters (10). In
general, vacuum freeze-drying was more conducive to retain eight carbon atom (C8) compounds and other alcohols and
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aldehydes of H. erinaceus than hot air-drying, while hot air-drying was easier to form ketones and esters than vacuum

freeze-drying. Meanwhile, the content of total soluble sugar, total 5’-nucleotides and total free amino acids in the pileus was

significantly higher than that of stipe (P<0.05), but the total content of organic acids was on the contrary. The variation

trend of volatile compounds fingerprint spectra of pileus consists with that of stipe. This study provided reference for the

processing of the H. erinaceus.

Key words: Hericium erinaceus; hot air-drying; vacuum freeze-drying; flavor components; HPLC; GC-IMS
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1.2 SKWHE
1.2.1 JFURMmiANEE PR SNEML . KN —
RS TE, YE VRIS 43 A g as AR AR R4y, FF57
S5 RZ 1 emx1 ecm BB, 1RG5, BUE 5T
A 2l BRTAVESEAE, MR AR T —80 °C AR VK
F P A, HAVE T BIS R GARAE T T e b
H.
1.2.2 TRSCEs BT BGE A Sk Zh JORAE 5
SPEFF T, HE T TESE T 50 °C L XGH 1 mys
Tl BRI BT 12% UL 75 5 2K &
EAEFRS IR NY/T 3220-2018 & FH A1 M Az 3
AREFRYbRvE P ERALFR AR, T WD, BUH S s g T
By 90 s FHlH AR, 1t 60 H T4 H; Eas gk T4
B A Sk 2 HORARE &y, Sie T —20 °C vKAR T AR
12 h, FREF PR IS ORR SRS A LA W R TR s 25 v,
P ESR 10~12 Pa, KIR—50 °C, 8T B H 2K
Sy eI 12%, B S @did TRy 90 s dil sk AR,
i 60 HifigHo
1.2.3 AT () 14
1.2.3.1 FESRATARFE =% Li U9 (7 I mfE S
WU, Sy BIFREBCTE N 0.500 g BUASk aidt i (RS T
TR AR S 21D, I 30 mL ZEEIR
(AFRS 3 80%), T+ 60 °C 7KL FHEEY 30 min J5,
4000 r/min Z5.0> 20 min, B, FREMR iR TR
FEHEHPUR, B =R I MG I Nl 78 Ak
4i, FH 75% M CIEEWREZYZE 10 mL, 0.45 pm JEE
SUR/ Y=y SIS
1.2.3.2 fAj%sfd @it Sugar-D(250 mmx>4.6 mm,
5 um); AR 25 °C; FBAR ZNE-7K (75:25, viv); Tt
1.0 mL/min; R FHZE & SCHUN RS (ELSD) 5 4
AP 2.1 L/ming EERAATRE 81 °C; H4F 20 pL,
1.2.4 SBRECHERAINE
1.2.4.1 FESETARIE =75 Pei 51 W IEREE
W, SrRBIFRECT B 0.500 g B SLERRE 5, AR
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SIEIMA#E4iK 30 mL, AR ED 1 min, B HE5
T 4000 r/min 5.0 20 min, B VEW, sREAK ik
BRFERIBUPIR, 1 =R ISR A I N iFs 28 kAT
weds, FHEali K EAZE 10 mL, 0.45 pm JEIE T IE)S
RN

1.2.4.2 A3 A%t Zorbax-Eclipse XDB-C ¢
(250 mmx4.6 mm, 5 pm); FEiR: 25 °C; Fsht: Bk
IR -FR s -pK 1R DU T R A A (447.25:50: 2.5
0.25, V/V); FiiH: 0.5 mL/min; %24 II#S, )
PeK: 254 nm; FEEE 20 L.

1.2.5 BHWREME

1.2.5.1 FESLAETAEEE =35 Li &0 1y ke
W SFPIFREBCTEE R 0.500 g Bk mikt &, BFEERY
SIJE TN KH,PO, % #% (pH2.8, 0.01 mol/L) 10 mL,
T 45 C A HEE 1 h, 4000 r/min & .0> 20 min J&,
AYRIEZSZE 10 mL, 0.45 pm JENE I IE SRR
1.2.5.2 st @it Zorbax-Eclipse XDB-C g
(250 mmx4.6 mm, 5 pm); HER: 25 °C; WA
KH,PO,(pH=2.8, 0.01 mol/L)-H#5(95:5, V/V); i
#i: 0.5 mL/min; SR FHEESMEIIES, A 1< 210 nm;
BEEE 20 ul.

1.2.6 WEEAILMRMNE S S REREN W
o SYSIFRBCT N 0.500 g MRSk TakE &, AR Ucin
A 2 mL i KR (10 g/L) Fi1 1 mL EDTANa,
R (10 g/L)IFIRAS), 4RI | h J5# 8 12 h, F
JH 0.02 mol/L IWEhIR B 2 45 2 25 mL, IR &
0.45 pm JERET RS, T2EEMR H 353 HT S EAER
1.2.7 #RMERRYIBIN GC-IMS il

1.2.7.1 FESATACEE S AIFRECT-EA 0.200 g BAH
SLaiAE i, WS Y5 5 T T s AR A A A R
VUSH iR s T2, 17T GC-IMS #: .
1.2.7.2 A5 TEs ERESEA: Tias kiR
50 °C, B:f1A] 15 min, #45# 250 r/min; PEEETHERE 80 °C,
BEREARFL 500 pL, 33 10 mL/min; AS 43 FAR .
GC-IMS 4514 (AR 75 °C; A= sl /< (4l
FE = 99.999%); 43HTHAE] 30 min; 2 Itid: 2 mL/min
(0~2 min) . 2~10 mL/min(2~10 min). 10~50 mL/min
(10~20 min) . 50~150 mL/min(20~30 min) .

1.3 R

% JH Microsoft Office Excel 2019 F1 IBM SPSS
Statistics 24.0 34X £ Pa AT Ge 1 2= 40 4T, SR
ANOVA 524387, Duncan 2 8 FL 50T, B4R
SCPATINAE 3 IR, W3R 0.05, BdEEos Ty
(bR UEZE
2 HBRESH
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W2 1. B 1 Al MEskzs b il s vapl (i) 3222
J2 SObH, FLUGR T ER BE AP RO, Ve RObE A i
%o AEPO %) 12 FpE P 09 v IS b () 351 746
ml, A 3 P A (Fras . A . ks ) &
A BTRATRE, Hor Sk zE P BT R AR S R e, (R
HEREE S BRI, PR RHEES EE S E M
B, SR8 2 NI IURHRE Y f 3T LI H
e Sk g 28 TR S, Wi OB () i I 25 e 2
(P<0.05), % T 7 P e PR () o i =8 v T2 A
(P<0.05), IXEET] RS (15) 5 | RS ] LIAE—xE
R Sk A B aw R, f X rT e ST
WSt B A A v R R G .

ARSI, LB 2SR TS Sk ik v 2R
WS SEEZ A TC R PE2E 5 (P>0.05), SRMH yid
JEBE, ELAS TR UR T 38 A Bty A BE VB FH P,
Pei 2507 LEWT ST XA IR 1574 VR T Jad B b vl st
FIHERE A AR AL AT, A IRV R TI8e X B s v
HEREE Y B W TR, VO S SRR
AFTEAE TR SE R, H el S b hinm] ge e
SK g HH A IS RIS N T B Hh - A il H R s
PSP S R S AT, 76 55 P DU AT
B (B5) 5 B i 2 BRI (P<0.05) , 3xX 1] GEJ=Z R A AT
VA () e AN o i b AR SE R i v A
S SN, IS SO B R AE AT S w07 itk
Zb, FRXTEAE S b ST PR (B Bk i 3 2 T H
R IR TR (P<0.05), JRRIT] B8 MAE SRR Tt
Fatrp, b 5 e e A [RTEVE FH AR AR Sk 2k o i
IR T BNRIZIASER PSR N, IR IR,

R PR Ok s PR () B2 (me/g T58)
Table 1 Effect of two drying methods on soluble sugar (alcohol) of Hericium erinaceus (mg/g dry weight)
. s A AN (B2)

R A — — — —

e AL Aebl HERms T PuN iy
e T 75.24+2.30° 277.88+5.48° 55.10+3.20° 24.86+0.70" 433.07+5.68"
. LA 13.14+0.44¢ 180.33+5.46¢ 41.92+1.36% 7.87+0.25° 243.26+4.79°
i 58.72+3.22° 248.90+6.77° 45.66+2.56° 7.63+0.27° 360.90+1.26°

PR A o
Hid 9.79+0.67¢ 151.36+5.57¢ 33.86+3.59¢ 4.1940.68¢ 199.2043.33°
S fig 35.4743.34° 272.072.57° 79.75+0.88" 10.47+0.08" 397.76+5.11°
HAST TR TR

Hi 7.00+0.06 172.39+3.47° 56.50+1.19° 5.62+0.21¢ 241.51+4.93¢

s [l — BRI EUE AR BRI 25 572 8 35 (P<0.05); %62, 5Tl
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T ELAS VR T8 AU o oIS, Bis kAR Sl
JZ N e B FRAR X 48555 o
2.2 ARG AR LEE 2R EERAI R
SERAZ TG A IR S A EE B E )
ST B ARRE S 2o AR PR e A S T o 22 AT TR 11 o o
2. HERA, BSkamm i L SAZ TR 50-
CMP, H:Y R 5°-AMP Fil 5°-GMP, #F5¢%0] 5°-AMP
S — P RE MK FH PRI AR AU | Vsl 55 192 VAL 0 IR
BN ROBRAE T R AP FRIPO, 5°-AMP F1 5°-GMP
RSB RV E I, 785 2R E SR S P EIVER F T
DM RESE = LTS LAz a7 Sk a2
TEIE, SR B A B W REIR(P<0.05), A&
FHE Y 5 TR X AR R U, SRR TR R 4
15, AT E] Y S R A B AT 5 i R R Ak — R
PIA) 281, V2 R T Jt i R v Sk 2 Y ST oK A, i
SR LN T BAZ TR LR . ek, A
St TR S AR S W T s (P<0.05) .
Yang 4500 (WIS BB TP Y S AZ TR
s T = A REVE R mERE(>5 mg/g) .
Fl(1~5 mg/g) AURTE (<1 mg/g), RPEx—328, B
Sh#E T as T ST IR B iR T e Ta L TN R
AbF L
2.3 FFTERA R EE B VBRI EZ
BB YLIRA Bh TIE s A iR 18 XL
RO SEr A Sk ik AR AP A0Sk i oA LR I
W3 3. HFR 3 Al A, ANEIpSk s G A LR B
S LA VR UR TR > PR X TR R > R i . AR

SO IAS AR S s v () AT WL R BEEAIR, U A
BRI 208 . itk ni e TS, BRIAm & it 3%
BEAIL(P<0.05), Z.1% & & N (P<0.05), /S EkE
SEUS FEWT IS A 4 LSV R TR B D R B TR
WS, ULBH T R T LR R, &
ZEVRUR TR G A S gl TP TSI & B i =3 v TR
TR iR (P<0.05), FE RSP WHE T T8 KEkaE
TR AR A, R IRV IR T R ER 55 A i v
TGRS 2 i T RXURE i (P<0.05) . TS
Mgt w S AT BILAR 5 i i 2 (P<0.05), HEL
ZE VR TRRAE S T A MLAR B B i 3 T XUk
il (P<0.05), FAX TS E PR S E R T geS N
2 v A T B R A DG Bl ZR Bl B, IR T A S gl h
HHLERAIIE P, 78 Bas W R Tt f 2 dr, BEsh b T
— MR, MRS BRI & BT
HEAb, Mo Sk 705 265 55 AR MLER 2 i ok B AR T 105 AR
(P<0.05),
2.4 ARSI RL SRS BRI

WEE A IR R AW T EE N Z2WREMNY
BT, SRR RAC A TR N &R, 25 | i & FH R EER 19
BT, S R S P RS A
LRGSR I 40 HHEE 4 n o, et sk 4 55 b
bR T S SRR S TN 2R (5.97 mg/g 3L il
TR (5.48 mg/g T°3L), B PN EILIR . A
S 6 v I AR Sk 7 P A AR T 24 B TR (Essential
amino acid, EAA) Mg 7E 8.0~20.13 mg/g Z[d] . #F
ST 2 TS, EAA & 4L (P<0.05), %k

2 PR SOk 25 R TR AR (mg/g T58)
Table 2 Effect on flavor nucleotides of Hericium erinaceus by two drying methods (mg/g dry weight)

5 K%L

s b Pt _

5°.CMP 5_AMP 5-GMP 5°_UMP B
- 5% 5.68+0.45° 1.490.12° 0.590.08" 0.5040.01° 8.27+0.39°
o FEA 2.3340.03¢ 1.08+0.05" 0.43+0.02° 0.2940.04¢ 4.13+0.03°
— i 4.810.28" 0.700.03¢ 0.38+0.03% 0.3620.05° 6.25£0.31°
HiA 1.79+0.05° 0.69+0.01¢ 0.31+0.02¢ 0.20+0.02¢ 3.00£0.03¢
F 4.96+0.30° 0.8120.04° 0.4120.03% 0.30+0.04 6.48+0.26"

HERUT AR
SR

o FA 2.1540.13% 0.80+0.04 0.34+0.01¢ 0.18+0.00° 3.47+0.14°

# 3 PR SOk aE A HLIR A R0 (me/g T4E)
Table 3  Effect on organic acid of Hericium erinaceus by two drying methods (mg/g dry weight)

SN Stk T H HARHR T
i T T T AW T TR

AR 16.98+0.24° 30.53+0.24° 18.10+1.01° 31.10+£0.31° 18.68+0.52° 30.97+0.35°
SRR 20.76+0.86° 23.24+1.15% 34.06+1.27° 25.26+0.28" 27.53+0.58° 27.10+0.93°

2R 33.35+1.49¢ 41.78+1.32° 47.49+1.03° 58.63+1.15° 45.40+1.54" 54.10+0.86°
FriERR 64.44+1.38° 84.05+2.03¢ 55.09+2.00" 76.15+£2.10° 90.13+0.26" 106.86+1.98"
W iR 0.79+0.00° 0.92+0.00¢ 1.4140.00° 0.97+0.03¢ 1.27+0.03° 1.14+0.02°¢
EFIRR 114.78+1.41° 92.9342.38° 105.34+0.99" 86.67+1.51¢ 93.17+0.83¢ 76.37+1.73¢

J8cis 251.10+2.41¢ 273.46+2.36 261.98+2.29¢ 278.78+1.13° 276.18+2.09° 296.53+1.88°

TE: A — 17 A FB B B AR TR 225 35 (P<0.05); K4, F6[A].
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Table 4 Effect on amino acid of Hericium erinaceus by two drying methods (mg/g dry weight)
. it FRIRTHh SR
fi LA i Tt i LA

KA IR 2.82+0.01° 1.71+0.01¢ 1.68+0.00° 1.45+0.00° 1.92+0.00° 1.43+0.01°
IR 5.48+0.01° 2.28+0.14° 2.60+0.02° 0.96+0.00° 2.81+0.07° 1.58+0.00°
22 5IR 2.71+0.02° 1.23+0.00° 1.17+0.01° 0.620.00° 1.12+0.01¢ 0.76+0.00°
HHEmR 4.4240.01° 2.38+0.02¢ 2.79+0.01° 1.4140.01° 2.78+0.03° 1.52+0.01¢
HER 1.7240.02° 0.70+0.01° 0.59+0.00° 0.37+0.00° 0.50+0.01¢ 0.37+0.00°
WAL 5.97+0.01° 3.04+0.01¢ 3.24+0.01° 2.33+0.00° 2.86+0.01¢ 2.26+0.01°
LR 0.57+0.01° 0.37+0.00° 0.60+0.00 0.29+0.00° 0.67+0.00° 0.40+0.01¢
AR 2.26+0.01° 1.70£0.00° 1.64+0.00° 1.11£0.00° 1.59+0.01¢ 1.09+0.00°
AR 0.73+0.02° 0.4240.01¢ 0.32+0.00¢ 0.23+0.00° 0.46+0.00° 0.30£0.00¢
SRR 1.62+0.02° 1.57+0.01° 1.50£0.00° 1.38+0.00° 1.22+0.00° 0.91£0.00°
A 3.89+0.01° 3.15+0.01° 2.7340.00¢ 1.98+0.00° 2.91£0.02° 2.07+0.01°
Ji% &R 2.97+0.03° 1.630.00" 2.45+0.00° 1.98+0.00° 2.74+0.02° 1.77£0.01°
KNRR 2.210.04° 1.87£0.02° 2.18+0.00° 1.59+0.01¢ 2.75+0.04° 1.820.00°
R 3.93+0.01° 2.11£0.01° 1.71£0.01¢ 0.83+0.00" 2.02+0.04° 1.384+0.00°
HAER 1.11£0.01° 0.54+0.02¢ 0.55+0.00° 0.170.00° 0.69+0.01° 0.39+0.00°
RN 2.87+0.02° 2.37+0.01° 2.00+0.01¢ 1.140.00" 2.20+0.04° 1.41£0.01°
itz 3.02+0.06" 1.37+0.01¢ 1.79+0.01° 0.97+0.00° 1.75+0.01° 1.010.00°
Wit B IR (EAA) 20.13+0.08* 13.10+0.12° 12.67+0.04¢ 8.08+0.02" 13.77+0.19° 9.15+0.01¢
ML 48.29+0.15° 28.45+0.11¢ 29.52+0.09° 18.82+0.041 31.00+0.33° 20.47+0.04°
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SRS R | TR | FHRITCIRYE RS 2 SLRCY
Herpr, S PR ELIR U R IR A 2 IR, FHR = R
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5 PRy SOk RS R XUR T 28 S IR 1 52 (mg/g T4%)
Table 5 Effect on taste characteristic of free amino acid of Hericium erinaceus by two drying methods (mg/g dry weight)
PRAS BRAL - —
R R LS
. T 7.24+0.01° 14.69+0.05° 15.87+0.04°
e
LA 4.10£0.03¢ 11.62+0.01° 7.25+0.14°
i 4.48+0.01° 10.91+0.02¢ 7.59+0.03°
BT X .
Tl 2.87+0.01° 7.61+0.02° 4.28+0.01°
R T 4.70+0.03° 11.83+0.14° 7.29+0.10°
FUS T AR o
iAW 2.95+0.01° 7.99+0.02° 4.98+0.01¢
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Fig.1 GC-IMS analysis of volatile flavor substances in Hericium erinaceus before and after drying
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Table 6 Effect on signal intensities of volatile flavor compounds of Hericium erinaceus by two drying methods
- Stk AT H ELZS VTR
T AN i AN ik T
B (17F])
IEEE 166.06+11.73 164.16+2.02° 80.31+8.27° 88.85+4.30° 83.71+11.27° 90.02+5.61°
SR 167.40+5.92* 119.5248.02° 85.48+7.08% 83.03+2.82° 97.17+5.61° 94.92+3.11
1-2F -3 1311.80+133.91°  1119.29+79.79* 569.98+43.73° 572.38+6.36" 554.52+32.33° 586.86+33.82"
1-2E0-3-FE Rk 546.00+77.20° 513.92+85.87° 42.9143.65 45.16+5.25 65.34+13.13° 50.38+7.16
IEBERE 158.55+11.89° 117.94+2.47° 77.72+4.98° 54.14+0.37° 60.19+3.82¢ 62.27+6.54¢
IECL 1068.67+27.52° 677.12+0.55° 57.67+2.75 57.68+5.23¢ 78.62+4.70% 99.11+15.00°
IEC R A 509.65+32.97° 262.14+23.47° 33.97+2.23° 28.35+2.65° 31.34+1.46° 33.80+1.63¢
2-CFE 1621.67+24.42° 1488.65+47.50° 540.55+40.76° 337.40+4.77¢ 263.30+21.70° 316.56+19.42%
IEGRE 1614.98+13.02° 1313.43+24.98° 415.75+24.68° 310.39+9.16¢ 307.13+34.10¢ 345.68+15.19¢
3-FH -3 T -1 839.28+20.53" 321.54+2.19° 193.35+8.51¢ 125.69+3.69° 186.50£6.45° 150.11+6.45¢
3- P BE-3- T -1 2R AR 456.47+3.82° 87.00+19.55 59.62+1.14° 29.33+2.87¢ 49.91+3.41° 28.13+3.06°
IETREE 4496.61£31.35™  4559.64+218.21" 4767.84+52.03"  3122.05+83.64° 5341.42+88.13"  4385.59+224.83°
(3] 721.92+4.94° 374.85+43.92° 236.45+14.57° 135.04+6.50° 395.93+£35.91° 254.63+46.69°
TIEE A 755.06+33.92¢ 695.01£30.56° 1222.69+47.12°  1867.09+79.11° 1817.84+56.14°  2296.36+39.66"
RTH 364.83+8.49° 229.55+17.36° 884.95+39.39° 1221.27+7.02° 887.77£102.71° 870.13+32.40°
2,3-T 292.64+22.00° 326.19+48.73¢ 1747.24+196.81°  1963.21+16.51° 2697.36+101.19°  2789.23+20.57
FNEE 213.75+7.95¢ 319.20+63.99¢ 501.95+39.97 784.11+38.93" 322.33423.94° 379.56+42.58¢
B2 (14FH)
(B)-2- Il 307.78+54.81° 469.51490.88" 47.22+4.06° 44.88+8.14° 45.93+8.21° 46.30+4.06°
(B)-2-F M — R 1223.86+115.14°  1400.27+112.67° 76.12+14.86° 82.68+4.56° 157.814+54.90° 130.32+25.37°
BRI 1073.48+71.49* 1365.58+46.32° 205.08+15.48° 241.18+7.73% 232.02435.69% 281.92+19.62¢
TESEE 358.40+16.35° 463.33+42.08" 84.68+13.83° 78.27+0.60° 80.69+6.45° 101.20+3.36°
(E)-2-BEMsiE 1368.89+93.39" 1672.07+61.28" 105.68+7.65° 105.37+10.93¢ 131.38+18.09° 138.12411.19°
(E)-2-Pelms — R ik 3437.33+278.87°  4128.79+189.70° 98.19+6.39° 101.97+8.93¢ 144.95+47.48° 123.35+19.82°
PR 1150.71+21.02° 1103.60+52.18" 248.52430.32¢ 327.2246.31° 570.99+15.82° 541.94+10.32°
P R AR 511.13+22.18° 617.18+118.60° 47.28+8.45° 49.9143.86° 56.35+7.09° 53.62+4.94°
SN 1268.15+33.05° 797.14+48.23° 477.22427.14 501.95+8.26° 444.51+13.33¢ 525.86+1.26°
S R 1486.72424.62°  1581.92+46.39% 2658.12+225.73"  1741.9349.13° 2670.73+£120.57°  2193.59+84.17°
ST 1786.73+36.27° 628.08+16.79° 553.514£23.35° 206.76+6.57° 560.75+20.28° 311.29+51.10¢
P 2885.00+72.67°  3509.80+174.31° 522.74+10.50° 320.87+1.47° 741.27+74.06° 947.86+48.30°
ARHIE 1344.82+62.26" 1142.87+32.44° 672.72+£19.91° 864.34+13.08° 778.93+62.29¢ 814.78+50.96
R R R 3741.14+£239.35 1774.09+97.93" 366.60+30.16° 266.55+2.83¢ 314.57+13.12¢ 322.64+19.49°
FRZE(11F)
R 356.06£2.27° 306.23+13.44° 228.78+11.89¢ 218.26+7.66° 274.84+33.25¢ 272.65+6.23¢
1-2FJ75-3-T 2587.02+144.80°  2341.29+127.25° 161.32+6.75" 138.20+22.03° 221.41+43.33° 187.13+3.20°
1-3F -3 — 2R 1A 2907.67+272.97°  3540.30+£339.49° 95.79+4.62° 110.96+5.50° 130.20+28.81° 117.52+16.71°
3-2¢ T 5771.94£277.36°  3760.15+186.81° 223.73+3.22° 200.06+16.44° 198.97+14.84° 225.43+17.94°
2-J 236.78+8.23" 276.66+46.46"° 69.33+£3.41° 73.38+5.69° 62.90+6.95° 72.2147.65¢
2,3-T Zf 173.28+11.49° 358.83+75.56" 1680.02+59.31° 1428.95+89.40° 772.21£134.41° 483.95+29.86¢
3~ 65.09£1.46° 61.44+4.72° 133.93+11.39° 101.75+5.56° 244.02+25.33° 183.59+22.41°
PO 73.01+5.86° 94.89+24.87° 630.31+42.67° 630.92+14.45° 671.92+19.13° 577.66+8.92°
2,3-1% Tl 896.35+41.30° 1189.09+44.87¢ 1377.86+31.63° 1382.45+4.62° 1654.30+11.57°  1795.91+65.94°
2-P 10391.79+87.25  10471.17+£198.09" 6685.68+129.791  4738.03£120.26° 9901.63£179.42°  9046.33+363.51°
3-FRHE-2-T 652.32+72.99¢ 1587.57+156.15° 1304.76+51.13° 1646.20+11.38° 1082.83+31.60°  1356.67+113.10°
fiEE(10Ff)
y- TR 143.74+4.32¢ 162.65+12.32¢ 2538.00+£223.73"  2458.97+38.28° 1121.45+26.42" 788.18+40.92¢
y- TR Rk 62.78+2.92° 70.22421.96° 911.09+16.85° 746.07+3.16° 443.40+13.83¢ 351.32+20.42¢
2 R P g 289.36+14.43" 228.47+25.28" 184.81+18.60° 175.33+4.86° 169.49+3.48° 182.81+3.99°
LIRS IR 98.86+13.63" 66.70+6.31° 33.0310.08° 45.45+1.83° 36.1742.51° 35.77+2.06°
2-FILN R 2Tk 132.52422.08" 80.30+13.30° 11.18+1.79° 12.89+3.07° 11.41£2.07° 12.82+1.28°

199.20+14.58¢




2- -3 YA BE I g

14-Z45 55

840.01+15.45°
621.39+40.66°

621.69+38.90°
394.76+20.73"

254.86+10.97°
116.30+4.89¢

358.78+15.93¢
117.11+7.83¢

325.18+20.80°
154.64+4.72¢

%43 % 5 8 i) TINS5 BTN B VR T A SR AN RIS (5 AU S35 <65 -
Hk6
- itk FORTHi HABTRT
T AR i AN = A
IR T 10994.87+338.55*  8352.80+410.99° 547.05+12.19¢ 374.11£16.96¢ 2231.33+141.25°  1021.65+178.59¢
LR TR — Rk 1665.26+25.55" 1789.86+69.30° 930.29+129.17° 949.82+47.52¢ 977.39+40.75° 1001.67+34.14°
W LT 262.04+2.92¢ 127.89+11.97° 685.01+£74.64° 710.08+30.81° 497.56+76.06 388.50+27.79¢
TR 9201.66+63.97° 11183.13+269.59* 624.29+63.71¢ 342.46+11.16 297.47+21.31° 556.60+£17.66°
a2 (6F1)
EC R 2361.60+71.13° 1325.32+136.18" 185.83+25.72° 153.55+14.10° 237.35+27.16° 235.76+26.57°
ST 668.11+46.37° 388.69+34.16° 516.09+9.45° 545.67+18.38° 381.36+33.54% 331.39+10.11¢
TRk 177.49+17.57¢ 307.43+37.54¢ 2952.91£158.56°  3252.21+31.80° 4609.30+224.52° 4600.83+15.33°
TR 78.65+8.82° 103.33+2.20° 670.19+60.79° 623.87£9.97° 615.88+28.12° 653.16+31.82°
1E R 93.59+13.13° 119.72+6.19° 941.83+85.06" 1207.67+9.91° 1212.66+31.21° 1174.94+69.37*
7R 1125.60+71.01¢ 2091.10+29.00° 3419.24+167.62°  3221.83+64.87° 3086.82+42.23 3492.40+68.13
Wk (3Fh)
VLo 1004.62:+40.74° 348.50+32.05° 150.17+4.70°¢ 164.98+9.04¢ 159.07+32.62° 183.47+24.32°
WL 222.34+11.21° 379.55+56.98" 72.92+2.79¢ 69.98+2.45¢ 70.85+9.56° 71.8243.13¢
2-JRM 55.69+4.00° 73.31+4.63¢ 448.89+42.91° 573.25+5.62° 593.45+4.97% 614.04+3.20°
FIRIE(3Fh)
2- LW g 377.99+30.77° 1185.53+115.88° 54.15+8.91¢ 35.59+3.44° 53.75+2.21° 57.62+4.08°

329.21425.64°
121.56+1.74%
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