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Abstract: Currently, great attention has been paid to novel fermented butter possessing high viable bacterial counts, unique flavor, and
excellent nutritional quality in the market.To develop such a product, Lactococcus garvieae DZ derived from buffalo milk was used as a starter
culture, and the effects of fermentation process and viable bacteria back-addition technology on product quality were investigated. The
fermentation process of butter was optimized by single-factor and response surface experiments, and the effect of adding 3% fermented cream
back on product quality was analyzed under the optimal parameters. The optimal conditions were determined as follows: inoculum size of 3%,
temperature of 37 “C, and time of 16 h. Under these conditions, the diacetyl content of the obtained butter was 33.93 mg-kg', and the sensory
score by the 9-point hedonic scale was 7.85. Using the 3% back-addition process, the viable bacterial count of the final product reached
3.05x10° CFU/mL, and the sensory score by fuzzy mathematics comprehensive evaluation was 94.6. Analysis by electronic tongue and GC-MS
revealed that the sourness (5.80), umami (8.07), and richness (9.66) of the fermented butter were significantly enhanced. The contents of key
flavor compounds, 2,3-butanedione (6 188.24 ug-kg™) and 2,3-pentanedione (4 660.37 pg-kg™), were much higher than those in non-fermented
and commercial samples, and the levels of esters and lactones were greatly increased. Fatty acid analysis showed that fermentation increased the
content of conjugated linoleic acid from 0.55% to 0.77% and o-linolenic acid from 0.85% to 1.03%, while the proportion of palmitic acid
decreased from 28.18% to 24.94%. In conclusion, high-quality fermented butter can be prepared using this bacterial strain combined with the
optimized process and back-addition technology, which provides a theoretical basis for the development of functional fermented dairy products.
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Table 1 Factors and levels of response surface experiment
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Table 2 Sensory evaluation standards
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Table 3 Sensory evaluation standards
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Fig.1 Effect of inoculation amount on diacetyl content and sensory score of fermented butter
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Fig.2 Effect of fermentation temperature on diacetyl content and sensory score of fermented butter
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Fig.3 Effect of fermentation time on diacetyl content and sensory score of fermented butter
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Table 4 Design and results of response surface experiment

R A4 B C Y, T4 F/(mgke") YLAEFN (5)
1 S 28.21+0.60 6.80+0.95
2 1 -1 0 29.62:+0.32 6.70+0.86
3 -1100 29.03+0.14 7.50+0.78
4 1 1 0 31.75+0.86 7.05+0.90
5 -0 -1 30.92+0.50 7.30+0.92
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6 1 0 -1 31.39+0.31 6.75+0.98
7 -1 0 1 28.09+0.23 6.70+0.67
8 1 0 1 31.3940.16 6.85+0.94
9 0 -1 -1 30.09+0.40 6.90+0.52
10 0o 1 -1 31.51+0.21 7.10£0.77
11 0 -1 1 28.21+0.18 6.50+0.75
12 0 1 1 31.16+0.37 6.90+0.70
13 0 0 0 34.5840.20 7.85+0.71
14 0 0 O 34.3440.48 7.80+0.63
15 0 0 O 33.404+0.25 7.85+0.85
16 0 0 O 33.4040.13 7.90+0.97
17 0 0 O 33.63+0.39 8.00+0.88

K Design-Expert 13 %3 4 T 200G, H2T ZlEE (YD FEREESY (YY) 5=
(A KRR (B). KR (C) B IREIHTHE:
Y,=33.87+0.994+0.91B-0.63C+0.324B+0.714C+0.38BC-2.004>-2.21B*-1.41C*
Y,=7.88-0.084+0.17B-0.14C-0.164B+0.184C+0.05BC-0.374%-0.428-0.60C"
S AR T 5 25 W, SRR 5.
5 MRESR S E S

Table 5 Analysis of variance for response surface models

I % ¥ Fa SR P H 75 F1& P1a BN
P Y, Y, Y, Y, Y, Y, Y, Y, Y, Y, Y, Y,
AR 71.81 3.88 9 9 7.98 0.430 6 36.36 10089  <0.0001  <0.0001  **%  ex
A 7.81 00528 1 1 7.81 0.052 8 35.58 1237 0.000 6 0.0098  wkE  wwx
B 6.68 02278 1 1 6.68 02278 30.44 53.38 0.0009 0.0002  HwE ex
C 32 01512 1 1 32 0.1512 14.6 3544 0.006 5 0.000 6 B ok
AB 04226 01056 1 1 04226 01056 1.93 24.75 0.207 8 0.001 6 ns ¥
AC 2 01225 1 1 2 01225 9.12 28.7 0.019 4 0.001 1 * o
BC 0.582 4 0.01 11 05824 0.01 2.65 234 0.1473 0.169 7 ns  ns
A2 16.92 05803 1 1 16.92 0.5803 77.12 13598  <0.0001  <0.0001  *#% e
B 20.6 07472 1 1 20.6 0.747 2 93.86 17507  <0.0001  <0.0001  *#%  #ex
e 8.43 1.56 11 8.43 1.56 38.41 365.6 0.000 4 <0.0001  wwx e

RE 1.54 0.0299 7 7 0.2195 0.004 3 - - - - - -
PEDES 03124 0.006 9 3 3 0.104 1 0.002 3 0.3403 0.398 6 0.798 7 0.762 1 ns ns
thig £ 1.22 0.023 4 4 0.306 0.005 8 - - - - - -

p¥ i 73.35 391 16 16 - - - - - - - -

VEr R EZ R H R E (P<0.001); *EFHERFE (P<001); *2F2F (P<0.05); ns ZFARE.

T 2SR, PR P AE51<0.000 1, IEMGILE K RIUIT P AE S50 0.798 7 F10.762 1, 3>0.05,
AEE. T HIM R2=0.979 1, REIEHMER R?=0.992 4, $9>0.9; PIRIIRLIE 2% (Radi®) 5T 2% (Rpre®)
fIZME <02 (T BRI &R Radi=0.952 1, Rpre’=0.905 8; RETE/MEAL. Radj™=0.982 5, Rpre’=0.962 6).
IEAh, PRERIAR S 2 H (CV) 350N 1.5%F1 0.904 8% (H51<10%), {Z5MEEL 51N 16.124 1 F127.666 9 (H51>4).
FibfetrRn], PIRAMLE L R, RED, (BRI, AR RIS R R SRR HMCR, w T KR
T T T 5L

P 1] )5 R B80S 2 AR 6 T R0

MNTT &R (YD), —K A B K RI 4>, B CEEHRILEEKFE (P<0.001); —RI C ikmE
BEKF (P<0.01); ZHITACIEREFKF (P<0.05). FHRFEHWIZERIN: HEE (L >KFRE (B) >
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Fig.4 Response surface and contour plots for the effect of interaction between inoculation amount and fermentation temperature on

diacetyl content
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Fig.5 Response surface and contour plots for the effect of interaction between inoculation amount and fermentation time on diacetyl
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Fig.7 Response surface and contour plots for the effect of interaction between inoculation amount and fermentation temperature on

sensory score

C: ABEdiE) (h)

SR 3)

A (%)

E 8 #EE S ABNERZ B MM RE TSN N EMFELE
Fig.8 Response surface and contour plots for the effect of interaction between inoculation amount and fermentation time on sensory

score
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Fig.9 Response surface and contour plots for the effect of interaction between fermentation temperature and fermentation time on

sensory score
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a2 HAEH mE R 1 BC T i 12, S usmBaa @y, mikiiil BC TUEE 1
LHEAANRE, %8RS5 20—
2123 HETEEAME SRIE

ilid Design-Expert 13 StPANANAERAT 2 BARPMRIDNAL . TEALETC I, SEEHET & RN R
R A ATE VR R B SRR E USRI AR RE K DB b, AR E VPO E N B I LT 8 B2 B 25 6T
WAgbr, PEXT T RBEE AR B RS R, Fik, # T S ESERETOMBEL RN 0.5 (1%
50%), KHIHEK%E (Desirability Function) #EATRIZ B ARMMAL, 19RIREKE TS5 HEE 3.05%:
RIRSE 37.58 C KIEFIE] 15.49 ho R T B B SIEE VED TIN5 54 34.06 mg-kg™ F17.90 43, NfEF
SEBRAEF?, L 2R B 3% RIS 37 °C. REEIIA] 16 ho ZIESLE, T HRS & S5EE Y
B 59N 33.93 mg-kg A1 7.85 43, STRMMEARRHR 2<5%, LR ATEE, LT SRE T,

22 EARIYLIBELER

221 FRAESAT

RIS RN, % 3% B RIS RIS, TR E SLRVERE AT, R BRI 5 RSt )37 PR AIOA
#3.05x10° CFU/mL. 45580, IR T 2 A6 RAME B O FE A 4R AOTH B, 3 Sh 3R A5 i T AT B
222 B F BRI AT

RV (RIS T 200 77 b B B S SRS, SRR B A 2 BT PR B T R A T IR VT . RN R
BT RS AD FIIRIE 3% KRG W B EF S0 RS B)o 12 40PN A4%3R 3 FRiBE e an i (. &
FUR. HEWESVUBHRPR AT P o S Gbnti o AN EDL: V) (LR, 81~100 430D+ V, (REF, 61~80 73).
Vi (—ff, 41~60 79). Vg (Z, 0~40 50D G REIHRMR S SRV ANEL, 855013k 6 .

* 6 TRIKBE MR EITNIeiRgit

Table 6 Statistics of sensory evaluation indicators for butter

. &% &4, o B ALK
e Vi V, Vs V. V, V, Vs V. V, V, Vi V. V, V, Vi V,
A 8 4 0 0 6 6 0 0 4 4 3 1 7 3 2 0
B 8 2 2 0 7 4 1 0 8 1 2 1 6 5 1 0
MR 6 FIG TS RATIH— AL B, 13 BIBNZEE VPN EERE Ty 1 Tp.

0.8 04 0 O 0.8 0.2 0.2 0
T, — 0.6 0.6 O 0 L 0.7 0.4 0.1 O

0.4 0.4 0.3 0.1 0.8 0.1 0.2 0.1

0.7 0.3 0.2 0 0.6 0.5 0.1 O

CLHRCE S X={0.20, 0.40, 0.20, 0.20}, PFIELENME K={90, 70, 50, 20}, FZAOHIEIE Y=XxT T+ LS
R, FERIEAR =K<y HELE 150

Ya=XxTx={0.62, 0.46, 0.1, 0.02}

WxKxY;=93.4

Ye=XxT5={0.72, 032, 0.14, 0.02}

Wy-KxY5=94.6

(IR 3% KM RESD B 22517500 94.6 43, i TOREIRAES A (93.4 40D MITFITEEg ik, FEf
B7EV, (5 FRIEEH 0.62 16T1% 0.72, V, (RIF) SR H 046 F45 032, Vi VgL ES
AF, SEIRRY, IR L2 R ST A S AR AR, A RART KRN S B R, AR SR
R VRS 77 TH 2RI TR

23 AR T L HE & AT

23.1 wFEBEAGH
23.1.1  ERGT T (PCAD
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FRG ot (PCA) BN AR AT PEAE L0, FEOR B 3245 B R FAR R R B A o0 RIS S 2%
AP, A AN ISR B ) T AR ZE 5, DU SR i (R SEF B AR BEAT 7 R0, 45 5t
Kl 10 .

[ ESiit]
L1 @ xEmEn

\ A EMEBNE
& HERERY
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=
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& 10 FEIZEBYE e FHXAKHY PCA-Biplot 5347
Fig.10 PCA-Biplot of Electronic Tongue Flavor Profiles for Different Types of Butter

M 10 7 %0, PC1 A PC2 RITTTHREIA 99.3% (PC181.7%, PC 217.6%), REWETE /3 S HRAN A8 A i (1k
WRAEZE . W PCL T, SAERh AT, RINZMO N E X M ERE, Hor R i 5 i A5 A e s 7 = e
W, U] KURAE R Z2 5 oK. Y PC2 51, ARSI S T R B B AR P, 3t 2D AR AR S5 i 22
Sto FERMIBICE S, RUIDUR S AR E R B A B X

LR MFORANFR R 2R, HRAACRER A RARSCNE: BHOR. ROR. BEuk. IRIERK. BRWR RS E kR
734 F PC1 AT PC2 HIE A XI5, i BHIX LE TR 3 AE SO i BRI i RIA T SR IEARSR IR RIS R Bl RO S )5
ERZ AR, R E SREWRENAR, 5K 3 Rk, BRI R TR N RRIER B
Wk WRIERE. BRIR S Ja ek Z IR B, R EA 12 I8 B IEA SRR
2.3.1.2 ZHEHGHIMT (LDAD

LRAEFIRIAHT (LDA) AER—Fi MBI FRAERAR, e A R Z IR B bt
AN VSR i ] AR 72 R T ST A, SRFHZR I o Aot DU AR s b AT A0 B, 25501 11 P

B REREE
R ﬁ
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] © BEEERE
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S
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=
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¢
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Fig.11 Linear Discriminant Analysis (LDA) Scatter Plot of Electronic Tongue Flavor for Different Types of Butter
MR TR 1 AIEERRY 2 BT ZE TR 735108 99.36%A1 0.64%, RFTTRRAIE 100%, RWIFTHA
TR CFE I o B LS AR R B B FEALE Y AT R . KRR T2 — R, &R
BRSO T3 R, KB TR =R, AR TR R . Horh, R SR A P T
B 1 ERRGEIR R o, ZERRRE: EEM 2 LIRA R, RUTRE IR EATR X R A IRl o
ST EREEMEF RS 1 EEIX S, EERG 2 EWE—EER, U PE RN - B T i 2=

=X
I o
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LA R 2 IR T ML T, fE0s RN 2 AN BAE AN FIREAR ) 1 22 S 5 0 AR e . &
G LEA VU FR B S 7 9 MR Fabr LI ZE S, il 1 OCE R B E R A, g5 R A 12 frw.
{ —e— RREEH
—e— RAELCH

Ttk —a— KRR A
—o— MR RS

ﬂqtn;/k Ja Tk
12 fhEh R M EILE
Fig.12 Radar Chart of Key Taste Attributes of Four Butter Samples

M 12 7T%R, PUMBEIAE O DMkt fabs LRI R 7R . RS BIRIR . SR, IRJERR, JE TR A ok
e TS AR B ) OAR RHRAEE ve» R SERERRI s AR RIS 5 A I [P AN B ) A5 U R A A — 3 2 T,
Forn (BRI AR R AR I R B B

R 20 S (K AR B e R G, H P B R T LR B A R ) %45 SR . Barkat %5 BFF A0 RN,
BEAR pH B A BTS2 B i ) XK RS . R P S 1 i 1 ik SRR R, X 3 DA R T8 A s S R e
B AR = R ) IR B BbAh, R 2@ AR G R T T ORI R ANSREE , e A T P R
JRE S ERGARLS, AR XUR SR JE i PR EIRXRRHAERIIUL, SR SN T e, IO B R
WA P KURA R R 2 LR AL T8 AR
232 FRMRAM T

FE RAE R AR A A AR € SR RIS Bl e 2 B ) SRR IE 2 — ), JLA R i 5 SR R 7= i
BRI . AR FULE 4 MRS A SERII 61 PSR YA, REEIE. B2, BES. PRITRR. M.
PBESRAE 11 MFEE, H GC-MS B 7 L 13 EUH A 30 FCRIE MR BT 2 B0 AT, S8R IR 7.
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Fig.13 Total Ion Chromatogram of Four Butter Samples by GC-MS
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Table 7 Contents of main volatile flavor compounds in butter samples with different processing technologies

Modern Food Science and Technology 2027, Vol.43, No.5

%5 FF  fed¥  RUmin REBEW/(ugke) XBEb(ugke) KBeRdibiugke') TEABHG/(gke") ARAFAE
_ 1 2-/% B 8.1714  1481.74£178.30°  1659.60+:240.96" 803.40+78.94 1 528.02+68.54° ek, RA. 2ok
i 2 2-EB 123845  348.67+5334° 593.34+80.69° 898.03+161.61° 393.35+70.28° ik, BA. BEWA
i 3 23-T=8 42712 ND 6 188.24+278.52° 2911.15+342.97° 943.81+45.91° Fihvk, Fbek, BAEA
- 4 23-K%=B 5375 ND 4660.37+417.66 ND ND Fobek, BAER. Wridek
FAE 5 3-5A2-TE 56795 ND 2389.94+124.86 2219.50+ 224.69 ND vk, Edvk, SHA
ek 6 3 67758  324.85:36.55° 347.48+30.44° 124.55+9.85° 779.90+155.11° FHER. ek
= 7 EJS 11.8837 63.07+6.88° 339.79+26.82° 40.70£4.82° 655.35+10.38" REMA. AR, BORPA
>AB 8 RYE 103126 ND ND ND 861.87+117.72 A=A A
9  WEALE 31152 22324331° 420.25+39.48° 117.00+19.09° 379.47£33.77° EE N T
10  ZHEATHE:  3.8252 ND 6 736.62+923.83 ND ND RA. #E. HH
11 AKRCE 49885 115.57+22.31° 301.74+43.97 52.98+7.44° 311.77+8.40° R, 5. EnE
eSS 12 TBERZES 64909 126.64+10.41° 21121+11.19° 640.91+53.70° 139.74+£19.47° EX NI & 2 N e
13 SLERCES 89022 ND 3584442175 ND ND Wik, RA. HE
14 FEACHE 132042  101.62+12.18° 430.16+63.55" 210.90+34.29° 417.82435.33° R Fe& ik
15 RERCE 168243 65.70+5.70° 189.52+12.30° 226.10+15.94° 152.61+23.50° RA. PRk
16 I-TB 51946  404.07+33.40° 1 637.05+159.68" 479.69+47.98° 2081.17+196.17° BEA. A
BI & 17 1-CB: 89537  1546.49+238.57°  3833.97+197.73° 1111.89+95.76" 4233.99+828.65° A FER RE
18 1-FB 127766  386.37+34.69° 454.04+79.75° 816.89+152.23° 1917.30+83.48" iy e S
19 T 52013 736.20£91.91¢ 435432435347° 5662.94+ 620.99° 2673.57£138.23° BBk
20 T 78245  1603.18£108.04° 3 673.07£102.49" 914.26+123.88° 1532.43+109.53° bk, BREVA. HibTR
Lo21 TATE 94114 ND 1577.97£161.80 ND 2243.244269.35 R, TR
R 22 T 114285  2079.27+417.74°  7418.06+1050.72° 3 181.75£201.15 3197.08+175.59° s SNTE 2 S )77
23 FR 14605 1971.89+156.90°  7062.42+1396.43"  2407.79+231.89" 1351.61£94.51° Bk, ek, hIEeR
24 el 178923 1917.20:64.61°  5570.591 127.09° 3193.95+65.12° 6 655.48+1 328.66" ok, sblEA. Wk
SEAe 25 —VHAmSE 32821 34.64+1.44° 88.77+11.19° 41.73+2.66™ 51.29+1.64° B FErk, BAA
26 p-TAGE 108924 ND 5602.67+636.57 5184.69+972.13° 3244.51£165.64° T4, A
27 S-TABEE 112104  4292.94+61137°  2239.51151.60° ND 5942.58+778.32° MFA, I
MEEE 28  p-FABE 148775 82.10:£5.88¢ 225.88+19.75° 344.94+15.04° 537.32497.53" ARFA A
29 S-¥FAEBF 152949  45530+48.53¢ 2109.58+67.52° 1342.77453.74° 1094.23£21.21° T4 A, #E
30 O-AAEE 184204 1039.44£179.15° 1517.30+182.02° 434.68+34.93° 585.75+44.28° BFE Ik A AT E

i ND ARTAK S, RAFRRNEFRHAFTERRE (P<0.05), FAR.
xR 7 IR IR I RGN, AR E IR S H 50, R L ARG w i XA A B
F= 5 BRI USRI T R B S MR R, Hovk, St ss R S s AR AR P e SR 383 | AR AR 35 AN [R] (N =

ey

N0

AR AT f o T, PR SRS BT RIS o HOXREIARAIAE: BoOhs A 2,3-T —
5 3230 THIAR H; STRRYE KUK (AT ER (T HR 1603 pgkg's ZFR 736 pgkg's R 2 079 pgkg™
SRR BEN (PRROES 22 pgkg's NRAHEE 116 pgkg'. TR 127 pgkg) i, KUK 324K
Tt 0-CLAEE (4293 pg-kg) HIBRYYE, BEURRUEK A —. Sengiil ZPOFRERIL, A R RETRIRE S ARG 2,3-

T

R T KBRS AR T R R R A K B A R 2,3- T i (6 188 pgkg!) 5 3-5HE2- T
(2389 pg-kg™) TR FAZ O M WHAAE: 2,3- % —BR (4 660 pgkg') FEEME. TARKKIRIRE R, 28
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(4354 ugkg). TR (3673 ugkg®). T (7418 pgkg™). ¥ (7062 ngrkg™). 28 (5571 pgkg™) 2557
BROE SIS . SRR B Rk . BESK AT L: 2R ZEE (6737 ngkg™). ABRAEE (358 ugkg™). EERAME
(430 pgkg DSEFIREAFAE, KR T 544 (0 RA- W A - W A4 . P R A A VR : - DR (S 602 pg kg™
5 0-E G (2110 pgkg) FRAE T HIHFLIREHE . Feng W UE, BITEEALFFIR RHS KRBT SE 3T
R, FK. BER SRRV SES 2L,
PR 1R S ot ) XU S R P RIS, BRI BN st o R 7 R RIS, (HIREE T —H 2
W): 40 2,3-T —Ff (2911 pgkg™ ). 3-F2F3E2-THR (2220 pgkg™). OF% (3182 pg-kg™)+ p-C MG (5185 ugkg™
o RUNZ T ZRERGMERTHRRIELL,  SEIUAMEE -5 48 58 KRR H A5
TR S IARER . BRI EE R NE S, O RRYIR 2,3- T 8 (944 pg-kg™) BR800 =
RN, H 23- R TH Y 3-FR k2T A RAT o AR A E I A B M A KRR (e SR (1T
2 081 pgkg' 1-CFF 4 234 pugkg's 1-¥EE 1 917 pgkg) KRB, o-CAEE (5 943 pgkg’) My A g
(537 ug-kg™) HARMPUIEHE; 2R (6655 pgkg) 5 3-FFE TR (2243 ug-kg) TTlRES R TEER. 8425 (TR,
TR KR SREE, THERET R REY), (A AR AR R AR O S S R R
DAl — 2, Skl i B IR iR S R SO B IR, i fr) s 2 MR (R A IR B Tt U, SR AR K
B
233 JEMBRAL A AT
B s ) AR BN, 5 IR IR R VIR, ANFIIRITRE AN B T S i AE ) RE: & & PR AN
JRWR T ok pe, (H EAHE AR TR 5 O MU B R AH G BRAM NI AT B TS g, 22 ANrapn
FRITR S AT S 5 0 M S R, AT E R R TR R I L 20 B SR (ARG, AHT
FON DR BGHIRE S 41 FUIRITIRIEAT 7 R G, 48R 8 Frm.
% 8 TRILZH MRt AV AR A &8
Table 8 Composition and Relative Contents of Free Fatty Acids in Butter Samples with Different Processing Technologies

Vi JIE W B RT/min AK B /%% K EEE /Y% KB /% AR K B/ %
1 " &R 14.74 10.30+0.28° 11.44+0.14° 10.84+0.30° 9.08+0.18°
2 AT 15.82 1.08+0.01° 1.27+0.03 1.19+0.02° 0.92+0.01°
3 AZAEBR 17.07 28.18+0.14° 24.94+0.48° 26.4140.02° 30.62+0.21°
4 +-oarER 18.14 0.65+0.01° 0.74£0.01° 0.68+0.01° 0.54+0.02¢
5 AR g B 19.38 11.1420.04° 9.91+0.18° 10.73+0.09° 11.49+0.15
6 TR EL 20.46 ND 0.06+0.00° 0.05+0.00° 0.04:0.00°
7 IR 215 0.180+0.01° 0.2120.00° 0.19+0.00° 0.15£0.00°
8 i 22.62 0.03+0.00° 0.04+0.00° 0.03+0.00° 0.02+0.00°
9 AR 23.74 0.08+0.00° 0.09+0.00° 0.08+0.00° 0.07+0.00°
10 — =% 24.87 0.02:0.00° 0.02:£0.00° 0.02:£0.00° ND
11 Rt 25.97 0.05+0.00° 0.06+0.00° 0.05+0.00° 0.04+0.00*
12 FER 7.88 1.31£0.02° 1.78+0.03° 1.53+0.02° 1.020.02¢
13 e 8.92 0.02+0.00° 0.03+0.00° 0.02+0.00° 0.02+0.00°
14 RER 10.18 2.43+0.04° 3.15+0.04* 2.91+0.04° 2.02+0.00¢
15 it 11.33 0.01=0.00° 0.02+0.00° 0.02+0.00° 0.012+0.00°
16 B AEBL 12.48 3.18+0.05° 3.87+0.05° 3.62:0.08" 2.63+0.06°
17 + =k 13.63 0.08+0.00° 0.10+0.00° 0.09+0.00° 0.07+0.00°
18 T 3.28 3.13+0.02° 4.89+0.02° 4.02+0.05° 2.55+0.08¢
19 FTE# 35 0.08+0.00° 0.14+0.00° 0.1120.00° 0.06+0.00°
20 JRER 4.15 0.05+0.00° 0.08+0.00° 0.07+0.00° 0.04+0.00°
21 TER 5.32 2.06£0.05° 3.03+0.05° 2.56+0.05° 1.76+0.03¢
22 SRR 6.47 0.03+0.00° 0.05+0.00° 0.04+0.00° 0.02+0.00°

—
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23 ) &7 B 144 0.84+0.01° 1.10+0.02° 0.99+0.02° 0.70£0.01¢
24 + BAESR 15.44 0.12+0.00° 0.17+0.00° 0.1420.00° 0.09+0.00°
25 AZAR e B 16.7 2.27+0.04° 2.85+0.05° 2.49+0.04° 1.88+0.05¢
26 AR 17.82 0.35+0.01° 0.45+0.01° 0.4120.00° 0.260.00°
27 B 18.68 0.44+0.02° 0.37+0.01° 0.40+0.00° 0.67+0.00*
28 TR 18.98 23.56:0.14° 20.42+0.47° 21.55+0.29° 24.76+0.52°
29 JIR- S5 BR 19.07 1.25+0.03¢ 1.47+0.02° 1.34+0.01° 1.04+0.03¢
30 R XL 19.26 2.73+0.05° 2.40+0.04° 2.56+0.05° 3.8240.05°
31 B 21.29 0.15+0.00° 0.19+0.00° 0.17+0.00° 0.12+0.00¢
32 PNy 23.47 0.08+0.00° 0.10+0.00° 0.09+0.00° 0.060.00¢
33 AP B 25.54 0.04+0.00° 0.05+0.00° 0.04+0.00° 0.03::0.00¢
34 B I B 19.91 0.12+0.00° 0.09+0.00° 0.10+0.00° 0.18+0.00*
35 5k 20.19 2.80+0.08° 3.29+0.06" 3.04+0.06" 2.1940.02¢
36 45T B 20.41 0.55+0.00° 0.77+0.02° 0.67+0.01° 0.40+0.01¢
37 y-JE R 20.85 0.08+0.00° 0.10+0.00° 0.09+0.00° 0.0620.00°
38 o- T2 iR 21.12 0.85+0.02° 1.03+0.02° 0.93+0.01° 0.65+0.02¢
39 Bl 7 k773 2237 0.05+0.00° 0.07+0.00% 0.06:0.00° 0.04+0.00°
40 — R = i 2275 0.06+0.00° 0.08+0.00° 0.07+0.00% 0.05+0.00*
41 ok v ER 23.18 0.18+0.00° 0.22+0.00° 0.20+0.00° 0.14+0.00°

M 8 T, Gk INFLIRBIREE RIS, SRR A 9. FasE iR TR (4.89%) 5 R (3.03%)
KIESRTF, STERIATFLER AR, FEIRITER LR (1.78%) 248 (3.15%) M AR (3.87%) WhEIMGHN, HhomX
MRV . JUNE LR, KEAIFEEEZFIINREMEARIT: Y ERIET 40%2 0.77%, o-RRERIE A 1.03%,
TR (3.29%). p-WRRER (0.10%) MACEDUEER (0.22%) RN, 25th, REEFT T 2477 Hmkih
2 ARG IR -0 SRR 5 B 0 3 T 0 T B LA o R IR R R T 53 s A e P R 0 R TR
25 B DR RGN AR ITRE . R, 55 e R XU SIS o A K B AT A W R AR R LTI A 28.18% 4 2
24.94%,

RIS B R AR T IR v 52 AR ()P [ HRFAIE , SGBEAEAR CT TR 4.02%- HEHE IR 0.67% FRHHIR 26.41%)
BN T RS KB 2 ] o UESEZ T AR BME T IR S PERCEY), B RE AR Ty 2 = b it o
Pt A E AR R A K

T KPR AERR R R A% O 4B R RIS : ¥R (1.02%) TR (2.55%). %M (2.02%) K
O (1.76%) ¥ AmI&, FEOLRIREEAL . EEFRIReEZ, HILPOTHER (0.41%) o-THREE (0.65%)
K RN Z AR & BV G . TEREMPRHEE (0.67%) 5RAFMIR (3.82%) Srifmm, HIEAPRME
P& LU ik 30.63%, X AT RedR ) AN E 1 B AERREUE TR R T2 A . OWSREs = ki, Hits
ESREEMER (1.10%). TG (0.17%). 4R (0.05%) 2 fh HARR AR R KRR, XLy
FETE= i B E .

3 Zhip

AWEFCLA B EFFERIKFFORIRFIMS [RFLER R DZ kB, BRI 7 iR TS5, it
Stz b, QUGN KRR T2, A R0R T SEE O T2 S 80E WK B R B, Seal T
RIS e A AR B S D R S P R e

I RGO DL, IR R AT N I SRR IERRE ST SRR St ah AL, e
BOMAERRIAR Sk, R SLREEARAE L - IR, 2,3- 7 B, 2,3- ARG IR R 2 M. ER
WEYI R R I, TR T SRR S A B R . 57wl U 2L DARESE . BRSO 2 T A R XU
PRGSOt TR 5 22 Sk KR BRI A AR AR A R i

EEFRMRZT, RIETZREEE T MM IRIRA K. REMEIRITERILYIT IR . o-TRRER . TR &
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FEAEVURIRSE) LB 2 B A, AR S BE A IR TR EL AR AR, SEBI 1 KRS THS & IR AL X H

Fro RIS BRI R SRR I AR IR EREAE, B T ZIRENE LA RT Tl iy S = it it o ) R G PR
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