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FAEALZHNEAHHEREHEFHNRIR, KA Sevag AR & A, LEALZAOMNE, KREZ8MAKMBIEATENEE RN
%o VASmmol/L T 4+0.02% FPER KRB RN ARSI A PEHEINADNWB, EALWEETRISET
(electrospray ion source negative ion, ESI) # X T, B % &R 2E M4 X (multiple reaction monitoring, MRM) %
AW, SMFEEE, BRAY, RMBENSMERZTRKERN 0.10~6.00 ugmL LA A, EEHOEAEXEZR
W, MEFEH () HKT 0995, & HMEH 0.0037~0.0326 mg/g, £ EMEH 0.0123~0.1087 mg/g. A & K 5 P 7R
ha 12 b4 KA AR SR B A 40, 100 = 160 mg/g #9 3 AKF, Hintr-FHEiEH 76.12%~99.12%, AAxt4r
1 £ (relative standard deviations, RSDs) # 0.12%~10.01% (n=6) . B Hiz 7 &L FFEaEH T HRrHF o8
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Determination of Monosaccharide Composition and Content of
Polysaccharide in Whey Protein Sports Nutrition Powder by Ultra
Performance Liquid Chromatography-Tandem Mass Spectrometry

ZHANG Lei

(Liiliang University, Liiliang 033001, China)

Abstract: The simultancous determination of rhamnose, ribose, arabinose, fucose, galactose, xylose, galacturonic acid,
mannitol, glucuronic acid and mannose in whey protein sports nutrition powder polysaccharide hydrolyzate was established.
An ultra-high performance liquid chromatography-tandem mass spectrometry method was used for the analysis of 12 sugar
compounds. The samples of whey protein sports nutrition powder were extracted by ultrasound, and the protein was
removed by the Sevag method until no protein was precipitated, and then the monosaccharide composition was determined
by acid hydrolysis. Using 5 mmol/L ammonium acetate+0.02% formic acid aqueous solution as mobile phase A, methanol
as mobile phase B, in the electrospray ion source negative ion (electrospray ion source negative ion, ESI), in the multiple
reaction monitoring mode (multiple reaction monitoring, MRM) analysis, the detection was conducted by external standard
method for quantification. The results showed that in the mass concentration range of 0.10~6.00 pg/mL, the 12 sugar
compounds had good linear relationship with each monosaccharide, the correlation coefficients () were all greater than
0.995. The detection limit was 0.0037~0.0326 mg/g. The quantitative limit was 0.0123~0.1087 mg/g. 12 sugar compounds
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were added to the samples at three levels with concentrations of 40, 100 and 160 mg/g, and the average recovery was
76.12%~99.12%, relative standard deviations (RSDs) 0.12%~10.01% (n=6). This method was used to analyze the samples
of whey protein sports nutrition powder, and the results showed that 12 carbohydrate compounds were detected in different

degrees in 15 samples, and the content of various monosaccharides in different samples was quite different. The

establishment of this method could provide technical support and basic data for the structural composition and activity of

whey protein sports nutrition powder polysaccharide.

Key words: ultra performance liquid chromatography-tandem mass spectrometry; whey protein sports nutrition powder;

polysaccharide; monosaccharide
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1.1 MRS

FLEEABSERER 150 g e
il Tl A R ¥ 5 D-2EZUBERE R (HIE5: 1110A021,
CAS 5: 6294-16-2, 4iJF = 98.0%) . L(+)-FJHifHkF
(#t+5: 1110C021, CAS 5-: 87-72-9, 4l JF = 98.0%) .
L- (+)-BlZ=8E(HE5: 909A021, CAS 5-: 6014-42-2,
2lifF = 98.0%) . D-ZHHGEIS: 1026A022, CAS 5 50-

69-1, 4 = 98.0%) . D-(+)-HEBE(HES: 914A022,
CAS 5. 3458-28-4, 4li if = 98.0%) . D-7j 28 BH 5 1R
HES: 1124A021, CAS 5+ 6556-12-3, 4li&F = 98.0%) .
L-ABEES: 1118D0211, CAS S 609-06-3, 4liFF =
98.0%) . D-(+) -Fij 25 B ($tt5: 1118A021, CAS 5
14431-43-7, 413 = 98.0% ). D-(-)-SG3HHI'5: 958 A358,
CAS % 57-48-7, 4liJ& = 98.0%) . D-(+) -5k (i
= 2020C923, CAS 5: 3615-37-0, 4l J& =98.0%) .
D-(+)-2EZLBE (5. 2020B918, CAS 5: 59-23-4, 4
BE =98.0%) S5 prifiEdh IR AERNEA R A
aliZk i Synergy UV 4lizK Z2 4t (1 = B8R o 25 B2
"D HIE, HAF S GB/T 6682-2008 {4313 502 FH K
FHAS TGS 772 ) H =K BHAE s BRlR . SR
Wile AT e . =& e Srbral, )ik
KA BRAF; FOE. AN fApgal, 32 Sigma 2
Al AR g, i e AR R RS
Al REREN . EAEAREN S trall, REETTRHE R IL S
HFNE BRAF]; 0.22 pm JEAE KT RS0 IR 55
R

UHPLC-Q Exactive #/5%0%AH (035 BT 1510 FH
¥ 3Z[E Thermo Fisher Scientific 2 &]; KQ-250DB
B ETERs RIS {EA R F]; Sorvall
Legend23R B5.00H1L  EEFE CH/RBIH A RA
H]; Synergy UV @#4lizKHL  FEE BRI % PR H]
TWS-26 [HIR/KIGH  _LIBSEFH P RIAU 56 R
I5H] XH-B JERIB G825 A A R A
H]; DKN612 BUMLAE  dbnt s BHE S0 = 7= A
PR F]; RVTRS JEfZE kA RIUEAF R AT
BRZF S
1.2 KWHE
1.2.1 TAERWOECH] W2 43 B FRE ik 12
bR IR S 0.100 gCRSBHZE 0.0001 g)F 1000 mL
T, H 50% CRE /KIS ERZIBE, BIASH
SR 0.1 mg/mL W4, BLT 4 °C vKFE P Agfr 41 (F
R 6 1)

A ZR T AER : 43 B HZ 0.01, 0.06. 0.10, 0.40
1 0.60 mL ¥&EEA 0.1 mg/mL "4 T 10 mL &
JEH, FH 50% SIS /KIEWE S 2215, RISz
0.1.0.6. 1.0, 4.0 Fl1 6.0 ng/mL BIFRAE TAER
1.2.2 FEFBTAREE  SHESCHK [26-27] Tk, FREBGE
EFLIFE B 3E T, IS SEARTRI 95% L1
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90 °C [ FBNE 2 h, B0, 18, pEE X152 5056
FEfh . MEFIFREL 0.5 gCRSHIZE 0.1 mg) Wi IR HRS
MFLIEE s E R E T 50 mL HIER LS,
FEHERIE L 1:(10~30) g/mL I ASEBUA 7, ZEHEH
IREER 35~75 °C . $2EIECY 120~200 W YA M2
B 15~55 min, #EHGEEERSLL 6000 r/min B5.0> 15 min,
BUCH: F s, FAE R 2 Wk, A IR BUR T 100 mL
ZEaofh, I HZER/K E R B 215, ISZLIE E s
BB FER 2 BB . B 2 mL A 22 W BGROn
A 5 mL Sevag B (V st Vg, 105) ZEEUZZIRER
FEAM, EEWAHBITTILACZRY) . B S
11V LtV =gz TIA 2 mml/L =3 LR
W, W H AR IR T HEAE 120 °C 7K 2 h, KA
A EESEEIE 2R, il R R 3 O =i R
%, A 1 mL /K &% )5 4 0.22 um 38 A u€, fit
UPLC-MS/MS 437

1.2.3 PARIZERSLE:  FERE 1.2.2 FESATARTE A 7 ;
PRINFLIEE 2 8 3o b 28, JEIEEh: e
BIREE 1:10 g/mL . TR 120 W, B[] 15 min, LA
[FIHR BRI (35, 45, 55, 65, 75 C)XFLIEE B
EFE Th 2R SR 02 s [ e PR IR BE SN 55 °C,
PRI 120 W, $2EETE]SA 15 min, BEERFRE
WL (1:10, 1:15, 1:20, 1:25, 1:30 g/mL) Xt FLiE
A2 s E FER Th Z W5 R A s ) [ P RS
Sk 55 °C. B 1:20 g/mL. $2HUETE] 2 15 min.
AN R FE LTI (120, 140, 160, 180, 200 W)X}
FLIG 138 3 E 3 Th Z WS 500 s ) [ PR
BEH 55 °C . FHAE L 1:20 g/mL ., 3RHIIZA 180 W,
BN R R HURE] (15, 25, 35, 45, 55 min) X FLIE
I ) E TR T ZHERR 52

1.2.4 EACIALS  ZERAPIE SIS b, PRI
BE(A) B L (B) . $2EENZR(C) | $2EET (D) 2k
i [N 2, SR R R =K 3T IERS IR I3, A
FLIE R iz B IR Th W R i debn . 1E3C
TR PR R Bk 1,

1.2.5 FUHEHIZ S E I h 2R iE R
FHAR - iR, LA ZE MR Aol BE b, (o P ARk s Ze b
F 105 C HEME T ZEEE, #ETMFREL 0.100 g %)
BET 1000 mL Z5=ifi 0, IZEIR/KE R ZE, IS

#1IECRRH KR

Table 1 Factors and levels table of orthogonal test
K
K%

1 2 3
A-HRBGREE(C) 45 55 65
B-#H [ (g/mL) 1:20 1:25 1:30
C-RETIZ(W) 160 180 200
D-F2HU 1] (min) 25 35 45

Vi, BIEMREE A 0.1 mg/mL W4, i T 4 °C vkgah
f¥fEss o A3z 0. 0.2, 0.4, 0.6, 0.8 F1 1.0 mL
I #5 W 20 mL B2, FHZRE/KAM 2 1.0 mL,
REHEIIA 1 mL 19 5% FER, 1RSI PSEIA 5 mL
iR, 1l 10 min, 8 FHBERIRIZIR ST, SR e
JCE 30 °C KEERH SR 20 min, ¥ E )5 F 490 nm
MBS, LSS0 THRO G (YY) Ak
T, B2 BT A BE (x) SR AR AR ER R HE T 2R, 154k
PR TR y=25.3545%x—0.0214, R*=0.9998 ,

HEWHUCHL 1.0 mL FLIE &R iz 308 38k 20
B, ¥ BEARHE T A/E i wakAT  ta fse v Js, F
490 nm MERSGREE, HA A =an k.

CxnxV

‘;’?;.:0 — 1
ZHEIFE (%) Wi <100

o CHESL P ZHEHE, ng/mL; V ARSI TR
AR, mL; n FESA R IR RAEEG W RS T, g0
1.2.6 WAHEE 5B 50k
1.2.6.1 @iEsf; Ai%kE: ACQUITY BEH Amide
C (2.8 mmx150 mm, 1.6 um); #sh4H: S mmol/L £,
MR £ +0.02% 12 7K % R (A) Fl HH B2 (B) 5 I 3
0.2 mL/min; #E76L: 30 °C; $EFER: 5 pL; B REPENLARR
J¥: 0~7.50 min(B £ 90%~80%), 7.50~9.50 min(B
#H 80%~60%),9.50~25.0 min(B AH 60%~90%), 25.0~
35.0 min(B #H 90%) .
1.2.6.2 Juigs BT s 7 e T (elec-
tron spray ionization, ESI™); & FURE & : 500 °C; 25
<GS, K J7: 380 kPa; 5B GS, JK JJ: 418 kPa;
BUNE W —5.5 kV; A HEE: —10V; H 1 H
J: =6V I 7 2 e A, 12 FiobE Y BT Sy
TS 2.

F2 12 PR MRS XS | Rl SRR R L

Table 2 Monitored ion pairs, collision gas energies and declustering voltages of 12 sugars

75 EY 2 BA B 8] (min) HE T (m/z) FEF(m/z) LiErE(eV) TR e (e V)

58.8 6

1 Kk 6.157 215.6 88.9 -92 4
149.1
58.8" Y

2 At 7.357 198.8 89.2 -84 I
149.2
58.9" o

3 (IERR(EE 8.486 218.6 89.1 —88 16

149.2
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g2
5 EY {2 B4 Bsf (] (min) BT (m/z) FET(m/z) LK E(eV) A (eV)
58.8° 6
4 ER 9.198 196.5 89.1 -86 s
163.1
58.9" 26
5 F A 11.689 208.3 103.0 -84 16
163.1
58.8" 26
6 Hieh 22218 210.8 89.0 -100 I
181.1
58.8" 20
7 HrEEeE 23.389 236.5 89.1 -84 D
179.3
89.1" g
8 HIHEBE 25.895 209.8 71.1 -88 s
179.1
59.0° iy
9 HHl 30.945 2145 89.1 -90 i
179.2
89.1" i
10 ki 33.989 220.7 58.6 -92 1o
179.1
58.8" iy
11 MBI RR 34.898 265.8 113.2 -86 10
193.1
59.1° Y
12 A FLBERERR 37.988 265.8 73.1 -62 10
193.2

TE: SHERE T

1.3 HIELIE

FRAAREE AT =R, SEIEE LAX £ s,
{ifi FH Microsoft office2016 fil[&l, i\ FH SPSS20.0 #47
B o7
2 HBRE5SH
2.1 BEZRILWNER
2.1.1 REGEEEXT MRz mIE 1 nlsE, 2L
1 25 s 3l IR T 2 W 1S SR B PR B B3
SIS RS IS R AR 2 MERIBGR)E A 35~55 C
e, ZLiE S S 30 E T T 2R A R BE R BOREE 1Y
WG SR BUREE S 55 C RELIE R s shE
Fhs T 2RISR B AR PR UGE T T e R B
BE, ZLIE R I8 38 I h 201K s iRk, L
JE R AT BB AE— MRV B N, B 5 PR R i T
151, BERFARERE AT 70 S5 R O AR B B, B Ly &5 1

35 45 55 65 75

FERUEHL (C)
P SRR X 2R R
Fig.1 Effect of extraction temperature on the extraction yield
of polysaccharide

12 BB TR h 2 BELE PR IBGA R P T B R
A HFRIEE B S E IR 2 AR BURE s
AR, A ZLIE 85 138 B E Ik Th 2R e%
Fhere MERER IR B B E R IPOR B R R ST, =
T2l LI B S sl E I8 Th 2R, 1 L
R IIB S E IR 2R RRAC, B, Vet i
FE R 45,55, 65 °C AENIEASIRES FIRBUREER 3 4~
K

2.1.2 BRIz fIE 2 nIAEL 2k
WA 1:10~1:20 g/mL JEEIPN, BEE 7B LLi g
i, FLIE s 8 I v 2SR 2 R n, HE
PRI AT BE S R R L A3 G, 398K T AR A S B 5
PR AR, A5 ) T 2L 8 (s sl s Ik vh 2 hETs
Y, R SR N 2R LT 1:20 g/mL
J&, BEE R Lb 3 hn, ZLE & Pis s s ey h 20k

110 1:15 1:20 1:25 1:30
BRE L (g/mL)
K2 BRI EE XS 2SR 1 5
Fig.2 Effect of solid-liquid ratio on the extraction yield of
polysaccharide
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fRta o, HFEH AT e R R s s g 57
A T Z B0 B W TR, HE KB AR
R, ARSI L S s B S BT s L T
HLIA 25 3 A BOSAS () = TFCO, P e R 1:20.
1:25.1:30 g/mL VERIEASREG R LEIY 3 /K-
2.1.3 $REIIRXT RN & 3 a2
HFE PR RN T 180 W I, Bf 5 $ BRI 535
R LI 1B S E Ik Th 2R R Wi T s 24
B2k 180 W B, FLIE 7 iz 3 5 8 vh 21
IR BB ML H TR T 180 W B, ZLIEHEH
1B BE IR T WS WT N R, LR AT gR A
T3k B 98 5 P] DL A B A 19 23 AR SO i R 4
e, I TTAT AT HE B i e, (AR PRI )23 1
ARSI W] BERCIAFLIE 85 I8 BB IR e h 2 hEY
LKL, DN 22 BEAS 5 T R IR, PRIk +E 160,
180. 200 W VM IEAZIR IS R A0 3 7K.

ZHEFE (%)

1 1 1 1 1 1 1 J
120 140 160 180 200
B (W)

I3 IR SOE 2 G RSP
Fig.3 Effect of extraction power on the extraction yield of
polysaccharide

2.1.4 $REATRIXT 2R3 0052 B IE 4 A1HE, 2L
IH 8 Iz 3l E IR th 2285 50 R o SR (] 1 IS
SRR S BRI ESE, FRESRIETEICA 35 min B L
N Mzl T 2 SRR R R R H .. XRN
PEHLETE] A 35 min B, FLIE &R HE 3B I8 20
C T ATRBUE R T, dhE kR R a] /2 i
HAEZLIE AR 2 s I th AR A b T s
=i, SEOLS SRR [R]E, FEREAE S R
fbZe Rt . N SBFLEEAZEIIE RN h£

14

13

12

11
10

ZHEFE (%)

FEHURITE] (min)
L4 BRI AL Z2 MBS 5

Fig.4 Effect of extraction time on the yield of polysaccharides

WIS T, PRI se$E 25, 35, 45 min 7 N IEASI
P PRI 3 A 7KF
22 EXRAIEER

FLIE AR iz 308 Ik vh 2P 3 BOE 21 50 2%
H, 0L 3, MIEASIE B BT 45 R mT LA Y, 45
PRIZR X LI A 18 308 IR0y vh 20528 00 SE A2 B
AN, PUAS PRI X Z2 WA SR g2 ) R R/ MR SR 3
GRS > SR E] > BRE b > 23R, dlid K (B
HeReAS BAR S B AR R R AU &5 A,B,C,Dy RTEIE
g, FEATHIESL S, MAGFLIE & s s s SR h
ZHEAFRN 12.21%, IR FIERS R T 4 236100 P15
3 13.35%, AT LIz 0E 38 i 50 19 B A S5 14 10 2 Sl
A,B,C,D,, BIHREHURRE 55 °C. B L 1:20 g/mL. 32
W3 180 W, $2 IR} TE] 35 min,

%3 L,GHIERIRRL R
Table 3 L,(3*) orthogonal test results

DI ZHR

EES ARIBGRE BEURIL CRIRIIR (min) (%)

1 1 1 1 1 8.95
2 1 2 2 2 10.56
3 1 3 3 3 9.68
4 2 1 2 2 13.35
5 2 2 3 1 10.89
6 2 3 1 3 11.58
7 3 1 3 2 11.89
8 3 2 1 3 12.04
9 3 3 2 1 10.56
K, 9.73 11.40 10.86 10.13
K, 11.94 11.16 11.49 11.34
K, 11.50 10.61 10.82 11.69
R 2.21 0.79 0.67 1.56

4y ik A,B,C,D,

23 NEEFHARK

AP S TSR D e B[R] 52 AR [R] 37 3
AR R sE B o 50 40 WL PE 5 mmol/L 1R
£+0.02% IR KIS W . SliKAE N A FshAH; H s
CNEVER B FshAH. Ebis 2 DT sh AR R 305
R . S5, FEAKA (R AH A HImA
5 mmol/L Z.MR%5 0.02% WMR &, A AT LAk (0,
TR, 30 v] LI e HARE G 00 88 e ish
A B v, ZNEVE SRR, & A 2 B B AL
AR P LA I e 728 0~ ZUBE A 438 BE AR Ay, EE A AN
I M EEVESN B HishAH, £ B bnig s 2 i
M. ik, AN % EE S mmol/L 2.1k 4%+0.02%
FH R 7K I8 MRAE i sh AR A, W B A i shAH B B
12 FlobEAb & il LA B 5l IGFEAR BT,
gEIR LR 5, S HESCHR [33] ik, IRTE 12 Fhksfb
A L B PRI, 43 A FLE S5 B U E/ fASE
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Fig.5 Multiple reaction monitoring (MRM) spectra of 12 carbohydrate standard solutions
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Table 4 Linear regression equation, detection limit and quantification limit of 15 pesticides

Fi's EY B EI RS LEES Y 2Vl (ng/mL) Kz BR (mg/g) 2R (mg/g)
1 bk y=6584.154x-213.04 0.998945 0.10~6.00 0.0326 0.1087
2 N y=4104.356x—243.21 0.999128 0.10~6.00 0.0198 0.0660
3 (e DA(SiS y=4987.651x+257.15 0.996787 0.10~6.00 0.0067 0.0223
4 R y=5312.451x-312.45 0.999154 0.10~6.00 0.0269 0.0897
5 A y=2135.654x-216.45 0.999784 0.10~6.00 0.0091 0.0303
6 HEgms y=T452.341x—451.25 0.999647 0.10~6.00 0.0105 0.0350
7 HERpE y=4125.351x+315.54 0.999587 0.10~6.00 0.0037 0.0123
8 WA y=3058.458x—218.31 0.998982 0.10~6.00 0.0195 0.0650
9 ES i y=8765.951x—378.54 0.999687 0.10~6.00 0.0058 0.0193
10 el y=4986.481x+201.56 0.999458 0.10~6.00 0.0109 0.0363
11 HIBHE R y=4013.261x+207.95 0.999687 0.10~6.00 0.0055 0.0183
12 EFLBERERR y=4105.651x+312.45 0.999784 0.10~6.00 0.0108 0.0360

BRI 3R KRS 2% B (RSD%) Wi 5 R, ICGRTE 2.5 SCRRFEREIIE NS

76.12%~99.12% 2 [a] , ¥ % & (RSD%) 1 0.12%~ LI ST p T i 15 W RLE B R iEsh &3t
10.01% 8], FEAAiZ 7B EA BT [EDACRFIRE 25 By UEAT 12 oSS L& W 4 B A, ARG I 2% SR 40
B, fF AT sk 22 6 U R, HHZE 6 Al AN, 15 1 RE S T Y 12 Fioiiil

5 S, MR 12 ML G W bR [l A RSD(n=6)
Table 5 Spike recoveries and RSD of 12 carbohydrates in S; sample (n=6)

o T —. PRIMAKFE-40 mg/g WIMAKF-100 mg/g WRIKF160 mg/g
B ESC) RSD(%) MR (%) RSD(%) IR (%) RSD(%)

(3 N.D 91.25 1.87 86.57 7.89 87.56 451
ENiA 12.16 83.45 5.16 80.75 9.76 91.35 0.84
BT R A 8.98 86.91 3.17 98.99 6.03 84.65 9.15
FaRidii N.D 89.61 426 78.45 2.15 80.25 2.54
A 10.26 97.56 3.09 99.12 0.86 91.64 5.16
HEEmE N.D 86.78 8.94 86.15 0.12 76.12 278
b 9.66 98.68 7.56 83.59 1.78 97.56 3.01
Eii 12.57 88.15 10.01 87.59 5.16 86.09 2.14
ESi 13.68 83.45 2.15 91.78 2.78 90.18 257
S =i 10.89 97.08 0.89 76.98 6.08 86.91 3.65
HIBIREE TR N.D 85.91 0.59 86.95 413 89.45 8.15
IR R 9.89 86.72 2.88 87.25 0.89 81.98 5.98

H: “N.D"FRARKH

6 15 MkEs T 12 RIS YRS R (me/g)
Table 6 Detection results of 12 carbohydrate compounds in 15 samples (mg/g)

é; Kihit ABE BIRCRRE e BRUSRE O HEREE O HERME bR HUbit HFUBE  ARPRERERR P FURIERR

S, N.D 12.16+0.14 8.98+0.23 N.D 10.26+0.18 N.D 9.66£0.09 12.57+0.17 13.68+0.19 10.89+0.32 N.D 9.89+0.31
S, 9.98+0.21 15.68+0.19 15.47+0.16 11.66+0.36 9.45+0.11 11.45+0.09 12.01+0.17 15.65+0.24 11.25+0.28 11.77+0.17 11.56+0.26 11.22+0.31
S;  36.45+0.57 N.D 13.56+0.25 11.23+0.16 N.D 12.55+0.13 10.65+0.11 N.D 6.45+0.09 14.55+0.17 15.45+0.21 17.65+0.28
S, 18.56+0.29 11.56+0.37 N.D 16.88+0.46 11.58+0.51 N.D N.D 15.254+0.54 14.25+0.25 N.D 16.98+0.28 19.56+0.31
S5 16.87+0.18 N.D 18.65+0.27 N.D 12.47+0.14 11.78+0.22 10.11+0.14 17.21+0.24 27.56+0.37 N.D 22.45+0.19 N.D
S¢  13.98+0.41 25.46+0.37 N.D 17.56+0.26 N.D 14.87+0.49 21.25+0.39 N.D N.D 11.24+0.27 N.D 23.25+0.58
S, N.D N.D 13.99+0.24 10.65+0.34 9.65+0.18 15.65+0.27 N.D 14.25+0.41 17.56£0.36 14.22+0.27 21.25+0.14 18.77+0.34
Sg  14.124£0.27 16.44+0.15 10.87+0.21 N.D N.D 8.56+0.11 15.65+0.31 N.D 16.45+£0.21 9.56+0.11 17.56+0.24 14.56+0.14
Sy N.D 11.23+0.17 12.77+0.34 14.25+0.26 18.77+0.29 N.D N.D 22.26+0.27 15.77+0.17 15.2240.31 N.D N.D
Sio 9.65+0.31 N.D 16.66+0.54 12.55+0.84 27.89+0.69 N.D 11.44+0.37 N.D 23.14+0.25 9.65+0.31 15.47+0.24 N.D
Si1 13.45+0.27 15.68+0.31 N.D N.D N.D 29.65+0.69 19.65+0.56 N.D N.D 16.56+0.31 25.44+0.58 N.D
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7
SIZ N.D N.D N.D 21.45+0.47 N.D 18.66+0.36 N.D 14.23+0.41 14.56+0.51 N.D 16.32+0.31 17.56+0.45
Si5 N.D 11.35+0.45 18.47+0.61 N.D 24.56+0.47 N.D N.D N.D 32.44+0.41 15.33£0.31 14.35+0.31 N.D
Si4 17.69+0.34 10.45+0.25 N.D 12.65+0.28 N.D 11.65+0.34 15.45+0.17 N.D 19.65+0.38 17.98+0.41 N.D N.D
S15 14.12+0.41 N.D 19.98+0.46 N.D 14.58+0.26 N.D 15.35+0.41 N.D N.D 12.36+0.42 N.D 23.54+0.54

H: “N.D"Fm AR
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