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# E: B v —MIETERORAE A% (high performance liquid chromatography, HPLC)ill & 45 & 45l
i PR I T vk . AR ARWESRARR T S S A AL B D . A AR AR LR AR 1 i
PR G A I . R BR . e iPE . RPMEEE . EEME . MRS S GR AR ER G v R
M PE TR RS, A 1 mL HUA A9 HiTrapTM Heparin HP 2 25 MR 0E 4T & SE RN AEAL 0 ) B SR By AL B 5 s, 43
WA AR PEFL Bk A A0 (1% 4544 - XBridge Protein BEH C, {4354 (4.6 mmx250 mm, 3.5 pm), #if 60°C,

XSRS IRERD, ATTIEBIR R 2.5 mg/kg. ERBRN 5.0 mg/kg, BICRN 106.0%~107.5%; FHXFFLBHE
ah, AT TEROAS RN 5.0 mg/kg . EEFRN 10.0 mg/kg, FICEN 103.5%~107.7%. W5 KWyl i b A AR PERL %
FEARE R FRRY 100 mg/kg, ELMERENHEA RIFREMECR(7>0.999), FATHESLE: . HIFSCKR . H KR
AL 2 ] X SR R, A B RIFMER AN 8558 AT auab B s s, Rl g, nrisk
XSS [FIZE B K il i o A M LR B 1 i B A0 0T, AT Ml A SRS LG AR 05 B ikl i it B 4 AR o
KER: U5 Wk RS, RO ik
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ABSTRACT: Objective To establish an analytical method for the determination of native lactoferrin in milk
and dairy products based on high performance liquid chromatography (HPLC). Methods Key parameters such
as the pretreatment methods of milk and dairy products, the liquid chromatography conditions for the analysis of

native lactoferrin, limit of detection, limit of quantification, linear range, repeatability, and reproducibility were
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explored. Results Phosphate buffer was used to dilute the samples, and a 1 mL HiTrapTM Heparin HP affinity
column was used for enrichment and purification, which was a simple and effective pretreatment method. The liquid
chromatography conditions for the analysis of native lactoferrin were: XBridge Protein BEH C4 column (4.6 mmx
250 mm, 3.5 pm), with a column temperature of 60°C. For liquid milk samples, the detection limit of this method was
2.5 mg/kg, the quantitative limit was 5.0 mg/kg, and the recovery rate ranged from 106.0% to 107.5%. For milk
powder samples, the detection limit of this method was 5.0 mg/kg, the quantitative limit was 10.0 mg/kg, and the
recovery rate ranged from 103.5% to 107.7%. The quantitative upper limit of native lactoferrin in milk and dairy
products was 100 mg/kg, and it showed a good linear relationship (*>0.999) within the linear range. Parallel tests,
inter-day experiments, intra-day experiments, and comparisons between laboratories indicated that this method had

good repeatability and reproducibility. Conclusion This method features simple pretreatment and fast detection

speed, enabling quantitative analysis of native lactoferrin in different types of milk and dairy products. It can provide

standards for enterprises and quality inspection agencies to evaluate the quality of milk and dairy products.

KEY WORDS: milk; dairy; non-denatured lactoferrin; high performance liquid chromatography
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HBEA RSP S EEEO KRS, HARLE
HEM 20% L B LB SR MEE AR — R
SR RE B O IEDY, e ek i LR A Y 2R 1
A LA AR R AT R AR R R A A AR, X AR R
FEH L T RS SR AR, R A LIC Ty R R TR
sz — wEt, LK B RT e a  f EE  R  A
A P R ™, Al Rk A A RO S, IRl
Pt NS P A K B gy W1, LR PO
il 98 355 75 A8 0 IR ORI LR B 1 0 e il R
BIATMFRAYY, e A% IR S B A AR IR Y 27.13 d
a5 14.25 A1,

FLEER, /ST RAN 80 kDa, &H A 690 NEEE
FRARFEU B A B 4 45 R [ BB 2R 4
A R R AR R B, FLAKE (A R —
kg AR A, oV EREgL S F IS
TEBIYE TAE B, FLEE I = g IR i A
(Kp 23707 107 mol/LPP*), 75 3815 {A I Hh i B /K Sy T ke
FEEAPP, REASEA S MR E AT 2 M
Z Ak, EE LSS LA AR R 3 R kR 2 IR A A
SN 22 R0 LR I R AR ER L 137 #1490
POREILAL, WM R F17E Asn-Lys-Ser(58 3t 428~430)
1 Asn-Val-Thr(#% 5 635~637) | ELA kL 5R 32728 iy,
Ab, NEFJEE EA P e iR ik S (5 331 Ml 339)
Qb BA T, LB A R X A S0 Ak, F
AR R B R L B ML BEFLA AL R
A H I T Ak R R AR 2 ARG A P RE 1B, If HLBES
FE HLFE AR (A R ) A R (RS 210 pH(ZY 3.0) T
Frik o X ol GBI T4 F45H N SRR C 3822 8] (9 By IRl A

il

FRO, M SRS A, AR I C WEA AR
MR R, R Sk 4 A HE 1.

AL, AL RS AL DA TR RS AR
U R, LR AR XA R B Y, ok EE
T RE R L T0°CHEZR B & A AR M, 3 T B i L 2y g ),
SR e TR B TR SR AR R,
SEAS I A5 R A ) i b R AR M LR AR B TR L
B LA 0 B R A SR R B T TR EA 2
RHEERE S AW T — R T 3 OB 35 75 (high
performance liquid chromatography, HPLC)ill & 5 5 45
A AR PR L B A M i, SR I BEIR Eh S v S
AL BRE A, AR RS SR R R
P AT, DARCAREE I BTor AL o B, 58 MG I #s 46
W, 355 R AR 8 B AR S P RS P FLER 2R 1 i &
LSBTy i b 0 SR HURS PEAN 475 B A it ot S 4 2%

1 MR5RE*%
1.1 il 5

4 05 F B E O Ar UE G (4 = 85%, CAS:
116897-68-9) . Wiz — &4 . BER & 4 (4 Hrak)(E =
Sigma A H]); ZIMZBR(SERE 99.9%, bt E R ERHL A R

N, CHE(EI%4E, S6E Fisher A #F]); &AL Hral,
] 2 5 B0 A BRA FD).
1.2 UE5EF

Acquity UPLC i =330 AH € 15X (3 [ Waters 2 F));
AL204 FIH T RF[REE 001 g, 0.1 mg, ¥l Mettler
Toledo( )/ 71 ]; CR22GII B E.0>HL(H A8 Hitachi 24 7);
BT100-1L AUkEZN%E (R E Langer fHiEZ A BRA A]); PB-10
7 pH 1 (£% [ Sartorius A F]); FFEF (S mLx1 mL, 3%
[# Cytiva A7)
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1.3 ZWFE
13.1  #ik B

BRIRERSE vh IR JOOKBEIR SN 4.99 g, JOKBERR
S 4M 23.85 g, il 800 mL /KA, I 5 mol/L S ALK
ERRAY pH £ 7.50+0.05, E&ZE 1L, IS,

WPk KBRS 4N 0.96 g, JLKBEERR — N
5.96 g, Afb#h 5.84 g, pH K 7.50+0.05, EXZE 1L, 1R

VEBLA R : ToKBER S0 2.50 g, KBERE
£ 5.96 g, EALHN 119.30 g, pH Ny 7.50+0.05, EXZE 1L,
R
132 &i#Esn

XBridge Protein BEH C,4 f&ji%41:(4.6 mmx250 mm, 3.5 pum),
KM 280 nm, PEEEE 30 UL, HEIH A S 0.1% = H LK
BV, T B N 0.1% =R R IEER(V:V), Tk
1.5 mL/min, #E 60°C, ZeMEBREEVENL. VEMIRTER 1
FR o

®1 BERBRERF

Table 1 Gradient elution program

A+ [8] /min 0 6.5 10 12 15 155 20
A /% 95 62 62 40 40 95 95
B /% 5 38 38 60 60 5 5

1.3.3 Affrwh & a9 24

A LR AR b o B P o A E PR A Al B S
PR, KRR 10 mg/mL A9 FLB AR AR RS # 0 e
AR BUE &R 200 pL, F/KERZE 10 mL RAEHE
200 mg/L FRuEr AR B AR T VA, R
JI T VA T ) B FL R AR ) R AR HE ARV, ook B2 4 3l
92,0, 5.0, 10.0, 20.0, 50.0 A1 100.0 mg/L. f HPLC &
W, DAZLARER 1 o v B i AR B, (6 0 T B (1) 1 D)
YRR, ZeIARAERTZR, A OC R AL T 0.99,
13.4 H Sk

(OHEaL R

AFL. DIOREFLBUK IS : HEFFRIGARE 10 g,
TN ABERR RS2 w3 T E 25 2 50 mL. 12000 r/min 250> 10 min,
BB A B 4R At g, W IR FHT k.

FUBRE S MERFRBGRAE 5 g MIABRRRELZE iAW
EAZE 50 mL, B4, 12000 r/min 0> 10 min, B 5K
ZYFIRAT AR R AR R, AR IR A AL .

Qs

JHFZ R AREH 10 mL WRPEiE R TS fL, B 10 mL L&
WA, A5 10 mL WRBEE IR GE—IR, =4 5 mL
VEWL Ve, L IR B AR SO D, SO A
TEASCI AE o
135 ETHEMER

RPEAE A AR AN M R S P E R, A L

BRHE 4 HE S 5.0, 20.0 1 50.0 mg/kg B9 K@ FLAE S, TR
B, il £ FLAK R (280 10.0.,50.0 F1 100.0 mg/kg FYFL
FYRE &R, A3 SN TRLRE i R v T slsg 23 AR Xof A 0 e 2
(relative standard deviation, RSD), N EUEAT 3 MERA,
HEE I E .
1.4 HaELE

5255 45 WOk | Microsoft Office 2010 F1 - Waters
Empower 3 #4750 1143 00 FHEUS 4347 o

2 FER5HH

2.1 FEEAMERRIEE

VPR A TR AbRE S, B A SR I T TR . A
M, XL R E R SR, BFST RST A
FEREIEAS RN BAtE NS L Ing LR E A
FRUESL = At 25 b, CAS S FEMHE 3 A, 48
936541-36-5. 146897-68-9 Fl 112163-33-4,

A CAS SFLEREAPRHEN TR ZEHK, K

HIA FR, —FCA KRR E A A AN AR E N, o F
itk 80 kDaCB AW LR, Ji—FP kT AR LAY AL
BEH, /R4 90 kDa (Sigma /). CAS 52K
146897-68-9 F“FLEREE FIARMES”, BHRTA PR, —Fhhsk
BEFAFLMELERE N, 4> F1E0 82.4 kDa (Supelco i),
FH—FoNE A 4R, 2R 80 kDa(JEM-fhif). CAS 5

W B ER MR A 5 . AT i <L AR 0 v ™ g e v A
OB R IR 2.

x2 TREGEAKEARER HIEERLLR
Table 2 Comparison of peak area of different brands of
“lactoferrin standard”

vt 50 mg/L ¥ i AR RSDs/%
Sigma 62094+807.22
Supelco 100037+800.30
BEZEY 52995+741.93 38
T 52259+783.89

H1 ¢ 2 A A, Supelco MFRIE i 28 I 2 5 FOAE 45 & PR A%
Ja, SRR R, BRI E O SRR
L, AT AR REAN SR, B, ARG
B FLERE AR E RS N Supelco iE, CAS 5 146897-68-9(5%
F 4 L-047-50MG).

22 BIEFERERE

SCRPEEL BEH Cig Al BEH C, (oAl tf B i e N
100 mg/L W4 ERFE H G (immunoglobulin G, IgG). 4~
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& M5 1 (bovine serum albumin, BSA), #AZEH . o-FLH
A B-FLERER TG G TR AN 1 IR, LR
BEH C, (iR, LA ITHREM 19 (45 15 1eG . BSA,
o-FLEVEE IR p-LEREE 10 G AT R 1 X A, i
TUSRBLAER, TRIA BEH Cyy Gl ERAES: B 1RO,
B LAABI 52 BEH Cy (REFET IR SR v P 4

A 012,
0.10|
=006l
% 0.06f  IgG
= L
z 004 BSA ‘L
0.02 - PR gk
O 1 1 1 @ ﬁ? I%ﬁeﬁ‘A ]
1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
{2 B4 B5F (] /min
B) .040,
0.035}
0.030} =
2 Loas FLKER
e
== 0.020);
2‘
0.010} BSA l
0.005F [ =
0 \__._,k L AaEA J\f%ﬂ@e

1.00 2.00 3.00 4.00 500 600 7.00 8.00
{88 B[] /min
€1 )% JH(A) BEH C,HI(B) BEH C g & RER A FLA% R bR
1€k

Fig.1 Chromatograms of lactoferrin standard solution detected using
(A) BEH C, and (B) BEH C;5 columns

2.3 KPR KEYIRE

RTRFEAM I F IR RYE, RFRER T A
FE T S R e, 43 A D K 210 nm A1 280 nm Xf
FUBRE (I 40T . R 2 T, FE 280 nm AR KT,
FLER B (g i i (5 e e o s, HLERRE P Aa, Bk
AWEFE T IR S & TF, YR 280 nm fE N FLBRE I
BRI K
24 BIEHMIRHTE

AT 2 5 T 00 S5 4 2 RS RS T A g O
P2 A K D FLR R 1 A @ AR, AR5 43 IR R
TN 50 mg/L PR AIARME SRR RIAERA T
B4 HrEs SR, A4 25, 30, 35, 40, 50, 60°C. %%
A 3 FiR, AR 60°CHT, FLEKE ARG LY, R
BETRR FLA N (R R R, PRI i A RS A AR 60°C.

0.0401
o 0.030-
<
# 0.020 210 nm
bl
= 0
-0.010 L L L L L

1.80 220 2.60 3.00 340 3.80

1.00  1.40
PR BRI 1] /min
0.040
2 0.030F 280 nm
<
2 0.020f
|
= 0,010
=
=
100 140 180 220 260 3.00 340 3.80
PR EA ] /min

B2 OR[RIRG DN T PLA SR T L (35 ] (100 mg/L)
Fig.2 Typical chromatograms of lactoferrin at different detection
wavelengths (100 mg/L)

g
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8.000 |
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4.000 -

M o7 58 B/ AU
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3 AIEALE T LR R ]
Fig.3 Typical chromatograms of lactoferrin at different column
temperatures

2.5 BEHEFERERTE

IR WA AR A HORE 208 Crg AL, (H il 7408
LB K PER B A DR R E, 0 A BRI AR, Sk
R AR LS HE A 2 S PR P s P, i
BEFLBRE R AR, LR R IR R, B Cog
[ A AE U ANIE T T AR AR A P O FLER S . PR R
THE R R BB AL 20, A % R s i, af
Fr S A R FLERE R, SR I BRERIE
e AL RSt e DI IERR I 2R ARE X A W3 A T i
AbRE, R AR AR R AR E A e AR L dlifl.
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2.6 BFEFMAEMMSEEE 2 0010,

e \ g _ ! 5mLES 1K

REF R B A0S ES PR EA, = -OOSJ
(BT LB PERAE G 38 I P R A . SR 2o A ; 0 T
BT 0 P LR 00 4 B, e A FLBRER (103 100 1:50 200 230 390 8,50 400 430 300 330 6.00
7, PERE AL RIm. mEEd K, SEEIFEEM 2 0,010,
PR, LB . R, R ERAR RO B o0 5 mL#2%
FEMAE T EE, Z2MNE, 10 mL 49 b ALk 1 E ol
AL 8 mg. AWK T 1 mL HASH HiTrapTM = 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
Heparin HP F & A3 . WK 4 FiR, 8 mg FLEkE 2 0010 A4 B3 B[] /min
(R ORI 101.27%, WRERER, WL, AP § .
! 0.005 mLA 31

E#E 1 mL B HiTrapTM Heparin HP JFE 5 Ak, T =
):‘Q?"‘THQA g 0 —_
i = 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00

0.040
0035 | ~ 8 mgAlikEE L
ol RS mgRl B
0.025 |
) 0.020 -
1 0.015}
0.010}
0.005 |-

/AU

M 7 54,

~0.005 . . . . . )
0 1.00 2.00 3.00 4.00 5.00 6.00

A5%- B3 15t 7] /min

P4 JHER SRR R R E @
Fig4 Chromatogram for determination of the loading capacity of
heparin affinity column

2.7 FFERFAFRRETRATE

S URUE S5 I HE A 1, A BIF SR AR R 58 A Uk I FL Bk R
I EE B A F . A 1 mL HiTrapTM Heparin HP I 2
SEAEE, 30 5 mL PRI RO R 3 Wk, A FL R
BEEM S mE S AT, AR 1R S mL A ABE A,
LA TR EE, SRR S FLERE T, UL S mL A TEME
TR R AT K LR AR S R TR, AR T VR S SR R TR IR AR R
b 5mL,
2.8 HWUHR. EERMLKMTEE

R E AT IR IR R L R AL L, AT
FESHE T I YR D AR e Ze iy iE VO, BRI
VR WTC ) A LR R R S bR e TR, R VR B 4
3y 2.0, 5.0, 10.0, 20.0. 50.0 1 100.0 mg/L, f§ HPLC
R, LU ER (10 BT ALV B (X, mg/L) AR AR AR, i
VA TE FR O AR (Y) R A AR, 2l br it 4k, 45 R 3R]
FLAERE H 0 R B BEETE 2.0~100.0 mg/L 2 8] & [T Lk
KR, HERE 17=0.9999, WK 6 Fimx, THEHEF R
FTHE Y=1414.632X-1401.239,

{5 B s} 18] /min

Fls  JHFZCRAALEGEBUATR I Gk
Fig.5 Chromatogram for determination of elution volume of heparin
affinity column

KOE 2k E
160000.0F
140000.0F
& 120000.0F
= 100000.0F
80000.0f
60000.0f
40000.0f
20000.0f

ok
~20000.0F , . . . . .
0 2000  40.00  60.00  80.00  100.00

R/ (mg/L)
El6  FLERE APREIIZR

Fig.6 Standard curve of lactoferrin

N

e FLi AR PR R ARG BR | s B RZ
TR, ABFST I AN TR RS AR S A TR D S B ST
FESRRAE RS IR o B RS U AR AR MR R
FIROAS Hh R A e i B, BN S FLBRE I K I FL, AT
FLERER (BRI SR INSE 56, WRINZHR /3 2.5 mg/kg
5.0 mg/kg, S5HFI, R UREE (RS WIRE L RS FL
BRE A MAEME BT 35110, BEHCRILE 90%~110%,
T YA v oA A P LB R A B ik FR 43 )
K 2.5 mg/kg 1 5.0 mg/kg, MBI FL A LR (IR
R R E R, R LB (I ELRy, TR
FARIE S I SE 08, WIS S I E 4 5.0 mg/kg
10.0 mg/kg, Z5ARFTH, PIRIRE R LR (R L oy
BT 3 F1 10, [BICERIGTE 90%~110%, BiHZLI H AR A
FLEREE R H BRATE SRR 435k 5.0 mg/kg F110.0 mg/kg.
TSI ZLA 72 B T FR¥8 100 mg/ke.

29 ESM

S Ts A M, AFIT I AN [ A Ah L A
AT S S B S . AR AR RS ALK .
3 AAEL, XPREEAES, BNE &N 5.0, 20.0
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Table 3 Recovery rate experiment results
5 il K DA FLAT: FUBRE b

TPRZH B /(mg/kg) SN /(mg/kg) B3R /% TNPRZ B /(mg/kg) SEINE/(mg/kg) [ET /%
5.0 5.33£0.10 106.7+£2.08 10.0 10.77+0.25 107.742.52

20.0 21.20+0.36 106.0+1.80 50.0 52.67+1.61 105.3+3.21

50.0 54.05+0.64 107.5+1.28 100.0 103.5+1.50 103.5+1.50

50.0 mg/kg MIFLERE BT, FHSCRK 106.0%~107.5%; Xf
FUEES:, BINJE M Y 10.0, 50.0 F1 100.0 mg/kg HIFL
BRE AR, FICRA 103.5%~107.7%. 25 b, 4% T35 Re
i, ATEEA R EE M.

J ik BUEA R E R, AR T H N
FUH R BE . FERKBFL . FLK 43 BT INAS [R) e B 4 7L
R BRI A, 2 BRI AL B 6 A W A T A B,
AKFESZ 3 WA H NS5 R, 22 2 d 7 SEs
T H RS 2, g L 4 fsk 5. 50 ER, &
J5 B B VAT H 18] RSD AR T 10%, i A — oA Jr sk XA
S REHIRLE o
210 EIH

A5 3 REE R XTS5, HRHEMN
P o EF X ELCORPEZLRE S, A3 A A LM 5.0, 20.0 I
50.0 mg/kg MIFLERBE FIARUEN,; EEXTZURAESL, 25 A
e H910.0, 50.0 A1 100.0 mg/kg BIFLERE FIbRUES, &
AFERIEAT 3 AKTFINER, 3R 6~8 FiR, BIBCRM
RSDs ¥I/hF 7%, UtHIA T BA BRI E I

x4 REAFRHBAMBEEERE
Table 4 Inter-days and intra-days precision of the sterilized
milk samples

B H PRS2 B H AR 25
FLEREE (MR gy gy
/(mg/kg) S RSDs/% S0 RSDs/%
/(mg/kg)+SD /(mg/kg)+SD
5.0 5.33+0.10 2.0 5.4+0.07 1.3
20.0 21.20+0.36 1.7 20.17+£0.51 2.5
50.0 54.05+0.64 1.2 50.05+0.92 1.8

x5 AMERPERRREEEEZBRER
Table 5 Inter-days and intra-days precision of the mild
powder samples

_ H PRS2 % H )8 2
A — g T
/(mg/kg) S Dsi% RSDs/%
/(mg/kg)+SD /(mg/kg)+SD
10.0 10776025 23 1034048 4.6
50.0 5267+1.63 3.0 52398082 1.6
100.0 103.551.45 14 100.58£297 3.0

Fz 6 LWE 1 AIEIERNEZE WSS

Table 6 Recovery rates and precisions validation test of Lab 1

AL E S vk

it EALBR R E

HFR e FE/(mg/kg) FE S S W% EEIE/%  RSDs/%
/(mg/L) /(mg/L)
/ R A 8.688 / / / /

G 5+1 10.586 95.0

5.0 MG 5+2 10.692 2.0 100.0 96.7 3.0
MG 5+3 10.584 95.0
B 20+1 16.870 102.5

20.0 I 20+2 16.480 8.0 97.5 98.8 33
G 20+3 16.425 96.3
[ EG 50+1 28.527 99.0

50.0 (L EG 50+2 28.741 20.0 100.0 100 1.0
R 50+3 28.904 101.0

/ AN 0 / / / /

K 10+1 2.004 100.2

10.0 B 10+2 2.146 2.0 107.3 100.4 0.1
K 10+3 2.030 101.5
K 50+1 9.344 93.4

50.0 FLB 50+2 9.442 10.0 94.4 101.9 1.3
ALK 50+3 9.228 923
FLF 100+1 18.794 94.0

100.0 LKy 100+2 19.662 20.0 98.3 100.8 1.1
LK 100+3 18.698 93.5

TE: AR, K7, 8 1A,
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Table 7 Recovery rates and precisions validation test of Lab 2

bRk (mgke) e DPOUERERED o BB ERURRRIE e, psgmicRc RSDs%
/(mg/L) /(mg/L)

/ AR A 10.377 / / / /
BT 5+1 12.371 99.7

5.0 B R 5+2 12.325 2.0 97.4 99.2 1.6
MG 5+3 12.384 100.4
G 20+1 18.131 96.9

20.0 B IS 2042 18.369 8.0 99.9 98.2 1.6
EL G 20+3 18.190 97.7
ELEG 50+1 29.612 96.2

50.0 B R 50+2 29.373 20.0 95.0 95.5 0.6
G 50+3 29.469 95.5

/ FLR RN 0 / / / /
FLK 10+1 2.007 100.4

10.0 FLK 1042 2.011 2.0 100.6 100.4 0.1
LK 1043 2.006 100.3
FLH 50+1 10.298 103.0

50.0 FLH 50+2 10.034 10.0 100.3 101.9 1.3
LA 50+3 10.231 102.3
FLK 100+1 20.203 101.0

100.0 LK 100+2 19.934 20.0 99.7 100.8 1.1
FLK 100+3 20.354 101.8

®8 SIE 3 EURMBEERIESE

Table 8 Recovery rates and precisions validation test of Lab 3

JPRZH BE/(mg/kg) FEh S SEINEE H/(mg/kg) BT 3 /% -1 [ /% RSDs/%
/ FE A A 0 / / /

5-1 5.4 107.0

5.0 5-2 5.4 108.5 107.3 1.0
5-3 5.3 106.5
20-1 193 96.3

20.0 20-2 213 106.6 103.2 5.8
20-3 213 106.6
100-1 46.2 924

50.0 100-2 50.9 101.9 98.7 5.6
100-3 50.9 101.9

/ FE A AR 18.7 / / /

10-1 28.6 98.5

10.0 10-2 28.5 98.0 99.5 22
10-3 289 102.0
50-1 69.7 102.0

50.0 50-2 71.9 106.4 104.5 2.2
50-3 713 105.2
100-1 1143 95.6

100.0 100-2 127.7 109.0 103.8 6.9

100-3 125.7 107.0
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