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B E: BE SO ARSI R R s B 1 G ST ik, Ak RSN pH ol 7.0 (1
WERRERZE DAL, F 12000 r/min F .0 10 min, ZEBERGLFAEIRACHE, BUEH 1 mL B Y Protein G 3
A4, B4 mLpH 4 2.5 MR E %S, L8RS, DL BEH C, At iEH:, R 65°C, DL =R L MKE W .
SRR CIEE BTSN, W E N 1.5 mL/min, SEFERE 30 uL, 7EIK N 280 nm I AR (A
PEATIE . R HEREN G REWELE 5.0~200.0 mg/L {5 BN TR R BAF, HEFRE 2~ KT 0.999,
75 1 2 B FR (limits of quantification, LOQs) Y 10.0 mg/kg. 4MIARM EETE 100.0~400.0 mg/kg 35 Fl AN, HnksE
WCRTE 97.2%~103.6%22 [8], MIXTFRAEMZETE 2.5%~5.9%2 8, &5 R0 7 B3 IE 5 /6 (GB/T
274172017 (EHREVFE AL 50T D5 EE RN IR ISR g ) ), I BInE S i) o3 B ik BT A 8 ) MERf P 0 o
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ABSTRACT: Objective To establish an analytical method for the determination of immunoglobulin G content in
milk by high performance liquid chromatography. Methods Samples were to be extracted using phosphate buffers with
pH 7.0, centrifuged at 12000 r/min for 10 min and filtered by fiberglass filter paper. Then 1 mL Protein G affinity column and
4 mL eluent at pH 2.5 were used to purify and filter the membrane. The high performance liquid chromatography
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column was BEH C,4 and set at 65°C. Mobile phases were trifluoroacetic acid solution and acetonitrile trifluoroacetic acid

solution with a flow rate of 1.5 mL/min. The volume of injection was 30 pL, and the detection wavelength was 280 nm.

Results The content of immunoglobulin G was to range from 5.0 to 200.0 mg/L, the standard curve was expected to show

high linearity (+*>0.999), the limits of quantification (LOQs) were 10.0 mg/kg. When the concentration was in the range of

100.0 to 400.0 mg/kg, the recovery rate was in the range of 97.2%—-103.6%, and the relative standard deviation was in
the range of 2.5%-5.9%. Conclusion Based chemical analysis method validation guidelines (GB/T 27417—2017

Conformity assessment—Guidance on validation and verification of chemical analytical methods), it is confirmed

that the developed analytical method is to have sufficient accuracy and repeatability. The method can provide

technical support for the accurate determation of immunoglobulin G in milk.

KEY WORDS: high performance liquid chromatography; immunoglobulin G; milk

0 35

SR EFWESRY L, 2N . BEORAESNE
7ok UM, Hop LR A L mE D RRERY, Bl
P BREE [ (immunoglobin, Ig), J&24F 0 32 B4 Gy
Jio PRI RGAATURMIELT, B bk 4R 5E
ST AR L AT SHIR R A R R A A A T RO 1Y)
BREEM, 1M g B — 2 HAHURTE s b 250 S Pl

il

(Y BREE 15 A 5 T 3 T 5 P28 o A 3 b LR Y 2%,

T FLIE R A 12%Y, 4055 1gG IgM IgD il IgAP), H
i 1gG HA 4 FEZE, 3R 1eG . 1gG;. 1gGs. 1gGy, 1gG,
1 1gG HA Hm A AMABEE g 10 L2 4= 2L 1gG
F N 0.030~0.614 mg/mL, FH 58 0.322 mg/mL 1gG
HAZRA2E T, ReShuRss G, RaRmeis.
AT 5l . D HES SO . BRI AE wFgs Rm,
Y HA R 1gG, MR X — 25 F s AH B AR & 7] LA
AR PEBREAR T AT, TG R I 58 K £ Wt f vk e
A HEIEAERUL R 1gG 82 B T 20T %
TRIT PRSI & L S REvE & S TR &, T FLAT Al S
SR AR 1 PR o s i i 1O,

H T, Ig 1 FHINE Jr ik B2 Sy ik . kG
JEDL . BIMPOEETL | Ik RS RCE AR S, R
Ak TR F AR ) G B BRI E AR W 1gG i,
S5 R ) G T O AR, AR 2E, B
T G B il A S R BB WO R R A 2SR it
Ga eI E BILWR b TeG S, SR EWZ Ik HA
B ERRPE, (PRSI R e MR 2E, ke . RS
R BRRY A I 22 0 4 X 45 SR AR AR o TR AR e )
3 2o D) e G g2 T R SR 2 A FL A 1Y) TG
B3y 78.9%~117.5% . 5 He 24 2OV 7 14 eIk s 28 1
B SR e O vEFEA 1gG R BE R 0.031~2.500 mg/mL
B, [k 88.4%, 285 4L 6.1%. HURLEY %Py
V4 DT 32 F E EDK 72 O B 51 360 % I G LA A0 1

S, EEES PG A 5B R, BASIE F R
A FR IS B A= 405 . 02 B 4 P2E T R TR I TG Y
i, BRUEMRR, SRR, MOCRECK 0.9947, (AHIE
Tl A 7 bR T ARG . A AL SRR R ROE
FME 1gG SR, BHRA 0.5 mgg, FHEEN
88.5%~101.0%, AHXIHRE2E R +1.4%, {H & 8066k ik
ARSI R A R R L AT . S &
SN EIERE RN E 1gG HoA AR, T #7512 aof 5
6 % PR AN BE vk B T B MEAN AN ROE Ak, B
BAVEIUBA . A R o PO i S8 & BT Brix Hr AT LA
FHAALTETE Y 1gG W BEBIE, (HARRHER BRI 1gG
W,

ERCR AR (3 (high performance liquid chromatography,
HPLC) /2 B AL 42 1 00 265 1 AR S e 1) — R e AR,
FArEs | SRR R R T, AN RN T B A BRI
AbHE, HATEE AR IR . HPLC 2 FEARELE A9 2 9
FH 1gG SR T, O B L, ERE R,
SERF MU0, (SRR R AL 1gG S R AR I AT
TR, FIIE PR HPLC I 420 1gG &, 46
Wk e PR R 30.0 mg/kg . XL SERT BT UESE T 6
AT, EJE T kR BRI AL

HETE A BARE GB/T 5009.194—2003 (fffd bl p
GIEERIE T 1gG I ) 12 F I 2 B R0 i 14 Js 2,
WAT AR RPE . BRI SR AL P TG INE . i
FRAfE NY/T 2070—2011€ 25 91 7L S Hodfil i rh S BR AR 11 1gG
(R 7 A3 YT ) SRRk, HAGE T4
WIFLSCHA A 1gG AR . FRifE SN/T 3132—2012 i
FEZLH S A e BREE 1 G TR Gy W B )
FEFH OAFLH SR 1gG BIME, K BRI %
PEG S, 38 TR 2L SRR N T A0 Lo ) 2R L
il fh H 1gG ARG o ASBIF ST 3 3 O i A A R A B 2%
PR g S — RIS ERG I 3 FL AP 1gG R HPLC i, Kt
TR TR 1gG R, DA A 0 rh s R 26
YIRTI E S
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1 MR5ERZE
L1 RS

S OBR(BEEE 99.9%, JbatH RIABHLA R F);
Gk, 3:E Cleman 2~ F]); Jo/KBEER — S48 (4T
ali, FEAERLFARARAR); TR, fEE
Sigma A Fl); F 1gG FRifEE (8.5 me/kg, JLatSEIERI
HARFRAH),

1.2 UBE5&%F

1260 Infinity 7% AH 035 (32 E Agilent A A]);
AL204 %I H F K F- [k B 0.01 g.0.1 mg, J# -1 METTLER
TOLEDO( I ##)/\ wl]; CR22GIIL #&.00#HL(H A Hitachi
ZAw]); BT100-1L BUEEZ) A (Y& [E Langer fH A A RA
F]); PB-10 &Y pH (% F Sartorius 2 A]); Protein G 7% Fl
#:(5 mLx1 mL, 3&E Cytiva 2 #]).

1.3 L%

1.3.1  ARBZEIR EH

FRUE TAER: A BGE =4 1gG PRERTR, el A
800 mg/L MR -G FRIET IR, FHH SR IR 3% S B b
HETAEW, BURELR,
1.3.2 #enara#

FREL 10.0000 g # 5, TSR L2 ik (6.8 g TC/K
15 — S H K IE pH & 7.00+£0.05, EAE 1 L)EAZ 50 mL,
FE.0HL 12000 r/min 250> 10 min. b 3R FH 3 55 27 4k g 4%
g, e .

Protein G S FIAESEH 10 mL K ohise, A 10 mL B R
PGS, BE 20 mL BB T 08 P A, R

>

oos | FLERER

006 IgG

Wi o7 3 /AU

0.04 | |
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B-FLER

0.02 =
= p-FLER
ﬂa AAEA EOB e
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LR F8 B[] /min
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TER LIS 21 HoP A 10 mL BERRERZE shk vk, SRR
JMA 4.0 mL H 2 BRUEBRVER, e %% 5.0 mL, HiER
515 AT B W B 2 UE IR SRR AP, ARl
133 &#5nst

3% BEH C, (250 mmx4.6 mm, 3.5 um, 300 A); ¥
A A: IR ONEEW(0.1%), WEIAH B: =LK
JKVAWR(0.1%); Wid: 1.5 mL/min; FEMR: 65°C; #ERAAFH:
30 uL; Ko Es: 2o Hhal LGRS I A/ A B R A AR I B 5
Kl - 280 nm.

1.4 BB

SEIRZE R A Microsoft Office 2010 Fil Agilent Lab
Advisor LC&CE #7504 M Fl EUZ 43 #T o

2 GER5HH

21 BIEEHFMSK
2.1.1 &gk
SEI 2 BTHART ST 4> 98 F] BEH C,5 F1l BEH C4 X Hifh
AN TR] 5 T AT A I AR ] S5 R (100 mg/L)iY 1gG . FLEKE
. 41138 F 25 (bovine serum albumin, BSA). a-FL
FIA B-FLEREE AR, L 1gG #RRER U438, L iR
[B) AN, {BAE BEH C, (Ai54: | 1gG IR IE, A HAFH
XEFRE, LI 102, SOAF ST % BEH C,y faiiiA: .
2.1.2 ik Kk ey ik
H# 1gG FRMEMHTE 210 nm A 280 nm KT By 3%
B, DA e R, aniEl 2 B o AR A Ik
£ 210 nm, IgG KA 280 nm BRI A9 FLLE B F-F4,
M HARZYEAE 210 nm AbEA HE, 223400 TR,
280 nm K 1gG HFRMEWE, 22 HA PR THe/N, Hor s 5T,
PELH R 280 nm AE 2 1gGAGAGIIR K o
B
0.040 -
0.035

0030+ AE

/L ,

BSA |

0.025

0.020 f~—

0.015  1gG
—
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i 558 /AU

0.005 | 17— : prees
N Y T U
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Fig.1 Chromatograms on different columns
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#: A. 280 nm; B. 210 nm,
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Fig.2 Chromatograms of IgG at different detection wavelengths (100 mg/L)

2,13 AiBeikE 1.0 mL/min 1 1.5 mL/min B8 00 b FH A it 0 B 64 T

AT 1gG HAT W R IHAFRETE, 70°CH AT E 228, Fexf, 1gG @ikEamE 4. 3% 2 Pos, MATESEMT 1gG
PRI e R X A A, 5 T 25, 30, 40, s T AR R R T 22 RS K, (HR T 3K 3 25 A e o
50. 60 65°C 6 MR . 29 1gG Fr A IZS SR 3., KR A 1.5 mL/min.

H 1R, R 65 O ALK HUERUHAEABE, H s0. N
R - 3y o : —— 1.0 mL/min
X ARk, TR A 2 AR TR R 65°C 25 ~———1.5 mL/min
20F |
—— 25°C < 15} |
50 30°C 2 10 “ v
——— 40°C £ 10r I ~ .
i e gost |1 LMY
5): 5L | ¢5°C g ol HJ‘L R J \ U\k/’hj
E ‘J‘ 05+ T ,7 ( S O
2 2f A '
R | -1.0}
g Ir I sl : ' : .
0k . e - 0 5 10 15 20
T - e R A5 1 [A] /min
-1 1 Il 1 1 ]
4 6 o8 10 12 B4 ORI T 1eG B ik
{R BT /min Fig.4 Chromatograms of IgG at different flow rates

K3 AEHRT 1gG ek

Fig.3 Chromatograms of IgG at different column temperatures

®2 RERTE

Table 2 Determination of flow rate

#*1 HEMNHE I 3 /(mL/min) WETR R U B X FRA
Table 1 Determination of column temperature
— — 1.5 61.1 2.1 0.4781 0.695
FEiR/°C U T A 3= I 58 X Bk A £
35 8.6 1.8¢-1 0.8014 1.143 1.0 794 29 04631 0.447
40 8.7 2.4e-1 0.6147 2.564 e
50 3.4 1e0 0.5251 0.444 215 HHFHLE
. < . . N N \ — o
6 03 5 0.4251 0376 A 18 )RR e BE T DUBRAIE B AR 4G 54T i i R E,
' ’ ’ AT LA 3l B I8 700 3080 1 AR 5 JB Ak R X € B A ) 75 4 . BEIRUBT
65 126.7 47 0.3766 0.514

U 160 pg/mL (1) 1gG FRdh, 43310 20, 30, 40 pL
2,14 ARk R UERERIEATSEES . W 5. 3R 3 Fim, AS[EERE g

DL 1) o R DR R oh R S R AR A, GE f L W TR MRS, e T AR B A R S A R e s . AR
B R D AR T 3 4 /N R DA AR R AT, TR I A SR T RAIE B ARIGEAT B (e o L, [ B iy LA it v B ek
JEE R DA B A S Ny R T4 8, it v Al R B . R X AT A3, W AR £ 30 pL.



12 B 4 4 T e A 2 F1s5E
3.0 20 uL 1000 — 100 mg/LARUER
o B0 m
. g
25 —— 40 uL 800 -

i )7 {E/mUA

10 15 20
PR B ] /min
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Fig.5 Chromatograms of IgG at different
injection quantities

®3 HHENHE

Table 3 Determination of injection volume

PERE /UL WETAL W 5 XTFRP T
20 46.3 L5 0.5069 0.593
30 61.1 2.1 0.4781 0.695
40 75.7 2.7 0.4744 0.571

2.2 RIRLIBEMEMIL
221 BEABFBAEG AT

43 1gG HEARD, V258 0322 mg/mL, &5
Z RN FSAF AT, TgG PEFT A0 AT DL i A6 oA
Protein G 2k H G ZHEEBRIA MM F A E A, FELUAERENL
a4 1gG pofe sz KO, HoR kX 1gG HARER Y E A
J1, B3 a-FLAEH . S-ABREH . ILEAM BSA /EH
A3 o PR U AR 5 1) FHLA SXRRREE 9 Protein G 2464 4
H1Y 1gGo
222 HBABBTHHL

AWFFEET W 1 mL #A% B Protein G 2% A AT T
FRER IR, X 2 4 Protein G SR HIAX IgG 197K =
TETEES, M AN R R ER a2 T 45 R A e B 7= i
FRN A S A B0 Rl AR AR, AT UL 1eG
FA AR ALl A A, DA 12 5 S 30 P G T T E R
Protein G £ A 10 mL /K vt 10 mL BERREH 1A K
AL, BUE BN 10 mg (19 1gG A5 et Ak (R 24 TRE i ik B
5 g/kg), £ 4.5 mL PEBEGEIBLS, T 2008 DRI W 25
% 100 mL Fid B M, ¥R ERAIE DAL E . 4500
6 13 4, 10 mg 1gG a2 H: 5 B B Ky 106%, & Tk
5k, PBIZMAK Y Protein G SEFIAE AY I KA R BB
it 10 mg, WiEW 1gG &R FH0 322 mg/LPY), 3T
FEARA R, T LA AT A SEBRRE S RS ) 75 2

600

400

200

i v/ {/mUA

0
—200

—400

4 B s} 1] /min

%l 6 Protein G ¥ FIAT A2k it 10 2 2135 &
Fig.6 Chromatograms of Protein G affinity column
carrying capacity

4 Protein G EFFMHFAEE
Table 4 Protein G affinity column carrying capacity

100 mg/L AR i W T DR E 4 e T AR /%
159623 169516 106

223 BrE; % bik pH #hik4E

T pH 2 1gG AEVE, 758Xt HZE sl i) pH 1F
frtfeik$t, %¥ 6.0, 6.5, 7.0, 7.5, 8.0 3 5 ~AK[H pH
(% R AR S EA AR B, A AR R 1gG A, A5R N
K7 PR, 2Pl pH 7E 7.0 B, 1gG WIS R, Ik, 1%
¥ pH 7.0 MWL EL L8 ph 1) fe fF pH R UEF TR 225056

140000
120464

109947 |
6.5 7.0

pH

120000 | 109667 106804 108554

7.5 8.0
K7 BERGRpH L

Fig.7 Optimization of pH of phosphate buffer
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80000 ~

TR R

60000
40000
20000

0

224 HEHRBREME pH 9k 5

VEME Y pH XSCi s b & Am, % 2.0,
2.5, 3.0 I 3AKRIFI PRI pH SRR S FEATAC B, 0 5E 4= 4
) 1gG & it L5 R AN 8 TR, BEMGYA R pH £ 2.5 ), IgG
R TE AR, H pH KR 3.0 B, PR A9 1gG A&
FRIA AR, DRI, 8% pH 2.5 vk Biiail i pH 3F
AT S8R .
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Fig.8 Optimization of pH of elution solution

225 BRBLRARE

KRS 1 mL #9 Protein G 2 FI4E, A 1 mL ¥
JRVBGELRVENE 5 R EHLIE . B 9 T, 55 1 RRIES 2
UPRRRE 5 BORR VT Rl R I B 1gG, 28 3~5 IR UEMLE 9
ARV R Y AR R 1gG. R 5 I, &L 5 UM
Ja, WIS 1gG W ARSI R 260232, PR I THI R
259555, IgG [BICRIEF] 100.3%, LB 2 mL BB
At 1gG R4 UM, ShIRE R HERR R e v,
SRR IS AYEER 4 mL PRI TR G E A
AT LML o BLSR 2 mL BIVEEREL 4%, (H8 T fRIE
JE T I B, A 4 mL A PRI I IR

EAt/N
8000 ) ok
7000 | — 53
I R4
6000 [ — 35K
< 5000 - [
2 fo
= 4000 [
= [
1 3000 - |
= \
2000 | |
1000 - \
0 fe . B I i
~1000 ' B - —

A 5[] /min

K19 Protein G ZRFNFEDEBLAT NI E (35 5]
Fig.9 Chromatograms of Protein G affinity column elution
volume determination

2.3 FEFEEN
23.1 Fik&KHEERE

HEH 5.0, 10.0, 40.0. 80.0, 160.0 I 200.0 mg/L 6
A 1gG ARTE IR (800 mg/LWEbRMERZE . 455 8%

£ 5.0~200.0 mg/L N2 RAFLMRR, HEIHEN
¥=0.709387X-0.130821, H H FH & & M M X & &
r=0.99988, X F B 431 T L AL 48 T8 I vk Y Rl N B A
TR PR, RSN 1gG BYE I E 12 AL v A m] 52
&%,

%+ 5 Protein G FEFFE SRR

Table 5 Protein G affinity column elution volume

VR UEL T 5% R WA T Y L 2/%
ETRRI/N 42420 16.3
2w 217812 83.9
%3 0 0
554 0 0
55 0 0

IgG el W TR AR 260232 100.3

232 FHEEBMR

i 1gG PR BT H Ok Y 4.0, 5.0, 6.0, 7.0,
10.0, 20.0, 40.0. 80.0. 160.0, 200.0 mg/kg 10 MK E 1gG
PRE TAEMR A T2 OS5 T SR b B, fEMRLE LR 6.

o6 FELIERIERL

Table 6 Standard working fluid signal-to-noise ratio

B MR P it iR W (0 1,
/(mg/kg) /(mg/kg)

4.0 1.8 4 7.1

5.0 2.6 5 14.2

6.0 3.3 6 17.6

7.0 3.6 7 18.6

10.0 6.1 10 27.1
20.0 13.5 20 /
40.0 28.7 40 /
80.0 583 80 /
160.0 113.3 160 /
200.0 141.1 200 /

TE: /2R AR W LU BE M T, R S AR 5.0 mg/kg I
fRMEH/INT 10, Al R AEIE LE 2R, REAIIAR A 10.0 mg/kg AYIN
AFEME LR T 10, C2IRFNER, HIEEATITH.

WKW 23 T, BOREJS 780 0.0.5.0.,10.0.
20.0, 40.0, 60.0 mg/kg 6 MJE 1gG FIHEAT B OA5 J5 Skt
PR, (M S AR SR DL 7. S5 AT, Y KR AL
UM 1gG VR BES 10.0 mg/kg, WA 4 45 R AR5 Vi Wi A Al g,
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Table 7 Sample recovery rates and signal-to-noise ratio

‘\* ik e B e pF . 5] 22
gy PRERORIE e ez gy, EHOR
/(mg/kg) /(mg/kg) 1%
1 0.00000 / / /
0.0
2 0.00000 / / /
3 5.0 2.65885 4.03419 10.7 99.75
4 2.63546 4.00124 8.5 99.15
5 5.46188 7.98358 24.4 99.36
10.0
6 5.65992 8.26262 25.1 101.77
7 12.66094  16.71681 48.1 103.94
20.0
8 12.56600 16.58910 67.4 103.29
9 23.36123  28.83637 79.5 89.31
40.0
10 23.64653  29.22926 116.4 90.26
11 36.04647  46.30481 / 95.86
60.0
12 36.45142  46.86245 / 94.95

T /R 28 DM BEORHEA TR BE L (5 MR LE . [BICRA T3

fEME LT 10, FF HOMAR G B9 FE & 110K 7 BE AR Y R
(89%~110%)Z 8], FBIZ Iy Xt FRES P 1gG M E m H A

WA RERR P E RS B B . R, A7 IR P 1gG B2
R4 10.0 mg/kg.
2.3.3  AEAE e 2 E MK

PUKBFL AT, 4350% i 100.0,200.0 F1400.0 mg/kg
3R AKOT 1gG HE 7R B AN 2 ik, 440 3 P47
IgG [EISERTE 97.2%~103.6%2 8], S2E6EE N 3 d S2E8 AR
P 25 (relative standard deviation, RSD)TE 2.5%~5.9%2 [d]
(3 8)o LEIRFIIA Ty VL R B2 AT S M b2 = iy
EIIEFE HG(GB/T 27417—2017 { BA&TEE A2t
WHIANFIBGIETE R ) )R .
2.3.4 EFILHEM X

ATy P53 AHE 3 R EHATEIMENIR . BT IgG
B 2 BETR R B S s>, BRAREILT 1gG AARE
EARFAAZL, B F AR IR . 4430
750 80, 160 A1 400 mg/kg 3 ANk /K kAT B B,
ERABFLEIN 100, 200 F1 400 mg/kg 3 e K AT
EIPENR, BAMREACEI T 3 WEE LR, RNE
9~14, 7 J7 ¥ Bl EFE 90.0%~110.0% Z ], RSD 7E
0.0%~8.0%2 1], HA RIFHEAE,
2.3.5 EIRAFEDE

BEHA A LGS 1~S) B RAHEE LGS 6~10)3L
At SR AR 7 b A e o S5 5R3% 15, 16 i, SEBR
FE b B B ZRTE 90.0%~110.0%2Z 8], SEATHERT

8 SRENERERHEEERLAR

Table 8 Summary table of accuracy and precision results in the laboratory

A i) WK /(mg/kg)  SEME/(mgke)  FLS{E/(mg/ke) B /% SFE BIBCR % RSD/%

92.5 92.5

100.0 96.6 100.0 96.6 97.5 5.6
103.3 103.3
186.6 93.3

Dayl 200.0 191.8 200.0 95.9 97.2 438
204.8 102.4
397.6 99.4

400.0 405.6 400.0 101.4 103.6 5.4
440.0 110.0
103.5 103.5

100.0 98.6 100.0 98.6 98.0 5.9
92.0 92.0
193.0 96.5

Day?2 200.0 204.0 200.0 102.0 100.0 3.1
203.2 101.6
422.0 105.5

400.0 412.4 400.0 103.1 102.5 3.2
396.0 99.0
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] WEEAK-/(mg/kg)  SEE/(mg/kg)  BLB(E/(mg/kg) EEE A B IR % RSD/%
96.1 96.1
100.0 104.2 100.0 104.2 100.5 4.1
101.3 101.3
199.4 99.7
Day3 200.0 191.6 200.0 95.8 98.6 2.5
200.6 100.3
392.4 98.1
400.0 420.8 400.0 105.2 100.6 4.0
393.6 98.4
=9 HEHZ. BN 80 mg/ke IgG
Table 9 Raw milk supplemented with 80 mg/kg IgG
W Lot b - M M RSDI%
(mg/kg) 1 2 3 1 2 3 1 2 3
B 227.2 226.0 225.1 226.1 2.30 0.79
X1 306.5 3084 3067 3084 307.8 3074 3055 3079  302.8 306.8 / /
X1-B 146.9 146.2 150.2 153.6 1650 1569 1582 1598 1578 155.0 6.25 4.03
B /% 97.6 100.0 97.8 99.1 98.2 97.9 96.7 99.7 93.2 97.8 2.02 2.07
T ORI, £ 10~14 7,
F 10 HE4FHRM 160 mg/kg IgG
Table 10 Raw milk supplemented with 160 mg/kg IgG
i o o o EHME S bREZE RSD/%
/(mg/kg) 1 2 3 1 2 3 1 2 3
B 2272 226.0 225.1 226.1 2.30 0.79
X2 374.1 3734 3774  379.6  391.0 3829 3833 3849 3829 381.1 / /
X2-B 79.3 81.2 75.8 82.4 76.4 77.3 80.4 78.8 72.5 78.2 3.07 3.93
(BN & 7 91.0 90.6 93.1 94.0  101.1 96.1 97.0 98.0 96.7 95.3 3.42 3.59
F 11 E4ZFRMN 400 mg/kg IgG
Table 11 Raw milk supplemented with 400 mg/kg IgG
i i Labl tab2 Lab T FE%E RSD%
/(mg/kg) 1 2 3 1 2 3 1 2 3
B 227.2 226.0 225.1 226.1 2.30 0.79
X3 593.8 5959 5925 601.6 6023 603.5 6041 6064  609.1 601.0 / /
X3-B 366.6 368.7 3653 375.6 3763 3775 379.0 3813 384.0 374.9 6.61 1.76
BT 3 /% 91.3 91.9  91.0 931 933  93.6 940  94.6 95.2 93.1 1.45 1.56




16 B 2 A o T 2 %155
F 12 BERREAZFRM 100 mg/kg IgG
Table 12 Pasteurized milk supplemented with 100 mg/kg IgG
WE {E - B Labd EHME AREZE RSD/%
/(mg/kg) 1 2 3 1 2 3 1 2 3
B 271.0 188.8 216.5 207.4 16.10 7.78
X1 315.2 315.0 3155' 293.0  291.0 2932 3150 3133 3118 307.0 / /
X1-B 98.2 98.0  gos 104.2 1022 104.4 98.5 96.8 95.3 99.6 3.24 3.25
BT 3 /% 98.2 98.0  gos 1042 1022 104.4 96.8 96.8 96.8 99.5 3.17 3.18
=13 BRAEIFIRM 200 mg/kg IgG
Table 13 Pasteurized milk supplemented with 200 mg/kg 1gG
e ! B Lebd FEE bRiER RSD/%
/(mg/kg) 1 2 3 1 2 3 1 2 3
B 227.2 226.0 225.1 226.1 2.30 0.79
X2 415.8 4242 4242 4055 405.0 3948 4253 4305 4308 417.3 / /
X2-B 198.8 2072 2072 2167 2162 206.0 2088 2140 2143 209.9 5.88 2.80
(BN & 7 99.4 103.6 103.6 1084  108.1 103.0 1044 107.0  107.2 105.0 2.95 2.81
Fz 14 BRREZDRM 400 mg/kg IgG
Table 14 Pasteurized milk supplemented with 400 mg/kg IgG
W Lebl beb2 b VI BEE%E RSDY%
/(mg/kg) 1 2 3 1 2 3 1 2 3
B 227.2 226.0 225.1 226.1 2.30 0.79
X3 634.5 6345 6332 6012 6060 6125 6165 6208 6245 620.4 / /
X3-B 417.5 417.5 4162 4124 4172 4237 400.0 4043  408.0 413.0 7.52 1.82
[ET =R /% 104.4 1044 1041 103.1 1043 1059 1000  101.1  102.0 103.3 1.88 1.82
*15 ZRHGETP IgC FENE
Table 15 Determination of IgG in actual samples
(Al EEE TR Fit/(mg/kg) JIpT i /pg 1Bl %/%
1 230.7+4.6
2 201.242.3
23, 3 208.8+1.1 93.2~105.6
4 215.9£0.9
5 207.6%3.5
800.0
6 118.6+2.7
7 124.8+3.3
BRAREAL 8 125.5+1.8 91.5~108.3
9 112.9+0.4
10 117.1£1.6
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R 16 TREIREHFRT IgGC S ENE
Table 16 Determination of IgG in samples of different brands

FE AR FE i B /(mg/kg) TRt /ug [T /%
Al 229.4+2.25
650.0 97.7
A2 171.4£2.1
gL
B3 200.5+0.46
600.0 92.0
B4 225.540.9
A6 120.7£1.8
650.0 97.7
- A 114.3+£2.5
G A B L 7
B8 115.5£2.9
600.0 92.0
B9 125.840.6
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BT S T —Fh W 1gG & 19 HPLC 43#7 5
B, SR B AT AR R, AT
fESZIR 2 43t pH o 7.0 ME MR ALFES,
Protein G A& 4 1gG, F+H pH M 2.5 W H R YEM
TRWPERE, Eid BEH Cy fOigH B8, L 0.1% =K
LRI A, 0.1% =M BRI NI shH
B, fEAIEH 280 nm, #EIR 65°C. i 1.5 mL/min,
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