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For the last 40-years, owing to the limited supply of commercial raw milk, the industry sometimes
would mix the dry milk into the raw milk to increase their profit. To detect whether or not the milk on
the market contains the poor quality’ s dry milk, I invented a rapid and sensitive colorimetric
immunoassay. The assay essentially utilizes a monoclonal antibody that only reacted with the thermal
denatured protein presented in the dry milk. First, a glass tip-stick was dipped in to the milk to be
tested. Second, following a brief wash and chemical treatment, the glass tip was reacted with the
monoclonal antibody that has been specifically produced. Finally, the glass tip was dipped into a
reagent containing developer. When the solution develops a color in green, it indicates the milk
definitely contains dry milk. The entire procedure only takes 8 minutes to finish. To the best of my
knowledge, this method is novel and has never been shown before. It represents an exciting discovery

that solves the malpractice of mixing dry and raw milk in our dairy industry.
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. 2 ’j[f]ﬁ - fﬁj?ﬂ:@%’?‘/ﬂﬁﬁfl
2. &REFT (250 ¢ EWJ??TKI’%E/ZOO g A EER)
3. 49 (REESD EJF[%)
4. TEVEIR (0.19 gelatin + 0.05% Tween 20/PBS) : =4, %%ﬁ%i#‘,ﬁﬁ P o
5. HFek(1% gelatin/PBS) : }Ifj’?ﬁimjﬁﬁf»iﬂﬂ?fﬂ;fI&“E%iﬁij(blocking) °
6. HIERPEME(S %] HRP)
7. Bk (ABTS +0.01% H:0»)
8. ?tﬁﬁ?“ R (15% 5 mlL):
(1) ddH:0 2.6 mL
(2) 30% acrylamide mix 1.0 mL
(3) 1.5 M Tris-HCl, pH 8.8, 1.3 mL
(4) 10% SDS 0.05 mL
(5) 1096 ammonium persulfate
(6) TEMED 0.004 mL
9. ?ﬁﬁ*ﬁkﬁ Bt (5% 1 mL)
(1) ddH:0 0.68 mL
(2) 309 acrylamide mix 0.17 mL
(3) 1.OM Tris-HCI, pH 6.8, 0.13 mL
(4) 1096 ammonium persulfate 0.01 mL
(5) TEMED 0.001 mL
10. 5x SDS loading buffer fic!™;:
(1) ddH:0 0.9 mL.
(2) 1 M Tris-HCl, pH6.8, 0.6 mL

(3) 50% Glycerol 5 mL



4 10% (w/v) SDS 2 mL

(5) B -mercaptoethanol 0.5 mL

(6)1% (w/v) bromophenol blue 1 mL
ll.ﬁ%ﬁ&a;ﬁﬁ[h:

(1) 12.5% T 177 1:50

() -+ FFR 1:50

12. Maker (prestain):

(1) /8 -galactosidase 118 kDa
(2) bovine serum albumin 86 kDa
(3) Ovalbumin 47 kDa
(4) Cartonic anhydrase 34 kDa
(5) /8 -lactoglobulin 26 kDa
(6) Lysozyme 19 kDa

13.Coomassie Blue staining solution (509 F' It > 1096[#[% > 0.125% [w/v] Coomassic Brilliant

Blue R250)
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L% [~ &%=k (horseradish peroxides, HRP) .V HIPRPU (Monoclonal Antibody , mAb) [ Vi [=
ik
(D) pd | B (Immunization)

a DYHRT - IEHEY- A R antigen (dry milk) + éwjgﬁgfﬁiﬁiﬁfd 05 TVHT100 ul 3=
FHY BRI R N ) o

b, V=S JT VIR o (BYZ WP EL incomplete )
c. Bl PR T BT o (BT =R R incomplete )

531 = ] titer ©

[N
&

(D)1 l'ﬁiﬁUEE} Y& [ (Monoclonal antibody production)
a. PR FO AP » 2 AEEEETE
b B 1~2 “SK FO MM 1: 2 ﬁ%l’*%%
c. JVHEURMEE FO Al 501 ifiﬁ : [’iﬁE'ﬁa’Eﬂﬁ °
d. P ImIPEGIOMSO 7 1 S8 [ » st 515 «
e. W+ 37°Ci°‘ﬁ%“ 73
f. Y 10ml Elfiﬁ'xlf“iﬁii?ﬁéifﬁ (DMEM) 2 S5 [k -
g PIAFMVEREGETE 3% (K PEG/IOMSO f&HH) -
h. U HAT % 20% FBS (19 HT ik O mi -
Lo JRAFEr) 10°~10°VEE T IR 96well ElfliElﬁaiiﬁ%ﬂ% o
J. %% 14 =~ o
k. AR 50~90% - SREIEE TV S0 1 MCELISA 492 -
Lo PR IR IR B
m. '] ELISA §E i Rk Hafes -
n. NEVEFEI IR 5 & fﬁ%lrfz (AR R -
6



(3) HRP # (P B (RUEA = )
a. Jff 2mg HRP i?‘fﬁr& 50ml  0.IM T@%’E&ﬁj%@?‘,@ ('sodium citrate buffer ) fl1 %ﬂﬂ%
pH5 » &= 37C -
b. }{ﬁ’ HRP FpvEE#E (glucose group ) & ™ }{ﬁ’ Sodium meta-period ate ( NalO430 ml /ml
in ddFI20) #1 HRP (& 40:1 FUL S AR IELAT > FHE 5 53 8 -
c. fAFRE- }H Ethylene glycol (FW : 62 Density : 1.113  16M) %= 0.01M
d. ¥Eff Antibody :
(a) JFf Antibody #{! 1.0M NaHCO3 buffer (pH10) {#10 : 1 if-lﬁ o
(b) Q%ITPJ 0.00IM [~ NaBH3CN ( 10mg/ml) }{’j’ HRP A1 Antibody [AFTE! 6:1 iﬁiﬁ ’
R Tl T 4T FA 24 0L
(¢) M1 NaH2PO4 Fif7 2 4RIV 22 pH6.0+ " il UAH{1Y NaBH3CN LHE RS i
PR B AR 30 ) 8
e. JRfHE FAYHRP Z[®
(a) FVAHFIFEAH 100%  (NH.) zSO4?LIHTﬁ'i4.EI5J;§F?’HEiﬁW Bl 30 ST -
(b) BE&< 10000x g » 20 774 ©
(c) Z HyEik > 915 cc PBS iFT ppt » J[1100% (NH4) 2S04 A1 H# R puk P
A BRI 30 538 0 FIEES 10000 x g 0 20 534 -
(4) 8 HJHT¥RA S 2ml 19 PBS 1 SOK I3t
f. 5% F[M] ELISA assay W &R % ?F g Ctiter) ©



Oxidation

[ PAE Y HRP A £ FCEK HRP OV EESLOS [ 55 Ry HPERL - il -po Sl
i 1 PP 2 SRR £ -
2.#]"] SDS-PAGE * Western Blot ’ﬁéﬁ?’iﬁﬁﬁ%ﬁ’?ﬁiy Af T
(1) SDS-PAGE
(a) HUVBHES S =7 Sml N BRIV R 1 R A
P T 30 5T G R E R 2 -
(b) 2 Pect B o 4 7 SRR A I RS comb B % S0 [
J{1130 534t « FE g ] <75 comb -

(¢) JFjEEdR Ry VB iﬁi[ﬁj?ﬁé,ﬂjkﬁ ; %’EF%?E?‘ ?tﬁi*ﬁ.'f »# ™ SDS Tris-glycine electrophoresis
buffer (25mM Tris ~ 250mM glycine [pH8.3] » 0.1%6 SDS ¥+ ddH20) ’}{éjﬁfﬁ’{fé@ 5x SDS
loading buffer iﬁiﬁ > slifFl maker Wiﬁﬁl}i%i} FATHE T 1AmA GBS R

8



(d)

(e)

()

FEVISH N B SR TEH P22 eIl 5 30 T8 S PRI IR~ (0% I
B 1096) kL .

RS (596 P 96 RE -

B -

(2) E’l”‘ﬂ@iﬁ?ﬁt (Western blot):

(a)

(b)

(¢c)

(d)

(e)

()

(g)

(h)

(i)

(j)

SRS

RSy 25 [ﬁj?f%i?l*%ﬂ/ Tﬁj‘l’“‘i@%’é‘iﬁl (Amersham Pharmacia Biotech)®! 6 *§ 3MM paper
(Whatman) ¥t FFW‘\ transfer buffer (48 mM Trisbase ~ 39mM glycine ~ 0.037%SDS ~ 20%

methanl) 323% 15 77 &4
Hi SDS-PAGE Ty i » JK{TEH 2| AP e » BEAXHS wansfer buffer 1 -

ffli "] Semi-dry transfer machine(Bio-rad) » /f 3 #§ MMpaper " &f] » £3 FF [TRERETRL
B2 g\’“'@a}rﬁqﬁ Fo s bt 34 3MM paper H_‘%I[?T%)jéﬁl‘?épﬁé °

'] 90mA ?ﬂ;’f 50 77 EHE S transfer o

VLT RERETRL - ') PBS i ERIIE - AW lep] 12 B2 A AR ESEAY shaker
1P e

VEHHT A8RETR > 1] PBS WG B VIR o ik » BRI Ay - 5 75 it e

FULTEN 8RR RAde Jr', 0.1% gelatin ¥ 0.05%tween-20 f¥ PBS i?‘firﬁf J 1:1000
%?%Elfi?ﬁﬂﬁﬁu’ﬁ%i?ﬁfﬁqvﬂﬂ A [ “RERERL > 2R HRR RSEEAY shaker b1 7 [ -

VEAI T ABSERL > ISk T A I BV s - W R ds 5 o1 s Fitl=
Koo

PV 8RR RAde Jf' 0.1% gelatin * 0.05%tween-20 [ PBS ig‘fﬁ[ ] 1:2500

RS m&}‘ﬁu’%@ﬁ?fﬁ}fﬁ = ESETEAY shaker & 1 ’J‘Eﬁ °
AV AR T /m?’f??i%?ﬁiﬁl S 1&}7?“?5' I'E@%Sf SO EiHEZ Yo

9



FJ™'] PBS P& E57 v o

(k) Wv* DAB & ﬂ"’li?ﬂ[& (12.5 mg DAB i?\fﬁf‘ 500 ul DMSO ~ 600 ul 1%6CoCl: ~ 50 ul 30%

H:0: ~ 29 mL PBS ﬁiﬁf% =)
(1) = Oz i-e s Bz S e o
3. ELISA assay

(1) FVHIEF" = 96 7 ELISA 73 #7#%( 96 well ELISA plate )l 1> & — T 50 wl(50 ul / well )
IS 30 53 &k -

(2) 1BV 3~4 % -

(3) T yIP= ELISA S5 PRl > 2 S 350wl @ 30 57 4 -

(4) JEE 3~4 & o

(5) VYR EIRR AR I= ELISA S5 T8k f[1 > 5~ 7 SO ul - e 30 7384 -

(6) TEE 3~4 & o

(7) Fvig=E gk Vi ] e e SR i l}‘ﬁ/ﬁé}( Anti-mouse IgG conjugate with HRP )/[I= ELISA
SIFTRREI S B [ S0 ul F}rﬁfﬁf 30 S5 o

(8) 1HE 3~4 ¥ o

) F]"| ABTS £ e o

4, %?ﬁﬁ%ﬁﬁ? (Glasses assay) i/['q‘?ﬂ'[’“":’l’?ﬁ
D @??i?ﬁﬁ :
ﬁﬁlﬁ%ﬁE'Jﬁﬁﬁiﬂé&[l@%‘% o FERER RS 1.8em ¢

1.8 cm

F
I |

f— 10cm ——

s s

10



) ?EU?E?#TWE% it (coating time)

o ﬁﬁg&%ﬁiwﬁ-ﬁﬁmudrﬁgj [ 55 IH“ £ 15 5,30 #1,1.5,2.5,5,10,20,30 53 ©
b. JEVE 5~ W o

A R 30 514,

d. JEVE 5~8 % o

SLEEHI mAb Tk 30 53

(@]

o

f. JETE 5~8 % e

g. F|JF| ABTS 1 -
(3) R A A ] (blocking time)

a. JRPLHERIIT T 30 578 -
b. TEWE 58N

. SR ISR A R T IES 15 75,30 74,1.5,2.5,5,10,20,30 534 -
d. JEPE 58 N

e. FLHFEIHIT mAD ik 30 53 .
£ TPk 58N e

g. FIFJ ABTS (¢«
(4) WIEAHZFERIT mAD TR ]

a. SRHCEEEITERT 15 75 -
b. JEIE 5~8 %«
¢ SHPBIRIHAA L 2.5 538k -
d. &R 5~8% -
e, FLZBFRYIGF mAb YRR HIHD 15 79,30 79,1.5,2.5,5,10,20,30 73 4 -
f. JETE 5~8 %
g. FIP] ABTS [ <1 -
S HTRHIR T AT 53 T [REN R s [l Ry -
11



(1) SRR A T FIEIEE > 3RS 50,60,70,80,.90,100°C 36178 3 Bl £ 15~ 30
7 1.5,2.5,5,10,20,30 53 4

(2) %17 ELISA &7 -
Ao

e

e I REY

s Lt
Wk

B (R IR 3TCRY S )
7&’596?1;‘%’93’@%@&5}%
10 40 60 80 100%

olelelel b 1

D SR

T
v
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\

%~%%%W%ﬁ$:
— ~ R
1. fikRpeppogne

0.7

06 I ORaw milk M Raw milk heated

0.5 |}
04 |

03

OD at 405 nm

0.2 }

0.1

Clones

[ AR ELISA 55 bR EIFRL (AB.C.D) - HIRRGE » gl TP
B3 BYIE SRE P T SO -

2. ELISA 55 #rik

0.7

0.6 | —O— Raw milk(A)
—1— Raw milk(B)
—A— Raw milk(C)
04 —O— Raw milk(D)
—@— Dry milk(A)
—il— Dry milk(B)
0.2 | —&— Dry milk(C)
—— Dry milk(D)

0.5

0.3 F

OD at 405nm

0.1 F

") D Ul © > ] ‘v © ) D U
> 3% N ) Ui © > NN AN
\,19 \\,\Q R\ NN N

Dilution of monoclonals (x10-2)

[ FII™ ELISA ST ATHIRRPAR T R8sV 75 12 o BURH I ELRER Bt & -
BT VX RS > Fen PR R 2 Ej - MR AR
13



3.‘?EU7J&?"’JYWI'TE'3J; i (coating time) :

2
—— Dry milk —F— Raw milk

16 |
E /\v’././‘\-
w12 |
(=}
<
©
n0'8
o

04 |

o LS o 8 o o O O 0

0.25 0.5 1.5 25 5 10 20
Time (min)

[ SRR L 534 o A rﬁiﬁmﬁﬂwmﬂﬁr P15 7 £ OD et
2 0.801 » G 15 7P Vi AT] - P RG] G 15 7 -
ASFAA IR (blocking) -

2.5
—— Dry milk —{1 Raw milk

1.5

OD at 405 nm

0.5

0 D g M 'E
0.25 0.5 5 20
Time (m|n)

[l 7 c PRI A Y FRDTAT o iR ot I AT 2 IE%J' ‘I\ikEl@ﬁﬁ o
PR BRIt B o R DR LS 53 SR & o 2 R
ijj: 2.5 55 g i A A PO g FR R > ke ﬁ._/?ﬂ A JEf‘f Ik F/_\ Py

25 5Vl IR DA T -
14



SARETLFRY I mAb YRS HI

2
——Dry milk T+ Raw milk

15 f

OD at 405 nm

0.5 F

0.25 0.5 1.5 2.5 5 10 20 30
Time (min)

e 5 ﬁwﬁg&a‘w%ﬁﬂ[E[)’T?Tga;ﬁﬁﬁﬁrgj o P82 10 53 8 OD [ FR il £ Jet
o R PP B AR » 7 R U ST 5 53 S OD ARG 10 73 Sy =0
T PR IGH  HOE IR EL 5 03 6 -

6A RS IEFET [FilF 153 Dt A

0.7

0.6 |

OD at 405 nm
o o o o
N W I 3]

e
—

o

0 2 4 5 10 20 40 60 80 100
Percentage of dry milk added into raw milk

[pit o AR AR AR OB o IR S RS R PO TR - HR

S B EHLFHF[‘ ;:[[E[[t[’g,]g]}ﬁ:q[@- 10% 1[5) _I—Eﬁ ) E[UF[J %“Eljlpe_]gﬂﬁﬁuﬁg I’gﬁﬁ”&[r{ 0



TR EPED §rF 1T
SDS-PAGE Western blot

Q%H —~ . F[|"] SDS-PAGE » Western blot 77 ﬁ;ﬁ?ﬁiﬁu’ﬁggf— ‘[‘?,ﬁﬁﬂf FUEFIETeA ¢ LG
protein ¢ B : Raw milk - L#Eff%ﬂiﬁuﬁgﬁ?%’%%g[fj§“ﬁglﬁ'[1;75 Lg S5 I#7 (Lactoglobulin

protein ) °

8.FIIF HUARBRL 3 A7 5755 T REN L P RIS Ry

0.45

04 | —e—15secs

0.35 } —O—30secs
£ 0.3 = 1mins
8 g5 | TOT2mine
: —&—4mins
g 0.2 —/r—8mins
O 015 | —e—16mins

0.1

0.05
0

0 50 60 70 80 90

Temperature

[ = AN ELISA S3ATPRRGREC" IR FPRERS 97T I D [FRR S i sy
AR (10 <K 571 50, 60, 70, 80 K 90°C UL 157,307, 17,27, 47,87 W 167 < R 4

FnE 80°CI 155 %EJHFI%FW%E?%% °
16



o Eﬁ’ﬁ?ﬁj‘ﬁ

1. FIPRIIpEY

BRSPS PR LR T PRET 2PV TR - FI) ELISA
SIATHIFRGPUORS — TERIREH - B B iR Sy 8 Al o iy - [y i
By PR AE L PR - 2 ot P RRLAR S PR b A g - iy
SRR Rt = R I Sl e R 2R D e S IR S R
EVEHT 2 7 phaifS el i 5’?335%%3%#%%@'@%&@?’ PRI Ry s ﬁﬁu‘%ﬂﬁﬂj
T RIS 0 GIE - o R AP [ v | B ) Bk S PRl s (Y AR =2
PP T s ™ e o5 T3 %E"W%’%ﬁﬁﬁwnﬁﬁﬁm@’ R i S TR
PR > PRI (IR PR O o ity [0 RGE o DR LA P TR T BRI

ZHE ST WRTSR PR - R EOHTRRATE R GRS 5

o TR PR RO TR PSR PR B R R~ TR S

HES = 2R Frrg,%uﬁ YERP IR T (Lactoglobulin protein ) » - 271 ﬁ%% 15% » S Fjpi
M T SRR PR T T o BR[O R HIFE R T i [T R T
(KPS @ PR RT3 IRUE Uz A

A WA AR LY R e A PR S RIS i
[UETES % o PSRRI U S n P BB P YL AR i 9t A
PR BT R IRV A Ot o SRS g VR D AR R ) o P R

IR SN - R PR R AR AT TSR - SR e -
3. WIEP I (coating time) -

ARV ET- R I - ;‘ FAERIERREPE  WEP S SRR
SREPFHRFOETRY o g o AR IS o WEPSE PR R 2 B &
ORI o (|1 f— AR She o SIRE 5 JURRIEPa st 2y - PITFp= iee fed
SRR 2 J?E[J*?’Hf’"ﬁlﬁ’\ﬂ?{f% > i/D[Fﬁ' Fl10.5 J}Qﬁ > A USRS = e o B

17



AN = 1 o380 Bl P i - e P SRR IR A£G 0.5 73 5 =

4. A RpIAIRE R (blocking time) -

RSN W RREBII o e - LSRR BT o HiLREEIR P 15 i
TP DO A PRSI = S P R R R R (] R
A 2 B A L ARBERAR 91 - 0 e A SRS - PP O B

S A R - BT ) TR R R S R e — 4 I R
HIEPEE iy Y R D BT TR IR RS g R
FORI R BON " S PO BRRGEE AT PSREALY BRI R o (R i
e PIRT IR AR - ARSI [ S AL - R PR - 1
adh 7+ PR R R et EVRERE o NI Hraf o Yo ‘ﬁﬂﬁ%ﬁ'ﬁ@ﬁﬁﬁa e BERTE I
P o PARG ] » B AP S A= = SRR SR a0 A IR R T
FITE (5o B0 20 ST Ao YR TR ) G ™ 3 2.5 53 S T F [R50 PP
TR RIS 2.5 578 > PNIF= o bl T P s R P RLYE SR A T B VRSB A PURT SR
T Téﬁ A4 IR D PO RR R £ 2 TROPoRT > b R WY o 4 WEREDV gelatin ©

5. BRI IR (Antibody binding time) *

RS R TRV o AP RGP S RIS s fR A
O~ TP R AR ] « 7 THBRAY IR PR PR 570 1 SR pl Aot -
H Y HRP( B3 8 (= & oI A1 nflep| a9 HzOz‘TE’ZF[ﬁ:ﬂ: Mk B TR o ANUECHY R
B A PRSPl PR T R R e P L O o U ER AR SR T RL
s T [pRLAE A AR e 1T o PNIPRTE | KA A G RIS - AT
IR R g iy o A BRI 2 Sy ol G VTS £ > SN SR el
IR T @ o AT -F | G 5 o7 S AR R T F R (IR SRR TS

5 73 SR AR -
6. &Mk (wash)
A IR ST - R 3% - ST IR - iR & (3)ifmAb

18



i = JiEHE(L) - BIEVERD PR I plErs (5 975 1) « TH1RQ) > FIFVERS PR,
IR o 2 OB PIRT (gelatin) » FE1E(3) > FIAVEL B £ FIARG - Bt
PN B R R - TR DR (DA Q) B il P9~ R ORAERES  = B9)
OSP4 B A SRR T I - e R -

7. ELISA V.S. Glass assay :

FIIE B (= FOSTRRPARRAE b T PSR 7 7 B BRAHIE 2 L DG
FHERFIPTSES WD R AR BLISA NPl > (E R BLISA 170
23 /[ FIIP I L0 ELISA 53 A4 [ #0E8 < 4 SrRRIIIFR 11 ) Bl At - Tepgip
7.5 YA AR o T IR R ROV O - A - SRR A ELISA
R

o~ [H5K ELISA ¥ % g Pk

WA | ATPRRIET™ PR o ik Rl TR
[ el i el [ el
ELISA assay| &y | 30 2380 | 30 53 81) | 2~3 [ | 2l digs
ELISA plate e
Glass assay | Lt 15 %} 255388 | T~8 538K [N - Pﬂﬁ‘ﬁ'r‘iﬁ
HOE 37

8. IRSpUISRE -

BRI P MRS B T TR R O] e
[FHES  FPOIET k0 Dl T FIMSE SRS 01 e L0% I IR i 7 b -
AT R PR TERRT O e PR @V A EURUS S 57 [y B R e
10% » I BRI 20 > A B IS A -

0. FIRIRAIEED srp 1B -

ﬁ?”fmw@@%quﬁﬁﬁ%&» DS SIS T S TR T B 5
Fft Mark » S{BEEL 5T Bl o 5t L pﬂw:@&wﬁ[meﬂﬂﬁfwwwwﬁgp<m
protein) » “JHERLFL - 7 WERRE 1 L S5 VT T 7L SRR - AR £ T
T -

19



10 F{I2 [ FURERBEL Y P74 975 [ER v T (g R oy -

IR = s T F7UpERE 80°C - T > PNELT PP RO R
Wb Lo FIFRPURPRRL o — 48 SVRGRE = A8 UG (62-65°C30 7748 ~ ikl
PR B (72-75°C2-3 7)) ~ SFREREIPRR (120-135°C2-3 F4) > 4 WRRTAZE Tl

R R T i

20



= #45ﬁwu§’%F'J :
. E’lﬁ%ﬁ%

L 7 RS TP G L LRSS R P AR -

2. WEPASIRHEGRE 15 FPOER R E HER o

3. WEPATIT R AASHERA B * el -

4. AIREE AR 2.5 ST SR W ERE T -

5. RO 5 53 SO 2 AR 1 -

6. ﬂmjﬁ?ﬁ&? ’ Elﬁ?ﬁﬁﬁﬁ 7.5 556k e

7. UORSPBFE IS o RN U@ -

8. %zm]fr%ﬁ%“%iﬁu '3V - JEEGEERY ELISA » 2 R ERIH -

O. YRR RS gL PR ASEE RS o R D ST

10. FHRR SRR e VETER P 2Rgef 1 (L protein) ©

11 ftRpn Frifh R B VRN AT AR e T

12, F75E 80T ST BT R -

13,78 PSP PRIV PR~ Rl o P IR Rt 7
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ABSTRACT

It is always questionable whether there is a nutritional difference between raw milk
and processed milk. Recent findings indicate that p-lactoglobulin, one of the major milk
proteins that can be directly absorbed in the gastro-intestinal system, may function as an
agent for lowering serum cholesterol and as a free radical scavenger. In this study, | found
that lactoglobulin was substantially denatured in processed milk and then developed a
rapid method for distinguishing raw milk and all other processed milks by using a
monoclonal antibody specific to denatured lactoglobulin. The method is utilizing a
sanded-tip of glass rods with procedures involves binding of milk proteins, blocking,
reaction with a peroxidase-conjugated monoclonal antibody, and color development. The
procedure can be completed within eight min and is highly specific. It enables us to
monitor the denaturing process of p-lactoglobulin in raw milk heated at different
temperature for different durations. Moreover, | found that the level of denatured
B-lactoglobulin was inversely correlated with the antioxidant activity in market-available milk
products, including fresh, ultra-heated, and dry milks. In summary, | developed a rapid
and simple monoclonal antibody-based method for identifying denatured B-lactoglobulin,
which was inversely correlated with the antioxidant activity that may be deemed to be one

of the indicators on the overall quality of various milk products.

(Key words: denatured B-lactoglobulin, colorimetric immunoassay, antioxidant)

Abbreviations: ABTS = 2, 2-Azino-bis (3-ethylbenz-thiazoline-6-sulfonic acid) ELISA

enzyme linked immunosorbent assay, HRP = horse-radish peroxidase, LG

B-lactoglobulin, LDL = low density lipoprotein, mAb = monoclonal antibody, PAGE



polyacrylamide gel electrophoresis, PBS = phosphate buffered saline, SDS-PAGE =

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis.

INTRODUCTION

The nutritional difference between raw and processed milk remains to be controversial in
the past decades. Since heating procedures are necessary in producing processed milk, it
is conceivable that heat-labile components may contribute to the overall quality of milk. In
my early experiments, B-lactoglobulin, one of the major milk proteins, was found to be
substantially denatured in processed milk. With a monoclonal antibody that was shown to
be able to distinguish denatured B-lactoglobulin from its native form, | develop a simple and
rapid immunoassay for the monitoring of the levels of denatured B-lactoglobulin in milk
samples. Additionally, | show that the level of denatured B-lactoglobulin and antioxidant

activity are inversely correlated.

Specific aim
1. To search a reagent that can detect the denatured j-lactoglobulin
2. To develop a fast and simple method monitoring the denatured B-lactoglobulin in min

3. To demonstrate the poor physiologic role in milks underwent overheating
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MATERIALS AND METHODS

Materials

1. Glass rods are with sanded-tips

1.8 cm

A
[ |

j——— 10cm ——

2. Dry milk (250g / 200g H,0).

3. Raw milk is form local meadow.

4. Raw milk is heated on 100 C, 1.5 min.

5. Dry milk, fresh milk (containing ultra-heated milk) from market of Taiwan.

6. Blocking solution (1% gelatin/PBS): to avoid nonspecific binding.

7. Wash buffer(0.19% gelatin + 0.05% Tween 20/PBS).

8. Monoclonal antibodies (with HRP) prepared against heated p-lactoglobulin were
screened initially for monoclonal that only reacted with dry milk using an enzyme-linked
immunosorbent assay (ELISA), and the monoclonal antibodies were produced by
researchers from Dr. Mao lab in College of Biology and Technology, National Chaio
Tung University in Taiwan (Mao et al., 1990; Mao et al., 1988). Monoclonal antibodies

with the highest binding affinity to dry milk were chosen as a specific reagent.
9. Color development (ABTS + 0.019% H20y).

10. Resolving gel (159% 5 ml):
(1) ddH20 2.6 ml
(2) 30% acrylamide mixed 1.0 mi
(3) 1.5 M Tris-HCI, pH 8.8, 1.3 ml
(4) 109% SDS 0.05 ml



(5) 1096 ammonium persulfate
(6) TEMED 0.004 ml
11. Stacking gel(5% 1 ml)
(1) ddH20 0.68 ml
(2) 30% acrylamide mixed 0.17 ml
(3) 1.0M Tris-HCI, pH 6.8, 0.13 ml
(4) 1096 ammonium persulfate 0.01 ml
(5) TEMED 0.001 ml
12. 5XSDS loading buffer :
(1) ddH20 0.9 ml
(2) 1 M Tris-HCI, pH6.8, 0.6 ml
(3) 509% Glycerol 5 ml
(4) 109 (w/v) SDS 2 ml
(5) B-mercaptoethanol 0.5 ml
(6) 1% (w/v) bromophenol blue 1 ml

13. Marker (prestain) :

(1) B-Galactosidase 118 kDa
(2) Bovine serum albumin 86 kDa
(3) Ovalbumin 47 kDa
(4) Cartonic anhydrase 34 kDa
(5) B-Lactoglobulin 18.4 kDa
(6) Lysozyme 19 kDa

14. Coomassie Blue staining solution (509 methanol > 10%acetic acid > 0.125% [w/V]

Coomassie Brilliant Blue R250) -



Methods

Lowry Method (protein determination): 5 ¢ | samples, 25 1| solution A, 200

1 solution B were ordered adding into ELISA plate each well. Wait 15
min for color development.

Monoclonal antibody as a specific reagent: Monoclonal antibodies

prepared against heated p-lactoglobulin were screened initially for
monoclonal that only reacted with dry milk using an enzyme-linked
immunosorbent assay (ELISA). After which time, the one with the

highest binding affinity to dry milk was chosen as a specific reagent.

Direct colorimetric immunoassay for denatured B-lactoglobulin in milk:

A novel glass rod-based immunoassay was developed. In brief, the
sanded tip of glass rod was dipped into test sample for 15 seconds,
washed in buffered saline, blocked with 1% gelatin for 2.5 min, and
followed by another wash. The tip was then incubated with monoclonal
antibody conjugated with horse-radish peroxidase for 5 min and washed.
Finally, the tip was dipped into ABTS for color development. Samples

containing denatured B-lactoglobulin developed a color in green.



Gel electrophoresis and Western Blot: Containing 15% (wt/vol)

polyacrylamide (unless specified) was used to find out the differences of
raw milk, dry milk (containing ultra-heated milk ), and fresh milk using a
modified procedure (Yang and Mao, 1999) similar to that described
(Oldfield et al.,1998). All the samples (milks) before loading was diluted
1:25 and mixed with sample buffers. Following the SDS-PAGE or
native-PAGE, the gel was soaked briefly and instantly in solution
containing methanol and transfer buffer (1:4) for 30 min. The gel was then
immediately  electrotransferred to a nitrocellulose  membrane
(Hybond-ECL extra; Amersham, Buckingham, UK) at 90 mA for 50 min in
a semi-dry transfer cell (Bio-Rad). After that, membrane was immersed in
1% gelatin for 1 h with gentle shaking. The membrane was then treated
with- mAb or polyclonal antibodies and developed with
3-3’-diaminobenzidine (3, 3’, 4, 4’-tetra-amino-biphenyl) according to the
method previously described (Yang and Mao, 1999).

Enzyme linked Immunosorbent Assay (ELISA):

Milk samples were added into 96 well ELISA plate (50 yL / well), and
allow for coating 30 min. After washing three to four times, 350 pL of 1 %
gelatin is added into ELISA plate each well, allowing for blocking 30 min.
After another wash, following is antibody binding. The mAb solution (LG
antibody: wash buffer= 1: 1000) is added into 96 well ELISA plate (50 L/
well) and allow 30 min. Last one is color development. ABTS with H2O»
(10000:1) was added into ELISA plate, and incubated for 30 min. Finally,

the ELISA plate is read by ELISA reader.



Antioxidant role in milk with and without heat process: To test the

antioxidant activity as a physiologic role in milks, plasma low density
lipoprotein (LDL) isolated by ultracentrifugation was used. LDL was first
incubated with the milk samples for 5 min followed by an addition of
CuSO, as a free radical initiator. After incubation at room temperature
for 2 h, the reaction mixture was stopped by 20% of trichloroacetic acid.
Malondialdehyde, a free-radical generated product, was then measured
by the addition of a chromogenic substance thiobarbituric acid. The

solution was finally read at 540 nm by a spectrophotometer.



1.

Results and Discussion

Development of a glass rod-based rapid method for denatured

B-lactoglobulin:

The general procedure was described in “Materials and Methods” and Fig.
1. The optimal durations for coating, blocking, and antibody binding were
found to be 15 sec, 2.5 min, and 5 min, respectively (Fig. 2). Atotal of 8
min is sufficient for the whole procedure, washing time included. Using
this method, it was found that the levels of denatured B-lactoglobulin in
various processed milk samples were higher than that in the raw milk (Fig.

3).

Detection of high molecular weight denatured B-lactoglobulin by PAGE and

Western Blot:
High molecular weight B-lactoglobulins were not found raw milk (Fig. 4,
lane 1) but in all processed milk (Fig. 4, lanes 2-8). The data indicated that

B-lactoglobulin was denatured after processing.

Temperature- and time-dependent denaturing of B-lactoglobulin in raw milk:

B-Lactoglobulin was found to be relatively stable at 60 °C. At 70 °C, the
denaturing process is strictly time-dependent for up to 4 min. At higher
temperature, the denaturing process accelerated. For instance, the
denaturing of B-lactoglobulin became evident after heating at 80 °C for as

short as 1 min (Fig. 5a, b)
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4. Correlation of antioxidant activities and levels of denatured B3-lactoglobulin:

Samples contained various amounts of heated raw milk were prepared.
The antioxidant activities and the amounts of denatured B-lactoglobulin
were determined by antioxidant activity assay (Fig. 6a) and ELISA (Fig. 6b),
respectively. It was also demonstrated that these two parameters were
inversely correlated (Fig. 6¢). It indicated that the processed milk which
really contains the denatured p-lactoglobulin will has less antioxidant

activity which is very good for our gastro intensity system.
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1.

Conclusions
| have successfully developed a novel eight-minute method to detect
denatured B-lactoglobulin, which may be used as an indicator if milk was
over heated.
Denatured B-lactoglobulin could easily be detected if raw milk was heated
over 80 °C longer than one minute.
The antioxidant activity in milk would decrease when processed milk was
overheated, and that the activity was inversely correlated to the levels of

denatured B-lactoglobulin in the milk samples
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Legends
Fig. 1.

Experimental steps for the glass rod-based immunoassay: All as described in

“Materials and Methods.”

Fig. 2.

Determination of optimal durations for coating, blocking and antibody binding.

The coating time. Sanded tips of glass rods were dipped into raw milk or dry
milk for 0.25, 0.5, 1.5, 2.5, 5, 10, 20, 30 min, respectively, following a 30-min
gelatin-blocking. Subsequently, these glass rods were then incubated with
horseradish peroxidase (HRP) conjugated monoclonal antibody against
denatured LG for 30 min. Following three-time washes, ABTS was used to
develop the colorimetric presentation at 415 nm. The blocking time. All glass
rods were coated with milk samples for 0.25 min followed a time-course

blocking to find out the optimized blocking time. The following procedures were
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same as described above. The antibody binding time. All glass rods were
first coated for 0.25 min and a subsequent 2.5-min block. However, the
HRP-conjugated-Ab were allowed to bind for variable time. The other

procedures were as described above.

Fig. 3.

Relative amounts of denatured B-lactoglobulin in milk samples determined by
the rapid method. Lane 1: raw milk; Lanes 2-8: processed milk (lanes 2-6:
five different brands of fresh milk, lanes 7-8: two different brands of dry milk).
All ateps are as described in “ Materials and Methods.”

Fig. 4.

Analysis of milk proteins by gel electrophoresis. Lane 1: raw milk; Lanes 2-8:
processed milk (lanes 2-6: five different brands of fresh milk, lanes 7-8: two
different brands of dry milk). 12.5% dry milk dissolved in PBS. All milk samples
were first diluted for 25 times and then 5 pL of diluted samples were used to
analyze in coomassie blue. In Western Blot, mouse monoclonal Ab and were
used as primary and secondary antibodies, respectively. Finally,
diaminobenizidine (DAB) solution containg H,O, was used to developed the

color.
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Fig. 5.

(a) Time and temperature effect for denaturation of -lactoglobulin in raw milk.
(b) Correlation of levels of denatured B-lactoglobulin and heating t ime at 70
°C.

100 pL of raw milk in each 0.5 ml eppendorf was heated at 50, 60, 70, 80, 90
C, and incubated for 0.25, 0.5, 1, 2, 4, 8, and 16 min, respectively. The heated
samples were immediately chilled on ice until analysis. In subsequent ELISA,
50 uL of heated samples were used as antigen and the following steps were

same as described in “ Materials and Methods.”

Fig. 6. Antioxidant activities and denatured B-lactoglobulin contents in milk
samples contained various amounts of heat raw milk in unheated raw milk. (a)
Variable percentage of heated raw milk was prepared by mixing with original
raw milk. The prepared samples were then used to perform LDL peroxdation
assay. The horizontal axis was presented as percentage of heated raw milk.

Antioxidant activity was calculated by the equation: Relative of antioxidant
activity = {1- [(OD sample - OD 100% original raw milk) / (OD without
milk - OD 100% of original raw milk)]} x 100%. (b) denatured
B-lactoglobulin content in samples. Variable percentage of heated raw milk
was taken as coating antigen to perform ELISA. Specific against denatured
LG monoclonal Ab was used as primary Ab and goat ant mouse IgG was used
as secondary. Others steps were some as described in methods. (c) Linear

regression analysis.
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