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Economic Motivated Adulteration

* Logic development of adulterations in milk

Protein Protein Elisa

concentrate quantification PCR
Water Dilution Starch Melamine Plant sourced Ot.her cheap
Flour protein bovine proteins

e Even thou§h authenticity issues have been considered less hazardous since it does not
always end up in risking human health, but in some cases, it can develop into destructive
and notorious events. Infants are especially more vulnerable with risks from insufficient or
imbalanced nutrition intake due to their under developing digestion and immune system.
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Effects of Post Melamine Scandal

e A catastrophe towards local dairy industry: Chinese parents completely
lost their trust over Chinese made infant products.
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Parents ouﬁaged as Chemist Warehouse buys into
Chinese baby formula racket

CHEMIST Warehouse has begun offering direct shipping to China, fuelling parents concerns about the black market in

baby formula.
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Why is It Possible for Melamine Scandal to Explode in China?

* Kjeldahl nitrogen method is insufficient in specificity
* Fanatic and wild growth of local dairy industry
 The gap between supplement and demand of fresh milk

* Loophole inside the governmental surveillance and regulatory systems
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International Standards of Proteins for Infant Formula

* EU- 2006/141/EC Protein concentration : 1.8-3.0 g/kcal
e Human breast milk amino acid content as reference.

e USFDA- 21 CFR 106/Docket No. FDA-2013-N-0067

e Protein concentration : 1.8-4.5 g/kcal.

e Australia and New Zealand- Standard 2.9.1

* Protein concentration: 0.45-0.7 g/kcal

* Protein quantification via Kjeldahl nitrogen method is still using as the
only standard parameter for infant formula
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Chinese Standards of Proteins for Infant Formula

1 2 3 4

 GB 10765 is the standard of proteins for WP M whole CSN MR
Infant formula in China

®— 43.4KDa

* Protein concentration : 1.88-2.93 g/kcal  .cs

B-CSN
k-CSN

| & 29 KDa

* It clearly stated the whey protein content
should be >60% B-LG =

 GB/T 5413.2 is the corresponding T PSS -k o GHSHTE
qguantification method of whey protein
via SDS-PAGE-1997

#&— 3.5KDa
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Recent AOAC SDS-CGE Method for Whey Protein
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Five key products

*
*
*

b

WP3 >
Food WS Dairy infant
Authenticity formula

Organic fruits &
vegetables

Processed
meats
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T3.1.2 Dairy-Infant formula
e Involved: ZJTH, QUB, CFSA, Danone (China), Nestle (China), Yili, USP
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AOAC standard ONE PLANET. ONE HEALTH
a ) China GB standard
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Potential Fraud Issues in Infant Formula

* None-protein * Protein
* Nitrogen-rich compounds e Cheap animal protein
e Melamine like e Cheap milk protein

Carbamide like * Plant protein

Purine like e Soy bean

Others like * Pea

e Other proteins
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Nitrogen-rich compounds LC-MS Database

e« USP: FCC11-GUIDANCE STANDARD FOR UHPLC-MS/MS SCREENING OF NITROGEN-
CONTAINING ADULTERANTS IN MILK INGREDIENTS (16 Amino Acids+ 25 N-rich compounds)

* SN/T5071-2018 i L& f P 19M3EE A & BN VIR E BAH @3- BHE/ R (19 N-

rich compounds, 18 contained in USP FCC except Aminotriazinone)

* Frank N, Bessaire T, Tarres A, Goyon A, Delatour T. Development of a quantitative multi-
compound method for the detection of 14 nitrogen-rich adulterants by LC-MS/MS in food
materials. Food Addit Contam Part A Chem Anal Control Expo Risk Assess. 2017
Nov;34(11):1842-1852. (14 compounds quantitative methods in several food matrix)

e Our Goal: A database consisted of 50-70 compound together with sample prep and UHPLC-MS
fast screening/Qualification methods semi-Quantification.



Nitrogen-rich compounds of 55 compounds
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Nitrogen-rich compounds database using Agilent 6545 Q-TOF
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Melamine
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Melamine Like Compounds
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None-Melamine Like N-rich Compounds
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Milk Components

Minerals 6%

Protein 24%
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a —lactalbumin 3.64%
B —lactoglobulin

BSA, IgG, " Lactoferrin 0.3%
other proteins

13.58%




Workflow of Targeted Proteomics

| DTT | | IAA | | Trypsin

S T W

Skyline Prot »

Proteome Discoverer 1.0.0

Mass Informatics Platform for Protein Scientists

st o Gt i - A

SCIENTIFIC

RT: 0.00 - 10.00

Relative Abundance

NI IESaECRYORAREZEEHNNERIC T TL

100

90+
80—
704
60
50
40
30+
204
10

o= A e
O

2.86

115 4 53
2.84 |

62

| 2.89

. 3.37

3.52

4 S 7

HR-MS

8 4_
NL: 1.38E9
m/z=
150.00000-

2000.00000 F:
FTMS + p ESI Full
ms MS
20160320-BSA-
ddMs-1

| 8.55
‘ 8.65
9. 04
h\\mmm

Time (mln)

cE25dna}

syaatiexlE

Peptide selection

o)

EUCHINASAFE
BRREmEE



Why Peptides(Bottom-Up) not Intact Proteins(Top-down)?

e Post-translational modifications (PTMs)

Phosphorylation
—
m m Poor performance of MS detector for

=) PTMs large molecules (>5000 m/z)

m Matrix effect in quantification
Palmitoylation

Ubiguitination

Multiple Charges (Change in m/z)

Multiple Isotopes
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Quantification Using Stable Isotope Dilution (SID) Assay

20150215-002 #320 RT: 2.65 AV:1 NL: 6.86E7
T: FTMS + p ESIFull ms [150.00-2000.00]

Relative Abundance
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a-lactalbumin sequence:

High resolution mass spectrometry (Orbitrap) MMSFVSLLLVGILFHATQAEQLTKCEVFRELKDLKGYGGVSLPEWVCTTF

600.82825

601.32953

a-lactalbumin
peptide

601.83093

602.33234

600.32507 602.83301

HTSGYDTQAIVONNDSTEYGLFQINNKIWCKDDQNPHSSNICNISCDKF
07 34407 LDDDLTDDIMCVKKILDKVGINYWLAHKALCSEKLDQWLCEKL

- N
VKKILDKVGI*NYWL*AHKALCSEKL

608.34631

a-lactalbumin Trypsinization

IS peptide \/

VGI*NYWL*AHK

609.34900 614.85272

607.34399

605.33704_606.84082 [60985107 611.81848 61282480
T T

R L L L L L
596 597 598 599 600 601 602 603 604

T T T T TT e TT
605 606 607 608 609 610 611 612 613 614 615

m/z

Amino acid with *: U- 13C, 15N labeled
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Quantification U
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Linear Range of SID Assay

a-lactalbumin

B —lactoglobulin

Area Ratio

Area Ratio
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Lactoferrin

LF STDs 15ug/ml before enzymolysis LF STDs 15ug/ml
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Different milk protein components between cow and sheep/goat

a-lactalbumin

B —lactoglobulin
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sample-goat

sample-goat

LC-MS applied in milk authentic analysis

Real pure goat milk Fake pure goat milk with cow whey protein
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100 i
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Issues We are Still Facing

Glycosylation of proteins of Maillard reaction- Ketosamines and Acrylamide
PNGase F

Highly variable proteins: IgGs
Large sizes proteins: BSA

Metal ion- conjugation proteins

Hydrophobic : Milk fat globule membrane protein
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Future Plans

LC-MS method developing for minor functional protein contents in cow milk

Database for potential adulterate nitrogen compounds and plant protein

Other possible enzymes replacing trypsin in conventional proteomic studies

Chinese human breast milk nutrition studies- A formula most suitable for Chinese babies
Allergen and mycotoxin detection in dairy products

Milk nutrition studies of other mammalian species ( Yak, camel, buffalo, horse, donkey,)

Rapid screening method via portable spectrometry

N4
FIHERSATIE  (@g)Euctinasare
| FREmMRE




Acknowledgement

National Natural Science Foundation of China

European

Commission
|

NMEFIEHMZFEEES

China Postdoctoral Science Foundation

N4
(Q)EUCHINASAFE
@) npanze




Acknowledgement

Agilent Technologies ThermoFisher
SCIENTIFIC

Wi P
aters i) /
THE SCIENCE OF WHAT'S POSSIBLE.” SHIMADZU

N4
(Q)EUCHINASAFE
@) npanze




T o\ B v v S S

& o

P
" 4

ST SIS AR = 0 A ST PR

YANGTZE DELTA REGION INSTITUTE OF TSINGHUA UNIVERSITY, ZHEJIANG

&

®)

EUCHINASAFE
FERRmBRE



	Snímek číslo 1
	Snímek číslo 2
	Snímek číslo 3
	Snímek číslo 4
	Snímek číslo 5
	Chinese Standards of Proteins for Infant Formula�
	Recent AOAC SDS-CGE Method for Whey Protein�
	Five key products
	T3.1.2 Dairy-Infant formula�
	Potential Fraud Issues in Infant Formula

	Snímek číslo 11
	Snímek číslo 12
	Snímek číslo 13
	Snímek číslo 14
	Snímek číslo 15
	Snímek číslo 16
	Snímek číslo 17
	Snímek číslo 18
	Snímek číslo 19
	Snímek číslo 20
	Snímek číslo 21
	Snímek číslo 22
	Snímek číslo 23
	Snímek číslo 24
	Snímek číslo 25
	Snímek číslo 26
	Snímek číslo 27
	Snímek číslo 28
	Snímek číslo 29
	Snímek číslo 30

