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Research progress on full-chain management of dairy allergens

CHEN Xiao-Chun', MA Chan®, WANG Jia-Yi>, ZHANG Wei-Chen”, NIU Xiang-Tao"*"

(1. China Agricultural University-Sichuan Advanced Agricultural & Industrial Institute, Chengdu 611430, China; 2. College
of Food Science and Nutritional Engineering, China Agriculture University, Beijing 100083, China; 3. Comprehensive Testing
Center, China Academy of Inspection and Quarantine, Beijing 100123, China)

ABSTRACT: Dairy allergy is one of the most common types of food allergy worldwide, posing a significant threat to
consumers’ health and being a long-standing focus in the field of food safety. Milk proteins are widely present in various
processed foods, and due to the long and complex industrial chain, the risk of allergen cross-contamination increases
accordingly. Therefore, establishing a full-chain management system is crucial for the safety control of dairy products.

This study started with the molecular characteristics and allergenic mechanisms of allergens such as casein and whey
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protein in cow’s milk, and systematically analyzed the regulatory effects and mechanisms of common processing
techniques such as heat treatment, enzymatic hydrolysis, fermentation and high-pressure treatment on the allergenicity of
milk proteins. It pointed out the limitations of single technology in reducing allergenicity and emphasized the potential
advantages of multi-technology collaborative processing. In terms of detection methods, this paper compared the
application characteristics and applicable scenarios of immunology, molecular biology, mass spectrometry and
biosensors. With regard to risk prevention and control, this paper focused on elaborating the application strategies of the
hazard analysis and critical control points system in allergen information management, prevention and control of
cross-contact in production, and full-process control of labeling. It also discussed the key issues in current dairy allergen
management, such as the precise regulation of process parameters, the correlation between detection signals and actual
sensitization risks, and the harmonization of international labeling standards. Based on the above analysis, this paper
further proposed that future research should deepen studies on multi-technology collaborative desensitization and
dynamic analysis of protein structures, promoted the integration of intelligent sensing technologies with digital
management systems, and accelerated the establishment of a standard system aligned with international standards. This
is expected to provide a systematic theoretical basis and practical reference for the precise identification and efficient
control of dairy allergens in China.
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and critical control points system

0 51 &

T B N H 25 58 0 R ERE A 3 A BRI,
AL NFEAR R, T4t os RITIR R 5 o O AR iAok
ZEMM, WHEI, BERD S%UBAEN K 8% ILEZ EYid
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LFIA 751 o S50 R s ) v oy ) A Al She 8 A2 06 17 o
BT C T & AR BLG BRIz 0 LFIA M4,
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O3 F A RO Ty T R T T AR Y Y 0 2o A U
HoR, R I g i SR R 1 RE S DNA 5% RNA J7
B (B2 S W FER A AE o 5 BRI AR 15T ) 5 i AH
It, DNA 4+ FHAE S b feEt:, A2 Ei. &k,
st pH S &I Tl B AR, B IAZ R A vk ek

DGR FEE i T8 v B g A s AT e 36

A Wi 20 (polymerase chain reaction, PCR)JE .
Fe) 12 AR RN B A o SEH 96 2 1t PCR (quantitative
real-time PCR, qPCR) S 24k sl kil i #2 ) sk Ak . A shifk
T4, ARSI H AR DNA ARSI E it 1% 20 2L SR A
W, PR ANREFFLEHZF qPCR Jrik, Fidad ik AR
R FEARIE R, — B PR TR AR S S REUE . thnde
BB MMM, PR A RGEE XL BLG BRI
B-CN DN B 2R ARBRIC A 2ok 7 51 R4 £ qPCR G 14
2, ATSZHUR R 2E LA 0 S ARG T A BEOMRDT 48
BRI qPCR 5 ¥ % 4= 2L vk 45 25 1 04 e th BR AT I 2=
0.005% (m/m), 5 21F FHELE] 0.001% (m/m)P¥, X —
R 2B La it p LT # M ELISA Jrik . 7%
B 9, PCR K2l ¥ 2 g gt f5U Y DNA 341, ThdEEL
WEAARL . BEMINTX DNA FIE AR BRI A,
PCR PHPEZS R IEA —E B BAT G fie i 1 i 1o Sl 5%
W o PR S SRV TEAG FIAR 8 6 R W P TR 45
KT 19 G 328 2w TS BB 27 B 12
3.3 Btz A

YRAH {8 3% - £ BX T 3% (liquid  chromatography-tandem
mass spectrometry, LC-MS/MS)Hi R LA mde ek . = R
JE 0 R BE A4S 22 B AR R D3, 32 Ry £ i 3 B A
SRR A R U 1), AN R R e B R R A3 BT B A
FiEP,

LC-MS/MS el & 11 JBUK fif S BB AT ORE (1%
G ES, FHAE A T A I JOR B 1) JBT A b AR AR SR S Bk
R B S 5 e X A O R B G R IR .
FHAR A RRAE RN HL A X B AR R I ME— 1k . R A7 A HL AL
KA T AR AR O AR AL BRI, 2
b LC-MS/MS JiiE AT A 2B 58 L BLG, ALA J2#2% CN )
FrERE R, SIARMIRCREERE R R AR, 256
S g W S, B ARG IN B AT ST BN 2o Ao U R B
HAR I R A7 2t 5 K% # . Ramachandran %1 —25
HEST B 22 3 Tl B A HE LC-MS/MS 53k, EDFT . Tl
SR MY BLG 4 7L 8E bR AR 02 A iR
AMRZE 1 mg/kg VAR, T H I8 S (A% HE SR g AT 22 Tt
TR RSE AR LY S HCAFSTIESE, 76 B A SR E
SRTALFESE T, LC-MS/MS 5 ELISA ikt Z it 54
Braf i b AT RAFIOAEDCE, ATTSIE T Ui it 7 i i)
APREECH ) FGaEaE y R, LC-MS/MS AR FHiiA
YIHURFRALA G, B 52 23 B G AR b sl R s XL
SR s, G HSE A 0 s L H A R
FERIN . B AT VR BN AT RO TR E AR A . AR R
HIALFR . MRS SRcHE )y NEZ IR G, I
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i ke 2 S8 — PRI AL A B, 3t 0 A ] S 56 = [ A 0 45
AT E S B T —E PR

3.4 EMEREEFRAR

AP AR PR | RGO . e AR
WHTCIE S WAL A5 SR SRS & B AT, DR
AR I S A S T 2 | Ol s A S
FLAT SR TG | N DR | AT AR R R 8 A A %),
LA, FEEAKRFIRL . ORISR AR RR AR 5 b B
AR A A SRR T 1 e B ARG I 40T R Jre e, 3 Sy 52
BB St A RIS T B EOR AR

HL A 2 A ) A TR R A M T v AR A T ) L A 2 S
R H bR s, HAr el 2 T4 3Ll SUs r A
WFFE o FAnE 4 R ORLAE M ) B 55 S e U C R 45
AE B4 BLG MR S S Ak B L e
SEETART ng/mL AT R, IR Ze B BE b AR B
R IHTTIRRE Sy, W UL HL A A A WAL S TR R i
JEUR I 1 ELA R A A A 51 SR A B R R
(surface plasmon resonance, SPR)fZ /AT 75 — 8% K iE
HIHEOR, XA AR AR ISR TET AR, i WA=
T ESEELE TSR, WiRE LI FLad SR R S
A0, A R I W AR A i B A R R e I, AR s UG
DR R ) R RS . AR BUA, &R AT 25
. 5 T . $EE Pl It ] — Stk m o e s
Liu 5575 F A% B2 38 R B K& 1) BLG 14 A8 75 4 2L S bk
A P AR 95% L B, 2RI A2y 10 min, #f%
4t ELISA Hifi2y 5 4%, VRT3 B (A% 8 a 78 B 37 P A
W7 T SE IV g o RS HE AR I AR BOR R Rk, (HR
AR AT IR I 1 2 Pk, LN A i R T L A%
SR I RS M L AR I — O LR ARG B AS i
A1) R, K5 ) AT 5 S T RS )

4 HACCP rRAEFLH I BURESIFRIE A

R B A % J A el R e M S S TR T
RN B A, (HRMA T b2 — Rl 3 i 50E F B,
ARME A 7 T5SK BE BT U R 5 A5 A5 3 . ARSI
LAt R RS i B T 5 R S, S R A
IR RGAL R A T~ B AR, i HACCP AR IERETE
S — 5P T R B AZ o il B AR
4.1 HACCP #FZEBAREAAS SEIHEEREF
B E AL

HACCP (AR JEEPRAN . RATRT R E & 54
BHIAR R R RGN A AR A
R R AEYYE . AL E MY YR G E, K L SN
G A 2N 7 R I 1 e AR 1 O8I R R A 7 R

(DFFFTAEH 43T, ()08 Bl o s (3) T G ERRAE; (4)
AT ISR (S)EET AWt (6)H IR UERR T, (7)k
SOACSEIRAER G X R RS L S U AR
WIT RS ERE, HArCg) 2 2L A d i it
ORISR, B A P8 S e RIS . PR A
FEE L 2RO TR,

FEFL S U L, HACCP KR 1 0 F 2 3
— Rk . IR SERERESEFEG G ARG,
Tl A 3 A B R BB S | R U AR s, HOH
HBRZ 2 TA B 22 4 (R P AR5 e DGR R . LRSI
B0 Z L SRR R AT B VITAL 4.0 4554, 2 73T R
PEAG A RS2 ) i, (H K SR 32 2 il e TR
PRIR, AEEME N HACCP SCHEFRME A BT, JeTix
BeAE A, R BUREDE A HACCP IR R ARTER 3
R BT ER T R T R

H A4 ERTE BN A0 & ol SR i P 2R H 25
¥, OGS ARER AW 7EE . EEE ML
Ak 2 (Food Safety Modernization Act, FSMA)E. B Al i
TR AR Ry s P 0 TR B A R A, Rk K bR
TN E (Brand Reputation Through Compliance by Global
Standards, BRCGS). £ /il % 42 f#1AiiF(Safe Quality Food,
SQF). il 4K ZINIE(Food Safety System Certification
22000, FSSC 22000)3 [¥ bR £ it 4 48 FEbR 1, AR
TR TSN ANZ A 55K, XA EIIE T 2 B A e 3
il b AR A P T A O P
4.2 IHEEHTRINENL S

1E HACCP HEZE T, s US4 B9 (A E T
B B B AU R T AR, A T UR A S —
AT RGERA . FTEIERE R . WEEWE R fEE TR, A
Al SRR B ) A AR A . SCERR I, o UR A
W IFAE R R —JR R, WRE T N R I
A8 S V55 S AR AR PR A E 2 AT 2 E A Y
i HEONETMNE, FIAERPRZ O A OB
W, HAEESR . Tk E, SR SAES T M
LN TR BT E0 A7 A, X T BERG N T 2o A0 XU 8 45 1)
MERE . B, MR ST — A i ORI R, X
REPE RS R L b R L S Sk R PR R R, %
PR AP FLR A 7 A SEBR BT oK o

IR R S E BB RS, &l fUm 45 dil 112
P51 T BEIEA o TR AU R A T AR T A A I R
TSR Al ST RS AR — > 4 T R 5 B B
P o R ET VTR AR R A LS 437 o B, IF
S Ao 2 (A 7 4 45 BT 8RR T A o Al 2R o SR AR R R
PEUEEA DA 2 R 04l SRR B R ) 58 S XU
SrMTAt, T LLE I B WA R = O R e .
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FrdfEsio FLlA AR, 22 RS IE . S BL.
HER AR A B R I 0 L, B N BE L RITIBEA
SR BV TR A2 BLG. CN S VR E PR 5%
BB e UL T A ST i R e U P 5 A R A
AN R B B S A, Wy P B S R e R A A T B
T o X EOR AR i Ja 5 HER B BSE T B B T S5 e Y
AT, BT ER IR B i A e i s %
T 57 B i i e ) — R A SR . A B
e S U N RV U AT DR R TR QU IES S Y
Lo AR A B UEAS O S5 BRI B SR b, A
G AR FAR i B . R RS ARk, LR
SRR UE S I REAT ORI i ik B I 28 T 52K
PN o BeAh, A5 USRI R A A S0k, i 152285
i —2 5L THAA RGN . AT R, T LHAE
AL RIRE ST, 2 ORI AT 45 TR PP 15 LA S A S BN
JIHE.

PR A S 9 o XU A0 3 1) e e —E BT 4k,
et S S [l i A sl o GEiH R o, RS W
R BAR A B R R BR A A A BT F2 25U R 2 —, JEILA
R NE L R IR R RO T R R B
Al TR R A S L RTFURE L oK A S
SFZRIT b, RS S HER R S ™ A R SR
K. P, BRI BRI — AL, T ST
BERENCT SRS RAAE B BN S R TR A L R
PEERAIAR AR, RS | 0 sk B A A
Py ISRz N I BRI SRt 6

5 &

L) Ao Y A B A5 P AT HIL A 3
AR S ERTE MR 2T, ST Z A B2 . PhE R
i BRI IS R AKE R B, A7 JLAS Ik
(B REATS T R AR, 33Xt 24 2l i) S5 K-S T i %
Ny

ARV R [ Jon 1 B ot 1 B B8 i 1) 280 2R B L T
A, Al —FP b H iR AEAS IR S 50T 7T R A SR A I
gE . UL HPP Mf, EIRIREET, W& 5 M EXT BLG
BB S () S AN 2 TR B i e AR Ak, i AR B2 DR R
Ja, X —FUHR 2 B A ARAR R T SR R th A 2
WIEE, BRI L v Bl O . MR a1 sk
JEE D) AT BB BT ) S TR PSS A0 S B T8
FAAR 240 425 LU A i B A B TR g S . AR T R ARSI ™
wi, TSR VR A h A AR T2 AR, 2
GAAH . . RS RORIEATENRIAR R, E R

Y85 TSR IR e ML

R0 7 6 155 o S B 3 S 1 e ARSI
ST, ELISA S5~ Jy iR B Je e R 2 00 A A g i 1A
Zh4y, PCR KB 192k U5 DNA, —H ¥ AR Hi &
IR A SE PRSP . Lu ZEPERT b1k ELISA XA &
Xt FUBIFSE R R B, AN [ R R G e B T i 3 T
I 35 R 2 S B, B A X B S A )
RAT A, Villa ZP8 qPCR BFSENFEH, T DNA It
TN T AR, Ry A S m AR R T
H R SE PR ROXUR . LC-MS/MS Hl i 1 4 1 R AE ik Bt
FE—E R FOREN TIX— A, (HARFAF R e A B th 75
BEX I Tk R b A U AR AT RS T R, BRIk, ROk
R A ) e S A o LT 25 A0 A B, o Ry O A A
B SEFEZ MR RFEET

I BE T3 BT, Ay el B A AR R 1 el R
THHIWRE. 55 HACCP R R AT UR B ¥ 1 — A
SR Z AN A B, SRR E ME L E . H AT
VITAL 4.0 ©.F 2024 FHEHT, KHSHEHEM EDy, %N
EDgs, N TR HE bR IR P S B 4IE 1 o HLR AR 45, (R
HAE AR R HEFIA W] 6 dh 35 5 P A9 38 PR A e Thie s
B UL, Pk AL BRER 5 A AL AR AR A P &
Je, A AT R ) LI R R W s B AREE 1) W] AT . SRR
B, ¥ 10T (L8 54 2Msh &, mahiais i i s
RS, LA e A R S BRI SR S A,
SR BT A SN A A RO SRR R X HR/INEL i A
T, anfal £ B X — 4 RS, RRARARLRA . 4R THE
HRRET), BT SRR .

I B AL R, 2ok SRR U T R 0] A ) A AN 25
[ B = s RS T o e 5 I 1 R R 2N R EaSv
IR AV 2R B A A AR RO e
10 ppm 438 H BRME, RAFTHEST VITALAK R, BN A
VR B AR E B = G5 — i AR R ETS S s Rl Ao Ak i )
T 24 1855 35 57 ) R 9 35 HI W ok T SEBR KX . FAO Al
WHO H 2020 4 AR TFJ# (1) — Z2 41 1k B80S XU A 2 5
B, EJETE SR R E bR HE SR S AR 2 B U0, 5
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