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Abstract: Furosine is a specific product at the early stage of Maillard reaction and serves as an indicator of heat treatment strength of food.
This paper reviews the detection methods and influencing factors of furosine across eight different types of animal milk, including bovine, goat,
sheep, buffalo, donkey, camel, yak, and horse milk. Studies indicate that the type of milk, heat treatment method, storage condition and
proportion of recovered milk significantly affected the formation of furosine , and the heat treatment intensity was the core determinant. The
furosine content of milk from the same breed was mainly controlled by processing conditions, whereas different types of animal milk exhibit
varying sensitivities to heat treatment. In the future, furosine classification and evaluation system based on milk sources and processing methods
should be established to provide basis for precise control of dairy product quality.
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Fig.1 Schematic diagram of the Maillard reaction and the pathways related to the formation of furosine
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14 3 A T AERR (3-DG) PY, JEeEBEM /KB Strecker B (55 a- BRI WIR SRR E IR PI0L K
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WA R, BEEZE R FLURAH ISR (N42 2.0 mm) L, BL20 mmol L™ ket (pH 184 3.05)
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Table 1 Detection methods of furosine

FirkE A 7 ik Pt ik Tk
BACEAR R (FILE MR LOD 04 ngmL™, LOQO.15 pgmL™, 5 RBLRAK, 2]
B HEF AW S ) ELE 97.15%~103.19% A E M TAB A
AR E ok gr %2 KR Z 50 min,
BBOH RR- B RCRAR 6k EDIE 95.6%~103% 38
ek " i T A B FEIR 1l

TR A Bh 3 BROK R i 2okl ik

LOD3 gL, LOQ 10 pgL? FKAFAZ 40 min, E B4R IR [37
(MAH-UPLC) (#4MT Litml% ) He Q10 o 7l
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BTt R AnaAn Gikik o
N LOD 150 nmolL, =14 87.9%-~93.8% BFARA MBS, [39]
CEINT A 2 )
3R FE BT 4 &gk (SCX) LOD 0.22mgL?, enfkc 83.1%~%101.8% TAHAGEIMR, R [35]
o LEBRRE AT AR, A
AR ik LOD 2.8 mg/L00 g, B4 % 84.62%~1014%, RSD<1.0% o
&
BECGRAEEE CRIMEM ) LOD 0.02 mgL?, =ik 78.2%~85.2% ARAEEE, TR G RMRE [26]
LOD 15ngmL™, LOQ40ngmL™, . .
LC-MS/MS BRBE [32]
BN # 93.6%~114.67%
IR LC-MS/MS R%>0.99 BEPERIR, ARFIL [33)
HPLC-Q-TOF/MS LOD 0.50 mg/100 g, =% 79.9%~119.7% L [41]
)48 3R
UPLC-Q-TOF/MS LOD 1 ngmL™ 6h kM, EFAEEE  [40]
) 10 min A Beig AT, A H AL
Sk £m% bikiE (CE) LOQ 0.5 ppm, 14 97%~109% 7 ' [44]
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FAEBATINTTESE R

31 wHAA K

WHCRE, AEAMFERMCEEA T, AREMALTHRARS EAEREER. P ATEH2 3~5mg/100 g &
TR DR AR08 T A 1L S L AR & B 3.69 mg/100 g BE %, {H Mendoza 2P & (1)
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RIVEL L RRERR & 5.27 mg/100 g R . 35T PSR AR 6.89 mg/100 g &Y. 54-3UH
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Table 2 Content of furosine in different raw milk

FUERER  REBRAF/(mg/100 g BAR) AE K

430 3~5 [48,49]
AFEE1) 3.69~6.8 [50,51]

LiE 5.27~15.43 [52,53]
BgzsL 6.89 [54]
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FEEIRBEN K (UHT, 136~145 °C 2~8's) PIRIZRBA KR (112 'C 15 min), ZARBRARRED. BudigiA
25 B R T O LAt 7 T E T A R KA B LS O T M TR B AE K, R & B S e sy
TENURFURY SE R e A P I R T, SRR I B2 A A AR (1 52 SR A (Ui >100 “C HARYF 60s BA D A
2 H) D EFOY, SRTT TR TR ST 5, RE BRI BB (KA B UK. Bi PR s ], 1%
TR A ER = L I A B S R A= W o R 1 75 Bt o EEL DR AR A T R S KT B ) T s 3G o, FRS 38 ik
O S S . UHT AbFR G 02 IR & BN 5 3% e TR ), TR REFLRE S h R &
o 2 TS FURE R PO, BRI 2 R R 1 2 B 3 B I B A 2 R, SRT, RIS BN
SERERAER ARG RAPE B, 7RI BERE R P E (R SR, Amadori PR SRR IR R D, R RITE TR
P S S I R S BUR B — 0 R R, TR AR P4 TR F o 22 22,

321 43l

PUCFRFE TR R IR 4 R B BT, AALT ERAH, AR ERE LA, A4 A BIREE
AR (72°C 155) J5, BRS8N 4~7 mg/100 g 28 (1 8%, 47 58 il o 2% B o M 2 B 2
BN, 90 CAbFE 4s 5, MRS ERIG, 130 CAF A AR & B Ky 173.7 mg/100 g & (1R, 15w
PR K LR B840 220~372 mg/100 g &R AR, RENHTT S AR R R & B AN, Elliott
I8l B AEYUINEN (147 °C, 65) PR FLLESS — RN IR & B LU I M. X B BRI 31
BAEPRAINAGER, Geis DRI AR U R & EVEEE) T, AR TAG TR RER &
124.4~1210.3 mg/100 g #& 15, X AT fe 50 Tt A b i el T AR P e A P R R FLIER e AR 7 Ak B
LIS ORI S B AN, YEFEIFE 3.6~53.33 mg/100 g & (A5 [0,

23 FABNIBEEREREE
Table 3 Content of furosine in milk after heat treatment
FUEER IR X BEAEAF/(My100 g FER) AE Lk

X 3~5 [48,49]
BRAE 4~10.0 [48,66]
430 UHT 173.7~372 [48,66,67]
ErE>S 124.4~1210.3 [69]
El73 3.6~53.33 [70]

322 HAbsl

BEAE IR T A TR G, FLP ORI R S B R R EThES. 7275 'C 15 s BT, (i F3URE
R £ 10.55 mg/100 g ZR A, 120 °C 15 s BFHENZ N 67.54 mg/100 g FR R, 4Nk 254 137 °C 4 HHhE
B RAE )y 130.22 mg/100 g 2 ™. 5L AR, Mendoza SR L R 1L 7L i g 35.8 mg/100 g
BRI, UHT ARER LR, Ay 154.3 mg/100 g 28 T A % S L PO e & B 6.89 mg/100 g 2R 1. 75 °C
HALFE 155 N, BEEER S N 9.14 mg/100 g FE )5, 120 “CHUbEE 15's 5N 33.44 mg/100 g 2K )i, UHT B3,
(135 °C 5's) IR Sk ] 52.25 mg/100 g & APY, 4% 135 CHUHIEKE 30 s, M HmE
83.86 mg/100 g & PRI, 4 LRI L IR TRAL TR R O 5 40 8.6 mg/100 g 2R (15PY, X 55 Villamiel
T2 g R L B R AR AL B A B (6.9~10.0 mg/100 g 25 (1) MEIE. 4E/FFL B e FE S,
R RAE 10.0~11.1 mg/100 g B E T, GPFLAE 90 "CALEE 1 min 5, MRS B 112.89 mg/100 g A& 5P,
ORI, AR IR A G m AL (HPP), L& (189 mg/100 g) 5 —EIRAH (193 mg/100g) ZFHA
j([53]o

BR T BRI ER, 3R R TR S RN T AR £ SRR e . KRN AL B AL
SUFLBS R, BRI A RN (9K 2 LR (0 Th 5 B L PR & B 23.92 mg/100 g Z& [
BRIy, I Hrp R K 2 LR FLRE R b R S R U Salimei S5 TVR LS AR PR B A BN
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950 mg/100 g & A, A SGFM TR MgEA R, SRR S =N 1230 mg/100 g & 7.
F4 TEEAPEEREREE
Table 4 Content of furosine in different milk after heat treatment

FAEA Hn R 38 75 X, WABASE (mg100g &a/m)  AHE#k
L BRAH 10.55~35.8 [51]
LA
UHT 130.22~154.3 [50,51]
#HF3L BERAH 8.5~8.7 [51,72]
K5 I 5 2 45 5L 23.92 [70]
» BRAH 18.9~19.3 [53]
L _
90 ‘C 1 min 112.89 [52]
45l HBRATH 10.0~11.1 [73]
75°C/15s 9.14 [54]
BEgzsL 120 ‘C/15's 33.44 [50]
UHT 52.25~83.86 [50,71]
54 B34y (Rt %) 950 [75]
3
L3l CRngArf) 1230 [75]

BIRAF B M LRI B I R, JRIE PRI B AR E T, T2l S 9P LI Ak P s
U, 5 SRREIR, (AR FLIRH A s SR A R 2 IEAOG . He I, Bl a2
EAFEREE RIS, HRER S B2 IR E WS BRARHA SR KEIL (BEURD s
HEN LS. XRUBFERAM AT BEERBGES T2 R B T RIRAL, RN A ife . 2l
B x LA I - Al PRI AR L, AR 52 RS TRD0 TR R e B AR B e IR LA N L Ablb i
[ vl S ELE A B, R RTINS, ARG e S RTR T FI R B

33 fEFAM

TEAEAFIEAES, = S SE R R BT 2T, BRI RGN, IREDHS . AP A, BREIR &
BHINARE, GRS Rt R, 54 CREAFAILL, 7E10 CREERIBRYY, HMREIR & BAEMETE A5
TR NN o X R B SR S N 1) AR B A AP iR FE s B 2, IR, SONRREIZY, R R AR R
RV, EMERARIE (4°C) fffF, BANECTFSE, EEMEEDR HE10~11K) a5 £, M5 C
WIRT, W RRE ) R Ko oy BN, A, KIS SRR KRR, IR RS AE 12
18 H A, HoA R B BRI, LA A Y IR B LR RO A R, R & B MR
310~340 mg/100 g#& 1/, K 9426~533 mg/100 g2k (17",

34 ZJFILIA

HRFLHIB N ) 5 & U B R R R B R B B, SRR, SR AR AT iR kb e
1, HARREBER ARERMIM SRR, BEABAIIREHUHE SNSRI R, 2
THIN T RERNAERTERYI . SEaas BB, UA R E R FL1%0. 5%, 10%. 15%. 20%. 40%. 60%-.
80%FI11009%6F) 445 NAEBFFLA B IR Wi e, AR & B2l 52 L B o T s SRR Ko 34,

35 HAp

ATLUEIL RIS 2 WLA R MR 167 R SRR R ) A o Bl 2y i) LA Ay S A S S
7, B HGTEEAR P YR R RE ST, I T RS R SR EIR A R, B mT AR LRSI 5 74
(AGES) HIIERK. #talRYI LB E IR SRR i #ey CuBR WS BRI A 4y & AT i A S0 1) 1 88 o JRE 280 (. 2 v
Himmy.

R AT A, (R 78 LA R ERR & B A LB N T2 25, IR SRR B, Kb i P B B )
SR ZR o XL 7 FUEMREIR I A K E AR IS T BN R R, BEE VBRI T, SO NSt [h)
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K, HERR GRS RE LIt H{ERASKCHE BTN, o i ER btk S EX, &4
IR R K R, A INAE R A IR R LE BN G E > o 534k, I EEOR RS A th B — 5 H
VAT /7, Heindrrl e B ROR B 5 e AR B (HPP) IBCHTJS , HLREUIR & 5 S S RoR B AR L TE ) S 22 575
GBI TZ (RanasingE A s ulE AL [FIRE SRR IR & B AR

& FLIA 2 S S B A SRR A IR & &, AR R LRI Z AR . 70 hEsLmAsld
PREIR & BRI EAAE S AR . RMEEM BT, AR @ LR IR A R a0
AL teingid BRORER, AFFLAREIR S BN EIRREAAAZEAZ, ElEA AR & RV &
B Zeid il IR KA AL PR L LR & R v T AR R AL PR SR GEFL

4 HR5RE

RN NSRBI R R bR SN, oS B e 7R dh A PSR, S PPASFLH A AR
FRAR R AR T a bR . H APREIR ORI O B DB i u ke mtl, 2 MBI A A MK 2R
Forbmn BB A e v R PRI BT A RAFII DU, ORI RRIT . BRI B3l FFLL K
7L Bl AR 2 A s L R R R S I S N A AR AR O R O KL FEE AT [ s i 2 R
FRZOEER, HPAEE R RO, LIS 5 RN R FME AL RRER &R
TRINT AR, RMEREBEREE AT, T (NEESEHEUHT) MAETE (NERR RS & m kAt
) e BEEMRE RN R AL R, TR &AL AR AR S EAR, MFERSCERAE N A & LA
RN GBI BUBRE A — 2. ST YRS TR BAE IR A, AR FUNEC ) T T R
H5IMTI 3 ik R, NIZMUAREATE, RGEAFE ARSI, HE &R IR
PREARHE, FHHESIA AR HEAE P b b, ATIAE CRIEFL 22 SR a SR BORS HE RS, HESFLab PN R R
IR S o
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