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ABSTRACT: Dairy product is an important source of nutrition for human body, its quality and safety has direct
relationship with public health. Because of the obvious matrix effect of dairy product, the detection and analysis of
related indexes are more challenging, and it is urgent to develop simple, efficient and green pretreatment methods to
improve matrix interference. A new pretreatment method, dispersive liquid-liquid microextraction (DLLME), has

widely applied in complex samples, such as the analysis of trace organic or inorganic samples. The DLLME has many
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advantages, such as simple operation, low solvent consumption and high extraction efficiency, ect.. This review

compared the different types of DLLME, clarified the principles, and also investigated the application of DLLME

technology in dairy product detection and analysis, prospected the optimization direction and application prospect of

this technology in dairy product extraction, which provides a new technical choice for dairy product analysis.

KEY WORDS: dispersive liquid-liquid microextraction; dairy product; sample pretreatment
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Fig.1 Schematic of DLLME method
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Fig.2 Schematic of AA-DLLME method
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Fig.3 Schematic of DLLME-SFO method
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I, L 100 pL 05 A ZERGR), 0.89 mL ZJiE A4 #R], #57
T DLLME-"S #H {4 1% - [ i ¥ (gas chromatography-mass
spectrometry, GC-MS)I & 25 0 o 3 Fliiie 25 2 3L 1R 1 AT 7
P, HA P AT AR i A (<1 min) AR R RS BR
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BIRCRES, Al AT AL RS IR

TE 53 AR FL 10 8 35 48 b 19 R B, BHIF AR 5 X
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i, %3 PAEs & ¥ AN 6.4 ng/g. 5 GC M EL, HPLC
HA5rHT PAEs SR A B A v 1) RS Rk ek, R
A& AT AR E SN/T 3147—2017 (&
G AR T H R ER A E ) BR GC-MS Sb, BHIAT
HPLC-MS/MS.
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D571 28 R FEBGR A BGR 0T B AR PR 4y B | il 4%
A 1L RS T OB ) AL B, 20 min PN RIVAT S8 AT AL 2,
T RO TE]

WA HEMKET I TR A EY (L 2).
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FEA 0.1 pg/L)FIE AL A9 = RGAEE K E, RIH R
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PRFLACFRAR L, 385 5 EEE IR ACK 2R R, T
AR BORAREL . et R, BRZIE SR BUR Yk EE, R
AIREE B R e PRI, W AR A ARV IR B B 5 H
BRI A EAEH ZEBGA], FrEsr i) DLLME (R R HA —
TE B o

%1 DLLME 7ERFIHHEA
Table 1 Application of DLLME in milk

DLLME 247! HEBGR /431055 Bk’ BN IIWIRCS ISR % K H B SCHER
DLLME PISAEIR(3S pL)/ L RE JIE ] e HPLC-UV 93.3~105 0.01 pg/L [33]
(0.8 mL)
I
AT o A S5
DES.DLLME ~  AAEIG9 uL)/ L i TET HPLC-UV 82-91 0.09~0.32 ng/mL  [34]
(1.25 mL) ST HS B
B
e E=S
DLLME ABI(100 uL)/ LI Ui B8 2 L GC-MS 68.82~108 0.31~0.84 pg/mL  [35]
(0.89 mL)
- s JZ 1] {433 (reversed phase
DLLME S50 mLYZ (1.9 mL) Tz ’ 90.8~104.7 0.6~1.03 pg/L 36
(1 mLy Z /(1.9 mL) WIS RP)-HPLC.FLD g [36]
P EABRR(100 uL)y/ P
UA-DLLME S PTAE(0.8 mL) PR R GC-MS 70~130 0.1~0.9 ng/g [37]
& SRR ST B K
DES-DLLME DES(250 uL)/ZJi 7 wﬁ{ﬁ H?LC THEPEARE ) 5.6 041-0.59 gl [38]
(100 uL) BB (diode array detector, DAD)
PO fLRS (80 uL)/ ‘
4% D - 6~113. .
DLLME 2@ ml) 4K D,y HPLC-UV 86.6~113.3 0.9 ng/mL [39]
AR50 uLY I gy s . HER: 0.1 ug/mL,
DLLME SR . 1AL R HPLC-UV 101~105 i 40
(1.2 mL) * - IBLRR: 0.08 pg/mL L +0)
25 A A
DES-DLLME ~ DFS (2(22 “IL))/ LR e M IS 25 ) HPLC-UV 87.8~114.1 0.01 pg/mL [41]
m
IL-DLLME  [C:MIM-TEMPOICI/HIEE il 254 HPLC-UV 97.2~101.6 0.534~0.891 pg/L  [42]
b-MIM-CI (140 uL)/ S
IL-DLLME NHLPF, K980 ul) AR HPLC-DAD 75.8~109.7 0.12~0.45 pg/L [43]
UA-IL-DLLME [CMIM][T£,N] (100 pL) il A B ST OGRS / 12 ng/L [44]
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Table 2 Application of DLLME in milk powder

DLLME 247! LI /43 50 RiIEY WAk WIRZS BT 3 /% K H BR ik
V=1 = E
DLLME PISALAEO0 uL)/ LI #iE#E B LC-FLD 98.7 0.09 ng/mL [48]
(0.5 mL)
DLLME 405200 pL)/ 212 mL) AR E HPLC-UV 89.12~109.98 5 mg/L [49]
[CsMIM][PFs] (70 pL)/ g - -
UA-IL-DLLME [CAMIM][BE.] (100 L) TR 25 RP-HPLC-PDA 90.4~114.8 2.94~16.7 pg/kg [50]
LDS-DLLME  1-#%(60 pL)/ZJi§(1.0 mL) =AM HPLC-UV/VIS 90~104.2 0.1 pg/L [51]
<K HPLC-DAD: 0.3~
DLLME A5 (200 pL)/Z N5 (2 mL) kii%ﬁ LC-MS/MS 89.5~105 1.4 ng/g; LC-MS/MS:  [52]
JESS 0.03~0.72 ng/g
A FBE(300 pL)/ o
DLLME 21 mL) PIRREE GC-MS 98.1~102.3 0.15 mg/kg [53]
T4, Z,55(30 pL)/ W A W A: 60 ng/L;
DLLME CAN (440 pL) Wi B GE-MS 68~114 WE B: 30 ng/L (54]
23 I & AR IS B D), 7ER7A0H o 75 Z R RE 5 YA

AN TINBT T T B4 40 T A 255 A 8 4 % 1% s % T ek
P AR, (RBP4 1 (3 3). ANfhER 2
L Bk P — R v A 5T EC B A B IS 79, GB 2760—2014 (&
Al 284 [ AR ME AR ES IR AR ) B 4 B B A
T s R F- ) T A B LSS PR R R 0.3 g/kgo
SOROURADDIN %31 %7 DLLME 5 K44 57ROt
T ARG A T R ik, DA =S S B LB A BGH]
FAHGR, B T3 vh 40 Al 25 28 AR I s AR,
FESLRL AR A BIGRI AN 2R BURTR A J5 Bt i AR S rh,
A Zn*, YifEE RS A PR E ARG, ik FE
firds, Ik g SRRy PR 43000 86%~98%F1 1.8 ng/mL,
A BT HOAS 55 (<3.9%) . ABEDI Z£08IL 15 Jist 1N 1
HEEBGAFITER, 454 GC-FID i, s 2% B mg
WAL FR R B R, bk A T T A Ak A5 58, Te ARFE AT 1) [l R,
75 1 B s 1 AU 3R(97%~103%), B8 1 B 3 (R
FrAEfm 22 /N T 6.1%) . B ZEBAS (8] (10 min) F1JG3E T
PeAFH A

7 i 2 TR LR & 5 A TR AL A 2L S — R

NP 5 mm R, B TUEARL 1 h, LLEBRBERIK, i
Je P BT A 280 B S X 0T, A AR R0 5 EIH AR
1.5 h, 4F%xAEs, DLLME £ a9 #n) 58 & ok,
IR Sl ] 2 25 R BN AR BRSO 2075 %8 15 min BPRT B4y
e, E AL ) 5 Ak BE AR S 45 K B4 ) BEATS A AL
24 FHBEGEH)

FLIR ) 2 A 0 B W A BENE FL o ), il
F A0 ith BT 2 B B B AW . ROOSTA 26O Yk
FH R 75 i Bl S B8 AR 43 IO - B %€ B (ultrasound-assisted
reverse micelles dispersive liquid-liquid microextraction,
USA-RM-DLLME)H & T F T 8 it i £ A8 0 (490 22 7 1%,
PLK R TG VA AU Bk G 1A ML R, ik
B [RGB A 514 93.9%~107.8%F11 0.2 mg/L, HA R
B R EMTEEITE0.6~200 mg/L). ZEBUN4E(12.5 min)
For Bt 43 min)AIf A . EBADNEZHAD 45U 2, 3%
() S 3 R W ZE RN, LR A3 H0R), o A i h
4 PR S B, RO AR B B R AT B i R AU,
B HBRAK(0.51~1.3 ng/g) . & TR (340~425)

%3 DLLME 7E#38 84 5L
Table 3 Application of DLLME in cheese

DLLME 247! FEIU /5 HGH SR SR [T 2 /% # H BR Sk
= LHE(116 pL)/ )
Ay fth 75 % KIGE 3 ~ .
DLLME 2B (15 mL) o i B % AR 86~98 1.8 ng/mL [55]

- s o b s 1IZLHR: 150 ng/

LDS-DLLME 1-8:(60 uL)/NMI(475 ul)  IWAAR. %M GC-FID 88-103.7 [PRR: 150mgfe o

HKHER: 140 ng/g
. il EHEE B # B Bi: 0.1 pg/ke
5 S5(500 pL)Y/ Z )5 (3 mL - B

UA-DLLME A7 (500 pL)/ 2N (3 mL) P ——— RP-HPLC-FLD / HHEAEZ My 001 peke [57]

LDS-DLLME  1-¥%(60 uL)/A (600 uL) EL7)) 1 GC-MS 97~103 5.9~14.0 ng/g [58]
DEAC- }(64 pL)/

DES-DLLME FFEH (64 uL) EMERER M, HPLC-FLD 94 0.74 ng/kg [59]

ZJE1.3 mL)
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AH EEF 0 s S5 AR L &, SR IMAR SR TE 40°CTT @l
Ak 5 min, BIAT#EFT DLLME #:4F, KAK465 TR AL PR
BTJ‘ "Eﬂ [e]

3 4ERiE

DLLME 5 ZF KT BARZS A, ALl 5 i i &
15 YAy TR T — R AT AT ARSI 5 . 5 GC. HPLC,
MS SR ARG LA, THFAPIEAR . $SFE. B
LEEFRAMPAER . BANSEEYR, Bl EE
g, ZEMURDICR 5 R AR, R B HTRCR

DLLME AEy—Fi B AT AL 1 %, ALl 2E B,
ARAHEG, HARMERR . ZEBRMe iz e/ N e s . 3t
FARRIAH R R, % fe H— S0 0 4l B =R 2 BN IR,
AA-DLLME 1§ B2 SR RS T 43 B A2 SORA i 1% 5
WA HGR B9, DES A IL 2 BRI ION, 14 B,
Lt )bt ¥ DES/IL 5 AA-DLLME 454, dE—#488 T
ST ZE R

A&, DLLME 7EZLiil &b 4T s kb F oI HR B B, A7)
BRE— R, i (DI siosrmds. Lt p-
FERE N . FLREOFEYIEEBS BN E R, WL
Sl T Y (0 T A 3 R Ae R #2, DLLME 242
BETHMATRE. JF R HA EIL SRR A RGR . 256
Mrmmfb2aghi, Wi 2R EER I - R BT
e, FREAER . S BUKRFSEKMERSE), &S0
WAAER RGN, e BAR e sett . Mk, R
AR BE Z P RIZEWGR, 45 G 18 E R A, A5 H 4T
() 5 SR BRI, & DLLME HARTEZLH] A 2B 1
FhEEN KRB Z—,
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