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ABSTRACT: As a kind of daily consumption goods, the milk and milk products contains rich nutrition, what’s more,
the representative milk fat play an important part. Phospholipids, the important constituents of milk fat, have many
different physiological functions and are closely related to human health and diseases, and the phospholipids are
brought into focus around the world. Phospholipidomics is a discipline to carry out related research through
qualitative and quantitative analysis of phospholipid compounds, and phospholipid analysis technology is the key
step to realize the research of phospholipid proteomics. Based on this, this paper summarized the classification,
structure, function and detection methods of phospholipids, introduced the classification and structure of
phospholipids in detail, summarized and discussed the function of phospholipids, made novelty search and
comparative study on the analysis and detection methods of phospholipids, and finally looked forward to the
development trends of detection of phospholipid compounds in milk and dairy products, and expounded the

significance of phospholipid research in milk and dairy products, that is, establishing fingerprints of milk and dairy

EEWA: LB F R RIUE (2021HK209) . BR7G2 TG TEA T H (2017NY-165) BRPTAS FL4% G154 451 F (201 7K TPT-06)
Fund: Supported by the Technology Project Foundation of Customs (2021HK209), the Key Research and Development Program of Shaanxi Province
(2017NY-165), and the Technology Innovation Project Foundation of Shaanxi Province (2017KTPT-06)

HEIEIERE: sk, L, SYUTRIN, W5 e FLE S TP RHIEE SR %€ . B-mail: lindazhanglu@126.com

*Corresponding author: ZHANG Lu, Master, Senior Engineer, Xi’an Customs Technology Center, No.10, Hanguang North Road, Beilin
District, Xi’an 710068, China. E-mail: lindazhanglu@126.com



2052 B dn 2 4 R R I A 4R

13 E

products with phospholipids as markers to facilitate the identification of true and false, and reducing the difference

between infant formula milk powder and breast milk to reduce the dependence on breast milk.

KEY WORDS: phospholipids; milk and milk products; detection technique
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B B A, XTRERR I 0 AT T BT B8 . M
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1 WBRERR DL

1% I8 (phospholipids, PL)J&— 24 W R 3k F 14 ig
Ky pt, JB TR, MR IL 32 55 4548 o0 B kR
(sphingophospholipid) 5 T jili #% g (glycerophospholipids)
PR, HlBEas (B 1A) 3222l Al M3 4 (L 38 A
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Fig.1

Structures of glycerophospholipids (A) and sphingomyelin (B)
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JrIkIE A F L S PR R %8 TAEPY . MALDI-MS HAg
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Ak A] A Ty R R, AT T RSIT RS 5. H
/] MALDI-MS Iy 1 S5 hfinf e v 5 i, A0k
PRI AL BORR BIRE SR po L 2, Hoh Ty sy SR B
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AT AR ) FH 85 0 9 o 1 v i 4 L B L A
BN 32 B 5C:, J asd XeAS [R] 7L A 5 il Bl 2 B 22
oA, T A R FL i BN 2H o B e, s L ah rh
NERITESCE S, TEFLamATIR . BREE . B LR IT 95k
(T & 5 TR L T B o S U R e RO
AR (- B B DU A KA T B 8] BT 3% 5 (ultra performance liquid
chromatography-triple-time of flight-mass spectrometry,
UPLC-Triple-TOF-MS/MS) %} EL F& 4% B 3L A B B A A 43 itk
TIGPHTSERE, BZILSEE M BRAR LAY 68 i LIU 2R Iffi ]
SRR -2 M B B4 B 20 A 20535925 (hilic-linear ion
trap quadrupole-orbitrap, Hilic-LTQ-Orbitrap)&s7. 7 4-F, 7
I 70 FhBERR LA W0 E ST, [FESA T Orbitrap BT
PR A RE IR 32 HAFLH A CHERENR L B WA T HEXT,
BT FL AR A 2B T 2% ALL 51O e A
AF 03 - B B DU, & A7 Hef A 5 % 2k (ultra performance liquid
chromatography-quadrupole-time of flight-mass spectrometry,
UPLC-Q-TOF-MS)Xf /| 38545 5 R [F] sh ¥ 7L b r i
RS AT TR 0T, 205 R KA AR T 6
PR T4 s, 25 AR B 22 Fh PC {L-A ) F1 15 Fh PE 1L
G ARG S, 2O AN R S L T B 22
SOl BL M T S RE M BF 5T 0 A i S U R
UPLC-Triple-TOF-MS/MS % 7 At b XA FL A 1 B g A% 4%
AT T A eifsR, S5RILRBT ALY 60 FhEEhRiL G,
HAF X AFLH AR 25 5 J0 3 22 57, i A X AL

oW iR 22 R E— R 5T WANG Pl
UPLC-Q-TOF-MS X B}FL . FFLAFEF B wig kAT 1%
Fortr, ERKRIEFL EFLUPBRIRALUR S BEFL b A B
ZE5, WCASRAESE T W SRR 09 22 5ok S AN [R] L K
FLEL A RTA 7 . GALLIER 451 PR Il DO W i
B HR I PUAR: AT RS [E] BT 1% (matrix assisted laser desorption
ionization-quadrupole-time of flight-mass spectrometry,
MALDI-Q-TOF-MS) I SE 5 i 2Lk 45 FPRREwERS,
HARESEE 1 TR EFR, BERIBERE T DA R bR
ORI AR T AR . CALVO 4512 FH 3 i By
O ff W F, B - K AT B ] 5 3% B (matrix  assisted laser
desorption ionization-time of flight-mass spectrometry,
MALDI-TOF-MS)X 4= 95 . T 5. J1 25 4 1 8 e o i i Hig
FHAT T 22 %, AR RIS 3 KK 24 FhEEAR AL G
WAFAE 22 5, X ST 7 Wl A 2 2 A0 A A ) i o
BT o ks 1 S I T o OB 3 - DU AR AT - R AT
[8] 5t 3% ¥ (ultra high performance liquid chromatography
-quadrupole time-of flight-mass spectrometry, UPLC-Q
-TOF-MS/MS)X EEF, | 2831 K -3 B8 T4 73 % LU A SE,
RIEF SRR MBI AN S S AR R E2E R, MEA
SEEFLABEAR 22 AR RN, X R TR R L B AR 2 AL
2SO, FE TR ERL PR, R 2L
L5 FUB O TT R TARSRMBESH AR AR . R 1 51l T30
TBOR (003 - H3 T O 5 100 2 W O 1) 0 3 o

F1 RABESIE-SERIEENEARIS RPBENGELER
Table 1 Summary of method for determination of phospholipids in milk and milk power by liquid chromatography-tandem
mass spectrometry

L I VAR IWIRES B £ A 2 B EEEii %2
Lo LT FLR HPLC-MS / APS-2 Hypersil ESI  MRM. Neutral loss'"!
hydrophilic
Bah )L FLA HPLC-MS SEF R HEE. LREE Polaris 3 Si ESI MRME4
_ CIE(F ZRE) W (™ 2R
43 UPLC-MS e &;}) e Kinetex HILIC ESI  Full Scan. Product ion''®
, Precursor ion, Product
F7 UPLC-MS HImAK . SN C8 Shimadzu column ESI _ am
ion, Neutral loss!
13, HPLC-MS/MS / APS-2 Hypgrsﬂ ESI Precursor ion. Neutral
hydrophilic loss!™!
BEFL HPLC-MS/MS Fiae . oG Waters HILIC ESI MRMP!
43 LC-MS CEEHIRK). CmREE Luna HILIC HESI Full scan, ddMS*
_ _Triple-TOF- NE+RR R+ . I+
3L UPLC Trllr\’/lé TOF-MS/ " L+ L P " Phenomen Kinetex Cig ESI Full scan-IDA-MS??%
3L UPLCIrple TOEMST ey, stramee2t e 0 CQUITY gt Full scan-iDA-MS?™
18
~ (TR EE) . CIE+H
B UPLC-Q-TOF-MS . N Phenomen Kinetex C ESI Full scan, MS*?)
Q Wk (B B LG) &
_ _Triple- - K+ BE+ R (B 2 WRER)
B UPLC-Triple-TOF-MS/ 7K+HIH Hi( " Vﬁf%) B Waters ACQUITY ESI Full scan. MS¥
MS N+ (& O R UPLC"BEH Cg

VR AR 63 - T 7k (high performance liquid chromatography-mass spectrometry, HPLC-MS); 8 & 2% 3 AH 2 3% - 5 3% ¥ (ultra
performance liquid chromatography-mass spectrometry, UPLC-MS); ¥ AH 23 - 57 172 (liquid chromatography-mass spectrometry); Neutral
loss: HPEZES; Full Scan: 4:374fli; Product ion scan: 1B F-434l; Precursor ion: £} 73 4ili; ddMS®: K4 vk i — 6l
(data-dependent MS/MS); Full scan-IDA-MS* 4= 7 #ff - filh & {55 S 48 #i ¥ R & - i 3% — 9% 49 i (Full scan-information dependent

acquisition-MS/MS); /F A4 A .
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3.5 #RELEIRE

¥ wh AL ¥ B 3% ('phosphorus-nuclear magnetic
resonance, *'P-NMR) 7] Il T 1L & # il & . 3 P-NMR
) SR 3R R TRV B A 43 A A T2 22 B AN [R) 19 e
FEOIRS, SRS T 1 A% g AR R B R R B AR 1 A
5 MS S #rHfiEE, *'P-NMR HE AT % B AR P i £
TR A0, A B A Y R Ty 43 b S
AT RS ESE S 5 MS AR
*'P-NMR {58 B AT B S Y IR R 4 hlbr i 2, R
T B0 IR BV AT SE AT o 3 TP-NMR BBk s A T3 S o
AmHTFE T AR AR & XTHEREA
HOAR ARSI ER AN -

LA B A OGO SR e e e I, 3L S B s g D
FEHTF B R R . BARF AN TEA AT, TLC 5
TF-B AT o007, AAAETE 20, (HAL[RI 2 J5 AR DG I 5%
B TR, TLC ff ) UPLC MYRTS, &% #idt UPLC fif
MR UPLC HETEBEAE AT R T ikz—, B
PR MERG . R BB, FETCAS RIS B 4G I 5 55 AN
[V NE A5 1 0 o R AUSEAGIN, Las T AR 5 7 AR L
SrEcr, WA T AR A RS 2 T E BRI, Re i
SRR A A RE A, A SRR AR AT R AN B
AT TAE AR A AT RSB T/, ARA MS BAEE 2
IR, TTLUE R MS /B h—FrRrii#s, Haim T A
PEWC LC 5 MALDI, Re852 BUREAR b4 10 11 A i 553 5 119
M, LA TFRBE PEREE R AT . AR e g vl LL—

BEUERE, [RIIEXS LBl 2 b RISt P e &,

1 43 R BT A O AR AT T DU AT ASE B B ARBE IR b S A b
Y e B R A R PO T A, W6 R AR B SR . ansR
Ao, 'P-NMR BN e %, HAE S
MS MRS, EARFERAZENZGT, BHTZH/M
BB IL AR5 TAE . MR kRS, 446
S Bl 0 18 B e A 10 A BT T BOR S5 SR T S M RE, (A5
R, ASTRIRGEIN Jr vk 75 30 5 1 1 2 S e o R 27 1) D
8, X AVE NG P S AR 2 —,
KPR EM, AFESPE P B IE A2 . KLEIN
ST T AR FLAR Y 22 5, R BARFL T I R AR A
S5 AEas v] LUE R 032 ERIE S5 F8 AR, il mF o
PIITHE AR 1425 5155 00k RE WS K% N & R4S 4 SR 1 0, i —
M e i SR BOHS Bt B 1k 1 K B K, GARCIA 2 MO A
IP-NMR AR AR, DR, SEEFL P BRI T T
Xt HCAIFSE, 45 5 & BN L AN 96 B8 2L v s B e I W S

i A FLA L, T A R o 240 S ) AR,

XFRE M KA 3042 1 B FEEE ] . ANDREOTTI 4517 fif
FHPTP-NMR X} T ALK AR AL s g 22 5, 45 BoRiX
PIAPEL AP BRI Y 4L IE A AR Rl . MURGIA 208055 23 F 2t
FLPBERR AT T X g, Hh R TR A R ——

R L ISt e/ = R P 1R BR IR, 45 SRR WY 1) vk T DL
FRBE RSP, BRESIREN. kSSRGS T
NG BB AR A1 28 S SR, B T b S T R 22 5,
AR A FLI O BEAR 5 R AN R Y, AN 5 e
SR AR, BRANIR] 5k Tk 2 RE A S R Y
ROR, AHA RGN 7 3k 22 6] A48 i) Xof EEAHSC I ST XS D,
B G2 G RO S A AR R 2538, AN TR SCHk T i
ARG 5 AR 22 R OKR, Bl n) e DL HLES 3BT o

4 ZERIE

Li BRIk, FLEFLE ah H RIS RS A R
St ORI . DIREME R . AR A5 W A A5 U Y
WESEIA . T L AR A 2B U AR AR
Bre B TBe o 3l BT R 2L R 2L dh b B A 22 5
ARG R FL L FL ] AR SR S AR B 1 AT IE R R D
FEIHEA, TR ECP T 0 H oA G I FL AL E AT, A
T3 TR el L R LA ™ R BeA HAT i T REFLA L
s BE R T2 S EOGEIE W RIF I OB e 22, B4 LR
J5 FUA B AU T 52 B R, i e e L A
Y FL PR IRE R S R S, B4 LT FLR I WE
FERNTF R 4Pk R I B S KI5 s ), FEBETHER 40 LTS
T3 FLA IR A UL B LT 2, %5 0 S I 4 JLIRE L
B SR FLZ < 22 5

S &3k
[1] BREtE, MESERe, MRERR, 5. AW b2:CE 3 M) dbat: AR T4
HAtE, 1995.

CHEN QH, MEI MZ, CHEN JZ, et al. Biological chemistry (3rd edition)
[M]. Beijing: People Health Press, 1995.

[2] TS fabEFEFML. deat: dhEgRL AL, 2001.
WANG GC. Food nutrition [M]. Beijing: China Agriculture Press, 2001.

[3] JismeE. FLS5FLH G AT RERFEM]. JEat: wp T AR,
2000.
GU RX. Physiological and functional characteristics of milk and dairy
products [M]. Beijing: China Light Industry Press, 2000.

[4] AME. FafbEM]. Jbat: hEE T S AL, 2001.
GUO BH. Dairy chemistry [M]. Beijing: China Light Industry Press,
2001.

[5] ek, skEHn, SUEDY, 5. ARl b EEE SRR LAY
WEFEHERE[T]. frih Tk MY, 2012, 33(19): 396-400.
LI LZ, ZHANG FX, JIA RF, et al. Research progress of comparison of
major nutritional components for different mammalian milk [J]. Sci
Technol Food Ind, 2012, 33(19): 396-400.

[6] ERZEL, FfH, BB, 55, AIFMHZL YL b FZEE TR U ).
FLbAL2E S5 HAR, 2021, 44(3): 50-54.
QIU J, MENG Y, ZHAO Y, et al. A review on the major nutritional
components in milks of humans and domesticated mammals [J]. J Dairy
Sci Technol, 2021, 44(3): 50-54.

[7] BRgE, ikds RS, % EGCG BiIRE A WHT A TERBIFEI).
PR AR, 2015, 31(5): 137-143.



557

BT, AF FLLFLH A PRSI AR

2057

(8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

CHEN JY, ZHANG X, WU ZF, et al. Antioxidant activity of
(-)-epigallocatechin gallate-phospholipid complex [J]. Mod Food Sci
Technol, 2015, 31(5): 137-143.

A, e, E (W, A BERRLLAARTIE H B TR I AR ()], 00T
1b2%, 2016, 44(6): 984-993.

ZHU C, LIANG QL, WANG YM, et al. Advance in analysis and detection
technologies for phospholipidomics [J]. Chin J Anal Chem, 2016, 44(6):
984-993.

BT, DT, BN, S RO G- 28 R OCRUR AR E R R AR
FLH S R BT ROR EE[T]. LA Tolk, 2021, 49(7): 52-56.

LIANG X, TIAN F, CAI XK, et al. Determination of five phospholipids in
human milk and cow milk by high performance liquid chromatography-
evaporative light scattering [J]. Chin Dairy Ind, 2021, 49(7): 52-56.
FRANCESCE G, CRISTINA CH, EMMANUELLE B, et al. Temporal
changes of human breast milk lipids of Chinese mothers [J]. Nutrients,
2016, 8(11): 715.

MARCEL B, BRIGITTE F, CLAUDIA C, et al. Quantification of
phospholipids in infant formula and growing up milk by high-performance
liquid chromatography with evaporative light scattering detector [J]. J
AOAC Int, 2010, 93(3): 948-955.

JEDFH, BRbess, /NG, AF. TEAR ZEI- 25 AORR 1 vk 3L R L
il PR B2 IR [T]. P E B SIS, 2021, 32(7): 127-131.
ZHOU FM, CHEN XJ, LUO XB, et al
phosphatidylserine in milk and dairy products by SPE-HPLC [J]. China
Food Addit, 2021, 32(7): 127-131.

FONG B, MA L, NORRIS C. Analysis of phospholipids in infant formulas
using high performance liquid chromatography-tandem mass spectrometry
[J]. J Agric Food Chem, 2013, 61(4): 858-865.

LIU ZQ, MOATE P, COCKS B, et al. Comprehensive polar lipid
identification and quantification in milk by liquid chromatography-mass
spectrometry [J]. J Chromatogr B, 2015, 978-979: 95-102.

LIN M, MACGIBBON AKH, MOHAMED HIJBJ, et al. Determination of

Determination of

phosphor-lipid concentrations in breast milk and serum using a high
performance liquid chromatography-mass spectrometry-multiple reaction
monitoring method [J]. Int Dairy J, 2017, 71: 50-59.

TRENERRY VC, AKBARIDOUST G, PLOZZA T, et al. Ultra-
high-performance liquid chromatography-ion trap mass spectrometry
characterisation of milk polar lipids from dairy cows fed different diets [J].
Food Chem, 2013, 141(2): 1451-1460.

REIS MG, HARRIS P, BERRY C, et al. Tracking changes in volatile
components and lipids after homogenisation and thermal processing of
milk [J]. Int Dairy J, 2020, 103: 104624.

{7, JeMF, X7, . UPLC-Triple-TOF-MS/MS 23 H A4t
XA FLBE AR IVZEAL ). B E AR, 2017, 33(7): 270-279.

HE YB, LONG MX, LIU N, et al. UPLC-Triple-TOF-MS/MS analysis of
the phospholipid composition of human milk from the northeast regions of
China [J]. Mod Food Sci Technol, 2017, 33(7): 270-279.

W (TR, FAGH, % JEF UPLC-Triple-TOF MS/MS XJELR%
AL AR B BT [0]. B BRRE, 2021, 42(4): 181-189.

CAO X, REN HW, WANG XD, et al. Identifying and quantifying
phospholipids in pasteurized milk using UPLC-Triple-TOF MS/MS [J].
Food Sci, 2021, 42(4): 181-189.

RICHTER G, SCHOBER C, ROSMARIE S, et al. Comparison of the
positive and negative ion electrospray ionization and matrix-assisted laser

desorption ionization-time-of-flight mass spectra of the reaction products

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[29]

[30]

[31]

[32]

[33]

[34]

of phosphatidylethanolamines and hypochlorous acid [J]. Anal Biochem,
2008, 376(1): 157-159.

LIU HY, GUO XQ, ZHAO QY, et al. Lipidomics analysis for identifying
the geographical origin and lactation stage of goat milk [J]. Food Chem,
2020, 309: 125765.

LI MH, LI WX, WU JR, et al. Quantitative lipidomics reveals alterations
in donkey milk lipids according to lactation [J]. Food Chem, 2020, 310:
125866.

WANG L, LI XD, LIU L, et al. Comparative lipidomics analysis of human,
bovine and caprine milk by UHPLC-Q-TOF-MS [J]. Food Chem, 2020,
310: 125865.

IT A, PF A, LE Y, et al. Quantification of glycerophospholipids and
sphingomyelin in human milk and infant formula by high performance
liquid chromatography coupled with mass spectrometer detector [J]. J
Chromatogr B, 2018, 1072: 235-243.

RN, 25, VF3Efh, 45, BERRIEHEELRIN & BT RE]. hE
ALk Talk, 2018, 46(1): 33-36.

XIE QG, LI X, XU YW, et al. Research progress of phospholipids in
promoting infant brain development [J]. China Dairy Ind, 2018, 46(1):
33-36.

BA/NR . BRI TR ACLGR Y A SR AR RV FIRLIERLD). AR SR, 2011,
19(4): 42-44.

HU XZ. Physiological function of phosphatidylcholine and its possible
mechanism of action [J]. Sci Technol Cere Oils Foods, 2011, 19(4): 42-44.
TANAKA K, HOSOZAWA M, KUDO N, et al. The pilot study:
Sphingomyelin-fortified milk has a positive association with the
neurobehavioural development of very low birth weight infants during
infancy, randomized control trial [J]. Brain Dev, 2013, 35(1): 45-52.

FE, TH, KEL, & 05 OBHIRAN RS S 00
MIRERD]. PELCIMAEAGE, 2019, 24(3): 205-208.

WANG Y, YU X, ZHANG WD, et al. Association between lecithin:
Cholesterol acyltransferase activity and coronary artery disease [J]. Chin J
Cardiovasc Med, 2019, 24(3): 205-208.

FHEAR%. AIIIREMEE M. dust: fh2E Tl th Rk, 2004.

TANG CH. Plant-functional foods [M]. Beijing: Chemical Industry Press,
2004.

AT, WY, WIRsL, 4. MFGM BEREXTFLAN SRR I). HIE
TR, 2019, 19(9): 308-315.

TONG LJ, PAN MH, AI NS, et al. Effect of MFGM phospholipid on dairy
quality [J]. J Chin Inst Food Sci Technol, 2019, 19(9): 308-315.

BAIRAL, FoRt. B FUIRNERBEE A FL R b SRR A S I E T
ST, L, 2020, (8): 73-76.

HU SH, WANG RY. Determination of total phospholipid in whey powder
rich in milk fat globule membrane protein [J]. China Dairy, 2020, (8):
73-76.

CHRISTIE WW. The composition and structure of milk lipids [J].
Springer Netherlands, 1983. DOI: 10.1007/978-94-010-9231-9 1
SANCHEZ-JUANES F, ALONSO JM, ZANCADA L, et al. Distribution
and fatty acid content of phospholipids from bovine milk and bovine milk
fat globule membranes [J]. Int Dairy J, 2009, 19(5): 270-278.

B RO RN G A W h BERR TSR BA ) 5 HE (], B AT
2R, 2019, 10(14): 4722-4725.

YAO S. Determination of phosphatidylcholine in milk by high
performance liquid chromatography [J]. J Food Saf Qual, 2019, 10(14):
4722-4725.



2058

LR

G A A

13 E

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

LINDAHL IEI, ARTEGOITIA V, DOWNEY E, et al. Quantification of
human milk phospholipids: The effect of gestational and lactational age on
phospholipid composition [J]. Nutrients, 2019, 11(2): 222.
TZOMPA-SOSA DA, MEURS PP, VAN VHIF. Triacylglycerol profile of
summer and winter bovine milk fat and the feasibility of triacylglycerol
fragmentation [J]. Eur J Lipid Sci Technol, 2018, 120(3): 1700291.

LIU ZQ, SIMONE R, BEN C. Milk lipidomics: What we know and what
we don’t [J]. Prog Lipid Res, 2018, 71: 70-85.

FEEER, JfY, 2 FJE, 4. JEF UPLC-Q-TOF-MS HARME RS
FEGE AR PRS2 ()], B ARE, 2021, 42(20): 120-127.

LI PY, JU N, LUO YL, et al. Lipidomic analysis of raw milk during
refrigerated storage using ultra-high performance liquid chromatography
quadrupole time-of-flight mass spectrometry [J]. Food Sci, 2021, 42(20):
120-127.

HEWE, w5, KR, S RSSO s - U/ S LE S
HE I S 0 VE PV BR TR R IREFL P IR A BT, £ SRR, 2021, 42(4):
197-205.

ZHANG L, GAO J, LIU SY, et al. Analysis of the lipid composition of
milk fermented by streptococcus thermophilus using ultra-high
performance liquid chromatography quadrupole/orbitrap high resolution
mass spectrometry [J]. Food Sci, 2021, 42(4): 197-205.

ALI AH, ZOU X, HUANG J, et al. Profiling of phospholipids molecular
species from different mammalian milk powders by using ultra-performance
liquid chromatography-electrospray ionization-quadrupole-time of flight-
mass spectrometry [J]. J Food Compos Anal, 2017, (1): 143—154.

GALLIER S, GRAGSON D, CABRAL C, et al. Composition and fatty
acid distribution of bovine milk phospholipids from processed milk
products [J]. J Agric Food Chem, 2010, 58(19): 10503—10511.

CALVO MV, MARTIN-HERNANDEZ MC, GARCIA-SERRANO AM,
et al. Comprehensive characterization of neutral and polar lipids of
buttermilk from different sources and its milk fat globule membrane
isolates [J]. ] Food Compost Anal, 2020, 86: 103386.

KRR, EALER, KT, A TR ER AL AR R FURT
HIZE 55T, B hhERE, 2020, 41(4): 207-213

ZHANG HD, WANG LN, ZHANG Y, et al. Comparative lipidomic
analysis of human, bovine and caprine milk [J]. Food Sci, 2020, 41(4):
207-213.

Xk, Th3kW), EPF, & BRESHREORTE & SR BTV B 9
B RET]. 5 TR, 2017, 38(12): 342-346.

LIU CY, MA MH, WANG QL, et al. New advances of application of

nuclear magnetic resonance technology in food lipid research [J]. Sci

[45]

[46]

[47]

[48]

[49]

[50]

Technol Food Ind, 2017, 38(12): 342-346.

KLEIN MS, BUTTCHEREIT N, MIEMCZYK SP, et al. NMR
metabolomic analysis of dairy cows reveals milk glycerol-phosphocholine
to phosphocholine ratio as prognostic biomarker for risk of ketosis [J]. J
Proteome Res, 2011, 11(2): 1373-1381.

GARCIA C, LUTZ NW, CONFORT-GOUNY S, et al. Phospholipid
fingerprints of milk from different mammalians determined by *'PNMR:
Towards specific interest in human health [J]. Food Chem, 2012, 135(3):
1777-1783.

ANDREOTTI G, TRIVELLONE E, MOTTA A. Characterization of
buffalo milk by 31P-nuclear magnetic resonance spectroscopy [J]. J Food
Compost Anal, 2006, 19(8): 843-849.

MURGIA S, MELE S, MONDUZZI M. Quantitative characterization of
phospholipids in milk fat via *'P NMR using a monophasic solvent
mixture [J]. Lipids, 2003, 38(5): 585-591.

KT, Wi, Fh, SF. FURDTERAEAALA . 5 I R A UF TR ).
A REE, 2019, 40(1): 292-302.

ZHANG X, YANG J, WEI W, et al. Recent advances in composition,
nutrition and preparation of milk fat globule membrane [J]. Food Sci, 2019,
40(1): 292-302.

B, BUEE, X, 5 FLEFLH SRR TR IR, B
KM ARBE T RL]. Fa RS, 2021, 42(19): 350-361.

HU X, DUAN GX, LIU LJ, et al. Recent progress in content, functionality,

isolation and quantification of phospholipids in milk and milk products [J].

Food Sci, 2021, 42(19): 350-361.

(U4 KEEE A ™)

F¥E, I8N, TEARFEAL
FIRERKD T
E-mail: 450570470@qq.com

kB WL, SRIIREI, TEMR
BEAAFRTHFEERKRTEE.
E-mail: lindazhanglu@126.com



