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FEE . BOMFLNE (BS) L7 TOK B 7= AL B 4 . B T & FLAR I IR S5 20 43, B 2L A A2 s SR BRI
Mo RAFIERL, SR, BT AIBTFEAE T 2O ZL I A0 JE A 4 53480 B, %ok i M 3K S 0 26 3 %) ) i B I P A T0F
FEM AW, R T S FLEE AN o G B O AT A5 5 SN AR FLE I b 2 B L | L SURE LN L A T
TR A3 HT T S L B AR MG A ERBEIR A S A i, 25 SR, S5 0k 2L LA Lb , s L i & 1 T e i
J e 3B N, G R R R, FUBE B 0 B KR pH (HAE T B ME2E 5 (P > 0. 05) s BUMFLIE T3 IR
T ERREENG 56 i, £ 45 B I 1k I8 5 ( Phosphatidylcholine , PC) 20 Fift | I Bt £ i % ( Phosphatidylethanolamine , PE)
10 F | BEARME 22 2R ( Phosphatidylserine, PS)7 Ff B i5 Bk ALY ( Phosphatidylinositol , P1) 6 4 5% i ( Sphingomyelin,
SM) 13 F JLrPBEBERE & = 29 NI FLIY 3 A%, BUEE A B 3 0. 352 mg/mL; BOMZLIE A AR BRIRAR 11 4 F L 232
B KA R R 75 AR 11 67, BRIBEE (1 /5 B R Y 23.32% , SR BE LG 1. 1 F%; ST BLAS 2L % L AR [ e i 8 vil
FLE TR T O, PR 4 R s B FL g FLATE B 38 10 T IRk B2 R 5L (P < 0. 05 ) s TESS N At 3% I, 8L
WAL IR SO PR E AR BUA B R K, 435 R 2. 682 m*/g #1191, 1% , £¢ &, ¥ IMFLH o & 3 & M AR Wi Bk
PR 57 VR BT B L ig FLACRR RO T I 3L, BB RIS )
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Composition Analysis and Emulsification Property Evaluation of Butter Serum

ZHANG Yanbin' WU Shan® LI Zhixi' LUO Jie'
(1. College of Food Science and Technology, Hunan Agricultural University, Hunan 410128, China
2. Research and Development Center, Xi’an Yingiao Dairy ( Group) Co. ,Lid. , Xi’an 710075, China)

Abstract: Butter serum ( BS) is a byproduct of anhydrous butter production and a natural milk
byproduct. There are two main sources: one was the water phase obtained by melting and centrifugation
and the other was using 75% dilute cream to convert the phase to obtain butter serums. There were few
studies on the components and their functional characteristics of butter serums at home and abroad, which
limited the reuse value of butter serums. The component composition and application characteristics of
butter serums were analyzed in this experiment. By centrifugation and other methods the cow butter
serums was successfully isolated, and the basic and fat bulb membrane source components of butter
serums were analyzed by using raw milk and buttermilk as controls. The results showed that the protein
and fat contents of butter serums were increased significantly, and the total calcium content was decreased
significantly, without lactose, moisture and pH value (P > 0.05). Using liquid phase mass
spectrometer, butter serums contained 56 kinds of fat globular membrane phospholipids, of which
sphingomyelin content reached 0.352 mg/ml; the fat globular membrane protein of butter serums
accounted for 23.32% of the total protein. The effects of butter serum and buttermilk on emulsion
emulsification were compared. The results showed that the emulsification of butter serum was significantly
better than that of buttermilk (P <0.05). The emulsifying activity and stability of butter serum reached
the maximum at 3% concentration, which were 2. 682 m*/g and 91. 1% , respectively. In conclusion,
butter serum contained abundant fat globule membrane source components, and the emulsification
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property of butter serum was better than that of buttermilk at the same concentration, which had higher

application potential.

Key words: butter serum; milk fat globular membrane; phospholipid; fat globular membrane protein;

functional properties

0 35

TEEIM AN O K B A = i R vp, 2577 — 4y
JKAH, 43 50 45 FR M 1% L ( Butter milk ) 1 #5337
(Butter serum,BS) . BIHFLIE AR IR 32 B4 W 454%
T2 — RN BT AL I B0 T AR AR KA 20
75% (RSN EE BT AL, i AR S & AR e Ak i 45 31
KA BN . B FLE A S LAY A 52K
L BRAKAL, 3 R B AR RS R K 4 R LR A
U, KLk, kLT A AL — A R
FLIBAT ML AR B B 7= 4 o SR AR, S LT
A LI S 2 ek LA W7 BRI (Milk fat globule
membrane , MFGM ) i BEFIFLBEAR I 4552 G

MFGM 2452 TR ZL IR BR R 1Y 3 2%
gERD AR SRR B, N AR BEALAK (PC) B
NEME L BENE (PE) (BRREBE 22 2008 (PS) | B A ot UL Pt
(PI) @G (SM) %5 I RRBBEE 1, 1L,
fE MFGM 1) 3 Z ik ik 7 R DB E A b &
(R EEE 1, I FLAR 25 1 | B WA S A A i i | 26
F 1R LA R (L ek 36 %50 bR
JoT RS 2R 11— T RE A AT 2897 1 K SR 4 B R AT
Mo BERE KA FIAR X LA B Bk B F B A R
VB 5 53— T SRR RSB A 6 ey, ] DA 3k
e FEL RIS A ) ) AR B A D A ARG I K R T Y gk
F1U7 AT PR E B 7 BR A S B R B R
W, i 7 SR B e B A 1 P B R 2 1 A R R
WFAL RIS FEE, MEGM #5855 #2351 IR
FIIG D BRI 11 4 21 i 9k & B0 EL A A a2 ) LR i
IR TS Mg pe® So)EE, (647 s G
JK I A A T MEGM A B R B 546 7% 28 il
FLIEFEEFL B, & & MEGM 1Y 85 3l L5 1%
FLEA BRI HINE,

H AT, T B LA 73 M T Rere kit i e &
73 W T 4o = B O | A eR R S W ved [V I /N1 5
PSS a o w T B RN R T M A S OSSR N )
H %k T BV LI P 7 3R M U 20 53 A8 B DA B FL AR
PERIIESE A B . DRI, AR SC LA A 2R SR 53
HOMFLI , LARS LA ROREZL X B Al B ZLiE b
FEARL 5y T MEGM YRR 20 43 (A8 B, IF He 4 R[]
W B2 M FLIE FE S A FLA R, DL B L R
PR SR BRI Ll

i

1 #EERE

1.1 #R5iF

AR FL (BRI B 4380 3. 85% ~3.90% ,
JE R4 3.05% ~3.20% ), MEE KD &
WFFE T s BEIR Sl 40 BRIRAR LB BRiRe &R
TREP APEIR R AT IR e | SRS oK SAEE Eh
R W | STk A s S b = U e
S T B RN (¥ el B =5
e SFNEE . CIE B IR e (B kel | E 254
Ak 2230 A BR S  5 BRI AR B & s i 19k & 1
Pt ity R IE 22 SRR b oty W B Ik LB ot | A
AR (B2 €35 40) | 2 [ Sigma — Aldrich % 5 7
FRAF,

1.2 ((FE5E&

TP —3000E #153#7 K-, WAL R AL s i 55 A
BN F]; DKB — 501 A e R /K 8, b 2% (5 S5 00
AESA B2 F] 5 Qrrap 6500 7 =5 850 AH (6, 3%— = Y
WebF & A 26 1 25 7 PR B3, AB SCIEX 23wl VL —
200R B 5 3 A RS ML, W R v AR S A
F R\ 7] ; Read Max 1900 BIFEHRAL , | ¥ [N 3% 4=
BHEABRA T ; BIP — 8ZLEOX FI E 23 ¥ v T HL,
ZE[E SP Scientific 23 7] ;165 — 8001 Y H yk | 3¢ &
TSRS Al 5 164 — 5050 AU HL kA, € AR AR 2 Al
KS260 & i (075 I | 78 [ IKA A ] ;DG — 260 %1 £ 1))
REBTIRAL, Jt 3 gR A BR A ]

1.3 FHi&
1.3.1 #mELE SEILA 05

W e e R 3L, 63C M FEIRAR
30 min, JFTEAOKI THEERHIE 10°C, 78 10C &
R LA 4000 g 250 20 min, J8E FER UM, BEiE
Ui B4 30% ~ 40% B R W5 ik 2 A 22 T RE BT Uil
BUH T 10°C A4, DL sl AT 4T, B 3R
R H B VA (A RSURE ) RN L, WO TR R AR (D
FEFL, BM) , B E M AE 65°C & 1F T Ak, IF7E
4000 g FESL S min, B8 T ZWAK (BI A H 0 FL
H,BS) . KHHETESARHETEIT T -60C#
BH12h TH HEMAR, BT -20C TR,

1.3.2 Bl T ELA s e
1.3.2.1 BElFLE B ER
£ GB 5009. 6—2016'""  F-Ry NGk, FREL
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10 g i0FF, N 10 mL Eh7R IRS) . FRAWIRHE A
10 mL. & B, %% A0 Ws sk, #5241, A
25 mL ZBE, JR4% 0.5 ~ 1 min, T A 25 mL £ 3
fik , #E 30 min, T LJZWRE W, B EBZE, £2C
TR A B AR i, 2 WA T B, 4 S A
5 mL P CEE 15 mL SFEFI 15 mL A, T2 LR
AIR . BJE, FHAMEEA CBHATIE A 10 1R &
VP BE 3R 1 P BE S 5 TR B BORUK i o ik
EELEERS ~6 mL J5 B 2 (102 £2) C 1T
FEHINFA T b, 7E TR e 20 2= =R (20°C) S5 FR
o, BETA IR R E A 2Z A 1 mg, 10 R BRI
NE W o
e o i o B0 R A X

W, - W
E=—"—""1%x100% (1)

KL W,——Bep g i, g
W, —hebr s, ¢
W—FER i, g

1.3.2.2 FMALEAEA

il 4 BCA( Z2E 0] TR ) AR - 120 A FiistsH)
B DMARLEL 50: 1HCH], 72T

B VR TR0 B T B B 2 mg/miLL 2 LT 2R 1
600 L, FeHh BEAR B 71, FH R ZE AR K o I s
Jr bR v i, TC ) B o Wk BE 4 9l 2 000, 1500,
1000750 500,250 125 .25 pg/mL B &5 bR TAE
W, W AR O A B AR

o o R 1A« B 9 SZARAR AR A 0,25,
125 250,500,750 .1 000 .1 500 .2 000 pg/mL K ¥z
HERE AWK O0. 1 mL, 73515 2 mL () BCA TAEMR
S1RA L PREE S min J5 T 37°CHFE 30 min, LK N
PRUER A 148 2 AN B, 7F 45 min DAY
562 nm WA AL EEICAS B MO EE . DLAR BT i
W BE Ry B A A TR B R G A B 22 o bR oE TP
IS

B 10 WL A 8 3k 9 B 7 L3 1 V0 A Bl A AR
F1F 37°CHFE 30 min, 7F 45 min LA F 562 nm %
FAD TR EE

RSB AL & B O RE  fEpRifE M & E &S S
OGN B SR R R R Ay P DA 5 R P R
(peg/mL) o BEASFE S OE B 8 2 I 3 K, HCF
B,
1.3.2.3  wlELIE S E T

BRI AR TR Ak o, 78 2500 77 100 000 g
M B L 40 min, WWHE LW, &% GB
5009. 268—2016""" H L A 5 5 B 1 & G R v
HEATIE

S

JEAR A G ER A B B T A O

I (p _:Lo) Vf (2)
A p—— IR PRI O R R, me/L

po— IS AV BT 2 T R mg/ L
V—— R T AT AE AR B, mL
AR RS
m—— A FE RIS B 5 S AR, ¢ 58 mLL
1.3.2.4  BOHELE AL
FREL 10 g FES RSB 2] 0.001 g) BB = E A
[ e, LA AR 8 7R 700, 78 0 AR5 F T 35 2 A
Ik 1) B T A TR A W (L LB A v S W R
FE ) MRYERE AR RO R RO R, B R
GB 5009. 7—2016 """ B H2{ 1 2 I 22
WA FUR A (L) R AR
x =100m’/(10/250 x 1 000mF) (3)

Af oL & g/ (100g)
m/—— BBV A PR B AR 2 T LR Y o

i, mg

1.3.3  BlELvE AR B
1.3.3.1 JRFHEHL

BE RIS % Sk [ 13 — 14 ) 00, Bk dn
T BGE LIS B AR A TR Al | B L A R
0.2 mL, £ 5.0 & £ FLIR TR S I A 4.0 mL
1 — S e T R 5 0] ( U e 5 TP AR I
2:1) , JERETRA ,1E 4 000 g B0 10 min, §FE 52
JE A MUARE RS IR D B4 25 B KA
JIA 4.0 mL B S BEH BEIR AR, 12 Lk
12 R, B IFA NI 78 2 ek 28 2 0IE L
40°C 100 r/min 55/ FZE E R XA VLA, XN H
HAEET 1.0 mL OGS FBER AR (R
155 BERRRLE 2: 1) 1,28 0. 45 pm JEMRIT U85 B
F 1.0 mL AR P A SRR ( - 20°C) , S5 FF
HERESTHT o
1.3.3.2  @ig&flk

I FH AR (3 — = U AT R A et
RIS 3, 0 s v T 2L S T AR Pk B BT, R AT
Cemini NX — C18 (2 x 500 mm, Phenomenex ) , ¥ 3l
FALEE A A B A, o A MRZK (%54 0. 1 mmol/L
R 10 mmol/L LMR%R) , B Ml M. Wi sh AH ¥t
BN 0.3 mL/min, FEIR N 40°C , HEAE R 5 wL, BEML
FFWEL,
1.3.3.3 &k

TR AN Sy v S5O AH €5 — R DU AT &2 & etk
B 7B R R% (Quap 6500, AB SCIEX ) ESI H, I 55
BFUR IE B EA, 2 RO M (MRMEER) <
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Tab.1 Gradient elution for polar lipids analysis 2Lk TS e ¥ (EAI, m> /g) TR A ta E e 8

8]/ min A FRARFRGE % B ARIARRUM i % (ESI, % ) (it e A=k
0 %0 10 o L 2x2.3034,D (@)
2 %0 10 T1000Co(1-6)
7 0 100 4
10 0 100 ES,:A—ixloo% (5)
11 90 10 i e i
15 90 10 itqj C ?L’%H'J/ﬁ@ﬁ%ﬂ?ﬁi,g/L

A SR 206. 843 kPa, B FLHLJE 5 500 V, & ¥
500°C , W55 254 0 344. 735 kPa, il By hn #h 28 1k o
344. 735 kPa, (i RAE K Analyst 1. 6. 3 Eflisib
PR G, i3 MultiQuant B ST 8088 04T
1.3.4  BElELE IR BRI (A4 B A

FIFH SDS — PAGE ( 2R TN s Ik Jie 456 Jise # 3k ) X
BV FL I IR 1 E AT 43 B A |, 2B e 15 R
15 B AR 1 356 0 H Dk RS, i#E — 28 1 AT Tmage ]
A5 A SDS HE i HL Pk B X B Ih RL T B A
TR AT R AT, A B A B 4% W
ARSI BN 12% , FRER R 10 pL, AL Jk
PEH AW I 80 V., B 120 V, T A FE i
R 3K,
1.3.5  BlFLE IR VRN

ZHESCHR [ 15 ] 0 77325 43 B P 2 2L 7 T 45 5L
W FLAL IS PR R LA AR e M, BRI — 2 = 1 B A
FL,BCAL 2 mg/mL PR, ] IR LI 4 0 T
ISR R 5350 (1% 3% 5% ) B 7L A L,
TRATHI W, B 6. 00 mL 5 2. 00 mIL K&
TMIRE T 50 mL B.04 T, T 8 000 g 45 T 5L
Ak 1 min ;43 57E 0 min FE 10 min F130 min A5 ARE
BEELDERT 0.5 em AL 50 wL LK, 5 5 mL
JRERE N 1 o/L B+ e SRR A R 2, DA
FTE VR EEN 1 g/L SDS IS 1L, id 5% 500 nm Ak

D — T BEAAE B 100

¢ —H@E IS, B 0. 01 mm

0 ——FLI AR BT B I 25%

Ay—FASE 0 min TG

A——HFE ] i (min) BOLEE
1.3.6 Kot

SCHRHCE K FH SPSS Statistics 25 il Origin 2018

G AT o0 b, R H(E = Rl 22 s
(n = 3), K M One-way analysis of variance

(ANOVA) Fl Tukey’ s test ZEitIEFIE M HT .
2 HBRE5SMH

2.1 HimFBEPELRAS

DUFCRFEL &L %o B ot IS L I Y S A 4143
PEATAHT  EE SR L 2, FECREFLAA B, SLUE R = 9
HOMFLIE A FLAEE 0T By S S AR
PEZS (P <0.05) ,IM7E pH (A FLHE & & | fKoR S
Fr b BB EWZER(P>0.05), SEEFLHL, L
PR =Y RE B RS A L R R, T RE R T AL A
R~y i S B R, AT 3 5 i
ETME, SmEFLAHL, SmILE N E AR M8 & &
FEARAH T (EE A 3 0, v] e 2003 T 2 i A e L
AR NN [ G I W e T NG 14
T B Eh LG R S — g

*F2 BEHABF.HIAURAERAS ST
Tab.2 Results of macroscopic components of butter serum, butter milk and milk
T BARViliN oy B S5 A AL o S I L/ FURH T i 43 B k%
%o % (mg-kg™") K
JEEEL (3.03+0.03)¢ (3.86 £0.01)° (6.59 £0.01)* (1105 £15)° (5.276 £0.011)*  (87.93 +0.66)"
[N (3.16 £0.02)" (3.90 £0.01)" (6.45+0.01)* (780 £21)" (5.134£0.012)*  (88.26 +0.80)"
FIMALTE (3.26 £0.02)° (4.10£0.01)* (6.41£0.01)* (636 £24)° (5.161 £0.049)*  (87.71 £0.50)°

T : [FIFVBHR AR 7R R 2252 .35 (P <0.05) .

2.2 HEilZLEPIEMIKEE ERIERERA S
2.2.1  wihFLIE TP AR TR IR E A

e FLE /0 B i fE v, MFGM 44315 31) & 3%
WAE . AR L TE B FLAE MEGM B i 26 7>
S R HPLC — MS % — % W s 41 i 17 5>

Bro a3k 3 R, B FLUE S BERE 56 A, FEA
FEBERRWENLAK ( PC) (LG 1B A I AR A ( LPC)
TEN )20 B BEAG I L BERE (PE) 10 F IR E 22 2
FR(PS)7 F WENEBENLEE (PL) 6 Fh B8N (SM) 13
Fofr , A B 5 T G 00 1) B i A 2% 55 SOk [ 18 ] B 1
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Tab.3 Membrane phospholipid components of butter

serum and butter milk

[92] =y
IS TR RAIL o T g
min A
PE(16:0/18:2)  716.5 8.58 [M+N]* il #h
PE(16:0/18:1)  718.5 11.82 [M+N]* il #il
PE(16:0/20:4)  740.5 11.83 [M+N]* i #il
PE(18:0/18:2)  744.5 10.02 [M+N]* il #&iH
PE(18:0/18:1) 746.5 7.80 [M+N]* i K
PE(16:0/22:6)  764.5 10.37 [M+N]* #ili  #&h
PE(18:0/20:4)  768.5 11.75 [M+N]* K &l
PE(18:0/22:6)  792.5 4.56 [M+N]* K Kl
LPE(18:0) 482.3  6.99 [M+N]* fuh b
LPE(16:0) 454.2  6.45 [M+N]* K Kl
PC(16:0/16:1)  732.5 10.31 [M+N]*+ Kl &l
PC(16:0/16:0)  734.5 4.49 [M+N]*+ K il
PC(16:0/18:2)  758.5  4.51 [M+N]* fl
PC(16:0/18:1)  760.5 4.24 [M+N]* K #&il
PC(16:0/20:5)  780.5  4.41 [M+N]* #l
PC(16:0/20:4)  782.5 4.21 [M+N]* #Hu  #h
PC(16:0/20:3)  784.5 439 [M+N]* K &Kl
PC(18:0/18:2)  786.6  4.55 [M+N]* #Hu #h
PC(18:0/18:1)  788.6 10.27 [M+N]* i #il
PC(16:0/22:6)  806.5 6.68 [M+N]* #l #ih
PC(18:1/20:4) 808.5 4.64 [M+N]*+ il #l
PC(18:0/20:4) 810.6 4.48 [M+N]* Kl #ih
PC(18:0/20:3) 812.6 4.43 [M+N]* Kl il
PC(18:1/22:6) 832.5 4.74 [M+N]* K &Kl
PC(18:0/22:6) 834.6 1.01 [M+N]* #Huh #h
PC(18:0/22:5) 836.6  7.10  [M+N]* Kzl Al
LPC(16:0) 496.3  6.48 [M+N]* fuh Kb
LPC(18:2) 520.3 6.28 [M+N]* K Kb
LPC(18:1) 522.3  6.64 [M+N]* K A
LPC(18:0) 524.3  7.01  [M+NJ]* i Kb
SM(16:0/16:0) 677.5 7.88 [M+N]* #dH K
SM(18:1/20:0) 759.6  7.20 [M+N]* i K
SM(18:1/15:0)  689.5 7.74 [M+N]* #ihi  #&h
SM(18:1/16:0)  703.5  8.32 [M+N]* i #h
SM(18:0/16:0)  705.5 8.87 [M+N]* i #uh
SM(18:0/20:0) 761.6  8.92 [M+N]* i #h
SM(18:1/21:0) 773.6  8.30 [M+N]* #u #h
SM(18:0/21:0) 775.6  9.50 [M+N]* i A
SM(18:1/22:0) 787.6  8.88 [M+N]* I A
SM(18:0/22:0) 789.6 10.14 [M+N]* K #iH
SM(18:1/23:1)  799.6  9.40 [M+N]* il #h
SM(18:0/23:0) 801.6  9.55 [M+N]* il #&h
SM(18:1/24:1) 813.6 9.98 [M+N]* K KK
PI(16:0/18:2)  852.5  6.36 [M+N]* #ll #ih
PI(16:0/20:3)  878.5 6.08 [M+N]* #Huthh #h
PI(18:0/18:2)  880.5 6.08 [M+N]* #ul #h
PI(18:0/18:1) 882.6 4.54 [M+N]* i K
PI(18:0/20:4) 904.5 441  [M+N]* Kl Kl
PI(18:0/20:3) 906.6 8.13 [M+N]* K K
PS(16:0/18:2)  760.5 8.60 [M+N]* K K
PS(16:0/18:1)  762.5 826 [M+N]* K &Kl
PS(18:1/18:2)  786.5 7.43  [M+N]* fuhh  #h
PS(18:0/18:2)  788.5 11.90 [M+N]* i Al
PS(18:0/18:1)  790.5 11.87 [M+N]*+ K &Kl
PS(18:1,20:4)  810.5 11.88 [M+N]* #ul #h
PS(18:0/20:4)  812.5 11.87 [M+N]*+ Kl #il

58 FZT, EEFLEHENG 55 FP, A ELIE A 1 B,
HEIBENE SM(18: 1/24: 1) . #EBEIE 2 N8 7 BRI 1)
FEAN S, B EEAARED, Fik, 5
fix FLAR LL , B LIS AEBERR I B A

2.2.2  EIMFLIE TR DTEREBERE &

B VHT LI I L %) RS IR 25 2L A i R T vk
JEUNZR 4 Firzn . SCHR 17 ] 418 J5ORE L vh #is o i
SIEIRECN 0.3% /oAy, 13k 4 A&, B FL3E A
M FLAY MFGM SABERR & et Y45 21 5 4, 2 R} 2L i
BER 2 ~3 f%, (AL 22 A K, Bl B hrlys &5
WBERRZL o & AR, FEFLIE Y PE SM & & R &
THEEFL (P <0.05),{H PL.PS & & b (K T /g 3l
(P<0.05) X 53CHk[ 19 — 21 ] 18 194 20 70 B IR
T EH—,

MFGM 1 e fMERUZ B b A AE— 1 1) 434
DX LR 2, JH v 2 4 1l i R DL [ A A ) AR S
J7AH D3R, 35 VB0AH A5 3 A DX 3 02 S 3 T A
SRR A A AR 4 A B RPOE 2X fH b g A
(PC.PE.PS . PI) TEH P 2L PR 4R, 1L
Gh W B A AR AN 350 43 A i L, PC L SML L T
MFGM #h2%1fi, PE PI.PS {3 T MFGM P2 ifii , i T
BRIE MU A BERE 7375 3 B I 52 250 3 R BE 52 k)
BN E ) HI, SM e E 4 TR AL
W TRE S HAN B & T MFGM SMIlA 3¢, t vl fE
SR R SR S K HE I AR D R LA = A
AR, TEFLBRWIER > 85 B SM 1 W1 45 ) 4k
AIESE MFGM. Hr B 7%, HL H i 2L 0% 2K AH AH EE , £7
FETA TP AR SM G IH 1 [ H I =l A 2 A
ISR A

VM LG 5 1 L BBl Al 5 20 40 A o DL IR 1
(* FoRAHMERKBE P <0. 1; % FEnH A2
WP <0.05; =+ FoRH M ZFHREE, P <
0.01; 6+ RANHAM A FEREZR,P>0.1),
MK 1a 0] F i, 1 ZLAH H, 5 9l 2L i PE
SM Y AEXS & it s T & 3L, 10 PS  PL Y AH XS & ik
TR, 5 F4 MTEREBR K, XnTEZ
HF PS.PI T MFGM )27 FEHE4T L #
JIE ol BRASE3 4 W A, TRt MFGML PN J2 i IR 45 LA K
EAEE TEE I, 2l B0 L IR A e Y
MFGM k2 1% i, P J2% B W g TG 6 A% 7 T 3 3L
TS SMB AR X i T EL P A AR X
AT AR O BB AR A7 T MFGM Ah 2
FE B0t B T R S 9 T ke, DR O A B i R X B
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Tab.4 Butter serum and butter milk’s relative content of membrane phospholipid fractions
SRR o OB FL A WENR B W/ (mg-mL ")
Jite 3K % PE PC PI PS SM
it L. 0.834 +£0.018 0. 196 +0. 004 0.291 £0. 006 0. 108 +0. 002 0. 148 £0. 002 0. 089 £0. 001
EliEIR 0.981 +0. 0145 0. 306 +0. 004 0.289 +0. 004 0. 015 +0. 001 0. 013 £0. 001 0. 352 £0. 005
2= i * wk — ok ok ok
B wx FORAE 227 0.3, P <0.01; = FRAM 25 0#E P <0.05;“ —"FmHAMANFIERE 2R,
30 o 70 -
S - iy
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Fig. 1 Relative percentages of membrane phospholipids of butter milk and butter serum

W 3w THEFL(P <0.01) 5 JuAb, B FLIE SR
£ PE(16:0/18:2) .PE(16:0/18:1) .PE(C18:0)#H
X F2ERFR B E (P <0.05),7 PE(16: 0/
20:4) PE(18:0/20:4) 22— W E (P <0.1),
B Ry w L ST AL

M Le ATLAE Y B FLIE FI L3 & A 6 F
PI P PI(18:0/18: 1) ZE PR FLIE A 7 4 b AH X
SRS B (P <0.01) , wih AL i AR X
ST L Bl FLE S L PL(16:0/18:2) (Pl
(18:0/18:2) .PI(18:0/20:3) .PI(16:0/20:3) X 4
it PL 22 5 80 B3 (P < 0.05) , Horp 23 7LE o
PI (16:0/18:2) PI(18:0/18:2) PI(18:0/20:3) i
FEET ML, M PL(16:0/20: 3) A X & AR T
&L,

MK 1d AR H BOm L M LY & 7
PS, Horft PS(18:0/18: 2) ZEPFP LI Ry A5
I T 60% , B = TREFL(P <0.05) ; B LG

LA oA 6 B PS AN S AR —E 25 R (P <
0.1),

MK Te ATLUE H, #M AL &4 13 Fh SM, i
BEFAN A 12 B SM, Hod SM(C18:1/24: 1) &
WFLE A, H SM(C18:1/24: 1) (5 & FLiE
SM Y RFR G, fESL[E S A 1Y 12 B SM b, Bl FL
T SM(C18:1/20:0) By AR XT3 5 75 Y 7L 7% W o 3
B TmFL(P <0.01) ,SM(C18: 1/21:0) HYAHXT &
BEETHIL(P <0.05) 1 SM(C16:0/16:0) .SM
(C18:0/16: 0) SM(CI18:1/23:0) . SM(C18: 0/
23:0) WAHXT SR EMM TEIL (P <0.05),
SM(C18:1/15:0) B9 #H X} & &t I 25 1% T 1 FL
(P<0.01),

ME 1 0] LLE ), Il FLiE A LY A 20
il PC, Hr By FLIE th K24k PC AHXT & S AR 2 =
TR, S H R AL B PC(16:0/18:2) By AT
Fri LT I L PR S Y 2 A%
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PE(18:0/18:1) .PI(16:0/18:2) PI(18:0/
18:2) . SM(18:1/24: 1) 3% 4 Fh g i BR B #E NG 5 ST
BRO 15 ] i iE 45 SR A AH R A 34 (HZ PL(16:0/
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MFGM # 5 5 SCHk[ 18 ] iliE 45 A e 42— 3L,
SCER AR IEFR PI(16:0/20:3) SM(C18:1/20: 1) 3%
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i, JERATREZFLIR 708 T2 R Ik SEAN ],
SRR 225 BRI BRI & & IEEEAS M R
PERSEEE (1, % FLAR Wi BR A MRS ER &
RAFI TR, eAh , ZI0EE 2, #hFT AR
BRI SR F I 2K BE 1 A5 9 3% P 21 4% (MR VR R |
ZTHERR RS ) XK AL DI RE M A B
FOCHEE R BT LI R L PR AR A 1 22
5, AT RE S S EOE I LS A L e LAk A4 R T
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Fig.2 SDS — PAGE patterns of butter serum

and butter milk

AT, A R R RE R e,

E— 2 F H Image J 3RA4F45 6 SDS #E i HL 7k
L, %o 2 9l 2L 9 A AR R AT R = A b,
35 i, G FUAH B, B L g B FLTE 8 LR
EHFRDECH 76.70% K T EEFLEY 79. 05% ; &
MFGM [ &2 5 50k 23.32% , 3% & TS FL Y
20.95% ,iX 22 5 i FLAH EE , B 10 2R A5 2 1 76 B0
FLEh B TR XA RS B TS Bt
FEr  MFGM £ 415038 5 850, — 0 o0 i 5 s 4R
T L T B A o B R A R AT, TR A R A Y
MFGM F Bt i 8 1 41 43 78 JC 7K 385 3 i) £ e 4 3 il
T, DT B 22 4th o SR AR B FL I
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Tab.5 Semi-quantitative protein for butter serum and butter milk
. o7 BN ELE o gL i AR L BMFLE R, EICEER, BEILEEE/
ESRUIES . .

i U % it 53 K% [ te 53K % (g+(100g) ~')  (g-(100g) ~')  (g-(100g) ~")
NS E AL 4.65 +0.02 5.89 +0.02 0.14 0. 01 0.17 £0.01
FEFLIRHE 5.61 £0.01 4.36 £0.02 0.16 +0. 02 0.13 £0.02
FENEE 4.72 £0.02 2.60 £0.02 0.14 0. 03 0.07 0. 01
R Ay MR 6/7 8.34 +0.03 8.10 =0.01 0.25 0. 01 0.24 £0.01
BREA 23.32 +0. 05 20.95 +0. 06 0.70 +0. 09 0.63 +0. 03
o, B-FEE (30.30 £0.02)"  (30.88 £0.02)"> (45.32+0.02)* (0.91+0.02)% (0.93+0.02)% (1.37£0.06)*
k- (9.30£0.03)¢  (12.83+0.03)" (14.73+0.02)* (0.28£0.01)¢ (0.38+0.02)®  (0.44 +0.05)*
HMEEEA (39.60 £0.03)¢ (43.71£0.01)" (60.05+0.01)* (1.19+0.01)¢  (1.31£0.02)%  (1.81 +£0.04)"
B-FLERE (23.56 £0.02)> (22.84 +0.01)> (26.84+0.02)* (0.71+0.01)%  (0.69+0.01)% (0.81 £0.04)*
a-FLHEN 13.54 +0. 01 12.50 +0. 01 13. 11 £0.02 0.41 +0.01 0.37 +0. 01 0.39 +0. 05
SELEEA (37.10 £0.08)" (35.34+0.08)° (39.95+0.05)° 1.12 0. 04 1.06 +0. 05 1.20 +0. 08

L : AT AN IR B R 4L 25 5 25 (P < 0. 05)
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B FLICON M TS0 . R B 3 (T O A B
FoRMARIZER T E(P<0.05)) /] LIFE W, 0L
T 7L 3 A LA A R IR 2L FL AR T M A LAk R e
PR S R FLELVOAE B, RIS i R B
FLIE FLB A LA TS M A LA R E M A R, X
AR T ELIE T 5 EELTH MFGM 415322 57
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Fig.3 Effect of butter serum and butter milk on

emulsification of emulsion
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