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FEE : FUNFLUE (BS) J2 A oK BB = A 0 @I o EH T 2 FLIR D7 BRI S5 AL 43, B0 L0 A R R e AR BRI
3 R RO . SRTAT, H R 9D 5 A v T B0 FL I Y Bl 2 3 R G, T i U7 R MU 2 43 1 AR R B I R ) A
FER AR WIA , BT B L R o B B0 B FT A5 T 2 A U B0 3t B L, L DR L AN 3L A X
WA 1 B FL I B B A A 0 TG 5 SR IR IR A o A i o S5 R R D, S 0RE L R FLAA L, B FLIE A A BT IR
Tk A SO 2 R, AT e T R AR AR, FUBE I e A3 H KR pH E A TE WM 22 5 (P >0.05) ; # ih 7LiE h A BE
5 BR BB s 56 M, 40 45 i i Mt AH 58 ( Phosphatidylcholine , PC) 20 # | 8 I5 Bt £ % % ( Phosphatidylethanolamine , PE )
10 F | B4 5 Bk 22 & 2 ( Phosphatidylserine , PS)7 # #f I Bt JLEE ( Phosphatidylinositol, PT) 6 #f % I ( Sphingomyelin,
SM) 13 b, H P B Bl i 3 T 29 S R LY 3 A%, B Wk BE AR 2 0. 352 mg/mL; By FLIE & IS W BRI AL 1 4 F, Horh 22
F R LR Ay SR 1 6/7  BRIAE 11 o S Y 23.32% 2 WEFLAY 1.1 A% s X BE IR L L 1 3L RIAS [ 9k B2 v
FLIE FLAL R L HEAT LO B, AP ST 5 2R WoR , B LB LA B O T R BERE L (P < 0. 05) s FE S 3/ 3% I, B3 L
T LA TR VRS MO FLAL R E VRS BOA B IR K, 43 B 2. 682 m? /g A1 91 1% o 45 b, sl L3 b & 5 5 (0 i 0l 3k
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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. ,Ltd. , 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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BEEE: PiE(1987—) &, Bl B4, T NFAFH A 2EPF5, E-mail : luojie@ hunau. edu. cn



11

TRMER 45 B LG 4 A 5 LA RE P TR 413

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 3|

TE A TG K S A i R R A
KM, 43 5 W Bk 9 6 FL ( Butter milk ) 1 # i 2L 7
(Butter serum,BS) . {1 7L 1% #9 kIR 2 A4 W 5 &
o — 2 H M AL T B0 BT A5 B K s
5% (¥ 1 i 4 5 Ak, (8 AR 25 % e 5 1k 1 45 31 G
KB BN FLEE o B FLIE 410 5 W EL i 4L 2%
WU BRAK AN, 35 B AR LN R LK S L A
AR o KRR, B LI A0S FL— A 2
FUIS AT b B AR A 8 R 77 B o AR T OO 4 S, 2 ih 5L 3%
FmE LA B 7 o g 4k LIS 105 Bk B ( Milk fat globule
membrane , MEGM ) F- Bt FIFLBE I 11 4 3% 5 1

MFGM &5 6152 T4 L P g BR L W 9 3 2
2R R SR T, N IE A R ( PC) (B
N5 2. B2 M (PE) B I 18k 22 %R (PS) Bl I 15 L 7
(PL) BN (SM) % IR KRR A, b,
7E MFGM 1) 3 22 I i if B % T K B DIBE 26 (o &2
(94 1, I SUIS 4 1 L 20 0 A Ak O R B
ERIN AR IR P SEIN (4 S 2
JERI K 11— 7 T BE 6% A3 A0 D7 1k K i 3R 4R B B 17
i BE B KA ATAR T, o FLIE 105 Bk A R
A 1 5 5% — 05 T S DR A P i e A 6 v A, T Lo 5
N N WO = e (i T R R TN U <
S3UT T A T T BR AE S B R R e e, Y
I U6 R U v i I R A At A R R
TR FLAR o R, MFGM #5 W i L #2845 15 g
NG 15 K 55 2 0 468 4L 4003 e ok B0 LA 40 ok 0 LA i
IR R e AR, AE A B A
KB B BE R i B op, MEGM. - B K 6 5% 28 #3ih
FLVE RIS T, RO, B A MFGM ) 3 2L 3% 0 i
FLELAT 8K 4 B A 1R

HR, 56 T RS FL4LS B Dh BE R Vi T AT R 4 %2
W FL s R T A ) T M . AR
PN AN 56 T I FL T O BF 5T 32 T AR O A 440 H
I8, T T 2 L G 07 R S 5 2H 3 A R LA R L AR
P BIBEIE 04 R B A . PRI, AR SC R A 3L JEURHA) B
B FLG , LA FL A FORESL 6k IR 434 2 L
AL 4y Fr MFGM AT 2 43 19 ¥ i, 9 He 4 R [l
Vi P B LA R A 1) LA R L30T A 9 i L 3
7 0 ) ) P AR 3 B LAl

il

1 #M#EEFE

1.1 #MR5iH

Az A2 (g 7 0 o 53 % 3. 85% ~3.90% , 5 1
JoT 5t 4 4K 3. 05% ~3.20% ) , WA KU T & HL
WFSE T 5 W R S0 0 e R A0 L AL D R R AT L R
TR P R B0 AT R Bl AR N K A AR b
W2 OB Tk AT kPP e = S
SENEE T e SRR AN (Y S b A ) L =
HE SN O NG I TR B (4 ok g al) | 2 4
VI A2 00 A B2 ) 5 W A T AEL s o 55 s Pk 2 e
JE R i Tl i Tk 22 S0 TR A o L A TR JUL BB OB
JEHR i (220 35 4l ) , 56 [F Sigma — Aldrich 51 %) £7
FRAH]
1.2 (NE5EE

TP —3000E #4531 K-, WAL K P A 45 15 55 A7
FRZ\ 7] DKB — 501 A e i K i 4, b 2% 15 52 50
I H8 A5 BR /A ] 5 Qtrap 6500 7 25 44 i AH (6, % — = & Py
AT &2 6 2Pk 2 + B 5t 3%, AB SCIEX /24 ] ; VL -
220R £ 2 B R B0 AL, W R T R SE R R
A R\ 7 ; Read Max 1900 %9 i b5 4% , | 5 [N 3% 2E 4
B A PR 7] 3 BTP — 8ZLEOX % B 25 ¥ %k T 1§ L,
¥ SP Scientific 23 7] ;165 — 8001 #1 i yik | & [
AR 2y 75 164 — 5050 HY | 9k A, 38 B A SR 2 Al
KS260 #I i (4,52 K , 78 [F IKA /4 7] ;DG —260 I £ 1)
RE BT U AL, Ik 38 i 28 A BRA D
1.3 Fi&
1.3.1  BhAlig 5 e o

BUHT A R R, 63C ST R A
30 min, J57EVKKIG TR EZE 10C, 7 10C %
PETF L4000 g 8.0 20 min, I 4E F 2R W5 . K lE
107 58 43 B 30% ~ 40% B W5 il B A £ ) BE J6f U
BLH 76 10°C 2 0FF , DA A AT B 4T, B 3B
T M AR (AR 0RE ) 0 L, SR TR R TR A (R
M EL, BM) 0 AE 65°C & Rk, IR 7E
4000 g T .0 5 min, YA T 2 WA CED R 200 2L
H,BS) . BHETHEHSAHETENIS T -60CH
B 12h T HEMK, BT -20C F{RF7.
1.3.2 Bl Lo A i
1.3.2.1 @il il SRR

%08 GB 5009. 6—2016"""" I A4 & e, FrEe
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10 g GKE, i 10 mL #h7R IR 50 o FRIE 0L S A
10 mL & P, B Ao W =k b, e F8A . A
25 mL Sk, JRH% 0.5 ~ 1 min, F 0 A 25 mL 7 il
Bk, E 30 ming T B JZWRE W, B EBE , 2E
fEEE AR AR o bR W AT BRI, 2 i A
5 mL Y LB 15 mL SEEAN1S mL A3l B, HE Fk
HUR . 5, HAMEE R QAR L 1 1A IR &
VAR gk 0 R SE N BE S OFORE SR IBORUK A 0 T
R R ZER S ~6 mL J5 H R 2 (102 £2)C By T4
Farbom# 1 b, FE TR I v A0 2 % R (20°C) J5 R
BT PR AH 22 N G 1 mg, 38 SRR AR N
U7 o
i 195 oo oy o R A A
» =W,

W
Ao W,——FBe AR R i i, g
W, ——hetr i, g
W——HFE i BT, g

1.3.2.2  dEimELE S EN

il £ BCA( Z3E Al 7R ) AR - 1) A Al
B DIAFR I 500 TSI, 840182 .

T VA 5 VA B2 T < B 2 mg/mL AR LV AR
600 WL, FcAH B2 B 1 77 i, FH IR ZE I8 K 43 3l i
Jbs fE b, T B BT R MR BE 43 1 S 2 000, 1 500,
1 000,750,500 ,250 125 .25 pg/mL (¥ £ 5 brifE TAE
VSR, AR WO A bR Al

P e A AR B9 Sl A R A 0,25,
125 250,500,750 .1 000 .1 500 .2 000 wg/mL 5
WEE AW 0. 1 mL, 43515 2 mL 1) BCA T /EWR Y
AJRA PRI S min 5 T 37°CHEHE 30 min, LR N
PRERE R 1 A B A AE 45 min LY
T562 nm P AL BE S RO BE . DLEE H R
W FE Sy B A AR L W2 O BE R A A AR 4 ol A U T AR
S

W10 WL F 8 5k 1 B 9t 2L Y A I T A Al
1 T 37°CH%E 30 min, ££ 45 min LN T 562 nm J¥
K Kb 32 O ' JE

A 50 R i B OB R TE AR eI £k B A RS
ZONF N ) T R R, R A ST R R BT R
(pg/mL) o B ASHE 5 WO B 2 I & 3 Wk, B
¥,
1.3.2.3  IlELI DA

W JEORP R AV TR 4l K i, 7R 5.0 ) 100 000 g
&M F B o 40 min, W W W, &% GB
5009. 268—2016"""" v Hy JE il & 45 B F & 56 ik
HEAT I AE

o=
jnliy

E =

x 100% (1)

WA BT T &R 1 B R T A
_ (p _ZOWf (2)
K p—— i FE W 9 0 R, mg/ L
po—AFEZS FIV P DG 2 B i TR, mg/ L
V——1UFE T AL TR 2 AR T, mL
S BT 5k
T R BT o RS A R, g 5 mL
1.3.2.4 Ly oo zL g
FREC 10 g A 5 (K5 B 5] 0. 001 g) & fr K& H
J e, VA B A $8 7 700, A6 3R & 2F T T 2 e
I B M A TR AR T W (E O FLOBE bR E T W AR
) G RPEAE S BE AR PT R R R S E . S
GB 5009. 7—2016""' H P #2 1 £ I 5E .
WA FURE & & () it A
x =100m’/(10/250 x 1 000mF) (3)

X

m

A a—— il PFLRE & i, ¢/ (100g)
m—— Bk T A7 T 9 A T LB A

i, mg

1.3.3 s ih L vk i o
1.3.3.1 JgiftHx

JiE B S 25 SCHR L 13 — 14 ] 3F 00, B
s BRI LG By A T Al K ECE I L R
0.2 mL, 2850 & AR FLNG BT ER G [ Hrb A 4. 0 mL
A A B B IR AN (A W e S e A LI
2:1) G IR A 1E 4 000 g B0 10 min, #HE R
JE A HUAREL B 22 08 DV B A b o 2 )R ) K AR P
FA 4.0 mL (5 e H IR 5 0 2 Bk
Y82 W, & 0 A HURE K e B 2 e 5 728 R B
40°C 100 r/min 5 F 2K BR ZAHLER, R T HY
oW T 1.0 mL i (015 90 58 05 FH IR 5 V1) (540
U7 5 A EEARBLL 2: 1), 28 0. 45 pum 8T I8 5 &
T 1.0 mL AR R R R AE T ( -20°C) , EfF
PERESM BT o
1.3.3.2 g5t

L o OB 3 — = DU AT B 5 etk B 1
BT, D s B b FL g b B v AR BT, 6 A
Cemini NX — C18 (2 x 500 mm, Phenomenex) , i )
AL A AH B A, A A UK (B 0.1 mmol/L
HIR (10 mmol/L Z MR # ) , B A1 Z M5 Ui 3h Al it
N 0.3 mL/min, A1 4 40°C , JERERE S WL, BEME
PR 1,
1.3.3.3 Jhig&M

S A S v RO £ 35— = DU AR AT R A b
BT BF IR % ( Qtrap 6500, AB SCIEX ) ESI Hi, 5 55
BT IR T, 2 RO I (MRMAE ) | <
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Tab.1 Gradient elution for polar lipids analysis

I A/ min A FRBU £/ % B AR 2 %
0 90 10
2 90 10
7 0 100
10 0 100
11 90 10
15 90 10

¥R 5R 206. 843 kPa, # F L HLE 5 500 V, i &
500°C , W5 55 < 9k 344. 735 kPa, %l B i #4 &% 1 0
344.735 kPa, (45 R % K Analyst 1. 6. 3 %5 4k
PRS0 i MultiQuant 514 #F 47 8045 43 7 .
1.3.4 gyl L iR sk B AR A 1 o0 A

FIH] SDS — PAGE ( 5 N 4 Ik Jiig 3 J6¢ vt Uk ) XF
B L A AT o B AR, 2 B I AR R
15 B2 R 8 e L Tk S, i — 20 R Image ]
AF S5 G SDS BE e ik B, X 8 2L W i R
B AT E R . B = B 4% W
WS TR T ER 12% , LAE R 10 pL, HLJk #
VEHL R AU 46 e 80 V., 43 BSJiE 120 V., JT A #F i
3 W,
1.3.5 w0 E AL IR

ZRRSCHR [ 15 ] /Y 5 125 43 A el 28 ol 2L 3 o 2% L
W) FLAC TG M S FLA AR 8 M. BRI — 2 & 1Y B R
FL, B 2 mg/mL BV W, 1] 35 B L v W 43 o0l R
TR R BT 12 43 50 (1% 3% 5% ) B4l 3L 1% FI RS 5L,
IRASVHRW, W R 6. 00 mL 5 2,00 mL R &2
MRS T 50 mL .04 1, T 8000 g 514 F 4 3L
A 1 min; 4350 7E 0 min  ### 10 min 1 30 min i B
B ELECH 0.5 cm 4 HC 50 WL FLi, 5 5 mL
Fi e B 1 g/L i1 Zobe B R A IR S, DU
J A B 1 g/L SDS M2 1L, i 5% 500 nm b

G
FUALTE VE 4 B (EAT, m*/g) Ko FL AL R s v 45 5L
(ESI, % ) B3T3 20h
2 x2.3034,D

=1 000Ce (1 -0) ()

A
Ey = x100% (5)
0

qrp ¢ —F AT PR E , o/ L

D — i BEAG K, B 100

o — ML, B0. 01 mm

0 —— LI AR AR %, 25 %

Ay—3 L5 0 min BEOGJE

A —— 5 ] £ min) W
1.3.6  Hdlinbr

S 6 B HE % i SPSS Statistics 25 £ Origin 2018

GEAH AT AT G 0 AT, R T B = A o 22 308
(n = 3), % [ One-way analysis of variance

(ANOVA) Fil Tukey’ s test G i34 {H F1 55 35 PE 43 H
2 HR545W

2.1 HHIBFHELAS

PLISUREZL s 3L R 08 B, X0 5 31l L 7 Y ik A 21 4y
PEAT AT AR WL 20 AUEUREFL AR L, LR 1
BN FLIE M FLAY B B IR B AT AR
PEZES (P <0.05) , MifE pH {5 LB & i 5 KR
PR bR E S (P >0.05), 5L, 2L
LR 7= P S S R R, AT REJE i T FL
il 7= v AR R R, AT S EOAE A S i
F R, SmEFLAA L, S FLE B & R RS A
FEACHH T (ELI AT B8, T RE 2 B L2 i L
T BOEE BT IR W R . SR A SR SRR
I B LTS U T

®2 EMAF HIURABRASSH

Tab.2 Results of macroscopic components of butter serum, butter milk and milk

. R R AR Jig 15 o = 53 K/ OH i ps¥ e q V4 FLE B i E S K%

% % (mg-kg™") %
JEURLFL (3.03£0.03)° (3.86 £0.01)° (6.59 £0.01)* (1105 +15)* (5.276 £0.011)*  (87.93 £0.66)"
fig 5L (3.16 £0.02)" (3.90 £0.01)" (6.45+0.01)° (780 £21)" (5.134 £0.012)° (88.26 £0.80)"
wmFL (3.26 £0.02) " (4.10 £0.01)* (6.41£0.01)° (636 £24)° (5.161 £0.049)*  (87.71 £0.50)"

TE - [7) 81 04 AN [R] 5% B 3R0R 22 53 3 (P < 0.05)

2.2 HimIFEPEABKE LRI RAS

2.2.1  FEMELIE PG D R R NS Fh 2
FEEHFLIE 4> B L B, MFGM 41 4315 3] 5 3%

HAE . NI O ELVE R FLAE MFGM % 15 41 oy

225, R HPLC — MS X = % W g 41 i 2k 17 43

Bro e 3 Fros, s FL3 S Wi is 56 A, 54
FE WA IR B LA ( PC) (435 38 2L A 8 S 15 IEL ek ( LPC)
TEN) 20 Bl WIS 5t £ W3 i (PE) 10 B i i 19t 22
2 (PS)7 Ff WA N BE LA (PL) 6 B\ #5 i (SM) 13
ol AS BIF 5 T A 0 1 S il 26 5 SRR [ 18 ] 43 1Y
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Tab.3 Membrane phospholipid components of butter

serum and butter milk

|52
BEATES EEE O s o g
]/ min I
PE(16:0/18:2)  716.5  8.58 [M+N]* & Kl
PE(16:0/18:1)  718.5 11.82 [M+N]* #lH #H
PE(16:0/20:4)  740.5 11.83 [M+N]* #dt #h
PE(18:0/18:2)  744.5 10.02 [M+N]* #lt il
PE(18:0/18:1)  746.5 7.80 [M+N]* #ilt il
PE(16:0/22:6)  764.5 10.37 [M+N]* #d #b
PE(18:0/20:4)  768.5 11.75 [M+N]* #&H #H
PE(18:0/22:6)  792.5  4.56 [M+N]* &l KBl
LPE(18:0) 482.3  6.99 [M+N]* K
LPE(16:0) 454.2  6.45 [M+N]* & Kl
PC(16:0/16:1)  732.5 10.31 [M+N]* #dH #H&H
PC(16:0/16:0)  734.5  4.49 [M+N]* &l Kl
PC(16:0/18:2)  758.5  4.51 [M+N]* #l Al
PC(16:0/18:1)  760.5  4.24 [M+N]* #& &l
PC(16:0/20:5)  780.5  4.41 [M+N]* ¥ i
PC(16:0/20:4)  782.5  4.21 [M+N]*" i Kl
PC(16:0/20:3)  784.5  4.39 [M+N]* #i Kl
PC(18:0/18:2)  786.6  4.55 [M+N]* K K
PC(18:0/18:1) 788.6 10.27 [M+N]* it Kb
PC(16:0/22:6)  806.5  6.68 [M+N]* i Kl
PC(18:1/20:4)  808.5  4.64 [M+N]* &l Kl
PC(18:0/20:4)  810.6  4.48 [M+N]* #ili il
PC(18:0/20:3)  812.6  4.43 [M+N]* #&H &l
PC(18:1/22:6)  832.5 4.74 [M+N]* ¥ il
PC(18:0/22:6)  834.6 1.01 [M+N]*" i Kl
PC(18:0/22:5) 836.6 7.10 [M+N]* #&H Kb
LPC(16:0) 496.3  6.48 [M+N]* K K
LPC(18:2) 520.3  6.28 [M+N]* & Kl
LPC(18:1) 522.3  6.64 [M+N]* #i Kl
LPC(18:0) 524.3  7.01 [M+N]* # &l
SM(16:0/16:0)  677.5  7.88 [M+N]* ket K
SM(18:1/20:0) 759.6  7.20 [M+N]* #dH #&H
SM(18:1/15:0)  689.5  7.74 [M+N]*" i Kl
SM(18:1/16:0)  703.5  8.32 [M+N]* kb A
SM(18:0/16:0)  705.5  8.87 [M+N]* ¥
SM(18:0/20:0)  761.6  8.92 [M+N]* K
SM(18:1/21:0)  773.6 8.30 [M+N]* Kt i
SM(18:0/21:0)  775.6  9.50 [M+N]* Kb K
SM(18:1/22:0) 787.6  8.88 [M+N]* #H #&h
SM(18:0/22:0)  789.6 10.14 [M+N]* #ill il
SM(18:1/23:1) 799.6  9.40 [M+N]* #d #H&b
SM(18:0/23:0) 801.6  9.55 [M+N]* &l KBl
SM(18:1/24:1)  813.6  9.98 [M+N]* K KEH
PI(16:0/18:2) 852.5  6.36 [M+N]* ¥
PI(16:0/20:3) 878.5  6.08 [M+N]* Kb K
PI(18:0/18:2) 880.5  6.08 [M+N]* & Kl
PI(18:0/18:1) 882.6  4.54 [M+N]*" fh K
PI(18:0/20:4) 904.5  4.41 [M+N]* #H &l
PI(18:0/20:3) 906.6  8.13 [M+N]* ket K
PS(16:0/18:2)  760.5  8.60 [M+N]*" fih K
PS(16:0/18:1)  762.5  8.26 [M+N]* K
PS(18:1/18:2) 786.5  7.43 [M+N]*" i Kl
PS(18:0/18:2)  788.5 11.90 [M+N]* #&H Kb
PS(18:0/18:1) 790.5 11.87 [M+N]* il il
PS(18:1/20:4)  810.5 11.88 [M+N]* #h #h
PS(18:0/20:4) 812.5 11.87 [M+N]* it #KiH

58 FiHEiT . WEFL S WENG 55 R, B E M FLIE A 1 Rl
S EEERE SM (182 1/24: 1) o $5 AR 2 A8 1l BR 15 A
EEAMA S, B FEEM A . B, 5
i LA L, BT L3 e B NS R R L T O
2.2.2  HEMFLEE R BRI B A i

i L3 A L T M A 20 20 A R S S ek vk
FEANFE 4 FroR . SCHER (17 ] 3038 JR0RE S w Ag BR A
SPBORECN 0.3% ZeA7, th 3 4 W&, S L A
W FLE MFGM SRk RE & 1975 51 55 48, 2 JFURH LB
BRE 2 ~3 4%, (BRI 2B R K, BTl . 5 ih T 45
BENG 414y & H AR, B LI 9 PE SM & it i 5
FREFL (P <0.05),{H PI.PS & ht i 2% T W§ 3L
(P <0.05) 3 53CHk[ 19 - 21 ] 4] 38 14 4% 241 43 Wk i
G B,

MEGM () £ 0 2 RUZ B 1 A7 75— 1 43 A5 1Y
DX 45 20 21, G J2 5 9l s R JEL 1 2 G 114 VA 7S A
J AR D3, 33 AN VAR 25 e R X3 7 SOUJ2 I 7 TG A
YRR A AR X FR 40 A 96 RO K i s
(PC.PE PS PI) 75 Ji b 2 8L G (9 43 fi B 5k it
b W P NS B A A AR 3 50 40 A 1 L, PCLSML i T
MFGM 41T, PE \PI.PS {ii T MFGM P %1 , fii T
R M B B 43 6 23 85 16 3% 850 3 R L S
WOl PR, SM ek B 4R T uh FL
i, ] A A B AE & T MFGM il 45 6, th 1] Bk
Sy SMET A K BE I RN W7 R LB A T
Ao TEFLIRWIER 20 85 b, B0 & SM 1 9 45 49 3k
AL N MEGM H B8 7%, FL e i L B0 K ARLA L, 7
6T 7 A B SM X 803 9 [ 4 1 = mig A LA o
B R

L 15 LI B 4% 4L 20 AR X e LA 1
(= FoRANZE R B E, P <0. 1; == Fox 4l H 2
S, P <0.05; wxx FoR gl 2R EE, P <
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Tab.4 Butter serum and butter milk’s relative content of membrane phospholipid fractions
S bR L NG R R/ (mg-mL ")
oA % PE PC PI PS SM
i . 0.834 +0.018 0. 196 +0. 004 0.291 £0. 006 0.108 £0. 002 0. 148 £0. 002 0.089 +0. 001
wahEL 0.981 £0.0145 0.306 +0. 004 0.289 £0. 004 0.015 £0. 001 0.013 £0. 001 0.352 £0. 005
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Fig.1 Relative percentages of membrane phospholipids of butter milk and butter serum
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Tab.5 Semi-quantitative protein for butter serum and butter milk

R 7 BRI i it 3. i AR L WML R, BILEe R/ JIE B L2 i i/
oLk O % Bk o> % Wk 4 B % (g (100g) ~')  (g-(100g) ')  (g-(100g) ~")
B I 04 45 L i 4.65 +0.02 5.89 0. 02 0.14 0. 01 0.17 £0.01
LS A 5.61 £0.01 4.36 +0.02 0.16 0. 02 0.13 £0.02
FIgE 4.72 £0.02 2.60 +0.02 0.14 £0.03 0.07 £0.01
LR Ay R BEE 1 6/7 8.34 +0.03 8.10 0. 01 0.25 +0.01 0.24 £0.01
B 23.32 £0.05 20.95 0. 06 0.70 0. 09 0.63 0. 03
o, B-FEHE (30.30 £0.02)" (30.88 £0.02)" (45.32£0.02)" (0.91+0.02)"® (0.93+0.02)% (1.37+0.06)"
Kk-Mil B H (9.30+0.03)°  (12.83+0.03)> (14.73 £0.02)* (0.28 +0.01)¢  (0.38+0.02)"  (0.44 +£0.05)*
BEEA (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 M (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-FAHEH 13.54 £0.01 12.50 +0.01 13.11 £0.02 0.41 £0.01 0.37 0. 01 0.39 +0.05
BEEEA (37.10 £0.08)" (35.34+0.08)° (39.95+0.05)" 1.12 £0.04 1.06 0. 05 1.20 +0. 08
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Fig.3 Effect of butter serum and butter milk on

emulsification of emulsion
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