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Fig. 1. Schematic representation of physical phases of milk. The area between the
milk particles represents the milk serum (whey), the phase in which all other phases
are homogenously dispersed.

(Silanikove et al., 2006)
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Table 1. Gross composition of milk lipids

Content in total ~ Fraction in Fraction in Fraction in skim
fat (%, wiw) globule core (%)  MFGM?® (%) phase (%)
Neutral glycerides
Triacylglycerol 95.8-98.3 100
Diacylglycerol 0.03-0.38 ~90 ~10 ?
Mono-acylglycerol 0.10-0.44 Trace Trace Trace
Free fatty acids 0.10 60 ~10 30
Phospholipids 0.20-01.11 - 65 35
(incl. sphingomyelin)
Cerebrosides 0.1 - 70 30
Gangliosides 0.01 - ~70 ~30
Sterols 80 10 10
Cholesterol 0.03-0.46
Cholesteryl ester =0.02
Carotenoids+Vitamin A 0.002 ~95 ~5 trace
Vitamin D ~0.0000015 - - -
Vitamin E 0.0024 - - -
Vitamin K 0.0001 - - -

% Native milk fat globule membrane.

(5% » 1983; Michalski and Januel, 2006)



Feit Pz gk 3t - LG o R giigaszk (milk fat globules) o
A5 o R P sEp e (MFGM) & B fq Wm0 i A5 = 0 Fg# 3t
Atz ¢ o Hp gt ER A 0.1~20 um> TSR TG AF LR > g
< F84 B¢ & 2~4 um (5% - 1983; Michalski and Januel, 2006;

Dewettinck et al., 2008; Lopez et al., 2010) - = » - & & % 5 75 F 45

PaiRIk Lok e 3a s 1 4p R (Wiking et al., 2004) -
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2ok RN IR A K P e N H 8 JRA o U aE IS RY
(liposome) iz i@ & 54 Pg a0 5 1 a0 i R g gt ¢ (Mather
and Keenan, 1998) » #1254 (R f2 7 fx (lipase) > ™ i H P e
PRk KR (3R 0 1983) o ¥k > 4 fLra sk & oG € F e v AR

k2 A5 (Mather and Keenan, 1998) -
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Fig. 2. Schematic representation of the structure of the milk fat globule membrane.
Not to scale.

(Lopez et al., 2010)



a9 R B X 5 8~10 nm (Yeetal., 2010) » B475 B 2 oo B ik

S Fen 90% 12 b (R 02) B P Fw K T70% (El-Loly,
2011; Singh, 2006) > @ *@a% fia (cerebrosides) 7 *£F|f% (cholesterol) R .%)
WA e 500 o FURRAIRATY TR 2 SR B (£ 3) - AL
55 g p kv (MFGM proteins) » H ¢ § eZed § it R R fis
(xanthine oxidoreductase; XOR) - V%’ 5t %5 3¢ (butyrophilin; BTN) =
#Pq F-v  (Adipophiling ADPH) = #4305 &34 g pak o is 11 2 ft
FIRAE Tt p 2 F-9 & (Chong etal., 2011; Ogg et al., 2004,
Robenek et al., 2006) o & w&vs ¥ * fiz 2 & 3] S F > oD Foim A ki

(Heid and Keenan, 2005; Michalski and Januel, 2006; Silanikove,
and Shapiro, 2007) - F‘F‘; FU P Bv G AT Bﬁw\ W b e TR
Z_ % F-v (transmembrane protein) > ik 4% 7 3538 5 F-v e 20% 12
1 (Mather and Keenan, 1998) » p ¢k 5325 A # > fe ¢h B0 B

(Robenek et al., 2006) ; .75 30 R4 # 3t p b2 F enw @ (Chong

et al.,, 2011; Vanderghem et al., 2011) - McManaman et al. (2002) **-|:

B iRek Y A D 2 R P nA TR L ¥ (W 3)
Fdrt SRR o 2 M0 L B4 R AR X2 K - ekt

A5, 4F &£ $ (Harrison, 2006; Ye et al., 2002) » gt 452 a5 5 5L

VERIR A a1 & *4@ WF AT R o
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Table 2. Estimated average composition of the milk fat globule membrane

Component mg/100 g fat globules 9/100 g MFGM dry matter
Protein 1800 70
Phospholipids 650 25
Cerebrosides 80 3
Cholesterol 40 2
Monoglycerides +2 -
Water +2 -
Carolenoids +Vit. A 0.04 0.0
Fe 0.3 0.0
Cu 0.01 0.0
Total >2570 100

+ % present, but quantity unknown.
(El-Loly, 2011)
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Table 3. Protein components of the milk fat globule membrane

Proteins Molecular weight (kDa)
Mucin | (MUC 1) 160-200

Xanthine oxidase (XO) 150

PAS II1° 95-100

CD36 or PAS IV 76-78

Butyrophilin (BTN) 67

Adipophilin (ADPH) 52

PAS 6/7 or lactadherin 48-54

Fatty acid binding protein (FABP) 13

Breast cancer type 1 (BRCAL) 210

4 MFGM proteins were classified accordingto their relative mobilities during
SDS-PAGE. Bands ofprotein in the gels were identified by staining with
Coomassieblue or the periodic acid/Schiff (PAS) reagentand assigned arabic or
roman numerals.

(Mather, 2000; Singh, 2006)

-10 -



ADPH
Only

XOR
Only

XOR
& ADPH

Bl 3. 5%k d- BTN -~ADPH 2 XOR &% %44 B -

Fig. 3. Xanthine oxidoreductase (XOR) was separately immunolocalized with
butyrophilin (BTN) or adipophilin (ADPH) in paraformaldehyde-fixed mouse milk.
XOR was detected with FITC-labelled antibodies (green) and BTN and ADPH were
detected with cy3-labelled antibodies (red) as described. a, BTN only staining; b,
XOR only staining; ¢, merged image of XOR and BTN staining; d, ADPH only
staining; e, XOR only staining; f, merged image of XOR and ADPH staining. Note
that XOR is largely localized internal to BTN and that all ADPH staining appears to

overlap with XOR, as shown by the yellow areas.
(McManaman et al., 2002)
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Keenan, 2005; Wu et al., 2000) » jé jf i& » n %8 15 fL 5 e B A
(cytoplasmic microlipid droplets) » 5t Pgsnzkz w & > H &6 d Jhp
WP R RN RS F R e R Rk TP E AT
WA G o0 EF A dp 2 4 & 39 F (McManaman et al., 2003;
Russell et al., 2008) - % t& ‘m#z F Hcid iF € %ﬁ d A Frenid i i g ¥ 3

mre TR (B) 4) 0 B4R €43 B R ame Fgfr‘}\?r F
(cytoplasmic lipid droplets) (Heid and Keenan, 2005; Mather and Keenan,
1998) -

fmrz ?“r/_ ¥ i&ﬁa AN TR R AR ‘,'}‘%' LS GEE R
G R Bhshm KSR e TR & TR R S i 6

& %8 (Chongetal., 2011) (B 5)° "L 1 fm%e o jF T B YEH e F %
A B BB P sk AT ¢ (Hamosh et al.,
1999; Wu et al., 2000) (&) 6) °

B2 FLzZ LAt ERIE O F RS E P F T A FTER oM Ik

Wz thHEE RS (5 1F br4 g (Evers, 2004) » H R F] ¥ i Hd b2

212 -
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Fig. 4. Diagram summarizing what is known about the intracellular origin, growth and
secretion of milk fat globules. (1) Secretion of a milk fat globule by envelopment in
apical plasma membrane. (2) As originally proposed by \Wooding (1971), under
certain conditions secretory vesicles may surround fat droplets and fuse together to
form a vacuole containing the fat droplet. Presumably these vacuoles are transportedto
the apical surface where the vacuolar contents are released by exocytosis. (3)
Secretion of the serum (non-fat) phase of milk by compound exocytosis. (4) Secretion
of the serum phase of milk by simple exocytosis. (5) A possible but as yet
undocumented combination of apical plasma membrane and secretory vesicle
membrane mechanisms for secretion of fat globules. Abbreviations: CM, casein
micelle; ER, endoplasmic reticulum; GA, Golgi apparatus; MLD, microlipid droplet;
MFG, milk fat globule; N, nucleus; SV, secretory vesicle; TJ, tight junction; MY,
myoepithelial cell; BM, basement membrane.

(Heid and Keenan, 2005)
-13-



Key: (a) Extracellular (b) m Extracellular | (€) Extracellular

space P‘ w' M % space space

q!! N '7 Ay
U Plasma membrangl

Butyrophilin At * *\:‘jb %Q'(\f\yﬂﬂ ‘Av ;
(BTN) C S :_;S-' T g™
3 (5 Il Cytoplasmic (,,( i ‘ 3 B9 Cytoplasmic Ly .
Cytoplasmic 1! FEoe lipid Sel li g Foe lipid :L”:'l &
Adipophilin pid ©) [ T droplet - < TEX

(ADPH) O droplet (@) P f

(CLD)
@)

Xanthine

Cytoplasm "4 o
(XOR) (@) (@)

Cytoplasm @) O Cytoplasm O

TRENDS in Endocrinology & Metabolism

B 5. ArPgdv L8/ E R B ARES -
Fig. 5. Adipophilin adaptor model of milk lipid secretion. Current evidence suggests
the following mechanism for milk lipid secretion. (a) Adipophilin (ADPH) functions
as an adaptor to couple cytoplasmic lipid droplets (CLD) to the cytoplasmic leaflet of
the apical plasma membrane through independently functioning N- and C-terminal
domains that mediate its binding to the CLD surface and the plasma membrane
respectively. (b) Membrane-deforming effects of the C-terminal four-helix bundle
domain of adipophilin induce membrane curvature and reorganization of membrane
proteins, leading to the recruitment of butyrophilin (BTN) and possibly other essential
factors, to sites of CLD secretion. (c) Formation of a complex between xanthine
oxidoreductase (XOR) to BTN is hypothesized to complete the process that leads to
CLD membrane envelopment and milk lipid secretion.

(Chong et al., 2011)
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Fig. 6. Electron micrograph of rat milk fat globule during the process of secretion
from the mammary gland.

(Hamosh et al., 1999)
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BN g AR LS 5 (market milk)e & Ft4e 1 iE AR

BRI R AT R 2 R S M

(-) s
L FIDE L T P B i T FU R A IR LR b R FL RS F]FY Ay
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bR BRI S T R AR R TR D 1 um Y
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Jdu

AL P (5 0 1983; Paquin, 1999) o ¥ ¢k o FISTRS g < 0 Rl
TS By A TR AR ﬁ /| (Leeetal., 2002; Ye et al., 2008) - F 325 fx
s 2 PRz T ok B3t 0~4um F > A 2 1lum ¥ A ES S ()
7) -

FURRRTRIBT S R Ed B R § 5 RS F o

-16 -



18

d[“} d{3,21 Surface area
--o-- Raw 3:08 125 5.365
164 —e— Heated 311 124 5.38
— A — Homogenized 1.:08 0-64 10-4
- - & - - Heated’/homogenized 102 0:61 10-9
147 —_:ﬂ — Homogenized/heated 1.06 0.62 10-6

o

—
o
L

Percentage

T .
Size (ym)

Bl 7. 2557 P2zt ampiiddiafr® R -
Fig. 7. The size (um) and surface area (m?/g) of fat globules and their size distribution
in differently treated milk samples. Heat treatment was at 80°C for 3 min. dg.3),
volume mean diameter; d 2), volume to surface related average diameter.

(Lee et al., 2002)
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et al., 2008) -

2~4pm > 3B2F G 05um o F M IR FE IR o B AR
A2 Renig TR v @A g ips i A e FATEF R4 48 &

45 Ao FSF R A BE R 100% T % ) 12.5~25.0% > H 44
75.0~87.5% 2_ % & B|d frd-v E5F 0 RE 5% (1983) 4y o

BRI G R AR B B ek o

o

O BORRIE S R P LI Ao d e (7)) >
Zom o3& 4 B4~ RS (curd) R4~ ARR (viscosity) Hf4r o~ 3 4e
R &4 4. (irradiated flavor) ~ &> ¥ 1 4 (oxidized flavor) ~ 3 ¢ -k f2 i
pz (hydrolytic rancidity) ~ 3 v A=j2 [+ 2255 < v B % T E (5 -
1983) -

(=) #Ag2
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= Organization of the native milk fat globules

Triacylglycerols
Primary membrane

0.1t0 20 um
(average 4 pym)| \

<« Lipid bilayer derived from Milk fat globule membrane
the plasmic membrane (MFGM)

Cytoplasmic crescent

Glycosylated
polypeptide — —— Low HLB phospholipids
Butyrophilin Xanthine oxidase
Cholesterol
\ H ]
Glycolipid High HLB phospholipids

5'Nucleotidase

=» Organization of an homogenized lipid droplet

Fragment of
native MFGM

Whey protein

. «—>
Adsorbed casein ~180 nm

micelle fragment

Casein micelle

=> General organization of homogenized milk

___ Main lipid droplet population
(composite interface; ~0.5 to 3 ym)

D Tiny native milk fat globules (~100 nm)
/ not altered by homogenization
New lipoprotein complexes (~250 nm)
formed gradually from lipid droplets

g ch Y

Not to scale & exaggerated curvatures

Bl 8. FLPginazkaL %yy?ﬁw N ‘J‘ﬂf#j\ PegR o
Fig. 8. Organization of the native milk fat globule membrane (MFGM) compared with
the interfacial organization of an homogenized fat droplet and proposed general
organization of lipid particles in homogenized milk.

(Michalski and Januel, 2006)
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(A)

Bl 9. B2FFirfz e T ks RE -

Fig. 9. Transmission electron micrographs of low-preheated (70°C) (A, B) and
high-preheated (95°C, 20 s) (C, D) concentrates homogenized at 7 MPa and 79°C (A,
C) and concentrates homogenized at 7 MPa and 50°C and then heated to 79°C (B, D).

FG: fat globules, CM: casein micelles, WP: whey protein. Magnification: x48,600.
(Yeetal., 2008)
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» MR & PR O(LTLT) #5 » 62~65C > 30 min 12+ » #

TR
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BEpE (HTST) BB 72~85°C 15 #1112 428 8 (UHT) #
B> 4 80~83TC > 2~6min FE# 15 0 £ 4 130~150C » 2 )

(4 0 1993 ; 3 - 1983) -
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<

R SR A
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al. (2008) %&9@1;&&{5%4\:%@; 79°C > " RIBF g psk 4 6 W E

L B MR -

’7

» Houlihan et al. (1992) z 77 3 %4 41 » 2 §43% 80°C 4e &

20 min > % PRI A B G :‘}’b-;%—}g? B ek o HOFUR aaTR N 3825 bk

B PRETE BT YA FUN S BaEARY 0 NA SR € P g g 3R

¥ AL ﬁx F-v B /F 30 ATyl o
*m  Yeetal. (2002) “T#F, 4 stz 50C
ezt 10min €33 = 2 5 0 A TR G

%) 50% :hdf 4 o BT o
RS UG =S LA
= ~ 5 Eﬁi;ﬁ' fL
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= M P AT g B8R fq ) 1 & (Golding and Wooster, 2010;

Mun et al., 2007; Singh et al., 2009) o k@ » & FLrgimpzg A £ 9 2 5L 1
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P
-~

-t
—_\
P

apigd aFEEL N

4

Ro 5 Bt jitafasaeiR
A& d kA (97~99%) ~ BE: (0.2~0.5%) ~ it pF s AR E 2 H B R
EFG o H b AFA & ¢ 455 Fv v (pepsin) & @ F-v fE
(parapepsin) ; % & &4~ B3 #EF 5 (rennin) & -5 3F 2 f= (gastric
lipase) o GRS fF L2 ¢ AT E e LS Fon PN ¢TGN WA
AR FINFPHFLERLPLE LR oa R ERFT R
PP E RS pEE fR g pe (% 0 2009) o

Yeetal (2011) 2 A3 B h%dpd - 303 5 § v PRz RS Y

chd FLrgssTk ¢ &2 4 s E v (flocculation) IR % > ¥ § eEed § i pF
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H5 % 35 MUC 1~ PAS6/7 % %3 st dev 357 46 36 s § 2%
R i X g RIR A G B HEACR S 5 e Th g R s

A5 (B 10) » B § 3o fof 1 il SN R R 30

(=) Fgyn

¥ %7 fiF (pancreatic lipase) o SLUEA Lo s S kRS P g s
B s ViR SR ER b d oq b iRd AR BEY
fs (colipase) P % & B faiqfe-Kfzmnsii 4 hE & 4 & o plvh s sl
* 7% 2 2pk (bileacids) 5 g f- (amphipathic) & =+ £ § qv i
f4 T AL v A A et (Micelle) > X T G e d Ry
FRA O H R g A e AT AP R
&4 (£ 2009)

AR sk § AR R R 2 P A JRIT R 5 BB (S g ATk
WP A A F FEE® (3R > 1983) - Berton et al. (2009) 4% 34 %% iz 55 fiF

HOF 2 RBP4 gy ask (o0 530 B BT Sk R FE AT

Yeetal (2010) ™ 4 L igipgp 2 BHFE B2 L F0 ¢ R

¥ R RSP a8 3 R T 0 4R34 ES (pancreatin)
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Bl 10. #E 5 ¥ Lok &
= L IET F BB R

Fig. 10. Confocal micrographs of the
fat globules in cream samples:
dispersed in water (A), in simulated
gastric fluid (SGF) at pH 1.6 (B) and
after incubation in SGF containing
pepsin at 1.6 mg/mL for 10 min (C).
Red or orange (gray) color represents
fat; green (black) color represents
protein (white pieces on the surface
of fat globules aremembrane
proteins).

(Yeetal., 2011)



$H3 5 L KR SR BT 0 2 8 IR BB 1 0
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FU g2 KR e F vk k- Hdpd o B I g KRR R S R 2

2L R= Ra e s R T T A = L .
Al SR AT F ST X2 TR D L G R e T R

(B 11) -
k@ > Bertonetal. (2012) z # 7 % % #r& Yeetal. (2010) & 4%

ip F o Bertonetal. (2012) & fzrqfs s & W fErgpe 2 2@ > 17
Fagz A g ipzk (1.8~3.9~6.7 um) frimF it sk (14 1 0.15
pm) TR sk 0 B B R R r SR e it 1.8 um 2 2
Fo R AR R R F P RS 3.9 2 6.7 um 2 2 5L innk o Bor i3y
PR BRIk 2 A G fE g Moo A g TR EE IF iRy ok
Foo R s gt A i IR (native MFGM) 2 e g 3t 50

FPg iR (milk proteins) o # s135 0 B P RIS AR R 0 B4 F

1245 Vanderghem et al. (2011) 2 # 3 & %45 > 5 oBed § 1L 5 ~ 304y

Bv R R AR v $OF B Jed BF (trypsin) oo EfR 0 B A 3

gl

9 OfF R SET L AR LA s & e @ BT R
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&
W
=1
k“\

e 2 b';agul.)g-g\n TR R I P B0 PR TR R o
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=
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a 140 .: d32:2.10 umA: d32:O.32 um.: d32:2.90 pum

120 1
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60 |
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Fatty acids (umol mL-")

20
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0 50 100 150 200 250 300 350
Hydrolysis time (min)

b 1407 W d3,=2.10 pmA\: d3;=0.32 pm@: d3=2.90 um
1204
100 A
80 A

60 A 60
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40 A

Fatty acids (u mol mL-")

20 A
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OLI T T T T L) T 1
0 50 100 150 200 250 300 350
Hydrolysis time (min)

Bl 11 4 55 & o5t 2 g psR QLR e KR PRy B £ 2 %1 o
Fig. 11. Level of fatty acids released from fat globules in raw milk (@), recombined
milk A (Ill) and recombined milk B (/\) after digestion with pancreatic lipase in (a)
the absence and (b) the presence of bile extract as a function of time. Fat of raw milk
was covered by MFGM and recombined milk A and B were covered by milk protein.
Inset plots represent the amount of fatty acids released from samples at early stage.
Each data point is the average+ SE of two determinations on three separate
emulsions.

(Yeetal., 2010)
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‘3;'?__" ):Lr-i_, 4 %’ EﬁT‘ﬁﬂg_? IJ-’EP{-ﬁ —+ ?—_EIE ﬁ‘\‘;’” ?{fr’iéj?ﬁ.%; E‘lllg _'E',_ ,

TR 6 49 T 0 5L /# LA ® > v ﬁjg (protease) E\‘;i#%\/:ﬁ— A

QiﬂlﬁtEé £33 > m % %’K;‘ﬁ» fu %—%?jﬁj%ﬁ‘gbsasﬁiﬁiﬁ» Lk W oar s q}; - %
2R g ;,fggo ek, 4oy 9731'11’13_)‘ v ﬁjfilf’ii' i$ é@n%gﬁlﬁni}
v R R T g b A éfﬁi%\?ﬁ«i‘ml,,{ Ao x

{ #F > ok (1993) 2 Argovetal. (2008) #rif 2 $£4& > 575 95

AR LB R T A OB RE g R
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1. 5 %9 p¥ (pepsin) : p Sigma = -1 (P-7000) -
2. "%jzrqps (lipase) : p Sigma = & % (L-3126) -
3. % F-v p* (trypsin) : p Sigma = & pEE (T-7409) -
4. "2 (bilesalt) : p Sigma = # pL{8 (B-8756) -
5. Bt 2 = 47 (di-potassium hydrogen phosphate anhydrous;
K,HPO,, FW=174.18) : p Panreac Quimica = & BLi¥
(141512.1210) > %

(=) 3#k
1 45 (rawmilk) : F 8 L% * B 241 R o
2. BEEFFMEFAHES (HTST fresh milk) @ 2 5455 72°C ek

7 15sec 4 ris st 4C 4 & o
3. B ERFEMRFETHES (Homo-HTST fresh milk) : 2 543 #

I 55°C 5 150 kglem® /4 3285002 T2°C 4e#ME 15sec
AEriSaT 4C 4 -
o RERA

1 l}iiﬁ’.#&;’f”ki’ﬁg : DKW-40 > ptp DengYeng » =% o
fiiﬂ%ﬂ;& YUH SHING iﬂ%"%}ﬁ » YS-3000 pp 4z 48451
SRR X

.4 1B P T3+ @ Seven Easy (S20) - ptp  Ettler-Toledo = 7 > 74

STR-?

3

(J.’l

w
i

o

\L
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1. % ¥-v p#;3% (pepsinsolution):50¢g % F-vw gLzt & 0.1
N HCI (hydrogen chloride) » # 2 0.1NHCI =& 1 20mL
(Narasinga Rao and Prabhavathi, 1978) -

2. #-#:% % (simulated intestine fluid - SIF) : B~ 6.80 g Bifit & =
garix 8779 2 % 1404~ 0.2N 2z 190 mL NaOH (sodium
hydroxide) » 2 t¢ 4 3+ -k =& % 1L > § 6 NHCI 4 &
I pH75 % * (Yeetal., 2010) -

3. % fargpelE R &% % (lipase solution) : 2.0 g %% iz 7y fi=fv
1009 28 A > g n? > ¥ gy £ 1 100 mL
(Yeetal., 2010) -

4, % F-v LR pe PR &4 7% (trypsin-lipase solution) : 1.0
g %% 30 7~ 209 % farfedic 1009 PERIAS RS R
I g ok 28 3 100 mL (Vanderghem et al., 2011) -

5. % J-v f#3 % (trypsinsolution) : 1.0 g "% v fi#;3 > i % i
oo T HCHER S % 8 2 100 mL (Vanderghem et al., 2011) -

(=) @iz
1A F s HTST @5 2 395 HTST @5t L5 0 5% v fis
¢ﬁ~;iT’@ﬁﬁﬁ%ﬁé%%ﬁﬁﬂ’iu@a%ﬁﬁﬁﬁ
oo vnpe (free fatty acids; FFA) k& > 2| 97fZ P e ¥ 54 Pq 350 1+
A0 %% p Narasinga Rao and Prabhavathi (1978) % Ye et al. (2010)
2.3k g Aot

1. 5% i o 1 32% (in vitro intestinal digestion) © = B 12 §' 4
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Intestinal digestion test

Milk sample (raw milk & HTST milk & Homo-HTST milk)

Intestinal digestion (w/o trypsin) Intestinal digestion (w/ trypsin)
9 | e 3
Sample 200 mL Sample 200 mL

Adjust to pH 7.0 by 6.0N NaOH

— —

.
.

]

—
T
R

Control Treatment Control Treatment

+SIF5mL | +lipase sol. 5 mL +trypsin sol. 5 mL | +trypsin-lipase sol. 5 mL

R b

Incubate at 37°C for 4 hr and detect FFA conc. by 0.1N NaOH

B 12, B R oh g ) 1 3R BR AR o
Fig. 12. Schematic representation of the procedure of milk in vitro intestinal
digestion test.
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5 200mL p 4°C k$aBdrs B o~ 37°C R kiE T 10
min o #5145 6 NNaOH # &% pH7.0 ¥ A X304 e
Je g2 e e o & 100 mL o e ipd) e g e P4 b x i
B 50mL % 5L fze A/ A% 5.0 mL (&% kv 5ok
) W Ged fFEOL G0 BRPL R ERPERIG R (7 R R0 R
WEE) e X2y E ~ 37TC ERCKER P, o 95rmpm BT
#4 4hr> > 10~90 min + 10 min > 90~150 min % 20 min -
150~240 min % 30min-> 2 0.1 NNaOH j# =% pH7.0 > 5 >
b R Il A

F T2 (mL)x —(NaOH 23 A )

1000 x 1000
0.1L(25 &

Ry rospc kB (mMM) =

= F =8 (mL)

2. W g ) it 2% (in vitro gastrointestinal digestion) @ 5 & &
200mL p 4°C 7kfaBdo % » 37C 2 -RiEH T 10 mine
B s A dle B gaT e s o 4 100mLe AT 1 6N
HCl # %2 pH20 > £ 4c » § 30 foiair 2.0mL o 324 2 p)
EfArr 0INHCI20mL o 2 t8 2 %% » 37°C ZiE Kirt
pooorr 95rpm ERF 2hre RF = &2 6 NNaOH #3741 %
BRIZEAFET pHT.0 F3rfpdliedr gl & bl4e » i35t
e 5mL 2L fRrape/e @A % 5.0 mL (&% Fv fEidsk ) o
B Fev IR R 2L Fed fRPL R R PR R R (75 R e
W e)e £ 2% %~ 37C BEEKBHM o 95 rmpm BT o
B Ahe ¥ kpRiRgkindr 1 22 N RIFER S AEE D
(B 13) -

3. HHE T Ry i &% (invitro gastric digestion) : §t 4% & 200 mL

E‘ 4OC }’}i%éﬁ"ﬂ'. » B O~ 37C f ek }\/é‘ﬁj‘fgf 10 min - -
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Gastrointestinal digestion test

Milk sample (raw milk & HTST milk & Homo-HTST milk)

rH rH

Gastrointestinal digestion (w/o trypsin) Gastromtestlnal dlgestlon (w/ trypsin)

“f ¢
! 1

0': :

-
=1 T
.'L- .

control: treatment: control: treatment:
Sample 100 mL | Sample 100 mL (pH | Sample 100 mL | Sample 100 mL (pH
+0.IN HCI 2 mL | 2) +pepsinsol. 2mL| +0.IN HCI 2 mL | 2) +pepsin sol. 2 mL

| S v

Incubate 2 hours at 37°C (record pH)

{ {

Adjust to pH 7.0 by 6.0 N NaOH

!
oot

o

control treatment control treatment
+SIF5mL | +lipase sol. 5 mL +trypsin sol. | +trypsin-lipase sol.
5mL 5mL

v v

Incubate at 37°C for 4 hr and detect FFA conc. by 0.1N NaOH

Bl 13, Hsfg el § g iy it B ARR -
Fig. 13. Schematic representation of the procedure of milk in vitro gastrointestinal
digestion test.
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2 BNHClI 33 pH20> # A S gl e gryrgle - > &
100 mL o 34 g7 g2 e a w)4e » 0.LNHCI2.0mL 2 § 39
Aidie 20mL> 2 {52 %% ~ 37°CHEE -k > 2 95rpm
B 2hre B 2251 01NNaOH #4741 e g2 A wif 2.3
PH7.0» ¥ k&4 =& (B 14) -

pear kR (MM)

_ (i a2 —gile w?;’?(_ (rrtlzl)xmmaw\w&))(moo

(2) sgta iy
R B R >R K T (completely randomized design;
CRD) z_ % % (split-plot) e £ - 12 Statistical Analysis
System (SAS, 1999) suztic#d » 2 — AN 2 47 (General
Linear Model’s Procedure; GLM) ‘iz & g2 e T30 FF 2 4 B

l!‘io
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Gastric digestion test

Milk sample (raw milk & HTST milk & Homo-HTST milk)

'

Adijust to pH 2.0 by 6.0 N HCI

Treatment: Control:
Sample 100 mL Sample 100 mL
+2 mL pepsin sol. +2 mL 0.1N HCI

!
!

Titrate to pH 7.0 by 0.1N NaOH (record)

Incubate 2 hr at 37°C

Bl 14. HEegR b 5 IR 1 R AW -
Fig. 14. Schematic representation of the procedure of milk in vitro gastric digestion
test.
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51 21
V ~ 8% 8234#%

- ~HERY )RR
H O R e TR 2 2R o R B (W 15)

A4 Fugn HTST LS f@mpe (2% (52 2535 i (FFA) B2 8 4

hr MdmBEFALR o Ra B HTST #it 2%

2 e AL R S 2
30 min B 4p82 4 54 % HTST @t HML B (p<0.05) > 7 o

HTST #35'*t 30 min priE 37.1x1.2mM> 4 54 2 HTST #3544

L 32.2¢41.7mM % 334+0.8mM - ¥ 35% HTST # 54> 240 min B
kAT 824462mM > 7 ATF F TR0 ¥ (p<0.05) - B

HTST @52 §ur K fafef « 302 342 HTST @5 > M7 0 79

R R R 5 R B e 4 0 A R 2 5L AR R R T
FUATFL g iB 2 KR o b 5 5 22 Berton et al. (2009) 12 A FU g sk &35

BE i imzk 2 M Wt ihfgrgpsip b 39 1~ 2 (lipase-related

proteins 1 and 2) ¥+3&f2* iz Py it 2

—~

B2 2 Yeetal (2010)
A FLBIREE m gt PR RS R 2 PR H Ui a2 Ry i

H B2 R AP o

Bl 16 %1% 2 fisfie & % oo BR B (7 WOER R G O 1 2 PRy

B S o Bl Y B2 HTST #

L 3 25

2 sy R R ) > 25 20 min
it 36.6:5.1mMM s B ifrd § (25.241.9mM) 2 HTST s
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100 r

intestinal digestion

0

80

70

60

>0 == Raw milk
HTST milk

== Homo-HTST

40

30

FFA release (mM)

20

10

O 1 1 1 1 J
0 50 100 150 200 250

Hydrolysis time (min)
B 15. fidrgq et % ded PRHCER S P H R R S PR E 2 5

Fig. 15. Effect of lipase in vitro milk intestinal digestion without trypsin on release
amount of free fatty acids.
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100 r

intestinal digestion (w/ trypsin)
90

=& Raw milk
HTST milk
=ll=Homo-HTST

FFA release (mM)

0 50 100 150 200 250

Hydrolysis time (min)
B 16. f#rqps>t 3% o MRS ) P HI RS AR NI -

Fig. 16. Effect of lipase in vitro milk intestinal digestion with trypsin on release
amount of free fatty acids.

-37-



(29.620.7mM) E AL R (p<0.05) < gt ¢ > 32F HTST @5 20
min ~ 30 min pFRFa Py AEL 2 B E > 4 B 5 36.625.1 mM ~ 30min
44.144.3 MM > 7% % 35 7 4% oo e () 15) 239 HTST @5t
*+ 20 min (28.2£0.4 mM) ¥ 30 min (37.1x1.2mM) 2z & (p<
0.05)- B 16 2z HTST @5+ 20 fr 30 min 2 P5atsy i 1k B

bl 5 29.6£0.7 mM ~ 36.1£0.1 mM > 75 < 3t AR e BFELT & 9L oo fis
AJ2 (B 15) 2 HTST #35 (25.8+1.3 mM - 33.4+0.8 mM) (p <
0.05) -

B BRI Fov BA AL T B4 HTST @t 2r3a§ HTST #
§030 20 2 30min z Mpapra e R o A B4R 240 min 2 pap
PaVEERE R o IR BT M e EEN S %Rl o kS
HTST @52 30% HTST #5t2 5t f s kjdid & o @ % 2 i) v %
G0 PRRIE NG R T A A R o g St £
B o 7 oa Ad N BAIE A i 2 P AT 3R 0 X T @
foeng g iAIRE T 5 B gt o B bk (casein & whey) Flpt % %
G fE2 B e S AT st k2 AR E kpinf
Fed2 2 5 @ A5 R g HTST 4 a2 s % § oscde 2 54 fg 3

FHE G 240min p 2 PR AR E o
prek o T HTST @t 2 5o B 15~ B 16 F &5 %2 Ye
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etal. (2010) &4t A se# & etz % (B 11b) #Fiv- e £ B g 5 B

¥ ooV i A A iRm0 HTST 55 se#i2 i o

S EERY B R
Befe BT M Ry PR BB B B B
AR L7 T R E HTST #5t2 st Kjgfe ik vy <3024 3
2 HTST @#5vchig$ - e T @ lgF 2 8 - pt 557 a0 &4 07 v
R SR KRR IO RS 0 S e B R S o
PR DG BN R R KR S g o L 0 B A gt
¥afr HTST #x*t 20min = > 2 HTST # 5 30 min # 2. 254t
R 0 OB F B 07 SRR S0 n] (W) 15) (p < 0.05) -
4o Yeetal (2010) #rézif » 2 F P R F 77 R L ATl

Fora K fEFIF  FUR R SR R 0 T A TRRETS A R R

FF R PR BRI R% S (R 18) =@ 17 48 o
2 LS HTST @t ersaft HTST #5030k iR 1) 2 258y v pa i o
EoARERTE 17 T E AR F oue s o2 HTST @it f HTST #
FPEIREREYEEA T RREFAR S RET A NS F2 5
P RTR R0 S B S PR RGP s ERL G R4 2

T* p Rz gro b > B 18 2 4 5t&r HTST #54>r 20 min = >
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T gastrointestinal digestion

80

~
o

[e]
o

w1
o

== Raw milk
HTST milk
== Homo-HTST

N
o

FFA release (mM)

N
o

10

0 1 1 1 1 J
0 50 100 150 200 250

Hydrolysis time (min)

Bl 17. f3rgfe >t @%by AR S P U RS »RENE 2B
Fig. 17. Effect of lipase in vitro milk gastrointestinal digestion without trypsin on
release amount of free fatty acids.
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* [ gastrointestinal digestion (w/ trypsin)

80

70
~~
2 60
E
@ 50
@
bk} . == Raw milk
—_ .
8 HTST milk
<E ==Homo-HTST
L 30
LL

N
o

10

0 50 100 150 200 250

Hydrolysis time (min)
B 18, fa@rgpe >t 2% 30 e S P HMA R ERPEBINIE BT -

Fig. 18. Effect of lipase in vitro milk gastrointestinal digestion with trypsin on release
amount of free fatty acids.
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12L& 2% HTST @5t 10 min & 2 P58 s € - 2 ¥ 50
7 %Y fEz RS s (B 16) (p<0.05) FpF o H 2 gL
HTST #5-3¢ 30 min #» 2 325 HTST @5 20 min + 2 547, v
BRINE > TREFI ALY PP E T e (R 15) (p <
0.05) «

F - 2o AR SRR T )R 0 R a1
St 240 min 2 PEARR AEE BB DR R 3 LY 2 A8 AR £

10~15mM © 4ip] £ F] 5 iRk #ri¢ % 2% Fo i 5 1 jRRapEEl > ¥

RS PATEFERE IS IS TR A AL ST R4 *g EEC SN A
HEM o

%A (B 19)0 4 5 SHTST #5122 5% HTST #5040
BN sksk Y A w[fR Y 124+11 - 10.620.6 2 %2 11.240.7 mM
PTG PR o P Y B0 R 3 Y ErpE L $ AR S
R ER PR BB R A RO 2 AR (T - e
T3 v pEer s 4 end fRrapt pH7.0 RET ST i A

s g fg_g;}bﬁ Eﬁ—r“ﬂ%l}imlﬁ IL‘ i—"|

]

e AR L DA S TR 2
(=) d%% 3o pra sz

PURRBRIR N2 P AR R R0 R ML Jod R T 5L g 0
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FFA release (mM)
= = = =
£y [e)] (o] o N BN (o))

N
T

Raw milk HTST milk Homo-HTST milk

Bl 19, Heke s Ry it 2 2 s sRENER -
Fig. 19. Level of free acid acids released during gastric digestion test.
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i R BRI SR SR R
AT FR R B SER AR T AR o kd T HE2Z LR

B REEE B0 UK B M2 B ensl ) T & R SR it 240

3

min 2_ 2535 Rk B 2 5 100% > £ 7 Ap e 5L 1 530 3 AJE
T2 gl fRE oo

B 20 % 4pdo s Hg i it (Gl) 2 24 55953 50 min
R 2K fRAR R A SRR (1) (p<0.05) » 3¢ 60 min 1 B & AF
FAR om HIST #5tz2 %% (B 21) 24 345400 -

AR HTST @5tz % (B 22) A&7 0% g 24

FOHTST @5t 30 min p 2o L g iR RS < 305 it ad® (p <

0.05)> 40 # 50minp¥s & & £ & > 60 1 150 min pFicke s i i 1
25 kAR B A T B (p<0.05) o AR 4R Y N
Je R F g TR IR L A= g B e it S oo e P s )it AR
BRI A5 30 1L @2 w0t R Ry 4 A TTrk o d ATIEHT

J IR g iE A FU RO G R ) L RA B U s

7k % (Michalski and Januel, 2006)> s 27 H @ X 8 ] jg X § Fv fig e

—\\

S0 g LA IR SRR o s A AR T R A R i g A3k
W R PR BRI E O T O B ALY A I R B

BH FIS T AP RRGE R S N R R ATR 2 A SV S e e e T e



110
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50 =&—=raw milk (Gl)

=0=raw milk (I)
40

Fat hydrolysis (%)

30
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O 1 1 1 1 J
0 50 100 150 200 250

Hydrolysis time (min)
Bl 20. 7 536 %v Fr2 HOERAB P R % B 2 A Rk fEg o

Fig. 20. Raw milk fat hydrolysis rate on in vitro trypsin absence gastrointestinal
digestion (Gl) and intestinal digestion (1).
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110 ¢
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50 —8=HTST milk (GI)

== HTST milk (1)
40

Fat hydrolysis (%)

30
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O 1 1 1 1 J
0 50 100 150 200 250

Hydrolysis time (min)

W 21 7 3% 3-d ez fERAEC B 2 3 Bl 2 HTST @5t stm vk s
% .

Fig. 21. HTST fresh milk fat hydrolysis rate on in vitro trypsin absence
gastrointestinal digestion (GI) and intestinal digestion (1).
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110
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50 —#—Homo-HTST (Gl)

20 =&=Homo-HTST (I)

Fat hydrolysis (%)
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O 1 1 1 1 J
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Hydrolysis time (min)

Bl 22 % 7% 30 fr2 BB b g 2 8 g i) it 235 HTST #5555
Kk ﬁ; & oo

Fig. 22. Homo-HTST fresh milk fat hydrolysis rate on in vitro trypsin absence
gastrointestinal digestion (GI) and intestinal digestion (1).
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17 #deim > B 20~ B 21 2R 22 2 %0k 0 5 2N

s iR & R e e 35 R 2k R

(2 ) 3% 3y fF2 2

YUV Fed R R 2 S REor R 2324 1 Z2 255 A uH A
S hv FEAJE ] 20521 11 E 220 H P 5 Z5Fw faz 4 5t ([
23) FrgokfEF Y MBI R 20 £ T Ek LR o

Bl 24 5 HTST @5 3993t 3 3 %30 Pa2 g g 1 2
AR T 2 AL R g v 2 FV Ry ok R AR A 1 3 20 min
BRSNS (p<0.05) >t 30minfsmkEE LR o3 E 24
¢ e HTST @5t gg g v 20 £ 50 min g » H 510k 2
ARRERE 21 7 EF RS ok iy ez v &2 HTST #
Fegviga g it m ok Rk 3

Bl 25 2 32 HTST @5 fd s B ij it 5 i kg d &
(Gl w/ trypsin) = A e g 22(Gl) £ & o Aa G ) it E%2
Ferg s kRS A (1wl trypsin) 3t 20 min B 458 HEER § S aE )

t B F A R 70min £8P < 3N S p%lﬁ/ﬂ it (p<0.05)® 20 4r

‘&v

30 min 2 kR R < 3] 22 2 k% 95 Bs pEAgL e (1) (p <0.05)
FI A EA TLHCRE S ) iRE 2 kRS W S (1w trypsin)

Ao >t Gw/trypsin 2 A8%t > (N £ 5% Fov AR BRI A § IR A
- 48 -



110 ¢

100

90

[e]
o

~
o

D
o

== raw milk (GI w/ trypsin)
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o

== raw milk (I w/ trypsin)

Fat hydrolysis (%)

w
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N
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o x 1 1 1 1 )
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Hydrolysis time (min)

Bl 23, 7% %0 Frz HgmRM A E 2 T B E 2 4 Stk oo
Fig. 23. Raw milk fat hydrolysis rate on in vitro trypsin presence gastrointestinal
digestion (GI w/ trypsin) and intestinal digestion (I w/ trypsin).
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== HTST milk (Gl w/ trypsin)
=¥=HTST milk (I w/ trypsin)

Fat hydrolysis (%)

20

50 100 150 200 250
Hydrolysis time (min)

B 24 3% d-0 PR gt E 2 % g ) v 2 HTST @55ty 9m-k iz
%
b

Fig. 24. HTST fresh milk fat hydrolysis rate on in vitro trypsin presence
gastrointestinal digestion (GI w/ trypsin) and intestinal digestion (I w/ trypsin).
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Fig. 25. Homo-HTST fresh milk fat hydrolysis rate on in vitro trypsin presence
gastrointestinal digestion (GI w/ trypsin) and intestinal digestion (I w/ trypsin).
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Milk fat globules are composed of a triglyceride core and a natural
biological membrane, milk fat globule membrane (MFGM). Proteins
account for 70% of MFGM. Certain of those proteins are important for
the secretion and structural stability of milk fat globule. However,
composition of MFGM is restructured after homogenization, and the
newly formed membrane mainly consists of caseins and whey proteins.
The aim of this study was to examine the lipolysis of milk fat in raw milk,
HTST milk, and homogenized HTST milk by pancreatic lipase during in
vitro intestinal and gastrointestinal digestion, with and without the
presence of trypsin. The results of in vitro intestinal digestion indicated
that whether presence trypsin or not, homogenized HTST milk showed
higher level of free fatty acids release than raw milk and HTST milk.
Releasable free fatty acids were not significantly different among raw
milk, HTST milk, and homogenized HTST milk on gastrointestinal
digestion. During in vitro gastrointestinal digestion, the hydrolysis rate of
milk fat in raw milk, HTST milk, and homogenized HTST milk increased
on early stage of lipolysis after pepsin digestion. However, trypsin
treatment could not further increase milk fat hydrolysis rate on
gastrointestinal digestion early stage of lipolysis. Homogenized HTST
milk and HTST milk fat hydrolysis rate on early stage of trypsin presence
in vitro intestinal digestion were higher than trypsin absence in vitro
intestinal digestion. In conclusion, gastrointestinal proteases play a
coordinative role to increase fresh milk fat hydrolysis on early stage of in

vitro digestion.
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