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1 #MEFE
1.1 #R5iF

EAR KRR R G LB R (BESL 2
G4 WL Tr ) A EE L LTBC 7 Wk FBEZL (A
FL B RO FIE (P DA R "R, Hod
T3 7K A B R B LS R s I T — 2
(TR 3K i FLTE R RS AR BERR IR a-FLTE
HH,

B A, BRAE 2,46 =l I A R VA I
(TNBS,5%/K %) L8000 L—74% % & , 35 [F Sigma
ONEL IR R A R AR AR
Wroe ik, HiEE S RAEWHARARA
Al KR, AL R ERA R A A HE
5B o A ES et o T O
1.2 E5EE

VOSHIN-COS-100 B %k {15 & 2 K , T8 ik
fHAX AT PR A ) s FE-28 28 pH i, #4584
M Z [ Br 52 5 A7 BR 22 7] s PS-100AD i 7 9% ¥ Bk
0, TRINTH IRAE %8 6 75 Ve i i 45 A RN ) 55418R

/WAL A 3O L, 72 Eppendorf 22 H] s Mini—
PROTEAN® Tetra Hi Uk 1# \Gel Doc EZ BE K 1%
¥t 255, % Bio—Rad /A Al ; Varioskan Flash 4=
WK Z I RERF AR X, 92 [ Thermo 2 A ;1.-8900 4=
F 2l & B 4 Hr4Y, H A< HITACHI A ],

1.3 A&

1.3.1  BIREILR A BRI T A A BA T 0] 2 3
RSN E AL 7 5279, 912 % Ménard 48PV ST 1B
PR A 28 d A JLIH A BERY | [ i 45 & diy Al
FEVR A ELIHALIE N pH 5 EHE FHOCSE002
T 5~6 A~ 2L E Wil el vk . B
IH AL (Simulated gastric fluid, SGF) Fl £ 1 /N i
M Ak W& (Simulated intestinal fluid,SIF) A Hi, f# i
A W T R (SIF 38 A 455 I T ) FN 28 18 7K 2H 1
Horb [SGF 5 SIF 4 i, ff S5 fift 4 W v B2 142 1.25
i (BC 7 W% 1), 76 U8 I %5 W, CaCl, % \HCL
FIZEIEKIG T a4 8 Ixi B T AR R R
B R I R BTG A 250 U/ml, S B A R
(S R 10 U/mL (3T 3o i 26 1 gAY 05 )
JE BB A 0.6 me/mL, HiH | E 8 F 2%
K L Bl 5 IR ] STF Ha Al S5 fith 25 W e )

® 1 1.26xHE AR % & &R E BT H

Table 1 Preparation of the 1.25x electrolyte stock buffer solution
SGF . fif Ji fik %2 SIF 2 f# i ik &%
R4 B ) A /mol - L™ Bie &l 500 mL A&/ SGF(1x) P #9#JE/ Besl 500 mL A2/ SIF(1x) ¥ & R JZ/
mL mmol - L' mL mmol - L

NaCl 2 29.375 94 51.25 164

Kcl 0.5 16.25 13 12.5 10
NaHCO; 1 - - 53.125 85

CaCl, 0.3 - - 0.15 3

T - COBC B ASEIL B /0N 98 A0 0 0 1L S 6 #0011 6 mol/L HCL 43 50K pHL (94 2 4.4,6.5; @il T Ca™ % b A5 L i A 45 W PP DL OE

W CaCly RE A Ak U565 BT S A A

1.3.2 BRI AL S e 7 R e X 6 i
B (15 ¢/100 mL) , BREFLAF# VR S5 . 5 mL 45
WE T 50 mL &0 N RKIRINA 2.4 mL SGF
fiff 0k 5 9 ,0.24 mL 8 2R (A BEE W, A 1 mol/L
HCl (%R & HE i pH (H N 4.4, BJGIMA—E it
ZEMK A SGF AT N 8 mL, #RAYWE T 37C
TE IR #2 PR (180 r/min) " 52 1 h, DAL 56 7
b B, 37 BRI IR A FE A R I 5.6 mL SIF L
fif# JF Ak %5 W ,0.12 mL 0.3 mol/L. CaCl, ¥ ¥ ,2 mL

JRFFT 2 mL BRESA W, A 1 mol/L. HCI fii %R
AFEM pH EM 6.5, ) A — & & 2818 K (il
SIF KBl 12 mL, KRG W E T 37 ClE R IK
(180 r/min) H1 5 1 1 h, ABLHL/NA TH AL, FH 2518
IKBARHE A R 28 FL 6B

FE L R /N B T AR Y 5,10,15,30,60
min BFERURE o B E00H A0 AR R TP R gL B )
B S O AGE B 1 mol/L. NaHCO; fif pH {H 15 %
7~8, LUl B B G /N I AR R T
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WKW, BDEURE 5 57 BDE T KV o k5
min, ARG, T a2 0L & wEE RS, T
8 000xg I E§.L> 10 min R EIH R ZRAF T-20 °C; i
JHF SDS-PAGE 5 & $L 18 4 W% 5 7 & 4 Mt 19 k¢
i U JE T B0 BURE KIS B VR A T =20 C.

K BT 1 7 BN T, iE AT A RN
o 3 kul?, HUE 2B E WAL E R YR CE T
BTAE T AE M AK N BT 2 h, B 40E N IR S i
Bt A, PR 4 B AT RS B BT 2 h, BT 58 52 1
LT A BT AN, e 28 A e 4 i Ve R T o I
A 2 K SR R TR

1.3.3  THALFERYE BB Bl bl
Tt TR 4 R 7 A4 Tt e B S P K. (Sodium dodecyl sul
fate—polyacrylamide gel electrophoresis,SDS-PAGE)
I T AR B B SO A, R 15% 9 73 B
JEEMAFI 59 e 4 I HE AT 3 B, BEIREIC 7 dn 3k 2 B
o B EREZE (5x)IRA T, T 100 Chn#
3~5 min, 12 000xg & .0> 1 min, fJ5 B 10 wL B3
W RE IR 4 WL Mark 78 5> T A,
VAT 80 V,25 min, 5§ 120 V,60 min,, f4 3
2 T 2 T 3 i P G 0 U N B 8 40 min, )5
FHZE MK B, SR FHBEIE UG 3 b 2 Ge 40 BRI

% 2 SDS-PAGE #EEH
Table 2 SDS-PAGE gel formulation

By AK/mL & BT Tris-HCUmL  30%Act/Bic 4%i&/ul. 10%SDS/uL 10%AP/uL.  TEMED/L
15%% # i 1.1 2.5(1.5 mol/L pH 8.8) 1300 50 50 2
A% % B 1.7 0.63(1.0 mol/L pH 6.8) 415 50 50 4
1.3.4 S HBUKEMA A ERNE &R IR A=y nT =

K S P B B ) T 2 BORE i P R Y - B
BEE i oS BB A A LR AT R O R
JER KR MA R, a-BES RHNESH
Adler—Nissen S5EUHE H (1Y = fiff 2 A8 6 ik (TNBS) 7%
IFREAEME M, B 50 AR B2 E R bR T W T
2mL BB H, RKKINA 0.490 mL 0.2125 mol/L
W R 2% vh R % W (pH 8.2) A1 0.25 mL 0.1%TNBS,
R21J5 T 50 CibE G 60 min, WHI ZEERIG,
A 1 mL 0.1 mol/L. HCI 2% 1 J52 17 I R fb 15
fif pH fH7E 3.7~3.9 Z[H . RIHEEARIL T 340 nm
WA AL I B W AR, FR T - B R I T
JemR K, PG TNBS 32000 b iy a-4 35
it
1.3.5 @S oM Ayl XA e SR L-
8900 4= H 3l 24 H& B2 43 M A %F 22 JE R 1 A7 2 1 N
FEE, LAILAATR I A R YRR T R e
A7 TR K ik, T 000 7 Vi B R TR 1) R T S A 30
o/ L A FE K A IR W DT VE A 1

TH AR5 A A i B A TR o K i R 1
o3 LRI R 2 R ) A T Rtk AR AR At
T DA it e R I3 3 Ak T v Y B TR T A0
A AKX,

LRI CE RO EIER T E 00 ())
I K I 8 R

1.3.6 SHEEBWH A (2) ., (3) a3 nit A
ZHRBRIE 7 (Amino acid score, AAS) F1 1] 74 4k 06
s & HE PR 15 4> (Digestible indispensable amino
acid score,DIAAS) . 4 DIAAS=100 i, g\ H &
FB R 7 A 75~99 I B < RAF”
ans - BRI EUT S — 0 I
FAO HE77 B L rhous hy 220 B R
x100% (2)
DIAAS = FhirEE UM R o

FAO HE A AP R o

x100% (3)

F AT S % 0 LA E 0 FAO #ETEM
RFM LA B TARE S & BEFLFE
A AR A — 00 2 R ARAR BEFLRN B 1 S 0
FRZL AN, TR FAO HEE R 3L 2 3 i 20
$ Ry AR R S 1 R L R R AR S AT 3R AR A IR
J5i 9 AAS (AAS-2) I K 1E J& ) DIAAS (DIAAS -
2) . RIEJG 2 50T 5 4 b FAN 05 8 AH H R 3L
)2

A5 7E = 1Y 2, DIAAS Fll DIAAS-2 ({5 2% %}
LERRIEA AL E A, AU IR TFE
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AT AR O, TR AL AL, T
W, ASBIEGEE 225 % G 4 S AR O i 1Y AR IS
Ui 2 iy BEFL SRR B 20, DIAAS-3 3R, LLE
SEVEAS 5 R 7 TH AR S T I B
1.4 HIESITSH

BEFPFE S 4> AT 3 WS | AT AL
TR 50, & BR 45 R R F AR EE", R
JH IBM SPSS S+ (WA 26.0) #E47 HLP = J7
225707, R Tukey 35 BEAT P LAL, P<0.05 WA
hERAAGEE L, R GraphPad Prism 9
BAER

2 #HERE5HMH
21 #HEEUERIHNSTFRET L

SDS-PAGE A8 T N R 25340 85, e
AR A ) S5 2R A, v ALER B K 4 7
EHM R H/NY FEANI Z . PR 558
5 REZLAE A T AR ) 500 2 1 5 43 T A A A an
B R, AR S Tl SOk e 09 8 E s o i
A 8 43 AR B 44 FRUS, REFL R B AT )
PN B R A S S S L RS
A, RIS REZL S R AR SR R S
R (22~30 ku) , FLIHFE AW a-FLAE (11
ku) ,B-FLERE M (17 ku) , L% 185 11 (66 ku) FIFL
BREE (80 ku) , 1% 8K A A N 38 A —
FHO RIEHEEE, T Z B EF /£ 11 ku ZLPLF
Oy FIRR A E A A R SF £ KT fE N EF
WK g FLIEEA

RS T L R, PR EC T WK S R
LR K G, S AR I RRAE SRl A
B I AL 60 min PN (L5 T AR IR, 1 LG
F B H AR TEAR AL, AT RE IR DR 2 L3 2R 0t
2 1 0 K A B U iE AR/ T Ak
By Bem, T WA R L 22 R B R A Ak
W22 5 B T A B [R) 4 3R 7 R C O 05 R
(I L DN A1 s o 8 WD 10N 15 R = K A 7 o
M 45 53 v 16 A7 BA 8 43 B—FL 3K 8 11, T B 2L v v A7
B AR AR B X T TR B
FEAYLE/NHEALRRT 5 min NEFERR, X5
¥ 145 2058 13 SDS-PAGE #f 5¢ £ 3L 8 11 19 144k
THALZE R HAR T,

ku Marker BM G5 G15 G30 G60 IS5 1ns 130 160

100._ e _SABREE
;g__—— ot Y 12
4B — -
35 ——
5~ TIRE = | e
20—
17 ——— — pRLREE
"n— M! —a-fLE%EA
(a) & 53 7K it 26 11 0 B2 4 L IE 5 Wk
ku Marker BM G5 G15 G30 G60 15 s 130 160
100 ' AR
e S R CI2E 32
48—
35 —a——
25—---. }Eﬁﬁ
20
— .- R S - g AR
14 =4 - —a-fLEA%EA
e ws
(b) bR HERC 7 B 4 LI K
ku Marker BM G5 G15 G30 G60 15 15 130 160
Atk
rEREEEE <2
48—
35 ——
_ i BEE
;_-lau ]
3 — pAREE
11— .- -e —~a-RLEEE

() B35l
1 :G5,G15,G30 #l G60 43 5 A8 & #5581 i ¥ 1k 5,15,30,60
min [ FF & 515,115,130 F1 160 43 50 A R AN AL 5,15,
30,60 min BYFEM
B1 AHEHILEFDHMESIEFIMBEHE
L2 R SDS-PAGE R R £ E g
Fig.1 SDS-PAGE profile of infant formula and human

milk in simulating gastrointestinal digestion in vitro

2.2 {ESpEBRE LR
HEEBE N R LEE NSRRI, HadH
¥ T 3 A IR SIS T T RIR DAL R H O A
W AT 2 1 BT i BT B Sl
T AU BT - 203 75 15 AT S 2 1 o Y UK
I B0 o AU A B A o SRR 0 4 ]
2a IR, HrP T 60 min AL E FIE LB B, S
60 min AL/ I AL BT B o FERLALE S AL
BEJ7 s FRE L HP 4 S 1 R A AR AR
IR KR IETE 30 min PY AR 3K B P47 5 F A
BN B B, (2 19 F BRI VR TR, 8 1 o4k
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SRR, WP AE/ N TEALET 5 min 19 a- 2 SR
SO T, R FLEN AR A8 R T b g
Wik 5 EEZLIEALHET 50 - 25 Eid
FR B 2R (B 2b) o 3 PR IEALFE S 0 R a2
R EEA R EES (P<0.05), —17 EF(60 mL)
F -2 R (44.14+2.78)mg, W3FH & T SF
(29.77+1.32)mg 5 BM(21.77+2.12)mg; # 48) F &
ALK B ik )s R IH A EF 8285 T 5 4h W
Pl (P<0.05) , 7E /N T AL 205 EF H Y -2 3 &
4 (207.13+1.90)mg, SF H 4 (188.47+3.97 )mg,
BM 1 74 (124.58+1.38 )mg,, i1 &l 2b AYIICTSE B0 AT
L, IER T TR - T LBk,
Forp EF g T IR 43 35 (106.46£1.00)mg,
2y Jg i BTSN 00 1/2, W T AN R LR
(P<0.05),

AT BRI IR A R B i, AR A K AR
TGO 2¢ A 2d Bros . B 2d AR, BM EF
1 SF 76 #5400 B 1 A0 5 19 B F1 I A R 4 Bk
(19.12+0.16)%, (11.15+0.22)%F1(10.70+0.40) %,
FERLL/ N E A )S 53501 8 (38.49+0.51) %, (33.50+
0.39)%#1(33.07+0.83)% , it BM F) 2 1 5 AL =%
¥ 83 5 T PR R (P<0.05) , 1 9 Fh 45 85 22 A
LW EMEZET (P>0.05), A FHEARIE,

H N L L . N
0 30 60 92 120 150
A
Time/min

(a) a—ZAEREHMLL

a-amino content/mg+ (60 mL )™

IS
ET I
% Ou)n ok - H .
a1 - SF 7
Cing -
3 =0
N =
X8 ol
w5
[ T
= |
z : i i : i
E 0 30 60 90 120 150
I 1]
Time/min
(c) B 1 K fife il 26

BM H A5 (28.15+0.77) % 28 A I o] 8 3 AL A
2 T Wk (P<0.05) , Hor EF 24 (21.88+0.21)%,
SF B/ AUA (12.620.83)%., 1t H WmiHAE , MiFh
Wik I AL AR AR T o M 25 S (HR ORI Ilig
F R B AH 22 5K EF a8 1 0 A9 A 3 R R ATk
F| BM 1 78% /47,1 SF AR BM 1Y 45%., FI LA
W7, H T R R A 2 AR AR S B T
(R 7K i i AR A A — B, Tl A R A /N o T sk i
AL H A BN AN R A2 5 ke A 4 1
W25, 25 LA SRR EF /98 A 50T AL ok
XF T SF T BM, H. 1 SF T 5 Wi, 554 21 2512
tire - N EIE S BIR G E NN N A S D TRT= R R
(TCEEFLAE X B, 25 Wk ZE AL &R0 Ak J5 Y
A HACRIE S0% 47, ERRU/NE T LG I
B ATREALR A E] 70% , LR T AU
FEP Y S5 AL rl RE TR DR AL Ak e ) B il
15 7 S5, RN AT AL B R84 A 1.5
h, T A RIS T >R FH A B0 5 SR B R B L 32 3
BBk, % BB B4 LIE AL SE bR O, 43
BIEERE 1 h VR R B R/ING R T AL 1], RS ) ()
L SIS RS . o o8 LR AR R T e S I N
SR JLTC 7 W 6 2 1 I A AR P P R SRR LY
A UK AR B T, SRR AR — B

35 2501 = BM
(=] ez EF
» i 200F ez SF b
értg 150,
julls =
lgf; 2 100 E
S st =
: =
é‘ 0 =77\ 24
‘I" Al iaite  Higa e
3
(b) 45 25 o2 SE R AN L
S0 = BM
EF
= 40f _— SF
<—: %‘3 30 §Z§ .
SN IR E%§ E% 3
=\ =\ =

(d) A 5310 2 1 5T A s AT L

2 WHBHIIEFIHESIANEERBELER

Fig.2 Protein digestion of infant formula and human milk
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B A0 SR (R0 ARl A R
G2 HE TR 2H BRI T W WA R B SR PP, PR LA
N 2 BE R 1) 4L e S T PR C O R 5 L
B SRR AL R N 3 Fion , FLE R, W R 4
55 BM &R AR, W Y S SR R R o I
F BM., A5 T A 1 B L 2 R A A 5 ) AR
SRR T ) B AR — B,

WEM T, BILEC T 55k 0 75 2 SRR AR X
I REFL WA R T EILM AR KRR . B,
I FRE LA LR AT R R 1) AAS & — 0
O3 CHE B VBTN FE b, A B0 I 100, B
B i S RERLA B AP IR Y AAS 45
WM 4 froR, Hd AAS J23ET FAO #E# I 1:FL

AT AR, I BRI A 55
FHENYS FAO #EFH Z M AT 152 25, AAS-2 A
W 5% T AR A% 1 B FL A L MR AL = A B, X
AAS, PR T i 55— IR ) S SR R 2 O A A Ak
MR (B B IR IR N AR ), JIF H & i@ FE R (H AR
F B2 R ) Al S22 S R O (3K T 100, 7RIk
GRS B LB D7 4 3 W8 i 5 — B I
ST N TR X T AAS-2, B R T A AL
BRI AAS Y55 F 100, i 208 AR 75 &R 1] fig
T B AR A, RO K T FDA #4214,
AAS-2 ST 5 RE S WL A 5 R 3L 2 ) S S R 1 21
IR L, DT A0 A 56 SR FH 1) 79 o T 7 4 A 1)
Wi IR S B T,

x3 WMHEHIIEFNHESFIHESEHRAR

Table 3 Total amino acid composition of infant formula and human milk

R EF SF BM
Ile* 52.18 £ 0.89° 51.15 +£0.39° 41.19 + 1.48"
Leu* 124.00 + 1.58° 123.42 + 1.31° 107.81 £ 3.14"
Lys* 96.76 + 1.30° 92.37 £0.75 67.43 +1.32°
Met* 19.11 £ 0.51" 20.59 £ 0.32* 13.90 + 0.44¢
Cys 10.57 £ 0.23* 9.30 + 0.30° 10.62 + 1.20*
Tyr 17.61 £ 0.63" 20.79 £ 0.32* 18.91 £0.97
Phe* 32.92 £ 0.56 35.82 £ 0.57° 25.95 = 1.07°
Thr* 55.15+0.87 51.82 +0.48" 37.65 = 1.76°
Val* 62.90 = 1.10° 66.25 +0.11° 51.34 £2.42"
His* 21.75 £ 0.35 23.24 +0.27° 20.07 = 0.83¢
Asp 87.09 + 1.58° 87.11 £ 0.67° 70.96 £ 2.65"
Glu 173.80 £ 2.72* 178.24 + 1.56° 154.90 + 8.56"
Ser 48.05 +0.76* 48.68 = 0.37° 36.77 £ 1.70
Gly 16.09 £ 0.32" 19.32 + 0.08" 17.34 +1.03
Arg 29.37 +£0.38" 31.78 = 0.83" 31.66 = 2.07°
Ala 41.09 +0.67* 39.24 + 0.30° 29.65 +2.00
Pro 58.83 £0.98" 65.04 = 1.45° 63.04 = 1.79°
EAA(E) 464.77 +7.03* 464.67 +3.72° 365.34 £ 11.74"
TAA(T) 947.27 £ 15.03" 964.15 + 8.88" 799.20 + 29.85°
E/T(%) 46.77 + 0.09* 45.78 £ 0.07" 43.21 £0.51°

WA RERIR R melg BT *. WAL, 9 AT (lle N 5758 R (Isoleucine ) , Leu J 55 2 M2 (Leucine ) , Lys i #i 2 2 (Lysine ) ,Met i
% % (Methionine ) , Cys 42 W42 (Cysteine ) , Tyr 4 242 (Tyrosine ) , Phe 24 2K 4 % 2 (Phenylalanine ) , Thr 2 75 242 (Threonine ) , Val &
41 % 2 (Valine) ,His i 21 Z 2 (Histidine) , Asp 8 K& %R (Aspartic acid),Glu 8% 2 M2 (Glutamic acid) ,Ser 4 22 2 (Serine) ,Gly } H
MR (Glycine) , Arg 45 % R (Arginine ) , Ala >& 15 % 2 (Alanine) , Pro 4 filfi Z B2 (Proline ) ,EAA J & % 2 3£ (Essential amino acid),TAA

B BE IR (Total amino acids), W17 ARFI/NG F 1L R 25 5 2% P<0.05,

24 BADHMBLEEHEWTRERTH
KL BEEBRS

G TR 1Y) ZH S SO PR S A 1 o o i ) R

PR T AR E T FTRHLIAR A R LR . % 5
s FRE LA AR (9T B A R R AL AL, T A
BETR Y & B AR TR PR T TR s, S R
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] fE 5 26 R 1 T AR R B AR G T i B Y &
LR o FL R Y LR O S SRR 1 A T Bt
FHOCZE R LR 3, BT 5, RN R TE I A AL 5
RAER D EAREEY A &M, HOR 2 R
MsE @R, X TWAMTRINS EF 764 23R
Rl R T SF, O H R IR A R A4 E R
SF TR AL JL-T- I A7 X W S 2 SE R Ui 5 1 ok . i
25 LA 28 1K i A BRI 2R A T LU T AL AR
AR R L, 20 2 TR e A 4y )L ) — bt T B JE R , AT )
TURYILWEREE .,
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Table 4 Amino acid score of infant formula

A A B AAS AAS-2 DIAAS DIAAS-2 DIAAS-3

EF

Ile 94.87 + 1.62 126.67 +2.17 2.54 +£0.21 3.39+0.28 93.11 £7.61
Leu 129.17 + 1.65 115.02 = 1.47 15.88 £ 0.59 14.14 £ 0.53 97.92 +3.67
Lys 140.24 + 1.89 143.51 +1.93 20.43 £ 1.03 2091 £ 1.05 98.65 +4.97
SAA 89.96 +2.24 121.06 + 3.02 5.41+0.36 7.27 +0.48 81.31 +5.42
AAA 53.75 + 1.22% 112.62 +2.55 24.26 = 0.50 50.83 = 1.04 125.65 +2.57
Thr 125.34 +1.98 146.48 +2.31 2.01 £0.18 235+0.21 15.06 + 1.34
Val 114.36 +2.00 122.51 +2.15 3.34 £0.40 3.58 £0.42 77.76 +£9.20
His 103.57 + 1.68 108.35 + 1.76 1.30 £ 0.130 1.36 £ 0.14 67.34 + 6.86
SF

Ile 93 +0.71 124.17 £ 0.95 1.54 +0.05 2.05 +0.07 56.31 +1.88
Leu 128.56 + 1.37 114.48 +1.22 10.74 £ 0.28 9.56 +0.25 66.2 + 1.74
Lys 133.87 +1.08 136.99 + 1.11 15.85 £ 0.48 16.22 + 0.49 76.5 +£2.33
SAA 90.58 +1.43 1219 +1.92 32+0.1 4.31+0.13 48.2 + 1.46
AAA 60.22 + 0.95% 126.18 +1.99 18.02 + 0.45 37.76 + 0.94 93.34 +2.34
Thr 117.77 + 1.08 137.63 +1.27 0.00 + 0.00 0.00 = 0.00 0.00 + 0.00
Val 120.45 +0.19 129.03 £ 0.21 1.91£0.13 2.04 £0.14 44.29 +3.07
His 110.69 + 1.28 115.8 £ 1.34 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00

o N IR IR, X e N R5EHAM (Isoleucine) ,Leu H5EZ M (Leucine),Lys MR (Lysine), AAA 475 Bl 2 3L iz
(Aromatic amino acid),SAA K 7 i & 3 B2 (Sulfur—containing amino acid) , Thr 27 75 2 M2 (Threonine) , Val 747 22 (Valine ) , His A 2 2 2

(Histidine) ,
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Table 5 Free amino acids of infant formula and human

milk after digestion

¥ N3 EF SF BM

Ile* 1.40£0.11  0.85+0.03 1.50+0.35
Leu* 15.25+0.57 1031 +£0.27 1557+ 1.13
Lys* 14.10+£0.71 1093 +0.33 14.29+1.53
Met* 1.78+0.12  1.06+0.03 1.77£0.26
Cys - - -

Tyr 10.55+0.32 733026 11.34+1.11
Phe* 1225 +0.15 9.61+£0.22  6.81 +0.88
Thr* 0.89 +0.08 - 5.88+1.32
Val* 1.84+0.22 1.05+0.07 2.37+0.60
His* 0.27 £ 0.03 - 041 +0.11
Asp - - 1.87 +1.49
Glu 1.49+0.03 1.17+0.00 20.19+6.14
Ser 0.56+0.05 0.11+0.03 236=x041
Gly 049+0.01 047+0.02 1.85+0.49
Arg 11.40+0.54 992+0.19 15.63+1.25
Ala - - 3.10+£0.96
Pro - - -
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Fig.3 Bioaccessibility of amino acids

W, HAR R SR AT Ik B RE LY 78% ., MR
DIAAR-3 W45 4L, & BAZ W K3 b 5 2 FE R (B %
SR FNAL TR ) 1 AT I A 1 L Y e 1k B R
FLIY 75% , I HAR BB i B AF, L EFE g R
T, AL R 0 & 384 K i B i 2R 4 LG
T3 W B A VR 08 43 7K R AR A v B 4 LG Oy
Wk B B A r T AL oobE g SR RL T A
KA T AE S Y S 6 rh ik — 2B U S SRR R R

THACHH B AR, O 24l JLIBCT5 Wk i T 4
P 2 B 2 i dl

3]

4]

[7]

& £ x #

BEM, LHa, Wi, & B4)LR 7 &k
FE PR AR )] P EFL, 2020(7):
59-63.

GONG C Y, WANG Q Y, NIAN J Q, et al. Re-
search progress of amino acid composition in infant
formula[J]. China Dairy, 2020(7): 59-63.

XNAE, WRakok. KA 0 2 4 L o 7 F
[J]. B4 P k=48, 2020, 11(2): 363-367.
LIU S, CHEN Z Y. Effect of proteolysis products
on infant growth [J]. Journal of Food Safety and
Quality Testing, 2020, 11(2): 363-367.
CORRIGAN B, BRODKORB A. The effect of pre—
treatment of protein ingredients for infant formula on
their in wvitro gastro—intestinal behaviour[J]. Interna-
tional Dairy Journal, 2020, 110:. 104810.

FWEE, oKW, XIARF, A KA EC T FLOR BT
o B W Y R R H T 3 kR (] B Tl
2015, 36(9): 247-251.

QI X Y, SUM Y, LIU C P, et al. A review of
whey hydrolysate formula in anti allergic research
and market applications[J]. Food Industry, 2015, 36
(9): 247-251.

Dietary protein quality evaluation in human nutrition.
Report of an FAO Expert Consultation [M]. FAO
Food and Nutrition Paper, 2013, 92. 1-66.
HAVENAAR R, MAATHUIS A, DE JONG A, et
al. Herring roe protein has a high digestible indis-
pensable amino acid score (DIAAS) using a dynamic
in vitro gastrointestinal model[J]. Nutrition Research,
2016, 36(8): 798-807.

DING Q A, NIE S P, HU J L, et al. In vitro and
in vivo gastrointestinal digestion and fermentation of
the polysaccharide from Ganoderma atrum|[J]. Food
Hydrocolloids, 2017, 63: 646-655.

HU J L, NIE S P, MIN F F, et al. Artificial sim-
ulated saliva, gastric and intestinal digestion of
polysaccharide from the seeds of Plantago asiatica L.
[J]. Carbohydrate Polymers, 2013, 92(2): 1143-1150.
MENARD O, BOURLIEU C, DE OLIVEIRA S C,

et al. A first step towards a consensus static in vitro



94

O &

= 4 2023 4E45 4

[10]

[11]

[13]

[14]

[16]

[17]

[18]

[19]

model for simulating full —term infant digestion [J].
Food Chemistry, 2018, 240. 338-345.

DUPONT D, MANDALARI G, MOLLE D, et al
Comparative resistance of food proteins to adult and
infant in vitro digestion models[J]. Molecular Nutri-
tion & Food Research, 2010, 54(6). 767-780.
NGUYEN T T P, BHANDARI B, CICHERO ], et
al. A comprehensive review on in vitro digestion of
infant formula[J]. Food Research International, 2015,
76 373-386.

BRODKORB A, EGGER L, ALMINGER M, et al.
INFOGEST static in vitro simulation of gastrointesti-
nal food digestion[J]. Nature Protocols, 2019, 14
(4): 991-1014.

MINEKUS M, ALMINGER M, ALVITO P, et al. A
standardised static in vitro digestion method suitable
for food — an international consensus|[J]. Food &
Function, 2014, 5(6): 1113-1124.

EGGER L, MENARD O, DELGADO -ANDRADE
C, et al. The harmonized INFOGEST in vitro diges-
tion method: From knowledge to action[J]. Food Re-
search International, 2016, 88. 217-225.

ADLER -NISSEN J. Determination of the degree of
hydrolysis of food protein hydrolysates by trini-
trobenzenesulfonic acid[J]. Journal of Agricultural and
Food Chemistry, 1979, 27(6): 1256-1262.
LORIEAU L, HALABI A, LIGNEUL A, et al. Im-
pact of the dairy product structure and protein na-
ture on the proteolysis and amino acid bioaccessibli-
ty during in wvitro digestion[J]. Food Hydrocolloids,
2018, 82: 399-411.

MAATHUIS A, HAVENAAR R, HE T, et al. Pro-
tein digestion and quality of goat and cow milk in-
fant formula and human milk under simulated infant
conditions [J].
and Nutrition, 2017, 65(6): 661-666.

COSTA F, BRITO M A, FURTADO M A, et al

Microfluidic chip electrophoresis investigation of ma-

Journal of Pediatric Gastroenterology

jor milk proteins: Study of buffer effects and quan-
titative approaching[J]. Analytical methods, 2014, 6
(6): 1666-1673.

KEM, AP, ki, F I oI EA B-
it 25 11 5 2 A0 LA B i B 5T TR (] R R

2020, 42(1). 78-82.

ZHANG Y M, SHI Y J, ZHANG J, et al. Ad-
vances in studies of the relation between breast milk
a—lactalbumin, B-casein and health of infants and
toddlers[J]. Acta Nutrimenta Sinica, 2020, 42(1). 78—
82.

[20] MARTIN C R, LING P R, BLACKBURN G L.

Review of infant feeding: Key features of breast
milk and infant formula[J]. Nutrients, 2016, 8(5):
279.

[21] #iE%, skaEH, BEF, % 43 FAMASD

i = S WO E I R S il 5 ) ) R R 2 e
2020, 48(8): 4-9.

YANG B R, ZHANG F X, SHAO Y Y, et al
Study on the composition and digestive properties of
protein in cow milk, goat milk and breast milk[J].

China Dairy Industry, 2020, 48(8): 4-9.

[22] WAL, Sk, XGRS, A& B4 LR ik h

TR AR L R R S )] ' T,
2015, 36(8): 209-212.

GUO Y H, SU M Y, LIU C P, et al. Comparison
of in witro proteins digestion in infant formula and
children formula[J]. The Food Industry, 2015, 36
(8): 209-212.

[23] FEoei, RER, XgEB, 55 REFLACR 2L

J7F kb A B AR AR SR )] B A Dl B
2017, 38(17): 28-32.

DONG X Y, JIANG T M, LIU J C, et al. Re-
search of digestibility of protein in human milk and
different infant formula[J]. Science and Technology of

Food Industry, 2017, 38(17). 28-32.

[24] XUAR, WAdAfr, FEEEE, % AFLE RIS KA

FROIAE[)]. B LAk RHE, 2019, 40(1): 286-291.
LIU C, PAN J C, LI Y Y, et al. Nutrients and
physiological functions of human milk[J]. Science and

Technology of Food Industry, 2019, 40(1): 286-291.

[25] sk, WM, ARAFER, SF. R ER LR

J7 Wk A T BUE SR A )]. B Tk B, 2019,
40(13): 257-263.

ZHANG X, GE W P, XI M L, et al. Protein nu-
trition evaluation of infant formula with different

base materials[J]. Science and Technology of Food

Industry, 2019, 40(13). 257-263.



23% 44 3R 4 K R R B BL LB 7 s A 69 AR Sh T AU A 95

%

In Vitro Digestion of Infant Formula Containing Partially Hydrolyzed Protein

Zhang Shanshan', Hu Jielun', Peng Xiaoyu®?, Pan Lina’, Dong Ling?, Jiang Yikang?,
Wang Jiaqi?, Nie Shaoping"”
('State Key Laboratory of Food Science and Technology, China—Canada Joint Lab of Food Science and Technology,
Nanchang University, Nanchang 330047
“Ausnutria Dairy (China) Co., Lid, Ausnutria Institute of Food and Nutrition, Changsha 410005)

Abstract The dairy protein hydrolysis process can hydrolyze large molecule proteins into small molecule proteins and
peptides. Infant formulas with partially hydrolyzed proteins may be beneficial to the digestion and absorption of infants,
but the comparison between them and breast milk is unclear. In this study, a commercially available infant formula (EF)
containing partially hydrolyzed protein was used to compare the in vitro digestion and absorption characteristics with stan-
dard infant formula (SF) and breast milk (BM), and the amino acid score and digestible indispensable amino acid score
were calculated based on the total amino acid pattern and digested amino acid pattern, respectively, to evaluate the pro-
tein quality. The results showed that the protein content of the two formulas was higher than that of BM, and the amino
acid composition was close to that of BM. The in witro protein digestibility was (33.50+0.39)%, (33.07+0.83)% and
(38.49+0.51)% for EF, SF and BM, respectively, with the absorption rate of EF up to 78% of the BM. The results of
digestible indispensable amino acid score showed that the limiting amino acids of EF were threonine and histidine, while
all other amino acids scored above 75, which can be considered as good protein quality. Therefore, the infant formula
containing partially hydrolyzed protein used in this study has better digestibility and absorption properties than the control
formula and is closer to breast milk. This study can provide data to support the digestion and absorption characteristics of
infant formula containing partially hydrolyzed protein and provide a theoretical basis for in vitro research methods for pro-
tein evaluation.

Keywords infant formula; partial hydrolysis; breast milk; in witro protein digestion; amino acid score



