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In vitro digestion of heat-treated milk using the dynamic human stomach-intestine IV +
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Abstract: Objective To study the effects of different heat treatments on milk digestion in vitro. Methods The
dynamic human stomach-intestine IV + was used to analyze the pH change, protein digestibility, gastric emptying and
peptide distribution of four different heat-treated milk products: raw milk, pasteurized milk, ultra-high-temperature
sterilized (UHT) milk and direct steam infusion (INF) milk. Results The pH change trends of raw milk and pasteurized
milk in the stomach were very similar. Pasteurized milk took the shortest time to digest into a near-fasting state in the
stomach. The protein digestibility of pasteurized milk was also the highest, whereas that of UHT milk was significantly
lower than the other three samples. The molecular weight of peptides generated by the four kinds of milk after in vitro
gastric digestion was below 5 000 u. After in vitro gastrointestinal digestion, the molecular weight of the peptides reached
below 1 000 u, which is easy for digestion and absorption by the human body. Pasteurized milk and INF milk have
advantages in protein digestibility and the molecular weight analysis of peptides of their digestion products. However, the
general trend was the same without significant differences: they were both superior to UHT milk. Conclusion The in vitro
digestion profiles of INF milk and pasteurized milk were the same, which were better than those of UHT milk, providing
consumers with a new choice for dairy products.
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Figure 1  The images of the DHS-IV
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A ADL R 32 2y FL it SO it 4 YR L T8 L CaCL, T 7K 2H il o
WA SCHk [9], H WAL 48 ME (Simulated gastric fluid,
SGF) . 7 W A U W (Simulated intestinal fluid, SIF) A7
ML BT M AN 3R 1 BT

F 1 HWR RS F A T 1 v
Table 1 The concentration of electrolyte in gastric and

intestinal simulation fluid

EEN AR SGF/(mmol/L) SIF/(mmol/L)
K* 7.80 7.60
H,PO, 0.90 0.8
HCO,, CO,> 25.50 85.00

cr 70.20 55.50
Mg** 0.10 0.33
NH* 1.00 —

Na* 72.20 123.40
Ca®* 0.15 0.60
1.2.2.1 SGF e

#EEAEE®RT 80 mL AR b, in A
0.05 mL ) CaCL,(H,0),(0.3 mol/L) I 19. 95 mL #Y
ZB Kl H B RELE SGF iy fe 20k Ik 3|
4000 U/mL, ] 6 mol/L. HCl J#H75 SGF ) pH % 1. 6,
1.2.2.2  SIF B HcH

5 AN A ER 7517 T 80 mL BRI, JITA 0. 2 mL
) CaCl,(H,0),(0.3 mol/L) Al 19.8 mL #YJ & & T
K, A B AR SIF Hh A B 244k B 55 3] 200 U/mL,
JHE: 5 E] 20 mmol /L, 6 mol/L HC1 #75 SIF & pH
£ 7.0,

1.2.3  ARAMERLE I H Ak o 72

TE B 2 %6 8 I B AR — U Tk R B JT Y

TR T 1) B9 1 PSS FOL IR I AT AT P A AR O B G 4
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Table 2 Operation parameters of in vitro dynamic

gastrointestinal digestion model

T 5l 48 b BT SR
RO 37°C
pugsaingi| 5 min
EL RS p TR 3K /min
A T R 0~0.5 mm
N, " 1¥/2 min
S (D P85 5 5 Ul T THTIF 1K)
28 B W 30 mL
15 VR YA 3 1.2~2.5 mL/min
i W A R 3 1.9 mL/min

1 mol/L HCLHI NaHCO,, i i 7 J&

1.2.4 KRGO RERM AT
12041 Boph 8 I Ak fnE 22 1 Tt BURE

Bl AL 90 min, 1% 22 H B AL 120 min, £
P A 2 B o, 23 0 AE 15.30.60.90 min i M HE
A+ B B & BE L 20 mL BE & IR 490 F 30,
60.90 F1 120 min M/ HE It H Hh BUHS 20 mL 3 £k
FEfh . BERLE IEALTE RS IR E NI R . B
B Ak 52 B L N PN R W R B T s v oy
B 20 mL 22 A FE G .
1.2.4.2 KRR

WS B Y BT AT RE S 24 57 B RA TRA A R B
Jo — Y R T R AR ORI TR R A . R
10 mL 7 22 FH B IGO0 o 2 11 5 A R & SE A
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444 :9 500 r/min, 20 min (.0 2FE 4210 em) , B
FVEW 3 mL 2 KR
1.2.5 Hfbad FE B N pH I E

o B AL (G) FE S E Ik (GDRHEB N
A pH Kk, SCRHE I E P9 pH A9 (5 30 s
sk — ) .
1.2.6 B HEZs HOE 12

il it Ak Elashoff #F i A A1 [ X (1) IXF 31 &
P A0 I8 Ak 52 55 45 2 1 8 HE 2 il 42 i B a2 AT LA
JE A3 5] E HE A LA I fHEZS 280, Elashoff &8
A E ENREZE ) SR eaA I R U R N R NS

e

1 mL/min,34~50 min

y(t)=1-(1-e"y (1)
KOOy () g o 20 809 5 9 RIA 58k 24
S B HEZE R (1 /min) B i H A i 2R AR
B A2 HEZS ] (2, ) JEAE y(0)=0. 5 W (2)

R ECEI P
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B () B B S ECh 0, ) HE 2 45 0 (e,,,)
R 0 A HE 2 8 B d AR P A )
_Inp
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1.2.7 25 5T b 2 RK i 25 00 0 2

E B BT A T R R R LI AU
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Wi F S0 b 3 R, 28 L TR R T A aT ik R
H& & LR E AR, AT

S M1+M2+M0—7'_M0
HABHAR = m

(3)

x 100%

K (4)

Hor MR M, 5y 2 B B A 120 min 5 H N R
R EER PR R N & M, RN R
4 2 1 K S, M, S T AR VW P Y
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0. 1% 1% W, T i 4 AH 43 5 o A% of ifl 2%
W 4 Pl [ 0 B A 38 AR 5 R Gl A FLAR SR 0.2 pm
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# 3 ORI EAKE FR A5 B A AL 50 min 19 pH 28 fE1% 0
Table 3 pH changes of different heat-treated milk samples

during digestion for 50 min

i [ / i

min Wik il samples  ELIRAYEFL INF KEFL UHT K 5
5 6.30 6.31 6.25 5.85
10 3.37 3.73 5.52 5.76
15 2.56 2.54 421 5.67
20 1.85 2.26 3.63 4.97
25 1.55 1.60 2.69 4.30
30 1.34 1.33 2.27 3.65
35 1.19 1.30 1.88 3.17
40 1.23 1.18 1.54 2.19
45 1.29 1.26 1.53 2.13
50 1.38 1.25 1.52 1.63

VR, Bt 3 T A I 18] fey 580, B P 3 9 1 k2 DA R
B R W, N R BERY pH BT R
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w5 T WA LA UHT K7L, 5 B RO R LA
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ik A T R J3E M g 3 R ) A TN, DR RS
B PR L RE i B 18 2 RE 2R L A5 B A DD Y Bk
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F BT 2 W1, £ W B BRAR PR BT (A oy kAR (B L
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Figure 2 pH changes in stomach of the four different teat-treated milk samples during simulated gastric digestion (G) and

gastrointestinal digestion (GI)
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Figure 3 Modified Elashoff’s model fitting diagram gastric

emptying of different heat-treated milk samples (n=4)

4 B A ) P Ak P32 75 19 Ak Elashoff 5F 45 20
RISHNE 4 in. ol LUE W4 FiokeE & 0 8 HEs
Elashoff £ B 250 g HII KT 1,85 4 F 4= W AE 5
BB T HE S A 0 . UHT 2K B 2L 09 HE 2 45 i 10
(1, ) B, 4 b A= A Ot 1) 2 HE 25 1 18] (e ) T B35
25 o
2.3 DURRE LY R BT AR

K B IR g ZU X 4 Al A [) A Ak B i o 22

Fd  RIF AL AR5 5 HE S 1AL Elashoff 4525 2 5
Table 4 Modified Elashoff’s model parameters for gastric

emptying of different heat-treated milk

B i k B t,,/min  t, /min
UHT K 5 % 0.043 8 2.62 33.3 22.0
Wy R 0.040 7 2.21 32.2 19.4
A AL 0.037 5 2.2 34.5 20.6
INF R 0.034 5 1.98 35.4 19.8

B AL 2 h S5 AR T A SR AT I, 5 R
K4 B, 450U B UHT KFE I B E B WL
N 85.98% Hb, Hofth 3 FhA b B 5 90% LA
b P B IRA R, 96. 81% , INF AR TH FLIK
2,4 93.97%.
2.4 RN[RIAAAL B AR 22 1 B Ak S Y K B oy A
4 B AS TR A4 B AR 22 8 BBl T AR S Y K BE 43
Ao s e s Bias . K S AT, UHT K
FLorF <132 u By KB & kv T LA 3 R kb B
A1y 5 3 B B B SR/ L AR A Bk 3 7 5K
TREES . BIRAWILA INF RIS H 51l
T Ak 5 KB A AR — 5
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100r 1 90.79%. fE5r T4 1000 u BIZ kT UHT K FLAT
"L . 7 LB K L B EG K B FLR o BB (P<0. 05) .
90
§85 %_ 5 AN [A) AL B A 1 B Ak R B0 Ik B 23 B A AL
g Table 5 Molecular weight composition of peptide in different
sm 80
E | heat-treated milk samples after gastric digestion
ﬁ B T/ %
70 " <1000u  <3000u  <5000u  <10000u
65 W 46.78" 84.80 94.60 98.32
60 ) ) ) ) LG A AL 39.11" 78.99 90.10 97.46
AR i ERAEA  INFAREI  UHTKEEL INF 2814 7 44.83" 80.73 90.79 95.81
- . L o UHT K B %L 56.37°¢ 86.89 95.92 99.03
4 ORI PAb #1175 7 28 18 i T AL 2 h S 9 8 BT AL R p <0.05 0.192 0347 0764

(n=4)
Figure 4  Protein digestibility of different heat-treated milk

samples after continuous gastrointestinal digestion for 2 h (n=4)

Y E AR A NG B 2T 8 I R
BB TR o S K A RE Bl W i, ELBIL AR A i i K 1) E )
REEREA L. BRYRMNELS AEE B
TE T T A 1 2 VIR OG R AR B AE R i
o /ANy FRREENT . ARG R R
fogs = eV Z IR o, b 4y F 5 132~576 u
9 KR = K AT DA Bk Gl o W R Y
5 ATH, 4 FhOK [F] BRkh BERE & 7 285 90 min (AL
PLEam B WA S KB T 8 90% A A7 # A R AR
5000 u LR, Hd UHT KEFA 95.92%, B K4
P L AL INF A B FL AR A AH Y, 400 o 90.10% Al
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40
35
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5
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5

JkBegy

Wbt ORI AL

INF B 7,

LI AN )R i 50 £ 4 R L 22 57 SR 1T Kruskal-Woallis 4 45, 7 51 F 47 5
BRI 32785 2 S A7 Ge b2 38 X
2.5 ORI AL B4R 2 8 B i 2 AR S B IR B
v

4 B AS ] A4 3 AR 07 22 3% 22 1 I T A S 1 Ik B
Sy ARG E 6 FE 6 it . HE 6 Al 7E 4 T
<132 u XA U B A SR 1 L INF R B FL
TEs,HS HAb b i XA B EEES
4 T[] AL AR 5 FE b gy T O 132~576 u 1Y
JUR B BT o5 L4612 Sy i i

M 6 Al 1, 4 Fh A [A] A AL 3 AE 7R 2 0
120 min AL 8 3% B2 A0 )5, KB oy 5 FE AR
FEPAE 1000 u DU, i B FCR B ZL I o b

m =10 000
M 5000~9 999
13 000~4 999
H1000~2 999
B 577~999
1132~576

B <131

UHT K% 3.

5 AN [ ik H8 20 40 8 Sl T AL s B9 Ik B 2 1 ot

Figure 5 Molecular weight distribution of peptides in different heat-treated milk samples after gastric digestion
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Figure 6 Molecular weight distribution of peptide in different heat-treated milk samples after gastrointestinal digestion

H =10 000
M 5000~9 999
3 000~4 999
M 1 000~2 999
W 577~999
1132~576

H<]3]
UHT K 5L



A [l a3 ) S S AN AR R —— B U 5

—131—

ik 92.76% , Ho¥k J& INF R FL, N 86.27%. FE A
— KB A L 4 FhOR [ $A b 3 A 3L =2 e O
PE2E 5 (P>0.05) . 55000 B WAL B, % 22 8 T
b I 2 1% 1 I fige P R R L X 5 RRORU il 2 SDS-
PAGE HLJk 43 H7 X 452 J0L4A S1 98 Ak S 1 Jie J5 26 14 7l
[ 53 F A8 Ak o BT 45 SR — B

F2 6 RIFIH b B A7) 55 i e S A O BE AT TR
Table 6 Molecular weight composition of peptides in different

heat-treated milk samples after gastrointestinal digestion

v 5y T/ %

s <1000 u <3000u  <5000u  <10000u
W5 R 83.51 95.04 95.60 98.47
R T AL 92.76 97.91 98.15 96.81
INF B 7L 86.27 96.30 96.77 96.76
UHT KK 3L 84.10 94.74 94.66 97.95
P 0.103 0.764 0.764 0.779
3 #ig

AR SC3E 3 B0 A4S PR AR LT A Y 5 3 i AR AN TR
oAb #7504 05 E B AR R s . BT T2 INF
A% TR FL Y A4 B (RN FF 0. 09 s, I F B IR S BR 7L
M UHT KEFL . WA E Bl s, 5 12
INF A FLM S RSB RAEIAH Y, BT
UHT K F . RIBT48 T4 INF K5, R
WM E ERTERAEA . 2%8H B
BG4 B 5 ke & £ 224 AL 1000 u DL A KBS,
Hoor INF REFLTE S F s o 132~576 u 1Y KB
Fb 35 R e KL B 5 B AR TE AWl . S [ Ak By
X ER T A 0 5 et AS [ 2k 58 Y A #A Ak B
75 2O FL A I AR L AR SRR T2 INF R
PRLFL A T 2 SR T — R A 5

S % ik

(1] onime, 22475, A f, & U 31 4R ZLIR (R A R 1
m (], A EEL A Tolk, 2017, 45(11): 14-18.
LIU X, JIANG Z M, LU J, et al. Effect of heat-treatment
process on the digestibility of milk protein [J]. China Dairy
Industry, 2017, 45(11): 14-18.

[ 2] ZAHER, XVBEMT, B2F 0 puub MRS FL AR (145 0 R Ak Rtk
mosZm L) ] Fl R 50K, 2019, 42(3): 8-12.
WU X Y, LIU Z P, MAO X Y. Effect of Heat Treatment on the
Structure and Digestibility of Milk Protein[J]. Journal of Dairy
Science and Technology, 2019, 42(3): 8-12.

[3] B, R9F. R4EmmERNMESEENED LR &
P ERHE A B, 2021(4) ¢ 95-96.
YIN M J, WU D. On the close relationship between nutritional
value and health of milk[J]. Chinese Journal of Animal Husbandry
and Veterinary Medicine, 2021(4): 95-96.

[4] SORIE, B9, ®WT5, 5. 40 3 S AAL 3 T 20 L4y

[13]

[14]

[15]

[17]

Brlal. s EFLL, 2021(4): 70-74.

GUO LY, ZHAO G Y, WU X F, et al. Research development
of heat treatment technology of milk[J]. China Dairy, 2021(4):
70-74.

PRy FL i R A W LA ] hEEw 5 E R,
2012, 18(9): 40-44.

CHEN X L. UHT Technologies for Dairy Products[J]. Food and
Nutrition in China, 2012, 18(9): 40-44.

Mioe, BT PROMIE AR A A S o SR L) ). A ™ him (k2
1), 2017(5): 61-64,68.

CHEN Z, JIA H. The advances of digestion simulation in vitro
[J]. Academic Periodical of Farm Products Processing, 2017 (5) :
61-64,68.

BOISEN S, EGGUM B O. Critical evaluation of in vitro methods
for estimating digestibility in simple-stomach animals [J].
Nutrition Research Reviews, 1991, 4(1): 141-162.

PRIGEZR , RS . — b O £ AR+ 4815 /N AR T8 1k
#%5::CN201920217031.0[ P]. 2019-04-16.

CHEN X D, LIAO Z K. A bionic human duodenum small intestine
and large intestine digestive system: CN201920217031.0[ P]. 2019-
04-16.

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.
Bornhorst G M, Chang L Q, Rutherfurd S M, et al. Gastric
emplying rate and chyme characteristics for cooked brown and
white rice meals in vivo [J]. Journal of the Science of Food and
Agriculture, 2013, 93(12): 2900-2908.

SIEGEL J A, URBAIN J L, ADLER L P, et al. Biphasic nature
of gastric emptying[J]. Gut, 1988, 29(1): 85-89.

WU P, BHATTARAI R R, DHITAL S, et al. In vitro digestion
of pectin- and mango-enriched diets using a dynamic rat
stomach-duodenum model [J]. Journal of Food Engineering,
2017, 202 65-78.

FEE . AT B Mk &% (AGDS) WAk FE4 5 RE I 58
(DI HM #TVT T K2, 2019,

FU D Y. Optimization, evaluation and application of the Artificial
Gastric Digestive System (AGDS) [D]. Hangzhou: Zhejiang
Gongshang University, 2019.

e AE , GRS, K A HEAS SRR R 3R B 5T 0
[J]. W5l e g, 2010, 42(9): 1082-1085.

FUY T, SU B Z, ZHANG Z J. The research progress of gastric
emptying abnormal factors[J]. Inner Mongolia Med J, 2010, 42
(9): 1082-1085.

BROGHE . s ma i HEa i IR (). AL, 1998, 11(6) :
275-276.

CHEN X X. Factors affecting gastric emptying [J]. Journal of
Abdominal Surgery, 1998, 11(6): 275-276.

PEI™ B, WRECAR, $EM, &5 8 A TR T b ik S H o Re
PR A AE, 2013, 34(9): 375-391.

PANG G C, CHEN Q S, HU Z H, et al. Bioactive Peptides:
absorption, utilization and functionality [J]. Food Science, 2013,
34(9): 375-391.

MOURAD F H, SAADE N E. Neural regulation of intestinal



AR AR

—132— CHINESE JOURNAL OF FOOD HYGIENE 2024 4F2F 36 45 2 1
nutrient absorption[ J]. Prog Neurobiol, 2011, 95(2): 149-162. [19] M. DA EE AWM TAkdl & 5T k(D] JET: %
[18] Roberts P R, Burney J D, Black K W, et al. Effect of chain F K2, 2015.
length on absorption of biologically active peptides from the LIN L. Industrial preparation of tilapia collagen and product
gastrointestinal tract[ J]. Digestion, 1999, 60(4): 332-337. development [D]. Xiamen: Jimei University, 2015.

Crb B il AR 2 ) SRS 25 A

(PERER I AL E)RPERGESFAS FEIARLELSREEAAXAEFALRIANERAR S
EAEZRPRH AFIHCHA FEHAEE R, (FPERREZALI)O AR FT4HZERERGF
T, XEREF BF ARLRE FRERSFF BEFE ASHL NG LEN G R &L
R TEHE GRFLE, (PERSZALL)RRERRZAMBN EXAARR LA £ RN
FTERIEGHFRELRTRE LT LFEARELEAY A5 LEREERNIRRZANHE Bt &
1 EROEREXR

AR R B A A A R T ARG R R R, LFE— MR ARA 5000 F,4eid 4ok
HAFSHBBREL, BENNTFEERELABELOES A X TWASR AE—RBARATSE
TMERGEZEERAET, wARLFHRE EWF KSR XAH @RS mF S LR
KR AE P P
2 X RFEREE

BARBTWRF LA EAR AR AFAERGT R, LAZEEATRA,

2.1 MFALlE P RLLF AR HH NN TPRELEAZ T, ELENELLEHEERLRLERINT
0 AL

2.2 4‘/&%"%4’?%&2/\(/3\2/\)VXJ‘.Vlﬁ\%ﬁﬂ'/}?%,/ﬁigfﬁ—‘ﬁ_iﬁfgﬁﬁ(correspondingauthor)o % —
VB RBBIENEERAREN P LAE L B FE BR ELAFREFTOAELBE RO ETH, &
BB L B FEE L,

2.3 ZRBGHEA(EI R FAB LK AR NP ELSMNTTFLABLETF,

2.4 FiHAHHEREAPRIFHE, —HRARALHABZOIE R T R &b, E it did
TR EHERREEREZLNEIZTALRKE., AR TEFEESE R THLFTHAREE XLHEZ L
VAT E A,

2.5 HBEHEXFRAREPELXLEFALI~8A,

2.6 YwiE AR KSR T AR F e E A E AN E R KRB I LSRG B AR EA T AR
o I REFHASEN P LRBFL TN RILRF LG MIET EN R,

2.7 MTATHFHERAAGI ELHHF LALN T8 T

2.8 HFRAMFAANR R iEWNXEAE SBATXEHRR AFREL—BBFELF, AXTEAHRXESD
W FIEN MG LR AR FRA KT RR A R AT ARLEHRERRLF, M RERA
IR IR A F F LA,

2.9 & GRAEAKNE L FEAEZEZRXANGNE F4L LE T A SRS f B,

2.10 E£&ME ZE&ERENLAR BT AFE 8 HEERRELZLA.,

2,11 B XFRAKONERALETL B ALA AR T RAEIHEEMEEZ AE,

2,12 PRl A Uk THEA F A ditide), AAFAANEEEX R RS LXK F s A L
Z3 A TRARESHENELSAE S Rz B0, RIXAER FRBTIA BRI LR KT &P
BAC R IF, 34 EAEF M B R AT 3R iR B e FT . AE L#HE X T

HAIXE (ST EE2TEFCNIALEFEEE HE LB R MG T 5 Lok 4| Lk ERAFE] 7l L
oA (H): R T-ET .

[T 555198 71



