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Abstract Objective: To establish a method combining size exclusion chromatography (SEC) with an optimized

Infogest in vitro static digestion model for determining the relative molecular mass distribution of short—peptide—
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based enteral nutrition before and after digestion. To evaluate and assess the quality of three different products, to
explore product quality characteristics and digestive stability, and to provide guidance for quality control and clinical
individualized application of short—peptide—based enteral nutrition. Methods: The SEC method was performed using
two ECOSIL SEC G 2000 columns (300 mm X 7.8 mm, 5 pm) in series, with acetonitrile—water—trifluoroacetic acid
(15 : 85 : 0.1) as the mobile phase, a flow rate of 0.7 mL * min™', the column temperature 30 °C, the detection
wavelength 215 nm, and the sample volume 20 pl. The in vitro simulated digestion process referred to and
optimized the Infogest in vitro static digestion model, divided into simulated gastric digestion, simulated intestinal
digestion, and simulated gastro—intestinal total digestion stages. The established SEC method was used to compare
changes in the relative molecular mass distribution before and after digestion to evaluate in vitro digestive stability.
Results: Within the range of relative molecular mass from 165.19 to 12 327, the logarithms of the relative molecular
mass of the 8 reference standards showed good linear relationships with retention time. Specificity tests indicated
that blank solvent and the simulated gastric—intestinal digestion solution had minimal impact on the measurement
of relative molecular mass distribution. The RSDs for precision, repeatability, and 24 h stability tests were all less
than 1.0%. The relative molecular mass of various short peptide enteral nutrition products was mainly concentrated
between 150 and 1 000, but there were significant differences in the distribution ratios of relative molecular mass
among different products. The hydrolysis of peptide components primarily occurred during the production stage,
and after in vitro simulated digestion, their relative molecular mass distribution characteristics remained largely
unchanged, with the degree of change mainly related to the original hydrolysis level of the product. Conclusion: The
SEC method combined with the optimized Infogest model is suitable for studying the molecular mass distribution
and digestive stability of short—peptide—based enteral nutrition. The method is straightforward and rapid, facilitating
a comprehensive assessment of the products quality characteristics and nutritional value.

Keywords: enteral nutrition; short—peptide—based enteral nutrition; size exclusion chromatography; relative

molecular mass distribution; in vitro digestion
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e ( concentration )/( mmol + ™)

HLff T AR 2 R T L T e 2
(electrolyte ) (SGF stock solution ) ( SIF stock solution )
125X pH=3 125X pH=7

SALH ( potassium chloride ) 6.9 6.8
Wi — &40 ( potassium dihydrogen phosphate ) 0.9 0.8
PR Z N ( sodium bicarbonate ) 25 85
S8AEH ( sodium chloride ) 472 38.4
FAALEE ( magnesium chloride ) 0.12 0.33
TIKAREALES ( calcium chloride dihydrate ) 0.19 0.75
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Fig.1 SEC chromatograms of 8 reference substances
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Tab.2 Relationships of retention time with relative molecular mass of reference substances

Xif HE PRER A R] AHRE 43I0 b g,
( reference substance ) ( retention time )/ min ( relative molecular mass ) M,

A C(eytochrome C) 22.374 12 327 4.091
485 & (bovin insulin ) 24.283 57335 3.758
FFHE K ( bacitracin ) 27.695 1422.69 3.153
AT K (oxidized glutathione ) 29.884 612.63 2.787
Ham - TR - BZR - K21 ( glycine—glycine—tyrosine—arginine ) 30.730 451.48 2.655
I FHIS I H K (reduced glutathione ) 30.943 307.33 2.488
{2 ( tryptophan ) 32.356 204.23 2.310
FINE R ( phenylalanine ) 32.847 165.19 2218
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Fig. 2 Specificities of short—peptide—based enteral nutrition

243 HEEMERE R IR N S SR R
i (P20 A, 2 “2.2.37 TR 5 241 1 4% 6 iy 4t
IR, 3 2.1 TR B A A R e SR
T TR I A A BE SHR] 2492 30.5 min (1) 35 (0 3% 06 4 7Y
Asf 1 LA K 0 1T AR L, 11580 RSD 4351 0.020% F11
0.54% , FRZ 7 i E R R A

244 FUEMEESE BUR—HR IR N R R
R (=5 A), 4% “2.17 TN (3% 4%, 16 i il
J5 T 0.1.4.10,18.20.22.24 h 43 5l k- k£ 5 , )
FE R BRI TE] 298 30.5 min 4 35 (3 045 B8 15 ) LA K.
W TG AR 5 H, 3138 RSD 43514 0.014% FT 0.24%,
FIABE A 24 h WEREME R 1.

2.5 {RSMELH LIS

251  IRIMEAES A RIECH] R AR AR
PR R R i i, I Sl AR A BC AR 250 mg - I
W, AE 37 CHEIRZKIE 10 min, FEMARIMNE LR 5
VST (RIMERUA T A AR A )

2,52 PRAMECLE AL A W n Be ] AR Sh
THALRE SRS R, T 1 mol - L' RIS pH=3 |5,
B “2.2.17 BUF SGF %W, IR, T 37 CE
TRFE R L IHAL KM 1.5 h, 285 H 1 mol - LT S SAAbEN

AL HREL

VSR pH=T7, 217K RS, T 4 °C, 12 000 1+ min™
TS 10 min, B EVEW, 2 0.45 pm JERREAS H L 1E N
RSB S T A S VA

2.5.3  (RSMERUG I A HEA S A TR AR S
THALRE VA TS &, T 1 mol « L7 S AL 8 1
pH=7 J& , 2 BN A “2.2.17 TUF SIF WL, 18], T
37 CHEIRFEIR LW ALK 2 h, WK 5 min 28 1k7K
fitt ARG T 4 °C, 12 000 r* min™' FE5.C> 10 min, B E
T, L 0.45 pm RS VR A AR SNSRI T AL At
A

254  (RAMESLSTE A HE R RO RS
AL S A ROE B, T 1 mol - L SRR pH=3 )5 , %5
FEBIA “2.2.17 BT SGF ¥, 182, T 37 ClHIREE
PR AR KSR 1.5 b, SRJ5 H 1 mol « 171 EEALAMTA TR
PATT pH=7, 2 1k B KM, SR 5 PR BB AR TR A L 1]
A “2.2.17 TR SIF ¥k, 1 “IRA)7 R, #2537
T T T iR, BRSO METHL ST Ab A S VA

2.6 FEMIE

2.6.1 5 KT fizy P 3 SR 500 ARG o0 I B L A A
FE - O [RIE P KA N 8 3 R B R, 43
Fie 217 WUR A5 SRR E 0 Sk & R



(JPA WS W R E

Chin J Pharm Anal 2025,45(2)

- 223

Empower GPC AR 53 5I%F 13k i A T b 2

BUR B d (MM, ) AR5 B S A A B

B EY T (M) BT (M,) 20 K 3 &3k 3 iR,
400 7 4007
A
300 1 300
= ju)
= 200 4 = 2001
= =
100 - 100 1
0 0
T T T T T T L L] T 1 T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
t/min t/min
400 7
300 1
=)
T 2004
=
100
0-
T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50
t/min

3 AE&M(A.B.C)REMKERFNEFF SEC BiEE

Fig.3 SEC chromatograms of short—peptide—based enteral nutrition from product A, product B, product C
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Tab.3 Determination of relative molecular mass and distribution of short—peptide—based enteral nutrition

=i " " J AAXS 43 J 4345 i 1L ( percentage of relative molecular mass and distribution )/ %

( product ) M, < 150 M, 150~384 M, 384~1 000 M, > 1000
A 146 402 2.753 18.3 30.5 47.8 3.5
B 169 432 2.556 13.8 349 48.0 33
C 453 1134 2.503 5.8 9.1 49.5 35.6
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t/min

L. AR WA AR 5 7 (undigested sample solution ) 2. B AL AL A ( gastric digestion sample solution ) 3. B Ab (L 1 %4 7 ( intestinal digestion

sample solution )4 BIHAR SR AT (total digestion sample solution )
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Fig.4 Comparison SEC chromatograms of short—peptide—based enteral nutrition from product A, product B, product C after in vitro simulated digestion
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Tab.4 Determination of relative molecular mass and distribution of short—peptide—based enteral nutrition after

in vitro simulated digestion

- L *H.Xa‘ﬁ%iﬁ%ﬁ?ﬁ Atk -
(product) M, M, d ( digestion pattern) ( percentage of relative molecular mass and distribution )/ %
M, < 150 M, 150~384  M,384~1000 M, > 1000
A 145 399 2741 A1k Cundigested ) 183 31.8 46.3 3.6
147 406 2762 Bk ( gastric digestion ) 18.2 31.3 47.0 35
147 385 2,619 A4k (intestinal digestion ) 18.5 32.7 45.7 3.1
146 397 2719 SJHAL (total digestion ) 18.7 32.4 459 3.0
B 171 413 2415 KJHAL Cundigested ) 143 35.9 45.9 3.9
173 415 2399 Bk (gastric digestion ) 14.1 35.8 46.4 3.7
171 407 2345 @ik Cintestinal digestion ) 145 36.7 45.5 33
170 403 2371 EAFAK Crotal digestion ) 14.9 35.7 46.1 33
C 479 137 8 2.877  AKiHAk Cundigested ) 5.3 9.6 453 39.8
472 1426 3.021  HiHAk (gastric digestion ) 5.3 10.5 46.0 38.2
399 109 4 2.742 54k Cintestinal digestion ) 6.5 15.4 49.2 28.9
400 1059 2.648  EHAK (total digestion ) 6.8 15.9 49.0 283
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Fig. 5 Percentage stacked bar chart of different components in short
peptide enteral nutrition formulas from product A, product B, product C
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Fig. 6 Comparison bar charts of the relative molecular mass distribution in short enteral nutrition formulas after in vitro simulated digestion

from product A, product B, product C
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