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Abstract: To investigate the absorption pathways and efficacy of Gold Butterfly Collagen Peptides in mice, Gold Butterfly
Collagen Peptides were extracted and purified using an in vitro digestion method, and their amino acid composition was
analyzed. Subsequently, isotope-labeled peptide segments [“Cs-'’N;-Pro] were prepared via solid-phase synthesis to
replace all homologous amino acids in the target peptide segments, and peptides were administered to C57BL/6 mice via
gavage. Ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) was employed to dynami-
cally monitor the metabolic distribution of labeled proline in various tissues and organs over 24 hours. The characteristic
predominant amino acids of Gold Butterfly Collagen Peptides were glycine (20.80%), proline (10.72%), and alanine
(10.60%). The small intestine was the primary organ absorbing Gold Butterfly Collagen Peptides, with uptake exceeding
50% across all time points. Skin absorption increased to 11.71% at 12 hours, suggesting potential involvement of Gold But-
terfly Collagen Peptides in skin tissue repair. Uptake into the stomach, cecum, and colon exhibited dynamic fluctuations,
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while uptake by the heart and lungs was relatively low. This study demonstrates that Gold Butterfly Collagen Peptide diges-

tion and absorption processes exhibit prominent temporal and organ-specific characteristics, providing theoretical founda-

tion for their nutritional applications.

Key words: Gold Butterfly Collagen Peptide; collagen peptide; isotope metabolic flow analysis; absorption efficiency
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IR 2B/ NB, 36 N B, 78 4 °C IR TEEH.
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FHVEMEEA . F RO RIS AR P 1254 1 s I 8, AR g
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3 Y AE RS /N, JINASALINER (150 mL JCHFICR A
TMERINA 192 mg a-TEXTEE), 37 °C WE 1 KIGHEEE
In# 5 min, 7E 90 °C DL 92544 K 3G 10 min, HUH
VR HEIZ 2 BEJS I AL W (150 mL JCEICE A
T B WA 267 mg B & Al +100 pL 4 1k 85+
45.7 mL =Z%/K), ] 1 mol/L #heiE 3 pH N 2.0+
0.2, 4%Z2 ¥ T 37 °C WE 14K 2 h, EE FiRXK
AR, R 2 = IRS I ARBRZ W (10 mL JTohgIo
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NaOH ¥ Z pH M 7.0+0.2, T @4 18 EEKIE 2 h
FEEE KGR, 152 IE A . 28 A 100 Da i
MT4EBENT 3 d, LA R T, 49 2 4 W e i 8 1
KR T3 o
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TAALUERT D, 8 R 158 _ B AREE A DEAE-52 274
R B T2 Z AL, 7 0.0.1, 0.2, 0.3 mol/L
Mo B BE W AR AN BEAT VR . IR E TR S 1 mL/
min, & 5 mL WEEN—4 . FE 46T
EE 220 nm WO EEII e AR A BRI, PABEN A A
SR ALAR, 220 nm T A BEIRIR G EE (B S PN AL PR
e 2

1.2.5 FES UL KB P bkt AR DEAE-
52 JEATAE I I £ SO e A (B Y BT PN AR i, 2
A 100 Da i#BMra&B T 3 d, Eas @ Tk, X H A
FRBEM T o T IS 250K s ST KT 9 S
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SEPEE 2 YR B 10 pL SIS, I AWRER 2% v s W,
RIE 30 s, BJENNA 5-AIQC ZNEIEWK, IHiE, 55 °C
K HATAE N 10 min, W E5HR)E, SR IIA
% . B0 (4 °C, 12000 r/min, 10 min) B¢ ¥, JH
0.22 pmol/L JEMET g
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F0.1% HIRAHBAZK (A) -7 0.1% HIERAY i 4l H
B (B) 5 5B R VERR AR (0~2 min, 1% B; 2~4 min,
1%~3.8% B; 4~7.3 min, 3.8%~14% B; 7.3~10.7 min,
14%~22% B; 10.7~14.7 min, 22%~24% B; 14.7~
16 min, 24%~30% B; 16~16.3 min, 30%~60% B; 16.3~
17.3 min, 60%~70% B; 17.3~17.31 min, 70%~95% B;
17.31~20 min, 95% B); it i# >~ 0.35 mL/min; #E &
S 50 °C RSN 1 pl.
1.2.8.3 ks SRAHHE WIS B F IR IE S A
(ESTY), 22 ) i Wi = (MRMD) #3135 B8 F IR 514
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i | Mass Hunter k14 ( Version B.08.00, Agi-
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FAAXT e & WA 5 1Y) IR R (P) & 2 A K
AR YRS R ARG ZERR (PY) | 47 L, # LT
ANAIHE RIS R PRI RR (PY) AT =F B2 ARk, 1
hy o W e 8 S A, 1 AR AE A8 B B TR U S8R B s o
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A R AR I 2 R (P (5 51

2 HBRES
2.1 SIREEREEZEBFERERRER ST

A M R e i A, L UK A U 5 B B R 2H i an = 1 r
TN o SRR T Y FEASKA L ERAY, S FER 0 F
Je | Eim SRR B IR E N R AR, 2
2K S EE B R AT AR 0, 3R 1 AR &
AT B, SRS HR A4 SRR B A e B H AR,
i L 20.80%, FHRJZ 2R . IR . 2R . K2
FRFNRAEIR, 5 EL5r53A 10.72%. 10.60% . 8.64% .
6.91%. 3.50%. MRy H 2R & o bb 5 HA T
Yy WL AA I 0 H 2R 7 H SRR AE— 2, SR H A
PR Ll A5 e SR 1 = MEURESS AR i L, [N H T rpas
=AFRILRNA — A H & AR (Gly-X-Y EHE P51 P,

o GBI KT 2 PR N

Table 1 Free amino acid composition of collagen peptide
from Gold Butterfly Collagen Peptides
¥ RILRFNS (%)
1 KA R (Asp) 3.50
2 A2 (Glu) 8.64
3 2254 % (Ser) 2.76
4 H&M(Gly) 20.80
5 J124 R (Thr) 2.23
6 2144 (Hs) 1.00
7 AR (Ala) 10.60
8 K4 (Arg) 6.91
9 i 2% (Tyr) 0.52
10 #i5R (Val) 2.01
11 &SR (Met) 0.03
12 KN R (Phe) 1.64
13 e R (1le) 1.32
14 5582 (Leu) 2.33
15 #1%B% (Lys) 2.55
16 it 2 (Pro) 10.72

LA I 6 Fia LR 1) S I it 4 1 9 RRIE 2 R R, I HL
NEAREERR, X5 AT 2s SR —3; Lo MF
TR, IR AR O IS S5 R FR SRR B 1)
RetE = SR, FrZ2 st e = i -G e
Z 5P MG IR I L ARRIEAN YOG R B2 5
BEIEMEPESY, [FIEHE S B 220 XK R AR BT, XK
T A A R SRR P A EE RN, A IR AR A A IR
R B TR, T H & . N8R, i
n, SRS RIAE RN T, AR 2 ER TN N 2 i
TEIRFIGE SRS L3575 T A MR R R 2 R R LA
B B8 IR LA AT AT AL, J5 S5 KB LA A [R5
FARICEE S DA SR AR S50 1 5 ST X T 42,
FAHEIR P20 W22 57 ol e et — 2D BT S IR ) 7
FF A HRAE T XU AR B AR
2.2 DEAE-52 A RIS FIREMAET L
{5 10 mL B0 WA R UE , T B8 BRI
WAE 220 nm F ROGIE, IF43 50 LAEEUE X b, )k
FEMEAE Y FhPO, 752 E 1 U7 (14 L e e I 8, K
2237 DEAE-52 214k 22 FH & 738 2 A A e i 45 21

1.5+ 0.4

o
[

0D,
(=)
[\)
NaClJ¥ (mol/L)

0.5

e
—

I
0 50 100 150 200
10 mLEL OB ()

11 DEAE-52 JZHrAEvER Lk
Fig.1 DEAE-52 column elution curve
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PP RS . o3RI LAZEME/K . 0.1, 0.2, 0.3 mol/L Na-
C1 7163 BEMR, TE ZEA K e A 9 BB P HH B —~ /0
FRIAARL, 7E 0.1 mol/L NaCl BEMi Ji Bl g i Bl 2 0, A5
P BH SRR, W] RER D S £ M e I S R, U IR R A 7E
BB IRAS N H A LH 5y, Al RAT Rt —das il
PEFt. BBV R E T, O G R L B
R, DAV M ARYa I F2 052 5y, B M
B HE, EASYSURTHE 48 h, 1528 aifb )5 e e
T A B PR g IR, FA KR T3, DALMY A S8 e kA
JEEERRRBESES . P LA S Ao
23 SRR EBRKBKECNFER D

R¥E NCBI F 4k Pangasiusbocourti 25 1585
FEFATRRBE LEXT, DARKBCAE BT iy H i AR M
SRR AE, 152 T AN 2 PRy 8 MIkBE. HRYE
eSS, BRI A NI =L IKEY GESGPAG-
PAGAAGPAGPR. GEAGPSGAVGPAGPAGAR L,
& TGDRGESGPAGPAGAAGPAGPR 1E K [ {3
bric & AR ES S5 TR BE, HaEAY Tk B BAT gy
B4R IR P B TR A2 91 GPAGRP, T KBRS 4 Bk
PR 5 8 A A I 2 DA DCERT, BT R R P bR ds
PEIF 5 IR BEAE J5 S2 it v BLAT S E R, Shitk—
A B IRCRCR A Py 22 [ PSR AL T Tl . 45
ZRIRE R I R IR (P I8 A IR 2 AR e A i
RGeSk PHEUL,

2 R KRB I P i a4k
Table 2 Peptide sequencing results of collagen peptide
screening of Gold Butterfly Collagen Peptides

5 RRELF51 11 AL (mAU -min )
1 GESGPAGPAGAAGPAGPR 3.77x10°
2 GEAGPSGAVGPAGPAGAR 2.66x10°
3 TGDRGESGPAGPAGAAGPAGPR 2.33x10°
4 TGPAGPAGPLG 6.56x10°
5 GLTGPIGPPGPSGPN(+0.98) GAKG 6.10x10°
6 IAGASGPLGPAG 5.70x10°
7 GEIGPAGPSGPAGPQ(+0.98)GQR 4.95x10°
8 GEIGPAGPSGPAGPQGQ(+0.98)R 4.95x10°

2.4 EMICRREHTNESER S

2.4.1 I SRARZR R AL ZRACETRA IS5 -1 X
I A Il 2 BRI~ 2 EA 7RI, 45-8) 3% 3., Jr,
P1 A3kgmS NS S 3 h @S0/ BRI w2 P2
Tk HEEH IS 6 h fH A/ BRI 255 P3 JTFk 2
HEHJE 12 h R/ NI 3K SRS P4 E S J5 24 h
R ) /N BRI -, RH 22007 S5 BCHTT DU 1470
FRAR 5 M IR TR . IS BRI B T LA P 3R, 7€
HERAY b, IR 2= LA Z R R 2R B AEAE, Un
K9 2 1) L-Proline. L-Proline M+1. L-Proline M+2
L. X% L-Proline M+3, fH L-Proline M+6 = 3E & #L1F
1EIE 2, HoA & S A AE R FRA TAmie T R 3
i PAERE AN BUAA Y 5 D 9k 53, R Z b ic
A1, NSRRI AN G & B AR R ARk, [H]

#3 AR YE S A

Table 3 Proline metabolite signaling assays

4y L-Proline  L-Proline L-Proline L-Proline L-Proline
(%) M (%) M"*(%) M"3(%) M"(%)
P11 93.85 5.57 0.50 0.02 0.05
P12 93.83 5.57 0.50 0.02 0.08
P13 93.82 5.58 0.50 0.02 0.08
P14 93.88 5.54 0.50 0.03 0.05
P21 93.83 5.61 0.51 0.02 0.03
P22 93.87 5.58 0.50 0.02 0.03
P23 93.87 5.56 0.52 0.02 0.04
P24 93.85 5.57 0.51 0.02 0.04
P31 93.88 5.58 0.50 0.02 0.02
P32 93.89 5.57 0.49 0.02 0.02
P33 93.88 5.57 0.50 0.02 0.03
P34 93.89 5.57 0.50 0.02 0.02
P41 93.92 5.53 0.51 0.02 0.02
P42 93.91 5.55 0.51 0.02 0.01
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Fig.2 Changes in plasma proline levels over 24 h
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Fig.3 Changes in proline content in major organs of the diges-
tive tract during 24 h
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Fig.4 Changes in proline content in the heart and lungs
of mice during 24 h
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Fig.5 Changes in proline content of skin and faeces of mice
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Table 4 Relative abundance of exogenously labeled proline
(P") in organs at various time intervals
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