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Abstract: This paper innovatively designed a full-nutrition formula powder based on the physiological characteristics of
sarcopenia in the elderly. According to the digestive features of the elderly, an in vitro simulation of the oral-gastric-
intestinal digestion system was conducted to evaluate the digestive properties of the full-nutrition formula powder for the
elderly. The experiment adjusted the pH value and enzyme activity (a-amylase, pepsin, trypsin) of the digestive fluid, and
measured the protein content, solid content, fatty acid release kinetics, rheological properties and microstructure changes

after simulated digestion. The results showed that the protein content of the formula powder decreased significantly during
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the simulated digestion process. After digestion in the stomach and intestinal stages, the digestion rate of the formula

powder reached 97.22%. The solid content of the formula powder decreased significantly (about 50%) in the stomach stage,

remained stable in the intestinal stage, and reached the lowest level. The release of fatty acids conformed to the first-order

kinetic model, and the release rate increased significantly in the first 40 minutes of the simulated intestinal digestion stage.

Rheological properties showed that the apparent viscosity gradually decreased with the progress of digestion, and particle

size analysis indicated that macromolecular substances were effectively decomposed (P<0.05), demonstrating better

digestive properties of the formula powder. Microscopic structure showed that macromolecular substances were gradually

degraded, and lipids were mainly digested in the small intestine stage. The study revealed the effective digestion and

absorption characteristics of the formula powder in the simulated gastrointestinal environment of the elderly, providing a

scientific basis for the optimization of full-nutrition formula powder for the elderly.

Key words: elderly; sarcopenia; complete nutritional formula powder; in vitro simulated digestion
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1.2 KWHE

1.2.1 FEJresiset

1.2.1.1 HEREIT 2022 4ECBAFENIUDRE B EE SR
I I AR R S g5 )N HERE LD RE B 1 HARRE
A K 83.72~125.58 kJ/(kg-d) . (HE)ERER
BFERESFIE AR (DRIs) Y #3E = JOE SRR R
B9 Bl - 25 B 10%~15%; BB T 20%~30%; B¢
IKAEE W) 50%~65%. CHFEREE 7 IR J7 7 il
DY Fig Y, FRFT . BB . oA ES A AR Y RE
RN 17,37, 17 KI/g(EEL4ERE R R B, %
HERR KIS aE R B2 50% 13D . ARHd 7 B hE
TN 1943.5 kJ/100 g, B H %A 300 g EATIAF]
B BbriEE

1.2.1.2 HEAFEIT & BER G EFEIAE
HEBREEHAL, (P EBEERFING N ESTR
W HFE FE (2020) YO HEFE AT N AR sk 25 555
1.2~1.5 g-kg™'-d™', H454 LUIKING 458PY Bl
5, WAL RE S IR0y L &8 Y Lh s iz
i 60% s A . BSEIRIL, ShEY A G ATE
255 IR BV B A IR VT 432, T AASC e 2 LIy
ARG R ARG RO T P REAR 25 1 203518 .
P ERZAFEANNUERY T L 511 (2021) )P it
RIR R A TS 55 mg-kg '-d, FLIEE A T2
SR T EZIN 10%, Kb 2 DhREZL R 1Y 3Lt 1,
FLEEA G BEA 60% LI DU L RS RRIEA
PR AFEE .  H A WFFRIR I A DLR R 5l 372 XU,
AN, —M HMB Fl 8 DIAER 3 g 2 0P, (Rl
ALKy HMB 118 1 g/100 g.

1.2.1.3 HWiteit FREFREESENXT 10 2L -
AEFREC T B BRI R L RE LE N AR T 2.0%;
a- W FRIRBERE L AR T 0.5%129, [ & gk 2%t
ZAMFNETIE n-6/n-3 BY-E LB A A (4~6)
129, n-3 XTHIRER 25 BURSm, £ E S FRss ot
H LR FE A L, AREL T I T 2 AN AR n-6/n-
3 HAE N 401, G55 WK Il AN ZE AL T Z2 A5y
FIRB TR I & i, BT L7 h SELER I AV RROFF
ML 411, BFSEFREE, MCT nl{2 i Y
Re Wit FH B as L Re A =09, H 8k &h, ik
BEAMEIL 6 g MCT, Al i B4 52 55 19 2 4 B AL
PRRALAS B . 7R R IE IR A SR IUATIR T, 1%
i+ MCT &N 6 g/100 g,

1.2.1.4 ik GPriit  okE e 2t
RSk . A DAEHSUEIERE B4 B AR N
25~35 g/d. ARG PRG3R 22 MG
TR IR I, WsIn=43-514 35.89 g/100 g Fi1 9.00 g/
100 g-

1.2.1.5 AERKZy Y CEFEANVNE D IREFF
FhFerh E L Z IR (2019) Y7 UVRE A 4

2 D #MFEHIE N 15~20 ng/d(600~800 U/d) . HRIE
CHRFBR 2= 24 TR e T B il W )P X 10 25 A 2 A%
M4 E IR B S RE . IERE LU AN S IR B
R, G AR SN REFS R . R AT 20,
TE I 2 B AR LD 5 IR R iy L, 2T 50RH
B, IR IR FARYRSIBRIB A TR . BT
RS I AnR 1 i .

1 BAFNUEREIRECTT B BT

Table 1 Design of sarcopenia total nutrient formula
EHIRR AINEL(/100 g)

FIEEH () 21.34
KaHEH(g) 13.23
HMB(g) 1.00
MEJRRFFIH (g) 2.00
AT (g) 8.00
MCT(g) 6.00
WG (g) 35.89
TR ME (g) 9.00

i EA(ug RE) 378.00

#iAFEC(mg) 100.00
#iE FE(mg o-TE) 11.00
AAEFED(ug) 12.50
A= EB, (mg) 0.82
4 #B,(mg) 0.82
Y1 EB(mg) 0.96
44 EB),(pg) 3.00
SR (mg) 7.00

2 (ng) 150.00
1Z R (mg) 3.12
Y (ug) 19.00
#k(mg) 20.00

#5(mg) 720.00
£ (mg) 432
fili(pg) 28.00

(mg) 110.00
i (mg) 0.36
i (mg) 0.43

% (mg) 270.00

#(mg) 1410.00
M (pg) 54.00

A (mg) 400.00

1 (mg) 480.00

1.2.1.6 Bkmlsa T2 SEAT=mMEePES N T2
MRS R, AT I Tk T AN e iR &
S RIS (R R A TR I & TIRIR G

2o, VEFTUREL T2, W iloa oo A kb4 il it 7
TR, TR PP PR A T TRAS 21 Bt 4 3R e )y
By BURTIRSHECH: #653 24 rv/m, IR-EAFE] 40 min.
HARPEAEAL IR T . 15 50 28 3R 2R IR R LTS
FERy . KEEER . HMB. W RRFFIH . SEERTIH .
22K L R SR MCT BHE-S 515 2] TR
Bl 1 SR G YA R E S0 I BTIR G 450153. 3
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1.2.2 ALEARE RSO - - AL kit
1.2.2.1 BBHAL ™ Sl gd a8 IR EC Tk SORE
i TR FOMEE TR, IR eh RIS A 2 I,
Wy o2 T DR 5 DR 2R, 3 o 70 i s H0 B 532 R
48, Ha)s iy dh BB . DI SICge 0 L %%
T IIIEES SR (pectin, PEC 2% )/E I8R5 S5 AN
Jin PEC BET7r B AR MEALIH AL L, I AT A7 Al 4y
F SR B R PRt I B ROk O i 1) L AR
AR IR B 70 O b 2)VE X
1.2.2.2 B Lngtilee  SBAREW 77k,
VRS, B EAE N T AL UR (SSF) . B TH ALK
(SGF) MBI AL (SIF), il & ik anzk 2 Fis.
2 BRI (SSF) | B E I L (SGF)
AU T A (SIF)
Table 2 Simulated oral digestive juice, simulated gastric
digestive juice, and simulated intestinal digestive juice

T H BESR MY (mol/L)  SSF(mL) SGF(mL) SIF(mL)
KCl 0.623 10 56 10.8
KH,PO, 0.500 10 1.8 1.6
NaHCO, 1.000 2 13 85
NaCl 2.053 0.5 20 16
MgCl,(H,0); 0.148 0.5 4 22
NH,CI 0.510 2
Urea 0.375 2.5 0.6 4.8
CaCl,(H,0), 0.300 0.75 0.075 0.3
pH 6.8 2.0 6.5

1.2.2.3 FHEEAFE N DAL F 883 2 JETTRCHIASE
PLBAE N O AL (SSF), ¥ 20 mL vhifE)E e )58y
(B2 J5 85 :7K=1:3) 5 20 mL SSF(o-TE B3 6 7% P R
300 U/mL )RS, 7E 37 °C 44 T4 100 r/min 35 30 s,
1.2.2.4 I NB WL FEREE 2 FlkliZaE A
LU S WAL (SGF) o ¥4 1.2.2.3 #4519 H i 1k
FEY S SGF(E MBS MEN 750 UmL) LA 1:1 119
HRURE, R B AE A PR S
AR D ZE BRIR G L9, TR A W 18 E TR TR IR
#%, 37 °C %51F F#% 20 r/min $£7% 120 min. 7E 30.
60. 90. 120 min #FATHUEIA TR EL48 4700 2, FF55
R4~ G30. G60. G90. G120,

1.2.2.5 SR A GIEHEA  HREER 2 Hof 244
N7 AL (SIF) o BN 1.2.2.4 #4509 B H 1k
FEYIY SIF (BREE BTGP 46 U/mL, RRERHE N
2.67 mmol/L) L4 1:1 WARFUIR G, B e E iR E
#8,37 C 41T 4% 20 r/min $E7% 180 min. 7F 30.
60. 90, 120, 150, 180 min FEATHUREHEAT IS 22455
ME, IF5ralan4s v 130, 160, 190, 1120, 1150, 1180,
1.23 EABEZEWE =3 SN/T 3926-2014(H
HzL. & DEEi hE A E R e 2 i
VIR E A S BN E T, FHTE B FEtbIEn -

TR FURIM AL, RS R R
B AL (%) = 100 x %

o o) FRRIGMFTE AT 7, mg; ¢, 3=
ANTHARS RS B AR BT i, mg.

1.2.4 FEIEEENE  BBUBEERIIEAT R H
TR i Hr EE A

1.2.5 U A Ui R B 22 =% MAREFATI
SEBOY TR, FEAEAE R AR MEILL S T AL R v,
L 0.5.10, 15,20, 30, 40, 60, 80, 100 F1 120 min
SRR TR] (8] B FEARS MBI TH Akt B2 v, L 0L 5. 10,
15, 20, 30. 40. 60, 80, 100, 120, 150 F1 180 min
Shy sk ] 1A B, PAASEHEL B R i 0 BCAE ieE . f
NaOH ¥ &5~ FE 5 1Y pH i &2 2 7.0, I =B A
NaOH ¥ EEFAFR, AT 1531137 B AR TR BEHCF (free
fatty acids, FFAs), I AN ATR:

Viaor ™ Cnaon X W g

2X My,

P Vyiaon o THFERE NaOH BUAER, L; cnaon
7R NaOH ¥R B, mol/L; W ey, 3R 7R VAR 19 BE 2K 5T
HE, g/mols myg, s 2 glic oy iR B A, go
1.2.6 WARRHENE =% TAMNAK %8P 17
L TS SRRSO s s e By i A8 4
PEFEAT T I, S I H: HETEAR; BHAR: 40 mm; ffE:
2°; [A]#f: 0.7 mm; PECIRRE: 25 °C; “FA5HTA]: 3 min.
Y PIHCR I 0.1 #EHNE] 100 s B, WA 5 Y 2R
WLBTUIZEE (N=3) .

1.2.7 RiARIE  SRAAFOCRIBEGN &, 1581 74
KNGEIR . B B — P4 TSR

1.2.8 TOWSSARI  BEiE A S RS T e B 2r gy
)5, BT OO RMMR RS BlsE N Bk
WEE

1.3 #IEAE
BFAS SIS % PURPRE R4 T — 2 L FPA T
K, I LI EEARUE R 22 (X£SD) F7R SCB60 45 5
IBM SPSS Statistics 19.0 k{4, X558 dm 2147 2.
)7 550 (i Astra 8.0 T AESN ST AR 1143
TR Hr; A Origin Pro 2021 41X 0P 43 #r
En I
2 BR5SH
2.1 BIREPERREETUSH
TERHLEARE N O - - iE A B b, SR &
AR PPN B T AR R SR B R T i
TEPR. BTSRRI S T AR SR T A
Pt AR, AR N FR R w53 S vl
WISOE 2 Ee ] i A T AR50 S R R AR 1
TETH A A H 9l T A A A3 AL, S TF34F A
FEFRBEA T N EEES ) & 1 B T DURPRE S e
WEEEANOE-S-BiEf DR PEE RS EAE

FFAS(%) = 100 x
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I i 35 (P<0.05), PUFR ™ i v 285 F 003 43 9 B AIR
T 68.43%. 76.42%. 45.74% F 74.98%. TEFHLH
THALIBE, 85 & = % B IR, B LB B,
HEEF BT R EFEL(P>0.05), HE 2 BRTERIL
g T8 A6 B B U FR AR f T AL R4 BIEE B T 97.22%,
91.80%. 97.36% Fl1 98.71%.

301
~ 254 <
3 A —=— Fil )y BH+PEC
@204 o BT
E \\ —A FEEIl:Il:ll
B 104 %
i NN
#sy - Na A 4 A
S T e
0 N, = = = =]
QA QN DA O NAD DN
0@3@@@ SRS ERIES

THALATE] (min)
Bl 1 EERE S AR R S R i

Fig.1 Simulate changes in protein content during digestion
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Fig.2 Protein digestibility in protein content during digestion
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e Y & B a8k, oIk BCJT ks +PEC, 5™
A 1A 2 S7E B I AL 30 min B8 [EDE ) 5 4
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1, X5 2.1 HEE BTSSR —3 BEE T E—2E
BEAT, AT R AE R IH AL BE, i B (2, [
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Fig.3 Simulate changes in solids content during digestion
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Fig.4 Release rate of free fatty acids in samples during the
simulated gastric digestion stage
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Fig.5 Simulate the release rate of free fatty acids in the sample
during the intestinal digestion stage
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Table 3 Simulate the kinetics of free fatty acid release
during digestion

FEf By R WEITH

T 0.612 y=—-0.2717x+1.3419

[[waR v —% 0.8441 y=—0.9343x-0.52
Higuchi 0.9129 y=0.3196x+12.574
EH 0.5456 y=—0.2182x+1.1935

BLJ7 Bi+PEC —% 0.8181 y=—1.0624x—0.1
Higuchi 0.9527 y=0.3533x+12.131
T 0.0873 y=—0.0208x+0.2622
Pl —% 0.9431 y=—0.5757x—1.4217
Higuchi 0.971 y=0.1371x+8.704
ER 0.2679 y=—0.0262x+0.2642
P2 —2 0.8558 y=—0.6979x—1.3233
Higuchi 0.981 y=0.1267x+9.4685
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Fig.6 Simulate the apparent viscosity of the sample
during digestion
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Fig.7 Simulate changes in sample particle size during digestion

T AN FFREFRIR R — R RLRA %25 57 (P<0.05) .

2.6 GHEREPHERMNSERTKL

TS 2R A R PPN B I BT eV AL AR P )
PRI ARV AR (Y G FR AR, TC A . LT B3 +PEC., 7=
mh 1R 2 AR A AR P ) O S A AE A an
&l 8 Fir7n o AHLULPRAXT RE™ 5, AR SEE0TC 7 Byl s
FEAFAER IR, BSINT PEC BYES 78y I 2 80
TN E RO . #EA B BEIHALBT B (Oral) J&,
PO 25 & A2 BH e oA, 21 B VH AR B (Stomach),
T B & HEFE, Ko oK, 288 i
T A RN XU AE Zhu 55 RSN
A gE bt g B T E Nz I AR B BE (Intestine )

Intestine

Stomach

(W

fic /7 #3+PEC

K8 BIHAL AR PR O 5721k
Fig.8 Simulate the microscopic morphological changes of the
sample during digestion
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Fig.9 Simulate the morphological changes of the sample

during digestion
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