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Abstract: Objective To optimize the processing technology of Shanzhatan (Crataegi Fructus Charcoal, CFC), evaluate it objectively
by electronic sensory technology, and verify its antidiarrheal efficacy. Methods TG-DTG thermal analysis was used to investigate
the pyrolysis behavior of total flavonoids, total organic acids, polysaccharides, and tannins in hawthorn, and to determine the processing

temperature range. With tannin content as the key index, frying temperature and time were selected as process variables, and the
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technology was optimized through single-factor experiments combined with central combination design-response surface methodology
(CCD-RSM). An electronic eye, electronic nose, and electronic tongue were applied to quantitatively evaluate the color, odor, and taste
profiles of hawthorn before and after processing. A Fanxieye (Sennae Folium)-induced mouse diarrhea model was established to
validate the antidiarrheal efficacy of the CFC prepared under the optimized process, with body weight change, diarrhea index,
gastrointestinal hormone (gastrin, VIP) levels, small intestinal propulsion rate, and gastric residual rate as indicators. Results Thermal
analysis indicated that the optimal processing temperature range was 307.4—332.0 C. The optimal parameters were frying temperature
311 C and frying time 3.64 min (218 s). Electronic sensory analysis showed obvious differences in lightness (L"), red-green degree
(a"), yellow-blue degree (b*), total color difference (Ea"), odor, and taste characteristics between raw and processed hawthorn. The e-
nose response signals were positively correlated with e-eye chromaticity values. Compared with the model group, the CFC group
attenuated the trend of body weight loss (P < 0.05), reduced diarrhea index (P < 0.05), reversed serum gastrin and vasoactive intestinal
peptide (VIP) levels (P < 0.05), increased gastric residual rate (P <0.01), and a numerically lower but statistically non-significant small
intestinal propulsion rate. Conclusion The processing technology was optimized by thermal analysis and response surface
methodology. Electronic sensory technology enabled objective quantification of sensory attributes, and pharmacodynamic validation
further confirmed the rationality of the process. This study provides a methodological reference for parameterizing fire intensity and
duration in the preparation process of hawthorn charcoal and the construction of its quality standards.

Key words: Crataegi Fructus Charcoal; thermal analysis; electronic sensory technology; process optimization; antidiarrheal efficacy
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#*1 CCD-RSM RIGFITRER
Table 1 CCD-RSM experimental design and results

(Lo X1/C Xo/min Y/(mg-g ™)
1 305.00 (—1) 3.00 (-1) 9.39
2 321.00 (+1) 3.00 4.62
3 305.00 5.00 (+1) 6.53
4 321.00 5.00 4.02
5 302.00 4.00 (0) 8.73
6 324.00 4.00 3.85
7 313.00 (0) 2.59 10.69
8 313.00 5.41 2.65
9 313.00 4.00 12.20

10 313.00 4.00 11.88
11 313.00 4.00 12.58
12 313.00 4.00 11.08
13 313.00 4.00 13.14

£2 FESHER
Table 2 Variance analysis results
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*3 BEFRUELERHEHmEEES
Table 3 Determination of chromaticity of Crataegi Fructus

and its processed products by electronic eye

iyt IR
' 4 b Ey L a b Ea
71.980 —5.029 40.184 82.590 3 24.118 —11.519 11.760 29.200 4
72.047 —4.757 41.282 83.172'1 23.959 -9.810 10.304 27.864 7
71.769 —4.332 41.445 82.989 4 24.639 —11.064 11.842 29.491 1
71.613 =5.019 40.216 82.2857 24.039 -9.369 10.427 27.827 6
71.334 —4.595 40.380 82.098 7 22.463 -8.123 8.931 25.501 6
B 71.749 -4.746 40.701 82.6272 23.844 —9.977 10.653 27.977 1

W B W N —

FEARRE, e S5EAaEHNEE IR, SEEHHE
/N o

KH Origin 2021 B AELH] T AR LS 5 1L R
A 15 0BT (principal component analysis,
PCA) =4 (Kl 2). ZE%7R, PCL A PC2 5T
BRI N 97.6%A1 2.4%, ZARTHEAEN 100.0%,
FEAHT 2 A F R CLRelE 78 70 RAE f 7 IR U FR AR
(AR 545 2o AR IIAE 5 LR R it 2 Y PCL 5 )
TERA R X 73, SRR IBHIRT G 45 6 BRI 22 57
FEEHE 1 EWHD TR PC3 TTHRE N 0.0%, i
%3 ERARBEFIMG AAIBIE R, B R ZE
J EERIAE PC1-PC2 PN - G5 RKH, 1Lt
1SR FIREEEAEHEER. FiAE
FEAH (5 WA A S5 AR S 2006 b b L A e “ T 2 2B
o, WEERE” PR RR = — 2. IR
TR LS o R ERG, e 7 HERAE”
IS ARFAE: T o7 R B, S “EERE” KR
BT
2.6.6 HFESNT FEEMEELR 70g, 08 £

0.3

0.1

PC3 (0.0%)

PC] !
(97.60/0) —4 ?Cﬂ,

2 BFHIREREE PCA ZHE
Fig.2 3D PCA plot of chromaticity values measured by

electronic eye
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/KR 30 min, [BIVEIREL 60 min, JEIL. FRIEH
hn 8 % &K B HEE 45 min, & IR, Y52 0.35
g/mL (FEAZE), A4 LR AR %18

WA RN AL FRIKRE (035 g/ml), 5
B LA RAE AR P85, AIZIER R 25 mL,
Rl 7 i Rk, BT RS 5oREE, RERN K

“2.57 WURJTIESIRH IR R IGTERE S, FERPREL 9 120s, BRIEBERAIY 30 s A4 b EE A A
70 g, RA 54 IFEFE B R SERORAP IR, 3 IR, AR EARIRSENE 5w B, 4R WK 4.
R4 HLAE. IERETE 18 RERRF (P1~P18) MNNE
Table 4 Response values of 18 sensors (P1—P18) of electronic tongue of raw Crataegi Fructus and Crataegi Fructus Charcoal

Rk B R
Pl P2 P} P4 PS P6 P7T P& P9 PIO PII P12 PI3 P4 PIS PI6 PI7 P8

Fh R

Gally

1
2
3
4
5

s 1

2

3

4

5

0.1117 0.1106 0.0194 0.101 1 0.100 6 0.0129 0.082 9 0.082 9 0.013 6 0.086 7 0.0859 0.0150 0.102 9 0.080 6 0.056 0 0.049 5 0.041 2 0.038 7
0.104 7 0.1037 0.0149 0.096 3 0.0957 0.0123 0.080 7 0.080 7 0.012 1 0.083 8 0.083 6 0.013 3 0.098 3 0.077 3 0.047 0 0.042 5 0.0342 0.0322
0.100 8 0.100 1 0.0151 0.0913 0.0907 0.0126 0.076 3 0.076 3 0.010 1 0.077 7 0.0774 0.013 9 0.091 5 0.071 7 0.037 3 0.038 4 0.030 8 0.028 9
0.1020 0.1011 0.0152 0.091 8 0.0912 0.0121 0.077 7 0.0776 0.0102 0.0772 0.076 1 0.013 5 0.093 8 0.073 0 0.033 5 0.0371 0.030 3 0.028 4
0.098'5 0.097 8 0.0158 0.090 3 0.089 6 0.0124 0.0772 0.0771 0.010 5 0.076 8 0.0752 0.016 1 0.091 2 0.070 9 0.030 1 0.036 0 0.029 8 0.028 4
0.1492 0.147 8 0.024 6 0.131 0 0.1307 0.0162 0.1190 0.118 5 0.022 9 0.1234 0.1139 0.027 1 0.134 8 0.109 7 0.045 0 0.051 6 0.0455 0.042 3
0.1450 0.1435 0.0229 0.1272 0.126 8 0.0158 0.1135 0.1127 0.021 8 0.117 8 0.108 9 0.026 0 0.128 9 0.108 0 0.040 8 0.051 1 0.0450 0.042 4
0.1397 0.1374 0.0223 0.121 5 0.121 4 0.0150 0.1104 0.1099 0.021 0 0.111 8 0.103 2 0.025 7 0.123 8 0.104 8 0.039 3 0.048 6 0.041 9 0.039 5
0.1364 0.1344 0.0217 0.1183 0.1182 0.014 5 0.107 5 0.1070 0.020 4 0.108 4 0.100 3 0.024 9 0.121 1 0.102 7 0.038 6 0.047 0 0.040 4 0.038 2
0.13270.1305 0.0212 0.1149 0.1149 0.0142 0.1052 0.104 7 0.019 8 0.104 5 0.096 7 0.024 9 0.1171 0.101 9 0.036 3 0.045 1 0.038 8 0.036 6

BT ZEE, DA S IS RS S R
18 WAL AR NEE, KA Origin 2021 #KAF#EAT
PCA. B 3 A[%01, A2 NFER BT Z 5Tk R
N 99%, 2 KRR EESE, HiEER
TR THNE, R\TEIE AR T FH R
ECEABEX .
2.6.7 HFEOHT  HUE LB AT LA ] S
B (B 5g), ulFE TS, RIEEL M
513, BT&ESH: EW120s, KM 60s, iR
1 L/min. M RHEPAL AR 2L (4 1.00. REK
BERERRON F 7 S A, e e B o AR S B
FH L B A AR R Y R Mk RE R W 5. 7

8.
4.
g kg,
s 0 ¥ an ¥
g ¢ "k
e 1L ¢
_4.
-8 . . . . ,
-3 -1 1 3
PC1 (90.7%)
B3 HBFEHPCA

Fig. 3 PCA plot of electronic tongue data

#z5 18 IREFEMLEES (S1~S18) F2

Table 5 Electronic 18 nose sensors (S1—S18) information

fERRA PEREHIIR FERA PEREHIIR
S1 Wk M=% S10 &S, FAEAMASE
S2  EEWIR S11 kife. —HfupRss
S3 AR S12 WA, HkEk
S4 Wik S13 kRS
S5 EHHERIWIR S14  HigE. B, WESE
S6  BEEAK S15  EmEMI . BEK.
S7  EEELEEIE. WM it 545

SRS S16  WifkE
S8 WA S17 &S, Wk
SO kife. BEJS. WAZREE| S18 HIZR. WM. LM%

B RALRI G B IR 6, FIFH SIMCA 14.1 #A4EXT
HAL - S R AR (1) ] LR A ot i SLAELIEAT PCA, &5
T 4-A. o RBL AR S IR R AR &SR]
B X 0, 3R SRR 22 7 2, % PCA i
BUTE 43 ST B 5 e 1) R R R U

7 VR Lk R G ) BT BB P L S A
A IR 22 AR IR, i — 20K H SIMCA 14.1 3K
AT e /s —3fe- AU 73 B (partial least squares-
discriminant analysis, PLS-DA) (|5 4-B). PLS-DA
B 1) BT ERERE ) R=0.977 R¥=0.950, Tl
AE7J 02=0.869, =F KT 0.5, UtHABARLfERE )
AN F1 K 4F . PLS-DA 347 B, AL 5 1L
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F=6 FFE. LERE T2 18 RIERSE (S1~S18) MIMERI{E

Table 6 Response values of 18 sensors (S1—S18) of electronic nose of raw Crataegi Fructus and Crataegi Fructus Charcoal

TR [ {E

o*
pur)
Jo

S1 S2 S3

w2

4 S5 S6 S7 S8

S9 S10 St S12 S13 S14  S15  Sl6  S17 SIS

Ealiy

VR

[ N O R N L - VS I NG R

1376 6 1.4603 1.000 0 1.7872 1.578 7 1.687 8 1.1818 1.2430 1.5515 1.0982 1.2442 12797 1.1958 1.681 8 1.518 1 1.608 9 1.7778 1.753 4
14361 1.3662 1.000 0 1.458 0 1.480 8 1.468 9 1.1775 1.2240 1.4141 1.0609 1.2325 1.2614 1.193 6 1.458 0 1.4023 1.3779 1.4592 1.4623
15355 1.4423 1.000 1 1.656 7 1.689 7 1.663 1 1.2728 1.307 1 1.5226 1.097 5 1.356 9 1.398 8 1.2871 1.644 5 1.486 0 1.543 9 1.6554 1.644 3
1.8236 1.5946 1.000 0 1.8019 1.866 1 1.848 1 1.348 8 1.4293 1.6995 1.0973 1.4967 1.586 1 1.378 1 1.867 0 1.6406 1.6919 1.8420 1.826 6
1.6248 1.5127 1.0002 1.7324 1.7553 1.7209 1.2915 1.3729 1.6357 1.103 8 1.4162 1.4723 1.3256 1.7129 1.573 8 1.628 4 1.7348 1.709 5
0.9022 1.0056 0.9990 09361 0.9355 0.9412 1.0220 0.902 7 1.004 5 0.961 7 0.934 7 0.8943 0.9739 0.943 8 1.0370 0.938 1 0.9394 0.960 5
0.976 5 0.9157 0.9995 0.9921 0.9316 0.9382 0.9195 0.9903 1.0057 0.9578 0.9326 0.8949 0.9710 0.943 1 1.046 8 0.936 6 0.937 8 0.9590
1.0130 1.0130 1.000 1 0.891 1 0.9401 0.947 1 0.9222 0.8709 1.014 2 0.959 5 0.938 8 0.899 0 0.9757 0.9473 1.0524 0.943 5 0.945 5 0.9652
0.94850.9925 1.0004 0.996 9 0.9577 0.9649 0.9795 0.9356 1.027 1 0.963 5 0.948 3 0.911 2 0.983 1 0.966 2 1.066 0 0.959 6 0.964 2 0.982 9
0.98150.9584 1.0014 0.9544 0.9534 0.9604 0.9699 0.9597 1.0254 0.960 5 0.9387 0.9023 0.9722 0.961 1 1.0722 0.9554 0.9599 0.9778

>
w

t[2]

\

E

ml
ﬂ\
'{\T L ]

Ee

B (%

o)
w

1.467 84*t[2]
.

-3
=15 -10 =5 0 5 10 15
¢
W 0 . b
% 1 ,
® R
1 2
-2 - L0,
0 0.2 0.4 0.6 0.8 1.0

AR AR

VIP [1+14+0] ©
[=}
oo}

S5 S18 816 S6 S14S17 S4 SI15 89 S2 S10 S8 S12 811 S7 S13 S1 S3
var ID (primary)

A-Ih#E L ISR PCA R B-ihih. (LK PLS-DA RHKHE;
C-PLS-DA B#5: K (n=200); D-VIP EH4KE.
A-PCA cluster diagram of hawthorn and hawthorn charcoal; B-PLS-
DA cluster diagram of hawthorn and hawthorn charcoal; C-PLS-DA
substitution test chart (n = 200); D-VIP value score chart.

4 BFEREEERE
Fig.4 E-nose sensor response profiles

WRHR N8, 5 PCA SR — Bl XERHAT 200 )
TXEHIE (B 4-C), R BREMPrA SO R? KX
Wt QP EMR T A MR AR Y (0 Nl H R2
O 5 Y HirAE /43524 0.078 3 F1-0.721 0, XK H]
BERASE . AISE. o & BTt R 47

E 12 i #5 /> 36 - 731l 534 Corthogonal partial
least squares discriminant analysis, OPLS-DA) #%7
o, DLAR & O B # 52 (variable importance
projection, VIP) >1 Affiidibri, 450K, £ 18
AMERZET, BR S3 (D Fb, HaR 17 MEREE
VIP KT 1 (K 4-D). WE6FTH, ALilitES
LA TR AE b 3R A% 3 8 0 IR 0 44 6 ) 8 B 7 THI A7 AE
WS T, X 17 MERES RS AE N 0 A4
LU R LU IR PR SRR R A

FIH chplot FA# LT IREUEE H5IX 17 M2
FEVEAR RS AT A 04, S5 IREENT, Wi, 40
WA AR D S 22 5 i 1 S AR IR H] 33
EREFMK (P<0.05), Uil i@ D40
PSR IR A A S R E . e
FE b, SR PR R SRR R E
mrs H @z 82, S4~S6. S9. S10. S14~S18
[RAH R REUAEE 0.94, AT AU RAR M LA b =0k
ORI E SA . AL S AR IR AR A SO R
IRTHSS, Ui OB YE 5 5 R A S AR AR ) SR TR
TR (Bl 5).

L~ S BT X 23 R SOPRARFAE 22 57, 20U ETAIE T A%
Gl EILEE ORI SR “EFER 1
VA . HE A REERE, SRR E
WS TR IS 5 S P A s N7 K ARk 7 ) s W) 7 B
IR R
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S1 - £ £ #k #k - 0.98
S2 - ok ok ok Hk i
S4 - *k *k sk Kk - 0.94
S5 - Hk wk *ox E 3
S6 - wok Hok wk wk - 0.90
S7 - *k ok E *% i
S8 - Hok Hok wk wk - 0.86
S9 - *% ok ok *k
S10 ~ *ok Hok *x *%
S11 - *ok Hok *x ok
S12 - *k ok *ox *%
S13 - *ok Hok *x *x
S14 - sk sk sk sk
S15 - *k *k E ok
S16 - *ok *ok sk ok
S17 - *k sk sk *k
S18 - *k EES ET3 k%
% a4 b E
5 BFEEREARFSETFREEERE

Fig. 5 Correlation heatmap between discriminant e-nose

sensors and e-eye chromatic parameter
2.7 WWERIESHMEFEMRR
2.7.1 PRSI

(1) Az AE s A Ll B Lk 7 S G D ) 45 <
B LA R i R AR OF, il e G =5
AN 10 RIS KRR, K H ER AR
BU1h, JEE, 250N 8 B4k, EEitiTm
JNE, FHREE0.5h SR, A 2 IRIETR, TR
WEIREEAN Y T2 0.4 g/mL FIRGETL BT
4 CYKFETEAE, HINE 37 CARIINA. LA
T AR LR AN L A R 2 TR R s A AR R AR
R Y, ARSI LR EAA IEE R,
DR M TE 25 A T 4y, W Vs Vet — I T
PRIT, DIAE 5 52 1 ) R LA 1 o il A P a5 4
AR . £ LI AE KO 2 R AT HA O 8 S p ) T2
%8, EEAE. SREL. WR4EZE 0.4 g/mL, %M.

(2) T V5 MR BGR A1 4% R RIS I 100
g, M 1L Z5087K, 3230 30 min. 5 LA B i
[, FREA/INKARSERTAE 10 min, BEJGIERE. ATfS
JEWAE 60 C FIUERYE ZAAF N 100 mL, FLi A
ZEIREN | g/mL HIRGRE T 4 C&AM Tk
12, LIAfdA .

(3) FEW AT % WEM ARG E
HEIF/KACHIER 0.1 g/mL R, JREIEHE ig, B
[

(4) FRLL I KSR PR EUIE =M L8
K, BTEME, INEELLKTE S BEEEER,
R FE A B Bh Vs e nafifh K e 2y, IRAIHIE 6%
W, IR

272 EH. R ZS 1EEL 60 X SPF 4%
KM /N, JENMEMESE 7 d 5, $EEYLES K 6
M, wTHRZH. BOAAH . SENCAECH. AREEA., £
W2 e Lk e 2, FH 10 R o AEIE R, Boxt
FRAL/INRR AN, A N ig 25 25 38 V5 24571 €0.01
g/g), MR/ RAZ R ig 45 T A MR ik
Ko ES: 7 d % FASPIRIATIERAIE . /R
UG 25 Rt FSMERMVES RN, WA E R
SERRI

R R e e, AT 7T i@ s ae 5
FXFSLIG T AT . EEE 8 KD, BRx R4
AN, HARR AL IRLE ig 45 TRIEM 250 30 min
JG, FRITHA MG TAHR 2 (R A B L R
1.5mg/g, &SR MAIYTE 4mg/g); BIHYE
Xof W2 DU e R o 2 T AR AR R R alidb K . Bk eh
ZiRH 1R, LS55 5d.
2.7.3 NRMABIERL B H WSRO N R — AT
NAE, BEFEREHRES. IAERE . & EHE
WERNL, TSRO 0 K. GRS H KA TS
Wha, malFrE R E DR 4R (KD
BoR, JERBUHE, AN R ERCE BT,
ig T V5 1)/ BRI S B i g, RIS
B SIS B ] (2 2 520 /N BRI BB . AR
B, BRHNFGEHIALETEE . B Az,
[ = A R VS AR OCR I ISR R G, B
SR AR 22 R EE (P<0.0D). &7
YMTHGE, SR AN R R 2 HERE A, H
oS A B A R A e 2 S AR A 2L
b, AR ZE RS EA SR L (P<0.05).

#*7 AEMENRERELTNE (X+s,n=10)

Table 7 Changes in body weight of mice over time (X £ s,

n=10)
FEE/ W /g
151
(mgg™) IERHEY EeEL ] Si)a

ot - 3550+1.7239.00+1.61 42.28+1.55
7Y - 34.07%1.2436.00+1.66" 37.08+1.54*
AR 1.5 34.31£0.90 35.78+1.93* 38.8741.49™*
Azl i 40 3450%1.6136.92+1.86" 37.95+1.82*
FE L HE 4.0 33.86%1.77 35.00+£1.71" 38.80+1.44*"
LA 40 33.641+12136.14+2.44™ 38.76+1.39"

ExHRA L "P<0.05 *P<0.01; SHEMHLE: *P<0.05
#p<0.01; F#9~11 .
"P<0.05 "P<0.01 vscontrol group; *P <0.05 P <0.01 vs model

group; Same as tables 9—11.
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2.7.4 JEISTREC TSRS 7 RAKGH 12 R, fER
K ig )5, KB A BT R IEAR R 1R
b, LMWL 6 h, 1LRIEAC /N BT
Ot git S AN R ER SMEL, a2
TSR

S 5 K5 = i 5 2 X R 2%

i 3 = M (S A0/ e [ 2

WA RNZOR M ERIRRRE, AR TS R IR 407
JRHARIIR AN 4 9, WK 8. SRR, SRR
HAHLE, 452900524/ BIRTE TR L 1 W S
K (P<0.01), RUYIFLL/NRIHIL T IRERK L
gexd sd@egiinyr e, SERALCEL, SR
SRR LR R /D BRUIRVS PR B BT (P<
0.05. 0.01), AL/ IS fRECE St
ZFt. SR 9 PR,

*x8 WESR
Table 8 Stool consistency scale

15 H AR /em L 15 H AR /em LR

<1.0 1 2.0~3.0 3

1.0~1.9 2 >3.0 4

9 PRADARRSERER (X£s,n=10)
Table 9 Diarrhea index in mice before and after

administration ( X £ s, n =10)

Fiilheivs IR R
285 - —

(mg-g™") YT Boh)a
xif - 0.00+0.00 0.00+0.00
LAY - 1.554+0.18"*  1.58+0.13*
AL 1.5 1.54+021*  1.1240.14™#
Al 4.0 1.59+0.16"  1.52+0.13"
g 4.0 1.53+0.19"  1.37£0.10"*
L IR 4.0 1.50+0.17"  1.38%£0.11"%

=10 PMEBMHHERKFEER (X£s,n=10)
Table 10 Levels of gastrointestinal hormones in mice
(Xts,n=10)

HA FIE/(mgg!) BWE/(pgmL") VIP/(pgmL™)

Sof R - 41.61+2.09 16.7243.01

gt - 46.84+3.25" 22.74+3.74"
AL 1.5 41.59+2.88" 16.83+1.77*
At 4.0 4588+2.16"  22.40+2.77
£ 1L 4.0 41.66+1.78* 16.66+2.27*
Ll R 4.0 41.88+1.38" 17.2942.10*

275 JEE/NREWBEKY  RKIRGZHT12h X%}
NREES . HEYOK: 4% 1 h )G, SHPREAR
HEEM, IMEAE SN OHL, 76 3 000 t/min 25
TR 20 min, 43 MIEIEERS SRR EOE T,
F-20 C%AM T A7 K ELISA 7 SAs
FHMES HWE. VIP KF. SHRER, SHR
MR, BAYA/NRITE B R VIP ¥EETS
(P<<0.05), iEIIEIE FIRES B a2 %
SRR L, SRR AR L R 21
Bt B ERLEWE. VIP &8 (P<0.05), £
B W RR T BOR, B4 A SRR 2 A T
GuitEER. SRME 10 fios.

2.7.6 JEENR/DGHESEMEREE ERRK
wZiERE, BR/ANREOHEN 0.3 mL By 203 .
FEENTIELAAE ig J5 L E) S 22 SR AL, HiAR &IV,
MITE ig J5 30 min B 4b%E . K B HZUE T 25 mL 0.1
mol/L NaOH VAV BY#E, i S +E H N w7
A, FERTEFE 1he A5 8mL LiFW, M
A 1 mL 33%=FMK U EREN, EEO0FE7Y
8.3 cm. 3 000 r/min 25 T &0 30 mine 250 5 HL
4mL _EiEW, 5 2mL2mol/LNaOH BEWIRA, 1#
FBEFRALAE 560 nm SEAALIE R AEE (4D {H, #%
ERI N B NI 2L . FEEXT RT3 11 4 ~F3%)
AN 25, HARSHNE N5k E =R
DLBE R 21 5 R 45 B Bk B 2200,

Bk R = B A R Y R Sy A

U /N, FHEREHS N ORI B g 2R, K
EVA=I /=i = 7 O P = T Y AW A T SR
AN 7k o s (73 S /N W o = RANY 77 i <

AN S =Ty AR R BN A K

iR (R 1D BoR, SXTHEAMEE, BRI
NEHEREREETE (P<0.01), BiAHELERF
i (P<<0.01), FTHIFRVEHEHA AL 7 /Nl
3o MR 5 52 WA B 2 18] () /N et 2 AP A
BEER (P<0.05). HRZHGHHSHERAMLL,
NGHEE R BRI R E E R, HERTHRA; £

=1 NFEHE, BREBERLR (X+s5,n=10)

Table 11 Small intestine propulsion rate and gastric

residual rate (X £ s, n=10)

iy FR/(mggh) DaEEE%  BREEY%
PO - 50.03+8.92 82.22+5.50
st - 75.77+24.61"" 5232+14.66™
S Ak 1.5 63.25+16.18" 69.70+8.57"#
A LA 4.0 71.40£6.33"  53.36+7.35"
£ LA 4.0 64.96+11.14" 67.96+6.84™
i = 4.0 62.58+6.02°  72.48+6.89%
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BREFRITIH, BRAEMEA S, HRBaniddihnE
AR (P<0.0D).
3 Wit

g 2 HR fa M milicE, BAAIEmiEE IR
ARG RFI, AL T Z S s R B & =i
FHRIL, SEG IRAAE” HISHRT, RIS
G, eSS ERAE AR E G
AR, PR PR FET. HUa SR
JE R R AT 2~4 50222427, R A R 5k
—

FEFCEVEN R, BTRERAR . A
MR S A IR A N 2 AR 28], L HR Pl £
FEAE RGPS, ST “RERG” PMRE:
fEs BB S50 HIE S ZER N T “ARER.
FURERIE R M REE . IR i, 10
R IG AR K BRI, STUHEN g%, St
FiidIL Pearson AHICHEZ3 T IESE LLAS M 1) it LR
S BRI B IR A DG SRR R 2 A
FHIRR, 7R TR P o Al Fo - S
A SR PR e I DU 5 5 R s ) e R A AR A
PR AE BB VIR ORI, B A ORER Y “HD IR AT
PE” $RHE T IR R

TELIREE 2 T, A5 35 1 R @
IR i AR SRR BS , %A
BT ZHTIRE 2R R0, A LS R R I H
IEERR, 5HESHIR. R W s
[l B ) 2 BRI AR A5 20 ISP FEEID R
APRKERIN, W REHIRTS: [F R 5 A
XEE, TSR EARS SR . 6]
Wi it TR FEISSIUEVS VR, A, Halid
P2 36 SN ) 5- e R (5-
hydroxymethylfurfural, 5-HMF) & &kE# N TFERE
pEmmte, BA—E R miEaeEtE: JBLA
TR S5 T IR R Lo ot SE M B AT ORAP R, IR T e
2 5 115 208 (1) Py [ e ak 23310,

LSS RN, Lk R 5 AR LR S TR 2 PR AIC
JEEFRE, [RGB W s A VIP KT, 125 85
&, \LEERSZER AT Y. AW, FlEd
Bl R A S ULE R FR NG 2R, &£
B LLAE P 195 D2k 3 EEAE KD R B AT DA ST, Tk
— PRI AN VS 5 . PR AR
HEiabs ER WG E R, RS S H A& ERL
L YRS T B, ARGy LR B

KT b, ZIRECRAEAR A th AT, 22 57 0 75

— B .

AN TR AIF 55 4 38 PR LA e e A 0 ok I B2 A AE 22
i, WA HBIEH 220 C, WRES TR PR, M
Hl B8 KRB IB BRI A K. AR FAIAFAE—
E JRRYE, WL 2SN TN R —fabr, Ja%:
AR Z IR SR Vs i e A R RE 1 WGk
R HIE R P B S, B PriiasHt
I EE 5 K 2 HLIOT X A W30 R AR E A R
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