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MODIFICATION OF EURYALE FEROX STARCH AND

PREPARATION OF LOW GI EURYALE FEROX FOOD

ABSTRACT

Euryale ferox Salisb, a herbaceous aquatic plant, is widely distributed
in temperate and subtropical regions of Asia. Euryale ferox is both a food
and a medicine, rich in starch, amino acids, vitamins, and minerals. It
possesses the functions of benefiting the kidney and strengthening essence,
tonifying the spleen and stopping diarrhea, and dispelling dampness and
stopping leucorrhea. The problem of diabetes has always been a hot topic,
and utilizing natural anti-diabetic substances as raw materials to improve
diabetes is a project worth studying. Therefore, this paper investigates the
components of Euryale ferox to find scientific evidence for its role in
regulating diabetes, analyzes the modification of Euryale ferox starch, and
finally formulates food recipes using Euryale ferox as the main ingredient,
analyzing the flavor and functionality of the food. The main research

results are as follows:

(1) Analysis of active components in different Euryale ferox varieties
and their effects on diabetes through metabolomics, network pharmacology,
and molecular docking. The components of Euryale ferox were detected
and analyzed using a quadrupole time-of-flight liquid chromatography-
mass spectrometry system. Bioactive components in Euryale ferox were
screened through the PubChem website. Targets of Euryale ferox
components were predicted using the SwissTargetPrediction database, and
disease targets were retrieved from multiple databases and combined. A
PPI network was constructed to identify key components and core targets.
GO enrichment analysis and KEGG enrichment analysis were performed
on the intersection targets. Finally, molecular docking technology was used

for verification. 153 components showed significant differences in content
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between South Euryale and North Euryale varieties. 12 components with
the potential to alleviate diabetes and its complications and 578 potential
targets were identified in South Euryale, while 3 components with the
potential to alleviate diabetes and its complications and 226 potential
targets were identified in North Euryale. GO enrichment, KEGG
enrichment, and molecular docking analysis confirmed that South Euryale
components have better effects in alleviating diabetes and its complications.
This provides a theoretical basis for Euryale ferox to regulate diabetes.

(2) Investigation of the effects of microwave hydrothermal treatment,
ultrasonic enzymatic hydrolysis, and combined enhancement treatment on
the structure, physicochemical characteristics, and in vitro digestion
properties of Euryale ferox starch. The effects of microwave hydrothermal
treatment, ultrasonic enzymatic hydrolysis, and microwave hydrothermal-
ultrasonic enzymatic hydrolysis enhanced modification treatment on the
surface structure, crystal structure, short-range ordered structure, hardness,
adhesiveness, chewiness, elasticity, solubility, swelling power, syneresis,
water holding capacity, amylose content, and digestion characteristics of
Euryale ferox starch were studied. The results showed that the rapidly
digestible starch content in starches treated with single and combined
modification methods was lower than that of native starch, while the
amylose and resistant starch content increased. The particle morphology of
the modified starch samples changed significantly, the absorbance showed
significant differences, chewiness, elasticity, and swelling power decreased,
and solubility generally increased. The resistant starch content in Euryale
ferox starch treated with microwave hydrothermal combined with
ultrasonic enzymatic hydrolysis was the highest, 24.45% higher than that
of native starch. This study provides a theoretical basis for the changes in
physicochemical properties and in vitro digestion characteristics of
modified Euryale ferox starch, as well as its deep processing applications.

(3) Development of Euryale ferox Low GI Foods: To formulate
Euryale ferox-based foods, single-factor analysis, orthogonal analysis, and
response surface methodology were used to optimize the recipes. For
Euryale ferox wheat sticks, the effects of Euryale ferox powder addition,
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whole wheat flour addition, low-gluten flour addition, and oat premix
powder addition on the quality of Euryale ferox wheat sticks were studied,
and the optimal ratio was determined through orthogonal experiments. For
Euryale ferox meal replacement powder, the addition amounts of Euryale
ferox powder, white kidney bean, quinoa, and konjac were used as variable
factors, and the hydrolysis rate was used as an indicator. The optimal ratio
was determined through response surface methodology. The determined
wheat stick recipe was: Euryale ferox powder addition of 20 g, whole wheat
flour addition of 55 g, low-gluten flour addition of 60 g, and oat premix
powder addition of 15 g. The determined meal replacement powder recipe
was: Euryale ferox powder addition of 31 g, quinoa powder addition of 30
g, white kidney bean powder addition of 25 g, and konjac powder addition
of 5 g.

(4) Quality Evaluation of Euryale ferox Low GI Foods: The glycemic
index of Euryale ferox wheat sticks and Euryale ferox meal replacement
powder was determined, and electronic nose and electronic tongue were
used to analyze flavor and taste, along with antioxidant analysis. The
results showed that the glycemic indices of the wheat sticks and meal
replacement powder were 42.42 and 33.55, respectively, classifying them
as low glycemic index foods. Electronic nose and electronic tongue
analysis showed that the meal replacement powder had a balanced taste
compared to its individual ingredients. Total phenol content measurement
showed that the wheat sticks and meal replacement powder had higher
content than commercially available nutritional powders and exhibited
high antioxidant activity. The superoxide anion scavenging rate of the
Euryale ferox meal replacement powder was 153.22% higher than that of
commercially available nutritional powder, and the superoxide anion
scavenging rate of the Euryale ferox wheat sticks was 25.75% higher than
that of commercially available nutritional powder. The total antioxidant
capacity of the Euryale ferox meal replacement powder was 2.22 times that

of commercially available nutritional powder.

KEY WORDS: Euryale ferox, Starch modification, Hypoglycemic,

Antioxidant, Metabolomics
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FIRAE R AR ria st s EIESR B AT IR ThRe, & & milk. . Bl
PRIENFEE ], R R BEaays. fAm M Y EiEne, A%
1R LB SRR T 5 o
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1.5 RifLEFSMEHIRE
1.5.1 AR

M2 (Omics) TR AYIAN S50 T #AT 2 7 2R, 38 % 18

o KIS T AR KAIR R AW R G 7 T AL A Dy ael2) . o W22 A D92k, 4

SN R 2H %% (Genomics): WfF 5T AR W)k (1) A 5 i ) J L D e B3 s 2 2%

( Transcriptomics ) : 73 BT 2& K % sk P ZE I BT A RNA 4y 7B B E A%

(Proteomics): A 740 M ER A 230 B A £ 1 0 1) Rk« 25 i AN T Relo); AR 2

(Metabolomics ): 3 HTAEWIAR I B & AU P2 90 B 2 AR AL 13T, SR A s R M
FEKRH % (Epigenomics). fEfiZH%* (Lipidomics). HEZH=~ (Glycomics) 5.

1.5.2 iR F#A

RGHH 2 DUTE (MS) VAH/AMERE (LC/GO). #ZREIER (NMR) A
FARFB, X AEMRERMAREEYHAT S E . SRR HEAT 8 MR &
BEAT RINEE, @R AR (AR, WA —). Guit o (R
T (PCA) FRf/N 3k (PLS) %) PARACEHRRE e, wFstdE
Yk A AR = PR LR AR R S A R R . RHE DN HAE TR
2 LR 29tk Aol ERIEYIR . BURBEAL: IRSEREAES R
I A AR S5 S

153 RiHAFHNA

B Ay — M T 7%, T on S Y A HEAT BE 7T, Eedn JiP74%
BIF 72 32 AR 2 22 20 4B oas DU =2 5 S A R PE O R 22 5 o PP IZEE T
T i AT S AR /S BRALYS B (22 57 20 M SR R B 2450 F /N B R PR
T BT SR o

g A S 2 T DR 4B s R i 22 57, (B AR Frim,
IR R A BIIRZ Ui k2 A, SRS S5 EdAM
ZEERAT N, LLtn ChenPEERTUH A 7 2 H 07k (BIRRERA Y. Fox
5, mAFRAFEAAREHS) WEEFE . RNA &SRB 10 M A 5o i
BRI R GUE D o AT — Lo rp WO 7 E F DA AL 2 S 2 B2 2 Saa H
AT 73 B B e 24 R 203 s AR R RCR « @ A AL 220k th 2= o, IR )m
JHI I 2 245 3R 22 BOR PR TR 8 T BLE MV S (KT AE BT R L AR A 5 S e oy
e IR TR IRN o
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1.5.4 MEZHIRZEELR

W2 2j P O — 1S RGN 7 a2 T RAEY) N 25 53 A
A X RE, BEM ARG SEN R G Z BN E R BN Rz oS asFme
FERAER (Al A E T 2 A0 fOm AR —FE D W8I Hr Gl A 2 245%)-
B - - BRI 2R s A BLAE D AR R G ONEEAR A SR LAY R 4t
W), FEPREFHEIRE GRIZGY) . A B Mg AH S HE) |
W2 AE 3 CRESZAR BLAE S ) 2% 0 b RO SRBEET RURBEER ) | LR T30 (3
M2 E AR AN SE 50O DL SEEG I (IR TS5 5D . N FH SR 75 24
VI GRAGETEE SO MAE) . 29E el CRILCH 4 &) A
BT (A AMARIGIT J7 5 AR 24 IARAL (RFFR R 252 sy 288 bl .
W T H ¥ Cytoscape. NetworkAnalyst %5, #(#/%H DrugBank. KEGG.
STRING %%. REMIRESE M E. REERMEMLIGIRUESFRR, MR E YN
RGBS T s AT BT, HES) T 250 R ARG HE S T R

1.5.5 MEHEFHNA

R £ 24 B 2 32 B34 7t FH SR 9 o 24 1oy S HP 24 TC D7 R T S e B AR
YER . W25 Jitin, Linl*U&E N8 SR L BT RE AL, 2% 2538 5y
Frion, Ko rTaeiEd Wat (55188, PI3K-Akt {5516 #% . MAPK {5 5@
P EALEE TEE . cAMP 5 SEBEH TR, #7749 FhOCmRs ik
11 308 MR ACERR, I 70%HI s SRR 4 G o R SRR A EAE
49 Fp SRS B R 5 S DA R RIRIEAE S g . YilIAE N Jd e I 4 24 3
W98 K S HP (03 1 2 5o SR 40 LR (10 5 T AL SRR 21 P A A b ()38 7
BITVERWISE . IS 222 R 2 o 2R 26, HRIEH LM, EF
M1 GiEEleel | R p UG, AR AU RANR], (HR T AP SRS HH A
HODRAR R e B A E A R T 2 e S, AR 5181 OMIM. GeneCards Al
TTD Z5E#d FE A MPm it al, e T E AU BEAEHMEZ, #47 GO Al KEGG
BN, BJE AT T EIE

Wk 2 B S 2 e Sy A RN, TGRS TR A AR X, K
Iy %, T ELAS RO FE MRt R A SR OB DRI R 2 TE 5 R A RS A R Ry
BRI IR S 1 B2 . Leanrh 29 Be s s Bz, A e B ERh . B
B PESL R, TR R BRE. BT, HARRIMLE]
AN, FLpl o AIOCHERE B e R B e, ) DU I 2 2 B 2, ) K Bt it
AT WA 53R 5 i 328 5 9 2 R R o 245 5205 A R0 73 10 B A R AR DL kAh S (i
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L) FIHEEREZ, BENTHZONEERE . TR, 1000 ZEK, HKE
B — B TIRIT &P ESR, a5 BRI A AT 27 AR 190, 2% 24 38
SFA W D R 2 2 B R O S KR A AR A 1S Sl B AR, N R TR T YT
TAFR I SO 2 IR B AL T T B 5T R o T A I T X 4% 24 B AT A
R 25 C 77 A H B TP RALEIPO. =755 TR T IR R G P
=B TR T HRVE AN i AU 02 190 2% 24 B2 R A Dy v 245 861 75 R
FORNLF oK 1 5 2 AR, et 2 48 AR I L Ad AT < Insdsg 250 L 3271
] et MEACIR YT HESE PRl fe kAR X A R T B A DA S
S AR T, 9 25 R BT E PR SR 1 B A ARSI MO SR,
FHRT T R T RO R B AR AT

1.6 ARAEZEZEHEXN

1.6.1 HARAR

B S A AU A S R IR 2 24 T 2 A AN [R] el o 2 S R S s (1 1 4
SR G I WY R T VNS 2 SR EAT e, X L F AN R] S J7 1k 1 28 S b B A R
PRI, BLB O S5O A e B2 SEE A BEAT ALV S (I 7T o S I A A A A
HIEESL, PEROCSEUENs MR SiEm Z IR B 22 5, DA RSOy 22 m) BE A e 1k
ZSHITHACREZE S . BIRAR G 2Z SRRy DL SR M, RIT R B SE 7 il
BEAT RSN AT+ ARV LR DI REVE i, NS IT A SR (I B JE A

1.6.2 fAREHHEENX

LA, JE =/ NHEEARIE K. 5 M HERE AT /LA G
AR PR DT 2 A LW PO ) 2 S B SR T iR AN B A T R 5
Hy, MR AR, SR iEk e s R T [ B TURM], KSR A
Fr, AR GTIETE R SRR, R AR A & DU I R AR, EER
TR REERIRM . @S, AT DhRevE = it B0 7 RIG K, PrrEiety (s
DU 7 A B A AL HEREZR M, T L7 d e/ J [ H A B et
= R0 BRI T i, BRI 3 S B BUPETE A A B e SRR . TR,
S A HTVE TSR B R JFURLRT AL 2% 0 i 2 U e A ) 2% 202 H AT Ak
PR R K ) L

PUESERY N A AR, DR R 2R ) AR e (0 B R AL B ) 2 2
I NEE . ACLRSTONERL, R ZR5E, WM. A . Witk
[e] A S5 ] 5 AP 2 SRE A R0 i T ZHEAT 0L, SR AR A AR 37 SEE
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By CCPEVERY BTH AL B 77 AR A FU R S, IR R AR TR iR 2R, 2003
RICAEA G IR 28 SO TE R X AR AL BRI 28 SEhr o B RBCAIC GI KSR R i,

TR FEH I RENE « A0 B AR AR HE 2 SO VEVERD S S B i DI REAL s AL A R
HEZN 2 LB T AL AR



TR 2B
82 F RHEFRMEAEF SR EMER S B HEX
PR HEER

il

2.1 B

PRI R M N R T i ) B 2GR R 2 —, 2021 4, 2FRA 5.29 X 108 4
PR B, v [ A SO0 PR N e 2 R 5K, PRI S PRI T A R 2
1L 50% . FiT B P 1 1 5 Tt At A 3 U T T, AR T T L — B,

MNATTS T2 SEAE Y BT 7 A0 475 2 ' [ 5 (R L5 2505, 40 0358 L Bk o A
JHIOL, {ELZE 6 T AN [ it e 10 2 552 Bk U SR ORI FT 820 o DRI AT DA B3 1) 7 i
X R SEHEAT AT T o

U AR 25 245 3 2 OO 7 2BV R G R 2R DI RE AT s K TR, #E
ZiREE R A CRB AT RBRCHZE) i T A2 b i e o S 2 B s AR B
W

AHIE FEAU I T DYARAT AT I TV B A (LC-QTOF-MS) £ AR 2 SE ) it
B AT RGN A, KA A RS e L E Y, R TRE
AU, REN M GBI, 2B ERREA SN,
Cytoscape KA ERARH 22 5 28 25 B 22 AR R 28 . e, 45 31 Y D s e
FRBEAT 731 R B SGIE .

AT SN RS 2 ST PR PRI AT EARHIT FT, SN SEIhRENE 7= i T R e A 2
AR R I

2.2 MRIE{EE
2.2.1 #EIEIRF

SR AR T BRI (S1) KRB RER: R THRERIZE (S2)
ok B 7R ALHEEE] s R FRIIRE (S3) SRE TN R X A B R TR 75
R (S4) KETIM R P XIR .

i (CHsOH), Zr#rali, [ 28R R50H BR A 5 P2 o
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222 UES5EE
R 2-1 FIRANEE
Table 2-1 Experimental instruments
& RSy IS
e RO i 1260 Infinity III Prime % B 2R A R A F
QAT I ] AB SCIEX TOF 5600+ K E 2R R A
Jig e 25 A RE52-A R AR

HAEVRTIRHL FD-1A-50 JE I R B S B AX A A B A ]
£ 2 RE 0L 2-6C TR T AR A% PR A ]

2.3 REHGE
2.3.1 LC-QTOF-MS 4 i3 sCi2 B

B R GT G, DB AR . LR BE A 0 BV i = AR H (0.1
g) WIS R, PRFHHEHL 30 min, 6000 r/min B5.0> 15 min BU_EJER, JTHEHK
PRGHEH. o, BB, ¥ 2 R EBHREH, A TR0k, A2 JERE
BRI C SR EUR . 275 Mu S5 738 TH%E LC-QTOF-MS [ €83k 2% A1 A i i 2%
fF, 13205 HHE . X LC-QTOF-MS S # s 317 5 #1734, FIH MS-DI-AL
B A, WIS B S 8O R RO AT LU S e L&) 14 Metaboanalyst 6.0 F1
TBtools 2.029 B2zl Epi s (PCAD it A (HeatMap). 18IS 5 2 754
( ANOVA ) X 2 7 AU ¥ it 47 0 8 . 28 J5 12 &R PubChem %% 45 J#
(https://pubchem.ncbi.nlm.nih.gov/) RIS H5IRS (CID) K4rRER, i
Lipinski Ji5 95326 A5 5047 B 254880 0 L, 2 50 STRRSR L& il o 1E FH 84S
B IEFETRR AR A 2 A R s T R

2.3.2 RSB R R BE RIS A R aYfhik

7f Swiss Target Prediction Chttp://www.swisstargetprediction.ch/) Mk, PI%Y
A (Homo sapiens ) NHF 5 #F, % A\ PubChem 04 /22 HH SR HL ) 4% 5l 73 #) Smiles
ik, RREFNZE TR/ E R R B SR PTE B HIE R BT
EEAF BN TR AR IV E FHEE B B

DL “Diabetes” AFi 2 1] 43 7| 7£ GeneCards U4 & Chttps://www.genecards.org/ )«
TTD #i#f %2 ( Therapeutic Target Database ) &2 OMIM %4 /% Chttps://www.omim.org/)
TR R, R EEE SO R R I E SR, 1530 5 IRm A OCH A BE

AN
RAE S
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L T AR K -2 1
2.3.3 MBZEBREE (PPI) W%

1% “Homo sapiens” A FEIM, 73 7l 25 2 A1 2 1) 4 F S ml B s A\ 2
STRING12.0 ##EFEH TR ZR, FH PPI B, Jf FHE AR AELE T2
Cytoscape 3.8.2 # M, il CytoNCA $fifF 115 H 1% B /F WX 45 Hh 558 5 1E

(Degree). 1%+ Degree BUKMIHE s FF A H X N5, EZ: PP BN oG HEEE

\\\\\

2.3.4 GO EEFIT KR KEGG EE ST

R S T TRUNE PR s () #E AU B I DA B David 88 % (https:/david.ncifer
f.gov/) "Hf¥) Functional Annotation Chart FTH 2, EFH“Homo sapiens”#Ft,
it GOTERM_BP DIRECT. GOTERM CC_DIRECT. GOTERM MF DIRECT
1 KEGG_PATHWAY %(#&; 51#H Bioinformatics Chttps://www.bioinformatics.co
m.cn/) P E S E T H X“BP, CC, MF =& 40T T H % g g AT

(&5 m 8 E E .
2.3.5 S FXHERE

BeAA S A £E PubChem #5405 FE T 24T ml 8 1 P00 B 73 1) sdf 4% 20K 3D 4
A, @i OpenBabel 3.1.1 #AFH: A6 pdb 4% 3 HARST - 24K SCfF: £ RCSB
PDB (https://www.rcsb.org/) [ i i 2 4 it H 51 Hf-2) % “Homo sapiens™ #4712 ,
fER R G R IR B r R s A B B4, NECN pdb k&, fEH Pymol
2.6 BAt, XA E A M AT oK DA K B i A B A&, ORA7 D pdbgt #5 2K
i AutoDock4 XF K7y FEEEBUINE . THE B A XNy PR AT SRy
JEVEALTE . {1 F autogridd A2 B2 4%, {8 autodockd AT 7 F X8z, SERKT
BJR AT EiR ot RS A ae N UE HBUE SN o0 g, &Rl
Pymol 2.6 HAFFRICH A S AL, THEH T RIEE, sl

24 GERE5 9
2.4.1 KiBEZESH

Wl 2-1 fis, B PCA EIHRTLAEH, S1 M S2 fEAb il R oo 5 =
HHAFAER/NESR . 1S3 M S4 5 S1. S2 FEEBNEENER. X S1. S2.
S3. S4 I 4 AL IETT AR K /NEEAT 7 2 b, &t KE L, R BN, 228
Tl B & BAEE S # 75%. 4% Lipinski JEU (JIE/AK 2 2% (mLogP) <5, A&,
WS IA (nOHNHSS), S8k (nOH) <10), ¥ F BRI ik k. B&mik
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132 153 Fasr . X 153 PR AT B IREE R0, iR 2-2 Pos. WEAE
B, HRRH 129 M SRR E TR, K aiE2 e, m A% R
RAER (AER. AR, 7ER. RHEAR. 2%, »RaiR. B4R, #
QIR HAR), IR MILATAEY RFF. Sy FARmne . JRENE . JREE,
e AT CER . IRBE. MERSRE, BifgE . 2R DL H A = S ()0
VIR (GRILASZ . BEWRSRL. B tr. S5 RivuvEss). AR ss BE
WEER, BRANEEEFRAR TR T F— A A F X R TR
Hlntf BEER. RIERIME (B 2-2) 581, S3aH, ZMEER K
Hardy. deE = RIS EmT S4. 1M S4 R LA S ER T
S3 o Rl 7% SE fi P B 2 FEAS [R] 3 [X 77 AR I 3 72 S5 1 Do IR A A (R 7 M P A=k 3
R R B T & &, T eHLL) )R 2 2 SE A HLA R O3 B 6 %
FAEFRDIRE IR, NI B S (A WLy 77 AR . 3 22 e 1001,

B 2-2 8o, AR RE RN SEAT 153 Rl 5 BA7 £ 2 35 22 5, BT DR SRR
SR MAVE R, $RHY T 15 b BAT Bk A B e 35 3 PR 49 22 P PR D E 14 A
gro HP 12 MESRRH RA RS R, 3 MR R RS E, K15 A
T AT VEAR Q0K 2-2 PR o 2S5 R R 1R B0 ANELRT LI 5 TR 34 W] LG IR
it PrEfe. sranian s DL IR . Forh 2805 S R 5 S B
iy DRLE TR AT EE SR 2E W] e 2 A B 4 1 A B 3 IR 2R

g1
LI
20 o o
83
10 4 v 5S4
3 0 B
=
e
cn
o
8 -10 4
= ¥
=20 =
=30 4
-40 T ; T i T T T T T T T T
-30 -20 -10 0 10 20 30

PC1 (59.6%)

B 2-1 T3R8 BRI 22 e By ) 2 o 2o i
Fig. 2-1 Principal component analysis of the difference components between South Euryale and
North Euryale
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22 IROE SR 2 St g B TR
Table 2-2 Differential composition and function of South Euryale and North Euryale
73R
wEmE A - 71 Dt
HR HYIERT Koumine 1020044  CH2nN>O TR R R A
13 (61 3154 PRI A 2
PRI, g
1%[63]
(H)-¥70]T  (+)-Cinchonine 90454 CioH2N,0 B2 ifn BB o414 firgg (03]
S Liquiritin 503737 C21H209 Béf I RELOT, 7 g (67)
DL-3-% i DL-3- 64956 CsHoNO, (3118 G 73 1 O
TR Aminoisobutyri 153161
¢ acid
Wi & Thiamine 1130 CpHipN,OS+  FERIBETOL Hidfk
U B R 172145
B P L Trigonelline 5570 C7H/NO; R IBE3L, R
[74]’:;_@
P20l 1IA  Tanshinone lia 164676 Ci9oH 1303 11 N 111 1 2
BT, B feg 7SS
AR Ellagic Acid 5281855 C14HOs B M BECST, 7T iR )
FHEm Betaine 247 CsHNO; 2% 11 R80T, 4 (81
1,2,3- % =y Pyrogallol 1057 C6HgO5 ] o= 2 1 T
82, Fia b3
JEEXER Eriodictyol 440735 C15H1206 R B 2R A8
JRE R Citrulline 9750 CeHisN3O3  PRIMAESS, Hrasol,
Y0y I 55 (g RIS
JilpN IS Naringenin 439246 C15H120s VA IRESS], 77 48 [89]
WE TR Gallic acid 370 C7HqOs R IpE . HfiE B 4R
e AHTEE A0
KEET Scopoletin 5280460 CioHsO4 ) o751 2 W il

O $ 2802
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8 (NP R R VA9

1-F B
D-(+)- 5L 2.50
THES 2.00
WE% 1.50
1- S0 -3 R A 100
Fyéwﬁﬁ 0.50
4 TR 0.00
AR -0.50
Hrih-2-R AL -1.00
Y IMBEARTTENEf6(18:3) ;
22 2R 710
TS -2.00
F 2R
L-ZH %8
- &8
Y- REA AR
L-#fi R

R

4.3 SRR BRI
B
IR
Cbz-N-Hi - L- IEA R
-t &l
()-RILHH

15| W-3- 2k -L- 73 R
N,N-— mu#"m
L-4HE R
i R
S- PR BE|WE-3-2 R
JIVEF-5'-

PBER
SMT-W%MH
PR T A
2-f 0 T E I -4- IR B -6- i J-s- =k
PRI

R
NQ-HLHBE-L 5 28R C AL
2R

su}u%&3WWHWU7Wﬂ&£ﬁ%mzm

W%S%@LW
zV%Xmﬂ

b-L- 7 2R
45 - TH- DK 82 3L A 3K 3-[4-(4,5- - TH- R IS 2- ) A HE -1, 2- 8
S

h
L"fﬁ
12-SAR ) —IRTR
FETER B
&Zﬁlﬁn

E

O TR I S I T T
S SN Y YL Y

B 2-2 TR2E R 28 ) 22 S B R R SR A
Fig. 2-2 Clustered heatmap of the difference components of South Euryale and North Euryale

242 IO MR RERKIERABLNIFEER IR
3 B IR FR ) 12 Bl ) Smiles b 2245 #) 4% 3] Swiss Target Prediction
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S S N e e 2 VAT

WAy, F3RTIMAE &, BOOREE, SRAF 578 AMNTUEE S, il 2-3A Fior, MR
B A BB R A LG 777 MEA. WK 2-3B P, g2 3
TR A9 2R T BE 2226 > o I3 28 I 2C 5 9503 AHAS B HE s 3800 30l O 87 FT 41
A 085 B PRI AN AECE A SS B8 R, Al n] DU TS IR 2 DR A S mT DLs@E I )
i) P BT PX R D 5 B AT Y T R SR o B R O3, B A A i R AR R R AR . 7E
Cytoscape3.8.2 B fHE S5 B SCE SN, 2SR ooy 28 SER
HBRERE (& 2-4 MK 2-5). 75K, HEH (Liquiritin) BA 23 MEEERE
R, BAERR (Ellagic Acid) FfJE3EXHER (Eriodictyol) A 22 ME/EAE LA,
WA 20 MEAEIE L AL ERIZCH, 2R (Naringenin) A 22 MELEME
MR, ZREFS (Scopoletin) A 18 MEFEAFHAE S, WETMR (Gallic acid)
A 15 MEAEEREE R

AR A BRREL R AT AR FRIFEL A
5 JENNY N N
2-3 ZESER S M R
Fig. 2-3 Venn diagram of euryale ferox components and diabetes
NR3CI CEREY 'lTRx M D3 IGFBP3
[&/ANS N\ \ MTNRIB
SYK \ X ) brr4
AGTRI W\ \ /) PIK3CA
ACE o ¥ y AKRIBI
PRKCZ IDE FABP4 / 7
SHBG CNRI Z
EGeR) IGFIR -~ . A P 7 / i
ALB 5 i N/ ri//;;,_‘,,,l T gt / ) AR
NFKBI SLCSAL ‘ ; ; " Gremi IKBKB
HCAR2 REN L NAPKS PIK3CG
HIFIA ESRI PLAT L
451 oG — ~ - HTR2A
NP - > FFARI
PIGS2 S _APIPNI
PONI — U PIPN2
CYPI9AL RBP4
PPARG o S ~ MGAM
SLC5A2 VEGFA x
GeK : HDACI
AKT2 INSR N\
CYP3A4 7 TERT
ADORAI " 7 Nos2
PPARA [ TGSk PRKCD
MTOR f GSR
HSDI11B] 2

SIRTI
PPARD SpppINEl  AprB2 METAP2  MMPY

Kl 2-4 T35 -4E R 2%
Fig. 2-4 South Euryale ingredient-target network diagram
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comT  SLGSAZ GER3S  pypya
ALB TR I SN PPARG

FGFR1 SERPINEL
~ /

GSR

< \ . -~ N/ Sk
ESRI AN T SN i e ADORAL
. N \ [ - a, / -

AKRIBI
PARPI ,,,,_;g
INSR - —
ADRB}**’;-’-’ —_
IGEBPS
et
>
MM -

¥2

B/ e T — " evpioal

CYPAS kT CNRL PIK3CA e

2-5 R -H#E KU 2% 18]
Fig. 2-5 North Euryale ingredient-target network diagram

2.4.3 {J3E PPI NEBER O

K4 75 2R 2 185 W AE AR FH B8 5000 ) 5 08 PR B8 R ) S AR HE i B AR &
STRING12.0 ¥ e v, SRECHE S TR/E R R . BAEEHE 5\ Cytoscape, FJH
CytoNCA i TH 5 H % AR W2 54 S R PAE, 3 BE (B 1P 3B ) 2 f5AE
FIZOEE R, M, RS DR ERGER (B 2-6). & 2-6A FIE
2-6B 3N TR I R T B PR BE A AR 2% 1 . b R
BoLEE R 9 AN, R AZLEE R 3 S, AR 2-3.

R 2-3 TR SR TIORE PR A o i
Table 2-3 The core targets of intervention for diabetes by South Euryale and North Euryale

dn 5 B FEfH

Y 1 AKTI 126
2 ALB 120
3 PPARG 116
4 PTGS2 88
5 NFKBI 86
6 HIF1A 86
7 MMP9 84
8 ESR1 80
9 SIRT1 78

PN 10 ALB 64
11 AKTI 64
12 PPARG 60

VE: AKTI: 2R/ 2AREEE 1; ALB: HEH; PPARG: i EALYIBE A E 52k
ys PTGS2: FidIRE NI ENYIAEE 2; NFKB1: #K T «B 1% 1; HIFIA: BUEAES
HT 1 W3 a; MMPY9: 54 @K 9; ESR1: MEBE 24K 1; SIRTI: B0 1.

17



© cvenm
S msousi
& apoRAI
- MTWRIB
‘.~ I"HCAR2
- ADORA2B
4003

PTPN22
~ PIPN2

2-6 HAHEARICRE (A SRS KCRE (B)
Fig. 2-6 The relationship diagram between the targets of South Euryale (A) and the relationship
diagram between the targets of North Euryale (B)

2.4.4 GO, KEGG EEZ&E 9

TEF R KBRS GO BHEF, AWidfE (BP) f 20 &R &E; e
(CC) A 47 %TBEig1: 2 FIhRE (MF) £ 107 & ThRE&1E. BIEIR 28 oy
1) 12 N SREREE T IE LT GO & IR 174 K INEEIRE . FIARAE I SCHE #E 55 GO
E%T, BP. CC. MF 0 5IH 168 4. 23 4. 54 &Thftidiz. RIZEh 34
FEEEE L 245 % GO BHENRERGE. A REEI . HZEH BP. CC. MF
(11 P AES/NIET 10 4 (P<0.01) IS GO BRI . TR Tk IR
A S LR SR TS R L 2-7 K 2-9, HZE T FIURE SR RO A DN A i
K 2-8 K 2-10,
] 2-7 ATAN, Z57% 853 TR PR I BE R 2 5 1 e 40 i E T R i A7
WL EERFIAW ORISR, DA G, kS5 T XA
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SRy MUE AR MR IR L IR S5 B YR . X i T A
AR AHH . ARz ShAA. ARANIX. kiR, R T EEY). IR
EAEEAL, BAMAERNEARLE S BERLEAMR/ AR/ B AR E i
it HOWMML G EOWEEENE. FaieE R TS . KRS PR
RMEME & R 25 &5 Thhe. I 2-9 RIH1, J528 7 T HiUh IR
T (R BB P AR R PR o B B BT W PRI I ACE (R B B O
T 1) 5 G A R - 52 A4S S 08 . R AE T BIE S . HIF-1 15 5 I8
AT . AT E (S5 S5dg . B 2-8 AT, JUZC Ao T TOE IR A ri 2 5
T R EIEAER BRSO M IR A . AR B S5 RIS,
AR Z 5 Mg A RGBT RS RS E Tl . waiEia s
FE, IXLEHE R B PAEANR . ARANX . SRS, B EARY S BH
JRFEVR —RAEH] A LR 75 2 R/ A BRI s T BEah & . 22 RN
DIRKBEE L WA TE . HAMSS & RS RZWEM L & PR AR E T
145555 TNRE. K 2-10 BoR, IXUBHE i 12w SR AR A % . WEPR IR s b AR
U ERE i = Y (N =i By T R RR =R p oY 2 N /97 R IR ERE Rl
AR I AL 3-S5 1 B B 15 5l AR
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A
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Fig. 2-7 South Euryale GO enrichment analysis
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Fig. 2-10 North Euryale KEGG enrichment analysis

2.4.5 FHESH

BT -RE R N2 B B, TR 9 AN OCHEE AL, (HRE BT 1 AN N2
AR, IR EE AT N R A R . NABR . FFESIR A, JEREHE R,
HHRE . BAERR . W IR, SRR L A S R (B ST A TR ERAIE, 43l
it EAL Y BEEAA B FE V)T AL 24K y(PPARG) 3 14 B(AKT1). & H (ALB)
LR 5 51 <5 £ 1 -9 (MMIP9) o [R] BRAE I 70 PP 25 1, i $ ALB.PPARG
PLA AKT1 B B B F IR M R . REE =T PRk i o+
XHER e RN UE, RN o 45 G ERE AR E I MIRA AL (B 2-1D),
WA 2 Sl 7y 5 8 R AT DL R IS A5 TR 4 0 TE 40 g Py #8rT LS5
MERGER TR EY.

2.5 7

X 95 2RI il 73 AT AR AL 00 A, SR, IR R SR A7AE 153

iy 25 22 S AN, AE95 28 2R 5 T T500E RO A7 SR K o & B o3 il AT

12 FpAT 3 FPfEAE 2 22 7 I I e 22 S W 95 X AR R AE SR R D807 ThIAF
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B B AN UK.

AT [ SR S A 2R e 2 0t 22 5 e AT DO REPE LR, SRR, A
AL EMAEROR . TR PR, JERERR, R, MiZRFERS
FEAT, TERHEEN AL, SRBEEE TR LB O P 2 TIAL B3R EHR
BEER . HEH . NERRSE, KIWHZE DA, JEEEFR. BER. HEH.
T R A5EAE A 19 TR rh ke 1) 3 A P o 636 553 mT DUR 0N BRUBE &5 A0 MING6 4
R R By 2, AT ARG T B PRI S AH R I AAE I 25 A7 A B . ) S
HA PTE A AIAZ DRI RFE nT T 20 PR B LR T ACREMP 229 A, VR)T
B PRI 51 RS R 22 Dy e RS DA S A2 200 AR U5 13 R B R 1 T; Amin S50
AT T L e i v S 1) 2 AR PR K BB, IR 8025 2 1K SR T
iy, HE5R T RE RS 56T Zhang FFEUOIE TR B, HEH R A RGN BB
MR TR AL 51 B AR DR SRR B R, I HH R E s A s B Al
M rc B EENG 55N 22 58 SR AL R 1 B S A T R RO R 3 LT A R
ARIERM . o, PR RIZER RO IE RS20 . JUE . JrEdL.
PIREAEH . R, MEFEAERZ A, R R, Hoci
s ALB XSRS NBCR TR WIFUARRY], BB TR & SR AAYEM
PURERRBIE R, I Y85 R IR BE IR -0 MR 07 40 B FR1 7 4 i DA K i i 44K
VIl SE TS24 ymRNA ik TR B2 i Hosl Fow /E IO, (845
VE T A AR B 5 ) DA S ] o P80 77 AR T DAL T2 28 A B0 R IELARE PR

PPI W 26 i g 45 TR Sl s, 25 2RI 2 5 0 PR A FH 1) S BEEHE S5 #8460 & PPARG,
PPARG & i i 41 it 43~ 44 1] 27 A Fa &S R S B 1 45 [AF . PPARG & PPAR ) 3 Fif
WA —, 5L HRREA 9%, E3EAERRE FE R « Sl ke RERE (b A REl 0%,
PPARG CIFSES 2 BUBEIREA K, WHA 4SRRI, PPARG H449L R4 5 i &
AP H I =S ORE AN A ERORE M i i P S A OG0, R AR S AN TR 5
TR R ERE R . AR RN, I PPARG gt 3 [K] 1028 52 3 A4 i
2 FUHE BRI 1) R 1101, 7R 357 it PPARG X80 4 FlR 4y, 43 BB IE . TVE R -
JbSeXEEER . HRH; RPN RME R, TR EETE S PPARG g A
By o FANTRR R AKTL 8 s fh R 8 3 A0 2 Rl AR K A7VE BR300, 7E 1T 40
Ay S BRI 4 1 2 2 Bk R e R A B

£ GO B8 UK KEGG & 5, 7558 1 (40 r 25 2 SR e s PR Lo L
5 i R ARPU A5 S, 2 T RS A SRR RE R A e AR L IR I 4 L T
fRIEEE . AMPK {5 5B 8. 95 2 ANMAF A 5 20 8 S 25 B IR ) o,
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A0SR A 5 VR T HE PRI AT 7 oK G .
2.6 AT NG

ZR EPTid, AT U ACH AL AW FEANR] dh P2 SR K 22 5 B 2
2% 2 PR AT 108 D RETE R0 FFHEAT 70 - XRHEBOR IR, 45 KRR, T 1R R 1) 22
SER BEEA TR E L o TR R 5 TR R AT KK o 35 20 )
A3 12 FpAD 3 PhAFAE R 25 2250 . AW SUES RO ST FUE PR BT Fe s f4t 1 38 (4
B, NZSAR GLF7 dh ISR AL 1 BB LA
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il

3.1 Bl

PUESER R TR AR e B R/ i A S (e b SR ER L A2 Al Ak
BN DU IR ek S, A AR AR N B T i ) — AU, gk
B, BAERERA B PR AE, X TER RS . Bk SR DL K S5 R A
R A — 2 ML, R B AN S ARIAEORE, ARG AR T v
Ko 7 ARV EAC 2 o S BT, 1 R AR VRIS i Ry T R S R AR AL s A
BONAEFER AL, TR T IR BT N AP, SR e . £
Wy AL IR TT T, B 22 R F R AL BRI B A A S R IR e Ak P
(1, A B — T B TR e A el e, (HRFUIEIEm SR AR, Bt
BRE . Ak, DUARIE I R AR . BT OR T2 S b e Jm R 4
o 5 B VERE TR, A FEad i EE R B — SR A PR AT o SIS Ab B, BUAOK
SEVEN IS R RIRE A FPVESE DL AT K K3 WM K itk g
By & A BRALRFAL, RN 28 SEUE R (0 1, S SEAE R b DMk R R o

3.2 MR EEE
3.2.1 #RERH

2 3-1 S

Table 3-1 Experimental reagents

AR 3] KX
KT a-TE R 20000 U/mL R AR A R A F
P ALl 100000 U/g IR YR IR A
£ 2 1000 npun/g R T AR AR A IR A
B BR AN i AR I 24 8 Ak - alr A TR A W
ToK B AR I 24 8 Ak - aln A TR A W
ER: 37y am el R ERERHEARAR
TERIR A& TR ERH AR AR
CiEabianwilre TR ERH AR AR
WA Sk SR R
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322 (UEE5E®E
% 32 SIS

Table 3-2 Experimental instruments

e GRSy IS
R ME104E HERF R 2 [ PR A BR 2 7]
A RS SU8010 Harodrids (Rl HIRAH
(ERVALEAW]S RN Nicolet iS20 FEER M IRBHE A A
X HHRATHH SmartLab SE AR A R A
JR A FTC J6I B AR R R A IR 5T A ]
LERTRIERITE ] ZXMP-R1430 U I O BT A A i A PR T
BOGHEANA] WA 6o BE T TU-1900 JE 3 i i A A S A IR 5T A
TP EG720KG4-NA EE SEi|
P T DA KQ-500DE E LI T8 A A AR PR A ]
3.3 LW %

3.3.1 BRI

JRUERT (YDF) $2HG BREURSE 75 ¢ M, 5 0.05% A ERENF 0.5%FLER
F 225 mL HIZEMEKIB S 35), B30 1h (50 "C). M FISW, InagiKkE%
SO, RBR EIE. 2SN 150 mL KHFTEMIFTH, TR (200 H),
HE 3R KIEMAEE 50 mL &0 EC (3000 r/min, 4 °C, 15 min) ZBR
g . FREL 0.03 g R HUN 0.02% A EAMNE T 150 mL KA, KIn
ANULEH, FEPE il 7€ 4 CHZ&M THEE 1h, 8.0 (3000 t/min, 4 C,
15 min), £ EHE®R, BUTEET 50 CHIERTRMA T TE 2.5 h, REkT
PR (100 HD, BIRZSZIER

DM VE R 1] 2% T 2 B3 vl S0 T T T S50 R R T AR . OfE &
MEPETER (WY), &8 EHlEkmFLKE 16.5%, 90 CHI{L 30 min, £
W (TR 700 W, iR 100%, KA 100s) R, FEZARKEH 121 C
JE# 30min, AHEZER, 7£4 CTEIAE24h, 80 CTHE 12h; @K
PEZESZYERN(CM) 5 BEHIVER FLIREE 22%, SRJGHEA (Ji%: 40KHz, WflH: 38
min) A, A 0.05 moL/mL HCI &% pH {54 5.5, M 21 npun/g & 4,
£ 60 ‘C F/KIG 24h, AENE I, £ 4 C R4 24 h, AR BHEE N-78 C,
BRS04 0.1 Pa)y T4 48 ho DL P FP MR AR A 3535 Je e ¥n FLIR B, (R k43 31
5T ek FLIR P 16.5%F0 22% M35 MR AR, 2 5 ROFM@ ., @Fk A&
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P B AR R (WYA), TEOQMIEERE EFHTEEA (Ji%R: 40KHz, BFE]: 38
min) 4FE, A 0.05 moL/mL HCI V%% pH % 5.5, JIA 21 npun/g H& =1,
£ 60 C R/AKIG 240, BHIEZIR, £ 4 C R4 24 h, PECHEE N-78 C,
FAEESIN 0.1 Pa) T8 48 hy R A &8 75 B AR LU E Ve (CMA), 1E@)
[RI2EAE E 90 CHIfk 30 min, 7RG (ThE 700 W, HitHiZ 100%, Bf[E 100 s)
NALFE, EZPCKESR 121 CHEHA 30 min, AHIEFE, f£4 C R4 24 h,
80 CHJ4 12 ho

3.3.2 REBRASSTH

K DB TR AL B BT B A 2SI TR IR AE TG [ 2 T4 Fl i T B R
(SEMO#EM & L RIBU T b o BE S XS IR EF BOUE Ry A AT B IR PR AL B
PSR v e PR RE . SE BRI S, R & B R T BRI, IR 5000 £

N SE R BURL T &SRR EA T R AL %

3.3.3 I4hkiEsS AR

Z: 8 Wang SR I H0E 918 ek, RS A KBr TR R EERS S,
53 BIFREL 4 mg (IR ST 300 mg (1) KBr, 44 H B TG . 7ELAMT
BN, KRR A KBr 78 0 T EE 4 5], HEE R SIRIREGY . WR)G, Kk JE r)
RAMESIERE T, R %A BT AL A (FTIRD Hdk 4733
WM5E o AL AR LA BE S e i . HIRECh 32 Ik, k%
N4cem™, FEKBPEAHTEE DY 600 £ 4000 cm ™.

3.3.4 X-BHEROTH 4R

B 200 HWHFEBFERIEANFEMZE, 2% Lin SUVSOT IS MAE NS S, 6
F Cu-Ka $EfF, FC&A St adsfl Ni gEUEas, WENEBERN 40 kV, BN
30 mA. B MAETEEIER 20=5° £ 40° , BN 20=0.02° FMHEE N 2°
/min BEATINE, FF{#EH MDI jade6 #AFTH5 H A X 45 5

3.3.5 BEfEEMEIAE
KA 5 23 = A SRR A S
3.3.6 BRI
BLi] 15% VR, Bk 30 min, HiFERE2MMN, BEIR =R, S8

Yang S5 I EIFRGE 24 B 080 BURACE TPA RGN RT A 335 79 30 mm/min,
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BTN 3.0N, AE 70%) NI, e Jeky A . RORh o . g . IR g
3.3.7 BRE S EMERNE

SN w32 T,y BIRREOR SE(E ) ER 1 g, FUE N(mo), I
10 mL FZERKIEME, BRI EEERNZ.0E () H, 1E 95°CKI 30
min, HRAEF] 25°C, .0 10 min (3000 r/min), B4 FIERTHEEM (m2)
B, FE 110 °CHRAE MR IEE(ms) , HHEEOENVENESR (ny). KLUE
T N K B 43 3% (3-1) (3-2)= 5.

g (ma—ma) o000 G3-1)
myo
_ my — My -
B*mox(m()—S)XlOO (3-2)

A S—IEREE, %; B—IEIKIE, g/g : me— R SEUHE)TEM R =, g5 mi—
FOVEEEESE, g m—HEHESR, g m—HERM LERIEEREE, g;
my— S ODEMPIEESR, g.

3.3.8 Hr7kZEAIME

FREL 1 g BER RN CLIEFMEE (mo) WO T, MG R /KHED ] R
BN 6%MTEMFL, IEREFEAN (mo). KB F I 25 min, SREAHIE
25 C. Bif, HEOEAE-20 CRIMETRIR 24 /NN BHRMEHRE, L 5000
r/min FJ3# .0 15 min, 355 B, REEOEMVHER S EE, IR A (n).
12(3-3) it MK E

D="2""2 1009 (3-3)
Mo

my —

A D—MKE, %, m—FOEEEES, g m—ITHAMEOEE
=, g3 my— e IS O L go
3.3.9 #FHKFEpMIE

SrRIAREL 1 g BES, B THEE (me) B9 S0mL B0 F, I 10 mL K78
K )G BT IR A FE IR 2], 80 °C/KIE 30 min, HARAHIE 25 °Cla &L
(11000 r/min, 10 min), FZ FIEW, CPEMEOERRFREN (m). %R
(3-4) AR
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Q="Tu"To "> TO 1 100% (3-4)
X O—FFKE, % m—BOEHEHEESE, g m—VUENELEHE,
go

3.3.10 BIHWLES . WIHLRER . MIEEBRHNE

Z 8 Englyst Z2U 5S84 FREX 200 mg (1 J5 e K A oM S w15 - 28
CEH, ININESTRENZZ PR (pH {E 5.2, 0.2 mol/L) 15 mL, &in28%& 25 min J5
AHEZR, IAIEE a-JE KB (2900 U) FFELEF(150 U)RBAW 10 mL, 7£
37 °CAE T ORiR/K MR, EZKIE 0 min IFHL 0.5 mL FEH7K I KEE (10 min), 20
min B EX 0.5 mL FEE KIS KEF (10 min), 120 min B HL 0.5mL FEBH /KIS K
fiff (10 min).

WA, BER S ESRAAEREER AT &N E, BRiEhSENEd
IUFE RS A 1B, NRIE S AL TE R 52 BT AL FE —2, SOFREX 0.2 g JERFE i
PEALTERD  BVEALTER . PUEETER 7 %R 0 (3-5)(3-6)(3-7) 11 5.

RDS = (G20 — FG)X%X 100% (3-5)
0.9

SDS = (G120 — G20)x 7 x 100% (3-6)

RS = (1— RDS — SDS)x100% (3-7)

K. G20, GI20—IE KK f# 20 min F1 120 min J& 1) 78 2 B S & (3R .
mg); FG—EE/K AL PERTVER) P M5 &, mg;  TS—FE 0 S e & &, mg.

3.3.11 BEAES SR
1 | Microsoft 365 Excel itk #d . Origin 2022 #1474 K. ] IBM SPSS

Statistics 26 HE4T i Z 42 5087, TBtools v2.096 47T K 047 .

3.4 BRSSOt
3.4.1 BRSNS RN

RS RN 5 U S I G5 R R AL T WL 3-1, e AR U PEBOR AL 2E )
IR S AU oy RURE 12 300 i 26 6825 RO AR A, JBUA UKL S5 R R A, RORE T SR A
AHEN, KRAA—. BB 3-1 (A AIAL, FEEEIT YDF SR396  = 2 15 7R
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Rk, RICHTAIE. B 3-1 (B) WY SUEVER U R HEEAIR,  JE ks BURLAH RS
AL e RN . HARAG SR N R RESE Ve e i e — IR B R, A B
WK 3 B R A AR 2R A BT R R AR ELAE, AR BRI 38 R A e . T
P i I AL B R, (e A B b e it 1 Se R ORI, Ve I E
FEVER R SCHEVE R A 25, T R AR IR EE 1), R AE M P33 DX OOV e 22
B 3-1 (C) CM eiePEJep M IH R IO [ 83 [ RURDIR, R e e . K 3-
1 (D E) fofolBe s 8-t 75 e 1 o PR Ve b R I H AN R RT3, TRk e . T 45
i AEUPRAF BT E T 2R, P WYA INZHAE T CMA B &
B, DUONEZRRTIR IR B R giia 2 4L, 1SR T RA 2 ek L it
(230, ol s A 7P A 52 A B Tl IR AL B S5 A SN\, SR
BURLAR T BRI G5 o AR IR SRR Y il T AR 5 i R L2 S o
RIS, 25 2B EIR, BRAC ARSIk 70 7 v BOd/l, HOKBES ek o 1
b A U T INAGEAAN B, B S SR B, W AR e B T B AR
Bty TR, EREMAE T IO BT AT FLIR R, e
VR JEE [ 2% S ey FLBUAE LLYR 51 A0 3 5z i 731 S HES AN S, 7l e 3 BUR AN 58
é[126]o

SUB0H0 5.0KY 8.4mm X

3-1 YDF (A). WY (B). CM (C). WYA (D). CMA (B) H#iHEKE
Fig. 3-1 Scanning electron microscope images of YDF (A), WY (B), CM (C), WYA (D), and CMA

(E)

3.4.2 AR R SER BTSN RIRND
H1 & 3-2 ZEAM G A RB 7R, 2SR 5 2 S PR B R A R Wi e 14 7 B
SARBA R, VHIRCAH P A B E R A A B R[], (B2 s A
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1000-1700 cm™ &% 3000-3700 em™ AR Z 7, RE T AFE Gt B8t 228 e i
K AR EEAFAERE A 2 5o LA iT DUV R (ARG 4544, W)
WCIEAE 1022 em™ (R1022) A1 1047 ecm’' (R1047) ek T AE 5 45 F RN 45 i X 3k,
W PRI B 2 LU mT FH R R R A AR S M A P PERT 1022 em™? 5 995 em! Ab IR
JFERT LGB S 1 Ve R0 73 1 B SUBR e 25 A R 1 (R 1022/995) « ot WYA Kb PR 7% 5K
JERY T R1047/1022 fH#ECK, UiHH WYA SCHEe R ERE A i i,
R1022/995 HIME 5 /)y, 6 SR e A2 fe ik o FHER 3-3 S, Blethiefr i) R1047/1022
{H4=# 5T YDF, R1022/995 {HE AT YDF, U8 ctthie ke A v e e,
TERY 7 T BSOS TEFE S AR vE R A B IS 1 WYA LE WY JEfEA 7 PEm, M
IRERRE LS [FFE CMA L CM BRI m, SUREREEK. 7E 3383 em™ [
AT ) 55 W2 VE R 7 TRV B O-H B AaR2h 45, 2931 em™ fIT g C-H (1)1
ARIRBNRFAEIGE, JE R RS U PRy it B2 e AR AR A, 3 IR IR R Ak 2B 5 | S ) 3R B
ANV, R AR S TG 5 T X AN SR VE A o T R R TR I ) L O T B
SGRNIERR SIS MRS WS 2 ooh /A 1 ¥ B OB e - AL e g (b R S WS A I /N
TER 0 T RIREA PS50, P AR LUAe (0 1 P B2 v TR S, R S AT BR A o XU
WELE A B BT REL 1

33 SRETER R EE R R R1047/1022 F1 R1022/995 LUAH
Table 3-3 Ratios of R1047/1022 and R1022/995 of native and modified Euryale Ferox

b & YDF WY CM WYA CMA
R1047/1022 0.791 0.948 0.795 0.957 0.881
R1022/995 1.541 1.017 1.595 0.986 1.139

A s
N : / \\
M~ \/\/ LN . M w_,/-—/\"/ .
g CMA
= Wya
. W |
YDF
10I00 1 SII]O ZOIO(] 25100 3[;00 35I00 4[;00
ﬂﬁ%ﬁ((cm'l)

K 3-2 JEiE b R s EvE by B LA 8 o BT 1

Fig. 3-2 Infrared spectrum analysis of native starch and modified starch
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3.4.3 BRI RSCIRM X-SHE TS EEA R

TER BRI AT LIS A AL By CFIV AL, b A BUSEMTE 20 = 15° .
17° . 18° Fl 23° AbEIEMTRIATHIIE; B BUEMTE 20=5.5° | 17° . 22° M
24° KL VEWIAT 02, C RIGEM AL A A R B . i 3-3, YDF fEATH
N 1527° © 17.29° | 18.16° . 23.18° HIIATHIE, N A FIFEHy, FIXF4E
FER 43.46%, 2 BEE & X N SR e (B AR AR s CML FEATS M 15.26°
17.25° . 18.07° 23.21° HINATHIIE, U5 KER 7328 SLiEhn R B IR A f L : WYA
7£15.30° . 17.26° . 18.08° . 23.17° HABUATHIE, 7F 17.26° . 22.54° | 24.19°
W HH IRAT S Ve, AT S0 20 AR ARG B C BYYE B o« 3R B 2 SIEUE R 7 S R #5
NS S B AR A ) 4 fn S5 PR, S5 R A Ty B B, 3EGE T Bt
BEffeItEBE . CMA AT A BN /8, ATREA C BEky . WY WA B RATH
W, 455 ERAL, mIATEERS. CMA 5 CM R, 455 ER%, BfA
P4 M WYA 5 WY MECRIL, g5 R, g KRR S5k
FERAEEA R, BT mEilR AR, FEESWXEIA . Bk, itk st
R FRAR T AR 45 i 1330,

i "
i it W"‘“M:W-\‘M\W*Mr‘ﬂ-*mmmww .
T R .
i Aﬂmﬁukﬂ“""‘w‘ e iy U b, Aokt CMA
o Al b

pusnbont : T,
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Fig. 3-3 X-ray diffraction patterns of Euryale ferox starch and its modified starch
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K 3-4 JRTER S PR A X ELBEE A & &
Fig. 3-4 Amylose content of native starch and modified starch
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Fig. 3-5 Hardness (A), chewiness (B), stickiness (C), and elasticity (D) of native starch and

modified starch
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HRASE9>FH 5 25 A A RO A 0 PR ) A B A 3 I, AN K 23 7 S i B e A5
Ao A PR 3G R US8Y () B T M 2R 5 A ) T AR T ] S 11 kD
72 T BB R FE R I B IR DR o Gl R EE P AR Dy 1Y 5 SO ) AR FE, RT R SEBE n HK
i, WYA ISR e, L YDF & 9.98 fife
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Fig. 3-6 Solubility and swelling of starch and modified starch
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HFUE K5 W80 PRI R RS PR ARG, AE VR A P4 rh DR 5 JHL 45 ) e MR Ty e 11 o A
R S BREBERR I S 5 K 25 &, FEORBEZKIIBE T o REZK 15 SE AR b AR RIORE T 245
N EBEE MR BRI S B A 0%, HIE 3-7 %0, % YDF, CM HIHTKM: TR
17.2%, FKME LT 84.9%, RIVEBSRIIZ AR E ERFIKYE, DI MAREE ),
REMETE Ae e BRI N 4%, AT BORZEK 5. WY.L WYA. CMA 38K T #r/K
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I, AT BEIRTS T VE R UKL TG i 28 X IR AN GE Ry kL 2 A (R 25 & ), 837K 73 B
MERG R I AR R ESE MR, BAMTH . IE4h, Zhang 4O EEEEM & B S
HaAE RS, EEEEN SR E NIk B SRR R T i, 534
FRIR AT K, X R T WYA KSR B s i IR R o et ve B B 47 /K 3248 YDF
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PR AR T3 B O BE K 45
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Fig. 3-7 Water separation rate and water holding rate of native starch and modified starch

3.4.8 BTSRRI R

SEVER AL TE R (RDS) & BT YDF Bk 2 FRE&EH, WY 1)
RDS & WYA I 31.66%, CMA K RDS Lt CM & 9.46%. Bt iEks Hte w4k
JEN(SDS) & EAHEL T YDF B4R H LA H2, WYA B SDS bt WY 175 4.70%,
CMA 1] SDS £t CM 1a 11.83%; BUPEvE Ry PR R (RS) & EAHEL T YDF 244
£ ETa%, WYA>CM>WY> CMA>YDF.

SRR BT AN R RE . VAR RN A K A L iR 25 R M e R o A Y AL TR
., RDS & BRI 25 ) PRI F & k%, RS A1 SDS #2815 78 A4 1 A~ 2 114 46
Bf E] PN PRIE T 7. RS R EEAFAE T8k BORL ) 45 5 X, e ) A2 v FE A 7 ) XU e
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ZERL X3 XS DI R o T HEAINARH R, s A PR IS e A, B
THEULHEAN T 5 245G, ML HUREARAE /IR 5% ; SDS A7 T ek itk 4 &5 b
DA AR L i X 2 T RS I DX dek o X X S5 R T G di XA AR S i X 2 T,
K3 IR e ABANINGS 5 X K% . RDS 32 BAFAE T U0 BURL A {45 i [X
(TSEIX D o IR XK LRI BONIRTEL, Sk 7> THEITC R 2 5 Wl H i AT
KA, PRI A BEAR RO, PR () RDS SR T R Eh, K SHEm etk
PEALER 5 AT AR RDS &5, RS S EL&ETHGER, 776 WS B0 o5 e
Rtk R WGl e A B 7 AR Ak B T DA SRR AR P AT . e Ah,
WYA ALE SN AR 7 T DU AR B ik
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K 3-8 PRYEALTERD . BHALTERY . BUHALTER AT
Fig. 3-8 Analysis of fast-digestible starch, slow-digestible starch, and resistant-digestible starch
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Fig. 3-9 Heat map of physicochemical properties of Euryale Ferox starch and its modified starch

(A) and correlation analysis diagram (B)
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HIARE. Bl a1 A B IR A KA &Y, 62 NEXT BEE 1Y
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MAEAZI, BAEBREgG R a7 oY, ElEEasEA
i BOKACEY . BRWT. REEAT4E. QR R AR, B 2 N A R
BE B 5 SR [R] I 35 Bl A B AR o AR ) 1 ZAR S AE T HAE FE M, 7R 50K
APy AR SRR POE R A, ARFIE G AT RO, N SRR, B
Ab, AR R FE, ATRUMATI ). &5 FEapdk, BEW i A FHETE
B CHMTREEE. @MUK TR S, B SEL R
HAx. BEE AATRH i B 5 s AL, AR 2 i OB B P ) L 2 3%
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EAZ S0 50 Jo7 T SIZ 06y B9 N AL SR 2 AE IR G 12 77k o IEAT SRR AE PR IR R
SEOG IR b Rk B R B, BRE WAL s T T S 6 U A B DR 2R s
IS HFEAE PSR, SRS B S . i B R O i B S
B 2 R =S8, IR BIRENSHAS.
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R, 2. B SEW. BZRR. 2. K. M.
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R 4-1 LI

Table 4-1 Experimental reagents

Wil 2093 I
FIEEIR AR v [ b )
LR AR [ 245 £ A1 A 2l AT R A+
A AR [ 245 £ A1 4 2l AT BR A w
KT AR [ 245 £ A1 A 2l AT BR A w
TeTK A % b AR B A S = AR AR A PR A 7
3,5- HHFE KR AR FlE MR A IR A A
TIK LI AR B AR PR A 7]
4 R AN AR [H 25 5L B A 2l A IR A w
422 (UEERE

K 42 TN
Table 4-2 Experimental instruments

& RS e
R SM-705EE WEIR L) BHIRAF
F B XA DHG-9055 g tEREAES A IR A
AN WA T TU1900  dbn 3 #fris FAE A R 5T A A

5 [ B (IR 2 B TR A R T S 06 R4 CPS-I U5 8 TR TR A F
4.3 SEWHE
43.1 HIZEFRIE
JFRNE A (Bhi . Z 5 MmE. the WM. K. B2, &0 K580
MEFZTFERY . 2980 2SRy - R S)-FF IR A IR-VI 2612 500 (GBAOXU,
140 ‘C, 28 min) -3,
4.3.2 REFEEMEL S

RAERT A TisLEs, Fetpi 24 g, Z200ERE 12, 25 1.7 g, & HEW 25 -
K30g. BZRK3.75g. Hk 7.5 g.

4.3.3 ZzERGHN

SEIERETT, RN SININE (5g. 10g. 15g. 20g. 25¢g). &%
YN INE (45g. 50g. 55g. 60 g. 65 g). MKAIMARIIE (452, 50g. 55 ¢g.
60g. 65g). MEFFMAHME (9g. 12g. 15g. 18g. 21 g) M ILFEE
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FRISZH

4.3.4 REFNIRE

SR, FIERE IR, MNRLLZBEATEE . WK 4-3

R 4-3 RKRERER VPN FRiE
Table 4-3 Euryale Ferox granola bar quality evaluation criteria

| TEYT ARV B4
P 5], B IR (0 B R R IR 21~25
AR5, BRI OBOREER, WA RIS L 11~20
R, BB, A HEEMILR 0~10
R AEIRAE R, AWM EETS, AR, R, EREARKIR 2125
ARREFRZEEWR, AR, WA AW, Bk, E0REA  11~20

ERRRTS
TR TAHR, AHERER, Bk, SRS R XK 0~10
U FURGEIR, AW EGSE R, BRE R, BAEET, TRFBmI NS 21-25

H I
FUBRR AN, B o R B T, B RS, Rl RHREROE |, WEEL  11~20

T, ST R O B o I g B
FURE 2, MRS RS, m R B RGE, SO, AP E 0~10
(ARG 2 Bl oF % H B
i MR, ToR4E. AR, SRMEEEEEIER, USR5 5 21~25
B AMERGER, eSS B, SREEEI S ML, VI 11~20
FLIREA 5

SMERAIE G TERE, I REE, Bl BIAEEEI S, U 0~10

TALIAA S, BAFAERCR AL

435 KEIREBFIETZ

2% Gel"VE RTS8 TR T 1%, AR TSI 0 28 Sk #hATIGIR 56 55 14
AEFE CALFERS BN 5 min, AEFLHLEA 120kV), SRJ55 % Shenl' 014 A (1) J5 1%
FITERERUER, RBRBTE L 5:2 BRI AT EERR, IS B 2K, TR’
A149%1. F 10 mol/L ) NaOH 75 pH £ 3.5, AR NEFE 12h f5, £ 50 C
T 12he BV ETEAFES, BT 150 CHEsfL 3h, FIL/KOESRG 3 Ik, £
30 CRMET, WHE KA. REEBREILEIS A=k, 2Em. BFEmin
KIBERFE, 50 CHFRIEE, Bl 100 B, SR,
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4.3.6 IR BRMBERSTHE

WRER S ININE 15, 204 25, 30, 35g; HAMZM&E NAZE G, #E
3 R0 BE 2R VR 0B A [ SE A 20 0 304 404 45 g, FRATARAMEALIN E, BT s
I 0 AR TS AL R R 52

WE ARG 20, 25, 30, 35, 40 g; HAMZM @ N9k, Rk
R0 B R R I B [ SE A 2 N 25 404 5 g, BEATIRAMEALINE, BFREE
RN I AR AR T AL AR P O S

W HERNINE 30 35, 40, 45. 50g; HABSMWE N L. AZY
F A R TR AN B R = A2 8 254 304 5 g, BHATRANEARIE, WR A
RN 0B AR T AR P ) 52 )

BOEBET BN 3+ 44 5. 64 7 g HABSRAFBOE ARSI . H
2SR IR 1 [ B E 4 A 25+ 40, 30 g, HEATARAMELINE, BRI
I AR A T AR P AR

4.3.7 REHKBENME

RYE Englyst S5/ 7735 ASMEAGTE . FREX 200 mg #£0T 50 mL &0
W, 430N 10 mL pH 5.2 /) 0.1 mol/L BEERENZZ R, R 24), BN 10
mL o-3E 3 BE(290 U/mL) ATFELLBF(15 U/mL) TR &35, B T 37 CIEIE /KB # T
Iy S BUKAE 204 304 604 90, 120 180 min FIEEMR 1 mL, HPLUEMA 4 mL 95%
UK N, 250, 13 E3EW. B IS 1 mL, e w20 &, DA ) 9t
AR TERD KRR AL BRI AR A AL K A2 M 2R 1, X /K g it 28 5 B R) ik AT
Mo, 13K

HFE RT3 % >4 22 % 0.9

VER KIEF = x 100% (4-1)
RFFE

4.4 ER55%
4.4.1 ZERMENESSZEMRIVTEMm

WP 4-1, 728 SLFEHRIN S 5 BB 2% SV & (K48 K S B0 S T G B
B, YT SZYR IR, 2% 9z FE M b Mk DR B 2% SRS AR, S0 2% S JEURFK)
PR B ARBE 2 2% S I Tl DA I 2 S i KUk, {ER ISR A SRR IR £,
AR R D, XS R 2R SN Th R 2 By 25 0 5 B e AE, SRR R0
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ARG NI 2R 25 T /N et DRI W8 o K] 1k 52 JRC 2% Sk VS N o 15-
25 g N H-

90

85h =

WSETIINE /g

P 4-1 2SI TR TN BT 5 S 2 e i St ) B2 T
Fig. 4-1 Effect of the amount of Euryale Ferox powder added on the quality of Euryale Ferox

cereal bars

4.4.2 EEMRMENREFZERRBR

EEEREIFREENELI, R T NEZRIZRAIRSE, & &R et
At AEERXAF VI, BAAK GUEM SRR = B DB, Bt
ik, EEHIFEZmE. UrrE@mEait. WK 4-2, JRmeh s
I, KB ZEHWRAL, I HEZRFOMKE, K. M2 g
M2, ZHRIZE ORI, I HZEWHEBGR, MR ER, A RA,
FURCHRS . Ze b RELRPA T, RIS R EI6PE, DBORRE. FlkeezE. 2pis]
SERIT U AT IR 2 Bk 2 R B A 22 PN IR 2, T 2R e AR VR OO
HABSREE . BIL B 220 IRINE 50-60 g JykfE.

4.4.3 {REFAINE XK EE MR

gk 2 — R A S B CGREAE 8.5%LA ). S/ N Hhy, &&
AR RRA BRI FRE £, AR, DFF. RIS . ERIBEEA, UK
%, AR AR AR R G S o U] 4-3,  F2H it Jo BB 36 IR A B s I (R 1 o =2
BLH St K e a5 o usIn AR A LD TG, e A B i, g i
RERE T o BN ERY OB LUK, 2t . & 6 1 S5 DU il 25 -1
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T3, R AR A VAR N ) B LU 22t xS AR 40T R b 55 TR A R VS
& 50-60 g Nt

88 -

86

80

40 50 60 70
EERINE /g

] 4-2 AR VAN I BN 2 S5 22 48 o IO PR 52
Fig. 4-2 Effect of the amount of whole wheat flour No. 6 added on the quality of Euryale Ferox

cereal bars

W4/ 4

70 T T v T v 1
40 50 60 70

IR INE/ g

P 4-3 IR AR A I G0 2SI 2 0 it Jo FR) S
Fig. 4-3 Effect of low-gluten flour addition on the quality of Euryale Ferox cereal bars

4.4.4 FETHBRMEN KL MR

AT 2 — M DL N BB TR &0, B S a4, e, 4
PERAYI, B GENMRF AR, EEHIFREZDIT. me. ot
SGAEREE . B NSRS RS, FULECE, Rt IO IR R, 2
TEEE IR R ARV EAR R P . Wi 4-4, MR 5T B A S TR R (R o &
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S SR K S B, DR I 22 TRk M8 22 i A 2 ok HL VIR, (R
Z W INFEE TR AN REE 22 Y, Hoos SEE AR FR I S FLIR o e T4
K nid 2 3R T ZLAEFE B W RN L 5 B RSSO S5 AR F) . R b AR A e S T
N INEE 9-15 g Af .

90

75

70 ; . I . I
10 15 25
e TR /g

4-4 FHESZ TR VS I BT 2 S 2 s i Jo FR) 52 )
Fig. 4-4 Effect of oatmeal premix addition on the quality of Euryale Ferox oatmeal bars

4.4.5 IEX LRI ZE MR

H R ZIRIG SR, 2 R LR T H R SEI N E . I InE .
AT I E . ML TRER RN E AT 3 KT 4 AR LOGYHIERT L . LI kit
Nk 4-4,

R 4-4 1B ZKTR
Table 4-4 Orthogonal Experiment Factor Level Table

PR 35 44 WS g A K /g X% /g HE TR /g
K1 10 50 50 9
K2 15 55 55 12
K3 20 60 60 15
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K45 IETSERTT FAMNGE R
Table 4-5 Orthogonal experimental scheme and results

Gis  KSEHi/g Bk i /g AT A /g KH L R g
1 1 1 1 1 76
2 1 2 2 2 78
3 1 3 3 3 80
4 2 1 2 3 82
5 2 2 3 1 82
6 2 3 1 2 82
7 3 1 3 2 84
8 3 2 1 3 87
9 3 3 2 1 81
ki 78.000 80.667 81.667 79.667
ka 82.000 82.333 80.333 81.333
ks 84.000 81.000 82.000 83.000
R 6.000 1.666 1.667 3.333

SERUR 4-5, FUMAZSEZ M S i YRR IR ROV Sl in e, Fikou s
TR NG, Z 52K 228 . 73 A% AsBoCiDs 1 AsBoCsDs B 77 #E4T
il 24 2% S F2 M TR AT IR M, AsBoCsDs PE70 A 88£0.5, A3B.CiDs P93 86
170 HNULES AsB2CaDs FLJs, BIZRSERENINE N 20 g, 2 BHmingE N 55
g, KHMEINER 60 g, HMEZWHARMER 15 g.

4.4.6 ZSLHRME X SRR ERE I

Wl 4-5, THAERBEAE 2% ST D& R R R S I 2 BRI 3 = e . X T RE
RHTRESHERE TR, WKBRETRE. BILFR. FHTER. LR
B TERATHEY I R, XLl W o0 =& 4 e B v A B B gy, %)
o B HE TR AN a-VEXy IS 70 BAG R I A AR (H R SN 2% Sk i
ZIN, BAMEYIFUEZ, HAEmEEMIE 2. BRERTHBINELE 20 g,
25 g 30g wHREMZER, HEFZEIRHNER LK, KILEESH I
Tn&EA 25-35 g.
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25004
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SRR g

P 4-5 2 SRS ot 28 SEAAE B 7K Ak 22 A B T
Fig. 4-5 Effect of the amount of Euryale Ferox powder added on the digestibility of Euryale Ferox

meal replacement powder

447 BEERHMENZSRBMKBRITIN

i 4-6 fs, KAEZEBE 02 SR MR QRIS B, =R
DRI R AR S 8 B a-TE Ry B 052, 206 o=V Koy i A st IR
HREZEGHWE S RKERER, BN 2 Ha5 NEZTEN, L InKwE.
DRI 126 5 1 25 S AR NN 20-30 g
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1130 d d
1400
1350

ﬁ'

7F

7J<

20 30 40
(2 EINE/ g

Bl 4-6 2 OB e 0] 2 SEARE A K i 2 (1 52 i
Fig. 4-6 Effect of great northern bean powder addition on digestibility of Euryale ferox meal

replacement powder

4.4.8 BEHAMEBXMN KSR EBKBERNR I

N 4-7 Pros, JKAEARBEAE 22 AN TN I A 1S K S D5 P v e 5
RNEZ P EHERZ R, BRRPIGESLE PRI 2 48 5t eis
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18.13%. FERLUEAZPOKME, HUtFZmfCRb MK, 1% 4-7 (&%,
IINE DRI Z N NE, L E R IR 30 g.

2000

_\N_ 1500 5

AR

1000

3IO '1I0 -SIO
K 4-7 ZEZN TR N B0 2 SAREEA AK A R R S
Fig. 4-7 Effect of quinoa powder addition on digestibility of Euryale ferox meal replacement

powder

4.4.9 BFHRMEBM ISR EHK BRI

Wkl 4-8 o, BEFRIINEIS 2, KEEE TRIES, X2RABEFH
B R R, XM R TR AT, BR S IROK BZIK TR R BOIR
VIJR, REGERE a5 7K A IR e, AT BRI A A 2 o (ELJ2 FEAN & TS 0B = B ik
LT, BT RREIR, PRI AR AT B SN LR A F . Rl
NN 3-5 g.

1700 9

)
=)
1

HRIERR B 41

i 6 5
Bt/ g
P 4-8 JBE RS oot 2 SEARA R 7K Ak 2 1 B2 )
Fig. 4-8 Effect of konjac flour addition on digestibility of Euryale ferox meal replacement powder

4.4.10 MOz EEAL SR

FRHE B[R R S IR 45 IR, ) e 2R ARy AR N9 30 M 82 [H] 5258 DA S8y (25
30, 35g). FHZESHR (204 25, 30g). JEFEM (3. 4. S5g) BIMEA=ANTE,
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A ZIEE =K, HYE Box-Benhnken HP U2 A 56 15 11 T B i3k 47 i I TG
SEE, WNEk 4-6.

R 4-6 M ST 4E R

Table 4-6 Response surface experimental design results

Fr 5 A K /g B HZEE/g C BE¥Hn/g N S
1 25 20 4 1543.75
2 35 20 4 234234
3 25 30 4 2446.80
1 35 30 4 1804.01
5 25 25 3 2230.45
6 35 25 3 2034.49
7 25 25 5 1510.74
8 35 25 5 1539.26
9 30 20 3 2337.52
10 30 30 3 1978.25
11 30 20 5 1636.66
12 30 30 5 1573.04
13 30 25 4 1425.25
14 30 25 4 1382.41
15 30 25 4 1739.84
16 30 25 4 1346.36
17 30 25 4 1422.39

M I [T S 56 45 SR 4-6 Jiizs, H Design-Expert 13 %} PAZE SEARCE KD 4441
IR A2 e AR Y [ VAR R BEAT S0 5, 45 2K R Bl R 5 A

Y=1463.25-1.45A-7.27B-290.13C-360.35AB+56.12AC+73.91BC+259.17A%+31
1.80B%+106.31C2,

R 4-7 A1, ZBALA B B E K (P<0.01),  UERsRZE 2 HBENLIR 2
FEM, R? =0.9140 FIR/KMEZAILL 91.40% 2 HH SL58 H (1) = AN 2= 5121,
Wi AR AT DURH AR O S8 AR AP A 25 FAR U Hb AL, RES RIA 75 JEURIX 28 5K
RAEFIKIER .. P E/NT 0.0500 KRB AITEA B &M, EXFREILT,
C. AB. A, B2 HZEMHAT, KT 0.1000 HIE K BB A A E 2L

49



LRI R A 2 iR 3

R AT R T M

Table 4-7 Analysis of variance of quadratic model

J5 22Kz -5 A H H %175 F & P EN
A 2038000.00 9 226500.00 8.26 0.0055 e
16.94 1 16.94 0.0006  0.9809
B 422.97 1 422.97 0.0154  0.9046
673400.00 1 673400.00 2456 0.0016
AB 519400.00 1 519400.00 18.95  0.0033
AC 12597.82 1 12597.82 0.4595  0.5196
BC 21852.23 1 21852.23 0.7971  0.4016
A’ 282800.00 1 282800.00 1032 0.0148
B’ 409400.00 1 409400.00 14.93 0.0062
C? 47589.95 1 47589.95 1.74 0.2291
R 22 191900.00 7 27413.89
SRAUIA) 92083.29 3 30694.43 1.23 0.4082 A
gl = 99813.95 4 24953.49
M 2230000.00 16

DR 2 B 25 DR 2 1) PR A2 AR FH X 7K AR 2 PR 5 Ve s A P S22 B e 7 1 ] 1=, i
TR BED, 1% DR 25 BAE AR K AR 26 B S AR B AR . T 4-9A J28 S Al
EOXH, K 4-9B NAXZEMEETMLH, B 4-9C RS S5 BEF M.
1) FH e S THD &5 SR 3 2% SR Wy S AR AL IE 7 o 2 SER VAR 31.065 g, #ES7
¥ 30.000 g, FHZEEH) 25.141 g, BEFEHR) 4.703 g ILAC /7 F A HAK/KEE 1331.04,
F R LI HERAYE, e R R SRS INE N 31.0 g, ZERMEINE N 30.0
g, EETRIRINER 250 g, BEFEMRNINEN 5.0 go 7EHCELT T llE KRN
1307.84 5L TMME AR -

4.5 KEING

A EE F2 BN O S A2 R 2% SEARE M BL 77 AT LA AN 72 o AR R A 22 Ml 7
PR HEBEHATEIC, DUREVFEE iR R, 18 508 3= Se e it 70 & R in &
XSRS R, TR E & RRHA TG . KSR ISINE 15-25 g, &
FEIINE 50-60 g, RATKHAINE 50-60 g, FEFHEHHHY 9-15 go AR5 ER
SEIGH E 2% IR R BOE S N, X AsB2CiDs Al A3BoCsDs e /7 i AT VR4), B & Hfi e
BCJT A SR INE N 20 g, FMEINE R 55 g, IKHRRINERN 60g, #
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g N e e 2 VAT

TR IS INE A 15 go 2SARER LUK RAE Atehs, B REERE 3 K
P, RSN 25-35 g, HZEERINE 20-30 g, e #ERMNE 30g, BT
Ky 3-5 go SRJGHHATIW NI 4T, BERC T AR SR INE N 31 g, #HE
AR N 30 g, AZEEMRINEN25 g, BTERRNENS go KEIEMK
WHRE BT RSB AR A, IR S S m A BN .

4-9 T Rl Z AL FL 1 B TH]

Fig. 4-9 Two-factor interaction response surface
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£ 55 RLEMKEHELSEREINELS

=

5.1 By

il

TERHE NRCR Al ZR BB R, AR T 2R A o fh &
i o E AR N AR 7 RE R 1 B BRI, 1T L BEIR DA KU B K
SN BEAE BURAETE 1T 22 I PRAN & S K 2528, ORI 2 I FEOT IR RTE &
VIR E IR M R AT A2 o SRT, & B AEH IS S A S
LA S, Wik, BrMEa, SR SRS IR R N IRERTT . BEE
IS TRV IR , 3K 2B I N 1 B AR ORI B AR o AF 9 NS H IR & Bk A &
YR ZEZRYR, AT SR AT AR TS R AT B i R . (Rt AL
ARG RERA R . B, T8 BRI 8 e NRIRE & et I AL 61 iE
MBI E FRIER P i B RHE R SO SLAEN S 3 d R R LR A AR 8
A, RENE XA IE AR, SBOEZ M BRI, sk FEREAL L i
TR o PUARMFEIL AT A dr 2k, b A, fERELE 5 M i
AR EEAE R AR, BEERPUAATE RN, TR ZaEPiR
AT Ry it FH = 24 USRI 78 0, 5 ARSI R SRS R 5 i B i S A )
I NARGTEALRE ST, it >,

HL SR Ll ARG I T IR AR B 07 A ARSI 2R 4, FBL 7 S R AR MR
JEERRETHIR), HL o UASEADL 1 R e 4 55 A0 S LA A BLA o F S AT
Tl ARG AR IRAS PRSI B R AT AT . X AL UM SE L)
J5R R AR TS

5.2 RIS

5.2.1 ¥R5iK5
2R 5-1 SR

Table 5-1 Experimental reagents

vl T FAE %
EPTEEARE T 50 /48 Ff TN ERE LD BARATIR 22 7]
AR B IR BRI R 50 /48 Ff TN EHE D BARAT PR 22 7]
mEEF. Amg - [iERZYaPS
§SYL aen =g il el - R ERA R A A
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522 (UES5EE
® 52 LI
Table 5-2 Experimental instruments

& RSy J %
B 4 PEN3 AR B ER B R ST AT
B SA402B AR B IER B R TTEA A
JRAEI AR FTC b B RAE R R IR ST A T
AT WA TU-1900 JE 3 i i A A S A IR 5TAE A
TR EAL A BT A OXITEST bR AR E R R A IR ST A

5.3 LAk
5.3.1 {RINERYIEHCMR

7] 4.3.7 W777%, TFEHIERKEZR . JERKETEE(hydrolysis index, HI)
THITI22AE Origin 2022 !FMEFL e DA (B AR AA AR, SER 7K A AL AR K
IKARINLE, THHEAMA. KRER . KA 180 min FITEN KA 2R T
T FAFAY ?}ﬁénn%Eﬁﬁﬁﬁﬂﬂﬁttfﬁaﬂt%%mﬁﬂ ¥, AR -1, &Y
(R RS AE B E(eGL) AT HTE ¥ K i fR Bt A8 2], WA (5-2).

ANJETFE g T 1 26 TR
0= rawit i 0 (5-1)
eGl = 0.862HI + 8.19818 (5-2)

5.3.2 BFEMR

O3 SRS SEAR BN B 4% JEORPRY 1.00 g AT 100 mL Z&1/K IR & HHi #4151, f
4900 r/min &0 10 min /5 E3EWR, RABFESHAR GF. B 8 E
HEATIE « F KCL AN A BRI &1 RAE S IS, s /?a/fﬁzjjﬂwmﬁHCL
IEMGE RN KCH/K+LBE+KOH., KL s B T S s A% 30s, MG
CEBEAT R SEARFRINGE . DRINHAELY 30 s, MARsEHE s S EmEYE 3 s, HiX
BEAT I, MR 30s. ¥, WL B, FEEM 4 W, @REEN 5 K, BUS
3 BB AE AL

5.3.3 HFEMR

BHTERBION T, AL 0.5 g 7 S2ARE K . FORI A S m L 22 18/KIE
51, HET 25 mL HEIE, 7£27 CR:FFFPA 1h, RAHETFE (10 NMRIKRE
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L TR R 228
JEES) X HL AR BEATIN 2 o MR AT, SR B 275U 300 s. MRS ECHN: W&k
F1E] 80's, MIERITE] 80 s, ZEFFWIAIN 10s, S ARV E 500 mL/min, R EE 4
W, BUG 3 IRER N1, BT 28R RESRHENTINER 5-3 k.

53 HTEMLRESH

Table 5-3 Electronic nose sensor parameters

s ARIRARRIFR LIRS e

1 wiC T BRI TT F RS

2 W5S Wi S PSR e, EE RN R A S

3 W3C FERME IR A

4 W6S F BRI

5 Ws5C FERMEERERUAEDD . 7 TGN S
6 WIS M SS90 S L, R PR e R

7 WIW XN S AN LSRR . IR & P U
8 W2S e 2D L, AN e DA B o 0 IR S
9 W2W F TR 5 A A UL S B WAL

10 W3S Xof FGE 8 P B ik

5.3.4 EEERAMR

BRI SR E T A b, 1+ TPATOOON, MIRHEZE 2 mm/s, ATHE /1
03N, JEHFEEEBN 60%, 1=EHTEIFE 5, WIS 2% SCEate Rg e . ot DA A% IH 0%
P, EHE 3K

5.3.5 ZHESIARANR

fE WA EAL T, R ERE N 700 80 90 C, H3iESH (IP)
B, BRI, MNEIFKBIEFITEE, ThE 25 CHRITTLEH,

53.6 BEByESENR

LRI 0K 0.1 g 28578 FRARE R AT A5 5 I LB O SEZE PR 53 T
ANZEFEROR,  BARSEI D R ABGI & U F 9 HE. 78 760 nm MIEROEE . 221
iRl 2, AKX (5-3) HEIAE DS &,

EEEmMg/g = 25x+ W (5-3)

A x NRE SR mg/mL, WANARE g.
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5.3.7 IE MR

TP 0.1 g ZESARASR AN T B 2 I LUK O S BRI A NN 2 S B
FLA S0 PR DB A i B e Nl G i W45 09 . £E 530 nm 4RI EROLIE
THE OMiGRREE /1. AR (5-4) THEHAN S FIERE.

MTHEE RIS — i E R /E
EHETIER - = — X 100% 5-4
B3 9 5 T8 5k S 0 (5-4)

I 0.1 g ZE AR AN T B 72 T LK 2 S Rt B A NN 22 52 AR
HARSLI0 D PR LU PUE AL RE I & U B 509 1E . 78 593 nm AMEWROLSE, i
A (5-5) $ZAE R THE B P AL RE

BITEMEES = 04027 x (AA —0.0134) = W (5-5)
e AACAWOCEEZEE, WONFER .

5.4 ZRS5 St
5.4.1 {ESNEMELE R4

—— i
—— U5}
——

JKFE /%

1 1
0 50 100 150 200
b TR)/ s

B 5-1 e 7K A ith 2
Fig. 5-1 Starch hydrolysis curve

W& 5-1, [ B L 0-30 min KRR PE T E, £ 30-60 min,
IKIRRAZAA K . 7 60-90 min, KRB K, 10 HEHACE M R
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IR I NG LR /N 7E 60-180 min B, AREK IR AR ZNG T, FbRKfif%
€ 120 min PP SN . AT BEARK AR R FEZBRFRER, XKmE
MRS AT Ry . W3R 54, DLATHGITHRETEECH 100, Rk FIZZ R
T THRETE RN AR 33,55, 42.42, B GLE A A= K (<55). 1 (55-69)
Fim (>70) U581, PR SR M RN 2E S 3 R 38 &8 THMIK G &

1% GI 12 Sl IR O AT RS, A B TR MRS, b ks, M
T AEF2 A B L F0TT R Fa< o Ao JIE 0 55 12 1k 0 7 T R A RRRAE s RIS, & &
REATrat, SINEIEE, FFREIRBMRE A MR R, R B A i B T B 4

* 5-4 Al fpE A R 2
Table 5-4 Estimated glycemic index

T HI eGI
Sk 4446.74 100.00 100.00
B 1307.84 29.41 33.55
R 1765.45 39.70 42.42

54.2 BFEGRSN

HLF i Il I A A S S A O S 5 B AOR TR, ] DS AN [R5 22
(AL RV AR AN R U005 PR SRASE DU [ — PRI AN (R AL BE 5V P T BRI RTE 22 57 . 9 T
W TR 5 FLJEURL 2 TR B B 22 5, RHBARBEAT VA 7

U 5-5 Pw, JRFA AR TR, FORMIR . JROR IR BEOR, EE R (i
DRI L AR BHIR, SEWRAE /N T2 ORI TEMR s, BIAE 40K R Bk
B BRAE RS AR T, AR LSRR i S AR 4 AR /N T-6, AL, X
Koy B I JFERAS AT R

P 5-2 W] LA M7 04 0 Jr st 25 JEURHAE 5 TR [ R B Y2 R [ Wk 7y T 22 S Al N i
FERH S B S PAR T T R R 2200 o SRR AR SN, (R AR AR .
7= AR R AR ALIS, BEY S ORI ERIRAR . 27k B0 i 1K 32 ZE RO L B &5
B, WAREE ARG . W SREEAT Z A hRETEIE ], bl LK.
O PRI VE I AS o AR A LE 25 BORRZAR EERCI T & 5-3 X g 73 5 IRt
17 PCA Jptfr, SEARREIL 1 AN ik 94 1, AR AE PC1 B DL PC2 A
P T 25 JEURHAR AT R TRV A7
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= —— fREH
3 —— Xk

X

#

$E§<ﬁ%@%3“«jff;ﬁ~”/ R I
fie
K52 Lyl 5 RERIEE
Fig. 5-2 Electronic tongue 5-flavor radar chart

R 5-5 TS BRIRRRAS

Table 5-5 Results of the five taste indicators of the electronic tongue

TR ERR TER[EISR JERREIRR Rk EEE RK LS
ZEHW 000  0.00 0.00 0.00 0.00  0.00 -6.00 0.00
&R 1317 3.18 0.09 0.42 8.43 1.31 -13.98 9.35
1344 331 0.03 0.45 8.22 1.45 -13.95 8.72
13.54 339 0.00 0.49 8.02 1.43 -13.93 8.14
5K 1720 1.19 0.00 -0.02 3.90 1.50 2434 20.07
1749  0.68 -0.06 -0.03 3.74 1.53 23.58  18.69
17.84  0.85 -0.07 -0.02 3.73 1.59 2329 17.52
HZEG 1577 -0.88 -0.30 -0.38 1398  1.00  -13.17 6.22
1628  -0.83 -0.40 -0.40 1405  1.12 -13.12 6.15
16.58  -0.78 -0.54 -0.36 14.04 1.0 -12.95 6.02
ik 12.04  -0.63 0.06 -0.18 7.22 1.60  -2034 1221
1240 -0.63 -0.01 -0.12 7.19 1.65 20.18 1135
12.88  -0.70 -0.06 -0.14 7.08 1.67 2021 11.90
JE 933 5098 0.39 0.31 1033 1.60 -6.57 5.21
9.48 587 0.16 0.34 1033 1.53 -6.37 5.09
9.64 578 -0.20 0.34 1037 171 -6.23 5.07
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543 BFRERSH

ARAE K P2 L SR L 7 S A U 4 R ] 5-4 P, A 2 AEAR RS 6. 7. 8.
O AR ZE S, O R KA F A xS B X LR & B LA A
LI MR EYIBUR . LE2LL R ER > I3 B IR &V K S AN &Y.

BEFFAEAL RS 7 R0 O W BB =T, 7 A9 HAR AR IR AR S iR ML &
Y R RS . XA RE S R T AR IR DT R S e . 2. BEESE.
SH - S R AE S R RU, BT EAL RS 6 A1 8 AR AN, 6. 8
I RNS T e S o 07 A IR SO, e BAT W SRR, A E AN
AR Ry TR TR R =l

K 5-5 Won 1T 5 PCA o4 R, S RHEEIAL T 10 4 R, AU
Aot 2 4 IR, XU R AR AN Tl B JEURFERY), 5 5 SRR IR
ETHEAEA, SRR T AT JERE R 7

4 . . . .
: | ' =)
| R =E )
&%
5 4 _ i %
_ BT
>
==
20 s
ea]
O
N
4]
[am
72 - -
R
_4 - -
T T T
4 -2 0 2 4

PC1 (47. 5%)

Kl 5-3 HLF % 5 %k PCA &
Fig. 5-3 PCA diagram of five tastes of electronic tongue
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PC2 (22.9%)

—e— 7tk

A

—v— FE

& 5-4 T AEIAK

Fig. 5-4 Electronic nose radar image
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PC1 (59.8%)

K 5-5 T4 PCA K
Fig. 5-5 PCA diagram of electronic nose
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5.4.4 ZERMWGRTH

2 PR 5 LR 2 2 A I S LR b, 180 SIS B2 M R 5 ek
R . RELIEE 23 504 345.70 N 5.94 mm. 40.60N. 241.23 mJ. B2 HAl
W& G TR BE B RE OB T2 S0k, R DT & AU 2K s Sk 2 13 5 BRI T o A
FE SRk BRORGPE. PHAE I RN T bR . 1 e KU 1) SR E e ) B
JE R ME 23 54T 600-800 N 400-600 mJ S\ 5 = T2k . m il A A 1%
R I TR, (H R SR A FH 8GR G AR MR R 350 R 22 = L B BB AR
HEP il 1) e, AN FEU™ o DL RH g

5.4.5 ZEGRAGRSH

R SEFZ R ERE S & F, ORI R 20 kA AL, TR 2 4 i T 22
AT ] 5-6 B, MPRmGEE N 25 CHE, & H TR 227N 458.53 h,
BJ19.11 &,

80 §
75
70 - %
- =
60 \
<551 N p=0.09352:7-17.49625x+837.485
I 50 . R>=1
E o
5157
2240
Q-]]:\, 354 N
30 S~
] -
25 7 \\\1
20 ] \<+
15 7
10 . . - . ,
70 80 90
wE/C

Pl 5-6 2 BT I i 25

Fig. 5-6 Prediction curve of shelf life of oatmeal bars

5.4.6 SEAERDH

LB FRAPREE, ERIAK, 43I E R E N 0.0025. 0.005. 0.01. 0.02.
0.039 mg/mL P& & FERIER, 1l &lE, WELE 760 nm ALK OGS 22
FrdEth gk tniE 5-7. FrEp 2R BCH

y = 0.00572x —0.00168 R? = 0.9999
Ty ABOLE, x AEBENRE mg/mL.
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R

y=5.72x-0.00168
R?=0.9999

0. 00 0. 01 0. 02 0.03
B TIRSE/mg/g

B 5-7 SmybR i h 2
Fig. 5-7 Total phenol standard curve
R 5-6 W AR
Table 5-6 Total phenol content test results

S EE mg/g

[IER=F= £ R IAE R
0.074+0.006 0.205+0.006
0.330+0.025 0.903+0.027

By o i ) b R R AR, ARG SN &
BelE S B, LRI IR AN e SR ONSE . R S — SRE E N R AT
W, EATEE ZAPLENERR B B S SmE T IH ARSI iR A
TVEDTRAL R gL, WA FESTRAAE I . BLTTAE & IR0 B B &5 & 0.330 mg/g 1
» RSRE RIS S BT EE IR S 10.91%, Sk ol & et
T E TR 173.64%. RIS B B — € MPTa e ng

54.7 MBKERSR

* 57 prEM TR

Table 5-7 Antioxidant analysis results

mEE R IARER
S FIE R % 2.3340.07 5.90+0.11
SPUEAAE F1/umol Trolox/g  1.23+0.02 2.73+0.05

61
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HEF BT (02 & — Ml A ST I T, A RS — TR
EAEEYRN A NEER: EENSE5MIE ST, W ARSRE, L'
PP, BN, A DNA, 52 ME0RHK. ik 5-7, #%
BT & U], B 0.1 g BRI 1 mL BRI FU B B kR %, 285t
BB LT B TRk AU B B RR & 153.22%, KA M LT & E Fom A
B TRRRRE 25.75%. WIS fh BAT € A & 7B EREE /1, XL
il BT o

BPURMRE R EoR, AR BRI R TR E R R 2.22
i, RSEFEBUAAAMLGET], EEILTHHEEIMIC 24.39%. ZEREH T
AA KB, 20, SESRAEDEERYIE, BT s 5 b
Azt ] AR BRIE 1R 4

5.5 FEEG

AR B PR S it B UR AN D BEPEAS 1 2 Tt 7T, B9 O S R A4 b
A B B B KU T, DL R SARE A AR SN AL T
ST B R PUE T, SRR, RSEEHEIE TR G & dh, )
Breb, AR DK LIPS HARHIE T B OF T hn A BE SRR 2 18], BERELR
FEP7 b R A s S B S B, SO 2 i R P IR LIRS DR X, SRS
1911 K, ZHEBEERNTRBITEETN, AR FHERRITH A
T EE IR, (HRAELSTUEARE /IR S T E T- b 2SR B GI
b, HLT T NTEL S A R I U AT E DR AT LU 55 JEORE S ¥4l , 7 HL
AR RNR S, MRERA B RR, el b E IR0 R 173.64%, fE
SR B I R AR DL LR AR RE D 5 T L T B TRk v o U SR —
SE PR T RETE -
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BT HLERE

6.1 &g

AR Sl A 2 2 A0 X 286 24 B 270 7 28 AN 28 R AT B3 o3 A S Dl ek
P, SR GL W AR g Be . GBI o . B MIAGIE AR B
S B TVENS LS FERAT SSVERIE T, 0 B Sk e b 1) 5% BRAC R S5 DL R AR A AL
Rtk PRJE RIS LA EXSSERI 7T, @I B A IEAS Wi NL 20 A I R BC O Sk
ZERERZE AR R o B Ja e SR TC H ) 2 S 22 AR SEARBE Ry EAT AR 7 B AN LR
GAUINZE

(1D FFRFGZE A 153 MESETT A REERPRLS: EIR i
et 12 P B G RIS S FL I ACRE IR 3 LA 578 AN TERE 1, I 28 i ik
3 PP A PRI S IR RE R R A M 226 NMETERE S GO ‘B #:M KEGG
BESITEREIR, 7320 BB S B AR R O . R R
PN ITACLR P2 W) - ARAE S R AR R FEACTE R IR R, R 2 A A
B EAEIRE AP AE  NE 4r M s A i TR % . IR RO B I S S
T XM A SR BN, I B o A 45 A e A s R A R FE AL, 454 E
RESI NGB, 73 F XM RAGE . WM, TR CAE SR AR TR S HL I R0 55 7 T H
A LT RIRUER

(2) B J7 VRO AN 5 O P A B2 SR, IR A TE R AR e
i 10.6%~40.2% , H 55 V€ # 1 HLPEVE R & 2 40 0 3 69.8%~113.0% -
4.47%~24.4%, CIEVERDFE i RTRL TS0 R AR W A8k, RO AE 1000~1700
em™ J 3000~3700 e A L3 22 S, PERRE L SR L IEIK T 43 ) FRAIR 16.4%~97.1%
46.6%~86.5%- 9.7%~24.9%, WAL Tt =N 18.4%~998.1%. Horr, JEk LK
JE N 16.5%FITHCH: 5 #4-1E8 75 B0 o OO R Ve R R RR AT o e R E L PRI AR
Rt LR R B e, N C BLyeky, BRI S EMPiE S &8 (P<0.05)
T HAMAL IR . TR T 2 S A AR AR A DL R R FH AR R S

(3) R SLR A , W PR R AT R 7 A 7
B S 7 TR SEFE R B AR B T A 28 SERT AN I N 20 g A Z2 KR ININ & 55 g+ KM
NI 60 g MEETFEMNING 15, BERL, GFESS, MR LE, #
B TE . W SARVER LI ST NG 31 g AXEEHINE 25 g. EERINE 30
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g BTIHRINERNZE S g, WHT FRKBERRIK.

(4) X5 SRR FN2E SEAR BN HEAT FHRE TR I i LA B2 Y i 7 S fi LT
T AT BEARTE M IR ARG AR 23 A7 38 FGRI & AT 2 Bk A P8 7 dr .
TRFEFEFREM I THREFE RS B 42.42 1 33.55, BIRTHMEfe s, T a
FHL T A T AR A AR T &% T AR A 1 XU R4 IR BB N353, PCA 43t
PR AR 5 5% JFORE 7 AR X 5 S B E SR AR S B L
WEE RN, 2518 0.366 mg/g F10.903 mg/g. HX 0.1 g A&/ ARk
AN BRI 008 5.90. 2.93, KRTX AT EE T 2.33, REBH LD
FALRE SN 2.73 KT ITEE 74

6.2 BIFTA

(1) R AL A A0 0 2% 24 PR S 5 5 B AN R D RS T 7T, Ak
WLV T 43 7= AN R] dt A 2 S5 R 7 18] (4 22 5 AR, R xh ik e 22 S A D 8 TR 1 LA
B PRI 5 T (IR EAT 20 M, ISR AN () it b 2 SIEAE TR R PR g T (AR 55 1,
1% GI ZZsSR B T A S fit 1 BB ST HF .

(2) MH 2 BEITEN SR AT OO, BRI A . BEAE . Ik
IR AL BE , 22 P i RIIBR 5 A5 FH S8 R TR BEF2 3R A [R] e Ik ek ) TR 4 oz
SR EEAATEAR . VIR GL SR dh PR3- I 1 Bdla SCH

(3) WHER T ETH2I 7 SEBRAYZE I, VAR GI ZZse & dh BT A5t 1
PR FF

6.3 BRE

(1) AU ZEL 2 A0 W3] 5% 245 B 22 06 2 SIAE W s 8 5 4 P R 20 A B 3 1 g
S, MARBATEIY) LI RAE. JT RIS B TR M 45 e i HEmR I

(2) BB LA RIS TR E PP g W] REAAAE — E R M, i A
FRPFAEAE 2SI NBORBR ZE . BRI, NN 9R A 730 B PASR T+ 45 R 2 WA

(3) BRI ALZEL R T T L O™ dh, HA mOFRAE R E S
HAERE. T BIRAWIR, SiaTmfREWHEL ALK, U+
KRR MIMRSHE, WHESI 2SIk A e o
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