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B B ALHpHARmERLAEZE (lotus seedpod procyanidins, LSPC) *F 4 K % 8 A b5 1L 4 K = 4 (advanced
glycation end products, AGEs) #9##| % & E s M9 ¥rh. Admty. B&FAHBA, FmwARR KA LSPC (0. 0.5,
1. 2. 4mg/g) FFH &% KB (170 C, 20 min) , BIMEL EXBF AGEs &, AT EAHMARSE (N-
(Carboxymethyl) lysine, CML) . 4t &ALt S 4547460 LSPC *F 4 X 5 AGEs 89 hl4E A, @ &%, HA#,
A, EFEEFTELNLSPCHEXRBFRERAWH . X%, £XB P AGEs &/ CMLAE
LSPC K B 493§ 2%y (P<0.05) , EBr&EM LSPC K Z A A i 2 FHH (P<0.05) ; % RBRANMK
AR LSPC iR B 8938 4t 235380 (P<0.05) ; LSPC &97An o T £ X /i, R RO ERETHE
(P<0.05) , FhAektRiE I FMER (P<0.05) ; ERBFHEFIFHF R (P<0.05) ; RREERLA F 4R
2F¥m (P<0.05) « AFREAPERLF Z L KBV AGEs AIpHI1ER, BF SR Lk kG o &R H8T
O, BB AL A RN RLERLF Z 3RS0 Tid A2 AGEs 6937 F1F A R B o0 i 69 % v #2445 3248 3L I
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Effects of Lotus Seedpod Procyanidins on AGEs Inhibition and
Sensory Quality of Waffles
TAN Jiangying, CHEN Ziting, QIN Jiabin, WANG Yilin, WU Qian"’

(College of Food and Biological Engineering, Hubei University of Technology, Wuhan 430068, China)

Abstract: In this paper, the inhibition of advanced glycation end products (AGEs) and the effects of lotus seedpod
procyanidins (LSPC) on sensory quality of waftles were analyzed for the first time. Using flour and eggs as raw materials,
different concentrations of LSPC (0, 0.5, 1, 2, 4 mg/g) were added to prepare waffles (170 “C, 20 min). The inhibitory effect
of LSPC on AGEs in waffles was detected by measuring the content of AGEs, carboxymethyl lysine content (CML), and
antioxidant properties, while the effect of LSPC on the sensory quality of waffles was detected by chroma, texture,
temperament, and electronic nose. The results showed that the contents of AGEs and CML in waffles decreased
significantly with the increase of LSPC concentration (P<0.05), and the content of total phenols increased significantly with
the increase of LSPC concentration (P<0.05); The antioxidant properties of waffles increased significantly with the increase
of LSPC concentration (P<0.05); The addition of LSPC also affected the baking quality of waffles. The hardness of waffles
decreased significantly (P<0.05), and the elasticity and cohesiveness increased significantly (P<0.05); the color of the
waffles was significantly deepened (P<0.05); the flavor increased significantly with the addition of lotus seedpod
procyanidins (P<0.05). This study demonstrates that lotus seedpod procyanidins has an inhibitory effect on AGEs in waffles
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and on sensory qualities, it makes the waffles mouth feel more spongy and palatable, at the same time, this paper provides a

theoretical support for the in-depth study of the inhibitory effect of lotus seedpod procyanidins on AGEs and sensory quality

during thermal processing of foods.

Key words: waffle; lotus seedpod procyanidins (LSPC); Maillard reaction; advanced glycation end products (AGEs);

sensory quality

BN T R A SR R N TR R R A
- 4= W) R AN TN M Tk B% (acrylamide, AA) | 4% EF A%
(heterocyclic amines, HAs) Fll B W BE 18 2R 7= 4
(advanced glycation end products, AGEs) 2" . 3%
B|"Z0F . AGEs B2l SEhifE s i Y
BIE R —2858 26 5 BB, OB AR B 55
& FIHE PR IS A5 22 P s 1 R AL IS G, 4N AGEs
SR ARG, 5 AU R A A S R
HE SV KATARINA 45° 2L, dof 22 M A A
THE WS SENIRIRE, I8 R RIE, B A LN I,
fRIEBIKHAEE LA AR . IS, — RISt sr
K, EREMHE S AGEs WEYW S5 ERREHDY
I B AR A — R AN A, U R EREREH, IR B
71 AGEs NI BB IA 2 i N SRR (118 P 1
2. Hitk, AUOE T MEYTHIRE AGEs BN

VAP &5 T SERIAE R R Y AGEs LSS
JrIEAEE AT B T2 ANy ) | esy-(an
BIARE &, pH FIE7KE) 55, S Lb R 2 A9 ARfb ol 1 il
B[R B (A A N E il ) = Al AN (TN Tap VK3 B, 2/
— PP YR YT i, 3 S R A A R AR P AL,
RSP ER W HIE L AGEs 19 A 3k, a5 23]
AGEs A HM. HETAB A FESINTR AGEs
TR EEAAUFEEERSS | MR Y,
A A EA A B A B obE LV E A, ans
JFAEH R (LSPC) . FEFALT 2 & MNIERHEMITE N A
BACFC o3 B RR Z Wb &, H2 i (+)- L2
2. (D-RILFEM B BUFIETE H B, =4k,
PUSRAARLA AT, LSPC & FE BRATAM B A R RERT
AR, ST FEE T I oo R TE A RILR
PP RIS PR S R 2 G Re 1™, I HAE RN R
HERE MBEDY . Byt BN fam | RO
AR ANkl AGEs A4 U BVER .

24 R 1k, R E U S IE T I I 5 WS
AGEs Z ]yl 5¢ R B E W BT . e R UE
VE—FhRm L&, Hrh S8 REnhzE. S0k
LIS, FERRIN Tl B v s 2 A R B R SE R S W
M2 AGEs. I, AAWFFELLESINASE] LSPC # &
Y A8 Sk OF S WF 5T X &, R 5T LSPC ) 4 K B v
AGEs il FIUSE ST SEIR, SR AMFSE LSPC Xf
PN TR T AGEs 4 FH B8 B i s 52 e
PR
1 #RERFE
1.1 RS NEE

HEFAETT EHRY) POl R

B KSR P g as SR 1L, 28 AB-8 RALIK AR AE2E—

BRI AL T 3 S 98.87% (w/w); IS .
BOBE. . TOKRTEN LIRS A R ] XY
| OIEKRLEH; m gy AEERROA
PR S FAisal, F7dl Oceanpak 52 7l HF
fig gl Brdr T e (i) A RS w1 HoAthisF)

Yk ortrataliasgat, sk 5 R AR RHL
HRRAF]

ME3002/02 HLFRF  Hfe-Fef| 208 (

) A BR2S F]; CT1SRE B LHL . F7000 2% YR IX

H 7R H 372 7l XW-80A T AR BEIR A 11
VPH AT RS A PR F]; UV-1601 224071 43516010
B AU BRI ST RS A BRA T RF5301 285057
JOCRETT  H AR HY F]; HH-8CT B I VR 8% T4
PR H N T St R BRA SR T 5T BT ; FE20 &Y
pH it Hi#+ Mettler-Toledo; RE-111 JE#47% & 4L
%t Buchi 22 F]; 1260 B S8 A0 BT i e A 38
[ 2 $E 48 BF 4 A BR 2 ) 5 LSPCX & 42 %5 BUAE: |
Eclipse Plus C,g taik:  Agela #5745 F]; PEN3 i
PR TS RS 5[E Airsense 2\ Hl; 7890A/5975C
SAHETEIEB REZHES A F]; SPME T30
BEREFEEGL  2E[E Supelco 2 7 TA-XY2i U JFify
1% 22 Stable Micro System £ FR 2\ F); CM3500d
KRG HARKRER AR E R EREIA LR
NI
1.2 X%
1.2.1 fERYIHIFE RIS 007 e A I
). e AR Rk . B, e
ARG AR SR, TR I 65 g HHT, 40 g P
Y, 90 mL -5, 5 g FORTEM IS IR G R SR 7
FERF = WINA 25 ¢ HREPEE, Bidk 2= A i,
PRI R S PRI AR W, LADIFHE =X
B S), TR A IELA 20 g 1B R . Hie
21 SN R B LSPC % T 1.5 mL £ 81K
FREFESIS) . SRIERARESRTE 170 °C LS 20 min.

#1 LSPC %
Table 1 Content of LSPC

i LSPCif i (mg/g)
LSPC-0 0
LSPC-1 0.50
LSPC-2 1.00
LSPC-3 2.00
LSPC-4 4.00
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1.2.2 Zt AGEs MIfIZRAGIIIE  ARHE ZHANG S5'¢
A 7 v s A e B, 2 B8 T K R OB AU 4 I
(250 mg), 3 4.75 mL Carrez K %7 (H78—20,
0.05% v/v; SDS, 1% w/v; B-3i3& LB, 5% v/v; Tris-
HCI, 50 mmol/L, pH7.4), #7(300 W, 37 °C, 30 min),
25.02(3000 r/min, 10 min, 25 °C)Jfid3E(100 uL). i
FHBFFRIUAE 355/405 nm IR /% SHE T I RE 5
St AGEs. ANHELET LSPC 1Y N 7% W FHAEXT HE2H
Eif | B N BN o

]:[ﬂﬁ%”z(%) — (FX'J !’fﬁl,:_ F#n“u)
X

O, Frypp R X BP0 AGEs SR, Fpn 28
AR AGEs S8
1.2.3 ¥R FAERL & (N (Carboxymethyl )lysine,
CML) [y 5&
1.2.3.1 FEARALERE MRS GENGIU 507 [y 5 g A
W3, 1E 4 °C F, % 2 mL 0.2 mol/L MllE /e (pH13~
14) BB AL IDERE S (500 mg) 12 he ffTH]
4 mL G5 /HBE (211, v/v) B T N 3 R R4 7 I

g, SR S0 (F—4 °C F 15000 r/min) 1 h, B&)&, ¥

ERRIRG ELIREE N 6 mol/L, IFEFESATE 110 °C F
IKf% 24 ho FFEHY CML ZBUR WG, 1.3 1 jie
Y 28 R AT, SR G W i AE 4 mL W1 R 4 2% v T
(0.2 mol/L, pH9.4) Hh, SR i F TR A M IR LR JE e,
0.45 mL). AR¥E SUN 450 (1753, X CML AbHE
FEFERUE T T A MR B RS (15 L) A Eclipse
Plus C 4 QENL S
1.2.3.2 WAHZMA  WEhAH A: & 0.2% FRII/KE
W VBhAH B: 4B, HiE 0.2 mL/min. BEPERR
25144 0~0.5 min 10%B, 0.5~4.0 min 10%~60%B.
FRAE B % A m/z 84 Fll m/z 130 &b Fr B T2
PE CML(m/z 205) . Al CML FRE S ZM5 28 g
P CML & & & & . i i MassHunter Data Fll
MassHunter Qualitative X8HE3EF 704 o
1.2.3.3 CML #inifil #3588 CML mybndE i & #2
SH: y=2x10°x+56683, R*=0.9928 .

b, x FIR CML ¥, png/mL; y 375 CML 1Y
WA

x 100

CMLIH 2 (%) =

X
H P, Xy g # 78 LSPC-1. LSPC-2, LSPC-3,
LSPC-4 FEhahZH CML ¥JE, ng/mL; Xye 78 LSPC-

0 FEMZH CML ¥, pg/mL .
124 BAMmEElleE S LLEY Wrkeksa
2l fREE P B . FERIE T 50% LIREA TR
(1:1, viv), A M (37 C, 1 h), B (25 °C,
3000 r/min, 5 min), 5325 ERAH, PR I, BUREIR
(1.5 mL) 5@ (1.5 mL) RS # 5 3 min, T
INABRBRENE I (15%, 1 mL), #E 30 min, 550 )5

(25 °C, 3500 t/min, 3 min), Y& L7, DL 15% %
BRENVEWR 25 F, M 760 nm AL IR SGIE . FRi:
ih£k: y=0.0336x+0.0901, R>=0.9288

Aoh, x FoR AR (mg), y &2/ 760 nm il
1RO -
1.2.5 IE T Es-ERmykill 2 IR AE T RIHFER e
KYFBI AR (500 mg) 5 25 mL FEEIR A, 0 4b B
(37 °C, 30 min), B5.[+J5 (3000 r/min, 5 min, 25 °C )i
781 mL) . HX RVEWE, K H A 2 2E 1119 10 mL
R P, RSN 0.2 mL BREREREZVE U AN 6 mL 1FE
T EE-ER PRV VE, IT RS o W I N MR AE 95~
97 °C MK P e 4E A1 40 min i, TG FH ¥ K %
K, HAE 546 nm PRI E SR, ST IRSGEEFN
e 2z (a1 e AR tilbrEth 26, ATk B Y LSPC
i B RS E S as X R THFRSR YT
BN

Y%ﬁ%(%)z—”‘l‘: T % 100

of R

O, F g% I84H LSPC it (mg), Fypp %
NEERRZH LSPC & (mg) .
1.2.6 PrEEAbiE M E
1.2.6.1 DPPH H HZWHKRE  MRIPE SING 5P 1
T kWA S, A5 T AR AR R DL HUY) Y DPPH
H R ELEBRBE ST KRR YA (200 mg) 5 10 mL
EBET/KEE, MAE LT (37 °C, 60 min), B .
(3000 r/min, 5 min, 25 °C)FFidE(1 mL), FEREH
B HE B AE SR (0.2 mL)EE 0.2 mL 2B T/K (25 )
5 3.8 mL 0.1 mmol/L DPPH-Z BEIE W IR & - %
DPPH- ., PRI W o 2 W55 AR S %ok BR el 8 2%
FrRE e =R N R E 2 h J57E 517 nm R
HIOGREE
Apei — Aspe

EH

DPPH H H 375 3% (%) = (1— )x 100

FUH, Ay FRRFESRZHIROCAE, A s X BRZH
WS CAH, A FoN A5 IR GAEL
1.2.6.2 ABTS HHIERSE RIE THAIPONG 48!
FT RIS A B . B EIRBEBIR (200 mg) 5 10 mL
B TIKIRG, M5 (37 °C, 60 min), #5.02(3000 r/min,
5 min, 25 °C)HIF0E. RIS 2.6 mmol/L it
TRIZHP SN 7.4 mmol/L ABTS 1AW . RIS im
PRI A R S5 IR A T e ST T B mg b SO
12 h il TR W O RRE 21 mL
FET/KE 1 mL ABTSTEHRIRS M BAWL, DA
1E 734 nm ALFFAR 0.70+£0.02 BN YGRS . ARkl
SERTH 5 Fr et i) ABTS AW . (IR EUI (100 ul)
5400 pL 1Y ABTSHEWR I N o JH LB A W
PEWUIRESAE N 25 o ARG BRI AE 734 nm
AT R WG RE

ABTS [ 1L 1 2(%) = (1 - ii) X 100

|
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TP, Apy s FARFESREHROCAE, A R 25 FIEH
M SGAE
1.2.6.3 FRAP ZE FifJHAES (i ERDOGAN-
ORHAN %5221 (%) Jy 15 s A5 46 e X 17 34 I 42k 1) R
F1o WFEFRPEBI AR (200 mg) 5 10 mL 285 T /KIE
&, #7 (37 °C, 60 min), £5.0> (3000 r/min, 5 min,
25 CH) I8 (1 mL) o 7S ok iy 2 B R 5
(100 pL)5 300 pL KEST/KIRSG . SRFMA 3 mL T4E
W (100 mL R4S M, 10 mL 10 mmol/L TPTZ
AN 10 mL 20 mmol/L FeCl,y ) . FHEE TIK
AR TAEMAE Xt B 258 /KA i e B A
eSS He BIZIFRINREY)E, BAEMTE 37 °C /K
W INE 4 min, CBF 200 pl SN EEBOINA 2 EEbR
AL, FETE 593 nm AbINEI G

BRI RE T1(%) = A’”‘A;A“ x 100

H

TP, Ay FRARFESRZHIRO AR, A e 28X BRZH
WAL, A RS AL G
1.2.6.4 FHMBEEGERFE M L1 52 5 kes A
&, XA AR SRR B A 3L BRAE S T
TAGTE . BARRIAE IR PUE(200 mg) 5 10 mL K EFIK
A, B4 (37 °C, 60 min), 25.0>(3000 r/min, 5 min,
25 C) I8 (2 mL) o 7RIS ok iy 2 B AR S
(1.5 mL)Ek 1.5 mL KEF/K(EFH)S 1.5 mL 9 mmol/L
KGR - B WIR G - 2R )5, A 1.5 mL H,0,
(8.8 mmol/L)# 1.5 mL FeSO,(9 mmol/L), JHZZE
FIRACE FeSO, MM XTE . FXBF/RKHTIEZE,
FAVIRETE, BRESHAE 37 °C HI7KISFA I 10 min.
B 200 pL 2 B3 O A B AR, FH7E 510 nm
Kb EE L SCRE .
_ Aﬂfﬁx - AXvT,“ﬁ

Ay,

7

2 H HIEERR%) = (1 )x 100

P, Ay FRARNFESEZHIOCAE, A e s X BRZH
WESCAE, A oA IO GE.
1.2.7 IR 2
1.2.7.1 JKAEEMNE  (FRHKSEE{(200 mg,
105 COMERE SR S 1.
1.2.7.2 JKAPIGEEIIE A AR5 K 5316 AL
TE 25 °C FMEKTNEE,
1.2.7.3 {RHZEEAIMIE PR CAO 5P iRk
DT EEFEVEVHIE AT NMR I, BRSO 15 mmx
200 mm M AZ WG, I B T LF-NMR 43 #r{¢
I JETE 100 kHz BYIEPRINE T TAY . FEm
(T2) 5th ¥ 238 5 Carr-Purcell-Meiboom-Gill Jik i 7
BN SRAS, 27 HA 4 - F148F 12000 4~ B3
WU S 13 2 (a) j B 2 B a) ok 3 s, ik 22 18] 59
T{H N 250 ps, 5388 90°F 180°, T2 434 Jeif i
MultiExp Inv 43 AT A 3R13 10 . DR AE 20 C
T T=REE .

1.2.8 pHE HAEFYEF AR (250 mg) 5 25 mL
TKIREITIRE 3 min, KHEESPITEEIE FRFE 1 h LA
SrESEARAIEAE. /IO ERE BIEWZE)E, A pH 1T
M5E pH.
1.2.9 fERGETAGSHT RS T IEER B R
nekcsh, MEAERPHTR . RSP P/36R
GRSk, e AR CU PR T . IS RHRET 2
PR TR . RGR SCIG S B E AN R T ARG
i TPA 8 ENAS: 5 g NIRRT U 5 mm/s;
AR AE SR 50%; s R A& 52 500 pps, ik
RERE . Pk BEER T . BORNE . PEIE AR RN B gk SR
B
1.2.10 EEME AR SECPY 1y 7 R ek
BEM AL IPHE T . EIPHEIT T CM-3500d 2
66 AT, 4559 ] CIE Lab (0% R 450
TR TELERYIRI AR XX o™ (£16), ™ (8
)R L™ (Ge ) ST T = A sr il . ARPE
G2 XE = VL +a? +b 5 EAB. bR AER M AR
CRA43(L"=93.80; a"=0.3156; b"=0.33 19K HEPE4S .
1.2.11 WP ARYE ST B AR 10y RN AR
PR, AR R 5 FRIE 1 g FERPUP R, ¥
HI A 20 mL A5, BSInE E 10% A2 3ERK LA
SEAVEVRAE 5, 25 BRSO, FE 37 °C KIS H in gk
30 min. f#H PEN3 HL T & b4 7 XUSRAG I . HE 5o
A RBEALIREHE] 200 s, SRAEMEIFE 1 s, Rkt
[E] 120 s, ZAAFE] 10 s, PNEBHE 300 mL/min, £
i 300 mL/min, XTTA A REEZ N E 3 k.
FH PEN3 1,53k B R 4 8508 AL BRARAL X R A T
EST TS
1.2.12 fERGHE & MBS GC-MS JixE
1.2.12.1 RN  ARHE LU 508 (977 ERg ek
PEMEAE R PR . FRE: 1 g BRI AR F] 20 mL
TS AR IORE SR, AT T, B 1 g &Pkl
AR AR IE XU i A 4, 36 L35, T AZERGEL LA
[ . TERENIPET T 60 °C A 1E IR /K ¥ b Sy
30 min JiT, [ FHDGEF L ARSEFEEL 10 min, 18 FHGET
Sk, ¥R AEBGEL ISk, SREIE A SAH IS A T .
1.2.122 GC 41 HP-5MS T 41 45 4 ( 30 mx
0.25 mmx0.25 pm); 2% (He) i 1.0 mL/min; AN53
TAERE; AR 250 °C; FHERR T : A1 a5 B 74
40 °C 15943 2 min, L 4 °C/min F+Z 160 °C,154F 1 min,
SRJG LA 10 °C/min F+Z 250 °C, f£FF 5 min,
1.2.12.3 MS 24 HFHEE; HFHEE 70 eV; B
TR 230 °C; GC-MS FHEE 280 °C; DU IE
BE 150 °C; BrEdIdtiyaEl m/z 30~550,
1.3 R

iz ] IBM SPSS Statistics 21 AN BARHEATEE
THHT, 45 R Lhgss R, il it — 67 22431 (One-
Way ANOVA) AT Z2A~2H (0] 9500 g, ansed
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[E]LEAE 2 25 5 (P<0.05), =R [ Duncan #5633
ATeHm| ZE ks, A Origin 8.0 B TLIE .
2 RS9
2.1 EREFRXEXHRN AGEs HFHIZEF CML
B0

HAETE A A AGEs A 20 Fh, #3558 e al
53 BN AGEs FlIAEZE AGEs, JH:AP, CML J&9E7%¢
St AGEs FYHE EALERP, — 7w CML fES5 8 R
FEAE AR, PR T AR — S S R R T R AE I fE,
J3—J7Thl, CML WS RE S HRERSZARG, A, sl A FR N
ke AR B P SR AN AR A T e, M S SO LA A4 BE AR
BT FHE 1a TS E TR, 84 m/z 1Y FE 5 T
J AT DA 2 LSPC-3 48RS S A2 ZE#f 2 CML,
FH & 1b $2EES F i i & s, 1] LAE 5 LSPC-
3 HERYFE S CML AT, i3 CML &,

(@)

x10?
34
32
3.0
2.8
2.6
2.4
2.2
2.0
1.8
1.6
1.4 -
1.2 S
1.0 v
0.8
0.6
0.4
0.2

+ESI Product lon (rt: 0.867 min) Frag=95.0 V
CID@25.0 (205.1179[z=1]->**) 4.d

84.9604

84.0812

i) 0

=
S =2
<)
N

86.0966
88.9527
F—93.0704

95.1467
99.0572

——102.9716

—
<
v
<
o
o
=

[

8T.0302
| 83.0493
=105.0029
L 110.9737

— e — v—<|
L

110 115 120 125 130 135

8 90 95

—_
[
(=]
—_
S
W

(b)

3
*10 +ESI EIC Product lon Frag=95.0 V.

CID@25.0 (205.1179[z=1]->84.0812) 4.d

1 *0.824
55143.01

N
W

o—whULoUxooWEULO GO~

OO0 00000O S = = N

Q%P‘Q‘%ﬁ’@\(-\'\-b\‘-o\?c'»-gﬁ,%%b’»%%g\:%?‘%‘950‘0%9\%\%@&%

P 1 LSPC-3 #ERFY — T E AR IR 7 (0 1 14
Fig.1 Secondary mass spectrometry and extract ion
chromatograpy of LSPC-3 waffle

AN 2 fras, BN INAS TR LSPC 42 Rk, 28
't AGEs #1221 CML #1H] RELSBE LSPC ¥ JF /Y
B IR, SRR (P25 AGEs 1)

HZ M9 R*=0.993, CML #MI#I M) R°=0.997) HH &
FHERZI (P<0.05) . i, LSPC-4 £ Y2 AGEs
R CML 2555, 43512 (40.53%+1.43%) .
(72.08%+0.79%) . IXFRIIFELERYfrh LSPC HREERY
¥4I, LSPC HAeRPfrh i T 2SS R AEM,
U, SEPIEI N Y —ERRRE LA s, A iaadot
AGEs &/ CML & &#AHN IR /L, 26 AGEs
il 2 F1 CML i 3238 & . [FIAT, LSPC /B KRBT
SEALFNEATUEAVER, 7T LIRSS R v
B SR I N, T 3T SE A 2 0 H A E AGEs BY
A e FHITT DL, E— s R BE S N, LSPC Hk i ik
=, Hoxb 9 56 AGEs F1 CML $MRI4E B, 7E 6 b
HESI—EHWR R LSPC vl LIARA] AGEs FYAER.

1007 — %% AGEs
907 CML
80 A

70 §

60

B
C
50
a
a

40 D b

304 ¢

20

10

0 }

LSPC-1 LSPC2 LSPC-3 LSPC-4
K2 AR LSPC XM AGEs Bz CML [yl %
)]
Fig.2 Effects of different concentrations of LSPC on inhibition
rate of AGEs and CML in waffles
TE: ARV FEUR AGEs il %22 57 1. 3% (P<0.05); A
REFREFRIR CML ] 322 57 1.3 (P<0.05) .

22 EREEEERIEXRFEH S SRR

LSPC J&AiY) h ) IZAFAEN — RIS bt
P RFREY i 3 s, BJINAS [EHE LSPC 4&
R A S BV 9.21~13.23 mg/g. TEERA G
Jin LSPC #) LSPC-0 £ & i & B, BiAeIepf
A B 5 SRR IS YIS0 . AESIIA 4.0 mg/g 19
LSPC J&, Gl & & H B S5 e i (P<0.05) . s
B Ry hn 3 R 4y LSPC By 18, A LSPC 44
KBS HETHAFE, (HIEAEAE— 2 R4S

o
E104 © b
i
Xt 8
£ o
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44
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0 T t

LSPC-0 LSPC-1 LSF;C-2 LSF;C-Z LSPIC-4
K3 AEIMEEE LSPC XA b b S & i Ay 2
Fig.3 Effects of different concentrations of LSPC on total
phenol content in waffles
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23 EREESERMEXRERESRIERENZ

WE 4 Froas, WIS EHBE LSPC A2 Rk Pf v,
LSPC JH#EZFE LSPC ¥ N £ L FHkass, 28
Fl AR (R?=0.998) H A 3 520 (P<0.05) . H:
1, LSPC-4 # Fh i THFEZE R (88.82%+0.05%) , FF
B e 456K 2 4518 LSPC #e R, HxTSehifE
SR P4 AGEs Fll CML PRI il 250 R 88 5, i 300 B
LSPC & & [y 38, 5 &7 48 /= i Y 1E ¥ LSPC
TR SER AR N Hr B AL N B9 LSPC & i,
I, Jh SRR B e AGEs Al CML 2R I HE F1
e, H [RIRHREEXT LSPC Sk, BaEhndtal iy
FER, LSPC &t 7E AN R B A AT IR0, R,
LSPC JHFEMY S5 P G T BB i TP il SE A5 s 17 7
#E, T Bt Tt #rh A SN e S e 5y
FEAE

1001
b a
C

goq d
e .
R 607 /
AT
7 401 /
[a )

201 /

0 ISPC.1 LSPC2  LSPC.3  LSPC4

Kl 4 KA LSPC X AR PEH LSPC IHFER M52
Fig.4 Effect of different concentrations of LSPC on
consumption ratio of LSPC in waffles

24 EREFEERIEXRFHMENEEHRIR M
WIS RE S P24 AGEs, T A o3& K S LRV i RE
TN BRI A g BERR, R, SR LSPC X4 R Pft i
DPPH H H 3L/ BRRE ST . ABTS H 3L BRBE TI .
FRAP 2R IRRE T A S F RIETERRAE J1 0052
WE 5 AN, EEI—E W EYEFER9 LSPC 48
FYfrh, DPPH H HZEVEBRAE ST . ABTS H HZE7H bR
HEJJ . FRAP 2B T JFHE 1 LA K ¥ A 315 R AR
AR FIHEE, Hh, 5 B2 DPPH A

1007 — pppy
90 ABTS a
g0 EEE FRAP

701 =31 HRSA b

60
504
40+
304
20+
10+

—

I (%)

07LSPC-0 LS};C-I LS};C-Z LSPC-3 LSPC-4
K5 AR LSPC XA R GE T B AL TERI R
Fig.5 Effects of different concentrations of LSPC on
antioxidant properties in waffles
{E: HRSA f5 5 At 3EIEBR AR ARG 78R om 4 1] (] —
A AR bR ) 22 5 1.3 (P<0.05)

FIHIGEEST, B LSPC HRESHGIN, H M hn(P<0.05).
N LSPC J5BIRPFHY FRAP 2B 114 BE F1 DA M
¥ H HILEBREE ) SR VSN LSPC 2 P AH th
A EZER(P<0.05),

ZF I, PrEALRE S oAU~ LSPC-4 KL S, H
ST X AR . IR, R S PR
AUBE TIAFAE— 2 I e JR HAEAR SCH oY S 80t AEAH
KB, xS HE RS R —8 AP
DPPH H HILMTERR S Z W & IFAHSCE R,
HX#mW R, REZHmIYn feS | mEk
FEAEAE B AR, AR B R a5 A 2R RE
B4 ik, Z YT AR E R AR
HERYHBTAEILRE ST o

[RIEst, Po AR A BE Fo B 42 ) S R A S N HH ) 4R
AN o TESZE A FETE B PN, LSPC ¥ Ay, Hopt
EALRE IR, MM SEhifE s 0 s A S v e )
FEGE, AN AGEs A= BLAYHE J1ik5i, B AGEs $illilil =&
R, 5 SIS AIS AR . Bk, RTHED LSPC
il AGEs A= BRESHS 5P L AT G- 5 1 20 R B PTR
ferE e S B b TR T G,

2.5 EREFERERIEXRGIKS TR

SRR 2R % AGEs I BB IRAR, MK
i KGR B DA BOR SrAFAEIE R AA AT e S £
SRR N . BT, WF5E LSPC BIHIAR IS4 5
FoR B ARSI BE LA MK SAFAETE IR

WE 6 FiR, BINAS R E LSPC J5 454 KUt

A /K S35 TG i 35 25 5+ (P>0.05) o iX R EH7E
S FEFLFE R, LSPC AREZIAE DK 16 3 .
H vk, W8I0 &k BE LSPC B9 4& J< UF FE & LSPC-3
1 LSPC-4, AH%: T K % Il LSPC 5% s I 1% e &
LSPC mHeIf, Hok & A M R (P<0.05),
B HEN, ZhN LSPC )&, /K 5 5/ Ve T2 254
g G, IREAK 43S im0,

= e

IR

A A A A A
\m @ @ @ 7
340_ a a a b c
30+
201
101

07 SPC-0 LSPC-1 LSPC-2 LSPC-3 LSPC-4
K6 ARVEE LSPC XAk o3& i MoKy
1 R
Fig.6  Effects of different concentrations of LSPC on water
content and water activity in waftles
TE: AR/NG FRHMUFIK > 3 1 22 53 B3 (P<0.05); ARIRE
TR 22 5 .35 (P<0.05)

1 NMR S AT, 55 Fr Ak 09 fE 22 3R B A ],
Hth PR ] T, R EAARIE], 7K 53089 [ i EEdAS
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[RIBO7, S B Bt [R] T, # % FE HH /K 59 Joi 445 £ B %
2, LA ST iR BRI, e sth BRI ] T,
KU T [ o s, A S HEH, PRk, st
(6] T, 7T DAA] 22 2 B K A3 AR R AR AE DS 9, AN ] 5t
TR BT E] T, I 0 BT 78 35 0 A5 5w AEL, BRI 5t 74 B 18]
T, XA TR A R 254 X a] EUS T AR X 5
HE, SIS AN R AH S K 53 1 5 2 DU o St PR Bk 1]
T, ASALRENS I WK 4T i i shbd, BRI LT i
WIIASEI & LSPC H2RPE KSR AR .
e 7 iR, 4B RYEES T, B A 24 1%,
B i56 B 48 R G N R & A 2 40 437K, Hidr, 0.1~10 ms
[X_ 8] P9 B4 I 38 s A8 R gF AR R s M e 22 B 25 A K,
10~100 ms DX[H] PN RN RPN 2 i sk,
1fif 100~1000 ms 1 [Fl N IR B IRYFHTT L)L 5 H
Wi A KO i HL, ASSh s K N A5 S
B, TSR YU [, e LSPC ¥k B izt ™
B IXFREH, FESCIGUMRBEYE RN, A2 i shzK & &b
LSPC ¥ BEG Iy /b, iX 5 & 6 s & LSPC
TP K ST E BT R A

] ——0%
400 —=0.05%
3501 ——0.10%
——0.20%
3007 ——0.40%
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< 200
150-
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K7 ARIMREE LSPC XA It 74t ] (5
Fig.7 Effects of different concentrations of LSPC on low field
NMR in waftles

PR gh S nl g, Eshin LSPC %4 I gf i sk 43
WL FE TR N, (HAR R P AN 5 i shoK B 3G Tk
/b, FIERSr-Er AR s> N LSPC n] fEiE
FENALE R I K S 53 A TR AR K 433 e, DA

S SER R VA AR LI AGEs FUAE R
2.6 EREFRIEXG pH U

pH EFERTER N P EZZWEE, WE 8
PR, IR TR EE LSPC puteIpth, H pH JCR3
2£5(P>0.05), IYTE 7.95~8.00 ZJH], X5 NAVARRO
LU I TE 5 R —3 . X R, BN LSPC A5
maAE SRR pH, JTARE T 2R pH SRANHI SEF7E /2
MR AGEs.

27 EREEERMEXGEENENM

N LSPC J& 4B I IF pY AR 7T DL 23 6 5 T A8
Ak, PRI SR P e B A SO EL i 47 B8 2 U e, €2 AL
T LSRR BRI IS, L )N, FERYHRRS; o " %R
TERPFIILLER, a BRI, FERPILL AR ZE; b FTIRIER
PR, b 8N, FERPHREE . ANl 9 s, FESELS
e VLRI, B LSPC FyXE N, A2 P S (a1 ig . BE

B8 RRIVKEE LSPC X4 pH HYRH
Fig.8 Effects of different concentrations of LSPC on pH in
waftles

21 R, HEAT 22 5 (P<0.05) . iXFhER
LM S LSPC AR S35 M SE AR S N T 7= A 146
AR R, T X A6 R GRS 0B 6 AT — 52 R, {H
LSPC A BBl o Ry 2148 (0, BiOARER, A S flife R
ORENIER B BT, BRI, S5 VRS o

501
40-
301

204

N LN AN
LSPC-0 LSPC-1 LSPC-2 LSPC-3 LSPC-4
9 R LSPC X8I 52

Fig.9 Effects of different concentrations of LSPC on chroma in

waffles
H: AR/NGFRERAME (F—OEER) ZREE
(P<0.05),

2.8 EFRTFRIEXRH SN

N 2 fFros, XFAE R, Iin 1 mg/g LA Lk E
LSPC & e PF Al B 5 AR BN I ANER A 0.50 mg/g W BE
LSPC fERYHA I PERRIR(P<0.05) , iX FRITUSINEL
EHREE LSPC BeA RS INAE IR 5 X s
BERPE, BN 4 mg/g WeE LSPC 1B RYMAT & PEdg
IN(P<0.05), X FREAEHRIE LSPC fe I AR
PETE g5 XSk . PR . BIEPE, BSin LSPC Sk
BN LSPCAE R PFJC i 35 Mk 25 5 (P>0.05) , iX &K W]
LSPC XIS R P4 . RELVEAA: | [0 52 P TG S i
25 I, R BRI B T/ INEE AR, S RIS M
WU, Al DITA e LSPC A2t il B i 4.
29 EFRTFRIEXGETE PCA MO

L S — R AL IS X AR i R A TR SR
SrIEAT AT, BENSERINFIR B SR, ST RS AY
BRER S, HA IS FIIDIEE™) ., AR5 R MY
PEN3 HlH, 5 & —Fh 4 & A b A4 IR R0 i v 1
S, B 10 4@ S ARG AR 15, ansk 3
TR
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2 AREUEE LSPC HE KBTI
Table 2 Texture analysis of waffles with different concentrations of LSPC
LSPC-0 LSPC-1 LSPC-2 LSPC-3 LSPC-4

T 1608.38+74.86 1630.11+20.54° 1438.79+39.34° 1441.94+27.87° 1382.47+86.12¢

A 0.9920+0.0026° 0.9923+0.0029° 0.9923+0.0029° 0.9927+0.0032° 1.0237+0.0225°
BER M 0.7650+0.0061° 0.7717+0.0084° 0.7717+0.0055" 0.7623+0.0015° 0.785040.0052°
JRER P 1210.54+65.20" 1241.92+12.78" 1093.87+13.81°* 1126.54+33.24° 1357.68+263.44°
ML 1269.47+70.60° 1230.05+17.40° 1093.87+13.81° 1232.48+123.03* 1370.524+373.78°
[m1 42 1 0.5233+0.0119" 0.5667+0.0122" 0.5567+0.0074" 0.5390+0.0080° 0.5690+0.0066"

E: AR FRER R 22 5 .35 (P<0.05) .
1.15
%3 PEN3 AUHL T AR AU it 2
Table 3 Sensitive substances of PEN3 electronic nose sensor o 4 -/ LSPC-2
P FRERT AN PEREHA

1 wiC XTI, R R S

2 wss R, A 5 10 Py

3 W3cC R R, IR p o
4 W6S ETX A AR § 1.00
5 W5C KIS | 35T M HUR =3
6 w1s i 24 LA Z 0.95 LSPC-3
7 WIW XAk R g
8 w2s SHRES | SRR R E
9 W2w 35 S, AT LA R i 0.90
10 W3S B R A5 LSPC-4

0.85| [~/ LSPC-1
F 535381 (principal component analysis, PCA)

SRS G0 B2 2= 2 HE b o) e o Ry 2 %K
YE A, FeAb M AT o H A DB 2R A S PR ) —Fh B2
Gt oy, BELLEAFE bR Z 0] R B ASAHSC ) REF R A
PEAERFFERT G FAT FaFR T S R 25 B o5 8., J1-fE
PRI SIS OC R iy AT AR TR

i 10 fros, PC, STEE R 76.93%, PC, BTk
Hhy 21.41%, SATTHRRIAF] 98.34%, UiH] PCA W] H]
T XIPANE & i LSPC AR IRPFHIFE MR . 7EAH
RIS A4, AN FEIES TR LSPC 4B RYFIX 5
B R, 0.5, 1.0, 2.0 F1 4.0 mg/g LSPC B3RP,
R A I RIS R, (BATS BRI A 2L X 455, HANF]
TR ITEAS A X, R E S, UL A RYEZ
(IR 2E R, B —aE B, Tt —Fh
PR X 53 AN [FJ44E  2H 43 AU 22 S5 A T L, B
ANRIAE R 2 Ta] XU 22 5349 5T 14 ZRAE IS A Aol i [
AR B €335 - BT RS I AR B — 2P

3.253.303.353.403.453.503.553.603.653.703.75 3.80 3.85
1. main axis (Variance: 76.93%)

F 10 AIFHEE LSPC XHHERYFH -5 PCA 4347
Fig.10 PCA analysis of waffle electronic nose with different
concentrations of LSPC

210 EFEEFRMNEXRPZELR T SR GC-MS
SN

FIFH GC-MS FEZR A [A] LSPC ¥ JE AL R Pf
e 36 P EHEAE Y. WNER 4 iR, LSPC-
O FESLAIN Y 12 B4 R AL G, b, 1259 ot
1 P, AHXT 5 B A 42.66%; B 1 Fh, AR5 2
}7 6.86%., LSPC-1. LSPC-2. LSPC-3 FlI LSPC-4 4}
SR 15 B 7 FF L8 FRAN 15 B, YO W R
FIEESEY T, X2, FE LSPC BO%S I, {25 s #E
X, BEISARNT S a2 =4 AGEs
PIRTAARY) TR, A3 U h AGEs /b, $i

F 4 GC-MS F3HT KU P2
Table 4 Flavor substances analysis by GC-MS

o LSPC-0 LSPC-1 LSPC-2 LSPC-3 LSPC-4
i MR (%) B X R (%) B X E(%) A X R (%) B AR (%)

5% 10 50.48 9 35.54 2 15.61 3 20.42 4 4.40
[igs 1 42.66 0 0.00 0 0.00 0 0.00 0 0.00
P 1 6.86 0 0.00 0 0.00 0 0.00 0 0.00
Fi2E 0 0.00 1 6.55 1 6.74 2 10.79 1 3.34
[iES 0 0.00 3 9.44 0 0.00 0 0.00 4 2.99
[ivES 0 0.00 2 48.48 4 77.64 3 68.79 6 89.27
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BOTE R . BRI TR_L, B LSPC ¥ pgs i, A
PRI R, SRS AR, TR ST R AR IR DR
Jin LSPC Jm il R, it Fnse S phbgsim, 11 /ak b
IR . HL T8 PCA 4307 F1 GC-MS 434145
7R, ANH LSPC ¥R AE I i) UARA T 76 B i 25 5+,
Fifi LSPC ¥R BERG TN, My2ds | [ESd a5 By /b, lR2s
YRS, 25 1, B LSPC @hn BBt A~
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