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1 #MEFE
1.1 R 5iF

FEA  BUMCR 2 3 2 i A PR ml R, 5 22
it} (2 000 Ulg) V€ ¥ i Bl 1 i (100 000 U/mL) Fhfiif
R a—TE M (12 000 Ulg), b i 2 sk A 1k B
HARA R, ek E = ot ai g .

1.2 FENHIEEE

VERTEX70 £14h 6 1% A% , Bruker 2\ 7] ; Rapid
TA FAGAX, 1 1 R AR B A BR 23 7 5 Hitachi
TM3000 14 B 5%, 75 M 8 R A FR 2 A
UV-1800 24— WL 430G BT, kg A A X
FA R 7] ; ALB-224 H,F K, Sartorius (L)
ABRAF S FE20 pH 3, MR B FE A 202 (1R )
AR A DK-8D B R H K, 1195 4 1R
PR A BR S 7] 507-02-00492 U 55 AL
LabPlant 23 @ ; DZF-6050 i B2 446, b —
TR E AR A R A 5 GII-0.1/25 B ML, iR
Je i THLAKA FRZS 7] ;5424R W R B O L, 781
Eppendorf 22 F] ,

1.3 KEH*
1.3.1  ForkueE kil 4

1) R EPEARD: RS SCER13]0 7 2 F
FEVE R AE . FREX 20 ¢ #8980 mL ZE 1K |
RIVAS BT B 70 B0 2% 1R W, 2 B AR E D 5
T K B 121 CALPE 20 min, RHFEE
AR 3 R BRI EERG T 4 °CE4 24 h,60
CHET

2) Tl U o—VE R WAL L M SCHR[14)
W7 B IR AR s . BRI 20 g #88) FL A 2% 1) 48
WKW, T 85 C/KAMIAL 30 min, #% 30 Ulg ¥s
et 5 R o3 il L 80 CC/K WA il % 35 min, JHY
pH {H % 3.0,100 “C’K M 10 min, # 2 pH 7.0, # i
22 4 CALHL 24 h J5 T 60 CHET,

3) LA AR SCER(15]0 O A I
TS . FREL 20 g R, I ZE 87K I8 T 29 1%
KW, R 22 vh i 75 pH (H 2 6.4,121 CAb 3R
20 min, R EER/GIH Y pHEZE 4.3,% 0 10
Ulg W& 2B 5 & T 60 C/KIBHRY 12 h, BfR
45T 100 CCK M 10 min, B EEE, T 4CE
fEAL B 24 h,60 CHET

4) Wi THREMEIE R A R S Y

JoT Ji 0 5 S o5 TR LS 25 TR AR B B R Ry,
FHEE 160 °C, H R E 70 C, % & 7 LA,

1.3.2 RS ARME KM Goni M Jr ik
SE RS 338 FRIUCAS 7] 7 15 il & 0 B v #8045 2
g, BT 150 mL =AM, B HC1-KCl 28 vh i il
(pH 2.0~4.0)15mL, JIA 0.1 mL & & H [ 1g/
(100 mL)],60 C/KBEHED 1 h, BUE B HEEE,
P pH{E 2 5.4, A 2 mL 1% 5 iR a—3E#
it} ,90 C/KIFIRD 1.5 h, PR EHAR I EZR, M
# pH BN 4.1~4.3, 1A 1 mL 0.019%7%] % b5 3¢ ¥
fitf ,40 CKWBIRY 12 ho A 4 A5RF TEK 2 1
Z kN, 4 000 r/min 2.0 20 min, 7+ IS W, U0
TEH 80% LW 3 38, A 12 mL 2 mol/L. KOH %
fi## DLVE (RS) , % pH H 2 4.1~4.3, 1A 1 mL
0.019% % Z 4 VE Ry B ,40 C/K it 45 min J5 K&
J#% 5 min, 4 000 r/min &0 20 min, WA FiE W,
FH 10 mL ZE K PRI UTIE 2 K, & LB, e %
100 mL, HUiZ E# W 1 mL, AR bR fh 263155 RS
(CER

RS(%):WXIOO (1)

P RS—HU R TE By 15 2R (% ) s M——FF i
1) J5 2 (mg) 50.9—— 1 45 4 5 158 7K 85 46 1 =2 1]
M4 R BG C—— A B & i (mg) ; V——B5 0
Je b W A S AR (100 mL) .
1.3.3 AN B E EER 2 g, A
10 mL Z& 187K ,95 C/K W G T3 i FEp 4k 15 min, 20
CHrE 3h Jg B ik, R “Return to
Start” #£5 , # F P/0.5s £ 3k, % I &2 1 3 0.5
mm/s , MR H R 1 mm/s, W & 5 3E &R 10 mm/s, 12
AR 65% (5 R ATIE] 2 s, ik & F1 5 g, RAEBIE SN
200 pps, FEFERREE 6 UK, 45 S BRI,
1.3.4  SoKMEME AR SCER[20]0 7 ot RS 1
MAE  ASTRRE SR A FREL 2.0 g(M)), Il 20 mL 7%
TR7KIR AT, FE 90 C/KVE TR 30 min, B H &=
Y ,4 000 r/min B0 15 min, 35 bW W, FRETTTE
L (M) .

WAI(g/g):%—2 (2)

A, WAT——8 K L s M——FR BURE iy 1) S5
i (g) s My——BO IR DUTERY BT (g) o
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1.3.5  ZLAMGIE AT B Rr il i RE S RV AL S
FHEA N, 100 CHEE BT A TP IRA
FREL 2 mg JERYRE S TELDAMT (O BB R B T 6
PR FE 5~10 min, Sl A 150 mg 78 4040 1 F)
K, TR A I AR TS 2~5 min, KGAFEE 5 AY TR
B R A R ARV AR R R R B A
BARESRER L, BT B A 4T AN P
TR AT, G R LT 4 000~400 cm™, F1 4
WECR 16 IR, 53 HEE R 4 cm ™,

1.3.6  HLBEHT  FH T4 O & F 0 LT
iz i1 5 et A 1 A0 B RE T R R R
TR AR RS N IEA T A AR AR YR
P B 8% S e RO S A BOR SRl d , g
05k RS URLIE SRRAE,

1.3.7 ¥dagit  WIeg = A SPSS 18.0 # 45y
Br, RH One-way ANOVA #4174 0] 2% 5 I & M
T,

2 HERESM
21 AEMHEBHIIARER

HITED 1R, A [R] heb Ak R A3 114 €0 15 A
WY AL Ak, HG v g T v S0 0 Ak 2 ) R 0 8 78
PR R B PR T AR R A P AR, 22
Tl A1 TS e . oc— U 3 T T A0 S B T 4 R B
Xt AR, C R T 28 0 5 R I A Ak
(RS R 1, ELAN LR BLIR ARG 45 BL R, n] R I 25
IR AR LIS [ P S BB A R, AR D T4
|EERy REART o PR e SR RE U

()Tt o i o= T 93 T+ AL T
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Fig.1 Morphology of resistant starch from lotus root starch by different preparation methods
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P IR i3 3 o P A RIS 5 Y RS A3 R (P<
0.05), THI7T SARF IS, & 22 W RS AR &
T - YR IY, AT RE R DY O 2 A
SCHE  HARIE £ A T L 00 B SR S5 A T
TSt e P oe— B A58 E D) T 1 B, 68 2 52 3 R, AN
T HEBEVE R I A B T AR AR, [ I R A
TIURLAR /I | 13T AL A5 BERELRE | A T e T 1S 40

(&) 5 & 2 W +MT 55 T Mk

(F) T 5 1R o= VE 0 b+ 08 55 1

G54 S EGER AT S W B ] e g
TR F 5% Ak RS SR B & m THET 48
By, 33X AT AR IR A ' 2 U e 235 44 A %
I B ok AN R T2, AT AR 2 A A
R HEE R, BeA 4R S R TE R b A U 4
), 55 B R IR A1 3 TS W A, AT 3 i
22 [k

H1 e 1 AT, 5 TR A A L, IO Ak 3 S 8
FORERE Bk B I N R R (P < 0.05) .
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o—1,4 W HE, S EGER BEEVER & Sl AT
TCIEBEAT R 23 BT, SR VE A (4 EE 4 O e
RIS A P R ) RN B, 2l 5 22 g S A
Jo TE R SCHEDR D, TR 2 2 T AL S R R B
JEE R AR AR R 45 T A R AT 0 e AR P I 55 T
A58 1) Db TR) A FH T s — 20 R AR L B B, DA kg

(s
Yield ration/%

/gﬁﬁ ‘»ﬂ"&%ﬁ
# PN /ﬁj@@ %ﬁ@*ﬁ % R N o
St 5Tl 6 5 95D 5 B L
R b 5 A AR BE AR B, 33k 5 X1 A S PO 19 v BT

Different treatment

TE AN TR R R HoAT #1225 P<0.05,
2 AEAEFEHHEEYN RSEE
Fig.2 RS yield of resistant starch from lotus root

PERE R A 5y U IR HLE 5y B HE A 45 e AR, it
b, W55 IR T ] 2 R o BT R R R Y N 2R
P b 25 A% T ISR A B A T R PO R (P <
0.05), #5778 UL DUPIRGBIFFE , A SRR 48 B A 8 1

powder by different preparation methods
N n SRR | S W BE AR PO IR BE T, EINRIES
TR I E R RAL SR SR BEI AR REAR, T gy o it GUSERE, HICHCPE RS o 66

fiE -5 by FURL I 45 FA B IR A R0 i v TR - B A SR B R
73 Tt A 3 by 0RO BUBE S, T AR BEAE T
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Table 1 Texture analysis of original and modified lotus root powder

W22 I X, ¥4 e N A MR
JB A8 0y 67.90 = 0.26" 0.84 +0.01° 56.43 +2.21° 0.83 +0.02*
% R A 29 B 2R 24.30 + 0.44" 0.41 +0.05" 10.55 £ 0.52" 0.43 +0.02"
o B T - - - -
o B+ R - - - -
8 LT 23.30 + 1.40° 0.42 +0.02" 9.96 + 0.38" 0.43 +0.03"
L& 2§ 13.40 + 0.36° 0.38 +0.02" 5.60 + 0.35° 0.33 £ 0.02°

TE < JA b T B AS TR A T b 215 3R 1) J50 R 2 B0 A i 25 M 22 57 (P < 0.05)

2.3 &Kk a-1,4 BEIFHE ,a—1,6 BETFSEDI T, 1% A2 1 n 3%

SORTEMARIEKYE, RRIES TR THEIL PR, DOTE , DR K PR R AR, T 28 3 45 22 il
W4 6 BK B 22 /0 SR it WK T 7 K 1Y e JBi 2% S, ELBEVE AN I 22, dn R O R R, DY Uk
M 2 BT, WAL MR BN HEFF 9 s by i R WROKAPRAR T i TR v S 206 45 09 e P R R

MR M 2 i i 55 T bR Py ) A 22
ﬂﬁﬁﬁfﬁjﬂwﬁ?%$%wmai* K2 FEMMAMEMNEKESHER
RS o=V AT 0% T4 D ) VY A
able ehydration analysis of original

JSURE B WAL 23 & TP R84 (P < 0.01), 7T fiE

and modified lotus root powder

2 TR E KR E 90 C T HML IR, S 2

# WAl/g-g
M AC I R K I, TP 8 b AT 1 e B2 3 7.25 +0.17°
1=, WK BE IR T 5588 . = TR 206 A A B 1Y & JE 29 1 R 6.33 +0.19°
Rk i ELEE Y 2 S EUEEAM Y K R 2 R o B IR T 0.24 +0.02°
WG W 7K R T AT R R AR R K 1 R a- K BN R TR 0.22 +0.02°
K/MB S RORIEASHE, AT 2 LB ELHLRE (% &R 2T 289 +0.17
E& 2R R TR 2.51+0.21%

FERY WK PEE . 2T IR o= VE A T Ak TS A S Y
WAL B Z T HEH (P<0.01), 7] RE & TE B il K

T JA bR B A AS [F] Ak 88 T7 2R B 14 52 K A 2 1 2
(P<0.05),
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HEAM B9 2K R D | TSR K R AR S R
(0 52 KPR B R AR P I 25 e ) 8 325 T 5 119
FE oy TR B S ARADL UL AR /N (25) R IT
A T
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()T 85 ik ooV 453 Tt il it AL T
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Fig.3 Micromorphology of original and modified lotus root powder
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Fig.4 Infrared spectrum of lotus root powder

and modified samples
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Effect of Spray Drying Synergistic Enzymatic Method on Preparation of Resistant Starch
in Lotus Root Powder

Chen Di', Xiao Chaogeng", Xu Lingfeng?, TLu Wenjing', Ye Qin', Zhang Cen'
(Institute of Food Science, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021
*College of Food and Health, Zhejiang A & F University, Hangzhou 311300)

Abstract The drying method has great influence on the physicochemical properties of resistant lotus root powder. In or-
der to study the effect of spray drying synergistic enzymatic preparation on resistant lotus root powder, lotus root powder
was used as raw material to prepare resistant lotus root by using pressure—heat cooling cycle, spray drying synergistic
high temperature resistant «—amylase and pullulanase, respectively. The modification effects of different methods were
compared by the yield, texture, rehydration, microstructure and infrared spectrum characteristics. The results showed that
the yield of resistant lotus root powder prepared by spray drying synergistic pullulanase was 5.3%, which was significantly
higher than other treatment groups (P <0.05), while the yield by spray drying synergistic a—amylase was second highest
(4.6%) and pressure—heat cooling cycle was the lowest (2.7%). Spray drying synergistic enzymatic could decrease the
hardness, elasticity, adhesion and cohesion of lotus root powder. The particles prepared by enzymatic hydrolysis were
rough, with obvious cracks and larger particles, while the particles prepared by spray drying synergistic enzymatic were
uniform and delicate with smooth surface. Compared with the original lotus root powder, spray drying synergistic prepara-
tion could narrow the characteristic absorption peaks (3 500-3 200 cm™) and shift the peak (990 cm™). Therefore, spray
drying synergistic enzymatic could increase the amorphous area, reduce the branching chains and reduce the viscosity,
and make the lotus root powder have better resistance and flushing property.

Keywords lotus root powder; resistant starch; high temperature resistant alpha—amylase; pullulanase; spray drying



