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Optimization on ultra high pressure processing conditions and microstructural
characteristics of the dietary fiber from Malus asiatica Nakai residue
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Abstract: In order to prepare the high-quality dietary fiber, ultra high pressure (UHP) processing was used to study the
effects on dietary fiber from Malus asiatica Nakai residue. These parameters such as ratio of solid to liquid, pressure and pro-
cessing time were optimized by response surface methodology. The physical and chemical properties such as the water holding
capacity( WHC) , il holding capacity(OHC) ,swelling capacity(SC) and functional properties of the dietary fiber processed
by UHP were analyzed. And the microstructure and functional groups were characterized by scanning electron microscopy
(SEM) and infrared spectra. The results showed that the optimum preparation conditions were as follows ; pressure was 300
MPa, processing time was 15 min and ratio of solid to liquid reached 1:19.30(g/mL). Under the optimum processing condi-
tions , the SDF content, WHC,OHC,SC, cation exchanging capacity, cholesterol adsorption amount and glucose adsorption ca-
pacity of the dietary fiber processed by UHP were 21.71% ,7.81 g/¢,8.03 g/g,7.20 mL/g,0.78 mmol/g,14.31 mg/g and
8.20 mg/g,respectively, compared with untreated samples , it had a significant improvement( P <0.05). Meanwhile, the diet-
ary fiber from M. asiatica residue processed by UHP was observed with SEM and showed that the microstructure was irregular
shape,loose and porous surface with lattice-like and flake-like structure. The infrared spectra analysis showed that the charac-
teristic absorption peaks of cellulose , hemicelluloses and lignin were found in the dietary fiber processed by UHP.
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TR AL , (HRERE A 1 18 2 40 N S 8 1 43 1k
A A ORI T Y, RE R AR TE M PE 2R TR BT &
(Y EFR o ARE A A 1 I AN R], — 53 Sy TS PR
474k (soluble dietary fiber, SDF ) 1A 75 1 i £ 41
4 (insoluble dietary fiber, IDF)'"' . HHT, Hl % &
LA 1 ORI A R AR AR N TS 1Y E 5
/R IDNIEN RN 353, N - L S50
23 e T4 b SDF £ 4 2 5 0 [ £ 27 2 2 7
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PLb i — R R B A AN B A A i AR R
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IKFE10% VA b BRI, SR AN [R] 9 07 3 0 I 2 21 4
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VRN O 0 T A i 1) il T A R R
fit LF4ERMGT . AW PESRIR AN, TSR RS
e a7 s RS U 2 KK ) K D
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BRI, AT T I AR B T Re e . F AR
FREFEHOR ZE VR B AR B8 & R R (ultra high
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— Y AR SR R e T (— e 100 ~
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VYOI (Malus asiatica Nakai) A 35 75 BHE 2 AR K
(SRS, JE AR DX B AR =7 i T = AR
FEAME A PR AR I 7 A T R, SR T

PTG G SR IR AR 2%, © o WPk 4i 1t A4
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YOI Ry JERL, BF SRR = R Ak B Vb SR o SDF/
TDF 520, I B 44 v 45 A 20 A0 6 55 7 1
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MPa & /7 FALFH 15 min, T4 5% SDF/TDF,
1.3.2.2  BRE LLXT SDF/TDF {500

P4 IR S5 A VD SR 43 0 AR [RDBR EE 1210 1
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G £ 4 vh SDE/TDF 1Y 520, PR 28 7K1 2 % I 3k
I,

F 1 MR ERE &I EEKFERHD

Table 1  Code of factor and level for response surface experimental design
7K A BN B k) C I fia] Time
Level Solid-liquid ratio( g/mlL) Pressure( MPa) ('min)
1 1:15 200 10
0 1:20 300 15
-1 1:25 400 20
1.3.4 R A e A il 5 R At AR (v ), A 20 mL ZE 1B K, 757 14
1.3.4.1 JEEGYEEENE 51, T N E 24 b I R K AR AR S 1A R

ANV R G B 27 4E (IDF) 1 a) i P i £ 21 4
(SDF) Fy Il 5 . 8 AACC32-06 H 75 3l 5, SDF
i TDF #y be e an = A =015

SDF/TDF = SDF/ (SDF +IDF) x 100%
1.3.4.2  Fp/KJ3(WHC) Byl &

218 Esposito % J7 vk | B IR BV IR 27
ETHE(m, )1.0 g BT 50 ml B.0% (mg) B, A
10 mL ZE1R/KIR L, $2 5], il F##E 1 h, T 5000
rpm 5.0 20 min, 3575 FIE R, B0 5 K 3 R
Kt ie, ReEE BT SHEMEE (m,), ITH
WHC,

WHC(g/g) = (m,-my-m, )/m,

A, m —HE TR E (g);m, AELEYS
KRE G A S R (g) smy N ESOAE TR (g) o
1.3.4.3  Fpil )y (OHC) 5yl &

£ Wang 21" J7 g W AT 00, TR BRIV SR
JEELAETH (m ) 1.0 g B T 50 ml Z.0% (m,)
HOIA 10 mL KRG #ES), E P #E 1 h, T
5000 rpm 5.0 20 min, /N0 3 BJRHIE  FREEO
EHMEMBTE(m,) o 115 OHC,

OHC(g/g) = (m,-m,-m, )/m,

L, m —FE TR E (g)sm, HELEYS
IR BRI R o SR () s WS i () o
1.3.4.4 @K1 (SC) Ml

%% Robertson %" 77 1 W A7 e 511, ¥ T Bk X
WREEA4ETH 0.5 ¢ & 25 mL ZIEE A8, 3%

(vy) 35 SC,
SC(ml/g) =(v,-vy)/ m

Ao, v, AR IR S R AR (mL) sv, g REaL T
FEARFR (mL) sm A TAERT R (g) o
1.3.5  JER e abar eyl &
1.3.5.1  JEE£F4E e v 22 #he g i
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0.1 mol/L fYERAR 20 mL, $52) , Z I AU A LR, UE
AL UE e I ZE K R TEVE R L2 R Ehie . a3
Ja RS A 5% NaCl #5100 mL, #% J145+F 30
min, DL 0. 5% 1 M BK £ B 35 Wk 48 7 51, T 0. 1
mol/ L {1 EU A AL AR WO 7 , T 28 1 /K AU HCL fig
2AHSEY, EEWE 3 W, A E S he
(cation exchanging capacity, CEC) ,,

CEC = (V,-V,) x0.1/m

K, Vo AFERIHAER NaOH A (mL) 5V, Ky
25 FIHAE Y NaOH AR (mL) 3 m S 4 & FF T i
(g);0.1 2y NaOH ¥ (mol/L)
1.3.5.2 G LT ZE00 1A [ Pt iR B s 1 0

%% Huang' "™ J5 ik, BT 85 8 3 2K 25 2R 3% B 2R
B9 A% 5T i A Z8 TR K 8 4 B AT I S 2L
SrHIFREL. 0 g BE LR 4ERE T 100 mL (1 4R
o T BT R A 25. 0 ¢ B B 1 25 2 W ik
FEHL) 1237 C R 2 h, 75 000 rpm F538 T &
0 20 min , WEIRCE YR, SR AR — FH V000 L [
P i o ORI 2T AR X IR [ S B
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JECRR 0 2 b TR R rh e g i

JER A AT R B M09 B Z (mg/g) =
(Cy-C,) xV/M

K M NREE LT (g) 5Co IR AT
HIATHE BT R (wg/mL) 5 C, WS i b
AT R (pg/mL) 5V A AT (mL) .
1.3.6 ) RiEMEA L Y ML M AL
1.3.6.1 Hfidis

4 e AL R FS A V0 SR R £ £ A T4
ZAEE, BUS TR 6, R FH B IS 7 ol ek
TS 4, FE N R 12,5 kV 284 6 2 48 G 1)
FE A AT P R
1.3.6.2 (HEIMLIAMEREH

R HRR v FE A BRI J5 A V0 SR I £ A 45
2.00 mg FHFGAEE S, 7355 200 mg KBr #3 A 78
SHRA IS Y S R B SE DA T LA B s R A
HEVE A 4 000 ~500 em™ .
1.4 HIEAE

% Microsoft Office Excel 2007 YE&, U 7 iz
BT A2 At ] Design-Expert 8. 0 %14 47 Ak
o FIH SPSS 17.0 B4 A S, T K 56
FEXF SIS FHE VLA T A BEAN S BT, 45 SR LS« AR
HEEMIEAFR . 8l 2 & R Duncan 743
Br 0.05 7K L34 (E ) B 2 5
2 HER5HW
2.1 EH3bRiE SDF/TDF BF40a

P 1 B, 8 ) el T R I R AT
VD RE SEE A S, B EEHET
M 100 MPa /)12 200 MPa i, SDF/TDF 3 fji1 i &
B, VD A TR TS PR I B A 4 ) B i A AR
Hy 200 MPa 341135 300 MPa HsJ 334 i i i A8 22 | 33 1]
RE LM EUE R TH R MARER LA AR,
AR S B AL E T R AR, {fi SDF/

TDF 3415 24 )% 77 #%5 300 MPa i}, SDF/TDF £
MRk, PRk, NSEPRIE % [&,300 MPa b ifi TR

HBETT .
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Fig. 1  Effect of pressure on SDF/TDF of M. asiatica residue

2.2 Migtkxdi>Ri&E SDF/TDF B0

A& 2 AT, 2R R 1020 B, SDF/TDF ik
FEK, Z 52 PG, SO RN L AE 1:20
ik, BT 300 MPa i i JEAL B P2 A= ) 25 7 CVE i i
VE I B B4 DX RV SR, K53 728 R/
Oy, BUR SE R AR AT BRS , AR A AR o3 0k R
Koo FHARSERE IR L, SDF/TDF 5 & i 34,
VLR LU it K2 R BN AR BUR Y & = Ak
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Fig. 2 Effect of solid-liquid ratio on
SDF/TDF of M. asiatica residue

2.3 A IERHEXT SDF/TDF B30

I 3 W], Bifi A5 R v e A BB ) Y A 4K
SDF/TDF 3 | FH#a% . 7£ 15 min ALREZRMT,
SDF/TDF ik B K1H 21.67% . Z J5 Bl i [A] () 4
KT 4A TR, AT 2 B THF a4, SDF 41 23 iy
5 43 AL B A VS W Bk B 4 i T B I SDIF 1y
R eI — S () PR e s b B BB RS AE —
TR Ly SRk B LR 4 v SDF 340, 78 BHi L
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Fig. 3 Effect of processing time on

SDE/TDF of M. asiatica residue

i) 17 T i 6 45 SR 43 A
J ] Design-Expert 8. 0 i/, %2 2 A 5644

PEIEAT R Z T4 A5 20 B A 7 R

Y =21.66-0. 058A +0. 080B-0. 020C +0. 010AB
+0.83AC +0.25BC-0. 34A%0. 68B*-1.32C?,

18 3 1905 25 20 B vl i, AR S 58 9T 6 FH 19—k
Z IR HAA N & (P =0.000 7 <0.01) , &4l
WARZE (P =0.1345>0.05), AREARHE R
R* =0.983 2, i} W i {H SDF/TDF 1) {0 7 {f 1 75
T AL 0L A B R4, MEIE R B R, =0.952 9, (A A
TIRESFRE 95.29% (A N A AE Ak, W] LA FH A T %)
VAL I B £F 4k rh SDE/TDF {HiE47 43 B N il , £5
KZE M T4 B > A > C, AC M]3 B AE K 2
#,BC Mz HAEH B3

®2 MEERBERSSHT
Table 2 Result and analysis of response surface experiment
£ Sodiid i P b e
: (g/mL) (MPa)
1 1:20 200 10 19.79
2 1:20 200 20 19.48
3 1:25 400 15 20.79
4 1:20 400 20 20.01
5 1:20 400 10 19.32
6 1:20 300 15 21.72
7 1:25 300 10 19.17
8 1:15 300 20 19.14
9 1:20 300 15 21.55
10 1:15 400 15 20.76
11 1:25 200 15 20.48
12 1:15 300 10 21.08
13 1:25 300 20 20.57
14 1:20 300 15 21.70
15 1:15 200 15 20.49
R3 ZRSTEBFTENTR
Table 3 Analysis of variance of quadratic regression model
T5 2K 5 7 A F ¥J5 F{E PH B
Source Sum of squares df Mean square F value P value Significance
51 Model 10.99 9 1.22 32.46 0.000 7 v
A 0.026 1 0.026 0.70 0.4400
B 0.051 1 0.051 1.36 0.296 0
C 3.200E-003 1 3.200E-003 0.085 0.7823
AB 4. 000E-004 1 4.000E-004 0.011 0.9219
AC 2.79 1 2.79 74.13 0.000 3 o
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%1:3% 3(Continud Tab. 3)

T5 Z AR SFJT R FI H L ¥r FAH PE e
Source Sum of squares df Mean square F value P value Significance
BC 0.25 1 0.25 6.64 0.049 6 *
A? 0.44 1 0.44 11.57 0.019 2 *
B? 1.72 1 1.72 45.83 0.001 1 =
c? 6.47 1 6.47 171.86 < 0.000 1 =
% 2% Residual 0.19 5 0.038
AU T Lack of fit 0.17 3 0.057 6.60 0.134 5
4li15% 2% Pure error 0.017 2 8.633E-003
S0 Total 11.18 14

[E: "R P<0.05 2R E3; " " P<0.01 ZRREFE,

Note: * shows significant differences (P <0.05) ; * * means extremely significant differences (P <0.01).

A1, FILH Design Expert AR H PR 250
PR FH Ao 57 1 P R A e 2 P SR DL 4 i i
TET Y T T 10 1) I R A A, o

9
-
>3
©
>

Y&
Value (%)

(ELALIE N, 250 SO ALK ) doe KA, Bl 45 DR R A 4
SN, M SO D) % AR, T A R A5 A 4 S
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Fig. 4 Response surface plots and contour lines of effect of interaction

between solid-liquid ratio, pressure and processing time on SDF/TDF
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WA R RS BAEH R ZE, W EIEN 5 Z 8K
HE 4 Wl E i, AB S HAEA 3, AC (BC [A] 58
ER(EETE N

A& Design-Expert 8. 0 FAELAL 70 M7, 7R BHEK
k. 1:19.30 g/mL, JE F 304. 93 MPa, i} [d] 14.76 min
SR, IR T VD L s R B 45 4 vh SDF/TDF {H
21.66% o k5 UE M AR TN 45 R B T S, 45 A 5K
FRagerE i I M, ZE R EE 101930 ¢/mL, J& 77 300
MPa, [5f[8] 15 min Z50F T, #5473 WH K kil 5,
M5 i SDF/TDF {84 51 A 21. 76% . 21. 70% Fi
21.67% ,SF-HI(H K 21. T1% , 5 38 75 08 A5 1,

RZEN0.23% , RIS HMAEARAT
2.5 BEEAEAGRVREER|RAHELMERN
T

U0 L I B 4 A o e A P i R o Y AR
LR 4, 34 nlH, G s IR A B VS i
JRE LR AR T R I R 1 A T B E
feE (P <0.05), Hr, ffKk i 6.67 ¢/g JH=E
7.81 /g, P 1 17.09% s 15l Sy 1 7. 34 o/ TH&
8.03 o/, #EE T 9.40% ; jhk Jith 6.34 mL/g F+ &
7.20 ml/g, 328 T 13.56% X A] fig5 4 i e b B
JE RE R RS G R AR AR A G

x4 NEEREAMERHEL

Table 4 Changes of physico-chemical properties before and after the treatment

FE WHC OHC SC
Sample (¢/g) (g/2) (ml/g)
FAFHEE S, Untreated sample 6.67 +0.03" 7.34 +0.04° 6.34 +0.05°
B 5 AL BRAE ) Sample processed by UHP 7.81 £0.04" 8.03 +0.03" 7.20 £0.08"

T R PRIVEAR N x £ 5,0 =3 AR FHFRRZE IR E (P <0.05) , T,

Note ; Each column data in the table were x +s,n =3 ; Different letters indicated significant difference (P <0.05) ,the same below.

26 BEELEMEVYREETTEINGEREN
T

TR B £ YL AL 5 A 5 TR Y R RS L S
SEFEP, AT L5 BH T n] s i, AR BH B 1B 9
YERT. |13 S mIH, G i IR AR B , V0 R fi £
LFYERY FH B 1SS BE J1 0 0. 78 mmol/g, 1 3 i T
ARBERTEIAE AL (P <0.05) 5 % £ 2F 4t i HAT W fif o
FLIE A P IR K BE 7, ] I AER I A [ e F
Wl D WL S L P g R A 7 g P AL BRI 0 SR I
LT A X [ R R F) I B D 1431 mg/g, 3%
i TARBRRTAYRE A (P <0.05) , T I = i Ak B

Je v SR I 2T 4 v on] i B 2 4 B v T
ELET 2t FL AT 40 ) A 2 W R DA, T AR I 9
TR B A A R R R AL
B0 I B 2T Ak W% A 2 I ) v T Ak
AT ERRAR (P <0.05) , 32 A IR £ 2T 4 14 368 4 4 1 I
WehE 77 5 AT M I S AR AR 1 i B BRAE AL A G
AUEERAN—20, EEJE i T A TR 21 4k 5k 4%
fih i 77 A A BEAR P AR i 4 W o 7 e S O
LI B 21 RGN ) RSt 25 ol 2 #0011
iR R R R

RS SERTEITNREFEMNTL

Table 5 Changes of functional properties before and after the treatment

e P T3 e )y X JUEL [ P2 R o W 4 2 W
Samuule Cation exchanging capacity Cholesterol adsorption amount Glucose adsorption capacity
P (mmol/g) (mg/g) (mg/g)
AAEPRFE f Untreated sample 0.21 +£0.03* 8.72 +0.12¢ 5.63 £0.10°
B 5 FE Ab FRAE 5 Sample processed by UHP 0.78 +0.08" 14.31 0. 15" 8.20 +0. 14"

2.7 BEEAEMETREESAENBUEN
S

VD SR s £ 2T 4 v T A B A5 A R4 4
RUBEIEI LI 5. ISl g, 208 e i Ak B s 1 7
T NG E LT AERE G 5 OR 20 A0 BRAE S AH L, ok 2 30
AHLMEAR , T FLERELZ , A ZUAS A AR 1 S I i

ZAL, B PR B2 ARG NG 2 o 355 g e Ak 2
Ja b R T BT AR B FRK 1 b ) K iy
THOUARAT G o AR AL BEAE i 2R BN OB R /N —,
RIEDLH, 45 B, EEEAMUER AR,
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Fig. 5 SEM graph of dietary fiber from M. asiatica residue of (A) before treatment, (B) after treatment by UHP( x300)
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Fig. 6 The infrared spectra of dietary fiber from M. asiatica residue of (A) before treatment, (B) after treatment by UHP
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