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1 MBEFE
1.1 #RERH

548 (Citrus sinensis (1..) Osbeck) , W T 5 &
ABRATTH 7 8 #74F (Citrus limon cv Fino) , g T-pu 1|
B BAT 2 IR (Citrus reticulata) W T F 4
AN T BRS B5 3E HA (Citrus mazima * Apple” ) ,
W 1) e 4 e o SRS T AR

A IR S Pk I R B, K TR AR TP 60 C T AR
48 h, Wi Ja i FLAE 0.178 mm i , KA ARG Bz Fy 8 T+
HRes TR . 28 Lin 25050 09 77 1 0 9 ol 45 i
f 27 4 (NODF) | 39 S il £ 2 (APDF) | IR i £F 4
(ODF) KAt 4F 4t (LDF) F 25 “Ciy T2 h 5 i
FEIBCR (DI

M:%X 100% (1)
2, My PR R MR g5 M, o R

B, g,
1.2 LRI

F AR B (EVO 1810, £ [ Carl Zeiss 2>
] ) L ZRAH A7 £ 4 SO0 45 4 5 20 16 3% 43 (Nicolet
iS5, £ [E Thermo fisher scientific 22 7] ) X 5 £k £i7 5
{ (D8 Advance, 1% [ Bruker 2 7] ) & #5753 Hr{Y
(NETZSCH STA 449 F3/F5 Jupiter, % [ fif 3tz 2
A ) S AT A A 2T HE S5 KRR ST 1548 U, BRI
S kL9 ] .
1.3 MHEMRNE

K FHB 2l 7K BL i 0.5 %6 MG £F 4 B e, O
hi B B A (LS-POP VI, [k 3 55 Bl B =)
SE R AR O 5 42 H 8 85 53 B (Color Quest
XE, % [# Hunter Lab 2 &) I & £F 4 2.5 ; 2% GB
5009.88—2014 il & SR R £F4E TDF R AT G
274k IDF K nl % M B 47 4 SDF & &5 3 % X &
Fe TR Ty g 2 IR 4R 4k R K J7 (water holding
capacity, WHC) . ¥#7# /1 (oil holding capacity, OHC)
K v ik (swelling capacity, SC) 3 2% 24 ikl ' 4
FiEFRA L (MCR302, B F] Anton Paar 23 &) ) 43
I 2 AR 2T 24 3 U0 26t 32 ks 5 ) i 4 ) 728 Ak R LA
FAEAIR BT )R 2 B 0 55 Y1 o
1.4 MEMNFEENE

PLDPPH- fl ABTS™ [ i 638 B R ki )5
F1(FRAP) g 16 b %t b 4% 21 4 1A S0 AL I v A7
W%

S BRI A B 5 3 3 i W R VR

2.5.5.10,15.20 mg/mL (W £F 4 BORIF T 1 h 3
T BRI J7 W VR A& 2 : DPPH 1 0 5 B vk
0.039 mg/mL; ABTS T ¥ B #il 77 i 40 F « B 10
mL 7 mmol/L ABTS " # , 5 10 mL 2.45 mmol/L
K,S,04 1R A1 J5 6 K20 12 h, {5 FH e 7K 2 s
P 50 A%, 2 734 nm N RGN EE /T 0.700 £ o

BRAR L RE 1 (FRAP) i # M P 32 B
B R EAL TR . FRAP U 2 77 45 B 0.1 mL 75 )
24, A 3 mL Wi Z 37 ‘CHY FRAP T/E W, 7
A 2 mL B gEsK , #2513 F 37 “C/K ¥ I i 30 mins
WS REF R FH 2840 - 1T WL A3 e 6 BE T (UV-1800, 3
S HA AR A PR w ]I E o
1.5 HiEAIE

FIIH SPSS 18.0 Ge b4 44 % B g i A7 B I 22
2081 (Duncan’ s 2 8 L7k, P<<0.05) , [A] A 2R H
Pearson A 4% 23 ¥ A KMO #6556, F U 58 38 #m dE 47
F 0. H Origin 2021 X5 BEA T4 18]

2 FHRE5HMH

21 MMEH

& 1 g A [l MR B 2 4k B9 33 45 fL B85 18], NODF
(E1A) FLDF (& 1D) HEA 8 % % , H NODF &2
M 25K , R TEDRLRE A7, AT LU BB R o AP-
DF (E1B) &5 M5 N ikl , R mAF7EFLEL. 5 HAh 3
FhEF4EAR L, ODF (9 1C) F i R i sk, AT £
FLAREE , FLBR R B o i £F 4k 0 A B ) e 52 1k
L2385 KA 52 W, 255 [0) 45 A0 0 s 1) 1 £ A A 1 LA 3
KRR, AT 68 23 52 ) X 7K 7 55 0 W2 56 fig
fit b B 2 S BE M B 1 AR, FT RE S LT 43R
Tl P T 22 L5 #4481 3K 6 B0 235 449 1) AR
b Bl 48 IR A7 2T 4 5 T AR 394 5 LI OOK 4
THAREIRE T -
2.2 IHhStiE

AN TRV AH A B B 27 4k Y 2T AN 6% I 2 R . 4
TohA A5 £ A W T2 AR ARL, 156 BH LAk 2 4 AR AR ]
FT AT BE A 20 A6 TS 34 8 B3 400 em ! AL Y BE W I
W, S T4 R M4 R O—H M FIRSNT1HE .,
2928 e ' UL Sk G B 2R 4 v B A
b C—H#MA IR zh , RV AETE LA Z L & W
ik 1745 em AR RFIE OO R P AR dE R R
T2 C=0 M4k sl , J& 2 2 4 R R AER g, 1647
em ™ ARSI SR A TR R B D5 AR, 1 010 cm ™ Mtk
RIS B T C—O—C At | C—O Mg, J& Mt AT
WIS | FE ARG LT 2 rh & A AR R T 4 R
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A B 47 4 (NODF) Navel orange fiber; B: 3£ JRAH 4R 2 (APDF) Apple pomelo fiber; C: KA £F4E (ODF) Orah fiber; D: #7415 £F 4

(LDF) Lemon fiber, F[A] The same as below.

Bl FEHE S4B ERE (500x)
Fig.1 The SEM photograph of different citrus dietary fiber
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Fig.2 FT-IR spectra of different citrus dietary fiber
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UNTEL 3 it 73S , AN [ R ARG £ 4k (8 R AR AT S 0 A AR
[F), 50 WY HG A AR LR AR B o BT A o 14 0
HBUAE 20 S 22°WEIT , R WIRE S £ 4RSS N T 4E R T
TR RS, 450 B I AT B T G MR 2T 2 4 Jre 1k
45 & B2 3 0 ] R 23 38 i A AR 27 2 i VRS E PR . &
TFRC, 4 Bl 2T 2 19 45 i B 23 31 08 - NODF (26.83%4)

APDF(27.43%) \ODF (24.09%) .LDF (26.74% ) .
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Fig.3 XRD of different citrus dietary fiber

24 RIETEMS

AN TR R A 2T 4 AR e M 18 4 B R o A 27 4
O i E 5 R 3B, B — B B (60~160 °C) X
NS, S FR R A £ 4k 5 P9 i B K N4 K 7%
TR AT AR b B R B 58 B B (160~250 C)
PRy I i o R 2T A 2 0 A 3, % DX e
INAE R G R EE R 5000 8 : NODF (28.71%) . APDF
(28.73%) .ODF (31.07%) .LDF (26.06 % ) , #if i £F
Y v SDF 32 %2y JR I B 431 27 4 AL, I A IR
MRS EF 4 b SDF & i TAF LR 4E (£ 1), n]
B T BOX 3PP LR YEAE LB B O KB 2 IR 25 =
BrBt (=250 °C) FEJEH T~ AREMERES
Wy o 1% JIT 550, 4 Pl A AR 4T 4k 5% B2 43 518 - NODE
(24.19%) . APDF (24.40%) ,ODF (24.34%) .LDF

(25.12%)
100 25.6
z W
= 252
80F i
n =
2 s 248 ODF 24.34%
E H M‘m%
5 60F ® 24‘4\\
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Fig.4 Thermogravimetric analysis of different
citrus dietary fiber
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NS I R S S R R I N WO N B
Aot R AR B P T RE AR Bk g . A PR 4k
BPRiAE R 49.31~52.75 pm , 2 B i o] 75 o —Fh ik
KiAR I A7 AR B A RO o

201

wn

I 3 A1 %
Differential distribution

N

0 L
0 100 200

Fite/ w m Particle size
E5 FREMBIENNESH
Fig.5 Particle size distribution of different
citrus dietary fiber
26 BERMBBBRSIINEEMER
M 1 RTAL PR AT 4 LA 4 Fh AT e de i

RO EE, A THAERAES TN B
FEEF Yt L 0 2T oAt 3PP 22, A4l SEM 45
I S I £ 2T 2 A7 AE AT R 25 48, mT R 8 L L 3% v ALY
K, FEH & = B WA S ELERC, oA
Koo JREE LR 45X A & W N A
M) o 3 3 TS T 5 1) 4 R A7S 2T 2 A0 O R R AR AR 1Y
TR B0, P AE 23 PR ) LA v € i R S R
I

T 2ok il o A B A DR A £F 4k 3 B RS 3 h
IDF, & 3k 50% DA b o Frfe a i & 47 4 (TDF) k&
IDF &t ¥ 5 5, 4351 R 67.63% F156.60% . Ji 4%
SDF % i T~ HAt 3R AG 2T 4 , o 14.06 0, H.IDF
55 SDF il (3.6: 1) , Al fgxe HoA: BEyG v HoAT —
FEARHEVE R

TR LT 4 195 K T 10 A Fh S 27 4 b B s s
B RSN IR AT A RN O 22 R B AT LR
A B WEAIG 5 4 B EF 2 (935 ik P ol 14.17~20.00 mL /g,
RS LT AR M Mt i, AR 3P i 2 AN 2

R1 FRHFBTERNIELFTHEER

Table 1 Physicochemical and functional properties of different citrus fiber

BEE LT 4EE T DF properties NODF APDF ODF LDF
o L 73.96+0.00d 77.0040.19¢ 77.310.01b 82.164-0.01a
s i
ol a 3.15+0.01a 1.6440.01c 2.10+0.02b 0.27-+0.02d
~olor
b* 18.98-0.02b 15.2240.05d 19.14-+0.04a 15.4440.03¢
4 BIEELYE/ % TDF 65.28+0.61ab 63.7540.91b 64.94+0.42b 67.630.46a
- AR MERE R 4T 4/ % SDF 14.06+0.01a 12.0141.02a 12.564-1.44a 11.03£0.83a
Components
AALEPEREELrYE/ ¥ IDF 51.22+0.60b 51.7440.11b 52.37+1.02b 56.60-+1.29
SR %7K 73 WHC/(g/g) 14.79+0.54a 12.2940.34b 15.97+1.50a 14.39=40.46a
HeTE /L
. . S 1 OHC /(g/g) 12.05+0.35a 11.94+0.77a 12.042£0.07a 9.5540.84b
Functional properties
FIKAESC/(mL/g) 20.00+1.63a 15.17+0.24b 14.1740.24b 16.3641.49b

1 FAT R ING S8 R ) A7 7 ik 35 M 25 5% (P<C0.05) . Note: There are significant differences between different lowercase letters in

the same row (P<C0.05).
27 mEFE

W 6A IR AN [RIAH A 27 2 57 U1 1 ) 5 55 D)
RZA R RLIE R R, Hohhi A2 e K APDF % 5|
SO R VAP I =i = W1 o e s =S i o e
R, S Sy JE R 2%, S B0 22 BORLAH BLAE T, DA
A H A2 B SR By YT ) o

AN TRI R ARG 7 44 286 2 Bt B 1) i e AL ML G ] 6B
PR o SR BN TR AT MG £ 4R UL R B b
A BT TR T 035 WA, > 5 1) o AR 4k 2 4
I, B TRE , R UIm AL . MR BT )
HRT ARG L4 b, APDF WA B2 e K, ODF

K NODF BN, SRR e LM,
- BPRLAR B /IR AS 41 4 3 B A v, T BB R R AN
ZF 2 R R AT LB AR A L 3 T RRURT 3B 7T 40 4K
L4 LA P shae S [ 4 XRD 40 #r
25 A RE SR T APDFE 45 & B e i (27.43%) , 4%
THWHEA B N AE T, o TR EAER 13K, 53
278k B 48 A, 0 T O K R AT e L AR &
¥, A1 TR 59 8] 3 R R, APDF 22 21 (1) 87 Y] i g
K,
2.8 MEMLEMHE

AN [R) R A 1 B £ b SR AR TG WL 7 BT R, A Fb
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Fig.6 Shear stress(A) and viscosity (B) of different citrus dietary fiber
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Scavenging effect of ABTS radicals

2 % %
5.0 10.0 15.0 20.
STV S/ (mg/m 1)
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A:DPPH- ji5 [ % Scavenging effect of DPPH - radicals; B: ABTS™ [ H1 3£ 7 % % Scavenging effect of ABTS™ radical; C:#kif g J1

DPPH - 5B 3/%
Scavenging effect of DPPH * radicals
O_—_—
1o | —

ITron reduction capacity.

YV
CODF =2 L.DF

Ji R B/ (mg/mLL)

Mass concentration

NODF ,ODF kit 5 68 /1 it 3% & F APDF HI LDF,
5 DPPH- & ABTS" [ty 3 ¥ Bx 68 1 28 1k # #
—%

B C

[CINODF EEAPDF EmYV: [INODF EEAPDF
CJODF & L.DF

a a a a

%SG HE Absorbance

10.0

g A a
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B7 AEHEBAENRELEGE
Fig.7 Antioxidant activity of different citrus dietary fiber

29 HEXMSH

V25 48 AR S B HEATAE DCHE A BT, S5 R L3R 2.
TDF 5 WHC .DPPH,ABTS . FRAP & # i % 1 A
K, 5 OHC K Z B R A 0 & ARG, 5 SC R W& IE
AH2CSIDF 5 OHC S0 i 3 ARG, 55 SC & 3
#26; SDF 5 WHC ,OHC ,SC \DPPH ,FRAP £ 4% i}
FHAEAH G, Ud B G £ 2F 4 v S S T VA R N B AT
SDF HA7 K & Mg bt S8 fb it . kifd 5 WHC,
OHC .DPPH.,ABTS } FRAP S i & 7 AH 56, UE
R 7E— 52 BB S0 [ P, JRE X 2R ek Az i/, LRk Pk

KRR, A R . WHC . SC 5
DPPH . ABTS .FRAP 2 2 35 1FAHC , B 7E— a2
OB P 6 £ 2 2 K A 1 BT T S A 1k e LA 1
HAEH . BB S R4S AR 0 2 B AR DG, RIDRE AR AR
{1 £ A P A 1R, T BB FR T2 A R R AR, s
TR A BAE SR WA B K B R X AT
QLR E TR PE B B B . 25 R R, R
J¥ 5 DPPH . ABTS } FRAP S0 3 A G . MG
SRS REEL R R EEMLE, 5d Lo R
F G, AT RE S I kAR /N b R T A K
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SR B R 2 ek, SR e g R ARk . DPPH Y
ABTS . FRAP 2 [a] ) 5 4% & 25 1EAH G, HAH ¢ R %L

KT 0.7, SEREW], A5 FRAFEHRAIF R , Al >R
P ZE R 73 R AN R ARG 21 4E il SR A T 28 5 0BT o

T2 ATHE T ERIEIERAOE XS R EERE

Table 2 Correction coefficient matrix of characterization index in 4 kinds of citrus dietary fiber

. Huf B
It‘ TDF IDF SDF WHC  OHC SC L a b Particle DPPH ABTS FRAP Vis-
em . .

size cosity

TDF 1

IDF 0.878™ 1

SDF —0.410"  —0.797" 1

WHC 0.356™ 0.075 0.303™ 1

OHC —0.876"  —0.957" 0.717" 0.014 1

SC 0.199° —0.188"  0.6117 0.042 0.036 1

L 0.704™ 0.949"  —0.918 —0.041 —0.890" —0.454™ 1

a" —0.589"  —0.892"  0.956" 0.240™ 0.853" 0.482"  —0.978" 1

b* —0.167 —0.516"  0.769” 0.785™ 0.567" 0.2757  —0.633"  0.776" 1
. . —0.090 0.128 —0.3557 —0.826" —0.266 0.036 0.218 —0.390" —0.832 1

Particle size

DPPH 0.293™ —0.056 0.474 0.799" 0.113 0.402"  —0.267" 0.438~ 0.777"  —0.751" 1

ABTS 0.277" 0.097 0.164 0.350"  —0.088  0.348™  —0.064 0.144 0.276"  —0.248" 0.712" 1

FRAP 0.350™ —0.025 0.487 0.824™ 0.055 0.4337"  —0.241"  0.417" 0.773"  —0.727"  0.950" 0.725™ 1

. . —0.256 0.059 —0.4347 —0.788" —0.108 —0.265 0.214 —0.3787 —0.744 0.728 —0.7417 —0.322" —0.757 1

Viscosity

1 AHICHE R Pearson 287 ;

RN G (P<<0.05) 5 #+FR R A& (P<<0.01) . Note: The correlation is Pearson type; * indicates

significant correlation (P<Z0.05) ; ** indicates extremely significant correlation (P<<0.01).

210 EEWH S

HEAT A TR, SR KMO A6 56 % BT 4K 55
HEATIE N R R B, 223 R4S 1 KMO=0.646, KX T*
0.5, BRI, /T #EAT FE 50 B o W3R 3 PR, 43 #1 4%
Ny 3 FRAEE Y KT 1, Rt 7 2 5ikiR ik
90.893 % , A Jiz BN [ A A7 2T 2t 4 R o015 L L BRIk
PRICHT 3N 5 BT IS 2L it 5

2% 3 A1, TTRRR A 49.083 % BIES 1K fif
#HAHB KW A TDF & i \SDF & i \IDF & & L7,
a" b OHC, F2 % J 2T i fb 2 21 i B 5 5 565 2

DR 30.954 %6, o 2R (E 5 5 HoW (A 1A

WHC .FRAP .DPPH X 6", Fif% K 2 Ry A0 56 5 5T
BR#H 10.855% 1Y% 3 K+, SC & ABTS .FRAP
Mr B AE Y A IEE H R T 0.5, 32 I WA A £F e P A
LRI G 1ERE

PL 3 F2 1805343 0 1 9 7 22 BT ko R AU
2 T R R EL A A T 2R A PR B F=
0.540F,+0.341F,4-0.119F 5, £ 45 PFpr 45 St < 4 fr
TNo R AFYETESE 1 56 3 I Ao Y B, U
5 HAb S AP AR L, NODF 78 £ 4 4 & i 4l (0
BT A L. ODF 765 2 71 45 4 fe i, Ui

R3 EBSHFLEE THE RTAHRERFERDE
Table 3 Principal components eigenvalues, contribution

rate,accumulative contribution rate and eigenvector

i H Ttem PCl1 PC2 PC3
TDF —0.857 0.271 0.344
IDF —0.995 0.011 0.010
SDF 0.813 0.319 0.417
WHC —0.068 0.959 0.034
OHC 0.960 0.109 —0.154
SC 0.225 0.013 0.913
L —0.960 —0.105 —0.252
a' 0.908 0.302 0.281
b* 0.534 0.825 0.127
Hif% Particle size —0.152 —0.931 0.125
DPPH 0.065 0.845 0.460
ABTS —0.132 0.395 0.635
FRAP 0.029 0.845 0.500
FhRE Viscosity —0.076 —0.843 —0.190
E;ifalues 6.872 4.334 1.520
TTHRR /) -
\ifajnc#jtfn/lfbulion rate 49083 30-954 10.855
RIS Y 49.083 80.037 90.893

Accumulative contribution rate
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W HAE A AL PERE T T B A e R AL # . T LDF K&
APDF 72255 2 [ 7 Fp 5 70 B AR, P e il PR R AR
DA [ PR 5 R 3 O ASCER, MR B0 A () i 8l 2% P9 51
o355 H AR S AR A RN RAS B R 425 5 15 07
HEFF O I RS 21 4 IR AT 4E PR 2T 4 Fr A AT
gt RS LT YR LR i T A o, R ET Sl T 22

F4 AMHBAENSES RESITN

Table 4 Score and comprehensive evaluation

P " =
NODF 0.880 0.332 1.357 0.750 1
APDF 0.520 —1.450  —0.535 —0.277 3
ODF 0.246 1.289 —1.040 0.448 2
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Physicochemical properties and antioxidant activity of dietary fiber
from citrus peel pomace prepared by enzymatic hydrolysis
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Changsha 410125, China

Abstract Four kinds of dietary fibers from peel pomace of citrus including navel orange , apple pomelo,
orah and lemon were prepared with enzymatic hydrolysis to study the performance differences of different
citrus dietary fibers and improve the comprehensive utilization rate of by-products of citrus processing. The
fiber morphology was characterized by scanning electron microscope , Fourier transform infrared spectrosco-
py and X-ray diffraction. The physicochemical properties and in vitro antioxidant activity were determined.
The comprehensive qualities of different citrus fibers were evaluated by principal component analysis. The
results showed that the properties of citrus fibers prepared with enzymatic hydrolysis were different among
varieties. The total fiber content of lemon (67.63+0.46) % was the highest. The fiber composition ratio of
navel orange is the best. The fiber of Orah and navel orange had the strongest hydration properties and in vi-
tro antioxidant activity. The fiber of apple pomelo showed the highest apparent viscosity among the four
kinds of fibers. The decreasing order of comprehensive evaluation is navel orange fiber, orah fiber, apple
pomelo fiber and lemon fiber. It is indicated that four kinds of citrus dietary fibers prepared with enzymatic
hydrolysis have good physiological activities. Among them, the comprehensive quality of navel orange fiber
is the best, and it has a wide application prospect as a food additive. It will provide theoretical reference for
citrus dietary fiber as a potential food additive resource and comprehensive utilization of citrus peel pomace.

Keywords citrus peel pomace ; dietary fiber; in vitro antioxidant activity ; comprehensive evaluation
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