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Preparation of Pomelo Peel Nanocrystalline Cellulose and Its Application
in Improving Properties of Carboxymethyl Starch Film
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(1. College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Environment Correlative Dietology, Ministry of Education,
Huazhong Agricultural University, Wuhan 430070, China)

Abstract; Pomelo is an important fruit of citrus. The high fiber content of pomelo peel can be used as a
good raw material to extract pomelo peel cellulose. Using pomelo peel cellulose (PP — C) as the raw
material, the pomelo peel nano-microcrystalline cellulose ( PP — NCC) was prepared by sulfuric acid
hydrolysis method. The micromorphology, aspect ratio, infrared spectrum, crystallinity, and thermal
stability of the PP — NCC were analyzed. The effect of PP — NCC on the rheological properties of
carboxymethyl starch film-forming fluid was studied. It was found that the PP — NCC was a rod-shaped
crystal with an aspect ratio of 8 to 20, and the proportion of aspect ratio greater than 10 was over 60% ;
the main substance of PP — NCC was cellulose; the crystallinity of PP — NCC was increased from 55. 64%
before acidolysis to 74.35% , and its initial thermal decomposition temperature was decreased from 240°C
to 212°C. PP — NCC could be used as the reinforcing agent of carboxymethyl starch film. According to
the equation, the rheological index was less than 1, indicating that pomelo peel nano-microcrystalline
cellulose/carboxymethyl starch film forming fluid was pseudoplastic fluid. G’ of the film forming liquid
was greater than G”, and no crossover occurred between the two within the frequency scanning range,

showing that the composite film forming liquid was of weak gel structure. The viscosity coefficient K,, in
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static rheological parameters, the zero shear viscosity and the energy storage modulus in dynamic

rheological parameters were positively correlated with the addition of nanocrystalline cellulose, showing

that the dispersibility of PP — NCC in the film-forming liquid was good, which was helpful to strengthen

the interaction of the internal structure of the film-forming liquid. The nanofilm of pomelo peel fiber

showed better functional properties and can be used as a significant direction for comprehensive utilization

of pomelo peel.
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Fig.2 SEM of PP — NC and PP —NCC

0.40

035

0.05 i 7

)

K J¥/nm

O 1 1
60 80 100 120 140 160 180

500 nm F A% S ~20 nm FYGORBLEF4E R SCRR 1T ]
ARG 21 24 28 O JRURL i) 4 Hh IR (147 £7) nm  FL 42
(4.8 £0.4) nm R AR BT e R . h KRAR I
SR AATAL B AL AR L AR 8 ~ 20, I RAR LR T
10 A LBl T 60% o SCHR[ 12 ] KRBT AR LT 10
4 R DK 2T 45 2R A T I AT LI 35 M 0 52 A B LY
SR DRI AR S T 5 114 A B2 A K i 27 4 2K LA 0
5i FR R LA IR P RE A4 1

0.40 -

0 I | L
3 5 7 9 11 13 15
H2/am

B3 Al B AR B £ 4E 3R (PP — NCC) K 5 B AR 2 A1 B
Fig.3 Length and diameter distribution of PP — NCC

2.3 HEARBBRIERLIIIE D

H [ 4 LA Al B2 27 4E R 35 TE 3 4402934
1444 1366 .1 120,879 682 cm ~' &b Hi B W Wi 04 , 34
W) 22 e S AR B, 25 21 19 4l B2 2T 4 0B R 19 A9
RN AR . %K 1 BRI 0T 3 SR 450
Wi 4 7E 3 000 ~ 3 650 em ™ Ab H BB T i
S DX [ R MAC U Dy O—HL e 44 I 2y, S22 i 7 21 2 3K 4%
F LA () R AE W i i 879 em ™' S 682 em ' Ab
L B A R AT 531 DAy o 7 B R B C—H R A1 C—
OH T &0 25 il 41k 30, 349 2 2T 4 32 A 45 A e e e o il
BEARTE 1747 1256 em ™" Jib 3 B M0 , 3 WY Al ¢ o
A ARTIER 2 4 23 S5 A% T, T L IR AU A Al Bz £
2 2 A TR B, I R A A Ok Jo A A B
e FEA A B B o

100

80
60t
§
:é% 0t
T o20p =tr
—PP-C

—PP-NCC

4000 35‘00 3OIOO 25IOO 20lOO 15IOO l()IOO 560

ek em—!
P4 FlE Ry B 2T 4k 28 S B A K i 2T 4 R AL AM A3
Fig. 4 Infrared spectrum of powder, cellulose and NCC of

pomelo peel

Xt B A 2 2T Ak 3% gk T S B S A T LR
H PP A I A U B AL R 1 R A A TR 1 P A

x1 FELMRYE

Tab.1 Major infrared absorption peaks

i)i’fﬂ(/cm’l PR ah sl o I
3 440 O—H i 45 fiz 3 Zp ]
2934 C—H {30 Z o)

1747 C=0 LA MRS ARBBWCEggEZE) ")
C—H A5 PE4R 3 ( 1 L0

1 444 ) 2%
1366 C—H T W25 3R 3 E2
1256 J5 I C—0 3 Az
1120 C—O0—C RXFRAMGEIRSN Lg% podgiz
879 R R B A A Z !
682 C—OH [ 4125 i 4R 3l S

N ALt 2T 4 3R A R ATS R 2T 4 B i R TR A
DU Mol Bz 21 4 3R 052 2 X, T 47 4 3% 10 A 2 1k
JEIE AR R A
2.4 HWENRBRALERERESNT

S5 QLR i ERy il Bz £F 4 R RN B2 98K
2148 2K 1 A1 0F 45 R O W O, 20 i o 20.27%
55.64% F1 74.35% . MIXT &5 G ER R G Y P4
ff DI o F1 20 Al B TR DR A R AR R M
AR A Z2 Ry o S B R R G 2 R X, TR
FH X 25 it L /N 5 280 — AR WAL B b BB TP R
21 4 3 AP Al ) TR A B 2, DR AR 0T 2 A
BT RIS 5 AR B RR A — PR R AT 4 R E B
DX B N 58 96 il DX, Bl R 48 K Bl i 28 4 3R ) A X 25
PR — A B o SR [ 17 ] R K 20 K £F 2 3R L ]
TR GBI R 2 R B A R T 0 R A R R



¥ 2 FETE T AF - Al B2 2 K i

B 2T 2 A8 B %o FR Y UE 3 O A

Al 503

TR L (E D22 b AT L 40 R T 4 2 11 A
S 4 5 BE I 15 51 100% , 154 B 4 K 1 47 i %
AT BT IX, — 75 T AT B8 J2: R o il B2 2F 4 % v
oAs e AR R B AT 2, RS T R 1 3 2
5 — 77 11 A RE 2 R O R 4 R IR A R 1 4), S8
B BT R RLIE R — A7 76 A5 R F8 40 R 9 2T
g%,
2.5 MEMKEEFEEZHREEEST

b A e PRI TT L i R R B 2T 4 R
A1 7 40 K Tk 5 2F 2 248 150°C L 9 B9 1 B T 5% 1
B T B4, X R K 4 B 25 o A R Bk BN 4y
FHE KBRS 4T 4 £ TF 8 2 M,
BALAE T L 4E R0 A SR B K AN 4 i R
il B2 WS Al R 2T 4 2 %l B2 AN oK B 4T 4 % R
G 7 TR BE 43 Bk 150,240 212°C . X N
fl B o R R R ROR R R SR, 3
ik [ 18] % Bk 2% ) J5T 1) 440 I i T B BLAE T 4T 4

100

90 PP
80 —— PP-NCC
ol ——PP-C

<

=~ 60k

2

& 50t

m@ 401
300
20}
10}

0

0 100 200 300 400 500 600 700
R
(a) TG

S Al R A iR 2T 4 3K Al B A K AR

R ARG R AR £ 48 K W R X B Al B 2T
2 2R 0 RS IR I A Al E O g T Al B R Y ik I
JE o T Al B 4 A Bl i £ 4 20 R A G A Ol R A
B2 €T i 3R I A1 D) O 7R A0 A P O B R« 1 O R A
R AN et IR S I TSR SN B
T, DT 5 B0 T 2% 52 1 JE AT 2 BRAR T AR E
PE 5 U TE B TR A Al B 2F 4 3% 1 ok o i R

HRCR) T 28 4k 3 o 1 5 b T SE A5 R SR R
/1R B R AL 2 ol N K Bl it £ 2 R S O SR

Mo B o PR KRR R AR

S FI 2 oAl K w5y *ﬂ*ﬂﬂﬁ%ﬂ@rﬁ RETHER
YA 3 A PR D) Al R 2T 48 R A WA PR
fiff DX TR, ok o 56 B 1 A B gy B At B2 44 oK 2T 44 3R 110 #R
FOE IR T 2R 4 R . & 0T DLE YR 5 )
500°C B, Al Bz 99K Gl it 21 4 300 5 A% 2% TRl B &F
HER 3% PR A R s 1A B AT LR B VR T, (A R A
R,

OV
02}
04}
0.6
0.8}
B _j0f
-12F
14

-1.6f
-1.8f

1%

JE

Il 1 1 Il 1 L 1 J
0 100 200 300 400 500 600 700
IREE/C
(b) DTG

weF4E % TG Al DTG fih £k

Fig.5 TG and DTG graph of powder, cellulose and NCC of pomelo peel

]2 MR M BT 4 3R 0 BT 40K R
BRERXEXR
Tab.2 Weight percent loss in different time periods of

7 %

powder, cellulose and NCC of pomelo peel

il K Tl Bz £F 4 R it B 2 DK Bl i 7 4t R
e KHE TRLEE KRE T2 KRE
XE/C  E/% RE\/C /% X[E/C /%
38~142  6.88 38~142  6.20 38 ~111 4.03
150 ~299  30.85 240 ~448 83.60 212 ~347  39.01
299 ~519  39.13 347 ~564  24.60

2.6 WMEMKMBAER/ZBEEH(CMS) B

ERmEHESH

K6 Frly 20°C I 4l CMS p i i Iz 4 41 PP —
NCC/CMS &5 R ) 2 W0 b 2 I 5 1) 3 % 1) 78
oo B S S H U IR A FE WA L BE PP - NCC 1 1
{91 58 T 4 e, EL B 5 003 3 A 1 T R
LYY B D) ARk — A5 AN, UL BE T B
Pl T ¥ 52, UL BRI WAE B U) R 3 AR R S

< =0
100L v < ®1%
v ;4 A3%
R v;‘ v5%
A o
AAAAV;< 7%
o 2e A,V34
s Epge, ALY
< mle, ALY,
= nle Alg
=10 "a®,,  “av
= n_e A‘
15 fule, ‘11
= e i
f "a%, 1
® l.o.x‘
| |
1 ‘ ‘ .
0.01 0.1 1 10
Bl s

PE 6 Al Bz 24 K Gl 2T 2 38/ % VP 22 6y I R 2 WL
b I 0 ) T 4 ) 2 Al it 22
Fig.6 Changes of viscosity with shearing rate of

PP — NCC/ carboxymethyl starch film forming solution

H A 8 P AR B 1) 78 A A RRALE

23l R T A S B AR R 0 BN T
1,354l CMS I M PP — NCC/CMS & & il I
WX AR B A AR . 3 5 SR (23 ] % R HY 3 U8 #y
T AEVERE I A ST 45 R — B, SCmR [ 23 ] 4 R W AR



504 & o Bl B ¥ iR

2020 4

T ¥ 00 5 P R — P A 2 8 1 SR T A A 55 ) R
IREEA o WA BT V)R A S IN R W R E R T2
IF] 14 5 12V BRI A, T 0 A I ity ol 3 i T L E 4
(1 4R, 3 BRI A o AR i IR T A R
R o

®3 HEBRNREZHEHFHERYL, FTHAUVHE 1,

Tab.3 n,K,, and 75, of PP — NCC/carboxymethyl
starch film forming solution

PP —NCC PIIRGE eV LB o) R
WHNEE/ % n Ky, 1o/ (Pa-s)

0 0.52 3.64 69.23

1 0.49 4.57 76.36

3 0.43 6.16 84. 60

5 0.37 7.53 190. 18

7 0.32 7.94 400. 58

5 ICHR [ 24 ] AE 2 K 21 4 38 % T K e A5 O A2 4
PSR BT 5 P (9 45 R AL FE AR BT D R X B
PP — NCC 7% 9 58, 8 5 32 114 3 S0 26 148 8 ¥ 344
Ko =TSR PR 4E R AR R =R T
U 2l BB RO, B HE— 2 R O PP — NCC -2
RFRT CMS 73 1 [a] (9 3R & 48 BL, [N it PP — NCC
ZAM ] CMS K 1 35 V)i 3, 5 2009 V) &L i3
K S —Jr & PP - NCC 7E BB T
CMS Ry ¥ 18 i 56 By 058 AH EL AT TR BT I 45 45
1, B SR TR R R R R R K, R

_4 et q1qq =0
35 P 1%
vvvvvvv'v <q 439
v <
30 Vvo “ v ggo
Yy < < /%
25 addsdaaa,, Vv, 4‘,
A v <
@ 20 AAAA 'vv ‘<
L] AAA vV
15 e o.oo..... a, v,
LR L LT T T © AAAA
10 =.a . A,
n
5 -- - - :.:..
0 0.1 1 10
T3 A%
(a)
100
o
‘6..
-
vad AA‘S*“-
Ks 1'::&‘30... "
I LastCee "
<IqVY aaaT _ge "
£ <4y’ A °® ="
= 10 vv A °® u"
(&} V' aA o® u®
Pl =m0
a o L] ® 1%
e a"" A 3%
. . v 5%
.-- < 7%
-
1 L
0.1 1 10 100
i#/Hz

()

TRR N ERES A BAE R s Es , AR 3 A
PP — NCC 7%/l 525 % 38 00 10 328 7 38 K %) K, (B Al aT LA
A PP — NCC 1§ T J W P & 25 44 1) A B AR
M1,

T OTOVFEBE (my ) S 48 5 V) I 46 i 9 3 2
RAESTUIR)IA TR R AR RN B AR A A RE S
(i) £ A B A T A4 4 A 2, AR /N 1 B ) O e
T AR 25 RR) 5 B 2 R AR DR R R BT DA R AR
e, LA g A, SCHR (26 ] R R B VIR BE ()
14 725 1k RE AR g Hbu 350 B 344 5 ) 55 5K T 22 () R 2 M 1
IR XFE 6 Hfy i e AT Cross 7 BRI ATHL G, 45
BRI nbEE PP — NCC {78 hin & 69 14 hin 1 14 K,
YLHT PP —NCC Y5 CMS J& it (/] 8 5L T R 47 19 7
1A B . — O T BB Ol 4 R K ff 5, PP -
NCC S BREGH HHERE S A F & P& 7R
S BB TR AR 1 A TR K VS TR, 8 H AT DR 4
b 7y A B BT 5 5 — T & Bl PP - NCC ARk
() L R AU TE PP -NCC — R & it T/
AINEE G

W ERE Ta FE Th W] LLE H Sh A R A
A DI N DR FRAE E 7R I AL 8T U)W A4S 1% 22 47 I
BT B0 B I B R I IR ) 25 P L 4 T B R IR
PRl AR S 36 R B 1 % 1 17 78 A7 0 e I S 5. i
REAL & G R FE R i G J2 S WU 48 e 1 11 32 2 5

17
16 -
v
iz Aiiiiifizzlexx',

L VN ‘e
13ipga “a, "‘
12 ° '... A Y4

A
s 11 =) ., .,

& 10 - a,
S} -l-.....--.-.. '.. A
8 u( .y .'.

TF e1% Rag %e,
6 4 3% -.-
5 vf]% "u
0>
4 A /LI 1 ]
0.1 1 10
(b)
100
_ﬁﬁgg
gt ="
-
<
&
&
= 0%
®1%
A 3%
v5%
7%
7 [ . ) )
0.1 1 10 100
e
@

P72 [ 4 Jon S MEE 9 o REAE A G R B RE A it GV I 2 B 3T 78 A ) o 2%

Fig. 7 Changes of storage modulus (G') and loss modulus (G") as a function of strain

and frequency for different addition amounts
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