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Abstract: Nano cellulose material, as an environment-friendly mate-
rial, has attracted much attention for applications in fields of material
sciences, food, chemical engineering, and medicine due to its bio-
compatibility and biodegradability. Nanocrystalline cellulose (NCC)
show a high aspect ratio, large surface-to-volume ratio, high crystal-
linity index., high tensile strength, and good thermal stability.
Having reviewed the scientific literature on NCC during the last 5
years, aimed to provide an overview about morphology. crystalliza-
tion, and stability properties of NCC as well as its major applications
(as reinforcing agents for food packaging, as emulsion stabilizers and
food ingredients). However, its future development and commercial-
ization still necessitate the overcoming of numerous challenges.
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Figure 1 Scheme of main steps needed to prepare nanocrystalline cellulose
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Table 1 Experimental conditions of nanocrystalline cellulose from food by-products

P 4k ¥ TRk /R Vi it ik
ki) a 5% NaOH,90 °C.5 h 5% H,0,,70 C 64% H,S0,,8.75 mL/g,45 °C .30 min [4]
T B iy 0.5 mol/L NaOH,80 “C.2.5h 2.3% NaClO,.70 ‘C,2.5 h 64% H,S0,,17.5 mL/g,45 °C .90 min [5]
M5 2% NaOH,80 °C.2 h 1.5 g NaClO3,60~70 ‘C,1 h  64% H;S0,.10 mL/g,45 “C,120~180 min [3]
T 2% NaOH,120 °C,2 h 0.7% NaClO,,80 C,1.5 h 64% HySO,,50 mL/g.70 °C ,90~360 min [6]
iR 6% NaOH,60 °C.4 h 30% NaClO, .24 “C.24 h 64% H»SO,,40 “C,180 min [7]
HRE 9% NaOH.55 C 2.1% H20,.55 C,90 min 6 mol/L H,SO,,45 ‘C,30 min [8]
K 4% NaOH,2 h 1.7% NaClO»,100 C ,4 h 10 mol/L H;SO,,50 “C ,40 min [9]
kg 5% NaOH,121 °C,30 min 2% Hy0,,70 °C,12 h 64% H,S0O,,8.75 mL/g.25 C,60 min [10]
oK 2% NaOH,100 °C,4 h 1.7% NaClO,,80 °C .6 h 9.17 mol/L. H,SO,,15 mL/g,45 °C,6 min [11]
KK 2% NaOH,100 °C,4 h 1.7% NaClO;,80 °C,4 h 64% H,SO,,30 mL/g,40 C,40 min [12]
P 2% NaOH 1.5 g NaClO, 65% H»S0,,20 mL/g,45 “C ,40 min [13]
Lt 4% NaOH,80 °C,2 h — 90% HCOOH,10% HCI,50 mL/g,80 C,2~6 h [14]
B A4S 17% NaOH,170 °C,60 min 4% NaClOz,80 “C,90 min 64% H>SO4,45 °C .45 min [15]
Kar — — 45% HyS04,20 mL/g,60 °C,120 min [16]
1k 5% - - 64% H»S0,,20 mL/g.50 °C,30 min [17]
A7 2% NaOH,100 C.4 h 1.7% NaClO, .80 °C .4 h 64% H2SO,.20 mL/g.50 °C .30 min [18]
AT 3% NaOH,80 °C,4 h FRICEE 1210, 4 J ik I 60% H»S0,,12.33 mL/g,42 °C,84 min [19]

NaClOy,pH 4,80 “C,2 h

g — — 64% H;SO,,10 mL/g.50 °C ,90 min [20]
22 JN % 2% KOH,90 C,2 h 7.5 g NaClO,,75 “C,1 h 60% H,SO,,10 mL/g.45 °C .45 min [21]
22 J\ % 2% KOH,90 C,2 h 7.5 g NaClO,,75 “C,1 h 62% H,SO,,10 mL/g.51 °C .46 min [22]
T AP A& T B A Ak PR KR I (26, mol/ L) JAb BRI R C°CO A4k B ] Chy min) o [ A9 2 808 (55 40 PRAGORL L (mL/g) . —3RoR

SCRRR EL AR 418 # 1R 2 1F
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Table 2 Physicochemical properties of nanocrystalline cellulose from food by-products
T Al IR KJ#/nm H#&/nm K& AN/ N i iR /°C SCHR
T4 PR 410 41 10 85.0 — [5]
KFE57% [ZXN 329 10 32 66.0 Tonset =217, T o =281 [29]
H3E BRI — 20~40 — 72.5 Tonset =217y T ax =310 [30]
H 2314 140~500 20~109 4.6~7.0 63.3 T onser =227 [31]
R — 96.7 7.5 13 89.0 T e =311 [32]
o — 247.5 10.11 24.5 — — [7]
HE (2N - 30~160 — 74.5 T onser = 300 [8]
K Btk 191.2 97.2 2 — — [29]
PR — — 15~20 10~15 59.0 T max =400 [9]
ik 7 — 194 5.5 39 — [3]
oK (22N 287.3 4.9 63 79.8 Tonset =2005 Trax =300  [11]
5P (2N 210.8 4.2 53.4 83.7 Tonset =185+ T =276 [11]
E okt (Z3N 195.9 4.0 52.4 78.0 Tonset =180, Trmax=332  [33]
MO Z50R 120~200 4~7 30 — — [34]
PN ek 122.7 4.4 29.4 73.5 Tonset =170, T =294  [12]
K ek 103.4 4.4 24.4 64.4 — [12]
Kk 234 — 59 — 63.0 — [16]
Fil E3N 230.5 10.2 22.6 — Tonset =352+ T =383 [14]
BOREI R Bk 90~180 4~6 26 78.5 T onser = 360 [15]
Pl ek 480 6 80 68.8 T onser = 200 [13]
T — 120~480 — — 74.5 Tonset =120 5 T nax =180 [6]
e (2N 150 10~15 1.5~10.0 74.1 — [17]
45T (23N 90~210 5~25 42 74.7 T onset = 206 [18]
SEAE KT AR 150~300 10~30 5~30 65.9 — [19]
(S350 IR 100~300 10~20 30 75.8 — [20]
22 JN %% AR 200~400 10 20~40 63.3 — [21]

T T onsed T A U3 AR AR T B 5 T s 32 708 B A A 7 T2 256 360 BIE 302 5 — 7R SCRR AR LA B % 2 8.
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UK LT 4L R A R AT AR g — F T ) (filler) B3N 2 2 2
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YK ET 4 2R A B RE DI AR P RE B9 52 i 32 SR ) T H R T
T R 5 BT 4 kA BT R B 7 AR ML 3 RN
(mechanical percolation effect), — & B T il & 22 . EU&E 1Y
0 4 45 ) o 94 0 RS P 5 5 4 - =2 IRD 0 5 4 7T IR A
TM L PR B SR A TR A R B AR R AR AT 4 R
sl A AT Sy AT R B A TR BE A4 . KR M R4S
AL B AR TH DL B 9 K 2 2 28 R R A B 0 1 45 0 L B A BB
4 BEL I 5P 25 % I 0 AR E M R T ) R 3 £l
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3.2 {E24 Pickering F| i 3 2 7 Y Bz

ELA I P (0 4K G BEF (Pickering 1) [ R 4 L)
R B2 TR T7 3 R L IRRCR 9 K S L 3 O R
W] Fr) 2 (] BE 42, 5 2 A 6 20 65 A 0 AR RE 19 7L AR PR A
Pickering FLI " . UK LF 4 3 IR R B AR AL R 1
Yo B T A 2 — P R SRR IR R BB R4 A9 Pickering $r
T Wen SEUURRSE R BURI T 0.2 06 FOK B 4 K 2T 4 %
PRIK - LA /K B it bE 10/90 ., 38 3 2 57 7T +fi] o i A8 1Y
D-Frigedi Pickering FLU . Bl 990K 25 4E R & U35 i ik it 38
T LR AR D /DS o FLR A R PR AR . TE IR LR AR 2T
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Table 3 Application of nanocrystalline cellulose as reinforcing agents in food packaging
YK YE R SR R 1 A i B2/ 4
— — E — - - - - - ik

3/ W/ % PR BIRERE BRMRKE KEREER PRI
fi e 15 e B IR B e 4 48.0 470 v 36 43700 - [38]
Tk 7 2 E Ay 133.0 - - ¥ 9.00 r8 [5]
T4 2 IR VE A 4 49.0 - - Nz A 10 (5]
FAGE 6 R IR A 95.6 — — ¥ 20.02 — [11]
R AF 5 Fe R 459.0 435 v 82 - - [34]
Hke# 3 FOKVEH 4 84.0 A 78 v 80 - - (7]
it 10 IR £63.3 - - - A5 [14]
BT A2 ) 6 KKK - A 80.0 v 59 - - [15]
Wi 5% 10 AR ) 1 48.0 - 452 - A [39]
TE 3 10 LYy 420.0 - A 40 - [40]
RS 5 R £ 19.0 — V4 — - [40]
IFE3 5 ER 459.0 v - — [40]
T FRR SCHR AR AR AR s A RR BN LT R SRS Z AR T 5 ¥ SRR BSIN K 2T 4 3R SRS RS ARG

FHBH IR D47 A5 0 S AL T8 B A 38 A0 A A SR I Rk
Wang 2510 DL 1067 55 28 40 K 2 4 25 5 R K B8 K A L 7R
/KR LG 30/70 B 3 Ao R AL 2R A RS 1 A AR T
Pickering ZLi . WF50 & B, 49K 27 4E R i 7R ok 2 38 i, L
TRLAR AR /N B LR R B S 3 3 5 B B A OK 2T 4E R ROk
RN LI PR M B . AT R X A
R EF 4 TR AR AT M Chie 2 4k 55 3% s i K PR e W] T
g W/0 BRI,
3.3 fEARSERAE A

B2 o S a0 | IRt 7 B S Y R o e TR N R
RIEMPORT LR MR A TS LE 2. B TIHRR &
Fhe S BCR, BT IR AR AOR 4R SR IR TR N
REEA 4 e R KRR MRS P AN, B
e WK AR R R 1 AR BUE T AR WAL oK k& 4, B A
J& T ARV PRI e 4, N & IR, BLUA 45 T8RO e
JHE O IG5 92 05 S5 1 i L IR R B R 1 18 3l L 0 T
R (Y N R 7 P - 7 TR N RSl S O 1 R
A Ak A5 e, 8 4 2 O XA S AT 45 31 2800 1 i 0 T AR
IR (S0 4 TR = AR L N (NI = q O Pl = Wi TR SRS |
K EF 2 R AR R 12 BB A B 5T B2 BT 4L 22 1 B R L
o
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A ) B, G OK T 2 3R A TE A L R R R
Pickering ZLIK A R FH O A3 3 TIZHESE . RS2 KK &R
Y R TR ST LU T LA r B SR s A - © A EF
HEF AR SR A TR NI R © PR 4ER &
(AR R S BB TT AT M % e E R B R S @ it
WAl 2E T B K A 4 R R B TR R
PR RE R Tz 1 N

4

5% i
[1] BRINCHI L, COTANA F, FORTUNATI E, et al. Production
of nanocrystalline cellulose from lignocellulosic biomass: Tech-
nology and applications[ J]. Carbohydrate Polymers, 2013, 94
(1): 154-169.

[2] BRITO B S L, PEREIRA F V, PUTAUX J L, et al. Prepara-

[}

tion, morphology and structure of cellulose nanocrystals from
bamboo fibers[ ]J]. Cellulose, 2012, 19(5): 1 527-1 536.

[3] ROSA M F, MEDEIROS E S, MALMONGE ] A. et al. Cellu-
lose nanowhiskers from coconut husk fibers: Effect of
preparation conditions on their thermal and morphological be-
havior[J]. Carbohydrate Polymers, 2010, 81(1): 83-92.

[4] LU Ping, HSIEH Y L. Cellulose isolation and core-shell nano-
structures of cellulose nanocrystals from chardonnay grape skins
[J]. Carbohydrate Polymers, 2012, 87(4): 2 546-2 553.

[5] CHEN D, LAWTON D, THOMPSON M R, et al. Biocompos-
ites reinforced with cellulose nanocrystals derived from potato
peel waste[ J]. Carbohydrate Polymers, 2012, 90(1): 709-716.

[6] FENG Xin, MENG Xiang-hao. ZHAO Jing-peng, et al. Extrac-
tion and preparation of cellulose nanocrystals from dealginate
kelp residue: structures and morphological characterization[]].
Cellulose, 2015, 22(3): 1 763-1 772.

[7] SLAVUTSKY A M, BERTUZZI M A. Water barrier properties
of starch films reinforced with cellulose nanocrystals obtained
from sugarcane bagasse[]]. Carbohydrate Polymers, 2014, 110
(18): 53-61.

(8] XITLHE, fay s, s, 45 HEAAKAFAERME S5 B
Ak T, 2015, 35(5): 56-59.

[9] JOHAR N, AHMAD 1, DUFRESNE A. Extraction,
preparation and characterization of cellulose fibres and nanocrys-
tals from rice husk[J]. Industrial Crops &. Products, 2012, 37
(1) 93-99.

[10] ROSA SM L, REHMAN N, MIRANDA M 1G D, et al. Chlo-

rine-free extraction of cellulose from rice husk and whisker iso-



F33EFE2H ks

FH A < T £ I T R 77 0 90 oK 2T 2k 2R A B o 4 % LA £ op B R T

lation[J]. Carbohydrate Polymers, 2012, 87(2): 1 131-1 138.

[11] SILVERIO H A, NETO W P F, DANTAS N O, et al. Extrac-
tion and characterization of cellulose nanocrystals from corncob
for application as reinforcing agent in nanocomposites[ ]J]. In-
dustrial Crops & Products, 2013, 44(2); 427-436.

[12] NETO W P F, SILVERIO H A, DANTAS N O, et al. Extrac-
tion and characterization of cellulose nanocrystals from agro-in-
dustrial residue-Soy hulls[J]. Industrial Crops &. Products.,
2013, 42(1): 480-488.

[13] KALLEL F, BETTAIEB F, KHIARI R, et al. Isolation and
structural characterization of cellulose nanocrystals extracted
from garlic straw residues[J]. Industrial Crops &. Products,
2016, 87. 287-296.

[14] CHEN Guo-yin, YU Hou-yong, ZHANG Cai-hong, et al. A uni-
versal route for the simultaneous extraction and functionalization of
cellulose nanocrystals from industrial and agricultural celluloses[J].
Journal of Nanoparticle Research, 2016, 18(2) . 1-14.

[15] NAGALAKSHMAIAH M, KISSI N E, MORTHA G, et al.
Structural investigation of cellulose nanocrystals extracted from
chili leftover and their reinforcement in cariflex-IR rubber latex
[J]. Carbohydrate Polymers, 2016, 136: 945-954.

[16] REDDY J P, RHIM J W. Isolation and characterization of cel-
lulose nanocrystals from garlic skin[J]. Canadian Journal of Mi-
crobiology, 2000, 46(7): 633-642.

L1770 0 SEHFI, BB 16 A 58 90K 4F 4 22 0 ) # B2 LX) 3
JEERE R LT, E KRR, 2015, 30(1): 112-116.
L1870 XU WM, BB, IR AR 4 X il 5 5 RAELT ]

BACE BB, 2015, 31(3): 172-176.

L19] BRI, PEATL, £, 55, SEAEF e 90K S 4 R T & L2k
P BERAELT ], Al TR 4, 2015, 31(15): 302-308.

[20] Bhgn, LW MR, 5. GG AR g FZ X Wk 4m 7L &
E TR B R A L) . B R B . 2016, 32(5) . 40-46.

[21] Zoghk, BRIBE . PRMESE. 22N K £F 4 R Rk i il 25 5 %
AELT]. PHAE AR B R 22 4. B AR B R, 2014, 42(4D) .
229-234.

[22] RIGER, Fme. XUBREE, & ZNKIPRT B R Bikf & T2
RIPEAELT ], 7O Jb A bk BF B K2 % 4 B AR B ), 2015, 43
(4) . 179-184.

(23] FEARb . FHMG 22, 5 BORE , 55, Wi R B i 0D AR 1k K Ak v R ) 5 24
KEFAEF Sk EReT]. /b LR, 2016, 35(3): 866-871.

[24] LU Qi-lin, TANG Li-rong, LIN Feng-cai. et al. Preparation
and characterization of cellulose nanocrystals via ultrasonica-
tion-assisted FeCls-catalyzed hydrolysis[ J]. Cellulose, 2014, 21
(5): 3 497-3 506.

[25] TAN Xiao-yun, SHARIFAH BEE A H, LAI C W. Preparation
of high crystallinity cellulose nanocrystals (CNCs) by ionic
liquid solvolysis[J]. Biomass & Bioenergy, 2015, 81: 584-591.

[26] MAN Z, MUHAMMAD N, SARWONO A, et al. Preparation
of Cellulose Nanocrystals Using an lonic Liquid[ J]. Journal of
Polymers and the Environment, 2011, 19(3): 726-731.

[27] HABIBI Y. LUCIA L A, ROJAS O ]J. Cellulose nanocrystals:
chemistry, self-assembly, and applications[ J]. Chemical Re-

views, 2010, 110(6): 3 479-3 500.

[28] WANG Neng, DING En-yong, CHENG Rong-shi. Preparation
and liquid crystalline properties of spherical cellulose
nanocrystals[ ] ]. Langmuir the Acs Journal of Surfaces &
Colloids, 2008, 24(1): 5-8.

[29] ESPINO E, CAKIR M, DOMENEK S, et al. Isolation and
characterization of cellulose nanocrystals from industrial by-
products of Agave tequilana , and barley[ J]. Industrial Crops &
Products, 2014, 62 552-559.

[30] LU Hong-jia, GUI Yu. ZHENG Long-hui, et al. Morphologi-
cal, crystalline, thermal and physicochemical properties of cel-
lulose nanocrystals obtained from sweet potato residuel J]. Food
Research International, 2013, 50(1); 121-128.

[31] ZHANG Kai-tao, SUN Pei-pei, LIU He, et al. Extraction and
comparison of carboxylated cellulose nanocrystals from bleached
sugarcane bagasse pulp using two different oxidation methods
[J]. Carbohydrate Polymers, 2016, 138;: 237-243.

[32] MANDAL A, CHAKRABARTY D. Isolation of nanocellulose
from waste sugarcane bagasse (SCB) and its characterization
[J]. Carbohydrate Polymers, 2011, 3(3): 1 291-1 299.

[33] SILVERIO H A, NETO W P F, PASQUINI D. Effect of incorpo-
ratingcellulose nanocrystals from corncob on the tensile, thermal
and barrier properties of poly (vinyl alcohol) nanocomposites[ ] ].
Journal of Nanomaterials, 2013, 2013 11 473-11 482.

[34] ABOU-ZEID R E, HASSAN E A, BETTAIEBF, et al. Use of
cellulose and oxidized cellulose nanocrystals from olive stones in
chitosan bionanocomposites [ ] J. Journal of Nanomaterials,
2015, 2015 1-9.

[35] LI Wei, YUE Jin-quan, LIU Shou-xin. Preparation of nano-
crystalline cellulose via ultrasound and its reinforcement capa-
bility for poly(vinyl alcohol) composites[ J]. Ultrasonics Sono-
chemistry, 2012, 19(3): 479-485.

[36] KHAN A, KHAN R A, SALMIERI S, et al. Mechanical and
barrier properties of nanocrystalline cellulose reinforced
chitosan based nanocomposite films [ J ]. Carbohydrate
Polymers, 2012, 90(4): 1 601-1 608.

[37] AZEREDO HM C, ROSA M F, MATTOSO L H C. Nanocel-
lulose in bio-based food packaging applications [ J]. Industrial
Crops & Products, 2016, 97: 664-671.

[38] AZEREDO H M C, MIRANDA K W E, ROSA M F, et al.
Edible films from alginate-acerola puree reinforced with
cellulose whiskers[J]. LWT - Food Science and Technology,
2012, 46(1) . 294-297.

[39] CHEN Yun, LIU Chang-hua, CHANG P R, et al. Bionano-
composites based on pea starch and cellulose nanowhiskers hy-
drolyzed from pea hull fibre: effect of hydrolysis time[ J]. Car-
bohydrate Polymers, 2009, 76(4): 607-615.

[40] WANG Bei, SAIN M. Isolation of nanofibers from soybean source
and their reinforcing capability on synthetic polymers [ ] ].
Composites Science & Technology . 2007, 67(11/12); 2 521-2 527.

[41] HU Zhen, MARWAY H S, KASEM H, et al. Dried and redis-
persible cellulose nanocrystal Pickering emulsions [ J ]. ACS

Macro Letters, 2016, 5(2) . 185-189.
(T#% 38 1)
5



E33EFEZH

TR A BT OB U Y RSG K AL R 35 42 BT 5%

2.2 HELSW

T DA TG HR 30 BB e e 8 e AR A B ) 4 - I LR
RIS 1 IR DX SR 15 R AN ECh B 3 3K I 1R 5 IR X
NGB EANBAE R AR BMEK, T LWELFRMNE
KA RL IR TR T 25 2 850 o 1D 190 A% 0 4 1 45 300 100 AR 2 50, Wk
SR TE ] 3 T A (LA A R TN AR Dy 1 mm®) B AR A4
R FFRL Y 58 0T AR T8 QR #EAT 10 Wk O S (E AR
Shy T RR L 5 S 48 2 1 400 6 32 T 4 U0 0 R 4G e 400 2 0 TR
B30 — JE I 0 2k 0 K B L T AT 10 WL IO I (E A
AR . K B IS T D AT T LR

P 4.5 FIA, A S a5 T 000 (EA B A %
PR3 514 0.962 0,0.985 2, 3 3 20 A 7] 0 3R A R 1R
2 LA 77 325 R AR D HE T ROR L B IR S  $R BBC IR A
SR A AR = 1A S 1A
3 i

() AR50 5 F A 300 U8  1 DX 480 A= K vk 32 T R FF b
JURTHR X 35 o AN AN i e T DX A A A5 0 B DA A K R )
[ 850 3 EL IR AR T 2 KR L J 8 M 7 %o 43 0 1K) 5 7

(2) 3 3o 12050 35 i A i 30 i £ 1 19 O L 4R R H AR IX
355 N IR UL DU ) A A R AR — 2, BT AR H AR K
FIIE AR 2 B0 92 Bl 4 19 3F 8 #2008, R? 43 5135 £ 0.962 0,

£ 240y
= |-
§ 2300 420,003 6x-0.168
= 2207 R?=0.985 2
ll'_/\ P L
¥ g 210
f T
= £ 2.00F
_ ¢
= 2 190
z 1.90
g & 1801
E 1700
'g
£ 160}
¢ 150 ! ! ! ! ! !
= 7450 500 550 600 650 700 750

SRR RS

Auto measured value of perimeter/Pixel
B4 ABERPRROEFAKREF Tl 214
Figure 4 Perimeters from image and measured

values by hand

—
1

y=0.002x42.572 6 *
R*=0.962 0

N}

W A A B b W
O = W

F- I T AR
Measured value of area by hand/cm
w
J

35
17 000

23 000 25 000
19 3 i 1 AR
Auto measured value of area/Pixel

A5 MBA®RFRRIEGFERREF T EM

Areas from image and measured values by hand

19 000 21 000

Figure 5

0.985 2, ByiE T Jy ik M ATATHE .
BEA AR AN R Bl Tl T AR 2 4 R R e R
NN R Y WA Y 3 ) (A NG R €

i
REB|—E NI .

2% 30k

(1] B4, kS A, ERF T4 % E BORTFFE LT . FhF . 2002
(1): 43-45.

L2 WK, Fid [, B raH. KRR 26 B = N R 30 7 6 1 F o 31
ARG R LT ). BB, 2010, 28(1): 24-27.

(3] skspiE. R 4w B AF BT 45 55 78 3 K B0 96 P 1 400 B2 F 5%
L] HARE AL . 201004): 11-14.

[4] JIANG Jing-tao, WANG Yan-yao, YANG Ran-bing. Variety i-
dentification of corn seed based on Bregman Split method []].
Transactions of the Chinese Society of Agricultural Engineering,
2012, 28(Supp.2): 248-252.

(5] BRdise, EBCR, 2 TA, & —Fh T FK & Fh % 50 09 38 20 5
T Ak B T 1k L. L3 & 500 2r #2010, 30(11)
2 919-2 922.

(6] ik, BB 2%, akh, 4. KT SR m & LAY £ R BRI L.
AL BB 2= . 2009, 40(3) 2 180-183.

L7] 2d e, AR, &%, T AR A 20 AR H 19 113 ML 38
PUNLT]. ol TR 4R, 2004, 20(3): 117-119.

(8] whffak, B AW, #ind. BT AR RGB B 5l 7 43 it 19 £ K
JEFRFFAE AT ], ARl TAREAEAR . 2010, 26(3) . 222-226.

(EBF 570

[42] SALAS C, NYPELO T, RODRIGUEZ-ABREU C, et al.
Nanocellulose properties and applications in colloids and inter-
faces[J]. Current Opinion in Colloid &. Interface Science, 2014,
19(5): 383-396.

[43] WEN Chun-xia, YUAN Qi-peng, LIANG Hao, et al. Preparation
and stabilization of d -limonene Pickering emulsions by cellulose
nanocrystals[ J ]. Carbohydrate Polymers, 2014, 112(2): 695-700.

[44] WANG Wen-hang, DU Guan-hua, LI Cong, et al. Preparation
of cellulose nanocrystals from asparagus (Asparagus officinalis,
L.) and their applications to palm oil/water Pickering emulsion
[J]. Carbohydrate Polymers, 2016, 151 1-8.

[45] ZOPPE ] O, VENDITTI R A, ROJAS O], et al. Pickering e-

[}

mulsions stabilized by cellulose nanocrystals grafted with

38

thermo-responsive polymer brushes[ J]. Journal of Colloid &
Interface Science, 2011, 369(1): 202-209.

[46] LAM S, VELIKOV K P, VELEV O D. Pickering stabilization of
foams and emulsions with particles of biological origin[ J]. Current
Opinion in Colloid &. Interface Science, 2014, 19(5): 490-500.

[47] WINUPRASITH T, SUPHANTHARIKA M. Properties and
stability of oil-in-water emulsions stabilized by microfibrillated
cellulose from mangosteen rind[ J]. Food Hydrocolloids, 2015,
43: 690-699.

[48] GOMEZ HC, SERPA A, VELASQUEZ-COCK ], et al. Vege-
table nanocellulose in food science: A review[ ]J]. Food Hydro-
colloids, 2016, 57 178-186.

[49] X0, X7, TR, 28R R HAT AW & & R ELT
FFRER AL B FE, 2009, 30(15): 276-280.



