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Preparation and Structural Characterization of the Nanomaterials Taking
High Purity C-glycoside Flavonoids of Bamboo Leaf as Leading Material

ZHANG Yu-jing, ZHAO Zhen-lei, HAN Jian-xin, ZHANG Ying"

( College of Biosystems Engineering and Food Science, Zhejiang University, Zhejiang Key Laboratory for Agro-Food
Processing, Zhejiang R&D Center for Food Technology and Equipment, Hangzhou 310058, Zhejiang, China )

Abstract: The nanodrops (y-BLFnd) were prepared by ionic cross-linking method, taking high purity
C-glycoside flavonoids of bamboo leaf (yz-BLF, the mass fraction of C-glycoside flavonoids was above 90%)
and turnip polysaccharide (TP) as raw materials, e-polylysine as a cross-linking agent. Subsequently, adding
8% mass fraction of y-cyclodextrin into y-BLFnd suspension as protective agent, nanoparticles (gz-BLFnp)
were obtained via vacuum freeze drying. The appearance, performance and structural characterization of
y-BLFnp were characterized by particle size analysis, TEM, UV, FTIR, TG and DSC. The results showed
that y-BLFnp was a kind of white powder, which had smooth surface and uniform color. The average
particle size was (679+10.2) nm with a dispersion coefficient of 0.349+0.004. The encapsulation efficiency
of g-BLFnp was 92.39%+0.34%.
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Fig. 1 C-glycoside flavones (a) and y-BLF (b) by high
performance liquid chromatography
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Table 1  Evaluation index of freeze-drying protection effect by y-CD
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Fig. 2 TEM image of redissolution of y-BLFnp
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Fig. 3 Appearance of 4-BLFnp
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Table 3 UV wavelength of 4-BLF. y-BLFnd and y-BLFnp
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Fig. 4 FTIR spectra of substrate, y-BLFnd and y-BLFnp
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Table 4 DSC results of y-BLFnd and y-BLFnp
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Fig. 5 TG curves of y-BLFnd (a) and y-BLFnp (b)
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Fig. 6 DSC curves of y-BLFnd (a) and y-BLFnp (b)

2.3 RERRFOEARR R B ITEAN

u-BLFnp X/ UK Bz IRA B Sc g v, R K
By B KRS ARy B(E A 0, T J0 At
u-BLFnp X/ A M AR R Se i vpr, ARASE i
5% 2R R S AU ER 00 B
FIRR AL R RN, R RSN T, w-BLFnp
X B2 SR BRI R 7 A AR, e

3 it

ST & R B A R K TR B AT H, AR S
#il % 7 u-BLFnp, KEATOFEER S 4 4SBT 0 R 5
IEON 25% 5 5] 90%LL [, I H EE R 5 £ 45 2 A
BRI 40%HE 5] 90% L) F . RS R 7 2 b
CEIUBRE R R0 5067% ) NBER, TEBGE T
R R, B T R B BRI A, 1S
TR i o AR BY T DA 40 8 R 7 Tkt
s 7 P P 87 30 A7 A VA AR R RAIG . PR L A
505 B I W 4 ) A, [ IR S TR U AR E
PR HGE T oo, (R R AE B2 KSR 1938 B R
We, Bk TR IIRL . 1E p-CD EE AR R, @
TV R TR 4 K TR B VR 5 O AR AL LR, (T
fittff . EEAKEH N, 75 H A s, JTHJEK
JETR 7= i LA R R R

SEZ 3k

[11 Zhang Ying (K 3% ). Natural functional extract of bamboo
leaves—bamboo leaf anthoxanthin[J]. China Food Additives (" [E &
SRERINFD), 2002, 1(3): 54-58.

[2] LuB, Wu X, Tie X, et al. Toxicology and safety of anti-oxidant of
bamboo leaves. Part 1: Acute and subchronic toxicity studies on
anti-oxidant of bamboo leaves[J]. Food and Chemical Toxicology,

(4]

[3]

(6]

(71

(8]

9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

2005, 43(5): 783-792.

Nirmala C, Bisht M S, Bajwa H K, et al. Bamboo: A rich source of
natural antioxidants and its applications in the food and
pharmaceutical industry[J]. Trends in Food Science & Technology,
2018, 77: 91-99.

Hu C, Zhang Y, Kitts D D. Evaluation of antioxidant and prooxidant
activities of bamboo phyllostachys nigra var henonis leaf extract in
vitro[J]. Journal of Agricultural and Food Chemistry, 2000, 48(8):
3170-3176.

Zhang Ying (5K¥%), Shen Jianfu (JLEEAE), Yu Zhuoyu (AT ),
et al. Primary studies on bamboo-leaf-flavonoids used as anti-aging
factor for skin protection[J]. Chemistry and Industry of Forest
Products (PR k2455 Tllr), 2004, 24(1): 95-100.

Poonam S, Lalit M, Santosh S, et al. Bamboo shoots: A novel source
of nutrition and medicine[J]. Critical Reviews in Food Science and
Nutrition, 2011, 5(53): 517-534.

Wang Wenyuan (£ 3CIH), Cai Min (34R), Li Yuting (2 E 1),
et al. Study of efficacy of skin care cream formulated with flavonoids
from bamboo leaves[J]. China Surfactant Detergent & Cosmetics( H
Fb2ETl), 2011, 41(6): 430-433.

Zielinska D, Zielinski H. Antioxidant activity of flavone C-glucosides
determined by updated analytical strategies[J]. Food Chemistry,
2011, 124(2): 672-678.

Gong Jinyan (324> &), Wu Xiaoqin (5 %3E), Zhang Ying (5K3%),
et al. Advanced research of flavonoid C-glycosides and their
pharmacological effects[J]. Natural Product Research and
Development (KW 5T %), 2010, 22(3): 525-530.

Wang Nan (E4#), Tang Weimin (FE£5545), Chu Bingquan (J£5F/R) ,
et al. Whitening efficacy of bamboo leaf flavonoids nanoparticles
based on B16 melanoma cell evaluation system[J]. Fine Chemicals
CKE4i1E 1), 2016, 33(12): 1375-1380.

Abdelwahed W, Degobert G, Stainmesse S, et al. Freeze-drying of
nanoparticles: Formulation, process and storage considerations[J].
Advanced Drug Delivery Reviews, 2006, 58(15): 1688-1713.
Beirowski J, Inghelbrecht S, Arien A, et al. Freeze drying of
nanosuspensions, 2: The role of the critical formulation temperature
on stability of drug nanosuspensions and its practical implication on
process design[J]. Journal of Pharmaceutical Sciences, 2011,
100(10): 4471-4481.

Beirowski J, Inghelbrecht S, Arien A, et al. Freeze-drying of
nanosuspensions 1: Freezing rate versus formulation design as
critical factors to preserve the original particle size distribution[J].
Journal of Pharmaceutical Sciences, 2011, 100(5): 1958-1968.
Beirowski J, Inghelbrecht S, Arien A, et al. Freeze-drying of
nanosuspensions, part 3: Investigation of factors compromising
storage stability of highly concentrated drug nanosuspensions[J].
Journal of Pharmaceutical Sciences, 2012, 101(1): 354-362.
Zelenkova T, Onnainty R, Granero G E, et al. Use of microreactors
and freeze-drying in the manufacturing process of chitosan coated
PCL nanoparticles[J]. European Journal of Pharmaceutical Sciences,
2018, 119(1): 135-146.

Valle E. Cyclodextrins and their uses: A review[J]. Process
Biochemistry, 2004, 39(9): 1033-1046.

Zhang W, Ma J, Ren H, et al. Cyclodextrin inclusion technique and
its application in food industry[J]. Food Industry, 2014, 35(9): 256-
260.

Tang Weimin (FEEH). Comparative studies on chemical structure
and anti-fatigue effect of polysaccharides both from Turnip (Brassica
rapa L.) and Maca (Lepidium meyenii Walp.) [D]. Hangzhou:
Zhejiang University (V1. K2%), 2017.

Ruttala H B, Ramasamy T, Gupta B, et al. Multiple polysaccharide-
drug complex-loaded liposomes: A unique strategy in drug loading
and cancer targeting[J]. Carbohydrate Polymers, 2017, 173: 57-66.
General Administration of Food and Drug Administration of the
People’s Republic of China (HH4E A F A [ & ah 24 5 B 4 BILEL
JR)). Safety technical specifications for cosmetics (2015 edition) [S].
Beijing: People’s Medical Publishing House (AR A fiith),
2015: 490-495.

Rogosic M, Mencer H J, Gomzi Z. Polydispersity index and
molecular weight distributions of polymers[J]. European Polymer
Journal, 1996, 32(11): 1337-1344.

Liu Y, Liu D, Zhu L, et al. Temperature-dependent structure stability
and in vitro release of chitosan-coated curcumin liposome[J]. Food
Research International, 2015, 74: 97-105.



