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Abstract

Effects of regular grinding and superfine grinding on the micromeritic properties of Eucommia ulmoides
leaves were investigated. Coarse powder 1 (5732 nm), 2 (4784.67 nm), 3 (4133.67 nm), 4 (2119 nm) were
prepared by regular grinding. Superfine powder 5 (1310.67 nm) was prepared by superfine grinding, all the
particle sizes presented normal distribution. Results showed that Eucommia ulmoides leaf powders have
smaller size, greater bulk density and smaller angle of repose. The water solubility index values, water
holding capacity value and oil binding capacity value were significantly improved as the size decreases.
Furthermore, biological microscopy revealed the surface morphology of five powders. FT-IR analysis
showed the nature of Eucommia ulmoides leaves unchanged. These results showed that the physicochemical
and functional properties of Eucommia ulmoides leaves can be improved by superfine grinding, which would
be more suitable for the development of functional compounds than native Eucommia ulmoides leaves.

Introduction

Eucommia ulmoides Oliv. is a traditional Chinese medicine, it can be used as an
antihypertensive, protects muscle, bone and liver and kidney herb. It has also been processed as
tea, popular drink in China which is known as health food (Xu et al. 2010, Fujikawa et al. 2012,
Sugawaa et al. 2012, Hosoo et al. 2015). Eucommia ulmoides leaves contain the active
ingredients: iridoid glycosides, geniposidic acid, chlorogenic acid etc. (Chen et al. 2010, Zhang
et al. 2013). Eucommia ulmoides leaves have also been reported to have antioxidant,
anti-mutagenic and anti-mutagenic effects (Fujikawa et al. 2010, Lin et al. 2011). Its extraction is
commonly used to treat hypertension and diabetes, also exhibits effects such as anti-fatty liver,
anti-hypercholes- terolemia, anti-oxidative stress and anti-obesity (Zhang et al. 2007, Choi et al.
2008, Hirata et al. 2011). Its extract may be an important source of natural antioxidants (Xu et al.
2010). These indicate that Eucommia ulmoides leaves have great potential to be used as Chinese
medicine raw materials.

Superfine grinding is a new process technique which has great potential in producing powder
foods (Zhang et al. 2014). It can reduce the particle size of food ingredients to reach the range
from 1 nm to 100 um (Xiao et al. 2017). Meanwhile, superfine grinding technology is a pure
physical process to get product, with decreasing particle size of product. In grinding process, the
morphological properties of materials have great changes, can bring out extraordinary
characteristics relative to crude particles, for example, possessing good surface properties,
solubility, water holding capacity, oil holding capacity and solubility (Zhao et al. 2010, Hu et al.
2012, Phata et al. 2015). Because of these outstanding advantages, superfine powders can be used
in many fields such as food, Chinese patent drug and mineral (Zhao et al. 2015). These advantage
properties not shown bycoarse powder. It is usually effective to grind the biomaterials into
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superfine powders for efficient extraction (Chen et al. 2014). Zhu et al. (2015) found powder
particle size distribution of superfine grinding was close to a Gaussian distribution, and has
relatively higher capacity in water retention, swelling and nitrite ion absorption. Zhong et al.
(2016) found that the superfine grinding process would not influence chemical composition
polyphenols and flavonoids and can improve the bioavailability of pomegranate peel. However,
the effect of superfine grinding process on micromeritic properties of Eucommia ulmoides leaves
has not been reported.

The objective of the work was to study how the micromeritic properties of Eucommia
ulmoides leaf powder change during superfine grinding. In this study, Eucommia ulmoides leaf
powders with different size were obtained and the micromeritic and physical-chemical properties
were compared.

Materials and Methods

The dried Eucommia ulmoides Oliv. leaves were obtained from Shandong Beloeucommia
Biological Engineering Co., LTD. Sunflower oil was bought from local market. Methanol and
alcohol were purchased from Huafeng chemical reagent factory (Henan, China), and both solvents
were of Analytical reagent. The coarse particles were grinded by a disc-mill to get four coarse
powder 1 (<100 mesh), 2 (100 <d < 200 mesh), 3 (200 < d < 300 mesh) and 4 (> 300 mesh). The
superfine powder 5 was obtained in a WFJ-15 type micronizer (Yongchang Medicine Machinery
Co., Ltd., China).

Samples for analysis were prepared by diluting 1 g coarse powders and superfine powder
solution in a certain volume of ethanol. These were filled in some square plastic cuvette with
between 1.0 and 1.5 ml and measured on Malvern Zetasizer Nano- ZS90.

The morphology of samples was determined by biological microscope. The bulk density (g/ml)
was measured by the method described by Chen et al. (2015). Angle of repose was determined by
the method of Liu et al. (2015). Water solubility index (WSI) was analysed by the method of
Vladi'c et al. (2016).

The Eucommia ulmoides leaf powders were prepared by potassium bromide pellet method for
Fourier transform infrared spectroscopy (FTIR) detection (Zhao et al. 2013). Each spectrum
was collected with a resolution of 4/cm with 32 scans and a 2/cm interval from 4000 to 400/cm
region.

SPSS 16.0 and Origin 7.0 were used to analyse data. All data are expressed as means = Sd
from triplicate samples. Significance was determined using the p value generated through t test.

Results and Discussion

Particle is an important quality for food powder (Sun et al. 2016). The effect of superfine
grinding and regular grinding on the particle sizes of the Eucommia ulmoides leaf powders is
presented in Fig. 1 and Table 1.

Fig. 1 showed that all the particle sizes presented normal distribution, thus the mean particle
size could be chosen as the sizes of Eucommia ulmoides leaf powders (Table 1). The particle size
distribution of the superfine powder 5 was narrower and more uniform than the coarse powders.
According to the results, the mean particle size of superfine powder E was 1310.67 nm, the mean
particle size of the coarse powder 1, 2, 3, 4 were 5732, 4784.67, 4133.67 and 2119 nm,
respectively. Meanwhile, statistical analysis results showed that the mean particle sizes of different
sample hve significant difference (p < 0.05).
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Biological microscope was used to observe the changes in morphology and sizes after superfine
grinding and regular grinding treatment. Fig. 2 showed that the cell structure of regular grinding
was more complete compared with superfine grinding.
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Fig. 1. The particle sizes distribution of the Eucommia ulmoides leaf powders.
a, b, ¢, d for coarse powder 1, 2, 3, 4; e for superfine powder 5.

Table 1. Characteristic index of different Eucommia ulmoides leaf powder.

Sample Particle size Bulk density Angle of repose  Water solubility index
No. (nm) (g/ml) (°C) (%)

1 5732.00 + 232.71° 0.2223+0.0156"  41.57+0.34° 21.12 +0.74°

2 4784.67 + 194.19° 0.2543+0.0143°  40.84 +0.07° 22.84 +0.52°

3 4133.67 + 74.08° 0.2890+0.0130°  40.51+0.18° 25.49 + 0.66°

4 2119.00 + 130.28¢ 0.3120 +0.1104®*  39.69 +0.10° 25.38 +0.78°

5 1310.67 + 51.23° 0.3237+£0.1027°  39.50 +0.11° 28.1+0.54°

Each value has three replicates; Different letters in the same column is significantly different (p < 0.05).

The particle size of coarse powder 1 was relatively large, cell morphological structure was
clearly observable, the particle sizes of other coarse powder gradually decreased, but the
organizational structure of cells were still intact. The particle size of superfine powder 5 was
significantly smaller and more uniform than coarse powder, there was only a small amount of cell
gathering and most difficult to see the complete cells exist. Mechanical damage was a
transformation from an ordered structure to a disordered one via the breakage of intermolecular
bonds. Furthermore, it may impact on physical-chemical properties of powder (Zhao et al. 2010).

It is apparent from Table 1 that the bulk density of E. ulmoides leaf powders ranged from
0.2223 to 0.3237 g/ml, it increased with the decrease of particle size. The reason might be that
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superfine led to a probable decrease of the inter-particle voids of leaf powders, pore spaces
between particles had a larger contact surface with the surroundings, so it can increase the value of
bulk density. The results showed the the particle size has significant relevance on the bulk density
(p < 0.05). The leaf powders with higher bulk density was suitable for the preparation of solid
drinks and capsule products (Zhao et al. 2009).

Fig. 2. The microstructure observation of Eucommia ulmoides leaf powders (400x).
a, b, ¢, d for coarse powder 1, 2, 3, 4; e for superfine powder 5.

The value of angle of repose is relevant in powder fluidity (Ming et al. 2015). The angle of
repose values of different size of Eucommia ulmoides leaf particles is presented in Table 1, the
angle of repose values ranged from 41.57° (A) to 39.50° (E). Angle of repose of different powder
particles samples has significant differences (p < 0.05). As angle of repose decreased, the fluidity
of the powders can be improved (lleleji et al. 2008).

Given either span or particle size distribution, small particles filled the voids of large particles
and limited fluidity. As described above, superfine powders 5 had better flow behavior and the
surface attachment of the powder would also be higher. The angle of repose of E. ulmoides leaf
powders decreased with the reduction particle sizes. This might be due to the aggregates of
particles between leaf powders (Chen et al. 2015).

As shown in Fig. 3a, the value of WHC increased as the particle sizes of Eucommia ulmoides
leaf powders decreased. The WHC values powders 1 - 5 ranged from 300.09 to 322.62%. WHC of
different powder particle samples has significant differences (p < 0.05). The WHC value of
powder 1 has the highest value among all samples. This is because that superfine grinding process
can change the surface properties of powder by increasing the surface area and surface energy.
Furthermore, superfine grinding process can expose the hydrophilic groups of cellulose and
hemicelluloses of the E. ulmoides leaf powders. So it resulted in the increase of the value of WHC.

As Fig. 3b showed, the oil binding capacity increased with the particle sizes of powders of E.
ulmoides leaf decreased. More or less similar result was reported for apple pomace powder by
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Liang et al. (2016). The OBC values ranged from 140.67 (A) to 199.18% (E). OBC of different
powder particles samples has significant differences (p < 0.05). The OBC value of powder 1 has
the highest value among all samples. It might be due to cell wall of particles was broken in the
superfine grinding process, exposed more lipophilic groups, so that the powder had relatively
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Fig. 3. WHC (a), OBC (b) of different size of Eucommia ulmoides leaf powders. Different letters in the
same column is significantly different (p < 0.05).
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Fig. 4. FT-IR of Eucommia ulmoides leaf powders. Spectrum of Eucommia ulmoides leaves powders with
different size.
higher OBC. High OBC could improve the gastrointestinal cleaning capacity, at the same time,
OBC played an important role in weight loss and lowering of cholesterol. Therefore, E. ulmoides
leaf superfine powder would be suitable for obese people, but also could be used to decrease the
blood lipid level.
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As shown in Table 1, the WSI increased with the particle size of Eucommia ulmoides leaf
powders decreased. The WSI values 1 - 5 ranged from 21.12 to 28.19%, WHC of different powder
particles samples has significant differences (p < 0.05). A similar result was reported for mulberry
leaf powder by Chen et al. (2015). However, the WSI of coarse powders 1 and 4 has not been
significantly different but was significantly different compared superfine powder 5.

The WSI value increased with the decrease of size of E. ulmoides leaves. It could be due to
the reduction in average particle size of the superfine powder increased the area/volume ratio,
surface energy, and contact area of the powder and solvent, which could led to the increase of
solubility of superfine powder.

Furthermore, hydrophilic groups in the cells of E. ulmoides leaves may have been exposed
and easily integrated with water, finally leading to increase of the WSI.

The FT-IR spectrum of E. ulmoides leaf powders is presented in Fig. 4 and FT-IR spectrum
index of powder samples is given in Table 2. It can be seen that the general spectral profile of E.
ulmoides leaf powders 1 - 5 was similar, but some of the characteristic bands changed in
absorbance and/or wave number. There was a broad band located at about 3419/cm which was
attributed to O-H stretching, was shifted to lower wavenumber by 3404/cm in the spectra of
powder 4 and 5. The band around at 2925/cm was due to C-H stretching. The main characteristic
peaks, which were the stretching vibrations of C-C and C-O, were around 1643/cm and 1068/cm
The band around at 1444/cm and 1253/cm were assigned to -CH,- symmetric bending and C-O
stretching, respectively. The transmission peaks of different sizes were similar, which indicated
that the decomposition of E. ulmoides leaves during regular grinding and superfine grinding was
insignificant.

Table 2. Major absorption in FT-IR spectra of Eucommia ulmoides leaf powders.

Sample name Assignment
A B C D E
Frequency (cm™)
3412 3419 3419 3404 3404 O-H group stretching
2920 2925 2922 2925 2925 C-H stretching
1643 1643 1643 1660 1658 C=C aromatic skeletal vibration
1452 1450 1444 1444 1444 -CH2- symmetric bending
1253 1253 1251 1251 1251 C-O stretching
1068 1068 1068 1068 1066 C-O stretching
605 605 603 600 600 O-H bending

Compared to regular grinding, the superfine grinding significantly reduced the particle size of
E. ulmoides leaves and changed morphology, which had a significant impact on physical-chemical
properties: the water solubility index value, water holding capacity value and oil binding capacity
value were significantly improved as the size decrease (p < 0.05). Furthermore, biological
microscope revealed the surface morphology of five sample powders. FT-IR results indicated that
the decomposition of Eucommia ulmoides leaves during regular grinding and superfine grinding
was insignificant. Overall, superfine grinding would be more suitable for the development of
functional compounds than native Eucommia ulmoides leaves.
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