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Abstract: The impact of particle size on bioactive compounds recovery was investigated for two
valuable plant matters. This project was to assess the effect of grinding on bioactives extraction of New
Zealand Manuka leaves of the Leptospermum scoparium and Stevia rebaudiana plants. Non-grounded
and grounded Manuka with particle sizes ranging from 68 µm to 1400 µm were processed using
n-hexane extraction for 0–60 min. Moreover, the extraction of two sweeteners from Stevia powder
(d ≤ 200 µm) was carried out using hot water extraction and Ultrasound as a non-conventional
method. As particle size was reduced, the extraction of bioactives increased, which is expected.
However, it was observed that for the small particle size, which was obtained by sever grinding,
most of the extraction was achieved as soon as the powder was exposed to the solvent (at zero time)
with no further extraction at an extended period. This indicates that short-time exposure appears to
be sufficient to recover most of the bioactive compounds, since most of the release of these compounds
happened during grinding to fine powder, an issue that has not been addressed in the literature.

Keywords: Plant leaves; Particle size; bioactive compounds; Non-conventional extraction;
Zero time extraction

1. Introduction

Bioactive compounds from natural flora are an essential constituent of the nutraceuticals
pharmaceutical, which signifies the importance of identifying the appropriate method to extract
these active components from the source material. These compounds are proved to have antioxidant,
anti-diabetic, anti-mutagenic, anticancer, anti-inflammatory, and antimicrobial effects [1]. Extraction is
the first step in obtaining these bioactive compounds from various biomaterials. The most traditional
methods reported for the bioactive recovery, and still considered as a reference technique, are Soxhlet,
cold maceration, boiling, and steam distillation [2].

New technologies are emerging to overcome these challenges, such as microwave-assisted
extraction (MAE), supercritical fluid extraction (SFE), and ultrasound-assisted extraction (UAE),
as shown in Table 1. These technologies improve the extractability and recovery of bioactive
compounds from various biomaterials, with many advantages such as higher extraction yield, shorter
extraction time, and being operable at a lower temperature [3]. Moreover, the efficiencies of these
methods depend on some critical parameters, such as a good understanding of the chemistry of
bioactive and sample pre-treatment.

All steps of extractions, from material pre-treatment (such as grinding, drying) to final extraction,
are equally important and can affect the efficiency of the whole extraction process.

A good number of researchers have studied the effect of different extraction parameters, such as
extraction temperature, time, biomass percentage, material particle size, and solvent type on the
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extractability of various bioactives using conventional and non-conventional methods [4–12]. It is
observed that reducing the material particle size usually has a significant effect on the efficiency of the
extraction method used.

The reduction of particle size by milling not only increases the diffusivity of the bioactive
compounds, but also ruptures cell walls. Since particle size is one of the critical parameters
affecting extraction [4,5,8], this might bring up the question of whether the extraction of bioactive
compounds as reported by others was achieved through the extraction process or simply during
sample pre-treatment (grinding).

Leptospermum scoparium (Manuka) is a tree that belongs to the family of Myrtaceae. It is a small
indigenous tree grown widely throughout most of New Zealand. Maori people have used the bark,
leaves, seeds capsules, and flowers of this tree for therapeutic preparation [13].

Manuka oil that is present in the cellular structure of Manuka leaves is high in bioactive compounds.
There are three main chemo types of Leptospermum scoparium available in New Zealand: (i) Leptospermum,
high in triketones in the North Island “East Cape” and Marlborough Sounds, (ii) Leptospermum, high in
monoterpene in North Island and West Coast, (iii) Leptospermum, high in sesquiterpene, grown around
New Zealand [13].

Steviol glycoside is a sweetener present in Stevia rebaudiana leaf, an herb cultivated originally in
South America (Paraguay and Brazil). It has been used as a sweetener and for medicinal preparations
by indigenous Paraguayan people for many centuries [14].

The Stevia plant, which belongs to the family of Asteraceae, is a perennial sub-tropical plant,
grown during spring to summer. Today, Stevia is cultivated successfully in many countries around the
world, such as Mexico, Canada, Hawaii, Spain, the UK, Italy, Czech Republic, Malaysia, Singapore,
South Korea, Japan, Thailand, India, and Indonesia [15], and even in home gardens. Stevia is usually
used as a zero-calorie sweetener containing a mixture of diterpene compounds. Commercial sweet
glycosides product has about 80% stevioside, 8% rebaudioside A, 0.6% rebaudiosideC, and other
glycosides in trace amounts [16].
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Table 1. Studies on the extraction of valuable compounds from various source material.

Raw Material Bioactive Compound (s) Particle Size
(µm) Grinder Type Method of Extraction Solid/Liquid

(g/mL) Solvent Type Extraction
Time (min) Yield (mg/g) Ref.

Amaranthus caudatus Tocols
200 Blade grinder SE 1, 25 ◦C 1/20 Methanol 1440 0.07632

[17]200 Blade grinder UAE 2, 25 ◦C 1/20 Methanol 60 0.0637
200 Blade grinder SLE 3, 25 ◦C, 400 atm 1/30 CO2 15 0.12927

Okra seed
β-Sitosterol/α-

Tocopherol/γ-Tocopherol

grounded Hammer mill Soxhlet n-hex - 0.00201/0.127/0.38
[18]grounded Hammer mill Soxhlet EtOH - 0.00268/0.129/0.494

grounded Hammer mill SLE, 50 ◦C, 450 bar 1/24–1/80 CO2 240–800 0.00239/0.148/0.407

Ginseng Sapoinins d > 250 Cutting mill SE, 75 ◦C 1/10 MeOH 80% 720 52.4 [19]
MAE 4, 75 ◦C 1/10 MeOH 80% 2 53.1

Onion Sulfur/Oleoresin 200–1400 -

Soxhlet 1/20 Alcohol 240 3.78/350

[20]
SD 5 7/120 Steam 300 0.167/0.4

SE, 25 ◦C 1/20 n-hex 120 0.087/11
SE, 25 ◦C 1/20 Alcohol 120 0.895/126

SLE, 65 ◦C, 300 bar 1/14 CO2 180 0.208/9

Citrus paradisi Naringin Fragmented
fresh peels

Food
processor

Soxhlet 1/10 EtOH:water
(70:30) 480 15.2

[21]
SE, 22–25 ◦C 1/5 EtOH:water

(70:30) 180 13.5

SLE, 58.6 ◦C, 95 bar CO2: EtOH
(85:15) 45 14.4

Caraway seeds Carvone/limone -
Roller mill

(Vector Siever,
930 rpm)

Soxhlet 1/20 n-hex 300 16.28/15.15

[22]SE, 69 ◦C 1/20 n-hex 60 13.38/12.63
UAE, 69 ◦C n-hex 60 14.45/14.27

UAE, 20–38 ◦C n-hex 60 17.16/16.16

Rosehip seeds Oil 360 Coffee mill

Soxhlet 1/25 n-hex 180 48.5

[23]
UAE, 69 ◦C 1/25 n-hex 60 32.5
MAE, 40 ◦C 1/3.5 n-hex 30 52.6

SLE, 35 ◦C, 250 bar - CO2 80 57.2
SLE, 28◦C, 100 bar - CO2:propane 35 66.8

Papaya seed Papaya seed oil powder -
UAE, 50 ◦C, 40 KHz of 700 W 1/8

n-hex
30 761

[24]SE, shaking water bath 100 rpm,
25 ◦C 720 791

Soxhlet - 304
Mango (Mangifera indica L.) Leaves Mangiferin (xanthone) Fine powder - UAE, 60 ◦C, 200 W EtOH 40% 19.2 58.46 [25]

Spirulina platensis Alga β-carotene 250 - UAE, 30 ◦C, 167 W/cm2 1/30 n-heptane 8 1.15 [26]

Cymbopogon martinii Geranoil 280 - UAE,65% amplitude, 60 W, 70%
cycle time 1/32.5

1 M sodium
cumene

sulfonate
16 1.9012 [27]

Prunella vulgaris L. Plant Flavonoids 250 Knife mill UAE, 79 ◦C 1/30 EtOH 41% 30.5 36.2 [28]
Hawthorn seeds by-product Flavonoids 297 - UAE, 65 ◦C, 40 W 1/18 EtOH 72% 37 16.45 [29]

Litchi seeds by-product Polysaccharides 250 - UAE, 222 W 15.0 Water 45 3.39 [30]
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Table 1. Cont.

Raw Material Bioactive Compound (s) Particle Size
(µm) Grinder Type Method of Extraction Solid/Liquid

(g/mL) Solvent Type Extraction
Time (min) Yield (mg/g) Ref.

Pigeonpea leaves Plant Cajaninstilbene
acid(CSA)/Pinostrobin (PI) d < 500 - MAE, 65 ◦C, 300 W 1/30 EtOH 80% 2 18.00/3.50 [31]

Green coffee beans Plant Chlorogenic acid, caffeine,
and *TPC d < 720 Hammer mill MAE, 50 ◦C, at 800 W 1/4 Water 5 7.25/8.40/10-17mg

GAE/g [32]

Rosemary leaves Spice TPC 6, rosmarinic and
carnosic acids

200–850 - MAE (ON/OFF) cycles of at 250
W 1/6 Water, EtOH 7

Higher extraction
compared to fresh and

non-grinded leaves
[33]

Grape seeds TPC Powder - MAE, 60 ◦C at 150 W - EtOH 47.2% 4.6 96.30 [34]
Parkia speciosa

podagro-waste TPC and flavonoids 250 - SE, 35–36 ◦C 1/20 Ace 50% 100–102 66,800 and 4960 [6]

Raw propolis TPC Ground -
Maceration, 25 ◦C

1/10 EtOH 70%
4320 4300

[35]UAE-bath, 300 W, 25 ◦C 30 5200
MAE, (ON/OFF) 800 W 0.33 4040

Stevia rebaudiana (Bertoni) Stevioside and rebaudioside 250 Mortar
Conventional,25 ◦C

1/10

MeOH and
EtOH 80% 720 77.40

[36]
UAE, 35 ± 5 ◦C MeOH and

EtOH 80% 30 61.98

MAE, 50 ◦C MeOH 80% 1 109.8

Stevia rebaudiana (Bertoni) Stevioside and rebaudioside - Microfine
grinder

Hot water, 10 ◦C with shaking
Water

1440 96.98 [7]
UAE, 81.2 ◦C 10 133.40

Walnut shell TPC - Ball mill MAE, 100 ◦C 1/20 Water/ACN1/1 30 99.09 ± 0.09 [37]

SE 1: solvent extraction, UAE 2: ultrasound-assisted extraction, SLE 3: supercritical liquid extraction, MAE 4: microwave-assisted extraction, SD 5: steam distillation, TPC 6: total
phenolic compounds.
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The concentrations of some of the major bioactive monoterpenes (Pinene<alpha->,
Eucalyptol, Terpinene<gamma->) and sesquiterpenes (Caryophyllene<E->, Selinene<beta->,
Selinene<alpha->, Calamenene<trans->,Menthol,1’-(butyn-3-one-1-yl)-,(1R,2S,5R)-,Eudesmol<beta->,
Eudesmol<alpha->, Eudesmol<gamma->), which are insoluble in water, as products of interest,
were used as markers. Moreover, the extraction of two major sweet steviol glycosides, which are
water-soluble, was also carried out using conventional hot water extraction (90 ◦C, 1 h) and ultrasound
thermal assisted adiabatic extraction in improving the efficiency of the commonly used ultrasound
extraction processing. ‘Zero time,’ or instant extraction, is defined throughout this study to illustrate
the measurement when the grounded powder is added to the extractant and immediately removed
(within a few seconds).

Due to the increasing demands to obtain bioactive compounds using different methods, there is
a need to understand every aspect of the extraction process, such as grinding, and to evaluate the
performance of the selected extraction method accurately. Thus, the aim of this paper is to critically
investigate the impact of particle size on the extraction yield of bioactive compounds from two valuable
plant leaves. In addition, we assessed a hypothesis for whether the extraction of bioactives actually
occurs as a result of grinding (prior to any extraction), and the superiority of the extraction method
used, an issue that has not been sufficiently addressed.

2. Materials and Methods

2.1. Chemicals

All chemicals and standards were GC-grade. Pinene<alpha->, Eucalyptol, Linalool
Caryophyllene<E-> and Eudesmol<beta-> standards were obtained from Sigma–Aldrich, Inc.
(St. Louis, MO, USA). Stevioside and Rebaudioside A “HPLC-grade” sweetener standards were
obtained from AK Scientific, Inc., USA.

2.2. Manuka Plant Material

Leaves of New Zealand Manuka tree (Leptospermum scoparium) were harvested during October
2018 in controlled plantations at Manuka Bioactives Ltd. (North Island/New Zealand). The materials
were left slowly to welt at room temperature for a few weeks and dried using a convection oven at
35 ◦C for three days. Samples were kept in a plastic bag and stored at 4 ◦C prior to the process.

2.3. Manuka Leaves Sample Grinding

Dried Manuka leaves were grounded with a blade (food-grade stainless steel) grain miller
28,000/min (Huangcheng, China). Two types of milling were used for particle size reduction.
Mild milling (around 1 min) to get a particle size between 250–1400 µm and severe milling
(approximately 5 min) to achieve the finest particle size possible, between 68–200 µm Table 2.
All samples were prepared immediately before bioactive extraction.

Table 2. Sample particle size of the mild and severe grinding.

Grinding Particle Size (µm)

No grinding -

Mild

1400
d > 850
d > 500
d > 250
d ≤ 250

Severe

d > 200
d ≤ 200
100
68



Appl. Sci. 2020, 10, 6362 6 of 16

2.4. Manuka Leaves Sample Sieving

Manuka dried and grounded leaves were sieved on a Vibratory Sieve Shaker AS 200, Germany. Mild
treatment was sieved through 250, 500, 850, and 1400 µm mesh screens. The finest powder that resulted
from severe grinding was sieved through 68, 100, and 200 µm mesh screens. All the fraction samples
mentioned before were extracted for bioactive compounds using n-hexane as a solvent. New Zealand
Manuka leaves, and their grounded powder with different particle sizes, are shown in Figure 1.

2.5. Preparation of Manuka Extract by Solvent

Dried and grounded Manuka leaves with particular particle size were immersed separately in
n-hexane 95%, with a ratio of 1:20 (w/v) at room temperature for 0, 3, 5, 7, 10, 15, 30, and 60 min.
After extraction, the solid part was separated by centrifugation at 10,000 rpm for 10 min. All the
samples were filtered through a 0.45 µm PTFE filter and then analyzed for terpenes content by GC-MS
analysis. All samples were extracted and analyzed in duplicate in this study. The experimental
parameters and conditions are presented in Table 3.

Table 3. Experimental parameters of solvent extraction.

Experimental Parameters Conditions

Solvent n-hexane 95%
Sample: solvent ratio, g/mL 1:20
Extraction time (min) 0, 3, 5,7, 10, 15, 30, 60 min
Temperature (◦C) 25

2.6. GC-MS Analysis

The essential oil of Manuka primarily consists of terpenes and terpenoids. They have been usually
measured by GC-MS [38].

The samples were analyzed by a GC-MS-QP2010 Ultra system (Shimadzu) attached to an AOC-5000
plus autosampler (Shimadzu). A HP-5MS (30 m × 0.25 mm, film thickness 0.25 µm × 0.32 mm ID)
fused silica capillary column was used.

Chromatographic conditions were: injector temperature 280.0 ◦C, injection mode: split, split ratio:
50.0. The column temperature program was 40 to 100 ◦C at a heating rate of 3 ◦C/min, then 100 ◦C
to 115 ◦C at a heating rate of 1 ◦C/min for 15 min; lastly, from 115 ◦C to 200 ◦C at a heating rate of
3 ◦C/min. The carrier gas was helium. One µL of the hexane extract solution was injected. Mass
spectrometry conditions were as follows: acquisition of mass scanning between 50–800, scan time
0.32 s, and ionization voltage of 70 eV Table 4. Oil constituents were identified by comparing the
mass spectra of each component with those values stored in GCMS libraries. Moreover, a solution
of C8-C20 alkanes was also injected using the same column under the same conditions described for
GCMS analysis to calculate the retention indices of the obtained components and compare it with
those available authentic standards.

Table 4. Gas Chromatography-Mass Spectrometry Conditions.

GC Conditions MS Conditions

Injection temperature 280 ◦C Ion source temperature 250 ◦C
Injection mode Split Interface temperature 290 ◦C
Column flow 4.81 mL/min Solvent cut time 2.5 min
Split ratio 50.0 Start m/z 50.00

End m/z 800.00

Oven temperature program

Rate (◦C) Temperature (◦C) Hold time (min)

- 40.0 5.00
3.00 100.0 0.00
1.00 115.0 0.00
3.00 200.0 5.00



Appl. Sci. 2020, 10, 6362 7 of 16
Appl. Sci. 2020, 10, x FOR PEER REVIEW 7 of 19 

 

Figure 1. New Zealand Manuka leaves and their corresponding leaves grounded to different particle size: (A) 1400 µm, (B) 850 µm, (C) 500 µm, (D) d ≥ 250 µm, (E) d ≤ 250 
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Figure 1. New Zealand Manuka leaves and their corresponding leaves grounded to different particle size: (A) 1400 µm, (B) 850 µm, (C) 500 µm, (D) d ≥ 250 µm,
(E) d ≤ 250 µm, (F) d ≥ 200 µm, (G) d ≤ 200 µm, (H) 100 µm, (I) 68 µm.
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2.7. Stevia Plant Pre-Treatment

Dry stevia (Stevia rebaudiana Bertoni) leaves were purchased from Eternal Delight Company,
Christchurch, New Zealand, which was imported originally from India in a dried form Figure 2.
Before each set of experiments, the dried stevia leaves were blended to powder with a food-grade
stainless steel grain miller 28,000/min (Huangcheng, China). The powder with ≤200 µm particle size
was collected.
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2.8. Conventional and Non-Conventional Extraction of Stevia Natural Sweeteners

Dried and grounded stevia leaves were extracted with Milli-Q water in ratio 1:15 (w/v) at 90 ◦C for
1 h by using a shaking water bath (Acorn Scientific BS-31) at 100 rpm Table 5. After extraction, stevia
extract was rapidly cooled down to ambient temperature using an ice water bath. The extracts were
centrifuged (10,000 rpm for 10 min) and filtered using Whatman No. 1. The filtrate part was dried in a
convection oven at 45 ◦C overnight.

Table 5. Experimental parameters of hot water extraction.

Experimental Parameters Conditions

Sample particle size d < 200
Solvent Milli-Q water
Sample: solvent (w/v, g/mL) 1:15
Extraction time (h) 1
Temperature (◦C) 90

Ultrasound-assisted extraction was also used for stevioside and rebaudioside A. An ultrasonic
horn transducer (model 750 W, Vibra-CellTM, USA) with a diameter of 12.75 mm at a frequency of
20 kHz, and a constant amplitude of 100%, was used. The stevia leaf powder was suspended in
milli-Q water at ratio (1 g stevia powder: 15 mL Milli-Q water) with continuous stirring. An insulated
vessel was used to retain the heat generated during the UAE process. The increments in temperature
during ultrasound-assisted extraction were recorded every 30 s, and the temperature has reached a
value of 88.00 ◦C after 10 min. The ultrasound treatment was carried out for 1, 3, 5, 7, and 10 min.
After ultrasound treatment, the extracts were centrifuged (10,000× g, 10 min), and vacuum filtered
using Whatman No. 1. The filtrate part was dried in a convection oven at 45 ◦C overnight. All samples
were performed in duplicate. The ultrasound-assisted extraction setup is illustrated in Figure 3.
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2.9. HPLC Analysis of Stevia Extracts

Typically, steviol glycosides are determined individually by liquid chromatography methods [39].
HPLC system Shimadzu (Tokyo, Japan) was used for stevioside and rebaudioside A analysis together
with DGU-20A5 degasser, SPD-20A UV/VIS detector, SIL-20A, and an Agilent Eclipse XDB-C18, 5 µm,
4.6 × 150 mm column. Acetonitrile (A) and 10 mM sodium phosphate buffer (pH = 2.63) (B) with a
32A:68B ratio were used as a mobile phase. The column was purged for 20 min with the mobile phase
prior to the sample injection at flowrate 1 mL/min. The detection wavelength, column temperature,
and the injection volume were set at 210 nm, 40 ◦C, and 20 µL, respectively.

HPLC-grade stevioside and rebaudioside standards were obtained from AK Scientific, Inc., USA.
The standard stock solution was prepared accurately using 0.01 g of each standard and diluted to
10 mL with the mobile phase. Seven dilutions were prepared at concentrations of 25, 50, 100, 200, 300,
400, and 500 ppm for stevioside and rebaudioside A (Figure S1 in the supplementary file). All the
standard solutions were filtered through a 0.45 µm PTFE filter prior to HPLC analysis. About 0.02 g
of dried extracts were dissolved in 10 mL Milli-Q water to determine stevioside and rebaudioside A
concentrations in the extracts. All the samples were filtered using a 0.45 µm PTFE filter prior to HPLC
analysis. HPLC chromatograms of Stevioside, rebaudioside A, and stevia leaves extract are shown in
Figure S2 in the supplementary file.

3. Results and Discussion

3.1. The Impact of Particle Size on the Extractability of the Bioactive Compounds

This paper presents the effect of sample pre-treatment (grinding) on the extraction of the bioactive
compounds from two selected plants. The relation between several bioactive terpenoids and different
particle sizes was demonstrated. Such an effect has been studied before, but in the absence of the
possibility of a significant release of bioactive during the process of grinding the leaves, which is the
main objective of this paper.

GCMS chromatograms results of un-milled, 500 µm, 850 µm, and 1400 µm Manuka leaves at
different times showed no extraction of terpenes for the unmilled and the 1400 µm diameter samples
even after 60 min. However, Pinene<alpha-> was the only monoterpenes observed in samples with
850 µm particle size within the defined time. For the diameter of 500 µm, the intensity of four
compounds, namely Pinene< alpha-, RT 5.995, Eucalyptol, RT 10.526, Globulol, RT 40.952, and Menthol,
1’-(butyn-3-one-1-yl)-, (1R, 2S, 5R)-, RT 42.84, increased over time, reaching the highest intensity after
60 min. In Figure 4a, the extraction of bioactive terpenoids of Manuka samples with a particle size of
d ≥ 250 µm showed almost no extraction at zero time, and the extraction of all bioactives increased
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with time, which is expected since the sample was only mildly grounded. Figure 4b shows that the
extraction happens at zero time, indicating that most of the release of bioactives have occurred during
grinding, which supports our hypothesis.Appl. Sci. 2020, 10, x FOR PEER REVIEW 12 of 19 
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Figure 4. Total of selected bioactive terpenoids in Manuka samples with particle size of: (a) d ≥ 250,
(b) d ≤ 250, (c) d ≥ 200 µm.
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Samples with a diameter of d ≥ 200 µm Figure 4c, a high amount of the terpenes, were again
extracted and appeared in the chromatogram at a zero time (in a few seconds). Moreover, the terpenes
content in the extracts increased little after 3, 5, and 7 min to remain relatively constant. Furthermore,
the total terpenes content after decreasing the particle size (d ≤ 200 µm) is represented in Figure 5a.
Indeed, the increase of the terpenes content in the extracts with a sample diameter of d ≤ 200 µm
was expected. On a similar approach, Gião et al. studied the effect of particle size on the antioxidant
extraction from Agrimonia eupatoria, Salvia sp., and Satureja montana plants [40]. The particle size of
200 µm, which was the smallest, obtained by the coffee grinder, gave the highest rate of extraction [40].
We believe that the 50% increase in the extraction shown in Figures 4c and 5a is due to the release of
terpenoids during the grinding process, which supports our hypothesis that the maximum terpenoids
concentration occurs as soon as the powder is immersed in the solvent. This is also supported by
the results of Figure 5b,c for the fine particles d = 100 µm and 68 µm, respectively. Interestingly,
the extraction of terpenes had slightly decreased after 15 min Figure 5c, which could be the degradation
of the terpenes. Data comparison of Manuka extracts with the particle size used in this study at Zero
time (in a few seconds) is demonstrated in the GCMS chromatogram Figure S3 in the supplementary file.

3.2. Effect of Different Extraction Methods on Stevioside and Rebaudioside A Yield

As mentioned in Section 2.8, the extraction was carried out at a variable temperature in an
insulated vessel to retain the heat generated during the ultrasound. The increase in temperature
with time is as shown in Figure 6. The temperature has reached values of 35.7 ◦C, 61.5 ◦C, 65.5 ◦C,
81.5 ◦C, and 88.00 ◦C during sonication after 1, 3, 5, 7, and 10 min of extraction, respectively. According
to the literature, the samples used for extraction are usually placed in a cooling bath to absorb the
heat generated by ultrasonication. UAE with a circulating water bath is higher energy consumption
compared to UAE under uncontrolled temperature (variable temperature) at the same duration due to
(i) the energy required to bring the temperature to a certain degree and (ii) the energy needed to keep
the temperature at constant. It was surprising that the energy used during sonification (with a cooling
bath) was excessively large, making such treatment highly impractical.

As can be seen from Table 6, the stevioside and rebaudioside A content in the hot water extract
was 5.34 ± 0.006 and 2.07 ± 0.015 g/100 g dry leaves, respectively. These values are within the range of
steviol glycosides found in different varieties of the stevia plant (stevioside 4–13 g/100 g dry leaves,
rebaudioside A 2–4 g/100 g dry leaves) [7,36,39,41].

Table 6. Stevioside and rebaudioside A yield using hot water and UAE methods.

Method Extraction Time (min) Stevioside Yield %
(g/100 g Dry Leaves)

Rebaudioside A Yield
% (g/100 g Dry Leaves)

Hot water, 90 ◦C 60 5.34 ± 0.006 2.07 ± 0.015

UAE

1 5.02 ± 0.009 2.00 ± 0.004
3 5.48 ± 0.017 2.13 ± 0.009
5 5.37 ± 0.066 2.09 ± 0.039
7 5.33 ± 0.009 2.06 ± 0.001
10 5.47 ± 0.030 2.15 ± 0.024

From the results shown in Table 6, the stevioside content in the extracts obtained by UAE at
different times has remained relatively constant (5.02, 5.48, 5.37, 5.33, and 5.47 g/100 g dry leaves with
extraction times 1, 3, 5, 7, and 10 min, respectively) compared with hot water extraction (90 ◦C, 1 h).

Similarly, the yield of rebaudioside A was 2.00 ± 0.004, 2.13 ± 0.009, 2.09 ± 0.039, 2.06 ± 0.001,
and 2.15 ± 0.024 g/100 g dry leaves after 1, 3, 5, 7, and 10 min of sonication, respectively. It can be
concluded that an exposure extraction time of a few minutes appears to be sufficient to recover most of
the bioactives from Stevia rebaudiana fine powder (200 µm) via ultrasound as a novel technology as
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compared to the classical hot water extraction (90 ◦C, 1 h) in this study. By decreasing the raw material
particle size, rapid extraction could happen.
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Figure 6. Temperature change during UAE for stevia powder suspension (750 W, 12.75 mm, 20 kHz,
100% amplitude).

This, again, supports our hypothesis that most of the bioactive compound is released during
grinding since the increase of extraction time did not have any effect.

The extraction of stevioside and rebaudioside A from Stevia rebaudiana fine powder (250 µm) was
conducted and compared by[36]. The extraction was performed by microwave–assisted extraction
(MAE) and compare it with cold maceration. The results showed that MAE (1 min, 50 ◦C) was more
efficient than cold maceration (12 h, 25 ◦C). The higher extraction yield of microwave-assisted extraction
can be explained by the elevated temperature used in MAE.

In another study, a saponin extraction from Chinese white ginseng (I) and fine root of Panax
ginseng C. A. Meyer (II) by microwave-assisted extraction were reported by [19]. The raw materials
were milled to 250 µm particle size. The results confirmed that the extraction yield of the target
compounds by microwave-assisted extraction at 72.2 ◦C for two minutes was similar to the conventional
reflux (75.1 ◦C for 12 h). Unfortunately, the authors did not conduct a conventional reflux extraction
for a similar period of 2 min as used in microwave extraction, to have a fair comparison. It is unlikely
that a microwave could reduce extraction from 12 h to 2 min.

Sumere et al. [42] have studied the influence of different processing factors such as solvent type,
temperature, particle size, ultrasound power, and number of cycles on the phenolic compounds
extraction from pomegranate peel using a combination of two extraction methods (UAE, PLE) [42].
The results showed that samples with small particle size (680 µm) show higher phenolic compounds
extraction as compared to samples with larger particle sizes (1050 µm). However, the authors, due to
the constant clogging of the processing line, did not recommend samples with small particle sizes.
Moreover, Stamatopoulos et al. found a similar finding [43], showing that the smaller the size of
particles, the faster the solvent can travel through it, which will indirectly shorten the extraction time.

Excellent previous work has been done in the literature to obtain a better yield of the target
compound/s using different methods. The aim in most of the previous work has been to compare the
different extraction methods [34,44,45]. However, none of the researchers conducted the measurement
of the bioactive soon after the powder produced by grinding is exposed to the solvent (zero time).
The current study suggests doing further investigation to address the effect of grinding on the release
of bioactives from plant leaves by conducting zero time extraction, as this has not done in the literature.
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4. Conclusions

This work highlights the impacts of particle size on bioactive compounds recoveries from two
selected plant leaves. The major bioactive monoterpenes and sesquiterpenes from grounded Manuka
leaves were extracted by n-hexane. Moreover, the extraction of two major sweet steviol glycosides from
stevia powder was also carried out using conventional hot water extraction (90 ◦C, 1 h) and ultrasound
thermal assisted adiabatic extraction. Previous investigators have not conducted the extraction of a
very short period of time. ‘Zero time,’ or instant extraction, was used in this work for the first time
by removing the grounded powder from the solvent within a few seconds. Results revealed that the
bioactive terpenoids content from Manuka leaves Leptospermum scoparium could be easily extracted
by decreasing the particle size to 68–200 µm. The experimental results also revealed that employing
fine powder (200 µm) of stevia leaves could shorten the extraction time required to recover most of the
sweet steviol glycosides via ultrasound.

The results showed that most of the extraction happened as soon as the fine powder is introduced
to the solvent (a few seconds), with no further increase in extraction. This indicated that the release of
bioactive compounds occurred during grinding.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3417/10/18/6362/s1,
Figure S1: title, Table S1: title, Video S1: title.
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