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Abstract 

After harvesting, medicinal and aromatic plants are processed, in order to obtain different 
products with a wide range of utilizations and this requires complex technological processes ready to 
be done in a limited period, so the plants active principles are maximally capitalized. For obtaining 
these active principles (bioactive substances) raw material percolated by extractive solvents. Prior to 
extraction, breakage operations are needed in order to increase the bioactive substances yield. 
Following the experimental research achieved by means of suitable technical equipment (breakage 
machine, percolator, etc), the medicinal plants optimum breakage size have been determined for 
maximize the extraction efficiency of bioactive substances. The extraction processes and yield 
optimisation of bioactive substances interest has been determined supported by specific laboratory 
instruments (TIMATIC, UV-VIS). 
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Introduction 

Products obtained from medicinal and aromatic plants are more and more used in food 
industry, cosmetics, maintenance and medical treatments. Romania owns the climatic 
conditions and the appropriated fields for cultivating medicinal and aromatic plants, but the 
complex valorisation of these plants, either crop plants or spontaneous flora requires suitable 
technologies and equipment. Complex valorisation of medicinal and aromatic plants as teas, 
essential oil, tinctures, alimentary additives or other uses require diversification and moderni-
zation of technological processes and the achievement of high technical and economic 
parameters of equipment’s uses. Therefore, the existence of a wide range of technics and 
installations in Romania respecting the EU norms in force referring to quality, life security 
and environment protection, is compulsory. This tender portfolio should also require efficient 
primary processing installations of this natural richness of the country, represented by crop or 
spontaneous flora plants, which can contribute to increase the rural life standards and people 
health. Medicinal and aromatic plants represent an important source as raw materials for 
plants active principles and essential oils, with outstanding value for several industrial sectors. 
The principal utilizations of medicinal and aromatic plants and products and their active 
principles, are in the following domains: i) food industry: tea, alimentary additives, spices, 
colouring agents, sweeteners, preservatives, for preparing alcoholic and non-alcoholic 
beverages, for flavouring certain alimentary products (chewing gum, chocolate), non-
alimentary products (detergents) etc.; ii) medical and maintenance treatments (SPA), 
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including aromatherapy; iii) cosmetics and perfume industry for: deodorants, shampoos, bath 
lotions, soaps, tooth paste, antiseptic mouthwash products; iv) repellents for protecting plants, 
as natural pesticides. 

This paper follows the evolution of extraction performance of bioactive substances from 
medicinal plants, depending on their grinding degree. There were identified the concentration 
ratios of the main bioactive substances according to the grinding degree and the used 
extraction regime (percolation). 

 
Material and methods 

For studying the breakage process, a plant cutting machine (shredder) TIMATIC was 
used. This is the technical equipment which operates within the technological line of plants 
primary processing, aiming to cut the dried vegetal matter or the freshly harvested matter at 
pre-set or necessary dimensions (size). Grinding represents a fundamental stage used in 
technologies for obtaining bioactive substances extracts. Achieving and identifying a 
breakage optimum size depending on different vegetal matter used, allows obtaining 
maximum yield of bioactive substances extraction from the raw material. 

Plant shredders are grinding equipment designed to cut dry or fresh plant material 
harvested at predetermined size and consist of: frame made of rolled welded and supported on 
four adjustable feet to ensure horizontality on site; the frame is closed by a series of protective 
covers and guards; conveyor belt that transport the plant materials; feeding mechanism 
provided with rollers for pressing plants; cutter with stainless steel blade, cutting length 
adjustable and programmable; PLC for advanced control materials for cutting mouth. 

The extraction procedure chosen by the beneficiary was percolation. The percolator used 
for extraction process was conducted by Italian company TIMATIC. The percolator 
operates on the basis of using solvent and under pressure percolation, during two stages and 
being endowed with two compartments for introducing the plant charges. The whole 
extraction process is automatically performed, having pre-set, controlled and displayed 
parameters by means of an automated programmable device with display. 

Studied plants, that were grinded, are: Milfoil (Achillea millefolium L.), Garden sage 
(Salvia officinalis L.), Rosemary (Rosmarinus officinalis L.), St. John’s wort (Hypericum 
perforatum L.). The breakage degrees chosen were 2-4 mm and 4-6 mm and after the 
operation of active principles extraction by percolation, plants mixtures were obtained as are 
presented in table 1. 

 
Table 1. Plants mixtures 

 

No.  
Test 
code 

Grinding degree
[mm] 

Percolation 
period 
[min] 

Extraction solvent  

1. P1 2-4 150 

Water purified according to [7] 
2. P2 2-4 100 
3. P3 4-6 150 
4. P4 4-6 100 

 
 

After achieving the 4 types of extracts, they were submitted to biochemical identification 
(analysis) of components for establishing the extraction productivity depending on the 
breakage size of medicinal plants analysed. 
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Methods of analysis used: 

1. Content of total polyphenols expressed in caffeic acid and/or chlorogenic acid. 

Product behaviour in terms of total polyphenols expressed in caffeic acid, % and/or 
chlorogenic acid, is very important to be determined, as their content is directly proportional 
with the products drying method, and total polyphenols content (giving the non-enzyme 
antioxidant features) increases along with drying, controlled by stages. This test was 
performed in compliance with the method developed in S.C. HOFIGAL EXPORT IMPORT 
S.A. laboratory, by spectrophotometry UV - VIS [12]. 

Reagents: sodium wolframate R; phosphoric acid R; water R; sodium phosphor-
wolframate solution (Folin Reagent): 10 g sodium wolframate R 10 mL phosphoric acid R 
and 75 mL water R are heated to reflux, for 2 hours, and after cooling it is completed with 
water R at 100 mL; sodium carbonate solution R 200 g/L;caffeic acid R/chlorogenic acid R. 

Standard solutions: chlorogenic acid solution R 20 µg/mL; chlorogenic acid solution R 
30 µg/mL; chlorogenic acid solution R 40 µg/mL; chlorogenic acid solution R 50 µg/mL; 
chlorogenic acid solution R 60 µg/mL; chlorogenic acid solution R 70 µg/mL; chlorogenic 
acid solution R 90 µg/mL; ethanol solution R 50% v/v; idem for caffeic. 

Analysis sample: product as powder, alcoholic extract and as a powder mixture of 
different ratios. 

Test solution: 10 g of analysis sample are weighed with analytical balance, after which 
they are brought into a balloon of 150 - 200 mL, 100 mL ethanol R 50 % v/v are added and 
water bath heated to boiling point, to reflux, during 30 min. The hot solution is filtered 
through cotton, in a levelled balloon and after cooling is completed up to 100 mL, by cleaning 
the residue with the same solvent (solution A). 5 mL solution A are brought to 50 mL in a 
levelled balloon with ethanol R 50 % v/v. 

Working technique: At 5.0 mL test solution are added 5 mL sodium phosphor-wolframate 
solution R, are agitated and filtered; the first 2 mL of filtered solution are removed. 2.5 mL of 
filtrate are diluted by sodium carbonate solution R 200 g/L at 25 mL, in a graded balloon. The 
solution absorption is determined at 660 nm, using as compensation liquid a solution prepared 
of 2.5 mL filtrate and 25 mL water, in a graded balloon. Total polyphenols concentration of 
sample to be analyzed is calculated by means of a calibrating curve, working with: 1.0; 1.5; 
2.0; 2.5; 3.0; 3.5; 4.0; 4.5 mL standard solution of chlorogenic acid or caffeic acid R 0.1 g/L, 
after that are added 4.0; 3.5; 3.0; 2.5; 2.0; 1.5; 1.0 and 0.5 mL water R and then 5.0 mL 
sodium phosphor-wolframate solution R for each unit. From each units obtained, 2.5 mL are 
taken out and are graded and levelled in a balloon of 25 mL with sodium carbonate R 200 g/L 
freshly separated. The solution absorption is determined at 660 nm, using as compensation liquid 
a solution prepared from 2.5 mL out of each sample brought to level with water R in a graded 
balloon of 25 mL. 

Calculation: Total polyphenols expressed in (fig. 1) [12]: 
 

Chlorogenic acid/caffeic acid, %= 016,2
5

50

102
xx

xm

C

p

 

where: 
C = concentration of caffeic acid (chlorogenic acid) read on the calibrating plot [μg / mL]; 
mp = quantity of sample considered [g]; 
50/5 = dilution; 
1/102 = correlation factor; 
2.016 = factor of conversion of caffeic acid into chlorogenic acid. 
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Fig. 1. Content in polyphenols expressed in caffeic acid and/or chlorogenic acid [12] 
 

2. Evaporation residue [%] 

Determination of residue through evaporation is performed according to European 
Pharmacopoeia, edition 7, chapter 2.4.16. 

Working technique: In a china or platinum pot, 1 g of plant extract sample to be analyzed is 
heated to the boiling point for 30 minutes, after that is cooled in a desiccator and is weighed. It 
is dried at 105 oC for an hour and calcinated up to a steady mass, in a calcinating furnace at 600 
±25 oC. If the residue still has carbon particles, in the pot cooled are added a few drops of hot 
water, then it is filtered, and the filtrate with the precipitate are calcinated. Combined filtrates 
are cautiously evaporated in drought conditions and calcinated up to steady mass. After cooling 
in desiccator, the residue is weighed. Results are expressed in mass percentage. 

 

3. Content of mineral substances and microelements (Ca, Mg, Na, K, Mn, Fe, Zn, Cu, 
Pb, Cd) 

Quantitative determination of mineral substances (Ca, Mg, Mn, Na, K, Fe, Zn, Cu, Pb, 
Cd) has been performed by atomic absorption spectrometry coupled to MS (Mass 
Spectrometry), according to European Pharmacopoeia, edition 7, chapter 2.4.27 with 
equipment GBC AVANTA (in collaboration with accredited laboratory).Spectrometry of 
atomic absorption GBC AVANTA, equipped with: cathode lamps as radiation sources for Ca, 
Mg, Na/K, Fe, Cu, Zn, Mn, Pb, Cd; deuterium lamp used as a base corrector, PC and printer; 

Note: the laboratory glass recipients are washed with natrium acid (R) 10 g/l solution, 
before utilization. 

Working conditions: -acetylene-air flame; acetylene flow rate: 1.6 l/min; 
Reagents: hydrochloric acid R without heavy metals, natrium acid R without heavy metals; 

standard solution of lead (Pb), 1000 parts per million (ppm); cadmium standard solution (Cd), 
1000 ppm; calcium standard solution (Ca), 1000 ppm; standard solution of manganese (Mg), 
1000 ppm; natrium standard solution (Na), 1000 ppm; potassium standard solution (K), 1000 
ppm; iron standard solution (Fe), 1000 ppm; manganese standard solution (Mn), 1000 ppm; 
zinc standard solution (Zn), 1000 ppm; copper standard solution (Cu), 1000 ppm. 
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Reference solutions:Pb with the following concentrations: 0.2 ppm, 0.5 ppm, 1 ppm, in 
natrium acid 0.1 M prepared from lead standard solution (1000 ppm).Wave length at which 
the reading is done is: 283.3 nm; ii) Cd with the following concentrations: 0.2 ppm; 0.4 ppm; 
0.6 ppm and 1.0 ppm obtained by dilution of standard solution of Cd (1000 ppm) with 
natrium acid 0.1 M; Wave length at which the reading is done is: 228.8 nm; Mg with the 
following concentrations: 1.0 ppm, 2.0 ppm, 3.0 ppm and 4.0 ppm obtained by dilution of 
manganese standard solution (1000 ppm) with natrium acid 0.1 M; Wave length at which the 
reading is done is: 279.5 nm; Ca with the following concentartions: 1.0 ppm, 2.0 ppm, 3.0 
ppm and 4.0 ppm obtained by dilution of calcium standard solution (1000 ppm) with natrium 
acid 0.1 M; Wave length at which the reading is done is: 422.7nm;Na with the following 
concentrations: 0.4 ppm; 0.6 ppm; 0.8 ppm; 1.0 ppm and 1.2 ppm obtained by dilution of 
natrium standard solution (1000 ppm) with natrium acid 0.1 M; Wave length at which the 
reading is done is: 589.6nm; K with the following concentrations: 0.4 ppm; 0.6 ppm; 0.8 
ppm; 1.0 ppm and 1.2 ppm obtained by dilution of K standard solution (1000 ppm) with 
natrium acid 0.1 M; Wave length at which the reading is done is: 766.5nm;Mn with the 
following concentrations: 0.05 ppm; 0.1 ppm; 0.2 ppm; 0.4 ppm; 0.6 ppm; 1.0 ppm; 1.5 ppm 
and 2.0 ppm obtained by dilution of Mn standard solution (1000 ppm) with natrium acid 0.1 
M .Wave length at which the reading is done is: 279.5nm;Zn with the following 
concentrations: 0.1 ppm; 0.5 ppm; 1.0 ppm; 1.5 ppm and 2.0 ppm obtained by Zn standard 
solution dilution(1000 ppm) with natrium acid 0.1 M .Wave length at which the reading is 
done is: 213.9 nm;Cu with the following concentrations: 0.5 ppm; 1.0 ppm, 2.0 ppm; 3.0 ppm, 
5.0 ppm obtained by Cu standard solution dilution(1000 ppm) with natrium acid 0.1 M .Wave 
length at which the reading is done is: 324.7nmFe with the following concentrations: 1.0 
ppm; 2.0 ppm; 3.0 ppm; 4.0 ppm and 5.0 ppm obtained by Fe standard solution dilution 
(1000 ppm) with natrium acid 0.1 M; Wave length at which the reading is done is: 248.3nm 

Note: Value of correlation coefficient R, from calibrating plot for each of elements 
analyzed, should not be less than 0. 9800. 

Test solution: ~2.0 g out of analysis product are weighed in porcelain pots and are burnt 
at 600-700 0C temperature for four hours. After calcination and cooling in the pot are added 
5ml of hydrochloric acid R and water R mixture (1:1 ratio), after which the dry evaporation 
on asbestos sieve takes place. The pot residue is taken over in the graded balloon of 50ml by 
consecutive washings three times with 2.5ml mixture of hydrochloric acid R and water R (1:5 
ratio). Then, 5ml mixture of hydrochloric acid R and water R (1:2 ratio) are added in the pot 
and are dried again. After drying, the residue is taken by repeated flushings, three times with 
2.5 ml each of mixture of hydrochloric acid R and water R (1:5 ratio), collecting the fractions 
in the same graded balloon as for the first washing. The cleaning may continue with purified 
water and are completed by 50 ml of the same solvent.  

Blank solution: solution of natrium acid R 1 % – without heavy metals. 
Working technique: There are determined the absorbents of reference solutions and test 

solution. Value of blank solution absorbent is automatically subtracted out of the test solution 
value. The values obtained for each element concentration are registered, being expressed in ppm.  

Calculation:  
Lead content is calculated from equation: 

X [ppm] = F
m

VC

p




 

where: 
X - Element to be determined, C - Concentration of metal read at the apparatus, ppm  
V - Volume of graded balloon used, [mL] mp – Sample mass, [g] F - Dilution factor 
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Results and discussions  
Based on methods previously mentioned, after the complex biochemical analysis the 

following were determined:  
Content of minerals from watery extracts are presented in Table 2. 

 
Table 2. Content of minerals from watery extracts 

 

No. 
Denomination of 

sample 
Content of microelements [mg/100g] 

Ca Mg Na K Mn Fe Zn Cu Pb Cd 
1. Watery extract-P1 6 2 4.5 4 <0.05 0.4 0.14 <0.2 <0.05 ND 
2. Watery extract -P2 5 1.5 4 3 <0.05 0.3 0.09 <0.2 <0.05 ND 
3. Watery extract -P3 4 1.2 3.5 2.5 <0.05 0.2 0.07 <0.2 <0.05 ND 
4. Watery extract --P4 4 <1 3 1 <0.05 <0.2 0.06 <0.2 <0.05 ND 

 
 

The content of calcium salts, magnesium, natrium, potassium, iron and zinc is higher in 
P1 (2- 4 mm/ 150’) then in the other tested samples P2 (2- 4 mm/ 100’), P3 (2-4 mm/ 150’) or 
P4 (2-4 mm/ 100’). Irrespective of the breakage degree and extraction time by percolation, the 
manganese content is less than 0.05 mg/100 g; the copper content is less than 0.02 mg/100 g, 
and the lead content-less than 0.05 mg/100g cadmium being not-detectable, which also 
demonstrates the products’ lack of toxicity. 

 
 

Table 3. Density, evaporation and polyphenols identification from watery extracts 
 

Den. no 
Den. 

sample 
Density 

Evaporation 
residues [%] 

Tannins 
identification

Polyphenols 
identification

Flavonoids 
identification

Rosemary 
acid 

identification 

Saccharose 
identification 

Hypericin 
identification

1 P1 0.989 2.8 negative positive negative positive positive negative 
2 P2 0.986 2.2 negative positive negative positive positive negative 
3 P3 0.993 1.5 negative positive negative positive positive negative 
4 P4 0.991 0.7 negative positive negative positive positive negative 

 
 

The bigger the volume of product is (by breakage, at equal mass), the smaller the density 
becomes. At the same time, the extraction degree increases along with the time of extraction by 
percolation in watery conditions. The order of this parameter behaviour is the following: P1 > 
P2 > P3 > P4. The bigger the grinding degree, the higher the extracted salt degree, and the 
longer the percolation time, the higher the mineral salt quantity: P1 > P2 > P3 > P4 (Table 3). 

Dosages performed for each active component out of the four watery extracts are 
summarized in Table no.4. Total polyphenols content expressed in both caffeic acid and 
chlorogenic acid, is bigger for products P1 and P2, having a better grinding degree, no matter 
the extraction type, than P3 and P4 which grinding degree is smaller for a similar extraction 
time (Table 4). The content of hydroxycinnamic derivatives in rosemary acid is bigger in P1 
and P2 instead of P3 and P4, which confirms the direct proportionality between the active 
components content extracted depending on the grinding degree (Table 4). Content of directly 
reducing saccharose is higher for P1 and P2 than P3 and P4, which confirms the direct 
proportionality between the active components content extracted in terms of grinding degree 
(Table 4). Content of total saccharose is higher at P1 and P3 than P2 and P4, which 
demonstrates that a bigger content is directly proportional with the grinding degree and 
extraction time (Table 4). 
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Table 4. Watery extracts dosing 
 

Den. No. 
Product 

denomination 

Total Polyphenol 
content expr. in 

caffeic / chlorogenic 
acid 

Total 
Flavonoid 

content 
[rutin %] 

Total Flavonoid 
content expr. in 
hyperoside [%] 

Derivati 
Hydroxycinnamic 
[rosemary acid %] 

Saccharose 
directly 

reducing [%] 

Total 
saccharose  

[%] 

Total 
Hypericin 

[hypericin %]

1 P1 3.30/6.60 - - 1.93 13.000 13.000 - 
2 P2 2.52/5.30 - - 1.55 10.110  8.725 - 
3 P3 1.10/3.10 - - 1.15  8.075  9.800 - 
4 P4 0.55/1.10 - - 0.49  5.860  7.878 - 

 
 
 

Conclusions 
This study has demonstrated the existence of a direct proportionality between the vegetal 

product grinding degree and the content of active principles extracted, namely, between the 
mechanical breakage degree and extraction yield (double in the case of total saccharose 
content and its specific extraction time). 
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