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Abstract

Salvia officinalis. L, or common sage, is considered to be one of the most useful plants in
the world because it is rich in bioactive substances and can be used in many fields: food,
pharmaceutical and cosmetic. The present study consists of optimising the extraction of the main
active ingredients from the aerial part of sage officinale. Firstly, we carried out a comparative study
between the fresh plant and the dried plant (powder) to determine the extraction yield,
polyphenol and flavonoid content and antioxidant activity. At the end of this section, we chose the
dried plant on the basis of yield (17%) and antioxidant capacity (1.12E-04g/ml). Secondly, a mixing
plan was applied to optimise the best solvent. At the end of this section we chose mixture No. 09
(16% distilled water, 16% acetone and 66% ethanol) as the extraction solvent for the rest of our
experiments, as it has the highest antioxidant activity (1.36E-05 g/ml). The third part is devoted to
a comparative study between the three extraction methods (maceration, ultrasound and soxhlet)
where we chose the maceration method because it has a high antioxidant activity (1.36E-04 g/ml).
Finally, we optimised the best method by applying a complete two-level factorial design of three
parameters (temperature, quantity of plant material and extraction time) to determine the
optimum extraction conditions (temperature of 50°C, quantity of 2g and time of 4h).
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Introduction

Plants have played an essential role in human daily life for thousands of years. Their use in food, medicine
and religious rituals dates back to ancient times. Ancient civilisations such as the Egyptians, Romans and
Greeks were already aware of the beneficial properties of plants. They used plant extracts for their
perfumes, medicinal properties and antimicrobial properties (Fellah ez al, 2006; Laplante, 2009 and
Ambe ez al 2015). However, it was not until the beginning of the 20th century that scientists began to
take a more in-depth interest in plants. Scientific and technological advances at the time led to a better
understanding of the chemical composition of plants and the mechanisms of action of their active
components (Fellah ez al., 2006). Today, research continues in the field of plant phytochemistry and
pharmacology. Scientists explore plants to find new therapeutic compounds, study their effects on human
health and discover potential medical applications. (Koane, ez @l. 2011). Indeed, populations around the
world, including in Africa, are facing an increase in non- communicable diseases such as cardiovascular
disease, cancer and diabetes (Aseervatham et al., 2013). Faced with this situation, research is increasingly
focusing on discovering new sources of biomolecules in medicinal plants. Plants have a long history of use
in traditional medicine to treat various ailments and provide natural remedies. They contain a wide
variety of chemical compounds, such as alkaloids, flavonoids, terpenoids, polyphenols, which may have
potential therapeutic properties (Soro ez al, 2012; Liu ez al, 2017). It is interesting tonote that
medicinal plants continue to be used in therapy, according to the World Health Organisation (WHO),
around 80% of the population in developing countries. Salvia officinalis. Salvia officinalis, commonly
known as Common Sage, is a plant widely distributed in the Mediterranean basin and appreciated for its
many therapeutic virtues. It belongs to the Lamiaceae family and has a number of distinctive
characteristics. It has long been known for its medicinal and aromatic properties (Fleurentin, 2008).
Phenolic compounds are secondary metabolites present in many plants. They belong to a class of chemical
compounds distinguished by their structure containing one or more phenolic groups. They are known for
their remarkable antioxidant activity. They act by neutralising free radicals, which are reactive chemical
species that can damage cells and contribute to oxidative stress. Oxidative stress is associated with various
diseases, such as cardiovascular disease, cancer and ageing (Cai ez al, 2004). Our work consists of

optimising the extraction of the main active ingredients from salvia officinalis. L.

. Materials and methods

The working methodology followed in the course of this study is summarized in the diagram below.
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Figure 1 : Flow chart representing the methodology of our study

2.1. Harvesting, drying and grinding
The aerial part of Salvia officinalis. L, comprising the stems and leaves, was harvested before flowering.
The harvest took place in March 2023 in the Aomar region, in the wilaya of Bouira, Algeria. The plant
was dried naturally over a period of 15 days. The drying time may vary depending on various factors such
as ambient humidity, plant density and other environmental conditions.

2.2 Choosing the type of plant (fresh or dried)
In this section we prepared extracts of the dried (powder) and fresh plant using the maceration method
with ethanol as the solvent.

a) Extractions of the main active ingredients from Salvia Officinalis. L
Firstly, we used the maceration method to compare extraction from fresh and dried plants in order to
optimise the yield of bioactive plant extracts.
Maceration is carried out according to the protocol described by (Boryana ez al, 2006). Ethanolic
extracts are prepared by maceration of 2 g of waste or fresh or dried plant in 20 ml of 70% ethanol. After
stirring for 24 hours, the mixture is filtered and the filtrate is concentrated using a rotavapor. The yield is
calculated using the formula described by Harborne in 1998 :
(R%) = (Me/ Mv) x100

R9%: Represents the extraction yield as a percentage.
Me: Is the mass of extract obtained after evaporation of the solvent. It is measured in grams (g) or
milligrams (mg).

Mv: Is the mass of the plant material used for extraction. It is also measured in grams (g) or milligrams
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(mg).

b) Determination of total polyphenol content
Determination of total polyphenols in the ethanolic extract using the method described in the literature
(Kamazawa ez al., 2002; Singoleton, 1999)
Add 5 ml of distilled water to 0.5 ml of sage extract and mix well; add 0.5 ml of folin- ciocalteus reagent
and leave for 3 min. Add 0.5 ml sodium carbonate (10%), mix well and incubate for one hour at room
temperature in the dark, then measure the absorbance at 760 nm.

c¢) Determination of flavonoid content
The total flavonoid content of sage ethanolic extracts was estimated using the method described in the
literature (Bahorun et al., 1996). A volume of 1ml of extract of dried pumpkin waste or pulp is added to
1ml of aluminium chloride (AICI3 at 2%), and the absorbance is measured at 430nm, after 1 hour of
incubation. The quantity of flavonoids is calculated in mg quercetin equivalent per 1 g of sample (mg
EQ/ g Ech), based on the standard curve prepared with quercetin.

d)Assessment of antioxidant activity
The antioxidant activity of ethanolic sage extracts is assessed by the DPPH radical free radical scavenging
activity. According to Molyneux (2004), 2ml of ethanolic DPPH solution (0.1 mM) is added to 50 pl of
extract solution and standard, then the tubes are incubated at room temperature in the dark for 30

minutes. Readings were taken at 517 nm. The results are expressed using the following formula

DPPH radical inhibition % (%) = [(AC-AE)/AC]x100
Hence : 1- AC: Absorbance of the control.

2-AE: Sample absorbance.
The IC50 value is calculated using linear regression with the concentration of the compounds tested on
the abscissa and the percentage inhibition (I1%) on the ordinate. The IC50 value represents the

concentration of the tested sample required to reduce the activity of the DPPH radical by 50% (Bouras
and Houchi, 2013).

2.3.Solvent oprimisation (mixing plan)

Several extractions with a three-factor mixing plan using three types of solvent (ethanol, acetone and
distilled water) were carried out on salvia officinalis L powder in order to compare yields, polyphenol and
flavonoid content and antioxidant activity. The aim of these preliminary tests was to determine the best
extraction solvent for this study.

2.4. Optimisation of extraction methods

After choosing the best extraction solvent for common sage, we began a comparative study between three
extraction methods (maceration, already developed in part 2.1, sonication and soxhlet) with the aim of
optimising the best method.

To extract the active ingredients from la sauge officinale by ultrasound, we opted for the protocol
described by( Gargouri ez 2l 2019) by making some modifications: Sonication of 1(g) of la sauge
officinale in 50(ml) of 96% ethanol for 3 hours at 50°C, Filtration with Whatman number 1 filter paper,
Concentration with a rotary rotavapor at 50°C under vacuum.

Soxhlet extraction is based on a distillation process which is widely used in laboratories and food and non-

food industries (Cunha, ez 2l 2004). 1g of sauge officinale is introduced into the Soxhlet cartridge. 150
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ml of 96% Ethanol are poured into the flask and 25ml into the extractor, the extraction is carried out for
6 hours until the material is exhausted. Then Concentration in a rotary rotavapor at 50°C under vacuum.
2.5. Optimisation of the best method (maceration)

Once the best method has been chosen, many parameters can influence the extraction yield of officinal
suage, such as time and temperature, and the nature of the solvent (table 1).

In this section we have chosen to study the effect of the following three factors: (extraction temperature,

quantity of plant material and extraction time) on extraction yield using a full factorial design.

Table 1: Full factorial design invoices

Factors Low level (-1) High level (+1)
X1 Temperature 20°C 50°
X2 Quantity lg 2g
X3 Time (duration) 2h 4h

3. Results and discussion
3.1 Results of biochemical characterisation of fresh and dried plants

The results of the biochemical characterisation are summarised in Table 2.

Table 2: biochemical characteristics of common sage

Parameters Yield (%) Total polyphenols  Flavonoids EC50 (g/ml)
(mg EQAG/gMV)  (mgEQQ/gMV)

Fresh plant 3,5+0,3 131,23+4 68,25+1,8 1,8*E-4

Dried plant 17+038 77+2.5 74,962,3 1,12*F-4

Ascorbic acid / / / 0,8*E-4

a. Extraction yield
The results obtained in this study show that the dried plant (powder) gave a high yield (17%), compared
with the fresh plant with a low yield (3.5%).
The ethanol extraction yield for sage officinalis was 17%, close to the 18.24% reported in the study by
Roby et al. (2013). On the other hand, the study by Menaker ez al. (2004) reported a very low
extraction yield (1.32%) for an ethanolic extract of Salvia officinalis. L compared with our results.
Extraction yields can vary depending on many factors, such as temperature, the type of solvent, the ratio
between the mass of the powder and the volume of the solvent, as well as the extraction technique used,
the quality and nature of the plant material used, the sample preparation method and the analytical
techniques used to determine the extraction yield. (Louli ez /., 2004; Naczk and Shahidi, 2004).

b. Total polyphenols
From the results in Table 2, we can see that the fresh plant is the richest in polyphenols with 131.23 mg
EAG/g extract compared to the dried plant with 77.55 mg EAG/g extract.
The study by Miliauskas ez a/ (2004) revealed total polyphenol contents ranging from 9.7 to 24 mg

EAG/g extract for different Salvia species. These variations can be attributed to genetic differences and
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plant growth conditions.

The study conducted by El Gabbas ez 2/ in 2019 reported a high level of phenolic compounds, namely
120.30 + 0.72 mg EAG/g extract.

The Achat study in 2005 obtained a content of 54.77 mg catechin equivalent/g DM of total polyphenols
in sage. The difference between these two studies can be attributed to the use of different measurement
standards.

The content of phenolic compounds can be influenced by several factors: geographical factors, genetic
factors, the extraction method and the quantification method can also influence the estimate of the total

phenol content (Aganga, 2001).

c. Flavonoid assay
The data in Table 2 show that the dried plant has a slightly higher flavonoid value than the fresh plant, at
74.96 and 68.25 mg EQ/mg MV respectively.
The studies by Dewanto er 4l (2002) and Miliauskas ez «l. (2004) reported flavonoid contents of
different sage species ranging from 0.3 to 13.8 mg EQ/g extract, which differs from your results.
Similarly, the study by Ec-Touys e 4l (2016) revealed a flavonoid compound content of 31.05+0.62 mg
EQ/g in the methanolic extract of Salvia officinalis L, while Hammoudi (2015) found a flavonoid
content of 148 mg EQ/g E in the ethanolic extract of Salvia chudaei, a higher value than in our study.
Flavonoid levels in plants are influenced by a combination of genetic and environmental factors. Adverse
environmental conditions can stimulate flavonoid production as a plant defence mechanism (Bouteldja
et al., 2021).

d. Anti-free radical activity
According to the IC50 data obtained for samples of common sage (fresh and dried) and ascorbic acid, the
results show that the extracts have low antioxidant activity compared with ascorbic acid.
We found that the dried plant exhibited more intense free radical scavenging activity with an IC50 of
1.12 * 10-4 g/ml, compared to the fresh plant with an IC50 of 1.8 * 10-4 g/ml. This suggests that the
drying process may increase the antioxidant activity of the plant.
Studies by Soobrattee ez 2/ (2005) also showed significant antioxidant activity in sage extract, but less
than that of ascorbic acid (AUC). These results are in line with our own.
The study by Martin ez al. (2015) showed that all extracts of Salvia officinalis. L have good efficacy in
scavenging the DPPH radical, with IC50s between 18.3 and 32.97 pg/mL for the hydro-methanolic
extract. These results are significantly lower than those obtained in our study. The work of Hamrouni-
Sellami, ez @/ 2013 showed that the methanolic extract of Salvia officinalis.L has an 1C50 of 2.78E-04
g/ml, a higher value than that obtained in our study. This difference can be attributed to the nature of

the solvents used in the extraction.
3.2. Optimisation of extraction solvent (mixing plan)

The results of the blending plan for yield, total polyphenols, flavonoids and CI values50 are shown in the

table below:
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Table 3: Mixing plan results

No. of distilled % % acetone R %  Polyphenols Flavonoids I1C 50
Mix water ethanol X3 (mgEAGlg)  (mgEQlg) (g/ml)
X1 X2

1 100 0 0 9,5 64,45 30,71 5,11E-04
2 0 100 0 17,5 87,43 80,15 1,61E-04
3 0 0 100 8,75 229,18 184,78 1,29E-04
4 50 50 0 19,5 53,65 45,6 2,79E-04
5 0 50 50 14 140,87 137,38 1,43E-04
6 50 0 50 14,5 54,72 45,59 1,41E-04
7 33 33 33 20 60 53,13 4,54E-04
8 66 16 16 22 31,51 29,23 2,33E-04
9 16 66 16 24 93,1 86,61 1,36E-05
10 16 16 66 20,5 78,45 72,31 1,61E-04

a) Performance

By analysing the results of table N°03, we notice that the yields of the various mixtures obtained by the
mixing plan are variable, the highest yield is that of the extract of mixture N°9 (ethanol 66%, acetone
16%, distilled water 16%) with a percentage of the order of (24%), The yield percentages of most of the
other mixtures are close, ranging from 14 to 22%, except for the aqueous extract (mixture No. 01) and
the acetone extract (mixture No. 03), which are less important, with values of 9.5 and 8.75% respectively.
According to the work of (Benabied ez al., 2022), the percentage yield for the 100% ethanolic extract is
around 35.4% and for the 50% ethanolic extract is 30.2%. These values are higher than those found in
our study (17.5% and 19.5% respectively).

According to the study by (Khenfer , 2016), the acetone extract yield (100%) gave a percentage of 4.5%,

a lower value than our results of 8.75%.

b) Determination of polyphenols and flavonoids
The results of our study show that total polyphenol contents vary between 31.71 and 229.18 mg EAG/g
of plant matter in the different mixtures analysed. The acetone extract (blend No. 03) had the highest
concentration of total polyphenols, at 229.18 mg GAE/g extract, as did flavonoids, at 184.78 mg QE/g
extract.
The low solubility of total polyphenols in pure solvents is due to the inability of these solvents to break the
strong hydrogen bonds formed between proteins and polyphenols; the addition of water makes these
bonds more sensitive, and therefore the total polyphenols more extractable (Sripad ez /., 1982).
According to Farhoosh (2009), acetone is a solvent that showed high content of total polyphenols and
flavonoids due to its better selectivity and low viscosity. This is in line with the results of our study, where
we obtained high values of total polyphenols and flavonoids with the acetone extract, namely 229.18 mg
EAG/g extract and 184.78 mg EQ/g extract respectively.
According to Duleti¢-Lausevi¢ ez al. (2019), the 50% ethanolic extract of Salvia officinalis L is richer in

total polyphenols (TPP) with a content of 102.12 mg EAG/g, compared to the aqueous extract which has
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a content of 77.44 mg EAG/g. However, in our study, we found that the aqueous extract was richer in
TPP, with a content of 64.45 mg TPE/g, compared to the 50% ethanolic extract, which contained 53.65
mg TPE/g.

According to Bouteldja (2021), the flavonoid content of the ethanolic extract is 37.53 mg EQ/g, which
is lower than our result. On the other hand, the flavonoid content of the aqueous extract is 31.03 mg

EQ/g, which is similar to our results.

¢) Anti-free radical activity
A lower concentration of IC50 (50% inhibitory concentration) indicates higher antioxidant activity.
Analysis of the data shows that blend No. 09 has the lowest IC50 (1.36E-05 g/ml), and therefore a
higher antioxidant power. A low AAO is marked by blend N° 01 (aqueous extract) with a very high IC
value50 (5.11E-04 g/ml).
According to Albno and Miguel (2011), the hydroethanol extract of salvia officinalis. L has an 1C
value50 of 2.8 pg/ml, i.e. a higher antioxidant activity than that found in mixture No. 4 (IC50 = 2.79E-
04 g/ml). The results obtained by (Bouteldja, 2021) show that the ethanolic extract of Salvia officinalis. L
and the aqueous extract have IC values50 of 0.106 and 1.74 mg/ml respectively. These two values are
lower than those found in our study.
According to Chirinos et al (2007), a mixture of acetone and distilled water is considered to be the most
effective solvent for extracting polyphenols. Water combined with acetone creates a moderately polar
medium that favours both the extraction of phenolic compounds and the preservation of their antioxidant
activities.
According to Spigno et al (2007), varying the concentration of the solvent, using mixtures of different
proportions with distilled water, can modify the extraction capacity and help improve the efficiency of
the solvent to extract a greater number of compounds.
Note: Based on the results obtained previously, we chose the plant with the highest antioxidant activity
and the best extraction solvent. We therefore adopted the dried plant (powder) and mixture No. 09 as the

solvent for the rest of our experiments.
d) Statistical analysis

The aim of this part is to determine the best response in order to optimise the best solvent

mixture. The results obtained were processed using JMP software.

Analysis of variance
The values of the coefficient of determination R* calculated during the analysis of the results of the
responses studied (yield, total polyphenol content, flavonoid content and antioxidant activity) by the
"actual by Predicted Plot" diagrams (Fig 2) are of the order of: 0.84, 0.94, 0.95 and 0.93 respectively,
while the p-values are of the order of 0.2231, 0.0609, 0.0474 and 0.0782 respectively. This means that the
responses for yield, PPT and IC50 gave insignificant effects (their p-values>0.05) which means that the
models are invalid, on the other hand the flavonoids response to a significant effect (p-value<0.05) which

means that the model is valid.
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Figure 2: "Actual by Predicted Plot" diagram of the experimental results of the

responses studied by the mixing design.

Estimation of model coefficients
Flavonoids response

The estimated flavonoid response coefficients are shown in Table 04 :

The results in table 4 show that only the two factors X2 (ethanol) and X3 (acetone) are considered to
have significant effects (their p-values<0.05); on the other hand, the factor X1 (distilled water) and all the
interactions X X12 , X X13 , X X23 and X X X123 are considered to have non-significant effects (their
p-values>0.05).

Table 4: Effects of the variables studied on flavonoids

Term designation Estimate Error t ratio Prob. > |t
standard
Water(Mixture) X1 32,766618 18,82437 1,74 0,1801
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Term designation Estimate Error t ratio Prob. > |t|
standard
Ethanol(Blend) X2 85,016618 18,82437 4,52 0,0203*
Acetone(Mixture) X3 176,32662 18,82437 9,37 0,0026*
Water*Ethanol X1X2 -21,47353 94,75795 -0,23 0,8353
Water*Acetone X1X3 -261,4135 94,75795 -2,76 0,0702
Ethanol*Acetone X2X3 12,486471 94,75795 0,13 0,9035
Water*Ethanol*Acetone X1X2X3 -525,2188 624,7087 -0,84 0,4622

3.3 Optimisation of extraction methods

In Table 5, we compared three extraction methods: extraction by maceration (room temperature, 24h),
extraction by ultrasound (40°C, 2h) and extraction by soxhlet (70°C, 6h).

Table 5: Results of the comparative study of extraction methods

Parameters Yield (%) Total polyphenols  Flavonoids EC50 (g/ml)
(mg EQAG/gMV)  (mgEQQ/gMV)

Maceration 24 +1,5 93,1 +3,2 86,611,3 1,36*E-5

Ultrasound 18 +0,7 66,39 +2,9 55,08 + 2,3 3,29*E-4

soxhlet 30+£23 92,7+14 84,64+ 1,9 6,59*E-4

Extraction yield
According to the results obtained in Table 5, extraction by Soxhlet gave the highest yield (30%), followed
by extraction by maceration (24%) and ultrasound (18%), in agreement with the work of (Bucic-kojic ez
al., 2006), which emphasises the positive effect of temperature on the extraction of phenolic compounds
using the Soxhlet method.
According to the results of (Hammoudi, 2015), the yield of acetone and ethanolic extract of S. chudaei
by ultrasound gave values in the order of 4.44%, 14.8% respectively, and by maceration the yield of
ethanolic extract gave a value of 4.56%. These values are lower than those found in our study.
The presence of water-soluble substances, such as protein compounds or carbohydrates, can contribute to
the increase in extraction yield when using the Soxhlet method. These substances can be
extracted more efficiently with this method due to the use of a continuously refluxing solvent at a high
temperature (Békro et al, 2007).
Quantification of polyphenols and flavonoids
The results in Table 5 show that the maceration method has the highest levels of total polyphenols and
flavonoids in the Salvia officinalis.L extract, with values of 93.1 mg EAG/g E and 86 mg EQ/g E
respectively. The soxhlet extraction method gave slightly lower contents, with 92.7 mg EAG/g E for total
polyphenols and 84.6786 mg EQ/g E for flavonoids. Finally, ultrasonic extraction gave lower contents of
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the order of 66.39 mg EAG/g E for total polyphenols and 55.08 mg EQ/g E for flavonoids.

According to the work carried out by (Pop ez al, 2015), ethanol extraction of sage shows polyphenol
contents by maceration (19.49mg EAG/g E)) followed by ultrasound (19.06mg EAG/g E) at the end by
soxhlet (18.91mg EAG/g E). Jakovljevi¢, ez al., (2019) on salvia officinalis. L found polyphenol contents
for the 40% ethanolic extract (137.11 mg EAG/g E) and for the aqueous extract (42.199mgEAG/g E) by
maceration. These values are lower than those found in our study.

The results obtained by (Jakovljevi¢, 2019) reveal that the 40% ethanolic extract of Salvia officinalis. L by
maceration contains 40.91 mg EQ/g E and the aqueous extract contains 20.62 mgEQ/g E of flavonoid
compounds. These results are inferior to those of our study.

According to (Bouteldja, 2021), the flavonoid content by maceration of ethanolic and aqueous extracts

varies between 37.53 and 31.03 mg EQ/g E.

Anti-free radical activity
According to the results shown in Table 5, maceration has a high and effective antioxidant activity with
an IC value50 of 1.36E-04 g/ml followed by soxhlet (6.59E-04 g/ml) and a low IC50 value for
ultrasound (3.29E-04 g/ml).
According to the work carried out by (Pop et al ,2015), the ethanolic extract of S. officinalis has an
antioxidant activity varying between 70.83 and 78.43% for the three extraction methods (maceration,
ultrasound and soxhlet), which are lower values than those obtained in our results.
According to studies carried out by (Jakovljevi¢, et al., 2019), the 60% ethanolic extract and the aqueous
extract of S. officinalis by maceration have IC50% values of 0.078 and 0.355 mg/ml, values close to our
results. This difference may be due to the nature of the solvents.
The results obtained by (Bouteldja, 2021) show that the ethanolic extract of Salvia officinalis. L and the
aqueous extract have IC values50 of 0.106 and 1.74 mg/ml.
The extraction method chosen must allow complete extraction of the compounds of interest while
minimising their chemical modification. Water and aqueous mixtures of ethanol, methanol and acetone
are commonly used in the extraction of phytochemicals. The solubility of phenolic compounds can be
influenced by several factors, including their degree of polymerisation, their interaction with other

constituents present in the plant and the type of solvent used (Sun ez 4/, 2005).
3.4. Optimisation of the best extraction method (full factorial design)

The results of the experiment matrix are summarised in Table 06 and the desirability test is

illustrated in Fig. 3.

Table 6: Matrix of yield variables studied

No. Exp Configuration X1 X2 X3 Rexp (%) Rprédit (%)
1 o 20 1 2 5 4,8

2 ‘- 50 1 2 8 10,8

3 -+ - 20 2 2 7,5 7,3

4 + 4+ - 50 2 2 14 8,3

5 --+ 20 1 4 11 7,8
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6 + -+ 50 1 4 17 16,8
7 -+ + 20 2 4 8,5 13,8
8 ++ + 50 2 4 18 17,8
9 000 35 3 1,5 9,75 10,925
10 000 35 3 L5 10,25 10,925

From the results in Table 10, we can see that experiment N°8 gives a high yield (R=18%) followed by
experiment N°6(R=17%), while the lowest percentage is recorded by experiment N°1(R=5%).

The results of the desirability test are shown in Figure 3.
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Figure3: Desirability test diagram (prediction profiler) for extraction yield.This figure shows the

effects of three factors on the extraction yield response.

Experimental results indicate that extraction yields varied between 5 and 18%. An increase in temperature
(X1 ) from 20 to 50°C led to an increase in extraction yield. This increase in temperature can increase the
solubility of phenolic compounds in the solvent and improve their diffusion coefficient, making them
easier to extract.

In addition, increasing the amount of plant material (X2 ) from 1g to 2g also has a proportional effect on
the increase in extraction yield. This means that the greater quantity of plant material used in the
extraction leads to a higher yield.

With regard to the extraction time (X3 ), the increase from 2 to 4 hours had only a slight effect on
extraction yield. However, according to the study by Spigno ez 4/ (2006), a longer contact time between
the solvent and the plant material can improve the extraction rate.

The desirability test plot showed that the yield desirability value was close to 1, confirming the validity of

the model used. This suggests that the experimental conditions used in the study were ptimized to obtain
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a high extraction yield of the compounds of interest.

The influence of the factors studied on yield

According to the results in Table 07, we can see that temperature(X1 ) and the quantity of
plant material(X2 ) with p=0.0118 and 0.0183 respectively, are factors with significant effects,
whereas duration(X3 ) does not have a significant effect on the response studied (extraction
yield).It can be seen that temperature, quantity of plant material and duration have positive
effects on the extraction yield of salvia officinallis. L. based on the sign of the coefficients of

each variable.

Table 7: Effects of the variables studied and their interactions on the extraction yield of

common sage established by the complete factorial design 2°

Term Sum of Coefficient Standard error ¢ -value P-value
squares
Constant 10,925 0,306696 35,62 0,0008*
Temperature (°C)(20,50) 78,125000 3,125 0,342897 9,11 0,0118*
Quantity (g)(1,2) 50,000000 2,5 0,342897 7,29 0,0183*
Duration (h)(2,4) 6,125000 0,875 0,342897 2,55 0,1253
Temperature (°C)*Duration (h) 6,125000 0,875 0,342897 2,55 0,1253
T (°C)*Quantity (g) 4,500000 0,75 0,342897 2,19 0,1602
Duration (h)*Quantity (g) 12,500000 -1,25 0,342897 -3,65 0,0677
T (°C)*Duration (h)*Quantity (g) 0,000000 0 0,342897 0,00 1,0000

Analysis of variance
The quality of the full factorial design applied is estimated from the results of the analysis of
variance (Table 8), the model misfit and the experimental error (Table 9).

Table 8: Results of the analysis of variance of the full factorial design 2° for extraction

yield.
Source Degrees of Sum of squares Medium square F Report
freedom
Model 7 157,37500 22,4821 23,9013
Residues 2 1,88125 0,9406 Prob. > F
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Corrected total 9 159,25625 0,0407*

R* =0.98817/R?* adjuste=0.946843

According to the R* obtained of 0.98817 and the adjusted R* of 0.946843 and the model p- value of
0.0407 for the response (extraction yield), we can estimate that the statistical model applied is not very

significant (valid model).

Table 9: Misfits and experimental error for extraction yield.

Source Degre Sum of Medium F Report
e s of freedom squares square
Misadjustment 1 1,6000000 1,60000 5,6889
Pure error 1 0,2812500 0,28125 Prob. > F
Total error 2 1,8812500 0,2527

The two experiments at the centre point for the three factors (experiments 9 and 10 in Table 10)
are used to estimate the pure (experimental) error. The results in Table 13 show that the pure error is
insignificant for the response analysed, with a p-value of around 0.2527 greater than 0.05. This shows that
the experimental results are very slightly different from those predicted by the model. This shows that the
experimental results are very slightly different from those predicted by the model. The diagram in Fig. 4
makes it easier to visualise these conclusions, where most of our experimental results presented by the

black dots lie on the bisecting line of the diagram.
20

-
9]

-
o

Rendement Observe

5 10 15 20
Rendement Prévue RMSE=0,9699 R carré=0,99 P
value=0,0407

Figure 4: Diagram of experimental results for full factorial design

Conclusion
In the course of this study, we optimised the extraction of phenolic compounds from sage officinale,
concluding that dry plants give the best results in terms of yield, polyphenols, flavonoids and anti-free
radical activity.
Optimisation of the best extraction solvent by applying a mixing plan. This indicated that the mixture
(16% distilled water, 16% acetone, 66% ethanol) gave satisfactory results. Statistical analysis of the
solvent optimisation results showed that the response for flavonoids had a significant effect (p-

value<0.05).
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The results of the comparative study between the three extraction methods show that maceration is the

best extraction method for common sage.
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