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The total phenol contents of methanol extract change between 875.14 and 784.39 mg GAE/ 100 g. In ad-
dition, total phenol contents of methanolic extracts stored at +4 °C changed between 987.46 (2" month) and
819.57 mg GAE/100 g. So, while antioxidant values of methanol extracts depending on storage are determine betwe-
en 795.61 and 711.47, antioxidant activity values of ethanol extracts changed between 744.83 and 668.51. With
respect to flavonoid contents of extracts, these values for methanol extracts were found between 44.13 (1 month)
and 20.43 (12" month). These values obtained from extracts of S. fruticosa stored at refrigeroter (+4 °C) were found
higher then those of results kept stored room temperature. Also, antioxidant activities of methanol extracts kept at
+4 °C changed between 857.41 and 746.84 mg/ml.

Obmree coneprkanue peHoIa B METaHOIBHOM dKCTpaKTe n3MenseTcs oT 875,14 mo 784,39 mr OI'K/100 . Kpome
TOTO, O0IIIee comeprkaHme (peHoIa B METAaHOIBHBIX SKCTPaKTaX, XpaHammxcs npu +4 °C, nm3MeHsuoch Mexay 987,46
(2-11 mecs) u 819,57 mr DT'K/100 1. Takum 00pazoM, B TO BpeMsl KaK aHTHOKCHIAHTHBIC 3HAYCHUST METaHOIBHBIX
9KCTPAKTOB, B 3aBUCHMOCTH OT XPaHEHUsI, OTIPEACIIOTCT MexXay 795,61 u 711,47, aHTHOKCHTaHTHBIE aKTHBHOCTH
STaHOJBHBIX IKCTPAKTOB M3MEHSIOTCS B mpenenax 744,83 u 668,51. Uto kacaeTcs comep:kaHusI SKCTPAKTOB (prraBo-
HOWJIOB, 3TH 3HAYEHUS IS IKCTPAKTOB MeTaHONa HaiineHsl Mexay 44,13 (1-if mecan) u 20,43 (12-i mecsn). [lo-
Ka3aTeJH, TIOIyYeHHBIE TI0 SKCTPAKTY S. fruticosa, XpaHUBIIEMYCs B XonommsHAUKE (+4 °C), 0Ka3aluch BEIIIE, YeM
Ppe3ybTaThl, TTOy4YeHHBIE ITPU KOMHATHOH Temneparype. Kpome Toro, aHTHOKCHIaHTHAS aKTHBHOCTH METAHOJIBHBIX
9KCTPAKTOB, XpaHUBIIHXCSA TIpH + 4 °C, m3meHnsnacs Mexay 857,41 u 746,84 mr/mir.

Keywords: total phenol activities, flavonoid activities, antioxidant activities, sage, GAE.

Knrwouegvie cnosa: obmas (eHONbHAs aKTUBHOCTH, (DIAaBOHOWIHAS aKTHBHOCTb, aHTHOKCHIAHTHAs aKTHBHOCTb,
mandgeit, T'K.
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The genus Salvia is the largest member of the Lamiaceae family with nearly 1000 species spread throughout the
various regions of the World mainly central and south America, western Asia (especially Turkey, Oran, Russia) and eas-
tern Asia. Recently, 99 species of the genus Sa/via have been identified in Turkey and 52 (52 %) of them are endemic to
Turkey. Some members of the Salvia genus are commercially important and used for flavouring agents in foods as well as
cosmetics, perfumery and the pharmaceutical industries with its biological activities.

Sage (Salvia spp) is a common herbal plant widely grown in various in the world, and especially in Mediterranean
region (Pop et al., 2015). It is an endemic in Turkey.

Salvia has a tonic, carminative, antiseptic, spasmolytic, astringent, haemostatic and diuretic affect in traditional me-
dicine (Alimpic et al., 2014). The leaves contain carnosolic acid, salvigenin, genkwanin, hispidulin, luteolin, rosmarinic,
caffeic, labiatic.

Traditionally, the leaves of the sage are used as herbal tea by infusing it into hot boiled water for 3—5 min. Recently,
it has been marketed in tea bags and has also potential for processing into instant herbal tea but the extraction process of
the sage is the main issue for the potential herbal tea products. From an engineering point of view, understanding of mass
transfer phenomenon at the solid—liquid interface in sage extraction is important for optimizing process, scaling up to
pilot, consequently development of industrial application.

Today, it is well known that free radicals cause many diseases. Antioxidants have great importance in the fight against
free radicals, which can damage biological molecules with different mechanisms of action and the interest in the usage of
antioxidants in the food, pharmaceutical and cosmetic industries is constantly increasing. Nowadays, synthetic antioxi-
dants such as butylated hydroxyanisole (BHA), Butylated hydroxytoluene (BHT) and natural antioxidants are used as pre-
servatives in many industries, especially in food industry. However, the concerns about the safety and toxicity of synthetic
antioxidants have not been overcome yet. Therefore, the need for new and safer antioxidant sources is still maintained.

Total antioxidant capacity of plant material depends not only on the content and composition of phenolics, but also
on the contents of other antioxidants. Antioxidants such as S, carotene, ascorbic acid, and alfa-tocopherol are proved to
prevent oxidations of free radicals by in vifro and in vivo studies.

As one of the plants used as natural antioxidant source is the genus Salvia and the antioxidant activities of Salvia
extracts have been associated mainly with their total phenolic contents. Plants with phenolic content are used especially in
oily food because of their significant functions such as dealing with undesirable fragrances, prolonging thier shelf life, de-
laying the formation of toxic oxidation products, increasing nutritional value and preventing microbial growth. Phenolic
compounds are known to be extremely beneficial in terms of human nutrition, cosmetic and pharmacological.

Several studies were conducted on antioxidant, antimicrobial, antiviral, antitumor effects of different aromatic plants
(Ozcan et al., 2009; Alimpic et al., 2014). Sage is used as a herbal tea for many years in Turkey. It is estimated a reduction
at the bioactive components during the storage of plant tea. There is limited study on storage of herbal teas.

The objective of this study was to determine the total phenol, total flavonoid and antioxidant activities of methanol
and ethanol extracts of Salvia fruticosa stored in dark at room temperature and +4 °C for one year.

Aerial parts of Salvia fruticosa Mill. were collected at the early vegetative stage on May 2015. About 10 g ground
sample was extracted 100 ml mixture of 90 % methanol+9 % water+1 % acetic acid and 90 % ethanol+9 % water+1 %
acetic acid, respectively at 28 °C for 48 h in a shaker. After filtration, the filtrate was evaporated under vacuum by a rotary
evaporator apparatus.

The total phenol content was determined with Folin-Ciocalteu colorimetric method according to Singleton and Rossi
(1965). The results were given as mg GAE/100 g.

Total flavonoids content was estimated according to Dewanto et al. (2002). The flavonoid content of extract was
stated as mg CE/100 g dry-weight.

Antioxidant activity values of methanol and ethanol extracts of S. fruticosa were determined by using 2,2-dip-
henyl-1-picrilhidrazil (DPPH) method modified by Odriozola-Serrano et al., 2008).

All results were meantstandard deviation (MSTAT C) of independent plant parts (Piiskiilci, Ikiz, 1989).

Total phenol, flavonoid and antioxidant activity values of methanol and ethanol extracts of Salvia fruticosa stored
in dark at room temperature and +4 °C for one year are presented in Table 1. While the total phenol contents of methanol
extract change between 875.14 and 784.39 mg GAE/100 g, the total phenol contents of ethanol extract were found betwe-
en 799.21 and 601.84 mg GAE/100 g. As a parallel with antioxidant values of both extracts, antioxidant values decreased
when compared with total phenol values of extracts. So, while antioxidant values of methanol extracts depending on sto-
rage are determined between 795.61 and 711.47 mg/ml, antioxidant activity values of ethanol extracts changed between
744.83 and 668.51 mg/ml. With respect to flavonoid contents of extracts, these values for methanol extracts were found
between 44.13 (1" month) and 20.43 (12 month). In addition, total flavonoid contents changed between 39.54 and 18.67.
These values obtained from extracts of S. fruticosa stored (kept) at refrigerator (+4 °C) were found higher then those of
results kept stored room temperature. Total phenol contents of methanolic extracts kept at +4 °C changed between 987.46
(2" month) and 819.57 mg GAE/100 g. In addition, total phenol contents of ethanol extracts were found between 846.14
and 642.39 mg GAE/100 g. Also, antioxidant activities of methanol extracts kept at +4 ‘C changed between 857.41 and
746.84 mg/ml. Total flavonoid contents of methanol extract kept at +4 °C were determined between 57.84 and 31.11 mg
CE/100 g. The total phenol, total flavonoid contents and antioxidant activity values of sage depending on storage periods
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in both storage conditions were significant at p < 0.05. Generally, total phenol, total flavonoid and antioxidant activity
values of methanol extract were found partly high compared with results of ethanol extract.

Table 1 — Total phenol, total flavonoid and antioxidant activities of methanol
and ethanol extracts of S.fruticosa stored room and refrigerator conditions

Room Conditions

Storage (Month) - Solvents = T (mg GAE/100 &) Total flavonoid (mg CE/100 &) Antioxidant activity (ug/ml)
1 2 3 4 5
2 methanol 875.14+12.43%*a 44.13+2.26a 795.61+13.46a
ethanol 799.21+£17.28b** 39.54+1.17b 744.83+£10.52b
4 methanol 861.56+13.62a 41.74£2.13a 784.17+11.49a
ethanol 784.33+£21.56b 36.41+1.39b 734.66+17.43b
6 methanol 848.42+9.89a 35.63+1.56a 771.48+15.49a
ethanol 767.18+15.24b 32.78+2.34b 721.83+14.86b
8 methanol 830.27+11.67a 28.56+3.28a 752.93+14.27a
ethanol 736.13£10.55b 27.51+1.57b 709.58+13.49b
10 methanol 807.41+8.37a 23.14+1.89a 738.23+11.88a
ethanol 720.49+9.23b 20.46+1.13b 688.76+13.21b
12 methanol 784.39+7.61a 20.43+1.46a 711.47+12.54a
ethanol 601.84+8.38b 18.67+1.29b 668.51+10.83b

Continuation of table 1

Storage (Month) Solvents Refrigerator (+4 °C)
Total phenol (mg GAE/100 g) Total flavonoid (mg CE/100 g)  Antioxidant activity (pug/ml)
1 2 6 7 8
2 methanol 987.46+18.77a 57.8442.39a 857.41x11.43a
ethanol 846.14+15.39b 47.62+1.71b 758.18+10.37b
4 methanol 886.55+11.54a 55.84+1.21a 837.48+11.28a
ethanol 829.11£12.27b 49.76+2.45b 768.29+13.72b
6 methanol 887.21+16.38a 51.54+3.28a 847.76+11.63a
ethanol 791.34+10.89b 44.81+1.67b 769.27+14.38b
8 methanol 844.61+11.65a 39.87+1.51b 798.44+14.46a
ethanol 762.17+£12.49b 41.33+2.48a 728.67+11.39b
10 methanol 844.15+13.67a 36.43+2.33a 767.56+£10.53a
ethanol 748.14+15.29b 29.66+1.19b 718.41+11.39b
12 methanol 819.57+14.37a 31.11+1.23a 746.84+17.36a
ethanol 642.39+13.62b 29.48+1.47b 697.56+15.28b

Note: * — mean+tstandard deviation, ** — Values within each colomn followed by different letters are significantly different (p < 0.05).

In previous study, while antioxidant activity values of of Salvia fruticosa extracts, change between 287.57 and
450.51 umol TE/100 g, total phenol and flavonoid contents of Salvia fruticosa extracts were determined between 488.70
and 1170.18 mg GAE/100 g and 664.03 and 1943.89 mg CE/100 g, respectively (Erdogan et al., 2014). Tawaha et al.,
(2007) reported that the total phenolic content of S. fruticosa was 24.1 mg GAE/g. Papageorgiou et al., (2008) have report-
ed that the total phenolic content of leaves of S. fruticosa in different year and season ranged between 63.7 (determined
in May) and 144 mg GAE g' DW (determined in August). These differences can be related with plant parts and storage
conditions before analysis and they stored their samples under nitrogen. Also, extraction methods employed, geographical
coordinates, climate, UV radiation, soil characteristics, and other ecological conditions may also cause such differences in
total phenolic content (Papageorgiou et al., 2008; Kallithraka et al., 2009). Our results suggest that S. fruticosa is a strong
antioxidant activity due to its total phenol contents in in vitro study. So it can be used as natural antioxidant source in the
protection and preservation of certain foods and nutraceuticals.

Antioxidant activity as well as flavonoids total phenols of S. fruticosa extracts obtained by two different solvents
were studied. Consequently, it is believed that storage in refrigerator for a long time is a convenient storage compared
with storage at room due to bioactive constituents. In further research, it will be conducted on the correlation between the
antioxidant capacity and the chemical composition of the sage plants.
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[Tonmucano B nevatsb 14.05.19. @opmat 60x84 1/8.
I'apautypa Times. Yciu. ned. i1. 34,9. Tupax 200 sk3. 3akaz 175.

PecnyOnukanckoe yHutapHoe npennpustue « adopmalimonHo-
BBIUMCIIUTENbHBIN IeHTp MuHucTepcTBa (hrnaHcoB PecriyOnuku benapychy.
CBuETENBCTBA O FTOCYAAPCTBEHHOM PETUCTPALIMU U31aTENs], U3TOTOBUTEIS,
pacmpoCTpaHUTENsI TEYaTHBIX U3TaHUN
Nel/161 oT 27.01.2014, Ne2/41 ot 29.01.2014.
Va. KansBapuiickas, 17, 220004, r. MuHck.



