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Optimal Extraction Conditions to Produce Rosemary Extracts

with

Higher Phenolic Content and Antioxidant Activity
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Abstract We evaluated the effects of temperature, time, solvent type, and solvent concentration on the phenolic content
and antioxidant activity of rosemary extracts. The antioxidant capacity of rosemary extracts was demonstrated by their
ability to scavenge stable free radicals, and the phenolic content of the extracts was determined using the Folin Ciocalteu
method. The highest values were obtained by water-based extraction at 90°C for 30 min, a 75% methanol solution at 60°C
for 30 min, and a 50% ethanol solution at 70°C for 10 min. The aqueous solution of 75% methanol, extraction temperature
of 60°C, and extraction time of 30 min were the most efficient parameters for the extraction of polyphenols from dry

rosemary.
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Table 1. The extraction conditions of rosemary

Concentrations

Solvent (%) Temperature (°C) Time (min)
Water - 30, 40, 50, 60, 70, 80, 90 1, 5, 10, 30, 60
Ethanol 25,50, 75,100 30,40, 50,60,70 1,5, 10, 30, 60
Methanol 25, 50, 75, 100 30, 40, 50, 60 1,5, 10, 30, 60
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Fig. 1. Antioxidant activities of rosemary water extracts with
various times at different temperature.
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Fig. 2. Total phenolic contents of rosemary water extracts with
various times at different temperature.
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Fig. 3. Antioxidant activities of rosemary water extracts at
various concentrations. Samples were extracted with water at
30, 60, and 90°C during 30 min.
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Fig. 4. Antioxidant activities of rosemary ethanol extracts with various times at different temperature. Samples were extracted with

25% (A), 50% (B), 75% (C), 100% (D) ethanol.
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Fig. 5. Total phenolic contents of rosemary ethanol extracts with various times at different temperature. Samples were extracted with

25% (A), 50% (B), 75% (C), 100% (D) ethanol.

Table 2. IC,, values of rosemary extracts in relation to DPPH
inhibition at various concentrations of solvent

1C,,? (g DM/L)

Solvent"
25% 50% 75% 100%
Ethanol 4.45 2.60 2.59 3.35
Methanol 3.26 2.36 2.31 3.29

USamples were extracted with ethanol at 70°C during 10 min and
methanol at 60°C during 30 min.

PICy, values indicate the concentration of the sample leading to 50%
reduction of DPPH radical.
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Fig. 6. Antioxidant activities of rosemary methanol extracts with various times at different temperature. Samples were extracted with
25% (A), 50% (B), 75% (C), 100% (D) methanol.
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Fig. 7. Total phenolic contents of rosemary methanol extracts with various times at different temperature. Samples were extracted with
25% (A), 50% (B), 75% (C), 100% (D) methanol.



506 =2 Z 388 %] A| 45 WA 4 & (2013)

100

80 - y'=18.58% + 4.1763 y= 1;'273?]"9;3;7403

Q R? = 0.9899 :

s

.E‘ ol y = 10.301x + 0.6028 |

2 R?'=0.9982

%)

©

-

c

3

2 4w

2

1

c

<

20
@ MetOH ext
O EtOHext.
A Water ext.
. .
0 2 4 6

Concentration (g/L)

Fig 8. Antioxidant activities of rosemary extracts at various
concentrations. Samples were extracted with methanol (75%,
60°C, 30 min), ethanol (50%, 70°C, 10 min) and water (90°C, 30
min).

100
=
£
k=
[
3 80
°
2
S
k-]
m C
o 6of T
<
5 B
g b
T/; 40 +
L a
=] —
g =
2
S 20+t
s
5]
[
0
MeOH EtOH Distilled Water
Solvent Variety

Fig 9. Total phenolic contents of rosemary extracts. Samples
were extracted with methanol (75%, 60°C, 30 min), ethanol
(50%, 70°C, 10 min) and water (90°C, 30 min). Letters with
different superscripts are significantly different at p<0.05 levels
by Duncan’s multiple range tests.

DM/L)®] 1C,, #ETF Hgtom, o] £ istdE ou)gitt
Z ZY9s g A¥AXE o
Zo] 2 EHE TS /A=
ZA F= o] M FiksE B F EEs ?:]"%L‘—z H]LoH
B WERE 75%, 60°C, 304 FEo] 2 A= 2=rl]e]
HA 2% 27402 ALEHAT Choi 524y 2719 E 045}
LU (EFF, ek HERE 50% oEhE = 50% HERE) A
E/JH(eleutheroside E)o] FEES HIZPS o 50% HESS
= H4 z7do® AN, Perez S(25)S E=vlE]e] ¥
FEET oS HEE 59 9ol =2 FAEEE Bol
T EYHEY FEol =tk BiEgion ol & 434
o dAgth dtF o R AEFO e FEENAME ol
o] FEHZL £&4E FEE $9 dE ¥ FPgHkolE &
19] Fhefo] F7HEH old mE AxpFe SAETF dsETaL
A4 JANHQR6), e T= o] S7Vske

Q)

=

=
°©

mMWﬁﬂ

[e]

100%7H4] FEa&

AL oYt Lee 527y &4 F& Al £ dE o] ogt

< FEH7F 60%7HA = S7HES L, 80% o]de] oeke T

qNM= 3|8 ZAFETy st ok 100% ogr2o)u )
<]

L—% SR} B3 23 YIS0 A FEEWe] SAH4S W
] 719, ol Z&slEe] s 1& (hydroxyl group)oltt w4}
sleae] Zold wal Aole YRR dNkHo R FE§
uH°ﬂ 3 2295y &2 Z7HAZ1TH28). Shin 529y
100% WS AR 80% e A F dex TR
rol=e] Fefo] Erha HIElAL glom, ol &3 {78t
=] e A9t ssg EA §&0] £l wiio|th
Jeon 5 (30) HRSIAHEAH S o] 835le] Sz HE ﬂavon01d
Eho] & A3} 2702 ek 70%=2 ZA3ISIT). ofg

FuEEe] B e FEET B2 s 2de F2T —”F
=2 ==
=

i&i

2 A e 2=l bl 48 HUE 2T 5 9
274& g5 & ZvE s 2Es
3 A3 WERE 75%, 60°C, 308 F=o] E=nu}

=

go| #H4 F&F xR AQHIT B dys 2xukg dH
e ez Q7E AWa) ARel F5 e du 23
2319) Gasje vlw A%o] Basihy AL,

e 2x9 AL 52 FXE
L}EMJOJIT:} AerE F=9 A= 50% oﬂLE, 70°C, 10%-2]
73971 ksl (IC,, 7o) 2.60 g DM/L), % =3 3(40.28 mg
GAE/g DM)e] th2 F&9} &, f\lﬂiﬂr =2 A5 YER)
Atk HEE F& A= 75% uﬂ%%, 60°C, 30%-2] 7-%71 3
b (IC,, el 231 g DML), F &3H4(57.22 GAE/g DM)
o] & Tx 2k, AtEY & FXE YeRUh

References

1. Marcus AW, Kathryn H. The Herb and Spice Companion: A
Connoisseur’s Guide. Running Press, Philadelphia, PA, USA. pp.
3-10(2007)

2. Brown D. Encyclopedia of Herbs & Their Uses. Dorling Kinders-
ley, London, UK. pp. 1-55 (1995)

3. Craig WJ. Health-promoting properties of common herbs. Am. J.
Clin. Nutr. 70: 491S-499S (1999)

4. Sun WS, Roh JS, Oh SU, Lee JI, Oh WT, Kim JH. Screening of
antioxidants from Indonesian medical plants. Food Sci. Biotech-
nol. 8: 93-96 (1999)

5.Choi OB, Yoo GS, Park KH. Antioxidants and antimicrobial
effects with Castanea crenata leaf tea. Korean J. Food Sci. Tech-
nol. 31: 1128-1131 (1999)

6. Kim MH, Kim MC, Park JS, Kim JW, Lee JO. The antioxidative
effects of the water-soluble extracts of plants used as tea materi-
als. Korean J. Food Sci. Technol. 33: 12-18 (2001)

7. Vekiari SA, Oreopoulou V, Tzia C, Thomopoulos CD. Oregano
flavonoids as lipid antioxidants. J. Am. Oil Chem. Soc. 70: 483-
487 (1993)

8. Cuvelier ME, Berset C, Richard H. Antioxidant constituents in
Sage (Salvia officinalis). J. Agr. Food Chem. 42: 665-669 (1994)

9. Yoon SJ, Kim JS, Jo BS, Kim JH, Lee SH, Ahn BJ, Cho YJ.
Isolation and identification of antimicrobial compounds against
Helicobacter pylori from rosemary (Rosmarinus officinalis L.)



10

14.

15.

17.

18.

19.

20.

2xrle) $227 87

extracts. J. Appl. Biol. Chem. 54: 159-165 (2011)

.Duke JA. The Green Pharmacy. Rodale Press, New York, NY,

USA. pp. 6-23 (1997)

. Yu MH, Chae IG, Jung YT, Jeong YS, Kim HI, Lee IS. Antioxi-

dative and antimicrobial activities of methanol extract from Ros-
marinus officinalis L. and their fractions. J. Life Sci. 21: 375-384
(2011)

. Chae IG, Kim HJ, Yu MH, Kim HI, Lee IS. Antioxidant and

antibacterial activity of commercially available herbs in Korean
markets. J. Korean Soc. Food Sci. Nutr. 39: 1411-1417 (2010)

. Choi 1Y, Song YJ, Lee WH. DPPH radical scavenging effect and

antimicrobial activities of some herbal extracts. Kor. J. Hort. Sci.
Technol. 28: 871-876 (2010)

Woo JH, Mok MG, Han KW, Lee SY, Park KW. Aroma compo-
nents and antioxidant activities of pure rosemary essential oil
goods produced in different countries. Kor. J. Hort. Sci. Technol.
28: 696-700 (2010)

Chen Q, Shi H, Ho CT. Effects of rosemary extracts and major
constituents on lipid oxidation and soybean lipoxygenase activity.
J. Am. Oil Chem. Soc. 69: 999-1002 (1992)

.King A, Young G. Characteristics and occurrence of phenolic

phytochemicals. J. Am. Diet. Assoc. 99: 213-218 (1999)

Lee SG, Lee EJ, Park WD, Kim JB, Choi SW. Antioxidant and
anti-inflammatory activities of extracts from Korean traditional
medicinal prescriptions. Korean J. Food Sci. Technol. 43: 624-
632 (2011)

Blois MS. Antioxidant determinations by the use of a stable free
radical. Nature 181: 1199-1200 (1958)

Folin O, Denis W. On phosphotungstic-phosphomolybdic com-
pounds as color reagents. J. Biol. Chem. 12: 239-243 (1912)

Kang JR, Lee SJ, Kwon HJ, Kwon MH, Sung NJ. Establishment
of extraction conditions for the optimization of the black garlic
antioxidant activity using the response surface methodology.

22.

23.

24.

25.

26.

27.

28.

29.

30.

507

Korean J. Food Preserv. 19: 577-585 (2012)

. Choi SK, Yu QM, Lim EJ, Seo JS. The effects of extraction con-

ditions on the antioxidative effects of extracts from campbell
early and muscat bailey a grapevine leaves. J. Korean Soc. Food
Sci. Nutr. 42: 168-174 (2013)

Lee HJ, Do JR, Kwon JH, Kim HK. Physiological properties of
Corni fructus extracts based on their extraction condition. Korean
J. Food Preserv. 19: 271-277 (2012)

Min DL, Lim SW, Ahn JB, Choi YJ. Optimization of ethanol
extraction conditions for antioxidants from Zizyphus jujube Mill.
leaves using response surface methodology. Korean J. Food Sci.
Technol. 42: 733-738 (2010)

Choi JM, Kim KY, Lee SH, Ahn JB. Functional properties of
water extracts from different parts of Acanthopanax sessiliflorus.
Food Eng. Prog. 15: 130-135 (2011)

Perez MB, Calderon NL, Croci CA. Radiation-induced enhance-
ment of antioxidant activity in extracts of rosemary (Rosmarinus
officinalis L.). Food Chem. 104: 585-592 (2007)

Jeong JE, Shim SP, Jeong YS, Jung HK, Kim YC, Hong JH.
Optimization of extraction conditions for ethanol extracts from
Citrus unshiu peel by response surface methodology. Korean J.
Food Preserv. 18: 755-763 (2011)

Lee JW, Do JH, Lee SK, Yang JW. Determination of total phe-
nolic compounds from Korean red ginseng, and their extraction
conditions. J. Ginseng Res. 24: 64-67 (2000)

Mohammedi Z, Atik F. Impact of solvent extraction type on total
polyphenols content and biological activity from Tamarix aphylla
(L.) karst. Int. J. Pharma Bio Sci. 2: 609-615 (2011)

Shin SL, Lee CH. Antioxidant activities of ostrich fern by differ-
ent extraction methods and solvents. J. Life Sci. 21: 56-61 (2011)
Jeon SY, Baek JH, Jeong EJ, Cha YJ. Optimal extraction condi-
tions of flavonoids from onion peels via response surface meth-
odology. J. Korean Soc. Food Sci. Nutr. 41: 695-699 (2012)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


