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IntroductionIntroduction
ØØ Cichorium Cichorium intybusintybus L.L. Chicory (Cichorium intybus L.) is a perennial 

plant of the Asteraceae family and is native to the Mediterranean region, Central 
Asia and Northern Africa. It was first cultivated as a medicinal plant and a 
vegetable crop in ancient Rome and Greece (Plmuier, 1972). Today, it is popularly 
cultivated in Europe and North America and has many commercial uses. 

ØØChinese Medicine: diuretic, digestive, lightly Chinese Medicine: diuretic, digestive, lightly 
laxative and laxative and cholagogiccholagogic propertiesproperties

ØØ efficacy of antiefficacy of anti--allergyallergy
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nn UltrasonicUltrasonic--assisted extraction: assisted extraction: UltrasoundUltrasound--assisted extraction assisted extraction 
(UAE) has been widely utilized to isolate (UAE) has been widely utilized to isolate bioactivebioactive substances from substances from 
different parts of plantsdifferent parts of plants

nn Orthogonal array designs: Orthogonal array designs: Orthogonal array designs have been Orthogonal array designs have been 
used very efficiently to discover how different parameters interused very efficiently to discover how different parameters interact and act and 
how they affect product recovery (how they affect product recovery (StenlundStenlund et al., 2009). In this study, et al., 2009). In this study, 
a new approach was developed that determined the overall best a new approach was developed that determined the overall best 
parameters for the UAE setting parameters for the UAE setting 
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Materials and methodsMaterials and methods

nn 1. Plant materials preparing: 1. Plant materials preparing: FiveFive--yearyear--old old PunaPuna chicory chicory 
roots, freshly harvested in September 2009 after growing in an roots, freshly harvested in September 2009 after growing in an 
experimental field of the Grassland Science Department, experimental field of the Grassland Science Department, 
Northwest A&F University, Northwest A&F University, ShaanxiShaanxi Province, China, were Province, China, were 
washed several times with water, cut into pieces 3 to 5 mm in washed several times with water, cut into pieces 3 to 5 mm in 
thickness and dried in an oven at 50thickness and dried in an oven at 50℃℃ until a constant weight until a constant weight 
was obtained (Chen et al., 2009). The dried material was then was obtained (Chen et al., 2009). The dried material was then 
ground into powderground into powder
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nn 2. Sample preparation2. Sample preparation ::

Oven dried Oven dried Cichorium Cichorium intybusintybus L. rootsL. roots

nn 3. Experimental design : 3. Experimental design : Table 1Table 1

nn 4. Preparation of crude extracts: 4. Preparation of crude extracts: 16 different treatments will to be 16 different treatments will to be 
done in the experiment. 500g chicory root powder was taken everydone in the experiment. 500g chicory root powder was taken every
time, put in to the jars and added corresponding ethanol solutiotime, put in to the jars and added corresponding ethanol solution n 
stirring with a glass rod. By vacuum pump and stirring with a glass rod. By vacuum pump and BuchnerBuchner funnel, the funnel, the 
mixtures was filtered through 2 layers of filter mixtures was filtered through 2 layers of filter parersparers after after 
sonicatedsonicated, collected the filtrate and was rotary, collected the filtrate and was rotary--evaporated under evaporated under 
vacuum pump at about 40vacuum pump at about 40℃℃[49] till to concrete yield of chicory[49] till to concrete yield of chicory
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ResultsResults
nn 1 visual analyses:1 visual analyses:
The results of the L16 (43The results of the L16 (43××26) orthogonal experimental design are 26) orthogonal experimental design are 

shown in Fig. 1 and Table 2. The highest extraction percentage shown in Fig. 1 and Table 2. The highest extraction percentage 
was observed in treatment 1 (97.36%, bolded in Table 2), which was observed in treatment 1 (97.36%, bolded in Table 2), which 
occurred at visually optimal conditions, as was the case for theoccurred at visually optimal conditions, as was the case for the
treatment Atreatment A11 BB11 CC4 4 DD11 EE22 FF11 GG22 HH22
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71.64
97.3672.96

54.60

33.94

33.80
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2. Range and variance analyses2. Range and variance analyses
nn The ranges of the average and sum of the factors are shown in TaThe ranges of the average and sum of the factors are shown in Table 3 ble 3 

and Table 4, respectively. The ranges in column I, which had and Table 4, respectively. The ranges in column I, which had 
statistical errors of 0 and 0.03 in Table 3 and Table 4, respectstatistical errors of 0 and 0.03 in Table 3 and Table 4, respectively, ively, 
indicated that the experiment was statistically accurate given iindicated that the experiment was statistically accurate given its ts 
designed intention (designed intention (HedayatHedayat et al., 1999). Furthermore, according to et al., 1999). Furthermore, according to 
the orthogonal method, as the range increases, the factor becomethe orthogonal method, as the range increases, the factor becomes s 
more important (more important (BagheriBagheri et al., 2000; Chi and et al., 2000; Chi and BloebaumBloebaum, 1996). As , 1996). As 
such, the ranges for the averages in decreasing order were A, C,such, the ranges for the averages in decreasing order were A, C, E, H, E, H, 
G, B, D and F (indicated in the last row in Table 3), and the raG, B, D and F (indicated in the last row in Table 3), and the ranges for nges for 
the sums in decreasing order were A, E, H, G, D, C, B and F the sums in decreasing order were A, E, H, G, D, C, B and F 
(indicated in the last row in Table 4). This ordering of factors(indicated in the last row in Table 4). This ordering of factors (Table 3 (Table 3 
and Table 4) thus conveyed their relative importance. Additionaland Table 4) thus conveyed their relative importance. Additionally, ly, 
the results showed that the eight factors were significantly difthe results showed that the eight factors were significantly different ferent 
according to variance analysis (Table 5)according to variance analysis (Table 5)
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3. Optimized conditions3. Optimized conditions
According to the orthogonal method, the level of the averages (oAccording to the orthogonal method, the level of the averages (or sum) with r sum) with 

the highest yield corresponded to optimum conditions (the highest yield corresponded to optimum conditions (HedayatHedayat et al., et al., 
1999). Both in terms of average and sum, the highest extraction 1999). Both in terms of average and sum, the highest extraction 
percentage of the levels (i.e., the optimal conditions) are highpercentage of the levels (i.e., the optimal conditions) are highlighted in lighted in 
bold in Table 3 and Table 4 (including level one of A and B and bold in Table 3 and Table 4 (including level one of A and B and level level 
four of C, for factors A, B and C). Accordingly, the optimal confour of C, for factors A, B and C). Accordingly, the optimal conditions ditions 
for calculation were Afor calculation were A11 BB11 CC44 DD11 EE22 FF11 GG22 HH22. Both visually (treatment 1 . Both visually (treatment 1 
in Table 2) and by calculation (Table 3 and Table 4), the optimuin Table 2) and by calculation (Table 3 and Table 4), the optimum m 
conditions for the extraction were Aconditions for the extraction were A11 BB11 CC44 DD11 EE22 FF11 GG22 HH22. Without A. Without A11

and Aand A44, the ranges in decreasing order were G, E, C, B, H, D and F, an, the ranges in decreasing order were G, E, C, B, H, D and F, and d 
the optimal conditions were Bthe optimal conditions were B44 CC33 DD11 EE22 FF11 GG22 HH22 (Table 6) (Table 6) 
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DiscussionDiscussion

nn The ranges of vacancy (I) were close to zeroThe ranges of vacancy (I) were close to zero

nn Sum up the three orders suggested the Sum up the three orders suggested the 
importance of them as A>E>G>C>H>B>D>Fimportance of them as A>E>G>C>H>B>D>F

nn The ethanol concentration were variously The ethanol concentration were variously 
reportedreported
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nn A same optimum conditions of DA same optimum conditions of D11EE22FF11GG22HH22

nn SolventSolvent--toto--solid ratio, B at 8solid ratio, B at 8
nn SonicatedSonicated temperature (C)temperature (C)

nn The impregnating time (D) and times of The impregnating time (D) and times of 
impregnating (E)impregnating (E)

nn The The sonicatedsonicated time (F)time (F)

nn Ultrasonic input power (G)Ultrasonic input power (G)
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nn (1) This study demonstrates that ultrasonic assisted was a great(1) This study demonstrates that ultrasonic assisted was a great
efficiency tool for the fast extraction from plant, and mixed orefficiency tool for the fast extraction from plant, and mixed orthogonal thogonal 
matrix was successfully screened the conditions of ultrasonic asmatrix was successfully screened the conditions of ultrasonic assisted sisted 
extraction.extraction.

nn (2) The importance of the eight factors in ultrasonic assisted e(2) The importance of the eight factors in ultrasonic assisted extraction xtraction 
was orderly as ethanol concentration > impregnating times > ultrwas orderly as ethanol concentration > impregnating times > ultrasonic asonic 
input power > input power > sonicatedsonicated temperature > temperature > sonicatedsonicated times > solventtimes > solvent--toto--solid solid 
ratio > impregnating time > ratio > impregnating time > sonicatedsonicated time. time. 

ConclusionsConclusions
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(3) The optimal ultrasonic extraction conditions were (3) The optimal ultrasonic extraction conditions were 
impregnating time 24h, impregnating 2 times, impregnating time 24h, impregnating 2 times, sonicatedsonicated time time 
30 min, ultrasonic input power 400W and 30 min, ultrasonic input power 400W and sonicatedsonicated 2 times, 2 times, 
and they were independent of alcohol concentration, solventand they were independent of alcohol concentration, solvent--toto--
solid ratio or solid ratio or sonicatedsonicated temperature.temperature.

(4) The alcohol concentration, solvent(4) The alcohol concentration, solvent--toto--solid ratio and solid ratio and sonicatedsonicated
temperature were optimized to two groups: 50~75%, 24~32 and temperature were optimized to two groups: 50~75%, 24~32 and 
50~6550~65℃℃, or 0%, 8 and 65, or 0%, 8 and 65℃℃, respectively, respectively..
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