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ABSTRACT 

      Ultrasonic extraction is an inexpensive, simple and efficient alternative to conventional 

extraction techniques, as compared with other novel extraction techniques such as microwave-
assisted extraction & supercritical fluid extraction techniques, the ultrasound apparatus is cheaper 
and its operation is easier. Ultrasound assisted extraction has risen rapidly in the latest decade, and 

for most applications it has proven to be effective compared to traditional extraction techniques. In 
this paper, a method of ultrasonic-assisted extraction was used to extract Inulin from tubers of 

Jerusalem artichoke, which have been reported to have several medicinal properties and uses. Inulin 
is a storage carbohydrate found in many plants especially in chicory root, Jerusalem artichoke and 
dahlia tuber. In this study, the effect of time, temperature, pH and solid to liquid ratio on Inulin 

extraction from Jerusalem artichoke tubers by using ultrasonic water bath. The highest yield of 
Inulin were investigated from Jerusalem artichoke tuber was (99.47%) at temperature of 70°C, 
pH=7, 60 min and ratio of solid to solvent was (10gm/100ml). Then, The UV detector by 

colorimetric method with vanillin–sulfuric acid was used for the quantification of Inulin.  
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باستخذام حمام مائي بالموجاث الفوق  اختيار افضل الظروف لاستخلاص الانولين من درناث  نباث الالمازة
 الصوتيت

 
 وسن عمر نوري

 يذسط يسبعذ

 جبيعت بغذاد –كهُت انضساعت 
 

 الخلاصت

الاسخخلاص ببسخخذاو انًىجبث انفىق انظىحُت حقُُت غُش غبنُت وبسُطت وراث كفبءة عبنُت فٍ ححىل الاسخخلاص يقبسَت يع حقُُبث 

الاسخخلاص انخقهُذَت الاخشي يثم حقُُبث الاسخخلاص ببنًىجبث انًسبعذة و الاسخخلاص ببنًبئع انحشج، َعخبش الاسخخلاص ببنًىجبث 
هم انخشغُم وبذا اسخخذايهب حذسَجُب فٍ اغهب انخطبُقبث واثبخج كفبئخهب يقبسَت يع حقُُبث الاسخخلاص انفىق انظىحُت  سخُض وس

انًعشوفت. فٍ هزا انبحث اسخخذيج طشَقت الاسخخلاص ببنًىجبث انفىق انظىحُت لاسخخلاص الاَىنٍُ يٍ دسَبث َببث الانًبصة انزٌ 

ٍُ خبصٌ نهكبسبىهذساث يىجىد فٍ انعذَذ يٍ انُببحبث وخبطت انخششىف والانًبصة َسخخذو فٍ انعذَذ يٍ الاسخخذايبث انطبُت.الاَىن
ودسَبث انذانُب. حُث حى دساست حبثُش انىقج ودسجت انحشاسة ودسجت انحًىضت وَسبت انظهب انً انسبئم عهً اسخخلاص الاَىنٍُ يٍ 

 01. اعهً َسبت اَىنٍُ حى انحظىل عهُهب عُذ دسجت حشاسة دسَبث َببث الانًبصة ببسخخذاو انحًبو انًبئٍ ببنًىجبث انفىق انظىحُت  
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يم يبء يقطش ثى حى ححهُم  111غشايبث يٍ قطع دسَبث الانًبصة فٍ  11دقُقت وببسخخذاو  01يئىَت وفٍ وسط يخعبدل وبًذة 
 ٍ فٍ انًسخخهض.ببسخخذاو انفُهٍُ يع حبيض انكبشَخُك ورنك نًعشفت َسبت الاَىنُ ببنطشَقت انهىَُت UVانًسخخهض بجهبص 

 
 , ظشوف الاسخخلاص , الاَىنٍُ , حًبو انًىجبث انفىق انظىحُت. الأنًبصةالكلماث الرئيسيت: 

1. INTRODUCTION 

Inulin is a polysaccharide found in more than 30,000 species, which composed of a chain of 

fructose units with a terminal glucose unit, Toneli, et al., 2008 and Costa, et al., 2013. It is a natural 
carbohydrate source found mainly in roots and tubers of many plants, such as chicory artichoke 

(Cynara scolymnus L.), viper’s grass (Scorzonera hispanica L.), and Jerusalem artichoke (Helianthus 
tuberosus L.) , and has been reported to have an Inulin content of 14-19% (wet weight) , Saengkanuk, 

et al.,  2011,  and Abou Arab, et al.,  2011. Inulin is increasingly used in processed foods for its 

unusually adaptable characteristics. It can be used to replace sugar, fat and flour. The Inulin has 
minimal increasing impact on blood sugar and is not insulemic. Therefore, it is suitable for diabetics 

and potentially helpful in managing blood sugar-related illnesses, Panchev, et al., 2011. Inulin is 
particularly suitable for fat replacement in low fat or fat free products, such as chocolate, confectionery, 
cheese and ice cream dressing, because it has a fat creamy form, gelling capacity and good body, 

texture and mouthfeel, Nogueira, et al., 2007. In addition, Inulin has health-promoting properties such 
as prebiotic activity, enhancement of calcium absorption, and weight control through the promotion of 

satiety, Ripoll, et al., 2010. Inulin is water soluble, which depends on the temperature. At 10°C its 
solubility is about 6% where as at 90°C it is about 35 % , Winarti, et al., 2011, Leite, et al.,  2004 and 

Gaafar, et al., 2010. From various extraction methods used to separate the active principles from 

plants tissues, e.g. solvent extraction, steam extraction, supercritical fluid extraction, pressurized liquid 
extraction, ultrasound-assisted extraction, micro wave assisted extraction etc., Conventional extraction 

with hot solvent under stirring and ultrasound-assisted extraction are the most common techniques to 
obtain Inulin. Extraction yield and quality of Inulin are depending on the extraction technique, 
temperature and pH of extraction medium, operating time and solid/solvent ratio, Dobre, et al., 2010. 

There are many demands on new extraction techniques with shortened extraction time, reduced organic 
solvent consumption and efficient extraction of target components in plant matrixes. Recently, there 

have been numerous reports on the application of high intensity or power ultrasound in the extraction 
of various photochemical such as alkaloids, flavonoids, polysaccharides, proteins and essential oils 
from various parts of plant and plant seeds, Firdaus, et al., 2010. It has been successfully applied in the 

static mode for extraction of formaldehyde from cosmetics and shiitake mushroom, Chen, et al., 2008. 
Ultrasound assisted extraction depends on the destructive effects of ultrasonic waves. The possible 

advantages of ultrasound in extraction are intensification in mass transfer, cell disruption, enhanced 

penetration and capillary effects, abdul razak, 2009 and Glibowski, and Bukowska, 2011. Ultrasound 

can be considered as a useful alternative for solid sample pretreatment because the energy imparted 
facilitates and accelerates some steps, such as dissolution, fusion, and leaching, among others, Jalbani, 

et al., 2006. Ultrasound extraction has two main principles that constitute its advantage over other 

leaching techniques. These are cavitation phenomena and the mechanical mixing effect, both of which 
increase the extraction efficiency and reduce the extraction time, Ince, et al., 2013. Ultrasound-assisted 

leaching is an expeditious, inexpensive and efficient alternative to conventional extraction techniques 
and, in some cases, even to supercritical fluid and microwave-assisted extraction, Li, and Zhou, 2008. 
Ultrasonication is a potential alternative technology: this is the application of high-intensity, high-

frequency sound waves and their interaction with material. The propagation and interaction of sound 
waves alters the physical and chemical properties of materials that are subjected to ultrasound. High-



Journal of Engineering    Volume    20    October    -   2014 Number  10 
 

 

111 
 

intensity ultrasonication can accelerate heat and mass transport in a variety of food process operations 
and has been successfully used to improve drying, mixing, homogenization and extraction, Li, et al., 

2004. Ultrasound-assisted extraction has been proven to significantly decreased extraction time and 
increased extraction yields in many vegetables materials, Plaza, et al.,   2008. Is this study, this 

technique is used  for the extraction of Inulin from Jerusalem artichoke tubers and the important 
parameters such as temperature, pH and ratio solid to liquid are studied. 

 

2.EXPERIMENTAL 

2.1 Material 

Sodium hydroxide (Reachim 98%), hydrochloric acid 35.4% (1.18) (AR), vanillin (4-hydroxyl-3 
methoxybenzal dehyde) (BHD),  concentrated sulfuric acid (98%), standerd Inulin (Sigma Aldrich), 

deionized water , Jerusalem artichoke tubers (Helianthus tuberosus) were purchased from a commercial 
market in Baghdad, Iraq . 

 

2.2 Equipment 

Ultrasonic heater bath (Grant Laboratories Ltd F5200b , 240 volt, 15 Amp) as shown in Fig.1, 

thermometer, pH meter (CRISON, made in EU), hot plate magnetic stirrer (Model L-81), digital 
balance (KERN(ABS)), volumetric flask (150 ml), filter paper, UV- visible spectrophotometer (Model 

80 D, made in UK). 
 

2.3 Procedures 

The samples of Jerusalem artichoke tubers were cleaned with tap water to remove sand and other 
undesirable materials. Cleaned tubers were peeled and cut into small pieces and used immediately. An 

extractor equipped with an ultrasonic water bath transducer working at 20 kHz frequency with 
amplitude, range and sample temperature being monitored up to 70°C. Ten grams of previously 
prepared tubers were used for extraction in 100 ml of deionized water heated to (30,50,70°C) by 

magnetic stirrer in a 150 ml conical flask then placed into the ultrasound assisted extractors at room 
temperature. The ultrasonic bath were filled with water and heated to the temperatures required then the 

conical flask containing the mixture was submerged in the ultrasonic water bath and samples were 
taken periodically each 10 min for 1 hour, then extract filtered through filter paper and in refrigerator 
stored for further analysis using UV/Vis spectrophotometer. 

 

2.4 The standard curve 

The standard curve was done by preparing stock solution using vanillin, in presence of concentrated 
sulfuric acid, forms with Inulin a deep red color. The colorimetric method with vanillin– sulfuric acid is 
used for the quantification of Inulin, Dobre, et al., 2008. This has been reported to be a simple, quick 

and accurate method. 1.52 gm. Vanillin was dissolved in 200 ml of sulfuric acid then 4 ml of this 
solution was added to 4 ml of extracted samples. Inulin standard stock of solution (1000 ppm) was 

prepared. (20, 50, 100,150, 200 ppm) different concentrators were prepared. The protocol requires that 
the colorimetric reaction is done for 15 min to obtain maximum color development; complex that yields 
a characteristic adsorption spectrum with a peek at 520 nm. The absorbance will be scan using UV/Vis 

spectrophotometer in the range of 200-700 nm. The absorbance at Vis 520 nm will be determined with 
a glass cell of 1 cm. Standard curve was drawn by measuring the absorbance of the samples containing 
Inulin standard is shown in Fig.2 and the Chemical structure of inulin compounds is shown in Fig. 3. 
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3.  RESULTS and DISCUSSIONS 

3.1 Effect of temperature 

The effect of ultrasonic duration at selected temperature on the recovery of Inulin from the tubers of 
Jerusalem artichoke is shown in Fig. 4. Results illustrated that the ultrasonic extraction was more 

efficient in obtaining Inulin by hot water extraction. The recovery rate was found to increase gradually 
during the first 40 minutes of experiences time then reached a constant value until 60 min. In contrast, 
the recovery rates of Inulin at 30°C was found to be (Inulin < 800 mg/ml) whereas at 50°C was 1220 

mg/ml which corresponds to an extraction efficiency of (64.2%).the highest recovery rate of 1859.91 
mg/ml corresponding to extraction efficiency (97.89%) of Inulin was obtained at 70°C after 40 min. 

then, increased to (99.47%) after 60 min. The mechanism of ultrasonic extraction involves two physical 
processes: the dissolution of the extracted Inulin near the particle surface (rinsing) and the diffusion of 
Inulin to the liquid extract (slow extraction), Yang, et al., 2008. Increasing the ultrasonic time could 

enhance these two activities, resulting in a high extraction recovery rate, which might account for the 
increase, observed in the recovery rate of Inulin as the treatment time was extended from 40 to 60 min. 

At high ultrasonic temperature, the liquid viscosity and density decreased resulting in a more rapid 
mass transfer. Furthermore, high ultrasonic temperature can lead to an increase in the number of 
cavitations within these tissues and surface contact areas .Thus, application of high ultrasonic 

temperature resulted in enhanced extraction efficiency. 
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3.2 Effect of Solid to Liquid Ratio 

From Fig. 5 it can be seen that the highest extraction rate of Inulin is 1889.93 mg/ml at a solid to liquid 
ratio 10 wt/vol %. While a lower value of ratio 20 wt/vol % is 1600 mg/ml. The lowest value of was 

obtained 1400mg/ml at 5 wt/vol %. 
    The reason for the low rates at the latter two concentrations may be that at 5 wt/vol % concentration, 
the solute is not sufficient (dilute solution) and that at 20 wt/vol %, the solution is not sufficient. And 

there is an optimum concentration in between of 10 wt/vol %. 
 

3.3 Effect of pH 

From Fig. 6 it can be seen that the highest extraction rate was obtained at pH equal to 7. It was noted 
that for the acidic media of pH = 3 (adding few drops of hydrochloric acid) for the significant decrease 

in Inulin recovery rate from tubers while alkaline medium (adding few drops of sodium hydroxide 
solution) at pH value of 11, the extraction was more efficient as compared to the acidic extraction.  It is 

clearly seen that lowest rate of Inulin recovery was exhibited in the acidic extraction media 390 mg/ml 
(20.5%) after 60 min; while in the alkaline extraction media the recovery rate was 1422.86 mg/ml 
(74.84%) after 60 min. The highest extraction rate at pH = 7 was 1889.93 mg/l after 60 min. These 

results are in agreement with previous studies, Glibowski, and Bukowska, 2011. 
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3.4 Effect of Extraction Time 

     From the three figures presented above it can be seen that the extraction rate when used the 
ultrasonic water bath increases fast up to 40 minutes, then at slower rate after 40 to 60 minutes. When 

compared the best results obtained in these studied of extraction of inulin with extraction of inulin 
without using the ultrasonic water bath at the same condition (pH=7 & 10 wt/vol % at 70°C). In Fig. 7 
we seen the best extraction rate giving Inulin concentration of 987.52 mg/ml (51.97%) was obtained 

without using the ultrasonic water bath at 60 minutes. 
 

4.CONCLUSIONS 

     Ultrasound method improves extractions of microalgae significantly, with higher efficiency, reduced 

extraction times and increased yields, as well as low to moderate costs and negligible added toxicity.  
     The best extraction rate giving Inulin concentration of 1889.93 mg/ml was obtained when using: 

- A temperature of 70 0C. 
- A solid to liquid ratio of 10 gm/100 ml (10 wt/vol %). 
- A pH = 7. 

- Operation time of 60 minutes. 
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Figure 1. Schematic diagram of ultrasonic water bath. 
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Figure 2. Standard curve of Inulin . 
 
 

 

 
Figure 3. Chemical structure of Inulin compounds. 
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 Figure 4. Effect of different temperature on Inulin concentration. 
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Figure 5. Effect of solid to liquid ratio on Inulin concentration (at pH=7 and at 70°C). 
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Figure 6. Effect of different pH on Inulin concentration (at 10 wt/vl %  and at 70°C). 
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Figure 7. Compared of extraction of Inulin (at pH=7 & 10 wt/vol % and at 70°C). 
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