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ABSTRACT 

The variation of sugar metabolism and related enzymes of 
peanut seedlings and cultured tissues by ultrasonic waves were 
carried out in this work. It was found that reducing sugars 
and sucrose contents of peanut seedlings are more sensitive to 
ultrasonication than polysaccharides and total carbohydrate 
contents. The reduction decrease in direct reducing sugars, 
sucrose and total carbohydrate contents were proportional 
with increasing time of exposure. 
The present data obtained showed that amylase activity of 
peanut seedlings and cultured cells were increased with 
ultrasonication, while invertase activity decreased. 

INTRODUCTION 
There has been an increasing interest in the applications of 

ultrasonic waves in our modern life. Since last decade, lots of efforts 
in development and construction of ultrasonic equipment for medical 
diagnosis had been made. So far, knowing ultrasonics, as physical 
agent such as X-rays and gamma rays to induce variations in plants 
was scantly to improve crops. However, there was very little 
information available in its use in biological studies(1). 
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The generation of ultrasonic vibration may be mechanical, thermal, 
piezoelectric and magnetostrictive(2). 

An extensive efforts hade applied sonication under dry conditions 
which may be carried out up to several months before actual sowing. 
Examples of the use of this process include ultrasonic treatment 
leading to a three fold enhancement in sunflower seed germination in 
soil and a ten-day reduction in the ripening time of tomatoes or shorter 
period to form a gel as a result in a faster release of starch during 
subsequent cooking in a sonicated rice grain in water(3). 

In biotechnological processes, ultrasonication method was widely 
used for laboratory scale and it did not require sophisticated 
equipment or extensive technical training. The structure and function 
of biological molecules can be changed by the ultrasound irradication. 
The most common interaction mechanisms which involved in this 
case were either heat or chemical effects and acoustically induced 
cavitational activity. In addition to these, acceleration the rate of 
influx or uptaking of a substance into a seed by ultrasonication could 
also be caused by mechanical effects(2). 

The mechanical effects of ultrasonic waves that caused rupture of 
tissue and fragmentation of cells came from three sources: (1) 
Cavitation, (2) Stress gradients in a sound wavelength, and (3) The 
bombardment of some structural element by particles that had been 
given a high acceleration by the sound waves. 

Ultrasonic waves had been long recognized as a germination 
inhibitor(4). Also(5) observed that the ultrasonication had much effect in 
reducing the germination of Vigna sinensis L. and percentage of 
germination decreased gradually with increasing time of exposure. 

Short exposure to ultrasonic waves showed a slight increase in the 
germination percentage of Dolichos biflorus L. seeds, however an 
increased time of exposure caused a gradual decline in the percentage 
of germination. Thus may be attributed to the stimulative or inhibitive 
action of ultrasonic waves on activity of some enzymes(6). 
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Photosynthetic products of ultrasonic waves plants were declined 
due to decrease of chlorophyll content, (5)reported that inhibition in 
total chlorophyll synthesis in Vigna sinensis was caused with long 
exposure to ultrasonic waves. 

Rao(7) found that ultrasonication effect was more pronounced on 
the structure and pigmentation of the chloroplast of the treated plants. 

Reddy(8) showed that amylase activity in different parts of Vigna 
radiata seedlings was directly correlated with time of exposure to 
ultrasonic waves. They also added that long exposure to ultrasonic 
waves given to Vigna radiata had presently unfavoured.  

The present work is a spot light on the effect of ultrasonication on 
the sugar metabolism as well as related enzymes of peanut seedlings 
and cultured cells. 

MATERIAL AND METHODS 
(I) Seed germination and ultrasonication: 

Peanut (Arachis hypogaea linn, cultivar Giza 4) was used as 
experimental plant during this work. Pure strains of seeds were 
supplied from Egyptian Agriculture Research Center, Giza. Seeds 
were pre-soaked in distilled water for 13 hours, then germinated until 
radicle length become 2-3 cm. Ultrasonication was carried out using 
ultrasonic apparatus Bkansonic, Mod. B-5200.Hf-out put power = 
120w, working frequency = 47. kHz ± 6% for 15 and 60 minutes, at a 
time 200 seeds taken in 500 ml of distilled water. The level of the 
water was kept uniform during exposure. Control seedlings were kept 
without ultrasonication. Sugar metabolism and some activities of 
hydrolytic enzymes (amylase and invertase) were investigated in 
treated and untreated seedlings after 3, 24, 48 and 72 hours of 
exposure. 
(II) Cell suspension culture and ultrasonication:  

(A) Initiation of peanut callus: 
Calli tissues were grown on MS medium(9) solidified by addition of 

12 g agar/L. Explants 5 mm hypocotyl sections obtained from 5 days-
old seedlings grown axenically in the dark at 28°C. Explants were 
placed on MS semisolid medium in sterile Petri dishes and after 4 
weeks, proliferating undifferentiated tissues were isolated and 
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transferred to fresh MS medium. Subsequent subculture was done for 
several times. MS medium was supplemented with 0.4 mg/L NAA 
(naphthaline acetic acid)/L and 2.0 mg/L Kinetin for initiation and 
then with 4 mg/L NAA and 0.4 mg/L Kinetin for subculturing, 
adjusted to pH 5.8 and all cultures were incubated at 28°C and kept in 
dark(10). 

(B) Cell suspension culture preparation: 
For preparation of cell suspension cultures, 0.3 g fresh weight of 

actively growing callus tissue were transferred to MS liquid media and 
were incubated on a horizontal shaker at 100 rpm. 

(C) Exposure of cultured cells to ultrasonication: 
100 ml of cell suspension culture of peanut in Erlen-mayer flasks 

was taken and exposed to ultrasonic waves in water medium for 30 
minutes. Cell suspension culture of peanut was kept without 
ultrasonication and used as control. Both treated and untreated cell 
suspension cultures were left on shaker for 24 hours. Cells were then 
harvested and used for certain metabolism and estimation of some 
activities of hydrolytic enzymes (amylase and invertase). 
(1) Determination of carbohydrates: 

The method of extraction adopted in this investigation was that 
of(11) Younis (1963). 

(A)Estimation of direct reducing value (D.R.V): 
Estimation was carried out according to the method of(12), and 

modified by(13). Standard curve was constructed using different 
concentrations of glucose. 

(B) Estimation of total reducing value (T.R.V.): 
A known volume of the extract was mixed with 2 mls of invertase 

(5%) then incubated in water bath at 35°C for 6 hours. The reducing 
value was determined as mentioned above. 

(C) Estimation of polysaccharides: 
After extraction of soluble carbohydrates, the residue was dried 

down at 80°C till constant weight for determination of 
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polysaccharides as adopted by(14). A known weight (1 gm) was 
hydrolysed in sulphuric acid (1.5 N) at 100°C for 6 hours using a 
reflux condenser. The reducing value was estimated as described 
before. 
(2) Assay of enzymes: 

(A) Amylase: 
(i) Extraction of crude enzyme: 
A known weight (1 gm) of fresh plant material and cultured cells of 

peanut were ground using phosphate buffer (pH 7.4). Centrifuged at 
3000 rpm for 20 minutes. The precipitate was washed and 
centrifugated, then supernatant was transferred to dialysis bag. 
Dialysis was carried out using concentrated solution of sucrose at 4°C 
for 24 hours until very small volume.  Dialysate   was completed to a 
known volume and kept in a deep freeze till required. 

(ii) Quantitative determination of amylolytic activities: 
According to the method described by(15), sample of 0.1 ml (crude 

enzyme extract) was added to 1 ml of 2% starch and 1ml of phosphate 
buffer (pH 7.4) in test tube. Blank was made in the same way but 
instead of crude enzyme extract, 0.1 ml of distilled water was used. 
Both sample and blank were incubated at 37°C for one hour. Boiling 
to stop the reaction of enzyme then completed to a known volume (5 
ml). According to the method described by(12), the produced   reducing 
sugars were determined using glucose as standard. 

(B) Invertase: 
(i) Extraction of crude enzyme: 
According to(16) method, a known fresh weight (1 gm) of plant 

material and cultured cells of peanut were ground using 0.5 M NaCl, 
then centrifuged at 3000 rpm for 20 minutes. Ammonium sulfate 
(75%) was added to precipitate protein, and then was left at 4°C for 24 
hours, centrifuged at 20, 000 rpm, the precipitate was collected and 
dissolved in 1 ml of 0.15 M NaCl. 

(ii) Quantitative determination of invertase activities: 
The mixture consists of 0.1 ml crude extract, 0.2 ml of 0.1 M 

sodium acetate (pH 5.0), 0.1 ml of 0.15 M NaCl and 0.1 ml of 0.73 M 
sucrose. A blank for each sample was prepared as before. Both of the 
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samples and blanks were incubated at 37°C for one hour, and then 
boiled to stop the reaction. According to(12), the amount of reducing 
sugars was determined using glucose as standard. 

RESULTS 
(1) Effect of ultrasonication on sugar metabolism of Arachis 

hypogaea seedlings: 
Direct reducing value (D.R.V) was represented in Fig. (1a) which 

revealed that ultrasonication significantly decreased the reducing 
sugars in peanut seedlings as compared with untreated seedlings. 
Short exposure to ultrasonic waves (15 minutes) gradually increased 
the content of reducing sugars in treated seedlings (3 up to 72 hours) 
after exposure, while long exposure (60 minutes) increased its content 
of reducing sugars (3 hours) after exposure as compared with 
untreated seedlings. 

Results in Fig. (1b) showed that, the level of sucrose was decreased 
by ultrasonication in both of short and long exposure. Moreover, the 
sucrose content decreased by increasing the age of seedlings (3-72 
hours) in both treated and untreated seedlings. Also the results showed 
that short exposure was more effective on sucrose content (highly 
significant) of treated seedlings than long exposure. 

Results in Fig. (1c & d) revealed that, polysaccharides and total 
carbohydrates were decreased with lapse of time of germination (3 up 
to 72 hours) in treated and untreated seedlings. Moreover, the 
reduction was highly significant (P < 0.001) in both polysaccharides 
and total sugars at 3, 24 and 72 hours after long exposure to ultrasonic 
waves.  
(2) Effect of ultrasonication on the activity of both amylase and 

invertase enzymes of Arachis hypogaea seedlings and cultured 
cells: 
Fig (2) showed that, the relative increase in amylase activity of 

treated and   untreated peanut seedlings. Long exposure to ultrasonic 
waves (60 minutes) has increased the amylase activity as compared 
with untreated seedlings after 24 hours. Short exposure (15 minutes) 
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reduced the amylase activity than long exposure (60 minutes) except 
at 72 hours after exposure in which there was a marked increase in the 
amylase activity as compared with untreated seedlings. Table (1) 
shows that, ultrasonication decreased the activity of amylase in 
exposed cultured cells than unexposed ones. 

Fig. (3) showed that the ultrasonication in the short and long 
exposure led to a relative decrease in the invertase activity as 
compared with untreated seedlings. Table (1) showed that 
ultrasonication decreased the activity of invertase in exposed cultured 
cells than unexposed ones. 
Table (1): Effect of ultrasonication on the amylase and invertase 

activities of Arachis hypogaea cultured cells (mg of 
glucose produced/g fresh weight/ hour) 

 
Data are average of three replicates ± SE.     NS = P>0.05    ***HS = P> 
0.001 
 
 
 
 
 
 
 
 
 
 
 
 

Enzymes Cont. Treated 

Amylase 2.137 ± 0.00 
0.760 ± 0.08 

***HS 

Invertase 0.124 ± 0.03 
0.088 ± 0.02 

NS 



 
 
 
 

 
STUDIES ON THE EFFECT OF ULTRASONIC 

WAVES ON: 

 
 
 
 
 
 
 

62 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NS = P > 0.05      S= P < 0.05    HS* = P > 0.02        HS** = P > 0.01         HS*** = P > 0.001 
Figure (1): Effect of ultrasonication on sugar contents of peanut 

seedlings (mg/g dry weight 
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Figure (2): Effect of ultrasonication on amylase activity of peanut 
seedlings 

 

 
 

Figure (3): Effect of ultrasonication on invertase activity of peanut 
seedlings 
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DISCUSSION 
In the present work, it has been found that ultrasonication has 

obvious effect on the content of reducing sugar, sucrose, 
polysaccharides and total carbohydrates of the treated seedlings as 
compared  with untreated. In this connection, (17)stated that such 
reduction in the sugar fractions of ultrasonic treated cells might be 
predicted to the result of depolymarisation of starch and 
nucleoprotein.  

Parallel to the amount of different sugar fractions in the treated and 
untreated seedlings, it was found that low amylase and invertase 
activities were corresponding, generally, to higher accumulation of the 
polysaccharides and sucrose respectively and vice verse. The obtained 
results were in agreement with(18), who stated that under stress 
condition increasing of the soluble sugar contents and breakdown of 
polysaccharides were assumed to be due to activation of amylolytic 
enzymes. Polysaccharides were considered to be broken-down during 
active germination whereas sucrose was known to represent the main 
mobile sugar to the embryo(19&20). 

The obtained results showed also that, the activity of amylase 
increased   sharply in the treated seedling after 24 hours than after 3 
hours of ultrasonication, while it was gradually increased in case of 
untreated seedlings. But in long exposure, the increase of amylase 
activity was more obvious than that the shorter exposures (at 3, 24 and 
48 hours after exposure) (Fig 2). In this connection (6)stated that 
amylase activity of Vigna sinensis seedlings increased with 
ultrasonication and the increasing was more obvious in case of long 
exposure. In case of long exposure to ultrasonication (60 minutes), the 
reduction of amylase activity may be attributed to low gibberellin 
contents, which induced the synthesis of amylase. Yaldagard(21) found 
that ultrasonication of dry barley seeds increased the activity of 
Alpha-amylase activity in the exposed seeds. In this respect, Davies(22) 

stated that gibberellins, coming from the developing embryo in case of 
a germinating seed can stimulate aleurone cells to secrete several 
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hydrolytic enzymes in particular, amylases. He added that these 
enzymes were responsible for the mobilization of stored endosperm 
reserves, which provide the growing seedling with a supply of fixed 
carbon and reduced nitrogen.  

Invertase activity was inhibited with increasing time of exposure to 
ultrasonication from 15 to 60 minutes (Fig 3). The minimum invertase 
activity was obtained in the treated seedlings exposed to long 
exposure; comply with the low content of reducing sugars. 
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