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Abstract 

A field experiment was conducted at  the experimental farm of the Agricultural Genetic 

Engineering Research Institute (AGERI), Agriculture Research Centre (ARC) to investigate the 

response of Jerusalem artichoke plant to foliar application of Raffinose, Dextrin, and Sucrose 

at 10, 25, 50, and 100 mM in addition to control (tap water only) using Randomized complete 

block design with 3 replicates. Tested parameters were: plant fresh weight, dry weight, plant 

height, number of main branches/plants, number of lateral branches/plants, leaf area, 

photosynthetic pigment, total carbohydrate, inulin content, Fructan exohydrolase (FEH) 

activity, SDS-PAGE analysis of protein, soluble sugar content by HPLC, number of tubers 

produced, the yield per plant, and the overall yield per feddan (tons). Results indicated that 

spraying plants with Raffinose and Dextrin at 50 mM level enhanced all growth parameters, 

total carbohydrates, and inulin content. In addition, the dose of Raffinose 50 mM exhibits 

promising inhibition activity of FEH enzyme, increasing the production of inulin and tuber 

yield, followed by the same dose from Dextrin and Sucrose treatments. Based on this 

supposition, the results of this study suggested that the exogenous application of particular 

sugars, Raffinose and Dextrin, as an eco-friendly material, can improve the plant's overall 

growth, development, and yield of Jerusalem artichoke plant. 
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1. Introduction 

Jerusalem artichoke, scientifically known as Helianthus tuberosus L., is a perennial 

plant classified under the family Compositae, which includes sunflower plants. The plant is 

grown specifically for its tubers, which are used as a vegetable. Additionally, it is cultivated for 

animal feed or silage purposes, serving as a fodder crop. Furthermore, it is grown to produce a 

large amount of biomass, making it suitable for use as a bioenergy crop [1]. It is a native plant 

to North America. It has been recognized recently as a promising biomass for bioeconomy 

development, with several great ecological restoration characteristics, including large biomass, 

fast growth, inexpensive management, minimal water and fertilizer needs, and strong 

adaptability, which make its production supportive of food security [2]. The Jerusalem 

artichoke's first successful cultivation took place in Egypt, where it was introduced as a new 

commercial crop through the Desert Research Station in Sheikh Zuweid as part of the country's 

initiative to cultivate novel, non-traditional crops on recently reclaimed land [3]. Additionally, 

this crop species holds economic significance due to its tubers, which contain a high amount of 

inulin, serving as a reserve carbohydrate that makes up 70-90% of their dry mass [4]. 

The inulin in the Jerusalem artichoke plant comprises fructofuranosyl units linked 

together in a linear β (2–>1) pattern. These units are connected to a glucose residue through a 

sucrose-type linkage. Inulin is a soluble dietary fiber and a functional food component. Inulin 

possesses numerous health-enhancing characteristics due to its resistance to digestion in the 

human stomach and small intestine, owing to fructose-linked molecules. However, bacteria in 

the large intestine can ferment them, producing short-chain fatty acids (SCFAs)  [5]. As a 

result, it effectively controls blood sugar and lowers the risk of obesity [6]. Inulin, a prevalent 

prebiotic, reduces the risk of cancer by augmenting the probiotic activity of Bifidobacterium 

and lactobacilli and boosting the absorption of minerals in the human body [7]. Inulin can also 

be used to generate fructooligosaccharides and high-fructose syrup. Acetone, butanol, 

bioethanol, organic acids, and other essential industrial products can also be made from inulin. 

It also makes children's products and food items like meat and poultry [8].  

In Jerusalem artichoke, the production of inulin is accomplished through the action of 

two enzymes. The first enzyme is sucrose 1-fructosyltransferase, also known as 1-SST (EC 

2.4.1.99), which initiates sucrose synthesis. The second enzyme is fructan: fructan 1-
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fructosyltransferase (also known as elongator enzyme) (1-FFT, EC 2.4.1.100) [9]. However, a 

major limitation of the J.A. plant as a source of inulin is the presence of 1-fructan exohydrolase 

(1-FEH, EC 3.2.1.80), an inulinase that degrades terminal fructosyl-fructose linkages of inulin 

[10], reducing the quality of inulin at the end of the growth period and during tubers storage.  

Carbohydrates significantly influence every step of the plant life cycle since they serve 

as sources of energy and carbon, as well as perform regulatory tasks. In addition, they engage 

in interactions with other signalling molecules, such as phytohormones, to govern the growth 

and development of plants [11,12]. The regulation of sugar levels in plant cells, as well as their 

transportation, consumption, and storage, is closely monitored and greatly impacted by the 

physiological activity of the cells, various plant organs, external influences, circadian rhythms, 

and developmental stages [13]. 

Carbohydrates are receiving more attention because of their functions in plant 

immunity. Some trigger plant defences, while others function as signalling molecules, much 

like phytohormones, and are largely investigated nowadays [14]. In addition, several studies 

have demonstrated that sugars are essential for plants to respond defensively to various biotic 

and abiotic stressors [15]. It is well known that sugars are the primary substrates for respiration 

processes and the carbon skeleton for synthesizing defence compounds, including secondary 

metabolites like flavonoids, stilbenes, and lignins. These processes provide energy for cellular 

defence responses against pathogens [16]. In addition, saccharides such as Sucrose, glucose, 

fructose, and trehalose function as metabolic signalling molecules within host plant cells, 

stimulating the activation of many genes, including defence genes [17].  

Raffinose is a soluble galactosyl-sucrose carbohydrate in the RFOs family, found in 

plant species like Raffinose, stachyose, and verbascose, and is transported through the phloem 

[18]. Dextrin is a carbohydrate produced when glycogen or starch is partially hydrolyzed, 

contains glucose and has the same basic formula as starch [19]. Sucrose regulates anthocyanin 

accumulation, sucrose transport, and carbohydrate metabolism [20]. 

According to Klinker et al. [21], using Sucrose, dextrose, or fructose, in addition to a 

topical application of urea, led to less leaf burn, enhanced several quality characteristics, and 

amplified tomato yield. Additionally, lettuce produced a larger yield and had better quality 

when urea and 2% sucrose were applied topically [22].  
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Zakinthinos et al.  [23] found that applying a solution containing 3% sucrose, 2% 

glucose, 1% raffinose, and inositol to the leaves of pistachio cv. Aegina, one month before 

harvest, can enhance the crop's quality and quantity. This therapy significantly increased 

pistachio dehiscence by over 85%. Studies on different crops have demonstrated considerable 

impacts of Sucrose and other carbohydrates applied topically [24, 25]. According to Qiuxia. 

[26] applying exogenous raffinose increased the saturated fresh weight and dry weight of 

Arabidopsis thaliana leaves in vitro.  

In wheat plants (Triticum aestivum L. cv. Giza 168), Ibrahim and Abdellatif. [27] found 

that applying maltose and trehalose treatments dramatically boosted total soluble sugars. 

Additionally, Sapindus mukorossi Gaertn entire trees were given 1.5% and 3% treatments of 

Sucrose, which considerably boosted the carbohydrate content, according to Gao et al. [28]. 

Sugars, including fructose, trehalose, Sucrose, and glucose, participate in plants' 

metabolic, regulatory, and signalling pathways. These routes include resistance to biotic stress; 

for example, it has been demonstrated that exogenous injection of trehalose improves wheat 

(Triticum aestivum L.) resistance to powdery mildew caused by Blumeria graminis [29]. 

Subsequently, most research has shown that applying carbohydrates to a plant's leaves 

can improve crops' quality and quantity. This study aimed to investigate the effects of eco-

friendly and novel substances, such as Raffinose, Dextrin, and Sucrose, in relation to a number 

of morphological and biochemical traits of Jerusalem artichoke plants, including vegetative 

growth parameters, photosynthetic pigments, total carbohydrate, inulin content, Fructan 

exohydrolase (FEH) activity, SDS-PAGE analysis of protein, soluble sugar content by HPLC, 

and yield parameters. The outcomes of our investigation are expected to provide novel 

understandings regarding the physiological and biochemical pathways through which these 

sugars act as growth promoters or inducers.  
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2. Materials and methods 

2.1. Materials: 

The Jerusalem artichoke tubers cultivar Fuseau was acquired from the Strawberry and 

Non-Traditional Crops Improvement Centre at Ain Shams University in Cairo, Egypt. 

Raffinose, Dextrin, Sucrose, Fructose, Glucose, Methanol, Acetone were acquired from Sigma-

Aldrich (São Paulo, Brazil). 

2.2. The experimental condition and cultivation: 

The field investigations took place in the experimental farm belonging to the 

Agricultural Genetic Engineering Research Institute (AGERI), a part of the Agriculture 

Research Centre (ARC)., located in Giza, Egypt. The soil under investigation  exhibited a clay 

texture and pH level of 9, indicating alkalinity. 

Whole tubers were used within a range of 20 to 25 grams and sown during the summer 

season of 2022 on April 1st. The experimental design comprised thirteen treatments involving 

Raffinose, Dextrin, and Sucrose, each at four concentration levels for foliar application. Details 

of these treatments are presented in Table 1.  

Table 1: Treatments of foliar application. 

T1: Control (sprayed with tap water) and 0.1% Tween 20 

T2: 10 mM Raffinose T8: 50 mM Dextrin 

T3: 25 mM Raffinose T9: 100 mM Dextrin 

T4: 50 mM Raffinose T10: 10 mM Sucrose 

T5: 100 mM Raffinose T11: 25 mM Sucrose 

T6: 10 mM Dextrin T12: 50 mM Sucrose 

T7: 25 mM Dextrin T13: 100 mM Sucrose 

 

The treatments were performed in a Complete Randomized Design with five 

replications. The area of the experimental plot was 39 m2, consisting of thirteen ridges that 

were three meters long and one meter in width. Tubers were planted on one side of the ridge at 

50 cm hill spacing and 5 cm depth with one tuber per hill to avoid plant overlapping. All 

treatments were applied as foliar spray thrice at 40  (Photo  1: A1), 60  (Photo  1:  A2), and 80 
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(Photo  1:  A3)  days after sowing. Tween 20 (0.1%) was added as a wetting agent and surface 

spreader for each treatment, including the control [30]. 

 

 

 

 

   

stages at 40, 60, and 80. A4 and A5 represent the Flowering stage at 180 DAS 

and harvesting of tubers at 240 DAS respectively.  

A1 A2 A3 

A4 A5 
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2.3. Vegetative growth parameters: 

 At 82 days after sowing (DAS), five random plants were picked up from all treatments 

to determine plant fresh weight (g), dry weight (g), plant height (m), number of main 

branches/plants, number of lateral branches/plant and leaf area (cm2) [30]. 

2.4. Determination of photosynthetic pigment contents: 

Leaf samples (0.2 g) harvested at 82 days after sowing (DAS) from control and treated 

plants were homogenized in acetone 80% (v/v). The extract was centrifuged at 5,000 rpm for 

15 minutes, and absorbance was recorded at 646 and 663 nm for chlorophyll (a and b) 

estimation and at 470 nm for carotenoids. The calculation of pigment content was performed 

using the equations described by Lichtenthaler and Buschmann. [31]:  

Chlorophyll a = 12.25 A663 – 2.79 A646  

Chlorophyll b= 21.21 A646 – 5.1 A663  

Carotenoids = (1000 A470 – 1.8 Chl a – 85.02 Chl b) / 198    

2.5. Determination of total carbohydrate content: 

Extraction and determination of total carbohydrates were estimated following Hedge 

and Hofreiter. [32] method in which the carbohydrate content is determined by hydrolyzing the 

polysaccharides first into simple sugars by acid hydrolysis and then estimating the resulting 

monosaccharides. An amount of 0.5 g dried plant material (leaves or tubers) was placed into a 

boiling tube containing 5 ml of 2.5 N HCL, then the solution was boiled in the water bath for 2 

hours and cooled to room temperature. Neutralize it with solid sodium carbonate until the 

effervescence ceases, make up the volume to 100 mL, and centrifuge. Take 0.5 mL from the 

supernatant for analysis by mixing with 4 ml of anthrone reagent and heat for eight minutes in 

a boiling water bath. Finally, cool rapidly and read the green to a dark green color product at 

625 nm using a spectrophotometer (UV/Vis Double Beam Spectrophotometer T80+). The 

standard curve was drawn using different concentrations of glucose (100 µg/ml) and a glucose-

free solution as blank. Values were expressed as mg glucose /g D.W.  

2.6. Determination of inulin content: 

Extraction and determination of inulin were determined according to Gibson et al. [33]. 

About 200 mg of dried plant material (leaves or tubers) was extracted in 10 ml of warm water. 

To 1 ml of extract, an equal volume of conc. HCl and 100 μl resorcinol (1 mg/ml) were added, 
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and the mixture was made up to 10 ml with distilled water. The mixture was warmed in a water 

bath for 10 minutes, and the absorbance was read at 490 nm. Inulin content was calculated as 

mg fructose/g DW from the calibration curve established with fructose concentrations in the 

0.5: 20 μg/ mL range. 

2.7. Determination of Fructan exohydrolase (FEH) activity: 

The study prepared the crude extract of the FEH enzyme from Jerusalem artichoke 

leaves using Krivorotova and Sereikaite's [34] method. Frozen leaf tissue was suspended in a 

buffer, and the reaction mixture was heated. The enzyme activity was assessed using Zhang et 

al.'s [35] spectrophotometric method, using a 3.5-dinitrosalicylic acid colorimetry reagent. The 

enzyme activity is determined by the amount of fructose freed per hour under reaction 

conditions. 

2.8. SDS-PAGE analysis of protein: 

Protein profiles of Raffinose, Dextrin, and Sucrose treatments and control samples were 

determined using Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) in 

12% acrylamide slab gels, colored, photographed, and stained with Coomassie Brilliant Blue 

following Laemmli's [36] technique. Gel Doc VILBER LOURMAT system (Kapelan Bio-

Imaging, Germany) was used to photograph, scan, and analyze gels. 

2.9. Determination of soluble sugar content by high-performance liquid chromatography 

(HPLC): 

The study extracted and quantified soluble sugars from dried leaf powder using the 

Romani et al. [37] method, determining their free sugar profile using HPLC-IR and identifying 

their relative retention times. The Eurospher 100-5 NH2 column (4.6 x 250 mm, 5 mm, 

Knauer) and Knauer Smartline 2300 RI detector were both included in the HPLC system. The 

mobile phase was acetonitrile/deionized water (7:3) at a 1 ml/min flow rate. The results are 

expressed in g/100 g of dried weight, calculated by internal normalization of the 

chromatographic peak area. Sugar identification was made by comparing the relative retention 

times of sample peaks of standards (Ribose, Glucose, Fructose, Sucrose). 

 

 



Dina E. Sakr  et al.                                                                     J. Sci. Res. Sci., 2024, 41, (2),18:46 

- 26 - 

2.10. Tuber yield parameters: 

Five plants were randomly selected at harvest to count the number of tubers on each, 

the yield per plant in kilograms, and the overall yield per feddan in tons [30]. 

2.11. Statistical analysis 

All data analysis was performed using SPSS software version 23.0 (SPSS, Chicago, IL, 

USA). Values were expressed as means of three replicates (n = 3) along with standard error for 

biochemical analysis and five replicates (n = 5) for vegetative parameters. The statistical 

analysis was performed by one-way analysis of variance (ANOVA). Duncan's multiple range 

tests compared significant differences between means. The differences were considered 

statistically significant when p ≤0.05. 

3. Results and Discussion 

3.1. Vegetative growth parameters: 

The effect of Raffinose, Dextrin, and Sucrose on plant height, the number of main 

branches/plants, the number of lateral branches/plants, and leaf area (cm2) (Table 2) were 

significantly increased compared to the control treatment. Raffinose treatment 50 mM 

appeared superior in all tested morphological parameters (120 cm plant height, 5 main 

branches, 58 lateral branches, 66.5 m2 leaf area) followed by a dose of 25 mM Raffinose (4 

main branches, 42 lateral branches, 61.5 m2 leaf area). 

In this context, Ibrahim and Abdellatif. [27] proved that maltose and trehalose as types 

of carbohydrates foliar application  to wheat plants (Triticum aestivum L. cv. Giza 168) caused 

a significant increase in all plant growth parameters as plant fresh, dry weight and leaf area and 

indicated that maltose had a higher significant effect in no. of spikes/plant and no. of 

spikelet/plant when compared with control and better than trehalose treatment. 

Results in Table 2 revealed the behaviour of all Raffinose, Dextrin, and Sucrose 

treatments on the fresh and dry weight of Jerusalem artichoke plants taken 82 days after 

sowing. As regards plant fresh weight, the highest values were detected for spraying with 

Raffinose at 50 and 100 mM (228.54 g and 223.49 g, respectively), followed by foliar 

application of Dextrin at 50 and 100 mM (212.19 g and 205.63 g, respectively). These 
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increments were significant as evaluated by the control. The data listed in Table 2 for plant dry 

weight indicated that the treatments of Raffinose at 50 and 100 mM doses were significantly 

increased (77.42 g and 70.05 g). 

This result was in harmony with Qiuxia. [26] who found that applying exogenous 

Raffinose increased the saturated fresh weight and dry weight of Arabidopsis thaliana leaves in 

vitro. Furthermore, Zakinthinos et al. [23] discovered that applying a combination of 

carbohydrates, specifically 3% sucrose, 2% glucose, 1% raffinose, and inositol, to the leaves of 

pistachio cv. Aegina one month prior to harvesting, can enhance both the quality and 

productivity of the crop. Previous studies on different crops, such as cotton and lettuce, have 

demonstrated notable impacts of applying Sucrose and other carbs directly to the leaves [24, 

25]. 

A significant decrement in plant fresh weight was exhibited for low doses of Raffinose 

and Dextrin treatments of 10 and 25 mM (Table 2) in addition to all doses of Sucrose 

treatments compared to the control. For plant dry weight, the low doses of Raffinose treatments 

10 and 25 mM (42.99 g and 49.05 g) and all doses tested for Dextrin and Sucrose treatments 

were not significantly different compared to the control (Table 2). Arzani et al. [38] deduced 

that the dry and fresh weight of pistachio was not affected by carbohydrate application because 

of the low concentrations of carbohydrates they used.  
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Table 2: Effect of foliar application of Raffinose, Dextrin, and Sucrose on vegetative growth 

parameters of Jerusalem artichoke plants. 

Treatments 
Plant height 

(cm) 

No. of main 

branches 

/plant 

No. of lateral 

branches 

/plant 

Leaf area 

(cm2) 

Plant fresh 

weight (g) 

Plant dry 

weight (g) 

Control 
76 ±  15.6 

c 

2 ± 1 

bc 

18 ± 4 

f 

30.2 ± 4.9 

f 

203.45 ± 0.25  

d 

41.13 ± 0.31 

h 

R 10 mM 
82 ±  14.7 

bc 

3 ± 1.7 

abc 

32 ± 2.6 

bcde 

58 ± 10 

abc 

178.59 ± 0.29 

g 

42.99 ± 0.13 

g 

R 25 mM 
82 ±  10.5 

bc 

4 ± 1 

ab 

42 ± 5.5 

b 

61.6 ± 7.2 

ab 

197.34 ± 0.33 

e 

49.05 ± 0.04 

e 

R 50 mM 
120 ± 9.5 

a 

5 ± 1 

a 

58 ± 9.1 

a 

66.5 ± 1.5 

a 

228.54 ± 0.57 

a 

77.42 ± 0.31 

a 

R 100 mM 
98 ±  8.7 

b 

4 ± 1 

ab 

38 ± 3.6 

bcd 

56.2 ± 9.1 

abcd 

223.49 ± 0.43 

b 

70.05 ± 0.34 

b 

D 10 mM 
77 ±  7.2 

c 

3 ± 0 

abc 

24 ± 7.2 

ef 

53.2 ± 12.9 

abcd 

162.36 ± 0.34 

i 

37.83 ± 0.24 

j 

D 25 mM 
82 ±  8.7 

bc 

3 ± 1 

abc 

29 ± 6.1 

cde 

55.1 ± 11.7 

abcd 

173.49 ± 0.22 

h 

42.75 ± 0.41 

g 

D 50 mM 
82 ±  3.4 

bc 

3 ± 0 

abc 

32 ± 3 

bcde 

43.6 ± 10.6 

cdef 

212.19 ± 0.57 

c 

39.63 ± 0.30 

i 

D 100 mM 
81 ±  8.2 

bc 

3 ± 1.7 

abc 

25 ± 2 

ef 

43.1 ± 2.4 

cdef 

205.63 ± 0.88 

d 

50.92 ± 0.14 

d 

S 10 mM 
91 ±  4.5 

bc 

3 ± 0 

abc 

27 ± 7.5 

ef 

34.2 ± 2.8 

ef 

154.83 ± 0.30 

l 

40.34 ± 0.33 

h 

S 25 mM 
92 ±  11.5 

bc 

3 ± 0 

abc 

30 ± 3 

cde 

44.7 ± 4.3 

cdef 

157.32 ± 0.31 

k 

35.67 ± 0.28 

k 

S 50 mM 
92 ±  9.1 

bc 

3 ± 2 

abc 

39 ± 5.2 

bc 

49.6 ± 11 

bcde 

160.68 ± 0.39 

j 

45.51 ± 0.63 

f 

S 100 mM 
87 ±  11.5 

bc 

3 ± 0 

abc 

28 ± 7.2 

def 

40.5 ± 9.8 

def 

184.83 ± 0.30 

f 

51.78 ± 0.65 

c 

F value 4.05** 3.96** 9.94*** 4.79*** 3497.1*** 1176.2*** 

Means having the same letters in a column were not significantly different according to 

Duncan's multiple range test Where One star (*) means p-value<0.05, two stars (**) mean p-

value<0.01, and three stars (***) mean p-value<0.001, R: Raffinose, D: Dextrin, S: Sucrose. 

Data represents as means ± Standard error. 
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3. 2. Photosynthetic pigment contents: 

Results in Figure 1 indicate that foliar application of tested Sugars exhibited significant 

and positive effects on photosynthetic pigments, namely chlorophyll a, b, and carotenoids. The 

highest significant value of chlorophyll a, b, and carotenoids content was recorded when foliar 

treatments were applied with 50 mM Raffinose followed by 100 mM Raffinose, 100 mM 

Dextrin, and 25 mM Sucrose, respectively. On the other hand, the foliar treatments of lower 

doses of Raffinose and Dextrin (10 and 25 mM), in addition to the dose of Sucrose (10 mM), 

had the lower significant value from all tested treatments. 

 

 

 

 

 

 

 

 

 

 

 

These presented results are in accordance with those obtained by Khater et al. [39] with 

a type of sugar trehalose, which has a stimulatory effect on photosynthetic pigments, 

explaining that might be due to the role of trehalose in stabilizing macromolecules (membrane 

lipids and proteins) and biological structures thereby helping to maintain photosynthesis under 

stress [40]. 

 

Fig.1: Effect of foliar application of Raffinose, Dextrin, and Sucrose on the content of 

photosynthetic pigments of Jerusalem artichoke plants. Where R: Raffinose, D: Dextrin, S: 

Sucrose. 
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Trehalose may influence the regulation of carbon metabolism and photosynthesis, 

according to Lunn et al. [41]. Furthermore, Sadak [42] asserted that the utilization of trehalose 

as an osmoprotectant substance enhanced the photosynthetic pigments of the fenugreek plant 

when subjected to drought conditions. This improvement was achieved by increasing the 

activity of the photosynthetic process and water relation attributes and enhancing the 

antioxidant defence mechanism. 

Raffinose is a rare osmoprotectant sugar regularly observed in plants, according to 

Bougouffa et al. [43]. From this perspective, as it is likewise thought of as an osmoprotectant 

sugar, we expected it to exhibit the same behaviour as trehalose in improving photosynthetic 

pigment content. 

3. 3. Total carbohydrate content: 

Figure 2 displays the impact of the sugars Raffinose, Dextrin, and Sucrose on the total 

carbohydrate content recovered from leaf samples collected 82 days after planting. As shown, 

the highest significant value was recorded from 50 mM of Raffinose (46.7 mg glucose/g DW) 

followed by 100 mM of Raffinose (37.32 mg glucose/g DW), 50 mM of Sucrose (29.23 mg 

glucose/g DW), and 50 mM of Dextrin (23.8 mg glucose/g DW). Unlike the foliar treatments 

with lower doses of Raffinose, Dextrin, and Sucrose (10 mM) were not significantly different 

compared to  the  control. 

These results were supported in other types of carbohydrates by Ibrahim and Abdellatif 

[27], who documented that applying trehalose and maltose treatments significantly increased 

total soluble sugars in wheat plants (Triticum aestivum L. cv. Giza 168). In addition, Gao et al. 

[28] stated that the 1.5% and 3% treatments of Sucrose significantly increased the carbohydrate 

content when applied exogenously to whole trees of Sapindus mukorossi Gaertn. From those 

observations, Raffinose may have a trehalose effect on plants, affecting plant growth and 

development by controlling carbon metabolism [44]. 
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3.4. Inulin content: 

Data presented in Figure 3 demonstrates the effect of foliar application of Raffinose, 

Dextrin, and Sucrose on inulin content extracted from leaf samples harvested 82 days after 

sowing (DAS). The highest significant value was that recorded from 50 mM of Raffinose (3.16 

mg fructose/g DW), which is more productive in enhancing inulin levels than other treatments, 

and then 25 mM of Raffinose (2.63 mg fructose/g DW) sequentially. Additionally, doses of 

Dextrin (25, 50, and 100 mM) and Sucrose (25 and 50 mM) positively affect inulin levels 

compared to control. The lower doses of Dextrin and Sucrose (10 mM; 1.75 mg fructose/g 

DW) similarly retarded  the inulin content and were not significantly different compared to the 

control. 

 

 

 

 

Fig.2:   Effect of foliar application of Raffinose, Dextrin, and Sucrose on the total carbohydrate 

content of Jerusalem artichoke plants. Where R: Raffinose, D: Dextrin, S: Sucrose. 
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Tropical and subtropical grasses mostly store carbohydrates like Sucrose and starch, 

whereas calm and cool zone grasses primarily store fructose polymers known as Fructans [45]. 

Inulin is one of the five types of Fructans identified and characterized by glycosidic bonds and 

the Jerusalem artichoke plant's preserved variety. When photosynthesis is more than the 

demand, supposedly when the concentration of Sucrose in sink organs reaches an acceptable 

level, inulin synthesis begins [10].  

According to Ueno et al. [9], the vacuole is where inulin production starts, using 

Sucrose as a donor and substrate. Sucrose-sucrose fructosyltransferase (1-SST), the first 

transferase enzyme, converts two sucrose molecules into 1-kestose, which releases a glucose 

molecule. Inulin, a type of fructan, is formed through the action of an enzyme called fructan-

fructan fructosyltransferase (1-FFT). This enzyme transfers a fructose residue from one 

molecule to another, specifically to the identical carbon position on the receiving molecule. 

Thus, to sum up, the more Sucrose that is readily available, the more inulin is produced, and 

Fig. 3:   Effect of foliar application of Raffinose, Dextrin, and Sucrose on inulin content of 

Jerusalem artichoke plants. Where R: Raffinose, D: Dextrin, S: Sucrose.Photo 1:  Foliar 

times of Jerusalem artichoke (Helianthus tuberosus L.) plant, A1 to A3 represent vegetative 
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this might be a result of the exogenous application of utilized sugars investigated in this work 

(Raffinose, Dextrin, and Sucrose) causing an increase in naturally occurring soluble sugars like 

Sucrose that result in higher inulin content formation.  

Another explanation that caused the increments of inulin in Raffinose treatments was 

that it may have more inhibition activity to the Fructan exohydrolase (inulin degrading 

enzyme) than Dextrin and Sucrose. So, these doses had the highest inulin contents as the FEH 

enzyme did not decompose them. 

3.5. Fructan exohydrolase (FEH) activity: 

Figure 4 displays the impact of the sugars Raffinose, Dextrin, and Sucrose on the 

activity of fructan exohydrolase (FEH) recovered from leaf samples collected 82 days after 

planting. Notably, all treatments of Raffinose, Dextrin, and Sucrose positively affected the 

inhibition of Fructan exohydrolase (FEH) compared to the control (Figure 4). The potent and 

highest positive significant inhibition was Raffinose at a 50 mM dose (24.8 U/ g F.W.) 

compared with all tested sugars. The Dextrin, at a 50 mM dose (25.9 U/ g F.W.), responded 

positively, inhibiting the target enzyme after Raffinose. They were the best, more than Sucrose 

treatments. 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 4: Effect of foliar application of Raffinose, Dextrin, and Sucrose on Fructan 

exohydrolase (FEH) activity of Jerusalem artichoke plants. Where R: Raffinose, D: 

Dextrin, S: Sucrose. 
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According to studies conducted on Helianthus tuberosus [26], Triticum aestivum [47], 

Chrysolaena intybus [48], Chrysolaena obovata [49], and Lolium perenne [50], Sucrose 

suppresses the activity of fructan exohydrolases. Also, the presence of 1-fructan exohydrolase 

(1-FEH, EC 3.2.1.153), an inulinase that breaks down terminal fructosyl-fructose linkages of 

inulin, significantly reduces the quality of inulin at the end of the growth phase and during 

tubers storage which converts it to monosaccharides [10].  

3.6. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE): 

Photo 2 displays the SDS-PAGE electrophoretic pattern of soluble proteins obtained 

from leaf samples collected 82 days after sowing. The number and relative molecular weights 

are recorded in Table 3. The results showed 12 protein bands of molecular weights ranging 

between 82 and 8 KDa. Treatments of 10, 25, and 50 mM Raffinose, 50 mM Dextrin, and 50 

mM Sucrose had the appearance of protein bands (12) in leaves as control, while the lowest 

number of protein bands (10) appeared in treatments of 100 mM Raffinose, 10, 25 mM Dextrin 

and 10, 25 mM Sucrose. In addition to 100 mM, Sucrose treatments had 11 protein bands. The 

protein patterns of Jerusalem artichoke plants comprise ten major bands (common bands) 

having molecular weights of 70, 66, 38, 36, 32, 30, 18, 12, and 8 KDa, recorded in all 

treatments. Two protein bands with 82 and 73 KDa molecular weights disappeared in 

Jerusalem artichoke leaves and were recorded as non-unique bands. 

El Gengaihi  et al. [51] stated that SDS-PAGE protein patterns of the Jerusalem 

artichoke plant were composed of 16 amplicons (bands), and its molecular weights ranged 

from 201. to 17.66 KDa. It was reported that the Fructan exohydrolase enzyme had comparable 

molecular weights between 68 and 70 KDa [46 , 47] In this regard, the protein band in our 

analysis, which had a molecular weight of 70 KDa, may be the FEH enzyme in all treatments. 

Foliar treatments may have no impact on enzyme biosynthesis but merely result in a decrease 

in enzyme activity. 
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Photo 2:   Electrophoretic banding patterns of Jerusalem artichoke leaves in response to foliar 

application of Raffinose, Dextrin, and Sucrose, while, M: Standard molecular weight Marker 

proteins, 1: Control, 2: 10 mM Raffinose, 3: 25 mM Raffinose, 4:50 mM Raffinose, 5: 100 

mM Raffinose, 6: 10 mM Dextrin, 7: 25 mM Dextrin, 8: 50 mM Dextrin, 9: 100 mM Dextrin, 

10: 10 mM Sucrose, 11: 25 mM Sucrose, 12: 50 mM Sucrose, 13: 100 mM Sucrose. 

 

Table 3: Effect of foliar application of Raffinose, Dextrin, and Sucrose on the protein patterns 

separated by SDS-PAGE of Jerusalem artichoke leaves expressed as 1 (presence) and 0 as 

(absent). 
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 5
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S
 1

0
0
 

m
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1 82 1 1 1 1 0 0 0 1 1 0 0 1 0 

2 73 1 1 1 1 0 0 0 1 1 0 0 1 1 

3 70 1 1 1 1 1 1 1 1 1 1 1 1 1 

4 66 1 1 1 1 1 1 1 1 1 1 1 1 1 

5 38 1 1 1 1 1 1 1 1 1 1 1 1 1 

6 36 1 1 1 1 1 1 1 1 1 1 1 1 1 

7 33 1 1 1 1 1 1 1 1 1 1 1 1 1 

8 32 1 1 1 1 1 1 1 1 1 1 1 1 1 

9 30 1 1 1 1 1 1 1 1 1 1 1 1 1 

10 18 1 1 1 1 1 1 1 1 1 1 1 1 1 

11 12 1 1 1 1 1 1 1 1 1 1 1 1 1 

12 8 1 1 1 1 1 1 1 1 1 1 1 1 1 

Total 12 12 12 12 10 10 10 12 12 10 10 12 11 
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3.7. Free soluble sugar content by (HPLC): 

 The results have shown that the tested Sugars had varying effects on the endogenous 

free soluble sugar concentration retrieved from leaf samples harvested at 82 days after sowing, 

compared to the control treatment. (Figure 5). Notably, the free soluble sugars (Ribose, 

Fructose, Glucose, and Sucrose) were significantly decreased in Raffinose and Dextrin, 

especially in 50 mM Raffinose and 100 mM Dextrin. Sucrose doses were not significantly 

different compared to the control. 

 The study results agreed with Shao et al. [52], who suggest that during the initial phase 

of tuberization, the photosynthetic assimilation products of Jerusalem artichoke are transiently 

stored in the stem. Subsequently, the tuberization process redirects the storage of 

photosynthetic products from the stems to the tubers.  

Reports have indicated that the products of assimilation resulting from photosynthesis 

in Jerusalem artichoke leaves are mostly carried to the underground parts of the plant as 

Sucrose but are retained in the tubers as fructan (polyfructosylsucrose) [53]. Sucrose served as 

the initial substance for producing Fructans; however, synthesizing and storing Fructans, 

specifically inulin, primarily occurred in the tubers of Jerusalem artichoke [54]. The obtained 

result in the behavior of tested Sugars in decreasing the free sugars may be due to the positive 

enhancement effects of their translocation from leaves to sink organs (tubers).  
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3.8. Tuber yield parameters: 

The information in Table 4 illustrates how Raffinose, Dextrin, and Sucrose foliar 

treatments affected the features of tuber yields at harvest time. According to the data, the most 

significant number of tubers per plant (133 and 112 tubers), yield per plant (4.82 and 4.24 kg), 

and total yield per feddan (40.67 and 35.33 tons) were obtained when spraying Jerusalem 

artichoke plants with 50 mM of Raffinose and then 50 mM of Dextrin respectively. On the 

other hand, when compared to the control, the sucrose doses of 50 and 100 mM showed the 

lowest significant number of tubers per plant, yield per plant, and overall yield per feddan. 

In line with our findings, foliar application of different types of carbohydrates 

Trehalose was sprayed on plants to improve their development, yield, and quality. Examples of 

these plants include those studied by Alam et al. [55] for Brassica species, Shafiq et al. [56] 

and Akram et al. [57] for radish, Khater et al. [39] for cowpea, and Wang et al. [12] for sweet 

potato. In addition, El Metwaly et al. [58] suggested applying trehalose topically to produce 

Fig.5:   Effect of foliar application of Raffinose, Dextrin, and Sucrose on the total soluble 

sugar content of Jerusalem artichoke plants. Where R: Raffinose, D: Dextrin, S: Sucrose. 
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high productivity and the best tuber root quality of sweet potato plants, from this point, may 

have the same behavior as Trehalose to plants. As shown, the previously tested parameters 

indicated that a significant improvement in plant growth was attributed to the Raffinose 

treatments, especially the 50 mM dose. 

Table 4: Effect of foliar application of Raffinose, Dextrin, and Sucrose on tuber yield 

parameters of Jerusalem artichoke plants at harvesting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Means having the same letters in a column were not significantly different according to 

Duncan's multiple range test where One star (*) means p-value<0.05, two stars (**) mean p-

value<0.01, and three stars (***) mean p-value<0.001, data represents as means ± Standard 

error. 

 

 

Treatments No. of 

tubers/plant 

Yield/ plant 

(kg) 

Total yield/ Feddan 

(ton) 

Control 76 ± 7.8 

bc 

2.09 ± 5.1 

b 

17.67 ± 4.3 

b 

R 10 mM 82 ± 20.9 

 bc 

2.14 ± 4.5 

b 

18.00 ± 3.6 

b 

R 25 mM 85 ± 15.7  

bc 

3.22 ± 4.2 

ab 

27.00 ± 3.5 

ab 

R 50 mM 133 ± 21.1 

 a 

4.82 ± 10.8 

a 

40.67 ± 3.1 

a 

R 100 mM 67 ± 9.2 

 bc 

1.96 ± 4.6 

b 

16.33 ± 4.1 

b 

D 10 mM 78 ± 13.8 

bc 

2.45 ± 5.6 

ab 

20.67 ± 4.8 

ab 

D 25 mM 84 ± 15 

bc 

2.14 ± 3.5 

b 

18.00 ± 3 

b 

D 50 mM 112 ± 8.3 

 ab 

4.24 ± 14.1 

ab 

35.33 ± 7.9 

ab 

D 100 mM 79 ± 9.9 

 bc 

2.53 ± 11.7 

ab 

21.33 ± 9.6 

ab 

S 10 mM 83 ± 4.1 

 bc 

2.60 ± 2.9 

ab 

21.67 ± 2.4 

ab 

S 25 mM 81 ± 14.9 

 bc 

2.11 ± 8.5 

b 

15.33 ± 6.4 

b 

S 50 mM 55 ± 4.8 

c 

1.84 ± 7.3 

b 

18.00 ± 7.2 

b 

S 100 mM 53 ± 23.9 

c 

1.77 ± 8.7 

b 

15.00 ± 7.5 

b 

F value 2.135* 1.458* 1.435* 
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4. Conclusion 

The present study accomplished its major objective. Among all tested Sugars Raffinose 

treatments, especially the dose of 50 mM, has the most potent and positive effect of all tested 

morphological, physiological, and biochemical analyses, which explains the good behavior not 

only in enhancing the assimilation of photosynthesis and increasing the photosynthetic 

products but also redirecting the allocation of photosynthetic resources from the stems to the 

tubers which explain the high productivity and the quality of produced tubers—furthermore, 

controlling the Fructan exohydrolase activity and the enhancement of inulin production. 

This research revealed that supplying plants with certain sugars, particularly Raffinose 

and Dextrin, as a sustainable substance might improve their overall growth and development, 

raise their total output, and enhance their ability to overcome environmental challenges. These 

findings will be proven and strengthened by future studies. 
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 الملخص العربي

 بعض السكريات لفي نبات الطرطوفة من خلال الرش الورقي  الإنيولين ية مادةتحسين إنتاج 

 1، زينب عبد الجواد3، سامح حسنين1، سامية الخلال 1، تهاني حتحوت2، محمد عبد الستار 1*دينا صقر

 قسم النبات ،كلية البنات للآداب والعلوم والتربية، القاهرة، مصر. 1
 الزراعية، الجيزة، مصر. معهد الهندسة الوراثية، مركز البحوث 2
 كلية التكنولوجيا الحيوية، جامعة النيل، الجيزة، مصر. 3

 

 الملخص العربي 

تجربة   الزراعية  حقليه  أجريت  الوراثية  الهندسة  بحوث  لمعهد  التابعة  المزرعة  البحوث  AGERI)  في  مركز   ،)

الطرطوفه  استجابة    لدراسة(،  ARC)  الزراعية ، 10  بتركيزاتروز  كديكسترين، والسالرافينوز، وبال  لرش الاوراق  نبات 

اميلليمولر  100، و50،  25 إلى  بالإضافة  اختبارها هي   القياساتات.  رتكرم  3( مع  فقط  الصنبور  ماء)  لكنترول،  تم  التي 

 كما تم الورقة   مساحة  و  الرئيسية و الجانبية لكل نبات  عدد الفروع  و  ارتفاع النبات  و  الوزن الجاف  وللنبات    الرطبالوزن  

  و   (FEH) انزيم فركتان إكسوهيدرولاز نشاطتقدير    الانيولين و  محتوي  و  الكربوهيدرات  محتوي  تقدير الاصباغ النباتيه و

الناتجة    الدرنات  عدد    و  HPLC  بواسطة  الذائبة  السكريات  تقديرمحتوى  و  SDS-PAGE  للبروتين  التفريد الكهربيتحليل  

  بمستوى   والدكسترين  بالرافينوز  النباتات  رش . وأشارت النتائج إلى أن    الإجمالية الفدان  و إنتاجية    النبات  إنتاجية  لكل نبات  و

  جرعة   أظهرت  ذلك،  إلى  بالإضافة.  والأنولين  الكلية  الكربوهيدرات  إنتاجية  خصائص  وارتفاع  النمو  تعزيز  إلى  ملم  50

الدرنات،  ومحصول الأنيولين إنتاج من  يزيد مما(  FEH) إكسوهيدرولاز لإنزيم فركتان واعد تثبيطى نشاط ملم 50 رافينوز

الدراسة إلى    الافتراض  هذا   على   بناء  .  والسكروز  الدكسترين  من   الجرعة  نفس  تليها   الخارجي   الإستخدام  أنتشير نتائج هذه 

مثل  لسكريات ان  للبيئة  صديقة  كمادة  والدكسترين،  الرافينوز  معينة    نبات  وإنتاجية  وتطور  الإجمالي  النمو  يحسن  يمكن 

 . الطرطوفة

 

 

 

 

 

 

 

 

 


