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Abstract: The objective of the present work was to add value to seven 

pearl millet landraces (Pennisetum glaucum (L.) R. Br) from south 

Algeria through isolation of the grain starch using a conventional 

process: the wet milling, adding sodium azide as a microbial growth 

inhibitor, and to enhance the yield by evaluation of a new process: 

Ultrasound-assisted isolation. The effects of pearl millet grain quality 

and starch isolation process on some properties of the isolated 

starches were evaluated in terms of yield, recovery, chemical 

composition, and some starch granules physical properties. The 

Ultrasound-assisted isolation efficiency was thus evaluated and gave 

better yields, higher recoveries, and purer starch, with ranges of 

30.63-52.65 %, 46-75.70 %, and 91.32-94.58 % respectively, it 

showed a great potential for pearl millet starch isolation in a short 

period without generating any alkaline effluent. 
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I. Introduction  

 

Pearl millet (Pennisetum glaucum (L.) R. Br) is a 

cereal crop belonging to the Gramineae family; it 

has various health benefits due to a very interesting 

chemical composition (71.6 % starch, 8.6 – 19.4 % 

protein (higher than rice, maize and sorghum), 5.1 

% lipids, 5 % fiber, and 1.6 – 3.6 % minerals), and 

a good productivity in a short growing cycle, with 

an excellent adaptability to high temperature and 

dry conditions. All these factors make this cereal 

having a major role in food security and could 

resurge as an easily available substitute, however, it 

remains understudied and underutilized [1-3]. 

Starch has extensive commercial and industrial 

utilization as a raw material in textile, paper, food, 

pharmaceutical, and as a thickener [4-6], the starch 

granules morphology and functionality vary 

between and within botanical species [4], their 

compact structure made them completely insoluble 

in cold water, amylose and amylopectin are 

organised in starch granules as dense, semi-

crystalline entities [5, 7]. The starch isolation 

process is principally governed by the required 

operation scale, different processes have been 

established, and all were based on whether: grain 

steeping, wet milling, and starch recovery, or: 

dough making, dough washing, and starch recovery 

[8, 9]. For pearl millet, grains are steeped in water 

in the presence of a microbial growth inhibitor [9-

11], wet grains are then washed and milled 

carefully to avoid granules heat damage, the slurry 

is finally sieved and the starch is separated from 

fibers and proteins by centrifugation [1, 9], a dark 

brownish layer is formed on the top of the 

centrifugation tubes and is removed by scraping 

with a spatula [9], the purification of the crude 

starch is performed by repeated washing and 

centrifugation because of the pericarp colour [8], 

the wet pure starch is either air dried, or oven-dried 
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at 40 °C as a maximum temperature to avoid 

annealing, the starch is then ground, sieved, and 

stored under dry conditions. A typical cereal starch 

sample should be bright white and contain less than 

0.7 % proteins which affect the starch-derived 

products [4, 8, 9]. In the conventional isolation 

processes, the chemical products and the extended 

operation time can lead to microbial growth and 

starch degradation, thus, developing an 

environmentally friend isolation process is 

important [10, 12], the Ultrasound-assisted isolation 

(UAI) is a new technology for isolation of plants 

bioactive substances, with advantage in simplicity, 

reproducibility, yield, reduced time, and eliminating 

of post-treatment water, the required equipments 

are inexpensive, robust, and provide purer products 

[10, 12-14], the effects of Ultrasounds depend on 

amplitude, temperature, time, suspension 

concentration, and botanical origin. The application 

of Ultrasound at a laboratory scale for plant 

material is widely published, while it is still very 

challenging to attempt isolation on an industrial 

scale [13-15]. Many starch isolation processes have 

been evaluated in our laboratory on important 

cereals such as sorghum and pearl millet [16-18], in 

the current work; and looking for a procedure that 

would provide the best yield and purity in a short 

time with reducing chemicals use; the Ultrasound-

assisted isolation process was investigated, we 

attempted to isolate starch from seven pearl millet 

landraces by both conventional and ultrasound 

application processes to evaluate the latter as an 

alternative. 

 

II. Materials and methods 

Pearl millet (Pennisetum glaucum (L.) R. Br) 

samples were introduced to the laboratory 

collection [19], they were originally collected from 

two areas in the Algerian Sahara; Tidikelt and 

Hoggar, Tidikelt is characterized by low annual 

rainfall and high temperature reaching a monthly 

mean of 45.2°C, temperatures in Hoggar vary from 

10 to 38°C and the annual rainfall there vary from 7 

to 160 mm. Experimental data were collected on 

seven pearl millet landraces after a cleaning and 

sampling operation, experiments were conducted on 

grains kept in the laboratory, then stored at 6°C for 

a week to allow uniformity of moisture distribution, 

before each test, the required quantities were 

allowed to warm up to room temperature. 

II.1. Pearl Millet grain quality and chemical 

composition 

Thousand grains weight (TGW) was determined 

according to [19], the grains color was determined 

using the Munsell Color System, the starchy 

endosperm percentage was determined according to 

[20] who reported that endosperm texture was 

defined as the proportion of corneous relative to 

starchy endosperm in the grain, the bulk density of 

grains was determined according to [21], standard 

AACC 44-19 and AACC 46-10 methods were used 

respectively to determine the moisture (H%) and 

the protein content (Prot%) in pearl millet flour 

[22], total starch (TS%) was determined according 

to [17,18,23,24]. All the experiments of this work 

have been repeated three times. 

 

II.2. Starch isolation methods 

II.2.1. The Wet Milling method (WMM)  

Pearl millet starch was isolated according to [2,7], 

grains were steeped in distilled water containing 

0.01% sodium azide (to inhibit microbial growth) 

during 24 hours at 4°C, the steeping solution was 

discarded and the grains were washed and wet-

milled, the slurry was sieved through 160 and 100 

µm opening screen sieves, and the material 

remaining on the sieves was subjected to repeated 

blending and sieving process, the final residues of 

the sieves were dried, weighed, and kept for starch 

content analysis. The recovered starch was 

separated from fiber and protein by centrifugation 

at 2000 rpm for 20 min; and the dark brownish 

layer formed on the top of the centrifugation tubes 

was separated by scraping with a spatula, then 

dried, weighed, and kept for protein content 

analysis. Starch purification was performed by 

repeated centrifugation and the cleaned starch 

obtained was air-dried for 18 hours then redispersed 

in water and wet sieved through 100 µm sieve, the 

sieved slurry was centrifuged at 2000 rpm for 20 

min, and the starch was air dried and stored in dry 

conditions. 

 

II.2.2. The Ultrasound-assisted isolation 

Pearl millet starch was isolated according to [25], a 

sufficient volume of distilled water was warmed up 

to 35°C before adding pearl millet flour, the slurry 

was stirred for 5 min before the onset of the 

sonication, amplitude was set at 75 % during 60 

min; the sample temperature was controlled at 40 

°C. After the ultrasound treatment, the same 

procedure as described above was followed for wet-

milling, sieving, centrifugation, and protein 

removal, the final sieving residues and the protein 

layer were dried, weighed, and kept for starch and 

protein contents analysis respectively, the obtained 

starch was dried at 45 °C for 48h, and stored in dry 

conditions. 

 

II.3. The isolated starch characterization 

 

II.3.1. Chemical composition 

The isolated starch chemical composition was 

determined using methods cited in subsection II.1. 

 

II.3.2. Water solubility index, swelling power, 

and water holding capacity 
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To study the nature of the associative bonding 

forces within granules, the swelling power (SP) and 

the solubility behaviour in an aqueous system 

(Water Solubility Index; WSI) have been 

determined according to [26] with slight 

modification, 0.1 g of starch (W0) and 6 mL of 

distilled water were mixed and incubated in a 

thermostatically controlled water bath for 30 min in 

the temperature range of 55 – 95 °C at 10°C 

intervals with occasional shaking. The suspension 

was rapidly cooled to room temperature and 

centrifuged for 30 min at 8000 xg, the supernatant 

was carefully separated and dried to constant 

weight at 130 °C (W1), and the swollen sediment 

adheringed to the wall of the centrifuge tube was 

weighed (Ws). WSI was determined from the 

amount of dried solids recovered by evaporating the 

supernatant, whereas SP is reported as the ratio of 

swelling starch granules sediment to dry starch. 

WSI and SP were calculated with equations (1) and 

(2). 

𝑊𝑆𝐼 = (𝑊1 𝑊0⁄ )𝑥100 (%)                              (1)                                                          

𝑆𝑃 = 𝑊𝑠 (𝑊0(100% − 𝑊𝑆𝐼))⁄  (𝑔 𝑔⁄ )              (2)                                                  

 

Water holding capacity (WHC) was realized 

according to [27], a suspension of 0.1 g starch in 10 

mL distilled water was kept for 1 h in a previously 

weighed centrifuge tube at ambient temperature 

then centrifuged at 10,000 rpm for 15 min, the 

supernatant was decanted and the tube was weighed 

after removal of the adhering drops of water, the 

weight of water (g) retained in the sample was 

reported as WHC and calculated with equation (3).  

𝑊𝐻𝐶(𝑔(𝐻2𝑂) 𝑔(𝑆𝑡𝑎𝑟𝑐ℎ)⁄ ) =

(𝑊𝑒𝑡 𝑠𝑡𝑎𝑟𝑐ℎ 𝑚𝑎𝑠𝑠 − 𝐷𝑟𝑦 𝑠𝑡𝑎𝑟𝑐ℎ 𝑚𝑎𝑠𝑠) 𝐷𝑟𝑦 𝑠𝑡𝑎𝑟𝑐ℎ 𝑚𝑎𝑠𝑠⁄

                                                                 (3) 

II.3.3. Starch iodine absorbance spectrum blue 

value and light transmittance 

Iodine absorption spectrum of starch was measured 

according to [28], 100 mg of starch were suspended 

in 1 mL of ethanol then 9 mL of NaOH (1 M) were 

added, the mixture was heated in a boiling water 

bath for 10 min with continuous shaking, then 

adjusted to pH 6.5 with HCl (1 M) and diluted to 

100 mL with distilled water, an aliquot of 5 mL of 

the solution was added to 1 mL of 0.2% iodine 

solution and made up to 100 mL with distilled 

water, the mixture was kept at room temperature for 

15 min then the wavelength of maximum 

absorbance λ(max) from 450 to 800 nm was 

measured. Blue value (BV) of iodine–starch 

complexes was calculated with the absorbance 

measured at 680 nm according to the equation (4) 

where C is the concentration of starch in the 

solution in 1mg/100mL. 

𝐵𝑉 = 4𝑥(𝐴𝑏𝑠680 𝐶⁄ )                                      (4)                                                                          

Light transmittance was measured according to 

[29], a 1% aqueous suspension of starch was heated 

in a water bath at 90 °C for 1 h with constant 

stirring, the suspension was cooled to 30 °C then 

stored for 5 days at 4 °C, light transmittance was 

determined every 24 h by measuring transmittance 

at 640 nm against a water blank. 

 

II.4. Statistical analysis  

The data analysis was performed and evaluated for 

significance with the SPSS software, V.17, the one 

way analysis of variance (ANOVA) was used to 

evaluate the difference between the two isolation 

methods, univariate analysis was used to obtain 

means, maximum and minimum values, standard 

deviations, ranges, and variances for each trait, 

correlations among traits and the chemical 

composition were analyzed using the multivariate 

analysis, and the hierarchical clustering was 

realized to classify the isolated starches into 

clusters. 

 
III. Results and discussion 

III.1. Pearl Millet grain quality and chemical 

composition 

According to Munsell colour system, grains colour 

varied from different shades of yellow to yellowish 

brown (Table 1), some grains didn’t show uniform 

colour which is reported to be controlled genetically 

and modified by environmental conditions during 

and after maturation [24]. Visual and microscopic 

examination of the endosperm texture showed 

variances in starchy fractions percentage from 33 to 

71 % (Table 1), six of the seven samples had 

starchy endosperm. The thousand grains weight 

(TGW) varied between 5.11 and 8.23 g, and the 

grains bulk density ranged from 814.55 to 840.03 

g/L (Table 1).  

 

Table 1. Phenotypic traits of Pearl Millet grains. 

Sample Year Locality Grains colour TGW 

(g) 

Bulk 

density 

(g/L) 

Starchy 

Endosperm 

Percentage 

Munsell 

notation 

Colour 
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(%) 

M1.07.Is 2007 Tidikelt 5Y 7/6 Yellow 7.3±0.0 840.0±2.1 71  

M2.07.Is 2007 Tidikelt 2.5Y 7/4 Pale Yellow 7.8±0.0 814.7±0.6 59  

M.07.Tam 2007 Hoggar 2.5Y 7/6 Yellow 5.1±0.1 831.5±1.3 33  

M.09.Djf 2009 Tidikelt 10YR 5/6 Yellowish Brown 7.4±0.2 830.4±5.3 46  

M.10.Djf 2010 Tidikelt 2.5Y 6/6 Olive Yellow 8.2±0.0 814.6±3.4 56  

M1.11.Fe 2011 Tidikelt  2.5Y 7/6 Yellow 8.1±0.0 829.0±3.7 61  

M.12.Amgl 2012 Hoggar 5Y 7/3 Pale Yellow 7.1±0.0 833.1±3.6 43  

Y: Yellow, YR: Yellow-Red. 

In this study, the pearl millet flour moisture content 

varied from 9.50 to 11.62 % (Table 2), it is higher 

than the results reported by Abdalla et al. [2] which 

didn’t exceed 5.89%, whereas Abdalla et al. [30] 

have found nearly similar results with 9.1 – 11.7 %. 

For the protein content analysis, results in the 

present work varied in the range of 14.54 – 16.88 

%, but Wankhede et al. [31] and Abdalla et al. [2] 

found lower results (7.8 - 9.6 %, and 12.25 – 13.09 

% respectively), the latter reported that higher ratio 

of germ to endosperm is responsible for the higher 

protein content of pearl millet flour. Total Starch in 

pearl millet flour in this work varied between 59.25 

and 69.40 %, similar results have been reported 

with ranges of 62.5 – 69.4 %, 67.5 – 68.7 %, 58.5 – 

70 %, 60– 65 %, and 50 –75% [30,32,33,34,35]. 

 

 

Table 2. Chemical composition of Pearl Millet grains. 

Sample Moisture content % Total Starch content % Protein content % 

M1.07.Is 11.32±0.04 63.73±1.06 15.63±0.07 

M2.07.Is 11.62±0.02 64.91±0.95 15.95±0.12 

M.07.Tam 09.50±0.25 65.16±0.81 16.88±1.63 

M.09.Djf 11.27±0.18 63.98±1.03 16.79±1.27 

M.10.Djf 09.70±0.25 69.40±1.05 14.54±0.29 

M1.11.Fe 10.39±0.25 68.55±1.15 14.90±0.56 

M.12.Amgl 11.43±0.34 59.25±0.73 14.86±0.95 

Means 10.74 64.99 15.65 

Maximum 11.62 69.40 16.88 

Minimum 9.50 59.25 14.54 

Range 2.12 10.15 2.34 

SD 0.87 3.35 0.94 

Variance 0.76 11.28 0.88 

CV% 8.10 5.15 6.00 

 

III.2. Starch isolation 

III.2.1. The isolated starch chemical 

composition, isolation yield Y%, and starch 

recovery R%. 

The isolated starch chemical composition for both 

isolation methods is given in table 3. 

 

 

Table 3. The isolated starch chemical composition. 

Sample Wet Milling Method Ultrasound-Assisted Isolation 

Humidity 

% 

Total 

Starch% 

Protein 

% 

Humidity 

% 

Total 

Starch% 

Protein 

% 

M1.07.Is 12.02 84.45 00.84 12.47 94.58 00.46 

M2.07.Is 11.85 84.00 00.81 12.45 93.32 00.66 

M.07.Tam 12.38 85.27 01.03 12.50 92.35 00.42 

M.09.Djf 11.93 89.02 01.14 12.55 91.31 00.89 

M.10.Djf 11.88 90.50 00.82 12.54 92.98 00.60 
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M1.11.Fe 11.74 89.77 00.75 12.49 93.21 00.55 

M.12.Amgl 11.97 91.75 00.80 12.48 92.52 00.46 

Means 11.96 87.82 00.88 12.49 92.89 00.57 

Maximum 12.38 91.75 01.14 12.55 94.58 00.89 

Minimum 11.74 84.00 00.75 12.45 91.31 00.42 

Range 0.64 7.75 00.39 0.10 3.27 00.47 

SD 0.20 3.17 00.14 0.03 1.00 00.16 

Variance 0.04 10.05 00.02 0.00 1.01 00.02 

CV% 1.67 3.60 15.90 0.24 1.07 28.07 

 

In the wet milling isolation, starch moisture varied 

from 11.74 to 12.38 %, these values are within the 

range of 10.8 – 14.1 given by Beleia et al., (1980)  

[34], starch protein content varied from 0.75 to 1.14 

% but higher result has been reported by Abdalla et 

al. [2] reaching 1.70 %, whereas Beleia et al. [36] 

found lower content 0.44 – 0.77 %, this may be due 

to the presence of highly hydrated pentosans and 

insoluble protein which entrap starch granules in 

the matrix, the exact quantity of protein remaining 

in the starch fraction depends on the biological 

source, extraction and purification conditions, and 

probably on the affinity of these proteins for the 

starch granule surface [8, 37], total starch content 

which is also called starch purity varied in this first 

method from 84.00 to 91.75 %. 

In the ultrasound-assisted isolation, starch moisture 

content was around 12.55 % , starch protein content 

varied from 0.42 to 0.89 %, thus, ultrasound 

treatment appears to disrupt the hydrophobic 

protein matrix surrounding starch granules and the 

amylose–lipid complex, this will free more starch 

granules and makes them available for added action 

of enzymes which is responsible for an increase in 

the starch recovery [38], total starch content varied 

in this second method from 91.31 to 94.58 %. 

Starch isolation recoveries (R%) and yields (Y%) 

(equations 5 and 6) for both of the wet milling 

isolation method, and the ultrasound-assisted 

isolation are given in table 4. 

 

𝑅% = 𝑌% 𝑇𝑜𝑡𝑎𝑙 𝑆𝑡𝑎𝑟𝑐ℎ⁄                                (5)                                                                               

𝑌% = (𝑆𝑡𝑎𝑟𝑐ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 𝐺𝑟𝑎𝑖𝑛𝑠 𝑤𝑒𝑖𝑔ℎ𝑡⁄ )𝑥100  (6)     

                                                           

 

Table 4. Starch isolation recoveries R%, yields Y%, and sieving and centrifugation residues analysis. 

Sample Y% R% Sieving 

residues % 

Centrifugation 

residues % 

Total Starch % in 

sieving residues 

Protein % in 

centrifugation 

residues 

Wet Milling Method 

M1.07.Is 33.82 44.82 43.70 06.74 47.76±0.47 26.29±0.47 

M2.07.Is 44.07 57.03 29.68 06.78 38.36±2.00 34.34±1.04 

M.07.Tam 43.86 57.40 33.19 08.44 51.99±0.61 27.87±0.90 

M.09.Djf 42.71 59.43 35.40 07.70 49.64±0.78 33.40±1.25 

M.10.Djf 42.19 55.02 35.97 07.62 49.74±1.91 32.73±0.40 

M1.11.Fe 38.21 50.04 30.31 07.70 48.14±1.31 33.86±0.46 

M.12.Amgl 35.16 45.45 44.97 05.26 51.86±0.78 33.49±0.48 

Means 40,00 52.74 36,17 7,17 48.21 31,71 

Maximum 44,07 59.43 44,97 8,44 51,99 34.34 

Minimum 33,82 44.82 29,68 5,26 38.36 26.29 

Range 10,25 14.61 15,29 3,18 13,63 8.05 

SD 4,25 5.96 6,05 1,02 4,64 3.23 

Variance 18,07 35.53 36,68 1,06 21.53 10.45 

CV% 10.62 11.30 16.72 14.22 9.62 10.19 

Ultrasound-Assisted Isolation 

M1.07.Is 43.39 64.39 29.13 12.25 43.55±0.88 23.94±1.52 
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M2.07.Is 52.65 75.70 23.37 15.42 36.59±1.03 23.45±2.50 

M.07.Tam 49.55 70.22 30.28 13.19 48.90±1.46 27.29±0.73 

M.09.Djf 50.38 71.91 25.66 13.46 42.39±1.30 30.36±0.42 

M.10.Djf 48.36 64.80 26.78 14.18 48.61±0.56 27.18±0.81 

M1.11.Fe 48.43 65.85 28.22 13.69 45.70±1.53 28.75±0.73 

M.12.Amgl 43.56 68.02 35.18 10.41 61.91±0.32 25.95±0.39 

Means 48,04 68.69 28,37 13,22 46.80 26.70 

Maximum 52,65 75.70 35,18 15,42 61.91 30.36 

Minimum 43,39 64.39 23,37 10,41 36.59 23.45 

Range 9,26 11.31 11,81 5,01 25.32 6.91 

SD 3,43 4.16 3,77 1,57 7.86 2.48 

Variance 11,82 17.33 14,24 2,48 61.91 6.15 

CV% 07.13 6.05 13.28 11.87 16.81 9.28 

 

For the wet milling isolation method, yields and 

recoveries vary from 33.82 to 44.07% and from 

44.82 to 59.43% respectively, while for the 

ultrasound assisted isolation, they vary from 43.39 

to 52.65 and from 64.39 to 75.70% respectively, 

these values are partially in conformity with the 

results reported by Jiang et al. [10]. L. Wang and 

Y-J. Wang [25] reported yields for ultrasound-

assisted isolation varying in the range of 62.3 – 

76.2 % for rice, and in the range of 63.8 – 64 % for 

corn (for treatment duration of 15 and 30 min), this 

method produced the highest starch yield and 

recovery. 

 

III.2.1. Seiving and centrifugation residues 

analysis. 

The results of the analysis of the final sieving 

residues and the centrifugation fraction (for starch 

and protein content respectively) are given in table 

4. The final sieving residues starch content was in 

the range of 36.59 – 61.91 %, thus this residue was 

considered as starchy, starch can be lost in its fiber 

fraction because of the presence of some starch in 

the pericarp, some peripheral endosperm cells are 

not opened during the wet milling process, and 

kafirin proteins are associated with starch granules 

and make Pearl Millet (and even Sorghum) more 

difficult to fractionate. The centrifugation fraction 

protein content was in the range of 23.45 – 34.34 

%, this made this fraction a valuable source of 

proteins which must be seriously considered. 

 

III.3. Starch characterization 

III.3.1. Swelling power SP, water solubility index 

WSI, and water holding capacity WHC. 

Results for swelling power, water solubility index, 

and water holding capacity are shown in figures 1, 

2 and 3, respectively. 
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Figure 1. Swelling power of the isolated starches (WMM: Wet Milling Method , UAI: Ultrasound-Assisted 

Isolation).. 

 
Figure 2. Water solubility index of the isolated starches (WMM: Wet Milling Method , UAI: Ultrasound-Assisted 

Isolation)..  
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Figure 3. Water holding capacity of the isolated starches (WMM: Wet Milling Method , UAI: Ultrasound-

Assisted Isolation). 

 

Starch swelling power increased when it was heated 

in excess water (Figure 1), this reflects the ability of 

interacting with water molecules, the slight 

differences between the isolated starches might be 

due to the effect of protein and lipid content [38], 

the granules swelling could be related to the two 

stage relaxation of hydrogen bonding forces within 

the starch granules between the crystalline structure 

and the groups of amylose and amylopectin [7], 

Bangoura et al. [6] and Bhupender et al. [7] 

reported starch swelling power values that are 

within the range found in the present study. Starch 

water solubility index showed the highest values at 

85 and 95°C (Figure 2), it is an indicator of the 

degree of molecule in starch granules dispersion 

after cooking [39], it could imply to the amount of 

amylose leaching out from the starch granule after 

the swelling, therefore the solubility increases the 

amylose leaching [7]. Starch water holding capacity 

is an important functionnal attribute of all flours 

andstarches used in food preparations [40], it varied 

in the ranges of 2.73 – 3.44, and of 2.21 – 3.33 

g(H2O)/g(starch) in the wet milling method and the 

ultrasound-assisted isolation respectively (Figure 

3), this variation could be due to the difference in 

the engagement degree of hydroxyl groups to form 

hydrogen and covalent bonds between starch chains 

[27]. 

III.3.2. Starch iodine absorbance spectrum, blue 

value and light transmittance. 

The blue value and the wavelength of maximum 

absorbance (λmax) are given in table 5, ranges were 

nearly similar in both of wet milling method and 

ultrasound-assisted isolation, the wavelength of 

maximum absorbance was reported to relate to 

degree of polymerization and average chain length 

of amylose and amylopectin [28]. 

 

 

Table 5. Blue value and wavelength of maximum absorbance (λmax). 

Sample Wet Milling Method Ultrasound-Assisted Isolation 

Blue Value λmax (nm) Blue Value λmax (nm) 

M1.07.Is 0.288 590 0.316 590 

M2.07.Is 0.286 595 0.289 595 

M.07.Tam 0.264 590 0.293 585 

M.09.Djf 0.272 585 0.309 585 

M.10.Djf 0.282 585 0.344 585 

M1.11.Fe 0.302 590 0.330 585 

M.12.Amgl 0.301 590-595-600 0.309 590-595 

 

Light transmittance decreased with increase in 

storage duration (Table 6), the decrease rate was 

nearly similar for all the starches from both 

isolation methods, the difference may be due to the 

variation in amount of swollen granule remaining in 

the starches that refract light to different extent 

[29], light transmittance results reported by 

Bhupender et al. [7] which vary between 2.6 and 

1.10 are within the range found in the present study 

2.80 – 0.99. 
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Table 6. Starch light transmittance. 

Sample Wet Milling Method Ultrasound-Assisted Isolation 

0h 24h 48h 72h 96h 120h 0h 24h 48h 72h 96h 120h 

M1.07.Is 2.46 2.18 1.94 1.67 1.27 1.18 2.19 1.94 1.56 1.47 1.32 1.25 

M2.07.Is 3.01 2.59 1.67 1.58 1.04 0.96 2.11 2.05 1.72 1.50 1.31 1.22 

M.07.Tam 2.17 1.91 1.85 1.65 1.60 1.28 1.93 1.89 1.45 1.30 1.10 1.03 

M.09.Djf 2.53 2.44 1.81 1.71 1.40 1.33 2.40 1.85 1.70 1.54 1.27 1.19 

M.10.Djf 2.69 2.63 2.02 1.75 1.70 1.25 2.23 2.22 1.47 1.42 1.10 0.99 

M1.11.Fe 2.56 2.08 1.75 1.71 1.31 1.28 2.78 2.41 1.57 1.56 1.18 1.10 

M.12.Amgl 2.80 2.30 1.78 1.73 1.41 1.31 2.32 2.27 2.07 1.81 1.88 1.54 

 

III.4. Statistical analysis 

The one way analysis of variance (ANOVA) didn’t 

show any significant difference between the two 

isolation methods, univariate analysis results are 

given in tables 2, 3, and 4, the correlations matrix 

(Table 7) reported that isolation recovery, moisture 

and total starch content showed a significant 

correlation among themselves (0.558< r <0.790), 

but only total starch showed a significant negative 

correlation with the protein content (r = -0.653). 

 

 

Table 7. Correlations matrix. 

 Recovery Moisture TotalStarch Protein SP WSI WHC BlueValue LamdaMax LightTransmit 

Recovery 1.000          
Moisture ,790** 1.000         
TotalStarch ,577* ,558* 1.000        
Protein   -,653* 1.000       
SP     1.000      
WSI      1.000     
WHC       1.000    
BlueValue   ,640* -

,647* 

   1.000   

LamdaMax      -

,596* 

  1.000  

LightTransmit -,568* -,588*     ,623*   1.000 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

In the hierarchical clustering analysis (Figure 4), 

the obtained dendrogram allowed classifying the 

isolated starches into two distinct clusters at the 10 

distance scale, the totality of starches from each 

isolation method accumulated in a distinct cluster, 

this is in accordance with the ANOVA results. 
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Figure 4. Hierarchical clustering analysis dendrogram (W:Wet Milling Method, US: Ultrasound-Assisted 

Isolation) 

 

IV. Conclusion 

The highest yield of the pearl millet grains starch 

isolation was obtained with the ultrasound-assisted 

isolation, the residual protein content in the wet 

milling method was higher, and this is an obvious 

indication that the ultrasound-assisted isolation 

starches were purer, on the basis of these results, it 

could be considered that: 

- Large variation for grains phenotypic traits 

was observed in Algerian pearl millet 

landraces, probably due to environmental 

conditions. 

- Pearl millet grains gave acceptable starch 

isolation yields, which could be useful 

especially in this country, where pearl millet 

could resurge as an important cereal crop. 

- The protein layer removed during starch 

isolation could be easily recovered as value-

added product such as pearl millet protein 

concentrates because no chemical were used. 

- The ultrasound-assisted isolation eliminated 

the steeping and the chemicals use, therefore 

the cleaning steps were simplified and the 

waste water was significantly reduced. 

- The isolation method affects the pearl millet 

starch properties. 

 

The ultrasound-assisted isolation is an effective, 

fast and easy method to isolate starch from pearl 

millet, and it seems to better preserve the isolate 

properties, the use of ultrasound creates new and 

interesting methodologies which are often 

complementary to conventional techniques, 

reducing processing time and improving efficiency. 

These studies are expected to be useful in the 

production of starch from highly nutritious, low 

cost and underutilized pearl millet grains. 
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