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VACUUM PRESSURE INFLUENCE ON WATER 

UPTAKE AND QUALITY OF RICE GRAIN  

DURING SOAKING 
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ABSTRACT 

The soaking time can be reduced by minimizing the effect of air which is 

trapped in the caryopsis and between it and the husk. This air resists 

water movement into the kernel. This paper explores the use of a vacuum 

and then breaking the vacuum when the paddy rice is soaked to reduce 

volume of the air, for paddy rice (Giza 181). This would reduce the 

soaking time in cold water and leads to improvement in the quality of 

parboiled rice. The simple technique is used to be suitable for poor 

villages in Africa and Asia where there is no electricity and used rice 

boiled in their own homes. By using the a pump in four levels of absolute 

vacuum deareation  as 400, 600, 800 and 1000 mbar at 30C the 

moisture content of paddy rice was determined before soaking and after 

different times 1, 2, 4, 6 and 12 hours from the beginning of soaking. The 

results showed that the samples moisture absorption affected by the 

levels of vacuum, and the sample evacuated at 400 mbar absorbed a few 

amount of water more than the sample at 1000 mbar. The increasing in 

moisture gain due to vacuum levels was evaluated. Becker's diffusion 

equation was used to predict some soaking behavior of paddy; the 

moisture gain in the grain was noted experimentally and plotted against 

the square root of the absorption time under different vacuum conditions. 

Quality tests show that the process of vacuum deareation before soaking 

improved the parboiled rice quality substantially, breakage varied from 

12 to 14 % for raw paddy while for parboiled paddy it varied from 1.6 to 

2.1%. Also white bellies decreased from 8.5% to 5.4%, and hardness was 

increased from 7.8 kg to 9.3 kg when vacuum levels changes from 1000 

mbar to 400 mbar. 

Keywords: parboiled rice, vacuum pressure, water uptake, soaking  

 

 
1
Res., Rice Technology Training Center, field crops research institute, A. R. C. Alex. Egypt 

Misr J. Ag. Eng., 28(1): 112 - 128 



PROCESS ENGINEERING  

Misr J. Ag. Eng., January 2011 - 113 - 

INTRODUCTION 

ice parboiling is an important process in the rice industry.  

Parboiling of paddy is a hydro-thermal process/treatment that 

may be defined as the gelatinization of starch within the rice 

grain. It changes the starch from crystalline form to an amorphous one 

and as a result of this transformation, the orderly polyhedral structure of 

the compound of starch granules changes into a coherent mass acquiring 

a greater strength to resist milling forces and thereby less breakage and 

lesser loss of nutrition (Sridhar & Manohar, 2003). It consists of three 

different operations namely: soaking in water, steaming to complete 

gelatinization of the starch and drying. The soaking process is essential 

since water is necessary for an adequate gelatinization (Bandyopadhyay 

& Roy, 1978). Theoretically, soaking of paddy can be done at, or below, 

its gelatinization temperature. The lower the temperature used, the slower 

is the process of soaking and vice versa. However, the temperature may 

not be more than 75C, or the paddy will get cooked. The higher 

temperature of steam and the longer the steaming time, changed the 

harder of rice and darker its color. Keeping steamed paddy in a heap is 

equivalent to prolonged steaming and induces the same effect. Shade or 

lower temperature drying gives an excellent milling quality but takes 

longer time. 

The grain ultimately absorbs water up to about 35% which is considered 

the required level for an efficient gelatinization. A minimum of 0.40–

0.45 kg/kg, dry basis, moisture content (depending on rice variety) is 

usually required to attain complete gelatinization inside the grain and  

penetration of water into the rice kernel is important as this process 

results in less breakage during milling, thus increasing yield and milling 

efficiency (Bhattacharya, 1985). 

The application of vacuum or pressure has been found to improve the 

rate of hydration of grains. Weinecke et al. (1963) reported increased 

hydration rate of maize less than 1.25 to 6.25 kPa vacuums than at 

atmospheric pressure. Reduction of this process time and energy 

requirements needs an understanding of soaking characteristics of paddy. 

In an effort to reduce these difficulties Iengar et al. (1972, 1974a, 1974b) 

soaked paddy in cold water for about 48 h, drained off the water and 

R 
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followed this by open steaming for 5min. Although this process reduced 

the hydration time, the resultant rice was difficult to cook and had a very 

hard texture. Velupillai and Verma (1982) found that the pressure 

hydration of rice prior to parboiling significantly reduced the soaking 

time. Luh and Mickus (1980) reported that the pressure hydration 

reduced total operating cost due to increased production rate, however, 

soaking temperatures below that of starch gelatinization are 

recommended to minimize splitting of the kernels and the subsequent 

leaching of solids. Kulkarni and Bal (1982) studied the effects of soaking 

paddy under vacuum. They found an increased moisture absorption and 

gelatinization of starch for paddy subjected to vacuum than for direct 

soaking at higher (70 and 80C) temperatures, for a soaking period 

ranged from 15min to 6h 

Soaking is a slow process controlled by the diffusion of water in the grain 

Engles et al (1986). Thus soaking at room temperature may provoke 

microbial contamination which affects color, taste and smell of the 

product. Warm-water soaking is a common method to shorten the 

soaking time, because increasing temperature increases hydration rate. 

Some alternative methods were proposed to reduce the soaking time. 

Bakshi and Singh (1980) found that soaking of dehulled rice can be 

completed in one-half of the time required for soaking of raw rice. More 

recently, Kar et al (1999) proposed a parboiled method starting from 

dehulled rice instead of raw rice. The soaking time can be reduced by 

minimizing the effect of air which is trapped between caryopsis and 

husk. This air which is resisted water movement into the kernel. The 

volume of the air can be reduced by applying a vacuum and then 

breaking the vacuum when the paddy rice is submerged. The soaking 

time can be reduced by employing slightly elevated temperatures, since 

higher rates of water uptake are associated with higher temperatures 

(Hsu, 1983; Hsu et al 1983; Suzuki et al 1977). The overall rates of water 

uptake and the equilibrium moisture content increased with pressure and 

temperature. The effective diffusion coefficient, on the other hand, did 

not follow the same trend (Ahromrit et al, 2004). The application of high 

pressures during soaking has been found to enhance water uptake by corn 

grains (Muthukumarappan & Gunasekaran, 1992). In addition to 
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shortening the over- all process times, the application of high pressures 

combined with elevated temperatures has other advantages. For example, 

the generation of favorable starch gelatinization properties is a potential 

benefit of high pressure processing (Muhr & Blanshard, 1982) Processing 

condition such as mode and degree of soaking of paddy influences water 

uptake capacity of the rice grain. In continuation of a previous work 

(Igbeka et al.  2008), Dauda &Igbeka, 2009, studies investigates the 

effect of steam pressure, specific volume of steam and rice variety on the 

water absorption behavior on milled parboiled rice. 

OBJECTIVIS 

Introduce a simple technique of paddy soaking under vacuum pressure 

using a hand pump to poor villages in Africa and Asia where there is no 

electricity and used rice boiled in their own homes. This technique may 

reduce the soaking time in cold water and leads to improvement in the 

quality of parboiled rice 

 

MATERIALS AND METHODS 

Raw Materials: The present study was carried out during 2009 rice 

growing season. A sample of the rice variety Giza181 grown under the 

normal conditions at the farm of Rice Research & Training Center, 

Sakha, Kafr El-Sheikh, was taken at the laboratories of Rice Technology 

Training Center, Alex., Egypt, cleaned, graded, divided into samples, 

packed and stored until used at 5C in controlled environment room until 

experiments. 

Cleaning: Paddy rice was first mechanically cleaned to remove foreign 

materials such as straw, soil particles, mud balls and weed seeds 

according to the different shapes, sizes and specific weight. Such 

cleaning may be done by using a precleaning electric apparatus, Cater-

Day Dockage tester (Model TRG). The apparatus consists of four 

oscillating and replicable sieves. After precleaning the paddy rice was 

sorted according to thickness, immature grains of less than 1.6 mm were 

separated out, while thicker grains were discharged through the outlet to 

the receptacle. To ensure high degree of cleanliness, recycling in the 

apparatus was done. Mechanical cleaning may be completed by hand. 
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Physical and mechanical properties of paddy 

Moisture content determination: moisture content of the paddy rice 

samples were evaluated using Natural Convection Oven Technique 

model WS-3 at 130 C for 16 hours. 

Seed index (1000 - grains weight) in grams: One thousand of paddy 

grains were weighted by using Rice Grain Counter, model K131 made of 

aluminum for 500 grains. Ten Random samples, each of 1000 grains 

were draw from the total number of filled paddy grains.  

Grain dimensions:  The grain shape tester model MK-100 with 

measuring range zero to 20 mm with an accuracy of 0.01mm is used. An 

average of 100 random paddy rice for every samples taken and measured 

the grain length, thickness and width and then recorded. 

Grain shape: Grain size and shape are among the first criteria of rice 

quality that breeders consider in developing new varieties. The grain 

shape is the ratio of length/width. It gives indicator about the type of 

variety and filling grains. Of course it helps to select the sieves and adjust 

the clearance between the rubber rollers.  

Hardness: Hardness of the grain has close relationship with the quality. 

A hardness tester model KY – 140 was used to measure the breaking 

force of the grains. The maximum force of 20 Kg can be applied by the 

plunger of 5 mm diameter.  

Milling process 

Husking: The first step in the actual milling operation of rice is removal 

of hulls to obtain brown rice. Therefore, a Satake laboratory rubber rolls 

Sheller model (THU-35A) with a capacity of 40 kg/ hr. was used from 

the outside we can confirm the husking condition. Brown rice, husks and 

immature paddy are separated by an aspirator automatically. The Sheller 

consists of two rubber rolls, each of 100 mm diameter and 35 mm wide. 

The rolls are driven mechanically by motor 400W, and rotate in opposite 

inward directions. 

Milling: A Satake Testing Mill model (TM-05), with an input capacity of 

200 grams of brown rice in one time, was used. This whitening machine 

consists of abrasive roll ≠36 and rotates at a speed of 450 rpm. The bran 

layer is removed from the brown rice as a result of the friction between 

rice kernels and both cylinders. 
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Measuring of water uptake:  

The techniques of measuring water absorption of grains were interesting 

of several researchers. In order to evaluate soaked grain moisture content, 

excess water has to be removed from the grain surfaces. Beeker (1960) 

developed a method to remove the excess surface water of wheat kernels 

after soaking by using blotting papers, also Bandyopadhyay and Roy 

(1976) reported the technique similar to Beekers' technique with paddy 

grains. For these techniques, it is possible that significant losses of 

moisture occur during surface drying according to  the hand speed and 

pressure which is different from one to another. A centrifugal technique 

of Soliman and Yehia (1994) was followed to remove the excess surface 

water. The soaked samples of amount 25 grams were packed in a muslin 

bag and it was put inside the bowl of centrifuge with the diameter of 20 

cm and rotates at 1450 rpm for 30 seconds. Three replicates for each 

sample were done in one run. 

Soaking apparatus; Cecil's technique were used for experimental tests. 

The system consists of a hand pump, a vacuum receiver attached by 

manometer, polyethylene bags of small sizes connected with plastic pipe 

and plastic strips and clips for the fastening of the bags. The additional 

supplies were purchased in order to establish the system for tests. 

Water Uptake Theory 

Moisture diffusion in grains takes place because of the moisture gradient 

between the surface and the centre (Becker, 1960). Absorption of water 

into the rice kernel can be regarded as a process of diffusion during 

which a proportion of the absorbed water becomes immobilized during 

gelatinization as diffusion proceeds (Bandopadhyay & Ghose, 1965). For 

the purpose of modeling and to understand a mass transfer process like 

hydration of paddy, knowledge of the value of diffusivity is required. A 

number of researchers formulated a mathematical model of non-

stationary state diffusion in solids of arbitrary shape from Fick’s law of 

diffusion and utilized this to correlate the weight increase of wheat 

kernels during immersion in water (Becker, 1959, 1960; Floros & 

Chinnan, 1989). They took the first term of the series equation and 

accounted for the arbitrary shape of the wheat kernel by defining a shape 

factor.  
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The diffusion model of Becker (1960) 

 (m - 0m ) = km t + mi                                            (1) 

where 

 km = (2/
0.5 

) ( ms - 0m ) ( s / v ) D 5.0

m                         (2) 

and where: 0m is the initial, uniform moisture content in dry basis. 

           m is the average moisture content for a given 

absorption time, in dry basis. 

                 ms is the moisture content of the bounding surface, in 

dry basis. 

s is the exposed surface area of solid (paddy grain) in 

cm
2
. 

v is the volume of solid (kernel)in cm
3
 . 

D m is the diffusion coefficient in cm
2
/sec. 

t is the absorption time, sec. 

mi is the constant of absorption equation. 

km  is the constant. 

Biswas and Ghose (1973) modified Equation (2) attributing Arrhenius-

type relationship for the diffusional process, which is given by 

Dm = Do exp (-/ (RT))                                                  (3) 

 where: Do is the diffusion constant in cm
2
/sec ;  

  is the activation energy in cal /mol ; 

 R is the universal gas constant, 1.9889 cal / mol .K
o
;  

 T is the absolute temperature in K
o
. 

Combining Equations (2) and (3), 

km = (2/
0.5 

) ( ms –mo) ( s / v )[ Do exp (-/ (RT))] 5.0    (4) 

or 

   km = C  [exp (-/ (RT))] 5.0                                             (5) 

where C = (2/
0.5 

) ( ms –mo) ( s / v )Do
0.5 

, and  is a  new 

constant,  

By taking the logarithm on both sides of Equation (5), 

Log km = log C – (0.4343/2) (-  /R) (1 / T)                    (6) 

 

, R and C being constants for a particular variety of paddy, a plot of log 

km versus 1/T would give a straight line. The slope of this line is - 

(0.4343/2) (/ R) from which the value of activation energy,  for the 
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process could be evaluated and the value of C is obtained from the 

intercept. Knowing the values of C and, the value of Km is determined 

for soaking. 

In Equation (4), ms and mo are constants for a particular type of grain and 

the volume to surface area ratio may be taken as constant irrespective of 

moisture content (Becker, 1960). Becker proved the validity of the 

Equation (1) with soaking data of a particular variety of wheat, by 

determining diffusion coefficients in wheat kernels and found that 

absorption of liquid water by the wheat kernel proceeds by a 

heterogeneous mechanism. Studies conducted by Becker (1959, 1960); 

Bandopadhyay and Ghose (1965); Biswas and Ghose (1973) and 

Bandopadhyay and Roy (1980) showed that Equation (1) can be used for 

the prediction of moisture content as a function of time and temperature 

of soaking with the following assumptions: (1) during soaking grain is 

considered to be isothermal (heat transfer equations are neglected); (2) 

swelling is negligible during soaking; and (3) only radial diffusion is 

considered. 

The spherisity of grains (f) was computed according to Mohsenin (1984) 

as follows: 

                f = (LWH)
 1/3

 /L                           (7) 

where: L is the length of the grain in mm; W is the width of the 

grain in mm; and H is the thickness, in mm. 

The surface area to volume ratio was calculated by dividing the 

equivalent volume of sphere by surface area of the grain (Chung & Fan, 

1961), given as 

                s / v = 4.836 / v 
1/3

 . f                       (8) 

 

EXPERIMENTAL PROCEDURE 

 

Experimental design was performed in order to fit the requirements of the 

objectives concerning the evacuation and their effects on the soaking 

time and the quality of parboiled paddy rice. 

Samples of three kilograms of paddy rice were dearated using the hand 

pump in four levels of absolute vacuum deareation  as 400, 600, 800 and 

1000 mbar at 30C. the moisture content of paddy rice was determined 
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before soaking and after different times 1, 2, 4, 6 and 12 hours from the 

beginning of soaking. 

Soaked paddy rice were boiled at 95C for 15 minutes without pressure 

and then dried using unheated air. The quality tests were conducted 

including white bellies%, broken%, and hardness. The treatments were 

conducted in three replicates. 

 

RESULTS AND DISCUSSIONS 

 

Physical characteristics of Giza 181 paddy rice variety 

The average values of each of physical characteristics parameters were: 

initial moisture content of the samples 14.911% (d.b.); the length, width 

and thickness of paddy 8.76, 2.73 and 1.97 mm, respectively; length to 

width ratio 3.17; volume of one kernels 19.5 mm
3
; particle and bulk 

density 1214.7819 and 554.9359 kg/m
3
 respectively; grain index 28.1 

grams/1000 kernels; hardness 5.6 kg and the spherisity 0.41. 

Moisture absorption 

The absorption of moisture content with time at the four different 

absolute vacuum levels 1000, 800, 600 and 400 mbar were shown in 

table (1) and figure (1) respectively. 

Earlier researchers (Priestley, 1976, Bandopadhyay & Roy, 1980 and 

Yehia, 1989) have concluded that hydration of paddy is completed when 

it attains a moisture content between 40 and 42% (d.b.) and when no 

white or opaque spot is observed in the central zone of pericarp or 

endosperm and translucence of the grain is uniform throughout. 

 

Table (1): Moisture gain versus vacuum levels and absorption time 

 Moisture Content, (% d.b.) Moisture Gain, Decimal (d.b.) 
Time, 

hours 

400 

mbar 

600  

mbar 

800 

mbar 

11000 

mbar 

400  

mbar 

600  

mbar 

800 

mbar 

1000 

mbar 

0 14.911 14.911 14.911 14.911 0 0 0 0 

1 29.146 28.261 27.961 26.958 0.14235 0.1335 0.1305 0.12047 

2 33.198 32.243 31.711 30.387 0.18287 0.1733 0.1680 0.15476 

4 37.429 36.298 35.613 34.025 0.22518 0.2138 0.2070 0.19114 

6 39.787 38.375 37.584 35.816 0.24876 0.2346 0.2267 0.20905 

12 44.562 42.751 41.632 39.657 0.29651 0.2784 0.2672 0.24746 
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Diffusion coefficients  

The moisture gain in the grain was noted experimentally and plotted 

against the square root of the absorption time under different vacuum 

conditions based on equation (1). Typical plots of data are shown in 

figure (2). 

 
Figure (1): Effect of different vacuum levels on moisture absorption 

 of paddy rice as a function of soaking time per hour. 

 

The linearity of the plot figure (2) proves that the hydration is 

proportional to square root of the hydration period of paddy grains. The 

slopes of lines give values for km at different levels of vacuum where at 

400 mbar were found to be 0.001389, at 600 mbar 0.001306, at 800 mbar 

0.001252 and at 1000 mbar 0.001159. The intercepts give values for mi 

(initial moisture gain) which has been interpreted by Bandyopadhyay and 

Roy (1975 &1976), as very rapid absorption of water into the void space 

between husk and the pericarp and into the pores of the pericarp by 

capillary motion. The values of mi were calculated and presented as 

0.039187, 0.037366, 0.036225 and 0.034094 at different absolute 

vacuum pressure from 400 to 1000 mbar respectively. 
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Figure (2): Moisture Gain as a function of the square root of soaking 

time at different vacuum levels. 

 
Figure (3): Values of km and mi as a function of absolute 

vacuum pressure. 

The values of km and mi as a function of absolute vacuum pressure were 

represented in figure (3). Prediction equations were established to 

correlate the values of km and mi as a function of absolute vacuum 

pressure (VL) using linear regression analysis as follows: 
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Km = -4E-07VL + 0.0015          R² = 0.991               (9) 

mi = -8E-06VL + 0.0425            R² = 0.988                (10) 

According to Yehia (1989) the surface to volume ratio (s/v) of paddy 

grain Giza 181 was found to be 4.615 1/mm, radius (a) was 1.671 mm 

and volume of the grain 19.4741 m
3
.
 
The plot of log Km against the 

reciprocal of the different absolute temperature can be calculated but in 

this experiment we used only one level of temperature. The values of 

activation energies and constant C [can be calculated from the slopes and 

intercepts, from equation (6) respectively, of Arrhenius lines for the 

prediction of moisture content as a function of time and temperature of 

soaking at a known pressure.  

Milling performance 

Within the experimental range of evacuated and moisture absorption 

studied, the data on extent of quality tests clarify show that the process of 

vacuum deareation before soaking improved the parboiled rice quality, 

breakage varied from 12 to 14 % for raw paddy while for parboiled 

paddy it varied from 1.6 to 2.1% showing that defective milling quality 

in raw paddy can be corrected by parboiling. Also white bellies 

decreased from 8.5% to 5.4%, and hardness was increased from 7.8 kg to 

9.3 kg when vacuum levels changes from 1000 mbar to 400 mbar. 

 

 The quality of parboiled rice evacuated at different 

vacuums levels 

Test 400 mbar 600 mbar 800 mbar 1000 mbar 

White bellies% 5.4 5.8 6.3 8.5 

Broken % 1.6 1.7 1.8 2.1 

Hardness, kg 9.3 9.1 8.9 7.8 

The decrease in head rice yield due to vacuum deareation before soaking 

may be attributed to kernel defects such as cracks, white bellies 

percentage and the hardness. This observation was in conformity with the 

earlier workers (Craufurd, 1962; Hogan, 1967) on breakage of rice 

during milling. 
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CONCLUSION 

The moisture absorption by paddy rice affected by each of vacuum 

treatments and soaking water temperature, for that normal hot water 

soaking at 30C is not sufficient for complete parboiling in suitable time, 

may be more than 60C can be used. The  high  levels of vacuum which 

can be achieved by the hand pump 400 mbar (absolute pressure) was 

very difficult ,so we suggest to design a manual vacuum pump working 

by paddle.  It has been successfully reached the end of the soaking stage 

in a short time where it needs to about 36 hours. The physical and 

mechanical grain rice has improved significantly and gave good 

indicators of the percentage of whole grain and all milling quality. The 

results have show that the application of vacuum pressure can be utilized 

in the poor villages in Africa and Asia where no electricity available. 
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 الملخص العرتي

 على امتصاص الماء احناء مرحلح النقع  تأحير ضغط التفريغ

 وجىدج حثىب الأرز المغلي 

د. محمذ السيذ عمر يحيى
1 

ٔانذيٍ يعخًذٌٔ ـي  يٓذؾ انبحث اني حقذيى حقُيت بسيطت ٔيُاسبت نهقزٖ انفقيزة ـي أـزيقيا ٔآسيا

حيث لا )ى باسخخذاو يضخت حفزيػ يذٔيت ـي يُاسنٓ تؼذائٓى انيٕيي عهي الأرس انًؽهي ٔيُخجَٕ

 عهي انبارد. نلأرس انشعيز خقهيم سيٍ انُقع ن (حٕجذ كٓزباء

 عُذ (181نهصُؿ  )جيشة  حى اجزاء حجارب انُقع نعيُاث ـي حذٔد ثلاثت كيهٕجزاو نكم عيُت

لأسيُت َقع ييهي بار 1444،  844،  644، 444أربعت يسخٕياث يٍ ضؽظ انخفزيػ انًطهق 

،  4، 2، 1نهعيُاث عُذ أٔقاث سيُيت  نلأرس انخاو ٔكذا قياص انًحخٕٖ انزطٕبٗٔنقذ حى  ت.يخخهف

أظٓزث انُخائج أٌ ايخصاص انزطٕبت نهعيُاث حخأثز  4ساعت يٍ بذايت عًهيت انُقع 12، 6

 يخصاصيهٗ بار حى ا 444بًسخٕياث ضؽظ انخفزيػ  حيث ٔجذ اٌ باسخخذاو ضؽظ انخفزيػ 

سو لاحًاو لايهٗ بار  ٔبانخانٗ قم انٕقج ان 1444يٍ اسخخذاو ضؽظ انخفزيػ  كًيت يٍ انًاء أكبز

 .يهٗ بار ْٔكذا 1444اسخخاو ب يقارَتيهٗ بار  444عًهيت انُقع  عُذ اسخخذاو 

حى اسخخذاو يعادنت بيكز لإَخشار انكخهت نهخُبؤ بسهٕك انخشزب نلأرس  أثُاء يزحهت انُقع ححج 

 ظزٔؾ انخجزبت، 

 

1
 مركس الثحىث السراعيح -معهذ تحىث المحاصيل الحقليح -تذرية تكنىلىجيا الأرز تالإسكنذريح مركستاحج  
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رصذ انعلاقت بيٍ انجذر انخزبيعٗ نشيٍ انُقع ٔانًحخٕٖ انزطٕبٗ انًخحصم عهيّ عُذ ْذِ  ٔ

 4الأسيُت ٔ انًسخٕياث انًخخهفت يٍ ضؽظ انخفزيػ انذٖ حى انخٕصم انيّ

حقهيم انٕقج انلاسو نًزحهت انُقع  نحبٕب الأرس  آدث انيهعيُاث قبم انُقع عًهيت انخفزيػ انٕٓائي نـ

 انٕٓاء يقأو حزكت انًياِ نهذخٕل ـي انحبت.حيث اٌ ْذا انشعيز 

انفزاغ ٔبانخانٗ حقهيم  ْذا ٔنقذ أٔضحج انُخائج اٌ اسخخذاو ضؽظ انخفزيػ عًم عهي حقهيم َسبت 

سزعت انخشزب ٔ حقهيم  يؤدٖ انٗ يًاجيت )انسزص( حجى انٕٓاء بيٍ حبت الأرس ٔانقشزة انخار

 او انًياِ انباردة.ذسيٍ يزحهت انُقع باسخخ

أٌ عًهيتاسخخذاو ضؽظ انخفزيػ قبم يزحهت انُقع حسٍ يٍ جٕدة أٔضحج خخباراث انجٕدة أ

الأرس انخاو ـي حيٍ آَا  ـي٪  14حخي  12الأرس انًؽهٗ، حيث حزأحج َسبت  انكسز يٍ  

٪.  كًا اَخفضج َسبت  2.1حخي  1.6ححج ظزٔؾ ضؽظ انخفزيػ حزأحج يٍ   نلأرس انًؽهٗ

كيهٕجزاو  8.8٪ ، ٔسادث يٍ صلابت انحبٕب يٍ   5.4٪ انٗ  8.5انبقع انؽيز حايت انجهخُت يٍ 

 ييهي بار.  444ييهي بار إنٗ  1444كيهٕجزاو عُذ يسخٕياث  ضؽظ انخفزيػ يٍ   3.3إنٗ 


