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ABSTRACT

This study was carried out to evaluate the effect of different gamma radiation doses to 

decontamination of micro-organisms present in Guar gum powder. As well as to study 

the effect  of radiation on the chemical and physical properties of the carbohydrate 

components  of the gum’s material.  Two types  of samples  were used in this  study 

(powder and liquid).  All samples were collected from commercially available guar 

gum (GG), which were obtained from the company (Sudanese guar gum.ltd).

Samples putted in polyethylene tightly closed container, then irradiated by applying 

different doses (2.5, 5, 7.5, 10, 20.30, 40, and 50 kGy) from Co-60 source at room 

temperature in air. And take Zero kGy as control. Irradiated powder samples of(2.5, 5, 

7.5, 10, )kGy were investigated for contamination by using growth media agar and the 

result showed that 2.5 kGy is appropriate dose to remove the contamination of the 

samples.  And  then  analyzed  using  Fourier  transform  infrared  (FTIR),  X-ray 

fluorescence (XRF) and Spectroscopy. The FTIR spectroscopy results suggested that 

there were no major chemical functional group transformations during irradiation. No 

change occurs by using low dose as 2.5 kGy.   Also evaluation impact of radiation on 

liquid Samples (Aqueous solutions prepared in tow concentration of 1% and.5%w\v) 

that  is  by  exposing the  samples  to  the  same doses  of  gamma  rays)  the  effect  of 

irradiation on it were investigated by using ultra violet Spectroscopy (UV-Vis), results 

showed that low dose has steeply effect in solutions specially in low concentration, it 

was  more  pronoun  than  that  in  high  concentration,  high  doses  has  made  change 

similar to that it made in powder.  Also for  both concentrations of liquid   samples 

and for solutions made of irradiated powder pH  measured  and viscosity which used 

in investigations of molecular weight of Liquid and powder . comparing the results of 

impact in the form of powder with the results of the effects in the solutions found that 

the effects of gamma radiation on samples of guar is random and the effect is varies 

from sample to another depending on the state of the sample, the dose of the radiation 

and the effect on powder is not steeply   .The impact on the molecule is not as severe 

there  is  a  big  difference  between  the  impact  of  the  dose  itself  in  the  powder  or 

solution. Found that 2.5 kGy is appropriate dose to remove the contamination of the 

samples which have been remained free of microbial load for the largest period of 

time , also there was no change in the properties of guar gum or its components.
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المستخلص                                                      

 أجريت هذه ألدراسة لتقييم تأثير جرعAAات مختلفAAة مAAن أشAAعة غامAAا علAAى إزالAAة التلAAوث بألكائنAAات
 ألحيAAة ألدقيقAAة مAAن  مسAAحوق صAAمغ ألقAAوار. ومAAن ثAAم دراسAAة تAAأثير الشAAعاع علAAى ألخصAAائص
 ألكيميائية وألفيزيائية للعناصر ألكربوهيدراتية المكونة للصمغ أجريت ألدراسة على نوعين من

 ) ، والAAتي تAAم ألحصAAولGGألعينات (بودرة وسائل). حضرت من العينات المتواجAAدة  تجاريAAا" (
.من شركة ألقوار ألسودانية ألمحدودة عليها

AAى حاويAAات فAAعت العينAAن خللاتوضAAعيع  مAAم التشAAثيلين وتAAولي ايAAادة البAAن مAAام  مAAة بإحكAAمغلق  
  كيلAAو غAAراى) مAAن مصAAدر50، وAA،5 AA،7.5 AA،10 AA،20،30 AA،40 2.5تطAAبيق جرعAAات مختلفAAة (

  في درجAAة حAAرارة الغرفAAة فAAي الهAAواء.  اخAAذت  الجرعAAة صAAفر كعينAAة ضAAابطة. تمAAت60الكوبالت
 لختبار اثAر التشAAعيع  كيلو غراى)10, 7.5, 5, 2.5بالجرعات (دراسة عينات المسحوق المعالج 

  كيلAAو غAAراى2.5فى ازالة التلوث باجراء التجارب الميكروبيولوجية. أظهرت تنتائج الفحص أن 
 هي الجرعة المناسبة لزالة التلوث من العينات. ولتقييم اثر التشعيع علAAي الخAAواص  ألكيميائيAAة

 )، والشAAعة السAAينيةFT IRوألفيزيائيAAة  أسAAتخدم  تحويAAل فAAورييه للشAAعة  تحAAت الحمAAراء (
  تAAبين  FT IRنتAAائج  .   والضAAوء المAAرئى) و مطيافية الشعة فوق البنفسجيةXRFالمتفلورة (

AAن  النتAAح مAAة. يتضAAات الوظيفيAAى المجموعAAولت فAAود  تحAAدم وجAAدائج عAAر عنAAود  تغييAAدم  وجAAع 
 اسAAتخدام جرعAAة منخفضAAة. ولتقييAAم  أثرالشAAعاع علAAى العيتAAات  فAAى صAAورة   السAAائل. (محاليAAل

 . % وزن/ حجAAم ) عرضAAت  للجرعAAات  السAAابقة مAAن أشAAعة5مائيAAة حضAAرت  فAAي تركيAAز ا% و
 UV-Vis  (غاما وقدر تأثير الشعاع عليها باستخدام جهاز  الشعة فوق البنفسAAجية والمرئيAAة 

 ) اظهرت  النتائج ان الجرعات المنخفضة لها  تأثير حاد في المحلول وخاصة في حالة  الAAتركيز
 المنخفض كان أكثر منه في حالAة  الAAتركيز العAAAالى،احدثت  الجرعAAات العاليAAة   تغييAرا" ممAAاثل"
 لما  احدثته فى المسحوق  . قيست  الحموضة  للمحاليل المشععة وكدلك للمحاليل المحضرة من
 البودرة المشععة  وقيست اللزوجة والتي استخدمت  في تقدير الوزن الجزيئي للعينات . قAAورنت

 تأثير في شAAكل مسAحوق مAع نتAائج االتAاثير فAي المحلAول) فوجAد  أن تAأثير أشAAعة غامAاالالنتائج (
 علAAى عينAAات صAAمغ  القAAوار عشAAوائي  كمAAا ان  التAAأثير يختلAAف مAAن عينAAة إلAAى أخAAرى تبعAAا لحالAAة

  كمAAAا ان كAAAذلك لAAAوحظ ان التAAAاثير علAAAى المسAAAحوق ليAAAس حAAAادا".العينAAAة، و جرعAAAة الشAAAعاع. 
 التاثيرعلى جزيء الصمغ فى حالة ااستخدام جرعات منخفضة    ليس بالحAAدة  الAAتي  كAانت عنAAد
 استخدام جرعات عالية  كما ان  هناك فرقا" كبيرا" بين تأثير الجرعة نفسAAها فAي المسAAحوق أو

  كيلو غراى هي الجرعة المناسبة لزالAAة التلAAوث مAAن العينAAات الAAتي ظلAAت2.5المحلول . وجد أن 
 خالية من الحمل  الجرثومي الى اطول  فترة من الزمن. كما  لم تحدث تغيير  يذكر في خصائص

صمغ القوار أو مكوناته.
.
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CHAPTER ONE

INTRODUCTION

1



INTRODUCTION

The Sudanese major gums of economic importance are in the order of gum Arabic, gum 

talha  and  acacia  polyacantha  gum.  (Elgaily ,  2004).  But  recently  there  was  some 

consideration on the guar gum which is produced from guar plant. 

Guar  plant  is  an  annual  shrub,  the  old  region  of  production  is  India  and  Pakistan 

(Whistler,  1973),  and  also  it  has  been introduced  into  United  States  of  America.  In 

Sudan  guar  plant was  unknown  till recently, when this  crop was found  as  a wild 

plant  in  the  Red  Sea  mountains  and  Arashekol  mountains  of  White  Nile  state 

.Agronomical trials were conducted at the Agricultural Research Corporation (ARC) on 

guar genotypes which were brought from Tanzania . These genotypes were successfully 

grown commercially by guar gum Company established at Singa 1996. The advantage of 

guar  gum  production  in  Sudan  will  pressurize  gum  Arabic  to  better  commercial 

production and quality in order to compete in the national and international markets. That 

is why gum Arabic Company is the largest shareholder in guar gum Company. (Ganal, 

1998) .  Guar gum is a guar seed extract, containing about 80% of Galactomannan . 

In order to increase our product Quality to have its place in the national and international 

markets, try to use radiation technology to process the product.  

Radiation technology is one of the most important fields, and  it has several programs 

(Gamma Irradiators for Radiation Processing) is  one of the most  important  technique 

utilized in the field . While the use of polyGalactomanans , and guar gum in particular, as 

thickening  agents  has  been met  with  great  success,  it  is  still  desired  to  improve  the 

physical properties of the guar gum when dispersed in a solution such as water Gamma 

radiation is routinely used to inactivate viruses and destroy bacteria in medical research. 

The most  common commercial  sterilizers  utilize  Co-60,  which emits  gamma photons 

with energies of 1.173 and 1.332 MeV (Fig 1). Absorbed doses of  approximately (104 

Gray  =  104  ergs/gm)  are  sufficient  to  destroy  most  bacteria  (Battista,  1997),also 

radiation can used to  decontamination   of food  such as Spices,  herbs and vegetable 

seasonings are valued for their distinctive flavors, colures and aromas. However, they are 

often  heavily  contaminated  with  microorganisms  because  of  the  environmental  and 
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processing  conditions  under  which  they  are  produced.  Therefore,  before  they  can  be 

safely in- Corporated into other food products, the microbial  load should be reduced. 

Because heat treatment can cause significant loss of flavor and aroma, a (cold process), 

such as irradiation, is ideal. Until recently, most spices and herbs were fumigated, usually 

with sterilizing gases such as ethylene oxide to destroy contaminating microorganisms. 

However, the use of ethylene oxide was prohibited by an European Union (EU) directive 

in 1991 and has been banned in a number of other countries because it is a carcinogen. 

Irradiation has since emerged as a viable alternative and its use results in cleaner, better 

quality herbs and spices compared to those fumigated with ethylene oxide. Irradiation of 

spices on a commercial scale is practiced in over 20 countries and global production has 

increased significantly from about 5,000 tons in 1990 to over 60,000 tons  in 1997. In the 

USA alone over 30,000 tones of spices, herbs and dry ingredients were irradiated in 1997 

as compared to 4,500 tons in 1993. (ICGFI, 1999).  The current study is designed to 

investigate the effects of lethal doses of (Co-60) gamma radiation on guar gum materials. 

The objectives are:

 (1) To determine the gamma dose required to  decontaminate  microorganisms within 

samples.

 (2)  To  determine  the  effects  of  doses  of  gamma  radiation  on  the  Physical  and 

Chemical properties of the samples.

(3) To compare the effects of irradiation on gum sample in solid (powder) with that on 

liquid (solution) state.
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     Fig1: Decay scheme of radionuclide cobalt-60.
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CHAPTER TWO

THEORETICAL BACKGROUND
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THEORETICAL BACKGROUND

2.1 Processing of Food by Ionizing Radiation:

Food irradiation is the process of exposing food to ionizing radiation   (WHO, 1991) to 

destroy microorganisms, bacteria, viruses, or insects that might be present in the food. 

Further applications include sprout inhibition, delay of ripening, increase of juice yield, 

and  improvement  of  re-hydration.  Irradiation  is  a  more  general  term  of  deliberate 

exposure of materials to radiation to achieve a technical goal (in this context "ionizing 

radiation"  is  implied).  As  such  it  is  also  used  on  non-food  items,  such  as  medical 

hardware, plastics, tubes for gas pipelines, hoses for floor heating, shrink-foils for food 

packaging,  automobile  parts,  wires  and cables  (isolation),  tires,  and even  gemstones. 

Compared to the amount of food irradiated, the volume of those every-day applications is 

huge but not noticed by the consumer. The genuine effect of processing food by ionizing 

radiation  involves  damage  to  DNA,  the  basic  genetic  information  for  life. 

Microorganisms can no longer  proliferate  and continue  their  malignant  or  pathogenic 

activities. Spoilage-causing micro-organisms cannot continue their activities. Insects do 

not  survive,  or  become incapable  of  proliferation.  Plants  cannot  continue  the  natural 

ripening or aging process. Irradiated food does not become radioactive.

The specialty  of  processing food by ionizing  radiation  is  that  the energy density  per 

atomic transition is very high; it can cleave molecules and induce ionization (hence the 

name), which is not achieved by mere heating. This is the reason for both new effects and 

new concerns. The treatment of solid food by ionizing radiation can provide an effect 

similar to heat pasteurization of liquids, such as milk. However, the use of the term "cold 

pasteurization"  to  describe  irradiated  foods  is  controversial,  since  pasteurization  and 

irradiation are fundamentally different processes. Food irradiation is currently permitted 

by over 40 countries (fig 2), and the volume of food so treated is estimated to exceed 

500,000 metric tons annually worldwide.  By irradiating food, depending on the dose, 

some or all of the harmful bacteria and other pathogens present are killed. This prolongs 

the shelf-life of the food in cases where microbial spoilage is the limiting factor. Some 

foods, e.g., herbs and spices, are irradiated at sufficient doses (five kilo grays or more) to 
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reduce the microbial  counts by several orders of magnitude; such ingredients will not 

carry over spoilage or pathogen microorganisms into the final product. It has also been 

shown that  irradiation can delay the ripening of fruits  or the sprouting of vegetables. 

Furthermore,  insect  pests  can be sterilized (be made incapable  of proliferation)  using 

irradiation at relatively low doses (joint FAO/IAEA, 2007). In consequence, the United 

States Department of Agriculture (USDA) has approved the use of low-level irradiation 

as an alternative treatment to pesticides for fruits and vegetables that are considered hosts 

to a number of insect pests, including fruit flies and seed weevils; the U.S. Food and Drug 

Administration (FDA) has cleared among a number of other applications the treatment of 

hamburger patties to eliminate the residual risk of a contamination by a virulent E. coli.  

The United Nations Food and Agricultural Organization (FAO) have passed a motion to 

commit  member  states  to  implement  irradiation  technology  for  their  national 

phytosanitary  programs;  the  General  assembly  of  the  International  Atomic  Energy 

Agency (IAEA) has urged to make wider use of the irradiation technology. Additionally, 

the USDA has  made  a  number  of  bi-lateral  agreements  with developing  countries  to 

facilitate  the  imports  of  exotic  fruits  and to  simplify  the  quarantine  procedures.  The 

European  Union  has  regulated  processing  of  food  by  ionizing  radiation  in  specific 

directives  since  1999;  the  relevant  documents  and  reports  are  accessible  online.  The 

"implementing" directive contains a "positive list" permitting irradiation of only dried 

aromatic  herbs,  spices,  and  vegetable  seasonings.  However,  any  Member  State  is 

permitted to maintain previously granted clearances or to add new clearance as granted in 

other Member States, in the case the EC's Scientific Committee on Food (SCF) has given 

a positive vote for the respective application.  Presently,  six Member States (Belgium, 

France,  Italy,  Netherlands,  Poland,  United  Kingdom)  have  adopted  such  provisions. 

Because of the "Single Market" of the EC, any food even if irradiated must be allowed to 

be marketed in any other Member State even if a general ban of food irradiation prevails, 

under  the  condition  that  the  food  has  been  irradiated  legally  in  the  state  of  origin. 

Furthermore,  imports  into  the  EC are  possible  from third  countries  if  the  irradiation 

facility had been inspected and licensed by the EC and the treatment is legal within the 

EC or some Member state. The Scientific Committee on Food (SCF) of the EC has given 

a positive vote on eight categories of food to be irradiated. However, in a compromise 
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between the European Parliament  and the European Commission,  only dried aromatic 

herbs, spices, and vegetable seasonings can be found in the positive list. The European 

Commission was due to provide a final draft for the positive list by the end of 2000; 

however, this failed because of a veto from Germany and a few other Member States. In 

1992 and in 1998 the SCF voted "positive" on a number of irradiation applications that 

had been allowed in some member states before the EC Directives came into force, to 

enable  those  member  states  to  maintain  their  national  authorizations.  In  2003,  when 

Codex Alimentarius was about to remove any upper dose limit for food irradiation, the 

SCF adopted a "revised opinion", which in fact was a re-confirmation and endorsement 

of  the  1986  opinion.  The  opinion  denied  cancellation  of  the  upper  dose  limit,  and 

required that before the actual list of individual items or food classes (as in the opinions 

expressed in 1986, 1992 and 1998) can be expanded, new individual  studies into the 

toxicology of each of such food and for each of the proposed dose ranges are requested.  

The SCF has subsequently been replaced by the new European Food Safety Authority 

(EFSA), which has not yet ruled on the processing of food by ionizing radiation. Other 

countries,  including  New  Zealand,  Australia,  Thailand,  India,  and  Mexico,  have 

permitted the irradiation of fresh fruits for fruit fly quarantine purposes, amongst others. 

Such countries as Pakistan and Brazil have adopted the Codex Alimentarius Standard on 

Irradiated Food without any reservation or restriction, any food may be irradiated to any 

dose. (Scientific Committee on Food, reports 5, 65)
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Countries which apply food irradiation for commercial purposes

o Countries which do not yet apply food irradiation

Fig 2: World-wide Utilization of Food Irradiation

(International Consultative Group on Food Irradiation, 1999)
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2.2 Gamma Irradiator for Radiation Processing 

Ionizing  radiation  can  modify  physical,  chemical  and  biological  properties  of  the 

irradiated  materials.  At  present,  the  principal  industrial  applications  of  radiation  are 

sterilization of health care products including pharmaceuticals,  irradiation of food and 

agriculture products (for various end objectives, such as disinfection, shelf life extension, 

sprout  inhibition,  pest  control  and  sterilization),  and  materials  modification  (such  as 

polymerization, polymer cross linking and gemstone colorization) A significant impetus 

was given to the radiation processing industry with the advent of nuclear reactors, which 

have the capability to produce radioisotopes. Gamma ray emitters like cobalt-60 became 

popular  radiation  sources  for  medical  and  industrial  applications.  Many  gamma  ray 

irradiators have been built and it is estimated that about 200 are currently in operation in 

Member States of the International Atomic Energy Agency (IAEA). In recent times, the 

use of electron accelerators as a radiation source (and sometimes equipped with X ray 

converter) is increasing. However, gamma irradiators are difficult to replace, especially 

for non-uniform and high-density products. Cobalt-60 is almost solely used as the gamma 

radiation source for industrial use now mainly because of its easy production method and 

its  non-solubility  in  water.  Gamma  processing  has  several  advantages  over  other 

treatment methods; for example, sterilization of health care products using either EtO or 

wet steam as a sterilant. In the case of gamma sterilization, such advantages include: 

 Treated product can be used immediately.

 Minimal rise in product temperature during the process,

 High penetrability (hence packaged product can be processed).

 Very precise and reproducible treatment process.

 Easy to control the process (only dose to be controlled).
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2.3 Growth of Industry:  

The commercial use of gamma radiation to sterilize health care products began in the late 

1950s,  and the technology of  processing products with gamma radiation  is  now well 

entrenched.  With  increasing  experience  and  confidence  in  the  technology  more 

applications are being investigated and more facilities being built . This expansion in the 

industrial  processing  calls  for  not  only  larger  irradiators  but  also  novel  designs  to 

optimize each new application. Manufacturers of irradiators have taken up challenge to 

keep pace with the expansion of the industry. Now several manufacturers offer a variety 

of designs that are optimized specifically for different applications, whether this is in the 

field of food irradiation or environmental applications. This in return has given impetus 

to the radiation processing industry regarding the types of applications and the size of 

irradiators. Based on these data, it can be estimated The kinds of applications that use 

gamma radiation have also steadily increased;  from cross- linking/polymerization and 

sterilization of health care products to food irradiation and environmental applications 

such as flue gases, wastewater and sludge treatment. Emerging applications could be in 

the fields of nanomaterials, structure engineered materials (sorbents, composites, ordered 

polymers,  etc.)  and natural  polymers.  Some of  the  irradiators  are  operated  for  single 

product/process, while others for multipurpose. A recent IAEA survey showed that a very 

large fraction (85%) of the gamma irradiators treats health care products for the purpose 

of sterilization. Similar percentage of irradiators treats food and agriculture products for 

various  end  objectives.  About  50%  of  the  units  process  pharmaceutical  products, 

including raw materials, for the purpose of sterilization or microbial load reduction, while 

about  30%  treat  polymers,  including  cables  and  tubings  for  property  modification. 

2.4 Radiation Process: 

In  a  radiation  process,  a  product  or  material  is  intentionally  irradiated  to  preserve, 

modify or improve its characteristics. This process is carried out by placing the product in 

the vicinity of a radiation source (such as cobalt-60) for a fixed time interval whereby the 
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product is exposed to radiation emanating from the source. A fraction of the radiation 

energy that reaches the product is absorbed by the product; the amount depending on its 

mass and composition, and time of exposure. For each type of product, a certain amount 

of radiation energy is needed to realize the desired effect in the product; the exact value is 

determined  through research.  Radioactive  material,  such as  a  cobalt-60 source,  emits 

radiation.  However,  the  product  that  is  irradiated  with gamma rays  does  not  become 

radioactive, and thus it can be handled normally. This is similar to x- ray examination in a 

hospital for diagnostic purposes. The patient is exposed to radiation (X- rays) but he/she 

does not become radioactive.     

2.5 The Properties of Ionizing Radiation:                                                 

Atoms  are  electrically  neutral  in  that  the  number  of  negatively  charged  electrons  is 

exactly  equal  to  the  number  of  positively  charged protons.  However,  when there  are 

energy sources available, atoms can gain or loss electrons and acquire a net electrical 

charge. This process is called “ionization”. In a simple term, ionization is the gain or loss 

of electrons.  Ionization of atoms by γ–rays  mainly proceeds through Compton Effect. 

(fig3). In this process γ –ray collides with and transfers part of its energy to a loosely 

bound electron in an atom. The γ –ray with reduced energy is scattered in a w direction 

and involved in the ionization of other atoms until it loses energy enough for ionization 

reaction. As a result of the γ –ray collision with an atom, an electron is ejected from its 

atom .and act a β–ray (negatively charged particle) to create a new ionization. That is 

occurred by inelastic collisions ionization.                                             .  

2.6 Radiation Dose:  

Radiation  dose  is  the  quantity  of  radiation  energy absorbed by the  food as  it  passes 

through the radiation field during processing. It is measured using a unit called the Gray 

(Gy). In early work the unit was the rad (1 Gy = 100 rads; 1kGy= 1000 Gy). International 

health and safety authorities have endorsed the safety of irradiation for all foods up to a 

dose level of 10,000 Gy (10 kGy). Recent  evaluation of an international expert study 

group appointed by FAO, IAEA and WHO showed that food treated according to good 

manufacturing practices (GMPs) at any dose above 10kGyis also safe for consumption, 
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making irradiation parallel to heat treatment of food. In terms of energy relationships, one 

gray equals  one joule of energy absorbed per  kilogram of food being irradiated.  The 

maximum dose of 10kGyrecommended by the Codex General Standard for Irradiated 

Foods is equivalent to the heat energy required to increase the temperature of water by 

2.4ºC.  Irradiation  is  often  referred  to  as  a  (cold  pasteurization)  process  as  it  can 

accomplish the same objective  as thermal  pasteurization of liquid foods,  for example 

milk, without any substantial increase in product temperature. (ICGFI, 1999).

2.6.1 Dosimetry:

The measurement of radiation dose is referred to as dosimetry,  and involves exposing 

jointly  with  the  treated  food  item.  Dosimeters  are  small  components  attached  to  the 

irradiated product made of materials  that,  when exposed to ionizing radiation,  change 

specific,  measurable physical attributes to a degree that can be correlated to the dose 

received. Modern dosimeters are made of a range of materials, such as alanine pellets, 

perspex (PMMA) blocks, and radiochromic films, as well as special solutions and other 

materials. These dosimeters are used in combination with specialized read out devices. 

Standards  that  describe  calibration  and  operation  for  radiation  dosimetry,  as  well  as 

procedures to relate the measured dose to the effects achieved and to report and document 

such  results,  are  maintained  by  the  American_Society_for_Testing_and_Materials 

(ASTM international) and are also available as ISO/ASTM standards.

2. 6.2 Unit of Irradiation Dose:

 The dose of radiation is measured in the SI unit known as Gray (Gy). One Gray (Gy)  

dose  of  radiation  is  equal  to  1 joule of  energy absorbed per  kg of  food material.  In 

radiation  processing of  foods,  the  doses  are  generally  measured  in  kGy(1,000  Gy).  ( 

IAEA Tech .Rep.409,2002).

2.7 Dose Applications:

On the basis of the dose of radiation the application is generally divided into three main 

categories as detailed below.
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2.7 .1 Low Dose Applications (up to 1 kGy):

 Sprout inhibition in bulbs and tubers 0.03-0.15kGy

 Delay in fruit ripening 0.25-0.75kGy

 Insect disinfestation including quarantine treatment and elimination of food borne 

parasites 0.07-1.00kGy

2.7 .2 Medium Dose Applications (1kGyto 10 kGy) :

 Reduction  of  spoilage  microbes  to  prolong  shelf-life  of  meat,  poultry  and 

seafood’s under refrigeration 1.50–3.00kGy.

 Reduction of pathogenic microbes in fresh and frozen meat, poultry and seafood’s 

3.00–7.00kGy.

 Reducing the number of microorganisms in spices to improve hygienic quality 

10.00kGy.

 2.7.3 High Dose Applications (above 10 kGy) :

 Sterilization of packaged meat, poultry and their products which are shelf stable 

without refrigeration. 25.00-70.00kGy

 Sterilization of Hospital diets 25.00-70.00kGy

It is important to note that these doses are above those currently permitted for these food 

items  by  the  FDA  and  other  regulators  around  the  world.  The  Codex  Alimentarius 

Standard on Irradiated Food does not specify any upper dose limit. NASA is authorized 

to sterilize frozen meat for astronauts at doses of 44kGyas a notable exception. Irradiation 

treatments are also sometimes classified as radappertization, and  radurization. 
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Fig 3: Compton effect
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2.8 Polysaccharides:                 

Natural and synthetic polymers containing hydroxyl groups have been used as thickeners 

for foods, coatings, paints, explosive slurries, oil well fluids, cosmetics and other personal 

care products, and many other functional applications. One class of polymers that have 

been widely used as suspending and viscosity agents are poly galactomannans.

2.8.1 Galactomannans:   

Galactomannans  are  neutral  polysaccharides  obtained  from  the  seeds  of  some 

Leguminosae.  They are found as  endosperm cell   wall  storage compounds,  having a 

linear  backbone  of  β(1  -  4)  linked  D-Mannopyranosyl  units,  to  which  single  α-D-

Galactopyranosyl units are attached at O-6 (between 5% and 100%). The main difference 

between Galactomannans from different plant sources lies in the Galactose content as 

well  in  its  distribution along the Mannopyranosyl  backbone (Reid & Edwards,1995) 

(Picout & Jumel,2002 ) (Cote .G.L. 1992) their solution properties and applications are 

related both to the structural features and the molecular masses. The fine structures of 

Galactomannans  have been studied by analysis  of  oligosaccharides  formed  on partial 

enzymatic  and  acid  hydrolysis  (Ganter,  1995).  Experimental  and   theoretical 

approaches have considered the conformation features of Galactomannans. It has been 

shown  that  the  unperturbed  dimensions  are  affected  by  the  degree  and  pattern  of 

substitution (Petkowicz , 1998)  .  Galactomannans from Ceratonia siliqua (Locust bean 

gum),  Cyamopsis tetragonolobus (guar gum) and Caesalpinia spinosa (Tara gum), with 

Man :  Gal  ratios  of  4:1  ,  2:1  and 3:1,  respectively,  are  commercially  available.  The 

polyGalactomannans  may  either  be  added  by  themselves,  or  with  other  viscosity 

modifiers such as other polysaccharides, Xanthan gum and the like ( Edwin,2006).  
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2.9 Guar gum: 

Guar gum (also known as guar, guar flour, and jaguar gum) it can be considered as the 

ground endosperms of  the  guar  plant.  The plant  can  be found in Asia Minor  and in 

Southwest United States. But it can grow in Sudan very well.

2.9.1 Definition:

Guar gum  is a naturally occurring galactomannan polysaccharide extracted from the guar 

gum bean plant (Cyamopsis tetragonoloba).

2.9.2- Description:  

Guar gum (GG) as shown in (Figures 5-1,  5-2 )  and guar gum powde r(  fig 5-3).  It 

consists  of  a  linear  backbone  with  β-1,4  Mannose  units  and  randomly  attached  1,6 

Galactose units as side chains (Fig 6).  in the ratio of 1:2 Fig 7).   (Sinha,2001). It has 

been suggested as a vehicle for oral controlled release purposes and for colon targeting 

due to its drug release retarding property and susceptibility to microbial degradation in 

the large intestine  in pharmaceutics(  (Rubinstein.  A, 1995),  (Macfarlane,  1990)  .  In 

terms of chemical structure/property relationships, the average galactose content has been 

shown to stronglyinfluence the physical properties of galactomannans.A lower galactose 

content  yields  strong  synergisticinteractions  with  other  biopolymers  and  a  grater 

individual  gelling  capacity  based  upon  galactose  unhibited  mannan  interactions 

(Morris,1990) ,  (McCleary,  1985).The  distribution  of  the  galactose  units  along  the 

mainchain(fine  structure)  also  influences  the  physical  propertiesof  this  biopolymer. 

Whereas  it  has  been shown that  the galactose  monomers  are  distributed  in  a  closely 

random  fashion  along  the  mannan  backbones  galactomannans  that  possess  longer 

galactose  uninhibited  mannan  regionsexhibit  geater  functionality  (McCleary,1979), 

(Launay.et.al,1986).  In addition, a third and less widely recognized dependence of the 

chemical structure of galactomannans upon its physical properties,is the influence of the 

galactose  polydispersity  between chains.  As recently highlighted  at  the  same average 

galactose  content,  galactomannans  with  a  broader  galactose  distribution  are  more 

functional  as they possess a geate  rproportion of chains with lower galactose content 
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(Richardson,1998).  Guar  has  up  to  eight  times  the  thickening  power  of  starch. 

Derivatization  of  guar  gum leads  to  subtle  changes  in  properties,  such  as,  decreased 

hydrogen  bonding,  increased  solubility  in  water-alcohol  mixture,  and  improved 

electrolyte compatibility. These changes in properties result in increased use in different 

fields,  like  textile  printing,  explosives,  and oil-water  fracturing  applications (Ahmed, 

2005).

2-9.3 Composition:        

 Guar gum is a Gar seed extract, containing about 80% of Galactomannan, 10% moisture, 

10% protein and trace amounts of heavy metals and ash. The amount of these impurities 

depends on the species, sources and purification process.

 2.9.4 Physical Properties:    

 The Galactomannan of guar gum consists of a long linear Mannan backbone and side 

chains of a single Galactose unit. This feature allows guar gum to be soluble and gelling 

in  water.  Guar  gum hydrates  and  swells  rapidly  in  aqueous  media  to  form  viscous 

dispersions or gels. Consequently, consumption of guar gum may retard chemicals like 

cholesterol and triglycerides travel to the intestine wall for absorption. In fact, it observed 

to prevent cholesterol absorption and it lowers serum LDL cholesterol and triglycerides 

and increases Glucose tolerance (Ahmad,2005).                             

2.9.5 Physical Characteristics: 

Guar gum solutions have buffering capacity and are very stable in the pH, consisting of 

mannose and Galactose units. This ability to hydrate without heating makes it very useful 

in many industrial and food applications. Dissolved in cold or hot water, it forms a slime 

of high viscosity. Guar's viscosity is a function of temperature, time, and concentration. 

Solutions with different gum concentrations can be used as emulsifiers and stabilizers 

because they prevent oil droplets from coalescing. Guar gum is also used as suspension 

stabilizer Because guar gum forms a high viscous solution, it used as a thickening agent 

for various products such as beverages, soups, cottage cheese and some frozen desserts. 

Guar gum is processed into different grades, with respect to viscosity grades and mesh 

18



sizes. Lastly we can say guar gum is approved for use as a food additive by the U. S. 

Food  and  Drug  Administration  (FDA)  and  is  on  the  list  of  substances  (Generally 

Recognized As Safe) (GRAS) (21 CFR § 184.1339), and is approved by the Flavor and 

Extract Manufacturers Association (FEMA No. 2537) as GRAS for use in foods. The 

Joint FAO/WHO Expert Committee on Food Additives (JECFA) as well as the Council 

of Europe (COE No. 166) has approved the use of it as a food additive. Also it included 

in the FDA Inactive Ingredients Guide for use as (oral suspensions, syrups, powder for 

reconstitution and tablets (Yoko, 2008).

2.10 Industrial Applications of Guar Gum

Guar gum and its derivatives are widely used in various industries as per its needs. It's 

used  in  industries  such  as  food,  textile,  pharmaceuticals,  personal  care,  healthcare, 

nutrition, cosmetics, paper, explosives, mining and oil well drilling. Guar gum mainly 

functions as a thickener, emulsifier, stabilizer, binding agent, gelling agent, natural fiber, 

flocculent, fracturing agent etc. in the above-mentioned industries and it can classify into 

tow grades:

1 -food grade.

2 - Industrial grade.

2.10.1 Applications of Food Grade Guar Gum Powder:

2.10.1.1 Food Industry:

In food Industry guar gum derivatives is used as gelling, viscosifying , thickening,

Clouding and binding agent as well as used for stabilization, emulsification, preservation, 

water retention, enhancement of water soluble fiber content etc. Some food products in 

which it’s  powder is used are: Ice cream, soft drinks & concentrates, puddings,Chocolate 

milk, flavored milk ,Pet Foods ,Bread, biscuit and other baked foods, Ham and sausages 

Soft cheese and cheese spreads Canned or retorted food of fish and meat Myonnaise, 

ketchup,  sauce  and  dressings  noodles  and  pasta  In  frozen  food  products-  guar  gum 

reduces crystal formation; act as a binder &stabilizer to extend shelf life of ice cream .In 
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baked food products-  it   provides  unparallel  moisture  preservation  to  the  dough and 

retards fat penetration in baked foods.In dairy products- it  improves texture, maintains 

uniform viscosity and color. In sauces & salad preparations- guar gum acts as a water 

binder  in  sauces  and  salad  dressings  and  reduces  water  and  oil  separation.   In 

confectionary-  it  controls  viscosity,  gel  creation,  glazing  and  moisture  retention  to 

produce the highest-grade confectionary.  In beverages- guar gum provides outstanding 

viscosity control and reduces calories value in low calories beverages.  In pet food- it 

forms gels and retains moisture, acts as a thickening, stabilizer and suspending agent for 

veterinary preparations.

2.10.1.2 Pharmaceutical Industry:

Guar gum or its derivatives are used in pharmaceutical industries as gelling, viscosifying 

thickening, suspension, stabilization, emulsification, preservation, water retention ,water 

phase control, binding, clouding, bodying, process aid, pour control for suspensions, anti-

acid  formulations,  tablet  binding  &  disintegration  agent,  Controlled  drug  delivery 

systems ,  slimming aids, nutritional foods  etc.

Guar gum is an important non-caloric source of soluble dietary fiber. Guar gum powder is 

widely used in capsules as dietary fiber. Fiber is a very important element of any healthy 

diet. It is useful in clear the intestinal system since fiber cannot be digested. This keeps 

the intestines functioning properly and also improves certain disorders and ailments. All 

natural fiber diet works with body to achieve a feeling of fullness and to reduce hunger.  

Its synergistic mix of guar gum and fiber mixture when taken with water expands in 

stomach to produce a feeling of fullness. Cosmetic Industry guar gum or its derivatives 

being used as a thickener, protective colloid and conditioner in hair/skin care products, 

creams, shampoos and lotions. Beside this, it’s also used in toothpaste and shaving cream 

for easy extruding from the container tube.

2.10.1.2.1 Health Care Industry: 

Some manufacturers promote guar gum as a agent for weight management (or weight 

loss). Theoretically, it decreases appetite by providing a "feeling of fullness." However, 
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because of its swelling properties, guar gum may cause obstruction of the esophagus, if a 

subject is taking an excessive amount of it.  Guar gum can swell as much as 20 fold. 

Thus, people should not exceed the recommended dose of guar gum supplements. If it 

can reduce  Chemical absorption.   It probably can reduce Glucose absorption. Thus, it 

may cause Glucose fluctuations. People with diabetes should take guar gum preparations 

under doctor's instruction. It is insoluble in organic solvents. The gum is soluble in cold 

water  without  heating  to  form  a  highly  viscous  solution.  Guar  gum  solutions  have 

buffering capacity and are very stable in the pH. 

2.10.1.2.2 Drug Industry:                                              

30 years ago, guar gum was mainly used as a disintegrate and binder in tablet. Today, 

guar gum is also used as a   controlled-release agent for drug. Guar gum, drug ,and other 

ingredients are mixed and compressed into tablets. During dissolution studies, guar gum 

hydrates and forms a thick gel layer on the tablet surface. Consequently, drug releases out 

from the guar gum tablet in a sustained manner, achieving the desired kinetics effect. It 

also has  been  observed  that  bacterial  flora  in  the large  intestine degrade  guar  gum 

rapidly. Consequently, scientists developed successful delivery systems using it to target 

drugs to ileum and large intestine.

2.11 Applications of Industrial Grade Guar Gum Powder:

In  industrial  applications,  guar  gum powder  derivatives  utilized  as  thickening  agent, 

sizing agent, wet-end strength additive, gelling agent and water barrier, flocculation aid 

for  waste  water  treatment,  as  emulsifier,  binder.  Also  used  for  mud  formulations, 

enhanced oil recovery, polymer flooding, well treatment, lost circulation plugging etc. it’s 

industrial grade powder is used in industries such as textile printing &sizing, fire fighting, 

ceramics, pharmaceuticals, printing inks, mosquito mats, synthetic resins, paper industry, 

battery electrolytes, water treatment, floatation agent, water paint, carpet printing, oil well 

drilling, explosives, mining etc.
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2.11.1 Paper Industry:

Guar gum provides better properties compared to substitutes. It gives denser surface to 

the paper used for printing. It’s imparts improved erosive and writing properties, better 

bonding  strength  and  increased  hardness.  Due  to  improved  adhesion,  it  gives  better 

breaking, Mullen and folding strengths.

2.11.2Textile Industry:

Guar gum gives excellent film forming and thickening properties when used for textile 

sizing, finishing and printing. It reduces warp breakage, reduces dusting while sizing and 

gives better efficiency in production.

2.11.3 Oil Field Industry:

Industrial grade guar gum powder derivatives are use in oil well fracturing, oil well

Stimulation, mud drilling and industrial applications  and  preparations  as a stabilizer,  

thickener and suspending agent. It is a natural, fast hydrating dispersible guar gum and is 

diesel slurriable. In the oil field industry, it is also used as a surfactant; synthetic polymer 

and deformer ideally suited for all  rheological  requirements  of water-based and brine 

based drilling  fluids.  High viscosity  its  products  are  used as  drilling  aids  in  oil  well 

drilling, geological drilling and water drilling. These products are used as viscosifiers to 

maintain drilling mud viscosities that enable drilling fluids to remove drill waste from 

deep holes.  Also  its  products  reduce  friction  in  the  holes,  and so  minimizing  power 

requirements.  Some guar gum derivatives  act to minimize water loss should occur in 

broken geological formations.

2.11.4 Metallurgical and Mining Industry:

Guar gum is widely used as a flocculants to produce liquid solid separation. Guar gum is 

also used in flotation. It acts as a depressant for talc or insoluble gangue mined along with 

the valuable minerals.
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2.11.5 Explosive Industry:

Gelling agent for gel sausage type explosives and pump able slurry explosives. Water 

blocking agent in nitro-glycerine, slurry explosives, ammonium nitrate and dynamite 

explosives- by mixing guar gum in ammonium nitrate, nitro-glycerine and oil explosives, 

even in wet conditions, explosive property is maintained. This is due to the better 

swelling, water blocking and gelling properties of guar gum. 

2.12 Manufacturing:

2.12.1 Manufacturing Principle:

The endosperms are recovered after separation of the husk and the germ and milled. The 

clarified gum is obtained by dissolution in hot water and then recovery by precipitation in 

ethanol or  isopropanol solutions.

2.12.2 Detailed Manufacturing:

Manufacturing process of guar gum is as shown in ( fig 4). Guar splits are obtained after 

separation of the husk and the germ. After heat treatment, the hull is easy to separate by 

either attrition milling or various types of impact mills. The endosperm is recovered   by 

sieving from the finer germ and hull fractions, and then milled to obtain powdered guar 

gum.
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Fig 4: Diagram of guar gum Flow Chart (Manufacturing process)
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Fig.5-1.Guar seeds

Fig  5- 2. Guar seeds under microscope

Fig 5- 3:Guar gum  powder.
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2.12.3 Quality Testing:

Quality testing and quality control parameters are determined at every stage of production 

process. Quality testing parameters include testing of the factors like: 

- A.I.R. (Acidic Insoluble Residue) 

- Moisture 

- Viscosity 

- Content of Ash 

- Size of the Particle 

- Odor 

- Protein 

- Filterability 

-gum Content 

- Color 

- Fiber 

- Granulation 

- Insoluble Residue 

- Fat Content  

-  pH 

- Heavy Metals and Lead

- Arsenic 
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The Microbiological Quality Test consist of bacteriological test of the Food Grade 

products like Standard Plate Count, Yeast& Mould, Salmonella, E-coli, Colliform, 

Pseudomonas, Staphylococcus 

2.12.4 Composition and Structure 

Guar gum is comprised of a high molecular weight polysaccharides composed of 

Galactomannans consisting of a (1- 4)-linked β-D-Mannopyranose backbone with branch 

points from their 6-positons linked to α-D-Galactose (i.e. 1-6-linked α-D-

Galactopyranose). There are between 1. 5 - 2 Mannose residues for every Galactose 

residue. See  (figures 6, 7).
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Fig 6: Chemical structure of guar gum ( Galactomannan(

The ratio between sugars
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Fig 7:.Chemical structure of guar gum( Galactomannan)

Mannose backbone and Glactose
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2.12.5 Possible Impurities              

The commercial samples of guar gum contain approximately 4-12% moisture, 2-5% acid-

soluble ash, 0.4-1.2% ash, and 2-6% protein. The samples of clarified guar gum contain 

approximately  5-10% moisture,  0.2-0.8% acid-soluble  matter,  0.1-0.5% ash,  and 0.1-

0.6% protein. Apart from the gum content, the guar gum contains:                           

1- Husk residues represented by the acid-insoluble-matter criterion (not more than 7.0%). 

2- Proteins from the germ represented by the protein criteria (not more than 10.0%). 

3- Ethanol/ iso propanol residues for washing or extraction solvent (not more than 1% 

singly or in combination).                                                                                             

2.13 Using  Irradiation  to  Remove  Microbiological  Contamination 

(decontamination:(

The majority of the gums are poly saccharine they are used as food ingredients primarily 

as archeological agents. due to the origin of these product .they may be contaminated 

with micro organism .Irradiation may be used to reduce microbial decontamination .guar 

and  carbo  gums  that  were  treated  with  radiation  dose  as  low  as  .2.5kGny  showed 

impairment in rheological properties (farkas,1988) the viscosities of carbo and xanthan 

gums were substantially reduced by irradiation in the dry state with a dose of 10 k Gy 

(gwune wold , 1983)the subsequent viscosity of solution was reduced at high than at low 

temperature  the  effect  of  irradiation  on  powder  guar  gum  ,  locust  bean  gum  ,gum 

tragacanth and gum karaya was investigated at dose less than 10kGy.(king and gray, 

1993) There was decreased in the viscosity of 1%solutio of guar and locust bean gum wit 

increasing radiate dose independent of temperature for irradiated tragacanth  and karaya 

gum the viscosity unchanged or slightly  higher at doses less than1kGy .but above these 

level viscosity decreased with dose .gum Arabic (gum acasia ) (Blake ,et.ai,1988)and Tra 

gum are less sensitive to ionizing radiation than other gums it's suffered only a 7%fali in 

coefficient of viscosity in irradiation at 10kGy(Jacobs and sinue,1979) In France and 

Belgium there is legal clearance for microbial decontamination of gum Arabic using dose 

of 0-10 kG microbiological contamination typical of botanical raw materials used in the 
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manufacture  of pharmaceuticals  decreases  with the increasing  level  of processing,  on 

going from flowers and leaves (104–108 CFU/g), to fruits and seeds (102–106 CFU/g), to 

liquid extracts (104–106 CFU/g), and to dry extracts (102–105 CFU/g). At the same time 

the resistivity of microflora to irradiation, expressed as a dose required for the first 90% 

reduction, increases along the same assortment as 2, 4, 5 and 5 KGy, respectively. This 

results in doses between 4 and 30kGyrequired to treat typical contamination, or between 

10 and 40kGyfor severe cases. The contamination of final products, phyto-therapeutic 

ointments (104–107 CFU/g), is relatively sensitive to irradiation (Dfirst90%red=1 KGy) 

and usually does not require doses higher than 8 kGy.( Branka . et.al, 2001)About 100 

years  ago,  an England scientist  Ernest  Rutherford designated three kinds of radiation 

release from uranium α–ray, β–ray and γ–ray. The entities of α–ray, β–ray and γ–rays are 

helium ions (positively charged particles),  electrons (negatively charged particles) and 

photons  (ionizing  electromagnetic  waves),  respectively.  These  are  collectively  called 

(ionizing radiation) for radiation sterilization purpose,  γ–irradiation is the most suitable 

because of its high penetrating activity.   ( Narvaiz.et.al , 1989  ) . 

2.14 The effects of Radiation on Micro organisms:                              

If γ–rays collide with atoms of biological materials such as protein, lipid, carbohydrates 

and nucleic acid, the atoms are ionized and receive damages (direct effect of radiation). 

Among these biological materials, nucleic acid is the most sensitive material to ionizing 

radiation despite the proportion of nucleic acid in the total cellular components is only 

1%. From the aspect of biological effect of radiation, another important property of γ–

rays  is  water  radiolysis.  The  water  molecular  occupies  80%  of  the  total  cellular 

components. When a water molecule is ionized by γ –irradiation, many radical species 

including  hydroxy  radical,  hydrogen  radical,  hydroperoxy  radical  and  superoxide  are 

produced. These radical species are highly reactive to biological materials, especially to 

nucleic acids. The effect of radiation on biological materials via water radiolysis is called 

(indirect effect of radiation). In general, there exist two types of DNA damage induced by 

the  direct  and  indirect  effects  of  radiation;  DNA  strand  breaks  and  base  oxidative 

damages. DNA strand break is the dissociation of the phosphodiester bond of the main 

chain in DNA. DNA strand break causes loss of the continuity of genetic information and 

arrest  of  replication  process,  thereby  results  in  cell  death.  Base  oxidative  damage  is 
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occurred at the nucleotide base in DNA, and at the base moiety of nucleotide pool in 

cytosol.  This type  of DNA damage causes replication errors and the accumulation of 

genetic mutation, thereby results in cell death. However, the radiation resistance of living 

organisms differs widely in individual species. In general, microorganisms exhibit more 

radiation  resistance  than  animals  and plants.  One of  the  explainable  reasons  for  this 

resistance is that the cell nucleus (target of radiation) of microorganisms is much smaller 

than those of animals and plants. Another reason can be explained by DNA protection 

and repair capacity. DNA protection includes spore formation (the resting stage of cell) 

and  radical  scavengers  such  as  catalase,  superoxide  dismutase  and  carothenoids. 

Microorganisms have a greatvariety of DNA repair capacity with different effectiveness 

by which the difference in radiation resistance arises. It has been known that there exist 

non-sporing but extremely radiation resistant bacteria that inhabit inmany natural places 

such as soil and environmental waste including animal dung and plant chip. Howeverall  

the radiation resistant bacteria isolated so far are non-pathogenic. The most problematic 

issue for thsterilization  of  microorganisms is  the presence of soil-born spore forming 

bacteria, which are highly resistant to radiation, desiccation and heat. 

Some spore forming bacteria are infectious and highly pathogenic for human and farm 

animals;  e.g.  Bacillus  anthracis  (anthrax),  Clostridium  tetani  (tetanus),  Clostridium 

botulinum (gas gangrenous). Some other spore-forming bacteria with lesser toxicity can 

cause food poisoning and opportunistic infections. As mentioned above, bacterial spore is 

highly  resistant  to  radiation.  However,  when  there  are  nutrients  available,  the  spore 

germinates  to  produce a vegetative cell  that  is  much more  sensitive to  radiation,  this 

process (germination) is occurred in minutes. The difference in the moisture condition 

can  affect  the  radiation  resistance.  Wet  cells  of  Escherichia  coli,  that  is  nonsporing 

bacterium,  are  more  sensitive  to  radiation(fig  8),  compared  to  desiccated  cells.  This 

difference  in  survival  rate  is  due  to  indirect  effect  of  radiation  by  water  radiolysis. 

Therefore, controlling the moisture conditions is very important for effective sterilization 

of carrier materials (fig 9).

2.15 The Necessity of Guar Gum Irradiation:

The need for irradiation of polysaccharides such as guar gum arises mainly because of 

their journey from the country of origin to the end user and or the long storage times.
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Previously,  disinfestations was carried out using ethylene dibromide or ethylene oxide 

however, this becoming less acceptable as small residual amounts of  these chemicals still 

present in the gum are suspected to be harmful to the consumer . Whereas irradiation 

methods   are clean and are not thought to produce any harmful side products. Molar 

mass .hydrodynamic .parameters and fine structure of guar gum have been previously 

investigated  by  number  of  workers  (Robinson,1982)  , (Shrman,1981)  and 

(.McCleary,1983 ) . 
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Fig.  8: Bacterial spore and vegetative cell

Fig .9:  Bacteria Surviving
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2.16 Research Work Conducted on Guar Gum in Order to Widen its - 

Application:                                                                                            

Guar  gum  is  always  a  favorite  agro-based  commodity,  attracting  wide  interest  of 

researchers all over the world. Following is the research work conducted during the last 

10 years on guar gum in many national and international laboratories to prepare value 

added  products  from  this  renewable  source  of  hydrocolloid.  Grafting  of  poly  (N- 

isopropylacrylamid (PNIPAAm) was carried out onto Ocarboxymethyl-O-hydroxypropyl 

guar gum (CMHPG) in aqueous solutions by using potassium persulfate (KPS) and ,N′-

tetramethylethylene diamine (TMEDA) as the initiation system, resulting in new stimuli-

responsive grafted polysaccharides. The resulting grafted polysaccharides showed lower 

critical solution temperatures in aqueous media. The rheology of binary mixtures of two 

alginates and one carboxymethyl guar (CMG) was determined. Two reactive dyes were 

printed from pastes based on these6 mixtures.  The printing and the final  print  (color 

yield, levelness and fabric stiffness) were assessed. From the results, it can be concluded 

that mixture of CMG with alginates can be used in reactive printing. With a view that 

hydroxypropyl guar (HPG) may replace hydroxyethyl cellulose (HEC) from water based 

paints,  chemical  modification  of guar gum via hydroxypropylation  was carried out at 

lab/commercial  level.  The comparative study reveals  that HPG is a perfect  choice of 

rheological agent, which governs excellent properties for aqueous paints. This product 

has similar/ better properties of HEC. Graft copolymerization of methacrylic acid (MAA) 

onto guar  gum was carried  using potassium persulfate  (PPS) as  free radical  initiator. 

Using PPS, the maximum percent grafting was ascertained to be 241 at  the optimum 

conditions of 60°C reaction temperature, 3 h of reaction time, 1.1 m mol of PPS and 

0.058  mol  of  MAA.  The  prepared  graft  copolymer  could  find  applications  in  drug 

delivery  systems.  Chemical  modification  of  guar  gum  was  carried  out  through 

substitution and grafting reactions and products so obtained were tested against kaolin 

suspension to check their efficacy as flocculants. It was found that flocculation efficiency 

of the chemically modified products is better than Deftech and has potential to replace 

synthetic flocculants. Which were also synthesized by grafting of polyacrylamide (PAM) 

onto hydroxypropyl guar gum (HPG) using a ceric ion-induced solution polymerization 

technique. Flocculation efficiency of grafted products was determined against kaolin, iron 
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ore and silica suspensions. Among the series of graft copolymers, the one with fewest but 

longest PAM chains shows the better  performance.  Graft  copolymerization of various 

monomers  like N-vinyl-2-pyrrolidone,  4- vinyl  pyridine,  acryl  amide and acrylic  acid 

onto  guar  gum  was  carried  out  by  using  initiator  systems  viz.  potassium 

peroxymonosulfate  ,  glycolic  acid,  potassium monopersulfate,  thioacetamide  ,  Cu+2-

mandelic  acid redox couple and peroxy diphosphate-silver respectively.  The effect  of 

different reactants along with reaction time and temperature were studied by determining 

the grafting parameters: grafting ratio, efficiency, conversion, add-on, homopolymer, and 

rate of grafting. It was observed that the graft copolymers were thermally more stable 

than the pure gum. Guar gum / poly (acrylic acid) semi-interpenetrating polymer network 

(IPN) hydrogels have been prepared via free radical polymerization in the presence of a 

crosslinker  of  N,N-methylene  bisacrylamide  (MBA).  Hydrogels  showed  enormous 

swelling in aqueous medium and displayed swelling characteristics, which were highly 

dependent on the chemical composition of the hydrogels and pH of the medium (ionic 

strength  I  =  0.15  mol/L)  in  which  hydrogels  were  immersed.  (Pandey  .et  al,  2006) 

modified guar gum by graft copolymerization with acrylic acid in aqueous medium using 

vanadium (V)–mercaptosuccinic  acid  redox system.  The  optimum reaction  conditions 

affording maximum grafting ratio, efficiency, add on and conversion were vanadium(V) 

concentration 1.0 × 10−2 mol dm−3, mercaptosuccinic acid concentration 2.0 × 10−2 mol 

dm−3, acrylic acid concentration 20.0 × 10−2 mol dm−3. The grafting ratio, add on and 

conversion increase, on increasing the H+ ion concentration from 1.5 × 10−1 to 6.0 × 

10−1  mol  dm−3.  On  increasing  the  guar  gum concentration  the  grafting  parameters 

increase. The optimum time and temperature for the grafting reaction was 120 minutes 

and 35 °C respectively.  The water uptake behavior of barium ions crosslinked sodium 

alginate/  carboxymethyl  guar gum bipolymeric beads in the media of varying pH was 

also studied. The beadsswelled to nearly 15±4% in simulating gastric fluid (SGF) of  pH 

1.2 in 3 h. On transferring the hydrogel into simulated intestinal fluid (SIF) of pH 7.4, the 

swelling was enhanced to nearly 310±12%. When loaded with the model drug vitamin 

B12, the total release in SGF in 3 h was nearly 20%, while nearly 70% was released in 

SIF  in  the  next  7  h.  The  percent  entrapment  was  nearly  50% when  the  beads  were 

crosslinked with a 5-6% (w/v) BaCl2 solution.guar  gum was chemically  modified  by 
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sulphonation  using  chlorosulphonic  acid  (ClSO3H)  as  a  reagent.  Activated  partial 

thromboplastin time (APTT) assay showed that the guar gum sulphate could inhibit the 

intrinsic coagulant pathway. The anticoagulant activity strongly depended on the degree 

of  substitution  (DS)  and  molecular  weight  (MW)  of  polysaccharides.  DS>0.56  was 

essential for anticoagulant activity. The guar gum sulphate with the DS of 0.85 and the 

Mw  of  3.40×104  had  the  best  blood  anticoagulant  activity.  The  optimum  reaction 

conditions  for  affording maximum percentage  of  grafting  for  grafting  of  acrylonitrile 

(AN) onto sodium salt of partially carboxymethylated guar gum (DS 0.497) using ceric 

ammonium nitrate (CAN) as a redox initiator, in an aqueous medium, by successively 

varying reaction conditions such as concentrations of nitric acid, ceric ammonium nitrate, 

monomer (AN) as well as reaction time, temperature and amount of substrate was also 

established  by  an  expert.  The  IR-spectroscopic,  thermal  (TGA/DSC)  and  scanning 

electron microscopic (SEM) techniques were used for the characterization of the graft 

copolymer. Using microwave (Mw) irradiation grafting of polyacrylonitrile (PAN) onto 

guar gum in water was done without using any radical initiator or catalyst within a very 

short reaction time. The extent of grafting could be adjusted by controlling the reaction 

optimum conditions in 1.66 minutes. Grafting of acrylamide onto guar gum is achieved 

by  Ce(IV)  induced  free-radical  polymerization  to  prepare  interpenetrating  polymer 

network  (IPN)  beads  of  polyacrylamide-g-  guar  gum  with  sodium  alginate  by 

crosslinking  with  glutaraldehyde.  Two widely  used  pesticides,  solid  chlorpyrifos  and 

liquid fenvelarate, were loaded up to 60-70% efficiency in the IPN beads. Equilibrium 

swelling experiments indicate that the swelling of the beads decreases with an increase in 

crosslinking,  as  well  as  an  increase  in  pesticide  loading.  The  action  of  a  cationic 

polyelectrolyte (ammonium hydroxy-propyl-trimethyl chloride of the polysaccharide guar 

gum, commercially know as cosmedia guar,  CG) in aqueous alumina suspension was 

investigated. This polymer was used aiming to find alternatives for synthetic polymers, as 

for  instance,  sodium polyacrylate-  PANa,  normally  used  as  a  deflocculating  agent  of 

alumina suspension. The measurements of particle size, as a function of time, showed 

that  the  addition  of  this  polyelectrolytic  macromolecule  (CG)  keeps  the  particles 

dispersed for a longer time, in comparison with the suspension containing only alumina. 

The  ceric-ammonium-nitrate-initiated  graft  copolymerization  of  polyacrylamide  onto 
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hydroxypropyl  guar  gum  by  solution  polymerization  technique  was  studied.  The 

synthesized  products  were  then  characterized  by  various  instrumental  techniques  like 

viscometry, elemental analysis, IR, thermal, XRD and SEM studies. The percentage of 

grafting increases with increasing catalyst  concentration and decreases  with monomer 

concentration taking other parameters constant. A mild method for microencapsulation of 

sensitive drugs, such as proteins, employing a suitably derivatized carboxymethyl guar 

gum (CMGG) and multivalent metal ions like Ca2+ and Ba2+ was reported. The swelling 

data of Ca2+ and Ba2+ crosslinked beads suggest that Ba2+ crosslinks CMGG much 

more efficiently than Ca2+. The drug loading efficiency of these Ba2+/CMGG beads, as 

a function of concentration of both metal ion as well as drug, was then determined using 

Bovine  Serum  Albumin  as  a  model  drug.  Results  indicated  that  Ba2+  crosslinked 

carboxymethyl  guar  gum  beads  could  be  used  for  gastrointestinal  drug  delivery. 

(Sharma, 1981).   mannose backbone to which Galactose units are attached a  of the 

number of Galactomannans known, guar gum (GG), locust bean gum (LBG), and tara 

gum (TG) are the most used in applications in, for example, the food, pharmaceutical, 

and  chemical  industries  as  thickening  agents  or  stabilizers  due  mainly  to  the  high 

viscosity  they  give  at  low  w/w  concentrations.  While  guar  gum  commonly  has  a 

mannose-to-Galactose ratio (M/G) of approximately 2, M/G ratio is 3 and 4 for TG and 

LBG,  respectively  (Picout.  et.al,  2002).Their  functional  and  physical  properties 

(including  solubility,  gelling  behavior,  and  viscosity)  are  related  to  the  molecular 

structure, sugar composition,  degree and distribution of branching, and polymerization 

(Prado .et.al , 2005) . In many industrial  applications,  the depolymerization of linear 

polysaccharides is essential.  For example,  guar solutions, which are used as hydraulic 

fracturing fluids in oil and gas recovery, need to be degraded to facilitate the outflow of 

oil.  In addition,  to  understand the solution properties  of guar as well  as other water-

soluble  biopolymers,  it  is  often  necessary  to  degrade  the  native  polymer  to  prepare 

samples with various molecular weights (MW). (Cheng. et.al, 2002). Depolymerization 

of polysaccharides has been widely studied. Though acid and enzymatic hydrolysis are 

most common, other methods such as thermal irradiation(Willet .et.al ,1997). extrusion, 

ultrasonication (Szu, .et.al,1986) ) and free radical degradation are also reported (Reddy, 

Tammishetti,  2004).).  However,  mostly  enzymatic  hydrolysis  is  used  to  degrade 
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Galactomannans. There is only one work about degradation of guar gum with gamma 

-rays in solution state. (Jumel. et al,1996) investigated the change of absolute Molecular 

weight and viscosity properties  of guar gum samples  irradiated  in  solution state  with 

gamma radiation, Molecular weight and viscosity of guar gum decreased with irradiation 

and  this  decrease  was  relatively  steep  at  low  irradiation  doses  (0.1–0.8  kGy).  The 

decrease was much slower at high doses in both molecular weight and viscosity. They 

also  investigated  the  change  in  the  number  of  chain  breaks  per  molecule  G(s)  and 

concluded that G(s) values at lower irradiation doses were higher than those at higher 

irradiation  doses,  i.e.  more  molecules  were affected  by low irradiation  doses  (Jumel 

.et.al, (1996).  Using gamma rays in  a 0–10 kGy dose range. They observed that the 

molecular weight and viscosity of guar gum is affect.  

2.17 Literature Review on Radiation Processing of Guar Gum:

The application of radiation to process synthetic polymers to introduce structural changes 

by cross-linking and special performance characteristics is now a thriving industry

 (Al-Assaf. S ,et al, 2007). In contrast, treatment of polysaccharides and other natural 

polymers with ionizing radiation either in the solid state or in aqueous solution leads to 

degradation(Phillips,1998);(  Blake, 1988) ,( Al-Assaf .et al ,2007).  Recently, it shown 

that  irradiation  of  highly concentrated  solutions  (paste-like  state)  of  natural  polymers 

such  as  gum  Arabic  can  lead  to  cross  linking  without  the  need  for  any  additives 

(Katayama.  et  al.,  2006).  Water  soluble  polymers  and  their  blends  are  of  growing 

interest  because  these  materials  are  widely  used  in  detergents,  paints,  textiles, 

biodegradable  plastics  and  chemical  intermedium  (Swift.G.  et  al,1994)  .  Poly(vinyl 

alcohol)  has  a  wide  commercial  application  due  to  its  unique  chemical  and  physical 

properties such as nontoxicity, high crystallinity and water solubility. Much of the early 

work  on  irradiation  examined  foods  treated  at  sterilizing  doses,  but  since  recent 

applications often use doses well below 10 kGy, a realistic evaluation of the nutritional 

adequacy of irradiated food should be based   on results of experiments carried out using 

doses likely to be used in commercial practice. The change in nutritional value caused by 

irradiation depends on a number of factors. These include the irradiation dose to which 

the food has been exposed, the type of food, packaging, and processing conditions, such 

as temperature during irradiation and storage time.  Carbohydrates, proteins and fats are 
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the  main  components  of  foods.  These  macronutrients  provide  energy  and  serve  as 

building  blocks  for  the growth and maintenance  of  the  body.  Extensive  research  has 

shown that carbohydrates, proteins, and fats, undergo little change during irradiation even 

at doses over 10 KGy. Similarly, the essential amino acids, minerals, trace elements and 

most vitamins do not suffer significant losses It is also widely used as a biochemical and 

hence has biomedical applications, (Ibrahim. 2000.). Also, it has good film forming and 

high hydrophilic properties. Many research works have PVA=GA blend for release of 

antimicrobial drugs (.Kushwaha. et al. 1998).  GA and PVA have abundant hydroxyl 

groups in their structure, hence on bending; hydrogen-bonding interactions between them 

are expected to occur. As a result, related thermal and mechanical properties could be 

improved. Possibly, these blends can be used to release various antimicrobial drugs and 

heavy metals to improve the agricultural soil. The same work will be done by using guar 

gum. which have the requested properties the properties of a good carrier material for 

seed inoculation  are:  (Kaushal.  et  al,  1996)  non-toxic to  -  inoculant  bacterial  strain, 

(Hedge .et.al ,1992) good moisture absorption capacity, (Kostov and Lynch, 1998)   (fig 

12)easy to process and free of lump forming materials, (Pesenti, et al , 1991) easy to 

sterilize  by  autoclaving  or  gamma-irradiation,  (Bissonnette  and  Lalande  ,  (1988)) 

available  in  adequate  amounts,  (Chao  and  Alexander,  (1984))  inexpensive, 

(Paczkowski and Berryhill ,1979) good adhesion to seeds, and (Fouilleux. et al, 1996) 

good pH buffering capacity. Needless to say, (Kremer and Peterson, (1982) non-toxic 

to plant,  is  another important  property.  when it  used as soil  treater   or trace element 

carrier .  

2.18 Trace Elements:

Trace  elements  are  Chemical  elements  that  are  present  in  a  sample  in  very  low 

concentration, usually in the range of milligrams per kilograms (mg/kg) or (ppm). The 

term is also used to designate a number of Chemical elements in mineral rocks, water, 

soil and organisms. Quantitatively, trace elements analysis is defined as the determination 

of constituents making less than 0.1% of a sample, at present; trace elements analysis is 

defined as determination of trace elements at concentration below about 100 mg/g in a 

sample,  and by using proper analysis  techniques, trace elements even at the ng/g (10-

9g/g) and Pg/g (10-12g/g) levels can be determined (Mizuike, 1983). Trace elements in 
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terrestrial  materials  such as the atmosphere,  ground water,  river,  lake and sea waters, 

soils,  mineral  and  rocks  and  in  cosmic  materials  such  as  meteorites  and  soils  have 

extensively been analyzed to obtain invaluable information in geochemical and Cosmo 

chemical  studies.The role of trace element  in biological  systems is  very complicated. 

There are a number of essential, beneficial, harmful or toxic trace elements for plants and 

animals. Most of essential trace elements whose deficiency give rise to various diseases 

are  toxic  to  plants  and  animals  if  present  in  excessive  amounts,  and  the  optimum 

concentration ranges are relatively narrow for some element. Therefore, the atmosphere, 

drinking  water,  soils,  plants,  and  human  diet  blood,  urine  and  tissue  are  frequently 

analyzed for trace elements in biological, agricultural and medical science as well as in 

connection with environmental problems. Moreover, trace elements analysis is also very 

important in physical sciences, industry, criminology and archaeology (Mizuike, 1983).

2.18.1 Sources of Trace Elements:

Apart from the anthropogenic interference, the rocks and minerals are the main source 

releasing trace elements to the soil and ground water when they undergo chemical and 

biochemical weathering.

2.18.2 Classification of Trace Elements:

Trace heavy element can be classified into macro and micro constituent or alternatively 

as  macro  and  micro  nutrients  (Stewarts,  1989).  Nutrient  trace  elements  are  those 

essential elements absorbed from the soil by plants; they are needed in relatively large 

amounts (macro nutrients) such as nitrogen, phosphorus, potassium, calcium and sodium. 

Deficiency of these elements in soil retards the growth of the plants. Higher plants use 

other nutrient elements called (micronutrient) such as iron, manganese, copper, zinc and 

cobalt in very small amounts. They are not less essential than, macronutrients but they 

needed  in  small  quantity  (Stewarts,  1989).  One  more  common  characteristic  of  all 

micronutrient is that plants require them in very small amounts. Moreover, they are all 

harmful when the available forms in the soil are in a large quantity. The environmental 

harmful  effect  of  pollutant  heavy  trace  elements  arises  from  urban  industrial  and 

agriculture pollutants (Nyle, 1974) .Cadmium, lead, chromium and nickel are considered 

as major pollutant heavy elements, while barium, beryllium and vanadium are considered 

as minor pollutants, a fact that depends on their abundance (Stewarts, 1989).
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2.18.3 Biohazard of Trace Elements:

Some elements as iron, magnesium, copper and Zink play an important role in living 

organisms. Certain trace elements including toxic metals are essentially being taken into 

the body via gastrointestinal (food and drink) as well as Respiratory System. Some of 

these elements act as cofactors in metabolic pathways i.e. (Cu, Zn, and Mg) and Ferric in 

haem.World Health Organization (WHO) reports recently that in developing countries 

more  than 800 million  people are  suffering from cretinism,  a  severe  form of  mental  

retardation, and goiter due to the deficiency of iodine while 350 million people have less 

iron in bodies. Recent studies spell that cancer and heart disease are related to selenium 

deficiency  (www.hindu.com).Zinc deficiency causes loss of fertility,  delayed healing, 

disorder  of  bones  and  joints,  skin  and  lung  cancer.  Manganese  deficiency  in  soil 

correlates  to  increased  incidence  of  cancer.  Neutropenia  and  acrodymia  result  from 

abnormalities of copper deficiency.  Deficiency of lithium causes mental disorders and 

night  blindness.  Less  magnesium  may  result  in  cardiovascular  diseases.  Not  only 

deficiency of elements, excess intake of certain elements causes ailments. Alumina leads 

to  Alzheimer's  disease,  kidney  failure  and  low Intelligent  Quiz,  arsenic  to  keratosis, 

gangrene,  skin  cancer,  melanosis  and  leucomelanosis  problems 

(www.hindu.com).Excess of selenium creates severe problems leading to cancer, blind 

staggers. Excess of copper, cadmium, lead, uranium, thallium, mercury, chromium and 

tin result in renal failure problems. Kidney stone generates from excess of calcium in 

water and kidney failure from mercury. Dust in certain mining localities creates health 

hazards  on  people  as  they  inhale  mineral  dust.  Diseases  like  anthracosis,  asbestosis, 

silicosis, siderosis attack healthy people globally (www.hindu.com) 

2.18.4 Trace Elements as Nutrients: 

Many trace elements are known to be essential to life, but at higher concentrations they 

become toxic. Despite occasional murmurs to the contrary, it seems that any increase in 

radiation above natural background must be considered harmful. It is, therefore, much 

easier to define the objectives of radiation measurement and control programs than the 

equivalent objectives for trace element studies.
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MATERIALS AND METHODS
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MATERIALS AND METHODS

The main materials used in this study are :

 Commercial guar gum powder (food grade) obtained from (Sudanese guar gum 

Company) ( fig 10), deionized water, distilled water, and some standard  solutions  of  

Glactose  and Manose., some media growths .

3.1 Radiation Techniques:
The main technique used is Co-60 gamma irradiation unit, 

3.2 Irradiation Procedure:

The powder and solutions of gum were kept into sterilized polyethylene tightly vials   (fig 

11), and then irradiated at room temperature in air. The radiation doses calculated to be 

time of exposure.

3.3 Instrument Used in This Study:    

3. 3.1 HAAKE Viscotester 6 plus : 

Measuring Principle:

The  (HAAKE)  Viscotester  is  a  classical  rotational  viscometer  that  measures  the 

resistance of a test substance against a pre set speed. The resulting torque or resistance 

measures the viscosity of the fluid.  The higher the torque , the higher the viscosity. Due 

to the standardized geometry, the shear rates generated can only be determined precisely 

for Newtonian substances. Version L or R.L is mainly used for low-viscous substances 

such as diluted solutions, oils, dispersions and emulsions. Milk-like fluids (2-5 mPas) 

would be an example at the low end of viscosity and motor oil would represent the high 

end. The measuring   range is from 3 - 6 000 000   m Pas.  R for )medium-viscous 

Substances( is the "standard” viscometer for 80 % of all viscosity measurements. It is 

especially suited for the medium viscosity range extending from sewing machine oil up to 

(PVC) plastic sols or whipped cream. The measuring range is from 20 - 40 000 000 mp.

3.3.2 Viscosity:
 
Chemical structure is related to the physical properties of the polysaccharides in solution. 

So,  attention  has  been  paid  to  the  measurement  of  the  viscosity  of  polysaccharide 

solutions. 
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3.3.2.1 Viscosity Measurement:       

Solution viscosities were determined for a range of shear rate using a (Hakke visotester ) 

at  Rome temperature The experimental viscosities, were converted to relative viscosity, 

by subdividing the experimental viscosities by Solvent  solution viscosities

 (Solution viscosity)  ∕ (Solvent viscosities).

3.3.2.2 Intrinsic Viscosity:
The  intrinsic  viscosity  is  an  important  parameter  since  it  describes  the  general 

concentration  dependence  of  the  viscosity  of  any  flexible  polysaccharide  solution. 

(Launay .et.al,1986) .Very dilute polymer solutions can be described as dispersions of 

“fluffy”  spheres  (DeGennes,1979)  ..In  general,  for  guar  gum,  an increase  in  specific 

viscosity was observed as the concentration  of gum  increased.. The same results have 

been reported by (Lapasin and Pricl ,1995), indicating that neutral polysaccharides (i.e., 

guar) exhibited linear plots of lower slope, where as ionic polysaccharides displayed a 

sharp increase of the slope, possibly due to expanded coil dimensions and electrostatic 

repulsion  between  chain  segments..  Displays  increasing  of  specific  viscosity/ 

concentration as concentration increase. (Lai .et al, 2000) reported similar results their

works showed the same results for salts distribution are in terms of chemical structure 

property  relationships,  the  average  Galactose  content  has  been  shown  to  strongly 

influence the physical properties of Galactomannans .A lower Galactose content yields 

strong synergistic  interactions  with  other  biopolymers  and a  grater  individual  gelling 

capacity  based  upon Galactose  inhibited  Mannan interactions  .The distribution  of  the 

Galactose  units  along  the  main  chain  (fine  structure)  also  influences  the  physical 

properties of this biopolymer. Whereas it has been shown that the Galactose monomers 

are distributed in a closely random fashion along the Mannan backbones Galactomannans 

that possess longer Galactose uninhibited Mannan regions exhibit greater functionality. In 

addition,  a third and less widely recognized dependence of the  chemical structure of 

galactomannans  upon  its  physical  properties,  is  the  influence  of  the  Galactose 

polydispersity between chains. As recently highlighted at the  same average Galactose 

content,  Galactomannans with a  broader  Galactose more functional  as they possess a 

greater proportion of chains with lower Galactose content. The intrinsic viscosity, [ŋ], is 

not a very specific parameter and depends upon several factors .It is dependent upon the 
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hydrodynamic volume occupied per unit mass of the macromolecule; which consists of 

the intrinsic volume occupied by the polymer chain and its excluded free volume. It is 

also influenced by hydrodynamic properties which include a measure of the permeability 

of  the  polymer  coil  to  solvent  (if  it  is  free  draining,  then  [ŋ]  is  higher)  and  chain  

anisotropy. Deviations from spherical geometry add a frictional component to viscosity. 

The  solution  properties  of  guar  gum and  other  Galactomannans  in  water  have  been 

characterized.  Rheological  property is  very important  for  several  aspects  such as  the 

effect on mouth feeling, text structure and other characteristics of food products. Because 

gums  are  widely  used  for  modifying  the  rheological  properties  of  food  systems, 

investigation  on  the  effect  of  sweeteners  on  rheological  behavior  of  gums  is  very 

important.  By  this  work,  we  can  conclude  that  the  effect  of  replacing  sucrose  with 

synthetic sweeteners on the rheological property of food products is minimal, and they 

are  suitable  alternative  sweeteners  for  sucrose  in  dietary  products.(  Goycoolea.  et 

al,1995) removed specific chain/chain association by dissolving significant reduction in 

the intrinsic viscosity, [η], for LBG, 12.1 to 5.2 dl/g and to a lesser extent for guar, 12.5 

to 11.9 dl/g. These intrinsic viscosities were then in accordance with the relative actual 

Molecular  weights  for  these  two  Galactomannans.  Upon  neutralization,  the  intrinsic 

viscosities returned to their original values clearly showing that reversible aggregation 

does  occur.  Thus,  not  only  does  the  specific  association  of  Galactomannan  chains 

possibly  contribute  to  higher  viscosity  dependencies  with  concentration,  but  it  also 

increases the intrinsic viscosity of the macromolecule (a measure of the hydrodynamic 

volume).                                                                          

The  intrinsic  viscosity  [η]  is  a  measure  of  the  hydrodynamic  volume  occupied  by  a 

macromolecule,  which  is  closely  related  to  the  size  and  conformation  of  the 

macromolecular chains in a particular solvent The intrinsic viscosity [η] was measured 

according to the(Higro. et al, (2006) .  According to their method the intrinsic viscosity 

[η]  is  determined  experimentally  from  measurements  of  the  viscosity  of  very-low-

concentration  (C)  solutions.  Denoting  solution  and  solvent  viscosity  as,  respectively 

solution and solvent, [η] is defined by the following relationships:
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Relative viscosity:

η rel = η solution / η solvent    (1)

Specific viscosity:   

   η sp  =  η rel - 1                         (2)

3.3.2.2.1 Intrinsic Viscosity Measurements: 

 The intrinsic viscosity, [h], is not a very specific parameter and depends upon several 

factors (Bohdanecky ,1982).

The  intrinsic  viscosity  can  be  obtained  by measuring  specific  viscosities  at  different 

concentrations  at  the  same  shear-rate,  and  extrapolating  the  course  of  specific 

viscosity  to  infinite  dilution  the  intrinsic  viscosity  [η]  is,  therefore,  obtained  by 

extrapolating data to zero concentration by using a linear regression, which will be called 

the graphic double-extrapolation procedure (GDEP).  ηsp/c also called reduced viscosity, 

could be written in the form of a Huggins equation      

rel    1   C                          (3)

The intrinsic viscosity [η] is the slope obtained by plotting ηrel vs. C (Vahid .S 
.et.al,2008)
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3.4 Ultraviolet- Visible Spectroscopy:

 (UV/ Vis) involves the spectroscopy of photons in the UV-visible region. It uses light  in 

the visible and adjacent near ultraviolet  (UV) and near infrared (NIR) ranges In  this 

region of the electromagnetic spectrum, molecules undergo electronic transitions. This 

technique is complementary to fluorescence spectroscopy, in that fluorescence deals with 

transitions  from  the  excited  state  to  the  ground  state,  while  absorption  measures 

transitions from the ground state to the excited state.                                                        

UV/Vis spectroscopy is routinely used in the quantitative determination of solutions of 

transition metal ions and highly conjugated organic compounds. Solutions of transition 

metal ions can be colored (i.e., absorb visible light) because d electrons within the  metal 

atoms  can  be  excited  from one  electronic  state  to  another.  The  colour  of  metal  ion 

solutions is strongly affected by the presence of other species, such as certain anions or 

ligands. For instance, the colour of a dilute solution of copper sulfate is a very light blue 

adding  ammonia  intensifies  the  colour  and  changes  the  wavelength  of  maximum 

absorption  (λ max).   Organic  compounds,  especially  those  with  a  high  degree  of 

conjugation,  also  absorb  light  in  the  UV  or  visible  regions  of  the  electromagnetic 

spectrum.  The  solvents  for  these  determinations  are  often  water  for  water  soluble 

compounds,  or  ethanol  for  organic  soluble  compounds.  (Organic  solvents  may  have 

significant  UV absorption;  not  all  solvents  are  suitable  for  use  in  UV spectroscopy. 

Ethanol absorbs very weakly at most wavelengths.) Solvent polarity and pH can affect 

the absorption spectrum of an organic compound. Tyrosine,  for example,  increases in 

absorption maxima and molar extinction coefficient when pH increases from 6 to 13 or 

when solvent polarity decreases. While charge transfer complexes also give rise to colors, 

the  colors  are  often  too  intense  to  be  used  for  quantitative  measurement.  The  Beer-

Lambert  law  states  that  the  absorbance  of  a  solution  is  directly  proportional  to  the 

solution's  concentration.  Thus  UV/VIS  spectroscopy  can  be  used  to  determine  the 

concentration of a solution. It is necessary to know how quickly the absorbance changes 

with  concentration.  This  can  be  taken  from  references  (tables  of  molar  extinction 

coefficients),  or  more  accurately,  determined  from  a  calibration  curve.  a  UV/Vis 

spectrophotometer may be used as a detector for HPLC. The presence of an analyte gives 

a response which can be assumed to be proportional to the concentration. For accurate 
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results, the instrument's response to the analyte  in the unknown should be compared with 

the response to a standard; this is very similar to the use of calibration curves. 

3.4.1 Beer-Lambert law:     

The Beer-Lambert law is linear relationship between absorbance and concentration of an 

absorbing species .The general Beer-Lambert law is usually written as shown in equation 

 (4.1). 

                      

A=  εbc                                 (4-1(

where:

A is absorbance wavelength

The Greek letter epsilon in these equations is called the molar absorptivity - or sometimes 

the molar absorption coefficient

b is the path length 

c is the analyte concentration 

When using molarity, the Lambert law is written as:

A = a b c                    (4-2)

Where a is a proportionality constant called the absorptivity.The magnitude of a depend 

upon the units used for b and c. 

Absoptivity then has units of  L g -1 cm-1  when b is given in terms of centimeters and c in 

gram per liter, and when the concentration in equation (4. 2 ) is expressed in mole per 

liter and the cell length is in centimeters, the absorptivity is called the molar absorptivity 

and given the special symbol ε. Thus, when b is in centimeters and c is in mole per liter 

(Douglas  and James.1992). 

                                  A=  εbc                                 (4-3)

where ε has the units L mol-1 cm-1

Experimental  measurements  are usually made in  terms of transmittance  (T),  which is 

defined as:                           

   T = I / Io                      (4-4)
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Where I is light intensity after it passes through the sample and Io is initial light intensity.  

The relation between A and T is:

A = - log T = - log (I / Io) = a b c          (4-5)

I:  Intensity of the transmitted beam 

Io:  Intensity of the incident beam 

a: Absorptivity coefficient at wave length

c:  concentration of the absorbing particles

b:  length of the concentration path

Absorption of light by a sample depends on the path length (b).

3.4.2 Measuring the Absorbance of Solution:

An absorption  spectrometer  passes  a  whole  series  of  wavelengths  of  light  through a 
solution of a  substance (the sample  cell)  and also through an identical  container  (the 
reference cell) which only has solvent in it. Many compounds absorb ultraviolet (UV) or 
visible (Vis.) light.  The diagram below shows a beam of monochromatic  radiation of 
radiant power I0, directed at a sample solution. Absorption takes place and the beam of 
radiation leaving the sample has radiant power I .
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The  relationship 
between 
absorbance  and 
transmittance  is 
illustrated  in  the 
following 
diagram:

So, if all the light passes through a solution  without any absorption, then absorbance is 
zero,  and  percent  transmittance  is  100%.  If  all  the  light  is  absorbed,  then  percent 
transmittance is zero, and absorption is infinite.

3.4.3 The Importance of Concentration:

The proportion of the light absorbed depend on how many molecules it interacts with. 

Suppose  you  have  got  a  strongly  coloured  organic  dye.  If  it  is  in  a  reasonably 

concentrated  solution,  it  will  have  a  very  high  absorbance  because  there  are  lots  of 

molecules to interact with the light.However, in an incredibly dilute solution, it may be 

very difficult to see that it is coloured at all. The absorbance is going to be very low. 

Suppose that you wanted to compare this dye with a different compound. Unless one 

took  care  to  make  allowance  for  the  concentration,  couldn't  make  any  sensible 

comparisons about which one absorbed the most light.

3.5 Fourier Transform Infra Red (FT IR):

At present (FT IR) spectroscopy is very often applied in the analysis of plant cell wall 

polysaccharides. The different techniques of FT IR spectra   allow the identification of  
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particular  polysaccharides .The objective of use this technique is to determine  the 

change in polysaccharide according to its  FT IR spectra                                                    .

The term "infra red" covers the range of the electromagnetic spectrum between 0.78 and 

1000 nm. In the context  of infra red spectroscopy,  wavelength is  measured in "wave 

numbers", which have the unit's cm-1. Wave number = 1 / wavelength (in centimeters) .It 

is useful to divide the infra red region into three sections; near, mid and far infra red. The  

most useful I.R. region (mid) lies between 4000 - 670cm-1.Region Wavelength range 

(nm) Wave number range (cm-1) . Any wave form can be shown in one of two ways; 

either  in  frequency  domain  or  time  domain.  A  Fourier  transform is  a  mathematical 

operation  used  to  translate  Complex  curve  into  its  component  curves.  In  a  Fourier 

transform infrared Instrument, the complex curve is an interferogram, or the sum of the 

constructive and destructive interferences generated by overlapping light waves, and the 

component curves are the infrared spectrum. The standard infrared spectrum is calculated 

from the Fourier-transformed interferogram, giving a spectrum in percent transmittance 

(%T vs. light frequency (cm-1) because of the complicated nature of the signal, it must be 

converted back to a spectrum by a computer. This is the (FOURIER TRANSFORM). The 

FTIR is  a  single  beam spectrometer.  That  is,  it  does    not  automatically  measure  a 

background. You should measure a background spectrum before your  sample.  As the 

sample and background are collected separately, a laser (usually HeNe at nm) is used to 

ensure the background and sample frequencies  are  identical.  Because of the need for 

computers and lasers commercial instruments became available in the 1980. FTIR is new 

compared to dispersive infra red. 

3.6 X-ray fluorescence (XRF) Spectrometry:                       

X-ray fluorescence (XRF) spectrometry is an elemental analysis  technique with broad 

application in science and industry. XRF is based on the principle that individual atoms, 

when excited by an external energy source, emit X-ray photons of a characteristic energy 

or wavelength. By counting the number of photons of each emitted energy from a sample 

the elements present may be identified and quantitated (fig 13) .                                    

Henry Moseley was perhaps the father of this technique, since he, building on Roentgen's 

discovery of the high-energy radiation dubbed X-rays, built an X-ray tube which he used 

to  bombard  samples  with  high-energy  electrons.  Moseley  in  1912  discovered  a 
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mathematical relationship between the elements’s emitted X-ray frequency and its atomic 

number.  In 1925 Coster  and Nishina were the first  to  use primary X-rays  instead  of 

electrons  to  excite  a  sample.  After  Glocker  and  Schreiber  were  the  first  to  perform 

quantitative analysis of materials using XRF in 1928, detector technology had to catch up 

in order to make the technique practical, which didn’t begin to happen until the 1940’s. 

The  1950’s  saw  the  first  commercially  produced  X-ray  spectrometers.  In  1970,  the 

lithium drifted silicon detector was developed, and this technology is still in use today 

(Jenkins, 1988).                                                                                                                

Fig 10: Guar gum powder Food grade.
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Fig 11: Irradiated samples.

Fig12: Guar gum in gel form
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Fig 13: Diagram of XRF analysis system

Basic X -ray fLuorescence Spectrometer and The Atomic Process.
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Fig 14: Prepared media

Fig.15: Nutrition media agar
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CHAPTER FOUR

EXPERIMENTAL MEASUREMENTS

58



EXPERIMENTAL MEASUREMENTS

4.1 Microbiological Tests:

The study carried out by   cultrate media over night (fig 14) in order to detect growth of 

pathogens.   Nutrient  broth powder (CM1) and nutrient  agar  (CM3) ware used which 

appear in (fig15).

4.2 Physical properties Tests:

After powder samples  irradiation for desired doses  one  gram from each was dissolved 

in 100 ml deionized water  in order to prepare solutions for  determine   viscosity and pH 

for irradiated powder and   irradiated solutioms( 1 and 0.5)  gram per 100 ml water which 

ware prepared at room temperature .

 4.2.1 Effect of Irradiation on pH and Viscosity: 

Measurements were carried out at 25°C in a HAAKE viscotester 6 plus. to determine the 

pH and viscosity [η] of  the solutions of Galactomannan  (guar gum)  of both irradiated 

states ( powder and solution).Relative viscosities in the range 40 to 20 were considered,.  

4.2.2   Effect of Irradiation on    Transparency and Absorbance:

Using UVprobe233) shemaduze.The measurement was carried out by taking scan for 

transmittance of dilute solutions of sample of control (0.5 and 1%), standard (solutions of 

1% Glactose, 1% Mannose) and irradiated solutions concentration ( 0.5 and 1%)  in the 

range of wave length 400-600nm.

4.3 Chemical Properties Tests:

Considering the change in the chemical nature of irradiated material will allow to usually 

examining the molecular weight and the IR absorbance spectra of the material. Prior to 

irradiation, the molecular weight and molecular weight distribution is often measured.   
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4.3.1 Viscosity Average Molecular Weights: 

Viscosity average molecular weights (Mv) were calculated by equation 5, the (Mark- 

Houwink) equation given by (Doublier and Launay ,1981,1986) and   modified   by 

( Gaisford .et al.,1986)  (Edwin.G,2006). For  guar gum.  

 [η] = 11.55 × 10-6 [(1-r) Mv] 0.98    (5)    

Where r is the galactose/(mannose + galactose) ratio and [η] is the intrinsic viscosity, in 

dL g-1.

4.3.2 FT IR Study:

The  infra  red  spectra  of  the  control  and  irradiated  powder  were  recorded  using 

ashemaduze model  Fourier  transform   infrared spectrometer,  in the range    4000-350 

Cm-1.The KBr pellet technique was adopted for recording the spectra. The solid samples 

were  obtained  through  following  the  procedure  of  adsorption  measurement 

.approximately 2 mg of desired powder sample was thoroughly mixed with 200mg of 

spectroscopic grade KBr and pressed into pellets for recording the spectra.                

4.3.3 Elemental Analyses: 

One gram of each sample tacked  and then put in the cup sealed with Miler film then 

irradiated for 2000 second in XRF (Cd-109). Then using axil program to fit the spectra 

the concentration measured according to (whey standard).
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RESULTS AND DISCUSSION

5.1Microbial Study Result:

When evaluation results of irradiation effect's on guar gum powder the result was that:   

in control samples that indicated by ( Zero kGy) , there was high growth of micro 

organism (bacteria and fungi  ) shown in fig (16-1, 16-2 and 16-3 ) comparing it with the 

irradiated samples with  2.5 KGy fig ( 17-1 , 17-2,17-3 ). It clearly appears that there is 

no growth for any type of micro organism, immediately after irradiation and at all period 

of time of study (immediately after irradiation, after one month, three months, six 

months, nine months and twelve months). samples under study has been clean until the 

nine months after irradiation, just samples of  one year (twelve month) is find to be 

contaminated .  For the samples processed with (5 kGy) all samples under study has been 

clean until the six month. Fig (18-1, 18-2 and 18-3) shows that. And fig (19-1, 19-2, and 

19-3) shows the media of sample of (7.5kGy). The effect of the dose 7.5kGy was limited 

to just 6 months after irradiation, and so do the effect of 10kGy (fig 20). ( ( Fig 21 ) 

to(fig25) )  show the  state of samples  either  clean or contaminated during the period 

time  of  study . 

5.2 Effect on pH and Viscosity Result:

Determine of effect of irradiation  on pH and viscosity of irradiated powder obtained that 

there  is  no  change  in  pH for  2.5kGyand  5kGythe  pH still   as   it  for  control  ,  and 

(7.5,10)kGy also has the  same pH also the same value of pH measured to (20,30)kGy, 

also the doses  40  and  50kGyhas the same value  and this result detailed in (table 2). 

Comparing the value measured for irradiated sample and control (Zero) found that the 

change in pH is not large and it  was still  the same for range of doses and it  change 

gradually from low dose to high doses. Viscosity of 1% solution of irradiated powder 

for control and irradiated sample with 2.5 kGy is same. Then it decrease with increasing 

doses (table 2)  . When measuring viscosity of 1% and 0.5% irradiated solutions. The 

viscosity of 1% (table3) is always higher than that of 0.5% (table 4) and  this agree with 

that found by (lapasine , Pricle.1995)  that viscosity of  high concentration solution is 

high  than  that  of   low concentration.  From this  investigated  the  parameters  intrinsic 
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viscosity measurements which used to determining the molecular weight of guar, which 

would  be  very  useful  in  modifying  chain  architecture  of  Galactomannan  to  alter  its 

properties to open new opportunities for the use of guar. And the result agrees with that 

found by (Zhang,  2006) who found that  modification  of guar  gum solution  lead to 

decrees in intrinsic viscosity to (3385) mPa.

5.3 Elemental Analyses Result:   

Concentrations of elements was found to be as shown in table ( 1).Comparing result  of 

heavy metals and elementary  metals of irradiated sample with control , it appear clear 

that  all samples did not contain any lead concentration. The (2.5kGy) has no effect on 

the elementary metals (K, Ca, Mn and Fe), also no effect on heavy metals (Zn ,Pb). The 

doses (5 kGy) increase all elements concentration, and so (7.5 kGy) increase the (Ca and 

Zn)  but all other elements decrease  but (10 kGy)  decreased  all elements concentration 

except Ca be as it in the control sample . (20 kGy) decreased all elements concentration 

except  (Fe)  was  increased  the  dose  30kGy  decrease  all  elements  concentration..the 

dose(40,50 kGy) , do the same  in clear  as guar gum can form gel with   Na+, K+, Mg+2 , 

Ca+2 ions guar gum can be solublised or gelled by transition ions because of presence of 

cis hydroxyl groups in the Polysaccharide . So it can be used as resin for removing  metal  

ions from underground mine water and other similar applications (Satish, 2009) .From 

these facts   the increase  and decrease of elements  concentration  can be due to  some 

degradation in Glactomanane molecules when irradiation energy inter- act  with material 

and that led to increase of free ions of metals so that it can be easily detected .(that means 

the trapped metals apear ) .Another  reason may cause the detected  increase amount or 

decrease  is the growth of fungi  which depends on that metal in its biological mechanism 

.also put in mind the result of  effect of  irradiation  on elements concentration  depending 

on radiation doses  the effect is vary  between increase and decrease , the change was  in 

a conceded  value ,which can be justified by  returning that to the electrical changes of 

metals electrons  of irradiated samples (Ateia,2009) from ( table 1) .the Sudanese guar 

gum is rich of elements ( micro and macro ) such as Cu ,K ,Na, Zn , etc  and this vary 

from gene type to another (Ganal,1998).and the results detailed in ((fig 32) to( fig 37) ).
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5.4 FTIR Analysis Result:

 Comparing   the absorbance of the irradiated sample with that of control (zero kGy) it 

found that  peaks in control sample as shown in(fig 34) are at (811, 869, 1004, 1078, 

1151, 1417, 1647, 2921 and 3446 cm−1),  the same  peaks appear in the sample irradiated 

with (2.5 kGy) with increase in intensity. But the peak (1417) cm−1 disappeared. (Fig 35) 

.In case of irradiated sample with (5 kGy) the same peaks as in control with increasing of 

intensity and the disappeared peak appear at (1456 kGy) (fig36). The sample of dose (7.5 

kGy) the number of peaks decreases with decrease in intensity of peaks as shown in fig 

(37). We can refer that to break of some bonds (jana,2001). Also the sample irradiated 

with(10 kGy) show eight peaks in the same  range as in control but absence  (1417 ) cm−1 

(fig 38) , In (20kGy) ten peaks appear and all of them are in  medium intensity and the 

new  peaks  are  (1070,1222)   cm−1 and   as  in   all  previous  samples  the  peak  at 

2925cm−1has high value of intensity ( fig 39 ).When irradiated with (30 kGy)  as shown 

in (fig 40) there are  10 peaks  at  the same  region of (another guar gum samples but the 

new one is  (  2136  cm−1)which  has  the  high  value   in  intensity   and   not  as  usual 

(2936cm−1) was in the third order in intensity in  this cause, for the dose (40kGy) when 

guar gum powder irradiated with this dose it's  FT-IR  spectra appear as  fig( 41 ) the 

main peaks which present in control  but with very low intensity and new peak was at 

(1220,1074 and 1012 cm−1) and the effect of  (50 kGy)  on guar gum powder, shown in 

fig (  42)  .the peaks  are in the same region with small difference  but large in intensity. 

According to  (Jing,2007)   for  guar  gum the band at(  3430cm−1)  represents  (  O-H ) 

stretching vibration .The band at (2942) cm−1 is due to( C-H )  stretching of the (CH2) 

groups. The band due to ring stretching of Glactose and Mannose appears at ( 1641 and 

1657cm−1).   In  addition  the  bands   in  the  region  (1350,1450  cm−1)  are  due  to 

symmetrical deformation of CH2 on (C-OH ) groups. The bands due to primary alcoholic 

CH2OH stretching mode and CH2 twisting vibration  appear at (1078 and 1021  cm−1), 

respectively. the bands around 890cm-1 can be attributed to the( X-H) deformation , the 

weak bands around 770cm-1 are due to ring – ring stretching  and ring deformation of α 

-D   (1-4)and α –D(1-6) linkage .
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5.5 Molecular Weight Determination Result:

It  is  very well  known that  polysaccharides  in  dry form or  in  solution  degrade  when 

exposed to ionizing radiation for the investigation of the effect of gamma rays on the 

molecular weight of guar gum (G G) so from the equation ( Eq 5) using intrinsic viscosity 

to determine the molecular weight. Find that  as detailed in(  table 5  ) and the result 

detailed  in (fig 43) to (fig51) the molecular weight of  irradiated powder of guar gum and 

can  see the big difference of molecular weight of control sample and irradiated samples 

it decreases rapidly  with increasing doses  of irradiation and the maximum decrease was 

determined for the dose 50kGy and  that can be due  to high degradation occur  in the 

guar gum molecule ( Glactomanane degradation)  In case of  irradiated guar in powder 

form the decrease in molecular weight is depend on dose . the same result was found to  

be the effect of irradiation on solution of gum in both concentration (0.5%and1%) and the 

decrease of molecular weight depend on the concentration of solution so it is high for 

0.5% from here we recognized that the effect of irradiation on molecule of gum depend 

mainly on concentration of solution and there is relation between decrease of molecular 

weight and viscosity of that solution detailed in ( tables 6, 7 ) and  fig(32.33)  show the 

irradiation  effects  in molecular weight  . (Comparison ). For all samples the  molecular 

weight is in the  range  reported  for guar gum (Glactomanane) (Miguel.et.al,2009) . 

Under  different  conditions  and  different  pH  and  gamma   irradiation  or   some 

modification as salt  addition  or sugar .and that agrees with (Ganal.1996) , (Nadhini 

and  Abhilash.2010)  and  (Murat  .et.al  ,2007)  ,  that  the  M/G ratio  is  not  a  factor 

affecting (Murat.et.al,2007)) found that, the initial  molecular weight is more important 

in  affecting  degradation  rate  of  Galactomannans  under  gamma  rays  treatment  . 

Galactomannan samples show a pseudoplastic behavior until a certain dose and then they 

show Newtonian  flow and lose  their  gelling  properties.The  change  of  viscosity  with 

irradiation at different dose and states is investigated for all samples. But the effect of 

irradiation a bear in solution with low concentration in this cause 0.5% it’s more pronoun 

than for  1% .In this  investigation  the parameters  such as  hydration  of  guar,  intrinsic 

viscosity  measurements  for  determining  the  molecular  weight  of  guar,  rheological 
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properties  of  guar  were  studied  which  would  be  very  useful  in  modifying  chain 

architecture of Galactomannan to alter its properties which would open new opportunities 

for the use of guar. A decrease in intrinsic viscosity noted can also be attributed to the 

change in water structure affecting the inter action between Water/Galactomannan and 

Galactomannan  /Galactomannan  molecules.  The  weak  protonation  of  the  hydroxyl 

groups in Galactomannan and water molecules caused by high H+ may reduce the inter 

and intra molecular hydrogen bonding. It is possible that Galactomannan molecules are 

less  expanded  in  acidic  media  and  the  hydrogen  bonding  between  water  and 

Galactomannan is less prevalent.

5.6 Visible Spectroscopic Results:                                                            

The measurements was carried out by taking scan for transmittance of dilute solutions of 

sample of control (0.5 and 1%), standard (solutions of 1%  Glactose , 1% Manose) and 

irradiated solution s concentration ( 0.5 and 1%)  . In the range of (400-600) nm.From the 

measurement results detailed in (  fig 52) to(  fig 71  ) . Differences in transmittance for 

each  sample  detected,  the  effect  of  irradiation  is  vary  from sample  to  another  .The 

transmittance  is  high  for  control  in  both  concentrations.  For  irradiated  samples  the 

transmittance  decreases.  High  decrease  of  transmittance  is  measured  for  samples 

irradiated with high doses that can be due to appearance of absorber species groups in 

irradiated solution. In fact radiation breaks the chain of polymer and that appears clearly 

when comparing the results of irradiated samples with dose above 10kGy with that of 

standard solutions for both concentrations. 
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Fig 16-1: control (ZerokGy)

Fig 16-2: Control (Zero kGy) three months storage after irradiation

Fig. 16-3: Control (Zero kGy) six months storage after irradiation
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Fig 17-1:(2.5 kGy) after irradiation immediately
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Fig. 17-2:(2.5 kGy) three months storage after irradiation

Fig. 17-3: (2.5 kGy) six months storage after irradiation

Fig. 18-1:(5 kGy) after irradiation immediately
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Fig18-2:(5 kGy) three months storage after irradiation 

Fig 18-3: (5 kGy) ) six months storage after irradiation 

Fig 19-1: (7.5 kGy) after irradiation immediately
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Fig 19-2: (7.5 kGy) three months storage after irradiation

Fig 19-3: (7.5 kGy) six months storage after irradiation
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Fig 20: (10 kGy) nine months storage after irradiation
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Key :- 

X axis: (0, 1, 3, 6, 9, and 12) time after irradiation in month. 

Y axis :

1= clean samples

2 = contaminated samples

Fig21: (ZerokGy) control samples during the time of study 
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    Fig 22: (2.5 kGy) samples during the time of study

       Fig 23: ( 5 kGy) ) samples during the time of study
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.

Fig 24: (7.5 kGy) samples during the time of study
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Fig 25: (10 kGy) samples during the time of study

           Table (1): Elements concentration in ppm  of  irradiated guar gum powder. 

77

PbZnCu  FeMnCaKE
D

------3.25.440.667.457.12.60

------3.25.440.667.457.12.62.5

------3.36.670.682.367.52.95

------3.64.424.054.763.92.07.5

------2.84.336.148.457.11.910

------2.83.442.767.254.41.920

-----1.8    4.622.042.936.41.930

------1.51.513.317.320.81.440

------1.31.516.517.320.81.450



Fig 26: Concentration of ( K)of control and irradiated powder
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                        Fig 27: Concentration of (Ca)of control and irradiated powder 
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Fig 28: Concentration of ( Mn)of control and irradiated powder
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                            Fig 29: Concentration of ( Fe)of control and irradiated powder

Fig 30: Concentration of (Cu) of control and irradiated powder
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Fig 31: Concentration of (Zn) of control and irradiated powder
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Table ( 2) pH and viscosity of solutions made  from   irradiated( guar gum)  powder 
1% (w/v)
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Sample 
irradiated in 

kGy
pH Viscosity in cP

Percentage of 
initial viscosity

Control Zero 6.00 3600 90%

2.5 6.00 3200 80%

5 6.00 2600 65%

7.5 5.6 2500 62.5%

10 5.6 1800 45%

20 5.8 1200 30%

30 5.8 500 12.5%

40 5.3 200 5%

50 5.3 200 5 %

                Table ( 3). pH and viscusity of irradiated solutions of (guar gum) of 1% (w/v)  
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Sample irradiated 
in kGry pH Viscosity in cP

Percentage 
of   initial 
viscosity

Control zero 6.1 3600 90%

2.5
6.1

3200 80%

5
5.7

1800 45%

7.5
5.7

1600 40%

10
5.7

1200 30%

20
5.4

900 22.5%

30
5.4

700 17.5%

40 5.0 400 10%



  Table (4) pH and viscusity of irradiated solutions of ( guar gum) of  0. 5 % (w/v)
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Sample 
irradiated in 

kGry
pH Viscosity in cP

Percentage of 
initial viscosity

Control zero 6.00 1500 88%

2.5 6.00 800 75%

5 6.00 500 60%

7.5 5.8 320 53%

10 5.5 165 41%

20 5.1 120 31%

30 5.00 75 25%

40 4.9 50 14%

50 4.5 50 7%



Table ( 5 ). The intrinsic viscosity and molecular weight of control and irradiated guar 
gim powder 1% (w/v)

Molecular weight
(g/mol)

 

Intrinsic viscosity
(dl/g)

Irradiated dose
 

6360983.6Control zero

6360983.62.5

4240652.45

3533882.007.5

2827101.610

1766941.0020

1413550.830

706780.440

353380.250
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Table (6). The intrinsic viscosity and molecular weight of control and irradiated solution 
1% guar gum .

Molecular weight
(g/mol)

Intrinsic viscosity
(dl/g)

Irradiated dose
 

6360983.6Control zero

4594042.62.5

3533882.005

3003791.77.5

2297021.310

1413550.820

1236850.730

706780.440

353380.250
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Table  (7). The intrinsic viscosity and molecular weight of control and irradiated 
solution .5% guar gum.
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Molecular weight
(g/mol)

Intrinsic viscosity
(dl/g)

Irradiated dose
 

2827101.6Control zero

2650411.52.5

2120321.25

1413550.87.5

1342870.7610

1060160.620

618420.3530

441730.2540

353380.250



Irradiated Dose

50403020107.552.50

M
o

le
c
u

la
r
 w

e
ig

h
t 

700000

600000

500000

400000

300000

200000

100000

0

Guar gum

Guar pow der

Soultion guar gum

                 Fig 32: Comparison between the effect of irradiation doses in molecular 
weight of 1% solution of irradiated powder and irradiated solution
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                 Fig 33: Comparison between the effect of irradiation doses in molecular 
weight of 1% and 0.5% irradiated solution
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Fig. 34: FT IR spectrum of guar gum control zero kGy
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                      Fig 35: FT IR spectrum of guar gum powder 2.5 kGy 
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Fig 36: FT IR spectrum of guar gum powder.5 kGy
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Fig 37: FT IR spectrum  of guar gum powder.  7.5 kGy
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Figure 38: FT IR spectrum of guar gum powder.10 KGy
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Fig 39: FT IR spectrum of guar gum powder.20 kGy
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Fig 40: FT IR spectrum  of guar gum powder.30 kGy
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Fig 41: FT IR spectrum of guar gum powder.40 kGy

Fig 42: FT IR spectrum of guar gum powder.50 kGy
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Fig 43: Intrinsic viscosity variation with doses of 1% solution of irradiated powder
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Fig44: Molecular weight variation with doses of 1% solution of irradiated powder

Fig 45: Molecular weight variation with intrinsic viscosity of 1% solution of irradiated 
powder
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Fig 46: Intrinsic viscosity variation with doses, of 1% irradiated solution 

Fig 47:  Molecular weight variation with doses, of 1% irradiated solution
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Fig 48: Molecular weight variation with intrinsic viscosity, of 1% irradiated solution 

Fig 49:  Intrinsic viscosity variation with doses of 0.5% irradiated solution 
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Fig 50:  Molecular weight variation with doses, of 0.5% irradiated solution

   Fig51: Molecular weight variation with intrinsic viscosity, of 0.5% irradiated solution
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Fig 52: UV-Vis spectrum of guar gum solution of concentration 0.5 g/100ml, control

Fig 53: UV-Vis spectrum of guar gum solution of concentration 0.5 g/100ml,.2.5 KGy
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Fig 54: UV-Vis spectrum of guar gum solution of concentration 0.5 g/100ml,.5 kGy

Fig 55: UV-Vis  spectrum of guar gum solution of concentration 0.5 g/100ml ,7. 5 kGy
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Fig56: UV-Vis spectrum of guar gum solution of concentration 0.5 g/100 ml,.10 kGy

Fig. 57: UV-Vis spectrum of guar gum solution of concentration 0.5 g/100ml,.20 kGy
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         Fig 58: UV-Vis spectrum of guar gum solution of concentration 0.5 g/100ml,.30kGy   

             Fig 59: 
UV-Vis 
spectrum of 
guar gum 
solution of 
Concentration 
0.5 
g/100ml,.40kGy 
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Fig. 60: UV-
Vis spectrum of 

guar gum 
solution of 

concentration 
0.5 

g/100ml,.50KGy

Fig 61: UV-Vis spectrum of Glactose solution of concentration 1 g/100ml
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Fig 62: UV-Vis spectrum of manose solution of concentration 1 g/100ml

Fig 63: UV-Vis spectrum of guar gum solution of concentration 1g/100ml, control 
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Fig. 64: UV-Vis spectrum of guar gum solution of concentration 1g/100ml. 2.5kGy

Fig 65: UV-Vis spectrum  of guar gum solution of concentration 1g/100ml,. 5kGy
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Fig 66: UV-Vis spectrum of guar gum solution of concentration 1g/100ml, 7.5kGy

Fig.67: UV-Vis spectrum of guar gum solution of concentration 1g/100ml, 10 kGy
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Fig. 68: UV-Vis spectrum of guar gum solution of concentration 1g/100ml,20KGy

Fig. 69: UV-Vis spectrum of guar gum solution of concentration 1g/100ml. 30 kGy
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Fig. 70: UV-Vis spectrum of guar gum solution of concentration 1g/100ml,. 40kGy

Fig 71: UV-Vis spectrum of guar gum solution of concentration 1g/100ml, 50 kGy
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CHAPTER SIX
CONCLUSION AND RECOMMENDATIONS  
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CONCLUSION AND RECOMMENDATIONS  

6.1. Conclusion:

The results of this study  are :

 (2.5  kGy) of gamma radiation is enough to decontaminate guar gum samples and this 

dose is the best one for treating or process guar gum  powder. The effect on chemical 

and physical structure determined to be neglected at this dose. 

 The effect of doses depends on the physical state of the sample and its concentration. 

 Effect  of  irradiation  on  the  molecular  weight  and  rheological  properties  of  the 

samples became more pronounced when using high doses.

 The effect of the same dose in low concentrations is more than in high concentrations.

 The irradiated powder with 20 kGy is more soluble than other samples.

 The color of the powder samples which  were irradiated with dose above 10 kGy 

became  darker. 

 Low doses are needed to irradiate solution, than that needed to irradiate powder to 

occur the same effect in   molecular weight.

 High doses have the same effect in the same state either powder or solution.

 Accordingly, it can be concluded that::

 Effect of irradiation on guar gum is random .specially with high dose and that appear 

with results showed by FTIR and UV-Vis specta.. 

 Gamma irradiation effects on guar gum properties (chemical and  physical ) depends 

on the state of the gum when irradiated  as  powder or solution. 

 The solution state is more sensitive to irradiation and that can be referred the water 

radiolysis which leads to some reactions.
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6.2 Recommendations:

      Finally, the research comes up with the following recommendations:

 Irradiation of guar gum for food application must be by doses not more than 

(2.5kGy). As it is safe safety and enough to keep clean of all contamination by 

microorganisms, for long time.

  Nevertheless evaluation by other techniques must be done and quantitative 

evaluation still remains to be worked out. 

 There must be a lot of work on this important material from scientists from 

different area such as agriculture, engineer, physic, biology and chemistry.
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APPENDICES

Appendix 1:  Glactose standard solution of 1% transmittance in vis
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Appendix 2: Manos standard solution of 1%, transmittance in vis

No. Wavelength nm. T%
1 598.80 96.709
2 592.30 96.577
3 590.40 96.541
4 588.20 96.471
5 585.00 96.368
6 576.10 95.963
7 573.80 95.940
8 572.50 95.930
9 568.20 96.043
10 566.70 96.033
11 564.90 96.004
12 563.20 95.961
13 561.60 95.924
14 556.50 95.743
15 555.00 95.712
16 553.30 95.671
17 551.70 95.656
18 548.30 95.493
19 542.60 95.338
20 534.10 95.000
21 525.00 94.698
22 521.10 94.508
23 519.40 94.489
24 517.70 94.452
25 516.30 94.417
26 514.70 94.344
27 499.50 93.623
28 496.50 93.484
29 491.60 93.155
30 489.70 93.068
31 487.70 93.024
32 479.90 92.581
33 599.30 96.693
34 593.00 96.567
35 590.90 96.530
36 588.70 96.463
37 585.60 96.359
38 576.90 95.932
39 575.00 95.920
40 573.00 95.908
41 571.40 95.891
42 567.20 96.016
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43 565.70 95.981
44 563.70 95.940
45 562.00 95.918
46 557.00 95.734
47 555.70 95.682
48 553.80 95.650
49 552.50 95.636
50 548.70 95.483
51 542.90 95.337
52 534.60 94.991
53 525.70 94.667
54 521.90 94.479
55 520.10 94.479
56 518.50 94.426
57 516.80 94.402
58 515.10 94.328
59 500.10 93.611
60 497.00 93.475
61 492.00 93.143
62 490.20 93.051
63 488.40 93.016
64 480.40 92.570

Appendix 3: 1 %( Zero)kGy, transmittance in vis

No. Wavelength nm. T%
1 597.60 40.024
2 587.40 39.369
3 582.30 39.061
4 580.80 38.959
5 575.80 38.773
6 558.20 37.488
7 552.40 37.306
8 473.70 30.226
9 472.00 30.222
10 598.20 40.018
11 588.20 39.362
12 582.70 39.050
13 581.20 38.947
14 576.40 38.757
15 558.60 37.483
16 553.20 37.283
17 474.50 30.217
18 472.80 30.203
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Appendix 4: 1 % guar 2.5.kGy, transmittance in vis

No. Wavelength nm. T%
1 580.70 41.924
2 574.90 41.490
3 561.00 39.354
4 555.60 39.066
5 548.50 38.652
6 545.40 38.721
7 507.30 34.808
8 460.40 29.309
9 456.50 29.179
10 453.70 29.129
11 580.90 41.919
12 575.60 41.481
13 561.50 39.346
14 556.40 39.046
15 548.90 38.647
16 547.60 38.622
17 515.20 34.541
18 461.70 29.242
19 457.10 29.175
20 454.50 29.120

Appendix 5: 1% guar  20kGy, transmittance in vis
  

No. Wavelength nm. T%
1 535.70 57.498

2 536.50 57.483

Appendix 6: 0.5% guar Zero kGy, transmittance in vis

No. Wavelength nm. T%
1 597.60 40.024
2 587.40 39.369
3 582.30 39.061
4 580.80 38.959
5 575.80 38.773
6 558.20 37.488
7 552.40 37.306
8 473.70 30.226
9 472.00 30.222
10 598.20 40.018
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11 588.20 39.362
12 582.70 39.050
13 581.20 38.947
14 576.40 38.757
15 558.60 37.483
16 553.20 37.283
17 474.50 30.217
18 472.80 30.203

Appendix 7: 0.5% guar 2.5, transmittance in vis
No. Wavelength nm. T%
1 593.10 35.208
2 590.40 35.109
3 568.50 33.463
4 552.70 31.950
5 550.60 31.923
6 545.40 31.810
7 539.50 31.540
8 522.20 30.048
9 520.00 30.074
10 498.90 28.854
11 593.40 35.204
12 591.10 35.080
13 553.90 31.912
14 551.30 31.903
15 547.50 31.741
16 539.90 31.537
17 523.40 29.996
18 521.50 30.014

Appendix 8: 0.5% guar 5kGy, transmittance in vis

No. Wavelength nm. T%
1 563.20 62.392
2 562.20 62.392
3 532.70 61.002
4 531.40 60.992
5 529.70 60.979
6 528.60 60.980
7 505.30 57.576
8 503.40 57.549
9 477.40 54.016
10 475.70 54.019
11 472.80 53.986
12 462.00 53.366
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13 460.20 53.348
14 598.80 53.334
15 562.80 62.386
16 540.80 60.857
17 532.00 60.988
18 530.60 60.956
19 529.20 60.971
20 505.90 57.568
21 504.00 57.533
22 478.20 54.004
23 476.50 53.995
24 473.40 53.978
25 463.00 53.343
26 460.90 53.339

             Appendix 9: 0.5% guar 10 kGy transmittance in vis

No. Wavelength nm. T%
1 576.50 85.999

2 577.00 85.986

Appendix 10: 0.5% guar 30 kGy, transmittance in vis

No Wavelength nm. Abs.

1 550.20 0.063
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