
MANAGEMENT OF NON-INSULIN DEPENDENT 
DIABETES MELLITUS BY INDIAN GUM ARABIC 

PODS POWDER 
 

bUlqfyu vukfJr e/kqesg jksx dk ns'kh ccwy Qyh  

pw.kZ }kjk izcU/ku 
 
 

 
MRS PRIYANKA PAREEK 

 

 

Thesis  

Doctor of Philosophy in Home Science 
(Foods and Nutrition) 

 

 

 

 

 

 

 

 

2008 
 

 

Department of Foods and Nutrition 

College of Home Science,  
MAHARANA PRATAP UNIVERSITY OF 
AGRICULTURE AND TECHNOLOGY, 



COLLEGE OF HOME SCIENCE, UDAIPUR  
 

 

CERTIFICATE – I 
 

 

Dated ……2008 

 

 

 

 This is to certify that Mrs Priyanka Pareek had successfully 

completed the oral preliminary examination held on ___________ as 

required under the regulation for Doctor of Philosophy Degree. 

 

 
 
 

Dr. (Mrs.) Aarti Sankhla,  
Associate Professor and Head  

Department of Foods and Nutrition, 

College of Home Science,  

MPUA&T, Udaipur. 

 

 

  

 

    
        

 

 

MAHARANA PRATAP UNIVERSITY OF 
AGRICULTURE AND TECHNOLOGY,  

COLLEGE OF HOME SCIENCE, UDAIPUR  



 

CERTIFICATE – II 
 

Dated ……2008 
 

This is to certify that the thesis entitled Management of Non-insulin Dependent 
Diabetes Mellitus by Indian Gum Arabic Pods Powder submitted for the degree of Doctor 
of Philosophy in the subject of Foods and Nutrition embodies bonafide research work 
carried out by Mrs Priyanka Pareek under my guidance and supervision and that no part of 
this thesis has been submitted for any other degree. The assistant and help received during the 
course of investigation have been fully acknowledged. The draft of the thesis was also 
approved by the advisory committee in the pre thesis submission seminar held on 27th 
August, 2007. 

 

 
Dr. (Mrs.) Aarti Sankhla                     Dr. (Mrs.) Maya Choudhry 
Associate Professor & Head,                                     Major Advisor 

Department of Foods and Nutrition, 

College of Home Science, Udaipur. 

 
 

 
 

Dr. (Mrs.) Maya Choudhry 
Dean,  

College of Home Science, 

Udaipur. 

 

 

 

 

 

MAHARANA PRATAP UNIVERSITY OF 
AGRICULTURE AND TECHNOLOGY, 

COLLEGE OF HOME SCIENCE, UDAIPUR 
 

CERTIFICATE – III 
Dated ……2008  



 
This is to certify that the thesis entitled Management of Non-insulin Dependent Diabetes Mellitus 

by Indian Gum Arabic Pods Powder submitted by Mrs Priyanka Pareek to Maharana Pratap 

University of Agriculture and Technology, Udaipur in partial fulfillment of the requirement for the degree of 

Doctor of Philosophy in Home Science in the subject of Foods and Nutrition after recommendation by 

the external examiner was defended by the candidate before the following members of the examination 

committee. The performance of the candidate in the oral examination was satisfactory, we therefore, 

recommended that the thesis be approved. 
 

Dr. (Mrs.) Aarti Sankhla            Dr. (Mrs.) Maya Choudhry 
Associate Professor & Head,      Major Advisor 
Department of Foods and Nutrition,       
College of Home Science, Udaipur.  

      Dr. (Mrs.) Shashi Jain 
      Member 

 
   Dr. Vimal Sharma 

 Member             
 

Dr. D.R.  
         Member 
 
 

Dr. (Mrs.) Maya Choudhry             Dr. (Mrs.) Ritu Singhvi 
Dean,             Dean P.G. Nominee 
College of Home Science, Udaipur 

 

APPROVED 

Director Resident Instructions 
Maharana Pratap University of Agriculture and Technology, 

Udaipur 
 
 
 
 
 
 
 
 
 



MAHARANA PRATAP UNIVERSITY OF 
AGRICULTURE AND TECHNOLOGY,  

COLLEGE OF HOME SCIENCE, UDAIPUR  

 

CERTIFICATE – IV 
Dated ……2008  

 
 This is to certify that Mrs Priyanka Pareek student of the Department of Foods and Nutrition, 

College of Home Science has made all corrections/modifications in the thesis entitled Management of Non-

insulin Dependent Diabetes Mellitus by Indian Gum Arabic Pods Powder which were suggested by the 

external examiner and the advisory committee in the oral examination held on _____________. The final copies 

of the thesis duly bound and corrected were submitted on ____________are enclosed herewith for approval. 
 

 
Dr. (Mrs.) Aarti Sankhla          Dr. (Mrs.) Maya Choudhry 

Associate Professor & Head,                Major Advisor  
Department of Foods and Nutrition 
        

 

 

Dr. (Mrs.) Maya Choudhary 
Dean 

College of Home Science, Udaipur 
 

 
 



MAHARANA PRATAP UNIVERSITY OF AGRICULTURE & 

TECHNOLOGY, UDAIPUR, RAJASTHAN  

COLLEGE OF HOME SCIENCE 

Department of Foods and Nutrition  
 

PH.D. THESIS, 2008  

TOPIC: Management of Non-insulin Dependent Diabetes Mellitus by Indian Gum Arabic Pods Powder 
ABSTRACT 

Indian Gum Arabic (Acacia nilotica) is one of the indigenous tree which has many medicinal 
properties. The present study was conducted on the management of non insulin  dependent diabetes mellitus by 
Indian Gum Arabic pods powder. The chemical composition of premature, seed developing and mature pods 
showed that carbohydrate (64.16 to 67.71%), ether extract (0.57 to 1.11%), crude fibre (10.41 to 12.53%) and 
energy (308 to 331 kcal/100g)increased (P≤0.01) with maturity and moisture (3 to 8%), ash (3.02 to 5.29%), 
iron (1.17 to 3.52 ppm), zinc (31.05 to 56.05ppm), copper (0.10 to 0.23 ppm), magnesium (11.7 to 18.2 ppm), 
manganese (0.05 to 0.20 ppm) chromium (0.40 to 1 ppm), total phenol (16.0 to 31.31 mg/g) and tannin (14.51 to 
20.30 mg/g)  decreased (P≤0.01)  with maturity whereas, protein content (11.57 to12.63%) was almost same 
(P0.05) at all the stages of maturity on dry weight basis. Forty five NIDDM subjects (45-65 years) of either 
sex, not suffering from any disease and willing to participate were selected by organising a camp in Ayurvedic 
hospital premises, Udaipur.  Most of the subjects were male (71.1%), literate (93.3%), Hindu (91.1%), married 
(97.7%), vegetarian (66.6%) and belonged to nuclear families (75.5%).  Habit of smoking (31.1%), tabacco 
chewing (24.4%), alcohol consumption (22.2%) and gutka chewing (33.3%) was prevalent in the subjects. More 
than fifty per cent of the subjects were having family history of the disease. For intervention subjects were 
randomly divided in groups I, II and III who were given 2, 3 and 4 g of Acacia nilotica premature pods powder 
for 28 days. The adequacy of diet, body measurements, composition, blood glucose, lipid profile and blood 
pressure were measured before and after intervention. Dietary survey (24 hours recall ) revealed that the food 
and nutrient intake before and after intervention was almost same in all the groups. Fats and oils consumption 
was more than adequate whereas, the intake of other food groups was 40 to 83 per cent of balanced diet. Intake 
of nutrients such as fat,  carotene, thiamine, vitamin C was adequate or more than adequate and those of 
energy, protein, iron, calcium, riboflavin, niacin and folic acid was less than adequate (53 to 88% of RDA). 
Nutritional status of the subjects revealed that 31.1 per cent of the subjects were overweight (23-24.9 kg/m2 ) 
followed by 26.6 per cent obese (>25 kg/m2 ). Nutritional profile of the subjects of three groups was same before 
and after intervention (P0.05). The intervention did not make any significant change on the nutritional profile 
of the subjects. The fasting and post prandial blood glucose reduced in all the three groups after intervention but 
the significant decrease was found in the third group of the subjects who were taking 4 g of pods powder daily 
for 4 weeks. Similarly the lipid profile (cholesterol, triglyceride and VLDL) and systolic and diastolic blood 
pressure also decreased significantly and HDL increased (P≤0.01)) in the third group of subjects. In addition the 
systolic blood pressure also decreased significantly in other two groups who were taking 2 and 3 g of pods 
powder daily. No adverse effect of pods powder was reported during the intervention period. It is concluded that 
premature pods powder intervention reduced the blood glucose, lipid profile and blood pressure of NIDDM 
subjects and it may be beneficial in coronary artery diseases.  
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egkjk.kk çrki df̀"k ,oa çkS|ksfxdh fo'ofo|ky; 
xg̀ foKku egkfo|ky;] mn;iqj 

[kk| ,oa iks"k.k foHkkx 
fo|kokpLifr 'kks/kdk;Z & 2008 

 
fo"k; % bUlqfyu vukfJr e/kqesg jksx dk ns'kh ccwy Qyh pw.kZ }kjk izcU/ku 

vuq{ksi.k 

ns'kh ccwy & vdsfl;k fuyksfVdk ds cgqr lkjs vkS"k/kh; xq.k gSA orZeku 'kks/k ccwy Qyh 
pw.kZ }kjk e/kqesg ds izca/ku ij fd;k x;kA ccwy dh vifjiDo] cht;qDr ,oa ifjiDo Qfy;ksa ds 
pw.kZ ds jlk;fud ifj{k.k ls Kkr gqvk fd lq[kh Qfy;ksa ds pw.kZ esa dkckZst 64-61-67.71%] bZFkj 
vdZ (0.57-1.11%)] js'ks 10.41-12.53% vkSj ÅtkZ 308-331 fdyks dsyksjh@100 xzke esa ifjiDork ds 
lkFk egRoiw.kZ of̀) P≤0.01 ikbZ xbZ] tcfd ueh  3-8%] [kfut rRo 3.02-5.29%] ftad 31.05-
56.05ppm] ykSg yo.k 1.17-3.52ppm] rk¡ck (0.10-0.23ppm)] eSXuhf'k;e 11. 7-18.2ppm, eSxuht 
0.05-0 .20ppm] Øksfe;e 0.40-1  ppm] fQukWy 16.0-31.31 fexzk@xzke o Vsfuu 14. 51-

20. 30  fexzk@xzke dh ek=k esa ifjiDork ds lkFk deh P≤0.01 ikbZ xbZA izkVhu gh ,d ,slk 
iks"kd rRo Fkk ftlesa ifjiDork ds lkFk egRoiw.kZ ifjoZru ugha ik;k x;kA vk;qosZfnd ljdkjh 
fpfdRlky;] mn;iqj esa ,d f'kfoj dk vk;sktu dj iSarkfyl bUlqfyu vukfJr  e/kqesg jksxh 
45&65 o"kZ tks fd pkgs L=h ;k  iq:"k gks] vU; fdlh jksx ls xzflr u gks vkSj tks 'kks/k dk;Z esa 
Hkkx yssus ds bPNqd gksa dk p;u fd;k x;k A 'kks/k esa Hkkx ysus okys T;knkrj lnL; iq:"k 71-
1%] fgUnq 91-1%] f'kf{kr 93-3%] fookfgr 97-7%] 'kkdkgkjh] 66-6% o ,dkdh ifjokj 75-
5% ls FksA muesa /kzweiku 31-1%] rEckdw pckuk 24-4%] e|iku 22-2% vkSj xqV[kk pckus 33-
3% dh vknrsa fo|eku FkhA vk/ks ls T;knk lnL;ksa esa e/kqesg jksx dh ikfjokfjd vkuqokaf'kdrk ikbZ 
xbZA p;fur lnL;ksa dks voSpkfjd i)fr }kjk rhu lewgksa & I, II o III esa ck¡Vk x;k rFkk mUgsa 2] 3 
o 4 xzke vifjiDo ccwy dh Qfy;ksa dk pw.kZ izfrfnu pkj lIrkg rd fn;k x;kA lnL;ksa dh 
vkgkj i;kZIrrk 'kkjhfjd eki o laxBu] jDr 'kdZjk] olk Lrj ,oa jDr pki dk ijh{k.k ccwy Qyh 
pw.kZ ds gLr{ksi.k ls iwoZ o i'pkr~ fd;k x;kA vkgkj losZ{k.k ls Kkr gqvk fd gLris{k.k ls iwoZ vkSj 
i'pkr~ lHkh lewgksa ds lnL; HkksT; lewgksa o iks"kd rRoksa dk lsou yxHkx ,d leku dj jgs FksA 
olk o rsy lewg ds HkksT; inkFkkZs dk lsou lHkh gLr{ksi.k lewg izLrkfor larqfyr vkgkj ls vf/kd 
ek=k esa dj jgs Fks] tcfd vU; lHkh HkksT; lewgksa dk lsou izLrkfor larqfyr vkgkj dh rqyuk esa 
40 ls 83 izfr'kr gh ik;k x;kA iks"kd rRoksa tSls olk] chVk&dSjksVhu] Fkk;feu vkSj foVkfeu lh 
dk lsou ;k rks i;kZIr Fkk ;k mlls Hkh vf/kd Fkk] tcfd ÅtkZ] izksVhu] js'ks] yksg yo.k] dsfY'k;e] 
jkbcks¶ysfou] fu;kflu o Qksfyd ,flM dk lsou vi;kZIr 53&88% FkkA v/;;u ds fy, p;fur 
lnL;ksa esa ls 31-1 izfr'kr vf/kd ot+u okys 23&24-9 fdxzk@eh2 nsg nzO;eku fLFkjkad rFkk 26-6 
izfr'kr eksVkis 25fdxzk@eh2 esa nzO;eku fLFkjkad ls xzflr FksA gLr{ksi.k ls lnL;ksa ds iks"k.k 
Lrj esa dksbZ vUrj ugha ik;k x;k P0.05A ccwy Qyh pw.kZ ds gLr{ksi.k i'pkr~ Hkw[ks isV o Hkkstu 
ysus ds nks ?k.Vs ckn fy;s x;s jDr ds uewuksa esa 'kdZjk dh ek=k esa deh ikbZ xbZ ysfdu egRoiw.kZ 
deh mu lnL;ksa esa ns[kh xbZ tks fd izfrfnu pkj xzke ccwy pw.kZ dk lsou dj jgs FksA blh rjg 
olk Lrj dkWysLVªky] VªkbZfXyljkbM o vfr de ?kuRo ykbiksizksVhu rFkk izdqapu ,oa izlkj.k jDr 
pki esa Hkh gLr{ksi.k ds i'pkr~ rhljs lewg 4 xzke Qyh pw.kZ esa egRoiw.kZ fxjkoV ikbZ xbZ ,oa 
vfr ?kuRo ykbiksizksVhu olk Lrj esa egRoiw.kZ of̀) ns[kh xbZA lkFk gh II o  III lewg ds lnL; tks 
2 o 3 xzke Qyh pw.kZ dk lsou dj jgs Fks muds izdqpau jDr pki esa egRoiw.kZ fxjkoV ikbZ xbZA 
Qyh pw.kZ  ds lsou dk lnL;ksa us dksbZ Hkh foijhr izHkko ugha crk;kA bl 'kks/k dk;Z ls ;g fu"d"kZ 



fudyrk gS fd vifjiDo ns'kh ccwy Qyh pw.kZ ls e/kqesg jksfx;ksa ds jDr 'kdZjk] olk Lrj ,oa jDr 
pki esa deh vkrh gS vkSj ;g ân; /keuh jksx esa Hkh ykHknk;d gks ldrk gSA  
 

izeq[k lykgdkj                                             'kks/kdŸkkZ 



INTRODUCTION 
 

 Globally non communicable diseases are increasingly recognized as a major cause of morbidity and 

mortality .The WHO report 2004 had indicated that non communicable diseases account for almost 60 per cent 

of deaths and 47 per cent of global burden of diseases. Non communicable diseases (NCDs) have become a 

major problem not just in developed countries but also in developing countries. Seventy five per cent of the 

deaths attributed to the NCDs occur in developing countries (Ghaffar et al, 2004). Diabetes, cardiovascular 

diseases and cancer are the main chronic diseases. Diabetes mellitus is a chronic metabolic disorder it prevents 

the body to utilize glucose completely or partially. It is characterized by raised glucose concentration in blood 

and alterations in carbohydrate, protein and fat metabolism (Shrilakshmi, 2002). A person is said to have 

diabetes when his/her sugar level in the blood and urine is increased from normal level. 

Diabetes mellitus, long considered a disease of minor significance to world health, is 

now emerging as one of the main threats to human health in the 21st century. The prevalence 

of diabetes ranges from nearly 0 per cent in New Guinea to 50 per cent in Pima Indians. 

Several epidemiological studies confirm that diabetes is one of the most common non 

communicable diseases globally and it is the forth or fifth leading cause of death in most 

developed countries. The past two decades have seen an explosive increase in the number of 

people diagnosed with diabetes world wide (Disdier-Flores et al, 2001). The WHO estimated 

that there were 171 million diabetics in 2000 and this number would increase to 366 million 

by the year 2030 (Wild et al, 2004). Some 246 million people worldwide have diabetes in 

2007. The problem has reached pandemic proportions. Type 2 diabetes is the commonest 

form of diabetes constituting almost 90 per cent of diabetic population. It is estimated that 7.3 

per cent of adults aged 20-79 in all International diabetes Federation member countries have 

diabetes. The Western Pacific region and the European region have the highest number of 

people with diabetes, approximately 67 to 53 million respectively. The highest rate of 

diabetes prevalence is to be found in the North American region (9.2 %) followed by the 

European region 8.4 per cent (Diabetes Atlas, 2005)   

 WHO has declared India as the gobal capital of diabetes the predicted number of diabetics in India to 

be nearly 80 million by 2030 (Wild et al, 2004). Complications from diabetes such as coronary artery and 

peripheral vascular disease, stroke, diabetic neuropathy, amputations, renal failure and blindness are resulting in 

increasing disability, reduced life expectancy and enormous health cost for virtually every society. Diabetes is 

the single, most important metabolic disease recognized worldwide as one of the leading casuses of death and 

disability (Zimmet, 1999). It is the fourth leading cause of death in most developed countries (Diabetes Atlas 

3ed. 2005). Diabetes is certain to be one of the most challenging health problems in the 21st century. The 

number of people with diabetes is increasing due to population growth, aging, urbanization, and increasing 

prevalence of obesity and physical inactivity. This alarming increase in the prevalence of diabetes mellitus calls 



for the efficient and viable preventive and management strategies that are not only cost effective but also 

amiable and cordial. 

 In the modern world, allopathic medicines, are given importance because, of their immediate cure, or 

curing the disease in short period and got quick and fast spread all over the world, besides it is known, to mask 

the effect of indigenous medicinal plants. However, people have realized that allopathic medicines are having 

narcotic and also expensive to which poor people are not affordable. In addition, the allopathic medicines are 

not curing all the human diseases, there are diseases like jaundice, cancer, paralysis, diabetes, skin diseases etc. 

are not curable by the allopathic medicines. Therefore, the perception of medicare turn around towards the 

naturally grown traditional medicinal plants. 

         Although the modern allopathic drugs are greatly accepted in the treatment of diabetes, they may cause 

certain side effects. The sulfonylurea may cause allergic reactions, producing a variety of skin rashes. They may 

also cause gastro- intestinal symptoms such as loss of appetite, nausea, vomitting, indigestion and diarrhoea or 

constipation. Potentially more serious but rare side affects are liver damage, occassionaly causing jaundice and 

abnormilities of the blood cells. The biguanides may cause loss of appetite, nausea and diarrhoea. The most 

serious side effect of biguanides is lactic acidosis (Hillson, 1998). Since patient on oral hypoglycemic drugs 

may have to take them for prolonged periods of time, there is need to search for safe alternatives in the form of 

natural products for regulating blood glucose. In recent years, attempts have been initiated to conduct scientific 

researches on role of indigenious drugs in controlling diabetes.  

 Plants have played a significant role in maintaining human health and improving the quality of human 

life for thousand of year and have served human. The WHO estimate that more than 80 per cent of the earth’s 

inhabitants mostly in developing countries, rely on traditional medicines for their primary health care and most 

of this therapy involves plant extraction their active compounds. The demand for medicinal plants got increased 

in both developed and developing countries due to growing recognition of natural products being non- narcotic 

with no side effects and cost effective (Reddy, 2008). Throughout the world, almost, a quarter of all medical 

prescriptions, are either for chemical compounds from plants or microorganisms or of synthetic versions. 

India has one of the oldest, richest and most diverse cultural traditions called `folk tradition' associated 

with the use of medicinal herbs. Traditional folk medicine is the application of indigenous beliefs, knowledge, 

skills and cultural practices concerned with human health. In India, of the 17,000 species of plants, 7500 are 

known for medicinal uses. In India, traditional doctors, use more than 2500 plants for medicinal purpose. This 

proportion of medicinal plants is the highest proportion of plants known for their medical purposes in any 

country of the world for the existing flora of that respective country (Shiva, 1996). There are lots of evidence to 

show the use of medicinal plants to cure human diseases from very long period ago. The Rigveda (5000 BC) 

mentioned 67 medicinal plants, Yajurveda 81 and Athervaveda (4500-2500 year BC) 290 plants. Charak 

Samhita (700BC) has described medicinal properties and use of more than 1100 plants. Ayurveda, the oldest 

medical system in Indian sub-continent, has alone reported approximately 2000 medicinal plant species, 

followed by Siddha and Unani . 

The Charak Samhita, an age-old written document on herbal therapy, reports on the production of 340 

herbal drugs and their indigenous uses. Currently, approximately 25 per cent of drugs are derived from plants, 



and many others are synthetic analogues built on prototype compounds isolated from plant species in modern 

pharmacopoeia.  

In India, Egypt and Sudan around 70 percent of the rural people use traditional medicine. Similar 

situation exists in a large number of developing countries. In India and China 60 per cent of the people affected 

with cholera and malaria are treated with herbal medicines. In these countries the market for traditional 

medicines is US $ 500 million while Western type medicine accounts for only 300 million US $. In Singapore 

50 percent and in Australia 60 percent of population uses alternative medicine. Around 17,000 herbal products 

are registered in these countries. In Belgium 40 percent contemporary but 84 per cent home medicines and 74 

percent acupuncture medicine is utilized. In France 50 percent of the people take advantage of complementary 

medicine. In Germany 10,000 to 13, 000 alternative medical practitioners are thriving well and 75 per cent of 

them utilize complementary medicines. In UK 90 per cent of the complementary medical practitioners utilize 

osteopathy and acupuncture. In US, where in 1990 only 30 per cent of the people were utilizing complementary 

medicines, it grew to 40 percent in 1997 (Kumar,2003). 

The World Health Organization (WHO) has estimated the present demand for 

medicinal plants is approximately US $14 billion per year. The demand for medicinal plant-

based raw materials is growing at the rate of 15 to 25 per cent annually, and according to an 

estimate of WHO, the demand for medicinal plants is likely to increase more than US $5 

trillion in 2050. In India, the medicinal plant-related trade is estimated to be approximately 

US $1 billion per year. According to an estimate, the quantity of export of Ayurvedic 

products produced in India has tripled between two financial years (2001–2002 and 2002–

2003). 

 Medicinal plants used to treat hypoglycemic or hyperglycemic conditions are of considerable interest 

for ethno-botanical community as they are recognized to contain valuable medicinal properties in different parts 

of the plant and a number of plants have shown varying degree of hypoglycemic and anti-hyperglycemic 

activity. The active principles of many plant species are isolated for direct use as drugs, lead compounds or 

pharmacological agents. Several species of medicinal plants are used in the treatment of diabetes mellitus, a 

disease affecting large number of people world-wide. Traditional plant medicines or herbal formulations might 

offer a natural key to unlock diabetic complications.  According to “Indian Material Medica” vijaysar, 

baelpatra, jamun, aloevera, fenugreek, bittergourd, neem, arjuna and Indian gum arabic (Babul) are the 

indegenious plants which have hypoglycemic effect. 

 Indian Gum Arabic scientifically known as Acacia nilotica is naturally   widespread in the drier areas 

of Africa, from Senegal to Egypt and down to South Africa, and in Asia from Arabia eastwards to India, Burma 

and Sri Lanka. It is also cultivated elsewhere, including Australia, Cape Verde islands, Indonesia, Iran, Iraq, 

Nepal, Vietnam, and West Indies (Christopher, 1992). The total land area of Rajasthan is 3, 42,239 sq km out of 

which 45.25 percent is characterized as wasteland. Out of the total weeds around 50 having important medicinal 

values while others produce related compounds. (Kotia and Kumar, 2001). Gum Arabic is widely distributed 

tree in Rajasthan. It covers 19.7 per cent of the forest area 



(http://envfor.nic.in/fsi/sfr99/chap3/rajasthan/rajasthan.html). Bhandari (1974) has reported that the seeds of 

Acacia nilotica are eaten roasted or raw, in times of very acute scarcity of food in Rajasthan. Pods are also used 

as a vegetable curry. Several parts of this plant like gum, bark, pods, seeds, flowers and leaves are used for 

different medicinal purpose as anti helmintic, anti bacterial, anti fungal, anti septic, anti spasmodic, anti 

inflammatory, anti platelet aggregatory, astringent, hemostatic, stimulant, antioxidant and hypoglycemic 

substance.  Few scientific studies for hypoglycemic effect of Gum Arabic has been reported on animals i.e. rats 

and rabbits. However, none of the study in the literature reviewed through net as well as available journals have 

been reported its hypoglycemic effect on human beings. Therefore the proposed study had been planned with 

following objectives: 

1. To analyze the chemical constituents of Indian Gum Arabic pods at different stages of maturity. 

2. To assess the diet and nutritional profile of diabetic subjects. 

3. To find out the effect of feeding of Gum Arabic in the regulation of blood glucose and lipid profile among 

diabetic subjects.  



REVIEW OF LITERATURE  

 

 A comprehensi ve  knowled ge of the rel ated  l i t erature not  onl y helps th e  

in vest igat or  to define the front iers of the field but  also hel ps in  avoid ing the  

unin tent ional  r epl icat ion  of the pr evi ous work done.  Therefore,  extensi ve r eview  of  

l i t erature is  must  in  an y r esearch  endeavor t o define the goals and  in terpretat i on of the  

signi ficance of resul ts .  In  thi s chapt er,  relevant  l i terature havin g direct  or  indirect  

bearin g on the present  research on “M anagement  of non in sul in  dependent  di abet es  

mel l i tus by Indi an Gu m Arabic pod s powd er” h as been  revi ewed and organized und er th e  

fol l owing head s:  

2.1      Mag nitude of  diabetes  

Gl obal  scenari o  

Indian  scenari o 

2.2   Importance of  medici nal  pl ant s  

2 .3   Rol e of  medici nal  pl ants i n the manag ement of  diabetes  

2 .4   Taxonomy and chemi cal  composit i on of  Indian  Gum Arabi c  

2 .5 .   Tradit i onal  practices of  Indi an G um Arabic to  control  the diseases  

2 .6   Medi ci nal  use of  Indi an Gum Arabi c  

 

2.1  Magnitude of the diabetes:  

Global  scenari o:  

 Diabet es i s  a ser i ous condi t ion  for  the indi vi dual  and  on  the global  scale;  i t s  

rapidl y increasing  preva lence is  a  si gnifi cant  cause of concern .  At  worldwide 177 mil l ion  

people h ave  diabetes (2001) and  in  coming decades the number of peopl e with  di abet es i s  

expected  t o increase al armingl y and  quickl y among comparat i vel y youn g and produ ct i ve  

popul at i ons in  the devel oping world ( IDF,  2003).  The maj or  part  of th is  nu merical  

increase wil l  occur  in  devel oped countr ies.  There wil l  be a 42 per  cent  increase  from 51  

to 72  mil l ion  in  devel oped countr ies  and a 17  per  cent  increase from 84 t o 228 mil l ion  in  

the deve l oping countr ies (Kin g et  al ,  1998).  Th e expected  prevalen ce of d i abetes  by t he  

year  2025 wil l  be more than d ou ble in  Africa,  the Easte rn  Medi ter anean,  and Middle–East  

and South  East  Asi a and  r ise  by 20  per  cent  in Europe,  50  per  cent  in North  America,  85  

per  cent  in South  and Centr al  America  and 75  per  cent  in  Western Paci fi c r egion.  For  

devel oping countr ies,  th ere  wi l l  be proj ect ed  i ncrease of  a  170  per  cent ,  for d eveloped  

countr ies i t  wi l l  be 42  per  cent  ( IDF,  2003).  

 
Wild et  al  (2004) est i mat ed the preval ence of  diabetes  and the nu mber of  peopl e of  

al l  ages with  diabet es for  years 2000 -2030.  Dat a on  diabetes pr eval en ce by age and  sex  



from a l i mited number of count ries were extr apolat ed  to al l  191 WHO number st ates and  

appl ied t o Uni ted  Nat i ons’  populat i on est i mates for  2000 and  2030.  Urban and rural  

popul at i ons were considered separat el y for  devel oping countr ies.  Th e preva len ce o f  

d iabetes for  al l  age - groups worldwide was est i mat ed  to be 2. 8 per  cent  in 2000 and 4 .4 

per  cent  in  2030.  The t otal  number of people with  d iabetes is  projected  to  r ise from 171  

mil l i on in  2000 to 366 mil l ion in  2030.  The preval en ce is  higher  in men than women,  but  

there ar e more  women with diabet es than  men.  The urban popul at ion  in  deve l oping  

countr ies is  projected to d ou ble between 2000 and 2030.  The most  i mport ant  demographi c  

chan ge to di abet es preva len ce across the world  appears to be the increase in the  

proport i on of peopl e >65 years of age.   

 

 Pot en t ial  incr ease of  the pr eval ence has been  r eported in  Asia and  Europe regi on  

and i t  may spurt  2 -3  t i mes more  than  the present  si tua t ion  in  these countr i es (Tabl e  1) .  It  

i s  est i mat ed t hat  the Asian s wil l  harbour 66 per  cent  of t he tot al  gl obal  projected  nu mber  

of di abet es  by 2010 and avai l able evidence poi n ts to the special  vulnerabi l i t y of Indi ans  

(Anon ymous,  1997;  Joshi ,  1998).  Whereas,  in 2003,  IDF has r eported the hi ghest  

pr eval ence rate in  Nort h Ameri can  r egi on (7 .9%) and European  regi on (7.8%).   Th e  

h ighest  number  of di abet ics was found  European  (48  mil l i on)  and Western  P aci fic  region  

(43 mil l ion).   

Table 1: Continental distribution of diabetes mellitus  

Country 
Prevalence 

(mil l i on)  

Afri ca  1  

Asia  66 

Europe  22 

Lat in  America  13 

North Ameri ca  13 

Ocenia  1  

 
 

The  percentage preval en ce  of d i abet es  among 20 -79  years  populat i on  in countr ies  

of the cont inents reveals a hi ghest  ran ge of 3.8  per  cent  ( Iran)  t o 14 .8 per  cent  (Bahrin)  in  

Uni ted Arab E mirat  (Table 2) .  



Table 2: Prevalence of diabetes among 20-79 years age population 

Country Prevalence(million) Percentage 

United Arab Emirat 
Bahrin 
Egypt 
Iran 
Iraq 

Jordon 
Kuwait 

 
56.3 

3384.1 
1323.9 
499.9 
194.2 
75.6 

 
14.8 
9.3 
3.8 
4.1 
6.2 
7.0 

Africa region 
Cameron 

Central Africa 
Republic 

Chad 
Congo democratic 

Republic of African region 
Congo Republic of Africa region 

Cole d’ Voire 

 
61.1 

- 
- 
- 

252.6 
8.6 

42.7 

 
0.9 
- 
- 
- 

1.2 
0.7 
0.7 

Europe 
Albania 

Australia 
Belgium 
Bulgaria 
Croatia 

 
94.3 
232.3 
307.4 
254.3 
174.1 

 
5.0 
(5*) 
4.0 
4.1 
5.3 

South East Asia 
Bangladesh 

India 
Mauritius 

Nepal 
Srilanka 

 
1759.7 
32674.4 

112.6 
0.0 

333.4 

 
2.1 
5.8 

15.0 
0.0 
2.9 

North America 
Argentina 

Bolivia 
Brazil 
Chile 

Columbia 
Costarica 

 
760.9 
165.3 

3310.4 
131.1 
946.9 
77.3 

 
3.3 
4.0 
3.2 
1.4 
9.0 
3.4 

Western Pacific Region 
Combordia 

China Hong kong 
China Macan 

China people’s republic of western pacific region 
Fizi 

 
781.3 

- 
614.4 
34.5 

22,564.8 
42.3 

 
5.9 
- 

12.1 
10.7 
2.7 
9.1 

Source E- Atlas IDF ( 2002) 
 The preval ence is  lowest  in  Africa 0.9  per  cent  (Cameron) to 1.2  per  cent  (Con go 

republ ic of African  r egion) .  The dat a su ggest  a di ffer ence in the r at e of   preval ence  

amon gst  the countri es of a cont inent .  Most  a ffected countr ies world wide ar e Nauru.  Th e  

Uni ted Arab E mirat ,  Qat ar ,  Baharin and  Kuwait  (Tabl e 3) .  Th e largest  number of diabet ics  

are r esid ing in India and  China (Table 4 ) .  

Table 3: Highest prevalence rate of diabetes  



Name of the country Prevalence rate (%) 

Nauru 30.2 

United Arab Emirat 20.1 

Qatar 16.0 

Baharin 14.9 

Kuwait 12.8 

IDF ( 2003) 
 

Table 4: Worldwide largest number of adult diabetics 

Name of country Prevalence (million) 

India 35.5 

China 23.8 

United States 16.0 

Russia 9.7 

Japan 6.7 

IDF ( 2003) 

Indi an scenari o:  

 India  is  the home for  around 40  mil l ion  d i abe t ics and  th is  number has brou ght  

India t o the dubi ous dist inct i on of being home to the largest  nu mber of diabet ics in an y 

one country.  In  keeping with the scenario of most  deve l oping countr ies,  India h as lon g  

passed the stage of di abet es epidemic.  Now t he problem has r eached in a “P andemi c  
proport i on”,  in  sci ent i fi c l anguage which  means  i t  has  crossed th e l i vin g l ine in  which  i t  

i s  a problem associat ed  wi th indi vidual ;  n o mat ter  how large,  a very l arge publ ic h eal th  

problem growin g ast ronomical l y year  a fter  year ,  more than a mat ter  of indi vidu al  heal th  

and wel l bein g (h t tp: \ \  www. diabet esindia.  com).  

 As per  Indian task force r eport ,  the crude preval ence rat e in urban areas is  about  9  

per  cent  and  i t  has increased  in rur al  ar eas to around 3  per  cent  of t he t ot al  popul at ion .  

The  rat i o of urban /  ru ral  popul at ion di st r ibut ion is  70:  30  and  the overal l  crude  

preval ence r ate wi l l  be 4  per  cent  at  a conservat i ve est i mat e.  Th e preval en ce of i mpai red  

glucose t oler ance (IGT) was al so reported as high,  which  is  around 8 .7 per  cent  in  urban  
and 7 .9  per  cent  in rural  areas (h t tp: \ \  www.diabetesindia.com).  In the same l ine of  

act i on ,  Ramach andran et  al  (2001) r eport ed  t he pr eval en ce of d i abet es and  i mpai red  

glucose  tol erance as 12. 1 per  cent  and 14.0  per  cent  r espect i vel y with  no gender  

d i fferen ces.  Th ey report ed increasing t r end  with age.  Subj ects under  40 years of age h ad  a  

h igher  pr eval ence of IGT than  d iabetes (12 .8 vs 4 .6%; p<0. 0001).   

 In  a  stud y conduct ed by ICMR (2001)  on epidemi ology of  di abet es,  di st inct  

d i fferen ce between the preva l ence of di abet es in the urban  and rural  set t ings was observed  



(Tabl e 5) .  The t abulated  d i ffer ence concludes that  urbanizat ion r elat es t o les s energy  

expendi ture,  change in  food h abi ts  and  excess of saturated  fat ,  which leads  t o overwei ght  

and h igh er  pr eval en ce r ate  of d iabet es.  

Table 5: Details of diabetics in urban and rural areas 

Details Urban Rural 
Prevalence (%) 2.1 1.5 

Overweight (%) +15% Ideal weight 10.2-17.5 4.7-15.4 

Sedentary occupation (%) 55 35 
Energy expenditure per day  
(calories per kg body wt.) 

34 41 

ICMR (2001) 

 India l eads the world today with the largest  number of diabet ics  in  any gi ven  

country.  In  the 1970s,  the preva len ce of di abet ics amon g urban  Indi ans was r eported  to be  

2 .1  per  cent  and  this  has now risen  t o 12.1  per  cent .  M oreover ,  the re is  an equ al l y l arge  

pool  of indi vidu als wi th  impaired  glucose tol er ance,  many of whom wil l  devel op t ype 2  

d iabetes mel l i tus in  the fu ture (Pradeepa and  Mohan,  2002). 

2.2  Importance of medicinal plants : 

Medicinal  pl an ts ar e the l ocal  heri tage with  gl obal  i mportance.  World  is  endowed  

with  a r ich weal th of medi cinal  plants.  Herbs  have always been  the princi pal  form of  

medi cine in Indi a and present l y th ey ar e becoming popular  t hrou gh out  the devel oped  

world as people st r i ve to st ay h eal th y in  the face of chronic  st r es s and  pol lut ion ,  and to  

t reat  i l lness wi th medi cines that  work in concert  wi th  the bod y’s own defenses.  P eople in  

Europe,  North  America and  Austr al i a ar e consul t ing t rained herbal  professi on als and  ar e  

using t he plant  medicines.  Medicinal  pl ants al so  play an i mport an t  role in  the l ives of  

rural  people,  part icul ar l y in  r emot e parts  of devel opin g countr ies having few heal th  

faci l i t ies (Ban erjee,  1995).  

 The variet y and sheer  nu mber of plants wi t h  therapeut i c propert ies is  qui te  

ast onishin g.  It  i s  est i mated  that  around 70,000 pl ant  species,  f rom l i chen s t o t owering  

t rees,  h ave been  used  at  one t i me or another  for  medi cinal  purposes.  The herbs provid e  

the star t ing mat eri al  for  the isol at ion  or  synth esis  of convent i onal  drugs.  In  Ayurved a  

about  2000 plant  s pecies are  con sidered  t o have medicin al  value whi le  the Chin es e  

Pharmacopia l is t  over  5700 t radi t ional  medi cines,  most  of which  ar e of pl ant  ori gin .  

About  500 herbs are  st i l l  empl oyed wi thin  convent ion al  medi cin e,  al th ou gh wh ol e pl an ts  

are r ar el y used  (Guha,  1977).  Medicinal  and a romat ic pl an ts are found in  for est  areas  

throu gh out  South  Asia,  from the pl ains to the h igh  Hi malayas with the gr eat est  

concentrat i on  in  the t ropical  and  su btropi cal  bel ts  and  ar id  r egion  of  Thar  desert .  Indi a  



recogni zes more than  2500 plant  species as h avi ng medicinal  value (Banerjee,  1995).  The  

d ist r ibut ion  of  medicin al  plan t  in world  and  in  Indi a h ad  been  revi ewed by Kal a et  al  

(2006) which is  present ed in  Table 6 .  

Table 6: Distribution of medicinal plants 

Country or region Total number of 

native species in 

flora 

No of medicinal 

plant species 

reported 

% of medicinal 

plants 

World 297000 52885 10 

India 17000 7500 44 

Indian Himalayas 8000 1748 22 

Kala et al (2006) 

 Human beings have been utiliz ing p lants fo r basic prevent ive and  

curative hea lth care s ince t ime immemorial.  The estimates suggest that over  

9 ,000 p lants have known med ic inal applicat ions in various cultures  and  

countries,  and this is without having conducted comprehensive research 

amongst several ind igenous and o ther communit ies.  Medic inal plants are used  

at the household leve l by women taking care of their  families  and at the  

village level by medic ine men or tr iba l shamans,  and by the pract it ioners of 

classical trad itional systems o f med icine such as Ayurveda,  Chinese  

medic ine,  or  the Japanese Kampo system. The  World Health Organizat ion 

reported that 80 per cent of the world’s populat ion,  or  4.3 b illion people,  rel y 

upon such trad itional plant-based systems o f medicine to provide them with 

p rimary health care (Cunningham 1998). 

Allopathic medicine  too owes a tremendous deb t to medicina l p lants : 

one in four prescr iptions f illed in a country like the United States is either a  

synthesized  fo rm or derived form from plant mater ia ls.  The global market for 

medic inal plants has always been very large.  According to the Internat iona l 

Trade Centre,  as far back as 1967, the to tal value of imports o f start ing 

materia ls of p lant origin for the p harmaceutica l and cosmet ics industry was 

o f the order of USD 52.9  million.  From this amount,  the  total va lues grew to  

USD 71.2 million in 1971 , and then showed  a steady annual growth rate o f 

approximate ly 5-7 per cent through to  the mid-1980.  Interest  in natu ra l 



materia ls by the dominant  economic powers had waned  from the late 1960s to 

the early 1980s as new possibilit ies in biotechnology and the synthesizat ion 

o f drugs beckoned. But by the mid-1980s,  there was a renewed interest in 

natural materia ls and approaches to health care,  coupled with recognit ion that  

technology alone cou ld not solve the press ing health care needs of the  

world’s populat ion (Tempesta and King, 1994).   

 The part ici pat ion  of  vari ous  companies in  the market  also at tests  the st r ength of  

natural  medicines and i ts  i mportan ce.  By 1990,  some 223 maj or  compani es worldwid e (o f  

which about  half were in the Uni ted States)  were r eported l y scr eening plants for  new 

leads;  the fi gure had been zero in 1980.  Also  in  1990,  more than 2000  compani es in  

Europe  al one were market i ng h erbal  medicin es,  wi th  30% h aving a  turnover  in excess of  

$20  mil l ion .  Expendi tur e in the Uni ted St ates on  "uncon vent ion al ,  al ternat i ve,  or  

unorthodox" therapies r eached $13.7  bi l l ion  dol lars during the same year  (Kumar,  2003).  

  The  use of al ternat i ve medicines has  become increasingl y popular  in  the d evel oped  

world .  For  exampl e,  1  in  3  Americans h ave  at  some t i me u sed  unconvent ion al  medi cal  

therapies according t o a nat i onal  tel ephone survey publ ished  in the New Engl and Journ al  

of Medi cine  in 1993.  In  another  surve y conducted  in 1994,  i t  was found  that  60  per  cent  

of d octors had  at  some t i me re ferred  pat ien ts t o pr act i t ioners of al ternat i ve medicine.  In  

response to the overwh el mi ng in terest  in  al ternat i ve therapies many of t he pr est igi ous  

al lopath ic medi cal  inst i tu t ions h ave also r ecognized their  i mport ance:  an exampl e is  the  

Nat ion al  In st i tute of Heal th which  cr eat ed  the Office of Al ternat i ve M edicine in 1991 to 

provide  the pu bl i c wi th  informat ion  on al ternat i ve t r eat ment s and  to  assess  those  

therapies which  have  proven successfu l  ( Hol l ey and Cherla,  2002).   

 Medicinal  plant s are used  to cure/ man age several  communi cabl e and n on  

communicable d iseases i . e.  diabet es,  heart  problems and l i ver  problems etc.  Diabetes  

mel l i tus is a metabol ic disord er ch aract er ized  by the decreased  abi l i t y or  compl ete  

inabi l i t y of the t is sues t o ut i l ize carbohydrates,  accompani ed by changes in  the  

met abol ism of fat ,  prot ein ,  water  and  el ectrol yt es (Khanna  et  al ,  1997).  Several  studies  

suggest  th at  d iabetes i s  pr i mari l y a l i fe st yl e di sord er,  the hi ghest  pr eval ence r ates occur  

in  devel oping countr ies  and  in  popul at ions undergoing “western izat i on” or  

“mod ernizat ion” under  su ch ci rcu mstances,  gen et ic suscept i bi l i t y seems t o inter act  wi th  

en vironmental  chan ges such as sed entary l i fe and over  nutr i t ion ,  l eading to t ype  two 

d iabetes  (West  1978;  Odea 1992;  ADA, 2002).  

2.3  Management of diabetes:  

Rol e of  medici nal  pl ants i n the manag ement of  diabetes:  



  Plants contain  nutri en ts and secondary met abol i tes which play an  i mportan t  r ole  

in  the management  of n on  communi cabl e diseases including d iabetes.  Lewis (1992) has  

reported the use of St evia rebaudiana  (Ast eraceae)  leaves as a sweet ener  as wel l  a s for  

the t reat ment  of d iabetes mel l i tus.  Ivorr a et  al  (1989) has ext ensi vel y revi ewed act i ve  

natural  pr inci ples (pol ysacch arides,  prot ein,  flavon oids and  r elated  compounds,  st eroids,  

terpen oids and alkal oids)  and  crude extracts  of 45 plant  species which  have been  

experi ment al l y s tudied  in l ast  10  years.  Tabl e 7  i l lust rates in  d et ai l  about  various pl an ts  

known for  their  an t id iabet i c act ion  and compil es  possi ble mode of act i on of these  pl an ts.  

Medicinal  plants used  in indigenous medici nes in crud e forms for  th e man agement  of  

d iabetes mel l i tus,  contain  both,  the organic and  inorgani c con st i tuent s.  It  i s  kn own that  

cer t ain  inorgani c mineral  elements (potassiu m,  zinc,  cal cium,  t races of chromiu m,  et c. )  

play an i mportant  r ole in  the main tenance of normal  glucose t oler an ce and  in the release  

of insu l in from bet a cel ls of  is lets  of l an gerhans .  Cucuma longa ,  Acacia arabi ca  ( babul),  

Vinca rosea  (shada-phul) ,  Cordia  myxa  (naruval i ) ,  Musa paradisiaca  ( plan t ain)  and  

phyl lanthus emblica  used  in  Isl ami c sys tems  of medi cine have  been r eported  to have  l arge  

amounts (1 .0 t o 6 .5 ppm) of chromiu m as compared t o carboh ydrates.  

Kumari et al (2002) studied the hypoglycemic effect of f inger mille t  

consumption on s ix NIDDM sub jects .  Al l  t he experi ment al  d iets  were  plann ed t o be  

isocal ori c and al so t o contain 75  g  equi val ent  of  carbohydrate l oad  so  that  gl ycemi c  

response could  be compared with  a 75  g glucose  load .  Th e gl ycemi c response to breakfast  

i tems compared  t o that  of glucose was dete rmin ed  by comparing the areas under  the 2 hr  

glucose r espon se curve.  Consumpti on  of fin ger  mil let  based diets  resul t ed  in signi fi cant l y 

lower pl asma glucose l evel s,  mean peak  r ise,  and  area  under  curve which  mi ght  have been  

due to th e h igh er  fi ber  content  of fin ger  mil let  compared t o r ice and wheat .  The lower  

gl ycemi c r espon se  of  wh ole  fi nger  mil l et  based  d iet s may also have  been  due t o th e  

pr esence of ant i  nu tr i t ional  factor s in  whole finger  mil let  flour  which  are known to r educe  

starch d i gest ibi l i t y and  absorpt i on .  

 Plants have curat i ve propert ies du e to the pr esence of vari ous compl ex ch emi cal  

substances of di fferent  composi t ion  whi ch ar e found as second ary metabol i t es  in  on e or  

more parts  of these pl an t s.  Subbul akshmi (1998) reported  that  act i ve principl es of plan t s  

are oft en defini te substan ces.  Th e fi rst  class of t hese su bst ances with  medi cinal  propert i es  

is  vegetable  bases whi ch  include  amines and  al kal oids.  A consid erabl e number o f  

medi cinal  drugs owe their  curat i ve propert i es t o t hese bi t t er  al kal oids.  Another  cl ass of  

these act i ve prin cipl es includ es gl ycosid es,  es sent ial  or  vol at i le oi ls ,  resins and  ant ibi ot i c  

each  having their  own funct ion al  signi ficance.  

Secondary metabol i tes are  organi c compound s that  a re  n ot  d i rect l y invol ved  in t he  

normal  growt h,  devel opment  or  reproduct ion of  organisms.  Unl ike pri mary met abol i tes ,  

absence of secondary met abol i t ies resul ts  n ot  in immedi ate death,  bu t  in long -t er m 



impai rment  of  the  organism's survi vabi l i t y or  aesthet ics,  or  perhaps in  n o si gni ficant  

chan ge at  al l .  The funct i on or i mportance of these compound s to th e organi sm is  usual l y 

of an  ecol ogical  nature as  they ar e u sed  as defenses against  predat ors,  par asi tes  and  

d iseases,  for  interspecies  compet i t ion,  and  t o faci l i tate the r eprodu ct i ve processes  

(colorin g agents,  at t ract i ve smel ls ,  etc) .  Contrary t o pr i mary met abol i tes  these compounds  

are  not  u biqui t ous in  the l i ving organisms t hat  nei ther  produce them n or ar e they  

necessari l y expressed  cont inuousl y.  Al though plant s ar e bet ter  kn own as a source of  

secondary met abol i tes;  bacter i a,  fun gi  and  many marine organisms (sponges,  tun icat es,  

corals ,  snai ls)  ar e very in ter es t ing  sources,  too.  Secondary metabol i tes can  be clas si fied  

by their  chemical  st ructure or  physi cal  proper t ies in to on e or  more of the fol l owing 

grou ps:  alkal oids,  terpen oids,  pol yket ides,  al i phat ic,  aromat ic,  and h eteroaromatic organi c  

acids,  phen ols ,  s teroids,  s aponins,  pept ides ,  ethereal  oi ls ,  resins and bal sams  

(h t tp: / /en .wiki pedi a.org/wi ki / Second ary_ metabol i te)  

Plants have  many natural  en emi es;  these include viruses,  fungi ,  worms,  insects,  

bact er ia and many herbi vorous an i mal s.  Due t o t heir  s essi le l i fest yl e pl ants ar e unable t o  

avoid  these pr ed ator s upon t hem and have th ere fore had  t o evol ve mechanisms to protect  

themsel ves.  In addi t ion to having barr ier s to  bac ter ial  and  fun gal  invasi on such  as a waxy 

out er  l ayer  known as the cut i cle,  and a secondary protect i ve t issu e kn own as the periderm,  

plant s ar e abl e to create compounds kn own as secondary met abol i tes t o protect  themsel ves  

against  h erbi vores.  Some of these second ary compounds also have rol es in  addi t ion t o  

defen ce su ch  as pi gmentat i on  or  support .  Th ere ar e three main classes of second ar y 

met abol i tes,  these  ar e phen ol ics,  ni t r ogen based  compounds,  and  terpen es.  The stud y of  

these compound s was mainl y pi oneered  by chemi sts  around the turn of the 19th  Century as  

they in vest igated th e u se  of plant  chemi cals in f lavourin gs,  medicinal  drugs and  poi sons.  

By far  the largest  groups of second ary met abol i tes that  pl ay a role in plant  de fen ce are th e  

terpen es (Zot or and Amuna,  1998) .  

Phenols ,  somet i mes cal l ed  ph enol ics ,  are a cl ass of chemical  compounds con sist ing  

of a hydroxyl  funct ional  grou p ( -OH) at t ach ed  t o an  aromat ic h ydrocarbon  group.  Th e  

si mplest  of the cl ass i s  phenol  (C 6 H5OH).  Al though si mil ar  t o al cohols ,  phenols h ave  

unique propert ies includin g r elat i vel y h i gher  acidi t ies  due  to the aromat ic r in g t i ght l y 

coupl ing  with the oxygen and  a  r elat i vel y l oose  bond  between th e oxygen  and hydrogen .  

The acid i t y of the hydroxyl  group in phenols is  commonl y in termedi ate between al iphat ic  

alcoh ols and  carboxyl ic acids.  Loss of posi t i ve  h ydrogen from the h ydroxyl  grou p of a  

phen ol  forms  a negat i ve phen ol ate i on.  Th ere are several  phenol ic compounds such  as  

ca ffeine,  el lagi c acid,  epicat echin ,  flavinoids,  quercet in,  gal l ic acid,  tanni n  et c.  

(h t tp: / /www. wiki pedi a.org) .  

A pol yph enol  extract  from a Corbi ères (Fran ce)  red  wine  (P,  200  mg/ kg),  et hanol  

(E ,  1  ml /kg) ,  or  a combin at i on of both (PE) was ad minist ered  by for  6 weeks t o heal th y 



control  or  s t rept ozot ocin (60  mg/ kg) -induced d i abet ic r ats  (180 -200g).  Treat ment  groups  

included C or  D (untreated control  or  d iabet ic)  and  CP,  CE,  or  CPE ( t reated control)  or  

DP,  DE,  or  DPE ( t reated  d iabet ic) .  P  t r eat ment  i nduced  a reduct ion  in  body growth,  food  

in take,  and  gl ycemi a in  both  CP and DP groups.  In DP,  hypergl ycemi a was reduced when  

measured  1 h  a ft er  dai l y t reat ment  but  n ot  at  s acri fi ce (n o t reat ment  on that  day) .  The  

h ypergl ycemi c r esponse to  the  oral  glu cose t olerance t est  (OGTT)  and  plasma insul in at  

sacri fice were impaired  si milar l y in  DP and D groups.  In  contrast ,  in DE or  DPE ,  bod y 

growth  was part i al l y r est or ed  whi le h ypergl ycemia was reduced  both during t reat ment  and  

at  sacri fice.  In addi t ion,  h ypergl ycemia r esponse  to OGTT was redu ced  and  pl asma i nsul in  

was hi gher  in  DE or  DPE than  in D ani mals,  ind icat in g a l ong -term correct i on of diabetes  

in  ethanol -t r eat ed an i mal s.  Morphometr i c studies sh owed that  ethan ol  part ial l y r eversed  

the en l arging  effect  of diabetes on  t he mesenter ic ar t er ial  sys tem while  the pol yphenol i c  

t reat ment  enhanced i t  in the absence of ethanol .  In summary,  the st udy shows that  ( i )  a  

pol yphenol  extr act  from red  win e (used  at  a  pharmacol ogical  d ose)  reduces gl ycemia  and  

decreases food intake and bod y growth in d iabet ic and  nondi abet ic ani mals and ( i i )  

ethan ol  (nutr i t ional  dose)  administer ed al on e or  in combinat i on  with pol yph en ols is  abl e  

to correct  th e d iabet ic stat e.  Some of the  e ffects  of  pol yph en ols were masked by th e  

e ffects  of ethanol ,  notabl y in d iabet ic  ani mal s.  Further  studi es wi l l  determine  the effect  

of nutr i t ion al  doses of pol yph en ols as wel l  as  their  mech anism of act i on  (Naj i m et  al ,  

2004).  

Grassi  et  al  (2005) report ed that  the  consu mption of d ark chocolat e i mproves  

glucose met abol ism and  decreases bl ood pressure.  They studied  15 heal thy youn g adul ts  

with  t ypical  It al ian d i ets  that  were su ppl emented  dai l y wi th  100 g d ark ch ocolat e or  90 g  

whi te chocol ate,  each  of which  provided  480 kcal .  The pol yphenols content  of the dark  

and whi te  chocolat e were assu med t o be 500 and 0  mg,  respect i vel y.  The  subj ects were  

d i vided in t o 2  grou ps,  each  of  which  ingest ed  one of th e t ypes of  chocolat e for  15  d ays ,  

ingested no ch ocol ate  for a subsequent  7  days,  and then ingested  t he oth er  chocolate  for  

an  addi t ional  15 days.  The authors found that  the dark ch ocol ate  supplement  was  

associat ed  wit h i mproved insul in  resistan ce and  sensi t i vi t y and  decreased  systol ic bl ood  

pressure,  whereas whi te  chocol ate had  no e ffect .  No data were shown on the changes in  

bl ood pressure durin g each study,  al t hough such d ata mi ght  have  been useful  t o  

d i fferent iat e the pot ent ial  short - and  long-t erm  effects  of dark ch ocol ate con sumpti on .  

Also,  i t  would have been  useful  to show i nsul in  sensi t i vi t y and bl ood pressure valu es  for  

each  indi vidual  t o assess a potent ial  assoc iat ion  between  these two events.  

Barabara (2003)  studied  the hypogl ycemic e ffect  of ci nnamon on  60  people with  

t ype 2 d i abetes,  30  men and 30  women aged  52 .2  6 .32  year s,  were di vided rand oml y 

in to si x groups.  Grou ps  1 ,  2,  and  3  consu med  1,  3,  or  6  g of c innamon dai l y,  respect i vel y,  

and groups 4,  5,  and  6  were gi ven  placebo capsules corr esponding t o th e nu mber of  

capsules consu med for  the three leve ls of cinnamon.  The cinnamon was consumed for  40  



days fol lowed by a 20-day wash out  peri od .  Aft er  40  days,  al l  th ree level s of cinnamon  

reduced  the mean fast ing serum glucose (18 -29 %),  t ri gl yceride (23 -30%),  LDL cholest erol  

(7-27 %),  and t otal  cholesterol  (12 -26%)  level s;  no si gnifi cant  ch anges were not ed in  t he  

placebo groups.  Chan ges in HDL ch ol est erol  were n ot  s i gni ficant .  The r esu l ts of  the stud y 

demonstrate that  int ake  of 1 ,  3,  or  6  g of  ci nnamon  per  day reduces seru m glucose,  

t r igl yceride,  LDL ch ol est erol ,  and t otal  cholest erol  in  peopl e with t ype  2  di abet es and  

suggest  that  the  inclusi on of  cinn amon in the di et  of  people with  t ype 2  di abetes  wi l l  

reduce r isk factors as soci ated  with d iabet es and card i ovascular  d iseases.  

Anderson  et  al  (2004) isol ated and  character ize insul in -enh an cing compl exes fro m 

cinnamon that  may be invol ved in the al leviat i on  or  possibl e p revent ion and  control  of  

glucose in t oler ance and d iabetes.  Water -solu ble pol yphen ols pol ymer s from cinnamon that  

increase insul in -dependent  in  vi t ro glucose met abol ism roughl y 20 -fold  and displ a y 

an t ioxidant  act ivi t y were isolat ed and  ch aracte r ized  by nuclear  magnet ic reson ance and  

mass spectroscopy.  Th e pol ymers were composed  of monomeric uni ts  wi th  a mol ecular  

mass of 288 .  Two t r i mer s wi th  a molecular  mass of 864  and a tet r amer with a mass o f  

1152 were i solated .  Their  prot onat ed mol ecular  masses indicated  that  they a re a  t ype of  

dou bl y l inked  procyanidi n ol i gomers of th e  cat echins and/ or  epi cat echins.  Th ese  

pol yphenol i c pol ymers found in  cinn amon ma y funct ion  as an t i oxidants,  potent i ate insul in  

act i on ,  and  may be ben eficial  in  the control  of gl ucose intoler ance and  diabetes.  

Mantena et  al  (2005) studied th e hypogl yce mi c effect  of aqu eous extr act  of  

Coronopus didymus  on st r eptozot oxin induced d iabet i c mi ce.  Blood sampl e were drawn  

a fter  2,  4 ,  6 hour of t r eat ment  for the det ermin at ion of bl ood glucose leve ls.  Th e extr act  

showed si gni ficant  h ypogl ycemi c e ffect  in  the di abet ic  mi ces in  a d ose  dependent  manner.  

This may be du e t o th e pres ence of  va rious const i tuents l ike saponins,  flavinoids and  

tannins.  They potent iat e plasma insul in  effect  by the pancreat ic  sec ret ion  of insu l in from 

beta cel ls  and  may in crease th e peripheral  u ptake of glucose.  Th e extract  also exhibi t ed  

signi ficant  free rad i cal  scaven gin g act i vi t y by i ts  abi l i t y t o react  wi th DPPH and  

superoxide red icals .  Fr ee r edi cals  are generat ed  under vari ous pathologi cal  condi t ions  

including hypergl ycemi a and h ence d iabet es is  general l y associated  with increased  

oxi dat i ve st r es s.  

Pinent  et  al  (2004) report ed that  flavon oids ar e funct i on al  const i tuents of man y 

fru i ts  and veget ables.  S ome flavon oids have ant id iabet ic propert ies becau se they i mprove  

al tered  glucose and oxidat i ve  metabol isms of di abet ic  stat es.  Procyanidins ar e flavon oid s  

with  an ol i gomeri c st ru cture,  and i t  h as been shown that  th ey can  i mprove th e  

pathol ogi cal  oxidat i ve state of a diabet ic si tua t ion .  To evaluat e their  effects on glucose  

met abol ism,  they ad minister ed  an extract  of gr ape seed  procyanid ins (PE) oral l y t o  

st rept ozot ocin-induced di abet i c rats .  Thi s had  an  ant ih ypergl ycemic effect ,  which  was  

signi ficant l y i ncreased  i f PE ad minist r at ion  was accompani ed  by a l ow insul in dose.  In  



su mmary,  procyanidins have  insul in -l ike e ffects  in insu l in -sensi t i ve cel ls  that  could  hel p  

to explain their  an t ihypergl ycemic effect  in vi vo .  

Gal l ic acid is  also kn own as 3,  4 ,  5 -t r ihydroxybenzoi c acid .  It  has ant i fungal ,  

an t i vi r al  and  ant i oxidant  propert y.  I t  i s  used  t o t reat  di abet es  

(http://www.phytochemicals.info/phytochemicals/gallic acid.php).   

A study was undert aken t o evaluate ant i  mu tagenic and  cyt ot oxi c e ffects  of  

d i fferent  extr acts/ fr act ions of Acaci a n i lot ica  pr epared  by macerat ion method.  Th e  

pot en cy order  of d i ffer ent  extracts  was more or  less si milar  in  Ames as say as wel l  as in  

cyt ot oxi c assay.  Consid eri ng the  maxi mum pot ent ial  of  acet one extract  in both the assays,  

the studies were in i t iated  to fr act i onat e th is  extr act .  Two pure fract i ons,  namel y AN -1 and  

AN-2,  were  obtained  from acet one  extr act ,  o f  which  AN -2  was  found t o be of  gal l ic  acid  

and AN-1 fract ion  is  st i l l  to be ident i fied .  In conclusi on,  the an t i  mut agenic and cyt ot oxi c  

act i vi t ies exhi bi ted by acet one  extr act  ma y part i al l y be ascr i bed t o the presence of gal l ic  

acid and other  pol yphen ols (Kaur et  al ,  2005) .  

   Huang et  al  (2005) invest igated  the ant i  diabet ic act ion  of Puni ca granatu m 

fl ower (PGF)  extr act  by the act i vat i on of  Peroxisame Pr ol i fer ator -Act i vat ed Recept or  

(PPAR) -γ which is  widel y used  in the t r eat ment  of t ype 2 d iabetes because they i mprove  

the sensi t i vi t y of insu l in  recept ors.  They oral l y administe red th e methanol  extr act  of PGF  

(500 mg/ kg) d ai l y t o zucker  di abet ic fat t y r ats  (ZDF) for  6 weeks.  The resul t s of the  study 

suggest  th at  the ant i  d iabet ic act i vi t y of PGF extract  may resu l t  f rom i mproved sensi t i vi t y 

of the insul in  recept or  and  th e phen ol ,  gal l ic acid is  respon sibl e for  th is  act i vi t y.  

Si milar l y,  Konishi  et  al  (2006) invent ed a carbohydrate absorpt i on  inhi bi tor  from evening  

pri mrose  seed s ( contain ing pol yphen ols  pr e fer abl y one  or  more selected  amon g gal l ic  

acid,  el lagi c acid ,  catechin,  pentagal l oyl glucose,  procyanidin)  which was signi fi cant l y 

e ffect i ve t o cure d iabetes mel l i tus and  obesi t y.  

The  potent ial  heal th  benefi ts  of cocoa  have  been gain ing  i ncreasing inter est  wi th  

studies report ing that  flavon oi d -r i ch ch ocol ate  may r edu ce the r isk of cardiovascula r  

d isease.  The study used thr ee -week old female  mi ce and  randoml y assi gned them t o eat  

the AIN-93 diet  su ppl emented with 0,  0 .5,  or  1. 0 per  cent  for  cacao l iquor  

proanthocyanidins (72  per  cent  tot al  pol yphen ol)  for  three weeks.  The study r eported  that  

the proanthocyanid ins  reduced bl ood glucose  level s in  a dose -d epend ent  manner .  Ind eed ,  

bl ood glucose level s aft er  four  and  fi ve weeks of age and of fru ct osamin e at  s i x weeks of  

age were si gni ficant l y l ower than  in those fed  0 per  cent  CLPr AIN -93 d iet .  Body wei ghts  

and food consumpti on  di d not  d i ffer  signi ficant l y amon g t he groups .  The decreased  leve ls  

of bl ood  glucose may be invol ved  in i mprovement  of insul in  r esist ance by ant ioxidat i ve  

e ffects  of cocoa l iquor proant hocyanidin  (Tomura et  al ,  2007).   



Pot enza et  al  (2007) in vest igated  the e ffects  of  EGCG (phenol  in  green t ea )  

t reat ment  to si mul taneou sl y  i mprove  card i ovascular  and met abol ic funct ion  in SHR rats  

(model  of metabol ic syndrome with  h ypertensi on,  insu l in resi stance,  and overweight) .  

EGCG  st i mulated product ion  of NO from en dothel iu m using PI 3 -kin ase  dependent  

pathways  and  si multaneou sl y EGCG t herapy improves  met abol ic  and  cardi ovascular  

pathoph ysi ol ogy in  SHR.  Th ese findings may be relevant  to under standin g  pot ent ial  

benefi ts  of gr een tea consu mpti on in  pat ien ts wi t h  met abol ic syndrome.  

Valent ina et  al  (2003) report ed  prel i minary dat a on the consumpti on  of tannin -rich  

plant s by si fakas (Propi thecus  verreauxi )  l i ving in the Kir ind y forest ,  west ern  

Madagascar .  Si fakas  spent  most  of  their  t i me feedi ng on onl y a few pl ant  speci es.  Th e  

tannin  intake during the peri od between th e pregnancy and bir th season was si gni ficant l y 

h igher  in  pregnant  femal es or  femal es wi th lactat ing infants than in non -r eprodu ct i ve  

femal es and  males.  Tannin con sumpti on  is as soc iated  with an  increase in bod y weight  and  

st imul at ion  of milk secret i on.  Veter in arians ad minister  t annins as  an  a st r ingent ,  an t i -

hemorrhagic and  ant i -abort i ve.  Their  high potent ial  as an al te rnat i ve ant i  hel minthic has  

also recent l y been  r ecogni zed.  Thus,  when vi ewed as sel f -medicat ing behavi or ,  control led  

increase in  tannin  intake could have mult ipl e prophylact ic ad vant ages for  females during  

the peripartur ient  peri od.  The hi gh  select i vi t y i n their  plan t  ch oi ce,  and th e presence of  

unusual  feeding habi ts  by a part icula r  group of i ndi viduals ( females wi th infants) l i mited  

in  t ime (bir th season),  suggests that  an incre ase in  tannin  ingest i on may be  a  sel f -

medi cat ing beh avi or  wi th  mult iple di rect l y adapt i ve benefi ts  to female r eproduct i on .  

Micronutrients  are in vol ved i n the complex process of deve l opment  of t he  

secondary complicat ions of d iabetes mel l i tus in a number of di fferent  ways.  They ma y be  

in tegral  component s of ant i oxidant  enzymes (Cu,  Zn and  Mn in the case of the superoxide  

d ismutases  and  S e for  GSHPX),  cofact or s in  a a vari et y of enzymatic processes of  

import ance in  glu cose and l i pid  met abol ism (Zn,  Mn,  Cr) or  pot ent ial  pro - oxidant  

cat al ysts  (Cu,  Fe) .  It  has been  shown that  gl ucose i ntol erance devel oped when th ese  

elements were deficien t ,  ei th er  experi menta l ly or  du e t o nutr i t ional  inadequ ac y 

(Thompson and Godin,  1995).  

 Trace minerals  pl ay a part  in  control l i n g insu l in and  glucose.  Recent  study by  

Dawn et  al  (2006) has shown that  many Type  2  di abet ics have l ower than  average  level s  

of  chromiu m and magnesiu m.  Chromium is a part  of  glucose tol eran ce fact or  and  

improves  glucose  ut i l izat i on .  Chromium is  also di rect l y in vol ved  in carboh ydrate,  fat  and  

protein  met abol ism.  Magn esiu m h as many funct ions in  the human body.  It  i s  used  in  

muscle and nerve funct i oning and supports  i mmune syst em and bon e h eal th .  Magn esiu m 

plays a role in  protein  synthesis and  energy me tabol ism.  It  also hel ps in  control l ing and  

prevent in g hypert ensi on  and  cardi ovascul ar  disease.  It s  rol e in  Type  2  d iabet es is  in  

regulat ing bl ood sugar  level s.  So i t  i s  probably wise for  Type 2  d iabet ics t o includ e  



magn esiu m and chromium supplements  in  their  mana gement  programme.  Recommended  

dai l y intake of magn esiu m for  adul t s i s  350mg per  day.  Excess magnesium does not  

appear  t o cause ser i ous heal th probl ems but  i f  diarrhea and  abdominal  cr amping occur  

a fter  taking magnesium,  dosage sh ould be l owered  (ht tp.sprin gerl ink.  com).  

 The  biol ogical  act i vi t y of chromium d epends on i ts  valency and th e chemi cal  for m 

of the compl ex of which  i t  i s  a part .  Glucose t olerance fact or (GTF) is  a t r ivalen t  form o f  

chromium that  has hi gh bi ol ogical  act i vi ty.  GTF is  a  low mol ecular  wei ght ,  solu bl e and  

d ial ysabl e organi c compound.  Thi s is  r equired  for  opt i mal  glucose ut i l i sat i on  by th e cel ls .  

That  abnormal i t ies in  chromium metabol ism exist  in insul in  depend ent  d iabet ics seems  

cert ain .  Nanogram quant i t ies of  chromiu m are r equired  in every insul in d epend ent  syst em.  

It  has been suggested  that  by act ing on the r i bosomes ,  chromium faci l i tates the insu l in  

st imul ated  amino acid  incorporat i on  in to prot e in.  Th e glucose in t oler ance seen as age  

ad vances h as been at t r ibut ed to chromium defi ciency.  If  chromium ad minist r at ion  can  be  

shown to con sistent ly corr ect  the glucose intole rance of ageing,  i t  mi ght  replace the use  

of th e les s ph ysi ol ogical  oral  hypogl ycemic agents in the t r eat ment  of th is  condi t ion .  

Chromiu m is n ot  a h ypogl ycemic  agent  in  the u sual  ph armacol ogi cal  sense or  a  su bst i tu te  

for  insu l in.  It  i s  a  cofactor  for  the ini t iat ion of  periph eral  insu l in act ion  on  the r ecept ors  

on the cel l  membran es.  Insul in dependent  d i abet ics excret e more chromium th an the  

control  su bjects.  However,  ther e is  n o si gni ficant  di fferen ce in the urinary excret i on of  

chromium between maturi t y onset  d iabet ics and normal  controls.  Chromium defi cienc y 

has also been  held  responsi ble for  vascular  compl i cat ions associat ed with  diabetes  

mel l i tus.  Increased inciden ce of aort ic plaques  has been  sh own in  chromium defici en t  

an i mals.  Recent  work h as provided  "Suggest i ve  evi dence for  a rel at i on ship between  

cert ain  body pools  of chromiu m and carboh ydrate  metabol ism in d i abet es.  Last l y,  

h ypergl ycemi a occurri ng durin g t otal  parenteral  h yper  al i ment at ion  has  been  shown t o be  

control l ed  and insul in  requirements reduced  by oral  ad minist rat i on  of mi crograms  

quant i t ies of chromiu m (Rabinowitz et  al ,  1980).  

 Magn esiu m is known t o be relat ed  to th e carbohydrate and fat  metabol ism.  Seru m 

magn esiu m levels have  been  sh own  t o be i nver sel y r elat ed t o th e severi t y of  diabetes.  

Defin i te l owering of  seru m magnesiu m has been shown in  pat ients  on long t erm t reat ment  

wi th  insu l in and  those r ecovering from diabet ic ket oacid osis.  Th e cause of th is  

h ypomagn esemi a is  not  known for  cer tain  but  the fol lowing have  been  suggest ed  as  

possibl e mech anisms:  (1)  increased  loss of  magnesiu m in urine  due to  the osmoti c act i on  

of gl ycosuri a;  and  (2)  depression  of th e net  tubular  r eabsorpt ion  of magnesium du e t o  

h ypergl ycemi a.  Magnesium may also play a rol e in the release of insul in .  Magnesiu m 

deplet i on  has an atherogenic potent ial .  Hypomag nesemi a has been postu lat ed as a possibl e  

r isk fact or  in  the devel opment  and progressi on  of d iabet ic ret inopathy.  Future r esearch  is  

cal led for t o see i f repl et ion of magnesium retards the progressi on  of r et inopath y.  Pat ien t s  

wi th  myocardi al  in farct ion  had  r ever sal  of abnormal  l i poprotein  pat terns t o  normal  on  



ad minist r at ion  of  magnesium Th e Bantus h ave l ower pr eval en ce of isch emi c hea rt  di sease  

and h igh er  seru m magnesium level s than the European s.  Thu s,  magnesi um may wel l  have  

a local  protect i ve effect  on  the vessel  wel l  (Seel i g and  Heggt yei t ,  1974).  

 Type 2  d iabetes is  a maj or  cause of  vascul ar  compli cat i ons affect ing heart ,  kidney,  

ret ina and peri pheral  ne rves.  Hypergl ycemi a leads t o oxidat i ve st ress that  pl ays an  

import ant  r ole in  vascular  degenerat i ve lesion s observed in  diabetes.  Zinc has numerou s  

targets  to modul ate insu l in act i vi t y,  including  i ts ant i oxidant  capaci t y.  Zinc status  is  

decreased in most  t ype 2  d iabetes pat ient s.  The  e ffect  of  zin c suppl ement at ion on  

ant ioxidant  status is  raised  when compli cat i ons are associat ed  (Rou ssel  et  al ,  2003).  Scot t  

and Fischer  (1998) fi rst  r ecogni zed  the r elat i onship between zinc and insul in .  They found  

that  the normal  hu man pan creas contain ed  si gnificant  quant i t ies of zin c whereas,  the  

d iabet ic pancreas cont ained  very l i t t le.  Later ,  the avai labi l i t y of histoch emi cal  techniques  

for  the detect ion of  zinc confi rmed that  zinc  and insul in  concentr at ions in  the pancreas  

chan ged in  t he same d irect i on  in a va riet y of  s i tuat ions in  hu mans.  Organic  compound s  

which were capabl e of reducing the zin c content  of the pan creas were found t o be  

d iabet ogeni c in  an i mal  experi ments.  Mel tzer  et  al  (1974) appear  to  be the fi rst  to h ave  

studied the urin ary excret i on of t r ace elements i n d iabet es mel l i tus.  As  a  group,  diabet ics  

excrete more zinc in  the urine than n on -di abet ics.  Th e mean pl asma,  leu kocyte and  

erythrocyt e zinc levels ar e si gnifi cant l y l ower in  diabet ics  than  in non -diabet ics.  

 In  experi mental  ani mals,  pancreatect omy and  d iabetes have  been  corr el ated with  

decreased mangan ese level s in  bl ood.  Further ,  man ganese suppl ements have r ever sed  the  

impai red  glucose  ut i l izat i on  induced  by manganese defici ency in gu inea  pigs.  It  i s  thus  

seen that  several  abnormal i t ies of t race met al  metabol ism have  been  demonstr ated  in  

d iabetes mel l i tus,  both  hu man  and  experi ment al .  Their  pathogenet ic i mpl i cat i ons and  

therapeut ic appl icat ion s must  awai t  fur ther  eluci dat ion (S eel i g and Heggt yei t ,  1974).  

 Certain food compon ents can  select i vel y modi fy kinase act i vi t y in favor  of good  

heal th .  Th ese are r e ferred  to as Sel ective Kinase Response Modul ators  (SKRM s).  

Kin ases ar e en zymes that  t ranslate dietary si gnals to posi t i vel y or  negat i ve l y in fluence  

numerou s aspects of heal th.  They fun ct ion t o chemical l y modi fy oth er proteins and  

regulate th e maj ori t y of cel lu lar  pathways,  especial l y th ose invol ved  in the t r ansmi ssi on  

of signals wi t hin  the cel l .  Acacia  ni lo t ica  and reduced i so-al ph a acids  (RIAA) deri ved  

from Humulus lupulus L .  (h ops ) ar e two such  SKRM s sh own t o modul ate  kinase sign al ing  

in  ad ipocyt es—fat -stor in g cel ls  in vol ved  in gl ucose ut i l izat i on  and  insul in  sign al in g.  

While hops and acacia have been u t i l ized  t radi t ional l y for  centuries ,  nu tr igen omi c  

research h as uncovered  new appl icat ions  for  thei r use .  Compon ents deri ved from hops,  for  

example,  h ave been  shown t o h ave  ant i -i nflammat ory propert ies.  By support ing heal thy 

kinase  si gnal in g,  these SKRMs ma y hel p t o mai ntain heal th y t r i gl yce ride l evels.  In  vi tro  

test ing of these ingredi ents h as also demon strated i nhibi t ion of IL-6  cyt okin es th at  



in fluen ce insul in funct i on .  In addi t ion,  RIAA and acaci a have  been cl inical l y sh own i n a  

pr el i minary stud y at  the Funct i onal  Medi cine Research  Cent er  the cl in ical  r esearch  arm of  

Metagenics,  to i mprove  fast ing insul in and  l ipid paramet ers (h t t p: / /www.  

met ageni cs.com/about / pat i ent _why. asp) .  

 Bl and (2007)  and h i s cl in ical  r esearch  group at  MetaProt eomi cs has been  

evalu at i ng specifi c ph yt och emi cals th at  h istor ical l y h ave been  part  of th e d iet  as soci ated  

with  popul at ions that  have a lower incid ence of  t ype 2  d iabetes and  CVD to see i f ther e  

are  an y of  these nutri t i ve su bst ances th at  serve  as  select i ve kinase response modulat ors  

(S KRMs) that  could inhi bi t  the kin ase -medi at ed  processes  associated  with insul in  

resist ance and  infl ammati on .  After  screenin g several  hundred ph yt ochemi cal s that  had a  

h istory of  sa fe use throu gh  diet  intake,  they d iscovered  that  several  of them had  uniquel y  

h igh speci fici t y and act i vi t y as inhibi t ors of the kin ases that  ar e in vol ved  in  al tered  

insul in  signal ing and in t ramyocel lu lar l i pid deposi t i on .  These speci fi c select i ve kin ase  

response modulat ing phyt och emi cal s were th en  scr een ed in two ani mal  mod els of t ype 2  

d iabetes and  found t o be very act i ve in  i mproving insul in  and bl ood  glucose l evel s in  

these  di abet ic ani mals.  These r esul ts  then led  t o an Inst i tu t ional  Revi ew Board -approved  

human cl in ical  t r ial  wi th volunteers who had  been  scr eened for  met abol ic syndrome.  Th e  

part ici pants in th is  st udy were both  placed  on  a standardi zed  diet  and  ad minist ered  ei ther  

a placebo or  a nutraceut ical  formulat i on cont aining a mi xture of phyt och emi cals that  th e  

MetaProteomi cs  research st aff had  found,  t hrou gh in vi t ro screenin g and  ani mal  studies,  

to i mprove insul in sensi t i vi t y by modulat i ng speci fic kin ase enzymes that  have been  

ident i fied as  hubs for  insul in -si gn al ing processes,  including phosphoinosi t ol -3 -kinase and  

gl ycogen synthase-3 -kinase.  The out come from th is 12-week intervent ion  t rial  was very  

posi t i ve  in that  the part ici pant s taki ng the ph yt ochemical  SKRM -based  produ ct  had  a ver y 

signi ficant  reduct ion in comparison  to the pl acebo in both fast ing seru m tr i gl ycerides,  

which is  a posi t i ve  indicator  of r educed  met abol ic syndrome,  as wel l  as a r e duct i on in  

two-hour post prandi al  insul in  levels measured a fter  a control l ed  glucose t oler ance test .  

The  reduct i on  of post prandi al  insul in  in conj unct ion  with  a  r educed fast in g t r i gl ycerid e  

level  and a decrease i n the fast ing t r igl ycerid e to HDL rat i o are c onsist en t  wi th reduct ion s  

in  apol ipoprot ein B.  

2.4  Tax onomy and chemi cal  comp osit i on of  Indian G um Arabi c:  

Acaci a ni lo t ica  i s  a  t ree of  5 -20 m hi gh  with a d ense spheri c crown,  stems and  

branchl ets  usual l y d ark t o bl ack col oured ,  fissu red  bark,  grey -pin kish  slash,  excludin g a  

reddish low qual i t y gum.  Thin ,  st rai ght ,  l igh t ,  grey spines in  axi l lary pair s,  usual l y in 3  to  

12 pairs,  5  t o 7 .5  cm lon g in  youn g t r ees,  mature t rees  commonl y without  thorns.  Leave s  

are  bi pinnate,  wi th  3 -6  pairs of  pinnulae and  10 -30  pairs  of l ea fl ets  each .  Its  fl owers ar e  

in  globul ous head s 1.2 -1.5  cm in  d iamet er  of a br i ght  golden -yel l ow col or ,  set  up ei the r  

axi l lary or  wh orl y on  peduncles 2 -3 cm l on g l ocated at  the end  of th e br anch es.  P od s ar e  



grey,  thick,  soft l y t oment ose,  and  st r aight  or  sl ight l y curved ,  5  to 15 cm l on g on  a  

pedicel ,  0 .5 to 1.2  cm wide,  wi th constr ict i ons between the  seed s gi ving  a  necklace  

appearance,  fle sh y wh en young,  becomi ng bl ack  and  hard  at  maturi t y  

(h t tp: / /www. fao.org/docrep/006/q2190E/Q2190E14.h tm).   

 It  i s  widespread in  Afri ca and Asia,  and  occur s in  Austral ia.  It  i s  found in wel l  

water ed  Sahel ian  and Sudani an  savannas t o the  southern Arabian Peninsul a,  East  Africa  

and in  the Gambi a,  the Sudan,  Togo,  Gh an a ,  Nigeria,  and  on  later i t ic soi l  in the 

Hi mal ayan foothi l ls  in India.  Leaves  used  for  feeding sheep and goats in the Hissar  

d ist r ict  in  Indi a.  In  Ken ya,  the flesh y pods ar e readi l y eat en  by goats,  sheep and  cat t le,  

but  some t ribes bel ieve they cause bloat .  They ar e occasi onal l y browsed by goats (Brenan,  

1983).   

In  India  Aca cia  n i lot ica  most l y grows in Haryana,  Punjab,  Ut tar anch al ,  Ut tar  

Prad esh ,  Raj asth an ,  Madhya Prad esh ,  Maharast r a,  Gujar at  and many more st ates of India.  

Annual  avai labi l i t y of A.  ni lot ica pods in  Indi a is  about  600,000 metr ic t ons.  A.  n i lot ica  

t ree is a browse t ree with pods and  leaves that  make excel len t  fodder  and are avai l able  

when there i s no grass (Barman and Rai ,  2004 ).  Bark and leaves ar e used to t r eat  

hemorrhage,  colds,  d i arrh oea,  scurvy,  d ysent ery and  opthal mia etc  

(h t tp: / /www. fao.org/ ag/AGP/  AGPC/doc/ publ icat e/ Gut t -shel / x5556e0v.ht m.) .  

Kabai ja and Li t t le  (1987) anal yzed  the  ch emi cal  composi t i on of Acacia  n i lot ica  

browse.  Samples were  col l ect ed  from the Sidano southern r an gelands and  dried  in an  oven  

at  60°  C and powdered  for  chemi cal  anal ysis .  The browse of Acacia n i lot ica  contained  15  

per  cent  prot ein,  30 .7 per  cent  neutral  d etergen t  fi br e,  28 .1 per cent  acid det ergent  fi br e,  

5 .9  per  cent  ash ,  8 .1g/ kg pot assiu m,  0 .5g/ kg sodium,  18 g/ kg calcium,  1 .9 g/ kg  

magn esiu m,  2.2 g/ kg ph osph orus,  2.3g/ kg su l fur ,  664  mg/kg i ron,  66 mg/ kg man ganese,  31  

mg/ kg zinc and  9.0  mg/ kg copper .  

 Carter et al (1988) reported that Acacia nilotica  pods contain 12 .30 per 

cent protein,  1.93 per cent fat,  15.36 per cent fibre,  5.26 per cent ash and  

5 .45 per cent  tannin.  In amino  acid  composit ion,  Acacia nilotica  pods contain 

lysine (4.98 %),  histid ine (2 .63%), arginine (5.07),  aspartic acid (28.69%), 

threonine (3.20%) serine (4.58%), glutamic ac id (8.97%), p ro line (11.81%), 

glycine (4.05%), alanine (4.59),  va line (5.00%), methionine (0.00%), 

isolucine (3.06%), leucine (5 .45%), tyrosine (2.34%), phenylalanine (3.23%) 

and c yste ine (2.35%). The relat ive tannin levels in Acacia  nilotica  from least  

to  most are pods (5 .4%), leaves (7.6%), bark (13.5%) and twigs (15.8%).  



Siddhuraju  et  al  (1996) invest igated  th e nutr i t ional  and  ant i  nu tr i t ional  

character ist ic s and  biol ogical  value of Acacia  ni lo t ica  (L. )  s eeds.  The mature seeds  

contained  234 g kg− 1  crude prot ein,  126  g kg −1  c rude fi bre,  66 .6  g kg− 1  c rude fat ,  and  39.7  

g kg −1  a sh and  534 g kg− 1  ca rbohydrat es.  P otassiu m,  ph osph oru s,  magnesiu m,  i ron  and  

manganese occurr ed  in hi gh concentrat i ons.  The es sent ial  amin o acid  profi le compared  

wel l  wi th  the FAO/ WHO recommend ed pat t e rn  except  for  cyst ine,  meth ionine and  

threonine.  Cyst in e and  methionin e were the fi r st  l imit ing amino acids.  Wh en compared  

with  the globul in fract ion,  al bumins appeared  t o be a r icher  source of cyst ine,  methionin e,  

threonine,  l ysine and t rypt ophan.  Olei c and  l i nolei c acids const i tu ted  the pred ominant  

fat t y acids (66.9%).  Both  dry-heat i ng and autocl aving reduced the an t i  nu tr i t ional  

compon ents signi ficant l y.  Th e in vi tro  protein d igest ibi l i t ies of r aw,  dry heat -t reated and  

autoclaved  seeds were 61 .2%,  77. 4% and  80.2%,  r espect i vel y.  Bi ol ogical  value,  t ru e  

d igest ibi l i t y and net  prot ein  ut i l izat ion  were si gnificant l y hi gher  in processed seed than  in  

raw seeds.  The ut i l izabl e prot ein  di ffer ence was  insigni ficant  between  raw and processed  

seed samples.  

Fagg (2001) est i mat ed  the leaves of Acacia  ni lo t ica  whi ch  cont ain  2.2–2.6  per  cent  

n i t rogen (N),  16 .9–20.0 per  cent  neutral  detergent  fibr e (NDF),  13 .3–14.1  per  cent  acid  

detergent  fi br e (ADF),  7 .2–8. 7 MJ/kg energy,  10–21 per  cent  crud e fibr e and 6–9 per  cent  

conden sed  t annins.  P od and seed  contain 1 .6–2.2per  cent  N,  10 MJ/kg energy,  12–18per  

cent  crude fi bre and 4–7 per  cent  conden sed  tan nins.  Pods a lon e contain 2  per  cent  N,  25  

per  cent  NDF  and 17  per  cent  ADF.  Th e pods cont ain  phenol ic const i tuents,  which  consist  

of:  m-di gal l ic acid,  gal l ic acid ,  i t s  meth yl  and  ethyl  est ers,  prot ocat echui c and el lagi c  

acids,  leucocyanidin ,  m-di gal l ic d i mmer 3, 4,5 ,7- tet rahydroxy flavan -3-ol ,  ol i gomer  

3 ,4 ,7-t r ih ydroxy flavan  3,  4 -di ol  and  3, 4,5 ,7-tet rahydroxy f lavan -3-ol ,  and  ( -)  

epicatech ol .  

 The di gest ibl e crud e prot ein (DCP) and  t otal  digest i ble nut rien t  (TDN) values o f  

acacia l eaves  ar e 10.21% and 66 .46%,  respect ivel y.   Th e t ot al  t annin cont ent  of babul  

pods and l eaves i s about  18.71% and 30%, r espect i vel y.  Acaci a pods and  seed cont ain  

h igh l evels of prot ein,  e. g. ,  13. 2 and  28.3%,  r espect i vel y.  Out  of th e 13.2 % protein  of  

acacia pods,  56.50% i s rumen degradable prot ein ,  and 43 .50% is ru men und egradabl e  

protein  or  bypass  protein  In  terms of  bypass  pro tein ,  i t  i s  comparable  to cot t onseed meal ,  

and i t  i s  highl y benefici al  for  high -producing dairy cows.  Ni t rogen -free extract  (NFE)  

content  is  65.3  and  39 .5%,  respect i vel y,  in pods and chuni  (Barman and Rai ,  2004). 

 Kamal  et  al  (2005) st udi ed  the variat i on  in tann in’s contents of  Aca cia  ni lo t ica  in  

Sudan.  Th e samples were  col lect ed from si x di fferent  si tes and  Hyde powder  method was  

used  for  the determin at i on  of the percentages of t otal  tannin’s content ,  whi le thin  layer  

chromat ography test  was  carr ied  for qual i tat i ve  compari son .  The stud y r evealed  that  t he  



premature pods contained the hi gher  amount  of  tannin and  they were always bet t er  than  

mature ones.  

Fi ve legume vegetabl es h arvested  at  the i mmat ure green  and mat ure stages were  

anal ysed  for  wei ght  and  nutr ien t  composi t ion .  In  some t ypes the seed wei ght  increased  up  

to seven-fold in  the  last  10  days  of  maturat i on.  The  protein,  fat ,  carboh ydrate and  th iamin  

contents increased on maturat ion .  However,  the proport i onal  increase varied  widel y fro m  

10 to 100 % in the case of protein  and  carboh ydrates.  The chan ges observed i n th e  

nutr ien t  composi t ion  and  weight  of veget able legume seeds in the l ast  10 days o f  

maturat ion su ggest  that  i t  i s  ad vantageous t o harvest  vegetabl e l egumes when  mature  

(Geervani  and Devi ,  2006 ) .  

 The biochemica l composit ion of seeds and pod shells of beach pea was 

determined during growth and matu ration.  The content of crude and soluble  

p ro tein,  so luble sugars and pheno lics was high in the fresh green seeds and  

pod shells,  but these  decreased rapidly during seed maturation.  Meanwhile,  

the corresponding content of starch increased in seeds and  decreased in pod 

she lls.  Glu tamic acid was the predominant amino acid  in seeds ,  and aspartic  

acid was dominant in pod  shells.  Levels  o f arginine,  alanine and threonine  

were highest  in fresh green seeds.  Methionine and cysteine co ntent increased  

during seed maturation,  bu t declined in pod shells.  Free amino acid  conte nt  

decreased rap idly during later  stages of seed maturation.  Potassium, ca lc ium, 

sodium and  phosphorus were the predominant minerals  in fresh green seeds 

and pod she lls,  but iron content was highest in mature pod shells re lat ive to  

that o f other stages o f maturation.  Majo r changes in co lor (pigment  

interchanges) also occurred  during maturation.  Based on its biochemica l 

composition,  beach pea may be of specia l importance for widespread  

cult ivatio n (Chavan et a l,  1999). 

Saharan et a l (2002) were analyzed the  high- yie ld ing var iet ies of 

fababean (VH-82-1) and ricebean (RB-32) for physico-chemical properties  

and nu trient profile.  On a dry weight  basis,  fababean contained higher  

concentrations of crude protein (25 .5 g/100 g),  fat (2.7 g/100 g),  ash (5.1  g/ 

100 g),  var ious dietar y f ibre const ituents and digest ible starch (42.1 mg 

maltose released/g meal)  than those of r icebean. On the o ther hand, ricebean 



conta ined higher concentrat ions o f tota l soluble sugars (5.6 g/100 g) and non-

reducing sugars (5 .0 g/100  g),  digest ible p ro tein (58.4%) and total and  

availab le Ca, P  and Fe than fababean. Both the legumes conta ined  quite high 

concentrations o f ant i nutrients viz.  phyt ic ac id (1012 -2018 mg/100  g),  

polypheno ls (750-1698 mg/100 g),  saponins (1313-2168 mg/100 g) and  

tryp sin inhibitor activity (TIA) (55.2-905 .2 TIU/g).  

2.5   Tradit ional uses of Indian Gum Arabic as medicine to control 

the diseases in India and other countries:  

Severa l parts of Gum Arabic with other medic inal plants are being used  

as a  med ic ine to cure/control the diseases  not only in Ind ia but also in other  

countries.  The leaves,  the bark,  the pods and the gum of the tree have  

medic inal virtues.  The leaves and  the bark are usefu l in arrest ing secret ion or 

b leed ing. The pods help  to remove catarrhal matter and  phlegm from the  

b ronchial tubes.  The  gum a llays  any irr itat ion of the skin and soothes the  

inflamed membranes of the pharynx, alimentary canal and genito -urinary 

o rgans (http ://www.online-vitamins-guide.com/herbs/herbs.htm).  Some uses  

are ment ioned in following points :  

 The var ious parts of babul tree  are useful in diarrhea  of ordinar y 

intensity.  A mixture of equal parts o f the  tender leaves with white and black 

cumin seeds ( zeera )  can be administered in doses of 12 g thrice daily.  An 

infusion made o f the bark of the tree may also be taken thr ice daily fo r the  

same purpose.  The gum used either in decoction or in syrup  is an e ffect ive  

medic ine for diarrhea.  

 Chewing of fresh bark of this  tree daily helps to strengthen loose teeth  

and arrest any b leeding from the gums. Dirt y teeth can be c leaned effect ivel y 

b y brushing them with powder in which 60 g of charcoal of babul wood, 24 g 

o f roasted alum and 12 g of rock salt have  been included.  

 The bark of babu l tree is useful in the treatment of eczema .  About 25 g 

each o f this bark and the mango bark should be boiled in about 1 liter  of 

water and the vapors allowed to foment the a ffected  part.  After  the  



fomentat ion,  the affected  part shou ld  be ano inted with ghee.  A decoction of 

the bark,  mixed with rock salt,  should be  used as a gargle in treat ing 

tonsillitis (http://www.online-vitamins-guide.com/herbs/herbs.htm).  

 The leaves of babu l tree  are effective in the treatment  of 

conjunctivit is .  The leaves,  ground to a paste,  should be applied on the  

affected e yes at night,  supported by a bandage which shou ld be untied  the  

next morning. This removes pain and redness.  

 The leaves are benefic ia l in treat ing epiphora  - that is water ing of the  

e yes,  in which tears  f low onto the cheeks due to  abnormality o f the  tear  

d rainage system. About 250 g of leaves should be boiled in one and  a quarter  

liter of water u nt il only a quarter liter  of water is le ft.  This  shou ld then be  

f iltered and kept in a well-corked bo ttle.  The eye- lids should be painted  

morning and  evening with this liquid .  The bark of the tree is useful in 

leucorrhoea .  Its decoct ion shou ld be used as a  vagina l douche for treat ing 

this disorder. 

 Fresh pods of babul tree are effect ive in sexual disorders l ike  

spermatorrhoea,  frequent night d ischarges,  loss o f viscidit y of the semen and  

p remature ejacu lat ion.  In Ayurveda,  a preparation made from the pods is  

considered highly beneficia l in treat ing these disorders.  Tender,  seedless  

pods are dried in shade,  powdered and mixed with an equal weight of brown 

sugar.  Six grams of this mixture may be taken with milk in the morning);  

(http ://www.online-vitamins-guide.com/herbs/herbs.htm).  

 Acacia  nilotica  pods have ant i hyperglyc emic property.  Pods are used  

to  cure diabetes.  Pods ground  up in water are used  as a drink for diabetics  

and people with ulcers (Audru et al,  1996).  Ayurveda also reports that the  

p remature pods are e ffect ive in diabetes.  Three to s ix grams pods powder is  

recommended  as  a dose in A yurveda (Singh R.S, 1969).  Taking a teaspoonfu l 

o f pods powder before breakfast is beneficial for  diabetics (Bre ithaupt,  2002)    

 Bhandari  (1974) also r eported  that  seeds of Acacia  n i lot ica  ar e eaten  roasted  or  

raw,  in  t i mes of  very acute  scarci ty of food.  Pods ar e used  as a veget able.  The  bark and  

the gummy fru i t  pul p are ed i ble.  In addi t i on  t he pod s ar e con sidered  a famin e food in  



cert ain  ar eas .  Th e pods of  Acacia  ni l ot ica  used  as a veget able;  s eeds fr i ed  and  eaten al one  

or  mi xed with jowar  or  bajra  (mil let )  fl our  (Brokensha and  Ri ley,  1998).  The  pi ckles  

pr epared  from pods of Acacia ar abica con st i tu te a su pplementary food (Sharma,  2000).  

 Oudhia (2003) report ed  throu gh  h is ethno bot anical  surve ys that  th e t rad i t ion al  

heal ers of Chhat t isgarh ( India)  have r ich  t rad i t ion al  medi cinal  knowl ed ge about  common  

herbs and  herbal  formulat i ons u sed  in  t reat ment  of  Diabetes insi pidus.  The  t rad i t ion al  

heal ers of Narh arpur  r egi on,  use onl y Gondla roots in combinat ion wi th Sirka  (Vinegar )  

and Shahad  (Honey).  Accordin g t o them there is  no necessi t y of  adding other  herbs.  The y 

further  informed th at  the  internal  use of  this  combi nat ion  is h aving several  other  heal th  

benefi ts .  It  i s  a good tonic and  hel pful  in  t reat ment  of gynecologi cal  t rou bl es.  Th e  

t rad i t ional  healers  of  Chhat t isgarh  Plain s use  si mple formulat i on .  Th ey mi x the Til  

(Sesamum indicu m) seeds and  Ajwain  (Caru m copt icu m) seeds in  equal  proport ion and  

convert  i t  into powd er.  This powder is  gi ven  i nternal l y wi th  Gud  (Jaggery) in  form of  

smal l  gl obules.  Man y heal ers avoid the  use of Gud  and suggest  the  pat ien ts  t o take t he  

powd er as  such  with  wat er .  This formulat i on i s  al so popular  as h ome r emed y in  man y 

parts.  The t r adi t ional  healer s of Bast ar  r egi on u se t he herbal  c ombinat i on  of Iml i  

(Tamarind)  seed pulp and  lea f ju ice of Munga  (Morin ga ol ei fer a)  ext ernal l y.  This  

combinat ion is  converted in to an aqueous paste and  appl ied around the u mbil icus.  Thi s  

appl icat i on  is  recommended once in  day t i l l  compl ete cure.  The t r adi t i onal  healers o f  

Sarguja  regi on u se the i mmature pods  of  commo n medicinal  t r ee Babool  (Acacia n i lot i ca )  

for  this  purpose.  The pods are col lected and dri ed in  shade.  Aft er  dryin g i t  i s  convert ed  

in to powder and roasted with  cow ghee.  Sugar i s  added for taste .  This preparat ion is  u sed  

in ternal l y.  It  i s  taken twice a d ay.   

The tradit iona l healers of Durg region use the Singhara Ata  in  

combinat ion with sugar  internally in treatment.  The tradit ional hea lers of  

Pendra region, rich in natural popu lat ion of Bamboo,  prepare the decoction 

b y using both green and dry leaves of Bamboo and use it  in treatment of this  

trouble.  This use is ver y popular among the tradit iona l hea ler s.  With the help  

o f above ment ioned herbs and herbal combinat ions the healers of 

Chhatt isgarh tr y to manage the trouble (Oudhia,  2003). 

Acacia  nilotica  is not only used in India as a  tr ad itional practice for 

the treatment  of various d iseases but it  is also used  in other countries as  

expla ined below: 

 Both the African and  Australian varieties have  tannin-r ich bark.  A 

decoction can be applied to inflamed  tissue and burns to  promote rapid  



healing and  the knitt ing together of the tissues.  This high tannin content a lso  

helps in the treatment of mouth ulcers and throat inflammat ions.  Its  

astr ingenc y he lps to check the growth of oral bacteria while soothing the  

delicate t issues that line the o ral cavity.  In A yurvedic med ic ine,  Acacia  

leaves,  f lowers,  and  pods have long been used to  expel worms, to staunch 

b leed ing, heal wounds,  and suppress the coughing up o f blood. Its strong 

astr ingent act ion is used  to contract  and toughen mucous membranes 

throughout the body in much the same way as witch haze l or  oak bark.  Black 

Catechu is used internally for chronic catarrh of the mucous membranes,  

d ysentery,  and b leed ing (http ://www. innvista.  

com/HEALTH/herbs/defau lt.htm.).   

In Chinese medicine,  it is used for poorly healing u lcers,  weep ing skin 

d iseases,  o ral ulcers with bleeding, and traumatic injur ies.  A small piece of 

cutch can be dissolved in the mouth to stop  bleed ing gums or hea l canker  

sores.  In Ayurvedic medicine,  decoct ions of the bark and heartwood  are used 

for sore throats.  Senegal gum is used  as a mild st imulant and to  impede 

absorption as well as for the treatment  o f catarrh and diarrhea.  It  is the  

source o f the well-known Gum Arabic,  as well as being a const ituent of 

cough drops.  It  is also used in veter inar y medic ine for mild diarrhea in smal l 

animals,  foals,  and calves (http ://www. innvista.com/  

HEALTH/herbs/default.htm.).   

Mexicans use the f lowers,  leaves,  and  roo ts to make soothing teas and  

washes,  good  for the mucous membranes,  and  used  mainly to treat b ladder 

p roblems o r as a top ical ant iseptic for skin and oral inflammat ions.  The  

astr ingent fruit is used to  treat d ysentery.  Although herbalists in the US  

rarely use acacia for parasit ic infestat ions,  it  is commonly used in other  

cultures.  For example,  one species,  A. anthelmintica ,  is specific for worms in 

Abyssinia; A. n ilotica  is specific fo r malaria in Niger ia;  and A. po lyacantha  

is spec ific for malaria  in Tanzania  (http ://www. innvista.com/  

HEALTH/herbs/default.htm.).   

The acac ia in some South American cultures has been considered  

specific for venomous stings and bites and used in much the same manner in 



each culture.  The juice of the chewed bark is swal lowed, while the  chewed  

bark it self is p laced on the area of the b ite.  Decoctions made from the  

powdered  leaves,  stems, and  pods are taken fo r shige lla,  malaria,  dysentery,  

and d iarrhea.  The brew is both ant imicrob ial and anti- inflammatory.  An 

infusion of the f lowers and leaves is taken for gastrointest inal inflammat ions.  

The flowers are also sedating.  The roots make a mucilaginous tea that is both 

ant ibacter ial and  anti- inflammatory.  It  helps to soothe mucous membranes 

from the mouth through to  the anus,  reducing inflammat ion and  attacking 

microbia l infect ions.  Any part may be powdered and  applied to funga l 

infect ions,  infected wounds,  and to  stop the bleeding of wounds and  prevent  

subsequent infect ion (http://www. innvista.  com/HEALTH/herbs/default.htm).  

Bark used  medic inally for coughing b y the Mbeere in the Embu d istr ic t of  

Kenya (Brokensha and Riley,  1998).  

   

 The Acacia  nilo tica  fruits  ( 'Gambia pods')  are edib le conta ining 30% 

tannin,  Egypt ian Nubians believe  that diabet ics ma y eat unlimited  

carbohydrates as long as they also consume powdered pods.  Tender young 

pods are eaten as a vegetab le,  and roasted  seeds serve as a spice or are  

fermented to make an alcoho lic beverage (http:\ \  

herbaria.plants.ox.ac.uk/VFH/test sites) .  

It  is  reported that  the fruits are given for diarrhea,  haemorrhage,  as  

sedat ive  in labour,  as a cure for sore gum and  loose teeth and for diabetes b y 

taking a teaspoonful befo re breakfast.  Nub ians in Southern Egyp t believe tha t  

d iabetic patient may take as much as food rich in carbohydra te if the y take  

powdered  pod regularly (http://www.metafro.be/p relude/view_country  

cc=EG).  

2.6  Medicinal uses of Indian Gum Arabic: 

 Several  an i mal  studies on  r ats  and  r abbi ts  also r eported the medi cinal  uses o f  

Acaci a n i lot ica.  Few of them are pr esented bel ow:  



Acaci a n i lot ica  Del i le (Legu min osae) is  a spi n y t ree growing in  western  and  

centr al  Afri ca and  Arabia.  It s  fl at  brown pods a re widel y used in  some African countr ies  

and the Middle East  for the t reat ment  of many condi t i ons including d iar rhea,  cough,  

fever ,  common cold and  influenza (Al -Gazal i  et  al ,  1987). It  i s  taken ei ther  or al l y as an  

aqueou s extract ,  appl ied  t opical l y as a  powder or  inh aled  as fumes evol ving  from heated  

pods.  Chemi cal  anal ysis  of th e pods r eveal ed  the presen ce of tannins and some  

gal loyalat ed flavans.  Al thou gh there are a number of reports  on th e phyt ochemistry and  

pharmacology of  Aca cia ni lo t ica ,  ve ry l i t t le is  known about  i t s t oxi cologi cal  e ffects .  

Dafal lah  and  Al-Musta fa (1996) r eported  anal gesic,  ant i pyret ic  and  ant i -in flammat ory  

act i vi t y of an  aqu eous extract  of Aca cia  ni lo t ica  administered  oral l y t o r ats.  

Wadwood et  al  (1989) studied  the  hypogl ycemi c e ffect  of the powd ered seed s of  

Acaci a ni lo t ica  and roots of Caral luma edul is  on  n ormal  and al l oxan - d iabet ic rabbi ts .  

Powdered seed s of Aca cia  ni lo t ica  and roots of Caral luma edul is  were administer ed in  

doses of 2,  3  and 4 g/kg body-wei ght  to norma l  and al loxan -di abet i c r abbi ts.  The bl ood  

glucose l evel s were est i mated  before and 2,  4 ,  6 and  8 h ours a fter  th e administ rat i on of  

plant  suspensi on .  The powdered  seeds of  Aca cia  ni lo t ica  exert ed  a si gni ficant  (P  0 .05)  

h ypogl ycemi c e ffect  in n ormal  r abbi ts .  The hypoglycemi c effect  was not  si gni ficant  (P  

0 .01)  in  al loxan  diabet ic  rabbi t s.  The  powdered roots of Caral luma edul is  d id n ot  pr oduce  

an y si gni ficant  (P 0.01)  h ypogl ycaemi c e ffect  in  normal  as wel l  as i n al l oxan  diabet ic  

rabbi ts .  The doses used d id not  show any acute toxici t y and  behavi oural  changes.  Fro m 

th is stud y i t  may be con cluded that  the powd ered  seeds of Acaci a n i lot ica  act  by in i t iat ing  

the rel ease of insu l in  from pancreat ic beta cel ls  of  normal  r abbi ts.  M oreover ,  Caral luma  

edul is  d id not  show any h ypogl ycaemi c effect  in normal  as wel l  as in d iabet ic r abbi t .  

Sot ohy et  al  (1995)  conduct ed a stud y on l eaves  from t annin  conta inin g pl ants,  

including Aca cia  n i lo t ica ,  which are  widel y spread  in  Upper  Egypt .  From two plant s,  

fru i ts  were also invest i gat ed  (Acacia n i lot ica  and Acacia  farnesiana ) .  One of t he  

obj ect i ves was t o determine the tot al  solubl e pol yphen ols and  the solu ble cond ensed  

tannins of these plan ts.  Furthermore the as su med ant i microbi al  effect  of Acacia n i lot ica  

and Acacia  farnesiana  leaves and  their  extracts  on  C.  per fr in gens,  E .  col i  and  S.  

t yphi muriu m was studied "in -vi t ro" at  d i lut ions  of 0 .5 per  cent  and  0.05 per  cent .  The  

tests  were carr ied out  in  ph ysi ol ogical  sal ine sol u t ion  and in  rumen flu id mediu m (RFM).  

The r esul ts  r eveal ed that  the t otal  soluble pol yphenols ranged from 10.27 per  cent  t o  

35. 46  per  cent  and the cond ensed  tannins from 0 .5 per  cent  t o 8.28 per  cent  on dry mat t er  

base.  Th e ant i microbi al  effect  of the plant  mat e rial  was onl y observed  on  C.  per fr ingen s  

but  not  on  E.  col i  and S.  t yphi muriu m.  Acacia  ni lo t ica  leaves dest royed th e suspensi on of  

C.  pe rfr ingens i mmedi atel y after  being added.  Leaves from Aca ci a farn esiana  sh owed a  

delayed  affect .  Plan t  extract s  were l ess effect ive  than the raw plant  mater i al .  In RFM  

Acaci a ni lo t ica  l eaves  dest royed  the bacter i al  suspensi on after  10 minut es onl y at  the  

concentrat i on  of 0 .5 per  cent ,  bu t  n ot  at  0.05 per  cent .  With  Acacia farnesiana  at  a  



concentrat i on  of  0.5  per  cent  onl y a  r educt i on  was  observed .  The concentr at ion  of 0 .05  

per  cent  had  no influen ce.  Th e presen ce  of ot her prot eins than  bact erial  suspensi on in  

ru men  fluid  (rumen bacter i a,  protozoa and  plant  prot ein s)  inhi bi ts  the ant i mi crobial  effect  

of the plant  mater ial  in  a concentr at ion  of 0 .05  per  cent ,  but  not  at  0.5  per  cent .  

Tahir  et  al  (1998)  observed  the ant i plasmod ial  act i vi t y of  medicinal  plan ts.  

Twent y-two plant  organs from el even  pl ants ( including Acacia n i lot ica )  comprising fi ve  

famil ies were extr acted  and screened for ant iplasmodial  act i vi t y in  vi tro  against  

Plasmodium fa lci parum  3D7 (chl oroquin e sensi t ive)  and Dd2 ( chl oroquine r esist ant  and  

pyri methamine  sensi t i ve) .  Fi ft y n ine percent  of  pl an t  ext r acts  from 22 extr act s  exert ed  

act i vi t y on  P.  fa lciparum  s t r ain  3D7 with an  IC 5 0  less than  50  µg/ ml ,  whereas 43  per  cent  

of pl ant  extr acts  sh owed an IC 5 0  va lue with in 50 µg/ ml  on  Dd2 st rains.  Pl an t  extr acts  

from Gardenia  lu tea,  Haplophyl lum tubercula tum,  Cassia  tora ,  Acacia ni lo t ica  and  

Aristo lochia bract eol ata  possessed IC 5 0  values  less  than 5  µg/ ml  on both  tested  st rain s.  

Bi oassay guided fr act ion at ion  of A.  ni lo t ica  revealed  that  the eth yl  acetat e extract  

possessed the hi ghest  act i vi t y ( IC 5 0  = 1 .5 µg/ ml ) .  Ph yt och emi cal  an al ysis indicated  that  

the most  act i ve ph ase contain ed  t erpen oids  and  tannins and  was  devoid of  al kaloids and  

saponins.  Th e e ffect  of plant  extr acts on l ymph ocyt e prol i fer at ion sh owed l ow toxi ci t y t o  

the hu man cel ls .  This plan t  has been su bj ect ed  to long term cl in ical  t r ials  in  fol k medici ne  

and is  a promising pl ant .  

Gi l an i  et  al  (1999) r eported  a dose-depend ent  (3 -30  mg/ kg) fal l  i n art er ial  bl ood  

pressure by methan ol  extr act  of  Acacia  n i lot ica  pod s (AN).  Treat ment  of  ani mal s wi th  

at ropin e abol ished  the  vasodi lator  response of acet yl ch ol ine,  whereas the ant ih ypert ensi ve  

e ffect  of the plant  extract  remain ed unal ter ed .  Phentol amin e (an -adrenergi c blocker)  

abol ished  the vasoconst rict or  e ffect  of  norepinephrine  (NE),  whereas pr et r eat ment  of the  

an i mal  wi th  Acaci a ni lo t ica  d id not  modi fy the NE respon se.  These resu l ts  i nd icate th at  

the an t ihypertensi ve  e ffect  of pl an t  extract  i s  independ ent  of  muscarinic r ecept or  

st imul at ion  or  adren oceptor  bl ockad e.  In  the  in  vi tro  s tudies,  Acacia n i lot ica  produced a  

dose -dependent  (0 .3-3 .0 mg/ ml)  inhibi t ory e ffec t  and  spont aneous contr act i ons in  guinea -

pi g paired  at ria.  Si milar l y,  i t  inhibi ted  the spont aneous contr act ion of rabbi t  jejunum in  a  

concentrat i on -depend ent  (0 .1-3.0  mg/ ml)  manner .  AN also inhi bi t ed  potassiu m induced  

contract ions in  r abbi t  jejunum at  a si milar  concentr at ion  ran ge,  which  suggests  that  th e  

an t ispasmodi c act ion  of AN is  mediat ed  through cal ciu m ch annel  bl ockade,  and  th is  may 

also be responsi bl e for  the bl ood pressure l owering e ffect  of AN,  observed  in the in  vi vo  

s tudies.  

Amos et  al  (1999)  in vest igated  an  aqueous extract  of the seed  of  Acacia n i lot ica  

for  i t s  pharmacol ogical  profi le.  On the isol ated  guinea -pi g i l eu m,  the  extr act  d i splayed  

sustain ed  dose-rel ated  contract i le act i vi t y.  The contr act i ons which  were r educed by  

hexameth onium,  prometh azin e or  at ropin e were compl etel y abol ished by ni fed i pin e.  Th e  



in t ravenous  ad minist rat i on  of  the extract  (11 ,  22,  44,  55  µg/kg)  t o anaesthet ized  cat s  

produced a dose -r el ated si gnifi cant  elevat i on  of  blood pressure.  Th e mech anisms of the  

spasmogenic and vasoconstr ictor  act i ons of  the extr act  have  not  been d etermined,  

however,  the resu l ts su ggest  the invol vement  of cal ciu m.  

Hu ssein  et  al  (1999) eva luat ed the  i nhibi t ory effect  of Sudanese pl an t  extracts  

( including Aca cia ni lo t ica)  on HIV-1 r epl icat ion  and HIV-1 protease.  Fort y-ei ght  

methan ol  and  aqueous extr acts  from Sud anese p lan ts were screen ed .  From them nineteen  

extracts  sh owed inhibi t ory e ffects  on  HIV -induced cyt opath i c e ffect s  on MT-4 cel ls .  The  

extracts  were furth er  scr eened  against  HIV -1 protease  (PR) u sing an  HPLC assay method.  

Of th e tested extracts,  the meth an ol  extr act s  of  Aca cia  ni lo t ica  (bark and pods) ,  

Euphorbia granula ta  ( leaves ) ,  Ma ytenus senegal ensis  (s t em-bark)  and  aqueous extracts  of  

A.  ni lot ica  (pods)  and M. senegal ensis ( s tem-bark)  showed considerabl e inhibi tory e ffect s  

against  HIV-1PR.   

Ammar et  al  (2001) col lect ed  thi r t y-seven  pl ant  organs (in cluding Acacia n i lot i ca )  

t rad i t ional l y used  as drugs,  in Pakistan.  Th ese were extracted  with 70% acet on e and  

anal yzed  for  their  total  phenol ics concentr at ion and  ant i oxidant  potent ial .  Seven extracts  

showed more than  85% inhi bi t ion  of l ipid peroxidat ion in  vi t ro as compared with bl ank.  

The r esul ts  indicate that  the extracts  of Nymphaea lo tus  L.  fl owers,  Acacia  n i lot ica  

(Linn . )  Del i le beans,  T erminal ia  belerica  Roxb .  fru i ts ,  and  T erminal ia  chebula Ret z .  

( fru i ts ,  brown) were st r on ger  an t i oxidants th an  α -t ocopherol ,  whi le  T erminal ia  chebula  

Retz .  ( fru i t  coat) ,  Terminal ia chebula  Retz.  ( fru i ts ,  black)  and Ricinus communis  L.  l eave s  

were weaker  an t ioxidant  extr act s  than α -t ocopherol  and  BHT.  Tot al  phen ol ics  

concentrat i on ,  expressed as gal l ic acid  equi val ents,  showed cl ose correlat i on  with  the  

an t ioxidant  act i vi t y.  Hi gh  per forman ce l iquid  chromat ographic an alysis  wi th di ode ar ray  

detect ion at  280 nm of the seven  extract s  i nd icated the presence of hydroxybenzoi c acid  

derivat i ves,  hydroxycinn ami c acid  deri vat i ves,  f lavonol  agl ycones and their  gl ycosid es  as  

main phen ol ics compounds.  

India is  on e of the 12 mega di ver si t y countr ies i n  the world  so i t  has a vi t al  s take  

in  conservat i on and  sustainabl e ut i l izat i on of i t s  bi odi ver si t y resources .  Pl ants second ar y 

met abol i tes have  been of  inter est  t o man for  a  long t ime du e t o th eir  pharmacol ogi cal  

relevance.  With  this  in  vi ew,  Arora et  al  (2003) had studied th e an t i  mut ageni c  act i vi t ies  

of the bark powder of Acacia  auricul i formi s ,  A.  nilo t ica ,  Juglans regia ,  and  the fru i t  

powd er of Terminal i a bel lerica ,  T.  chebula ,  Emblica o f f ici nal is ,  and a combin at ion drug  

Triphala ,  which are known t o be r ich in  pol yphenols.  Aceton e extr acts of al l  the pl an ts  

exhibi t ed  signi ficant  an t i  mutagenic act i vi t i es among the other  extr acts te sted  but  an  

acet one extract  of Acacia n i lot ica  showed a marked ant i  mut agent  effect .  Furt hermore,  i t  

was more e ffect i ve against  indirect  act in g mutagen and direct  act ing mut agens.  Th e  

resul ts  ind icat e that  an  acet one extract  of bark  and  fru i t  of the medicinal  plants under  



study harbors const i tuents wi th  promising ant i  mutagenic/ant i  carcinogenic potent i al  that  

could  be invest igated furth er .  

Fi ve medicin al  pl ants (Aca cia ni lo t ica,  Acanthospermun h ispidum,  Gmelina  

arborea ,  Parkia  b igl obosa and Vi tex doniana )  used  in  d iarrh oea t reat ment  in Kaduna  

State,  Ni geri a,  were invest igated  by Agunu et  al  (2005).  This study was carr i ed out  on  

perfuse isolat ed r abbi t  jejunum and castor  oi l - induced di arrhoea in mi ce.  The aqueou s  

methan ol  extracts  (0.5 ,  1.0 ,  2 .0  and  3.0  mg/ ml )  were gen eral l y found t o cau se a d ose -

depend ent  r esponse in  the isolat ed r abbi t  jejunu m,  though th is  was not  uni form in  al l  the  

plant s.  Gmelina  arborea  and Vitex doniana  showed concentr at ion dependent  r elaxat ion  at  

low doses  (0 .5,  1 .0  mg/ ml) ,  bu t  showed no signi ficant  r elaxat ion at  higher  d oses (2 .0,  3 .0  

mg/ ml) .  Other  extr act s  showed  biph asi c e ffect s .  F or  example,  Acacia ni lo t ica  at  3.0  

mg/ ml caused i ni t ial  r elaxat ion qui ckl y fol lowed by contr act i on.  In  the cast or  oi l -induced  

d iarrhoeal ,  100 per  cent  prot ect i ons were shown by extracts  of Acacia  ni lo t ica  and  Parkia  

b iglobosa  (100,  200 mg/kg) whi le Vitex doniana  showed a d ose -depend ent  effect .  The  

least  protect ion  was sh own by Acanthospermun h ispidum ,  at  th e same d ose,  when  

compared  wi th  the oth er  four  plants.  The resul ts  obtain ed reveal ed  that  the aqueou s  

methan ol  extr acts  of al l  the fi ve  medi cinal  p lan ts in vest igated  have  pharmacol ogical  

act i vi t y against  d i arrh oea.  This may explain t heir  use in  t rad i t ional  medi cine  for  th e  

t reat ment  of d iarrhoea.  

Phenol  content  i n Acacia n i lot ica  also shows  the an t ioxidant  capaci t y.  Sund ara m 

and Mitra (2007)  studi ed  the ant ioxid ant  act i vi ty of va ri ous extr act s  and fract i ons of  

Acaci a n i lot ica  by in vi tro  and in  vivo  experi mental  mod els.  Vari ous sol vent  extr acts were  

pr epared  by s oxhlet  extract ion .  Extract  fract ionat ions were d on e by sol vent -sol vent  

extract ion  and  flash  chromat ographi c separat i on .  In vi tro l i pid peroxid at ion  was carr ied  

out  by t er t iary but yl  h ydroperoxide -induced  l ipi d  peroxidat ion.  The most  act i ve fract ion s  

were ident i fi ed  and standardized  by th in layer  chromat ograph y.  In vi vo  experi ment s on the  

most  act i ve fract ion were carr ied  out  wi th 50 ,  100,  and 150 mg/kg,  doses,  in carbon  

tet rachl orid e (CCl  4) -induced hepat otoxi ci t y,  in  rat s.  Vari ous biochemi cal  pa ramet ers l ike  

serum aspartat e amin otr ans ferase (AST),  se rum alani ne ami notransferase (ALT),  

superoxide d ismutase,  catal ase,  glutathione peroxidase (GSH-Px),  glu tathione (GSH),  and  

l ipid  peroxid at ion  were  est i mat ed.  Fl ash  chromatographic  fr act i ons 2 -6  of  et hyl  acet ate  

extract  exhibi t ed maxi mu m act i vi t y wi th  in vi tro  l ipid peroxidat i on .  In vivo  evaluat ion of  

th is  act i ve fract ion  (AA)  in CCl4 -induced hepa totoxi ci t y for  19  days  at  a dose of 150  

mg/ kg offer ed  marked  l i ve r  protect ion,  which  was evi dent  by si gnifi cant  ch anges in  l i pid  

peroxidat i on ,  glutathione,  superoxide dismutase and catalase ( P <0.01) .  Th e t reat ment  also  

showed signi ficant  ch an ges in AST,  ALT,  and GSH-P x l evels (P<0.05) .  At  lower d oses,  

the protect i on  was n ot  consi stent .  Conclud ingl y the pol yphenol  ri ch  act i ve fract ion  of  

Acaci a n i lot ica  i s a potent  f ree r adi cal  scaven ger  and h epatoprot ect i ve  and  protects TBH -

induced l ipid peroxidat i on  and CCl  4  -induced hepat ic damage.  



The ant ioxidant  poten cy of acet one extract  fr act ions of Acacia auricul i formis  was  

in vest igated by empl oyi ng vari ous in vi t ro syst ems,  such as DPPH,  deoxyri bose (si te - and  

non -si t e-speci fic) ,  r edu cing power,  chel at ing power and l ipid  peroxidat i on  in  rat  l i ve r  

homogenate.  The bark powder of th e plan t  was extracted  wi th  d iffer ent  sol vents by a  

macerat i on  meth od in ord er of increasing and d ecreasing polar i t ies and  t hen part i t ioned .  

It  was observed  that  the fract ions were comp arat i vel y more e ffect i ve than the crud e  

acet one extract  in  al l  the as says.  Maxi mum i nhibi tory ac t i vi t ies n ot iced were 72.3 %,  

91. 7%,  83 .3%,  and 70 .9 % in DPP H,  deoxyri bose,  r educing power,  chel at ing power  and  

l ipid  peroxidat i on assays,  respect i vel y.  Th e i nhibi tory pot ent ial  was compared  with  

known ant i oxidants (ascorbi c acid and  BHT)  and corr elat ed wit h th e t otal  phenol ic  

content  in  crude extract  and  fr act i ons.  Fract ions r ich  in pol yph en ol ic content  were more  

e ffect i ve th an  crude  extr act .  Furth er  studies ar e underway t o  i solat e and  elucidate  the  

st ructures of the act i ve princi ples (Singh et  al ,  2007).  

In  addi t ion t o i t s  (Aca cia  n i lot ica  ssp adansoni i )  role in the management  of  

d i fferent  d iseases,  there is a t rad i t ional  bel ie f that  i t  plays a rol e in  the st i mulat ion of  

mil k produ ct ion in  l act at ing women;  experi ment s were per formed t o determine the  effect  

of  an  aqu eous  ext ract  of Acacia  ni lot ica  (AN)  on  mil k produ ct ion  in  r ats.  Female  rat s  that  

recei ved oral  doses  of aqu eous extract  of this  plan t  during their  fi r st  lact at ion produ ced  

about  59  per  cent  more milk th an  controls  (P0·01) .  Pu p weight  gain was al so  

signi ficant l y hi gher  than  that  in the  control  group.  A  lower  dose,  comparabl e t o that  u sed  

by women to i mprove th eir  milk yield,  led  to about  33 per  cent  more mil k with  the same 

growth  rate  for  pups as  that  in  th e hi gh -d ose grou p.  The extr act  of AN was found t o  

st imul ate  the synthesis  and  rel ease  of prolact in (PRL) signi fi cant l y ( P0·05) .  In  addi t ion ,  

the mammary gl ands of oest rogen pri med rat s  t reated  with the extr act  sh owed clear  

lobuloal veol ar  devel opment  wi th  mi l k secret ion .  This  st udy d emonstrat es  th at  th e aqueou s  

extract  of AN can  st i mulat e mil k product i on and  PRL rel ease  in the femal e r at  and  could  

consequent l y have the propert ies cla i med for  l actat ing women (Lompo–ouedraogo et  al ,  

2004).  

 Zaki et al (2000) invest igated the  potent ial toxicit y of Acacia nilotica  

in rats maintained on 2 per cent and 8 per cent acac ia d iet for  2 and 4 weeks.  

A significant reduction in body weigh t in a ll acacia-fed groups and a 

s ignificant decrease in the levels  of hemoglob in,  serum total protein and total 

cholestero l in animals fed 8  per cent  acacia  diet  for  up to 4 weeks were  

observed . These effects were,  however,  reversed one week after  treatment  

termination.  No  s ignificant  changes in serum parameters of hepat ic and rena l 

funct ions,  fast ing glucose and tr iglycer ides were observed. Further,  no deaths  

among treated animals and no s ignificant  histopatho logica l changes in liver  



sect ions were noted.  It  is concluded that A.  nilotica ,  at 2 per cent and 8 per 

cent has a low toxic ity potent ial.  

Tannin  occurs natural l y in  coffee and tea and  nearl y al l  wood and veget at ion  

contain some form of t annin in  the leaves,  twigs,  bark,  wood,  or  fru i t .  Tannins can also be  

found in  a va riet y of pl an ts u t i l ized  for  food and feed  including food grains (sorghu m,  

mil let s ,  bar l ey,  dry beans,  faba beans,  peas,  carobs,  pigeonpeas,  winged beans,  and  

legumes) ,  fru i ts  (appl es,  ban anas,  bl ackberr ies,  cranberr ies,  dates,  gr apes,  peaches,  pear s,  

plums,  raspberr ies,  and st rawberr i es) ,  and  in  wines,  teas,  and forages.  Tannic acid is  

a ffi rmed as General l y Rec ognized as sa fe (GRAS) by th e F ood and Dru g Ad minist r at ion  

(FDA) for  use as a di rect  food addi t i ve (with l imit at ions)  in numerou s food and  beverage  

products.  Tannin ,  or al l y ad mini ster ed  to  rabbi ts ,  was absorbed by the gast roin t est inal  

t ract ,  metabol ized,  and excreted with in  24  hours.  It  h as  low acut e,  subchroni c,  and  

chronic oral  toxici t ie s in  an i mal  studies,  and is  nonmut agenic and noncarcin ogenic.  In a  

terat ol ogic eval uat i on  of t annic acid on r ats  and  mice,  no effects on nid at ion  

( impl antat i on) ,  maternal  or  fet al  survi val ,  or  abnormal i t ies  in soft  or  skelet al  t i ssu es were  

seen at  d osages of u p t o 135  mg/ kg body wei ght /day (mi ce)  and 180 mg/ kg body 

wei ght /day (r ats)  for  ten  consecut i ve  days during pregnancy.  In  addi t ion,  a  three  

generat ion r at  reproduct i on study of 60 mg/ kg bod y weight /day and 117 mg/ kg body 

wei ght /day ( l ower pu p weights  at  weaning) ,  had no effects  on fer t i l i t y,  gest at ion ,  

viabi l i t y,  or  lact at ion indices  at  any dose leve l  

(h t tp: / /www.epa. gov/ opprd001/ inerts/ tannin .pdf ) .  

In  vi ew of the  revi ew presented  above,  i t  can be conclud ed that  the Acacia n i lot ica  

i s  on e of the medi cinal  plan t s which is being used t o cure/control  many d iseases i .e.  

d iarrhea,  ski n problems,  dent al  car ies,  s exual  d isorders etc.  Li t er ature r eports  that  pod s  

are  used  in  the form of  decoct ion  or  powder  as  a t rad i t ional  medi cine  to control  t he  

d iabetes.  Ani mal  studies r eports  i t s  r ol e in  the regulat i on of bl ood pressure and  blood  

glucose  leve ls wi thout  an y t oxi c e ffect .  Most  of the studies  ar e done on  ani mals using  

leaves,  barks and seeds of Aca cia ni lo t ica  not  on  the pods  of di ffer ent  maturi t y st ages.  

Therefore,  pr esent  stud y was conducted.  



METHODOLOGY 

 The present  invest igat ion  was carr ied out  to fi nd the effect  of Indi an  Gum Arabic  

powd er in the management  of NIDDM su bjec ts.  Th e research procedure fol lowed t o  

achi eve the for egoing object i ves h as been d ist inct l y descri bed  under  the fol l owing  

headings and su bheadings.   

3.1  Locale  

3 .2   Procurement of  G um Arabi c pods  

3 .3   Chemi cal  anal ysis  of  Gum Arabi c pods  

3 .4   Interventi on of  Gum Arabic pods powder to di ab etic subject s  

 3 .4 .1 Select ion  of su bjects  

3 .4 .2 Devel opment  of tool  

     3 .4 .3 Col lect ion of data  

         a)  General  profi le,  heal th  habi ts and the disease informat i on  

b)  Food intake  

c)  Anthropometr i c measurement s  

d)  Bod y composi t ion  

e)  Blood glucose 

f)   Li pid  profi le 

g)  Blood pressure   

3 .4 .4 Administ rat ion  of pods powder  

3.5   Experience and opi ni on of the subjects regarding i nterventi on of  Indi an G um 

Arabi c pods powder  

3 .6  Data anal ysis         

3.1   Locale :  
 The study was conduct ed  i n Udaipur  ci t y of Raj asthan.  Th e Gu m Arabi c pod s for  

anal ysi s and  in tervent ion were col lected  from Udai pur .  Nutr ient  anal ysi s  was don e at  

laborat ories  of  Col l ege  of Home Science,  Raj ast han C ol lege of  Agricu l ture (M PUAT) and  

laborat ory of Hindust an  Zinc Smelt er ,  Debari ,  Udaipur .  

3.2  Procurement of Gum Arabic pods:  

The pod s of Gu m Arabic (desi  babul) were h arvested from the campus of Maharana  

Pratap Uni versi t y of Agricul ture and  Techn ol ogy and  Mohan Lal  Sukhadia Uni ver si t y,  

Udai pur .  The pods for  the intervent ion  and  ch emi cal  anal ysi s were plucked from t en to  

twel ve t rees of Gum Arabi c in t he month of February.  The frui t ing t i me of  Gum Arabi c is  



always aft er  the fl owerin g in the month  of October -November ,  al thou gh i t  i s possibl e t o  

have thr ee fl owerin gs in  a year  at  the beginning of each season (Audru et  al ,  1996) .  The  

fru i t ing t i me o f Gu m Arabic is  of sevent y fi ve to ei ght y days.  Th ere is  a change in  the  

nutr ien t  composi t i on of l egumes with  maturat i on (Chavan et  al ,  1999).  Therefore,  about  

750  g of pods at  each of maturi t y stage i .e.  pr emature (pod ini t iat ion) ,  s eed d evel oping  

(physi ol ogical  maturat i on)  and  mature (har vest abl e)  were harvested for  ch emi cal  an al ysis  

(Plate 3 ,  4  and  5) .  Th e in edibl e port i on su ch  as leaves,  s tems and  du st  were  remo ved fro m 

the pods.  The pods were dri ed in  open  shade separat el y and  powdered  in electr ical  mi xer  

cu m grinder  for  chemi cal  anal ysis .  

The premature pods ar e best  for  the use as medi cine ,  as per  the l i t erature report ed  

in  Ayurved a ( Garg et  al ,  1998) .  The premat ure legumes contain more amounts of  

secondary met abol i tes  and minerals  which  may be benefi cial  for  d iabet i c subjects .  Fi ve  

ki lograms of pr emature pods were harvested for  the int ervent i on .  Aft er  removing stems,  

leaves  and  dust  th e pod s were dri ed on  mu sl in c loth  in  open  shade  to ret ain the color  and  

avoid  any chan ge in ch emi cal  composi t ion du e to sun r ays.  The pods were turned 2 -3  

t imes in a day so that  i t  gets dr ied  from al l  the sides.  Th e pods became bri t t le  a fte r  ten  

days.  The bri t t leness was checked by breaki ng pods with  hands.  Dried  pod s were  

powd ered  in  an  el ectr ical  mi xer  cum grinder  and  stor ed in gl as s bot t les  (Plat e 6).  The  

bot t les were kept  in  the refr i gerat or .  

3.3  Chemical analysis of Gum Arabic pods:  

Nutrient  and  secondary metabol i tes which  help direct l y or  indirect l y in t he  

management  of diabetes were anal ysed using the standard i zed  meth ods.   

3.3 .1 Proxi mate pri nciples:  

a)  Moi sture:  M oi sture is an  i mport an t  const i tuent  of al l  foods.  It  i s  essent ial  t o det ermi ne  

the moisture to express the nutr ients est i mat ed on moistur e fr ee basis .   

Procedure:  Fr esh  sampl e of pods was wei ghed in  a pr evi ou sl y wei ghed petr idish  in  

t r ipl icat e and  the sampl e was dried  in  an  oven (Yorcko) at  60°C and cooled  in a dessicat or  

and wei ghed.  Th e process of heat ing and  cool ing was repeat ed t i l l  a constant  wei ght  was  

achi eved  (NIN,  1983) .  

The moi sture was calcul ated as under:   

 
                           Initial Weight (g) – Final Weight (g) 
Moisture (%): -------------------------------------------    ×   100 
                                   Weight of sample taken (g)  
             

b) Crude Protei n:   prot ein was est i mat ed  in powdered  moi sture fr ee s ampl es using mi cro  

Kj eldhal  meth od.  The protein  ni t rogen is  converted in to ammoniu m sul ph ate by boi l ing  



with  concentrat ed sul phuri c acid.  It  i s  subsequent ly decomposed by addi t ion  of  excess of  

alkal i  and the l iberated ammonia  is  absorbed  in to boric acid  solu t i on  containin g an  

indicat or  by st eam dist i l lat ion .  Ammonia forms a loose compound,  ammoniu m borate wi th  

boric acid ,  which is  t i t rated  dire ct l y against  st andard  HCL.  The protein content  of dried  

pods was obtain ed  by est i mat ing the n i t rogen content  of the  pods and  mult i pl ying t he  

n i t rogen valu e by 6.25 (NIN,  1983).  

i )  Digest i on - Hundred  mg of sampl e in  t r ipl i cat e  was  d igest ed  in  a mi cro Kj eldhal  

flask with 2  ml  concentrat ed H2SO4 and 0 .5g di gest i on mixture (98  parts  K2 SO4 + 2  

parts  CuSo4) on  a d igest i on  rack t i l l  a clear  sol u t ion  was obtained .  A reagent  blank  

was run si mul tan eousl y.  

i i )  Dist i l lat ion- This  was carri ed  out  by adding 1 0 ml  of 40% NaOH t o th e di gest ed  

sampl es,  which  were then  boi led.  Th e steam l i be rated  as ammoni a was col lected in  a  

conical  flask contain ing 5 ml  of  boric acid (4%)  with  2 drops of  mi xed  i ndicat or  t i l l  

the di st i l late col lect ed  was about  15  ml .  

i i i ) Titr at ion - Th e cont ent  of  the conical  flask was t i t rated  with  0 .02 N stand ard ized  

HCL t i l l  an end poin t  of pink col our  was r each ed.  Th e ml  of HCL used  was not ed as 

the t i ter  valu e and  calculat i on was done as fol l ows:  

 
 Titer value of sample – titer value of blank = x 

        
     Normality of HCL ×14×100   

 Total Nitrogen % = x   × ----------------------------------- × 100 
                                               Weight of the sample 

 
 Protein = Total nitrogen % × a general factor 6.25 

 

c)  Ether extract:  Fat  was est i mated  as  the cru de ether  ext ract  of the dry pod s powd er .  

Crude fat  was est i mated  usin g S oxhlet ’s  meth od.  

Procedure :  A 5  g moistur e free sampl e in t r ipl icate was wrapped in  what man No.  41  fi l ter  

paper  of 10x10 cm i n such  a way that  during extr act i on  the sampl e does not  come out .  Th e  

packet  was placed in  the extract ing tu be of soxhlet ’s  apparatus.  An empt y round bot to m 

flask was  wei gh ed and fi l led  three fourt h with  petrol eu m eth er  (40° -60°  C).  The flask was  

kept  on h eat in g mant le and then connected  with extractor .  The fl ask was h eat ed for  about  

16 hours which ensured compl ete extract ion  of fat .  Then the flask was d isconn ect ed and  

the ether  was evaporated .  The fl ask was cooled and  wei gh ed.  The d i ffer ence in in i t ial  and  

final  wei ght  of  the fl ask was c alcu lat ed  t o find  out  the fat  content .  Th e fat  content  was  

cal cu lat ed  as under .  

 
                                     Weight of fat (g) 
      Crude fat (%) =    --------------------------  × 100 



                                  Weight of sample (g) 

d) Ash:  The ash of th e food stuff s  is  an inorganic residue r emaining a fter  the organi c  

mat ter  has been burnt  away.  It  i s  a measure of th e total  mineral  cont ent  of the food.  

 
Procedure:  F i ve  gram moisture fr ee sample  in  t r ipl icate was placed  in  previ ousl y 

wei ghed cru ci bles  ( a fter  heat ing  to  about  600°  C and cool ing) .  The  cruci ble was then  

heat ed over  l ow flame t i l l  the mater i al  was complet el y charred ,  fol lowed by heat ing in a  

mu ffle furnace  (Yorcko) at  600°  C for  about  3 -5 hrs.  It  was th en  cooled  in  a d esi ccat or  

and wei ghed.  Th e process  of h eat ing and  cool ing was r epeat ed t i l l  constant  wei ghts were  

obt ain ed  and  the ash  was al most  whi te.  Th e ash content  was calcu l ated as under :  

                               Weight of the ash (g) 
           Ash (%) =    ---------------------------------   × 100 
                            Weight of the sample (g) 
 
e)  Crude f ibre:  Fibre i s an  insoluble veget able mat ter  whi ch  is ind igest ibl e by proteol yt ic  

and d iast ic en zymes and  cannot  be ut i l ized by t he human bod y.  It  i s usual l y composed of  

cel lul ose,  hemicel lulose and l i gnin .  

Meth od:  A 3g of moi sture and fat  fr ee sampl e in  t r ipl icate was weighed in to a 500 ml  

beaker .  About  200 ml  of boi l ing 0 .25 N sul phur ic acid  was add ed t o i t .  The mi xture was  

boi led  for  30 mi nutes and the volu me was kept  constant  by addin g wat er  at  fr equent  

in tervals.  This mi xture was fi l tered  through a musl i n cloth  and  the r esidue was  washed  

with  hot  water  t i l l  free from acid.  The r esidue was then t ran sferr ed  to the same beaker  and  

200 ml  of  1.25% NaOH was added.  Aft er  boi l ing for 30 minutes as  ear l ier ,  the mi xture  

was fi l ter ed  again  through musl in  cl oth.  The  residue was washed  with h ot  wat er t i l l  fr ee  

from al kal i  fol l owed by washing with  50  ml  alcoh ol  and 50 ml  ether .  It  was then  

t ransferred  t o a crucibl e of kn own wei ght  and dr ied  overnight  at  80 °-100°  C.  Th e cru ci ble  

was h eated in  a muffl e furn ace at  600 ° C for  2 -3 hour s cool ed  and  weigh ed.  The  

d ifferen ce  in  wei ght  represent s the  wei ght  of the crude  fibr e (NIN,  1983).  The fi br e  

content  was calculat ed as under:   

                              Weight of the residue (g)- weight of ash (g) 
   Crude fibre (%)   =   ------------------------------------------------------  × 100 
                                                       Weight of sample (g) 

f)  Total  carb ohydrates :  The amount  of t otal  carboh ydrates  was  calcu l ated by su btr act ing  

the sum of moisture,  crud e prot ein ,  crude fat ,  ash  and  crude fi bre from 100 (Gopalan  et  al ,  

1994) .  

g) Energy :  It  was calcul at ed by u sing ph ysi ol ogical  fuel  valu es i .e.  4 ,  9,  4 kcal  per  gra m 

for  protein,  fat  and  carbohydrat es respect i vel y.  



3.3 .2 Minerals :  The minerals i ron,  zinc,  calcium,  sodium,  potassium,  copper ,  man ganese,  

magn esiu m,  and  chromium were  est i mat ed in pods  powd er through at omi c absorpt i on  

spectrophot omet er .  Phosph orous was est i mat ed using the meth od gi ven  by Fisher  (1971).  

Sampl e were processed usin g wet  di gest i on met hod which  postu lat es  that  organic mat t er  

in  food materi als  (sol id)  can be oxid i zed  by boi l ing wi th sulphuri c,  perchl ori c and n i t r ic  

acid.   

Procedure:  Accurat el y weighed 0 .5 g  of finel y ground,  moi sture  fr ee sample were taken  

in  100 ml  Kjeldh al  flask.  To each  tube add ed 25  ml  of t r iacid  mixture i .e.  concentr at ed  

n i t r ic acid,  perchlori c acid and  su lphuri c acid  in  the rat io of 3 :2:1 .  The tubes were l e ft  

overn ight  for  the brown fumes to be gi ven off.  Aft er  this  the sampl e were d igest ed with  

the help of d i gest i on r ack  at  the temperature of  90° C t i l l  the  sampl e were cleared ,  then  

the sampl e were al l owed to cool .  The solu t i on  was then t rans ferr ed t o acid washed  

pol yth en e bot t les and  stor ed  t i l l  used  for  mineral  anal ysi s .  Th e digest ed  cool  sampl es  

were t ran sferr ed in t o 50 ml  volumetr i c flask an d the volu me made up t o 50 ml  by doubl e  

d ist i l led water .  A bl an k was si mul t aneousl y run  along with  the sampl es.   Representat i ve  

sampl e in the l iquid  for m was sprayed  into the fl ame of the at omi c absorpt ion  

spectrophot omet er  and  the absorpt i on  or  est i mat ion  of the mineral  was me asured at  the  

specifi c wave len gth  set  for each  mineral .  The values were read against  stand ard  solu t ion  

of each mineral .    

Phosp horus:  This mineral  was an al yzed  usin g the method of Fisher  (1971) for  total  

phosph oru s in pods powd er .  The method invol ves t reat ment  of sampl e solu t ion  with  

ammonium mol ybdate which  produces phosph omol ybdi c acid .  This is  redu ced  by th e  

addi t ion of  hydroquinone  reagent  t o gi ve blue color  which i s propot i onal  t o  the  amount  of  

phosph ate pr esent  in  the solut ion.  

Procedure:  An al iquot  of 0 .2  ml  was drawn from the mineral  solu t i on  (wet  d igest ion)  and  

d i lut ed  to 1  ml  with  d ist i l led  water .  Add ed 2  ml  of ammonium mol ybdate,  1  ml  of  

h ydroquin one (05%) and 1 ml  of sodiu m sul phi te (20%) solu t ions t o al l  the tu bes and t he  

contents  were th oroughl y mi xed.  The volume was made  up t o 10 ml  with wat er .  The bl ue  

color  d evel oped was read  at  660  nm on the spec trophot ometer  aft er  30  minutes.  Si milar l y 

al iquots  of standard potassium dih ydrogen orth ophosph ate solu t ion  were prepared having  

5 .25 µg / ml  and  read  against  wat er  blank.  The stand ard  graph was prepared  and  the  

concentrat i on  of phosph orus in  test  sampl e was calculat ed from t his graph.  

                               Unknown concentration from standard curve × 0.01 × 50 
Phosphorus (%) =  ------------------------------------------------------------------     ×100 
                                   2 × weight of sample (g)  
 
3.3 .2 Secondary metabol i tes:  



a) Total  phenol  (Wat erman et  al ,  1994) :  Tot al  phenol  was est i mat ed by F ol in -Ci ocal teau  

method.   Phenol  reacts wi th ph osphomol ybdic aci d in F ol in -  Ciocal teau  reagent  in  al kal i  

mediu m and produ ce blue col ored  compl ex (mol ybdnum blue) .  

Preparati on of  extract :  Ethan ol  extr act  of pods was prepared  for  the est i mat ion.  Fi ve  

gram of  sampl e weighed in t r i pl icat e for  extract i on.  Samples were ground in  P est le -  

Mort ar  in  10-50  ml  of  80  per  cent  ethan ol .  Then samples were centr i fu ged at  10 ,000 rp m 

for  20  mi nutes and su pernatant s were col l ect ed  in  separate  flask for  est i mat ion.  Re -

extract ion  of the r esidue w as don e with  ethan ol  to col lect  the remainin g su bst ance.  Th e  

supernatants were evaporated  in boi l ing water  bath  to get  dryn ess.  Th e dry residuals were  

d issol ved  in 5 ml  of dist i l led wate r .  

Preparati on of  standard g raph:   Stand ard  so lut ion of catechol  (0 .1%) was prepared .  

Standard  catech ol  (0 .4-2 ml)  was drawn in  t est  t ubes ( t r ipl i cat e)  and volu me of each tube  

to 3 ml .  was made u p with  d ist i l led  water .   Simultaneousl y 0 .5 -1 .0  ml .  test  solut ion in  

t r ipl icat e was taken  in  test  tubes  and  volume made u p t o 50  ml  by d ist i l led wat er .  F ol in -

Ci ocal teau reagent  (0 .5  ml . )  was add ed in  each  test  tube and aft er  sh aking the al l  test  

tubes were kept  for  three minutes at  ambi ent  temper ature.  Two ml  of 20  per  cent  sodiu m 

carbonate was added in each  tube .  Aft er  proper  mi xing tubes  were placed  in boi l in g wat er  

bath for  one minut e.  Then absorpt ion was read  at  650  nm against  a bl ank reagent .  

b) Tanni n:  Tannin  i n food stuffs can  be est i mat ed  using vani l l i n hydrochloride method.  

The vani l l in react s wi th any phenol  that  has a un subst i tu ted  resorcinol  or  phloroglu cinol  

nucleus and  forms a col ored subst i tuted  produc t  which is  measured at  500 nm ( Jain and  

Mogra,  2006).  

Preparati on of  extract :  Th e ethanol  extr act  of  pods were prepared  for  the  est i mat i on .  

One gram ground sampl e was soaked in  50  ml  et han ol  for  tannin extract i on .  It  was mi xed  

occasi on al l y.   Aft er  20-28 hours,  i t  was centr i fu ged at  2500 rpm for  20 minutes then  

supernatant  was col lected  for  furt her  est i mat i on .  

Preparati on of  standard  grap h:   Catechin (1  mg /1  ml  methan ol)  was used  as a stand ard  

solut i on.  Ten ml  of  st andard  solu t ion  was di lu ted with 100 ml  meth an ol  for  making  

workin g st andard .   Workin g st andard  (0.1 -1 ml)  and 1  ml  extr act  in t r ipl icate was drawn  

in  a series of t est  tu bes.  5  ml  vani l l in h ydrochloride was added  in  each  test  tube.  One  

blank is  also prepared with  5  ml  vani l l in  h ydrochlorid e.  After twent y minutes opt ical  

densi t y was r ead at  500  n m.  The st andard curve was prepared and  the con centr at ion of  

tannin  in the sample extract  was calcu l ated  from the curve.  

3.4 . Intervention of Gum Arabic pods powder to diabetic subjects:  

3.4 .1 Selecti on of  subject s:  A camp was organized at  Government  Ayurvedic Hospi tal ,  

Sundarwas,  Ud ai pur t o select  diabet ic pat ients .  Sevent y di abet ic pat i ents were enrol led in  



the camp.  From them fort y fi ve subj ects were  sel ected on  th e basis of the fol l owing 

cr i ter ia:   

  Who were in  the age range of 45 -65 years.  

  Can be of ei ther  sex.  

  Suffer ing from diabetes from at  least  si x months.  

  No bi ochemi cal  evidence of any other  kn own disease.  

  Will ing to  part i cipate in  the stud y and  avai l able throu gh out  the stud y peri od at  

Udai pur .  

3.4 .2 Devel opment of  tool :  An interview schedule  (Appendi x I)  was d evel oped  and  

pretest ed t o col lect  the in format ion  on gen eral  profi le,  heal th habi ts ,  t he d isease,  food  

in take,  anthropomet ric  measurements,  body composi t i on ,  bl ood glucose,  l ipid  profi l e and  

bl ood pressure.   

3.4 .3 Col lect i on of  d ata  on:  The wri t ten  consent  (Appendix  II)  from the su bj ects was  

taken  before star t ing the dat a col l ect i on  aft er  explainin g in  detai l  about  the stud y.  The  

data was col lected  by intervi ewin g the  su bj ect s at  the h ospi tal  pr emi ses.  Food in t ake,  

an thropometr i c measurements,  body composi t i on ,  blood glucose,  l ipi d profi le and  bl ood  

pressure were assessed  after  standard izin g the t echnique before and a ft er t he int ervent i on  

of pods powder.  

a) General  profi le ,  health habit s  and about the diab etes:  

Ab out the famil ies:  

  Famil y t ype:  It  was col lected  in t erms of nuclear  and  joint  famil y.  

  Nuclear  famil y:  A  famil y was considered  as  n uclear  when husband and wife  

wi th their  chi ldren  were sharin g on e ki t chen  with  or  wi thout  on e dependent  

member (Desai ,  1956).  

  Join t  famil y:  A famil y was consid ered  as j oint ,  where more than  one spouse  

was sh arin g a common ki tch en  with  or  wi thout  their  ch i ldren (Desai ,  1956).  

  Famil y si ze:  It  was operat ion al l y d efin ed  as a  t otal  nu mber of  members l i ving  

in the famil y and  sharing the same ki tch en.  

  Famil y in come:  It  was the t ot al  income of the famil y earn ings by th e members  

and  income from other  sources such  as agri cul ture,  house rent  and money 

interest .  

Ab out the subjects :  

  Age:  As told by su bject  was not ed and con fi rmed  by calcul at in g age from   dat e  

of bi r th.  

  Food habi ts:  It  was n oted as vegetar i an,  non -vegetar ian and  ovo-veget ar ian.  



  Educat ion al  level :  Level  of educat ion  was as sessed  in  terms of i l l i terat e,  

l i terate,  pr i mary,  middl e,  secondary,  gr aduate,  post  gr aduat e and professi onal  

degree /cer t i fi cat e.  

  Occu pat i on:  Occu pat i on of the subj ects was also noted .  

 Mari tal  s tat us:  It  was record ed  as marr i ed ,  unmar ried  and widow/ widower. 

Health habits :  Habi t  of smoking and  drinking alcoh ol ,  tea or  coffee in large  

amounts may increase the r isk of d i abet es,  t here fore,  in format i on regard ing  

fr equency of th ese heal th at t r ibutes as n ever ,  dai l y,  weekl y and occasi onal l y was  

col lect ed for  each  subject .  Regular  exercise r egi me forms  the corner  stone o f  

t reat ment  and prevent i on of t ype 2 diabetes m el l i tus especial l y when d isease is  

d iagn osed  earl y in i t s  cour se when bl ood sugar  leve ls are  onl y mild ly t o  

moderatel y el evat ed (John,  2002).Th ere fore,  in format i on  regardin g t ype,  durat ion  

and fr equ ency of  heal th h abi ts  as  n ever ,  da i ly,  weekl y or  occasi on al l y was  

col lect ed from each  member of the study group.  

 Ab out the di abetes:  Age of onset  and date of diagnosis were col lected .  Type of  

t reat ment  taken  by the NIDDM su bjects  t o manage the disease was enquir ed in  

terms of dietary modi fi cat i ons made,  or al  hypogl ycemi c drugs used  and ph ysical  

exercise don e,  al one or  in combinat i on to man age the d isease was not ed down.  

b) Food i nta ke:  Dietary survey was carri ed  out  by 24  h ours r ecal l  method   u sing  

standardi zed  cu p set  for  two days t o as sess the food and nutr ient  in take at  beginning and  

at  the end of the study peri od .  The methodol ogy fol l owed is  descri bed bel ow:  

Raw quant i t y t aken  for  cooking as wel l  as t he cooked quant i t y pr epared  especial l y 

for  th e su bj ects or  the whol e famil y and  consu med by the su bject  was not ed .  Th e  

consumpti on  of the cooked food by th e su bj ect  was recorded  to find out  the  quantum of  

raw food in take.  Raw and cooked amounts were quant i fied ei ther  in terms of h ou seh old  

measures  (stand ard ized cu p set )  or  by wei ght  or  number  (Plat e 7) .  From these cooked and  

raw amounts  of food,  the raw amount  con su med by each su bj ect  was calcu l ated by  using a  

cal cu lat or  using the fol l owing formula:  

 
                                                            
                 × 
 
    = 
 
  

 The r aw quant i t y of fl our used  in the pr eparat ion of a chapat i  was assessed by t he  

number of ch apat i es  pr epared  per  kg of fl our  or  the flour  used  by the famil y in  the  

househ old  measures.  This value  was then  mul t i pl ied by the nu mber  of chapat ies consu med  

by the subject  to fi nd  out  the r aw amount  of fl our  consu med by the subj ect .  The intake of  

Raw amount of a particular 
food stuff consumed by the 

individual from a 
preparation (g) 

Individual intake of cooked 
amount of the preparation 

Total raw quantity of food stuff 
used in the preparation (g) 

Total cooked quantity of the preparation (g) 



different  food grou ps was then cal culat ed  and  compared  with  the balanced d i et  (NIN,  

1998) for  normal  sedent ar y worker  as there  was  no  separat e recommend at i on for  diabet ic  

pat ien ts.  

 Nutr ient  in take  was cal cu lat ed  using food composi t ion t abl es (Gopal an  et  al ,  1994)  

from a comput er  programme deve l oped by Choudhry et  al  (2001) in  a DBMS package.  

Mean intake of nutr ient s was compared with  Recommend ed Di etary al lowan ces  for  adul t  

mal e/  femal e ( ICMR, 1994) and  su ggested  modifi cat i on  in  en ergy r equirement  for  

d iabet ics (Raghuram,  1996).  

c)  Anthrop ometric  measurements:  It  provid es informat i on  on gross bod y si ze,  skelet al  

form or  con figurat i on  and  on skel etal  and  soft  t i ssue devel opment .  These met hods  ar e  

noninvasi ve,  inexpensi ve,  uni versal l y appl icable and r e flect  nutr i t ional  and h eal th  status.  

Fol l owing measurement s were taken  for  each subject  and  body mass index and wai st  hip  

rat io were cal cu lated.   

Weig ht (Jel l i f fe,  1966):  It  i s  a measurement  of body mass  and is  the most  in  use.  It  also  

provides a wide eva luat i on of overal l  fat  and  muscle st or es.  For  heal th y adul ts ,  increase  

in  bod y wei ght  usu al l y but  n ot  always indicate an increase in bod y fatness  (Robinson et  al  

1988).   

Technique:  A pl at form sprin g balan ce was used  for  measurin g wei ght .  Th e su bj ect s were  

asked  t o stand in  the center  of the  plat form bare  feet ,  wi th  mini mum clothes and  without  

touching anythin g else.  Wei ght  was r ecorded  to t he nearest  of 0.25 kg (Plate 8) .   

Height  (Cameron,  1978) :  It  i s  a l inear  measurement  mad e up of sum of four  components -  

legs,  pel vi s,  spine and skul l .  While,  for  det ai led  studies of body proport ions al l  these  

measurements  ar e requir ed wh ereas,  in field nutr i t ional  ant hropometry onl y t otal  h ei ght  is  

measur ed  (Jel l i fe,  1966). 

Technique:  Hei ght  of  a subj ect  was measured  using a  vert ical  anthropometr ic rod  (Pl ate  

9) .  After  removing shoes and socks the subj ect  was asked  to st and  on  a h orizont al  

plat form with heels together  and  hands h anging by the sides.  The anthropometr ic rod was  

posi t i oned  behind t he subj ect  so th at  the  lower  end  stands between th e h eels  and  the  bea m 

passes  vert ical l y between the  but tocks t ou ching the back of  the h ead .  The  s u bject  was  

made t o look st rai ght  and i t  was ensured  that  the infer i or  orbi tal  margin  and the t ragus of  

the ear  fal l  in the same h orizontal  pl ane  paral lel  t o th e ground.  The head  pi ece  of t he  rod  

which consisted  of a  metal  bar  was  gent l y l owered  t ouchin g the  hair  and  makin g i ts  

contact  wi th the top of the head .  Height  was recorded  to the nearest  of 1 mm.  

 
Body Mass Index  (BM I):  It  accounts  for  d i fferences in  body composi t i on  by definin g t he  

level  of  ad i posi t y according  to  the rel at ionshi p of  wei ght  t o height ,  thus el imin at ing  

depend en ce on fr ame si ze (St ensl and  and Margol is,  1990).  



Technique:  The body wei ght  and  hei ght  were taken  as  descri bed  above.  To obtain  t he  

bod y mass index wei ght  in kg was d i vid ed  by the height  in meter s square  as fol l ows:  

     Weight (kg) 
BMI kg/m2=   ------------------     
                          Height (m2) 

Waist  and Hi p Ci rcu mference  (Despress et  al ,  1997):  With  the r ecogni t i on of fat  

d ist r ibut ion  as an  indicat or  of r isk,  ci r cu mferent ial  or  gi rt h measurement  has been  

ascribed i mpor tan ce.  The most  fr equent l y used measure of adi posi t y is the waist  to hi p  

rat io.  

Technique:  Th e ci rcumferen ces were measured  using a n on -st retchabl e and  durabl e  

plast i c tape at  speci fic si tes of waist  and  hi p  (Plate 10 and  11) ,  Waist  ci rcu mference was  

measured  at  the wai st  over  the gr eater  t r ochant e rs.  The su bjects were asked  t o stand  er ect  

wi th  the weight  d ist r ibut ed  equal l y on both  the  legs.  Aft er  the subj ects br eathed l ight l y 

waist  was measured  at  the end of gent le expir at ion .  The r eadings were  made  with  an  

accuracy of   0.1  cm.  

Waist  Hip rati o:  It  d i fferences between androi d and  gynoid obesi t y.  A WHR of gr eat er  

than 0 .85  in woman  and 1.0  in man is  indi cat i ve  of android  obesi t y and  increased r isk for  

obesi t y relat ed d iseases (WHO, 2000).  It  was cal cu lated  as fol lows:   

                       Waist circumference (cm) 
   WHR =      -------------------------------             
                      Hip circumference   (cm)   

d) Body composit i on :  Body composi t ion t opol ogy is  rel ated t o several  d iseased  

condi t ions  and  predominant l y with the  heart  d i sease and  d iabetes (Sower s et  al ,  2000).  

Therefore,  various body composi t i on paramet er s viz.  bod y fat ,  lean  body mass (LBM),  

total  body wat er  (TBW),  int racel lu lar  water  ( ICW),  extr acel lu lar  body wat er  (ECW),  bod y 

cel l  mass (BCM) were anal yzed u sing body composi t i on  an al yzer  “Bodyst at  Qu adscan uni t  

4000” working on the prin ci ple of bi oelectr ical  impedance.  

Principle  (S ch el t inga et  al ,  1991):  B ioelect r ical  i mped an ce anal ysis ,  or  BIA,  is  

considered as  one of t he most  exact  and  accessi ble method of scr eening body fat .  Body’s  

lean compart ment ,  comprisin g approxi matel y 73% electrol yt i c wat er  conducts el ect r i ci t y 

for  bet ter  than  the  body’s fat  compart ment ,  which is  very l ow in  body water  cont ent  

(between 5 -10%).  Th ese two compart ments have ,  therefore,  very di fferent  impedance (or  

resist ance)  valu es t o a high fr equ ency electr ic current .  The hi gh el ectrol yt ic water  content  

in  the lean  compart ment  makes i t  a  good conductor  of curr ent  and this  yields low 

imped ance.  For  con ver se reason s,  the fat  compart ment  is  a  bad  condu ctor  wi th  h igh  

imped ance to the high fr equen cy curr ent .  The impedan ce measurement  therefore re fl ect s  

the degree of resistance to th e fl ow of current  i n  the body,  water  bein g a good conduct or  

but  fat  a  bad  conductor .  A t iny t orch  operated el ectr ical  current  is  sen t  through the su pine  

bod y via elect rodes at tached to th e r ight  foot  and  hand.  During th e procedure the  



imped ance va lue,  whi ch is  rel ated  to the su bject’s  body fat  and  lean proport i ons,  i s  

register ed on  the  quad scan  400 LCD displ ay sc reen  al on g with  the  i mpedance values at  

5100 and 200 kHz and the detai ls  of ECW, ICW etc.  These number s,  together  wi th other  

detai ls  of  age,  h eight ,  wei ght  and  gender  ar e used by th e regression  equat i ons to  anal yze  

the data and wi thin  seconds produce a comprehensi ve person al  body composi t ion  report .  

Technique (Bod yst at  Ltd ,  2000):  The subj ects  were pr e  informed n ot  t o eat  or dr ink 4 -5  

hours  pr ior  t o the t est ,  not  t o exercise 12 hours pr ior t o the t est  and  n ot  t o consume 

alcoh ol  or  caffeine 24 hour s pr ior  to the t est ,  whi le per forming t o the test ,  the subject  was  

asked  t o l ie down in  supine posi t ion  in such  a way that  n o part  of  the bod y was t ouching  

one another  (Plat e 12) .  The quadscan  uni t  i s provided  with  two sets  of elect r odes.  Each  

set  of el ect rodes has  red  and black leads.  The red  lead of on e set  was at t ach ed  on  behind  

the knuckl es and black lead  on  the wrist  next  to the u lnar  head on  the r i ght  hand with the  

help of crocodi le cl i ps.  The  other  set  of  el ect rod es was at tached on the r i ght  foot  wi th  red  

lead  pl aced  behind  the t oes and  black l ead  on  t he an kle  at  th e l evel  of and  between  the  

medi al  and l ater al  mal leol i  ( the large protruding bones on the sides of the ankle) .  

Thereafter ,  the quads can  4000 uni t  was switched  “ON”.  The subject  data i .e.  age,  gender ,  

height ,  wei ght ,  act i vi t y,  wai st  and  hip  ci rcu mference were enter ed.  Subj ect  was asked t o  

remai n in supine posi t ion  for  approxi mat el y 4 /5  minutes.  Enter key was then  pressed to  

perform the measurements.  Resul ts  were displ ayed  on the  LCD screen  and  thereafter  

elect rodes were  removed by disconnect ing  the crocodi le cl ips.  Su bject  was then al l owed  

to si t  or  stand up.  Th e uni t  was switched “OFF”.  Th e same procedure was fol lowed for  

each  on e of  the subj ects .  Lat er  the r esu l ts  on  fol lowing body composi t ion  paramet er  were  

downl oaded usin g a software programme of bodystat  quadscan .  

Body fat :  Body fat  i s  the amount  of  fat  in a  pe rson’s bod y.  It  r e fl ects  both essent ial  fat  

and storage fat .  Essent ial  fat  i s that  amount  necessary for  mainten ance of l i fe and  

reproduct i ve  funct i ons.  St orage fat  consists  of fat  accumulat i on in  ad i pose t is sue,  part  o f  

which protects  internal  organs i n  the chest  and  abdomen  

(h t tp: / /en .wiki pedi a.org/wi ki / Bod y_ fat_ percentage) .   

Lean body mass:  Al l  bod y t issue except  st orage fat  i s lean bod y mass .   It  i s  mad e u p o f  

st ructural  and  funct ional  elements in  cel ls,  bod y wat er ,  muscle  and other  bod y organ s  

such  as heart ,  l iver  and  kidney (Fer rar i o et  al ,  1995).   

Total  b od y water :  Tot al  body wate r  is al l  the water  in the bod y in cludin g water  inside  

and out side t he cel ls  includin g water  in  the gast rointest inal  and urinary t ract s  

(h t tp: / /en .wiki pedi a.org/wi ki /  Body_water_percentage) .  TBW is di st r ibuted  in  two maj or  

compart -ment  or  spaces based on  d i fferent i al  concentrat i on  of th e two maj or  cat ion s,  

sodiu m and potassiu m.  The two compart ments are i nt racel lu lar  water  ( ICW) and  

extracel lular  water  (ECW).  



Intracel l ular water:  It  desi gnates  the  l iquid  contained  insid e the  cel l  membranes,  usual l y 

containin g d issol ved  solutes and const i tuents 73  per  cent  of the  wei ght  of  metabol ical l y 

act i ve cel l s of muscle and viscera (John son,  1992).  

Extracel l ul ar water :  Extr acel lular  water  con sist s  of water  compo nent  of the extracel lu lar  

flu id,  pl asma,  intest inal  fluid  and the water  component  of extracel lular  s ol ids including  

tendon,  fasci a,  dermi s,  col lagen ,  elast in and  skelet on.  It  chie fl y consist s  of prot ein and  

electrol yt es (Johnson,  1992).  

Body cel l  mass :  Th e t otal  mass of al l  the cel lul ar  el ement s in th e bod y which  const i tu te  

al l  the met abol ical l y act i ve  t issu e of th e bod y i s  de fin ed  as body cel l  mass  (BCM).  The  

BCM includes muscle t i s sue,  organ  t issu e,  int racel lu lar  and  extr acel lular  water  and  bone  

t issue.  In  normal l y nourished  indi vidual ,  muscl e t i ssue  account s for  20  per  cent  of BCM,  

with  the remain ing 20  per  cent  made u p of r ed  cel ls  and  t issue cel ls .  The BCM also  

contains th e large maj ori t y (98 -99%) of th e body’s pot as sium (M ed  terms medi cal  

d ict ion ary,  2004).   

e)  Bl ood g l ucose :  Fast ing and post  pr andial  bl ood sampl es before and  aft er  intervent ion  

were taken .  Post  pr andial  blood sample were anal ysed a ft er two hours of t he ingest i on of  

br eakfast  at  zero d ay and pods powd er and breakfast  a fter  twent y ei ghth d ays  ( 2 d ays )  

of intervent ion .  Th e capi l lary bl ood sampl es were est i mat ed  using glucometer (On e touch  

u l t ra) .   

f )  Lipid profi l e:  Li pid  profi le was anal yzed at  zero and twent y ei ghth  day (  2 days)  o f  

in tervent ion usin g the faci l i t ies of path ol ogy l aborat ory of Gen eral  hospi tal ,  Udai pur .  

Seru m cholesterol ,  serum tri gl ycerides and  hi gh densi t y l ipoprot ei n  were est i mat ed by  

enzymati c method s using est i mat i on ki ts .  Low densi t y l i poprotein  and very l ow densi t y 

l ipoprot ein  were calcul ated  by using standard formula from the anal ysed valu es o f l i pid  

profi le paramet ers.  Th ree ml  of ven ou s blood was drawn usin g disposable syringe and  

t ransferred  t o vi al  for  an al ysis  (Plat e 13) .  

Serum chol est erol :  Body fat  pat tern  has been  report ed to be st ron gl y as soci ated  with  

l ipid  concentrat i on with  an upper  or  centr al  pr edict ing higher  concentr at i on  of  

ch olest erol .  

Principle :  Th e absorban ce of chromoph ore is  d i rect l y propot ion al  to  the cholesterol  

concentrat i on  in the sampl e.  

                                     CHE 
 Cholesterol esters    Cholesterol + Fatty acid 
 
                                   CHO    
Cholesterol + O2   Cholest-4-en-3-one + H2O2 
 
                                                                 Peroxidase 
2H2O2 + 4- Aminoantipyrene + Phenol  Red Quinoeimine +H2O 



CHE = Cholesterol esterase 

CHO= Cholesterol oxidase 

Assay procedure :  The serum t otal  cholest erol  was determined by en zymatic ERBA test  

gi ven  by Allain et  al  (1974).  Th e reagents were brought  to room temperature pr i or  to use.   

 
Pipette i nto tub e marked  Blank Standard  Sampl e 

Working r eagent  1000 µl  1000 µl  1000µl  

Dist i l led  water  20  µl  -  -  

Standard   -  20 µl  -  

Sampl e  -   20 µl  

  

The contents  of each  test  tu be were mi xed wel l ,  incubated  at  37°C for  10  min.  and  

absorbance was not ed  using spectrophotomet er  at  510  nm.  

Serum trig l yceride:  Th e seru m tr igl yceride was est i mat ed by spectroph ot omet er  using  

enzymati c ki t  as d escribed  by Jacobs & Den mark  (1991).  

Principle :  Trigl yceride in the sampl es was h yd rol ysed by l ipoprotein l ipase t o gl ycerol  

and fr ee fat t y acids.  Gl ycerol  is  ph osph oryl ated  by ATP t o gl ycerol  -3-  phosph ate  (G-3-P )  

in  are act i on cat al yzed  by gl ycerol  kinase.  G-3-P is  oxidized t o d ihydroxy acet one  

phosph ate (DHAP) in a react i on  cat al yze by the en zyme gl ycerol  phosphat e oxidase  

(GPO).  In  this  react ion hydrogen peroxide is produced in  equi mol ar  con centrat ion  t o th e  

level  of produced in equi molar  concentrat i on  to the level  of t r igl ycerides pr esent  in  

sampl e.  H2O 2  react  wi th  4 -amin oant i pyrine and 3,  5 ,  dichl oro-2 -hydroxy benzene  

su lph onic acid (DHBS)  in  a r eact ion catal yzed by peroxide.  The r esu l ts  of this  oxidat i ve  

coupl ing i s  a quinonei min e r ed  c ol ored dye.  The absorbance of the dye in  solut ion  is  

propot i onal  to the con centrat i on of t r igl ycerid es in  the sample.  

                               Lipoprotein lipase 
Triglyceride +H2O    Glycerol + Fatty acids 

                           Glycerol kinase 
Glycero + ATP         Glycerol-3-phosphate +ADP 
                                        

 Glycerol Phosphate oxidase 
Glycerol-3-phosphate +O2           Dihydroxyacetone phosphate+ H2O2 

                                                   Peroxidase        
H2O2 + Phenolic chromogens   Quinoneimine +H2O2 
 

Assay procedure :  The serum tr i gl yceride was determin ed  by enzymati c ERBA -test .  The  

reagents  were brou ght  to room temperature pr i or  to use.   

 
Pipette i nto tube marked  Blank Stand ard Sampl e  



Working r eagent  1000µl  1000µl  1000µl  

Dist i l led  water  10µl  -  -  

Standard   -  10 µl  -  

Sampl e  -   10 µl  

The content  of each tube were mi xed wel l ,  incu bat ed at  37C for  10 min.  and  

absorbance was not ed  using spectrophotomet er  at  510  nm.  



HDL Cholesterol :  

Principle :  Ch yl omicrons,  LDL and VLDL (l ow and very l ow den si t y l ipoprot eins)  ar e  

pr eci pi tat ed  from serum by phosph otungst ate in  the pr esence of d i valent  cat i on such as  

magn esiu m.  The HDL chol est erol  remains unaffect ed in  t he supernatant  and  is  est i mated  

using ERBA cholest erol  reagent  as descri bed  by Mil ler  (1971). 

                          

                          Phosphotungstate 
Serum / plasma           HDL fraction + (LDL+VLDL+ chylomicrons) 
                                   Mg++                                                (precipitate) 

For Precipitation of LDL, VLDL and chylomicrones 

      Pipette                         Volumes 

      Test sample                 250 µl. 

     Precipitant reagent       500µl   
 

Mix wel l  and  al l ow the r eact i on  mi xture t o stan d for  10  min .  at  r oom temperature  

centr i fu ge at  4000rpm for  10  min  t o obtain cl ear  su pernat ant .  Supernat ent  was used to  

determin e the concentrat ion  of HDL-C in sampl e .   

Assay procedure:  

Pipette i nto tub e marked  Blank Stand ard Sampl e 
Working r eagent  1000µl  1000 µl  1000 µl  

Dist i l led  water  20µl  -  - 

HDL-C -  20µl   

Supernatant    20µl  
  
The content  of each  t est  tube was mi xed wel l ,  incubat ed  for  10 min .  at  37 C, or  12 min .  at  

30C and absorbance was n ot  from spectrophot omet er  at  505 nm.  
 

LDL Cholesterol: LDL cholesterol is calculated by using Friedewald’s et al (1972) equation. 
Tot al  cholesterol  –  (HDL +TG/5)  
Provided TG leve ls ar e <400 mg/dl  

VLDL Chol est erol :  VLDL is pr esent  in a  concentrat ion  equal  t o on e fi fth  of t r i gl yceride  

concentrat i on .  This as su mpti on is  val id  for  t r igl yceride concentr at ion of <400 mg/dl .  

VLDL was cal cu lat ed  by usin g fol lowi ng formul a of Fridewald et  al  (1972).   

VLDL (mg/dl)  = TG/5  

g) Bl ood Pressure (mm Hg):  Hypert ensi on  (>  120/  90 mm Hg) seems about  twice as  

fr equent l y in people with d i abet es than  in gen eral  populat ion .  The  combined presence of  

h ypertensi on  and d i abet es consi derabl y accel erat es the devel opment  of both macro  
vascular  and mi cro vascul ar  d iabet es complicat ions.  Th ere fore l evels of bl ood pressure  

were anal ysed for each of the subject .  



Technique :  Blood pressure is  de fined  as the lateral  pressure exerted  by bl ood on  vessel s  

wal l  whi le fl owin g through i t  (Chat ter jee,  1976).  Th e inst ru ment  for  measuring i t  was  

mercury sph ygmomanomet er  which  consists  of rubber  bag connected  by rubber  tubi ng,  

bag supported  by a cl oth cuff t o be placed arou nd the upper  a rm,  bulb ,  man omet er and a  

stethoscope (Plat e 14) .  Th e cl oth  cuff was wrapped around the arm and then  infl ated with  

ai r  to compress the br achi al  ar tery.  Th en with the stethoscope pl aced  on the ski n above  

the bend in  the elbow,  the ai r  pr es sure in  the cuff was slowl y rel eased.  Th e fi rst  sound  

was heard  as the br achi al  ar tery begins to open ,  i t  was cau sed  by the bl ood coming int o  

the for earm in  spurts  and hi t t ing the stat ion ary column of the bl ood.  Th e level  of the  

mercury col umn on manometer  gauge at  that  poi nt  was r ecord ed  as syst ol ic pr essure.  Th e  

level  of  mercury column at  whi ch  the sound s become faint  and  die  away was r ecorded  as  

d iast ol ic pressure.  The n ormal  blood pressu re r ecommend ed for  an adul t  are:  syst ol i c 120 -

130 mm Hg and d iast ol ic 80 -90 mm Hg (Chat t er jee,  1976) .  

3.4 .4 Admi nistrati on of  pods p owder:  

Sel ected fort y fi ve  subjects were rand oml y d i vided in to three experi ment al  groups  

to determine the most  e ffect i ve dose.  Packet s (420×3) of 2 ,  3 and 4  g of pods powder  

were prepared  for  al l  the  subjects  for  four  weeks.   A  d ose of  2 ,  3 and  4g/day were gi ven  

to the subjects of grou ps I,  I I and III r espect i vel y f or  a peri od  of four  weeks.  Th e d oses  

were decided as suggest ed  in  the l i terature of Ayurveda (Garg et  al ,  1998).  Al l the 

pat ien ts were asked to take the pr escri bed dosage before breakfast  and to fol low their  
rout ine diet  and  act i vi t y pat tern  throughout  the invest i gat i on  peri od .   

 

Details 
Groups 

I 
(n=15) 

II 
(n=15) 

III 
(n=15) 

Dose/day (g) 2 3 4 

Duration of intervention 

(weeks) 

4 4 4 

Assessment of diet and 

nutritional profile 

Pre and post Pre and post Pre and post 

Fasting and post prandial blood 

glucose 

Pre and post Pre and post Pre and post 

Lipid profile Pre and post Pre and post Pre and post 

 

Distributi on of  the pods powder:  In al l  1260 packets 420  each of 2 ,  3  and 4  g were  

prepared  and  d i st r ibuted  t o the  subjects  i n two inst al l ments.  Th e fol l ow u p from the  

subj ect s was  taken  through the tel eph onic conversat ion  and  per sonal  meet in g at  t he  

hospi t al  to ensure the r egular  in take of the pods  powder and  an y side e ffect  observed  by  

the subj ect s.  



3.5  Experi ence and opi ni on of  the subjects reg ardi ng i nterventi on of  Indi an G um 

Arabi c pods powder:   

An intervi ew sch edule (Appendix IV) was d evel oped to gath er  the informat i on  on  

their  experi en ce and opini on  of  takin g Gu m Arabic  pods powder.  Th e in format ion  was  

col lect ed a ft er the compl et ion of intervent i on .  

3.6  Data analysis:   

The d ata on  rel igi on ,  cast e,  famil y t ype and  s ize,  food habi ts ,  age,  edu cat i on al  

level ,  mari tal  s t atus,  famil y in come,  heal th h abi ts ,  famil y hist ory,  in format ion  about  

d iabetes,  man agement  of the d isease and food consu mpti on  pat tern  was expressed  as  

fr equencies and  percent ages.  MeanSD valu es of chemical  composi t ion of pod s,  

an thropometr i c measurements such as weight ,  hei ght ,  BM I,  waist  ci r cumference,  hip  

ci rcumferen ce,  WHR and bod y composi t ion  were cal culat ed.  MeanSD were al so  

cal cu lat ed  for  food and nutr ient  int ake and  compared  with  Balanced diet  and  RDA and  

suggest ed modi fi cat i ons in energy for  d i abet es  respect i vel y.  ANOVA was calcu l ated t o  

test  the signi fi cant  di ffer en ce between the chemical  composi t ion s of Gum Arabic pods at  

d i fferent  maturi t y stages.   Pair ed‘t ’  test  was u sed  for  test in g  the si gni ficant  d i ffer ence  

between bl ood glucose  level s,  l i pid  l evel s,  blood pressure an thropometr ic measurements,  

bod y composi t ion ,  food and  nutr ient  in take before and  a ft er  in tervent ion.  



RESULTS 

 
 The  present  study was  und ertaken  t o determine  the effect  of  Acacia  n i lot ica  pods  

powd er in th e management  of  NIDDM. Th e resul t s obt ained  during the course of  

in vest igat ion are pr esented  under  the fol lowing heads:   

4.1    Chemi cal  anal yses of  Indian G um Arabic Pods  

4 .2    Profi le of  di abetics sel ect ed for i nterventi on  

4.2 .1 General  profi le of the su bj ect s and their famil y  

4.2 .2 Heal th habi ts  of the subjects  

4.2 .3 In format i on  about  the disease  

4.3   Effect  of  Indi an G um Arabi c pods p owder i nterventi on on  

4. 3.1  Meal  pat t ern and d ietary habi ts   

4. 3.2  Food and Nutr ient  intake  

4. 3.3  Anthropometr ic measurement  and i ndices  

4. 3.4  Body composi t ion  

4. 3.5  Blood glu cose  

4. 3.6  Li pid profi le   

4. 3.7  Blood pressure   

4.4  Experience and opini on of  the subject s regarding i nterve nti on of  G um Arabi c  

p ods powd er  

4.1  Chemical analyses of Indian Gum Arabic pods 

  The ch emi cal  components present  in  pr emature,  seed devel opi ng and mature pods  

of Indi an  Gum Arabic were anal ysed .  The proxi mat e pr inci pl es (moi stur e,  protein ,  ether  

extract ,  fibr e and  ash)  and  minerals ( i r on,  cal ci u m,  ph osph orus,  sodium,  potassiu m,  zin c,  

magn esiu m,  copper ,  manganese,  and chromiu m) were anal ysed  in  t r ipl icate.  The tot al  

carbohydrate and energy were cal cu lated .  Two second ary metabol i tes i .e.  total  phenol  and  

tannin  were also an al yzed .  The ch emi cal  const i tuents  were anal yzed  on  dry wei ght  basis  

and cal cu lat ed  on  fr esh  wei ght  basis  also.  The r esu l ts  are present ed in Tables 8  to 11 .  

4.1 .1 Proxi mate pri nciples  

a)  Moisture:  Premature pods cont ained the h i gh est  amount  of moisture on dry (8 .0%) and  

fr esh (60.0%) wei ght  basis .  The F value r evealed a  si gnifi cant  di fference (P≤0.01)  in  t he  

moi sture content  among premature,  s eed  d evel oping and mature pods on  dry as wel l  a s  

fr esh weight  basis  ( Tables 8  and  9) .  CD values sh owed that  t he moi sture content  o f  

pr emature pod s was si gni ficant l y hi gher  than  the mature pods.  The di fferen ce was  



insigni ficant  in moisture content  between the premature and  seed  devel opin g pods.  

Si milar l y Chavan et  al  (1999) also report ed  the  decreasing t rend in  the moistur e content  

of beach  pea with  maturi t y.   

 
b) Crud e Protei n:  The protein content  of pods  on  dry wei ght  basis  r anged from 11.57  

(premature pod) to 12.63 per cent  (mature pod) and on fr esh  weight  ba sis 4.65 (Premature  

pod) t o 6. 23  per  cent  (mature pod);  (Tabl es  8  and 9).  Si mil ar l y Carter  (1988)  report ed  

12. 30  per cent  protein in the pods of Acacia ni lo t ica .   Barman and Rai  (2004) report ed  

13. 2 g per  cent  prot ein  in pods of Acacia n i lot ica .  There was n o si gnifi cant  di fferen ce in  

protein  content  amongst  three st ages of maturi t y on dry as wel l  as fr esh  wei ght  ba sis.  

This may be due t o the r eason  that  the prot ein  pr esent  in envel ops of pod s at  premature  

stages may be u t i l ized  for  the format i on  of seeds  at  t he mature st age.  

c)  Ether Extract:  Th e value of eth er  extr act  ranged from 0 .57  (premature pod) to 1.11 per  

cent  (mature pod) on dry wei ght  basis  and 0.23 (premature  pods)  t o 0.61 per  cent  (mat ure  

pods)  on  fresh wei ght  basis .  Th e ether  extract  i ncreased  with maturi t y (P0.01)  in dry as  

wel l  a s fr esh  wei ght  basi s.  The CD values  reveal ed  that  mature  pods contained  

signi ficant l y higher  amount  of ether  extract  than  seed devel opin g and premature pods on  

dry as wel l  as fresh weight  basis .  However ,  et her  extr act  between premature and seed  

devel oping pods  were not  si gni ficant l y d i ffer ent  (Table 8 ) .  The ether  extract  values  of  the  

pr esent  study ar e comparat ivel y lower  than  the valu es  (1 .93 %) report ed  by Carter  (1988 )  

in  Acacia  ni lo t ica  pods.  The di fferen ce in  the  va lues may be due  t o the  geographical  ar ea  

and condi t ion  under  whi ch the crops ar e grown.  

d) Crude f ibre:  The fi br e content  at  three stages of maturi t y were 10.4 1 (premature pod),  

10. 66  (seed  d evel oping pod) and  12.53 g per  cent  (mature pods)  on  dry wei ght  basis  

(Tabl e 8) .  Th e fi bre cont ent  ran ged between 4.16 (premature pod) to 5 .72  per  cent  (mature  

pod) on  fresh wei ght  basis  (Tabl e 9) .  Similar  resul ts  have been  r eported by Fagg (2001)  

that  the Acacia n i lot i ca  pods  cont ain  12 -18  per  cent  of  fibr e.  Carter  (1988)  also  report ed  

the pr esence of 15. 36  per  cent  fi br e in  Acacia  ni lo t ica  pods.  Th e F value r evealed  the  

signi ficant  di ffer ence in fibre content  at  d i ffer ent  stages of maturi t y on dry and fr esh  

wei ght  basis .  Li ke ether  extract  the fi br e content  also increased  si gnifi cant l y with  

maturi t y.  Th e differ ence between the fi bre content  of pr emature and seed  devel opin g pod s  

was non si gnifi cant  in  dry as wel l  fr esh pods.  

e)  Ash:  Th e premature pods cont ained the h i gh est  (5 .29% dry wei ght  and  2.08 g on  fr esh  

wei ght)  amount  of ash .  The least  amount  (3 .02 % dry weight  and 1 .46 % fr esh  wei ght)  was  

present  in  mat ure pods.  Th e resul t s  of ash values are in harmony with the values (5 .26%)  

reported  by Carter  (1988)  in  Aca cia  n i lot ica  pods.  Th e ash  content  was signi fi cant l y 

(P0.01)  d i ffer ent  amongst  three  stages  of maturi ty.  CD values r eveal ed  th at  the ash  

content  of premature pods was  si gni ficant l y di fferent  from seed  deve l oping  and  mature  



pods  on dry as wel l  as fr esh wei ght  basis  whereas,  the ash  content  was n ot  si gni ficant  

between seed devel oping and mature pods on  fresh wei ght  basis  (Table s 8and 9) .  

f)  Total  Carb ohydrate :  Th e carboh ydrate  val ues of pr emature,  s eed  devel opi ng  and  

mature pod s were 64 .16 ,  66 .38  and  67.71  per  cent  respect i vel y on dry wei ght  basis  (Table  

8)  and 28 .88 (premature pod),  30.87 (seed  d eveloping pod) and 35 .31 per  cent  (mature  

pod) on  fresh weight  basis  (Table 9) .  Si gnifi cant  di ffer en ce  (P0.01)  was found in tot al  

carbohydrate content  at  th ree st ages of maturi t y.  Mature pod s contain ed  si gnifi cant l y 

h igher  amount  of ca rboh ydrat e than premature pods on both  the basis  but  the carbohydrat e  

content  d id not  di ffe r  sign i ficant l y bet ween premature and  seed devel oping stage.  

g) Energy:  The energy val ue was comput ed on the basis  of the physi ol ogical  fu el  values  

of prot ein ,  fat  and carboh ydrat e.  On dry weight  basis  the en ergy content  r anged  between  

307.80 (Premature pod) to 331 .10  kcal /100g  (mature pod;  Table 8) .  Fresh pods at  

pr emature,  seed  devel opin g and  mature stage contained 116,  147.80 and 171 .40  kcal /100g 

energy r espect i vel y (Table 9) .  Energy cont ent  was si gnifi cant l y di fferent  at  al l  the three  

stages of maturi t y.  

4.1 .2 Minerals:  The resu l ts  of mineral  and secondary met abol i tes anal ysis  on  dry as wel l  

as fr esh  wei ght  basis  in  Acacia n i lot ica  pods ar e gi ven  in  Tabl es 10  and  11 .  The calciu m 

and phosph orus wer e found with  in the range of 120  (mature pod) to 161. 80  ppm 

(premature  pod) on dry wei ght  basi s  and 56.00  (seed d evel oping) t o 83 .23  ppm (mature  

pod) on  fr esh wei ght  basis .  The amount  of zinc ranged between 31 .05 (mature pod) t o  

56. 05  ppm (premature pod) in  dry pods and  14 . 90  (seed  devel oping pod)  t o 22.42 pp m 

(premature  pod) in  fresh  pods.  Th e amount  of  magnesiu m for  premature,  seed d evel oping  

and mature pods on dry and fr esh  wei ght  bases was 18 .20 ,  15.15,  11.67 and 7 .28,  6 .36  and  

5 .60ppm respect i vel y.  The premature pods conta ined 1ppm chromium fol l owed by 0 .74 in  

seed devel opin g pods and 0 .40  ppm in mature pods.  It  has been  observed  that  the mineral  

content  in  Acaci a ni lo t ica  pods decreased  with  maturi t y on dry as wel l  as fr esh wei ght  

basis  (P0. 01) except  sodiu m.  All  the mineral s i .e.  i ron,  calciu m,  ph osphoru s,  potassiu m,  

zinc,  copper ,  magn esiu m,  mangan ese and  chromium were present  in higher  amount  in  

pr emature pod s as compared to seed deve l oping and mature pods.  CD values r evealed th at  

i ron,  calciu m,  phosph orus,  potassiu m,  zinc,  copper ,  magn esiu m and chromium content s  

were si gnifi cant l y di ffer ent  between the st ages of maturi t y but  in fresh pods the  

d ifferen ce  was  insigni fi cant  for  i r on  and phosph orus between seed  devel opin g and  mat ure  

pods.  Acacia n i lot ica  pods cont ain  the higher  amount  of zinc and  chromium as compared  

to broad beans,  clust er  beans,  fi eld  beans and  fr ench beans (Gopal an et  al ,  1994).    

4.1 .3 Second ary metabol i t es:   Tot al  phen ol  and  tannin  were  also anal ysed at  di fferent  

stages of maturi t y.    

a)  Total  Phenol:  Pr emature pod s cont ained 31. 31 mg/g,  seed  deve l oping pods 20.0  mg/ g  

fol l owed by 16.0  mg/ g total  phenol  in mature pods on dry weight  basis  (Table 10) .  On  



fr esh  wei ght  basi s valu es  r anged  from 7.68 (mature pod) t o 12.52 mg/ g (premature pod;  

Tabl e 11) .  Phen ol  content  d i ffer  si gni ficant l y (P0.01)  among premature,  seed devel oping  

and mature pods on  dry weight  basis .  CD values reveal ed  that  pr emature pods cont ained  

h igher  amount  of phenol  th an  seed deve l oping and  mature pods.  Fagg (2001) also r eported  

the pr esen ce of phenol ic compound s in Acacia  n i lo t ica  pods.  Th e amount  of tot al  ph enol  

in  Acacia n i lot ica  i s  hi gher  than the amount  present  in  faba beans (7.5 -16 .98  mg/ g) as  

reported by Sah aran  et  al  (2002).  

b) Tanni n:  Tannin  cont ent  of Acacia  ni lo t ica  pods ranged between 14 .51 (mature pod) to  

20. 30  mg/g (premature pod) on  dry wei ght  bas is  (Table 10) .  On fresh  wei ght  basis  th e  

pr emature,  s eed  devel opin g and  mat ure pods con tained 8 .12 ,  7.30 and 6.90  mg/g of tannin  

respect i vel y (Tabl e 11) .  A signi ficant  (P0.01)  d i fference was observed  in tannin  content  

amon gst  three st ages of pods on  dry wei ght  basi s .  CD valu es also showed the si gni ficant  

d i fferen ce is  tannin cont ent  at  di ffer ent  stages of pods.  Si milar l y,  Kamal  et  al  (2005) also  

reported the higher  amount  of tannin  in premat ure pod s.  Tanni n is  also present  in food  

grains (barley,  d ry beans ,  faba  beans,  pi geonpea et c. ) ,  frui ts  (apple,  ban ana,  dat e,  gr apes  

etc. ) ,  wines and  t eas.  Tannic  acid  is  affi rmed  as Gen eral l y R ecogni zed  as Safe (GRAS)  by 

Food and Drug Admini st rat ion (FDA) for  human beings as a di rect  food add i t i ve in  
numerou s food and  beverages.  Tannin  oral l y ad minister ed  to r abbi ts  was absorbed by  

gast rointest inal  t r act ,  metabol ized and  excreted with  i n 24  hours.  Th e d ose of 135mg/ kg 

bod y wei ght /  day (mice)  and 180 mg/ kg bod y wei ght /day (rats)  h ave n o side e f fects  

(h t tp: / /www. epa. gov/apprdool / inerts/  tannin. pd f) .  Therefore,  2 ,  3  and 4  g of pods powder  

for  intervent ion  t o hu man d iabet ic su bjects wi l l  not  have any side e ffect  as these d oses  

wil l  contain  40 .6 to 81.2  mg of tannin.  

The above r esu l ts  reveal  that  the ether extr act ,  carbohydrate,  fibre and  en ergy cont ents  

increased  with maturi t y whereas,  moi sture,  ash  and minerals  including i .e. ,  i ron,  calciu m,  

phosph oru s,  potassiu m,  zinc,  magnesium,  man ganese,  copper ,  and  chromium decreased  

with  maturi t y.  The r esul ts  ar e in  h armon y with t he study conduct ed by Shakra et  al  (2006)  

on th e chemi cal  composi t i on  of  chi ck pea r elat ed t o legu minous famil y.  They report ed  

that  ether  extr act ,  carbohydrat e and  fi br e i n creased  wit h the  matur i t y and  moisture,  ash  

and minerals  decreased  with the maturi t y in  chi c k pea.  

4.2  Profile of diabetics selected for intervention   

Sevent y NIDDM subjects visi t ed the h ospi tal  on the day camp was  organi zed to  

select  the pat ien t  for  feeding.  Out  of th ese pat ients ,  45 pat ien ts ,  who ful fi l led the cr i ter i a  

of select ion  and wil l ing to part ici pate in  t he study for  four  weeks  and  su bmit ted  wri t ten  

consent ,  were selected.  Th e resul ts  are presented in  Tabl es 12 to 30  and fig 1  t o 10 and  

d iscussed  bel ow.    

4 .2 .1 General  profi le of  the subjects and their fami ly: The group wi se general  profi l e  

of the su bjects and their  famil y (Tabl es 12 to 23)  is  d iscussed below :   



a) Infor mati on ab out family:  

 Religi on and Caste:  The dist r i but ion of  the subj ects  by rel igi on  in thr ee  

in tervent ion groups revealed that  maj ori t y of  the subj ects 91 .1 per  cent  (86 .6 % I,  

86.6  % II and  100 % III grou p) were  Hindu.  Al most  h alf  (48.8%) of  them were  

Brahmin ,  28. 8 per  cent  were Jain  and remaini ng 22 .2 per  cent  bel on ged t o other  

castes i . e.  Mathur,  Sahu,  Khan and other s  Tables 12  and 13) .  

 Famil y type:  M aj ori t y (75 .5%)  of the subj ects  bel on ged t o nuclear  famil y  (Tabl e  

14) .   

 Famil y Si ze :  Table 15 reveal s that  the maxi mu m number of the su bjects (40%) in  al l  

the three groups was having famil y size of 4 -6 members.  Th e d ist r ibut ion of  

subj ect s by famil y si ze in three in tervent ion groups was al most  same.  

 Famil y Income and i ts  major source:  Income of the famil i es was ascert ained  by 
considering their  income from di ffer ent  sources.  Table 16  reveal s that  44.4  per  cent  
of the famil ies  were earn ing fi ve  t o ten  thous and rupees per  month (46.6  % group I,  
40.0  % group II and 46. 6 % group III) .  About  Twent y n ine per  cent  were earning t en  
to fi ft een  t housand,  20. 0 per  cent  famil ies were  earn ing more than fi ft een  thousand  
and  remainin g 4.4  per  cent  were earnin g less than fi ve thousand.  Govern ment  or  
pr i vat e servi ce was the main  source of income among stud y grou ps  (Table 17) .   

b)  Infor mati on about  the subjects:  In format ion  r egardin g th e age,  sex edu cat ion al  

level ,  occu pat ion ,  food h abi ts ,  and  mari tal  s t atus was col lected from each  su bject  

and is  pr esented i n Tabl es 18 to 23  and  the resul t s  are d iscussed  bel ow.   

 Age:  Th e onset  of d i abet es is r elated t o the age of the su bjects.  Earl ier i .e.  2 -3  

decades ago t he disease  used t o occur  durin g th e age of 50 -60  years and above.  Now 

the d isease occur s even  in chi l dren and  during the age of 40 years.  The d ist ribut ion  

of su bjects by age  in  t hree grou ps of  in tervent i on r eveals th at  most  of the su bjects  

in  al l  the grou ps were in  ei ther  45-50  years or  60-65 years of age grou p (Tabl e 18) .   

 Sex :  In the study groups over  al l  71 .1 per  cent  (73.3  % I,  66 .6 % II and  73 .3 % II I 

grou p) were male and  28. 8 per  cent  (26 .6 % I,  33.3  II and 26.6  % III group) were  

female (Tabl e 19) .  

 Ed ucati onal  level:  Educat ion al  level  of the subjects has been  conci sed in  Tabl e 20  

indicates  that  most  of  the  subjects in  al l  the stud y grou ps were secondary or  seni or  

secondary passed .   

 Occupati on: Occupat i on also a ffects  the heal th  of an indi vidual .  It  also decides the  

l i fe st yl e pat tern  of an indi vidu al .  Table 21  indicates that  maj ori t y of the su bj ect s  



were engaged in service.  However,  in  al l  the groups same nu mber of the su bjects  

was en gaged in  ei ther  business or  was r et i red.  Out  of 45 subj ects,  13 were femal es  

from them 11 were housewi ves and  2 were in govern ment  servi ce.  

 Marital  Status:  Al l  the subj ects were marr ied and  one of the su bjects  at  the t ime o f  

study was wid ow (Table 22) .  

 Food Habits :  The food habi ts  in  terms of veg etar ian,  non - vegetar i an and  ovo -  

veget ar ian r eveals that  the maj ori t y (66 .6  %) of t he subjects were vegetar i an  and th e  

d ist r ibut ion  in three grou ps were also al most  same (73 .3  % grou p I,  60. 0 % group I I 

and  66 .6 % group III) .  The r emain ing  subjects  were ei ther  n on  veget ar ian  or  ovo–

veget ar ian (Table 23) .         

4.2 .2 Health habit s of the  subjects :  Heal th h abi ts  play an i mportant  r ol e in th e  

occurr en ce and  man agement  of di abet es ,  hen ce i nformat i on regard ing heal th habi ts  

were col lected and presented  in Tabl es 24 and 25.   

a)  Smoki ng:  The present  study shows that  31 per  cent  of  the subj ects (33 .3 % I 

group,  26 .6 % II group and 33 .3 III grou p) were smoker s and most  of  the m 

(28 .8 %) were smokin g dai l y (Tabl e 24) .  

b)  Tobacco Chewi ng:  Tabl e 24 reveals that  24.4  per  cent  subj ects were t obacco  

chewer.  From them,  17.7  per  cent  were ch ewin g dai l y and  6.6  per  cent  used t o  

chew weekl y.   

c)  Alcohol  Consumption:  Resul ts  reveal ed  th at  2 2.2  per  cent  (20.0% I grou p,  

26 .6% II grou p & 20.0% III group) of the subjects were consumin g al cohol  

ei ther  dai l y (11 .1%) or  weekl y (11 .1%; Table 24 ).  

d)  Tea and Coffee Intake:  Hundred  per  cent  of t he subjects were drin king t ea.  

Out  of them 95.5 per  cent  were con su ming dai l y and  4.4  per  cent  were  

consu ming occasi onal l y.  More th an  80 per  cent  subjects were consumin g coffee  

ei ther  weekl y (31.1 )  or  occasi on al l y (51 .1%; Table 24) .   

e)  Gutka:  Present  stud y shows that  33. 3 per  cent  subj ect s were ch ewing gutka.  

About  twent y seven  per cent  were ch ewin g dai l y (26 .6% I grou p I,  33 .3% I I 

group and  20.0 % III group) r emain ing  6 .6 per  cent  (20.0  I grou p)  of t he  

subj ect s were  chewing weekl y.  Th e r emain ing 66 .6 per  cent  were not  chewing 

gut ka (Tabl e 24) .   

f )  Exerci se:  Table 25  reveals that  about  hal f of the su bjects (48.8  %) were doing  

exercise dai l y.  Fi ft y on e per  cent  of the su bj ects  (53. 3% I group,  60 .0% II and  

40 .0% III group) were n ot  d oing exercise.  Out  of the subjects  doing exerci se  

dai l y,  31.1  per cent  were doing walk (33 .3% I group,  20 .0% II group and  



40.0% III group) and 15 .5  per  cent  were d oin g yoga.  Su bjects were doing the  

exercise for  30 (17.7%) to si xt y minutes (17 .7%) .  

4 .2 .3 Informati on about  the disease:  In format i on  regard ing  the famil y h ist ory,  onset  

and  diagnosis of  the  disease  avoi dance and  inclu sion  of foods and  t reat ment  t aken  

for the man agement  of d isease were col lected  an d present ed  in Tables 26 and  29.   

 

a)  Famil y history  of  the disease:  Tabl e 26  gi ves t he i nformat i on  on  preval ence  

of diabetes amon g famil y member s of the su bjects.  It  was not iced  that  hal f of  

the su bj ects  (51 .1%)  had  famil y hist ory of  the d isease.  Father  (26.6  %)  

Moth er  (15.5  %),  brother  (6. 6)  and  sister  ( 2 .2)  of these su bj ect s were  

suffer ing from th e di sease.  The resul ts are in  conformit y with findings o f  

stud y conducted  by Kaur  et  al  (2007).  They observed  that  th e famil y h i stor y  

of the disease due t o diabet ic moth er  was more preval ent  among the subj ect s  

as compared  t o diabet ic father  or  d iabet ic parent s.   

b)  Onset  of  disease and age of  diagn osis:  The age  of onset  of d iabetes in most  

of the subjects (46 .6 %) was 40-50 year s .  In 40  per  cent  of the subj ect  i t  

s tar ted  between 50-60 years age.  Rests of the subj ect s were suffe r ing fro m 

diabetes from t he age of l ess  than  40 years or  a fter  60  years .  Most  of t he  

subj ect s (46 .6%) su ffer ing from the d isease si nce past  1 to 5  year s  (Table  

27) .  This r eflects  that  d iabetes star ts t o emerge during the midd l e age of t he  

subj ect s.  Si milar  were the  fi ndings of an  earl ier  stud y condu cted  by Jal i  et  al  

(2006) to  find out  the  preva len ce of  diabetes amon gst  the famil y members  of  

known diabet ics.  Stud y sh owed th at  the preva lence was more in  the  age  group 

of 40-49 year s (18-24%).  This shows that  th e chan ging t r ends in  the age of  

onset  of d isease are a ffect in g the peopl e of prod uct i ve age group and  making  

them socio economical l y ine ffi cien t .    

c)  Treatment  for the control  of  disease: Th e t reat ment  st r ategy fol l owed by  

31.1  per  cent  of th e stud y subj ect s was drug alon g with  exercise and  whi l e  

22.2  per  cent  was takin g drugs onl y with  no ch ange in  t he diet .  About  20  per  

cent  subjects were d ependent  on d i etary modifi cat i on and  exercise.  Si xteen  

per  cent  were fol l owin g diet ary modi ficat ion  a long with  drug and exercise  

and  remain ing 8 .8 and 4 .4  per  cent  were fol lowing exercise and d i etary  

modifi cat i on respect i vel y (Tabl e 28) .   

d)  Foods i ncl uded due to di abetes:  Foods l ike fenugreek (6 .6 %),  bi t ter  gourd  

(2 .2 %),  Jamun seeds powder (4.4  %) and beal  patra + neem leaves (4 .4 %)  

were consu med dai l y by the su bj ects as a measure to i mprove or  cont rol  

d iabet ic condi t i on  (Table 29 ) .   



e)  Avoid ance of  foods:  The su bject s also r eported  the avoidance of many food s  

due to their  diabet ic condi t ion ( Tabl e 30) .  Thir teen per  cent  of the su bjects  

avoided  sugar  and 73 .3 per  cent  were t aking rest r ict ed  amount  of sugar .  

However,  sweets were rest r i cted by 64 .4 per  cent  of the subjects.  Preserved  

i tems su ch  as syru p,  squash ,  jam and j el ly r i ch  in sugar  were avoid ed  by 40  

per  cent  of th e subj ect s and same nu mber  of subjects  rest r icted  these i tems.  

Remaining 17.7  per  cent  were t aking th e d iet  as  be fore  the onset  or  d i agnosis  

of disease.  Eight y per cent  subjects were consuming oi l  as usu al  onl y 20  per  

cent  were r est r i ct ing th e oi l  con su mpti on.  About  hal f of th e su bj ect s avoided  

but ter ,  24.4  per  cent  rest r icted  and  28 .8 per  cent  did  not  rest r ict  i t .  M ore  than  

half of  the subj ect s were not  avoidin g th e ghee in their  d iet .  Thir t y three per  

cent  were consu ming l i mited  amount  of gh ee and  4.4  per  cent  were avoid ing  

the ghee con su mpti on.  Dry frui ts  were occasi onal l y consu med and  n on e of  

them avoided  i ts  consumpti on .  In  carbohydra te r ich  foods,  potat o were  

rest r ict ed by 55.5  per  cent  of  the subj ect s,  33 .3 per  cent  avoided  i t  and 11.1  

per  cent  d id not  avoid  i t .  Rice were avoided by 71 .1 per cent  and r est r ict ed by  

24.4  per  cent  of the stud y su bjects.           

4.3  Effect of Indian Gum Arabic pods powder intervention:  

Sel ected subjects d i vid ed  in  three grou ps were fed  2,  3  and  4g of Gum Arabi c  

pods  powder  dai l y before breakfast  for  28  days.  The in format i on  on  food  and  

nutr ien t  in take,  an thro-pometr i c measurement s including bod y composi t ion ,  bl ood  

pressure  and  blood profi le for  glucose  and  l ipi ds were col l ect ed  before and  a fter  

ad minist r at ion  of Gu m Arabic pod s powder.  

  
4 .3.1  Meal patt ern and dietary habit s:  The diet ary habi ts  of the su bj ects sh owed that  

44.4% of the subj ects  fol lowed 2  meals pat tern  i .e.  l unch  and  d inner  and 37.7  per  

cent  of t he subj ects were taking three meal s in a day.  Thi rt y seven per  cent  of the  

subj ect s were consumin g snacks such  as biscui ts ,  namkeen and fr ied  i t ems l i ke  

samosa and kachori  in  between meals  (Tabl e 31 ) .  The  con sumpti on  of  these  snacks  

was al most  same in al l  the t hree grou ps.   

4 .3 .2 Food and Nutri ent i ntake :  Man needs a wide ran ge o f nutr ients t o perfor m 

various fun ct ion s in  the body and t o l ead  a h ea l thy l i fe.  These nutr ients  include  

protein,  fat ,  carbohydrat e,  vi tamins,  minerals  and wat er  is  varying amounts  

depending u pon age,  sex,  occupat ion and  physi ol ogical  condi t ions of an  

individu al .  In  di abet i c su bjects management  of d isease by diet  depends upon the  

judicious sel ect i on of food s t o provid e carbohydrates,  adequ at e protein  and  a  

determined  rest r ict ion  of tot al  fat .   



The mean age of stud y su bject s was 53 years and was fol l owing sedentar y  

l i fe st yl e.  About  20  per  cent  of the  stud y su bj ects were enj oying  ret i r ed l i fe,  24.4  

per  cent  subjects were h ousewi ves,  37.4  per  cent  were in government  or  pr i vat e  

sector  servi ce as teacher ,  cl erk and offi ce j ob  and remainin g 20  per cent  were  

en gaged i n sedentary t ype business.  

a)  Food s i nta ke:  In  the present  study the die tary intake of d i abet i c subj ect s  was  

studied by 24 h ours recal l  method  for  two days i .e.  be for e and a fter  intervent ion .  

Adequacy of  the food in take was comp ared wit h  the bal an ced d iet  (NIN,  1998)  

suggest ed for  normal  heal thy indi viduals as recommendat i ons for  d iabet ics  has  

not  been  report ed .  Th e r esu l ts  ar e pr esented  in  Tables  32,  33 and  Fi g.  1 ,  2 and  

d iscussed  bel ow:   

 Cereals and mil let s:  Cereals const i tu te  a maj or  component  of  d iets  consumed in  

India.  They contr ibute  70 -80 per  cent  of cal orie and  a si gni ficant  amount  of  

several  other  nutr i en ts except  vi tamins A and D.  The mean  valu es of  cer eal  

consumpti on  before t reat ment  wer e 260.8 ,  235.7 and 245.8 g/day for  I,  II and II I 

grou p respect i vel y (Tabl e 32) ,  which  correspond to 62,  56  and 59 per  cent  of  

balan ced d iet  (Tabl e 33  and Fig.1) .  After  in tervent ion the cer eal  consu mpti on was  

250.0 g for I,  240.3  g for  II and  240.5  g for  III group of study (Fi g.2).   

 Pulses and leg umes:  Prot ein  increases insu l in secret i on  because of the  vari able  

e ffects  of amin o acids .  Pulses are r ich sources  of prot ein  in the diet .  Th e mean  

in take of pulses before in tervent ion was 27 .7,  26.7  and  26 .4 g/day by I,  I I and  II I 

grou p r espect i vel y and  aft er  in tervent ion  i t  was 28. 3 g/day for  I group,  28 .5 g/da y 

for  II group and 27. 5 g/day for  III group of the stud y (Tabl e 32) .  Pulses  

consumpti on  before and  a ft er  in tervent ion  was inadequate  by al l  the su bjects of  

three groups.  Th e in take ran ged from 44 t o 48  per  cent  of bal an ced d iet  (Table 33  

and  Fig.1 ,  2) .  

 Green leafy vegetabl es:  Addit i on of lea fy vege tabl es in  the diabet ic diet  redu ces  

gl ycosylat ed  hemogl obin and  insul in requirement  (Cerut i  et  al ,  1987).  Before  

in tervent ion  the  intake r anged from 29.7 (I group) to 44. 7 g/day ( II group)  

respect i vel y and  after  int ervent ion  i t  was 40.3 ,  48 .2  and 40 for  I,  I I and  III gr oup 

respect i vel y (Tabl es 32,  33 and  Fi g.1 ,  2) .  Same as pulses ,  intake of l eafy  

veget ables before and  aft er  intervent i on  was inadequ ate.  This may be due t o less  

avai labi l i t y of l eafy veget ables in  summer season al though;  d iabet ics  are advised  

to take ampl e amount  of lea fy vegetables in  their  d iet .   

 Root s and tubers:  Roots and tubers have variable effects  on bl ood glucose  

depending u pon the  st ru cture of  st arch  and  the processin g t echnique empl oyed.  

In take of roots and  tuber s among al l  the three groups i . e.  I,  II and III was 59 .7,  



55.3  and 61 .7 g/day r espect i vel y before feeding pod s powd er  (Table  32) .  After  

in tervent ion  the mean valu es o f  roots and tu bers  consu mpti on r anged  between 54.7  

( II group) to 59.0  g/day ( III group).  The in take of roots and  tubers before and  

a fter intervent i on  was also less th an  the bal anced  di et  su ggested for  n ormal  

populat i on (Table 33 and Fig.1 ,  2) .   

 Other vegetables:  Th ose veget ables whi ch  ar e not  included  under  lea fy veget ables  

and  roots and  t ubers ar e the other  veget ables.  Due t o the presen ce of inhi bi tor s  

and  potent  adregeni c neuron  blockin g substan ce,  some of the other  veget ables l ike  

bi t ter  gourd ,  drumst icks inhi bi t  lower gl ucose  response (Wil l iam et  al ,  1993).  

Al thou gh the  diabet ics ar e ad vi sed  to con sume other  vegetables in more than  the  

recommended amount  for  normal  popul at ion .  The mean intake of other  veget ables  

before in tervent ion was 60. 0( I group),  65 .3 (II group) and 70.3  g/ day ( III group).  

Aft er  in tervent ion  the  in take  r anged between 60.8  ( II grou p) t o 73 .3  g/day ( II  

grou p;  Tabl e 32) .  Th e in take before and  afte r  i ntervent i on  r anged between 60 -73  

per  cent  (Tabl e 33 and Fig.1 ,  2) .   

The vegetabl es may be leafy,  r oots and  tubers or  other  pr epared  in the for m 

of curry t o eat  ch apat i  wi th i t.  Hence,  the consu mpti on of these veget ables depend s  

upon the select ion  of vegetable t o pr epare a curry.  

Fruits:  Frui ts  included in the form of die tary fi br e are found  t o r educe  

gl ycosylat ed  hemogl obin and insul in  requir emen t  (Karlst rom et  al ,  1987).  Su bjects  

were consumin g water -mel on ,  papaya,  man go and banan a frui ts .  The fru i t  

consumpti on  was 50 and  55  per cent  of bal an ced  d iet  be fore intervent i on  for  I,  I I 

and III group r espect i vel y.  Aft er i ntervent ion  the intake ranged from 50 ( II group)  

to 60 per  cent  ( III group)  of the balan ced  diet .  The diabet ic pat ients ar e advised  to  

take one fru i t  in  a day from the l is t  of selected  fru i ts .  The stud y subj ects were  

taking frui t  dai l y but  in take was less than  the bal anced d iet  (Table 33  Fig.1,  2) .   

Mil k and mil k products:  Mil k and mil k products because of fat  cont ent  lower  

post  pr andial  glucose.  It  has also been observed that  milk consu mption was al most  

same in  al l  the grou ps before and  aft er  intervent ion .  Before in tervent ion th e mil k  

and mil k consumpti on  r an ged  between 240 (group I)  t o 250 ml/day ( III group)  and  

a fter  in tervent ion i t  was 230 ( I group) to 248  ml  /day ( III group);  (Table 32) .  

General l y they used to consume but ter  mil k and curd.  Th e milk consumpt ion  

ranged between 77 to 83 per  cent  of balanced d iet  (Table 33  and Fig.  1,  2 ) .     

Fats and edibl e oi l s:  For di abet ics qu ant i t y and qu al i t y of fat  consu med  is  

import ant .  The mean values  of fat  int ake before in tervent ion were 26 .7 ,  25. 7 and  

26. 2 g/  day for  I,  I I and  III grou p respect i vel y and  these w er e al most  same  



(P≥0.05)  in  al l  the grou ps aft er  intervent i on (Table 32) .  The int ake r anged fro m 

131 to 149 per  cent  of balanced d iet  (Table  33  and  Fig.1,  2) . 

S ug ar:  S i mpl e su gars should  be avoided  in  d iabet es as they are the i mmedi ate  

source of glu cose but  d iet ary sucrose as a part  of mi xed meal  d oes not  aggrava t e  

immediate hypergl ycemi a (ADC,  1991).  Though,  su gar  and  sweet  foods were  

avoid ed  by the diabet ics,  the mean su gar  intake  ranged between  43 to 45  per  cent  

be fore and 45 to 48  per  cent  of bal anced  diet  a ft er  the in tervent ion (Table 33 and  

Fig.1 ,  2) . 

The  above  resu l ts reveal  th at  the su bjects  of al l  the three groups before and  

a fter  intervent ion  were consu ming cereals,  pulses gr een  leafy vegetabl es,  r oots and  

tuber s,  other  vegetables,  frui ts  and  mil k and milk product  in in adequate  amount .  

The intake of fat  and  edibl e oi ls was more than  adequ at e for al l  the subj ects .  The  

meal  pat tern  and food intake by al l  the three grou ps before and  after  inte rvent i on  

was al most  same (P0.05)  except  for  some foods  (P0.05) .  

The si gni ficant  di fference in  the in take of cer eals and lea fy veget abl e in  

the subjects of fi rst  group and pulses and oth er  vegetabl es in  second group of  

in tervent ion may be due to day t o day vari at ion  in the menu,  avai l abi l i t y of food,  

select i on of food etc.  The si gni ficant  di fferen ce observed  in the intake of some  

foods has not  mad e an y ch an ge in  the adequacy of the food group in  the dai l y d iet .   

b)  Nutri ent Intake:  Intake of va riou s nutr ien ts for  each su bj ect  was calculat ed u sing  

food composi t ion  tables (Gopalan  et  al ,  1994) and  compared  with  RDA and  

suggest ed for  sedentary worker  modi ficat ion of nutr ien ts  for  d iabet i cs (Raghuram,  

1996).  The r esu l ts  ar e pr esented  in Tables 34 and  35 and  Figure 3  and  4 d iscussed  

bel ow:  

 Protei n:  Peopl e with  t ype 2  di abetes  have  an increased need  of protei n during  

moderate hyperglycemi a and  al ter ed ada pt i ve  mechanism for protein  sparing  

during weight  l os s (Eel y,  1996).  Th e in take of Prot ein  before in tervent ion  r an ged  

between 41 .7 ( I grou p) t o 46 .3 g/d ay (II group)  and  a ft er  in tervent ion  41 .0 ( I 

grou p) t o 46 .7 g/day ( II group) whi ch is  around 70 -80  per  cent  of RDA (Tables 34,  

35 and Fi g 3 ,  4) .  The in take of prot ein in  the su bj ect s of th i rd grou p of  

in tervent ion was si gni ficant l y di fferent .  This  di fferen ce may be due t o th e  

variat i on in  sel ect i on of  food as  per  the menu.  The  si gni ficant  d i fferen ce  has not  

chan ged the adequ acy of the d i et .  American  Diabet ic  Associ at ion  (ADA) has  

recommended th at  the prot ein  intake should  provide 10 -20 per  cent  of  cal ories t o  

d iabet ics which  ar e consist ent  wi th  prot ein in take of the n ormal  person  of 0. 8g/ kg  

bod y wei ght .  In  the  present  stud y the  protein  is  provid ing  12 t o 14  per  cent  energy  

to the su bjects.  As the cereal  and pul ses in take of t he subj ects is  l es s than  



balan ced d i et  the prot ein  in take is  also l ess th an  RDA.   Th e findings ar e in  close  

con formit y with th e r esul ts  of the study conducted by Bordi a (2003)  t o assess t he  

nutr ient  in take of di abet ic  pat ien t s of Ud ai pur ci t y,  wh o observed  average dai l y 

in take of 52.5  g/day whi ch is  also inadequate.   

 Fat:  Diabet ic subj ect s have an in creased  ri sk of  coronary h eart  disease,  there fore  

the pri mary goal  is  t o decrease th e in take of saturated  fat  and  ch ol est erol  (ADA,  

2001).  Mean fat  in take (visi ble  + invi sibl e)  by three groups was 60.0 ,  55 .7 and  

59.0  g/day for  I,  I I and  III grou p respect i vel y before th e intervent ion .  After  

in tervent ion i t  was al most  same in  al l  the thr ee groups.  Th e vi s i ble fat  in take  

ranged  from 25.7 ( II group) t o 29 .7  g/day ( I group)  before intervent ion  and 26.9  

( III group)  to  29 .0 g/day ( I group)  aft er  interve nt ion  of pods  powder  (Table  34).  

Fat  intake before and  a ft er  intervent i on  was more  than  RDA by al l  the thr ee  

grou ps (Tabl e 35 and  Fig.3 ,  4) .  Raghuram (1996)  recommend ed that  15 -25 per  cent  

of tot al  cal ori es can  be d eri ved from fat  in diabet es.  The per cent age of energy 

provided by the fat  ranged between 32 to 39  per  cent  i n  study su bj ect s.  Same 

resul ts  of h i gher  i nt ake of fat  were observed  by Gokani  et  al  (1992) in  a study on  

fi ft y on e NIDDM subj ects.   

 Carb ohydrate:  Carboh ydrat e is  on e of the mai n source o en ergy.  In Indian d iet ,  

carboh ydrate deri ved  from cereals is  the ch i ef sou rce of energy (Gopal an  et  al ,  

1994).  It  was  200.3 ,  196 .5  and  188.7  g/day for  I,  I I and III grou p respect i vel y  

before in tervent i on and  a fter in tervent ion  i t  ran ged between 192.1 ( III grou p) t o  

196.5 g/day ( I grou p;  Table 34) .  Khanna et  al  (1997) suggest ed  a mod erate  

rest r ict i on of  carboh ydrate cal ories  t o about  55  to  70 per  cent  of t otal  calori es  

where as ,  Raghuram (1996) su ggested that  60-7 0 per  cent  of t otal  cal ories should  

be provid ed from carbohydrate.  In  the pr esent  study the percent age of cal ories  

provided by carbohydrat e ran ged between 49 to 55  per  cent  of t otal  calori es  in take  

(Tabl e 35  and  Fi g.3 ,  4) .  On the contr ary,  Morani  (1994) assessed  the d i et ary  

pat tern  of diabet ic pat ients of Ud ai pur  ci t y  and observed the average dai l y in take  

of carboh ydrat e as 224.34/day.  Bordia  (2003)  also reveal ed the average dai l y  

in take of carbohydrate by the diabet ic pat ients of Udaipur  ci t y,  as 241.1g/day.  

  

 Energy: Our  body n eeds en ergy for  maintain ing body t emperature,  met abol ic  

act i vi t y,  support ing growth and for ph ys ical  act i vi t y.   Tabl e 34 reveal s that  energy  

in take before  and  after  int ervent i on  r an ged  from 1499  ( II group) to 1511 Kcal  /da y 

( III group) and 1509 (II grou p) 1520 kcal /day ( III group) r espect i vel y.  The energy 

in take was about  63  per cent  of RDA before an  after  intervent i on  (Table 35 and  

Fig.3 ,  4) .  The ideal  bod y weight  was calcu l at ed  using the formula (hei ght -100)  

×0.9 ;  Raghuram et  al ,  1993) for  al l  the 45  subjects i s gi ven  in  appendi x III.  



Further  the energy requir ed for  id eal  bod y wei ght  by each su bject  was also  

cal cu lat ed  and  average  intake of calori e r an ged between 71  to  116 per  cent  of the  

cal orie r equirement  for  id eal  body weight  (Tabl es 36 t o 38) .  Most  of the su bj ects  

in  al l  the three grou ps were n ot  takin g energy as per  their  ideal  bod y wei ght  

requirement .   

 Crude Fi bre:  Di etary fi bre plays  an  i mport ant  r ole in  the management  of diabete s.  

Raghuram (1996) recommend s an intake of 40g d ietary fi br e per  day or  25g /  

1000kcal  for  d i abet ics.  Int ake of crud e fi bre was very l ow by th e subjects.  Fi bre  

in take was r anged between 5.24 ( I grou p) t o 6.3  g/day ( III group) before  

in tervent ion and  after  in tervent ion i t  ranged between 5. 2 ( I group) t o 6 .0  g/d ay ( I I 

grou p) .  Khanna et  al  (1997) has report ed that  c rude fi bre is  equ al  to one fi fth or  

half  (20-50%) of d i etary fi br e.  Accordingl y 40 g of di etary fi br e is  equal  t o 8 -20 g  

of crude fi bre.  The intake of fi bre by the su bj ects of pr esent  study is l ow  (Table  

34) .  Th e r esu l ts  are  in  the l ine of th e study condu cted  by Gokani  et  al  (1992).  

They also reported  the l ower in take of dietary fibr e by th e diabet i c pat i en ts.  

Catopano et  al  (1991)  and M orani  (1994) also observed  les s  con su mpti on of fi br e  

i .e.  10 .69 3 .29 and 13 .0   3 .00g respect i vel y by diabet ics.  Simil ar l y Bordia   

(2003) also wit nessed the lower intake of crude fi br e 8.601.80 (21 .5%) by the  

d iabet ics.  Th ese findings are in cl ose con formit y with  the  present  stud y that  fibre  

r ich foods are n ot  included  in adequate amount  in t he diet  by d iabet ic pat ient s.  

 Cal ci um:  The calciu m in take by the  su bj ect  of  three groups  less th an  ad equat e  

(Tabl e 34,  35 and  Fig.  3 ,  4).  The mean values of calciu m intake before and  a ft er  

in tervent ion r anged between 340.0( III group) to 350.5 mg/ day ( I gr oup) and 331.4  

( I group) t o 348. 0 mg/day ( II g rou p) respect i vel y.  On the contr ary the  hi gher  

in take of calciu m by the d i abet ics wa s r eported by Bordi a  (2003) .  Thi s may be due  

to the  230 t o 250 ml  consu mpti on of mil k and  milk  products  by the su bject s in  

their  dai l y d iet .     

 Iron: Ir on in take was less than  the RDA for  al l  t he subj ect s (Table 35 and Fig.3,  

4) .  The mean  in take of i r on  in stud y grou ps r anged from 16 to 18  mg/d ay (Tabl e  

34) .  It  was due to less consu mpti on of i r on  r ich foods su ch  as lea fy veget ables.  

   Carotene:  The Vitamin A in t ake was calcu l ated as int ake of   carotene per  day.  

The in take of   caroten e before and  a fter  inte rvent ion  was adequate in  al l  the  

grou ps  (Table 35 and  Fig.  3 ,  4) .  F or  Third  group of stud y aft er  feeding,  intake was  

107  per  cent  of RDA may be due to the vari at ion  in day to day diet .  

 Thi ami n:  The in take of th iamin  was more th an  adequ ate in al l  t he three groups  

(Tabl e 35 and  Fi g.3,  4) .   The second group consumed t he hi ghest  (1.4  mg pre and  

post)  amount  of thiamin  as compared  to I (1 .2 mg pre and post)  and  III group (1.3  



mg pre and  post) .  The thiamin  requir ement  is 0. 5 mg/1000 kcal .  The  in take  of  

th iamin  by th e su bj ects  on  the basis  of  thei r  calori e intake was  more  than  

adequate.  On the contr ary l ower intake of thiamin (88.30% of RDA) was observed  

by Bordia (2003)  in  a study on d iabet ic pat i en ts.  

 Rib ofl avi n:  Before and  a ft er  intervent i on  the ri boflavin intake was same (1.0  

mg/day) for  II and  III group of study corr esponds to 75  per  cent  of RDA.  Th e  

r iboflavin  intake of I grou p before intervent ion was 1.1  mg/day and  a ft er  

in tervent ion  i t  was  1 .0 mg/day (Tabl es  34 an d 35) .  The r i bofl avin  in take was  

inadequ ate in  compari son t o the  recommendat ion  for  n ormal  popul at ion  (Fig.3  and  

4) .  The r i boflavin r equirement  is  0.6  mg/1000 kcal .  The intake of r i bl oflavin  by  

the subjects on  t he basis  of cal orie intake was ei ther  ad equat e or  more  than  

adequate.  In  contr ast  t o the  present  findings,  a much l ower in t ake of  r i boflavin  by  

d iabet ics was observed  by Bordi a (2003).  Th e average int ake of r i bo flavin  was  

0 .70  mg which was onl y 49.99 per  cent  of RDA.  

 Niaci n:  The mean intake of niacin as per centage of RDA before in tervent ion for  I,  

I I and  III grou p was 58.1 ,  66 .0 and 67.5  and a f ter  in tervent ion,  i t  was 59.0 ,  66 .0  

and  68 .0  r espect i vel y (Table  34) .  Th e n i acin  intake by al l  the grou ps  was l ess  than  

adequate when compared  wi th the RDA (Table 35 and  Fi g.3,  4).  On the basi s o f  

cal orie int ake,  i t  sh ould be 6 mg/1000 kcal  and  i t  was  found t o be adequat e for  al l  

the subj ect s when compared  with thei r cal orie consumption .  

The r esul ts  show th at  thiamin,  r i boflavin and  niacin i ntake was ei the r  

adequate or  more than  adequ ate wh en cal culat es on  the basis  of th eir  cal orie in take  

as the energy in take of these diabet ics was les s than RDA.  

F olic acid:  The mean  intake of  fol ic acid before int ervent ion  was 53 .4 ,  58. 8 and  

64. 5 mg/day for  I,  I I and  III group respect i vel y.  Aft er  intervent i on the val ues of  

fol ic acid intake  were 60 .0 mg (I group),  62 .7  mg ( II grou p)  and 55 .6 mg ( III  

grou p);  (Table 34) .  The in take ran ged between 53 to 64  per  cent  of RDA (Table 35  

and Fig.3 ,  4)  due to less in take of fru i ts .  

Vitami n C:  Th e in take of Vi tamin C was more than adequat e on the basis  of RDA 

(Tabl e 35  and Fig 3  and  4) .  The intake ranged between 142 t o 160 per  cent  of RDA 

respect i vel y.  The d ifference between pre and post  in take in  al l  the groups was n on  

signi ficant .   

The above r esu l ts r eveal  that  the nut rien t  intake of al l  the three grou ps was  

al most  same.  There was sl ight  vari at ion  in the in take of nutr ien ts by the su bjects  

be fore and a ft er  feedin g of pods powder.  Further  the resu l ts  on  meal  pat tern,  food  

and nutr ient  intake suggest  that  the pat ients were not  taking fr equ ent  meal s in a  



day whi ch  is  ad vised t o the di abet ics.  Two h eavy meals  taken by th e pat i en ts i n a  

day ar e n ot  advi sabl e as i t  incr eases the carbohydrate l oad  and  in  t urn i t  may 

increase the bl ood glu cose level .  Diabet ics are  advi sed  t o take more of compl ex  

carbohydrate food s,  ampl e amount  of leafy and other  vegetables,  rest r ict ed  amount  

of satur ated  fats ,  oi l ,  sugar  and  preserved  foods .  However ,  the su bj ect s of pr esent  

study were t akin g more of oi l  and less amount  of  compl ex  carboh ydrat e foods such  

as cer eals,  lea fy veget ables etc.  

The  en ergy in t ake was n ot  accordin g t o their  i deal  body weight .  The  d iet  

was defici en t  in prot ein,  energy,  fi br e,  i ron ,  cal cium,  r ibofl avin ,  niacin and  fol ic  

acid.  These resul ts  advise that  pat ien ts sh ould  be gi ven  nut ri t ion  edu cat i on and  

fol l ow diet ary counsel ing r egul ar l y to main tai n bl ood glucose leve l  and avoid  

further  complicat i ons.  

 

4 .3 .3 Anthrop ometri c measurement  and i ndi ces:  In  the pr esent  study hei ght ,  weight ,  

waist  ci rcumference  and  h i p ci r cumferen ce  were taken before and a ft er  

in tervent ion.  The bod y mass index and waist  h ip rat io were cal culat ed to assess the  

nutr i t ional  status of the subj ect s.  The resu l ts  are presented in  Tabl es 39 to 41 .   

a)  Weig ht:  Wei ght  is  an  i mport an t  guide t o assess  the  curr ent  nutr i t ional  st atus.  

The wei ght  of I group of subjects was maxi mum i .e.  64kg fol lowed by (62 kg)  

grou p III and  (59kg)  grou p II (Tabl e 39) .  There was  no si gni ficant  d i ffer ence  

in  weight  before and after  int ervent i on  amongst  the three groups.  Further  th e  

cal cu lat ed  ideal  body wei ght  of each  of th e for ty fi ve subjects  (Appendi x III)  

reveals that  6 .7 per  cent  subjects h ad  id eal  body wei ght  15 .5 per  cent  l ess  than  

and 77.7  per  cent  had more than ideal  body weight .  Th e pod s powder  

in tervent ion had no e ffect  on bod y wei ght .   

b)  Height:  Table  39 shows  that  the mean h ei ght  of I,  I I and  III group was  164,  

163  and  163 cm respect i vel y.   

c)  Body mass  i ndex (Quetlet  Index):  Body mass index has shown posi t i ve  

associat i on  with  diabet es in  Indian  popul at ion (Rao,  2002).  Th e mean va lues  

of BMI before intervent i on  were 23 .51 ,  22.33 and  23 .53  kg/ m 2  for  I,  I I and  II I 

grou p respect i vel y (Tabl e 39 ) .  Aft er  intervent ion  i t  ran ged between 22 .33 ( II  

grou p) t o 23 .65  kg ( I group).  There was sl i ght  chan ge  in  BMI in  study groups  

before and  after  intervent ion.  Th e d iffer ence was n on signifi cant  (P  0 .05)  

when compared  by paired 't ' t est .  When BM I was compared  with  the  

clas si ficat ion  gi ven  by WHO for  Asi a Paci fi c inhabi tants (2000) sh owed that  

31. 1 per  cent  of the subjects were over  weight  and obese 26 .6 per  cent .  Twent y 

four  per  cent  of th e su bjects w ere in  normal  weight  category (Tabl e 40) .  Thi s  

shows t hat  overwei ght  and  obesi t y may be on e of the r isk fact or  for  t heir  



diabetes or  du e t o d iabetes they were gain ing weight .  On the contrary Radha et  

al  (2006) reported  a  si gni ficant  change in  th e BM I of the  stud y subjects (60  

NIDDM subjects)  aft er  the t reat ment  by Vil vai  lea f (Algel  marmelos)  powd er.   

d)  Waist  and hip ci rcumference:  Wai st  ci rcumfe rence (WC) may predi ct  in t ra 

abdomin al  fat  a s  accuratel y as the waist  h i p rat i o.  It  al one also corr elates wel l  

wi th  the amount  of visceral  fat  and the relat i onshi p is  si milar  in  men and 

women.  A h i gh  waist  ci rcumferen ce is  associat ed  with  an  increased  r isk for  

t ype 2  d iabet es,  h igh  cholesterol ,  high  blood  pressure  and  cardi ovascul ar  

d isease (WHO,  1995).  The  mean waist  ci rcumference before intervent i on was  

107.5 ,  101.2  and 102.0 cm for  I,  I I and  III grou p r espect i vel y.  Aft er  

in tervent ion i t  was qui te si mi l ar  for al l  the groups (Tabl e 39) .  When clas si fied  

on WHO classi ficat ion  (1995)  cr i ter i a (Tabl e  41)  most  of the males were  

havin g WC ei th er   94  cm (36 .3% I,  40% II & 63 .6% III grou p) or    102 c m 

(36.3% I,  40% II and  27 .2 % III group) waist  ci rcumferen ce.  Al most  al l  the  

femal es i r respect i ve of the in tervent ion grou p were h aving more than the  

normal  level .  Th ese r esul ts  sh ow that  maj ori t y of the subjects were having  

h igher  va lues for  waist  ci rcumferen ce.  Th e h ip c i rcu mference of the su bjects  

ranged from 109 t o 112 cm.  Th e di fference between waist  and hi p  

ci rcumferen ce is  onl y of 8  to 10  cm.   

Waist  hip rati o (WHR):  F at  accu mulat i ons a round the bel l y put  pr essure on  

the organs of th is  ar ea.  Th ere fore ,  pancreas  needs t o work h arder  to  secret e  

more insul in  to br ing su gar  level s to normal ,  hence WHR was calcul ated.  The  

mean valu es of waist  h ip r at io for  I,  I I and III group were 0 .95 ,  0.92 and  0. 92 

respect i vel y before and after  in t ervent i on (Table  39) .  A waist  h i p rat io o f  

gr eat er  than  0 .95  in  men and 0 .80  in  women  indicates  abd ominal  obesi t y 

(WHO, 1995).  In  mal es most  of th e subj ects  of  I and III grou p were having  

0.95 WHR and femal es maj ori t y had  WHR 0.80 (Table 41) .  These r esu l ts  

indicate t hat  abdominal  obesi t y was preval ent  in  more than 50 per  cent  of the  

subj ect s.  
 

4 .3.4  Body comp osit i on: Body composi t ion was eval uated as bod y fat ,  fat  fr ee mass,  

bod y wat er  and bod y cel l  mass  using body composi t ion  anal yzer  (B od yst at  

Quandscan  Uni t  4000).  The resul ts  are pr esented  in Tabl e 42 .   

a)  Bod y fat:  Bod y fat ,  the fract ion  of the t ota l  body mass th at  i s  adipose t issue i s  

often u sed  as  an index to moni tor progress duri ng intervent ion .  Th e gross amount  

of bod y fat  component  varies widel y as per  the individu al  degrees of obesi t y and  

age.  With  increase in wei ght  and age,  the bod y fat  percent age enhan ces.  The h igh  

degree of excess body fat  as charact er ized  by obesi t y has been in vari abl y l inked  



to h igh bl ood pressure,  heart  disease,  diabetes,  cancer  and other  d isabl ing  

condi t ions.  Th e mean bod y fat  of the subj ects be fore intervent ion  was 26 .43  per  

cent  (26 .41 % I,  26 .5 7 II & 26. 33  III grou p) and  26 .48  per  cent  (26 .40% I,  26 .75 % 

II & 26 .30% III group) a ft er in tervent i on.  Th e cal culated ‘ t ’  value sh owed n on   

signi ficant  di fferen ce between the pre and post  in tervent i on values of bod y fat  .  

b) Lean Body Mass:  This metabol ical l y act i ve component  of body wh ose relat i ve  

compart ment  si ze is  somewhat  control led  gen et ical l y and somewh at  by 

en vironmental  fact ors,  namel y und er  or  over  ea t ing relat i ve t o n eed,  h olds vi t al  

import ance for  al l  bod y funct ions  and  a decrease  in  this  vi tal  component  r esul ts  in  

complicat ion s and an  associated  morbidi t y and mortal i t y.  Lean  body mass  

accounts for an yth ing from 30 per  cent  to 70 per  cent  of total  body weight  (S ega l  

et  al ,  1985;  Len and Vi vi an ,  1998;  Heyward,  1991).  The present  study con fi gured  

that  a mean l ean body mass percentage was 56 .07  per  cent ,  59 .14  per  cent  and  

57 .01  per  cent  for  fi r st  second and th i rd  group respect ivel y before intervent ion  

there was  no signi fi cant  change  in  l ean bod y mass  after  intervent ion  in  thre e  

groups (55. 68  I,  59 .27 II and 57.01 III %).  Th e values were lesser  than the normal  

LBM of 70 per  cent ,  may be due to t he age and d iabetes.  

c)  Total  body water:  Tot al  body water  makes up approxi mat el y 55 t o 60  per  cent  o f  

body water .  In crease in  age i s associat ed  with decrease in  t otal  bod y water (Len & 

Vi vian  1998;  Wil more et  al ,  1986).  Th e mean per  cent  of t otal  body water  was  

al most  same before and a ft er  in tervent ion  in al l  the groups  (P0.05) .  Body wate r  

is  d i vi ded int o two compart ment  viz. ,  wat er  that  locat ed inside cel ls  ( ICW) and  

that  located outside cel ls  (ECW).  

d) Intracel l ul ar water (ICW):  Th e non homogenous  fluid  compart ment  comprises o f  

2/3 r d  of the body’ s water  and  approxi mat el y 30 -40  per  cent  of body wei ght  and  

represent s a congl omerat i on  of  flu ids from diffe rent  cel ls.  In t r acel lular  wat er  was  

found t o comprise  larger  fluid  compart ment  of t he two in both  mal es  and  femal es  

(Len and  Vi vi an ,  1998;  Wil more et  al ,  1986).  In  the present  stud y th ere was sl ight  

di ffe ren ce (P0.05)  bet ween pre and  post  int racel lu lar  wat er  for  al l  the stud y 

groups (Tabl e 39) .  Th e mean values of  ICW before in tervent ion for  al l  the three  

groups were 24.79,  27.34 and  28 .21  per  cent  and  aft er  intervent i on  23. 34 ,  24. 59 

and 24 .35  per  cent .  

e)  ECW: Th at  comprises r emaining 1/3 r d  o f bod y's  water  in cludes al l  wat er  and  

el ectrol yt es outside of cel ls  ( intest i t ial  flu id,  plasma and l ymph,  Len and  Vi vian ,  

1998;  Wilmore,  1986).  This is  r at her  a  smal ler  compart ment  const i tu te  

approxi matel y 15 -25  per  cent  of bod y wei ght  in reference indi vidu al .  In  presen t  

stud y th e mean value of ECW was al most  same for  al l  the  groups before and a fte r  



intervent ion .  Before intervent ion  the mean val ues of  extr a cel lu lar  body wate r  

were 23.54,  24.60  and  24.21 per  cent  for  fi rst ,  second and thi rd  group.  No 

signi ficant  di fferen ce was found in  extr acel lu lar  bod y wat er  du e to  in tervent i on i n  

al l  the groups.   

f)  Body cel l  mass:  This funct i on al  compart ment  represents the metabol ical l y act i ve  

component  of  the body and comprises  35-45  per  cent  of  bod y wei ght  in r e fer ence  

indivi dual .  Increase in age is associat ed  with  a decl ine in  BCM  (Med  Ter m 

medi cal  d ict i onary,  2004).  The mean values of BCM before in tervent ion  (27 .73  % 

I,  29.27 % II and 28.21 % III grou p)  a chan ge a fter  in tervent ion was n on  

signi ficant  (P0.05) .  

The bod y composi t ion  a ft er  in tervent ion did  n ot  change reveal s that  the  

diet ,  exercise and othe r  heal th habi ts  fol lowed were sa me throu gh out  t he  

intervent ion  period .   

The  above  resul t s  show that  the administ r at ion of  pods  powder d id not  

change bod y measurements,  ind ices  and  body composi t ion  of the subject s  

reveal ing that  these subjects be advi sed  t o r educe body wei ght  as obesi t y and  

overweight  are pr eval ent  amongst  the subjects and these are th e r isk fa ct ors of  

diabetes.  

4.3 .5 Bl ood Gl ucose:  The fast ing and  post  pr andial  b lood glucose l evels of thr ee stud y 

grou ps  at  zero day i .e.  be fore int ervent ion  ar e gi ven  in Table  43 .  The stat ist ical  

anal ysi s of these level s reveal ed a si gni ficant  d i ffe rence in  fast ing bl ood glucose  

level  among three groups of  intervent i on  (P0.05) .  This  d i ffer ence  is  due t o  

randoml y al l ocat in g the subjects in three intervent ion grou ps.  There fore,  the out  

layers  i .e.  subjects havin g <110mg/dl  and  >300mg/dl  fast ing bl ood glucose  level s  

were excluded  from th e grou ps.  Three subjects from grou p I,  4 from grou p II and 2  

from group III were exclud ed.  After  delet ing  the out  layers  th e fast ing bl ood  

glucose  level  among th e three  grou ps was n on signi fi cant  (Tabl e 44) . The post  

pr andial  blood glu cose with and  without  exclu sions was non signi ficant  at  zero  

day.   

The  resul ts  of e ffect  of  feedin g pods powder on  bl ood glu cose and  l i pid  

profi le a re present ed  for  12  subj ects in  group I,  11  in grou p II and 13 in  III group.  

Before ad minist r at ion  of  Acacia  ni l ot ica  pods  powd er,  the mean fast in g blood  

glucose  of I,  I I and  III grou p was 155.33 ,  147.18 and  180.23 mg/d l  r espect i vel y  

and a ft er  administ r at ion i t  decreased  to 153,  140 .00 and 157.92  mg/dl  respect i vel y  
(Tabl e 45 and  Fig.5) .  The per  cent  decrease is  10 .2 ( I group) ,  11 .6 (II grou p) and  

19. 1 per  cent  ( III group) a fter  4  weeks of in tervent ion (Tabl e 46) .  However,  t he  

reduct i on  was insi gni ficant  (P0.05) .  Th e mean valu es of  post  prandi al  blood  



glucose  decreased  from 7 .3 (I grou p)  to  35.5  ( III  grou p)  per  cent  a fter  intervent ion  

(Tabl e 43) .  Th e si gnifi cant  decrease was observed  amon g the subjects who were  

gi ven  4  g of Acacia  n i lot ica  pods powder per  day for  4  weeks (Table 45 and  

Fig.6) .  These r esu l ts  show that  4 g pods powd er is  benefi cial  for  control l ing bl ood  

glucose l evel  of d iabet ic pat i en ts.  However ,  th is  dose r educed  the post  pr andial  

bl ood glucose  leve l  but  i t  could  not  reach  t o the normal  l evel .  The above  r esu l ts  

suggest  that  the dose of Acacia ni lo t ica  taken  once in  a day before breakfast  

cann ot  maintain  the fast in g bl ood glucose l evel .  So,  the fr equen cy of d ose may be  

increased  and studi ed .   Secondl y,  the increase in durat ion  of the intervent i on of  

Acaci a ni lo t ica  pods may also be studied  t o achieve n ormal  bl ood glucose l evel .  

The hypogl ycemic effect  of Acacia  ni lo t ica  s eed s were also observed  by Wadwood  

et  al  (1989).  They report ed that  the powdered  seeds (2 ,  3 and  4 g/kg body weight)  

exert ed a si gni ficant  hypoglycemic  e ffect  in normal  r abbi ts.  The d ose did  not  show 

an y t oxici t y and behavi oural  changes amon g the stud y ani mals.  

The  act i ve component  in  Acacia  n i lo t ica  has not  been  i dent i fied or  report ed  

for  regul at ing the bl ood glucose level .  However,  Ayurveda su ggests the  

consumpti on  of 3 -6g Aca cia ni lo t ica  f ru i t  powder to control  d iabetes and other  

heal th  pr oblems (Sin gh,  1969).  It  i s  al so used as a t r adi t ional  medi cine in other  

countr ies also.  In  Egypt  i t  i s  a t radi t ional  pr act ice t o take a teaspoonful  of Acacia  
n i lot ica  pods powder t o control  d iabetes (http:\\ herbaria.plants.ox.ac.uk/VFH/test sites). 

Bhandari  (1974) has report ed that  Acacia  ni lo t ica  pods are bein g used as a  

veget able and roasted  seeds are eat en during famin e condi t ion .  Zaki  et  al  (2000)  

found that  feedin g of 2 -8  per  cent  diet  of Acaci a  ni lo t ica  to rats  d id not  show an y 

toxici t y.  Th e pods  cont ain  the appreci able amount  of t otal  phenol  that  ma y h elp  in  

regulat ing bl ood glucose  and  l i pid  profi le of di abet ic subj ects.  Th e premature pods  

powd er used  for  intervent i on  in  the present  stu dy contains 31.3 1 mg phenol /g of  

powd er.  Subjects of grou p III who were ad mini stered  4 g of pods powd er per  da y 

consumed 125  mg of  phen ol  per  day.  Phenol ic  compound s have  been  report ed t o  

control  t he bl ood sugar  level s.  Th ey reduce th e infi l t rat ion  of i mmune cel ls  int o  

the islets  of  lengerhans,  the speci fic ar ea  of  the pancreas where the  insul in  

producing beta cel ls  r esi de.  Si milar l y,  Grassi  et  al  (2005) observed  that  th e in take  

of 500 mg poyphen ol  in 100 g dark chocolat e for  15 days  i mproved the glucose  
met abol ism in  fi ft een heal th y adul ts .  Bioact i ve ph en ol s in  cinnamon (And erson et  

al ,  2004) and  green t ea  (Pot enza et  al ,  2007) are invol ved in the al l eviat i on  or  

possibl e pr event i on  and  control  of glu cose in tol erance and d i abet es.  Andrew et  al  

(1996 )  reported that  7 .3g cocoa in  ch ocolates contain  146 mg tot al  ph en ol ,  41g o f  

mil k ch ocolate  205 mg ph en ols and  140 ml  r ed  wine 210 mg t otal  phenols h ave  

been  found t o be hypogl ycemi c .  Black and  green  tea containin g 80 -100 mg/ g of  
total  phenols ar e the other  sources of phenols  (Khokhar, S and Magnusdottir, 2002).  It  has  

been  reported th at  epigallocatechin gallate (EGCG) in green  tea (P ot enza et  al ,  2004) 

and procyanid in in  red  wine (Pinent  et  al ,  2007 ) ar e the bi oact i ve  phen ols  having  



h ypogl ycemi c e ffect .  This shows that  n ot  onl y t he quant i t y of t ot al  ph en ol  but  the  

t ype of ph en ol  present  in food stu ff i s  also i mportan t .  In Aca cia  ni lo t ica  a phenol -

gal l ic acid is  pr esent  which may be more e ffect i ve than  other  t ype of ph enols as  

h ypogl ycemi c agent .        

Certain food components can select i vel y modi fy kinase act i vi t y in  favour of  

good heal th .  Th ese ar e known as Sel ect i ve Kinase Response Modul ator s (SKRMs).  

Kin ases are en zymes t hat  t r anslat e dietary signals to posi t i vel y or  negat i vel y  

influen ce nu merous aspects of heal th .  Acacia n i lot ica  and reduced iso -al pha acids  
(RIAA) deri ved  from Humulus lupulus  L.  (hops)  are t wo su ch SKRM s shown t o  

modulat e kinase si gn al ing in adi pocyt es -fat  s tor in g cel ls  invol ved in  glucose  

u t i l izat i on  and insul in  signal ing.  

Hops and  acaci a have been u t i l ized  t radi t ional l y for  centuries,  nu tr igen omi c  

research has uncovered new appl icat ions for  their  research and use.  RIAA and  

acacia have  been cl in ical l y shown in  a pr el iminary study at  the Funct i onal  
Medicine Research  arm of  Metagenics,  t o i mprove fast ing insul in  and l i pid  

paramet er .  They tested over  200 natural  substances and extr acts  for  their  in fluence  

on insul in responses in  adiposi tes cel ls .  The best  pe r forming su bstances were  

found t o be Aca cia ni lo t ica  and hops  extract .  They have  made  a herbal  blend  

cal led  “ insinase” for  bl ood su gar  support .  Ins inase cont ained  Sel ect i ve Kin ase  

Response M odul at or s (SKRMs) i .e.  reduced  iso -al ph a acids and  Acacia  n i lot ica  
extract ,  which  have been  shown t o support  heal thy insul in  produ ct ion  

(h t tp: / /www. met ageni cs.com/about /  pat ien t_wh y. asp) .  Therefore,  the hypogl ycemi c  

e ffect  of Acaci a ni lo t ica  in  t he present  study may be due t o the Select i ve Kinase  

Response Modulat ors present  in  i t.   

4.3 .6 Li pid profi le:  Tabl e 47 shows the r educt i on  in cholest erol  t r igl yceride,  LDL and  

VLDL leve ls a fter  the i nte rvent i on in  al l  th e grou ps.  The  ch ol esterol  level  be fore  
in tervent ion  ranged between 183.06  ( II group)  t o 194.03  mg/dl  ( II group)  and a fter  

in tervent ion 177.36 ( II grou p) to 181.50 mg/dl  (III grou p;  Fig.  7,  8 ) .  The maxi mu m 

per  cent  decrease was  10.8  per  cent  th i rd group (Tabl e 46) .  The  si gnifi cant  

reduct i on  was found amon g t he III group of subj ects.  The valu es of t r igl yceride for  

I,  I I and III group were 196.94 ,  205.33 and 224.0 mg/dl  respect i vel y.  The per  cent  

decrease was 5 .8 ( II group)  to 17.7  per  cent  ( III  grou p).  The si gnifi cant  r edu ct ion  
is  t r igl yceride  and  VLDL was found in  III grou p of  su bjects.  A si gnifi cant  

(P0.01)  in crease was found in HDL leve l  of III grou p a ft er  intervent i on .  Th e  

resul ts  show that  the Acacia n i lot ica  pods powder h as l i pid regul at ing e ffect  and  

the dose of 4 g is  most  effect i ve dose.  Th e l ip id levels were compared with  the  

normal  r ange suggested  by WHO (1988) ,  i t  was observed  a shi ft  t owards t he  

normal  level s  (Tables 48  and 49) .   

The  l ipid  l owering e ffects  were  also  observed  by Zaki  et  al  (2000)  in t heir  

study on  pot ent ial  t oxici t y of Acacia n i lot i ca  feeding in rats .  Pr esence  of phenol i c  



compound s may reduce the r isk of card iova scular  d iseases by ant ioxid at i ve  

propert i es (Anderson  et  al ,  2004 and  Tomura et  al ,  2007).  The l i pi d l owering  

e ffect  of cinnamon (cont ain  ph enol ic compounds ) on  60  people su ffer in g with  t ype  

2  d iabetes was reported by Barabara (2003).  The  SKRMs may al so hel p t o maintain  

t r igl yceride l evel s by support ing  heal thy kin ase sign al ing.  A 12 -week open l abel ed  

randomi zed 2 arm study conduct ed  at  the FM RC, t he cl inical  research arm o f  

Metagenies consist ed of 44 su bj ects reported  the l i pid  lowerin g e ffect  of the  

Acaci a n i lot ica  and hop extract .   

4 .3 .7 Bl ood p ressure:  Table 50 sh ows that  the mean syst ol ic bl ood pressure before  

in tervent ion  ranged between 137  mm Hg ( II grou p) t o 147.50  mm Hg ( I group).  

Aft er  intervent ion  i t  was 129.45 ( II group) t o  138.90 mm Hg ( II grou p).  The per  

cent  decrease were 8.5  to ( I group) t o 11.6  per  cent  (III group).  A si gnifi cant  

decrease after  i ntervent i on was found in  syst ol ic bl ood pressure of  al l  the three  

grou ps means the Gum Arabi c pod s powder is e ffect i ve in  the regul at ion of  blood  

pressure (Fi g. 9 and 10) .  In  d iastol ic bl ood pressure a si gni ficant  decrease was  

observed in  III group of stud y.  Wh en bl ood pressure l evel s  were compared with  

JNC VII (2003) classi ficat ion ,  the subjects  sh owed a shift in g t owards the  

normot ensi on  (Tabl e 51).  Si mil ar  were the findi ngs  on an earl ier  stud y condu cted  

by Gilan i  et  al  (1991).  Th ey r eported  the fa l l  in ar ter ial  bl ood pressure by  

methan ol  extr act  of Acacia  ni lo t ica  pods in  guinea pi gs.  Grassi  et  al  (2005)  

studied the bl ood pressure l owering e ffect  of 10 0g dark chocolat e ( containing 500  

mg pol yphen ol)  on 15 heal th y young adul ts .   

On the basis  of th e above resul ts  i t  can  be con cluded that  4 g of premature  

Acaci a ni lot ica  pods  powder per  day i s  benefi cial  t o r edu ce bl ood  pressure,  blood  

glucose,  l i pid (except  HDL) l evels and t o increase HDL leve l .  The pods powder  

in tervent ion d id n ot  e ffect  body measure ments,  body composi t ion and food in take  

hence,  for  the man agement  of the d isease the pat ients in  addi t ion sh ould be  

counseled for  diet  and  exercise.  



4.4   Experience and opinion of the subjects regarding intervention of 

Gum Arabic pods powder:  

 Aft er  four  weeks of in tervent ion a feed back was gathered  from the su bj ects.  Al l  

the su bjects consumed the Acacia  ni lo t ica  pods  powder in the mornin g before br eakfast .  

More than 50  per  cent  of subj ect s of al l  the grou ps r eported the other  benefi ts  a fter  

consumin g th e pod s powd er such as r el ie f from const ipat i on (60%),  feel ing of l i gh tness  

(10%),  yet  30 per  cent  not iced  n o ch ange.  About  80  per cent  of the subjects had no  

problem,  whi le 20  per  cent  h ad  fl atu lence ini t ial l y whi ch  become normal  l ater .  When  

enquired  about  t he taste  of powder 80 per  cent  of the subj ect  r eported  th e bi t terness in  

powd er but  i t  was bearabl e.  The subj ects al so showed the desi r e to cont inue t he babul  

pods consu mpti on.   

 Acaci a n i lot ica  pods powder sh owed desi r able chan ges in  blood l evel s of t he  

d iabet ics and were accept able by the subjects.  The r esu l ts  su ggest  that  d iabet ics should  

consume pods for  t he management  of d isease.   



SUMMARY, CONCLUSION AND RECOMMENDATION 

 
Diabet es mel l i tus is a “hormone metabol ic” d isorder  character i zed  by  

h ypergl ycemi a,  resu l t ing from defects in  insu l in act ion or  both .  Th e chroni c  

h ypergl ycemi a of d i abet es is  associat ed with  lon g term damage,  dys fun ct ion and fai lure of  

va riou s organs especial l y the eyes,  kidneys,  nerves,  heart  and  bl ood vessels .  In  diabetes  

the met abol ism of al l  th ree maj or  cl as ses of macromol ecul es i .e.  carboh ydrates,  protein s  

and fats  ar e al ter ed and  the  mineral  metabol ism is also n ot  spared.  The d iabet es  epidemi c  

relates part icu lar l y t o t ype 2  diabetes  and i s  taki ng place  both  in devel oped and  

devel oping nat ion s pr ed omin at el y due t o changing demography and increased  l ongevi t y.  

Diabet es can be managed throu gh t he combinat i on of d iet ,  d rug and exercise.  Al though,  

there are several  al l opath ic medi cines avai labl e to control  d iabetes but  t hey have some 

l imitat i on so  there i s  a need  t o explore some al t ernat i ves t o manage d iabetes.  Plan ts have  

medi cinal  propert i es due t o the pr esence of act i ve component s.  Medicin al  pl ants ar e used  

to cure several  n on  communicable d iseases incl uding di abetes.  Several  plan ts ar e being  

used  as a t radi t ion al  pr act i ce due t o hypogl ycemi c propert y.  

Indian  Gu m Arabic (Acacia  n i lot i ca )  i s one su ch medicinal  pl ant .  Therefore,  th is  

study was planned t o find out  the e ffect  of Acacia n i lot ica  pods powder  in t he  

management  of pat ient’ s  suffer ing fr om n on insu l in depend ent  d iabet es.  

The Gu m Arabic pods were col le cted  from the uni versi t y campus  for  ch emi cal  

anal ysi s and  intervent ion  t o d i abet ic pat ient s.  F or  chemi cal  anal ysis  pods  were  col lect ed  

at  th ree st ages of maturi t y i .e.  premature,  seed devel oping and mature.  A sample of 750g 

of each  st age  was open  shade dri ed and  an al ysed  for  proxi mate pr inci ples,  minerals  and  

secondary met abol i tes.  For  intervent ion  5 kg premature fresh pod s were open  shade dri ed  

and powd ered.  

Fort y fi ve di abet i c subjects (45 -65 years)  i rrespect i ve of sex,  n ot  having an y  

known disease and wil l ing to part i cipate in  the study were sel ected aft er  organiz in g a  

camp at  the Government  Ayurvedic Hospi tal  pr emi ses.  Th e subjects were r and oml y 

d i vided in  thr ee grou ps ( I,  I I and III)  and  were gi ven  2 ,  3 and  4 g/day of Acacia n i lot ica  

pods powd er  (premature pod)  respect i vel y.  Su bjects were asked to fol l ow their  normal  

d ietary,  physi cal  act i vi t y and  other  rout ine.  Each  subject  was  inst ruct ed  t o t ake  th e  

powd er dai l y before br eakfast  for  fou r  weeks.  An interview sch edule was devel oped t o  

col lect  the general  profi le of the subjects,  in format i on  regard ing the disease a nd  

management  of disease.  The d i etary survey,  an thropometr i c measurements,  bod y 

composi t ion,  blood  pressure,  blood  glucose and l ipid profi le of the subjects were assessed  

before and a fter  intervent ion .  



The ch emi cal  composi t i on  of pr emature,  seed devel opi ng  and mature pods showed  

that  carbohydrate  (64 .16  t o 67 .71%),  ether  extr act  (0.57 to 1.11%),  crud e fibre (10 .41 to  

12. 53%) and energy (308 t o 331 kcal /100g) increased (P ≤0.01)  wi th maturi t y and moistur e  

(3  to 8%),  ash  (3.02 to 5 .29%),  i ron (1 .17 to 3.52 ppm),  zinc (31.05 to 56 .05ppm),  c opper  

(0 .10  to 0 .23  ppm),  magnesiu m (11 .7 to 18.2  ppm) ,  mangan ese (0 .05  to 0. 20  ppm)  

chromium (0 .40  t o 1  ppm),  tot al  phenol  (16 .0 t o 31 .31  mg/ g)  and  tannin (14.51 t o  20. 30  

mg/ g)   decreased (P≤0.01)   wi th  maturi ty whereas,  prot ein content  (11 .57 to12.63%) was  

al most  same (P0.05)  at  al l  the stages of maturi ty on dry weight  basis .  

 Most  of the di abet ic subjects were mal e ( 71.1%),  Hindu (91 .1%),  married  

(97.7%),  l i terate  (93.3%),  veget ar i an and  belon ged t o nu clear  famil y (75 .5%).  In  heal th  

habi ts  48 .8 percent  of  the su bjects were  per formin g exercise mainl y yoga  (15.5 %) and  

wal king (31 .1%).Habi t  of smoking (31 .1%),  tobacco chewing (24.4 %) and  al cohol  

consumpti on  (22. 2%)  were also preval ent  in  su bject .  F amil y hist ory of  the disease was  

present  in 51.1% subjects.  

The d i etar y surve y conducted by 24  h ours r ecal l  meth od r evealed  that  44.4  per  

cent  of the  subj ects  were fol l owin g two meal  pat tern .  The food s and nutr ient  in take  of th e  

three groups was al most  same before  and a fter  the in tervent ion  (P0.05) .  Th e in take o f  

cer eals  (56 -62 %),  pulses (44 -48 %),  veget ables  (30-48%) and frui ts  (50-60%) and mil k and  

mil k produ cts (77-83%) was inad equat e.  The in t ake of fat s and  edi ble oi ls  was more than  

adequate in  al l  the su bj ect s.  The int ake of fat ,  carotene,  th iamin  and vi tamin C were  

adequate or  more than  adequ ate  (90 -160%) whi l e,  in take of prot ein,  carbohydrate,  en ergy,  

fi bre,  i r on,  niacin,  fol ic acid and calcium were inadequat e (53-88%).  The overwei ght  

(31.1%) and obesi t y (26 .6%) was preva lent  among the subj ect s which is  one of th e r isk  

fact or  of the d isease  

The  fast ing and  post  pr andial  bl ood glu cose r educed  in  al l  th e three groups  a fter  

in tervent ion but  the si gni ficant  decrease was found in  the th i rd grou p of the subjects wh o 

were taking 4 g of pods powder dai l y.  Si mil ar l y,  the l ipi d profi le (chol esterol ,  

t r igl yceride and VLDL) and  sys t ol ic and  d iast ol ic bl ood pressure also decreased  

signi ficant l y and  HDL i ncreased  signi fi cant l y in the th i rd  grou p of th e subj ects.  In  

addi t ion the syst ol ic bl ood pressure was also  d ecreased si gni ficant l y i n other  t wo groups  

who were t aking 2  and  3  g  of pods powder.  No adverse e ffect  of pods powder  was  

reported by th e su bj ects  during the in tervent ion period.   

It  i s  concluded  that  pod s powder intervent i on  reduced  the  blood  glucose,  l i pid  

profi le  and  bl ood pressu re  in  d iabet ic su bjects and  i t  may be  benefi cial  for  the  coron ary  

ar tery d iseases .  However,  dietary counsel ing an d advi ce for  r egular  exercise  should  also  

be gi ven  simul taneou sly as the  su bjects were not  fol l owing modi fi ed  diet  and performin g 

exercise which hel ps in the man agement  of d isease.  



Recommendati on for  further studi es:  Further  studies on fol l owing aspects may be  

carr i ed  out  to r ecommend Acacia n i lo t ica  pods powd er for  the management  of diabetes:  

  In creased frequency of the d oses of pod s powder  

  In creased durat i on of the pods powder intervent i on  

  In creased amount  of d oses of pod s powder  

  Shel f l i fe and su i table packagin g of pods powd er  

 

 





Table 7 : Commonly used antidiabetic foods in the indigenous system of health care 

Botanical 
name 

Common 
Name 

Symptoms 
treated with 

Active 
principle 

Possible mode 
of action 

Form and dosage Research studies 

Aegel  
marmelos 

Bilva Bael 
fruitBengal 
quince 

Diabetes Not known Improves 
digestion 
Reduces blood 
sugar and urea 

Juices of leaves Krishnan (1968),  
Santhoshumari et al (1990) and  
Shiva (1998)  

Azadirachta  
indica 

Indian liliac, 
Neem  

Diabetes Bitter principles 
nimbin, nimbinin, 
nimbidin47 

Lowers blood 
glucose  

Juice of leaves, bark and 
flowers, seed oil.  

Siddiqui (1942), Murthy et al 
(1978),  Pillai and Santhakumari 
(1981) and 
Shiva (1998) 

Butea  
monosperma 

Palash Diabetes Phytochemical 
substances 

Not known Flowers kept in water 
overnight and water taken 
every day for 11/2 to 2 
months 

Shiva (1998) 

Cassia auriculata Mature tea tree Diabetes Tannins Not known Seed powder, decoction of 
flower buds 

Shiva (1998) 

Cephalandra / 
 Coccinia indica 

Tondli Kovai glycosuria Glucoside alkaloids, 
glucokenin 

Reduces blood 
and urine sugar 

Fresh juice of leaves stem 
or roots 

Kamble et al (1996) 

Citrulluscolocynthis Indian wild 
gourd, bitter 
apple, bitter 
cucumber  

Diabetes Colocynthin-a bitter 
principle 

Not known Pulp Nadkarni (1954)   

Coscinium 
fenestratum 

Tree turmeric Dyspepsia Berberines and 
saponin 

Not known Infusion/ tincture  Mahapatra (1997) 

Curuma longa Saffron 
turmeric 

Diabetes Turmerone 
curcumin 

Blood purifier  powder  Tank et al (1990),  
  

Embilica aplicenel Indian 
gooseberry 

Diabetes Not known Stimulates 
pancreas 

1 tbsp of amla juice with a 
cup of bitter gourd juice 

Upadhyay et al (1996), 
 

Eugenia Jambolana Black 
plum/berry, 
Jambul  

Diabetes  Jamboline - a 
glucoside 

Prevents 
pathological 
conversion of 
starch to glucose  

Jambu seeds   Shrotri et al (1963),  
Lal and Chaudhary (1968),  
Antarkar (1983) and  Upadhyay et 
al (1996) 



Botanical 
name 

Common 
Name 

Symptoms 
treated with 

Active 
principle 

Possible mode 
of action 

Form and dosage Research studies 

Ficus bengalensis Banyan Tree Diabetes Not known Lowers blood 
sugar, 
cholesterol, and 
urea  

Infusion of bark Chopra and Chopra (1955),   
Shrotri and Aiman (1960) and 
Vora et al (1969 )  

Gymnema sylvestre Periploca of the 
woods, small 
Indian 
ipecacuanha 

Glycosuria Gymnema saponins 
I-II and gymnemic 
acids I-IX 

Neutralizes 
excess sugar 

- Gupta and Variyar 

 (1964) and  Baskaran et al (1990)   

Madhuca indica Honey tree, 
Mahua of 
South India 

Diabetes  Not known Not known Bark Shiva (1998) 

Momordica 
charantia 

Bitter gourd Diabetes Momordicine-a 
bitter glucoside 
anthelmintic 
principle 

Increases 
glucose uptake 
in the liver cells 
acts as a plant 
insulin 

Fruits, leaves and roots Lal and Chaudhary (1968) and 
Upadhyay et al (1996)   

Ocimum sanctum  Tulsi Holy basi Reduces blood 
glucose, uric 
acid, Total 
amino acid, 
cholesterol 
Triglycerides, 
phospholipids, 
triglycerides 

Not known Not known - Agrawal et al (1996) 

Pterocarpus 
marsupium 

Vijaysar   Pterostilbene 
isoliquiritigenin 

Not known - Shah (1967) and Kohli (1994) 

Trigonella foenum 
graecum  

Fenugreek Glycosuria Mucilaginous fiber, 
trigonelline - an 
alkaloid 

Lower 
cholesterol and 
triglycerides 

Seeds (25 g per day)  Raghuram et al (1993) and Shiva 
(1998) 

 



Table 8: Mean ±SD values of proximate principles at different maturity stages in Acacia 

nilotica pods on dry weight basis 

Proximate 

principles on dry 

weight basis (%) 

Maturity stages of pods 

'F' 
CD 

5% 

CD 

1% 
Premature 

Seed 

developing 
Mature 

Moisture  8.00  ±1.02 7.30±0.98 3.03 ±0.90 10.01** 2.90 4.40 

Crude protein  11.57±2.10 11.46±0.86 12.63±1.33 0.54NS - - 

Ether extract  0.57 ±0.06 0.78±0.06 1.11±0.09 41.81** 0.12 0.18 

Crude fibre  10.41±0.50 10.66±0.42 12.53±0.25 24.68** 0.94 1.43 

Ash  5.290.20 3.42±0.19 3.02±0.07 165.54** 0.19 0.28 

Total carbohydrate  64.16±1.93 66.38±1.03 67.71±1.96 18.17** 2.96 3.50 

Energy 

(kcal/100g) 
307.80 ±3.68 318.00±5.40 331.10 ±4.82 25.58** 2.40 4.23 

Level of significance: * P≤0.05, ** P≤0.01 and NS = Non Significant 

 



Table 9: Mean ±SD values of proximate principles at different developmental stages of 

Acacia nilotica pods on fresh weight basis 

Proximate 

principles on 

fresh weight 

basis (%) 

Maturity stages of pods 

F value 
CD 

5% 

CD 

1% 
Premature 

Seed 

developing 
Mature 

Moisture  60.00 ± 2.00 58.00±1.00 50.67±1.75 34.31** 0.85 1.28 

Crude protein  4.65±1.05 4.81±0.30 6.23±0.66 4.17NS - - 

Ether extract  0.23±0.02 0.32±0.03 0.61±0.10 32.41** 0.15 0.22 

Crude fibre  4.16±0.20 4.57±0.29 5.72±0.74 24.68** 0.81 1.22 

Ash  2.08±0.12 1.43±0.10 1.46±0.05 46.39** 0.33 0.49 

Total 

carbohydrate  

28.88±1.57 30.87±1.30 35.31±1.16 25.66** 2.12 4.10 

Energy 

(kcal/100g) 

116.00 ±3.10 147.80 ±4.18 171.40 ±4.50 20.70** 3.12 5.60 

Level of significance: * P≤0.05, ** P≤0.01 and NS = Non Significant  



Table 10 : Mean ±SD values of minerals and secondary metabolites at different 

maturity stages in Acacia nilotica pods on dry weight basis 

Minerals  

(ppm) 

Maturity stages of pods 

F value CD 5% CD 1% 
Premature 

Seed 

developing 
Mature 

Iron 3.520.02 1.770.03 1.170.03 27760.0** 0.05 0.08 

Calcium 161.801.73 143.612.88 120.013.2

1 

1240.00** 2.48 4.21 

Phosphorus 208.022.00 159.311.15 133.011.7

3 

1563.62** 3.33 5.04 

Sodium 24.101.16 20.421.30 18.04 1.42 0.05NS - - 

Potassium 26.301.53 19.320.58 12.290.58 147.00** 0.75 1.14 

Zinc 56.051.03 36.021.01 31.051.01 470.50** 0.04 0.06 

Copper  0.230.03 0.160.02 0.100.01 31.75** 0.01 0.02 

Magnesium 18.200.28 15.150.13 11.670.58 32.06** 0.75 1.14 

Manganese  0.200.01 0.110.01 0.050.00 188.0** 0.03 0.05 

Chromium 1.000.01 0.700.03 0.400.01 627.75** 0.04 0.06 

Total phenol(mg/g) 31.311.32 20.001.55 16.000.63 15.77** 1.41 2.14 

Tannin (mg/g) 20.301.27 17.401.36 14.510.87 54.35** 1.12 1.70 

Level of significance: * P≤0.05, ** P≤0.01 and NS = Non Significant  



Table 11: Mean ±SD values of minerals and secondary metabolites at different 

maturity stages in Acacia nilotica pods on fresh weight basis  

Minerals  

(ppm) 

Maturity stages of pods 

'F' CD 5% CD 1% 
Premature 

Seed 

developing 
Mature 

Iron 1.400.12 0.740.03 0.560.00 511.44** 0.14 0.21 

Calcium 64.42 1.21 60.311.08 56.001.04 156.33** 1.20 3.86 

Phosphorus 83.234.59 67.901.41 64.712.39 30.42** 6.19 9.37 

Sodium 9.600.50 8.621.20 7.21 1.22 0.03NS - - 

Potassium 10.520.47 8.110.13 5.890.43 108.40** 0.75 1.14 

Zinc 22.420.07 15.120.00 14.900.01 45.00** 0.05 0.08 

Copper  0.090.01 0.060.01 0.040.00 24.00** 0.01 0.02 

Magnesium 7.280.48 6.360.12 5.600.37 14.87** 0.71 1.08 

Manganese  0.150.01 0.100.01 0.080.00 143.33** 0.01 0.02 

Chromium 0.40.01 0.330.02 0.200.01 133.50** 0.03 0.05 

Total phenol(mg/g) 12.521.79 8.401.26 7.681.08 2.59NS - - 

Tannin (mg/g) 8.121.79 7.301.26 6.961.08 0.06NS - - 

Level of significance: * P≤0.05, ** P≤0.01 and NS = Non Significant 



Table12: Distribution of the subjects by Acacia nilotica dose and religion 
 

Religion 

Frequency (%) 

Total 

(n = 45) 

Intervention Groups $ 

I 

(n = 15) 

II 

(n = 15) 

III 

(n = 15) 

Hindu 13 (86.6) 13 (86.6) 15 (100.0) 41 (91.1) 

Muslim 1 (6.6) 2 (13.3) - 3 (6.6) 

Sikh 1 (6.6) - - 1 (2.2) 

$ Group I, II & III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 

 

 

Table13: Distribution of the subject by Acacia nilotica dose and caste 

Caste 

Frequency (%) 

Total 

(n = 45) 

Intervention Groups $ 

I 

(n = 15) 

II 

(n = 15) 

III 

(n = 15) 

Jain 5 (33.3) 4 (26.6) 4 (26.6) 13 (28.8) 

Brahmin  8 (53.3) 9 (60.0) 5 (33.3) 22 (48.8) 

Other 2 (13.3) 2 (13.3) 6 (40.0) 10 (22.2) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 



Table 14: Distribution of the subjects by Acacia nilotica dose and family type 

Family Type 

Frequency (%) 
Total 

(n = 45) 
Intervention Groups $ 

I 
(n = 15) 

II 
(n = 15) 

III 
(n = 15) 

Joint 3 (20.0) 4 (26.6) 4 (26.6) 11 (24.4) 

Nuclear 12 (80.0) 11 (73.3) 11 (73.3) 34 (75.5) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 

 

 

Table 15: Distribution of the subjects by Acacia nilotica dose and family size 

Family Size 

Frequency (%) 
Total 

(n = 45) 
Intervention Groups $ 

I 
(n = 15) 

II 
(n = 15) 

III 
(n = 15) 

2-4 4 (26.6) 5(33.3) 6(40.0) 15 (33.3) 

4-6 6 (40.0) 7 (46.6) 5 (33.3) 18 (40.0) 

6-8 4 (26.6) 3 (20.0) 4 (26.6) 11 (24.4) 

>8 1 (6.6) - - 1 (2.2) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 



Table 16: Distribution of the subjects by Acacia nilotica dose and family income 

Family Income 

month (Rs.) 

Frequency (%) 

Total 

(n = 45) 

Intervention Groups $ 

I 

(n = 15) 

II 

(n = 15) 

III 

(n = 15) 

<5000 1 (6.6) 1 (6.6) - 2 (4.4) 

5000-10,000 7 (46.6) 6(40.0) 7 (46.6) 20 (44.4) 

10,000-15,000 5 (33.3) 4 (26.6) 5 (33.3) 13 (28.8) 

> 15,000 2 (13.3) 4 (26.6) 3 (20.0) 9 (20.0) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 

 

Table 17: Distribution o families by Acacia nilotica doses and major source of income 

Source of income 

Frequency (%) 

Total 

(n = 45) 

Intervention Groups $ 

I 

(n = 15) 

II 

(n = 15) 

III 

(n = 15) 

Agriculture - 1 (2.2) - 1 (2.2) 

Service 6 (40.0) 7 (46.6) 7 (46.6) 20 (44.4) 

Business 6 (40.0) 5 (33.3) 5 (33.3) 16 (35.5) 

Service + Business  1 (6.6) - - 1 (2.2) 

Agriculture + Business 1 (6.6) 2(13.3) 1 (2.2) 4(8.8) 

Agriculture + Service  1 (6.6) - - 1 (2.2) 

Other - - 2 (4.4) 2 (4.4) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 



Table 18: Distribution of the subjects by Acacia nilotica dose and age 

Age 

Frequency (%) 

Total 

(n = 45) 

Intervention Groups $ 

I 

(n = 15) 

II 

(n = 15) 

III 

(n = 15) 

45-50 3 (20.0) 6 (40.0) 7 (46.6) 16 (35.5) 

50-55 2 (13.3) 2 (13.3) 4 (26.6) 8 (17.7) 

55-60 5 (33.3) 2 (13.3) - 7 (15.5) 

60-65 5 (33.3) 5 (33.3) 4 (26.6) 14 (31.1) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 

 

 

Table 19: Distribution of the subjects by Acacia nilotica dose and sex 

Sex 

Frequency (%) 

Total 

(n = 45) 

Intervention Groups $ 

I 

(n = 15) 

II 

(n = 15) 

III 

(n = 15) 

Male 11 (73.3) 10 (66.6) 11 (73.3) 32 (71.1) 

Female 4 (26.6) 5 (33.3) 4 (26.6) 13 (28.8) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 



Table 20: Distribution of the subjects by Acacia nilotica dose and education level 

Educational Level 

Frequency (%) 

Total 

(n = 45) 

Intervention Groups $ 

I 

(n = 15) 

II 

(n = 15) 

III 

(n = 15) 

Illiterate 1 (6.6) - 2 (13.3) 3 (6.6) 

Primary 1 (6.6) 3 (20.0) - 4 (8.8) 

Middle 3 (20.0) 2 (13.3) 2 (13.3) 7 (15.5) 

Secondary 5 (33.3) 2 (13.3) 4 (26.6) 11 (24.4) 

Sr. Secondary 2 (13.3) 6 (40.0) 2 (13.3) 10 (22.2) 

Under graduate 1 (6.6) 2 (13.3) 3 (20.0) 6 (13.3) 

Post graduate 2 (13.3) - 1 (6.6) 3 (6.6) 

Vocational - - 1 (6.6) 1 (2.2) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 

 

 

Table 21: Distribution of the subjects by Acacia nilotica dose and 

occupation 

Occupation 

Frequency (%) 
Total 

(n = 45) 
Intervention Groups $ 

I 
(n = 15) 

II 
(n = 15) 

III 
(n = 15) 

Government service   2 13.3 4 (26.6) 6 (40.0) 12 (26.6) 

Private service  1 (6.6) 1 (6.6) 1 (6.6) 4 (8.8) 

Retired 4 (26.6) 4 (26.6) 1 (6.6) 9 (20.0) 

Business 3 (20.0) 2 (13.3) 4 (26.6) 9 (20.0) 

Housewife 4 (100.0) 4 (80.0) 3 (75.0) 11 (84.6) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 



Table 22: Distribution of the subjects by Acacia nilotica dose and marital 

status 

Marital Status 

Frequency (%) 

Total 

(n = 45) 

Intervention Groups $ 

I 

(n = 15) 

II 

(n = 15) 

III 

(n = 15) 

Married    14 (93.3) 15 (100) 15 (100) 44 (97.7) 

Unmarried  - - - - 

Widows  1 (6.6) - - 1 (2.2) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 

 

 

Table 23: Distribution of the subjects by Acacia nilotica dose and food habits 

Food habits 

Frequency (%) 

Total 

(n = 45) 

Intervention Groups $ 

I 

(n = 15) 

II 

(n = 15) 

III 

(n = 15) 

Vegetarian  11 (73.3) 9 (60.0) 10 (66.6) 30 (66.6) 

Non-vegetarian  4 (26.6) 4 (26.6) 2 (132.3) 10 (22.2) 

Ovo-vegetarian  - 2 (13.3) 3 (20.0) 5 (11.1) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 

 

 



$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 

 

 

 
Details 

Frequency (%) 
Total 

(n = 45) 
Intervention Groups $ 

I 
(n = 15) 

II 
(n = 15) 

III 
(n = 15) 

Smoking         
 Yes 5 (33.3) 4 (26.6) 5 (33.3) 14 (31.1) 
 No 10 (66.6) 11 (73.3) 10 (66.6) 31 (68.8) 
If yes      
 Daily 5 (33.3) 3 (20) 5 (33.3) 13 (28.8) 
 Weekly - 1 (6.6) - 1 (2.2) 
 Occasionally  - - - - 
Tobacco      
 Yes 6 (40) 3 (20.0) 2 (13.3) 11 (24.4) 
 No 9 (60.0) 12 (80.0) 13 (86.6) 34 (75.5) 
If yes      
 Daily 4 (26.6) 3 (20.0) 1 (6.6) 8 (17.7) 
 Weekly 2 (13.3) - 1 (6.6) 3 (6.6) 
 Occasionally  - - - - 
Alcohol consumption       
 Yes 3 (20.0) 4 (26.6) 3 (20.0) 10 (22.2) 
 No 12 (80.0) 11 (73.3) 12 (80.0) 35 (77.7) 
If yes      
 Daily 2 (13.3) 3 (20.0) 2 (13.3) 5 (11.1) 
 Weekly 1 (6.6) 1 (6.6) 1 (6.6) 3 (2.2) 
 Occasionally  - - - - 
Tea     
 Yes 15 (100) 15 (100) 15 (100) 45 (100) 
 No 0 (0) 0 (0) 0 (0) 0 (0) 
If yes      
 Daily 15 (100) 15 (100) 13 (86.6) 43 (95.5) 
 Weekly - - 2 (13.3) 2 (4.4) 
 Occasionally  - - - - 
Coffee      
 Yes 12 (80.0) 15 (100) 10 (66.6) 37 (82.2) 
 No 3 (20.0) 0 (0.0) 5 (33.3) 8 (17.7) 
If yes      
 Daily   -  
 Weekly 9 (33.3) 5 (33.3)  14 (31.1) 
 Occasionally  3 (20.0) 10 (66.6) 10 (66.6) 23 (51.1) 
Gutka      
 Yes 7 (46.6) 5 (33.3) 3 (20.0) 15 (33.3) 
 No 8 (53.4) 10 (66.6) 12 (80.0) 30 (66.6) 
If yes      
 Daily 4 (26.6) 5 (33.3) 3 (20.0) 12 (26.6) 
 Weekly 3 (20.0) - 0 (0.0) - 
 Occasionally  - - - - 
 

Table 25: Distribution of the subjects by Acacia nilotica dose and exercise performed  

Table 24: Distribution of the subjects by Acacia nilotica dose and health habits 



Details 

Frequency (%) 
Total 

(n = 45) 
Intervention Groups $ 

I 
(n = 15) 

II 
(n = 15) 

III 
(n = 15) 

Exercise      

 Yes 7 (46.6) 6 (40.0) 9 (60.0) 22 (48.8) 

 No 8 (53.3) 9 (60.0) 6 (40.0) 23 (51.1) 

Type of exercise      

 Yoga  2 (13.3) 3 (20.0) 2 (13.3) 7 (15.5) 

 Walking 5 (33.3) 3 (20.0) 6 (40.0) 14 (31.1) 

 Cycling  - - 1 (6.6) 1 (2.2) 

Frequency of exercise      

 Daily  7 (46.6) 6 (40.0) 9 (60.0) 22 (48.8) 

 Weekly - - - - 

 Fortnightly   - - - - 

 Monthly  - - - - 

 Occasionally  - - - - 

Duration (minutes)     

 30 3 (20.0) 2 (13.3) 3 (20.0) 8 (18.7) 

 45 3 (20.0) 2 (13.3) 1 (6.6) 13 (13.3) 

 60 1 (6.6) 2 (13.3) 5 (33.3) 8 (17.7) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 



Table 26: Distribution of the subjects by Acacia nilotica dose and family history of 

diabetes  

Details 

Frequency (%) 

Total 

(n = 45) 

Intervention Groups $ 

I 

(n = 15) 

II 

(n = 15) 

III 

(n = 15) 

Family history of diabetes      

 Yes 9 (60.0) 7 (46.6) 7 (46.6) 23 (51.1) 

 No 8 (53.3) 8 (53.3) 8 (53.3) 22 (48.8) 

Relationship with the subject     

 Father   5 (33.3) 3 (20.0) 4 (26.6) 12 (26.6) 

 Mother  1 (6.6) 3 (20.0) 3 (20.0)) 7 (15.5) 

 Brother 2 (13.3) 1 (6.6) - 3 (6.6) 

 Sister 1 (6.6) - - 1 (2.2) 

 Grand parents  - - - - 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 



Table 27: Distribution of the subjects by Acacia nilotica dose and occurrence of disease   

Details 

Frequency (%) 

Total 

(n = 45) 

Intervention Groups $ 

I 

(n = 15) 

II 

(n = 15) 

III 

(n = 15) 

Age of onset (years)      

 < 40 - 2 (13.3) 1 (6.6) 3 (6.6) 

 40 – 50 6 (40.0) 6 (40.0) 9 (60.0) 21 (46.6) 

 50 – 60  8 (53.3) 6 (40.0) 4 (26.6) 18 (40.0) 

 > 60 1 (6.6) 1 (6.6) 1 (6.6) 3 (6.6) 

Duration of the disease after 
diagnosis (years)  

    

 1 - 5   6 (40.0) 8 (53.3) 7 (46.6) 21 (46.6) 

 5 - 10  9 (60.0) 6 (40.0) 6 (40.0) 18 (40.0) 

 10 - 15  - 1 (6.6) 2 (13.3) 6 (13.3) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 

 



Table 28: Distribution of the subjects by Acacia nilotica dose and treatment taken for 

the management of diabetes  

Details 

Frequency (%) 

Total 

(n = 45) 

Intervention Groups $ 

I 

(n = 15) 

II 

(n = 15) 

III 

(n = 15) 

Diet  - - 2 (13.3) 2 (4.4) 

Exercise  3 (20.0) - 1 (6.6)  4(8.8) 

Drug 2 (13.3) 5 (33.3) 3 (20.0) 10(22.2) 

Diet + exercise  3 (20.0) 3 (20.0) 2 (13.3) 8 (17.7) 

Drug + exercise  7 (46.6) 5(33.3) 2 (13.3) 14 (31.1) 

Diet + Drug + Exercise  - 2 (13.3) 5 (33.3) 7 (15.5) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 
 

 

Table 29: Distribution of the subjects by Acacia nilotica dose and inclusion of foods 

due to diabetes    

Details 

Frequency (%) 

Total 

(n = 45) 

Intervention Groups $ 

I 

(n = 15) 

II 

(n = 15) 

III 

(n = 15) 

Fenugreek seeds   1 (6.6) 2 (13.3) - 3 (6.6) 

Bitter gourd  1 (6.6) - - 1 (2.2) 

Jamun seeds powder   - 2 (13.3) - 2 (4.4) 

Beal patra + neem leaves  1 (6.6) - 1 (6.6) 2 (4.4) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 



Table 31: Distribution of the subjects by Acacia nilotica dose and meal pattern    

Details 

Frequency (%) 

Total 

(n = 45) 

Intervention Groups $ 

I 

(n = 15) 

II 

(n = 15) 

III 

(n = 15) 

Number of meals      

 2 meals  7 (46.6) 7 (46.6) 6 (40.0) 2 (44.4) 

 3 meals  6 (40.0) 5 (33.3) 6 (40.0) 17 (37.7) 

 4 meals 2 (13.3) 3(20.0) 3(20.0) 8 (17.7)) 

Snacks between meals      

 Yes 6 (40.0) 6 (40.0) 5 (33.3) 17 (37.7) 

 No 10 (66.6) 9 (60.0) 9 (60.0) 28 (62.2) 

Commonly consumed snacks       

 Biscuit  2 (13.3) - 2 (13.3) 4 (8.8) 

 Samosa / Kachori  1 (6.6) - - 1 (2.2) 

 Biscuit + namkeen  3 (20.0) 6 (40.0) 3 (20.0) 12 (26.6) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 

 



Table 33: Pre and post intervention food intake of the groups as percentage of 

balanced diet  

Food intake  

Intervention groups$  

I  

(n = 15) 

II  

(n = 15) 

III  

(n = 15) 

Pre Post Pre Post Pre Post 

Cereal grains product  62 60 56 57 59 57 

Pulses & legumes  46 47 45 48 44 46 

Green leafy vegetables  30 40 45 48 43 40 

Roots and tubers  60 58 55 55 62 59 

Other vegetables  60 66 65 61 70 73 

Fruits  51 56 51 50 55 60 

Milk & Milk products 80 85 90 93 92 91 

Fats and oils  149 145 129 142 131 135 

Sugar  45 46 40 45 40 48 

$Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 

 

 

 

 

 

 

 

 

Table 35: Pre and post intervention nutrient intake of the groups as percentage of RDA  

Nutrients  

Intervention groups$ 

I  

(n = 15) 

II  

(n = 15) 

III  

(n = 15) 



Pre Post Pre Post Pre Post 

Protein 70.0 68.0 77.0 78.0 75.0 70.0 

Visible fat  149.0 145.0 129.0 142.0 131.0 135.0 

Energy 61.8 62.2 61.8 62.2 62.3 62.6 

Calcium  85.0 83.0 86.7 87.0 87.6 85.0 

Iron 57.0 61.0 56.0 58.0 64.0 63.0 

 Carotene  99.7 98.4 92.0 93.0 90.0 107.0 

Thiamine  100.0 100.0 116.6 116.6 108.3 108.3 

Riboflavin  79.0 75.0 75.0 75.0 75.0 75.0 

Niacin  58.0 59.0 66.0 66.0 68.0 68.0 

Folic acid  53.0 58.0 59.0 63.0 64.0 59.0 

Vitamin C 160.0 142.5 147.0 143.0 149.0 145.0 

# RDA = Recommended dietary allowances   

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 

 



Table 36: Pre and post intervention energy intake of the I group on the basis of ideal body weight 

(IBW)   

S. No. 
Calorie 

Requirement 

Calorie intake (kcal/day) 

Pre Post 

(kcal/day) 
Percent of kcal 
on the basis of 

IBW 
(kcal/day) 

Percent of kcal 
on the basis of 

IBW 
1.  1917 1499 78.1 1520 79.2 

2.  1728 1500 86.8 1570 90.8 

3.  1755 1490 84.9 1500 85.4 

4.  1431 1455 101.6 1460 102.0 

5.  1728 1499 86.7 1500 86.8 

6.  1944 1500 77.1 1470 75.6 

7.  1674 1500 89.6 1500 859.6 

8.  1971 1500 76.1 1500 76.1 

9.  1296 1480 114.1 1500 115.7 

10.  1701 1554 91.3 1550 91.1 

11.  1620 1520 93.8 1510 93.2 

12.  1971 1499 76.0 1510 76.6 

13. 1836 1500 81.6 1470 80.0 

14. 1755 1480 86.0 1500 85.4 

15. 1539 1499 96.1 1500 97.4 

Mean  1456 1499 87.9 1509 88.3 

     € Group I was fed 2g of Acacia nilotica pods powder 

 

 

 

 

 

 

 

Table 37: Pre and post intervention energy intake of the II group on the basis of ideal body 

weight (IBW)   

S.No. 

 

Calorie 

Requirement (kcal) 

 

Calorie intake (kcal/day) 

Pre Post 

(kcal/day) 
Percent of kcal 
on the basis of 

IBW 
(kcal/day) 

Percent of kcal 
on the basis of 

IBW 



1.  1917 1530 79.8 1530 79.8 

2.  1971 1500 76.1 1540 78.1 

3.  1998 1450 72.5 1460 73.0 

4.  1404 1501 106.9 1500 106.8 

5.  1350 1510 111.8 1518 112.4 

6.  1377 1487 107.9 1500 108.9 

7.  1728 1499 86.7 1510 87.3 

8.  1917 1500 78.2 1500 78.2 

9.  1647 1450 88.0 1456 88.4 

10.  1728 1550 89.6 1600 92.5 

11. 1755 1500 85.4 1523 86.7 

12. 2079 1600 76.9 1640 102.5 

13. 1350 1500 111.1 1529 113.2 

14. 1350 1530 113.3 1520 112.5 

15. 2025 1500 74.0 1515 74.8 

Mean 1706 1500 83.8 1512 93.0 

 

€ Group II was fed 3g Acacia nilotica pods powder  



Table 38: Pre and post intervention energy intake of the III group on the basis of ideal body 

weight (IBW)   

S.No. 

Calorie 

Requirement (kcal) 

 

Calorie intake (kcal/day) 

Pre Post 

(kcal/day) 
Percent of kcal 
on the basis of 

IBW 
(kcal/day) 

Percent of kcal 
on the basis of 

IBW 
1.  1836 1455 79.2 1480 80.6 

2.  1728 1500 86.8 1512 87.5 

3.  1458 1600 109.7 1600 109.7 

4.  1917 1570 81.8 1600 83.4 

5.  1890 1510 79.8 1510 79.8 

6.  1296 1488 114.8 1499 115.6 

7.  1809 1499 82.8 1499 82.8 

8.  1404 1500 106.8 1520 108.2 

9.  1917 1450 75.6 1470 76.6 

10.  2025 1500 74.0 1520 75.0 

11.  2106 1500 71.2 1500 71.2 

12.  1404 1540 109.6 1555 110.7 

13.  1647 1590 96.5 1580 95.9 

14.  1350 1400 103.7 1380 102.2 

  15. 2025 1510 74.5 1540 76.0 

Mean 1607 1511 89.7 1520 90.3 

 
€ Group III was fed 4g Acacia nilotica pods powder  



Table 40 : Pre and post intervention nutritional status of the groups 

 

Body mass index (kg/m2) 

Frequency (%) 

Total  

(n=45) 
Intervention groups$ 

I  

(n = 15) 

II  

(n = 15) 

III  

(n = 15) 

Pre Post Pre Post Pre Post Pre Post 

> 18.5  

(Chronic energy deficiency) 

- - 2 

(13.3) 

2  

(3.13) 

1 

(6.6) 

1  

(6.6) 

3 

(6.6) 

3 

(6.6) 

18.5 - 19.9 

(Low weight normal) 

1 

(6.6) 

1  

(6.6) 

1 

(6.6) 

1 

(6.6) 

2 

(13.3) 

2  

(13.3) 

4 

(8.8) 

4 

(8.8) 

20 - 22.9 

(Normal) 

4 

(26.6) 

4 

(26.6) 

4 

(26.6) 

4 

(26.6) 

4 

(26.6) 

4  

(26.6) 

12 

(26.6) 

12 

(26.6) 

23 - 24.9 

(Overweight) 

6 

(40.0) 

6 

(40.0) 

4 

(26.6) 

4 

(26.6) 

4 

(26.6) 

4  

(26.6) 

14 

(31.1) 

14 

(31.1) 

> 25  

(Obese) 

4 

(26.6) 

4 

(26.6) 

4 

(26.6) 

4 

(26.6) 

4 

(26.6) 

4  

(26.6) 

12 

(26.6) 

12 

(26.6) 

  
$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 

 



Table 43: Means ± SD values of blood glucose before intervention of Acacia nilotica pods 

powder 

Blood glucose 

(mg/dl) 

Intervention groups$ 

'F' 
I 

(n = 15) 

II 

(n = 15) 

III 

(n = 15) 

Fasting 143.73±37.05 135.47±29.34 205.80±80.03 9.233* 

Post prandial  216.47±52.86 212.00±61.34 301.87±116.37 4.281NS 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 

 

Table 44 : Means ± SD values of blood glucose before intervention of Acacia nilotica pods 

powder 

Blood glucose 

(mg/dl) 

Intervention groups$ 

'F' 
I 

(n = 12) 

II 

(n = 11) 

III 

(n = 13) 

Fasting 155.33±31.73 1477.18±25.01 180.23±42.87 3.045  NS 

Post prandial  222.33±55.52 221.73±66.20 274.77±98.75 1.956NS 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively 



Table 46 : Percent decrease in biophysical and biochemical parameters due to Acacia 

nilotica pods powder intervention 

S. No. Parameters 
Per cent change 

Group I 

(n=12) 

Group II 

(n=11) 

Group III 

(n=13) 

1. 

 

 

 

 

2. 

 

 

 

 

3. 

 

Blood glucose 

 Fasting blood glucose 

 Post prandial blood glucose 

Blood pressure 

 Systolic blood pressure 

 Diastolic blood pressure 

Lipid levels 

 Cholesterol 

 Triglyceride 

 HDL 

 LDL 

 VLDL 

 

10.2 

7.3 

 

8.5 

12.4 

 

7.9 

16.0 

10.4 

8.8 

15.2 

 

11.6 

10.6 

 

10.0 

11.9 

 

5.1 

5.8 

5.0 

7.1 

7.1 

 

19.1 

35.5 

 

11.6 

12.7 

 

10.8 

17.0 

10.0 

10.2 

15.3 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively  



 
Table 48 : Risk of macro-vascular disease among the groups before  intervention of 

Acacia nilotica pod powder  

S. No. 
Lipid profile fractions 

(mg/dl) 
Risk 

Percentage (number) 

Group I Group II Group III 

1. 

 

 

 

Total cholesterol 

<200 

200 – 239 

>240  

 

Low 

Moderate 

High 

 

8(66.6) 

3(25.0) 

1(8.3) 

 

8(72.7) 

1(9.0) 

2(18.1) 

 

7(53.8) 

6(46.1) 

- 

2. 

 

 

 

 

Triglyceride 

<120 

121 -160 

161-200 

> 200 

 

Low 

Moderate 

High moderate 

High 

 

1(8.3) 

4(33.3) 

3(25.0) 

4(33.3) 

 

1(9.0) 

2(18.1) 

4(36.3) 

4(36.3) 

 

- 

7(53.8) 

1(7.6) 

5(58.4) 

3. 

 

HDL-C 

<40 

41 -60 

>60 

 

High 

Moderate 

Low 

 

5(41.6) 

7(58.3) 

- 

 

4(36.3) 

5(45.4) 

2(18.1) 

 

6(46.1) 

6(46.1) 

1(7.6) 

4. 

 

 

 

 

LDL 

<100 

101 – 115 

116-130 

>130 

 

Low 

Moderate 

High moderate 

High 

 

4(33.3) 

3(25.0) 

2(16.6) 

3(25.0) 

 

5(45.4) 

3(27.2) 

- 

3(27.2) 

 

5(58.4) 

2(15.3) 

3(23.0) 

3(23.0) 

5. VLDL 

<30 

31-40 

>40 

 

Low 

Moderate 

High 

 

5(41.6) 

5(41.6) 

2(16.6) 

 

3(27.2) 

4(36.3) 

4(36.3) 

 

6(46.1) 

1(7.6) 

6(46.1) 

 
 WHO (1988) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively  



Table 49 : Risk of macro-vascular disease among the groups after  intervention of 

Acacia nilotica pod powder 

S. No. 
Lipid profile fractions 

(mg/dl) 
Risk 

Percentage (number) 

Group I Group II Group III 

1. 

 

 

 

Total cholesterol 

<200 

200 – 239 

>240  

 

Low 

Moderate 

High 

 

10(83.3) 

1(8.3) 

1(8.3) 

 

8(72.7) 

2(18.1) 

1(9.0) 

 

10(76.2) 

3(23.0) 

- 

2. 

 

 

 

 

triglyceride 

<120 

121 -160 

161-200 

> 200 

 

Low 

Moderate 

High moderate 

High 

 

1(8.3) 

4(33.3) 

4(33.3) 

3(25.0) 

 

1(9.0) 

2(18.1) 

5(45.4) 

3(27.2) 

 

- 

7(53.8) 

1(7.6) 

5(58.4) 

3. 

 

 

 

HDL-C 

<40 

41 -60 

>60 

 

High 

Moderate 

Low 

 

2(16.6) 

10(83.3) 

- 

 

3(27.2) 

5(45.4) 

3(27.2) 

 

2(15.3) 

1184.6) 

 

4. 

 

 

 

 

LDL 

<100 

101 – 115 

116-130 

>130 

 

Low 

Moderate 

High moderate 

High 

 

5(41.6) 

2(16.6) 

2(16.6) 

3(25.0) 

 

7(63.6) 

1(9.0) 

1(9.0) 

2(18.1) 

 

7(53.8) 

2(15.3) 

2(15.3) 

2(15.3) 

5. VLDL 

<30 

31-40 

>40 

 

Low 

Moderate 

High 

 

5(41.6) 

5(41.6) 

2(16.6) 

 

3(27.2) 

6((54.5) 

2(18.1) 

 

6(46.1) 

2(15.3) 

5(58.4) 

 WHO (1988) 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica pods powder respectively  

 



Table 30 : Distribution of the subjects by Acacia nilotica  dose and avoidance of foods due to diabetes  

Details 

Frequency (%) Total 

(n = 45) Intervention Groups $ 

(n = 15) (n = 15) (n = 15) 
As usual Restricted Avoid 

Asusual Restricted Avoid As usual Restricted Avoid As usual Restricted Avoid 

 Sugar and sugar products             

 Sugar  2 (13.3) 10 (66.6) 3 (20.0) 4 (26.6) 10 (66.6) 1 (6.6) - 13 (86.6) 2 (13.3) 6 (13.3) 33 (13.3) 6 (13.3) 

 Sweet  2 (13.3) 7 (46.6) 6 (40.0) 4 (26.6) 11 (73.3) - - 11 (73.3) 4 (26.6) 6 (13.3) 29 (64.4) 10 (22.2) 

 Preserved food - 4 (26.6) 11 (73.3) 4 (26.6) 8 (53.3) 3 (20.0) 5 (33.3) 6 (40.0) 4 (26.6) 8 (17.7) 18 (40.0) 18 (40.0) 

 Fats and oils              

 Oil 12 (80.0) 3 (20.0) - 10 (66.6) 5 (33.3) - 14 (93.3) 1 (6.6) - 36 (80) 9 (20.0) - 

 Butter  - 4 (26.6) 11 (73.3) - 5 (33.3) 10 (66.6) 13 (86.6) 2 (13.3) - 13 (28.8) 11 (24.4) 21 (46.6) 

 Ghee  10 (66.6) 5 (33.3) - 10 (66.6) 5 (33.3) - 8 (53.3) 5 (33.3) 2 (13.3) 28 (62.2) 15 (33.3) 2 

(4.4) 

 Dry fruits  11 (73.3) 4 (26.6) - 10 (66.6) 5 (33.3) - 10 (66.6) 5 (33.3) - 31 (68.8) 14 (31.1 - 

 Ground nuts  15 (100) - - 5 (100) - - 15 (100) - - 45 (100) - - 

 Carbohydrate rich foods              

 Potato  2 (13.3) 8 (53.3) 5 (33.3) - 9 (60.0) 6 (40.0) 3 (20.0) 8 (53.3) 4 (26.6) 5 (11.1) 25 (55.5) 15 (33.3) 

 Sweet potato  - 3 (20.0) 12 (80.0) - - 15 (100) - 5 (33.3) 10 (66.6) - 8 (17.7) 37 (82.2) 

 Rice  2 (13.3) 2 (13.3) 11 (73.3) - 3 (20.0) 12 (80.0) - 6 (40.0) 9 (60.0) 2 (4.4) 11 (24.4) 32 (71.1) 



$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica  pods powder respectively 

Table 32: Pre and post intervention food intake of the groups  

Foods 

Mean±SD 
Intervention Groups $ 

I  
(n = 15) 

II  
(n = 15) 

III  
(n = 15) 

Pre Post Paired 't' Pre Post Paired 't' Pre Post Paired 't' 

Cereal & millets  260.8±8.50 250.0±17.73 2.911* 235.7±7.19 240.3±13.62 2.090NS 245.8±8.42 240.5±6.90 2.080 NS 

Pulses & legumes  27.7±1.95 28.3±4.50 0.493NS 26.7±14.50 28.5±5.30 2.284* 26.4±6.11 27.53±4.53 0.640NS 

Green leafy vegetables  29.7±6.94 40.0±11.25 3.007** 44.7±14.07 48.2±10.18 2.037 NS 42.6±3.07 40.0±5.00 0.829 NS 

Roots and tubers  59.7±5.50 58.0±18.21 0.320NS 55.3±12.02 54.7±9.90 0.192 NS 61.7±11.90 59.0±5.07 0.738 NS 

Other vegetables  62.0±11.34 66.0±15.38 1.843NS 65.3±3.99 60.8±8.34 2.807* 70..3±7.67 73.3±4.50 0.858 NS 

Fruits  51.0±16.06 55.7±11.16 0.750NS 50.5±7.68 50.0±4.63 0.189 NS 55.0±10.0 60.0±10.77 3.929 NS 

Milk & Milk products (ml) 240.0±52.50 230.0±58.61 0.406NS 245.0±44.40 248.0±36.45 1.855 NS 250.0±47.43 240.0±34.27 2.141 NS 

Fats and oils  29.7±6.40 29.0±5.16 10.000NS 25.7±5.12 28.3±5.23 1.533 NS 26.2±5.09 26.9±5.21 0.056 NS 

Sugar and Jaggery  9.0±3.99 9.2±2.44 0.292NS 8.0±3.57 9.0±3.14 0.887NS 9.0±3.27 9.6±3.28 0.049 NS 

$Group I, II and III were fed 2, 3 and 4g of Acacia nilotica  pods powder respectively 

Level of significance : * P≤ 0.05, ** p ≤ 0.01, NS= non significant  
 



Table 34: Pre and post intervention nutrient intake of the groups  
 

Nutrient 

Mean ± SD  

Intervention Groups $ 

I  
(n = 15) 

II  
(n = 15) 

III  
(n = 15) 

Pre Post Paired 't' Pre Post  Paired 
't' Pre Post  Paired 't' 

Protein (g) 41.7±12.15 41.0±8.12 0.211 NS 46.3±5.36 46.7±5.60 0.405 NS 45.0±7.90 42.2±7.92 2.845* 
Total Fat (g) 
Visible fat (g) 
Invisible fat (g) 

60.0±9.92 
29.7±3.08 
30.3±3.95 

62.6±9.17 
29.0±3.61 
33.5±3.00 

1.533 NS 

0.100NS 

0.310NS 

55.7±12.22 
25.7±2.08 
30.1±2.50 

55.8±12.35 
28.3±3.10 
27.4±2.90 

0.056 NS 

0.020NS 
0.010 NS 

59.0±8.40 
28.2±2.40 
30.8±2.80 

57.0±8.93 
26.9±3.18 
30.0±2.90 

1.160 NS 

0.018 NS 
0.015 NS 

Fibre (g) 5.2±1.2 5.2±0.82 0.089 NS 5.9±1.29 5.8±0.76 0.294 NS 6.3±1.48 6.0±1.00 0.949 NS 
Carbohydrate (g) 200.3±36.34 196.5±28.12 0.419 NS 187.7±37.93 195.0±39.92 1.162 NS 188.7±32.58 192.1±35.05 0.061 NS 
Energy (Kcal) 1500.0±98.81 1512.0±133.63 0.445 NS 1499.0±103.13 1509±122.16 2.005 NS 1511.0±123.99 1520.0±150.06 1.033 NS 
Calcium (mg) 340.5±142.12 331.4±130.40 1.199 NS 346.8±140.65 348.0±136.45 1.436 NS 350.5±145.13 340.0±147.18 1.198 NS 
Iron (mg) 16.0±2.16 17.2±2.50 0.280 NS 15.6±2.00 16.2±1.36 0.486 NS 18.0±2.59 17.6±2.80 0.0.890 NS 
 Carotene (g) 2395.0±50.59 2362.0±529.0 0.063 NS 2200.5±496.84 2000.5±431.11 0.028 NS 2150.2±602.89 2558.0±656.20 0.868 NS 
Thiamin (mg) 1.2±0.25 1.2±0.21 0.052 NS 1.4±0.20 1.4±0.21 0.042 NS 1.3±0.19 1.3±0.21 2.007 NS 
Riboflavin (mg) 1.1±0.34 1.0±0.24 0.637 NS 1.0±0.25 1.0±0.19 0.014 NS 1.0±0.25 1.0±0.20 0.395 NS 
Niacin (mg) 9.3±1.71 9.5±1.55 0.828 NS 10.5±1.56 10.6±1.79 0.079 NS 10.8±1.72 10.8±1.99 0.836 NS 
Folic acid (g) 53.4±16.15 60.0±16.02 0.734 NS 58.8±15.20 62.7±24.79 0.569 NS 64.5±22.44 55.6±15.48 1.221 NS 
Vitamin C (mg) 64.1±18.68 56.8±13.51 1.314 NS 59.0±19.10 57.2±10.81 1.036 NS 59.7±16.12 58.0±15.19 1.044 NS 

  $ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica  pods powder respectively 



  Level of significance : * P≤ 0.05, ** p ≤ 0.01, NS= non significant  
 

Table 39: Pre and post intervention anthropometric measurements and indices of the groups  

Anthropometric 
measurements & indices  

Mean ± SD 

Intervention Groups $ 

I  
(n = 15) 

II  
(n = 15) 

III  
(n = 15) 

Pre Post Paired 't' Pre Post Paired 't' Pre Post Paired 't' 

Weight (kg) 64.27±10.16 64.47±10.53 0.764NS 59.60±10.89 59.47±11.01 1.468NS 62.93±10.93 62.60±10.47 0.863NS 

Height (cm) 164.00±7.90 - - 163.0±9.60 - - 163.0±9.60 - - 

BMI (kg/m2) 23.51±2.86 23.65±3.00 1.382NS 22..33±3.46 22.34±3.38 0.083NS 23.53±2.95 23.39±3.24 1.362NS 

Waist circumference (cm)  107.5±5.50 107.0±5.51 1.232 NS 101.2±7.56 101.0±0.0 1.202 NS 102.0±8.0 101.0±8.0 1.112 NS 

Hip circumference (cm) 112.0±7.50 112.0±7.0 1.024 NS 110.0±5.62 109.5±5.02 1.360 NS 110.0±9.60 111.2±8.0 1.002 NS 

Waist hip ratio  0.95±0.04 0.95±0.04 1.000NS 0.92±0.04 0.92±0.04 0.837NS 0.92±0.04 0.92±0.06 0.830NS 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica  pods powder respectively 

Level of significance : * P≤ 0.05, ** p ≤ 0.01, NS no significant  



Table 42 : Pre and post intervention body composition  of the groups 

Body composition 
parameters (%) 

Mean ± SD  

Intervention Groups $ 
I  

(n = 15) 
II  

(n = 15) 
III  

(n = 15) 
Pre Post Paired 't' Pre Post Paired 't' Pre Post Paired 't' 

Body fat  26.41±2.73 26.38±2.73 0.38NS 26.57±4.97 26.93±5.41 8.21 NS 26.33±7.58 26.27±7.48 0.43 NS 

Lean body mass  56.07±1.98 55.68±1.66 1.69 NS 54.14±1.98 54..27±2.12 0.71 NS 57.0±12.67 57.11±3.45 0.31 NS 

Total body water  53.16±2.31 53.08±2.38 0.45 NS 53.23±3.58 53.21±3.59 0.64 NS 52.38±4.64 52.17±4.65 1.47 NS 

Extra cellular water  23.54±1.76 23.34±1.69 0.47 NS 24.60±3.08 24.59±3.09 0.20 NS 24.21±3.28 24.35±3.28 0.81 NS 

Intra cellular water  24.79±8.05 24.77±7.96 0.28 NS 27.34±7.71 27.19±7.71 1.87 NS 28.21±5.31 28.17±5.32 0.20 NS 

Body cell mass  27.73±6.51 27.53±6.48 1.51 NS 29.27±4.26 29.25±4.31 0.17 NS 28.11±4.91 27.89±5.15 1.48 NS 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica  pods powder respectively 

Level of significance : * P≤ 0.05, ** p ≤ 0.01, NS= non significant  



Table 45 : Pre and post intervention blood glucose level of the groups 
 

Blood glucose mg/dl 

Mean ± SD 

Intervention Groups $ 
I  

(n = 12) 
II  

(n = 11) 
III  

(n = 13) 
Pre Post Paired 't' Pre Post Paired 't' Pre Post Paired 't' 

Fasting  155.33±31.73 153.83±37.57 0.321NS 147.18±25.01 140.00±31.47 1.143NS 180.23±42.87 157.92±51.79 1.776NS 

Post Prandial  222.32±55.52 230.17±60.86 0.944NS 221.73±66.20 213.55±77.81 1.249NS 274.77±98.75 206.69±83.90 2.952* 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica  pods powder respectively 

Level of significance : * P≤ 0.05, ** p ≤ 0.01, NS non significant  
 



  
 

Table 47: Pre and post intervention lipid profile  of the groups 

Lipid levels  

Mean ± SD 

Intervention groups$ 

I  
(n = 12) 

II  
(n = 11) 

III  
(n = 13) 

Pre Post Paired 
't' Pre Post Paired 

't' Pre Post Paired 
't' 

Cholesterol  191.83±39.49 182.31±35.96 1.367NS 183.06±47.94 177.36±45.44 1.187NS 194.03±29.06 181.50±27.04 2.328* 

Triglycerides  196.94±65.32 179.50±53.12 1.762NS 205.33±67.71 199.72±64.02 1.783NS 224.00±102.82 198.76±75.00 2.206* 

HDL 43.56±8.03 45.88±5.68 1.756NS 48.63±15.77 49.25±15.40 1.710NS 46.07±8.55 47.88±7.30 3.365** 

LDL 114.42±49.22 100.41±43.92 1.324NS 104.33±45.61 99.18±43.08 1.873NS 108.37±25.13 102.89±26.52 1.329NS 

VLDL 39.20±12.59 35.95±10.66 0.640NS 41.07±13.54 40.02±12.82 1.629NS 44.80±20.77 39.77±14.97 2.295* 

$Group I, II and III were fed 2, 3 and 4g of Acacia nilotica  pods powder respectively 

Level of significance : * P≤ 0.05, ** p ≤ 0.01, NS non significant 
 



Table 50 : Pre and post intervention blood pressure levels of the groups 
 

Blood pressure mm/hg 

Mean ± SD 

Intervention Groups $ 

I  
(n = 12) 

II  
(n = 11) 

III  
(n = 13) 

Pre Post Paired 't' Pre Post Paired 't' Pre Post Paired 't' 

 Systolic blood pressure   147.50±19.08 139.42±16.10 2.691* 137.09±19.60 129.45±12.49 2.224*  138.00±11.17 124.31±9.04 5.816** 

 Diastolic blood pressure  97.08±9.39 87.08±13.60 3.516 NS 91.64±13.02 84.64±8.62 1.954NS 91.15±8.02 84.46±6.90 2.116* 

$ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica  pods powder respectively 

Level of significance : * P≤ 0.05, ** p ≤ 0.01, NS non significant 
 



 

Table 51 : Pre and post intervention hypertension status of the groups  

Blood pressure Classification 

Frequency (%) 
Intervention groups 

I  
(n = 12) 

II  
(n = 11) 

III  
(n = 13) 

Pre Post Pre Post Pre Post 
 Systolic         

 < 120 Normal  - - 2 (18.1) 2 (18.1) - 5(38.4) 

 120 - 139  Pre - hypertension  6 (50.0) 7 (58.3) 3 (27.2) 6 (54.5) 6 (46.1) 7 (53.8) 

 140 - 159 Stage I hypertension  4 (33.3) 4 (33.3) 4 (36.3) 3 (27.2) 6 (46.1) 1 (7.6) 

 > 160 Stage II hypertension 2 (16.6) 1 (8.3) 2 (18.1) - 1 (7.6) - 

 Diastolic         

 < 80 Normal  - 2 (16.6) 2 (18.1) 2 (18.1) 1 (7.6) 4 (30.7) 

 80 - 90  Pre - hypertension  4 (33.3) 7 (58.3) 3 (27.2) 4 (36.3) 3 (23.0) 5 (38.4) 

 90 - 99 Stage I hypertension  2 (16.6) - 1 (9.0) 2 (18.1) 5 (38.4) 4 (30.7) 

 90 - 99 Stage II hypertension 6 (50.0) 2 (16.6) 5(45.4) 7 (63.6) 4 (30.7) - 

  $ Group I, II and III were fed 2, 3 and 4g of Acacia nilotica  pods powder respectively 

Level of significance : * P≤ 0.05, ** p ≤ 0.01, NS non significant 
 



Table 41 : Distribution of the subjects by Acacia nilotica  dose and waist circumference and waist hip ratio 
   

S. 
No.  

Anthropometric 
indices 

Frequency (%) 
Intervention groups$ 

M=11 F=4 M=10 F=5 M=11 F=4 
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 

1. Waist circumference  
Male  

            

 < 94 cm. (normal) 4 (36.3) 4 (36.3)   2 (20.0) 2 (20.0)   1 (9.0) 1 (9.0)   
 ≤ 94 cm. level 1 

(alerting zone) 
4 (36.3) 4 (36.3)   4 (40.0) 4 (40.0)   7 (63.3) 7 (63.3)   

 102 cm level 2 
(action zone) 

3 (27.2) 3 (27.2)   4 (40.0) 4 (40.0)   3 (27.2) 3 (27.2)   

 Female              
 < 80 cm (normal)   - -      1 (25.0) 1 (25.0)  
  80 cm level 1 

(alerting zone) 
  2 (50.0) 2 (50.0)   4 (80.0) 4 (80.0)  2 (50.0) 2 (50.0)  

 ≤ 80.8 cm level 2 
(action zone) 

  2 (50.0) 2 (50.0)   1 (20.0) 1 (20.0)  1 (25.0) 1 (25.0)  

2. Waist hip ratio (WHR) 
Male  

            

 < 0.95 (normal) 4 (36.3) 4 (36.3)   6 (60.0) 6 (60.0)   5 (45.4) 5 (45.4)   
  0.95 (high) 7 (63.6) 7 (63.6)   4 (40.0) 4 (40.0)   6 (54.5) 6 (54.5)   
 Female             
 < 0.8 (normal)   11 (25.0) 1 (25.0)   2 (40.0) 2 (40.0)   1 (25.0) 1 25.0 
  08 (high)   3 (75.0) 3 (75.0)   3 (60.3) 3 (60.0)   3 (75.0) 3 (75.0) 

 M = Male, F = Female  
 $ Group I, II and III were fed 2, 3 and 4 g Acacia nilotica  pods powder respectively.  
  classification devised by WHO expert committee, 1995. 
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