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ABSTRACT

Objective: The aim of the study was to evaluate the effect of graded levels of dates dietary fiber on diabetes
mellitus induced by streptozotocin (STZ) in male Sprague-Dawley (SD) rats.

Methodology: Rats were divided into eight groups, among which four groups (Groups 1-4) were normal and the
other four groups were diabetic (Groups 5-8). Diabetes was induced in rats by an intraperitoneal injection of STZ
(50 mg/kg body weight). Different concentrations (5%, 10% and 20%) of dates fibers were mixed with standard
diet and administered to rats except group 1 and group 5. Changes in body weight, food intake, water intake,
serum glucose and insulin levels were observed in normal and diabetic rats on 0, 10" and 21% day. Oral glucose
tolerance test (OGTT) was also carried out on day 21.

Results: Body weight of diabetic control group increased but not significantly. A significant difference in the
average food intake was observed between non-diabetic and diabetic groups. Though the rats in the diabetic
groups consumed more amount of water, there was no significant difference when compared with non-diabetic
group. Significant difference in serum blood glucose level was observed in diabetic control group (group 5) when
compared to other diabetic groups. Non-significant difference in the levels of serum insulin was observed in
diabetic control group compared to other diabetic groups. Serum glucose levels after OGTT were increased
significantly in diabetic groups compared to non-diabetic groups.

Conclusion: Addition of dietary dates fibers to standard diet and administered to diabetic rats had a potential role
in reducing their food intake, reducing or controlling weight, as well as lowering blood glucose.
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INTRODUCTION obesity, heart disease, cancers and gastrointestina

Diabetes mellitus (DM) is a major public healthdisorders have been reportéd.There are data
problem worldwide, and is a well known risksuggesting that consuming a high-fiber died0( g
factor for coronary artery disease. The chronifiber/day) reduces glycemia in subjects with type 1
hyperglycemia of diabetes is associated with longliabetes and glycemia, hyperinsulinemia, and
term damage, dysfunction, and failure of varioudpidemia in subjects with type 2 diabef®s.
organs, especially the eyes, kidneys, nerves, heMoreover increased fiber intake appears to be
and blood vessel8.1t is estimated that by the yeardesirable for people with diabetes, and a firsbntsi
2025 there will be about 300 million people affecte might be to encourage them to achieve the fiber
with DM in the world with the highest prevalence inintake goals set for the general population of 14
the developing countrié®.Profound changes in the g/1,000 kcaf®
life style of the people of Arabian Peninsula dgrin Dates are the fruit of the date palm tr&adenix
the last 30 years have been associated with thectyliferous). It is a staple food of Arabia
emergence of diabetes. A recent community-base@ninsulas. The Kingdom of Saudi Arabia (KSA) is
national epidemiological health survey in KSA hashe foremost in terms of per capita consumpﬁbn.
found that the overall prevalence of DM is 23.7% arge quantities of dates of different varietieg ar
which is alarming for health care providéPs. harvested in different regions of Saudi Arafa.

The association between diabetes and fibddates are used in breaking fast during the Holy
depletion has been document8dRecent studies Month of Ramadan [It is mentioned in the Holy
have provided preliminary evidence for reduce®uran (Sorat Maryam 19:25-26f Dates contain
risk of diabete® and a beneficial effect on healtha high percentage of carbohydrate and classified as
maintenance and disease preverflanith increased low glycemic index food itert**¥The dietary fiber
intake of dietary fiber. As a component of medica(usually insoluble) content of variety of dates has
nutrition therapy, an inverse relationship betweeheen shown to be as high as 6.4-11596)
dietary fiber intake and incidence odflmbtes, Several researches have reported the effect of
different sources of dietary fibers on human health
Correspondence to: Ass Prof. Saada Mohamed AI-Orf,  ggpecially on diabetes mellitus. However there are
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historical, socioeconomic and nutritional values, ianalyzed at Inspection Diagnostics Consultation
was of interest to study the effect of dates djetalaboratories (IDAC), Riyadh, KSA, to estimate their
fiber supplemented diets on different bloodngredients, using the procedure of the Association
parameters using a rats model. Nyman et al showedl Official Analytical Chemists methodd.he result
good correlation between man and rat in thef the analysis shows that total dietary fiber was
degradation of dietary fibét? The present study 79.05%, insoluble dietary fiber was 76.57% and
investigated the effect of different levels (5%2d40 soluble dietary fiber was 2.48%.

&20%) of dates dietary fiber on weight gain, serunexperimental Design: After one week adaptation
glucose a_md msulm Ieyels in normal non-diabetigeriod, the Sprague-Dawley (SD) rats were divided
and STZ-induced diabetic rats. randomly into eight groups of 8-10 rats each (Table
METHODS I1). Group .1 an_d group .5 se.rved as control groups
for non-diabetic & diabetic rats respectively.

Animals The rats were fed respective diets for a period

A total of 74 male Sprague-Dawley (SD) adultys 54 gavs They were housed individually with

rats weigh!r)g (250-280 g), were .obtained froMee access to the specified diets and drinkingemat
Animal facility, Comparative Medicine, Researchin a room with controlled temperature (22-23C°); on

Center of King Faisal Specialist Hospital, Riyadh, 15, light-dark cycle, and 40-45% relative

KSA. The rats were divided randomly into eighthumidity. Body weight, food and water intake were

groups, of 8-10 rats /group. Four groups were éxckat ded It tive d during th iment
with Streptozotocin (STZ) to induce diabetes. Threecr(i)orde on afternative days during the experinienta

re_maining four groups were considered as no At day 0, 10, 21 and 24, rats were deprived food
d|abet|.c groups: ] . overnight and anesthetized with an intramuscular
Induction of Diabetes: Streptozotocm_ (ST2) _has injection at 60 mg/kg body weight of ketamine
long been used as a drug of choice to inducgi\a pharmaceuticals Amman, Jordan), blood

diabetics t_ype Il in var?ous animal_ models._ Thi_ssamples (1 ml) were collected into plain tubes by
well-established model is characterized by insuli, 4iac puncture. The blood samples were
deficiency associated with insulin resistaféé® centrifuged at 2°C for 5min at 3500 rpm, the

gtrelptozgtociin d(from S(;glma;j Aldrilcg C?' .Ltd'separated serum was used for further biochemical
oole, E=nglan ) was diluted in 1.0 mi citrate nalysis. For the oral glucose tolerance test (OGTT

puffer (pH. 4.4) |mmed|ately- before it was injectedye ats were fasted overnight and then they was
mrt]raperlt(cj)!'l%ally to the_ rats in groups 5, 6, 7 & 8,yminjstered with the glucose solution (0.3 g/100 g
T_e nondiabetic rats in groups 1,2,3 &4 WerT’)ody weight) oro-gastricaly using a catheter tube
injected with 1.0 ml citrate buffer alone / kg bOdy(Vygon—Ecouen, France) and the blood samples

WEigh.t‘ . ] ] were collected periodically at 0, 60, 120, and 180
Experimental Diets: The experimental diets were minutes(min).

repared according to AIN-93G purified roden N ' , .
gietp as modified gy Reeves et alp (196%) The tDeterrmnamon of Body Weight and Biochemical
standard diet (Rodent Laboratory Chow, basiénalySls ) .
nutrients need) was obtained from (Grain Silos & '€ body weights of the animals were measured
Mills Organization, Laboratory Animal, Riyadh) andUSing @ top loader weighing balance. The
it was used for the control groups (1 & 5). Theedat biochemical analysis was carrled_ out at the Central
fiber were added in different concentrations (596-@Poratory and Blood bank, Ministry of Health

10%, 20%) to the standard rat chow. Th iyadh, Saudi Arabia. The assays were for serum
compositions of the diets are shown in table I. glucose (fasting and OGTT) and insulin.

Dates Fiber Extraction: Dates (Phoenix Blood GlucoseLevel

dactyliferous) fruits (Suk’ai Date) in Tamer stage Blood sample was obtained by cardiac puncture
(full ripe dry stage) were obtained from (Al-Kharjand their fasting serum glucose was measured
area, KSA), dates fibers were extracted in Al-Hassalith an automatic analyzer (Hitachi 917, Roche
Food Industries, Extraction Unit. Date fiber wagnodular) using commercially available enzymatic
extracted from the tissues of dates fruit by watgphotometrical reagents by UV TéZH. The animals
extraction, as described by Prakongpan &alhe were fasted for a period of 16 hours before their
dates were soaked in water (100gm / 300ml) at 60°good glucose level was measured.

for 2 hr, the insoluble material was then recoverederum Insulin Concentration: Serum insulin

by centrifugation (4000 rpm) with running water.concentration was measured by the Rat Insulin
The residue was re-extracted and re-centrifugeld witnzyme immunoassay, Biotrak (EIA) system using
running water, then the residue of dates fibereweRpPN 2567 rat insulin EIA kit (Amersham
dried at 50C° and were used in this experiment.  Bjosciences, UK) and Universal Microplate Reader
Analysis of Dates Fiber: The dates fiber were Bio-Tek instrument inc USA model ELX 80

Bull. Alex. Fac. Med. 46 No.1, 2010.
© 2010 Alexandria Faculty of Medicine.



SM Al-Orf. Alexandria Bulletin 67

Statistical Analysis amount of water consumed by rats within non-DM

Data were analyzed using Statistical Package f@ DM groups (table V), however the rats in the DM
Social and Science (SPSS) program (version 10.@®roups consumed larger amounts of water almost
Nonparametric statistics (Mann-Whitney test, an¢00% as compared to the amount of water consumed
Kruskal-Wallis test) were used to compare betweedy non-DM rats, the difference was highly
groups. The results were presented as meafignificant.
standard deviation and median with the level of Table VI shows the levels of serum glucose in
significance at P value < 0.05. non-diabetic and diabetic groups. There were no

significant changes in the level of serum glucose
RESULTS within each of the non DM rats, except in GP2

The effect of dates fibers in non-diabetic an%here the level of serum g|ucose decreased
diabetic groups is presented in table Ill. The Weig sjgnificantly. In the DM groups, the level of serum
of the non-DM groups (GP1, GP2, GP3 and GP4jycose increased significantly in the control grou
increased significantly throughout the entire stud)(Gpl), however the increment in the other DM
Within each DM Group, the weight of DM groups (Sgroups fed on normal chow with addition of dates
& 8) insignificantly increased to a lesser extentgietary fiber did not reach significant level. lasv
meanwhile the weight of GP6 and GP7 decreasefigticed that groups 6 and 7showed a decrease at the
reaching a significant level for GP6. Comparingenth day then increase at the twenty one day.
each diabetic group to its counterpart DM group rpe ppE had lowered the level of serum insulin in

with the same concentration at specific da}ys_(p, 18on-DM groups as compared with respective their
|21)’ mogtlz a”h DMh groups showed a S'gn'f'camcontrol group (GP1) but the decrements did not
ower weignts than t e|r counterparts. ) reach significant levels (table VII). In all DM

~ The effect of dates fibers on average food intakgroups, an insignificant decrease in insulin levas

in non-diabetic and diabetic groups was shown ifhund in all groups by the twenty one day.

t"?‘b"?. V. Throughout_ the study there was @ n poth groups- non DM and DM rats (table VIII),
significant difference in the average food mtakeme levels of serum glucose after the OGTT

(gm/rat/day) between the DM and Non-DM 9roupSiycreased at 60 ad 120 minutes, then decreaseat 18

The DM groups consumed significantly Iargerminutes. The changes were highly significant fa th

amount of food (1.3-1.5 times) as compared 2 on-DM groups (GP1, GP2, GP4). The levels of
respective non DM groups. Comparing the non-DMg glucose after the test of OGTT were much
groups within each other, rats in GP4 consum gher in the DM groups (5, 6, 7 and 8) than in-non
significantly the largest amount of food. Whilepy, 1qns: the difference reached significant level

within the '.DM. groups, the control group (GPS)for groups with added DDF as compared to their
consumed significantly the largest amount of food. control

No significant difference was observed in the

Tablel: Composition of experimental diets

. Control/control diet
Ingredients (g/kq)
Corn starch 465.692
Casein 140.00
Maltose and dextrin 155.00
Sucrose 100.00
Soybean oil 40.00
Fiber 50
Mineral mix 35.00
Vitamin mix 10.00
Choline bitartrate 2.50
Date Fiber:

Control 0.00

5% 50.00
10% 100.00
20% 200.00
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Tablell: Experimental Animal Groups and Diet Regimens

Groups of Rats Number of Rats % cl)DerDtDF Description of rats
GP1: Control 9 Standard + (0% dates fiber) Non diabe
GP2 8 Standard + 5% dates fibe Non diabetic
GP3 8 Standard + 10% dates fiber  Non diabetic
GP4 9 Standard + 20% dates fiber  Non diabetic
GP5 : Diabetic Contro 10 Standard + 0% dates fibeDiabetic
GP6 10 Standard + 5% dates fiber Diabetic
GP7 10 Standard + 10% dates fiber Diabetic
GP8 10 Standard + 20% dates fiber Diabetic

Tablelll: The effects of graded levels of dates dietary firetotal body weight in non-diabetic and diabedits

Non-DM DM
Group No Day Weight P* Group No | Day Weight P* P#
(DDF %) (g/rat) Value | (DDF%) (g/rat)
1 0 238+12 (238.7) 5 0 281.5+17 (281.5 .001
(0%) 10 274+11 (274.3)] 0.000 (0%) 10 286+18 (286.7) .431 .062
21 32319 (322.6) 21 291+18 (291.4 .041
5 0 255+11 (255.2) 6 0 | 261+10.8 (261.8 .068
(5%) 10 298+11 (297.7)] 0.000 (5%) 10 227411 (227.3) .029 .002
21 33949 (339.1) 21 217+44 (216.4 .003
3 0 277+14 (277.3) 7 0 270412 (270.3) 21
(10%) 10 | 304+13 (304.7)| 0.012 (10%) 10| 255+14 (254.9).172 045
21 | 331+11 (331.5) 21|  246+18 (246.9) 013
4 0 283+11 (282.5) 0.001 8 0 272412 (272.1) 115
(20%) 10 | 314+12(314.2) (20%) 10 280+14 (280.5).215 .016
21 | 350410 (350.4) 21 300+18 (300.3) .031

# Mann- Whitney tests, *Kruskal Wallis test, datagented as mean with median between parentheses

TablelV: The effects of graded levels of dates dietary firethe daily food intake
in non-diabetic and diabetic rats

Non-DM DM
Group No Food p* Group No Food p* P #
(DDF%) (g/rat) (DDF%) (g/rat)
1 19.3+.38 5 32.9+0.5 000
(0%) (19.32) (0%) (32.85) )
2 19.6+.39 6 25.9+1.8 010
(5%) (19.53) 010 (5%) (25.87) 002 )
3 18.5+.47 | 7 28.3+1 |- 000
10% (18.48) (10%) (28.31) )
4 21.6+.95 8 29.9+1 000
(20%) (21.57) (20%) (29.88) )

# Mann- Whitney tests, *Kruskal Wallis test, datagented as meanSD with median between parentheses

TableV: The effects of graded level of dates dietary fimeithe daily water intake
in non-diabetic and diabetic rats

Non-DM DM
Group No Water p* Group No Water p* P#
DDF% (ml /rat) DDF% (ml /rat)
1 29.26+1.4 5 1249 +4.6 000
(0%) (29.29) (0%) (124.5) )
2 29711 6 128.6+11.1 000
(5%) (29.74) 205 (5%) (128.4) 081 )
3 26.7+09 | ° 7 136.6+5.1| ° 000
(10%) (26.59) (10%) (136.8) )
4 30.1+1.2 8 130.1+ 5.1 000
(20%) (30.14) (20%) (130.3) )

# Mann- Whitney tests, *Kruskal Wallis test, datagented as meanSD with median between parentheses
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Table VI: The effect of graded levels of dates dietary fibethe serum glucose
in non-diabetic and diabetic rats
Non-DM DM
Group No Glucose L evel 2 Glucose L evel o
(DDF %) Day (mmol/L) P* | Group No (DDF%) | Day (mmol/L) P
0 6.19+0.61 0 8.35+0.7
(6.20) (8.33)
1 8.75+0.58 5 11.19+41.06
ow | 1° ©77) |0t (0%) 10 avie)y | 0%°
6.89+0.25 15.6+3.11
21 (6.85) 21 (15.58)
0 7.85+£0.53 0 19.3+2.4
(7.87) (19.19)
2 5.51+0.22 6 17.8+2.8
cw | 1° 53 |01 (5%) 10 azsz) | 070
6.25+0.27 21.9+£3.7
21 (6.24) 21 (21.88)
0 7.79+0.24 0 14.5+2.9
(7.76) (14.52)
3 7.02+0.2 7 12.89+2.9
10%) | 10 z.01) | 100 (10%) 10 285 | 0%
7.67+£0.54 15.2+3.11
21 (7.69) 21 (15.34)
0 6.68+0.46 0 7.66+0.77
(6.69) (7.67)
4 6.82+0.27 8 9.741.12
@0%) | 1° ©81) | %0 (20%) 10 ©72) | 102
7.66+0.65 9.4+1.3
21 (7.65) 21 (9.44)

*Kruskal Wallis test, data presented as me&@D+with median between parentheses

Table VII: The effect of graded levels of dates dietary fiethe serum insulin

in non-diabetic and diabetic rats

Non-DM DM
Group No . Group No .
Insulin P# Insulin
& Day (mmol/L) | value & Day (mmol/L) P
(DDF %) (DDF %)
o | 112#0.35 o | 1-3620.24
1 (1.13) 5 (1.34)
(0%) o1 | 1:5420.94 20 (0%) 51 | 1:2520.16 A1
(1.51) (1.26)
1 | 216207 o | 0-99:0.21
5 (2.18) 6 (0.98)
13 .34
(5%) 1 | 1-450.19 (5%) o1 | 0-8220.5
(1.41) (0.81)
1 | 1.9720.38 o | 0942031
3 (1.94) 7 (0.92)
.053 .08
(10%) 51 | 1.56%0.26 (10%) 51 | 0-85£0.37
(1.53) (0.84)
o | 16306 o | 1252021
4 (1.60) 9 (1.23)
(20%) 1 | 1:3420.49 07 (20%) 1 | 0842014 14
(1.33) (0.85)

#Mann-Whitney test, data presented as me&8D-+vith median between parentheses
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Table VIII: The effect of graded levels of dates dietary fimethe serum glucose in non-diabetic
and diabetic rats after (OGTT)

Non-DM DM
Group No | Time | Glucose Level p* Group No | Time | Glucose Level p*
(DDF %) | (min) (mmal/L) (DDF %) | (min) (mmol/L)
0 6.9+0.33 0 17.0£3.7
(6.88) (16.9)
10.2940.39 29.8+3.5
60 60
1 (10.26) 000 5 (20.88) 201
(0%) 9.36+0.5 (0%) 29.615
120 (9.34) 120 (29.62)
9.81+0.76 26.0+4
180 (9.79) 180 (25.98)
0 7.08+0.7 0 13.4+2.5
(7.07) (13.35)
9.84+0.8 39.9+£3.2
60 60
2 (9.79) 031 6 (39.85) 000
(5%) 120 10.0540.9 (5%) 120 33.6+2.1
(10.08) (33.61)
10 | oL 10 | 25038
0 7.14+0.46 0 14.0£1.9
(7.13) (14.11)
10.8940.8 34.2+3.3
60 60
3 (10.87) 055 7 (34.31) 000
(10%) 12.74+2 4 (10%) 29.6+£3.8
120 120
(12.69) (29.64)
o | 12708 wo | 292
0 5.92+0.32 0 10.1+1.5
(5.89) (10.08)
10.3+£0.97 29.8+4.3
60 60
4 (10.34) 000 8 (29.77) 001
(20%) 120 10.3340.7 (20%) 120 25.6+3.5
(10.30) (25.59)
9.26+0.54 25.05+2
180 (9.17) 180 (25.11)

*Kruskal Wallis test, data presented as me&D+with median between parentheses

DISCUSSION control diet?® Wang ZQ et al 2007, found that
This study was carried out to assess the effect whereas there was no difference at the baselirge of
different concentration of dietary fibers derivedrh  types of dietary fibers-sugarcane fiber (SCF),
dates fruit [79.05% as total dietary fiber, 76.5a@% psyllium (PSY), and cellulose (CEL), body weight
insoluble fiber] on weight gain, serum glucose andains in the PSY and SCF groups were significantly
insulin levels in STZ-induced diabetic and normalower than in the CEL group at the end of st{fdy.
non diabetic rats. Dietary fiber has been previously shown to have an

In normal non-diabetic rats addition of datednfluence on weight gain because of its satiating
dietary fiber did not hinder the weight gain. Thereeffect.
was significant increase in weight gain in all four In general, it has been observed that diabetic rats
groups. Similarly the diabetic rats fed on normiatd had lower body weight throughout the experimental
(GP5) and also 20% DDF (GP8) in the presereriod, although they consumed 1.3 times more food
study, showed substantial increase in body weighds compared to non-diabetic rats. These resultimare
While in STZ-induced diabetic rats, 5% and 10% oficcordance with Mad4?P who found the growth of
DDF added diets caused reduction in weighdiabetic rats was retarded by STZ treatment and the
(significant reduction only in 5% DDF). Numerousgrowth was not related to diet.
studie§€** have noted that consumption of dietary weight loss results from excessive protein and fat
fibers in humans have an inverse relationship witBatabolism to compensate for the inability to use
weight gain. Addingz-cyclodextrin (a dietary fiber) carbohydrate as fuel which is a direct consequence

to the diet significantly reduced weight gain insra of both insulin insufficiency and increased activit
fed with a high fat diet relative to rats fed withe
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of counter-regulatory hormones. to some limitations of the study such as lack of

Diabetic rats fed diet with/without fibers remainedplacebo, the presence of fibers already in the
hyperphagic throughout the present study. Previogénstituents of the normal chow, different level of
studies revealed inconsistent results. Vachon €Y al stress among rats groups, and differences in oeacti
found that soluble fibers reduces food intdkemos Of the rate groups to induction of diabetes by STZ.
N et al showed that consumption of a cholesteroHowever, in conclusion, the study suggests the
rich diet containing a soluble cocoa fiber producpotential role of dates dietary fiber in reducingpd
resulted in lower food intake and body weighintake, reducing or controlling weight, as well as
gain in comparison with control groups consumindowering blood glucose among diabetic rats.
cholesterol-free or cholesterol-rich diets with REFERENCES

cellulose as dietary fibétY While Frias and _
Sgarbierf? mentioned that addition of cellulose inl- Alfadda A, Bin Abdulrahman KA. Assessment

the diet causes an increase in food intake. of care for type 2 diabetic patients at the primary

Diabetic groups consumed large amounts of water- e cIi_nics of a . referra! . hospital. - journal
community and family medicine 2006; 13 (1):

as compared with the amount consumed by non-; - o

diabetic rats, the difference was highly signifigan . .
the outcomes is notable because STZ-diabetic ra?tsl_Rog!'C G, Unwin N, Bennett PH, Mathers C,
uomilehto J, Nag S et al. The burden of mortality

has been reported fo result in significantistérinary attributable to diabetes. Realistic estimates lier t
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gu polyuria ( ' ) Jear 2000, Diabetes Care 2005: 28 (9): 2130-5.

Whether the intake of high dietary fiber may.
improve glycemic control in individuals with type 3Aial\-||:';1l\r|:)hzih§SMX@?;Maﬁmlfhg/lli,l ':\/:-ZMalirho;nYl\Té
2 diabetes has been controversidlhe present Al-Khadra A AI—Marzéuki K f\]ouh MS,

results demonstrate that STZ-diabetic rats fed on .

high DDF (20%) diet showed a slight increase of AbduI_Iah M, Attas. O, AI.'Sh"’.Ih'd M.S’ Alf

serum glucose level as compared with the controIMObe.'reEK A. Dlalc.)e'ues mfellltus in Saudi Arabia.

(GP5), 5% (GP6), and 15% (GP7) DDF groups4SiUdl MHedJiogﬁ' 25 (133 1393;'10' o i ih
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components may modifyntestinal architecture ; )
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correlated with altered functional characteristics>:" 'an# M, bantie Jr=, beebe LA. evidence-base
Nutrition, Principles and Recommendation for the

Madar et dl’ reported reduction in serum glucose Treatment and P fon of Diabot d Related
when cotton seed dietary fibers - supplemented diet reatment and Frevention ot Diabetes and Relate

were given to type 2 diabetic subjedts] et al®® Complications. Diab Care 2002;. 25 (1): 14.8_—98.
showed that the intake of the barley diet (higl’?"vIarlett J, .McBurn.ey M Slavin .‘]'. P93|t|on of
dietary fibers diet) significantly improved the are Fhe . A'T”er'ca” .D|etat|c. Assomatlon.. Health
under the plasma glucose concentration time curves'mpl'(_:at'on_s of dietary fiber. J Am Diet Assoc
lowered the fasting plasma glucose and glycosylat 002; 102: 99_3'1000'

hemoglobin levelsMeanwhile, Wang ZQ 2007 -Madar Z, Nir M, Tro_stler N.’ Norenberg C‘.
reported that fasting plasma glucose and insulinEﬁeCtS of cofctons_eed (_jletary fiber on met_aboll_c
and areas under the curve of intraperitoneal gkicos parameters in d_|abet|c rats and non—l.nsulm.
tolerance test were also significantly lower in the déPendent diabetic humans. J Nutr 1988; 118:
SCF and PSY groups than in the CEL and high fa8t114.3_8' - . )
diet groups?” Several studié®3 in which -Institute of Medicine D|etqry Reference Intake.s.
different types of insoluble dietary fiber were gse EN€rgy. Carbohydrate, Fiber, Fat, Fatty Acids,
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