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STUDIES ON PRODUCTION OF SODA CRACKERS
BISCUITS FOR DIABETICS

[40]

Ayman', E.M.; A.H. Sania' and M.K. Ahmed'
ABSTRACT

In this study inulin was isolated from artichoke bracts and supplemented with
wheat flour 72% extraction at levels 3,6 and 9% for production of soda crackers bis-
cuits. Sensory evaluation showed that taste, texture and odor of biscuits gradually
improved, while color and appearance gradually decreased but not significantly dif.
ferent compared to control. Baking quality of biscuits indicated increasing in weight
but volume, diameter and thickness slightly decreased compared to control. Chemi-
cal composition of biscuits declared that meisture, ash, fiber and carbohydrate in-
creased, on the contrary protein, ether extract and values of energy (calories) de-
creased compared to control. Biological evaluation for-rats after 4 weeks revealed
that blood levels of glucose, LDL, creatinine, urea, uric acid, triglycerides, total cho-
lesterol and total lipids were decreased, while HDL increased in diabetics rats fed on
biscuits contain inulin compared to diabetics control rats fed on biscuits without inu-
lin. Histopathological examination were observed severe congestion, hemorrhage
and fatty change in liver of diabetics control rats, while were observed very few
congestion, hemorrhage and fatty change in liver of diabetic rats fed on biscuits con-
tain 9% inulin. Kidney of diabetics control rats were declared severe hemorrhage
and hemolysis, meanwhile kidney in diabetics rats fed on biscuits contain 9% inulin
were demonstrated very few hemorrhage without hemolysis.

Key words: Inulin, Biscuits, Sensory evaluation, Biological evaluation and Histopa-
thological examination
INTRODUCTION hence, it can be used for diabetics
(Heimann 1980). Labell (1992) reported

Inulin is a white powder that dissolves
in hot water without forming gel. It gives
no color reaction with iodine. Inulin
molecule is made up of about 35 fructose
units in which fructofuranose residues are
linked by B-D (2 — 1) bonds, so that,
hydrolysis of inulin yields small amount
of glucose. Inulin is broken down to fruc-
tose by the plant enzyme inulinase,

that the inulin could be regarded as a kind
of soluble dietary fiber with a reduced
calorie value and used as an additive got
dietetic products in the bakery because
the fruetooligosaccharids help in keeping
the bakery products fresh for a longer
period. Inulin could be used as a natural
sweetener for a healthy diet. It has a good
taste, sweetens pleasantly, tastily is quite
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convenient in use, fow in energy and does
not increase sugar, cholesterol and
triglyceride levels of the blood (Barta
1993). The classification of inulin and
oligofructose as dietary fiber based on
their resistance to digestion followed by
fermentation in the colon leading to im-
provement of colonic function especially
fecal bulking. And added that the caloric
content of inulin is ~4.13 K¥g (or 1
Kcal/g) (Roberfroid e¢ al 1993). Sliva
(1996) reported that over 30.000 plants
contain inulin including such commonly
known vegetable as artichoke, asparagus,
leek, onion, garlic, dahlia and chicory
roots. Inulin reduce of the risk of colon
carcinogenesis via an inhibition of the
development of aberrant crypt foci and
other surrogate markers (Reddy et al
1997). _

The main objective of this study is
isolation of inulin from artichoke bracts
and producing soda crackers biscuits. for
diabetics and trial sensory evaluation,
baking quality, chemical composition of
biscuits, biological evaluation for rats fed
on biscuits contain 3,6 and 9% inulin and
histopathological examination of liver
and kidney.

MATERIAL AND METHODS
Material

Artichoke bracts (Cynara scolymus)
were obtained from Faculty of Agticul-
ture Moshtohor farm.

American wheat flour (72% extrac-
tion) was obtained from South Cairo
Mills Company, Egypt.

Methods

Artichoke bracts were cleaned with
tap water to remove dusts and other unde-

sirable materials then cut into small

pieces and dried in an air oven at 60°C

until complete dryness. The dried sam-
ples were milled to pass through 125um
sieve,

- Tnulin was isolated according to
method of Margaritis and Bajpai
(1932).

- Soda crackers biscuits were prepared
as described by Bassiouny et al (1990).

- Soda crackers biscuits were evaluated
by ten panelists were asked to evaluate
taste, texture, odor, color, and appear-
ance according to method of Wade
(1988).

- Moisture, protein, ether extract, fiber
and ash were determined according to
methods of AQAC (19935).

- Values of energy were calculated ac-
cording to United States Department
of Agriculture (1989) as follow:
(protein x 3.47 + fate x 8.37 + carbo-
hydrate x 4.07).

‘Biological evaluation

Forty albino- male rats weight 140-
145gm were housed individually in
stainless steel cages with wire mesh floor
under condition (25°C, 60%rh, 12hr light
and dark cycle), Distilled water and diets
were offered ad libitum. One group (8
rats) was fed on basal diet and considered
as normal control, other rats (32 rats) was
injected intraperitoneally alloxan mono-
hydrate dissolved in saline to induce hy-
perglycemia after fasting overnight at a
dose of 150mg/kg of body weight. One
group from diabetics rats was fed on the
basal diet and kept as diabetics control.
The basal diet consisted of 12.5% casein
(10% protein), comn oil (10%), cellulose
(5%), salt mixture (4%), vitamin mixture
(1%), choline chloride (0.2%) and comn
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starch (67.3%) according to Lane-Peter

and Pearson (1971). The other diabatics

groups were divided into six groups

(8 rats each} and Ted on biscuits contain-

ing inulin at levels 3,6 and 9% for 4

weeks.

- Total lipids were determined accord-
ing to method of Knight ef al (1972).

- Total cholesterol was determined ac-
cording to method of Allain er al
(1974).

- Creatinine and uric acid were deter-
mined according to methods of Cara-
way (1963). ’

- Blood glucose was determined ac-
cording to method of Tietz (1986).

- Triglycerides were determined accord-
ing to method of Lawell (1973).

- High density lipoprotein was deter-
mined according to method of War-
nick ef al (1982). :

- Low density lipoprotein was calcu-
lated according to equation of Fniede-
wald ef af (1972). LDL = total choles-
terol — [(triglycerides/5) + HDL]

- Histopathological examination of or-
gans rats (liver and kidney) were sub-
jected according to method of Drury
and Wallington (1980).

The obtained data were statisticaily
analyzed using the Statical Analysis Sys-
tem SAS (1996).

RESULTS AND DISCUSSION

Artichoke bracts were chemically ana-
lyzed as shown in Table (1) from these
results it could be observed that artichoke
bracts contain 6.10% moisture, 10.17%
protein, 2.13% ether extract, 26.11% fi-
ber, 15.26% ash and 46.33% total carbo-
hydrates. From the same table it can be
seen that inulin isolate was 60.75%. At

the same time Labell (1992) reported that
wheat flour can be substitute for up to
10% in baked goods, at these levels it
does not compromise the functionality of
the wheat gluten or flour.

- Soda. crackers biscuits are important

bakery items and used all day and are

not restricted to any particular of the.
day. It has very long shelf life, as they
are not prone to destruction by fingers,
etc.

With respect to sensory evaluation of .
biscuits the data in Table (2) showed that
taste, texture and odor gradually im-
proved by increasing inulin replacement.
On the contrary color and appearance
gradually decreased compared to control
but not significantly different among all
samples.

Concerning baking quality of biscuits
the given data in Table (3) demonstrated
that as a result of decreasing of diameter
and thickness the volume also gradually
decreased by increasing inulin percent
replacement compared to control. These
findings may be related to increment of
bulking agent in biscuits:as a results of
adding inulin as explained by Labell
(1992) meanwhile expansion factor,
weight and density were gradually in-
creased by increasing inulin percent re-
placement compared to control. These
results coincide with the data mentioned
by Kathy (£999) who reported that inulin
is used to improve the mouthfeel, accept-
ability, flavor and texture of foods arnd
added that it can be used to fortify foods
without contributing any deleterious or-
ganoleptic effects.

Concerning chemical composition of
soda crackers biscuits the foregiving re-
sults in Table {(4) showed that moisture,
ash, fiber and total carbohydrates slightly
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Table 1. Chemical composition (%) of artichoke bracts (on dry weight basis)

. . Ether . Total* Inulin
Moisture  Protein extract Fiber Ash carbohydrates isolate
6.10 10.17 2.13 26.11 15.26 46.33 60.75
* Calculated by difference
Table 2. Sensory evaluation of biscuits
Samples Color Taste Texture Odor Appearance
P 10 10 10 10 10
Biscuits (control) 95a 8.8a 92a 8.9a 9.0a
Biscuits (3% inulin) 93a 9.0a 92a 9.2a 8§9a
Biscuits (6% inulin) 90a 9.1a 93a 93a §7a
Biscuits (9% inulin) 89a 9.4a 94a 9.5a 8.6a
- Values followed by the same letter in column are not significantly different
Table 3. Baking quality of biscuits*
. el Expansion . .
Samples Dlz::u:tcr Th:n.‘!;r:css factor Vglur}nc \Vt:(l}.__,ht Densngy
m Di/Th m glem
Biscuits {contro!l) 66.50 4.30 15.46 8.75 10.15 1.16
Biscuits (3% inulin} 66.46 427 13.56 8.72 10.83 1.24
Biscuits (6%% inulin) 66.12 4.00 16.33 8.69 11.20 1.28
Biscuits (9% inulin) g5 79 3.91 16.82 867 1190 137

* Mean of five measurement
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increased by increasing inulin percent
replacement compared to control. On the
contrary protein, ether extract and values
of energy decreased. These results can be
supported by Kathy (1999) who reported
that inulin has been used in many coun-
tries to replace fat or sugar and reduce the
calories of foods such as ice cream, dairy
products, confections and baked. goods.
Inulin has lower caloric values than typi-
cal carbohydrates due to the § (2-1) bonds
linking the fructose molecules. These
bonds render them non-digestible by hu-
man intestinal enzyme. Thus, inulin pass
through the mouth, stomach and smail
intestine without being metabolized. This
has been proven by many scientific.
Rumessen et af (1990) and Knudsen &
Hessov (1995). These studies indicate
that almost all of the inulin ingested en-
ters the colon where it is totally fer-
mented by the colonic microflora. The
energy derived from fermentation is
largely a result of the production of short-
chain fatty acids and Iactate, which are
metabolized and contribute 1.5 kcal/g of
useful energy for inulin. Other by-
products of fermentation include bacterial
biomass and gases that are eventually
excreted. Due to the non-digestibility of
inulin was found to be suitable for con-
sumption by diabetics.

- The obtained results in Table (5)
revealed that after 4 weeks blood
levels of glucose, LDL, creatinine, urea,
uric acid,s triglycerides, total lipids and
total cholesterol were decreased while
HDL increased in diabetics rats fed on
biscuits contain inulin compared to dia-
betics control rats fed on biscuits without
inulin. These results are in agreement
with those mentioned by Canzi et al
(1995) who observed significantly, lower
triglycerides, LDL and total cholesterol

589

concentration in young male volunteers
who consumed 9g inulin added to a rice
breakfast cereal for a period of 4 weeks.
And so, recent studies have shown the
effects on serum triglycerides to.be due to
reduced secretion of VLDL particles from
the liver and to be associated with re-
duced activity and gene expression of the
key regulatory enzyme, fatty acid syn-
thetase (Kok ef al 1996). At the same
time David er af (1999) reported that
inutin reduce serum urea level in renal
disease.

On the other hand the Table (6)
showed that after 4 weeks total lipids,
total cholesterol and triglycerides in
liver of rats fed on biscuits contain
inulin decreased compared to diabetics
control rats feed on biscuits without inu-
lin.

Regarding to histopathological ex-
amination Fig. 1, 2, 3 and 4 illustrated
organs liver and kidney for diabetics con-
trol rats fed on biscuits without inulin and
diabetics rats fed on biscuits supple-
mented with 9% inulin. Histopathological
examination were observed severe con-
gestion, hemorrhage and fatty change in
liver of diabetics control rats, while were
observed very few congestion, hemor-
rhage and fatty change in liver of diabetic
rats fed on biscuits .contain 9% inulin.
Kidney of diabetics control rats were de-
clared severe hemorrhage and hemolysis,
meanwhile kidney in diabetics rats fed on
biscuits contain 9% inulin were demon-
strated very few hemorrhage without
hemolysis.

From the above mentioned results it
could be concluded that inulin possess
several nutritional properties which may
be used to formulate innovative healthy
foods for diabetics.
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Table 4. Chemical composition of biscuits

Samples Moisture  Protein ::‘E::t Ash  Fiber c arbo':-l(;?:ales‘ (ci;ir@glgg) .
Biscuits {control) 6.10 10.25 -1.96 0.88 1.55. 85.26 398.96
Biscuits (3% inulin) 6.31 998 152 138 183 85.29 394.48
Biscuits (6% inulin) 116 9.66 1.21 L0 212 853 390.85
Biscuils (9% inufin) 7.93 9.13 1.05 2.05 227 85.50 38844

* Calculated by difference

Table 3. Values of glucose, creatinine, uric acid, urea, triglycerides, total lipids, total
chotesterol, high density lipoprotein (HDL) and low density lipoprotein
(LDL) of blood for groups of rats after 4 weeks

Groups of rats*  Glucose  Creatinine Urea  Uricacid  Triglycerides
Normal control 8%e 0.92¢ 12¢ 4.40b 75d
Diabetics control 253a 1.03a 56a 7.45a 106a
Group No.1 187b 0.99a 38b 6.25a 100b
Group No.2 140¢ 0.96b 23c 5.16ab 93¢
Group No.3 101d 0.93c 15d 4.15b 83c

Table 5. Cont.

Groups of rats* ‘Lipids  Cholesterol HDL LDL
Normal control 260e 85d 57.11a 12.89d
Diabetics control 319a 113a 41.26d 50.54a
Group No.1 3120 109a 46.31c 42.6%a
Group No.2 303c 106b 49.67b  37.73bc
Group No.3 295d 97c 55.27a 24.13¢

* Groups No. 1, 2 and 3 fed on biscuits contain 3,6 and 9% inulin respectively
+ Values within 2 column followed by different superscript letter are significantly
different
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Table 6. Values of total lipids, total cholesterol and total triglycerides of liver (mg/
100g) for groups of rats after 4 weeks

Groups of rats* Total lipids Total cholesterol Triglycerides
Normal control 4.86d 0.50e 2.43¢c
Diabetics control 7.1 13_ 0.81a 3.17a
Group No. | 6.55ab 0.73b 2.85 ~
Group No. 2 6.20b 0.64c 2.61b
Group No. 3 54lc - 0.55d 2.49c

* Groups Mo. 1,2 and 3 fed on biscuits contain 3,6 and 9% inulin respectively
- Values within a column followed by different superscript letter are significantly different

Figure 1. Photomicrograph of liver for diabetics control rats fed on biscuits without inu-
lin. It obvious severe congestion, hemorrhage and faity change.

Annals Agric. Sci., 4%(2), 2004
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Figure 2. Photomicrograph of liver for diabetics rats fed on biscuits contain 9% inulin.
It shows very few congestion, hemorrhage and farty change.

¥ . X

Figure 3. Photomicrograph of kidney for diabetics control rats fed on biscuits without
inulin. Tt observes severe hemorrhage and hemolysis.

Annals Agric. Sci., 49(2), 2004



Soda crackers biscuits for diabetics 593

Figure 4. Photomicrograph of kidney for diabetics rats fed on biscuits contain 9% inu-
lin. 1t notice very few hemorrhage without hemolysis.
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