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ABSTRdCT

Different sources of by-products rich in dietary fiber (D.F) i.e.

wheat bran, shorts, rice bran. defatted rice bran, okara, deiatted okara

and apple pomace rvere separately added tc semolina. The forrnulated

blends were evaluated lbr their chemical composition, cooking
qualify*. nutritional value and organoly'ptic characteristics' Results

showed that all ofthe added cereal by-products increased the weight

and volume of thc produced spaghefti compared to control. All blends

containing by-products rich in dietary fiber caused a higher loss in

total soluble solids (T.S.S) in cooking x'ater compared to control.

Addition of these by - products up to 3o/o dietary fiber caused no

effect on the shear force of the cooked spaghetti, rvhile it was

decreased at 5.7 and lO%D.F.The lightness values for all uncooked

spaghetti were decreased as the percentage ofdietary fiber increased-

Results also showed thal the addition of these by-products decreased

the carbohydrate and protein contents ofthe produced spaghetti. No
significant difference in the organoleptic characteristics of spaghetti

processed from semolina or those containing (3% D.F) were obtained-

However highly significant differences were found in the other

replacements. it could also be concluded that the addition of shorts

(up to7%D.F.)to semolina showed a good qualiry- characteristics for
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\.yeight and volume increase, lowest cooking loss, high nutritional
value (protein digestibility and total calories) and organoleptic

propefiies of blends of semolina with either wheat bran or defatted

okara (at 5% dietary fiber replacement).On the other hand. semolina

with either rice bran or defatted rice bran showed the lowest quality

characteristics at any percentage of replaoement.

Key words: cooking quality, dietaryfiber, nutritionalvalue, sensory

evalwtion, spaghetti.

l.INTRODUCTION

Cereal and cereal products are widely consumed as a source of
energ)' as well as protein intake. Macaroni as a major source ol
carbohydrates is produced by using semolina. durum wheat farina. or

a1ly combination of two or more. Semolina of durum wheat is

considered an ideal raw material for such production.
In Eg,vpt, macaroni is produced by using rvheat tlour Tloo

extraction and semolina. Because of the high prices of the imported

semolina, Egyptian durum wheat (Sohag 2) is grown in Sohag

Governorate and used for macaroni production.
Different attempts have been tried to replace part of semoiina

with either legume (to raise protein content) or l'iber rich sources.

Cummings, (1978) and Anderson and Chen (i979) stated that cereal

fibers exerted a pronounced effect on the colon, in rvhich it decreases

the transit time of the digestible materials. Gel-fbrming
polysaccharides alter the pattem of glucose absorption and ma1 be

hypocholestrolemic. lnsoluble plant fibers appeared to be ineffective
in lowering serunr cholesteroi.

It is reported that the heaithl,'diet, should be lorv in fat and high
in dietary fibers to prevent and control the diet-related diseases such

as coronary heaft disease. diabetes. borvel disorders and some cancers
(Carrol, 1990 and Hong et al., 1993).It is also foundthatnoodles
made with 59lo treated so1,-milk residue received the highest sensory

score. In addition, the textural properlics of noodlcs supplemented
with l0% treated soymilk residue or 5% treated apple pomace were

sirnilar to those of control (wheat flour noodles).

ta
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Abo El-Naga (i995) reported that addition of dietary fiber rich
sources ( 1.e., potato peels , maize pith 

" 
sugarcane pith and alpha

cellulose) increased the cooking loss and cooked weight and volume
in the produced spaghetti .

The present rvork rvas carried out to study the effect of some

dietary fiber rich sources i.e.. (u'heat bran. shorts, rice bran, defatted
rice bran. okara. defatted okara and apple pomace) on the cooking
quality. nutritional ralue and sensory evaluation of the produced

spaghetti.

2.MATERIALS AND METHODS

2.1. Semolina [Obtained from the Egyptian Company for macaroni

and starch (Regina), EL- Sadat City, Erypt.l, Wheat bran and
shorts [obtained from South Cairo Mills Company, Giza,
E$,'ptl, Rice hran and defatted rice bran [obtained from Rice

Technology and'Iraining Center at Sakha, Agricuiture Research

Center, Egyptl, okara (soymilk residue) fobtained lrom the
Agriculture Research Center, Giza] and apple pomace fthe
residue aller extraction of apple juice (Anna apples)] were used.

2.2. ?reparation of diff'erent dough blends of spaghetti. Different
spaghetti dough blends were prepared by partial replacement of
semolina with different levels of dietary'fiber rictr sources. i.e.

wheat bran ,shorts, rice bran , okara, defatted okara and apple
pomace. The addition was based on the percentage of dietary
fiber in each source and calculated to be 3. 5, 7 and l0o/o as

sho*n in I'able (1).

2.3. Processing of spaghetti: - Spaghetti was processed in the semi-

commercial scale laboratory ertruder (De Francis Machine
Corporation). according to the method described b1' Dexter arid

Matsuo (.1917).

2.4. Cooking qualiry of spaghetti:-The cooking qualiry i.e. the

percentage increase in rveight and volume and cooking loss rvere

measured using the method described br \Ya1sh and Gilles
(1971).Color and firmness of the cooked spaghettir,vere measured

according to the methods of Hunter(1958)and Walsh

(1971),respectively. 1-he cooking time q'as10 min in hoiling r.vater.
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2.5. Determination of protein tligestibility ( In vitro )' Protein

digestibility I ltt vin"o ) \\ras assessed by using pepsin and

pircreatin as described b1' Villegas et al'' (1968) and Micro

kjeldahel methods ( A.o.A.c. . 1gg0 ) . percentage of protein

digestibiliw rvas calculated b1'usirrg the following equation

Digested protein in supernatant X 100

Protein di gestibilirS' ?'o=
protein content of samPle

2.6. Caloric value. Totai caloric values of cookedspaghettiwere

calculated according to Dougherry et al',(1988')'

7.7. Sensory evaluation: Appearance, color, flavor' tendemess' and

strckinesi of the cooi.ea spaghetti were organoleptically

evaluated as described by Matz (1969)' The obtained data were

statistically analyzed using anall'sis of variance and least

significant range (L.S.R.) (Waller and Dunsan' 1969)'

3.RESULTS AIYD DISCUSSION

3.1.Chemical composition of cooked spaghetti blends

ResultsinTable(2)shoutlratthespaglrettiblendsofsemolina
supplemented with apple pomace possessed th'e highest loss in

carbohi,drates- rvhile siagheni blends ol semolina rvith detatted okara

had the higlest loss in p-rotein colltent. Hou'ever. spaghetti blends of

semolina n,ith shorts had the louest loss in carbohydrates and prctein

content. ln addition semolina and rvheat bran blend had the highest

loss in total 1ipid. ri hile the lorvest loss was for semolina with okara.

It \\.as found that addition of okara clecreased the loss in crude fiber

while the ash 10ss *'as increased in bleilds of semolina with defatted

rice bran.
Fromtheaboveresultsitcouldbeconcludedthatcookingof

spaghetticausedsomelossinthechemicalconstituentsofthecooked
.pu!rr"ttl. Such loss varieo according to the replacement percentage

uni-.o*po.itio* of the blends. Addition of rvheat bran to semolina

decreased the loss in carbohydrates follorved by shorts' rice bran and

okara, respectivell. on the oiher hand, addition of shorts ro senrolina

decreasedthelossinproteinfollori'edbyu'heatbran.rjcebranand



484.

Tahle (2): Elfect of cooking ia boiling water for l0 sinrtes oa the chemical composition of cooked rpaghetti
(on dry weight basls).

Dietary fiber



-485-

defatted rice bran, while the highest loss was in spaghetti made from
semolina and defatted okara (at 5% D.F. replacement).

such effects could be athibuted to the chemical constituents of
blend ingredients in which cereal by-products contained the highest
amount of starch and could be also considered rich in protein and
crude fibers .Meanwhile, okara and defatted okara are characterized
by the highest content of protein and thelowestcontentofstarch.
whereas, apple pomace is characterized by high contents of crude
fibers and fat and had the lowest content of protein.

3.2. Cooking qualif of ppaghetti
Different spagheffi blends prepared by partial replacement of

semolina with different byproducts rich in dietary fibirs i.e. wheat
bran, shorts, rice bran, defatted rice bran, okara, defatted okara and
apple pomace were evaluated for cooking quality viz.,wei$fiand
volume increase and cooking loss (determined as changes in r.s.s;.
Firmness and color were also evaluated and results are presented in
Tables (3 anda).

3.2.1. Weight and volume of the cooked spaghetti
Results in Table (3) show that the addition of byproducts rich

in dietary fibers caused an increase in weight ano votume ofthe
cooked spaghetti for all samples compared to control . Addition of
cereal byproducts revealed that shorts caused the highest increase in
werght and volume of cooked spaghetti followed by wheat bran then
defatted rice bran and rice bran, in that order. spagietti, replacement
with okara, defatted okara and apple pomace had almost t}te same
increase in weight and volume and still higher than control.

So, it could be concluded that the high increase in weight and
volume for spaghetti containing cereal byproducts could be uttiibut*d
to their high content of starch and cellurose. on the other hand. the
increased weight and volume for spagheffi containing okar4 defatted
gfara and apple pomace could be attributed to the high soluble
dietary fibers that caused an increase in their sweiling po*"r. These
results are in agreement with those obtained by Dextei it ol., qt9941,
who reported that good quality macaroni products should absorb
water at Ieast twice of their original volume. They also repored that

:
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the cooked weight and volume of substituted spaghetti were higher

than those of control. Abo El-Naga (1995) found thatthecooked
rveight and volume of substituted spaghetti samples increased as the

addition of dietary fiber increased.

3.2.2.The cooking loss

It is knor.rn that the quality of the cooked spaghetti is greatly

affected by the amount of total soluble solids (T.S.S) lost in the

cooking water. Therefore, the spaghetti samples were cooked for 5,

10 and 15 minutes and T.S.S. were determined in the cooking water

as presented in Table (3).

Results in Table (3) show that the loss in T.S.S. during cooking

of mocaroni increased by the addition of the studied byproducts

compared to control. In addition T.S.S. also increased by increasing

the amount ofbyproducts added.

The variation in T.S.S. loss during cooking of macroni could be

attributed to the varied chemical composition of dietary fiber sources.

It was also found that the increase in weight and volume of the

cooked macaroni varied according to the type and chemical

constituents of the added byproducts. These results are in agreement

with those of Kordonowy' and Youngs,( 1985)who reported that rvheat

bran containing spaghetti samples had higher cooking iosses that

could be attributed to the high content of water soluble components.

3.2.3.Firmness(as shear force) of spaghetti
Results in Table (3) show that spaghetti substituted with by-

products rich in dietary fibers (up to 3%) showed no effect on their

fimness after cooking . Moreover, the firmness of cooked spaghetti

decreased by the increasing of dietary fibers which could be

attributed to the diluting effect of fibers on gluten cohesiveness

(Kordonorl- and Youngs, 1985). On the other hand, results sliow that

addition of okara and defatted okara at 30% caused an increase in

shear force of the processed spaghefti. Such increase might be

attributed to their protein content which improved the cohesiveness of
the dough. These results agreed with those of Bahnassey and Khan

(1986) and Duszkieu'icz - Reinhard et al., (1988) who ;eported that

spaghetti firmness rvas improved with increasing protein content.
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3.2.4. Spaghetti color
Color, is the most important qualif."" parameter of spaghetti. and

was determined for the studied biends and the results are presented in
Table (4). Results indicated that the lightness values (L) of uncooked
spaghetti decreased as the percentage ofdietary fiber increased. It is
also noticed that spaghetti processed from semolina oniy (conrrol)
had the highest value o1' lightness (78.i) compared with the other
studied blends. Results also showed that the lightness values (L) for
all samples decreased bi cooking. Thc cooked spaghetti samples
showed lower lightness values compared to uncooked ones. Defatted
okara and okara spaghetti blends showed high lightness values
compared with the studied biends. Horvever. addition of apple
pomace greatly affected the lightness of the produced spaghetti which
possessed a clear brown color compared to the control and other
samples. This could be attributed to the phenolic compounds present

in apple pomace and their action in increasing the brow-ning process.
The results also indicated that cooking ofspaghetti in boiling rvater
for ten minutes reduced the lightness (L) and yellowness(b) values for
all treatments and varied according to the dietary fiber source added.

3.3. Nutritional value of cooked spaghetti
3.3. l.Protein digestibiliff (in vitr o).

From the data given in Table (5) it is ciear that cooked
spaghetti substituted with either shorls (7% D.f') or apple pomace
(7%D.F) had higher values of protein digcstibiliq,( }i vitro:)
compared to other samples. Results revealed also that at all level of
replacement (semolina lvith wheat bran, shorts, rice bran, defatred
rice bran . okara. defatted okara and with apple pomace), cooking of
the spaghetti improved protein digestibility (in vitro ) as compared to
uncooked spaghetti. These results are in agleement with those
reported by Nlaneepun (1978) u'ho found thattheadditionofcorn
bran in the preparation of spaghetti gavegooddigestibiliryandthe
highest fecal rveight.In this respect" the lowest value(l 13.23k cal) of
total calories was for cooked spaghetti substituted with defatted okara

{at 5or'o dietary' fiber) compared to other samples(at the same level ol
dietary fibcr).Fron'l the same results. the total calories of the
spaghetti blends could be arranged in a descending order as fbliou's:
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semolina, semolina with rice bran, defatted rice bran' wheat bran'

okara, apple pomace, shorts and defatted okara'

3.3.2,Total calories in cooked spaghetti

Total calories present in a known weight (i00gm) of the

studied sarnples varied according to the added dietary fiber source

and level oi addition. Total calories given for the studied samples

deereased as the level ofadded dietary fibers increased (Table 5)' in

this respect, the lowest value(1i3.23kcal) of total calorieswasfor

cooked'spaghetti substituted with defatted okara (at 5% dietary fiber)

compared to other samples(at the same level of dietary fiber)'From

the same results, the total calories of the spaghetti biends could be

arranged in a descending order as foliorvs: semolina' semolina rvith

rice f,ran, defatted rice bian, rvheat bran, okara' apple pomace' shorts

and defatted okara. The results agreed u,ith those reported by

Lockhart et al., (1980) who found that the caloric content of a food is

related to its alailable carbohydrate content. Therefore a higlr dietarl

fiber level tended to reduce the caloric value ofa food'

3.3.3.Organoleptic properties of spaghetti

Th; organoleptic properies of processed :p1g]rettl. 
with

semolina and different blends were evaluated (Table 6)' No

significant difference in the appealance ofspaghetti processed from

semolina or those containing 1:2. aietary fiber) were noticed, with the

exception of rice bran blends. Horvever. highly significant differences

in the other replacements were found' Highly significant differences

rvere found in color tbr all repiacements except spaghetti made from

semoiina. and either wheat bran, shorts, okara (3% D.F) or defatted

okara(3%or5YoD'F)'Meanlvhile,thehighestflavorScoreswere
noticed for semolina with shorts 3o/o D'F, okata 3a/o D'F' defatted

okara3akD.Fandapplepomace3%D.I.aswellasthecontrol
Ilowever, such flavor tended to decrease as the source of dietary fiber

increased uP tc 3% D' F.

Concerningthetendernessofcookedspaghetti'resultsshorved
that ad<lition of okara (at 3%D'F'), shotts, rice bran and apple pomace

separately to semolina had no effect on the cooked spaghetti'

Meanwhile. increasing the ievel of replacement of dietarl fiber

\>



Table Protein d and total calories for different blends of

Samples
Protein digestibility(%) Total calories

(kCal/l00gm)Before
cookins

After cooking

Semolina 81.9 83.4 134.26

Semolina +wheat bral (5% D.F)* E6.6 91.2 120.53

Semolina + shorL<(7% D.F) 89.d 9s.9 t 1r.65

Semoliaa + rice bran(S% D.F) 86.7 E9.9 t25.96

Semolina + defatted rice bran(S% D.O 89.4 92.0 120.s3

Semolina + okarr(7% D.F) 78.0 823 t 13.89

Semolina + defatted okarr(S% D.F) 16.1 79.9 I 13.23

Semolina + apple pomace(7% D.f) 92.1 95.1 I r 1.76

+ D^F-: dietary fiber.

* D.F: dietary fiber. **D: defatted

Table (6): Mean values of the

491-
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sources (7 to 10% D'F') decreased-the tenderness of theproduct'

Results also revealei *ig"in'*t diffe'ences in stickiness scores of

cooked spaghetti ,;"t":il;"'" tt*"rta and all percentage of

reolacement or' aittui:-rtl*' t"ttp' those madc fiom semolina u'ith

okara (3 and 5% 
''i'l'"o 

ot'llit,O okara (370 D'F') These results

contradicted with Kor;ono*y una Youn's (1985) who reporl-ed that

flavor, texture "'d 
;;i;-;f the no-bran"soaghetti was significantly

rated highe' tf''an ufiiit'tt 'u*pit'' 
The spagh*etti with 10% bran was

tn"*Tl1ro",lt,,"'" 
results it could q'':T]::"1i:1"tn".i1ut""'

of rich sources "f 
;;;;;Lt" i'n'"t.ttat bran' shorts' ricebran'

defatted rice bran' ";;' 
iefatted okara and apple pomace had a great

effect on "hemi"uia;;';ilio'ut'tt'uiteriitics 
of produced

:;;r+ .::11,,;;.:.nn#T $* *:ff X11'Ji&.il:lT:

113.'#t"-.1[n"'";; 'olu*'' 
lo':-'':1 'olr'ing 

loss (r'S's't' high

nutritional values 
"i;";;i;-;igestibilitY uno 

"totut calories) and

orsatroleptic o'"rt')'[;'t;ii"""?- ll ulJnds of semoiina uith either

wiieat bran or d-f"d;k;(at 5% dietan- fiber replacement)'on the

other hand, ""'oii'iu'*i't''titr'"' 
rice Lran or defamed rice bran

showed the lowest quality characteristics at an'v perceniage of

rePlacement'
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