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Abstract - To evaluate fenugreek seeds potential as nutrliti@rad functional feed, chemical
compositions, functional properties and in vitrdritional values of raw, autoclaved (121°C, 15mamd
pre-germinated (emergence of the radical in 95%efseeds) fenugreek seeds were compared. On dry
matter basis, raw seeds had: 5.4, 23.8, 40.4, 66.8, and 26.4% fat, crude protein, NDF, ADF, total
carbohydrates and non-fibrous carbohydrates, réspBc Autoclaving increased (P<0.05) fat (8.5%)
and ADF (17.6%) and reduced (P<0.05) carbohydr@4s%) and non-fibrous carbohydrates (19.2%).
Pre-germinated increased (P<0.05) fat (7.7%), cruaein (24.1%) and ADF (17.3%) and reduced
(P<0.05) carbohydrates (64.2%). Raw seeds totahgdbetannins, flavonoids and phytic acid contents
were 7.1, 3.5, 2.6 and 6.6 mg /g dry matter, raspdyg. Autoclaving reduced (P<0.05) only flavonsid
level and pre-germinated reduced (P<0.05) phetanigins and flavonoids levels. Among the distiretiv
functional properties of raw seeds were their bigksity (0.69 g DM/ml), water absorption capacity
(4.72 g/g DM), foaming capacity (21.37%), swelliogefficient (305%) and extractable color value (8.3
ASTA units). Autoclaving decreased (P<0.05) bulkgity by 13% and extractable color by 29%. Pre-
germination reduced (P<0.05) water absorption dgpby 17.8% and extractable color by 73.3 to 74.2%
and increased (P<0.05) foaming capacity by 37.1utoéaving reduced (P<0.05) protein dispersibility
index from 34.78 to 10.25%, had no effect (P>0.08B)digestibility by pepsin (74.12-75.84%) and
increased (P<0.05) digestibility by pepsin-trypsiom 82.31 to 85.91%, digestible energy by 6.2% and
metabolizable energy by 4 to 4.7%. Pre-germinatinhanced (P<0.05) protein dispersibility index to
45.39% and digestible energy by 3.8% and metaliézanergy by 4.3 to 6.7%. It was concluded that
fenugreek seeds can serve as a valuable nutritorbfunctional food. Autoclaving and pre-germioati
improved such potential and need to be furtheruatall and implemented in In Vivo studies.

Keywords: Fenugreek seeds / autoclaving / pre-germinationctional properties / nutritional values.

1. Introduction

Fenugreek Trigonella foenum graecum) has been used since ancient times as a spicagefaand
medicinal crop and more recently as a functionaldfdfood that provides benefit through the
improvement of health or well-being in addition ite nutritional supply). In the domain of animal
production, fenugreek seeds have been evaluatédtivétobjective of improving the health statushef t
animals, the performance efficiency and the praglgciality (Abdouli et al. 2014a; Alloui et al. 2012
Such uses, which are examples of their wide spectrfuphysiological and nutritional effects, are dae
the many bioactive compounds they contain. In facttaddition to being a rich source of protein,
fenugreek seeds contain dietary fiber, soluble tdeluiber and many minor biologically active
phytochemicals including saponins, tannins, flavdsocarotenoids, alkaloids, minerals, vitamingc. e
Among these bioactive compounds, some may haversalveffect when ingested by monogastric
animals: tannins (Abdouli et al. 2014b) and trypsimd a-chymotrypsin inhibitors decrease protein
digestibility. Phytic acid decreases phosphous),icalcium and protein bioavailability (Cheryan 098
Removal of these undesirable components may batedder improving fenugreek seeds functional and

Mabrouki et al. (2015) / Journal of new sciences, Agriculture and Biotechnology, 16(1), 541-551 541



ISSN 2286-5314

Volume 16(1). Published April, 01, 2015 dhﬂ]][iﬂ] @m
WWW.jnsciences.org ‘ Gﬂ [I&W

nutritional qualities. Several methods such as gation, soaking, cooking (EI-Mahdy et al. 1982y&a
been investigated. However, such methods may dasises in some nutrients.

Therefore, the objective of the present study wasevialuate the nutritional and functional potentél

raw, autoclaved and pre-germinated fenugreek s@édssame batches of fenugreek seeds were used in
two subsequent studies to evaluate and implemenigh of fenugreek seeds in attempts, on one kand,
control weaned rabbits health status and improee firoductive performances and, on the other hand,
to improve hens laying performance and to loweir thgg nutritional and functional qualities.

2. Materials and Methods

2.1. Material

About 45 kg of fenugreek seeds of bitter non idettigenotype yet commonly cultivated and used for
human and animal feeding were used. They were Kiofféred by a farmer from Testour (80 km north
Tunis, Tunisia). They were harvested in July 20h8 aneanwhile stored indoors. At the start of the
study, they were cleaned manually to remove forengtiter and damaged seeds, thoroughly mixed and
divided into three batches: one was used unprodesss a control, one was autoclaved at 121°CHor 1
min and dried by cold air ventilation with funs f26.5 hs; and the other one was pre-germinated. Fo
this treatment, 23 kg of seeds were initially mixeith 46 liters of distilled water and divided inf®
plastic recipients. In each recipient, fenugreeddsenere spread in a layer of about 10mm between tw
layers of sheet paper and covered with a blackiplalseet to ensure darkness. During this procésshw
lasted for 21 hs, distilled water was used to wptifkle) the upper paper sheet so that the ovsealils

to added water ratio was 1:2.5. When about 95%hefdeeds germinated (at the emergence of the
radical), the pre-germination was stopped firstcbid air ventilation with funs for 48 hs and they b
drying at 40 °C in a air forced oven for 20 hs.

2.2. Methods

2.2.1. Chemical composition

Two separate samples from each treatment weredndl@ass through a 0.5 mm sieve and then crashed
in a glass mortar to a fine powder. They were stataring the study in tight containers at room
temperature. Dry matter (DM), ash, crude proteinde fiber, ether extract, Acid detergent fiber (BD
and neutral detergent fiber (NDF), total phendsntns and flavonoids were determined as reported i
Abdouli et al. (2014b,d). Phytic acid content wasedmined using the procedure described by Chikpah
and Demuyakor (2013). Finely ground seed samplé&sgOwere extracted in 50 ml of 2 % concentrated
HCI for 3 hs at room temperature. The samples weea centrifuged (2500 tpm, 15min) and filtered
through Whatman filter paper. Twenty five ml othdiltrate were mixed with 50 ml of distilled wate
and 5 ml of 0.3 % ammonium thiocyanate solution titindted with standard Iron (111) Chloride solutio
containing 1.97 mg iron per ml. The end point wagified by the appearance and persistence of a
brownish-yellow coloration. The percentage phytitlan the sample was calculated using the formula:
Phytic acid (mg/ g DM) = Titre Value x1.97 x1.1@dight dry matter of the sample (g)

Carotenoids extraction and dosage were carried®fllows: 1 g ground sample was mixed with 10 ml
of organic solvent mixture (hexane, acetone, eth&3a25:25, v/v/v). The mixture was stirred for 80n

in the dark, centrifuged at 3000 tpm for 10min &itidred through dry sodium sulphate. The filtratas
used for the determination the absorbance valued45@t and 503 nm. B-carotene and lycopene
concentrations were calculated using the formub&eorgé et al. (2011)

B-carotene{g/g DM) = (4.624 x Aso— 3.091 X Ags) x VmI/ dry weight
Lycopene fig/g DM) = (3.965 X Aso— 0.806 X Agz) x VmI/ dry weight
where Aiso and Asps represent the absorbance at 450 and 5Q8zspectively.
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2.2.2. Functional properties
The bulk density of ground fenugreek seeds wagmeted using the method of Narayana and Narasinga
(1982). A calibrated tube was weighed and fillethva sample to 5 ml by constant tapping until there
was no further change in volume. Bulk density whsent calculated as the weight determined by
difference per unit volume of the sample.
The water absorption capacity and oil absorptiqraciy were determined by the method of Sosulski et
al. (1976). Sample (0.5 g) was mixed with 5ml desdi water or soybean oil and allowed to stand at
ambient temperature for 30 min and then centrifuf@d30 min at 3000 rpm. The volume of the
supernatant was recorded and water or oil absarascexpressed as the weight (g) of water or oihdou
per gram dry matter. Densities of water and oilexsg/ml and 0.909 g/ml, respectively
The least gelation concentration was determinddving the procedure of Coffman and Garcia (1977).
Suspensions of the ground seed samples at 0.Q0586Qw/v) were prepared in 10 ml distilled water i
test tubes. The tubes containing these suspensiemsheated in a water bath at 80°C for 60 minreefo
rapidly cooled under running cold tap water andntlta 4°C for another 2 hs. The least gelation
concentration was determined as that concentratien the sample from inverted tube did not slipie T
firmness of the gel was noted as low, moderatégsr. h
The foam capacity and foam stability were deterchias described by Narayana and Narasinga (1982)
with slight modification. Sample (0.5 g) was mixgidh 10 ml distilled water at 30°C in a graduatalea
and then shaken for 30 sec to foam. The volumeahfafter shaking was noted for the determinatfon o
foaming capacity as follow:

Foaming capacity (%) = ((V2-V1) / V1) x100
Where: V1 =initial volume of solution and V2 =lume of solution after shaking.
Foam stability was determined as the volume of folaat remained after 90 and 120 min and expressed
as the percentage of initial foam volume.
The swelling capacity was determined by the mettescribed by Okaka and Potter (1977). Ten ml
distilled water were added to 0.8 g sample in @ggéed tube and the suspension was mixed by ingerti
the tube. The tube was inverted again after 2 miuh left to stand for a further 8 min. The volume
occupied by the sample was noted at 8 and 120 Tie. swelling coefficient was calculated as the
percentage increase of the volume of the sample.
The extractable color was measured according toABEA method as described by José et al. (1999)
with some modificationsSample (0.1g) was mixed with 10 ml of 2-propanolairtube wrapped in
aluminum sheet. The tube was closed and then itedlda a water bath at 70°C for 3hs. After cooliog
room temperature, the extraction was filtered asdabsorbance was determined at 460nm using 2-
propanol as a blank. Simultaneously, the absorbafice standard color solution (0.5 mg potassium
dichromate / ml of 1.8 M sulfuric acid) was detemsd using sulfuric acid as a blank. ASTA color sinit
were calculated as:

ASTA 20 =Afs x16.4/ dry sample weight (g), (ASTA, 1985).

The extractable color was also expressed as pageof the color of the potassium dichromate stahda
solution. It was denoted hereafter as standardix&rdctable color and calculated as:

Standardized extractable color = Afs x Cstd x1§H x Cfs
Where Afs = Fenugreek seed absorbance, Cstd = @watien of the potassium dichromate standard

color solution, mg/ml, Astd = potassium dichromstizndard color solution absorbance and Cfs =
fenugreek seed extract concentration, mg DM/ml.
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2.2.3. Nutritional properties
Protein dispersibility index was determined by mgil g sample with 30 ml of distilled water and
stirreing for 20 min. The mixture was centrifuged2800 rpm for 10 minutes and filtered. The protein
content of the residue was determined by the Kigldaethod and the protein dispersibility index was
calculated as:

Protein dispersibility index (%)= (PIS- PIR) x180%
Where PIS= protein in initial sample and PIR = pioin the residue
In vitro protein digestibility by pepsin was measdiroy mixing 0.5 g sample in 20 ml of 0.1 N HCI
containing 50.4 mg pepsin and then incubating &€ 3@r 20 hs. The mixture was manually shaken many
times. After incubation, the sample was centrifuge@000 rpm for 30 min, the pellet was washed with
distilled water on a filter paper and its nitrogeantent was determined by the Kjeldahl method.tRer
determination of protein digestibility by pepsiwlléwed by trypsin, the suspension obtained atter t
first step of digestion in pepsin was neutralizeéth\®.4 N NaOH and treated with 15 mg of trypsirl5
ml of phosphate buffer (pH 8.0) containing 0.00%Mlium azide to prevent growth of microorganisms.
The mixture was shaken and incubated at 37°C fon24centrifuged and filtered. Protein digestikilit
was calculated using the following formula;

Protein digestibility (%) = (PIS- PIR) x100/PIS

where PIS= protein in initial sample and PIR = pihotin the residue.
Chemical composition data were used to calculgbar@mt digestible energy (DE) for rabbits and
nitrogen-corrected apparent metabolizable enerdyE®) for poultry using the equations:
DE (Kcal/kg DM) = [12.912- 0.0236CF + 0.010CP + 0.020EE]/0.004187; (Wiseman et al.1992):
Specific equation for protein feedstuffs (1); (Nasento, 2007):

AMEnN (Kcal/kg DM) = 2707.71 + 5.863EE—- 1.606NDF
General equation for energetic and protein feefts{@j; (Nascimento et al., 2009):

AMEN(Kcal/lkgDM)=4101.33+5.628EE-23.297Ash-2.486NO1F342ADF
General equation for energetic and protein fedigs{8); (Nascimento et al., 2009):

AMEnN(Kcal/kg DM) = 4095.41 + 5.684EE—-22.526Ash-24RDF
Where: Ash, CF(crude fiber), CP (crude protein)l &E( ether extract), ADF(acid detergent fiber),
ADL(acid detergent lignin) in g /kg DM (dry matjer

2.2.4, Statistical analysis

Collected data were subjected to analysis of vadamsing the GLM procedure (SAS, 1989).
Comparisons between treatments were made with the@AN test. Values of P<0.05 were considered
statistically significant.

3. Results and discussion

3.1. Chemical composition

3.1.1. Gross chemical composition

The effect of fenugreek seeds processing on tlessgchemical composition are shown in table 1. The
raw seeds had low ash content (3.96% DM) and tlyemeloe rich in organic matter which is the sourte o
energy. As legume, they had moderate ether ex(®86%DM) and crude protein (23.79% DM)
contents. They were rich in total carbohydratesg@&% DM) and NDF (40.40% DM). The non- fibrous
carbohydrates accounted for 26.45% of the dry maBach composition was comparable to many
reported ones (Hooda and Jood 2003; Kochhar 20@6; Abdouli et al. 2014c).

Autoclaving the seeds at 121°C for 15 min incredsedls of ether extract by 58.6% and of NDF by
11.5% and reduced levels of total carbohydrate8.89 and of non-fibrous carbohydrates by 27.2 %.
Such changes suggested that losses of solids maitdy raf non fibrous carbohydrates occurred during
the autoclaving process despite the fact that fexakgseeds were not mixed with water in the autecla
To the best knowledge of the authors, data areidgckn autoclaving effect on fenugreek seeds
constituents. Fenugreek seeds soaking, howeveresheariable results. Abdouli et al. (2014 c) répdr
that soaking fenugreek seeds in distilled watetQlw/v) for 24 hs and then in hexane for 24 hsilted
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in 7.04% dry matter loss and that the solubilizeatter was made up mostly of cytoplasmic constisient
(cell content) and of little fat. Consequently, rdv@vas an increase of NDF and CP levels and a low
decrease of fat level. Hooda and Jood (2003) fahatisoaking fenugreek seeds for 12 hs reduceH tota
dietary fiber but not total carbohydrates and criilgler contents. Mansour and El-Adawy (1994) repart
that boiling increased crude protein and carbohgdaad reduced fat and reducing sugars levels. They
also reported that toasting followed by boilingueed fat, carbohydrates and reducing sugars levels.
Pre-germination increased levels of ether extrgct$6%, crude protein by 1.5% and of ADF by 2.9%
and reduced total carbohydrates level by 4.0%. l&tge increase of ether extract was not expectdd an
was not in agreement with the finding of Leila akiimed (1983) and of Mansour and El-Adawy (1994)
who reported a decrease of total lipid in germidaienugreek seedm the dark for 4 and 3 days,
respectively. Conflicting results have been regbde the effect of fenugreek seeds germinatiorheir t
chemical composition. Hooda and Jood (2003) fodwad ¢ermination decreased crude fat, dietary fiber
and total carbohydrates thereby raising the le¥alrode fiber, sugars and crude protein. Nabilalet
(2012) found that fenugreek seed germination teridedecrease its fat, had no effect on crude fiber,
decreased total carbohydrates and increased cmadeimplevels. Consequently, the increase of crude
protein and the decrease of carbohydrates levdinofyreek seeds appear to be common resultsiof the
germination. The increased protein content duriagnination could be attributed to a net synthesis o
protein from nitrogen sources not determined a$ddjd nitrogen in raw fenugreek seeds. The dectease
carbohydrates levels of the germinated seeds rbiglatttributed to an increase of amylase activitictvh
breaks down complex carbohydrates to absorbablarsueeded for the growing seedlings during the
early stage of germination.

Table 1.Effect of fenugreek seed processing on its chdmimaposition (in % dry matter)

Treatments Control Autoclaving gern?irr(\ez;tion MSE P-value
Ash 3.96 a 380a 3.92a 0.076 0.429
Ether extract 539a 8.55Db 7.74 b 0.229 0.005
Crude protein 23.79 a 2334 a 24.15b 0.130 0.049
Crude fiber 13.42 a 12.47 a 13.44 a 0.288 0.154
NDF 40.40 a 45.06 b 39.07 a 0.440 0.005
ADF 16.83 a 17.61b 17.33b 0.097 0.025
ADL 3.71a 39la 3.73a 0.175 0.70
Total carbohydrafe 66.86 a 64.30 b 64.18 b 0.260 0.009
Non fiber carbohydrafe 26.45a 19.24 b 26.11a 0.513 0.004
Total carbohydrafe=100- (% ash + % Ether extract + %crude protein)
Non fiber carbohydrafe= 100 — (%oNDF + %crude protein + % Ether extraébAsh)
a,b : means of the same row having the same battanot different (P>0.05)

3.1.2. Secondary metabolites and carotenoids

The effect of fenugreek seeds processing on tleewmrelary metabolites and carotenoids determined in
the present study are shown in table 2. The phdeatd in raw fenugreek seeds was higher than those
reported by Kochhar et al. (2006) and Hooda andd J@®03) which were 1.05 and 1.48 mg/g,
respectively. It was in agreement with those Abdetilal. (2014b) who found levels of 5.92 and 6.16
mg/g DM in two fenugreek seeds genotypes. Muchdridgévels varying from 9.42 to 16.22 mg/g have
been reported by Singh et al. (1994). In the carsardy, tannins level in raw fenugreek seeds @sec

to those reported by Abdouli et al. (2014b). Tdtatonoids level was within the range (1.36 to 2.74
mg/g) found by Singh et al. (1994) and higher thizet (0.31 mg/g DM) reported by Abdouli et al.
(2014b). Phytic acid in raw seeds was in agreeméhtvalue (5.88 mg/g) reported by Hooda and Jood
(2003).
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The determined secondary metabolites, namely, nanaind phytic acid are considered anti-nutritional
factors particularly for non ruminants. They forngektion-resistant complexes with carbohydrate,
protein and minerals in the feed and make them ailzble. They also inhibit some digestive enzymes
like a-amylase, pepsin and pancreatin. Consequentlyraepecesses, such as soaking, cooking and
germination have been used to eliminate or mininmizese adverse effects. In the present study,
autoclaving did not affect phenols and tanninslkeaed resulted in a slight decrease of flavontadsl.
Phytic acid tended to increase which might belattdd to the increase of the NDF fraction provitreat
phytic acid was present in the outer husk likeears, seeds and nuts (Abdoulaye et al.2011). liticud
autoclaving the seeds without direct contact witltew in the autoclave and without prior soaking hrhig
have prevented phytic acid from leaching out. s tespect, soaking followed by autoclave cookifg o
common bean reduced its phytic acid content (Nilg0hl). Mansour and El-Adawy (1994) reported that
while boiling had no effect on phytic acid levedasting followed by boiling reduced it. Pre- geratian

did not also affect phytic acid level in fenugressdeds and decreased levels of phenols by 31.5%nsan
by 58.6% and flavonoids by 27.2%. Such finding wasially in agreement with that of Hooda and Jood
(2003) who found a decrease in both polyphenols @mgic acid levels. Generally, germination is
preceded or combined with soaking in water whicbrei@ses phytic acid level due its leaching out into
soaking water under the concentration gradient tands hydrolysis following the activation of the
endogenous phytase during the germinating proddesefore, the luck of phytic acid loss observed in
our study remained inexplicable unless the useakith method employing standard Iron (Ill) Chlarid
and ammonium thiocyanate solutions was inapprapriat

Table 2. Effect of fenugreek seed processing on its seggndatabolites and carotenoids contents

Pre-

Treatments Control Autoclaving germination MSE P-value
Total phenols, mg/g DX 7.13a 7.03a 4.88b 0.263 0.015
Total tannins, mg/g DM 3.53a 3.60 a 1.46b 0.101 0.001
Total falvonoids, mg/g DM 26la 1.98b 1.90b 0.010 0.03
Phytic acid mg/g DM 6.57 a 8.39 a 7.12 a 0.455 0.134
B-carotenes, pg/g DM 12.12 a 13.08 b 10.72 ¢ 0.177 0.006
Lycopene, pg/g DM 1132 a 12.08 b 10.04 c 0.115 0.002

DM¥*: dry matter
a,b ,c : means of the same row having the sane bt not different (P>0.05)

Carotenoids are a group of compounds synthesizgadamys and many microorganisms whereas animals
have to obtain them from food. They are respondimadifferent beneficial effects and for the calor
Therefore, it was essential to minimize their lass structural changes due the fenugreek seeds
autoclaving and pre-germination. To determine gbasitivity of such compound§;carotenes and
lycopene levels were determined and shown in t@bleevels of both of them were increased with
autoclaving by 7.9% and 6.7% and decreased by gationh by 11.5% and 11.3% f@rcarotenes and
lycopene, respectively. Since these levels welienattd using the differences between absorbenties a
450 and 503nm (see materials and methods), it uggested that autoclaving increased the fraction of
substances absorbing at 450 nm at the expensesd #bsorbing at 503 nm. In contrast to autoclaving
pre-germination decreased the level of substaniossriing at 450 nm. To the best of our knowledge,
information in the literature regarding these aspecscanty. On this subject, Aruna and Baskaz2am()
reported thati-carotene an@-carotene ware not detected in fenugreek seedradteir absence might
have been related to their complete conversionttrl which was 0.79 mg/100 g of dry weight.
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3.2. Functional properties

Functional properties of a food are those phystwentical parameters that reflect the interactiomben

the structure, the molecular conformation and tbeell of its components. They provide useful
information that help to predict how the food maghhve in a specific systems. For instance, when
measured in conditions resembling animal digestraet, they may give more light on the food
nutritional value and its incorporation rates wither foods.

The effects of autoclaving and pre-germination ome functional properties of ground fenugreek seeds
were presented in Table 3. Autoclaving decreasdkl drensity by 13% and extractable color by 29%.
Pre-germination reduced water absorption capagityh8% and extractable color by 73.3 to 74.2% and
increased foaming capacity by 37.1%.

The effect of autoclaving on bulk density might lbeked to its effect on the NDF fraction which
increased from 40.4 to 45.06 % on dry matter bdsisis, based on bulk density values, occupied space
in digestive tract and ingested amounts would b&wor of raw and pre-germinated fenugreek seeds.
However, independently of the treatment, bulk dgnsilues were within the range of values (0.69 to
0.80 g/ml) for cowpea four (Appiah et al. 2011). Watdrsarption capacity values demonstrated that
ground fenugreek seeds could bind water at a @tiabout 1:4 to 1:5. This high ability could be
attributed to the high carbohydrates and fibertioas (table 1). The somewhat decrease in water
absorption capacity due to autoclaving and pre-getion might be due to the increase in the fat
contents as these create lipophilic environmertt blzcs the water binding sites on other compounds.
Regardless of the applied treatment, our waterrpbisa capacity values were lower than those far ra
(5.59 g/g), boiled (7.83 g/g), toasted and boi@@8 g/g) fenugreek seed (Mansour and El-Adawy },994
for potato flour (7.52 g/g) and higher than those derminated fenugreek seed (2.53 g/g) reporied b
Mansour and El-Adawy (1994), for green gram flour9é g/g), rice flour (1.92g/g) and wheat flour
(1.40g/g) reported by Chandra and Samsher (ROl&y were also lower than values for cowpea {4.6
5.1 g/g) and higher than those for soybean (2.8/g3 flour reported by Okaka et al (197%he high
water absorption capacity of the ground fenugresdds suggested that these would be highly exposed t
digestive agents in the animal. Oil absorption cépavalues which ranged from 1.3 to 1.5 g/g in-pre
germinated and raw fenugreek seeds, were higherttie 0.73 to 0.85 g/g reported for raw, boiled,
toasted and boiled or germinated fenugreek seedgta and El-Adawy 1994). Our values were within
the ranges of values (1.46 to 1.68 g/g) for wheee, green gram and potato flour (Chandra and 8ams
2013). The high oil absorption capacity makes #@mfreek seeds suitable carriers of fat solubéeniits

and for flavor enhancement when they are incorpdrat food preparation#t also makes them able to
absorb/bind bile acids and increase their excretind, thereby, contributes to reduction of plasma
cholesterol level.

With regards to foaming capacity values, which eh§rom 15.54% in autoclaved to 29.30% in pre-
germinated fenugreek seeds, they were higher thares reported by Chandra and Samsher (2013) for
wheat flour (12.92%), rice flour (3.52%) and pot#ibur (6.84%) as well as for pigeon pea seedrflou
(9.81%) reported by Oloyo and Akoja (2005). Ourtuga appeared to vary with their corresponding
crude protein dispersibility indexes (table 5).tEno in the dispersion may reduce surface tensidhea
interface between air bubbles and the surroundimgid and thereby increase foam formation. The
foaming capacity values might have been also infited by saponins levels in fenugreek seeds. Olberve
foams were stable since 27.6 to 39.6% remained@trin (table 3).

The swelling capacity (table 3) and the least gwatoncentration (table 4) determined in the pnese
study were the most striking functional propertafsfenugreek seeds irrespective of the treatment
applied. The swelling coefficients, denoted by pleecentage increase of ground fenugreek seeds golum
after soaking in distilled water and standing far820min, approached the 300 and 350%, respégctive
The least gelation concentrations were less thath % (w/v) regardless of the treatment. Even &t lthiv
concentration, the firmness of the formed gel wated as low, moderate or high for raw, autoclaved a
pre-germinated ground fenugreek seed, respectividhg high swelling capacity and low gelation
concentration of ground fenugreek seeds demondtth&gr ability to absorb water to swell and tonfor
gel. The extensive gel formation and the low vigggosf the resulting gels inside the intestine haeen
suggested to delay gastric emptying, to decreasstinal transit time of the food mass and to slow
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leaching of glucose trapped inside the gel andgthg prevent the sudden raise of blood-glucosel lev
and beneficially influence certain blood lipids gma Kumar and Maliakel 2008). Such functional
properties ought to be due mostly to the known deeek seeds gum content and quality. Gum
(galactomannan or mucilage) which represents thernpmlysaccharide found in fenugreek seeds and
accounts for 17 to 30 % of the seed weight (Koclehal.2006) acts as a thickener or stabilizeoods.

It constitutes the major soluble fiber fraction ahiis fermentable in the large intestine by théoacof
colonic bacteria to produce short chain fatty a@ddsl, thereby, serves as a prebiotic and contsbute
toward a variety of health benefits (Wong et aD&0

In regard to the effect of processing fenugreekisem their extractable color, data in table 3 sitinat
extractable color values expressed in ASTA uniteewegher than those expressed as percentage of the
color of a potassium dichromate standard solutidimey also showed that both autoclaving and pre-
germination reduced the color intensity and theicédns due to pre-germination were more substantia
These effects did not match thosepecarotene and lycopene levels which increased pckaving and
decreased by pre-germination (table 2). Althouglotemoids profiles can be used to evaluate extobeta
color, other compounds like saponins and polyplenmy largely contribute to fenugreek seeds color.
On the other hand, the difference in extractiorvesuls used for carotenoids determination (hexane-
ethanol-acetone) and for color determination (prml) may explain the mismatch of carotenoidsl&eve
to extractable color results. According to the asttable color results, it appeared that fenugreekls
particularly pre-germinated, would not be suitedrse for enriching other products with pigments.

Table 3. Effect of fenugreek seed processing on its funetiproperties

Treatments Control Autoclaving Pre- MSE P-value
germination
Bulk density, g DM/ml 0.69 a 0.60 b 0.67 a 0.007 0.007
Water absorption capacity, g/g DV 4.72 a 4.19 ab 3.88b 0.122 0.037
Oil absorption capacity, g/g DM 150a 142 a 1.30a 0.083 0.377
Foaming capacity, %volume 21.37a 1554 a 29.30b 1.354 0.012
Foaming stability at 90min,% 4597 a 36.38 a 47.68 a 2.731 0.111
Foaming stability at 120min,% 39.63 a 27.56 a 333la 2.109 0.061
Swelling coefficient at 8 min,% 305.0a 295.0a 305.0a 5.00 0.385
Swelling coefficient at 120 min, % 350.0 a 355.0a 350.0a 2.886 0.465
Extractable color, ASTA20 8.33a 591b 2.15c 0.36 0.003
Extractable color, standardizéd 0.45a 0.32b 0.12c 0.020 0.003

DM¥*: dry matter
Extractable color, stanardiz&d percentage of the color of the potassium diclatenstandard solution (0.5 mg / ml of 1.8 M
sulfuric acid)

a,b ,c : means of the same row having the sane bt not different (P>0.05)

Table 4. Effect of fenugreek seed processing orleast gelation concentrati
Ground fenugreek seed concentrations (w/v,%)

Treatments 0.01 0.02 0.03 0.04 0.05
Control HE H H H H
Autoclaving L-M H H H H
Pre-germination  H H H H H

L, M, HE= The firmness of the gel was noted as low, modenategh, respectivel
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3.3. Nutritional properties

3.3.1.Protein quality

The main objective of processing fenugreek seedstwanactivate and/or minimize the anti-nutritibna
factors they might contain. Since process using@ssige heat may result in lowering protein avaliitgbi
and despite the fact that we avoided drying at at&fy °c, it was necessary to evaluate protein tyuali
The approach was to use an indirect test, name&yptbtein dispersibility index, as well as in vitro
digestibility by pepsin alone and by pepsin- trgpsihe results of such measurements (table 5) showe
that autoclaving reduced protein dispersibility érd had no effect on digestibility by pepsin and
increased digestibility by pepsin-trypsin. The retthn of protein dispersibility index suggestedtttize
autoclaving conditions (121 °C for 15 min) mightveabeen excessive causing dissociation of protein
quaternary structures, denaturation of their sitbuand promoting the formation of protein aggtega
via electrostatic, hydrophobic and disulfide intemge mechanisms like in the case of soy proteitede

at above 80°C (Caprita et al. 2010). However, pmotigestibility values were high and increased by
pepsin-trypsin suggesting a reduction in trypsihibitor activity due to autoclaving. Pre-germinatio
enhanced protein dispersibility index and did rfééa protein digestibility. Digestibility coeffieints in

the present study were much higher than those texpby Hooda and Jooda (2003) for raw, soaked and
germinated fenugreek seeds which varied from 58565.60%. However, in their study, digestibility
assessed by employing pepsin and pancreatin, wesaged after 48 hs germination. Likewise, Mansour
and El-Adawy (1994) reported that boiling, toastioiowed by boiling and germination of fenugreek
seeds improved protein digestibility by trypsinpg@, pancreatin and trypsin-pancreatin.

3.3.2. Energy values

In view of the observed effects of processing feaal seeds on their gross chemical compositions, it
appeared opportune to evaluate the impact of starteps on calculated digestible energy for ralsits
metabolizable energy for poultry using publishedampns and various determined chemical components
contents as predictive variables. Data shown imet&bindicated that raw fenugreek seeds digestible
energy was quite high (3152.91 Kcal/kg DM) andéased by 6.2% due to increased ether extradt leve
for autoclaving and by3.8% due to increased crudée and ether extract levels for pre-germination
Likewise, raw fenugreek seeds metabolizable enealyes were quite high varying from 2374.91 to
2652.89 Kcall kg DM and increased by 4 to 4.7% datoclaving and by 4.3 to 6.7% for pre-
germination.

Table 5. Effect of fenugreek seed processing on its natrétl properties

Treatments Control Autoclaving Pre- MSE P-value
germination
Protein dispersibility index 34.78 a 10.25b 45.39 ¢ 1.394 0.001
Protein digestibility-Pepsin,% 75.84 74.12 77.48 0.609 0.066
Protein digestibility-Pepsin & trypsin,%¥ 82.31 a 85.91b 834la 0.334 0.010
Digestible energy, kcal/kg DM 315291 a 3347.16 b 3273.08 ¢ 8.411 0.001
Metabolizable energy (§)kcallkg DM 2374.91 a 248555 b 2534.17 b 17.677 0.017
Metabolizable energy (2)kcal’lkg DM 2652.89 a 2760.30 b 2831.78 ¢ 11.607 0.004
Metabolizable energy (3)kcal’lkg DM 2610.99 a 2723.04b 2782.18 c 11.232 0.004

a,b ,c : means of the same row having the sane ket not different (P>0.05)

Digestible energy =[12.912- 0.0236CF + 0.010CP + 0.020EE]/0.004187; (Wiseman et al.1992):
Metabolizable energy (iF 2707.71 + 5.863EE1.606NDF ; (Nascimento et al.2007)

Metabolizable energy (2F4101.33+5.628E23.297ASH-2 486NDF+1.042ADF; (Nascimento et al.2009)
Metabolizable energy (8¥4095.41 + 5.684ER2.526 ASH—2.224NDF; (Nascimento et al.2009)

Mabrouki et al. (2015) / Journal of new sciences, Agriculture and Biotechnology, 16(1), 541-551 549



Volume 16(1). Published April, 01, 2015 dhﬂ]][iﬂ] @m
WWW.jnsciences.org ‘ Gﬂ [I&W

ISSN 2286-5314

4. Conclusion

Considering the data obtained herein and the atimerission, it can be concluded that fenugreeksseed
can serve as a valuable nutritional and functidoadl. Autoclaving and pre-germination improved such
potential and need to be further evaluated andemephted in In Vivo studies.

Acknowledgements.The authors would like thanRr Zouar Kamel for kindly providing fenugreek
seeds as the working materidhe also thank Mr. Lassaad Tayachifor the help in some analyses.

5. References

Abdoulaye C, Brou K, Jie C (201} Phytic acid in cereal grains: structure, healbhhyharmful ways to reduce
phytic acid in cereal grains and their effects atritional quality. Amer J plant Nutr and Fertil dren 1(1):1-
22.

Abdouli H, Haj-Ayed M, Belhouane S, Hcini E (2014a)ffect of feeding hens with fenugreek seeds ointay
performance, egg quality characteristics, serumegygdyolk Cholesterol. J New Sci 3(1):1-9.

Abdouli H, Missaoui H, Jellali S, Tibaoui G, Tayach L (2014b) Comparison of two fenugreek seed genotypes:
bitterness value, secondary metabolites contemtb@mtogical activities. J New Sci 7(3):19-27.

Abdouli H, Omri B, Tayachi L (2014c) Effect of whole fenugreek seed before and afsemiiceration in water on
hens’laying performance and egg cholesterol profildew Sci  8(4):28-34.

Abdouli H, Missaoui H, Jellali S, Tayachi L, Saikat KB ( 2014d) Chemical composition, in vitro nitrogen-
digestibility and gas production of sweet and bitemugreek seed genotypes. J New Sci 9(4):26-33.

Alloui N, Ben Aksai S, Alloui MN, lbrir F (2012) Utilization of Fenugreek (Trigonella Foenum- Grae as
Growth Promoter for Broiler Chickens. J World's R&es 2(2):25-27.

Appiah F, Asibuo JY, Kumah P (2011)Physicochemical and functional properties of biéaurs of three cowpea
(Vignaunguiculata L. Walp) varieties in Ghana. Afr J Food Sci 5(2):100-104.

Aruna G, Baskaran V (2010)Comparative study on the levels of carotenoiddnytzeaxanthin a ngg-carotene in
Indian spices of nutritional and medicinal impodenFood chem 123(2):404-409.

Caprita R, Caprita A, llia G, Cretescu I, SimulescuVO (2010)Laboratory Procedures for Assessing Quality of
Soybean Meal. Proceedings of the World Congredsngineering and Computer Science, October 20-22, Sa
Francisco, USA.

Chandra S, Samsher (2013Assessment of functional properties of differéoufs. Afr J Agr Res 8(38):4849-
4852

Cheryan M (1980)Phytic acid interaction in food systems. Crit R@o& Sci Nutr 13(4): 297-335.

Chikpah SK, Demuyakor B (2013 Evaluation of physicochemical properties of Jaltr curcas seeds from four
different agro-climatic areas of Ghana. SciJ C8cp 2(1):20-27.

Coffman CW, Garciaj VV (1977) Functional properties and amino acid contents pfaein isolate from bean
flour. Int J Food Tech (UK) 12(5):473-484.

El-Mahdy AR, El-Sebaiy LA (1982) Changes in phytate and minerals during germinatiwh cooking of
fenugreek seeds. Food Chem 9(3):149-158..

Georgé S, Tourniaire T, Gautier H, Goupy P, Rock ECaris-Veyrat C (2011) Changes in the contents of
carotenoids, phenolic compounds and vitamin C duéchnical processing and  lyophilisation of reud a
yellow tomatoes. Food Chem 124(4):1603-1611.

Hooda S, Jood S (2003Ekffect of soaking and germination on nutrient amdinutrient contents of (Trigonella
foenum graecum L.). J Food Biochem 27:165-176.

José M NS, José A. FL, Almela L, José AM (199®ependence between Apparent Color and Extract@diller in
Paprika; Color Research and Application. 24(2):93-9

Kochhar A, Nagi M, Sachdeva R (2006Proximate composition, available carbohydratéstady fiber, and anti-
nutritional factors of selected traditional medadiplants. J Human Ecology 19:195-99.

Krishna Kumar IM, Maliakel BP (2008) Fenugreek dietary fiber a novel class of functidoad ingredient. Agro
Food Industry Hi-Tech 19(2):18-21.

Laila A ES, Ahmed REM (1983) Lipid changes during germination of fenugreek se@digonella foenum-
graecum.L). Food Chem 10:309-319.

Mansour EH, EI-Adawy TA (1994) Nutritional potential and eunctional propertiesheft treated and germinated
fenugreek seeds. Lebensmittel Wissenschaft TechmoRY:568-572.

Nabila YM, Rabab HS, Amal AM (2012)Nutritional and Biological Assessment of WheatdBiss Supplemented
by Fenugreek Plant to Improve Diet of Anemic Raisadem J Nutr 1(1):1-9.

Mabrouki et al. (2015) / Journal of new sciences, Agriculture and Biotechnology, 16(1), 541-551 550



Volume 16(1). Published April, 01, 2015 dhﬂ]][iﬂ] @m
WWW.jnsciences.org ‘ Gﬂ [I&W

ISSN 2286-5314

Narayana K, Narsinga RMS (1982)Functional properties of raw and heat processedy@d bean (Psophocarpus
tetragonolobus) flour. J Food Sci 42:534-538.

Nascimento GAJ (2007)Prediction equations of the energetic values afitpp feedstuffs for utilizing the meta
analysis principle. PhD Thesis. Univ Lavras, Mifizerais, Brazil.

Nascimento GAJ, Rodrigues PB, Freitas RTF, Bertechi AG, Lima RR, Pucci LEA. (2009) Prediction
equations to estimate the energy values of plagitodoncentrate feeds for poultry utilizing the exanalysis.
Rev Bras Zootec. 38:1265-1271.

Nilgun E (2011) The Effects of Aqueous Processing on Some PhyaiwhNutritional Properties of Common Bean
(Phaseolus Vulgaris L.) Int J Health Nutr 2(1): 22.-

Okaka JC, Potter NN (1977)Functional and storage properties of cow pea-wheat blends in bread making. J
Food Sci 42:828-833.

Okaka JC, Potter NN (1979)Physicochemical and functional properties of coavpewders processed to reduce
beany flavour. J Food Sci 44:1235-1240.

Oloyo RA, Akoja SS (2005)Studies on the intrinsic physic-chemical propesrté pigeon pea (Cajanus cajan L.)
seed flour. Trop Agr Resea and Extension 8:78-83.

Singh J, Gupta K, Arora SK (1994) Changes in antinutritional factors of developirepds and pod wall of
fenugreek Trigonella foenum graceum L). Plant FlimsdHuman Nutr 46:77-84.

Sosulski FW, Garatt MO, Slinkard AE (1976 Functional properties of ten legume flours. Iftabd Sci Technol.
9:66-69.

Wiseman J, Villamide M J, de Blas C, Carabafio MJ, @rabafio RM (1992)Prediction of the digestible energy
and digestibility of gross energy of feeds for righbl. Individual classes of feeds. Anim feedtecih 39:27-
38.

Wong JM, de Souza R, Kendall CW, Emam A, Jenkins DJ2006)Colonic health: fermentation and short chain
fatty acids

Mabrouki et al. (2015) / Journal of new sciences, Agriculture and Biotechnology, 16(1), 541-551 551





