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Changes in some nutrients of fenugreek sprouts in response to
natural food grade additives

m ANWAR HUSSAIN, IMTIYAZ MURATAZA AND SHABIR HUSSAIN KHAN

SUMMARY : The paper focuses on the changesin some of the nutritive components of fenugreek varieties (Methi Local and Methi Shalimar
Improved) due to sprouting and the effect of natural elicitorsin enhancing these nutrients. Thetotal sugar content increased from 6.3 per cent
to 12.88 per cent, where as the reducing sugar increased from 0.72 per cent to 6.5 per cent in case of Methi Shalimar Improved after 5 days of
germination. Chitosan (1500 ppm) was the most effective elicitor in increasing these parameters. Little change was observed in non reducing
sugar content during sprouting. Calciumincreased from 141 to 399.57 mg100g? in case of Methi Shalimar Improved after 8 days of germination.
Sprouting for 8 days also resulted in gain iniron content i.e., from 12.5 to 15.56 mg100g? in the cultivar Methi Local with a simultaneous
increasein magnesium content from 73.14 to 158.86 mg100g in case of Methi Shalimar Improved. Folic acid (100 uM) resulted in maximum
increasein the calcium and iron contents and chitosan (1500 ppm) resulted in maximum increase in magnesium content of the fenugreek sprouts
as compared to the other treatments used. It is thus concluded that, the cultivar Methi Shalimar Improved is better as compared to the another
variety regarding the changein most of the essential nutrients and chitosan 1500 ppm and folic acid 100 uM are the promising candi dates among

the elicitors used.
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leguminous herb cultivated in India and North African

countries. It belongs to the family Fabaceae and is
variously called in different languages, viz., Greek hay
(English), Fenugrec (French), Methi (Hindi), Bockshorklee
(German), Fienogreco (Italian), Pazhitnik (Russian), Alholva
(Spanish), Koroha (Japanese), Hulba (Arabian), Halba
(Malaya), and K’u-Tou (Chinese). The seeds are used as spices

Fenugreek (Trigonella foenum-graecum L.) is a
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worldwide, whereas the leaves are used as green leafy
vegetables in the diet. Fenugreek seeds are bitter to taste and
are known for a long time for their medicinal qualities.
Fenugreek seeds have beeninusefor over 2500 years. Indiais
the major producer of fenugreek and its main consumer for
culinary and medicinal uses. The seeds of fenugreek are used
asaspicefor seasoning, aflavouring agent and in comparatively
larger quantities in making soups and pan cakes. Fenugreek
emerges from food ranking system as an excellent source of
essential nutrients, including vitaminA, vitamin C, and vitamin
B,,. Itisalso avery good source of dietary fiber, calcium, iron
and magnesium. This combination of vitamins, minerals, and
phytonutrients makes fenugreek a health superstar. Fenugreek
being rich in phytochemical has traditionally been used as a
food, forage and medicinal plant. Fenugreek seeds contain
lysine and L-tryptophan rich proteins, mucilaginous fibre and
other rare chemical constituents such as saponins, comumarin,
fenugreekine, nicotinic acid, sapogenins, phytic acid,
scopoletin and trigonelline, which are thought to account for
many of its presumed therapeutic effects.
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Although adried seed is characterized by remarkably low
metabolic rate, just sprouting of seed can triggers tremendous
and complex changes which consist of three main types: the
breakdown of complex fats, starch conversion into simple
sugars and breakdown of protein into amino acids and also
transport of materials from the breakdown products formed to
thetargeted areas. Vitamins, including A, B-complex (B-12), C,
E and K are increased, essential minerals such as calcium,
magnesium, iron and zinc are supplied in organic form “chelated”
for better assimilation and nutrient density is enhanced at the
expense of calories. Sprouting al so removes some anti-nutrients
such asenzymeinhibitorsin the seed that make sprout safe for
the diet.

The nutritional value of the sprouts was discovered by
the Chinese thousands of years ago. Recently, in USA,
numerous scientific studies suggest the importance of sprouts
in a healthy diet. Although the use of sprouts as afood source
for man is old as man’s use of seeds, it is only in recent times
that science has begun to unravel the chemistry of sprouting
seed and its potential significance in both human and animal
nutrition. Each sprout may contain as many phytochemicals
as an entire plant, i.e. when we eat a sprout, we are eating the
entire plant at avery young age, i.e., we eat the root, stem, and
head. Sprouting in fenugreek isknown to improveits essential
nutrient contents and al so reduce the phytic, tannic and trypsin
inhibitors (EI-Shimi et al., 1984 and Mansour et al., 1994).

Current investigation suggests that exogenously applied
natural elicitors which would be food grade in quality can
stimulate endogenous essential nutrients of the fenugreek
sprouts. These elicitors used were vitamin C, folic acid and
chitosan. Both vitamin C and folic acid are water soluble
vitamins and chitosan is a natural polymer, appear to be
promising candidates regarding the change in nutrient content
infenugreek sprouts. The parameters measured to characterize
the effect of these elicitors were total sugar, reducing and non
reducing sugars, calcium, iron and magnesium contents.

EXPERIMENTAL METHODS

The present investigation was carried out in the
Biochemistry laboratory of the Division of Post Harvest
Technology, Sher-e-Kashmir University of Agricultural
Sciences and Technology of Kashmir, J& K, Indiaduring the
year 2010-11.

Seed treatment and sprouting :

Seeds of the fenugreek cultivarsi.e., ‘Methi Local’ and
‘Methi Shalimar Improved” were provided by the Division of
Olericulture, SKUAST-K. The €licitors used in the study were
folicacid (Titan Biotech Ltd.), vitamin C (S.D. fine-chem Ltd.)
and chitosan (HiMedia L aboratories Pvt. Ltd.) aspretreatments.
Dry seeds of the selected cultivars were soaked in conical
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flasks containing different pretreatments viz., distilled water
(contral), vitamin C (100 M), vitamin C (500 uM), folicacid (50
HUM), folic acid (100 UM), chitosan (1000 ppm) and chitosan
(1500 ppm). Theflaskswere then placed on ashaker at aspeed
of 120 rpm at room temperature for 18 hours. The pre-soaked
seeds were washed in distilled water and germinated in glass
jars. Thegerminating seedswere kept moist with distilled water
and sproutswereraised for 10 days. Sproutswere collected on
0, 2™, 51 8" and 10™ day of sprouting for analysis.

Analysisof total sugars:

The amount of total soluble sugars was estimated by
phenoal sulphuric acid reagent method given by Dubois et al.
(1951). 500 mg each of dried samplewashomogenized in 10 ml
of 80 per cent ethanol. Each sample was centrifuged at 2000
rpmfor 20 min. The supernatant was collected separately. To 1
ml of alcoholic extract, 1 ml of 5 per cent phenol solutionwas
added and mixed. Then 5.0 ml of 96 per cent sulphuric acid was
added rapidly. Eachtube was gently agitated during the addition
of the acid and then allowed to stand in awater bath at 26-30°C
for 20 minutes. The OD of the characteristic yellow orange
colour thus, developed was measured at 490 nm in a
spectrophotometer after setting for 100 per cent transmission
against the blank standard curve prepared by using known
concentration of glucose. The quantity of sugar was expressed
as per cent of fresh weight of tissue.

Analysisof reducing sugars:
The estimation of reducing sugar was done according to
the protocol given by Nelson and Somogy (1952).

Reagents:
Alkaline copper tartarate :

Solution (i): 2.5 ganhydrous sodium carbonate, 2 g sodium
bicarbonate, 2.5 g potassium sodium tartarate and 20 g
anhydrous sodium sulphate was dissolved in 80 ml water and
volume was made up to 100 ml.

Solution (ii): 15 g copper sulphate was dissolved in a
small volume of distilled water. To this one drop of sulphuric
acid was added and total volume was made up to 100 ml.

4ml of solution (i) and 96 ml solution (i) wasmixed before
use.

Arsenomolybdater eagent :

Thisreagent was prepared by dissolving 2.5 g ammonium
molybdatein 46 ml water. 2.5 ml sulphuric acid was added and
mixed well and then 0.3 g disodium hydrogen arsenate
dissolved in 25 ml water was added followed by incubation for
24to 48 hoursat 37 °C.

Sandard stock glucose solution :
100 mg of glucose wasdissolved in 100 ml distilled water.
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Working standard :
Working standard was made by diluting 10 ml of standard
stock glucose solutionin 100 ml distilled water (100 pigmi-2).

Procedure:

100 mg of sample wastaken and the sugarswere extracted
with hot 80 per cent acohol twice (5 ml each). The supernatant
was collected and evaporated on water bath followed by the
addition of 10 ml water to dissolvethe sugars. Aliquot of 0.2 ml
of alcohol free extracts was pipetted out to separate test tubes.
0.2ml,0.4ml, 0.6 ml, 0.8 ml and 1 ml of working standard solution
were taken into a series of test tubes. The volume in both
sample and standard tubes was made up to 2 ml with distilled
water. A blank was also made in a separate tube with 2 ml of
distilled water. 1 ml of alkaline copper tartarate reagent was
added to each tube. The tubes were then placed in boiling
water for 10 minutes after which these were cooled and 1 ml of
arsenomolyhdic acid reagent was added. The volume in each
tube was made up to 10 ml with water and absorbance of blue
colour was read at 620 nm after 10 minutes. From the graph
drawn, the amount of reducing sugar present in the sample
was calculated.

Reducingsugar (%)= % x10mg of glucose

where, X isthegraph value correspondsto 0.2 ml of diquot
taken.

Analysisof non-reducing sugars:
Non reducing sugar was obtained by subtracting
reducing sugar from the total sugar obtained.

Deter mination of mineral contents(Ca, Feand Mg) :

The digestion of the above minerals was done by dry
ashing. The procedure for mineral analysis followed was that
of Chapman and Pratt (1961) with dlight modifications. 0.5 g of
the ground samplewastakenin 50 ml porcelain crucibles. The
crucibles were then placed into a cool muffle furnace and
temperature was increased gradually to 550°C. Continuous
ashing was done for 5 hours after attaining 550°C. After
that the muffle furnace was shut off and the door was
opened cautiously for rapid cooling. The crucibles were
taken out carefully after cooling. The cooled ash was
dissolved in 5 ml 2N HCL and mixed with a glass rod. 2N
HCL was made by diluting 165.6 ml conc. HCL (37 %,
sp.gr.1.19) in distilled water and final volume was brought
up to 1 litre volume with distilled water. After 15-20 minutes,
the volume was made up to 50 ml using distilled water.
Thorough mixing of the solution was followed by allowing
the solution to stand for about 30 minutes. A blank
containing the same contents was also maintained. The
supernatant was used for analyzing the minerals with the
help of atomic absorption spectrophotometer.

Satistical analysisof data:

Data obtained were subjected to statistical analysis
following the CRD model and the variation among the treatment
means was tested for significance of analysis of variance
technique described by Gomez and Gomez (1984). Levels of
significance used for T-test was p=0.05 from the table given by
Fisher (1970). Thecritical difference hasal so been worked out.

EXPERIMENTAL FINDINGSAND ANALYSIS

The results of the present study as well as relevant
discussions have been presented under following heads:

Changesin total sugar content :

As per the data given in Table 1, it is depicted that an
increase in the total sugar content was found up to 5" day
followed by decrease on the subsequent daysi.e., 8" and 10"
days of sprouting. The two selected cultivars of fenugreek viz.,
Methi Local and Methi Shalimar Improved contain total sugar of
12.83 per cent and 12.88 per cent, respectively on the peak day.
Thedataalso reveded that all thefood grade dlicitorsusedinthe
current study resulted in significant change in the total sugar
content in fenugreek sprouts with highest effect on 5" day.
Chitosan (1500 ppm) showed maximum effect on all thedaysas
compared to other pretreatments. Itsvaluewas 13.18 per cent on
this day. Whereas the minimum influence was shown by water
treatment (control) on the same day and its val ue thus observed
was 12.6 per cent. Increase in total sugar content on sprouting
wasalso reported by Rafik El-Mahdyand LailaEl-Sebaiy (1983)
infenugreek and Ghazai and Cheng (1990) inblack gram. A marked
increaseintotal sugar during early stages may be attributed to
the conversion of starch into total sugar and decrease in the
later stages may be due to consumption of this sugar during
sprouting (Doblado et al., 2007).

Table 1 : Effect of chemical treatments on total sugar (%) of
fenugreek sprouts

Total sugar (%)
Treatment 0 2" 5h gh 10"
day day ay day day

Variety

V1 (Methi Local) 6.22 847 1283 1082 830
V2 (Methi Shalimar Improved) 630 854 1288 1090 838
CD (p<0.05) NS NS NS NS NS
Chemical

To(Contral) 6.05 825 1260 1060 805
T, (Vitamin C (100 yM) 615 845 1275 1080 820
T, (Vitamin C (500 uM) 625 860 1290 1095 830
T3 (Folic acid (50 pM) 625 840 1280 1065 840
T4 (Folic acid (100 uM) 625 840 1280 1065 840
Ts (Chitosan (1000 ppm) 6.40 865 1300 1110 845
Te (Chitosan (1500 ppm) 650 880 1318 1130 860
C.D. (p<0.05) 017 018 019 016 020
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Changesin reducing sugar content :

Just like total sugar, a continuous increasing trend in
reducing sugar content up to 5" day was observed followed
by decline on the remaining stages of study (8" and 10" day) in
samples of both the selected varieties of fenugreek (Table 2).
Reducing sugar content was 5.22 per cent in case of Methi
Local and 6.5 per cent Fw incase of Methi Shalimar Improved
on 5" day of sprouting. A non-significant influence of al the
treatments on reducing content was observed on O day,
however, on other daysthe reverseistrue. Up to 5" day, there
was a continuous increase in the said parameter followed by a
continuous decline on the last two stages of observations.
Chitosan (1500 ppm) resulted in highest content of the said
nutrient of 6.75 per cent, whereas, samplestreated with water
(control) with a value of 4.51 per cent resulted in lowest
concentration on 5" day. The change in the reducing sugar
content during sprouting of the fenugreek seeds are in
consonance with findings of Rafik El-Mahdyand LailaEl-Sebaiy
(1983) in fenugreek, Ghazali and Cheng (1990) in black gram
and Ayernor and Ocloo (2007) inrice. Thedifferencein reducing
sugar between the two varieties during various stages of
sprouting may be attributed to genetic framework of cultivars.
An increase in reducing sugar during early stages may be
attributed to the conversion of starch into simple sugar with
special referenceto reducing sugar during sprouting (Doblado
et al., 2007). The decreasing trend in reducing sugar content
on the later stages may be due to its consumption during the
sprouting process.

Table 2 : Effect of chemical treatments on reducing sugar (%) of

fenugreek sprouts
Reducing sugar (%)

Treatment 0 2™ 5n g" 10"

day day day day day
Variety
V1 (Methi Local) 052 275 522 354 3.08
V,(Methi Shalimar Improved) 072 338 650 462 4.04
C.D. (p?0.05) 010 011 011 012 0.10
Chemical
To(Contral) 060 230 451 350 250
T, (Vitamin C (100 uM) 060 265 510 395 310
T, (Vitamin C (500 M) 060 300 580 420 415
T3 (Folic acid (50 uM) 060 310 620 400 365
T, (Folic acid (100 pM) 060 310 620 400 365
Ts (Chitosan (1000 ppm) 070 325 650 430 385
Te (Chitosan (1500 ppm) 070 410 675 465 405
C.D. (p<0.05) NS 022 021 023 0.20

Changesin non-reducing sugar content :
During sprouting, a continuous increase in the non
reducing sugar content of sprouts of both the cultivars of
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fenugreek was observed and peaked on 5" day followed by
decrease onwards up to 10" day (Table 3). Among the two
cultivars studied, Methi Local exhibited the higher amount of
this type of sugar on all the days of study as compared to the
another variety Methi Shalimar |mproved with highest contents
on 5" day of 7.6 per cent and 6.38 per cent, respectively.
Contradictory to the results obtained in reducing sugar, the
control (water) gave the highest nutrient content on 5" day of
8.1 per cent and Chitosan 1500 ppm, gave the lowest content
of 6.4 per cent onthevery day. For all the dlicitor concentrations,
the non reducing sugar increased up to 8" day and declined on
last day of investigation. These results regarding increase in
this sugar are in accordance with those reported by Ayernor
and Ocloo (2007) inrice, Rafik EI-Mahdy and LailaEl-Sebaiy
(1983) infenugreek and Ghazali and Cheng (1990) in black gram.
The reported increase in non-reducing sugar during early
stages may be attributed to the conversion of starch into this
type of sugar and decreasein the later stages may be duetoits
consumption during sprouting (Doblado et al., 2007).

Table 3: Effect of chemical treatments on non reducing sugar (%)
of fenugreek sprouts

Non reducing sugar (%)
Treatment 0 2" 5n g 10"
day day day day day

Variety

Vi (Methi Local) 570 571 760 728 521
V(Methi Shalimar Improved) 557 515 638 627 434
C.D. (p<0.05) 009 011 010 011 011
Chemical

To(Control) 545 595 810 710 555
T (Vitamin C (100 pM) 555 580 765 685 5.10
T (Vitamin C (500 pM) 565 560 710 675 455
T3 (Folic acid (50 uM) 565 530 660 665 475
T, (Folic acid (100 uM) 565 530 660 665 475
Ts (Chitosan (1000 ppm) 570 540 650 6.80 4.60
Te (Chitosan (1500 ppm) 580 470 640 665 455
C.D. (p=<0.05 018 021 018 021 0.22

Changesin calcium content :

Anoverview of the dataincluded in Table 4 reveal ed that
significant differences were observed regarding the calcium
content between thetwo varietieson all the stages of sprouting.
Thecultivar Methi Shalimar Improved was superior on all days
ascompared to Methi Local. Continuousincreasein the amount
of thismineral in both cultivarswas observed with the passage
of time up to 8" day (corresponding to 397.57 mg100g* and
399.57 mg100g* in Methi Local and Methi Shalimar Improved,
respectively), however, on 10" day there was dight declinein
the said property. Analysis of data further revealed that non-
significant influence was shown by food grade additiveson O
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day on calcium content whereas the various pre-treatments
had varied effects on other days. Also, there was increasing
effect of the treatments on the parameter which go highest on
8" day, after that there was a decline on 10" day. On the peak
day, folic acid (100 uM) showed superiority regarding the
calcium content corresponding to 403 mg100g* and control
resulted in minimum content corresponding to 396 mg100g*.
This suggests that the calcium enriched sprouts can be used
asagood source of calcium asfunctional food. Theincreasein
calcium content during sprouting were also reported by
Srinivasan (2006) in fenugreek, Mbithi-Mwikyaet al. (2000) in
finger millet and Sattar et al. (1985) in corn. Thedifferencein
hereditary construction between the two varieties might have
resulted in higher calcium in Methi Shalimar Improved as
compared to Methi Local. Theincreasein calcium content may
be because the mineral s chelate or mergewith protein, inaway
that increasestheir function (Shipard, 2005).

Table 4: Effect of chemical treatments on calcium (mg/100g FW) of

fenugreek sprouts
Calcium (mg/100g)

Trestment 0 29 5" g 10"

day day day day day
Variety
V1 (Methi Local) 140.00 142.43 177.57 397.57 395.71
V;(Methi Shalimar Improved) 141.00 143.71 179.33 399.57 397.86
C.D. (p<0.05) 057 103 091 1.03 112
Chemical
To(Contral) 140.50 141.50 176.50 396.00 394.00

140.50 141.50 177.00 396.50 395.00
140.50 143.00 178.50 398.50 397.00
140.50 145.00 180.50 401.00 398.50
140.50 146.00 182.00 403.00 402.00

T, (Vitamin C (100 uM)
T, (Vitamin C (500 uM)
Ts(Folic acid (50 M)

T4 (Folic acid (100 pM)

Ts (Chitosan (1000 ppm) 14050 14150 176.67 396.50 394.50
Te (Chitosan (1500 ppm) 14050 14300 178.00 39850 396.50
C.D. (p<0.05) NS 193 170 193 209

Changesiniron content :

The iron content of the sprouts varied between the two
varietiesviz. Methi Local and Methi Shalimar Improved onall
the selected days of sprouting, which is shown Table 5. There
was a continuous increase in the said nutrient content while
proceeding through the different stages of sprouting up to 8"
day followed by a slight decline on last selected day. The
cultivar Methi Local resulted in higher values on all the stages
with 15.56 mg100g* as compared to variety Methi Shalimar
Improved which demonstrated 15.21 mg100g* on 8" day. The
food grade additivesindicated non-significant differenceswith
respect to their effect on iron content on O day whereas on al
other days the reverse was true. In this case, the treatment
folic acid (100 uM) wasfound to be most effective pretreatment

withavalue of 16.55 mg100g? while control (14.75 mg100g™)
was found to be least effective in changing the iron level in
fenugreek sproutson the peak day i.e., 8" day. Similar findings
have been reported by Srinivasan (2006) infenugreek, Mbithi-
Mwikyaet al. (2000) infinger millet and Sattar et al. (1985) in
corn. The difference in hereditary construction between the
two varieties might have resulted in lesser iron concentration
inMethi Shalimar Improved ascompared to Methi Local. When
seeds are sprouted, the minerals chelate or merge with protein,
in away that increasestheir function (Shipard, 2005).

Table 5: Effect of chemical treatments on iron (mg/100g FW) of

fenugreek sprouts
Iron (mg/100g)

Treatment 0 2" 5" g" 10"

day day day day day
Variety
V1 (Methi Local) 1250 1278 1475 1556 15.31
V,(Methi Shalimar Improved) 12.00 1254 1448 1521 15.04
C.D. (p<0.05) 005 008 018 035 0.17
Chemical
To(Contral) 1225 1250 1420 1475 1455
T, (Vitamin C (100 pM) 1225 12,60 1435 1500 14.73
T, (Vitamin C (500 pM) 1225 1275 1450 1526 15.06
T (Folic acid (50 uM) 1225 1275 1515 1640 16.15
T4 (Folic acid (100 uM) 1225 1290 1545 1655 16.40
Ts (Chitosan (1000 ppm) 1220 1255 1425 1476 1455
Te (Chitosan (1500 ppm) 1220 1270 1445 1500 14.80
C.D. (p<0.05) NS 015 034 067 032

Changesin magnesium content :

Examination of the data given in Table 6 revealed that,
higher amount of magnesium content was observed in sprouts
of Methi Shalimar Improved as compared to the Methi Local
variety except on 10" day. A continuous increase in the
magnesium concentration was observed with the passage of
time in both the varieties up to 8" day. The values on this day
were observed to be 157.86 mg100g™* and 158.86 mg100gin
Methi Local and Methi Shalimar Improved, respectively.
Samplestreated with chitosan (1500 ppm) resulted in maximum
and water treated (control) samples recorded the minimum
magnesium content in fenugreek sprouts on al the selected
days of study with highest valueson 8" day. It was 160 mg100g
in case of theformer additiveand 157 mg100g? in case of the
latter one. Theseresultsarein agreement with that of Srinivasan
(2006) in fenugreek and Sattar et al. (1985) in corn. The
differencein hereditary construction between thetwo varieties
might have resulted in higher magnesium concentration in
Methi Shalimar Improved as compared to Methi Local. Change
in magnesium content is due to the chelation of the mineral
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Table6: Effect of chemical treatments on magnesium (mg/100g FW) of fenugreek sprouts

M agnesium (mg/100g)

Treatment 0 2" day 50 8" 10" day

day day day
Variety
V1 (Methi Local) 70.57 81.28 130.43 157.86 151.71
V2 (Methi Shalimar Improved) 73.14 84.51 133.95 158.86 153.86
C.D. (p<0.05) 0.85 0.57 0.88 0.61 NS
Chemical
To(Control) 66.00 77.50 127.50 157.00 151.00
T, (Vitamin C (100 pM) 68.50 79.00 128.50 158.00 151.50
T, (Vitamin C (500 pM) 71.00 81.50 131.50 158.50 154.00
T3 (Folic acid (50 M) 71.00 80.50 130.50 157.10 151.50
T4(Folic acid (100 pM) 74.00 85.00 133.00 159.00 154.00
Ts (Chitosan (1000 ppm) 75.00 87.50 136.33 159.00 152.50
Te (Chitosan (1500 ppm) 77.50 89.50 138.00 160.00 155.00
C.D. (p<0.05) 1.59 1.07 1.65 115 NS

with protein, inaway that increasesitsfunction (Shipard, 2005).  additives possess strong capacity to increase the quantity of
Fromthesein vitro results, it isclear that sproutingaswell ~ nutrients. The current results clearly suggest that these sprouts
as pretreatment of fenugreek sprouts with the used food grade  would be high quality food with enhanced nutrient contents.
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