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Improved a-amylase and Helicobacter pylori
Inhibition by fenugreek extracts derived via solid-state
bioconversion using Rhizopus oligosporus

Reena Randhir phD and Kalidas Shetty PhD

Department of Food Science, Chenoweth Laboratory, University of Massachusetts, Amherst, MA 01003, USA

The present research investigated the enrichment of fenugreek (Trigonella foenum graceum) seed substrate with
phenolic antioxidants and L-DOPA via fungal-based solid-state bioconversion (SSB) system. This approach us-
ing food grade fungus Rhizopus oligosporus, was chosen because it has been demonstrated to be effective in
other seed and food substrates for improving health-relevant functionality and has long history of use for food
processing in Asia. The protein content and B-glucosidase activity of the substrate which reflects fungal growth,
increased with incubation time in conjunction with enhanced phenolic content and also suggested its possible in-
volvement in phenolic mobilization. The antioxidant activity assayed by [-carotene bleaching and DPPH free
radical scavenging methods both indicated high activity during early growth stage (days 4-6) followed by re-
duced activity during later growth stage (days 8-20). A direct association between higher phenolic contents dur-
ing early growth stage (days 4-6) and antioxidant activity suggested a link to mobilization of polymeric and hy-
drophobic phenolic forms. The L-DOPA content of the fenugreek extract fluctuated during the course of biocon-
version with higher levels during days 6-10 (1.5-1.7 mg/g DW). The SSB process substantially improved the in
vitro porcine ai-amylase inhibition activity by 75 % on day 4 which correlated to higher levels of total phenolics
and related antioxidant activity of the extracts. The high a-amylase inhibitory activity also coincided with high
L-DOPA content on day 6. These results have implications for diet-based diabetes management. The same bio-

conversion stage had Helicobacter pylori inhibitory activity, which has implications for ulcer management.
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glucosidase, phenolics, antioxidant activity, L-DOPA (levo-dihydroxy phenylalanine), superoxide dismutase,
antioxidant protection factor, Helicobacter pylori inhibition

INTRODUCTION
Fenugreek (Trigonella foenum graceum) is noted for its
several pharmacological properties especially its hypogly-
cemic effects.”* The seeds are rich in proteins and contain
the unique amino acid 4-hydroxyisoleucine, which is one of
the active ingredients for blood glucose control by inducing
insulin release in both rats and humans.>* Type 2 diabetes
is increasing globally with ensuing concern about the cost
of management and control. Many oral hypoglycemic
agents, such as biguanides and sulfonylurea are available
along with insulin for its treatment’ but these synthetic
agents can produce serious side effects including abnormal
colon function. The use of synthetic a-glucosidases inhibi-
tors such as acarbose, cause adverse side effects such as
abdominal distention due to the excessive inhibition of
pancreatic enzymes, resulting in the abnormal bacterial
fermentation of undigested carbohydrates in the colon.’
Hence, research on the development and utilization of anti-
diabetic plants with mild inhibition of pancreatic enzymes
is beneficial.” ® These plants contain phenolic substances
and proteins, which interact with digestive enzymes thereby
modulating their activity.’

Further, an interesting association between diabetes and
dopaminergic functioning in rats suggest that hypoglycemic
foods with increased levo-dihydroxyphenylalanine (L-

DOPA) content are desirable.'®'? It is the precursor of the
neurotransmitter dopamine, used in the management of
Parkinson disease.”” Previous studies indicated that fenu-
greek sprouts are rich in phenolics and L-DOPA, which
improved with elicited priming.'*

Helicobacter pylori is a bacterial pathogen that persis-
tently inhabit the human stomach. Colonization by the
bacterium induces inflammation of the gastric mucosa that
may progress into peptic ulcer diseases or adenocarcinoma.
"> Antibiotic treatments do not always inhibit the bacterium
and it has side effects with potential for antibiotic resistance.
Earlier research indicated that clonal oregano extracts rich
in plant phenolics with related antioxidant activity have
moderate inhibition.'®
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Solid-state bioconversion (SSB) refers to the growth of
microorganisms especially fungi on solid substrate with
minimal presence of free liquid between substrate parti-
cles. Hence, fungal bioprocessed foods rich in phenolics
such as fenugreek could be an effective additional strat-
egy for diet-based management of H. pylori infections
coupled to reducing other oxidation-linked diseases. The
primary objective of such bioprocessing is for the modifi-
cation of the organoleptic and nutritional properties of the
substrate to produce value-added products. The objective
of this research was to investigate the potential of SSB
system that can mobilize the conjugate forms of phenolic
precursors naturally found in fenugreek. To this end, we
chose food- grade fungus Rhizopus oligosporus, demon-
strated to be effective in other substrates such as fava
bean, cranberry pomace, and pineapple.'”" The rationale
was that this approach would increase the phenolic con-
tent, antioxidant activity and L-DOPA content, which will
enhance the potential health-relevant functionality of fun-
gal processed fenugreek. We believe that the spectrum of
phenolic compounds with associated higher antioxidant
function that are mobilized during solid-state bioconver-
sion, would confer antimicrobial activity with reduced
potential for development of antimicrobial resistance due
to the different modes of action of various individual
phenolics in the profile. Similarly, it may also confer im-
proved amylase inhibition activity with enhanced host
antioxidant function for potential Type 2 diabetes man-
agement.

MATERIALS AND METHODS

Microorganism and solid state bioconversion

The SSB system followed was similar to the regular solid
substrate bioconversion followed in Tempeh production.
2% Rhizopus oligosporus was originally isolated from an
un-pasteurized Tempeh product in our laboratory. The
fungus was maintained on potato dextrose agar plates and
sub-cultured monthly. A fungal culture at active sporulat-
ing stage (approximately 3 week old culture at room tem-
perature) was used in this study.

Dry seeds of fenugreek (Trigonella foenum-graceum)
were purchased from Asian-American Groceries, Hadley
MA, USA. For the SSB studies, 10 g of finely ground
fenugreek powder was taken in 250 mL Erlenmeyer
flasks. Then 25 mL distilled water was added and the
flasks were autoclaved at 121°C for 15 min. The fungal
spores and mycelia from one petri plate were inoculated
into 4 flasks, mixed well and incubated at room tempera-
ture for 20 days. The samples were extracted at two-day
intervals for 20 days. One hundred milliliters of distilled
water was added to the flasks and the culture was ho-
mogenized for 1 min using a Waring blender, and then
centrifuged at 15,000 g at 4°C for 20 min. The super-
natant was then filtered through a Whatman No. 1 filter

paper.

Total phenolics assay

Total phenolics were measured as gallic acid equivalents.
! One mL of the above fenugreek extract was transferred
to a test tube and 1 mL of 95% ethanol; 5 mL of distilled
water and 0.5 mL of Folin-Ciocalteu phenol reagent
(Sigma Chemical Co, St. Louis, MO) were added. After

an incubation period of 5 min 1 mL of 5% Na,CO; was
added, mixed well and kept in the dark for an hour. Then
the samples were vortexed and the absorbance was meas-
ured at 725 nm using a UV spectrophotometer (Spectonic
Genesys 5; Milton Roy Company, Rochester, NY). Phe-
nolic content was estimated from a standard curve of gal-
lic acid under similar assay conditions and reported as
mg/ g DW (dry weight).

Antioxidant activity assay

The antioxidant activity of the fenugreek culture extracts
was determined by two methods namely the B-carotene
oxidation and DPPH (1,1-diphenyl-2-picrylhydrazyl) in-
hibition assays. The B-carotene oxidation model system
as described by Hammerschmidt & Pratt, 1978 was fol-
lowed.”> The P-carotene solution was prepared by dis-
solving 10 mg of B-carotene in 50 mL of chloroform in
amber colored flask to prevent light oxidation. One mL
of this solution was pipetted to a flask covered with alu-
minum foil. Chloroform was then evaporated under vac-
uum at 40°C for 5 min. Then the B-carotene was dissolved
in 20 puL of linolenic acid and 184 pL of Tween 40 emul-
sifier. Then added 50 mL of H,0, solution (176 puL H,0,
in 100 mL distilled water) and mixed thoroughly till the
[B-carotene was completely dissolved. To 100 pL of the
phenolic extracts 5 mL of this prepared p-carotene solu-
tion was added. Control tubes had 100 pL of 95% ethanol.
As soon as the emulsion was added the zero time absorb-
ance was read at 470 nm. Subsequent absorbance read-
ings were recorded after a 30 min incubation period in a
50°C water bath. The Antioxidant Protection Factor (APF)
was used to express antioxidant activity as a ratio of sam-
ple absorbance at 30 min to that of the control.

The antioxidant activity of the fenugreek culture ex-
tracts was also determined by the DPPH (1,1-diphenyl-2-
picrylhydrazyl) assay.”> To 3 mL of 60 uM DPPH, 100 pl
of fenugreek culture extract was added and the absorb-
ance was monitored at 517 nm. The radical scavenging
activity of the fenugreek extract was compared with the
activity of an equivalent concentration of quercetin, a
strong antioxidant standard and expressed as DPPH radi-
cal inhibition percent.

HPLC analysis of L-DOPA

Ten milliliters of the fenugreek culture extract was evapo-
rated at room temperature and the residue was dissolved
in 10 mL of buffer solution (32 mM citric acid, 54.3 mM
sodium acetate, 0.074 mM Na,EDTA, 0.215 mM octyl
sulphate pH 4). This solution was filtered through 0.45
pm disposable syringe filters (Schleicher & Schuell,
Keene, NH). High Performance Liquid Chromatography
(HPLC) was performed using an Agilent 1100 liquid
chromatograph equipped with a variable wavelength de-
tector. The analytical column was a reverse phase Su-
pleco Discovery C18, 250 mm x 4.6 mm with a packing
material of 5 um particle size. The total composition of
the mobile phase was 18% methanol and 82% buffer con-
sisting of 0.01 M ammonium acetate at pH 5.4 at a flow
rate of 1 mL/min. Tyrosine and catecholamine standards
[L-DOPA, dopamine, norepinephrine and epinephrine
(Sigma chemicals, St. Louis, MO)] were chromatogra-
phed separately and in a mixture. The sample was
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chromatographed under the same conditions. Retention
time and spectrum was compared with that of the stan-
dard L-DOPA. The amount of L-DOPA in the fenugreek
culture extract was measured from the peak height ob-
tained at 280 nm, computed automatically using Agilent
Chemstation 4.0 and was expressed in terms of milli-
grams per gram dry weight.

Crude enzyme extraction and protein assay

A crude enzyme extraction was made by dialyzing 10
mL of the fungal bioprocessed fenugreek culture extract
using Spectro/Pro membrane tubing (Spectral Medical
Industries Inc., Houston, TX) against distilled water at
5°C for 24 h. The resultant clear liquid was used as crude
enzyme solution after adjusting the same volume for each
extract.

The protein content of the extracts was measured by
the Bradford method.?* This assay is based on the obser-
vation that the absorbance maximum for an acidic solu-
tion of Coomassie Brilliant Blue shifts from 465 nm to
595 nm, specific to when binding to protein occurs. The
Bradford dye reagent (Bio-Rad protein assay kit I, Bio-
Rad Laboratory, Hercules, CA) was prepared by diluting
the commercial dye concentrate in a 1:4 ratio with dis-
tilled water. To 100 pL of the sample and blank (extrac-
tion buffer only) in test tubes 5 mL of the dye was added
and incubated at room temperature for 15 min. The sam-
ples were mixed and the absorbance was read at 595 nm
using a UV-VIS Genesys spectrophotometer (Milton Roy,
Inc., Rochester, NY).

p-glucosidase activity assay

The B-glucosidase enzyme activity was measured by the
procedure described previously.” A standard reaction
mixture contained 0.1 mL of 9 mM p-nitrophenol B-D
glucopyranoside (pNPG), 0.8 mL of 200 mM sodium
acetate buffer (pH 4.6) and 0.1 mL of enzyme solution.
After 15 min incubation at 50°C, the reaction was stopped
by addition of 1 mL of 0.1 M sodium carbonate and the
released p-nitrophenol was measured at 400 nm. The
standard curve was established using pure p-nitrophenol
(Fisher Scientific Co., Fair Lawn, NJ). One unit of en-
zyme was defined as the amount of enzyme that releases
1 umole p-nitrophenol per min at pH 4.6 at 50°C under
the assay conditions.

Superoxide dismutase (SOD) assay

The fungal-related SOD activity was determined as de-
scribed by Spychalla and Desborough, 1990. *. The en-
zyme extracts were obtained by more thorough disruption
of the fungal grown fenugreek culture substrate using a
waring blender at high speed for 2 min, so that the fungal
mycelia was also completely disrupted before dialyzing
as done for B-glucosidase studies. The enzyme reaction
mixture containing 50 mM Na,CO;/NaHCOj; buffer (pH
10.2), 0.1 mM EDTA, 0.015 mM ferricytochrome ¢ and
0.05 mM xanthine was prepared. This mixture was used
to blank the spectrophotometer at 550 nm. The assay was
initiated by the addition of sufficient xanthine oxidase to
produce a basal rate of ferricytochrome c reduction. One
unit of SOD was defined as the amount of enzyme that
inhibited the rate of ferricytochrome ¢ reduction by 50 %

Antimicrobial assay

The anti-microbial efficacy of fenugreek sprout extracts
to inhibit the growth of the bacteria Helicobacter pylori
was studied. The bacteria was cultured on peptone agar
plates containing 10 g peptone, 15 g granulated agar, 5 g
sodium chloride, 5 g yeast extract, 5 g beef extract (Bec-
ton Dickinson and Co., Cockeysville, MD.) and 0.5 g of
pyruvic acid in 1 L of water. They were maintained in a
broth medium (same media mentioned above without
agar) at 4°C. Stock cultures were grown at 37°C for 48 h
prior to use. The plates were inoculated with 100 pL of
overnight active culture and smeared for even bacterial
growth.

Agar-diffusion test was done aseptically using sterile
1.2 cm diameter paper (susceptibility) disks purchased
from Schleicher & Schuell, Inc., (Keene, NH 03431,
USA). Round paper disks were sterilized and loaded with
50, 100, 150 and 200 pLs of the fungal-grown fenugreek
extract. Saturated disks were then placed on top of the
bacterial growth. Treated plates were inverted and imme-
diately placed in an anaerobe jar using a Campylobacter
microaerophilic gas generator with the catalyst in place
(Microaerophilic Systems Envelops, Becton Dickinson &
Company, Sparks, MD). Samples were incubated at 37°C
for 18 h. The diameter of clear inhibition zone surround-
ing each disk was measured in centimeters.

a-Amylase inhibition disk assay

The o-amylase inhibition disk assay protocol developed
by McCue and Shetty”” was followed. A starch substrate
media containing 5 g agar and 5 g starch in 500 mL dis-
tilled water was prepared, autoclaved and poured in
petriplates. Sterile 1 cm diameter round paper disks was
placed in the center of every petriplate with media. The
amylase inhibition assay reaction mix contained 800 pL
of the Rhizopus oligosporus bioprocessed fenugreek ex-
tract and 200 pL of the porcine pancreatic alpha-amylase
solution (equivalent to 10 units in 20 mM sodium phos-
phate buffer pH 6.9). The samples were incubated at
room temperature for 20 min. For the control 800 pL of
the 20 mM sodium phosphate buffer pH 6.9 was used
instead of the sample. Then 100 pL of the sample/control
was loaded onto the sterile paper disk in the petriplates.
Plates were sealed with parafilm and allowed to incubate
for two days at room temperature. Five mL of iodine stain
solution (5 mM iodine in 3% potassium iodide) was
added to each plate and allowed to react for 15 min. Ex-
cess iodine stain was drained and the diameter of the clear
zone was measured and used to calculate the amylase
inhibitory activity. Results are reported as the Amylase
Inhibition Percent, which is defined as the ratio of the
amylase inhibition diameter of the (control- sam-
ple)/control x 100.

Statistical analysis

Experiments were run in triplicate and each SSB experi-
ment was repeated 3 times. The average values of 9
measurements for each day with standard deviations are
reported in the graphs. Statistical analysis was performed
using MS-Excel software.
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Figure 1. Protein content of fenugreek substrate during solid-state bioconversion by Rhizopus oligosporus
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Figure 2. B-glucosidase activity in fenugreek substrate during solid-state bioconversion by Rhizopus oligosporus

RESULTS AND DISCUSSION

The growth of Rhizopus oligosporus fungus on the fenu-
greek substrate was rapid from day 4 of inoculation and
completely colonized the entire substrate by day 8. The
protein content of the inoculated fenugreek substrate,
which is an indicator of the fungal growth, increased with
incubation time (Fig 1). The protein content increased
from 19 % during inoculation stage to a peak of 32 % on
day 14 and subsequently maintained slightly lower levels
throughout the rest of the growth period possibly due to
nutrient depletion. Another indicator of the effective
colonization of the substrate by the fungus is the B-
glucosidase activity. Previous studies on fava bean seed
powder bioprocessed by the same fungus showed a simi-
lar correlation.'” The B-glucosidase activity was low ini-

tially (day 0-day 4) and then increased rapidly with
growth (Fig 2). Higher levels were observed from day 4
to day 8, and then it further increased linearly from day
12 to day 20 of growth. Higher glucosidase activity also
indicates the increased carbohydrate needs of the coloniz-
ing fungus.

Free phenolics usually exist in conjugate forms with
one or more sugar residues bound to hydroxyl groups, or
groups of compounds such as carboxylic and organic ac-
ids, amines and lipids. ** Previous solid-substrate biocon-
version of fava bean and soybean powders by the same
fungus indicated that the fungal B-glucosidases mobilized
the carbohydrate-bound or polymeric phenolics resulting
in higher total phenolic content.'”** The change in the
trend of total phenolics mobilized by R. oligosporus



Fenugreek bioprocessing for health-relevant phenolics 386

growing on the fenugreek substrate is shown in Fig. 3.
Fenugreek seeds are naturally very high in phenolics
(14.3 mg/g DW), however the content increased to 23
mg/g DW on day 4 of growth. High levels were also ob-
served during day 6, followed by slightly lower but stable
levels throughout the rest of the growth period (14-17
mg/g DW). The increase in total phenolics on day 4 coin-
cides with the initial increase in beta-glucosidase activity
suggesting its possible involvement in phenolic mobiliza-
tion and likely use of released sugars for energy. How-
ever unlike observations made in fava bean and cranberry
pomace, solid-state bioconversion by the same fungus the
higher activity did not correlate to higher total phenolics

levels during late stages of growth (days 12-20) but only
during early growth stages. ''® This suggests that other
fungal enzymes may be involved in releasing phenolic
aglycones and remobilizing from the fenugreek substrate
during the different stages of bioprocessing. However in
general the fungal enzymatic hydrolysis of these conju-
gated phenolics leads to increased free phenolic content,
which can enhance the nutraceutical value of the fenu-
greek extracts.

In the present study, antioxidant activity of the bio-
processed fenugreek extracts was measured by the (-
carotene bleaching method and DPPH free radical scav-
enging method. The [-carotene method estimates the

Total Phenolics (mg/ g DW)

DayO Day2 Day4 Day6 Day8 Day 10 Day 12 Day 14 Day 16 Day 18 Day 20
Incubation Time (days)

Figure 3. Total phenolic content of fenugreek substrate during solid-state bioconversion by Rhizopus oligosporus
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Figure 4. Antioxidant activity of fenugreek substrate during solid-state bioconversion by Rhizopus oligosporus as measured by f-carotene

method
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Figure 6. L-DOPA content of fenugreek substrate during solid-state bioconversion by Rhizopus oligosporus

ability of the bioprocessed fenugreek extract to function
at a lipid—water interface to prevent H,O, catalyzed B-
carotene oxidation. The DPPH method estimates the abil-
ity of the extract to quench the DPPH free radical. The
antioxidant activity measured by [-carotene assay (APF —
Antioxidant protection factor) fluctuated during the bio-
conversion process (Fig 4). High APF was observed dur-
ing early growth stage (day 2-4), followed by reduced but
stable activity during later growth stage (day 6-day 20).

The antioxidant activity of the bioprocessed fenugreek
extracts as measured by the DPPH free radical scaveng-
ing method also showed high activity (93%) during early
stages of growth (day 4-6) followed by lower levels dur-
ing the later growth phase (Fig 5). A direct association
between higher phenolic levels during early growth stage
(days 4-6) and antioxidant activity was observed. This
early stage activity may be linked to the mobilization of
polymeric phenolic forms, since at this stage the APF
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Figure 7. Fungus-linked SOD activity of fenugreek substrate during solid-state bioconversion by Rhizopus oligosporus.

linked activity was also high, which may be due to more
hydrophobic phenolic forms. Since these phenolics ap-
pear to be effective quenchers of free radicals they possi-
bly protect the fungus against elevated oxidative stress
generated during early colonization of the fungus on the
substrate. Reduction of phenoxyl radicals by reductants
can recycle phenolic antioxidants, thus enhancing the
antioxidant activity further. The antioxidant activity of
phenolics is mainly because of their redox properties that
allow them to act as reducing agents, hydrogen donors,
singlet oxygen quenchers and metal chelators.™

The L-DOPA content of the fenugreek extract fluctu-
ated during the course of bioconversion (Fig 6). In gen-
eral higher levels were observed during days 6-10 (1.5-
1.7 mg/g DW) and day 16 (1.5 mg/g DW). The early in-
crease on day 6 may be the consequence of increased
phenolic mobilization on day 4. Another factor could be
that the increase in the protein content of the substrate
during the bioconversion was making more tyrosine
available for L-DOPA biosynthesis by the fungus. This
increase could also be due to fungal tryrosine hydroxylase,
which is the rate-limiting enzyme in the synthesis of L-
DOPA from the tryrosine precursors.’’

Superoxide dismutases (SOD) catalyze the dismutation
of the superoxide radical to molecular O, and H,0, thus
preventing the oxidation of biological molecules, either
by the radicals themselves, or by their derivatives.”> As
observed in the case of fava bean bioprocessing by the
same fungus'’, in the present research the fungal superox-
ide dismutase activity initially was low on day 0 and in-
creased significantly on day 2-6. Elevated SOD activity
indicates the production of Reactive Oxygen Species dur-
ing early bioconversion process that in turn triggered the
elevated SOD expression in the fungus. Interestingly in-
creased initial levels (days 2—6) coincide with higher an-
tioxidant function when the likely oxidative stress of ini-

Figure 8. o-Amylase Inhibition disk assay. Left Petri-plate is
control and right is fenugreek extract treated

tial fungal colonization of the substrate was high. Slightly
higher SOD activity on day 16-20 suggests another stress
period of growth when there was a limitation of nutrients
for fungal growth. This increase is directly proportional to
an increased L-DOPA content suggesting the possible
involvement of SOD during the L-DOPA mobilization
from the substrate.

The a-amylase inhibition percent (AIP) of the fenu-
greek seeds were naturally high (59%). Figure 8 shows a.-
amylase inhibition disk assay with control on the left with
no inhibition and the fenugreek extract on the right with
inhibition. All of the aqueous fenugreek extracts from the
solid-state bioprocessing by R. oligosporus were found to
possess significant a-amylase inhibitory activity. Bio-
processing substantially improved the AIP to 75 % on day
4 of incubation, followed by 73 % on day 6 (Fig. 9). The
AIP reduced from day 8 onward maintaining lower levels
throughout the rest of the incubation. The high AIP for
day 4 coincides with higher levels of total phenolics and
related antioxidant function. We suggest that the mobi-
lized phenolic compounds with high antioxidant activity
mobilized by Rhizopus oligosporus were contributing to
the higher AIP. Other compounds present in the fungus
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Figure 9. a-Amylase Inhibition Percent of fenugreek extracts during solid-state bioconversion by Rhizopus oligosporus

such as amino-sugars and carbohydrate analogues may
also be responsible for improved AIP. Higher AIP may
also be related to the structure of the simple phenolics
and/or their modified forms present in the extracts during
early incubation as observed in the case of pineapple."’

Phenolics are known to bind to the reactive sites of en-
zymes thus altering its catalytic activity. We suggest that
the mechanism of inhibition of the glycolytic activity of
a-amylase may occur through the direct blockage of the
active center at several subsites of the enzyme as also
suggested for other inhibitors.” *” The o-amylase inhibi-
tory factors present in the fenugreek extract probably in-
teract with the active sites of the enzyme in a substrate-
specific manner. Similar research with herbal extracts
shows an association between antioxidant activity and
higher AIP.>?” The lower AIP observed in the late stages
of incubation might be due to the breakdown of phenolic
compounds with limitation of nutrients for fungal subsis-
tence and acute oxidative stress as indicated by high SOD
activity. There are numerous reports that indicate a con-
nection between diabetes and impaired dopaminergic
neurotransmission.'” ' Hence, amylase inhibition activity
in a L-DOPA rich natural background would be a novel
strategy to manage early stages of Type 2 diabetes linked
to high glycemic index. Therefore day 6 could be the
stage at which L-DOPA and potential synergistic phyto-
chemicals could be extracted from the fungus colonized
fenugreek substrate for such diet-based therapeutic appli-
cations.

We observed that fenugreek seeds naturally had
Helicobacter pylori inhibition and hence investigated if
the inhibition improved with SSB of fenugreek with R.
oligosporus. Figure 10 shows the H. pylori disk assay,
control (water only) exhibiting no inhibition is in the cen-
ter, and disks loaded with varying concentrations of the
fenugreek extract with inhibition zones are seen towards
the periphery of the petriplate. In general extracts from all
incubation times from day O to day 20 had some level of

inhibition at all extract concentrations tested (50, 100,
150, 200 pLs). There was a direct correlation between the
extract amount and inhibition diameter. The highest inhi-
bition was seen with extracts from day 4, followed by day
6. Inhibition by extracts from days 8-12 was almost simi-
lar with reasonably higher inhibition (Fig. 11 shows inhi-
bition for 100 and 200 pLs extracts only). Lower activity
was observed during the later stages of incubation (days
16-20). Early stage extracts with high inhibition is asso-
ciated with higher total phenolic content and associated
antioxidant activity. This leads to the hypothesis that en-
hanced mobilization of carbohydrates by the fungus with
perhaps phenolic release and polymerization as observed
in the case of mung bean sprouts and cranberry contrib-
uted to high antioxidant activity and related H. pylori or
a-amylase inhibitory activities.'® ¥

Figure 10. Helicobacter pylori inhibition disk assay. (Center disk
represents control; Disk along periphery has increasing concentra-
tions of fenugreek extract 50, 100, 150, 200 uLs starting from top
disk in clockwise direction)
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Figure 11. Helicobacter pylori Inhibition by fenugreek extracts during solid-state bioconversion by Rhizopus oligosporus.

We propose that the mechanism of antimicrobial activ-
ity by the phenolic containing extracts is by creating an
acidic environment that causes the bacterial cell mem-
brane to disrupt. Moreover plant phenolics and synthetic
phenolics are known to have anti-bacterial properties by
disrupting the membrane PMF (Proton Motive Force).
The antimicrobial activity observed in fenugreek could
also be due to presence of scopoletin, a coumarin deriva-
tive of coumaric acid and steroidal saponins.** Scopoletin
is a lactonized phenolic, and has the potential to inhibit
the electron transport chain in prokaryotes. There is also
the possibility that the phenolics enriched fenugreek ex-
tracts were altering the urease activity of the bacteria.
Urease is an extracellular enzyme and is also bound to the
outer membrane of H. pylori, which provides the ideal
alkaline microenvironment for its survival.*® Other possi-
ble modes of action could be by lysis and leakage of in-
tracellular constituents, perturbation of cell homeostasis,
inhibition of enzymes, electron transport, and oxidative
phosphorylation, interaction with macromolecules and
effects on macromolecular biosynthetic processes by bio-
cides as reported in other microorganisms.*® HPLC analy-
sis of solid-state bioprocessed pineapple extracts by the
same fungus indicates that simple and biphenyl com-
pounds contributed to high H. pylori inhibition'’ suggest-
ing a similar mobilization mode in fenugreek.

IMPLICATIONS

SSB of the fenugreek substrate by Rhizopus oligosporus
significantly enhanced the total phenolics and associated
antioxidant activity resulting in improved o-amylase and
Helicobacter pylori inhibition function. Thus this is an
effective new strategy to significantly increase the natural
alpha-amylase inhibitors associated with high phenolic
antioxidants, which could potentially reduce the glycemic
index thus helping in the management of carbohydrate
metabolism disorders linked to Type 2 diabetes. From this
study the early growth phase (days 4-6) when higher phe-

nolics, antioxidant activity and higher L-DOPA content
were mobilized, could be targeted for synergistic phyto-
chemicals for functional food and therapeutic applications.
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