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ABSTRACT

Hyperglycemia, a condition characterized by an abmal excess of sugar in the blood, has been linkgte onset
of type 2 diabetes mellitus and associated to d@iiddinked vascular complications. Medicinal plargnd legumes
have been shown to exert their hypoglycemic effecteveral mechanisms which include the inhibitbthe key
enzymes, pancreatic-amylase and intestinat-glucosidase. The aim of the present study wasuestigate the
enrichment of soy seed (Glycine max) substrated wphienolic antioxidants via fungal-based solid-stat
bioconversion (SSB) system by dietary fungus (Rh&mligosporus) and its effect on the inhibitiohadove
enzymes. Total phenol content (Lowry’s method)ambxidant activity (DPPH) were determined. Inhidn of a-
amylase anda-glucosidase activities were measured using stamold p-nitrophenyk-D-glucopyranoside as
substrates respectively. Protein and total phemuoitent of the seed extracts increased with fungalbation time.
The extract indicated high antioxidant activity #85%), during early growth stage (days 4-6) folletvby reduced
activity during later growth stage (days 8-10). iedt association between higher phenolic contehtsng early
growth stage (days 4-6) and antioxidant activitggested a link to mobilization of polymeric and rtoydhobic
phenolic forms. SSB process substantially imprdmedtro a-amylase inhibition activity in soy seed extraais t
75% on day 4 which is compared to higher levelantfoxidant activity It is concluded that SSB is a good strategy
to improve the phenolic content of above seed filvarced functionality with improved antioxidantieity that
contributes taz-amylase inhibition relevant to potential diabeteanagement.

Key words: In vitro study,Glycine max SSB,a-amylase and-glucosidase inhibition, DPPH assay.

INTRODUCTION

The prevalence of diabetes mellitus (DM) is rapidéyng worldwide at an alarming rate. It is emaggas a major
health problem in India [1] which may affect 366lmn people in 2030. Two types of DM are currerithown [2],
one being insulin-dependent diabetes mellitus, IDBMI the other being type 2 non-insulin-dependésitedes
mellitus, NIDDM [3]. The most common acute compltioas of type 2 due to the hyperglycemia-induced
pathogenesis are metabolic problems and infecdpnHyperglycemia, a condition characterized byaéomormal
postprandial increase of blood glucose level, lntassociated to oxidation-linked vascular corapibas [5].It is
possible to reduce the risks of chronic diseasekspaavent progression by either enhancing the sodgtural
antioxidant defenses or by supplementing with djetantioxidants [6]. Synthetic antioxidants like BHand
BHA[7] commonly used in processed foods have sfeces and are carcinogenic [8h vitro studies suggest that
food like vegetables, grains, seeds[2]and legunegf antioxidants have protective effects agamsiny diseases
such as cancer, diabetes and cardiovascular disgdie
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a-amylase and-glucosidase are key enzymes involved in starchKa@wvn and intestinal absorption, respectively.
Inhibition of these enzymes[11] can significantlgcdease the postprandial increase of blood glulens after a
mixed carbohydrate diet and therefore can be amitapt strategy in the management of hyperglycdimied to
type 2diabetes [12]. A main drawback of currentbed syntheti@-glucosidase and-amylase inhibitors such as
acarbose is side effects such as abdominal disterftatulence, meteorism and possibly diarrhed.[TBerefore,
focus has been shifted to natural enzyme inhibifosen dietary plants which have inhibitory effeajaénst o-
amylase andi-glucosidase activities and can be used as effedtierapy for postprandial hyperglycemia with
minimal side effects [14].

Solid State Bioconversion (SSB) is microbial bia@ssing of a solid food substrate that acts asysiqdl support
and source of nutrients in the presence of low figgd [15]. It is a simple alternative technologyth a long
history in Asia to improve the nutritional qualignd palatable characteristics of cereals and leguRtg@zopus
oligosporusis a food-grade fungus that has been widely usesblid-substrate bioconversion systems to produce
value-added food products [16, 17]. It is chosemabee being food-grade fungihizopus oligosporuss
demonstrated to be effective in other substratet s1$ fava bean, cranberry pomace, and pineapgle BSB
would increase the phenolic content and antioxidzsttvity which will enhance the potential healtdavant
functionality of fungal processed seed and legurtigs. used in the biotransformation of raw casstraprotein
enrichment [19] and the production of lactic acidl dumaric acid [20]Bacillus subtilisis also used for solid state
bioconversion.B. subtilis BCRC14715-fermented black soybean possessed esthammtents of aglycone and
vitaminK2 as well as superoxide dismutase actijat).

SoybeanGlycine ma¥, a phenolic-rich legume consumed worldwide, reegiiconsiderable attention of late decade
for their potential role in reducing the formatiand progression of certain types of cancers andescimnonic
diseases such as cardiovascular disease, Alzheindistase and osteoporosis[22]. Several antiraagens,
including phenolics such as phenolic acids, flavds@nd isoflavonoids have been identified in saylseamong
which genistein, have been shown to inhébgdlucosidase activitin vitro [23]. Therefore in this study, the potential
of SSB using food-grade fungus was investigatechobilize the conjugate forms of phenolic precurswaturally
found in soyseed to improve its health-linked fimrality.

MATERIALSAND METHODS

Collection of seeds and microor ganism:

Plant seed (Soglycine max)were procured from Namdhari seeds, Bangalore, Kakasand were identified by
Prof. S. B Sullia, taxonomist and microbiologistjn)University, India. Specimen samples were depdsat Jain
University herbarium (voucher no. 341&hizopus oligosporus/as procured from IMTECH, Chandigarh, India
and was maintained on potato dextrose agar plates abecidtured monthly. The fungal culture at active
sporulating stage (which is approximately threeksesf culture at room temperature) was used ingtidy [24]

Solid state bioconversion (SSB)

For SSB studies, 10 g of finely ground dry seed gemalong with 25 ml distilled water were taken2b0 ml
Erlenmeyer flasks and autoclaved. The fungal spamed myceliawere inoculated and incubated at room
temperature for 10 days. The samples were extrattedo-day intervals for 10 dayshe culture was homogenized
and centrifuged at 15,000 g at 4 °C for 20 min. $Shpernatant was then filtered through a Whatman1Niter
paper[25].

Deter mination of total protein content
Total protein content of the bioprocessed seedetdwere determined by Lowry’s method using BSAtasdard
and absorbance was measured at 660 nm[26]. Alirdatations were carried out in triplicates.

Total phenols content

Total phenol content of the bioprocessed seed @stmas determined using the method of McDorldl,2001
with slight modifications [27]. Gallic acid was uses the standard for the preparation of calibmatioaph.
(concentration range: 0.025-0.4 mg/ml) Absorbamas measured at 765 nm. Phenol concentration iextracts
was calculated in terms of gallic acid equival€bAE).
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Antioxidant activity

Antioxidant activity of the bioprocessed seed eotsavas determined on the basis of the scavendfagten the
stable DPPH (1, 1-diphenyl-2-picrylhydrazyl) fremdical activity[28]. DPPH solution was freshly paeed and
kept in the dark at 4°CTo 3 ml of 60uM DPPH, 100ul of seed extracts were added and the absorbanse wa
monitored at 517 nm. The radical scavenging agtioftthe SSB seed extracts were compared with ¢hieity of
equivalent concentration of ascorbic acid argressed as DPPH radical inhibition percAfitdeterminations were
performed in triplicates. The radical scavengingivies of the tested samples, expressed as p@enof
inhibition were calculated according to the follogiequation [29].

Percentage inhibition of DPPH activity = [(AB- AAAB] x 100
Where AA and AB are the absorbance values of thteated of the blank sample respectively.

Deter mination of a-amylase activity

a-amylase activity was determined in bioprocessed sxtracts in a colorimetric reaction using 3,8itddsalicylic
acid[30]. A standard curve was generated using JB¥(altose monohydrate. Activity was calculated agsi mg
protein, where 1 unit was defined as the amounérafyme required to liberatauhol of maltose under assay
conditions. Data was reported as amylase inhibi(i®in index values, defined herein as the ratiatted amylase
activity of the control (enzyme alone) to that bktenzyme/clonal extract mixture[31]. Values gredkan 1
indicate amylase inhibition. Theamylase activity is determined for unprocessedlaoprocessed seed extracts by
same method.

Deter mination of a-glucosidase inhibition

The inhibitory activity of bioprocessed seed exsaagainst yeast-glucosidase was determined by measuring the
formation of p-nitrophenol bya-glucosidase after reaction witprnitrophenyle-D-glucopyranoside (PNP) as
substrate in the presence and absence of seedtex®2mL of 0.2 mM PNP substrate ¢dHfor control) and
0.2mL of the enzymenfglucosidase) was added to seed extract mixturs. FElaction tube was incubated 30min in
a 30°C water bath. The reaction was stopped bytiadddf 0.6mL of 1M sodium carbonate and absorbamas
determined by spectrophotometer at 405 nm[31]. Bets reported as- glucosidase inhibition (aGl) index values,
defined as the ratio of theglucosidase activity of the control (enzyme alotwejhat of the enzyme/ seed extract
mixture. Values greater than 1 indicatglucosidase inhibition.

Statistical analysis
Experiments were performed in triplicates. The ager values of the experiments for each day withdsta
deviations are reported in the figures. Statisticadlysis was performed using MS- Excel software.

RESULTSAND DISCUSSION

During the SSB of seed substrates, the growth effiingus was rapid from day 6 of inoculation aniicieitly
colonized the entire substrate by day 10.The fuggaith was monitored by the changes in the prateimtent of
the seed extract©n 6" day, the protein content has increased in soy#9 @Figure 1). The fungal growthas
monitored by the changes in the protein conterthefseed extracts. Earlier studies in cranberma faean and
mung bean extracts indicate that there was a lineagase in protein content with fungal growth,23.

The above studies indicated an efficient coloniwatdf the fungus on the seed substrates, henceolphen
mobilization by the fungus was investigatédd.the case of fava bean this enzymatic hydrolgdiconjugated
phenolics resulted in improved free phenolic contehich enhanced the health-relevant functionatifythe
substrate[30]Freephenolics usually exist in conjugate forms with a@remore sugar residues bound to hydroxyl
groups or groups of compounds such as carboxylkitaganic acids, amines and lipids[33]. The charigethe
total phenolic content due to mobilization By oligosporuson the seed substrates are showrrigure 2. The
phenolic content doubled by day 6 when an incrégagotein content was detected, indicating anvactinenolic
mobilization by the fungal enzymes[25]. Total phlecamtent has increased in soy on 6th day by 99%hé case of
soy bean substrate phenolic content has increaséfl day to 9.8 mg/g DW from 2.5 mg/g DW off Gay (Figure
2).
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Figure 1: Effect of SSB on total protein content in soy extracts
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Figure 2: Effect of SSB on total phenol content of soy substrates

Higher phenolic content during late stages may aislicate a stress response due to nutrient deplets the
bioprocessing progressed as also reflected in high@oxidant activity[25].In the present study, antioxidant
activity of the bioprocessed seed extracts was unedsby the DPPH free radical scavenging methoe. DRPH
method estimates the ability of the extract to ghethe DPPH free radical. Antioxidant activity hiasreased in
bioprocessed soy on"4day by 57.4% (Figure 3)The antioxidant activity of the bioprocessed sesttacts
correlated to the phenolic content only during @erstages of growthF{gure 2 and Figure)3This suggests that
the antioxidant function of the seed extracts ddpanthe qualitative characteristics of phenolicfile and not just
the total phenolic content.
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Figure 3: Antioxidant activity of soy substratesduring SSB by R. oligosporus as measured by DPPH radical
inhibition method.

a-Amylase is responsible for cleaving starch duriigestive process, which is important to manageppasdial
blood glucose levels. A bi-functional inhibitor froseed extracts which exhibit inhibitory activitpmards trypsin-
like anda-chymotrypsinlike serine proteinases as well asnsga-amylases has been reported [34]. Gramylase
inhibitory activity of the bioprocessed seed exsagas moderately high during early incubation &@y2) (Figure
4). Extracts ofR. oligosporusioprocessed soy had the strongest anti-amylabétgcspecifically on &' day of
culture time (Al index value of soy = 3.6+ 0.005)jdure 4).
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Figure4: Al index in bioprocessed soy for alpha amylase inhibition

Higher inhibition was observed during days 4—1G0chicorrelate with higher antioxidant activity (kBig 4 and
Figure 6).Lower inhibition was observed during later stagésS8B, which might be due to the breakdown of
phenolic compounds with limitation of nutrients flamgal subsistence and acute oxidative stressdisaited by
high antioxidant activityExtracts ofR. oligosporushioprocessed soy extracts had the strongest hrapgidase
activity, specifically on 6th day of culture timgofy, aGl index value = 2+ 0.02) (Figure 5).
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Figure5: a-Glucosidase inhibition (aGl) by extracts of bioprocessed soy
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Figure 6: Al index versus DPPH scavenging activity of bioprocessed soy.

Results from the present study indicate that dutivegearly stages of bioprocessing there is enmaaceof total
phenolics and antioxidant activity in the soy beatract. This increase also correlates to highamylase and:-
glucosidase inhibition [25]. We propose that thepiavement in functionality is due to the fungal ymatic
hydrolysis of the seed extracts.

Relationship of extract antioxidant activity to antidiabetic activity

As soybean extract anti-amylase activity was mooagunced than anti-glucosidase activity, we focused on the
anti-amylase activity as representative of the sapbextract anti-diabetic activity for further comnigon studies.
For bioprocessed soybean extract anti-amylaseitgctias compared to antioxidant activity. Thesauhsssuggest
that antioxidant activity may play a role in thetismamylase (e.g. antidiabetic) activity of biopresed soy bean
extracts (Figure 6).
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CONCLUSION

Present study revealed ttduring the early stages of bioprocessing, therenisancement of total phenolics and
antioxidant activity in the above seed extract.sThicrease in antioxidant activity also correlateshigher a-
amylase inhibition which can control or prevent tmset of long-term complications of postprandigbdrglycemia
and diabetes mellitus. atural a-amylase andr-glucosidase inhibitors from food-grade plant sesroffer an
attractive therapeutic approach to the treatmemtost-prandial hyperglycemia by decreasing gluceszase from
starch and delaying carbohydrate absorption irsthall intestine and may have potential for usénéntteatment of
diabetes mellitus and obesity. Food-grade pheneimylase inhibitors from dietary plant extracts patentially
safer, and therefore may be a preferred altern&ivenodulation of carbohydrate digestion and calndf glycemic
index of food productsThe major implication of this research is that S3B be an efficient strategy to improve the
phenolic content of these seed extracts with agsstienhancement of health-linked functionality.
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