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ABSTRACT

Minor forest produce (MFP) offers a green social security to approximately 275 million people
accounting almost 70% of the tribal communities in India. Nevertheless, the systematic
collection, processing, and utilization of NTFPs remain significantly underdeveloped.
Therefore, effective utilization of MFP for the development of sustainable value-added products
is imperative. Madhuca longifolia (mahua) flower is one of the high value commercial forest
produce widely available in the Central and Northern regions of India, particularly in the states
of Madhya Pradesh, Chhattisgarh, Odisha and Uttar Pradesh. The collection of mahua flowers
accounts for around 85000 tons, out of a potential of 4,90,000 tons. About 17.55% of tribal
people are employed around mahua flower collection of total workforces of India. Despite being
readily available and nutrient-rich, mahua flowers remains largely underutilised. Therefore, it
is essential to explore and investigate the broader and prospective applications of mahua flowers
to fully harness their social and economic potential. This thesis encompasses a detailed study
on understanding the potential of mahua flowers for the development of value-added products.
The study focused on underscoring the multi-dimensional potential of mahua flowers,
emphasizing its application in fermented fortified beverage, essential oil extraction, nutrient-
rich feed and bioenergy source.

Mahua flowers are a rich source of fermentable sugars i.e. fructose, glucose and
sucrose and provide an ideal substrate for fermentation to produce vitamin B12. In this thesis,
a microbial consortium mediated co-fermentation technique was utilized to fortify vitamin B12
in mahua flower juice. Mono-cultured fermentation with S. cerevisiae revealed effective
utilisation of sugars in the first 12 h i.e. 98.7%, 94.8%, and 92.6% for glucose, fructose and
sucrose, respectively, resulting in a fermented mahua beverage lying in the category of ‘Fruit
Wine Other than Grape Wine’ under Food Safety and Standards Authority of India (FSSAI)
guidelines. However, to cater to the non-alcoholic target group, additional microorganisms were
screened to develop a low-alcohol beverage. Therefore, GRAS microorganisms exhibiting
synergistic interactions 1i.e., Lactobacillus fermentum (LF), Lactobacillus plantarum (LP),
Propionibacterium freudenreichii (PB), Lactobacillus acidophilus (LA) and Saccharomyces
cerevisiae (SC) were identified through cross-streak and microbial interaction assays. Among
them, LA demonstrated antagonistic behaviour toward the other strains. Further
experimentations revealed that LP and PB exhibited good potential of production of vitamin
B12 in mono and co-cultured system. Fermenter-based growth kinetics indicated that co-

fermentation of mahua juice with LP and PB at pH 7 and a 1:1 inoculum ratio resulted in a
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highly sensorily acceptable beverage with a vitamin B12 yield of 10.77 mg/L and an alcohol
content of 1.97% by the 10th day, thereby, lying in the category of ‘Low Alcoholic Beverage’
under the FSSAI guidelines. The results highlighted microbial consortia as an effective method
for vitamin B12 biofortification in plant-based beverage, however, fermentation masks the
original aroma and flavour of the fortified beverage. In order to address this challenge, the
fortified beverage was incorporated with the essential oil (EOs) extracted from fresh mahua
flowers via conventional (hydrodistillation- HD, enzyme-assisted hydrodistillation- HDE and
Soxhlet extraction- SOX) and emerging (ultrasound assisted extraction- UAE, supercritical CO2
extraction- SCFE) techniques. The study illustrated extraction of highest quality EOs with
better terpenoid concentration i.e. 2-acetyl-1-pyrroline, y-terpinene, myrcene, o-terpineol,
limonene, L-linalool and the maximum yield (2.074%) by SCFE technique. The components of
EOs were effectively detected by both E-nose and GC-MS, with 78.76% of similar compounds.
SCFE-derived EOs exhibited significantly higher (p <0.05) inhibition activities against -
glucosidase (37.16%) and a-amylase (43%) respectively and higher carotenoid content. Results
demonstrated that SCFE is a superior technique for obtaining high-quality EOs from low-lipid
plant sources like mahua flowers, outperforming conventional methods such as HD, HDE and
SOX. However, the incorporation of extracted EOs into the fortified fermented beverage did
not result in significant improvement in aroma and taste due to the strong presence of phenolic
compounds developed during fermentation.

After the extraction of juice from mahua flowers and its utilisation for the production of
fortified beverage and extraction of essential oil, approximately 45-48% of the spent biomass
(MFSB) is generated from mahua flowers. This biomass is directly discarded for the
degradation thereby affecting the environment. Therefore, to address the increasing challenge
of dumped biomass the MFSB was explored to understand its potential for production of non-
food value added products. Experimental and theoretical data revealed good potential of MFSB
to be used as animal feed (cattle, poultry and fishery feed), compost, bioethanol and other bio-
based products.

The findings of this thesis advocate for the integrated utilization of mahua flowers in
diverse industries mainly supporting the livelihood of primary collectors and traditional users
of mahua flowers in local tribal communities. This research promotes value addition and
diversifies the applications of mahua flowers and will help shift mahua flower

collectors/suppliers to entrepreneurs.

Keywords: Mahua flowers; Fortification; Vitamin B12; Microbial consortia; Co-fermentation;

Essential oil; Waste biomass; Capacity building; Survey; Technology transfer
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Y a1 IS (THTHUT) T 275 e Al &1 T gkd qrHTford JR&f UeH &Rl g,
S HRA D1 TSI SIS BT TTHT 70% | bR, TR-FT8 a9 Iarel (Tt &1
JUTCHaG TUE, TIRDHR0T 3R Ut et ft w1t sifaefid g | swfer, feers, gou daftia
TG & I & T THUw T &7 THTe SUART SIATaRA ¢ | HYHT AR e (Fga)
®1 B U I T JTa I a4 Id1G & ol HRd & A9 3R Il &1, faviy &1
T e YT, BTG, SNSRI 3R IR U Idl H HUd 0 ¥ U ¢ | AgSH Hal
DI GG T 85,000 T ©, STqId STPH! GHTI IUTIT 4,90,000 T | HRA BT Fad
HTITA BT AT 17.55% ST AT A Bd WI8 ¥ IS U 7 | gTetifor AgsH T
T ¥ IuA 3R U dedl ¥ HRQR 8, R+t 571 IudivT 9gd »H fovan Sira B
ST, AGSN Tl & SATTd 3R GHIAd SUANT Bt Wil HRAT 3R ST LT HRAT
3T § dlfh -1 ATATSID IR M1 TUTATSHT &1 ORT SUTNT ST ot b | T8 Q-
U TgSHT Bl & oo Jardd Idral & b o GUTaT &I a3 R dhisd U fawqd
ST TR Rl § | ST A TGS Tl b1 IgHATATH FHTG11 1 Y@t fawan, fadi
0 Y 39D [h0ad TN Ug, RIS dd MhYUl, Tve UF] 3MER 3R id Sl |id &
0 U IO R §d fea|

HEN Bd fhUa-Ig HRIS S Thaeial, TP 3R Jeblol BT TG AId § 3R
f3eTi B12 MG 5 fhvad & o T Si1exl Tedice UG oRd § | 59 MY-TY H Th
Jeroiia Tafed Tg-favad do-id &1 SUTRT e Hgsf Bd 39 H [ae®A B12 &t ggar
(PIETBHR) BT T S. cerevisiae B ATY THA-UP(d [hUaT I Ugd 12 Hel H BRI
&1 THT IUTIFAT UTE T2 - TqbIe, Thaeiel iR Yebiol & foTg T 98.7%, 94.8% 3R
92.6%| 3T% URUMRGRY dOR g3 fhflad Hgaen 0g URJE W IReT Td HHS
UTIHROT (FSSAD & fERM-FAERN & sicfd <3fR IRd wall &t a1’ &1 Juft & omar Bl
gTalifoh, TR-AEUM HRA dTd dférd YHE &1 e H I8 §U, HH-3fehied U [amRid &
B SR JeHSHal BT TBIT DI 718 | THIT, TH GRAS (HHII: FRI& A S aTe)
geIoial dt Ugad $I T, S SO Gefharee e yelid aRd §, o9 &

Lactobacillus  fermentum (LF), Lactobacillus plantarum (LP), Propionibacterium
freudenreichii (PB), Lactobacillus acidophilus (LA) 3R Saccharomyces cerevisiae (SC) | Pid-

e iR geAsidg YR forar uterun & Areqd ¥ U 47 fh LA 39 Iudal & ufd
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Ufded aeR UGRid Bl & | 3F & JANT § I8 Udl 9al fob Lp 3R PB A Uahd Ud Te-
TP Yot & faeTfid B12 Sdie & 3rd &l fawars | BHeR-MUTRd gfg Tfaet @
o fBaT fs pH 7 8IR 1:1 SHIHEH U WR LP 3R PB & 1Y A3 X HT g-fhuaa
10d fa7 a® 10.77 THcmHATR fGerf®@ B12 3R 1.97% Siedigd Iel & 1Y Th
i 3oy wu A W™ UY USH Bl &, Sl FSSAI fexnd=il & sidtid y-srepiga
07’ &t 9ot § airar g | aRomH! A tre-anenfid O H faerffe B12 & Sla-2edl oq &Hsia
Y &l T YHTA f3fY & =0 H I9TR foan| gTailtep, fpvam & SR fawmRig Bifeis
Q! Bt IufRUTY & BRI, fHTad 0g Bt 7 iy 3R wW1g § St urg 1 | 39 g &l
R DA 8, (b iTad Ta T arel Tgsi ol I T U 319=ae ol (EOs) 1 Afeferd fava
T 39 HA¥H ddll Bl URURG  (FRSSReARM-HD, USRH-Hgr™dl W
ERSIfSRCARH-HDE 3R Wiagae Apdusox) iR IR (SremifFe Werd
A YU.UAE, IRisbieedmd Co2 FShYU-SCFE) dh-iei & H1eqH 3 e | srema
# SCFE d@-d gRT 3 T[Uadl ald S{TaRIS ol b HShYul U gofT, o dgar

UHIgS i adl Qﬁ, aﬁ b 2-acetyl-1-pyrroline, y-terpinene, myrcene, a-terpineol, limonene,

L-linalool, 3R 3{fdad o FSHYUT 2.074% TR 7T EOs & UCHh| BT hadTgad Ul
T & AT E-nose 3R GC-MS &1 I9ANT o a1, fomH 78.76% Tifiies FHM UK Y|
SCFE-3dH EOs 7 B-glucosidase (37.16%) 3R a-amylase (43%) P 3o SeRa-1 aRIYA
TffAfR/Er (p < 0.05 W Ag@yUl) 3R I dRIcHIgS el welRid ot | afkoml 3 fe@mn
f% SCFE ®H-a91 aTal Uiy Hid! oY Ag3M Bal I 3o UGl aTdl HTaRAH ddl UTed &
Pt 9Y db-Id §, S HD, HDE 3R SOX SRt URulXes f3feri & s8R g1 gTailiep, Fbral 7w
3TaRT® dal ®I fbfoad Ug H JRIferd He1 IRt W1g 3iR iy T Pis Iwiw-1d GUR
Tet U T, fSRIehT SR fahua & SR 9 Usd i A |

g3 Bl & I FaTem, SUHT ST BIfCHIES 07 IdTe H H- 3R Haadh
A BT & STe, ATHT 45-48% ST §31T SR (MFSB) 304 BidT ¢ | I8 S Ttd
T4 & fou e faan o1an 8, fS92 gaiarur R ToRIc® UHIE USdl 8| ST, theh 7Y
TN & T $I §d B & [ MFSB & GHIFAd SUTNT ®I TR-TE Jed Fafdfa
JaTE] o FoTe WIoT 71T | TaRTTe e 3R Hgifad SeT Gl fas MFSB &1 3UdNT U] 3ER
(M-S, T UTe 3R A UTeH SMTER), WIe, Sagdqid 3R 3 Wg-3enikd Idral
& =0 T a1 S gear g

Vii



U QYUY P FISHY A5 Bal & Thidpd Iud &) fafdy S & serar o 2,
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