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ABSTRACT

The Trans Himalayan region of the Indian subcontinent being rich in traditional medicinal plants offers
numerous socio-economic benefits. Referred to as ‘God sent medicine’ or ‘Liquid Gold’ in the Tibetan,
Chinese, and Mongolian cultures, sea buckthorn (Hippophae sp.) is cultivated in various countries
around the world, but it is particularly prominent in certain regions. There are significant opportunities
for producing high value products using various novel-processing techniques while retaining their
medicinal and aromatic properties. Furthermore, the declining livelihood opportunities for communities
in the remote Himalayan regions necessitate the scientific exploitation of underutilized wild
bioresources like sea buckthorn, involving local communities to enhance nutritional and livelihood
security. Various parts of sea buckthorn plant, including seeds, pulp, fruit, juice, and leaves, contain a
wide range of bioactive compounds such as fatty acids, lipids, organic acids, amino acids, vitamins,
flavonoids, phenols, terpenes, tannins, and minerals. This research is an attempt for creating an
integrated processing system for sea buckthorn, encompassing its various parts such as leaves, berries,
and seeds, sourced from the Indian trans-Himalayan regions (IHR). Within this scope, the processing
of the sea buckthorn leaves involved two primary objectives: (i) analyzing gender-specific
phytoconstituents and its bioactivity potentials, and (ii) utilizing in-situ fermentation with kombucha
pellicle to develop a functional beverage. Similarly, the seeds were processed to examine the impact of
ultrasound-assisted extraction (UAE) on sea buckthorn seed oil, while for the processing/ value addition
of berries, the study aimed to evaluate the changes in phenolic compounds, antioxidant activity, sugars,
and minerals and flavor profile during the in-situ kombucha fermentation of sea buckthorn berry juice.

A comparative bioactive functionality of male and female leaves of two sea buckthorn species i.e.,
Hippophae rhamnoides and Hippophae salicipholia was analyzed to comprehend the selection of sea
buckthorn (Hippophae sp.) leaves (SBL) as a potential substrate for tea and/or nutraceutical
formulations based on gender and species. Gallic acid, epigallocatechin, sesamin, epigallocatechin-
gallate, rutin and quercetin were observed to be present significantly in male leaves, unlike female.
Consequently, male leaves exhibited better antioxidant activity as the ranges of IC50 and ferrous
reducing antioxidant power (FRAP) values of male and female leaves were 1.21-3.86 and 1.32-5.09
png/mL, 303.45-407.33 and 233.45-356.92 mg BHT/g dry weight respectively. However, aroma-
producing components like linalool and geraniol were only detected in female leaves. Moreover, the
mineral concentrations including Mg, K, Ca, Cr, Fe, Cu, and Zn varied in two species and between the
genders. The relationships between phytoconstituents and the factors (gender, species and extraction
methods), a principal component analysis (PCA) based on correlation coefficients established a
significant difference (p < 0.05) between the species, gender and extraction methods.

A study on enhancing the functional potential of SBL-infusion via in-situ kombucha fermentation
utilizing a symbiotic culture of bacteria and yeast (SCOBY) pellicle was carried out. To develop a
unique functional beverage SCOBY was employed to ferment SBL at 30+2°C. The dynamics of
phytoconstituents during the fermentation was monitored on the 3, 7, 10", and 14™ days. The PCA
differentiated the two species of SBL, H. rhamnoides and H. salicipholia suitable for kombucha
fermentation, as well as the natural variation of biochemical composition during the fermentation period

iv



from 0™ day to 14™ day. Some of the polyphenolic components like epigallocatechin, kaempherol,
hamamelitannin, rutin, and quercetin were significantly (p < 0.05) increased during the fermentation.
Cu and Zn content decreased in fermented kombucha (Log2 change of -0.51 and -0.18 respectively),
while Mg, K, Ca, and Ni increased (Log2 change of 0.201, 0.15, 0.44, 0.41 respectively). Fe content
was augmented from 0 to 70.51 ppb as a result of kombucha cultivation in the SBL infusion. The
developed organic and phenolic acids resulted in increasing titratable acidity and decreasing pH. 3-
methylmannoside, xanthosine, and diisopropyl silyl isopropyl ether were the prominent flavor
compounds detected in kombucha.

Effects of UAE conditions viz., treatment time, temperature, solvent-to-sample ratio, and ultrasound
power on antioxidant activity, stability, and extraction efficiency of oil from sea buckthorn seeds were
studied. The treatment time, temperature, and power showed a significant effect (p < 0.05) on the
extraction yield and quality of sea buckthorn seed oil (SBSO). The UAE process achieved a maximum
oil recovery of 6.87% and was significantly higher than that by the solvent extraction technique. The
optimum values of UAE conditions attained were at 50°C for 8.28 min at 552 W ultrasound power with
a solvent-to-sample ratio 10:1 (mL:g). The SBSO samples revealed higher carotenoid content
(237.04+3.86 mg per 100 g B-carotene equivalent), potent free radical scavenging ability (1.42+0.01
IC50 pg per mL), and oxidative stability (totox value=8.04+0.02) upon the UAE treatment. GC-MS
profiling of the oil sample at optimum UAE conditions exhibited better retention of fatty acids.

To create a unique functional beverage, sea buckthorn berry juice was fermented using a kombucha
pellicle for 14 days at 25°C. The resulting kombucha beverage was extensively examined and compared
to the original juice, revealing increased antioxidant activity (23.49%), phenolic from 28.45 mg GAE/g
to 35.89 mg GAE/qg, and flavonoid content from 49.66 to 58.08 mg CE/g, and essential elements (Mg,
K, Fe, Cr, Cu, and Zn) for human health. Analysis of sugar content revealed that mannose was the
dominant component in the berry kombucha, accounting for 57.37% of the total, while glucose
constituted 42.63% of the total sugar content. The fermentation process completely converted the initial
sucrose in the berry juice (which accounted for 14.1%) into glucose, rendering sucrose negligible in the
final berry kombucha. The fermentation process also transformed the flavor profile, resulting in a
highly desirable sensory experience.

To sensitize and empower different aligned stakeholders in sea buckthorn processing, several
interactive workshops, seminars and stakeholders’ meeting were conducted in Lahaul & Spiti district
of Himachal Pradesh, India. The idea was to encompass enhanced production, establishing marketing
connections, improving processing methods, disseminating information, and promoting in local
community.

This research work would serve as an all-encompassing rural action plan that leverages transformative
rural technologies, enhancing sea buckthorn processing, generating local livelihood opportunities,
conserving resources, and promoting sustainable development in the Himalayan regions of Himachal
Pradesh.

Keywords: Sea buckthorn; Novel processing technologies; Process optimization; Process dynamics;
Bioactive potentials; Functional foods; Metabolomics; Principal Component Analysis; Value chain
development



AR

YR IUHETE &1 T ferTerdt & uruRe shvefa tief ¥ I9g 89 & SR &S
1T - 3Mfies oH TS a3 | fsad), it 3iR Hferars Txpfad & 4R gRT Hoit
T2 gar a1 ‘fifs M & &0 A aftfa, It swui (fewith) &t |t gfar R & fafta
320 1 ST B, AfehT1 98 3 &7 B faRiy &0y B 399 Siiweliy 3iR gvifera oit
D] TU T gU fAf i TR o1 Aohiop| BT STANT HRh I T aldl ITal &b IdTa
& forg Agayul SiawR § 1 59 Sfaal, grexTS & feTerdt &sff & Teral & fo sroifadm
& FTd TR & 1T It gHUTH SR HH IUANT BT 7T STl oid e & o1 gig
B IR 3, FraH g Jqer B QT 3R SofifadT qRem sem & forg wnfia
forar mar 81 i, e, e, S SR uftial wfed It sl & e & fafte uen § Wt
3R srigfaea AT Bt T faegd &faen gil ¢ | I8 XY A Febyi b 7Y T Tebiopa
TRIGHRUT JUTTER &1 T U T §, foraw yRa oig-feumerdt &t (HR) § v ofta,
S 3R Sl S 39 faftr |t &Y <nfire fban o 81 59 e & iR, I st
F T P UEEHRU H o Ui 3T =i 9 () foiv-fafy urey gew! iR 39
AT & BT fAZas T, 3R (i) Ueh Srafets U fasRid & & fore sivagen ifeiera
& 1Y -G fhvad &1 IR dxA1| S RE, Al dHhUH S 3iad W SfegMSs-
SRRCT THICTRM (GUS) & UHTG DI Sffd FH=1 & fo1T siisll ! I o 7T T, STafds
I & TRIRBRU/Head & AU ST BT 3519 4l gH U axl I & S1-lg, prgal
fPUa- & GRM, BHIfeI® iTe!, elsiifaaac TAfars, ThT, TS 3R Wie NHsd o
URE T Hedidh BT U

YCTGfewHd IR/ TG & AT JUTTAT Iee & &9 H I 6y (Rt Tod) gt
(TESITQ) & 9T D) FHZA & forg &1 F syt yonfadl arh, Fut Wizey o fewis
JfRpIferT &t R MR A1al afidl &1 JaTed oid Aihd B &I [aRayor fasar
7| fofT SR ol & SR R, AleT & fausid, =R gt § Tifere TRrs, Tiiiaide e,
I, T efA-Tide, 3T iR Rafed He@yul ¥U ¥ Hislg Ut Y| Adieia,
T uRrl 7 dgaR Uersiiaiiac fafafd ueikid &1 #ifd 1050 Bt I 3R R 3R A1al
gt & By RegRiT TelefiRiiSe ureR (FRAP) A 1.21-3.86 3R 1.32-5.09 pg/ml,
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303.45-407.33 3R 233.45-356.92 mg BHT/g ¥ gTalds, iy VT H a1l b o
fomTeIe iR TRIATA raa Hral ufkrd! § T8 T8 4| $9% 3{am@l, Mg, K, Ca, Cr, Fe, Cu,
3R zn Tfed WfeT Figdr < wefaa 3tk i & offw fid g1 Irey ges! 3R dRe! (i,
gonfa 3R Fremefor fafdra) & oia dey, Tgday onie IR SR Th U9 ged fazayur
Wi = geiier, fefvr iR Feepur Rl & i v Aew@yul Sick (ot <0.05) ®AIfd
fopar|

SCOBY (ST 3R WHR &1 Ygoiid Tepfa) Ufide BT ITANT HReb -Tig DHIwar
fhUa & AT ¥ TS IUd-S R 1 SRITd® & ®I dgMH WR Th R a1 1|
TH g HrafEs 0 fasmRid & & g SCOBY 3R SBL &1 30+2°C WR fahfad &
& ferg Fanfora fovan man| fpvar & SRM urey gew! ot fasiiear ot AR 3, 74, 109
3R 143 f&7 Bt TS| PCA 7 PIvaT fhva & I IUGa SBL, H. rhamnoides 3R H,
salicipholia @1 & YS! & IY-T1Y 0 3 fa § 14 9 fe7 a& fpva sraftr & SR Sa
IS WAl Bt Wipfae war & e febarl fevad & ERA Timaise e,
PRI, AR, 3o 3R HxAfeT $8 oo ulehth-ifere gew! § St gig gs (@
<0.05)| Cu 3R zn &I U fobfOad wieEr @GHL: -0.51 3R -0.18 BT A2 URad-) H
HY 3, SEd Mg, K, Ca, 3R Ni & 3G §§ @BHR: 0.201, 0.15, 0.44, 0.41 HT A2
URacH) | TSNS H oIl fohUa & URUMTHERY Fe HIET &1 0 J 70.51 ppb T ST
7| fawRId HIEH® 3R Bifds TR & URUMRGEY feedad iadr 3R ged pH
gfe &% 21 3-ugaiEs, SiRA ok sriuse Riftre sreamiiie SR Bl
H U S aTe U e 9 3|

NS S FAHur (UAE) 1 R, TR T, arae SR faame-8- Tiud ST,
BT UG, T THUH & o I dd Fpu g, TehsiifRrse Tiafafy, sk dd &1 RRar
BT AT a1 T I THYUH & oS & dd (SBSO) BT Rt & 0, d0H 3R
TN S UTaR A Udh HdYUl UHTT (p <0.05) fGw@maT| gus ufehdr = 6.87% @1 3ffidwad
J Il BRI 1 3R Wiede TR dhb-d Bt ga-l H B! 3Hfdd ot Tiede-¢-
JTd XA 10:1 (mL: g) & 1Y 552 W SIS S UTaR WR 8.28 e & g 50°C R o
UAE &1 fUfal & Srg@aad e 91 SBSO & 9Wd H 3 dRICHIGS (237.04+3.86
foreioms ufd 100 UTH g-dRICH TH), T ISHA WhAfSRT &HT (1.42+0.01 IC50 ug
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Ui THT) 3R SHiRTSfed RRAT [@leied T = 8.04+0.02) HT Ul Il | 3IH e Jus
fRufaal & Fera TU A & T B Sil-uHey Wiwrsfer 3 % thys & dgaR ufauror
! UefRid foa

TH 33T HRATAD UT T & G, T Id 9 S ol 25 fSl AR w14 il
fore Y Uftierd o1 ITANT SR [hvaa favar | ufkomdt wheer Ug &t 93 99
R S Bt 5 3R A I B a1 H, T¢1 g CriRiee Tafafd (23.49%), i
28.45 fireium Sfug/sht § 35.89 fArefum Siiwg/af, 3fR wiaHas Aeft 49.66 T 58.08
foreiomy dig/sh 3fR WFa Wy & g Sawass d@ (Mg, K, Fe, Cr, Cu, 3R Zn) §¢ §U
AT H OTC N JER & fIRAWor & udT Ia fob ot eigan B 31 U U o, S Hd
R YT QU &1 57.37% U, STdlid Teohiol ol YR B 42.63% UT| favuae vfehar 4 -t
& T T RIS b1 (14.1%) BT T RS I @ISl § dad fear, For sifad okt witgan
T geh ST 170Y g1 71| fohuae Ufdhar A ware Uithred &1 i dad faar, forae gRumiaey
AP aiE-I1g UG UTd gl

I g TR ¥ fafie Yag RauR®! &1 I=1ed a9 & e, YRd & feramaa uew
¥ ARIA-Tifd e # w3 exfded HRIE, AR SR fRaURS! & o Smifrd &
T | T8 UfhaTd Idd ITGH, [AUUH HaRe R &+, TRIRGR0T fafia o guR &,
T BT TR B R R e 8 AR $HA o6 o8 7|

3id H, 9% TNy BT Uh ATIS AU ST Ao &b &9 H HIH BT ol IRATHDBRT ATHIOT
UG &1 a1y I3TAT 8, Tt THUT UGB &l 9gTdl 8, RIFIT SATSHAdT & aaR
Ul AT 5, ST BT TRETT Bl &, 3R oA Yo & fedredt &af # wad e
I Sl Sl 6|

PIgs: A THYH, T8 UIHRUN Wenfiferar; ufshar srmaq; ufehar Tifde!; Srfaed
&, HATESD W Iad: AeEaiyay; Tgd dhulHc faRayor, Jed gadm uee=
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RM- K-14: RM- 1-0) of the final fermented sample vs initial
infusion control sample and Log 2 change represented the
increment/decrement of the phenolic acids during the
fermentation process

The relative abundance (% area) of the components was
compared and represented as ratio (SM-K-14: SM- 1-0 &
RM- K-14: RM- 1-0) of the final fermented sample vs initial
infusion control sample and Log 2 change represented the
increment/decrement of the polyphenols during the
fermentation process

The relative abundance (% area) of the components was
compared and represented as ratio (SM-K-14: SM- 1-0 &
RM- K-14: RM- 1-0) of the final fermented sample vs initial
infusion control sample and Log 2 change represented the
increment/decrement of the phenolic acids during the
fermentation process

The relative abundance of the components was compared
and represented as ratio (SM-K-14: SM- 1-0 & RM- K-14:
RM- 1-0) of the final fermented sample vs initial infusion
control sample and Log 2 change represented the change in

the vitamins during the fermentation process
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The relative abundance (% area) of the components was
compared and represented as ratio (SM-K-14: SM- 1-0 &
RM- K-14: RM- 1-0) of the final fermented sample vs initial
infusion control sample and Log 2 change represented the
increment/decrement of the minerals during the fermentation
Sensory analysis results of tea kombuchas produced from
two different species of sea buckthorn leaves i.e., RM-I-0,
SM-I1-0, RM-K-14, SM-K-14. Stars next to sensory attribute
labels indicate to significance level corresponding to the
results of an ANOVA (*: p<0.05)

Pictorial representation of the methodology followed for the
extraction of SBSO using UAE treatment

Interaction effects of ultrasound extraction variables on the
yield, response contour plots illustrating influence of (a)
ultrasound power, time and temperature, and (b) ultrasound
power, time and solvent to sample ratio

Interaction effect of ultrasound extraction variables on the
ICso value, contour plot of (a) ultrasound power, time and
temperature, and (b) ultrasound power, time and solvent to
sample ratio

Interaction effects of ultrasound extraction variables on total
carotenoid content, response contour plots illustrating
influence of (a) time, temperature and ultrasound power, and
(b) time, ultrasound power and solvent to sample

Interaction effects of ultrasound extraction on totox value,
response contour plots illustrating influence of (a) ultrasound
power, time and temperature, and (b) ultrasound power, time
and sample to solvent ratio

Optimization plot showing the optimum ultrasound
extraction resulting in the highest recovery and the most
desirable antioxidant activity and oil stability

Theoretical validation of experimental and fitted values for
(a) yield, (b)antioxidant activity, (c) total carotenoid content,

and (d) free fatty acid value
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GC-MS spectrum of optimally extracted sea buckthorn seed
oil

Flow chart for the preparation of kombucha beverage from
sea buckthorn juice

Flow chart of the methodology for the preparation of
functional kombucha beverage from sea buckthorn berry

The changes in total phenolic content, total flavonoid content
and DPPH scavenging activity during the fermentation of
berry juice by the kombucha pellicle. Data are presented as
the average of triplicate measurements = SD

An overview of kombucha fermentation process and
metabolic activities of SCOBY

Dynamics of changes during quantification of sugars in berry
juice and prepared kombucha

Dynamics of changes quantification of polyphenols in berry
juice and prepared kombucha

Dynamics of changes quantification of mineral compounds
in berry juice and kombucha

Sensory evaluation of color, odor, astringency, sweetness,
taste and overall acceptability of fresh berry juice and
fermented berry kombucha (scores ranged from 1 to 10, with
1 indicating extreme dislike and 9 indicating extreme liking.
Pictorial view of sea buckthorn (a) berry juice and developed

(b) berry kombucha
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