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ABSTRACT

Rising population, malnutrition, post-harvest losses, food insecurity and alarming
prevalence of chronic diseases are the primary challenges that motivated to conduct scientific
investigation on indigenous dietary sources. Root and tubers are the second major staple food
sources after cereals and grains. Yam is the fourth most important tuber crop after potato, sweet
potato and cassava. Thus, this Ph.D. thesis aimed to explore and utilize the under-utilized root and
tubers such as yams for processing into value-added functional food products. The primary
objective of this research was to document indigenous knowledge on the processing and utilization
of root and tubers, the intervention of processing methods for lesser-known tubers, pre-treatment
for removal of antinutrients, drying technology for enhanced shelf life and long-term storage and

develop healthy food products.

A preliminary survey was conducted in the tribal area of Athamallik block, India for
various roots and tubers. Based on the survey, the maximum popular and available three yam
species, i.e., karba kanda (Dioscorea pentaphylla), masiha kanda (Dioscorea bulbifera) and
kulhia kanda (Dioscorea hispida) were selected for this study. Prior to the application as product
development, the yam species were physicochemically characterized to assess the potentiality of
these yam species towards various applications for food formulations. By evaluating the
physicochemical properties, it was determined that all three species are starchy tubers rich in
antioxidants, phenolics, and minerals. However, antinutrients such as oxalate, phytate, saponin,
tannin and inhibitors were also recorded, which limits their comprehensive utilization. But the
indigenous people process these tubers conventionally before consumption and use for various

medicinal purposes.

To address the issue of antinutrients at domestic or industrial level, different processing
methods such as boiling, steaming or autoclaving and soaking were employed for different time
periods to remove or reduce the phytate, oxalate, tannin, saponin, trypsin inhibitors and a-amylase
inhibitors in the three yam species. All the treatment conditions significantly reduced the
antinutrients, but boiling for 25 min was the most suitable for maximum removal of antinutrients.

The level of reduction differed from one species to another due to variations in composition and



structure. Similar to the antinutrients, bioactive compounds and antioxidants were also
significantly affected by different processing conditions. SEM micrographs, FTIR and XRD,
revealed the structural changes after pre-treatment. In comparison to soaking and steaming, boiling
severely influenced the morphology changes, which showed clearly visible starch damage. The
drying experiment was conducted after successfully establishing the required protocol for quickly

removing antinutrients.

Drying is a crucial unit operation in the post-harvest processing of perishable commodities.
Thus, to produce safe dried products or flour from yams, the drying of pre-treated yam slices was
conducted. Six different drying methods, including both the conventional and modern drying
techniques such as sun drying (one sunlight day or 10h), shade drying (48h), hot air drying (60°C,
10h), microwave drying (450 watt, 35min), infrared drying (450 watt, 4h) and freeze-drying (-
55°C, 48h) for untreated yam slices were employed for the drying experiments. All six different
drying methods had a significant effect (p<0.05) on the physicochemical, structural, functional,
morphological and pasting properties of yam flour. Furthermore, it was noticed that the influence
of various drying methods has differed from one species to another species. Modern drying
methods reduced the moisture content below the safe limit (<10%) than the conventional methods
(>13%) for the given drying time. Different drying methods showed significant (p<0.05) effects
on the diffraction pattern, functional groups, SEM morphology, pasting properties, functional
properties, color attributes, antioxidants and nutritional properties of yam flour. Upon thermal
processing of yam (pre-treatment and drying), the resistance starch content was reduced compared
to freeze-dried one. Based on certain nutritional parameters (Starch, protein, resistance starch (RS),
total phenolic content, total flavonoid content, DPPH scavenging activity and ferric reducing
antioxidant power), shade drying, microwave drying and hot air drying were found to be suitable
for D. pentaphylla, D. bulbifera and D. hispida, respectively. Thus, Shade dried yam flour of D.
pentaphylla and microwave-dried D. bulbifera flour were used for application in product

development.

Snacks are extensively consumed and constitute a significant portion of the human diet as
a source of energy. Gluten-free yam flour-based functional cookies were prepared by incorporating
varied proportions of yam flour (100-50%) and chickpea flour (0-50%). The formulated cookies

were optimized based on the sensory score using Fuzzy logic analysis. Based on fuzzy logic



analysis, the cookie samples containing 60% yam and 40% chickpea flour showed the highest
similarity value, mostly liked by the consumers in both the yam species. Adding chickpea flour
enhanced the protein content, resistance starch and whiteness index of the prepared cookies. The
RS of P60 (cookies containing 60% D. pentaphylla flour) and B60 (cookies containing 60% D.
bulbifera flour) was 35.23% and 31.64%. The biological value and protein efficiency ratio of B60
(89.58%, 3.19) was higher than that of P60 (79.44%, 2.93). The findings of this study indicated
that using these lesser-known yams to produce functional cookies is technically feasible and can

be processed or developed phytonutrient rich snack products.

Similarly, another snacks product, extrudates, were formulated by mixing yam flour of
Guinea yam (Dioscorea cayenensis) (100-70%, chick pea (0-15%) flour and sugar kelp flour (O-
15%). The crude fat, protein, ash and moisture content ranged between 1.21-3.05%, 4.14-7.19%,
1.40-4.64% and 4.96-15.09%, respectively. Sample Y75C10S15 (75% yam, 10% chickpea and 15%
sugar kelp flour) and YgoC10S10 (80% yam, 10% chickpea and 10% sugar kelp flour) were shown
to have comparatively high nutritional value within unblanched and blanched samples. Adding
chickpea and sugar kelp flour improved the extrudates' minerals, protein, fat and ash content.
Thermally blanched yam flour-based extrudates exhibited higher antioxidants than unblanched
yam flour-based extrudates. Like the cookies, yam-chickpea-sugar kelp-based extrudate
processing is feasible and can be industrially produced. Utilizing the unexplored yams in the
production of food products will increase their usage and aid in the battle against poverty, hunger,
and chronic illnesses. In addition, using yam (an alternative carbohydrate source) in food
production is a smart way to reduce postharvest losses and contributes to food and nutrition

security, particularly in underdeveloped nations.

Vi



AR

el ST, HUINUT, HUd Hels & a6 b JHaH, TIE SRIRET R TR STreal
& GRS ATl UTYTHG AT 8 off WM 3MER Al IR dF1-d g $’- & g
R B 1 3T & 91 oS 3R e gk U T WY HId 5 | 311, ABhe 3R Sl &
15 Ydrq, Al 999 AE@yUl e Hud ¢ 39 UPR, 39 Yige! iR &1 3e=d ged afdd
HRAED WY MG T T & [ HH IUIN T T T8 3R $g oY o AT BT Ul
T 3R UGN HAT| 5T MY T WUHD ILT oS 3R P b YHWHT 3R ITANT TR
WeRll AM BT SXAASIHIU HAT, HH I hal & o o A &1 gwaay,
TAGRUCH (antinutrients) ®I 8¢ & A Jd-IUAR, 941 g3 Ach ARE 3R SUHIID
HSRU & ol YW &1 b1 3R TR WE IATG! B! b Rad BT

fafier STef 3R el & o WRA & SrynAfcdss sl & 3nfearit & § URfNE Jaefor
3T T T | & & YR W, SiHaH AIHIT R IuA i IdTe] ST A=, HRa
&q (ST R UeTithel), HIRYET e (STARDRI S h) 3R Piesdl e (ST RT R IUS1)
D1 Y A & [T AT 1| IATE fAH & FU T 3fde H I Ugd, Wi Al & e
fafirel ST & Ufd 39 e USIAdl 1 &HdT BT 3 B & [T g Feliadl Bl
IS &9 & [IRAwr saret &1 13 | Hifdes I=mafes 07 &1 Jedid B, 8
e forar mar o1 fo @t = uenfoa TehsiifRrs e, trifre, @il O 1R T ard da
21 gTaifP, affarde, hrgee, AU, 2T @ik sRRfer 9 tigfeuey i of fpu e &
S 3T TS IUANT BT HfHd dxd ¢ | AT TSR AN 39 Hhal DI WU F Tgd URURD
7 I I Hd g R fafte shwefa vt & forg Iugi &vd ]|

TR I 3N TR W TWCRIeUey & e, &l 8 & & forg, i e uefaal o
wIgee, Jiarae, ¢fFF, Juife, fefm gAfRfeR iR o-THIEaw SARRfaer & g a1 oA
B P o0 S1aT- ST TH 3fafel & forg fafdrst ueiRasun faftrt St SaTaHT (boiling), W
(steaming) dI 3ffcraaraT (autoclaving) 3R AT (soaking) I IUART foear /Al gt
SUAR TR 3 T Dl BTt HH B a1 difd 25 fFe & fog Seremr eédigfeucy
D! HYHAT geH & o I Iugad U 71| WRAAT § AT & BRI Bl BT WR Th
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ToTfd ¥ gERt Uefa & e g1a 81 TRafeuey & 9HM, Sidfaed aifid SR TdsiifRree
W ffvre gaeRe RUfodl @ s1wt gHifag | QG?QCQT[ WW (SEM micrographs),
THEISMESMR (FTIR) 3R TGISRE! (XRD) = T4-SUAR & &1 IRATED YR BT Far
fopan| formA SR T &t gaT H, Iaa I i fag & ufkad= MR wvma usT St ©erd
&t & WY TegAF fawrd 81 Tgieted & d g & Y 3awge Uidipia ol
FHAAYdd RITUT B & dla, @ BT TN fr 17 o7

Sed! WRIE g dTcl a3l Pt Hels & a6 & TR0l H g&H (drying) &1 Uh
AEayUl SHIS TATaH § | 39 UPHR, IaTe] ¥ YRI&T L& TG T3S BT IdTad B & (g,
Ud-IUTRd AT TR Y B! W 147 47| IRURS 3R SMYfFh WM B! T -3
g@ﬁ%ﬂ%ﬁﬁéﬁwﬁaﬁwwmm 10 ©<) (sun drying),?é'lmﬂ@lef(%ﬁ%)
(Shade drying), TlﬁgaTﬁ'@'ﬁ (60 %"Zﬂm 10 ‘EI%) (hot air drying), Wﬁaﬁ'@e{ (450
dic, 35 ﬁFR:') (microwave drying), Wﬁ?{ﬁ@e{ (450dIc, 4 EI%) (infrared drying) 3R WIS
ﬁ@ﬂef (-55 f&3lt TR, 48 ©Q) (freeze drying) ﬁg@ﬁ%@ﬁ%%ﬁﬁuﬁamw
7| b AT, Tg o 7T fob, fafel @M & dRIhl &1 UUTId Ueh Uil o gast worrfl o
U o1 YA @M & RiD! A AT T g@H & 9699 & AU aRuRe dlie! (> 13%) B
KL H ﬁTf\&lﬁ Raital] (<10%) T = 79 greEh (Moisture content) P HH B fear| Ay
T & dRibi A fagd= Ued, Hrafds gl TasuH i fagm, 9T 1o, smafas 1on,
&1 faRerarsil, GtsiifRTS e 3R IaTd & 311 & Uyur o IR Headqut (d<0.05) THTa fam |
AT & UH TRIRGHRUT (YU 3R @) R WIS J& b ga-T & UfeRlY TTd 9rni &3 gt
Tz il o O dddt Al (@™, UK, JiRuy, dURR, duwd, Sdidita SR
THIRUUY & YR W, ST YW, AZHIad Y@ 3R 7TH gaT g & HH: It Uerthar
(D. pentaphylla), SIGCIGS Ty (D. bulbifera) 3R & %ﬁl@'ﬁ (D. hispida) & ﬁ’l’Q SUgad Uil
T 39 UHR, SdTE f[adb § 3faed & forg arn g St derftrar ik Arghiad g &
SfeathRT IATS 3T BT ITANT e 7T o

R BT g8 TAH WR V9 fHaT ST 8 3R ol &b Hid & 0 H A 38R BT Uh
gyl e 991 § | T (gluten) Had ATQ 3HTET TR HTATdS HbhIol DI e &b 31C
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(100-50%) 3R I TT & 3T (0-50%) P AN SIATd! DI AHA HReb IR foam T
T TUR DI B! ol AP (fuzzy logic) TIRATUN T ITANT FXb Tde! TR & YR
TR SIHIerd foam a1 U1l ol difole =AYl & SYR W, daR HhId, o H 60% IdTe,
3R 40% B BT 31T Bidl &, 7 IAdH JAM Hed feam, S STGIaR g1 T (yam)
goTfa § SUHIdrsil gRT U¥e T SITd 8 | STt a4 & 1S & HRUT AR HbIol & UieH
I, UfeRTe T 3R e qaHId (whiteness index) H 3fa g5 1 Ut 60 (60% S Uetftha
3{TeT gad o) 3R o 60 (@D Io fSTHH 60% oI FfeqhBRT 3HTeT Bidl §) BT 3RTYH (RS)
35.23% 3R 31.64% AT| & 60 BT Sfdd T R TS G&fdl ST (89.58%, 3.19) Ut 60
(79.44%, 2.93) ! AT H U UTI 3T HFTH & BN o Yobd 1T fob BRATHD Hbiol
¥ I & o 7 HH F1d TS BT SUTNT HRAT db-1eh! U J JHT § 3R 33 J1ierd a1
fIHRId BRCCUC U< Wl 3dTal I TTed a1 fadmRid faar S Javdl 5|

T WE, TP 3 AN IdIe, TRITSCY (extrudates) b1 M AT (SRIRDR]
ﬁqﬁlﬂ) (Guinea yam) (Dioscorea cayenensis) (100-70%), W@Fﬁﬂ% e (0-15%) 3R
I e (sugar kelp) (0-15%) F 3Me B! R AR fHar T U1l = 94n (crude fat),
meH (protein), XM (ash) 3R (moisture content) P AR HH: 1.21-3.05%, 4.14-
7.19%, 1.40-4.64% 3R 4.96-15.09% & &9 At §IT Y75C10515 (75% e, 10% T MR
15% I+ BT 3MTeT) 3R Y80C10S10 (80% T, 10% T 3R 10% TI-T el SATeT) & faT
e 3R &I foby T AT & HIeR JoTets &0 § I TN Heg fa@ma 11 § | w1t
T 3R T B TS & HRU LRSSl & Ji-ol, UEH, a1 AR I8 It & JUR gan
YHell &ieg AT & 3IC W ARG THIgecy A o wieg I & 3¢ R MeRd
TRIE STy $I g H 3 USISHIfRIS T o1 UG fobdl | Hablel & FHIH, IdTel-Bidd-Tiit el
YR TagScy THHRU 4T § 3R SHIEIfe U ¥ Ided f6d1 o Iadl §| I
JdGl & SATG T SRS AT BT SUANT dRA I - had 3-db IudNT H gfg gifl, afew
T, Y 3R R Sl & s asrg 7 off Teradr firerh | g9 srarmar, W@ Idre
T A (UF dbfeud HlegRge Uid) BT YN HAT UREeIde JH9H (postharvest
Iosses)ﬁmﬁ@@mﬁﬁm%ﬁ%mﬁﬂﬁﬁﬁﬁm&ﬁ?w
JR&T H AT T B
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rpm: rotation per minute
T: Temperature

v/v: volume by volume
wi/v: weight by volume
w/w: Weight by weight
uM: Micro molar



LIST OF ABBREVIATIONS

AACC: American association for cereal
chemists

AIA: o amylase inhibition activity
ANOVA: Analysis of variance

AOAC: Association of Official Analytical
Chemists

BD: Bulk density

BF: D. bulbifera flour

BIl: Brownness index

BV: Biological value

ChF: Chickpea flour

ClI: Crystallinity Index

DNS: 3,5-dinitrosalicylic acid

DPPH: 2,2-Diphenyl-1-picrylhydrazyl
DSC: Differential scanning calorimetry
DTG: Differential thermogravimetric
analysis

EAA: Essential amino acid

EAAI: Essential amino acid index
FRAP: Ferric reducing antioxidant power
FTIR: Fourier-Transform Infrared

Spectroscopy

HPLC: High-performance liquid
chromatography

LE: Lateral expansion

OAC: Qil absorption capacity
PCA: Principal component analysis
PER: Protein efficiency ratio

PF: D. pentaphylla flour

PHI: Peak height index

RDS: Readily digestible starch
RS: Resistance starch

SDS: Slowly digestible starch
SP: Swelling power

TAA: Total amino acid

TFC: Total flavonoid content
TGA: Thermogravimetric analysis
TIA: Trypsin inhibition activity
TPC: Total phenolic content
TPTZ: 2,4,6-tripyridyl-s-triazine
WAC: Water absorption capacity
WAI: Water absorption index
WI: Whiteness index

WSI: Water solubility index



