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ABSTRACT

Black soybean (Glycine max (L.) Merrill) locally known as bhat, kalabhat or bhatmaas is an
underutilized leguminous crop confined to the Indo-Himalayan regions. Black soybean has unique
properties owing to its black hull, making it different from yellow and green soybean. There is wide
variability in the black soybean in terms of seed weight, length and width and other quality parameters.
There is a need to explore these legumes to assess their genotype diversity for further utilization in food
and seed improvement programs. With this background, the present research was designed to validate
the nutritional claim in the Indo-Himalayan black soybean population, its lipid quality assessment, effect
of cooking methods on antinutritional factors, and development of value-added products including its
nutritional quality and sensory evaluation.

Black soybean specimen samples from five geographical locations of Indo-Himalayan regions (BSALS
& BSALB, BSNDD, BSRMN and BSGRP - samples collected from Almora, Dehradun, Ramnagar and
Nainital regions, respectively) were collected. The samples were authenticated and analyzed in terms of
seed dimensions and proximate, mineral and amino acid compositions to evaluate the seed variability.
Polyphenolic compounds extracted using a central composite design by response surface methodology
(RSM) using ultra-sound assisted (UAE) extraction techniques with three process variables (solid to
solvent ratio, ultrasound amplitude and time) and three responses i.e. 2,2-diphenyl-1-picrylhydrazyl
(DPPH) assay, total phenolic content (TPC) and total flavonoid content (TFC). The UAE optimized
samples were analyzed to target three B-glucoside, three aglycon isoflavones, one anthocyanin cyanidin-
3-glucoside and three polyphenols (gallic, caffeic and quercetin) using HPLC technique. The lipid
quality was assessed among the samples for oil yield, B-carotene, tocopherols, and unsaponified matter.
Fatty acid and flavor estimation was performed using GC and GC-MS-HS. Supercritical fluid and
Soxhlet extractions were compared for different oil quality characteristics of black soybean. Effects of
microwave cooking (400, 800 and 1200 W for 10 min), pressure vessel (48.26 kPa, 68.95 kPa, and 82.73
kPa, respectively), and conventional clay pot cooking at 70°C, 90°C and 110°C on raffinose and phytic
acid - two antinutrients in black soybean were analyzed. Further, black soybean flour was utilized for
the preparation of cookies.

There was a significant variation (p<0.05) in the seed weight (0.084 to 0.158 g) among the seed samples.
The BSALS seeds had the lowest width and weight comparatively. The protein content in all samples
were measured to be in the range 31.1 to 39.7 g/100g with the maximum in small oval shape BSALS
seeds, a nonsignificant difference (p>0.05) among the black soybean samples revealed the variance in
the proximate compositions irrespective of the seed dimensions. Sucrose was observed in the range of
3.84 to 5.02 g/100g with a minimum concentration in BSALS and maximum in BSGRP seeds. FTIR
characterization reported three major peaks at 2835, 1640, and 1015 cm™ wavenumber and reported the
presence of aldehyde and ketone compounds. Protein quality assessment for individual amino acids
(AAs) reported sixteen AAs, of which seven were classified as essential and nine as non-essential AAs.
On differentiating the AA values with the physical characteristics of black soybean varieties, it was
found that BSGRP samples possessed the minimum AA and the maximum was noted in BSALS
samples. Among essential AAs, lysine was comparatively higher in BSALS seed samples (2.32 g/100g).
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Sulphur containing amino acid methionine and cysteine had low levels in all samples. Co and Cr were
not detected in any of the samples among eleven mineral elements. Micronutrients were comparatively
higher in BSALS seed samples.

The UAE extraction conditions (ultrasound power, time and solid-to-solvent ratio) for polyphenols
(DPPH assay, TPC and TFC) were optimized using a central composite design by response surface
methodology. A quadratic model with F-values of 29.38 and 8.77 was suggested for DPPH assay and
TPC, respectively. The extract optimized using UAE process were analyzed using HPLC-UV for
estimation of isoflavones and anthocyanin content. Total isoflavones significantly (p<0.05) varied from
85.41 to 199.44 mg/100g with the highest concentration in BSALS samples. B-glucoside isoflavones
were reported 85.73 to 93.18% of total isoflavones. Cyanidin-3-glucoside (C3G) varied from 29.23 to
71.85 mg/100 g with the maximum in BSGRP seed samples and lowest in BSALS samples. The BSALS
samples had a lower oil content (about 20.53%), and maximum [B-carotene content (1305 pg/kg), while
the oil yield was about 25.64% in BSALB seed samples. y-tocopherol was highest, followed by &-
tocopherol and a-tocopherol among all seed samples. The oil was consisted of five major fatty acids:
methyl palmitate (9.79 to 10.87%), methyl stearate (3.12 to 4.26%), cis 9-oleic acid methyl ester (19.46
to 25.4%), methyl linoleate (54.63 to 57.44%) and, methyl linolenate (5.81 to 9.75%) with the non-
significance distribution. Lipid fractions reported 46 volatile flavor compounds (VFCs) as identified in
GC-MS/HS analysis. There was a wide difference in the composition of these compounds among
individual lipid fractions. Supercritical fluid extraction (SFE) reported oil yield of 19.1%, while the
Soxhlet produced 23.67% oil yield. Unsaponified matter and carotenoid content in SFE technique were
slightly higher (2.73% and 1.259 mg/kg) than the Soxhlet extraction (2.57% and 1.139 mg/kg),
indicating that SFE oil exhibited comparatively higher antioxidant activities. Flavor 1,2-Propanediol, 3-
benzyloxy-1,2-diacetyl- was observed higher in SFE.

The conventional clay pot and pressure vessel cooking methods reported to reduce about 32.50% and
75.0% of phytic and raffinose, respectively, while cyanidin-3-glucoside was significantly degraded in
all the treatments. Black soybean flour-based gluten-free cookies were prepared to realize the consumers
perspective for the black soybean derived food product. The average sensory score for flavor and color
were 7.8 and 8.2. The texture, taste, and mouthfeel scores were 8.1, 8.0 and 8.1, respectively on a 9-
point hedonic scale and showed good consumer acceptability.

In conclusion, the present study reports the scientific validation of local black soybean for phytochemical
and lipid composition. This profiling would help developing various value added and protein rich
nutritious food products exploring utilization of underutilized black soybean in local and global markets.

Keywords: Antinutrients; Black soybean; Lipid characteristics; Antinutritional factors; Sensory
qualities; Ultrasound assisted extraction



HRIr

HTell QRS (T3 H)eT HFF (Ter,) AR, T TUET AT 7 8, HTere, HTAH
& I H AT SATAT § ARG-TGATRY &3t g AAT A 39T arell BellgR Hadll
7 TF | 3EF FA Boldh & FROT FHA HEAdd 0T §, o fF f AR
AT ¥ 376197 B &1 el WrATEleT 3 dief dofet, dars 3R <isr$ 3R 37 oraa
AUCST & AHS H Il fAfAUde g1 @eg 3R @ist gUR Fdshdl & 39397 &
T Sofehl Siisiiersy fafatrar &1 3eholed &del & TIT 3o Bierdl & Hediehed &iat
I 3MMERISAT &1 TH YSSHIA & Y, TAANT A S ARA-TGATERN el HATelet
# GINUT U9 3T Wil hifchel HGE crd Y AT Hiel; AU qoraar Fedrene,
diyor R FRe W e @ oo & aler &1 weE, AR Aeatid 3cag
farfid X sHer IUTaTT 3R FAT HeAFA T F 32T ¥ Tolle hAT I F

AR & GATCRN & & @l T & fAffest g & a7 Tha fhe aw
St T hAA HITHTTATH (3TCAIST), SITHUTAS (3HeAlST), STHTASS! (Sgge),
STHEIRTATS  (THAIR), R SNCHESAIRAT (Aeiicdrer) | el T FAONRIOT T
faeelvor &Y &Sl &1 FHediehad st RAH, THYEY, Fhlsl, el 3R 30 R
TG & TedT H fohar I=m| diethalioes Jifdel & fashyor &ar e gfsear @@
(@ ¥ faeraeh 3e]dTd, ecranss 3T AR §H77) 3R e wfdfshansit aweh 2,:-
fShfaer-¢-RAshrergrsgive (Sddive) ww@, $o helferds @Eral (&) 3R For
teilforeh HHA (ST egr-a33 A (Jus) fFeador gfafswar ads geufa
(IRTHTH) EART ST FHI TSTSeT T 3UGNRT leh efehioldd fohdT arar| foysepdor
Holehole & qTa, el P-To[hIHSS, il Taelhlel JHTSHIFeldlcH, Teh TAMARITAT
TS [31-3-Te[ehlaTgs 3R el Ulelthetlod (Afereh, Hither 3R Favafes) =1 wfard
o & faT vadivadl garT FHET S fARewer fRar = A9 396, p-aRE,
crethled 3R IATIfABEs gard & fav @elt Fe & fafs qouradn dedisne faar
=T SR AR SivATT-Tgua &1 39T e el tfaE 3R T semar @
AT ST RN el WA H fAfde del o Qe & fow
Fuishieehel 3R AlFHIT TASHYOT &I Tl T 5| WAT Gehlel o FeT T LT
fafdesT @AT gohlar I ITHITHT T 3TN s fHAT IATI 2o AaC & AT yoo,
¢oo 3iX ¢R00 FIC W ASHIAT Tl Ui, gald iR IRIRS FEr & adad H HA
HEGH 3R 3T dYA U Ga1d GanT Iithellsl 3R ®rsies Tils W glel arel 9Hma
I @1 I, foleg ol ARSI H We{eUeH AT SIIal ol S8 3oirdl, el
ATl & 31E T 3UAET Feht a=lled H T |
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el Tofel (¢8.0 § 29¢.o TAMAHA) H Agcaqul fAewIdr (p<o.oy) Y| FwaTTITH
diol & JolllcHs ®9 ¥ Fad &F disig iR aoiel giar g1 W &1 AET 382 F
3%.6b IUH / foo A U AT | YT HT if¥HdH AET BT 3EHER AR &
STHTTATH el H A | Flel HAET & FAH6A 6§ AP Ha (p>o.oy) o
f@rar i geoey A3 # FewAdr, it & AT & TR § | gl 3.w ¥
.03 IA/C00 IJTH T AT H IR AT | BIC NTHTCATH sial H g ogelad AR
ALIH PR F NIRRT i & 3&FIT 9= 77| THEMSIR 87T gouted
T 3y, fe¥o, 3R 2ot cm” TN HE&AT W did YH@ wfedt & Sieiehry faed,
o tfesgss 3R Free Aiffie & 3ufeafa &1 gar ger | dafFas e s
(T0) & AT 918 IUTadl Hedlehal o HIelg TC & Fa=m &, S @ ard &t
3R UT 3R & AT IN-3HTETS TC & &9 A Gafieped fohaT arm| el HIATeleT
foredAl &1 #ifder fAAVAT3T & AU TC HeAT A HAR F W FE 9T I TR
SNTHSATIRY (IR HTHR & HEIH HThR ) &l H golad 0 & 3R HhaA
dTETUATE (BIC 3BHR AR & del) H dle FI 0| 3ETH U0 H,
dTATTATH (IBRR 3R, T HHA AR dlel) it A asfled (.32 AH/2oo IATH)
JofellcAs &7 F S A1 Fehl Jad AT TS AR IR B & Taf
Al H AT TR W TARE Tl dedl # F 6 8t T A Fiaree 3R
SITATH T 1T 91U BIC 3HSTHR AN & NTHTTATH sl & A H FEH Gveh
ded JelellcAs &7 F 3ifas |

dicthetted (v ov@, Rl 3R duwdn) & fav gug fsedor @ feufaar
(3recran3s fda, @Aa AR 3w @ e 3equra) @ gfafkar ddg geufa garr
held FH T3S T 3UGNT Feh elehicld fohdT 147 471| HaAer: Sddee 3R
A & AT :R.3¢ IR b & TH FHedl & AIY gfaUTd Alsel H gerd &I =T
g HSEFed-d 3R TUERAT AT & 3The & fov Tadead-gdr & 3arer
e U UThaT GanT ielhiaid 3ieh T faRalyuT fohar arm| oI 3SR 3MhR &
SITHTTATH A H ITIAH gl & WY Fel A FADE Hgea ol &7 4 (N
<00.04) ¢4.¥? § 2_.8% fHMIH / too A dobv A &I &I p-IePraEs
IMBEFAAE Fel HGHFAAT & ¢3.63 F R3.2¢% Th &of Y V| ASASEA-
3-TO[AIATSS (TIISM) R.3 F L.y [AEMA/tce U & A= Feet ar S AW
NTEGIRYT e doel # 3Hf¥han 3R Neaerawd F7E § G698 HA o
STHTCATH & AT H FH del HHA (ST 0.93% AR fSHdH p-HUST
TTHAT (2309 ATSHIATH/ThcIITH) AT, STdih NTHTCTAST Siof & A H doT T 3Tl
AT 9.88% A y-CIRIlel STITAIRINRT, $HE a6 Tl Aol A & 6-
AR 3R - AT A 7 T @ HE vfds g & fuse afee
(R T 20.¢b%), TAUTET TRRT (3.9 T ¥.:6%), HI3METH -3Mifoew vfas Husa
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TEX (2R.¥6 T 4.8%), Ausa foaee ($8.63 T 9b.8¥%) 3R, Aasa e
(8.¢8 I R.b8%) IN-FAgca fTAROT & @Y dw I1v| SiRA-vATa/Tauy fagewor &
ggelel a0 fefus 3 o we arsuriier TG Aifarent (dUwEn) S e & ehiaderd
fafds 3ref & & s AT dr AT F AUS IJR ATl FIRhREheT Folgs
TFHCHA (THUDS) o 2R.2% ool I FeIT &1, Safeh HlFHelc o 3.86% del 3Tl
FT 3T FATI THUGS dheilss A 3¥OfA®wEs gard 3k Fd=Ergs gl
Higdele v (.90% 3R .03 fACNamA/hcliams) @ Jefem 7 s AT
(.63% 3R 2.9 fAChaTaA/ oo oY, S geifcr § f&F TaTws dd Jelellcds &9
O 3= ERiedse afallfal &1 yeds Far &1 Taues & welaT ¢,R-9Iuesr3id,
3-SoTTS - ¢, -3V CIS - 3T AT H ¢@T T

22 3R 2 B¢ & AT el AT & s (FTaT=81E) & e § wrsfes this
3R AT HHAA: (% R 6¥.9% TP FHA g AT IRIRS A & Taa 3R
UR Sl Hiohal cehalichl H HHAT: 3.90% HR 13.0% T Brsfed 3R Wharer
HH EIT, STAfh ASATSSA-3-Te[hIAISS Tl ITART H HIhT ol HIEH0T g I
IT| FTel VAT & T WET 391G & folv STHFATHT & TRCHI0T & AgqH Feet
& AT el QHATEleT & 31 TR MR ofF HeFd FHeblol AR &1 5 Y| Fare 3R
1 & T 3ia @38 TR b.¢ 3T ¢ A -UEe IS Thad W dde, TG
3R ABARFT FAM: ¢.8, .o 3R ¢.2 A 3R IS 3uNFAT &pRIar @S|

3id #H, TAART TS FIscihiagd IR s o & v TaEiy s aEa
$ dAMId ATAT H RAE AT &1 Tg NEsfedr AT 3R dRgs soRi &
HH IUAET AT Hd WA & sEaA & (e geg aftfa ik od= goa
Gifesr @WeT 3cdrel # [Awfad ata # Agg |

Foll eq: TEGETEH; Hrel T, Wdiede; fAfts fAAvAT, divor favied e,
AUTET fAATATY; 3HegraT3s FErIaT fshyor|
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