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INTRODUCTION

d  Problem — Food iIndustry struggles with waste management and

rising demand for functional foods (Gaikwad et al. 2022).

d  Scale — Indian dairy generates ~180-190 million tons of whey

yearly, causing environmental concerns (Ahmad et al., 2019).

d  Opportunity — Whey is nutrient-rich and can be upcycled into value-

added products.

d  Innovation — Developed nutrient-dense black wheat 1dli fortified

with paneer whey (BWP), cheese whey (BWC), and Whey protein
concentrate (BWWPC).

J  Health Benefits — Combines black wheat (fiber, anthocyanins) +

whey (protein, bioactives) for a sustainable functional food.

J

J

Analyze the nutritional content, texture, antioxidant potential, antinutritional of
the whey fortified idli formulations

To access the effects of the fortified idli diet on growth performance, nutrient
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digestibility, and blood-biochemical markers in albino rats
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Optimizing fermentation condition and shelf life study of black wheat rawa
idli using artificial neural network-enhanced response surface methodology
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Handling el Dir Manaj Mayak Elack wheat, a nutrisnt-rich and underutilized pi whieat iety, offers signifi bealth benafits when >
incorporated into plant based foods. This study aimed to optimize the fermentation parameters for black wheat
Korwords rawa idli {EWT) over a period of 26 b temperatures ranging from 20 to 45 “0. Key parameters, including batter >
= wolume, pH., titratable acidity, and ty, were d. Mulri-objects ptimization was o using
Bt wriamt respanse surface methodology (RSM) and an artificial noural network coupled (ANNL The ANN demonstrated
%m superior prediction acomracy (R™ = 0L%8, MSE — 0.11) compared to BSM (K° — 0093, MSE — 0.31). Optimal
AN Fermentation conditions were identified as 32.5°C for 4 h with 1.37 % inocalation. Scamning electron microscopy
Anmsoddant potetial revenlsd a boss of structural i ity in starch improved texture and enhanced anticwidant potential.
Shelf-Bte The shelf life of the W1 mix stored ar 25 “C in low-density polypsthylene packaging was 75 days withoat nirogen
flushing and extended to 120 days with nittogen flushing. These findings indicate that BW] possesces snhameed
Functicnal qualities, making it a promising and healthier dietary option. The optimization of fermentation pa
rameters aned shelf-life scercoment provides valuable incsights for the development of the healthier altemative to
traditional rowa idfi
Introduction health conditions such ac malnutrition, obegity, and cardiowvaccular
diseases (Chellish ec al, 2017 With the growing demand for
Regional el fonda are gaining popularicy, playing a vital role resdy-to-cook idli batver brands such as I'D now produce cver 65,000 kg
in dietm by enh ing both itiorual values and faver through micro- daily (Cailkwad ec al , 2022). Recentdy, interest has grows in incospo-
bial fermentation Microorganioms drve the fermentation process, rating alternative grains such 2= kodo millet, sorghom, and peard milles
improwing the nutritional content and tacte of foods through the pro- which enhance the mutritional value of idli ((Mazni and Shalini, 200 0m;
dection of ad . including orgamic acids and vt Mazni and Shalind, 20010b; Neelam =c al | 2013) Likewiss, pigmented
mine (Dimidi L, 2019). It also helps to presesve food by inhibiting the wheat varieties including black wheat are gaining attention for their

(Dimdi et al | D
groweth of apeilage mirroorganisms and breaking down antimstritional
therebar i i ; i ilahili i 1 i

nutrient bicarailabilicg do-Oalam

W iny [Garri Cealamd
=t al 2021} Traditiomnal fermented foods csch 2o tempeh and idli, are
known for their rich nutrient content and cultral significance which
contribute to the rising interest in plans-based diets amid concerna ower changes in quality parameters. While, RSM provides a cost-effective
animal-baved products: (Hui and Evrame=, 2012; Jeyvabkumar and Lane- method for modeling relationchipas bemwesn expesimental inputm and
outputa but may be limited in predicting highly nonlinear procemes such
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rence, 2022).

In thiz context, a novel product utilizing black wheat—a mutrient- az om. AMNM

di=nze, anthocyanin and carotencid-rich grain— pregent prosmizing eficiently models complex, nonlinear processes with minimal azsump-
he=alth bensfitz: when integraced into plant-baged foods. Idli, a otaple
breakfact in India which i recognize for it soft textuse and high di-
gestibility. It iz widely e

ing author

high anthocyanin content and associated health benefits (Oarg et al |
201

&1
To optimize fermentation, models such a0 Response Surface Meth-
odology (REM]) and Artificial Mewral Nepaocks (ANN] are used to predic:

ing neural processing which iz
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etpsz/Sdodorg 1001 0165 fspr 2026 1 02574
Hecmived 24 November 5124; Becsived in revised form 1% Jamnary 2025, Accepted 24 January 025
Aomilable online 8 February 20025

COR2ATANND 2025 Elsevier Led. Al rights are reserved. including those for text and data mining. Al training. and similar tecbmologies.

ﬁmzandhuhmawﬁgdmmsnﬁﬂ]yinfﬂndp:mlng(]}uﬁeti..
2027). Hosewer, reseanch on optimizing fermentation conditions spe-
ed amd ded for cifically for black wheas idli (BWT) semains scarce. This smudy aime to
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HEALTH MARKERS IN ALBINO RATS

Growth Performance
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£ -Body Weight Gain: G5 (WPC-fortified) 1
0 final body weight (309.17 g) & total gain (272
100 g); G3 (Black Wheat) | gain (212.75 g).
50
; *Feed Intake: G5 (WPC-fortified) 1 total feed

0 7 14 21 28 35 42 49 56 63 70 intake among a|| groups.

—G1 36662 53.16P 74.83b 105.83b 121.83b 162.162 194.16a 209.5° 222.25b 25925b 27925b
—G2 36.33? 51.5b 72,16 101.5b 119.5b 144.5b 176.5b 202.66  223.5b 248.16> 268.33°
——G3 36.75% 50.25P  72.5b  94.25¢ 117.5b 141.75P 1962  214.83 ’ 217.25b  233°¢ 249.5¢

G4 32.832 4233¢ 66.33¢  90.33¢  115.83° 139.16d  154¢ 181d 205°¢  226.16¢ 250.5d

——G5 37.162 58332 81.66% 117.83% 134.83% 165.832 200.162 214.16@ 232.162 287.5% 309.162
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Haematological profile and Blood-Biochemical Markers

a) Impact of Whey Fortification to Black Wheat Diet

NUTRITIONAL

Physio-chemical properties Antioxidant Potential and antinutritional of black wheat idli with different whey

Group Dietary Description Moisture (%) Protein (%) Fat (%) Crude Fiber (%) Ash (%0)
Basal diet (Control)

G5

Traditional wheat
rawa idli mix

Black wheat rawa idli

(BWI) mix

Black wheat rawa idli
+ Acid Whey (BWP)

mixX

Black wheat rawa idli

+ Whey Protein
Concentrate
(BWWPC) mix

Tannin
(mg/100 g)

5

196.57

8.20 £ 0.6¢
4,19 + 0.5¢
0.48 + 0.07¢

21 +£1.85¢
20.6 +1.12¢

24.76 2.04 4.79 2.61
72.20 £5.62 64.72 + 2.6° 64.75 £ 2.3b
55.84 + 4.52 27.90 £ 1.1° 27.84 +1.9°
8.81+1.072 5.37 £ 1.5° 523 +£1.3°

21054 £7.850 22477 +£4.85% 224.11 + 3.922
205.6 £5.114 205.6 +3.112  196.0 +=4.87°

Antioxidant properties BWWPC

64.73 + 2.8b
27.65+1.7°
5.07 £ 1.2b

225.90 + 4.852
148.8 £ 4.32°¢
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b) Comparative Effects of Fortified Black Wheat Diets vs. Control Wheat Diet
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CONCLUSION

 Enhanced Nutritional & Textural Quality: Whey fortification notably Increased
protein (1 24.76% In WPC) and while simultaneously reducing anti-nutritional
compounds.

* Improved Growth & Digestibility: WPC-fortified diet (G5) showed maximum body
weight (1 309.17 g) and highest protein digestibility (1 68%); unfortified G3 had lowest
gain (| 212.75 g).

« Positive Effects on Health Benefits: G5 improved hemoglobin and immunity; G3
supported kidney function and blood glucose regulation.

Sustainable Valorization of Dairy Waste: Effective valorization of dairy whey into
nutrient-rich, functional black wheat 1dli — aligning with global sustainability goals.
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