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Table 1. Chemical composition of processed chicken meat waste with different hydrolysis methods
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Table 2. Chemical composition of processed whey powder with different hydrolysis methods
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Table 3. Effect of various hydrolysis processes on the production of low molecular weight peptides (ug/ml)
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Table 4. Kinetics and parameters of Tgas production of processed chicken meat waste with different hydrolysis

methods (Based on 500 mg of dry matter)
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Table 5. Kinetics and parameters of gas production of processed whey powder with different hydrolysis methods

b jloss

p-value SEM $)S gl 521! o y9huiSel ol # o] dgil U] celo
%Y v/.55 /a5 V-IAD /-y AIYE sIvs SINY Y
EY N v/.55 Va/¥Fy YY/$Y VO/VA Va/vy VF/VO \O/NY ¥
oVFE v/.55 Ya/sA™ yy/152 YY/AYY YA/A-E Y5 /0A" LYA S 5
ofe¥e v/ 55 YAV Yolo-" YAV /oN© vY/EA® ¥1/va™ s¥Ivs? A
of+vaq /.55 ¥s/pa! ov/vy” i\ ¥a/fA” INTAY qa/ay? Y
/¥ /.55 ov/-a" yy/va OA ¥ SAIYA” AV/os? AYA/AN? v¥
ofee¥] /.55 sy/as! aq/ys” YAND® A¥/- - B NiZ%a ¥A
RN /.55 sa/y¢ \WYEAAY Q¥/.v! aa/¥r! v/t a3 /ov? vy
ofeeed /.55 AT Vo /vs° yes/ar! Y- 0/ARY yva/Ns© y5a/.v4 Qs
[T /.55 /v’ yyy/ay® \YY/ANY v vev/-© VAY/av? \Y-
[Ty /.55 yo1/5\® YA ywe/av! WYy V8-/+5° VYA VFF

5 g glaasl b

ofeee £Ivay YAINYY® Yiv/aa.® \WWA/YR-P NERN YA/ Va¥/ran® b (ml)
feeey oo ofey. 1€ 0% ofovs™ ey’ of-50° ¢ (%/h)
ey V/+aA £y/...C sv/e. " yofood o/ ! vel... v/ .8 DMD(%)

(p-value<e/-0) wsb o +/+0 (gylol prbaws )3 45 xe (g lo] BT oximdLts jams y8 1 igliste g5 Yl By >

:Sle 3kl glas SEM (K23 o3be gy 53155 o> DMD

Al cilisee lajles o izen (1Y) ML (095
Sspgbar b ssalie b gre Colis () 5 My &y
Sy 5 58S 3l il g sled 4 e oy
P les @ e (ppde 8 S ol (5l )l
P9 E8S Bl (1o FY) Inlyl g (3o YY) o]
5 oS oshel ulibe ol slalews
ol oefon 4 Cund SBdne dge PHHT ol
SSrgba & S8 amib (e Ab sdalie (1ald)
B Ol Gl 4 oie ol jlas 4 cos 1yl Hles
Syl pld 9 W3S pess JB iSe  My
Ll Suid odle ean bl iy 4 e 15 Sidgr
by llls g adlae oyl 5 Job s el
5 oS ool b odlitul i & 8,8 domi e
o) cwd Jl 4 e e g (Sl slaedyglyd
&8 auze Gl 4 e oSk 39800 Jlasl slasal
Sl Wb Comis (Jdd pmed 4 05 0 SY paze oyl
ool b oY sase &)jgon Baes wlals ol 5l ealau!
Ol g a8 s lacsygld dnwgi 4 g9l w0395

Al gyt Olllas 4 o die;

&b gre Jlaisl 2 p-value Jals Hle
(celo 2 20p) J8 15 g0 (p)F 2 disdie) a3 JB i

] g9y Y gae S5 Mg ladstinl b 5 SuaiS

ol 035l O Jodo ;> (S odle p)5 ue B4 Loll 1)
ploi )0yl g dgd o sdalie &S jgblen ol
ol azily 1y d.\J}s 5B lade O pan UWL’9§" olelw
il o Olang S 0929 4 g0 ]yl cpl e
ool g e o8 g SleeS liee 4
bohieg)S ol 4 @My 5 e cuils by
Ll (o) ngn) als Jles ST.(VF) o)l (S
Ol 4 35850 odmliio (oS duglie (ilgyen slosloss
Sidgren slajles plo 4 s plygl jlos )3 55 g5
M3 oS yoboplon ol aidly l33l (sald) ypol Ayl
Al 2By bk a5 Colis i o)Ll
s ol g9 0 Sl cle 4 Sl e G Wg
on 38 (0) gles > s JB i > (VF) b
&S gysbdy b odmline b sxe Cgldy iz (slales
85 sl (MVAR) bl Jles & Glie oyt
o35 BB 0 > Gl s o)lal M5 o ebolen
5 clampl seomtd Cul (Sas Iilgl Jlos 5o (b)
2035 Gy GhangnS (i (g pod S92 9 132]yl )8



otize plygg g Mo Cawgdlid w2 p0 c(Saory Jpu gt Ng s dal ¢ SIS 2y

A s S o5 ATy3 g oSl 5l edlil by T (30 g §ye s gS Slulss jdgyam jl Jols Jlab oy slasuin byl 9 Mg

&l

1. AOAC. 2000. Official methods of analysis.17th ed.Gaithersburg, M.D., USA, Association of Official
Analytical Chemists International.

2. Bacenetti, J., L. Bava, A. Schievano and M. Zucali. 2018. Whey protein concentrate (WPC)

production: Environmental impact assessment. Journal of Food Engineering, 224: 139-147.

Ballatore, M.B., M. del Rosario Bettiol, N.L.V. Braber, C.A. Aminahuel, Y.E. Rossi, G. Petroselli and

M.A. Montenegro. 2020. Antioxidant and cytoprotective effect of peptides produced by hydrolysis of

whey protein concentrate with trypsin. Food Chemistry, 319: 126472.

Blayo, C., O. Vidcoqg, F. Lazennec and E. Dumay. 2016. Effects of high pressure processing

(hydrostatic high pressure and ultra-high pressure homogenisation) on whey protein native state and

susceptibility to tryptic hydrolysis at atmospheric pressure. Food Research International, 79: 40-53.

5. Boukil, A., S. Suwal, J. Chamberland, Y. Pouliot and A. Doyen. 2018. Ultrafiltration performance and
recovery of bioactive peptides after fractionation of tryptic hydrolysate generated from pressure-
treated B-lactoglobulin. Journal of Membrane Science, 556: 42-53.

6. Boye, J., F. Zare and A. Pletch. 2010. Pulse proteins: Processing, characterization, functional

properties and applications in food and feed. J. Food Research International 43: 414-431.

Cercel, F., M. Stroiu, P. Alexe and D. ITanitchi. 2015. Characterization of myofibrillar chicken breast

proteins for obtain protein films and biodegradable coatings generation. Agriculture and Agricultural

Science Procedia, 6: 197-205.

Chancharoonpong, C., P.C. Hsieh and S.C. Sheu. 2012. Effect of different combinations of soybean

and wheat bran on enzyme production from Aspergillus oryzae S. APCBEE Procedia, 2: 68-72.

9. Dos Santos Aguilar, J.G. and H.H. Sato. 2018. Microbial proteases: Production and application in
obtaining protein hydrolysates. Food Research International, 103: 253-262.

10. Folch, J., M. Lees and G. Sloane-Stanley. 1957. A simple method for the isolation and purification of
total lipids from animal tissues. Journal of Biological Chemistry, 226(1): 497- 509.

11. Hajieghrari, B. and N. Farrokhi. 2020. Investigation on the conserved microRNA genes in higher
pPlants. Plant Molecular Biology Reporter, 1-14.

12.Hou, Y., Z. Wu, Z. Dai, G. Wang and G. Wu. 2017. Protein hydrolysates in animal nutrition:
Industrial production, bioactive peptides, and functional significance. Journal of Animal Science and
Biotechnology, 8(1): 1-13.

13.Kim, M.Y., G.Y. Jang, N.S. Oh, SY. Baek, S.H. Lee, K.M. Kim and H.S. Jeong. 2017.
Characteristics and in vitro anti-inflammatory activities of protein extracts from pre-germinated black
soybean [Glycine max (L.)] treated with high hydrostatic pressure. Innovative Food Science &
Emerging Technologies, 43: 84-91.

14. Kupski, L., M.A. de Carvalho Silvello, M.R.V. Fontes, T.S. Lima, H. Treichel and E. Badiale
Furlong. 2015. R. oryzae Cellulases: A new approach to degrading lignocellulosic material. Journal
of Food Biochemistry, 39(2): 129-138.

15. Lasekan, A., F. Abu Bakar and D. Hashim. 2013. Potential of chicken by-products as sources of
useful biological resources. Waste Management, 33(3): 552-565.

16. Lee, S.Y. and S.J. Hur. 2017. Antihypertensive peptides from animal products, marine organisms, and
plants. Food Chemistry, 228: 506-517.

17. Lozano-Ojalvo, D., L. Pérez-Rodriguez, A. Pablos-Tanarro, R. Lopez-Fandifio and E. Molina. 2017.
Pepsin  treatment of whey proteins under high pressure produces hypoallergenic
hydrolysates. Innovative Food Science & Emerging Technologies, 43: 154-162.

18. Martinez Alvarez, O., S. Chamorro and A. Brenes. 2015. Protein hydrolysates from animal processing
by-products as a source of bioactive molecules with interest in animal feeding: A review. Food
Research International, 73(1): 204-212.

19. Martins, V.B. and F.M. Netto. 2006. Physicochemical and functional properties of soy protein isolate
as a function of water activity and storage. Journal of Food Research International, 39: 145-153.

20. Meale, S.J., A.V. Chaves, M.L. He and T.A. McAllister. 2014. Dose-response of supplementing
marine algae (Schizochytrium spp.) On production performance, fatty acid profiles and wool
parameters of growing lambs. J. Anim. Sci, 92(5): 2202-2213.

21. Menke, K.H. 1988. Estimation of the energetic feed value obtained from chemical analysis and in
vitro gas production using rumen fluid. Animal research and development, 28: 7-55.

22. Menke, K.H., L. Raab, A. Salewski, H. Steingass, D. Fritz and W. Schneider. 1979. The estimation of
the digestibility and metabolizable energy content of ruminant feedingstuffs from the gas production
when they are incubated with rumen liquor in vitro. The Journal of Agricultural Science, 93(1): 217-
222.

23.Nasehi, M., N.M. Torbatinejad, S. Zerehdaran and A.R. Safaie. 2017. Effect of solid-state
fermentation by oyster mushroom (Pleurotus Florida) on nutritive value of some agro by-products.
Journal of Applied Animal Research, 45(1): 221-226.

@

B

~

o



AY

24,

25.
26.

217.

28.
29.

30.

3L

32.

33.

34.

odizee plyt g oM Cagdlsd mye gdorary Sy objg st NS del> (S 4y

Voo bt 1YY ojlais /omdjled Sl sold clidgs (slouimg

Parrado, J., B. Rodriguez—Morgado, M. Tejada, T. Hernandez and C. Garcia. 2014. Proteomic
analysis of enzyme production by Bacillus licheniformis using different feather wastes as the sole
fermentation media. Enzyme and Microbial Technology, 57: 1-7.

Pelegrine, D.H.G. and C.A. Gasparetto. 2005. Whey proteins solubility as function of temperature and
pH. LWT-Food Science and Technology, 38(1): 77-80.

Pirota, R., M. Tonelotto, P. Delabona, R. Fonseca, D. Paix&o, F. Baleeiro, V. Bertucci-Neto and C.
Farinas. 2016. Bioprocess developments for cellulase production by aspergillus oryzae cultivated
under solid-state fermentation. Brazilian Journal of Chemical Engineering, 33: 21-31.

Rashad, M.M., A.E. Mahmoud, H.M. Abdou and M.U. Nooman. 2011. Improvement of nutritional
Quality andantioxidant activities of yeast fermented soybean curd residue, Afr Journal Biotechnol, 10:
5504-5513.

Sangronis, E., M. Rodriguez, R. Cava and A. Torres. 2006. Protein quality of germinated Phaseolus
vulgaris. European Food Research and Technology, 222(1-2): 144.

Sanjukta, S., A.K. Rai, A. Muhammed, K. Jeyaram and N.C. Talukdar. 2015. Enhancement of
antioxidant properties of two soybean varieties of Sikkim Himalayan region by proteolytic Bacillus
subtilis fermentation. Journal of Functional Foods, 14: 650-658.

Theodorou, M.K., B.A. Williams, M.S. Dhanoa, A.B. McAllan and J. France. 1994. A simple gas
production method using a pressure transducer to determine the fermentation Kinetics of ruminant
feeds. Animal feed science and technology, 48(3-4): 185-197.

Tian, H.,, G. Guo, X. Fu, Y. Yao, L. Yuan and A. Xiang. 2018. Fabrication, properties and
applications of soy-protein-based materials: A review. International journal of biological
macromolecules, 120: 475-490.

Yin, H., F. Jia and J. Huang. 2019. The variation of two extracellular enzymes and soybean meal
bitterness during solid-state fermentation of Bacillus subtilis. Grain & Oil Science and Technology,
2(2): 39-43.

Zhang, Y., B. Dai, Y. Deng and Y. Zhao. 2016. In vitro anti-inflammatory and antioxidant activities
and protein quality of high hydrostatic pressure treated squids (Todarodes pacificus). Food chemistry,
203: 258-266.

Zhao, Y., D. Sun-Waterhouse, M. Zhao, Q. Zhao, C. Qiu and G. Su. 2018. Effects of solid-state
fermentation and proteolytic hydrolysis on defatted soybean meal. LWT, 97: 496-502.



Research on Animal Production, Vol. 12, No. 34, WINter 2022 .......oiuiiiitiniitit it et e e e e e 88

Production and Evaluation of Bioactive Peptides Resulting from Hydrolysis of
Chicken Meat Waste and Whey Powder Through Autoclave and Bio-
Fermentation Process

Vahid Yakani', Hamed Khalilvandi Behroziar®, Rasoul Pirmohammadi®, Maryam
Donyadoust Chelan* and Bahram Mohtashami®

1- Graduated M.Sc. Student, Department of Animal Sciences, Urmia University
2- Assistant Professor in Animal Nutrition, Department of Animal Sciences, Urmia University,
(Corresponding Author: h.khalilvandi@urmia.ac.ir)
3 and 5- Professor and PhD Student in Animal Nutrition, Department of Animal Sciences, Urmia University
4- Research and Development Units of Danesh Bonyan Kimia Danesh Alvand Company
Received: 7 Februrary, 2021  Accepted: 12 Jun, 2021

Extended Abstract

Introduction and Objective: Chicken meat waste and whey powder as by-products are often
rich in high quality proteins and can be hydrolyzed by protease enzymes produced by
microorganisms. The aim of this study was to produce bioactive peptides from chicken meat
waste and whey powder by bio-fermentation by Bacillus subtilis, Bacillus licheniformis,
Aspergillus oryzae, and hydrolysis by autoclave. Also, isolated and hydrolyzed protein sources
were evaluated under in vitro condition.

Material and Methods: Chicken meat wastes were first degreased and then their protein was
isolated through alkaline extraction and acid precipitation. The microorganisms were cultured in
a specific culture medium and then added to the protein isolated in the previous step, and the
fermentation hydrolysis process was performed. An autoclave was also used for hydrolysis.
Isolated and hydrolyzed protein sources were evaluated in vitro to determine the amounts of
crude protein, organic matter, ash, dry matter, ether extract, and the amount of gas produced in
vitro. Finally, the data obtained from the laboratory evaluation were statistically analyzed using
a completely randomized statistical model using SAS 9.4 software

Results: The results of production and evaluation of isolated and hydrolyzed protein sources
showed that during hydrolysis, minor changes were made in the chemical composition, but the
production of low molecular weight peptides increased. Also, it was found that the production
of bioactive peptides from different sources by different methods has different efficiencies.
Among the products of chicken meat waste and whey powder, the highest amount of low
molecular weight peptides was produced by Bacillus subtilis (1.227 and 0.786 pg / ml,
respectively). Autoclave treatment also led to the breaking of weak chemical bonds and
increased production of small peptides. Also, the results of in vitro gas production method
showed that hydrolysis of chicken meat waste and whey powder using Oryzae, increased the
amount of gas produced (139.77 and 189.21, respectively) and all hydrolysis treatments
improved the digestibility of dry mater.

Conclusion: The general results of the study showed that hydrolysis of chicken meat waste and
whey powder through bio-fermentation and hydrolysis by autoclave increased the production of
bioactive peptides and Bacillus subtilis produced the highest amount of peptides. Also,
Aspergillus oryzea treatment compared to other treatments made the largest increase in the
amount of gas production and fermentable part, which shows the positive effect of hydrolyzed
protein production by this method in increasing the biological activity of chicken meat waste
and whey protein.

Keywords: Chicken meat waste, Digestibility, Isolated protein, Protease enzymes, Whey
powder



