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2. Improvement of bread and bakery products technology using hemp seed processing byproducts

Pedepar:

1. Inceprauiiina po60Ta IPUCBIY€HA BUKOPHUCTAHHIO IIPOYKTIB [1IepepPOOKU HACIHHS KOHOIIEb Y
XJIi6OMEeKapChbKOMY BUPOOHUITBI 3 METOIO PO3LMINPEHHS aCOPTUMEHTY XJ1i000YJI0UHUX BUPOOIB 3 MiABUILEHOIO
Xap4oBOIO Ta 6i0JIOriYHOIO LiHHICTIO. [JOCIiIPKEeHHS OKa3au, 0 MPOLYKTH IepepOOKM HACIHHS KOHOIE b MICTSITh
3HAYHO Oinblie 6ika, HDK NIIeHUYHe OOPOIIHO [1ePLIOro COPTY: Y 4,8 pas3u Gisblie B KOHOIJISHOMY IIpOTeiHi, y 3,4
pasu - B KOHOIUISTHOMY GOPOIIHI, ¥ 2,5 pa3u — B gpax Ta y 2,1 pasu - y BUCiBKax. BMiCT KUpY B I[UX IPOAYKTAxX
nepeBulllye NeHn4YHe 60poHO y 4,9-30 pasiB. Y nieHn4HOMY 60pOIIHI NepeBaXkaloTh roTesiny (58,6%), mo
320€3M1e4yI0Th eJIACTUYHICTD TiCTa. Y KOHOIUISIHMX IIPOAYKTaX NOMIHYIOTh I100yiinu (39,8-61,7%) i anpbyminu
(26,1-32,1%). JKuUpHOKMCJIOTHUI CKJa, IPOAYKTIB 1IepepOOKY HAaCiHHS KOHOIIEJIb Ma€ ONTUMAaJIbHE CIIiBBiJHOIIEHHS

0-3 ta 0-6 (1:3,4 - 1:3,9). [IponyKTy nepepodKu HACIHHS KOHOMEJIb MaloTh 3HAYHO BUIIMI BMiICT MiHepaJbHUX PEYOBYH,



110 BifHOIIEHHIO [0 MIIeHNYHOro 60pouHa. 30kpema, MarHiio B 22,1-75,5 pasu 6inbuie, kasio — B 8,6-11,9 pasis,
Kasblilo — B 3,3-82,7 pa3y, UuHKY — B 6,1-11,6 pa3u. [JoBeneHo, 10 1711 MAaKCUMaJIbHO e(PEeKTUBHOTO 30araueHHs!
XJ1i6a KOMIIOHEHTaMHU NIPOAYKTIiB IEPEPOOKY HACIHHS KOHOIIEJIb, PEKOMEHI0BAHO 3aMiHMTU O0OPOIIHO NIIEHUYHE Ha
10% 60po1HOM KOHOIIISIHUM a60 Ha 15% rpoTeiHOM KOHOIUISIHUM Ta 0ro CyMiCHUM BUKOPUCTAHHSIM 3 5% BUCIBOK
KOHOILISIHUX a60 7% siiep HaCiHHS KOHOIEJb, 32 YMOBU BIIPOBAPKEHHSI TEXHOJIOTIYHUX PillleHb 17151 30epeKeHHs
3BUYHUX CIIOKMBYMX XapaKTEePUCTUK I'OTOBUX BUPOOIB. [JOCiIKeHO, 110 ONTHMaJIbHUM PEKUMOM 3aMilllyBaHHS
TicTa 714 XJ1i6a 3 TPoLyKTamMu IEPEePOOKM HACIHHS KOHOIIEJIb € 5 XBUJIMH Ha [eplliil MBUJKOCTI Ta 15 XBUJIMH Ha
npyriii. Lle 3a6esnevyye Kpamui nuToMuii 06’eM (1o 2,75 cm® /1), Bucoky dopmocrtirikicTs (0,62-0,57) Ta nokpameHy
CTPYKTYpYy M'IKyIIKY. [TooBXXeHHs 3aMilllyBaHHS Ha APYTilil LIBUAKOCTI CIIprsie piBHOMIPHIil TOPHCTOCTI,
€JIACTUYHOCTI Ta PiBHOMIPHOMY PO3IOAiNy siep y TicTi. [0TOBI BUpo6y MaloTh paBUjbHY POPMY, IJ1aJIKy
MOBEPXHIO 6€3 TPIlIMH Ta IPUEMHUI CMaK i3 JIETKUM TPaB'SIHUCTUM BiATiHKOM. JlOCTiIP>KeHHS TI0Ka3asy, 110
Ha6ispIe HalIpy>KeHHS 3CyBY CIIOCTEPIraeThbCsl y 3paskax i3 3amiHom 15% mnimeHnYHoro 60pouHa Ha KOHOIISIHUN
MIPOTEIH i3 JOJATKOBUM BHECEHHSIM 7% simep. JJOCiI>)KeHHS TicTa 3a JOTIOMOTOI0 IIEHETPOMETPA 3 JOJaBaHHSIM
IIPOJIYKTiB NNepepOoOKKU HACIiHHS KOHOIIE b [10Ka3aju MiJIBULEHHS] YMOBHO TPaHMYHOI HAanIpyru 3cyBy Ha 33,3-60 %.
Anarni3 paprHOrpam Ta anbBeOrpam AOCIIKyBaHUX 3Pa3KiB TiCTa MiATBEPIKYE, 110 NONABaHHS KOHOIJISIHOTO
6opolHa Ta IpoTeiHy 3MiHIOE peoJIOTiyHi BIaCTUBOCTI TicTa. BojonornnHanbHa 35aTHICT 3MEHIINIIACS JIUIIe Ha
2,7-3,8%, a cTabinbHicTb TicTa cKopoTuacs Ha 1,5-6 xBuiauH. HaliMeHI1e po3piIpKeHHs CIIoCTepirasocs y 3pasky 3
10% KOHOMISIHOTO GOPOIIHA, TOA] K 3amiHa 15% MueHnYHOro GOPOIITHA HA KOHOIJITHUN NPOTeiH Npu3Besa 1o
36is1bIIE€HHS PO3PiIpKeHHs Ha 17,6%. 3pa3ok i3 10% KOHOIISIHOTO 60pOIIHA JEMOHCTPYBAB HAlBUILY IPYXKHICTb, BCi
3pa3Ku 3 KOHOIUISTHUMU KOMIIOHEHTaMU MaJjli MEHIIy PO3TSDKHICTD Ha 67,6% MOPIBHSHO 3 KOHTPOJIBHUM. [HIEKC
POBTSKHOCTI 3a/IMIIaBCs CTabiibHUM, cujla 60polIHa 3meHIyBasacs — Ha 70 o.a. npu 10% 3amiHu Ta Ha 104 o.a. npu
15% 3amiHu NueHnYHOro 6OPOIIHA Ha KOHOIISIHUI NPOTeiH. JlogaBaHHs IPOAYKTIB IepepoOKU HACiHHS KOHOIEb
IIPU3BOJUTH 10 3HIKEHHS IMTOMOr0 06'eMy TicTa Ha 7,7-11,5%. [JoBefieHO, 1110 BUKOPUCTAHHS ITPOYKTIB
nepepoOKU HACiHHS KOHOIIEJIb 3HMKY€E ra30yTBOPIOBAJIbHY 31aTHICTb TicTa Ha 0,9-6,6% 4yepes BifCyTHICTb
KPOXMAJIIO, SIKUY € JI)KEPEJIOM MajIbTO3U. JJOCiIKEeHHS [10Ka3ajHy, o J0L4aBaHHS IPOAYKTIB IepepOOKU HACiHHS
KOHOIIeJIb BIUIMBA€E Ha MPOLeC YePCTBIHHSA XJ1i6a. 3pa3kul 3 KOHOIJISHUM MPOTEiHOM, SpaMy Ta BUCIBKaMU Kpalie
36epiranu cBiXiCTh: yepes 24 ronuHu — Ha 7-12%, a yepe3 48 roguH - Ha 2-10% 6isblie, Hi’K KOHTPOJIbHUM 3Pa30K.
JocmimKeHHs 3a OIIOMOTO0I0 IPaBiMETPUYHOI0 METOAY [10Ka3ajH, 10 BTPaTa 3B’13aH0I BOJIOT 6yJjla MEHIIOK Ha
0,1-0,7%, a BinbHOI — Ha 1,6-1,9% y 3pa3kax 3 IPOTEIHOM, siipamMu Ta BUCIBKaMU. JIOCIIIIPKEHHS [TI0KA3aJIH, 10
IOIABaHHS IIPOLYKTIiB NepepoOKy HACIHHS KOHOIIEJ b [TIOKPAIlye Xap4yoBYy LiHHICTb XJ1i6a. BMicT 6ifkiB Ta Xupis y
TaKUX 3pasKax 36inbuyeTbes Ha 19,0-65,7% i 17,4-84,6% BinnosigHo, TOg K ByriaeBozis meHie Ha 9,3-11,3%
MOPiBHSIHO 3 KOHTPOJIbHUM. EHepreTryHa LiHHICTb xJ/1i6a 3 KOHOIJISHUM MPOTEiHOM, iIpaMu Ta BUCiBKaMH BUIIA Ha
1,4-9,4%, 3 KOHOILJITHUM GOPOIIHOM — HIDKYA Ha 2,7%. BMiCT XxapuoBUX BOJIOKOH 3pocTae Ha 41,9-75,5%. X71i6 3
KOHOIJISHUMY KOMIIOHEHTaMU MIiCTUTb Gisiblie He3aMiHHUX aMiHOKUCIIOT: Ji3uHy Ha 37,8-86,2%, MeTiOHIHY +
uucreiny Ha 16,6-36,3%, ¢peninanadiny + Tuposuny Ha 16,5-38,8%. Bmict 0-3 3pic y 1,7-3,8 pasu, 0-6 - y 1,2-1,9 pasu.
3abesneyeHHs 1060Boi oTpebu B 6inKkax 3pocTae Ha 7,2-23,1%, y XxapuoBUX BOJIOKHaX — Ha 4,4-18,0%, B
He3aMiHHUX aMiHOKMCJIOTaX — 10 54,2%. Ha oCHOBI IpoBeieHNX AOCiIKeHb OyJIi po3pobJieHi peLentypu Ta
TEXHOJIOTIYHI iHCTPYKII 17151 HOBUX BU/IB XJ1iba: XJ1i6 «BHUCiBKOBUI KOHOIISIHUM», «[JIyXiBCbKUN KOHOIJISTHUIY,
«Konomnsguuit mike» Ta « KOHOIIISIHKA» 3 BUKOPUCTAHHSIM ITPOYKTIB [TepepOOKYU HACIHHS KOHOIIEb.
3anpoBapKeHHS UX BUPOOIB CIPUATAME PO3IMPEHHIO ACOPTUMEHTY XJ1i600YI049HOI TPOAYKLi 3 MiABUILIEHOIO

XapyYOoBOIO Ta 6i0IOTIYHOIO LIHHICTIO.

2. The dissertation is devoted to the use of hemp seed processing products in bakery production in order to
expand the range of bakery products with increased nutritional and biological value. Studies have shown that
hemp seed products contain significantly more protein than first-grade wheat flour: 4.8 times more in hemp
protein, 3.4 times more in hemp flour, 2.5 times more in kernels, and 2.1 times more in bran. The fat content in
these products is 4.9-30 times higher than in wheat flour. Wheat flour is dominated by glutelins (58.6%), which
ensure the elasticity of the dough. Hemp products are dominated by globulins (39.8-61.7%) and albumin (26.1-
32.1%). The fatty acid composition of hemp seed products has an optimal ratio of 0-3 and 0-6 (1:3.4 - 1:3.9). Hemp



seed products have a significantly higher mineral content than wheat flour. In particular, magnesium is 22.1-75.5
times higher, potassium is 8.6-11.9 times higher, calcium is 3.3-82.7 times higher, and zinc is 6.1-11.6 times higher. It
is proved that for the most effective enrichment of bread with components of hemp seed processing products, it is
recommended to replace wheat flour with 10% hemp flour or 15% hemp protein and its combined use with 5%
hemp bran or 7% hemp seed kernels, provided that technological solutions are implemented to preserve the usual
consumer characteristics of finished products. It was found that the optimal mode of kneading bread dough with
hemp seed products is 5 minutes at the first speed and 15 minutes at the second. This provides a better specific
volume (up to 2.75 cm?®/g), high shape stability (0.62-0.57) and improved crumb structure. Prolonged kneading at
the second speed contributes to uniform porosity, elasticity and even distribution of kernels in the dough. The
finished products have the correct shape, a smooth surface without cracks and a pleasant taste with a slight herbal
tinge. Studies have shown that the highest shear stress is observed in samples with 15% wheat flour replaced by
hemp protein with an additional 7% of kernels. Dough tests using a penetrometer with the addition of hemp seed
processing products showed an increase in the conditionally ultimate shear stress by 33.3-60 %. The analysis of
pharynograms and alveograms of the dough samples confirms that the addition of hemp flour and protein changes
the rheological properties of the dough. The water absorption capacity decreased by only 2.7-3.8%, and the
stability of the dough decreased by 1.5-6 minutes. The lowest dilution was observed in the sample with 10% hemp
flour, while the replacement of 15% wheat flour with hemp protein led to a 17.6% increase in dilution. The sample
with 10% hemp flour showed the highest elasticity, all samples with hemp components had a 67.6% lower
extensibility compared to the control sample. The tensile index remained stable, while the strength of the flour
decreased - by 70 o.a. at 10% replacement and by 104 o.a. at 15% replacement of wheat flour with hemp protein.
The addition of hemp seed processing products leads to a decrease in the specific volume of dough by 7.7-11.5%. It
has been proven that the use of hemp seed processing products reduces the gas-forming capacity of dough by
0.9-6.6% due to the absence of starch, which is a source of maltose. Studies have shown that the addition of hemp
seed products affects the staling process of bread. Samples with hemp protein, kernels and bran retained their
freshness better: after 24 hours - by 7-12%, and after 48 hours - by 2-10% more than the control sample. Studies
using the gravimetric method showed that the loss of bound moisture was 0.1-0.7% less and free moisture by 1.6-
1.9% in samples with protein, kernels and bran. Studies have shown that the addition of hemp seed products
improves the nutritional value of bread. The content of proteins and fats in such samples increases by 19.0-65.7%
and 17.4-84.6%, respectively, while carbohydrates are reduced by 9.3-11.3% compared to the control. The energy
value of bread with hemp protein, kernels and bran is 1.4-9.4% higher, while that with hemp flour is 2.7% lower.
The content of dietary fibre increases by 41.9-75.5%. Bread with hemp ingredients contains more essential amino
acids: lysine by 37.8-86.2%, methionine + cysteine by 16.6-36.3%, phenylalanine + tyrosine by 16.5-38.8%. The
content of -3 increased by 1.7-3.8 times, 0-6 - by 1.2-1.9 times. The daily requirement for protein increased by 7.2-
23.1%, for dietary fibre by 4.4-18.0%, and for essential amino acids by up to 54.2%. Based on the research, the
company developed recipes and technological instructions for new types of bread: Bran Hemp Bread, Hlukhiv
Hemp Bread, Hemp Mix and Hemp Bread using hemp seed products. The introduction of these products will help
to expand the range of bakery products with increased nutritional and biological value.
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