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ITPOI'HO3YBAHHSA SAKOCTI
CTPYKTYPOYTBOPIOBAYIB

HA OCHOBI BTOPUHHOI CUPOBHHH
3 TOBCTOAOBHKA

Hocniooceno 3akoHOMIpHOCMI 3MIH SIKOCMI CIMPYKMYPOYmMEOpsawie nio uac
30epicanna. Ha ocHogi Kinemuunoi meopii MOOen08aHHA BCMAHOBNIEHO 2aPAHMOBAHULL
mepmin 30epicaHHsA CMPYKMYpOYmMeopioeayie Ha OCHOBI 8MOPUHHOI PUOHOI CUPOBUHU
3 moscmonobuxa.

Kniouosi cnoea: CTpyKTypOyTBOPIOBaYi, MPOTHO3YBaHHS, SKICTh, TEPMiH 30epiraHHs,
KiHeTUYHA TeOPis MOZJEIIOBaHHS.

T'yus B., Heanioma A., Cuoopenko E. IIpozno3uposanue xauecmea cmpykmypo-
ofpazoeameneii HaA OCHOGE GMOPUYHOZO CHIPbA U3 MOIACHON0OUKa. Hcciedosanvi
3AKOHOMEPHOCIU USMEHEHUsL KaYecmea CHpyKmypooopasogameneii 6 npoyecce XpaHeHusl.
Ha ocnoge kunemuueckou meopuu MoOeruposanus YCmaHoseien 2apanmupo8anHulil CPOK
Xpanenusi CmMpyKmypoobpasoeameneli HA OCHOGe GMOPUYHO20 PbIOHOZ0 Cblpbs U3
moacmonoouxa.

Kniouesvie cnosa: cTpykTypooOpa3oBaTeiy, NPOTHO3UPOBAHKE, KayecTBO, CPOK
XpaHEeHUs], KHHETHYeCKast TEOPHUS MOJIeTUPOBaHUS.

IlocranoBka mpoOJsemu. Tpusane 30epiraHHs NPOAYKIII 3aBXKAU
CYIPOBOJIKYETHCSI BTpAaTaMH ii SIKOCTI Ta KUIBKOCTI, 3HUKEHHSAM Xap4yOBO1
LIHHOCTI, 3MIHOIO OpPraHOJENTUYHUX BiIacTHUBOCTeR. Came TOMY aKTyalbHUM
€ TIPOTHO3YBAaHHA 3MIH SKOCTI Xap4yOBUX MPOJYKTIB 13 METOIO BCTAHOBJIEHHS
rapaHTOBAaHOTO TepMiHy iX 30epiranus. L{iif mpobremi Ta MUTaHHAM MOJe-
JFOBAHHS SIKOCTI Xap4OBUX MPOAYKTIB MPUCBAYCHO HAayKoBi mpati I. Saguy,
A. Martinus, Van Boekel, B. C. I'yus ta O. A. Kosans [1-4].

J11st BU3HAa4YEHHs TepMiHIB 30epiraHHs CTPyKTypOyTBOPIOBaiB JIOITBHO
BUKOPHUCTOBYBATH METOAM MaTeMaTUYHOTrO MojentoBanHs [5]. EQexTuBHrM
€ BHKOPUCTAaHHS KIHETHMYHOI TeOpii MOJENIOBAaHHA SKOCTI 3 ypaXyBaHHIM
KPUTHUYHHUX TapaMeTpiB ONTUMI3allli, 110 06’eILHyIOTL B CUCTEMY, sIKa Hall-
OLTBIII TOBHO OMHCY€E 3MIHU CTaHy MPOAYKTIB 1 XapakTepusye iXHIO SIKICTb.

Mema po60mu — TPOTHO3YBaHHS 3MiH SIKOCTI CTPYKTYpPOYTBODIO-
BayiB Ha OCHOBI BTOPMHHOI pOHOI CHPOBHUHU 3 TOBCTOJIOOMKA.

Martepiaamn Ta Metoau. OO0’ €KTH TOCTIHKEHHS — CTPYKTYpPOYTBOPIO-
Badl Ha OCHOBI BTOPMHHOI pUOHOT CUPOBHHH 3 TOBCTOJOOMKA. JIyist iX BUpPOO-
HUIITBA BUKOPUCTAHO TOJIOBH, KICTKU Ta IUIABII, SKi MiJJaBAIA TEPMiuHIN
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00po61i. ExcieprMeHTanbHO BCTAHOBJICHO ONTHUMAJIBHE CITIBBITHOIICHHS
BTOPUHHOI pUOHOI cupoBUHM Ta Boau — 1 : 1.5, gyac TepmiuHOi 0OpOOKH —
2.5 rox ipu temmeparypi 85—100 °C. I3 MmeTor0 migBUIIIEHHS Xap4oBOI IIiH-
HOCTI Ta JIparyiey TBOPIOIOYNX BIIACTHBOCTEN B OJMH 13 JIOCIKYBaHUX 3pa3KiB
JOJJAaHO CYXHU MOPOIIOK 13 YOPHOMOPCHKOT BOAOPOCTI 1ucTo3ipu. OTpuma-
HUI puOHUI OyIbHOH (PUIBTPYBaIH Ta MiAgaBANM CyOTIMAIIiHINA CYTIIIT.

Kontponem o0pano xemaTuH xap4yoBuil QacoBanuii mapku II-7,
BUTOTOBJICHUH JIMCHYaHCHKUM KEJTATHHOBUM 3aBOJIOM.

MopemntoBaHHs 3MiH SIKOCTI W HPOTHO3YBaHHS TEPMiHY 30epiraHHs
CTPYKTYpOYTBOpIOBauiB BUKOHAaHO 3a Mertoaukoro B. C. I'yms ta O. A. Ko-
BaJIb [3; 4].

Jlsiss mporHO3yBaHHA SIKOCTI CTPYKTYpPOYTBOPIOBAYiB MmiJ yac 30epi-
TaHHA BU3HAYEHO B APAryisfiX: MILHICTh (METOJOM BCTAHOBIICHHS MakKCHUMa-
JBHOTO HABaHTAKEHHS, HEOOXIJHOTO [T pyHHYBaHHS MTOBEPXHI Jpardis [6]);
TeMIepaTypy IUIaBJICHHS (BCTAHOBJICHHSAM TEMIIEPATypH MEPEX0Ly ApariiiB
y pinkuii craH [6]); yac po3unnenHs (3a [OCT 25183.3-82 [6]); mpo3opicTh
(32 BIACHOKO 3aIaTEHTOBAHOK METOJMKOI0 Ha yHIBEpPCAIIbHOMY KOMII fO-
TepHOMY Tipuiaii [7]); nuHaMiuHy B’s3KicTh (Ha Bicko3umetpi Llltabinrepa
SVM 3000 [8]).

Vi MoKa3HUKY BU3HAUEHO HA MOYATKY Ta MPOTIroM 15 mic. 30epiranHs
3 IHTEpBAJIOM y 3 Mic.

Pe3yabTaT gociaiikeHHs. Y mabauyi HaBeICHO MOKa3HUKU SKOCTI
KOHTPOJIBHUX 1 JTOCHIKYBAaHUX 3pa3KiB JIpariiiB, BUTOTOBJIEHUX HA OCHOBI
CYXHUX CTPYKTYpOYTBOPIOBaYiB, Ta iXHI ONTHUMaJIbH1 3HAUEHHS.

3HaYeHHS MOKA3HUKIB IKOCTi CTPYKTYPOYTBOPIOBAYiB y JAparjsix

n=5;p< 0.05
ONTHMATLHI CprKTyrioyTBOpIOBaLII Ha OCHOBi _
IToka3znuk Kontpois BTOPUHHOI BTOPUHHOI pHOHOT
3HAYCHHS . .
pUOHOT CUPOBUHH | CHPOBUHH 3 IMCTO3IPOI0

JlHamIdHa 21 16£0.8 170.7 18£0.9
B’SI3KICTh, MIla-c
Yac po3unHEHHs, XB 5 1240.6 540.25 6+0.3
Minnicts, H 11 10+0.5 10+0.5 11+0.5
[Ipo3zopicte, % 45 28+1.4 32+1.6 30£1.5
Temneparypa 32 27£1.3 30+1.5 31415
mnaBieHHs, °C

Ha ocHOBi oiepkaHNX €KCIEPUMEHTATBHUX JaHUX PO3PAXOBAHO iX
BiJTHOIIICHHS JI0O MOXUIMBUX ONTHMAIBHUX 3HAYCHb.
JlokanpHI MOKA3HUKU SIKOCT1 pO3paxoBaHo 3a (HOpMYyJIOr0:

BR=-", (1)

e P — 10KaJbHAH MTOKa3HUK SIKOCTI;
{4 — BEeIMYMHA TIOKa3HUKA JOCITIIKYBAaHOTO 3pa3Ka;
topt — ONITUMAJIbHA BEJIMYMHA ITOKA3HUKA.
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3a pe3yibTaTaMu JOKAIBHUX TMOKA3HUKIB SKOCTI 32 BU3HAYCHUMU
XapakTepUCTUKaMU MOOYI0BaHO I’ SITUKYTHUK SKOCTI (puc. 1). BigHomieHHs
TuIoL 6araTOKyTHUKIB, OTPUMAHUX JJIs1 KOXKHOTO 1HTEpBally yacy 30epiranss,
JI0 TUTOIIl OaraTOKyTHHKA, MOOYJAOBAHOTO 3a MOKA3HUKAMU ONTHUMAaJIbHUX
3Ha4Y€Hb, OOPAHO 3arajbHOI0 XapaKTEPUCTUKOIO 3MIHH SKOCTI MPOIYKTY.

Yac PO34YMHEHHA, XB

Mpo3opicTb, % < g .' N B'askicTtb, MMa - ¢

Temnepatypa nnasneHHs, °C AMiuHicTb, H

= =+= +KOHTPO/b
— 88— CTpyKTypOyTBOPIOBaY Ha OCHOBI BTOPUHHOI PUBHOI CUPOBUHM

———— CTPYKTYpOYTBOPIOBAaY Ha OCHOBI BTOPMHHOI PUBHOT CUPOBUHM i LLUCTO3ipU

Puc. 1. I’ ATUKYTHHK SIKOCTI CTPYKTYpOYTBOPIOBAYIB

OnHi€ro 13 3HAYYIIUX XapAKTEPUCTHUK SIKOCTI CTPYKTYPOYTBOPIOBaUiB
€ IUHaMiYHa B’S3KICTh apariiB. Llel moka3HUK B ycCiX 3pa3kax MpOAyKIIil
miclig MPUroTyBaHHS mepedyBaB B gomycTuMux mexax (16—18 mlla-c) [6].
JlunamivyHa B’SI3KICTh CTPYKTYPOYTBOPIOBaUiB HA OCHOB1 BTOPUHHOI PUOHOI
CHPOBHUHHU MPOTSITOM POKY 30€piraHHs 3ajMIajach y [bOMY IHTEpBali, a B
nojansiioMy 3Hu3minaca a0 13.9 mlla-c, mo He BiANOBiAa€ BCTAaHOBIEHUM
HOpMaM. Y 3pa3Ky i3 IHCTO3IpOr0 JWHAMIYHA B’S3KICTh CTPYKTYpPOYTBO-
proBaya craHoBmia 16.6 mlla-c uepe3 12 mic., a HAaMPUKIHII TepMiHYy 30epi-
raHHs 3MmeHmuiacs 10 14.1. B’s3kicTh KOHTpoJbHOTO 3pa3ka Oyna Haii-
HUK4OI0, BinnoBigHo 14.5 1 12.8 mlla-c (puc. 2).

u, mIa-c
I
4
4
/
.
.

t, Mic.
¢ Koupoms y= -0,0022)(3 + 0,0433)(z -0,3647x+ 16,553, R* = 0,9642
= CIpyKTypOyTBOPIOBadY Ha OCHOBI BTOPUHHOI pHOHOT CHPOBHHU Y = 0,00167(3+0,0161x2-0,0518x+ 17,0449, R> = 0,9738
4 CrpyKTypOyTBOPIOBaY Ha OCHOBI BTOPUHHOT pUOHOT CHPOBHHH Y = -0.0018)(3 + 0.0158)(2 - 0,0463x + 18,033, R* = 0,9724
inmcTosipn
Puc. 2. 3mMiHa 1uHaMI4HOI B’SI3KOCTI1 pariiiB i3 CTPyKTYPOYTBOPIOBaUiB
npu 30epiranHi
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[Ipo3opicTh po3unHy CTPYKYyTPOYTBOPIOBAUIB XapaKTEpU3Y€E CTYIMIHb
iX 3a0pyIHEHOCTI MEXaHIYHMMH JOMIIIKaMH. BCTaHOBIICHO, 10 3HAYCHHS
MOKa3HUKA MPO30POCTi HOBUX CTPYKTYPOYTBOPIOBAYIB BHUINE, HI’K KOHTPOIIIO.
[Ipotarom TepmiHy 30epiraHHs NOpPO30PICTh BCIX 3pa3KiB KOJMBAJACH
B Mexax 27-30 %, 110 He AocArae ONTUMaIbHUX 3HAUYEHb (AUB. mabauyio).

Busnadueno Temneparypy IUIaBlIeHHS KOHTPOJIBHOTO 3pa3Ka, sika BU-
sBuacs HaitHmx4or0 (27 °C), Ta CTpyKTypOYyTBOPIOBadiB HA OCHOBI BTOPHH-
HO1 pUOHOT CUPOBUHU O€3 IUCTO31pH Ta 3 HEIO, K1 BIJMOBIIHO CTAHOBUJIU
30 i 31 °C. Iig yac 30epiranHsa BigOyBajioCsl HE3HAYHE 3HMKCHHS TEMIIe-
patypu IUIaBJICHHS AOCHIKYBaHUX CTPYKTYypoyTBopioBauiB: Ha 2 °C — mis
HOBO1 Tpoaykiii 1 Ha 5 °C — Ayg KOHTPOJBHOTO 3pa3ka. MaremaTtuuHy
00pOOKY EKCIIEpUMEHTAIbHUX JaHUX MPOBEACHO Ticas 9 mic. 30epiraHHs,
KOJIM B11I0yBanocs MOMITHE 3HUKEHHS 3HAYCHHsI MIOKa3HUKA (puc. 3).

32

30 —_— x x

28

26 .

’ —

22

8.°C

20 :
10 11 12 13 14 15 Tomic

—e— Konmors y=0,0833x - 0,8571x + 1,631x+25, R? = 0,9567
—8— CIpyKTypOyTBOPIOBaY Ha OCHOBI BIOPHHHOT pHOHOT CHPOBHHU y= _0,0278;(3 + 0,3095;(2 - 1,377x+ 31, Rz =0,8739

—a— CIpyKTypOyTBOpIOBaY Ha OCHOBI BTOPHHHOI pHOHOT CHPOBHHH Y = 0,037)(3 - 0,3889)(2 +0,7169x + 30,667, R* = 0,9365
inucTo3ipu

Puc. 3. 3MiHa TeMnepaTypH IUIaBJIEHHS JpariiiB
13 CTPYKTYpOYTBOpIOBaYaMH IpH 30epiranHi

[Toka3HUKOM SIKOCTi CTPYKTYPOYTBOPIOBAYIB € MIIHICTh JPArIiB, L0
oe3nocepeaHbo 3anexuTh Big pH cepenosumia. HalGinpia MIHICT CIO-
crepiraetbecsi B iHTepBaimi pH 5-7. Marematuuny oOpoOKy eKCIepuMeH-
TAIBHUX JAHUX 3[IACHEHO Micisl 7 Mic. 30epiraHHsi, OCKUTBKHU JI0 I[LOTO Yacy

MILHICTh OyJia HE3MIHHOIO (puc. 4).
12 ¢
11

8 9 10 11 12 13 14 15 ¢, mic.

—e—Kouporm y=00101x - 0.1661x +0.1928x+ 8.8571, R* = 0.9815
—=— CIpyKTypOyTBOPIOBaY Ha OCHOBi BIOpHHHOT pHOHOT cupoBUHK Y = 0.0101% - 0.1721% +0.1512x+ 10.071, R* = 0.9902

—a— CIpyKTypOyTBOPIOBaY Ha OCHOBI BIOPUHHOT PUOHOT CHPOBHHH

i eTosipH y =-0.0152% +0.1748% - 1.1791x + 11.929, R® = 0.9782

Puc. 4. 3mMiHa MIIIHOCTI JpardiB i3 CTPYKTypOYTBOpPIOBaYaMH Ipu 30epiranHi

.
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[Ipotsirom 12 mic. 30epiraHHsi MIIHICTh HOBUX CTPYKTYPOYTBOPIO-
BayiB Oyna B Mexax 8—11 H, a B momaneimomy 3meHmmmnacs 10 6 1 5.5 H
BI/IMOBITHO Y CTPYKTYpPOYTBOPIOBAaYaX Ha OCHOBI BTOPUHHOI PUOHOT CHPOBUHH
3 IIUCTO31Por0 Ta 6e3 Hel. MIIHICTh KOHTPOJIBHOTO 3pa3ka cTaHoBwiIa 7 H HaBiTh
yepe3 12 mic., 1110 HETOMYCTUMO ISl BUKOpUCTaHHsA. [lonanbiie 3HMKEeHHS
MIIHOCTI JKeJaTHHY crioctepiranocs A0 5 H micns 15 mic. 36epiranusi.

Po3paxyHOK 3MiHH MOKa3HUKIB SKOCTI CTPYKTYPOYTBOPIOBAYIB MiCIIS
15 mic. 30epiranHsl MPOBEACHO 3a KOMII IOTEpHOIO mporpamoro Maple, ne
BPaxOBYIOTbCS 3HAYEHHSI: )| — ONTUMAJIbHE; ), — JUIsl KOHTPOJIBHOTO 3pa3Ka;
V3 — IUI CTPYKTYPOYTBOPIOBAUiB HA OCHOBI BTOPHUHHOI PHOHOI CHPOBHUHH;
V4 — 1751 CTPYKTYpOYTBOPIOBAUIB 13 JJOJIABAHHSIM LIUCTO31pu. MakcumalibHe
3HAYCHHS JIOKATBHOTO MOKa3HUKa SKOCTI — 1. KimbkicTh 3amissHuX akTopiB — 5
(yac pO3UMHEHHS, TUHAMIYHA B’S3KICTh, MIIHICTh, TEMIIEpaTypa IUIaBJICHHS,
npo3opicts). Otpumani npodisorpadu SKOCTI MOKA3YyIOTh 3aKOHOMIPHOCTI
3MIHU KOXKHOT'O IMOKa3HUKA TIi]] 9ac 30epiranus (auB. puc. 1).

Ha ocHoBi oTpuMaHux pe3ynbTaTiB MoOyA0BaHO Tpadik 3aJIeKHOCTI
SKOCTI CTPYKTYPOYTBOPIOBAYiB BiJl TpUBAJIOCTI 30epiranus (puc. 5), ne mno-
Ka3aHO 3MIHY SIKOCTI CTPYKTYpPOYTBOPIOBAYIB Ha KOKHOMY €Tarll 30epiraHHs
BIJITIOBIJTHO /10 ONITUMAIbLHUX 3HA4eHb. [IpoBeieH] TOCTIHKEHHS TAl0Th 3MOTY
BCTAHOBUTH MPOMIKKHU 4Yacy, B KX BUSBIICHO MEBHI 3MIHU SIKOCTi Ta BU3-
HAYUTH MIBUKICTh TIPOIIECIB, 5K BiIOYyBAIOTHCS B CTPYKTYPOYTBOPIOBAYAX
M1 9ac 30epiratHs.

0,9

0,8

0,7 L L]

0,6 A A

0,5

04 N}

0,3

0,2

KoMniaexkcHuit MOKa3HUK AKOCTI

0,1

0 3 6 9 12 15 t, mic

+ Kontposs y= -0,0008)(3 +0,00723% - 0,0953x +0,6533, R?=0,8988

® CIpyKTypOyTBOpIOBaY Ha OCHOBI BTOPHHHOT pHOHOT y= -0,0041);3 + 0,021)(2 - 0,0406x + 0,7776, R* = 0,9694
CHPOBHHH

A CTpyKTypOyTBOpPIOBaY Ha OCHOBI BIOPUHHOI pUOHOT y= -0,0029)(3 + 0,00964)(2 -0,0161x+0,7433, R*=0,9391
CHPOBHHH i INCTO3ipH

Puc. 5. 3mina KIIS 3anexHo Bia TepMiHiB 30epiraHHs

3aKOHOMIPHOCTI 3MiHM HAMBAroMilIMX MOKAa3HHKIB SKOCTI CTPYKTYPO-
YTBOPIOBaUiB IMOB’s3aHI MEPEBAKHO 3 IMpOLIECaMH, SIKI BiIOYBAarOThCS MiA
yac Tipoiizy OuikiB. JleriapaTaiiisi MOJEKyI OUIKIB CIIPUYMHSIE MOPYIICHHS
CHUCTEMH BOJHEBUX 3B’S3KIB, BUBUIBHEHHS MOBEPXHEBHX MUISHOK MaKpO-
MOJIEKYJI, 110 TIPU3BOUTH JI0 TIOCIA0ICHHS BOJHEBHX 3B SA3KIB 1 BIJIITOBIIHO
CHpHsIE 3HMXKEHHIO B’ SI3KOCTI Ta MIITHOCTI CTPYKTYPOYTBOPIOBaYiB.
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BucnoBku. Pe3ynprat HayKOBHX JOCIHIKEHb CBIIUaTh MPO BiJ-
CYTHICTh CYTTE€BHX 3MiH SIKOCTI CTPYKTYpPOYTBOPIOBAYiB Ha OCHOBI BTOPUH-
HOi puOHOI CHPOBHHH 3 TOBCTOJIOOMKA MpoTaroM 12 mic. 30epiranHsa npu
temneparypi 22 + 2 °C.
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Guts V., Ivanyuta A., Sydorenko O. Forecasting quality of structure forming
substances based on secondary raw material of silver carp.

Background. Long-term storage of products is accompanied by loss of quality
and quantity, reduced nutritional value, change in the organoleptic properties. It is important
to predict changes in the quality of products in order to establish a guaranteed shelf life.

Effective is the use of the kinetic theory of modeling that takes into account critical
parameters of optimization that are combined into a system that most fully describes the
state changes and product quality.

The aim of the research is to predict changes in quality of structure forming
substances based on silver carp secondary raw fish materials.

Material and methods. Objects of the research are structure forming substances
based on silver carp secondary raw fish materials. Head, bones and fins were used for the
production. Ratio of raw materials and water is 1 : 1.5, the heat treatment time is 2.5 hours
with a temperature of 85-100 °C. Dry powder with Seaweed Cystoseira Black Sea was
added to one of the samples. The fish broth was filtered and subjected to freeze drying.
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Packed food gelatin T-7 made by Lysychanskyi gelatinous factory was selected
as a control specimen.

Quality change modeling and shelf life prediction of structure forming substances
were done by method of V. S. Guts and O. A. Koval [3; 4], using a computer program Maple.

To predict the quality of structure forming substances during storage in jelly the
following points were defined: strength — by setting maximum load required to fracture
surfaces of jelly [6]; melting point — setting the temperature at which jelly becomes liquid [6];
transparency — by own patented method with universal computer device [7]; dynamic
viscosity — with the viscometer Stabinger SVM 3000 [8]; a dissolution time — according
to GOST 25183.3-82 [6].

Results. Patterns of change of structure forming substances based on secondary
raw fish were identified, the most important values of local parameters were calculated.
A graph of the structure forming substances depending on the duration of storage was
developed based on the results. Using computer software Maple, the changes in the structure
forming substances quality indicators at every stage of storage to the optimal values are
shown. The studies allowed set time intervals, which revealed some changes in the
quality and determined the speed of the processes taking place in the structure forming
substances during storage.

Conclusion. Thus, we have proved scientifically duration of shelf life of structure
forming substances based on raw material of silver carp by the kinetic theory of quality
modeling. Guaranteed shelf life of structure forming substances with temperature of 22 + 2 °C
is 12 months from manufacturing date.

Keywords: structure forming substances, forecasting, quality, storage life, kinetic
theory of modeling.
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