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OCcHOBHas YacTb [5,6]. XuMunueckn TpUrAULEPUAbLI MPUPOAHbLIX MNULO0B

MpupogHble TUNNAbLI ABAAKOTCA BaXHENWNMN cOCTaB-
NAWUMN NPOAYKLUN CeNbCKOXO3ANCTBEHHOIO MPOU3-
BO/CTBA, KOTOPbIE WKWPOKO MUCNONb3YOTCA Ha MULLEBbIE,
BO MHOTOM Oonpejensas NuLeByo U 6MOOTNYECKYO NOJ-
HOLLEHHOCTb M BKYCOBble KayecTBa, U TEXHUYECKUE Lenn
[1]. OcHoBHadA Macca Takux NMNUAOB NpeAcTaB/ieHa XMU-
BOTHbIMW, PbIOHBLIMU XUpPaMU, a TakKe pacTUTebHbIMU
macnamu [2,3,4].

Bce nunugbl NPUPOAHOIO  MPOUCXOXAEHUA Ha
96-98% — 3TO cCcMecb Tpurnuuepmpos GOpMynbl
ROCHZXH(OR)CH2R, rge R BblpaxeHbl anupartu-
YECKMMU oOcTaTKaMmn >KUPHbIX KWUCNoT. Pa3Hoo6pasue
XXUPHbIX KUCNOT B cOocCTaBe NUNUWAOB onpejenseTr nu-
LW EeBY0 LUEHHOCTb, MOHUMAEMYH KaK «KayecTBO Xupa»

npeAcTaBnAKT COGON TFAULEPUH, ITEPUGULUPOBAHHbIN
R-octatkamu C6-C 24 xupHbix kucnot [7,8]. OcHoBHas
Macca NPUPOAHbLIX NUNNLOB UCNONb3YeTCHA Ha NULLEeBble
Luenn B coctaBe pa3HO0O6pa3HbIX MPOAYKTOB NMUTaHUA.

XUMUYECKNA COCTaB XUBOTHbIX U PacTUTESbHbIX
XMUPOB M Macesn MMeeT BeCbMa CyUleCTBEHHOEe 3Haue-
HMe ONS XapaKTepuUCTUKM MUWEBON LEHHOCTU C y4e-
TOM BbICOKOrO YPOBHSA ycBOeHMUA. [na CBUHOrO Xupa
OH 06bIYHO cocTaBnseT 96-98 %, pacTUTeNbHbIX Ma-
cen — 95-99 %, cnnBoyHoro macna — 93..99 %, npoTuB
80-94 % pna roBskbero n 80-90 % ans 6apaHbero
xupos [9,10,11].

Nvnuabl — BaXHble WHIPeAUEHTbl NULLKW 4Ye/oBeka,
TakK Kak 06n1ajalT BbICOKON 3HEPreTUYeckon LEHHOCTbIO

ONA UNTUPOBAHUA: BabypuHa M.U., BocTpukoBa H.J1., MBaHknH A.H. 3eHKUH A.H. Broxnmunyeckas KOHBepcus NpupoaHbIxX amnugos. O63op. Teopus
1 npakTnka nepepaboTku msaca. 2018;3(3): 12-26.D01 10.21323/2414-438X-2018-3-3-12-26

FOR CITATION:

Baburina M.1., Vostrikova N.L., lvankin A.N., Zenkin A.N. Biochemical conversion of natural lipids. A review. Theory and practice of

meat processing. 2018;3(3): 12-26. (In Russ.). DOl 10.21323/2414-438X-2018-3-3-12-26



2018 | Ne3 TEOPUA N NMPAKTUKA NMEPEPABOTKWN MACA

N ABNAOTCA UCTOYHWKOM MaacTUYeckoro matepuana gns
TKaHeli opraHusma. OTAesibHble KOMMOHEHTblI Xupa —
HEKOTOpblE XWPHbIE KUCNOTHI, ochaTngbl, CTeposbl,
XXNpopacTBOPMMbIE BUTAMUHbI — BbIMOMIHAT BaXHble
6uonornyeckne yHKUUM B opraHusme [12,13].

Mo coBpeMeHHbIM NPeACTaBAEHUAM HaYKN 0 MUTaHUu,
HECMOTpPSA Ha onpejeneHHble NPOTUBOPEUYNBOCTM UCNONb-
3yemMblX KpuTepues, npejcraBnseTcs, 4To 340POBbIA Op-
raHM3M 4YenoBeka [O/HKeH NoTpeb6nasATb B cOocTaBe NUNU-
poB 10-20 % nonuHeHacbiweHHbIx (MHXK), 50-60 %

MOHOHeHacbuueHHbIXx (MHXK) n 30% HacbIWweHHbIX
(HXK) Cj0OBxnpHbIX KNCNOT. Takoe cbanaHCcupoBaHHoOe
nuTaHue peanusyeTca B pauuoHe, cofepxauiem 1/3 pa-
CTUTENbHbIX N 2/3 XXNBOTHbIX XXNPOB. [na nogein noxmu-
oro Bo3pacTta cofep>kaHne NMMHONEBON KUCNOTbl AO/KHO
cocTaBnATb 0kKono 40 % n nuHoneHoBo — 4 %, COOTHO-
weHne nonuHeHacbiweHHbIX (MHXK) u HacbiWweHHbIX
(HXXK) kncnot — 2:1 [3,10,14]. TUNUYHBIA XKUPHOKMNCIOT-
HbI/i cocTaB NMNUAOB XXUBOTHOTO MPOUCXOXAEHNA Npea-
ctasneH B Tabn. 1[10,15].

Tabnuua 1 Cogep>kaHme 0CHOBHbIX YXUPHbIX KUCIOT,% K CyMMe XXUPHbIX KNCNOT

HavmeHoBaHUs 6a30BbIX XXUPHbIX KNC/OT

roBsH>kui rBuHOM BapaHuii KypuHbIi MonouHblii

YXUPHbIX KUC/OT 94,5 96,3 94,5 95,8 97,2
HacbiweHHble (HXKK), B T.4.: 46,7 42,8 45,9 36,9 61 (B -7)*
C* (macnsiHas, 6yTaHOBasi) 0-0 | o 1- 1 0 1- 1 29 (2, -4,3)
C6 (kanpoHoBas, rekcaHoBas) 1- 1 | o 1- 1 0 1- 1 2,3 (1,5-3,5)
C8 (kanpwnosasi, OKTaHOBas) -1 , -2 , -2 0 1- 2 1,1(1, -2,5)
C : (kanpuHoBas, AeKaHoBas) Ol 014 0 8(,1- ,3) , -1 2,4 (2, -3,8)
Cj2 (naypuvHoBas, goaekaHoBas) 09 02 03 (02- 5 03 2,72, -4,)
Cj4 (MupuctmHoBas, TeTpagekaHoBas) 32(3, -34) 15( .8-1,4) 22(22-3,2) 13(08-1,7) 1248, -12,0
Cj5 (neHTagekaHoBas, NeHTadeunoBas) o 06 04 03 4,7 (4, -6,5)
Cj6 (nanbmuTMHOBAaS, rekcagekaHoBas) 255(24-29) 251 (27-3 ) 225(23-3 ) 221 (2 -26) 153 (15, -31,0
Cj7 (maprapuHoBsasi, rentageKkaHosas) 05 025 1,2 (1-2) <5 4,4 (3,5-6,5)
Cj8 (cTreapunHoBas, oKTagekaHoBas) 155 (2 -24) 13,3(13-18) 17,2 (17-31) 8,5 (4-9) 0 (6, -13, )
Cj9 (HoHOekaHoBas) 08 0 12 ol 40 (2, -60
C2: (apaxvHoBasi, 3liko3aHOBas) 02 3(,1- 4 02 ( ,I-1,6) 3,2 1,1( ,3-1,5)
C2 (6ereHoBas, fo3liKo3aHOBas) 03 055 03 03 L7¢ .1-2, )
MoHoHeHacbHLeHHble (MHXXK), B T.u.: 41,1 41,9 41,7 46,4 26,9 (25-45)
Cjj (MupucTonenHoBas, Unc-9-teTpageLeHoBast) 03 0 8 04 07 15( ,5-1,5)
Cj5j uuc-tOneHTageueHoBas ol 03 06 07 o7 (,I-1, )
Cj6j (nannbmuTONENHOBAs, UMC-9-rekcageLieHoBas) 30 (2,1-3, > 2,32(1,7-2,5) 29(6-12) 51 (3-9) 2,6 (05-3,5)
CjZjuunc-1 -rentageueHoBas 11 12 08 (05-2) 1,2 05 ( ,I-1,5)
Cj8jn9c (onenHoBas, unc-9-okTageLieHoBas) 32,7 (3 -42) 34 (3 -44) 32,9 (32-41) 3693 -45) 211 (2, -32,5)
Cj8jn9t anangnHoBas (TpaHc-9-oKTageLeHoBas) 32 2,7 35 14 02
C jumc-11-siiko3eHoBast 04 05 ( ,5-1,5) 02 03 02
C2jn9 (apykoBasi, unc-13-10K0o3eHoBast) 03 08 04 ol ol
MonuHeHacbiueHHble (MHXXK), B T.u.: 6,7 11,6 6,9 12,5 9,3
Cjs.2n6ec (nnMHonesas, unc-9,12-oktagekagneHosas) 6 3,8 (2-5) 7,8 (7-9) 3,9 (3-7) 93(9-2) 3,4 (3, -5,5)
Cjs.3n6 (y-nuHoneHosas, umc-6,9,12-oktagekarpneHosas) 6 04 08 (05-2,0 04 06 14(,1-2, )
Cjs.3n3 (a-nvHoneHoBas, unc-9,12,15-okTagekaTrpueHosasi) 3 03 06 ( ,5-1,5) 05 (05-1,6) 05 ,8( ,I1-1,5)
C2.2umc-11,14-3ko3agmeH Bast ol 02 ol ol 03
C2.3n6 uuc-8,11,14-aliko3arpueHosas, 6 02 04 ol (0 ,3-) ol 02
C2.4(apaxngoHoBas, umc-9,12,15-oktagekaTpreHosasl) 6 1,6 1,2(05-2,0 15 (1-4) 04 2,5(01-40)
C22umc-13,16,17-g0K03aaneHoBast 02 04 ol 03 05
C26(uepBoHoBas, uuc-4,7,1 ,13,16,19-a0K03arekcaeHoBas) 3 ol 02 030 - 49 1,2 02 (01-1,5)

XXnpbl )KMBOTHOTO NMPOUCXOXKAEHUS

- B CKOOKax yKasaHbl Hanbosee 4acTo BCTpeyatoLmecs 3Ha4YeHNs1 CoAep KaHNs XXUPHbIX KUCOT
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N3 paHHbIX Tabn. 1 BUAHO, 4TO NPUPOAHbLIE NUNUAbI
cofepxar AOCTaTOYHO OGWUPHBLIA HABOp >XXUPHbLIX KKC-
0T, OfHaKO OCHOBHbLIMW COCTaBAAKLWUMU HABNAKOTCA
nanbMUTUHOBAA, CTeapuHOBAs W OJIEMHOBaA >XUPHbIE
KUCNOTbl, KOTOPblE MOTYT B CyMMe cOCTaBNATb 6onee 2/3
BCEX WMewLwWwmuxca Kucnot. buonornmyeckas (nuwiesas)
LEHHOCTb XXWPOB U Maces MOXeT OLeHUBaTbLCA C YYeTOM
JaHHbIX Tabn. 2.

N3 paHHbIX Tabn. 2 BUAHO, 4TO Haubonee UeHHble
MHXK cogep)aTtca B 3HauYMUTeIbHbIX KO/IMYecTBax B pa-
CTUTEe/IbHbIX Macnax, a Mno COOTHOWEHUAM XMUPHbIX KUC-
NnoT cnegyeT OTMETUTb IMNUAbLI MOPENPOAYKTOB, CBUHOW
XUpP, aTakXe NbHAHOE Macso.

Ha nuuiesble ULenn UCNOMb3YHTCA NPaKTUYEeCKn Bce
XUPbl U Macna, KpoOMe parncoBoro, CoCTaB XWUPHbIX KUC-
10T KOTOPOro, Hanbonee He6NaroNnpPUATHLIA ANA NMTaHua
yefnoseka. PancoBoe Macno NPUMEHAIT B OCHOBHOM Ha
TexHuyeckue uenn ansa nepepabotkn B 6uognsens [15,16].

MoTpebsieHMe XUPOB B Npouecce NUTaHUA 3aknya-
eTcA B MX BUOXMMMUECKO TpaHchopmaumy B nuuiesa-
pUTeNbHbIX cuUcTeMax. BHyTpeHHuWe (epMeHTbl >XUBbIX
OpraHM3mMoB OCYLLECTBAKT 3H3MMATUYECKOE paclyense-
HMe XNPOB, aBbICBOOGOXJAlOLWMNECHA XXUPHBIE KACTOThI UC-
NONb3YTCHA B KAYECTBE «KOHCTPYKLUOHHbIX 3/IEMEHTOB»
ONSi NOCTPOEHMS HEOOXOAMMbIX OPraHn3My 6MOCTPYKTYpP
[17,18,19].

B npouecce Takoro ycesoeHusa NUNUAOB y4acTByeT MHO-
YKeCTBO (DEPMEHTOB, B YHaCTHOCTU NeNncuH n TpuncuH [3,18].

B opraHax TkaHeil yenoBeka, XMBOTHbIX U MUKPOOP-
raHM3MOB UMEKTCH TakXKe BakHelwmne pepMeHTbl — NKn-
nasbl (o knaccugukauum Ko 3.1.1.3), koTopble paclie-
NASKT AUNUALL U PerynumpyroT ux pacnpegeneHue npu
obmeHe BelLecTB.

Mcnonb3oBaHne NPUPOAHBIX MEXaHU3MOB [aeT BO3-
MOXHOCTb KOpPpeKTUpoBaTb OGUONOrMYECKYI0 LLEHHOCTb
XXMUPOB NyTeM uX nepeatepudukaumm n obpasosaHusd

HOBbIX TUMUAHBLIX MPOAYKTOB CYNYYLWEHHbBIM XXNPHOKMNC-
NOTHBLIM cocTaBoM [20,21,22,23].

Ona 3aTux ueneil MOXHO UCNONb30BaTb, Hanpumep,
rOBSXWI Xup, He o6nagawolwmnii ONTUMaNbHbIM XUPHO-
KMCNOTHbIM cocTaBoM. [Mpu ocyllecTBNeHNn npouecca
nepeatepudukaunum B NpuUCyTCTBUN (HEPMEHTOB, 06bIY-
HO MCMONb3YHT XXWBOTHbIA XUP C HU3KUM COAepXaHu-
eM CBOOOAHBLIX XXUPHbIX KncnoT (KY meHee 4 mrKOH/r).
Kak ykasblBanoch Bbille, B COCTaBe NPUPOAHBIX NUNNA0B,
KUPHbIE KUC/OTbl HaxoAATCA B CBSA3aHHOM COCTOSIHUM
B Buge Tpuranuepugos. Nog Bo3geincTBnemM BHYTPEHHUX
hepmMeHTOB 1 APYrnx PakTopoB B HATUBHOM COCTOSHUM,
aTakKXe nMpu XpaHeHN HEKOTOPAas YacTb XXUPHbIX KUCNOT
BbICBOOOXJaeTcqa U HAX04UTCA B XXMPOBOMN TKaAHW B CBO-
604HOM CcOCTOSIHUM. WX KONMYecTBO YycTaHaBAWBawT
NyTEM KWCNOTHO-OCHOBHOIO TUTPOBaHWA, MyTeEM ornpe-
JeneHna 3HayeHna KucnotHoro yucna K4, sbipaxeHHoe
B MrKOH/r [5,24,25]. Mo HOpMaTWBHbLIM TpeboOBaHUAM
NMULEBbIE XXNUPbI HE JO/DKHbLI M0 BeNnunHe KY npesbiwartb
3HayeHunsa 6onee 4 MrKOH/r xupa.

B kayecTBe (hepMeHTHbIX NpenapaToB C /IMNA3HON ak-
TUBHOCTbIO MOXHO MCNOMb30BaTb (hapmakonenHbln dep-
MEHTHbIN npenapaT mapku JIMMA3VNH®, nony4vyeHHbIn BO
BHUMMMN um. B.M. lopb6atoBa, npeacTaBnAoWwuin coboi
nonunenTUAHYO dpakuuio, BblAeNeHHYo g pakLnoHun-
poBaHVEM B MPUCYTCTBUK cynbdarta aMMOHUA C nocneay-
OWUM guann3om n anodunnsaunen n3 nogxenynovHomn
Xenesbl CBMHeW 1M ob6nagarolein NMNOANTUYECKON aKTuB-
HoCTbto 6onee 4000 ea/mr (1ed. akTUBHOCTN COOTBETCTBYET
KO/IMYecTBY hepMeHTa, BbICBOOOXKAatoLWero 1MKMOo/b XuUp-
HbIX KNCNOT 13 40 %-HOI 3MybCUK OIMBKOBOIO Macna, cra-
61Mnn3npoBaHHOW B npucyTcTBuUn 0,5%-HOro NONNBUHUNO-
Boro cnupTta npu 37 C B Tpuc-6ycgepe ¢ pH 9,0) [26,27,28].

[na aHanuTnyeckux ueneii BO3MOXXHO UCNO/b30BaHMe
naHkpeaTM4yeckoin nunasbl npoussBoactsa Serva (Fepma-
HWS) MONeKynspHon maccoi 50 k[a, yaenbHO aKTUBHO-

Tabnuua 2. NMokasatesin 6UONOrn4Yeckon apPeKTUBHOCTU XXUPOB 1 Macen

HanmeHoBaHune

MHXK: MHXK: HXXK MHXK: HXK
VigeanbHbIn XXnp 1:1:1 0,2-0,4
FoOBSKUIN XKNP 1:0,15:1,1 0,15
CBUHOW >XUp 1:0,28:1,02 0,27
BapaHuii >xup 1:0,16:1,1 0,15
KypuHbIW >Xnp 1:0,27:0,8 0,3
YXKnp mMosioka KopoBbero 1:0,35:2,25 0,15
THONEHWI XXNp NnaxTtaka 1:0,28:0,5 0,5
Hepnbl - akunbbl 1:0,24:0,45 0,52
Pb161ii >knp aH4oyca 1:0,3:0,5 0,57
MNoaconHe4vHoe 1:1,4:0,3 45
CoeBoe 1:2,7:0,6 a7
Kakao 1:0,3:7 0,05
PancoBoe 1:0,05:0,1 2,6
JIbHAAHOE 1:2,0:0,6 3,0
OnunBKoBoE 1:0,1:0,4 0,26
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CooTHoleHne
CE2CEL cr2CE3 W6: W3
>0,25 >0,7 41
0,12 9,5 151
0,2 9,7 121
0,12 9,75 71
0,25 15,5 6:1
0,16 2,4 71
0,12 1,7 1:3
0,08 1,7 1:4
0,05 15 1:3
1,4 250 500:1
2,4 7,3 351
0,03 8 51
0,2 15 10:1
0,75 0,6 85:1
0,08 5 9:1
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cTbto 13 en/mr (3geck len. akTUBHOCTU COOTBETCTBYET KO-
nnyecTBy (hepMeHTa, BbicBO6GOXAaKWeEero 1 MKMonb/MUH
0/1EMHOBOI KNCNOTbl M3 50 %-HON 3MyNbCUN ONIMBKOBO-
ro macna, ctabuManM3npoBaHHOW B NpUCyTCTBUM 8 Mr/mn
Taypoxonata Hatpua npu 37°C B Tpuc/NaCl — 6ydepe
¢ pH 9,2), a TakxXe KOHCEpPBUPOBAHHYI B MPUCYTCTBUMU
2,5% ataHona BOAHYK (2:3) cycneH3uUlo nNoaXenypou-
HOW >Xenesbl CBMHEW. BMeCcTo cycneH3nnm HaTWMBHOM Noa-
XKenyno4vyHOM >Xene3bl BO3MOXHO TakXe MCMo/Nb30BaHue
npenapata NMAHKPEATUH® c npoTeonMTM4yeckoih ak-
TuBHocTbio 300 en/r, KOTOpPLIA NpeacTaBnsieT coboit oun-
LW EeHHYIO W BbICYLWEHHYIO NMOAXENYAOUYHYI >Xefe3y CBU-
Hen [29,30,31].

Ha Puc. 1 nokasaHa 3aBUCUMOCTb U3MeHeHUA KY oT
BPEMEHU NoA BO34elicTBMEM MaHKpeaTuHa n gpyrux dep-
MEHTOB. XapaKkTep 3aBUCUMOCTU NOATBepPXAaeT Hanmuune
NNNONNTUYECKON aKTUBHOCTW MO OTHOLWEHMWIO K MCNOMb-
3yeMOMY TOBSIXXbeMYXMNpPY. MaHKpeaTuH,KaK U3BECTHO,
obnagaeTnonMepmMeHTHbIM AeCTBMEM, acama noexe-
Nnyfo4yHas XTne3aokasblBaeT , aclwennstwouee fgeiicTeie
npenTuyeckn Hasce 3MOMNONMMEPHBIE CTPYKTYabABKIIO -
Yaa 6enku, yrnesofabl u nunuabl [30].

KY, orKOH/r
100

0 12 24 ByToa, 4

Puc. 1. 3aBNCYMOCTb U3MEHEHUS KUCMOTHOMO 4WC/ia CUCTEMbI MPK
[JepmeacaysiaHoM auaoanman la4éHoiiam nccun roesykbeeexxada
oT BpeMeee 03pacBaku NpuB3°C,pH8, 1 ca3THeL eHVB{aPMEHT:
eeflcTpaTE3BupuncyTOTBUN: 1— NINKacuHa, 2 — nunasbl Serva, 3 —
naHKpeaTuHa, 4 — CyCcneH3un NopKeyA04HON >Kenesbl

MHnapewo nTMEHUTE, YTB KaK c/lefioeTUagnHHbIX
hepmeyTnamBHoOrApaawTNAeHUBXUBOEHOTOXNpe, opu-
BAOEHHbIX HaPwuc. I, ngouacc NOMNUCYHHbLIXYANOBUAX a-
0n0 3 4~ 6 opakouyeckunopaganax 3_n4acos,
4yao NpAMepPHO ccoeBpBCTOOETAOUTENLEOCTU MPKLECCe
nuuLesapTHUE MeoonuTeWUX rn v kK

ONTUMONbHBLIMK YCANANAMU ANS 610XMMUNAEKOW KOP-
BOPCMWH NUNUA0B rvarBae B npucytunonn pepmMmaHeoBMOX-
HO cumBeaTcn3uywlumno: ae_5c¢ % amynbcusa Tuna soga/ma-
ena no6raa npuponHocoXunanne macnassogooincu
BO/H/1-€0/IKN00 eprae,KOXLUEHTPNLUHK NMPUMKCHbIX coopii
3 0,1M, oH 8, -8,e, eemnepaeypaba-fo C, tepmaHe:
CYyeCTPTTHOYCOOTHOUTEHKE, 3aBUCALLEEeO0T Of4EeNbHONP-
4 npuMeHsemornepmepTHOTO NpKna-
pata 1:5-1:10 [30,32]. B 3TUX yCNOBUAX BO3MOXXHO [OCTUXE-
HMe BbICOKMX 3HAYEHWA KOHBEPCUY NNNUL0B.

Mpouecc 6MOXMMUYECKO KOHBEPCUM NUNMLOB MOA
BO34elicTBUEM (hepMeHTOB MPOUCXOAUT KakK MHOrocTa-
OVAHBIA 1 NpoTeKaeT N0 MexaHW3My obpaTumoii 6uoxu-

ne3Ho-
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MuUyeckoli peakumn. Cnepsa,yTpuramuepmaganpoucxoanTt
oTWenseHne OAHOWN XMPHON KUCNOTbl C 06pas3oBaHuUEM
aurnuuepuga, 3atem MpPoucXoAuT oTlenneHne ele of-
HOW XXWUPHOI KNCNOTbl C 06pa3oBaHUEM MOHOrMUepuaa.
N HakoHel, MOXeT NpOUCXoANTb OTWenseHne TpeTbero,
nocnefHero XMPHOKNCNOTHOIo ocTaTka ¢ o6pa3oBaHueEM
YNCTOrO rULepuUHa U cBOBOAHbLIX XUPHbIX KUCNOT. Bce
peakuuu Ha Bcex aTanax ABNAKTCA o6paTUMbIMU, TO €CTb
BbICBOGOXAEHNE OCTATKa XUPHOI KNCNOTbl NapanfiefibHo
MOXET CONPOBOXAATbCA NPUCOEANHEHUEM [PYTOit XUp-
HOW KMcnoTbl. Ha npakTuke, n3-3a Takoro CA0XHOI0 mMe-
XaHn3Mma, cTeneHb NpeBpaleHnin 06bIYHO He NpeBbiWaeT
50 %. na peweHnsa 3ajayun NOBblWEHUA BbIXO4a B 3TOM
cny4vae, He06X04MMO MCNOb30BaTh ChNeyuanbHblie npue-
Mbl CMeLWEeHNss XUMUYECKOro paBHOBeCUA MO NPUHLUNY
Ne WaTtenbe, Hanpumep, NyTem yaaneHus NpoayKTOB U3
peakLNOoHHOW cpeabl.

BO3MOXHOCTb MPOTEKAHMS 06paTUMOi peakumn uene-
coo6pas3Ho McnonbL30BaTh ANA MogUUKaLUM NPUPOLHBIX
XXUPOB C HEONTUMASIbHLIM XUPHOKUCNOTHLIM COCTaBOM.

Tak, AN nonyvyeHus, Hanpumep, cneuuanbHbIX KU-
NMUAOHLIX (PYHKLMWOHANbHbLIX MPOAYKTOB, LesnecoobpasHo
npoBefeHNE COBMECTHON (hepMeHTaTUBHOW 06paboTKu
CMecu [0CTaTOYHO AOPOrocTOAWMUX XUBOTHBIX XUPOB,
HanpuMmep roOBSAXbero >upa, ¢ AOCTATOYHO AeleBbiMU
BMAaMmn pacTUTeNbHbIX Macesn, Hanpumep, MNOACOSHEY-
HbIM, YTO MOXeT NPUBOAUTb K MOJYYEHU NUNULHOTO
npoaykta ¢ 6onee 61aronpuUsATHLIM COCTABOM >XUPHbIX
Kucnot [24, 33].

MpoBegeHHaa oueHKa cocTaBa (pakKuuMu >XXUPHbIX
KNUCNOT BbICBOBOXAEHHbIX N3 TOBSXbENO XUpa B pe3yb-
TaTe 06paboTKM NmMnaszaMu MnokasbiBaeT, UTO B pacTBop
npevMyL,ecTBEHHO BbICBOGOANMINCL HAaCbILEeHHbIE XUP-
Hble KucnoThbl, B 4HaCcTHOCTM 0K0/10 40 % NanbMUTUHOBOIA
U CTeapuHOBOW KUCNOT. VI3MeHeHne cofep>XaHus HeHa-
CbIL€@HHbIX XXUPHBIX KNCNOT Noj BO3A4eACTBUEM hEepPMEH-
ToB 0Ka3anocb MeHee 3Ha4YMMbIM, B HACTHOCTM BbICBOOO-
aunocb Tonbko 15% cogepxalielicd 0/IEMHOBO KUCNOThI.

Takum 06pa3omM, NPUMEHEHUE XMBOTHbLIX MMNa3 Mo-
XXeT OblTb AOCTATOYHO MEepPCrneKTUBHbLIM AN Mmoauduka-
UMM XXUPHOKUCIOTHOIO COCTaBa HU3KOCOPTHLIX XUPOB
Cnocnegywuwum ero npuBegeHUeM K onTuManbHOMY, Ha-
npumMmep, 3a cyeT nepeatepudukayun [21,25].

frmaponutuyecknii  pacnag NPUPOAHbLIX NMNUAOB
B KPYroBOpoTe MUK SBNAETCH BaXHeWWnMMm nyTem pe-
anusaummn obuero 3HaYeHUs U Posin XXMUPOB U Macen Kak
HakonuTtenei aHeprum B KneTkax XUBbIX cuctemax. Cy-
lwecTByeT BO3MOXXHOCTb HENnocpecTBEHHOrNO0 UCMNOJ/b30-
BaHWA OCOBGEHHOCTEN XMMMUYECKOro CTPOEeHUs NMNuaoB
ONA MONyYeHUSA BaXHbIX TeXHWYECKUX MNpoAYyKTOB
XXMNAKOro MOTOPHOMO TON/MBA U3 BO30OHOBISAEMOrO Cbl-
pbs, KAKOBbIMU U ABNAKTCA BCe NPUPOLHbIE NUNUAbI.

N3 nuTepaTypHbIX AaHHbIX U3BECTHO, YTO NPUpPOAHOe
AMNuabl, CoAepXalmecss B CENbCKOXO3SNCTBEHHOM Cbl-
pbe, MOTYT 6bITb MONHOCTbLIO TPAHCHOPMUPOBAHbBI B CBO-
604Hble XWUPHbIe KUCAOTbl B MPUCYTCTBUU KUCAOTHO-
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OCHOBHbIX KaTann3aTopoB, KOTOpble 3aTeM npespaliarT
B METW/IOBbIE 3 UPbI ANA NOCNEAYIOWEro CXUTaHnsa B TEX-
HMWYeCKMX ycTpoiicTBax. ATOT nNpoLecc, Takxe Kak u ep-
MeHTaTuBHasa 06paboTka, NpoTekaeT C HEAOCTATOYHbIM
BbIXOAOM M3-3a MHOTOCTaAWMAHOCTU U WMHTMGUPYHOLWErO
BNNAHNA Mpumeceid BoAbl U GMOMONMMEpPOB, codepXa-
WmMxcsa B XXUPoBOM cbipbe [34,35].

Bonblwoe KONMYECTBO OTXOAOB XWBOTHOrO MpouUC-
X0X[AEeHNS Ha msAconepepabaTbiBalWUX NpeanpuaTnax
Nno3BONAeT paccmaTpmBaTb OTXOAbl >XXMBOTHbIX >XWPOB
B KayecTBe NMepPCNeKTUBHOIO CbipbsA A1 NMOJYYEHUS Bbl-
COKO3HEeproeMKknx npoaykToB, KOTOpble MOTYT OblTb MC-
NoNb30BaHbl Kak B KayecTBe A06aBOK K MWUHeEpPasbHbIM
BUAaM TOMAuBa, TakK M CaMOCTOSATENbHO B KauyecTse 3ad-
heKTMBHOro TOoNAMBa, HaNpumep, AN MajblX 3HepreTu-
YeCKMX YCTaHOBOK M CXXUFaHUs B MUHUW KOTeNbHbIX [36].

WccnepoBatenn npuwam K BbIBOAY, YTO pacTUTesb-
Hble Macna, TakKe Kak 1 0TXo4bl nepepaboTKM XXMBOTHbIX
XUPOB, UMEKT NepcneKkTUBY NCNOb30BaHNSA B KayecTBe
anbTepHaTUBHbIX BUAOB TONAMBA ANA AW3eNbHbIX ABUTra-
Tenei. lcnonb3oBaHue CbIPOro pacTUTENbHOrO Macaa Mo-
XXeT NMPUBECTU K TeXHWYeckMm npobnemam, CBA3aAHHbLIM
c paboToit gurateneii. MoBblWeHHan BA3KOCTb U HN3Kas
neTyyecTb pacTUTesibHbIX Macen MPUMBOAMT K 601bWNM
OT/IOXKEHMAM, 3aKOKCOBbIBAHMIO WHXXEKTopa W 3anuna-
HWIO NOPLWHEBOrOo KoNbLa. 3TN HexenatenbHble 3D eKThI
MOTYT OblTb CHMXXEHbI UK YCTPaHEHbl B pe3ynbTare aTe-
prudurKaLmm >XMpoB N macen ¢ o6pasoBaHneM MOHOANKU-
NIOBbIX 3(PMpPOB, CMECb KOTOPbIX U HOCUT Ha3BaHue 6Mo-
AnsensHoro tonnunea [37,38,39,40].

BrvoTpaHchopmaums NMNMAHOrO Ccbipbsa obecneyn-
BaeT BA3KOCTb TOMAMBa, 6/1M3KYI0 K BA3KOCTM 06bIYHOTO
An3enbHoro Tonnmea. buogusenbHoe ToNANBO NpuUBNEKa-
eT MoBbllWEeHHOe BHUMaHWe KakK anbTepHaTMBHOE, HETOK-
cMuyHoe, obnagatowee CNOCOOBHOCTbIO K 6MOPa3oXKeHU0
N ABnseTcs Bo306HOBNAEeMbIM. Ero cBONCTBA MMEIOT He-
KOTOpble OTANYMA B 3aBUCMMOCTM OT BUAA CbIPbS U UC-
nonb3yeMoro cnupTa, OA4HaKoO, OHO BCerga MoXeT 6biTb
MCNONb30BaHO B KayecTBe HeMnocpefCcTBEHHOro 3aMeHu-
Tens AM3enbHOro ToNaWBa M3 NMPOAYKTOB HedTenepepa-
60TKkK [41].

HecmoTpsa Ha cBOWM npuBfekaTefnbHble cBoOlicTBa, 6U-
04M3enbHOE TOMJIMBO U3 MU EBbLIX PACTUTENbHbIX Macen
MNOKMBOTHBIX XXWPOB NO CBOMM 3KOHOMMWYECKNM NoKasaTte-
NIIM NOKa He MOXeT KOHKYPUpOoBaTb C AN3€/IbHbIM TOMN-
BOM M3 HedTu. OfgHaKO, CerofHsa nmetoTca 60nbline Ko-
NnYyecTBa Macesn U XXMBOTHbIX XXMPOB HU3KON CTOMMOCTH,
Hanpumep, >XMpPOBble OTXOAbl U3 PeCTOPaHoB, Npeanpus-
TN 06LWECTBEHHOrO NUTaHWA U NULEBbIX NPON3BOACTB,
KOTopble MOTyT 6biTb Npeobpa3oBaHbl B 6MoAu3enbHoOe
Tonnneo. OCHOBHOM Npo6i1emoil nepepaboTKM Takux ma-
cen un XWpoB ABNAETCH TO, YTO B HUX COAEPXMUTCA MHO-
ro CBO6GOAHBLIX XXMNPHbIX KNC/IOT, KOTOPblE HE MOTYT 6biTb
NpoCTO TpaHcopMUpOBaHbI B 6M0AM3ENbHOE TONUBO
C MCNONb30BaHNEM TPAAULMNOHHOIO LEN0YHOr0 KaTtanm-
3aTtopa Ha ocHoBe KOH [36].

B mMsAcHOW oTpacnu u3BecTeH npouecc HeliTpanusa-
LNWN >XKUBOTHbLIX >XWPOB C LENbI0 MOHWXEHUS KWUCNOoT-
HOro uyucna, ocywecTBisembllii gobaBneHnem pacTtBopa
KayCTUYEeCKON NN KanbLUMHUPOBAHHON cofdbl ¢ 06pas3o-
BaHMWEM Mblfa, YTO Bbi3blBAET 3HAUYUTESIbHbIE NOTEPU UC-
X0[HOro cbipbs [5]. O6paboTKa CEPHON KUCOTON NO3BO-
NAeT UCKNyaTb 3TV NOTEPU U NOy4YaTb MOHOANKUNOBbIE
ahupbl 6narogaps KOHBEPCUU CBOGOAHbBIX XXUPHBIX KUC-
not. B KayecTBe nepepabaTbiBaeMOro Cbipbf BO3MOXHO
NCMoNb30BaHMWeE TOMNIEHOro TexHuyeckoro xupa (TTX),
cogepxalero 5, 20 n 40 % cBO6GOAHBIX XUPHbLIX KACNOT
(CXK) un okono 0,2% Bogbl. AnA aTepudukaymm BO3-
MOXHO WUcCNonb3oBaHue wmeTunosoro cnupta (99,9 %)
unu abconwTpoBaHHOro 3aTunoBoro cnupta (99,5 %)
B MPUCYTCTBMUN KOHLEHTPUPOBAHHOWN CEPHOI KUCMOTHI.
XXUpPHO-KNCNOTHBIA cocTaB 06pas3uoB Tpex BWAOB K-
NMUAHOTO CbiPbA C pasnnyHbIM cogepxaHnem CX K npeg-
cTaBneH B Tabn. 3.

Ta6nuua 3. OCHOBHO XXMPHOKUCOTHBbIN cocTas INMUAHOIO
CbIpbs C BbICOKUM COAEPXKaHMEM CBO6OAHbBIX XXUPHbIX KUCOT

JKupHas K-Ta

TTX ¢ 5%CXKK 1,7 173 19 156 425 92 04 346
TTXK c20%CXKK 24 232 38 130 443 70 07 386
TTXX c40%CXKK 17 228 31 125 424 121 08 370

NccnepoBaHna nokasbiBaT [38,39], UuTo onTumarnb-
Hbll npegen cofepxaHna CX K B MCXOAHOM >XMPOBOM
cbipbe A0/MKeH 6bITb He Bbiwe 1 mr KOH/r (0,5% cBo-
604HBIX XXUPHBLIX KNCNOT), T.K. NpnU 60/1€e BbICOKOM CO-
aepxaHumn, CXX K akTMBHO B3anMOAEeNCTBYIOT CO LEe/104-
HbIM KaTasn3aTopoM, Bbi3biBasg He3a(MEKTUBHBLIE MOTEPU
n3-3a napannefnibHOro o6pasoBaHna Mblfia Mo peakunu:
CXK + KOH =kanueas co/b XXUPHbIX KNCAOT (MbINO)
+ Boga. CrnepyeT OTMeTUTb, YTO MPW UCMOJIb30BAHUN
XMNBOTHOIO XUPOBOrO CbipbA CK/IOHHOCTL K 06pa3oBa-
HWI0O aMynbCcuii 60/nee BbICOKAsA MO CPABHEHUIO C pacTu-
TeNbHbLIM CbipbeM. [MOBbIWEHNE KOHUEHTpaunun Lwenoy-
HOro KaTtanusaTtopa, 3aTpaynBaemMoe Ha HelTpanusauuto
C)XXK, BbI3biBaeT MNOsABEHME TPyAHO paspyliaemoi
AMYNbCUN.

KncnoTHble KaTanmMsaTopbl, 4eNCTBYIOT CIMWKOM Mea-
NleHHo, obecneymBas HU3KYO KOHBepCUIO AN TOro, 4To-
6bl X 6bINO ULenecoobpasHO MCMONL30BaTb B Mpouecce
npeo6bpasoBaHUsA TPUTNULEPULOB XUBOTHBLIX U pacTu-
Te/IbHbIX XXNPOB B 6M0AM3eNbHOE TONAMBO, T.K. PN 3TOM
TpebyeTca 60nblwoli, o 20:1 n36bITOK cnupTa U NPoAon-
XutenoHoe, 0o 5-10 y Bpemsa peakuynu (Puc. 2).

OfHAaKO KMUCNOTHbIE KaTanmsaTtopbl ABMAATCA AocTa-
TOYHO 3(pheKTUBHLIMU 4151 Tpeo6pa3oBaHns CBOBOAHbIX
XMWPHbIX KNCNOT B 3upbl, BCNeCTBUE YEro ux npuMmeHe-
HUe ABNAETCA TEXHUYECKN LenecoobpasHbIM.
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% METU/OBbLIX 3PUPOB

0 1 2 3 4 5 6
Bpems peakuwuu, yac

Puc. 2. MNMepepaboTka >MBOTHOr0 Xupa ¢ 20 % CXKK B npucyTcTmm
METW/I0BOr0 CnvpTa B MOMIAPHOM COOTHOLLEHUWN 20:1 1 5% KOHLEHT-
pVIPOBaHHOI CepHOI KUCNoTbI pn 65 °C

CepHokncnoTHas o6paboTka NO03BONAET CHU3UTL 3HA-
YeHne KMCMNOTHOMo Yncaa XMPOBOA CMecu L0 YPOBHSA Cy-
LW EeCTBEHHO MeHbwero 2 mr KOH/r, yTo B ganbHenwem
MOXeT NoBblWaTh 3PPEKTUBHOCTL AeACTBUSA LWENOYHOro
KatanusaTtopa. 3TO CBA3aHO C pa3BUTUEM peakuuun aTe-
pudukaummn cBo60AHBIX XXUPHBIX KucnoT: CXX K + meTta-
HO/Ml = MeTuoBble 3PUPbl XUPHBLIX KNCNOT (6roansens)
+ Bofla, KoTopas AOoCTaTo4yHO 3P(PeKTUBHO npoTekaeT
B NpucyTcTBUN 5-10 % KOHL,EHTPaLUUN CEPHON KUCNOThI.

MonsipHOe COOTHOLWEHMEe ofAHOaTOMHOroanudgarmye-
CKOr0O cnumpTa K )XMPOBOMYCbIPbO — OAWH U3 BaXHei-
WnNX HakTopoB, BAUAKOLWMX HA CKOPOCTb peakuuu. Uc-
nosb3oBaHue 60s1ee HU3KOro MONAPHOrO COOTHOLWEHUSA
cnupTa u Xwupa, MeHee 6:1, He N03BONIAET CHU3UTbL 3Haye-
HWA KNCMIOTHOTO Yncna go Tpebyemblx 3Ha4YeHnn. na 60-

Ta6nuua 4. BnusiHMe KonnyecTBa Katannsatopa v BpeMeHu nposeseH
C MCnonb3oBaHMeM MeTaHona (COOTHOLIEeHWe MeTaHoN: >Xup 9:1)

[Ne3 TEOPUA NWNMPAKTUKA MEPEPABOTK MACA

nee BbICOKOU CKOpOCTU KoHBepcuu CX K B ahmpbl MOX-
HO MOBLICUTL MOJIAPHOE COOTHOWeHne cnupTa oT 10:1 fo
30:1 B 3aBMCUMOCTM OT TWNa cnupTa, HO AaHHbI cnocob
He ABNAeTCA 3KOHOMWUYHBLIM. ONTUManbHOE MOApHOE
CoOTHOLWeHMne 91

BnnaHue KonwmyecTBa KaTa/nusaTtopa Ha 3HadvyeHue
KUCMOTHOro yucna B TeyeHne 90 MUH oOnbliTa MOKas3aHoO
B Tabn. 4 ANA MONSAPHOTO OTHOLEHNA MeTaHoNa K XU1po-
BOMY Cbipblo paBHoro 9:1. Kak MOXXHO BuAeTb, Npn Hyne-
BOM KOJIMYEeCTBE KaTtanmM3aTopa KUC/O0THOE YMCNo [OCTU-
raso onTUMasbHbIX Pe3y/nbTaTOB B KOHLLe OMNblTa TOMLKO
npu nepepaboTtke xupa c 5% CXK. OgHako, B npucyT-
CTBUM KaTanmusatopa MPOUCXOAUT O6bICTPOE CHUXeHue
KWCNOTHOTO 4Yncna, KoTopoe Habnwhanocb cpasy Xe no-
cne pobaBneHNs pacTBOpa MeTaHoMa U CEepHON KMUCNOoThI
K XXVWPOBOMY Cbipbl0 C BbICOKMUM cogep>xaHuem CXK.
KucnoTtHoe yucno gna coipbsa ¢ 20% CXK mMoXeT CHU-
xaTtbca oT 41 go 0,56 mr KOH/r 3a 90 MuH npu 5% KOH-
LeHTpauuMun KNCNoTHOro katannsatopau go 0,7 mr KOH/r
3a 60 MmnH npu 15% KNcNoTHOro Katanusartopa. Ana col-
pbsa ¢ 40% CX K KUC/IOTHOE YUCNO MOXET CHuXaTbCcA
¢ 90 po 3HayeHus 15 mr KOH/r 3a 90 muH npu 5% kunc-
NnoTHoro katanusartopa. Korga ncnonb3dyetca 15% H 2504,
TO KNCNOTHOE YMC/I0 MOXET 6bICTPO JOCTUTATb LLes1eBOro
3HayeHunda B 1,0mr KOH/r.

Tun NpYMeHAeMOro cnupTta BAUSAET Ha pe3ynbTaThbl
aTepuduKaLnm XMPHbIX KACNOT, MOCKONbKY 3aMeHa TOK-
CUYHOr0 MeTaHO/1a Ha OTHOCUTENIbHO 6€30MacHbIl 3TaHON
ABNAETCA BECbMa XesiaTenbHbIM A8 NPakTUu4yeckoro uc-
nonb3oBaHunsa (Tabn. 5). bonee 6bICTPOE NOHMXKXEHUE KUC-
JIOTHOTO Yyucna B 3TaHoONe MOXeT ObITb CBA3aHO C 6osee

na peakynnm Ha CHM>XeHne KNCZI0THOro vicna

Bpems 596CH K, Mr/KOH/T 20 %CHKK, Mr/KOH/r 40%CXKK, Mr/KOH/(
peakuumn, MuH 0%HXB04  5%H2S04  15%H2504 0%H2S04  5%HZS04  15%H2504 5%H2S04  15%H2504
0 11,30 11,30 11,30 41,28 41,28 41,28 91,20 91,20
1 9,04 354 3,42 39,05 15,93 15,85 28,33 21,76
15 6,88 0,93 0,68 38,00 11,40 5,76 25,00 18,06
30 4,97 36,20 8,30 353 20,43 15,63
45 3,02 34,07 3,98 1,50 19,22 11,12
60 1,50 33,15 1,77 0,70 18,30 7.15
75 0,83 32,35 1,24 17,00 3,76
90 30,87 0,56 15,68 1,02

Ta6nuua 5. BAusHue KonimyecTsa Katasimsaropa v BpeMeHu nposeaeH
C Mcrnonb3oBaHMeM aTaHona (COOTHOLIEeHWe aTaHoN: >Xup 9:1)

BpeMH 5%6CXKK
peakuyun, MnUH 5% H2504 15%H 2504 5%HS
0 11,30 11,30 41,28
1 3,29 3,04 8,64
15 0,74 0,51 7,01
30 5,62
45 4,23
60 3,06
75 1,00
90
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na peakuynm Ha CHM>XeHne KNC/ZI0THOro vncna

20%CXKK 40 %CXKK
04 15%H 504 5%H2504 15%H 2504

41,28 91,20 91,20
8,03 12,35 10,22

5,02 11,85 8,45

2,94 10,00 6,57

0,72 9,04 5,05

8,12 4,43

7,40 2,34

7,09 0,62
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BbICOKOI TeMnepaTypoi peakunun n 6onee BbICOKOW pac-
TBOPUMOCTbIO 3TaHONa B XuUpax U aumpax. KoHeuHble
3HAYeHUs KUCNOTHOTO Yncna Ana ataHona, pearvpymoue-
roc TTX, cogepxalero 40 % CXK K, 06bI4HO HUXE, YeM
Ana meTaHona.

Ana nonHoTbl KoHBepcun CXK, NONyYEeHHbIX N3 XWU-
BOTHbIX NMNNA0B HEOH6XOAMMO UCNONb30BaTbh MHOTOCTY-
neHyaTtbli npouecc. o0 3aBepleHUN KaxXon cTaguw,
AnuTenbHoOCTbO B 0,5 4, peakLMOHHYO CMecb Heo6Xxoau-
MO oTcTamBaTb B TedeHue 0,5-2 4 n ypanate pakuuio
cnupTa c Bogol. Mpouecc TpebyeT Tpex-yeTbipex KpaT-
HOro nostopeHuda. na »xmnposoro cobipba ¢ 5% CXK pgo-
CTaTOYHO OAHOCTYMeH4yaToro npouecca AANTENIbHOCTLIO
B 1I5MUH ¢ 5% KNC/IOTHOTO Katanusartopa. 19 XNposoro
cbipbs ¢ 20 % CXX K Hanbonee onTuManbHbIM ABASKOTCA
2-x cTyneH4yaTtaa atepudukauma gnutenbHocTbio no 30
MUH Cc 15% KUCNOTHOro KaTtanusartopa unuM 3-X CTyneH-
yaTtas aTepudukayumns no 30 MUH ¢ 5% KUCNOTHLIM KaTa-
nusatopom. Ans xuposoro cbipbs ¢ 40 % CXX K Hanbonee
onTUMasnbHbIM ABAAKTCA 3-X CTyneH4yatas atepuduka-
uma gnmtenoHoctbio no 30 MuH ¢ 15% KMCNOTHOTO KaTta-
nmsartopa, CHwxarwuwasa Ao HY>XHoro yposHa CXK ansa
panbHeliwen nepepaboTkm [42].

Mocne TOoro Kak KMCMOTHOE 4yuncno ana TTXK € BbICOKUM
cofiep>kaHnem cBOOGOLHbBIX XXUPHbIX KNCNOT YMeHbLIaeTCcs
[0 3HavyeHus meHee 2 Mr KO H/r B xoge MHOrocTtyneH4aTol
06paboTKM, BO3MOXHO NPOLO/HKEHME nNpoLecca B MPUCyT-
cTBUK 1% wenoym ¢ NCNoNbL30BaHMEM MeTaHoNa Unn ata-
HONa NpM MONSIPHOM COOTHOLWeEHUN 6:1 npu TemnepaType
6/113KOI, K TOYKEe KMNeHus cnmpToB MNpu aTMOChepHOM
JaBneHuun. Beixoga npouecca nokasaHbl B Tabn. 6.

Ta6nuua 6. BbIXxog MOHOA/IKUI0BbIX 3(OMPOB, MOSTyHEeHHbIX
13 XKMPOBOTO Cbipbs C BbICOKMM cofiep>XkaHneM cBo60AHbIX
YKUPHbIX KNCIOT

Cbipbe Bbixop %
JTaHon
5%CXXK 93
15%CXK 7
409%6CXKK 60
MeTaHon
5%CXXK 95
15%CXK 80
409%6CXKK 65

MpumeHeHne pasinYHbLIX COUPTOB B KOMOBUHaUnm
C ncnosib3oBaHMemMm 0TXoA4oB NNNUNAHOTO CblpbA pa3nny-
HOrFro npoucxoxpaeHumda no3BondAeT TpaHCCpOpMVIpOBaTb
,lJ,aHHbIVI BUJ BO30OHOB/AEMOro CblpbA B NPOAYKTbI TEX-
HWYEeCcKOro HasHayeHuA. NMponcxoxaeHue colpbs Ha NpPo-

Main part

Natural lipids are the most important components
of agricultural production, which are widely used for
technical purpose and in foods largely determining nu-
tritional and biological value and taste [1]. Most of such
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TekaHne MexaHu3mMa B6MOXMMUYecKoin TpaHchopmaunu
NpakTUYeCcKOol PON He urpaeT, MOCKOJ/IbKY BapbMpoBa-
Hue ycnoBuii BefeHWs Mpouecca MO3BOAAET nosydvyaTb
npuemnemsblie pesynbtatbl. B ankunosbie aupbl mMoryT
6bITb NMpeobpa3oBaHbl CMECU XXUPHBLIX KUC/OT, BblAENEeH-
HblX KaK U3 pacTUTENbHbIX 06BEKTOB, TaK U XXWBOTHOTO
N pbI6HOTro npoucxoxaeHnsa. ONTUMasbHbIMUN YCIOBUA-
MU 3-X...4-X CTaguniiHbIX NpeBpaleHnin ABASAIOTCA: TeM-
nepatypa 65-75 C, KOHUEHTpauus CEepHON KWUCOThI
1-59% K macce Cblpbsi, COOTHOWEHME CNUPTA K Cbipblo OT
5:1 po 20:1, ;AnTENbHOCTb 0AHON cTagmn 0,5-2 4. YKasaH-
Hble napameTpbl MO3BONAKT Nosay4vyatb 6MOTOMNNUBO U3
NPUPOAHBLIX NUNNAOB C AOCTATOYHO BbICOKMM BbIXOAOM.

BbiBOAbI

Taknm 06pa3oM, KpaTKoe pacCMOTPEHME BOMPOCOB XU -
MUYECKol M 6MOXMMUYECKOW TpaHcgopmauum npupos-
HbIX JIMNUA0B MOKa3blBAET, YTO CYLLECTBYET BO3MOXHOCTb
OCYLLeCTB/IeHUS AaHHbIX NPOLeccoB MM60 NyTeM KONUpPO-
BaHUS eCTECTBEHHbIX YCMIOBUI XUBbIX CUCTEM in Vivo ny-
TEM MPOBEAEHNS 3H3UMATMUECKOW mepepaboTku in vitro,
nM60 NyTeM OcyLlecTBAEHUS TNYGOKUX NpeBpalleHunii nu-
NUAOB MO 3aKOHAaM K/1aCCUYeCcKOil opraHu4Yeckoi Xumuu.

Mepexos K BbICOKOMPOAYKTUBHOMY U 3KOJIOTUYECKU
UMCTOMY arpo- M akKBaxo3sicTBy, pa3paboTka U BHe-
[LpeHVne CcUCTeM pauuoHaNbHOTrO MPUMEHEHUS CPEeACTB
XUMUYECKOA M 6MOMOrMYECKOl 3alUThl CeNbCKOX03Ai-
CTBEHHbIX PACTEHWI U XUBOTHbLIX, XpaHeHue U 3 dek-
TMBHAs nepepaboTKa Ce/bCKOXO3AMCTBEHHOW NpPOAYK-
uuu, cozfaHne 6e30MacHbIX U KaYeCTBEHHbIX, B TOM YuC/e
(hyHKUMOHANbHbIX, NPOAYKTOB NUTAHUS — B HacToslee
Bpemsi fBAAeTcs OA4HMM M3 MEepBOOYEpPefHbIX acrnekToB
onpegeneHHbix B CTpaTerum HayuyHO-TEXHO/0TUYECKO-
ro passutus Poccuiickoli ®epnepaynun. Beneacteme yero,
0630p ycnoBuUil ocyliecTB/ieHWs npouecca 6UoxMmMuye-
CKOli KOHBEpCUM NPUPOAHLIX NUMAULOB B MPUCYTCTBUN
(hepMeHTOB MOKa3biBaeT, UTO CYLIECTBYEeT BO3MOXHOCTb
ynpaBnseMoii TpaHcaTepUudMKaLum XUPoOB, YTO MO3BO-
NAeT Ha NpaKTUKe peann3oBbIBATb UAel 6MOKOppPeKLUn
XMMUYECKOT0 cOcTaBa NIUMUAOB C LENblo AanbHeillero
nofyyeHUss MPOAYKTOB C MOMHOCTbI Cc6GanaHcUpoBaH-
HbIM XVPHOKUC/IOTHLIM COCTABOM, KOTOPbIM He o6naja-
0T 6OMbLWMUHCTBO UCMO/b3YEMbIX XUPOB U Macen. Takue
NMPOAYKTbl MOTYT UCNO/b30BAThCSA KaK (DYHKLUOHA/bHbIE,
neyebHO-NPOPUNAKTUYECKOTO AElCTBUS.

Iny6okas nepepaboTka XWPOB U Macen NyTem NosHo-
ro pacuiensieHus, N03BosieT Noay4vyaTb TEXHUUYECKUE NPO-

LYKTbI
HbIX CUCTEMAX.

C BO3MOXHOCTbO MX MCNonb3oBaHWA B TOMNIUB-

lipids are represented by animal, fish, and vegetable oils
and fats [2,3,4].

All naturally occurring lipids for 96-98 % are a mix-
ture of triglycerides with chemical composition of
ROCH2CH(OR)CH20OR, where R is aliphatic fatty acid
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residue. The variety of fatty acids in lipids determines the
nutritional value, i.e. the “quality of fat” [5,6]. Chemically,
triglycerides of natural lipids are glycerol esterified with R-
residues of C6-C24 fatty acids [7, 8]. Most natural lipids
are used for eating in avariety offood products.

The chemical composition of animal and vegetable fats
and oils is very important for the characterization of nutri-
tional value taking into account high digestibility. For pork
fat, digestibility is usually 96 to 98 %, for vegetable oils —
95 to 99 %, for butter — 93 to 99 %, while for beefitis 80 to
94 % and for lamb fat — 80 to 90 % [9,10,11].

Lipids are importantingredients in human food, as they
have high energy value and are a source of plastic material
for body tissues. Individual components of fat, i.e. some

Table 1 Content of basic fatty acids,%b6 of total fatty acids

fatty acids, phosphatides, sterols, fat-soluble vitamins, have
important biological functions in the body [12,13].

According to modern knowledge in nutrition, but tak-
ing into account some contradictions in the criteria used, it
seems that a healthy human should consume 10 to 20 % of
polyunsaturated (PUFA), 50 to 60 % of monounsaturated
(MUFA) and 30 % of saturated (SFA) C10-18 fatty acids.
Such a balanced nutrition is realized in a diet containing
1/3 ofvegetable oils and 2/3 of animal fats. For elderly peo-
ple, linoleic acid content should be about 40 % and linole-
nic acid — about 4 %; the ratio of polyunsaturated (PUFA)
and saturated (SFA) acids should be 2:1 [3, 10,14]. A typi-
cal fatty acid composition of animal lipids is presented in
Table 1 [10,15].

Fats of animal origin

Basic fatty acids

T of fatty acids
Saturated (SFA), including:

(butyric acid, butanoic acid)
C6 (caproic acid, hexanoic acid)
C8 (caprylic acid, octanoic acid)
Cj : (capric acid, decanoic acid)
Cj2 (lauric acid, dodecanoic acid)
CH (myristic acid, tetradecanoic acid)
Cj5 (pentadecanoic acid, pentadecylic acid)
Cjg (palmitic acid, hexadecanoic acid)
Cj7 (margaric acid, heptadecanoic acid)
C18 (stearic acid, octadecanoic acid)
Cj2@ (non-decanoic acid)
C2: (arachinic acid, eicosanoic acid)
C2 (behenic acid, doeicosanoic acid)
Monounsaturated (MUFA), including:
Cj&j(myristoleic acid, cis-9-tetradecenoic acid)
Cj5j (cis-j -pentadecenoic acid)
Cjgj (palmitoleic acid, cis-9-hexadecenoic acid)
Cj7j (cis-j -heptadecenoic acid)
CBjn9c (oleic acid, cis-9-octadecenoic acid)
Cj8:jn9t (elaidic acid, trans-9-octadecenoic acid)
C2:j(cis-jj-eicosenoic acid)
C2jn9 (erucic acid, cis-13-docosenoic acid)

Polyunsaturated (PUFA), including:

C182n6c (linoleic acid, cis-9,12-octadecadienoic acid) 6
C13n6 (y-linolenic acid, cis-6,9,12-octadecatrienoic acid) 6

C183n3 (a-linolenic acid, cis-9,12,15-octadecatrienoic acid) 3

C2.2(cis-11.14-eicosadien.ic acid)
C2.3n6 (cis-8,11,14-eicosatrienoic acid) 6

C2.4(arachidonic acid, ds-9,12,15-octadecatrienoic acid) 6

C22(cis-13,16,17-dokosadienoic acid)

C226(cervonic acid, cis-4,7,1 ,13,16,19-docosahexaenoic acid) 3

Beef Pork Lamb Chicken Butter
94.5 96.3 94.5 95.8 97.2
46.7 42.8 45.9 36.9 610 (6 -7 )*
-1 0- 1 1 -1 29 (2. -4.3)
-1 - [ S 2.3 (1.5-3.5)
-1 - ""1-Q2 -1 1.1(1. -2.5)
o) 14 018 (01-03) -1 2.4 (2. -3.8)
9 02 03 (02-05 3 27 (. -4.)
32(3. -3.4) 15( .8-1.4) 2.2(2.2-3.2) 13(08-1.7) 12.4(8. -12.)
1 06 04 3 4.7 (4. -6.5)
255 (24-29) 25.1 (27-3 ) 225(23-3 ) 221 (2 -26) 15.3(150-310)
5 025 1.2 (1-2) <5 4.4 (3.5-6.5)
155 (2 -24) 133 (13-18) 17.2(17-31) 8.5 (4-9) 60 (60-130)
08 1 12 1 40 (20-60
02 3( .1- 4 02 (01-1.6) 32 1.1( .3-1.5)
3 55 3 3 1.7( .1-2. )
41.1 41.9 41.7 46.4 26.9 (25-45)
3 L« 04 7 1.5 (05-1.5)
1 3 06 7 07 (01-10)
30 (2.1-3. ) 2.32 (1.7-2.5) 2.9 (6-12) 5.1 (3-9) 2.6 (05-3.5)
11 12 08 (05-2) 12 05 (01-1.5)
32.7(3 -42) 34(3 -44) 32.9(32-41) 369 (3 -45) 211 (2 . -32.5)
3.2 2.7 35 14 02
04 05 ( .5-1.5) 02 3 02
3 08 04 1 1
6.7 11.6 6.9 12.5 9.3
3.8 (2-5) 7.8 (7-9) 3.9(3-7) 93(9-2 ) 34(3. -5.5)
4 08 ( .5-2.) 04 06 14( .1-2.)
3 06 (05-1.5) 05 (05-1.6) 5 8( .1-1.5)
1 02 1 1 3
02 04 01 (01-03) 1 02
16 1.2 (05-20) 15 (1-4) 4 25( .1-4. )
02 04 1 3 5
1 02 03 (01-04) 12 02 (01-1.5)

*- the most frequent values of fatty acid content are indicated in brackets
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Table 2. Indicators of biological efficacy of fats and oils

Item MUFA : PUFA . SFA PUFA : SFA
Ideal fat 1:1:1 0.2-0.4
Beef fat 1:015:11 0.15
Pork fat 1:0.28: 102 0.27
Lamb fat 1:016:11 0.15
Chicken fat 1:0.27:08 0.3
Butter 1:035:225 0.15
Bearded seal fat 1:0.28:05 0.5
Ringed seal fat 1:0.24:0.45 0.52
Anchovy oil 1:0.3:05 0.57
Sunflower oil 1:14:03 4.5
Soybean oil 1:2.7:06 4.7
Cocoa oil 1:03:7 0.05
Rapeseed oil 1:0.05:01 2.6
Linseed oil 1:20:0.6 3.0
Olive oil 1:01:04 0.26

From the data in Table 1, natural lipids contain a wide
range of fatty acids, but the main constituents are palmitic,
stearic and oleic fatty acids that comprise together up to
2/3 of all the acids present. The biological (nutritional) val-
ue of fats and oils can be estimated taking into account the
data in Table 2.

From the data in Table 2, the significant amounts of the
most valuable PUFAs are contained in vegetable oils, and
the most optimal ratios of fatty acids are in lipids of sea-
food, pork fat, and linseed oil.

Almost all fats and oils are used in foods, except for
rapeseed oil, whose fatty acid composition is the most un-
favorable for human nutrition. Rapeseed oil is used mainly
for technical purposes for processing into biodiesel [15,16].

Consumption of fats in nutrition supposes their bio-
chemical transformation in the digestive tract. Internal
enzymes ofliving organisms carry out enzymatic degrada-
tion of fats, and released fatty acids are used as “structural
elements” for building biostructures necessary for the or-
ganism [17,18,19].

A lot of enzymes are involved in the process of lipid
uptake, in particular pepsin and trypsin [3,18].

In the tissues of humans, animals and microorganisms,
there are also important enzymes, lipases (EC number
3.1.1.3), breaking down the lipids and regulating their dis-
tribution during metabolism.

The use of natural mechanisms makes it possible to reg-
ulate the biological value of fats by their transesterification
and the formation of new lipid products with improved
fatty acid composition [20,21,22,23].

For these purposes, for example, beef fat may be used,
which does not have the optimal fatty acid composition.
When performing the transesterification process in the
presence of enzymes, animal fat with a low content of free
fatty acids (acid value less than 4 mg KOH/g) is usually
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Ratio
CB2:CB1 CB2:CB3 6: 3
>0.25 >0.7 4:1
0.12 9.5 15:1
02 9.7 12:1
0.12 9.75 7:1
0.25 155 6:1
0.16 2.4 7:1
0.12 17 1:3
0.08 17 1:4
0.05 15 1:3
14 250 500:1
24 7.3 35:1
0.03 8 5:1
02 15 10:1
075 0.6 85:1
0.08 5 9:1

used. As mentioned above, in the composition of natural
lipids, fatty acids are bound to triglycerides. Under the in-
fluence of internal enzymes and other factors, in the na-
tive state and during storage, some of the fatty acids are
released and remain in a free state in the adipose tissue.
Their amount is evaluated with acid-base titration by de-
termining the acid value expressed in mg KOH/g [5,24,25].
According to regulatory requirements, edible fats should
not exceed the value of4 mg KOH/g.

An officinal enzyme preparation LIPAZINE® obtained
in the V.M. Gorbatov Federal Research Center for Food
Systems may be used as preparation with lipase activity.
It is a polypeptide fraction isolated from pork pancreas
by fractionation in the presence of ammonium sulfate fol-
lowed by dialysis and freeze-drying. It has alipolytic activ-
ity of more than 4000 U/mg (Lunit of activity corresponds
to the amount of enzyme releasing 1 pmol of fatty acids
from 40 % emulsion of olive oil stabilized in the presence
of0.5%polyvinyl alcohol at 37 °C in Tris buffer with pH of
9.0) [26,27,28].

For analytical purposes, it is possible to use pancreatic
lipase from Serva (Germany) with a molecular weight of
50 kDa, specific activity of 13 U/mg (here lunit of activity
corresponds to the amount of enzyme releasing 1 pmol of
oleic acid per minute from a 50 % olive oil emulsion sta-
bilized in the presence of 8 mg/ml sodium taurocholate at
37°C in Tris/NaCl buffer at pH 9.2), and an aqueous (2:
3) suspension of pork pancreas preserved in the presence
of 2.5% ethanol. Instead of native pancreas suspension, it
is also possible to use PANCREATIN® with a proteolytic
activity of 300 U/g, which is a purified and dried pork pan-
creas [29,30,31].

Figure 1shows the dependence of acid value change on
the time of exposure to pancreatin and other enzymes. The
nature of the dependence confirms the presence of lipo-
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lytic activity compared to the beef fat used. Pancreatin is
known to have a poly-enzymatic action, and the pancreas
itself cleavages virtually all biopolymer structures, includ-
ing proteins, carbohydrates and lipids [30].

Itis interesting that, as follows from the enzymatic deg-
radation of animal fat given in Figure 1, in vitro process
under the conditions described terminates within 3 to 6
hours, which roughly corresponds to the digestive process
duration in mammals in vivo.

Optimum conditions for the biochemical transforma-
tion of lipids in vitro in the presence of enzymes may be
considered as follows: 10-50 % water/oil emulsion of any
natural fat or oil in aqueous or aqueous-salt medium, con-
centration ofimpurity salts up to 0.1 M, pH 8.0 to 8.5, tem-
perature 50-60 °C, enzyme: substrate ratio depending on
the specific lipase activity of the enzyme preparation used
is 1:5to 1:10 [30,32]. Under these conditions, it is possible to
achieve high values of lipid transformation.

Biochemical lipid transformation by enzymes is amulti-
stage process and proceeds according to the mechanism
of areversible biochemical reaction. First, one fatty acid is
removed from triglyceride to form diglyceride followed by
another fatty acid removal to form monoglyceride. Finally,
the last fatty acid residue is removed to give pure glycerol
and free fatty acids. All reactions at all stages are reversible,
i.e. the release of fatty acid residue may be accompanied by
the addition of another fatty acid. In practice, due to such
a complex mechanism, the degree of transformation usu-
ally does not exceed 50 %. In this case, to solve the problem
of yield increasing, it is necessary to use special methods
of chemical balance shifting according to the Le Chatelier
principle, for example, by removing the products from the
reaction medium.

Acidvalue,mgKOH/g

Figure !.Dependence ofheacidvaluechangeinenzymatiehydro-
lysisof -0 %leef fatemulsiun on the -reatment time at 50 °C, pH 8.0
andenernsubstcuteratiu ef 0:8 in theeretsncs o& 1 — lipazine,
2 — Servalipase, 3— pancreatin, 4 — pancreas suspension

Stisreasonable Cousyafeverseblereactlen loi shemod-
ificationofnatiiaalfatewfih anon-opdmdpfatty acidcom-
position.

Than. -b cbtain Srecinlfutretionirt I--rid products, It -S
redsonyfle to pertorma -olnt enzymatic teeatmenreO n
mixture containing expensive animal fnCs, 0.g. beel fad,
wCth cheap vefetaUleoils, 0.g. sunfowee oif,whichmay
load (o cbCeining altpid pooductwith more fovoeable Ontey
acid composition [24,33].
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Composition evaluation of the fatty acid fraction re-
leased from beef fat as a result of lipase treatment shows
that saturated fatty acids, in particular about 40 % of pal-
mitic and stearic acids, are predominantly released into the
solution. The change in unsaturated fatty acid content un-
der the effect of enzymes was less significant, in particular
only 15% of the oleic acid contained was released.

Thus, the use of animal lipases may be quite promis-
ing for modifying the fatty acid composition of low-grade
fats with subsequent correction to optimal content, e.g. by
transesterification [21,25].

The hydroljtiic degradation of natural lipids in food cir-
culation is the most important way of realizing the general
significance and role of fats and oils as energy accumula-
tors in the cells ofliving organisms. Itis possible to directly
use the chemical structure of lipids to obtain important
technical products, i.e. liquid motor fuel from renewable
raw materials such as all natural lipids.

From the literature it is known that the natural lip-
ids contained in agricultural raw materials may be com-
pletely transformed into free fatty acids in the presence
of acid-base catalysts. Free fatty acids are then converted
into methyl esters for subsequent combustion in technical
devices. This process, as well as enzymatic treatment, pro-
ceeds with insufficient yield due to the multistage nature
and the inhibitory effect of water and biopolymers con-
tained in raw materials [34,35].

A large amount of waste of animal origin at meat pro-
cessing plants allows to consider animal fat waste as a
promising raw material for obtaining high-energy prod-
ucts that can be used both as additives to mineral fuels and
separately as an effective fuel, e.g. in small power plants
and mini boiler houses [36].

Researchers concluded that vegetable oils, as well as
waste of animal fat processing, are promising materials to
use as alternative fuels for diesel engines. The use of raw
vegetable oil may lead to technical problems associated
with engine operation. Increased viscosity and low vola-
tility of vegetable oils lead to large deposits, coking in the
injector and sticking of the piston ring. These undesirable
effects can be reduced or eliminated by esterification of fats
and oils to form monoalkyl esters, a mixture of which is
called biodiesel fuel [37,38,39,40].

Biotransformation of lipid raw material provides a vis-
cosity of fuel close to the viscosity of conventional diesel
fuel. Biodiesel attracts increased attention as an alterna-
tive, non-toxic, biodegradable and renewable product. Its
properties have some differences depending on the type of
raw material and alcohol used, however, it can always be
used as a direct substitute for diesel fuel from petroleum
products [41].

Despite its attractive properties, biodiesel from edible
vegetable oils and animal fats cannot compete with diesel
fuel from oil in terms ofits economic indicators. However,
today there is alarge quantity of low-value oils and animal
fats, e.g. wastes from restaurants, catering and food indus-
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try enterprises that can be transformed to biodiesel. The
main problem with the processing of such oils and fyts is
that they contain many free fatty acids that cannat simply
be transformed into biodiesel using the traditional alkaline
catalyst based on KOH [36].

In the meat industry, the process of animal fat neutral-
izing is performed to lower the acid value. It is carried out
by adding a solution of caustic or calcined soda to form
soap, which causes significant losses of raw materials [5].
Treatment with sulfuric acid makes it possible to eliminate
these losses and obtain monoalkyl esters due to the trans-
formation of free fatty acids. As processed raw materials,
it is possible to use technical tallow (TT) containing 5, 20
and 40 % free fatty acids (FFA) and about 0.2 % water. For
esterification, it is possible to use methyl alcohol (99.9 %)
or absolute ethyl alcohol (99.5 %) in the presence of con-
centrated sulfuric acid. Fatty acid composition for samples
of three types of lipid raw materials with different content
of FFA is presented in Table 3.

Table 3. The main fatty acid composition oflipid raw materials
with high content of free fatty acids

i
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TT with5%FFA 17 173 19 156 425 92 04 346
TT with 20%FFA 24 232 38 130 443 7.0 0.7 386
TT with40%FFA 17 228 31 125 424 121 08 370
Studies show [38,39] that the optimal FFA conhent

limit in raw materials should be not more than 1 mg
KOH/g (0.5 % free fatty acids), because at higher con-
tents, FFA actively interact with alkaline catalyst crus-
ing losses due to the parallel formation of soap by the
reaction: FFA + KOH = potassium salt of fatty acids
(soap) + water. It should be noted that when using fat
material of animal origin, the capacity to form emul-
sions is higher in comparison with raw materials oVveg-
etable origin. An increase in alkaline catalyst concentra-
tion for neutralizing FFA causes the formation of very
stable emulsion.

Acid catalysts are too slow and provide too low trans-
formation to Ite used totransform animal and vegetable
triglycerides to biodiesel, because this process requires a
large (up to 20:1) excess of alcohol and along reaction time
(up to 5-10 h) (Figure 2).

% of methyl esters

Figure 2. Processing of animal fat with 20 %FFA in the presence of
mehyl alcohol wih molar ratio of 20:1 and 5%concentrated sulfuric
acid at 65°C

However, acid catalysts are sufficiently effective to con-
vert free fatty acids to rsters, and as r result, their use is
technically feasible.

Sulfuric acid treatment allows ta reduce acid value of
fat mixture to alevel aignificrntly lower than 2 mg KOH/g,
which ie future mayincrease the effectiveness of alkaline
catalyst. This is due to the reaction development oe free
fatty acid esterifiration: FFA + merhanol = methyl esters
offatty acids (biodiesel) +water, w hicl is fairly effective in
the presence 0f5-10% sulfuric acid.

The molar ratio of monohydric aliphatic alcohcl to fatty
raw material is one of the most impoctant dactors affect-
ing the reaction rate. Using a lowermolar ratio ol alcohol
Co eat, less than 6:1, does not allow to lower the acid values
to the required values. For a higher conversion rate of FFA
to estecs, it is possible to increase the Idtdrae tatio of alcohol
erom 10:1to 30tdepending on the type of alcohol, but this
method is not cost-efficient. The optimum molar ratio is 9:1.

The effect of the catalyst amount on the acid value dur-
ing 90 minutes of the experiment is shown in Table 4, for

Table 4. The effect of the catalyst amount and reaction time on the decrease in the acid value using methanol (methanol: fat ratio 9:1)

Reaction time, 59%FFA, mg KOH/g

20 %FFA, mg KOH/g 409%FFA, mg KOH/g

min 0% HZS04 5%H2504 15%H2504 0%H2504 5%H204 15%H2504 5%H2504 15%H 2504
(] 11.30 11.30 11.30 41.28 41.28 41.28 91.20 91.20
1 9.04 3.54 3.42 39.05 15.93 15.85 28.33 21.76
15 6.88 0.93 0.68 38.00 11.40 5.76 25.00 18.06
30 4.97 — — 36.20 8.30 353 20.43 15.63
45 3.02 — — 34.07 3.98 1.50 19.22 11.12
60 150 — — 33.15 177 0.70 18.30 7.15
75 0.83 — — 32.35 124 — 17.09 3.76
90 - — — 30.87 0.56 — 15.68 1.02
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Table 5. The effect of the catalyst amount and reaction time on the decrease in the acid value using ethanol (ethanol: fat ratio 9:1)

) ) ) 59%0FFA 20 %FFA 40 %FFA
Reaction time, min
5%H2S04 15%H 2504 5%H 2504 15%H 2504 5%H 2504 15%H2S04

(] 11.30 11.30 41.28 41.28 91.20 91.20

1 3.29 3.04 8.64 8.03 12.35 10.22
15 0.74 0.51 7.01 5.02 11.85 8.45
30 - — 5.62 2.94 10.00 6.57
45 - — 4.23 0.72 9.04 5.05
60 _ _ 3.06 — 8.12 4.43
75 — — 1.00 — 7.40 2.34
90 — — — — 7.09 0.62

molar ratio of methanol to raw material of 9:1. li is seen,
that with zero amount of catalyst, the acid value achieved
optimal results at the end of the experiment only when
processing fat with 5% FFA. However, in the presence
of the catalyst, a rapid decrease in the acid value occurs,
which was observed immediately after the addition of
methanol and sulfuric acid solution to raw material with
high FFA content. The acid value for raw materials with
20 % FFA may be reduced from 41 to 0.56 mg KOH/g for
90 minutes with 5% of acid catalyst and to 0.7 mg KOH/g
for 60 minutes with 15% of acid catalyst. For raw materi-
als with 40 % FFA, the acid value may be reduced from 90
to 15 mg KOH/g for 90 minutes with 5% of acid catalyst.
When 15%H2S04 is used, the acid value can quickly reach
the target value of 1.0 mg KOH/g.

The type of alcohol used affects the results of esterifica-
tion of fatty acids, since the replacement of toxic methanol
by a relatively safe ethanol is highly desirable for practi-
cal use (Table 5). A faster decrease in the acid value with
ethanol may be due to a higher reaction temperature and a
higher solubility of ethanol in fats and esters. The final acid
values for ethanol reaction with TT containing 40 % FFA
are usually lower than for methanol.

For the full transformation of FFA derived from animal
lipids, a multistage process is necessary. At the end of each
stage lasting for 0.5 hours, the reaction mixture must be
left to settle for 0.5 to 2 hours and the fraction of alcohol
with water is to be removed. The process requires three to
four repetitions. For raw materials with 5% FFA, a single-
stage process lasting 15 minutes with 5% acid catalyst is
sufficient. For raw materials with 20 % FFA, the most op-
timal is two-stage esterification for 30 minutes with 15%
acid catalyst or three-stage esterification for 30 minutes
with 5% acid catalyst. For raw materials with 40 % FFA,
the most optimal option is a three-stage esterification for
30 minutes with 15% acid catalyst decreasing FFA to the
desired level for further processing [42].

After the acid value for TT with a high content of free
fatty acids decreases to less than 2 mg KOH/g during the
multistage treatment, it is possible to continue the process
in the presence of 1% alkali using methanol or ethanol with
molar ratio of 6:1 at a temperature close to alcohol boiling

point at atmospheric pressure. The yield of the process is
shown in Table 6.

Table 6. The yield of monoalkyl esters derived from raw materials
with a high content of free fatty acids

Raw material Yield %
Ethanol
59%FFA 93
15%FFA 77
40 %FFA 60
Methanol
59%FFA 95
15%FFA 80
40 %FFA 65

The use ofvarious alcohols in combination with wastes
of lipid raw materials of various origins makes it possible
to transform this type ofrenewable raw material into tech-
nical products. The origin of raw materials does not affect
the mechanism ofbiochemical transformation, since vary-
ing the conditions of the process allows to obtain accept-
able results. Alkyl esters may be converted to mixtures of
fatty acids isolated both from vegetable and animal/fish
sources. The optimal conditions for three- to four-stage
transformation are: temperature 65 to 75 .C, sulfuric acid
concentration 1to 5% of raw material weight, alcohol to
raw material ratio 5:1 to 20:1, the duration of a stage 0.5 to
2 hours. The specified parameters allow to receive biofuel
from natural lipids with high enough yield.

Conclusions

Thus, a brief discussion of the chemical and biochemi-
cal transformation of natural lipids shows that it is possible
to perform these processes either with simulation of the
natural conditions of living systems in vivo by perform-
ing enzymatic in vitro processing or with advanced lipid
transformation according to the laws of classical organic
chemistry.

The transition to a highly effective and environmen-
tally friendly agro- and aquaculture, the development and
implementation of systems for the rational use of chemical
and biological protection tools for agricultural plants and
animals, the storage and effective processing of agricultur-
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al products, the creation of safe and quality food products,
including functional ones, are nowadays among the high
priority aspects determined in the Strategy of the Russian
Federation's scientific and technological development.
Therefore, a review of the conditions for the process of
natural lipid biochemical transformation in the presence
of enzymes shows that there is the possibility of controlled
transesterification of fats, which in practice allows to per-

form biocorrection of the lipid chemical composition in
order to obtain products with a fully balanced fatty acid
composition, which is not characteristic of the most fats
and oils. Such products may be used as functional, thera-
peutic and protective ones.

Advanced processing of fats and oils by complete deg-
radation allows to receive technical products with the pos-
sibility of their use in fuel systems.
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