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Abstract: Soy sauce residue oil was was extrac
extraction method at low temperature, and the self-made i bilized lipase HMIM with Sn-1, 3 specificity was used to catalyze the synthesis of
diacylglycerol. The enzyme dosage.the content of glycerin, reaction temperature, metal ions and auxiliary acid treatment methods were
optimized, and the optimal conditions were determined as follows: immobilized lipase dosage 1%, content of glycerol 1.2 times of the required,
m degree; 0.098.MPa, K concentration 2 mmoL, stirring speed 20 1/min and reaction time 10 h. Under these

tion rate was 96.36% and the content of diglyceride was 48.65% (43.65% of 1,3-DG, 5.00% of 1,2-DG).

reaction temperature: 65 C, va

conditions, the free fatty acid es

24%, 9.31% and 39.80%, respectively. Results showed that esterification reaction would not change

ition of soy sauce residue oil. Process of Enzymatic esterification not only reduced the acid value of soy sauce residue oil
but als@reas the contents of functional diacylglycerol, which provided a new method for the development and utilization of soy sauce
residue. }

Keywords: immobilized lipase; soy sauce residue oil; diacylglycerol; esterification

e, R A R FERE (EERRED I AT, 3 SCRTAR B, — 2 R

G K G PR B Dl R SRR T e N H o A T & Rk, HrEEIERL 10%
WS EHA: 2017-04-27 PLEIERIZ K, R RIS B SRR
HEWE: MALERHSTITIE (20158020230008); ~HREIA R PR AAEAEZ) 1:0.67 Hu™ 2, Rt SR i A e &

WA REFIEIBNRE (2016LM2151)

BN N (1993-), B, Wiz, MxsE: 2RlR
BiRMEE: BE (1966-), B, ¥R, B, W3HE: aRUF5ESR.
RS RRIT&

110

WA ER, G 2013 3R EFE AR (FE 5~
K 160 75 t LLEPY, S FRE R R R R R
TERER BRI FHAE, A RERME (30.9%~36.5%,
DATF-E1) . R4 5 0 i S s i 55 IR R IR



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.11

WL, AR E AR RMES B ERS
F5k e S A RS A R T B AR IR AEE R #E
B kP, L) 1 AR BRI . R4
(1 B A1 & Ty v v i (R N 32 B R MR 7 AR
Wgie HH EMEEAFE R ORI BV R kL 5
RAERARE, bR S5 MR AR
Hol A AE L B BR V5 26.09%:; B AIRERGE
AR hmk- 28T, 6 SYATIEHT AR,
(EPSS ey PR e ARt siilLs 4E: PR e S <R ) oz
I PR R A e oty AR AR T, LR
HUETATIA 96.1%, 1R H RS BRTE SR = T B,
REESEI AR o I [ ) R A5 453 it s
AR S PR R S R e, BT E BT &4
SEm RIS R R A R, AP TR BOAR G e R B A 4
KA, FG, AR EAAE—FEAT
B oy B R BRI L = T B R TR -

Hih —F& (Diacylglycerol, DG) &b g
CH =g TG) Hi—AN e B w72 5B Y T g
PEEERIIR IR, HA %A, BERMABRHAEERSEES
Por, fEfh. BEZGRL T4 2 . RIRM
SR G P B S B (0.8%24) B,
HM BT IR R — 2 M a s, A AN
W97 AR A oh a0, Rk, PR mR
B e =M =05 Ay S o W = I 1 <N
WAL ANBESAE A AR KR Hh s el e
A2, e Dl A A R R B e
JH I B B, ER 2 AN BA 1 F 4l 8
FRIERNEAT, A AT & B R i k) B
BT A CH i RS

AHIE TR — o AU S AR A R, s
Pl )L NG TN
YR SE AR M SRR o EHAZFIHAE
HGR) CTY%0) AR /AR FRIMAIAE L, BAK
~%Jj€? VBRI, PRI, (%
TRIE S ARILE  REBGRZEMG T FLlfs FL 77 Al S
JE 2% TRYE Bk (JE 5 0.5~0.8 MPa, iR
40~50 ‘C), MAFERPEIYIRIIHT RIS, (ENT$
HHHIAR AR, SCBUVAFIARE R 0 B, AR
FIFR G R G5 XOBSaRAE, —IRIRAREIZE, SR
BT O AL, B TR R S SRR A, TET5 4,
T EA FWEE R, R P R I o B R
VEF . RIS BRI Sn-1,3 A7 1 E 2 10 g e
HM IM, 7EERFIIZZAT, MEAS R ig m =
& FFA FRA & BcH =8, o Ry e — D oin
TANEAE AL PR AL,

REi/

1 MR5RE

L1 AR5 0E

TRl WSS L i R AR & R A PR A
s Tkt OTMRERSARARD; SEMH. 7K
IR =E e ToK CEERTO/K R R AN S R38N
OyMTals SEeEke (ald). HEE (Gikal), [FEl
fEWitE HMIM CHAED.

119 IR 2GR G 22 K0 i 20 LD s IR
TESALZERCREE (A GCMS-AAHE - S
1 CEAEARD, TR Z A (Eilg AR RAFE]D;
DF-101S SE#HUER X

| 4

PL203 PR (MR E-F6F1 2 ); DZF-6020B 7Y
B TR CElSFRABEER); L530 &aURIHEE
DL GHREHI

121 EhtgFob L 2R aH

KRG IE 2% BT84 (GB/T 5009.3-2010);
WGrMESZ (GB/T 5009.4-2010); H AN ES%
HLERERE (GB/T 5009.5-2010); IDF ill5E &% bk
Ve (GB/T 5009.88-2008); fgliilliE 2% R K
UL (GB/T 14772-2008); FHLF4ENE S (GB/T
5009.10-2003).

122 Hihidih I8 69 1KIR % 448 T E IR

I AR S AH AR P AR Sy Rt i R 3k 474
0, SRR ARSI i T2 )y
HrEEE R TS e 45 BT, DUT e ARG,
TEIRE N 45 C. K718 0.5 MPa FAHL 45 min.
123 it 5 69 SEACAE AT AT

ORRE-%E GB/T 5530-2005 FEME: @it4
TRAE-1% 08 GB/T 5538-2005 F:EillsE; GmE-1218
GBT5532-2008 #t & M & ; @2 AAE-#% B GB/T
5534-2008 FLsE IE : @7K 3 KAE K AR -14 18 GB/T
5009.3-2010 #1T .

1.2.4 Bkt idih ig A b B

050 g MR (13 T A AL Eh A — i == (1 i
T 250 mL kel RIIFFRERCRES, A
— M ARG, 7E— MRS RS A T
FEAA R IR . o 58 I BURE 73 BT R i IR B IR R 15 &2
TEITENANX (D, I RS FRE L 1A
th, WEAFELAR (2,

111



Modern Food Science

MK EmBHL

and Technology 2017, Vol.33, No.11

CxV xM

WS RRNTR & & (FFA%) = x100%

(D

KF: C-KOH +#RE@ 2@t RE (mol/L); V-7H# KOH #9484 (mL); M-JEIFiiedo-F&, vAmBAtA 282 gmol; m-iXAF

Jie (g); AV-ihAEEE,

Raft% (o= TFAn—TFAG - FFAS  100% (2)
s
Hih—He (%) = 1 50 x100% 3
(S S0 23%0 3 Ao*s%o] -
Iso
Rl @
Hm—mg = 1 2 AO x100%
[S S0 25%0 3 éo*s%o]
133
1 _— D)
HE =R (%)= 1 AO x100%
(S S0 25%0 3 AO“LS%O) y ==
34
TR MR (%) = 1 XlOO° (6)
(S S0 28%0 3 Ao*sétso
12.5 HhBESHHF % a‘aabﬁgnz ~330 u; HEREE: 1 pL. FIAHHIE
1251 HEOENE (TLC) HrH s ! Hﬁlé]lﬁﬁiri, W T AT T B
VAR S S TR] (P HAE BAEAE 1020 em FREAR FRAR B R BT e, R WbRE TS &, W

7]‘& (}fﬁﬁufllo C/ﬁﬁélh), ﬁk}:ﬁ}:ﬁﬁqﬂz

12.5.2 H/EE@E. E’J% 61‘1‘)?“9

BHERAR L& HymBs s 85N, SRIETE JEHEH*
g YR A =T A AR B IR SR
HIEsILIE H GC-MS HEA 4347

mx0.25 mm R 250 C; #K
WM. 1 Gaaiz/<); imte=50:1; JHE

n
P 31 min; X5 10 ‘C/min F] 120 CL
‘%’Smm SR)5 15 C/min 2 250 CHEE 5 min (et
1Z24TH 18] 27.667/min) .
MS uiZH: AHBEEIRE: 280 C, WUMHHR
J¥ 150 'C, BURIRE: 230 C; REHR: 41
=1 RRE

PINZER . 5401 GC-MS il B 2R 2
AMEIETEARANN (ST, S2. S3 A1S4), SRJGH F24kE
FIUETAR SO, RAFEIHW—E. Hih—Fe. Hlm =
FE RS MR ERAR XS 2SR I =, AR TR A (3D, (4),
(5). (6) THEH S AR & &

1.3 BAB T %

iz Origin Pro 8.5, Excel 2007 X ¥t 174K
I3 #T, 35 SPSS Statistics 18.0 Xl & %R T 3%
PEECE M (p<0.05 BFEA BEMZER: p<0.01 A
B EER; p>0.05 LR EMZER).

2 SBERSHIE

2.1 ERAERH EBE R H

AR R R AR 5 4T

Table 1 Analysis of components of soy sauce residue oil with and without the treatment of continuous phase transition extraction

method at low temperature

FREZ/%
Ko Ak HLRE IDF Ho Ko
it 36.50+0.31 16.76+0.07 33.23+0.38 23.10£0.71 10.90+0.23 15.40£0.42
BLAS & 4131+0.37 21.40+0.21 0.80+0.43 45.40+0.57 11.8120.27 14.4240.36
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4 EHEEERCH, BeLR A& RH B mAY A RABRZE AT EE
Table 4 Comparison of fatty acid composition before and after esterification reaction in soy sauce residues oil

R o BRAELAR, B A FE Bk B/ Y it — B b /% P& X 2B %
W2 (C14:0) 0.08+0.01 0.07%:0.02 0.561 ND~0.2
AEAEEL (C16:0) 8.17%+0.01 13.39%:+0.44 0.116 8.00%~13.50
REASER (C18:0) 2.80%+0.01 4.12%+0.14 0.121 2.50%~5.40
WER (C18:1) 19.49%:+0.01 18.77%+0.13 0.076 17.70%~28.00
ks (C18:2) 58.76%=0.01 53.77%:+0.46 0.106 49.80%~59.00
AR (C18:3) 9.61%+0.03 8.58%:+0.05 0.477 5:00%~11.00
F6AE B (C20:0) 0.35%=0.03 0.31%+0.03 0.133 0.10%~0.60
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Table 5 Content of each glyceride component in deacidified oil
th 94 18] /min 3t R il
- TG+A 47 FFA+M 47 1,3-DG+ A 47 1,2-DG+M 47 MG+ 47
AFARE E) 141136 6741 62785 47407 18384
AR (T 238836 - - - .
RER (NAF) 8344857 3666673 2983944 11438201 5122146
ARfgeg (FEE) 73318 8127 48556 26995 21559
s R B ) 182574 - 114839 37641 5288
FRIEER ( LBg 90731 - - - _
WEL (L) 276709 - - - _
Tihdg ((FHEs) 458949 - 245885 95299 41148
WEL (L) 281739 - - - _
T ARER (FES) 23279 - - - -
T ARER (TES) 38327 - - - -
A TS E 0.072124 0.004055 0.079101 0.009064 0.016864
AL AR S F 39.80% 2.24% 43.65% 5.00% 9.31%

Er CREARME .
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