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Abstract: Diacylglycerol (DAG) is a functional lipid that can potentially be used for food applications, and therefore, the study of its
crystallization behaviors is of great theoretical significance. Inthis study, DAG was prepared through lipozy me 435-catalyzed esterification of
stearic acid, oleic acid, and glycerol in a solvent-free system using.a-bubble column reactor. After the purification by molecular distillation,
78.39 % (wt.) DAG was obtained fromthe esterification product: The effects of two types of polyglycerol fatty acid esters (PGFEs) on the
crystallization behaviors of DAG were investigated by differential scanning calorimetry, pulsed nuclear magnetic resonance, X-ray diffraction,
and polarized light microscopy. The results showed that polygly cerol stearic acid ester (PGFEL) promoted the crystallization of DAG, while
polyglycerol linoleic acid ester (PGFE?2) inhibited the crystallization of DAG, and this inhibitory effect was enhanced when the PGFE2 content
was increased from. 2% to 10%. The results of X-ray diffraction indicated that the presence of PGFE1 stabilized the DAG in f'-aystal form.
Finally, the polarized light microscopy revealed that the addition of PGFE1 madethe crystal of DAG more delicate.
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Fig.1 Flow diagram of the bubble column reactor
1.3.2 Hih—Bs T &L

FIFH 431 75008 43 B8 aliAb Ba Ak = Hh ) Hvh =1

I A3 7 AR AR 2R IR R e IR R R

(FA), HIMAEHEE (MAG), 1534 m 4l H il
g, ZEAMAEIE: ZBE T 1.0 Pa, ZEIBAEIRE 190 °C,
AEKIRE 60 °C, BERHEEE 80 °C, HIiE AL 300
r/min.
1.3.3  AAR GRS AT H MBS LA,

B L 2R R alid Hoth — s 50.0 mg, LAIECUR
RIEFERE 5.0 mL, SAHEEESHTH s &
31 frife e, DB-1ht B E4NEFE (15 mx0.25 mmx
0.1 pum); A KMEE FAINZS, RN 380 C; b &
0.5 WL, ikl 20:1; EFE 1R 380 °C, J77 108.3
kPa, #HANAESA, MK HERAESN, HEch 4.17
mU/min; FEFTHE: 50 C{#F%F 1 min, LL50 “C/min
f)55 T HE 2 100 °C,80 “C/min J12 220 °C,30 “C/min
JHZ 290 °C, LA 50 ‘C/min T % 330 ‘C {44 2 min,
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Table 1 Fatty acid compositions of industrial stearic acid, oleic acid, and PGFE

P Joy B T RAE SRR T ShER PGFE1 PGFE2

7 & 7HR (CL4:0) 1.3040.21
A2 A8 54(C16.0) 56.87+0.54 9.9140.10 61.6040.12
2 5 #(C180) 43133054 4.9140.03 37.1040.22

B2 (C18:1) 56.1040.17 - 4.9540.15

I 5 #£(C182) 29.0840.24 - 95.05+0.15

fo e fig i BR(SFA) 10020.00 14.8240.13 10020.00 -
T Ao Faflg FrEg (USFA) 85.18+0.40 - 10040.00

HI3 1 AT, Tl 2 AR 4 30 T S T 1R
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ZOmBRER T 56.10 Wt%JIHER 4b, IEF A 29.08 wt%
GRS 14.82 W% TR AIIR TR . X TP AP =2R
Hh RWTRNE, PGFEL th4ff SRR, LIMFAE
FRANBENR Ry X, S D E RN EER; 1 PGFE2
T A AME AR TR, e S R & ik 3] 95.05
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Table 2 HLB values and melting points of PGFE

HLB {& B8 C
PGFE1 8.60 57.70
PGFE2 7.50 -40.52

X R = S H i TR BR A HLB i S s AT
ST, diRanE 2 Frox. Hir, PGFEL M PGFE2 (1]
HLBE 3K T 7, w7k (i A #4677 PGFEL
IR T R A O R AN IR DT IR, WO A AR I

(57.70 'C), 1 PGFE2 H il i A AN AN G 1D
R, WO AEARARHIIRE Tt ResE &AL,

2.2 G AL My ey H i B XN B R 4L Ak A

X AiA A R ik P S TR R 2H BT 20 A
S5 R 3 Pror.
7 3 S CH T BERY Eh TR BERRBRAE AL /wt %
Table 3 Acylglycerol and fatty acid compositions of the purified
DAG (as % of wt.)

DAG
H i BS2E AR,
TAG 21.6240.09
DAG 78.3940.09
1, 3-DAG/1, 2-DAG 2:1
MAG
R P BRZE A%,
C16:0 26.5940.07
C18:0 19.1740.03
c18:1 36.5140.24
C18:2 17.7340.34
SFA 45.7640.10
USFA 54.2440.11

H# 3 AR, BRIk RN FI— B A RE RS
B L= B8 & N 78.39 wi%, Hil =
Be &8N 21.62 wive. HFFRRN, Mg H
g SRR 40% N2 A R AR D Re LD, T i
— BT ZKIBAEH 78.39 wioeH T .

PSR SIS 3T 52 1,3-DAG 5 1,2-DAG
RIELy 2:1, XN B 5 Joseph 25T oe 4 9 —
, WK% DAG iX 2P A7 1,3-DAG 5 1, 2-DAG 1)

Ebl 2k 2:1. IX 2N 1,3-DAG 5 1,2-DAG H AR
Fafhk, ol R, IR BT E .

JE SR A AT Al i s IR TR 4Lk mT
3, H ZER A RAARTTR & B 54.24 wt%, H
HH RS B iR, N 36.51 wide; 1T LRI HER FR AR
HR &%, N 26.59wt%.

2.3 RN

AN TN AR AR ) =2 H i g s Rl (PGFEL,
PGFE2) T H —fiarh, AT HO0 T il = lei 4 ke
PEFEM . VA IR S5 S AME AL b2 181 2 B .
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m (a) FEeshzk (b)
Fig.2 Crystallization (a) and melting (b) curves of DAG and
DAG blended with different ratios of PGFES
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TIRE b S L O A R T LT R R B,
HUBHEIRA, i BHSS f S N5E 4. NN 2% PGFEL
Ja, HM BRIV sIRER 37.20 C EFAHF
38.31 °C (K 4), HUEI BHEAR R (45K 1 1/g
KA, F 4, Uil PGFEL A IeT LR dEH i — g
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R RRAR, LI 2 LA R (135 KT A AN 2% & 10%
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1M 5] S5 R, SO e 25 e I
PGFE2 HlIg iR 45 N AR BT R, oI i ik T
e, B THARR T Hrth R G S i S
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ME2 (b) ATLLE H, Hil— e SRS =
YA Rl B 20 A T M AL (L, VD T Ha R 4 A
R I Rt 70 AT — /MR (I, 1) o 5 111 2% PGFEL
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WA, XA S Lk e R — e

AR EERRIRE MR e A

Table 4 Melting points, crystallization onset temperature, and related enthal pies of DAG and DAG blended with different ratios of

DAG  DAG+2%PGFEL _DAG+2%PGFE2 DAG+10%PGFE2
M LERIRBEIC  37.20 38.31 36.96 36.24
M| S0l 17.88 18.82 17.74 16.18
¥ 8/C 49.18 49,61 48.65 48.04
M VRSOl -10.46 -1162 -6.55 -6.32

24 BEREENSE

[l 4% A 2 i et ek R BERLRE ) e, RN
I % Sy ER L S 1) S AR I A, B e Wi
(1) R AT 6 K R IR PE SR, DA T s Bk 1 D)5 )
TR, SBVEVERE, AP AR R %
WAEARA, W€ 1 Hh —lE A HRA YR SFC 1,
SFC-T k&l 3.

60 —+DAG

-+ DAG+2%PGFE1
-+ DAG+2%PGFE2
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3 HIRMTEE AR AR EL ) =B H it ARRR BARE R & 4RY
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Fig. 3SFC-T curves of DAG and DAG blended with different
ratios of PGFEs
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fis Je HAR A SFCAEAR A EA BT ANF] . & 2%PGFEL
() H I IR A4 SFC /b Bk, 1 22.54%
AN 1%; & 10% PGFE2 [ Hil — s IR &4t SFC
IR ERN, H 10.85%FFEA 0%; Him —BE &S
2% PGFE2 [11RA W11 SFC 1E53 71 HH 16.54% . 15.00%
2554 0.78%+ 0%.

HIH I AR A RS NIRRT
T 2%PGFEL FR-A), T T 7 10%PGFE2 iR &
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22RO e AR RN R T A%
#= /DT 2%PGFEL MR GY M & T & 2% K&
10%PGFE2 FVR-&4, KW PGFEL fedt Hl —Hs 1)
gh &, i PGFE2 i Hrd —Be 4, &t . iX 5 Fik DSC
(R4 5 5 Ak Hh2E b 45 5 — 3.

2.5 XRD i & A

MG S e P R AR PR, F B o B
MR, He, o BUSARERATER, (ERKIER
Gy BRI BB B AR B E ) . AR SCRH
XRD 5 HyH g S VR A P bR, i i e )
FE d ERTERIFES IR AR AL, d ERE AT &
THI[A] AR B, TS [ 2 B AN d (S8, T
BN R d B R R A P, g e BR
d=4.15 A HIRIIENIVERAAZLE o s 245600 R
d=3.8 Ak 4.2 A B KGR, FKIAAE pRAL; I
AR d=4.6 A LRGN, RN B AR BITEAE
24— MR AN XRD 474 R, W 4
Fim o

4.63A
3
[
#l
E‘ﬁ
1 L 1 1 L 1 1 d 1
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firht 20/ °
4 HihZBRR AN AR L) =52 Bl AR R R & IR0 X-
1T51EE

Fig4 X-ray diffractograms of DAG and DAG blended with
different ratios of PGFEs
F: (8) DAG, (b) DAG+2%PGFEL, (¢) DAG+2%PGFE2,
(d) DAG+10%PGFEZ2.

FH B 4RI R A IR S 7E R 1A BE d=3.8
A =AM, {E d=4.6 A KT —ANKEIL
Weuge,  ROHEH g ROLVRA YR B B B A
o3y BERLRAR, IXJE K 4 1,3-DAG 5 1,2-DAG il y
2:1, 1M 1,3-DAG 2 WfT g il (B ), 1,2-DAG
5 o F1 pRIBSL RN PGFE (AR -S4 784 [A)FE d=3.8 A
A RSO RS KT H s, X BB T PGFE 1IN
Hhn 7 H M ERR) B SR 5 R AR S
VIR L, & PGFEL HUTRAYI(ER R P d=4.2 A kb5 —
ARSI, IX P T PGFEL X H i — g B AT ik se
YER, Tt T N A& g S5 g = it 1 & 2o L

B BN A BT BN R S ORI T AR 2 )
W28 2K, AHEL B a2 PR SRS 2 R, AT =
TR BRI TP,

2.6 PLM W 2 AR H A
v i N VR A RIS 43 20 *CL 30 'C.
40 °C, BUKAREHCN 400 152644 N I BT 45 S s
K5 iR
20°C 30C 40°C

& 5 Bl ZEs B A b =B s ATEA R R 47
20 ‘C. 30 °C. 40 ‘CHIPLME{& (40x101Z)
Fig.5 PLM images of DAG and DAG blended with different
ratios of PGFEs at 20C, 30°C, and40°C
7Z: (a) DAG, (b) DAG+2%PGFEL, ( ¢ ) DAG+2%PGFE?2,
(d) DAG+10%PGFE2.
Kl 5 ok o A, IR EER 7RIS T
H1 &l 5 A] %, £E 20 C, Hih AR A a2 0K .
7NN 2% PGFEL I, VR EWIRISRZEENR, B KR
W0, Ui PGREL HUZS et 1 fAE R SHh =
FEAHLL, RSV IR SEInamil. 700 2%PGFE2 Itf,
AV AR, (HFARZ R TE N 10%PGFE2
I, YR AR AR R BE 2D, T SR SR, 15 ] PGFE2
IR I A B Saitou 2P R WIS B INE H
TR ITRR IR, H I R SR A MEAR R, Al 1A
N S B DA B H I 017 W A0S I 75 H ik — s A
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WAL ARG, Mo aES: 1 H i ERSS &h. 72 30 CHY,
Hth ZhE AR AL S 20 CIFAHZE AR, X
YT 10 CH-BCA MR AR k. ST 40 C
i, H R IR S YIRS e . H T
SR PGFE2 MRS di ik b 2 HT AR S AEIRAR 1k
THUMIZOIR, TN PGFEL IR A 1 S AR R BIR AR
B /NRTREIR,  ELEIS) A (R BN 2
N T BRI T AR IR 4 I 2k A AL, T A

1L 73T AR 25 AN RN 4B Dy SN A7 &
1k, Dy i ML T 45 4 4% A 2 1)) A 50
K E4EEGL R Image J2x PE BT il — g A L
RAVIN) Dofl, 255U 5 .

5 HiMZEER M AR LG =B Hit AR BREE R & HE

20 ‘CTREYHUNLERE D,
Table 5 Fractal dimension D, of DAG and DAG blended with
different ratios of PGFEs at 20°C

o DAG+ DAG+ DAG+
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