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Study on Solution Properties of a

Abstract: Oleogel is not only widely used in functional food t also has important application prospects in the fields of pharmaceutical

preparations and cosmetics. Two citric acid monoesters wete synthesized by direct esterification, and their properties of gel were studied in this

paper. The solution aggregation behavior and micellar therm odynafnics of these two citric acid monoesters were analyzed by surface tension
meter, conductivity meter and dynamic light scattering instrument, and the results showed that the critical micelle concentrations of lauryl citric
acid monoester and isodecyl citric acid monoester at 25 ‘C were 3.30 mmol/L and 6.40 mmol/L, respectively. In addition, the effects of ionic

strength on the formation of micelles were also studied; and the results showed that inorganic salts not only affected the aggregation number of

micelles, but also reduced the size of isodecyl citric acid monoester and lauryl citric acid monoester by about 10 nm and 200 nm. The

studies of oleogel properties indicated that both of the two citric acid monoesters could form the gel with vegetable oil. The minimum
concentrati wa‘/o and the temperatures of the sol-gel transition were all between 45~53 C. Also, the results of biocompatibility studies
showed(at the citric'acid moneesters had no significant effect on the growth of microorganisms at a concentration of 200 mg/L, indicating
that the citric acid monoesters had good biocompatibility.
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Fig.3 Surfage tension(log €) of isodecy! citric acid monoester
and lauryl.citric acid monoester
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Table 1 Critical micelle concentration (CMC) of isodecyl citric acid monoester and lauryl citric acid monoester in aqueous solutions at

25 C
CMC/(mmol/L)
Surfactants
Determined from surface tension Determined from electrical conductivity
Isodecyl citrate 6.60+0.10 6.30+0.10
Lauryl citrate 3.30+0.10 3.30£0:10

32 25 CiRE TATIEIL B Az PR TIRER - X B R TE A B KiR iR P IR PS5 Sy

Table 1 Critical micelle concentration (CMC) of isodecyl citric acid monoester and laury!l citric acid monoests aqueous solutions at

25 C

Isodecyl citrate CMC/(mmol/L) Yeue/(mN/m) Temc/ (mN/m) [,0/(umo 2]) i A2
No salt 6.60+0.10 27.15+0.10 45.85+0.10 1524008 109.25+0.60
NaCl 6.50+0.10 26.88+0.10 46.12+0.10 1.50£0.06 110.71+0.90
Na,SO0, 6.40+0.10 26.65+0.10 46.35+0.10 1.38+0.17 120.33+£2.70
NaBr 6.30+0.10 26.30£0.10 46.7120.10 1.26+0.12 131.79+2.30
Nal 6.20+0.10 25.63+0.10 4731010 \ 1.05+0.30 158.15+3.70

Lauryl citrate CMC/(mmol/L) Yene/(mN/m) Tepic/(@N/m) T/ (umol/m?) Apinl A2
No salt 3.30+0.10 27.24+0.10 44.76+0.10 1.22+0.05 138.38+0.30
NaCl 3.30+0.10 45.10+0.10 1.19+0.09 139.54+1.20
Na,SO, 3.20+0.10 45.18+0.10 1.15+0.12 144.35+2.00
NaBr 3.00+£0.10 46.23+0.10 1.10£0.08 150.91+1.40
Nal 3.10£0:10 45.49+0.10 1.14+0.29 145.61+2.60

TN 7 43T PSS S 11 B K T 1) W% 2 PR, MR REAREI A, (N

R ([ ) PR TV 791 50 AT T PR B /N 731 109.25A, ¥R H RERE LG Yy 138.38A%, RY KT

T AR (A i) B SR T PR e SR . X MRIR ISR, a0 1 T s-3- F IR S AL )
NSH T IRAE RS T AL PR 2 T P77 (Api=86.80A%) P, I REWR I A5 R ) Ak I o 6 A

ax BRI Apin 2 FrBRIR S BB R AL 22 AR S i P AN HE A Ji

AR Y - (BT TRV 2 A S I IRl AT BE A2 R AR K S5 M s K iR B S O B 1
AbHES) 5 Do 1 5 AT B S IR 28 FE V5 RIMTEHEA T2 B IR B A K
4 o .
m=nRT(alej @ 22 BRBAS AL
Kb, R BEAAKRFH (8314) (mol-K)); T: #stig a ;‘5}3: 308K
y: R@KI; C %«ﬁlﬁéi \64RZ; Oy /0lnC K@ik ggg +;g§:§
hlﬁﬂbfkéééﬁ&téﬁjrnéiéﬂr%' n: J R RSRARF AL B R _ igg— ——293K
BT R E. B eAEK
RSO, HARLINTIR S SCk, o DU A 229, £ o
A P51 T P SRR T TR B Al
1016 150
A = 3) 100}
" NAFmax 502 ;1- é ;‘ llﬂ |I2 |:4 llﬁ
KF, N FIRMIE T F4K. C / (mmol/L)

116



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.5

b

250
200
150 |

100 |

K/ (mS/em)

50

ol— i i . i ) .
C / (mmol/L)
B4 TEIRET (a) 1582 = X8z LA (b) 4502 B ielz
Bk AR SE « CHIXRE

HL RN T A B IR R AR T R FIAE KT
PRI IAT N B 4 iR T AEA RN T S
i FEREEARAL I ER . AR HL 3 3 2 AR AR (K AN AT /T LA
et Ze By, PN AEE— N R, ]
4 7, ST IR R RN SR AR eMC
PIRPR I E MEFAAEAN AR T ) CMC (B#51T3% 3
o W3 FTLAE, PIRPRIRE LRI CMC {HiE
IRPETHE R RSN CMC B A 99 75 T
POBL 1) MIRBET R, K Sk K AR
AT LM BERSR T, (R CMC AR i) iR iR
Gk A A BBl Rk 44, SEm RN, § 8 CMC

Fig.4 Specific conductivity at different temperatures ( « -0): (a), 3K .. ARG CMC R b
isodecyl citric acid monoester, (b) lauryl citric acid monoester KT JG—Fhal
% 3 T EIRE THEEL Al R REFATIRER 5 207 SR MRk R R R &1
Table 3 Thermodynamic parameters of aggregation for isodecyl citric acid monoester anm,lryl r in aqueous
solution at different temperatures | M|
Surfactants 7/°C B CMC/(mmolL)  AG) /(kJ/mol) | "AH Y /(kJ/mol)  —TAS /(kJ/mol)

15 0.33+0.10 5.90+0.10 -29.13+0.23 -5.87+0.85 -23.26+0.63

20 0.32+0.10 6,20i0.< -29.25i0& -6.03+0.88 -23.224+0.66

Isodecyl citrate 25 0.30+0.10 6.20+0.10 -29.30+0.21 -6.14+0.90 -23.16+0.70

30 0.28+0.10 6.40+0.10 -29:31+0.19 -6.25+0.93 -23.06+0.73

35 0.27+0.10 6.70£0.10 -29.33+0.18 -6.41+0.95 -22.92+0.77

15 0.41+0.10 -32.96+0.28 -6.81£1.01 -26.15+0.73

20 0.40+0.10 -33.19+0.27 -6.99+1.04 -26.20+0.78

Lauryl citrate 25 0.39+0.10 -33.51+0.25 -7.18+1.07 -26.33+0.82

30 0.38+0.10 -33.63+0.24 -7.37£1.11 -26.26+0.87

35 0.37+0.10 3.70+0.10 -33.74+0.23 -7.62+1.14 -26.12+0.92

AR S TG (B AFLA L 3 42
/Aﬁﬁ‘%mz@]o V.

p=1-
ENi

4

¥ CMC ZATe s 2R a04HE, a REE
CMC;‘éﬁ‘JVﬁJ R A9 FEE,

IR BRI B2 Bl g, Yafide )y, BA
TR Fs ) S TRIRIHE 5 77 LA R SRR P Sk Bk 2 Ta] )
SR, Rk, g WEXT TR RS
PRI — AT 122 AR AR A Y

BAEFITFR 3 H, NE3I TR, pIEMERE
(T T T FRAEG, 2R B BE R T v FRAER 1 3R v 14 717K
TR PR AR, ART RO, X
AR RS ik CMC AR i B T s i 3G K Y S 3 —
Y

IRAE AR BT RAE A, B AT R IR H A
FAPRAA TR IR e S B R I ROR AT A, THE IR

SR, RIS AT bR o5 A 7
FHEE (AG), BERMER (AHD IR
(AS). AG FTLLEI TR R,

AG® =(1+B)RTIny,,. (5

K, R BASMARFE (8314 /(molK)), yome: BERI
RIZRAKIE, T: #stRE, B IRRARBTFLEOE,

HTF AG I455%, @i Gibbs-Helmboltz J7FE5k
BIREFRUERS (AH) FUREER (AS):

AR =| 948G,/ T) 6)
" o(1/T)

AH, =~(1+B)RT*In g, /dT @)

AS° :M (8)
m T

FrRRIR ) I B R RAT TR S 2SI B R R IR 2
SHBNTR 3. BRPEHATEIR A AR AR AT

117



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.5

1% S 25 AR A G A SUE, RIAFRIEERIEK
WP RES LK. SREMN 15 CTTHE
35 CHF, AG BIIEINE B T2 TS PRSI B A Ak
RS MK T 2R VA MEFRIAE K AR v B 4 B R e
PR, DT A5 45 A v 35 AT BT B El g 1 28 0B 3 K
Rahman #&IE (193 B0 7S fe ik = H SR 30 2%
PRI EI A G BB T A KR, 1%
SEAMEERAER . AH M0UE R R ARG
FERHAT A o

YIRCARTERUS, &SR EHSIFERE S, I
H S [ A ELAE PR AR R TR B K 1
Byt o Rl K G5 R BT e TR, , X T RE R A H N FUE)
JR. AHHIZ/NT TASEH, H AHEAEAK,
2 U PSP AT R Tt 14 710 90— i K P L PRI A B 3
AR, IR H B RER TTRR DN, Bk
RIS

2.3 TR RORI Ak B R o

TEMLER A R R T A PR SR R ) 2 PR 3K
P, P 5 RRTAE 25 C AR AT S e AT AR
i 5 25 W2 AR 5 oML ER (0.01 mol/L) IERIEK /T ()
XREE (O) MR AR KPR T s B AT
PR 7 58 W AR AE AL ER /KIS 5001 Tk 2

Na,SO>NaCl, S5 IR AL B ls e o il ) s
JIi 7 A NaBr>Nal>NaySO,>NaClo. AN [E] BAHE %] pi 2270

RINBURMEART, X — 2555 SRR AR,

ister) 4. —HAN,

TeHLER 9 D EHE, R4 T oEK
SR L g L BB NI BERE T
%ﬁ?@ AL TRRIER, SET CMC
ERER]E 2
a 65r —=—n0 salt
60 —e—0.0IM NaCl
skl —+—0.0IM NaBr
_ ——0.0IM Na,SO0,
E S0F —<—0.0IM Nal
£ 45p
:,i, 40}
= 35)
30}
25 i is el " " 1 i iasl i1 aaal
IE-4 IE-3 0.01 0.10
C/(mol/L)

118

b 55¢- —=—n0 salt
sok —=—(0.0IM NaCl
—a—().0IM NaBr
— 450 —+—0.0IM Na S0,
E —<—0.0IM Nal
Z 40r
g 35+
—
30+
25
IE-4 IE-3 0.01 0.10
C/(mol/L)

E5 #£25 ‘CTR&EHMA0.01 mol/L M ESHIN R EFHRE M
KR EK T log CRIRENE

1 FIEH A B0

PR SRR R RSE o/ PRI R TS P A

DLS &5 5 uii&l6 Frass AFEFTCHLER RN T 38R m
TE PN T AR RAR (1) SRR
a 40r —=—n0 salt
35+ —e—().0IM NaCl
30} = ——0.0IM Na,SO,
——(.0IM NaBr
8 Br —<—0.0IM Nal
2 20
g 15t
= 10t
5 L
C 1 1 1
10 100 1000 10000
Dh/nm
b 25 —=—n0 salt
—e—().0IM NaCl
20f ——0.0IM NaBr
——0.0IM Na SO,
s 15 —<—0.0IM Nal
2
Z 10t
2
E
5 L
OI
10 01000 10000
Dh/nm

& 6 MARZIMANTHERR] (a) FHI5ER S 2EF R EEFN (b) 4745
& B s R ERRI R ]
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Table 4 Sol-gel transition temperatures of gels formed by surfactants

Gel transition temperature/ 'C

Organogelator
Olive oil Palm oil Castor oil Rapeseed oil
Lauryl citrate 48.60+0.10 50.10+0.10 52.20+0.10 53.50+0.10
Isodecyl citrate 46.00+0.10 48.50+0.10 49.00+0.10 50.00+0.10
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