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Use of Acyl Phosphonates for the Synthesis of Inulin Esters
and Their Use as Emulsion Stabilizing Agents
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Inulin, the polydisperse polyfructose, extracted from chicory, was modified via esterification with acyl phosphonates.
The grafting of an acyl chain onto the inulin backbone under different conditions led to a highly efficient synthesis
of a series of inulin esters, with interesting tensioactive properties. The derivatives were evaluated in oil-in-water
(O/W) emulsions with isoparaffinic oil, Isopar M. Therefore, a 2% (w/v) aqueous solution of inulin-based surfactant
was used in 50/50 O/W emulsions, in nonelectrolyte, and in electrolyte medig, L$¢hMgSQ,. Longer acyl

chains, e.g., dodecanoyl (C12), hexadecanoyl (C16), and octadecanoyl (C18), with degrees of substitution lower
than 0.5, gave rise to the highest emulsion stabilities against coalescence.

Introduction properties could be attributed to carbamoylated inulin deriva-
tives, which showed excellent emulsion stabilities even in high
Polymeric surfactants attracted considerable attention aselectrolyte concentratiorfst?
dispersants for solids in liquids and as emulsifiefdost of Considering these results, a number of inulin esters were
the copolymeric surfactants consist of a block (A-B and A-B- synthesized via transesterification with fatty acid methyl esters
A) or graft structure (BA) whereby the B chain represents the (FAME).1t However, this method was not suitable for the
anchor of the molecule (e.g., poly(methyl methacrylate)) and gevelopment of an industrially feasible process due to the
the A chains (e.g., poly(ethylene oxide)) remain in solution and moderate reaction efficiency caused by the low reactivity of
are mostly referred to as the stabilizing part of the molectites.  the esters.
In recent years, considerable attention was pald.to polymeric The most classical esterification method consists of the
or oligomeric surfactants, based on polysacghandeS, pecaus%action of an alcohol with an acid chloride. This method has
cart;ofhydorlate-gashed surfaciantls carll_ be;_gizd It?] cpstm((ajtlc, the'rl:ieen described in dimethylformamide and pyridine for dextrin
gent, Tood, and pharmaceutical applicationaa the introauc- and in water for inulint® When the esterification of inulin is
tion of acyl Cha‘f‘s ontp the pqusaccharlde backbone, the performed in aqueous medium, with NaOH as catalyst, the
hydr:oghobkl]c tg)_art ISfprOVIded,hWhICh cl;an bt?l stlionglyl aadsolrbted reaction is very hard to reproduce and the purification of the
on hydrophobic surfaces such as carbon black or oil droplets. . e reaction mixture is extremely difficult, since a lot of side
The type of polysaccharide that is used as the Water-solubleproducts have to be removed
part has a big influence on the performance of the end-product; e i . -
. . . o e The esterification of polysaccharides by alkylsuccinic anhy-
the difference in properties and appl_|cab|I|ty bet_ween modified drides with sodium hder)ox}i/de was patentgd fo?the first time ?;1
starch, cellulose, inulin, and other oligosaccharides is therefore 1953 and was initially described on staféiSRecently, a study

enormous. The low molecular weight carbohydrate esters, e.g., as performed on the modification of several other polvsac-
sucrose esters can be used as nonionic surfactants or as binde P . R . . o polysa
charides, including inulin, using this esterification method in

in paints® plasticizers, or softeners, whereas the high molecular ater. The disadvantage of water as a solvent. however. is the

weight carbohydrate esters such as starch esters, are mor orma'tion of several gside roducts and the, ver diff,icult

preferentially used as sizing agents in the textile industry, as ..~ . P y
purification procedure.

thickeners in the film and fiber industfyand as substitutes for o ) ) o o
the purely synthetic grafted polymeric surfactants. Similarly, Sidzucker described the esterification of inulin with
the C4-C7 anhydrides in pyridine and reported the properties

Inulin, the reserve polysaccharide of chicor@ighorium L e )
intybug has a nonbranched polyfructose structure, which can pf the derivatives formed. The speed of the reaction could be

act as the stabilizing chain when grafted with hydrophobic acyl Increased using alkaline catalysts such as 4-(dimethylamino)-
chains. Therefore, the interest in its chemical modification is PYridine, potassium carboenate,_ or an ion-exchange resin in its
increasing due to its interesting properfietaulin consists  acid or in its alkaline form?® Again, the major disadvantage of
mainly of f(2-1) fructosyl fructose units (&, which are all this reaction is the formation of an equivalent amount of .fr.ee
present in the furanose form, with normally, but not always, a &ty acid that has to be removed. Further, the use of pyridine
glucopyranose at the reducing end (5F is undeswable for an mdust_nal process beca_u;e of its toxicity
In a previous study on the chemical modification of inulin profile. Apart from the chemical esterification, it is also possible

for the development of inulin-based surfactants, very interesting ©© perform the esterification enzymatically, using lipases, with
a fatty acid ester such as vinyl or ethyl dodecanoate as acylating

* Corresponding author. agents in a mixture of organic solvents such as dimethyl
t Ghent University. sulfoxide (DMSO) and 2-methyl-2-butanblMajor drawbacks
* ORAFTI Bio Based Chemicals. for enzymatic esterifications are the cost of the enzyme and the
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Figure 1. Synthesis of acyl phosphonates.
need of very diluted reaction conditions, which are both Materials and Methods

undesirable for industrial applications. Furthermore, some

organic solvents that are suitable to dissolve polysaccharides Materials. Inulin (INUTECN25) and INUTECSP1 were supplied
(e.g., DMF) will deactivate the expensive enzyme; therefore, by ORAFTI (Tienen, Belgium) and were used without purification.
most reactions are still performed in diluted aqueous média. The average degree of polymerization of INUTECN25 was ap-
The esterification of inulin using fatty acid methyl esters prOX|mat_er 25 and was det.e_rmmed by HPLC analysis after enzymatic
(FAME) in dimethylacetamide (DMA) was patented recerfly; hy_dronS|s?0 N-Methylp_yrrolldlngne (N_MP) was purchased from Al-
however, the described reaction conditions were very stringent, 4ch and was used without prior purification.

with reactions at 160C for 6 h. These reactions were repeated ThThe_IerT]UISions We_r? Fgeﬂalr ed “Sir:\% a high'sf‘?.e ed S.tli"ebrt(cAE );620)'
in our Iab but COU|d not be repl’oduced. € Oll phase consisted or Isopar Isoparartfinic oll obtaine rom

Therefore, we studied the transesterification in depth to = The water phase comprised demineralized watgi MgSQ:

. . luti hich ith M .a. i f
develop a more elegant and less stringent method, which ensuresoel;gl?n‘ which was prepared with Mg$CH;O p.a. obtained from
EveryIEOSd rgp:ro;iuplblllty Inl aI:VIder:’angte of organic Slolvtergts. Methods. General Synthesis of Dodecanoyl Phosphonate YCA2

r.om at point o VI_eW’ acyl pnosphonates were evaluated In g0 4 round-pottom flask of 50 mL was charged with nitrogen, and
this work as acylating agents. Acyl phosphonates show an

. . g . . . 13.65 g (0.1 mol; 1.1 equiv) of trimethyl phosphite was added dropwise
ambivalent character in their behavior toward nucleophiles, since, »1 g7 g (0.1 mol) of dodecanoyl chloride (C12) at room temperature.

they can act as ketones toward some nucleophiles, such asfer the reaction was stirred f@ h atroom temperature, the excess
hydroxylamine, with the formation of the corresponding oximes. of trimethyl phosphite was removed under high vacuum from the
Toward most nucleophiles however, they act as activated reaction mixture. The dodecanoyl phosphonate (C12) was obtained in
carboxylic acid derivatives, with the phosphonyl group as the quantitative yields, and no additional purification step was needed for
leaving group. For the esterification of inulin, the acylating further uselH NMR ¢ (ppm, 300 MHz, CDGJ, 16 scans): 0.88 (3H,
property will be exploited. t, J = 6.6 Hz, CH); 1.26 (16H, br.m., (Ch)g); 1.63 (2H, m, (CH)p);

Acyl phosphonates are generally prepared by reaction of an2.82 (2H, tJ= 7.3 Hz, (CH).); 3.87 (6H, d Jp- = 10.5 Hz, (OCH).).
acid chloride and a trialkyl phosphite, which can be performed *C NMR 6 (ppm, 75 MHz, CDGJ): 13.81 (CH); 22.07 (CH); 22.45
easily in a solvent-free medium in larger scale. The length of (CHy); 28.68 (CH); 29.11 ((CH)z); 29.20 (CH); 29.38 ((CH)2); 31.69
the acyl chain does not affect the reaction kinetics dramati- (CHz); 43.35 (2C, d,Jp-c = 54.2 Hz, (OCH)2); 53.51 (CH)d);
cally 202 210.26 (1C, dJ-—C = 163.8 Hz, CO)3P NMR ¢ (ppm, 109 MHz,

Besides the well-known Arbusov-like reaction, acyl phos- CDCl): —0.21.
phonates can also be synthesized via a mild hydrolysis of General Esterification of I_nulin with BN as BaseInL_JIin (6.0 g,
a-phosphono enamines, which can be formed via a Herner 37-0 mmol of fructose equivalents) was dissolved in 20 gNof
Wittig—Emmons reaction of aN, N-dialkylaminomethane methylpyrrolidinone (NMP) at 50C. The solution of inulin in NMP
bisphosphonate with an aldehyde in the presence of a baseWas evaporate_d under high vacuum up toaé_lO% (w/w) solution in order
Normally the hydrolysis leads to the formation of the carboxylic '© '6MOVe moisture that was present in the inuIMMP system. After
acid, but when the reaction (Figure 1) is performed using stripping of the water, the inulin §0Iut|on was transferred to a round-
benzaldehyde in the presence of NaH, the acyl phosphonates?onom flask of 200 mL under a nitrogen atmosphere and heated at 60
can be isolate@ ! C. E&N (1.23 g, 0.33 equiv based on fructose equivalents) was then

| hvd hosoh lead | oh h added. The temperature was raised to°85 and the reaction was
Also a-hydroxyphosphonates can lead to acyl phosphonates, ., inyed fo 1 h at 85°C. Then 3.55 g (0.3 equiv) of tetradecanoyl

via an oxidation using DMSO in acetic acid anhydride as pnosphonate (C14) was added, in order to obtain a DS of 0.29.

oxidizing agent from which the acyl phosphonate is |solat9d 85 After the reaction was heated for 24 h, it was poured into 200 mL

the enol acetat€ Theseo-hydroxyphosphonates are synthesized o gry dichloromethane under vigorous stirring. The inulin derivative

via the addition of a dialkyl phosphite to an aldehyde or a ketone ¢rystallized immediately and was filtered over a sintered glass filter.

(Abramov reaction}/ 242 The modified inulin was washed with dichloromethane and acetone to
Acyl phosphonates are not only very sensitive to hydroRfsis,  remove the NMP and some remaining acyl phosphonate. The resulting

the phosphoruscarbon (P-C) bond is also easily cleaved by  powder was dried under high vacuum (crystallization yield: 84%).

a multitude of nucleophiles such as amifdésjcohols?® and General Esterification of Inulin with NaH as Baskulin (6.0 g,

thiols?° resulting in the expulsion of phosphite. This property 37.0 mmol of fructose equivalents) was dissolved in 20 gNef

will be utilized for the esterification of inulin. methylpyrrolidinone at 5C. The solution of inulin in NMP Wa%:DV



Synthesis of Inulin Esters Biomacromolecules, Vol. 8, No. 2, 2007 487

evaporated under high vacuum up to a 40% (w/w) solution in order to OH OH

remove moisture that is present in the intiiNMP system. After HY 0 H ﬁ'
stripping of the water, the inulin solution was transferred to a round- 0 0 Et;N/NMP or R o Or,
bottom flask of 100 mL under a nitrogen atmosphere and heated at 60 Ho. (¢} NaH / NMP 4 0 o}

°C. NaH (0.2 g, 0.22 equiv based on fructose equivalents) was then ]QMCHZ o

CH
added. The temperature was raised t0°85 After stirring until the o 2

OH | . R (0]
. . ) o) . o
reaction mixture became homogeneous, 2.89 g (0.2 equiv) of CHZO]'(') n S R)J\p(o)(om)z CHzO% n
octadecanoyl phosphonate (C18) was added, in order to obtain a DS @ ﬂ

of 0.19. OH CH,00 H.0H
After the reaction was heated for 7 h, it was poured into 200 mL of ;()C'] 'HO'3

dry dichloromethane under vigorous stirring. The inulin derivative Chitay

crystallized immediately and was filtered over a sintered glass filter. Ci7Hss

The modified inulin was washed with dichloromethane and acetone to figure 2. Esterification of inulin using acyl phosphonates.
remove the NMP and some remaining acyl phosphonate. The resulting

powder was dried under high vacuum (crystallization yield: 96%).  eans of high vacuum evaporatiGiP NMR confirmed the
Spectroscopic data for a representative dodecanoyl inulin (C12) are gpsence of any phosphorus containing compound in the purified
presented:H NMR: & (ppm, 300 MHz, DMSQdg, 20°C, 16 scans): end products.
8'83 (3(':"’ br:té g_}%j'goglt;zi (l(f:iH, blrésé_(gbgg)gtsg—l.si(ZHt, In the absence of base, a typical reaction efficiency of 30%
g:"e( a;%ﬂ)i a'nd cfH(at ’0; g)( g\‘gés'(m' br(s ’C{_"n;'t’ o}ia4)' could be obtained, which could be increased up to 97% upon
29_'4 0 (1H. brs., CH atppo's 3‘), % 5 (3H ' m 'é‘OH) POS- %) addition of EtN (1.1 equiv based on acyl phosphonate).
R Lo o o . . Therefore, this reaction was studied into detail using long chain
Only the integrations of the peaks are changing with a changing acyl phosphonates C3Z°18 (Table 1). Several derivatives, with
e | '

degree of substitution (DS) of the sample and an increase or a decreas h A -
in the length of the acyl chain. The DS was determined udthiyMR Vary!ng degreeg of SUbSFIIUII.On and ghaln 'ef‘.gth?’ were syn-
thesized for their evaluation in emulsion stabilization.

and was calculated from the ratio of the integration of the; Gignal . o .
of the acyl side chain and the integration of the inulin signals. Itis clear from Table 1 that the efficiency of the esterification

13C NMR 6 (ppm, 75 MHz, DMSOds, 50 °C, 4000 scans): 14.48 of _inulin with a_c_yl phosphonates is much _higher using less
(CHa); 22.68 (CH); 24.94 (CH); 29—31 ((CH)e); 31.90 (CH); 33.84 Strlng?nt conditions than the .rea.?tlon with methyl esters
(CHy); 62.1-62.3 (CH at pos. 1 and at pos. 6); 74-24.8 (CH at glggcnbed before. For all the derlvgtlves, the reaction time was
pos. 4); 77.3-77.7 (CH at pos. 3); 82.38 (CH at pos. 5); 103193.9 initially kept at 20 h and the reaction temperature at'80
(Cquarat pos. 2); 173.58 (€0). Also NaH was evaluated as base for the esterification in order

From these spectroscopic data no conclusions could be drawnto realize a reduction of the reaction time. When performing
regarding the regioselectivity toward a certain hydroxyl group of the the reaction in NMP with 1.1 equiv of NaH, again a typical
inulin backbone. It is, however, known that the C3 and C4 hydroxyl reaction efficiency of 96%, calculated on the amount of acyl
groups are more reactive compared to the C6 hydroxymethyl group. phosphonates (Table 2), was reached. In addition, the reaction
The degree of substitution (low DS) can be calculated as follows: DS time could be reduced to 2 h.
= integration(CH_sidechain)/integration(30H_inulin). IR (cth In order to evaluate the inulin esters in 50/50 (v/v) oil-in-
KBr): 3385 (OH); 2930 (CH); 1710 (€0). water (O/W) emulsions, 2% (w/v) of inulin-based surfactant

Emulsion PreparationQil-in-water emulsions with a 50/50 (v/v)  was used, since previous research indicated that this was the
ratio were prepared on a 50 mL scale. Therefore, 0.5 g of the inulin best surfactant concentration for hydrophobized inulin deriva-
surfactant (2%) was dissolved in 25 mL of demineralized water or 1 tives. The emulsion Stabmty was checked using a microscope
M MgSO;, to which 25 mL of Isopar M oil was added. The emulsions  and visually, looking for small oil droplets on the surface, which
were prepared using a high speed mixer in a multistep mixing jngicates coalescence and hence instability. Emulsions were
procedure: 2 min at 9500 rpm followed by 1 min at 13500 rpm, 45's ot only prepared with demineralized water, but also using
at 20500 rpm, and a final step of 1 min at 24000 rpm. During the first 1 M MgSQ; in order to study the influence of electrolytes.

mixing step, the 0.” phase was added slowly to the wa_lter phase thatNaCI could also have been used, but bivalent ions have a more
contained the inulin-based surfactant. Then, the emulsion was pouredsignificant influence on the emulsion stability than

from a 50 mL beaker into a 100 mL beaker, and the mixing procedure monovalent ions
was continued. The resulting emulsion was divided into two bottles: S . . .
one-half was stored at room temperature, while the other one was kept Fc_)r the evaluation and the comparison Of_ their properties,
in an oven at 50C. the inulin esters were synthesized via two different methods:
using methyl esters and using acylphosphonates. Using methyl
esters, again 2 methods were used: NaOMe in NMP or NaH
Results and Discussion in DMSO. The influence of the method of preparation on the
emulsion stability was distinct, which can be explained by
NMP was chosen as solvent for the esterification of inulin impurities, which could influence the emulsion stability. The
with acyl phosphonates, because of the major malodor whenmethod in DMSO, using NaH as a base, resulted in inulin
DMSO or DMSO/NaH were used for the modification of inulin,  derivatives with moderate to good emulsifying properties. The
which was reported for the esterification using methyl esters.  emulsions prepared with this type of inulin ester were stable
For the evaluation of the method, inulin was dissolved in for less than 1 year, while the derivatives prepared with NaOMe
NMP as a 40% solution and heated up to°&80 Stirring was led to more stable emulsions (Table 1 vs Table 2). From a
continued at elevated temperature for 24 h, and the end producisynthetic point of view, the method with NaOMe was already
was purified via nonsolvent crystallization in, for example, considered as the better method, regarding reaction efficiency
acetone. and applicability on larger scalé.Not only the purification
During the reaction (Figure 2), phosphite is expelled and is method, but also the length of the acyl chain has a big influence
removed during the crystallization in acetone or dichlo- on the emulsion stability. The emulsions prepared with inulin
romethane. After that, any remaining phosphite is removed by hexanoate were only stable for a couple of days, while son&e’:&fl
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Table 1. Esterification of Inulin with Acyl Phosphonates, Using EtsN as Base

targeted DS

acyl chain 0.1 0.2 0.3
yield of C12 15c (obt ained DS?) 99% (DS = 0.10) 90% (DS = 0.20) 75% (DS = 0.30)
yield of C14 15d (obtained DS?) 95% (DS = 0.09) 99% (DS = 0.20) 84% (DS = 0.30)
yield of C1g 15e (obt ained DS?) 98% (DS = 0.10) 95% (DS = 0.16) 98% (DS = 0.30)

a2 The DS was determined using *H NMR and was calculated from the ratio of the integration of the CH3 signal of the acyl side chain and the integration
of the inulin signals.

Table 2. Esterification with Acyl Phosphonates, Using NaH as Base

targeted DS

acyl chain 0.1 0.2 0.3
yield of C12 15c (obtained DS?) 98% (DS = 0.10) 91% (DS = 0.19) 98% (DS = 0.28)
yield of C14 15d (obtained DS?) 96% (DS = 0.10) 99% (DS = 0.20) 84% (DS = 0.30)
yield of C1g 15e (obtained DS?) 99% (DS = 0.10) 95% (DS = 0.19) 98% (DS = 0.26)

a2The DS was determined using *H NMR and was calculated from the ratio of the integration of the CHs signal of the acyl side chain and the integration
of the inulin signals.

Table 3. Emulsion Stabilities of Inulin Esters, Prepared with Fatty

: " . emulsions of inulin esters prepared via NaH/DMSO
Acid Methyl Esters, Using NaOMe in NMP

additive stability at 50 °C o
side chain (to water phase) (days)? 400 b - o
hexanoyl - 6
octanoyl - 480
dodecanoyl - 490
hexadecanoyl - 490
octadecanoy! - 480 ]
octanoy! 1 M MgSO4 170 Octyl Dodeayl Octadecyl |8 1MMsSO4
dodecanoyl 1 M MgSOq4 150
hexadecanoyl 1 M MgSOq4 175
octadecanoyl 1 M MgSOq4 170

aThe stability of the emulsion was determined by the occurrence of
coalescence of oil in the samples.

Table 4. Emulsion Stabilities of Inulin Esters, Prepared with Fatty
Acid Methyl Esters, Using NaH/DMSO

additive stability at 50 °C
acyl chain (to water phase) (days)? m derimcaiang
octanoyl - 130 Octyl Dodecyl Hexadecyl Octadecyl |1 MMSOd
dodecanoyl - 300 Fi 3 C _ ¢ Isi tabilities (in days) in demi
) igure 3. Comparison of emulsion stabilities (in days) in deminer-
oc:adec;’:lnoyl 1 M MasO 122 alized water and 1 M MgSOq (inulin esters prepared using the fatty
octanoy 9584 acid methyl ester method).
dodecanoyl 1 M MgSO.4 135
octadecanoyl 1 M MgSOq4 0 Table 5. Emulsion Stabilities of Inulin Esters, Prepared with Acyl
Phosphonates
2 The stability of the emulsion was determined by the occurrence of —
coalescence of oil in the samples. stability at 50 °C (days)
acyl chain prepared with NaH prepared with EtsN
the derivatives with longer acyl chains were stable for over more  dodecanoyl 120 90
than 1 year at 50C. When the inulin stability in electrolyte tetradecanoyl 300 140
medium was evaluated, the stability decreased considerably octadecanoyl 300 140
(Table 3). The most stable compoundsliM MgSQ, showed
no oil separation when stored at 3G for 6 months.For the For the NaH/DMSO method, the emulsions were less stable.

method using NaOMe, the difference between the various chainThe most stable emulsions were obtained with the dodecanoyl
lengths is not that significant, but in general and based on the and the octadecanoyl inulin derivatives. In the presence of the
appearance of the emulsions, it can be concluded that the beselectrolyte MgSQ@, however, only the octanoyl inulin and the
results were obtained when methyl dodecanoate, methyl hex-dodecanoyl inulin resulted in emulsions with stabilities of 6
anoate, or methyl octadecanoate were used as acylating agentsnonths (Figure 3). Using the inulin esters, prepared with the
When higher degrees of substitution(.3) were produced, the  acyl phosphonates as acylating agents, again emulsion stabilities
appearance of the emulsions deteriorated and flocculationof several weeks up to several months were not exceptional.
became more and more significant. The most stable emulsionThe most stable emulsions were obtained with longer acyl chains
was obtained with octadecanoyl inulin (with a BS0.3) and on the inulin backbone. In general, it has to be mentioned that
resulted in a stability of 490 days with demineralized water and all the emulsions were very coarse and showed a large droplet
of 175 days wih 1 M MgSQ, (Table 4). size under the microscope; however, previous research shg\eﬁi
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that the droplet size could be easily reduced using an oil soluble References and Notes

cosurfactant, like 0.4 (w/v)% Span 20, due to the significant
reduction in surface tension. Droplet sizes of A are not
unusual using inulin-based surfactants; however, addition of
Span 20 reduces the droplets to less tham4 These findings
show that the inulin-based surfactants should be considered to
be emulsion-stabilizing agents rather than actual emulsifying
agents. This can also be deduced from the fairly large molecular
structure of inulin and its derivatives, because heavier molecules
migrate more difficult to the interface of the oil-in-water
emulsion. All emulsions also showed severe flocculation and
creaming (the appearance of a small water layer at the bottom
of the emulsions) within the first days.

In general, the method using NaH instead ef\Eto produce
inulin esters resulted in products with better emulsifying
properties. It was concluded that the derivatives prepared with
octadecanoyl and tetradecanoyl phosphonates, with a DS of 0.2
and 0.3, showed the best emulsifying properties.

Conclusion

In summary, the esterification of inulin using acyl phospho-
nates in the presence of sodium hydride results in a better and
more efficient method using milder reaction conditions than the
methods described previously by our group using fatty acid
methyl esters (FAME) and thus proves to be a superior method.
Within the FAME methods, the method using NaOMe in NMP
proved to be better from a synthetic point of view than the
methods using DMSO in relation to reaction efficiency and
applicability on large scale.

Since the emulsion stabilities of the esterified inulin deriva-
tives (by the FAME method as well as the acylphosphonate
method) were not known up to know, an initial comparative
study has been made to screen interesting derivatives rapidly.
Although the chain length of the grafted acyl chains (FAME
methods) is influencing the stability, it does not affect the
stability significantly; derivatives with longer acyl chains, such
as the dodecanoyl, hexadecanoyl, or octadecanoyl derivatives,
with degrees of substitution less than 0.5 are preferred. These
inulin-based surfactants can give rise to emulsions, which are
stable for over 1 year at 5TC in the absence of electrolytes
and for over 6 monthanil M MgSQ..
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