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Abstract ; This paper aims at presenting a review of the available literatures on the preparation technology of
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natural nonionic glycosyl surfactant sucrose esters(SE) , such as acyl chloride esterification method, trans-
esterification method and enzyme-catalysis method. It is pointed out that transesterification method is a mature technology which
includes solvent method, water solvent method and solvent-free method. According to different methods, this review also describes
the purification and detection presents the problem in the most convenient way and discusses the potential future research areas.
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All liquids, under certain conditions, have surface tension. At normal temperature, the surface tension of
water is 72.75 mN/m, benzene is 28. 88 mN/m and hexane is 18.43 mN/m. Surfactant is the material that
can significantly reduce the surface tension of solvent and interfacial tension of liquid/liquid, and is known as
‘industrial monosodium glutamate’'?. In 1996, the world demand of surfactants besides soap was approximately
9 x10° t, the total demand reached 10.8 x 10° t in 2000, 13 x 10° t in 2005, and 15 x 10° t in 2010"*’

According to the structure of hydrophilic groups, the surfactants can be classified to cationic surfactants,
anionic surfactants, amphoteric surfactants, nonionic surfactants, bio-surfactants and other special types of

3]

surfactants " . As a kind of glycosyl natural nonionic surfactant, sucrose ester( SE) has the advantages of wide

variety of sources, naturally renewable, biodegradable, non-toxic to the nature and human body, which is
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different from other kind of surfactants. A number of polar hydroxyl end groups determine the SE with more

hydrophilic, oil repellency and better chemical properties in the oil-water system and more development room

%, Sucrose esters have been deeply researched and widely used in food, pharmaceuti-

[7-17]

and market prospects*

cal, cosmetic and material industries However, due to the development of the market, special sucrose
esters of high monoesters content and high purity are demanded for the fine application, which can hardly be
obtained by the existing processes.

This paper aims to present a review of the available literatures on the preparation, purification and
detection of SE, present the advantage and problems of most available findings and discuss the potential future

research areas.

1 Preparation of SE

The synthesis of sucrose esters can be traced back to the 19th century. Sucrose esters were synthesized by
esterification of sucrose and fatty acids or anhydride, or chloride acylation of sucrose and fatty acyl chloride in
pyridine solution. The process is carried out in a solvent, which has high toxicity, low yield and high cost.
The process is, therefore, undesirably complicated for use on an industrial scale. A high-yield transesterifica-
tion process, showed by Osipow in 1956, used dimethylformamide as solvent. Although this process has a high
yield, the solvent of high boiling point with high toxicity can still hardly be removed from products. The indus-
trial device with an annual output of 300 t sucrose esters was established by Nippon Sugar Manufactured
Kabushiki Kaisha in 1959, which marked a beginning of sucrose ester industrial production. In 1967, the con-
tinuous industrial production of sucrose esters with solvent method was implemented by Mitsubishi Formation
Kabushiki Kaisha, the annual output was 1 200 t. In order to solve the problems which arise when using an
organic solvent, a micro-emulsion process was developed by Osipow, using propanediol as the solvent. Based
on it, Nippon First Pharmacy Kabushiki Kaisha improved the industrial production of sucrose esters in 1971,
which used water as solvent. In 1975, a 3 000 t/a solvent-free industrial device was established by Mitsubishi
Formation Kabushiki Kaisha. Following with the research on the synthesis and application of sucrose esters,
phase transfer catalysis method, enzyme-catalysis method and other methods are adopted in the synthesis of
sucrose ester which has high monoester content.

According to the reaction mode, the method of synthesis of sucrose esters can be classified into three
types: acyl chloride esterification method, transesterification method and enzyme-catalysis method.

1.1 Acyl chloride esterification method

Chortyk et al'"® showed that, in the presence of nitro-organic compounds, such as quinoline, pyridine
and other azine, esterification was conducted between sucrose and fatty acid chloride with pyridine as acid
binding agent. The synthesized sucrose ester had high monoester content and yield. As using nitro-organic
compounds as solvent and acid binding agent, the toxic solvent can be hardly removed from products. The
products quality can not reach the industry standard of food, drug and cosmetic, which limit the application of
sucrose esters.

1.2 Transesterification method

Based on the reaction mode, the method of transesterification can be categorized into three types: solvent
method, water solvent method and solvent-free method.

1.2.1 Solvent method  Solvent method is the earliest transesterification method, using dimethylformamide
or dimethylsulfoxide as solvent, sucrose ester is prepared by transesterification between sucrose and short-chain
fatty acid ester in the presence of catalyst.

Yukio et al'’ showed that, using water and methanol as solvent, sucrose, potassium hydroxide and
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potassium soap were stirred at 55-60 °C , the residue was dried for 4 h to obtain an adduct in the form of fine
powder. And then sucrose stearate of high substitution was added, the mixture was allowed to react at 100 °C
and 133.3 kPa for 3 h. The yield of sucrose esters was 76.9 % , and the average degree of substitution of the
SE was 2.5.

William et al ™' displayed that, transesterification was conducted between sucrose and ethyl stearate in
the presence of potassium carbonate, the mixture was dissolved in dimethylsulfoxide and stirred at 95 C for
4 h, the purity of refined sucrose esters was 92 % .

Although the solvent method has high quality of product and high conversion of sucrose and oil, it still
has disadvantage arising from the use of toxic solvent which can not be easily removed from the product.
1.2.2 Water-solvent method Water-solvent method is an improved process on micro-emulsion method by
Kogyo Seiyaku Co. Ltd. >, and was industrially produced in 1971. Sucrose and potassium stearate were
added in water to form a sucrose-soap solvent, a substantial portion of the added water was removed at an
elevated temperature of the solution between 100—125 °C, and potassium carbonate was then introduced into
the system, thereafter, methyl ester of beef tallow fatty acid was added while remaining water was being
gradually removed at an elevated temperature of 150 °C under a reduced pressure of 8.0 kPa for 3 h to thereby
obtain the product. It was found that 95 % of the added methyl ester of beef tallow fatty acid was converted to
sucrose ester and the content of monoester was 62 % .

Although this process avoids the problems which arise when using an organic solvent, it is a multi-stage
process which still requires heating under reduced pressure, and the pressure must be carefully controlled in
relation to the temperature when producing the dehydrated melting, in order to avoid hydrolysis of the fatty
acid ester.

1.2.3 Solvent-free method Solvent-free method is the most extensively applied process in preparing sucrose
esters at present, transesterification is conducted in the absence of a solvent.

A new process was disclosed by Juliette and Yves' >,

Solid particulated sucrose, triglyceride, potassium
carbonate powder, potassium tallowate and tallow were mixed in the absence of any solvent. Then, the mixture
was stirred at 125°C under an atmosphere of dry nitrogen for 4 h and the samples was analyzed by gas liquid
chromatography. The purity of sucrose esters was 80.2 % and the monoester content was 39.4% .

A solvent-free process in the presence of phase transfer catalyst was showed by Urata et al'™ . Using potassi-
um carbonate as a base initiator and didodecyldimethyl ammonium bromide as a phase transfer catalyst, su-
crose and cottonseed fatty acid methyl esters were combined and stirred at 110 °C under an atmosphere of N,
for 2 h. The yield of sucrose octaester was 69% and the unreacted methyl ester content was 19% .

As a large different polarity between sucrose and fatty acid esters, fatty acid soap was added to solvent-
free system as emulsifier in order to form an uniform emulsion system, or the phase transfer catalyst was added
to promote the reaction. However the soap and the phase transfer catalyst can not be easily removed from the
system. Thus, although solvent-free process avoids the problem arising from the use of solvent, it has
disadvantages of its own tending to make it unsatisfactory as a commercial-scale sucrose ester surfactant.

1.3 Enzyme-catalysis method

Sucrose has three active primary alcoholic hydroxyls and five

CH,0H "
secondary alcoholic hydroxyls. The reaction activities of free hydroxyl H o CHz()%
H
groups follow the order OH-6 > OH-6' > OH-1' > secondary-OH. Great 4 oH
deals of isomers are easily obtained in the synthesis of sucrose esters, OH |3 12 ( CH,0H
H OH OH H o

which limit the application of products. However, enzyme-catalysis

method has good selectivity in the presence of dimethylformamide, dimethylsulfoxide or pyridine as solvent, or
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in the absence of any solvent. According to the species of enzyme, enzyme-catalysis method can be classified
into protease catalysis and lipase catalysis.

1.3.1  Protease catalyzed method  Subtilisin protease has been used in regioselective synthesis of
1'-O-sucrose esters, which is hold as the only protease having activity in the presence of dimethylformamide.

24—
Ferrer and Cruces'

*! showed that, using subtilisin as catalyst, 1'-O-butyrate sucrose was obtained by the
transesterification between 2,2 ,2-trichloroethyl butyrate and sucrose in the presence of dimethylformamide, the
yield of product was 57% . A new protease was used by Ninfa et al'*®' | which was called Protease N( Ama-
no). Transesterification was conducted between CH, (CH,) ,CO,CH,CF, and sucrose in the presence of dime-
thylformamide. It was found that the yield of sucrose esters decreased with the increase of chain length, and

78] showed that, using a new protease N( Fluka)

the highest yield was 64 % when n equals 2. Pierre et al'
as catalyst, transesterification was generated by vinyl methacrylate and sucrose in the presence of dimethyl-
formamide, the yield was 93 % .

Using protease as catalyst in enzymatic synthesis of sucrose esters, the process can obtain high yield of

1'-0- sucrose esters. However, the selectivity was enhanced towards 1’-O- sucrose esters, and it is only suit-
able for the low chain of fatty acid esters. Furthermore the large toxicity of solvent limited the application of
protease.
1.3.2 Lipase catalyzed methods A chemo-enzymatic synthesis of 6'-0- acylsucroses which included two
steps was showed by Maja et al'™®!, First, in the presence of 1,4-diazabicyclo-[2,2,2 Joctane as a catalyst,
transesterification occurred between 3-acyl-5-methyl-1, 3, 4-thiadiazole-2-thiones and sucrose, 6’-O- acylsu-
croses and 6, 6'-0- acylsucroses were obtained. Then, 6,6'-0O- acylsucroses was selectively and catalytically
hydrolyzed and high purity of 6'-0- acylsucroses was obtained. Sinthuwat et al'*’ showed that, as lipase has
low activity in proton-inert solvent, sucrose was firstly acetalizated, then, esterification was conducted between
sucrose acetal and long-chain fatty acid in the absence of any solvent and 6'-O-acylsucrose acetal was
produced. 6'-0O-Acylsucroses was obtained by the de-protection of 6'-O-acylsucrose acetal.

Lipase catalysis process expand the application of enzyme and avoid the limit of chain length of fatty acid.
However, it is a multi-stage process which requires acetalization and de-protection, being unsatisfactory as a

commercial-scale process for sucrose esters.

2 Purification of SE

All sucrose esters which are synthesized either in solvent, micro-emulsion, water, under solvent-free con-
dition, or by enzyme catalysis, contain sucrose ester, unreacted sucrose, fatty acid, fatty acid soap, fatty acid
ester, catalyst and other leftover. Due to the existence of impurity, it is necessary to refine the sucrose esters
to match the demand of the areas of food, pharmaceutical and cosmetic. The refining technology influences the
yield and quality of the product, and decides the price and application areas simultaneously.

2.1 Purification method in solvent process

The crude product, in solvent method process, contains sucrose esters, solvent, unreacted sucrose, cata-
lyst and other impurities.

A research by Mohamed "'’ showed that, the reaction products, which contained unreacted sucrose, soap
and other residues, were dissolved in an equal quantity of warm butanone and the soap was acidified with lac-
tic acid. The unreacted sucrose and excess of lactic acid were then eliminated by two extractions with distilled
water. The solvent was then removed under reduced pressure to obtain the final sucrose esters. The purity of
refined sucrose esters was 88.6 % .

A liquid-liquid extraction using a hardly water-miscible organic solvent was displayed by Yasuaki
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et al"™' which is selected from an alcohol having at least 4 carbon atoms and a ketone having at least 4 carbon
atoms. The process comprised; 1) the crude product was added into water and organic solvent, and the pH
value of the aqueous phase was allowed to reduce below 7, to thereby extract dimethylsulfoxide into the
aqueous phase, and the sucrose esters into an organic solvent phase; 2) the arising process was allowed to
repeat by adding water to the organic solvent phase, to thereby extract dimethylsulfoxide remaining in the
organic solvent solution into the aqueous phase; 3) sucrose ester was recovered from the organic solvent solution.
2.2 Purification method in non-solvent process

Based on the purification process of SE arising, a refining process can be conclude that; according to the
fatty acid having an average carbon chain length of 16 or greater, ethyl alcohol or methyl ethyl ketone was
added to break the system of the ester product and unreacted fatty acid ester. For fatty acid having an average
carbon length of less than 16, adding ethyl alcohol or methyl ethyl ketone can not break the system. Two
phase extraction, with water and an hardly water-miscible organic solvent, should be introduced to recover the
sucrose esters and unreacted fatty acid ester. The organic solvent was an alcohol or a ketone having at least 4
carbon atoms. After the arising extraction process, ethyl acetate was used to wash the unreacted fatty acid ester
away and the product quality may meet the standard of FDA.

It was noted that the preparation of SE was different due to the reaction system under specific conditions.
The various processes in the preparation of SE can be categorized as solvent and nonsolvent processes. The sol-
vent processes contain acyl chloride esterification method, enzyme-catalysis method and transesterification
method in a solvent such as dimethylformamide, water, or propanediol. As using water, an organic solvent or
solvent/water, the solvent processes usually obtain high content of monoester. However, certain quantities of
solvent remaining in the product, which cannot be removed easily, limit the application of SE. Although the
nonsolvent process avoids the disadvantages arising from the use of a solvent, it is a complex process which
needs to be controlled exactly and usually obtains a low-purity product and low content of monoester. The

purity and monoester content of SE by various methods were shown in Table 1.

Table 1 Purity and monoester content of SE by various methods %
solvent non-solvent"’
solvent solvent!'8] water!2!] enzyme-cat. (28] snap[zz] pm[zs]
DMSO water DMF non non
purity ( after refining) 85.6 85 93 80.2 79
monoester content 70.5 62 93 39.4 69

1) pte : phase transfer catalyst

With the development of pharmaceutical, cosmetic, material and food industry, the market demand for
the sucrose ester with antibacterial, anti-oxidation, acidproof and other specific properties and special structure
has being greatly increased. The SE produced by the past technologies was mainly composed of by monoester,
diester, polyester, and the products contained a considerable amount of soap and other impurities. The pro-
duct quality was difficult to meet the market demand. Therefore, the appropriate selection of oil material and
synthesis technology, as well as the refining process designed to obtain high product quality and SE with spe-

cial performance and structure will be the research emphasis.

3 Detection of SE

As sucrose has three active primary hydroxyls and five active secondary hydroxyls, the sucrose esters
product usually contains sucrose monoester, sucrose diester, sucrose triester, fatty acid, unreacted sucrose
and other residues. The detection of sucrose esters, thereby, was important for the determination of reaction

endpoint, tracking purification process and confirming product quality. According to the detection mode, it
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can be divided into chemical detection and instrumental detection.
3.1 Chemical detection

A standard for sucrose esters as food additive was introduced in GB 8272 —2009"*"’ ( Nation Standard of
PRC). 25 mL ethanol solution of potassium hydroxide is added into a 250 mL conical flask which is charged
with 1 g sample. Reflux condensation tube is equipped and the device is placed in water bath which can be
heated. After heating till slight boiling for 1 h, the device is removed and allowed to cool, and then, 50 mL
water is added, the mixture was concentrated to 30 and 10 mL hydrochloric acid solution is then introduced
into the system, and sodium chloride was added while conical flask is shaking. The solution is removed to a
separating funnel, and then, 30 mL ether and the system was allowed to be layered to two phases. The ether
phase, after washing with 20 mL sodium chloride saturated solution, is dehydrated with 2 g anhydrous sodium
sulfate. Then it is placed on hot water bath and dried in fume hood to obtain a white soft wafer. The water
phase of 2 mL is introduced into a tube and heated on water bath in order to remove the remaining ether, the
system was allowed to cool, and then, 1 mL anthrone-sulfuric acid is added along the tube wall. If the color of
the solution turns to blue-green, the sample is confirmed to be sucrose esters.
3.2 Instrumental detection

TLC and GC-MS were used to detect the sucrose esters in the past decades. As sucrose esters did not
display itself, and derivative process is needed while sucrose ester is detected by GC-MS. High performance
liquid chromatography (HPLC) and HPLC with differential refractometer were introduced to detect the sucrose

. [34-35]
esters in recent years

However the ultraviolet absorption of sucrose esters is weak and differential refrac-
tometer cannot be used in gradient elution. As evaporative light scattering can be used in gradient elution,
HPLC with evaporative light scattering detection ( ELSD) was considered to be the ideal detection of sucrose

36-37
estersL J.

4  Conclusions

This study has been carried out to summarize and review the basic concepts, latest research methods and
tools for understanding the preparation, purification and detection of SE. The various processes, advantages,
and disadvantages, together with the possible areas of applications of different methods for preparation, purifi-
cation and detection of SE have been discussed and described. It was concluded that the SE is mainly used as
a glycosyl natural surfactant. The preparation of SE, which covers different methods under various conditions,
are complex and important. More research and efforts are needed for achieving synthesizing special SE with
high purity and high content of monoester. It was also concluded that there is a need to develop methods for

purifying and detecting the SE used in pharmaceutical, cosmetic, material and food industries.
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