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Abstract Shrimp lipid (SL) from Pacific white shrimp

(Litopenaeus vannamei) cephalothorax was subjected to

ethanol separation with subsequent cholesterol removal.

Around 98.4% of cholesterol was removed from choles-

terol rich polar lipid fraction (PLF), in which PLF/b
cyclodextrin (b-CD)/mixed solvents (ethyl acetate/wa-

ter,1:1) at the ratio of 1:10:20 (w/w/v) were used. There-

after, PLF with lowered cholesterol was combined with

non-polar fraction rich in triglycerides to obtain lowered

cholesterol shrimp lipid (LC-SL). Astaxanthin content in

LC-SL was augmented by three-fold, compared to that

found in SL. Eicosapentaenoic acid (EPA) and docosa-

hexaenoic acid (DHA) contents of LC-SL were also sig-

nificantly increased, contrasted with SL. Peroxide value

and phospholipids were decreased in LC-SL

(4.56 ± 0.15 meq/kg and 9.94 ± 1.9%) compared to those

of SL (4.80 ± 0.25 meq/kg and 49.11 ± 2.1%), while

TBARS and p-Anisidine values remained unchanged.

However, conjugated dienes and free fatty acids were

augmented, plausibly due to hydrolysis. FTIR spectra

confirmed the increased degree of unsaturation of lipids.

Thus, the lowered cholesterol shrimp lipid could be used as

functional foods or nutraceutical for health promotion.

Keywords b Cyclodextrin � Shrimp lipid � Cholesterol
removal � Polar lipids � Astaxanthin

Introduction

Shrimp is one of the highly demanding aquatic foods

widely consumed around the world in the form of fresh as

well as processed products. Around 3.05 million tonnes of

shrimp were documented for the global trade in 2019, in

which the top three importers included European Union,

China, and United States of America (FAO 2020). The

enormous growth of shrimp export leads to the generation

of substantial amount of shrimp waste by the processing

industries (FAO 2020). Cephalothorax is one of the shrimp

wastes, that can be utilized for the production of shrimp oil.

The presence of highly valuable eicosapentaenoic acid

(EPA), docosahexaenoic acid (DHA), and astaxanthin

makes shrimp oil an excellent source of nutraceuticals

(Gulzar et al. 2020). Nevertheless, shrimp oil contains

cholesterol, which is not desirable, especially in terms of

health risks. Cholesterol consumed through diet could lead

to heart disorders (Zhong et al. 2019). In order to increase

shrimp oil benefits, the cholesterol level should either be

reduced or depleted. Commonly used cholesterol reducing

agents in various foods were b cyclodextrin (b-CD) and

saponin (Sieber 1993).

b-CD, a non-toxic oligosaccharide, has been used

widely as a food additive, pharmaceutical, cosmetic, and

also utilized in the agricultural industries (Brewster and

Loftsson 2007). Due to the complex structure of inner

hydrophobic and outer hydrophilic nature, b-CD showed

its ability to trap or remove cholesterol from numerous

food products such as milk, pork lard, and butter (Astray

et al. 2009). The cholesterol removal process with the aid
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of b-CD was applied without major changes in other lipid

constituents (Raju and Benjakul 2019). The cholesterol

removal from shrimp lipid using b-CD led to the aug-

mented proportion of astaxanthin, in which its concentra-

tion was increased by 89%, compared to that of untreated

shrimp lipid. However, the content of some fatty acids,

especially EPA, was slightly decreased during the process

due to the oxidation (Raju and Benjakul 2019). Raju and

Benjakul (2020) used saponin for cholesterol removal from

shrimp lipid by firstly separating the polar lipids by ethanol

separation, in order to protect the deterioration of triglyc-

erides (non-polar fraction) during the process associated

with the loss of fatty acids. Due to the amphiphilic nature,

cholesterol and astaxanthin were separated by ethanol.

However, cholesterol removal with saponin resulted in

decrease in the amount of astaxanthin (Raju and Benjakul

2020). The lack of specific binding site of b-CD and

hydrophobic binding nature of saponin more likely

decreased the level of astaxanthin in treated shrimp lipid

(Raju and Benjakul 2020). This study was aimed at using

b-CD in combination with ethanol separation process to

remove cholesterol and to maintain or improve the levels of

astaxanthin and polyunsaturated fatty acids in shrimp

lipids.

Materials and methods

Chemicals

b-CD was obtained from Wacker chemicals (Singapore).

HPLC grade solvents (methanol and acetonitrile), ethyl

acetate, hexane and propanol were obtained from Lab-Scan

(Bangkok, Thailand). All other chemicals were purchased

from Sigma Aldrich (St. Louis, MO, USA). Commercial

astaxanthin and fatty acid methyl ester standard were

procured from Dr. Ehrenstorfer GmbH (Augsburg, Ger-

many) and Supelco (Bellefonte, PA, USA), respectively.

Shrimp lipid extraction

Shrimp (Litopenaeus vannamei) cephalothorax was

acquired under frozen condition (- 18 �C) from Sea

Wealth Frozen Food Co., Ltd., Songkhla province, Thai-

land. Frozen samples were transported to the laboratory,

thawed, and ground to a homogenous paste with a blender

(National Model MK-K77, Tokyo, Japan). Shrimp lipid

extraction was carried out following the method of Gulzar

and Benjakul (2018). Cephalothorax (200 g) paste was

mixed with 1 L of hexane/isopropanol mixture (1:1) and

homogenized at 9500 rpm by an IKA Labortechnik

homogenizer (Selangor, Malaysia) for 2 min and the

homogenate was filtered using a Whatman filter paper

No.4. The filtrate was washed thrice with an equal volume

of distilled water.

Ten grams (10 g) of anhydrous sodium sulphate were

added to the collected solvent fraction and filtered. The

solvent was evaporated by EYELA rotary evaporator (N-

1000, Tokyo Rikakikai, Co., Ltd., Tokyo Japan) at 40 �C
and shrimp lipid retained was collected, flushed with

nitrogen and capped tightly. Shrimp lipid was stored at-

20 �C for further process. The extracted lipid was termed

shrimp lipid (SL).

Lipid fractionation using ethanol

Ethanol soluble lipid fractionation was done as per

the procedure of Raju and Benjakul (2020). Ten (10) g of

SL was added to 50 mL of ethanol and the extraction was

performed twice. The bottom fraction was further dissolved

in 5 mL of hexane, stored at - 20 �C and referred to as

‘non-polar lipid fraction (NPLF). Thereafter ethanol sol-

uble lipid fraction was evaporated using a rotary evaporator

and taken for the cholesterol removal process. The polar

lipid fraction was termed as ‘PLF’.

Impact of b-CD at varying concentrations and ethyl

acetate volumes on cholesterol removal in shrimp

lipid

PLF (5 g) was added to b-CD to obtain different PLF/b-CD
ratios (1:2, 1:5 and 1:10 W/W). The mixture was further

dissolved in various volumes of ethyl acetate (25, 50, and

100 mL). The same volume of water (25, 50, and 100 mL)

was subsequently added, in which PLF/mixed solvent (MS)

(ethyl acetate ? water) ratios of 1:10, 1:20 and 1:40 (W/V)

were obtained. All the mixtures were homogenized using a

homogenizer for 10 min and centrifuged at 8000 9 g for

20 min at 15 �C. The ethyl acetate phase was collected and

combined with the stored NPLF rich in triglycerides. The

mixture was further subjected to solvent evaporation at

40 �C using a rotary evaporator. All the combined lipid

samples were analyzed for cholesterol and

astaxanthin contents.

Astaxanthin and cholesterol contents were analyzed

using the method of Raju and Benjakul (2019). High per-

formance liquid chromatography system (Waters 2695

series, Milford, MA, USA) equipped with reverse-phase

Thermo scientific BDS-C18 column (5 lm; 150 9 4 mm)

was used. The peaks were detected by a photo diode-array

detector using the methanol–acetonitrile (50:50) mobile

phase. Astaxanthin was recorded at 480 nm and cholesterol

peak was identified at 201 nm. Identification of peaks was

confirmed with the retention time of standards and astax-

anthin content was expressed as mg/g lipid.
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Characterization of cholesterol lowered shrimp lipid

Combined lipids obtained under the optimum condition

yielding the lowest cholesterol and highest astaxanthin

termed as ‘LC-SL’ was selected. Characterization was

done in comparison with ‘SL’.

Fatty acid profile

Fatty acid profile was determined using the method of

Olatunde et al. (2019). Ten (10) mg of lipid sample was

transmethylated using 2 M methanolic sodium hydroxide

and further neutralized by 2 M methanolic hydrochloric

acid. Peaks were detected using Agilent 7890B (Santa

Clara, CA, USA) gas chromatography system with flame

ionization detector (FID). Supelco FAME mix (Bellefonte,

PA, USA) standards were used for the identification of

peaks and the fatty acid content was expressed as g/100 g

lipid.

Conjugated diene

Conjugated dienes (CD) were analyzed using the method

of Pudtikajorn and Benjakul (2020) with the aid of UV/vis

spectrophotometer (Shimadzu UV-1800, Kyoto, Japan) at

234 nm.

Peroxide value

Peroxide value (PV) was measured using the method of

Gulzar and Benjakul (2019). Samples were firstly dissolved

in ten-fold of 75% ethanol (v/v). The prepared sample

mixture was added to 2.35 mL of 75% ethanol (v/v), 50 lL
of 30% ammonium thiocyanate (w/v) and 50 lL of 20 mM

ferrous chloride solution in 3.5% HCl (w/v), mixed well

and measured at 500 nm using a spectrophotometer.

Hydroperoxide concentrations were measured from a

standard curve of cumene hydroperoxide (0.5–2 ppm) and

expressed as meq/kg lipid.

Thiobarbituric acid reactive substances (TBARS)

The method of Olatunde et al. (2019) was adopted for the

determination of TBARS value. The standard curve of

1,1,3,3- tetramethoxypropane (0–6 ppm) was prepared.

Quantification of the sample was done and the value was

expressed as mg malonaldehyde/kg lipid.

p-Anisidine value (AV)

AV was determined following the method of Pudtikajorn

and Benjakul (2020). Approximately 0.1 g of sample was

mixed with 25 mL of p-anisidine reagent and the

absorbance of the mixture was read at 350 nm. The cal-

culation of AV was done as follows.

AV ¼ 25 � 1:2 � A2ð Þ � A1

W

where W denotes the sample weight (g) and A1 and A2

stand for the absorbance recorded before and after the

addition of anisidine reagent.

Free fatty acid content

Free fatty acid (FFA) content was measured according to

the method of Lowry and Tinsley (1976). Sample

(100 mg) was mixed with 5 mL of isooctane and 5% (W/

V) cupric acetate-pyridine reagent (1 mL). The reaction

mixture was measured at 715 nm after 90 s. The FFA

content was expressed as g FFA/100 g lipid, in which the

standard curve of palmitic acid (0–10 lmol/mL) was

prepared.

Phospholipid content

The procedure of Miwa and Low (1992) was adopted for

the determination of phospholipid contents. Lipid sample

(500 mg) was dissolved in 1 mL of chloroform/hexane and

passed through the glass column containing 5 g of silica

(100 mesh). The neutral and non-polar components were

eluted using 125 mL of chloroform and the remaining

phospholipid was eluted using 100 mL of methanol. The

solvent in both fractions were evaporated by a rotary

evaporator followed by measurement of weight. The total

phospholipid content was reported as a percentage of mass

of the sample used.

Fourier Transform Infrared (FTIR) Spectra

FTIR spectra were recorded using Bruker Model Vector 33

FTIR spectrometer (Bruker Co., Ettlingen, Germany)

(Gulzar and Benjakul 2018). Wavenumber range was

selected between 4000 and 500 cm- 1 with 16 scans.

Normalization was done with a clean empty cell at 25 �C
and considered as the reference background. The data was

collected using OPUS 3.0 data collection software (Bruker

Co. Billerica, MA, USA).

Statistical analysis

Complete randomized design (CRD) was applied for the

initial data analysis. All the samples were analyzed in

triplicates using three different sample lots. Mean com-

parison was done using the Duncan’s multiple range and t-

test (Steel and Torrie 1980) with the aid of the Statistical
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Package for Social Science (SPSS software (IBM software,

New York, NY, USA).

Results and discussion

Cholesterol removal using different b-CD
concentrations and mixed solvent (MS) ratios

Around 34.5 ± 1.1% of non-polar lipids was obtained on

extraction. Figure 1a shows the cholesterol removal with

different PLF/b-CD and PLF/MS ratios. Initially, b-CD
was used at the lowest concentration (PLF/b-CD ratio of

1:2), while varying PLF/MS ratios of 1:10, 1:20 and 1:40

were used (Fig. 1a). The cholesterol removal was highest

(P\ 0.05) (23.20 ± 1.2%) when the lowest PLF/MS

(1:10) ratio was used. However, cholesterol removal

efficacy was reduced, when higher PLF/MS ratios were

applied. The result revealed that b-CD bound with

cholesterol to a lower extent. In the presence of higher

PLF/MS ratio, cholesterol could migrate or was distributed

in ethyl acetate phase with ease. As a result, the interaction

between b-CD and cholesterol was reduced due to dilution

effect. Cholesterol removal with b-CD was more efficient

when saturated b-CD with lesser solvent was utilized

(Astray et al. 2009). In order to obtain the highest

cholesterol removal efficiency, b-CD amount was further

increased to mix with PLF up to 1:10. Approximately

98.4 ± 0.02% cholesterol was removed when PLF/b-CD
ratio of 1:10 and PLF/MS ratio of 1:20 were used (Fig. 1a),

in which this optimum condition was further used. b-CD is

an amphiphilic compound containing an inner hydrophobic

and an outer hydrophilic region (Sharma and Baldi 2016).

The inner hydrophobic cavity structure of b-CD is more

0

10

20

30

40

50

60

70

80

90

100

a b c a b c a b c

x2 x5 x10

a

C
ho

le
st

er
ol

 re
m

ov
al

 (%
)

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

a b c a b c a b c

X2 X5 X10 SL

A
st

ax
an

th
in

 (m
g/

g)

Different PLF/β- CD and PLF/MS ratios 

a b c
b a a

b
a a

a

b c
a

cb
a

b

c

Different PLF/β- CD and PLF/MS ratios

A

B

Fig. 1 Cholesterol removal

(a) and astaxanthin content

(b) of shrimp lipid treated using

different PLF/b- CD ratios and

PLF/MS ratios of fractionated

polar fraction, prior to

combination with non-polar

fraction. Note X2, X5 and X10

denotes PLF/b- CD ratio of 1:2,

1:5 and 1:10, respectively and

a,b and c denote PLF/MS ratios

1:10, 1:20 and:40, respectively.

Different lowercase letters on

the bar within the same PLF/b-
CD ratios including SL denote

significant difference (p B 0.05)

2258 J Food Sci Technol (June 2022) 59(6):2255–2262

123



appropriate to trap the steroid compounds such as choles-

terol selectively without affecting the astaxanthin content

(Del Valle 2004). Moreover, a slightly lower decrease in

cholesterol removal was found as PLF/MS ratio of 1:10

was used, compared to 1:20 and 1:40 (P\ 0.05). Physical

force is one of the prime factors for forming the inclusion

complex with b-CD (Astray et al. 2009). When PLF/b-CD
ratio of 1:10 and PLF/MS ratio of 1:10 was used, the

mixture was highly saturated due to the low volume of

solvent in the system. As a result, the interaction between

cholesterol and b-CD was reduced.

Previously, cholesterol removal was done by direct

addition of b-CD in SL, which led to the loss of some fatty

acids, especially EPA (Raju and Benjakul 2019). To miti-

gate this drawback, ethanol fractionation was firstly applied

to separate the triglycerides from SL. Cholesterol was also

removed from SL using saponin along with ethanol sepa-

ration and the resulting lipid had lower loss in fatty acids

(Raju and Benjakul 2020). Ethanol fraction was mainly

composed of polar lipids, pigments, cholesterol and other

sterols. Apart from cholesterol, b-CD has been reported to

have the tendency to bind with other polar lipids such as

phospholipids (Crini et al. 2018). In our previous study, b-
CD/SL of 1:4 was used to achieve the highest cholesterol

removal in shrimp lipid (Raju and Benjakul 2019). Gulzar

and Benjakul (2018) reported that phospholipid content

was around 46% in shrimp lipid. During the ethanol frac-

tionation, those phospholipid content was partitioned to

PLF along with cholesterol. To achieve the optimal

cholesterol removal in phospholipid rich fraction (PLF),

PLF/b-CD ratio was increased to 1:10. However, increas-

ing b-CD with PLF/MS ratio of 1: 20 reduced the yield of

resulting lipid (42.1 ± 0.56%) (P\ 0.05), while astaxan-

thin content was increased (Fig. 1b).

Astaxanthin content was augmented in all samples after

cholesterol removal was implemented, regardless of treat-

ments (Fig. 1b). Thus astaxanthin was not negatively

affected when cholesterol was bound with b-CD. Astax-
anthin content was increased significantly (P\ 0.05)

compared to that found in SL, when PLF/b-CD of 1:10 was

used (Fig. 1b). The increased astaxanthin favored more

reddish color in LC-SL, compared to SL (Fig. 2). The

augmentation of astaxanthin might be due to the removal of

other lipid components. Also, astaxanthin is linear in

structure and could not fit well in the cup of b-CD (Del

Valle 2004). As a consequence, astaxanthin was still

abundant in the treated lipid. The result was concomitant

with the previous study, in which the increased astaxanthin

(8.99%) during cholesterol removal with b-CD was

achieved (Raju and Benjakul 2019). At PLF/b-CD ratio of

1:10, astaxanthin content was declined when PLF/MS ratio

was decreased. It could be due to the insufficient volume of

solvent, which is required for astaxanthin to migrate from

b-CD to solvent phase.

Fatty acid profile

Fatty acid compositions of SL and LC-SL were different

for each fatty acids before and after cholesterol removal

(Table 1). Major fatty acids were increased in LC-SL. The

predominant fatty acid in both lipid samples was palmitic

acid. After the cholesterol removal, palmitic acid was 50%

higher in LC-SL (15.86 ± 0.18 g/100 g) than in SL

(10.17 ± 0.11 g/100 g). Polyunsaturated fatty acids,

especially EPA (7.98 ± 0.07 g/100 g) and DHA

(8.63 ± 0.03 g/100 g) were augmented in LC-SL, com-

pared to those of SL (4.88 ± 0.08 and 6.01 ± 0.02 g /

100 g, respectively). Cholesterol removal by direct addi-

tion of b-CD in shrimp lipid resulted in the loss in EPA and

other fatty acids due to hydrolysis (Raju and Benjakul

2019). Nevertheless, via ethanol fractionation, triglycerides

were separated from polar compounds, in which they could

be preserved during the cholesterol removal process (Raju

and Benjakul 2020). Cholesterol removal in shrimp lipid

using saponin was performed under ethanol fractionation

process and aided to maintain the fatty acids by preventing

hydrolysis of triglycerides (Raju and Benjakul 2020).

Moreover, b-CD has been documented to induce

SL LC-SL

Fig. 2 Shrimp lipid before and after cholesterol removal. Note SL:

shrimp lipid; LC-SL: lowered cholesterol shrimp lipid
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hydrolysis of triglycerides (Kwak et al. 2002; Raju and

Benjakul 2019). It can be confirmed that ethanol fraction-

ation process provided promising and efficient method for

reducing the breakdown of triglycerides and retaining fatty

acids. Overall the cholesterol removal using b-CD with

prior ethanol fractionation was able to reduce the loss in

fatty acids of LC-SL.

Oxidation and hydrolysis of shrimp lipid

Conjugated dienes (CD) are the initial products formed

during lipid oxidation (Saleh et al. 2013). CD was signif-

icantly higher in LC-SL (P\ 0.05) than SL (Table 2).

Ethanolic fraction rich in polar lipids was mainly com-

posed of phospholipids, astaxanthin or astaxanthin esters,

sterols, vitamins and other pigments. Most of astaxanthin

were conjugated with polyunsaturated fatty acids (Gómez-

Estaca et al. 2017). Double bonds found in PUFA are

highly reactive to the free radicals, leading to the formation

of highly thermodynamically stable dienes (Shima and

Sakashita 2016). In general, PV was decreased (P\ 0.05)

in LC-SL and the secondary oxidation products such as

TBARS and AV were found to be unaltered (Table 2).

These results were in tandem with the findings of Raju and

Benjakul (2019). The loss of lipid via degradation when b-
CD was used for cholesterol removal in milk fat and cream

have been reported (Kumar et al. 2010; Bhatia et al. 2019).

The stability of lipid might also be due to the increased

astaxanthin content in LC-SL, which could provide the

increased antioxidant activity for lipids. This led to the

prevention of lipid deterioration, particularly via oxidation.

Hydrolytic rancidity as measured by free fatty acids

(FFA) was found to increase in LC-SL. b-CD has the

tendency to induce the formation of FFA (Table 2).

Endogenous lipase or phospholipase in shrimp

cephalothorax also played a role in hydrolysis (Gulzar and

Benjakul 2019). When b-CD was present, its hydrophobic

inner cavity can promote the transformation of bound

hydrophobic substrates to the reaction region of lipase

(Wang et al. 2019). Additionally, when the hydrophobic

domain of lipid, mainly fatty acid domain was inserted in

the cup of b-CD, the glycerol on polar head of phospho-

lipid which is hydrophilic in nature was more likely pro-

truded to the aqueous phase and bound to outer region of

adjacent b-CD. This could favour hydrolysis induced by

mechanical shearing mediated by high speed homoge-

nization. As a consequence, FFA were produced to a higher

extent in LC-SL. Cholesterol removal in shrimp lipid using

b-CD also resulted in the augmentation of FFA (Raju and

Benjakul 2019). FFA production was more pronounced

when b-CD was used for cholesterol removal in cheddar

cheese (Kwak et al. 2003). Majority of PLF was composed

of phospholipids, but they were decreased in LC-SL

(P\ 0.05). The amphiphilic nature of b-CD tends to bind

the phospholipids (Crini et al. 2018) and contributed to the

reduction of phospholipids in LC-SL.

FTIR spectra

The infrared spectra of SL and LC-SL depicted the changes

in their functional groups and

Table 1 Fatty acid profile of shrimp lipid and lowered cholesterol

shrimp lipid

Fatty acids (g/100 g) SL LC-SL

C14:0 1.07 ± 0.01b 1.40 ± 0.02a

C15:0 0.59 ± 0.01ab 0.72 ± 0.01a

C16:0 10.17 ± 0.12b 15.86 ± 0.21a

C16:1 0.99 ± 0.06b 1.41 ± 0.05a

C17:0 1.33 ± 0.11b 1.62 ± 0.07a

C17:1 0.52 ± 0.02a 0.58 ± 0.01a

C18:0 6.32 ± 0.24b 10.14 ± 0.11a

C18:1 7.77 ± 0.04b 12.06 ± 0.11a

C18:2 8.55 ± 0.14b 13.74 ± 0.18a

C20:0 1.05 ± 0.03a 1.11 ± 0.07a

C20:1 0.86 ± 0.05b 1.28 ± 0.01a

C18:3 0.76 ± 0.02b 1.07 ± 0.02a

C20:2 1.55 ± 0.02b 2.56 ± 0.04a

C20:0 1.07 ± 0.02b 1.26 ± 0.03a

C23:0 6.12 ± 0.01b 6.22 ± 0.06a

C24:0 1.07 ± 0.02b 1.23 ± 0.03a

C20:5 4.88 ± 0.03b 7.98 ± 0.08a

C24:1 0.74 ± 0.01b 1.06 ± 0.03a

C22:6 6.01 ± 0.02b 8.63 ± 0.14a

Different lowercase letters within the same row denote significant

difference (p B 0.05)

SL shrimp lipid; LC-SL lowered cholesterol shrimp lipid

Table 2 Quality and composition of shrimp lipid and lowered

cholesterol shrimp lipid

Parameters SL LC-SL

CD 5.12 ± 0.1b 8.62 ± 0.15a

PV (meq/kg) 4.80 ± 0.25a 4.56 ± 0.15b

TBARS (mg MDA/kg) 13.06 ± 0.9a 12.95 ± 0.9b

AV 23.96 ± 0.85b 24.05 ± 0.75a

FFA (g/100 g) 17.13 ± 1.1b 21.28 ± 1.5a

Phospholipid (%) 49.11 ± 2.1a 9.94 ± 1.9b

Different lowercase letters within the same row denote significant

difference (p B 0.05)

SL shrimp lipid; LC-SL lowered cholesterol shrimp lipid
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also oxidation status of lipids (Fig. 3). Hydrogen per-

oxide was formed ascertained by OH stretching peak in the

range of 3400–3100 cm-1 (Gulzar and Benjakul 2020),

which was lower in LC-SL than SL. However, there was a

notable increase in the amplitude of LC-SL in the range of

1790-1590 cm-1, which represent CH stretch, C=O ester,

especially C=C representing double bond (Guillén and

Cabo 1997; Laurens and Wolfrum 2011). The wavenumber

1711 cm-1, which represents the presence of free fatty

acids C=O ester bonds, was increased slightly in LC-SL.

This corresponded with the increase in content of free fatty

acids (Table 2) (Laurens and Wolfrum 2011). Unsaturation

was noted at wavenumber 1635 cm-1 and 3025 cm-1,

indicating C=C and =CH, respectively confirming the

increased unsaturated fatty acids in LC-SL (Table 1).

Moreover, the peak found at 1765–1720 cm-1 was attrib-

uted to the presence of triglycerides at a higher level in LC-

SL (Nzai and Proctor 1998). These augmented triglycerides

were owing to the separation of non-polar lipid fraction via

ethanol fractionation. Phospholipids prominent at

1145–970 cm-1 and 830–740 cm-1 (Nzai and Proctor

1998) were lowered after cholesterol removal process.

During the separation of polar and non-polar lipids, polar

lipids were mainly composed of phospholipids (Raju and

Benjakul 2020). These phospholipids interacted with b-
CD, resulting in their reduction after cholesterol removal.

The cholesterol removal conducted by Raju and Benjakul

(2019) using b-CD also showed the lowering of phospho-

lipids. Overall, FTIR spectra demonstrated that LC-SL had

lower oxidation and lower content of phospholipids, while

unsaturation content of lipids increased.

Conclusion

Cholesterol was removed up to 98.4% in shrimp lipid when

b-CD at PLF/b-CD ratio of 1:10 and PLF/MS (ethyl

acetate/water, 1:1) ratio of 1:20 (V/V) were applied to treat

ethanolic fraction rich in cholesterol. Astaxanthin and fatty

acids were augmented after cholesterol removal process.

For cholesterol lowered shrimp lipid, the content of

astaxanthin increased by three-fold and EPA and DHA

contents were augmented by 56% and 43%, respectively.

Nevertheless, oxidation and hydrolysis occurred to some

extent. Conversely, degree of unsaturation was increased

after cholesterol removal, reflecting the advantage of the

developed process. Overall, cholesterol could be removed

from shrimp lipid under appropriate condition, leading to

augmented astaxanthin and PUFA.
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