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Encapsulation of krill oil (KO), a rich source of eicosapentanoic (EPA) and
docosahexanoic acid (DHA was carried out in chitosalPP (tripolyphosphate)
nanoparticles using newly developed twstep process (i.dprmation of emulsion and later
electrostatic interactiorof chitosan with TP). The encapsulation of KO irchitosan
nanoparticles @SNP3 was confirmed by using-ourier transform infrared spectroscopy
(FTIR), X-ray diffraction (XRD) and Thermo gravimetric analysisTGA) techniques.
Loading capacity (LC) and encapsulation efficiency (EBhebbtained particles welout
971 25and337 59 % respectivelywhen the initial KO content was theratio of 0.251 1.25
g/gof ChitosanBulk KO showed less protection to oxidation and showed more formation of
hydroperoxides during first weeks notedby FTIR. However KO loadedCSNPs showed
better prevention of K@owardsoxidation with less hydroperoxidermation even after two
weeks of storage at elevated temperature °@5 The obtained K&oaded CSNPswere
irregular in shapevith an average particle diameter<ofL30 rm as observed b$EM. The
resultsobtainedconfirmed the suitabilitypf theemulsion and later elecstatic interaction of
CS with THP for the formation of KO loade€€SNPswith greater EE &LC, which will

enhance their usagetime Foodand fhamaceutical industries

Key Words: Krill Oil, Fourier transform infrared spectroscofiyTIR), X-ray diffraction
(XRD), Thermo gravimetric analysi§ GA), Oxidative stability
1. Introduction

Antarctic Krill (Euphausiasuperba has recently emerged as a poterdrad rich alternative
source of long chain omegapolyunsaturad fatty acids (LGr-3 PUFAS) besides thedgal and
fish oilsto be substituted asdietarysupplementKrill oil ( KO) containdong chain omeg&
polyunsaturated fatty acidk (C -3¥?UFA9, namely eicosapentaenoic acid (EPA, 20:5) and
docosahexaenoic acid (DHA, 22(®&randois, Marchioni, Minjie Zhao, Ennahar, & Bindler,
2009) The fatty acids in fish oil are stored as triglyceride, whereas in KO approximately=30
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% of the fatty acids angredominantf incorporatednto phospholipid¢Schuchardt et al., 2011;
Tou, Jaczynski, & Chen, 2008)he particular and uniquamphiphilic structural arrangement of
phospholipidgprovides KO with anuchbetter bioavailabilit{Schuchardt et al., 2011)

Moreover KO contains naturally occurring powerful antioxidamiginly astaxanthir{Deutsch,

2007; Tou et al., 2008Yarious researchers recommend use of KO to prevent chronic disorders
like cardiovascular diseases, endocannabinoide, poor infant developmealgoloolic fatty

liver disease, prememsgtl syndrome, inflamnteon and certain cancers. This preventive effect
was credited to the synergistic actiomibean K O c o n st i 13 RBFAY, Bosphdlipids

and astaxanthi(Deutsch, 2007; Sampalis et al., 2003; Tur, Bibiloni, Sureda, & Pons,.2012)
However, its limited slability in water and rapidnstabilityto oxidation had madg difficult to
achievethese benefiteBustos, Romo, Yafiez, Diaz, & Romo, 2003)

To avoid limited solubilityDispersibility in agueous mediaandthe oxidative nstability of

lipophilic compounds like KO, various researchers encapsulate them in protein and carbohydrate
based matrice@lyasoglu & El, 2014; Zimet & Livney, 2009)n addition totheabove

mentioned benefits,amoencapsulation of lipophilic compounds also increased the
bioavailability (Fathi, Mozafari, & Mohebbi, 2012However, protein and polysaccharsdbat

have been used dely to encapsulate lipophilmmpounds plagkey rolein attairing the
benefits(Chen & Subirade, 2005; Wang et al., 2008&)r example, Majed et al, preparecove

oil loaded nanoemulsions using modified starch and Tween 80 based surfactants and attained
controlled release of oil from starch based nanoemulsions. However, Tween 80 adstrbed on
thedroplet and failed to providée desired redase of oilMajeed et al., 2016)

Chitosan(CS), a cationic polysaccharide that hbsen used widely for encapsulation and
delivery of lipophilic compounds due to its biodegradab{égzymaticallydegraed
(Lysozyme)into fragments suitable for renal clearand®pcompatibility, norantigenidty and
low toxicity (Malafaya, Silva, & Reis, 2007Recently, researchers usetivo-stepemulsionand
ionic-gelationmethodto produce CS PP nanoparticledueto its simplicity anchon-toxicity for
targeted delivery of bioactivéMalafaya et al., 2007; Yang et al., 201lh)thetwo step
emulsionionic-gelationprocedurehe later involves electrostatioteraction between catian
groupsof CS and aniaic groupsof TPP (Calvo, Remui&h.6pez, VilaJato, & Alonso, 1997;
Kawashima et al., 1985; Yang et al., 201e electrostatic interaction betweeationic groups
of CS andanionic group®f TPPoccurredoy inter and intramolecular bongd€alvo et al. 1997,
Kawashima et al., 1985; Yang et al., 2Q1&hic-gelation based Q¥Pshave been used widely
for the encapsulation, and targeted delivergroteins Kawashima et al., 1985; Xu & Du,

2003) essential oil§Hosseini, Zandi, Rezaei, & Farahmandghail3; Keawchaoon &
Yoksan, 2011)drugs(Wang et al., 2006; Wu, Yang, Wang, Hu, & Fu, 20@&amins and
nutrients(Chen & Subirade, 2005; Yoksan, Jirawutthiwongchai, & Arpo, 2K&xwchaoon
andYoksanrevealedsuccessful erapsulation of carvacrol IS TPP particles with extended
shelf life and well retained functional propert{&eawchaoon & Yoksan, 20113imilarly,
Hosseini et alprepared oregano oil loaded O®¥P nanoparticles by an additional step ofioil
water emulsification prior to soliddationof these dropletby CS & THP (Hosseini et al., 2013)
They confirmedegularly distributed, spherical shajearticles having size 4080 nmwith

slow release characteristidey reported more than 80 release of oregano oil that was
attributed to greater surface volume ratio due to smaller particleizine other hand, nano
capsules due to larger size reduced the surface volume ratio and ultimately influence the access
of digestive enzyme, dispersibility of their products andlffinafluenced the efficacy of
delivery systen{Kim, Diab, Joubert, Canilho, & Pasc, 20Majeed et al., 2016) However,
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loading of KOhaving a distinctive h e mi c al st 3 RUFAgNto ESNP$t a bhade ¥
level sizehas not been elucidatetihereforethe currentstudy focusesn the fabrication,
characterizatiomnd oxidative stabilitpf KO loadedn CSNPsby two step process: aih-water
emulsificaton, and ionic gelation (CS & .

2 Materials and methods

2.1 Materials

Antarctic krill oil contained~40 % totalphospholipid, ~28 30 % total omeg& fatty acids
and O 200 mg /sktated aysthe amanafactuf@litai Biapharm Inc. (Sichuan,
China).Partially deacetylatechitosan(CS;degree of deacetylatiasf 91.5%), with average
molecular weight of 100 kDderived from crab shells wabtained from Goldeishell
Biochemical Co., Ltd. (Hangzhou, Chin&S is a weak polyelectrolyte withpKa value around
6.5, which ispositivelycharged in acidic conditior(&an, Yan, Xu, &Ni, 2012) Tween 80,
glacial acetic acidSodium trpolyphosphate (TPRInd all other chaicals usedvereof
analyticalgrade purchased fromiS8opharm Chemical Reyant Co., Ltd., ChinaDouble distilled
water was usethroughout this study
2.2 Preparation of KO-loaded CSNPs

KO-loaded CSNPwere prepared usirgmodified version of the methaléscribed by
(Calvo et al., 1997and(Hosseini et al., 20137 schematic illustration representing tG&NPs
preparation proceduis shown inFig. 1. Briefly, CSsolution1.5% (w/v) was preparefly
agitating CS in an aqueoasetic acidsolution 1% (v/v) at ambient temperature (228 °C) for
24 h The CS solution was centrifugiat 8000 rpm for 20 mirthe supernatanivas filtered
througha 0.8 um pore sizeyringefilter. Tween 8(0.5g, hydrophilielipophilic balance =5)
wasadded as a surfactant to 88 solution (40mL) andthe mixture wastirred at 45C for 2h
to obtain a homogeneosslution. KO was gradually dropp@tto the aqueous CS soluti¢#0
mL) and the system wdammogeniedusinganUltra-Turrax(T25, Ika-Werke, Staufen,
Germany ataspeed of 13,006pm for 1 min and 16,500 for 2 mimhe solution wagositioned
in anice-bath toprevent heatinglhe content of KO wasgaried(0, 0.15, 0.30, 0.45, 0.60 and
0.759) to obtaindifferent weight ratio®f CS to KO(1:0, 1:0.25, 10.50, 10.75, 1:100and
1:1.25respectively) SubsequentlyT PPsolution(0.5% v/v, 40mL) was then added drop wise
into the o/w emulsionundercontinuous stirring and was agitated 40 min.The particles
formedwere collected by centrifugation at 10,00@ for 30 min at 20C and washed several
times with water to remover wash offexcessiveKO. Eventually,thewet particles were
dispersed in 28nL water by ultrasonicatioto produce daomogeneous suspension.
Ultrasonication wa performed using @y98I11IDN, 20 kHz, Ningbi Scientz Biotechnology Co.,
Ltd., Ningbo, Chinayonicabr for 2 min in an ice bathlThe suspensions were inegliately
freezedried ati 35°C for 72 handwerestored in dry conditiomat 25°C.

2.3 Characterization of KO-loaded CSNPs

2.3.1 Z-average diameterand e-potential measurements
Thez-averagaliameter andhe uniformity of particles in dispersion (particize

distribution) that is being measured as polydispersity index (PDR@loaded CSNPs were
investigated bylynamic light scatterin¢DLS) usingthe Zetasizer Nano Z&Malvern
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Instruments, Worcestershire, U.KTo avoid multiple scattering effects, thengarticles were
diluted 106fold with purified watey placed in a cuvettend agitated welbrior to measurements.
Refractive indices of 1.45 for KO and 1.330 for water were uspdtentialwas determined by
Laser Doppler Velocimetry using the Zetasizer Nan8 @Sa scattering angle of 173° at 25 °C.
Thedilutednanoparticlesvere placed in a folded capillary electrophoresis cell with count rate
between 100 and 300 Kcps described by Zainol et éZainol et al., 2012)All the tests were
performed in triplicate.

2.3.2 Morphology of KO-loaded CSNPs

The morphological characterization of the nanoparticles was done using SEM (Hitachi S
4800, Japan) at an accelerating voltage 2Tk\é powders were sprinkled onto doubkcked
cellophane tape attached to an aluminium stub before coating witipgitddium in an argon
atmosphere.

2.3.3 Characterization using FTIR, TGA and XRD

The infraredspectraof all samples werebtained using ahermo Fisher Scientific Inc.,
Nicolet iIS10,FTIR spectrometewith KBr accessoryThis instrument was operated with Nicolet
OMNIC software (Version8R2For KO spectr al acquisition, the
deposited on a KBr disk:he spetra were obtained using 16 scans at a resolution of 4over
the frequency range of 4000400 cm'. Before running each sample a background spectrum was
obtained in air.
Contact angle was used to determine the interaction between KO andmiatespwith sessile
drop method. Briefly, KG3e L) was carefully dropped with a
slides (20mm T mrd 0 Imm)lusing2 mL micrometer syringe (KDL Corp., Shanghai, China).
The measurements were carried out in open airitttive humidity (30%) and at a room
temperature of 25C. Both left and right contact angles expressed in degrees were automatically
calculated from the digitalized image software belonging to the equipment (DataPhysics
Instruments GmbH, OCA15EC, GernyanMeasurements were taken in triplicate of each
sample.
TGA wasperformedusing a TGA/DSC 1 STARe (Mettidroledo, Switzerland) 26 600°C
with a heating rate of 1%/min under nitrogen atmosphekach freezealried sample 6 10 mg
was placed ithe TGA furnaceThederivativethermogravimetric curves (DTG) atiak first
derivative of TG curvewere calculated.
XRD patterns of packing materials were assessed-tayXiffraction usinga (Bruker AXS
D8, GermanyyiffractometerTheo per at i on condi ti ons were 40 kYV
radiaton (& = 1.5406 | )drang8af 8 b0’ & aspeee of @6Bsrc anned
second.
2.4 Determination of loading capacity (LC) and encapsulationefficiency (EE)

The content of KGloaded CSNPs wasetermined by TGA/DTGFreeze dried CSNPs and
KO-loaded CSNPs were placed in TGA furnace at B60°C with a heating rate of 1%/min
under nitrogen atmospheaad the weight loss percentage, obtained from TGA thermagram
was used to determine the content of-K@ded CSNPsThe bading capacitpf KO (g/100g of
samplé and encapsulation efficienof KO (g/100g ofsample) were thus calculated frags
(1) and(2) respectivelyYoksan et al., 2010)
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EE (%) = pTT )

2.5 Storage conditions

For the lipid oxidatiorexperimentsfive grams obulk oil and freezalried KO-loaded
CSNPs were placed in 20l loosely capped ambegtass bottle. Samples were stored 45°C
for 4 weeks Theextent of lipid oxidation wamvestigatedn terms oflipid hydroperoxideAll
theexperiments werearried ouin duplicate.

2.5.1 Determination of lipid oxidation

In this study]ipid hydroperoxids, theprimary oxidation products wasonitoredby FTIR

(Guillén & Cabo, 1999, 2002Each band frequency was obtained autarally from the
instrument software command Afind8xeB&so with
functional group vibration mode ebhchband was madey comparisorwith software spectral

library as well asvith literature datand similar expemental conditions of FTIR asapplied

for sample acquisition agilised to confirm the loadingf KO in CSNPgSeesection 2.3.3).

3 Results and discussion

3.1Shape, size and surface chargef KO-loaded CSNPs

KO-loaded CSNPs were prepared through the formation of oil droplets (including KO) and
dropletsolidification. The KO droplet formation @S solution was achieveasing theO/W
emulsion technique. The solidification of each droplet was extended by ionidinkisg of
ammonium groups of CS molecules surrounding the KO droplet and phosphate groups of TPP.

The surface morphology of CSNPs an@-kKbaded CSNPs were observed by SHig. 2
(a, b) shows the CSNPs size varied betw&8@i1 300 nmthat correlate with the findings of
Yoskan(Yoksan et al., 2010)or KO-loaded CSNP<ghe aggregations weedso seemethat
might be due¢o remainingKO around the particles with an average range af 880 nm(Fig.
2-c, d).

Thez-average diameteandPDI of CNPsand KGloaded CSNPs were examined by
dynamc light scattering (DLS)Fig. 3 shows that the-average diameteind PDI of CS particles
were about ~252 nm and 0.199, respectively. Fheerage diametaf KO-loaded CSNPs were
in the range 0£29.51 182.4 nm. With increasing ratad KO, thez-average diametetecreased
(Table 1). The possible reason behind this reduction in particle size might lbedimilsifying
properties otheoil constituentsn the presence of surfactant that reducesntieefacial tension
as various researchers reported this phenomiem@ssential oil loaded nanoemulsiqiMajeed,
Antoniou, & Fang, 2014; Terjung, Loffler, Gibis, Hinrichs, & Weiss, 20H)weverthe
agglomeration and/or swelling of kfdbaded CSNPs in water welaver than those of CS
particles.The obvious difference in the agglomeration of two nanoparticulate systémas is
formation mechanism. The CS particles are formed bglérostatiénteraction of CS and
TPP and their size will depend on how the molecules were mixed togethee @nethhand,
KO-loaded CSNPs are formed by the adsorption of CS onto the KO drdpietiower
agglomeration in Koaded CSNPs might ke tohydrophobicKO moleculeghat forced it to
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entrap insid¢Keawchaoon & Yoksan, 2011; Yoksan et al., 20T0g interestingfact about KO
is that itpossesssa large proportion of maringhospholipid§about 40%) bondi ng3 wi t h
PUFAs like EPA and DHAZhu, Zhuang, Luan, Sun, & Cao, 201S)milarly, Shenand Lu et
al. reported smalt-average diametef nanoparticleshat can be credited fmhospholipidsn
KO, having substantial inherent emulsifying poyleu, Nielsen, Baron, Jensen, & Jacobsen,
2012; Shen, Bhail, Sanguansri, & Augustin, 2014)

In addition,e-potentialof CSNPs gave positivechargeof + 37.7 mVasshown inFig. 3.
The positive surface charge agskie toammonium groups of CS. With loading of KO, the
potentialwasdecreased to 26.6 mV. This reflects the CSNPs surface with increasing KO
content. The reduction mpotentialvaluewas related to the number of TPP to CS charge groups
as evident by the findings (Antoniou et al., 2015However, this reductiomight be due to
shielding effect of protonatédNH, group by KO on CSNPs. Several studies have reported that
g-potentialvalues of C8IPswas reduced when drugs, i.e., ascorbic étathg & Lee, 2008and
eugenolwere(Woranuch & Yoksan, 2013hcorporated. This demonstrated thgtotential
value influenced reciprocally with increased drug content.
3.2Characterization of KO-loaded CSNPs

CSNPs loaded with KO were characterized by Fourier Transform Infrared spectroscopy
(FTIR). The results confirmeithe presence of KO with characteristieaks at 3416m™* (OH),
3012cm™ (=Ci H stretching), 3000 2800cmi” (Ci H stretching), 1740 cth(C=0 stretching
band), 1465 ci (i CH,i bending), 1379 cih(i CHs; bending) 1091cm™ (CO stretching)971
cm* (C=C stretching band)s shown irFig. 4a.

However, CSNPs showed characteristics bands at 343Q@ht), 2927 crit (CH
stretching), 1640 cth(amide 1), 1543 c (amide I1), 1155 cil (P=0), 1097 crit (COC) and
891 cm' (pyranose ring) that suggests the ptew formation between CS afiéPP asa result of
electrostatic interactiohig. 4b (Bhumkar &Pokharkar, 2006; Xu & Du, 2003yloreover, FTIR
confirmed the incorporation of KO in CSNRHEg. 4 c-g) by comparing withcharacteristic
peaksn theKO spectraThe occurrence of characteristic pedlsame wave numbar KO
loaded CSNPs indicating no interaction with chitosgimilarly, noninteraction behaviour of
chitosan (hydrophilic) with oregano oil (hydrophobic) has earlier been reported by Hosseini et al
when incorporated in GETP nanoparticlegHosseini et a] 2013) Further, this interaction was
investigated using contact angle measuremengaksodshowed no interaction between KO and
CSNPs as shown in FiguFgg. 5. The contact angle of K@d CSNPsvith air was 38.3%and
25.84, respectively as shownFkig. 5a & b. However, in case afcreasing ratios dkO in
loadedCSNPsthe contact anglecreased26.281 36.46) that suggestscreased
hydrophobicity of KO(Fig. 5 @ g). On the other hand, with maximum KO loaded CSNPs (1:1 &
1: 1.25) showed significamcrease in contact angle (10 degree)rig¢hereas, at lower ratios
(1: 0.25i 1: 0.75) of KO loaded CSNPs the contact angle was gaitex26.28& 31.21) as
appeared in KQvith unloaded CSNPs (Fig. c,d)he possible reason behind this increase in
confact angle at highest CS:KO mass raisothe exposure axcessiveil to standard drop of
KO (3 ul) used during this experimental procedure that resulted in increased hydrophobicity.
These findings revealed that CS and CSNPs showed no interaction wibak@ct angle
measurement has already been used by variety of researchers to explain the interaction behaviour
of hydrophobic and hydrophilic compoundsu et al., 2016; Shamsijazegt al., 2014

On the other handhe increasén CH stretching peak intensity at 2862974 cm' reflects
the location of KO irthe CS matrix. These results were further strengthendigeascreasen
CH stretching peak intensity was observed with increasing KO content. Therefore, we can
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consider CH stretching asstrong indicator oKO encapsulation in any matr{})ongsvivut et
al., 2012; Zhao, Wei, Liu, & Liu, 2014Thus,emulsion and later elgostatic interaction of CS
with TPPR, a twastep process successfully encapsulated KO in Cq[SEstion 3.3)

TGA hasbeen used widely bgvariety of researchers to confirm the weight change of
material that is monitored as a function of temperatureatuate its thermal stabilitf)y oksan et
al., 2010) In our case, the degree of weight loss for CS alone and KO loaded CSNPs decreased
with increasing temperature from 25 to 6@as shown iffFig. 6A. KO degradatiorshaved one
level of weight los$-ig. 6A (a). Whereas, CS and KO loaded CSNPs showed figo 6A-b)
and three levels of weight loBgy. 6A (c-g). Nam et al. reportethefirst and second level of
weight loss folICS nanofibers that showed temperature ranges from 56 t6C146d 182 310
°C, which corresponded to evaporationmbistureand decomposition of polymer, respectively
(Nam, Park, Ihm, & Hudson, 2010)he rate of maximum weight loss corresponding to
temperature was determinedthedecomposition temperaturégf, which is clearly bserved as
a peak in the derivative tiraogravimetry (DTG) thermograrplottedin Fig. 6B. FromtheDTG
thermogram, CSNPs exhibited one leVght 247°C (Fig. 6B-b). By comparison betweedS
and KGloadedCSNPs manifested neWyrange3271 331°C (Fig. 6B (c-g), which
corresponded to thEy of KO (Fig. 6B-a). The results confirmed the successful loading of KO
into CSNPs. Similarly, Yoksan et al. reported increased thermal stability of successfully
encapsulated ascorbyl palmitatedBNPS(Yoksan et al.2010) The weight loss percentage at
thistemperature range was thus used to compute the quantity of loaded KO (section 3.3)

XRD patternsof CS powder, CSNPs, and Ki@aded CSNParepresented iffrig. 7.
Generally, CS exhibits two peaks at& 10° and 20 (Fig. 7a), showinghigh degree of
crystallinity. After electrostatic interaction with TPseakbroadeningandpeak shifs were
observed with reduction of peak intengiEyg. 7b). In addition, a new peak is found in the
diffractogram of CSNPs &d of 23. These distinct differencesflectthe modification in the
arrangement of molecules in the crystal lattice stimulated by ionic interédBtioimkar &
Pokharkar, 2006; Yoksan et al., 2018% compared with CSNPs, ihediffraction spectrum of
KO-loaded CSNPs the characteristic peaksfaif28 confirmed the presence of KO within
CSNPs. Thus, XRD analysis revealed the successful encapsulation of KO in CSNPs as it clearly
showed change in the €8P packing structure. So, on behalf of FTIR, T@Ad XRD we can
conclude that two stepsmulsionand electrostatic interaction between CS and iSRRitable
for the encapsulation of KO in CSNPs.
3.3Encapsulation efficiency and loading capacity

The TGA/DTG techniquevasapplied for quantitative analysid CSNPs in terms of weight
loss at temperature ranging from 29880°C, corresponding t®y of KO. The percentage of LC
and EE of KGloadedCSNPswere then calculated usiks. (1) and(2), respectively, andre
tabulated infable 1. From TGA resultsthe percentage of LC was in the range of 8.8 to 24.7 %
at 25 to 125 % (w/w) ratio of KO t6S(Table 1). LC percentage was dependent on initial KO
content that was in agreement to the findings of other researchers who reported carvacrol or
BSA loading inCSNPswas initial concentration dependéKieawchaoon & Yoksan, 2011; Xu
& Du, 2003) EE of KO ranged from 33.3 to 58.9 %. Maximum EE value (58)9vasachieved
at 1:0.25 (w/w)CS to KO ratio. However, with the increase of KO ratio, EE started to decrease
as shown imable 1. This might be due to saturation of CSNPs with gkf@sseini et al., 2013;
Yoksan et al., 2010ps it possegsalarge proportion of marine phospholipidended with LG
PUFA and astaxanthitNo doubt, large proportion of phaisolipids (aboub0 %) in KO bounds
with DHA, EPA and astaxanthin, which enhanced the solubility of these constituents in lipid
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phase that consequently reduced its diffusion outside the nanopdZiulest al., 2015)The
reduction in EE with increasing KO content suggést loading in CSNPs is limited.

In addition to EE, LC was determinég FTIR usingthe CH stretching peato determine
the content of KOn CSNPsThe CH stretching peak at 2925 ¢raind the pyranose peak at 891
cm* were used as representative peaks of KO and CS, respectively. The CH stretching to
pyranose peal{o2d1s9s) is shown inTable L CSNPs showed dpg,d159; value of 0.91 and for
KO-loaded CSNPs, the value lg,dls9; was greater than 0.91 suggestsgcessful loading of
KO in thenanoparticles. K&oaded CSNPs with initial KO content (0.R3..25 g/g) of CS
showed ,g9,4lg01 Values in the range of 1.141.81 The value of,g.4lgg1increasedvith
increasing initial KO content. However, Kildaded GNPs with an initial KO content ofd/g of
CS provided the maximum value Ig§,41s91as shown imable 1 These results confirmed the
findings of TGA and we can conclude that the optimal weight ratio of CS to KO was 1:1.
3.4 Oxidative stability

Theoxidative stability ofbulk KO andKO containingCSNPswas evaluatedsingFTIR
spectrahatwere determinedfterexposure with elevated oxidatigeresg45 °C). FTIR
spectroscopyas been used earlier to identifyange in théunctionalgrouys of the samplethat
undergoes lipid oxidatiofVoort, Ismail, Sedman, & Emo, 1994ig. 8illustratesobvious
spectral changes in krill oil spectra oxidation proceedslowever,peak shifin the ROOH
regionfrom ~3416 crit to ~3377 suggests the formatiohhydrgpeoxides Fig. 8-A). Whereas
change in CQinitial absorption at ~1091 & ~1077 ¢hand gradual shifting to ~1093 & ~1065
cm* respectively) anttansregion confirmed the formation of conjugated trans species (~971
cm-1) along with isolated trarabsorptions (~969 cm) as presented irF{g. 8-B). In the caseof
KO containing CSNPS the ROQbptakshift varied withCSKO weight ratis. For 1:1jt was
moved to~3431to ~3404 cm® and~3424 to ~338@m™ at 1:1.25atio (Fig. 8-C). On the other
hand,thetriglyceride ester groupeak shifts showed less dependency teKCBweight ratios
and it wafrom ~1741 to ~1730 cm™ at 1:1 & 11.25 CSKO weight ratios as shown Fig. 8-D.

The occurrence dlarger shift~39 cm' (~34167 ~3377cm’™) in theROOH band under
oxidativestressas shown irFig. 8 hasalreadybeen confirmedVoort et al., 1994)Moreover
there was a shift back to higher wavenumife825)that might be due tbreakdown of
hydroperoxides$o alcoholsas evident by the findings &ullién & Cabo and Voort et al
(Guillén & Cabo, 1999; Voort et al., 19940 contrastband shift of-12 cni' of CO grougin
theestes and onlyaslight (17 2 cmi®) shiftin cis, conjugatedrans, and isolatedransbands
occurred.The KO showed@nobviousdecreasén the ROOHbandand triglyceride ester groups
duringthefirst weekof storageKO-loaded CSNPs showednodest decrease band shifts
even after two weeks of storage that suggests more oxidation prevention of KO in.CSNPS

Theoxidation prevention of KO in Kdoaded CSNPs in terms lifile changen bandshift
of ROOH and triglyceride ester groups undeidativestressshowed less availdhy of
hydroperoxides to convert them back to aldehydes and kei@Gnéken & Cabo, 2002)Similary
Gullién and Cabo also reportaghift of the ROOH band towards lower wavenumbas oils
underwent oxidation, but to a somewhat lesser ex@umtlén & Cabo, 1999)Thus, it may be
postulated thahe ROOH band shift is due to extensive intermoleculardgen bonding of
hydroperoxidegRussin, van de Voort, & Sedman, 2003)

4 Conclusion

TheKO loaded CSNPs were preparedaiyo-step emulsionand later electrostatic
interaction of CS with TPBhowedaverage diameter &1 130 nm as observds SEM. The
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loading capacityl(C) andencapsulation efficiencyeE) of KO in nanoparticles was about 8.8 to
24.7% and 33.3 to 58.9 %, respectively, when the ratio of KOSavas 25 125 %. Moreover,
the loading of KO into CSNPs was confirmed by the increment of CH stretching peak intensity
at 28691 2974 cn (FTIR techniqug, a degradation temperature of 32331°C (TGA/DTG
techniques)and the characteristic peaks dtdt 18’ (XRD technique)Further, CSNPSvere
successful iprevening the oxidation of KOThe results confirmed the suitability thfe
emulsion and electrostatic interaction basedhodfor the formation of KO loade@SNPswith
greater EE & LC that will enhance their usage in food and pharmaceutical industry. But, prior to
theirindustrialusage further research is needed on the sepsocgption, bioavailability and
protection ofencapsulatéeterioration during product shelf life.
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506 Highlights:

28; 1 KO loaded CSNPwere prepared using emulstefectrostatic interaction method.
509 1 KO loaded CSNPs were irregular in shape with average diameter of < 130 nm.
510 1 CSNPs successfully entrap KO as evident by FTIR.

511 1 KO loaded CSNPs prevented formation of hydroperoxides at elevatpenature.
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519 Table 1. Loading capacity (LC) and Encapsulation Efficiency (BEKO determined by TGA

520 technique, intensity ration ®f9,4s90 determined by FTIR technique, anéweerage diameter and

521 e-potentialvalue of CS and Kdoaded CSNPs.
CS: KO LC (%) EE (%) Z-average g-potential FTIR?
(Wiw) diamete”

(nm) (mV) (1292d1890)

1:0.00 0 0 252.0+4.9 37.7+0.0 0.91
1:0.25 8.8 58.9 229.5+3.9 35.2+0.2 1.14
1:0.50 13.3 47.1 218.6+0.3 34.3+£0.9 1.42
1:0.75 18.7 41.8 217.6+2.0 31.0+£0.5 1.60
1:1.00 21.8 37.0 191.3+0.2 29.5+0.2 1.81
1:1.25 24.7 33.3 182.4+1.1 26.61+0.4 1.80

522

523 LC = (weight of loaded KO/weight aglample) x 100.

524 EE = (weight of loaded KO/weight of KO in feed) x 100.

525  ?l,4,d1890= Indicates the intensity ration bEH stretching peak at 2925 &rto pyranose peak at

526 890 cni.

527 P Indicated values are reported as means + standard deviatic)

528

529



530
531
532
533
534
535
536

537
538

539
540
541
542
543
544
545
546

Tw

(-N

TP1
—

Figure 1.Schematic illustration of Kdoaded GGNPs prepared by emulsion and electrostatic
interaction of CS and TRPPO/W emulsion was stabilized by synergistic effect of two
amphiphiles (i.e., tween 80 and phospholipids inherent in KO) in tdremulsification. A
cartoon of formed K&oaded CSNPs (inset) indicates the entrapment of oil droplet by
absorption of surfactant molecules with their hydrophilic portions (light blue and dark blue of
phospholipids and tween 80 respectively) oriented tdwdhe aqueous phase and their
hydrophobic portion (black and red of phospholipids and tween 80 respectively) anchored in the
oil.
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Figure 2. SEM micrographs at 2 kV of (a and b) CSNPs and (c and-t)aed CSNPs
prepared using an initial weight ratié CS to KO of 1:1.00.
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559 Figure 4.FTIR spectra of (a) KO, (b) CSNPs and-(g) KO-loaded CSNPs prepared using
560 different CS to KO weight ratios: (c) 1:0.25, (d) 1:0.50, (e) 1:0.75, (f) 1:1.00, (g) 1:1.25.
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Figure 6 (A) TGA and (B) DTG thermograms of (a) KO, (b) CSNPs and(¢¢)KO-loaded

CSNPs prepared using different CS to KO weight rafjos1:0.25, (d) 1:0.50, (e) 1:0.75, (f)

1:1.00, (g) 1:1.25.
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Figure 7 XRD patterns of (a) CS powder, (b) CSNPs and (c}lg&led CSNPs.

Figure 8 Time serieglifferential spectra of KO and K@aded CSNPduring storage at 4%/

4 weeks (A) ROOH region of KO(~3416 to ~3377 cif) absorptions, (B) CO region (~1091 to
~1093 cntt & ~1077 to ~1065 ciM) andtransregion of KO (~971 to ~969 ch) (C) Frequency
values of band neat3416cm™ (D) Frequency values of band nedi741 cni-



