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Effect of Crocodile Oil on Human Keratinocyte Cell Line Viability
Antioxidant Activity and Its Application as Tilapia Fish Feed
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Crocodile fat, a by-product of community enterprise farms, was extracted in from of oil.
Crocodile oil (CO) was investigated for its ability to enhance cell viability and antioxidant activity on
human keratinocyte line (HaCaT cell) and its ability to increase growth performance of tilapia when
used as supplement. From the results, the unsaturated fatty acid content of crocodile oil was 71.26
g/100 g, composing of omega 3, 6, and 9 fatty acids at the amounts of 1.67, 24.53, and 39.71 ¢/100 g,
respectively. In the study on HaCaT cells, when CO was dissolved in tween 20, the concentrations of
0.125 and 0.25% showed no cytotoxicity and also enhanced cell viability. Additionally, CO possessed
antioxidant activity via reduction of NO production induced by UVB irradiation. Furthermore, CO was fed
to tilapia for over 4 months, and the results on growth performance demonstrated that 4% CO could
be used as an ingredient in fish feed. However, need more pharmacological research on CO is needed

before it can be used commercially.
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Percentage of cell viability
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Table 1

Table 1 Fatty acid composition of freshwater crocodile oil (Crocodylus siemensis)

Fatty acid Amount in crocodile oil
(¢/100 ¢)

Butyric acid (C4:0) ND

Caproic acid (C6:0) ND

Caprylic acid (C8:0) ND

Capric acid (C10:0) ND

Undecanoic acid (C11:0) ND

Laurie acid (C12:0) 0.28 + 0.21
Tridecanoic acid (C13:0) ND

Myristic acid (C14:0) 0.46 + 0.03
Pentadecanoic acid (C15:0) 0.08 + 0.00
Palmitic acid (C16:0) 21.61 £ 0.62
Heptadecanoic acid (C17:0) 0.14 £ 0.01
Stearic acid (C18:0) 5.56 + 0.20
Arachidic acid (C20:0) 0.11 + 0.00
Heneicosanoic acid (C21:0) 0.03 + 0.00
Behenic acid (C22:0) 0.05 + 0.01
Tricosanoic acid (C23:0) 0.91 + 0.06
Lignoceric acid (C24:0) 0.02 + 0.00
Saturated fatty acid 28.74 £ 0.56
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Table 1 (Continued)

Fatty acid Amount in crocodile oil
(¢/100 ¢)

Myristoleic acid (C14:1) 0.09+ 0.01
cis-10-Pentadecenoic acid (C15:1n10) ND

Palmitoleic acid (C16:1n7) 4.31 + 0.09
cis-10-Heptadecenoic acid (C17:1n10) 0.07 + 0.00
trans-9-Elaidic acid (C18:1n9t) 0.19 + 0.02
cis-9-Oleic acid (C18:1n9¢) 39.62 + 0.79
cis-11-Eicosenoic acid (C20:1n 11) 0.37 + 0.04
Erucic acid (C22:1n9) 0.04 + 0.01
Nervonic acid (C24:1n9) 0.05 + 0.00
Monounsaturated fatty acid 44.73 £ 0.87
trans-Linolelaidic acid (C18:2n6t) ND

cis-9,12-Linoleic acid (C18:2n6) 24.07 = 1.54
gamma-Linolenic acid (C18:3n6) 0.21 +0.03
alpha-Linolenic acid (C18:3n3) 1.19 +0.12
cis-11,14-Eicosadienoic acid (C20:2) 0.21 £ 0.07
cis-8, 11, 14-Eicosatrienoic acid (C20:3n6) 0.26 + 0.03
cis-11, 14, 17-Eicosatrienoic acid (C20:3n3) 0.20 + 0.17
Arachidonic acid (C20:4n6) ND

cis-13, 16-Docosadienoic acid (C22:2) 0.03 + 0.02
cis-5, 8, 11, 14, 17-Eicosapentaenoic acid (C20:5n3) 0.21 +0.17
4,7, 10, 13, 16, 19-Docosahexaenoic acid (C22:6n3) 0.12 £ 0.03
Polyunsaturated fatty acid 26.53 + 1.41
Unsaturated fatty acid 71.26 £ 0.56
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Table 1 (Continued)
Fatty acid Amount in crocodile oil
(¢/100 g¢)
Tran fat 0.19+0.02
Omega 3 1.67+0.17
Omega 6 24.53+1.59
Omega 9 39.71+0.80

Values are expressed as mean + S.E.M (n=3), ND = not detected
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Figure 1 Photo-protective effect of the crocodile oil on keratinocyte cell viability

Mean values were significant different compared with the control group at *#p<0.001

and ***p <0.001 when compared with UVB-irradiated group
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Figure 2 Effects of crocodile oil on NO production in UVB-irradiated keratinocyte cells.

Mean values were significant different compared with the control group at ** p<0.001, *p<0.05

and ***p<0.001 when compared with UVB-irradiated group.
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Figure 3 Effect of crocodile oil supplement in fish feed on growth performance of tilapia for 4 months

(April-August, 2020) Mean values were significant different compared with the control group

at *p<0.05 and *p<0.05 when compared with 2% CO and 4% CO group.

A150lNaN15998

Tumsvnaeunyissuoyyadaslun 9 deild
SdgiTnsedumadliin Oxidative stress 1NN15a519
NO luvihaneiwad HaCaT cells (Wu et al,, 2010) lng
U3nawwes NO fiisduluwad asshliiAnufasen
anlgvaseyyadasyluiname waensedunsdunsey
lellleniing o AiduavmlfiAanssnauveaiode
wazlwas (Tumage et al, 2002) NANTIVENUI vty
95177 ff 09A Usznevvesnsnlusiuleiudn 9 §q
Usznaushensalasiu Oleic iWuvdn fienuditiugsan

Wiy 0.25% lifianuduiurowad wazinsuased

faipiiunsiiTinsenveaganiigninatesieSede iy
wardallgvsdugieuyadase NO dewadimnziiesuiln

v =

Keratinocyte 91nn159NN526A A 859de TT 10 3
A0AARBINUNITIUITEDY Salucci et al. (2017)
finuindfungnenilosdusznoundn Ae nsalui
Lidudindadeandalowrdn 9 danidwouyadasy
wazanedosiunisneveswas (Apoptosis) lulsad
HaCaT cells fignnsedusedsdy Tl

pUyadasz (Free radical) NAIINNTLUIUNIS
WUMURATH (Metabolism) wevAiidinildeondiau G
Wenaeana Wy mamelaszavwad lulilnaoweiy
i eadandanu egalsinusesnmednistesty
AMEMITAYALYeaToUYadasea e sas el
wiomuauoyyadaseliieyluuTinuiiauna vieens
Uslnanguansinueyyadaszildinannemns dlewad
AansuaduuarmssnauasrhliiAnnedwaduay

100



Journal of Agri. Research & Extension 40(1): 91-103

s1umegneendladuuiuanna (Oxidative stress) dawa
TAnmsdenresraduasifamaihmeadodoss
ouyadaszngui hinemsiufAsen Ae nquid
pongLauLl uosA Usynou 1w u Superoxide anion,
Hydroxyl radical, Peroxyl radical wag Nitric oxide (NO)
Busu §eouyadasenguil TnadoninAnlsaiz o
A9 9 W lsavaeadenuayiila Tsaunmu uuiss
Hudu iemnifusssd daduomslmidmsu
uywy 130 Novel food ins1edalifisneanunisuslne
neuLINnI1 15 U Mandedsdinnaatunisuiluly
Uselowl Juemsdnitnou i esmnmsinenive
auaulaeadelunyriiaylunyvddeddiig
wazsulsvanallumsaidunisas

e uessdkaluownsuamwuiy
Uandaiinsiasaiivlnfinaennisiaes 4 ey
#OARRDINUIUITBUDY Rattanaphot et al. (2018)
ﬁﬁﬂﬁﬂﬁuﬂmﬁﬁﬂ%mﬁmmmeé‘ammﬂigﬂﬂm
wifandanguiatans Tasnuiiosdusznavvesnsa
lTosfulaidud 62.30 n§1/100 nfu uazdinsalusiy
Tow1 9 wila Oleic TuuTunal 44.57 n31/100 N3N
Felndisstudnuasedlunsfnuadedfifinem
Oleic way 39.62+0.79 N§1/100 n¥u waelvnaiiiy
nssgAvlaluvanlafiduiu ansesenuidenau
widuandliifiuin nsalesu Oleic wionsaluiy
Towdn 9 ludsfuaszd Wy Functional ingredient
ﬁaaﬂqm§%aﬂww (Buthelez et al., 2012; Li et al.,
2017) failnao1aunangudlunisiueyyadasy
ﬁﬁﬁaaﬂaﬂﬁumaégﬂﬁwma wargudEunisSniay
TnglUinaannvidsansiodniauuasifiin1sneuaues
AoszuuniAuiuluseAudu (Ngemjan et al., 2022)
Jevhlivanguamudansuaziasaivled

Tugmamnssunmsndedaiindanudeanis

v
o 6 o

undudanunlddaasuguamdndiunogiaunn way

@ a

PANYUSYNLANUABINITIANINOAUD UL INALNU

q
v

unudaniien1sudne msdniun wu viEniney

s o o A

dlou fefiad 10 eiiunandawasnisiasaivls
dnludniidsafieatregidutuuasduaduguam
dhifurszdadudnnd wnadenlugraivnssy
pImsd AT v RardnT s u 9 7 azxiunld iy
asUsgnouidaninfinawnuyiiudan Tngain
nan1s3segnsemsaniafiisiuased 49 1
nafneUTEANSAINNITIRTYAULA daun1Taasy
Tuadinzidesaila Keratinocytes Yrsfuaseid
Aavaelu Tween 20 Turnaunnan Ae 0.25% laivili
W wrowad Ay wdvia HaCaT wazyinlv
nsugvsuarnalnniseengsvestihifursuidonis

2 a

#rueuyaridn NO @ slildvurnd o1 uiivse
dninaanswindu 1y Ua1 wieny edrslsfny
uAdelavihnismegeuanuluiwdsundu (Acute
toxicity) wuinduasEidauna 5 ndu/nn lawy
anudufiv Ssaenndeaiuiuiduaes Praduptong
et al. (2018) inmaou Acute toxicity vesinfuaszd
flvunn 300 way 2,000 un/nn. Alkmeatnaduien
Pnudanaenisiduna 14 Su ldwuaruduiiv
LarN1IANETUNYYTI IINKANIINARBIFINGITILITE
alddndumanaaounamsliinduassdlumyiidu

WnuieUszliugvsiazaulasnsdasely
A7UNaN133e

Foulvfuaszdidumumaoainnisuussy
sesugmavnssugninanifisyadwduiuassd w
ssrUszneund i unsaludulaiduda Tnslamiznse
Tafulewin 9 slaifeudufivdewad wavilons
Fanmlumsiueuyadaselaglasiugadgniiany
nneyyadaszrinlunioenludiignnasdusiea
UVB @1u1sawnluusze neitdvdu Functional
ingredient Tuanmmsuandnsumsimnziaosdm e
waziludoyalunsihlu@nvidadnnendyinen

wagiwIngtunysialy

101



M5ANTIVYLATANASUIT NSRS 40(1): 91-103

AnRnssuUsENA

NATeveveUn iU ualuayunITe
szauligaenmeldlassmsiauntdmisuazs ity
Wi 99 AAIMNTIY (W8.) 53 alAT311T PHD6210008
FAUUI N 908 oxiiv Wnunsn e veuRw
puzmalulaBmsUsziauasninensmai gudanu
Wwdaduudanssunianisinensdmnsududia
AUTENEUNTT uvnInenaeusld uasanzLemans
WINGS BRI UATUNTI Lsw dvSunsatuayuau
anuiuazgunsallumside

PNF15D19D9

Buthelezi, S., C. Southway, U. Govinden,
J. Bodenstein and K. du Toit. 2012.
An investigation of the antimicrobial and
anti-inflammatory activities of crocodile
oil. Journal of Ethnopharmacology
143(1): 325-330.

Chaeychomsri, W., S. Chaeychomsri,
J. Siruntawineti, D. Hengsawadi and
Y. Cuptapun. 2009. Freeze-dried
crocodile blood production as food
supplement. Journal of Bioscience
and Bioengineering 108(S1): S22.

Jaisin, Y., P. Ratanachamnong, O. Wongsawatkul,
A. Watthammawut, K. Malaniyom and
S. Natewong. 2020. Antioxidant and
anti-inflammatory effects of piperine
on UV-B-irradiated human HaCaT
keratinocyte cells. Life Science 263: 1-9.

Li, H.L,, Y.T. Deng, Z.R. Zhang, Q.R. Fu,

Y.H. Zheng, X.M. Cao, J. Nie, LW. Fu,
L.P. Chen, Y.X. Xiong, D.Y. Shen and
Q.X. Chen. 2017. Evaluation of
effectiveness in a novel wound healing
ointment-crocodile oil burn ointment.
African Journal of Traditional,
Complementary and Alternative
Medicines 14(1): 62-72.

Negernjan, M., A. Ontawong, N. Lailerd,

K. Mengamphan, S. Sarapirom, and

D. Amornlerdpison. 2022. Crocodile oil
modulates inflammation and immune
responses in LPS-stimulated RAW 264.7
macrophages. Molecules 27(12): 3784.
DOI: 10.3390/molecules27123784.

Praduptong A., J. Siruntawineti, S. Chaeychomsri,

P. Srimangkornkaew and W. Chaeychomsri.
2018. Acute oral toxicity testing of
siamese crocodile (Crocodylus
siamensis) oil in wistar rats. Bioscience

Discovery 9(3): 409-15.

Rattanaphot, T., K. Mengumphan, S. Tongsiri,

C. Srimaroeng and D. Amornlerdpison.
2018. Enhancement of oxidative
defence and growth performance of Nile
tilapia by omega-9-rich freshwater fish
oil. Maejo International Journal of
Science and Technology 12(1): 79-88.

102



Journal of Agri. Research & Extension 40(1): 91-103

Salucdi, S., S. Burattini, F. Buontempo,

A.M. Martelli, E. Falcieri and M. Battistelli.
2017. Protective effect of different
antioxidant agents in UVB-irradiated
keratinocytes. European Journal of
Histochemistry 61(3): 2784 [Online].
Available https://doi.org/10.4081/
ejh.2017.2784 (November 11, 2021).

Shim-Prydon, G. and H. Camacho-Barreto. 2007.

New Animal Products: New Uses

and Markets for By-products and
Co-products of Crocodile, Emu, Goat,
Kangaroo and Rabbit. 65 p. A Report
for the Rural Industries Research and
Development Corporation, March 2007
RIRDC Publication no. 06/117.

Deakin West: Rural Industries Research

and Development Corporation.

Siddiqui, R., S. Jeyamogan, S.M. Alj, F. Abbas,

KA. Sagathevan and N.A. Khan. 2017.
Crocodiles and alligators: antiamoebic
and antitumor compounds of crocodiles.
Experimental Parasitology

183: 194-200.

Turnage, R.H., F. Nwariaku, J. Murphy,

C. Schulman, K. Wright and H. Yin. 2002.
Mechanisms of pulmonary microvascular
dysfunction during severe burn injury.

World Journal of Surgery 26(7): 848.

Wu, S., L. Wang, A.M. Jacoby, K. Jasinski,

R. Kubant and T. Malinski. 2010.
Ultraviolet B light-induced nitric
oxide/peroxynitrite imbalance in
keratinocytes-implications for apoptosis
and necrosis. Photochemistry and

Photobiology 86(2): 389-396.

103



