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Abstract: This study focused on the development of a vegetable recombinated oil to mimic the animal-derived mink oil.
Various vegetable oils and fatty acid substrates were mixed and an immobilized enzyme was utilized in the reaction to
synthesize a plant-derived mink oil through deacidification and purification processes. The chemical composition and thermal
properties of the recombined oil were confirmed using gas chromatography and differential scanning calorimetry. Our results
show a high similarity between mink oil and our synthesized plant-derived mink oil, revealing the potential of utilizing
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vegetable alternatives for the substitution of animal raw materials, which have been gradually discontinued as cosmetic
ingredients.

Keywords: mink oil (MO), vegetable oil, plant-derived, immobilized enzyme, cosmetic ingredient
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2 Ao 7R A}gE 292 macadamia nut oil
(Jan Dekker, Netherlands), palm oil (Natural Sourcing, USA),
seabuckthorn oil (Go Native, New zealand), avocado oil
(BiOrigins, UK), walnut oil (la Tourakgekke SAS, France)S
Fafjste] g5kl em, H7He A4S 2= myristic acid
(hg5hs, Korea)ys S-8=Uck A5 22| Aol A
25 143t a4hE= lipozyme TL M (Thermomyces
lanuginose)@} lipozyme RM IM  (Rhizomucor michei) 22
nobozymes A/S (Krogshoejvej 36, 2880 Bagsvaerd, Denmark)
oflA Aol ARESHITE

2.2. PMOQ| £AX &HM

Macadamia nut oil (MAQ), palm oil (PO), seabuckthomn oil
(SO), avocado il (AO), walnut oil (WO), myristic acid-2 Z}
ZF 59.6% : 17.0% : 14% : 7.0% : 14.0% : 1.0% H|-&3}
56.0% : 16.0% : 8.0% : 13.0% : 5.5% : 1.5%= &55}]
WA 71d R SESiinh Sk 71 Sk
2200 go] 2 slof F5a] Wi 3 lipozyme RM IM
(Aw = 01558 27| 7120] & 10%21 20 g & Fs}o] vt
Soll AMgEITh RSOl AME lipozyme RMIME
Rhizomucor miehei=5E] G223t lipase S 83+ 173kt
aaolrk o= TAGY] sn-13} 39] 9fR|of Soldo= 2}
31, triacyglycerol (TAG)Q] ester ZIFS 714=E3l5}0]
glycerol} A|H4AEO 2 Ea) & C}A] transesterification Sl=
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2.3. DSC (Difterential scanning Calorimetry) &£44
DSC (TA Instruments, Q2000, USA)E o]83}0] 2z &
Ae B35tk AA SR (crystallization point)2} 87
(melting point) = solid fat index (SFDE =3}k
Baseline2 H1 cell-2 53t calibration 54 AYE o83}
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Al&2o] AL BA2 93| saponificationy} methylation
S AASHEE 2219 oilS oF 20 mg# test tubeo] Wil
0.5 N NaOH in methanol2 15 mLE 7|3t & 3]
vortex 32Tk 71 &, 5 min 7} 100 C water bathol|A] =€+
A7) F ISk, EelERe gt ek §91 2 nlS
71ek & thA] 2 min 7F FRAIA 28R iso-octane 2
mL} 325} NaCl 1 mLS A2 A9 test tubeo] HaL
vortex SHITE AXAX] & F SO0 = Fe|=H iso-octane
=2 Z|5}o] anhydrous sodium sulfate column-S FI}A|A
T 2 EeEs AAT & 6Cz AR GC
(Hewlett-Packard 6890 series, USA) 242 ¢J3}t column-
SupelcowaxTM-10 (100 m x 0.25 mm, 0.2 gm film thickness,
Bellefonte, USAYES AFE3I3ich HE7]= flame ionized
detector (FID)E ARSI, 2% 2600 CE 35190
carrier gas+= N, = flow rate 50.0 mL/min= 3}o] ARESF
t} Injector?] &%= 260 CE §4]5}91.21 constant flow
2} split (50 : 1) modeE ARESIACE A& 1 ulE GCo|
Zlelol AT BAE ARjelsI
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B3] SuEwE 3l9itk Distilled water (DW)S AR
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3 AL} o] R =R 31901 cupric sulfate (CuSOy)
o] = columng o853t AlE7F 1 tube= 2
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3.1. Myristic Acid gt2f 2A
7149] e dejsle] AlzE PMOS GCE {A9]
AgtE]o] Sli= myristic acid®] FHS EA513ICh myristic
X

acidi= 7)) 23 eYolli= asgmt EAfehH, At
o 2A wpm F{Iste] BEAIX] AMAke g, 2k E PMO
of| ZA5H= myrisite acid2] FOZA WEZO] AF HwES
TSt 2= 9Jtt. MAO, PO, SO, AO, WO, myristic acidS
247} 59.6% 1 17.0% : 14% : 7.0% : 14.0% : 1.0% H]}-&&
=3tste] REGAIXD 9 MO tje] 2/4Jo] 60% mlitez
W3 Ayt Gkl 3 4x glom, MAO : PO : SO :
AO : WO : myristic acid = 56.0% : 16.0% : 8.0% : 13.0% :
5.5% : 1.5%= gk BS] 7<% 24 h 8RS A] MO (2.79%)
thH] 90% UA|ste] B 2/JHIES olgsto] Adsiict
(Table 1).

3.2. PMO &AX 8N

st Bl ool wiE &g/l gk SRS e,
FoE a0 kg gty ‘ﬂ‘*‘ AlA myristic ac1d_4 3}
2k W5l Abfugith A4 RS 20% ARSI wf S
h o] SRE Feko] Wslof =8Ik Ajo|7F yehtA] ool
5 h o]Fof Ho] Tt oz Holu, 10% ARSI

l’

Table 1. Myristic Acid Contents in PMO to the Proportion of
Oils and Fatty Acids

Reaction time Cis : 0 Myristic acid contents (%)
(h) A B

0 0.48 + 0.00 1.30 £ 0.01

0.93 £ 0.01 2.10 + 0.02

1.18 + 0.00 244 + 0.01

12 1.23 £ 0.01 2.51 £ 0.02

24 1.33 + 0.03 2.52 £ 0.02

Ratio of oil used in reactions are (A) MAO : PO : SO : AO
: WO : Myristic acid = 59.6% : 17.0% : 1.4% : 7.0% :
14.0% : 1.0%, (B) MAO : PO : SO : AO : WO : Myristic
acid = 56.0% : 16.0% : 8.0% : 13.0% : 5.5% : 1.5%.

ekl ekl A, 41494 A 1 &, 2023
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3.3. Solid Fat Index =%

MOQ} A% PMO, ¥& 245840 C ~ 60 C
ZhlA SFIZ 23519t} AEA 28 Zoas MAOO]
7].;<1- /\]:51-& oF A O]Jﬁ PMO./] 7:] [} O]E_]E]- MOOﬂ 7}
7k SFI HiskE HekE SRISHITE MAOS] 73¢9~ A4k
240] MOgk 714 GA81, AZE PMO2] 29 it
o] Z|HPAL 2AL AXAF 7| W] S-A}3E SFIS Hole
skelg 4= gl olefgt SFIO) AL A 091
o] ZEBIS 1 ALo] ofsle] HomA HERA e
L B0l R R 4 Atk

PMO2} MO T 30 CojlA] 2=7] A2k

gslo] 15 CoflA]
EEL:J:ﬂO oF 22 9lom, MAO: W 255 C)Oﬂ
A, PO & 250 O] BF i AL o 4= 9]
o €& B PMO, MO, MAO, POS] SFIo| LfERfiic}

(Figure 1).

3.4, DSCEAMZ 0|28t Crystallization Z!
Melting Point £4

Ax3E E PMOLE $A =2 BhE- 7121 MAO, PO9]
L =F(melting point) W A3 (crystallization point) 5|
st B2 24319tk PMO2] melting point= -17.30 C,
11025 Cgom, crystallization point= -1020 C& w7
o]l A Hepgteh PMOS] 7-9- melting point= -25.45 C,
926 Com, crystallization point= -14.64 COo & e}

Table 2. Myristic Acid Contents Relative to Different Amounts
of Enzyme

Reaction time Amount of enzyme (%)

(b 5 10 20

0 130 £ 0.02 130 £ 0.02 130 = 0.02
1.72 £ 002 2.07 £ 0.03 234 + 0.02

5 211 £ 0.03 243 + 001 250 + 0.03

12 230 + 002 252+ 003 252+ 0.01

24 242 + 001 254+ 003 255+ 0.03
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Figure 1. SFI of MO, PMO, MAO, PO. It shows the ratio of solid fat in each oil depending on the temperature, and it can be
estimated that MO and PMO have similar thermal properties as the content of solid fat for each temperature part is similar.
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Figure 2. DSC melting and crystallization curves of oils. (A) DSC heating curve of MO, (B) DSC heating curve of PMO, (C) DSC
heating curve of MAO, (D) DSC heating curve of PO, (E) DSC crystallization curves of oils. The heating curve of (A) to (C) shows
similar melting property, and PMO shows relatively low heat of fusion. The cooling curve shows a similar pattern, but the
crystallization heat emitted by the MAO at —50 °C is reduced through conversion to the PMO.
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crystallization point= 044 C, 1725 CT= ghelwch = RIS 4= Qlek W7k =Z3; Aol wehlkgow
PMO= €& 22U MAOS} PO2] A[HHto] 23teof ¢ QI AlZE el whet & a2s} AR fRke] HAF 5
oF T2 At U A o= AlretiFigure 2). 7¥sted, 2ISFA7ZE 20.12%7H] S7FekE ERRlgh 4 qlow,
o= MO2] 2SFAQI 20.64%2} FARS Eldh 4= itk
3.5. MO2t PMO2| XAt =4 2 AAE 2/80) A 89.6% AAIeh= 2t 2IskGict
Interesterification ¥F2- A|7F 0, 5, 12, 26 hoj w2} A= (Figure 3).
5 PMOS} MO®] ZHpAF 248 HA51ck Table 3). MO
o) mRo] et B3 Vehdicky geiA g Fayge 86 WhR R2sh=s=H SR
o1 PAQ] 7o A4 MOOJA= 13.98% 24 h BF33F PMO PMO®] sfsb2] 4 24 f1el A7F B 82Tk
o= 14.6% FHoEFT 9SS old 2= 9lth. Myristic S50ty PMOE 2 24 9 SR8 F8l 72
acid HFS A7hol| W} SRS E3 wapkso] Hre = AAte] tRE AlAE ] 0.5 wRke] W2 APEE vEhy
A3t 2= olk H7hE myristic acid®] A9, WIHELo] & = SIS = Qlok A Bt E T 4= = 8
olLbA] ke Aol HAEHS B wE AARe) SVl B WSARTe] gl wet pepnes
a8hs i ERIF 4= Qlet, ol A7k sk A
Table 3. Fatty Acid Composition Table of MO and PMO
Fatty acid PMO reaction times (h) MO
0 5 12 24
Cu: 0 Myristic acid 130 = 0.02 243 + 0,01 252 + 0.03 2.54 + 0.03 279 + 0.01
Cis : 0 Palmitic acid 1175 + 0.02 11.62 + 0.02 11.67 £ 0.02 11.69 + 0.02 14.98 + 0.02
Cig : 1 Palmitoleic acid 14.76 + 0.02 14.62 + 0.01 14.67 + 0.02 14.66 + 0.02 13.99 + 0.01
Cig: 0 Stearic acid 2.83 = 0.02 2.82 + 0.03 2.80 + 0.02 2.80 + 0.01 237 + 0.02
Cig: 1 Oleic acid 48.02 + 0.05 48.40 + 0.06 4834 + 0.05 4828 + 0.07 48.13 + 0.04
Cig: 2 Linoleic acid 7.36 + 0.02 7.36 + 0.02 741 % 0.02 732 + 0.02 1043 + 0.02
Cig : 3 Linolenic acid 1.93 £ 0.01 1.92 = 0.01 1.91 + 001 1.90 + 0.01 2.02 + 0.01
Cyp: 1 Eicosene acid 1.61 = 0.01 1.59 = 0.01 1.62 £ 0.01 1.61 + 001 0.81 % 0.01
YSFA 1832 + 0.05 20.10 + 0.04 20.13 + 0.05 20.23 + 0.06 20.64 + 0.06

Fatty acid composition according to reaction time of PMO. The reaction progress can be known through the myristic acid content of
the prepared PMO. The composition of PMO results was compared with MO.

Table 4. Acid Value and lodine Value of PMO with Reaction Time and MO

PMO reaction times (h)

MO
0 5 12 24
lIodine value 89 + 0.70 79 £ 0.60 79 £ 0.90 80 + 0.70 79 £ 0.50
Acid value 0.45 + 0.02 0.52 = 0.00 0.43 + 0.01 0.46 = 0.03 0.47 + 0.01

The iodine value of PMO decreased by reaction time, which is consistent with the change in the content of myristic acid. A decrease
in iodine value means that some unsaturated fatty acids have been exchanged for myristic acid.

ekl ekl A, 41494 A 1 &, 2023
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Figure 3. Fatty acid composition of MO and PMO. The fatty
acid composition of MO and the synthesized PMO was
compared by GC. The major fatty acid composition constituting
the MO is similar to the PMO.
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