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Abstract

In this study, methyl esters with different saturated fatty acids (SFA) were prepared by urea fractionation
to make an oil-in—-water emulsion. Emulsion characteristics (emulsion stability and oxidative stability) of the
methyl ester emulsion were then studied at different percentages of methyl ester saturation (5, 28, 39, 50, and
72%, termed TSFAS, SSFA28, SSFA39, SSFA50, and =SFA72, respectively). The stability of emulsions (ES)
with different SFA content was 46.0 (ZSFA5), 39.5 (XSFA28), 32.7 (ZSFA39), 32.6 (XSFA50), and 27.3 (=
SFA72). Results from Turbiscan showed that creaming or clarification, based on the backscattering intensity,
was more pronounced with increases in the saturation degree of the emulsion. These results implied that the
emulsions with lower saturation were more stable. During 30 days of storage, the lipid peroxide value increased
for all emulsions, with the increase less pronounced with the increasing saturation of the emulsion; 1.880 (=
SFA5), 1.267 (XSFA28), 1.062 (ZSFA39), 0.342 (=SFA50) and 0.153 (2XSFA72) mg H.02/mL emulsion. In addi-
tion, thiobarbituric acid reactive substances (TBARS) values were significantly lower in emulsions with high
saturation (4.419 mg for XSFA50 and 4.226 mg for =SFA72) than emulsions with low saturation (6.229 mg
for =SFA5, 6.801 mg for =SFA28 and 6.246 mg for =SFA39). In conclusion, the emulsions with a higher satu-
ration degree of methyl esters showed lower emulsion stability but better oxidation stability.
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Fig. 1. HPLC and "H-NMR spectrum of beef tallow alcoholysis
products. (a) chromatogram from the normal-phase high per-
formance liquid chromatographic separation, (b) proton (or hy-
drogen) nuclear magnetic resonance spectrum.
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Table 1. Fatty acid composition of the fractionation beef tallow alcoholysis products
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2=
<d

(unit: area%)

SSFA5 >SFA28 >SFA39 >ZSFAS0 SSFAT2
C14:0 34%0.3 3.9%0.3 46+0.1 5.0+0.2 52+0.3
C14:1 3.5%+04 21£02 1.9+0.1 1.3£0.1 0.2+0.3
C16:0 2.3+0.6 16.8+0.2 235%01 30.7+0.3 44.2+0.9
C16:1 10.4+0.9 7.3%+0.0 6.3£0.1 49+02 1.6+0.1
C18:0 0.2+0.2 7.7£0.0 11.2+0.3 14.9+0.4 229%20
C181 67.9+34 53.5%+0.0 44.7+0.3 37.3+£0.2 23+0.2
C18n7 8.8+1.5 6.6+0.2 59+0.3 45+0.2 27103
C18:2 3.6£0.6 21%0.1 1.9+0.1 14%+0.1 0.1+0.2
>SFA 58+1.1 284+0.1 39.2%£0.3 50.7%0.1 72.3+0.9

SSFA5: Liquid part of XSFAS0 beef tallow alcoholysis products from urea fractionation.

50

SSFA28: 66.7 wt% XSFA5+33.3 wt% XSFAT72.

SSFA39: 50 wt% =SFA5+50 wt% ZSFAT72.

SSFAR0: 33.3 wt% ZSFA5+66.7 wt% ZSFAT72.

SSFAT72: Solid part of XSFA50 beef tallow alcoholysis products from urea fractionation.
cerides®] >CHOCOR peakE ©]-&3l HFEHS 3P}
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Fig. 25 & E3 AL o] 504 72%(ZSFA5, &
SFA28, =SFA39, =SFA503} =SFA72)%1 4] alcoholysis
vzt 1 g # 38k & bis-tris buffer(pH 7.0) 9 mL
&3}3led ultrasonic processors ©]-&3td A x3 O/W
emulsiond] A|7te] W& B% W3S emulsion stability
(ES)E Yehd Adyoltt A %3 22+ emulsiond] ESg:
2 460, 395, 327, 326 2 27.3°| =), X3}=7} 7P e
SSFA5 emulsione ZSFA39, =SFA50 % =SFA72 emul-
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Fig. 2. Stability of emulsions made of beef tallow alcoholysis
product with different saturation. SFA5-E, emulsion made of
beef tallow alcoholysis product with 5% saturation; SFA28-E,
emulsion made of beef tallow alcoholysis product with 28% satu-—
ration; SFA39-E, emulsion made of beef tallow alcoholysis prod-
uct with 39% saturation, SFAS0-E, emulsion made of beef tallow
alcoholysis product with 50% saturation; SFA72-E, emulsion
made of beef tallow alcoholysis product with 72% saturation.
““Values followed by different letters are significantly different
(p<0.05).
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Table 2. Effect of the lapse of time on the average volume surface mean diameter (ds2) and weight mean diameter (ds3) of
different saturation beef tallow alcoholysis products emulsions in ultrasonic processor

Volume surface mean diameter (um)

Weight mean diameter (um)

Sample Storage time (days)
3 6 9 0 3 6 9
SFA5-E 0.27+0.01 0.29+0.00 0.28+0.01 0.30+0.01 0.43+0.01 056+0.10 065+0.01" 059+0.00°
SFA28-E 0.29+0.01 0.29+0.00 0.29+0.01 0.34+0.04 0.48+0.00 0.71+0.01 0.88+0.08" 0.75+0.02"
SFA39-E 0.29+0.01 0.28+0.00 0.28+0.01 0.28+0.01 0.49+0.01 0.81+0.11 0.72+0.06"  0.85+0.04
SFAS0-E 0.29+0.01 0.30+0.00 0.27+0.00 0.28+0.02 0.50+0.01 0.66+0.13 0.78+0.00"°  0.65+0.02
SFA72-E 0.27+0.01 0.27+0.01 0.30+0.02 0.30+0.03 0.48+0.00 0.68+0.06  3.08+0.37* 3.42+0.59
SFA5-E: Emulsion made of beef tallow alcoholysis product with 5% saturation.
SFA28-E: Emulsion made of beef tallow alcoholysis product with 28% saturation.
SFA39-E: Emulsion made of beef tallow alcoholysis product with 39% saturation.
SFA50-E: Emulsion made of beef tallow alcoholysis product with 50% saturation.
SFA72-E: Emulsion made of beef tallow alcoholysis product with 72% saturation.
**Values followed different letter in the same column are significant different (p<0.05).
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Fig. 3. Stability of emulsions with beef tallow alcoholysis products measured by Turbiscan. (a) Dispersion stability data of satu—
rated 50% content beef tallow alcoholysis products emulsion. (b) Mean value kinetics for clarification (0~5 mm). (c) Mean value Kinetics

for cream (18~23 mm). SFA5-E (¢), SFA28-E (H), SFA39-

E (A), SFAS0-E (x), SFAT2-E (x). SFA5-E: emulsion made of beef

tallow alcoholysis product with 5% saturation, SFA28-E: emulsion made of beef tallow alcoholysis product with 28% saturation, SFA39-E:
emulsion made of beef tallow alcoholysis product with 39% saturation, SFA50-E: emulsion made of beef tallow alcoholysis product
with 50% saturation, SFA72-E: emulsion made of beef tallow alcoholysis product with 72% saturation.
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A" &= B clarification $E5 H7HE 5 Aot g, bottom F-F(DlM= Ao DE7}F 7481317 wZol

At 5 emulsiondl A& YA =7} ZFaste] FgAt Frpaber | W) ko] oF 43% AW A clarification©]
9ol o] Fadhd clarificationo] A3l A1) ST W, top FEIDAA = Ak BT} 5748k
E7F S7kste] Skt wle) ko] Srtshd Azo] o 2ol Tkt | "] ko] oF 65% ket A
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o] WA A ¥ 3=V} U emulsions ZFE bot-
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Fig. 4. Effect of the lapse of time on the average volume
surface mean diameter (dsz) and weight mean diameter (ds3)
of different saturation beef tallow alcoholysis products
emulsions in microfluidics. SFA5-E, emulsion made of beef tal-
low alcoholysis product with 5% saturation, SFA28-E, emulsion
made of beef tallow alcoholysis product with 28% saturation;
SFA39-E, emulsion made of beef tallow alcoholysis product with
39% saturation; SFAS0-E, emulsion made of beef tallow alcohol—-
ysis product with 50% saturation; SFA72-E, emulsion made of
beef tallow alcoholysis product with 72% saturation.
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Fig. 5. Lipid peroxide formation in the emulsion. Emulsion
was prepared by different saturation beef tallow alcoholysis prod—
ucts with 0.25% lecithin. Values are the means (+SD) of triplicate
determinations. SFA5-E, emulsion made of beef tallow alcohol—
ysis product with 5% saturation; SFA28-E, emulsion made of
beef tallow alcoholysis product with 28% saturation; SFA39-E,
emulsion made of beef tallow alcoholysis product with 39% satu-—
ration; SFA50-E, emulsion made of beef tallow alcoholysis prod-
uct with 50% saturation, SFA72-E, emulsion made of beef tallow
alcoholysis product with 72% saturation. * “Values followed dif-
ferent letters are significantly different (p<0.05).

el Ed 99 FolE 1.046 mg HoOymLE Ho]HA ¢k
58 F7}8lA a1, SSFA28% SSFA39 emulsion?] 7-$-o&
0¥l Z+7}+ 01363 0.115 mg H:0/mLE YERH Lz 9L ol
£ 06869+ 0573 mg H.0/mLE F7}8kth ¥ SFA5S0
I} »SFA72 emulsione 0¥ oA 309 52+2] hydroperox—
ide g&Fo] 0.08~0.342¢} 0.018~0.153 mg H:Oy/mLE K9]
o 02 emulsionERth & HIE Holx &yt A 30
2 9] hydroperoxide®] A ZFS ZHz} 1.88(3SFA5), 1.267
(ZSFA28), 1.062(=SFA39), 0.342(=SFA50) % 0.153(%
SFA72) mg H:O/mLEX f214 2o](p<0.05)E HP 3L
B I3 7}t =2 emulsion A5 Y4E hydroperoxided] &
o] oA e AL & F ATk Fig. 62 TBARS @<
=233 A3 9o SSFA59F SISFA28L 53379} 5589
mg TBA/mLE Xo]H ZSFA39(2.795), =SFA50(2.938) %
2ISFA729] 1481 mg TBA/mLET} =& $X& B, 23
Y o]FHE = ZSFAS0Y =SFA727F ©h& emulsion A&
ERT fFoXo R e Zrs RolH ghgl Hg Aol -5
st Mei 5(22)9 A@AT] 93tH =7t 22
emulsiono| A YAZ77}F AS5E o] B2 G A Ho]
Aol =EHBZ Ats) —"\—‘:7} ““LE]-X]E}E_ 31921 Roozen

o}sal:‘r tclra-}\i B @ﬂ Oﬂ/\i“ Z} emulsion
T AAZ 7 AR GAFIEZ emulsiong B A sHE

(oil phase)9] Z3E7} emulsiond] Al 5o & JTFS
7R RoZ AAREH A

3l Oil-in-Water Emulsion®] ¥3}%o| o2& 23554 2 oA A AF 939

——SFAS-E

7{ —=—SFA28-E a

——SFA39-E a

61 ——srasoE a
5 | ——sFaT4E

b

4 b

TBARS( mg TBA / mL emulsion)

0 3 6 9 16 23 30
Storage time (days)

Fig. 6. Thiobarbituric acid reacting substances (TBARS) val-
ues in the emulsion. Emulsion was prepared by different satu-
ration beef tallow alcoholysis products with 0.25% lecithin. Values
are the means (+SD) of triplicate determinations. SFA5-E, emul -
sion made of beef tallow alcoholysis product with 5% saturation;
SFA28-E, emulsion made of beef tallow alcoholysis product with
28% saturation; SFA39-E, emulsion made of beef tallow alcohol—-
ysis product with 39% saturation; SFA50-E, emulsion made of
beef tallow alcoholysis product with 50% saturation; SFA72-E,
emulsion made of beef tallow alcoholysis product with 72%
saturation. **Values followed different letters are significantly
different (p<0.05).
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