TS FHI

11-1541000-001061-01 wokabA] () dukstA (O) 109139-02-1
ctit SIC2RE GAE 0|8 m=gHM g

715’8 #+=2HA g

(Development of functional emulsifier containing pinolenic
acid (PLA) from Korean pine nut (Pinus koraiensis)
using enzyme)

o 77| B
22 oo oe @
5 &My Ee






—

fr 7154 fr3kAl Jia

Iz o
Mﬂ %ﬁLﬁLMﬂ_KT_?O7E
Z % T o R
i ERERE I
4 e e e ..
iy %Mwﬂﬂﬂﬂﬂ
——
< T B oRF o
: N W W
= = o T ot ik
k o S ﬁﬁwﬂ
u
i - G S
oo
>
)
N .
A .
3 _Ew
T o
o=
i_ﬂ
0
W w
T ey
e m_n_.i
X0 h_o,_,mﬂ
J
i W
<r A
< o B
iy o ®
ToH 0

&
Eis

o

°|

FEAFAYA






Blo] A4 A9l A=5 Atatelgt BEEle gagrt 18 BE 20
M AAS Rt 9ok o] A-5 AW OF Fol FsdHld4l  (pinolenic  acid;
12,9,5—octadecatrienoic acid)e] F8 A—5 AHAle 2 dH A 9ot 5EAY 2d g E3 H2
AT o5t A W very low density lipoprotein (VLDL), cholesterol 38 3o & B
ol olu] 2}, cholecystokinin (CCK)®} glucagon like peptide—1 (GLP—1)o]gl= Al & oA 322
EHE 23 sl Aoz BuFEo Qo B dApaAe] AT 1= A, A (lipase)E
o]-§-3te] ollEtEg| Al (ethanolysis) ¥H-&-& A|FoZH A7|Fo2HE At dit §5ES
AAELE Aotk F HAZE A S o] &3 o ~H E (esterification) &L B35l ¥&=
UAS oH6-31 nas 2Z@ M elo]E (monoglyceride) & AALsH= Ao|th. Al HAIE o]At9

Aez AAE nere AEddi $f mezedselse o4t A4 ATl Hed

1. AEpEA =g olgdtd] Ar|EoRsH NEduit 55
7). oEREelAlze] B84 e s H7 5



a8y (screening)

&%) &7 g AL

(4) th&=F (Bulk scale)ol 4] =

= 34

i B2l

—

g

=
=

(1) A7}

&

=
=

(2) B]¥3b7}
(3) FAtstET}

&

=
=

@ BA

|

(5) Rx=ZdAgo]



a7

3

(1) & A& A5l o

ol

il

% M gEe ATHATh WA s o9l AnFel

A

=

1-

7F mred|= AlA
L. 74

B

~
o

el

]

A
=
[e]

A
Oﬂ_l_
=

o] FATt.

al

a

Al 2= ol A 3

}a A 35CeA 7143 tiv] 10%
7} olgh-go] 1:759] EH]

°

2 Mg

[e]

=

3} olgeg 1:809 2]
2o s2go] 250 ppmz FARL w7} I

=
=1

1B

-

3 Hokth I A3 Atol A

S

Candida antarticad| | $Z& ¥ Novozym 4357} A=A}, 3
TE5ote AL A7

Hk-& A] 28 9] Packed bed reactor (PBR)o|A1¢] H A

z4% 24

o
=

<
P

2 A2}

1. L
A=

Al 2~"l ¢l Packed

NME A2TFES R Alold
s 3 2

Tidos

= BesEc
o BeZeAeols

Ho

1

=S

|

=
T

=

=

o7 Aol

[e]

T

94 Fol7} ggonz
s ol gate] 7]

[e]

9 237t
T

EED
559

1B

bed reactor (PBR)7} Bt} &3

H

BN

—
o

Bo

il
b

o

i

7 Rwzedoles B34 5



.
o ol

S

A o] 9
H]

=

ksl

t}% =)

RS =y
=

1

SIRERY!

=

7 5

|

A
do] <%

o

T

SHA =
X9l
7|& 7
<o mi
=2 Al
= A
e 2400
L
Qo] ©
A

o

7} %

|

T O~
- %
i R T35
ﬁ 52 = B

. 5L x
oF "y 2 < o ml 1_.
orl mk S N > = 3 © oF
o -~ o N R o W 0 N
=T 2 g g "2
A X ﬂVm ™ __M“_ MEW Ml MM .OW VL ._M|_ X0
™ = 1 y . < S
A <l L_w . ) W Jma ww B 2} = m{ =
£ 37 g o5 i o = 2 ° = 2
9| < -~ 5 T Mi ol il e W
e * z %uioﬂg‘w < ’ m.LL‘ﬁ T ° N i 3, 4
. O o Gl - iy = O K TR i o = - 5 o o N|
_ ~ 2 T 3 W 3 P E i T ®ow B W
H ok = <] ol S T M <) =) q S o o i
i n B 5 S M N < ol a _E o -

o) g8 ﬂ Ho il = 2 SO 5o e i 2 A
T 7O o 9 J) 70 W i ° K T T =o Mo ) w 2 )
L = = b 5 BT o ¥ g ) B W

5 Poro T sz b7 @ e - % & 7
Y y E B2 D o 2 o} Mo i & B T
& 3 wo T ] - T g T LR i A % B z0

x» oy kT S M e do ~ g e 1 — __o Jeo

i s B J i woS z 2 A rowom K LI X P <~ X
— - R — fne) — —_
< W B = zﬂ U m m W S du N £ W mO Moo o 3 wﬂ
T 4 5 do o W o Ho Mo o g T
g o o ) g iod ™ ~ | = % o) F = B
o s ° X T w 3 N < o k- s ok
do = < T 5 K * x W l =0 J_nu W pr Uk gl
qq.@fz Qo_;ifi ZE A X!
q ._WFM N X ° ° mmrm o) 2 m oo M ._._|_ ol zﬂ_ ~ i mL Wu
B 5w W = 5 R d.1l_i = 2 N d.c__z z
P ox % 5 W K= = vz w2 :
<] ﬂ_owl —~ L] - = g T o iy ‘Dl ) L T ],._ ey o 0 iy .
< HLF —_ m T 3 A T <9 1+ 4 o H Y (3 hn_ m L ™
= T o i < S o = o < M % F a3 o al ST = A iy
WOM@.W:EEP%&@O%%U M ﬂ%%aﬂﬂ
5 * 1 = G = = w il I o M - o b o w

I wo= Ko o T o T m N m o}) R [ Mo i H
Bl b2 % . Moo oW m L g I ™
o ]_ — ML mo T o) o} o = < < 1_._ Y <A ~ To H =y 0|
gom,ymo_nmﬂgﬁo 154@ ieﬂaﬁgﬁ

~ X Ul o o T — I Wo N N N = o} = oy =) N
" ™ o b bW dlo o W o )
£ - i o|J < ® Y ~ Fo y X ey A
iy au i i 5 i = oy £} il Iy 2 HoT _A_o o
T o e do o o = T _ CH i Ao
N il h o | o W © s o T <0 A
<) T T N — T ) )] ) - ol
i I < & a x e 5 SRR
o= T < U N lo 1o 0 B il 5
T do oy E afo do TS
Tod ) ,,lAr1_ o L_L H_W 0 o " ) H._ i - 0
! RO o To iy ) o
S __Ma o0 o l = & 70 T
S 7 i g U X "
0 ~ o 3 alo o o) A
_ .ﬂ_u HA_.O —
_ 7 ) o
< i = M G
~ ™ el Jo
i 2
o
oy

ol
ce e
S| g

LN E’_]_- o]—

Yz}

237



] S S
V. A48 2 Aaes A3
=% 5 SeuE 47
T i
T = w ]_E;L
s3] H
=5 Enrichment of pinolenic acid from pine nut oil via lipase catalyzed Biocatal. &
(SCD ethanolysis with an immobilized Candida antartica (Accepted) Biotrans.
=5 Lipase—catalyzed production of triacylglycerols enriched in pinolenic J. Sci Food
(SCD acid at the sn—2 position from pine nut oil (Submitted) Agri.
=5 Synthesis of high purity monoacylglycerol containing pinolenic acid in J. Agri. Food
(SCD a solvent free system by lipase—catalyzed esterification (Preparation) Chem.
B} ) ) ) ) ) ) . 100th AOCS
gt 3] | Enrichment of of pinolenic acid (PLA) by selective ethanolysis )
. . . .. . . annual meeting
(#£9]) reaction from pine nut oil with immobilized Candida antartica lipase (2009)
) ) ) ) . ) 101st AOCS
gl2=t| 3] | Lipase—catalyzed synthesis of triacylglycerols enriched in pinolenic ° ]
(24]) d at 9 tion . ¢ oil annual meeting
acid at sn—2 position from pine nut oi
. 5 (2010)
) ) . o ] ] ) ) 102nd AOCS
at2=t]| 3] | Production of monoacylglycerol containing pinolenic acid using )
(=2]) lipase—catalyzed esterification annual meeting
P Y (2011)
B} ) ) ) ) .. ) ) ) 102nd AOCS
al2=t]| 3] | Synthesis of symetrical triacylglycerol containing pinolenic acid at )
.. . . . . annual meeting
(#£9]) sn—2 position in packed bed reactor by lipase—catalyzed acidolysis (2011)
at2=1)| 3] | Isolation of Pinolenic acid (PLA) by Lipase—catalyzed Ethanolysis of | gF=-A13% 38} 3]
(Z]) | Pine Nut Oil with Candida antarctica Lipase (2009)
al2=1t]| 3] | Production of structured lipids by enzymatic acidolysis using modified SFar Al Z-ojok
(=) | pine nut oil in a packed bed reactor eks (2010)
=5 27
=4 CEREE T D)
21T B A gtols iy Zleold Al
1
(E529935: 10-2011-0029598, =9<: 20113 3¥ 31¢) A&
A F8 A% whgzoA dEEeAs W B
) 1 =9 &9
AUy 55
dEFg 2 FHdEH
QoA (sH9d, 257 e B
A4
FAL L wa | gxb | BAF | B 9 | o FEA | 9 A | 7 E
3 3 1 2 3




723 71t Ew

3!

il

O ARBII7FA] kA &) 7

=2
(¢}

A3 AE NEE 2gE gt

=
Nlo

-

N

_17_.0

do
B

—_—

0

Ho

wK



SUMMARY

I. Title

Development of functional emulsifier containing pinolenic acid (PLA) from Korean pine

nut (Pinus koraiensis) using enzyme

II. The purpose and necessity of research and development

Pine nut oil contains a very unusual series of Cis— and Cxp—polyunsaturated fatty
acids (PUFA), in which the first double bond is in the A5 position and the next
immediate double bond is at A9 or All, so that the first two double bonds are
separated by two or four methylene (CHs:) units. The AS-unsaturated polymethylene
interrupted fatty acids (A5-UPIFA) are characteristic components of pine nut oil
Pinolenic acid (PLA) is a predominant A5-UPIFA of the pine nut oil. Several
animal studies have shown that pine nut oil containing PLA has a substantial
lipid-lowering potential as well as hypocholesterolemic activity in animals. Recent
researches also reported that the pine nut oil containing PLA may work as an
appetite suppressant through an increasing effect on satiety hormones, namely
cholecystokinin, and glucagon like peptide-1. The first goal of this study was to
develop enrichment process of PLA from pine nut oil using lipase-catalyzed
ethanolysis. The second goal of this study was to produce high purity
monoglyceride containing PLA with fatty acids derived from pine nut oil by
lipase—catalyzed esterification. The third goal of this study was to apply

production of emulsion foods using monoglyceride containing PLA.



[I. Scope and content of this study

1. Enrichment of pinolenic acid from pine nut oil by lipase-catalyzed ethanolysis

(1) Enrichment of pinolenic acid from pine nut oil in a batch reaction system by
lipase—catalyzed ethanolysis

(a) Determination of pinolenic acid in some nuts

(b) Enzyme screening on enrichment of pinolenic acid

(c) Effect of molar ratio (pine nut oil to ethanol) on enrichment of pinolenic acid
(d) Effect of enzyme loading on enrichment of pinolenic acid

(e) Effect of temperature on enrichment of pinolenic acid

(f) Effect of moisture on enrichment of pinolenic acid

(2) Enrichment of pinolenic acid from pine nut oil in a packed bed reactor (continuous
reaction system) by lipase—catalyzed ethanolysis

(a) Effect of temperature on enrichment of pinolenic acid
(b) Effect of molar ratio (pine nut oil to ethanol) on enrichment of pinolenic acid
(c) Effect of residence time of substrate in reactor on enrichment of pinolenic acid

(d) Comparison between lab scale and bulk scale

2. Production of monoglyceride from pine nut oil by lipase—catalyzed esterification

(1) Enzyme screening
(2) Effect of temperature on the production of monoglyceride containing pinolenic acid
(3) Effect of moisture content on the production of monoglyceride containing pinolenic acid
(4) Effect of enzyme loading on the production of monoglyceride containing pinolenic acid
(5) Effect of vacuum on the production of monoglyceride containing pinolenic acid

(a) Selection of starting time of vacuum

(b) Effect of degree of vacuum

_10_



(6) Effect of storage at low temperatures

[V. Results

Pinolenic acid (PLA) was enriched via lipase—catalyzed ethanolysis from pine nut oil in a
batch reaction system and a continuous reaction system (packed bed reactor: PBR) using a
commercial immobilized lipase. Fatty acid composition of five edible nuts such as pine nut,
walnut, casunut, almond, and pistachio was investigated. PLA in all nuts except pine nut
was not detected. Three immobilized lipases were screened for their abilities to enrich
pinolenic acid by ethanolysis. Novozym 435 from Candida antartica was selected for
enrichment of pinolenic acid from pine nut oil. Effect of several parameters such as molar
ratio (pine nut oil to ethanol), temperature, enzyme loading, and moisture content in a
batch reaction system was investigated. Optimal conditions for enrichment of pinolenic acid
in a batch reaction system were molar ratio of 1:80 (pine nut oil: ethanol), temperature of
35C, enzyme loading of 10 wt% (wt% on substrate weight), and moisture content of 250
ppm, respectively. The same type of experiments in a recycling packed bed reactor (PBR)
as a continuous reaction system was investigated. Effect of several parameters such as
molar ratio (pine nut oil to ethanol), temperature, and residence time in reactor was
investigated. Optimal conditions for enrichment of pinolenic acid in PBR system were molar
ratio of 1:75 (pine nut oil: ethanol), temperature of 45C, and 3 min of residence time,
respectively. Consequently, pinolenic acid was effectively enriched from pine nut oil by
lipase—catalyzed ethanolysis. Moreover, PBR system was more effective than a batch
reaction system when recovery yield, saving energy, and industrial aspect were considered.

High purity monoglyceride was produced in a solvent free system from pine nut oil by
enzymatic reaction. To synthesize monoglyceride, two different enzymatic reactions namely
glycerolysis, and esterification were tested and esterification was more suitable reaction
than glycerolysis. Two immobilized lipases and two free type lipase were screened for their
ability to produce monoglyceride using glycerol and fatty acids (derived from pine nut oil)

as substrates. Lipase G from Penicillium camembertii, which is a nonspecific lipase, gave

_11_



the highest activity. Hence, in subsequent trials, Lipase G was employed to catalyze the
production of monoglyceride containing PLA residues. Effect of several parameters such as
temperature, molar ratio (fatty acid to glycerol), moisture, and enzyme loading was
investigated. Optimal conditions for production of monoglyceride in batch reaction system
were molar ratio of 1:5 (fatty acid to glycerol), temperature of 20°C, and enzyme loading of
600 U/g (by weight of total substrates), and moisture content of 294, respectively. Vacuum
was applied to control moisture content in reaction mixture. Trials for starting time of
vacuum was carried out and optimal condition was after reaction time of 4 h. Effect of
degree of vacuum on the esterification between fatty acid and glycerol for production of
monoglyceride was investigated. Optimal degree of vacuum was 1 torr. Incubation trials for
production of high purity monoglyceride were carried out at low temperatures. The
temperature ranges tested was between 10 and -20TC. Optimal incubation conditions were
incubation temperature of —-10C, and incubation time of 6 days. Consequently, high purity
monoglyceride from pine nut oil was successfully produced by esterification of fatty acids
derived from pine nut oil with glycerol using a free type lipase from Penicillium
camembertii (Lipase ). The concentration and purity of monoglyceride produced at optimal
condition was 88%, and 91%, respectively. In particular, distillation step can be omitted by
utilization of technology developed in this study.

The monoglyceride containing PLA was applied to produce two processed foods namely
mayonnaise, and soy milk. There was no difference in the emulsion stability between
commercial monoglyceride (containing stearic acid) and monoglyceride containing PLA
produced from this study. Moreover, synergistic effect in the emulsion stability of
mayonnaise was showed when mixed monoglyceride of commercial monoglyceride, and
monoglyceride containing PLA was used. There was no significant difference in the
sensory evaluation between two soy milks prepared with commercial monoglyceride, and
monoglyceride containing PLA. Consequently, monoglyceride containing PLA produced from

this study was useful emulsifier to produce emulsion foods namely mayonnaise, and soy

milk.
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Figure 1. Structure of major A—5 unsaturated fatty acids in pine nut
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g 5 dE F2e AU AASA

B2 25 ml AZEetsAdA AREAT. I E59 AVEHR dEE & 712 3
g& AAETLF Ya FANE dF JEHFY E4F Fvlstn 1R PHE 4 253
% 300 rpme] 3AEE R 2HEo]R water bath shaker (New Brunswick, Model Innova 3100, NJ,
T HS-Eo) FF8-FHo] 9= F4E syringe filterS
27 & 3 A4 F=7] (rotary evaporator)E o]-&

d =
gt JFE3 SE AASAT. 4=HE o AAE fste] 1 mmHg olste] 1 I-F sholl A]
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—
(@)]
Me
N
o,

A3 & AAS AT, olFe HAHE Tt Lo wEE W Az it

2 $£88 Jf2=az2rfET Y (gas chromatography)E o] &3t =4 sl

)
ot

(3) 3124 def=gAzdAe] A s 21 xA}

A7 5257 Y Az ditE F557] Aste] &84 FHAAM ELE o]85t CdEEd
g HdeR 54%, 7149 EBHlE, &%, FEHTEF 2 v A WeE FolA A
3

IM (Thermomyces lanuginosa)®} Lipozyme RM IM (Rhizomucor miehei) A 7}A 233 &4
(immobilized lipase) S A3} ATt E4AHLE & V|AHS 7|F0 2 AAENeH 2.5 — 20%9]
el Al ZASEA AL, 2718 dg o] EXEE 1:2-1:100 (FARZE 2.72 1 0.28 — 0.48 :
2.52) HI2 ¥3t AA ¥EAE S8 Bort. F U1EY &5 3 g0 R VERS W, AVIE
7 o] FHEdd WE Az F
45Celh L, FRFFLS 715N FEFE 7I1F22 3t 100 ppm ©]3tel 4] F-EH 1500 ppm
7hA 8] MR A 2AE At

o]
A7k W2 WEE gostgon, Ha 5RO Ao 36087 A2 dAsdrt

A H]-&S Table 13 2}t ZAME 2% W= 15 —

Table 1. Correlation of mole ratio and weight ratio for pine nut oil to ethanol.

Pine nut oil : EtOH (mole) pine nut oil (g) EtOH (g)
1:2 2.72 0.28
1:5 2.38 0.62
1:20 1.46 1.54
1:50 0.83 2.17
1:80 0.58 2.42
1:100 0.48 2.52

EtOH: Ethanol
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th olEkEE ALY A% B AxF A3}

(1) A&4 ¥he A|2H 7=

B o) A= recycling E]Q <44 v-8-7]Q packed bed reactor (PBR) A]2#) (0]5} PBR HFS- A]
2d)o] THENCH, TEIY 9 42 223 BF FFE the 2o} (Figure 29} 3). PBR ¥hg Al
8o Z7 A BHEoz kol gty R WA= 7]A 2 (substrate reservoir), & HAIE BZ (pump),

A AAE ¥87] (4%, PBRZ o]F4 ¢t

(2) A%4 Wg A29 24 @ A%Y oEEA 2o AH3 2 24}
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=
g
ab)
S
o
ko
m[m

o JYstAE W 7129 257t dske RER Y] o] W AXFHAY. W sdxe @

AdE duisi A71ge] 2o (2718A)E $AS] dstel 400 pmoR Fs wk sof 1% 2

o] 23} 1/4 inch teflon tubeZE EF}at] WrS-7lo] FFEHJTE v Ao A8 FF £ETE mass
cylinderg olg3te] F3ts] 53 F 7129 7 £25 IFHA FAAAT

Al WA PBR ¥H2-7] (ID x Length = lcm x 35 cm)oll& Y FE) 729 Q&3
AEE 3}7] 93t Imm Z7)9] glass bead9} sea sandE oF Scm Zo|2 A1 B Ao AL A
A& 143 54 10gE A F 7 T2 At 520 252 97| 915k sea sandg o 3 em =
olz AUt olAte] PBR HHe712 E3 7|AL 1/4 inch teflon tubeE £l 7|1AZZE A=
o] BhE FHArh A &% (bulk scale) 4L flstd FRHAT7IH ()N AFH 7es
RO 2 2AF (Fod7]g: 7 A d2)ollA 108 =Z719] whg Al2=Fle] 51, 4 WA (D)
2cm, 2ol 55 cmZ A 7R (lab scale)?] 7Z-¢-<k vlwste] 108) o] o] &A7F AHH . Void

volumn ¥ 7|AZ%% 5-10 v} =272 F7} AlFHeH, &2 recycling PBR & Figure 33 Zgtt}h.
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Figure 2. Lab—scale recycling PBR system for ethanolysis reaction.
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Figure 3. Bulk—scale recycling PBR system for ethanolysis reaction.

1pdEe] BoA9IRe] AN Sk AR ARy 24 23 E 4T 7

£ AOCS " = BF;5 (Boron trifluoride solution, 14% in methanol)® el <]

sl AAEIAY. A& A 20 mge teflon obAlS ZEE test tubeo] ¥ar 0.5 N methanolic NaOH 3mL

2 A1k T 80TCHA 108 9 A AL, A Bd AR a2 B 187 UZstn o)
o BF; solution 3mLE 7}%F

sk & ThA] 80ColA] 587t methylation ¥H3-S A5t Th ¥F-o] By A8
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of &k 3 mL¥} ¥3} NaCl 494 5mLE 7}sla vortexE o] &std AE3] TIPS €A AT ¥
FAEE (Faa A vddAH)E HEle g Bdste] £ES A7) fl5te] anhydrous sodium
sulfate’} gf3 vial2 FTh WkSo] d5F € 1 mLe FHe JtaazntEddyE o835t A
HALS BA ST AFEE columne SupelcoA}l supelcowax 100]1om, #7248 Zo] 30 m, W72 0.25
mm, film FAE 0.25 um¢l capillary columng A5ttt A 2L Injector &% 240C (split

50:1), LEL == 180T 18 x| £ 1.5Ce £x8 240C71A] 445 & 58 Fx)|, A%7] (FID) &

At

TE 250C, o544 dE (1 mL/min)& AME-&}TH.

(2) FEddit ddd2g 24

AqetEeAlL §H-E Fote] AGE A" 2H v ssddi 2 A-5 At g 2E EF
zy Aepke] 3eg Jbaa Rt e e oste 24 ster, 2 FEL tgd 2tk vhe-E
AlE 9F 20 mg 7S FHeln WHREFEAELEN (1 mg ethyl heptadecanoate in 1 mL
n—hexane) ImLo] =¢1 & 1 uLE GC (varian cp—3800)e)] Fdste] B A gt B Aol A&
=l column& DB-1ht (15 m X 0.25 mm, 0.15 m, J&W) capillary columne] i, carrier gas2+ dAF &
AR, B 1.5 mLA 8 F ). Column oven €% Z7] 150Co| A 1087 AR5+
, 2 10CH 380C7A 2 A7l & 1087 AX5YEr. Injectors 50:1¢] split moded A]
380C 252 MHAE I, detector= flame ionization detector(FID)ZE 380Co)| 4] AM&-35} S T}.
A Ayl tile= o" d2HIH FHEddite] 5% (PLA concentration)9} 48 (PLA
viel) 2 &3 Zo] Adstiet.

v 35 2l Ak ol ol 2~ ¥ 9] g

[}
5 A 2o A9 5= e are] ok < 100

(3) A7 & EgZYAM el (triglyceride; TAG)Q sn—2 H o U= AA 2 AEA
ZyMEel=el sn—1,2,3 F sn—2 X9 Ark A EBEAL porcine

pancreatic lipaseE ©|-&3F W o] AFE-E T A E A 10 —20 mg2 test tubeo] YL 7]

1 M Tris—HCI buffer (pH 7.6) 2mL, 0.05% bile salts solution 0.5 mL, 2.2% CaCl, solution 0.2

mL, porcine pancreatic lipase 10 mgg 23 37Ce)A] 2 min7t Wx]3F & 15 mL diethyl ether
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2 FZ 3tk & diethyl etherd e F&F A F olFH FEE AASI S5t
anhydrous sodium sulfateE FIA|ZTE o] §dL AL 7|Ho 5ty FFH F= A7 &
silica gel TLC platedl]l FYstytt. ol A}-&F TLC A7f-&uwl= hexane/diethyl ether/acetic
acid (50:50:1, v/v/v)E A}&3F¥th TLC 287} Y & 2,7—dichlorofluorecein &+ A 2 A &3}
o 2—Rx=ZPAg}o]E (2—monoglyceride)E E&3}e] o] bandE E &3t & oA AF3} gas
chromatographyel] & 2|94 24 WS Fale] sn—2 X EAlste A4t =48

5 &9t

o

(4) A712 EdZYAMol=9 sn—1, 2, 3 X0 Y= AAE =4 A
AlEFA] 30 mge AZXE 2 mL diethyl etherol] &=<1& ethyl magnesium bromide (3 M in
100 uL diethyl ether)& 7}3F & 30 %7} vortex mixerZ 2+ Z&slgth. o 7)o 4 mL acidic

buffer (mixture of 1 mL of 37% HCI and 36 mL of a 0.4 M boric acid solution in water)Z 7}
gtod Grignard ¥h&& AR AFAY. FE& 98] 5 mle diethyl etherg FH7lstz F&d
diethyl etherZL 0.4 M boric acid F&de 2 F W FAHZ 59t FA7F &3 diethyl
ether2-& anhydrous sodium sulfate®2 +E& A AstZ dAE o]-& diethyl etherE A A Y
t}. o] F=Eo)| chloroforme& 7}ste] A3 o]l o] &ML 3% boric acidel] A A|HA
silica TLC plated] FU35t%tt. olu] A1&H A&+ petroleum ether/diethyl ether/acetic
3¢ 2elsdn ol

acid (65:35:1, v/v/v)elglen, A7]% TLC platedl A 1,2(2,3)-DAGESHE
© 2E¥E AojA enantiomeric 1,2(2,3)—DAG EFEL 400 pL toluene® 40 ulL dry pyridinedl

o] a8 dof 2 mge 3,5—dinitrophenyl isocyanateE =¢l &-o¥

2
=
o
N

Fek & 2A17F (30&)

offl
2
>

LA vkx] YTt o]yt wie o 2B E AMAFE  3,5—dinitrophenylurethane (DNPU)
derivatives= ZAA R Qu|E A AStT A9 chloroformd] =¢ & TLCE o|&35ty B-TH)

H =4 F2L diethyl ether2 FZ3F & enantiomeric 1,2(2,3)-DAGE

ol\
tlo
e
AL
_O|L
8
Au)
e
AL

prep—LCE o]& S5 gl 1,2-DAGY 2,3—DAGE &7 39t} ojw) A}&% HPLC column
£ chiral column (250 X 4.6 mm i.d., 5 um, YMC—Pack A—K03, YMC Inc., Kyoto, Japan)<,
o] A& n—hexane/1,2—dichloroethane /ethanol (40:10:1, v/v/v), column& %+ 8C, flow rate:x=
0.5 mL/min, A& 7]+ UV detector® A}& 254 nmoA] =3 st¥9th. £8L& manual® £335f

At} chiral columne 28E E3H 1,2-DAGS} 2,3—DAG chromatogram-& Figure 43} 2k},
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Figure 4. Chromatogram of DNPU derivatives of 1,2— and 2,3—DAG obtained by grignard reaction

from pine nut oil.
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gol=g st 1 54E HlaREAsAt 2YMEL AcidchemAl2 R E Fojstgla o o d4F 2

NS A% 2% grhSol AgH T
(2) =4 T4 Aol Az @ 55
Ob A=A 4 ExITMeol=e Az

2k 500 g7t TS 160 g

1 LA 98Zela3d A5 ziy de dsddates g4
A2 E3eth vk 240Co) =E3)

91 240C9] whge w7t & wj7bA] 150 rpme] wRHEER
™ AR AZF (1083 30%, 60%) <t 200 rpme

fru
=
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)
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r]I,
ole
>
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(\}) BAS57] (Short—Path Distillator) & AF-$F dlEd Wl g R Agolee] 55

=g dibe 343 FHES oatste] 25542 (Lab—Scale Model, POPE Scientic Inc. USA,
Figure 5¢} 6)¢] feeding bottled] €12 1 ~ 2 torr2 Z+stA A 140TColA 13} ZHE AA 5t HRE-5] 7
e ZYAES AAS. ol 2o 13 F/FE " JRES 23} FF 6} | 18 Azgk & B
2719 =5k 0.05 ~ 0.07 torre ZdabEA 160°C, 180°C, 200Ce] 28 exdz ZRE (distillate) &

Ewvaporator Body

Internal Condenser

Recsaivar
Flask

Residus
(Boftoms) Flask

Figure 5. An apparatus of short—path distillator.

4 — St wal

Figure 6. The movement of molecule in evaporator body (@: non—evaporated material, O: evaporated

material).
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(3) MEAYL i B2 Adol=e Uut

Mo
ix
>
L)

(b 27t 274

A 5 g& B got AAEetaad ¥ F49 dgE 500 mLE ol =3tk o7 As
Zgy A NS 2 ~ 3 e 7 H @2 T40] 302 7 A&E g7bA] 0.1 N KOH &9e2 234

th A7k otgfe] F4dl fate] =T

5.611 % ax f
S

S: @A ANHF(g)
a:0.1NKOH &N &
f:0.

A7t =

H]
I NKOH € 2] &7}

a2 05N *Pﬁ}%}v e 4 50 mLe sl
o} 784 FoM wujz BEo] HomA 1A B 7thst
54 05 N grtez e £ dEFE 4
BE ko] ol Aoz wFsrE AL

6}%15}.

H] Y3} 7F = 28.05 X (b—a) X f/S

a: AAE AL S W 2] 0.5N 2] 2] & ()
b: EAF el Qo] A o] 0.5 NG Akl 2w 2 (L)

S: AA S ANHZ(g)

f:0.5NAAEE] 7}

2
[
2
ﬁl’
il
N
AN
o2l

BERIE (3:2) EFLH 25 mLol Zolx QQE=EAF H¥ LA |
of 1087 w319t} o], & 75 mLe 715l AlAl £S5 4&

a:0.01NE] L3 EF N A (mL)
b: FA A9 0.01 NE] LAY EF N o] 2v & (L)
f:0.01 NE & A E o o] 7}



() A 24

(1) A 24 248 A8 14
100mL 5 ZEek~3d) vEddat 3
A7bsk & 78R 7 A3} A7 F BF; (14% Boron trifluoride in methanol) 7 mL-&
o Th& heptane 5 mL& ¥ 1 3+ ¥z AIZ %, 7] #Eg} NaCl §4-&
APk A=A 1 ~ 2 mL AT FH3}] 0.45 um filter® o33 F gas chromatograhy® #4135} th

gAgtol= 0.3 g& ¥ 97]9 0.5 N NaOH 6 mL&
A3 1087 vHeAIF

Eo2a 5 FE7HA

O Tw L
| S

(2) Gas chromatography ®4Z7
7teazntEad)y (Aglent GC 6890N, Shimadzu GC—17A)d) AF&-F columne Supelcorl SP—25600]%]
==

o, AL Zo] 100 m, W7 0.25 mm, film F7+= 0.20um?! capillary columng AF&3lHTH A
A& Injector &% 260C (split 100:1), LE 2T = 140TCoA] 58 Az BF 4T £5=2 240C71A] A
A%7) (FID) 5% 260C, o]54L 2§ (1.1 mL/min)& AH&-8t% T}

& % 15% 3,
(m}) rx=ZE AN gole FF BA

(1) A= AA
Viale] 2AEAL 0.025 g& P31 0.5 mLe Pyridineg Hrlste] ¢Hds] &
=3 o2 0.1 mL chlorotrimethylsilanes 91 $HA3] 41o]FTh

mLE F3}o 0.45 um filter® 33} ¥ gas cromatography®

hexamethyldisilazane-g ¥
o) 2027 FH A7)

LTl

(2) GC X xA
7tz gntEads (Agilent GC 6890N, Shimadzu GC—17A)e] AFEHE columne JXR silicone (1 m

A& Injector % 300C (split 100:1), 2.&

length* 3 mm D.I.)Q! capillary columng AF&3t$ch £ %
L= 100CHA 15T &2 325C7HA] A4, AZ7] (FID) 5= 340C, o)3A4L dF (1.1

1__1_-1__

mL/min)-& AHE-3Fg T

4 =7

() A G384

(1) 284t g 2eZPAelol=8 o] &3 O/W 315 Ax
pi-ZFE|Algtol e} Ze]4EHo]E 80 (polysorbate 80)E 6:4 B] & &2 ZE-3]

iﬂ]“ (Oleic acid) 3 B2
S 2 Y] 1%, 3%, 5% 2212 7% (w/w) B]|E&2 T

ol3t t}e 2000 rpme. 2 wWHMSIY 1212 &

=g
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Fatdek BE 2dd SYstAl 7% TR (soybean oil) & 3] Hristds] HF wHkEEE 4000

rpme 2 A A 10 FS homomixinge & & z+ 27 HEL 530t 5% A58 44

848 7] (Fisher Scientific Surface Tensiomat 21, with 6 cm ring)$} 83} 9F3A A& Ax] (turbiscan)

£ ol&sto 3t 54E& Y&k

(2) A=AIL i B2 ATol =g o438 O/W {38 Ax

A F=ddAat g 2eFPAgte]l=st ZT]4 2 o]E 80 (polysorbate 80)E 6:4 H]-& &2 F43]
233 o & thy] 1%. 3%. 5% 2183 7% w/w &2 F43 tk& 2000 rpme.2 1z} E3E4T =
£ 270 BYIA 7% FEHE FAHI AhEA HF LNLEE 4000 rpmeR FAFE A 1082
%o} homomixer (T.K. Homomixer MARK II Model 2.5)2 233t & 7z} 274H A 5& 559} g3
FHgE 7|9 turbiscang o]l F3F 54-& AU

F

f

>,
il
il
)
)

(3) 334 H71
S3lEe A7 33E 4 9 F 79 A (immiscible phase)Q]l 224} (dispersed phase)®t ¢14:4F
(continuous phase)ol wa} Table 27 Zo] UE 4 Ut}

Table 2. Dispersed and continuous phase in diverse dispersed state.

Dispersion . .
Emulsion Suspension Foam
Phase
Dispersed Phase Liquid Solid Gas
Continuous Phase Liquid Liquid Liquid
YiHoR {3EL YPF LEZANA A7l B2 £ L BAbgAe] AalEE WA =)
Fr3l7e] olso = <3k particle migration (creaming, sedimentation) @At} F3}7o] $gog <%

-

particle size variation (flocculation, coalescence) Ao E g 4 Ut} o|E 3t IANES AHHY,
Figure 79} Zt}.
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3

a) Particle Migration b) Particle Size Variation

Figure 7. Declining process of emulsion and dispersion stability during storage period.

Particle migration @/gol ol&] EakPHA o] Aslxw Aeole 27]9] #d3 24t e o vlzirkA|
2 A2 A9 =5l Zogxut AR A=Eol s=H ko] =% s} uhdsl® particle size
variation @/el 93l FAF Ao AdtE = Aol AR AA Eold tisf dAte] 77t Wakse
g & g vk webA, B Al Az dsddit 3 ReIAdgel=e f3tEs glst]
ate] EAE] 2 BAF obgAle] Wste o g f3A A AR JFsAS Hrlelad AY
o o148 BrzTE sz PAETL Ye LA Fi BrTeddelsE ol gddn. 2877
turbiscan AGS (Automated Ageing Station for Characterization and Stability Study)& A5t} 53¢t
A o= 60ColA 397 HrbstT).

O

fr

h A7 EoRNH HAA FYL ol§F TR BT Adols FA

2712 100 g€ 2 L round flaske] @, oJ7]¢) 40 g¢] NaOHE 100 g¢] &F50| = 7}stx, 100
mLo| EH2-& 7letith o] EFEL 30 &3t reflux heatingdted ZHsbata, Hsprl 2 ¥H-ES HE
A WAl & 2 L separatory funnel2 & Ath 1 & n—hexane 300 mLE 7}st FH7FE NaOH ¢
= 3] HC (6N)& 7HE & wr2-& Ate g A3 ARl dt52 wela 4555 100 mL
9] 2247 23] o|AF 448t anhydrous sodium sulfate® o] &35l n—hexaneZ U 428 A A 39
o grls Ay TS o8-8l AASIL A7l AHake —80TC WA B stHA W 713
2 A skt
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(2) 848 o]&% R Aol FA

(7)) AAA F2(Lab scale)d]Ae] R Aol A

Sl
r]I,
ole
N
il

e
=

BAE o] &% RrxIZEAetels 4L Figure 89 o] circulator7} 28 o|F =t

3atgrt whgol 714 FEAEF At F 7)d9 ke 10 go 7 Fa 7| Ate] BEulge 935

IS

A AN 714 Berle ¥ B4 EE R0l 4E B4 S92 Wb ¥ F 300 rpmz @
ATRA e AT e BeFedeel=st A4HT 1 gl FAeHA weEel FEst
Z7lele] TRHEES §AT F gl A7 BT we 230 el 234 2fol2 BolX2 300 rpm
o4 o] I ol oAA W ARFEH HF BANAE 70 ~ 100 rpme] £EZ THHYIT. W A
Zeith 9ol ARE FHsk] At BezdHeols, tadHeelse] 242 BASYL, B
Zedelolze] £EE okd 43} Zo| tZeMeiolsstel 2NN E AAHAG. eERNH S

T AAS A% g Al&Fl2 Figure 93 2t

eIl £% (%) = 2xeZg Ao/ (RxZgAglo|=+ tZgAglo]z) X 100

Figure 8. Reaction system for production of monoglyceride by enzymatic esterification.
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Figure 9. Reaction system for production of monoglyceride by enzymatic esterification with vacuum

system.

() =2 Aetol =9 tiF A4 (Buk scale)

AR R ReFeAetels FA4L 10 ¢ 7R 7|4 F8 A8 nHtdAM A5
a, 208 2712 S7HE e WS FH A7) BEY Ve uRoR AR (7 dAdx)
A AAlstT ¥ Al2RI Figure 107 Aokt 2= A4 729 A+ ol circulatorg ]

L35l AAetd ont, wHRS magnetic stirrer tiAk] dynamic mixer typeg AME-3FATEH
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Figure 10. Bulk scale reaction system for production of monoglyceride by enzymatic esterification.

(3) At mi=ZE|Algtols, tIAgtol=e 24 74

o 2~H 2 Hk§ (esterification)& F3to] AJF W& ] & A4t (fatty acid) s F4€ B2 2
Algtol=gt tZe|Aetel=e] ks A7) sty 7kA £29] BEE
agjye] BEAzANA Y response factoratn AA| HEAEH WA HLAA 4 EH TAHY u}
E 2AL Fel9h w25 10 mgdl chloroform 1 mLE 7}38F & JlAa2rtE g5 E o] &5le] HA]
stgon, BAo AFEE columnd DB—1ht (15 m X 0.25 mm, 0.15 um, J&W) capillary columno] il
carrier gas2E AFS ARl B 1.5 mLy EHFAY. B 25 27 100TdA 3%
7F ARk, B 2004 360C7tA] 52 A171 & 1387 A X514t Injector & 370T,
split ratiox= 50:12 A& s}, detector= flame ionization detector(FID)E Al-&slgon, &%

= 370C2 3¢t

o

w
X

U A4 S RS Agel =S F3HAIR o] &3 AAF AL

7h mka v = Al AIE AL
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(D) A3A &

HERE ARE BHERFE ASAYTL, AREHE 9T Fol dFL olgIgon, A
2 4z A9 47, PAE, A L A3 ASHAT S35 RakAlel B vl

K- =
71E "o U= AF AFEEHE ftAleL 2Ho-HAES o] 85ty FAdE ExaAeto|l =9}
Aed g ol4slel Y BreIPAgel=g AHgstd f3ES vmakdt.

(2) Az Wy 2 Az Py

34 AAEFD rtevizs dAsddat 3 Ee2dgiel = Ao - R B
ZAHelel= (Almax—1000)& o] &3te] A=zt mkgul=o AMSEHE 989 W=
Table 3ol A A& dvta] mfauz=o] WjFH] S 7|F22 sto] AT E AA9 AlAF
o2 Azxd rtavze] wgH= Table 57 AA = AT

nte | ze] Alx FHEE Figure 117 Zom, 2 AP s FZolt He Bz EFF
A7AA T Ayt mav|zo] S sttt rtavlzE 38, 2u|g, FAE G Az o
HE Zgste] 743 AEE wE g F 7] (mixer, HOBART N50, Figure 12)o 4 4 &&9}

e Ao 425 AR A% mukstel 43 PAHE AYSAh =g AAEEE
3k,

Table 4. Recipe for production of mayonnaise

Vegetable ) )
Source . Vinegar Egg yolk Sugar Salt Spice
oi
Composition
75 11 9 2.5 1.5 1.0
(%)
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Table 5. Recipe for production of mayonnaise with monoglyceride containing stearic acid

(Almax—1000)

No.1 No.2 No.3 No.4 No.5

Vegetable oil 75 75 75 75 75
Egg yolk 9 9 9 9 9
Vinegar 11 11 11 11 11
Sugar 2.5 2.5 2.5 2.5 2.5
Salt 1.5 1.5 1.5 1.5 1.5
Spice 1.0 1.0 1.0 1.0 1.0
Stabilizer 0.1 0.1 0.1 0.1 0.1
Almax—1000 0 0.05 0.1 0.15 0.2

Total 100.1 100.15 100.2 100.25 100.3

Table 6. Recipe for production of mayonnaise with monoglyceride containing pinolenic acid

(PLA—MAG, product manufactured in Korea University)

No.1 No.2 No.3 No.4 No.5

Vegetable oil 75 75 75 75 75
Egg yolk 9 9 9 9 9
Vinegar 11 11 11 11 11
Sugar 2.5 2.5 2.5 2.5 2.5
Salt 1.5 1.5 1.5 1.5 1.5
Spice 1.0 1.0 1.0 1.0 1.0
Stabilizer 0.1 0.1 0.1 0.1 0.1
PLA-MAG 0 0.05 0.1 0.15 0.2

Total 100.1 100.15 100.2 100.25 100.3
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Table 7. Recipe for production of mayonnaise with mixture of monoglyceride containing

pinolenic acid (PLA—MAG) and monoglyceride containing stearic acid (Almax—1000)

No.1 No.2 No.3 No.4 No.5
Vegetable oil 75 75 75 75 75
Egg yolk 9 9 9 9 9
Vinegar 11 11 11 11 11
Sugar 2.5 2.5 2.5 2.5 2.5
Salt 1.5 1.5 1.5 1.5 1.5
Spice 1.0 1.0 1.0 1.0 1.0
Stabilizer 0.1 0.1 0.1 0.1 0.1
Almax—1000 0 0.05 0.1
PLA-MAG 0 0.1 0.05 0.2 0.1

Total 100.1 100.2 100.2 100.3 100.3

2247 |

§

2 X
FEZCTRR 1
= (=13
. 5 Z) .
% sx, =@
Bl za0=

e
-

Figure 11. Process for manufacture of mayonnaise.
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Figure 12. HOBART MIXER.

Azd vtavze HEs pHE 24ste] 232 WmaPth WEE BROOKFIELDA
DV—1/VISCOMETERE o]&35}3 o, pH=4-& TOA ElectronicsAte] pH meter/HM—20SE o]-&
she] Zga9c).

(D) A3A &
TR Az, TR AFA FAEo] VA G AlFel & HolA | F71 S8

[}
T
H]/\]E], :LEE]A-]]HZ]HI—/\LO]]}\E]]EQ- [e] quﬂo] 7]_&7]1,]- R=NeN x‘§7]_—5H __l_z___‘—-[ﬂ’ =] oﬂ;LE
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43 J549E GlEdds g6 LeIesels) 2
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Figure 13. HOMOMIXER (left) & HOMOGENIZER (right).
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Figure 14. Process for manufacture of soy milk.
Table 8. Recipe for production of soy milk
Source Composition (%)
Soybean juice (Brix) 92.20
Sodium hydrogen carbonate 0.04
Monoglyceride containing pinolenic acid 0.13
Corn oil 1.50
Fructose .77
Other 0.36
Total 100
(3) AlAIEF H7t
(7h) Fol 4@t
Az AFT AAFA UF AolAd S Eotd AAF FES A5AL Frha
b =g}
ANAES Bzt 8 A3 WotE Betel AAFY 4E A5He BoHRT
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A 2A A443

L. delsdA2E o]§sta] A7IFe=2RH J=ddit 55

7t Aeb=E Al 22 324 whS A" H A3

(D A#F l dA=ddi 33 vlx

>

= 80% o)A i) o] A FHo|A Tk AL o]|FAFTL zt= A HFMAE (taxoleic acid: 18:2,

5; sciadonic acid: 20:3, A5)E T&H o] AT}
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Table 9. Fatty acids composition of different edible nuts

(wt %)
P Pine nut  Pine nut ~ Pine nut ?rown Walnut  Casunut Amond Pistachio
I II III pine nut

16:0 4.85 4.90 4.81 4.87 6.59 8.22 6.00 11.19
18:0 2.18 2.22 2.12 2.16 2.13 6.78 1.23 0.95
18:1(n9) 26.34 27.55 26.45 26.94 21.79 66.78 70.32 52.97
18:1(n7) 0.40 0.43 0.41 0.41 0.90 0.32 1.14 2.01
18:2(A5) 2.22 2.20 2.22 2.26 0.00 0.00 0.00 0.00
18:2 (n—6) 46.66 45.34 46.11 46.30 59.82 17.68 21.31 32.44
18:3(A5) 14.44 14.27 15.19 14.12 0.00 0.00 0.00 0.00
18:3 (n—3) 0.00 0.16 0.00 0.00 8.77 0.21 0.00 0.44
20:1 1.24 1.29 1.14 1.27 0.00 0.00 0.00 0.00
20:2 0.61 0.64 0.58 0.62 0.00 0.00 0.00 0.00
20:3(A5) 1.06 0.99 0.96 1.06 0.00 0.00 0.00 0.00

Pine nut I: from Korea
Pine nut II: from China

Pine nut III: from North Korea
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(2) AEHAIN 55 9% 54 2389 (screening)
A AF AFHe=E ol& Thed tEAQY FFopAlEL  Lipozyme TL IM
( Thermomyces lanuginosa lipase)®} Lipozyme RM IM (Rhizomucor miehei lipase), Novozym 435
(Candida antarctica lipase type B)2 &A] 2] d #& ubg (J2A o 2HE H-S 2 o=
NECI! Faolnk wEka ol AFgAE o] Al 7] Ea
7)1 EARE Fsddats olelsgAls 98-8 Tt 7MY S840 E FEAE F
stz stk 4

Lipozyme RM IM9] -9 z7] vt M= AAHE F X9t o do2=H Y J=dd4t o o
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o
?]3

o 7Hg wol AHgEE
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°]&
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>>~1
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2 ~378 Y3 A7= Figure 153 Zo] Novozym 4359}
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o
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i

2E9] 3 (PLA concentration)o] 35% o]Atolgl o} 3608 Fdl& 242t 15%9F 13%7+A) 74
39t} ¥t Lipozyme TL IMQ] A9 vF2-x|7lo] ZojAE e & A=A o AE U =
gl dat oo 28] e 20% =2 & Aol glo] fFAHE Z3E BHo FUT. wabA
=g dAit e 2EHe T Wl 93 A3 2= Novozym 435 T+ Lipozyme RM IME-
AHgshs Aol B&F ol
7180 FREol e FAsudi F Ao g odo2EglEo] Aozl Az dit
5] =8-2 (PLA yield)& A 7to] &0 wa} Novozym 4359 Lipozyme TL IM9] 739 A%
e Ag FAT F AR 3608 F<U Novozym 4358 o] 83t wHE3l9S wle= 94%7H4
A8+, Lipozyme TL IML 80%7+A Z71=¢lth. 181} Lipozyme RM IM¢] A9 BE A
ool A F =g dite] 3482 3% o2 m-¢ e zHe el i
Novozym 435= &ty && 3744 /7187 24T 3+ ElZeAeI =9 sn—1.3 4
28] Aakg 2 Baljota ool 2B} stH, 53 27] vkgels sn—3 Aol U= A4

< AgHoz Fdjste] oddiE FHE A AJle SAHS 7R A2 HiuEY g

3lH Lipozyme RM IMe] 790 EglZgMgte]l=9 sn—1,390 & 9% SoldL 7FAL )
71& kA g, o= B33} A HkAE (poly unsaturated fatty acid, PUFA)d] thalod A= 8] A=l A

S 7HA T Q7] W&, oeEls A~} AFES] (acidolysis) Sof 2435l @ ajo] sl Ao g
a3 A Qlth (Shimada et al., 2002; Moreno et al., 2005).

AE2Ho 2 Fsgdat dE o2Ee Txet HEdite] slgeged g A 7hA] ma9

i3S ] Bt o, detsElAls v ol &5t AV B2 RE FsEHdis &Y
g4

ol Aoz JEMTE.
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(a) —@— Novozym 435
-~ Lipozyme TL IM
—W— Lipozyme RM IM
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Figure 15. Effect of various enzymes on the ethanolysis of pine nut oil in a batch reactor
as a function of time. PLA concentration: pinolenic acid concentration in fatty acid ethyl
ester produced by ethanolysis. PLA yield: Yield of pinolenic acid ethyl ester produced by
ethanolysis. Reaction conditions — Mole ratio (pine nut oil to ethanol); 1:100 (3 g), Water
content; <100ppm, Temperature; 25C, Enzyme loading; 5% (0.15g) of weight of substrate,

Shaking speed; 300rpm.
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Figure 16. Effect of mole ratio of substrate on the ethanolysis of pine nut oil in a batch
reactor as a function of time. PLA concentration: pinolenic acid concentration in fatty acid
ethyl ester produced by ethanolysis. PLA yield: yield of pinolenic acid ethyl ester produced
by ethanolysis. Reaction conditions — Water content; <100ppm, Temperature; 25C, Novozym

435; 5% (0.15g) of weight of substrate, Shaking speed; 300rpm.
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Figure 17. Effect of enzyme loading on the ethanolysis of pine nut oil in a batch reactor as
a function of time. PLA concentration: pinolenic acid concentration in fatty acid ethyl ester
produced by ethanolysis. PLA yield: yield of pinolenic acid ethyl ester produced by
ethanolysis. Reaction conditions — Mole ratio (pine nut oil to ethanol); 1:80 (3 g), Water

content; <100ppm, Enzyme; Novozym 435, Temperature; 25C, Shaking speed; 300rpm.
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(5) FA=dadL FF5& A g2k add ts A}

Heerd mE wEgda 52 &vs Figure 1891 UERATH 27198 208 oo
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Figure 18. Effect of temperature on the ethanolysis of pine nut oil in a batch reactor as a
function of time. PLA concentration: pinolenic acid concentration in fatty acid ethyl ester
produced by ethanolysis. PLA yield: yield of pinolenic acid ethyl ester produced by
ethanolysis. Reaction conditions — Mole ratio (pine nut oil to ethanol); 1:80 (3 g), Water

content; <100ppm, Novozym 435; 10% (0.30g) of weight of substrate, Shaking speed; 300rpm.
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Figure 19. Effect of added water on the ethanolysis of pine nut oil in a batch reactor as a
function of time. PLA concentration: pinolenic acid concentration in fatty acid ethyl ester
produced by ethanolysis. PLA yield: yield of pinolenic acid ethyl ester produced by
ethanolysis. Reaction conditions — Mole ratio (pine nut oil to ethanol); 1:80 (3 g), Temperature;

35C, Novozym 435; 10% (0.30g) of weight of substrate, Shaking speed; 300rpm.
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Figure 20. Effect of temperature on the ethanolysis of pine nut oil in a PBR system as a
function of time. PLA concentration: pinolenic acid concentration in fatty acid ethyl ester
produced by ethanolysis. PLA yield: Yield of pinolenic acid ethyl ester produced by
ethanolysis. Reaction conditions — Mole ratio (pine nut oil to ethanol); 1:50 (100 g), Novozym
435; 10% (10g) of weight of substrate, Shaking speed; 400rpm, Residence time in reactor; 1

min.

_65_



100

B FAEE concentration(%s)
s PLA concentration(%)
80 s PLA yield(%)

60

40

DM

7| I
1

AT

—_
tn
2

5 35 45 5

N

Temperature (°C)

Figure 21. Effect of temperature on the ethanolysis of pine nut oil in a PBR when PLA
concentration is 30%. PLA concentration: pinolenic acid concentration in fatty acid ethyl ester
produced by ethanolysis. PLA yield: Yield of pinolenic acid ethyl ester produced by
ethanolysis. Reaction conditions — Mole ratio (pine nut oil to ethanol); 1:50 (100 g), Novozym
435; 10% (10g) of weight of substrate, Shaking speed; 400rpm, Residence time in reactor; 1

min.
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Figure 22. Effect of temperature on A5—FAEE concentration and yield produced by
ethanolysis of pine nut oil in a PBR as a function of time. A5—FAEE concentration:
concentration of A5—fatty acid ethyl ester in fatty acid ethyl ester produced by ethanolysis.
AS5—=FAEE vyield: yield of Ab5—fatty acid ethyl ester produced by ethanolysis. Reaction
conditions — Mole ratio (pine nut oil to ethanol); 1:50 (100 g), Novozym 435; 10% (10g) of

weight of substrate, Shaking speed; 400rpm, Residence time in reactor; 1 min.
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Figure 23. Effect of temperature on concentration of FAEE produced by the ethanolysis of
pine nut oil in a PBR as a function of time. Reaction conditions — Mole ratio (pine nut oil to
ethanol); 1:50 (100 g), Novozym 435; 10% (10g) of weight of substrate, Shaking speed;

400rpm, Residence time in reactor; 1 min.
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Figure 24. Effect of molar ratio on the ethanolysis of pine nut oil in a PBR as a function of
time. PLA concentration: concentration of pinolenic acid ethyl ester produced by ethanolysis.
PLA vyield: yield of pinolenic acid ethyl ester produced by ethanolysis. Reaction conditions —
Temperature; 45C, Novozym 435; 10% (10g) of weight of substrate, Shaking speed; 400rpm,

Residence time in reactor; 1 min.

_70_



100

EE FAEE concentration(%o)
PL A concentration(%o)

80 r
B PL A vield(%0)

60

40

20

1:5 1:10 1225 1:50 I 75 1:100
Molar ratio (PNO : Ethanol)

Figure 25. Effect of molar ratio on the ethanolysis of pine nut oil in a PBR when PLA
concentration is 30%. FAEE concentration: concentration of fatty acid ethyl ester produced by
ethanolysis. PLA concentration: concentration of pinolenic acid ethyl ester produced by
ethanolysis. PLA yield: yield of pinolenic acid ethyl ester produced by ethanolysis. Reaction
conditions — Temperature; 45C, Novozym 435; 10% (10g) of weight of substrate, Shaking

speed; 400rpm, Residence time in reactor; 1 min.
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Figure 26. Correlation of PLA yield and PLA concentration when fatty acid ethyl esters were
synthesized at the various mole ratios in a PBR. FAEE concentration: concentration of fatty acid
ethyl ester produced by ethanolysis. PLA concentration: concentration of pinolenic acid ethyl
ester produced by ethanolysis. PLA yield: yield of pinolenic acid ethyl ester produced by
ethanolysis. Reaction conditions — Temperature; 45°C, Novozym 435; 5% (5g) of weight of

substrate, Shaking speed—400rpm, Residence time in reactor; 1 min.
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Figure 27. Effect of various mole ratios on A5—FAEE concentration and yield produced by the
ethanolysis of pine nut oil in a PBR as a function of time. A5—FAEE concentration:
concentration of A5—fatty acid ethyl ester in fatty acid ethyl ester produced by ethanolysis.
AS5—=FAEE vyield: yield of Ab5—fatty acid ethyl ester produced by ethanolysis. Reaction
conditions — Temperature; 45C, Novozym 435; 10% (10g) of weight of substrate, Shaking

speed; 400rpm, Residence time in reactor; 1 min.
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Figure 28. Effect of mole ratio on the concentration of FAEE produced by the ethanolysis of
pine nut oil in a PBR as a function of time. Reaction conditions — Temperature; 45C,
Novozym 435; 10% (10g) of weight of substrate, Shaking speed; 400rpm, Residence time in

reactor; 1 min.
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Figure 29. Effect of various residence times on the ethanolysis of pine nut oil in a PBR as a
function of time. PLA concentration: concentration of pinolenic acid ethyl ester in fatty acid
ethyl ester produced by ethanolysis. PLA yield: yield of pinolenic acid ethyl ester produced by
ethanolysis. Reaction conditions — Mole ratio (pine nut oil to ethanol); 1:50 (100 g),

Temperature; 45C, Novozym 435; 10% (10g) of weight of substrate, Shaking speed; 400rpm.
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Figure 30. Effect of various residence times on A5—FAEE concentration and yield produced by
the ethanolysis of pine nut oil in a PBR as a function of time. A5—FAEE concentration:
concentration of A5—fatty acid ethyl ester in fatty acid ethyl ester produced by ethanolysis.
AS5—=FAEE vyield: yield of Ab5—fatty acid ethyl ester produced by ethanolysis. Reaction
conditions — Mole ratio (pine nut oil to ethanol); 1:50 (100 g), Temperature; 45C, Novozym
435; 10% (10g) of weight of substrate, Shaking speed; 400 rpm.
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Figure 31. Effect of various residence times on concentration of FAEE produced by the
ethanolysis of pine nut oil in a PBR as a function of time. Reaction conditions — Mole ratio
(pine nut oil to ethanol); 1:50 (100 g), Temperature; 45C, Novozym 435; 10% (10g) of weight
of substrate, Shaking speed; 400rpm.
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Figure 32. PLA concentration and PLA yield producted by ethanolysis of pine nut oil in large
scale and lab scale using a PBR as a function of time. PLA concentration: concentration of
pinolenic acid ethyl ester in fatty acid ethyl ester produced by ethanolysis. PLA yield: yield of
pinolenic acid ethyl ester produced by ethanolysis. Reaction conditions — Mole ratio (pine nut
oil to ethanol); 1:50 (lab: 100 g, bulk: 1 kg), Temperature; 45C, Novozym 435; 10% of weight

of substrate, Shaking speed; 400rpm, Residence time in reactor; 3 min.

_79_



7 71ES] WL 088 EUVY T R Aol FA

(1) 71Ee] fd A% d=ddi i Ze=SdAgdol= Az 2 55
D Asddd i BxZdAgiel = Ax
(F)Lddzo e aEtstud A 53 s dits 01%5}04 71501] AHgstd i}@rﬁ Az WY
£ o] &3t HhE Alte] WE EiFPAetols ¥4 HEE
S} Ak ??‘H’Tf{ Elt:LEVﬂE}O] Xﬂz‘ﬂ* ol 1740}

00 g& 71E o2 2EAEL 30-34 g EFath A=el iz 2YAELS

AEe] HEL v BAFE 7 fle EXIA
of dzedit g A

oE
Ao
fr

& 100 rpm v g A &= wRkE o] ekst3 300 rpme:
z3a AF) Ayl Walt 5 B0 WaE ALt BAR s 4¥al B Belolth we
257} 240Co] E23 Fof whg Azbo] 308 TEIQ BS FAE BxZeAols FEe 32.3%9 1,
"S- Al7to] 308 w) 45.7%=2 71 Zo| FAEeH, 60E A= 39.5%2 RieFeAeto| = gTF
| ZAE STk weba] 7129 240ColA wytshe Bol o FAe 3089 ¥hg Alto] 7g A
102 gAE T

O

Table 10. The extent of conversion of monoglyceride at different reaction time.

Reaction time (min)
10 30 60

Monoglyceride 32.3 45.7 39.5

Conversion (%)
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st %Xﬂﬂ AR

23 F7 Ade 12 FR/HE vk IAFES A qFEle SRE9 e, 744 248 Ar] Fxu]9 A
AEg-8 1H3k 0.05 — 0.07 torre] WY oA o]FolHth 2825 = 160Te} 180T, 200CE W3alA|
FIHA 5o WE niZHgdol=e] #88 At} (Table 11). 2 A3 180T F7H L&A

95% ol4te] dEd st g R Mgl =8 48 4 U (Table 11), Rx=Z@Aglol=e] T
GCell o3l &A=} (Figure 33).

Table 11. Effect of temperature on the distillation of monoglyceride.

Temperature (C)
160 180 200

Contents (%)

Monoglyceride in distillate 32.3 96.9 61.4
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Analysis Date & Time :2009-11-19 2% 2:33:51
Sample Name :PMG
Data Name : C\GC Solution\Data\2009%1\11#\1119-07.gcd
Method Name : C\GC Solution\Data\METHOD\DB-5HT.gcm
Intensity
1000000
500000
ol L
“”I‘"‘]"“\""""‘!““[""f"“““‘I“
0 10 20 30 40
Peak# Ret.Time Area Height Mark Conc.
1 1.233 255598 256848 0.3095
2 10.837 213320 114352 0.2583
3 11.142 222279 630183 2.6918
4 11.851 1011957 146047 1.2255
S 12.204 7125166 1046776 \ 8.6284
6 12.248 4173211 998881 A 5.0537
7 12.442 9771714 1242780 \ 11.8333
8 12.654 24328156 2704578 \ 29.4608
9 12.769 20731747 3570890 \ 25.1056
10 12.798 5568018 3545538 \ 6.7427
11 12.838 1578144 1154973 \ 1.9111
12 13.246 57076 53926 0.0691
13 13.498 1113309 378176 1.3482
14 13.785 1758056 503875 2.1290
15 13.907 253996 176610 0.3076
16 15.933 140734 95308 0.1704
17 19.979 113688 81613 0.1377
18 20.175 218562 130003 0.2647
19 20.752 181410 102247 0.2197
20 20.869 511393 210350 0.6193
21 20.974 413748 167315 A 0.5010
22 21.077 836235 272150 \ 1.0127
Total 82578034 17583419

min

Figure 33. Chromatogram of pinoleic acid—monoglyceride analyzed by GC—FID.
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Table 12. Chemical characteristics of monoglyceride containing pinolenic acid

Acid value Saponification value Peroxide value
Limit* 6.0< - —
Measurement 0.5 153.1 0.4

*. The limit of glycerine fatty acid esters described in The Code of Food additives.

Table 13. Fatty acid composition of pinolenic acid—monoglyceride

Fatty acid Contents (%)
C16:0 3.7
C18:0 2.4
C18:1 27.0

C18:2 (A—5) 2.0
C18:2 45.0

C18:3 (A-5) 13.8
C20:1 1.7
C20:2 0.8

C20:3 (A—5) 1.3
Others 2.3
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Figure 34. Changes of surface tension for monoglyceride containing oleic acid and
monoglyceride containing pinolenic acid with different concentration. GMO; monoglyceride

containing oleic acid, PLA—MG; monoglyceride containing pinolenic acid.
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Figure 35. The stability of emulsion depending on the concentration of monoglyceride containing oleic

acid (Oleic—MAG) at different retention time.
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Figure 36. The stability of emulsion depending on the concentration of monoglyceride containing

pinolenic acid (PLA—MAG) at different retention time.
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Figure 37. The stability kinetics of oleic acid—monoglyceride emulsion.
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Figure 38. The stability kinetics of pinolenic acid—monoglyceride emulsion.
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Table 14. Stability index of emulsions preparated from monoglyceride containing oleic acid and

monoglyceride containing pinolenic acid

Sample Name Turbiscan Stability Index

1% 4.81

Oleic acid 3% 8.20
—monoglyceride 5% 1.84
7% 5.94

1% 10.59

Pinolenic acid 3% 6.37
—monoglyceride 5% 4.94
7% 4.54
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Figure 39. Effect of various enzymes on the glycerolysis of pine nut oil under solvent—free
system. Each concentration of FA, MAG, DAG, and TAG described the each content of fatty
acid, monoglyceride, diglyceride, and triglyceride based on the sum of fatty acid,
monoglyceride, diglyceride, and triglyceride produced by glycerolysis of pine nut oil as weight
percentage. Reaction conditions — Mole ratio (pine nut oil to glycerol); 1:4.5 (10 g),

Temperature; 40°C, Shaking speed; 300rpm, Reaction time; 12 h.
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Figure 40. Effect of water on the esterification of pine nut oil fatty acids using Novozym 435
and Lipozyme RMIM under solvent—free system. Each concentration of FA, MAG, DAG, and
TAG described the each content of fatty acid, monoglyceride, diglyceride, and triglyceride
based on the sum of fatty acid, monoglyceride, diglyceride, and triglyceride produced by
esterification of pine nut oil fatty acids as weight percentage. Reaction conditions — Mole
ratio (pine nut oil fatty acid to glycerol); 1:5 (10 g), Temperature; 40°C, Shaking speed;

300rpm, Reaction time; 24 h.
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Figure 41. Effect of water on the esterification of pine nut oil fatty acids using Lipase G and
Lipase OF under solvent—free system. Each concentration of FA, MAG, DAG, and TAG
described the each content of fatty acid, monoglyceride, diglyceride, and triglyceride based on
the sum of fatty acid, monoglyceride, diglyceride, and triglyceride produced by esterification
of pine nut oil fatty acids as weight percentage. Reaction conditions — Mole ratio (pine nut
oil fatty acid to glycerol); 1:5 (10 g), Temperature; 40C, Shaking speed; 300rpm, Reaction

time; 24 h.
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Figure 42. Effect of temperature on the synthesis of monoglyceride from pine nut oil fatty
acids and glycerol using Lipase G under solvent—free system. Each concentration of MAG, and
DAG described the each content of monoglyceride, and diglyceride based on the sum of fatty
acid, monoglyceride, diglyceride, and triglyceride produced by glycerolysis of pine nut oil fatty
acids as weight percentage. Reaction conditions — Mole ratio (pine nut oil fatty acid to
glycerol); 1:3 (10 g), Water content; 1%, Lipase G activity; 200U/g, Shaking speed; 300rpm,

Reaction time; 12 h.
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Figure 43. Effect of mole ratio on the synthesis of monoglyceride from pine nut oil fatty
acids and glycerol using Lipase G under solvent—free system. Each concentration of MAG, and
DAG described the each content of monoglyceride, and diglyceride based on the sum of fatty
acid, monoglyceride, diglyceride, and triglyceride produced by glycerolysis of pine nut oil fatty
acids as weight percentage. Reaction conditions — Temparature; 20°C, Water content; 1%,

Lipase G activity; 200U/g, Shaking speed; 300rpm, Reaction time; 12 h.
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Figure 44. Effect of water content on the synthesis of monoglyceride from pine nut oil fatty
acids and glycerol using Lipase G under solvent—free system. Each concentration of MAG, and
DAG described the each content of monoglyceride, and diglyceride based on the sum of fatty
acid, monoglyceride, diglyceride, and triglyceride produced by glycerolysis of pine nut oil fatty
acids as weight percentage. Reaction conditions — Temparature; 20°C, Mole ratio (pine nut oil
fatty acid to glycerol); 1:5, Lipase G activity; 200U/g, Shaking speed; 300rpm, Reaction time;

12 h.
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Figure 45. Effect of enzyme loading on the synthesis of monoglyceride from pine nut oil
fatty acids and glycerol using Lipase G under solvent—free system. Each concentration of
MAG, and DAG described the each content of monoglyceride, and diglyceride based on the
sum of fatty acid, monoglyceride, diglyceride, and triglyceride produced by glycerolysis of pine
nut oil fatty acids as weight percentage. Reaction conditions — Temparature; 20°C, Mole ratio
(pine nut oil fatty acid to glycerol); 1:5 (10 g), Water content; 2%, Shaking speed; 300rpm,

Reaction time; 12 h.
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Figure 46. Effect of starting point of vacuum system on the synthesis of monoglyceride from
pine nut oil fatty acids and glycerol using Lipase G under solvent—free system. Each
concentration of MAG, and DAG described the each content of monoglyceride, and diglyceride
based on the sum of fatty acid, monoglyceride, diglyceride, and triglyceride produced by
glycerolysis of pine nut oil fatty acids as weight percentage. Reaction conditions —
Temparature; 20°C, Mole ratio (pine nut oil fatty acid to glycerol); 1:5 (10 g), Initial water

content; 2%, Shaking speed; 300rpm, Lipase G activity; 600U/g.
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Figure 47. Effect of vacuum on the synthesis of monoglyceride from pine nut oil fatty acids
and glycerol using Lipase G under solvent—free system. Each concentration of MAG, and DAG
described the each content of monoglyceride, and diglyceride based on the sum of fatty acid,
monoglyceride, diglyceride, and triglyceride produced by glycerolysis of pine nut oil fatty acids
as weight percentage. Reaction conditions — Temparature; 20C, Mole ratio (pine nut oil fatty
acid to glycerol); 1:5 (10 g), Initial water content; 2%, Shaking speed; 300rpm, Lipase G

activity; 600U/g, Reaction time; 24 h.
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Figure 48. Correlation of purity and the concentration of monoglyceride (MAG) produced from
pine nut oil fatty acids and glycerol using Lipase G under solvent—free system. MAG
concentration described the content of MAG based on the sum of fatty acid, MAG, diglyceride
(DAG), and triglyceride produced after glycerolysis of pine nut oil fatty acids as weight
percentage. Purity described the MAG concentration based on the sum of MAG and DAG.
Reaction conditions — Temparature; 20°C, Mole ratio (pine nut oil fatty acid to glycerol); 1:5

(10 g), Initial water content; 2%, Shaking speed; 300rpm, Lipase G activity; 600U/g.
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Figue 49. Effect of storage time at 10°C on the synthesis of monoglyceride (MAG) from pine
nut oil fatty acids and glycerol using Lipase G. Each concentration of FA, MAG, and DAG
described the each content of fatty acid, monoglyceride, and diglyceride based on the sum of
fatty acid, monoglyceride, diglyceride, and triglyceride produced by glycerolysis of pine nut oil
fatty acids as weight percentage. Purity described the MAG concentration based on the sum
of MAG concentration and DAG concentration. Reaction conditions for starting material —
Temparature; 20°C, Mole ratio (pine nut oil fatty acid to glycerol); 1:5 (10 g), Initial water
content; 2%, Shaking speed; 300rpm, Reaction time; 24 h, Lipase G activity; 600U/g.
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Figure 50. Effect of storage time at 0°C on the synthesis of monoglyceride from pine nut oil

fatty acids and glycerol using Lipase G. Each concentration of FA, MAG, and DAG described

the each content of fatty acid, monoglyceride, and diglyceride based on the sum of fatty

acid, monoglyceride, diglyceride, and triglyceride produced by glycerolysis of pine nut oil fatty

acids as weight percentage. Purity described the MAG concentration based on the sum of

MAG concentration and DAG concentration. Reaction conditions for starting material —

Temparature; 20°C, Mole ratio (pine nut oil fatty acid to glycerol); 1:5 (10 g), Initial water

content; 2%, Shaking speed; 300rpm, Reaction time; 24 h, Lipase G activity; 600U/g.
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Temparature; 20°C, Mole ratio (pine nut oil fatty acid to glycerol); 1:5 (10 g), Initial water
content; 2%, Shaking speed; 300rpm, Reaction time; 24 h, Lipase G activity; 600U/g.

acids as weight percentage. Purity described the MAG concentration based on the sum of
MAG concentration and DAG concentration. Reaction conditions for starting material —

Figure 51. Effect of storage time at —10°C on the synthesis of monoglyceride from pine nut oil
fatty acids and glycerol using Lipase G. Each concentration of FA, MAG, and DAG described
acid, monoglyceride, diglyceride, and triglyceride produced by glycerolysis of pine nut oil fatty

the each content of fatty acid, monoglyceride, and diglyceride based on the sum of fatty
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Figure 52. Effect of storage time at —20°C on the synthesis of monoglyceride from pine nut oil

fatty acids and glycerol using Lipase G. Each concentration of FA, MAG, and DAG described

the each content of fatty acid, monoglyceride, and diglyceride based on the sum of fatty

acid, monoglyceride, diglyceride, and triglyceride produced by glycerolysis of pine nut oil fatty

acids as weight percentage. Purity described the MAG concentration based on the sum of

MAG concentration and DAG concentration. Reaction conditions for starting material —

Temparature; 20°C, Mole ratio (pine nut oil fatty acid to glycerol); 1:5 (10 g), Initial water

content; 2%, Shaking speed; 300rpm, Reaction time; 24 h, Lipase G activity; 600U/g.
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Table 15. Fluid property of mayonnaise produced with monoglyceride containig stearic acid

(Almax—1000)

No.1 No.2 No.3 No.4 No.5
Vegetable oil 75 75 75 75 75
Egg yolk 9 9 9 9 9
Vinegar 11 11 11 11 11
Sugar 2.5 2.5 2.5 2.5 2.5
Salt 1.5 1.5 1.5 1.5 1.5
Spice 1.0 1.0 1.0 1.0 1.0
Stabilizer 0.1 0.1 0.1 0.1 0.1
Almax—1000 0 0.05 0.1 0.15 0.2
Total 100.1 100.15 100.2 100.25 100.3
0h =’ - - - -
Freezing 1h + — — — _
method 2 h ++ - - - -
3h ++ + + - -
Viscosity
Physical (ep) 220,000 280,000 300,000 350,000 380,000
property pH 4.59 4.58 4.59 4.60 4.60

(* : Evaluation by appearance)

— : very good, product was not changed and soft and glossy.

+ : good, the surface of product was slightly rough and oil ring was shown but separation of
water was not shown.

++ : bad, oil ring was partialy appeared.

+++ : very bad, separation of oil was totally appeared.

When mayonnaise was produced by Table 11, monoglyceride containing stearic acid (Almax—100)

of more than 0.05% was required for increase of viscosity and confirmation of emulsion stability.
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Table 16. Fluid property of mayonnaise produced with monoglyceride containig pinolenic acid

(PLA—MAG)
No.1 No.2 No.3 No.4 No.5
Vegetable oil 75 75 75 75 75
Egg yolk 9 9 9 9 9
Vinegar 11 11 11 11 11
Sugar 2.5 2.5 2.5 2.5 2.5
Salt 1.5 1.5 1.5 1.5 1.5
Spice 1.0 1.0 1.0 1.0 1.0
Stabilizer 0.1 0.1 0.1 0.1 0.1
PLA-MAG 0 0.05 0.1 0.15 0.2
Total 100.1 100.15 100.2 100.25 100.3
0 h = - - - -
Freezing 1h + - — — _
method 2 h ++ + — — _
3h ++ + + - -
Viscosity
Physical (cp) 220,000 250,000 290,000 335,000 350,000
property pH 4.58 4.57 4.59 4.59 4.58

(* : Evaluation by appearance)
— : very good, product was not changed and soft and glossy.

+ : good, the surface of product was slightly rough and oil ring was shown but separation of

water was not shown.
++ : bad, oil ring was partialy appeared.

+++ : very bad, separation of oil was totally appeared.
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Table 17. Fluid property of mayonnaise produced with monoglyceride containig pinolenic acid

(PLA—MAG) and monoglyceride containing stearic acid (Almax—1000)

No.1 No.2  No.2—1 No.2-2  No.3  No3—1 No.3—2
Vegetable oil 75 75 75 75 75 75 75
Egg yolk 9 9 9 9 9 9 9
Vinegar 11 11 11 11 11 11 11
Sugar 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Salt 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Spice 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Stabilizer 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Almax—1000 0 0.1 0.05 0.2 0.1
PLA-MAG 0 0.1 0.05 0.2 0.1
Total 100.1 100.2 100.2 100.2 100.3 100.3 100.3
0h — - - - - - -
Freezing 1h + - — - — _ _
method 2 h ++ - - - - - -
3h ++ + + - - - -
Viscosity
Physical | (cpy | 220:000 300,000 290,000 335,000 380,000 350,000 420,000
property | oy 4.58 4.59 4.59 4.57 4.60 4.58 4.59

(* : Evaluation by appearance)

— : very good, product was not changed and soft and glossy.

+ : good, the surface of product was slightly rough and oil ring was shown but separation of
water was not shown.

++ : bad, oil ring was partialy appeared.

+++ : very bad, separation of oil was totally appeared.
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Table 18. Discriminative test of soy milk produced with monoglyceride containing pinolenic

acid
Answer The number of people Rate (%)
Correct 13 57
Wrong 10 43
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