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( ) · ( ) · ( ) · ( )海松子 柏子 松子 實柏

. ( )毬果

. Pinus pinea,

Pinus cembra , Pinus koraiensis, Pinus

gerardiana, Pinus edulis, Pinus monophylla, Pinus cembroides .
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. , , , ( )

Pinus koraiensis 100

‘Korea’ . Wolff (1997) Pinus koraiensis

, 5△

.

COOH

COOH

COOH

   5,9-18:2
Taxoleic acid

  5,9,12-18:3
Pinolenic acid

 5,11,14-20:3
Seadonic acid

Figure 1. Structure of major -5 unsaturated fatty acids in pine nutΔ

5 , (pinolenic acid)△

. 5 ,△

cholecystokinin (CCK) glucagon like peptide-1 (GLP-1)

,
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1

1. (Ethanolysis) (Pinolenic acid)

.

(1)

,

(n-hexane) 1:10

.

. (rotary evaporator)

50 ( 100 ppm) .℃ ≤

-80 .℃

(2)

40 100 ppm

. 99% (molecular sieves)

.

(40℃ )

.

25 ml . 3

g

300 rpm water bath shaker (New Brunswick, Model Innova 3100, NJ,

USA) . syringe filter

round flask (rotary evaporator)

. 1 mmHg
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15 .

(gas chromatography) .

(3)

. ,

, , ,

. Novozym 435 (Candida antarctica lipase type B), Lipozyme TL

IM (Thermomyces lanuginosa) Lipozyme RM IM (Rhizomucor miehei)

(immobilized lipase) . 2.5 - 20%

, 1:2-1:100 ( 2.72 : 0.28 - 0.48 :

2.52) . 3 g ,

Table 1 . 15 -

45 , 100 ppm 1500 ppm℃

.

, 5 360 .

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
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.

(1)

recycling packed bed reactor (PBR) ( PBR

) , (Figure 2 3). PBR

. (substrate reservoir), (pump),

( , PBR) .

(2)

, circulator , circulator

. PBR

PBR

.

( ) 400 rpm

.

FMI piston pump (Fluid Metering, Inc., Syosset, NY, USA)

1/4 inch teflon tube . mass

cylinder .

PBR (ID x Length = 1cm x 35 cm)

1mm glass bead sea sand 5cm

10g sea sand 3 cm

. PBR 1/4 inch teflon tube

. (bulk scale) ( )

2 ( : ) 10 , (ID)

2cm, 55 cm (lab scale) 10 . Void

volumn 5-10 , recycling PBR Figure 3 .
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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.

.

(1)

1

AOCS BF3 (Boron trifluoride solution, 14% in methanol)

. 20 mg teflon test tube 0.5 N methanolic NaOH 3mL

80 10 . 1℃

BF3 solution 3mL 80 5 methylation .℃
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3 mL NaCl 5mL vortex .

( ) anhydrous sodium

sulfate vial . 1 mL

. column Supelco supelcowax 10 , 30 m, 0.25

mm, film 0.25 m capillary column .μ Injector 240 (split℃

50:1), 180 1 1.5 240 5 , (FID)℃ ℃ ℃

250 , (1 mL/min) .℃

(2)

-5Δ

, .

20 mg (1 mg ethyl heptadecanoate in 1 mL

n-hexane) 1mL 1 uL GC (varian cp-3800) .

column DB-1ht (15 m × 0.25 , 0.15 , J&W) capillary column ,㎜ ㎛ carrier gas

, 1.5 mL . Column oven 150 10℃

, 10 380 10 . Injector 50:1 split mode℃ ℃

380 , detector flame ionization detector(FID) 380 .℃ ℃

(PLA concentration) (PLA

yield) .

피놀 닌산에틸에스터 농도지방산에틸에스터 함량

피놀 닌산에틸에스터 함량
× 

피놀 닌산에틸에스터 수 원료 기 에 피놀 닌산 함량

피놀 닌산에틸에스터 함량
× 

(3) (triglyceride; TAG) sn-2

sn-1,2,3 sn-2 porcine

pancreatic lipase . 10 -20 mg test tube

1 M Tris-HCl buffer (pH 7.6) 2mL, 0.05% bile salts solution 0.5 mL, 2.2% CaCl2 solution 0.2

mL, porcine pancreatic lipase 10 mg 37 2 min 15 mL diethyl ether℃
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. diethyl ether

anhydrous sodium sulfate .

silica gel TLC plate . TLC hexane/diethyl ether/acetic

acid (50:50:1, v/v/v) . TLC 2,7-dichlorofluorecein

2- (2-monoglyceride) band gas

chromatography sn-2

.

(4) sn-1, 2, 3

30 mg 2 mL diethyl ether ethyl magnesium bromide (3 M in

100 μL diethyl ether) 30 vortex mixer . 4 mL acidic

buffer (mixture of 1 mL of 37% HCl and 36 mL of a 0.4 M boric acid solution in water)

Grignard . 5 ml diethyl ether

diethyl ether 0.4 M boric acid . diethyl

ether anhydrous sodium sulfate diethyl ether

. chloroform 3% boric acid

silica TLC plate . petroleum ether/diethyl ether/acetic

acid (65:35:1, v/v/v) , TLC plate 1,2(2,3)-DAG .

enantiomeric 1,2(2,3)-DAG 400 L toluene 40 L dry pyridineμ μ

2 mg 3,5-dinitrophenyl isocyanate 2 (30 )

. 3,5-dinitrophenylurethane (DNPU)

derivatives chloroform TLC

. diethyl ether enantiomeric 1,2(2,3)-DAG

prep-LC 1,2-DAG 2,3-DAG . HPLC column

chiral column (250 × 4.6 mm i.d., 5 μm, YMC-Pack A-K03, YMC Inc., Kyoto, Japan) ,

n-hexane/1,2-dichloroethane /ethanol (40:10:1, v/v/v), column 8 , flow rate℃

0.5 mL/min, UV detector 254 nm . manual

. chiral column 1,2-DAG 2,3-DAG chromatogram Figure 4 .
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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.

2. (Monoglyceride)

.

(1)

( )

. Acidchem

.

(2)

( )

1 L 500 g 160 g

240 150 rpm . 240℃ ℃

(10 30 , 60 ) 200 rpm .
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( ) (Short-Path Distillator)

(Lab-Scale Model, POPE Scientic Inc. USA,

Figure 5 6) feeding bottle 1 ~ 2 torr 140 1℃

. 1 2

0.05 ~ 0.07 torr 160 , 180 , 200 (distillate)℃ ℃ ℃

.

, 95%

.

Figure 5. An apparatus of short-path distillator.

Figure 6. The movement of molecule in evaporator body ( : non-evaporated material, : evaporated● ◯

material).
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(3)

( )

5 g 500 mL .

2 ~ 3 30 0.1 N KOH

. .

산가 
××

  검체 채취량 
  용액 비량 
  용액 역가

( ) ( )

1 g 200 mL 0.5 N 50 mL・

1

. 0.5 N

.

.

비누 가  × ×

  검체 사용하 때 염산 비량 
  공시험에 어 염산 비량 
  검체 채취량 
  염산 역가

( )

1 g (3:2) 25 mL 1∙

mL 10 . , 75 mL

1 mL 0.01 N .

과산 물가  검체 채취량 

 ×
×

  티 산나트 액 적정수 
  공시험에 티 산나트 액 비량 
  티 산나트 액 역가
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( )

(1)

100mL 0.3 g 0.5 N NaOH 6 mL

7 BF3 (14% Boron trifluoride in methanol) 7 mL 10

. heptane 5 mL 1 , NaCl

. 1 ~ 2 mL 0.45 m filter gas chromatograhy .μ

(2) Gas chromatography

(Agilent GC 6890N, Shimadzu GC-17A) column Supelco SP-2560

, 100 m, 0.25 mm, film 0.20 m capillary column .μ

Injector 260 (split 100:1), 140 5 4 240℃ ℃ ℃ ℃

15 , (FID) 260 , (1.1 mL/min) .℃

( )

(1)

Vial 0.025 g 0.5 mL Pyridine . 0.2 mL

hexamethyldisilazane 0.1 mL chlorotrimethylsilane .

20 1 mL 0.45 um filter gas cromatography

.

(2) GC

(Agilent GC 6890N, Shimadzu GC-17A) column JXR silicone (1 m

length 3 mm D.I.) capillary column .˟ Injector 300 (split 100:1),℃

100 15 325 , (FID) 340 , (1.1℃ ℃ ℃ ℃

mL/min) .

( )

(1) O/W

(Oleic acid) 80 (polysorbate 80) 6:4

1%, 3%, 5% 7% (w/w) 2000 rpm 1
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. 7% (soybean oil) 4000

rpm 10 homomixing .

(Fisher Scientific Surface Tensiomat 21, with 6 cm ring) (turbiscan)

.

(2) O/W

80 (polysorbate 80) 6:4

1%. 3%. 5% 7% w/w 2000 rpm 1 .

7% 4000 rpm 10

homomixer (T.K. Homomixer MARK II Model 2.5) .

turbiscan .

(3)

(immiscible phase) (dispersed phase)

(continuous phase) Table 2 .

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

Dispersion

Phase
Emulsion Suspension Foam

Dispersed Phase Liquid Solid Gas

Continuous Phase Liquid Liquid Liquid

particle migration (creaming, sedimentation)

particle size variation (flocculation, coalescence) . ,

Figure 7 .
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a) Particle Migration b) Particle Size Variation

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

Particle migration

, particle size

variation

. ,

.

.

turbiscan AGS (Automated Ageing Station for Characterization and Stability Study) .

60 3 .℃

.

(1)

100 g 2 L round flask , 40 g NaOH 100 g , 100

mL . 30 reflux heating ,

2 L separatory funnel . n-hexane 300 mL NaOH

HCl (6N) . 100 mL

2 anhydrous sodium sulfate n-hexane

. -80℃

.
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(2)

( ) (Lab scale)

Figure 8 circulator

. 10 g

. 300 rpm

.

. 300 rpm

70 ~ 100 rpm .

, ,

.

Figure 9 .

(%) = / ( + ) 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.

( ) (Bulk scale)

10 g

, 20 2 ( : )

. Figure 10 . circulator

, magnetic stirrer dynamic mixer type .
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Figure 10. Bulk scale reaction system for production of monoglyceride by enzymatic esterification.

(3) ,

(esterification) (fatty acid)

3

response factor

. 10 mg chloroform 1 mL

, column DB-1ht (15 m × 0.25 , 0.15 , J&W) capillary column ,㎜ ㎛

carrier gas 1.5 mL . 100 3℃

, 20 360 13 . Injector 370 ,℃ ℃ ℃

split ratio 50:1 , detector flame ionization detector(FID) ,

370 .℃

3.

.
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(1)

, ,

, , , , .

.

(2)

(Almax-1000) .

Table 3 .

Table 5-7 .

Figure 11 ,

. , ,

(mixer, HOBART N50, Figure 12)

.

oil particle ,

oil particle

.

Table 4. Recipe for production of mayonnaise

Source
Vegetable

oil
Vinegar Egg yolk Sugar Salt Spice

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

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

(3)

( )

-18 , 1 30℃ ℃

2 , .

( )

pH . BROOKFIELD

DV- /VISCOMETER , pH TOA Electronics pH meter/HM-20SⅡ

.

.

(1)

,

, ,

.

pH (
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),

.

(2)

Table 8 . Impactor

(separator) .

.

homogenizer (APV GAULIN, INC / 15MR-8TBA / 8,000 PSIG, 3)

Decanter .

( ) homomixer (T.K.

HOMOMIXER MARK / MODEL 2.5, Figure 13) .Ⅱ

121 . Figure℃

14 .

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 5.77

Other 0.36

Total 100

(3)

( )

.

( )

.
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1.

.

(1)

.

3 ( , , ) (brown pine

nut) 4 , , , . Table 9

(18:2) (18:1)

90% . (18:3, 5)△

14-15%

. ( 5△

80% ) 5 (△ taxoleic acid: 18:2,△

5; sciadonic acid: 20:3, 5) .△
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Table 9. Fatty acids composition of different edible nuts

(wt %)

Pine nut

I

Pine nut

II

Pine nut

III

Brown

pine nut
Walnut Casunut Amond Pistachio

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( 5)△ 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( 5)△ 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( 5)△ 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) (screening)

Lipozyme TL IM

(Thermomyces lanuginosa lipase) Lipozyme RM IM (Rhizomucor miehei lipase), Novozym 435

(Candida antarctica lipase type B) (

) .

. Figure 15 Novozym 435

Lipozyme RM IM

(PLA concentration) 35% 360 15% 13%

. Lipozyme TL IM

20% .

Novozym 435 Lipozyme RM IM

.

(PLA yield) Novozym 435 Lipozyme TL IM

. 360 Novozym 435 94%

, Lipozyme TL IM 80% . Lipozyme RM IM

3% .

Novozym 435 sn-1,3

, sn-3

.

Lipozyme RM IM sn-1,3

, (poly unsaturated fatty acid, PUFA)

, (acidolysis)

(Shimada et al., 2002; Moreno et al., 2005).

,

Novozym 435 .
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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; 25 , Enzyme loading; 5% (0.15g) of weight of substrate,℃

Shaking speed; 300rpm.
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(3)

Novozym 435 (Candida antarctica )

Figure 16

.

35% .

14% 2.5 3 .

sn-3 (

95% ) Novozym 435

sn-3 .

Novozym 435

model system . sn-3

, sn-1

. 360

, 20

. 1:100

180 18.98%

360 17.47%

.

Novozym 435 sn-1,3

(Shen and Wijesundera, 2006) .

, 1:20

. 1:100

60 80% . 1:80

180 1:100

85.93% .
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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; 25 , Novozym℃

435; 5% (0.15g) of weight of substrate, Shaking speed; 300rpm.
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(4)

1:80 ( )

(Novozym 435) . Figure 17
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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; 25 , Shaking speed; 300rpm.℃
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(5)

Figure 18 . 20
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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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(6)

100 ppm 1500 ppm

(Figure 19).
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, minimal water ,
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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;

35 , 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.
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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 5-FAEE concentration and yield produced by△

ethanolysis of pine nut oil in a PBR as a function of time. 5-FAEE concentration:△

concentration of 5-fatty acid ethyl ester in fatty acid ethyl ester produced by ethanolysis.△

5-FAEE yield: yield of 5-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 yield: yield of pinolenic acid ethyl ester produced by ethanolysis. Reaction conditions -

Temperature; 45 , Novozym 435; 10% (10g) of weight of substrate, Shaking speed; 400rpm,℃

Residence time in reactor; 1 min.
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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; 45 , 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 , 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 5-FAEE concentration and yield produced by the△

ethanolysis of pine nut oil in a PBR as a function of time. 5-FAEE concentration:△

concentration of 5-fatty acid ethyl ester in fatty acid ethyl ester produced by ethanolysis.△

5-FAEE yield: yield of 5-fatty acid ethyl ester produced by ethanolysis. Reaction△ △

conditions - Temperature; 45 , 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; 45 ,℃

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; 45 , Novozym 435; 10% (10g) of weight of substrate, Shaking speed; 400rpm.℃
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Figure 30. Effect of various residence times on 5-FAEE concentration and yield produced by△

the ethanolysis of pine nut oil in a PBR as a function of time. 5-FAEE concentration:△

concentration of 5-fatty acid ethyl ester in fatty acid ethyl ester produced by ethanolysis.△

5-FAEE yield: yield of 5-fatty acid ethyl ester produced by ethanolysis. Reaction△ △

conditions - Mole ratio (pine nut oil to ethanol); 1:50 (100 g), Temperature; 45 , 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; 45 , Novozym 435; 10% (10g) of weight℃

of substrate, Shaking speed; 400rpm.
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(4) (Bulk scale)

100 g 5%

5g .

10 (Figure 32),

.

.

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; 45 , Novozym 435; 10% of weight℃

of substrate, Shaking speed; 400rpm, Residence time in reactor; 3 min.
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2.

.

(1)

( )

( )

(Table 10).

100 g 30-34 g .

150-250 rpm , 100 rpm 300 rpm

.

240 30 32.3% ,℃

30 45.7% , 60 39.5%

. 240 30℃

.

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

Conversion (%)
Reaction time (min)

10 30 60

Monoglyceride 32.3 45.7 39.5

( ) (short-path distillator)

.

.

1 2 .

1 , 1-2 torr 140℃

1-2 torr 1% r . 1 130℃

150℃
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.

2 1 ,

0.05 - 0.07 torr . 160 180 , 200℃ ℃ ℃

(Table 11). 180℃

95% (Table 11),

GC (Figure 33).

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

Contents (%)
Temperature ( )℃

160 180 200

Monoglyceride in distillate 32.3 96.9 61.4
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Figure 33. Chromatogram of pinoleic acid-monoglyceride analyzed by GC-FID.
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(2)

.

6.0 , ,

. Table 12 .

(C18:3, 5) 13.8%∆

(Table 13).

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 ( -5)Δ 2.0

C18:2 45.0

C18:3 ( -5)Δ 13.8

C20:1 1.7

C20:2 0.8

C20:3 ( -5)Δ 1.3

Others 2.3
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( )

80 (polysorbate 80) 6:4

80 (polysorbate 80) 6:4

(surface tensrimat 21, 6 m ring) .

. O/W

Figure 34 . CMC (critical missel'

concentrate) , HLB (hydrophilic lipophilic balance) 2 - 5

, CMC ,

5 - 5.5 % .

.

,

30% .

,

.

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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( )

,

80

(polysorbate 80) 6:4 80

(polysorbate 80) 6:4 60℃

Figure 35 36 .

60 3 1 scanning℃

. X (mm) , Y scan profile (delta

backscattering flux (%) in reference mode) . 2 profile (1

) , 60℃

profile .

creaming .

(cream layer )

backscattering flux (%) , (clariication layer )

backscattering flux (%) . backscattering flux (%)

.

Creaming backscattering flux (%) stability kinetics

(Figure 37 38) stability index (Table 14) .

, ,

.

.
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1% Oleic-MAG 3% Oleic-MAG

5% Oleic-MAG 7% Oleic-MAG

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.

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

Oleic acid

-monoglyceride

1% 4.81

3% 8.20

5% 1.84

7% 5.94

Pinolenic acid

-monoglyceride

1% 10.59

3% 6.37

5% 4.94

7% 4.54

.

(1)

,

.

,

. .

(glycerolysis)

(esterification) .

Novozym 435

Lipozyme RM IM, Lipase G (Amano) Lipase OF

(Meito) . Figure 8 circulating water bath jacket type

, (5 mg)

.

1:4.5 12



- 90 -

. Figure 39 ,

Lipase G Lipase OF Novozym 435

Lipozyme RI IM 50% 10%

.

.

1:5

10% 200 U/g

. Candida rugosa

Lipase OF .

. Figure

40 , Figure 41 .

.

Lipase G ,

. Lipase OF

.

Lipase G (Penicillium camembertii ) .
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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 , 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 , 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; 40 , Shaking speed; 300rpm, Reaction℃

time; 24 h.
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(2)

Penicillium camembertii Amano (Japan) lipase Lipase

G .

.

1:3 10 g

. 1%, 200 U/g 12

. Figure 42 0℃

40℃

20 30 . 30 40℃ ℃ ℃ ℃

.

. 20 .℃



- 95 -

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.



- 96 -

(3)

Lipase G 20℃

. , ,

,

1:1 1:7 . 1:1 1:5

(Figure 43). 1:5 1:7

.

,

.

1:5 .
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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; 20oC, Water content; 1%,

Lipase G activity; 200U/g, Shaking speed; 300rpm, Reaction time; 12 h.
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(4)

(transesterification) (acidolysis),
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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; 20oC, 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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(5)

(Figure 45).

2% .

Lipase G

. 100 U/g - 800 U/g .

600 U/g

. 600 U/g 8 60.5%

400 U/g 12 58.5% 4%

. 600 U/g 400 U/g
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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; 20oC, 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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(6)

( )
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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; 20oC, 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.



- 104 -
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acyl migration
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(Figure 47). 0.5 1, 2.5, 5, 10, 20 torr . 0.5 - 10 torr
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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; 20 , 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 , 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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(-10 ) .℃

85% , 3%

. , 90%

.

Figue 49. Effect of storage time at 10oC 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; 20oC, 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 0oC 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; 20oC, 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 51. Effect of storage time at -10oC 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; 20oC, 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 52. Effect of storage time at -20oC 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; 20oC, 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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3.

Figure

53 .

Figure 53. Mayonnaise (left) and soybean milk (right) produced using monoglyceride synthesized

from PLA.
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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

Freezing

method

0 h -* - - - -

1 h + - - - -

2 h ++ - - - -

3 h ++ + + - -

Physical

property

Viscosity

(cp)
220,000 280,000 300,000 350,000 380,000

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

Freezing

method

0 h -* - - - -

1 h + - - - -

2 h ++ + - - -

3 h ++ + + - -

Physical

property

Viscosity

(cp)
220,000 250,000 290,000 335,000 350,000

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 No.3-1 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

Freezing

method

0 h -* - - - - - -

1 h + - - - - - -

2 h ++ - - - - - -

3 h ++ + + - - - -

Physical

property

Viscosity

(cp)
220,000 300,000 290,000 335,000 380,000 350,000 420,000

pH 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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.

(1)

Table 18

, .

.

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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(2)

Figure 54
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Figure 54. Sensory test of soy milk produced with monoglyceride containing pinolenic acid (5
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1.

2.

3.

(SCI)

Enrichment of pinolenic acid from pine nut oil via lipase catalyzed

ethanolysis with an immobilized Candida antartica (Accepted)

Biocatal. &

Biotrans.

(SCI)

Lipase-catalyzed production of triacylglycerols enriched in pinolenic

acid at the sn-2 position from pine nut oil (Submitted)

J. Sci Food

Agri

(SCI)

Synthesis of high purity monoacylglycerol containing pinolenic acid in

a solvent free system by lipase-catalyzed esterification (Preparation)

J. Agri. Food

Chem.

( )

Enrichment of of pinolenic acid (PLA) by selective ethanolysis

reaction from pine nut oil with immobilized Candida antartica lipase

100th AOCS

annual meeting

(2009)

( )

Lipase-catalyzed synthesis of triacylglycerols enriched in pinolenic

acid at sn-2 position from pine nut oil

101st AOCS

annual meeting

(2010)

( )

Production of monoacylglycerol containing pinolenic acid using

lipase-catalyzed esterification

102nd AOCS

annual meeting

(2011)

( )

Synthesis of symetrical triacylglycerol containing pinolenic acid at

sn-2 position in packed bed reactor by lipase-catalyzed acidolysis

102nd AOCS

annual meeting

(2011)

( )

Isolation of Pinolenic acid (PLA) by Lipase-catalyzed Ethanolysis of

Pine Nut Oil with Candida antarctica Lipase (2009)

( )

Production of structured lipids by enzymatic acidolysis using modified

pine nut oil in a packed bed reactor (2010)

( : 10-2011-0029598, : 2011 3 31 )
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1
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3 3 1 2 3
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(Lipid Nutrition)
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2006-2007 2 PinnoThin “Health Ingredient Silver

Award” “Frost & Sullivan Award for Best Product Innovation”, “Best Slimming

Ingredient Award” .
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