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Abstract

This study was conducted to manufacture the process cheese with the increase of unsaturated
fatty acid by adding different vegetable oils for the improvement of nutritional aspects without
reducing its sensory advantage. Processed cheese samples were made by using the same kind of
natural cheese, cheese contents and aging degree with the substitution of 7.2% butter and 6%
different vegetable oils such as olive oil, canola oil, safflower oil, corn oil, soybean oil and sunflower
oil. The protein, fat, T.S., SN.F., F.D.M. and NaCl content of process cheese showed no significant
difference in each sample. But the sample substituted with butter resulted in higher pH than other
treatments. Seven days after manufacture, the TBA value of each sample showed the range from
0.0374 to 0.0819. The sample substituted with butter showed the highest saturated fatty acid contents
from Cy:0 to Cis:0. The amount of oleic acid was highest in the sample substituted with olive oil, and
the content of linoleic and linolenic acid was the highest in the sample substituted with safflower oil.
The ratio of UFA and SFA in the processed cheese was the lowest in the sample substituted with
butter with 33.37% and higher in samples substituted with vegetable oil with the range of from 55.62
fo 72.66%. The preference test score of process cheese samples showed the range from 3.22 to 6.59.
The sample substituted with butter had the highest score and the sample substituted with olive oil
showed the lowest score. The off-flavor fest score of the processed cheese samples was measured from
0.78 to 3.25. The sample substituted with butter had the highest score and the sample substituted
with olive oil showed the lowest score.
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Table 1. The ingredient of the processed cheese supplemented with different vegetable oils content

(%)
. Sample No 1 2 3 4 5 6
Ingredient
Frozen young Cheddar (1wk) 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Semi-matured Cheddar (5mo) 43.0 43.0 430 43.0 430 430 43.0
Old Gouda (6mo) 9.0 9.0 9.0 9.0 9.0 8.0 9.0
Skim milk powder 2.5 25 25 2.5 2.5 25 2.5
Butter 7.2 - - - - - -
Olive oil - 6 - - - - -
Canola oil - - 6 = - - -
Safflower oil - - - 6 - - -
Corn oil - - - - 6 - -
Soybean - - - - - 6 -
Sunflower oil - - - - - - 6
Solva 35S 1.7 1.7 1.7 1.7 1.7 1.7 1.7
Solva 120DI 04 04 04 04 04 04 0.4
Solva NZ10 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Added water 15.6 16.8 16.8 16.8 16.8 16.8 16.8
Table 2. Manufacture conditions of the processed cheese
Condition for Manufacture
Process for manufacture
. Control Experiment
Temperature of pilot kettle 92'C 92C
Quantities of condensed and added water 312ml 336ml
Adding the raw material cheese 1440g 1440g
Amount of butter 144g -
Adding the emulsifiers
Solva 35S 34g 34g
Solva NZ10 8¢ 8g
Solva 120DI 12¢g 12¢
Speed of blending (rpm) 140 140
Time of blending (sec) 50 50
Speed of 1st agitation (rpm) 240 240
Time of 1st heating (sec) 300 130
Adding the vegetable oil - 120g
Speed of 2nd agitation (rpm) - 240
Time of 2nd heating (sec) - 220
Speed of vacuum agitation (rpm) 140 140
Time of vacuum (sec) 25 25

265FS, Japan) & AM&3t4] 538nmelA OD%t  124,X107°2.2 84ste REINOF AL
S FH3ET. FAEL 23 FHF Smid dET ER3Y TBAME 69%4 3 FL9
TBAA) ¢ 5mlS E§3led AFE31H T, 0.003M cheese 1000g % malonaldehyde® mg+2 &
1,1,3,3-tetra-ethoxypropanes 22} 2% 4= Alsk o
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Table 3. Operating condition for GC/MS analysis

Condition

Item
Column
Carrier gas Helium
Carrier gas flow rate 1ml/min

Temp.
Oven temp.
MS condition

HP-5(30m % 0.25mm % 0.25 um firm thickness)

40°C for 2min — Increasing by 10°C/min
—240°C for 1Umin
Ion source temp.: 170C

Mass range: 10:450m/z
Ionization voltage(EI): 70eV
Trap current: 300 ¢ A

Injection vol 1pl
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Table 4. The score and scales used for the
sensory evaluation of off-flavors

Score Off-flavor

0 Very pronounced

1 Pronounced

2 Medium

3 Mild

4 None
AZFEAA E43 .
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C: Butter, 1: olive oil, 2: canola oil, 3: safflower oil, 4: corn oil

5: soybean oil, 6: sunflower oil

Fig. 2. Incomplete block design for the processed cheese sample.
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Table 5. Composition of the processed cheese
N Treatment(%)
Composition
C 1 2 3 4 5 6
Protein 18.32 18.37 18.28 18.25 18.39 18.21 18.28
Fat 28.90 29.10 28.90 28.70 29.20 29.20 28.70
TS 55.44 55.95 55.36 55.48 55.92 55.73 55.60
SNF 26.54 26.85 26.46 26,78 26.72 2653 26.90
FDM 52.13 52.01 52.20 51.73 52.22 52.40 51.62
pH 5.86 5.80 5.79 5.84 5381 581 5.80
NaCl 0.78 0.79 0.76 0.79 0.81 0.78 0.80

Y Each data indicates a mean of triplicate

C: Butter, 1: olive oil, 2: canola oil, 3: safflower oil, 4: corn oil, 5: soybean oil, 6: sunflower oil

Table 6. TBA value of the processed cheese

Treatment TBA7H (mg/1000g)
S 0.0272% + 0.0048
1 0.0374® + 0.0096
2 00748 + 00048
3 0.0510° + 0.0096
4 0.0510° + 0.0096
5 0.0306° + 0.0056
6 0.0510° + 0.0074

Y Each data indicates a mean with standard
deviation obtained from triplicate test.

* Duncan's Multiple Range Test for TBA
value(p<0.05).

The superscript with same letter are not
significantly different.
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0.86mg/kg® TBAZIE 718t Hysgo
AEAR FAE HAUMS MEFRNZY TBAZLE
0.0374~0.08198] A& Yehliz JouZ
AES 7ZssA) g 7HEARS TBAZ
0.03mg/kgst ¥&d FXE JERBE 4 FE
AR EX AN 9§ HFXZ Y A
3 SHL TN E AF 27 +HE v

7t oty AdEq,

X|gtatel =M

HEAD FAE H7Me HE2Y HEE 3
7tg 7hE A& Y Ak 24 L Table 73 Fig
3, 4, 59 72 vE & Arste A2 A B}
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Table 7. Compositionsl) of fatty acid in the processed cheese

Fig. 3. Comparison of unsaturated fatty acid
content of the processed cheese substituted
with butter and different vegetable oils. C:
Butter, 1: olive oil, 2 canola oil, 3: safflower
oil, 4 corn oil 5: soybean oil, 6: sunflower oil.

fatty acid(SFA) vl &2 ME & A7t A&7}
3337% % 7P 232 AEA FAE Fvbsio
Az NES B 5562~T72.66%E =A
1232y

HSHA

Composition(%)
Fatty acid
C 1 2 3 4 5 6
Butyric acid ~ (4:0) 6.68° 5,84° 6.27° 4.85° 657° 6.23° 549
Caproic acid  (6:0) 583" 581 551° 4.95° 5.18° 5.14 5.29°
Caprylic acid ~ (8:0) 297 2.83° 2.85° 2.50° 2,594 2288 254°
Capric acid (10:0) 593 3.22 3.96 337 3.48° 2938 3.40°
Lauric acid (12:0) 403 2.91¢ 2.318 2.99° 267 2.74° 3.08°
" Myristic acid ~ (14:0) 11.67* 9.42° 8378 9.07f 9207 9.11° 9.48°
Palmitic acid ~ (16:0) 2721°  2467°  2523°  2195% 23064 2229°  2226°
Stearic acid (18:0) 10.44° 6.70% 9.39° 8.00' 8.18¢ 8.14° 8.45°
Oleic acid (18:1) 2309 3398  27.05° 1893° 1898  2368°  2233°
Linoleic acid  (18:2) 1.89% 3.80f 638  18.10° 1543°  1296°  1361°
Linolenic acid  (18:3) 0.04® 0.50° 221° 505 438° 417° 3.781
Arachidic acid  (20:0) 0.21% 0.30° 0.35* 0.24° 0.26° 0.23° 0.22f
Erucic acid (22:1) 0.01¢ 0.00° 0.10° 0.01° 0.00° 0.03° 0.07°
U Each data indicates a mean of triplicate
C: Butter, 1: olive oil, 2. canola oail, 3: safflower oil, 4: corn ail,
5: soybean oil, 6: sunflower oil
The superscript with same letter are not significantly different(p<0.05).
40 e CISCFA
GWMCFA
35 - Noleic acid 50 OLCFA
w0 Binelante acid s ['
(%) 30 7] v, =
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Fig. 4. Comparison of SCFA, MCFA and
LCFA content of the processed cheese substit-
uted with butter and different vegetable oils.
C: Butter, 1: olive oil, 2: canola oil, 3:
safflower oil, 4: corn oil, 5: soybean oil, 6:
sunflower oil.
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Fig. 5. Comparison of SFA, MUFA and
PUFA content in the processed cheese subs-
tituted with different vegetable oils. C: Butter,
1: olive oil, 2: canola oil, 3: safflower ail, 41
corn oil, 5. soybean oil, 6: sunflower oil.
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Table 9. Sensory evaluation score” of the

processed cheese
Treatment Preference Off-flavor
test score? scorem

C 6.59+0.39% 3.25+0.56°
1 3.22+0.49° 0.78+0.27°
2 597 +0.97% 256+0.80°
3 5.43+0.48*° 2.45+0.48"
4 6.34+0.30% 2.96+0.52°
5 5.3440.78> 2.27 +0.46"
6 5.06+063° 2.25+0.37°

=N
=

A

e

Each data indicates a mean with standard
deviation obtained from triplicate test

9 points score

5 points score

C: Butter, 1: olive oil, 2: canola oil, 3:
safflower oil, 4: corn oil, 5: soybean oil, 6:
sunflower oil

The superscript with same letter are not
significantly different (p<0.05),

E Bx3 A 9% oily flavor7h
oy Byg up Qlow ojgd A 2

%

¢

shoh & A7 ASE YN EHE AFE Hed F

Aok

Table 8. Percentage of fatty acids with chain length and degree of saturation

Content(%)
Fatty acid
C 1 2 3 4 5 6

SCFA" 25.44 20.61 20.91 18.66 20.50 19.32 19.80
MCFA? 38.89 34.09 33.60 31.02 32.26 31.29 3174
LCFAY 35.68 45.30 45.49 50.32 47.24 49.49 48.46
SFAY 74.98 61.71 64.26 57.92 61.20 58.98 60.21
MUFA® 23.10 33.99 27.15 18.94 18.98 23.89 22.40
PUFAY 1.92 431 859 23.14 19.81 1713 17.39
UFA/SFA” 33.37 62.06 55.62 72.66 63.39 69.54 66.08

Y SCFA: Short-chain fatty acid(4:0 to 12:0)

» MCFA: Medium-chain fatty acid(14:0 to 16:0)

¥ LCFA: Long-chain fatty acid(18:0 to 22:1)

Y SFA:  Saturated fatty acid

¥ MUFA: Monounsaturated fatty acid

® PUFA: Polyunsaturated fatty acid

UFA/SFA: Unsaturated fatty acid/saturated fatty acid
C: Butter, 1: olive oil, 2: canola oil, 3: safflower oil, 4: corn oil, 5: soybean oil, 6: sunflower oil
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