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Study on Ultrasonic Frying

Jariya Taiwprateep
Nampung Akesrisakul
Pratya Sainium

Asst.Prof.Dr.Maradee Phongpipatpong Advisor

ABSTRACT

An applicate of Ultrasonic in food frying is investigated in this study. Three factors to
consider include frying method (traditional/ultrasonic 40 kHz), sample size (91.55 cm./@2.67 cm.)
and frying temperature (170°C/ 190°C). Sausage is used as sample. 2’ factorial experiment giving the
eight treatment combinations is used to determine the main effects and interaction effects on moisture
content, oil uptake, expansion ratio and L-value of the products. The use of ultrasonic frying decrease
product moisture but it increases in oil uptake, expansion and the L-value of the product. There are
interaction effects between those factors. Therefore, it is important to understand the impact of there

interactions.
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4.1.1 Namsnﬂamdn]‘%mmmm%’ummwaﬂﬁm% (Moisture Ratio)

] b4
M3190 4.1 HaMINaaeInIlSInuANUFUVDINAAS UN

time(min) | SY170 | SN170 | SY190 | SN190 | LY170 | LNI170 | LY190 | LN190
1 1 1 1 1 1 1 1 1
2 0.816 | 0974 0.83 0.841 0.861 0.954 | 0.884 | 0.887
3 0.826 | 0.748 | 071 0.777 0.89 0.942 | 0858 | 0.889
4 0.738 | 0774 | 0.698 | 0.672 0.85 0.853 | 0.808 | 0.907
5 0.592 |~ 0757 |- 0.667 | 0.581 0.824 | 0.841 0.747 | 0.837
6 0.688 0.71 0.64 0619 | 0.815 | 0.803 0.78 0.881
7 0.615| 0.701 0.65 0603 | 0753 | 0.796 | 0.743 0.865
8 0.572 | 0.646 | 0597 | 0569 | 0.603 | 0811 | 0708 | 0.846

4.1.2 wamsnaredmSnanniuTfing o AR o (%Oil Uptake)
AT 4.2 wami'ﬂﬂam_ﬂ'nﬁu1m§1ﬁuﬁsﬁu§mmwﬁmﬁm%

time(min) | SY170 | SN170 | SYI90 | SN190 | LY170 | LN170 | LY190 | LN190
1 17.527 | 19.151 - 11.025 | 17.885 | 2189 | 15.424 | 14.209
2 12.634 | 13.499 | 26552 12948 | 11.322 |1.354 | 13.073 | 12.621
3 17.971 | 18.569 | 29.092 | 18327 | 14.817 | 9.767 | 16.818 | 5.648
4 99,001 | 29265 | 2337 | 24852 | 15224 | 5743 | 25115 | 11358
5 13.67 | 13.469 | 18238 | 1432 | 13.338 | 7.805 | 15.602 | 3.097
6 16.423 | 19.116 | 12564 | 13327 | 16.756 | 4.572 | 15.486 | 3.024
7 16738 | 17.129 | 13477 | 11655 | 31412 | 2497 | 18423 | 1.415
8 31.906 | 32.076 | 18234 | 16.938 | 5.133 | -9.449 | 18599 | 8.833
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4.1.3 HANINARBIMONTITINMSVENEFIVDINAAT MU (% Expansion Ratio)

A15197 4.3 HANITNARDIAIBATIFIUMITVLFAIVDINAAN DU

41

Time(min) | SY170 | SN170 | SY190 | SNI190 | LY170 | LN170 | LY190 | LN190
1 13.956 2.396 : 8.483 12.949 15.41 11.067 21.216
2 21.611 16.725 22.294 | 24314 | 29.367 13.023 15.898 15.678
3 45.916 37.3 26.489 79.23 16.525 31.591 26.672 | 20.625
4 86.745 61.438 | 61.462 89.702 | 31.318 50.418 32.695 29.803
5 104319 | 89.588 | 127.684 | 134.385 | 34.296 | 44.974 | 43.597 32.215
6 118.801 | 91.506 | 163.597 | 149.673 | 84.182 67.831 55.93 38.235
7 124.064 | 173.909 | 182.706 | 236.43 81.497 64.355 85.898 53.101
8 171.324 | 179.839 | 169.282 | 251.374 | 76.339 83.02 111.924 | 51.743




4.1.4 HAMINAADY YomANNa NI umlag

= ' - ST
A15199 4.4 HAMINAADY %A1ANNAIRNAsuLllag

time(min) [ SY170 | SN170 | SY190 | SN190 | LY170 | LN170 | LY190 | LNI190
0 0 0 0 0 0 0 0 0
1 5.080 6.729 5,228 8.862 1.432 1.609 1.253 2.942
2 7.435 11.901 5.818 15.133 1.592 2.701 1.322 2.889
3 8.111 11.834 6.638 18.322 1.240 3.030 2.956 4.240
4 6.966 8.880 7.108 18.311 3.419 4.164 2.967 4.288
5 18% 11.628 5.533 16.426 4.332 6.184 3.940 3.172
6 5.192 6.888 4.469 15.128 4.838 5.025 4.691 4.987
7 5.549 3.393 2.669 12.937 5.646 6.095 ?.1%7 5.847
8 4.022 3.580 3.284 W53 5.702 4.990 3.618 5.238
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421  MOWNSEASnannuruUeINaadum (Moisture Ratio)
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4.2.4.2 WAIIUNUVDITNIZMINOA (Interaction Effects)
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time(min) | SY170 | SN170 | SY190 | SN190 | LY170{ LN170 | LY190 | LN190
1 35.056 | 39.489 » 32.297 /| 25.510 11.185 27.275 24.654
2 37.238 | 42361 | 47274 | 45332 | 23.612 15.427 39.950 | 26.007
3 53.369 | 58.855 | 64.654 | 62.464 | 32.045 29.505 52.325 28.581
4 75369 | 81.083 | 76.071 74.588 | 39.229 | 36.102 62.746 | 44.506
5 76.694 | 72.780 | 85280 | 73.913 | 43.359 | 42.850 59378 | 40.371
6 78.161 82.571 87.204 | 77.043 56.070 | 46.870 72.828 45.665
7 85.022 | 90.770 | 96.513 82912 | 78.492 50.041 79.362 53.008
8 102.978 | 108.873 | 107.876 | 94.563 51.402 | 42.785 80.084 62.529




0.1.2 HANINAADIAT % Moisture Content

MINN 1.2 HANIINAABIAT % Moisture Content

71

Time(min) | SY170 | SN170 | SY190 | SN190 | LY170 | LN170 | LY190 | LN190
0 59.13 | 60.10 | 6200 | 57.971 | 60.70 | 57.47 | 6394 | 62.56
1 48.26 | 5854 | 5149 | 48.756 | 5224 | 5481 | 5652 | 55.50
2 48.82 | 44.95 47.8 =03 | 5415 | 54.85 | 55.61
3 43.63 | 46.50 (4328 | 38942 | 51.60 | 49.038 | 51.69 | 56.73
4 34.98 | 4550 |-41.38 | 33.658 | 50.00 | 4836. | 47.80 | 52.40
5 40.69 /| 4265 39.71 | 35897 | 49.50 | 4612 | 5050 | 55.14
6 3636 | 42.16 | 4029 | 3495 | 4573 | 4577 | 4750 | s4.10
7 33827 | 38.83 | 37.00 | 33.01 | 3663 | 4660 | 4527 | s52.94
8 24.02 | 3853 | 31.86 | 27.053 | 49.50 | 5049 | 4505 | 49.00
A.1.3 WamInanesmdnsaun sveedmudus ugudnas
masdi n3 HANINAReIIONT I IUMIVIERIMAUE UL
time(min) | SY170 .| SN170 | SY190 | SN190 | LY170 | LNI70 | LY190 | LN190
1 9.728 | 2.829 - 7819 | 7.068\RN.MA 6619 | 11.714
2 11.874 | 8.540. | 15.388 | 16.360 | 12.421| 4.161 | 5459 | 7.882
3 20.560 | 17.066 | 14.154 |-31.708| 3.094 | 8370 | 9.822 | 6.985
4 24430 | 24514 | 22.031 | 33450 | 7.295 | 13457 | 11.902 | 9.659
5 29442 | 28219 | 35380 | 35287 | 10.866 | 13.952 | 14.888 | 12.786
6 26.692 | 25944 | 37.228 | 36.885 | 21.395 | 15.583 | 24.167 | 18.010
7 32.689 | 36.377 | 37.384 | 43.611 | 22.708 | 29.401 | 24.033 | 18.759
8 32.003 | 36.563 | 35733 | 41.848 | 24.193 | 28.596 | 32.918 | 21.156
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nl4 shmilnvedlansenneuneatitnainieq

v v v
M3197 0.4 uaasanhmiinues ldnsennsunsainininie 9

Time(min) | SU17 SN17 SU19 SN19 BU17 BN17 BU19 BN19
0 3.823 = 3.695 3.362 9.765 9.352 10.252 10.603
1 4.020 3.943 3.662 3.523 9.400 8.677 10.553 10.357
2 4.147 4.023 3.662 3.527 10.042 9.362 10.328 10.475
3 4.092 3.295 3.638 3.495 9.600 9.097 10.325 10.715
4 4.057 4.047 3.82 3.652 9.770 9.787 10.575 10.483
5 4.130 3.902 3.677 3.593 9.648 9.127 16.630 10.462
6 3.983 3.923 3.543 3.467 9.320 9.830 10.712 10.097
7 4.067 4.022 3771 3.562 9.773 9.255 10.180 10.033
8 3.873 4.025 3.802 3.53 9.487 9.462 10.058 10.013
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n.15  thutinvedld@nsenndmeaiinasaq

v v v
M319N 0.5 uerasahmiinves ldnsenraimaaninmaig 9

Time(min) | SU17 SN17 Su19 SN19 BU17 BN17 BU19 BN19
0 3.823 : 3.695 3.362 9.765 9.352 10.252 10.603
1 3.732 3.623 - 3.208 9.118 8.345 10.102 9.952
2 3.73 3.56 3.373 3.047 9.557 8.802 9.327 9.95
3 3.5 3.185 3.147 2.847 8.95 8.333 9.003 9.795
4 3.292 3.21 3.055 2.888 8.848 8.523 9.14 9.182
S 3.235 2.978 2.74 2.693 8.51 7.767 8.952 9.002
6 2.978 2.93 2.538 2.538 7.88 8.062 8.497 8.485
7 2932 2.84 2.585 2.495 7.965 7.187 7.943 8.095
8 2.748 2.192 2.507 2378 7.762 7.36 7.828 8.00
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n.1.6 WamInaaeImgawgiilanarsvedlansen

m5199 0.6 wan1snanvenga i lanarsvesldnsen

Time(min) | SU170 | SN170 | SUI190 | SN190 | LU170 | LN170 | LU190 | LN190
0 27.308 | 26.257 | 27.758 | 27.383 27.313 25.983 27.226 | 25.067
1 72.819 | 84.798 | 82.183 86.452 | 43.979 | 46.683 | 43.184 | 48.344
2 103.619 | 104.478 | 105.723 | 106.723| 72.814 84.2 73.669 | 75.711
3 104.149 | 104.618 | 106.111-| 107.644 98.8 99.34 99.556 | 97.569
4 104.503 | 104.967 | 106.432 | 108.273 | 101.545 | 102.508 | 103.233 | 103.692
5) 105.094 | 105.806 | 106.633 | 109.442 | 101.619 | 102.844 | 103.278 | 103.739
6 105.722 | 106.344 | 107.344 | 110.022 | 101.811 | 102.844 | 103.667 | 103.878
7 106.133 | 106.917 | 107.683 | 112.767 102.9 102.4 104.217 | 103.95
8 106.633 106 107.8 113.667 102.9 102.767 | 104.367 | 103.467
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Time(min) | SU170 | SN170 | SU190 | SN190 | LU170 | LN170 | LUI190 | LN190
0 170 170 190 190 170 170 190 190
1 171.7 143.188 | 185.175 | 187.25 | 170.113 | 170.363 | 182.067 | 185.55
2 174.443 148.2 186.229 | 188.057 | 173.767 | 172.54 182.16 | 186.314
3 177.417 156.2 187.433 | 189.067 /| 175.32 175.56 | 183.467 | 187.017
4 180.44 161.66 188.16 189.12 176.2 179.8 183.8 187.24
5 183.5 170.725 |-189.15 192.6 179.25 | 181.075 | 185.167 | 188.65
6 185.7 172.733 | 189.433 194.7 181.65 | 181.633. | 187.733 189.4
7 188.6 191 190.85 197.1 185.2 185.25 189.35 189.85
8 190.8 191.4 193.6 203.2 187.9 188.8 190.6 188.4
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1.1.8 NaMINAALIM AVBINAA U

A19197 1.8 HANINARDIAINNNAINUDINAASUN (L)

time(min) | SY170 | SN170 | SY190 | SN190 |LY170 |LN170 |LY190 |LNI90
0 41374 | 41374 | 40012 | 35432 | 3241 40.2 37.816 | 37.456
1 39.272 | 3859 | 37922 | 32292 | 31.946 | 39.553 | 37.342 | 36.354
2 38.298 | 36.445 | 37.684 | 30.07 | 31.894 | 39.114 | 37316 | 36.374
3 38.018 | 36.478 | 37.356 | 28.94 | 32.008 | 38.982 | 36.698 | 35.868
4 38.492 37.7 37.168 | 28.944 | 31.302 | 38.526 | 36.694 | 35.85
5 38.384 | 36.563 | 37.798 | 29.612 | 31.006 | 37.714 | 36326 | 36.268
6 39.226 | 38.524 | 38224 | 30.072 | 30.842 | 38.18 | 36.042 | 35.588
7 39.078 | '39.97 | 38944 | 30.848 | 30.58 37.75 | 1373881 || 35.266
8 39.71 39.893 | 38.698 | 30.644 | 30.562 | 38.194 | 36.448 | 35.494

M319% 1.9 HANSNAABIAT a

time(min) | SY170 | SN170 | SY190 | SN190 | LY170 | LN170 | LY190 | LN190
0 0.488 0 1.032 2.086 0.773 0 §.224 | -1.336
1 0.148 2.656 0.72 1.538 0.902 3.98 0.032. | -1.638
2 0.274 2.584 051 1.576 0.76 2.326 0,128 | -1.568
3 0.088 2.248 0.52 1.226 1.198 2.53 0.408 | -1.822
4 0.192 2410 0.392 1.194 1.08 2.47 0.36 -1.878
5 0.144 2.356 0.512 1.484 0.966 2.342 0.258 | -1.702
6 0.29 2.944 0.578 1.708 0.83 2,522 0132 | -2026
7 0.656 2.674 0.644 2.02 0.67 2.475 0.206 | -2.164
8 0.66 2.868 0.808 221 0.85 2.39 0234 | -2.178




15190 N.10 HANSNATDIAT b

71

time(min) | SY170 | SN170 | SYI90 | SN190 | LY170 | LN170 | LY190 | LN190
0 1.758 0 2.668 3.03 1.905 0 2.16 2.498
1 1.316 0.37 2.234 2.224 2.266 -2.736 2.296 2.646
2 0.984 1.246 2.268 2.29 2.434 0.178 2.654 2.898
3 0.97 -0.08 2.036 1.782 273 0.444 1.942 2.606
4 1.246 -0.634 1.906 1.758 2.164 0.092 1.91 2.558
5 1.01 -0.014 2.408 2.268 1.95 -0.798 1.53 2.94
6 1.792 -0.546 2.772 2.658 1.756 -0.35 1.246 241
7 1.522 -1.322 3.386 3.234 1.55 -0.82 2.228 2.146
8 2.21 -1.858 3.55 3.19 1.542 -0.484 1.48 2.234
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MANUIN

a1 Hamsinnzvgudnaziannzme g mumsmsesnuuuFwrameSeauuy 2°
nnMsduiumnaass lasmsnoeamuan1izan q Admua I¥kavesgudnyuzeg

[

=
9 Aell

d Vv
111 M3AuAsERmMUSnan nudu (Moisture Ratio)

v ¥
M3 9.1 UrAIMINNan s 1zRA N Sunaua i Tase wsaugamngd

a

u

Ultrasonic ungil (o) | mnavedldnsen | USumanwiy Average
+ + + 0.747 0.707
+ + v 0.667
+ 4 + 0.824 0.708
+ ! g 0.592
- + + 0.837 0.709
- - - 0.581
= : + 0.841 0.799
- - - 0.757




(] v
MINN 4.2 LAAINTINaNIRzimlSuanusu Tassumvuiavesldnsen
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Ultrasonic | winavedldnsen | gamgi (o) | USmmanudy Average
+ + + 0.747 0.786
+ + - 0.824
+ - + 0.667 0.63
+ - - 0.592
- + e 0.837 0.839
: + - 0.841
- £ + 0.581 0.669
- - - 0.757
MTIH 43 HER I HaMs IR S am L Y

gungil (C) | vwavesldnsen | Ultrasonic Uiy Average
L + 4 0.747 0.792
- + - 0.837
+ : + 0.667 0.624
+ - - 0.581
- + £ 0.824 0.833
- " - 0.841
: . + 0.592 0.675

0.757




a d 1 : [y :; A d?
1.1.2 myasnzimiSnanihiiuiiinady (%O0il Uptake)

4 a 1 a : Y { A g 1 U
A15199 1.4 Llﬁﬂ\m'ﬁnNﬁﬂ'li')!ﬂi'lxﬁﬂ'lﬂ511']'[21!‘1‘!'13J11lﬁLWNﬁJuTﬂUﬂ’mﬂ'm'lqum‘Hﬂll
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a

U

Ultrasonic | guinglCo) | wunvesldnsen | Wsmashiufiitudy Average
+ + + 15.602 16.92
+ + = 18.238
+ : + 13.338 13.504
+ - - 13.67
- + + 3.097 8.709
- + - 14.32
- - + 7.805 10.637
- - - 13.469

! a e $ o dd & Jdcdeohy
M3197 4.5 u’dmmﬁNwamsamswﬁmﬂsmmumumwu‘-uuTﬂﬁmummmmmaﬂﬁman

Ultrasonic | ¥u1avedldnsen | gavgiiCc) USinarhuuiitiniy Average
+ + + 15.602 14.47
+ + - 13.338
o " T 18.238 15.954
+ b ) 1.‘3.67
- + + 3.097 5.451
- + . 7.805
- - + 14.32 13.895
- - - 13.469
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qungil (0) | vwavealdnsen | Ultrasonic | USwnasiuiufisiu Average
+ + + 15.602 9.35
+ + - 3.097
+ - + 18.238 16.279
+ - - 14.32
- + + 13.338 10.572
- + - 7.805
- . + 13.67 13.57
- - - 13.469

.13 MIUNNLHAMBANTIUMIVENAFTI (%Expansion Ratio)

M3 4.7 LRI IHENIT RIS ATIE UM veed1 Tags g gl

a

G

Ultrasonic | gaungi(c) | wwmvedldnsen | dnsidaumsveneds | Average
+ + + 43.597 85.641
+ + : 127.684
% s + 34.296 69.308
+ - . 104.319
1 + ¥ 32.215 83.30
- + . 134.385
- . i 44.974 67.281

' 89.588
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A13197 4.8 LAAIAIT HHANTAATIZHASAT1EIUMS VA2 Tage1uamuvuaveldnsen

Ultrasonic | wwiavesldnsen | qamgi(c) | dasidaumsvensd Average
+ + + 43.597 38.947
+ + - 34.296
3 - + 127.684 116.002
+ i : 104.319
. + ¥ 32.215 38.595
i = : 44.974
: / + 134.385 111.987
. 3 - 89.588
M9 9.9 LRSI NS ns RIS AT UM YU
gangll ‘o) | wmavesldnson Ultrasonic | 9931911415 V818A2 Average
+ + + 43.597 37.906
+ » i 32.215
+ s + 127.684 131.035
+ : \ 134.385
; + - 34.296 39.635
- + - 44.974
. L g 104.319 96.954
: : - 89.588
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=; a Lokl ' ~ = ' '
MINN 10 lLﬁﬂWlTi'NNZ‘Ifﬂi’JLﬂi13‘Hﬂ’lﬂ'JuJﬁ'JN‘VM‘]Jﬁﬂuuﬂaﬁiﬂﬂ@'luﬂ’mulqmﬁﬂu

91

a

Y

Ultrasonic | gamgi(‘’c) | vwavesldnsen ANNNAI Average
+ + + 3.940 4737
+ + - 5.533
+ : + 4332 5.78
+ - - 7.227
- + + 32172 9.80
- + \ 16.426
- - + 6.184 8.906
- - - 11.628

4' a 71 oA A ' ! Y
MINN .11 9‘”5’1\1Naﬂ’lﬁ'llﬂﬁ']gﬂﬂ’]ﬂj'luﬁ'nqwlﬂaﬂullﬂaQTﬂUe’luﬂ'lﬁ']iJsl]u']ﬂﬂlﬂqllﬁﬂiﬂﬂ

Ultrasonic | wnvedldnsen | auwmgii’c) AMANUAIN Average
+ + + 3.940 4.136
+ + X 4.332
- - 3 3.033 6.38
+ - - 7.227
- + + 712 4.678
- + - 6.184
- : + 16.426 14.027
! - ! 11.628
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gangil (C) | vwavesldnsen Ultrasonic AMANUATN Average
+ + + 3.940 3.556
+ + = 3.172
+ - + 5.533 10.98
+ - - 16.426
- + + 4.332 5.258
- + 1 6.184
- - 3 7.227 9.428
- - - 11.628






