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Electromyographical Analysis on Cooking Movement (Part 1)
On the Skilled Movement of Egg White Foaming
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The electromyographical (EMG) analysis during egg foaming was carried out to clarify the
skilled foaming movements. The foam of the egg white was evaluated by the whippability and
the stability. The EMG and integrated EMG (IEMG) of the M. biceps brachii, M. triceps brachii,
Mm. flexor digitorum, and Mm. extensor digitorum were used for the analysis. It was concluded that
1) the linear correlation coefficient between whippability and stability was significantly high (r=
0.95, p<0.01), 2) the subject with high total IEMG showed high foaming ability, 3) the subject
who used the wrist snaps rather than elbow flexions showed high foaming ability, and 4) the sub-

ject who whipped the egg white at a higher rate showed high foaming ability.
(Received February 24, 1992)
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Table 1. Physical characteristics of the subjects
A Stat Body Maximum Nfl.aximum Grip itrcngth
Subject No. (yeggs) (i:l;e wiight ci;lc}:}:ﬁg:glce circ?xl:}:fe)ncc ———-——( J
(kg) (cm) (cm) R L
1 23 155.0 52.0 25.6 22.7 34.5 31.5
2 24 155.0 56.0 28.8 24.7 32.5 31.0
3 24 161.8 63.6 27.2 23.6 30.0 27.0
4 24 151. 4 55. 4 27.3 24.3 23.0 23.0
5 26 155.5 59.8 27.9 23.8 20.5 24.5
6 26 163.0 48.0 22.8 22.5 37.0 32.0
7 24 158. 4 52.8 25.2 23.7 33.0 24.5
8 22 158. 4 50.2 23.8 23.1 29.0 29.0
9 23 156. 4 51.6 24.4 21.7 27.5 27.0
10 24 157. 4 55.8 24.3 22.2 23.0 22.5
11 21 155. 6 60.0 27.9 24.3 26.5 28.5
12 25 163. 1 74.8 31.2 26.8 32.5 25.5
13 27 157. 4 53.3 24.7 22.2 26.0 25.5
14 24 151. 4 57.0 29.5 25.0 30.5 30.5
15 19 157. 4 49.8 22.5 21.0 23.0 22.0
16 20 155.8 4.8 21.7 20.8 22.0 2L.5
17 20 163.3 52.0 23.2 21.6 24.5 26.0
18 20 155.6 53.0 24.8 22.5 23.0 23.0
19 19 153.3 47.4 24.0 22.1 25.0 22.5
20 19 155. 2 55.4 26.6 23.5 24.5 22.0
21 20 153.5 49.5 23.9 21.9 30.0 26.0
22 19 152.6 47.0 22.0 21.1 21.5 22.0
23 19 164.5 50.8 22.1 21.3 33.0 29.5
Mean 22.3 157.0 53.9 25.3 22.9 27.5 25.9
1 8.D. +2.6 +3.8 +6.3 *2.5 1.5 +4.6 +3.3
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Fig. 1.

@ M. biceps brachii; (2) M. triceps brachii; 3) Mm. flexor
digitorum; (&) Mm. extensor digitorum. The distance be-
tween two electrodes is 50 mm.
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Fig. 2.  EMG and IEMG during foaming
@ M. biceps brachii; 2) M. triceps brachii; (3) Mm. flexor digitorum; @ Mm.

extensor digitorum,
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Fig. 3. Transition of defoaming ratio

No.’s represent the subject’s No.’s.
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Fig. 4. Correlation between whippability and stability
** $<0.01.
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Table 2. IEMG of each muscle

IEMG (pV -sec)

Subject No. @’ M. biceps @y M. triceps ®' Mm. flexor @ Mm. extensor
brachii brachii digitorum digitorum
1 76%7 68+7 324+33 196+ 12
2 54+3 108+9 128+ 15 12616
3 36+3 94+ 6 244+ 27 122+ 14
4 567 1065 154+ 12 248+19
5 52+2 846 156+ 6 108+13
6 76+6 104+ 6 146+ 10 114+9
7 74+8 104+8 220+21 162+ 14
8 28+2 90+ 4 110+10 100+12
9 74+7 96+ 4 116+12 10619
10 80+2 140+7 14611 120+7
11 68+9 122+9 186+ 13 156+ 13
12 603 96+9 168 22 868
13 82+9 69+8 156 +26 11616
14 61*6 43+3 126+ 6 138+8
15 58+6 38+4 122+8 66+ 4
16 98+9 579 91+8 103+ 15
17 50+4 40+5 97+ 14 104+7
18 54+5 36+4 81+9 10611
19 47+ 50+2 716 8910
20 57+4 59+3 687 94+3
21 3243 35t6 816 713
22 48+ 4 53+3 1045 92+6
23 26+2 25+3 93+11 906

7 7
6 6
Zs
> —
g0 z
z,
= ¢ =
3 o . r=0.70** 3 * . r=0.51*
2k
5L“ 0 2.5 5.0 7.5
100 250 400 550 700 : ' .
Ratio of the forearm IEMG against
Total IEMG (uV-sec) upperarm IEMG of the flexor muscles
Fig. 5. Correlation between whippability and total Fig. 6. Correlation between whippability and the ratio
IEMG of the IEMG of the flexor muscles
*»* $0.01. * $<0.05.
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Fig. 7. Correlation between whippability and the ratio

of biceps IEMG against total IEMG
** »<0.01.
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Fig. 8. Correlation between whippability and foaming
rate

** p<0.01.
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Fig. 9. Correlation between foaming rate and the ratio
of biceps IEMG against total IEMG
** »<0.01.
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Fig. 10. Correlation between whippability and total
IEMG per whip
** 5 0.01.
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Table 3. Partial regression coefficients and standardized partial regression coefficients
of three items (DY + @' +3Y+@’, @’/Q) and foaming rate) determing the

whippability

Partial regression coefficient

Standardized partial regression coefficient

. Muliple .
Coeflicient of . F
determination correlation V+@+@ +@ @/ “rate
coefficient
0.74 0.86 -0.07 0.13 0.84

Q'+@+Q'+@, total IEMG; @Y/, ratio of the forearm IEMG against upperarm IEMG of

the flexor muscles.

Table 4. Partial regression coefficients and standardized partial regression coefficients of three items

@/, /(@ +@+3'+@) and ('+@'+B’ +@") /whip} determing the whippability

Partial regression coefficient

Standardized partial regression coefficient

Muliple

C fﬁ i f M 2 / 2 ’ , , s i / ’ 1
el correlation @'/Q /(D +Q+B+@) (' +@ +@ +@)/whip
coefficient
0. 58 0.76 -0.15 —0.65 0. 44

3/Q@), ratio of the forearm IEMG against upperarm IEMG of the flexor muscles; @Y/(@'+ @' + @' +@'), ratio
of biceps IEMG against total IEMG; (@Y + @’ +@’+@") /whip, total IEMG per whip.
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