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Influence of pH on Physical Properties of White and Dark Poultry Meats
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'School of Engineering, *Dept. of Animal Science, University of Guelph, Guelph, Ontario, Canada, N1G2W1
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SUMMARY: Physical properties of breast and thigh meat batters at various pH levels (4.5 to 7.5) were '_“e?sljw
Breast meat with 4.5 pH showed the greatest pseudo-plasticity (lowest power law index, n). A sharp increase m o
noted with the increase in pH to 5.5. The ’n’ decreased gradually with the increase in pH from 5.5 to 7.5. In thig 9»ir’
’n’ did not change for pH 4.5 to 5.8, however, it increased sharply with the further increase in pH to 6.5. Batt®
pH 4.5 exhibited the lowest rigidity modulus (G) peak values. The intermediate peak values were observed for zhl‘"
and 5.8, and the highest peak values were observed for pH 6.5 and 7.5. In general peak G values increase ;
increase in pH.

l

INTRODUCTION: The objective of this work was to study the effects of pH of white and dark poultry mea[s"

physical properties such as gelation and rheological.

g
MATERIAL and METHODS: (i) Modulus of rigidity: Continuous evaluation of the modulus of rigidity ((’):,nil“
thermal processing of the meat batters was performed by using a special constructed thermal scanning rigidity nscft“"'
(TSRM) (Yamamoto et. al. 1989). The TSRM consisted of a double jacketed sample holder, heating system and f’m"n‘
The rectangular screen (15 mm x 77 mm) was connected through a rod to a 2 kg load cell mounted on an bgﬂ""
universal testing machine (Model 4204). The sample holder (35 mm dia) was filled to 85 mm depth with the me? rglf“j
The position of the crosshead was adjusted so that the screen immerse in the sample at a depth of 5 mm. T Bgf"‘
heating was automatically controlled at 0.5 °C/min from 20 to 75 °C, by a Haake PG20 controller (Haak® Curd:
Germany) connected to a heating coil immersed in a water bath. The meat batter and water temperatures wert rn "
by three thermocouples (T-type). At 2 min intervals a cyclic force (from the upward-downward cyclic moti? eg“ip
crosshead at 0.5 mm/min) was applied to the samples producing a small variable cyclic deformation. The sam w'y“
covered with a thin layer of mineral oil to prevent drying of the surface and were free to expand during cooking " f
any influence of swelling on the deformation. The peak to peak force was calculated from the recorded daocl"“
modulus of rigidity was calculated as the ratio of maximum shear stress to maximum shear strain (Yamﬂmo

1989), which is given by:

iy

_ maximum shear stress_g.F(0.1)/(2.4)
maximum shear strain d/H

th»‘"di
0!
where: G = modulus of rigidity, Pa; F = force, g; d = distance screen pulled, cm; H = thickness of the gel on b/gl.

of the screen, cm; A = area of the screen immersed in the gel, cm’; g = acceleration due to gravity, 980.7 ™ g
"

cal O
(ii) Rheology: The rheological parameters were determined using a Brookfield wide gap, coaxial cylindr'clireﬂ“.[ﬁ
viscometer (model RVTD, Brookfield, Stoughton, MA, U.S.A.) at a temperature of 5 °C. Instrument reading$ “d‘,ﬂv"[,
at several spindle speeds (spindle #7). The viscometer readings (readings/100) were converted to torque (® c.ﬂu"f‘*
after multiplying by a factor of 673.7 (provided by the manufacturer). Since the yield stress was negligible (b Fs[il“'
sample was able to flow with gravity force), the following equation was used (van Wazer et al., 1966) 0
rheological parameters: y
In (1) = n/In(®) + In 2r.b.L) - nIn(n/2) - nIn(R?" - R, ‘ b:
where: n = flow behavior index; b = consistency coefficient; L. = spindle length, 5.123 cm; R = spindle rﬂdlus(’)f 1
Re = container radius; and ® = angular velocity, rad/s. Since Re >> R, Re?" was ignored in the calculatio”
n. i
(’v,r‘;“
RESULTS and DISCUSSION: (i) Rheology: The plots of torque versus shear rate (rotor angular velocity) f“’[::,ln'“,"fp
and thigh poultry meats for different pH are shown in Fig. 1 and 2, respectively. The graphs sho¥ ind"
relationships with concave downward; thus indicating pseudo plastic behavior. Previous studies have 4 (f)hf g
similar behavior for meat batters (Mittal and Barbut, 1989). The pH affected the rheological behavior ¢ irfd",ﬂ‘
differently for breast and thigh meats. In case of breast meat batters (Fig. 1), intermediate torques were red ﬂtgef“-,:‘
the angular velocity values for the lowest pH (4.5) meat; however, the lowest torques were required for the " Pla,“
a pH of 5.5. Required torques increased with further increase in pH up to 7.5. This shows that the meat

important role in influencing the rheological characteristics of meat batters.

A
it

In the case of thigh meat batters (Fig. 2), the lowest pH (4.5) still resulted in intermediate torque Vﬂ'“es'er i"crflr
the original meat pH (5.8) showed the lowest torque values, and 5.5 pH meat the highest. Moreover, furt (ff"lh“
in pH above 5.8 required intermediate torques at various angular velocities. These trends are much differents >
breast meat. This difference is probably due to the different myosin isomers found in the white and dark m e 1,' f
and Henrickson, 1982). The rheological parameters for the different treatments are summarized in | wh'f‘d‘
confidence intervals at the 95% level for ’b’ were 16.6 to 30.6 Pa.s", and for ’n’ 0.17 to 0.29. The ’n’ Val“esmpﬁr,;if“
between 0 and 1, indicate pseudo-plasticity. In general, thigh meat batters showed larger values of b’ Cthe"rl

breast meat, however at the highest pH (7.5), the ’b’ values for both meat types were similar. In thigh meab
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Fig, I Re‘ationqhip between torque and Fig. 2: Relationship between torque and
Sheay rate for r;oultr breast meat batters shear rate for poultry thigh meat
at difTerem pH measyured by a wide gap batters at different pH, measured by a
r(’talional ViSC(;meter H are: 1 = 4.5, wide gap rotational viscometer. pH are:
=55,3-58 4. 65and 5 =75, 1=45,2=553=584=65and
by p 115 1 =75
mués‘ﬂ) Meat :
Py large ad the lowest °b’ value and meat with 5.5 pH the highest. The changes in ’b’ values for breast meat were

‘Furthec?mpared to thigh meat. With the increase in pH from 4.5 to 5..5, the ’b’ decreased from 18.38 to 6.84
INcrease jn PH increased b’ to 28.98 Pas" (at 7.5 pH). Comparison of means at 95% indicates the highest

3ble ;.
Vg & Rhggp
ISQQ"“*lerl.leolog'C‘J‘l Parameters of poultry meat batters at different pH. Parameters* measured by a wide gap rotational
N
Rreﬁw , Pas™ —SEE n SEE MSE
45 Megy
38
58 1838 10 0.072¢ 0020 0.8
6 6.84¢ 0.08 0279°  0.021 2.70
15 8.08 0.08 0.240°  0.050 1.99
| 2L69° o8 0.208°  0.015  1.50
Uy 2898 08 0.174 0010  1.05
15 Wy
5‘5 ¢
53 32-65" 0.08 0.189°  0.027 122
s 25““ 0.08 0243 0022  2.05
Q b e 0230° 0030 184
. e e 0332* 0015 384
by 54 0.07 0338  0.019 3.97

;i C -

"‘Derscp > F foyr “oefficient, n = flow behavior index, SEE = standard error of estimate, MSE = mean sum of square of
Y it Al the estimates is 0.0001; degree of freedom for error = 28. a-d: Numbers followed by the same
€ same column are not statistically significant at the 95% level.

tfpe,, O Val
! JUesfor o
% in ,b,or thigh Mmeat at pH 4.5 and 5.5 and lowest for breast meat at 5.5 and 5.8. There was no significant
Alues at other pH.

n b
e F Syl .
loy, Ly i NeWtOnian material, the value of n equals 1, thus pseudo-phasticity will increase with the decrease

¢havior of breast and thigh meats are different at different pH. Breast meat with pH 4.5 showed
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the lowest ’n’ or the greatest pseudo-plasticity. A sharp increase in n’ was observed with the increase in PH wa
Further, the ’n’ decreased gradually with the increase in pH to 7.5. A different trend was observed in thigh med 'rm‘
’n’ was not significantly changed when pH was increased from 4.5 to 5.8, however, *n’ increased sharply with the
increase in pH to 6.5. No change in *n’ was noted with further increase in pH to 7.5 (Table 1).

41
(ii) Gelation - Modulus of Rigidity: Plots of the modulus of rigidity (G) versus the batter temperature of the b_reab[ﬂ"
thigh meats are presented in Fig. 3 and 4, respectively. Each point on the curve is an average of the two trid S,'f,w“‘\
Figures and Table 2 indicate the significant role of pH in influencing G values. The meat type has not affected G!

Table 2: Maximum and minimum modulus of rigidity values (G, kPa) for poultry meat batters at different pH'

MODULUS OF RIGIDITY, kFPa

pH Breast Meat Thigh Meat

minimum, kPa maximum, kPa  minimum, kPa maximum, kPa
4.5 2.63" at 30 to 37°C  7.98° at 56°C 0.25¢ at 61 to 65 °C  4.58° at 46°C
5.5 0.88° at 26 to 39°C 17.49" at 68°C 2.63" at 38°C 11.80" at 61°C
58 1.07¢ at 29 to 48°C 16.81" at 71°C 3.65" at 32 to 42°C 11.72° at 60°C
6.5 3.57" at 27 to 40°C  27.17* at 73°C 3.40° at 40 to 44°C  23.94" at 74°C
7.5 4.24* at 19°C 26.15" at 67°C 4.67* at 46°C 25.98* at 71°C

i’
*d Numbers followed by the same superscript within the same column are not statistically significant at the 95" l‘
il

significantly. The breast meat exhibited minimum G (0.88 to 4.24 kPa) between 19 °C and 48 °C, and the maﬂéﬂ; )‘Ff,
(7.98 to 27.17 kPa) between 56 and 73°C. On the other hand, the thigh meat showed the minimum G (0.25 ¢ 4']:,, Pf}
between 32 to 65 °C, and the maximum G (4.58 to 25.98 kPa between 46 and 74°C). The trends were simi“’fand "
meat types. These plots can be grouped under three categories: (i) pH 4.5, (i) pH 5.5 and 5.8, and (iii) pH 6- pH’l‘ M
The batters with pH 4.5 exhibited the lowest G peak values. The intermediate peak values were observed foral.PEﬂ dIT
and 5.8 meat batters, and the highest peak values were observed for meat with pH 6.5 and 7.5. Thus, in genel‘ d
G values increased with the increase in pH. However, the rate of increase was not constant. I

In case of the breast meat batters (Fig. 4) with pH 4.5, there was a negligible change in Gva Y
38 °C. G values increased gradually to peak at 56 °C, it then gradually decreased to 4.26 kPa at 72 °C. Th“tvﬁﬂ.“
pH (4.5), the gel formation was weak, and the G of the gel decreased at high temperatures (>56 °C). Breast me:gﬂgc}u YA
at pH 5.5 and 5.8 showed very similar G- temperature relationships during heating. There were negligible Ce fllf[ip aph
G values up to 48 °C, however, these G values were the lowest as compared to other treatments. with thnd ¥ .
increase in temperatures, G increased sharply up to 68 to 71 °C. This indicates the formation of stable, stiffs ? pef?[;[ A
matrix structures typical of heat induced protein gels. Batters with pH of 6.5 and 7.5 showed similar G- # 1t “'g,( are\(
relationships. There were negligible changes in G up to 43 °C; however, G values for the 7.5 pH batters; :ze fu J ‘
than low pH batters at the same temperature range. A gradual increase in G was noted from 43 to 52 or 55' g
increase in temperature resulted in a sharp increase in G values up to 67 or 73 °C depending on the pH. sim {P%‘
were observed for thigh meat batters, except at higher temperatures for pH 5.5 and 5.8 (Fig. 4). The patter oG f
exhibited no increase in G up to 33 °C, a gradual increase up to 46 °C, and then a sharp decrease up t0 %huspr
behavior shows the incomplete formation of a gel followed by a breakdown of the gel at high temperatures-
pH is extremely important for gel formation particularly in thigh meat.

5 )
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The breakdown of gel was also observed in thigh meat batters at pH 5.5 and 5.8 (Fig. 4)- Th,f,sﬁ iy

showed negligible changes in G up to 45 °C. A gradual increase was noted up to 53 °C (a slight decreas 'er'fﬂf[ﬂz

5.8). Further increase in temperature up to 61 °C increased G sharply indicating stiff gel formation. Howe" 54 "n;'

increase in temperature resulted in a gradual decrease in G indicating a gel break down. Thus pH uP (at

enough for the formation of a stable gel during heating. There was a small change in G values up to 44 °C {0 i par

and 49 °C (at pH 7.5) (Fig. 4). A sharp increase in G was noted with further increase in temperature P e5|1p?
values (71 to 74 °C). This indicates the formation of a stable gel. A small decrease in G at pH 7.5 is due o717

of gel in the TSRM. The rapid increase in G has been attributed to myosin denaturation (Wright et al,

v

vy
4 e a " itrd A
This study indicates that commercial meat batters prepared from either breast or thigh PO';re ﬂffjm
exhibit different gelation patterns (i.e. G values, transition ranges and the rate of rigidity changes which * i
g gidity changes) Whi€ 'y

differently by pH. Such changes should be taken into account when attempts are made to mix these mus¢
meats/ingredients or when the pH is altered during processing.
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