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The Physical Properties of Wheat Flour Extrudates with Added Phenolic Acids

Bong-Kyung Koh'
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Abstract

The effects of phenolic acids on the physical properties of wheat flour extrudate were investigated. Ferulic acid, fumaric
acid, and p-coumaric acid were mixed with hard wheat flour, respectively, and extruded under a twin screw extruder.
We found that by adding the phenolic acids, longitudinal expansion at the die increased, textural hardness decreased, and
the water absorption capacity of the extrudate decreased. The results showed that the addition of phenolic acids produced
a softer textured, more longitudinally puffed and hydrophobic extrudate compared to the control extrudate. Moreover,
the addition of phenolic acids did not significantly affect the color of the extrudate: oxidative browning of the phenolic
acids was not observed, due to inactivation of the browning enzymes under the hot temperature and reduced oxygen

conditions of the extrusion process.
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ATl AR E ULEE 743 E(Mannel Milling Co., Fos-
toria, OH, USA)2. 2 Tz} 3] ghaFo] 712} 12.84%(N
x 5.74)¢} 0.56%H oM, 5 3RS 11.90%3 ). Ferulic acid,
p-coumaric acid®} fumaric acidv Sigma-Aldrich(St.Louis,
MO, USA)IH 7Y 3te] AHg-3HTt.

A7122] & A3 -2 laboratory scale corotating and inter-
meshing twin-screw extruder(MP19TC-25, APV Baker Inc.,
Grand Rapids, MI, USA)E ©|-83}] Table 18] 2702 &
E A8 distd S stk 4E BE71Y 235 ul
&2 low shear screw configurationol] W& 2302 311,
233 A7 19.0 mm Zolet Z A9 v|(L/D)= 25:19]
At} U7 ferulic acid, p-coumaric acid ~12] 31 fumaric
acidE z}z} 250 ppm, 500 ppm, 18] a1 1,000 ppm E7}5}d]
2 4] 7](N50, Hobart, Northyork, ON, Canada)l|A] 15%-7F &
33t Foll 4F AAFrlol FFE AR T 7] (volumetric fee-
der, K2M-20; K-Tron Corp., Pitman, NJ, USA)l| 40 g/min<;
T2 A5E FYsiEth dzite] @R E44 RlXle
4L 4 dz2e2 d7d H7hd 4 HEAE mixo-
graph & o] &3 ofH] AE S B3l HA ¥k A3t o] Fol F
A3 wEe] B4 <3tE Jehle HKferulic acid: 250 ppm,
p-coumaric acid: 500 ppm, fumaric acid: 1,000 ppm)E =%

Table 1. Extrusion process conditions

Raw material MC(%) 11.9

Process MC(%) 30
Feed rate(g/min) 40
Screw speed(rpm) 250
Zone 1 temp.(C) 40
Zone 2 temp.(T) 60
Zone 3 temp.(C) 80
Zone 4 temp.(T) 110
Die temp.(C) 125
Die pressure(psi) 380

MC: moisture content(%, dry basis).
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o](longitudinal expansion)® JA]8lt}. DiedlA AlEHE
extrudateZ v} 10 7FH 0 & o3 42 Zeid A g2 A
L % 71 Zo)E Z=F 33 vernier caliper(Digimatic caliper,
Mitutoyo Co. Kawasaki, Japan)Z A}-&-3fa] Zrtel 2738
243190k 2074 o 39] extrudateo] ThSke] ZHshe] HE
& BAB
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4. Extrudate2| 27| &4

Extrudate®] =7]+ Texture analyzer(Texture Technologies
Corp., Scarsdale, NY, USA)ol three point bend rig(TA-92)Z
Zzbsle] Table 28] FH o2 =% 319t} Extrudate Z20](50
mm)8] ¢ FES &3 AR T FEE] FeAe

3](peak breaking force, g)& &3l extrudate®] 27| A=
2 3k

5. 82 && T (Water Absorption Capacity, WAC)
A7o] FE FLHEE AACC method 56-30(AACC 1995)

Table 2. Operation conditions of texture analyzer to mea-
sure the hardness of wheat flour extrudates

Mode Measure force in compression
Pre test speed(mm/sec) 2.5
Test speed(mm/sec) 2.0
Post test speed(mm/sec) 10.0
Automatic trigger force(g) 20
Distance(mm) 15
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Ay A= SAS(Statistical Analysis System version 8.2)
(SAS Institute 1990)2 ©] 83t Ho3} EEHAES T3
3, HE4 Arlel HE AR Aols) FoE EALS Gene-
ralized Linear Model(GLM)E- o] 83} A EA353Th

da o o

HErte] A7 W7HE extrudates] E2]8 541l v
£ 9 2A] 98t ferulic acid, fumaric acid L8] 31
p-coumaric acidg H7Iste] o4& HEH AEY B2 =
78 8tk Table 3o L= uhel o] sizite] H7to) wh
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U, dole feH(p<0.0) o2 Frlste e Y B ¥
2 o] UAFE ¢ F YAtk Hydroquinoneo|i} cy-
steineZ-2 34 BAE HrlE thE I Koh 1996)0 A
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HZAke] Hrlo| whE extrudate =7]2] W3}E Texture
analyzerE o] &3te} £3 8 A3} Table 404 &} Zo] extru-
date®] et == HEahS A7 webd f93(p<
0.001)2.2 Z+43IH T} E3] coumaric acidE 3713k A Eo)
A=t 71 Aasth oY Az ZAE tE dF
(Koh & Lim 2000)oll 4 = RIS A=, Hxite] 39l g3}

Table 3. Expansion of wheat flour extrudates with and
without phenolic acids

Length(mmy/sec) Diameter(mm)
Control 28.32+6.76 22.77+0.06
FlourtFEA 30.84+0.84 22.72+0.06
Flour+CA 29.11£1.26 22.81+0.09
Flour+FUA 33.28+0.70 22.75+0.06
p-value 0.001 0.03
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Table 4. Textural characteristics of wheat flour extru-
dates with and without phenolic acids

Break force(g)

Control 2,688.26+801.48
FlourtFEA 2,647.184965.12
Flour+CA 2,083.74+505.21
Flour+FUA 2,566.09+318.19
p-value <0.001

FEA: ferulic acid, CA: p-coumaric acid, FUA: fumaric acid.
Values are meanststandard deviation of 5 times trials.
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Table 5. Water absorption capacity(WAC) of wheat
flour extrudates with and without phenolic acid’

WAC(mL/g)
Control 4.07+0.12
Flour+tFEA 3.10+£0.41
Flour+CA 3.78+0.78
Flour+FUA 3.89+0.27
p-value 0.002

FEA: ferulic acid, CA: p-coumaric acid, FUA: fumaric acid.
Values are meanststandard deviation of 20 times trials.

FEA: ferulic acid, CA: p-coumaric acid, FUA: fumaric acid.
Values are means+standard deviation of 5 times trials.
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Table 6. Color difference of wheat extrudates with and
without phenolic acids

L a b
Control 82.36+0.38 1.87+0.27 16.65+0.79
Flour+FEA 82.62+1.08 1.87+0.26 16.33+£0.96
Flour+CA 82.8140.38 1.90+0.17 16.34+0.94
Flour+FUA 84.58+1.61 1.61+0.37 16.11+1.71
p-value 0.02 0.06 0.08

FEA: ferulic acid, CA: p-coumaric acid, FUA: fumaric acid.
Values are meanststandard deviation of 5 times trials.
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