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The effects of oxido-reductants on the rheological properties of whedhione (GSH) had the opposite effect. Heating caused the gelatinization
flour dough were evaluated by using aitapy rheometer and an oscil- of starch, which diminished the effects of the oxido-reductants and
latory rheometer at three temperatures. The oxidants potassium iodateduced doughs with similar rheological properties at 80°C. The corre-
(KIO3) andL-ascorbic acidl( -AA) significantly increased the apparent lation between dough rheology and characteristics of extruded noodles
viscosity andG' and decreased loss tangent at low temperatures of 30 amehs also studied.
60°C due to enhanced formation of disulfide bonds. The reductant gluta-

Almost half of the wheat flour in Asiais consumed as noodles. logical properties were mostly addressed to bread volume and
Wheat flour consisting of 10-12% proteins is generally used for quality (Kuninori and Matsmoto 1963, Jackel 1977, Bloksma
making oriental noodles. In a commercial process for producing990, Kuninori and Nishiyam&993, Yamada and Preston 1994).
instant noodles, wheat flour is mixed with water, rested, kneaded Byhere are few reports in the literature concerning the effects of
rolls, formed, cooked by steam, and then fried. It would be benexidizing and reducing agents on the qualities of oriental noodles.
ficial to industry if a process such as extrusion, combininghibgea The objectives of this study were to investigate the effects of
processes into one unit operation, could be developed. Extrudegido-reductants on the rheological properties of wheat flour dough
noodles can be air-dried and provide low- or nonfat products meetirand compare the characteristics of extruded noodles.
the market needs. More understanding about the characteristics of
extruded noodles is necessary to pursue the feasibility of an ex- MATERIALSAND METHODS
trusion process.

Dough rheology is one of the important factors affecting extruM aterials
date characteristics. Composition affects the viscosity of wheat Unblanched patent wheat flour was purchased from Chiao
flour dough. Raising the protein content increases the consistendyaihsing Enterprise Co. Ltd. (Taipei, Taiwan). The proximate
(Sharma et al 1993a) and shear modBligndG'"’) (Navickis et al composition (dry basis) was 12.5 + 0.6% crude protein, 0.52 +
1982). Ferry (1980) pointed out that an increase in cross-linkag®03% crude fat, 0.48 + 0.02% ash, and 86.5 + 0.6% carbohydrate
in a synthetic polymer resulted in high@&rand lower loss tangent as determined by Approved Methods (AACC 1995), The starch
(tan ). Similarly, the interactions between protein molecules influcontent was 80.3 + 1.5% as determined by the method of Chiang
ence the conformational structure as well as rheological prognd Johnson (1977). All the chemicals were of reagent grade.
erties. Some reductants such as cysteine and mercaptoethanol
reducedG', and the oxidant Kl@Qincreaseds' but had no effect Preparation of Dough
on tand (Dreese et al 1988b). In addition to protein, starch also Distilled water, premixed with oxidant or reductant to achieve a
plays a role on determining viscosity of wheat flour dough durindinal concentration of 0.2 mmol/kg, was mixed with wheat flour in
heating. The gelatinization of amylopectin favored a synergistic ina Hobart mixer (model SP-15, Bao Ma Co., Taipei, Taiwan) using
crease in viscosity with the addition of gliadin and glutenin (Chedidhe slowest speed for 5 min to form a dough with a moisture con-
and Kokini 1992), which could increase tensile strength (Bloksméent of 40% (wb). After mixing, the dough was placed in a covered
1990). The interactions between gluten and gelatinized starch matainless steel pan and rested for 30 min at room temperature.
affect the characteristics of extruded noodles. Apparent viscosity was measured using a capillary rheometer

Oxidants such as potassium bromate remove SH groups by oxmodel RH 7-2, Rosand Precision Ltd., West Midlands, England)
dizing them, forming SS bonds of increased molecular weight, anelquipped with an infrared die swell measuring device and a tensile
they are used as the dough improvers for breadmaking. Reduciagength measurement system. The die diameter was 2 mm and the
agents such as glutathione (GSH) increase the rate of thidength of die was 30 mm. Three barrel temperatures (30, 60, and
disulfide interchange reaction, which decreases the size of lar@®°C) were evaluated. The dough was loaded into the capillary
proteins, resulting in lower molecular weight and less elasticheometer after the barrel temperature reached the set point. Care
dough (Dong and Hoseney 1995). The oxidantssKKBrO;, and  was taken to eliminate any entrapped air during loading process.
L-ascorbic acidl-AA) enhanced the resistance to extension, bufThe temperature of dough in the capillary rheometer was measured
GSH had the opposite effect (Bloksma 1972, Lillard et al 1982)sing a thermocouple inserted from the die orifice. The thermo-
Wolt and D'Appolonia 1984, Walter and Grosch 1987, Kieffer etcouple was removed when both the barrel and noodle dough tem-
al 1990). Low concentrations of GSH had no effect on rheologicgleratures reached equilibrium in 5 min. The experiment was con-
properties. As the concentration of GSH was raised to 50-150 ppmiicted using a plunger at various speeds. A transducer was used to
G' andG'" decreased, but the flow behavior index ihcreased measure the die pressure. Viscosity software was provided by
(Berland and Launay 1995). Effects of the oxidoreductants on rhe®osand Precision Ltd. Methods of both Rabinowitsch (LE3%8)

and Bagley (1957) were used to correct the data before recording the
1 Graduate Institute of Food Science and Technology, National Taiwan University,  Viscosity. These procedures were conducted in triplicate. Data ob-

Taipei, Taiwan. tained were used to fit the power law equation by regression method:
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The capillary rheometer was used to simulate extrusion process  noodle to 2 mm (diameter of the die orifice). The measurement
and to prepare extruded noodles in triplicate for each condition using was conducted in triplicate.
the same procedures as above, except that the plunger speed was
20 mm/min. The extruded noodles were dried to 12% moisture Differential Scanning Calorimetry
content in an air oven at 45°C for further analyses of cooking loss The temperature and heat of gelatinization of starch were

and degree of gelatinization of starch. determined in triplicate using a differential scanning calorimeter
(DSC 121, Setaram Co., France) equipped with a liquid-nitrogen
Physical Properties of Dough and Extruded Noodles intercooler. Samples=120 mg) of wheat starch, gluten, or wheat

The dynamic viscoelastic properties of doughs were measurdlbur with the desired water content were hermetically sealed in a
in triplicate using a controlled stress rheometer (Carri-Med CSistainless steel crucible and equilibrated overnight in a refrigerator.
500, England) operated with a parallel-plate geometry of 40 miihe scanning temperature was increased from 40 to 110°C at a
diameter and a gap of 3 mm. From the preliminary tests, the lineheating rate of 5°C/min. The data was analyzed using a data analy-
range was found at torque <8@N-m corresponding to a strain of sis system provided by the manufacturer. Wheat starch and gluten
0.12%. Therefore, a strain of 0.1% was used in this study to ensunere prepared according to the method of Oda et al (1980). The
that the tests were conducted within the linear range. The dougtet starch and gluten were freeze-dried and ground to pass a 100-
was rolled by seven steps to attain a thickness of 3 mm usingnaesh sieve before differential scanning calorimetry measurements.
laboratory sheet-rolling machine. Then the sheeted dough was cut
using a mold with a diameter of 40 mm to fit the plate geometr{ooking L oss
of the rheometer. The outer edge of dough was coated with The cooking loss of dried extruded noodle was determined
silicone oil to minimize the water loss during the measurementsising the method of Yeh et al (1991). Dried extruded noodles (10 g)
Frequency sweep of 0.5-5 Hz was performed at 25°C. Tempeere cut into 1-cm strips and placed into a beaker containing 100 mL
ature sweep was conducted from 30 to 90°C at a heating rate a@if boiling, distilled water on a hot-plate. The beaker was covered
2.4°C/min using a frequency of 1 Hz. with a watch glass. During cooking, distilled water was added to

Four parameters were obtained using the software analysis proempensate for evaporation loss. The mixture was stirred slightly
gram of the rheometer and the averaged values of two parametensth a glass rod. After a total boiling time of 10 min, the cooked
G' and tar, were reported. noodles were filtered through a 20-mesh nylon screen. The beaker,

The tensile strength of extruded noodle was measured using theodles, and screen were washed with distilled water. imbined
method of Cavella et al (1992). The capillary rheometer was operatéittrates and wash water were placed in a clean, dry, tared beaker
at a plunger speed of 20 mm/min. The extruded noodle passéd/,) and dried at 45°C to a constant weight,)MWhe moisture
through the die and was immediately wound on an acceleratingpntent of the dried extruded noodle was predetermingjl {We
wheel (0.083 cm/sék As the driving wheel rotated, the extruded cooking loss was calculated as:
noodle was stretched and the force was recorded. The tensile strength . _
was recorded as the maximum force for breaking the extruded Cooking loss (%) = (W,— W,)/(10 - W) x 100% @
noodle. The measurements were made in triplicate.

The cutting force of extruded noodles was measured using Regree of Gelatinization
texture analyzer (model NMR-2020J, Fudoh Rheometer, Japan)Degree of gelatinization of starch of the extruded noodles was
fitted with a No. 30 adapter. The extruded noodle (8 cm long) frondetermined by an enzymatic method (Chiang and Johnson 1977)
the capillary rheometer was cooled to room temperatt28°C)  with modified sample preparation. The oligosaccharides were
on a covered petri dish for 7 min. Then a platform with an ascendingmoved from the samples before analysis using the method of
speed of 6 cm/min was used to measure the cutting force ™cCready et a (1950) to ensure the accuracy of the analysis.
extruded noodle. The maximum force to cut the extruded noodle
was recorded. Measurements were performed in 20 replicates aBgtractable Protein
the average reading was reported. The extractable protein of dough was determined using the

To measure the die swell of extruded noodle, the dough wasethod of Osborne (1907). The dough was freeze-dried and
extruded at a plunger speed of 20 mm/min. An infrared detectground to flour in two steps. Initialy, the freeze-dried dough was
installed near the die measured the diameters of extruded noodlaammer-milled (Tong-Fung Machinery Co., Taiwan) to pass through
The swell ratio was calculated as the ratio of diameter of extruded
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Fig. 1. Effect of water content on the apparent viscosity of wheat flour Fig. 2. Effect of temperature on the apparent viscosity of wheat flour
dough at 30°C. dough with 40% moisture (wb).
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a 40-mesh sieve, followed by arotary speed mill (Pulverisette 14, different from those obtained above. The results indicatednthat
Fritsch GmbH, Idar-Oberstein, Germany) to grind the particlesto ~ was independent of water content at some limited ranges. Figure 2
pass through a 100-mesh sieve. Sodium hydroxide (0.01N, 25 mL) illustrates the effect of temperature on the flow behavior of dough
was used to extract protein from the ground flour (0.5 g) using an with a water content of 40% (wb). In general, the apparent viscosity
ice bath to prevent flour oxidation. The suspension was stirred at decreased as the temperature was raised. As the temperature was
300 rpm for 1 hr and then centrifuged at 8,009far 10 min. The  raised from 30 to 60°Qy increased from 0.31 to 0.44 (Table I). It
extractable protein content in the supernatant was measured by thwlied that heating produced a dough with less shear thinning.
biuret method (Gornall et al 1949). A standard curve was obtainedeverthelessk decreased from 19.3 kPa %$&do 6.8 kPa séd¢.
by measuring the absorbance of different concentrations of bovirdso, the apparent viscosity at a shear rate of 50/sec dropped from
serum albumin solutions at 550 nm. The crude protein in th&,298 to 760 Pa sec. There was a slight decreaseaimd the
ground flour was determined by the Kjeldahl method. Proteirincrease in bottk and the apparent viscosity at a shear rate of
extractability was calculated as the ratio of the extractable prote®0/sec when the temperature was continuously raised to 80°C.
to the crude protein. This may be due to the occurrence of starch gelatinization.
The supernatant from protein extraction by NaOH was furtheHowever, the dough exhibited similar viscosity at 60 and 80°C
analyzed to determine the contents of SH groups using the methathen the shear rate was >130 sec (Fig. 2).
of Buttkus (1971) with modifications. The supernatant (2 mL) was The addition of KIQ and L-AA reducedn and increasedk
neutralized by 2 mL of 0.0 HC1 and mixed with 6 mL of @ (Table I). GSH had the opposite effect and resulted in a dough
urea Tris-HCL1 buffer (pH 8.2). This solution (3 mL) was mixedwith less shear thinning. The effect IGAA was less significant
with 5,5-dithiobis-2-nitrobenzoic acid (DTNB) reagent (0.02 mL). than that of KIQ, possibly because not all ofAA was converted
Absorbance at 412 nm was read at 30 min with a spectrde dehydroascorbic acid acting as an oxidizing agent. When the
photometer (model 7800, Jasco, Japan). The SH content wasmperature was raised from 30 to 60°C, generally there was an
expressed ipmol/g of protein extracted. increase im and a decrease k The dough with KIQ had the
Total SH and SS content was determined according to thmost increase (65%) in and the dough with GSH had the least
method of Opstvedt et al (1984). Disulfide bonds were reduced iacrease (15%). The doughs he6% decrease iR, except that
SH by adding 0.8 mL of OM NaBH, in 8M urea into 1 mL of GSH resulted in a decrease of 44%. As the temperature raised to
neutralized supernatant. One dropnedctyl alcohol was used to 80°C, there were no significant differencesnnand k values
avoid foaming. The solution stood in a water bath (25°C) for 2 hmmong the samples. The averagerfavas 0.37 + 0.01 and the
The residual NaBlHwas reacted with 0.22 mL of\2HC1 to  average fok was 10.7 = 0.3 kPa $&¢. The oxido-reductants did
minimize the noise on measurements. Urea buffer (7.2 M), 8 not affect the dough viscosity (Table 1) at high temperature, which
was mixed with the solution. DTNB (0.02 mL) was added to 3 mLmay be due to the gelatinization of starch.
of solution before measuring the absorbance of SH at 412 nm. TheThe storage modulusG() of dough increased with the
result was the total SH content which was the summation of SHequency (Fig. 3A). As with the apparent viscosity, Ki@lded
and SS/2. The SS content was calculated as half the differenttee highestG' among the samples tested, and GSH yielded the

between total and determined SH content. lowestG'. As illustrated in Fig. 3B, the oxidants resulted in lower
tan 9, indicating the presence of a more solid phase. The results
Statistical Analyses concurred with the reports of Dreese et al (1988b) and Dong and
Statistical analyses were made using the procedures of the SA®seney (1995). GSH led to weakening of the dough with more a
software system, release 6.04 (SAS Institute, Cary, NC). liquid phase. The sensitivity of rheological properties of dough to
oxido-reductants suggested that SS bonds play a major role in
RESULTSAND DISCUSSION dough rheology.

The wheat flour dough fitted the power law equation wél(  Sulfhydryl Groups and Disulfide Bonds
0.994) at 30°C (Fig. 1). Increasing either water content or shear The SH and SS contents were affected by the oxido-reductants
rate decreased the apparent viscosity. This is in agreement witls listed in Table II. KIQ@andL-AA reduced the content of SH but
the report of Mackey and Ofoli (1990). When the water contenincreased the content of SS bonds. This is in agreement with
was increased from 34 to 40%, there was no significant differendierature data (Sullivan et al 1963, Tsen and Bushuk 1963,
(P < 0.5) in the flow behavior indices, andanged from 0.31 to Bloksma 1972). The ratio of SH to SS dropped from 0.22 to 0.15
0.37. It appeared thatwas independent of water content (Sharmaand 0.16, respectively, as Kj@ndL-AA were added. GSH had
et al 1993b, Berland and Launay 1995). The averagedue was the opposite effect and yielded a SH to SS ratio of 0.27. Linborg
0.34 £ 0.01, which was the same as 0.34 reported by Sharma etealal (1997) pointed out that the breakdown of SS loosened the
(1993a). But the consistency coefficidnfan index of viscosity) entanglement, thus GSH yielded a dough with the l@asBoth
decreased from 67.7 + 4.2 kPa%®to0 19.3 + 1.3 kPa sB&. As  the formation of large glutenin aggregates due to the existence of
the water content was reduced to 32%@ropped to 0.26 + 0.04 oxidants (Panozzo et al 1994) and the interchange of SH and SS
andk was 173.3 + 7.7 kPa s8¢, these values were significantly during mixing (Mauritzen 1967) could alter the protein extract-

TABLE|
Effects of Additives on Flow Behavior Index (n) and Consistency Coefficient (k) of Dough at Different Temperatures

Capillary Rheometer Barrel Temperature

30°C 60°C 80°C
Oxido-Reductant n k (kPa.se€) n (Pa.sed n k (kPa.se€) n (Pa.sec) n k (kPa.se€) n (Pa.sec)
None 0.31 + 0.02f¢ 193+13c 1,298+16b 0.44+0.0lab 6.8+0.3f 760+16g 0.37+0.0lc 10.7+05d 920+ 21cd
K103 0.23+0.01h 30.1+15a 1452+1la 0.38:+0.02cd 106+0.9d 940+17d 0.37+0.0lc 107+0.3d 918+ 10cd
L-Ascorbicacid  0.28 + 0.02g 235+190 1,426+20a 0.42+0.0lbc 84+02c 863+19f 036+002c 111+10d 914+ 1lcd
Glutathione 0.41+002cd 101+17d 1,016+18c 0.47+0.03a 57+09f 702+14h 0.38%0.02c 104+09d 906+ 12c

a Concentration of additive was 0.2 mmol/kg of flour.
b Apparent viscosity at a shearing rate of 50/sec.
¢ Values within a column followed by the same letter are not significantly different (P < 0.05).
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ability. The dataindicated that the increase in SS bonds enhanced
the cross-links in gluten and led to the formation of large molecules
with less extractable protein. The results were similar to the effect
of mixing on extractable protein (Bushuk et a 1997) and the
reduction of ethanol-soluble protein by SS bonds (Jeanjean et al
1980). GSH decreased SS bonds, which increased protein extract-
ability. This is in agreement with the report of Kim and Bushuk
(1995), who used dithiothreitol as a reducing agent.

Heating changed G’ asiillustrated in Fig. 4A. G' dightly decreased

from 77.8 + 1.5 t0 101.6 + 1.7°C with an enthalpy of 1.2 + 0.3 J/g.
In this case, the gelatinization heat was reduced to 1.0 + 0.2 J/g.
This is similar to rice starch in that the first peak is associated
with the gelatinization and the second coincided with the melting
of starch crystallites (Biliaderis et al 1986). Gluten denaturation
temperatures were not affected by reducing water content from 75
to 40%. Wheat flour (40% water content, wb) exhibited three endo-
thermic peaks similar to those of wheat starch, except that the
onset temperature3 ) were raised for gelatinization and melting

as the temperature was raised from 30 to 55°C. Continuous heatipgaks. Comparing differential scanning calorimetry thermograms
dramatically increase®’ to a maximum at 78.5°C. When the with dynamic measurements, gelatinized starch had an increase in
temperature was continuously raised to 903Cdecreased. Since G' at >55°C. This concurred with the report of Dreese et al
the increase is' of glutenin and gliadin was very slight from 60 (1988a). The coincidence of conclusion temperaftige(79.2°C)

to 90°C (Dreese et al 1988a, Kokini et al 1995), the gelatinizatiowith the temperature (78.5°C) of maximu®, indicated that the

of starch may play an active role in the dramatic increa€® at ~ completion of starch gelatinization resulted in a maxin@inAfter
>55°C. KIQ; yielded the highesG' among the samples tested that, higher temperatures caused a dro@'inThis demonstrated
from 30 to 90°C, and GSH yielded the low&st As the temper- that the gelatinized starch played an active role in determining the
ature was raised, the difference@ between samples lessened rheological properties of dough at >55°C. Therefore, the doughs
and approached the same value as at >80°C. The dough with Kléxhibited similar flow behavior index, consistency indé%, and
exhibited smallest tad due to the formation of large molecules astand after starch gelatinization at >78.5°C.

discussed above. GSH enhanced the formation of small molecules
and resulted in higher tah indicating more liquid phase in the
dough. Heating resulted in a decrease inddfig. 4B), which
indicated that the doughs tended to be more solid phase at high
temperature. As fo', tand of all samples also approached the
same value at >80°C.

TABLE Il
Effects of Oxido-Reductants on Extractable Protein and Contents
of Sulfhydryl Groups (SH) and Disulfide Bonds (SS)

pumol/g of Extractable Protein

Extractable

. L Oxido-Reductant? Protein (%) SH SS
Wheat starch (75%, wb) exhibited a gelatinization peak (the 5
first peak in Table 1ll) from 54.1 + 0.5 to 77.8 + 1.9°C with an E%e gg'ggfg'gid gg?;féggc 4}1'6?;3673?&1
enthalpy of 7.9 + 0.6 J/g, and a lipid-amylose endothermic peak ascorbic acid 80.05 + 0.36¢C 792 +0.35¢c 4552 + 0.74a
from 93 + 1.4 to 107 + 0.5°C with an enthalpy of 1.7 + 0.2 J/gGlutathione 92.74 +0.50a 10.57 £0.45a  39.86 + 0.45¢

When the water content was reduced to 40% (wb), there existg

an additional endothermic peak (the second peak in Table I Concentration of additive was 0.2 mmollkg of four

IJ)Values within a column followed by the same letter are not significantly
different P < 0.05).
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Fig. 4. Temperature sweep of wheat flour dough with 40% moisture
(wb). G' = shear modulus (A); tan 6 = loss tangent (B). Oxido-reductants:
iodate = potassium iodate (K103); L-AA = L-ascorbic acid; GSH = glu-
tathione.
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Characteristics of Extruded Noodles

Die swell became much greater when the polymer chains were long
enough to contain significant numbers of entanglements, being a
direct consequence of the elastic energy stored by the polymer in
the tube (Sperling 1993). The entanglement in the dough was
increased by the formation of SS bonds. Thus, the swell ratio of
extruded noodle was increased by KIO; and L-AA and reduced by
GSH (Table IV). The extruded noodles (except with GSH)

noodles. In addition, gelatinized starch also contributed to the
tensile strength. Thus, among all the samples tested, the extruded
noodles with KIQ had the highest tensile strength at 80°C. How-
ever, the heterogeneity caused by partial gelatinized starches in
extruded noodles resulted in a decrease in tensile strength measured
before cooling. Therefore, the extruded noodles had the lowest
tensile strength at 60°C among the three temperatures tested.
Again, the addition of oxidants enhanced the cutting forces of

exhibited the largest swell ratio at 30°C. As the temperature wasxtruded noodles as listed in Table IV. With the most SS bonds
raised, the swell ratio decreased and the difference in swell ratformed, KIO; yielded the highest cutting force among three
among the samples became less and less. This indicated that #ulglitives. The attributes of both gelatinized starch and SS bonds
formation of SS bonds in protein affected the die swell at lowesulted in dramatic increase (at least double) in cutting force as
temperature, but the gelatinized starch diminished the effects tfie temperature was raised from 30 to 80°C. For example, the
oxido-reductants at moderate (60°C) temperature. The die swelktruded noodles with KifYyielded a cutting force of 26.2+ 1.2 g
was primarily attributable to the gelatinized starch at high tempeiat 30°C and 56.5 + 2.6 g at 80°C.
ature as all the extruded noodles had similar swell ratios at 80°C. The degree of starch gelatinization in extruded noodles increased
Also, the tensile strength of extruded noodle was increased hyith temperature (Table V). The addition of oxido-reductants did
the oxidants and reduced by GSH. This indicated that theot interfere with the gelatinization of starch. The degree of gelatin-
formation of cross-links increased the tensile strength of extrudedation approached 80% at 80°C, and the gelatinized starch played

TABLE I11
Differential Scanning Calorimetry Data? for Wheat Starch, Gluten, and Wheat Flour

Second Endother mic Peak

First Endother mic Peak Peak for Amylose-Lipid Complex

Material MCP T, °C T,°C T.°C AH,Jg T,°C T,°C T.°C  AH,Jlg T,°C T,°C T.°C AH, Jig

Starch 75 54.1+0.5 61.7 £ 0.7 77.8+1.9 79+0.6 s s 93.0+1.4 995+0.7 107.0+0.5 1.7+0.2
Starch 40 54.1+0.8 60.4+0.8 71.4+05 1.0+£0.2 778+15 875+21 101.6+17 1.2+03 109.4+0.7 1186+0.2 131.8+0.91 190
Gluten 75 81.7+0.6 85.7+0.5 89.8+0.6 0.6+0.2 95.6+1.2 1025+1.1 121.7+09 1.7+£03" s s st

Gluten 40 81.1+0.7 845+0.8 90.8+0.4 04+0.1 93.6+1.3 101.7+1.7 1164+11 0.7%0:1- . s s

Flour 40 62.4+0.1 69.8+0.6 79.2+15 0.6+0.1 89.6+13 969+16 106.6+0.5 1.0+0.2 1109+0.9 120.0+0.8 130.7+0.92 1.4+0.

aT, = onset temperature; T, = peak temperature; T, = conclusion temperature; AH = enthalpy of transition.
b Moisture content (H,0%, wb).

TABLE IV
Effects of Oxido-Reductants on Swell Ratio, Tensile Strength, and Cutting Force of Extruded Noodles at Different Temperatures
Swell Ratio Tensile Strength, mN Cutting Force, g

Oxido-Reductant? 30°C 60°C 80°C 30°C 60°C 80°C 30°C 60°C 80°C
None 1.17£0.026  1.13 +0.04b 1.13+0.03a 50+2de 33+4g 72 +3b 16.1 + 1.8g 39.3+2.9d 47.7 £4.5¢c
KIO; 1.26 + 0.02a 1.18 + 0.04a 1.15 +0.02a 64+2cd 69+3bc 8l+da 26.2+1.2ef 525+3.3b 56.5 + 2.6a
L-Ascorbic acid 1.20+0.02b 1.13+0.02b 1.14+0.01a 65+ 1c 54 + 4e 80+ 1la 24.7 £ 1.9f 48.4 +2.8c 50.5 + 2.4bc
Glutathione 1.11 +0.02d 1.10 £ 0.02b 1.15 +0.02a 42 + 2f 19+ 3h 59+ 6de 11.9+0.9h 28.8+1.8e 42.3+4.5d
a Concentration of additive was 0.2 mmol/kg of flour.
b Values within a column followed by the same letter are not significantly diffePent)(05).

TABLEV

Degree of Gelatinization and Cooking L oss of Extruded Noodles
Degree of Gelatinization, % Cooking L oss, %

Oxido-Reductant? 30°C 60°C 80°C 30°C 60°C 80°C
None 28+ 2¢ 52 + 4b 82 + ba 3.72 £0.36¢ 7.33+0.82b 16.9 + 0.60a
KIO; 29+ 3c 54 + 4b 79 + 6a 5.12 +0.27c 7.32+0.71b 16.9 + 1.03a
L-Ascorbic acid 27+ 2c 51+ 3b 81 + 5a 492 £0.37c 6.22 + 0.68b 18.8 +0.37a
Glutathione 28 + 4c 50 + 4b 81+ 5a 4.19 + 0.49c 6.71 +0.41b 18.1 +0.42a
a Concentration of additive was 0.2 mmol/kg of flour.
b Values within a column followed by the same letter are not significantly diffePentd(05).

TABLE VI

Correlation CoefficientsDough Rheological Properties and Some Characteristics of Extruded Noodles at 30, 60, and 8¢°C
n G tan 6 SR TS CF CL

n 1.00,1.00,1.00 0.93*,0.96**,0.44  -0.97*, —1.00*, -0.79 0.92*, 0.90%,-0.15 0.99**, 0.99**, 0.73 0.93* 0.98**, 0.69 0.52,0.12,-0.70
G 1.00, 1.00, 1.00 —0.98**, —0.93*, —0.89* 1.00**, 0.98**, 0.44 0.89*, 0.96**, 0.71 0.96**, 0.89*, 0.93* 0.69, 0.36,-0.14
tan 1.00, 1.00, 1.00 -0.97**,-0.90%,-0.16  —0.93* —1.00**,-0.88  —0.99**, —0.99**, —0.98** -0.71,-0.09, 0.38
SR 1.00, 1.00, 1.00 0.88*, 0.92*,-0.29 0.95%,0.87,0.11 0.68, 0.50, -0.35
TS 1.00, 1.00, 1.00 0.89*, 0.98**, 0.92* 0.42,0.12,-0.06
CF 1.00, 1.00, 1.00 0.79, 0.08,-0.19
CL 1.00, 1.00, 1.00

an = Viscosity; G' = storage modulus; tan & = loss tangent; SR = swell ratio; TS = tensile strength; CF = cutting force; CL = cooking loss.
b* ** = Significant at P < 0.05 and P < 0.01, respectively.
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