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Effect of carrageenan on quality of low-sodium noodles
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China

Abstract: To study the effect of seaweed polysaccharide carrageenan on the sensory properties and overall quality of low-so-
dium noodles, we designed the noodles containing low-sodium salts with different formulas and carried out a sensory evalu-
ation experiment, so as to analyzed the color, cooking time, texture and microstructure of the noodles. The results show that the
addition of carrageenan covered the metallic bitterness caused by potassium chloride in noodles effectively. Carrageenan showed
no significant influence on the optimal cooking time of noodles (P>0.05), but changed the color of noodles after the noodles
having been cooked to a certain extent and improved the hardness, springiness and chewiness of noodles. Scanning Electron Mi-
croscope (SEM) analysis demonstrates that carrageenan made the microstructure of noodles more compacted after the cooking
but did not show obvious influence on the microstructure of noodles before the cooking. The results suggest that carrageenan
can reduce the bitterness caused by potassium chloride salt substitute but maintain the quality of noodles, achieving a high-effi-
ciency salt reduction (up to 50%) in noodles, which proposes a new idea for the potassium chloride-based salt substitutes in food

industry.
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Table 1 Additive amount of NaCl, KCI and carrageenan

per 100 g noodles g
AN ERiail A Rz
Sample No.  Sodium chloride  Potassium chloride =~ Carrageenan
1 0.500 0 0
2 1.000 0 0
3 1.500 0 0
4 2.000 0 0
5 0.350 0.150 0
6 0.700 0.300 0
7 1.050 0.450 0
8 1.400 0.600 0
9 0.350 0.150 0.045
10 0.700 0.300 0.090
11 1.050 0.450 0.135
12 1.400 0.600 0.180
13 0.300 0.200 0
14 0.600 0.400 0
15 0.900 0.600 0
16 1.200 0.800 0
17 0.300 0.200 0.060
18 0.600 0.400 0.120
19 0.900 0.600 0.180
20 1.200 0.800 0.240
21 0.250 0.250 0
22 0.500 0.500 0
23 0.750 0.750 0
24 1.000 1.000 0
25 0.250 0.250 0.075
26 0.500 0.500 0.150
27 0.750 0.750 0.225
28 1.000 1.000 0.300
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Table 2 Standard of sensory evaluation for noodles

R AT AR

Sensory index Standard for evaluation
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Table3 L', a and b" values of noodles

FEih o S A Before cooking 757 J5 After cooking

Sample No. W L LA o W@ b W L LA o W b
1 74.6%+1.0° 1.140.3" 10.840.8° 68.5+1.2' 0.440.2¢ 3.6+1.2!
2 77.240.4° 24422 16.0+1.1"k 68.1+1.2" —-6.5+0.3" 13.6+1.2!
3 90.2+1.1%f 3.140.4%h 11.740.8" 67.6+1.2" 1.140.27 1.2+1.2'
4 88.1+1.1¢ 3.610.4% 12.140.1%¢ 65.3+1.2* 0.840.2" 11.0£1.2%
5 95.8+1.6" 1.240.4® 14.240.5% 72.1+1.3™ —-0.5+0.2 6.4+1.3™
6 89.6+0.8% 5.2+0.3 11.0+0.3° 69.4+1.2" 2.340.1* 3.941.2!
7 95.6+0.8" 414028 7.740.4" 59.0+1.0" 2.7+0.1' 2.6+1.0"
8 90.240.3%f 1.140.3% 13.7+0.3%f 63.1%1.11 5.540.1¢ 0.9+1.1°
9 90.5+0.4%f 1.5+0.2% 15.140.3% 63.9+1.17 —2.4+0.2¢ 4.4+1.1"
10 89.6%1.5% 2.3+0.3% 13.8+0.9% 50.240.9° —2.640.2° 4.040.9°
11 89.3+0.7°% 6.2+0.8" 12.9+40.7°% 58.6+1.0" -3.940.2¢ —-3.0+1.0"
12 95.5+1.0M 1.240.2® 18.4+1.2™" 44.04£0.7° 0.740.2¢" 4.4%0.7°
13 95.4+0.2" 3.5+0.6°" 13.0£0.7°% 51.140.9° -6.3+0.3" 15.140.9°
14 90.442.6%f 3.0+£0.5% 16.5+1.1% 49.8+0.8° 4.140.1™ —0.5+0.8°
15 84.6+1.9" 2.4+0.3 13.340.8°f 57.3+1.08 —8.0+0.3" 21.3+1.08
16 96.3+1.6" 4.2+0.3" 16.1+1.0M* 56.1+1.0% 0.5+0.2¢" 5.2+1.0%
17 92.9+1.6" 0.4+0.2° 13.9+0.8°% 52.840.9¢ 5.0+0.1° 2.840.9¢
18 86.4+1.8" 4.2+40.5" 14.840.9%" 64.2+1.1% 3.140.1™ 6.9+1.1%
19 87.4%1.0%¢ 3.240.4%h 16.7+1.1M 55.8+1.0% 5.840.19 0.5+1.0%
20 92.3+1.3°% 2.640.2%f 18.1+1.21™ 52.9+0.9¢ 2.7+0.1' 4.6+0.9¢
21 98.0+2.6 4.9+1.0Y 14.9+0.9%" 54.140.9% 18.8+0.2" 2.540.9%
22 96.0+1.5" 3.240,5%f" 17.141.14m 54.940.9¢ —4.540.3° 10.4+0.9¢
23 96.5+2.47 3.5+0.2°6" 13.5+0.8%f 65.9+1.2¢ 1.440.2 7.0+1.2%
24 96.6%2.9" 3.440.2%h 16.2+1.0Mk 64.6+1.1% —4.5+0.3¢ 15.4+1.1%
25 97.6%3.21 3.440.3%h 15.1+0.9¢" 47.6+0.8° 10.540.1° 17.5+0.8°
26 95.8+3.1" 3.6+0.3%" 13.4+0.8% 50.040.9° 3.840.1" 6.0£0.9°
27 94.3+2.28" 3.140.5% 15.9+1.0k 48.1+0.8" 4.240.1° 2.5+0.8"
28 98.6%0.9’ 2.9+0.2%f 19.0+1.3" 55.5+1.0% 7.6+0.1° 19.3+1.0%

TE: H'S 1—28 FEFX I 1 AHRLIRE S S RIBCTT s [R5 AN ) BRI TR 22 5 (P<0.05) . JERFII.
Note: No. 1-28 samples in this table correspond to the sample No. and formulas in Table 1. Values with different letters within the same column have

significant difference (P<0.05). The same below.
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HUEE 25—28) HEAT S RN E , P A dh S I 5 45
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Table 4 Color difference of noodles Table 5 Optimal cooking time of noodles
Mg ZEEmW ZEEE  |FEARYS ZEEm BEE FES R I fEZR T[] RS S e fEZE AT
Sample  Before After Sample  Before After Sample Optimal Sample Optimal
No. cooking  cooking No. cooking  cooking No. cooking time/s No. cooking time/s
5&9 5.4+0.9° 11.8+02Y| 15&19  4.6£0.4™ 14.0+0.21 1 280+0° 15 340+16%
6&10 424050 27.620.5 | 16&20  4.8+0.5°  5.0+0.0° 2 280+0° 16 3300
ab fg
7&11 854070 6.6+0.1° | 21&25  24£0.9°  12.440.2° 3 270+8 17 340+0*
a fg
8&12 714084 274405 | 22&26  4.740.5°  10.8+0.2° 4 26020 18 340+8
. 5 31048 19 34040
13&17  42+11%°  11.6+02% | 23&27  3.320.1®°  25.3%0.4'
6 310+0% 20 330+0°"
14&18  4.842.0°  20.4+0.3" | 24&28  4.1£12"  17.7%0.3¢
7 310+8% 21 320+0%
. . . 300+0° 22 320+8%
W ST A LA TR, s TR AR K 8
T sl B A 9 320+8% 23 300+0°
SERE, IR T AR T A IR IE A UR [E] 25
L N 10 310+0% 24 300+8°
T Bm AR 2) R REA BB AR,
NN N \ ’ g e 11 310+0% 25 34040
iR BE R LA AR, BRI AR AR BE IR
. N 4 12 300+8° 26 34040
BUAh, kA e 25 5 (R RE | S FIE I ) 5k
T O e 2 MR TR () 2 B 13 350408 27 3108
EIFE B N “am dE” PRI S AR A 245 R
14 340+8'% 28 300+8°

B, BN T R BB R BN IR A% B e A

LS L .

Taste™

R U
Lubricity. -

Lubricitji,a N

a BESE 1. 13, 17, 21, 25; b.BES 2. 14, 18. 22, 26; c FESL 3. 150 19, 23, 27; d. #Efh 4. 164 20, 24, 28.

(a)

1

Gumminess

H 11

Gumminess

%

Bt
Toughness

-1-0.50% NaCl
-0-0.30% NaCl+0.20% KCl
0.30% NaCl+0.20% KCI+0.060% <+ /i (Garrageenan)
~v=0.25% NaCl+0.25% KCl (
~#-0.25% NaCl+0.25% KCI+0.075% R HiiZ (Garrageenan)

o TWRE

‘Appearance

-1-1.50% NaCl

o
Color

It

Toughness

& A

‘Palatability

-0~ 0.90% NaCl+0.60% KCl
0.90% NaCl+0.60% KC1+0.180% R i /iX (Garrageenan)

~v-0.75% NaCl+0.75% KCl
~#-0.75% NaCl+0.75% KCl+0.225% 4% (Garrageenan)

G Aaly:
“Palatability

P I

~m- 1.00% NaCl

@f/% -~ 0.60% NaCl+0.40% KCI

Color
8

Gumminess  Toughness

(d)

-m-2.00% NaCl

&
- Palatability

% ~*1:20% NaCl+0.80% KCI .
1.20% NaCl+0.80% KCI+0.240% 471 (Garrageenan)

Color -v-1.00% NaCl+1.00% KCl
3731 _~#-1.00% NaCl+1.00% KCI+0.300% /i (Garrageenan)

Je it I

Gumminess  Toughness

RS

_"Appearance

L EAE
" Palatability

0.60% NaCl+0.40% KC1+0.120% K HifiZ (Garrageenan)
~v- 0.50% NaCl+0.50% KCl
1 %~ 0.50% NaCl+0.50% KC1+0.150% K 13 (Garrageenan)
RWRA

‘ Appearance

a. Sample No. 1, 13, 17, 21 and 25; b. Sample No. 2, 14, 18, 22 and 26; c. Sample No. 3, 15, 19, 23 and 27; d. Sample No. 4, 16, 20, 24 and 28.

1

Fig. 1

T AR E PR TR A

Sensory evaluation radar of noodles
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Table 6 Textural properties of noodles

FES IR T ZhbfHH: s N N MR

Sample No. Hardness/g Adhesiveness/(g-s) Springiness Cohesiveness Chewiness/g
4 7 081.24+434.92% —106.38+23.03¢ 0.82+0.08° 0.68+0.01" 3911.85+313.56™
8 6 980.00+190.02%° —112.71+21.68° 0.78+0.04* 0.63+0.04 3 421.97+104.04°
12 8 331.83+260.21°% —~176.91+26.03® 0.84+0.08° 0.61+0.02° 4260.22+410.43"
16 6 674.37+932.28° —~126.19+19.33% 0.84+0.09* 0.69+0.06" 3830.01+611.67°
20 8 062.54+702.93%4 —123.71+23.45™ 0.87+0.04* 0.64+0.04 4495.67+334.62"¢
24 8 336.60+303.63° —194.29+43.31° 0.77+0.03° 0.65+0.01 4127.08+78.97%
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a, d. 2.0% NaCl; b, e. 2% KCl salt substitute (1.0% KCI+1.0% NaCl); ¢, f. 2% KCl salt substitute and carrageenan

(1.0% KCl+1.0% NaCl+0.30% carrageenan).
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Fig.2 Scanning Electron Microscope analysis images of noodles before (a—c) and after (d—f) cooking
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