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Abstract: To broaden the application scope of low-molecular-weight k-carrageenan, this study investigated
the regulatory effects and mechanisms of low-molecular-weight k-carrageenan on yogurt quality. Low-molecular-
weight K-carrageenan polysaccharides were prepared via acid hydrolysis combined with ultrafiltration. Taking
pH value, titratable acidity, water-holding capacity, viable count of fermentative bacteria, textural properties
and sensory scores of yogurt as evaluation indicators, to elucidate the effects of low-molecular-weight k-carra-
geenan polysaccharides, viable bacteria fermentation conditions and other factors on yogurt quality. The out-
comes suggest that low-molecular-weight k-carrageenan could significantly enhance the water-holding capac-
ity, viable bacterial count and sensory scores of yogurt. The optimal formulation for low-molecular-weight k-
carrageenan fortified yogurt was concluded as follows: the addition amount of low-molecular-weight k-carra-
geenan was 0.30%, fermentation duration was 9 h, starter culture inoculum size was 1.00%, and sucrose dos-
age was 8%. Under these optimal conditions, the titratable acidity of yogurt reached (87.67+1.15) °T, the wa-
ter-holding capacity was (68.91+0.61)% , and the viable bacterial count was (2.54+0.14)x10° CFU/mL, with
an increase of 28.28%. Meanwhile, the sensory score rose from 67.29+2.87 to 88.89+1.17. In conclusion, low-
molecular-weight K -carrageenan polysaccharides can effectively improve the textural characteristics, viable

bacterial count and sensory scores of yogurt.
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Table 1 Sensory evaluation criteria for yogurt

T3 PG FRIE SHE
a7 SRS A6, BUE S, L 24~30
(30 43) B, HET NS R ANE 5] 18~<24
TR0, €0 22 I 10~<18

EIRAG, GEFEEEAME 3~<10

Lo, SRAABT N BB AN AR 0~<3

H4 e R4, b AR RO G, IS e 24~30
R e S A ST, WA /S B 18~<24

(3043) FHOH AN,

BER A, M EITIE A ., RS HLRE  10~<18

BN 5E 4, K S Wi, RIS 3~<10
VR [ B T A S AFAE S, R AR 0~<3
Ak BRIBFRIRARALT , LR, A B AFLERE  16~20
(20 43) S
B R R R AR R % 11~<16
FR AR R IR , S R I g (B - mT 52 5~<11
PR 5T IR T, SR S 5 R ) S 2 TR 1~<5
TCER AR, A SR EU IR , RN i 0~<1
FUE I RN, S RN, BREE 2, TUREEE 16~20
(2093) Wi Bt , R AR AT Bk, 1R JEE 11~<16
DT BE — Bt , PR BT RE AN 47, TRRMG oA 5~<11
LB R R i e 5, B2 RO, TR 1~<5
W s MRS , T35 52 BOBR T HL ), oMb g, 0~<1
AN

1.2.9 1EAZIEE
Hi¢ Lo(34) IEAZ RT3 1 12 PU R 2 = /KA IE A8 3
55, BR WS B BB P4 MR 5 5, L2 K I3 2
iR o
%2 EZRBEZEKE

Table 2 Factors and levels of orthogonal experiment
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3 0.4 9 1.5 9
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Fig.1 Effect of SO-2 addition amount on the pH value and acidity
of yogurt
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Fig.2 Effect of SO-2 addition amount on the water holding

capacity and viable bacteria count of yogurt
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Table 3 Effect of SO-2 addition amount on the sensory

evaluation and textural properties of yogurt

SO-2 7% HE W Sk, RHIEME B TE R
Mkk% VA ~E m g g .
0 67.33+  6.52+ 0.97+ 5.63+ 6.55+ 0.57+
3.94¢ 0.61" 0.01* 0.30" 0.33" 0.02¢
0.1 75.56+ 1220+  0.94+ 9.75+ 9.13+ 0.55+
2.55" 4.00¢ 0.04» 1.72¢ 1.07¢ 0.07¢
0.2 81.89+ 1524+ 0.95+ 991+ 9.25+ 0.60+
3.66* 2.72¢ 0.05* 2.36* 2.36" 0.04¢
0.3 83.78+ 16.95+ 097+ 10.08x  9.36%+ 0.60+
331 4.53¢ 0.02* 245 0.78* 0.01¢
04 76.56+= 1251+  0.92+ 9.55+ 9.24+ 0.55+
4.00 1418 0.06* 2.46* 1.16* 0.05¢

T A A [l F B3R R 25 53 . 3%, p<0.05
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Fig.3 Effects of fermentation time on the pH value and acidity of

yogurt
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Fig.4 Effects of fermentation time on the water holding capacity

and viable bacteria count of yogurt
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Table 4 Effects of fermentation time on the sensory evaluation

and textural properties of yogurt

RN RE W dbE, THMRPE, BB FRME
1] /h PESr g mm g g g
6 64.67+ 11.23+  0.93+ 5.87+ 6.97+ 0.54+
2.78¢ 0.16* 0.02° 0.38° 1.012 0.11*

7 77.11+ 1193+ 094+ 6.74+ 7.10+ 0.56+
2.62" 1.28¢ 0.05¢ 1.76* 1.44¢ 0.02¢
8 86.67+ 14.67x  0.95+ 7.95+ 7.99+ 0.59+

2.55° 0.72¢ 0.03* 1.34¢ 1.26* 0.05¢

9 8444+ 12.84+  0.94+ 7.58+ 7.80+ 0.58+
3.91 0.80¢ 0.06* 1.55¢ 1.74¢ 0.042

10 68.78+ 12.59+  0.89+ 6.95+ 731+ 0.53+
2.33¢ 2.10° 0.12¢ 1.18* 0.99: 0.13¢

T : I Rl PR RR 28 5 35, p<0.05

3% 4 AT JECE P40 B e D RAE 2 T 8 h B Bl
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Fig.5 Effects of starter inoculum amount on the pH value and

acidity of yogurt
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Fig.6 Effects of starter inoculation amount on the water holding

capacity and viable bacteria count of yogurt
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Table 5 Effects of inoculum dose on the sensory evaluation and

textural properties of yogurt

KB RE Y ek THE BRE FBR
Pl /% o I8 mm /g /g /g
0.25 7544+ 1337+ 097+ 567+ 6.08+  0.58%
2.35¢ 1.06¢ 0.01* 0.81¢ 0.80° 0.01°

0.50 80.56+ 14.66+ 095+ 8.67+ 891+  0.56%
2.83b 0.74> 0.02¢ 0.52" 0.38" 0.05*

1.00 89.78+ 16.56x 097+ 11.73+ 12.06+ 0.61%
2.28¢ 0.25* 0.03* 1.09* 0.91° 0.04*

1.50 70.56+ 15.65+ 095+ 890+ 9.38+  0.56%
3.17¢ 0.27% 0.02: 0.71> 0.47> 0.02¢

2.00 60.22+ 1553+ 096+  8.62+  9.23+  0.58%
2.68¢ 0.27: 0.01# 0.45> 0.34> 0.01¢

T - A B Al FRER R 25 53 3%, p<0.05

H1Z% 5 ATRLA H, K RERIHERR Y 1.00% I, TR 1)
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Fig.7 Effect of sucrose addition amount on the pH and acidity of
yogurt
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Fig.8 Effects of sucrose addition on water holding capacity and

viable bacteria count of yogurt
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Table 6 Effects of sucrose dosage on sensory evaluation and

textural properties of yogurt

REREAR  EE . HpE, REIEM AR B
= gy T3 /g
T /% PB4y mm g g I
6 7444+  6.90+ 0.86+ 3.90+ 5.12+ 0.59+
2.65¢ 1.26¢ 0.12¢ 0.44¢ 0.60° 0.05¢
7 8344+ 10.62+ 0.87+ 5.38+ 8.80+ 0.61+
1.59" 1.21" 0.09¢ 1.43¢ 2.29" 0.142
8 88.78+ 1642+ 091+ 11.85+ 11.89+ 0.63+
4.09¢ 2.15¢ 0.05¢ 0.29¢ 0.31¢ 0.01¢
9 73.44+ 12.33+  0.83+ 8.85+ 7.11% 0.62+
3.57¢ 1.57" 0.122 2.00" 0.29%¢ 0.122

10 63.22+  9.39+ 0.83+ 6.23+ 6.20+ 0.49+
1.72¢ 2.35b 0.13* 1.63¢ 1.73¢ 0.00°

I AR B3R 25 57 1 3, p<0.05
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Table 7 Results of orthogonal experiment

- ES fakE“
A B C D 17y
1 1 1 1 1 81.89
2 2 2 2 1 84.89
3 3 3 3 1 75.33
4 1 3 2 2 92.22
5 2 1 3 2 82.44
6 3 2 1 2 85.89
7 1 2 3 3 79.78
8 2 3 1 3 88.89
9 3 1 2 3 83.11
K, 253.89 24744  256.67  242.11
K, 25622  250.56 26022  260.55
K, 24433 25389 23755  251.78
k, 84.63 82.48 85.56 80.70
k, 85.41 83.52 86.74 86.85
ks 81.44 84.63 79.18 83.93
R 3.97 2.15 7.56 6.18
F I C>D>A>B
Bral A ey A,B;C,D,

M 7 FROM2EE R A5, 45 DK 2 0 R 8 1
A3 B SE N E BT R C>D>ASB, B % T 51 422 b > i
BHAS I >S0-2 WS fin > A& WERS ], B S R el T2
MK TALA R ALBLCoD,, R AE T2k SO-2 it
0.30% . & T[] 9 h & BRI FP &8 1.00% | FEAE AR
Tl 8% , Fe B L dl & iE 47 3 IR E Bl 17 5
UE %25 T B SO-2 BRWSEREH AT 11, WU AR AR, JERE 1
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Table 8 Variance analysis of orthogonal test

T2k 2T AmE FIE FIRSME RENE
SO-2 Ui 26.66 2 0.54 4.6
R[] 14.19 0.29 4.6
SR TR B 99.74 2 2.02 4.6 e
RS I i 57.33 2 1.16 4.6 B
W% 197.9 8

EXREAES KC BUIERMRGIEIRRT

Table 9 Comparison of physicochemical and textural properties between optimal orthogonal combination and original carrageenan

I AU

25 pH {H RIST K F11% EEVE W/ sEPE/mm THIEMEe O REMEe BRI
(X106 CFU/mL)
IEACHAEA A 4.20+ 87.67+ 68.91+ 2.54+ 88.89+ 12.84+ 0.89+ 7.56% 7.83+ 0.58+
0.01" .15 0.61° 0.14 1.17¢ 0.80° 0.02 0.03¢ 0.12 0.01°
KC 451+ 7533+ 64.36+ 1.98+ 70.11% 10.04+ 0.94+ 5.73+ 6.49+ 0.56+
0.02¢ 0.58" 0.68" 0.14 1.05° 2.042 0.04 0.19 0.24" 0.04¢

[ SR 7 B3R 25 5 i 3, p<0.05,

JIRNE G R, R SO-2 MY I fE s 4T
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