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Shelf-life and Quality Characteristics of Tofu Coagulated by Calcium Lactate
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Catholic University of Daegu, Gyeongsan 712-702, Korea

Abstract

To investigate the utilization of calcium lactates (CaL.) as coagulants for tofu manufacture, the quality char-
acteristics and shelf-life of tofu made by Cal.-P (black snail powder) and CalL-A (black snail ash) were inves—
tigated and compared to calcium chloride (CC), magnesium chloride (MC), calcium sulfate (CS) and standard
calcium lactate (Cal.-S). And also, total microbe and turbidity of the tofu were determined during storage at
10°C. Coagulation ability of CaL-A was the highest, and the ability of CaL-P was higher than that of Cal.-S.
Yield of CaL.-A tofu was similar to those of CS and CC tofu, while the yield of CaL-P tofu was 50% compared
to that of CC. L* value of CaL-P tofu was lower, but a* and b* values were higher than those of other tofus.
The hardness of tofu showed in the order of CalL-S>CS>CC>CaL-P>MC>Cal.-A, while the cohesiveness
showed in the order of MC>CaL-S>CC>CS>CaL-P>CaL -A. Calcium contents were 57 mg% in MC tofu, 174
mg% in CS tofu, 116 mg% in Cal.-S tofu, 95 mg% in Cal.—-A tofu and 172 mg% in Cal.-P tofu. From the results
of microscopic observations, the lower hardness showed the more soft and the smaller particle. The particle
of CaL-A tofu was small and uniformity but the size of CaL-P and CC tofu showed coarse. Sensory quality
of CaL-P and -A tofu were better than the other tofu evaluated by texture, springiness, flavor and overall
taste. The shelf-life estimated by total microbe was 4~6 days in CC, MC, CS, CaL-S and Cal.-A tofu, but
8 days in Cal—P tofu at 10°C. From the above results, the CalL.-P and -A may believe to use as coagulant for
tofu manufacture due to its softened taste and enhanced shelf-life, and higher calcium content which has higher

absorbability in human body.
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T4 A 24 5= WAl 2381 F(Glycine max L. Eunha)
OE 4°Coll 4] Bstm A FA st et w7 (Semisulco-
pira bensoni)= S8 735 olsled T2 oA FoF Wb
o} 60°Cell A 3] 12 A)7] F 100 meshZ #2443 +4-&
Abg-stgd ). 23 & Table 13} 7o) calcium chloride(CC),
magnesium chloride(MC), calcium sulfate(CS) calcium lac-
tate(standard: CaL-S), t}&7] 23] ®FE calcium lactate
(CaL-A, CaL-P)& Al-&3lsich

I-N

Cle7 25 E ﬁﬂ%’Aol H=

Aol Alxe vl eds 9E ACL-P)3 o
7] 8-2E 3870 A °i BHE Z(Cal-A) 22 vhpo] Ay
(12)¢]] &3}ed A 2 38}9d v} 109 lactic acid 100 mL-&- W z+=2}
A& H23 500 mLe) A Zel Azl 98 & magnetic
stirrer& 28t hot plate(Misung, MS -300, Korea)AHoll 4]
70~80°CE 7l sbH A ch&r| sl 1 3388 7)ste]
pH 7074 -3 A 7t} Glass filter 2 o] #}s}e] 3-8 o] &
120°Cell A 3A17F ZA &A1 A §-4 calcium lactateS A

Frel Mxgt 27 =4

F-f-£ Park® Hwang(4)8] w4l el §38to] A z3}sdch.
o] AL o qufFe] ZHFE 7}3P°4 12417t 4
ARt FE 2H EVIE AAT F U8 T 7419 8ujake
ZH4E 718 A Blender(SJM-557L, Sung Kwang Co.
Ltd, Korea) & oF 3%-7F gl gk § 1087 Ao #al
o E] g °Ji—}3}°4 B Al E Feldtn FHE Lk
Ff= 80°CR A Al 7] & 35 mLe] (14 Fhell 25 mL# # &}
o 10%% 243 $A4 £4L Tl dHsted 02~05%
W2 Ao & A E A ES 3,000x gl A 1587
Aelsle] FEg SAE o S8 S -5 100 mLo

A geial AAEL fo = el

S50 Mz

1+ 1000 mL& #4l F 80°CE §-AA7131 10% s ==

Tl A Avtdl-g A4 A (Chromameter CR 200,
Ab-8-3}o] L*(lightness), a*(redness), b*
23 shgd ek

Minolta, Japan)

tlo “‘1“1

(yellowness) %k

E-llA;(:i §

HAdE FRE 1x1X1 em® 27| 2 Hwhslel Rheo-
meter(Compac-100, Sun Scientific Co., Japan)2 A}-§-3}
7 A (hardness), B3 A (springiness), 2% 4] (cohesiven-
ess), A A (gumminess) ¥ 3} A (brittleness) S &4 8}

o &% 2712 sample width, sample height ¥ sample
7

10 g-& <ll¥] A&2% F 332 (HY-4500, Hwashin
Co., Korea)Z A}-&-3te] 600°Cell A 3]3FA| 7] 3= 32 3] B0
6 N HCI 5 mL& 43] 7}3te] F83] $3|A2 F 25 mL2
4357 o #x](Whatman No. 6)& <13}sle] ICP-AES
(JY 38 Plus, France) & #43}gcd. #9272 frequency
40.66 MHz, plasma gas flow 12 L/min, sheath gas flow
0.2 L/min, auxiliary gas flow 0.1 L/min, sample flow rate
1 L/mine & skgich.

‘7‘"‘?‘3 1X1x1cm =27] 2 Hxtsle] E47](MDF-V 20868,
Sanyo, Japan)& 2 A7) ¥ 27274 27 (Pvtfd 20k, Iishin
Lah, Korea) 2 A Z A o} D]»iOI] Carbon Coater(108-CA,
Jeol, Japan)& Al4-3le] =5-¢ ¥ 7} At 15kV, AF 10
BAY FA13 A=} v] A (SEM-6335F, Jeol, Japan)& o] %
sled 500u] 2 FHAs}sd ol

HsdAl

B 73 = 3vH e Beaddd o) T3 AL HuA,

Table 1. Coagulants and its abbreviations for preparation of tofu

Abbreviations Coagulants Remarks
CcC CaCly - 2H-O Ultrapure reagent, Duksan Pharmaceutical. Co. Ltd., Korea
MC MgCls - 6H:0 Ultrapure reagent, Duksan Pharmaceutical. Co. Ltd., Korea
CS CaS0y - 2H:0 Ultrapure reagent, Junsei Chemical. Co. Ltd., Japan
Cal-S Ca(CH3CHOHCO:3)2 - 5H0O Ultrapure reagent, Duksan Pharmaceutical. Co. Ltd., Korea
CalL-A Ca(CH3CHOHCO2)» Prepared from ash of black snail
CalL-P Ca(CH3;CHOHCO:2)» Prepared from powder of black snail
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o}, c}-go polyethylene filmo. & =83le] 10°Col| 15Y 7k
Agstd o A F Fgre AA Y G g FA 59
o} EFFE TR AR A3 3 Polytron homogenizer
(PT-1200C, Swizerland) & s}2 8} 3 0.19 peptone &4 o
2 oA A o 2 34 3ho] plate count agar(Difco) Wi = o] A Z
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Table 2. Amounts of precipitate from soymilk by treatment

of different concentration of coagulants
(wet precipitate g/100 mL)

Concentration (%, v/v)

1

Coagulants ™ %) 03 04 05 06

cC 3253%% 3397C  3752*% 328" 35504
MC 3498° 3764 3802 3760 3651°4
CS - - 27.00°C 3497  3559%A
Cal-S - 2920 31.28"® 3256  30.23%F
CaL-A 36.88"  3352*0  37.20°" 36244 3550}
Cal-P 2808 3305 2968 28320 2771

Y Abbreviations: See Table 1. All coagulants was adjusted to

10% (w/v) then added 3~5 mL to 1 L of heated soymilk.

“Values are means of triplicate determination, different super-
scripts within a row (a~d) and column (A ~D) indicates signif-
icant differences at p<0.05.

*The precipitate was not formed.
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Table 3. Yields of tofu prepared with various coagulants

Coagulants' Yields (g/1 L)
cC 358.9 (100)°"
MC 3695 (103)°
CS 3313 ( 92)°
CaL-S 179.5 ( 50)F
CaL-A 395.3 (100"
CaL-P 294.8 ( 82)F

" Abbreviations: See Table 1. All coagulants adjusted to 10%,
then added 3~5 mL to 1 L of heated soymilk.

DValues are mean of triplicate determinations and parenthesis
denotes percent of CC, different superscripts within a column
(A~F) indicate significant differences at p<0.05.
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Table 4. Color of tofu prepared with various coagulants

Coagulants'' L* a* b*
cC 82728 -1.72% 16.96%
MC 84.17° -1.70%¢ 16.94"
Cs 84.01* -1.80° 16.42°
Cal.-S 83.11" -1.63" 16.21°
Cal-A 82.91° -1.54"" 15.52¢
Cal-P 82.16" -112* 22.16"

"Abbreviations: See Table 1. All coagulants were adjusted to

10%, then added 3~5 mL to 1 L of heated soymilk.

“Values are mean of triplicate determinations, different super-
seripts within a column (A ~C) indicate significant differences
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at p<0.05. #2 CC>CS>Cal-P>Cal-S>Cal-A>MC 2.2 24
Table 5. Texture of tofu prepared with various coagulants
¢ | n Hardness Cohesiveness Springiness (%) Gumminess Brittleness
oagulants (x10° dyne/em®) (%) pring ° (g) (g)
cC 1.74% 60.05° 85.31¢ 66.05° 56.35"
MC 0.98" 75.08" 134.56" 42.04° 56.57°
cS 2408 5833 88.45° 105.58" 93.39%
CalL-$ 274" 69.04° 83.67° 115" 93.00%
CaL-A 0.72" 49.12" 86.18% 32.42° 27.94°
CaL-P 1.14° 51.73° 89.35° 51.73° 46.22°

.I’Abbreviationsi See Table 1. All coagulants were adjusted to 10%, then added 3~5 mL to 1 L of heated soymilk.
“Values are mean of triplicate determinations, different superscripts within a column indicate significant differences at p<0.05.
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a 4 25 2y} Cal-Ax} MC 871 viAld o= 2t
200 L I FHg FRE Y e, CaL-P9} CCx F37} ¥
g A Z e 2 b ek Cal-S9 CS T4 9
2 ol A9} R} 4% Zich Lees} Hwang(17)& 3 £21 ¢ GDL
£ (glucono- & ~lactone) S A2 3 T-X¢ CS FHi= q)
g Zke] Av|7}b 2ban gl dhe] AR E bl s e
%’ 100 | =, CC, MC F%-+= "t & ezl o} & 3§} 4 & vietulo
§ T2 E ol 5 THY 27t 23 B A sk ARG
50 F x 3hgicth 2 AF A= CS FHol A 27 & dH
F Rof Aol & vep gt e A A o2 b A
0 Ao Pejr} F4F ddaialcts A7 v AL o
cc MC CS Cal-§ Cal-A CalL-P B}
Fig. 1. Calcium content of tofu prepared with various coa~ = Zx|
gulants. A
Abbreviation;l See Table 1 Values are meant standard deviations FE=AALE % A= Table 634 2t} MC, CC, Cal.-S
i(deifﬁthif;‘i‘iiifnfeéffrf’?r‘é’ii"Sa’tdifi%r.eo‘é.t suerscriptsonabars & w o) 2o w)sho] Azbe BEAE Uky AL
BEoldl ot CC 749 AuA e viaA =gdoh CC 7%
38 A3 A $E 116.12~204.48 mg/100 gol o=, MC o) Frlis o SaAlY] Hfnco) doto) wWauty ¥
F4E 571 mgo 2 otrh. Kim 5(23)-& 539 B4gte Hl AW = szl T3 < v Frkx7E 71 sk CS
& Aol wat & Aol E Bo|w el L AlLa-gl 7&%—&— = Azt A, Fole w32 3 e, §-2she ol 3
o} 2ol o)} AF-S AFS-3F 791t} 2-3u) Zobthw 844 Al ghe] wgkrh. o] @3 A= Leedt Hwang(17)9] $32
ok ohE| 2 A ZE Cal-P 59 243k 17208 mg/ A5 el slo] A 2g F5-2 F5Al S velhd A
100 g& 2 CS 4o 53 ke vehlgl e} Cal-A e} vl5gh S Bt
- 9451 mg/100 g2 c}i e e 290} Kim 5 ofell ¥ CalL-P, CalL-A FH#+= A3}, &84, ¥} UH
(16)2 /5 718k CC 759 Za3hekd 1622.5 mg%ol ¢ =kl 53 Fof sk uta) o Bo] 748k gbe] &
2} &9l 2w, Kim $(25)2 sl 278 718 CC S 74 Ao gYrie et ey Cal-A] AS Aol Fsich
7hell wste] 1.5~2wu7} &7}%&} apodch. Cal-A, CaL-P4] A} A A <l v] ¢} 52 Tholl = B33
olAbe] Az} oulzl o 2 Al 43l T 9l CSi= A9 a2l AdE ch2A FHoiE Fulzdiel gt g &
Erb ot o] A o] S EaAlFl Q= Ao R Al EE IAE H7ME TRk 288 mfg A vheh SR
n &g ok;;zsL HAAES 8o AT gl 7o) vt wro]l 3 dlgich A 22 Cal-A%} Cal-PE AR
#2323 Aow HAndg AHEE A TR FAEY B ole A E@E =7
S vebd e, 53] Cal-P= 749 7|55 & F U=
SaA AL A sle Aem 44514
SAE Dejste Axg T4 v HH%E%: Hzpn 7
o2 A3 A3E Fig 29 2oh T8 vl FxE 22 MNEE saret Bref #ist
Ao whzl AFREl Afo] & B o=, Bl A 2 oA el S32AE Eelte] Alxd F4E 10°Col A 1597 A%
Table 6. Sensory evaluation of tofu prepared with various coagulants
Coagulants“ Texture” Firmness® Elasticity”“ Flavor” Beany flavor” Astt;;rtlfﬁnt Ot‘;zzg
cC 33% 43" 33" 36° 37" 441 35°
MC 39° 338 35" 38" 3.2° 408 36°
Cs 40" 35" 378 40" 3.1% 25° 40°
CaL-S 38" 2.7 31° 37" 3.0°8 35" 3.7
CaL-A a7t 3.3" 40" 408 3.0° 2.0° 448
CaL-P 49 37" 3748 17° 2.7 1.7° 46

Y Abbreviations: See Table 1. All coagulants were adjusted to 10%, then added 3~5 mL to 1 L of heated soymilk.

24580
367

The scores of texture, elasticity, flavor and overall taste were evaluated from very poor (1 point) to very good (5 points).
The scores of firmness, beany flavor and astringent taste were evaluated from very low (1 point) to very strong (5 points).

Values are mean of 35 panels, different superscripts within a column indicate significant differences at p<0.05.
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Fig. 2. Scanning electron microscopic photograph of tofu tissue (x500).
Abbreviations: See Table 1.
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Fig. 3. Changes in number of total microbe of tofu prepared
with various coagulants during storage at 10°C.

All coagulants were adjusted to 10%, then added 3~5 mL to 1
L of heated soymilk. Abbreviations: See Table 1. Values are mean
+SDs of triplicate determinations.

04

—&—CC
—&—MC
—e—CS

Turbity (at 6000 nm)

Storage days

Fig. 4. Changes in turbidity of immersing water of tofu
prepared with various coagulants during storage at 10°C.
All coagulants were adjusted to 10%, then added 3~5 mL to |
L of heated soymilk. Abbreviations: See Table 1. Values are mean
+SDs of triplicate determinations.
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