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Titratable acidity and antioxidant activities of fermented Tofu whey

x4 &= #

LIU Li

R TR R TSR MYE.R M

LI L:
510640)

(College of Light Industry and Food Science, South China University of Technology .
Guangzhou , Guangdong 510640, China)

FEE A TR0 20 B B A, 2 R AN B R R B84 R R
Kb o B a3 AR AT L5 .16 AR T R K 4 K
B Y) .o AT R RE A WA SRR LR
R A BACE, EREY . BA MR AT A AR T
B2 ERFORAER B, L P B AR L6 B 2 KRR
At 7y #3%,35 C A B 60 h 5, B LK %) 65.11 ° T, 3 A H
MREATHS K B AR RN ELB 60 h B, 8
FALKE 65,44 °T, 2 MEHILHE L6 LBGE,BREK
HR Fe'" #4k A Aok ik DPPH 8 b K 69 8 ok A 38 e, %
G Fe oR ) RE IR A B A8 h YR 2] 5445005 L6
FR LR IAFE LS ASH &M ERES F Wt h
WA R B R R A K T e TR R R R KOBE A Y A B
ERBmRKEA RIFER F' w94k A &R DPPH A &
AR ANEESFS i 5 3AAARAES AT, 2
PR A A BB AKE R Ft 698t A1 Atk DPPH A d &
w8k H e b Fe' T 694 3 1L L6+ Y W A K B & 09 B
RoKE, GERB EABLB R KRR AAR D F
&L L6 R AL B LS HL6HY Hktk.

FEE BRI ILATE TR E B KB R AL
EE R B

Abstract: In order to obtain tofu coagulator of high quality, investi-
gated the titratable acidity and antioxidant activities of the fermented
tofu whey by 3 strains of Lactobacillus amylolyticus 15, L6 and
Pichia amethionina Y, which were separated and purified from natu-
ral fermented tofu whey, with the single., double and three strains as
starters. The results indicated that both of the Lactobacillus were a-
ble to grow and produce acid in the tofu whey, the titratable acidity
of fermented tofu whey by L6 for 60 h reached 65. 11 °T at the tem-
perature of 35 °C., displaying a better capacity in producing acids,

while, it also reached 65. 44 °T when the tofu whey was fermented
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by the starter of L5+ L6+ Y under the same condition. The ability
of reducing Fe?" and scavenging DPPH radical of fermented tofu
whey by L6 increased slightly, but the power of iron (II)-chelating
significantly enhanced, with the power of 54.45%. In contrast, the
power of iron(I)-chelating of fermented tofu whey by L5 decreased
with the increasing fermentation time. The abilities of producing
acids, reducing Fe®" , iron(II)-chelating and DPPH radical scaven-
ging of fermented tofu whey by L5+ L6+ Y were strong than those
by L6+ Y. In summary, Lactobacillus amylolyticus 1.6 was the best
strain to produce acid and antioxidant activities in tofu whey among
the 3 single strains, while, L5+ L6+ Y was the best combination a-
mong the multi-strain starters.

Keywords: fermented tofu whey; lactobacillus amylolyticus; pichia

amethionina ; antioxidant activity; fermentation

TE ORI R P A B WK, AR
L \OIN N i 1 T B S = o N NS g T
FHEE#E P KEERYE A ESMEYHAR Y, &
Ji ¥ SR AE A i B B 4R R AR R TR J K, R — il AT
4 68 8 [ 50 B A S FLAT T MY . B SR A R R
AR LR R e, BT RE S
A W R ZE AR BT DR R AR R A
R 488 v T 0 o B S e A

AV AT 5 T B2 W FLAT B AN 0 R LA B R T
S EROKIFBUR T RIFRIRFORY % R A 9K & B
i e v TT B BL A A T R RO A TR R VT OB AE TR KK
HE B A, N A S 2 Bk AR SE R FLAT B (Lactobacillus
amylolyticus L5 Lactobacillus amylolyticus 1.6)™ 7 Hl 1
Wi K 8 B8 ok [ % BF (Pichia amethionina YY), AWFFRIRI T
3 AT R BT Lk AL R B O REROK A PR R BE T L L R R
HoARBPC R RE 1. T3 Ah, B B T KOK e A
2 LI T A TR RE B SR A AR R R PR R T AT
43 % FRAP ¥ \DPPH ¥k DL e 28 & Fe* ™ MHES A 7

11



B

2015 5% 2

MR TR D B 5T R PR R K B PR E PE SR
) FH S8 B ROK SR AL SR AR
1 MRtk
1.1 M5

MR MRS AR FR 36 4 RH 10 g B H K 10 g, B
BHKY 5 g, A 20 g, 1t iR-80 1 mL,.K, HPO, » 3H,0 2 g,
NaAc » 3H,O 5 g, I B MR & — % 2 g, MgSO, - 7TH,0
0.58 g,MnSO, * H,00.25 g; NZ&MHAKEZES 1 L,pH 6.4+
0.2,121 ‘CKH 15 min,
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1.2.1 KREEFIBEIE 6 TCTH PR BT 05 1k 4 04 f e # 2L
FFTE Lactobacillus amylolyticus 15,16 L K B K %€ B2 % [G
W +E Pichia amethionina Y 43 3% A %] 121 C K # 15 min
19 MRS WM R F2 55 vh A 115 “C KB 15 min 19 % % Ik
R Hp 35 CHE % 24 h G BN B R mER . BE & BEFI A B
JEEE IR IR (E S I K 2 8 000 X g B0 10 min R
REEY RIS vh 4 2~ 3 WV AT 1 g T AR & BE R
1.2.2 BUORZEEL IR [CEE R M vE iy SLAF I R A G &
e SRR BE S A S EKOKZ 8 000 X g B
10 min EBEANEYE 0% T 1.8 em X 20 cm WK P . # )
R R H] 18 em, IR 28 B2 AR g 45, 121 CRE
15 min, 7E JC T B E dh 4 6 %6 (V/V) B3 I 43 50 4 A T
Ky FLAT B L5 16 AR oK %€ B8 R [URERE Y i) AR R BRI, G
S0 RIFR N L5,16, Y., ELETE AR DE M LA I E & K BT
Ji& B AR B RE SRS 4 MR L5+ Y (3% L5+3% Y). L6+
Y(3% L643% YY) L5+L6+Y (2% L54+2% L6+2% Y),
TE 35 °C FIHE B 5% 0,12, 24,36,48,60 h J5., W& T
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(10 mmol/L). ## 2.5 mL # TPTZ ¥ # ,2. 5 mL A FeCl,
(20 mmol/L) M 25 mL B 2 2 5 28 v (300 mmol/L,
pH 3. 6)IR A . il %15 5] FRAP W . B 100 pL 45288 5
A 3 mL ) FRAP AW, 7€ 37 ‘C F# % 10 min, F 8 000X g
B0 10 min, T 593 nm &b W WO EE. K4 H B
(Trolox)YE Ay br ¥ Bt . 3 ARkl & y = 0. 001 1x +
0.068 7,7"=0.999 3(y. Wl ;2. Trolox ¥& & . mmol) 4
R I KB Fe' (e 1 378 8 mmol Trolox/mL # .
1.2.5 MRIK/KW G DPPH » H i SEae Sy AR Sclk[11 Img
B, 43I SRR 2 mL 5 2 mL DPPH(0. 2 mmol/L,
TR ZEOE WA R G . RN %R &/ RN 30 min
Ji T 8 000X g B> 10 min, H /6] B #EOE. £ 517 nm 4b
M E WO . K5 FRMERXT I, A& F B (Trolox) 7 A #r 1fE
Y, BibRMEML y=—0.012 62+1.096 2,72=0.999 6
(y. WHCAH ;2. Trolox ¥ . pmol) ¥ IR 3¢ /K i B DPPH -«
H 268 71 7~ 8 pmol Trolox/mL ¥ .
1.2.6 MRFAX Fe" MESMEN MRy 3cm12]08 A &
. ML 8 000X g B0 10 min, BHL 3 mL £ 35KE 4,
550 uL BHE FeCl, (2 mmol/L) KW 7640 1R 4, B T #
B 1 min, A 100 pL 9 3E M BB (5 mmol/L) IR A ¥
Ao BB KAE XTI FEZE T SO 20 min, 562 nm Wl
WOAE . R Fe' AR I R BEA R A IHE
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KFEVE AR R EE Y JEAR R =2 . RIS M FLAT I L5.16 X
% T8 ORI 1 12 h (35 0 B AL F X B0 K 4
FERRAE R, pH M R FEIR B 5 K R ) A I K, 7R R R
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Figure 1 The titratable acidity of fermented tofu whey
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Figure 2 The pH of fermented tofu whey
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B T T RO SR AR A RS O R M K et B
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AR TE T EEIOK 48 h B, 7= MR AT AR KR S 1, 45 3 5
M L5 Al L6 177 R AR U, A2 & T 60 h I H R BE A ik 2
65. 44 T, i izh B P P 1% 1) 2 B2 (L, R W BRI A L5 il L6 =2
7] ] BE A7 A — b LA AR L 0 B — 2
2.2 BEKNRELFLE

2.2.1 W Fe'' fE 1 (FRAP) ik pH &4 TF 4% 1k

YIR P LR &Y Fe' —TPTZ il Fe*” —TPTZ, [A i}
S MR IR A6, 78 593 nm Ab A B K MW DT, % FRAP
Dy i M TR 25 R T B A S B R AR ) ST Y B R vk BE R
BORMAMECR, MR 1AL ER R R AT, T8
BEIE K 28 1 TE B FLAT TR LA B o] oK 2 B9 5 IR ) & I U5, 36
J& Fe' MyBe 13 W E A A& R R T BRI KL R
Fe' " MRENIE TR E R, L L5+ L6+ Y AEGER
iz 1 2% Y R IR K I A ik 3R J Fe® 87,35 “C kW% 24 h
Ja ik E] 5. 53 mmol Trolox/mlL, It J5 4k &k & B2 N6 J& Fe® " fig
JIZ W P o ER T UL S U R FLAT A B B oK JE B8 ot G B
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Table 1 Iron (IID-reducing power of fermented

tofu whey (mmol Trolox * mL™")
P (]
FE il

0h 24 h 48 h
L5 4. 5640, 05% 4. 6840, 0484 4. 9940, 064
L6 4,760,118 4. 9340, 054¢ 5.0240. 05Ad
Y 4.7140. 08" 4. 8440, 058 5.140. 107
L5+Y 4,5840.01¢% 5.2140. 044> 5.100. 045¢
L6+Y 4.7040, 08" 5.2940. 077 5.2240. 054

L5+L6+Y  4.6640.11% 5.5340. 064 5.4440. 067

T ARFAKE 51 FR FAT 5 2 11 2% 5 % (P<<0. 05) s RR/NE
Bk R [R5 Bl 2 17 2 57 3 (P<<0. 05)

E A R IRE Sk E AR 2 B R R AT L GE i & A
FH 58 G I S B AR RE T B S g i L 2 AT
A & B G TR TR Fe' ' RO RE 7 W1 i dE s 0 I G g &
W L RS A R Fe' ™ M AE 7t W] 4 & . Vadivel
SEDOTN R IR SR Fe't RE 1 R RGN 5 R A B 2 ) A e
T % WS 2 WS A E R Fe' —TPTZ B G
%, Xiao JFTHY WIS K B, 24 0 FH A ) 2L B R R )R B
SR BRI K v A T A S R A LA K R T B B R, B
HGRJF Fe® ' A BE 7t 0 W8 5k, pl o mT L i T AR FLAT TR
TR K 2 M8 AR G I RE T RE AR R B0 B A RE D .
2.2.2 WRIKKUEBE DPPH AMEEGES  hE 2 vl 5, 78
R P 2 A 2 S T A AT B 2 TR S B AR K T G A i B
DPPH H i 5E /8 1A B 28500 (0 8 2 0K 45 B oK %€
ek R Y R EELLG . TERR DPPH @ Ik E h B 5 R,
A SR B DPPH A ik RE 7,35 ‘C R BE 48 h )5 . ik 5
38.49 pmol Trolox/mL; £ £ B Fp 4 & K AT, B HK K
Bk DPPH A 1 3 14 RE 77 X Jr 3 5 , LWt 25 % 8 i ] (19 48
KBRS o L5 Y S R W A R ORI A
AR R DPPH A MM RETT . 456 B i dE 0 FLAT B8
Xof 2 25 LG W K B DPPH [ p ik 19 E ) R B, T 22
e i B T RE 2 T O 0 OK B % I 3 4R R LTS BR DPPH A
ML RE ), BT R4 & R A TS bR e A r TR,
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Table 2 DPPH radical scavenging activities of fermented

tofu whey (pmol Trolox * mL™")
s i)
FE &
0h 24 h 48 h
L5 32.384+0.10%  32,2240.18"  31,84+0.06"
L6 32. 640,058 32,8040, 1048 32,9540, 134¢
Y 34.19740.08%  36.65+0.14% 38,4940, 147

L5+Y 34.03£0. 155% 34.207£0.18%  36.5440. 204
L6+Y 33.31+0. 14 33.824+0. 148 34,9440, 17Ad

L5+L6+Y 33.4940.08% 34,1140, 145 35,8740, 084

TR S 73R RAT 5O 2 1) 2 5 8 % (P<0. 05) s ARG
Bk 2R [ 91 B4R 22 7 2% 5 135 (P<<0. 05) ,

AN S L W Bk DPPH B A9 B8 )1 5 1k 28 W R
HSMWAHRMEEMARRKKER, 4 FR/DEGE. & HF A
P | e % 4R A1k B 1 BT A0 0 5, AT LR b G BR DPPH A
B2k, BRIIK SE0T B WF oY 2R B B O PG R BE AN i B A AR A
FIE B DPPH A th 3L 68 1 B BE 40 i A 5 7 & A Pl a1y
i (an SOD fiff Fl CAT FFAE) (43 Wb 1 — L BE A1) il %01k 19 9 B
DA B FL AN M BE T 22 05 2R 03 B B A AR g T,
2.2.3 BETFST WS AHERDERW.SELES 54
Wy P B Z R AL R L N Fe?™ AT L 3 A T B TR R
fEETRMBFZIL A BB A Y TS SRS T8I
NIETER R A R EEASN X RR 3 AT, 7 R
REEBR T, L6 MY KB £ IR K X Fe' ™ A Re N
Rifi 2 % T B ) A9 B T 5, L vp L6 R TR A % 1 IR UK 3R
WL R IR A E G Fe' R B A 2R B 54. 45 %, (HAF XM
B2 L5 B AR A SR il v B FLAT R AL R TR % 1) TR K
& Fe' ' HBE J1 HIBE A K e 1 ) 1) JE 1 T PR AIG, R B8 5 Lo
TEANFMER LA S LR LG T. L+

®3 BEAES FS M

Table 3 Iron (ID -chelating power of fermented tofu
whey Chelation rate %
i 1)
FE
0h 24 h 48 h
L5 35,3341, 534 21.5440.258 15,1140, 21¢
L6 34,9540, 30CP 51.2140.18% 54,4540, 364
Y 34,7240, 868 38.7240.45%  39.0040. 254¢

L5+Y 35.46+0.32%b  31,3540.30% 24,5640, 43
L6+Y 34.32+1.02¢ 36.44+0. 608 44,7540, 854

L5+L6+Y 3

1. 31+0. 185 44,3340.23% 44,1740, 244

T AR KRG 55 3R m AT B 2 8] 22 53 4 35 (P<<0. 05) s AR/NE
TR RN R 5B 2 ) 22 57 2 35 (P<C0. 05)
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3 &

() fRIEFFLFITE L5 M L6 2] 75 K 4R i 58 i 3¢ Kk
AR PR LR B AR L6 1Y A PSR RE 1 TE 5B L 35 C & i
60 hJm, MRIZAF] 65. 11 ° T, e oh, 3 MRtk & E RN A
R PR R RE S AE R BE 60 h 5L BREE ik ] 65, 44 T, w[
R A8 A= 77 S o 36 AN [] 1) D P Ok 1) 4 5 8 T 9]

(2) BIBHF KA S MITEHILIE L6 KEE)5. 0 R
Fe*™ (A8 S1 M5 bk DPPH A 1 3% 1 B8 J1 W6 A 34 i, (H 28 &
Fe?" RYBE ) W E 0 . 7E K BF 48 h ik B 54.45% ;5 L6 A
], DE A FLAF T L5 R e & B K& Fe' " MY RE I Bl
F R ) 48 T BA R R 5 BT oK SE B R IR EERE Y R B4
PRI K BA R R Fel ™ (W HE F1 .35 B DPPH A i %
MIRE I LA KA Fe' YRE T 24 3 D MRA & R EERT ,
R BE 7 DA B R 3R K8 TR Fe® ™ Y RE 1 75 % DPPH A 1 211
AE I RIZE A Fe? ' IYHE I IE L6—+Y XUTH ik & % i 4 10 2 3¢
KR L B R 22 8T AR — S A AR R
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