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16

1NTU

(tannic acid test)

51.34NTU (haze-active protein)

(gelatin test) 0.87NTU

(haze-active polyphenol)

16

2.5g/L

(bentonite) 100%

(siica gel) 20-45% -

16 1NTU
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Abstract

     Haze formation and precipitation are critical quality defects for 

clear drinks. Mei vinegars, produced from the maceration of mei fruit 

with rice vinegars, showed increase in turbidity and presented dark brown 

sediments after storing at room temperature for 16 weeks. The turbidity 

of depectinized mei vinegars reduced less than 1NTU and present amber 

color after filtered by diatomaceous earth. The turbidity of diatomaceous 

earth filtered mei vinegars increased 51.34NTU and 0.87NTU after tannic 

acid test and gelatin test, respectively, which indicate mei vinegars may 

contain large quantities of haze-active (HA) proteins, but only few HA 

polyphenols. Diatomaceous earth filtrated mei vinegars treated with 2.5 

g/L bentonite removed almost 100% of HA proteins, which kept the 

turbidity of mei vinegars to less than 1NTU throughout room temperature 

storage for 16 weeks. In contrast, the same vinegars samples treated with 

different doses of silica gel were able to removed only 20-45% of HA 

proteins. Result of this studies demonstrated that HA proteins in mei 

vinegars were the major factor to cause haze formation during room 

temperature storage, and bentonite treatment was able to remove the HA 

proteins and stabilize the clearness of bottled mei vinegars when storage 

at room temperature for 16 weeks. 
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70

( 2005)  

 

Prunus mume Sieb. et Zucc mei Japanese 

apricot

300 1000 ( 2005)

( 2006) 

( 2005)  

(liqueur)
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90% 7.6%

( )

(fructose) (glucose) (sucrose) (sorbitol)

 

5.5% (citric acid)

(malic acid) (fumaric 

acid) (succinic acid) (oxalic acid)

 

Huang (1986)

chlorogenic acid (+)-catechin (1994)

7

catechol chlorogenic acid (+)-catechin

(1995) chlorogenic acid

(+)-catechin (2001)

9 catechin  

leucoanthocyanin (+)-catechin ( 1980)

catechin 270nm 400-450nm

200

(precursor)

catechin polyphenol oxidase  
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   ( 100 )  
   Table 1. The Nutritional values of mei (per 100g) 

  

 (kJ)           29 
 (%)           90.1 

 (g)            0.7 
 (g)             0.5 

a (g)            7.6 
 (g)            0.6 

 (g)            0.5 
 (mg)           12 
 (mg)           14 
 (mg)            0.6 
 (mg)            2 
 (mg)          240 

 (�g)          120 
A ( )           65 

   a 5.5% 

                                                ( 2001) 
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270nm 400-450nm

leucoanthocyanin catechin

leucoanthocyanin catechin reactive electrophile 6

8 leucoanthocyanin 4

(covalent bond) 2000

 

 

 

0.001�m

1000�m (Dickinson, 1994) 1nm 1�m

1�m

(Van Buren, 1989)  

(Carle, 

1998)  

1. (Coarsely dispersed cloud substances) 

1mm  

2. (Finely dispersed cloud particles) 

(cell 

aggregates, chromoplasts)

1-100�m  

3. (Colloidal substances) 

(dissolved 

starch) 0.1-0.001�m  
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4. (Emulsified substances) 

(creaming)  

(van der Waals attractive 

force) (solvation force) (steric stabilization)

(

1994)  

Dickinson (1994)

 

1.  

 

2. (sedimentation) 

 

3. (flocculation) 

(tea 

cream)  

4. (coagulation) 

 

5. (phase separation) 
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(cloud juice)

(clarified juice)

 

 

 

 

 

( )  

( 1995)  

 

( )  

(Stoke’s law)  

    d2 (�p - �s)  
vs = ————— g 
       18� 

vs  (m/s) d  (m) 
�p  (kg/m3)  g  (m/s2) 
�s  (kg/m3) �  (N-s/m2) 
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( )  

 

 

1.  

Heatherbell (1976)

90% 5-8%

1%

1-16�m

60 2% (haze)

( 1992)

(retrogradation)

(Beveridge, 1997)  

 

2.  

(

) (heat-sensitive protein)

(heat-unstable protein)
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73%

( 50%) ( 30%) (Klavons 

and Bennett, 1985; Hsu and Heatherbell, 1987; Klavons et al., 1994; 

2000) (2000) (2006)

Hsu (1987) Granny 

Smith

21 31kDa (×100Dalton) Wall (1996)

McIntosh Golden Delicious

Jonagold 32kDa Waters

(1992)

asparagine aspartic acid glycine serine threonine phenylalanine

tyrosine  

 

3.  

(Beveridge and Tait, 1993)

Siebert (1999)

haze-active (HA) polyphenol haze-active 

protein catechin procyanidin

(1)

(Asano et al., 1982) (2)



 

 10

(proline) (Bianco et al., 1997) (3)

quinone -SH

-NH2 1,4- (1,4-addition) ( 1992)  

 (

)

(Siebert et al., 1996) Heatherbell (1984)

(16~24kDa) (pI5.2~8.0)

(Klavons and Bennett, 1985)

proline hydroxyproline

 (Hagerman & Butler, 1981; Lehtonen, 1996; 

Siebert, 1999) Proline

(peptide) (Baxter et al., 1997)

procyanidins

hydroxyproline

(Hagerman & Butler, 1981; Asquith & Butler, 1986; 

Ricardo-de-Silva et al., 1991; Siebert, 1999; Wu & Siebert, 2002)  

 

4.  

pH

3.5~4.1 pH

(Kilara, 1982; Carle, 1998)  
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Fig. 1. Conceptual mechanism of protein-polyphenol interaction. 
(Siebert et al., 1996) 
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(protein-pectin complexes) (soluble pectin)

(

) protein-pectin complexes

(electrostatic 

attraction)

(Baker and Bruemmer, 1972)  

(pectinesterase; PE)

( )

(methoxyl group) (methanol)

(degree of esterification; DE) (low-methoxy 

pection) (pectic acid) ( Ca2+)

( ) Cameron (1998)

PE

PE

(Laratta et al., 1995) PE

(Sims et al., 1993)  

 

5.  

( Ca2+ Cu2+ Fe2+ Mg2+ )

Baker Bruemmer 
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CLOUD PARTICLES 
IN SUSPENSION:
Positively charged 

Protein-carbohydrate-complex 
Surrounded by negatively charged pectin 

COAGULATION AND SEDIMENTATION 
OF CLOUD PARTICLES:

Following the action of polygalacturonases  
and partial degradation of pectin and release of 

the protein-carbohydrate-complex 

 
Fig. 2. Cloud particles in suspension coagulation and sedimentation. 

(Carle, 1998) 
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Pectin Soluble  

short-chain pectins 

 
Soluble short-chain 

pectic acid 

Insoluble  

pectates 

Pectinesterase 

(PE) 

Cloud

Precipitated cloud 

Polygalacturonase 

(PG) 

Pectin lyase 

(PL) 

 
 

Fig. 3. Theory of orange juice cloud loss via enzyme action.  
(Crandall et al., 1983) 
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(1) (2) (3)  

Fig. 4. The action mode of (1) pectinesterase, (2) pectin lyase, and (3) 
polygalacturonase. 

( 1992) 
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(1972)

(insoluble Ca-pectate)  

( ) (1985) 300ppm

(polygalacturonase, PG)

(1996)

200~300ppm

(500ppm)

 

 

 

(clarification) (fining)

( )

(

)
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Fig. 5. Calcium pectate structure responsible for most gelation and cloud 
loss in citrus juice: (a) “egg-box” dimmer; (b) aggregation of 
dimmers; (c) an “egg-box” cavity. 

(Grant et al., 1973) 
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( 1992)  

 

( )  

1.  

( 1979 1992)  

(1) (Pectinesterase, PE)

(-OCH3) (degree of esterification, 

DE)  

(2) (Ploygalacturonase, PG)

�-1,4- (�-1,4-glycosidic linkage)

 

(3) (Pectin lyase, PL)

 

Flores (1988)

pectinase protease (flux)

Pecteolytic enzyme( PG PL)

90% (Schimitt, 1988)  

 

2.  
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(1) �- (�-amylase) �-1,4-glucoside

(87%) (10%) (3%)  

(2) �- (�-amylase) �-1,4-glucoside

 

(3) (glucoamylase)

�-1,4-glucoside  

(4) -1,6- (amylo-1,6-glucosidase)

( 1992)  

 

( )  

 

 

1. (Gelatin) 

(collagen)

A pH7~9 B

pH4.7~5.1

(Schrieber, 1976) B

A ( 1992)  

pH

A

(Calderon et al., 1968 Heatherbell, 1984) (1992)

(peptide)
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Van Buren & Robinson(1969)

pH

(

1982 Bannach, 1984)  

(Waldt, 1967)

(Amerine 

et al., 1976)

pH

(Hodgson & Beavers, 1981)  

 

2. (Tannin) 

20-100g/1000L  

 

3. (Bentonite) 

Al2O3�4SiO2�nH2O
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(5pounds/1000gal)

50-100mg/L 2-l0mg/L (Blade & Boulton, 1988) Hsu & Heatherbell 

(1987)

32-45 kDa  

 

4.  

(silica sol) (silicic acid) SiOH

29~31% pH 9~10

30~100mm 250m2/g

5~10nm 100~460m2/g

10~25oC 40~45oC 

( 1992 1996) (silica gel)

(furfural)

(-OH)

proline hydroxyproline

(Siebert and Lynn, 1997c)  

 

5. (Polyvinyl polypyrrolidone; PVPP) 

PVPP (polyvinyl pyrrolidone; PVP)

PVP PVPP
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PVPP

pyrrolidone

PVPP (carbonyl group)

4

( )

PVPP

PVPP

( 1996)  

PVPP PVPP

( 1996)  

 

( )  

(Van Buren, 1972 Heatherbell, 1984) Wilson & Burns(1983)

(1979) 65oC

5 Hsu (1989)

Granny Smith

9
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( )  

(10000rpm ) ( 1996)

( 1992)  

(2000) 40000×g

10.4NTU 1.6NTU

 

 

( )  

(surface filtration) (deep bed 

filtration) (membranes filtration)

( )

(micron sized) (sub-micron sized)

( 1994)  
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1. (Diatomaceous earth)  

(diatom)

( 1994) 70~90% 3~12%

0.5~1.2�m

1

20 25m2

( ) 4

( 1992)

100

150

( 1996)  

 

2. (Ultrafiltration; UF) 

(pore size)

(Molecular weight cut-off MWCO)

2kDa~500kDa MWCO

20kDa~200kDa

 

Hsu & Heatherbell(1987)

l0kDa MWCO 90%

3~20mg/L
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12 30kDa pI 4.1 5.8

80 95  

 

 

-

 

( )  

(Siebert, 2006)

Mulkay Jerumanis (1983)

- ( 1996) Gao (1997) 0.45�m hydrophilic 

Durapore 10k MWCO Amicon ultra cell

6 0.45�m hydrophilic Durapore

10k MWCO Amicon ultra cell

1 

NTU Wall (1996)

13

( chlorogenic acid catechins procyanidins )
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( )  

Padill & Mclellan (1989)

18oC 43oC 43oC

3NTU 90NTU 18oC

7NTU (1994)

(30kDa) 5oC

30kDa 25oC

 

( ) pH  

Siebert (1996) - (tannin-gliadin) pH

pH 4.2

pH Wu & 

Siebert (2002) pH

pH 3.0 3.5 pH5.0

pH

pH

(Siebert, 

1999)  
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( )  

Tajchakavit (2001)

35 0.90 NTU
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1.  

(Ta-Ching)

 

2.  

4.5%

 

 

 

1. Bovine serum albumin (BSA) Carbazole Coomassie brilliant blue 

G-250 Diatomaceous earth (acid-washed, not further calcined) Gallic 

acid D-Galacturonic acid monohydrate Iodine Potassium iodide

Sigma  

2. FluoraldehydeTM Reagent Solution (�-phthalaldehyde, OPA) 

Pierce Biotechnology  

3. Folin-Ciocalteu phenol reagent Hydrochloric acid Isopropyl 

alcohol Potassium ferrocyanide Sodium carbonate

 

4. Bentonite Gelatin Phosphoric acid Sodium hydroxide Tannic acid

Nacalai Tesque  

5. MN-Kieselgel G (silica gel G) Macheret-Nagel  

6. Pectinase® 5XL Novo Nordisk Ferment  
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7. 95%  (95% ethanol)  

 

 

1. (pH meter) JENCO Microcomputer 

pH/mV/TEMP Meter 6171  

2. (Color and color differentiometer) Model 985917

BYK-Gardner AC ADAPTER AC-A12  

3. (Refractometer) Bausch and Lomb Abbe-3L

 

4. (Spectrophotometer) Metertech SP8001

 

5. (Turbidimeter) HACH 2100AN  

6. (Ultrafilter system)

ROMICON, CTG, 1” HF1.0-43-PM100  

7. Perkin Elmer PE Victor3  

8. 96 (ELISA plate) Nagle Nunc International

 

 

 

 :  = 1 : 1.2

20 4

US 80mesh

US 200mesh US 325mesh  

( ) ( ) 

(turbidity)
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(soluble solid) pH (titratible acid)

(Soluble protein) (total phenol)

(soluble pectin)  

1.  

(Model 985917, BYK-Gardner, 

AC ADAPTER AC-A12)  

Hunter L a b C Hue L L 100

L 0 a a b

b C C

C 0 Hue (hue angle) L a b C

Hue  

2.  

(HACH 2100AN)

NTU (nephelometric turbidity unit)  

3.  

(3500×g 20min) (Bausch and 

Lomb Abbe-3L)

°Brix  

4. pH  

(JENCO Microcomputer 

pH/mV/TEMP Meter 6171)  

5. (AOAC, 1984) 

10 20g 0.1N

NaOH(aq) (  = 1.005) pH 8.1 NaOH(aq)

(mL) % (w/w, as acetic 
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acid)  

    NaOH ×0.1005×0.060 
 = ————————————— × 100% 

               2.0 

6.  

(1) Coomassie blue method (Boys et al., 1997) 

100mg Coomassie brilliant blue G 50mL 95%

100mL 85%(w/v) 1

Coomassie brilliant blue  

0.1mL 0.05mL 0.1N NaOH

3mL Coomassie brilliant blue 30

 (JASCO, Model 7800) 595nm  

bovine serum albumin (BSA) 100mg BSA

0.15M  (NaCl) 100mL 0 1

2 3 4 5mL 10mL

mg/100mL (as BSA)  

(2)  ( 2006) 

20�L

96  (96-well ELISA plate) well

200�L FluoraldehydeTM Reagent 

Solution 5 Perkin Elmer Victor3

330-390nm/ 436-745nm  

BSA 500mg BSA

1L 0 2 4 6 8 10mL 10mL
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�g/mL (as BSA)  

7. (Julkunen-Titto, 1985) 

10 2mL

1mL Folin-Ciocalteu phenol reagent 2.5mL 20% 

(w/v) 20 (JASCO, 

Model 7800) 765nm  

gallic acid 100mg gallic acid

100 mL 0 2 4 6 8 10mL

10mL

mg/100mL (as gallic acid)

 

8. (Ting and Rousegg, 1986) 

0.1g carbazole 95% 95% 100mL

0.1% (w/v) carbazole reagent  

15g 30mL 95% 10000×g

10min 60% 2 30mL

3500×g 15min 30mL

3500×g 15min 2

1N NaOH 5mL 100mL

1mL 0.5mL carbazole reagent 6mL 

85°C 25min

(JASCO, Model 7800) 525nm  

galacturonic acid 100mg galacturonic acid

1L 0 2 4 6 8 10mL

10mL
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mg/L (as 

galacturonic acid)  

 

( ) ( ) 

0.45�m

 

1. iodine test (Van Buren ,1989) 

1g 2g

100mL  

10mL 5min 1mL

2mL 2mL

 

2. alcohol test (Van Buren ,1989) 

15g 30mL 95% 10000×g

10min

 

3. gelatin test (Siebert and Lynn, 1997) 

1.2g 100mL

12 g/L  

100mL 2mL 240mg/L

30min

10NTU  

4. tannic acid test (Hsu and Heatherbell, 1987; 

Siebert and Lynn, 1997) 

8.35g 20mL 95%
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100mL 83.5 g/L  

100mL 2mL 1.67g/L

30min

10NTU  

5. Metals-ferrocyanide test (Van Buren ,1989) 

20mL 2mL 0.5% ferrocyanide

20mL

2Ml 3N HCl 2mL 0.5% ferrocyanide

 

 

( ) ( ) 

0.45�m

 

1.  

100mL 5mL 0 2

4 6 8 10g/L 30min

(Siebert and Lynn1997)  

2.  

100mL 5mL 0 200

400 600 800 1000mg/L 30min

(Siebert and Lynn1997)  

 

( ) pH

( ) 
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25�L/kg (Pectinase® 5XL)

50 4oC 16  ( 2000)

US 200mesh US 325mesh

(sieve filtrated mei vinegars, SF)  

15 Whatman No.5

15

(diatomaceous earth filtrated 

mei vinegars, DF) (Molecular 

Weight Cut-off, MWCO) 100,000 (100k) (Hollow fiber 

tube) (Ultra 

filtrated mei vinegars, UF)  

pH

0 1 2 3 4

5 6 7 8 9 10 12 14 16

pH 0

16  

 

( ) (Siebert and Lynn, 1997) 

0 2.5 5.0 10.0g/L

30min 100mL

2mL 1.67g/L

30min
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( ) pH

( ) 

2.5g/L

30min

- (bentonite treatment-diatomaceous earth 

filtrated mei vinegars, B-DF) - (silica gel 

treatment-diatomaceous earth filtrated mei vinegars, S-DF)

0 1 2 3 4 5 6 7 8 9 10 12 14

16 pH

0 16  

 

( )  

(Statistic Analysis 

System, SAS) (AVOVA) (Duncan’s multiple 

range test)

(correlation analysis) SAS  
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8-10  
 

 
 

 
 

US 80mesh  
 

US 200 US 325mesh  
 

  
 
 

 
 

                                      
 

Fig. 6. The flow charts of the experimental design (1) 
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           100k MWCO UF  
                                          
           UF    
                                    
   
                                            

 
                                    

 
                                              

 
Fig. 7. The flow charts of the experimental design (2) 
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1.  

(reddish-brown)

Hunter L 94.68 91.45 a b -0.08

8.54 1.19 13.14 C 9.01 13.19 Hue

91.31 84.84

 

 

2.  

46.77NTU (

1NTU)

(extract)

 

 

3. pH  

6.12°Brix

3. 57°Brix pH 2.75

4.44 4.5% SAS  
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Table 2. Physico-chemical characteristics of original mei vinegars 

   

L*  91.45± 0.61 
a*   1.19± 0.21 
b*  13.14± 0.87 
Chroma  13.19± 0.88 
Hue  84.84± 0.56 

Turbidity (NTU)  46.77± 3.61 

Soluble solids (°Brix)   6.12± 0.13 
pH value   2.75± 0.04 
Titratible acid (% as acetic acid)   4.44± 0.27 

Soluble protein (g/L as BSA)  26.28± 1.78 
Total phenol (g/L as gallic acid)   0.36± 0.02 
Soluble pectin 
(mg/L as galacturonic acid) 

161.97±12.16 
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4.  

Coomassie blue method

Coomassie brilliant blue

595nm

0.1N NaOH pH

( 2000 2006 2006)

NaOH pH 3-4

NaOH 1N

pH 12

 

(�-phthalaldehyde, OPA)

330-390nm/ 436-745nm

FluoraldehydeTM Reagent Solution

0.8mg/mL OPA 10-500�g/mL

 

(primary 

amine glycine) ( 2006) BSA

4.5%

(

)
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26.28g/L 7g/kg ( ) 1g/L

 

0.36g/L 161.97mg/L 

 

 

 

 

1.  

pH

0.45�m

 

iodine test metals-ferrocyanide test

alcohol test

gelatin test

gelatin test 8.00NTU ( )

10NTU (Hsu and Heatherbell, 1987; Siebert and Lynn, 

1997)  
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Table 3. Oualitative analysis of haze formation by substances in mei 

vinegars and commercial rice vinegars 
   

 

   
Iodine test   

   
Alcohol test   

   
Gelatin test trace  

   
Tannic acid test   

   
Metals-ferrocyanide test   
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tannic acid test

 

Siebert and Lynn (1997)

( - )

 

tannic acid test

15.31NTU 61.93NTU ( )

4

 

 

2.  

Siebert (1996)

-

- (protein-polyphenol oligomer)

( )

(Siebert et al., 1996; Siebert, 1999 2000)

800mg/L  
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tannic acid test
 

Fig. 8. The haze-active (HA) protein content of commercial rice vinegars 
and mei vinegars represented by turbidity increased after tannic 
acid test 
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Fig. 9. Effect of gelatin addition on the turbidity of mei vinegars 
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Fig. 10. Effect of tannic acid addition on the turbidity of mei vinegars 
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200-1000mg/L

8g/L

( )

 

 

16

 

 

US 325mesh (  = 0.0044mm)

0.0044mm

 

25�L/kg (Pectinase® 5XL)

50 4oC 16

US 200mesh US 325mesh

(sieve filtrated mei vinegars, SF)
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Table 4. Physico-chemical characteristics of mei vinegars (SF) and 

diatomaceous earth filtered mei vinegars (DF) 
 SF DF 

L*  91.45±0.61a  94.42±0.27b 
a*   1.19±0.21a   0.12±0.05b 
b*  13.14±0.87a   9.44±0.28b 
Chroma  13.19±0.88a   9.37±0.18b 
Hue  84.84±0.56a  89.45±0.15b 

Turbidity (NTU)  46.77±3.61a   0.49±0.06b 

Soluble solids (°Brix)   6.12±0.13a   6.02±0.03a 
pH value   2.75±0.04a   2.75±0.03a 
Titratible acid (% as acetic acid)   4.44±0.27a   4.36±0.03a 

Soluble protein (g/L as BSA)  26.28±1.78a  25.12±1.96a 
Total phenol (g/L as gallic acid)   0.40±0.01a   0.36±0.03a 
a,b Different superscripts among means of the same row indicate 
significantly different at 5% level. 
 

 

 

 

 

 

 

 

 

 

 

 



 

 51
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Fig. 11. The turbidity of mei vinegars (SF) and diatomaceous earth 
filtered mei vinegars (DF) stored at room temperature for 16 
weeks 
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tannic acid test gelatin test
 

Fig. 12. Effect of diatomaceous earth filtration (DF) on the haze-active 
(HA) protein and HA polyphenol content of mei vinegars 
represented by turbidity increased after tannic acid test and 
gelatin test 
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tannic acid test

tannic 

acid test -0.9451

-0.8249 ( )

(Hagerman and Butler, 1981; Kilara, 

1982; Asquith and Butler, 1986; Ricardo-de-Silva et al., 1991; Beveridge 

and Tait, 1993; Lehtonen, 1996; Carle, 1998;  Siebert, 1999; Wu and 

Siebert, 2002)
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tannic acid test gelatin 
test  

Table 5. Correlation coefficients of the turbidity, turbidity increased after 
tannic acid test and gelatin test of mei vinegars (SF) and 
diatomaceous earth filtered mei vinegars (DF) 

SF DF   

Tannic acid test -0.9451 -0.8249 
  (0.0001)* (0.0003) 

Gelatin test  -0.4819  0.0312 
 (0.0810) (0.9157) 

*Figures in parenthesis indicate significant levels of the correlation 
coefficients. 
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tannic acid test

16  
Fig. 13. The haze-active protein content of mei vinegars (SF) and 

diatomaceous earth filtered mei vinegars (DF) stored at room 
temperature for 16 weeks represented by turbidity increased 
after tannic acid test 
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gelatin test

16  
Fig. 14. The haze-active polyphenol content of mei vinegars (SF) and 

diatomaceous earth filtered mei vinegars (DF) stored at room 
temperature for 16 weeks represented by turbidity increased 
after gelatin test 
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Fig. 15. The soluble solid content of mei vinegars (SF) and diatomaceous 

earth filtered mei vinegars (DF) stored at room temperature for 
16 weeks 
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16 pH  

Fig. 16. The pH value of mei vinegars (SF) and diatomaceous earth 
filtered mei vinegars (DF) stored at room temperature for 16 
weeks 
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tannic acid test

 
Fig. 17. Effect of bentonite and silica gel treatment on the HA protein 

content of diatomaceous earth filtrated mei vinegars represented 
by turbidity increased after tannic acid test 
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Table 6. Effect of bentonite treatment (B-DF), silica gel treatment (S-DF), 

and non-fingnig treatment (DF) on the Physico-chemical 
characteristics of diatomaceous earth filtrated mei vinegars 
 DF B-DF S-DF 

L* 94.42±0.27b  96.07±0.65a  95.31±0.46ab

a*   0.12±0.05a  -0.39±0.04b  -0.07±0.07a 
b* 9.44±0.28a 7.62±0.04b 8.63±0.19a 
Chroma 9.37±0.18a 7.50±0.11b 8.61±0.23a 
Hue  89.45±0.15c  92.54±0.23a  90.89±0.23b 

Turbidity (NTU) 0.49±0.06a 0.38±0.08a 0.32±0.06a 

Soluble Solids (°Brix) 6.02±0.03a 5.93±0.33a 6.02±0.10a 
pH value 2.75±0.03b 2.85±0.02a 2.85±0.02a 
a,b,c  Different superscripts among means of the same row indicate 

significantly different at 5% level. 
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Table 7. Effects of bentonite treatment (B-DF), silica gel treatment 
(S-DF), and non-fingnig treatment (DF) on color-characteristics 
of diatomaceous earth filtrated mei vinegars stored at room 
temperature after 16 weeks 

Color measurement Treatment Initial After 16 week 

L* DF 94.42±0.27a
y 93.94±0.43a

y 
 B-DF 96.07±0.65a

x 94.97±0.07b
x 

 S-DF 95.31±0.46a
xy 94.32±0.26b

y 

a* DF  0.12±0.05a
x  0.54±0.32a

x 
 B-DF -0.39±0.04a

y -0.21±0.04b
y 

 S-DF -0.07±0.07a
x  0.24±0.14b

x 

b* DF  9.44±0.28a
x 10.48±0.82a

x 
 B-DF  7.62±0.04a

y  8.33±0.13b
y 

 S-DF  8.63±0.19a
x  9.68±0.47a

x 

Chroma DF  9.37±0.18a
x 10.49±0.83a

x 
 B-DF  7.50±0.11a

y  8.34±0.13b
y 

 S-DF  8.61±0.23a
x  9.68±0.48b

x 

Hue DF 89.45±0.15a
z 87.14±1.47a

x 
 B-DF 92.54±0.23a

x 91.96±0.82a
y 

 S-DF 90.89±0.23a
y 88.62±0.77b

x 
a,b Different superscripts among means of the same row indicate 

significantly different at 5% level. 
x,y,z Different superscripts among means of the same column of color 

measurements indicate significantly different at 5% level. 
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16

 
Fig. 18. Effects of bentonite treatment (B-DF), silica gel treatment (S-DF), 

and non-fingnig treatment (DF) on the turbidity of diatomaceous 
earth filtrated mei vinegars stored at room temperature for 16 
weeks 
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gelatin test

16  
Fig. 19. The haze-active polyphenol content of bentonite treatment 

(B-DF), silica gel treatment (S-DF), and non-fingnig treatment 
(DF) diatomaceous earth filtrated mei vinegars stored at room 
temperature for 16 weeks represented by turbidity increased 
after gelatin test 
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tannic acid test

16
 

Fig. 20. The haze-active protein content of bentonite treatment (B-DF), 
silica gel treatment (S-DF), and non-fingnig treatment (DF) 
diatomaceous earth filtrated mei vinegars stored at room 
temperature for 16 weeks represented by turbidity increased 
after tannic acid test 
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16

 
Fig. 21. The soluble solid content of bentonite treatment (B-DF), silica 

gel treatment (S-DF), and non-fingnig treatment (DF) 
diatomaceous earth filtrated mei vinegars stored at room 
temperature for 16 weeks 

 

 

 

 

 

 

 

 



 

 72

 

 

 

 
16 pH

 
Fig. 22. The pH value of bentonite treatment (B-DF), silica gel treatment 

(S-DF), and non-fingnig treatment (DF) diatomaceous earth 
filtrated mei vinegars stored at room temperature for 16 weeks 
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