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Evaluation of two-stage method for moromi fermentation of soy sauce and optimization of the initial
moromi fermentation to improve the soy sauce quality

A two-stages fermentation method was used to process soy sauces and the quality propertics of the sauces were evaluated. At the first
stuge, the Koji was mixed with 3% brine solution a 1:2 ratio (wiw) and incubated at 45'C for 2 days. And then at the second stage, the
fermientation temperature decreased to 30°C but the brine concentration increased to 14, 18, and 22% with or without the addition of
Zygosaceliaponryces mouxii. At the first stage, the application of high termperature and low salt was effective in promoting the protease
activities, thus the total witrogen, formol mitrogen, and amino nitrogen in the soy sauce increased about 60%, 120% and 130%,

tespectively, than those in the control (soy sauce madz by setting outdoors vithout temperature control). However f ble sugars

Neuyen Xuan Hoang' * =L )
RSB RmiE4 KREERIESR

esults (1% part)

Table 1. Changes in indices of samples at various periods of fermentation

Fermentation tine

Indices Sampls 1das M days 28 days 36 days B days

TN (@100 u) SCl 019100 [ERITS 15520018 1900 1561008
sc2 0‘%*003'9 158400 1240015 15it00eE
STl LA1£0058 1462001 141008 L41ton®
s I 1425001 144001 18200 1400
O] 2510, L ton® 141008 IO L4200
st L2100 Lig2 001 JEH S 150001 Luton®

were also rapid consumed by the microbes and resulted in lower reducing sugar content and poor sensory properties compared fo the
control.

Thereafter, the objective of further study was to optimize the process parsmeters for preparation of frst fermentation stage of soy
sance, which was considered a an enzymatic hydrolysis for the further fermentation stage. Temperature (35, 40 and 45°C),
fermentation fime (1, 3 and 5 days) and brine content (5 and 10% wiw) were studied as independent variables. The respoases evaluated
for deciding the optimum conditions wer biochemical properties of total nitrogen, amino titrogen, reducing suger and total acid
coutents and pH, as well as microbtal properties of yeast and total bacterial counts. Experimental data were fitted well mnfo second-
orfer polynommial models, The siamltaneously optiml condiions were 40.7°C temperature, 4.6 ays fermentation time and 10% wiw
brine content. The optimized response values for total nitrogen. amino nitrogen, reducing sugar and total acid conteats and pH were
143, 065, 279, and 1.28% and 5.48, respectively. These conditions could obtain total sitrogen (> 1.4%) and amino mtrogen (>
0.36%) contents satisfying the requirement of first-grade soy sauce within 5 days fermentation.

aterials and |* " ethods

Fermentation plan: 1 part

1% day: preparation of fermenation tark

il sn §13 §T 81 50
+451C HSC 450 45 ol || +tadional
INCIS% | NS NI | NS | NI | FNaCl 1

3 day: addition of salt and Zygosaccharomyces roui sampling

STl 812 T3 ST sl 502

+30C +3C +30°C +3C *iradifional |+ traditional

+NCLI8% ) +NaClM% || +NaCI18% || +NaCl22% || +NaClI8% || +NaCl18%
+Z rou +Z. rourit +Z rouif + 2. routil

2 days, 2vieeds, 4 wesks, 8 weels, 12 weels: sampling and analysis

Growth of microorganism: total mumber of
yeast, visble bacterta, and lactic cid bactera

Biochemical change: tota nitrogen, formol itrogen,
amino itrogen, reducing sugar, total acid, pH, NaCl

Adiition of sugar
{raw soy sauce: sugar, 10:1 wiw)

M A5 A6
+35¢ +40C +45C +35¢ +4ifC +45¢
+NeCl % +NoCl % +NeCl % +NaCLIO% || #NaClIO% || +NaCl10%

Lday 3dys, $dys: sampling and s

Biochemleal change: tota nitrogen, amino itrogen, | Growth of microorganism: totel
Qdﬂc‘mg sugar, total acid and pH. mumber of bacteria and yeast.
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by stage; (d) dendrogram with dotied fne mdicating sugpested siopping location. -2, 14,
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‘Table 2. The treatment combinatons and thef respanses.

TARIN ) [T 11510008 1311008
131100
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D4£000
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554008 2800% 20200 pLTIT
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L5100 9340/ 1 (g 11008
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* Data are expressed as the mean = 8D (a3). ™ Differeat small lemers indicate significant difference in a cohumn, different capital letters
indicats significant difference in a row (p<0.05).
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Table 3. Opmizton modes g e obecive it and oneras
s o sacking e cpe frmestuion condin of s snce.

Objective function

13214 0.048X,; 0210, +0.0083

Fermentation time ({ays) Fermentation time (days)
Flgure 1, Changes of microorganisms cout, a) ltic acid bacteria and (b) viable yeast,  various periods of fermentation.

0] Varables (e Pl nd PC2 TR35%)

Aroma Toste  Overall palatabilty
Figure 2. Hedonic rating score of soy sauce samples. *: means with
different superscripts are significandly different (p<0.03).

Observations (axes PCL and PC2: T8.35%)

PC2 (32.0890)

Figure 3. Priociple component amalysis: (1) loading phot ilustrted e
contributon of bioshemical and microbial progertes; (o) soorep d
distibution of samples in growps. Hierarchical cluster aalyss: (¢) scree plot of
coeficents by sta; (d) dendrogram with dofied e indicating suggested
- slopping loeaion -2, 14, 28, 56 and $4 repeesened (e fermentaton time
" e a1 2,14, 28, 6008 54 das, spectvely i ach s,

>lmi<]  Figured, Comelations between independent variables and responses.
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| The present study provided the better

understanding of effects of temperature,

fermentation time and brine content on

biochemical and microbial characteristics of

s0y sauce during mot only two-stage long

frmentation but also shorly initia

fermentation, which would be very useful

for the preparation of enzymatic hydrolysis

| within short period of soy sauce

D & ‘rr;wu-wv‘ -v-‘-r:\w T mm fermentation and for further study to be able

to shorten the fementation fime and
| enlbance the qualities of soy sauee
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supercritical ¢

Fractionation of bioactive components from Ganoderma amboinense using

arbon dioxide technology

Kuan-Wei Cheng?, Zer-Ran Yu®, Shu-Mei Lin?, Be-Jen Wang®*

aDepartment of Food Science, National Chiayi University, Chiayi, Taiwan, R.O.C.
"Superwell Biotechnology Corporation, Taichung City, Taiwan, R.O.C.

ABSTRACT

The objectives of this study were to investigate the optimal operation
process for yielding bioactive components-rich fractions from G
amboinense extract using supercritical carbon dioxide (SC-CO,)
fractionation technique as well as antioxidant activity of obtained fractions.
SC-CO, fractionation was performed using an orthogonal design to obtain
optimal fractionation parameters. The operation conditions were: three
different temperatures (40, 50, and 60°C), three different pressure levels
(20, 25, and 30 MPa), three flow rates of Ganoderma extract liquor (1, 2,
and 3 mL/min), and SC-CO, flow rate at 5 ml/min. The results showed that
much higher level of the bioactive compounds, including triterpenoids,
flavonoids, polyphenols, and adenosine, was detected in either the extract
(F) or residue (R) fraction compared to those in alcohol extract (E) of G.
amboinens. The highest concentrations of antioxidant compounds,
including triterpenoids, polyphenols and flavonoids were obtained in the
fraction (F) at the operation condition of 20MPa, 50°C and 3 ml/min
sample flow rate; while the highest concentrations of polysaccharides were
yielded in the fraction (R) at the operation condition of 20MPa, 50°C and 3
ml/min sample flow rate. DPPH radicals scavenging activity was increased
in SC-CO, fractions. There is high correlation between antioxidant activity
and the contents of antioxidant compounds (P < 0.01). The correlation
coefficient between the contents of antioxidant compounds and DPPH and
ABTS radicals scavenging activity were 0.825 and 0.733, respectively.

EXPERIMENTAL DESIGN

I 859% ethanol extract (E) I

2

I Fraction (F) I
|

| Resitee® |
|

SELECTIVITY DEFINITION

F Triterpenoids (mg/g)

Selectivity =
R Triterpenoids (mg/g

PREDICTED SELECTIVITY BY REGRESSION EQUATION

Selectivity = C;*pressure ~ C,*temperature +~ C;* Injection flow rate
Where C;, C, and C; are linear regression coefficients.

RESULTS
Table 1. Experimental determined and predicted values of selectivity.
Pressure  Temperature pojcction Selealyity
Exp. No. Mpa) ©C) flow rate Exp. Pre.
(ml/min)
1 30 60 i 1.61 242
2 20 50 2} 324 245
3 30 40 z) 2.97 3.08
4 20 60 2 syl 2212
S 25 60 2) 2.49 2.80
6 30 50 7 291 275
% 25 50 1 3115 2.08
8 25 40 2 1.74 241
9 20 40 il 2553 1573 16
Predicted electivity reg q 0.065*Pressure = 0,002*Temperature = 0,351 *Injection flow rate

Table 2. Component contents of ethanol extract, fraction, and residue from G. amboinense

Extract (E) 10579 +8.97 190.32 +7.89 4125+217 2015145
1 160.94 x 16.91" 14272 +14.65' 2324552 10.61+130"
2 33434 £11.13" 154.13 +12.62" 5002 +131" 41.06 +2.36"
3 284,68 +11.93° 10544 +4.41° 3888+311  28.19+140
4 170.38 +7.89" 8779+ 532" 2052+126°  4.37+033
5 329.6+9.10" 12597 £0.41" 46.91£392 2232320
6 174.56 + 8.43° 120.96 +13.61" 2976099 2078253
7 304.75+4.20° 112,55 +6.58" 4476+218 2533166
8 17473 +9.88° 110.73£6.17" 3388487 1321x0.16°
9 190.42  16.13" 9250 + 244" 5577663 2210248

1 99.74 +3.89" 195.94 +13.9 2064160 10.12+076
2 10327 +13.14 201.82 £9.93 3120514 31.98+235"
3 95.87+4.23" 182,36 +8.13 2607289 31.88x1.39"
4 113.05£6.59 166,24 £7.02" 2937+310°  10.23+0.16"
5 132.14 = 15.65" 201.76 £9.94 2738+217°  4.88%0.18°
6 59.98 £2.49" 198.05 £9.65 2580556  6.29+0.68"
7 96.53+0.92° 198.34 £9.45 1441£101" 825249
8 100.23 £6.32 200,44 +5.08" 2287097  1.87£029"
9 752+ 185" 185.41£9.27 1867+154" 809264

Marked in red indicates the fraction exerted the highest antioxidant compounds contents.
Data are mean + S.D. of triplicate determinations.
*Significant difference between fraction and extract by t-test (p<0.05).

Biplot ( PC1 and PC2: 84.60 %)

10
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0 8 6 4 2 0 2 4 6 8 10 12 M4
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Figure 2. Principal components analysis based on different
bioactive components in (F), (R) and (E) fraction of G. amboinense
and their antioxidant activity (DPPH and ABTS). PHE:

Figure 1. Effect of termperature and pressure on the
selectivity at various sample flow rate.

Polyphenols; FLA: Flavonoids: TRI: Tri ids; SA:
Polysaccharides; AD: Adenosine.
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Figure 3. DPPH scavenging activity (A) and ABTS scavenging activity (B) of the extract and SC-CO, fractions. Data are
mean * S.D. of triplicate determinations.

Table3. Pearson's product moment correlation analyses between antioxidant ability and contents of antioxidant
compounds

o Correlation coefficient (7)
Antioxidant assay Antioxidant compounds

0.825
ABTS 0.733
CONCLUSIONS

This study showed that fractionation of G. amboinense extract using continuous
SC-CO, partition technology was able to effectively concentrate bioactive
constituents. In addition, SC-CO, technology could increase the antioxidant
activities of the fractions.

The optimal operation condition was performed at 20Mpa, 50°C and 3 ml/min
injection flow rate, exerting the highest content of bioactive components and the
highest selectivity of triterpenoids.

The contribution of operated parameters on selectivity was injection flow rate >
pressure > temperature.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




