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ABSTRACT

Fenliquor is typical of Chinese light-flavor liquor,hich is fermented from sorghum with
FenDaqu powder.FenDaqu is a saccharifying agent and fermentation stastgained by
natural solid-state fermentation under non-sterdaditions. The standard plate count and the
online measurement methods were used to enumdmatesurviving microorganisms, and
measure the physiochemical FenDaqu during the incubation. Total counts of mesophilic
aerobic bacteria (30 °C and 55 °C), bacterial gpalies (30 °C and 55 °C), lactic acid bacteria,
enterobacteriaceae and fungi starting with minimewel around 19 <1¢f, <1@, <1C, 10, <
10" and 16 cfu/g and attaining maximum around*i01®, 1¢, 1@, 10, 10 and 16 cfu/g,
respectively. During the incubation @aqu the microorganisms increased frowioqu to
Liangmei periods and gradually decreased during the latersgs. The pH irbaqu was
increased over time during the incubatiohhe total acidity inDaqu increased and reaches to
maximum atShangmeiphase (around 4.5 g lactic acid per Rgqu) and then gradually
decreased over the time. The relative humiditynicubation room was reduced from around
100 % to around 20 %. Temperature in incubatiomres increased over time from the first
to middle period and decreased in Y@ngquphase. Temperature Daqu inner was rapidly
increased from around 20 to 40 °CS&iangmephase, dropped to 30 °Claangmeiphase, and
then increased gradually until reached to maxin2zaPG atDahuo phase, finally decreased to
original temperature (25 °C). The moisture was eksed from around 45 % to around 10 %
during successive phases of incubation. Based asethesults, a microbiological regulation for
the production oFenHongxinDaquis proposed.

Keywords:Chinese liquor starter; Chinese liquor; traditiofeimented; food microbial.

1. INTRODUCTION

FenDaquis a natural fermentation starter, especiallydistilled Chinesd~en liquor and
traditional Chinesé&envinegar productionkFenDaqu is prepared from barley and peas by five
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steps: (i) Ingredients formulation; (ii) Grindinga&mixing; (iii) Shaping; (iv) Incubation (about
1 month) and (v) Maturation (about 6 months). Tiubation step is divided into seven phases:
Woqy ShangmeiLiangmej Chaohug Dahug HouhuoandYangqu as described previously [1].

The production ofFenDaqu is still the constitution of the traditional fermtation
technology without artificial added microorganisniishas been reported all microorganisms
related to saccharification and fermentation in steter are derived from materials and from
environment [2]. Other reported showed that therohi@l distribution on the surface &en
Daquwere among of the bacteria, Lactobacillales, Amtigicetales, while among the fungi such
as Saccharomycopsis and Issatchenkiere found in both the surface layer and the iotesf
Daqu[3]. FenDaqualso contain various enzymes, including amylasgtepse, lipase, cellulose
[4] and other metabolites, degradation productd,iamportant flavor compounds [5].

Temperature plays an important role in the produmctf Daqu The production oDaqu
involves specific time-temperature control schemassilting in a succession of microorganisms
and natural result of metabolism. But until now,stnof Daqu production still relies on workers’
experience. During the production BenDaqu almost physicochemical parameters such as
temperature, relative humidity, and moisture areated by workers’ experience, such as “hand
like a thermometer”[6].

We hypothesize that there was a converging relstipnbetween the physicochemical
change and microbial amountken-Daqu during the incubation and they could be refledted
specific fermentation events and also relative he guality of Daqu But up to now, no
microbial and physicochemical characteristic&en-Daquduring its phases of incubation have
been reported.

The objective of this research was to determinerahiological and physicochemical
changes during the incubationfegn-Daquand also to assess whether these parametershm=uld
used to control the quality 6fen-Daquintermediate products.

2. MATERIALS AND METHODS
2.1. Sampling

Fen-Daqu samples were obtained from Xinghuacun Fenjiu Gr&lganxi province, China.
Daqu is fermented and matured in stacked layers. Sawadge collected at the end \boqu
ShangmeilLiangmej Chaohug Dahug HouhuoandYangquphases. Each sample was obtained
by randomly selecting from each upper, middle awiel stacked layer and mixed together as
an experimental sample. Samples were stored atuhtiQused.

2.2. Microbiological analysis

The samples were subjected to a microbiologicalyaigato monitor the change in the
population during the incubation &enDaqu 10 grams of each sample was transferred into a
sterile stomacher bag, 90 mL of saline-peptone m@tg NacCl per liter, 1 g of neutral peptone
per liter) was added, and the mixture was treatd 15 min in a stomacher machine.
Subsequent decimal dilutions were prepared withsdree diluents, and in all cases, duplicate
counting plates were prepared of appropriate dihgi After incubation, the colonies appearing
on the selected plates were counted and calcuatedlony-forming unit (cfu) per gram Bén-
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Daqu All counts were repeated three times for eachpgamand results were reported as the
means.

2.2.1. Total count of mesophilic aerobic bactefid@AB)

TMAB was enumerated in pour-plate of Plate courtr §§CA, Oxoid), incubation at 30 °C
for 48 to 72 h. Thermophiles were incubated foe24h at 55 °C.

2.2.2. Enterobacteriaceae

Selective enumeration was carried out in pour-plait Violet Red Bile Glucose agar
(VABG, Oxoid) with overlay with further VRBGA to a@r the surface, after incubation at 37 °C
for24 £2 h.
2.2.3. Lactic acid bacteria (LAB)

LAB were enumerated in pour-plates of de Man, Rago®d Sharpe medium (MRS, Oxiod)
agar containing nystatin (1%), after incubatioB@&¢C for 72 h.

2.2.4. Bacterial endospore

For the enumeration of bacterial endospore, 10%)(sdmple suspension was heated at
80 °C for 5 min, suitably diluted, and spread orAR{ates, and then a top layer of 1.5 % agar
was applied to restrict colony size and incubate2D&C for 48 to 72 h.

2.2.5. Fungi (Yeasts and molds)

Fungi were enumerated by pour-plates using Maltreext Agar (MEA, Oxoid) and
incubation at 37 °C for 3 to 5 days.

2.3. Physiochemical analysis
2.3.1. pH measurements

Potentionmetric measurements of pH were carriedwatlt a pin electrode of pH meter
(PB-10, Sartorius, Germany) inserted directly ithte sample. Three independent measurements
were done on each sample. Means and standardidasiatere calculated.
2.3.2. Determination of total acid

Acidity content of samples was determined in solutontaining 25 g dfen-Daquin 150
mL of CO,-free distilled water that was tritated with a stard NaOH solution approximately
0.1 N. Total titratable acidity was expressed dactjc acid per kg dry matter [7]. Means and
standard deviations were calculated on all data.

2.3.3. Determination of relative humidity and temgpere in incubation room

The relative humidity and temperature in incubatioom during the incubation dfen-
Daquwere simultaneously recorded via humidity/tempestogger (testo 175-H2). Means and
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standard deviations were calculated.
2.3.4. Detection of temperature in incubation room

The temperature in incubation room was detectéldeatnd of each phase by mini infrared
thermometer gun (UNI-T UT301A). Means and standfdations were calculated.

2.3.5. Detection of temperature in Daqu inner

The temperature ibaqu inner was recorded by ibutton (temperature sensoryVoqu
phase, randomly select Baqu blocks for each incubation rogrand mark them in different
codes to avoid confusion. The ibutton was conneetddcomputer by USB port, and then set O
as starting point and one hour as duration for datarding. After that, it was sealed in a small
plastic bag to protect it against corrosion. Thetiin was inserted in the inner DAqu block,
and then temperature was recorded until the end/asfgqu phase. Means and standard
deviations were calculated.

2.3.6. Determination of moisture in Fen-Daqu

The moisture of the samples were determined by avgimg at 105 °C until the weight
remains constant [8]. The experiment was conduatétplicate and the mean value determined.

3. RESULTS AND DISCUSSIONS
3.1. Study of microbial changes during the incubatin of Fen-Daqgu

Figure 1 showed that the level of total bacterizcbated at 30 °C) rapidly increased
during the early phases, after that reducedr@ohuophase and reach to the maximum level at
Dahuophase was around 11 log cfu/g and then gradualtyedised over the later phases. This
should be corresponding to the characteristic ofperature, relative humidity, and moisture
profile (as showed in figure 4, 6 and 7) and thengjes of mesophilic bacteria in these phases.

Figure 1 showed that the level of mesophilic baaténcubated at 55 °C) increased during
the first and middle phases, attaining maximun lle¢d@ahuo phase and relative decreased in
the last phase. That could be explained by thee@®ing of temperature during the first and
middle phases, which provided a proper conditiontfe growth of mesophilic bacteria (as
showed in figure 6) and loss of moisture (as shoimesee figure 7) within high temperature
during the last phase could be attributed to tlaldef some microorganisms.

It was observed that the level of bacterial endospdincubated at 30 and 55 °C) was
relatively increased during the incubationFanDaqu and attaining maximum level (around 9
log cfu/g) atyangquphase, as showed in figure 1. It could be expthihat under unfavorable
environmental conditions such as high temperataveyelative humidity and moisture, bacteria
produced endospores.
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O Total viable count (30°C)
B Total viable count (55°C)
O Bacterial spores (30°C)
0O Bacterial spores (55°C)
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Figure 1 Change of vegetative cells and bacterial endoghoteg the incubation dfen-Daqu
(WQ: Woqu SM: ShangmeiLM: Liangmej CH: Chaohug DH: Dahug HH: Houhug YQ: Yangqu.

O Lactic Acid Bacteria
B Enterobacteriaceae
0O Fungi

Log (cfu/g)
©
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Figure 2 Change of LAB, enterobacteriaceae and fungi duttie incubation ofFen-Daqu
(WQ: Woqu SM: ShangmeiLM: Liangmej CH: Chaohug DH: Dahug HH: Houhug YQ: Yangqu.

The total number of lactic acid bacteria, entertdr@@mcea and fungi iffen-Daqu during
the incubation were showed in figure 2. It was ob=e that the level of LAB in the middle
phases were relatively higher than in the first Eter phases, and attaining maximum level at
Liangmeiphase. It should be related with the concentratibtactate, which is produced by
LAB [9]. LAB plays an important role in food fermeion, cause the characteristic flavor
changes associated with fermentation, it's alsdedahs an efficient cell factory for food
ingredient production [10]. Lactic acid bacteriarevéound inDaqu, such asMeissella cibaria
Lactobacillus panisL. helveticusL. fermentumL. pontis[11].

The level of enterobacteriacea gradually increathathg the first phases, and attaining
maximum level (near 5 log cfu/g) @haohuophase and then decreased during the later phases.

The level of fungi rapidly increased during thesfiphases, and attaining maximum level (>
8 log cfu/g) atShangmephase and then gradually decreased over thedhseses. It could be
explained that in th8hangmephase reached to the optimum temperature, relativgdity and
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moisture (as showed in figures 4 and 7) for furgyaivth, therefore highest number were found.
It was reported that the nd@accharomyceg/easts represented most of the total yeasts
population in FenDaqu [3], the nonSaccharomycegeasts, such agrichosporon asahii
Debaryomyces hansenidanseniaspora guilliermondivere found in otheDaqu [11]. They
produce secondary metabolites, which can contritutle final taste and flavor of wine [12].
Other reported showed that three types of maldemomycesPenicillium and Aspergillug
were found inFen-Daqu Among of themThermomycewere abundant in the interibaqu[3].
That could be due to a higher temperature in theriDaqu (as showed in figures 5 and 6).

Figures 1 and 2 showed thatVdbquphase, the total viable counts of bacteria, furagal
LBA counts were quite high (range of 5 - 9 Log gjult could be explained that most of them
are derived from materials or environment [2]. tidition the incubation room often used for
several batches dDaqu making without sterilization, therefore the sporesumulated in
environment and bring to this phase.

It also observed that the level of fungi and LABrevéower than bacteria, which imply the
dominant group of microorganism Paquis bacteria rather than fungi or LAB. That shoveed
positive correlation with the composition of micrganisms irDaqu[4, 13].

3.2. Physicochemical changes during the incubation

—&—pH
—aA— Total acidity

pH

- 5.0

Acidity (g/kg)

T 4.0

4] +30

T+ 20

-+ 1.0

WQ SM LM CH DH HH YQ

Figure 3 Change of pH and total acidity during the incidrabf Fen-Daqu
(WQ: Woqu SM: ShangmeiLM: Liangmej CH: Chaohug DH: Dahug HH: Houhug YQ: Yangqu.

Figure 3 showed that the pH increased over timanguhe incubation obDaqu The rate of
pH increase was slower in the first three pha%¥sq(y Shangmeiand Liangme), and then
become significant faster unblahuophase and finally keep in a steady level.

Figure 3 showed that the total acidity increasefirstt phases, attaining to the maximum
level (near 5 g/kg) aBhangmephase, after that decreased during the middleeghasd then
gradually increased again during the later phales.total acidity irDaquis derived from acid
producing microbial species, which mainly producet& acid, lactic acid, or the degradation of
lipid and protein, etc [14].

It was observed that the total acidity attain maximlevel atShangmephase, while the
maximal level of LAB occurred ihiangmeiphase. It could be explained that other bacterih s
as acetic acid bacteria also present with high murmbDaqu, they produce acetic acid and will
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lead increase of titratable acidity.

Figure 4 showed the changes of relative humiditg samperature in incubation room
during the incubation ofen-Daqu The relative humidity was increased during thistfphase
and then decreased during later phases of theatioublt attain at maximum level &hangmei
phase, this can be explained as that during trasgkthe temperature increased quickly as well
as growth of microorganisms and the vapor reledasetie environment without artificial air
ventilation. In other phases, since natural vetmitethrough turn oDaquand open air windows
and doors the relative humidity was reduced frod #to 20 %. It was also observed that the
temperature increased rapidly $nangmephase from 15 °C up to 40 °C aBbaochug Dahuo
phases attain maximum 45 °C. That showed a posiobwelation with the change of microbial
count during these phases (see figures 1 and 2jahgmeiphase, due to the good ventilation
the heat was released to the surroundings at a ltesgoerature about 20 °C, that in order to
prevent damage overheating.
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—m=m— Room temperature
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Figure 4 Change of temperature and RH in incubation roanmd the incubation dfen-Daqu
(WQ: Woqu SM: ShangmeiLM: Liangmej CH: Chaohug DH: Dahug HH: Houhug YQ: Yangqu.

Figure 5 showed that the temperature in surfacBaafu was increased from the end of
Woqu phase to the end @ahuo phase, and then reduced during the later phaseuld be
related to the growth of microbial during thesegidsa

Figure 6 showed that the room temperature increagedtime during production @aqu
Exception ofYangquphase, the inner temperatureldqu was higher than room temperature,
that’s mainly because of microbial growthDxaqu

During the incubation obaqu, at the beginning cdhangmephase, the inner temperature
decreased from 25 °C to 18 °C, and then rapidieased to a higher level of above 40 °C. After
that, it dropped to 33 °C at the endStfangmephase. Durindg.iangmeiphase, the temperature
decreased again to 30 °C and increased gradually reached to maximal 52 °C at the
beginning ofDahuo phase. From that level, the temperature startedetwease slowly and
finally back to original temperature (25 °C). Thienaof Shangmeito Liangmeiphase is to
activate initial microbial growth and to allow tkemperature to increase gradually, attaining 30-
40 °C in 3-5 d. The initial 24-48 h is consideradaacrucial time for establishing the structure of
Daqgus microbial community, and hence the pioneer nocganisms such as fungi start to
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colonize and mycelium will spread over the surfatBaqu[1].
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Figure 5.Change of temperature in incubation room
(WQ: Woqy SM: ShangmeiLM: Liangmej CH: Chaohuo DH: Dahuq HH: Houhuq YQ: Yangqy.
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Figure 6 Change of temperature raqu inner and incubation room during the incubatiofref-Daqu
(WQ: Woqu SM: ShangmeiLM: Liangmej CH: Chaohug DH: Dahug HH: Houhug YQ: Yangqu.

High temperature during the incubation phas&iaohue Dahuo and Houhug could

enhanced proteolysis and accumulation of aminosafi®, 16], and help to produce more
volatile compounds such as pyrazines that coulddomed through the Maillard reaction

between saccharides and amino residues [17, 18].

The room temperature measured by IR thermometguréi5) was significant different

with the data obtained with ibutton (figure 6), hewer the general trend is quite similar. Since
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IR thermometer was placed in the space betvizseu blocks, and the distance Baquis quite
short, therefore the measurements easily can lgeitfed by the activity inside ddaqu,
especially the growth of different microorganisriifie ibutton was placed on the wall, which
gives more accurate results and reflect the chasige®m temperature.

Figure 7 showed that the moistureHan-Daqusamples was decreased from around 45 %
to around 10 % during successive phases of inaubdiiuring these phases the moisture rather
rapid decreased fronshangmeito Houhuo phase, due to the increased temperature and
decreased of relative humidity in incubation ro@s $howed in figure 4), and good ventilated.

(o]
o

50 -

Moisture (%)
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Figure 7. Change of moisture iRen-Daquduring the incubation.
(WQ: Woqu SM: ShangmeiLM: Liangmej CH: Chaohug DH: Dahug HH: Houhug YQ: Yangqu.

The moisture inWoquphase showed a positive correlation with the paegge of water was
added to the grinding and mixing stage about 40T#ere was a gradual decrease in the
moisture content of the samples frodouho to Yangqu phase. That showed a positive
correlation with the aim of this phase is to allthe equilibration of moisture, acidy and enzyme
activity [16].

4. CONCLUSION

The microbial and physiochemical changesFenDaqu during the incubation were
determined in this study. It also revealed a stramgrelation between microbial and
physiochemical measurements. This could Hzdgu producers to monitor the progress of the
Daqu manufacturing process by measuring the physioat@miarameters, in order to regulate
the functional strains.
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TOM TAT
NGHIEN CUU SU THAY POI CUA VI SINH VAT VA YEU TO Li HOA TRONG QUA
TRINH SAN XUAT BANH MEN RUQU PHAN
Lé Van bigp"’, Han Bei-Zhong

'Khoa Héa lac, Treong Dai hoc Vinh, 182 Lé Dén, TP. Vinh, NghAn.
?Khoa C6ng ngh Thyc phim, Trrong Pai hoc Nong Nghip Trung Quc.

"Email: levandiep@vinhuni.edu.vn

Banh menwou PHin (FenDaqu) vira la tdc nhaduong hoa, wa la tac nhan |én men trong
san xuit reou PHin, mot loai ruou tring c6 hrong thanh nb ndi tiéng ¢ tinh Sn Tay, Trung
Qudc. Noduoc sin xuit boi qué trinh 1én menytnhién fr ngwbn nguyé@n ku dai mach vadau
Ha lan. Plrong phap nudidy vi sinh \at truyén thong va cac kthuat phan tich tirc tuyén dugc
sir dung trong phan tichusthayddi caa cac nhém vi sinhag va cac $u t6 Ii hoa.

Su thayddi ciia vi sinh it phan bét theo frng nhom htu khi (30 °C), vi sinh & ua nhit
(55 °C), baott vi khuin (30 °C va 55 °C), vi khim lactic, enterobacteriaceae varmtr mic
thap nhit khaang 106, 10%, 1C°, 1¢°, 10, 10 and 16 cfu/g vadat cyc dai ¢ khaang 10*, 10, 10,
10°, 10, 1C¢° and 10 cfu/g. Trong qué trink vi sinh \at thaydoi theo xu tié tang din tir Woqu
dén Liangmeiva saudd giam din theo tlbi gian. pH ting din, condd 4m phong gim din tr
khoang 100 % xéng con 20 % va ity phan banh men gm din tir khoang 45 % xiéng con
khoang 10 % theo thi gian qua trinhi. Nhiét ¢ phongu ting din tir phadau chodén pha gira
va gam nke ¢ pha sau. Nigt d6 bén trong banh me#irtg nhanhy giai doan Shangmedat 40 °C
saudé giam xudng con 30 °Gy giai doan Liangmej tiép do ting vadat dén oxc dai 52 °C ti
Dahug cui cling gim dan dén nhigt ¢ phong (25 °Cy pha sau.

Tur cac Kt qua trén va qua phan tichr$acdong qua 4i gitta ching cé thung ding vao
qua trinhdiéu chinh sr phat trén cia vi sinh \t trong qué trinh xuit banh men.

Tir kh6a:banh menuou, nrgu tring, 1én men trudn thong, vi sinh \t.
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