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Fen liquor is typical of Chinese light-flavor liquor, which is fermented Irom sorghum with 
Fen-Daqu powder. Fen-Daqu is a saccharifying agent and fermentation starter obtained by 
natural solid-state fermentation under non-sterile conditions. The standard plate count and the 
online measurement methods were used to enumerate the siuviving microorganisms, and 
measure the physiochemieal in Fen-Daqu during the incubation. Total counts of mesophilic 
aerobic bacteria (30 °C and 55 °C), bacterial endospore (30 °C and 55 °C), laetie aeid bacteria, 
enterobaeteriaeeae and fiingi starting with minimum level around 10 ,̂ <10^ <I0^ <10^ 10^ < 
lO"* and lO' cfii/g and attaining maximum around lO", 10^ 10^ 10^ lO', 10* and 10^ cfii/g, 
respectively. During the incubation of Daqu the microorganisms increased Irom Woqu to 
Liangmei periods and gradually decreased during the later phases. The pH in Daqu was 
increased over time during the incubation. The total acidity in Daqu increased and reaches to 
maximum at Shangmei phase (around 4.5 g lactic acid per kg Daqu) and then gradually 
decreased over the time. The relative humidity in incubation room was reduced fi-om around 
100 % to around 20 %. Temperature in incubation room was increased over time from the first 
to middle period and decreased in the Yangqu phase. Temperature in Daqu iimer was rapidly 
increased from aroimd 20 to 40 "C at Shangmei phase, dropped to 30 °C at Liangmei phase, and 
then increased gradually until reached to maximal 52 "C at Dahuo phase, finally decreased to 
original temperature (25 °C). The moisture was decreased from around 45 % to around 10 % 
during successive phases of incubation. Based on these results, a microbiological regulation for 
the production of Fen-Hongxin Daqu is proposed. 
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1. INTRODUCTION 

Fen-Daqu is a natural fermentation starter, especially for distilled Chinese Fen liquor and 
traditional Chinese Fen vinegar production. Fen-Daqu is prepared from barley and peas by five 



Le Van Diep, Han Bet-Zhong 

steps: (i) higredients formulation; (ii) Grinding and mixing; (iii) Shaping; (iv) Incubation (about 
1 month) and (v) Mattuation (about 6 months). The incubation step is divided into seven phases: 
fVoqu, Shangmei, Liangmei, Chaohuo, Dahuo, Houhuo and Yangqu, as described previously [1]. 

The production of Fen-Daqu is still the eonstitiition of the tiaditional fermentation 
technology without artificial added microorganisms. It has been reported all microorganisms 
related to saccharification and fermentation in the starter are derived from materials and from 
environment [2]. Other reported showed that the microbial distribution on the surface of Fen-
Daqu were among of the bacteria, Lactobaeillales, Aetinomyeetales, while among the fiingi such 
as Saccharomycopsis and Issatchenkia were fotmd in both the surface layer and the interior of 
Daqu [3]. Fen-Daqu also contain various enzymes, including amylase, protease, lipase, cellulose 
[4] and other metabolites, degradation products, and important flavor compoimds [5]. 

Temperature plays an important role in the production of Daqu. The production of Daqu 
involves specific time-temperature contiol schemes resulting in a succession of microorganisms 
and natural result of metabolism. But until now, most of Daqu production still relies on workers' 
experience. During the production of Fen-Daqu almost physicochemieal parameters such as 
temperature, relative humidity, and moisture are detected by workers' experience, such as "hand 
like a thermometer" [6]. 

We hypothesize that there was a converging relationship between the physicochemieal 
change and microbial amount in Fen-Daqu during the incubation and they could be reflected the 
specific fermentation events and also relative to the quality of Daqu. But up to now, no 
microbial and physicochemieal characteristics of Fen-Daqu during its phases of incubation have 
been reported. 

The objective of this research was to determine mierobiologieal and physicochemieal 
changes during the incubation of Fen-Daqu and also to assess whether these parameters could be 
used to contiol the quality of Fen-Daqu intermediate products. 

2. IMATERIALS AND METHODS 

2.L Sampling 

Fen-Daqu samples were obtained from Xinghuacun Fenjiu Group, Shanxi province, Chma. 
Daqu is fennemed and matured in stacked layers. Samples were collected at the end of Woqu, 
Shangmei, Liangmei, Chaohuo, Dahuo, Houhuo and Yangqu phases. Each sample was obtained 
by randomly selecting from each upper, middle and lower stacked layer and mixed together as 
an experimental sample. Samples were stored at 4 °C until used. 

2.2. Microbiological analysis 

The samples were subjected to a microbiological analysis to monitor the change m the 
population dunng the incubation of Fen-Daqu. 10 grams of each sample was tiansfeired into a 
stenle stomacher bag, 90 mL of saline-peptone water (8 g NaCl per liter, 1 g of neutial peptone 
per liter) was added, and tiie mixture was tieated for 1.5 min in a stomacher machine. 
Subsequent decimal dilutions were prepared with the same diluents, and in all cases, duplicate 
countmg plates were prepared of appropriate dilutions. After incubation, the colonies appearing 
on the selected plates were counted and calculated as colony-forming unit (cfit) per gram of Fen-
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Daqu. All coimts were repeated three times for each sample and results were reported as the 
means. 

2.2.1. Total count of mesophilic aerobic bacteria (TMAB) 

TMAB was enumerated in potu-plate of Plate count agar (PCA, Oxoid), incubation at 30 °C 
for 48 to 72 h. Thermophiles were incubated for 24 ± 4 h at 55 "C. 

2.2.2. Enterobaeteriaeeae 

Selective enumeration was carried out in pour-plates of Violet Red Bile Glucose agar 
(VABQ Oxoid) with overlay with itirther VRBGA to cover the surface, after incubation at 37 °C 
for 24 ± 2 h. 

2.2.3. Lactic acid bacteria (LAB) 

LAB were enumerated in pour-plates of de Man, Rogosa and Sharpe medium (MRS, Oxiod) 
agar containing nystatin (1%), after incubation at 30 "C for 72 h. 

2.2.4. Bacterial endospore 

For the enumeration of bacterial endospore, 10% (w/v) sample suspension was heated at 
80 °C for 5 min, suitably diluted, and spread on PCA plates, and then a top layer of 1.5 % agar 
was applied to restiict colony size and incubated at 30 °C for 48 to 72 h. 

2.2.5. Fungi (Yeasts and molds) 

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

2.3. Physiochemieal analysis 

2.3.1. pH measurements 

Potentionmetrie measiuements of pH were carried out with a pin electiode of pH meter 
(PB-10, Sartorius, Germany) inserted directly into the sample. Three independent measurements 
were done on each sample. Means and standard deviations were calculated. 

2.3.2. Determination of total acid 

Acidity content of samples was determined in solution containing 25 g of Fen-Daqu in 150 
mL of C02-free distilled water that was ttitated with a standard NaOH solution approximately 
0.1 N. Total titiatable acidity was expressed as g lactic aeid per kg dry matter [7]. Means and 
standard deviations were calculated on all data. 

2.3.3. Determination of relative humidity and temperature in incubation room 

The relative humidity and temperature in incubation room during tiie incubation of Fen-
Daqu were simultaneously recorded via humidity/temperature logger (testo 175-H2). Means and 
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standard deviations were calculated. 

2.3 4. Detection of temperature in incubation room 

The temperatiue m incubation room was detected at the end of each phase by mini infrared 
thermometer gun (UNI-T UT301A). Means and standard deviations were calculated. 

2.3.5. Detection of temperature in Daqu inner 

The temperature in Daqu inner was recorded by ibutton (temperatiire sensor), hi Woqu 
phase, randomly select 3 Daqu blocks for each incubation room, and mark them in different 
codes'to avoid confiision. The ibutton was connected with computer by USB port, and tiien set 0 
as starting point and one hour as duration for data recording. After that, it was sealed in a small 
plastic bag to protect it against conosion. The ibutton was inserted in the inner of Daqu block, 
and then temperahue was recorded until the end of Yangqu phase. Means and standard 
deviations were calculated. 

2.3.6. Determination of moisture in Fen-Daqu 

The moishire of the samples were determined by oven drymg at 105 °C until tiie weight 
remains constant [8]. The experiment was conducted in tripUcate and the mean value determined. 

3. RESULTS AND DISCUSSIONS 

3.1. Study of microbial changes during the incubation of Fen-Daqu 

Figiue 1 showed that the level of total bacteria (incubated at 30 °C) rapidly increased 
during the early phases, after that reduced at Chaohuo phase and reach to the maximum level at 
Dahuo phase was around 11 log cfii/g and then gradually decreased over the later phases, This 
should be corresponding to the eharaetenstie of temperature, relative humidity, and moisture 
profile (as showed in figure 4, 6 and 7) and the changes of mesophilic bacteria in these phases. 

Figiue 1 showed that the level of mesophilic baetena (incubated at 55 °C) increased during 
the first and middle phases, attaining maximun level at Dahuo phase and relative decreased in 
the last phase. That could be explained by the increasing of temperature during the first and 
middle phases, which provided a proper condition for the growth of mesophilic bacteria (as 
showed in figure 6) and loss of moisture (as showed in see figiue 7) within high temperature 
during the last phase could be attributed to the death of some microorganisms. 

It was observed that the level of bacterial endospores (incubated at 30 and 55 "C) was 
relatively mcreased during the incubation of Fen-Daqu and attaining maximum level (around 9 
log cfii/g) at Yangqu phase, as showed in figure 1. It could be explained that imder unfavorable 
environmental conditions such as high temperature, low relative humidity and moisture, bacteria 
produced endospores. 
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Figure 1. Change of vegetative cells and bacterial endospore during the incubation of Fen-Daqu 

(WQ: Woqu; SM: Shangmei; LM: Liangmei; CH: Chaohuo; DH: Dahuo; HH: Houhuo; YQ: Yangqu). 

Figure 2. Change of LAB, enterobactenaceae and flmgi during the incubation of Fen-Daqu 

(WQ: Woqu; SM: Shangmei; LM' Liangmei; CH: Chaohuo; DH: DoAuo; HH: Houhuo; YQ: Yangqu). 

The total number of lactic aeid bacteria, enterobacteriaeea and fimgi in Fen-Daqu during 
the incubation were showed in figure 2. It was observed that the level of LAB in the middle 
phases were relatively higher than in the first and later phases, and attaining maximum level at 
Liangmei phase. It should be related with the eoneentiation of lactate, which is produced by 
LAB [9]. LAB plays an important role in food fermentation, cause the characteristic flavor 
changes associated with fermentation, it's also called as an efficient cell factory for food 
ingredient production [10]. Lactic acid bacteria were found in Daqu, such as Weissella cibaria, 
Lactobacilluspanis, L. helveticus, L. fermentum, L. pontis [11]. 

The level of enterobacteriaeea gradually increased during the first phases, and attaining 
maximum level (near 5 log cfti/g) at Chaohuo phase and then decreased during the later phases. 

The level of fimgi rapidly increased during the first phases, and attaining maximum level (> 
8 log cfij/g) at Shangmei phase and then gradually decreased over the later phases. It could be 
explained that in the Shangmei phase reached to the optunum temperature, relative humidity and 
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moishire (as showed in figures 4 and 7) for fimgal growth, therefore highest number were found. 
It was reported that the non-Saccharomyces yeasts represented most of tiie total yeasts 
population in Fen-Daqu [3], the non-Saccharomyces yeasts, such as Trichosporon asahit, 
Debaryomyces hansenii, Hanseniaspora guilliermondii were found in other Daqu [11], They 
produce secondary metabolites, which can contribute to the final taste and flavor of wine [12]. 
Other reported showed that three types of mold (Thermomyces, Penicillium and Aspergillus) 
were found in Fen-Daqu. Among of them, Thermomyces were abundant in the interior Daqu [3]. 
That could be due to a higher temperature in the iimer Daqu (as showed in figures 5 and 6). 

Figures 1 and 2 showed that at Woqu phase, the total viable counts of bacteria, fimgal and 
LBA counts were quite high (range of 5 - 9 Log cfit/g). It could be explained that most of them 
are denved from materials or environment [2]. In addition the incubation room often used for 
several batches of Daqu making without sterilization, therefore the spores accumulated in 
environment and bring to this phase. 

It also observed that the level of fiingi and LAB were lower than bacteria, which imply the 
dominant group of microorganism in Daqu is bacteria rather than fungi or LAB. That showed a 
positive correlation with the composition of microorganisms in Daqu [4, 13]. 

3.2. Physicochemieal changes during the incubation 

Figure 3. Change of pH and total acidity during the incubation of Fen-Daqu 

(WQ: Woqu; SM: Shangmei; LM: Liangmei; CH: Chaohuo; DH: Dahuo; HH: Houhuo; YQ: Yangqu). 

Figure 3 showed that tiie pH increased over time during the incubation of Daqu. The rate of 

h l T r r ' fr"' ' " - ^ ^''^ '^'^ P^^^^ t^^^"' ^^^"Smei and Liangmei), and then 
become significant faster until Dahuo phase and finally keep in a steady level 

l e v e H n ^ % \ t r j ? T '^" ' ' ' l ' ' " " * ? ' " ' " ' ^ ' ^ '' ^"^^ P^^^^^' ^"^^^"8 ô the maximum 
ZTi^ld ^^l T " P ^ ' " ' ' ^ " ' *^* ^""^^^^^'i d ™ 8 the middle phases and then 
S o S . r c r n h , ' ' ' " • ""^ ' u ' ^'''' P^'^^" "^^^ '''''' ^'^^ i^ ^ - ^ " i« derived from acid 
Mf^Tpr™' : :^ !?^^^^^^ ^ ' ^ ^ ' mamly produce acetic acid, lactic a e i l or file degradation of 

m a x i l T L J n f V f R ' ' ' ' ' '^" f ' ' ^'^^ '*^^" •"^^'•^""^ l^^^l at Shangmei phase, while the 
as r r leM bac^ef r " " ' ' ' " ^ " " ^ ' ' P^^^^- '* ''^^ b^ ^'^Pla^^d that other baiteria such 

acetic aeid baetena also present with high number in Daqu, they produce acetic acid and will 
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lead increase of titiatable acidity. 

Figure 4 showed the changes of relative humidity and temperature in incubation room 
during the incubation of Fen-Daqu. The relative humidity was increased during the first phase 
and then decreased during later phases of the incubation. It attain at maximum level at Shangmei 
phase, this can be explained as that during this phase the temperature increased quickly as well 
as growth of microorganisms and the vapor released to the environment without artificial air 
ventilation. In other phases, since natural ventilation through turn of Daqu and open air windows 
and doors the relative humidity was reduced from 100 % to 20 %. It was also observed that the 
temperature increased rapidly in Shangmei phase from 15 "C up to 40 °C and Chaohuo, Dahuo 
phases attain maximum 45 °C. That showed a positive correlation with the change of microbial 
count during these phases (see figures 1 and 2). In Liangmei phase, due to the good ventilation 
the heat was released to the surroundings at a lower temperature about 20 "C, that in order to 
prevent damage overheating. 

Figure 4. Change of temperature and RH in incubation room dunng the incubation of Fen-Daqu 
(WQ: Woqu; SM: Shangmei; LM: Liangmei; CH: Chaohuo; DH: Dahuo; HH- Houhuo; YQ: Yangqu). 

Figure 5 showed that the temperature in surface of Daqu was increased from the end of 
Woqu phase to the end of Dahuo phase, and then reduced during the later phase. It could be 
related to the growth of microbial during these phases. 

Figure 6 showed that the room temperature increased over time during production of Daqu. 
Exception of Yangqu phase, the irmer temperature of Daqu was higher than room temperature, 
that's mainly because of microbial growth in Daqu. 

During the incubation of Daqu, at the beginiung of Shangmei phase, the inner temperature 
decreased from 25 °C to 18 °C, and then rapidly increased to a higher level of above 40 "C. After 
that, it dropped to 33 °C at the end of Shangmei phase. During Liangmei phase, the temperatiue 
decreased again to 30 "C and increased gradually until reached to maximal 52 "C at the 
beginning of Dahuo phase. From that level, the temperature started to decrease slowly and 
finally back to original temperature (25 °C). The aim of Shangmei to Liangmei phase is to 
activate initial microbial growth and to allow the temperatiire to increase gradually, attaining 30-
40 °C in 3-5 d. The initial 24-48 h is considered as a crucial time for establishing the structure of 
Daqu's microbial community, and henee the pioneer microorganisms such as fimgi start to 
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colonize and mycelium will spread over the surface of Daqu [1]. 

Figure 5. Change of temperature in incubation room 

(WQ: fVoqu, SM: Shangmei, LM: Liangmei, CH: Chaohuo, DH. Dahuo, HH: Houhuo, YQ: Yangqu). 
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Figure 6. Change of temperature inDaqu inner and incubation room during the incubation of Fen-Datju. 

(WQ: Woqu, SM: Sliangmei; LM: Liangmei; CH: Chaohuo; DH: DoAuo; HH: Houhuo; YQ: Ki«g9U). 

High temperature during the incubation phase (Chaohuo, Dahuo and Houhuo) could 
enhanced proteolysis and accumulation of amino acids [15, 16], and help to produce more 
volatile compounds such as pyrazines that could be formed through the Maillard reaction 
between saccharides and amino residues [17, 18]. 

The room temperature measured by IR thermometer (figure 5) was significant different 
with the data obtained with ibutton (figure 6), however the general trend is quite similar. Since 
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IR thermometer was placed in the space between Daqu blocks, and the distance to Daqu is quite 
short, therefore the measurements easily can be influenced by the activity inside of Daqu, 
especially the growth of different microorgaiusms. The ibutton was placed on the wall, which 
gives more accurate results and reflect the changes of room temperature. 

Figure 7 showed that the moisture in Fen-Daqu samples was decreased from aroimd 45 % 
to around 10 % during successive phases of incubation. During these phases the moisture rather 
rapid decreased from Shangmei to Houhuo phase, due to the increased temperature and 
decreased of relative humidity in incubation room (as showed in figure 4), and good ventilated. 

Figure 7. Change of moisture m Fen-Daqu during the mcubation. 

(WQ: Woqu; SM: Shangmei; LM: Liangmei; CH: Chaohuo; DH: Dahuo; HH: Houhuo; YQ: Yangqu). 

The moisture in Woqu phase showed a positive correlation with the percentage of water was 
added to the grinding and mixing stage about 40 %. There was a gradual decrease in the 
moisture content of the samples from Houho to Yangqu phase. That showed a positive 
correlation with the aim of this phase is to allow the equihbration of moisture, acidy and enzyme 
activity [16]. 

4. CONCLUSION 

The microbial and physiochemieal changes in Fen-Daqu during the incubation were 
determined in this study. It also revealed a stiong correlation between microbial and 
physiochemieal measurements. This could help Daqu producers to monitor the progress of the 
Daqu manufacturing process by measuring the physioehetmeal parameters, in order to regulate 
the fimctional sttains. 
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NGHlfiN c t r u SU" THAY DOI CUA VI SINH VAT VA YEU TO LI HOA TRONG QUA 

TRINH SAN XUAT BANH MEN RUOU PHAN 

Le Van Diep'*, Han Bei-Zhong^ 
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Khoa Cong nghe Thuc pham, Trudng Dqi hoc Ndng Nghiep Trung Quoc. 
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Banh men rugu Phan (Fen-Daqu) vita la tac nhan duong hoa, vira la tae nhan len men tiong 
san xuat rugu Ph§n, mot loai ruou tiSng eo huong thanh nhe noi tieng 6 tinh San Tay, Trung 
Quoc. No duge san xuat boi qua trinh len men tu nhien tir nguon nguyen lieu dai mach va dau 
Ha lan. Phuong phap nuoi eay vi sinh vat truy6n thong va eae Id thuat phan tich true tuyen dugc 
sir dung trong phan tieh su thay d6i eiia eae nhom vi sinh vat va cac yeu to li hoa. 

Sir thay doi cua vi sinh vat phan biet theo timg_ nhom hi6u khi (30 °C), vi sinh vat ua nhiet 
(55 °C), bao tir vi khuSn (30 °C va 55 °C), vi khuan lactic, enterobaeteriaeeae va nam tir miic 
thdp nhat khoang 10^ 10^ I0^ 10^ 10^ lO" and 10^ efii/g va dat cue dai o khoang lO", 10^ 10^ 
10 ,̂ lO', 10^ and 10^ cfii/g. Trong qua trinh u vi sinh v&t thay doi theo xu the tang dan tii Woqu 
d8n Liangmei va sau do giam dan theo thoi gian. pH tang din, con do am phong giam din tu 
khoang 100 % xuong con 20 % va thuy phan banh men giam dan tir khoang 45 % xuong con 
khoang 10 % theo thoi gian qua trinh u. Nhiet do phong u tang dan tii pha dau cho den pha giiia 
va giam nhe a pha sau. Nhiet do ben trong banh men tang nhanh o giai doan Shangmei dat 40 °C 
sau do giam xudng con 30 "C a giai doan Liangmei, tiep do tang va dat den cue dai 52 "C tai 
Dahuo, cuoi cung giam dan den nhiet dp phong (25 °C) 6 pha sau. 

Tir cae kSt qua trSn va qua phan tich sv tac dong qua lai giiia ehiing eo the ung d\ing vao 
qua trinh digu chinh su phat tii6n ciia vi sinh vat tiong qua tiinh san xuat banh men. 

Tie khoa: banh men rugu, rugu tiing, len men truyen thong, vi sinh vat. 




