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Abstract

This study investigated the characteristics of honey wine, which was fermented by Saccaromyees sake, Saccharomyces
bayanus and Nuruk. For alcohol fermentation of the diluting solution, mixtures of .S, sake and Mruk, and Nuruk
and S, bayanus resulted the excellent fermentation. These conditions also produced a higher alcohol content than
that from the single yeast Strain. The values of pH and acidity of honey wine showed little changes during the
fermentation processes. In the case of the mixture of Muruk and yeast, the content of reducing sugar during the
fermentation processes decreased rapidly, but the content of alcohol increased. The soluble solids were 7.5~8.1
°Brix after the fermentation period of 6 days, and the alcohol contents were represented as 12.5~13.1%, from
the mixture of MNuruk and yeast. In addition, the sensory evaluation of honey wine with the mixture of Nuruk
and yeast showed more effective results than that of the single yeast bacillus.
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Introduction

Honey wine well known as mead is a fermented drink
produced by fermenting natural honey(1-3). Mead has a long
history and its production was originated as far back as the
ancient cultures of Egypt, Greek, and Rome approximately
2,000-2,500 years ago. It is directly fermented from the honey
diluted with water. Its final alcohol content is about 12%
and it had been usually used as a quality drink for a king
or feudal lord in ancient times and the Middle Ages. In Korea,
honey wine had been produced by fermentation with honey
Nuruk(4). Although honey wine is widely produced in many
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countries and had long history, it is not widely popular due
to the lack of massivity, complication of fermentation process
high level of sweetness caused by excessive unfermented
sugar(5,6). Honey contains 0.34% protein, which causes
decreased the quality of the final products due to increasing
tubility in fermentation process and unpleasing burned or
metallic smell in heating process(7,8).

Traditional mead was produced by diluting honey using
only water, which are cause of improper acidity, bad
fermentation, delayed the fermentation, and a lowered quality
because honey do not have enough vitamin, inorganic and
nitrogenous nutrients for the growth and fermentation of
yeast(5).

In order to solve these problems, some fruit juices were
added to the honey(6), and it was treated at a high temperature
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fora short time(9). In addition, the microfiltration method(10),
developed to remove the protein in honey wine production.
Several studies on the fermentation conditions of honey wine
have been reported(11,12). Some fruit wines that are produced
by adding honey to apples(13), grapes(14) and osmotic
extracts(15,16) have been also investigated.

On the other hand, Korea has traditionally had an excellent
brewing technology, and supplies drinking culture, such that
it is extremely important that these traditional wines will be
recovered, preserved, and cherished. Recently, the interest
in traditional wines having high quality has been increased,
since the standard of life and income levels were increased.

Therefore, honey wine, a Korean traditional wine, may
become an important item to activate domestic bee farming
industry. In this study, honey wine was produced according
to the Korea’s original production method as a basic study
for the development of traditional home brews and their
industrialization. This study also dealed with changes of the
ingredients of honey wine in the production and fermentation
processes by adding Nuruk and yeast mixtures to improve
its quality.

Materials and Methods

Materials

Honey used containing a 19.0+1% of moisture, 0.3+0.1%
of ash, 70.0£2% of reducing sugar, 78+2 °Brix of soluble
solid, and 3.7+0.2 of pH was kindly provided by GABO
Co. Korea. Nuruk was purchased from SONGHAK Co, Korea,
Two kinds of Saccharomyces sake (Japan Fermentation
Associate) and Saccharomyces bayanus TFO 1802, were
purchased from Difco, USA for he fermentation of honey

wine.

Preparation of seed mash

The nutrients of yeast were reconfigured according to the
references of nutrients of yeast that are presented by Rhim
et al.(15) as following : to a 100 mL of honey liquid controlled
at 10 °Brix were added 1.00 g of (NH4):SO4 ; 0.5 g of
KsPOs ; 0.20 g of MgCls ; 0.05 g of NaHSO4 ; 0.02 g of
peptone ; 5.00 mg of thiamine ; 2.50 mg of Ca-pantothenate
; 2.00 mg of inositol ; 0.25 mg of pyridoxine ; 0.02 mg
of biotin, and treated with a heat sterilization for 10 min
under the prssure of 1.2 kg/cm’. Then, a | mL of yeast culture
was inoculated in the liquid and cultivated at 25°C for 48

hr to cultivate a seed mash.

Preparation of honey wine

To a honey solution diluted by water to 24 °Brix of soluble
solid content was added a 100 ppm of Na;SO; used as a
raw fermentation material after being left it for about 1 day.

Fermentation and filtration

The fermentation was initiated by adding 5% of seed mash,
into the 8 L of the fermentation material controlled by 24
°Brix. In the first stage of fermentation, the mouth of the
fermenter was covered by gauze to keep an aerobic state
and kept at a temperature of 30°C. The solution was shaken
sporadically and allowed to alcohol fermentation at 20°C in
the anaerobic state by closing the fermenter after the bacillus
had fully grown and then fermented for 2 days. Nuruk was
fermented by adding an amount of 10% of fermentation
material, controlled by 24 °Brix. The fermented honey wine
was sterilized and clarified by a microfiltration method, using
membrane filter (0.45/m of poresize, DDS Mini-Lab 10, De
Danske Sukkerfabrikker, DDS RO-Division, Denmark).

Physicochemical constituent analysis

The values of pH processed in the fermentation were
measured by using a pH meter (Orion Research Inc. 520A,
USA). The total acid was presented as the amount of citric
acid presented by titrating at pH 8.4 with a 0.IN NaOH
solution. The soluble solid was measured by units of “Brix
using a refractometer (Atago Hand Refractometer, Japan).
The reducing sugar was measured by the Somogyi
method(17). The 80 mL of vapour solution obtained from
100 mL of each sample was adjusted to 100 mL of test solution
with dilluted water and its alcohol content was measured at
15°C(15).

Hunter value and transmittance

The Hunter value, consisted with L (brightness), a
(redness), and b (yellowness) value was measured using the
Hunter Lab Colorimeter (Color Quest Hunter Lab Associates
Laboratory, Inc. USA). In order to examine the clarifying
degree of each sample, the transmittance of the sample was
measured at 660 nm a UV-Vis spectrophotometer (Hewlett
Pakard, HP 8452, USA).

Sensory and statistical analysis

Twenty panelists whose ages ranged from 20 to 50 years
evaluated the sensory of each honey wine and scored their
liking using seven-point hedonic scale(1, dislike very much,
2, dislike moderately, 3, dislike slightly, 4, neither like nor
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dislike, 5, like slightly, 6, like moderately, 7, like very much).
Each parameter was tested in triplicate. Statistical analysis
were carried out using a SAS(Statistical analysis system for
Window™). Treatment means were compared using
Duncan’s multiple rang test in SAS.

Results and Discussion

Changes of physicochemical constituent in the fermentation

Honey wine was fermented by adding Nuruk and yeast,
S. sake, or S. Bayanus, either as singular units, or as mixtures.
Fig. 1 to Fig. 3 present the changes in the fermentation process.

The changes in the reducing sugar content was decreased
steadily from the beginning of fermentation to the 18th day,
asin Fig. 1. In the case of the single addition of S. sake
(SS), the sugar was decreased by 50% after a period of 6
days, compared tothe initial stage of fermentation, and
decreased up to 70% in the latter period of fermentation.
On the other hand, the content was reduced to 90% comparing
with it of the initial stage of fermentation in the case of
the single addition of S. bayanus (SB), the mixture addition
of Nuruk and S. sake (NSS), and the mixture addition of
Nuruk and S. bayanus (NSB). After 6 days of fermentation,
the reducing sugar of each additional group consumed about
50% of the initial stage of fermentation for the SS, 55%
for the SB, 69% for the NSS, and 78% for the NSB. Rhim
et al.(12) reported that honey wine produced from honey only
using of S. uvarum showed to reduce the 50% of the sugar
after a period of 16 days and the plum melomel, fermented
by honey and plum extract consumed about 80% of the initial
reducing sugar after a period of 16 days.

Reducing sugar content(%)

0 2 4 6 8 10 12 14 16 18 20
Fermentation time(days)
Fig. 1. Changes of reducing sugar content during fermentation.

Honey wine were prepared with yeast strains and nuruk-yeast mixture. @-@, Sacch.
sake O- O, Sacch. bayarus V-V, nuruk-Sacch. sake mixture -V, nuruk-Sacch.
bayanus mixture.

The reducing sugar on the cases of the NSS and NSB
after a period of 6 days from the fermentation examined in
this study were consumed to 70~80%, comparing with the
values of the initial reducing sugar contents. From this result,
it seemed that the speed of the reducing sugar for honey
wine fermented by adding the mixture of Nuruk and yeast
was about 10 days faster than that of the reported fermentation
conditions(15,16). The reason of decreasing speed on the
reducing sugar in the mixture of Nuruk and yeast, comparing
with that of the single addition of yeast bacillus, may due
to the adaptation of the strains in the initial stage of
fermentation. Moreover, it also showed that are more active
in the decreased speed of the reducing sugar and the amount
of alcohol production, the fermentation of the mixtures of
Nuruk and yeast, than that of the single addition of yeast,
until the latter period of fermentation.

The changes of the soluble solid tended to decrease
smoothly throughout the fermentation processes as shown in
Fig. 2. The decreasing properties were similar to those of
reducing sugar. In the case of adding a mixture Nuruk and
yeast after 6 days of the fermentation, the contents of the
soluble solid were 7.5~8.1 °Brix, which was lower than that
of 14.5~16.4 °Brix in the single use of yeast.

Soluble solids( °Brix)

0 2 4 6 8’ 10 12 14 16 18 20
Fermentation time(days)

Fig. 2. Changes of soluble solids content during fermentation.

Honey wine were prepared with yeast strains and nuruk-yeast mixture. @-@, Sacch.
sake, O-O, Sacch. bayanus; V-V, nuruk-Sacch. sake mixture; -7, nuruk-Sacch.
bayanus mixture.

Alcohol is produced by consuming the sugar contained
in the fermentation solution. As shown in Fig. 3, the content
of alcohol in the fermentation process presented various
aspects, such as a smooth or rapid increase, or other different
changes, between the single addition of bacillus, or the
addition of the mixture of Nuruk and yeast. The alcohol
contents in the latter period of fermentation, and after 18
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days,showed 9.0% for the SS, 12.5% for the SB, 14.0% for
the NSS, and 14.5% for the NSB. On the other hand, the
amount of alcohol production in the single addition of yeast
bacillus showed value between 5.2~7.2% in the case of a
6 day period of the fermentation.

Alcohol content(%)

0 2 4 6 8 10 12 14 16 18 20
Fermentation time(days)

Fig. 3. Changes of alcohol content during fermentation.

Honey wine were prepared with yeast strains and nuruk-yeast mixture, @-@, Sacch.
sake O-O, Sacch. bayanus V-V, nuruk-Sacch. sake mixture V-7, nuruk-Sacch.
bayanus mixture,

While, the alcoho content in the addition of the mixture
of Nuruk and yeast was 12.5~13.1%. In the honey wine
produced with the mixture of Nuruk and yeast, the alcohol
contents showed to 12.5~13.1% which were similar to the
alcohol content of a regular wine. However, in the case of
the honey wine produced by yeast only, a relatively low
alcohol content and high sugar content were remained. This
suggests that the fermentation was not thoroughly performed.
From the results on the decrease of the reducing sugar in
the case of a single use of yeast as shown in Fig. 1 and
the tendency of the production of alcohol as presented in
Fig. 3, it seemed that the fermentation continued to proceed
was delayed in the middle of the fermentation. In addition,
it was known that long term fermentation will affect the
quality of the final products because it increases the
possibilityof contamination(3). However, this study showed
that the optimal fermentation period of honey wine was
reduced 6 days, from 10 days of the reported fermentation
period(3,15) by adding the mixture of Nuruk and yeast. In
the case of the single addition of yeast, the alcohol production
presented was relatively small after a period of 6 days, but
increased continually after that period. This is expected due
to the tendency toward decreased the reducing sugar as shown
in Fig. 1. It was regarded that the nutrients, which were needed
to grow the yeast except for sugar, or enzymes for glycosidase

were not enough in the initial stage of fermentation. In the
case of the addition of the mixture of Nuruk and yeast, the
enzymes existed in the Nuruk acted as an accelerant to resolve
the unfermented sugar.

Characteristics of honey wine

This study produced honey wine by adding a single yeast,
or a mixture of Nuruk and yeast and examined the
characteristics of the honey wine, after fermentation and a
microfiltration in each fermentation condition (23 days for
the fermentation of the SS, 20 days for the NSS, and 6 day
for the NSS and NSB). Table 1 presents that the value of
pH(3.37~3.62) and the total acids(0.40~0.42%) was not
significant different. From the measurements of the colors
of each additional group by using a spectrocolorimeter, there
were little differences between the single addition of yeast
and the addition of the mixture of Nuruk and yeast. It showed
that both conditions were able to produce equal products.
Applying a mircrofiltration method for the produced honey
wine, the transmittances of the honey wine, which was applied
by the single addition of yeast and the addition of the mixture
of Nuruk and yeast, were 99.3~99.5%. Then, it was possible
to produce a pure and transparent product. In addition, the
sensory evaluation of honey wine with an added mixture of
Nuruk and yeast showed more effective results than that of
the single addition of yeast bacillus(Table 2).

Table 1. Characteristics of experimental honey wine

SS SB NSS NSB

pH 337 347 353 3.62

Total acidity(%) 041 040 040 042
Hunter Value L 4623 4553 44,34 4491
a 030 0.34 028 0.34

b 5.98 597 598 5.63
Transmittance(%) 99.40 99.30 99.40 99.50

Honey wine were prepared with Sacch. sake(SS), Sacch. bayanus(SB), Nuruk-Sacch.
sake mixture(NSS) and Nuruk-Sacch. bayanus mixture(NSB) and fermented during
23,20, 6 and 6 days, respectively.

Table 2. Sensory quality” of experimental honey wine

sS SB NSS NSB
Flavor 430 4.60° 540 5.55°
Taste 3400 412 5.1 517
Color 328 43° 499° 487
Overall 364 435 5.17° 520°

Honey wine were prepared with Sacch. sake(SS), Sacch. bayanus(SB), Nuruk-Sacch.
sake mixture(NSS) and Nuruk-Sacch. bayanus mixture(NSB) and fermented during
23, 20, 6 and 6 days, respectively.

:)I: dislike very much, 7: like very much.

IMean separation in columns by Duncan’s mutiple range test at 5 level.
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These results showed that there were differences in quality
between the honey wines, which were fermented by the single
addition of yeast bacillus and by the addition of the mixture
of Nuruk and yeast.

Acknowledgments

This work has been caried out under “Fostering the regional
innovation human resouce program (2003. 12 ~ 2006. 8)”
by the Korea Industrial Technology Foundation and supported
by the Food Industrial Technology Research Center
(RRC-FRC) of Mokpo National University.

g o

B Y Sacch. sake, Sacch. bayanus 18] 1 T8 ©]| &3}
o HESFE Azsty 2 FEEN ¢ #A%F J|ExEE
ZALSIATE HE sl o] 4 &R ol Sacch. sake}
5o TR 2=l 1 Sacch. bayanus®} &) T8It
o o3t ¥ AEFI} &5 FEFFE o] &3l BT
do] A Uehyton, 438 A EE =4 U
el aRo w8 E3HsT A LS ST
53] 4Asta 43E TS FIsk] HHE 690l 7He-
N EL 75~8.1 °Brixo| Al 2E 6o &2 A
< AR 75 EFHNE AHSS AUt 125~131% 2
OE FRFAFE 283 A9 52~72% Hr} A Vet
ou, Ba Y GE gRFF Yyl vdle] disid @E
ERECE T2 §RE T3l U3 Ae] 1.8~24
v o whEA Y=g e #5H 7|EE AR
SRR AR5 SN ddEes w2 A
& 4t

foox

References

1. Morse, R. A, (1980) Mead-what is it? In: Making
Mead(Honey wine). WICWAS Press, New York, USA,
p.11-24

2. Lee, C.Y., Kime, RW., (1991) An improved method of
mead production. Am. Bee J. 131, 390-394

A FAZRFE3 2] A12A A2Z (2005)

3. Jung, S.T., Rhim, J.W., Kim, D.H., (1999) Fermentation
characteristics of honey wine by Sacchromyces bayanus.
Korean J. Food Sci. Technol., 31, 1044-1049

4. Korea Records Research Institute, (1978) Honey Wine.
Forest Economy(2), In: Seoul Asia Culture Press, Korea,
p-340

5. Fabin, EW,, (1935) The use of honey in making fermented
drinks. Fruit Prod. J. Fd. Mfr., 14, 363-366

6. Filippello, F., Marsh, G.L.,(1941) Honey wine. Fruit Prod.
J. Fd. Mfr.,, 41L 78-81

7. Chung, W.C., Kim, M.W., Song, K.J., Choi, E.H.,(1984)
Chemical composition in relation to quality evaluation of
Korean honey. Kor. J. Food Sci. Technol., 16, 17-22

8.Kim, E.S., Rhee, C.O., (1996) Comparison of quality
attributes of Koran native-bee honey by K/Na ratio. J.
Kor. Soc. Food Sci. Nutri., 25, 672-679

9.Kime, RW., McLellan, M.R., Lee, CY., (1991) An
improved method of mead production. Am. Bee. J., 131,
394-395

10. Kime, R.W., McLellan, M.R,, LlLee, CY., (1991)

Ultra-filtration of honey for mead production. Am. Bee.
I, 131, 517-552

11. Morse, R., (1953) The fermentation of diluted honey. Ph.
D. thesis, Cornell Univ. Ithaca, USA

12. Steinkraus, K.H., Morse RA. (1966) Factor influencing

the fermentation of honey in mead production. J. Apic.
Res., 5, 17-26

13. Kime, RW,, Lee, C.Y., (1987) The use of honey in apple
wine making. Am. Bee. J., 127, 270-271

14. Kime, R.W,, Lee, C.Y., Gavitt, B., (1990) The use of
honey in wine making. Am Bee. J., 130, 535-536

15. Rhim, J.W., Kim, D.H., Jung, S.T., (1997) Production

of fermented honey wine. Korean J. Food Sci. Technol.,
29, 337-342

16. Kim, D.H., Rhim, J.W., Jung, S.T., (1999) Clarification
and aging of fermented honey wine. Korean J. Food Sci.
Technol., 31, 1330-1336

17. Somogyi, M., (1952) Notes of sugar determination J. Biol.
Chem., 195, 19-23

(B4 20053 1¥€ 17¢, A9 200543 39 259)



