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Abstract — Yak milk is a type of milk that people are less familiar with due to its remote
geographical location, the particular geographical environment and climatic conditions in Tibet,
which may have significant effects on composition, microbiota and fermentation outcome. To
investigate the chemical composition and microbiota of fresh and fermented yak milk, and to isolate
and characterize the predominant microorganisms in the fermented milk, yak milk (24 fresh and
30 fermented milk samples) was collected from four areas of different altitudes in Tibet, and their
microbiological profile and chemical composition were investigated. Yak milk had a higher fat,
crude protein, lactose and dry matter content than cow milk. The fermented yak milk showed a
great diversity in fat and dry matter levels due to the different ways of processing in different
localities, and lower pH and higher lactic acid content compared with commercial cow milk yogurt.
Fermented yak milk had a better sanitary quality than fresh yak milk. Three species of lactobacilli
(Lactobacillus fermentum, Lactobacillus helveticus and Lactobacillus curvatus) and five species of
yeast (Saccharomyces cerevisiae, Candida kefyr, Candida lambica, Candida famata and Candida
holmii) were identified phenotypically and encountered as predominant fermentation microbiota.
The predominant lactic species in fermented milk was L. fermentum.
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Résumé — Composition et flore microbienne de lait de yak frais et fermenté du Tibet a
différentes altitudes. Le lait de yak est un produit laitier particulier que peu de gens connaissent en
raison de sa localisation géographique éloignée, de son environnement géographique particulier et
des conditions climatiques du Tibet qui peuvent avoir des effets significatifs sur sa composition, sa
flore microbienne et sa fermentation ultérieure. Pour étudier la composition chimique et la flore
microbienne de lait de yak frais et fermenté, et pour isoler et caractériser les microorganismes
prédominants dans les laits fermentés, du lait de yak (24 échantillons de lait frais et 30 de lait
fermenté¢) a été collecté a différentes altitudes au Tibet. Le lait de yak avait des teneurs en matiére
grasse, protéines totales, lactose et matiére séche plus élevées que le lait de vache. Le lait de yak
fermenté présentait une grande diversité des taux de matiére grasse et matiére séche en raison des
différents modes de traitement dans les différentes localités, et un pH plus faible et une teneur plus
¢élevée en acide lactique que le yaourt commercial au lait de vache. Le lait de yak fermenté avait une
meilleure qualité sanitaire que le lait de yak frais. Trois espéces de lactobacilles (Lactobacillus
fermentum, Lactobacillus helveticus et Lactobacillus curvatus) et cinq espéces de levures
(Saccharomyces cerevisiae, Candida kefyr, Candida lambica, Candida famata et Candida holmii)
ont été identifiées phénotypiquement et s’avéraient constituer la flore microbienne de fermentation

prédominante. L’espéce lactique prédominante dans le lait fermenté était L. fermentum.
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1. INTRODUCTION

Traditional fermented milk products such
as Dahi, Kefir and Koumiss [4] enjoy pop-
ularity with many consumers worldwide
because of their shelf life and particular fla-
vor produced by natural microbiota. Untill
now, very little is known about the popular
fermented yak milk of Tibet; this is not sur-
prising considering the remote geographical
location. Yak (Bos gruniens) is a specific
type of cattle which is well-suited to the cli-
matic conditions of the Qingzang plateau
and its surrounding regions [14]. Compared
with cow milk, yak milk has a higher con-
tent of fat, crude protein, lactose and dry
matter, as well as more vitamin B, free
amino acids and a lower content of choles-
terol [8, 13].

Traditional fermented yak milk products
in Tibet are still made at the household level
in earthenware, metal or wooden containers
[22], following the traditional processing

procedure: (1) boiling and cooling the milk,
(2) skimming the lipids artificially, (3) inoc-
ulation using back-slopping as an enrich-
ment-starter and (4) fermentation overnight
at ambient temperature.

Fermented yak milk possesses a particu-
lar yak milk flavor, and is yeasty-sweet,
which indicates that a complex microbiota,
not only lactic acid bacteria (LAB), plays
a significant role in the fermentation process
[1, 7]. Environmental factors, such as tem-
perature, oxygen concentration and mois-
ture can influence the activities of
microorganisms. The particular geographi-
cal environment and climatic conditions in
Tibet may have more pronounced effects
on microbiota composition and fermenta-
tion outcome. New isolates of LAB and
yeast may be of interest to the dairy industry
for the development of starter cultures and
novel products.

The objectives of this study were to
investigate the composition and microbiota
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of fresh and fermented yak milk, and to iso-
late and characterize the predominant LAB
and yeast species in the fermented milk.

2. MATERIALS AND METHODS
2.1. Sampling

Fermented yak milk: 30 samples were
collected from four different areas within
24 h after milking, comprising eight sam-
ples from Lulang district (3300 + 50 m,
average temperature 12.6 °C), 12 samples
from Songduo district (4300 + 50 m, aver-
age temperature 10 °C), four samples from
Anduo district (5000 + 50 m, average tem-
perature 7.6 °C) and six samples from
Milashan district (5020 + 50 m, average
temperature 6.8 °C). All the samplings were
carried out in July, in the summer.

Fresh yak milk: 24 samples were obtained
from Lulang, Songduo and Milashan districts
during July, which is the major lactation
period of yaks. Milking was carried out
manually in the morning, and eight samples
from each altitude were taken.

About 500 mL of milk was obtained for
chemical and microbiological analyses. All
samples were kept on ice for ~ 4 h of trans-
port and were analyzed immediately after
arrival at the laboratory.

2.2. Chemical analysis

Contents of fat and crude protein were
determined by the Gerber method [10] and
Kjeldahl method [2], respectively. Lactose
was determined by colorimetric method
according to the Chinese standard method
[18]. Briefly, after sediment of protein by
zinc sulfate and caustic baryta, lactose in
the supernatant was reacted with the addi-
tion of phenol, sodium hydroxyl, trinitro-
phenol and sodium bisulfite, and then
determined with spectrophotometer by stan-
dard curve method. Total dry matter and ash

were obtained after drying to constant
weight by conventional oven-drying
(60 °C for 2-3 h, then 100 °C for 4 h)
and muffle furnace (550 °C for 3 h) of
5 g milk sample. Titratable acidity was mea-
sured with titrimetric analysis [9] and pH
was determined by direct measurement with
a HANNA pH 211 meter (Italy). Triplicate
tests were performed for each analysis.

2.3. Microbiological analysis

Serial dilutions of fresh and fermented
yak milk were made in 0.85% NaCl solu-
tion and pour-plated in triplicate on different
media. The total counts of mesophilic aero-
bic bacteria (TCs) were enumerated using
3M Petrifilm™ Aerobic Count Plate (3M,
USA) after incubation at 35 °C for 2 days.
LAB were enumerated in pour plates of
de Man, Rogosa and Sharpe Medium
(MRS, Merck, Germany) after incubation
at 37 °C aerobically for 3 days. Yeasts were
enumerated using potato dextrose agar
(PDA, Lugqiao, China) after incubation at
25 °C for 5 days. Coliforms were enumer-
ated using 3M Petrifilm™ Escherichia coli/
Coliform Plate (3M, USA), after incubation
at 37 °C for 1 day, and E. coli for 2 days.
Staphylococcus aureus were enumerated
using 3M Petrifilm™ Staph Express Count
Plate and Disk (3M, USA) after incubation
at 37 °C for 1 day. To detect bacterial endo-
spores (BS), milk samples were first pasteur-
ized (80 °C, 10 min) and then surviving
mesophilic bacteria were enumerated using
3M Petrifilm™ Aerobic Count Plate, after
incubation at 35 °C for 2 days.

2.4. Identification of LAB and yeasts

Typical LAB on MRS were confirmed
initially for their Gram stain, oxidase and
catalase tests. Only gram-positive bacteria
with oxidase and catalase negative reactions
were observed and purified by successive
streaking onto MRS. Typical yeast colonies
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on PDA were examined by microscopy,
purified by successive streaking on
PDA. All isolated microorganisms were
recorded and stored at 4 °C for further
identification.

After the preliminary confirmation of
LAB and yeasts, selected strains were fur-
ther identified on phenotype using assimila-
tion and fermentation kits API 50 CH
(BioMérieux, Marcy-I’Etoile, France) for
LAB and ID 32 C (BioMérieux,
Marcy-I’Etoile, France) for yeasts, respec-
tively. The data were analyzed using ATB
Plus software (BioMérieux).

2.5. Statistical analysis

All microbial counts were converted to
the base-10 logarithm of the number of col-
ony forming units per millilitre of fermented
milk samples (log cfumL™"). When study-
ing the effects of altitude on the composition
of physicochemical and microbiological dis-
tribution, we considered Anduo district and
Milashan district to be of the same altitude
(5010 £ 50 m). The chemical and microbio-
logical composition of yak milk was evalu-
ated with analysis of variance through the
Ryan-Einot-Gabriel-Welsch multiple range
test of the Statistical Analysis System soft-
ware (SAS version 9.0, SAS Institute Inc.,
2002). Least significant differences were
used to separate means at P < 0.05.

3. RESULTS AND DISCUSSION
3.1. Chemical composition

The chemical composition of fresh and
fermented yak milk is given in Table L
Fresh milk contained higher level of fat, lac-
tose and dry matter compared to fermented
milk. Although the acidity of fermented
milk was higher than that of fresh milk, as
given in Table I, with lower pH and higher
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titratable acidity, levels of crude protein and
ash were similar in both types of milk.

At higher altitudes, we noticed a signifi-
cant (P < 0.05) increase in fat and dry mat-
ter content of fresh milk, as given in Table 1.
In fermented yak milk, we observed consid-
erable variability of fat and dry matter lev-
els, ranging from 0.92% and 11.26% to
7.30% and 17.95%, respectively. The differ-
ences in the composition of fermented milk
might attribute to the altitude, pre-process-
ing or fermentation processing, because
the local habitants still adopted the diverse
empiric methods to make fermented yak
milk, for example skimming method, natu-
ral starters or fermentation method. The
average lactose content reached 2.26%,
which was about half of the lactose level
in fresh milk, whereas the average protein
content was 4.91%, slightly lower than that
in fresh yak milk.

The average pH value of fermented yak
milk was 3.92, which was similar to the data
reported by Abdelgadir et al. [1], while
being lower than those of Mathara et al.
[16]. Interesting to note is that the very high
level of titratable acidity expressed by lactic
acid content, reached 1.93 £+ 0.17% (w/w),
which was considerably higher than the
commercial cow milk yoghurt and Kefir,
and more comparable to the Koumiss of
Russia [4].

3.2. Microbiota

Table II summarizes the microbiological
composition of fresh and fermented yak
milk. In general, fresh yak milk was of poor
sanitary quality as evidenced by relatively
high numbers of coliforms, E. coli and
S. aureus. The fresh yak milk obtained from
the highest altitude had significantly higher
levels of LAB, yeasts and E. coli compared
to those obtained from lower altitudes.

Fermented yak milk had much higher
levels of LAB and yeasts than fresh yak
milk and these were the predominating



Table 1. Chemical analysis of fresh and fermented yak milk obtained at different altitudes.

Altitude (m) Fresh yak milk Fermented yak milk
3300 + 50 4300 + 50 5010 + 50 Average 3300 £50 4300 + 50 5010 + 50 Average
(n=28) (n=28) (n=28) (n=24) (n=28) (n=12) (n=10) (n = 30)
Fat (%, v/V) 6.98 +0.28""  7.14+ 026" 734+026° 7.15+030 252+1.75* 639+1.12° 577+175° 5.15+2.18
Crude protein (%, w/iw)  4.99 £ 0.17* 498 £0.36°  5.16+£0.22° 504+027 489+0.16° 4.89+0.08 4.96+041* 491 +024
Lactose (%, w/w) 492 £030° 497026 5001 £0.19° 499+026 230+0.04* 225+0.01° 225+0.01° 226=0.03
Dry matter (%, w/w)  18.18 £ 0.52*  18.17 £0.31° 18.78 £ 0.54° 18.38 £0.53 12.91 + 1.37% 15.59 + 0.80° 15.84 = 1.59° 14.96 + 1.73
Ash (%, w/w) 0.80 £ 0.04*  0.81 £0.02*°  0.82+£0.03* 0.81 £0.02 0.84+0.01° 088=+0.08 091 +0.04" 0.88+0.06
pH 6.47 +0.04° 648 £0.07° 651003 648=005 391+0.09° 388+0.15" 4.00+0.06° 3.92+0.12
Lactic acid (%, w/w) 0.17£6.53* 016001 0.17 £0.06° 0.17£0.01 2.05+0.06° 197+0.18 1.78+0.12° 193+0.17

n: number of samples.
* Mean + SD.
#° Mean values bearing different superscripts in the same row differ significantly (P < 0.05).
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Table II. Microbiota of fresh and fermented yak milk at different altitudes (log cfurmL™").

Altitude (m)

Fresh yak milk

Fermented yak milk

3300 + 50 4300 + 50 5010 + 50 Average 3300 £ 50 4300 + 50 5010 + 50 Average
(n=8) (n=28) (n=8) (n = 24) (n=8) (n = 10) (n = 24) (n = 30)

TC 566 +0.52*" 601 £040°  5.15+0.89°  558+074  7.60 £027°  7.90 +0.39°  823+024°  7.93 %039
BS 2.51 + 0.42° 180 =078 147 +036° 193 +069 273+182° 378+068  3.92+047° 355+1.10
LAB 4.86 = 0.39° 525+054°  580+016° 569+043  817+132°  836+065  7.95+028°  8.17+0.76
Yeasts 2.28 + 0.43 265+ 024" 340 +£046°  328+1.02  747+047° 740 £099°  7.19 +0.8° 735+ 0.78
Coliforms 3.62 + 0.34° 320+034°  323+026° 3474037 <1 <1 <1 <1
E. coli 1.03 + 0.51° 163+ 0.62°  3.00+037° 201 +1.09 <1 <1 <1 <1
S. aureus 3.53 + 0.58° 327 +£033"  3.67+0.62° 351 +0.64 <1 <1 <1 <1

TC: total count of mesophilic aerobic bacteria; BS: bacterial endospores; LAB: lactic acid bacteria; n:

* Mean + SD.

3¢ Mean values bearing different superscripts in the same row differ significantly (P < 0.05).

number of samples.
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Table III. Identification and distribution of LAB and yeasts in fermented yak milk of different

altitudes in Tibet.

Identified species

Percentage of n (cfumL ") based on identified isolates

3300 + 50 (m)

4300 + 50 (m) 5010 + 50 (m)

L. curvatus ND
L. fermentum 83.0
L. helveticus 0.3
C. holmii ND
C. kefyr 13.5
C. lambica 0.4
S. cerevisiae 2.8

39 ND
84.3 85.2
2.0 ND
ND 1.9
5.0 0.1
0.5 1.7
43 11.4

ND: not detected.

microorganisms. Table II showed that the
ratio of LAB/yeasts fluctuates around 85/
15 at all altitudes and there was no signifi-
cant shift in this ratio caused by altitude.
The concentration of BS was considerably
higher in fermented milk than that in fresh
milk. This might be caused by the growth
of contamination sporulating bacteria during
fermentation. In comparison with fresh yak
milk, it was remarkable that in all fermented
yak milks, the levels of coliforms, E. coli
and S. aureus remained below the detect-
able level. Obviously, this was the result
of the significant acidity with high level of
titratable acid.

Fermented yak milk had level of LAB
that fulfilled the requirement of Chinese
standard [19] which specified that LAB
shall be above 6 log cfurmL™". In addition,
the second predominating groups of micro-
organisms were yeasts (ranging from
552 to 825 log cfumL™, averaging
7.35 log cfumL ). Yeasts were commonly
encountered in naturally fermented milks
[3,5, 7, 16], and originate from the environ-
ment and utensils, especially the fermenta-
tion vessel. According to Fleet and Mian
[6], yeast level of 10°° cfumL™" in dairy
products was associated with spoilage.
However, according to our study, the yeasts
might be considered as an important
component of the microbiota of Tibetan

fermented yak milk due to their broad exist
and stable ratio versus LAB in this local
dairy product. According to Mathara et al.
[16], pH values of milk fermented by mixed
LAB and yeasts were usually < 4.5, and this
is confirmed by our analysis.

3.3. Isolation and identification
of LAB and yeasts

From 30 fermented yak milk samples,
62 isolates of LAB and 52 isolates of yeasts
were identified phenotypically (Tab. III).
The LAB, such as Lactobacillus fermentum,
Lactobacillus helveticus and Lactobacillus
curvatus, and yeasts, such as Saccharomy-
ces cerevisiae, Candida kefyr, Candida
lambica, Candida famata and Candida
holmii were finally isolated and identified
from fermented yak milk.

Lactobacillus fermentum, L. helveticus
and L. curvatus were isolated from milk
products by Miyamoto et al. [17]. S. cerevi-
siae and C. kefyr were isolated in several
studies of raw and fermented milks [6, 11,
15]. S. cerevisiae would grow in milk with-
out the addition of lactose or galactose [20].
Tempel and Jakobsen [21] reported there
was S. cerevisiae in raw milk but in low
numbers. The positive contribution by
yeasts to aroma formation and probiotic
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properties was reviewed by Jakobsen and
Narvhus [12].

According to the data in Table III, of the
LAB, L. fermentum was predominant at all
altitudes that were investigated. Among the
yeasts, predominance showed a significant
shift from C. kefyr at 3300 mto S. cerevisiae
at 5010 m. The reason for shifting is still
unknown. However, it might indicate that
the presence of yeast played an important
role in the fermentation of yak milk.

4. CONCLUSION

Yak milk and fermented yak milk are
specific dairy products which are well-
suited to the climatic conditions of the
Qingzang plateau and the surrounding
regions. Environmental and processing
factors, such as altitude, temperature, oxy-
gen concentration, moisture and practical
processing, can influence their composition
and microbiota more or less.

Fermented yak milk has a better sanitary
quality than fresh yak milk. The presence of
L. fermentum with C. kefyr and S. cerevisiae
as predominant microorganisms appears to
be stable and opens up opportunities for
the development of mixed culture starters
for the dairy industry. New isolates of
LAB and yeasts may be of interest to the
dairy industry for the development of starter
cultures and novel products.
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