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Abstract

Thirty-two batches of samples of kurut (naturally fermented yak milk) were collected at four locations in Qinghai, China, and their
chemical and microbiological composition was analyzed. Average levels of major components were: total solids 14.3 ± 1.52 g/100 ml, fat
5.37 ± 1.04 g/100 ml, total protein 5.44 ± 1.06 g/100 ml, lactose 2.34 ± 0.172 g/100 ml, ash 0.860 ± 0.080 g/100 ml and titratable acidity
158 ± 16.3 �T. Results showed that the kurut had richer nutrients than the yoghurt. The HP (kurut samples from Plateau yaks in the
northwest of Qinghai) had better chemical nutrients density than the MH (kurut samples from Huanhu yaks in the south of Qinghai)
and LH (kurut samples from Huanhu yaks in the east of Qinghai). Sodium dodecyl sulfate–PAGE and densitometry analysis results
demonstrated that kurut was rich in casein, immunoglobulins, serum albumin, b-lactoglobulin, a-lactalbumin, and two unknown frac-
tions in part samples. Microbiological enumeration revealed that the kurut contained larger lactic acid bacteria and yeast than those of
the traditional fermented milk referred, with the average counts of lactic acid bacteria of 9.18 ± 0.851 log cfu/ml and the yeast
8.33 ± 0.624 log cfu/ml. The lactic acid bacteria dominated in the HP and LH kurut while the yeast dominated in MH kurut. The kurut
was judged nutritional and indicates the latent value for people’s health.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Yak in China grew in treeless uplands, including plains,
hills, and mountains, from as low as 1600 m up to the limit
of vegetation at about 5400 m (Cai, 1992). There were
approximately 13 million yaks in China which was about
92% of the world total making China the leader for yaks,
with both yak herds and yak milk production listed first
worldwide in 2004 (Zhu & Zhang, 2005). Due to yaks’ par-
ticular inclination for cold and dry altiplano climates, yaks
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were primarily reared in western China, such as Qinghai
province (Hu, 2000).

Qinghai lies in the Tibetan highlands at an average
elevation of 3000 m. Qinghai had a large yak population
of 5 million in 2004, ranking first nationwide (Zhu &
Zhang, 2005), and was thus selected as a representative
to conduct the present survey. There were two officially
recognized breeds of domestic yak, Plateau yak and Hua-
nhu yak, in Qinghai (Cheng, 1984). China was the largest
producer country of naturally fermented yak milk (kurut)
and kurut played an important role in the human diet in
Qinghai.

Kurut were products prepared by naturally fermenta-
tion of yak milk in a custom-made specially treated tung-
made big jar for at least 7–8 days at ambient temperatures
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of around 10–15 �C, to produce acidity, alcohol and
flavour to desired level. A characteristic common feature
to kurut was the presence of alcohol in addition to lactic
acid, like kefir and koumiss. Kurut was almost known to
all regions of Qinghai. Kurut was the most important
indigenous fermented milk product, of a considerable eco-
nomic and dietary importance to the people of Qinghai as
reported by Cao et al. (2004) and Cai (1985).

Industrialized development of kurut could contribute to
the nutrient requirements of the Chinese public and the
income of yak farmers. The chemical and microbiological
composition of kurut was of great significance for further
development of its processing into high quality consumer
products. As yet, information on such aspects was scant
and scattered.

The objective of this study was, therefore, to investigate
the chemical composition and the load of lactic acid bacte-
ria and yeast in kurut. The study also presented informa-
tion on physicochemical parameters such as total solids,
total protein, fat content and lactose, to enable an appreci-
ation of the nutritional value of kurut. The present study
was a trail to evaluate and compare the chemical and
microbiological composition of kurut in Qinghai, China.
The results obtained served as baseline data and would
be useful in future studies on the nutrition estimation and
processing of kurut.

2. Materials and methods

2.1. Sampling

A total of 32 samples of naturally fermented kurut were
collected from scattered households from 12.1 �C to
39.3 �C (average 18.1 �C), in Qinghai, China. At each loca-
tion, samples of approximately 500 ml kurut were taken
aseptically after through mixing from the bulk kurut con-
tainer into sterile glass bottles. The pH of the samples
was determined at the sampling site using a calibrated por-
table pH-meter (Messkoffer Qph 70, WWR-International,
Germany). The kurut was collected within 15 min at ambi-
ent temperatures, kept on ice during 2 h transport and was
analyzed immediately after arrival at the laboratory for the
chemical and microbiological analysis.

The yaks in Qinghai were divided into three habitats
(Liu, Wang, & Chen, 1989): Area 1 was mainly in the
northwest of Qinghai. The sea level was over 3500 m.
The weather was often at low temperature, low pressure
and high humidity for seven months, with the annual aver-
age temperature below 0 �C. Plateau yak, about over 75%
of the total in Qinghai, was the main breed in Area 1. In
this paper, 10 kurut samples collected in this area were
labeled as HP; Area 2 was mainly in the south of Qinghai.
The sea level was between 2600 and 3500 m, with the
annual average temperature 0.1–5.1 �C. Huanhu yak,
about 12.7% of the total in Qinghai, was the main breed
in Area 1. In this paper, the 15 kurut samples collected in
this area were labeled as MH; Area 3 was mainly in the east
of Qinghai. The sea level was between 1600 and 2600 m,
with the annual average temperature 2.7–8.7 �C. Huanhu
yak, about 11.6% of the total in Qinghai, was the main
breed in Area 3. Seven kurut samples collected from this
area were labeled as LH in this paper.

2.2. Methods

2.2.1. Chemical analysis

The total solids (gravimetric drying at 98–100 �C), fat
(Rose Gottileb method), ash (muffle furnace at 550 �C),
and total nitrogen (Kjeldahl method) in kurut were deter-
mined according to the method described by the Associa-
tion of Official Analytical Chemists (AOAC, 1997)
Method Nos. 925.23, 905.02, 945.46 and 991.20, respec-
tively. The total protein content was calculated from total
nitrogen using a 6.38 conversion factor. Energy values were
expressed as both kilojoules (kJ) and kilocalories (kcal).
Estimated energy content was calculated for carbohydrates
(lactose and ethanol), protein and fat using 15.7, 29.71,
16.7 and 37.7 kJ/g, respectively (CNS, 2000).

Free nitrogen of the kurut was separated and quantified
by reverse-phase HPLC of their OPA (o-phthaldialdyde)
and FMOC (9-fluorenylmethoxycarbonyl chloride) deriva-
tives. The FMOC analysis was used mainly for proline and
the confirmation of any doubtful peaks after OPA analysis.
Details of the method were described previously by Frank,
Harold, David, and George (1983). The determination of
non-protein nitrogen content was performed by the Ness-
ler’s reagent photometric method (Qi, 1986).

Potassium, sodium, magnesium, zinc and sulphur were
determined on the ash by Atomic Absorption Spectropho-
tometry using a Varian (Walnut-Creek, CA) Model Spectr
AA 250 Plus equipped with an air-acetylene flame. Ashed
samples were dissolved in 3 N HCl and diluted to an
appropriate concentration for mineral analysis according
to AOAC Method No. 968.08 (AOAC, 1997). The instru-
ment settings and other experimental conditions were in
accordance with the manufacturer’s specifications. Calibra-
tion was accomplished using both direct calibration against
standard solutions and method of standard additions.
Sample preparation blanks were analyzed with each batch
of samples and all data were blank corrected. Calcium was
determined by EDTA Titration (Qi, 1986). The determina-
tion of total phosphorous was performed by the molybde-
num-blue colorimetric method (Qi, 1986).

Vitamin B1, B2 and B6 determination were performed
by HPLC according to the method of Quattrucci, Bruschi,
Manzi, Aromolo, and Panfili (1997). 1.0 g kurut sample
was diluted to 10 ml with 0.1 mol/l hydrochloric acid and
extracted at 121 �C, 1.1 MPa for 15 min, then cooled.
The extract was centrifugated for 10 min at 7000g and
the supernatant was collected and filtrated with 0.45 lm
film. Five microliter of the supernatant was injected for
the HPLC (Agilent1100, USA) analysis. Mobile phase
was 5 mmol/l hexane sulfonic sodium (methanol/acetic
acid, 75/25, V/V), with flow rate 1.0 ml/min, UV detector
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set at 280 nm and column temperature at 30 �C (Wu, Tang,
& Wang, 1996).

Vitamin C determination was performed by HPLC
according to the method of Wu, Huang, Sun, and Yang
(2002). One gram of kurut sample was diluted with
0.1 mol/l meta-phosphoric acid to 10 ml and shaken for
30 s. The extract was centrifugated for 10 min at 7000g.
The obtained supernatant was collected and filtrated with
0.45 lm film. 5 ll of the supernatant was injected for the
HPLC (Agilent1100, USA) analysis. Mobile phase was
15 mmol/l HAC-NaAC buffer (pH 3.5)/methanol (95/5,
V/V), with flow rate at 1.0 ml/min, the UV detector set at
254 nm and column temperature at 30 �C.

Lactose determination was performed by HPLC accord-
ing to the method of Quattrucci et al. (1997). One gram of
kurut sample was diluted with 0.5 mol/l sulphuric acid to
10 ml and shaken for 30 s. The extract was centrifugated
for 8 min at 11,000g, the supernatant was collected and fil-
trated with 0.45 lm film. Five microliter of the supernatant
was injected for the HPLC (Agilent1100, USA) analysis.
Mobile phase was water/acetonitrile (25/75, v/v), flow rate
was set at 0.7 ml/min, Refractive index detection, column
temperature at 35 �C (Gan & Jiang, 2001; Lamoureux,
Roy, & Gauthier, 2002).

The contents of lactic acid, acetic acid and citric acid
were determined by HPLC according to the method of
Quattrucci et al. (1997). One gram of kurut sample was
diluted with 0.5 mol/l sulphuric acid to 10 ml and shaked
for 30 s. The extract was centrifugated for 8 min at
11,000g. The supernatant was collected and filtrated with
0.45 lm film. Five microliter of the supernatant was
injected for the HPLC (Agilent1100, USA) analysis.
Mobile phase was 10 mmol/l dipotassium hydrogen phos-
phate/methanol (1.5/98.5, V/V), with flow rate 0.5 ml/
min, the UV detector set at 214 and 244 nm and column
temperature at 35 �C (Zhao, Guo, & Chang, 2001).

The titratable acidity (�T) was determined according to
the Association of Official Analytical Chemists (AOAC,
1997) Method Nos. 947.05.

Ethanol was determined by the chemical oxidation
method after microdistillation of the kurut samples, per-
formed by Ethanol (Äthanol) kit produced by Boehringer
Mannheim/R-Biopharm Company, Catalogue No. 10 176
290 035.

2.2.2. SDS–PAGE analysis of the samples

The polyacrylamide gel electrophoresis of the kurut was
performed according to Laemmli (1970) and Zhang et al.
(2005). The experiment was performed using a Mini-Pro-
tean II Cell (BioRad Laboratories, Hercules, CA) with a
4% acrylamide stacking gel and a 12% separating gel.
Bovine milk protein standards including immunoglubulin,
serum albumin, as1-casein, b-casein, b-lactoglobulin, a-
lactalbumin from Sigma Chemical Co. (St. Louis, MO)
were used for comparison. Markers (10–220 kDa) were
also purchased from Sigma Chemical Co. Electrophoresis
was carried out under constant voltage (200 V) until the
dye front was within 3 mm of the bottom edge of the gel.
Gels were stained with 0.1% Coomassie Brilliant Blue R-
250 in 10:40:50 acetic acid:methanol:water (v/v/v) and
destained in the same solvent system without dye.

Quantitative analyses of electrophoretic separations of
kurut proteins were performed using the Gel-Pro Analyzer
3.1 software from Media Cybernetics (Silver Spring, MD).
Images of wet gels were acquired and converted from color
to 8-bit gray images, and contrast was optimized so that
the reference scale stretched from 0 (black) to 255 (white).
One-dimensional gel image analyses (recognition of lanes
and bands, calculation of molecular weight and amount
of each band) were performed automatically by the
software.

2.2.3. Microbiological analysis

2.2.3.1. Lactic acid bacteria counting. The kurut samples
were diluted with sterile saline by serial 10-fold dilutions
(10�5, 10�6, 10�7 and 10�8) and 1 ml sample was plated
on agar (BCP, Plate Count Agar with bromo-cresol purple
and cycloheximide, specially for the enumeration of milk or
milk products, purchased from Eiken Chemical Co., LTD,
Japan). After 48 h incubation at 30 �C, log cfus per millili-
ter (ml) of the sample was enumerated (Ishii, 2003).

2.2.3.2. Yeast counting. The kurut samples were diluted
with sterile saline by serial 10-fold dilutions (10�4, 10�5,
10�6 and 10�7) and 1 ml sample was plated on agar
(PDA, Potato Dextrose Agar, purchased from Nissui Phar-
maceutics Co. Ltd., Japan). After 48 h incubation at 28 �C,
log cfus per milliliter (ml) of the sample was enumerated
(Ishii, 2003).

2.2.3.3. Coliform counting. Coliforms were enumerated
using the most probable number (MPN) method described
by the Association of Official Analytical Chemists (AOAC,
1997) Method No. 966.24.

2.2.4. Statistical analysis
All experiments were performed in triplicate and the

results were expressed as the mean value ± the standard
deviation. All microbiological counts were converted to
the base-10 logarithm of cfus per milliliter (ml) of kurut
samples (log cfu/ml), and from these, means and their stan-
dard deviations were calculated. Data were tested for sta-
tistical significance by the analysis of variance (ANOVA)
using the Statistical Analysis System software (SAS version
9.00, SAS Institute, Inc., 2000), p < 0.05. The proteins of
kurut samples were analyzed by the SDS–PAGE perfor-
mance, treated by Media Cybernetics v 3.1 software.

3. Results and discussion

3.1. Chemical analysis

Results obtained from the chemical analyses of the
kurut samples are presented in Table 1. It was obvious to



Table 1
Chemical analysis of kurut

Samples HP (n = 10) MH (n = 15) LH (n = 7) Average YoghurtA

Total solids (g/100 ml) 14.8 ± 1.21b 14.2 ± 1.02a 14.0 ± 1.04a 14.3 ± 1.52 12.3
Fat (g/100 ml) 5.57 ± 0.43b 5.12 ± 1.05a 4.96 ± 0.954a 5.37 ± 1.04 2.7
Total protein (g/100 ml) 5.66 ± 0.36b 5.38 ± 1.44a 5.28 ± 1.11a 5.44 ± 1.06 2.5
Lactose (g/100 ml) 2.20 ± 0.081a 2.88 ± 0.042b 2.45 ± 1.03a 2.34 ± 0.172 6.3
Ash (g/100 ml) 0.953 ± 0.078b 0.824 ± 0.046a 0.802 ± 0.019a 0.860 ± 0.080 0.8
Energy (kcal/100 ml) 103 ± 5.24a 117 ± 4.41a 77.99 ± 6.35b 100 ± 4.53 72

(kJ/100 ml) 435 ± 20.1a 492 ± 21.3a 328 ± 24.7b 421 ± 18.7 301
Calcium (mg/100 ml) 162 ± 5.47a 160 ± 4.09a 101 ± 12.3b 140 ± 13.3 118
Phosphorus (mg/100 ml) 153 ± 13.6a 143 ± 13.4b 143 ± 15.6b 146 ± 13.6 85
Potassium (mg/kg) 1421 ± 17.8a 1352 ± 21.5a 1406 ± 18.9a 1379 ± 23.7 1500
Magnesium (mg/kg) 157 ± 5.32a 151 ± 9.54a 158 ± 6.97a 154 ± 16.5 120
Sodium (mg/kg) 296 ± 14.3a 281 ± 11.6a 290 ± 13.6a 283 ± 18.9 398
Zinc (mg/kg) 6.16 ± 0.874a 5.32 ± 1.04b 5.66 ± 0.857c 5.74 ± 0.868 5.3
Sulphur (mg/kg) 456 ± 15.2a 451 ± 24.1a 457 ± 18.6a 454 ± 25.3 –
Vitamin B1 (lg/g) 1.65 ± 0.031b 0.762 ± 0.040a 0.187 ± 0.052a 0.316 ± 0.051 0.3
Vitamin B2 (lg/g) 7.17 ± 1.35b 5.47 ± 1.01a 6.46 ± 1.21a 6.37 ± 1.04 1.5
Vitamin B6 (lg/g) 0.274 ± 0.010a 0.263 ± 0.422a 0.308 ± 0.0132a 0.282 ± 0.028 –
Vitamin C (mg/100 g) 1.708 ± 0.029a 1.70 ± 0.452a 1.80 ± 0.281a 1.74 ± 0.036 1
Titratable acidity (�T) 178 ± 16.6a 170 ± 15.0b 174 ± 12.9c 158 ± 16.3 –
Lactic acid (g/100 g) 1.19 ± 0.182a 1.01 ± 0.140b 1.03 ± 0.021c 1.11 ± 0.154 –
Acetic acid (g/100 g) 0.0754 ± 0.0008a 0.497 ± 0.037b 0.146 ± 0.026c 0.240 ± 0.063 –
Citric acid (g/100 g) 0.335 ± 0.011a 0.322 ± 0.024a 0.553 ± 0.043b 0.403 ± 0.012 –
Ethanol (g/l) 3.23 ± 0.813a 5.52 ± 0.124b 4.69 ± 0.027c 4.48 ± 1.06 –

HP, kurut samples from Plateau yaks in the northwest of Qinghai; MH, kurut samples from Huanhu yaks in the south of Qinghai; LH, kurut samples
from Huanhu yaks in the east of Qinghai.
n, number of samples.
a–cMeans bearing different letters in the same row differ significantly (p < 0.05).

A Cited from Institute of Nutrition and Food Safety, Scientific Academy of China (1991).
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see that the kurut samples had higher total solids, fat, total
protein and energy contents than the yoghurt reported by
Institute of Nutrition and Food Safety, Scientific Academy
of China (1991), indicating higher nutrient density in the
kurut. These findings were in agreement with those of
Wang (1998) who reported that the fat and total protein
contents of yak milk were higher than those of cow milk.
The lactose value of kurut samples was found to be lower
than that of yoghurt, which was contrary to the fact that
the lactose content of yak milk was much higher than that
of cow milk and mainly due to the stronger and longer fer-
mentation of lactose by lactic acid bacteria and yeast.

This study was conducted against the background of the
key role kurut plays in the nutrition of the Qinghai people
and the fact that large amount of kurut (usually 1–2 L per
day) were consumed daily by them. So nutrition of 1000-ml
(g) serving of kurut was estimated based on the Chinese
DIRs (Dietary Reference Intakes) suggested by the Chinese
Nutrition Society (CNS, 2000).

The protein contributed to total energy value of kurut
slightly more than 21%. As part of a mixed diet, 1000 ml
kurut would provide more than 68% of the protein
required to meet the Chinese DIRs for adults of both sexes.

Fat gave a noticeable contribution to the calorie count
of 100 ml of kurut, which actually reached the mean value
of 48% of the total. A more balanced view of this nutri-
tional aspect might be gained by considering that, with
5.44 g/100 ml fat content, a 1000-ml serving of kurut would
provide 62.5% of the daily fat intake of 87 g, currently rec-
ommended for an adult on a normal 2600 kcal diet with
not more than 30% energy from fat. Kurut also provided
rich n�3 highly unsaturated fatty acids. Yu, Xiong, and
Lv (2006) reported that the saturated and unsaturated fatty
acids constitute 65.2% and 34.8%, respectively, of the total
fatty acids in the yak milk, and they included 22 kinds of
fatty acids. Linoleic, linolenic, arachidonic and enozen
acids were rich in the yak milk (Yu et al., 2006), indicating
the potential biological activity of kurut.

Kurut was rich in protein and fat, which imparted better
clotting and coagulating capacity, forming dense and
homogenous coagulum, and also contributed to kurut’s
rich taste and consistency similar to unsweetened commer-
cial yoghurt or fresh cheese. Protein and fat were the two
main compositional factors for coagulation properties of
milk (Marziali & Ng-Kai-Hang, 1986).

Table 1 reports some of the macro- and microelement
content of kurut. The literature is lacking in reference data
for minerals in kurut, therefore it will be necessary to make
some comparisons with yoghurt. Moreover, for calcium,
phosphorus, magnesium, sodium, potassium and zinc, the
values obtained for kurut will be compared with the
Chinese DIRs.

As was true for most milks or milk products, kurut was
a good nutrition source of calcium (140 ± 13.3 mg/100 ml),
much higher than that of yoghurt (118 mg/100 ml). A
1000-g serving of kurut could meet the Chinese DIRs for
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calcium (800 mg/day). Enough calcium also helped kurut
to form a dense coagulum and maintain the taste (Tsioul-
pas, Lewis, & Grandison, 2007).

Kurut was rich in phosphorus (146 ± 13.6 mg/100 ml),
which was almost two times of that of yoghurt, meeting
the phosphorus need suggested by the Chinese DIRs
(700 mg/day) with a 1000-g serving. The calcium–phospho-
rus ratio of kurut was about 1:1, which complied with the
ideal dietary phosphorus–calcium ratio recommended by
Chinese DIRs (1:1–1:1.5).

The average magnesium content of the kurut samples
(154 ± 16.5 mg/kg) was higher than that of yoghurt
(120 mg/kg). A 1000-g serving of kurut could meet Chinese
DIRs for magnesium (350 mg/day).

Compared with yoghurt, kurut is characterized by a low
content of sodium and potassium. The average sodium
content of the kurut samples (283 ± 18.9 mg/kg) was lower
than that of yoghurt (398 mg/kg), which could therefore be
selected for inclusion in low-sodium diets. Kurut was a
good source of potassium, which a 1000-g serving of kurut
gave a satisfied contribution (69%) to the Chinese DIRs
(2000 mg/day), though the average potassium content of
the kurut samples (1380 ± 23.7 mg/kg) was slightly lower
than that of yoghurt (1500 mg/kg).

Zinc content was slightly more worth mentioning. The
average zinc content of the kurut samples (5.74 ±
0.868 mg/kg) was larger than that of yoghurt (5.3 mg/kg),
as 1000 g kurut provides 5.6% of the Chinese DIRs
(15 mg/day).

Table 1 also shows the average water-soluble vitamin
content of the kurut samples. To the best of our knowl-
edge, literature is lacking in reference values for vitamin
content of kurut. Some comparisons will therefore be made
with data relating to yoghurt and the Chinese DIRs. The
average vitamin B1 content of kurut samples (0.316 ±
0.051 lg/g) was slightly higher than that of yoghurt
(3 lg/g), to the point that a 1000-g serving of kurut should
be able to provide 27% of the Chinese DIRs, which was
1.2 mg/day. The average vitamin B2 content (6.37 ± 1.04
lg/g) was fairly higher than that of yoghurt (1.5 lg/g)
Table 2
Analysis of free nitrogen, non-protein nitrogen and proteins of kurut

Samples HP (n = 10) MH (n = 15) LH (

FN/TN (%) 2.25 ± 0.061b 2.01 ± 0.643a 2.01 ±
NPN/TN (%) 0.98 ± 0.085a 1.02 ± 0.244a 1.34 ±
CN/TP (%) 57.1 ± 2.05a 56.9 ± 3.06a 57.0 ±
SA/TP (%) 7.35 ± 0.172a 7.14 ± 0.139a 7.65 ±
b-lg/TP (%) 13.2 ± 3.2a 13.7 ± 2.64a 14.0 ±
a-la/TP (%) 3.83 ± 0.676a 3.81 ± 1.04a 3.82 ±

FN, free nitrogen; TN, total nitrogen; NPN, non-protein nitrogen; CN, ca
lactalbumin.
HP, kurut samples from Plateau yaks in the northwest of Qinghai; MH, kuru
from Huanhu yaks in the east of Qinghai.
n, number of samples.
a,bMeans bearing different letters in the same row differ significantly (p < 0.05

A Cited from Institute of Nutrition and Food Safety, Scientific Academy of
B Cited from Liu (1994).
and exceeded by far the Chinese DIRs, which was
1.2 mg/day (CNS, 2000). A 1000-g serving of kurut would
provide 0.282 mg vitamin B6, satisfied for 23.5% of the
Chinese DIRs (1.2 mg/day).

The average vitamin C content, which was much higher
in yak milk (15 mg/100 g) than in cow milk (0.7 mg/100 g),
was notably decreased in kurut samples (1.74 ± 0.036 mg/
100 g) due to the oxidation, reaching values higher than
those in yoghurt (1 mg/100 g). The higher content of vita-
min C could improve shelf-life as well as the nutritional
quality of the fermented milk product. As expected, a
1000-g serving of kurut gave a modest contribution (29%)
to the Chinese DIRs (60 mg/day). Kurut was the major
daily diet of the Qinghai people, which rarely consumed
fruits or grains and kurut was the important resource of
vitamins for them.

For the contents of the total solids, fat, total protein and
ash, HP was higher than MH and LH while MH and LH
did not show significant difference. The difference may be
originated from the species of the yak and the place of
kurut making. With regard to the lactose content, MH
was higher than LH and HP, which was affected by both
the lactose content of the raw milk and the fermentation
process, especially the species and counts of lactic acid bac-
teria. For mineral contents, HP was more abundant in cal-
cium, phosphorus and zinc, MH in calcium and zinc,
compared with those of LH. HP was also rich in vitamin
B1 and B2. Generally, HP had better chemical nutrients
density than MH and LH. Since the HP type yaks were
the dominated breeds in Qinghai, the compositional prop-
erties of the HP kurut represented the current kurut in
Qinghai.

3.2. Nitrogen distribution

The nitrogen distribution of kurut samples is shown in
Table 2. The average free nitrogen/total nitrogen (%) of
HP was higher than that of MH and LH. The average
non-protein nitrogen/total nitrogen (%) of LH was the
highest. However, HP, MH and LH showed no significant
n = 7) Average Yak milkA YoghurtB

0.214a 2.09 ± 0.054 1.45 1.76
0.157b 1.11 ± 0.028 0.35 0.83
4.23a 57.0 ± 4.81 73.2 76.2
1.37a 7.38 ± 0.44 6.21 1.23
3.02a 13.6 ± 2.57 12.3 9.11
0.718a 3.82 ± 1.15 3.24 2.05

sein; TP, total protein; SA, serum albumin; b-lg, b-lactoglobulin; a-la,

t samples from Huanhu yaks in the south of Qinghai; LH, kurut samples

).
China (1991).



Table 3
Densitometry analysis of protein components (% of total protein) in kurut

Samples HP (n = 6) MH (n = 8) LH (n = 6)

Ig 0.094 ± 0.002a 0.089 ± 0.001a 0.091 ± 0.002a

BSA 7.33 ± 0.082a 7.27 ± 0.063a 7.21 ± 0.051a

CN 57.2 ± 0.524a 57.2 ± 0.352a 57.06 ± 0.684a

b-lg 13.0 ± 0.073a 12.9 ± 0.153a 12.9 ± 0.128a

a-la 3.75 ± 0.021a 3.68 ± 0.028a 3.66 ± 0.014a

Ig, immunoglobulin; BSA, bovine serum albumin; CN, casein; b-lg, b-
lactoglobulin; a-la, lactalbumin.
HP, kurut samples from Plateau yaks in the northwest of Qinghai; MH,
kurut samples from Huanhu yaks in the south of Qinghai; LH, kurut
samples from Huanhu yaks in the east of Qinghai.
n, number of samples.
aMeans bearing different letters in the same column differ significantly
(p < 0.05).
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difference in the proportion of casein, serum albumin, b-
lactoglobuline and a-lactalbumin in the total protein.

The literature is lacking in reference data for nitrogen
distributions of kurut, therefore it will be necessary to
make some comparison with values given for yak milk
and yoghurt. During fermentation of kurut, great changes
occured in the individual nitrogen fraction as a proportion
of total nitrogen. Compared with yak milk, the proportion
of free nitrogen and non-protein nitrogen in kurut
increased 44.1% and 217%, respectively. Conversely, the
proportion of casein nitrogen decrease 22.1%. Due to the
longer fermentation period (at least 7–8 days), proteins
were dissociated by the microorganism and enzymes in
kurut to produce more free nitrogen and non-protein nitro-
gen than that in yoghurt (Table 2). This process is like the
‘‘ripening’’ for cheese, which non-protein nitrogen content
has traditionally been regarded as an index of ‘‘ripening
depth’’. It well explains the reason why kurut has heavier
taste and flavour than yoghurt.

The whey protein content usually decreased because of
the partly digestion induced by the microorganism and
enzymes in the fermented milk. But this result showed
the elevation of the proportion of serum albumin, lacto-
globulin and lactalbumin, which was due to the corre-
sponding decreases of casein nitrogen fractions.

Gel electrophoretic patterns of lyophilized kurut sam-
ples were shown in Fig. 1. Quantitative determinations of
the kurut proteins were carried out by densitometry analy-
sis on the gels using the Gel-Pro Analyzer software and the
data (expressed as percentage of total protein) were pre-
sented in Table 3. In lanes 1–20 of Fig. 1, it is possible to
observe protein bands with apparent molecular weights
of 214.9, 68.6, 31.8, 26.5, 18.9 and 11.4 kDa, respectively,
which were comparable to the standard proteins as shown
in lane CM. As for the proportion of the casein, serum
albumin, b-lactoglobulin and a-lactalbumin in the total
protein, HP, MH and LH showed no significant difference,
which was in agreement with the nitrogen distribution
analysis reported in this study. In addition, the unknown
band at about 20 kDa were observed in lanes 4 and 11
Fig. 1. The proteins of 20 representative kurut samples were performed wit
albumin(BSA), as-casein (as1-CN), b-casein (b-CN), b-lactoglobulin(b-lg), a-lac
was the molecular weight markers. Lanes 1–6 were the HP (kurut samples from
samples from Huanhu yaks in the south of Qinghai), Lanes 15–20 represents
and the unknown band at about 13 kDa in lanes 4, 5, 9–
14 and 17, which were presumed to be the dissociated pro-
teins of kurut. These unknown proteins might be the met-
abolic products of the proteins of yak milk by lactic acid
bacteria and yeast, which were one of the important
resources of the characteristic flavour and taste for the
kurut. All bands of immunoglobulin, serum albumin, as1-
casein, b-casein, b-lactoglobulin and a-lactalbumin were
found with high intensities (Fig. 1), especially the caseins.
The unknown bands also showed high intensities in the
kurut samples.

3.3. Microbiological analysis

Table 4 shows the average counts of lactic acid bacteria,
yeasts, and coliforms (MPN) in the kurut samples. High
average lactic acid bacteria (9.18 ± 0.851 log cfu/ml) and
yeasts (8.33 ± 0.624 log cfu/ml) counts were observed,
which the lactic acid bacteria counts were larger than the
yeast counts by almost one log-cycle. Conversely, relatively
lower MPN of coliforms was encountered. Obviously,
the average counts of lactic acid bacteria of the kurut
was higher than that of yoghurt, which normally was
6–8 log cfu/ml (Guo, 2003).
h SDS–PAGE electrophoresis, with immunoglobulin (Ig), bovine serum
talbumin (a-la) from bovine milk as the standard control labelled CM. PM
Plateau yaks in the northwest of Qinghai), Lanes 7–14 were the MH (kurut
LH (kurut samples from Huanhu yaks in the east of Qinghai).



Table 4
Microbiological loads (log cfu/ml) of kurut (range given in parentheses)

Samples HP (n = 10) MH (n = 15) LH (n = 7) Average

Lactic acid bacteria 9.49 ± 0.27a 8.17 ± 0.29b 9.46 ± 0.23c 9.18 ± 0.851
(8.21–10.34) (7.68–10.1) (8.54–10.2)

Yeast 7.73 ± 0.34a 8.60 ± 0.39b 7.47 ± 0.38b 8.33 ± 0.624
(6.92–8.21) (7.88–8.94) (6.78–8.05)

Coliform (MPN) 10 33 16 –
(6–15) (8–51) (4–35)

pH 3.66 ± 0.34 3.82 ± 0.39 3.69 ± 0.39 3.72
(3.50–4.23) (3.61–4.84) (3.64–4.46)

HP, kurut samples from Plateau yaks in the northwest of Qinghai; MH, kurut samples from Huanhu yaks in the south of Qinghai; LH, kurut samples
from Huanhu yaks in the east of Qinghai.
n, number of samples.
MPN, most probable number for coliforms. The coliform number cannot exceed 90 MPN/100 ml, which regulated by the National Standard of People’s
Republic of China for Yoghurt (GB 2746–1999) (Guo, 2003).
a–cMeans bearing different letters in the same row differ significantly (p < 0.05).
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Thus, large numbers of viable lactic acid bacteria from
kurut are consumed daily by the Qinghai people. Potential
health or nutritional benefits possible from some species of
lactic acid bacteria were reported as: improved nutritional
value of food, control of intestinal infections, improved
digestion of lactose, control of some types of cancer, and
control of serum cholesterol levels (Gilliland, 1990). The
high content of lactic acid bacteria in kurut was necessary
for its function (Gilliland, 1990).

Differences in the counts of lactic acid bacteria and
yeasts were observed between HP, MH and LH. The lactic
acid bacteria count of HP was slightly higher than that of
LH, but 21 times higher than that of MH. The yeast count
of MH was about 7 times higher than that of HP, and 13
times that of LH. Thus it could be concluded that the lactic
acid bacteria predominated in the kurut samples from the
HP and LH, and the yeast predominated in the kurut sam-
ples from the MH.

A definite correlation was also observed in all the sam-
ples that the titratable acidity and lactic acid contents
increased with the increase of lactic acid bacteria number
(Table 1 and 4). Other minor organic acids in the kurut,
like acetic acid and citric acid, affected the titratable acidity
slightly because of their low content (Table 1), though also
titrated by NaOH when determining the titratable acidity.
However, they might play an important role in the taste
and flavour of kurut (Gadaga, Mtukumira, & Narvhus,
2001).

The average ethanol contents of HP, MH and LH were
significantly different, which decreased in the sequence
MH > HP > LH, consistent with the total count of yeasts
(Table 1 and 4). Compared with kefir, kurut had a stronger
alcoholic taste (Luo, Li, & Han, 2005). Mará, Garcı́a, Sido-
nia, Inmaculada, and Javier (2006) reported that the etha-
nol content of kefir reached a mean final value of 0.018%
(w/w) after fermented for 168 h, obviously much lower
than that of kurut (4.48 ± 1.06 g/l).

The MPN of coliforms in all kurut samples was not
more than 90 MPN/100 ml (data not show in this paper),
which conformed to the National Standard of People’s
Republic of China for Yoghurt (GB 2746–1999) (Guo,
2003). The average levels of HP, MH and LH were 10,
33 and 16 MPN/100 ml, respectively (Table 4), much lower
than 90 MPN/100 ml. The MPN of coliforms may be con-
sidered as an indicator microorganism of faecal contamina-
tion and other enteric pathogens. This result proved that
the kurut samples were safe.

Fermentation not only makes the yak milk more digest-
ible and nutritional but also ensures increased their shelf
life and microbiological safety. Preservation of foods by
fermentation is a widely practiced and ancient technology.
Naturally fermented milk products are usually considered
safe because of the low pH and production of antimicrobial
substances by fermenting organisms (Nout, Rombouts, &
Havelaar, 1989; Svanberg, Sjogren, Lorri, Svennerholm,
& Kaijser, 1992). Also, some yeast strains had the capabil-
ity to inhibit the growth of spoilage and pathogenic micro-
organisms (Addis, Fleet, Cox, Kolak, & Leung, 2001;
Narvhus & Gadaga, 2003). Further, the combination of
low pH produced by the bacterial starter plus the alcohol
and CO2 produced by the yeasts was inhibitory to many
undesirable microorganisms (Ferreira & Viljoen, 2003).
The kurut showed lower average pH value than several
other traditional fermented milks referred, with the range
3.50–4.84 (Table 4).

Table 5 summarizes the average lactic acid bacteria and
yeasts contents of traditional fermented milk reported in
the literature from various parts of the world. There were
wide variations in microbiological contents in these tradi-
tional fermented milks, due to fermentation condition dif-
ferences and types of milk. However, both lactic acid
bacteria and yeasts contents in kurut were much higher
than those of the other types of traditional fermented milk.
The highness in numbers of both lactic acid bacteria and
yeasts may be attributed to their symbiotic association. It
has been suggested that the proliferation of yeasts in foods
is favoured by the acidic environment created by lactic acid
bacteria while the growth of bacteria is stimulated by the
presence of yeasts, which may provide growth factors, such
as, vitamins and soluble nitrogen compounds (Nout, 1991).



Table 5
Average lactic acid bacteria and yeast counts (log cfu/ml) of some traditional fermented milks from various parts of the world

References Lactic acid bacteria Yeast pH

China (kurutA, yak milkB), this work 9.18 8.33 3.7
3.50–4.84 (range)

China (kurut, yak milk), Luo et al. (2005) 8.74 7.48 3.9
3.6–5.1 (range)

China (Airag, mare milk), Naersong et al. (1996) 6.38 (1 day fermentation) 4.77 (1 day fermentation) 4.3
7.61 (2 day fermentation) 6.49 (2 day fermentation) 4.2
5.98 (3 day fermentation) 5.04 (3 day fermentation) 4.4

China (koumiss, mare milk), Sun et al. (2005) 7.4 6.44 4.3
6.31–8.14 (range) 4.49–6.44 (range) 4.1–5.1 (range)

Spain (kefir, cow milk), Marı́a et al. (2006) 6.5 3.0 3.88
Kenya (kule naoto, cow milk), Julius et al. (2004) 8.0 5.9 4.4

6.6–9.2 (range) 0–7.4 (range) 4.17–5.19 (range)
Sudan (Rob, cow milk), Warda et al. (2001) MRS 7.82 (winter) 7.54 (winter) 4.89 (winter)

7.56 (summer) 6.06 (summer) 4.85 (summer)
M17 8.68 (winter) – –
8.69 (summer) – –

Kenya (Suusac, camel milk), Tezira et al. (2005) 6.77 2.05 (yeasts and moulds) 4.6
Zimbabwean (cow milk), Gadaga et al. (2000) – 2–8.08 (log cfu/g) –

A Names of the traditional fermented milks.
B Substrate milk of the traditional fermented milks.
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Thus, it was may be possible that the fermentation process
of kurut was induced by the co-culture containing some
new strains of lactic acid bacteria and yeasts, making their
counts at a high level.

The result was also associated with the longer fermenta-
tion period at a low ambient temperature, at least 7–8 days
at 10–15 �C. The fermentation of the kurut made in Tibet
usually takes 2–3 days (Luo et al., 2005), kefir 5–7 days
20–23 �C (Marı́a et al., 2006), kumiss 2–3 days at about
20 �C (Sun et al., 2005), Airag 2–3 days at about 20 �C
(Naersong, Mori, & Kitamoto, 1996). In addition, the rich
nutrients in yak milk might also contribute to the fermen-
tation and microbiological contents, especially the higher
total solids, 1.33–1.50 times of cow milk (Guo, 2003),
1.24–1.48 times of camel milk (Abu-Lehia, 1987), 1.18–
1.39 times of mare milk (Wang, Sun, & Mang, 2006).

Environmental factors influence the characteristics of
the predominant native microbiota in kurut. Qinghai lies
in the Qing-Zang Plateau with the almost highest elevation
(average over 3000 m above sea level) in China. The fea-
tures of the climate were dry, low temperature, scant oxy-
gen, low atmospheric pressure, strong sunlight and long
sunlight radiation. New strains of lactic acid bacteria and
yeasts may be isolated from the kurut for development of
starter cultures as well as for new functional products
and new tastes. No lactic acid bacteria starter cultures
are commercially available yet for the processing of tradi-
tional kurut. This work is being performed in our
laboratory.

4. Conclusions and recommendation

Kurut received increasing research interest and invest-
ment in China, owing mainly to its attractive nutrient con-
tent. Compared with yoghurt, kurut had a higher content
of fat, crude protein, total solids, vitamins and minerals,
which imparted a rich flavour and taste, and made it a
highly suitable ingredient for human health. The kurut
contained larger lactic acid bacteria and yeast than those
of the traditional fermented milks referred. Kurut, as a rich
source of nutrients, also offered excellent opportunities for
the development of local dairy industry and to meet the
public need for nutrition. It is suggested that further studies
should be carried out on cultures of microorganisms that
can be used as starter cultures to prepare commercial prod-
ucts with compositional, nutritional and sensory properties
similar to kurut.
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