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ABSTRACT 
Current research on milk bioactive components, including complex oligosaccharides, stimulated development of 
novel milk-based ingredients; this in turn sparked the development of methods that are simultaneously simple 
and sensitive. Oligosaccharides and glycoproteins present interesting health benefits, including antibacterial and 
antiviral effects, stimulation of the immune system, and participation in the establishment of a balanced gut mi- 
crobiome in infants. This work describes the application of a simple and rapid method—Total Carbohydrate 
Assay—to the determination of functional carbohydrate content in various dairy-based functional products. The 
miniaturization and optimization of the carbohydrate quantification on microplates afforded good repeatability 
and sensitivity. The optimized method consumed only minimal amounts of reagents and samples, and carbo- 
hydrates were detected in the range from 0 - 20 µg. This assay was successfully applied to determine the content 
of complicated oligosaccharide mixtures and N-glycans in dairy-derived products. Several complementary ana- 
lytical techniques were applied to confirm the results. This method is faster and far less expensive than mass 
spectrometry and it gives a general picture of complex carbohydrate concentrations for instances in which de- 
tailed data are not required as needed for research in discrete differences among various biological samples. The 
ability to quantify glycans in novel food products will provide a unique understanding of the potential of these 
novel ingredients for use by the food industry. 
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1. Introduction 
Functional foods are identified as crucial elements for the 
development of the food industry and research. It is seen 
as a priority to support the ambitions of the food industry 
in this market segment. Milk contains a variety of com- 
ponents, including proteins, peptides, lipids, carbohy- 
drates and salts, which are essential for nourishing and 
protecting the infant. In human milk, carbohydrates are 
one of the most important components present in high 
concentration [1]. The main carbohydrates in milk are 
lactose, oligosaccharides, monosaccharides and N-gly- 
cans. Oligosaccharides are some of the most important 

bioactive components in milk, but they are still under- 
characterized due to their overall complexity. Oligosac- 
charides are chains of monosaccharides between 3 and 
20 sugar units in length, and they can have diverse and 
complicated structures. In particular, the structural ele- 
ments fucose and sialic acid appear to be crucial to the 
ability of oligosaccharides to act as bioactive components. 
Five monosaccharides (glucose, galactose, N-acetyl-glu- 
cosamine, fucose and sialic acid) are linked in various 
ways through at least 12 alpha- and beta-glycosidic lin- 
kages. Oligosaccharides and glycoproteins present inter- 
esting health benefits, including antibacterial and antivir- 
al effects, stimulation of the immune system, and partic- 
ipation in the establishment of a balanced gut microbi- *Corresponding author. 
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ome in infants [2-4]. Due to limited availability of oligo- 
saccharides and N-glycans from human milk, ongoing re- 
search is investigating alternative sources of complex 
carbohydrates for in vitro and clinical studies. 

This novel branch of research on the bioactive milk 
glycans requires methods that can rapidly determine the 
abundance of carbohydrates in milk products in absence 
of commercial standards. Milk glycans are particularly 
challenging to analyze due to their structural complexi- 
ties, especially those of oligosaccharides and glycopro- 
teins. In contrast to proteins, carbohydrates do not have a 
chromophore and they cannot be detected by common 
spectroscopic methods (including UV detection). Liquid 
chromatography coupled to mass spectrometry, high- 
performance liquid chromatography and high-perfor- 
mance anion liquid chromatography with a pulsed am- 
perometric detection is the method commonly used to 
quantify complex carbohydrates [5-8]. These techniques 
are sensitive and accurate, but they require significant 
investments to acquire complex instruments and highly- 
trained personnel to perform analysis. 

This work describes the application of a simple and 
rapid method to quantify complex carbohydrates, i.e. 
those containing three or more different monosaccharide 
units. Current colorimetric methods include the phenol- 
sulfuric acid method and other techniques that use anth- 
rone, orcinol, or resorcinol [9-11]. However, the phe- 
nol-sulfuric acid method works well only for carbohy- 
drates that are made of the same repeating units—homo- 
polymers made of the same monosaccharide type—but it 
does not work well for complex carbohydrates—hetero- 
polymers made of different monosaccharide units. Other 
techniques based on HPLC require the use of commercial 
standards, which unfortunately are not available for all 
the carbohydrates found in milk and foods due to their 
structural diversity and complexity. Based on the well- 
known phenol-sulfuric acid method, a simple kit (Total 
Carbohydrate Assay) was developed and is now com- 
mercially available. It can achieve good sensitivity and 
repeatability. The goal of this work was to quantify func- 
tional carbohydrates in dairy-based functional products 
while improving sensitivity and repeatability of the kit 
using a microplate format. The method was optimized for 
detection of the carbohydrate content of more complex 
samples, including free oligosaccharides and N-glycans 
released from proteins. 

2. Materials and Methods 
2.1. Materials 
The Total Carbohydrate Assay from Biovision (Milpitas, 
CA, USA), consisted of the following components: 25 
mL of Assay Buffer, 3 mL of Developer (chemical com- 
position unknown), and 0.2 mL of standard solution 

(D-glucose, 2 mg/mL). All components are stable at 
room temperature and can be stored for 2 months at 4˚C. 
Additional materials required for the assays included 
concentrated sulfuric acid (98%) from Sigma-Aldrich (St. 
Louis, MO, USA), 96-well clear plates with flat bottoms 
and a spectrophotometer (SpectraMax Plus384 Absor- 
bance Microplate Reader, Molecular Devices, Sunnyvale, 
CA, USA). Monosaccharides tested included: L-fucose, 
D-glucose, D-galactose and D-mannose from Sigma Al- 
drich. Test-Combination from Lactose/D-Glucose kit 
from R-Biopharm (Darmstadt, Germany) included 600 
mg of lyophilizate, consisting of citrate buffer pH 6.6; 
1.7 mL suspension β-galactosidase; 5 g of powder mix- 
ture consisting of triethanolamine buffer pH 7.6; 70 mg 
of nicotinamide-adenine dinucleotide phosphate (NADP), 
170 mg of adenosine-5’-triphosphate (ATP); magnesium 
sulfate; 1.4 mL suspension consisting of hexokinase 
(HK); and glucose-6-phosphate dehydrogenase (G6P- 
DH). Two bovine oligosaccharides-enriched (BMOs) pro- 
ducts were supplied by a local dairy manufacturer, and 
one sample of lactoferrin that contained complex glycans, 
was purified from human milk. 

2.2. Optimization of Total Carbohydrate Assay 
The Total Carbohydrate Assay used concentrated sulfuric 
acid to hydrolyze glycans to monomers, which were 
converted to furfural or hydroxyfurfural. The furfural or 
hydroxyfurfural reacted with the developer to form a 
chromogen that was quantified using a spectrophotome- 
ter. The glucose standard curve provided a linear func- 
tion to calculate the concentration of carbohydrates in 
each sample. To create the standard curve, 0, 2, 4, 6, 8 
and 10 µl of glucose standard (2 mg/mL) was added into 
a series of wells in a 96-well microplate. This generated 
0, 4, 8, 12, 16 and 20 µg/well of glucose standard. For 
some experiments, other amounts of glucose were tested: 
0, 1, 2, 3, 4 and 5 µg/well, or 0, 2, 4, 6, 8 and 10 µg/well. 
The volume of each sample was adjusted to 30 µl per 
well with water. For this work, several doses of samples 
were tested to ensure that the readings were within the 
standard curve range. After both the samples and the 
glucose standard were added to the microplate in appro- 
priate amounts, 150 µl of concentrated sulfuric acid 
(98%) were added to each well. The samples were mixed 
on a shaker for ~1 min and then incubated at 85˚C for 15 
min. After incubation, 30 µl of Developer was added to 
each well. The samples were again mixed on the shaker 
for 5 min. The microplate was placed in the spectropho- 
tometer and the OD was measured at 490 nm. ODs were 
read from 10 to 30 min in order to see whether the incu- 
bation time in the microplate reader would affect the 
measurements. The sample OD was applied to the glu- 
cose standard curve linear function to calculate the quan- 
tity of carbohydrate in the sample. 
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2.3. Lactose Quantification by Enzymatic Kit 
Lactose was quantified using an enzymatic kit, the “lac- 
tose/D-glucose” that utilized UV method. The enzyme 
β-galactosidase hydrolyzed lactose to D-glucose and 
D-galactose at pH 6.6. D-glucose was then phosphory- 
lated at pH 7.6 by HK, in the presence of ATP, to 
D-glucose-6-phosphate (G-6-P) with the simultaneous 
formation of adenosine-5’-diphosphate (ADP). In the 
presence of NADP, G-6-P was oxidized by the enzyme 
G6P-DH to D-gluconate-6-phosphate with the formation 
of reduced NADPH. The amount of NADPH formed was 
stoichiometric to the amount of the lactose and D-glu- 
cose. NADPH was measured by absorbance at 340 nm. 
The amount of lactose was calculated using the differ- 
ence between D-glucose concentration with and without 
hydrolysis with β-galactosidase. 

2.4. Monosaccharides Quantification by HPLC 
The concentration of glucose and galactose was analyzed 
using an HP 1100 Series HPLC (Hewlett-Packard, Palo 
Alto, CA, USA) equipped with an autoinjector, quarter- 
nary pump, column heater, a refractive index detector, 
and an Agilent ChemStation (Agilent Technologies, 
Santa Clara, CA, USA) for data collection and manipula- 
tion. BioRad HPX-87H column (BioRad, Hercules, CA, 
USA) was used and heated at 55˚C. As a mobile phase, 
0.01 N H2SO4 was used, and the flow rate was 0.6 mL/ 
min. 

2.5. Sample Preparation 
The oligosaccharide-rich powders were dissolved in wa- 
ter (1%, w/v). A 100-µL aliquot of sample was loaded on 
a graphitized carbon cartridge (GCC-SPE, 150 mg car- 
bon, 4-mL tube capacity, Alltech, Deerfield, IL, USA) 
that was conditioned with three volumes of 80% acetone- 
trile, 0.1% trifluoroacetic acid (TFA) in water (v/v) and 
washed by three volumes of water. The GCC cartridge 
was washed with three volumes of water, and the oligo- 
saccharides were eluted with three volumes of 40% ace- 
tonitrile, 0.1% TFA in water (v/v). The BMO fraction 
was dried overnight by vacuum centrifugation. BMO 
samples were rehydrated in 1 mL of water and diluted 
one hundred fold prior to mass spectrometry analysis. 

Lactoferrin was purified from donor human milk by 
affinity chromatography as described by Barboza et al., 
(2012) [12]. The purity of the protein was monitored by 
sodium dodecyl sulfate gel electrophoresis (data not 
shown). 

2.6. Compositional Analysis by Q-TOF/Mass 
Spectrometry 

The BMO samples were analyzed using the Agilent 6520 

accurate-mass quadrupole-time-of-flight (Q-TOF) LC/MS 
with a microfluidic nano-electrospray chip (Agilent 
Technologies). The BMOs were separated using a 
HPLC-Chip with a 40-nL enrichment column and a 43 
mm × 75 µm analytical column, both packed with 5-μm 
porous graphitized carbon. The system was composed of 
a capillary and nanoflow pump, and both used binary 
solvents consisting of solvent A (3% acetonitrile (ACN), 
0.1% formic acid in water (v/v)) and solvent B (90% 
ACN, 0.1% formic acid in water (v/v)). Two µL of sam- 
ple were loaded with solvent A at a capillary pump flow 
rate of 4 µL/min. The BMO separation was performed on 
a 65-min gradient delivered by the nanopump at a flow 
rate of 0.3 µL/min. The 65-min gradient followed this 
program: 0% B (0.0 - 2.5 min); 0 to 16% B (2.5 - 20.0 
min); 16% to 44% B (20.0 - 30.0 min); 44% to 100% B 
(30.0 - 35.0 min) and 100% B (35.0 - 45.0 min). The 
gradient was followed by equilibration at 0% B (45.0 - 
65.0 min). Data were acquired within the mass range of 
m/z 450 - 3000 in the positive ionization mode with an 
acquisition rate of 2.01 spectra/s. An internal calibrant 
ion of m/z 922.010 from tuning mix (ESI-TOF Tuning 
Mix G1969-85000, Agilent Technologies) was used for 
continual mass calibration. Acquisition was controlled by 
MassHunter Workstation Data Acquisition software (Agi- 
lent Technologies). Compounds were identified with Mass- 
Hunter Qualitative Analysis software (version B.04.00 
SP2, Agilent Technologies). The compounds were ex- 
tracted and matched to a BMO library [13] using the re- 
producible retention times and the accurate masses of 
each compound. The relative abundance of BMOs was 
determined. 

3. Results and Discussion 
3.1. Linearity of the Total Carbohydrate Assay 
In order to optimize throughput and repeatability in car- 
bohydrate assays, the assay was adapted to a microplate 
format and the linearity of the standard curves for glu- 
cose from the Total Carbohydrate Assay kit and anhydr- 
ous glucose at 2 mg/mL were tested. Figure 1(a) shows 
that the linearity of the standard curves for glucose from 
the Total Carbohydrate Assay and for the anhydrous 
glucose was good, with a coefficient of determination of 
0.99. Comparing the standard curve for the anhydrous 
glucose and the glucose from the kit, both had similar 
linear functions, indicating good repeatability. This 
shows that the Total Carbohydrate Assay can result in ac-
curate linear functions for carbohydrate content calcula- 
tions. The triplicate measurements shown in Figure 1(b) 
also supported the repeatability and accuracy of standard 
curves from the Total Carbohydrate Assay with a relative 
standard deviation of 6.5%. Overall, these results show 
that the Total Carbohydrate Assay is a valid alter- 
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Figure 1. Linearity of the glucose standard curve. (a) Com- 
parison of the standard curve between the glucose from the 
Total Carbohydrate Assay (circle) and the anhydrous glu- 
cose at 2 mg/mL (triangle); (b) Anhydrous glucose in tripli- 
cate. 
 
native to other methods for measurements of carbohy- 
drate content when complex glycans have to be meas- 
ured in a large number of samples and commercial stan- 
dards are not available. The 96-well plate format allows 
for rapid measurements with minimum sample volume 
and reagents. 

3.2. Sensitivity of the Total Carbohydrate Assay 
The protocol of the Total Carbohydrate Assay advises 
the use of a quantity of standard glucose ranging from 0 
to 20 µg. Envisioning applications to biological samples, 
for which the quantities may be limited, we optimized 
the assays to detect even lower quantities of carbohydrate. 

A satisfactory linearity was obtained for 0 to 10 µg and 
for 0 to 5 µg, with coefficient of determination of 0.99 
(Table 1). This indicates that the assay can detect low 
concentrations of carbohydrates with good sensitivity, 
meaning that the method can easily economize the use of 
samples while still obtaining accurate data on carbohy- 
drate content. 

3.3. Effect of the Incubation Time in the  
Microplate Reader 

To further optimize the Total Carbohydrate Assay, the 
absorbance was also measured at different times of the 
incubation at 22˚C in the microplate reader. Table 1 re- 
veals that the coefficient of determination increased with 
incubation time in the microplate reader. The linearity of 
the different ranges of standard glucose tested improved 
starting at 20 min of incubation. A 20-min incubation 
allow enough time for the reaction to stabilize, allowing 
for more accurate spectrophotometric measurements. 

3.4. Calibration Curves of Different  
Monosaccharides 

Four standard curves were obtained for the monosaccha- 
rides D-glucose, D-mannose, D-galactose and L-fucose. 
These monosaccharides represent the building blocks 
most commonly found in milk oligosaccharides and gly- 
coproteins (Figure 2). The results reveal that standard 
curves of the monosaccharides behave differently be- 
cause each monosaccharide has a different wavelength of 
the maximum absorbance [14]. Technically, in order to 
accurately measure the carbohydrate content in biologi- 
cal samples using the Total Carbohydrate Assay, each 
sample should be compared to a curve obtained with a 
commercial standard. Another possibility is to create a 
standard curve for a sample that has a similar composi- 
tion to the samples being tested. 

3.5. Quantification of Carbohydrate in 
Dairy-Functional Products 

Using the data described above, the Total Carbohydrate 
Assay was used for two bovine milk products (namely 
product 1 and product 2), which contained BMOs, and 
one sample of purified human lactoferrin, which carried 
complex N-glycans. Glucose was chosen as the reference 
and a glucose standard curve was used to calculate total 
carbohydrate content. Standard curves were also pro- 
duced for bovine milk product 1 and 2 (Figure 3). A 
good linearity was observed for the standard curve of each 
product. Table 2 shows that the carbohydrate content in 
bovine milk product 1 and 2 was 23.38% and 32.81%, 
respectively. Bovine milk contains lactose, monosaccha- 
rides (glucose and galactose) and oligosaccharides. Mo- 
nosaccharides and lactose were quantified in the bovine 
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Table 1. Influence of the incubation time in the microplate 
reader and the quantity range of analysis on the linearity. 

Range (µg) Time 
(min) 

Regression  
equation 

Coefficient of  
determination 

0 - 20 

10 y = 0.0839x + 0.0841 0.9681 
15 y = 0.1108x + 0.0161 0.9974 
20 y = 0.1393x – 0.0058 0.9984 
25 y = 0.1549x + 0.0068 0.9983 
30 y = 0.1629x + 0.0276 0.9973 

 
Range (µg) Time 

(min) 
Regression  
equation 

Coefficient of  
determination 

0 - 10 

10 y = 0.0798x + 0.0841 0.9768 
15 y = 0.1026x + 0.0405 0.9873 
20 y = 0.1232x – 0.0452 0.9905 
25 y = 0.1422x + 0.0488 0.9927 
30 y = 0.1565x + 0.0477 0.9943 

 
Range 
(µg) 

Time 
(min) 

Regression  
equation 

Coefficient of  
determination 

0 - 5 

10 y = 0.0614x + 0.0268 0.9020 
15 y = 0.1045x + 0.0126 0.9895 
20 y = 0.1220x + 0.0199 0.9904 
25 y = 0.1442x + 0.0166 0.9932 
30 y = 0.1510x + 0.0275 0.9921 

 

 
(a) 

 Regression equation Coefficient of  
determination 

Glucose y = 0.1213x + 0.0596 0.9911 
Mannose y = 0.0872x + 0.0207 0.9969 
Galactose y = 0.0592x – 0.0040 0.9899 

Fucose y = 0.0313x – 0.0092 0.9937 

(b) 

Figure 2. Calibration curves of four monosaccharides. (a) 
Standards curves: D-glucose (triangle), D-mannose (circle), 
D-galactose (square) and L-fucose (cross); (b) Linearity of 
the curves. 

 
(a) 

 Regression  
equation 

Coefficient of 
determination 

Bovine milk product 1 
 

y = 0.0400x – 0.0067 0.9979 
Bovine milk product 2 y = 0.0586x – 0.0226 0.9973 

(b) 

Figure 3. Calibration curves of two bovine milk products. (a) 
Standards curves: bovine milk product 1 (circle), bovine 
milk product 2 (triangle); (b) Linearity of the curves. 
 
Table 2. Determination of the carbohydrate concentration 
in milk derived products, n = 3. 

 
Total 

carbohydrate 
content (w/w) 

Lactose 
content 
(w/w) 

Glucose and  
galactose  

content (w/w) 

Bovine milk  
product 1 23.38% ND ND 

Bovine milk  
product 2 32.81% 0.019% ND 

Human  
lactoferrin 43.21% - - 

 
milk products. HPLC was used to determine the glucose 
and galactose content, and lactose was quantified by an 
enzymatic kit. BMOs were not quantified by HPLC be- 
cause they are not separated by this method, especially 
with an isocratic mobile phase. The data revealed that the 
bovine milk product 1 and 2 did not contain free glucose 
or galactose. Lactose was not detected in the bovine milk 
product 1 and 0.019% lactose was quantified in the bo- 
vine milk product 2. These results indicated that the bo- 
vine milk products essentially contained only BMOs. 
The composition of oligosaccharides in these products 
was investigated by nano-HPLC-Chip Q-TOF/MS after 
purification via solid-phase extraction. The Nano-LC 
coupled with the mass spectrometer provided the mass 
accuracy, reproducible retention times and isomer sepa- 
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ration necessary for identification of the individual 
structures of oligosaccharides and determination of their 
relative abundance. The base peak chromatogram re- 
vealed two different profiles for the products (Figure 1S). 
Neutral and acidic BMOs were present in bovine milk 
product 1 and 2 but their relative abundances were dif- 
ferent (Table 3, Table 1S). Whereas 66.37% of the total 
BMO abundance was neutral in the milk product 2, only 
0.37% of the total BMOs abundance corresponded to 
neutral compounds in the milk product 1. The abundance 
of acidic BMOs was higher in milk product 1 than in 
milk product 2, being 99.63% and 33.63%, respectively. 
These results could explain the different carbohydrate 
contents obtained with the Total Carbohydrate Assay. 
Sialic acids have a low response factor for colorimetric 
methods such as the Total Carbohydrate Assay and the 
phenol sulfuric acid method [14]. In bovine milk product 
1, mass spectrometry showed that the relative abundance 
of acidic BMOs was higher than that of neutral BMOs. It 
could explain why the content of BMOs in product 1 
obtained with Total Carbohydrate Assay was lower than 
that in product 2. 

A content over 43% of carbohydrates was determined 
for the human milk lactoferrin sample. This result shows 
that the kit can detect the different complex N-glycans 
attached to the protein. Different N-glycan compositions 
have been previously identified, including high mannose, 
hybrid and complex N-glycan types [12,15]. Lactoferrin 
exhibits an array of biological activities [16-19], which 
are modulated by both the polypeptide chain and its gly-
cosylated moiety [12]. 

These data show that the optimized Total Carbohydrate 
Assay is an effective assay for quantifying carbohydrates in 
complex biological products. Optimized conditions used in 
this study can be applied to further research investigating the 
distribution of bioactive compounds containing glycans 
from human and ruminant milk. 

4. Conclusions 
Because complex glycans play important structural and 
biochemical roles, the ability to rapidly detect and quan- 
tify these functional molecules has ample potential. Cur- 
rently, there are limited quantitative data on the oligo- 
saccharides in animal milk because current methods rely 
on the use of commercial standards, and commercial 
standards do not yet exist for several of those oligosac- 
charides. Even though this Total Carbohydrate Assay 
may underestimate the amount of acidic oligosaccharides 
in complex food and biological samples, the response 
factor of acidic oligosaccharides will stay constant. The 
development of an efficient and accurate colorimetric 
technique that only requires a compact and easy micro- 
plate reader, can help in many stages of research and can 
be useful for food industries. In this work, an optimized 

version of a carbohydrate assay was used to determine  
Table 3. Relative abundance in % of the neutral and acidic 
BMOs present in the bovine milk product. 

 Bovine milk product 1 Bovine milk product 2 
Neutral BMOs 0.37 66.37 
Acidic BMOs 99.63 33.63 

 
the amount of complex glycans in dairy developmental 
products. The various experimental conditions optimized 
in the present study are not limited to milk research and 
can be applied to a variety of agricultural or biomedical 
research areas. The application of this simple optimized 
technique can be helpful to a wide range of scientists to 
perform faster quality control and achieve considerable 
cost savings. 

This method will be a valuable addition to the tool-set 
of food companies attempting to measure the content of 
functional glycans in their products. Additionally, this 
optimized assay will prove valuable in monitoring oligo- 
saccharide enrichment during process development and 
also can be used to alert producers of potential unin- 
tended losses in oligosaccharides or glycans due to harsh 
processing conditions. 
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Supplemental Data 

 
(A) 

 
(B) 

Figure 1S. Analysis of the bovine milk product 1 and 2 by Nano-LC-Chip Q-TOF/MS. (A) Base peak chromatogram of the 
bovine milk product 1; (B) Base peak chromatogram of the bovine milk product 2. 
 
Table 1S. Identification of the BMOs present in the bovine milk sample 1 and 2 and determination of their relative abun- 
dance. 

   Composition   
Neutral 

mass m/z z Hexose N-acetylglucosamine Fucose 
N-acetyl  

neuraminic  
acid 

N-glycolyl  
neuraminic  

acid 

Relative abundance  
in bovine milk  
product 1 (%) 

Relative abundance  
in bovine milk  
product 2 (%) 

504.17 505.18 1 3 0 0 0 0 ND 7.42 
545.20 546.20 1 2 1 0 0 0 ND 50.45 
707.25 708.26 1 3 1 0 0 0 ND 4.38 
748.27 749.28 1 2 2 0 0 0 ND 0.86 
869.30 870.31 1 4 1 0 0 0 0.37 1.48 
910.33 911.34 1 3 2 0 0 0 ND 1.78 
633.21 634.22 1 2 0 0 1 0 74.51 31.76 
649.21 650.21 1 2 0 0 0 1 ND ND 
674.24 675.25 1 1 1 0 1 0 6.31 0.45 
690.23 691.24 1 1 1 0 0 1 ND ND 
795.26 796.27 1 3 0 0 1 0 8.26 1.41 
811.26 812.27 1 3 0 0 0 1 ND ND 
836.29 837.30 1 2 1 0 1 0 0.90 ND 
924.31 925.31 1 2 0 0 2 0 9.66 ND 
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