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Converting Nitrogen into Protein —
Beyond 6.25 and Jones’ Factors
FRANÇOIS MARIOTTI1 , DANIEL TOMÉ,1
and PHILIPPE PATUREAU MIRAND2
1
2

AgroParisTech, INRA, UMR914 Nutrition Physiology and Ingestive Behavior, Paris, France
INRA, UMR 1019, UNH, Clermont-Ferrand – Theix, France

The protein content in foodstuffs is estimated by multiplying the determined nitrogen content by a nitrogen-to-protein conversion factor. Jones’ factors for a series of foodstuffs, including 6.25 as the standard, default conversion factor, have now
been used for 75 years. This review provides a brief history of these factors and their underlying paradigm, with an insight
into what is meant by “protein.” We also review other compelling data on specific conversion factors which may have been
overlooked. On the one hand, when 6.25 is used irrespective of the foodstuff, “protein” is simply nitrogen expressed using
a different unit and says little about protein (s.s.). On the other hand, conversion factors specific to foodstuffs, such as
those provided by Jones, are scientifically flawed. However, the nitrogen:protein ratio does vary according to the foodstuff
considered. Therefore, from a scientific point of view, it would be reasonable not to apply current specific factors any longer,
but they have continued to be used because scientists fear opening the Pandora’s box. But because conversion factors are
critical to enabling the simple conversion of determined nitrogen values into protein values and thus accurately evaluating
the quantity and the quality of protein in foodstuffs, we propose a set of specific conversion factors for different foodstuffs,
together with a default conversion factor (5.6). This would be far more accurate and scientifically sound, and preferable
when specifically expressing nitrogen as protein. These factors are of particular importance when “protein” basically means
“amino acids,” this being the principal nutritional viewpoint.
Keywords

nitrogen, protein, amino acids, dietary protein, protein quality, protein chemistry, nutrition

INTRODUCTION
6.25, the Flawed Viewpoint
The protein content in a foodstuff is estimated by multiplying
the nitrogen content by a nitrogen-to-protein conversion factor,
usually set at 6.25. This historical factor (dating back to the 19th
century) assumes the nitrogen content of proteins to be 16%.
Although widely accepted, this practical rule is little resistant to
closer scrutiny.
First, it has long been acknowledged that pure proteins differ
in terms of their nitrogen contents (Jones, 1941). This results
from differences in their amino acid composition, because the
nitrogen content of amino acids can vary considerably, being
high in arginyl, histidyl, glycyl, and asparagyl residues and low
in phenylalanyl and tyrosyl residues. Jones (1941) reported that
Address correspondence to François Mariotti, UMR914 AgroParisTechINRA Nutrition Physiology and Ingestive Behavior, AgroParisTech, 16 rue
Claude Bernard, F-75005 Paris Cedex 05, France ; Tel.: +33 1 44 08 72 86;
Fax: +33 1 44 08 18 58; E-mail: francois.mariotti@agroparistech.fr

avocado protein contains 13.4% nitrogen and amandin (an almond protein) 19.3%. In such cases, using a 6.25 conversion
factor can lead to a 15–20% error in the protein content. Different values have been reported by other authors for other proteins, and even for different protein fractions within the same
protein source. For example, the nitrogen content of collagen is
18%. Consequently, the nitrogen-to-protein ratio in meat products will vary as a function of the collagen level (Benedict,
1987).
Second, nitrogenous compounds in foodstuffs do not only
comprise protein or amino acid, they also include numerous substances such as nucleic acids, amines, urea, ammonia, nitrates,
nitrites, phospholipids, nitrogenous glycosides, etc. (Fig. 1). The
fraction of non-alpha-amino nitrogen is highly variable for a
given protein source, depending on the production process and
the degree of purification of the protein source.
Therefore, in many cases, multiplying the nitrogen content
of a protein source by 6.25 cannot provide a sound estimate of
the protein content (Fig. 1). N × 6.25 is referred as the “crude
protein” content, a term that is now less and less employed in
human nutrition.
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nous compounds can affect the body nitrogen balance (Kies,
1974). Clearly, the choice between one or several conversion
factors depends on the objective. If the purpose is to indicate the
amount of nitrogen but to express it as an average protein content
(the “crude protein” content), one factor is enough. In contrast,
specific coefficients, calculated from nitrogen and amino acid
contents, are more relevant than a single default factor when the
objective is to indicate the potential to provide dietary amino
acids.

Methods to Estimate Specific Conversion Factors

Figure 1 Nitrogenous material in foodstuffs consists in (1) protein (s.s.) and
free amino acids, the former being protein-bound amino acids (which contain the
nitrogen) and non-nitrogenous groups in protein (the prosthetic groups) and (2)
various nitrogenous compounds other than amino acids. The percent of nitrogen
in protein amino acids (Ratio R1) varies depending on the specific composition
of amino acids, because amino acids differ in terms of their nitrogen content. The
percentage of nitrogen in other nitrogenous compounds varies according to the
nature of these compounds. “Protein” can be understood as either bulk nitrogen,
irrespective of the nature of the nitrogenous compounds (“crude protein”), or
as the amount of protein from a biochemical viewpoint (protein-bound amino
acids plus prosthetic groups), or as the amount of amino acids (the most nutritionally relevant, although other nitrogenous compounds can affect the nitrogen
balance). Therefore, in foodstuffs, translating the total amount of nitrogen into
an amount of “protein,” such as amino acids, cannot be achieved using a single
factor (e.g. 6.25) because the specific factor varies according to (1) the proportion
of each component ( I, II, and III) and (2) the R1 and R2 ratio. Notwithstanding
this complexity, we propose a compendium of specific factors that are based
on a more realistic view than those adopted by Jones, which could interestingly be used to convert nitrogen into “protein” (as amino acids) in various
foodstuffs.

Only a few studies (most of them published many years
ago) have reported specific nitrogen-to-protein conversion factors for different protein sources. The authors resorted to different methods. One was to determine the nitrogen content of
one (or a few) important protein(s) extracted from the foodstuff.
This method is highly dependent on the degree of purification
and the representativeness of the purified protein with respect
to all the other proteins in the foodstuff. Another method was
based on knowledge of the amino acid composition or sequence
of all the constitutive proteins in a source, so that their nitrogen content and conversion factor (K) could be calculated. This
method, which was mainly applied to milk proteins, provides
an estimate that does not take account of the non-protein nitrogen and overestimates the potential of a source to provide
amino acids when the peptide chains include glycosylated or
phosphorylated residues (Table 1 and Fig. 1). Using these data,
however, a conversion factor (K ) independent of the prosthetic
groups can be recomputed, which better describes the ability
of these proteins to provide amino acids. It is lower than, or
Table 1 Conversion factors calculated from the amino acid sequences in
milk proteins1

What is Meant by “Protein”?
Nowadays, the conversion factor should not be an issue for
nutritionists when the amino acid content of a foodstuff is known.
Because protein requirements correspond to the increasingly
well-understood requirements for specific indispensable amino
acids and to a non-specific need for non-indispensable amino
acids, the nutritional value of a protein source can be estimated adequately from an analysis of the nitrogen and amino
acid contents (Schaafsma, 2005). However, the persistent use
of the dietary protein concept by most dieticians (and also in
trade and food regulations) requires a practical method to determine the “protein content” of food. This concept is highly
ambiguous because “protein” and “protein”-related compounds
refer to a variety of very different substances considered as
a whole but differing in terms of their biochemical and analytical nature (Fig. 1). In particular, “protein” can either refer
to specific, purified compounds—the biochemical viewpoint—
or to the main function of “protein,” that is to provide amino
acids—the most nutritionally relevant although other nitroge-

Factor2

Casein αs1
Casein αs2
Casein β
Casein κ
βlactoglobulin
αlactalbumin
Serum albumin
Casein3
Milk protein3
Milk3
1 data

K

K

6.36
6.30
6.37
6.35
6.29–6.38
6.26
6.08
6.36
6.32
5.92

6.19
6.06
6.28
6.11
6.34
6.26
6.08
6.22
6.19
5.80

from Farell et al. (2004)
factor calculated including prosthetic groups in the polypeptide mass. The
results are identical to those obtained by van Boeckel and Ribadeau-Dumas
(1987).
K :factor excluding prosthetic groups in the mass of polypeptide mass.
3 The factors for casein, milk protein and milk, were calculated from their
content in the 7 main constituent proteins, and for milk on the basis of non
protein nitrogen levels reaching 6.4 percent of total nitrogen (Barbano et al.,
1991).
2 K:
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equal to, factor K, depending on the presence of the prosthetic
groups.
Lastly, a conversion factor for dietary proteins that allows an
estimate of their potential to provide amino acids (as is achieved
with the K factor), can also be calculated from their nitrogen
and amino acid contents (Mossé, 1990). In this context, two
types of conversion factors have been proposed. The first, kP ,
is the ratio of the sum of the weights of anhydrous amino acid
residues to total nitrogen content (Sosulski and Holt, 1980). kP
is welldesigned to assess the protein content from the nitrogen
content, but because it depends on analytical recovery during
amino acid analysis, it tends to underestimate the protein content. The second factor, kA , is the ratio of the sum of anhydrous
amino acid residue weights to nitrogen from recovered amino
acids (including amide nitrogen—for methods see Mossé et al.,
1985). Because, this factor does not take account the nitrogen
from dietary non-protein constituents (Fig. 1), both protein levels inferred from this factor and the total nitrogen content are
overestimated. Interestingly, a mean factor, i.e. k = (kA + kP )/2,
has been proposed as being a good compromise because kP and
kA are respectively lower and higher than the true factor (Mossé,
1990). However kA should be preferred for purified protein fractions where the amount of non-protein nitrogen is very low, such
as in purified protein products extracted from milk, cereals, or
soybean.

Shortcomings and Inherent Problems in the Development
and Accuracy of Specific Conversion Factors
If the amounts of constitutive proteins in a food and their
amino acid sequences are known, the conversion factor can be
calculated exactly (as shown above for milk). In other cases,
the amino acid and nitrogen composition are needed. Nitrogen
can be analyzed using the classical Kjeldahl method or the alternative Dumas approach. The former has proved to be simple
and accurate and constitutes a reference method while the latter,
which is considered as a challenger method, accurately assays
total nitrogen and is of particular interest for high nitrogen contents (Wiles et al., 1998). Slightly higher levels of nitrogen are
usually found using the Dumas method and this can be explained
by a greater total efficiency in assessing all forms of nitrogen in
the sample (Daun and Declercq, 1994; Thompson et al., 2002).
However, methodological bias and reliability issues are usually
minimal when determining a total nitrogen content, and indeed,
the development of accurate conversion coefficients depends on
accurate amino acid analysis. k values (mean of kP and kA ) are
little sensitive to errors of accuracy and repeatability in amino
acid analysis. Using a Monte-Carlo-like simulation approach
(data not shown) we have calculated that a random error in
individual amino acid concentrations within the range ±20%
results in an average accuracy error with a coefficient of variation (CV) that is lower than 3.5% and 1.5% for kP and kA
respectively, translating into a final CV of less than 2% for k.
This is consistent with the homogeneity of the k values obtained
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by different groups, despite some variations in the results concerning individual amino acids. By contrast, k is more prone to
a methodological systematic bias. Two important steps have to
be considered: the hydrolysis releasing amino acids from protein and amino acid determinations in hydrolysates. Importantly,
an error in global hydrolysis recovery is transferred directly on
kP (Mossé, 1990). This can be overcome by optimizing several parameters to achieve efficient hydrolysis: the hydrolysis
reagent (nature and concentration), the temperature, the duration, and the amount of reagent, which may depend on the protein concentration in food. This question has been dealt with in
details in several reviews (Darragh and Moughan, 2005; Mossé,
1985; Peace and Gilani, 2005). Specific hydrolysis conditions
are required to obtain the composition in the 18 common amino
acids, including amide nitrogen for kA calculation (Mossé, 1990;
Mossé et al., 1985). The determination of amino acids released
by hydrolysis can be performed using different methods. The
reference method is ion-exchange liquid chromatography with
ninhydrin post-column derivatization because it assays all amino
acids in the same run and has been proved to be repeatable. The
somewhat low sensitivity of this method is not a practical problem since the sample size is rarely limiting. But because this
method is time-consuming, other techniques have been applied
which are based on amino acid separation by gas chromatography, RP-HPLC, ULPC, and capillary electrophoresis with pre- or
post-column derivatization (Peace and Gilani, 2005). Recently,
liquid chromatography coupled to tandem mass spectrometry
(ESI-MS/MS) has demonstrated higher amino acid resolution
and detection than classical methods (Piraud et al., 2005; Qu
et al., 2002).
Real Specific Conversion Factors have been Overlooked
and Jones’ Factors Remain
The conversion factors computed by this method using data
from the literature vary depending on the dietary protein sources
(Table 2). The factors differ for animal and plant products because of differences in their amino acid composition and because
non alpha-amino nitrogen levels are higher in plant products
than in animal products. It is noteworthy that differences within
animal and plant products are more marked than the average
difference between animal and plant products. For a given foodstuff, the conversion factor may differ according to species and
nitrogen content (Huet et al., 1988, Mossé, 1990) and depends
on the purification rate of protein extracts (Mossé, 1990) (Fig. 1).
However, in a given specie, reported values are very close. Furthermore, the K conversion factor for milk is quite similar (when
computed from an amino acid sequence which excludes prosthetic groups but includes non-protein nitrogen (5.80, Table 1))
to the factor k calculated from amino acid and nitrogen compositions (5.85, Table 2). When the most recent values are considered, the factors range from 5.85 to 6.15 for milk products,
from 5.38 to 5.74 (averaging 5.6) for meat, fish and eggs, and
an average of 5.5 for soybean. For other legumes (pea, lupine,
dry beans), estimates range from 5.24 to 5.64 (average: 5.4). For
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Conversion factors calculated from amino acid analysis

Animal sources
Milk
Casein
Cheese
Beef
Chicken
Fish
Whole egg
Plant sources
Barley
Triticale
Oats
Rye
Millet
Wheat (whole)
Wheat flour
Wheat germ
Wheat bran
Buckwheat
Rice
Corn
Soybean or soybean flour
Pea
Lupine
Dry bean

5.851
6.151 ; 6.152
5.851
5.571 ; 5.382
5.531
5.721 ; 5.433 ; 5.593
5.611 ; 5.74∗2 ; 5.743
5.504 ; 5.405
5.364 ; 5.625
5.364 ; 5.325
5.334 ; 5.355
5.304 ; 5.635
5.661 ; 5.334 ; 5.495
5.432 ; 5.593 ; 5.535
4.995
5.23 ; 4.715
5.245
5.371 ; 5.473 ; 5.174
5.611 ; 5.593 ; 5.654
5.642 ; 5.524 ; 5.445 ; 5.406
5.241 ; 5.402 ; 5.444
5.473 ; 5.404
5.281

Table 3
Jones1

Specific usual conversion factors, as proposed by

Proteins
Milk
Other animal products
Gelatin
Barley
Oats
Rye
Wheat (whole)
Wheat (endosperm)
Wheat (bran)
Rice
Corn
Sorghum
Soybean
Other legumes2
Peanut
Almonds
Brazil nut
Other oil seeds and nuts

Factor
6.38
6.25
5.55
5.83
5.83
5.83
5.83
5.70
6.31
5.95
6.25
6.25
5.71
6.25
5.46
5.18
5.46
5.30

1 Jones (1941), cited in subsequent literature (for example: Pellett
and Young, 1980, Leung et al., 1968) ; 2 Data corresponding to
the following legume pulses: navy bean, Lima bean, mung bean,
velvet bean, Adzuki bean, and Jack bean.

∗ Egg

white; 1 Sosulski and Imafidon (1990) ; 2 Sarwar et al. (1983) 3 Pion and
Prugnaud (personal communication) ; 4 Mossé (1990) ; 5 Tkachuk (1969) ;
6 Morr (1982).
Methods : Complete amino acid determination involving 6N HCl hydrolysis
once(1,6) or on several occasions(2−5) , specific hydrolysis for tryptophan or
sulfur amino acid determinations(1−6 ) and amide nitrogen measurements
with specific hydrolysis (1,4) or calculated from ammonia in 6N HCl
hydrolysates.(2,3,5,6)

most cereal products, the range is between 5.3 and 5.8 (average:
5.4), despite quite considerable discrepancies in the literature.
For most fruits and vegetables, the factor varies as a function of
the product and the authors. It is low (4.3) and could even be
considered lower if kP is used, which may be more relevant than
kA for these low protein sources rich in non-protein nitrogen
(Fujihara et al., 2001, Jones, 1941, Mossé, 1990, Sosulski and
Imafidon, 1990).
In practice, these data are rarely used even though they are
more relevant than those applied at present. Indeed, the conversion factors most frequently employed are those of Jones
(Table 3), which were first published in a USDA report in 1931
(slightly revised in 1941) and consist in a compilation of published and unpublished results.
However, Jones’ values are erroneous for two main reasons.
They result from the extrapolation of the amount of nitrogen in
a purified fraction of the major proteins without any guarantee
concerning the purification rate, and they take no account of
the non-protein nitrogen fraction (Tkachuk, 1969; Jones, 1941)
(Fig. 1). Although several authors have reported their inadequacy during the past sixty years, these data are still used in
food composition tables (USDA data bank, Souci-FachmannKraut tables (Scherz and Senser, 2000), Danish Food Compo-

sition Databank (Møller et al. 2005), Ciqual Databank (Favier
et al., 1995), etc.), although sometimes with slight adaptations
(e.g., USDA data bank), in order to indicate the protein content
of dietary products (FAO, 2003). Furthermore, when a specific
factor is not determined, the default factor is set at 6.25 whereas
the average factor is clearly closer to 5.6. In most trade and food
regulations, the official factor is set at 6.25. Interestingly, a major
controversy has recently arisen after it was proposed by the latest Codex Alimentarius committee guidelines for infant formula
standards that, at variance with standard regulations, 6.38 rather
than 6.25 should be used for cow milk protein (Koletzko and
Shamir, 2006). Indeed, conversion factors have huge financial
implications. In the present case, the difference between 6.38
and 6.25 in this regulatory setting would translate into a $96 M
difference affecting the European dairy industry (Koletzko and
Shamir, 2006).

MISMATCHES IN ESTIMATING PROTEIN QUANTITY
AND QUALITY
What are the consequences of using 6.25 and/or Jones’ factors? First, the protein levels estimated using Jones’ factors or
a constant factor often differ from the real levels estimated using specific factors. The discrepancies can be considerable for
some animal protein sources, and even more so for plant sources.
For instance, using N × 6.25, some protein isolates from plants
with a specific conversion factor lower than 6.25 are reported
to have protein content higher than 100% of dry matter. Calculating the protein content of a source using a constant factor
(such as 6.25) basically means expressing the nitrogen content
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Table 4

How the nitrogen conversion factor affects estimates of protein content and protein quality in wheat and bean.
Wheat1
Nitrogen basis

Nitrogen
Protein
Lysine
Lysine
Lysine, reference pattern2
Chemical score

Crude protein basis
2.35 × 6.25 = 14.69 g/100 g

161 mg/g N
320 mg/g N
161/320 = 0.50

25.7 mg/g prot
51 mg/g prot (Nx6.25)
25.7/51 = 0.50

Jones factors
2.35 g/100 g
2.35 × 5.83 = 13.70 g/100g
378 mg/100 g
27.6 mg/g prot
51 mg/g prot (Nx6.25)
27.6/51 = 0.54

Real specific factor
2.35 × 5.49 = 12.90 g/100 g
29.3 mg/g prot
51 mg/g prot (Nx6.25)
29.3/51 = 0.57

Navy bean1
Nitrogen basis
Nitrogen
Protein
Sulfur amino acids
Sulfur amino acids
Sulfur amino acid reference pattern2
Chemical score
1 Source:

Crude protein basis

1.317g/100g
1.317 × 6.25 = 8.23 g/100 g
187 mg/100 g
22.7 mg/g prot
22.7 mg/g prot
25.0 mg/g prot (N × 6.25)
25.0 mg/g prot (N × 6.25)
22.7/25 = 0.91
22.7/25 = 0.91

1.317 × 6.25 = 8.23 g/100 g
142 mg/g N
156 mg/g N
142/156 = 0.91

Jones factors

Real specific factor
1.317 × 5.28 = 6.95 g/100 g
26.9 mg/g prot
25.0 mg/g prot (N × 6.25)
26.9/25 = 1.08

USDA Databank (2005); 2 DRI (2005).

in another unit, which would prove highly unrealistic in this
case. Second, if the amino acid composition of the product is
reported in grams per 100 g of “protein” calculated using 6.25
or a specific Jones factor (which is usually not clearly stated),
these levels are over- or underestimated depending on whether
the conversion factor is lower or higher than the appropriate specific factor. Therefore, the chemical score (FAO/WHO, 1991),
which is calculated almost systematically using the constant factor 6.25, clearly refers to the nutritional value of nitrogen rather
than that of the proteins. Consequently, foods with a real conversion factor lower than 6.25 lose in quality what they gain in
quantity.
Two examples are shown in Table 4. In the case of wheat,
when expressing the nitrogen content as crude protein (N ×
6.25), the chemical score is 0.50, exactly as it is when using
nitrogen. When resorting to Jones’ factor, the use of 5.83 as
a conversion factor decreases the estimate of protein and accordingly increases the chemical score, or the quality index.
The use of a real specific conversion factor (N × 5.49) further
decreases the estimate of the protein content (as it is more accurate with respect to amino acids) and increases the quality
index (“protein”-amino acids being, of course, richer in lysine).
A similar impact on estimates of protein quantity and quality
are shown for navy bean (Table 4). Interestingly, in this latter
example, if the real conversion factor is used rather than the standard method of converting nitrogen to “protein,” the real protein
content is 15% lower and the chemical score is no longer below
the unit. The final conclusion is thus that if protein per se is considered, navy bean protein is not deficient in sulfur amino acids.
Please note that for the sake of clarity in these examples, we set
the lysine reference at 51 mg/g protein although when resorting
to real specific conversion factors, the average conversion factor
of 5.6 is preferable to 6.25 when expressing the reference pattern as protein and therefore calculating a chemical score based

on protein in both the foodstuff (N × 5.4 in the example) and
the reference (N × 5.6). If this system is applied, the reference
for lysine (320 mg/g N) would be better set at 51 × 6.25/5.6 =
57 rather than 51 mg/g protein, which would result in the most
accurate estimate of protein quality. This slightly differs from
the chemical score based on nitrogen or N × 6.25, depending
on whether the specific foodstuff factor is distant from 5.6.
However, in these examples, we can see that the nutritional
value of a foodstuff estimated from the amount necessary to
meet all amino acid requirements (the product of both quantity
and quality) is obviously the same, whatever the conversion factor. These examples also clearly illustrate that the use of specific
factors is preferable because it draws far more accurate estimates for “protein” regarding both the quantity and quality of a
foodstuff.

A PROPOSAL FOR A SET OF REAL SPECIFIC
CONVERSION FACTORS AS REPLACEMENTS FOR 6.25
AND JONES FACTORS
More recent data have provided a clearer understanding of
variations in nitrogen-to-protein conversion factors. Genetic
variability in foodstuffs and the effects of how protein sources
are produced and processed may to a certain extent explain the
discrepancies between values determined for the same type of
foodstuff. However, the most recent extensive data published
by Mossé et al. (1990) and by Sosulski and Imafidon (1990)
are sufficiently broad-ranging and methodologically reliable
to be considered. Data from Tkachuk (1969) have also been
included. Some additional values have been calculated from
complete amino acid analyses, including amide nitrogen determinations. Finally, the results obtained by these authors
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Table 5 Conversion factors, mostly drawn from the studies by Mossé, Sosulski and Imafidon and Tkachuk, and average specific conversion factors to be
retained.
Mossé1
Milk
Casein
Cheese
Other dairy products
Beef
Chicken
Fish
Gelatin
Other meat and animal tissues
Egg (whole)
Egg (white)
Barley
Triticale
Oats
Rye
Millet (Foxtail Millet)
Millet (Pearl millet)
Wheat (whole)
Wheat flour and derived products
Wheat germ
Wheat bran
Buckwheat
Rice
Corn
Sorghum
Other cereals
Soybean or soybean meal
Pea
Lupin
Dry bean
Other legumes
Mustard (yellow)
Rapeseed
Sunflower (hulled)

Sosulski & Imafidon2

Tkachuk3

5.85
6.15
5.85

6.15a

5.38a

5.57
5.53
5.72

5.43
5.59c
5.55d
5.74c
5.74a

5.61
5.50
5.36
5.36
5.33
5.80
5.30
5.33

5.40
5.62
5.32
5.35

5.66

5.63
5.49
5.53
4.99
4.71
5.24

5.17
5. 65
5.65

5.43a
5.59c
5.2c
5.47c
5.59c

5.37
5.61
5.68

5.52
5.44
5.40

Other data

5.44
5.24

5.64a
5.40c
5.40d
5.47c

5.28
5.12
5.29
5.29

5.41a

Mean value
5.85
6.15
5.85
5.85
5.48
5.53
5.58
5.55
5.51
5.68
5.74
5.45
5.49
5.34
5.34
5.80
5.47
5.49
5.52
4.99
4.96
5.24
5.34
5.62
5.67
5.5
5.50
5.36
5.44
5.28
5.40
5.12
5.35
5.29

Comments

Similar to the milk factor

Average of beef and chicken values

Average of Cereal factors

Average of 4 legumes
4

In the absence of specific factors
5,6

Vegetables, mushrooms and leaf proteins
Average default factor 7

4.4
5.6

1 Mossé (1990); 2 Sosulski and Imafidon (1990); 3 Tkachuk (1969); 4 Less well-documented data, such as that generated by Henkle and Mosenthin (1989, cited by

Zeb, 1998) and Simbaya et al. (1996) were not retained; 5 Fujihara et al. (2001), Sosulski and Imafidon (1990), Mattila et al. (2002), see also other notes; 6 Yeoh
and Wee (1994) see also other notes; 7 When there is no specific factor for a protein source and for mixed products made of several different protein sources.
The factor is based on the mean of average animal and average plant protein factors.
a :From the data put forward by Sarwar et al. (1983); b : Jones (1941) ; c : Pion et Prugnaud (personal communication) ; d : calculated from Morr’s data (1992).
Methods : Complete amino acid determination involving 6N HCl hydrolysis once (2,d) or on several occasions (1,3,a,c) , specific hydrolysis for tryptophan or sulfur
amino acid determinations(1,2,3,a,c,d) and amide nitrogen measurements with specific hydrolysis(1,2) or calculated from ammonia in 6N HCl hydrolysates(3,a,c,d) .
Other notes: Some factors for low protein sources such as chocolate or coffee (Leung et al.. 1968) or concerning for example flaxseed (Tkachuk, 1969)
or wild or tropical plants (Ezeagu et al., 2002) were not included. Only an average conversion factor was presented for all vegetables. Indeed, the factor
for vegetables is highly variable as a function of species (for example tomato and lettuce) and according to different authors (Fujihara et al., 2001.
Mattila et al., 2002. Sosulski and Imafidon, 1990). Furthermore, the average conversion factor reported in the present study for vegetables and leaf proteins
is kP whereas the other factors in this table are means of kP and kA . Indeed kP is more appropriate for those low protein sources that are rich in non-protein nitrogen.

concerning the same plant protein source are often very similar, even if some exceptions exist. The data as a whole are
consistent enough to derive a series of nitrogen-to-protein conversion factors that, despite some uncertainties, can be used to
estimate more accurately the potential of a protein source to

provide nitrogen and amino acids (Table 5). These data also
allow us to propose an average default factor (5.60) which is
more appropriate than 6.25. A summary of the average factors
for the main classes of dietary protein foodstuffs is given in
Table 6.
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Table 6

Average conversion factors for the main classes of protein sources 1

Sources
Milk and dairy products
Purified milk proteins
Meat, fish and eggs
Cereals: wheat, barley, oats, rye, triticale
Corn
Soybean
Other legume pulses
Vegetables and mushrooms
Other sources
1 :computed

Conversion factor
5.85
6.15
5.6
5.4
5.6
5.5
5.4
4.4
5.6

from data in Table 5.

CONCLUSIONS
Because Jones’ factors have been used for more than 75
years to convert nitrogen into protein, despite their flawed scientific foundations, it is clearly difficult to move from the current position. However, from a scientific point of view, it is no
longer reasonable to apply these factors. We recommend that
the present set of data, which is based on a robust paradigm
and a review of accurate determinations, should be used when
the aim is to specifically express nitrogen in terms of protein.
These factors are of particular importance when “protein” in
fact means “amino acids.” We hope that the present critical review will stimulate further scientific and regulatory discussions
concerning this issue.
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