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ABSTRACT Cereal Chem. 55(5): 628-636

Results obtained with different analyses
demonstrate that the percentage of egg yolks
and whites—and thus of whole eggs—in
noodles can be determined accurately only
by using at least two procedures. The first
must supply the percentage of yolk content

and fatty acids. The second must provide
analogous data on white content by
analyzing constituents, ie, conalbumin. The
influence of the type of milled product on
the results obtained by analyzing yolk
constituents is also discussed.

by analyzing constituents, ie, cholesterol

Sensitive, specific methods have been developed for determining the
percentage of egg in noodles. No method allows simultaneous evaluation of the
percentage of yolk and white contents, but the methods are specific for
determining the percentage of either the yolk or the white.

The analytic procedures involve either electrophoretic (1,2) or immunologic
(3) evaluation of certain protein fractions of the egg white or quantitative
determination of various components of the yolk, ie, determinations of
cholesterol and its relationship to the phytosterols from milled products with
which the noodles are made (4—7), of the percentage of fatty acids and their
interrelationships (8,9), and of lecithinic phosphorous (10—13).

We performed a series of studies on specially prepared samples so that we
could compare the results of the analytic procedures, verify the influence of the
matrix (the type of milled product) on the results, and obtain information
concerning commercial noodles and also so-called fresh noodles, which generally
are prepared with soft wheat flour.

MATERIALS AND METHODS

Three sets of samples were prepared. These were:
® Commercial durum wheat semolina with zero to four whole eggs per kilo of
finished product (0, 5, 10, 15, and 20%, respectively). Samples were identified as
So, S], Sz, S3, and S4.
® Commercial soft wheat flour with zero to four whole eggs per kilo of finished
product (0, 5, 10, 15, and 209%, respectively). Samples were identified as Fo, Fi,
Fz, F3, and Fi.
® A mixture of durum and soft wheat commercial products (70% + 30%), with
zero to four whole eggs per kilo of finished products (0, 5, 10, 15, and 20%,
respectively). Samples were identified as My, M;, M,, M, and M..

The shelled eggs had an average weight of 50 g, about 33 g of egg white and
about 17 g of yolk each.
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Five samples of egg noodles with durum wheat semolina and different
quantities of yolks and whites also were prepared to simulate commercially
available products (Table I). Samples were identified as X, Xz, X3, X4, and Xs.

The five analytic procedures used were:

1. Weight determination of total sterol fraction precipitated with digitonin
(14,15).

2. Determination by vapor phase chromatography (VPC) of single sterols and
their interrelationships. The digitonin derivatives, obtained according to the
method of Muntoni and co-workers (6) were converted to the trimethylsilyl
derivatives for VPC analysis by dissolving in 1 ml of anhydrous pyridine and
adding 0.6 ml of hexamethyldisilazane and 0.2 ml of trimethylchlorosilane. The
mixture was shaken for 30 min at 50°C and centrifuged; the supernatant was
used for VPC analysis.

VPC was done using a Varian Aerograph 1200 gas chromatograph with a
flame ionization detector and a column-glass column (2 m long, 3 mm ID)
packed with a 1.5% OV-17 on 60—80 mesh Chromosorb W/ AW and conditioned
overnight at 20°C above maximum operating temperature. The flow rates in
milliliters per minute were carrier (N2), 30; hydrogen, 30; and air, 300. The
Centigrade temperatures were injector, 300; detector, 300; and column oven, 260.
Results are detailed in Table II.

3. VPC determination of the fatty acids and the relationships between some of
them. In this analysis, 4-g samples of finely ground noodle were placed in a 250-
ml separator with 20 ml of acetone. After the mixture was shaken for
approximately 15 min, the supernatant was filtered through a l-cm layer of
anhydrous Na,SOs and placed in a funnel with a medium porosity fritted glass
disk. The solvent was evaporated under nitrogen flow; the residue was
transesterified (16) and analyzed by VPC. This VPC was done using a Varian
Aerograph 1200 gas chromatograph with a flame ionization detector and a
column-inox-steel column (2 m long, 3.18 mm ID) packed with 10% LAC 3-R-
728 on 60—70 mesh Chromosorb W/ AW. The flow rates in milliliters per minute
were carrier (N,), 25; hydrogen, 25; and air, 300. The Centigrade temperatures
were injector, 230; detector, 230; and column oven, 195. Results are detailed in
Table III.

4. Electrophoretic analysis with subsequent densitometric evaluation of the
patterns regarding the fraction of protein extracted with 0.15N NaCl solution (1).

TABLE I
Composition of Samples Simulating Commercial Products Made From Semolina

Egg Yolks Egg Whites

No./kg Average No./kg Average

Sample of Noodles Percent of Noodles Percent
X, 7 12 4.5 15
X 53 9 4.5 15
X3 4.1 7 3.0 10
X4 4.1 7 2.4 8
Xs 35 6 24 8




TABLE 11

Sterols (Percent of Weight®) of Fats From Noodles and Their Interrelationships

Cholesterol/ Cholesterol/ [-Sitosterol/
Sample Cholesterol Campesterol B-Sitosterol Campesterol [-Sitosterol Campesterol

(%) (%) (%) (%) (%) (%)
So 28.27 71.74 2.54
S, 31.40 19.62 49.07 1.60 0.64 2.50
S, 48.47 14.72 36.81 3.29 1.32 2.50
S3 57.39 11.93 30.68 4.81 1.87 2.57
Sq 66.85 9.77 - 2439 6.75 2.70 2.50
Fo 19.51 80.49 4.13
F, 33.78 13.51 52.70 2.50 0.64 3.90
F, 48.78 10.37 40.85 4.70 1.19 3.94
F; 61.29 8.07 30.65 7.60 2.00 3.80
Fa 68.00 6.66 25.33 10.19 2.70 3.80
M, 25.85 74.14 2.87
M, 33.03 17.72 49.25 1.87 0.68 2.80
M, 48.95 13.29 37.78 3.68 1.30 2.84
M 57.58 11.11 31.31 5.18 1.84 2.82
M, 66.29 9.09 25.62 7.18 2.55 2.82
X 75.91 6.27 17.82 12.11 4.27 2.84
Xa 73.38 7.14 19.48 10.28 3.77 2.73
X3 65.75 9.59 24.66 6.87 2.66 2.57
Xa 67.01 8.25 24.74 8.12 2.71 3.00
Xs 65.48 9.52 25.00 6.88 2.72 2.73

“All values are average of two determinations.
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5. Immunodiffusion analysis of protein extracted with 0.15N NaCl solution
3.

The data obtained using these five procedures on the noodle samples of sets S,
F, and M were used in constructing the calibration graphs for determining the
number (or percentage) of yolks or whites in the noodles of set X.

RESULTS AND DISCUSSION

Procedures 1—3 determine only the percentage of egg yolk in the noodle. The
two classes of substances—sterols and fatty acids—that can be determined by
these procedures are found only in milled products and in egg yolks and are not
present in egg whites (17).

Moreover, procedures 4 (electrophoretic) and 5 (immunologic) provide
information only on the egg white content of the noodle, because both require the
determination of some proteic components (mainly conalbumin) that are
contained exclusively in egg white.

Results obtained on the samples of set X (Table IV) demonstrate that the
experimental procedures provide information only about percentage or number
of yolks or whites in the samples.

TABLE 111
Fatty Acids (Percent of Weight") of Fats From Noodles
and Values of Percentage of Oleic Acid/Linoleic Acid Ratio

Oleic/
Sample Palmitic Palmitoleic  Stearic Oleic Linoleic Linolenic Linoleic
(%) (%) (%) (%) (%) (%) (%)
So 19.01 1.14 1.60 21.34 54.02 2.54 0.395
S 18.78 1.62 3.03 28.72 44 88 2.57 0.640
S: 20.02 2.11 4.11 32.44 38.87 2.03 0.835
Si 20.99 2.87 4.81 35.55 33.27 2.06 1.068
Sy 21.13 326 4.32 38.21 31.23 1.41 1.223
Fo 17.06 0.67 1.14 16.15 61.09 3.63 0.264
F, 20.26 1.94 2.76 25.34 46.80 2.52 0.541
F: 20.07 2.64 3.89 3291 38.18 1.89 0.862
F; 22.84 2.97 4.66 34.57 3245 1.97 1.065
F. 21.74 3.70 3.94 3841 30.15 1.57 1.274
M, 18.88 0.48 1.69 17.77 57.87 293 0.307
M, 20.17 1.82 2.90 25.32 46.76 2.46 0.541
M. 21.51 2.76 3.46 31.24 38.61 1.96 0.809
M, 20.44 291 3.64 36.33 34.44 1.79 1.055
M. 19.15 3.55 3.85 39.51 31.90 1.67 1.239
Xi 23.57 2.49 7.01 37.77 27.42 1.17 1.377
X: 22.32 2.87 6.41 37.26 29.33 1.40 1.275
X 24.14 294 5.17 35.39 30.28 1.47 1.169
Xy 22.48 297 6.08 33.76 33.04 1.16 1.022
Xs 25.37 2.77 4.74 34.04 30.92 1.52 1.101

"All values are average of two determinations.
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To obtain precise information about the composition of commercial products
(sometimes prepared using different numbers of yolks and whites), at least two of
the experimental procedures must be used—one that gives information about the
percentage or number of yolks and one about the percentage or number of
whites.

When a procedure based on determination of a yolk constituent is used, the
composition of the matrix also must be considered. Figures 1 and 2 show that the
type of milled product used in preparing noodles greatly influenced the values
obtained in procedures 2 and 3. These procedures allow determination of
components that also are contained in the milled product, the quantities of which
depend on the percent of durum wheat and soft wheat products.

The results of procedures 2 and 3 should be clarified further, ie, these concern
determining the ratios of the percentages of cholesterol to campesterol,
cholesterol to B-sitosterol, and oleic acid to linoleic acid. The first relationship
appears to be particularly influenced by the composition of the matrix, since the
campesterol content is higher in the durum wheat semolinas than in the soft
wheat flours as shown by the sterol contents for samples So, Fo, and Mo (Table
II).

TABLE IV
Data From Experimental Procedures Applied to Sample Set X*

VPC of TMS® Derivatives of Sterols VPC of Fatty Acids

% Cholesterol/ % % Cholesterol/ % % Oleic acid/ %

Campesterol B-sitosterol Linoleic acid
No. of No. of No. of
Total  Sterols, Yolks/kg Yolks/ kg Yolks/ kg
Weight Recovery of Noodles Recovery of Noodles Recovery of Noodles Recovery

%) (%) (%) (%)
X1 68 97 7.3° 104.3 7.1 101.4 6.9 98.6
X 53 100 5.3 100 5.7 107.5 5.7 107.5
X; 44 107.3 4.1 100 4.1 100 4.3 104.9

Xs 41 100 43 104.9 4.2 102.4 4.1 100
Xs 3.6 102.9 33 94.3 39 1114 3.8 108.6

Electrophoretic Analysis Immunodiffusion Analysis

No. of No. of
Whites/ kg Whites/ kg
of Noodle Recovery of Noodle Recovery

(%) (%)
Xi 4.6 102.2 4.2 93.3
Xs 4.6 102.2 44 97.8

X3 2.8 93.3 3.0 100
X4 2.2 91.7 2.6 108.3

Xs 25 104.2 2.4 100

'Values are average of two determinations. Percent recoveries refer to data in Table 1

"VPC of TMS = Vapor phase chromatography of trimethylchlorosilane.

‘Values calculated on calibration curve S (see text and Fig. 1).

Average values of data interpolated on calibrations curves S, M, and F (see text and Fig. 2).
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Fig. 1. Calibration curves (percentage of cholesterol/campesterol versus number of yolks
per kilogram of noodles) of samples of sets F, M, and S.
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Fig. 2. Calibration curves (percentage of oleic acid/ linoleic acid versus number of yolks
per kilogram of noodles) of samples of sets F, M, and S.
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Figure 1 shows the curves obtained through linear regression of the ratios of
the percentages of cholesterol to campesterol versus the number of yolks per
kilogram of noodles. The curves have three different slope values for the three
different matrix compositions; thus, the same ratio of percentages of cholesterol
to campesterol, interpolated on these three curves, leads to three different yolk
numbers. Consequently, the type of milled product in the noodle must be known
before choosing a calibration curve to determine yolk number. This information
is supplied by immunologic (18) and electrophoretic (19) methods, but it may be
useful to consider the ratio of percentages of B-sitosterol to campesterol, which
appears to vary with the flour content of the matrix as seen in Fig. 3.

The second ratio, the percentages of cholesterol to B-sitosterol, is not
influenced by the type of milled product in the noodles, because the -sitosterol
contents are similar in durum and soft wheat products.

The ratio of the percentages of oleic acid to linoleic acid, like that of cholesterol
to campesterol, is influenced—although differently—by the composition of the
matrix. The percentage of two fatty acids differ in durum and soft wheat
products: The percentage of oleic acid is greater in durum wheat semolina than in
soft wheat flour; the percentage of linoleic acid is greater in soft wheat flour than
in durum wheat semolina. Thus, the ratio of these fatty acids is greater for the
semolina than for the soft wheat flour as shown by samples So and F, (Table III);
this ratio for the mixture of these two wheat products (Mo) has a value between
those of So and F,.

Addition of increasing quantities of egg yolk to the milled products modifies
the percentage of oleic and linoleic acids, so that the ratio reaches close values
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Fig. 3. Influence of percentage of soft wheat flour in sample over percentage of B-
sitosterol/ campesterol.
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when the number of yolks is near three per kilogram of noodles; that occurs for
any composition of the matrix.

When the number of egg yolks in the noodles exceeds three, the ratio again
assumes different values, but the results are higher for noodles prepared with soft
wheat flour than for those prepared with durum wheat semolina. Figure 2 shows
the curves for the ratios of percentages of oleic to linoleic acids for samples
containing up to more than four yolks per kilogram of noodles. The curves are
obtained from the following equations, derived through linear regression:

setS  y=0415+0.209 - x
set F y=10.292+0.254 - x
set M y=0.315+0.237 - x

The correlation coefficients (r) for the three curves had the following values: S,
0.9975; F, 0.9954; and M, 0.9982.

Procedures 1, 2, and 3 can be used for evaluating the percentage of yolks, and
procedures 4 and S for evaluating the percentage of whites in noodles.
Consumers want to know the number of whole eggs, however, and to provide this
information, the yolk and white numbers per kilogram of noodles must be
considered instead of the percentage of yolk and white. If these numbers nearly
coincide, they also represent the number of whole eggs; otherwise, only distinct
analytic data for the number of yolks or whites can be given.

The percentage of single fatty acids, like that of single sterols, can differ in
various stocks of durum wheat semolina (and soft wheat flour). This occurrence
obviously restricts the reliability of procedures 1—3 compared with the more
specific electrophoretic and immunologic methods; these are based on the
evaluation of protein components that are present at uniform levels in egg whites.

Literature Cited

. SILANO, V., D’ERRICO, A. M., MICCO, C., MUNTONI, F., and POCCHIARI, F. Egg
content of noodles by quantitative analysis of characteristic proteins of the egg. J. Assoc. Off.
Anal. Chem. 51: 1213 (1968).
2. FEILLET, P., and KOBREHEL, K. Elektrophoretische Bestimmung des Eigehaltes in
Teigwaren. Getreide, Mehl Brot 2: 45 (1973).

3. CANTAGALLI, P.,and TASSI-MICCO, C. Measurement of egg content of noodles by multiple
radial immunodiffusion analysis of egg proteins with albumen-specific antiserum. J. Assoc.
Off. Anal. Chem. 56: 926 (1973).

4. BUOGO, G., and RADOGNA, L. Determinazione del colesterolo nelle paste all’'uovo. Boll. Lab.
Chim. Prov. 1(4): 12 (1950).

5. RUSPOLO, P. F. Determinazione degli steroli nelle paste alimentari. Boll. Lab. Chim. Prov.
X(2): 153 (1959).

6. MUNTONI, F., TISCORNIA, E., and TASSI-MICCO, C. La gas-cromatografia nella chimica
dei cereali. IV. 11 dosaggio delle uova nelle paste alimentari. Quad. Nutr. XX VI, 1-2: 26 (1966).

7. BERNAERTS, M. Gaschromatographische Bestimmung des Eigehaltes in Teigwaren. Getreide,
Mehl Brot 1: 5 (1973). .

8. SPITERI, J., CASTANG, J., and SOLERE, M. Dosage des oeufs dans les pates alimentaires.
Ann. Falsif. Expert. Chim. 56: 93 (1963).

9. FRANCIOSI, A., and GIOVANNINI, G. Cromatografia in fase vapore applicata all’analisi di
paste alimentari. 1. Paste confezionate con aggiunta di uova. Boll. Lab. Chim. Prov. XV(2):
131 (1964).

10. JUCKENACK, A. Uber die Untersuchung und Beurteilung der Teigwaren des Handels mit

Berucksichtigung des Nachweises der kiinstlichen Firbung und der qualitativen und



636 EGG CONTENT OF NOODLES Vol. 55

quantitativen Bestimmung von Eisubstanz in Mehlwaren. Z. Unters. Nahr. Genussm.
Gebrauchsgegenstaende. 3: 1 (1900).

I1. BUOGO, G. Chimica Applicata all'Igiene. Edizioni Macri, 1: 289, 2: 1087 (1948).

12. FERRARI, M. Dosamento colorimetrico dell’acido fosforico. Mem. R. Acad. Sci. Ist. Bologna.
Serie 9, Tomo 3 (1935-1936).

13. MENGOLI, M. Metodo fotometrico per la determinazione delle uova nelle paste alimentari.
Boll. Lab. Chim. Prov. II (3): 62 (1951).

14. Changes in official methods of analysis made at the 67th annual meeting, October 12—14, 1953.
Cereal Foods. J. Assoc. Off. Agric. Chem. 37: 92 (1954).

15. MUNSEY, V. E. Report on the egg content of noodles. J. Assoc. Off. Agric. Chem. 38: 572
(1955).

16. Metodi Ufficiali di Analisi per gli Olii ed i Grassi. Ministero dell’Agricoltura e delle Foreste
(supplemento no. 2) Istituto Poligrafico dello Stato, Roma (1971).

17. PARKINSON, T. L. The chemical composition of eggs. J. Food Sci. Agric. 17: 101 (1966).

18. CANTAGALLI, P., PIAZZI, S. E., and SORDI-GALLI, S. Controllo della genuinita delle
semole di frumento duro e delle paste alimentari mediante analisi immunologica. Tec.
Molitoria 20: 79 (1969).

19. RESMINI, P. Un nuovo metodo per identificare e dosare gli sfarinati di grano tenero presenti in
quelli di grano duro e nelle paste alimentari. Tec. Molitoria 19: 145 (1968).

[Received October 6, 1976. Accepted January 3, 1978]



