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Abstract: The aim of the study was to determine the effect of herbicides and herbicides used with
biostimulants on the content of total and true protein in potato tubers. The three-year field experiment
was carried out using the random two-way split-plot arrangement in three repetitions. The examined
factors were: I—three cultivars of potato: Bartek, Gawin, Honorata; II—five method applications
of herbicides and herbicides with biostimulants: 1. Control—mechanical weeding, 2. Harrier 295
ZC (linuron + clomazone), 3. Harrier 295 ZC + Kelpak SL (linuron + clomazone and extract from
algae Ecklonia maxima), 4. Sencor 70 WG (metribuzin), 5. Sencor 70 WG + Asahi SL (metribuzin and
sodium p-nitrophenolate, sodium o-nitrophenolate, sodium 5-nitroguolacolate). On the plots sprayed
with herbicides and herbicides mixed with biostimulants, a significant increase in the content of total
and true proteins and the share of true protein in total protein in relation to tubers harvested from
the control object was found. Genetic features of cultivars determined the content of total and true
protein in potato tubers. The highest total and true protein was accumulated by tubers of the Bartek
cultivar, and the least by the Honorata cultivar.
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1. Introduction

Mechanical and chemical treatments using herbicides, herbicide mixtures or herbicides with other
preparations used in potato plantations protect the crop against weeds [1-4], but can be phytotoxic,
affect the yield and change the chemical composition of tubers [5-7]. One of the most important
components of potato is protein, which in the fresh matter of the tuber is present in the amount of
1.7%—-2.3%, and in the dry matter it ranges from 4.5% to 13.6% [8,9]. Although it occurs in a small
amount, it has a high biological and nutritional value. Potato protein is rich in exogenous amino acids,
such as: lysine, leucine, phenylalanine, threonine, valine and arginine, which the human body does not
synthesize [10-12]. According to Peksa et al. [8] and Bartova et al. [13], the biological value of potato
protein is greater than that of most vegetable proteins, e.g., wheat, rice, peas, soy. According to Oser’s
index, the Essential Amino Acid Index (EAA), characterizing potato protein in terms of amino acid
composition indicates that it is comparable to the FAO egg standard of essential amino acid.

Due to the relatively high potato consumption in Poland of 92 kg per person, the protein contained
in it plays an important role in human nutrition. The importance and popularity of potato in the world
is also evidenced by the fact that out of 195 countries in the world, it is grown as a vegetable in 166 and
provides the human diet with valuable nutrients [14].
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The interest and use of biostimulants in plant production has increased in recent years. According to
many authors [15-19], agricultural biostimulants include a variety of substances and microorganisms
that stimulate natural physiological processes, promote nutrient uptake, improve crop yield, quality and
plant resistance to stress. Calvo et al. [20] and Lea et al. [21] showed that the amino acids contained in
biostimulants play an important role in the storage and transport of nitrogen in plants and increase
plant tolerance to abiotic and biotic stress. Arafa et al. [22], Farouk [23] and Mystkowska [24] noted an
increase in protein content in potato tubers, Matysiak et al. [25] in wheat grain and Szczepanek et al. [26]
in carrot root after using biostimulants. Hence, the working hypothesis was adopted that herbicides
and biostimulants may not only reduce weed infestation, but also have a positive effect on the content of
protein compounds in the potato. The aim of the research was to determine the effect of herbicides and
herbicides used with biostimulants on the content of total and true protein in Solanum tuberosum tubers.

2. Materials and Methods

2.1. Field Experiment and Agronomic Management

The research material, which was potato tubers, came from a three-year field experiment carried
outin years 2012-2014, in Wojnéw (52°12’59” N, 22°34’37” E) in Poland. The experiment was established
as a two-way split-plot arrangement in three repetitions. The impact of two factors was analyzed:

— Factor I—three cultivars of potato: Bartek, Gawin, Honorata [27] (Table 1);
— Factor II—five methods application of herbicides and herbicides with biostimulants (Table 2).

Mechanical procedures were performed on the control object and on objects with herbicides and
biostimulants and were presented in another paper [5]. Other agrotechnical measures used in the
experiment are presented in Table 3. Each year, potatoes were planted after winter wheat. The area of
one plot was 18.73 m? = 5.55 m x 3.375 m, i.e., 15 plants arranged in five rows and the experiment area
was 843 m? (18.73 m? x 45 plots). The selection of herbicides was in line with the recommendations
of the Institute of Plant Protection—National Research Institute Poznan in Poland and adapted to the
occurring weeds [28]. Biostimulants Kelpak SL and Asahi SL are recommended in plant cultivation
by the Ministry of Agriculture and Rural Development [29]. The experiment was carried out on soil
belonging to Haplic Luvisol (LV-ha), with a sandy loam texture according to the World Reference Base
for soil resources WRB FAO [30]. Soil parameters were determined before establishing the experiment:
pH 5.60-6.35 in 1 M KCl, organic matter 15.0~18.7 g-kg™!, content of available nutrients in mg-kg™ of
soil: P ranging from 68.6 (high) to 110 (very high), K from 99.6 (low) to 149.4 (medium), Mg from 50.0
(high) to 56.0 (high), Fe (low) from 465.0 to 570.5, Mn (medium) from 80.8 to 83.4, Zn (low) from 7.5 to
7.9, Cu (low) from 2.7 to 2.9.

2.2. Determination of Protein

During harvest, samples of tubers from 10 plants of potatoes per plot were collected for chemical
analyses. Samples of potato tubers were dried at an initial temperature of 70 °C, and then dried at 105 °C
to a constant weight using the SLW 115 SIMPLE dryer (Merazet, Poland) with forced air circulation.
The total and true nitrogen was determined with Kjeldahl’s method on a 2300 Kjeltec Analyser Unit [31].
The content of total and true protein was calculated from the content of total and protein nitrogen
with the use of the coefficient 6.25. True protein was separated from non-protein compounds by
precipitation with 10% trichloroacetic acid and determined by the Bernstein method [32].

2.3. Statistical Analysis and Weather Conditions

The results of the study were analyzed statistically with an analysis of variance (ANOVA Cultivar x
Methods X Years) for the two-way split-plot arrangement. The significance of differences between the
compared averages was verified using Tukey’s test at the significance level p < 0.05. Calculations were
performed in Excel using the authors” own algorithm based on the split-plot mathematical model.
The above statistical procedures are presented in the work by Tretowski and Wéjcik [33].
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Table 1. Description of three potato cultivars grown in the experiment—factor I [27].

Cultivar Maturity Group ~ Colour of the Flesh ~ Dry Matter g-kg1 Starch g-kg1 Vitamin C mg-kg~! Glycoalkaloids mgkg™  Accumulation of Nitrates *

Bartek Medium early light yellow 252 161 246 159 low
Gawin Medium early light yellow 260 164 127 154 low
Honorata Medium early light yellow 245 168 228 107 low

* low-below 100 mg‘kg‘l.

Table 2. Description of herbicides and herbicide with biostimulants used in the experiment—factor II [28,29].

No. Methods/Trade Name Active Substance/Composition Dose Preparation Usage
1 C-Control ** mechanical weeding-plants not treated with herbicides and biostimulants
2 LC-Harrier 295 ZC linuron + clomazone 2.0 dm3-ha~! 7-10 days following tuber planting
linuron + clomazone and extract from algae herbicide-7-10 days following tuber planting

3 LC + E-Harrier 295 ZC and Kelpak SL Ecklonia maxima-auxins 11 mg dm? and 2.0 dm3ha~! and 2.0 dm3ha! biostimulants twice-end of emergence and
gibberellins 0.031 mg dm? rows closure

4 M-Sencor 70 WG metribuzin 1.0 kg-ha™? just before plants emergence

metribuzin and sodium p-nitrophenolat—0.3%, herbicide-just before plants emergence

5 M + S-Sencor 70 WG and Asahi SL sodium o-nitrophenolate—0.2%, sodium 1.0 kg'ha™! and 1.0 dm3-ha™! biostimulants twice-end of emergence and

5-nitroguolacolate—0.1% rows closure

** C—Control object; LC—linuron + clomazone; LC + E—linuron + clomazone + Ecklonia maxima; M—metribuzin; M + S—metribuzin + sodium.

Table 3. Agrotechnical treatments used in the field experiment.

Agrotechnical Treatments Specification Dates

25 tha~! farmyard manure and mineral fertilizers: 44.0 kg-ha™1-P (46% TSP triple

Fertilization superphosphate), 124.5 kg-ha™1-K (60% potash salt) and 100 kg-ha™!-N (34% ammonium salt) autumn, spring—before planting
Planting of potato tubers spacing 0.675 x 0.37 m second week of April
Weed control mechanical weeding and herbicides with biostimulants (see Table 2) after planting to rows closure
Colorado potato beetle control insecticides: Apacz 50 WG (clothianidin) and Fastac 100 EC (alpha, cypermethrin) during vegetation
Late blight control fungicides: Ridomil Gold MZ 68 WG (metalaxyl-M + mancozeb) and Altima 500 SC (fluazinam) during vegetation

Harvesting of potato tubers physiological maturity first week of September
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Thermal-humidity conditions in the three years of research were varied (Table 4). The average air
temperatures in all years of the study were higher than the average from the long-term period. The sum
of precipitation in 2012 was lower, and in 2013 and 2014 it was higher than the average from 1980-2009,
although it was distributed unevenly during potato vegetation. According to the hydrothermal
coefficient, 2012 was dry, 2013 optimal and 2014 quite dry. The accumulation of ingredients in tubers
of medium-early varieties was determined mainly by hydrothermal conditions prevailing in July

and August.
Table 4. Weather conditions during potato growing period.
Differences *** between Sielianinov The Month’s
Month/Year. TMean ((")E) . Sfm1111 of Multi-Year Period and Hydrothermal  Classification according to
emp. Rainfalls (mm) Temp. (°C) Rainfalls (mm) Coefficient Skowera et al. [34]
2012
v 8.9 29.9 +1.0 -19.7 1.10 fairly dry
\'% 14.6 53.4 +3.4 +5.2 1.20 fairly dry
VI 16.3 76.2 -0.4 +15.5 1.60 optimal
vl 20.7 43.0 +1.4 -2.7 0.69 very dry
VI 18.0 51.0 0.0 -2.0 0.94 dry
X 14.1 114 +1.1 -39.3 0.27 extremely dry
Srednia/Mean
Suma/sum 154 264.9 +1.0 —43.0 0.95 dry
2013
v 7.4 36.0 -0.5 -13.6 1.60 optimal
\% 15.3 105.9 +4.1 +57.7 2.30 humid
VI 18.0 98.8 +1.3 +38.1 1.80 fairly humid
vl 19.0 91.3 -0.3 +45.6 1.60 optimal
VIIL 18.8 15.0 +0.8 -38.0 0.30 extremely dry
IX 11.7 94.3 -1.3 +43.6 2.70 very humid
Srednia/Mean .
timal
Suma/Sum 15.0 4413 +0.6 +1334 1.60 optima
2014
v 9.8 45.0 +1.9 -4.6 1.50 optimal
\'% 13.5 92.7 +2.3 +44.5 2.30 humid
VI 154 55.4 -14 -53 1.20 fairly dry
vII 20.8 10.0 +1.5 -35.7 0.16 extremely dry
VI 18.1 105.7 +0.1 +52.7 1.90 fairly humid
X 14.1 26.3 +1.1 —24.4 0.62 very dry
Srednia/Mean .
fairly d
Suma/Sum 153 335.1 +0.9 +27.2 120 airly dry

** The multi-year period includes years 1980-2009. Hydrothermal coefficient values were classified according to
Skowera et al. [34]: up to 0.4: extremely dry, 0.41-0.7: very dry, 0.71-1.0: dry, 1.01-1.3: relatively dry, 1.31-1.6:
optimal, 1.61-2.0: relatively humid, 2.01-2.5: humid, 2.51-3.0: very humid, > 3.0: extremely humid.

3. Results and Discussion

Potato is a valuable food product. Its nutritional value is determined by the nutrients contained
in the tubers such as protein, starch, fat, vitamins, polyphenols, macro-elements and microelements.
In addition, it is relatively low in calories, and anti-nutritional substances are found in tubers in
very small amounts [8,11,35,36]. Our own research showed that the content of total protein in potato
tubers depended significantly on cultivated cultivars, methods of using herbicides and biostimulants
and atmospheric conditions in the years of the study and was in the range of 126.7-156.6 gkg™!
(Tables 5-7). The cultivars grown in the experiment differed in the content of total protein in tubers.
The Bartek cultivar gathered the highest, Gawin a lower and Honorata the lowest content of protein.
Different authors also showed different protein contents depending on the cultivar [7,12,13,37].

In the conducted studies, the content of total protein depended on the application of herbicides and
herbicides with biostimulants. A significant increase in the content of this component was demonstrated
after using the herbicides M (Sencor 70 WG) and LC (Harrier 295 ZC) and herbicides with biostimulants,
ie., M + S (Sencor 70 WG + Asahi SL), LC + E (Harrier 295 ZC + Kelpak SL) compared to the C**
(control object). Mixtures of herbicides used in potato protection control a broader spectrum of weed
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species than a single herbicide [5]. L (linuron) inhibits the photosynthesis process in the plant in
its initial stage, blocking the photolysis of water. In the light phase of photosynthesis, it acts as
an inhibitor of electron transport, enabling the formation of active oxygen species. C (clomazone)
inhibits the biosynthesis of photosynthetic pigments, especially chloroplast [2]. As a result of the
action of M (metribuzin), the light energy is not converted into chemical energy, which is necessary for
plants [4]. The active substances of biostimulators increase the biological potential without causing
development defects, which may contribute to increasing the yield and improving the quality of
crops and resistance to stress conditions [15,16]. S (sodium) works by increasing the accumulation of
polyphenols (up to 30%), which protect plant cells and their enzymatic systems from damage, as well as
support plants in reacting quickly to unfavorable habitat conditions. Previous studies have shown that
phenols contained in S very easily penetrate into plant tissues and then into individual cells, where they
stimulate faster cytoplasmic flow, which consequently affects more efficient biosynthesis of substances
necessary for growth and development. There is a faster reaction to stress factors and activation of the
natural defense mechanisms of plants [10]. E (Ecklonia maxima) extract from algae affects the increase
in yield and tuber quality characteristics. Studies [15,24] show that the effect depends on the dose and
frequency of treatment and the species of the crop plant.

Table 5. Total and true protein content in tubers of potato depending on the treatments of herbicides
and biostimulants, application and cultivars of dry matter.

Methods of Herbicides and Cultivars
.. A, Mean
Biostimulants Application Bartek Gawin Honorata
Total protein (g-kg™! of dry mass)
1. C** 143.5C 134.7C 129.3C 135.8¢
2. LC 145.9B 137.8B 131.9B 138.5b
3. LC+E 1472A  138.6AB  133.6A 139.8a
4. M 147.0AB  141.0A 134.6A 140.9a
5 M+S 146.0AB  139.8A 133.8A 139.8a
Mean 145.9a 138.4b 132.6¢ 139.0
True protein (g-kg™! of dry mass)
1. C 105.6B 95.9C 91.6C 97.7¢
2. LC 107.7A 99.4B 95.0B 100.7b
3. LC+E 108.6A 100.3B 95.5B 101.5b
4. M 108.6A 102.8A 96.9A 102.8a
5. M+S 108.3A 102.8A 96.9A 102.7a
Mean 107.8a 100.2b 95.2¢ 101.1

** C—Control object; LC—linuron + clomazone; LC + E—linuron + clomazone + Ecklonia maxima; M—metribuzin;
M + S—metribuzin + sodium. Means followed by the same letters do not differ significantly at p < 0.05. Means in
columns marked with capital letters refer to interactions between the factors. Means in the last row (followed by
lowercase) are for methods and cultivars.

Barbas and Sawicka [10] also noted an increase in the amount of protein in tubers after
spraying, at different doses, with the herbicides Sencor 70 WG (metribuzin) and Titus 25 WG
(rimsulfuron), and Gugata et al. [38] after applying herbicides Command 480 EC (clomazone),
Stomp 400 SC (pendimethalin) and herbicide mixtures Command 480 EC (clomazone) + Dispersive
Afalon 450 SC (linuron), Stomp 400 SC (pendimethalin) + Dispersive Afalon 450 SC (linuron).
In contrast, Miedzianka [39] showed a reduction in the protein content after the application of
herbicides, which was most likely associated with a defense response to stress conditions, as a result of
which the proportions of individual components may change in the direction of more intense storage of,
e.g., carbohydrates. The beneficial effect of biostimulants on the content of total protein in potatoes was
found by Mystkowska [24], Arafa et al. [22] and Farouk [23]. In turn, Haider et al. [40], after using the
“Primo” seaweed extract as an organic biostimulant, in the Sante potato cultivar, observed a significant
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improvement in growth, yield as well as nitrogen and protein content in Solanum tuberosum tubers
compared to control plants. Other authors noted an increase in total nitrogen accumulation in various
plants after using biostimulants: Wierzbowska et al. [41] in potato tubers, Szczepanek et al. [26] in
carrot roots, Kierzek et al. [42] in maize grain. Statistically proven cooperation of cultivars with the
use of herbicides and herbicides with biostimulants proves that the reaction of cultivars was different
(Table 5). The Bartek cultivar accumulated the highest content of total protein after the application of
the LC + E (Harrier 295 ZC herbicide and the Kelpak SL biostimulant), and the Gawin and Honorata
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cultivars after spraying with M (Sencor 70 WG) or M + S (Sensor 70 WG + Asahi SL).

Table 6. Total and true protein content in dry matter of potato tubers depending on weather conditions.

Methods of Herbicides and Years
.. . Mean
Biostimulants Application 2012 2013 2014
Total protein (g-kg™! of dry mass)
1. C* 128.4C 135.8C 143.2D 135.8d
2. LC 130.2B 137,5B 147.8C 138.5¢
3. LC+E 131.1B 138.3A  150.0AB  139.8b
4 M 133.1A 138.3A 151.2A 140.9a
5 M+S 133.4A 137.5B  148.6BC  139.8b
Mean 131.2¢ 137.5b 148.2a 139.0
True protein (g-kg‘1 of dry mass)
1. C 96,5D 98.6B 98.0C 97.7¢
2. LC 98.2CD 100.9A 103.1B 100.7b
3. LC+E 99.5BC 101.5A 103.4B 101.5b
4. M 100.8B 101.7A 105.8A 102.8a
5 M+S 101.1A 101.5A 105.5A 102.7a
Mean 99.2¢ 100.8b 103.2a 101.1

** C—Control object; LC—linuron + clomazone; LC + E—linuron + clomazone + Ecklonia maxima; M—metribuzin;
M + S—metribuzin + sodium. Means followed by the same letters do not differ significantly at p < 0.05. Means in
columns marked with capital letters refer to interactions between the factors. Means in the last row (followed by
lowercase) are for methods and years.

Table 7. Total and true protein content in tubers of potato tubers in study years of dry matter.

Cultivars
Years Mean
Bartek Gawin  Honorata

Total protein (g~kg’1 of dry mass)
2012 134.3C 132.7C 126.7C 131.2¢
2013 146.8B 136.0B 129.7B 137.5b
2014 156.6A 146.5A 141.5A 148.2a
Mean 145.9a 138.4b 132.6¢ 139.0

True protein (g-kg ™! of dry mass)
2012 102.5C 100.4A 94.7A 99.2¢
2013 109.1B 98.4B 95.0A 100.8b
2014 111.7A 101.9A 95.9A 103.2a
Mean 107.8a 100.2b 95.2¢ 101.1

Means followed by the same letters do not differ significantly at p < 0.05. Means in columns marked with capital
letters refer to interactions between the factors. Means in the last row (followed by lowercase) are for cultivars

and years.

The content of total protein was significantly differentiated by weather conditions in individual
vegetation periods (Tables 6 and 7). The largest amount of this ingredient was accumulated by tubers
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in fairly dry and warm 2014, when July was warm and extremely dry, and significantly less in the other
growing seasons. According to Bartova et al. [13], weather conditions during potato tuberization have
a decisive impact on the value of this trait. Barbas and Sawicka [10] and Gugata et al. [38] found that
low rainfall in July and a temperature of around 19-20 °C favored the accumulation of protein in potato
tubers. The interaction of years with the use of herbicides and herbicides with biostimulants confirms
that the impact of chemical treatments on the content of total protein depended on meteorological
conditions. The proven cooperation of cultivars with years indicates that the accumulation of the
discussed ingredient in cultivated cultivars was shaped by weather conditions in the years of the
experiment. The varied reaction of cultivars to climatic conditions in the case of total and true protein
is confirmed by the studies conducted by Mystkowska [24].

The chemical analysis showed that the content of true protein in potato tubers significantly
depended on the variety, methods of application of herbicides and biostimulants and hydrothermal
conditions in the years of the study and ranged from 91.6 to 111.7 g-kg™! of dry mass (Tables 5-7).
The highest concentration of true protein was found in Bartek, was significantly lower in Gawin and
the lowest in Honorata. Sawicka et al. [43] and Baranowska et al. [44] also noted differences in the
accumulation of this component.

Herbicides and biostimulants used in the experiment increased the accumulation of true protein
compared to the control object. The largest significant increase in tuber specific protein content was
found after the application of the M (Sencor 70 WG) herbicide and M + S (Sencor 70 WG with Asahi SL)
biostimulant. Similar results were obtained by Gugata et al. [38] using a single herbicide Stomp 400 SC
(pendimethalin) and a mixture of herbicides Stomp 400 SC (pendimethalin) with Afalon Dispersive
450 SC (linuron). In contrast, Mystkowska [24] noted an increase in the content of the protein in question
by spraying potato plants during vegetation with biostimulants: Kelpak SL, Titanit, GreenOk and
BrunatneBio Zloto. In the conducted experiment, the interaction of potato cultivars with the use of
herbicides and herbicides with biostimulants, and methods of application of preparations with weather
conditions, was found.

During the three-year study period, the highest content of true protein in tubers was recorded
in fairly dry 2014, and the least in dry 2012. The interaction of cultivars with conditions in the years
of research has been demonstrated, which indicates a different reaction of cultivars to hydrothermal
agents. The least true protein was in the Gawin cultivar in 2013, and in the Bartek and Honorata,
no differences between years occurred in cultivars in 2012. According to Kalbarczyk and Kalbarczyk [45],
optimal conditions for yielding and collecting ingredients in potato tubers are provided by weather
conditions with a moderate average air temperature from May to September of 15.2 °C and a rainfall
of 347.1 mm.

An important feature, from the point of view of the consumer, is the share of true protein in the
total protein, which in the experiment was quite high and ranged from 69.6% to 75.6% (Figure 1).

In the studies by Barta and Bartova [46], this share was within the range of 44.5%—62.1%; in the
experiment by Barbas and Sawicka [10], 64.0%-65.1%; and in Mystkowska [24], 47.9%—49.9% depending
on the cultivar, weather conditions and application of preparations. The genetic properties of the
varieties studied in the experiment differentiated this trait—the Bartek cultivar had the largest share,
Gawin had a smaller one and Honorata had the smallest, which was confirmed by the studies of other
authors [10,24]. Under the influence of the use of herbicides and biostimulants, an increase in the
proportion of true protein in total protein was observed. The control compared to the share of true
protein was noted after the application of the M (Sencor 70 WG) herbicide and M + S (Sencor 70 WG
with the Asahi SL) biostimulant. Barbas and Sawicka [10] found the largest share of true protein in the
total protein after spraying the plots with herbicides Sencor 70 WG and Titus 25 WG before potato plant
rise. Meteorological conditions also determined the share of true protein overall. The highest value of
this trait was obtained in dry 2012, and the lowest in 2014. Our results confirm the data presented
by Barbas and Sawicka [10] and Gugata et al. [38], who proved that in the dry years, the share of
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specific protein in the total protein was the highest. However, Barta and Bartova [46] found the highest
proportion of true protein in the season with the highest humidity.

% 77
76 75.6

74

73

72

71

70

69

68

67

66

Bartek Gawin Honorata C LC LC+E M M+S 2012 2013 2014

Cultivars Methods

Figure 1. Percentage of true protein in potato tubers total protein. ** C—Control object; LC - linuron +
clomazone; LC + E - linuron + clomazone + Ecklonia maxima; M—metribuzin; M + S—metribuzin
+ sodium.

4. Conclusions

The conducted study showed that the genetic characteristics of the cultivars determined the
content of total and true protein in potato tubers. The Bartek cultivar was characterized by the highest
content of these components and the largest share of the true protein in the total protein. Herbicides and
mixtures of herbicides with biostimulants used in potato cultivation contributed to an increase in the
content of total and true protein and the share of true protein in total protein in relation to control
tubers. The obtained results indicate that the selection of cultivar, herbicides and biostimulants is
important in relation to the accumulation capacity of total and true protein in potato tubers. In the
future, in order to use the potential of potato protein in food or processing, it will be necessary to
choose the right cultivars and preparations not only depending on the starch content, but also on the
content of total and true protein.
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