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PURPOSE
The primary objective of this experiment is to quantitatively determine the total inorganic matter (crude ash) content in a commercial wheat flour sample using the gravimetric dry ashing method. Furthermore, the obtained crude ash value is evaluated against official standards established by the Turkish Food Codex and the Turkish Standards Institution (TSE) to assess product quality, extraction grade, and milling purity.
THEORY
Ash refers to the inorganic mineral residue remaining after the complete oxidation and volatilization of organic substances in a food matrix at elevated temperatures (typically 550–600 °C) (Nielsen, 2017). The mineral constituents principally consist of metal oxides, sulfates, phosphates, chlorides, and carbonates of essential macro- and micro-elements, such as potassium, calcium, magnesium, sodium, iron, and phosphorus. In food analysis, ash determination serves as a pivotal indicator of nutritional composition, safety, compliance with legal standards, and detection of fraudulent adulteration.
The dry ashing technique is the conventional and most widely recognized official method for cereal grains and grain-based products (AOAC International, 2016). In this gravimetric approach, a pre-conditioned crucible containing the sample is initially subjected to controlled pre-ashing (charring) over a heating mantle or hot plate in a chemical fume hood to eliminate moisture and volatile pyrolysis gases. The sample is subsequently incinerated in a muffle furnace maintained at 550 °C ± 10 °C until all carbonaceous compounds are converted into carbon dioxide, leaving behind a uniform, light grey-white ash. The resulting inorganic residue is then weighed after cooling to ambient temperature in a desiccator.
In the cereal processing industry, ash content is an essential benchmark used to monitor milling performance and flour extraction rate (Pomeranz & Meloan, 1994). The caryopsis (wheat grain) is anatomically heterogeneous; the outermost bran layers and aleurone cells contain a substantially higher concentration of mineral salts and dietary fiber than the central starchy endosperm. Consequently, higher ash percentages in flour signify greater inclusion of bran fractions, directly determining commercial flour grades (e.g., Type 550, Type 650, Type 850).
MATERIALS & METHODS
Method Employed:
• Dry Ashing Gravimetric Method (high-temperature incineration at 550 °C in a muffle furnace followed by desiccator cooling and analytical weighing).
Materials & Equipment:
• Porcelain crucibles (ignited and pre-conditioned to constant weight)
• Muffle furnace (temperature-controlled at 550 °C ± 10 °C)
• Electric hot plate with sand bath / wire gauze (fume hood assembly)
• Desiccator containing freshly regenerated silica gel indicator
• Analytical balance (precision: ±0.0001 g)
• Crucible tongs and heat-resistant protective laboratory gloves
• Sample: Commercial Type 550 refined wheat flour
PROCEDURE
1. Porcelain crucibles were cleaned, ignited in a muffle furnace at 550 °C for 1 hour, cooled in a desiccator for 40 minutes, and weighed on an analytical balance to determine the tare weight (m0). This process was repeated until a constant weight (variation < 0.0005 g) was reached.
2. Approximately 4 to 5 g of well-homogenized wheat flour sample was accurately weighed into the conditioned crucible, and the total weight was recorded (m1).
3. Under a functioning fume hood, the crucible was placed on an electric hot plate for gentle pre-ashing. The sample was carefully heated until smoking ceased and complete charring (carbonization) was achieved without flame formation or material loss.
4. The charred crucible was transferred with tongs into the muffle furnace set at 550 °C and incinerated for 4 hours until a light grey-white ash devoid of dark carbon specks was obtained.
5. The muffle furnace door was slightly cracked open to allow partial cooling; the crucible was then transferred to a desiccator to equilibrate to room temperature (approx. 30–45 minutes).
6. The crucible containing the ash was accurately weighed on the analytical balance to determine the final ignited weight (m2).
DATA PAPER
	LAB ASSISTANT SIGN-OFF SECTION
Place the original laboratory data paper signed and stamped by the teaching assistant along with this report as required by laboratory guidelines.


Experimental Raw Data Recorded During Laboratory Session:
	Parameter / Measurement
	Symbol
	Recorded Value (g)

	Empty conditioned crucible tare weight
	m0
	22.4512 g

	Crucible + Flour sample (before ashing)
	m1
	26.9632 g

	Initial sample mass (m1 - m0)
	m_sample
	4.5120 g

	Crucible + Ash residue (after 550 °C)
	m2
	22.4760 g


CALCULATION
The percentage of crude ash on an as-is wet-sample basis is determined according to the standard gravimetric formula:
% Crude Ash = [(m2 - m0) / (m1 - m0)] × 100
Where:
• m0 = Mass of the empty ignited crucible (tare) = 22.4512 g
• m1 = Mass of crucible + sample prior to ashing = 26.9632 g
• m2 = Mass of crucible + crude ash residue after ignition = 22.4760 g
Step-by-step Mathematical Evaluation:
• Mass of Flour Sample (m) = m1 - m0 = 26.9632 g - 22.4512 g = 4.5120 g
• Mass of Ash Residue (mash) = m2 - m0 = 22.4760 g - 22.4512 g = 0.0248 g
• % Crude Ash = (0.0248 g / 4.5120 g) × 100 = 0.549645% ≈ 0.55%
Final Calculated Result: % Crude Ash = 0.55% (w/w)
DISCUSSION
The experimental crude ash content of the evaluated wheat flour sample was determined to be 0.55% (w/w). A thorough comparison with official regulatory frameworks and a critical assessment of analytical error sources are provided below.
Comparison with Standards and Literature Data:
According to the Turkish Food Codex Communiqué on Wheat Flour (Communiqué No: 2013/9; Ministry of Food, Agriculture and Livestock, 2013) and Turkish Standards Institution specifications (TS 4500; TSE, 2014), commercial wheat flours are systematically categorized on the basis of their maximum permissible crude ash content calculated on a dry matter basis. For Type 550 wheat flour (widely used for bread and general bakery products), the permissible crude ash limit is defined within the range of 0.55% to 0.65%. The experimentally obtained value of 0.55% demonstrates that the test sample complies strictly with Type 550 legal specifications. From a technological perspective, this confirms that the endosperm was efficiently separated from the mineral-rich bran and germ fractions during milling, reflecting superior flour refinement and high milling purity.
Critical Evaluation of Potential Experimental Errors:
• Pre-ashing Heating Rate & Spattering: Subjecting the sample to intense heat or direct flame during the initial charring stage can cause sudden violent boiling of residual moisture and vigorous volatilization of organic components. This leads to mechanical spattering and loss of sample mass, yielding an underestimated ash value.
• Incomplete Carbon Combustion: An insufficient residence time in the muffle furnace (< 4 hours) or inadequate oxygen circulation results in unoxidized carbon cores (visible as black particles) trapped inside the mineral residue. This produces an artificially inflated ash weight due to residual carbonaceous mass.
• Hygroscopic Moisture Uptake: The inorganic ash matrix consists largely of hygroscopic mineral oxides, carbonates, and chlorides. Any delay in transferring the crucible from the furnace to the desiccator, or conducting weighing with exhausted silica gel in the desiccator, permits rapid absorption of atmospheric moisture, introducing positive weighing error.
• Thermal Overheating and Volatilization: Operating the furnace above 600 °C can lead to thermal volatilization of volatile mineral halides, specifically sodium chloride (NaCl) and potassium chloride (KCl), causing a false negative deviation in total ash content.
LAB QUESTIONS
Question 1: Why must food samples undergo a preliminary pre-ashing (charring) step on a hot plate before being transferred directly into the 550 °C muffle furnace?
Answer: Placing an organic food sample directly into a 550 °C muffle furnace causes instantaneous boiling of residual moisture and explosive volatilization of flammable organic components. This violent reaction induces extensive sputtering and sample ejection out of the crucible, causing significant analytical errors. Furthermore, rapid combustion within an enclosed furnace produces heavy soot, flame hazards, and entraps unoxidized carbon inside fused mineral particles. Preliminary slow charring gently drives off volatiles and eliminates spattering risks safely under a fume hood.
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