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In the global food processing industry, the production of biscuits, cookies, and crackers represents a sophisticated 

intersection of chemical engineering, rheology, and high-speed mechanical automation. Unlike artisanal baking, 

industrial-scale manufacturing requires rigorous adherence to standardized protocols to ensure product 

consistency, shelf stability, and cost-efficiency. The definitive authority on these processes is often attributed to the 

comprehensive work of Duncan Manley, specifically his six-volume series: The Biscuit, Cookie, and Cracker 

Manufacturing Manuals. These manuals serve as the foundational framework for modern production facilities,

covering everything from the molecular behavior of ingredients to the complexities of high-barrier packaging

systems.

The Technical Framework of Biscuit Production

To understand the complexity of large-scale biscuit manufacturing, one must first categorize the various product 

types based on their formulation and structural characteristics. Biscuits and crackers are primarily classified by their 

dough consistency and the method used to form them. These range from hard doughs (used for crackers and 

semi-sweet biscuits) to short doughs (used for cookies and rotary-molded biscuits).

Core Categorization of Baked Goods

Industrial production is generally divided into four distinct technical categories:

•  Crackers: Characterized by a fermented or chemically leavened hard dough with a developed gluten network. 

They typically have low fat and sugar content.

•  Semi-Sweet Biscuits: These utilize a hard dough that is laminated and cut. They contain more sugar and fat 

than crackers but maintain a structural integrity that allows for detailed surface embossing.

•  Short Dough Biscuits: Often referred to as "soft doughs," these have high fat and sugar content. The fat coats 

the flour particles, inhibiting gluten development and resulting in a crumbly, "short" texture.

•  Cookies: Typically the highest in fat and sugar, often utilizing wire-cut or deposit forming methods rather than 

molding or laminating.

Manual 1: The Science of Ingredients and Raw Material Handling

As outlined in Manual 1: Ingredients, the quality of the final product is inextricably linked to the physico-chemical

properties of the raw materials. In an industrial environment, ingredient handling is not merely about mixing; it

involves precise pneumatic conveying, silo management, and temperature-controlled storage to prevent

degradation.

Wheat Flour: The Structural Backbone

Flour is the primary structural component, providing the starch and protein (glutenin and gliadin) necessary for 

texture. For biscuits, "soft" wheat flours with a protein content of 8.0% to 9.5% are generally preferred. In contrast, 

crackers may require slightly stronger flours to support the fermentation process. The Alveograph and 

Farinographmetrics are critical for technical writers and quality control managers to monitor flour strength and

water absorption rates.



Fats and Emulsifiers: Texture and Mouthfeel

Lipids play a multi-functional role in biscuit science. They provide shortening (by physically breaking up the gluten 

network), contribute to flavor, and influence the rate of heat transfer during baking. Industrial shortening must have 

a specific Solid Fat Content (SFC)profile to ensure it remains stable during the high-speed mixing process.

Emulsifiers like lecithin are often added to improve fat dispersion and dough homogeneity.

Sugars and Sweeteners

Beyond sweetness, sugars are crucial for the Maillard reaction, which provides the characteristic golden-brown

color and roasted aroma. In semi-sweet biscuits, the particle size of sucrose is vital; if the crystals are too large,

they may not dissolve during mixing, leading to spotting on the finished product surface.

Technical Comparison: Formulation Matrices

The following table illustrates the typical formulation ratios (expressed as parts per 100 parts of flour) for various

biscuit types, highlighting the stark differences in ingredient concentration.



Ingredient Cracker 
(Fermented)

Semi-Sweet Biscuit Short Dough 
Biscuit

Wire-Cut Cookie

Flour 100 100 100 100

Sugar 0 - 5 15 - 25 25 - 40 50 - 75

Fat/Shortening 8 - 15 12 - 20 20 - 45 40 - 65

Water 25 - 30 15 - 20 10 - 15 5 - 10

Leavening Agents Yeast/Bicarbonate Bicarbonate Bicarbonate/ABC Bicarbonate

Advanced Manufacturing Procedures: From Mixing to Cooling

The transformation of raw ingredients into a finished biscuit involves a series of highly controlled mechanical

operations. Each stage must be synchronized to prevent production bottlenecks and ensure product uniformity.

1. Mixing and Dough Development

Industrial mixers (Vertical, Horizontal, or Continuous) apply mechanical energy to hydrate the flour and distribute 

fats. For hard doughs, intensive mixing is required to develop a gluten matrix. For short doughs, the goal is minimal 

mixing to avoid toughness. Monitoring the Dough Temperature After Mixing (DTAM) is critical, as excessive heat

can melt fats prematurely or trigger premature leavening.

2. Forming and Shaping

The forming method is determined by the dough's rheology:

•  Laminating: Hard doughs are passed through a series of rollers to create thin layers, which are then cut. This 

creates the flaky texture seen in crackers.

•  Rotary Molding: Short dough is pressed into engraved cavities on a rotating drum. This is the most common 

method for high-speed biscuit production.

•  Wire-Cutting: Soft dough is extruded through a die and cut by a reciprocating wire, ideal for cookies with 

inclusions like chocolate chips.

3. Baking: The Thermal Process

Industrial ovens (often exceeding 100 meters in length) utilize three modes of heat transfer: Convection, 

Radiation, and Conduction. The oven is divided into zones to control the evaporation of water, the expansion of

gases (lift), and the development of color. The final moisture content must be strictly controlled, usually between

1.5% and 4.0%, to ensure shelf stability.

Manual 6: Biscuit Packaging and Storage Science

As emphasized in Manual 6: Biscuit Packaging and Storage by Duncan Manley, the engineering does not end 

when the product leaves the oven. Packaging is a critical safeguard against three primary modes of degradation: 

moisture gain, oxidative rancidity, and physical breakage.

The Physics of Shelf Life

Biscuits are hygroscopic; they readily absorb moisture from the atmosphere. When the moisture content exceeds a

specific threshold (often 5-6%), the product loses its crispness (sensory staling). Furthermore, high-fat biscuits are



susceptible to oxidation. The packaging must provide a barrier against:

1.  Water Vapor Transmission Rate (WVTR): Measured in g/m²/24h, this determines how effectively the film 

prevents humidity from entering the pack.

2.  Oxygen Transmission Rate (OTR): Essential for preventing the oxidation of lipids, which leads to off-flavors 

(rancidity).

3.  Light Transmission: UV light accelerates lipid oxidation, requiring the use of metalized films or opaque 

materials.

Packaging Material Specifications

Modern industrial packaging utilizes multi-layer laminates. A typical structure might include:

•  BOPP (Biaxially Oriented Polypropylene): Provides excellent clarity and moisture barriers.

•  Metalized Film: Usually an aluminum layer deposited on plastic, providing a superior barrier against light and 

oxygen.

•  Sealant Layers: Specialized polymers that melt at lower temperatures to ensure an airtight seal during high-

speed wrapping.

Logistics, Storage, and Environmental Control

Storage conditions are as vital as the packaging itself. Manual 6 details the "Stacking and Storage" protocols 

necessary to maintain integrity. Biscuits should be stored in cool, dry environments. A common industrial failure is 

"Checking,"where internal stresses caused by uneven moisture distribution lead to the spontaneous cracking of

the biscuit hours or days after baking. Proper cooling before packaging and controlled humidity in the warehouse

are the primary defenses against this phenomenon.

Warehouse Management (FIFO and Temperature)

The First-In, First-Out (FIFO)method is non-negotiable in biscuit logistics. Even with high-barrier packaging, flavor

migration (where biscuits pick up odors from the warehouse, such as soap or spices) can occur if products are

stored incorrectly. Technicians must monitor the Equilibrium Relative Humidity (ERH) of the storage environment to

ensure it does not compromise the packaging's integrity over time.

Quality Assurance and Troubleshooting

Industrial manufacturing requires a robust Hazard Analysis and Critical Control Points (HACCP)plan. Key

checkpoints include metal detection, weight verification, and sensory evaluation. Below is a troubleshooting guide

for common manufacturing defects.



Defect Potential Technical Cause Corrective Action

Checking (Cracking) Uneven moisture gradient between 
center and edge.

Slow down cooling; increase baking 
time at lower temperature.

Poor Lift (Flat Biscuits) Inactive leavening agents or low oven 
temperature in Zone 1.

Verify chemical purity; increase initial 
heat.

Excessive Spread Too much sugar or fat; dough 
temperature too high.

Adjust formulation; check cooling of 
mixing jackets.

Pale Color Low sugar content; insufficient 
Maillard reaction.

Increase reducing sugars or increase 
final zone heat.

Rancidity Exposure to light or high OTR in 
packaging.

Switch to metalized film; check seal 
integrity.

Industrial Automation and Future Trends

The industry is moving toward Industry 4.0, integrating IoT (Internet of Things) sensors into the production line.

Modern ovens now feature real-time moisture sensors that adjust burner intensity automatically. Similarly,

automated vision systems inspect every biscuit for shape and color, rejecting defective units without stopping the

line. These advancements, while technologically complex, still rely on the fundamental principles established in the

Duncan Manley manuals, emphasizing the importance of understanding the core science of the biscuit-making

process.

The manufacturing of biscuits, cookies, and crackers is a high-precision discipline. From the molecular analysis of

flour proteins in Manual 1 to the sophisticated moisture-barrier engineering discussed in Manual 6, success

depends on a holistic understanding of the product's journey. By maintaining strict control over ingredient

functionality, thermal dynamics, and protective packaging, manufacturers can ensure they deliver a product that

meets consumer expectations for taste, texture, and safety. As the industry evolves, the integration of classical food

science with modern digital monitoring will continue to drive efficiency and innovation in this global market.
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