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CONCLUSIONS

RESULTSLaboratory methods can quantify nicotine gum hardness. Because these 
instrumental readings track closely with what adult consumers report, they 
provide a practical route to developing gums with targeted texture, 
chewability, and mouthfeel.

INTRODUCTION

AIMS

METHODS

Pashupati Pokharel, Floyd T. Francis, and Fadi Aldeek
Altria Client Services, LLC 601 East Jackson Street, Richmond, VA, 23219 

Correlating Material Properties with Texture Hardness and Consumer 
Perception in Nicotine Gum Products

• Nicotine gum is an oral tobacco-derived nicotine (OTDN) product that delivers nicotine and flavor to adult 
consumers through chewing.

• How hard or soft a gum feels drives the first bite, chewing comfort, and overall consumer experience.

• The gum base governs texture, chewability, and sustained nicotine release during “chew-and-park” use.

• Formulation (sugar alcohols, flavors, coating) and process (extrusion vs. direct compression) further 
shape these properties.

• Texture and thermomechanical behavior of nicotine gums remain uncharacterized — leaving no 
quantitative basis to link material properties to consumer perception or to guide product design.

• Comprehensively characterize the texture hardness and thermomechanical properties of six commercial 
4 mg nicotine gums (three brands × two flavors).

• Quantify thermal transitions (Tₘ, Tg, ΔH) and viscoelastic behavior from room through oral and 
processing temperatures (25–70 °C).

• Determine how formulation (sweetener system, flavor, coating) and manufacturing process influence 
these properties.

• Establish a predictive link between instrumental hardness (E′, Fmax) and consumer hardness perception.

Products: three 4 mg brands, two flavors each; coating removed before DSC 
(differential scanning calorimetry), TGA (thermogravimetric analysis), and DMA 
(dynamic mechanical analysis), but retained for texture analysis.
      1. Material structure & thermal behavior

• DSC (–60 → 120 °C): Tm, Tg, ΔH (crystallinity)
• TGA: thermal stability & volatility (moisture/mass loss)

      2. Mechanical hardness
• Texture Analyzer (25 °C, 45° cone, 3 mm): first-peak & max force (Fmax)
• DMA (25–70 °C, 1 Hz, 0.1 %): storage (E′) & loss (E″) moduli

      3. Consumer validation
• Sensory panel (n = 6 trained adults): hardness ranking 1 (soft) → 6 (hard)

Analytical Approach

Product (4 mg) Sweetener/Sugar Alcohol Process Coating
Brand A — Mint, Cinnamon Xylitol Extrusion Yes
Brand B — Wintergreen, Peppermint Acesulfame K Direct compression Yes
Brand C — Cinnamon D-Sorbitol Extrusion Yes
Brand C — Original D-Sorbitol Extrusion No

DSC — Melting & Crystallinity DMA — Viscoelastic Behavior (E′, E″)

Hardness — Modulus Correlation

Texture — Hardness Ranking

Sensory vs. Instrumental Hardness
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Figure 1. DSC thermograms of (A) all nicotine gums, (B) Brand A-Cinnamon and Brand A-Mint, 
(C) Brand B-Wintergreen and Brand B-Peppermint, and (D) Brand C-Cinnamon and Brand C-
Original gums.

Brand C (Cinnamon) exhibited a sharp melting peak near 95 °C, indicating high 
crystallinity, whereas Brands A and B showed broader, lower-intensity melting peaks 
between 60 and 95 °C. The major melting transitions were associated with sugar 
alcohols rather than flavor additives.

Figure 3. (A) Storage modulus (E′) and (B) loss modulus (E″) of nicotine gums at 
~25 °C, 40 °C, and 60 °C.

Both moduli fall as temperature rises, indicating progressive softening of the 
gum matrix. At 60 °C, all gums except B-Wintergreen, B-Peppermint, and A-
Cinnamon drop below 1 MPa, reflecting a transition to a much softer, less 
rigid state.

Figure 4. (A) Plot of maximum force and storage modulus (E′) of nicotine gums. (B) First-order fitting of 
maximum force and E′.

Maximum force correlates strongly with E′ (r = 0.95; Fmax = 0.8962 × E′ − 5.2090, R² = 0.90), 
allowing hardness to be estimated at oral temperature (36 °C) without additional penetration tests.

Figure 2. First peak force and maximum force values of nicotine gums obtained 
from force–time deformation test using a texture analyzer.

Hardness ranking at 25 °C: A-Cinnamon (40.99 N) > B-Wintergreen (35.46 N) > 
B-Peppermint (32.90 N) > A-Mint (27.65 N) > C-Original (15.93 N) > C-
Cinnamon (12.60 N). The first peak reflects coating hardness; uncoated C-
Original shows none.

Figure 5. Heatmap of sensory hardness rankings for the six nicotine gums evaluated by six trained 
panelists (P1–P6), scored from 1 (softest) to 6 (hardest).

Panel rankings agree closely with instrumental hardness — A-Cinnamon hardest, C-Cinnamon 
softest — except for uncoated Brand C-Original, showing that coating shapes the initial bite.

• Sugar alcohols — not flavors — drive melting: C-Cinnamon is highly crystalline (sharp peak near 95 °C), 
while Brands A and B melt broadly between 60 and 95 °C.

• Hardness at 25 °C spans A-Cinnamon (40.99 N) to C-Cinnamon (12.60 N); the coating sets the first bite, as 
uncoated C-Original shows no first peak.

• All gums soften as temperature rises — at 60 °C only A-Cinnamon, B-Wintergreen and B-Peppermint 
remain above 1 MPa.

• Maximum force tracks storage modulus closely (r = 0.95, R² = 0.90), allowing hardness to be predicted at 
oral temperature (36 °C) without extra penetration tests.

• Trained panelists ranked the gums as the instruments did — A-Cinnamon hardest, C-Cinnamon softest — 
confirming E′ and Fₓₐₓ as consumer-relevant measures.

• Together these give manufacturers a practical basis to tune gum base, sweetener, and processing 
temperature for target texture, chewability, and nicotine release.
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