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Correlation between the preparation technology of the Maillard

reaction intermediates derived from vegetable peptides and

the smoking quality and style of its flavoring cigarettes
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Abstract: Objective: Maillard reaction intermediates were

prepared from the enzymatical hydrolysates of vegetable proteins.
Then they were added to cigarettes to improve the smoking
quality and enhance the aroma style of cigarettes. Methods: the
vegetable protein such as corn protein, sunflower seed protein,
wheat gluten protein and soybean protein were hydrolyzed by al-
kaline protease and flavourase under different conditions. The en-
zymatic hydrolysates were mixed with reducing sugar at a ratio of
M hydrolysates * M sugar — 100 ¢ 15, The formation conditions of the
peptide-derived Maillard intermediates were determined through
the Maillard reaction performed under the stepwise increase of

temperature. The intermediates prepared under these determined
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formation conditions were added into the cigarettes via injection,
and 12 cigarette quality characteristic indexes and 15 smoke
aroma style indexes were quantitatively scored. Partial least-
squares regression analysis ( PLSR) was further applied to
analyze the correlation between flavored cigarettes quality charac-
teristics and aroma style characteristics. Results; the formation
conditions of the peptide-derived Maillard intermediates were de-
termined as 90 °C and 60 min. The peptide-derived Maillard inter-
mediates prepared under the determined formation conditions
were added into cigarettes. Sensory evaluation of the flavoring
cigarettes was conducted. It was found that the Maillard interme-
diates enhanced the characteristic taste, roundness and smoke of
cigarettes, and took a desirable effect of flavor enhancement and
modification. Among the intermediate samples, the Maillard re-
action intermediates derived from corn peptide took the best
effect of flavor enhancement. The results showed that the protein
dissolution rate of the protease hydrolysates was significantly
positively correlated with oral irritation/tongue burning, conver-
gence, laryngeal dryness and strength, while negatively
correlated with oral residue/dryness., laryngeal irritation, nasal
irritation, aroma, richness, delicacy/softness/round, offensive
odor and concentration of flue gas. The concentration of the sub-
strate peptide used for the Maillard reaction is the most crucial
factor to regulate the effect of Maillard reaction intermediates on
cigarette smoking quality. The degree of hydrolysis of the protein
was significantly negatively correlated with the aroma of flue-
cured tobacco, fresh, woody, green, {ragrant and cocoa charac-
teristics, and positively correlated with the aroma of fruit, spicy.,
herb and bean characteristics. The protein dissolution rate was
significantly positively correlated with tobacco fragrance, fresh,
herb, bean and cocoa characteristics, and significantly negatively
correlated with fruit, spicy, wood, green and flower characteris-
tics. Conclusion: According to the aroma characteristics of
different cigarette products, different peptide Maillard reaction
intermediates can be prepared by adjusting the degree of
hydrolysis as well as the rate of protein dissolution for different
cigarette aroma style enhancement, with following the research
results shown in this research.

Maillard reaction intermediates;

Keywords: vegetable peptides;

smoking quality; partial least squares regression analysis
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Table 1 Scoring standard of smoking quality characteristic index of the cigarettes
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Table 2 Scoring standard of aroma style index of the cigarettes
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Table 3 Labels and preparation conditions of the peptide derived Maillard reaction intermediates
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Table 4 Scores of the smoking quality characteristics of the cigarette samples

o PRI, PR/ " MEFR  MREL S S b Mz, MR 9%
i o . X =R . R § >
A bR T R T R /15 "B

Cl1 8.12 8.22 7.92 7.22 7.09 7.11 7.41 7.00 7.11 7.21 7.10 5.10
C2 8.21 8.11 7.58 7.39 7.09 7.41 7.88 7.43 7.08 7.92 7.60 5.42
C3 6.39 6.12 6.57 7.03 7.07 7.38 6.87 6.83 6.25 6.95 6.12 5.43
C4 7.01 6.38 6.38 6.87 6.85 7.23 7.12 7.08 6.87 6.99 8.11 5.03
C5 6.21 6.11 6.42 6.12 6.21 6.48 6.08 6.02 6.98 7.28 5.81 4.92
C6 8.09 8.22 7.94 8.19 8.02 8.03 8.38 8.39 8.91 8.01 8.01 4.98
C7 6.90 6.12 6.58 6.21 6.10 6.42 6.13 5.92 6.79 6.03 5.92 6.47
K1 7.88 8.11 8.61 8.11 7.93 8.47 7.99 7.90 8.51 8.01 8.03 4.99
K2 6.01 6.07 6.81 6.08 6.09 6.11 6.12 6.01 5.89 6.99 5.98 4.98
K3 6.49 5.89 6.79 7.04 6.03 7.09 6.02 6.50 7.52 6.01 6.10 5.03
K4 6.57 7.24 7.35 6.22 6.56 6.99 6.38 6.39 6.31 5.55 5.84 5.22
K5 7.38 5.37 6.82 6.89 6.55 6.93 7.21 6.55 6.57 6.34 7.21 5.23
K6 6.38 7.38 6.22 6.57 7.26 6.21 6.55 6.98 7.21 7.34 7.53 6.05
K7 7.24 7.53 6.21 6.44 7.21 6.22 5.34 6.75 6.21 6.66 7.23 5.09
Gl 6.77 7.82 7.65 7.53 7.85 6.67 7.26 7.68 7.59 6.47 7.42 5.21
G2 8.68 8.24 7.51 8.85 7.58 7.29 7.33 7.52 8.23 8.95 7.45 7.79
G3 6.54 6.83 7.21 7.59 7.76 8.11 6.33 6.09 6.72 6.25 7.11 4.35
G4 5.45 6.21 8.78 6.59 5.78 7.24 7.21 7.34 5.68 6.21 6.55 5.13
G5 5.14 6.72 6.51 6.24 7.21 5.35 5.22 5.58 5.35 6.27 5.82 4.91
G6 5.78 6.22 6.21 5.94 6.89 7.52 6.87 5.43 6.42 5.51 4.75 4.74
G7 7.84 5.83 5.97 6.23 6.46 5.77 4.69 5.11 6.30 5.28 4.39 6.22
S1 7.26 7.51 6.23 8.11 6.24 6.99 4.34 5.21 6.27 5.85 6.12 7.76
S2 7.83 6.79 5.98 7.43 7.42 5.53 5.47 6.11 5.55 5.58 5.46 6.21
S3 6.24 6.23 6.54 5.83 6.31 6.74 6.59 6.88 7.01 6.62 6.13 5.66
S4 7.31 6.64 6.56 5.75 7.28 5.44 6.28 6.31 6.42 7.53 4.11 5.34
S5 6.12 5.39 5.76 6.38 7.72 5.97 4.85 6.62 7.37 5.36 5.21 5.69
S6 6.65 7.72 7.78 7.31 7.72 7.51 5.35 6.64 6.23 6.57 7.01 6.44
S7 7.29 6.01 6.84 7.39 7.01 5.88 7.02 6.48 7.55 8.57 6.35 6.98
cl’ 8.32 8.58 7.61 8.78 9.24 8.94 8.79 8.45 8.97 8.56 7.85 8.73
c2' 8.53 9.28 8.44 7.79 8.27 8.12 8.93 8.57 8.02 8.64 8.89 7.20
c4' 8.12 8.33 7.75 8.58 8.37 8.21 9.89 9.11 8.63 8.69 8.84 8.92
ce' 8.21 8.53 8.46 7.92 8.55 8.36 7.94 8.19 9.11 8.67 8.10 7.21
K1' 6.24 6.51 6.47 6.73 6.25 5.99 7.02 6.61 5.34 6.75 6.02 6.34
Ka' 7.65 8.35 6.33 6.01 7.14 6.43 7.83 5.97 6.22 6.41 6.55 7.01
G2/ 7.85 6.74 6.62 7.03 6.57 5.85 6.27 6.81 5.23 5.19 6.94 4.33
G5' 6.24 6.63 7.12 7.33 6.86 6.42 6.55 6.79 6.68 6.45 5.78 6.03
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EAE BEEAE N ) ) - _ _ _ _
FE i HEORE ¥R OAFT HEEFE AF YES IF WUAOEF BE O BE MBS WE

RS Pk
C1 8.0 — 2.0 3.5 — — 3.0 1.0 — — — — — 7.5 6.0
C2 7.5 — 1.5 1.0 — 2.0 3.5 — — — — — — 7.0 6.0
C3 6.5 — — 3.5 — 2.0 1.0 — — — — — — 7.0 4.0
C4 7.0 — 1.5 1.0 — 1.5 1.5 1.5 — — — — — 7.0 6.5
C5 7.5 — 1.5 3.5 — 1.0 2.0 — — 1.0 — 1.0 — 7.0 4.0
C6 8.0 — 1.0 3.5 — 1.0 2.0 — — — — — — 6.0 4.0
C7 9.0 — 4.0 2.0 — 1.0 1.0 — — — — 1.0 — 5.0 5.0
K1 8.0 — 5.0 2.0 1.0 2.0 1.0 1.0 — — — — 1.0 1.0 2.0
K2 7.5 — 1.0 2.0 1.0 2.0 1.0 — — 1.0 — — 1.0 7.0 2.0
K3 7.5 — 3.5 2.0 1.0 2.0 1.5 — — — — — 1.0 6.0 2.0
K4 7.5 — 5.5 1.0 1.0 1.0 1.5 — — — — — 1.0 2.0 1.5
K5 8.5 — 4.0 1.0 — 1.0 1.0 0.5 — — — — 1.0 2.0 2.0
K6 7.0 — 6.0 1.0 — 1.0 1.0 — — — — — 1.0 2.0 1.0
K7 6.0 — 2.5 1.0 — 1.0 1.5 — — — — — 1.0 7.0 1.0
G1 7.5 — 3.5 — — 1.0 — — — — 1.0 - - 1.0 —
G2 8.0 — 6.5 — — 1.5 — — — — 1.0 — — 1.0 —
G3 8.5 — 4.5 — — 1.0 — 2.0 — — 1.0 — — 7.5 —
G4 7.5 — 7.0 — — 1.0 — — — — 1.0 1.0 — 1.0 —
G5 7.5 — 2.5 — — 1.0 — — 0.5 — 1.0 1.0 — 1.0 —
G6 6.0 — 5.0 — — 1.5 — — — — — 1.0 — 8.5 —
G7 6.5 — — — — 1.0 — — — — — 0.5 — 7.5 —
S1 7.5 — — 1.0 — — 2.0 0.5 — 6.0 1.0 — — 8.5 1.0
S2 8.5 — — 1.0 — — 2.0 — — 6.0 1.0 — — 3.0 1.5
S3 8.5 — 5.5 1.0 — — 2.0 — — 6.5 — — — 3.0 1.5
S4 9.0 — — 2.0 — — 2.0 — — 6.0 — — — 3.0 1.5
S5 8.5 — 7.5 6.0 1.0 — 2.0 — — 6.0 — — — 3.0 1.5
S6 7.0 — — 2.0 1.0 — 2.0 — — 6.0 — — — 3.0 1.0
S7 8.5 — 8.0 2.0 — — 2.0 — — 6.5 — — — 3.0 1.0
c1l’ 7.5 — 6.5 2.0 — 2.0 2.5 — — — — — — 7.0 4.5
c2' 7.5 — 4.5 2.5 — 4.0 2.5 — — — — — — 7.0 5.5
c4' 7.5 - 7.0 2.0 — 1.5 2.5 — — — — — - 6.0 5.5
C6' 7.5 — 7.5 3.0 — 1.5 2.0 — — — — — — 7.0 6.0
K1' 5.0 — — 1.0 1.0 1.0 1.0 — — — — — — 5.5 2.0
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K4' 7.5 — — 1.0 1.0 1.0 1.0 — — — — — — 7.0 1.5
G2' 6.5 — — — — — 1.5 — — — 1.0 — — 4.0 —

G5' 3.0 — — 6.5 — — 1.0 — — — 1.0 0.5 — 4.0 —

S4! 8.0 — 1.5 1.0 — — 2.0 — — 5.5 2.0 — — 3.0 2.5
S7’ 6.5 — 1.5 1.0 — — 2.0 1.0 — 5.5 1.5 — — 8.5 1.0
P1 7.5 — — — — — 1.0 — — 1.0 1.5 — — 9.0 1.0
P2 8.0 — — — — — 1.0 — — 1.5 1.5 — — 9.0 1.0
P4 6.5 — — — — — 1.0 — — 1.5 1.5 — — 9.5 1.5
P6 8.5 — — — — — 1.0 — — 1.0 1.0 — — 9.0 1.0
CB 3.0 — 2.0 — — 1.0 2.0 3.5 — — — — — 7.5 3.5
CD 7.0 — 1.5 1.0 — 1.0 2.0 5.0 — — — — — 3.0 4.5
cJ 8.5 — 2.0 1.0 — 1.0 2.5 6.0 — — — — — 3.0 6.0
CcY 5.0 — 1.5 — — 1.0 2.0 5.0 — — — — — 7.0 5.5
(674 5.0 — 1.5 1.0 — 1.0 2.0 6.5 — — — — — 7.5 5.5
NB 6.5 — 1.5 1.0 — — 1.0 5.0 — — — — — 2.0 5.0
ND 7.5 — 2.0 1.0 — — 1.0 5.5 — — — — — 7.0 6.0
NJ 3.0 — 1.5 — — — 1.0 1.0 — 0.5 — — — 7.0 5.5
NY 5.5 — 1.5 1.0 — — — 1.5 — — — — — 7.0 5.5
NZ 7.5 — — — — — — 3.0 — — — — — 7.0 5.1
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