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ABSTRACT

The main objectives of this study were to investghe effect of different temperature of
hot air drying on the qualities of dried peppermimicluding essential oil content, colour
parameters, and visual sensory quality and to dpvehathematical models for the colour
change kinetics. The drying experiments were cduoigt at five air temperatures, 40, 50, 60, 70
and 80°C. The colour parameters for colour change of tkdenals were quantified by the
HunterL (whiteness/darknessy,(redness/greenness) am@yellowness/blueness) system. These
values were also used for calculation of total gea@lE) as well as chroma, hue angle and
Browning index. A consumer preference test was gotadl with 80 consumers to assess the
colour quality of 05 dried peppermint samples. Témults showed that the decrease in essential
oils content at high drying temperature is highleant at low temperature. Least Squares
regression was used to determine the relationg#ipden the visual sensory scores of consumer
taster and the Hunter L.a.b values. It was obsetivatl, a, A£ and hue angle values were
fitted to the zero-order model, while b and chromeae fitted to the first-order model.

Keywords:peppermint, colour, drying kinetic colour model.

1. INTRODUCTION

Peppermint Mentha piperitd is a popular herb that can be used in numeroussfdi.e.,
oil, leaf, leaf extract, and leaf water). This ha@ripreparation is used in cosmetics, personal
hygiene products, foods, teas and pharmaceuticaupts for both its flavouring and fragrance
properties [1]. Peppermint, like many other herisshighly seasonal in nature. In order to
preserve this seasonal and highly perishable plaghtmake them available to consumers all year
round at low prices, it is subjected to post harteshnological treatments such as drying and
freezing [2]. Drying is one of the oldest preseisatechniques. Natural drying, under open sun
or in the shade, and hot air drying are still masbwn and widely used methods of drying.
Availability of sun being very much uncertain, sdrying is not effective in some region.
Besides, there are other problems in sun drying tduthe slowness of the process and the



Effect of hot drying on the essential oil content and colour charactiristics of peppermint

exposure to the environment, the product gets oantted from dust, insects etc. The weather
being moist round the year, spoilage takes placg seon. Therefore, more rapid, safe and
controllable drying methods are required. The fdrcenvection hot air drying is an effective
method to rapidly produce a uniform, hygienic pratdwith attractive colours. Therefore, a
forced convective cabinet dryer has been develtpedidress such problem [3]. However, the
colour and chemical composition of herb productsiadde affected by hot temperature during
drying. Besides the chemical composition, the colalso significantly affects the sensory
quality of products. Hence, it is crucial to detarenand control the colour and chemical
composition of the processed peppermint. The clmrgfecolour can be related with the
degradation of nutritional compounds during procgsthat have important bioactive properties
[2]. Standardized instrumental colour measuremgiws us objective parameters that can be
used as quality index for raw and processed fobldsy can also be used for the determination
of conformity of food quality to specification affor the analysis of quality changes as a result
of food processing, storage and other factors. i@éeelour scales have been used to describe
colour, those most used in food industry are thetefucolourL, a, b CIE system and the
Munsell colour solid [4]. Maintaining the naturalour in processed and stored foods has been
a major challenge in food processing. Most studieschanges in colour due to time and
temperature treatments during food processing aaalrying, heating, etc. There are numerous
publications on the kinetics of colour change addamaterial. The majority of these works
report zero order (eq.1) or first order (eq.2) degtion reaction kinetics [5 — 7].

C =Gkt 1)

C = Gexp (* kt) ()
where C is the measured value of colour variabterat t, Co the initial value of colour variable
at time zero, t the drying time (min), ko the zerder kinetic constant (mif and k1 is the

first-order kinetic constant (mi); (+) and (-) indicate formation and degradatidnqaality
parameter, respectively.

To the best of our knowledge, no significant resean the change of essential oil content
and kinetics model for colour change of pepperrdining hot air drying as well as the relation
between colour and sensory evaluation has beerrtegpin the literature. Therefore, the
objectives of the present work are to study theatfbf hot drying temperature on essential oll
contents and colour change kinetics and to findréfetion between colour of dried peppermint
leaves and sensory quality in order to predictgbality of peppermint including essential oil
contents and colour changes with time by foregalirygng techniques.

2. MATERIALS AND METHODS
2.1. Materials

The fresh peppermints were purchased in a locakehan Hanoi. Prior to each of drying
experiments, the leaves were separated from sfEnesmoisture content of each sample was
measured individually. The experiment was operatetémperatures of 40 °C, 50 °C, 60 °C,
70 °C and 80 °C, and the air velocity fixed at /. The drying process is stopped when the
moisture content of the sample reached 8.1 - 9.@186 basis). The drying experiments are
replicated three times for each temperature andvheage values are taken.

2.2 Color measurements
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Sample colour was measured before drying and agg@eified time interval during drying
period by Hunter-Lab ColorFlex, A60-1010-615 modelormeter. This system uses three
values (L, a and b) to describle the precise looadf a colour inside a three-dimensional visible
colour space. The colorimeter was calibrated agatasdard white and green plates before each
actual colour measurement. For each sample at fe@stmeasurements were performed at
different positions and the mean values was usked.measurements were displayed in L, a and
b values which represent light-dark spectrum wittarage from 0 (black) to 100 (white), the
green — red spectrum with a range from -60 (gréer) 60 (red) and the blue-yellow spectrum
with a range from -60 (blue) to + 60 (yellow) dins@ns repestively.

Total colour difference was calculated using follegvequation, where subscript “0” refers
to colour reading of peppermint leaves. Fresh pepine leaves was used as the reference and a
largerAE means a greater colour change compared to theenele material.

AE=J[L0—L)2+(ao—a)2+(bs—b)j 3)
Chroma = (a* +b?)*? 4)
Hue Angle = tan '(b/a) (5)

where L is degree of lightness to darknessijsLinitial value of L, a is degree of redness to
greennes,As initial value of a, b is degree of yellownegdtueness andylis initial value of b
[4].

2.3 Essential Oil extraction

Essential oil was extracted from 200 g of leavest®am distillation for 1 h using a 1 L
Clevenger apparatus. The essential oil yield wiutzded as the volume (ml) of oil per weight
of samples [8].
2.4 Consumer test

A consumer preference test was conducted with 88wooers to assess the colour quality
of 05 dried peppermint powders. Consumers wereuitedr from Hanoi, Vietham and age
between 18 and 50. A 5-point hedonic scale ranfyorg 1 = dislike it very much to 5 = like it
very much was used to evaluate acceptance fromribe peppermint samples for the attributes
of colour.
2.5. Statistical analysis

Statistical comparisons of the mean values for eagieriment were performed by one-
way analysis of variance (ANOVA), followed by thesrgral linear model with repeated
measures defined factors using SPSS 22 for Windofware. Significance was declared a P
0.05. PLS regression was performed by XLSTAT (warsR014).

3. RESULTS AND DISCUSSION

3.1. Effect of drying air temperature on essentiabil content
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The fresh and dried peppermint leaves were analfaeedssential oil content. Results are
shown in Table 1. The fresh peppermint leaves dffdrabout 1.6 ml essential oil per 200 g
samples. The essential oil of fresh pepperminthis $tudy was more or less similar to those
reported by several previous studies [8 — 10].

Table 1.Essential oil content of fresh peppermint leaves died peppermint leaves at different
drying air temperature.

Samples Weight of samples Drying time Essential ol

(9) ( minutes) content (ml)
Fresh leaves 200 £1.45 0 1.6 £0.54
Dried at 40°C 200 £1.22 3605 1.5+0.47
Dried at 50°C 200 £1.08 120+£5 15+£0.35
Dried at 60°C 200 £1.18 905 1.4+042
Dried at 70°C 200 £1.32 605 1.2+£031
Dried at 80°C 200 £1.28 40+5 09+0.11

It was observed generally that the decrease ofngakeils content at hight drying
temperature is higher than at lower temperaturevever, the decrease of essential oil content is
not significant among samples dried at 40, 50 &ntC6 Therefore, to save energy, drying at 50
or 60 °C should be chosen due to shorter drying time. &hesults showed that temperature
significantly affects the qualities of dried peppent.

3.2. Colour and sensory evaluation of dried pepperimnts.

Consumer preference test conducted with 80 consumerluating five dried peppermint
products showed that the product which was driesDa€ was the most preferable (mean 4.76),
followed by sample dried at 4C (mean 4.42), 68C (mean 3.42), 76C (mean 2.58) and 8C
(mean 2.24) (< 0.05) (Fig. 1). The significant differences obsehin the colour evaluations
indicate that the set provides a reasonable basighe evaluation of possible relationship
between three valuek,(aandb) and colour characteristics and/or colour evatunsti

Based on the Hunter colour parameters which weatyzed by Hunter-Lab ColorFlex and
preference scores of 05 dried peppermint prodticésyesults of PLSR analysis indicated the
positive and negative correlations between Hunwmow parameter and specific sensory
attributes. The validation coefficients of thredour values for which regression models were
developed as listed in Table 2. In that, both theigit vectors of a values was positive
correlated with sensory attributes (colour qualityhile the others have negatively or positively
correlated (Fig. 2 and Fig. 3).

When considering the calibration sets, a good taiiom between three valueks, @ andb)
and colour quality ranking could be achieved anlezl from a good determination coefficient
(R% of 0.976. The error rate of predictability of ibaation model could be expressed from a
term of root mean square error of estimation (RMS#)ich was found at 0.24. The good
correlation of the reliable calibration model sugfge that the complexity of sensory perception
could be related directly to the three valuesg andb) by means of multivariate analysis. The
low RMSE values of this model suggested that thvakies [, a and b) obtained from
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instrument methods provided sufficient correlatiaformation to the colour sensory quality

ranking.

5 Variables on axes w*/c1and w*/c2
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Figure 1.Preference scores and products. Figure 2 Consumer preference (Y) and Hunter

colour parameter (X) of dried peppermint.
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Figure 3. The correlations map on t1 and t2 of prod(mis),
Hunter colour parameter (X) and consumer prefer€mg.

Furthermore, compounds with high relevance for &xjthg dependent Y-variables were
also identified from variable importance in the jpobion values (VIP). Large VIP values, more
than 0.8, are the most relevant for explainingableur quality rankings of dried peppermint and
the compounds with VIP values greater than 0.8 weesented in Table 3. It was found that
key values contributing to the construction of tbelour quality predictive model were
composed of various Hunter colour parameter.

Table 2 Correlation matrix of the variables = Table 3.Key values contributing to the construction

(correlation matrix of W). of predictive model using Hunter colour parameter.
Varible wt = w2 Variable ~ vip Standardized
L 06017 0.6011 coefficients
b -05770 02163 b 09762 -0.4407
L 0.8908 -0.3163
VIP: Variable Importancen the
Projection
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All VIP values are higher than 0.8, therefore apdified model of favourable products was
obtained (Eq.6).
Y = 0.6487*a - 0.4407*b - 0.3163*L (6)
Equation of the model of favourable products showet all there colour values could
significantly affect colour quality ranking of ddepeppermint. According to this equation,
variable ‘L” and “b” contribute to a decrease while variabé tontributes to an increase of the
colour quality of dried peppermint products.

3.3. Colour change kinetic models for the drying pocess of peppermint

To investigate the effect of hot air on colour aparkinetics of peppermint leaves during
drying processing, air temperature of ®was used for drying of constants amount of 500 g
peppermint leaves. The values of L, a, b and totddur change AE) obtained from the
experimental data during hot air drying and modehdire presented in Table 3.

Table 3 Variation ofL, a andb values as function of drying time at %0D.

Time Hunter colour parameter (AE) Chroma  Hue Angle
(minutes) L a b

0 433& 145 -7.220.25 21.481.07 22.66:1.02 108.581.06

20 39.66:1.64 -6.320.16 19.921.37 4.1@¢0.51 20.961.11 107.7@1.03

40 36.66-1.60 -5.790.11 18.131.33 7.630.46 19.021.14 107.741.02

60 36.2#1.44 -55&0.37 17.2#1.28 8.420.51 18.141.00 107.841.01

80 334#176 -5180.26 16.381.24 11.360.68 17.130.98 107.621.11
100 3245163 -4830.15 16.491.15 12.2%0.71 17.181.05 106.330.96
120 32.3¢1.14 -4180.24 16.131.33 12.680.58 16.640.89 104.560.87

As can be seen from this figures, the L value desed with drying time, it changed from
43.37 to 32.30. The “a” values changed from -7.82-4.18 as the drying time increased.
Therefore, the colour of peppermint sample trendose its greenness when drying time
increased. Instead, the b value decreased at hdlfymg time. The initial and final b values
were 21.48 and 16.11, respectively. The changeoltsfuc may be due to decomposition of
pigment compounds and non-enzymatic Maillard reacfll1]. As a whole, the total colour
change AE) of peppermint leaves increased during hot aiindrand ranged from 4.10 to 12.68
as drying time increased.

Chroma and hue angle were calculated using equéljef#t). Results are shown in Table
3. The results showed that the values of hue arg®ma decreased as a function of drying
time. The hue angle value corresponds to whetleeoltiect is red, orange, yellow, green, blue,
or violet. The initial hue angle of peppermint leawas about 108which represents a colour
in slightly green-predominantly yellow region oktbolour solid dimensions (hue angle between
90 - 180). Upon heating, the hue angle decreased, shiftwgrds the green region.

For the mathematical prediction of colour changeeagpermint, zero-order and first-order
models were used. It was observed thad, A£ and hue angle values were fitted to the zero-
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order model, whild and chroma were fitted to the first-order moddie estimated prediction
parameters of these models and the statisticabsatoefficients of determinatior?,Radjusted
R?, as well as significant values p are represeintd@ble 4

Table 4 Model summary, ANOVA and Coefficients of predictimodel for colour changed.

Colour : 2 : 2 p p
Values Model Equation R Adjusted R (ANOVA) (Coefficient)
t 0.002
Zero-order 40.354 - 0.75t 0.925 0.927 0.002 c 0.000
L . . t 0.002
First-order 40.592*exp(-0.002t) 0.933 0.916 0.002 C 0.000
t 0.000
. Zero-order -6.742 + 0.02t 0.982 0.978 0.000 C 0.000

First-order No modeling Ct:

19.889-0.036t t 0.011
b Zero-order 0.835 0.784 0.011 c 0.000
. 19.957*exp(-0.002t) t 0.009
First-order 0.850 0.813 0.009 c 0.009
Zero-order 3.449+0.85t 0.926 0.908 0.002 t 0.002
AE C 0.021
. . t 0.009
First-order 4.220*exp(0.011t) 0.847 0.808 0.009 C 0.005
Zero-order 20.897 - 0.04t 0.873 0.841 0.006 t 0.006
C 0.000
Chroma t  0.005
First-order 21.083*exp(-0.002t) 0.890 0.860 0.005 C 0.000
t 0.043
Zero-order 108.986 - 0.029t 0.682 0.603 0.043 C 0.000
Hue angle t 0'043
First-order 109.011*exp(0.00t) 0.681 0.601 0.043 C O'OOO

* C- Constant; * t -time
4. CONCLUSION

Results obtained from this research showed thditigsaof dried peppermint are affected
by temperature of hot air drying. It was observedeayally that the decrease of essential oils
content at high drying temperature is higher thafow temperature. The product which was
dried at 5°C was the most preferable. On the basis of the é¢twalour parametet_(a andb)
and colour sensory score, a model was constructedreadict the colour quality of dried
peppermint. This model has a determination coeiffic{ ) of 0.976, and a root mean square
error of estimation (RMSE) of 0.24. Results oldiiin this study showed that multivariate data
analysis using thé&, a andb values obtained by instrumental methods in contlmnawith
sensory scores can serve as a useful tool for colaality prediction of dried peppermint. The
colour change of peppermint leaves using the Lna la system totally explained the real
behavior of peppermint samples undergoing hot giingd. The final values of L, a, b and total
colour change/E), chroma and hue angle were influenced by halrging. The zero-order and
first-order models were used to explain the colthange kinetics and it was observed that L, a,
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AE and hue angle values were fitted to the zerorardmel, while b and chroma were fitted to
the first-order model.
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TOM TAT

ANH HUONG CUA SAY KHi NONG LEN HAM LUGNG TINH DAU VA
DAC TINH MAU SAC CUA LA BAC HA (Mentha piperita
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Muc tiéu chinh @a nghién Gu nay ladanh gia s anh hrong aia nhit 4o siy trong
pheong phap 8y khi néng |én cit luong aia 14 lac ha bao gm ham trong tinh diu, thdng 8
mau, clt lugng cim quan mau va xaywthig mo hinhiong hoc bién di mau trong qua trmhay
Thi nghgm siy dugc tién hanhg nam mic nhigt d6 gom 40, 50, 60, 70 va 8. Thong 6 mau
Hunter @m 3 gia ti L, a, bduoc ar dung dé xacdinh mau éa |a tac ha trong qué trinkig. Cac
gia ti nay ding duoc st dung dé tinh toan gia ircaa sr thaydoi mau tng tré (4E), chi sb nau
hoéa, Chroma va Hue angle. Phép thm quan th hiéu trén 80 ngoi duoc sr dung dé danh gia
chit lrgng @m quan mauiea 05 nau la ac ha qua &y. Két qua cho thy sy suy gim ham
lwong tinh diu cia miu gy & nhiét d6 cao l1a cao &N so \6i mau sty & nhiét do thap. Phrong
trinh hoi quy trong quandugc sr dung dé xacdinh mbi tuong Qquan gradiém cam quan th hiéu
mau va cac giamau. Ket qua cho thiy gia ti L va b gop phn 1am gim gia ti cam quan, con
gia ti a gop phAn lam &ng gia ti cim quan mau& cia sin pham Mo hmhdong hoc bac O
(zero-order) va 4 1 (first-order)dugc sr dung dé du b&o & thaydoi mau cia miu sty & 50°C.
Két qua cho thiy mé hinh lc 0 c6 tik dungdé dy bao s bién d6i cua cac chsh L, a, 4E va
hue angle, trong khié mé hinh Ac 1 phu kyp cho s bién doi cua hai chi b b va chroma.

Tir khéa 14 bac ha, mau i, md hinhdong hoc bién d6i mau trong qua trinhg.
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