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ABSTRACT

The main objectives of this study were 10 investigate the effect of different temperature of
hot air drying on the qualities of dried pepp , ncludi | oil content, colour
parameters, and visual sensory quality and to develop mathematical models for the colour
change kimetics. The drying experiments were carried out at five air temperatures, 40, 50, 60, 70
and 80 "C. The colour parameters for colour change of the matenals were quantified by the
Hunter L (whiteness/darkness), a (redness/greenness) and b (yellowness/blueness) system, These
values were also used for caleulation of total change (4E) as well as chroma, hue angle and
B ing index. A p test was conducted with 80 consumers to assess the
colour quatity of 05 dried peppermint samples. The results showed that the decrease in essential
atle content at high drying temperature (s higher than at low temperature. Least Squares
regression was used to determine the relabonship between the visual sensory scores of consumer
taster and the Hunter L ab values ¥t was observed that £, o, A and hue angle values were
fitted to the zero-order model, while b and chroma were fitted to the first-order model

Keywords. peppermint, colour, drying kinetic ¢colour model

1. INTRODUCTION

Peppermint (Mentha piperita) 1s a popular herb that can be used i pumerous forms (i.c.,
ol leaf, leaf extract, and leaf water). This herbal preparation is used 1n cosmetics, personal
hygiene products, foods, teas and pharmaceutical products for both its flavouring and fragrance
properties [1], Peppermint, like many other herbs, is highly seasonal in nature In order to
preserve this seasonal and hughly perishable plant and make them available Lo consumers all year
round at low prices, it 1s subjected to post harvest technological treatments such as drying and
freezing [2] Drying is one of the oldest preservation technigues. Natural drying, under open sun
or n the shade, and hot air drying are still most known and widely used methods of drying.
Availability of sun being very much uncertan, sun drying 1s not effective in some region
Besides, there are other probiems mn sun drying due to the slowness of the process and the
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€xposure to the environment, the product gets contaminated from dust, insects etc. The weather
being moist round the year, spoilage takes place very soan. Therefore, more rapid, safe and
controllable dryng methods are required The forced comvection hot air drying is an effective
method to rapidly produce a uniform, hygienic product with attractive colours. Therefore, a
forced convective cabmet dryer has been developed to address such problem (3]. However, the
colour and chemical composition of herb products could be affected by hot temperamre durmg
drying. Besides the chemical composition, the colour also significantly affects the sensory
quality of products. Henee, it 1s crucsal to determune and control the colour and chemical
composition of the processed peppermint The changes of colour can be related with the
degradation of nutritional ipounds during pre g that have imp bioactive properties

of conformity of food quality to specification and for the analysis of quality changes as a result
of food processing, storage and other factors. Several colour scales have been used to describe
colour, those most used 1n food industry are the Hunter colour L, a b CIE system and the

C=Cotkat (&)

C=Coexp (& k1) 2)
where C is the measured value of colour vatiable at time t. Co the mitial value of colour variable
at me zero, t the drymg time (min), ko the zero-order kinetie constant (mim) and ki s the
first-order kinetic constant {mmn™), (+) and (-} indicate formation and degradation of quality
parameter, respectively,

To the best of our knowledge, no significant research on the change of esseniral o1l content
and kinetics model for colour change of pepperrmnt during hot air drying as well as the relaton
between colour and sensory cvaluation has been reported mn the literature. Therefore, the
objectives of the present work are to study the effect of hot drying temperature on essential oil
contents and colour change kinetics and to find the relation between colour of dried pepperrmnt
leaves and sensory quality e order to predict the qualtty of peppermmt including essentral sl
contents and colour changes with time by foregoing drying techniques.

2. MATERIALS AND METHODS
2.1, Materials

The fresh peppermints were purchased in a local market 1n Hano Prior to each of drying
expenments, the leaves were separated from stems The maisture content of each sample was

70 °C and 80 °C, and the air velocity fixed at 1.3 mys, The drying process 1s stopped when the
moisture content of the sample reached 81 - 9.3 9 (dry basis). The drying expenments are
replicated three times for cach temperature and the average values are taken

2.2 Color measurements

315



R ki

Nguyen Thi Kim Chi, Duong Thi Thanh Thao, Hoang WQuoc Tuan

Sample colour was measured before drying and at pre-specified hme interval during drying
period by Huater-Lab ColorFlex, A60-1010-615 model colormeter. This system uses three
values (L., a and b) 10 describle the precise locarion of a colour inside a three-dimensional visible
colour space. The colorimeter was calibrated against stendard whitc and green plares before cach
actual colour measurement. For cach sample at least five measurements were performed at
different positions and the mean values was used. The measurements were displayed in I_., aand
b values which represent light-dark spectrum with a range from 0 (black) o 160 (white), the
green — red spectrum with a range from 60 (green) to + 60 (red) and the bluc-ycllow spectrum
with a range from -60 (blue) to + 60 (vellow) dimensions repestively.

Total colour ditference was calculated using following equation, where subscript “0" refors
to colour reading of peppermint leaves. Fresh pepperminc leaves was used as the reference and a
larger AE means a greater colour change compared to the reference material,

AE= (5, -1)" +(a, a) +ity- B o)
Chroma = (a’ +b™)%% @
Hue Angle = an—'(b/a) ©

where L is degree of lightmess to darkness, Ly 1s initial value of L, a 1s degree of redness to
greennes, ay s initial value of a, b 1s degree of yellowness to blueness and by is tnitial value of b

{4].
2.3 Essential Oil extraction

Essential oil was extracted from 200 g of leaves by steam distillation for | h using a 11,
Clevenger apparatus. The essential oil yield was caleulated as the volume (ml) of oil per weight
of samples {8).

2.4 Consumer test

A consumer preference test was conducted with 80 consumers to assess the colour quality
of 05 dned peppermint powders. Consumers were recroited from Hanof, Vietnam and age
between 18 and 50. A S-point hedonic scale rangmg from | = dislike it very much to 5 = like it
very much was used to evaluate acceptance from the dried peppermint samples for the attributes
of colour,

2.5. Statistical analysis

Stalls[lpa] comparisons of the mean values for each experiment were performed by one-

way analysis of variance (ANOVA), followed by the general hineer model with repeated

measures defined factors using SPSS 22 for Windows software, Significance was declared at P <
0.05. PLS regression was performed by XLSTAT (version, 2014).

3. RESULTS AND DISCUSSION

3.1. Effect of drying air temperature on essential oil content
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The fresh and dried peppermint leaves were 2analyzed for essential oil content. Resulls are
wn in Table [, The fresh peppermint leaves afforded about 1.6 ml essential oil per 200 g
samples. The essential oil of fresh Peppermint 1 this study was more or less sunilar to those
reported by several previous studies 8- 10},

Table 1. Essential o1l content of fresh peppermint leaves and dried peppermint leaves at different
drying air temperature.

Samples Weight of samples Drying time Essential oil

(g) ( minutes) content (ml)
Fresh leaves 200£1 45 o] 1.6 £0.54
Dried a1 40°C 200+ 1.22 360+ 5 1.5+047
Dried at 50°C 200 +1.08 12035 15£035
Dried at 60°C 200+1.18 20x5 1.4+042
Dried at 70°C 200+1.32 60+5 124031
Dried at 80°C 200 [.28 40+5 0.9+0.11

It was observed generally that the decrease of essential oils content at hight drying
temperature is higher than at lower temperature. However, the decrease of essential oil content 1s
not significant among samples dried at 40, 50 and 60 °C, Therefore, to save energy, drying at 50
or 60 °C should be chosen due to shorter drymg time These results showed that temperature
significantly affects the quahties of dried peppermint,

3.2. Colour and sensory evaluation of dried Peppermints,

Consumer preference test conducted with 80 consumers evaluating five dried peppermint
products showed that the product which was dried at 50 °C was the most preferable (mean 4.76),
followed by sample dried at 40 °C (mean 4.42), 60 °C (mean 3.42), 70 °C (mean 2.58) and 80 °C
(mean 2.24) (p < 0.05) (Fig. 1). The significant differences observed in the colour evaluations
Indicate that the set provides a reasonable basis for the evaluation of possible refationship
between three values (L. @ and b) and colour characteristics and/or colour evaluations,

Based on the Hunter colour parameters which were analyzed by Hunter-Lab ColorFlex and
preference scores of 05 dried peppermint products, the resulis of PLSR analysis indicated the
positive and negatrve correlations between Hunter colour parameter and specific sensory
atiributes. The validation coeffictents of three colour values for which regression models were
developed as isted in Table 2 In that, both the weight vectors of a values was posttrve
correlated with sensory attributes (colour quality), while the others have negatively or positively
correlated (Fig. 2 and Fig. 3,

When considering the calibration Sets, a good correlatron between three vatues (1, ¢ and b)
and colour quality ranking could be achieved as observed from a good determination coefficient
(R of 0.976. The error rate of predictability of calibration model could be expressed from a
term of root mean square error of estimation (RMSE), which was found at 024. The good
cerrelation of the relsable calibration model suggested that the camplexity of sensory perception
could be related directly to the three values (L,  and b) by means of multivatiate analysis The
low RMSE values of this model suggested that three values (L, a and b) obtamed from
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instrument methods provided sufficient correlation information to the colour sensory quality
ranking.
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Figure 1 Preference scores and producis. Figure 2. Consumer preference (Y) and Hunter

colour parameter (X) of dned peppermint,

Figure 3. The correlations map on t1 and t2 of products (obs),
Hunter eolour (X)and e Y).

T 4 7,

Furthermore, pounds with high rel for exp g dep Y-variables were
also 1dentified from variable importanee in the projection values (VIP). Lasge VIP values, more
than 0.8, are the most relevant for explaining the colour quality rankings of dried peppermint and
the compounds with VIP values greater than 0.8 were presented n Table 3. it was found that
key values contributing to the construction of the colour quality predictive model were
composed of various Hunter ¢olour parameter.

Table 2. Correlation matnx of the variables Tabie 3. Key values contributing to the construction
{correlation matrix of W). of predictive model using Hunter colour parameter.
Variable w¥] w*2 . Standardized
L 06017 06011 Vareble VP cocffciems
a 05002 07108 & ‘-1;3 0.6487
b_ 05770 _ 02163 b 09 04407

L 0.8908 -0.3163
VIP: Variable Importance in the
Projection
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AlL VP values are higher than 0 8, therefore a simplified model of favourable products was
obtained (Eq.6).
Y =0.6487%a - 0.4407*b - 0.3163%L. (6)
Fquation of the model of favourable products showed thar all there colour values could
significantly affect colour quality ranking of dried peppermint. According to this equation,
variable “L” and “b” contobuse 10 2 decrease while variable “o™ contributes to an increase of the
cofour quality of dried peppermint products,

3.3. Colour change kinctic models for the drying process of peppermint

To investigate the effect of hat air on colour change kinetics of peppermmt leaves during
drying processing, air temperature of 50 °C was used for drying of constants amount of 500 g
peppermint leaves. The values of L. a, b and toml colour change (AE) obtamed from the
experrmental data during hot air drying and model data are presented in Table 3.

Table 3 Vanation of 7, g and & values as function of drying time at 50 °C:

Time - Hunter colour parameter B (AE) Chroms Hue Angle
(minutes) L a N b

o 0 43374145 L7204 214821 07 22663102 108 58+1.06

20 3966164 63740 16 19978137 4104051 20 961111 107.70=1 03

40 36661160 5791011 18 114133 7651046 1902t114 107 74zi02

&0 3627E Ldd 5562037 7271 28 8424051 1814100 107 84+1.0t
80 33478176 5,18+0 26 16305124 11362068 17 |1+098 107.6241 {1
100 32454163 4835015 1649115 12255071 17 18+1.05 106 3140.96
120 32305114 418£024 16114133 12654058 16.64+0 85 104.5640.87
T ——— =7 by 104.5640.87

As can be seen from this figures. the L value decreased witl drying time, it changed from
4337 to 32.30. The “a” values changed from -7.22 to -4.18 a5 the diying time increased,
Therefore, the colour of peppermint sample trend to lose jts greenness when drying time
increased. Instead, the b value decreased at half of drymg time. The mitial and final b values
were 2148 and 16,11, respectively. The change of colour may be due to decomposition of
plgment compounds and fon-enzymatic Maillard reaction [11] As a whole, the total colour
change (AE) of peppermint leaves increased during hot ar drying and ranged from 4.10 to 12.68
s drying time increased.

Chroma and hue angle were calculated using equanen (3)<(4) Results are shown in Table
3. The results showed that the values of hue angle, chroma decreased as a function of drying
time. The hue angle valye corresponds to whether the object 15 red, urange, yetlow, green, bluc,
or violet. The imitial hue angle of peppermimt Jeaves was abou 108”, which represents a colour
1o slightly greeu-predominantly yellow regron of the colour solid dimensions (e angle between
90 - 180™). Upon heating, the hue angle decreased, shifting towards the green region

For the mathematical prediction of colour change of peppermunt, zero-order and first-order
models were used. It was obscrved that L. a. AE and hue angle values were fitted 10 the zero-
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order model, while b and chroma were fitted to the first-order model. The estizflated ’prec{icﬁon
parameters of these models and the statistical values coefficients of determination R°, adjusted
R?, as well as significant values p are represented in Table 4.

Table 4. Model summary, ANOVA and Coefficients of prediction mode! for colour changed.

N ) ; 2 P r

S::?.:; Model Equation R Adimsted R nbya)  (Cortliciny
— ¢ 000
Zero-order 40.354 - 0.75t 0.925 0.927 0.002 C 0.000
¢ 0002
Firstorder  40.592%xp(-0002t)  0.933 0916 ooz L o
T 0000
Zero-order 6,742+ 0.021 0982 0978 0000 o g

t

First-order No modeling c
889-0.036 toooo
Zero-order 19.889-0.036¢ 0835 0784 4011 e oo
Sy t 0009
Fistorder 199570000020 o oy L0008
t 000
Zero-order 3.449+0 851 0926 0.908 ooz L o8
A5 ¢ 0009
Firstorder  4220%exp(00111)  0.847 0.808 0009 L oo
006
Zero-order 20,897 -0 0at 0873 084! opes L oo
Chroma 0005

First-order 21.083*exp(-0.002t) 6.890 0.860 0005 '

c o
Zero-order  [08986-002%  (.682 0.603 LRI gggg
Hue angle ¢ 008
tistorder  109011%exp(0.000  0.681 0.601 o043 L oo

* C- Constant; * ¢ -time
4, CONCLUSION

Results obtained from this research showed that qualities of dried peppermint are affected
by temperature of hat air drying. It was observed generally that the decrease of essential oils
content at high drying temperature 1s higher than at low temperature. The product which was
dried at 50 °C was the most preferable. On the basis of the Hunter colour parameter (L, @ and b}
and colour sensory score, a model was constructed to predict the colour quality of dried
peppermint. This model has a determination coefficient (R?) of 0976, and a root mean square
error of estimation (RMSE) of 0.24. Results obtained in this study showed that multivariate data
analysis using the Z, a and b values obtained by instrumental methods in combination with
SEnsory scores can serve as a useful tool for colour quality prediction of dned peppermint. The
colour change of peppermint leaves using the L, a and b system totally explained the real
behavior of peppermint samples undergoing hot air drying. The final values of L, a, b and totat
celour change (AE}, chroma and hue angle were influenced by hot air drying. The zero-arder and
first-order models were used to explain the colour change kinetics and it was observed that L, a,
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AE and hue angle values were fitled 1o the zero-order model. while b aud chroma were fitted to
the first-order model.
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ANH HUONG CUA SAY KHi NONG LEN HAM LUONG TINH DAU VA
DAC TINH MAU SAC CUA LA BAC HA (Mentha piperua)

Nguyén Thi Yén Chi, Duong Thy Thanh Thao. Hoang Quéc Tuin”
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Muc téu chmh cta ngheén ciru ndy 1a dénh gid sy anh hudng cua nhiét do say tong
phuwang phap sy khi nong 1én chit hrgng cia 14 bac ha bao gom bam lu(mg tinh déu, !hong 50
mau, chit lugng cam quan méu va x4y dung md hinh dong hec én d&i mau trong qué tinh sdy.
Thi nghiém sy duqc tién hanh & ndm myc nhiét dé gom 40, 50, 60, 70 va 80 °C. Thong so méau
Hunter gém 3 gia tri L, a, b duogc sit dung dé x4c dinh man cda 14 bac ha trong qua trinh say [0:73
gia tri ndy ciing dugce sit dung & tinh toan gié tri cha sy thay doi mau tdng thé (AE), chi sé niy
hoa, Chroma va Hue angle. Phép thir cam quan thy hiéu trén 80 ngudi duge sir dung dé danh gia
chit [wong cam quan mau cta 05 miu 14 bac ha qua sdy. Kér qud cho thiy sy sy gidm him
fugng unh déu cua miu siy & nhiét d6 cao 14 cao hon so véi mau siy & nhiét do thap Plluung
trinh hé1 quy fuang quan duge sir dung dé xde dink mdi tuong quan giita diém cam quan thi hiéy
miu va cac gid tri mav. Két qua cho thiy gid ti L va b gop phin lam gidm gia trj cdm quan, con
gid tri 4 gop phin lam tAng g1 tr cim quan mau sc ciia san pham Mo hmh dong hoc bic ¢
(zero order) va béc 1 (first-order) dugc sir dung dé du bio s thay
Két qui cho thdy md hinh bic 0 cé thé dimg dé dy bao sir bién déi ci céc chisd 1, a, AF vi
hue angle, trong khi d6 md hinh bac 1 phi hop cho sy bién di cia hai chi s6 » va chroma.

Tir khda: 1 bac ha. mdu sic, mé hinh ddng hoc bién déi mau frong qué trinh sdy,






