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ABSTRACT

The objective of this study was to optimizene parameters of fresh chili preservation
technology by controlled atmosphere (CA) with 3téas of corresponding surveyed domains:
temperature (8 - 1ZC), concentration of oxyge@ - 4 %) and concentration of carbon dioxide
(3 - 6 %). Experimental plan includes 9 experimdat®wing 2° plan repeating at center with
the objective function as indicators of chili gtslincluding total sugar content (%), organic
acid content (%) and sensory quality (score). Nirgeriments were concurrently conducted on
a multifunction CA system in which parameters carcbntrolled and automatically monitored
with good accuracy: temperature = 06, humidity = 2 %, oxygen concentration + 0.5 %,
carbon dioxideconcentration £ 0.5 %. The result was the succks&flermination of optimal
experiment factors including temperature of 1@8oxygenconcentration of 8 %, and carbon
dioxide concentration of 6.0 %. The corresponding objectivections were achieved after 35
storage days with 3.65 % of total sugar conte®6 46 of total organic acids, and good sensory
quality (17.29/20 scores).

Keywords chili, controlled atmosphere, oxygen concentratioarbon dioxide concentration,
optimization.

1. INTRODUCTION

Chilli has scientific name a€apsiumof Solanaceadamily, with two groups popularly
grown as hot chilliffutescens L. Capsicunand sweet chillignnuum L. CapsicumLhilli is a
climacteric fruit and has common diseases suclaetebal soft rot, gray mold, black mold, and
anthracnose, resulting in high rates of decay attém after harvest, especially in hot and moist
climates. In the world, to date there have beenynmarblished studies on efficient chilli CA
method, by the effect of inhibiting respiration amedtrictiing microorganisms and fungi. Study
results show that different species of chillis fralifferent regions are applied different CA
storage modes. However, 3 main parameters are ich rariable: oxygen concentration from
1 - 4 %, carbon dioxide concentration from 2 - afel temperature from 5 - 2 [1 - 3]. In
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Vietnam, apart from for daily consumption, chilase raw materials for food processing and
exports, thus an advanced and safe storage tegjynao CA is essential in order to maintain
stable chilli quality during transportation and geesing. Within the scope of this study,
experimental results of determination of the optimade for fresh chili preservation by CA

method are discussed. In particular, the variabl@mains of the experimental factors such as
temperature (8 - 1X), concentration of oxygen (2 - 4 %) and concéimeof carbon dioxide

(3 - 6 %) are the results conducted under singlfaxperiment [4].

2. MATERIAL AND RESEARCH METHODOLOGY
2.1. Material
Indian chilli namely F1 TN 138, grown in Kho@hau district, Hung Yen province, has 8 -
10 cm length, 0.8 — 1 cm diameter, and 4 — 6 g hteilj was harvested after 85 - 90 days
planted.
2.2. Methodology

2.2.1. Equipment used

A multifuntional CA system at the laboratorf @
Department of Research on Technologies
Equipment for Agriculttural Product Preservatio
VIAEP was used. It includes 10 CA chambe
(Picture 1) with volume of 90 litter/chamber. The

computer, and this system can update, store, and
experimental figures of 4 main parameters at hi
accuracy (tempreture + 0.8C, moisture + 2 %, £
oxygen concentration +* 0.5 %, carbon dioxide

concentration + 0.5 %). It also shows warning of Picture 1 CA lab.
C,H, concentration over maximum level.

2.2.2. Plan of experiments

Experiments followed 2total plan and 1 experiment was at center. 3 éxeertal factors
and variable domains were coded as in Table 1. dkperiments were named as;TTNN, TNj,
TN4 TNs TNg, TNz, TNg. TNg, in which TNyis the experiment at center and repeated 2 times.

Table 1.Levels and variable domains of experimental factor

Real figures
Levels and variable Cod Temprature oxygen Carbon dioxide
domains ode X1 (°C) concentration concentration
X2(%) X3(%)
Lower level -1 8 2 3
Basic level 0 10 3 4,5
Upper level +1 12 4 6
Variability 1 2 1 15

442



Optimization of some technological parameters for fresh chilli preservation ...

Ten samples of fresh chilli were preparednigerocessed and ed by embedding on Javel
solution 1.5 ml / liter of water for 2 minutes hettemperature of 52 +°C. They were naturally
drained before taking 3 kg/sample for conductingesiments [4]. After 35 day storage, quality
criteria were analised and evaluated, including- Yotal sugar content (%),,¥- total organic
acid content (%), and 3Y- organoleptic quality (scores). Humidity paramet@s fixed for all
experiments at 90 £ 2 %.

2.2.3. Method of product quality analising and exzing

Fresh chilli sampling followed the TCVN 512®0 standard; Quality sensoring analising
followed the TCVN 3218:2011, by analising commit@ssessment according to 2 criteria of
colour and apperance. Assessment was individualiguacted on a scale of 5 scores, the highest
score was 5, and the lowest score was 1. Corresgpidportant factor: the color got 1.5, and
the apperance got 2.5. Classification was basddtahscores: good (18.2 to 20), pretty (15.2 to
18.1), medium (11.2 to 15.1), low (7.2 to 11.1)d ka7.1; Determination of total sugar content
followed the TCVN 4594 - 88; Determination of totatjanic acids followed the TCVN 5483 - 91.

2.2.4. Methods of data processing

Experimental data were processed using statissioftware Design - Expert version 7.1 to
analyze regression coefficients, surface respoasd, optimization with expected function
algorithm [5].

3. RESULTS AND DISCUSSION

3.1. Results of analising effects of temprature xggen concentration, and carbon dioxide
concentration on quality of fresh chilli

Data of experiments are summarsired on Table _
2. Using regression analysis by statistical saféwa Table 2 Experiment data.
Design - Expert 7.1. check validity of the
coefficients and the compatibility of the mode- TT | Xy | Xp [ Xs| ¥a | Y5 || Y3
- L TN1 | -1 +1 -1| 3.61| 3.98 17.¢

Standard F of three models is determm.ur

. . N2 | -1 +1 | +1| 3.59| 3.94 17.9
respectively: 110.54 (Y, 45.75 (¥%), 3489.0 (%) N T+ s 2 393 223 161
to show that three models are completely statisti L8N 31 1 | +1 3'73 4'12 16.85
with significant reliabilities as 99.1 % (p < 0.009 TN |1 1 1 3'47 3'91 18.=
respectively. Results of the validity analysis off\7 151 31 | +1 3..86 4:17 16..3
regression coefficients tested by standard F witl PNS | -1 | -1 | 1| 353 392 181
values < 0.05 can determine coefficients DfNg T 0 0 01 367 2.08 177
regression equations corresponding to real
variables (1), (2), (3):

3.1.1. Changes in total sugar content

Y1 =3.00694 + 0.060625)% 0.00375% - 0.010833X%+ 0.004375X%X,- 0.00125X%X3 + 0.0025%X3 (1)
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From the regression equation (1) through the regresoefficients, it can be seen that the
total sugar content is most influenced by tempeeatéollowed by concentration of carbon
dioxide, and least by oxygen concentration. Thé&uanfcing levels are different from those of
other fruit and vegetables those are often affebiedxygen concentration higher than carbon
dioxide concentration, to prove that chili is av@icteric respirating fruit. However, apart from
the factor of low temperature, high carbon dioxa@dacentration can limit respiration better than
low oxygen concentration. Specifically, when tengpere and concentration of oxygen increase,
total sugar content increases and vice versa. @rother hand, carbon dioxide concentration
increasing can reduce total sugar content, whileraction effects among experimental factors
are negligible.

3.1.2. Changes in total organic acid content
Y, = 3.42333 + 0.0525)% 0.025% + 0.01333%+ 0.0025%X,- 0.000833333)XX5 - 0.005%X 5 (2)

From the regression equation (2) through the regrascoefficients, it can be seen that the
total organic acid content is most influenced bgngerature, followed by concentration of
oxygen, and least by carbon dioxide concentratidimen temperature and concentration of
oxygen increase, total organic acid content in@gasd vice versa. The difference here is that
during preservation time, total sugar content iases and total organic acid content also
increases, while with other fruit and vegetabletgltorganic acid content gradually reduces. This
result is correspondent with study [6]. On the othend, organic acid content is most influenced
by temperature, which is due to the impact of ttivation energy depending on temperature -
the condition for biochemical conversion process.

3.1.3. Changes in organoleptic quality
Y3 =21.29722 - 0.4X- 0.3%+ 0.23333% + 0.0125%X, - 0.00833333¥X5- 0.016667%X;  (3)

From the regression equation (3) through the regrascoefficients, it can be seen that the
quality of chilli sensored is most influenced bymfgerature, followed by concentration of
oxygen, and least by carbon dioxide concentratidnile interaction effects among experimental
factors are minor. When temprature or oxygen caimagon increase, quality of chilli sensored
reduces and vice versa. This is understandableubecthe two factors directly affect on
respiration process leading to biochemical chamgessensory quality changes as color, smell,
and taste. On the other hand, when carbon dioxideentration increases, sensory quality tends
to increase, though the increase is small.

3.2. Results of optimizing preservation modes fordsh chillis by CA

Results are acquired from doing researches on ithdiV factor and multiple factors,
combined review data and analysis during the expsris. Binding conditions satisfy the desire
to achieve corresponding experimental factors dnjdative functions: X - temperature (8 -
12°C), important factor: 5, desired value: max; -Xoxygen concentrations (2 - 4 %), important
factor: 4, desired variable: in domain boundary;-Xarbon dioxide concentrations (3 - 6 %),
important factor: 3, desired variable: in domain; -Ytotal sugar content (3.47 to 3.92 %),
important factor: 4, desired value: max; -Yconcentration of total organic acids (3.91 224%),
important factor: 4, desired value: min; Yorganoleptic quality (16.1 to 18.5 points), imjamt
factor: 5, desired value: max. Optimal modes aentified: storage temperature of 10@,
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oxygen concentration of 2.08 %, and carbon dioxintecentration of 6 %. Total sugar content is
3.65 %, organic acid content is 4.06 %, and orggptm quality is 17.29 points, respectively.

Optimal model reaches 52.5 % of general desire, thadspecific objectives as temperature,
oxygen concentration, carbon dioxide concentratimtal sugar content, total organic acid
content, and organoleptic quality reach the dedegdl of 71.14 %; 100 %; 100 %; 40.11 %;
50.72 %; 49.48 %, respectively. They are repregent&igure 2.

X1 (Nhiet do)

X2 ( nong do 02)

X3 (nong do CO2)

Y1( HL duong TS) 0401186

Y2( Do axit) 0.507286

3 ( cam quan] 1.494885

Combined

| I I I I
0.000 0.250 0500 0750 1.000

Figure 2.Desired levels reached of optimal model.

From the results of optimization after 35 day sjerat 10.8°C, oxygen concentration of
2.08 % and carbon dioxide of 6 %, total sugar auni® 3.65 % (higher than that of material -
3.51 %) and organic acid content is 4.06 % (highan that of material - 3.88 %), while the
sensory quality gets 17.29 points (minimal declir@dmpared with the results of study [7]
"temperatures between 5 - 4D, RH 85 - 95 %, in CA condition with 3 - 5 % oxygend 5 - 10
% carbon dioxide, preservation time is 2 - 3 weekdbwever, this new publication is of
individual factor research, the best CA mode cameoachieved, while the results of this study
give better CA preservation effectiveness at higemperature and lower oxygen concentrations.
The results of the study [8] "chilli can be presshun 22 days under the condition of 2 - 8 %
carbon dioxide and 4 - 8 % oxygen, at 89 but at 10 % of oxygen and 5 % of carbon dioxide,
chilli can be preserved for 38 days". The resuftshis study shows that fresh chilli during
storage has quite unique biochemical changes cemifta other fruit and vegetables, that total
sugar content and total organic acid content irsere@t the same time, although under CA
conditions the increase is small compared to thossaterial.

4. CONCLUSION

Results of optimizing factors in chilli pregation by controlled atmosphere (CA) at
laboratory level are: determination of appropriateservation mode with temperature of 10.8
0.5 °C; moisture of 90 + 2 %, oxygen concentration 0082+ 0.5 %; carbon dioxide
concentration of 6 + 0.5 %, after 35 days of prestgon, the chilli can maintain its good
organoleptic quality (17.29/20 scores) to reachuiregnents of commercial quality with physio-
chemical criteria: total sugar content 3.65 % antdltorganic acid content 4.06 %.
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TOM TAT

TOI UU HOA MOT SO THONG 3D CONG NGH: BAO QUAN QUA OT TUCI BANG

PHUONG PHAP KHi QUYEN KIEM SOAT (CONTROLLED ATMOSPHERE
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Muc tiéu @ia nghién ¢u nay la éi wu héa nét sb théng $ cong ngk bao quan qua 6t tuoi
bang phrong phap khi qun kiém soat (CA) wi 3 yéu to thyc nghém twong tng mién khao sat
la nhigt do (8 - 12°C), ong do khi O, (2 - 4 %) va Bng do khi CQ; (3 - 6 %). K haach thrc
nghiem gm 9 thi nghém theo quy hach 2 co Bip lai tai tam wi ham nuc tiéu la cac chtiéu
chit luong aia qui 6t gdbm ham rong duong ©ng $ (%), ham rong axit hru oo tong $ va chit
lugng cim quan diém). Tién hanhdong thyi 9 thi nghém trén ¢ thong thiét bi CA da chic nang
c6 the diéu khién va giam satut dong cac thong &voi @6 chinh xac (nhit d6 + 0,5°C, d6 4m
+ 2 %, rong do khi O+ 0,5 %, ©ngdo khi CO+ 0,5 %). Kt qua da xacdinh dugc gia ti toi uu
cia cac yu th thuc nghém véi nhiét do la 10,8°C, rong do khi O, 2,08 % va fng d6 khi CO,
6,0 %. Cac ham ot tiéu trong ing dat dugc sau 35 ngaydm quan voi ham rong duong Hng $
3,65 %, hamuong axit hiu oo tong & 4,06 % va ciit lugng cim quan dat loai kha (17,29/20
diem).

Tir khoéa qua 6t, khi quyén kiém soét, Bngdo khi oxy, rong do khi cacbonnic,d wu héa.
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