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ABSTRACT |
Ascorbic acid is the least stable of all fruit juice nutrients; it is readily oxidized. Its concentration is an
index 1o the retention of the original nutritive value. In this study, the effects of storage temperature,
brix value, pH, quantity of antioxidant and duration of storage on the ascorbic acid level under non-
refrigeration storage and distribution of pineapple juices were investigated; maximum shelf life and the
quality values of the juice were estimated; and a quality value model was developed. Data were drawn
from a 2 full factorial experiment conducted in three replicates with the order of the replicate experi-
ment randomized. Multivariate regression analysis was used for relating the variables. The analysis of
the experimental data led to the optimal conditions: 20°C storage temperature, 180 brix value, pH of
4.5, 0.1g/liitre of antioxidant and a maximum storage duration of 16days during which the ascorbic acid

level was 11.68mg/100m!.
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INTRODUCTION

Fruit juice is assuming a more important role
in Nigeria’s diversified food industry. How-
ever, short shelf life of fresh market fruit
juice, an inherent characteristic that tends to
impede the growth of the domestic juice in-
dustry, is believed to be influenced by many
factors. In the course of storage and distribu-
tion of pineapple juice there is an inevitable
decline in quality value; the loss occurs be-
cause of the sensitivity of the ascorbic acid
content of the juice to some storage and en-
vironmental conditions. Ascorbic acid level
is usually the criterion for judging fruit juice
quality (Heimann, 1980; Philip, 2005).

The problem of fruit juice industx"y in the
tropics, especially sub-Saharan Africa, is in-
adequate study on quality deterioration from

a quantitative, integrated stand point. It is
the responsibility of the juice manufacturers
to ensure that quality losses in juices be mini-
mal. The juice manufacturer must seek to
monitor the factors which influence the qual-
ity of their product. To predict the extent of
deterioration of quality, knowledge of the
loss of important nutritive quality incex as a
function of the critical deteriorative factors
are needed (Owen, 1976; Philip, 2005).
Through modeling of the various deteriora-
tive factors, the juice manufacturer can spec-
ify the quality value of his product at the time
of sale which is essential if nutrient claims are

to l.>e made on the label or advertisements as-
soctated with the products.

Five main factors have been identified as « riti-
cil to .the retention of ascorbic acid in pineap-
ple juice during non-refrigeration storage and

J. Nat. Sci. Engr. Tech. 2010, 9(1):58-68

58



~

5.T. OLORUNSOGO AND D. ADGIDZI

distribution. These are: (2) the level of dis-
solved oxygen, (b) the storage temperature,
(c) the total soluble solid (brix value), (d) the
pH, and (¢) the duration of storage (Frederic
et al, 1994). Balancing these factors will
bring about satisfactory control of ascorbic
acid degradation in pineapple juice during
non-refrigeration storage and distribution. In
this paper, the effects of these critical factors
on the ascorbic acid level under ambient
storage and distribution of pineapple juice
was investigated, shelf-life and quality of the
juice was estimated, and a mathematical

model based on these deterioration factors
was developed.

MATERIALS AND METHODS

Experimental Materials

Samples of pineapple juice were manually
extracted from fruit samples which were ob-
tained from experimental plots of National
Horticultural Research Institute (NTHORT),
Ibadan. These samples are representative of
the Nigeria pineapple fruit market with re-
spect to the variety and cultural condition.
The initial properties of the juice extracted
are presented in Table 1 (Olorunsogo, 1998).
All chemicals and reagents used for the
chemical analysis of the samples are “Analar”

produced by BDH chemicals Ltd, Poole Eng-
land.

Experimental Design

A five variable two level factorial design (N =
2%) provides the framework for the pineapple
juice variable experiments. With five variables
and two levels, a complete or orthogonalized
design leads to a total of 32 experimental runs
with each run replicated three (3) times. In
the 25 full factorial experiment, the low and
high levels of the factors were coded as minus
() and plus (+) respectively (Olorunsogo,
1998; Douglas, 1991; Douglas, et al., 2003).

Conduct of Experiment and Data Presenta-
tion '

Data were drawn from 2° full factorial experi-
ments conducted in a randomized order in
three replicates according to the design ma-
trix. The values of the varying factors and
their coded level are presented in Table 2. The
mean experimental observations are presented

in Table 3.

Table 1: Experimental Sample and the Initial Properties |

Experimental Variety Sample Properties of Freshly Extrac‘ted Juice

Vitamin C

Pineapple. Smooth

Brix value pH

Juice Cayenne

5.76mg/100ml

14° Brix 35
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Table 2: Factors and Theit Coded Levels

Level of Factor Code Independent Vanables . —
. x1 x2 x3 X -
~ Base level O 30°C 14°Brix 35 88%9’?@ 142 ::}?ss
Interval of variation Axi 10°C ~ 4°Bix 10 odg/lre 16 days
High level +1 40°C 18° Brix 4 .OSg/ litre 8 days
Low level -1 30°C 10° Bnx 25 0. '

b4 . o
where 1 = storage temperature, - = brix value, pH

X.

¥ 3 = duration of storage

* = quantity of antioxidant,

Table 3: Mean Ascorbic Acid Level Data for Pineapple Juice (mg/100 ml)

Run Experimental Mean Run Expemr:ental Mean
No y No y

1 6.43 17 5.01
2 1.61 18 2.13
3 474 : 19 485
4 371 20 224
5 5.79 21 11.57
6 351 : _ 22 459
7 4.49 23 3.77
8 4.17 24 454
9 3.66 25 .. 288
10 223 26 395
11 4.69 27 6.37
12 : 4.07 ' 28 232
13 5.55 29 5.40
14 3.19 30 2.12
15 4.98 31 11.65

16 4.29 32 442
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Statistical analysis and model simulation

Multivariate regression a.nalysxs was used in re]atmg the variables (Douglas, et al., 2003;
Klaus et al 2005; Robert e al., 2003; Maxino et al., 1984; Zivorad, 2004). The mean of the
replicated observations were given by:

- 1

=74 Y,

u=1

Q)
where 7 is replication of the trial, ™ is the value in the u-th repeat of the r-th. The dis-

persion (variance) of the replicated observation were given as:

1 o
si r-_l a (yuv- yu)z

N .
a Su:
The sum of the dispersion = e ven vne ene wee onese(3)
where, N = number of expenmented runs (u =1,2, - 32).
S2

The maximum dispersion is designated as * “™* . The homogeneity of dispersion of the
replicate experiments were verified using the Cochran G-criteria (G-test). The calculated G
— Value is given as:

Gcaz" fu...z
a S.

: T .. (4)
The calculated G - value was companed w1th an appropnate table value The conditior. of _

homogeneity is given as:
G ca < G N ,G- 1}
k- . 5)

where, a = . level of significance. If this condmon is satlsfled then we can proceed with re-
gression analysis. The mean-square-error is given as:

.. (6)

It is the average sample variance estimate. The experimental error is given as
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Sy i \/g er e vee mes wuu see mes wes mes et T coe aos oo :-. cee .c.l.t...hr(.),.hth . (7)
The effe“c't; and the sum of squares for each factor were estimate ugh the cop,

trast associated with effects.
The mean effect was given as:
1 N
=3 X vl ;
bo N ?; ( oyu)

| b U=1,2, .00 32 e veren cun wencue e consnm e e
where X, are the coded signs. The main effects were estimated by:

1

N
i Nﬁ (leu); '
-t P m1,2,00 5 U= 1,2, e 32t e e et e s O
where X; are the coded signs.
The k - factor interactions were estir.ated by:
b= A (X, 3.)
N =va Ay ) , o
Sk Ny R o125 FiEEk 0

where X, ..., k are the coded signs in the X;, j ..k columns of the design matrix.
The quantities in brackets in equations (8), (9) and (10) are called contract in the treatment
combinations. '

Construction of confidence interval and testing of hypothesis about individual regfes-
sion voefficient were used in assessing their statistical sigaificance. Confidence intervals for
the regression coefficients with confidence coefficient a are ¢.fthe general form:

b's + t‘a'N(r_ 11S vbs

- (1)
AV

where =7 = the estimated standard error in regression coefficients b’s
L go.v ¢- 1) :
= an approprate tabulated ¢ - Titeria <
i : na with N(r-1) freedom.
For full-factorial experiments error in each regression coefficient ( tl'? cEreeo. "red r
mined by: 1s the same and is dete

- - S
Sba = Sb, = cieeeene = Sbl.j.....k = Ty
”..

where, Sy = the experimental error, T i oo l1D)
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The statistical significance of the regression coefficients are tested by:

b, ‘

t"l' ivuunk

Ibl. J4 . _ ' '
where, ‘l is the absohute value of the estimate of the coefficient being checked. The
calculated t-values were compared with the appropriate critical value found from standard t
-tables, A coefficient is considered significant if: | | |

toa™ Lo ~ |
TUTRNEI e e e s e s (14)
For any coefficient that was statistically insignificant, such a coefficient was left out of the
regression models. The summary of the estimated effects, confidence interval and the t-

values are presented in Table 5. Using only the statistically regression coefficients, the fitted
models were then used to generate the predicted values, and the residuals which are used to

examine the adequacy of the models. ,
The adequacy of the fitted models were evaluated using the null hypothesis (Ho:bs,..... 1 =0)
on the individual regression ¢ *~fficients. The analysis of variance (ANOVA) was used in
confirming the significance-of the coefficients(Douglas,1991). -
" In the 2 factorial design with replicates, the regression sum of squares for any effect is de-
termined by: | ,
= L (contrast)

SS5._." n°¢ ) e ev g e v s e e s s e e (15)
and has a single degree freedom. The regression sums of squares for the models is the sum-
mation of the sums of squares for the individual effects: S

SSR____ SSb,+ SSb,+ .................. + SSb‘__. o .(16)
'Ihetomlsumofsqums“’emdby: |

u=1
SS; =2 Y0 " " N7 ' |

u=1

The error sums of squares Were given as

$S:= 88+ 8 §Sp.,= 555 SSs v eee een oen (18)
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The calculated F-values are given by'

F MSR SSR/dFR | & j‘ =, X
U MSe SSHAFE i 00

sp.09s-00°

d -
where, dFg = the degrec of Freedom regressxon —1 dFE = the degfee ::llzar;;e 33‘;’?; :
N(r1), The. F?k‘datedf Valu¢s are; cqmpargd wmhthe a‘plpropnate Gt o -
null bypothesis was rejected if: i oo o o sy 2siey -2 el

; y + .

3 ° ¥ Yt e Y TEEERTTNY
3 P STAN 751 2y Jodondld b B

e s Nl DR AT L0 M B B

F cal F g; dFg N (- lm ) ISR ves see sese oo (20)

with the concluswn that the coeffxcxent contrﬂ)utes 51gruf1cantlyt0 the regre551on
(Douglas,1991; Olonmsego,w?&) The complete WIYS‘S of variance (ANOVA) Bt
nzed“u% Tahle Deiriossart soreabitn FETp :
The adequacy ¢ of ;he m;)dels wer; fuxther Va]-l“,’i ,ted b}’ calculatmg the dxspersmn Of ade-
quacy for the rcphcgtcd expenments and compa i g the i ‘ 4
magnitudes with the variance estimates given by the mean squared error. The dlsperswn of’
adequacyxs.glven by: -

- S8,

o0

- yu)

“'N i3, ..1)
where | '= number of madequate regression coefflcxents The adequacy of the mode]s are
confirmed by the Fisher’s test:

Fcal= 5_&‘1

5 oy o slabord ¥ 1ot siaung 1O BN NoEEaT '} aaraah o

2
s

where ° = variance estimate given by the mean squared error (1 e. eqn, 6) The calculated
F-values were then compared with the appmpnate table values.
The condition of adequacy is

Fca, ngN AN(rl)a

If this condition is satisfied then we conclude that the f e d ls ” ade vt te

Applying eqos. (1) - (23) to the ascorbic acid level data for the fnut juices (T able 4) the
fitted model was found to be:

. (23)
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Table 5: ANOVA for Replicated 25 Factorial Pineapple Juice Experiment

Sou.rce of Effect Sumof Degme Mean F-ratio

Variation * Squares  “Calculated Table values
~ (SS) Fmedom (MS) Value (5%)
(df) 3.9947
b1 115 12675 1 126.75 2018.31
b2 024 557 | 5.57 88.69
b3 0.66 4178 1 4178 665.29
b4 -0.11 1.09 1 1.09 17.36
b5 0.40 15.05 1 15.05 239.65
b12 0.16 255 1 2.55 40.61
b13 -0.13 1.52 1 1.52 2420
bi4 0.11 1.17 1 1.17 18.63
b15 -043 17.52 1 17.52 27898
b23 -008 057 1 0.57 9,08
b24 0.75 53.87 1 53.87 857.80
b25 -008 065 1 0.65 10.35
b34 007 050 1 0.50 7.96
b35 0.15 25.37 1 25.37 403.98
b45 0.13 1.63 1 1.63 25.96
b123 0.18 3.06 1 3.06 4873
b124 070 4675 1 4675 744.43
b125 023 493 1 493 78.50
b134  -028 775 1 7.75 123.41
b135 -0.39 1472 1 1472 234.40
b145 022 482 1 482 7675
b234 0.48 21.75 1 21.75 346.34
b235 0.01 0.009 1 0.009 0.143*
b245 0.40 15.15 1 15.15 24124
b345 007 041 1 0.41 6.53
b1234 018 293 1 293 46.66
b1235 0.36 1272 1 12.72 202.55
b1245 037 1303 1 1303 20748
b1345 014 198 1 1.98 31.52
b2345 0.43 17.88 1 17.88 28471
b12345 -022 4% 1 4.54 7229
Error 4,02 64 0.0628
Total 47204 95
*Insignificant at 5%
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DISCUSSION AND INTERPRE-
- TATION OF MODEL
Equation (24) expresses the fitted model for
pre ascorbic acid level in pineapple
juice under non-refrigerated storage an
distnbution conditions. From the statistical
analysis, only the regression coefficient bzs
was found statistically insignificant at confi-
dence coefficient ¢ = 0.05. All the main ef-
fects and the other interactions have signifi-
cant influence on the level of the ascorbic
acid of pineapple juice under non-
refrigerated storage and distribution condi-
tions. However, storage temperature (with
coefficient by = 1.5) and pH (with coeffi-
cient b; = 0.66) have higher influence on
ascorbic acid level of the juice. High level of
storage temperature will lead to drastic re-
duction in the ascorbic acid level of the
juice whereas pH has positive influence on
the ascorbic acid level. The interaction of
brix value and quantity of antioxidant (with
coefficient b = 0.75) has positive influence
on the ascorbic acid level whereas the inter-
action of storage temperature, brix value

and quantity of antioxidant (with coefficient
bizs = - 0.70) has negative influence.

Comparing the redicted values based on
the fitted modelgvith the mean experimen-

[ 447-115x, +024x, +066x, -0.11x, +0.40x, ‘
+0.016x,, - 0.13x,, +0.11x,, - 0.43x,, - 0.08x,, +0.75x,, - 0.08x5
-0.07 xy +0.51x,; +0.13x, +0.18,,, - 0.70x,,, - 0.23%5

| -0.28x,,, -0.3_8x135 -0.22x, s +0.48x,,, +0.40x,,5 - 0.07x,
( -0.18x,, +0.36X, 5 - 0.37X,,45 - 0.14% 55 +0.43%55 - 0.22X; )

tal value for the thirty-two experimental
runs, it can be seen that storage and distribu-
tion condition of experiment 31 (with pre-
dicted value, Y31 = 11.69 mg/100 ml) main-

J tains the ascorbic acid level at the optimal

level. The condition is: 20°C storage tem-
perature, 18° Brix value, a pH of 4.5, 0.1g/
litre of antioxidant, and a maximum storag
duration of 16 days. -

CONCLUSION

The results of the pineapple experiments and
the developed model confirm that storage
temperature, brix value, pH, quantity of anti-
oxidant and duration of storage govern the
shelf life and are important for characterizing
the quality of pineapple fruit juice. These

ity variables enable the prediction of
shelf-life of the juice under non-refrigeration
storage and distribution. The developed
model is valid only for values of varables
that fall within the intervals used in produc-
ing it. It is purely for non-refrigeration stor-
age and distribution of pineapple juice.

S m——
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