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Deterioration of o o

a fruit juice, an inherent problem that tends 1o impede the deveiopment of the frult juice
industry, is influenced by many variables in processing, handiing, storage and distribution. Ascorbic
acid is the least stable of all fruit juice nutrients, it is readily oxidized. Thus, its concentration is an in-
dex to the retention of the original nutritive vaiue. The use of factorial design methodology in monilor-
ing the degradation of ascorbic acid in fruit juices during ambient siorage and distribution is presented

hmhmmwmammm(x’).wm(x‘).w(x’).mu
(x.) (%)

antioxidant and duration of storage on he ascorbic acid levels in orange, mango and
pineapple juices, under non-refrigerated storage and distribution were nvestigated, optimal sheit-ife

3
and quality value modeis were deveioped. Data were drawn from a : full factorial experiments
conducted in three replicates with the order of the repiicale experiments randomized. Multivariate re-
gression analysis was used for relating the variables. The optimal sheif-ives of the orange, and pine-
apple juices was 16 days and the respectve values of ascorbic acid for this duration were
22.83mg\100ml, 25.89mg\100mi, and 11.69mgh100mi. The regression analysis model confirmed the

mango juice model to be inadequate.
INTRODUCTION It is the mpomﬁyo{ the juice manufac-
Fruit juice is assuming a more important [UfErs 10 ensure quality losses n juice
role in Nigeria's diversified food industry. are minimal. The manufacturer must seek to

However, in the course of processing, dis- monitor the factors which M&;&

wribution and storage of fresh market fruit
juice, there is an inevitable decline in qual
ity. The loss occurs because of the sensitiv-
ity of ascorbic acid content of juices to
some storage and environmental conditions
(Heimann, 1980). Ascorbic acid level is usu-
ally the criterion for judging fruit juice qual-
ity. It is one of the vitamins that should be
routinely assayed in a range of fruit juices
(Philip, 2005 )

ascorbic acid level under production,
bution and storage condmions. To predict
the extent of deterioration of nutnent value,
a knowledge of the loss of important nutn-
tive quality index as a function of the dete-
riorative factors are needed (Owen, 1976;
Philip, 2005). Through modeling of the van-
ous deteriorative factors, the juice manufac-
turer can specify the value of his product,
which is essential, if nutnent claims are to be
made on the hbel or advertising associated
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with the products.

Five main factors have been identified as

\

critical to the retention of ascorbic acid in p
fruit juices during non-refrigerated storage
and distribution. These are: the storage tem-.

perature, the total soluble solid (brix value),
the pH, the level of dissolved oxygen and
the duration of storage (Frederick et al.,
1994). Balancing these factors will bring
about satisfactory control of ascorbic acid
degradation in fruit juices during non-
refrigerated storage and distribution. To

completely describe the multiple-variable

phenomena of ascorbic acid degradation
with respect to the deteriorative factors, a
scientific procedure of conducting multiple-
factor test is required.

The proportion of multiple-factors ie. tests
accounting for the effects of a plurality of
factors, has grown in food researches
(Maxino et al., 1984, Robent, 2003). Such
tests have become more sophisticated and
costly. This has posed a generally felt prob-
lem of looking for an optimal testing plan,
and the issue of optimization of a testing
plan is inherently related to the procedures
of generating the result of the testing, and is
resolved by scientific planning of an exper-

ment, which is a new trend in mathematical
statistics (Maxino et al, 1984, Zivorad,
2004). Factorial design method is a scientific
rocedure of conducting multiple-factor
tests. In this paper, factorial design method-
ology is employed in determining the effects
of storage temperature, total soluble solid
(brix value), pH, level of dissolved oxygen
and the duration of storage on the ascorbic
acid level of orange, mango and .pineapple
juices under ambient storage and distribution
conditions. Mathematical models of juice
quality based on these deterioration factors

were developed.

EXPERIMENTAL
TECHNIQUES
erimental Materials
Samples of orange, mango and pineapple
juices were manually extracted from fruits
obtained from experimental plots of Na-
tional Horticultural Research Institute
(NIHORT), Ibadan. These juice samples are
representation of the Nigeria fruit juice mar-
ket with respect to the variety and cultural
conditions. The fresh fruit juice samples and
their properties of juices extracted are pre-
sented in Table 1 (Olorunsogo, 1998).

-

Table 1: Expetimental Sample and Their Properties

Experimental ~ Variety/source  Properties of freshly extracted Juice

Samples Ascorbic acid Brix value pH

Orange Juice Agege 1 36.15mg/100ml 100 Brix 32

Mango Juice  Arumanis 3079mg/100ml 100 Brix 33

Pineapple Juice Smooth cayene  576mg/100ml . 140 Brix - 35
Experimental Design Method juice variable experiments. With five variable

A five-variable two-level factorial design and two levels, an orthogonalized design

(N=2%) provides the framework for

the leads to a total of thirty two experimental

). Nat. Sci. Engr. Tech. 2010, 9(2):1-15
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USE OF FACT ORF& DESIGN METHODOLOGY IN FRUIT JUICE...
runs. In the 25 full factorial experiment, the in three replicates according to the design
low and high levels of the factors were matrix (Table. 2). The values of the varying
coded as minus (-) and plus (+) respectively factors and their coded levels are presented
(Douglas, 1991; Douglas, et al., 2003). in Table 3. The data generated, which con-

| sists of the values of ascorbic acid for the
Conduct of Experiment and Data Pres- juice experiments, are presented in Table 4.
entation | (Olorunsogo, 1998).
Data were drawn from 25full factonal ex-
periments conducted in randomized order

lable 2: Design Matrix for a 2° Full Factorial Experiment (FF E)

Run X, Xy X2 X3 X4 Xs
b, by b, bs by bs
1 + - - - - -
2 + + - - : - <
3 + - + - - -
4 + + + - -
5 + - + - -
6 + + - + - -
7 + - + + - -
8 + + + + - -
9 + - - - + -
10 + + = - + -
11 + - + - + -
12 + + + - +
13 + - - + + -
14 + + + + -
15 + - + + + -
16 + + + + + -
17 + - - - - -
18 + + - - - +
19 + - + - - +
20 + + + - +
21 + - - + - +
22 + + - + - +
23 + - + + - +
24 + + + + - +
25 + - - - + +
26 + + - - + +
27 + - + - + +
28 + + + - + +
29 + - - + + +
30 + + - + + +
31 + - + + + +
32 + + + +. + +

J. Nat. Sci. Engr. Tech. 2010, 9(2):1-15 3
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Klaus et al., 2005; Robert et al, 2003,

STATISTICAL ANALYSIS AND :
Zivorad,2004),'ﬂl§meanofd1etephcawd
MODEL SIMULATION Observations were given by:

Multivariate regression analysis was used in
relating the variables (Douglas, et 4l., 2003;

Table 3: Factors and Their Coded Levels
Level of Code Juice sample Independent variables

factors X1 X2 X3 X4 X5
Ommge 300C_100Brx 32  008g/l 12daps
Baselevel © Mango 300C 100Brix 3.3 0.08g/1  12days

Pineapple 300C 140 Brix 3.3 g.OSg/l : :iik;sys
Orange 100C 30 Brix 1. .025g/
i‘;‘;’;‘l of Dxi  Mango 100C 30Brix 10  0025g/1 4days
on Pineapple ~ 100C 40Brix 10  0025g/1 4days
Orange 400C 130Brx 4.2 0.1g/1 16days
High level +1 Mango 400C 130Brix 43 0.1g/1 16days
Pineapple = 400C 130Brx 45 0.1g/1 16days
Orange 200C 70Brix 22  005g/l 8days
Lowlevel -1  Mango 200C 70Brix 23  005g/l  8days
Pineapple  200C  100Brix 25 _ 0.05g/1  8days

X X, X3 X4 Xs
(where = storage temperature, = brix value, =pH, = quantity of antioxidant, = duration of storage)

where T is replication of the trial, Y is the value in the u-th repeat of the r-th.
The dispersion (variance) of the replicated observation were given as:

s2=— Y. -7)
r—l v=1

o N )
The sum of the dispersion=)_ S,
u=1
where, N = number of experimented runs (u =1,2,... ..... .., 32). X
S2

The maximum dispersion is designated as “~“™* , The ho ity of dispersion of the
re[\)/lﬁzze' experiments were verified using the cochran G-crit[;’)ag %Igss %ge ct:lél.uria(t)ed G
- is given as:

J. Nat. Sci. Engr. Tech. 2010, 9(2):1-15 4
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Table 4: Ascotbic Acid Level Data For Juices mg/100ml |

—S;n Orange Juice ‘ Mango Juice Pineapple Juice

Replicates - Replicates - Replicates -
- Yu _ _ Yu _ Yu

i Yy e Yo ye ym Yo vk e
1 1216 1280 1261 1252 1760 1888 1819 1822 644 640 645 843
2. 240 2240 2250 2243 2016 2048 2102 2055 160 160 163 16l
3. 1280 1248 1251 1260 2080 2016 2051 2049 480 480 463 474
4, 192 224 228 215 2656 2592 2617 2622 416 320 377 37
5. 2336 2326 2312 2325 1378 1280 1362 1340 640 512 585 579
6. 1344 1408 1411 1388 1312 1376 1351 1346 352 352 349 351
7. 1856 1841 1842 1840 2080 1984 2077 2047 480 416 451 449
8. 21.76 21.65 21.61 21.67 15.36 14.80 15.20 15.12 4.16 416 - 420 4.17
9. 1536 1521 1511 1523 1824 1824 1842 1830 384 352 362 366

10 89 832 867 865 1984 2048 2033 2022 224 224 221 223
1. 960 864 932 919 2080 2112 2142 2111 512 - 416 479 469
12 192 224 209 208 2392 2548 2481 2474 448 352 421 207
13. 1248 1312 1309 1290 1376 1504 1470 1450 352 352 360 355
14, 1952 1920 1949 1940 1248 1216 1220 1228 320 320 316  3.19
15, 2130 2080 2141 2117 1792 1824 1819 1812 512 480 503 498
6. 1600 17288 1710 1679 1704 1660 1734 1700 448 416 423 429
7 1216 1184 1210 1203 1472 1504 1501 1492 512 480 512 501
18 320 256 301 292 1376 1440 1393 1403 22¢ 192 224 213
19 1340 1312 1362 1338 2400 2378 2361 2380 512 448 496 485
20 512 - 416 471 466 169 1703 1713 1704 25 160 256 224
21 512 480 501 498 1522 1504 1535 1520 1152 1159 1161 1157
22 160 192 174 175 1024 983 1041 1016 421 508 448 459
23 2285 2272 2292 2282 1024 1088 1104 1072 416 320 394 377
24 928 768 841 846 1632 1600 1614 1624 448 448 466 454
25 768 736 740 748 2336 2216 2268 2260 320 25 287 288
26 352 352 360 355 1760 1728 1753 1747 448 320 418 - 395
7 272 2176 218 2211 1952 1920 1948 1940 613 672 627 637
28 416 445 420 428 2688 2624 2653 2655 192 256 248 232
29 480 608 521 536 1344 1344 1347 1345 54 54 532 540
30 352 352 363 356 1280 1194 125 1243 192 224 212 209

31 2300 2219 217 2219 18 2.13 204 201 1216 1120 1160 1165
32 4.48 4.16 4.40 4.35 1952 1984 1967 1968 448 4.16 4.62 442
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The calculated G - value was compare
homogeneity is given as:

Gcal < G[a,N.(f-l)] (5)

{ with an appropriate table value. The condition of

where, a = level of significance. If this condition is satisfied then we can proceed with re-
gression analysis. The mean-square-etror is given as

2_ 1 X, o2

It is the average sample variance estimate. The experimental error is given as

The effects and the sum of squares for each factor were estimated through the contrast as-
sociated with effects.

The mean effect was given as:

b=~ 3 (X.5.)
= Bm L2032 oo e e e oo e o(8)

where Xo are the coded signs in the Xo column of the design matrix.
The main effects were estimated by:

1 & -
b,=NZ(leu);
= im12, 5 um12 320t e e e e 9)

where Xi are the coded signs in the Xi columns of the design matrix.
'The k - factor interactions were estimated by:

17 -
g = oa Xy, ) iy
bt Nu=1( A i#j#...#k

i=1,2,.5 e (10)

where Xi, j,... .., k are the coded signs in the Xi, j, ... .k columns of the design matrix.

The quantities in brackets in equations (8), (9) and (10) are called contract in the treatment
combmaugns. . ‘
Construction of confidence interval and testing of hypothesis about individual regression

coefficient were used in assessing their statistical significance. Confi '
i used jn ; . idence intervals for the
regression coefficients with confidence coefficient a are of the general form:

b'st HiaN ()] S 'b s

R ¢ ¢\
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' ) 5
S . :‘:-‘. ° . * o
where \ = the estimated statidard error in regression coefficients b’s,

Bt _ an appropriate mbtﬁwed t - criteria with N(r-1) degree of freedom.
For full-factorial experiments etyor in each regression coefficient is the same and is deter-
mined by:

e ee oS
Sy Zee St STV e A1)
where, Sy = the experimental error.

The statistical significance of the regression coefficients are tested by:

Ibl. j.....k|

Lij..x™
St e D)

where, lb" ""*I is the absolute value of the estimate of the coefficient being checked. The
calculated t-values were compared with the appropriate critical value found from standard ¢
~ -tables, A coefficient is considered significant if:

tml > t [a.N(r-1)] (1 4)

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 statistical regression coefficients, the fitted models were then used
to generated 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:bi,... .. k-

=0) on the individual regression coefficients. The analysis of variance (ANOVA) was used

in confirming the significance of the coefficients. In the 2k factorial design with replicates,
the regression sum of squares for any effect is determined by:

SS b= %(contrast)2 9

J- Nat. Sci. Engr. Tech. 2010, 9(2):1-15 7
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Table 5: The Estimated Effects, Confidence Interval and t-Value
"Regression — Estimated effects — Confidence interval Calculated t-value A

Coefficient

Ommge— Mongo  Pimcappl Orange  Mango Pincapple ~ Orange  Mango Pineapple —

% 176 1718 447 3007 4007  +005 29400 429750 1800 —

b1 -2.97 0.39 -1.15 +0.07 +0.07 40.05 74.25 9.75 38.33

b2 1.14 1.49 0.24 +0.07 +0.07 +0.05 28.50 3725 800

b3 2,05 -3.04 266 +0.07 +0.07 +0.05 51.25 7600 2200

b4 -061 0.30 -0.11 +0.07 +0.07 +0.05 15.25 7.50 367

b5 -276 -1.10 0.40 +0.07 +0.07 +0.05 69.00 75 1333

b12 -1.87 1.02 0.16 +0.07 +0.07 +0.05 46.75 2550 533

b13 0.04 0008  -0.13 +0.07 +0.07 +0.05 10.00 '0.20 433

bl4 -0.34 0.66 0.11 +0.07 +0.07 +0.05 8.50 1650 367

b5 -1.83 0.08 -043 4007 +007 +0.05 4575 2.00 1333

b23 2,04 -0.45 -0.08 4007 4007 +0.05 51.00 1125 267

b24 049 -027 075 007 +007 +0.05 12.25 6.75 25.00

b25 265 -0.41 -0.08 007 +007 +0.05 66.25 1025 267

b34 0.02 -0.52 -0.07 4007 4007 +005 050 1300 233

b35 -1.86 -0.20 0.51 007 4007  +005 46.50 5.00 17.00

b45 073 0.41 0.13 +0.07 +0.07 +0.05 18.25 1025 433

b123 0.28 0.30 0.18 1007 4007 +0.05 7.00 7.50 6.00

b124 -072 085 -0.70 4007 4007 +0.05 18.00 2125 .3

b125 -0.67 0.96 -023 007 +007 +0.05 16.75 2400 767

b134 0.70 0.2 -0.28 4007 +007 +0.05 17.50 5.50 9.33

b135 -0.28 1.28 -0.39 4007 4007 +0.05 7.00 3200 300

b145 00013 070 022 4007 4007 +0.05 0033* 1750 733

b234 -078 0.016 048 H007 4007 4005 19.50 040* 16,00

b235 055 057 001 H007 4007 4005 1375 1425 033

b245 -0.16 -022 0.40 4007 4007  +0.05 4.00 5.50 13.33

b345 -0,46 -0.67 -0.07 4007 +007 +0.05 11.50 1675 233

b1234 -1.06 -0.18 -0.18 4007 4007 4005 250 450 600

b1235 114 0.76 0.36 +0.07 +0.07 +0.05 28.50 1900 1200

b1245 -048 0.67 -0.37 007 4007 +0.05 1200 1675 1233

b1345 0.61 0.07 -0.14 4007 - +007 +0.05 15.25 175 467

b2345 -0.45 0.12 0.43 007 4007 +0.05 1125 3.00 1433

b12345 1.65 -0.70 -0.22 007 +007 +0.05 4125 750 7.3

* Statistically insignificant

J- Nat. Sci. Engr. Tech. 2010, 9(2):1-15 8
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and has a single degree freedom. The regression sums of squares for the models is the
summation of the sums of squares for the individual effects: sl

DT I S— +SS, i

""""" b et e eee eee o(16)
The total sum of squares were calculated by

N 2
3 (Z e ] o aads 1l

SS, = 21: yZ -2 -:;EA o
s a betirt siid
The error sums of squares were given as i
§S:=58:- LSS, =55+~ SSx 02016
. veeee vee oer (18) AN TS
Testing the significance of mdwldual regression coefficient was carried out‘ %y%.hc Fisher’s
test (F-test) o #85.0 +
J -, Kol.O -
F.= MS, _SS./dF ol - X?éb.() +
T MS: SS:/dF.: "

- {,
where, dFR = the degree of Freedom regression =1, dFE = the degmé’%?]?re% ‘\;L?m}d’_
N(r-1) ADOE - KOMI+BINI = T
The calculated F-values are compared with the appmpnate cnuca.l wable value 'gbe null hy
pothesis was rejected if: PO g RBSL g,

Fes> Fraano- et ee en een eee sre ves wen sen eneen eee wee (20) M'IXRO ’
with the conclusion that the coefficient contributes S|gmf1cantlyto ﬁé‘kﬁﬁ?ﬁﬁﬂq 107.(9)
The adequacy of the models was further va.hdﬁtge B ofade
for the nephcated experiments and comparirig WItB the variance estinm i

given by the mean squared error. The Wradewggwgﬁw NX 1o -
L KOED - XBEO 4, KELO - KOTO - K810+

SSM Z(y yu) +m,xvm o KOO + "m 0 - M}(‘(‘OG mms.m

A | (R KECO - KEMO +

where | = number of madequane regresswn 1 coefficients, 'Ihe ade of the models is
confirmed by the Fisher’s test: sstsmmuz s1s (AVOVIA) sonensv io 2seisis sislgmos sl

_SS. SSu
F cal — Sy
. ..(22)

J. Nat. Sci. Engr. Tech. 2010, 9(2):1-15 ' ) EL-1:(S)2 010 oo T .xgnd a2 a8Vl |
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2

where = variance estimate given by the mean squared error (ie. eqn 6).

The calculated F-values were then compared with the appropriate table values.

The condition of adequacy is

F oS Flon-ang) o {23)

If thls condition is satisfied then we conclude that the fitted models are adequate
Applying eqns (1) - (23) to the ascotbic acid level data for the fruit juices (Table 4),

the fitted models were found to be:

(a). For orange Juice:
$.=11.76- 297X, + 1.14X, + 2.05X,- 0.61X,- 2.76X;- 1.87X; + 0.04X,

- 0.43X,,- 1,83X,, + 2.04X,, + 0.49X,, + 2.65X,5- 1.86X,,- 0.73X
+0.28X,,,- 0.72X,,,- 0.67X 55+ 070Xy, 0.28X ;- 0.78X 5, - 0.55X ;5§ - 24
- 0.16X,,,- 0.46X,,,- 1.06X,,5, + 1.14X 5y, - O. 4sxm, +0.61X 5,
+0.45X 1y - 1.65X 55,

(b). For Mango Juice
§,=17.18+ 149X, - 304X,- 110X, +1.02X,,- oasxu 0.52X,, + 0.85X,,, |

+0.96X,,, + 1.28X ;s + 0.70X, - 0.57X,,- 0.67X, +076Xz,,+067Xm, -25
+ 0.70X,,,

(). For Pineapple Juice .
§,=447- 115X, + 024X, + 066X,- 011X, - 040X,- 016X,,+013X,,
- 0.11X,,- 043X, + 0.08X,, + 0.75X,, + 0.08X,- emx,.+051x +0.13X,
+0.18X ;- 0.70X,y,- 0.8X s+ 028X,,,- 039X, - 0.2X,s+048X,,, - - 26
+ 040X, 007X~ 018K 5, + 036X, 037x,,,,+014x,,.,
+043X - 0.22X,5, |

Thcconkaanalysesofvarhme(ANOVA)mam&hTabks&?;md&

J- Nat. S¢i. Engr. Tech. 2010, 9(2):1-18 10
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Table 6: ANOVA for Replicated 25 Factorial Orange Juice Experiment

“Sourceof  Effect Sum of Squares Degree of freedom Mean squares F-ratio

variation (S9) (df) (M)

b1 2291 846.81 1 846.81 7698.27
b2 1.14 124.35 1 124.35 1130.46
b3 205 404.43 1 404.43 3676.64
b4 -0.61 36.09 1 36.09 328.09
b5 -2.76 732.95 1 73295 6663.18
b12 -1.87 33548 1 33548 3049.82
b13 0.40 14.88 1 14.88 135.27
bi4 -0.34 11.14 1 11.14 101.27
b15 -1.83 372.15 1 322.15 2928.64
b23 204  397.80 1 397.80 3616.36
b24 0.49 2293 1 2293 208.46
b25 2.65 674.80 1 674.80 6134.55
b34 0.02 0.036 1 0.036 0.3273
b3s -1.86 32235 1 32235 3021.36
b45 0.73 51.16 1 51.16 465.09
b123 028 7.56 1 7.56 68.73
bi24 072 49.08 1 49.08 446.18
b125 -0.67 43.58 1 43.58 396.18
bi34 0.70 46.45 1 46.45 42227
b135 -028 7.43 1 7.43 67.55
b145 -0.0013  0.00015 1 0.00015 0.0014*
b234 -078 58.97 1 58.97 536.09
b235 -0.55 29.31 1 2931 266.46
b245 -0.16 233 1 233 21.18
b345 - -0.46 19.98 1 19.98 181.64
b1234 -0.06 108.12 1 108.12 982.91
b1235 -1.14 123.67 1 123.67 112427
b1245 -0.48 22.52 1 2252 204.73
b1345 -0.61 35.58 1 35.58 323.46
b2345 -0.45 19.28 1 19.28 17527
b12345 -1.65 260.77 1 260.77 2370.64
Emor 7.04 64 0.110

Total 5149.03 95

*Insignificant at 5 percent

J. Nat. Sci. Engr. Tech. 2010, 9(2):2-15 1
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Table 7: ANOVA For Replicated 25 F actorial Mango Juice Experim::i
Degree of Meansquares F-rato

Source of Effect Sumof

variation Squares (SS) freedom (df)  (MS) —
bl 039 1460 1 14.60 2.49
b5 110 11107 1 111.07 18.92
b12 1.02 99.27 1 - 99.27 16-91*
b13 -0.008  0.006 1 0.006 0.001
b14 0.66 42,06 1 42.06 7.17
b15 0.08 0.63 1 0.63 0.11*
b23 -0.45 19.66 1 19.66 3.35%
b24 -0.27 7.13 1 | 7.13 1.22*
b25 -0.41 16.43 1 16.43 2.80*
b34 -0.52 25.52 1 25,52 435
b35 -0.20 377 1 377 0.64*
b45 0.41 16.38 1 16.38 2.80*
b123 0.30 8.46 1 8.46 1.44*
b124 0.85 69.26 1 69.26 11.80
b125 0.96 88.82 1 88.82 15.13
b134 0.22 4.44 1 4.44 0.76*
b135 128 15821 1 158.21 26.95
b145 070 47.38 1 47.38 - 807
b234 0.016 0.03 1 0.03 0.01*
b235 -0.57 31.19 1 31.19 531
b245 -0.22 443 1 443 0.75*
b345 -0.67 43.17 1 43.17 7.35
b1234 -0.18 3.09 1 309 0.53*
b1235 076 54.81 1 54.81 9.34
b1245 0.67 42.85 1 42.85 7.30
b1345 0.07 0.42 1 0.42 0.07*
b2345 -0.12 1.44 1 1.44 0.25*
b12345 0.07 46.62 1 46.62 794
Error 37597 64 5.87

Total ‘ 2449.62 95

*Insignificant at 5 percent.

J. Nat. Sci. Engr. Tech. 2010, 9(2):1-15 n BE-1:{S)2 005 inaT yyndi iof 1|
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Table 8: ANOVA For Replicated 2% Factorial Pineapple Juice Experiment

Source of Effect Sumof Degree of free-  Mean squares F-ratio
variation Squares (SS)  dom (df) (MS)
b1 -1.15 126.75 1 126.75 2018.31
b2 0.24 5.57 1 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 2.55 1 2.55 40.61
b13 -0.13 1.52 1 1.52 24.20
b14 0.11 1.17 1 1.17 18.63
b15 -0.43 17.52 1 17.52 278.98
b23 -0.08 0.57 1 0.57 9.08
b24 0.75 53.87 1 53.87 857.80
b25 -0.08 0.65 1 0.65 10.35
b34 -0.07 0.50 1 0.50 7.96
b35 0.51 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 48.73
b124 -0.70 46.7 1 46.5 74443
b125 -0.23 493 1 493 78.50
b134 -0.28 775 1 775 123.41
b135 -0.39 14.72 1 14.72 234.40
b145 -0.22 4.82 1 4.82 76.75
b234 0.48 2175 1 2175 346.34
b235 001 0.009 1 0.009 0.143%*
b245 040 15.15 1 15.15 241.24
b345 -0.07 0.41 1 0.41 6.53
b1234 -0.18 293 1 293 46.66
b1235 036 1272 1 1272 202.55
b1245  -037 13.03 1 11303 207.48
b1345  -0.14 198 1 198 31.52
b2345 043 17.88 1 17.88 28471
b12345 -022 454 1 4.56 72.29
Error 4,02 64 0.0628
Total 95
* Insignificant at 5 percent
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DISCUSSIONS AND Pineapple Juice Model .
INTERPRETATION OF Smgsucal analysis of the pineapple juice ex.
MODELS perimental data reveals that the entire main
effects and interactions in the model have

Equations (24), (25) and (26) express the
fitted models for predicting ascorbic acid
levels in orange, mango and pineapple
juices respectively under non-refrigerated

significant influence on the level of the
ascotbic acid of the juice. However, storage
temperature (with coefficient bl = -1.15) has
the highest detrimental influence. High level

storage and distribution conditions. How-
ever, the regression analysis confirmed the
mango juice model to be inadequate.

Orange Juice Model

From the statistical analysis of orange juice
experimental data, all the main effects and
the interactions have significant influence
on the level of ascorbic acid of orange juice.
However, storage temperature (with coeffi-
cient bl = - 2.97), duration of storage (with
coefficient b5 = -2.76) and pH (with coefft-
cient b3 = -2.05), have higher detrimental
influences. High level of each of these fac-
* tors will lead to drastic reduction in the
ascorbic acid level of the juice. On the other
hand, the interactions, brix value/duration,
“of storage (with coefficient b25 = 2.65) and
brix value/pH (with coefficient b23 = 2.04)
both enhance the retention of ascorbic acid.
Furthermore, maintaining the juice at 20°C
storage temperature 13 brix value, a pH of
4.2 and using 0.5¢/ litre of antioxidant gives
the optimum ascorbic acid level (under non
-refrigerated storage and distribution condi-
tion) for a maximum storage duration of 16

days.

Mango Juice Model

The pH (with coefficient b3 = -3.04) has
the highest influence on the ascorbic acid
level of mango juice. A high pH value will
lead to drastic reduction in the ascorbic acid
level of the juice. However, analysis showed
that the model is inadequate.

of temperature will lead to drastic reduction
in the ascorbic acid level of the juice. How-
ever, to maintain a high ascorbic acid level
under non-refrigeration storage and distribu-
tion, the analysis of the data reveals that the
juice must be kept under the following con-
ditions: 20°C storage temperature, 18 brix
value, a pH of 4.5, 0.1g/litre of antioxidant
for a maximum storage duration of 16 days.

CONCLUSION

The use of factorial design, a scientific pro-
cedure of conducting multi-factor test has
been presented. A multiple case of linear re-
gression function has been considered. With
this method, it has been shown how to me-
thodically eliminate insignificant variables
and obtain adequate parametric model for
physical phenomenon.

The result of the experiments and the devel
oped models confirm that storage tempera-
tures, brix value, pH, quantity of antioxidant
and duration of storage all govern the shelf-
life and are important for characterizing the

quality of orange and pineapple juices.

The developed models are valid only for vat
ues of factors that fall within intervals of vat
ues used in producing them. The models are
mainly for non-refrigeration storage and dis-
tribution conditions.
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